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ʇʆɿɼʈɸɺʀʊɽʃɽʅ ɸɼʈɽʉ ʇʆ ʉʃʋʏɸʁ ʆʊʂʈʀɺɸʅɽ ʅɸ ʅɸʋʏɽʅ ʌʆʈʋʄ ʉ 

ʄɽɾɼʋʅɸʈʆɼʅʆ ʋʏɸʉʊʀɽ  

Ăɽʂʆʃʆɻʀʗ ʀ ɸɻʈʆʊɽʍʅʆʃʆɻʀʀ ï ʌʋʅɼɸʄɽʅʊɸʃʅɸ ʅɸʋʂɸ ʀ ʇʈɸʂʊʀʏɽʉʂɸ 
ʈɽɸʃʀɿɸʎʀʗò  

ʧʦʩʚʝʪʝʥ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʠʷ ʜʝʥ ʥʘ ʧʦʯʚʘʪʘ 5 ʜʝʢʝʤʚʨʠ 

ʦʪ ɼʠʨʝʢʪʦʨʘ ʥʘ ʀʥʩʪʠʪʫʪ ʧʦ ʧʦʯʚʦʟʥʘʥʠʝ, ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ ʠ ʟʘʱʠʪʘ ʥʘ 
ʨʘʩʪʝʥʠʷʪʘ Ăʅʠʢʦʣʘ ʇʫʰʢʘʨʦʚò, ʧʨʦʬ. ʜʥ ʀʨʝʥʘ ɼʠʤʠʪʨʦʚʘ ɸʪʘʥʘʩʦʚʘ  

 

 

ɼʈɸɻʀ ʂʆʃɽɻʀ ʀ ɻʆʉʊʀ, 

 

ʆʪ ʠʤʝʪʦ ʥʘ ʨʲʢʦʚʦʜʩʪʚʦʪʦ ʥʘ ʀʇɸɿʈ Ăʅ. ʇʫʰʢʘʨʦʚñ ʠ ʥʘʰʠʪʝ 

ʩʲʦʨʛʘʥʠʟʘʪʦʨʠ - ʉʝʣʩʢʦʩʪʦʧʘʥʩʢʘ ʘʢʘʜʝʤʠʷ, ɹʲʣʛʘʨʩʢʦ ʧʦʯʚʦʚʝʜʩʢʦ ʜʨʫʞʝʩʪʚʦ, 

ʉʲʶʟʲʪ ʥʘ ʩʧʝʮʠʘʣʠʩʪʠʪʝ ʧʦ ʢʘʯʝʩʪʚʦʪʦ ʠ ʌʝʜʝʨʘʮʠʷ ʥʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʪʝ 

ʩʲʶʟʠ ʚ ʟʝʤʝʜʝʣʠʝʪʦ, ɺʠ ʧʨʠʚʝʪʩʪʚʘʤ ʩ ɼʦʙʨʝ ʜʦʰʣʠ, ʟʘ ʜʘ ʦʪʧʨʘʟʥʫʚʘʤʝ ʟʘ 9-

ʪʠ ʧʲʪ ʉʚʝʪʦʚʥʠʷ ʜʝʥ ʥʘ ʧʦʯʚʘʪʘ  ʠ ʜʘ ʧʨʝʜʩʪʘʚʠʤ ʥʘʰʠʪʝ ʥʘʫʯʥʠ ʧʦʩʪʠʞʝʥʠʷ 

ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʝʢʦʣʦʛʠʷʪʘ ʠ ʘʛʨʦʪʝʭʥʦʣʦʛʠʠʪʝ. 

Ăʉʚʝʪʦʚʥʠʷ ʜʝʥ ʥʘ ʧʦʯʚʘʪʘñ ʝ ʝʜʠʥ ʦʪ ʥʘʡ-ʚʘʞʥʠʪʝ ʜʥʠ ʚ ʢʘʣʝʥʜʘʨʘ ʥʘ ʆʆʅ, 

ʢʦʡʪʦ ʩʝ ʧʨʘʟʥʫʚʘ ʥʘ 5-ʪʠ ʜʝʢʝʤʚʨʠ. ʅʝʢʘ, ʪʦʟʠ ʜʝʥ ʦʙʝʜʠʥʠ ʧʨʘʚʠʪʝʣʩʪʚʘ, 

ʠʥʩʪʠʪʫʮʠʠ, ʫʯʝʥʠ, ʥʝʧʨʘʚʠʪʝʣʩʪʚʝʥʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʰʠʨʦʢʘʪʘ ʦʙʱʝʩʪʚʝʥʦʩʪ ʚ 

ʦʙʱʘʪʘ ʥʠ ʛʨʠʞʘ ʟʘ ʧʦʯʚʘʪʘ.  

ʅʷʤʘ ʜʘ ʩʝ ʫʤʦʨʠʤ ʜʘ ʧʦʚʪʘʨʷʤʝ, ʯʝ ʧʦʯʚʘʪʘ ʝ ʞʠʟʥʝʥʦʚʘʞʝʥ ʧʨʠʨʦʜʝʥ 

ʨʝʩʫʨʩ, ʦʩʠʛʫʨʷʚʘʱ ʞʠʟʥʝʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘ ʭʦʨʘʪʘ, ʢʘʢʪʦ ʠ ʦʩʥʦʚʥʠʪʝ 

ʝʢʦʩʠʩʪʝʤʥʠ ʫʩʣʫʛʠ ʩʚʲʨʟʘʥʠ ʩʲʩ ʩʥʘʙʜʷʚʘʥʝʪʦ ʩ ʚʦʜʘ ʠ ʭʨʘʥʠʪʝʣʥʠ ʚʝʱʝʩʪʚʘ, 

ʨʝʛʫʣʠʨʘʥʝʪʦ ʥʘ ʢʣʠʤʘʪʘ, ʦʧʘʟʚʘʥʝʪʦ ʥʘ ʙʠʦʣʦʛʠʯʥʦʪʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ 

ʩʝʢʚʝʩʪʠʨʘʥʝʪʦ ʥʘ ʚʲʛʣʝʨʦʜʘ. ʂʘʢʪʦ ʢʘʟʚʘ ɻʝʥʝʨʘʣʥʠʷʪ ʩʝʢʨʝʪʘʨ ʥʘ 

ʉʚʝʪʦʚʥʘʪʘ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦ ʧʨʝʭʨʘʥʘ ʠ ʟʝʤʝʜʝʣʠʝ - ʌɸʆ, ʎʶʡ ɼʫʥʶʡ Ăʇʦʯʚʘʪʘ ʝ 

ʤʘʡʢʘʪʘ ʥʘ ʟʝʤʝʜʝʣʠʝʪʦ, ʤʘʡʢʘʪʘ ʥʘ ʞʠʚʦʪʘñ. 

ʈʝʘʣʥʦʩʪʪʘ, ʦʙʘʯʝ ʧʦʢʘʟʚʘ, ʯʝ ʧʦʯʚʠʪʝ ʩʘ ʧʦʜ ʘʥʪʨʦʧʦʛʝʥʝʥ ʠ ʢʣʠʤʘʪʠʯʝʥ 

ʥʘʪʠʩʢ, ʧʨʠʙʣʠʟʠʪʝʣʥʦ 33% ʦʪ ʧʦʯʚʠʪʝ ʧʦ ʩʚʝʪʘ ʩʘ ʜʝʛʨʘʜʠʨʘʥʠ ʠ ʜʲʨʞʘʚʠʪʝ 

ʪʨʷʙʚʘ ʜʘ ʚʲʟʧʨʠʝʤʘʪ ʧʦʜʭʦʜʠ ʟʘ ʫʩʪʦʡʯʠʚʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʦʟʠ ʦʛʨʘʥʠʯʝʥ, 

ʥʝʟʘʤʝʥʠʤ ʠ ʥʝʚʲʟʦʙʥʦʚʠʤ ʧʨʠʨʦʜʝʥ ʨʝʩʫʨʩ .  

ɺ ʧʦʯʚʘʪʘ ʩʝ ʩʲʜʲʨʞʘʪ ʥʘʜ 25 % ʦʪ ʮʷʣʦʪʦ ʙʠʦʣʦʛʠʯʥʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʘ 

ʧʣʘʥʝʪʘʪʘ, ʢʘʪʦ ʪʷ ʝ ʦʩʥʦʚʘʪʘ ʥʘ ʭʨʘʥʠʪʝʣʥʠʪʝ ʚʝʨʠʛʠ, ʠʟʭʨʘʥʚʘʱʠ 

ʯʦʚʝʯʝʩʪʚʦʪʦ ʠ ʥʘʜʟʝʤʥʦʪʦ ʙʠʦʣʦʛʠʯʥʦ ʨʘʟʥʦʦʙʨʘʟʠʝ. ʆʯʘʢʚʘ ʩʝ ʪʦʟʠ ʢʨʝʭʲʢ ʩʣʦʡ 

ʜʘ ʦʩʠʛʫʨʷʚʘ ʠ ʬʠʣʪʨʠʨʘ ʛʦʜʥʘ ʟʘ ʢʦʥʩʫʤʘʮʠʷ ʧʠʪʝʡʥʘ ʚʦʜʘ ʟʘ ʩʚʝʪʦʚʥʦ 

ʥʘʩʝʣʝʥʠʝ, ʢʦʝʪʦ ʢʲʤ 2050 ʛ. ʱʝ ʥʘʙʨʦʷʚʘ ʧʦʯʪʠ 10 ʤʠʣʠʘʨʜʘ ʜʫʰʠ.  

ʊʘʟʠ ʛʦʜʠʥʘ ʉʚʝʪʦʚʥʠʷʪ ʜʝʥ ʥʘ ʧʦʯʚʘʪʘ ʧʨʝʤʠʥʘʚʘ ʧʦʜ ʤʦʪʦʪʦ Ăʇʆʏɺɸʊɸ ʀ 

ɺʆɼɸʊɸ: ʀɿʊʆʏʅʀʂ ʅɸ ɾʀɺʆʊñ. 
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ʉ ʪʷʭʥʘʪʘ ʬʫʥʢʮʠʷ ʜʘ ʘʙʩʦʨʙʠʨʘʪ ʚʦʜʘʪʘ ʠ ʜʘ ʥʘʤʘʣʷʚʘʪ ʨʠʩʢʘ ʦʪ 

ʥʘʚʦʜʥʝʥʠʷ ʠ ʦʪ ʩʫʰʘ, ʧʦʯʚʠʪʝ ʩʘ ʥʝʟʘʤʝʥʠʤ ʩʲʶʟʥʠʢ ʚ ʩʤʝʢʯʘʚʘʥʝʪʦ ʥʘ 

ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʘ ʠ ʘʜʘʧʪʠʨʘʥʝʪʦ ʢʲʤ ʥʝʛʦ. 

ʇʦʯʚʠʪʝ ʬʠʣʪʨʠʨʘʪ, ʘʙʩʦʨʙʠʨʘʪ ʠ ʩʤʝʢʯʘʚʘʪ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘ ʚʦʜʠʪʝ, ʥʦ 

ʩʲʱʦ ʪʘʢʘ ʤʦʛʘʪ ʜʘ ʝʨʦʟʠʨʘʪ ʠ ʜʘ ʩʝ ʟʘʤʲʨʩʷʪ. ɿʜʨʘʚʠʪʝ ʧʦʯʚʠ ʩʘ ʨʝʰʝʥʠʝ ʥʘ 

ʦʩʥʦʚʥʠʪʝ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ, ʢʦʠʪʦ ʩʘ ʟʘʣʝʛʥʘʣʠ ʚ ɽʚʨʦʧʝʡʩʢʘʪʘ ɿʝʣʝʥʘ 

ʉʜʝʣʢʘ, ʚʢʣʶʯʠʪʝʣʥʦ ʥʝʫʪʨʘʣʥʦʩʪ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʢʣʠʤʘʪʘ, ʯʠʩʪʘ ʠ ʢʨʲʛʦʚʘ 

ʠʢʦʥʦʤʠʢʘ, ʦʙʨʲʱʘʥʝ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʟʘʛʫʙʘ ʥʘ ʙʠʦʣʦʛʠʯʥʦ ʨʘʟʥʦʦʙʨʘʟʠʝ, 

ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʟʜʨʘʚʦʩʣʦʚʥʘ ʭʨʘʥʘ, ʦʧʘʟʚʘʥʝ ʥʘ ʯʦʚʝʰʢʦʪʦ ʟʜʨʘʚʝ, ʩʧʠʨʘʥʝ ʥʘ 

ʦʧʫʩʪʠʥʷʚʘʥʝʪʦ ʠ ʚʣʦʰʘʚʘʥʝʪʦ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʟʝʤʠʪʝ. 

ɼʦ 70 % ʦʪ ʧʦʯʚʠʪʝ ʚ ɽʉ ʥʝ ʩʘ ʚ ʜʦʙʨʦ ʩʲʩʪʦʷʥʠʝ. ɺʩʷʢʘ ʛʦʜʠʥʘ ʚ ɽʉ ʦʢʦʣʦ 

1 ʤʠʣʠʘʨʜ ʪʦʥʘ ʧʦʯʚʘ ʩʝ ʛʫʙʠ ʦʪ ʝʨʦʟʠʷ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʟʘʛʫʙʘ ʥʘ 

ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʘ ʧʨʦʜʫʢʮʠʷ ʚ ɽʉ ʚ ʨʘʟʤʝʨ ʥʘ 1,25 ʤʠʣʠʘʨʜʘ ʝʚʨʦ ʛʦʜʠʰʥʦ. 

ʇʦʯʚʠʪʝ ʩʪʨʘʜʘʪ ʩʲʱʦ ʦʪ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʦʨʛʘʥʠʯʥʦʪʦ ʚʝʱʝʩʪʚʦ, ʟʘʤʲʨʩʷʚʘʥʝ, 

ʟʘʛʫʙʘ ʥʘ ʙʠʦʣʦʛʠʯʥʦ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʟʘʩʦʣʷʚʘʥʝ ʠ ʟʘʧʝʯʘʪʚʘʥʝ ʚ ʨʝʟʫʣʪʘʪ ʥʘ 

ʥʝʫʩʪʦʡʯʠʚʦ ʟʝʤʝʧʦʣʟʚʘʥʝ ʠ ʫʧʨʘʚʣʝʥʠʝ, ʧʨʝʢʦʤʝʨʥʘ ʝʢʩʧʣʦʘʪʘʮʠʷ ʠ ʝʤʠʩʠʠ ʥʘ 

ʟʘʤʲʨʩʠʪʝʣʠ.  

ʅʝʢʘ, 5-ʪʦʪʦ ʠʟʜʘʥʠʝ ʥʘ ʥʘʰʘʪʘ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʘʥʝ ʦʙʱʘ ʧʣʘʪʬʦʨʤʘ ʟʘ 

ʠʟʩʣʝʜʦʚʘʪʝʣʠ, ʬʝʨʤʝʨʠ, ʠʥʜʫʩʪʨʠʘʣʥʠ ̫ʩʝʢʪʦʨ ʠ ʤʝʜʠʠʪʝ, ʟʘ ʜʘ ʩʝ ʫʩʪʘʥʦʚʠ 

ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʥʘʩ ʫʯʝʥʠʪʝ ʠ hʠʨʦʢʘʪʘ ʦʙʱʝʩʪʚʝʥʦʩʪ.  

ʑʝ ʦʙʤʝʥʠʤ ʟʥʘʥʠʷ, ʟʘ ʜʘ ʧʨʝʜʩʪʘʚʠʤ ʥʦʚʠʪʝ ʧʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʪʘ ʥʘ 

ʧʦʯʚʦʟʥʘʥʠʝʪʦ, ʘʛʨʦʪʝʭʥʦʣʦʛʠʠʪʝ ʠ ʨʘʩʪʠʪʝʣʥʘʪʘ ʟʘʱʠʪʘ, ʱʝ ʧʨʦʚʝʜʝʤ ʠ 

ʧʦʩʪʝʨʥʘ ʩʝʩʠʷ, ʧʦ ʢʦʷʪʦ ʱʝ ʠʤʘʤʝ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʦʙʩʲʞʜʘʥʝ ʠ ʠʟʨʘʟʷʚʘʥʝ ʥʘ 

ʨʘʟʣʠʯʥʠ ʤʥʝʥʠʷ. 

ʀʩʢʘʤ ʜʘ ʩʝ ʚʲʟʧʦʣʟʚʘʤ ʦʪ ʚʲʟʤʦʞʥʦʩʪʪʘ ʜʘ ʧʦʟʜʨʘʚʷ, ʚʩʠʯʢʠ ʧʨʠʩʲʩʪʚʘʱʠ 

ʠ ʫʯʘʩʪʥʠʮʠ ʚ ʢʦʥʬʝʨʝʥʮʠʷʪʘ, ʢʦʠʪʦ ʜʦʢʣʘʜʚʘʪ ʩʚʦʠʪʝ ʥʘʫʯʥʠ ʜʦʩʪʠʞʝʥʠʷ. 

ʋʙʝʜʝʥa ʩʲʤ, ʯʝ ʥʘʩʪʦʷʱʦʪʦ 5-ʪʦ ʠʟʜʘʥʠʝ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʪʘ ʝ ʯʫʜʝʩʥʘ 

ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʨʘʚʥʦʩʤʝʪʢʘ ʥʘ ʠʟʚʲʨʰʝʥʦʪʦ ʜʦʩʝʛʘ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʝʢʦʣʦʛʠʷʪʘ ʠ 

ʘʛʨʦʪʝʭʥʦʣʦʛʠʠʪʝ, ʥʦ ʠ ʚ ʙʣʠʟʢʠ ʦʙʣʘʩʪʠ ʥʘ ʟʥʘʥʠʝʪʦ ï ʙʠʦʣʦʛʠʷ, ʭʠʤʠʷ, 

ʠʥʞʝʥʝʨʥʠ ʥʘʫʢʠ ʠ ʜʨ. 

ʈʘʟʨʝʰʝʪʝ ʤʠ, ʜʘ ʚʠ ʧʦʟʜʨʘʚʷ ʩ ʫʩʧʝʰʥʦ ʠʟʧʲʣʥʝʥʘʪʘ ʨʘʙʦʪʘ ʧʦ ʚʩʠʯʢʠ 

ʧʨʦʝʢʪʠ, ʧʦ ʢʦʠʪʦ ʨʘʙʦʪʠʤ ï ʌoʥʜ ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ, ʅʘʮʠʦʥʘʣʥʠʪʝ ʥʘʫʯʥʠ 

ʧʨʦʛʨʘʤʠ, ʇʨʦʛʨʘʤʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʩʝʣʩʢʠʪʝ ʨʘʡʦʥʠ - ɼʌɿ, ɽʂ ʠ ʜʨ. ~ 30 ʧʨʦʝʢʪʘ.  

 

ʇʦʞʝʣʘʚʘʤ ʋʉʇɽʐʅɸ ʈɸɹʆʊɸ ʅɸ ʅɸʋʏʅɸʊɸ ʂʆʅʌɽʈɽʅʎʀʗ ʠ ʏɽʉʊʀʊ 

ʇʈʆʌɽʉʀʆʅɸʃɽʅ ʇʈɸɿʅʀʂ Ăʉɺɽʊʆɺʅʀʗ ɼɽʅ ʅɸ ʇʆʏɺɸʊɸñ. 

 

 

 

ʇʨʦʬ. ʜʥ ʀʨʝʥʘ ɼʠʤʠʪʨʦʚʘ ɸʪʘʥʘʩʦʚʘ 
ɼʠʨʝʢʪʦʨ ʥʘ ʀʥʩʪʠʪʫʪ ʧʦ ʧʦʯʚʦʟʥʘʥʠʝ,  
ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ ʠ ʟʘʱʠʪʘ ʥʘ ʨʘʩʪʝʥʠʷʪʘ  

Ăʅʠʢʦʣʘ ʇʫʰʢʘʨʦʚñ, ʉʦʬʠʷ 

 

 
 



ɽʂʆʃʆɻʀʗ ʀ ɸɻʈʆʊɽʍʅʆʃʆɻʀʀ ï ʌʋʅɼɸʄɽʅʊɸʃʅɸ ʅɸʋʂɸ ʀ ʇʈɸʂʊʀʏɽʉʂɸ ʈɽɸʃʀɿɸʎʀʗ 
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Ăʇʦʯʚʘ ʠ ʚʦʜʘ ï ʠʟʚʦʨ ʥʘ ʞʠʚʦʪ.ñ 

ʃʦʛʦ ʥʘ ʉʚʝʪʦʚʥʠʷ ʜʝʥ ʥʘ ʧʦʯʚʘʪʘ, 2023 

 

Ăʇʦʯʚʘ, ʢʦʷʪʦ ʥʝ ʩʲʜʲʨʞʘ ʚʦʜʘ,  

ʝ ʤʲʨʪʚʘ ʧʦʯʚʘñ 

ʅ. ʇʫʰʢʘʨʦʚ, Ăʆʙʨʘʟʫʚʘʥʝ ʥʘ ʧʦʯʚʘʪʘñ, 

1909 ʛ. 

 

ʅʀʂʆʃɸ ʇʋʐʂɸʈʆɺ ï ɾʀɺʆʊ, ʆʊɼɸɼɽʅ ʅɸ ʅɸʋʂɸʊɸ, ʍʆʈɸʊɸ ʀ ɹʒʃɻɸʈʀʗ. 

150 ɻʆɼʀʅʀ ʆʊ ʅɽɻʆɺʆʊʆ ʈʆɾɼɽʅʀɽ ʀ 80 ɻʆɼʀʅʀ ʆʊ ʂʆʅʏʀʅɸʊɸ ʄʋ  

 

ʇʨʦʬ. ʜ-ʨ ʄʝʪʦʜʠ ʊʝʦʭʘʨʦʚ 

 

ʇʨʝʜʩʝʜʘʪʝʣ ʥʘ ɹʲʣʛʘʨʩʢʦ ʧʦʯʚʦʚʝʜʩʢʦ ʜʨʫʞʝʩʪʚʦ 

 

ʋʚʘʞʘʝʤʠ ʢʦʣʝʛʠ, ʜʨʘʛʠ ʛʦʩʪʠ, ʜʘʤʠ ʠ ʛʦʩʧʦʜʘ,  
ʅʘ ʪʘʟʠ ʜʘʪʘ, ʧʝʪʠ ʜʝʢʝʤʚʨʠ, ʉʚʝʪʦʚʝʥ ʜʝʥ ʥʘ ʧʦʯʚʘʪʘ, ʚʠʥʘʛʠ ʩʲʤ ʠʟʥʘʩʷʣ 

ʜʦʢʣʘʜʠ, ʩʚʲʨʟʘʥʠ ʩ ʥʘʫʯʥʘʪʘ ʠʜʝʦʣʦʛʠʷ ʠ ʬʠʣʦʩʦʬʠʷ ʟʘ ʠʟʫʯʘʚʘʥʝ, ʠʟʧʦʣʟʚʘʥʝ, 
ʦʧʘʟʚʘʥʝ ʠ ʟʘʱʠʪʘ ʥʘ ʧʦʯʚʝʥʠʪʝ ʠ ʧʦʟʝʤʣʝʥʠʪʝ ʨʝʩʫʨʩʠ. ʄʦʪʠʚʠʪʝ ʜʘ ʨʘʟʨʘʙʦʪʷ 
ʪʦʟʠ ʧʣʝʥʘʨʝʥ ʜʦʢʣʘʜ ʩʘ ʥʷʢʦʣʢʦ: ʧʲʨʚʦ, ʧʨʝʟ ʪʘʟʠ ʛʦʜʠʥʘ, ʥʘ 19.02.1923 ʛ. ʩʝ 
ʥʘʚʲʨʰʠʭʘ 80 ʛʦʜʠʥʠ ʦʪ ʢʦʥʯʠʥʘʪʘ ʥʘ ʚʠʜʥʠʷ ʙʲʣʛʘʨʩʢʠ ʫʯʝʥ, ʧʨʠʨʦʜʦʠʟʧʠʪʘʪʝʣ, 
ʦʩʥʦʚʦʧʦʣʦʞʥʠʢ ʥʘ ʙʲʣʛʘʨʩʢʘʪʘ ʧʦʯʚʝʥʘ ʥʘʫʢʘ, ʧʘʪʨʠʦʪ ʠ ʙʦʨʝʮ ʟʘ ʥʘʮʠʦʥʘʣʥʦ 
ʝʜʠʥʝʥʠʝ, ʦʙʱʝʩʪʚʝʥʠʢ, ʥʘʨʦʜʝʥ ʙʫʜʠʪʝʣ ʠ ʧʨʦʩʚʝʪʠʪʝʣ ʅʠʢʦʣʘ ʇʝʪʢʦʚ ʇʫʰʢʘʨʦʚ; 
ʚʪʦʨʦ, ʚ ʥʘʚʝʯʝʨʠʝʪʦ ʩʤʝ ʥʘ ʥʝʛʦʚʘʪʘ ʶʙʠʣʝʡʥʘ ʛʦʜʠʰʥʠʥʘ - ʥʘ 14.12.2024 ʛ. ʩʝ 
ʥʘʚʲʨʰʚʘʪ 150 ʛʦʜʠʥʠ ʦʪ ʥʝʛʦʚʦʪʦ ʨʦʞʜʝʥʠʝ. ɺʲʚ ʚʨʲʟʢʘ ʩ ʪʘʟʠ ʜʘʪʘ, 
ʦʙʱʝʩʪʚʝʥʦʩʪʪʘ ʥʘ ʥʝʛʦʚʠʷ ʨʦʜʝʥ ʛʨʘʜ ʇʠʨʜʦʧ, ʥʘʯʝʣʦ ʩ ʢʤʝʪʘ ɸʥʛʝʣ ɻʝʨʦʚ, 
ʤʫʟʝʡʥʠʪʝ ʠ ʢʫʣʪʫʨʥʠʪʝ ʜʝʡʮʠ ʥʘ ʦʙʱʠʥʘʪʘ, ʚʝʯʝ ʟʘʧʦʯʥʘʭʘ ʧʦʜʛʦʪʦʚʢʘʪʘ ʥʘ ʤʷʩʪʦ. 
ʅʘ 1 ʥʦʝʤʚʨʠ, ʜʝʥʷʪ ʥʘ ʥʘʨʦʜʥʠʪʝ ʙʫʜʠʪʝʣʠ, ʚʲʚ ʚʝʩʪʥʠʢʘ ʥʘ ʉʨʝʜʥʦʛʦʨʠʝʪʦ - 
Ăʈʝʛʠʦʥ,ñ ʙʝʰʝ ʧʫʙʣʠʢʫʚʘʥ Ăɸʧʝʣ ʟʘ ʧʦʜʢʨʝʧʘ ʯʝʩʪʚʘʥʝʪʦ ʥʘ 150 ʛʦʜʠʥʠ ʦʪ 
ʨʦʞʜʝʥʠʝʪʦ ʥʘ ʫʯʠʪʝʣʷ ʦʪ ʉʨʝʜʥʦʛʦʨʠʝʪʦ, ʚʦʡʚʦʜʘ ʦʪ ʀʣʠʥʜʝʥʩʢʦ-ʇʨʝʦʙʨʘʞʝʥʩʢʦʪʦ 
ʚʲʩʪʘʥʠʝ ʠ ʧʨʲʚ ʙʲʣʛʘʨʩʢʠ ʠʟʩʣʝʜʦʚʘʪʝʣ ʥʘ ʧʦʯʚʠʪʝ ʠ ʟʝʤʷʪʘ ʅʠʢʦʣʘ ʇʝʪʢʦʚ 
ʇʫʰʢʘʨʦʚñ. ɺ ʥʝʛʦ ʫʯʘʩʪʚʘʪ ʠ ʇʨʝʜʩʝʜʘʪʝʣʷʪ ʥʘ ɹʇɼ ʧʨʦʬ. ʄ. ʊʝʦʭʘʨʦʚ ʠ ɼʠʨʝʢʪʦʨʘ 
ʥʘ ʥʘʰʠʷ ʀʥʩʪʠʪʫʪ ʧʨʦʬ. ʀ. ɸʪʘʥʘʩʦʚʘ. ʆʙʱʠʥʘ ʇʠʨʜʦʧ ʠ ʦʙʱʝʩʪʚʝʥʦʩʪʪʘ ʦʙʷʚʷʚʘʪ 
2024 ʛ. ʟʘ ʛʦʜʠʥʘ ʥʘ ʅʠʢʦʣʘ ʇʫʰʢʘʨʦʚ ʠ ʚ ʪʘʟʠ ʚʨʲʟʢʘ ʩʝ ʧʨʝʜʚʠʞʜʘʪ ʨʝʜʠʮʘ 
ʠʥʠʮʠʘʪʠʚʠ. ʊʨʝʪʦ, ʧʦʨʘʜʠ ʥʝʟʘʚʠʜʥʦʪʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʨʦʜʥʠʷ ʜʦʤ ʥʘ 
ʇʫʰʢʘʨʦʚ  ʟʘʧʦʯʥʘ ʘʢʮʠʷ ʟʘ Ăʠʟʚʲʨʰʚʘʥʝ ʥʘ ʥʝʦʙʭʦʜʠʤʠʪʝ ʚʲʟʩʪʘʥʦʚʠʪʝʣʥʠ, 
ʩʪʨʦʠʪʝʣʥʦ-ʨʝʤʦʥʪʥʠ ʜʝʡʥʦʩʪʠ ʥʘ ʩʪʘʨʘʪʘ ʚʲʟʨʦʞʜʝʥʩʢʘ ʢʲʱʘñ, ʢʦʷʪʦ ʝ ʥʘ ʧʦʚʝʯʝ ʦʪ 
200 ʛʦʜʠʥʠ ʠ ʧʨʦʜʲʣʞʘʚʘ ʜʘ ʩʝ ʨʫʰʠ, ʘ ʪʷ ʝ ʩʦʙʩʪʚʝʥʦʩʪ ʥʘ ʥʘʰʠʷ ʀʥʩʪʠʪʫʪ. ɿʘ 
ʮʝʣʪʘ ʝ ʦʙʷʚʝʥʘ ʜʘʨʠʪʝʣʩʢʘ ʩʤʝʪʢʘ ʢʲʤ ʎʝʥʪʨʘʣʥʘʪʘ ʢʦʦʧʝʨʘʪʠʚʥʘ ʙʘʥʢʘ ʠ ʚʝʯʝ ʩʘ 
ʥʘʧʨʘʚʝʥʠ ʧʲʨʚʠʪʝ ʜʘʨʝʥʠʷ. ɹʲʣʛʘʨʩʢʦ ʧʦʯʚʦʚʝʜʩʢʦ ʜʨʫʞʝʩʪʚʦ ʩʲʱʦ ʜʘʜʝ ʩʚʦʷʪʘ 
ʩʢʨʦʤʥʘ ʣʝʧʪʘ ʦʪ 1000 ʣʚ. ɾʝʣʘʥʠʝʪʦ ʥʘ ʚʩʠʯʢʠ ʝ ʦʪʢʨʠʚʘʥʝʪʦ ʥʘ ʨʝʩʪʘʚʨʠʨʘʥʘʪʘ 
ʩʛʨʘʜʘ ʜʘ ʩʪʘʥʝ ʚ ʜʝʥʷ ʥʘ ʥʝʛʦʚʦʪʦ ʨʦʞʜʝʥʠʝ. ʀ ʥʘ ʢʨʘʷ, ʥʦ ʥʝ ʥʘ ʧʦʩʣʝʜʥʦ ʤʷʩʪʦ, 
ʠʟʥʘʩʷʤ ʪʦʟʠ ʜʦʢʣʘʜ ʟʘʨʘʜʠ ʤʣʘʜʠʪʝ ʫʯʝʥʠ ʠ ʩʧʝʮʠʘʣʠʩʪʠ, ʢʦʠʪʦ ʠʩʢʘʪ ʜʘ ʟʥʘʷʪ 
ʥʝʱʦ ʧʦʚʝʯʝ ʟʘ ʥʘʰʠʷ ʧʘʪʨʦʥ - ʝʜʥʘ ʣʠʯʥʦʩʪ, ʢʦʷʪʦ ʚʠʞʜʘʰʝ ʨʘʟʚʠʪʠʝʪʦ ʥʘ 
ʧʦʯʚʝʥʘʪʘ ʥʘʫʢʘ ʜʝʩʝʪʠʣʝʪʠʷ ʥʘʧʨʝʜ. ʀ ʥʝʢʘ ʪʝʟʠ ʤʦʠ ʠʩʪʦʨʠʯʝʩʢʠ ʧʨʦʫʯʚʘʥʠʷ ʩʘ 
ʥʘʯʘʣʦ ʥʘ ʥʘʰʘʪʘ ʧʦʜʛʦʪʚʠʪʝʣʥʘ ʨʘʙʦʪʘ ʟʘ ʶʙʠʣʝʷ ʥʘ ʇʘʪʨʠʘʨʭʘ ʥʘ ʙʲʣʛʘʨʩʢʦʪʦ 
ʧʦʯʚʦʟʥʘʥʠʝ.  

ʀʟʚʝʩʪʥʠʷʪ ʠʩʪʦʨʠʢ ʠ ʣʝʪʦʧʠʩʝʮ ʥʘ ʉʨʝʜʥʦʛʦʨʠʝʪʦ ʠ ʧʦʯʝʪʝʥ ʛʨʘʞʜʘʥʠʥ ʥʘ ʛʨ. 

ʇʠʨʜʦʧ ʜ-ʨ ʀʚʘʥ ʀʚʘʥʦʚ (2016) ʧʠʰʝ, ʯʝ Ăʥʘʫʯʥʘʪʘ ʠ ʦʙʱʝʩʪʚʝʥʦʧʦʣʝʟʥʘ ʜʝʡʥʦʩʪ ʥʘ 
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ʅʠʢʦʣʘ ʇʫʰʢʘʨʦʚ ʩʝ ʧʨʦʷʚʷʚʘ ʚʲʚ ʚʩʠʯʢʠ ʝʪʘʧʠ ʥʘ ʥʝʛʦʚʦʪʦ ʣʠʯʥʦʩʪʥʦ ʠ 

ʧʨʦʬʝʩʠʦʥʘʣʥʦ ʨʘʟʚʠʪʠʝ. ʊʦʡ ʨʘʙʦʪʠ ʜʦ ʧʦʩʣʝʜʥʠʷ ʩʠ ʜʝʥ, ʢʦʛʘʪʦ ʛʦ ʥʘʤʠʨʘʪ 

ʙʣʠʟʢʠʪʝ ʤʫ, ʩʝʜʥʘʣ ʥʘ ʩʪʦʣʘ ʥʘ ʧʠʩʘʣʠʱʥʘʪʘ ʤʘʩʘ (ʧʦ ʩʧʦʤʝʥʠ ʥʘ ʥʝʛʦʚʘʪʘ 

ʩʲʧʨʫʛʘ), ʥʦ ʥʝ ʧʨʝʢʣʦʥʠʣ ʛʣʘʚʘ ʧʨʝʜ ʪʨʫʜʥʦʩʪʠʪʝ ʠ ʠʟʧʠʪʘʥʠʷʪʘ, ʢʦʠʪʦ ʛʦ ʩʣʝʜʚʘʪ 

ʧʨʝʟ ʮʝʣʠʷ ʞʠʚʦʪ ʧʦ ʟʝʤʷʪʘ ʙʲʣʛʘʨʩʢʘ, ʥʘ ʢʦʷʪʦ ʧʦʩʚʝʱʘʚʘ ʞʠʚʦʪʘ ʩʠñ. ɽʪʦ ʟʘʱʦ, 

ʱʝ ʙʲʜʝ ʧʦʣʝʟʥʦ ʟʘ ʚʩʠʯʢʠ ʥʘʩ ʜʘ ʧʨʠʧʦʤʥʠʤ ʥʷʢʦʠ ʧʦ-ʚʘʞʥʠ ʤʦʤʝʥʪʠ ʦʪ ʥʝʛʦʚʠʷ 

ʞʠʚʦʪ. 

ʇʫʰʢʘʨʦʚ ʝ ʦʪ ʪʝʟʠ ʣʠʯʥʦʩʪʠ, ʢʦʠʪʦ ʥʝ ʧʦʙʠʨʘʪ ʞʠʚʦʪʘ ʠ ʜʝʣʘʪʘ ʩʠ ʚ 

ʦʧʨʝʜʝʣʝʥʘ ʨʘʤʢʘ ʠ ʩʲʩ ʩʚʦʠʪʝ ʠʜʝʠ ʠ ʙʦʨʙʠ ʦʩʪʘʚʘʪ ʧʨʠʤʝʨ ʟʘ ʧʦʜʨʘʞʘʥʠʝ ʚʝʢʦʚʝ, 

ʪʦʡ  ʝ ʚʝʣʠʯʠʥʘ ʩ ʥʘʮʠʦʥʘʣʥʠ ʠ ʤʝʞʜʫʥʘʨʦʜʥʠ ʠʟʤʝʨʝʥʠʷ. ɺ ʦʙʱʝʩʪʚʘ, ʠʟʧʲʣʥʝʥʠ ʩ 

ʥʝʩʧʨʘʚʝʜʣʠʚʦʩʪ ʠ ʜʫʭʦʚʥʘ ʧʫʩʪʦʪʘ, ʪʝ ʧʨʠʞʠʚʝ ʦʩʪʘʚʘʪ ʥʝʨʘʟʙʨʘʥʠ ʠʣʠ ʫʥʠʞʘʚʘʥʠ. 

ɺ ʤʠʥʘʣʦʪʦ ʠ ʩʝʛʘ ʧʨʠʤʝʨʠʪʝ ʩʘ ʤʥʦʛʦ. ɽʪʦ ʟʘʱʦ, ʧʦʟʚʦʣʷʚʘʤ ʩʠ ʜʘ ʥʘʧʠʰʘ ʜʫʤʠ ʥʘ 

ʚʲʟʭʚʘʣʘ ʠ ʧʨʠʟʥʘʥʠʝ ʟʘ ʯʦʚʝʢʘ, ʯʠʡʪʦ ʞʠʚʦʪ ʠ ʜʝʡʥʦʩʪ ʩʘ ʦʩʝʷʥʠ ʩ ʥʝʙʠʚʘʣʠ 

ʪʨʫʜʥʦʩʪʠ ʠ ʩʲʜʙʦʚʥʠ ʧʨʝʚʨʘʪʥʦʩʪʠ. ɿʘ ʧʦ-ʥʦʚʦʪʦ ʧʦʢʦʣʝʥʠʝ ʙʲʣʛʘʨʠ 

ʨʝʚʦʣʶʮʠʦʥʥʦʪʦ ʤʫ ʠʤʝ ʛʦʚʦʨʠ ʤʥʦʛʦ ʤʘʣʢʦ. ɿʘ ʥʘʯʘʣʦʪʦ ʥʘ 20 ʚʝʢ, ʢʦʛʘʪʦ ɹʲʣʛʘʨʠʷ 

ʩʝ ʚʲʟʨʘʞʜʘ ʠ ʧʨʦʜʲʣʞʘʚʘ ʙʦʨʙʘʪʘ ʧʨʦʪʠʚ ʆʩʤʘʥʩʢʘʪʘ ʠʤʧʝʨʠʷ ʟʘ ʦʙʝʜʠʥʝʥʠʝ ʥʘ 

ʙʲʣʛʘʨʩʢʠʪʝ ʟʝʤʠ ʦʪ ʊʨʘʢʠʷ ʠ ʄʘʢʝʜʦʥʠʷ, ʠʤʝʪʦ ʇʫʰʢʘʨʦʚ ʩʝ ʧʦʢʨʠʚʘ ʥʘʧʲʣʥʦ ʩ 

ʥʝʛʦʚʠʷ ʥʦʚʘʪʦʨʩʢʠ ʠ ʨʝʚʦʣʶʮʠʦʥʝʥ ʜʫʭ. ɿʘ ʯʦʚʝʢ, ʥʘʨʘʤʠʣ ʧʫʰʢʘ ʠ ʦʪʜʘʣ ʩʝ ʥʘ 

ʥʘʮʠʦʥʘʣʥʦʦʩʚʦʙʦʜʠʪʝʣʥʘʪʘ ʠ ʨʝʚʦʣʶʮʠʦʥʥʘ ʙʦʨʙʘ, ʥʘ ʧʨʦʩʚʝʪʥʘ, ʙʫʜʠʪʝʣʩʢʘ ʠ 

ʧʨʦʩʚʝʪʠʪʝʣʩʢʘ, ʘ ʧʦ-ʢʲʩʥʦ ʠ ʥʘ ʥʘʫʯʥʘ ʜʝʡʥʦʩʪ, ʥʝ ʤʦʞʝ ʜʘ ʠʤʘ ʣʝʢʠ ʠ ʧʨʘʚʠ 

ʧʲʪʠʱʘ. ɾʠʚʦʪʲʪ ʥʘ ʇʫʰʢʘʨʦʚ ʜʦ ʧʦʩʣʝʜʥʠʷ ʧʲʪ ʝ ʪʨʲʥʣʠʚ, ʪʦʡ ʩʪʘʚʘ ʞʝʨʪʚʘ ʥʘ 

ʩʚʦʝʪʦ ʚʝʨʫʶ ʠ ʠʤʘ ʧʝʯʘʣʥʘʪʘ ʩʣʘʚʘ ʜʘ ʙʲʜʝ ʧʨʠʟʥʘʪ ʧʦʩʤʲʨʪʥʦ, ʚʲʧʨʝʢʠ ʯʝ 

ʮʷʣʦʩʪʥʘʪʘ ʤʫ ʜʝʡʥʦʩʪ ʝ ʠʟʧʲʣʥʝʥʘ ʩ ʧʦʩʪʦʷʥʥʘ ʙʦʨʙʘ ʠ ʥʝʠʤʦʚʝʨʝʥ ʪʨʫʜ ʚ ʠʤʝʪʦ 

ʥʘ ʭʦʨʘʪʘ ʠ ʆʪʝʯʝʩʪʚʦʪʦ, ʨʘʟʢʨʠʚʘʥʝʪʦ ʥʘ ʙʦʛʘʪʩʪʚʘʪʘ ʥʘ ʥʘʰʘʪʘ ʟʝʤʷ ʠ ʥʝʡʥʦʪʦ 

ʦʧʘʟʚʘʥʝ ʠ ʟʘʱʠʪʘ.  

ʅʠʢʦʣʘ ʇʫʰʢʘʨʦʚ ʝ ʨʦʜʝʥ ʚ ʛʨ. ʇʠʨʜʦʧ ʚ ʩʝʤʝʡʩʪʚʦ ʥʘ ʙʝʣʝʞʠʪʠ ʙʲʣʛʘʨʠ 

ʨʝʚʦʣʶʮʠʦʥʝʨʠ ʠ ʨʘʜʝʪʝʣʠ ʟʘ ʩʚʦʙʦʜʘ ʠ ʥʘʮʠʦʥʘʣʥʘ ʥʝʟʘʚʠʩʠʤʦʩʪ. ʊʦʡ ʝ ʧʝʪʦʪʦ ʦʪ 

ʜʝʩʝʪ ʜʝʮʘ ʥʘ ʩʝʤʝʡʩʪʚʦʪʦ. ɻʦʣʝʤʠ ʠʩʪʦʨʠʯʝʩʢʠ ʣʠʯʥʦʩʪʠ ʠ ʬʘʢʪʦʨʠ ʦʢʘʟʚʘʪ 

ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʥʝʛʦʚʦʪʦ ʨʘʟʚʠʪʠʝ ï ʙʘʱʘʪʘ ʇʝʪʢʦ ʃʠʣʦʚ ʇʫʰʢʘʨʦʚ, ʪʘʣʘʥʪʣʠʚ 

ʛʘʡʪʘʥʜʞʠʷ ʠ ʪʲʨʛʦʚʝʮ, ʚʠʜʝʥ ʦʙʱʝʩʪʚʝʥʠʢ ʧʨʝʜʠ ʠ ʩʣʝʜ ʆʩʚʦʙʦʞʜʝʥʠʝʪʦ, ʥʝʛʦʚʠʷʪ 

ʫʯʠʪʝʣ ï ʧʠʩʘʪʝʣʷʪ ʊʦʜʦʨ ɺʣʘʡʢʦʚ, ʣʝʛʝʥʜʘʨʥʠʷʪ ʚʦʡʚʦʜʘ ɻʦʮʝ ɼʝʣʯʝʚ, ʠʟʚʝʩʪʥʠʷʪ 

ʥʝʤʩʢʠ ʧʨʦʬ. ʈʘʤʘʥ ʚ ʄʶʥʭʝʥ, ʢʲʜʝʪʦ ʪʦʡ ʧʨʦʚʝʞʜʘ ʜʲʣʛʦʩʨʦʯʥʘ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʠ 

ʧʨʦʛʨʝʩʠʚʥʠʷ ʠʥʪʝʣʝʢʪʫʘʣʝʥ ʠ ʥʘʫʯʝʥ ʝʣʠʪ ʦʪ ʉʦʬʠʡʩʢʠʷ ʫʥʠʚʝʨʩʠʪʝʪ ʠ ɹɸʅ, ʩ 

ʢʦʠʪʦ ʪʦʡ ʥʝ ʧʨʝʢʲʩʚʘ ʚʨʲʟʢʠʪʝ ʩʠ ʦʪ ʩʪʫʜʝʥʪʩʪʚʦʪʦ ʜʦ ʢʨʘʷ ʥʘ ʞʠʚʦʪʘ ʩʠ. 

ʅʝʧʨʠʤʠʨʠʤʠʷʪ ʜʫʭ ʢʲʤ ʥʝʧʨʘʚʜʘʪʘ ʝ ʧʨʠʯʠʥʘ ʦʱʝ ʚ ʛʠʤʥʘʟʠʘʣʥʠʷ ʢʫʨʩ ʜʘ ʠʟʜʘʚʘ 

ʚʝʩʪʥʠʮʠ ʠ ʜʘ ʦʨʛʘʥʠʟʠʨʘ ʧʨʦʛʨʝʩʠʚʥʠʪʝ ʫʯʝʥʠʯʝʩʢʠ ʙʦʨʙʠ, ʟʘʨʘʜʠ ʢʦʝʪʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʩʤʝʥʷ ʛʠʤʥʘʟʠʠʪʝ - ʉʦʬʠʷ, ʉʝʚʣʠʝʚʦ, ʇʣʦʚʜʠʚ ʠ ʊʲʨʥʦʚʦ. ʄʘʢʘʨ ʠ 

ʦʪʣʠʯʝʥ ʫʯʝʥʠʢ, ʥʘʚʩʷʢʲʜʝ, ʢʲʜʝʪʦ ʝ ʧʨʝʤʝʩʪʚʘʥ, ʚ ʘʪʝʩʪʘʮʠʦʥʥʘʪʘ ʤʫ ʢʘʨʪʘ ʧʠʰʝ, 

ʯʝ ʝ Ăʙʫʥʪʘʨ ʧʨʦʪʠʚ ʚʣʘʩʪʪʘò. ɿʘʚʲʨʰʚʘ ʚʲʚ ɺʘʨʥʘ, ʢʲʜʝʪʦ ʜʨʫʞʠ ʩ ʄʝʪʦʜʠʡ ʇʦʧʦʚ 

(ʧʦ-ʢʲʩʥʦ ʘʢʘʜʝʤʠʢ ʠ ʦʩʥʦʚʘʪʝʣ ʥʘ ʀʥʩʪʠʪʫʪʘ ʧʦ ʙʠʦʣʦʛʠʷ) ʠ ʩ ɺʘʩʠʣ ʂʦʣʘʨʦʚ, 

ʦʙʱʝʩʪʚʝʥ ʜʝʷʪʝʣ ʠ ʧʦʣʠʪʠʢ. ʉʣʝʜ ʟʘʚʲʨʰʚʘʥʝ ʥʘ ʛʠʤʥʘʟʠʷʪʘ ʝ ʥʘʟʥʘʯʝʥ ʟʘ ʫʯʠʪʝʣ 

ʚ ʙʣʠʟʢʦʪʦ ʜʦ ʨʦʜʥʠʷ ʛʨʘʜ ʩ. ʄʠʨʢʦʚʦ. ʇʨʝʟ 1896 ʛ. ʝ ʠʟʙʨʘʥ ʟʘ ʜʝʣʝʛʘʪ ʥʘ ʫʯʠʪʝʣʩʢʠ 

ʢʦʥʛʨʝʩ ʚ ʂʘʟʘʥʣʲʢ. ʉʲʱʘʪʘ ʛʦʜʠʥʘ ʝ ʧʨʠʝʪ ʟʘ ʩʪʫʜʝʥʪ ʧʦ ʝʩʪʝʩʪʚʦʟʥʘʥʠʝ ʚʲʚ 

ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʷ ʬʘʢʫʣʪʝʪ ʥʘ ɺʠʩʰʝʪʦ ʫʯʠʣʠʱʝ (ʉʦʬʠʡʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ) ʚ 

ʉʦʬʠʷ ʠ ʧʦ ʚʨʝʤʝ ʥʘ ʩʣʝʜʚʘʥʝʪʦ ʩʠ ʩʪʘʚʘ ʣʶʙʠʤʝʮ ʥʘ ʘʢʘʜ. ɻʝʦʨʛʠ ɹʦʥʯʝʚ, ʢʦʡʪʦ ʛʦ 

ʢʘʥʠ ʜʘ ʧʨʦʫʯʚʘʪ ʟʘʝʜʥʦ ʧʝʪʨʦʛʨʘʬʠʷʪʘ ʥʘ ʎʝʥʪʨʘʣʝʥ ɹʘʣʢʘʥ, ɺʠʪʦʰʘ ʠ ʈʠʣʘ. ɺʲʚ 

ɺʠʩʰʝʪʦ ʫʯʠʣʠʱʝ ʪʦʡ ʝ ʦʩʥʦʚʘʪʝʣ, ʟʘʝʜʥʦ ʩ ʄ. ʇʦʧʦʚ, ʈ. ʇʦʧʦʚ ʠ ʀʚ. ʇʣʦʱʘʢʦʚ (ʧʦ-

ʢʲʩʥʦ ʠʟʚʝʩʪʥʠ ʫʯʝʥʠ), ʣʠʜʝʨ ʥʘ ʜʨʫʞʝʩʪʚʦʪʦ ʥʘ ʩʪʫʜʝʥʪʠʪʝ-ʝʩʪʝʩʪʚʝʥʠʮʠ ʠ ʫʯʘʩʪʥʠʢ 

ʚ ʩʪʫʜʝʥʪʩʢʠʪʝ ʙʦʨʙʠ ʩʨʝʱʫ ʈʘʜʦʩʣʘʚʦʚʠʷ ʨʝʞʠʤ. ʂʘʪʦ ʦʪʣʠʯʥʠʢ ʥʘ ʚʠʧʫʩʢʘ, ʩʣʝʜ 

ʟʘʚʲʨʰʚʘʥʝ ʠʤʘ ʣʠʯʥʘ ʧʦʢʘʥʘ ʦʪ ʪʦʛʘʚʘʰʥʠʷ ʄʠʥʠʩʪʲʨ ʥʘ ʧʨʦʩʚʝʱʝʥʠʝʪʦ ʇʝʪʢʦ 
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ʂʘʨʘʚʝʣʦʚ ʜʘ ʨʘʙʦʪʠ ʚ ʄʠʥʠʩʪʝʨʩʪʚʦʪʦ, ʥʦ ʪʦʡ ʦʪʢʘʟʚʘ ʠ ʩʝ ʚʨʲʱʘ ʚ ʨʦʜʥʠʷ ʛʨʘʜ 

ʇʠʨʜʦʧ ʢʘʪʦ ʫʯʠʪʝʣ. ʈʘʟʚʠʚʘ ʰʠʨʦʢʘ ʢʫʣʪʫʨʥʦ-ʧʨʦʩʚʝʪʥʘ ʠ ʦʙʱʝʩʪʚʝʥʘ ʜʝʡʥʦʩʪ. 

ʇʦʨʘʜʠ ʦʪʢʘʟ ʥʘ ʧʨʝʜʣʦʞʝʥʠʝʪʦ ʥʘ ʉʦʬʠʡʩʢʠʷ ʦʢʨʲʞʝʥ ʠʥʩʧʝʢʪʦʨ ʜʘ ʙʲʜʝ 

ʧʨʝʜʩʝʜʘʪʝʣ ʥʘ ʧʝʜʘʛʦʛʠʯʝʩʢʘʪʘ ʢʦʥʬʝʨʝʥʮʠʷ ʝ ʠʟʧʨʘʚʝʥ ʥʘ ʩʲʜ. ʃʠʯʥʦ ʇʝʪʢʦ 

ʂʘʨʘʚʝʣʦʚ, ʚʝʯʝ ʢʘʪʦ ʄʠʥʠʩʪʲʨ ʧʨʝʜʩʝʜʘʪʝʣ ʩʝ ʥʘʤʝʩʚʘ ʠ ʦʙʚʠʥʝʥʠʷʪʘ ʩʘ ʩʥʝʪʠ. 

ʂʘʪʦ ʧʝʜʘʛʦʛ ʠ ʦʨʛʘʥʠʟʘʪʦʨ ʥʘ ʫʯʠʪʝʣʩʢʦʪʦ ʜʚʠʞʝʥʠʝ ʚ ʇʠʨʜʦʧ, ʇʣʦʚʜʠʚ, ʉʦʬʠʷ, 

ʇʣʝʚʝʥ ʠ ɺʠʜʠʥ ʠ ʇʨʝʜʩʝʜʘʪʝʣ ʥʘ ʫʯʠʪʝʣʩʢʦʪʦ ʜʨʫʞʝʩʪʚʦ ʚ ʉʨʝʜʥʦʛʦʨʠʝʪʦ, ʪʦʡ ʥʝ 

ʝʜʠʥ ʧʲʪ ʝ ʫʚʦʣʥʷʚʘʥ. ʅʝʛʦʚʠʪʝ ʫʯʝʥʠʮʠ ʛʦ ʧʦʤʥʷʪ ʢʘʪʦ ʫʯʠʪʝʣ ʩ ñʛʦʣʷʤʘ 

ʠʥʪʝʣʠʛʝʥʪʥʦʩʪ ʠ ʚʲʟʧʠʪʘʥʠʝ, ʚʠʩʦʢʘ ʢʫʣʪʫʨʘ ʠ ʟʥʘʥʠʷñ, ʢʦʡʪʦ ʚ ʠʟʚʲʥ ʫʯʝʙʥʦ ʚʨʝʤʝ 

ʝ ʩʲʙʠʨʘʣ ʨʘʟʣʠʯʥʠ ʧʨʠʨʦʜʥʠ ʦʙʨʘʟʮʠ, Ăʚʲʦʨʲʞʝʥ ʩ ʧʫʰʢʘ, ʙʦʪʘʥʠʯʝʩʢʘ ʢʫʪʠʷ ʠ 

ʛʝʦʣʦʞʢʠ ʯʫʢ.ñ ʇʨʝʩʣʝʜʚʘʥ ʝ ʠ ʢʘʪʦ ʠʟʷʚʝʥ ʣʝʢʪʦʨ ʥʘ ʢʫʣʪʫʨʥʦ-ʧʨʦʩʚʝʪʥʠʪʝ 

ʜʨʫʞʝʩʪʚʘ ʠ ʢʘʪʦ ʦʩʥʦʚʘʪʝʣ ʥʘ ʧʲʨʚʦʪʦ ɺʟʘʠʤʦʩʧʦʤʘʛʘʪʝʣʥʦʪʦ ʜʨʫʞʝʩʪʚʦ ñʆʨʘʣʦò ʩ 

63 ʯʣʝʥʦʚʝ ʚ ʨʦʜʥʠʷ ʢʨʘʡ, ʟʘʱʦʪʦ ʛʠ ʟʘʱʠʪʘʚʘ ʦʪ ʣʠʭʚʘʨʠʪʝ. ʇʦ ʥʝʛʦʚʦ 

ʧʨʝʜʣʦʞʝʥʠʝ ʧʨʝʟ ʣʷʪʦʪʦ ʥʘ 1902 ʛ. ʩʝ ʩʲʟʜʘʚʘ ʬʦʥʜ ʟʘ ʥʘʙʠʨʘʥʝ ʥʘ ʩʨʝʜʩʪʚʘ ʟʘ 

ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʯʠʪʘʣʠʱʝ Ăʅʘʧʨʝʜʲʢñ ʚ ʇʠʨʜʦʧ, ʥʘ ʢʦʝʪʦ ʝ ʠʟʙʨʘʥ ʟʘ ʇʨʝʜʩʝʜʘʪʝʣ ʥʘ 

ʥʘʩʪʦʷʪʝʣʩʪʚʦʪʦ. ʇʫʰʢʘʨʦʚ ʦʨʛʘʥʠʟʠʨʘ ʩʚʦʠʪʝ ʢʦʣʝʛʠ-ʫʯʠʪʝʣʠ ʠ ʟʘ ʝʜʠʥ ʤʝʩʝʮ 

ʠʟʨʘʙʦʪʚʘʪ ʙʝʟʧʣʘʪʥʦ 30 ʭʠʣ. ʪʫʭʣʠ ʟʘ ʩʛʨʘʜʘʪʘ ʥʘ ʯʠʪʘʣʠʱʝʪʦ. ɿʘ ʦʪʙʝʣʷʟʚʘʥʝ ʝ, 

ʯʝ ʚʲʚ ɺʠʜʠʥ ʢʘʪʦ ʫʯʠʪʝʣ ʝ ʠ ʩʲʨʝʜʘʢʪʦʨ ʥʘ ʩʧ. ɿʜʨʘʚʝ, ʩʲʟʜʘʚʘ ʅʘʨʦʜʝʥ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠ ʝ ʦʙʠʯʘʥ ʣʝʢʪʦʨ, ʘʚʪʦʨʠʪʝʪ ʥʘ ʛʨʘʜʘ. ʊʫʢ ʠʟʚʲʨʰʚʘ ʭʠʜʨʦʣʦʞʢʠ 

ʧʨʦʫʯʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʚʘ ʧʨʦʝʢʪ ʟʘ ʚʦʜʦʩʥʘʙʜʷʚʘʥʝ ʥʘ ʛʨʘʜʘ. ɿʘ ʩʲʞʘʣʝʥʠʝ, ʪʦʟʠ 

ʧʨʦʝʢʪ ʝ ʠʟʧʲʣʥʝʥ ʦʪ ʩʢʲʧʦ ʧʣʘʪʝʥʠʷ ʘʚʩʪʨʠʡʩʢʠ ʧʨʦʬʝʩʦʨ ʌʘʨʭʘʤʧʝʨ, ʢʦʡʪʦ 

ʧʦʣʫʯʘʚʘ ʦʛʨʦʤʥʠʷ ʭʦʥʦʨʘʨ. ʇʫʰʢʘʨʦʚ ʧʨʦʝʢʪʠʨʘ ʠ ʩʝ ʠʟʛʨʘʞʜʘʪ ʧʦʜʭʦʜʷʱʠ ʜʠʛʠ ʠ 

ʧʦʷʩʠ ʚʲʚ ɺʠʜʠʥʩʢʦʪʦ ʧʦʣʝ ʟʘ ʟʘʱʠʪʘ ʥʘ ʟʝʤʷʪʘ ʦʪ ʚʦʜʠʪʝ ʥʘ ɼʫʥʘʚ ʠ ʩʝʚʝʨʥʠʷ 

ʚʷʪʲʨ. ʅʘʚʩʷʢʲʜʝ, ʢʲʜʝʪʦ ʪʦʡ ʫʯʠʪʝʣʩʪʚʘ, ʦʩʪʘʚʘ ʚ ʩʲʟʥʘʥʠʝʪʦ ʥʘ ʩʚʦʠʪʝ ʢʦʣʝʛʠ, 

ʫʯʝʥʠʮʠ ʠ ʤʝʩʪʥʠʪʝ ʞʠʪʝʣʠ ʢʘʪʦ ʧʝʜʘʛʦʛ ʩ ʰʠʨʦʢʘ ʧʦʜʛʦʪʦʚʢʘ ʠ ʘʢʪʠʚʥʘ ʢʫʣʪʫʨʥʦ-

ʧʨʦʩʚʝʪʥʘ ʠ ʦʙʱʝʩʪʚʝʥʘ ʜʝʡʥʦʩʪ. ɺʲʧʨʝʢʠ ʥʠʩʢʦʪʦ ʟʘʧʣʘʱʘʥʝ ʥʘ ʫʯʠʪʝʣʩʢʠʷ ʪʨʫʜ, 

ʪʦʡ ʧʦʤʘʛʘ ʥʘ ʩʚʦʠ ʙʝʜʥʠ, ʥʦ ʫʯʝʥʦʣʶʙʠʚʠ ʫʯʝʥʠʮʠ ʩʲʩ ʩʨʝʜʩʪʚʘ, ʟʘ ʜʘ ʟʘʚʲʨʰʘʪ 

ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʩʠ.  

ɿʘʜʲʣʙʦʯʝʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʟʘ ʨʝʚʦʣʶʮʠʦʥʥʘʪʘ ʜʝʡʥʦʩʪ ʥʘ ʅʠʢʦʣʘ ʇʫʰʢʘʨʦʚ ʠ 

ʙʦʨʙʘʪʘ ʤʫ ʟʘ ʥʘʮʠʦʥʘʣʥʦ ʝʜʠʥʝʥʠʝ ʠʟʚʲʨʰʚʘ ʜ-ʨ ʀʚʘʥ ʀʚʘʥʦʚ (2016), ʢʦʡʪʦ 

ʧʦʩʦʯʚʘ, ʯʝ ʧʨʝʟ 1902 ʛ. ʧʨʠ ʣʠʯʥʘ ʩʨʝʱʘ ʩ ɻʦʮʝ ɼʝʣʯʝʚ ʠ ʧʦ ʥʝʛʦʚ ʩʲʚʝʪ ʪʦʡ ʧʨʘʚʠ 

ʧʦʩʪʲʧʢʘ ʜʘ ʟʘʤʠʥʝ ʟʘ ʶʛʦʟʘʧʘʜʥʠʪʝ ʙʲʣʛʘʨʩʢʠ ʟʝʤʠ (ʄʘʢʝʜʦʥʠʷ), ʥʘʤʠʨʘʱʠ ʩʝ ʚ 

ʛʨʘʥʠʮʠʪʝ ʥʘ ʆʩʤʘʥʩʢʘʪʘ ʠʤʧʝʨʠʷ. ɾʝʣʘʥʠʝʪʦ ʤʫ ʝ ʜʘ ʨʘʙʦʪʠ ʚ ɹʠʪʦʣʷ ʢʘʪʦ ʫʯʠʪʝʣ 

ʠ ʜʘ ʫʯʘʩʪʚʘ ʚ ʙʦʨʙʘʪʘ ʩʨʝʱʫ ʧʨʦʩʨʲʙʩʢʘʪʘ ʧʨʦʧʘʛʘʥʜʘ ʠ Ăʩʲʨʙʦʤʘʥʩʢʠʷ ʚʲʧʨʦʩñ. ʉ 

ʘʢʪ ʥʘ ɹʲʣʛʘʨʩʢʘʪʘ ʝʢʟʘʨʭʠʷ ʝ ʠʟʧʨʘʪʝʥ ʟʘ ʫʯʠʪʝʣ ʧʦ ʝʩʪʝʩʪʚʝʥʘ ʠʩʪʦʨʠʷ ʚ ʄʲʞʢʦʪʦ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦ ʫʯʠʣʠʱʝ ʚ ʉʢʦʧʠʝ, ʟʘ ʜʘ ʦʛʣʘʚʠ ʠ ʫʯʘʩʪʚʘ ʚ ʧʦʜʛʦʪʦʚʢʘʪʘ ʥʘ 

ʀʣʠʥʜʝʥʩʢʦ-ʇʨʝʦʙʨʘʞʝʥʩʢʦʪʦ ʚʲʩʪʘʥʠʝ. ʊʫʢ ʟʘʧʦʯʚʘ ʜʘ ʠʟʜʘʚʘ ʚ-ʢ Ăʆʩʚʦʙʦʞʜʝʥʠʝò, 

ʟʘʝʜʥʦ ʩ ʨʦʜʝʥʘʪʘ ʚ ʛʨ. ʉʪʨʫʛʘ ʫʯʠʪʝʣʢʘ ʚ ʉʢʦʧʩʢʦʪʦ ʜʝʚʠʯʝʩʢʦ ʫʯʠʣʠʱʝ ʉʣʘʚʢʘ 

ʏʘʢʲʨʦʚʘ, ʢʦʷʪʦ ʯʝʪʠʨʠ ʛʦʜʠʥʠ ʧʦ-ʢʲʩʥʦ ʩʪʘʚʘ ʥʝʛʦʚʘ ʩʲʧʨʫʛʘ, ʢʘʢʪʦ ʠ ʩ ʃʶʙʘ 

ʂʶʠʣʝʚʘ ʦʪ ɺʝʣʝʩ ʠ ʗʥʢʘ ʂʘʥʝʚʯʝʚʘ ʦʪ ʆʭʨʠʜ. ʈʝʚʦʣʶʮʠʦʥʥʘʪʘ ʩʨʝʜʘ, ʚ ʢʦʷʪʦ 

ʨʘʙʦʪʠ ʇʫʰʢʘʨʦʚ, ʚʢʣʶʯʚʘ ʙʦʨʮʠ ʫʯʠʪʝʣʠ, ʟʘʥʘʷʪʯʠʠ, ʤʣʘʜʠ ʭʦʨʘ ʦʪ ʧʦʢʨʘʡʥʠʥʠʪʝ 

ʥʘ ʉʢʦʧʠʝ ʠ ʙʣʠʟʢʠʪʝ ʛʨʘʜʦʚʝ ʠ ʩʝʣʘ ï ʊʝʪʦʚʦ, ʂʫʤʘʥʦʚʦ, ʂʦʯʘʥʠ, ʂʨʘʪʦʚʦ ʠ 

ʇʘʣʘʥʢʘ. ʈʝʚʦʣʶʮʠʦʥʥʘʪʘ ʠ ʧʝʯʘʪʥʘ ʜʝʡʥʦʩʪ ʥʝ ʦʩʪʘʚʘʪ ʩʢʨʠʪʠ ʦʪ ʪʫʨʩʢʘʪʘ 

ʘʜʤʠʥʠʩʪʨʘʮʠʷ, ʥʦ ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʩʤʝʣʠʪʝ ʞʝʥʠ ʦʢʦʣʦ ʥʝʛʦ ʠ ʥʘ ʥʝʛʦʚʠʪʝ 

ʩʲʨʘʪʥʠʮʠ ʚ ʧʨʦʧʘʛʘʥʜʘʪʘ ʠ ʙʦʨʙʘʪʘ ï ʫʯʠʪʝʣʷʪ ɼʠʤʠʪʲʨ ɻʘʣʝʚ ʦʪ ʉʢʦʧʠʝ, ʀʣʠʷ 

ʈʘʱʠʥʦʚ ʦʪ ɺʝʣʝʩ, ʂʠʨʠʣ ʉʪʦʷʥʦʚ ʦʪ ʄʘʚʨʦʚʦ ʠ ɼʠʤʠʪʲʨ ɻʘʥʯʝʚ ʦʪ ʈʫʩʝ, ʪʦʡ ʦʩʪʘʚʘ 

ʥʝʚʨʝʜʠʤ ʩʣʝʜ ʥʝʢʦʣʢʦʢʨʘʪʥʠ ʦʙʠʩʢʠ ʠ ʧʨʝʪʲʨʩʚʘʥʠʷ. ʉʲʱʝʚʨʝʤʝʥʥʦ ʝ ʠʟʙʨʘʥ ʟʘ 

ʧʨʝʜʩʝʜʘʪʝʣ ʥʘ ʉʢʦʧʩʢʠʷ ʨʝʚʦʣʶʮʠʦʥʝʥ ʢʦʤʠʪʝʪ. ʊʦʡ ʦʙʠʢʘʣʷ ʢʘʪʦ ʚʦʡʚʦʜʘ ʩ ʯʝʪʘ 

ʦʪ 11 ʜʫʰʠ ʧʣʘʥʠʥʠʪʝ ʠ ʦʢʦʣʥʦʩʪʪʘ ʥʘ ʉʢʦʧʠʝ, ʟʘ ʜʘ ʦʪʤʲʱʘʚʘ ʟʘ Ăʟʦʣʫʤʠʪʝ ʥʘ 

ʪʫʨʮʠʪʝò ʠ ʜʘ ʦʨʛʘʥʠʟʠʨʘ ʚʲʩʪʘʥʠʝʪʦ, ʘ ʣʶʙʦʚʪʘ ʤʫ ʢʲʤ ʧʝʪʨʦʛʨʘʬʠʷʪʘ ʛʦ ʢʘʨʘ ʜʘ 
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ʩʲʙʠʨʘ ʩʢʘʣʥʠ ʦʙʨʘʟʮʠ ʚ ʩʚʦʷʪʘ ʨʘʥʠʮʘ. ɿʘ ʠʟʚʝʩʪʥʦ ʚʨʝʤʝ ʩʝ ʚʨʲʱʘ ʚ ʂʥʷʞʝʩʪʚʦʪʦ 

ʜʘ ʧʨʠʚʣʝʯʝ ʦʱʝ ʯʝʪʥʠʮʠ ʠ ʨʘʙʦʪʠ ʧʦ ʠʟʧʨʘʱʘʥʝʪʦ ʥʘ ʦʨʲʞʠʝ ʠ Ăʘʜʩʢʠ ʤʘʰʠʥʠò ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʮʠʘʥʢʘʣʠʡ ʚ ʉʦʬʠʡʩʢʠʷ ʫʥʠʚʝʨʩʠʪʝʪ, ʟʘ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪ. ʇʦ ʚʨʝʤʝ ʥʘ ʚʲʩʪʘʥʠʝʪʦ ʥʝʛʦʚʘʪʘ ʯʝʪʘ ʥʘʨʘʩʪʚʘ ʥʘ 25 ʚʲʩʪʘʥʠʮʠ, 

ʚʲʦʨʲʞʘʚʘ ʷ ʩ ʥʝʦʙʭʦʜʠʤʦʪʦ ʦʨʲʞʠʝ - 200 ʙʦʤʙʠ ʠ 7 ʪʦʚʘʨʘ ʜʠʥʘʤʠʪ. ʆʱʝ ʥʘ 

ʜʨʫʛʠʷ ʜʝʥ ʩʣʝʜ ʦʙʷʚʷʚʘʥʝ ʥʘ ʀʣʠʥʜʝʥʩʢʦʪʦ ʚʲʩʪʘʥʠʝ - ʥʘ 3 ʘʚʛʫʩʪ, ʯʝʪʘʪʘ ʥʘ 

ʇʫʰʢʘʨʦʚ ʨʘʟʙʠʚʘ ʦʭʨʘʥʠʪʝʣʥʦʪʦ ʦʪʜʝʣʝʥʠʝ ʦʪ ʦʢʦʣʦ 50-60 ʦʭʨʘʥʠʪʝʣʠ ʥʘ ʤʦʩʪʘ ʥʘ 

ʨ. ɺʘʨʜʘʨ, ʚʟʨʠʚʷʚʘ ʞʝʣʝʟʦʧʲʪʥʘʪʘ ʣʠʥʠʷ ʤʝʞʜʫ ʉʢʦʧʠʝ ʠ ɺʝʣʝʩ, ʟʘʝʜʥʦ ʩ 

ʚʣʘʢʦʚʘʪʘ ʢʦʤʧʦʟʠʮʠʷ ʩ 32 ʚʘʛʦʥʘ, ʥʘʪʦʚʘʨʝʥʠ ʩ ʙʦʝʧʨʠʧʘʩʠ ʠ ʪʫʨʩʢʘ ʚʦʡʩʢʘ. ʉʣʝʜ 

ʪʦʟʠ ʧʦʨʝʜʝʥ ʫʩʧʝʭ ʚʦʜʠ ʩʨʘʞʝʥʠʷ ʩ ʪʫʨʩʢʠ ʟʘʧʪʠʝʪʘ ʚʲʚ ɺʝʪʝʨʩʢʠʷ ʠ ɻʶʨʠʰʢʠʷ 

ʤʘʥʘʩʪʠʨ ʠ ʜʨʫʛʠ ʨʘʡʦʥʠ. ʇʦʩʣʝʜʥʦʪʦ ʩʨʘʞʝʥʠʝ ʝ ʚ ʥʘʯʘʣʦʪʦ ʥʘ ʩʝʧʪʝʤʚʨʠ ʚ 

ʦʢʦʣʥʦʩʪʠʪʝ ʥʘ ʩ. ʇʘʣʘʥʢʘ, ʩʣʝʜ ʢʦʝʪʦ ʩ ʦʩʪʘʥʘʣʠʪʝ ʞʠʚʠ ʯʝʪʥʠʮʠ ʩʝ ʧʨʠʙʠʨʘ ʚ 

ʩʪʨʘʥʘʪʘ. ʉʧʨʘʚʝʜʣʠʚʘʪʘ ʙʦʨʙʘ ʟʘ ʥʝʟʘʚʠʩʠʤʦʩʪ ʥʘ ʙʲʣʛʘʨʠ ʠ ʪʫʨʮʠ ʝ ʦʪʨʘʟʝʥʘ ʚ 

ʩʧʦʤʝʥʠʪʝ ʤʫ ʢʨʘʪʢʦ: ñʅʠʝ ʩʝ ʙʦʨʝʭʤʝ ʟʘ ʩʚʦʙʦʜʘʪʘ ʥʘ ʝʜʥʠʪʝ ʠ ʜʨʫʛʠʪʝò. ʉʣʝʜ 

ʥʝʫʩʧʝʭʘ ʥʘ ʚʲʩʪʘʥʠʝʪʦ, ʚʦʡʚʦʜʘʪʘ ʇʫʰʢʘʨʦʚ ʧʨʝʟ ʝʩʝʥʪʘ ʠ ʟʠʤʘʪʘ ʥʘ 1903-1904 ʛ. 

ʥʷʢʦʣʢʦʢʨʘʪʥʦ ʦʨʛʘʥʠʟʠʨʘ ʟʘʩʝʜʘʥʠʷ ʥʘ ʉʢʦʧʩʢʠʷ ʨʝʚʦʣʶʮʠʦʥʝʥ ʦʢʨʲʛ ʟʘʝʜʥʦ ʩ 

ʍʨʠʩʪʦ ʄʘʪʦʚ ʠ ʜ-ʨ ʍʨʠʩʪʦ ʊʘʪʘʨʯʝʚ, ʢʘʢ ʜʘ ʧʨʦʜʲʣʞʘʪ ʙʦʨʙʘʪʘ. ɿʘʚʨʲʱʘʡʢʠ ʩʝ ʚ 

ɹʲʣʛʘʨʠʷ, ʜʲʨʞʠ ʚʨʲʟʢʘ ʩ ʗʥʝ ʉʘʥʜʘʥʩʢʠ ʠ ʛʦ ʫʢʨʠʚʘ ʝʜʥʘ ʛʦʜʠʥʘ ʚ ʩʚʦʷ ʜʦʤ ʚ 

ʉʦʬʠʷ ʥʘ ʫʣ. Ăʀʚʘʮ ʚʦʡʚʦʜʘò. ʂʘʪʦ ʝʜʠʥ ʦʪ ʚʦʜʘʯʠʪʝ ʥʘ ʯʝʪʠ ʠ ʘʢʪʠʚʝʥ ʫʯʘʩʪʥʠʢ ʚʲʚ 

ɺʄʆʈʆ, ʥʘ 9 ʤʘʨʪ 1919 ʛ. ʇʫʰʢʘʨʦʚ ʝ ʩʨʝʜ 17-ʪʝ ʙʠʚʰʠ ʚʦʡʚʦʜʠ, ʤʝʞʜʫ ʢʦʠʪʦ 

ɻʴʦʨʯʝ ʇʝʪʨʦʚ, ʄʠʭʘʠʣ ɻʝʨʜʞʠʢʦʚ ʠ ʜʨ., ʧʦʜʧʠʩʘʣʠ ʩʧʝʮʠʘʣʝʥ ʘʧʝʣ ʢʲʤ 

ʤʘʢʝʜʦʥʩʢʦʪʦ ʥʘʩʝʣʝʥʠʝ ʠ ʝʤʠʛʨʘʮʠʷʪʘ ʚ ɹʲʣʛʘʨʠʷ. ɺʨʲʟʢʘʪʘ ʤʫ ʩ ʪʝʟʠ 

ʨʝʚʦʣʶʮʠʦʥʝʨʠ ʠ ʥʝʛʦʚʘʪʘ ʩʲʚʤʝʩʪʥʘ ʜʝʡʥʦʩʪ ʩ ʪʷʭ ʥʝ ʦʩʪʘʚʘ ʥʝʟʘʙʝʣʷʟʘʥʘ ʧʦ-

ʢʲʩʥʦ ʚ ʥʘʫʯʥʠʪʝ ʩʨʝʜʠ ʦʪ ʢʘʙʠʥʝʪʥʠʪʝ ʧʨʦʬʝʩʦʨʠ, ʘ ʤʦʞʝ ʙʠ ʠ ʦʪ ʚʲʨʭʦʚʠʩʪʠʪʝ ʠʣʠ 

ʪʝʭʥʠ ʩʠʤʧʘʪʠʟʘʥʪʠ. ʉʪʨʘʭʲʪ ʦʪ ʧʘʪʨʠʦʪʘ ʠ ʙʦʨʝʮʘ ʟʘ ʝʜʠʥʥʘ ɹʲʣʛʘʨʠʷ ʠ ʟʘʚʠʩʪʪʘ 

ʢʲʤ ʫʯʝʥʠʷ ʥʦʚʘʪʦʨ ʠ Ăʥʝʫʜʦʙʝʥ ʦʧʦʥʝʥʪ ʚ ʥʘʫʢʘʪʘò, ʛʠ ʢʘʨʘ ʜʘ ʛʦ ʧʨʝʩʣʝʜʚʘʪ ʮʷʣ 

ʞʠʚʦʪ. ʈʘʙʦʪʘʪʘ ʤʫ ʢʘʪʦ ʫʯʠʪʝʣ ʚ ʨʦʜʥʠʷ ʛʨʘʜ ʠ ʚ ʩʪʨʘʥʘʪʘ, ʥʘʡ-ʚʝʯʝ ʚ ʧʝʨʠʦʜʘ 

1904-1908 ʛ., ʠ ʢʘʪʦ ʧʦʜʥʘʯʘʣʥʠʢ ʚ ʄʠʥʠʩʪʝʨʩʪʚʦʪʦ ʥʘ ʥʘʨʦʜʥʦʪʦ ʧʨʦʩʚʝʱʝʥʠʝ ʧʨʝʟ 

1909-1911 ʛ. ʥʝ ʤʦʞʝ ʜʘ ʛʦ ʩʧʨʝ ʜʘ ʤʠʩʣʠ ʟʘ ʥʘʫʯʥʠʪʝ ʠʜʝʠ, ʧʦʩʘʜʝʥʠ ʦʪ ʥʝʛʦʚʠʷ 

ʥʘʩʪʘʚʥʠʢ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘ ʘʢʘʜ. ɻʝʦʨʛʠ ɹʦʥʯʝʚ. ɹʝʟ ʜʘ ʝ ʥʘʟʥʘʯʝʥ ʟʘ 

ʠʟʩʣʝʜʦʚʘʪʝʣ, ʧʨʝʟ 1909 ʛ. ʥʘʧʠʩʚʘ ʢʘʧʠʪʘʣʥʠʷ ʪʨʫʜ Ăʆʙʨʘʟʫʚʘʥʝ ʥʘ ʧʦʯʚʘʪʘò ʠ ʪʘʢʘ 

ʧʦʩʪʘʚʷ ʥʘʯʘʣʦʪʦ ʥʘ ʠʟʫʯʘʚʘʥʝ ʥʘ ʛʝʥʝʟʠʩʘ ʠ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʧʦʯʚʠʪʝ. ʉʣʝʜ ʪʦʟʠ 

ʧʝʨʠʦʜ ʟʘʧʦʯʚʘ ʘʢʪʠʚʥʘ ʥʘʫʯʥʦʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ, ʧʫʙʣʠʮʠʩʪʠʯʥʘ ʠ ʦʙʱʝʩʪʚʝʥʘ 

ʜʝʡʥʦʩʪ. ʈʝʜʘʢʪʠʨʘ ʩʧ. ɽʩʪʝʩʪʚʦʟʥʘʥʠʝ ʠ ʛʝʦʛʨʘʬʠʷ, ʍʠʤʠʷ ʠ ʠʥʜʫʩʪʨʠʷ, ʢʲʜʝʪʦ 

ʩʲʪʨʫʜʥʠʯʘʪ ʥʘʡ-ʢʨʫʧʥʠʪʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʥʘ ʥʘʫʢʘʪʘ ʧʦ ʪʦʚʘ ʚʨʝʤʝ ï ɸʩ. ɿʣʘʪʘʨʦʚ, 

ɻ. ɹʦʥʯʝʚ, ʇ. ɹʘʢʘʣʦʚ, ɿ. ʂʘʨʘʦʛʣʘʥʦʚ, ʄ. ɼʠʤʠʪʨʦʚ, ʉʪ. ʇʝʪʢʦʚ, ʈ. ʇʦʧʦʚ, ɾ. ʈʘʜʝʚ, 

ɻ. ʐʠʰʢʦʚ ʠ ʜʨʫʛʠ ʠʟʚʝʩʪʥʠ ʫʯʝʥʠ ʚ ʝʩʪʝʩʪʚʦʟʥʘʥʠʝʪʦ. ʇʫʰʢʘʨʦʚ ʝ ʧʲʨʚʠʷʪ ʨʝʜʘʢʪʦʨ 

ʥʘ ñʉʧʠʩʘʥʠʝ ʥʘ ɿʝʤʝʜʝʣʩʢʠʪʝ ʠʟʧʠʪʘʪʝʣʥʠ ʠʥʩʪʠʪʫʪʠ ʚ ɹʲʣʛʘʨʠʷò, ʧʲʨʚʠʷʪ 

ʧʨʝʚʦʜʘʯ ʫ ʥʘʩ ʥʘ ñʇʨʦʠʟʭʦʜ ʥʘ ʚʠʜʦʚʝʪʝò ʦʪ ʏ. ɼʘʨʚʠʥ. ʊʦʡ ʝ ʥʷʢʦʣʢʦʢʨʘʪʥʦ 

ʠʟʙʠʨʘʥ ʟʘ ʇʨʝʜʩʝʜʘʪʝʣ ʥʘ ɹʲʣʛʘʨʩʢʦʪʦ ʧʨʠʨʦʜʦʟʘʱʠʪʥʦ ʜʨʫʞʝʩʪʚʦ ʠ ʝ ʝʜʠʥ ʦʪ 

ʦʩʥʦʚʘʪʝʣʠʪʝ ʥʘ ɻʝʦʣʦʞʢʦʪʦ ʜʨʫʞʝʩʪʚʦ. ʇʦ ʥʝʛʦʚʦ ʧʨʝʜʣʦʞʝʥʠʝ ʜʦ ʄʠʥʠʩʪʲʨʘ ʥʘ 

ʪʲʨʛʦʚʠʷʪʘ ʠ ʟʝʤʝʜʝʣʠʝʪʦ, ʧʨʝʟ 1911 ʛ. ʝ ʦʪʢʨʠʪʘ ʇʦʯʚʦʚʝʜʩʢʘ ʩʝʢʮʠʷ ʢʲʤ 

ɼʲʨʞʘʚʥʘʪʘ ʟʝʤʝʜʝʣʩʢʘ  ʦʧʠʪʥʘ ʩʪʘʥʮʠʷ ʚ ʉʦʬʠʷ. ʊʘʟʠ ʠʩʪʦʨʠʯʝʩʢʘ ʜʘʪʘ ʩʝ ʩʤʷʪʘ 

ʟʘ ʨʦʞʜʝʥʘ ʟʘ ʙʲʣʛʘʨʩʢʦʪʦ ʧʦʯʚʦʟʥʘʥʠʝ, ʘ ʨʲʢʦʚʦʜʠʪʝʣʷʪ ʥʘ ʩʝʢʮʠʷʪʘ ï ʧʲʨʚʠʷʪ 

ʧʦʯʚʦʚʝʜ ʫ ʥʘʩ. ɼʥʝʩ, ʢʦʛʘʪʦ ʩʘ ʤʠʥʘʣʠ ʪʦʣʢʦʚʘ ʛʦʜʠʥʠ, ʚʩʝ ʦʱʝ ʥʝ ʦʩʪʘʨʷʚʘʪ 

ʥʝʛʦʚʠʪʝ ʧʦʩʪʘʥʦʚʢʠ ʟʘ ʧʨʦʠʟʭʦʜʘ ʠ ʢʣʘʩʠʬʠʢʘʮʠʷʪʘ ʥʘ ʧʦʯʚʠʪʝ, ʤʠʥʝʨʘʣʥʦʪʦ 

ʪʦʨʝʥʝ ʠ ʪʦʨʦʧʦʪʨʝʙʥʦʩʪʪʘ ʥʘ ʢʫʣʪʫʨʠʪʝ, ʚʢʠʩʣʷʚʘʥʝʪʦ, ʟʘʩʦʣʷʚʘʥʝʪʦ, 

ʤʝʣʠʦʨʠʨʘʥʝʪʦ ʠ ʦʙʨʘʙʦʪʢʘʪʘ ʥʘ ʧʦʯʚʘʪʘ, ʙʦʨʙʘʪʘ ʩʲʩ ʩʫʰʘʪʘ, ʭʠʤʠʟʘʮʠʷʪʘ ʠ 

ʥʘʧʦʷʚʘʥʝʪʦ, ʨʘʡʦʥʠʨʘʥʝʪʦ ʥʘ ʟʝʤʝʜʝʣʩʢʠʪʝ ʢʫʣʪʫʨʠ ʠ ʪ.ʥ. ɺʩʠʯʢʠ ʪʝʟʠ ʪʝʤʠ ʩʘ 

ʘʢʪʫʘʣʥʠ ʠ ʜʥʝʩ. ʇʫʰʢʘʨʦʚ ʝ ʧʲʨʚʠʷʪ ʫʯʝʥ ʫ ʥʘʩ, ʢʦʡʪʦ ʫʩʪʘʥʦʚʠ ʦʩʥʦʚʥʠʪʝ 
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ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʘ ʛʝʦʛʨʘʬʩʢʦʪʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʧʦʯʚʠʪʝ ʠ ʜʦʢʘʟʘ 

ʘʛʨʦʝʢʦʣʦʛʠʯʥʠʷ ʧʦʜʭʦʜ ʟʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʠʤ. ʊʦʡ ʨʘʟʨʘʙʦʪʚʘ ʧʲʨʚʘʪʘ ʅʘʮʠʦʥʘʣʥʘ 

ʇʦʯʚʝʥʘ ʢʘʨʪʘ ʠ ʧʲʨʚʘʪʘ ʤʝʪʦʜʠʢʘ ʟʘ ʙʦʥʠʪʝʪʥʘ ʦʮʝʥʢʘ ʥʘ ʟʝʤʝʜʝʣʩʢʠʪʝ ʟʝʤʠ, ʢʦʷʪʦ 

ʚʥʝʜʨʷʚʘ ʚ ʦʙʱʠʥʠʪʝ. ʊʘʢʘ ʩ ʧʲʣʥʦ ʧʨʘʚʦ ʪʦʡ ʝ ʧʨʠʟʥʘʪ ʦʪ ʥʦʚʠʪʝ ʧʦʢʦʣʝʥʠʷ 

ʠʟʩʣʝʜʦʚʘʪʝʣʠ ʟʘ ʇʘʪʨʠʘʨʭ ʥʘ ʙʲʣʛʘʨʩʢʦʪʦ ʧʦʯʚʦʟʥʘʥʠʝ. 

ʉʣʝʜ ʢʘʪʦ ʧʨʝʟ 1914-1915 ʛ. ʩʧʝʮʠʘʣʠʟʠʨʘ ʚ ɻʝʨʤʘʥʠʷ, ʟʘʜʲʣʙʦʯʝʥʦ ʩʝ 

ʟʘʧʦʟʥʘʚʘ ʩ ʨʫʩʢʘʪʘ ɼʦʢʫʯʘʝʚʩʢʘ ʰʢʦʣʘ, ʪʦʡ ʧʨʦʜʲʣʞʘʚʘ ʜʘ ʠʟʧʲʣʥʷʚʘ 

ʰʠʨʦʢʦʤʘʱʘʙʥʘ ʥʘʫʯʥʘ ʧʨʦʛʨʘʤʘ ʟʘ ʠʟʫʯʘʚʘʥʝ ʥʘ ʧʦʯʚʝʥʠʪʝ ʠ ʧʦʟʝʤʣʝʥʠʪʝ ʨʝʩʫʨʩʠ 

ʚ ʩʪʨʘʥʘʪʘ. ɿʘ ʧʨʦʫʯʚʘʥʠʷʪʘ ʠ ʩʨʝʱʠʪʝ ʩʲʩ ʟʝʤʝʜʝʣʩʢʠʪʝ ʩʪʦʧʘʥʠ ʩʚʠʜʝʪʝʣʩʪʚʘʪ 

ʩʧʦʤʝʥʠʪʝ ʥʘ ʝʜʠʥ ʦʪ ʪʷʭ ï ʦʢʦʣʠʡʩʢʠʷ ʘʛʨʦʥʦʤ ɻʝʦʨʛʠ ʀʚʘʥʦʚ ʇʦʧʦʚ. ʊʦʡ ʧʦʩʦʯʚʘ 

ñʞʠʚʠʷ ʠʥʪʝʨʝʩ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʦʪʦ ʫʯʘʩʪʠʝ ʚ ʨʘʙʦʪʘʪʘò ʥʘ ʇʫʰʢʘʨʦʚ, ʢʦʠʪʦ 

ʧʨʦʷʚʷʚʘ ʧʨʠ ʧʦʯʚʝʥʠʪʝ ʧʨʦʫʯʚʘʥʠʷ ʠ ʚʥʝʜʨʷʚʘʥʝʪʦ ʥʘ ʤʝʪʦʜʠʢʘʪʘ ʟʘ ʙʦʥʠʪʘʮʠʷ ʥʘ 

ʟʝʤʝʜʝʣʩʢʠʪʝ ʟʝʤʠ ʧʦ ʩʝʣʠʱʘ. ʇʫʰʢʘʨʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʧʫʙʣʠʢʫʚʘ ʧʦʯʚʝʥʦ-

ʛʝʦʣʦʛʠʯʥʠ ʠ ʧʦʯʚʝʥʠ ʦʯʝʨʮʠ, ʪʨʫʜʦʚʝ ʠ ʩʪʫʜʠʠ ʟʘ ʨʘʟʣʠʯʥʠ ʨʘʡʦʥʠ ʥʘ ɹʲʣʛʘʨʠʷ. 

ʐʠʨʦʢʘʪʘ ʦʙʱʘ ʢʫʣʪʫʨʘ ʠ ʚʩʝʩʪʨʘʥʥʠʪʝ ʘʛʨʦʧʦʯʚʝʥʠ ʠ ʘʛʨʦʙʠʦʣʦʛʠʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ 

ʫʪʚʲʨʞʜʘʚʘʪ ʥʝʛʦʚʠʷ ʛʦʣʷʤ ʘʚʪʦʨʠʪʝʪ ʥʘ ʫʯʝʥ ʠ ʠʟʩʣʝʜʦʚʘʪʝʣ ʚ ɿʝʤʝʜʝʣʩʢʘʪʘ 

ʦʧʠʪʥʘ ʩʪʘʥʮʠʷ ʠ ʧʨʝʟ 1919 ʛ. ʝ ʥʘʟʥʘʯʝʥ ʟʘ ʜʠʨʝʢʪʦʨ ʥʘ ʩʪʘʥʮʠʷʪʘ, ʩʣʝʜ 

ʝʜʠʥʦʜʫʰʥʦ ʛʣʘʩʫʚʘʥʝ ʥʘ ʢʦʣʝʛʠʪʝ. ʇʦ ʥʝʛʦʚ ʜʦʢʣʘʜ ʩʪʘʥʮʠʷʪʘ ʝ ʨʝʬʦʨʤʠʨʘʥʘ ʚ 

ʀʥʩʪʠʪʫʪ ʧʨʝʟ 1920 ʛ. ʩ 8 ʥʘʫʯʥʠ ʦʪʜʝʣʘ. ɸʢʘʜ. ʂʠʨʠʣ ʇʘʚʣʦʚ ʚʠʩʦʢʦ ʦʮʝʥʷʚʘ 

ʥʝʛʦʚʘʪʘ ʜʝʡʥʦʩʪ ʢʘʪʦ ʜʠʨʝʢʪʦʨ ʠ ʧʠʰʝ: ñʀʩʪʠʥʩʢʦ ʱʘʩʪʠʝ ʝ ʙʠʣʦ ʟʘ ʀʥʩʪʠʪʫʪʘ, ʯʝ 

ʧʨʝʟ ʪʦʟʠ ʧʝʨʠʦʜ ʥʘʯʝʣʦ ʝ ʩʪʦʷʣ ʯʦʚʝʢ ʢʘʪʦ ʅ. ʇʫʰʢʘʨʦʚ. ʆʪʣʠʯʥʦ ʧʦʜʛʦʪʚʝʥ, ʫʧʦʨʠʪ 

ʢʘʪʦ ʥʘʫʯʝʥ ʨʘʙʦʪʥʠʢ, ʧʨʦʛʨʝʩʠʚʝʥ ʠ ʜʦʙʲʨ, ʥʦ ʪʚʲʨʜ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʝʥ ʯʦʚʝʢ, 

ʩʲʫʤʷʚʘ ʟʘ ʢʨʘʪʢʦ ʚʨʝʤʝ ʜʘ ʠʟʜʠʛʥʝ ʀʥʩʪʠʪʫʪʘ ʥʘ ʛʦʣʷʤʘ ʚʠʩʦʪʘ ʢʘʪʦ 

ʥʘʫʯʥʦʠʟʩʣʝʜʦʚʘʪʝʣʩʢʦ ʫʯʨʝʞʜʝʥʠʝò. 

ʇʨʝʚʨʘʪʲʪ ʥʘ 9 ʶʥʠ 1923 ʛ. ʟʘʚʘʨʚʘ ʀʥʩʪʠʪʫʪʘ ʚ ʛʦʣʷʤ ʧʦʜʝʤ, ʟʘ ʢʦʝʪʦ 

ʇʫʰʢʘʨʦʚ ʠʤʘ ʟʘʩʣʫʛʠ. ʇʦ ʩʧʦʤʝʥʠ ʥʘ ʘʢʘʜ. ʄ. ɼʠʤʠʪʨʦʚ, ʩʢʦʨʦ ʧʨʝʜʠ ʧʨʝʚʨʘʪʘ ʪʦʡ 

ʚʦʜʠʣ ʥʘʫʯʥʘ ʧʦʣʝʤʠʢʘ ʩ ʜʚʘʤʘ ʫʯʝʥʠ, ʝʜʠʥʠʷʪ ʦʪ ʢʦʠʪʦ ʧʨʦʬ. ʗʥʘʢʠ ʄʦʣʣʦʚ. 

ʉʪʘʥʘʣ ʄʠʥʠʩʪʲʨ ʥʘ ʟʝʤʝʜʝʣʠʝʪʦ, ʪʦʡ ʚʝʜʥʘʛʘ ʫʚʦʣʥʷʚʘ ʇʫʰʢʘʨʦʚ ʧʦ ʧʦʣʠʪʠʯʝʩʢʠ 

ʧʨʠʯʠʥʠ ʠ ʦʪʥʝʤʘ ʟʝʤʷʪʘ, ʢʦʷʪʦ ʫʩʧʷʚʘ ʜʘ ʦʩʠʛʫʨʠ ʟʘ ʧʦʩʪʨʦʷʚʘʥʝ ʥʘ ʩʛʨʘʜʘ ʥʘ 

ʀʥʩʪʠʪʫʪʘ. ʆʪ ɼʠʨʝʢʪʦʨ ʥʘ ʎʝʥʪʨʘʣʥʠʷ ʟʝʤʝʜʝʣʩʢʠ ʠʟʧʠʪʘʪʝʣʝʥ ʠʥʩʪʠʪʫʪ ʚ ʉʦʬʠʷ, 

ʇʫʰʢʘʨʦʚ ʦʩʪʘʚʘ 4 ʛʦʜʠʥʠ ʙʝʟ ʨʘʙʦʪʘ. ɺʠʜʥʠʷʪ ʙʲʣʛʘʨʩʢʠ ʠʩʪʦʨʠʢ ʠ ʬʠʣʦʩʦʬ ʧʠʰʝ 

ʦʱʝ: ñʊʘʢʘ ʙʝʟʢʦʨʠʩʪʥʠʷʪ ʠ ʩʘʤʦʦʪʚʝʨʞʝʥ ʥʘʫʯʝʥ ʨʘʙʦʪʥʠʢ ʙʝ ʣʠʰʝʥ ʥʝ ʩʘʤʦ ʦʪ 

ʚʲʟʤʦʞʥʦʩʪʪʘ ʜʘ ʧʨʦʜʲʣʞʠ ʩʚʦʠʪʝ ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ, ʥʦ ʠ ʦʪ ʢʲʩʯʝʪʦ ʭʣʷʙ. 

ʇʫʰʢʘʨʦʚ ʙʝ ʛʦʨʜ, ʪʦʡ ʥʝ ʦʪʠʜʝ ʜʘ ʩʝ ʧʦʤʦʣʠ ʥʠʢʦʤʫ, ʥʠʪʦ ʧʲʢ ʧʨʘʪʠ ʥʷʢʦʛʦ ʜʘ ʩʝ 

ʤʦʣʠ ʟʘ ʚʨʲʱʘʥʝʪʦ ʤʫ. ʊʦʡ ʧʨʝʢʘʨʘ ʯʝʨʥʠ ʜʥʠ, ʢʦʛʘʪʦ ʩʝʤʝʡʩʪʚʦʪʦ ʤʫ ʥʷʤʘʰʝ ʢʘʢʚʦ 

ʜʘ ʷʜʝ ʠ ʥʘʡ-ʧʦʩʣʝ ʛʝʦʣʦʛʲʪ-ʧʦʯʚʦʚʝʜ ʩʝ ʧʨʠʥʫʜʠ ʜʘ ʩʪʘʥʝ ʪʲʨʛʦʚʩʢʠ ʩʣʫʞʝʱ ʚ ʝʜʥʦ 

ʠʟʜʘʪʝʣʩʪʚʦò. ɺ ʨʝʟʫʣʪʘʪ ʦʪ ʪʝʞʢʠʪʝ ʫʩʣʦʚʠʷ ʥʘ ʞʠʚʦʪ ʝ ʟʘʙʦʣʷʚʘʥʝʪʦ ʠ ʩʤʲʨʪʪʘ ʥʘ 

ʝʜʠʥʩʪʚʝʥʘʪʘ ʤʫ 20-ʛʦʜʠʰʥʘ ʜʲʱʝʨʷ. ɺʲʟʩʪʘʥʦʚʝʥ ʝ ʩʣʝʜ 4 ʛʦʜʠʥʠ, ʧʨʝʟ 1926, ʢʘʪʦ 

ʥʘʯʘʣʥʠʢ ʥʘ ʇʦʯʚʝʥʠʷ ʦʪʜʝʣ. ʇʨʠ ʢʨʘʡʥʘ ʤʘʪʝʨʠʘʣʥʘ ʠ ʢʘʜʨʦʚʘ ʥʝʜʦʩʪʘʪʲʯʥʦʩʪ, 

ʤʥʦʛʦ ʯʝʩʪʦ ʩʘʤ ʠ ʩʲʩ ʩʦʙʩʪʚʝʥʠ ʩʨʝʜʩʪʚʘ, ʪʦʡ ʧʨʦʜʲʣʞʘʚʘ ʧʦʯʚʝʥʠʪʝ ʧʨʦʫʯʚʘʥʠʷ ʚ 

ʩʪʨʘʥʘʪʘ ʟʘ ʮʷʣʦʩʪʥʦʪʦ ʠʤ ʠʟʫʯʘʚʘʥʝ. ʇʨʦʧʘʛʘʥʜʠʨʘ ʠʜʝʠʪʝ ʟʘ ʢʦʤʘʩʘʮʠʷ ʠ 

ʢʦʣʝʢʪʠʚʥʦ ʦʙʨʘʙʦʪʚʘʥʝ ʥʘ ʟʝʤʷʪʘ. ʇʨʝʟ 1931 ʛ. ʠʟʜʘʚʘ ʧʲʨʚʘʪʘ ʇʦʯʚʝʥʘ ʢʘʨʪʘ ʥʘ 

ɹʲʣʛʘʨʠʷ ʚ ʄ. 1:500000 ʥʘ ʙʲʣʛʘʨʩʢʠ ʠ ʥʝʤʩʢʠ ʝʟʠʢ, ʢʘʪʦ ʟʘ ʮʝʣʪʘ ʪʝʛʣʠ ʟʘʝʤ ʦʪ 

ʖʯʙʫʥʘʨʩʢʘʪʘ ʧʦʧʫʣʷʨʥʘ ʙʘʥʢʘ ʩʨʝʱʫ ʠʧʦʪʝʢʘ ʥʘ ʜʦʤʘ ʩʠ, ʢʦʷʪʦ ʠʟʧʣʘʱʘ ʜʦ ʢʨʘʷ ʥʘ 

ʞʠʚʦʪʘ. ʊʦʟʠ ʧʨʠʤʝʨ ʟʘ ʙʝʟʢʦʨʠʩʪʠʝ ʠ ʧʨʝʜʘʥʦʩʪ ʢʲʤ ʥʘʫʢʘʪʘ, ʙʲʣʛʘʨʩʢʘʪʘ ʟʝʤʷ ʠ 

ʥʘʨʦʜʘ ʡ ʜʘʣʝʯ ʥʘʜʭʚʲʨʣʷ ʦʙʠʢʥʦʚʝʥʠʪʝ ʤʦʨʘʣʥʠ ʥʦʨʤʠ. ʇʦ ʪʦʚʘ ʚʨʝʤʝ ʥʝʛʦʚʠʪʝ 

ʪʨʫʜʦʚʝ ʩʝ ʯʝʪʘʪ ʚ ɽʚʨʦʧʘ ʠ ʥʝʤʩʢʠʷʪ ʧʨʦʬʝʩʦʨ ʍ. ʑʨʝʤʝ ʠʟʧʦʣʟʚʘ ʇʦʯʚʝʥʘʪʘ 

ʢʘʨʪʘ ʥʘ ʇʫʰʢʘʨʦʚ ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʇʦʯʚʝʥʘ ʢʘʨʪʘ ʥʘ ɽʚʨʦʧʘ. ɼʦ ʠʟʜʘʚʘʥʝʪʦ ʡ 

ʪʦʡ ʠʟʚʲʨʰʚʘ ʦʛʨʦʤʥʘ ʨʘʙʦʪʘ ʟʘ ʤʥʦʛʦ ʢʲʩʦ ʚʨʝʤʝ ʠ ʨʘʟʨʘʙʦʪʚʘ ʤʥʦʞʝʩʪʚʦ 

ʧʦʯʚʝʥʦ-ʢʘʨʪʦʛʨʘʬʩʢʠ ʦʯʝʨʮʠ. ʆʱʝ ʧʨʝʟ 1913 ʛ. ʠʟʜʘʚʘ ʨʘʟʰʠʨʝʥʘ ʩʪʫʜʠʷ Ăʇʦʯʚʝʥʦ-



ɽʂʆʃʆɻʀʗ ʀ ɸɻʈʆʊɽʍʅʆʃʆɻʀʀ ï ʌʋʅɼɸʄɽʅʊɸʃʅɸ ʅɸʋʂɸ ʀ ʇʈɸʂʊʀʏɽʉʂɸ ʈɽɸʃʀɿɸʎʀʗ 
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ʘʛʨʦʛʝʦʣʦʛʠʯʝʥ ʦʯʝʨʢ ʥʘ ʉʦʬʠʡʩʢʦʪʦ ʧʦʣʝñ ʩ ʘʛʨʦʛʝʦʣʦʛʠʯʥʘ ʢʘʨʪʘ ʚ ʄ 1:126000. 

ʇʨʝʟ 1920 ʛ. ʟʘʚʲʨʰʚʘ ʠ ʧʫʙʣʠʢʫʚʘ ʧʦʜʨʦʙʥʠʪʝ ʧʦʯʚʝʥʠ ʠ ʢʦʤʧʣʝʢʩʥʠ ʠʟʩʣʝʜʚʘʥʠʷ, 

ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʟʘ ʚʦʜʠʪʝ, ʟʘ ʇʠʨʜʦʧʩʢʘʪʘ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʘ ʦʢʦʣʠʷ, ʘ ʧʨʝʟ 1922 ʛ. 

ʟʘʚʲʨʰʚʘ ʧʨʦʫʯʚʘʥʠʷʪʘ ʟʘ ʆʨʭʘʥʠʡʩʢʘʪʘ (ɹʦʪʝʚʛʨʘʜʩʢʘ) ʦʢʦʣʠʷ. ʀ ʪʘʢʘ 

ʧʨʦʜʲʣʞʘʚʘʪ ʧʦʯʚʝʥʦ-ʢʘʨʪʦʛʨʘʬʩʢʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʚ ʮʷʣʘʪʘ ʩʪʨʘʥʘ. ʇʫʰʢʘʨʦʚ 

ʧʦʧʫʣʷʨʠʟʠʨʘ ʠ ʥʘʡ-ʥʦʚʠʪʝ ʪʨʫʜʦʚʝ ʥʘ ʨʝʜʠʮʘ ʨʫʩʢʠ ʠ ʟʘʧʘʜʥʠ ʫʯʝʥʠ (ɻʝʜʨʦʡʮ, 

ɿʠʛʤʦʥʜ, ʃʝʤʝʨʤʘʥ, ɹʣʘʥʢ ʠ ʜʨ.). 

ɺʲʧʨʝʢʠ ʚʩʠʯʢʦ ʥʘʧʨʘʚʝʥʦ ʦʪ ʛʦʣʝʤʠʷ ʫʯʝʥ, ʩʣʝʜ ʧʦʣʠʪʠʯʝʩʢʠʷ ʧʨʝʚʨʘʪ ʥʘ 19 

ʶʥʠ 1934 ʛ. ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʨʘʙʦʪʘ ʦʪʥʦʚʦ ʝ ʦʪʥʝʪʘ ʦʪ 

ʨʝʘʢʮʠʦʥʥʠʪʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʥʘ ɸʛʨʦʥʦʤʦ-ʃʝʩʦʚʲʜʥʠʷ ʬʘʢʫʣʪʝʪ, ʥʘʯʝʣʦ ʩ ʧʨʦʬ. 

ʗʥʘʢʠ ʄʦʣʣʦʚ, ʢʦʠʪʦ ʥʝ ʩʧʦʜʝʣʷʪ ʚʠʞʜʘʥʠʷʪʘ ʤʫ ʚ ʥʘʫʢʘʪʘ ʠ ʥʘʡ-ʚʝʨʦʷʪʥʦ ʩʘ 

ʧʨʠʯʠʥʘ ʟʘ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʪʦ ʧʝʥʩʠʦʥʠʨʘʥʝ ʦʪ ʄʠʥʠʩʪʲʨʘ ʥʘ ʟʝʤʝʜʝʣʠʝʪʦ ʂ. 

ɹʦʷʜʞʠʝʚ ʧʨʝʟ 1935 ʛ. ɺʲʧʨʝʢʠ ʚʩʠʯʢʦ, ʪʦʡ ʩʲʩ ʩʦʙʩʪʚʝʥʠ ʩʨʝʜʩʪʚʘ ʧʨʦʜʲʣʞʘʚʘ ʜʘ 

ʧʨʦʫʯʚʘ ʧʦʯʚʠʪʝ ʚ ʩʪʨʘʥʘʪʘ. ʇʨʝʟ 1940 ʛ. ʧʨʦʛʨʝʩʠʚʥʠ ʩʧʝʮʠʘʣʠʩʪʠ ʦʪ 

ʄʠʥʠʩʪʝʨʩʪʚʦʪʦ ʥʘ ʟʝʤʝʜʝʣʠʝʪʦ ʥʘʟʥʘʯʘʚʘʪ ʇʫʰʢʘʨʦʚ ʟʘ ʥʘʜʥʠʯʘʨ (ʢʘʢʚʦ 

ʫʥʠʞʝʥʠʝ!) ʢʲʤ ʇʦʯʚʝʥʠʷ ʦʪʜʝʣ ʥʘ ɿʝʤʝʜʝʣʩʢʠʷ ʠʟʧʠʪʘʪʝʣʝʥ ʠʥʩʪʠʪʫʪ ʩʲʩ ʟʘʜʘʯʘ ʜʘ 

ʨʘʟʨʘʙʦʪʠ ʥʦʚʘ ʧʦʯʚʝʥʘ ʢʘʨʪʘ. ʅʘʩʢʦʨʦ, ʥʘʯʝʣʦ ʥʘ ʄʠʥʠʩʪʝʨʩʪʚʦʪʦ ʟʘʩʪʘʚʘ ʍʨ. 

ʇʝʪʨʦʚ, ʠʟʚʝʩʪʝʥ ʩʲʩ ʩʚʦʠʪʝ ʬʘʰʠʩʪʢʠ ʧʦʭʚʘʪʠ ʠ ʧʦʚʷʨʚʘʣ ʩʲʱʦ ʥʘ ʜʦʥʦʩʠ, 

ʥʝʟʘʙʘʚʥʦ ʦʪʩʪʨʘʥʷʚʘ ʇʫʰʢʘʨʦʚ ʦʪ ʨʘʙʦʪʘ ʧʦ ʜʦʥʦʩ ʥʘ ʥʝʛʦʚ ʫʯʝʥʠʢ ʠ ʤʘʣʢʘ 

ʛʨʫʧʠʯʢʘ Ăʟʘʛʦʚʦʨʥʠʮʠñ. ʀʥʪʝʨʝʩʥʦ ʝ, ʯʝ ʧʦ-ʢʲʩʥʦ, ʧʨʝʟ 1947 ʛ., ʩʲʱʠʷʪ ʜʦʥʦʩʥʠʢ ʝ 

ʚʝʯʝ ʜʦʮʝʥʪ ʚ ʍʠʜʨʦʪʝʭʥʠʯʝʩʢʠʷ ʬʘʢʫʣʪʝʪ ʥʘ ɼʲʨʞʘʚʥʘʪʘ ʧʦʣʠʪʝʭʥʠʢʘ (ʜʥʝʰʥʠʷ 

ʋɸʉɻ). ɼʲʣʙʦʢʦ ʦʛʦʨʯʝʥ ʦʪ ʧʦʨʝʜʥʠʷ ʫʜʘʨ, ʪʦʡ ʧʨʦʜʲʣʞʘʚʘ ʜʘ ʨʘʙʦʪʠ ʚ ʜʦʤʘʰʥʠʷ 

ʩʠ ʢʘʙʠʥʝʪ ʠ ʩʘʤ, ʩ ʦʩʢʲʜʥʘʪʘ ʧʝʥʩʠʷ ʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ʤʥʦʛʦ ʜʦʙʨʠ ʭʦʨʘ ʠ ʫʚʘʞʘʚʘʱʠ 

ʛʦ ʩʧʝʮʠʘʣʠʩʪʠ ʧʦ ʤʝʩʪʘ, ʧʨʦʜʲʣʞʘʚʘ ʩ ʢʦʥ ʠ ʢʦʥʩʢʠ ʪʘʣʠʛʘ ʜʘ ʧʨʦʫʯʚʘ ʧʦʯʚʠʪʝ ʥʘ 

ɼʫʥʘʚʩʢʘʪʘ ʨʘʚʥʠʥʘ. ʀʟʨʘʟʭʦʜʚʘ ʠ ʧʦʩʣʝʜʥʠʪʝ ʩʠ ʩʧʝʩʪʷʚʘʥʠʷ, ʥʦ ʚʪʦʨʘʪʘ 

ʥʘʮʠʦʥʘʣʥʘ ʢʘʨʪʘ ʟʘ ʧʦʯʚʠʪʝ ʚ ɹʲʣʛʘʨʠʷ ʦʩʪʘʚʘ ʥʝʜʦʚʲʨʰʝʥʘ. ʉʧʦʨʝʜ ʧʨʦʬ. ɽ. 

ʂʦʣʘʨʦʚʘ, ʥʘʫʯʥʠʪʝ ʪʨʫʜʦʚʝ ʥʘ ʇʫʰʢʘʨʦʚ ʩʘ ʙʠʣʠ ʯʝʩʪʦ ʧʨʝʜʤʝʪ ʥʘ ʪʚʲʨʜʝ 

ʥʝʦʙʝʢʪʠʚʥʘ ʢʨʠʪʠʢʘ ʦʪ ʩʪʨʘʥʘ ʥʘ ʘʢʘʜ. ʀ. ʉʪʨʘʥʩʢʠ ʠ ʧʨʦʬ. ɹ. ɹʫʢʫʨʝʱʣʠʝʚ ʠ ʪʝʭʥʠ 

ʩʲʪʨʫʜʥʠʮʠ. ɿʘʱʦ? ɿʘʱʦʪʦ ʪʦʡ ʜʦʢʘʟʚʘ ʛʝʥʝʪʠʯʥʠʷ ʧʨʦʠʟʭʦʜ ʥʘ ʧʦʯʚʠʪʝ ʠ 

ʨʘʟʨʘʙʦʪʚʘ ʛʝʥʝʪʠʯʥʘ ʢʣʘʩʠʬʠʢʘʮʠʷ ʠ ʥʘʫʯʥʦ ʦʩʧʦʨʚʘ Ăʤʥʦʛʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʘʪʘ ʫ 

ʥʘʩ ʢʣʘʩʠʬʠʢʘʮʠʷ ʥʘ ʧʦʯʚʠʪʝ ʧʦ ʤʝʭʘʥʠʯʝʥ ʩʲʩʪʘʚ ʠ ʦʪʯʘʩʪʠ ʧʦ ʭʠʤʠʯʥʠʷ ʠʤ 

ʩʲʩʪʘʚñ. ʉʣʝʜ ʜʝʩʝʪʢʠ ʛʦʜʠʥʠ ʧʦʯʚʝʥʠ ʧʨʦʫʯʚʘʥʠʷ ʚ ʮʷʣʘʪʘ ʩʪʨʘʥʘ, ʪʦʡ ʧʨʦʜʲʣʞʘʚʘ 

ʜʘ ʙʲʜʝ ʫʚʘʞʘʚʘʥ ʠ ʪʲʨʩʝʥ ʦʪ ʥʘʫʢʘʪʘ ʠ ʧʨʘʢʪʠʢʘʪʘ. ʇʦ ʧʦʢʘʥʘ ʥʘ ʞʠʪʝʣʠ ʥʘ ʩ. 

ʃʲʜʞʝʥʝ (ʜʥʝʩ ʢʚʘʨʪʘʣ ʥʘ ɺʝʣʠʥʛʨʘʜ), ʧʨʝʟ 1942 ʛ. ʧʨʦʫʯʚʘ ʠ ʦʪʢʨʠʚʘ ʪʦʧʣʠʪʝ 

ʤʠʥʝʨʘʣʥʠ ʠʟʚʦʨʠ ʟʘ ʧʦʩʪʨʦʝʥʠʷ ʪʦʛʘʚʘ ʫʯʠʪʝʣʩʢʠ ʩʘʥʘʪʦʨʠʫʤ. ʉʲʱʘʪʘ ʛʦʜʠʥʘ 

ʦʢʘʟʚʘ ʩʝʨʠʦʟʥʘ ʧʦʜʢʨʝʧʘ ʧʨʠ ʧʫʩʢʘʥʝʪʦ ʚ ʨʘʙʦʪʘ ʥʘ ʪʝʙʝʰʠʨʝʥʦ-ʚʘʨʦʚʦʪʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʛʨ. ʉʣʠʚʥʠʮʘ. ʄʘʢʘʨ ʠ ʩ ʤʥʦʛʦ ʚʣʦʰʝʥʦ ʟʜʨʘʚʝ, ʪʦʡ ʨʘʙʦʪʠ ʜʦ 

ʧʦʩʣʝʜʥʦ, ʟʘ ʜʘ ʠʟʜʘʜʝ ɺʪʦʨʘʪʘ ʥʘʮʠʦʥʘʣʥʘ ʧʦʯʚʝʥʘ ʢʘʨʪʘ ʠ ʧʦʜʧʦʤʦʛʥʝ 

ʩʝʤʝʡʩʪʚʦʪʦ ʩʠ. ʋʤʠʨʘ ʥʘ 19.02.1943 ʛ. ʚ ʣʠʰʝʥʠʷ ʠ ʤʠʟʝʨʠʷ, ʥʦ ʛʦʨʜ ʠ ʩ 

ʜʦʩʪʦʡʥʩʪʚʦ, ʩ ʯʝʩʪʥʦ ʠʟʚʲʨʚʷʥ ʧʲʪ ʚ ʥʘʫʢʘʪʘ ʠ ʚ ʙʦʨʙʘʪʘ ʩ ʚʲʪʨʝʰʥʠ ʠ ʚʲʥʰʥʠ 

ʚʨʘʛʦʚʝ. ʃʠʯʥʦʩʪʠʪʝ ʢʘʪʦ ʅ. ʇʫʰʢʘʨʦʚ ʩʘ ʝʜʠʥʠʮʠ ʠ ʥʷʢʦʛʘ, ʠ ʩʝʛʘ. ʊʦʡ ʝ ʧʨʦʫʤʷʣ 

ʩʚʦʷʪʘ ʤʠʩʠʷ ʠ ʷ ʝ ʦʩʲʱʝʩʪʚʠʣ, ʩ ʮʝʥʘʪʘ ʥʘ ʞʠʚʦʪʘ ʠ ʩʝʤʝʡʩʪʚʦʪʦ. 

ɼʥʝʩ, ʢʦʛʘʪʦ ʧʨʝʭʚʲʨʣʷʤʝ ʩʪʨʘʥʠʮʠʪʝ ʥʘ ʤʥʦʛʦʙʨʦʡʥʠʪʝ ʤʫ ʪʨʫʜʦʚʝ ʠ ʩʝ 

ʚʲʟʭʠʱʘʚʘʤʝ ʦʪ ʥʝʛʦʚʠʪʝ ʜʝʣʘ, ʩʝ ʧʠʪʘʤʝ: ʟʘʱʦ ʝ ʧʨʦʪʝʢʲʣ ʞʠʚʦʪʘ ʤʫ ʪʘʢʘ. 

ʆʪʛʦʚʦʨʲʪ ʝ ʝʜʠʥ ï ʇʫʰʢʘʨʦʚ ʝ ʙʠʣ ʣʠʯʥʦʩʪ ʩ ʥʦʚʘʪʦʨʩʢʠ ʨʝʰʝʥʠʷ ʧʦ ʞʠʟʥʝʥʦ 

ʚʘʞʥʠ ʠ ʥʘʮʠʦʥʘʣʥʠ ʧʨʦʙʣʝʤʠ, ʣʠʯʥʦʩʪ, ʢʦʷʪʦ ʝ ʙʠʣʘ ʪʨʲʥ ʚ ʦʯʠʪʝ ʥʘ ʧʠʛʤʝʠʪʝ ʚ 

ʥʘʫʢʘʪʘ ʠ ʧʦʣʠʪʠʢʘʪʘ. ɸ ʣʠʯʥʦʩʪʪʘ ʢʦʣʢʦʪʦ ʧʦ-ʷʨʢʘ ʝ ʪʷ, ʪʦʣʢʦʚʘ ʧʦʚʝʯʝ ʜʨʘʟʥʠ 

ʤʘʣʢʠʪʝ ʠ ʥʠʟʰʠ ʭʦʨʘ. ʊʦʚʘ ʛʠ ʝ ʜʨʘʟʥʝʣʦ ʠ ʪʝ ʩʘ ʛʦ ʜʲʨʞʘʣʠ ʥʘ ʧʨʠʮʝʣ, ʤʘʢʘʨ 

ʥʠʢʦʛʘ ʜʘ ʥʝ ʝ ʯʣʝʥʫʚʘʣ ʚ ʧʘʨʪʠʠ, ʥʦ ʧʦ ʧʨʠʨʦʜʘ ʝ ʙʠʣ ʜʝʤʦʢʨʘʪ, ʠʤʘʣ ʝ ʯʠʩʪʦ 

ʥʘʨʦʜʥʷʰʢʠ ʠʜʝʠ, ʟʘʱʠʪʘʚʘʣ ʝ ʧʦʨʦʙʝʥʠʪʝ, ʙʝʜʥʠʪʝ ʠ ʦʥʝʧʨʘʚʜʘʥʠʪʝ ʩ ʧʫʰʢʘ, ʧʝʨʦ 
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ʠ ʩʣʦʚʦ. ʊʦʚʘ ʥʝ ʩʝ ʧʨʦʱʘʚʘ ʥʠʢʦʛʘ ï ʠ ʧʨʝʜʠ, ʠ ʩʝʛʘ. ɽʪʦ ʢʘʢʚʦ ʧʠʰʝ ʥʝʛʦʚʠʷʪ 

ʩʲʛʨʘʞʜʘʥʠʥ, ʧʦʝʪʲʪ ɺʝʩʝʣʠʥ ɸʥʜʨʝʝʚ: Ăʇʫʰʢʘʨʦʚ ʙʝ ʩʠʣʝʥ ʯʦʚʝʢ. ɾʠʚʦʪʲʪ ʛʦ ʙʝ 

ʥʘʫʯʠʣ ʜʘ ʧʦʥʘʩʷ ʪʚʲʨʜʦ ʚʩʠʯʢʦ ʩ ʝʜʥʘ ʚʲʪʨʝʰʥʘ ʫʙʝʜʝʥʦʩʪ ʠ ʛʦʨʜʦʩʪ. ʊʦʡ ʙʝ 

ʩʪʨʘʜʘʣ ʥʝ ʩʘʤʦ ʥʘ ʤʣʘʜʠʥʠ. ʊʦʨʤʦʟʝʭʘ ʛʦ ʠ ʥʘ ʧʨʝʢʣʦʥʥʘ ʚʲʟʨʘʩʪ, ʢʦʛʘʪʦ ʩ 

ʤʣʘʜʝʞʢʘ ʝʥʝʨʛʠʷ, ʩ ʚʲʟʭʠʪʠʪʝʣʥʘ ʚʩʝʦʪʜʘʡʥʘ ʣʶʙʦʚ ʢʲʤ ʥʘʫʢʘʪʘ ʩʠ ï ʢʘʢʲʚ 

ʚʝʣʠʢʦʣʝʧʝʥ ʧʨʠʤʝʨ ʟʘ ʜʥʝʰʥʠʪʝ ʧʦʢʦʣʝʥʠʷ! ï ʦʙʠʢʘʣʷʰʝ ʧʨʠ ʫʙʠʡʩʪʚʝʥʠ ʫʩʣʦʚʠʷ 

ʩʪʨʘʥʘʪʘ, ʧʨʘʚʝʰʝ ʧʨʦʫʯʚʘʥʠʷò. ʂʦʛʘʪʦ ʩʘ ʤʫ ʦʪʥʝʪʠ ʚʩʠʯʢʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ 

ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʧʦʯʚʠʪʝ, ʚʝʯʝ ʩ ʨʘʟʢʣʘʪʝʥʦ ʟʜʨʘʚʝ, ʪʦʡ ʩʲʟʜʘʚʘ ʚʝʩʪʥʠʢ 

Ăʉʨʝʜʥʦʛʦʨʩʢʘ ʤʠʩʲʣñ ʠ ʟʘʝʜʥʦ ʩ ɺʝʩʝʣʠʥ ɸʥʜʨʝʝʚ ʥʘ 1 ʥʦʝʤʚʨʠ 1940 ʛ., ʚ ɼʝʥʷ ʥʘ 

ʥʘʨʦʜʥʠʪʝ ʙʫʜʠʪʝʣʠ, ʠʟʜʘʚʘʪ ʧʲʨʚʠʷ ʙʨʦʡ ʠ ʧʨʦʢʣʘʤʠʨʘʪ ʦʩʥʦʚʥʠʪʝ ʟʘʜʘʯʠ ʥʘ 

ʚʝʩʪʥʠʢʘ. ʅʝ ʤʦʛʘ ʜʘ ʥʝ ʩʧʦʤʝʥʘ ʥʷʢʦʠ ʦʪ ʩʪʘʪʠʠʪʝ, ʧʨʝʧʦʨʲʢʠʪʝ ʠ ʩʲʚʝʪʠʪʝ, ʢʦʠʪʦ 

ʪʦʡ ʧʫʙʣʠʢʫʚʘ ʚ ʪʦʟʠ ʠ ʧʨʝʜʠ ʪʦʚʘ ʚ ʜʨʫʛʠ ʤʝʩʪʥʠ ʠ ʮʝʥʪʨʘʣʥʠ ʠʟʜʘʥʠʷ, ʩʚʲʨʟʘʥʠ ʩ 

ʘʛʨʦʭʠʤʠʯʝʩʢʘʪʘ ʟʘʧʘʩʝʥʦʩʪ ʥʘ ʧʦʯʚʠʪʝ, ʪʷʭʥʘʪʘ ʪʦʨʦʧʦʪʨʝʙʥʦʩʪ, ʭʨʘʥʠʪʝʣʥʠʷ 

ʨʝʞʠʤ ʠ ʭʨʘʥʝʥʝ ʥʘ ʨʘʩʪʝʥʠʷʪʘ. ʄʥʦʛʦ ʚʘʞʥʠ ʩʘ ʧʫʙʣʠʢʘʮʠʠʪʝ ʦʪʥʦʩʥʦ ʦʨʛʘʥʠʯʥʦʪʦ, 

ʟʝʣʝʥʦ ʠ ʤʠʥʝʨʘʣʥʦ ʪʦʨʝʥʝ, ʚʥʝʜʨʷʚʘʥʝʪʦ ʥʘ ʪʝʭʥʠʯʝʩʢʠ ʠ ʝʪʝʨʠʯʥʦ-ʤʘʩʣʝʥʠ 

ʢʫʣʪʫʨʠ, ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʝʣʠʦʨʘʪʠʚʥʠ ʠ ʭʠʜʨʦʤʝʣʠʦʨʘʪʠʚʥʠ ʤʝʪʦʜʠ, ʙʦʨʙʘʪʘ ʩʲʩ 

ʩʫʰʘʪʘ ʠ ʤʝʪʦʜʠʪʝ ʟʘ ʥʘʧʦʷʚʘʥʝ, ʘʢʪʫʘʣʥʠ ʠ ʜʥʝʩ. ɽʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʯʚʠʪʝ ʧʨʦʫʯʚʘ 

ʠ ʚʦʜʠʪʝ - ʧʦʜʧʦʯʚʝʥʠ, ʧʦʚʲʨʭʥʦʩʪʥʠ ʠ ʤʠʥʝʨʘʣʥʠ ʚ ʨʘʟʣʠʯʥʠ ʨʘʡʦʥʠ ʥʘ ʩʪʨʘʥʘʪʘ. 

ʅʝʩʣʫʯʘʡʥʦ ʤʦʪʦʪʦ ʥʘ ʉʚʝʪʦʚʥʠʷ ʜʝʥ ʥʘ ʧʦʯʚʘʪʘ ʟʘ 2024 ʛ. ʝ Ăʇʦʯʚʘ ʠ ʚʦʜʘ - ʠʟʚʦʨ 

ʥʘ ʞʠʚʦʪ.ñ ʊʦʡ ʦʙʨʲʱʘ ʦʩʦʙʝʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʘʛʨʦʪʝʭʥʠʢʘʪʘ ʥʘ ʟʲʨʥʝʥʠʪʝ ʢʫʣʪʫʨʠ, 

ʢʦʤʘʩʘʮʠʷʪʘ ʠ ʢʦʦʧʝʨʘʪʠʚʥʦʪʦ ʦʙʨʘʙʦʪʚʘʥʝ ʥʘ ʟʝʤʷʪʘ, ʟʥʘʯʝʥʠʝʪʦ ʥʘ ʛʦʨʠʪʝ ʟʘ 

ʟʝʤʝʜʝʣʠʝʪʦ, ʮʚʝʢʣʦʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʨʦʟʦʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʬʘʣʰʠʬʠʢʘʮʠʷʪʘ ʥʘ 

ʨʦʟʦʚʦʪʦ ʤʘʩʣʦ ʠ ʤʝʨʢʠ ʟʘ ʦʪʩʪʨʘʥʷʚʘʥʝʪʦ ʡ, ʟʝʤʝʜʝʣʩʢʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʟʜʨʘʚʝʦʧʘʟʚʘʥʝ (ʢʦʣʢʦ ʘʢʪʫʘʣʥʦ ʟʚʫʯʠ ʩʣʝʜ ʧʦʚʝʯʝ ʦʪ 80 ʛʦʜʠʥʠ, ʮʷʣʘ ʘʛʝʥʮʠʷ ʩʝ 

ʟʘʥʠʤʘʚʘ ʜʥʝʩ ʩ ʪʦʟʠ ʧʨʦʙʣʝʤ). ɺʩʠʯʢʠ ʥʝʛʦʚʠ ʧʨʝʧʦʨʲʢʠ ʠ ʩʲʚʝʪʠ ʟʘ ʟʝʤʝʜʝʣʠʝʪʦ ʠ 

ʠʟʧʦʣʟʚʘʥʝ ʠ ʦʧʘʟʚʘʥʝ ʥʘ ʧʦʯʚʠʪʝ ʠ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʧʦʯʚʝʥʦʪʦ ʧʣʦʜʦʨʦʜʠʝ ʠ 

ʙʦʥʠʪʝʪʥʘʪʘ ʦʮʝʥʢʘ ʥʘ ʟʝʤʠʪʝ, ʩʘ ʧʨʠʣʘʛʘʥʠ ʧʨʝʟ ʦʪʜʝʣʥʠʪʝ ʝʪʘʧʠ ʥʘ ʨʘʟʚʠʪʠʝ ʥʘ 

ʩʪʨʘʥʘʪʘ. ʅʘʫʯʥʘʪʘ ʧʨʦʜʫʢʮʠʷ  ʥʘ ʅ.ʇʫʰʢʘʨʦʚ  ʥʘʜʚʠʰʘʚʘ 200  ʥʘʫʯʥʠ ʪʨʫʜʦʚʝ ʠ 

ʥʘʫʯʥʦ-ʧʦʧʫʣʷʨʥʠ ʩʪʘʪʠʠ, ʥʷʢʦʠ ʦʪ ʢʦʠʪʦ ʦʪʧʝʯʘʪʘʥʠ ʠ ʩʣʝʜ ʩʤʲʨʪʪʘ ʤʫ.  

ʇʫʰʢʘʨʦʚ ʥʝ ʜʦʞʠʚʷʚʘ ʧʨʠʟʥʘʥʠʝ ʟʘ ʩʚʦʝʪʦ ʢʨʫʧʥʦ ʜʝʣʦ. ʏʘʢ ʢʦʛʘʪʦ ʩʝ 

ʧʨʦʚʝʞʜʘ ɹʲʣʛʘʨʦ-ʩʲʚʝʪʩʢʘʪʘ ʧʦʯʚʝʥʘ ʝʢʩʧʝʜʠʮʠʷ ʧʨʝʟ 1947 ʛ., ʚʠʜʥʠʪʝ ʩʲʚʝʪʩʢʠ 

ʫʯʝʥʠ ʠ ʘʢʘʜʝʤʠʮʠ ʀ. ʇ. ɻʝʨʘʩʠʤʦʚ ʠ ʀ. ʅ. ɸʥʪʠʧʦʚ-ʂʘʨʘʪʘʝʚ ʜʘʚʘʪ ʚʠʩʦʢʘ ʠ 

ʟʘʩʣʫʞʝʥʘ ʦʮʝʥʢʘ ʟʘ ʮʷʣʦʩʪʥʘʪʘ ʤʫ ʜʝʡʥʦʩʪ. ʇʨʝʟ 1948 ʛ. (ʧʨʝʜʠ 75 ʛʦʜʠʥʠ) ʥʝʛʦʚʦʪʦ 

ʠʤʝ ʙʝ ʜʘʜʝʥʦ ʥʘ ʝʜʠʥ ʦʪ ʥʘʡ-ʚʘʞʥʠʪʝ ʥʘʮʠʦʥʘʣʥʠ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʠ ʠʥʩʪʠʪʫʪʠ ʫ ʥʘʩ 

ï ʀʥʩʪʠʪʫʪʘ ʧʦ ʧʦʯʚʦʟʥʘʥʠʝ. 104 ʛʦʜʠʥʠ ʩʣʝʜ ʥʘʧʠʩʚʘʥʝʪʦ ʥʘ ʢʘʧʠʪʘʣʥʠʷ ʪʨʫʜ 

ñʆʙʨʘʟʫʚʘʥʝ ʥʘ ʧʦʯʚʘʪʘò, ʆʙʱʦʪʦ ʩʲʙʨʘʥʠʝ ʥʘ ʆʆʅ ʩ ʈʝʟʦʣʶʮʠʷ ʥʘ 68-ʪʘ ʩʝʩʠʷ ʦʪ 

20.12.2013 ʛ. ʚʟʝ ʨʝʰʝʥʠʝ 5 ʜʝʢʝʤʚʨʠ ʜʘ ʙʲʜʝ ʦʪʙʝʣʷʟʚʘʥ ʝʞʝʛʦʜʥʦ ʢʘʪʦ ʉʚʝʪʦʚʝʥ 

ʜʝʥ ʥʘ ʧʦʯʚʘʪʘ. 2015 ʛ. ʝ ʦʙʷʚʝʥʘ ʟʘ ʄʝʞʜʫʥʘʨʦʜʥʘ ʛʦʜʠʥʘ ʥʘ ʧʦʯʚʘʪʘ, ʘ ʧʝʨʠʦʜʘ 

2015-2024 ʛ. ï ʟʘ ʄʝʞʜʫʥʘʨʦʜʥʦ ʜʝʩʝʪʠʣʝʪʠʝ ʥʘ ʧʦʯʚʠʪʝ. ʂʘʢʚʦ ʤʝʞʜʫʥʘʨʦʜʥʦ 

ʧʨʠʟʥʘʥʠʝ ʠ ʦʮʝʥʢʘ ʟʘ ʟʥʘʯʠʤʦʩʪʪʘ ʥʘ ʪʦʟʠ ʫʥʠʢʘʣʝʥ ʧʨʠʨʦʜʝʥ ʨʝʩʫʨʩ ʟʘ ʠʟʭʨʘʥʚʘʥʝ 

ʥʘ ʥʘʩʝʣʝʥʠʝʪʦ ʥʘ ʇʣʘʥʝʪʘʪʘ! ʂʘʢʚʘ ʜʘʣʥʦʚʠʜʥʦʩʪ ʥʘ ʛʦʣʝʤʠʷ ʙʲʣʛʘʨʩʢʠ ʫʯʝʥ 

ʅʠʢʦʣʘ ʇʫʰʢʘʨʦʚ, ʢʦʡʪʦ ʧʨʲʚ ʟʘʧʦʯʥʘ ʠʟʫʯʘʚʘʥʝʪʦ ʥʘ ʧʦʯʚʝʥʠʪʝ ʠ ʧʦʟʝʤʣʝʥʠ 

ʨʝʩʫʨʩʠ ʥʘ ʙʣʘʛʦʜʘʪʥʘʪʘ ʙʲʣʛʘʨʩʢʘ ʟʝʤʷ! ʆʪ ʪʫʢ ʧʨʦʠʟʪʠʯʘ ʝʜʠʥ ʤʥʦʛʦ ʩʲʱʝʩʪʚʝʥ 

ʚʲʧʨʦʩ ï ɿʘʱʦ ʚʲʧʨʝʢʠ ʦʛʨʦʤʥʠʪʝ ʞʠʪʝʡʩʢʠ ʪʨʫʜʥʦʩʪʠ, ʇʫʰʢʘʨʦʚ ʦʩʪʘʚʘ ʚʝʨʝʥ ʥʘ 

ʥʘʫʢʘʪʘ, ʭʦʨʘʪʘ ʠ ɹʲʣʛʘʨʠʷ? ʑʝ ʦʪʛʦʚʦʨʷ ʩ ʤʠʩʣʠʪʝ ʥʘ ʝʜʠʥ ʙʲʣʛʘʨʩʢʠ 

ʨʝʚʦʣʶʮʠʦʥʝʨ, ʈʘʢʦʚʩʢʠ, ʢʦʡʪʦ ʢʘʟʚʘ : Ăʃʶʙʦʚʪʘ ʢʲʤ ʆʪʝʯʝʩʪʚʦʪʦ ʧʨʝʜʭʦʜʠ ʩʠʯʢʠʪʝ 

ʩʚʝʪʦʚʥʠ ʜʦʙʨʠʥʠñ. ʀ ʧʘʢ ʊʷ, ʣʶʙʦʚʪʘ ʢʲʤ ʦʪʝʯʝʩʪʚʦʪʦ, ʨʘʞʜʘ ʦʥʘʟʠ ʦʪʜʘʜʝʥʦʩʪ ʢʲʤ 

ʩʚʦʙʦʜʘʪʘ ʠ ʥʘʨʦʜʘ, ʟʘ ʢʦʠʪʦ ʚʩʷʢʘʢʚʠ ʩʪʨʘʜʘʥʠʷ ʠ ʞʝʨʪʚʠ ʚ ʞʠʚʦʪʘ ʥʘ ʠʩʪʠʥʩʢʠʪʝ 

ʣʠʯʥʦʩʪʠ ʠ ʩʠʥʦʚʝ ʥʘ ʙʲʣʛʘʨʩʢʘʪʘ ʟʝʤʷ ʩʘ ʥʝʫʚʷʭʚʘʱ ʚʝʥʝʮ ʥʘ ʪʷʭʥʦʪʦ ʜʝʣʦ. ɽʪʦ 

ʟʘʱʦ, ʚ ʠʤʝʪʦ ʥʘ ʠʩʪʦʨʠʯʝʩʢʘʪʘ ʧʘʤʝʪ ʠ ʥʘʫʯʥʦʪʦ ʜʝʣʦ ʥʘ ʅʠʢʦʣʘ ʇʫʰʢʘʨʦʚ, ʩʤʝ 
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ʜʣʲʞʥʠ ʜʘ ʥʝ ʟʘʙʨʘʚʷʤʝ ʥʝʛʦʚʘʪʘ ʚʝʣʠʢʘ ʤʠʩʲʣ Ăʃʲʯʲʪ ʜʘʣ ʞʠʚʦʪʘ, ʘ ʟʝʤʷʪʘ 

ʤʘʪʝʨʠʘʣʥʘ ʦʩʥʦʚʘ ʥʘ ʪʦʟʠ ʞʠʚʦʪñ, ʟʘʱʦʪʦ ʧʦʯʚʠʪʝ ʠ ʟʝʤʷʪʘ ʩʘ ʪʝʟʠ, ʢʦʠʪʦ ʨʝʰʘʚʘʪ 

ʧʨʦʜʦʚʦʣʩʪʚʝʥʘʪʘ ʩʠʛʫʨʥʦʩʪ ʥʘ ʩʪʨʘʥʘʪʘ. ʂʦʛʘʪʦ ʩʲʟʜʘʚʘʭ ʣʦʛʦʪʦ ʥʘ ɹʇɼ, ʚʢʣʶʯʠʭ 

ʥʘ ʧʲʨʚʦ ʤʷʩʪʦ ʚ ʥʝʛʦ ʩʣʲʥʯʝʚʠʷ ʣʲʯ, ʥʘ ʚʪʦʨʦ ʤʷʩʪʦ ʪʨʠʲʛʲʣʥʠʢʘ ʥʘ ʧʦʯʚʦʚʝʜʠʪʝ ʠ 

ʥʘ ʪʨʝʪʦ ʤʷʩʪʦ ï ʪʨʠʝʜʠʥʥʦʪʦ ʠ ʚʝʯʥʦ ʥʘʯʘʣʦ ʥʘ ʥʘʫʢʘʪʘ ʟʘ ʧʦʯʚʠʪʝ ï ʢʥʠʛʘʪʘ - 

ʩʠʤʚʦʣ ʥʘ ʟʥʘʥʠʝʪʦ ʠ ʩʣʦʚʦʪʦ, ʞʠʪʥʠʷ ʢʣʘʩ ï ʩʠʤʚʦʣ ʥʘ ʥʘʩʲʱʥʠʷ ʠ ʞʠʟʥʝʥ ʥʘʤ 

ʭʣʷʙ ʠ ʧʦʯʚʦʚʝʜʩʢʘʪʘ ʩʦʥʜʘ ï ʩʠʤʚʦʣ ʠ ʨʝʘʣʥʦʩʪ ʥʘ ʚʝʯʥʦʪʦ ʜʚʠʞʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʥʘ 

ʧʦʯʚʦʟʥʘʥʠʝʪʦ ʥʘʧʨʝʜ.  

ʋʚʘʞʘʝʤʠ ʢʦʣʝʛʠ, ʙʲʜʝʪʝ ʜʦʩʪʦʡʥʠ, ʜʦʙʣʝʩʪʥʠ ʠ ʛʦʨʜʠ ʧʦʩʣʝʜʦʚʘʪʝʣʠ ʥʘ 

ʜʝʣʦʪʦ ʠ ʞʠʚʦʪʘ ʥʘ ʇʘʪʨʠʘʨʭʘ ʥʘ ʙʲʣʛʘʨʩʢʦʪʦ ʧʦʯʚʦʟʥʘʥʠʝ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʫʯʥʦʪʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʚʘʰʘʪʘ ʪʚʦʨʯʝʩʢʘ ʜʝʡʥʦʩʪ. 
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ʪʝʭʥʦʣʦʛʠʷ (T2), ʚʢʣʶʯʚʘʱʘ ʤʠʥʠʤʘʣʥʠ ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʝʜʢʫʣʪʫʨʘ ʧʨʝʜʠ ʩʝʠʪʙʘ ʥʘ 
ʮʘʨʝʚʠʮʘʪʘ. ʆʧʨʝʜʝʣʷʥʠ ʩʘ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʦʙʱ ʦʨʛʘʥʠʯʝʥ ʚʲʛʣʝʨʦʜ, ʣʘʙʠʣʥʦ 
ʦʨʛʘʥʠʯʥʦ ʚʝʱʝʩʪʚʦ, ʯʠʩʣʝʥʦʩʪʪʘ ʥʘ ʦʩʥʦʚʥʠʪʝ ʛʨʫʧʠ ʧʦʯʚʝʥʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ, 
ʢʘʢʪʦ ʠ ʧʦʯʚʝʥʠʪʝ ʝʤʠʩʠʠ ʥʘ CO2 ʠ N2O. 

ʇʦ-ʚʠʩʦʢʦ ʢʦʣʠʯʝʩʪʚʦ ʘʤʦʥʠʬʠʮʠʨʘʱʠ, ʩʧʦʨʦʦʙʨʘʟʫʚʘʱʠ, ʨʘʟʛʨʘʞʜʘʱʠ 
ʮʝʣʫʣʦʟʘʪʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ, ʘʢʪʠʥʦʤʠʮʝʪʠ ʠ ʘʟʦʪʬʠʢʩʠʨʘʱʠ ʙʘʢʪʝʨʠʠ ʩʘ  ʦʪʯʝʪʝʥʠ 
ʧʨʠ ʚʘʨʠʘʥʪ ʊ2 ʧʨʠ ʮʘʨʝʚʠʮʘ, ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʚʘʨʠʘʥʪʠʪʝ ʊ0 ʠ ʊ1. ʄʠʥʠʤʘʣʥʘʪʘ 
ʦʙʨʘʙʦʪʢʘ ʥʘ ʧʦʯʚʘʪʘ (T2) ʧʨʠ ʧʰʝʥʠʮʘ ʚʦʜʠ ʜʦ ʫʚʝʣʠʯʘʚʘʥʝ ʯʠʩʣʝʥʦʩʪʪʘ ʥʘ 
ʘʢʪʠʥʦʤʠʮʝʪʠ ʠ ʮʝʣʫʣʦʟʦʨʘʟʛʨʘʞʜʘʱʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ, ʧʨʝʟ ʧʨʦʣʝʪʥʠʪʝ ʠ ʣʝʪʥʠʪʝ 
ʤʝʩʝʮʠ. ʇʦʯʚʝʥʠʪʝ ʉʆ2 ʝʤʠʩʠʠ ʧʨʠ ʧʰʝʥʠʮʘ ʩʘ ʥʘʡ-ʥʠʩʢʠ (29,2 33,2 kg ha-1 ʜʝʥ-1) 
ʧʨʠ ʚʘʨʠʘʥʪ ʊ2, ʩʣʝʜʚʘʥ ʦʪ ʚʘʨʠʘʥʪʠʪʝ T0 (33,2 kg ha-1 ʜʝʥ-1) ʠ T1 (32,3 33,2 kg ha-1 
ʜʝʥ-1). ʉʨʝʜʥʠʪʝ ʝʤʠʩʠʠ ʧʨʠ ʮʘʨʝʚʠʮʘ ʧʨʠ ʚʘʨʠʘʥʪ ʊ0 ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʚʘʨʠʘʥʪʠʪʝ ʊ1 
ʠ ʊ2 ʩʘ ʧʦʥʠʞʝʥʠ, ʧʦʨʘʜʠ ʫʧʣʲʪʥʷʚʘʥʝʪʦ ʥʘ ʧʦʚʲʨʭʥʦʩʪʥʠʷ ʧʦʯʚʝʥ ʩʣʦʡ, ʧʦʨʘʜʠ 
ʠʥʪʝʥʟʠʚʥʠ ʝʨʦʟʠʦʥʥʠ ʧʨʦʮʝʩʠ. ɽʤʠʩʠʠʪʝ ʥʘ N2O ʤʝʞʜʫ ʚʘʨʠʘʥʪʠʪʝ ʩʘ 
ʥʝʟʥʘʯʠʪʝʣʥʠ, ʥʦ  ʩʘ ʥʘʡ-ʥʠʩʢʠ ʧʨʠ ʚʘʨʠʘʥʪʠʪʝ T2. ʆʙʱʠʷʪ ʦʨʛʘʥʠʯʝʥ ʚʲʛʣʝʨʦʜ, ʧʨʠ 
ʚʘʨʠʘʥʪ ʊ2 ʧʨʠ ʮʘʨʝʚʠʮʘ ʝ ʥʘʡ-ʚʠʩʦʢ. ʃʘʙʠʣʥʦʪʦ ʦʨʛʘʥʠʯʥʦ ʚʝʱʝʩʪʚʦ ʝ ʧʦʚʠʰʝʥʦ 
ʧʨʝʟ ʝʩʝʥʪʘ ʧʨʠ ʢʦʥʚʝʥʮʠʦʥʘʣʥʦ ʦʪʛʣʝʞʜʘʥʠʪʝ ʚʘʨʠʘʥʪʠ ʧʦ ʩʢʣʦʥʘ. ʄʠʥʠʤʘʣʥʘʪʘ 
ʦʙʨʘʙʦʪʢʘ ʥʘ ʧʦʯʚʘʪʘ ʧʨʠ ʮʘʨʝʚʠʮʘ ʠ ʧʰʝʥʠʮʘ, ʦʪʛʣʝʞʜʘʥʠ ʥʘ ʩʢʣʦʥʦʚʠ ʪʝʨʝʥʠ, ʩ 
ʚʢʣʶʯʚʘʥʝ ʥʘ ʧʨʝʜʢʫʣʪʫʨʘ, ʠʤʘ ʧʦʣʦʞʠʪʝʣʝʥ ʝʬʝʢʪ ʚʲʨʭʫ ʦʨʛʘʥʠʯʥʦʪʦ ʚʝʱʝʩʪʚʦ ʥʘ 
ʧʦʯʚʘʪʘ, ʤʠʢʨʦʬʣʦʨʘʪʘ ʠ ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ. 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʚʦʜʥʘ ʝʨʦʟʠʷ, ʤʠʥʠʤʘʣʥʠ ʦʙʨʘʙʦʪʢʠ, ʧʨʝʜʢʫʣʪʫʨʘ, ʝʤʠʩʠʠ ʥʘ 
ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ.  
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Abstract  
Water erosion is the most significant degradation process of Epicalcic Chernozems, 

occupying large parts of the Danube Plain. To prevent and reduce the negative 
consequences of water erosion in agricultural lands, a number of practices and 
technologies are applied. An experiment with wheat and maize in rotation with the 
application of up-and-down slope culture (T0), traditional contour tillage (T1) and erosion 
control technology (T2), including minimum tillage with cover crop before maize sowing 
had been performed for two years. The content of total organic carbon, labile organic 
matter, the number of main groups of soil microorganisms, as well as CO2 and N2O soil 
emissions were monitored.  

A higher amount of ammonifying, spore-forming, cellulose-degrading 
microorganisms, actinomycetes and nitrogen-fixing bacteria, were reported in T2 variant 
under maize, compared to T0 and T1 variants. Minimum tillage (T2) under wheat resulted 
in higher numbers of actinomycetes and cellulose-degrading microorganisms during the 
spring and summer months. Soil CO2 emissions under wheat were the lowest (29.2 kg ha-1 
day-1) in the minimum tilled variant, followed by T0 (33.2 kg ha-1 day-1) and T1(32.3 kg ha-1 
day-1) variants. The average emissions under maize at T0 variant, compared to the T1 and 
T2, decreased, due to the compaction of the surface soil layer, result of more intensive 
erosion processes. The N2O emissions among the different variants were insignificant, but 
overall, they were the lowest in the T2 variants. Average total organic carbon in T2 maize 
variant was the highest. The labile organic matter increased during autumn in the 
conventionally grown variants along the slope (T0).  ʄinimum tillage for maize and wheat 
growing on slope lands with the inclusion of pre-crop in the rotation, had a positive effect 
on soil organic matter, microflora and GHG emissions.  

Key words: water erosion, minimum tillage, cover crop, soil greenhouse gas 
emissions.  
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ʇʦʯʚʘʪʘ, ʢʘʪʦ ʢʦʤʧʦʥʝʥʪ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʝ ʦʛʨʘʥʠʯʝʥ ʠ ʧʨʘʢʪʠʯʝʩʢʠ 
ʥʝʚʲʟʦʙʥʦʚʠʤ ʧʨʠʨʦʜʝʥ ʨʝʩʫʨʩ, ʢʦʡʪʦ ʠʟʠʩʢʚʘ ʦʧʘʟʚʘʥʝ ʦʪ ʜʝʛʨʘʜʘʮʠʦʥʥʠʪʝ 
ʧʨʦʮʝʩʠ. ʊʝʭʥʦʣʦʛʠʠʪʝ ʟʘ ʦʧʘʟʚʘʥʝ ʥʘ ʧʦʯʚʘʪʘ ʩʝ ʦʩʥʦʚʘʚʘʪ ʥʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ 
ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘ ʤʘʰʠʥʠʪʝ ʚʲʨʭʫ ʧʦʯʚʘʪʘ, ʢʘʪʦ ʚʢʣʶʯʚʘʪ ʦʩʥʦʚʥʘ ʦʙʨʘʙʦʪʢʘ ʙʝʟ 
ʦʙʨʲʱʘʥʝ ʥʘ ʧʣʘʩʪʘ, ʨʘʙʦʪʘ ʥʘ ʧʦ-ʤʘʣʢʘ ʜʲʣʙʦʯʠʥʘ, ʢʘʪʦ ʩʲʱʝʚʨʝʤʝʥʥʦ ʩʝ 
ʟʘʧʘʟʚʘʪ ʨʘʩʪʠʪʝʣʥʠʪʝ ʦʩʪʘʪʲʮʠ (Jin, 2009; Chowaniak, 2020). ʊʝʟʠ ʪʝʭʥʦʣʦʛʠʠ ʩʝ 
ʧʨʠʣʘʛʘʪ  ʢʘʪʦ ʧʦʜʭʦʜʷʱʘ ʧʨʘʢʪʠʢʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʟʝʤʠʪʝ  ʠ ʧʨʝʜʧʘʟʚʘʥʝ ʥʘ 
ʧʦʯʚʠʪʝ ʦʪ ʜʝʛʨʘʜʘʮʠʦʥʠʠʪʝ ʧʨʦʮʝʩʠ, ʚʦʜʥʘ ʝʨʦʟʠʷ, ʟʘʛʫʙʘ ʥʘ ʦʨʛʘʥʠʯʥʦ ʚʝʱʝʩʪʚʦ ʠ 
ʟʘʛʫʙʘ ʥʘ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ. ʊʝʟʠ ʧʨʘʢʪʠʢʠ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʧʦʯʚʘʪʘ ʚʣʠʷʷʪ ʥʘ 
ʧʦʚʲʨʭʥʦʩʪʥʠʪʝ ʬʠʟʠʯʥʠ ʠ ʚʦʜʥʠ ʩʚʦʡʩʪʚʘ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʧʦʚʠʰʝʥʘ ʠʥʬʠʣʪʨʘʮʠʷ ʠ 
ʥʘʤʘʣʝʥ ʦʪʪʦʢ (Haytham Salem, 2015). ʇʦʯʚʝʥʠʪʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʩʘ ʚ ʦʩʥʦʚʘʪʘ ʥʘ 
ʬʫʥʢʮʠʦʥʠʨʘʥʝʪʦ ʥʘ ʧʨʠʨʦʜʥʠʪʝ ʠ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʠʪʝ ʝʢʦʩʠʩʪʝʤʠ ʠ ʨʝʘʛʠʨʘʪ ʧʦ-
ʙʲʨʟʦ ʥʘ ʘʥʪʨʦʧʦʛʝʥʥʠ ʩʤʫʱʝʥʠʷ ʠ ʧʨʦʤʝʥʠ ʚ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ (Qui, L., 2021, Liang et 
al., 2020; Li J. et al., 2022). ʉʪʨʫʢʪʫʨʘʪʘ, ʩʲʩʪʘʚʲʪ ʠ ʘʢʪʠʚʥʦʩʪʪʘ ʥʘ ʧʦʯʚʝʥʘʪʘ 
ʤʠʢʨʦʬʣʦʨʘ ʩʘ ʤʥʦʛʦ ʯʫʚʩʪʚʠʪʝʣʝʥ ʠʥʜʠʢʘʪʦʨ ʟʘ ʧʨʦʤʝʥʠʪʝ ʚ ʧʦʯʚʝʥʠʪʝ ʫʩʣʦʚʠʷ 
(Qiu, L., 2021, Li et al., 2019). ɺ ʜʦʧʲʣʥʝʥʠʝ, ʧʦʯʚʝʥʠʪʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʩʘ ʧʨʷʢʦ 
ʩʚʲʨʟʘʥʠ ʩ ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ ʠ ʦʙʨʘʟʫʚʘʥʝʪʦ ʠ ʩʪʘʙʠʣʠʟʠʨʘʥʝʪʦ ʥʘ 
ʧʦʯʚʝʥʦʪʦ ʦʨʛʘʥʠʯʥʦ ʚʝʱʝʩʪʚʦ (Liang, 2019). 

ʎʝʣʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʚʣʠʷʥʠʝʪʦ ʥʘ ʧʨʦʪʠʚʦʝʨʦʟʠʦʥʥʠ ʠ 
ʪʨʘʜʠʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʧʦʯʚʘʪʘ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʧʰʝʥʠʮʘ ʠ 
ʮʘʨʝʚʠʮʘ ʥʘ ʥʘʢʣʦʥʝʥʠ ʪʝʨʝʥʠ, ʚʲʨʭʫ ʧʦʯʚʝʥʦʪʦ ʦʨʛʘʥʠʯʥʦ ʚʝʱʝʩʪʚʦ, ʠʟʦʙʠʣʠʝʪʦ ʦʪ 
ʦʩʥʦʚʥʠ ʛʨʫʧʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʠ ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ. 

 
ʄʘʪʝʨʠʘʣʠ ʠ ʤʝʪʦʜʠ 
ʀʟʚʝʜʝʥ ʝ ʝʢʩʧʝʨʠʤʝʥʪ ʟʘ ʧʲʨʚʠ ʜʚʝ ʛʦʜʠʥʠ, ʩ ʧʰʝʥʠʮʘ ʠ ʮʘʨʝʚʠʮʘ, ʚ ʨʦʪʘʮʠʷ, 

ʥʘ ʩʢʣʦʥ ʩ ʥʘʢʣʦʥ 5ÁC, ʚ ʦʧʠʪʥʦʪʦ ʧʦʣʝ ʥʘ ʀʇɸɿʈ Ăʅ. ʇʫʰʢʘʨʦʚò ʚ ʩʝʣʦ ʊʨʲʩʪʝʥʠʢ, 
ʦʙʣʘʩʪ ʈʫʩʝ. ɺʘʨʠʘʥʪʠʪʝ, ʢʦʠʪʦ ʩʘ ʠʟʧʠʪʚʘʥʠ ʩʘ: ʪʨʘʜʠʮʠʦʥʥʠ ʦʙʨʘʙʦʪʢʠ ʧʦ ʥʘʢʣʦʥʘ 
ʥʘ ʩʢʣʦʥʘ (T0), ʪʨʘʜʠʮʠʦʥʥʘ ʢʦʥʪʫʨʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʧʦʯʚʘʪʘ (T1) ʠ ʩʧʝʮʠʬʠʯʥʘ ʟʘ 
ʢʫʣʪʫʨʘʪʘ ʧʨʦʪʠʚʦʝʨʦʟʠʦʥʥʘ ʪʝʭʥʦʣʦʛʠʷ (T2). ɺʘʨʠʘʥʪ ʊ2 ʚʢʣʶʯʚʘ ʤʠʥʠʤʘʣʥʠ 
ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʝʜʢʫʣʪʫʨʘ ʩʣʝʜ ʧʰʝʥʠʮʘ, ʧʨʝʜʠ ʮʘʨʝʚʠʮʘ, ʢʦʷʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ 
ʟʝʣʝʥʦ ʪʦʨʝʥʝ. ʈʦʪʘʮʠʷʪʘ ʙʝʰʝ ʠʟʚʲʨʰʝʥʘ ʢʘʪʦ ʚʘʨʠʘʥʪ ʊ0 ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ 
ʧʰʝʥʠʮʘ ʩʝ ʠʟʤʝʩʪʚʘ ʦʪ ʚʘʨʠʘʥʪ ʊ0 ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʮʘʨʝʚʠʮʘ, ʊ1 ʚʘʨʠʘʥʪ ʧʨʠ 
ʧʰʝʥʠʮʘ ʙʝʰʝ ʚ ʨʦʪʘʮʠʷ ʩ ʊ1 ʟʘ ʮʘʨʝʚʠʮʘ ʠ ʧʨʦʪʠʚʦʝʨʦʟʠʦʥʥʘ ʪʝʭʥʦʣʦʛʠʷ ʟʘ 
ʧʰʝʥʠʮʘ ʩʘ ʚ ʦʙʨʲʱʝʥʠʝ ʩ ʧʨʦʪʠʚʦʝʨʦʟʠʦʥʥʘ ʪʝʭʥʦʣʦʛʠʷ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ 
ʮʘʨʝʚʠʮʘ.  

 ɽʤʠʩʠʠʪʝ ʥʘ CO2 ʠ N2O ʩʘ ʠʟʤʝʨʚʘʥʠ ʜʚʘ ʧʲʪʠ ʤʝʩʝʯʥʦ ʧʨʝʟ ʚʝʛʝʪʘʮʠʦʥʥʠʷ 
ʧʝʨʠʦʜ. ʀʟʧʦʣʟʚʘʥʠ ʩʘ ʧʣʘʩʪʤʘʩʦʚʠ ʢʘʤʝʨʠ ʟʘ ʘʢʫʤʫʣʠʨʘʥʝ ʥʘ ʧʦʯʚʝʥʠʪʝ ʝʤʠʩʠʠ. 
ʆʙʱʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʦʨʛʘʥʠʯʝʥ ʚʲʛʣʝʨʦʜ (ʇʆɺ,%) ʩʝ ʦʧʨʝʜʝʣʷ ʧʦ 
ʤʦʜʠʬʠʮʠʨʘʥʠʷ ʤʝʪʦʜ ʥʘ ʊʶʨʠʥ [ʜʠʭʨʦʤʘʪʥʦ ʠʟʛʘʨʷʥʝ ʧʨʠ 125Ü C, 45 ʤʠʥ. ʠ 
(NH4)2.SO4.FeSO4.6H2O ʪʠʪʨʫʚʘʥʝ, ʬʝʥʠʣ ʘʥʪʨʘʥʠʣʠʢʦʚʘ ʢʠʩʝʣʠʥʘ ʢʘʪʦ ʠʥʜʠʢʘʪʦʨ] 
(ʌʠʣʯʝʚʘ ʠ Tsadilas 2002. ʃʘʙʠʣʥʠʷʪ,  ʦʢʠʩʣʷʝʤ ʩ ʢʘʣʠʝʚ ʧʝʨʤʘʥʛʘʥʘʪ ʚʲʛʣʝʨʦʜ 
(POXC) ʝ ʦʧʨʝʜʝʣʝʥ ʧʦ Culman (2012). ʄʝʪʦʜʲʪ ʟʘ ʩʫʙʩʪʨʘʪʥʦ ʠʥʜʫʮʠʨʘʥʦ ʜʠʰʘʥʝ 
(SIR) ʙʝʰʝ ʠʟʧʦʣʟʚʘʥ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʤʠʢʨʦʙʠʘʣʥʠʷ ʚʲʛʣʝʨʦʜ (Cmic) ʩʲʛʣʘʩʥʦ 
ʤʝʪʦʜʘ ʥʘ Anderson-Domsch (Anderson ʠ Domsch 1978). ʂʦʣʠʯʝʩʪʚʦʪʦ ʥʘ 
ʤʠʢʨʦʦʨʛʘʥʠʟʤʠʪʝ ʙʝʰʝ ʦʧʨʝʜʝʣʷʥʦ ʚʲʨʭʫ ʪʚʲʨʜʠ, ʩʝʣʝʢʪʠʚʥʠ, ʘʛʘʨʦʚʠ ʩʨʝʜʠ. 
ʍʝʪʝʨʦʪʨʦʬʥʠʪʝ ʙʘʢʪʝʨʠʠ ʩʘ ʢʫʣʪʠʚʠʨʘʥʠ ʚʲʨʭʫ ʤʝʩʦ-ʧʝʧʪʦʥʝʥ ʘʛʘʨ, ʘʢʪʠʥʦʤʠʮʝʪʠ 
ʠ ʙʘʢʪʝʨʠʠ, ʫʩʚʦʷʚʘʱʠ ʤʠʥʝʨʘʣʝʥ ʘʟʦʪ ï ʚʲʨʭʫ ʉʢʦʨʙʷʣʦ-ʘʤʦʥʷʯʝʥ ʘʛʘʨ, 
ʩʘʧʨʦʪʨʦʬʥʠ ʛʲʙʠ ï ʚʲʨʭʫ ʩʨʝʜʘ ʥʘ Czapek, ʮʝʣʫʣʦʟʦʨʘʟʛʨʘʞʜʘʱʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ 
ï ʚʲʨʭʫ ʩʨʝʜʘ ʥʘ Hutchinson, ʘʟʦʪʬʠʢʩʠʨʘʱʠ ʙʘʢʪʝʨʠʠ ʚʲʨʭʫ ʩʨʝʜʘ ʥʘ Ashby 
(Grudeva et al., 2007). 

 
 



ɽʂʆʃʆɻʀʗ ʀ ɸɻʈʆʊɽʍʅʆʃʆɻʀʀ ï ʌʋʅɼɸʄɽʅʊɸʃʅɸ ʅɸʋʂɸ ʀ ʇʈɸʂʊʀʏɽʉʂɸ ʈɽɸʃʀɿɸʎʀʗ 

 26 

ʈʝʟʫʣʪʘʪʠ ʠ ʦʙʩʲʞʜʘʥʝ 
ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʦʨʛʘʥʠʯʥʦ ʚʝʱʝʩʪʚʦ ʚ ʧʦʯʚʘʪʘ ʙʝʰʝ ʦʧʨʝʜʝʣʷʥʦ ʚ ʪʨʠ 

ʧʝʨʠʦʜʘ ʥʘ ʚʝʛʝʪʘʮʠʷʪʘ (ʧʨʦʣʝʪ, ʣʷʪʦ ʠ ʝʩʝʥ). ʉʨʝʜʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ ʦʨʛʘʥʠʯʥʠʷ 
ʚʲʛʣʝʨʦʜ ʚ ʧʦʯʚʘʪʘ (ʇʆɺ) ʧʨʝʟ ʧʲʨʚʘʪʘ ʛʦʜʠʥʘ ʝ ʥʘʡ-ʚʠʩʦʢʘ ʧʨʠ ʚʘʨʠʘʥʪ ʊ2, ʧʨʠ 
ʮʘʨʝʚʠʮʘ ʩ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʧʨʝʜʢʫʣʪʫʨʘ (ʪʘʙʣʠʮʘ 1). ɿʘ ʧʰʝʥʠʮʘʪʘ ʢʦʣʠʯʝʩʪʚʦʪʦ 
ʇʆɺ ʝ ʥʘʡ-ʚʠʩʦʢʦ ʧʨʠ ʊ1. ʇʨʝʟ ʧʲʨʚʘʪʘ ʛʦʜʠʥʘ ʚʩʝ ʦʱʝ ʠʤʘ ʚʣʠʷʥʠʝ ʥʘ ʧʦʯʚʝʥʠʪʝ 
ʨʘʟʣʠʯʠʷ. ʇʨʝʟ ʚʪʦʨʘʪʘ ʛʦʜʠʥʘ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʩʨʝʜʥʦ ʦʪ ʚʩʠʯʢʠ ʠʟʤʝʨʚʘʥʠʷ, ʥʘʡ-
ʚʠʩʦʢʠʪʝ ʢʦʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠʯʝʥ ʚʲʛʣʝʨʦʜ ʩʘ ʨʝʛʠʩʪʨʠʨʘʥʠ ʧʨʠ ʧʨʦʪʠʚʦʝʨʦʟʠʦʥʥʠ 
ʦʙʨʘʙʦʪʢʠ ʊ2 ʟʘ ʜʚʝ ʢʫʣʪʫʨʠ (1,48% ʟʘ ʧʰʝʥʠʮʘ ʠ 1,53% ʟʘ ʮʘʨʝʚʠʮʘ) (ʪʘʙʣʠʮʘ 1). 
 
 
ʊʘʙʣʠʮʘ 1. ʉʨʝʜʥʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʧʦʯʚʝʥ ʦʨʛʘʥʠʯʝʥ ʚʲʛʣʝʨʦʜ ʚ ʦʙʨʘʙʦʪʚʘʝʤʠʷ 
ʧʦʯʚʝʥ ʩʣʦʡ ʧʨʠ ʨʘʟʣʠʯʥʠ ʧʨʘʢʪʠʢʠ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʧʦʯʚʘʪʘ ʠ ʦʪʛʣʝʞʜʘʥʝ ʥʘ 
ʢʫʣʪʫʨʠ ʚʲʨʭʫ ʩʨʝʜʥʦ ʝʨʦʟʠʨʘʥ ʂʘʨʙʦʥʘʪʝʥ ʏʝʨʥʦʟʝʤ, ʇʆɺ (%) 
 

 
 
ʅʘʡ-ʥʠʩʢʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʙʠʘʣʝʥ ʚʲʛʣʝʨʦʜ ʝ ʠʟʤʝʨʝʥʦ ʚʲʚ ʚʘʨʠʘʥʪʠʪʝ T0 

(ʪʘʙʣʠʮʘ 2) ʧʨʝʟ ʧʲʨʚʘʪʘ ʛʦʜʠʥʘ ʦʪ ʠʟʩʣʝʜʚʘʥʝʪʦ. ʇʨʝʟ ʧʨʦʣʝʪʪʘ ʥʘ 2021 ʛ. ʠ ʧʨʝʟ 
ʝʩʝʥʪʘ ʥʘ 2022 ʛ., ʚʘʨʠʘʥʪʲʪ ʊ2 ʧʨʠ ʧʰʝʥʠʮʘʪʘ, ʝ ʦʪʯʝʪʝʥʦ ʥʘʡ-ʚʠʩʦʢʦ ʢʦʣʠʯʝʩʪʚʦ 
ʤʠʢʨʦʙʠʘʣʝʥ ʚʲʛʣʝʨʦʜ (mg 100 g-1). ʇʨʠ ʮʘʨʝʚʠʮʘʪʘ ʤʠʢʨʦʙʠʘʣʥʠʷʪ ʚʲʛʣʝʨʦʜ ʧʨʠ 
ʚʘʨʠʘʥʪ ʊ0 ʝ  ʧʦ-ʥʠʩʢʠ ʢʦʣʠʯʝʩʪʚʘ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʊ1 ʠ ʊ2. 
 
 
ʊʘʙʣʠʮʘ 2. ʄʠʢʨʦʙʠʘʣʝʥ ʚʲʛʣʝʨʦʜ, Cmic (mg 100 g-1), ʥʘ ʦʙʨʘʙʦʪʚʘʝʤʠʷ ʧʦʯʚʝʥ 
ʩʣʦʡ ʧʨʠ ʨʘʟʣʠʯʥʠ ʧʨʘʢʪʠʢʠ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʧʦʯʚʘʪʘ ʠ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʢʫʣʪʫʨʠ ʚʲʨʭʫ 
ʩʨʝʜʥʦ ʝʨʦʟʠʨʘʥ ʂʘʨʙʦʥʘʪʝʥ ʏʝʨʥʦʟʝʤ 
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T0. ʇʦ ʩʢʣʦʥʘ, ʪʨʘʜʠʮʠʦʥʥʦ 
ʇʰʝʥʠʮʘ 24,59ab Ñ5,7 28,63a Ñ2,2 

ʎʘʨʝʚʠʮʘ 22,16a Ñ3,1 25,16a Ñ5,8 

T1. ʊʨʘʜʠʮʠʦʥʥʦ, ʥʘʧʨʝʯʥʦ ʥʘ ʩʢʣʦʥʘ 
ʇʰʝʥʠʮʘ 25,86b Ñ7,1 30,67a Ñ6,1 

ʎʘʨʝʚʠʮʘ 23,38ab Ñ3,3 28,73a Ñ4,7 

T2. ʇʨʦʪʠʚʦʝʨʦʟʠʦʥʥʘ ʪʝʭʥʦʣʦʛʠʷ 
ʇʰʝʥʠʮʘ 25,09ab Ñ2,8 28,73a Ñ6,3 

ʎʘʨʝʚʠʮʘ 23,40ab Ñ1,8 26,36a Ñ4,6 

 
 
ʃʘʙʠʣʥʠʷʪ  ʚʲʛʣʝʨʦʜ ʩʲʱʦ ʙʝʰʝ ʦʧʨʝʜʝʣʷʥ ʚ ʪʨʠ ʬʘʟʠ ʧʨʝʟ ʚʝʛʝʪʘʮʠʦʥʥʠʷ 

ʧʝʨʠʦʜ, ʪʲʡ ʢʘʪʦ ʪʘʟʠ ʣʘʙʠʣʥʘ ʚʲʛʣʝʨʦʜʥʘ ʬʨʘʢʮʠʷ, POXC,  ʩʝ ʩʯʠʪʘ ʟʘ ʥʘʡ-
ʯʫʚʩʪʚʠʪʝʣʥʘʪʘ ʢʲʤ ʧʨʦʤʝʥʠʪʝ ʚ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʧʦʯʚʘʪʘ ʠ ʫʩʣʦʚʠʷʪʘ ʥʘ ʦʢʦʣʥʘʪʘ 
ʩʨʝʜʘ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʇʆɺ ʠ Cmic (Culman et al., 2012). ʉʤʷʪʘ ʩʝ, ʯʝ ʪʦʚʘ ʝ ʨʝʟʝʨʚʦʘʨ 
ʦʪ ʦʨʛʘʥʠʯʥʦ ʚʝʱʝʩʪʚʦ, ʢʦʝʪʦ ʩʣʫʞʠ ʢʘʪʦ ʠʟʪʦʯʥʠʢ ʥʘ ʝʥʝʨʛʠʷ ʟʘ ʧʦʯʚʝʥʘʪʘ 
ʤʠʢʨʦʙʠʦʪʘ ʠ ʢʦʷʪʦ ʘʢʪʠʚʥʦ ʝ ʧʦʜʣʦʞʝʥʘ ʥʘ ʨʘʟʛʨʘʞʜʘʥʝ (Weil, 2003) 

ɺ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩ ʧʰʝʥʠʮʘ, POXC ʩʝ ʧʦʚʠʰʘʚʘ ʧʨʠ ʚʘʨʠʘʥʪ ʊ1. ʇʨʠ T0, 
ʦʪʛʣʝʞʜʘʥ ʧʦ ʧʦʩʦʢʘ ʩʢʣʦʥʘ, ʢʦʥʚʝʥʮʠʦʥʘʣʥʦ, ʪʘʟʠ ʣʘʙʠʣʥʘ ʬʨʘʢʮʠʷ ʝ ʙʠʣʘ ʥʘʡ-
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T0. ʇʦ ʩʢʣʦʥʘ, ʪʨʘʜʠʮʠʦʥʥʦ 
ʇʰʝʥʠʮʘ 1,29aÑ0.07 1,35aÑ0.06 

ʎʘʨʝʚʠʮʘ 1,40 Ñ0.02 1,43aÑ0.09 

T1. ʊʨʘʜʠʮʠʦʥʥʦ, ʥʘʧʨʝʯʥʦ ʥʘ ʩʢʣʦʥʘ 
ʇʰʝʥʠʮʘ 1,41bÑ0.01 1.44aÑ0.12 

ʎʘʨʝʚʠʮʘ 1,38aÑ0.04 1.44aÑ0.15 

T2. ʇʨʦʪʠʚʦʝʨʦʟʠʦʥʥʘ ʪʝʭʥʦʣʦʛʠʷ 
ʇʰʝʥʠʮʘ 1,35abÑ0.04 1,48aÑ0.14 

ʎʘʨʝʚʠʮʘ 1,44aÑ0.05 1,53aÑ0.15 
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ʥʠʩʢʦ ʢʦʣʠʯʝʩʪʚʦ ʚ ʪʨʠʪʝ ʠʟʩʣʝʜʚʘʥʠ ʧʝʨʠʦʜʘ. ʇʨʠ ʧʦʩʝʚʠʪʝ ʥʘ ʮʘʨʝʚʠʮʘ, ʧʨʝʟ 
ʧʨʦʣʝʪʪʘ, ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʪʦʟʠ ʣʘʙʠʣʝʥ ʚʲʛʣʝʨʦʜ ʝ ʙʠʣʦ ʥʘʡ-ʚʠʩʦʢʦ ʧʨʠ ʤʠʥʠʤʘʣʥʠ 
ʦʙʨʘʙʦʪʢʠ ʩ ʚʢʣʶʯʚʘʥʝ ʥʘ ʧʨʝʜʢʫʣʪʫʨʘ. ʇʨʝʟ ʝʩʝʥʪʘ ʥʠʚʦʪʦ ʥʘ POXC ʩʝ ʝ ʧʦʚʠʰʠʣʦ 
ʥʘʡ-ʤʥʦʛʦ ʧʨʠ ʢʦʥʪʨʦʣʥʠʷʪ ʚʘʨʠʘʥʪ ʊ0 (ʬʠʛ. 1). 

 
 

  
 
ʌʠʛʫʨʘ 1. ʃʘʙʠʣʝʥ  ʚʲʛʣʝʨʦʜ (POXC) ʧʨʠ ʨʘʟʣʠʯʥʠ ʧʨʘʢʪʠʢʠ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ 
ʧʦʯʚʘʪʘ ʠ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʢʫʣʪʫʨʠ ʚʲʨʭʫ ʩʨʝʜʥʦ ʝʨʦʟʠʨʘʥ ʂʘʨʙʦʥʘʪʝʥ ʏʝʨʥʦʟʝʤ  

(mg kg-1) 
 
 

ʇʨʠ ʚʘʨʠʘʥʪʠʪʝ ʩ ʧʰʝʥʠʮʘ,  ʘʤʦʥʠʬʠʮʠʨʘʱʠʪʝ ʙʘʢʪʝʨʠʠ ʩʘ ʩ ʥʘʡ-ʚʠʩʦʢʘ 
ʯʠʩʣʝʥʦʩʪ ʧʨʠ ʤʠʥʠʤʘʣʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʧʦʯʚʘʪʘ, ʥʦ ʧʨʝʟ ʝʩʝʥʪʘ ʧʨʠ ʪʦʟʠ ʚʘʨʠʘʥʪ ʝ 
ʟʘʩʷʪʘ ʧʨʝʜʢʫʣʪʫʨʘ ʠ ʩʝ ʦʪʯʠʪʘ ʧʦ-ʥʠʩʢʦ ʢʦʣʠʯʝʩʪʚʦ ʙʘʢʪʝʨʠʠ. ʇʨʠ ʮʘʨʝʚʠʮʘʪʘ ʚʲʚ 
ʚʩʠʯʢʠ ʬʘʟʠ ʝ ʫʩʪʘʥʦʚʝʥʦ ʧʦ-ʛʦʣʷʤʦ ʢʦʣʠʯʝʩʪʚʦ ʩʘʧʨʦʬʠʪʥʠ ʙʘʢʪʝʨʠʠ ʚʲʚ ʚʘʨʠʘʥʪ 
ʊ2. ʄʠʥʠʤʘʣʥʠʪʝ ʦʙʨʘʙʦʪʢʠ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʧʰʝʥʠʮʘ ʠ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʮʘʨʝʚʠʮʘ 
ʚʦʜʷʪ ʜʦ ʧʦ-ʚʠʩʦʢʠ ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʠʥʦʤʠʮʝʪʠ, ʢʘʪʦ ʧʨʠ ʧʰʝʥʠʮʘʪʘ ʪʦʚʘ ʩʝ ʦʪʥʘʩʷ ʟʘ 
ʧʲʨʚʠʪʝ ʜʚʝ ʬʘʟʠ, ʘ ʧʨʠ ʮʘʨʝʚʠʮʘʪʘ ʪʝ ʩʘ ʥʘʡ-ʤʥʦʛʦʙʨʦʡʥʠ ʧʨʠ ʚʘʨʠʘʥʪ ʊ2 ʠ ʧʨʝʟ 
ʪʨʠʪʝ ʠʟʩʣʝʜʚʘʥʠ ʧʝʨʠʦʜʘ. 

ʎʝʣʫʣʦʟʦʨʘʟʛʨʘʞʜʘʱʠʪʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʩʘ ʫʚʝʣʠʯʝʥ ʙʨʦʡ ʧʨʠ ʤʠʥʠʤʘʣʥʠ 
ʦʙʨʘʙʦʪʢʠ (ʊ2) ʠ ʧʨʠ ʜʚʝʪʝ ʢʫʣʪʫʨʠ, ʢʦʝʪʦ ʩʝ ʜʲʣʞʠ ʥʘ ʧʦ-ʛʦʣʷʤʦʪʦ ʢʦʣʠʯʝʩʪʚʦ 
ʨʘʩʪʠʪʝʣʥʠ ʦʩʪʘʪʲʮʠ, ʢʘʢʪʦ ʠ ʥʘ ʚʢʣʶʯʚʘʥʝʪʦ ʥʘ ʧʨʝʜʢʫʣʪʫʨʘ ʚ ʩʝʠʪʙʦʦʙʦʨʦʪʘ. ʅʘʡ-
ʟʥʘʯʠʪʝʣʥʠ ʢʦʣʠʯʝʩʪʚʘ ʤʠʢʨʦʩʢʦʧʠʯʥʠ ʛʲʙʠ ʩʘ ʦʪʯʝʪʝʥʠ ʧʨʠ ʚʘʨʠʘʥʪ ʊ1, ʧʨʠ 
ʮʘʨʝʚʠʮʘ. ɹʨʦʷʪ ʥʘ ʤʠʢʨʦʩʢʦʧʠʯʥʠʪʝ ʛʲʙʠ ʧʨʠ ʊ2 ʝ ʧʦ-ʟʥʘʯʠʪʝʣʝʥ ʧʨʝʟ ʝʩʝʥʪʘ. ʇʨʠ 
ʚʘʨʠʘʥʪ ʊ1, ʧʰʝʥʠʮʘ, ʩʲʱʦ ʩʘ ʦʪʯʝʪʝʥʠ ʧʦʚʠʰʝʥ ʙʨʦʡ ʤʠʢʨʦʩʢʦʧʠʯʥʠ ʛʲʙʠ ʧʨʝʟ 
ʧʨʦʣʝʪʪʘ ʠ ʣʷʪʦʪʦ. 

ɸʟʦʪʬʠʢʩʠʨʘʱʠʪʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʩʘ ʙʠʣʠ ʚ ʧʦ-ʚʠʩʦʢʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠ 
ʪʨʘʜʠʮʠʦʥʥʠ ʦʙʨʘʙʦʪʢʠ, ʧʦ ʥʘʢʣʦʥʘ ʥʘ ʩʢʣʦʥʘ, ʚʝʨʦʷʪʥʦ ʧʦʨʘʜʠ ʧʦ-ʥʠʩʢʦ 
ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʘʟʦʪ, ʨʝʟʫʣʪʘʪ ʦʪ ʟʘʛʫʙʘ ʩ ʧʦʚʲʨʭʥʦʩʪʥʠʷ ʦʪʪʦʢ. ʉʲʱʘʪʘ ʝ 
ʪʝʥʜʝʥʮʠʷʪʘ ʠ ʟʘ ʪʨʠʪʝ ʠʟʩʣʝʜʚʘʥʠ ʧʝʨʠʦʜʘ ʧʨʠ ʧʰʝʥʠʮʘ, ʜʦʢʘʪʦ ʧʨʠ ʦʧʠʪʘ ʩ 
ʮʘʨʝʚʠʮʘʪʘ ʪʷ ʝ ʧʦ-ʩʠʣʥʦ ʠʟʨʘʟʝʥʘ ʧʨʝʟ ʧʨʦʣʝʪʪʘ. ʇʨʦʤʝʥʠʪʝ ʚ ʯʠʩʣʝʥʦʩʪʪʘ ʥʘ 
ʤʠʢʨʦʦʨʛʘʥʠʟʤʠʪʝ, ʫʩʚʦʷʚʘʱʠ ʤʠʥʝʨʘʣʝʥ ʘʟʦʪ (ʙʘʢʪʝʨʠʠ ʥʘ ʉɸɸ) ʠ ʧʨʠ ʜʚʝʪʝ 
ʢʫʣʪʫʨʠ, ʧʦʚʪʘʨʷ ʪʝʥʜʝʥʮʠʠʪʝ ʥʘ ʘʟʦʪʬʠʢʩʠʨʘʱʠʪʝ ʤʠʢʪʨʦʦʨʛʘʥʠʟʤʠ.  
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ʌʠʛʫʨʘ 2. ʏʠʩʣʝʥʦʩʪ ʥʘ ʦʩʥʦʚʥʠʪʝ ʛʨʫʧʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʥʘ ʦʙʨʘʙʦʪʚʘʝʤʠʷ ʧʦʯʚʝʥ 
ʩʣʦʡ, ʧʨʠ ʨʘʟʣʠʯʥʠ ʩʠʩʪʝʤʠ ʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʧʦʯʚʘʪʘ, ʂʆɽ 106 g-1 ʘʙʩ. ʩʫʭʘ ʧʦʯʚʘ 
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ʌʠʛʫʨʘ 3. ʉʨʝʜʥʦ ʤʝʩʝʯʥʠ ʧʦʯʚʝʥʠ ʝʤʠʩʠʠ ʥʘ CO2 (kg ha 

-1
day

-1) ʠ N2O (kg ha 
-1

day
-1)  

ʧʨʠ ʨʘʟʣʠʯʥʠ ʩʠʩʪʝʤʠ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʧʦʯʚʘʪʘ 
 
 

ʈʝʛʠʩʪʨʠʨʘʥʠʪʝ ʝʤʠʩʠʠ ʥʘ CO2 ʦʪ ʧʦʯʚʘʪʘ ʩʝ ʧʦʚʠʰʘʚʘʪ ʦʪ ʘʧʨʠʣ ʜʦ ʶʥʠ, ʢʘʪʦ 
ʩʘ ʥʘʡ-ʚʠʩʦʢʠ ʧʨʝʟ ʤʝʩʝʮ ʶʥʠ. ʉʧʘʜʲʪ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ CO2 ʧʨʝʟ ʶʣʠ ʠ ʘʚʛʫʩʪ 
ʚʝʨʦʷʪʥʦ ʩʝ ʜʲʣʞʘʪ ʥʘ ʥʠʩʢʘ ʚʣʘʞʥʦʩʪ, ʘ ʧʨʝʟ ʝʩʝʥʥʠʪʝ ʤʝʩʝʮʠ ʩʘ ʩʚʲʨʟʘʥʠ ʩ ʧʦ-
ʥʠʩʢʠ ʪʝʤʧʝʨʘʪʫʨʠ. 

 
 

ʊʘʙʣʠʮʘ 4. ʇʦʯʚʝʥʠ ʝʤʠʩʠʠ ʥʘ CO2 (kg ha 
-1

day
-1) ʠ N2O (kg ha 

-1
day

-1)  ʧʨʠ ʨʘʟʣʠʯʥʠ 
ʩʠʩʪʝʤʠ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʧʦʯʚʘʪʘ 
 

 
 
 
 
 
 
 

ɺʘʨʠʘʥʪʠ ʂʫʣʪʫʨʘ 
CO2, 
2021 

N2O 
2021 

CO2, 
2022 

N2O, 
2022 

T0. ʇʦ ʩʢʣʦʥʘ,  
ʪʨʘʜʠʮʠʦʥʥʦ 

ʇʰʝʥʠʮʘ 35.44a 0.036a 31.04a 0.089a 

ʎʘʨʝʚʠʮʘ 29.51a 0.048a 21.52a 0.058a 

T1. ʊʨʘʜʠʮʠʦʥʥʦ,  
ʥʘʧʨʝʯʥʦ ʥʘ ʩʢʣʦʥʘ 

ʇʰʝʥʠʮʘ 37.46a 0.009a 27.16a 0.057a 

ʎʘʨʝʚʠʮʘ 39.00a 0.044a 23.81a 0.035a 

T2. ʇʨʦʪʠʚʦʝʨʦʟʠʦʥʥʘ 
ʪʝʭʥʦʣʦʛʠʷ 

ʇʰʝʥʠʮʘ 31.52a 0.008a 26.86a 0.057a 

ʎʘʨʝʚʠʮʘ 39.76a 0.036a 24.47a 0.036a 
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ʊʘʙʣʠʮʘ 5. ʂʦʨʝʣʘʮʦʥʥʠ ʢʦʝʬʠʮʠʝʥʪʠ ʥʘ  CO2 ʝʤʠʩʠʠʪʝ (kg ha -1day-1) ʠ ʯʠʩʣʝʥʦʩʪʪʘ 
ʥʘ ʧʦʯʚʝʥʠʪʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʂʆɽ 106g-1 ʘʙʩ. ʩʫʭʘ ʧʦʯʚʘ, ʇʆɺ (%), ʤʠʢʨʦʙʠʘʣʝʥ 
ʚʲʛʣʝʨʦʜ  - Cmic (mg 100g-1), ʣʘʙʠʣʝʥ ʚʲʛʣʝʨʦʜ - POXC (mg g-1) 
 

ʇʦʢʘʟʘʪʝʣʠ 
ʇʰʝʥʠʮʘ ʎʘʨʝʚʠʮʘ 

T0 T1 T2 T0 T1 T2 

ɸʤʦʥʠʬʠʮʠʨʘʱʠ ʙʘʢʪʝʨʠʠ 0,41 0,31 -0,36 0,67 -0,51 -0,75 

ɸʢʪʠʥʦʤʠʮʝʪʠ -0,62 0,06 -0,56 -0,29 -0,25 0,1 

ʄʠʢʨʦʩʢʦʧʠʯʥʠ ʛʲʙʠ -0,24 0,61 0,11 0,51 0,4 -0,05 

ɹʘʢʪʝʨʠʠ ʥʘ ʉɸɸ 0,14 0,32 -0,08 0,2 0,41 0,5 

ɸʟʦʪʬʠʢʩʠʨʘʱʠ ʙʘʢʪʝʨʠʠ 0,34 0,53 -0,28 0,84 -0,11 -0,37 

ʎʝʣʫʣʦʟʦʨʘʟʛʨʘʞʜʘʱʠ 0,10 -0,87 -0,79 -0,3 -0,32 0,46 

POXC -0,11 -0,13 -0,12 0,6 0,25 -0,3 

ʇʆɺ  0,31 0,22 0,40 0 0,34 0,44 

N2O 0,01 0,40 -0,68 -0,59 -0,69 -0,72 

Cmic -0,26 0,90 0,75 -0,97 0,61 0,97 

 
 
ʊʘʙʣʠʮʘ 6. ʂʦʨʝʣʘʮʦʥʥʠ ʢʦʝʬʠʮʠʝʥʪʠ ʥʘ  N2O ʝʤʠʩʠʠʪʝ (kg ha -1day-1) ʠ ʯʠʩʣʝʥʦʩʪʪʘ 
ʥʘ ʧʦʯʚʝʥʠʪʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʂʆɽ 106g-1 ʘʙʩ. ʩʫʭʘ ʧʦʯʚʘ, ʇʆɺ (%), ʤʠʢʨʦʙʠʘʣʝʥ 
ʚʲʛʣʝʨʦʜ  - Cmic (mg 100g-1), ʣʘʙʠʣʝʥ ʚʲʛʣʝʨʦʜ - POXC (mg g-1) 
 

 
 
ʉʨʝʜʥʠʪʝ ʝʤʠʩʠʠ ʥʘ CO2 ʦʪ ʧʦʯʚʘʪʘ ʩʘ ʙʠʣʠ ʥʘʡ-ʥʠʩʢʠ (29, kg ha -1day-1) ʧʨʠ 

ʤʠʥʠʤʘʣʥʠ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʧʰʝʥʠʮʘ, ʩʣʝʜʚʘʥʠ ʦʪ ʚʘʨʠʘʥʪʠ T0 (33,2 kg ha -1day-1) ʠ T1 
(32,3 kg ha -1day-1). ʉʨʝʜʥʠʪʝ ʧʦʪʦʮʠ ʧʨʠ ʚʘʨʠʘʥʪ ʊ0 (ʮʘʨʝʚʠʮʘ) ʚ ʩʨʘʚʥʝʥʠʝ ʩ 
ʚʘʨʠʘʥʪʠʪʝ ʊ1 ʠ ʊ2 ʩʘ ʙʠʣʠ ʧʦ-ʥʠʩʢʠ, ʢʦʝʪʦ ʩʝ ʜʲʣʞʠ ʥʘ ʫʧʣʲʪʥʷʚʘʥʝʪʦ ʥʘ 
ʧʦʚʲʨʭʥʦʩʪʥʠʷ ʧʦʯʚʝʥ ʩʣʦʡ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʧʦ-ʠʥʪʝʥʟʠʚʥʠ ʝʨʦʟʠʦʥʥʠ ʧʨʦʮʝʩʠ. 
ɽʤʠʩʠʠʪʝ ʥʘ CO2 ʧʨʠ ʚʘʨʠʘʥʪʠʪʝ ʩ ʪʨʘʜʠʮʠʦʥʥʘ ʢʦʥʪʫʨʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʧʰʝʥʠʮʘʪʘ ʠ 
ʮʘʨʝʚʠʮʘʪʘ ʩʘ ʙʠʣʠ ʧʦ-ʠʥʪʝʥʟʠʚʥʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʢʦʥʪʨʦʣʥʠʪʝ ʚʘʨʠʘʥʪʠ. ʇʨʠ 
ʮʘʨʝʚʠʮʘʪʘ ʝʤʠʩʠʠʪʝ ʥʘ CO2 ʩʘ ʙʠʣʠ ʥʘʡ-ʥʠʩʢʠ ʧʨʠ T0 ʢʦʥʪʨʦʣʘ, ʜʦʢʘʪʦ ʥʘʡ-ʚʠʩʦʢʠ 
ʝʤʠʩʠʠ ʩʘ ʙʠʣʠ ʧʨʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʧʨʝʜʢʫʣʪʫʨʘ ʠ ʤʠʥʠʤʘʣʥʠ ʦʙʨʘʙʦʪʢʠ (T2). ʊʦʚʘ ʩʝ 
ʜʲʣʞʠ ʥʘ ʚʥʝʩʝʥʦʪʦ ʦʨʛʘʥʠʯʥʦ ʚʝʱʝʩʪʚʦ. 

ʈʘʟʣʠʢʠʪʝ ʚ ʧʦʪʦʮʠʪʝ ʥʘ N2O ʤʝʞʜʫ ʨʘʟʣʠʯʥʠʪʝ ʚʘʨʠʘʥʪʠ ʩʘ ʥʝʟʥʘʯʠʪʝʣʥʠ, ʥʦ 
ʪʝ ʩʘ ʥʘʡ-ʥʠʩʢʠ ʢʘʪʦ ʮʷʣʦ ʧʨʠ ʤʠʥʠʤʘʣʥʠʪʝ ʦʙʨʘʙʦʪʢʠ ʥʘ ʧʦʯʚʘʪʘ, ʢʘʪʦ ʪʦʚʘ ʝ 
ʦʪʯʝʪʝʥʦ ʠ ʧʨʠ ʜʚʝʪʝ ʢʫʣʪʫʨʠ, ʧʨʝʟ ʜʚʝʪʝ ʛʦʜʠʥʠ.  

ʇʨʦʫʯʚʘʥʝʪʦ ʫʩʪʘʥʦʚʠ ʧʦ-ʚʠʩʦʢʠ ʩʨʝʜʥʠ ʢʦʣʠʯʝʩʪʚʘ ʇʆɺ ʚʲʚ ʚʘʨʠʘʥʪʠʪʝ ʩ 
ʤʠʥʠʤʘʣʥʠ ʦʙʨʘʙʦʪʢʠ, ʧʨʝʟ ʚʪʦʨʘʪʘ ʛʦʜʠʥʘ. ʃʘʙʠʣʥʠʷʪ ʚʲʛʣʝʨʦʜ (POXC) ʠ 

ʇʦʢʘʟʘʪʝʣʠ 
wheat maize 

T0 T1 T2 T0 T1 T2 

ɸʤʦʥʠʬʠʮʠʨʘʱʠ ʙʘʢʪʝʨʠʠ 0,50 0,49 0,53 0,21 0,77 0,61 

ɸʢʪʠʥʦʤʠʮʝʪʠ 0,27 -0,57 0,62 0,45 0,36 0,48 

ʄʠʢʨʦʩʢʦʧʠʯʥʠ ʛʲʙʠ 0,14 0,77 0,56 0,34 -0,19 0,07 

ɹʘʢʪʝʨʠʠ ʥʘ ʉɸɸ -0,44 -0,2 0,25 -0,28 -0,2 -0,29 

ɸʟʦʪʬʠʢʩʠʨʘʱʠ ʙʘʢʪʝʨʠʠ 0,26 0,27 0,73 0,65 0,36 0,21 

ʎʝʣʫʣʦʟʦʨʘʟʛʨʘʞʜʘʱʠ -0,13 -0,12 0,2 0,01 -0,38 -0,38 

POXC -0,60 -0,85 -0,33 -0,16 -0,4 -0,11 

ʇʆɺ -0,89 -0,68 -0,8 -0,3 -0,74 -0,54 

CO2 0,01 0,40 -0,68 0,58 -0,69 -0,72 

Cmic -0,97 -0,47 -0,69 -0,52 -0,75 -0,52 
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ʤʠʢʨʦʙʠʘʣʥʠʷʪ ʚʲʛʣʝʨʦʜ (Cmic) ʩʘ ʚʲʛʣʝʨʦʜʥʠ ʬʨʘʢʮʠʠ, ʢʦʠʪʦ ʚʢʣʶʯʚʘʪ ʨʘʟʣʠʯʥʠ 
ʦʨʛʘʥʠʯʥʠ ʚʝʱʝʩʪʚʘ, ʭʘʨʘʢʪʝʨʠʟʠʨʘʱʠ ʩʝ ʩ ʢʨʘʪʢʠ ʦʙʦʨʦʪʠ, ʩʣʝʜʦʚʘʪʝʣʥʦ ʪʝ ʩʝ 
ʩʯʠʪʘʪ ʟʘ ʧʦ-ʯʫʚʩʪʚʠʪʝʣʥʠ ʠʥʜʠʢʘʪʦʨʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʟʝʤʝʜʝʣʠʝʪʦ ʚ ʩʨʘʚʥʝʥʠʝ ʩ 
ʇʆɺ (Nandan, 2019). ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʜʨʫʛʠ ʧʨʦʫʯʚʘʥʠʷ, ʧʦʢʘʟʚʘʱʠ ʫʚʝʣʠʯʝʥʠʝ ʥʘ 
ʣʘʙʠʣʥʠʪʝ ʬʨʘʢʮʠʠ ʧʨʠ ʨʝʜʫʮʠʨʘʥʠ ʦʙʨʘʙʦʪʢʠ (Shen, X., 2021, Culman, 2012), ʙʝʰʝ 
ʫʩʪʘʥʦʚʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʥʘ POXC ʚʲʚ ʚʘʨʠʘʥʪʘ ʩ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʦʙʨʘʙʦʪʢʠ ʧʨʝʟ 
ʝʩʝʥʥʠʪʝ ʤʝʩʝʮʠ, ʧʨʠʣʦʞʝʥʠ ʧʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩ ʮʘʨʝʚʠʮʘ (T0 ). ɺ ʦʩʪʘʥʘʣʠʪʝ 
ʧʝʨʠʦʜʠ ʥʘʡ-ʚʠʩʦʢʠ ʢʦʣʠʯʝʩʪʚʘ POX C ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʧʨʠ ʧʨʠʣʘʛʘʥʝ ʥʘ 
ʧʨʦʪʠʚʦʝʨʦʟʠʦʥʥʠ ʦʙʨʘʙʦʪʢʠ.  

ʇʨʠʣʘʛʘʥʝʪʦ ʥʘ ʤʠʥʠʤʘʣʥʠ ʦʙʨʘʙʦʪʢʠ, ʚʦʜʠ ʜʦ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʢʦʣʠʯʝʩʪʚʘʪʘ 
ʥʘ ʧʦʚʝʯʝʪʦ ʛʨʫʧʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ, ʢʘʪʦ ʘʤʦʥʠʬʠʮʠʨʘʱʠ ʙʘʢʪʝʨʠʠ, ʘʢʪʠʥʦʤʠʮʝʪʠ, 
ʨʘʟʛʨʘʞʜʘʱʠ ʮʝʣʫʣʦʟʘʪʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ. ʄʠʢʨʦʩʢʦʧʠʯʥʠʪʝ ʛʲʙʠʯʢʠ ʩʘ ʙʠʣʠ ʚ ʧʦ-
ʤʘʣʦʙʨʦʡʥʠ ʧʨʠ ʚʘʨʠʘʥʪʠʪʝ ʩ ʤʠʥʠʤʘʣʥʠ ʦʙʨʘʙʦʪʢʠ, ʢʦʝʪʦ ʩʲʱʦ ʝ ʜʦʢʣʘʜʚʘʥʦ ʚ 
ʧʨʦʫʯʚʘʥʝ ʥʘ Janusauskaite, D. et al., 2013. 

ɺ ʥʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʙʝʰʝ ʫʩʪʘʥʦʚʝʥʘ ʧʦʣʦʞʠʪʝʣʥʘ ʢʦʨʝʣʘʮʠʷ ʥʘ 
ʧʦʪʦʮʠʪʝ CO2 ʩ ʇʆɺ, Cmic, ʚʲʚ ʚʩʠʯʢʠ ʚʘʨʠʘʥʪʠ, ʜʦʢʘʪʦ ʢʦʨʝʣʘʮʠʠʪʝ ʩ POXC ʩʘ 
ʦʪʨʠʮʘʪʝʣʥʠ. ʂʦʨʝʣʘʮʠʠʪʝ ʥʘ CO2 (ʪʘʙʣ. 5) ʠ ʙʨʦʷ ʥʘ ʩʘʧʨʦʬʠʪʥʠʪʝ ʠ 
ʘʟʦʪʬʠʢʩʠʨʘʱʠʪʝ ʙʘʢʪʝʨʠʠ ʩʲʱʦ ʩʘ ʦʪʨʠʮʘʪʝʣʥʠ. ʋʩʪʘʥʦʚʝʥʠ ʩʘ ʧʦʣʦʞʠʪʝʣʥʠ 
ʢʦʨʝʣʘʮʠʠ ʟʘ ʝʤʠʩʠʠʪʝ ʥʘ N2O ʩ ʢʦʣʠʯʝʩʪʚʘʪʘ ʘʤʦʥʠʬʠʮʠʨʘʱʠ ʠ ʘʟʦʪʬʠʢʩʠʨʘʱʠ 
ʙʘʢʪʝʨʠʠ ʚʲʚ ʚʩʠʯʢʠ ʚʘʨʠʘʥʪʠ. ʂʦʨʝʣʘʮʠʷʪʘ ʤʝʞʜʫ ʝʤʠʩʠʠʪʝ ʥʘ N2O ʩ ʇʆɺ, POXC, 
Cmic ʚʲʚ ʚʩʠʯʢʠ ʚʘʨʠʘʥʪʠ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʝ ʦʪʨʠʮʘʪʝʣʥʘ (ʪʘʙʣ. 6). ʂʦʨʝʣʘʮʠʷʪʘ 
ʤʝʞʜʫ ʝʤʠʩʠʠʪʝ ʥʘ ʜʚʘʪʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʘ ʝ ʦʪʨʠʮʘʪʝʣʥʘ, ʧʨʠ ʘʥʘʣʠʟ ʥʘ ʩʪʦʡʥʦʩʪʠʪʝ 
ʠʤ ʧʨʠ ʚʩʠʯʢʠ ʠʟʤʝʨʚʘʥʠʷ (r=-0,32). 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ  ʢʦʨʝʣʘʮʠʦʥʥʠʪʝ ʘʥʘʣʠʟʠ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ CO2 ʠ N2O ʩ 
ʙʠʦʣʦʛʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʦʯʚʘʪʘ ʠ ʬʨʘʢʮʠʠʪʝ ʥʘ ʦʨʛʘʥʠʯʥʦ ʚʝʱʝʩʪʚʦ, 
ʧʦʢʘʟʚʘʪ, ʯʝ ʠʤʘ  ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʛʘʟʦʚʠʪʝ ʧʦʪʦʮʠ  ʠ ʥʘ ʜʨʫʛʠ ʬʘʢʪʦʨʠ, ʢʘʪʦ 
ʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʧʦʢʘʟʘʪʝʣʠ ʠ ʬʠʟʠʯʥʠ ʩʚʦʡʩʪʚʘ ʥʘ ʧʦʯʚʘʪʘ, ʢʘʪʦ ʦʙʝʤʥʘ ʧʣʲʪʥʦʩʪ, 
ʪʚʲʨʜʦʩʪ, ʚʣʘʞʥʦʩʪ ʠ ʜʨ. 

 
ɿʘʢʣʶʯʝʥʠʝ 
ʂʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʦʙʨʘʙʦʪʢʠ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʧʰʝʥʠʮʘ ʠ ʮʘʨʝʚʠʮʘ ʥʘ 

ʥʘʢʣʦʥʝʥʠ ʪʝʨʝʥʠ, ʧʨʠʣʘʛʘʥʠ ʧʦ ʥʘʢʣʦʥʘ ʥʘ ʩʢʣʦʥʘ, ʚʦʜʷʪ ʜʦ ʧʦ-ʥʠʩʢʦ ʩʲʜʲʨʞʘʥʠʝ 
ʥʘ ʇʆɺ, POXC ʠ Cmic ʠ ʧʦ-ʥʠʩʢʠ ʢʦʣʠʯʝʩʪʚʘ ʥʘ ʥʷʢʦʠ ʛʨʫʧʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ. 

ʇʨʠʣʘʛʘʥʝʪʦ ʥʘ ʤʠʥʠʤʘʣʥʠ ʦʙʨʘʙʦʪʢʠ ʥʘ ʧʦʯʚʘʪʘ ʩ ʚʢʣʶʯʚʘʥʝ ʥʘ ʧʨʝʜʢʫʣʪʫʨʘ 
ʚ ʨʦʪʘʮʠʷʪʘ, ʚʦʜʠ ʜʦ ʧʦ-ʚʠʩʦʢʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʇʆɺ ʠ ʣʘʙʠʣʥʠ ʚʲʛʣʝʨʦʜʥʠ ʬʨʘʢʮʠʠ, 
ʢʘʢʪʦ ʠ ʜʦ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʢʦʣʠʯʝʩʪʚʘʪʘ ʥʘ ʦʩʥʦʚʥʠʪʝ ʛʨʫʧʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʚ 
ʧʦʯʚʘʪʘ. ɽʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ ʦʪ ʧʦʯʚʘʪʘ ʥʘʤʘʣʷʚʘʪ ʧʨʠ ʤʠʥʠʤʘʣʥʦ 
ʦʙʨʘʙʦʪʚʘʥʠʪʝ ʚʘʨʠʘʥʪʠ ʩ ʠʟʢʣʶʯʝʥʠʝ ʥʘ ʚʘʨʠʘʥʪʘ ʮʘʨʝʚʠʮʘ, ʧʨʠ ʢʦʡʪʦ ʝ ʚʢʣʶʯʝʥʘ 
ʧʨʝʜʢʫʣʪʫʨʘ. 
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ɺʲʚʝʜʝʥʠʝ 
ɽʛʠʧʪʷʥʠʪʝ, ʨʠʤʣʷʥʠʪʝ, ʚʘʚʠʣʦʥʮʠʪʝ ʠ ʨʘʥʥʠʪʝ ʛʝʨʤʘʥʮʠ ʩʘ ʟʘʧʠʩʘʥʠ ʢʘʪʦ 

ʠʟʧʦʣʟʚʘʱʠ ʤʠʥʝʨʘʣʝʥ ʠʣʠ ʦʙʦʨʩʢʠ ʪʦʨ, ʟʘ ʜʘ ʧʦʜʦʙʨʷʪ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ ʥʘ 
ʩʚʦʠʪʝ ʬʝʨʤʠ (Scherer et al., 2009; WikipediaA, 2023). ʅʘʫʢʘʪʘ ʟʘ ʭʨʘʥʝʥʝʪʦ ʥʘ 
ʨʘʩʪʝʥʠʷʪʘ ʟʘʧʦʯʚʘ ʜʦʩʪʘ ʧʨʝʜʠ ʨʘʙʦʪʘʪʘ ʥʘ ʥʝʤʩʢʠʷ ʭʠʤʠʢ ʖʩʪʫʩ ʬʦʥ ʃʠʙʠʭ, 
ʚʲʧʨʝʢʠ ʯʝ ʠʤʝʪʦ ʤʫ ʩʝ ʩʧʦʤʝʥʘʚʘ ʥʘʡ-ʯʝʩʪʦ (Brock, 1997). ɼʞʦʥ ɹʝʥʝʪ ʃʦʫʟ, 
ʘʥʛʣʠʡʩʢʠ ʧʨʝʜʧʨʠʝʤʘʯ, ʟʘʧʦʯʚʘ ʜʘ ʝʢʩʧʝʨʠʤʝʥʪʠʨʘ ʚʲʨʭʫ ʝʬʝʢʪʠʪʝ ʥʘ ʨʘʟʣʠʯʥʠ 
ʪʦʨʦʚʝ ʚʲʨʭʫ ʨʘʩʪʝʥʠʷʪʘ, ʨʘʩʪʷʱʠ ʚ ʩʘʢʩʠʠ ʧʨʝʟ 1837 ʛ., ʘ ʛʦʜʠʥʘ ʠʣʠ ʜʚʝ ʧʦ-ʢʲʩʥʦ 
ʝʢʩʧʝʨʠʤʝʥʪʠʪʝ ʩʝ ʨʘʟʰʠʨʷʚʘʪ ʠ ʜʦ ʢʫʣʪʫʨʠ ʥʘ ʧʦʣʝʪʦ. ɽʜʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʘ 
ʧʦʩʣʝʜʠʮʘ ʝ, ʯʝ ʧʨʝʟ 1842 ʛ. ʪʦʡ ʧʘʪʝʥʪʦʚʘ ʦʙʦʨʩʢʠ ʪʦʨ, ʦʙʨʘʟʫʚʘʥ ʯʨʝʟ ʪʨʝʪʠʨʘʥʝ 
ʥʘ ʬʦʩʬʘʪʠ ʩʲʩ ʩʷʨʥʘ ʢʠʩʝʣʠʥʘ, ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʝ ʧʲʨʚʠʷʪ, ʢʦʡʪʦ ʩʲʟʜʘʚʘ 
ʠʥʜʫʩʪʨʠʷʪʘ ʟʘ ʠʟʢʫʩʪʚʝʥ ʪʦʨ. ʇʨʝʟ ʩʣʝʜʚʘʱʘʪʘ ʛʦʜʠʥʘ ʪʦʡ ʧʨʠʚʣʠʯʘ ʫʩʣʫʛʠʪʝ ʥʘ 
ɼʞʦʫʟʝʬ ʍʝʥʨʠ ɻʠʣʙʲʨʪ; ʟʘʝʜʥʦ ʪʝ ʠʟʚʲʨʰʚʘʪ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩ ʢʫʣʪʫʨʠ ʚ 
ʈʦʪʘʤʩʪʝʜʩʢʘʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʩʪʘʥʮʠʷ, ɸʥʛʣʠʷ (Chisholm, 1911; Glendining et al. 
2021). 
 

Milestone 1911 

ɺ ʛʦʜʠʰʥʠʷ ʦʪʯʝʪ ʥʘ ɼʲʨʞʘʚʥʘʪʘ ʟʝʤʝʜʝʣʩʢʘ 
ʦʧʠʪʥʘ ʩʪʘʥʮʠʷ ï ʉʦʬʠʷ ʧʠʰʝ ʩʣʝʜʥʦʪʦ: 
Ăʄʠʥʠʩʪʝʨʩʪʚʦ ʥʘ ʪʲʨʛʦʚʠʷʪʘ ʠ ʟʝʤʝʜʝʣʠʝʪʦ, 
ʩʲʟʥʘʚʘʡʢʠ ʛʦʣʷʤʘʪʘ ʥʫʞʜʘ ʦʪ ʚʩʝʩʪʨʘʥʥʦ ʠʟʫʯʘʚʘʥʝ 
ʥʘ ʧʦʯʚʠʪʝ ʚ ʩʪʨʘʥʘʪʘ ʦʪʢʨʠ ʥʦʚʘ ʩʝʢʮʠʷ ʧʨʠ 
ʩʪʘʥʮʠʷʪʘ, ʪʚʲʨʜʝ ʚʘʞʥʘ ʟʘ ʟʝʤʝʜʝʣʠʝʪʦ ʥʠ, 
ʧʦʯʚʦʚʝʜʩʢʘ ʠʣʠ ʘʛʨʦʛʝʦʣʦʛʠʯʥʘ, ʢʘʪʦ ʥʘʟʥʘʯʠ ʥʘ 
17.09. ʩʲʱʘʪʘ ʛʦʜʠʥʘ ʠ ʣʠʮʝ ʩʲʩ ʩʲʦʪʚʝʪʥʘʪʘ 
ʧʦʜʛʦʪʦʚʢʘ ʟʘ ʟʘʚʝʞʜʘʥʝʪʦ ʡò. ʊʦʚʘ ʝ ʅʠʢʦʣʘ 
ʇʫʰʢʘʨʦʚ, ʢʦʡʪʦ ʧʨʘʚʠ ʧʨʝʜʣʦʞʝʥʠʝ ʜʦ ʄʠʥʠʩʪʲʨʘ ʟʘ 
ʨʘʟʢʨʠʚʘʥʝ ʥʘ ʉʝʢʮʠʷ ʧʦ ʧʦʯʚʦʟʥʘʥʠʝ. (ʅʘʡʜʝʥʦʚ, 
1913; ʊʝʦʭʘʨʦʚ, 2019). 
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Milestone 1969 

ʇʲʪʷʪ ʢʲʤ ʦʧʪʠʤʘʣʥʦ ʪʦʨʝʥʝ 
ʇʨʝʟ 1969 ʛʦʜʠʥʘ ʝ ʧʦʜʧʠʩʘʥ 

ʧʲʨʚʠʷʪ ʤʝʞʜʫʥʘʨʦʜʝʥ ʧʨʦʝʢʪ ʥʘ 
ʀʥʩʪʠʪʫʪʘ ʧʦ ʧʦʯʚʦʟʥʘʥʠʝ Ăʅʠʢʦʣʘ 
ʇʫʰʢʘʨʦʚñ, ʬʠʥʘʥʩʠʨʘʥ ʦʪ ʌɸʆ, ʢʦʡʪʦ 
ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʰʠʨʦʢ ʦʙʤʝʥ ʥʘ 
ʫʯʝʥʠ.  
 ɿʘ ʧʲʨʚʠ ʧʲʪ ʚ ɹʲʣʛʘʨʠʷ ʩʝ 
ʧʨʝʜʣʘʛʘʪ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʠ ʧʨʝʧʦʨʲʢʠ 
ʧʦ ʪʦʨʝʥʝ ʩ ʘʟʦʪ, ʬʦʩʬʦʨ, ʢʘʣʠʡ, 
ʚʘʨʫʚʘʥʝ ʠ ʤʠʢʨʦʝʣʝʤʝʥʪʠ ʙʦʨ, ʤʦʣʠʙʜʝʥ 
ʠ ʮʠʥʢ (ɹʝʥʝʚʩʢʠ ʠ ʜʨ., 1969). 
 
 
 
 
 
 
 
 
 
 
 
 
 

ʌʠʛʫʨʘ 1. ʋʢʘʟʘʥʠʷ ʟʘ ʪʦʨʝʥʝ 
 
 

Milestone 1972 

ʇʨʝʟ 1972 ʛʦʜʠʥʘ ʩʘ ʧʦʩʪʨʦʝʥʠ ʥʦʚʠʪʝ ʩʛʨʘʜʠ ʩʲʩ ʩʲʚʨʝʤʝʥʥʠ ʣʘʙʦʨʘʪʦʨʠʠ ʠ 
ʠʟʯʠʩʣʠʪʝʣʝʥ ʮʝʥʪʲʨ. ʇʨʝʟ ʧʝʨʠʦʜʘ 1970-1990 ʛʦʜʠʥʘ ʀʥʩʪʠʪʫʪʲʪ ʩʝ ʧʦʣʟʚʘ ʩ 
ʤʝʞʜʫʥʘʨʦʜʥʘ ʠʟʚʝʩʪʥʦʩʪ ʠ ʟʥʘʯʠʤʦʩʪ. ʇʦʩʝʱʘʚʘʥ ʝ ʦʪ ʤʥʦʞʝʩʪʚʦ ʯʫʞʜʝʩʪʨʘʥʥʠ 
ʧʨʘʚʠʪʝʣʩʪʚʝʥʠ ʠ ʥʘʫʯʥʠ ʜʝʣʝʛʘʮʠʠ. ʆʙʫʯʘʚʘʪ ʩʝ ʥʘʰʠ ʠ ʯʫʞʜʠ ʩʧʝʮʠʘʣʠʩʪʠ ʠ 
ʜʦʢʪʦʨʘʥʪʠ. 
 

 

ʌʠʛʫʨʘ 2. ʉʛʨʘʜʠʪʝ ʥʘ ʀʥʩʪʠʪʫʪ Ăʅ. ʇʫʰʢʘʨʦʚñ 
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ʌʠʛʫʨʘ 3. ʇʦʩʝʱʝʥʠʝ ʥʘ ʉʝʢʫ ʊʫʨʝ ʦʪ ɻʚʠʥʝʷ ʚ ʀʟʯʠʩʣʠʪʝʣʥʠʷ ʮʝʥʪʲʨ 
  

ɺ ʀʥʩʪʠʪʫʪʘ ʧʦ ʧʨʦʛʨʘʤʘʪʘ ʥʘ ʌɸʆ ʩʝ ʧʨʦʚʝʞʜʘʪ ʤʥʦʛʦ ʥʘʫʯʥʠ ʩʨʝʱʠ, 
ʩʠʤʧʦʟʠʫʤʠ ʠ ʢʦʥʩʫʣʪʘʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʦ ʠʟʚʝʩʪʥʠ ʫʯʝʥʠ. ʅʘ ʩʥʠʤʢʘʪʘ 
ʨʲʢʦʚʦʜʠʪʝʣʷʪ ʥʘ ʧʨʦʝʢʪʘ ʧʨʦʬ. ɽʣʛʘʙʘʣʠ ʠ ʧʨʦʬ. ɻʲʨʙʫʯʝʚ ʦʙʩʲʞʜʘʪ ʩʲʟʜʘʚʘʥʝʪʦ 
ʥʘ ʇʦʯʚʝʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ ʩ ʫʯʘʩʪʠʝʪʦ ʥʘ ʜ-ʨ ʉʪʝʡʥ ɹʠʝ ʦʪ ʅʦʨʚʝʛʠʷ ʠ 
ʧʨʦʬ. ɼʞʦʥ ɻʘʫʲʨ ʦʪ ʈʦʪʘʤʩʪʝʜʩʢʘʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʩʪʘʥʮʠʷ, ɸʥʛʣʠʷ, ʩʲʚʤʝʩʪʥʦ 
ʩ ʥʘʰʠʪʝ ʫʯʝʥʠ. 

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

ʌʠʛʫʨʘ 4. ʆʙʩʲʞʜʘʥʝ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʇʦʯʚʝʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ 
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ɻʦʣʷʤʦ ʧʨʝʜʠʤʩʪʚʦ ʥʘ ʀʥʩʪʠʪʫʪʘ ʝ ʦʙʰʠʨʥʘʪʘ ʤʨʝʞʘ ʦʪ ʦʧʠʪʥʠ ʧʦʣʝʪʘ, ʚ ʢʦʠʪʦ 
ʩʝ ʧʨʦʚʝʞʜʘʪ ʧʣʘʥʠʨʘʥʠ ʧʦʣʩʢʠ ʦʧʠʪʠ, ʢʦʠʪʦ ʦʩʠʛʫʨʷʚʘʪ ʦʙʝʢʪʠʚʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ 
ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʧʦʯʚʠʪʝ ʠ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʢʫʣʪʫʨʠʪʝ.  

 
 

ʊʘʙʣʠʮʘ 1. ʆʧʠʪʥʠ ʧʦʣʝʪʘ ʥʘ ʀʥʩʪʠʪʫʪ Ăʅ. ʇʫʰʢʘʨʦʚñ 
 

ʆʧʠʪʥʦ ʧʦʣʝ ʆʙʣʘʩʪ ʆʙʱʠʥʘ 

1 ɹʝʞʘʥʦʚʦ ʃʦʚʝʯ ʃʫʢʦʚʠʪ 

2 ɹʦʞʫʨʠʱʝ ʉʦʬʠʷ ɹʦʞʫʨʠʱʝ 

3 ɹʲʜʝʱʝ ʉʪʘʨʘ ɿʘʛʦʨʘ ʉʪʘʨʘ ɿʘʛʦʨʘ 

4 ɻʦʨʥʠ ɼʲʙʥʠʢ ʇʣʝʚʝʥ ɼʦʣʥʠ ɼʲʙʥʠʢ 

5 ɻʲʣʲʙʦʚʦ ʉʪʘʨʘ ɿʘʛʦʨʘ ɻʲʣʲʙʦʚʦ 

6 ɼʫʰʝʚʦ ɻʘʙʨʦʚʦ ʉʝʚʣʠʝʚʦ 

7 ʂʦʚʘʯʠʮʘ ʄʦʥʪʘʥʘ ʃʦʤ 

8 ʂʦʩʪʠʥʙʨʦʜ ʉʦʬʠʷ ʂʦʩʪʠʥʙʨʦʜ 

9 ʂʨʝʧʦʩʪ ʍʘʩʢʦʚʦ ɼʠʤʠʪʨʦʚʛʨʘʜ 

10 ʅʠʢʦʣʘʝʚʦ ʇʣʝʚʝʥ ʇʣʝʚʝʥ 

11 ʇʨʠʤʦʨʩʢʦ ɹʫʨʛʘʩ ʇʨʠʤʦʨʩʢʦ 

12 ʈʘʢʦʚʩʢʠ ʈʘʟʛʨʘʜ ʈʘʟʛʨʘʜ 

13 ʉʨʝʜʝʮ ʉʪʘʨʘ ɿʘʛʦʨʘ ʆʧʘʥ 

14 ʉʫʭʦʜʦʣ ʉʦʬʠʷ ʉʪʦʣʠʯʥʘ 

15 ʉʲʜʠʝʚʦ ʉʣʠʚʝʥ ʅʦʚʘ ɿʘʛʦʨʘ 

16 ʉʲʨʥʝʚʦ ʉʪʘʨʘ ɿʘʛʦʨʘ ʈʘʜʥʝʚʦ 

17 ʊʦʧʦʣʦʚʛʨʘʜ ʍʘʩʢʦʚʦ ʊʦʧʦʣʦʚʛʨʘʜ 

18 ʊʨʲʩʪʝʥʠʢ ʇʣʝʚʝʥ ɼʦʣʥʘ ʄʠʪʨʦʧʦʣʠʷ 

19 ʊʨʲʩʪʝʥʠʢ ʈʫʩʝ ʀʚʘʥʦʚʦ 

20 ʎʘʣʘʧʠʮʘ ʇʣʦʚʜʠʚ ʈʦʜʦʧʠ 

21 ʏʝʣʦʧʝʯʝʥʝ ʉʦʬʠʷ ʉʪʦʣʠʯʥʘ 

ʇʆʃʀɻʆʅʀ 

1 ɾʠʥʟʠʬʦʚʦ ʂʲʨʜʞʘʣʠ ʂʲʨʜʞʘʣʠ 

2 ɻʦʨʥʠ ʃʦʟʝʥ ʉʦʬʠʷ ʉʦʬʠʷ 

  
 

ʇʨʝʟ ʧʝʨʠʦʜʘ 1967 ï 1971 ʛ. ʥʘ ʨʝʜʠʮʘ ʦʧʠʪʥʠ ʧʦʣʝʪʘ ʩʘ ʠʟʚʝʜʝʥʠ 
ʤʥʦʛʦʬʘʢʪʦʨʥʠ ʧʦʣʩʢʠ ʦʧʠʪʠ ʩ ʧʰʝʥʠʮʘ ʠ ʮʘʨʝʚʠʮʘ ʧʨʠ ʪʦʨʝʥʝ ʩ ʘʟʦʪ, ʬʦʩʬʦʨ ʠ 
ʢʘʣʠʡ ʦʪ ʫʯʝʥʠʪʝ ɼʦʙʨʠʥ ʀʣʢʦʚ, ʉʧʘʩ ʃʠʯʝʚ, ʄʠʨʦʩʣʘʚ ɹʝʥʝʚʩʢʠ, ʁʦʨʜʘʥ ʐʘʥʠʥ, 
ʄʠʣʢʘ ʄʠʣʯʝʚʘ ʠ ʜʨ. ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʪʝʟʠ ʦʧʠʪʠ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ 
ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣʠ ʧʨʠ ʦʧʨʝʜʝʣʷʥʝ ʦʧʪʠʤʘʣʥʠ ʥʦʨʤʠ ʟʘ ʪʦʨʝʥʝ (ɻʦʜʠʰʥʠʢ, 
1971). 
 

Milestone 1972 

ʇʲʨʚʠʷʪ ʄʦʜʝʣ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ ʥʘ ʧʨʝʧʦʨʲʢʠʪʝ ʧʦ ʪʦʨʝʥʝ ʚʲʟ ʦʩʥʦʚʘ ʥʘ 
ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʧʦʯʚʝʥʦ-ʘʛʨʦʭʠʤʠʯʝʩʢʠʪʝ ʧʨʦʫʯʚʘʥʠʷ /I ʛʝʥʝʨʘʮʠʷ/ ʩ ʧʦʤʦʱʪʘ ʥʘ 
ʝʣʝʢʪʨʦʥʥʘ ʪʝʭʥʠʢʘ ʚ ɹʲʣʛʘʨʠʷ e ʨʝʘʣʠʟʠʨʘʥ ʧʦ ʇʨʦʝʢʪ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥʦ 
ʧʨʝʜʧʨʠʷʪʠʝ "ɸʛʨʦʭʠʤʠʯʝʩʢʠ ʮʝʥʪʲʨ" ʢʲʤ ɸʇʂ Ăɼʨʫʞʙʘñ - ʛʨ. ʈʫʩʝ. (ɹʝʥʝʚʩʢʠ ʠ ʜʨ., 
1972; Benevski, Sadovski, Christova, 1973; ɹʝʥʝʚʩʢʠ ʠ ʜʨ., 1973). ʀʟʧʦʣʟʚʘʥʘ ʝ 
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ʝʣʝʢʪʨʦʥʥʦ-ʠʟʯʠʩʣʠʪʝʣʥʘʪʘ ʤʘʰʠʥʘ ICL 1904 ʚ ʊʝʨʠʪʦʨʠʘʣʥʠʷ ʠʟʯʠʩʣʠʪʝʣʝʥ ʮʝʥʪʲʨ 
ʛʨ. ʈʫʩʝ, ʢʘʪʦ ʧʨʦʛʨʘʤʥʦʪʦ ʦʩʠʛʫʨʷʚʘʥʝ ʝ ʨʘʟʨʘʙʦʪʝʥʦ ʦʪ ʂʨʲʩʪʠʥʢʘ ɺʝʣʯʝʚʘ. 
ɺʥʝʜʨʷʚʘʥʝʪʦ ʥʘ ʧʨʝʧʦʨʲʢʠʪʝ ʝ ʠʟʚʲʨʰʝʥʦ ʥʘ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ɸʇʂ Ăɼʨʫʞʙʘñ ï ʈʫʩʝ  
(ɻʲʨʙʫʯʝʚ, ʉʘʜʦʚʩʢʠ, 1975; ɻʲʨʙʫʯʝʚ ʠ ʜʨ., 1975). 

ɿʘʩʣʫʞʘʚʘ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʧʲʨʚʘʪʘ ʧʨʦʛʨʘʤʘ ʟʘ ʧʨʝʧʦʨʲʢʠ ʟʘ ʪʦʨʝʥʝ ʩ 
ʠʟʯʠʩʣʠʪʝʣʥʘ ʪʝʭʥʠʢʘ ʚ ɽʚʨʦʧʘ ʝ ʨʝʘʠʟʠʨʘʥʘ ʚ ɻɼʈ ʧʨʝʟ 1971 ʛ. ʦʪ ʍ. ɸʥʟʦʨʛʝ. ʇʨʝʟ 
1975 ʛ. ʚ ʉʉʉʈ ʩʝ ʩʲʟʜʘʚʘ ʩʠʩʪʝʤʘʪʘ ɸʉʋ ï ɸʛʨʦʭʠʤ (ʀʚʘʥʦʚʘ ʠ ʜʨ., 1976). 
 

Milestone 1975 

ʇʦ ʠʥʠʮʠʘʪʠʚʘ ʥʘ ʇʨʦʬ. ʀʚʘʥ ɻʲʨʙʫʯʝʚ ʝ ʚʲʟʣʦʞʝʥʦ ʥʘ ʢʦʣʝʢʪʠʚ ʚ ʩʲʩʪʘʚ: 
ʀʥʞ. ʀʚʘʥ ɸʩʝʥʦʚ, ʩʪ.ʥ.ʩ. ʅʝʜʢʦ ʊʦʜʦʨʦʚ ʠ ʪʝʭʥʦʣʦʛ-ʭʠʤʠʢ ɺʝʩʝʣʠʥʘ ʉʘʜʦʚʩʢʘ ʜʘ 
ʧʨʦʝʢʪʠʨʘʪ ʠ ʢʦʥʩʪʨʫʠʨʘʪ ʇʦʣʫʘʚʪʦʤʘʪʠʯʥʘ ʣʠʥʠʷ ʟʘ ʤʘʩʦʚʠ ʘʛʨʦʭʠʤʠʯʝʩʢʠ ʘʥʘʣʠʟʠ 
/ʇɸʃʄɸ/. ʉʲʱʘʪʘ ʝ ʚʲʚʝʜʝʥʘ ʚ ʝʢʩʧʣʦʘʪʘʮʠʷ ʩ ʫʯʘʩʪʠʝʪʦ ʥʘ ʩʪ.ʥ.ʩ. ɸʩʧʘʨʫʭ 
ʍʘʜʞʠʷʥʘʢʠʝʚ, ʩʪ.ʥ.ʩ. ɻʝʦʨʛʠ ɼʠʤʠʪʨʦʚ ʠ ʤʝʪʦʜʠʯʝʩʢʦʪʦ ʫʯʘʩʪʠʝ ʥʘ ʩʪ.ʥ.ʩ. ʅʠʢʦʣʘʡ 
ʅʠʢʦʣʦʚ. ʉʲʱʘʪʘ ʝ ʝʜʠʥ ʦʪ ʦʙʝʢʪʠʪʝ ʟʘ ʧʦʩʝʱʝʥʠʝ ʦʪ ʯʫʞʜʝʩʪʨʘʥʥʠ ʜʝʣʝʛʘʮʠʠ ʠ 
ʩʧʝʮʠʘʣʠʩʪʠ. ʇʦʣʫʯʝʥʦ ʝ ʟʘʧʠʪʚʘʥʝ ʦʪ ʌʠʨʤʠ ʥʘ ʉɸʑ ʟʘ ʟʘʢʫʧʫʚʘʥʝ ʥʘ ʣʠʮʝʥʟ, 
ʢʦʝʪʦ ʝ ʦʪʢʘʟʘʥʦ ʦʪ ɼʲʨʞʘʚʥʠʷ ʂʦʤʠʪʝʪ ʟʘ ʅʘʫʢʘ ʠ ʊʝʭʥʠʯʝʩʢʠ ʇʨʦʛʨʝʩ. 

ʇɸʃʄɸ ʝ ʩʲʱʝʩʪʚʝʥʘ ʠ ʥʝʨʘʟʜʝʣʥʘ ʯʘʩʪ ʦʪ ɸʚʪʦʤʘʪʠʟʠʨʘʥʘʪʘ ʩʠʩʪʝʤʘ ʟʘ 
ʧʦʯʚʝʥʦ-ʘʛʨʦʭʠʤʠʯʝʩʢʦ ʦʙʩʣʫʞʚʘʥʝ ʥʘ ʩʝʣʩʢʦʪʦ ʩʪʦʧʘʥʩʪʚʦ.  

 
 

 
 

ʌʠʛʫʨʘ 5. ʇʦʩʝʱʝʥʠʝ ʥʘ ʧʦʣʫʘʚʪʦʤʘʪʠʯʥʘʪʘ ʣʠʥʠʷ ʇɸʃʄɸ 
 
 

Milestone 1976 

ɼʦʩʪʘʚʝʥ ʝ ʚ ʀʥʩʪʠʪʫʪʘ ʥʘʡ-ʤʦʱʥʠʷʪ ʤʠʥʠʢʦʤʧʶʪʝʨ ʅʆɺɸ-ɽʂʃʀʇʉ ʠ ʝ 
ʩʲʟʜʘʜʝʥ ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʯʠʩʣʠʪʝʣʝʥ ʮʝʥʪʲʨ. 
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ʌʠʛʫʨʘ 6. ʄʠʥʠʢʦʤʧʶʪʝʨ ʅʆɺɸ-ɽʂʃʀʇʉ ʚ ʀʀʎ 
 
 

 
 

ʌʠʛʫʨʘ 7. ʆʧʝʨʘʪʦʨʠʪʝ ʚ ʀʀʎ 
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ʉʲʟʜʘʜʝʥʦ ʝ ʧʨʦʛʨʘʤʥʦʪʦ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ɸʚʪʦʤʘʪʠʟʠʨʘʥʘʪʘ ʩʠʩʪʝʤʘ ʟʘ 
ʧʦʯʚʝʥʦ-ʘʛʨʦʭʠʤʠʯʝʩʢʦ ʦʙʩʣʫʞʚʘʥʝ ʥʘ ʩʝʣʩʢʦʪʦ ʩʪʦʧʘʥʩʪʚʦ ʦʪ ʢʦʣʝʢʪʠʚ ʚ ʩʲʩʪʘʚ: 
ʥ.ʩ. ʢʩʩʥ. ʂʨʲʩʪʠʥʢʘ ɺʝʣʯʝʚʘ, ʥ.ʩ. ʈʦʩʠʮʘ ʊʦʥʯʝʚʘ, ʥ.ʩ. ʈʘʜʢʘ ʂʲʥʯʝʚʘ, ʥ.ʩ. ɸʥʛʝʣʠʥʘ 
ʇʝʪʨʦʚʘ ʠ ʢ.ʤ.ʥ. ɸʣʝʢʩʘʥʜʲʨ ʉʘʜʦʚʩʢʠ. 
 

Milestone 1977 

ɿʘʚʲʨʰʝʥ ʝ ʊʝʭʥʠʯʝʩʢʠʷ ʧʨʦʝʢʪ ʥʘ ɸʚʪʦʤʘʪʠʟʠʨʘʥʘʪʘ ʩʠʩʪʝʤʘ ʟʘ 
ʘʛʨʦʭʠʤʠʯʝʩʢʦ ʦʙʩʣʫʞʚʘʥʝ ʥʘ ʩʝʣʩʢʦʪʦ ʩʪʦʧʘʥʩʪʚʦ /II ʛʝʥʝʨʘʮʠʷ/. 

 
ɸɺʊʆʈʉʂʀ ʂʆʃɽʂʊʀɺ 
ʈʲʢʦʚʦʜʠʪʝʣ: ɼʦʮ. ʢʙʥ. ʃʶʙʝʥ ɻʣʦʛʦʚ 
(ʧʦ ʘʟʙʫʯʝʥ ʨʝʜ) 
ʩʪ.ʥ.ʩ. ɸʣʝʢʩʘʥʜʲʨ ʉʘʜʦʚʩʢʠ 
ʩʪ.ʥ.ʩ. ɸʩʧʘʨʫʭ ʍʘʜʞʠʷʥʘʢʠʝʚ 
ʩʪ.ʥ.ʩ. ɻʝʦʨʛʠ ɼʠʤʠʪʨʦʚ 
ʩʪ.ʥ.ʩ ɼʠʤʠʪʲʨ ʉʪʦʷʥʦʚ 
ʧʨʦʬ. ɼʠʥʯʦ ɼʠʥʯʝʚ 
ʩʪ.ʥ.ʩ. ɽʣʝʥʘ ʅʝʡʢʦʚʘ 
ʧʨʦʬ. ʀʚʘʥ ɻʲʨʙʫʯʝʚ 
ʩʪ.ʥ.ʩ. ʀʚʘʥ ʂʘʙʘʢʯʠʝʚ 
ʩʪ.ʥ.ʩ. ʀʚʘʥʢʘ ɹʲʯʚʘʨʦʚʘ 
ʥ.ʩ. ʂʨʲʩʪʠʥʢʘ ɺʝʣʯʝʚʘ 
ʩʪ.ʥ.ʩ. ʄʠʣʢʘ ʄʠʣʯʝʚʘ 
ʩʪ.ʥ.ʩ. ʄʠʨʦʩʣʘʚ ɹʝʥʝʚʩʢʠ 
ʩʪ.ʥ.ʩ. ʄʠʭʦ ʁʦʣʝʚʩʢʠ 
ʧʨʦʬ. ʊʦʜʦʨ ʇʘʣʘʚʝʝʚ 
ʜʦʮ. ʊʦʥʢʦ ʊʦʪʝʚ 
ʩʪ.ʥ.ʩ. ʗʥʢʘ ɻʝʦʨʛʠʝʚʘ 

 
ʄʝʪʦʜʠʪʝ ʠ ʘʣʛʦʨʠʪʤʠʪʝ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʧʨʝʧʦʨʲʢʠ ʟʘ ʪʦʨʝʥʝ ʩ ʤʘʢʨʦ ʠ 

ʤʠʢʨʦʝʣʝʤʝʥʪʠ ʩʘ ʧʫʙʣʠʢʫʚʘʥʠ ʚ ʨʝʜʠʮʘ ʩʪʘʪʠʠ (Garbouchev, 1977; ɻʣʦʛʦʚ ʠ ʜʨ., 
1977; ɻʲʨʙʫʯʝʚ, ʉʘʜʦʚʩʢʠ, 1978; Sadovski, 1984; ʄʠʣʯʝʚʘ, 1985a; ʄʠʣʯʝʚʘ, 1985b; 
ɼʠʥʯʝʚ, 1985; ʅʝʡʢʦʚʘ-ɹʦʯʝʚʘ, 1985; ʇʘʣʘʚʝʝʚ, 1985; ɿʘʭʘʨʠʝʚʘ, 1985; ʉʪʦʷʥʦʚ, 
ʇʝʥʝʚʘ, 1985; ʉʪʦʷʥʦʚ, 1985a; ʉʪʦʷʥʦʚ, 1985b). 

ʉ ʪʘʟʠ ʩʠʩʪʝʤʘ ʝʞʝʛʦʜʥʦ ʩʝ ʜʘʚʘʪ ʧʨʝʧʦʨʲʢʠ ʟʘ ʪʦʨʝʥʝ ʧʦ ʧʦʣʝʪʘ, ʢʦʨʝʢʮʠʷ ʥʘ 
ʥʦʨʤʠʪʝ ʟʘ ʪʦʨʝʥʝ, ʨʝʢʘʧʠʪʫʣʘʮʠʠ ʟʘ ɸʇʂ, ʧʦ ʦʢʨʲʟʠ ʠ ʟʘ ʩʪʨʘʥʘʪʘ. 

ʇʨʝʜʩʪʘʚʝʥʘ ʝ ʬʦʨʤʘʪʘ ʥʘ ʘʛʨʦʭʠʤʠʯʝʩʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʧʨʝʧʦʨʲʢʠ ʟʘ 
ʪʦʨʝʥʝ ʢʘʪʦ ʪʘʙʫʣʦʛʨʘʤʘ ʦʪ ɽʀʄ. 
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ʌʠʛʫʨʘ 8. ʊʘʙʫʣʦʛʨʘʤʘ ʥʘ ʧʨʝʧʦʨʲʢʠ ʟʘ ʪʦʨʝʥʝ 

 
 

Milestone 1980 

ʇʨʝʟ 1980 ʛ. ʩʘ ʜʘʜʝʥʠ ʧʨʝʧʦʨʲʢʠ ʟʘ ʪʦʨʝʥʝ ʥʘ 71 404 ʧʦʣʝʪʘ, ʢʦʠʪʦ ʦʙʭʚʘʱʘʪ 
30 210 738 ʜʢʘ. ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʦʢʦʣʦ 4 782 000 ʜʢʘ ʥʝ ʩʝ ʥʫʞʜʘʷʪ ʦʪ ʬʦʩʬʦʨʥʦ 
ʪʦʨʝʥʝ ʠ ʪʝʟʠ ʪʦʨʦʚʝ ʩʝ ʧʨʝʥʘʩʦʯʚʘʪ ʢʲʤ ʥʫʞʜʘʝʱʠʪʝ ʩʠ ʦʪ ʧʦ-ʚʠʩʦʢʦ ʬʦʩʬʦʨʥʦ 
ʪʦʨʝʥʝ ʧʣʦʱʠ ʠ ʢʫʣʪʫʨʠ. ʊʘʢʘ ʩʝ ʨʝʘʣʠʟʠʨʘ ʝʞʝʛʦʜʥʦ 3 500 000 ʣʚ ʠʢʦʥʦʤʠʯʝʩʢʠ 
ʝʬʝʢʪ. ɿʘ ʪʝʟʠ ʧʦʩʪʠʞʝʥʠʷ ʂʦʣʝʢʪʠʚʲʪ ʥʘ ʧʨʦʝʢʪʘ ʙʝʰʝ ʥʘʛʨʘʜʝʥ ʦʪ ɼʂʅʊʇ ʩ 
ʛʨʘʤʦʪʘ ʠ ʧʘʨʠʯʥʘ ʥʘʛʨʘʜʘ (ʀʇʇɼ ʅ. ʇʫʰʢʘʨʦʚ, 1980). 
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ʌʠʛʫʨʘ 9. ʇʝʨʩʦʥʘʣʥʘ ʥʘʛʨʘʜʘ ʥʘ ɼʂʅʊʇ 
 
 

ɸʚʪʦʤʘʪʠʟʠʨʘʥʘʪʘ ʩʠʩʪʝʤʘ ʟʘ ʘʛʨʦʭʠʤʠʯʝʩʢʦ ʦʙʩʣʫʞʚʘʥʝ ʥʘ ʩʝʣʩʢʦʪʦ 
ʩʪʦʧʘʥʩʪʚʦ ʬʫʥʢʮʠʦʥʠʨʘ ʫʩʧʝʰʥʦ ʜʦ 1992 ʛ., ʢʦʛʘʪʦ ʋʧʨʘʚʣʝʥʠʝʪʦ ʟʘ ʝʜʨʦʤʘʱʘʙʥʠ 
ʧʦʯʚʝʥʠ ʧʨʦʫʯʚʘʥʠʷ ʧʨʝʨʘʩʪʚʘ ʚ ʇʦʯʚʝʥʘ ʉʣʫʞʙʘ ʢʲʤ ʄɿ. 
 
 

 Milestone 1995 ï2000  

 
Ăɿʘ ʤʲʨʪʚʠʪʝ ʠʣʠ ʥʠʱʦ, ʠʣʠ ʩʘʤʦ ʠʩʪʠʥʘʪʘñ 
 
ʊʦʚʘ ʝ ʥʝʙʣʘʛʦʧʨʠʷʪʝʥ ʧʝʨʠʦʜ ʟʘ ʀʥʩʪʠʪʫʪ Ăʅʠʢʦʣʘ ʇʫʰʢʘʨʦʚñ. ɼʠʨʝʢʪʦʨʲʪ ʥʘ 

ʀʥʩʪʠʪʫʪʘ ʇʨʦʬ. ɺʲʣʶ ɺʲʣʝʚ ʧʨʦʷʚʷʚʘ ʙʝʟʩʪʦʧʘʥʩʪʚʝʥʦʩʪ, ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʢʦʷʪʦ 
ʚʲʟʥʠʢʚʘ ʧʦʞʘʨ ʥʘ ʩʝʜʤʠʷ ʝʪʘʞ ʥʘ ʚʠʩʦʢʘʪʘ ʩʛʨʘʜʘ ʦʪ ʧʨʠʷʪʝʣʩʢʘ ʢʦʤʧʘʥʠʷ. ʇʦ-
ʢʲʩʥʦ ʧʦʨʘʜʠ ʣʠʧʩʘ ʥʘ ʧʦʜʜʨʲʞʢʘ ʩʝ ʩʨʫʪʚʘ ʩʛʨʘʜʘʪʘ ʥʘ ʅʘʧʨʘʚʣʝʥʠʝʪʦ ʟʘ ʧʦʯʚʝʥʦ-
ʘʛʨʦʭʠʤʠʯʝʩʢʦ ʦʙʩʣʫʞʚʘʥʝ ʥʘ ʩʝʣʩʢʦʪʦ ʩʪʦʧʘʥʩʪʚʦ. ʅʝʩʧʦʩʦʙʥʦʩʪʪʘ ʤʫ ʜʘ ʙʲʜʝ 
ʜʦʙʲʨ ʨʲʢʦʚʦʜʠʪʝʣ ʩʝ ʦʪʨʘʟʷʚʘ ʥʝʛʘʪʠʚʥʦ ʚʲʨʭʫ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʠʥʩʪʠʪʫʪʘ. 

 

Milestone 2001 ï  

ʉʣʝʜ 2001 ʛ. ʜʠʨʝʢʪʦʨʠʪʝ ʥʘ ʀʥʩʪʠʪʫʪʘ ʇʨʦʬ. ʄʘʨʪʠʥ ɹʘʥʦʚ, ʇʨʦʬ. ʅʠʢʦʣʘ 
ʂʦʣʝʚ, ʇʨʦʬ. ʄʝʪʦʜʠ ʊʝʦʭʘʨʦʚ, ʇʨʦʬ. ʊʦʪʢʘ ʄʠʪʦʚʘ, ʇʨʦʬ. ʉʚʝʪʣʘ ʈʫʩʝʚʘ ʠ ʇʨʦʬ. 
ʀʨʝʥʘ ɸʪʘʥʘʩʦʚʘ ʧʦʩʪʝʧʝʥʥʦ ʚʲʟʩʪʘʥʦʚʷʚʘʪ ʥʦʨʤʘʣʥʘʪʘ ʨʘʙʦʪʘ ʠ ʩʪʘʙʠʣʠʟʠʨʘʪ 
ʥʘʫʯʥʘʪʘ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘʪʘ ʠ ʧʨʠʣʦʞʥʘ ʜʝʡʥʦʩʪ. 

ʅʝʧʨʘʚʠʣʥʦʪʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʧʨʘʚʠʪʝʣʩʪʚʘʪʘ ʠ ʄʠʥʠʩʪʝʨʩʪʚʦʪʦ ʥʘ 
ɿʝʤʝʜʝʣʠʝʪʦ, ʢʦʠʪʦ ʧʦʜʮʝʥʷʚʘʪ ʨʦʣʷʪʘ ʥʘ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʘʪʘ ʥʘʫʢʘ, ʜʦʚʝʞʜʘ ʜʦ 
ʜʨʘʩʪʠʯʥʦ ʥʘʤʘʣʷʚʘʥʝ ʙʨʦʷʪ ʥʘ ʥʘʫʯʥʠʪʝ ʨʘʙʦʪʥʠʮʠ, ʩʧʝʮʠʘʣʠʩʪʠ ʠ ʧʦʤʦʱʝʥ 
ʧʝʨʩʦʥʘʣ. ʀʟʚʘʜʝʥʠ ʩʘ ʦʪ ʩʲʩʪʘʚʘ ʥʘ ʀʥʩʪʠʪʫʪʘ ʤʥʦʛʦ ʦʧʠʪʥʠ ʧʦʣʝʪʘ ʠ ʨʝʜʠʮʘ 
ʥʝʛʦʚʠ ʬʫʥʢʮʠʠ ʩʘ ʧʨʠʜʘʜʝʥʠ ʢʲʤ ʄʠʥʠʩʪʝʨʩʪʚʦʪʦ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʠ ʚʦʜʠʪʝ. 
ʅʠʢʲʜʝ ʚ ɿʘʢʦʥʘ ʟʘ ʧʦʯʚʠʪʝ ʥʝ ʩʝ ʩʧʦʤʝʥʘʚʘ ʀʥʩʪʠʪʫʪʲʪ ʧʦ ʧʦʯʚʦʟʥʘʥʠʝ. 
ʅʝʦʙʭʦʜʠʤʦ ʝ ʧʦ ʟʘʢʦʥʦʜʘʪʝʣʝʥ ʧʲʪ ʥʘ ʀʥʩʪʠʪʫʪʘ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʩʧʝʮʠʘʣʝʥ ʩʪʘʪʫʪ 
ʦʪʥʦʩʥʦ ʟʝʤʠʪʝ ʠ ʧʦʯʚʠʪʝ, ʘʥʘʣʦʛʠʯʥʦ ʥʘ ʅʘʮʠʦʥʘʣʥʠʷ ʠʥʩʪʠʪʫʪ ʧʦ ʤʝʪʝʦʨʦʣʦʛʠʷ ʠ 
ʭʠʜʨʦʣʦʛʠʷ ʩʧʨʷʤʦ ʚʲʟʜʫʭʘ ʠ ʚʦʜʠʪʝ. 

 

Milestone 2018 

ʋʪʚʲʨʜʝʥ ʝ ʋʯʨʝʜʠʪʝʣʝʥ ʘʢʪ ʥʘ ʀʥʩʪʠʪʫʪʘ ʧʦ ʧʦʯʚʦʟʥʘʥʠʝ, ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ ʠ 
ʟʘʱʠʪʘ ʥʘ ʨʘʩʪʝʥʠʷʪʘ ñʅʠʢʦʣʘ ʇʫʰʢʘʨʦʚñ. ʅʘʫʯʥʠʷʪ ʠʥʩʪʠʪʫʪ ʦʩʲʱʝʩʪʚʷʚʘ 



ɽʂʆʃʆɻʀʗ ʀ ɸɻʈʆʊɽʍʅʆʃʆɻʀʀ ï ʌʋʅɼɸʄɽʅʊɸʃʅɸ ʅɸʋʂɸ ʀ ʇʈɸʂʊʀʏɽʉʂɸ ʈɽɸʃʀɿɸʎʀʗ 

 42 

ʬʫʥʜʘʤʝʥʪʘʣʥʠ ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ, ʥʘʫʯʥʦ-ʧʨʠʣʦʞʥʠ ʠʟʩʣʝʜʚʘʥʠʷ, ʠʥʦʚʘʪʠʚʥʘ ʠ 
ʢʦʥʩʫʣʪʘʥʪʩʢʘ ʜʝʡʥʦʩʪ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʟʝʤʝʜʝʣʠʝʪʦ ʠ ʭʨʘʥʠʪʝ. ʉ ʪʦʟʠ ʘʢʪ ʩʝ 
ʧʨʝʦʙʨʘʟʫʚʘʪ ʀʥʩʪʠʪʫʪʲʪ ʧʦ ʧʦʯʚʦʟʥʘʥʠʝ Ăʅʠʢʦʣʘ ʇʫʰʢʘʨʦʚñ ï ʉʦʬʠʷ, ʀʥʩʪʠʪʫʪʲʪ 
ʧʦ ʤʝʣʠʦʨʘʮʠʠ ʠ ʤʝʭʘʥʠʟʘʮʠʷ - ʉʦʬʠʷ ʠ ʀʥʩʪʠʪʫʪʲʪ ʟʘ ʟʘʱʠʪʘ ʥʘ ʨʘʩʪʝʥʠʷʪʘ ï 
ʂʦʩʪʠʥʙʨʦʜ. 

 

Milestone 2019 

ʋʪʚʲʨʜʝʥ ʝ ʧʨʦʝʢʪ ʥʘ ʪʝʤʘ: Ăʀʥʦʚʘʮʠʦʥʝʥ ʤʝʪʦʜ ʟʘ ʦʧʪʠʤʘʣʥʦ ʪʦʨʝʥʝ ʥʘ 
ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʠ ʢʫʣʪʫʨʠ" ʧʦ ʜʦʛʦʚʦʨ ˉ ʂʇ-06-ʇʅ 363 ʦʪ 17.12.2019 ʛ. ʦʪ ʌʦʥʜ 
ʅʘʫʯʥʠ ʀʟʩʣʝʜʚʘʥʠʷ  ʩ ʨʲʢʦʚʦʜʠʪʝʣ ɼʦʮ. ɿʜʨʘʚʢʘ ʇʝʪʢʦʚʘ ʠ ʝʢʠʧ ʦʪ ʦʙʱʦ 12 ʜʫʰʠ. 

ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘʪʘ, ʘʥʘʣʠʪʠʯʥʘʪʘ ʠ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʨʘʙʦʪʘ ʧʦ 
ʧʨʦʝʢʪʘ ʩʝ ʧʦʩʪʠʛʘʪ ʟʥʘʯʠʤʠ ʬʫʥʜʘʤʝʥʪʘʣʥʠ ʥʘʫʯʥʠ ʨʝʟʫʣʪʘʪʠ, ʧʫʙʣʠʢʫʚʘʥʠ ʩʘ 
ʤʥʦʞʝʩʪʚʦ ʩʪʘʪʠʠ ʚ ʥʘʰʠ ʠ ʯʫʞʜʠ ʩʧʠʩʘʥʠʷ, ʚʢʣʶʯʠʪʝʣʥʦ ʪʘʢʠʚʘ ʩ IF/SJR. 
ʇʨʝʜʩʪʘʚʝʥʠ ʩʘ ʜʦʢʣʘʜʠ ʩ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʥʘ ʥʘʮʠʦʥʘʣʥʠ ʠ ʤʝʞʜʫʥʘʨʦʜʥʠ 
ʥʘʫʯʥʠ ʩʝʩʠʠ ʠ ʢʦʥʬʝʨʝʥʮʠʠ (Sadovski, 2020; ʃʦʟʘʥʦʚʘ ʠ ʜʨ., 2021; Petkova et al., 
2021; Sadovski, 2021; ɸʪʘʥʘʩʦʚʘ ʠ ʜʨ., 2022; Petkova, Sadovski, 2022; Sadovski, 
Atanasova, Petkova, 2022; Sadovski, 2023a; Sadovski, 2023b; Gerassimova et al., 2023; 
Sadovski, Petkova, 2023). 

 

Milestone 2023 

ʄʦʜʝʣʲʪ ʟʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʧʨʝʧʦʨʲʢʠʪʝ ʟʘ ʪʦʨʦʚʝ ʜʘʚʘ ʢʦʣʠʯʝʩʪʚʘʪʘ ʥʘ 
ʩʣʝʜʥʠʪʝ ʭʨʘʥʠʪʝʣʥʠ ʚʝʱʝʩʪʚʘ: ʘʟʦʪ (N), ʬʦʩʬʦʨ (P), ʢʘʣʠʡ (K), ʩʠʣʠʮʠʡ (Si) ʠ 
ʤʠʢʨʦʝʣʝʤʝʥʪʠ ʙʦʨ (B), ʤʦʣʠʙʜʝʥ (Mo) ʠ ʮʠʥʢ (Zn), ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʮʝʣʝʚʠʷ ʜʦʙʠʚ ʥʘ 
ʚʩʷʢʦ ʢʦʥʢʨʝʪʥʦ ʧʦʣʝ. 

ɼʘʥʥʠʪʝ ʦʪ ʘʥʘʣʠʟʠʪʝ ʥʘ ʧʦʯʚʘʪʘ ʩʘ ʚʢʣʶʯʝʥʠ ʢʘʪʦ ʢʦʝʬʠʮʠʝʥʪʠ ʟʘ 
ʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ ʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʧʦʯʚʠʪʝ ʜʘ ʜʦʩʪʘʚʷʪ ʭʨʘʥʠʪʝʣʥʠ ʝʣʝʤʝʥʪʠ. 

ʉʲʱʝʩʪʚʫʚʘʪ ʜʚʘ ʤʦʜʝʣʘ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʘʟʦʪʥʘʪʘ ʥʦʨʤʘ 
 
ɺʘʨʠʘʥʪ 1 (ɼʠʥʯʝʚ ʠ ʀʢʦʥʦʤʦʚʘ, 1985): 
 
ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʥʦʨʤʘʪʘ N ʧʦ ʬʦʨʤʫʣʘʪʘ: 
 

 RN = U*Y + Nz ï Nh 
 

ʢʲʜʝʪʦ: 
 
RN = ʥʦʨʤʘʪʘ ʥʘ ʘʟʦʪʘ ʚ kg/dka; Y ʦʯʘʢʚʘʥ ʜʦʙʠʚ; U ʠʟʥʦʩ ʩ ʨʝʢʦʣʪʘʪʘ; Hz 

ʟʘʛʫʙʠ ʥʘ ʘʟʦʪ; Nh ʢʦʨʝʢʮʠʷ ʟʘ ʭʫʤʫʩ ʠ ʤʝʭʘʥʠʯʝʥ ʩʲʩʪʘʚ. 
 

ʇʨʠʤʝʨ: ʇʰʝʥʠʮʘ, ʦʪʛʣʝʞʜʘʥʘ ʚʲʨʭʫ ʠʟʣʫʞʝʥ ʯʝʨʥʦʟʝʤ - ʇɸʍɻʨ. 2 
 Y = 500 kg/dka; U = 0.0006*500+2.4089 = 2.71; U*Y = 2.71*500/100;  
 y = -1.84*13.55+62.5 = 37.57%; Nz = 13.55*37.57/100 = 5.10;  
 Clay = 48.2%; Humus = 2.7%; Nh = 3.726 + 0.0148*48.2 -1.278*2.7 = 0.989; 
 RN = 13.55 + 5.1 - 0.989 = 17.66 
 RN = 17.66 kg/dka 
 

ɺʘʨʠʘʥʪ 2 (Garbouchev, 1977; Sadovski, 2020; Sadovski, 2021): 
 

ʇʨʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʘʟʦʪʥʘʪʘ ʥʦʨʤʘ RN ʩʝ ʠʟʧʦʣʟʚʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʘ ʬʫʥʢʮʠʷ, 
ʦʪʨʘʟʷʚʘʱʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʜʦʙʠʚʘ Y ʠ ʧʦʯʚʝʥʠʷ ʝʢʚʠʚʘʣʝʥʪ X0, ʠ ʩʧʦʩʦʙʥʦʩʪʪʘ ʟʘ 
ʜʦʩʪʘʚʷʥʝ ʥʘ ʘʟʦʪ. 
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ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʥʦʨʤʘʪʘ N: 
RN = (a0 + a1*ZN + a2*Y).c 
ZN - Nitrogen use efficiency = Y / (Nsoil + Nfert), kg kgī1 
 
ʢʲʜʝʪʦ: 
 
RN = ʥʦʨʤʘʪʘ ʥʘ ʘʟʦʪʘ ʚ kg/dka; Y ï ʦʯʘʢʚʘʥ ʜʦʙʠʚ; ZN - ʥʦʨʤʘ ʥʘ ʩʧʦʩʦʙʥʦʩʪʪʘ 

ʟʘ ʜʦʩʪʘʚʷʥʝ ʥʘ N; Nsoil = X0 ; a0, a1, a2 ï ʙʠʦʣʦʛʠʯʥʠ ʢʦʝʬʠʮʠʝʥʪʠ; ʩ ï ʧʦʯʚʝʥ 
ʢʦʨʝʢʮʠʦʥʝʥ ʢʦʝʬʠʮʠʝʥʪ. 

 
ʇʨʠʤʝʨ: ʇʰʝʥʠʮʘ, ʦʪʛʣʝʞʜʘʥʘ ʚʲʨʭʫ ʠʟʣʫʞʝʥ ʯʝʨʥʦʟʝʤ 

 Y = 500 kg/dka; Nsoil = 9.2; Nfert = 18; ZN = 15,6;  
a0 = 63.76; a1 = -2.954; a2 = -0.0014; c = 0.800. 
 RN = (63.76-2.954*15.6-0.0014*500)*0.8 = 13.58 
RN = 13.58 kg/dka 
  

ʊʝʦʨʝʪʠʯʥʠʪʝ ʩʲʦʙʨʘʞʝʥʠʷ ʠ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʧʦʣʩʢʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩ ʪʦʨʦʚʝ 
ʧʦʜʢʨʝʧʷʪ ʪʝʟʘʪʘ, ʯʝ ʦʧʪʠʤʘʣʥʠʪʝ ʥʠʚʘ ʥʘ ʬʦʩʬʦʨ ʠ ʢʘʣʠʡ ʠʤʘʪ ʧʦ-ʛʦʣʷʤʘ 
ʘʛʨʦʥʦʤʠʯʥʘ ʝʬʝʢʪʠʚʥʦʩʪ ʦʪ ʛʦʜʠʰʥʦʪʦ ʪʦʨʝʥʝ ʠ ʠʤʘʪ ʧʨʝʜʠʤʩʪʚʦʪʦ, ʯʝ ʩʝ ʧʨʠʣʘʛʘʪ 
ʟʘ ʧʣʦʜʦʨʦʜʠʝʪʦ ʥʘ ʧʦʯʚʘʪʘ ʠ ʚʩʠʯʢʠ ʢʫʣʪʫʨʠ. ʅʦʨʤʠʪʝ ʥʘ RP ʠ RK ʩʘ ʥʘʩʦʯʝʥʠ ʢʲʤ 
ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʦʧʪʠʤʘʣʥʠ ʥʠʚʘ ʥʘ ʭʨʘʥʠʪʝʣʥʠ ʚʝʱʝʩʪʚʘ ʚ ʧʦʯʚʘʪʘ (ʅʝʡʢʦʚʘ-ɹʦʯʝʚʘ, 
1985; ʄʠʣʯʝʚʘ, 1985): 
 

ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʥʦʨʤʘʪʘ P2O5: 
 SP = A.exp(B.Z2) 
 RP = (SP / T + U).k 
 

ʢʲʜʝʪʦ: 
  
SP - ʩʦʨʙʮʠʦʥʝʥ ʢʘʧʘʮʠʪʝʪ (ʥʝʦʙʭʦʜʠʤʦ ʢʦʣʠʯʝʩʪʚʦ ʟʘ ʜʦʩʪʠʛʘʥʝ ʥʘ ʦʧʪʠʤʘʣʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʪ 0,2 mg/kg P ʚ 0,01 mol/l CaCl2); Z2 - ʥʘʣʠʯʥʦ ʈ, ʫʩʪʘʥʦʚʝʥʦ ʯʨʝʟ 
ʧʦʯʚʝʥʦ ʠʟʩʣʝʜʚʘʥʝ; A, B - ʨʝʛʨʝʩʠʦʥʥʠ ʢʦʝʬʠʮʠʝʥʪʠ; RP = ʥʦʨʤʘ ʥʘ ʬʦʩʬʦʨ ʚ 
kg/dka; T - ʚʨʝʤʝ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʥʠʚʦ ʥʘ ʬʦʩʬʦʨ; U - ʢʦʣʠʯʝʩʪʚʦʪʦ P, ʠʟʥʝʩʝʥʦ ʦʪ 
ʢʫʣʪʫʨʘʪʘ; k - ʢʦʝʬʠʮʠʝʥʪ ʥʘ P ʩʪʘʨʝʝʥʝ.  
 

ʇʨʠʤʝʨ: ʇʰʝʥʠʮʘ, ʦʪʛʣʝʞʜʘʥʘ ʚʲʨʭʫ ʠʟʣʫʞʝʥ ʯʝʨʥʦʟʝʤ 
 SP = 81.6; T = 12 years; Y = 4 800 kg/ha; U = 4.8; k = 1.1086. 
  

ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʥʦʨʤʘʪʘ K2O: 
 RK = U / k1 + (Zj - Zi).k2 / k3.T 
 

ʢʲʜʝʪʦ: 
 
RK = ʥʦʨʤʘ ʢʘʣʠʡ ʚ kg/ha; U - ʢʦʣʠʯʝʩʪʚʦ ʂ, ʠʟʥʝʩʝʥʦ ʦʪ ʢʫʣʪʫʨʘʪʘ; k1 - 

ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ K; k2 - ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʠʟʯʠʩʣʝʥʠʝ ʟʘ ʦʙʝʤʥʦʪʦ ʪʝʛʣʦ 
ʥʘ ʦʨʥʠʷ ʧʣʘʩʪ ʥʘ ʭʝʢʪʘʨ ʚ ʪʦʥ; k3 - ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʜʝʡʩʪʚʠʝ ʥʘ ʥʦʚʦʚʥʝʩʝʥʠʷ ʂ ʪʦʨ; 
Zj - ʦʧʪʠʤʘʣʥʦ ʥʠʚʦ ʥʘ ʥʝʦʙʭʦʜʠʤʠʷ ʂ; Zi - ʥʘʣʠʯʝʥ ʂ, ʫʩʪʘʥʦʚʝʥ ʯʨʝʟ ʧʦʯʚʝʥʦ 
ʠʟʩʣʝʜʚʘʥʝ; T - ʚʨʝʤʝ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʥʠʚʦ ʥʘ ʢʘʣʠʡ. 

 
ʇʨʠʤʝʨ: ʇʰʝʥʠʮʘ, ʦʪʛʣʝʞʜʘʥʘ ʚʲʨʭʫ ʢʘʨʙʦʥʘʪʝʥ ʯʝʨʥʦʟʝʤ 

 T = 12 years; Y = 4 800 kg/ha; U = 13.44; k1 = 0.80; k2 = 3.0; k3 = 0.46; 
Zj = 12; Zi = 9. 
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 RK = 13.44 / 0.80 + (12 -  
ʊʲʡ ʢʘʪʦ RK ʥʘʜʚʠʰʘʚʘ 16 kg/dka, ʥʦʨʤʘʪʘ ʩʝ ʥʘʤʘʣʷʚʘ ʩ 30% 
RK =18.43*0.7 = 12.9 kg/dka 
ɿʘ ʠʟʯʠʩʣʷʚʘʥʝʪʦ ʥʘ ʥʦʨʤʘʪʘ ʟʘ ʩʠʣʠʮʠʡ RSi ʩʝ ʠʟʧʦʣʟʚʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʘ 

ʬʫʥʢʮʠʷ, ʦʪʨʘʟʷʚʘʱʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʜʦʙʠʚʘ Y ʠ ʧʦʯʚʝʥʠʷ ʝʢʚʠʚʘʣʝʥʪ X0, ʠ 
ʩʧʦʩʦʙʥʦʩʪʪʘ ʟʘ ʜʦʩʪʘʚʷʥʝ ʥʘ ʩʠʣʠʮʠʡ (Sadovski, 2020; Sadovski, 2021). 
ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʥʦʨʤʘʪʘ Si: 
 
RSi = (a0 + a1*ZSi + a2*Y).c 
 ZSi - Silicon use efficiency = Y / (SIsoil + SIfert), kg kgī1 
 

ʢʲʜʝʪʦ: 
 

RSi = ʥʦʨʤʘʪʘ ʥʘ ʩʠʣʠʮʠʡ ʚ kg/dka; Y ï ʦʯʘʢʚʘʥ ʜʦʙʠʚ; ZSi - ʥʦʨʤʘ ʥʘ 
ʩʧʦʩʦʙʥʦʩʪʪʘ ʟʘ ʜʦʩʪʘʚʷʥʝ ʥʘ Si; SIsoil = X0 ; a0, a1, a2 ï ʙʠʦʣʦʛʠʯʥʠ ʢʦʝʬʠʮʠʝʥʪʠ; ʩ 
ï ʧʦʯʚʝʥ ʢʦʨʝʢʮʠʦʥʝʥ ʢʦʝʬʠʮʠʝʥʪ. 

 
ʇʨʠʤʝʨ: ʇʰʝʥʠʮʘ, ʦʪʛʣʝʞʜʘʥʘ ʚʲʨʭʫ ʠʟʣʫʞʝʥʘ ʩʤʦʣʥʠʮʘ 

 Y = 500 kg/dka; SIsoil = 0.0533; ZSi= 27.11;  
a0 = 2.251; a1 = -0.0719; a2 = 0.00277; c = 0.950. 
RSi = (2.251-0.0719*27.11+0.00277*500)*0.95 = 1.60 kg/dka 
  

ʇʘʨʘʤʝʪʨʠʪʝ, ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʢʦʠʪʦ ʩʝ ʦʧʨʝʜʝʣʷ ʤʠʢʨʦʪʦʨʝʥʝʪʦ ʩʘ ʧʦʯʚʝʥʠ 
ʝʢʩʪʨʘʛʝʥʪʠ ʠ ʢʦʨʝʢʮʠʦʥʥʠ ʢʦʝʬʠʮʠʝʥʪʠ, ʢʦʠʪʦ ʦʪʨʘʟʷʚʘʪ ʚʣʠʷʥʠʝʪʦ ʬʘʢʪʦʨʠʪʝ ʥʘ 
ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ɽʢʩʪʨʘʛʝʥʪʠ ʟʘ ʙʦʨ B ʩʘ: ʚʦʜʝʥ ʛʦʨʝʱ ʠʟʚʣʝʢ ʧʦ ʤʝʪʦʜʘ ʥʘ ɹʝʨʛʝʨ ʠ 
ʊʨʫʦʛ; ʟʘ ʤʦʣʠʙʜʝʥ Mo ʩʘ: ʦʢʩʘʣʘʪʝʥ ʠʟʚʣʝʢ ʧʦ ʤʝʪʦʜʘ ʥʘ ʈʠʥʢʠʩ; ʟʘ ʮʠʥʢ Zn ʩʘ: 
ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʮʠʥʢ, ʦʧʨʝʜʝʣʝʥʦ ʚ ʠʟʚʣʝʢ ʦʪ ɽɼʊɸ. ʊʦʨʝʥʝʪʦ ʩ ʤʠʢʨʦʝʣʝʤʝʥʪʠ 
ʦʙʭʚʘʱʘ ʧʦʯʚʝʥʠ ʨʘʟʣʠʯʠʷ ʠ ʢʫʣʪʫʨʠ, ʦʪʟʠʚʯʠʚʠ ʥʘ ʜʘʜʝʥʠʷ ʤʠʢʨʦʝʣʝʤʝʥʪ 
(ʉʪʦʷʥʦʚ, 1985ʘ; ʉʪʦʷʥʦʚ, 1985b; ʉʪʦʷʥʦʚ ʠ ʇʝʥʝʚʘ, 1985). 

ʅʦʨʤʘʪʘ ʟʘ ʪʦʨʝʥʝĿ ʩ ʙʦʨ ʩʝ ʦʧʨʝʜʝʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʢʫʣʪʫʨʘʪʘ, ʧʦʯʚʝʥʠʪʝ 
ʨʘʟʣʠʯʠʷ ʠ ʩʪʝʧʝʥʪʘ ʥʘ ʟʘʧʘʩʝʥʦʩʪ ʥʘ ʧʦʯʚʘʪʘ ʩ ʚʦʜʥʦʨʘʟʪʚʦʨʠʤ ʙʦʨ. ʊʷ ʚʘʨʠʨʘ ʦʪ 
25 ʜʦ 300 ʛ ʙʦʨ ʥʘ ʜʝʢʘʨ. ɿʘ ʧʦʯʚʝʥʦ ʪʦʨʝʥʝ ʩʝ ʠʟʧʦʣʟʫʚʘʪ ʧʦ-ʛʦʣʝʤʠʪʝ ʥʦʨʤʠ ʦʪ 
100-300 ʛ ʙʦʨ ʥʘ ʜʝʢʘʨ. 

 
ʇʨʠʤʝʨ: ʉʣʲʥʯʦʛʣʝʜ ʚʲʨʭʫ ʠʟʣʫʞʝʥ ʯʝʨʥʦʟʝʤ 

 ɸʍɻʨ  2; y = 450 - 250*x 
ɺʦʜʥʦʨʘʟʪʚʦʨʠʤ ɹʦʨ B 0.8 mg/kg 
RB = 450 - 250*0.8 = 250 
RB = 250 g/dka 
  

ʇʦʥʘʩʪʦʷʱʝʤ ʫ ʥʘʩ ʧʦʜʣʝʞʘʪ ʥʘ ʤʦʣʠʙʜʝʥʦʚʦ ʪʦʨʝʥʝ, ʢʦʛʘʪʦ ʩʝ ʦʪʛʣʝʞʜʘʪ ʥʘ 
ʙʝʜʥʠ ʥʘ ʫʩʚʦʠʤ ʤʦʣʠʙʜʝʥ ʧʦʯʚʠ ʩʣʝʜʥʠʪʝ ʢʫʣʪʫʨʠ: ʝʯʝʤʠʢ, ʮʘʨʝʚʠʮʘ, ʩʣʲʥʯʦʛʣʝʜ, 
ʚʩʠʯʢʠ ʙʦʙʦʚʠ ʟʘ ʩʝʤʝʧʨʦʠʟʚʦʜʩʪʚʦ, ʛʨʘʭ, ʝʩʧʘʨʟʝʪʘ, ʜʝʪʝʣʠʥʘ, ʬʠʡ, ʩʦʷ, ʬʘʩʫʣ, 
ʙʘʢʣʘ, ʣʶʮʝʨʥʘ, ʜʝʪʝʣʠʥʘ, ʝʩʪʝʩʪʚʝʥʠ ʣʠʚʘʜʠ ʠ ʧʘʩʠʱʘ. ʊʦʨʦʚʘʪʘ ʥʦʨʤʘ ʟʘʚʠʩʠ ʦʪ 
ʚʠʜʘ ʥʘ ʢʫʣʪʫʨʘʪʘ, ʦʪ ʟʘʧʘʩʝʥʦʩʪʪʘ ʩ ʫʩʚʦʠʤ ʤʦʣʠʙʜʝʥ ʠ ʨʅ ʥʘ ʧʦʯʚʘʪʘ. 

 
ʇʨʠʤʝʨ: ʃʶʮʝʨʥʘ ʥʘ ʩʠʚʘ ʛʦʨʩʢʘ ʧʦʯʚʘ 

ɸʍɻʨ  4; y = 35.62-5.026*pH-29.02*MoS 
pH KCl  = 4.2; Mo soil = 0.18 mg/kg 
RMo = 35.62-5.026*4.2-29.02*0.18 = 9.29 g/dka 
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ʅʦʨʤʘʪʘ ʟʘ ʪʦʨʝʥʝĿʩ ʮʠʥʢ ʩʝ ʦʧʨʝʜʝʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʢʫʣʪʫʨʘʪʘ, ʧʦʯʚʝʥʠʪʝ 
ʨʘʟʣʠʯʠʷ, ʩʪʝʧʝʥʪʘ ʥʘ ʟʘʧʘʩʝʥʦʩʪ ʥʘ ʧʦʯʚʘʪʘ ʩ ʮʠʥʢ, ʩʲʜʲʨʞʘʥʝʪʦ ʥʘ ʫʩʚʦʠʤ 
ʬʦʩʬʦʨ ʠ ʚʝʣʠʯʠʥʘʪʘ ʥʘ ʜʦʙʠʚʘ. 

 
ʇʨʠʤʝʨ: ʎʘʨʝʚʠʮʘ ʥʘ ʯʝʨʥʦʟʝʤ ʩʤʦʣʥʠʮʘ 

ɼʦʙʠʚ ʦʪ ʎʘʨʝʚʠʮʘ > 600 kg/dka 
ɸʍɻʨ  6; y = 318.8+15.54*P2O5-112.7*ZnS 
P2O5 = 18 mg/100 g; Zn = 1.5 mg/kg 
RZn = 318.8+15.54*18-112.7*1.5 = 429.5 g/dka 
 

ʆʙʦʙʱʘʚʘʡʢʠ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʧʦ ʧʨʦʝʢʪʘ, ʝ ʧʦʜʘʜʝʥʘ ɿʘʷʚʢʘ ʟʘ 
ʧʘʪʝʥʪ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ʜʦ ʇʘʪʝʥʪʥʦʪʦ ʚʝʜʦʤʩʪʚʦ ʥʘ ʈ ɹʲʣʛʘʨʠʷ: 
ʅʘʠʤʝʥʦʚʘʥʠʝ: ʄɽʊʆɼ ɿɸ ʆʇʊʀʄɸʃʅʆ ʊʆʈɽʅɽ ʅɸ ʉɽʃʉʂʆʉʊʆʇɸʅʉʂʀ 
ʂʋʃʊʋʈʀ. ʅʘʠʤʝʥʦʚʘʥʠʝ ʥʘ ʘʥʛʣʠʡʩʢʠ ʝʟʠʢ: METHOD FOR OPTIMAL 
FERTILIZATION OF AGRICULTURAL CROPS. 
ɿʘʷʚʢʘ ʩ ʚʨʝʤʝʥʝʥ ʥʦʤʝʨ PTBG202300000239198 
ɺʭʦʜʷʱ ʥʦʤʝʨ: BG/P/2023/113728 ɼʘʪʘ ʥʘ ʟʘʷʚʷʚʘʥʝ: 25.06.2023 
ɸʚʪʦʨʠ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝʪʦ ʩʘ ʜʚʘʥʘʜʝʩʝʪʪʝ ʯʣʝʥʦʚʝ ʥʘ ʝʢʠʧʘ ʧʦ ʧʨʦʝʢʪʘ. 
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Abstract 
The main aim of the report is to research socio-economic and environmental 

problems in farms applying soil health practices in the EU-TUdi-project1-partner countries 
(Austria, Bulgaria, Czech Republic, Hungary, Italy, and Spain). Based on the results from 
the structured survey it was used a Principal Component Analysis (PCA). Based on the 
results from a structured survey, PCA has been applied to determine several groups of 
significant variables related to soil health, socioeconomic, and environmental problems. 
The following four main factors in the socioeconomic characterization of the different 
agricultural systems (cereal-based rotation, tree and pastures) connected with soil health 
problems have been identified: Social environment, Soil health problems, Soil knowledge, 
and Soil restoration. Each factor was further analyzed regarding its constituent variables. 

Key words: Principal Component Analysis (PCA), soil health, agricultural systems, 
socio-economic problems. 
 

Introduction 
In the European Union's economic landscape, agriculture plays a pivotal role in 

contributing significantly to both its socio-economic and environmental sustainability. 
Several studies have acknowledged the importance of sustainable agriculture and soil 
health practices in addressing contemporary challenges. For instance, Smith et al. (2018) 
demonstrated the positive effects of cover cropping on soil fertility and carbon 
sequestration, while Jones and Johnson (2020) explored the economic implications of 
transitioning to organic farming methods. However, there remains a gap in literature 
specifically addressing the nuanced socio-economic and environmental issues faced by 
farms in the EU adopting soil health practices. Soil health practices encompass a range of 
strategies aimed at promoting soil fertility, structure, and overall quality. These practices 
include but are not limited to cover cropping, crop rotation, conservation tillage, and 
organic farming techniques. As farmers adopt these practices in pursuit of sustainable 
agriculture, it becomes imperative to evaluate their impact on both the social and 
economic aspects of rural communities and the environmental health of farmlands. The 
socio-economic ramifications of soil health practices are of particular interest, given their 
potential to influence livelihoods, employment patterns, and community dynamics. 
Additionally, the environmental consequences, such as changes in biodiversity, water 
quality, nutrient runoff and greenhouse gas emissions (Garcia et al., 2021), require careful 
examination of the soil health practices, while farmers are applying these practices. 
Understanding these ecological challenges is crucial for devising holistic policies that 
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balance the need for agricultural productivity with environmental conservation goals. 
However, there remains a gap in literature specifically addressing the nuanced socio-
economic and environmental issues faced by farms in the EU adopting soil health 
practices. 

Our paper aims to bridge this gap by synthesizing existing research and conducting a 
comprehensive analysis of the challenges faced by farms in 6 EU-TUdi-project-partner 
countries (Austria, Bulgaria, Czech Republic, Hungary, Italy, and Spain) that implement 
soil health practices. Based on the results from the structured survey it was used a 
Principal Component Analysis (PCA). PCA constructed factors related to soil health 
problems. Based on the results from a structured survey, PCA has been applied to 
determine several groups of significant variables related to soil health, socioeconomic, and 
environmental problems. The following four main factors in the socioeconomic 
characterization of the different agricultural systems (cereal-based rotation, tree and 
pastures) connected with soil health problems have been identified: Social environment, 
Soil health problems, Soil knowledge, and Soil restoration. Each factor was further 
analyzed regarding its constituent variables. This research is contribute valuable insights 
to policymakers, researchers, and practitioners working towards a more sustainable and 
resilient agricultural sector in the European Union. 
 

Materials and methods 

Survey and data description 
The 6 EU-TUdi-project-partner countries (Austria, Bulgaria, Czech Republic, 

Hungary, Italy, and Spain) performed analysis using questionnaire constructed in 2022 
using different methods such as face-to-face (Bulgaria), online (Hungary), and mixed 
(other participants) due to the COVID-19 outbreak. 

It was applied ñjudgement samplingò approach divided based on economic size and 
crop systems according to their country representation. Table 1 gives information about 
the number of responses to the survey from Europe. 
 

Table 1. Total number of respondents/surveys per country 
 

Country 
Number of 
surveys 

Austria 82 

Bulgaria 60 

Czech Republic 121 

Hungary 11 

Italy 79 

Spain 63 

Total 416 

Source: Authorsô table. 
 
 

The collected information fed up the principal component analysis and cluster 
analysis to define socioeconomic and environmental characteristics of each group of 
farms. 

 
Principal component analysis  
The aim of principle component analysis application is to determine several groups of 

significant variables related to soil health, socio-economic, and environmental problems. 
The constructed factors will be used as variables to feed up Cluster Analysis. Based on 
the latter, the sample will be divided into clusters. Principle component analysis is a type of 
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factor analysis (Pearson 1901). It determines the minimum number of variables that are 
enough to describe a specific problem. PCA groups the variables into different factors 
which explain some specific features of the farm typology. These factors will be used to 
feed a cluster analysis based on which each farm type will be determined. The farm type 
will contain different ratios of some of the factors. The first step is to determine the number 
of factors based on several analysis. Then, Varimax orthogonal rotation is applied. The 
factors are assumed to be independent, and the factor loading is the correlation between 
the factor and variables (Field 2009). 

The sample must meet the following criteria to be able to proceed with PCA:  
ǒ the KMO coefficient should be above 0.7;  
ǒ Bartlettôs sphericity test must have a significance level below the accepted level of 

significance (0.05);  
ǒ the correlation between two variables must be between 0.9 and 0.3. The decision 

for removing variables that do not meet the defined criteria will be based on the 
conclusions of all data analyses. 
 

Cluster analysis 
Cluster analysis is a group of statistical procedures which aims to discover a 

structure within a complex set of data. The different elements (in our study the elements 
are the different farms/respondents) are combined into clusters. The farms within the 
cluster have some degree of similarity among themselves (homogeneity) according to the 
different variables in the study. Different clusters are relatively distinct from each other 
(heterogeneity). The variables are the economic and social indicators for every farm 
accumulated by a survey. Depending on the problem that is studied the cluster analysis 
can help to develop a classification and it may become a basis for classifying new 
observations (Anderberg, 1973). 

The initial set of variables have been delivered by a multistage process of literature 
study, brainstorming trough the experts in the consortium and stakeholders. The cluster 
analysis logically follows the PCA and thus is using the same set of data that is prepared 
and standardized for the purposes of PCA. As both methods (PCA and CA) are in fact a 
form of data reduction methods they can be used together. We use the results of PCA to 
lower the amount of variables/factors then we apply cluster analysis. The result is that 
cluster analysis determines the clusters based on few factors with low correlation. 
 

Results and discussion 

Principle component analysis 
The analysis started using 62 variables based on the answers to questions of survey. 

Based on the iterative process, 38 variables were removed because of the following 
reasons: (i) there is no significant correlation with any of the variables; (ii) low extraction 
coefficient of communalities (explains the common variance); (iii) make a factor its own.  

Finally, 18 variables were determined as appropriate to construct four factors. The 
KMO coefficient is 0.791 which is high enough to continue the analysis. Also, we can 
accept the hypothesis that there is no significant correlation between at least two 
variables, based on the Bartlettôs sphericity test. 

The eigenvalue analysis (Figure 1) and the number of components show that there 
are four significant and meaningful factors. 
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Source: TUdi questionnaire. 

Figure 1. Analysis of the eigenvalues 
 

The aim of the analysis is to construct an uncorrelated factor related to soil health, 
socioeconomic, and environmental problems, which will be useful to determine clearly 
recognizable clusters. In this regard, the applied method of rotation is Varimax. The 
explained variance is 53.73%, which is an acceptable level in such an analysis. The factor 
components are determined based on the rotated component matrix (Table 2). The name 
of the factors is based on the variables that have the higher contribution. 

 
Table 2. Rotated Component Matrix 

 

Variable Description 

Factors 

1 ï Social 

environment 

2-Soil 

health 

problems 
3 ï Soil 

knowledge 
4 ï Soil 

restoration 
II11_1 Soil structure (aggregate stability) -.097 .617 -.161 -.053 

II11_3 Land /soil waterlogging  .217 .518 .006 -.378 

II11_5 Surface compaction  .100 .698 -.044 .063 

II11_6 Subsurface compaction .013 .696 -.045 .002 

II11_7 Soil erosion ï sheet erosion -.044 .729 -.076 .082 

II11_9 Soil erosion ï depositional areas -.079 .701 -.147 .037 

II20_3 From literature .095 -.056 .733 .020 

II20_4 From leaflets .164 -.111 .790 .038 

II20_5 From YouTube and other social 

networks .052 -.144 .762 -.006 

II20_7 From ministries -.050 -.115 .664 .201 

III30_1 Access to financing for soil restoration 

practices .406 .088 .113 .674 

III30_2 The level of specific training and 

equipment for soil restoration practices 
.409 .059 .158 .709 

III30_3 The level of unified terminology 

regarding soil quality .276 -.029 .046 .749 

III30_4 
The level of societyôs and consumersô 

interest and demand for environmentally 

friendly products 
.723 -.081 .082 .055 

III30_5 The level of farmers' awareness and 

knowledge level of environmental issues 
.592 .009 -.010 .266 

III30_6 
The level of political will to support 

delivery of environmental goods and 

services by farmers 
.656 -.030 .085 .223 
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Variable Description 

Factors 

1 ï Social 

environment 

2-Soil 

health 

problems 
3 ï Soil 

knowledge 
4 ï Soil 

restoration 

III30_8 The level of secure supply chain and 

certainty of demand for farm products 
.717 -.038 .031 .103 

III30_9 The level of implementation of 

technology (experience, attitude, access) 
.653 .119 .085 .154 

Source: Authorsô table. 
 
 

As a result of PCA, 4 factors were constructed as follows: 
ǒ The Social environment is based on the 5 variables which describe the 

environment around the farm respondent related to the interests and demand of 
environmentally friendly products as well as technology development, secure supply chain 
and political support. The first factor contains the following variables:  

ü the level of societies and consumersô interest and demand for 
environmentally friendly products;  

ü the level of farmers' awareness and knowledge level of environmental issues;  
ü the level of political will to support delivery of environmental goods and 

services by farmers;  
ü the level of secure supply chain and certainty of demand for farm products;  
ü and the level of implementation of technology (experience, attitude, access).  

 
ǒ The second factor is called Soil health problems. It includes the following 

identified and related (correlated) soil health problems in the respondentsô farms:  
ü soil structure (aggregate stability);  
ü land /soil waterlogging;  
ü surface compaction;  
ü subsurface compaction;  
ü soil erosion ï sheet erosion; 
ü soil erosion ï depositional areas.  

 
ǒ The third factor is based on the knowledge sources for soil health analysis 

and its usage in farm management. It is called Soil knowledge and includes the following 
correlated sources:  

ü from literature,  
ü from leaflets,  
ü from YouTube and other social networks;  
ü from ministries.  

 
ǒ The fourth factor is Soil restoration. It is worth mentioning that the first two 

variables in this factor also affect the first factor Social environment. It is constructed 
based on the following variables:  

ü access to financing for soil restoration practices; 
ü the level of specific training and equipment for soil restoration practices; 
ü the level of unified terminology regarding soil quality. 
 
Cluster analysis 
The four PCA factors were used to perform cluster analysis. Additionally, two more 

factors are added that are considered important for the study: the economic size of the 
farm and the farm type. For the purpose of the study, the farms are divided according to 
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their economic size into 3 groups: small, medium and large. The three farm agricultural 
systems are: tree crops, grassland, and cereal-based rotation.  

One of the most important practical decisions while performing a cluster analysis is 
the number of clusters. There are different ways to calculate the number of clusters. The 
agglomerative hierarchical clustering methods solve that problem iteratively (starting from 
one cluster ï that is when all respondents/farms form one cluster and ending with clusters 
where every respondent/farm is from different cluster). The Euclidean distance and Ward 
(which analyzes the variance of clusters) method is applied to derive the optimal number 
of clusters within the iterations in hierarchical clustering. 

While determining the number of clusters, several assumptions have been made 
(since no method for determining the number of clusters can determine them 
unquestionably). First, a hierarchical cluster analysis constructs a dendrogram. Based on 
the dendrogram, we visually determine the number of optimal clusters to be 4. It can be 
visually determined that if a larger number of clusters is allowed, their stability decreases, 
i.e. a small shift on the graph will cause the number of clusters to change.  

At the next step we apply K-means cluster analysis to find best solution for the 
number of clusters that is derived from hierarchical clustering. One of the main 
characteristics of K-means cluster analysis is if using a different number of clusters K-
means cluster analysis can give different solution. This is the reason why the decision 
about the numbers of the clusters is so important and the main reason we combine both 
methods in our study ï hierarchical and K-means. It is important for the cluster analysis to 
achieve stable cluster center solution. By conducting K-means cluster analysis and using 
four clusters, stable clusters are achieved in 16 iterations. 

Third, the final clusters were subjected to difference testing using ANOVA. The result 
of the test conducted leads to the conclusion that the hypothesis of equality of the clusters 
is rejected (Table 3). This means that the six factors are different enough in the final 
cluster solution which leads to the conclusion that we have good final clusters. 

 
 

Table 3. ANOVA 
 

 

Cluster Error  

F Sig. Mean Square df Mean Square Df 

Soil environment 51,235 3 ,634 412 80,786 ,000 

Soil health problems 57,149 3 ,591 412 96,675 ,000 

Soil knowledge 13,012 3 ,913 412 14,259 ,000 

Soil restoration 10,709 3 ,929 412 11,524 ,000 

Economic size 18,547 3 ,872 412 21,264 ,000 

Code of the system 98,068 3 ,293 412 334,485 ,000 

Source: Authorsô calculations 
 
 

Finally, based on the researchers' experience and expertise, and following the logic 
of the research, a check was performed so that the number of retained clusters is realistic 
with respect to the field observation in order to be accepted as a meaningful classification. 

The last and extremely important step in cluster analysis is to analyze the results 
when calculations are completed. Final clusters give the opportunity to interpret what the 
typical characteristics for a particular cluster are. The characteristics are all data gathered 
by the survey, including economic size, income, expenditures, efficiency, soil quality, crop 
type and social variables. The interpretation and description of the clusters is done by 
summary descriptive statistics like the mean and variance.  As a result, we will have what 
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is typical socio-economic characteristic for every cluster, related to soil quality. That 
information can be used in subsequent analysis. 

Final cluster centers interpret what is typical for a particular cluster.  For the purposes 
of the analysis, every cluster is identified by four principal components and two additional 
factors. The four clusters are relatively large with participants spread evenly in them. The 
number of cases/respondents in every cluster can be seen in table 4. 

 
 

Table 4. Number of respondents in each cluster 
 

Number of Cases in each 

Cluster 

Cluster 1 116,000 

2 98,000 

3 121,000 

4 81,000 

Valid 416,000 

Missing ,000 

Source: Authorsô calculations 
 
 

The final cluster centers presented in table 5 give the final solution of the cluster 
analysis. Interpretation of the numbers in that table is the essence of cluster analysis. 

 
 

Table 5. Final Cluster Centers 
 

Principal components and 

additional factors 

Cluster 

1 2 3 4 

Soil environment -,57879 -,40942 ,90168 -,02271 

Soil health problems -,52887 1,01896 ,12419 -,66094 

Soil knowledge -,22834 -,30943 ,12227 ,51872 

Soil restoration ,30435 -,17364 ,14523 -,44272 

Economic size 53766 -,45237 -,05094 -,14657 

Code of the system ,66213 -,36842 ,65593 -1,48235 

Source: Authorsô calculations 
 

Interpretation of the results 
The first step of the interpretation of the results is to give short names and short 

description of the clusters. During the description of the clusters, we will use the following 
scale depending on the value of the final evaluations of the cluster centres: the values 
from 0 to +/- 0.4 we can define as low/little/slightly (positive /negative); the 
medium/average/moderate value is from +/-0.4 to +/-0.09; the value above / below +/- 0.9 
is high/strongly (positive /negative). The scale has 6 degrees and every degree include 
relatively the same number of correspondents.  

Cluster 1 name is Intensive Large Farms ï average amount of the farms in cluster 
1 are large, and average amount of crop types are cereal-based rotation. They use the 
land intensively, which leads to medium soil health problems. They estimate positively the 
soil restoration practices but the degree is low. These farmers feel medium negative social 
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environment about their problems. They feel lack of knowledge (low negative). Cluster 2 
name is Grassland Small Farms. They have soils with high health quality. The level of 
soil restoration is low negative because they do not need strong soil restoration practices 
that leads to low negative knowledge about soil restoration problems. Social environment 
is medium negative for them. Cluster 3 name is Cereal Diversified Farms. It consists of 
farms from all sizes, mainly (in high degree) cereal-based rotation. They have high positive 
social environment. They estimate soil health problems as low positive. Their knowledge 
and soil restoration practices are at low positive level. Cluster 4 name is Tree Small 
Farms. Their soil health problems are medium. They have average access to knowledge, 
but do not apply soil restoration practices (medium negative). Their social environment is 
neither positive nor negative. 

On the second step in interpretation of the results will be made more detail 
description of the clusters.  

Cluster 1. Intensive Large Farms is on average level composed of large farms 
growing cereal-based rotations. These Farms account 27.9% of farms. The average age of 
the farmers is 52 years, and young farmers (<40) are 19.0%. Average size of the farms in 
Cluster 1 measured is 317.5 ha. In terms of economic size, 55% of farms are large, 29% 
are medium and 16% are small. Taking in consideration the cropping system, 92 % of the 
farms are cereal-based rotation, 8% are grassland and there are no tree crops 
represented in Cluster 1. This cluster is mainly represented by males with an 80.2% share 
of farm managers, while the females take the remaining 19.8%. The analysis of the share 
of the young farmers according to the farm size shows that the highest share of the young 
farmers is in the medium farms (24.2%), followed by the large and small farms with 21.9% 
and 10.5%, respectively. In terms of agriculture type, the major share is taken by the 
conventional agriculture (88%), followed by biological ï 8%, and agro-ecological 
agriculture ï 4%. The largest share has farmers with secondary school - 39%, then are the 
farmers with university education - 33%, higher secondary education with 15% share, 
primary school have finished 8% and post-graduate are 5% of the farmers.  

Social environment is assessed primarily as medium negative, which means that the 
level of societies and consumersô interest about Intensive large farms is negative on 
average degree. The level of farmers' awareness and knowledge level of environmental 
issues is also low negative. The political support is estimated as negative on medium level 
and the implementation of the technology is at the same level. The farmers in cluster 1 
estimate soil health problems as moderate negative. That means that farmers find the soil 
structure, land/soil waterlogging, surface compaction, subsurface compaction, and soil 
erosion as negative for their farms on an average level. The farmers in cluster 1 estimate 
their soil knowledge as slightly (low level) negative. This means that they have small 
difficulties to find information from literature, leaflets, internet, and social networks. They 
also have negative relation with the official authorities related with soil health problems. 
However, the farmers in this cluster find that the soil restoration practices are a little 
positive because they have access to financing, specific training, and equipment for soil 
restoration practices. 

Intensive Large Farms have average negative social environment and soil health 
problems, and small negative knowledge, combined with low positive soil restoration. To 
improve soil awareness of the society they need to improve the communication policy with 
different social groups (politics, customers, etc.) and to improve level of implementation of 
technology. Probably they need some support to learn how to use new technologies 
related with soil health practices, get some up-to-date information about the applied 
technologies in the field. Other supportive tool can be some activities (conferences, 
exhibitions, etc.) the main purpose of which is to exchange experience with other farmers, 
companies, and producers. These activities can add to their exchange of information 
because they feel lack in small degree of it. As these farmers are relatively large, they tend 
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to apply soil restoration practices to a small extent. Lack of information exchange, access 
to technologies and experience probably prevents them from applying soil-restoring 
practices to a greater extent, as well as low social support. Increasing the information 
exchange and involvement of different social groups would contribute to increasing soil 
restoration. For this cluster, the financial motive is not leading and probably the direct 
investing of funds would not contribute much to the increase of soil restoration. 

Cluster 2. The small farms dominate the economic size in Grassland Small Farms. 
Grassland Small Farms comprised of 23.6 % of the farms. The average age of the farmers 
is 46 years old with a 28.6% share of the young farmers. Average size of the farms is 
much smaller ï 72.6 ha. In terms of economic size, 2. 63% of farms are small, 20% are 
medium and 17% are large. The prevailed cropping system is grassland (48%), followed 
by cereal-based rotation and tree crop with 30% and 21% share, respectively. Female 
farmers are 22.4% which is a higher share compared to cluster 1, while the males 
represent 77.6% of the farm managers. The young managers in the small farms in cluster 
2 are 35.5%., in medium farms - 36.8% and 11.8% in large farms. The conventional type 
of agriculture has a significant share in Cluster 2 - 69%. Biological agriculture has 26% of 
the respondents, while for 4% of them ï it is agro-ecological. The largest share has 
farmers with secondary school - 49%, then are the farmers with higher secondary 
education - 25%, university education with 18% share. The share of primary school 
education and post-graduate is relatively insignificant respectively 5% and 3% of the 
farmers.  

They hold mostly grasslands and in lesser degree tree crops and cereal-based 
rotation. The managers of small farms in cluster 2 estimate the soil environment as 
moderate negative. Again, that means that they find society and consumer commitment to 
soil health problems as negative on an average level. Farmersô awareness and knowledge 
is not sufficient. Political support and technology implementation is medium negative. The 
managers of Grassland Small Farms manage to control the soil health problems in high 
degree. The grasslands in cluster 2 do not suffer from bad soil structure, land, and soil 
waterlogging. Surface and subsurface compaction and soil erosion is strongly controlled. 
Although the soil health is considered as highly positive, the managers estimate their 
knowledge about soil health as slightly negative. It is hard for them to find information from 
literature, leaflets, internet, and social networks. They also suffer negative relation in low 
degree with the official authorities regarding soil quality. The farmers in cluster 2 find that 
the soil restoration is medium level negative because they do not have access to 
financing, specific training, and equipment for soil restoration practices. 

Grassland Small Farms estimate the soil health as highly positive, related with 
average negative social environment and low-level information sources. They also have 
low negative restoration practices. Farmers in this cluster can be supported in terms of 
increasing the awareness of different social groups - politicians, customers, suppliers. 
They have relatively low access to information, in which case measures can be introduced 
to increase awareness and exchange of experience, technologies, etc. In this way, the 
depth of understanding of the problem of soil health can be improved, which will lead to 
increased demand for soil restoration practices and, accordingly, to further increase the 
soil health of these farmers. Other support can be toward some easy access to financing, 
training, equipment, and education.  

Cluster 3. Cereal Diversified Farms has an approximately even distribution of 
farms according to their economic size, with small farms slightly exceeding the number of 
middle and large sized farms. The average age of the farm managers is 49 years. The 
share of the young amongst them is 19.8%. Average size of the farms in cluster 3 is 214.1 
ha. The size is well diversified in that cluster ï small farms are 40%, medium farms are 
32% and large are 28%. Most farms are cereal-based rotation ï 92%, 7 % share of the 
grasslands and 1% are tree crops. Taking into consideration the gender, males represent 
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88.4% of farm managers and female ï 11.6%. The young managers in the small farms in 
cluster 3 are 18.8%., in medium farms - 28.2% and 17.6% in large farms. Conventional 
agriculture represents 74% share, while the biological and agro-ecological have 18% and 
8%, respectively. The largest share has farmers with secondary school - 35%, then are the 
farmers with university education - 28%, higher secondary education with 28% share, 
primary school have finished 7% and post-graduate are 4% of the farmers. The farms in 
cluster 3 grow mainly cereal-based rotation. The farms in this cluster have strongly positive 
soil environment, especially in its social aspects ï society, consumers, farmers, and 
politicians have high positive commitment and awareness about soil health problems. 
Technology implementation is also at a high level. The farmers estimate as slightly positive 
the soil health problems and they are slightly positive about the soil structure. They do not 
suffer lot of water logging and surface and subsurface compaction. Soil erosion is 
controlled at slightly positive level. The knowledge about soil problems is positive low level. 
Soil restoration is also slightly positive because they can find financing, get access to 
specific training and equipment for soil restoration practices. 

Cereal Diversified Farms are cereal based rotation farms with different size and have 
high level of social awareness from different social groups, small positive soil health, and 
access to information sources and small positive level of soil restoration practices. 
Although the estimation of soil health is not bad (low positive), the level of soil health can 
be increased by raising awareness, exchanging information and technology, and 
promoting soil restoration practices (facilitated access to funding for small farms, training, 
equipment and raising the level of literature on the question). 

Cluster 4. Tree Small Farms is composed of small farms growing mainly tree crops. 
Tree Small Farms comprised of 19.5% of the respondents in the sample. The average age 
of the managers of the farms is 47.6 years. The young farmers amongst them are 27.2%. 
Average size of the farms in cluster 4 is 101.3 ha. The small farms prevail, representing 
48% share, followed by the large with 28%, and medium with 24%. In terms of cropping 
system, most farms are tree crops ï 83%, 17 % share are grasslands, and 0% are cereal-
based rotation. The gender structure shows that males represent 87.7% of farm managers 
while females ï 12.3%. In cluster 4 the young managers in the small farms are 35.9%., in 
medium farms ï 26.3% and 30.4% in large farms. In terms of agriculture structure, cluster 
4 is not significantly different than the other. Farms with conventional agriculture are 70%, 
with biological ï 19%, and with agro-ecological ï 19%. The structure of education in 
cluster 4 is different regarding the other clusters. The largest share has farmers with 
university education - 38%, then are the farmers with higher secondary education - 24%, 
secondary school with 22% share, primary school have finished 10% and post-graduate - 
6% of the farmers. Soil environment estimation is neutral. These farmers do not find 
positive or negative interests in the societies and consumers about their problems with the 
soil health. The level of farmers' awareness and knowledge about environmental issues is 
neutral too. There are some political supports but not significant. The tree crops in that 
cluster appears to have soil health problems on an average degree. They have problems 
with soil structure, waterlogging, soil erosion, etc. Despite soil health problems, the 
farmers in cluster 4 think that they have average soil knowledge. They can find literature 
about soil restoration from different sources. They also have medium good relations with 
local authorities. The farmers in cluster 4 suffer on average degree from possibility to find 
financing about soil restoration practices. It is medium hard for them to get access to 
specific training and equipment for soil restoration practices. 

The Tree Small Farms have neutral social environment, average soil health 
problems (but largest amongst the four clusters). They have average positive access to 
information sources and average negative soil restoration practices (again the lowest 
result in the four clusters). Although they have relatively good access to information 
sources, this does not seem to have a positive effect on soil condition and the 
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implementation of soil restoration strategies. Soil health problems are strengthened by the 
inability to rotate crops. Improving the condition of Tree Small Farms can go through 
improving communication with different social groups to raise awareness of the society. 
Additionally, because they are small, they need support to find funding for soil restoration 
practices, training, equipment and raising the level of literature on the issue. 
 

Conclusion 

It was applied a two-step methodology to define the farm typology. First, it was 
conducted a survey among partner project organizations in six countries. Second, it was 
constructed specific farm typology on socio-economic characteristics, using statistical 
methods as PCA and CA. PCA identified the four main factors that are important: Social 
environment, Soil health problems, Soil knowledge and Soil restoration. The cluster 
analysis was fed by these four factors and two characteristics that are important for the 
study - economic size and cropping system. As a result, four clusters /farm types/ were 
formed, each of them with different characteristics and problems. 

In the first cluster named Intensive Large Farms most of the farms are large, cereal-
based ration. Because of the intensive land use, they have some soil health problems. 
They also experience average problems in term of social environment and knowledge. 
From other point of view, they put efforts in soil restoration, but these efforts can be more 
significant. Appropriate supporting measures for this cluster could be related with 
exchange of information, communicating their problems with different part of the society 
and soil restoring technology training. 

The second cluster named Grassland Small Farms consists mainly of small 
grassland farms. They estimate their soil health skills as positive, but they experience 
problems in other fields like social environment and information sources. They have 
knowledge gaps in soil restoration practices, which can be targeted some supporting 
policies. Farmers in this cluster can be supported in terms of increasing the awareness of 
different social groups ï policy makers, customers, suppliers. Increased access to 
information, exchange of experience and technologies, can contribute to improvement of 
the soil health status of their farms.  Other support measures can be toward to improve 
access to financing, training, and equipment. 

The third cluster named Cereal Diversified Farms contains cereal-based rotation 
farms with different economic size. The farms in this cluster have high level of social 
awareness, positive soil health status (the soil health is positive but there is space for 
significant improvement here), positive access to information sources and positive level of 
soil restoration practices. Although most of all the factors are estimated positively. The 
level of soil health can be additionally increased by raising awareness, exchanging 
information and technology, and promoting soil restoration practices (facilitated access to 
funding for small farms, training, equipment and raising the level of information exchange 
on this issue). 

The last cluster named Tree Small Farms has neutral social environment problem 
estimation, average soil health problems, average negative soil restoration practices, and 
relatively good access to information sources. The farmers have soil problems because of 
the specifics of the production. It is relatively harder for them to apply the soil restoration 
strategies that are accepted in other areas (like cereal-based rotation for example). 
Improving the condition of Tree Small Farms can go through improving communication 
with different social groups, support to find funding for soil restoration practices, training, 
equipment and raising the level of access to information on the issue. 

Developing such farm typology, it was finished an essential step in any realistic 
evaluation of constraints and opportunities that farmers face with soil health problems. In 
addition, based on defined farm typology the project will develop appropriate technological 
solutions, policy interventions, and comprehensive environmental assessment. 
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Abstract 
Incentives influence ecosystem services through motivating changes in land use and 

management. This chain of influence is complex because incentives can cause multiple 
intended and unintended changes in land use and management, each potentially having 
co-benefits and trade-offs across multiple ecosystem services. The incentives that can 
help the business model to become sustainable from the point of view of the soil health 
have been identified and assessed in the frame of NOVASOIL project2. That goal of this 
research is to exploring the incentives that drive farmers to take action towards improving 
soil health. These factors (incentives) are then applied to the business model canvas 
(BMC). By consolidating these incentives into a map, a comprehensive overview is created 
to understand how they contribute to the current state of the business model and the 
improvement of soil health. Through this process, we aim to address the question of how 
soil health business models can effectively contribute to the maintenance of sustainable 
and competitive agriculture. By reviewing and assessing the key incentives for soil health, 
we produce a provisional set of critical incentives, mapped onto the BMC. 

Key words: Soil health, Incentives for ecosystem services, Farmers, BMC, Mapping. 
 

Introduction 

Addressing soil health challenges requires innovative approaches that incentivize 
and reward sustainable land management practices. In recent years, there has been a 
growing interest in the development of business models that align economic profitability 
with soil health improvement (Grundmann et al., 2021). These models encompass a range 
of strategies, from precision agriculture and regenerative farming practices to carbon 
sequestration projects that harness the potential of healthy soils to act as carbon sinks 
(Hinrichs et al., 2019). The sustainable management of soil resources is paramount for 
global food security and environmental well-being. Soil health, defined as the capacity of 
soil to function as a living ecosystem, is crucial for supporting agricultural productivity, 
maintaining biodiversity, and mitigating climate change (Lal, 2014). Despite its 
fundamental importance, soil degradation remains a pressing issue, with approximately 
one-third of the world's soils considered degraded (FAO, 2015). The degradation of soil 
health not only threatens agricultural systems but also has cascading effects on water 
quality, ecosystem services, and human livelihoods. 
The pursuit of sustainable agricultural practices has gained paramount importance in 
contemporary discourse due to its pivotal role in ensuring global food security and 
environmental conservation (Godfray et al., 2010; Tilman et al., 2011). Central to this 
endeavor is the enhancement of soil health, a critical determinant of agricultural 
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productivity and ecological stability (Lal, 2015; Smith et al., 2016). Promoting soil health 
not only mitigates greenhouse gas emissions and conserves water resources but also 
fosters resilient agroecosystems capable of withstanding fluctuating climatic conditions 
(Mªder et al., 2002; Lal, 2018). 

In recent years, the integration of business models into soil health enhancement 
strategies has emerged as a promising avenue for sustainable agriculture (Schipanski et 
al., 2016; Favoino & Hogg, 2008). These models seek to align economic incentives with 
soil health practices, thereby motivating stakeholders, from individual farmers to 
agribusiness enterprises, to adopt and invest in soil-friendly technologies and 
management practices (Bongiovanni & Lowenberg-DeBoer, 2004; Llewellyn et al., 2017). 
While the concept of "soil health business models" holds promise, there is a need for a 
comprehensive understanding of the diverse incentives that drive such models. 

This paper aims to provide a methodological mapping approach of incentives 
associated with soil health business models, thereby offering a valuable resource for 
policymakers, land managers, and businesses seeking to promote sustainable soil 
management practices. This chain of influence is complex because incentives can cause 
multiple intended and unintended changes in land use and management, each potentially 
having co-benefits and trade-offs across multiple ecosystem services. The incentives that 
can help the business model to become sustainable from the point of view of the soil 
health have been identified and assessed. That goal of this research is to exploring the 
incentives that drive farmers to take action towards improving soil health. These factors 
(incentives) are then applied to the business model canvas (BMC). By consolidating these 
incentives into a map, a comprehensive overview is created to understand how they 
contribute to the current state of the business model and the improvement of soil health. 
Through this process, we aim to address the question of how soil health business models 
can effectively contribute to the maintenance of sustainable and competitive agriculture. 
By reviewing and assessing the key incentives for soil health, we produce a provisional set 
of critical incentives, mapped onto the BMC. By synthesizing empirical data from diverse 
agricultural contexts, we endeavor to provide a nuanced framework for designing and 
implementing effective soil health business models tailored to specific agro ecological 
regions. By integrating insights from diverse fields, we seek to contribute to a holistic 
understanding of the dynamic landscape of soil health business models, thereby 
facilitating the transition towards more sustainable and resilient agricultural. 
 

Materials and methods  
Mapping approach 
Mapping is an indispensable process and practice with far-reaching applications in 

diverse fields and industries. Its primary purpose is to facilitate the comprehension and 
analysis of spatial data, thereby enhancing decision-making, problem-solving, and 
planning in a variety of contexts. By translating complex information into visual forms, 
mapping allows for the identification of patterns, trends, and relationships that might 
otherwise be difficult to discern. Moreover, mapping plays a pivotal role in bridging the gap 
between abstract data and tangible reality, making it a vital instrument in fields such as 
geography, urban planning, environmental science, epidemiology, and social sciences 
(Slocum et al., 2009; Longley et al., 2015; Kraak & Ormeling, 2019; Peterson, 2018; 
Krygier & Wood, 2016; Pickles, 1995). 

However, it is crucial to acknowledge that mapping is not devoid of subjectivity. The 
choices made by cartographers or analysts in the process of representation, from scale 
and symbolization to data selection, can significantly impact the utility and accuracy of 
maps. Therefore, the quality of a map hinges on the expertise, methodology, and data 
sources applied during its creation. 
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The mapping approach is applied in different scientific disciplines. In social science 
research, provides the opportunity for gaining insights into the spatial aspects of social 
phenomena. According to Cromley & McLafferty (2012), the mapping approach in the 
social science research involves the use of geographic information systems (GIS) and 
spatial analysis techniques to visualize and analyze various social phenomena in a 
geographical context. Researchers use this approach to represent data related to 
demographics, economic disparities, crime rates, social networks, or any other social 
variables on maps. By doing so, they can identify spatial patterns, clusters, and trends that 
provide insights into the spatial dimensions of social processes and relationships. 
Researchers employ this approach to understand the spatial distribution of various social 
factors. Through spatial mapping, researchers can uncover patterns, correlations, and 
disparities that might not be evident through traditional statistical analysis, leading to more 
informed policy decisions and social interventions (Holt, Lo, & Kemp, 2011). These brief 
explanations highlight how the mapping approach is utilized in social science research to 
gain insights into the spatial aspects of social phenomena and provide citations to relevant 
literature. 

For the purpose of the NOVASOIL project, we are using mapping as a systematic 
process tool and practice of visually representing spatial information, relationships and 
data. It serves as a critical tool for effectively communicating the layout, distribution, or 
attributes of objects, areas, or phenomena within a defined geographic or conceptual 
context.  

Incentives 
Incentives, in general, represent a complex and multifaceted concept with different 

understandings depending on the context and application. Incentives are often defined as 
any factor that motivates or encourages an individual or group to take a particular action 
(Ariely, 2016). According to this definition, incentives can take different forms, including 
monetary rewards, recognition, penalties, and social status. Another definition of 
incentives emphasizes the role of rewards in shaping behaviour (Deci, Koestner, & Ryan, 
1999). In this view, incentives are defined as external rewards or reinforcements that can 
influence behaviour but do not necessarily change one's underlying motivation or beliefs. 
Incentives are often defined as rewards or punishments that influence behavior or motivate 
individuals to take certain actions (Gneezy & Rustichini, 2000). According to this definition, 
incentives can take many forms, including monetary rewards, penalties, recognition, or 
social status. Fehr & Gªchter (2000) highlight that incentives can be shaped by social 
norms and values, which can determine what is considered desirable or acceptable 
behaviour. This view focuses on the role of social norms and values in shaping incentives. 

Therefore, they are widely used instruments in various contexts, including economic, 
social, and environmental spheres, to motivate and encourage desired behaviours. In 
economic contexts, incentives are often used to align individual and collective interests 
and achieve efficient outcomes (Mankiw, 2014). In social contexts, incentives are used to 
motivate and encourage positive behavior, such as charitable giving or volunteering 
(Gneezy & List, 2016). In environmental contexts, incentives can be used to encourage 
sustainable practices and conservation efforts (Pagiola, 2008). Often, incentives are seen 
as a key tool used by governments and organizations to encourage certain behaviours or 
actions. They can take many forms and can be used to align individual and collective 
interests, shape preferences and beliefs, and ensure the fair distribution of benefits and 
costs. 

For the purpose of the NOVASOIL project, we define incentives as stimuli or 
rewards offered to people in order to motivate them to perform certain desired actions or 
behaviours. Incentives can be positive (rewards) or negative (punishments). 
Mapping of Incentives  
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Mapping incentives is a visual exercise and analysis tool that can be used to further 
determine which incentives are most useful according to the set criteria. Mapping allows to 
see where the incentives stand when evaluated by the same key criteria and compared to 
each other. It helps visualize the complex interplay of issues and relationships. The 
incentives can change over time. That is why it is reasonable to fix a period for the 
analysis. The period for mapping of the incentives is 2014-2022. The incentives mapping 
aims to categorize incentives that have been implemented within the agricultural and 
forestry sector to promote soil health business models, encompassing social, economic, 
and environmental aspects. 

Soil health business models 
For the purpose of the NOVASOIL project, we are defining the soil health as the 

ability of soil to sustain and improve the biological, chemical, and physical properties that 
support plant growth and other ecosystem functions as well as the business model as a 
framework that outlines how a company operates, creates, delivers, and captures value. 

The goal of these soil health business models is to foster sustainable and competitive 
agriculture. A structured approach was developed to spatially map existing incentives and 
their delivery of various ecosystem services through different business models in 
NOVASOIL case studies. These issues raise questions regarding the social and 
environmental viability of soil health business models that produce safe food, as well as 
how existing incentives can be combined with soil restoration technologies. However, 
many of these investments fail to adequately address the three pillars of sustainable 
development: economic growth, environmental stewardship, and social inclusion. 

To describe the business models, the Business Model Canvas was adopted. For 
analysis purposes, the nine principal canvas building blocks were merged into five blocks, 
aiming to enhance clarity in the mapping process. The five blocks are named as follows: 
Customer Value Proposition, Channels and Partnerships, Revenue and Cost Structure, 
Key Resources, and Key Activities. Figure 1 illustrates the transition between the Business 
Model Canvas building blocks and the NOVASOIL building blocks. Through this 
transformation, the content of the NOVASOIL business model building blocks remains 
unchanged, while the number of blocks is reduced to facilitate a clearer analysis. During 
the assessment process, the influence of incentives on sustainability and competitiveness 
is measured by evaluating the NOVASOIL building blocks. In the context of the business 
model, sustainability is interpreted through the socioeconomic blocks and the 
environmental/technical blocks from the NOVASOIL business model building blocks. 
Competitiveness is measured by the Revenue and Cost Structure block of the NOVASOIL 
business model building blocks. 

 

 
Source: Authorsô figure. 

Figure 1. Business Model Canvas to NOVASOIL building blocks transition 
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The simplified version of the Business Model Canvas is utilized for estimating the 
business model (Figure 1). For the mapping purposes, the NOVASOIL business model 
building blocks can be further grouped into two main categories. The first category is the 
socioeconomic block, which comprises the customer value proposition, channels and 
partnerships, and revenue and cost structure. The second category is the 
environmental/technology block, which encompasses key resources and key activities. 
These two groups, along with soil health, serve as the key elements in the mapping 
process. 

The mapping process is divided into four phases (Figure 2): 
 

 

 
Source: Authorsô figure. 

 
Figure 2. Four phases of the mapping process 

 
 
 

Å Identifying 
Mapping incentives is both a visual exercise and an analysis tool that helps 

determine the most useful incentives based on established criteria. Through mapping, it 
becomes possible to assess the position of incentives in relation to one another and 
evaluate them according to the same key criteria. This process aids in visualizing the 
intricate interconnections between issues and relationships. In this phase, the incentives 
related to each business model (BM) in various NOVASOIL case studies were identified. 

Å Analyzing 
For the analysis, incentives will be mapped based on their application to soil health 

and business models. The research focuses on three main aspects: soil health, the 
socioeconomic block, and the technology block. In the project case studies, incentives will 
be identified and their impact on the soil health strategy, the socioeconomic block, and the 
environmental/technology block will be assessed. The assessment will be conducted using 
a three-level scale (low, medium, and high). 

Å Visualizing 
To visualize the estimated incentives, a coordinate system in the form of a circle 

(Figure 3) will be used. The y-axis represents the influence of an incentive on the soil 
health strategy, while the x-axis represents the influence on the socioeconomic block of 
the business model. 
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The y-axis is directly assessed by experts. The x-axis influence is calculated as the 
average of its three components: customer value proposition, channels and partnerships, 
and revenue and cost structure. The size of the circle indicates the influence of the 
incentive on the environmental/technology block, calculated as the average of key 
resources and key activities. 
 

 

 
Source: Authorsô figure. 

 
Figure 3. Visualization of the mapping incentives 

 
 

¶ Prioritizing 
The incentives will be rated based on these criteria, resulting in the formation of 9 

quadrants (Figure 4). Table 1 provides a description of the characteristics of each 
quadrant. In the graphic, additional information is conveyed through the size of the 
balloons. The largest size indicates a strong influence of the incentive on the 
environmental/technology block, while medium and small size bubbles indicate medium 
and low influence, respectively. The bottom left quadrants represent the lowest influence 
of the incentives, while the top right quadrants (VI, VIII, and IX) indicate the highest 
influence. 
 

 
Source: Authorsô figure. 

Figure 4. Quadrants distribution of the mapping incentives 
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Table 1. Characterization of the quadrants 

 

Quadrants Characteristics of the quadrant 

Quadrant 1 
The incentive has low influence on soil health strategies and low 
influence on socioeconomic block of the business model 

Quadrant 2 
The incentive has low influence on soil health strategies and medium 
influence on socioeconomic block of the business model 

Quadrant 3 
The incentive has low influence on soil health strategies and high 
impact on socioeconomic block of the business model 

Quadrant 4 
The incentive has medium influence on soil health strategies and low 
influence on socioeconomic block of the business model 

Quadrant 5 
The incentive has medium influence on soil health strategies and 
medium influence on socioeconomic block of the business model 

Quadrant 6 
The incentive has high influence on soil health strategies and medium 
influence on socioeconomic block of the business model 

Quadrant 7 
The incentive has high influence on soil health strategies and low 
influence on socioeconomic block of the business model 

Quadrant 8 
The incentive has high influence on soil health strategies and medium 
influence on socioeconomic block of the business model 

Quadrant 9 
The incentive has high influence on soil health strategies and high 
influence on socioeconomic block of the business model 

Source: Authorsô table. 
 

Data collection 
For the mapping of the incentives was collected information for 10 farms in 7 

countries in EU (2 in Spain, 1 in Bulgaria, 2 in Italy, 1 in Latvia, 1 in Switzerland/ Germany/ 
Austria, 1 in Germany, 1 in Estonia, and 1 in United Kingdom). It was made evaluation 
what is the influence of a specific incentive to the five Canvas building blocks and to the 
soil health. In addition, it was collected information which sustainable development goals 
and CAP objectives this incentive affect. It was collected a total of 61 incentives.  

 
Results and discussion 

In the NOVASOIL project were four types of business models defined in these 10 
case studies (farms) ïï Value chain, Collective and value chain, Agricultural production, 
and Agricultural production/value chain. They were named NOVASOIL Business Models 
Types (BMT). 

¶ Business Models - Value chain 

Business models under the value chain typology consist of different models where 
the producer or product is seen and managed as part of a larger system. It is a multistage 
process that allows for the application of various business models. Value chains can help 
increase efficiency in product creation or provide a competitive advantage by delivering 
unique products at the lowest possible price. Figure 5 provides a summary of the 
incentives that fall under the value chain type of business models, while Table 2 offers 
complete descriptions and ratings of these incentives. 
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Source: Authorsô figure. 

 
Figure 5. Mapping incentives for Business Models - Value chain 

 
Six incentives have been identified in the value chain business model. Three of them, 

namely B, C, and D, show a high degree of influence on soil health strategies. The 
remaining incentive, A, has a medium influence. One incentive, D, has a high influence on 
the socioeconomic block of the business model, while incentives A, B, and C have low 
influence in this block. The influence over the technology block of the business model 
varies. Two groups of incentives have a high influence, namely C and D, while the 
influence is estimated as low for incentives A and B. Therefore, the main prioritized 
incentive for this business model is D, as it has a significant positive influence. 
 
Table 2. Classification of the incentive by quadrant for Business Models - Value chain 
 

 Incentive Code 

Estimated 
influence of the 

incentive on 
business model 
socioeconomic 

block 

Estimated 
influence of the 
incentive on the 

soil health 
strategies 

Estimated 
influence of 
the incentive 

on the 
technology 

block 

Quadrant 

A 

Eco-scheme 
(Direct 
payments for 
Ecosystem 
services) 

LV_ESH
_DPAY_
TILLAG

E 

Low (1.0) Medium (2.0) Medium (2.0) VII 

B 

Direct 
payments for 
conversion of 
arable 
agricultural 
land into 
permanent 
grass areas 

BG_CS
OILER_
PERMP
LANT 

Low (1.0) High (3.0) Medium (2.0) VII 

C1 

Direct 
payment for 
soil cover in 
permanent 
crops 

ES_EC
OSCH_
PD31 

Low (1.3) High (3.0) Low (1.0) VII 
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 Incentive Code 

Estimated 
influence of the 

incentive on 
business model 
socioeconomic 

block 

Estimated 
influence of the 
incentive on the 

soil health 
strategies 

Estimated 
influence of 
the incentive 

on the 
technology 

block 

Quadrant 

C2 

Direct 
payments for 
conversion of 
arable 
agricultural 
land into 
permanent 
grass areas 

BG_CS
OILER_
PERMP
LANT 

Low (1.3) High (3.0) High (2.5) VII 

C3 

Agroforestry 
transition to 
forestry 

LV_AGR
F_FORE

STRY 

Low (1.3) High (3.0) Medium (2.0) VII 

D 

Direct 
payments for 
adoption of 
alternative 
land 
management 
practices 

UK_LEN
S 

High (3.0) High (2.7) High (3.0) IX 

Source: Authorsô table. 
 

¶ Business Models - Collective and value chain 

Collective and value chain business model adds a collective action in the business 
model. It can be in the form of regulation, certification, or other similar measures. The 
outcome of applying the model has an impact on society, resources, and technology. 
Figure 6 provides a summary of the incentives associated with Collective and Value Chain 
business models. Table 3 presents detailed descriptions and ratings of these incentives. 
 

 
Source: Authorsô figure. 

 
Figure 6. Mapping incentives for Business Models - Collective and value chain 
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Ten incentives are identified in the BM Collective and value chain. Five of them - D, 
E, F, G, and H - show a high degree of influence on soil health strategies. The remaining 
three incentives - B, C, and D - have a medium influence, while A has a low influence. 
Among these incentives, G and H have a high influence on the socioeconomic block of the 
business model. Four incentives - A, B, F, and G - have a medium influence, and one - D - 
has a low influence on the socioeconomic block. The influence over the technology block 
of the business model is mixed. Three incentives - A, B, and D - have a medium influence, 
while the influence is estimated as high for the rest of the incentives - C, E, F, G, and H. 
Therefore, incentives C, E, F, F, G, and H can be prioritized as the main incentives, as 
they have a significantly positive and important influence. 
 

Table 3. Mapping incentives for Business Models - Collective and value chain 
 

 Incentive Code 

Estimated 
influence of the 

incentive on 
business model 
socioeconomic 

block 

Estimated 
influence of the 
incentive on the 

soil health 
strategies 

Estimated 
influence of the 
incentive on the 
technology block Q

u
a
d

ra
n
t 

A 
PSR measure 3 
(quality 
systems) 

IT_QUALSCHEME_A
GRIPROD 

Medium (2.3) Low (1.0) Medium (2.0) II 

B Greening - IT3c. IT_GREENING Medium (1.7) Medium (2.0) Medium (2.0) V 

C GLOBALGAP IT_GLOBAL_GAP_IFA High (2.7) Medium (2.0) High (3.0) VI 

D 

PSR measure 
10 (agro-
environemental 
payments) 

IT_AGRI_ENV_CLIM_
PAYMENT 

Low (1.3) High (3.0) Medium (2.0) VII 

E 
PSR measure 
12 (Natura2000) 

IT_NAT2_WATER_PA
Y 

Medium (1.7) High (3.0) High (3.0) VIII 

F1 SQNPI IT_SQNPI_LABLE Medium (2.3) High (3.0) High (2.5) VIII 

F2 
PSR measure 
10 - IT2 

IT_AGRI_ENV_CLIM_
PAYMENT 

Medium (2.3) High (3.0) High (2.5) VIII 

G1 
PSR measure 
11 (organic) 

IT-ORG_FARMING High (2.7) High (3.0) High (3.0) IX 

G2 PIF - IT2 
IT_INTEGR_SUPPLY_
CHAIN 

High (2.7) High (3.0) High (3.0) IX 

H 
PSR measure 
11 - IT3c 

IT-ORG_FARMING High (3.0) High (3.0) High (3.0) IX 

Source: Own calculations 
 
¶ Business Models - Agricultural production 

The agricultural production business model emphasizes farm-level measures to 
foster soil fertility. Within this model, various instruments can be employed, such as 
conservation agriculture techniques (e.g., reduced or no tillage, cover crops), 
crowdfunding for conservation projects, crop production technologies and machinery, and 
the use of measurement and digital tools that aid in improving soil health. Figure 7 
provides a summary of the incentives associated with the agricultural production business 
model. For detailed descriptions and ratings of the incentives, please refer to Table 4. 
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Source: Authorsô figure. 

 
Figure 7. Mapping incentives for Business Models - Agricultural production 

 
 

Twenty-four incentives are identified in the BM Agricultural production. Four of them - 
E, F, G, and H - show a high degree of influence on soil health strategies. The remaining 
three incentives - B, C, and D - have a medium influence, while A has a low influence. In 
terms of the socioeconomic block of the business model, incentive H has a high influence. 
Five incentives - A, B, C, E, and F - have a low influence, while D and G have a medium 
influence. The influence over the technology block of the business model is mixed. Four 
incentives - B, C, E, and F - have a medium influence, and the influence is estimated as 
high for incentives D, G, and H. Incentive A is estimated to have a low influence. 
Therefore, incentives G and H can be prioritized as the main incentives, as they have a 
significantly positive and important influence. 
 
 
Table 4. Mapping incentives for Business Models - Agricultural production 
 

 Incentive Code 

Estimated 
influence of the 

incentive on 
business model 
socioeconomic 

block 

Estimated 
influence of the 
incentive on the 

soil health 
strategies 

Estimated 
influence of the 
incentive on the 

technology 
block 

Q
u

a
d

ra
n

t 

A 

VNP-H30 
(result-based 

grassland 
use) 

DE_VP
N_H30 

Low (1.3) Low (1.0) Low (1.0) I 

B1 

 
KULAP-

B32/33/34 
(watercourse 
and erosion 

control 
strips) 

DE_KUL
AP_B32 

Low (1.0) Medium (2.0) Low (1.0) IV 
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 Incentive Code 

Estimated 
influence of the 

incentive on 
business model 
socioeconomic 

block 

Estimated 
influence of the 
incentive on the 

soil health 
strategies 

Estimated 
influence of the 
incentive on the 

technology 
block 

Q
u

a
d

ra
n

t 

B2 

KULAP-B19-
23 (extensive 

grassland 
use for 

ruminants) 

DE_KUL
AP_B19 

Low (1.0) Medium (2.0) Low (1.0) IV 

B3 

 
VNP-H11 
(extensive 
cropland 

management 
for field 

breeders and 
field wild 
herbs) 

 

DE_VN
P_H11 

Low (1.0) Medium (2.0) Low (1.0) IV 

B4 

VNP-H12-14 
(fallows on 
arable land 
with self-

vegetation 
for species 
protection 
reasons) 

DE_VP
N_H12 

Low (1.0) Medium (2.0) Low (1.5) IV 

B5 

Federal 
programme 
for boosting 

energy 
efficiency 
and CO2 
savings in 
agriculture 

and 
horticulture 

(Bundesprog
ramm zur 

Steigerung 
der 

Energieeffizi
enz und 

CO2-
Einsparung 

in 
Landwirtscha

ft und 
Gartenbau) 

DE_CO
2_LAND 

Low (1.0) Medium (2.0) Low (1.0) IV 
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 Incentive Code 

Estimated 
influence of the 

incentive on 
business model 
socioeconomic 

block 

Estimated 
influence of the 
incentive on the 

soil health 
strategies 

Estimated 
influence of the 
incentive on the 

technology 
block 

Q
u

a
d

ra
n

t 

B6 

PAULa 
(cultivation 

break) 

DE_PA
ULA_CU
LT_BRE

AK 

Low (1.0) Medium (2.0) Low (1.0) IV 

C1 

KULAP-B37 
(mulch 

sowing for 
row crops) 

DE_KUL
AP_B37 

Low (1.3) Medium (2.0) Low (1.5) IV 

C2 

KULAP-B38 
(stripe-
/Direkt 

sowing for 
row crops) 

DE_KUL
AP_B38 

Low (1.3) Medium (2.0) Low (1.5) IV 

C3 

FAKT 1-D1 
(no 

chemical-
synthetic 
pesticides 

and fertilizer) 

DE_FAK
T1_D1 

Low (1.3) Medium (2.0) Medium (2.0) IV 

D1 

 
KULAP-

B43/44/45 
(diverse crop 
rotation with 

flowering 
species, 
protein 

plants or 
large grain 
legumes) 

 

DE_KUL
AP_B43 

Medium (1.7) Medium (2.0) Low (1.5) V 

D2 

Single Area 
Payment 

Scheme + 
green direct 

payment. 

EE_SIN
GLEA_P
AYSCH

EME 

Medium (1.7) Medium (2.0) High (2.5) V 

E1 

BBodSchG, 
BBodSchV 

(Soil 
Protection 
Law and 

accompanyin
g Soil 

Protection 
Directive) 

DE_SOI
L_PROT

_LAW 

Low (1.0) High (3.0) Low (1.0) VII 
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 Incentive Code 

Estimated 
influence of the 

incentive on 
business model 
socioeconomic 

block 

Estimated 
influence of the 
incentive on the 

soil health 
strategies 

Estimated 
influence of the 
incentive on the 

technology 
block 

Q
u

a
d

ra
n

t 

E2 

D¿V D¿ngG 
- Fertilizer 
Directive 
(D¿ngemittel
verordnung ï 
D¿V) and 

Fertilizer Law 
(D¿ngegeset
z ï D¿ngG) 

DE_FER
_LOW_
PAST 

Low (1.0) High (3.0) Low (1.0) VII 

E3 

D¿MV 
Fertilizer 
directive 

(Verordnung 
¿ber das 

Inverkehrbrin
gen von 

D¿ngemitteln
, 

Bodenhilfsst
offen, 

Kultursubstra
ten und 

Pflanzenhilfs
mitteln - 
D¿MV) 

DE_FER
_DIR_A

GR 

Low (1.0) High (3.0) Low (1.0) VII 

E4 

Greening 
(preservation 
of permanent 

grassland) 

DE_PR
ES_PER
M_GRA

S 

Low (1.0) High (3.0) Low (1.5) VII 

E5 

FUL-13 (10-
year-set-

aside) 

DE_FUL
13 

Low (1.0) High (3.0) Low (1.0) VII 

F 

VNP-H20 
(conversion 

of arable 
land to 

grassland) 

DE_VP
N_H20 

Low (1.3) High (3.0) Medium (2.0) VII 

G1 

KULAP-B30 
(extensive 
Grassland) 

DE_KUL
AP_B30 

Medium (1.7) High (3.0) Medium (2.0) VIII 

G2 

KULAP-
B35/36 
(winter 

greening / 
intercropping) 

DE_KUL
AP_B35 

Medium (1.7) High (3.0) Low (1.5) VIII 
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 Incentive Code 

Estimated 
influence of the 

incentive on 
business model 
socioeconomic 

block 

Estimated 
influence of the 
incentive on the 

soil health 
strategies 

Estimated 
influence of the 
incentive on the 

technology 
block 

Q
u

a
d

ra
n

t 

G3 

Environment 
friendly 

production 
eco plan 
(specify). 

EE_ENV
_FRE_E
COPLA

N 

Medium (1.7) High (3.0) High (3.0) VIII 

G4 

Greening 
(crop 

diversificatio
n) 

DE_GR
E_CRO
P_DIV 

Medium (1.7) High (3.0) Low (1.5) VIII 

G5 

Support for 
land 

melioration. 
(Investment 
support for 

the 
development 

and 
maintenance 

of 
agricultural 
and forestry 

infrastructure
) 

EE_LAN
D_MELI
ORATIO

N 

Medium (1.7) High (3.0) High (3.0) VIII 

H 

KULAP-B10 
(organic 
farming) 

DE_KUL
AP_B10 

High (3.0) High (3.0) High (3.0) IX 

Source: Own calculations 

¶ Business Models - Agricultural production/value chain 
 

Agricultural production/value chain business models combine the characteristics of 
both agricultural production business models and value chain business models. They 
focus on individual farm-level instruments to increase soil health, while also targeting the 
potential upscaling of the concept for soil health recovery within the value chain. Figure 8 
summarizes the incentives associated with agricultural production/value chain business 
models, while Table 5 provides detailed descriptions and ratings of these incentives. 
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Source: Authorsô figure. 

 

Figure 8. Mapping incentives for Business Models - Agricultural production/value chain 
 

A total of 20 incentives have been identified in the agricultural production/value chain 
business model. Among them, Group C exhibits a high degree of influence on soil health 
strategies, while Group B and Group A have medium and low influence, respectively. 
Group C incentives have a high influence on the socioeconomic aspect of the business 
model, while Group A has low influence and Group B has medium influence. In terms of 
the technology aspect of the business model, the influence is mixed. Two incentives (B 
and C) have a significant influence, while the influence of incentive A is estimated to be 
low. As a result, it is not possible to prioritize incentives for this business model. 
 
 

Table 5. Mapping incentives for Business Models - Agricultural production/value chain 
 

 Incentive Code 

Estimated 
influence of the 

incentive on 
business model 
socioeconomic 

block 

Estimated 
influence of 
the incentive 
on the soil 

health 
strategies 

Estimated 
influence of 
the incentive 

on the 
technology 

block 

Q
u
a
d
ra

n
t 

A 
VNP-H30 (result-based grassland 

use) 
DE_VP
N_H30 

Low (1.3) Low (1.0) Low (1.0) I 

B1 
KULAP-B32/33/34 (watercourse 

and erosion control strips) 

DE_KU
LAP_B

32 

Low (1.0) Medium (2.0) 
Medium 

(2.0) 
IV 

B2 
KULAP-B37 (mulch sowing for row 

crops) 

DE_KU
LAP_B

37 

Low (1.0) Medium (2.0) Low (1.0) IV 

B3 
KULAP-B38 (stripe-/Direkt sowing 

for row crops) 

DE_KU
LAP_B

38 

Low (1.0) Medium (2.0) Low (1.0) IV 

B4 

KULAP-B43/44/45 (diverse crop 
rotation with flowering species, 

protein plants or large grain 
legumes) 

DE_KU
LAP_B

43 

Low (1.0) Medium (2.0) Low (1.5) IV 

B5 
KULAP-B19-23 (extensive 

grassland use for ruminants) 

DE_KU
LAP_B

19 

Low (1.0) Medium (2.0) Low (1.0) IV 
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 Incentive Code 

Estimated 
influence of the 

incentive on 
business model 
socioeconomic 

block 

Estimated 
influence of 
the incentive 
on the soil 

health 
strategies 

Estimated 
influence of 
the incentive 

on the 
technology 

block 

Q
u
a
d
ra

n
t 

B6 

Federal programme for boosting 
energy efficiency and CO2 savings 

in agriculture and horticulture 
(Bundesprogramm zur Steigerung 

der Energieeffizienz und CO2-
Einsparung in Landwirtschaft und 

Gartenbau) 

DE_CO
2_LAN

D 

Low (1.0) Medium (2.0) Low (1.0) IV 

B7 

VNP-H12-14 (fallows on arable 
land with self-vegetation for 
species protection reasons) 

DE_VP
N_H12 

Low (1.0) Medium (2.0) High (3.0) IV 

B8 PAULa (cultivation break) 

DE_PA
ULA_C
ULT_B
REAK 

Low (1.0) Medium (2.0) 
Medium 

(2.0) 
IV 

B9 

VNP-H11 (extensive cropland 
management for field breeders 

and field wild herbs) 

DE_VN
P_H11 

Low (1.0) Medium (2.0) 
Medium 

(2.0) 
IV 

C1 KULAP-B30 (extensive Grassland) 
DE_KU
LAP_B

30 

Low (1.0) High (3.0) Low (1.0) VII 

C2 
KULAP-B35/36 (winter greening / 

intercropping) 

DE_KU
LAP_B

35 

Low (1.0) High (3.0) Low (1.5) VII 

C3 
VNP-H20 (conversion of arable 

land to grassland) 
DE_VP
N_H20 

Low (1.0) High (3.0) High (3.0) VII 

C4 Greening (crop diversification) 
DE_GR
E_CRO
P_DIV 

Low (1.0) High (3.0) Low (1.0) VII 

C5 KULAP-B10 (organic farming) 
DE_KU
LAP_B

10 

Low (1.0) High (3.0) Low (1.5) VII 

C6 

BBodSchG, BBodSchV (Soil 
Protection Law and accompanying 

Soil Protection Directive) 

DE_SO
IL_PRO
T_LAW 

Low (1.0) High (3.0) Low (1.0) VII 

C7 

D¿V D¿ngG - Fertilizer Directive 
(D¿ngemittelverordnung ï D¿V) 
and Fertilizer Law (D¿ngegesetz ï 

D¿ngG) 

DE_FE
R_LOW
_PAST 

Low (1.0) High (3.0) Low (1.5) VII 

C8 

D¿MV Fertilizer directive 
(Verordnung ¿ber das 
Inverkehrbringen von 

D¿ngemitteln, Bodenhilfsstoffen, 
Kultursubstraten und 

Pflanzenhilfsmitteln - D¿MV) 

DE_FE
R_DIR_

AGR 

Low (1.0) High (3.0) Low (1.0) VII 

C9 
Greening (preservation of 

permanent grassland) 

DE_PR
ES_PE
RM_GR

AS 

Low (1.0) High (3.0) Low (1.0) VII 
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 Incentive Code 

Estimated 
influence of the 

incentive on 
business model 
socioeconomic 

block 

Estimated 
influence of 
the incentive 
on the soil 

health 
strategies 

Estimated 
influence of 
the incentive 

on the 
technology 

block 

Q
u
a
d
ra

n
t 

C10 
FAKT 1-D1 (no chemical-synthetic 

pesticides and fertilizer) 

DE_FA
KT1_D

1 

Low (1.0) High (3.0) Low (1.0) VII 

C11 FUL-13 (10-year-set-aside) 
DE_FU

L13 
Low (1.0) High (3.0) High (3.0) VII 

Source: Own calculations 
 
 
Conclusion 

The incentives mapping aims to categorize incentives that have been conducted on 
the social, economic, and environmental building blocks of soil health business models 
within the agricultural and forestry sector. The incentives mapping was divided into four 
phases: identifying, analysing, visualizing, and prioritizing. 

For mapping are used the case studies in the project that evaluates the incentives 
that have direct influence on the case studiesô business model. It was identified a total of 
61 incentives in 7 countries. The incentives were assessed and placed on a coordinate 
system with nine quadrants. Fourteen (23%) of the incentives are in top right quadrants 
(VI, VIII and IX) and have the highest influence over socio-economic indicators and soil 
health.  

Only 1 (16.7%) of the incentives in Business Models - Value chain is situated in the 
top right quadrants. From that point of view, incentives are not efficient enough. BM 
Collective and value chain have 6 (50%) incentives in top right quadrant that have high 
degree of influence on soil health strategies. The effectiveness of the incentives here is 
much higher than in BM ï Value chain. In Business Models - Agricultural production 6 
(25%) incentives are in top right quadrants. The main characteristic of this business model 
is that there are many incentives present. In Business Models - Agricultural 
production/value chain there is none incentive in the top right quadrants, which means that 
effectiveness of the incentives is low. 
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ʀɿʉʃɽɼɺɸʅɽ ʅɸ ɸɻʈʆʄɽʊɽʆʈʆʃʆɻʀʏʅʀ, ʊɽʍʅʀʏɽʉʂʀ ʀ ʉʇɽʎʀɸʃʅʀ 

ʇɸʈɸʄɽʊʈʀ ɺ ʇʈɽʎʀɿʅʆʊʆ ɿɽʄɽɼɽʃʀɽ 
 

ʉʚʠʣʝʥ ʉʪʦʷʥʦʚ1, ɼʝʩʠʩʣʘʚʘ ʄʠʭʘʡʣʦʚʘ1, ɸʩʧʘʨʫʭ ɸʪʘʥʘʩʦʚ1,  
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ʈʝʟʶʤʝ 
ɺ ʥʘʩʪʦʷʱʠʷ ʜʦʢʣʘʜ ʝ ʥʘʧʨʘʚʝʥʘ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʥʘ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʠʯʥʠʪʝ, 

ʪʝʭʥʠʯʝʩʢʠ ʠ ʩʧʝʮʠʘʣʥʠʪʝ ʧʘʨʘʤʝʪʨʠ, ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʤʥʦʛʦʩʣʦʡʥʠ 
ʢʘʨʪʠ ʠ ʩʲʟʜʘʚʘʥʝ ʥʘ ʧʨʦʛʥʦʟʠ ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʨʘʩʪʝʥʠʷʪʘ ʚ ʧʨʝʮʠʟʥʦʪʦ 
ʟʝʤʝʜʝʣʠʝ. ʈʘʟʛʣʝʜʘʥʠ ʩʘ ʥʘʡ-ʚʘʞʥʠʪʝ ʧʘʨʘʤʝʪʨʠ, ʧʦʢʘʟʘʥʠ ʩʘ ʤʝʪʦʜʠʪʝ ʠ 
ʩʨʝʜʩʪʚʘʪʘ ʟʘ ʪʷʭʥʦʪʦ ʠʟʤʝʨʚʘʥʝ. ʅʘʧʨʘʚʝʥʠ ʩʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ 
ʦʧʠʪʥʦ ʧʦʣʝ ʚ ʨʝʛʠʦʥ ʖʞʥʘ ɼʦʙʨʫʜʞʘ. ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʘ ʘʥʘʣʠʟʠʨʘʥʠ, 
ʜʘʜʝʥʠ ʩʘ ʪʝʥʜʝʥʮʠʠʪʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʚ ʪʘʙʣʠʯʝʥ ʠ ʛʨʘʬʠʯʝʥ ʚʠʜ, 
ʢʘʪʦ ʩʘ ʥʘʧʨʘʚʝʥʠ  ʠ ʩʲʦʪʚʝʪʥʠʪʝ ʠʟʚʦʜʠ.  

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʠʷ, ʠʟʤʝʨʚʘʥʝ, ʧʘʨʘʤʝʪʨʠ, ʧʨʝʮʠʟʥʦ 
ʟʝʤʝʜʝʣʠʝ. 

 
Abstract 
The present report systematizes the agrometeorological, technical and special 

parameters necessary for the production of multilayer maps and the creation of forecasts 
for the development of plants in precision agriculture. The most important parameters are 
considered, the methods and means of their measurement are shown. Experimental 
studies were carried out on an experimental field in the South Dobrudja region. The 
obtained results have been analyzed, the trends of changes in the parameters have been 
given in tabular and graphic form, and the relevant conclusions have been drawn. 

Key words: agrometeorology, measurement, parameters, precision agriculture.  

 

ɺʲʚʝʜʝʥʠʝ 
ɿʘ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʜʦʩʪʦʚʝʨʥʠ ʧʨʦʛʥʦʟʠ ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʨʘʩʪʝʥʠʷʪʘ ʠ 

ʩʲʟʜʘʚʘʥʝ ʥʘ ʙʘʟʠ ʦʪ ʜʘʥʥʠ ʩʲʩ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʠʯʥʠʪʝ, ʪʝʭʥʠʯʝʩʢʠ ʠ 
ʩʧʝʮʠʘʣʥʠʪʝ ʧʘʨʘʤʝʪʨʠ,  ʝ ʥʝʦʙʭʦʜʠʤʦ ʠʟʚʲʨʰʚʘʥʝʪʦ ʥʘ ʤʥʦʞʝʩʪʚʦ ʠʟʤʝʨʚʘʥʠʷ ʟʘ 
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ʦʧʨʝʜʝʣʝʥ ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ. ʊʦʚʘ ʝ ʝʜʥʦ ʦʪ ʦʩʥʦʚʥʠʪʝ ʠʟʠʩʢʚʘʥʠʷ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ 
ʤʥʦʛʦʩʣʦʡʥʠ ʢʘʨʪʠ, ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʨʘʩʪʝʥʠʷʪʘ. 
ɺʢʣʶʯʚʘʥʝʪʦ ʥʘ ʤʥʦʞʝʩʪʚʦ ʧʘʨʘʤʝʪʨʠ ʠ ʦʧʪʠʤʠʟʠʨʘʥʝʪʦ ʠʤ ʧʦ ʛʨʫʧʠ ʝ ʚʘʞʥʦ 
ʫʩʣʦʚʠʝ ʟʘ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʜʦʩʪʦʚʝʨʥʠ ʨʝʟʫʣʪʘʪʠ, ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʢʣʠʤʘʪʠʯʥʠʪʝ 
ʧʨʦʤʝʥʠ ʟʘ ʩʲʦʪʚʝʪʥʠʷ ʨʝʛʠʦʥ. 

ɸʛʨʦʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʧʘʨʘʤʝʪʨʠ 
ʆʩʥʦʚʥʠ ʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʧʘʨʘʤʝʪʨʠ ʚ ʧʨʝʮʠʟʥʦʪʦ ʟʝʤʝʜʝʣʠʝ ʩʘ: 
 
ü ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʲʟʜʫʭʘ  
ü ɺʣʘʞʥʦʩʪ ʥʘ ʚʲʟʜʫʭʘ 
ü ʉʢʦʨʦʩʪʪʘ ʥʘ ʚʷʪʲʨʘ 

ü ʉʣʲʥʯʝʚʘ ʨʘʜʠʘʮʠʷ 
ü ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʯʚʘʪʘ 
ü ɺʣʘʞʥʦʩʪ ʥʘ ʧʦʯʚʘʪʘ

 
ɺ ʩʣʫʯʘʷ ʪʝ ʱʝ ʩʝ ʨʘʟʛʣʝʞʜʘʪ ʢʘʪʦ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʧʘʨʘʤʝʪʨʠ-ʬʠʛ.1, ʪʲʡ 

ʢʘʪʦ ʥʘ ʙʘʟʘʪʘ ʥʘ ʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʧʘʨʘʤʝʪʨʠ ʩʝ ʠʟʩʣʝʜʚʘ ʩʪʝʧʝʥʪʘ ʥʘ ʨʘʟʚʠʪʠʝ ʥʘ 
ʨʘʩʪʝʥʠʷʪʘ, ʪ.ʝ. ʘʛʨʦʢʣʠʤʘʪʠʯʥʠʪʝ ʧʨʦʤʝʥʠ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʱʝ ʩʝ ʜʝʬʠʥʠʨʘ 
ʘʛʨʦʢʣʠʤʘʪʠʯʥʘʪʘ ʦʮʝʥʢʘ ʥʘ ʪʦʧʣʦʦʙʝʟʧʝʯʝʥʦʩʪʪʘ ʠ  ʚʣʘʛʦʦʙʝʟʧʝʯʝʥʦʩʪʪʘ ʥʘ ʚʲʟʜʫʭ 
ʠ ʧʦʯʚʘ (ʦʢʦʣʥʘ ʩʨʝʜʘ), ʢʦʠʪʦ ʩʲʩʪʘʚʣʷʚʘʪ ʦʩʥʦʚʥʠʪʝ ʘʛʨʦʢʣʠʤʘʪʠʯʥʠ ʠʟʠʩʢʚʘʥʠʷ ʥʘ 
ʦʪʜʝʣʥʠʪʝ ʢʫʣʪʫʨʠ. ʄʝʪʦʜʠʢʘʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʠʯʥʠʪʝ ʧʘʨʘʤʝʪʨʠ 
ʱʝ ʙʲʜʝ ʝʜʥʘʢʚʘ, ʢʘʢʪʦ ʧʨʠ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʟʝʤʝʜʝʣʩʢʠ ʧʣʦʱʠ, ʪʘʢʘ ʠ ʧʨʠ ʟʘʣʝʩʝʥʠ 
ʫʯʘʩʪʲʮʠ (ʛʦʨʩʢʠ ʤʘʩʠʚʠ) [Stefanov K, 2019]. ʆʩʚʝʥ ʪʦʚʘ ʧʘʨʘʤʝʪʨʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ 
ʢʣʘʩʠʬʠʮʠʨʘʪ  ʢʘʪʦ ʘʙʠʦʪʠʯʥʠ (ʧʲʨʚʠʪʝ ʯʝʪʠʨʠ) ʠ ʙʠʦʪʠʯʥʠ ï ʧʦʯʚʝʥʠʪʝ ʧʘʨʘʤʝʪʨʠ.  

ʉʣ̡ ʥʯʝʚʦʪʦ ʛʨʝʝʥʝ (ʩʣʲʥʮʝʛʨʝʝʥʝ) ʧʨʝʜʩʪʘʚʣʷʚʘ ʚʲʣʥʦʚʦ ʠʟʣʲʯʚʘʥʝ ʩ ʰʠʨʦʢ 
ʩʧʝʢʪʲʨ ʥʘ ʜʲʣʞʠʥʘʪʘ ʥʘ ʚʲʣʥʘʪʘ ( ʦʪ 0,15 ɛm ʜʦ 3 ɛm) [Shrakov, 2023]. ʉʣʲʥʯʝʚʘʪʘ 
ʝʥʝʨʛʠʷ (ʨʘʜʠʘʮʠʷ), ʢʦʷʪʦ ʧʦʧʘʜʘ ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, ʩʝ ʧʨʦʤʝʥʷ ʚ ʟʘʚʠʩʠʤʦʩʪ 
ʦʪ ʛʝʦʤʝʪʨʠʯʥʦʪʦ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ɿʝʤʷʪʘ ʚ ʢʦʩʤʠʯʝʩʢʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʥʘʡ-ʚʝʯʝ 
ʩʧʨʷʤʦ ʩʣʲʥʮʝʪʦ. ɺʣʠʷʥʠʝ ʦʢʘʟʚʘʪ ʘʪʤʦʩʬʝʨʥʦʪʦ ʨʘʟʩʝʡʚʘʥʝ ʦʪ ʤʦʣʝʢʫʣʠʪʝ ʥʘ 
ʚʲʟʜʫʭʘ, ʚʦʜʥʠʪʝ ʧʘʨʠ ʠ ʧʨʘʭʘ ʚ ʘʪʤʦʩʬʝʨʘʪʘ, ʘʪʤʦʩʬʝʨʥʦʪʦ ʧʦʛʣʲʱʘʥʝ ʦʪ 
ʢʠʩʣʦʨʦʜʘ, ʘʟʦʪʘ, ʚʦʜʘʪʘ,  ʚʲʛʣʝʨʦʜʥʠʪʝ ʦʢʠʩʠ, ʦʪʨʘʞʝʥʠʝʪʦ ʠ ʜʨ. 

ʉʢʦʨʦʩʪʪʘ ʥʘ ʚʷʪʲʨʘ ʦʢʘʟʚʘ ʩʲʱʝʩʪʚʝʥʦ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʨʘʟʚʠʪʠʝʪʦ ʥʘ 
ʨʘʩʪʝʥʠʷʪʘ. ɿʘ ɼʦʙʨʠʯʢʘ ʦʙʣʘʩʪ ʝ ʭʘʨʘʢʪʝʨʝʥ ʩʠʣʥʠʷʪ ʜʦʙʨʫʜʞʘʥʩʢʠ ʚʷʪʲʨ. ʇʨʠ 
ʣʠʧʩʘ ʥʘ ʧʦʣʝʟʘʱʠʪʥʠ ʧʦʷʩʠ, ʟʘʩʫʰʘʚʘʥʝ ʠ  ʥʠʩʢʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʩʠʣʥʠʷʪ ʚʷʪʲʨ 
ʜʦʧʲʣʥʠʪʝʣʥʦ ʠʟʩʫʰʘʚʘ ʧʦʯʚʘʪʘ ʠ ʩʚʘʣʷ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʩ ʥʷʢʦʣʢʦ ʛʨʘʜʫʩʘ. ʊʦʚʘ ʦʪ 
ʩʚʦʷ ʩʪʨʘʥʘ ʚʦʜʠ ʜʦ ʩʪʨʝʩʠʨʘʥʝ ʥʘ ʨʘʩʪʝʥʠʷʪʘ ʠ ʩʠʣʥʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʜʦʙʠʚʠʪʝ, 
ʦʩʦʙʝʥʦ ʘʢʦ ʝ ʩʲʯʝʪʘʥʦ ʩ ʚʠʩʦʢʠ ʪʦʨʦʚʠ ʥʦʨʤʠ.  

ʂʦʤʧʣʝʢʩʥʠʷʪ ʘʥʘʣʠʟ ʥʘ ʚʩʠʯʢʠ ʠʟʩʣʝʜʚʘʥʠ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʧʘʨʘʤʝʪʨʠ ʙʠ 
ʜʦʚʝʣ ʜʦ ʚʟʝʤʘʥʝ ʥʘ ʫʧʨʘʚʣʝʥʩʢʠ ʨʝʰʝʥʠʷ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʚʣʠʷʥʠʝʪʦ ʥʘ 
ʥʝʙʣʘʛʦʧʨʠʷʪʥʠʪʝ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʬʘʢʪʦʨʠ, ʩʲʦʪʚʝʪʥʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʩʪʨʝʩʘ ʥʘ 
ʨʘʩʪʝʥʠʷʪʘ ʠ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʜʦʙʠʚʠʪʝ.  

ʊʝʭʥʠʯʝʩʢʠ ʧʘʨʘʤʝʪʨʠ ï ʠʟʩʣʝʜʚʘʪ ʩʝ ʦʩʥʦʚʥʦ ʧʘʨʘʤʝʪʨʠ ʥʘ ʧʦʯʚʘʪʘ, ʢʘʢʪʦ ʠ 
ʥʝʦʙʭʦʜʠʤʠʪʝ ʩʠʣʠ ʠ ʤʦʤʝʥʪʠ ʟʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʦʙʨʘʙʦʪʢʠ.  

 
 
 

 
 
 
 
 
 
 
 

ʌʠʛʫʨʘ 1. ɹʣʦʢ-ʩʭʝʤʘ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʚ ʧʨʝʮʠʟʥʦʪʦ ʟʝʤʝʜʝʣʠʝ 

ʇʘʨʘʤʝʪʨʠ ʚ ʧʨʝʮʠʟʥʦʪʦ ʟʝʤʝʜʝʣʠʝ 

ɸʛʨʦʤʝʪʝʦʨʦʣʦʛʠʯʥʠ 

ʧʘʨʘʤʝʪʨʠ 

ʊʝʭʥʠʯʝʩʢʠ 

ʧʘʨʘʤʝʪʨʠ 

ʉʧʝʮʠʘʣʥʠ 

ʧʘʨʘʤʝʪʨʠ 
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ʉʧʝʮʠʘʣʥʠ ʧʘʨʘʤʝʪʨʠ. ʀʟʤʝʨʚʘʥʠʷʪʘ ʩʝ ʠʟʚʲʨʰʚʘʪ  ʩʨʘʚʥʠʪʝʣʥʦ ʨʷʜʢʦ, ʚ 
ʧʦʚʝʯʝʪʦ ʩʣʫʯʘʠ ʧʨʠ ʜʦʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪ, ʥʘʧʨʠʤʝʨ: ʧʦʚʠʰʝʥʘ ʩʣʲʥʯʝʚʘ 
ʘʢʪʠʚʥʦʩʪ, ʧʨʠʨʦʜʥʠ ʠʣʠ ʠʟʢʫʩʪʚʝʥʠ ʠʟʪʠʯʘʥʠʷ ʥʘ ʪʝʯʥʦʩʪʠ ʠ ʛʘʟʦʚʝ, ʥʝʭʘʨʘʢʪʝʨʥʠ 
ʟʘ ʩʲʦʪʚʝʪʥʠʷ ʨʝʛʠʦʥ,  ʟʘʤʲʨʩʷʚʘʥʠʷ, ʛʥʠʣʦʩʪʥʠ ʧʨʦʮʝʩʠ ʠ ʤʥ. ʜʨ. [2greenhome, 
2023]. ɿʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʠʤ ʝ ʥʝʦʙʭʦʜʠʤʘ ʩʧʝʮʠʘʣʥʘ ʠʟʤʝʨʚʘʪʝʣʥʘ ʘʧʘʨʘʪʫʨʘ.  

ʆʩʥʦʚʥʘʪʘ ʮʝʣ ʧʨʠ ʪʝʟʠ ʠʟʩʣʝʜʚʘʥʠʷ ʝ ʦʙʝʟʧʝʯʘʚʘʥʝ ʥʘ ʥʦʨʤʘʣʥʘ ʞʠʟʥʝʥʘ 
ʩʨʝʜʘ ʥʘ ʨʘʩʪʝʥʠʷʪʘ ʠ ʛʘʨʘʥʪʠʨʘʥʝ ʦʪʩʲʩʪʚʠʝʪʦ ʥʘ ʟʘʤʲʨʩʠʪʝʣʠ, ʢʦʠʪʦ ʩʘ ʦʧʘʩʥʠ, 
ʢʘʢʪʦ ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʨʘʩʪʝʥʠʷʪʘ ʠ ʧʦʩʣʝʜʚʘʱʘ ʢʦʥʩʫʤʘʮʠʷ ʥʘ ʨʘʩʪʠʪʝʣʥʠʪʝ 
ʧʨʦʜʫʢʪʠ, ʪʘʢʘ ʠ ʟʘ ʟʜʨʘʚʝʪʦ ʥʘ ʭʦʨʘʪʘ, ʢʦʠʪʦ ʦʙʨʘʙʦʪʚʘʪ ʟʝʤʥʠʪʝ ʧʣʦʱʠ. 

ʆʩʥʦʚʥʘ ʟʘʜʘʯʘ ʥʘ ʥʘʩʪʦʷʱʘʪʘ ʨʘʟʨʘʙʦʪʢʘ ʝ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʛʨʫʧʠʪʝ 
ʧʘʨʘʤʝʪʨʠ, ʤʝʪʦʜʠʪʝ ʠ ʩʨʝʜʩʪʚʘʪʘ ʟʘ ʠʟʤʝʨʚʘʥʝʪʦ ʠʤ, ʩ ʮʝʣ ʩʲʟʜʘʚʘʥʝ ʥʘ  ʙʘʟʠ ʦʪ 
ʜʘʥʥʠ, ʥʝʦʙʭʦʜʠʤʠ  ʚ ʧʨʝʮʠʟʥʦʪʦ ʟʝʤʝʜʝʣʠʝ.  

 
ʄʘʪʝʨʠʘʣʠ ʠ ʤʝʪʦʜʠ 
ʆʙʝʢʪ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʝ ʦʧʠʪʥʦʪʦ ʧʦʣʝ ʥʘ ɼʦʙʨʫʜʞʘʥʩʢʠ ʪʝʭʥʦʣʦʛʠʯʝʥ ʢʦʣʝʞ, 

ɼʦʙʨʠʯ, ʩʣʝʜ ʧʦʩʝʚ ʥʘ ʧʰʝʥʠʮʘ. ʀʟʧʦʣʟʚʘʥ ʝ ʤʝʪʦʜʲʪ ʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʦʪʦ 
ʠʟʤʝʨʚʘʥʝ.  

ɿʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʝ ʨʘʟʨʘʙʦʪʝʥʘ ʠʟʤʝʨʚʘʪʝʣʥʘ  ʩʠʩʪʝʤʘ, ʢʘʪʦ 
ʙʣʦʢʦʚʘʪʘ ʠ ʩʭʝʤʘ ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʬʠʛ.2. ʀʟʧʦʣʟʚʘ ʩʝ ʟʘʭʨʘʥʚʘʱ ʤʦʜʫʣ, ʠʥʚʝʨʪʦʨʝʥ 
ʪʠʧ  [Bachiyski S, 2013]. [Stoyanov  S, 2023]. ʀʥʚʝʨʪʦʨʲʪ ʧʨʝʦʙʨʘʟʫʚʘ ʥʘʧʨʝʞʝʥʠʝʪʦ 
ʦʪ ʘʢʫʤʫʣʘʪʦʨʘ ʚ ʤʨʝʞʦʚʦ ʥʘʧʨʝʞʝʥʠʝ, ʪʠʧ ʤʦʜʠʬʠʮʠʨʘʥʘ ʩʠʥʫʩʦʠʜʘ, ʢʦʝʪʦ 
ʟʘʭʨʘʥʚʘ ʤʠʢʨʦʧʨʦʮʝʩʦʨʥʘʪʘ ʠʟʤʝʨʚʘʪʝʣʥʘ ʩʠʩʪʝʤʘ, ʤʦʜʝʣ SH800 ʠ ʤʨʝʞʦʚʠʪʝ 
ʟʘʨʷʜʥʠ ʩʪʘʥʮʠʠ.  ʇʦʩʣʝʜʥʠʪʝ ʟʘʭʨʘʥʚʘʪ ʩʧʝʮʠʘʣʥʠʪʝ ʠʟʤʝʨʚʘʪʝʣʥʠ ʧʨʠʙʦʨʠ JSM-
131 SC, DT 1130 ʠ JSM-131 SC.  

 
 
 
  
 

 

 

 

 

 

 

ʌʠʛʫʨʘ 2. ɹʣʦʢ-ʩʭʝʤʘ ʥʘ ʠʟʤʝʨʚʘʪʝʣʥʘʪʘ  ʩʠʩʪʝʤʘ 
 

ʈʝʟʫʣʪʘʪʠ ʠ ʦʙʩʲʞʜʘʥʝ 
1. ʀʟʩʣʝʜʚʘʥʝ  ʥʘ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʧʘʨʘʤʝʪʨʠ 
 ʀʟʩʣʝʜʚʘʥʠʪʝ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʧʘʨʘʤʝʪʨʠ ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʬʠʛ. 3.  

 
 
 
 
 
 
 
 
 
 
 

ʌʠʛʫʨʘ 3. ɹʣʦʢ-ʩʭʝʤʘ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʧʘʨʘʤʝʪʨʠ 

ʀʥʚʝʨʪʦʨ 

ɸʢʫʤʫʣʘʪʦʨ 

ʂ-ʣ ʟʘʨʷʜ 

ɿʘʨʷʜʥʠ  

ʩʪʘʥʮʠʠ 

ʉ-ʤʘ SH800 

JSM-131 SC 

JSM-131 SC 

DT 1130 

ʊʝʤʧʝʨʘʪʫʨʘ ɺʣʘʞʥʦʩʪ ʉʢʦʨʦʩʪ ʥʘ 

ʚʷʪʲʨʘ 
ʉʣʲʥʯʝʚʘ 

ʨʘʜʠʘʮʠʷ 
ɺʣʘʞʥʦʩʪ ʊʝʤʧʝʨʘʪʫʨʘ 

ɸʛʨʦʤʝʪʝʦʨʦʣʦʛʠʯʥʠ 
ʧʘʨʘʤʝʪʨʠ 

ʉʢʦʨʦʩʪ ʥʘ 

ʚʷʪʲʨʘ 

ʉʣʲʥʯʝʚʘ 

ʨʘʜʠʘʮʠʷ 
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ʌʠʛ. 5. ʇʦʢʘʟʘʥʠʝ 
ʥʘ HPCS320 

 

 
ʀʟʤʝʨʚʘʥʝʪʦ ʥʘ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʠʯʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʩʝ ʠʟʚʲʨʰʚʘ ʩʲʩ ʩʣʝʜʥʘʪʘ 

ʘʧʘʨʘʪʫʨʘ:  
 
1.1. ʀʟʤʝʨʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪ ʥʘ ʚʲʟʜʫʭ ʠ ʧʦʯʚʘ. 

ʀʟʤʝʨʚʘʥʝʪʦ ʩʝ ʠʟʚʲʨʰʚʘ ʩ  ʤʠʢʨʦʧʨʦʮʝʩʦʨʥʘ ʠʟʤʝʨʚʘʪʝʣʥʘ ʩʠʩʪʝʤʘ, ʤʦʜʝʣ 
SH800-ʬʠʛ.4 [Sigma-tech, 2023]. ʀʟʧʦʣʟʚʘʪ ʩʝ 2 ʢʦʤʧʣʝʢʪʘ ʜʘʪʯʠʮʠ ï ʟʘ ʠʟʤʝʨʚʘʥʝ 
ʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʘʙʩʦʣʶʪʥʘ ʠ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ ʥʘ ʚʲʟʜʫʭʘ ʥʘ ʧʦʯʚʘʪʘ ʥʘ 
ʜʲʣʙʦʯʠʥʘ 70ʤʤ-ʬʠʛ.4-ʚʣʷʚʦ. ʆʙʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʠʟʤʝʨʚʘʥʝʪʦ ʩʝ 
ʠʟʚʲʨʰʚʘ ʧʦʩʨʝʜʩʪʚʦʤ ʚʛʨʘʜʝʥ ʢʦʥʪʨʦʣʝʨ, ʢʦʡʪʦ ʚ ʤʦʤʝʥʪʘ ʨʘʙʦʪʠ ʚ ʨʝʞʠʤ - ʩʫʭʘ 
ʬʘʟʘ. ʅʘ ʜʠʩʧʣʝʷ ʩʝ ʦʪʯʠʪʘ  ʘʙʩʦʣʶʪʥʘ ʚʣʘʞʥʦʩʪ ʚ ʜʠʘʧʘʟʦʥʘ 0,05- 6600 gr/m3 ʠ 
ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ 2-100%. ɿʘ ʢʦʨʝʢʮʠʠ ʠ ʜʫʙʣʠʨʘʥʝ ʥʘ ʠʟʤʝʨʚʘʥʠʷʪʘ ʩʝ 
ʠʟʧʦʣʟʚʘ ʫʨʝʜ: VA8021, ʢʦʡʪʦ  ʠʟʤʝʨʚʘ ʩʘʤʦ ʦʪʥʦʩʠʪʝʣʥʘ ʚʣʘʞʥʦʩʪ ʠ ʪʝʤʧʝʨʘʪʫʨʘ 
ʥʘ ʚʲʟʜʫʭʘ, ʧʦʩʨʝʜʩʪʚʦʤ  ʧʣʘʪʠʥʦʚ ʩʝʥʟʦʨ. 

 
1.2. ʀʟʤʝʨʚʘʥʝ ʥʘ ʩʣʲʥʯʝʚʘ ʝʥʝʨʛʠʷ ( ʨʘʜʠʘʮʠʷ) 
ʇʦʧʘʜʘʱʠʷʪ ʚʲʨʭʫ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʠʥʘ ʧʦʪʦʢ ʩʚʝʪʣʠʥʥʘ 

ʝʥʝʨʛʠʷ ʩʝ ʩʲʩʪʦʠ ʦʪ ʜʠʨʝʢʪʝʥ (ʧʨʷʢ) ʩʣʲʥʯʝʚ ʧʦʪʦʢ ʠ ʜʠʬʫʟʝʥ 
(ʨʘʟʩʝʷʥ) ʩʣʲʥʯʝʚ ʧʦʪʦʢ. ʇʨʠ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʩʠ ʚ 
ʘʪʤʦʩʬʝʨʘʪʘ ʥʘ ɿʝʤʷʪʘ, ʩʣʲʥʯʝʚʠʪʝ ʣʲʯʠ ʯʘʩʪʠʯʥʦ ʩʝ 
ʨʘʟʩʝʡʚʘʪ ʠ ʩʝ ʧʦʛʣʲʱʘʪ ʦʪ ʤʦʣʝʢʫʣʠʪʝ ʥʘ ʚʲʟʜʫʭʘ, ʘ ʢʘʪʦ 
ʜʦʩʪʠʛʥʘʪ ʟʝʤʥʘʪʘ  ʧʦʚʲʨʭʥʦʩʪ ʯʘʩʪʠʯʥʦ ʩʝ ʦʪʨʘʟʷʚʘʪ ʦʪ ʥʝʷ. 
ʆʙʱʘʪʘ ʝʥʝʨʛʠʷ, ʢʦʷʪʦ ʩʝ ʧʦʣʫʯʘʚʘ ʦʪ ʩʣʲʥʮʝʪʦ ʟʘ ʩʲʦʪʚʝʪʥʠʷ 
ʨʝʛʠʦʥ ʝ ʚʘʞʥʘ ʚʝʣʠʯʠʥʘ ʚ ʟʝʤʝʜʝʣʠʝʪʦ, ʥʘ ʙʘʟʘʪʘ ʥʘ ʢʦʷʪʦ ʩʝ 
ʦʧʨʝʜʝʣʷʪ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʢʫʣʪʫʨʠ. ɿʘ ʠʟʤʝʨʚʘʥʝʪʦ ʥʘ 
ʩʣʲʥʯʝʚʘʪʘ ʝʥʝʨʛʠʷ (ʨʘʜʠʘʮʠʷ) ʩʝ ʠʟʧʦʣʟʚʘ ʣʦʛʝʨ-ʧʠʨʘʥʦʤʝʪʲʨ ʟʘ ʩʣʲʥʯʝʚʘʪʘ 
ʨʘʜʠʘʮʠʷ ʤʦʜʝʣ PCE-SPM1 ʩ ʨʘʙʦʪʝʥ ʜʠʘʧʘʟʦʥ (ʦʪ 0 ʜʦ 2000 W/m2). 

 
1.3. ʀʟʤʝʨʚʘʥʝ ʥʘ ʦʩʚʝʪʝʥʦʩʪ 
ɺʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʠ 

ʩʧʝʢʪʨʘʣʥʠ ʠʥʜʝʢʩʠ ʝ ʧʨʷʢʦ ʟʘʚʠʩʠʤʘ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ 
ʩʚʝʪʣʠʥʘʪʘ ʠ ʥʝʡʥʦʪʦ ʦʪʨʘʞʝʥʠʝ [Atanasov et all., 2022]. 
ʆʩʚʝʪʝʥʦʩʪ, ʮʚʝʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʩʧʝʢʪʨʘʣʥʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʩʚʝʪʣʠʥʘʪʘ ʩʝ ʠʟʤʝʨʚʘʪ ʩʲʩ ʩʧʝʢʪʨʦʤʝʪʲʨ 
HPCS320. ʀʟʤʝʨʚʘʪʝʣʝʥ ʜʠʘʧʘʟʦʥ ʥʘ ʜʲʣʞʠʥʘʪʘ ʥʘ ʚʲʣʥʘʪʘ 
380-780 nm, ʪʦʯʥʦʩʪ ʥʘ ʜʲʣʞʠʥʘʪʘ ʥʘ ʚʲʣʥʘʪʘ: Ñ0.5nm; 
ʦʙʭʚʘʪ ʥʘ ʦʩʚʝʪʝʥʦʩʪ: 10-200000lx- ʬʠʛ.5. 

 
1.4. ʀʟʤʝʨʚʘʥʝ ʩʢʦʨʦʩʪʪʘ ʥʘ ʚʷʪʲʨʘ 
ʉʢʦʨʦʩʪʪʘ ʥʘ ʚʷʪʲʨʘ ʩʝ ʠʟʤʝʨʚʘ ʩ ʢʦʤʙʠʥʠʨʘʥ ʫʨʝʜ: 

ʘʥʝʤʦʤʝʪʲʨ, ʪʝʨʤʦʤʝʪʲʨ, ʭʠʜʨʦʤʝʪʲʨ VA8021. ʆʙʭʚʘʪ ʟʘ 
ʠʟʤʝʨʚʘʥʝ: ʩʢʦʨʦʩʪ ʥʘ ʚʷʪʲʨʘ (0,4 ~ 20m/s); ʪʝʤʧʝʨʘʪʫʨʘ (-10 
~ 50Áʉ / 14 ~ 122ÁF); ʚʣʘʞʥʦʩʪ (0~100%RH). 

ʊʦʟʠ ʫʨʝʜ ʧʦʟʚʦʣʷʚʘ ʠʟʤʝʨʚʘʥʝ ʩʢʦʨʦʩʪʪʘ ʥʘ ʚʷʪʲʨʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʲʟʜʫʭʘ ʠ 
ʥʝʛʦʚʘʪʘ ʚʣʘʞʥʦʩʪ, ʢʘʪʦ ʦʪʯʠʪʘ ʤʘʢʩʠʤʘʣʥʘ, ʤʠʥʠʤʘʣʥʘ ʠ ʩʨʝʜʥʘ ʩʪʦʡʥʦʩʪ ʟʘ 
ʠʟʤʝʨʝʥʠʷ ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ. 

 
1.5. ʀʟʤʝʨʝʥʠ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʧʘʨʘʤʝʪʨʠ   
ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʪ ʠʟʤʝʨʚʘʥʠʷʪʘ ʩʘ ʜʘʜʝʥʠ ʚ ʪʘʙʣʠʮʠ 1 ʠ 2.  

 
 
 

 
ʌʠʛʫʨʘ 4. 

ʀʟʤʝʨʚʘʪʝʣʥʘ 
ʩʠʩʪʝʤʘ SH800 
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ʊʘʙʣʠʮʘ 1. ʀʟʤʝʨʝʥʠ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʧʘʨʘʤʝʪʨʠ 
 

ɼʘʪʘ 

ʉʢʦʨʦʩʪ 
ʥʘ 

ʚʷʪʲʨʘ 
(m/s) 

ʇʦʩʦʢʘ 
ʥʘ 

ʚʷʪʲʨʘ 

ɺʣʘʞʥʦʩʪ 
ʚʲʟʜʫʭ(%) 

E - 
ʦʩʚʝʪʣʝʥʠʝ 

(lx) 

ʊʝʤʧʝʨʘʪʫʨʘ 
ʚʲʟʜʫʭ(C) 

ʆʙʣʘʯʥʦʩʪ 
(%) 

ʎʚʝʪʥʘ 
ʪʝʤʧʝʨʘʪʫʨʘ 

(ʂ) 

ʉʣʲʥʯʝʚʘʪʘ 
ʝʥʝʨʛʠʷ, 
ʆʩʚʝʪʝʥʦʩʪ 

(w/m
2
) 

9.12.2022 2 ʖ 82 20 670 14 69 6511 115,5 

22.12.2022 5 ʖ 76 42 670 7 7 5688 80,9 

6.1.2023 10 ʉɿ 67 43 780 11 59 5791 182,6 

20.1.2023 10 ʉɿ 62 28 890 12 44 5725 182,3 

24.2.2023 8 ʖʀ 87 32 630 7 81 6492 177,9 

21.3.2023 4 ʖʀ 100 50 160 7 97 6307 245,5 

25.3.2023 8 ʀ 93 83 380 9 36 6148 143,9 

9.4.2023 5 ʖʀ 62 103 900 12 34 6063 318,3 

14.4.2023 5 ʖʀ 60 61 920 18 72 6238 276,1 

23.4.2023 4 ʖʀ 45 92 640 17 35 5999 203,4 

30.4.2023 7 ʉɿ 35 106 960 19 12 6142 185,6 

5.5.2023 6 ʉ 77 46 710 14 72 6852 206,1 

12.5.2023 9 ʉʀ 55 67 150 15 87 6425 235,8 

19.5.2023 7 ʀ 41 123 920 24 18 5817 234,9 

1.6.2023 3 ɿ 39 108 040 26 24 5980 161,5 

8.6.2023 4 ʀ 50 112 990 23 19 6105 174 

15.6.2023 5 ʖ 74 122 300 23 34 6119 154 

22.6.2023 4 ʉ 58 31 520 27 33 7244 221,8 

29.6.2023 6 ʉ 53 113 560 22 37 6056 120 

 

ʀʟʤʝʨʝʥʠʪʝ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʧʘʨʘʤʝʪʨʠ, ʢʦʠʪʦ ʩʘ ʜʘʜʝʥʠ ʚ ʪʘʙʣʠʮʘ 1, ʩʘ ʯʘʩʪ 
ʦʪ ʠʟʤʝʨʚʘʥʠʷʪʘ.  ʅʘ ʬʠʛ.6 ʩʘ ʧʦʢʘʟʘʥʠ ʟʘʚʠʩʠʤʦʩʪʠʪʝ ʤʝʞʜʫ ʠʟʩʣʝʜʚʘʥʠʪʝ ʚʝʣʠʯʠʥʠ ʟʘ 
ʧʝʨʠʦʜ ʦʪ ʝʜʥʘ ʩʪʦʧʘʥʩʢʘ ʛʦʜʠʥʘ (2022-2023). ɿʘ ʦʙʨʘʙʦʪʚʘʥʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʝ 
ʠʟʧʦʣʟʚʘʥ ʧʨʦʛʨʘʤʝʥ ʧʨʦʜʫʢʪ IBM SPSS ï ʩʪʘʪʠʩʪʠʢʘ.  

 

  
   ɸ    ɹ    ɺ 
ʌʠʛʫʨʘ 6. ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʦʩʚʝʪʝʥʦʩʪʪʘ ʩʧʨʷʤʦ ʦʙʣʘʯʥʦʩʪ, ʚʣʘʞʥʦʩʪ ʥʘ ʚʲʟʜʫʭʘ ʠ  

ɽ- ʦʩʚʝʪʣʝʥʠʝ 
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ʊʘʙʣʠʮʘ 3. ʇʦʣʫʯʝʥʠ ʨʝʟʫʣʪʘʪʠ ï 

ʧʦʯʚʝʥʘ ʧʣʲʪʥʦʩʪ ʚ MPa 

L 2m 4m 6m 2ʤ 4ʤ 6ʤ 

2m 1,034 1,379 0,483  

4m 0,827 0,758 1,379  

6m 1,034 0,483 0,621  

8m 1,034 1,034 1,034  

10m 0,414 0,724 1,034  

12m 0,689 0,483 0,483  

 

 
ʊʘʙʣʠʮʘ 2. ʀʟʤʝʨʝʥʠ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʧʘʨʘʤʝʪʨʠ 

 

 
2. ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʪʝʭʥʠʯʝʩʢʠ ʧʘʨʘʤʝʪʨʠ 

ʀʟʩʣʝʜʚʘʥʦ ʝ ʦʧʠʪʥʦʪʦ ʧʦʣʝ ʥʘ 

ɼʦʙʨʫʜʞʘʥʩʢʠ ʪʝʭʥʦʣʦʛʠʯʝʥ ʢʦʣʝʞ, ʩʣʝʜ ʧʦʩʝʚ 

ʥʘ ʧʰʝʥʠʮʘ, ʢʘʪʦ ʠʟʤʝʨʚʘʥʠʷʪʘ ʩʘ ʧʨʦʚʝʜʝʥʠ, 

ʯʨʝʟ ʚʟʝʤʘʥʝ ʥʘ ʧʨʦʙʠ ʧʨʝʟ L = 2 m. ʧʦ ʜʲʣʞʠʥʘ 

ʠ L = 2 m. ʧʦ ʰʠʨʠʥʘ. ɿʘ ʠʟʤʝʨʚʘʥʝ ʥʘ 

ʧʦʯʚʝʥʘʪʘ ʧʣʲʪʥʦʩʪ ʩʝ ʠʟʧʦʣʟʚʘ ʤʝʭʘʥʠʯʝʥ 

ʧʝʥʝʪʨʦʤʝʪʲʨ ï ʤʦʜʝʣ ï Wile-SCT-04082020 

[Wile, 2023]. ʀʟʤʝʨʚʘʥʠʷʪʘ ʩʝ ʠʟʚʲʨʰʚʘʪ ʧʦ 

ASAE S313.3 ʩʪʘʥʜʘʨʪ. ʇʦʣʫʯʝʥʠʪʝ  ʨʝʟʫʣʪʘʪʠ 

ʩʘ ʜʘʜʝʥʠ ʚ ʪʘʙʣʠʮʘ 3. ɺʩʠʯʢʠ ʠʟʤʝʨʚʘʥʠʷ 

ʧʦʧʘʜʘʪ ʚ ʟʝʣʝʥʘʪʘ ʟʦʥʘ ï ʥʦʨʤʘʣʥʘ ʧʦʯʚʝʥʘ 

ʧʣʲʪʥʦʩʪ.  

3. ʉʧʝʮʠʘʣʥʠ ʠʟʤʝʨʚʘʥʠʷ 

 

 
 
 
 
 
 
 
 
 
 
 

 
ʌʠʛʫʨʘ 3. ɹʣʦʢ-ʩʭʝʤʘ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʩʧʝʮʠʘʣʥʠ ʧʘʨʘʤʝʪʨʠ 

ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ, 
ʚʨʝʤʝ ʥʘ 
ʠʟʤʝʨʚʘʥʝʪʦ  

ʇʘʨʘʤʝʪʨʠ ï ʚʲʟʜʫʭ, ʩʚʝʪʣʠʥʘ ʇʘʨʘʤʝʪʨʠ - ʧʦʯʚʘ 

ʊʝʤʧʝʨʘ-
ʪʫʨʘ 
[
0
ʉ] 

ɺʣʘʞʥʦʩʪ 
% 

ʉʢʦʨʦʩʪ 
ʥʘ 

ʚʷʪʲʨʘ 
[m/s] 

ʉʣʲʥʯʝʚʘ 
ʝʥʝʨʛʠʷ  
(ʨʘʜʠʘʮʠʷ) 

W/m
2
 

ʊʝʤʧʝʨʘ-
ʪʫʨʘ 
[
0
ʉ] 

ɺʣʘʞʥʦʩʪ 
% 

ʆʧʠʪʥʦ ʧʦʣʝ ï
ɼʊʂ-10. 2023ʛ - 

12ʯ. 

21,1 51,7 0,1 330 19,1 
14,3 

ʆʧʠʪʥʦ ʧʦʣʝ ï
ɼʊʂ 10. 2023ʛ - 

15ʯ. 

25,1 54,7 0,9 342 19,3 
14,3 

 
ʇʦʢʘʟʘʥʠʪʝ ʠʟʤʝʨʚʘʥʠʷ ʚ ʪʘʙʣʠʮʘ 2 ʩʘ ʠʟʚʲʨʰʝʥʠ ʚ ʠʥʪʝʨʚʘʣ 3 ʯʘʩʘ ʧʨʝʟ 

ʤʝʩʝʮ ʦʢʪʦʤʚʨʠ 2023ʛ. ʇʨʘʚʠ ʚʧʝʯʘʪʣʝʥʠʝ ʤʥʦʛʦ ʥʠʩʢʘʪʘ ʧʦʯʚʝʥʘ ʚʣʘʞʥʦʩʪ, ʢʦʝʪʦ ʝ 
ʩʣʝʜʩʪʚʠʝ ʦʪ ʣʠʧʩʘʪʘ ʥʘ ʜʲʞʜ ʩʲʩ  ʩʪʦʧʘʥʩʢʦ ʟʥʘʯʝʥʠʝ ʦʪ ʤʝʩʝʮ ʶʣʠ ʜʦ ʤʝʩʝʮ 
ʦʢʪʦʤʚʨʠ. 

ʉʆ, ʉʆ2 

 

ɸʣʜʝʭʠʜʠ 

 
ʈʘʜʠʘʮʠʷ 

 

 

ʉʧʝʮʠʘʣʥʠ ʠʟʤʝʨʚʘʥʠʷ 

ɸʣʜʝʭʠʜʠ ʈʘʜʠʘʮʠʷ . ʧʦʣʝʪʘ ʉʆ, ʉʆ2 ɽʣ. ʤʘʛʥ. 

ʧʦʣʝʪʘ 
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3.1. ʀʟʤʝʨʚʘʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʛʘʟʦʚʝ ʚʲʚ ʚʲʟʜʫʭʘ  
ʂʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʟʜʫʭʘ ʠʤʘ ʠʟʢʣʶʯʠʪʝʣʥʦ ʚʘʞʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʧʨʘʚʠʣʥʦʪʦ 

ʨʘʟʚʠʪʠʝ ʥʘ ʨʘʩʪʝʥʠʷʪʘ ʠ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʙʝʟʦʧʘʩʥʠ ʫʩʣʦʚʠʷ ʥʘ ʪʨʫʜ [2greenhome, 
2023]. ʀʟʤʝʨʚʘʥʠʷʪʘ ʩʝ ʠʟʚʲʨʰʚʘʪ ʩ ʜʝʪʝʢʪʦʨ ʟʘ ʢʘʯʝʩʪʚʦ ʥʘ ʚʲʟʜʫʭʘ, ʤʦʜʝʣ JSM-
131SC ï ʬʠʛ.7ʘ [16776238.pdf, 2023]. ɺʛʨʘʜʝʥʠʪʝ ʩʝʥʟʦʨʠ ʧʦʟʚʦʣʷʚʘʪ ʠʟʤʝʨʚʘʥʝ  
ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʚʲʛʣʝʨʦʜʝʥ ʜʚʫʦʢʠʩ CO2, ʬʦʨʤʘʣʜʝʭʠʜ HCHO ʠ ʣʝʪʣʠʚʠ 
ʦʨʛʘʥʠʯʥʠ ʩʲʝʜʠʥʝʥʠʷ TVOC. ʅʘ ʙʘʟʘʪʘ ʥʘ ʪʝʟʠ ʜʘʥʥʠ, ʫʨʝʜʲʪ ʠʟʯʠʩʣʷʚʘ ʠ ʧʦʢʘʟʚʘ 
ʥʠʚʦʪʦ ʥʘ  ʢʘʯʝʩʪʚʦ ʥʘ ʚʲʟʜʫʭʘ, AQI air ï ʪʘʙʣʠʮʘ 4. 
 
 
ʊʘʙʣʠʮʘ 4. ʀʥʪʝʨʚʘʣʠ ʥʘ ʜʦʧʫʩʪʠʤʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʠʟʤʝʨʚʘʥʠʪʝ ʧʘʨʘʤʝʪʨʠ 
 

HCHO 0õ0,08 0,081õ0,01 0,101õ0,2 0,201õ0,5 0,501õ1 1,001õ1,999 
TVOC 0õ0,5 0,501õ0,6 0,601õ1,5 1,501õ3 3,001õ6 6,001õ12 
CO2 0õ450 451õ1000 1001õ1500 1501õ2000 2001õ3000 3001õ5000 
AQI 1 2 3 4 5 6 
ENVIROMENT GOOD GOOD POIIUTE POIIUTE POIIUTE POIIUTE 

 
 
ʀʟʤʝʨʚʘʥʠʷʪʘ ʩʘ ʠʟʚʲʨʰʝʥʠ ʚ ʦʧʠʪʥʦʪʦ ʧʦʣʝ ʠ ʧʦʤʝʱʝʥʠʷʪʘ, ʥʘʤʠʨʘʱʠ ʩʝ ʚ 

ʙʣʠʟʦʩʪ ʜʦ ʦʧʠʪʥʦʪʦ ʧʦʣʝ. ɼʝʪʝʢʪʦʨʲʪ ʟʘ ʢʘʯʝʩʪʚʦ ʥʘ ʚʲʟʜʫʭʘ ʩʝ ʥʫʞʜʘʝ ʦʪ ʥʝ ʧʦ-
ʤʘʣʢʦ ʦʪ 120 ʩʝʢʫʥʜʠ ʚʨʝʤʝ ʟʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʛʨʷʚʘʥʝ ʩʣʝʜ ʚʢʣʶʯʚʘʥʝ. 
ʂʘʣʠʙʨʠʨʘʥʝʪʦ ʩʝ ʠʟʚʲʨʰʚʘ ʩ ʚʛʨʘʜʝʥ ʢʘʣʠʙʨʘʪʦʨ. ʊʝʩʪʲʪ ʥʘ ʟʘʢʨʠʪʦ ʩʝ ʥʫʞʜʘʝ ʦʪ 
ʟʘʪʚʘʨʷʥʝ ʥʘ ʚʨʘʪʠ ʠ ʧʨʦʟʦʨʮʠ, ʢʘʪʦ ʚʨʝʤʝʪʦ  ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ TVOC ʦʪʥʝʤʘ ʦʢʦʣʦ 
60 ʤʠʥʫʪʠ. ɼʘʥʥʠʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʟʘʧʠʩʘʥʠ ʠ ʧʨʝʭʚʲʨʣʝʥʠ ʧʦʩʨʝʜʩʪʚʦʤ USB ʧʦʨʪ 
ʠ ʦʨʠʛʠʥʘʣʝʥ ʩʦʬʪʫʝʨ. ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʘ ʜʘʜʝʥʠ ʚ ʪʘʙʣʠʮʘ 5. 
 
 
ʊʘʙʣʠʮʘ 5. ʀʟʤʝʨʝʥʠ ʩʪʦʡʥʦʩʪʠ ʠ ʦʮʝʥʢʘ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʛʘʟʦʚʝ ʚʲʚ ʚʲʟʜʫʭʘ 

 

ʆʙʝʢʪ/ʧʦʢʘʟʘʪʝʣʠ 
HCHO TVOC CO2 AQI Environment 

ppm ppm ppm N ʆʮʝʥʢʘ 

ʆʬʠʩ ʧʨʝʧʦʜʘʚʘʪʝʣʠ 0,003 0,021 349 1 good 

ʆʧʠʪʥʦ ʧʦʣʝ 0,003 0,021 369 1 good 

 
3.2. ʀʟʤʝʨʚʘʥʝ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʠ ʧʦʣʝʪʘ 

ʀʟʧʦʣʟʚʘ ʩʝ ʜʝʪʝʢʪʦʨ ʟʘ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʠ ʠʟʣʲʯʚʘʥʠʷ GM3120, ʢʦʡʪʦ  ʝ 
ʧʨʝʜʥʘʟʥʘʯʝʥ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʠ 
ʧʦʣʝʪʘ ʚ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʠ ʚ  ʟʘʪʚʦʨʝʥʠ 
ʧʦʤʝʱʝʥʠʷ [gm3120, 2023] ï ʬʠʛ. 7ʙ. ʆʙʭʚʘʪ ʥʘ 
ʠʟʤʝʨʚʘʥʝ: ʝʣʝʢʪʨʠʯʝʩʢʦ ʧʦʣʝ - 1V/m - 1999V/m, 
ʤʘʛʥʠʪʥʦ ʧʦʣʝ 0.01ɛT - 99.99ɛT. ɺʨʝʤʝʪʦ ʟʘ 
ʠʟʤʝʨʚʘʥʝ ʝ ʦʢʦʣʦ 0,4 ʩʝʢʫʥʜʠ. ʀʟʤʝʨʚʘʥʝʪʦ ʩʝ 
ʦʩʲʱʝʩʪʚʷʚʘ ʚ ʰʠʨʦʢ ʯʝʩʪʦʪʝʥ ʜʠʘʧʘʟʦʥ   5Hzð
3,5 GHz.  ɼʝʪʝʢʪʦʨʲʪ ʠʤʘ ʚʛʨʘʜʝʥʘ ʘʣʘʨʤʘ ʟʘ 
ʦʧʘʩʥʠ ʩʪʦʡʥʦʩʪʠ, ʢʦʷʪʦ ʩʝ ʚʢʣʶʯʚʘ ʧʨʠ 
ʝʣʝʢʪʨʠʯʝʩʢʦ ʧʦʣʝ ʥʘʜ 40V/m ʠ  ʤʘʛʥʠʪʥʦ ʧʦʣʝ 
ʥʘʜ 0.4ɛT. ʋʨʝʜʲʪ ʠʟʧʠʩʚʘ safe (ʙʝʟʦʧʘʩʥʦ) ʧʨʠ 
ʩʪʦʡʥʦʩʪʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʚʘʱʠ ʦʧʘʩʥʦʩʪ ʟʘ 
ʭʦʨʘʪʘ ʠʣʠ harmful (ʚʨʝʜʝʥ) ʧʨʠ ʦʧʘʩʥʠ 
ʩʪʦʡʥʦʩʪʠ.  ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʘ ʜʘʜʝʥʠ ʚ ʪʘʙʣʠʮʘ 6.  

 
         ɸ        ɹ  ɺ 
ʌʠʛʫʨʘ 7. ʀʟʤʝʨʚʘʪʝʣʥʠ 
ʧʨʠʙʦʨʠ ɸ - JSM-131 SC, ɹ - 

GM3120,  
ɺ - FS2011 
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ʊʘʙʣʠʮʘ 6. ʀʟʤʝʨʝʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʠ ʧʦʣʝʪʘ 

 

 

3.3. ʀʟʤʝʨʚʘʥʝ ʥʘ ʨʘʜʠʘʮʠʷ 

ɿʘ  ʠʟʤʝʨʚʘʥʝ ʥʘ ʨʘʜʠʘʮʠʷ ʩʝ ʠʟʧʦʣʟʚʘ ʧʨʝʮʠʟʥʦ ʫʩʪʨʦʡʩʪʚʦ, ʤʦʜʝʣ FS2011 
[52802638.pdf, 2023] ï ʬʠʛ. 7ʚ. 

ʇʦʩʣʝʜʥʦʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘ ɻʘʡʛʝʨʦʚ ʙʨʦʷʯ, ʩ ʜʝʪʝʢʪʦʨ ʪʠʧ ɻʘʡʛʝʨ-ʄʶʣʝʨʦʚʘ 

ʪʨʲʙʘ. ʇʨʝʜʥʘʟʥʘʯʝʥʦ ʟʘ ʦʪʢʨʠʚʘʥʝ ʠ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʨʘʜʠʘʮʠʷʪʘ ʥʘ a, g ʠ hard ɓ 
ʣʲʯʠ ʚ ʨʘʟʣʠʯʥʠ ʨʘʜʠʦʘʢʪʠʚʥʠ ʨʘʙʦʪʥʠ ʟʦʥʠ. ʂʘʣʠʙʨʠʨʘʥʝʪʦ ʝ ʠʟʚʲʨʰʝʥʦ ʬʘʙʨʠʯʥʦ 
ʩ ʧʦʤʦʱʪʘ ʥʘ ʮʝʟʠʡ-137. ʋʨʝʜʲʪ ʠʤʘ ʜʚʝ ʠʟʤʝʨʚʘʪʝʣʥʠ ʩʪʦʡʥʦʩʪʠ: ʝʢʚʠʚʘʣʝʥʪʥʘʪʘ 
ʜʦʟʘ - ʜʦʟʠʨʦʚʢʘ ɛSv u mSv, u ʥʘʪʨʫʧʘʥʘ ʜʦʟʘ ʚ ʨʘʙʦʪʥʘʪʘ ʟʦʥʘ, ʢʦʝʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘ 
ʥʘʪʨʫʧʘʥʘ ʩʪʦʡʥʦʩʪ ʥʘ ʩʢʦʨʦʩʪʪʘ ʥʘ ʜʦʟʠʨʘʥʝ ʚ ʨʘʤʢʠʪʝ ʥʘ ʦʧʨʝʜʝʣʝʥʘ ʧʝʨʠʦʜ ʦʪ 
ʚʨʝʤʝ ɛSv /h ʠ mSv /h;  

ʉʣʝʜ ʢʘʪʦ ʚʩʷʢʘ ʠʟʤʝʨʝʥʘ ʩʪʦʡʥʦʩʪ ʥʘʜʚʠʰʠ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʘʣʘʨʤʝʥʠʷ ʢʣʘʧʘʥ 
ʟʘ ʥʘʩʪʨʦʡʢʘ, ʠʥʩʪʨʫʤʝʥʪʲʪ ʠʟʧʨʘʱʘ ʩʠʛʥʘʣ ʩʧʦʨʝʜ ʥʘʩʪʨʦʡʢʘʪʘ ʥʘ ʘʣʘʨʤʝʥʠʷ  
ʨʝʞʠʤ. ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʘ ʜʘʜʝʥʠ ʚ ʪʘʙʣʠʮʘ 7.  

ʇʦʣʫʯʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʝʩʪʝʩʪʚʝʥ ʨʘʜʠʘʮʠʦʥʝʥ ʬʦʥ ʠ ʩʘ 
ʩʲʠʟʤʝʨʠʤʠ ʩʲʩ ʩʪʦʡʥʦʩʪʠʪʝ ʚ ʦʬʠʮʠʘʣʥʠʷ ʙʶʣʝʪʠʥ ʥʘ ʈ. ɹʲʣʛʘʨʠʷ [bulletin-rad, 
2023].  

 
  ʊʘʙʣʠʮʘ 7. ʀʟʤʝʨʝʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʨʘʜʠʘʮʠʷ 

ʆʙʝʢʪ 
ʜʦʟʠʨʦʚʢʘ 
ɛSv 

ʥʘʪʨʫʧʚʘʱʘ ʩʪʦʡʥʦʩʪ ʥʘ 
ʩʢʦʨʦʩʪʪʘ ʥʘ ʜʦʟʠʨʘʥʝ 

ɛSv /h 

ʆʬʠʩ ʧʨʝʧʦʜʘʚʘʪʝʣʠ 0.15 0.15 

ʆʧʠʪʥʦ ʧʦʣʝ 0.09 0.09 

 

ʀʟʚʦʜʠ 

1. ʅʘʧʨʘʚʝʥʘ ʝ ʢʣʘʩʠʬʠʢʘʮʠʷ ʧʦ ʛʨʫʧʠ ʧʘʨʘʤʝʪʨʠ, ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʮʝʣʠʪʝ 
ʥʘ ʧʨʝʮʠʟʥʦʪʦ ʟʝʤʝʜʝʣʠʝ. 

2. ʈʘʟʨʘʙʦʪʝʥʘʪʘ ʝ ʠʟʤʝʨʚʘʪʝʣʥʘ ʩʠʩʪʝʤʘ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʤʥʦʞʝʩʪʚʦ 
ʧʘʨʘʤʝʪʨʠ ʚ ʧʨʝʮʠʟʥʦʪʦ ʟʝʤʝʜʝʣʠʝ.  

3. ʀʟʚʲʨʰʝʥʠ ʩʘ ʠʟʤʝʨʚʘʥʠʷ ʥʘ ʧʦʚʝʯʝʪʦ ʧʘʨʘʤʝʪʨʠ ʚ ʨʘʤʢʠʪʝ ʥʘ ʝʜʥʘ 
ʩʪʦʧʘʥʩʢʘ ʛʦʜʠʥʘ. 

4. ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʘ ʦʙʨʘʙʦʪʝʥʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ʩʦʬʪʫʝʨ ʟʘ 
ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʙʨʘʙʦʪʢʠ, ʩ ʮʝʣ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʩʨʘʚʥʠʪʝʣʥʠ ʘʥʘʣʠʟʠ ʧʨʝʟ 
ʩʪʦʧʘʥʩʢʠʪʝ ʛʦʜʠʥʠ.  

5. ʊʝʭʥʠʯʝʩʢʠʪʝ ʠʟʤʝʨʚʘʥʠʷ ʩʘ ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ ʟʘ 
ʦʙʨʘʙʦʪʢʘ ʥʘ ʧʦʯʚʘʪʘ ʟʘ ʩʣʝʜʚʘʱʘʪʘ ʩʪʦʧʘʥʩʢʘ ʛʦʜʠʥʘ.  

6. ʉʧʝʮʠʘʣʥʠʪʝ ʠʟʤʝʨʚʘʥʠʷ ʩʘ ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʛʘʨʘʥʪʠʨʘʥʝ 
ʜʦʩʪʦʚʝʨʥʦʩʪʪʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʩʪʘʪʠʩʪʠʯʝʩʢʘʪʘ ʦʙʨʘʙʦʪʢʘ ʠ ʠʟʢʣʶʯʚʘʥʝ 
ʚʝʨʦʷʪʥʦʩʪʪʘ ʦʪ ʚʲʥʰʥʠ ʚʲʟʜʝʡʩʪʚʠʷ, ʚʣʠʷʝʱʠ ʧʨʷʢʦ ʠʣʠ ʢʦʩʚʝʥʦ ʚʲʨʭʫ ʨʘʟʚʠʪʠʝʪʦ 
ʥʘ ʨʘʩʪʝʥʠʷʪʘ.  

ʆʙʝʢʪ/ʧʦʢʘʟʘʪʝʣʠ 
ɽʣʝʢʪʨʠʯʝʩʢʦ ʧʦʣʝ ʉʪʘʪʫʩ ʄʘʛʥʠʪʥʦ ʧʦʣʝ ʉʪʘʪʫʩ 

V/m - mT - 

ʆʬʠʩ ʧʨʝʧʦʜʘʚʘʪʝʣʠ 6 safe 0 safe 

ʆʧʠʪʥʦ ʧʦʣʝ 0 safe 0 safe 
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ɿʘʢʣʶʯʝʥʠʝ 
ʀʟʚʲʨʰʝʥʠʪʝ ʠʟʤʝʨʚʘʥʠʷ ʜʘʚʘʪ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʙʘʟʠ ʦʪ ʜʘʥʥʠ, ʟʘ 

ʚʩʷʢʘ ʩʪʦʧʘʥʩʢʘ ʛʦʜʠʥʘ, ʥʝʦʙʭʦʜʠʤʠ ʧʨʠ ʧʨʦʩʣʝʜʷʚʘʥʝ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʨʘʩʪʝʥʠʷʪʘ. 
ʊʦʚʘ ʙʠ ʜʦʧʨʠʥʝʩʣʦ ʟʘ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʧʦ-ʜʦʩʪʦʚʝʨʥʠ ʧʨʦʛʥʦʟʠ ʥʘ ʜʦʙʠʚʠʪʝ ʚ 

ʩʲʦʪʚʝʪʥʠʷ ʠʟʩʣʝʜʚʘʥ  ʨʝʛʠʦʥ. 
 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 
ʅʘʫʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ, ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʢʦʠʪʦ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʥʘʩʪʦʷʱʘʪʘ 

ʧʫʙʣʠʢʘʮʠʷ, ʩʘ ʠʟʚʲʨʰʝʥʠ ʧʦ ʧʨʦʝʢʪ ʅʇ14/2023ʛ. ʚ ʨʘʤʢʠʪʝ ʥʘ ʧʨʠʩʲʱʘʪʘ ʥʘ ʊʋ-
ɺʘʨʥʘ ʥʘʫʯʥʦʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʜʝʡʥʦʩʪ, ʬʠʥʘʥʩʠʨʘʥʘ ʮʝʣʝʚʦ ʦʪ ʜʲʨʞʘʚʥʠʷ ʙʶʜʞʝʪ . 
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https://doi.org/10.29114/ajtuv.vol6.iss2.279 

[2] Bachiyski S., Zaharieva S. ñDevelopment and investigation of an electronic system for 
managing of independent single - phase inverters,ò Proceedings of the University of 
Ruse, Vol. 52, series 3, pp.102-105, 2013, ISSN 1311-3321; 

[3] Stefanov K., Enakiev Y. I., Baibekov R. F., Belopukhov S. L., òBasic principles in the 
operation of machines in forestry,ò Scientific Almanac, Issue 7-1, pp. 145-148, OOO-
Consulting company Yukom, Tambov, Russia, 2019 (in Russian); 

[4] Svilen Stoyanov, Desislava Mihaylova, Asparuh Atanasov, Hristo Stoyanov, Steliana 
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80-89, Sofia,  2023, ISSN 2683-0663; 
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[7] http://www.shtrakov.net/RET_lect.html; 
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ʉʋ ñʉʚ. ʂʣ. ʆʭʨʠʜʩʢʠñ,ɻeʦʣʦʛʦ-ʛʝʦʛʨʘʬʩʢʠ ʬʘʢʫʣʪʝʪ,  
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ʈʝʟʶʤʝ 
ɿʘ ʤʘʩʣʦʜʘʡʥʘʪʘ ʨʦʟʘ ʫ ʥʘʩ ʩʝ ʝ ʩʲʟʜʘʣʘ ʤʠʪʦʣʦʛʠʷ, ʢʦʷʪʦ ʥʷʤʘ ʧʨʷʢʘ ʚʨʲʟʢʘ ʩ 

ʥʘʫʢʘʪʘ, ʥʦ ʫʩʧʝʰʥʦ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʦʙʩʣʫʞʚʘʥʝ ʥʘ ʜʨʫʛʠ ʜʷʣʦʚʝ ʥʘ ʩʪʦʧʘʥʩʪʚʦʪʦ, 
ʦʩʦʙʝʥʦ ʪʫʨʠʟʤʘ. ɺʩʲʱʥʦʩʪ ʩʘʤʦ ʟʘ ʦʢʦʣʦ ʜʚʘ ʚʝʢʘ ʪʦʚʘ ʧʝʨʩʠʡʩʢʦ ʧʦ ʧʨʦʠʟʭʦʜ 
ʨʘʩʪʝʥʠʝ ʥʘʤʠʨʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʩʨʝʜ ʤʘʩʦʚʦ ʞʠʚʝʝʱʦʪʦ ʪʫʨʩʢʦ ʤʶʩʶʣʤʘʥʩʢʦ 
ʥʘʩʝʣʝʥʠʝ. ʇʠʰʝʤ ʪʫʨʩʢʦ, ʟʘʱʦʪʦ ʩʨʝʜ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʠ ʨʘʟʧʨʦʩʪʨʘʥʠʪʝʣʠʪʝ ʥʷʤʘ 
ʙʲʣʛʘʨʠ-ʤʶʩʶʣʤʘʥʠ, ʘ ʭʨʠʩʪʠʷʥʠʪʝ, ʢʦʠʪʦ ʟʘʧʦʯʚʘʪ ʜʘ ʨʘʙʦʪʷʪ ʪʦʚʘ, ʩʝ ʧʦʷʚʷʚʘʪ 
ʝʜʚʘ ʚ ʧʦʩʣʝʜʥʠʪʝ ʜʝʩʝʪʠʣʝʪʠʷ ʧʨʝʜʠ ʆʩʚʦʙʦʜʠʪʝʣʥʘʪʘ ʚʦʡʥʘ ʦʪ 1877/78ʛ. 

ʇʨʠʯʠʥʠʪʝ ʟʘ ʚʟʨʠʚʥʦʪʦ ʫʚʝʣʠʯʝʥʠʝ ʥʘ ʧʣʦʱʠʪʝ, ʩʚʲʨʟʘʥʠ ʩ 
ʨʦʟʦʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʚ ʉʪʨʝʣʯʘ ʧʨʝʟ ʍʍ ʚʝʢ ʩʘ ʤʥʦʛʦ. ɺ ʛʝʦʛʨʘʬʩʢʦ ʦʪʥʦʰʝʥʠʝ ʥʷʤʘ 
ʥʦʚʠ ʨʘʡʦʥʠ, ʥʦ ʩʝ ʥʘʙʣʶʜʘʚʘ ʨʘʟʰʠʨʝʥʠʝ ʥʘ ʧʣʦʱʠʪʝ ʚ ʥʷʢʦʠ ʦʪ ʩʪʘʨʠʪʝ. 
ʀʟʯʝʟʚʘʥʝʪʦ ʥʘ ʪʫʨʩʢʦʪʦ ʥʘʩʝʣʝʥʠʝ ʥʷʢʲʜʝ ʥʝ ʝ ʬʘʢʪʦʨ ʠ ʧʨʦʛʨʝʩʲʪ ʝ ʥʘʣʠʮʝ, ʥʦ 
ʜʨʫʛʘʜʝ, ʥʘʧʨʠʤʝʨ ʥʘ ʩʝʚʝʨ ʦʪ ɹʘʣʢʘʥʘ, ʪʦʚʘ ʚʦʜʠ ʠ ʜʦ ʠʟʯʝʟʚʘʥʝ ʥʘ ʢʫʣʪʫʨʘʪʘ. 
ʄʘʩʣʦʜʘʡʥʘʪʘ ʨʦʟʘ ʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʚʟʠʩʢʘʪʝʣʥʘ ʢʫʣʪʫʨʘ ʠ ʚʩʠʯʢʠ ʦʧʠʪʠ ʟʘ 
ʦʪʛʣʝʞʜʘʥʝʪʦ ʡ ʚ ʥʝʧʦʜʭʦʜʷʱʠ ʫʩʣʦʚʠʷ ʜʘʚʘʪ ʠʢʦʥʦʤʠʯʝʩʢʠ ʥʝʠʟʛʦʜʥʠ ʨʝʟʫʣʪʘʪʠ. 
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Abstract 
Mythology about the rose in our country has no direct connection with science but is 

successfully used to serve other parts of the economy, especially tourism. In fact, this 
plant of Persian origin found distribution among the Turkish Muslim population in only 
about two centuries. There were no Muslim Bulgarians among the users and distributors, 
and the Christians who started to do this appeared in the last decades before the 
Liberation War of 1877/78. 

There are many reasons for the explosive increase in the areas related to rose 
production in Strelcha in the 20th century. Geographically, there are no new areas, but 
there is an expansion of sites in some of the old ones. The disappearance of the Turkish 
population somewhere is not a factor and progress is observed, but elsewhere, for 
example in the north of the Balkans, it also leads to the disappearance of culture. The rose 
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is an extremely demanding culture and all attempts to grow it in unsuitable conditions give 
economically unfavorable results. 

Key words: Bulgaria, rose, reduction, production. 
 
ɺʲʚʝʜʝʥʠʝ 
ʉʲʚʨʝʤʝʥʥʦʪʦ ʨʘʟʚʠʪʠʝ ʥʘ ʨʦʟʦʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʚ ɹʲʣʛʘʨʠʷ ʝ ʙʝʣʷʟʘʥʦ ʦʪ 

ʨʝʜʠʮʘ ʪʨʫʜʥʦʩʪʠ. ʉʝʢʪʦʨ Ăɿʝʤʝʜʝʣʠʝñ ʩʝ ʩʙʣʲʩʢʚʘ ʩ ʤʥʦʞʝʩʪʚʦ ʧʨʦʙʣʝʤʠ ʠ 
ʨʦʟʦʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʝ ʧʨʘʚʠ ʠʟʢʣʶʯʝʥʠʝ. ʈʘʟʚʠʪʠʝʪʦ ʥʘ ʝʪʝʨʠʯʥʦ-ʤʘʩʣʝʥʠʪʝ 
ʢʫʣʪʫʨʠ ʧʦ ʥʘʰʠʪʝ ʟʝʤʠ ʜʘʪʠʨʘ ʦʪ ʩʪʦʣʝʪʠʷ. ʎʝʣʪʘ ʥʘ ʨʘʟʨʘʙʦʪʢʘʪʘ ʝ ʜʘ ʥʘʩʦʯʠ 
ʚʥʠʤʘʥʠʝʪʦ ʥʝ ʩʘʤʦ ʢʲʤ ʨʦʟʦʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʥʦ ʠ ʢʲʤ ʚʘʨʠʘʥʪʠʪʝ ʟʘ ʚʲʟʨʘʞʜʘʥʝ ʥʘ 
ʠʥʪʝʨʝʩʘ ʢʲʤ ʦʪʛʣʝʞʜʘʥʝ ʥʘ ʢʫʣʪʫʨʘʪʘ. ʆʙʝʢʪ ʥʘ ʠʟʩʣʝʜʚʘʥʝ ʝ ʨʦʟʦʧʨʦʠʟʚʦʜʩʪʚʦʪʦ 
ʚ ʩʪʨʘʥʘʪʘ, ʘ ʧʨʝʜʤʝʪ ï ʧʦʩʪʝʧʝʥʥʦʪʦ ʩʚʠʚʘʥʝ ʥʘ ʜʝʡʥʦʩʪʠʪʝ, ʩʚʲʨʟʘʥʠ ʩ ʥʝʛʦ.  

  
ʄʘʪʝʨʠʘʣʠ ʠ ʤʝʪʦʜʠ 
ʈʦʟʘʪʘ ʠ ʨʦʟʦʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʩʘ ʦʙʝʢʪ ʥʘ ʠʟʩʣʝʜʚʘʥʝ ʦʪ ʫʯʝʥʠʪʝ ʦʪ ʛʦʜʠʥʠ. ɿʘ 

ʩʲʞʘʣʝʥʠʝ ʢʲʤ ʤʦʤʝʥʪʘ ʥʝ ʩʘ ʤʥʦʛʦ ʭʦʨʘʪʘ, ʢʦʠʪʦ ʨʘʙʦʪʷʪ ʧʦ ʪʝʤʘʪʘ.  
ɺ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʘʢʪʠʚʥʦ ʧʦ ʚʲʧʨʦʩʠʪʝ ʟʘ ʨʦʟʦʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʨʘʙʦʪʠ 

ɿʘʨʝʚ (1996, 2008, 2018). ʊʦʡ ʧʦʜʨʦʙʥʦ ʦʧʠʩʚʘ ʠʩʪʦʨʠʷʪʘ ʥʘ ʙʲʣʛʘʨʩʢʦʪʦ 
ʨʦʟʦʧʨʦʠʟʚʦʜʩʪʚʦ.  

ʄʘʨʠʥʦʚ (2011) ʨʘʟʛʣʝʞʜʘ ʪʝʥʜʝʥʮʠʠʪʝ ʚ ʙʲʣʛʘʨʩʢʦʪʦ ʨʦʟʦʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʢʨʘʷ 
ʥʘ XIX ʚʝʢ (1878-1899).  

ɹʲʣʛʘʨʩʢʘʪʘ ʛʝʦʛʨʘʬʠʷ ʢʲʤ ʤʦʤʝʥʪʘ ʥʝ ʠʟʩʣʝʜʚʘ ʨʦʟʦʧʨʦʠʟʚʦʜʩʪʚʦʪʦ.  
ʀʟʧʦʣʟʚʘʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʥʘʩʪʦʷʱʠʷ ʪʨʫʜ ʩʘ ʤʥʦʛʦ ʠ ʥʝ ʩʘʤʦ 

ʛʝʦʛʨʘʬʩʢʠ. ʊʝ ʚʢʣʶʯʚʘʪ ʤʝʪʦʜ ʥʘ ʘʥʘʣʠʟ ʠ ʩʠʥʪʝʟ, ʩʪʘʪʠʩʪʠʯʝʩʢʠ, ʩʨʘʚʥʠʪʝʣʝʥ 
ʘʥʘʣʠʟ, ʥʘʙʣʶʜʝʥʠʝ ʠ ʜʨʫʛʠ.  

 
ʈʝʟʫʣʪʘʪʠ ʠ ʦʙʩʲʞʜʘʥʝ  
ɺ ʤʠʥʘʣʦʪʦ ʧʨʝʭʚʲʨʣʷʥʝʪʦ ʥʘ ʪʲʨʩʝʥʝʪʦ ʠ ʨʝʘʣʠʟʘʮʠʷʪʘ ʦʪ ʥʘʩʝʣʝʥʠʝʪʦ ʥʘ 

ʆʩʤʘʥʩʢʘʪʘ ʠʤʧʝʨʠʷ ʢʲʤ ʎʝʥʪʨʘʣʥʘ ʠ ɿʘʧʘʜʥʘ ɽʚʨʦʧʘ ʩ ʦʙʩʣʫʞʚʘʱʘʪʘ ʷ ʭʠʤʠʯʝʩʢʘ 
ʧʨʦʤʠʰʣʝʥʦʩʪ ʠ ʪʲʨʛʦʚʠʷ ʨʝʘʣʠʟʠʨʘʪ ʞʝʣʘʥʠʝʪʦ ʟʘ ʧʨʦʤʷʥʘ. ɽʜʥʘ ʧʦ ʝʜʥʘ 
ʧʨʠʤʠʪʠʚʥʠʪʝ ʛʶʣʭʘʥʠ ʩʝ ʟʘʤʝʥʷʪ ʦʪ ʤʦʜʝʨʥʠ ʠ ʤʦʱʥʠ ʧʦ ʢʘʧʘʮʠʪʝʪ ʠ ʢʘʯʝʩʪʚʘ 
ʧʨʝʨʘʙʦʪʚʘʱʠ ʬʘʙʨʠʢʠ, ʧʦʩʪʨʦʝʥʠ ʩʲʩ ʟʘʧʘʜʝʥ ʢʘʧʠʪʘʣ.  

ʇʦʩʪʝʧʝʥʥʦ ʩʝ ʦʬʦʨʤʷʪ ʩʪʘʙʠʣʥʠ ʨʦʟʦʧʨʦʠʟʚʦʜʠʪʝʣʥʠ ʨʘʡʦʥʠ, ʘ 
ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʮʚʷʪ ʪʨʲʛʚʘ ʧʦ ʧʨʠʨʦʜʥʦ-ʦʙʱʝʩʪʚʝʥʘʪʘ ʬʘʢʪʦʨʥʘ ʢʦʤʧʦʟʠʮʠʷ ʥʘ 
ʥʘʡ-ʨʘʟʚʠʪʦʪʦ 3ʟʘʧʘʜʥʦʝʚʨʦʧʝʡʩʢʦ ʦʙʱʝʩʪʚʦ. ʊʦʚʘ Ăʠʟʙʲʨʟʚʘʥʝñ ʥʘ 
ʨʦʟʦʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʩʧʨʷʤʦ ʙʲʣʛʘʨʩʢʠʪʝ ʩʪʦʧʘʥʩʢʠ ʠ ʜʨʫʛʠ ʦʙʱʝʩʪʚʝʥʠ ʨʝʘʣʥʦʩʪʠ 
ʥʦʩʠ ʚ ʙʲʜʝʱʝ ʚʲʣʥʦʦʙʨʘʟʥʦ ʨʘʟʚʠʪʠʝ, ʚ ʢʦʝʪʦ ʩʝ ʨʝʜʫʚʘʪ ʥʠʩʢʠʪʝ ʠ ʚʠʩʦʢʠʪʝ ʚʲʣʥʠ 
ʚ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ.  

ʇʦʩʪʝʧʝʥʥʦ ʚʨʝʤʝʚʘʪʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʨʦʟʦʚ ʮʚʷʪ-ʤʘʩʣʦ ʠ 
ʜʨʫʛʠ ʧʨʦʜʫʢʪʠ ʠ ʨʝʘʣʠʟʘʮʠʷʪʘ ʥʘ ʧʘʟʘʨʘ ʟʘ ʢʨʘʡʥʘ ʫʧʦʪʨʝʙʘ ʩʝ ʫʩʣʦʞʥʷʚʘ. ʊʦʚʘ 
ʥʦʩʠ ʥʦʚʘ ʣʠʢʚʠʜʥʦʩʪ, ʢʦʷʪʦ ʥʝ ʝ ʧʦ ʩʠʣʠʪʝ ʥʘ ʙʝʜʥʠʪʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʥʘ ʮʚʷʪ, ʢʦʠʪʦ 
ʧʨʝʦʙʣʘʜʘʚʘʪ. ɺʠʩʦʢʘʪʘ ʪʨʫʜʦʝʤʢʦʩʪ ʠ ʜʦ ʜʥʝʩ ʦʩʪʘʚʘ ʚʦʜʝʱ ʬʘʢʪʦʨ ʠ ʧʨʠ 
ʛʝʦʛʨʘʬʩʢʦʪʦ ʨʘʟʧʦʣʦʞʝʥʠʝ,  ʚʣʠʷʝ ʦʧʨʝʜʝʣʷʱʦ ʥʘ ʬʠʥʘʥʩʦʚʠʪʝ ʨʝʟʫʣʪʘʪʠ. 
ʈʝʜʫʚʘʪ ʩʝ ʛʦʜʠʥʠ ʥʘ ʨʘʟʰʠʨʝʥʠʝ ʥʘ ʧʣʦʱʠʪʝ ʩ ʚʩʠʯʢʠʪʝ ʨʠʩʢʦʚʝ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ 
ʩʨʝʜʥʠʪʝ ʜʦʙʠʚʠ ʠ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʮʚʝʪʘ ʩ ʧʝʨʠʦʜʠ ʥʘ ʢʨʠʟʠʩʥʦ ʩʚʠʚʘʥʝ. ʅʘʤʝʩʚʘ ʩʝ 
ʠ ʜʲʨʞʘʚʥʘʪʘ ʧʦʣʠʪʠʢʘ. ʆʩʦʙʝʥʦ ʜʨʘʤʘʪʠʯʥʦ ʝ ʧʦʣʦʞʝʥʠʝʪʦ ʧʦ ʚʨʝʤʝ ʥʘ ʢʨʠʟʘʪʘ ʚ 
ʥʘʯʘʣʦʪʦ ʥʘ 30-ʪʝ ʛʦʜʠʥʠ ʥʘ ʤʠʥʘʣʠʷ ʚʝʢ. ʉʪʠʛʘ ʩʝ ʜʦ ʬʘʣʠʪ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʠ. ʀʤʘ 
ʠ ʧʨʝʤʠʠ ʟʘ ʠʟʢʦʨʝʥʷʚʘʥʝ ʥʘ ʥʘʩʘʞʜʝʥʠʷʪʘ ʩʨʝʱʫ ʟʘʩʷʚʘʥʝ ʥʘ ʟʲʨʥʝʥʠ ʠʣʠ ʢʘʨʪʦʬ. 
ʅʘ ʪʦʚʘ ʣʫʪʘʥʝ ʩʝ ʩʣʘʛʘ ʧʦʩʪʝʧʝʥʥʦ ʢʨʘʡ ʩ ʦʜʲʨʞʘʚʷʚʘʥʝʪʦ ʥʘ ʟʝʤʝʜʝʣʠʝʪʦ ʠ 
ʮʷʣʘʪʘ ʠʢʦʥʦʤʠʢʘ ʧʨʝʟ 40-ʪʝ ʠ 50-ʪʝ ʛʦʜʠʥʠ. ʅʦ ʠ ʪʦʛʘʚʘ ʠʤʘ ʨʘʟʣʠʯʠʷ, ʤʘʢʘʨ ʠ ʦʪ 
ʜʨʫʛʦ ʝʩʪʝʩʪʚʦ. ʇʨʦʚʝʞʜʘʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʧʨʝʟ 70-ʪʝ ʛʦʜʠʥʠ ʥʘ ʤʠʥʘʣʠʷ ʚʝʢ 
ʧʦʢʘʟʚʘʪ, ʯʝ ʚ ʟʝʤʣʠʱʝʪʦ ʥʘ ʉʪʨʝʣʯʘ ʧʨʠ ʧʨʦʧʦʨʮʠʷ 3000:800 ʜʝʢʘʨʘ ʧʨʠ ʧʣʦʱʠʪʝ 
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ʟʘ ʟʝʤʠʪʝ, ʦʙʨʘʙʦʪʚʘʥʝ ʦʪ ɸʇʂ ʠ ʪʝʟʠ ʚ ʣʠʯʥʦʪʦ ʧʦʣʟʚʘʥʝ ʦʪ ʝʜʥʦ ʠ ʩʲʱʦ 
ʥʘʩʝʣʝʥʠʝ, ʚ ʝʜʠʥʩʪʚʝʥʘʪʘ, ʜʲʨʞʘʚʥʘ, ʨʦʟʦʚʘʨʥʘ, ʩʝ ʧʦʣʫʯʘʚʘ ʝʜʥʦ ʠ ʩʲʱʦ 
ʢʦʣʠʯʝʩʪʚʦ ʮʚʷʪ! ʀʥʮʠʜʝʥʪʥʠʪʝ ʦʧʠʪʠ ʢʲʤ ʥʠʩʢʘʪʘ ʠʟʢʫʧʥʘ ʮʝʥʘ ʜʘ ʩʝ ʜʦʙʘʚʷʪ 
ʧʣʦʜʦʚʠ ʠ ʟʝʣʝʥʯʫʢʦʚʠ ʢʦʥʩʝʨʚʠ ʠʣʠ ʟʲʨʥʦ ʥʝ ʩʪʘʙʠʣʠʟʠʨʘʪ ʧʣʦʱʠʪʝ ʠ 
ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ. ɺʘʞʝʥ ʤʦʪʠʚ ʟʘ ʤʘʩʦʚʦʪʦ ʚʢʣʶʯʚʘʥʝ ʥʘ ʥʘʩʝʣʝʥʠʝʪʦ ʚ 
ʦʪʛʣʝʞʜʘʥʝʪʦ ʥʘ ʨʦʟʠ ʚ ʣʠʯʥʦʪʦ ʩʪʦʧʘʥʩʪʚʦ ʝ ʣʠʧʩʘʪʘ ʥʘ ʜʨʫʛʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ 
ʜʦʭʦʜʠ ʠʟʚʲʥ ʥʠʩʢʠʷ ʪʨʫʜʦʚ ʜʝʥ.   

ʈʦʟʦʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʚ ʫʩʣʦʚʠʷʪʘ ʥʘ ʯʘʩʪʥʘʪʘ ʩʦʙʩʪʚʝʥʦʩʪ ʩʲʟʜʘʜʝ ʥʘʯʘʣʥʠ 
ʥʘʜʝʞʜʠ, ʢʦʠʪʦ ʩʝ ʨʘʟʩʝʷʭʘ ʟʘʨʘʜʠ ʣʠʧʩʘʪʘ ʥʘ ʢʦʦʧʝʨʠʨʘʥʝ ʠ ʥʠʩʢʠʪʝ ʠʟʢʫʧʥʠ ʮʝʥʠ. 
ʅʘʩʪʘʥʠ ʩʝ ʤʦʜʝʣʲʪ ʥʘ ʤʥʦʞʝʩʪʚʦ ʤʘʣʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠ ʢʦʥʢʫʨʠʨʘʱʠ ʩʝ 
ʨʦʟʦʚʘʨʥʠ. ʊʝʭʥʠʷʪ ʙʨʦʡ ʦʪʥʘʯʘʣʦ ʚʟʨʠʚʥʦ ʥʘʨʘʩʥʘ, ʥʦ ʥʝ ʥʘ ʙʘʟʘ ʥʘʫʯʥʠ ʘʥʘʣʠʟʠ, 
ʩʚʲʨʟʘʥʠ ʩ ʢʨʘʡʥʠʷ ʧʘʟʘʨ. ʇʦʩʣʝʜʚʘ ʧʨʦʮʝʩ ʥʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʙʨʦʷ ʥʘ ʨʘʙʦʪʝʱʠʪʝ 
ʨʦʟʦʚʘʨʥʠ. ʀ ʜʦʧʲʣʥʠʪʝʣʥʘʪʘ ʧʨʝʨʘʙʦʪʢʘ ʥʘ ʣʘʚʘʥʜʫʣʘ ʥʝ ʤʦʞʝ ʜʘ ʛʠ ʦʪʚʦʨʠ.  

ʂʘʢʚʘ ʝ ʩʠʪʫʘʮʠʷʪʘ ʜʥʝʩ? ʆʬʠʮʠʘʣʥʠʪʝ ʜʘʥʥʠ ʟʘ ʧʣʦʱʠʪʝ ʥʘ ʨʦʟʦʚʠ ʛʨʘʜʠʥʠ 
ʥʝ ʦʪʛʦʚʘʨʷʪ ʥʘ ʠʩʪʠʥʘʪʘ. ʇʦʨʘʜʠ ʥʝʜʦʚʝʨʠʝ, ʥʝʜʦʚʦʣʩʪʚʦ ʠ ʜʨʫʛʠ ʧʨʠʯʠʥʠ 
ʦʬʠʮʠʘʣʥʦ ʨʝʛʠʩʪʨʠʨʘʥʠʪʝ ʧʣʦʱʠ ʥʝ ʩʘ ʪʦʯʥʠ. ɸʢʦ ʩʝ ʚʷʨʚʘ ʥʘ ʦʬʠʮʠʘʣʥʘʪʘ 
ʩʪʘʪʠʩʪʠʢʘ ʬʠʥʘʥʩʦʚʘ ʧʦʜʢʨʝʧʘ ʩʘ ʧʦʣʫʯʘʚʘʣʠ ʧʣʦʱʠ ʚ ʩʪʦʣʠʮʘʪʘ ʠ ʦʢʦʣʦ ʥʝʷ. ʊʦʚʘ 
ʝ ʯʘʩʪ ʦʪ ʪʲʤʥʠʪʝ ʩʪʨʘʥʠ ʥʘ ʝʚʨʦʩʫʙʩʠʜʠʠʪʝ, ʢʦʠʪʦ ʥʘ ʢʥʠʛʘ ʩʘ ʝʜʥʠ, ʘ ʨʝʘʣʥʦʩʪʪʘ ʝ 
ʜʨʫʛʘ. ʇʦʩʣʝʜʥʘʪʘ ʚʠʩʦʢʘ ʚʲʣʥʘ ʥʘ ʟʘʩʘʞʜʘʥʝ ʥʘ ʥʦʚʠ ʧʣʦʱʠ ʧʨʠʢʣʶʯʠ ʩ ʧʘʜʘʥʝʪʦ 
ʥʘ ʠʟʢʫʧʥʠʪʝ ʮʝʥʠ ʥʘ ʨʦʟʦʚʠʷ ʮʚʷʪ ʧʨʝʜʠ ʥʷʢʦʣʢʦ ʛʦʜʠʥʠ. ʆʪ ʪʦʛʘʚʘ ʤʘʣʢʦ ʧʦ ʤʘʣʢʦ 
ʨʦʟʦʚʠ ʛʨʘʜʠʥʠ ʩʝ ʫʥʠʱʦʞʘʚʘʪ ʠ ʧʣʦʱʠʪʝ ʩʝ ʪʨʘʥʩʬʦʨʤʠʨʘʪ ʚ ʜʨʫʛʦ ʠʟʧʦʣʟʚʘʥʝ. ʆʪ 
ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʛʨʘʜʠʥʠ ʝʜʥʘ ʚʩʝ ʧʦ-ʛʦʣʷʤʘ ʯʘʩʪ ʩʘʤʦ ʩʝ ʙʝʨʘʪ, ʥʝ ʩʝ ʧʦʜʜʲʨʞʘʪ 
ʧʨʝʟ ʛʦʜʠʥʘʪʘ. ʊʝ ʩʘ ʥʘ ʜʦʠʟʞʠʚʷʚʘʥʝ ʠ ʦʧʫʩʪʷʚʘʪ. ʊʨʝʪʘʪʘ ʛʨʫʧʘ ʩʘ ʧʣʦʱʠʪʝ, ʢʦʠʪʦ 
ʩʝ ʧʦʜʜʲʨʞʘʪ ʠ ʝʢʩʧʣʦʘʪʠʨʘʪ ʢʣʘʩʠʯʝʩʢʠ ʠ ʧʲʣʥʦʮʝʥʥʦ. ʈʝʘʣʥʘ ʩʪʘʪʠʩʪʠʢʘ ʟʘ ʚʩʷʢʘ 
ʛʨʫʧʘ ʠ ʦʙʱʦ ʥʷʤʘ, ʟʘʱʦʪʦ ʚʩʠʯʢʦ ʟʘʚʠʩʠ ʦʪ ʤʦʤʝʥʪʥʘʪʘ ʚʦʣʷ ʥʘ ʩʦʙʩʪʚʝʥʠʮʠʪʝ-
ʧʨʦʠʟʚʦʜʠʪʝʣʠ. ʊʫʢ ʥʷʤʘ ʨʦʟʦʚʠ ʛʨʘʜʠʥʠ ʧʦʜ ʘʨʝʥʜʘ ʠ ʛʣʘʚʥʘʪʘ ʦʙʱʘ ʧʨʠʯʠʥʘ ʝ 
ʣʠʧʩʘʪʘ ʥʘ ʨʘʙʦʪʥʘ ʨʲʢʘ ʠ ʦʩʦʙʝʥʦ ʥʠʩʢʠʪʝ ʜʦʭʦʜʠ. ʇʨʠʯʠʥʠʪʝ ʟʘ ʪʦʚʘ ʩʘ ʥʷʢʦʣʢʦ. 
ʅʘ ʧʲʨʚʦ ʤʷʩʪʦ ʠʜʚʘ ʥʠʩʢʘʪʘ ʠʟʢʫʧʥʘ ʮʝʥʘ ʥʘ ʮʚʝʪʘ. ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʙʝʰʝ 
ʩʨʝʜʥʦ ʦʢʦʣʦ 1.50-1.70 ʣʚ ʠ ʝʜʚʘ ʧʨʝʟ 2023 ʛ. ʩʝ ʮʝʥʘʪʘ ʩʝ ʧʦʚʠʰʠ ʥʘ 4 ʣʚ.  

ɽʜʥʘ ʦʪ ʥʦʚʦʩʪʠʪʝ ʝ ʧʘʟʘʨʲʪ ʥʘ ʨʦʟʦʚʠ ʛʨʘʜʠʥʠ, ʭʘʨʘʢʪʝʨʝʥ ʟʘ ʯʘʩʪʥʘʪʘ 
ʩʦʙʩʪʚʝʥʦʩʪ. ʀ ʪʫʢ ʠʟʣʠʟʘʪ ʥʘ ʧʨʝʜʝʥ ʧʣʘʥ ʦʧʨʝʜʝʣʝʥʠ ʬʘʢʪʦʨʠ, ʢʦʠʪʦ ʤʦʞʝʤ ʜʘ 
ʛʨʫʧʠʨʘʤʝ ʥʘ ʧʨʠʨʦʜʥʠ ʠ ʦʙʱʝʩʪʚʝʥʠ. ʂʲʤ ʧʨʠʨʦʜʥʠʪʝ, ʢʦʠʪʦ ʥʠ ʠʥʪʝʨʝʩʫʚʘʪ 
ʢʦʥʢʨʝʪʥʦ, ʩʘ ʨʝʣʝʬʲʪ ʠ ʧʦʯʚʠʪʝ, ʘ ʢʲʤ ʦʙʱʝʩʪʚʝʥʠʪʝ ʩʘ ʪʨʘʥʩʧʦʨʪʥʘʪʘ ʜʦʩʪʲʧʥʦʩʪ, 
ʦʪʜʘʣʝʯʝʥʦʩʪʪʘ ʦʪ ʩʝʣʠʱʝʪʦ, ʢʘʢʪʦ ʠ ʨʘʩʪʷʱʠʪʝ ʮʝʥʠ ʥʘ ʛʦʨʠʚʘ ʠ ʧʨʝʧʘʨʘʪʠ. ʆʪ 
ʟʥʘʯʝʥʠʝ ʝ ʠ ʮʝʥʘʪʘ ʥʘ ʦʨʘʥʪʘ, ʢʘʢʪʦ ʠ ʪʘʟʠ ʟʘ ʪʨʫʜʘ ʥʘ ʥʘʝʪʠʪʝ ʙʝʨʘʯʠ. ʈʝʘʣʥʦ 
ʩʨʝʜʥʦʪʦ ʠ ʚʲʟʨʘʩʪʥʦʪʦ ʧʦʢʦʣʝʥʠʝ ʥʝ ʦʩʪʦʡʥʦʩʪʷʚʘ ʞʠʚʠʷ ʩʠ ʪʨʫʜ ʩ ʦʙʷʩʥʝʥʠʝʪʦ, ʯʝ 
ʮʚʝʪʘ ʝ ʝʜʠʥʩʪʚʝʥʘʪʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʜʦʙʘʚʲʯʝʥ ʜʦʭʦʜ ʢʲʤ ʥʠʩʢʠʪʝ ʟʘʧʣʘʪʠ ʠ 
ʧʝʥʩʠʠ. ʇʨʦʮʝʩʲʪ ʥʘ ʟʘʢʫʧʫʚʘʥʝ ʥʘ ʤʘʰʠʥʠ ʩ ʮʝʣ ʦʙʨʘʙʦʪʢʘ ʠ ʨʘʟʰʠʨʷʚʘʥʝ ʥʘ 
ʛʨʘʜʠʥʠʪʝ ʩʧʨʷ. ʉʧʨʷʭʘ ʠ ʝʜʠʥʠʯʥʠʪʝ ʩʣʫʯʘʠ, ʢʦʛʘʪʦ ʤʣʘʜʠ ʭʦʨʘ ʠʣʠ ʥʘ ʩʨʝʜʥʘ 
ʚʲʟʨʘʩʪ ʠʤʘʭʘ ʞʝʣʘʥʠʝ ʜʘ ʩʲʟʜʘʜʘʪ ʩʪʦʧʘʥʩʪʚʦ ʩ ʧʦʚʝʯʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʠʪʝ ʧʣʦʱʠ, 
ʢʦʠʪʦ ʜʦʩʪʠʛʘʪ ʜʦ ʦʢʦʣʦ 3 ʜʝʢʘʨʘ.  

ɺ ʉʪʨʝʣʯʘ ʧʲʨʚʠʪʝ ʨʦʟʦʚʠ ʛʨʘʜʠʥʠ ʩʘ ʦʪ ʚʨʝʤʝʪʦ ʧʨʝʜʠ ʆʩʚʦʙʦʞʜʝʥʠʝʪʦ, 
ʢʦʛʘʪʦ ʚ ʪʦʛʘʚʘʰʥʦʪʦ ʩʝʣʦ ʧʦʣʦʚʠʥʘʪʘ ʦʪ ʥʘʩʝʣʝʥʠʝʪʦ ʩʘ ʙʠʣʠ ʪʫʨʮʠ, ʘ ʩʣʝʜ 
ʂʨʠʤʩʢʘʪʘ ʚʦʡʥʘ ʩʘ ʟʘʩʝʣʝʥʠ ʠ 42 ʩʝʤʝʡʩʪʚʘ ʪʘʪʘʨʠ. ʇʲʨʚʦʥʘʯʘʣʥʦ ʨʦʟʠʪʝ ʩʘ ʩʝ 
ʦʪʛʣʝʞʜʘʣʠ ʩʘʤʦ ʦʪ ʪʫʨʮʠʪʝ ʢʘʪʦ ʩʧʝʮʠʘʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʦʜʦʙʥʦ ʥʘ ʥʘʚʣʠʟʘʥʝʪʦ 
ʥʘ ʦʨʠʟʘ 4 ʚʝʢʘ ʧʦ-ʨʘʥʦ ʚ ɻʦʨʥʦʪʨʘʢʠʡʩʢʘʪʘ ʥʠʟʠʥʘ. ɺʩʝ ʧʦ-ʦʪʚʦʨʝʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ 
ʦʩʤʘʥʩʢʘʪʘ ʠʢʦʥʦʤʠʢʘ ʠ ʧʨʦʥʠʢʚʘʥʝʪʦ ʥʘ ʟʘʧʘʜʥʠ ʢʘʧʠʪʘʣʠ ʧʨʘʚʠ ʚʲʟʤʦʞʥʦ ʠ ʩʨʝʜ 
ʭʨʠʩʪʠʷʥʠʪʝ ʜʘ ʩʝ ʨʘʟʚʠʝ ʩʪʨʝʤʝʞ ʢʲʤ ʟʘʧʘʟʝʥʠ ʟʘ ʦʩʤʘʥʣʠʠʪʝ ʚ ʤʠʥʘʣʦʪʦ 
ʜʝʡʥʦʩʪʠ.   

ʉʣʝʜ ʆʩʚʦʙʦʞʜʝʥʠʝʪʦ ʫ ʥʘʩ ʩʝ ʥʘʩʪʘʥʷʚʘ ʜʨʝʙʥʘʪʘ ʯʘʩʪʥʘ ʩʦʙʩʪʚʝʥʦʩʪ, ʢʦʷʪʦ 
ʩʝ ʟʘʧʘʟʚʘ ʯʘʢ ʜʦ ʩʦʮʠʘʣʠʩʪʠʯʝʩʢʦʪʦ ʟʘʜʲʣʞʠʪʝʣʥʦ ʢʦʦʧʝʨʠʨʘʥʝ. ɺ ʉʪʨʝʣʯʘ ʪʦ 
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ʧʨʠʢʣʶʯʚʘ ʧʨʝʟ 1956-1957 ʛ. ʢʘʪʦ ʠʟʚʲʥ ʊʂɿʉ ʦʩʪʘʚʘʪ ʥʝʢʦʣʮʠʥʘ ʪʚʲʨʜʦʛʣʘʚʠ 
ʜʨʝʙʥʠ ʩʝʣʷʥʠ.  

ʉʪʨʦʝʞʲʪ ʥʘ ʜʲʨʞʘʚʥʘʪʘ ʨʦʟʦʚʘʨʥʘ ʨʷʟʢʦ ʧʦʜʧʦʤʘʛʘ ʨʘʟʰʠʨʝʥʠʝʪʦ ʥʘ 
ʧʣʦʱʠʪʝ, ʧʨʠ ʢʦʝʪʦ ʩʝ ʦʙʣʷʛʘʪ ʥʘ ʪʨʘʜʠʮʠʠʪʝ ʧʦ ʤʝʩʪʥʦʩʪʠ, ʘ ʥʝ ʥʘ ʥʘʫʯʥʦ 
ʨʘʡʦʥʠʨʘʥʝ.  

ʑʝ ʠʟʙʝʛʥʝʤ ʥʘʫʯʥʘʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʨʝʣʝʬʘ ʠ ʧʦʯʚʠʪʝ ʚ ʟʝʤʣʠʱʝʪʦ ʠ ʱʝ 
ʩʝ ʦʙʲʨʥʝʤ ʢʲʤ ʤʠʩʣʝʥʝʪʦ, ʨʘʟʙʠʨʘʥʠʷʪʘ ʠ ʧʨʘʢʪʠʢʘʪʘ ʥʘ ʤʝʩʪʥʠʪʝ ʭʦʨʘ.  

ɺ ʊʂɿʉ ʧʲʨʚʦʥʘʯʘʣʥʦ ʢʲʤ ʨʦʟʦʚʠʪʝ ʛʨʘʜʠʥʠ (ʛʶʣʦʚʝʪʝ), ʩ ʢʦʠʪʦ ʩʝʣʷʥʠʪʝ ʩʘ 
ʚʣʝʟʣʠ ʚ ʢʦʦʧʝʨʘʪʠʚʘ ʩʝ ʠʟʛʨʘʞʜʘʪ ʥʦʚʠ ʤʘʩʠʚʠ. ʇʦ-ʢʲʩʥʦ ʪʦʚʘ ʟʘʪʨʫʜʥʠ ʪ.ʥ. 
ʧʦʟʝʤʣʝʥʘ ʨʝʬʦʨʤʘ, ʦʪ ʢʦʷʪʦ ʤʥʦʞʝʩʪʚʦʪʦ ʩʪʦʧʘʥʠ ʩʘ ʥʝʜʦʚʦʣʥʠ.  

ʅʘʡ-ʦʙʱʦ ʩʝʛʘ ʛʶʣʦʚʝʪʝ ʩʝ ʩʨʘʚʥʷʚʘʪ ʧʦ ʜʦʙʠʚʘ, ʥʦ ʦʩʥʦʚʥʘ ʧʨʠʯʠʥʘ ʟʘ 
ʨʘʟʣʠʯʠʷʪʘ ʝ ʨʝʣʝʬʘ ʠ ʧʦʯʚʘʪʘ. ʇʨʝʜʧʦʯʠʪʘʥʠ ʩʘ ʤʘʣʢʠʪʝ ʥʘʢʣʦʥʠ. ʊʝ ʩʘ ʜʦʙʨʝ 
ʦʛʨʷʚʘʥʠ ʦʪ ʩʣʲʥʮʝʪʦ ʠ ʧʦ-ʣʝʩʥʦ ʩʝ ʦʙʨʘʙʦʪʚʘʭʘ ʚ ʤʠʥʘʣʦʪʦ ʩ ʞʠʚʦʪʥʠ, ʘ ʜʥʝʩ ʩ 
ʤʘʰʠʥʠ.  

ʇʦʯʚʠʪʝ ʩʧʦʨʝʜ ʤʝʩʪʥʠʪʝ ʨʘʟʙʠʨʘʥʠʷ ʩʝ ʜʝʣʷʪ ʥʘ ʛʣʠʥʝʩʪʠ ʠ ʧʝʩʲʯʣʠʚʠ. ʇʨʠ 
ʜʦʩʪʘʪʲʯʥʦ ʚʘʣʝʞʠ ʠ ʚʣʘʛʘ ʛʣʠʥʝʩʪʠʪʝ ʜʘʚʘʪ ʧʦ-ʚʠʩʦʢ ʜʦʙʠʚ, ʥʦ ʧʨʠ ʩʫʰʘ ʩʘ ʪʝʞʢʠ 
ʟʘ ʦʙʨʘʙʦʪʢʘ.  ɸʢʦ ʩʝ ʩʧʘʟʚʘ ʪʨʘʜʠʮʠʦʥʥʘʪʘ ʦʙʨʘʙʦʪʢʘ ʨʦʟʦʚʘʪʘ ʛʨʘʜʠʥʘ ʪʨʷʙʚʘ ʜʘ 
ʩʝ ʦʨʝ ʧʦ ʨʘʟʣʠʯʥʠ ʧʨʠʯʠʥʠ 4-6 ʧʲʪʠ ʛʦʜʠʰʥʦ. ʇʨʠ ʩʦʮʠʘʣʠʟʤʘ ʚ ʣʠʯʥʦʪʦ ʧʦʣʟʚʘʥʝ 
ʤʝʞʜʫʨʝʜʦʚʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ ʨʦʟʦʚʠʪʝ ʛʨʘʜʠʥʠ ʩʝ ʠʟʧʦʣʟʚʘʰʝ ʠʥʪʝʥʟʠʚʥʦ ʟʘ  
ʟʘʩʘʞʜʘʥʝ ʥʘ ʙʦʙ, ʪʠʢʚʠ, ʘ ʧʨʠ ʥʘʣʠʯʠʝ ʥʘ ʚʦʜʘ ʠ ʥʘ ʟʝʣʝʥʯʫʮʠ.  

ʇʝʩʲʯʣʠʚʠʪʝ ʛʨʘʜʠʥʠ ʜʘʚʘʪ ʧʦ-ʥʠʩʲʢ ʜʦʙʠʚ, ʥʦ ʧʦ-ʣʝʩʥʦ ʩʝ ʦʙʨʘʙʦʪʚʘʪ, ʘ ʪʦʚʘ 
ʧʨʠ ʚʩʝ ʧʦ-ʟʘʩʪʘʨʷʚʘʱʘʪʘ ʠ ʦʩʢʲʜʥʘ ʨʘʙʦʪʥʘ ʨʲʢʘ ʩʪʘʚʘ ʚʩʝ ʧʦ-ʚʘʞʝʥ ʬʘʢʪʦʨ.  

ʅʘʙʣʶʜʘʚʘ ʩʝ ʧʨʝʢʲʩʚʘʥʝ ʥʘ ʪʨʫʜʦʚʘʪʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʧʦʢʦʣʝʥʠʷʪʘ. ɺʩʝ ʧʦ-
ʤʘʣʢʦ ʩʘ ʩʣʫʯʘʠʪʝ, ʢʦʛʘʪʦ ʤʣʘʜʦʪʦ ʧʦʢʦʣʝʥʠʝ ʧʨʦʜʲʣʞʘʚʘ ʦʪʛʣʝʞʜʘʥʝʪʦ ʥʘ ʛʶʣʘ ʚ 
ʩʝʤʝʡʥʠʪʝ ʪʨʘʜʠʮʠʠ. ʇʨʠʯʠʥʘ ʝ ʠ ʝʤʠʛʨʠʨʘʥʝʪʦ ʠʟʚʲʥ ʩʝʣʠʱʝʪʦ, ʟʘʧʦʯʥʘʣʦ ʦʱʝ 
ʧʨʝʟ 60-ʪʝ ʛʦʜʠʥʠ ʠ ʧʨʦʜʲʣʞʘʚʘʱʦ ʠ ʜʥʝʩ ʧʦ ʨʘʟʣʠʯʥʠ ʧʨʠʯʠʥʠ.  

ʅʘʡ-ʥʦʚʦʪʦ ʦʙʱʝʩʪʚʝʥʦ ʷʚʣʝʥʠʝ ʝ ʚʨʲʱʘʥʝʪʦ ʥʘ ʭʦʨʘ ʩʲʩ ʩʪʨʝʣʝʰʢʦ ʧʦʪʝʢʣʦ, 
ʦʩʦʙʝʥʦ ʩʣʝʜ ʧʝʥʩʠʦʥʠʨʘʥʝ. ʅʘʨʘʩʪʚʘʪ ʠ ʩʣʫʯʘʠʪʝ ʥʘ ʟʘʢʫʧʫʚʘʥʝ ʥʘ ʢʲʱʠ ʦʪ 
ʚʲʥʰʥʠ ʭʦʨʘ, ʢʦʠʪʦ ʩʝ ʥʘʩʪʘʥʷʚʘʪ ʟʘ ʧʦʩʪʦʷʥʥʦ ʠʣʠ ʩʝʟʦʥʥʦ ʞʠʪʝʣʩʪʚʦ, ʧʨʠʚʣʝʯʝʥʠ 
ʦʪ ʤʠʥʝʨʘʣʥʠʪʝ ʚʦʜʠ ʠ ʢʦʤʬʦʨʪʥʘʪʘ ʧʨʠʨʦʜʘ, ʦʪ ʪʠʰʠʥʘʪʘ ʠ ʣʠʧʩʘʪʘ ʥʘ 
ʟʘʤʲʨʩʷʚʘʥʝ. ɿʘʧʦʯʚʘʪ ʠ ʧʲʨʚʠʪʝ ʠʥʪʝʨʝʩʠ ʢʲʤ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʨʦʟʦʚ ʮʚʷʪ. 
ʇʲʨʚʦʥʘʯʘʣʥʦ ʥʝʟʘʧʦʟʥʘʪʠʪʝ ʩʝ ʩʤʫʱʘʚʘʪ ʦʪ ʩʠʣʥʦ ʧʨʝʦʙʣʘʜʘʚʘʱʠʷ ʨʲʯʝʥ ʪʨʫʜ, 
ʢʦʡʪʦ ʨʝʘʣʥʦ ʦʩʪʘʚʘ ʥʝʟʘʧʣʘʪʝʥ. ɸ ʟʘ ʭʦʙʠ-ʛʨʘʜʠʥʠ ʝ ʦʱʝ ʨʘʥʦ, ʧʲʢ ʠ ʪʝ ʥʷʤʘ ʜʘ 
ʠʤʘʪ ʩʪʦʧʘʥʩʢʘ ʩʪʦʡʥʦʩʪ. ʀʤʘ ʧʨʝʜʧʦʩʪʘʚʢʠʪʝ ʟʘ ʤʝʩʪʝʥ ʧʘʟʘʨ, ʪʲʡ ʢʘʪʦ ʙʨʦʷʪ ʥʘ 
ʞʝʣʘʝʱʠʪʝ ʜʘ ʧʨʦʜʘʚʘʪ ʝ ʨʝʘʣʝʥ ʠ ʧʦ-ʛʦʣʷʤ ʦʪ ʪʦʟʠ ʜʘ ʢʫʧʫʚʘʪ. ʀ  ʪʫʢ ʟʘ ʧʲʨʚʠ ʧʲʪ 
ʠ ʝʜʥʠʪʝ ʠ ʜʨʫʛʠʪʝ ʟʘʧʦʯʚʘʪ ʜʘ ʩʝ ʠʥʪʝʨʝʩʫʚʘʪ ʦʪ ʜʝʪʘʡʣʠʪʝ ʧʦ ʮʝʥʦʦʙʨʘʟʫʚʘʥʝʪʦ 
ʥʘ ʛʨʘʜʠʥʠʪʝ. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝʪʦ, ʩʚʲʨʟʘʥʦ ʩ ʨʝʣʝʬʘ ʠ ʧʦʯʚʝʥʠʷ ʩʲʩʪʘʚ ʩʝ ʷʚʷʚʘʪ 
ʦʧʨʝʜʝʣʷʱʠ ʠ ʥʘʫʢʘʪʘ ʙʠ ʤʦʛʣʘ ʜʘ ʧʦʤʦʛʥʝ ʩʲʩ ʩʲʦʪʚʝʪʥʘʪʘ ʫʩʣʫʛʘ.  

ʆʩʚʝʥ ʪʨʘʜʠʮʠʦʥʥʘʪʘ ʧʦʢʘʥʘ ʟʘ ʨʝʜʦʚʥʦʪʦ ʥʠ ʫʯʘʩʪʠʝ ʧʨʠʯʠʥʘ ʟʘ ʛʦʨʥʠʪʝ 
ʨʝʜʦʚʝ ʝ ʠ ʩʲʦʙʱʝʥʠʝʪʦ ʥʘ ʧʨʦʬ. ʄʘʨʪʠʥ ɹʘʥʦʚ, ʢʦʛʦʪʦ ʜʦʙʨʝ ʧʦʟʥʘʚʘʤʝ ʠ ʮʝʥʠʤ, 
ʯʝ ʥʘʡ-ʧʦʩʣʝ ʘʢʘʜʝʤʠʷʪʘ ʠʤʘ ʥʘʤʝʨʝʥʠʝ ʜʘ ʩʝ ʚʲʨʥʝ ʢʲʤ ʧʦʟʘʙʨʘʚʝʥʦʪʦ 
ʨʘʡʦʥʠʨʘʥʝ, ʯʠʠʪʦ ʛʝʦʛʨʘʬʩʢʠ ʤʝʪʦʜ ʝ ʰʠʨʦʢʦ ʠʟʧʦʣʟʚʘʥ ʚ ʧʦ-ʜʘʣʝʯʥʦʪʦ ʤʠʥʘʣʦ. 
ʀʟʮʷʣʦ ʧʦʜʢʨʝʧʷʤʝ ʠʥʠʮʠʘʪʠʚʘʪʘ. ʇʨʝʜʚʠʜ ʧʲʩʪʨʦʪʘʪʘ ʥʘ ʧʦʯʚʝʥʠʷ ʩʲʩʪʘʚ ʧʦ 
ʦʪʥʦʰʝʥʠʝ ʥʘ ʤʘʩʣʦʜʘʡʥʘʪʘ ʨʦʟʘ ʝ ʥʫʞʥʦ ʧʦʯʚʝʥʦ ʨʘʡʦʥʠʨʘʥʝ ʧʦ ʟʝʤʣʠʱʘ, ʘ ʥʝ ʧʦ 
ʦʙʱʠʥʠ. ʇʦʯʚʝʥʦʪʦ ʨʘʡʦʥʠʨʘʥʝ ʝ ʥʘʡ-ʧʦʣʝʟʥʦ, ʟʘʱʦʪʦ ʩʣʲʥʯʝʚʦʪʦ ʛʨʝʝʥʝ, 
ʚʝʪʨʦʚʝʪʝ ʠ ʚʘʣʝʞʠʪʝ ʩʘ ʩ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʢʦ ʨʘʟʣʠʯʠʷ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʝʜʥʦ 
ʟʝʤʣʠʱʝ. ʊʘʢʘ ʯʝ ʪʝʨʠʪʦʨʠʘʣʥʘʪʘ ʜʠʬʝʨʝʥʮʠʘʮʠʷ ʦʪ ʧʨʠʨʦʜʥʘ ʛʣʝʜʥʘ ʪʦʯʢʘ, ʘ ʦʪ 
ʪʘʤ ʠ ʜʦʙʠʚʠʪʝ ʩʘ ʟʘʚʠʩʠʤʠ ʚ ʥʘʡ-ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʦʪ ʧʦʯʚʠʪʝ.  
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Abstract 
Modern agricultural practices being used since last few decades in most of the 

countries worldwide have made food abundant and affordable for the increasing world 
population. Use of natural compounds and natural pest predators for pest management is 
one of the primary agricultural practices aiming at an environment-friendly agriculture. 
Biological surface-active molecules, biosurfactants are such ecologically safe compounds 
that have been reported to have prominent biocontrol activities and immense potential for 
a sustainable agriculture. Biosurfactants have also been successfully incorporated in 
synthetic formulations to enhance the effectiveness of chemical or other biological 
biocontrol agents. This review article strives to illustrate the various applications of 
biosurfactants as a component of sustainable agriculture especially their use as a 
biological pest and pathogen control agent. 

Key words: Biosurfactants, Biological Plant Protection, Sustainable agriculture, 
Biocontrol agents.  

 
Introduction 
Changes and disturbances in the habitat and biodiversity of animals and 

microorganisms in recent years due to anthropogenic activities, that include extensive use 
of fertilizers and pesticides to deal with the numerous pests attacking the crops and 
pastures and also for increasing the productivity of the land, depletion of soil and water 
quality, loss of soil and water biodiversity, and increased contamination and toxicity to flora 
and fauna as well as human and environmental health, have altered multiple host-microbe 
interactions and have led to an increased susceptibility of various crops to multiple novel 
pests. Apart from extensive negative effect on human and environment health, nonpoint 
source water pollution caused by pesticide and fertilizer laden agricultural runoffs leads to 
eutrophication and dead zones in many water bodies. Biological surface-active molecules, 
biosurfactants are such ecologically safe compounds that have been reported to have 
prominent biocontrol activities and immense potential for a sustainable agriculture. Various 
biosurfactant-producing microorganisms have been isolated and studied from various plant 
surfaces, including rhizosphere and leaves. Many plant-associated endophytes have been 
found to play an active role in plant immunity, plant resistant to stress factors, plant 
defense mechanisms, including direct protection from pathogens and pests as well as 
facilitating biocontrol mechanisms of other plant growth-promoting microbes. Many of 
these resistant mechanisms can be attributed to the specific secretions of plant-associated 
microbial population and hence, the study of plant-associated microbial molecules 
assumes vital importance. Biosurfactant is one such molecule that has been studied to 
play a vital role in plant growth and immunity and also in the activity of endophytes for 
increasing plant resistance and immunity. To fully unravel different aspect of sustainable 
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agriculture, it becomes imperative to study the association of biosurfactant and 
endophytes in plant biocontrol mechanisms (Sarubbo et al., 2022). 

 
Biosurfactants 
Biosurfactants are amphipathic molecules produced by many bacterial and fungal 

species under varying environmental and biological conditions. They are either produced 
extracellularly or secreted at the cell surface. The amphipathic nature confers on them the 
ability to orient themselves at interfaces and bring about lowering of the surface tension. 
Also of importance is their ability to form micelles (Fei et al. 2020). 

Biosurfactants are amphipathic in nature, that is, they contain both hydrophilic and 
hydrophobic domains. The hydrophilic part may be ionic (cationic or anionic) or nonionic 
and consists of molecules like carbohydrate, cyclic peptide, amino acid, phosphate 
carboxyl acid, or alcohol, while hydrophobic part is mostly a hydrocarbon chain. 
Depending on the type of the hydrophilic and hydrophobic groups, biosurfactants can be 
classified as glycolipids, lipopeptides, lipoproteins, phospholipids, and similar such 
molecules. Based on their molecular weight, biosurfactants are classified into two main 
categories: low molecular weight biosurfactants, including glycolipids and lipopeptides and 
high molecular weight polymers, like some polymeric and particulate biosurfactants. Low 
molecular weight biosurfactants are primarily implicated in the lowering of the surface and 
interfacial tensions, while high molecular weight biosurfactants have been reported to be 
more efficient emulsifying and stabilizing agents (Mishra et al., 2021). Structure of a 
biosurfactant is critical for its biological activity. Any alterations in structural diversity also 
confer on the producing host a diversity in functional attributes. Hence, the study of 
structure-function relationship of biosurfactants in various niches is important. Various 
member of many bacterial and yeast species been reported to produce different types of 
biosurfactants.  These include Pseudomonas, Rhodococcus, Bacillus, Lactobacillus, 
Acinetobacter, Arthrobacter, Corynebacterium, Enterobacter, Alcanivorax, and Candida 
among others (Drakontis et al., 2020).  

 
Applications of biosurfactants in agriculture 
The versatile properties of biosurfactants also enabled them to be used in agriculture, 

mainly to replace synthetic surfactants in formulations of pesticides and agrochemicals, 
favoring the expansion of "green chemistry" in this sector in response to the need to 
reduce/eliminate negative impacts on the environment and human health due to the 
excessive use of chemical compounds (Cameotra et al., 2010). Literature reports that 
rhamnolipid and lipopeptide biosurfactants are associated with an improvement in soil 
quality, which is important for the production of crops, as these natural compounds serve 
as bioremediation agents of soils, surface water, groundwater, and waste streams 
contaminated with hydrophobic organic compounds, such as polycyclic aromatic 
hydrocarbons and metals (Carolin et al., 2020). Due to their antimicrobial activity, 
biosurfactants from the lipid classes of mannosylerythritol, rhamnolipids, and lipopeptides 
can also be used as biopesticides to control different pests, pathogens, phytopathogenic 
fungi, and weeds (Ingle et al. 2023). Lipopeptides produced by Pseudomonas 
putida and Pseudomonas fluorescens respectively cause the lysis 
of Phytophthora capsici zoospores, which cause the ñdamping offò of cucumbers and 
inhibit the growth of phytopathogens, such as Pythium ultimum, Fusarium oxysporum, 
and Phytophthora cryptogea (Kumar et al., 2022). Other lipopeptides and some glycolipids 
have also showed promising results in this field regarding the inhibition of the action of 
aphids, mosquitos, and harmful toxins produced by the fungus Aspergillus parasiticum in 
peanut, cotton, and corn crops, preventing microbial infections and pest 
infestations (Abdellaziz et al. 2018). Biosurfactants and biosurfactant-producing 
microorganisms can also serve as nutrients for plants (carbon source) and aid in the 
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absorption of essential substances for their proper development through the efficient 
distribution of metals and micronutrients in the soil and production of biofilm on roots, while 
also protecting plants from harmful substances. 

 
Biosurfactants as antimicrobial and biocontrol agents 
The presence of different types of stresses is one of the reasons for the production of 

biosurfactant by the microorganisms and hence it is not surprising that many 
biosurfactants exhibit antimicrobial activities probably as a defense mechanism for the 
survival of the host in a competitive environment. In plant sys- tems, various theories have 
been proposed for this activity. Biosurfactants can have a direct antipathogenic effect or 
stimulate antipathogenic properties of other neighboring microorganisms in the niche (Sani 
et al., 2023). Additionally, biosurfactants have also been reported to show an indirect 
antiphytopathogenic property by increasing host defense mechanisms enabling them to 
counter any pathogen attack by antagonistic secretions. Rhamnolipids,  sophorolipids  and 
lipopeptide molecules like lichenysin, fengycin, surfactin, and iturin have shown activity 
against many phytopathogens, including Botrytis sp., Rhizoctonia sp., Pythium sp., 
Phytophthora sp., and Plasmopara sp [Geissler et al., 2019],  as well as many bacterial 
plant pathogens like Acidovorax carotovorum, Erwinia amylovora, Pseudomonas cichorii, 
Pseudomonas syringae, Pectobacterium carotovorum, Ralstonia solanacearum and 
Xanthomonas campestris (Hazarika et al., 2022) and cause loss of spore motility, inhibition 
of mycelial growth, and disruption of zoospore membranes leading to the lysis of 
zoospores of many fungal strains were the primary modes of antifungal activity 
ascertained (Singh et al., 2022), the zoospore-lysis effect on different species of Pythium 
and Phytophthora species, including Pythium aphanidermatum, Phytophthora capsici and 
Plasmopara lactucaeradicis (Tahir et al., 2022). A reduction in the rate of deposition and 
adhesion of pathogens is one of the modes of action for the antimicrobial activity exhibited 
by many bio- surfactants. The hypotheses mostly proposed for the mode of action are as 
follows: 

1. increased membrane permeability by modifications of phospholipids;  
2. damage and alterations to the cell membrane by alterations in membrane electrical 

conductance, disruption of membrane cytoskeletal elements, and insertion of fatty acid 
components; and  

3. adhesion of biosurfactant to cell surface causing deterioration and disruption of cell 
membrane integrity and nutrition cycle (Sani et al., 2023).  

Modifications in the profile of phenolic compounds produced by the plants are one 
such effect observed after pathogen infections. Apart from alterations in phenol 
composition, a plant enzyme that is most commonly found to be affected upon fungal 
infections is phenylalanine ammonia-lyase (PAL) which is a key enzyme in phenol 
biosynthesis and in the biosynthesis of plant phenylpropanoid compounds such as lignin 
and flavonoids. Activity of PAL has been found to be primarily affected in various stress 
conditions, including during pathogen attack, and an enhanced enzyme activity has been 
observed in many resistant cultivars against various plant pathogens. The positive effect of 
biosurfactant on phenolic compounds in many studies indicates an enhancement of PAL 
upon biosurfactant application leading to a protective action against pathogen attack. 
However, more detailed study of the effect of different biosurfactants on PAL is required so 
as to shed more light on the protective mechanisms of biosurfactants against plant 
pathogens and also to aid in the development of pathogen resistant plant varieties (Aswani 
et al., 2022a).Studying the expression, activation, and involvement of molecules such as 
quinolones, homoserine lactone, and las R in endophytes would shed more light on the 
regulation of biosurfactant production in plant-associated microbes and their roles in the 
biocontrol of plant pathogens and pests as well as in plant disease prevention (Hazarika et 
al., 2022). 
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Rhizosphere colonization is affected by root exudates and nutritional status and it 
was proposed that as observed in the in vitro conditions, rhizosphere conditions can 
modulate associated bacterial cell physiology toward the secretion of specific compounds 
over other molecules (Aswani et al., 2022b).The surfactin production is related to quorum 
sensing processes and along with several transcription factors, also involves two 
pheromones, ComX and PhrC, that are also involved in the development of competence in 
the Bacillus host (Geissler et al., 2019). Effect of lipoprotein on the host defense 
mechanisms can, in turn, be varied and can include direct antimicrobial activity, alterations 
in rhizosphere competence, or affecting host plant immune responses. Hence, like 
rhamnolipids, lipopeptides can also be perceived by the plant cells as trigger and signal to 
initiate plant defense mechanisms and path- ways. However, further studies on the 
specific plant receptors involved, effect, and the role played by neighboring endophytes 
and other physiochemical factors of the rhizosphere are required to actively employ 
lipopeptides as biocontrol agents and in understanding the protective role played by some 
Bacillus species in plant disease control. A lot of work has been done and a lot remains to 
be explored to understand the genetics, synthesis, structure, and regulation of 
biosurfactant production by many plant-associated bacteria, including Bacillus to optimize 
biocontrol strategies (Rajan et al., 2022). 

Biosurfactants (primarily glycolipids and lipopeptides) have been implicated in an 
enhanced immunity in host plants as well as an increase in plant defense mechanisms. 
One aspect of this is the stimulation of induced systemic resistance (ISR) in plants that is 
mediated through pattern recognition receptors, recognizing molecular signatures 
(microbe-associated molecular patterns) that are pathogen- specific. Upon induction, 
specific defense-related genes get activated leading to the accumulation of antimicrobial 
molecules in plant cells. Mono- and dirhamnolipids secreted by Pseudomonas aeruginosa 
and Burkholderia plantarii have been found to be responsible in initiating strong defense 
responses in the studied host plant, that is grapevine. These responses included Ca21-
mediated cell signaling pathways, reactive oxygen species (ROS), and mitogen-activated 
protein kinase activation (Sani et al., 2023).  

These molecules have also been implicated in inducing multiple defense genes in 
plants against pathogenesis caused by many microbes, including B. cinerea. These 
included some pathogenesis-related protein genes and genes involved in oxylipins and 
phytoalexins biosynthesis pathways. However, the mechanisms of interaction between 
biosurfactant and host plant as well as the involvement of other endophytes in this whole 
process are an area yet to be fully explored. Also of importance is the study of the 
structure-specific variations in this activity of biosurfactants and specificity, if any, with 
respect to other plant metabolites and environmental factors (Bhattacharya et al., 2022).  

Among all the biosurfactants discovered and reported till date, glycolipids and 
lipopeptides are the two most prominent classes of biosurfactants that have been 
extensively studied, not only for other economical applications, but also for their antifungal 
properties against multiple plant pathogens. In general, the ability to permeate cell wall, 
create channels, and damage the surface of pathogen has been found to the major modes 
of action of these antimicrobial agents. This is especially of importance in the current world 
scenario when an unprecedented use of fertilizers and pesticides in agricultural practices 
has irreparably damaged many ecosystems and a sustainable approach to farming is 
critically required. Also, of grave environmental and health concern is the emergence of 
many pesticide resistance pest varieties that pose further threat to agricultural output and 
necessitate the need for ecofriendly vector control tools (Jaiswal et al., 2022). 

 
Conclusion 
Unsolicited, indiscriminate, and extensive use of chemical fertilizers and pesticides 

have invariably introduced large amounts of toxic compounds into various ecological 
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niches thereby posing a threat to human and animal life. Biosurfactants have been 
established to have competitive antimicrobial activity and also enhance soil properties, 
thereby promoting enhanced crop yield and improved crop and pasture health. The 
prominent challenge that limits their extensive application in agriculture is their cost of 
production. Economizing the application of biosurfactant in routine agricultural practices in 
various countries across the globe, for pest and pathogen control, would open a new era 
of sustainable agriculture. The role of biosurfactants as elicitors of systemic resistance 
opens a promising research area in making of genetically engineered plants that are pest 
and pathogen resistance. Detailed studies on the presence and distribution of endophytes, 
their ability to produce biosurfactant, and the nature and function of biosurfactants isolated 
from endophytes would go a long way in the establishment of biosurfactants as 
sustainable agents of biocontrol. More information on details of biocontrol mechanisms of 
biosurfactants will aid in the making of bioformulations containing biosurfactant with more 
specificity and wider applicability. Extensive studies on biosurfactants from plant-
associated endophytes might also lead to discovery and isolation of novel biosurfactant 
molecules of wider metabolic functions. Also of importance is a detailed study of 
metabolism of endophytes, controlling pathways and metabolites as well as the effect of 
environment and other physiological factors on the biosurfactant production ability of 
endophytic microorganisms and the variation, if any, among different plant varieties and 
cultivars. This would further help in monitoring and strategizing the role and activity of 
external biosurfactant applications in agricultural practices, thereby strengthening the 
productivity and economic profitability of agricultural processes. Nevertheless, 
biosurfactants, as externally applied agents or as molecules produced by plant- associated 
endophytes, are safe, cost-effective, efficient, and sustainable biocontrol agents. 
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ɽʈʈɸʊʆʃʆɻʀʗ ʇʈʀ ʀɿʇʆʃɿɺɸʅɽ ʅɸ ʉʊɸʊʀʉʊʀʏɽʉʂʀʊɽ ʄɽʊʆɼʀ ʇʈʀ 

ʅɸʋʏʅʀ ʀɿʉʃɽɼɺɸʅʀʗ ɺ ʇʆʏɺʆɿʅɸʅʀɽʊʆ 

ɻʝʦʨʛʠ ʊʘʩʝʚ 

ʉʉʂɹ 

 

ʈʝʟʶʤʝ 
ɿʘ ʥʦʚʠʪʝ ʠ ʩʲʱʝʩʪʚʫʚʘʱʠ ʤʦʜʝʣʠ, ʤʝʪʦʜʠ ʠ ʨʝʟʫʣʪʘʪʠ ʟʘ ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ 

ʤʣʘʜʠʪʝ ʫʯʝʥʠ, ʜʦʢʪʦʨʘʥʪʠ ʠ ʩʧʝʮʠʘʣʠʩʪʠ ʥʘʫʯʘʚʘʪ ʛʣʘʚʥʦ ʦʪ ʧʫʙʣʠʢʘʮʠʠʪʝ ʚ 
ʥʘʫʯʥʠʪʝ ʩʧʠʩʘʥʠʷ, ʥʘʫʯʥʠʪʝ ʪʨʫʜʦʚʝ ʥʘ ʚʠʩʰʠʪʝ ʫʯʠʣʠʱʘ ʠ ʥʘʫʯʥʦ 
ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠʪʝ ʠʥʩʪʠʪʫʪʠ, ʩʙʦʨʥʠʮʠʪʝ ʜʦʢʣʘʜʠ ʦʪ ʥʘʫʯʥʠ ʢʦʥʬʝʨʝʥʮʠʠ, 
ʩʠʤʧʦʟʠʫʤʠ ʠ ʪ.ʥ. ʇʦʟʥʘʥʠʷʪʘ ʠʤ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʪʝ ʤʝʪʦʜʠ ʦʙʠʢʥʦʚʝʥʦ 
ʩʘ ʩʢʨʦʤʥʠ, ʟʘʪʦʚʘ ʠʟʚʦʜʠʪʝ ʥʘ ʘʚʪʦʨʠʪʝ ʩʝ ʧʨʠʤʘʪ ʥʘ ʜʦʚʝʨʠʝ, ʢʘʪʦ ʘʙʩʦʣʶʪʥʠ 
ʠʩʪʠʥʠ. ʊʦʚʘ ʥʝ ʙʠ ʙʠʣʦ ʪʘʢʘ ʩʪʨʘʰʥʦ, ʘʢʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʪʝ ʤʝʪʦʜʠ ʙʷʭʘ ʧʨʘʚʠʣʥʦ ʠ 
ʢʦʨʝʢʪʥʦ ʠʟʧʦʣʟʚʘʥʠ ʠ ʘʥʘʣʠʟʠʪʝ ʧʨʝʮʠʟʥʦ ʠʟʚʲʨʰʝʥʠ, ʘ ʨʝʟʫʣʪʘʪʠʪʝ ʧʨʘʚʠʣʥʦ 
ʠʟʧʦʣʟʚʘʥʠ ʧʨʠ ʠʟʨʘʙʦʪʚʘʥʝ ʠ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ. 

ɹʝʟ ʜʘ ʮʠʪʠʨʘʤʝ ʦʪ ʢʲʜʝ ʩʘ ʚʟʝʪʠ ʥʝʧʨʘʚʠʣʥʦ ʘʥʘʣʠʟʠʨʘʥʠʪʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 
ʨʝʟʫʣʪʘʪʠ, ʢʦʡ ʝ ʘʚʪʦʨʲʪ ʠ ʪ.ʥ. ʱʝ ʩʠ ʧʦʟʚʦʣʠʤ ʜʘ ʧʦʩʦʯʠʤ ʚ ʢʘʢʚʦ ʩʝ ʩʲʩʪʦʠ 
ʩʲʱʥʦʩʪʪʘ ʥʘ ʜʦʧʫʩʥʘʪʘ ʛʨʝʰʢʘ, ʢʦʷ ʝ ʧʨʠʯʠʥʘʪʘ ʟʘ ʥʝʧʨʘʚʠʣʥʦʪʦ ʪʲʣʢʫʚʘʥʝ ʠ ʢʘʢ 
ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʷ ʘʧʘʨʘʪ. 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʦʟʥʘʯʝʥʠʝ ʥʘ ʯʠʩʣʝʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʲʦʙʨʘʞʘʝʤʠ 
ʧʦʚʪʦʨʝʥʠʷ, ʥʠʚʦ ʥʘ ʟʥʘʯʠʤʦʩʪ, ʜʦʚʝʨʠʪʝʣʝʥ ʠʥʪʝʨʚʘʣ, ʧʨʦʚʝʨʢʘ ʥʘ ʭʠʧʦʪʝʟʠ, ʩʠʣʘ 
ʥʘ ʢʨʠʪʝʨʠʷ, ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʢʦʨʝʣʘʮʠʷ. 
 

ERRATOLOGY WHEN USING STATISTICAL METHODS IN SCIENTIFIC RESEARCH 
IN SOIL SCIENCE 

 

Georgi Tassev 
 

SSKB 
 

 
Abstract 
Young scientists, doctoral students and specialists learn about new and existing 

models, methods and results of scientific research mainly from publications in scientific 
journals, scientific works of higher schools and scientific research institutes, collections of 
reports from scientific conferences, symposia, etc. Their knowledge in the field of statistical 
methods is usually modest, therefore the conclusions of the authors are taken on trust, as 
absolute truths. This would not be so terrible if the statistical methods were correctly and 
correctly used and the analyzes precisely performed and the results properly used in 
making and making decisions. Without citing where the mis-analyzed statistical results are 
taken from, who the author is, etc. we will take the liberty of pointing out what constitutes 
the essence of an error committed, what is the cause of the misinterpretation, and how the 
statistical apparatus should be used. 

Key words: statistics designations, pseudoreplication, significance level, confidence 
interval, hypothesis testing, criterion power, correlation coefficient. 
 
 
 
 



ɽʂʆʃʆɻʀʗ ʀ ɸɻʈʆʊɽʍʅʆʃʆɻʀʀ ï ʌʋʅɼɸʄɽʅʊɸʃʅɸ ʅɸʋʂɸ ʀ ʇʈɸʂʊʀʏɽʉʂɸ ʈɽɸʃʀɿɸʎʀʗ 

 100 

ɺʲʚʝʜʝʥʠʝ 

ɽʨʨʘʪʦʣʦʛʠʷ ʝ ʫʯʝʥʠʝ ,ʩʚʲʨʟʘʥʦ ʩ ʠʟʫʯʘʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʛʨʝʰʢʠ ʚ ʥʷʢʘʢʚʘ 

ʜʝʡʥʦʩʪ. ɺʲʟʥʠʢʚʘ ʢʘʪʦ ʨʘʟʜʝʣ ʥʘ ʣʠʥʛʚʠʩʪʠʢʘʪʘ ʠ ʩʝ ʨʘʟʧʨʦʩʪʨʘʥʷʚʘ ʠ ʚ ʜʨʫʛʠ 

ʦʙʣʘʩʪʠ. 

ʇʦʯʪʠ ʚʩʷʢʘ ʥʘʫʯʥʘ ʧʫʙʣʠʢʘʮʠʷ ʚ ʥʘʫʯʥʠʪʝ ʩʧʠʩʘʥʠʷ ʠ ʩʙʦʨʥʠʮʠ ʩ ʜʦʢʣʘʜʠ ʦʪ 

ʥʘʫʯʥʠ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʧʦʯʚʦʟʥʘʥʠʝ ʝ ʧʨʠʜʨʫʞʝʥʘ ʦʪ ʩʧʦʤʝʥʘʚʘʥʝ, ʯʝ Ă...ʜʘʥʥʠʪʝ ʩʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʙʨʘʙʦʪʝʥʠ...ñ. ʆʩʚʝʥ ʪʦʚʘ ʥʘʣʠʯʠʝʪʦ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘ ʦʙʨʘʙʦʪʢʘ 

ʯʝʩʪʦ ʩʝ ʚʲʟʧʨʠʝʤʘ ʢʘʪʦ ʚʠʜ ʪʦʣʝʨʘʥʪʥʦʩʪ (ʩʲʛʣʘʩʠʝ) ʢʲʤ ʢʦʨʝʢʪʥʦʩʪʪʘ ʥʘ 

ʠʟʩʣʝʜʚʘʥʝʪʦ. ʅʘʡ-ʯʝʩʪʦ ʪʘʢʘʚʘ Ăʩʪʘʪʠʩʪʠʯʝʩʢʘ ʦʙʨʘʙʦʪʢʘñ ʩʝ ʩʚʝʞʜʘ ʜʦ 

ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʦʩʥʦʚʥʠʪʝ ʯʠʩʣʝʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪ ʦʧʠʩʘʪʝʣʥʘʪʘ ʩʪʘʪʠʩʪʠʢʘ 

(ʬʠʛ.1) ʙʝʟ ʜʦʧʲʣʥʠʪʝʣʥʦ ʦʙʩʲʞʜʘʥʝ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ. ʇʦʜʦʙʥʘ ʩʠʪʫʘʮʠʷ ʩʝ 

ʥʘʙʣʶʜʘʚʘʰʝ ʚ ʤʠʥʘʣʦʪʦ ʚ ʤʥʦʛʦ ʯʫʞʜʝʩʪʨʘʥʥʠ ʩʧʠʩʘʥʠʷ, ʥʦ ʩʣʝʜ ʧʫʙʣʠʢʘʮʠʠ ʟʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʧʦ-ʩʪʨʦʛ ʨʝʜʘʢʮʠʦʥʝʥ ʢʦʥʪʨʦʣ ʥʘ ʚʭʦʜʷʱʠʪʝ ʩʪʘʪʠʠ, ʥʘʧʨʠʤʝʨ 

ʩʪʘʪʠʷʪʘ ʥʘ ʈʠʯʘʨʜ ʋʝʙʩʪʲʨ (Webster, 2001)[9], ʩʠʪʫʘʮʠʷʪʘ ʩʝ ʧʨʦʤʝʥʠ ʢʲʤ ʧʦ-

ʜʦʙʨʦ.  

 

 

 

ʃʠʧʩʘ ʥʘ ʝʜʠʥʝʥ ʩʪʘʥʜʘʨʪ ʟʘ ʦʟʥʘʯʘʚʘʥʝ ʥʘ ʯʠʩʣʝʥʠʪʝ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 
ʠʟʩʣʝʜʚʘʥʠʪʝ ʧʘʨʘʤʝʪʨʠ 

ʅʝ ʷʩʥʦ ʠ ʥʝ ʨʘʟʙʠʨʘʝʤʦ ʩʘ ʦʧʠʩʘʥʠ ʠʟʧʦʣʟʚʘʥʠʪʝ ʯʠʩʣʝʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʠʣʠ ñʂʘʢ ʦʥ ʜʳʰʠʪ, ʪʘʢ ʠ ʧʠʰʝʪ....ò( ñʂʘʢʪʦ ʜʠʰʘ, ʪʘʢʘ 
ʠ ʧʠʰʝ...ò ) ɹ. ʆʢʫʜʞʘʚ. ʅʝʩʲʦʪʚʝʪʩʪʚʠʝ ʚ ʦʟʥʘʯʝʥʠʷʪʘ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʪʝ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʧʦʯʚʘʪʘ, ʩ ʝʜʥʦ ʠ ʩʲʱʦ ʟʥʘʯʝʥʠʝʥʝ, 
ʥʝ ʝ ʪʦʣʢʦʚʘ ʙʝʟʦʙʠʜʥʘ ʩʠʪʫʘʮʠʷ. ʀʟʛʣʝʞʜʘ, ʯʝ ʘʢʦ ʚ ʩʪʘʪʠʷʪʘ ʝ ʜʘʜʝʥʘ ʨʘʟʰʬʨʦʚʢʘ 
ʥʘ ʦʟʥʘʯʝʥʠʷʪʘ ʥʘ ʯʠʩʣʝʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷ ʧʘʨʘʤʝʪʲʨ, ʪʦʛʘʚʘ ʥʝ 
ʤʦʞʝ ʜʘ ʠʤʘ ʧʨʝʪʝʥʮʠʠ ʢʲʤ ʘʚʪʦʨʘ/ʪʝ/,ʥʦ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʨʘʟʣʠʯʥʠ ʦʟʥʘʯʝʥʠʷ ʚʦʜʷʪ 
ʜʦ ʦʙʲʨʢʚʘʥʝ ʥʘ ʧʦʥʷʪʠʷʪʘ, ʘ ʤʥʦʛʦ ʯʝʩʪʦ ʠʤʘ ʥʘʫʯʥʠ ʪʨʫʜʦʚʝ, ʢʲʜʝʪʦ ʥʝ ʩʘ ʜʘʜʝʥʠ 
ʥʘʠʤʝʥʦʚʘʥʠʷʪʘ ʥʘ ʠʟʧʦʣʟʚʘʥʠʪʝ ʯʠʩʣʝʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʀ ʪʘʢʘ, ʩʨʝʜʥʦ 

ʘʨʠʪʤʝʪʠʯʥʘʪʘ ʩʪʦʡʥʦʩʪ, ʥʘʧʨʠʤʝʨ ʤʦʞʝ ʜʘ ʩʨʝʱʥʝʤ, ʯʝ ʝ ʦʟʥʘʯʝʥʘ ʢʘʪʦ  

[16,17] ɹʫʢʚʠʪʝ ʦʪ ʛʨʲʮʢʘʪʘ ʘʟʙʫʢʘ ʚ ʩʪʘʪʠʩʪʠʢʘʪʘ ʩʘ ʟʘʧʘʟʝʥʠ ʟʘ ʦʙʦʟʥʘʯʘʚʘʥʝ ʥʘ 
ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʛʝʥʝʨʘʣʥʘʪʘ ʩʲʚʢʫʧʥʦʩʪ.[ɹɼʉ 15887-85 ʊʝʦʨʠʷ ʥʘ ʚʝʨʦʷʪʥʦʩʪʠʪʝ ʠ 
ʧʨʠʣʦʞʥʘ ʩʪʘʪʠʩʪʠʢʘ. ʊʝʨʤʠʥʠ, ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʦʟʥʘʯʝʥʠʷ]. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ   ʥʘ 
ʛʝʥʝʨʘʣʥʘʪʘ ʩʲʚʢʫʧʥʦʩʪ ʩʘ ʧʦ ʜʝʬʠʥʠʮʠʷ ʧʦʩʪʦʷʥʥʠ ʚʝʣʠʯʠʥʠ. ʊʘʢʘ,ʯʝ   ʝ 

ʧʦʩʪʦʷʥʥʘ ʩʪʦʡʥʦʩʪ ʠ ʩʣʫʞʠ ʟʘ ʦʟʥʘʯʘʚʘʥʝ ʥʘ ʩʨʝʜʥʘ ʩʪʦʡʥʦʩʪ ʥʘ ʛʝʥʝʨʘʣʥʘʪʘ 
ʩʲʚʢʫʧʥʦʩʪ, ʠ ʝ ʥʝʧʨʠʝʤʣʠʚʦ ʜʘ ʩʝ ʦʙʦʟʥʘʯʘʚʘ ʠʟʚʘʜʢʦʚʘ ʩʪʦʡʥʦʩʪ ʩ ʥʝʷ. 

ʇʦʨʘʜʠ ʬʘʢʪʘ, ʯʝ ʦʮʝʥʢʘʪʘ ʥʘ ʦʧʨʝʜʝʣʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ʚʠʥʘʛʠ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʠʟʚʘʜʢʘ, ʪʦʚʘ ʝ ʩʣʫʯʘʡʥʘ ʩʪʦʡʥʦʩʪ, ʯʠʠʪʦ ʩʪʦʡʥʦʩʪʠ ʚʘʨʠʨʘʪ 
ʦʪ ʠʟʚʘʜʢʘ ʜʦ ʠʟʚʘʜʢʘ. ɹʫʢʚʘʪʘ X ʝ ʟʘʧʘʟʝʥʘ ʟʘ ʦʙʦʟʥʘʯʘʚʘʥʝ ʥʘ ʧʨʠʤʝʨʥʘʪʘ 
ʩʣʫʯʘʡʥʘ ʧʨʦʤʝʥʣʠʚʘ. ʆʟʥʘʯʘʚʘʥʝʪʦ ʥʘ ʩʨʝʜʥʦ ʘʨʠʪʤʝʪʠʯʥʦʪʦ ʩ ʙʫʢʚʘʪʘ ʄ ʝ 
ʦʩʪʘʨʷʣʦ ʠ ʥʝ ʬʠʛʫʨʠʨʘ ʚ ʩʪʘʥʜʘʨʪʘ ɹɼʉ 15887-85. 

ʉʲʱʦʪʦ ʤʦʞʝ ʜʘ ʩʝ ʢʘʞʝ ʠ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʨʘʟʩʝʡʚʘʥʝ, ʘ ʠʤʝʥʥʦ: 

ʜʠʩʧʝʨʩʠʷ ʠ ʩʪʘʥʜʘʨʪʥʦ ʢʚʘʜʨʘʪʠʯʥʦʪʦ ʦʪʢʣʦʥʝʥʠʝ.  ʆʟʥʘʯʝʥʠʷʪʘ  ʠ  ʩʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʛʝʥʝʨʘʣʥʘʪʘ ʩʲʚʢʫʧʥʦʩʪ ʠ ʩʘ ʢʦʥʩʪʘʥʪʠ, ʘ ʪʝʭʥʠʪʝ ʦʮʝʥʢʠ ʪʨʷʙʚʘ 

ʜʘ ʩʝ ʦʟʥʘʯʘʚʘʪ ʩ  ʠ s (ʊʘʙʣʠʮʘ 1) 

   

ɻʝʥʝʨʘʣʥʘ 

ʩʲʚʢʫʧʥʦʩʪ 

ʀʟʚʘʜʢʦʚʘ ʩʲʚʢʫʧʥʦʩʪ 

ʏʠʩʣʝʥʘ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘ 
ʆʟʥʘʯ

ʝ-ʥʠʝ  
ʏʠʩʣʝʥʘ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘ 
ʆʟʥʘʯʝʥʠʝ  

ʉʨʝʜʥʘ 

ʩʪʦʡʥʦʩʪ 
 ʆʮʝʥʢʘ ʥʘ ʩʨʝʜʥʘʪʘ 

ʩʪʦʡʥʦʩʪ 
 

ɼʠʩʧʝʨʩʠʷ   ʆʮʝʥʢʘ ʥʘ ʜʠʩʧʝʨ-

ʩʠʷʪʘ 
 

ʉʨʝʜʥʦ 

ʢʚʘʜʨʘ-ʪʠʯʥʦ 

ʦʪʢʣʦʥʝ-ʥʠʝ 

 ʆʮʝʥʢʘ ʥʘ ʩʨʝʜʥʦ-

ʢʚʘʜʨʘʪʠʯʥʦʪʦ 

ʦʪʢʣʦʥʝʥʠʝ 

S 

ʈʘʟʤʘʭ  R ʆʮʝʥʢʘ ʥʘ ʨʘʟʤʘʭʘ r 

 

 

2. ʆʧʠʩʘʥʠʝ ʥʘ ʤʝʪʦʜʠʢʘʪʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ  

ʏʝʩʪʦ ʩʝ ʩʨʝʱʘʪ ʨʘʙʦʪʠ, ʢʦʠʪʦ ʧʝʩʪʝʣʠʚʦ ʦʧʠʩʚʘʪ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘʪʘ 

ʤʝʪʦʜʠʢʘ, ʢʦʝʪʦ ʟʘʪʨʫʜʥʷʚʘ ʦʙʦʙʱʘʚʘʥʝʪʦ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʠʣʠ ʩʘʤʦ ʩʧʦʤʝʥʘʚʘʪ,ʯʝ 

ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʧʨʦʚʝʜʝʥʦ ʧʦ ʨʘʟʨʘʙʦʪʝʥʘ ʤʝʪʦʜʠʢʘ. ʀʤʘ ʥʘʫʯʥʠ ʪʨʫʜʦʚʝ, ʢʲʜʝʪʦ ʝ 

ʜʘʜʝʥʘ ʤʝʪʦʜʠʢʘ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʚ ʧʦʯʚʦʟʥʘʥʠʝʪʦ, 

ʢʘʪʦ ʩʝ ʦʙʨʲʱʘ ʚʥʠʤʘʥʠʝ ʚʲʨʭʫ ʩʣʝʜʥʠʪʝ ʝʣʤʝʥʪʠ ʥʘ ʪʘʟʠ ʤʝʪʦʜʠʢʘ. ɹʨʦʷʪ ʥʘ 

ʧʦʚʪʦʨʝʥʠʷʪʘ, ʤʝʪʦʜʲʪ ʥʘ ʧʦʩʪʘʚʷʥʝ ʥʘ ʤʝʩʪʘʪʘ ʟʘ ʚʟʝʤʘʥʝ ʥʘ ʧʨʦʙʠ, ʝʩʪʝʩʪʚʦʪʦ ʥʘ 

ʚʟʝʪʘʪʘ ʧʨʦʙʘ (ʠʥʜʠʚʠʜʫʘʣʥʘ ʠʣʠ ʩʤʝʩʝʥʘ), ʥʝʡʥʠʷʪ ʦʙʝʤ ʠ ʬʦʨʤʘ ʤʦʛʘʪ 

ʊʘʙʣʠʮʘ 1. ʆʟʥʘʯʝʥʠʷ 
ʥʘ ʦʩʥʦʚʥʠʪʝ ʯʠʩʣʝʥʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 
ʛʝʥʝʨʘʣʥʘʪʘ ʠ ʠʟʚʘʜ-
ʢʦʚʘʪʘ ʩʲʚʢʫʧʥʦʩʪ.  
Table 1. Designations 
of the main numerical 
characteristics of the 
general and sample 
population 
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ʟʥʘʯʠʪʝʣʥʦ ʜʘ ʧʦʚʣʠʷʷʪ ʥʘ ʢʨʘʡʥʠʪʝ ʟʘʢʣʶʯʝʥʠʷ. ʊʘʢʘ ʥʘʧʨʠʤʝʨ ʜʫʤʠʪʝ 

Ă...ʧʦʚʪʦʨʝʥʠʝ ʝ ʪʨʠ ʧʲʪʠñ ʤʦʛʘʪ ʜʘ ʦʟʥʘʯʘʚʘʪ:  

1) ʪʨʠ ʢʨʘʪʥʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠ ʝʣʝʤʝʥʪ ʦʪ ʝʜʥʘ 

ʠʥʜʠʚʠʜʫʘʣʥʘ ʧʨʦʙʘ;  

2) ʪʨʠ ʢʨʘʪʥʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʝʜʠʥ ʠ ʩʲʱ ʧʦʢʘʟʘʪʝʣ ʦʪ ʩʤʝʩʝʥʘ ʧʨʦʙʘ, 

ʩʲʩʪʘʚʝʥʘ ʦʪ ʪʨʠ ʠʥʜʠʚʠʜʫʘʣʥʠ ʧʨʦʙʠ;  

3) ʝʜʥʦ ʢʨʘʪʥʦ ʦʧʨʝʜʝʣʷʥʝ ʚʲʚ ʚʩʷʢʘ ʦʪ ʪʨʠ ʦʪʜʝʣʥʠ ʧʨʦʙʠ, ʚʟʝʪʠ ʦʪ ʝʜʠʥ 

ʧʦʯʚʝʥ ʭʦʨʠʟʦʥʪ ʚ ʝʜʠʥ ʫʯʘʩʪʲʢ;  

4) ʝʜʥʦʢʨʘʪʥʦ ʦʧʨʝʜʝʣʷʥʝ ʚʲʚ ʚʩʷʢʘ ʦʪ ʪʨʠ ʧʨʦʙʠ, ʠʟʙʨʘʥʠ ʚ ʝʜʠʥ ʧʦʯʚʝʥ 

ʭʦʨʠʟʦʥʪ ʦʪ ʪʨʠ ʫʯʘʩʪʲʢʘ, ʨʘʟʧʦʣʦʞʝʥʠ ʚ ʠʟʩʣʝʜʚʘʥʘʪʘ ʧʣʦʱ.  

ʆʯʝʚʠʜʥʦ ʝ, ʯʝ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʦʧʨʝʜʝʣʷʥʠʷʪʘ ʚ ʦʧʠʩʘʥʠʪʝ ʩʣʫʯʘʠ ʩʝ ʦʪʥʘʩʷʪ 

ʜʦ ʨʘʟʣʠʯʥʠ ʦʙʝʢʪʠ ʥʘ ʠʟʩʣʝʜʚʘʥʝ. ɺ ʧʲʨʚʠʷ ʩʣʫʯʘʡ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʪʘ ʥʘ ʩʪʦʡʥʦʩʪʠʪʝ ʧʦʨʘʜʠ ʘʥʘʣʠʪʠʯʥʠ ʛʨʝʰʢʠ, ʚ ʪʨʝʪʠʷ ʩʝ 

ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʦʙʱʘʪʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪ ʥʘ ʩʪʦʡʥʦʩʪʠʪʝ ʚ ʨʘʤʢʠʪʝ ʥʘ ʦʧʠʪʥʠʷ 

ʫʯʘʩʪʲʢ ʠ ʘʥʘʣʠʪʠʯʥʘʪʘ ʛʨʝʰʢʘ, ʚ ʧʦʩʣʝʜʥʠʷ ʩʣʫʯʘʡ ʦʙʱʘʪʘ ʘʥʘʣʠʪʠʯʥʘ ʛʨʝʰʢʘ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʘʪʘ ʨʘʟʥʦʨʦʜʥʦʩʪ ʥʘ ʪʝʨʠʪʦʨʠʷʪʘ. ɺʪʦʨʠʷʪ ʩʣʫʯʘʡ ʝ ʧʦ-ʩʣʦʞʝʥ, ʪʲʡ 

ʢʘʪʦ ʘʥʘʣʠʪʠʯʥʠʪʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʠʪʝ ʛʨʝʰʢʠ ʩʲʱʦ ʩʝ ʥʘʩʣʘʛʚʘʪ ʦʪ ʛʨʝʰʢʘʪʘ, 

ʜʲʣʞʘʱʘ ʩʝ ʥʘ ʩʤʝʩʚʘʥʝ. ɸʢʦ ʥʝ ʝ ʧʦʩʦʯʝʥʦ ʢʘʢ ʪʦʯʥʦ ʝ ʠʟʚʲʨʰʝʥ ʝʢʩʧʝʨʠʤʝʥʪʲʪ, 

ʪʦʛʘʚʘ ʥʝ ʝ ʷʩʥʦ ʢʘʢʚʦ ʩʘ ʠʤʘʣʠ ʧʨʝʜʚʠʜ ʘʚʪʦʨʠʪʝ, ʢʦʛʘʪʦ ʩʲʦʙʱʘʚʘʪ ʟʘ ʪʨʠʢʨʘʪʥʦ 

ʧʦʚʪʦʨʝʥʠʝ. 

ɿʘ ʜʘ ʥʝ ʚʲʟʥʠʢʚʘʪ ʪʘʢʠʚʘ ʥʝ ʷʩʥʦʪʠ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʨʘʟʨʘʙʦʪʠ ʤʝʪʦʜʠʢʘ ʟʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʟʩʣʝʜʚʘʥʝ[13,15,20], ʢʲʜʝʪʦ ʜʘ ʩʝ ʜʘʜʝ ʚʟʘʠʤʦʚʨʲʟʢʘʪʘ ʤʝʞʜʫ 

ʝʣʝʤʝʥʪʠʪʝ ʡ ʠ ʪʷʭʥʦʪʦ ʩʲʜʲʨʞʘʥʠʝ (ʬʠʛ.2), ʪʘʢʘ ʯʝ ʘʢʦ ʥʷʢʦʡ ʠʩʢʘ ʜʘ ʧʦʚʪʦʨʠ ʪʦʟʠ 

ʝʢʩʧʝʨʠʤʝʥʪ ʜʘ ʧʦʣʫʯʠ ʘʥʘʣʦʛʠʯʥʠ ʨʝʟʫʣʪʘʪʠ ʩ ʥʝʩʲʱʝʩʪʚʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘ ʛʨʝʰʢʘ 

ʥʘ ʦʧʨʝʜʝʣʷʥʠʪʝ ʯʠʩʣʝʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷ ʧʘʨʘʤʝʪʲʨ. 

 

3. ɺʲʦʙʨʘʞʘʝʤʠ(ʤʥʠʤʠ) ʧʦʚʪʦʨʝʥʠʷ 
ʇʨʦʙʣʝʤʲʪ ʩ ʧʩʝʚʜʦ ʧʦʚʪʦʨʝʥʠʷʪʘ, ʰʠʨʦʢʦ ʩʝ ʜʠʩʢʫʪʠʨʘ ʚ ʙʠʦʣʦʛʠʯʥʘʪʘ 

ʣʠʪʝʨʘʪʫʨʘ.ʊʦʚʘ ʝ ʧʨʦʙʣʝʤ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʧʦʧʫʣʘʮʠʷʪʘ ʟʘ ʠʟʩʣʝʜʚʘʥʝ. ʀʟʚʲʥ 

ʯʠʩʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʪʝ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʱʘʪʘ ʧʦʧʫʣʘʮʠʷ ʚ ʧʦʯʚʦʟʥʘʥʠʝʪʦ ʤʦʞʝ ʜʘ 

ʙʲʜʝ ʧʨʝʜʩʪʘʚʝʥʘ ʢʘʪʦ ʦʙʝʢʪ, ʟʘ ʢʦʡʪʦ ʩʝ ʧʨʘʚʠ ʟʘʢʣʶʯʝʥʠʝ ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʝʜʠʥ ʠʣʠ 

ʜʨʫʛ ʤʝʪʦʜ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʥʝʛʦʚʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʬʠʟʠʯʥʠ, 

ʭʠʤʠʯʥʠ ʠʣʠ ʜʨʫʛʠ ʩʚʦʡʩʪʚʘ. ʊʦʟʠ ʦʙʝʢʪ ʪʨʷʙʚʘ ʜʘ ʠʤʘ ʷʩʥʠ ʛʨʘʥʠʮʠ, ʢʦʠʪʦ ʛʦ 

ʦʪʜʝʣʷʪ ʦʪ ʧʦʜʦʙʥʠ ʜʨʫʛʠ ʦʙʝʢʪʠ. 
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ʇʨʠ ʠʟʫʯʘʚʘʥʝ ʥʘ ʦʙʝʢʪʠ  ʥʘ ʩʭʝʤʘ ɸ ʱʝ ʧʨʝʜʩʪʘʚʣʷʚʘ ʚʲʦʙʨʘʞʘʝʤʠ 
ʧʦʚʪʦʨʝʥʠʷ,ʥʦ ʩʭʝʤʘ ɹ - ʥʝ. ʅʘʧʨʠʤʝʨ, ʘʢʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʦʧʨʝʜʝʣʝʥʘ 
ʢʣʘʩʠʬʠʢʘʮʠʦʥʥʘ ʧʦʯʚʝʥʘ ʝʜʠʥʠʮʘ, ʥʘʧʨʠʤʝʨ ʪʠʧ ʧʦʯʚʘ, ʦʟʥʘʯʘʚʘʪ ʧʦʜʦʙʥʠ 
ʧʦʯʚʝʥʠ ʧʨʦʬʠʣʠ, ʨʘʟʧʨʝʜʝʣʝʥʠ ʚʲʨʭʫ ʧʣʦʱ ʦʪ ʩʪʦʪʠʮʠ ʠʣʠ ʭʠʣʷʜʠ km2, ʪʦʛʘʚʘ ʝ 
ʷʩʥʦ, ʯʝ ʢʦʤʙʠʥʘʮʠʷʪʘ ʦʪ ʫʩʣʦʚʠʷ ʥʘ ʧʦʯʚʦʦʙʨʘʟʫʚʘʥʝ ʚ ʩʧʝʮʠʬʠʯʥʠ ʪʦʯʢʠʪʝ ʱʝ 
ʜʦʚʝʜʘʪ ʜʦ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʥʷʢʦʣʢʦ ʨʘʟʣʠʯʥʠ ʧʦʯʚʝʥʠ ʧʨʦʬʠʣʘ ʠ ʢʦʣʢʦʪʦ ʧʦ-ʜʘʣʝʯ 
ʩʘ ʪʝʟʠ ʧʨʦʬʠʣʠ ʝʜʠʥ ʦʪ ʜʨʫʛ, ʪʦʣʢʦʚʘ ʧʦ-ʛʦʣʝʤʠ ʩʘ ʚʝʨʦʷʪʥʦʪʠʪʝ ʨʘʟʣʠʢʠ, ʧʨʠ 
ʫʩʣʦʚʠʝ ʯʝ ʥʘʧʨʠʤʝʨ ʧʨʦʙʠʪʝ ʩʘ ʚʟʝʪʠ ʧʦ ʝʜʠʥ ʠ ʩʲʱʠ ʥʘʯʠʥ ʠ ʘʥʘʣʠʟʲʪ ʝ ʠʟʚʲʨʰʝʥ 
ʧʦ ʩʲʱʘʪʘ ʤʝʪʦʜʦʣʦʛʠʷ. ʉʣʝʜʦʚʘʪʝʣʥʦ, ʘʢʦ ʦʢʦʣʦ ʝʜʠʥ ʧʦʯʚʝʥ ʫʯʘʩʪʲʢ ʩʘ ʥʘʧʨʘʚʝʥʠ 
10 ʨʘʟʨʝʟʘ (ʠʟʢʦʧʠ) ʠ ʝ ʧʦʩʦʯʝʥʦ, ʯʝ ʩʚʦʡʩʪʚʘʪʘ ʥʘ ʧʦʯʚʘʪʘ ʩʘ ʠʟʤʝʨʝʥʠ ʟʘ 
ʦʧʨʝʜʝʣʝʥ ʪʠʧ ʧʦʯʚʘ ʩ 10 ʧʦʚʪʦʨʝʥʠʝ ʠ ʪʦʟʠ ʪʠʧ ʧʦʯʚʘ ʠʤʘ ʪʘʢʘʚʘ ʧʨʦʤʝʥʣʠʚʦʩʪ, 
ʪʦʛʘʚʘ ʪʘʢʦʚʘ ʪʚʲʨʜʝʥʠʝ ʧʦʧʘʜʘ ʧʦʜ ʜʝʬʠʥʠʮʠʷ ʥʘ ʚʲʦʙʨʘʞʘʝʤʠ ʧʦʚʪʦʨʝʥʠʷ, ʪʲʡ 
ʢʘʪʦ ʥʘ ʛʦʣʝʤʠ ʨʘʟʩʪʦʷʥʠʷ ʩʚʦʡʩʪʚʘʪʘ ʥʘ ʜʘʜʝʥ ʧʦʯʚʝʥ ʦʙʝʢʪ, ʜʠʘʛʥʦʩʪʠʮʠʨʘʥ ʢʘʪʦ 
ʦʧʨʝʜʝʣʝʥ ʪʠʧ ʧʦʯʚʘ, ʤʦʛʘʪ ʜʘ ʚʘʨʠʨʘʪ ʟʥʘʯʠʪʝʣʥʦ. 
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ʌʠʛ.2.ʄʝʪʦʜʠʢʘ ʟʘ ʝʢʩʧʝʨʠʤʝ-
ʥʪʘʣʥʦ ʠʟʩʣʝʜ-ʚʘʥʝ: ʎɽʀïʮʝʣ ʥʘ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ; 
ɿɽʀïʟʘʜʘʯʠ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ-
ʪʦ ʠʟʩʣʝʜʚʘʥʝ; ʆʇʄïʦʙʱʠ ʧʦʣʦʞʝ-
ʥʠʷ ʥʘ ʤʝʪʦʜʠʢʘʪʘ; ɺʌïʚʭʦʜʥʠ 
ʬʘʢʪʦʨʠ;ʀʇï ʠʟʭʦʜʥʠ ʧʘʨʘʤʝʪʨʠ; 
ʆʀïʦʙʝʢʪ ʥʘ ʠʟʩʣʝʜʚʘʥʝ;ʋʀ ïʫʩ-
ʣʦʚʠʷ ʥʘ ʠʟʩʣʝʜʚʘʥʝ; ʂʉʆïʢʨʠʪʝ-
ʨʠʠ ʟʘ ʩʲʩʪʦʷʥʠʝ ʥʘ ʦʙʝʢʪʘ;ʄʀï
ʤʝʪʦʜʠ ʟʘ ʠʟʤʝʨʚʘʥʝ;ʆɽʀ ï ʦʙʦʨʫ-
ʜʚʘʥʝ ʠ ʝʢʠʧʠʨʦʚʢʘ ʟʘ ʠʟʤʝʨʚʘʥʝ; 
ʈʇʀïʨʝʜ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʠʟʩʣʝʜ-
ʚʘʥʝʪʦ; ɺʨʀïʚʨʝʤʝ ʟʘ ʠʟʩʣʝ-ʜʚʘʥʝ; 
ɹʀʆïʙʨʦʡ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʦʙʝ-
ʢʪʠ; ʄʆʈïʤʝʪʦʜʠ ʟʘ ʦʙʨʘʙʦʪ-ʢʘ 
ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ; ʄɸʈïʤʝʪʦʜʠ ʟʘ 
ʘʥʘʣʠʟ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ; ʌʇʈïʬʦʨʤʘ 
ʥʘ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ 
ʠʟʩʣʝʜʚʘʥʝʪʦ 

Fig. 2. Methodology for 
experimental research: CEI ï 
purpose of the experimental 
research; ZEI ï tasks of 
experimental research; OPM ï 
general conditions of the 
methodology; VF ï input factors; IP 
ï output parameters; OI ï research 
object; UI ï research conditions; 
KSO ï criteria for the condition of 
the object; MI ï methods of 
measurement; OEI ï equipment and 
equipment for measurement; RPI ï 
order of carrying out the research; 
VRI ï time for research; BIO ï 
number of investigated sites; MOR ï 
methods for processing the results; 
MAP ï methods for analysis of 
results; FPR ï form of presentation 
of research results 

ʄʝʪʦʜʲʪ ʥʘ ʠʟʧʠʪʚʘʥʝ 
ʠ ʤʝʪʦʜʲʪ ʟʘ ʦʧʨʝʜʝ-
ʣʷʥʝ ʥʘ ʧʦʢʘʟʘʪʝʣʠʪʝ 
ʧʦʥʝ ʥʝ ʪʨʷʙʚʘ ʜʘ ʩʝ 
ʨʘʟʣʠʯʘʚʘʪ ʪʚʲʨʜʝ 
ʤʥʦʛʦ, ʥʘʧʨʠʤʝʨ ʨʘʟ-
ʤʝʨʠʪʝ ʥʘ ʧʨʦʙʠʪʝ 
ʪʨʷʙʚʘ ʜʘ ʩʘ ʧʨʠʙʣʠ-
ʟʠʪʝʣʥʦ ʝʜʥʘʢʚʠ, ʩʚʦʡ-
ʩʪʚʘʪʘ ʪʨʷʙʚʘ ʜʘ ʩʝ 
ʦʧʨʝʜʝʣʷʪ ʧʦ ʝʜʠʥ 
ʤʝʪʦʜ, ʞʝʣʘʪʝʣʥʦ ʝ ʜʘ 
ʠʤʘ ʢʘʯʝʩʪʚʝʥ ʢʦʥʪʨʦʣ 
ʥʘ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʜʨ. 
ʅʘ ʌʠʛ.3 ʝ ʧʦʢʘʟʘʥʘ 
ʜʠʘʛʨʘʤʘ, ʦʙʷʩʥʷʚʘʱʘ 
ʧʦʥʷʪʠʝʪʦ Ăʤʥʠʤʠ 
ʧʦʚʪʦʨʝʥʠʷò. 
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ʈʘʟʰʠʨʷʚʘʥʝʪʦ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ, ʧʦʣʫʯʝʥʠ ʚ ʤʘʣʢʘ ʧʣʦʱ, ʜʦ ʮʷʣʘʪʘ ʧʣʦʱ ʥʘ 

ʪʠʧʘ ʧʦʯʚʘ ʝ ʧʨʦʙʣʝʤʘʪʠʯʥʦ. ʂʘʪʦ ʮʷʣʦ, ʢʦʣʢʦʪʦ ʧʦ-ʛʦʣʷʤʘ ʝ ʧʣʦʱʪʘ, ʧʦʢʨʠʪʘ ʦʪ 

ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʪʦʯʢʦʚʦʪʦ ʚʟʝʤʘʥʝ ʥʘ ʧʨʦʙʠ, ʪʦʣʢʦʚʘ ʧʦ-ʛʦʣʷʤʘ ʝ ʚʝʨʦʷʪʥʦʩʪʪʘ ʦʪ 

ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʠʩʪʠʥʩʢʘʪʘ ʩʪʦʡʥʦʩʪ ʟʘ ʚʩʠʯʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

4. ʅʝʦʙʭʦʜʠʤʠ ʦʧʠʩʘʪʝʣʥʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
 ʂʘʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʥʘʫʯʥʠʪʝ ʩʪʘʪʠʠ ʠ ʜʦʢʣʘʜʠ ʦʙʠʢʥʦʚʝʥʦ ʩʝ 
ʧʨʝʜʩʪʘʚʷʪ ʩʨʝʜʥʘʪʘ ʘʨʠʪʤʝʪʠʯʥʘ ʩʪʦʡʥʦʩʪ ʠ ʝʜʥʘ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʨʘʟʩʝʡʚʘʥʝ: 
ʩʪʘʥʜʘʨʪʥʦ ʢʚʘʜʨʘʪʠʯʥʦ ʦʪʢʣʦʥʝʥʠʝ, ʛʨʝʰʢʘ ʥʘ ʩʨʝʜʥʘʪʘ ʩʪʦʡʥʦʩʪ, ʢʦʝʬʠʮʠʝʥʪ ʥʘ 
ʚʘʨʠʘʮʠʷ ʠʣʠ ʜʠʩʧʝʨʩʠʷ. ɼʦʙʘʚʷʥʝʪʦ ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʚ ʧʫʙʣʠʢʘʮʠʠ ʟʘ ʤʠʥʠʤʘʣʥʠʪʝ 
ʠ ʤʘʢʩʠʤʘʣʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷ ʧʘʨʘʤʝʪʲʨ, ʢʘʢʪʦ ʠ ʟʘ ʦʮʝʥʢʠʪʝ ʥʘ 
ʤʝʜʠʘʥʘʪʘ ʠ ʢʚʘʨʪʠʣʠʪʝ (ʊʘʙʣʠʮʘ 2), ʤʦʞʝ ʟʥʘʯʠʪʝʣʥʦ ʜʘ ʫʚʝʣʠʯʠ ʠʥʬʦʨʤʘʮʠʷʪʘ ʟʘ 
ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʘ ʠ ʱʝ ʩʝ ʫʣʝʩʥʠ ʧʦʣʟʘʪʘ ʦʪ ʠʟʧʦʣʟʚʘʥʝʪʦ ʠʤ ʧʨʠ 
ʦʙʦʙʱʘʚʘʥʝ ʠ ʘʥʘʣʠʟ ʥʘ ʜʘʥʥʠ ʦʪ ʧʨʦʚʝʜʝʥʦʪʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʟʩʣʝʜʚʘʥʝ[16,17]. 
 

5. ɼʦʚʝʨʠʪʝʣʝʥ ʠʥʪʝʨʚʘʣ ʥʘ ʩʨʝʜʥʘʪʘ ʩʪʦʡʥʦʩʪ  
ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʘʥʘʣʠʟʠʪʝ ʥʘ ʧʦʯʚʝʥʠ ʦʙʝʢʪʠ ʯʝʩʪʦ ʩʝ ʧʫʙʣʠʢʫʚʘʪ ʚʲʚ ʚʠʜʘ: 

   s ,                                  (1) 

ʢʲʜʝʪʦ:     ʝ ʦʮʝʥʢʘʪʘ ʥʘ ʩʨʝʜʥʘʪʘ ʩʪʦʡʥʦʩʪ; 

s ïʦʮʝʥʢʘʪʘ ʥʘ ʩʨʝʜʥʦʢʚʘʜʨʘʪʠʯʥʦʪʦ ʦʪʢʣʦʥʝʥʠʝ ʥʘ ʠʟʤʝʨʚʘʥʠʷ ʧʘʨʘʤʝʪʲʨ. 

ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʷ ʧʣʘʥ, ʩʪʦʡʥʦʩʪʪʘ ʥʘ s (ʩʪʘʥʜʘʨʪʥʦ 
ʦʪʢʣʦʥʝʥʠʝ) ʤʦʞʝ ʜʘ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʨʘʟʣʠʯʥʠ ʚʝʣʠʯʠʥʠ, ʥʦ ʪʦʚʘ ʧʦʯʪʠ ʚʠʥʘʛʠ ʩʝ 
ʧʨʝʤʲʣʯʘʚʘ. ʆʩʚʝʥ ʪʦʚʘ, ʯʝʩʪʦ s ʩʝ ʦʪʥʘʩʷ ʜʦ ʛʨʝʰʢʘʪʘ ʥʘ ʩʨʝʜʥʘʪʘ ʩʪʦʡʥʦʩʪ      

,   ʢʦʝʪʦ ʝ ʧʦ-ʤʘʣʢʦ ʦʪ ʩʪʘʥʜʘʨʪʥʦʪʦ ʦʪʢʣʦʥʝʥʠʝ ʚ ʠʟʚʘʜʢʘʪʘ  ʧʲʪʠ, ʢʲʜʝʪʦ n ʝ 

ʦʙʝʤʲʪ ʥʘ ʠʟʚʘʜʢʘʪʘ. ʂʦʣʢʦʪʦ ʧʦ-ʛʦʣʷʤʦ ʝ ʧʦʚʪʦʨʝʥʠʝʪʦ n, ʪʦʣʢʦʚʘ ʧʦ-ʤʘʣʢʘ ʝ 
ʛʨʝʰʢʘʪʘ ʥʘ ʩʨʝʜʥʘʪʘ ʩʪʦʡʥʦʩʪ ʠ ʪʦʣʢʦʚʘ ʧʦ-ʪʦʯʝʥ ʝ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʪʘʪ ʧʨʠ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ. ɺʩʝ ʧʘʢ ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʤʘ ʧʨʝʜʚʠʜ, ʯʝ ʪʦʯʥʦʩʪʪʘ ʥʘ 
ʦʮʝʥʢʘʪʘ ʩʝ ʦʪʥʘʩʷ ʜʦ ʜʘʜʝʥ (ʬʠʢʩʠʨʘʥ) ʤʝʪʦʜ ʥʘ ʚʟʝʤʘʥʝ ʥʘ ʧʨʦʙʠ, ʚ ʟʘʚʠʩʠʤʦʩʪ 
ʦʪ n. ɺ ʩʣʫʯʘʡ ʥʘ ʥʦʨʤʘʣʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ, ʚʝʨʦʷʪʥʦʩʪʪʘ ʜʘ ʩʝ ʥʘʤʝʨʠ ʩʨʝʜʥʘʪʘ 
ʩʪʦʡʥʦʩʪ ʚ ʠʥʪʝʨʚʘʣʘ (1) ʝ ʧʨʠʙʣʠʟʠʪʝʣʥʦ 67%, ʪ.ʝ. ʦʢʦʣʦ ʝʜʥʘ ʪʨʝʪʘ ʦʪ ʚʲʟʤʦʞʥʘʪʘ 
ʧʨʦʤʝʥʣʠʚʦʩʪ ʥʘ ʩʨʝʜʥʘʪʘ ʩʪʦʡʥʦʩʪ ʝ ʠʟʚʲʥ ʠʥʪʝʨʚʘʣʘ ʠ ʪʦʚʘ ʩʝ ʟʘʙʨʘʚʷ. 
ʀʟʯʠʩʣʷʚʘʥʝʪʦ ʥʘ ʜʦʚʝʨʠʪʝʣʥʠʷ ʠʥʪʝʨʚʘʣ ʟʘ ʩʨʝʜʥʘʪʘ ʩʪʦʡʥʦʩʪ ʩʝ ʠʟʚʲʨʰʚʘ ʧʦ 
ʬʦʨʤʫʣʘʪʘ [16,17]:  

.   ,                                                              (2) 

ʩ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ t-ʢʨʠʪʝʨʠʷ ʥʘ ʉʪʶʜʝʥʪ ʧʨʠ ʨʘʟʣʠʯʥʠ ʥʠʚʘ ʥʘ ʟʥʘʯʠʤʦʩʪ ʥʘ 
ʨʘʟʰʠʨʷʚʘʥʝ  ʦʙʭʚʘʪʘ ʥʘ ʚʲʟʤʦʞʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʩʨʝʜʥʘʪʘ ʩʪʦʡʥʦʩʪ, ʥʦ ʝ 
ʦʧʨʘʚʜʘʥʦ ʩʘʤʦ ʘʢʦ ʧʘʨʘʤʝʪʲʨʲʪ ʠʤʘ ʥʦʨʤʘʣʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ (ʠʣʠ ʥʝ ʩʝ 
ʨʘʟʣʠʯʘʚʘ ʪʚʲʨʜʝ ʤʥʦʛʦ ʦʪ ʥʦʨʤʘʣʥʦʪʦ). ɺ ʤʥʦʛʦ ʥʘʫʯʥʠ ʪʨʫʜʦʚʝ ʧʦ ʧʦʯʚʦʟʥʘʥʠʝ ʥʝ 
ʩʝ ʦʧʨʝʜʝʣʷ ʚʠʜʘ ʥʘ ʟʘʢʦʥʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷ ʧʘʨʘʤʝʪʲʨ, ʥʦ ʩʝ 
ʧʨʠʣʘʛʘ ʢʨʠʪʝʨʠʷ ʥʘ ʉʪʶʜʝʥʪ. ʊʦʚʘ ʝ ʛʨʝʰʢʘ, ʪʲʡ ʢʘʪʦ ʧʦ ʚʨʝʤʝ ʥʘ ʠʟʯʠʩʣʝʥʠʝʪʦ 
ʤʦʞʝ ʜʘ ʧʦʣʫʯʠʤ ʘʙʩʫʨʜʥʠ ʨʝʟʫʣʪʘʪʠ, ʥʘʧʨʠʤʝʨ ʦʪʨʠʮʘʪʝʣʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʜʦʣʥʘʪʘ 
ʛʨʘʥʠʮʘ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʪʘ. ɿʘʪʦʚʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʚʠʜʲʪ ʥʘ ʟʘʢʦʥʘ 
ʥʘ ʨʘʟʧʨʝʜʝʣʥʠʝ, ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʩʭʝʤʘʪʘ ʥʘ ʬʠʛ.4 [16,17,13] ʠ ʪʦʛʘʚʘ ʜʘ ʩʝ ʚʟʝʤʝ 
ʨʝʰʝʥʠʝ ʜʘʣʠ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʬʦʨʤʫʣʘ 2.  
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ʏʝʩʣʝʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʆʟʥʘʯʝʥʠʝ 
ʆʙʝʤ  ʥʘ ʠʟʚʘʜʢʘʪʘ n 
ʆʮʝʥʢʘ ʥʘ ʩʨʝʜʥʘʪʘ ʩʪʦʡʥʦʩʪ  
ʆʮʝʥʢʘ ʥʘ ʩʨʝʜʥʦʢʚʘʜʨʘʪʠʯʥʦʪʦ 
ʦʪʢʣʦʥʝʥʠʝ 

s 

ʆʮʝʥʢʘ ʥʘ ʤʠʥʠʤʘʣʥʘʪʘ ʩʪʦʡʥʦʩʪ min 
ʆʮʝʥʢʘ ʥʘ ʜʦʣʥʠʷ  ʢʚʘʨʪʠʣ Q25 
ʆʮʝʥʢʘ ʥʘ ʤʝʜʠʘʥʘʪʘ Med ʠʣʠ Q50 
ʆʮʝʥʢʘ ʥʘ ʛʦʨʥʠʷ  ʢʚʘʨʪʠʣ Q75 
ʆʮʝʥʢʘ ʥʘ ʤʘʢʩʠʤʘʣʥʘʪʘ 
ʩʪʦʡʥʦʩʪ 

max 
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ɺʘʞʥʦ ʟʥʘʯʝʥʠʝ ʧʨʠ ʠʟʯʠʩʣʝʥʠʝ ʥʘ  ʜʦʚʝʨʠʪʝʣʥʠʷ ʠʥʪʝʨʚʘʣ ʠʤʘ ʜʦʚʝʨʠʪʝʣʥʘ 
ʚʝʨʦʷʪʥʦʩʪ ʈ ʠʣʠ ʩʚʲʨʟʘʥʦʪʦ ʩ ʜʦʚʝʨʠʪʝʣʥʘʪʘ ʚʝʨʦʷʪʥʦʩʪ ʥʠʚʦ ʥʘ ʟʥʘʯʠʤʦʩʪ   Ŭ= 1 ï 
ʈ. ʂʦʣʢʦʪʦ ʧʦ-ʤʘʣʢʦ ʝ ʥʠʚʦʪʦ ʥʘ ʟʥʘʯʠʤʦʩʪ, ʪʦʣʢʦʚʘ ʧʦ ïh ʠʨʦʢ ʝ ʜʦʚʝʨʠʪʝʣʥʠʷʪ 
ʠʥʪʝʨʚʘʣ, ʪʦʣʢʦʚʘ ʧʦ-ʤʘʣʢʘ ʝ ʚʝʨʦʷʪʥʦʩʪʪʘ ʜʘ Ăʧʨʦʧʫʩʥʝʪʝò ʚʘʞʥʠ ʩʪʦʡʥʦʩʪʠ. ʆʙʘʯʝ 
ʧʨʠ ʤʘʣʲʢ ʙʨʦʡ ʧʦʚʪʦʨʝʥʠʷ ʜʦʚʝʨʠʪʝʣʥʠʷʪ ʠʥʪʝʨʚʘʣ ʱʝ ʙʲʜʝ ʦʱʝ ʧʦ-ʰʠʨʦʢ. 
ʋʚʝʣʠʯʘʚʘʥʝ ʥʘ  ʩʪʝʩʥʷʚʘ ʠʥʪʝʨʚʘʣʘ, ʥʦ ʫʚʝʣʠʯʘʚʘ ʚʦʟʤʦʞʥʦʩʪʪʘ ʟʘ ʥʝʧʨʘʚʠʣʥʦ 
ʨʝʰʝʥʠʝ. ɺ ʩʪʥʜʘʨʪʠʪʝ ʧʦ ʩʪʘʪʠʩʪʠʢʘ ʠ ʥʘʫʯʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʩʝ ʧʨʝʧʦʨʲʯʚʘ 95% 
ʜʦʚʝʨʠʪʝʣʝʥ ʠʥʪʝʨʚʘʣ. 

ɼʦʚʝʨʠʪʝʣʥʠʷʪ ʠʥʪʝʨʚʘʣ ʥʘ ʦʮʝʥʢʘʪʘ ʥʘ ʩʨʝʜʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ ʠʟʤʝʨʚʘʥʠʷ 
ʧʨʘʤʝʪʲʨ ʧʨʠ ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʚ ʧʦʯʚʦʟʥʘʥʠʝʪʦ ʧʨʠ ʟʘʢʦʥʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ 
ɺʝʡʙʫʣ ʩʝ ʦʧʨʝʜʝʣʷʧʦ ʬʦʨʤʫʣʠʪʝ[18,16,17]: 

 =( -c)  +c ;  =( -c)  +c, 

ʢʲʜʝʪʦ b ʝ ʧʘʨʘʤʝʪʲʨʲʪ ʥʘ ʬʦʨʤʘʪʘ ʥʘ ʟʘʢʦʥʘ ʥʘ ɺʝʡʙʫʣ; ʩ-ʧʘʨʘʤʝʪʲʨʲʪ,ʢʦʡʪʦ 
ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʢʨʠʚʘʪʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʠ ʥʝ ʦʢʘʟʚʘ ʚʣʠʷʥʠʝʥʘ 
ʥʝʡʥʘʪʘ ʬʦʨʤʘ; r1 ʠ r3 ʩʘ ʢʦʝʬʠʮʠʝʥʪʠ ʠ r1 ; r3=f(n, , ʯʠʠʪʦ ʩʪʦʡʥʦʩʪʠ ʩʝ ʚʟʝʤʘʪ ʦʪ 
[18]. 

 

ʇʨʠ  ʩ=0  = .  ;  =  . 

 

6. ʅʦʨʤʘʣʥʦʩʪ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ  

ʅʦʨʤʘʣʥʦʩʪʪʘ (ʧʦʜʯʠʥʝʥʠʝ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ ʥʘ 
ʥʦʨʤʘʣʥʠʷ ʟʘʢʦʥ) ʦʪ ʛʝʥʝʨʘʣʥʘʪʘ ʩʲʚʢʫʧʥʦʩʪ, ʦʪ ʢʦʷʪʦ ʩʝ ʠʟʚʣʠʯʘ ʠʟʚʘʜʢʘʪʘ, 
ʭʘʨʘʢʪʝʨʠʟʠʨʘʱʘ ʦʙʝʢʪʘ, ʝ ʥʝʦʙʭʦʜʠʤʦ ʫʩʣʦʚʠʝ ʟʘ ʧʦʚʝʯʝʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʤʝʪʦʜʠ 
ʟʘ ʪʷʭʥʘʪʘ ʧʨʠʣʦʞʠʤʦʩʪ. ʇʨʦʩʪ ʧʨʠʟʥʘʢ, ʯʝ ʠʟʚʘʜʢʦʚʠʪʝ ʜʘʥʥʠ ʩʘ ʠʟʚʣʝʯʝʥʠ ʦʪ 
ʥʦʨʤʘʣʥʘ ʩʲʚʢʫʧʥʦʩʪ ʜʘʥʥʠ, ʝ ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʚʘʨʠʘʮʠʷ. ɸʢʦ ʦʧʨʝʜʝʣʝʥʠʷʪ 
ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʚʘʨʠʘʮʠʷ (ʟʘ ʩʚʦʡʩʪʚʘ, ʧʨʠʝʤʘʱʠ ʧʦʣʦʞʠʪʝʣʥʠ ʩʪʦʡʥʦʩʪʠ) .100 

% ʥʘʜʚʠʰʘʚʘ 70% (0,7 ʧʦ ʬʠʛ.4 ʝ ʚ ʜʠʘʧʘʟʦʥʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ɺʝʡʙʫʣ), ʪʦʛʘʚʘ 
ʥʘʡ-ʚʝʨʦʷʪʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʩʝ ʨʘʟʣʠʯʘʚʘ ʦʪ ʥʦʨʤʘʣʥʦʪʦ, ʪ.ʝ. ʪʦ ʝ ʚʝʡʙʫʣʦʚʦ 
ʨʘʟʧʨʝʜʝʣʝʥʠʝ. ʇʦ-ʩʪʨʦʛʠ ʥʘʩʦʢʠ  ʧʨʝʜʧʦʣʘʛʘʪ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʜʘ ʩʝ ʩʯʠʪʘ ʟʘ 
ʨʘʟʣʠʯʥʦ ʦʪ ʥʦʨʤʘʣʥʦʪʦ, ʘʢʦ ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʚʘʨʠʘʮʠʷ ʝ ʧʦʚʝʯʝ ʦʪ 35% (0,35 ʧʦ 
ʬʠʛ.4 ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʝ ʤʝʞʜʫ ʥʦʨʤʘʣʥʦ ʠ ʚʝʡʙʫʣʦʚʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ). ɿʘ ʜʘ ʩʝ 
ʧʨʦʚʝʨʠ ʭʠʧʦʪʝʟʘʪʘ ʟʘ ʚʠʜʘ ʥʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ, ʝ ʥʝʦʙʭʦʜʠʤ ʜʦʩʪʘʪʲʯʥʦ ʛʦʣʷʤ 
ʙʨʦʡ ʧʦʚʪʦʨʝʥʠʷ. ʊʘʢʘ, ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ  ISO 5725-6-2002, ʘʢʦ ʙʨʦʷʪ ʥʘ 
ʧʦʚʪʦʨʝʥʠʷʪʘ ʝ ʧʦ-ʤʘʣʲʢ ʦʪ 15, ʪʦʛʘʚʘ ʥʝ ʩʝ ʠʟʚʲʨʰʚʘʪ ʧʨʦʚʝʨʢʠ ʠ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ 
ʩʝ ʧʨʠʝʤʘ ʟʘ ʥʦʨʤʘʣʥʦ, ʚʲʧʨʝʢʠ ʯʝ ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʧʨʝʜʠʰʥʘʪʘ ʧʨʝʧʦʨʲʢʘ, ʟʘ 
ʠʟʚʘʜʢʠ ʩ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʚʘʨʠʘʮʠʷ ʥʘʜ  70%, ʚʩʝ ʧʘʢ ʙʠ ʩʠ ʩʪʨʫʚʘʣʦ ʧʦʥʝ ʜʘ 
ʦʪʭʚʲʨʣʠʪʝ ʥʘʡ-ʩʠʣʥʦ Ăʨʘʟʣʠʯʘʚʘʱʠʪʝ ʩʝñ ʩʪʦʡʥʦʩʪʠ, ʢʘʪʦ ʛʠ ʧʨʦʚʝʨʠʪʝ ʟʘ ʛʨʫʙʠ 
ʛʨʝʰʢʠ ʧʦ ʢʨʠʪʝʨʠʷ ʥʘ ʀʨʚʠʥ [18]. ʍʠʧʦʪʝʟʘʪʘ ʟʘ ʥʦʨʤʘʣʥʦʩʪ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ 
ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʚʝʨʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ʨʘʟʣʠʯʥʠ ʢʨʠʪʝʨʠʠ, ʥʷʢʦʠ ʦʪ ʢʦʠʪʦ ʩʘ ʜʘʜʝʥʠ ʚ 
ʪʘʙʣʠʮʘ 2, ʥʦ ʩʘʤʦ ʤʘʣʢʘ ʯʘʩʪ ʩʝ ʠʟʧʦʣʟʚʘ ʚ ʧʦʯʚʦʟʥʘʥʠʝʪʦ. ʋʩʧʝʭʲʪ ʥʘ ʧʨʠʣʘʛʘʥʝʪʦ 
ʥʘ ʢʨʠʪʝʨʠʷ ʟʘʚʠʩʠ ʥʝ ʩʘʤʦ ʦʪ ʠʩʪʠʥʥʦʩʪʪʘ ʥʘ ʥʫʣʝʚʘʪʘ ʭʠʧʦʪʝʟʘ (ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ 
ʥʝ ʧʨʦʪʠʚʦʨʝʯʠ ʥʘ ʥʦʨʤʘʣʥʦʪʦ), ʥʦ ʠ ʦʪ ʜʨʫʛʠ ʧʨʠʯʠʥʠ - ʦʪ ʦʙʝʤʘ ʥʘ ʠʟʚʘʜʢʘʪʘ ʠ ʦʪ 
ʘʣʪʝʨʥʘʪʠʚʘʪʘ ʥʘ ʦʙʝʢʪʠ, ʟʘ ʢʦʠʪʦ ʧʨʦʚʝʨʷʚʘʤʝ ʭʠʧʦʪʝʟʘʪʘ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʩʪʘʪʠʷʪʘ 
(Lemeshko, Rogozhnikov, 2012)[9-11] ʧʦʢʘʟʚʘ, ʯʝ ʢʨʠʪʝʨʠʷʪ ʥʘ ʐʘʧʠʨʦ-ʋʠʣʢ (Shapiro-
Wilk)[10] ʨʘʙʦʪʠ ʥʘʡ-ʜʦʙʨʝ ʟʘ ʣʦʛʘʨʠʪʤʠʯʥʦ ʥʦʨʤʘʣʥʠʷ ʟʘʢʦʥ, ʘ ʢʨʠʪʝʨʠʷʪ ʥʘ 
ʐʧʠʛʝʣʭʘʣʪʝʨ (Spiegelhalter)[12] ʨʘʙʦʪʠ  ʥʘʡ-ʜʦʙʨʝ ʟʘ ʣʦʛʘʨʠʪʤʠʯʥʦ ʥʦʨʤʘʣʝʥ 
ʟʘʢʦʥ. ɺ ʢʥʠʛʘʪʘ [5] ʝ ʧʨʝʜʣʦʞʝʥʘ ʪʘʙʣʠʮʘ ʩ ʢʨʠʪʝʨʠʠ ʚʲʚ ʚʨʲʟʢʘ ʩ ʘʩʠʤʝʪʨʠʷʪʘ ʠ 
ʝʢʩʮʝʩʘ ʥʘ ʘʣʪʝʨʥʘʪʠʚʥʠʪʝ ʩʲʚʲʢʫʧʥʦʩʪʠ, ʩʧʨʷʤʦ ʢʦʠʪʦ ʩʘ ʥʘʡ-ʜʦʙʨʠ ʟʘ ʠʟʧʦʣʟʚʘʥʝ 
ʚ ʧʦʯʚʦʟʥʘʥʠʝʪʦ. 
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ɺ ʨʘʙʦʪʘʪʘ [7] ʩʲʱʦ ʪʘʢʘ ʝ ʜʘʜʝʥʦ, ʯʝ ʟʘ ʨʝʜʠʮʘ ʥʘʜʝʞʜʥʠ (ʜʦʩʪʦʚʝʨʥʠ) 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʘʥʥʠ ʧʦʯʪʠ ʚʩʠʯʢʠ ʧʨʠʣʦʞʝʥʠ ʢʨʠʪʝʨʠʠ ʥʝ ʦʪʭʚʲʨʣʷʪ ʭʠʧʦʪʝʟʘʪʘ 
ʟʘ ʥʦʨʤʘʣʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʛʨʝʰʢʠʪʝ, ʥʦ Ă... ʦʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʦʯʝʚʠʜʥʦ ʝ, ʯʝ ʟʘ ʜʘ 
ʩʝ ʦʧʠʰʘʪ ʛʨʝʰʢʠʪʝ ʥʘ ʠʟʤʝʨʚʘʥʝ ʚ ʪʝʟʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʝ ʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʠʟʙʝʨʘʪ 
ʜʨʫʛʠ ʧʘʨʘʤʝʪʨʠʯʥʠ ʤʦʜʝʣʠ ʥʘ ʟʘʢʦʥʠ, ʢʦʠʪʦ ʩʘ ʥʝ ʧʦ-ʤʘʣʢʦ ʩʲʚʤʝʩʪʠʤʠ ʩ 
ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʠʟʤʝʨʚʘʥʝʪʦñ, ʠʣʶʩʪʨʠʨʘʡʢʠ, ʟʘʱʦ ʤʦʞʝ ʜʘ ʠʤʘ ʜʚʝ ʨʘʟʣʠʯʥʠ 
ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʨʘʟʧʨʝʜʝʣʝʥʠʷ, ʧʦʢʘʟʘʥʠ ʥʘ ʬʠʛʫʨʘ 5. ʇʨʠ ʪʘʢʘʚʘ ʙʣʠʟʦʩʪ ʥʘ ʢʨʠʚʠʪʝ 
ʥʠʪʦ ʝʜʠʥ ʦʪ ʢʨʠʪʝʨʠʠʪʝ ʥʝ ʤʦʞʝ ʜʘ ʛʠ ʨʘʟʛʨʘʥʠʯʠ. 

ɿʘ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ, ʢʦʝʪʦ ʩʝ ʧʦʜʯʠʥʷʚʘ ʥʘ ʝʜʠʥ ʠʣʠ ʜʨʫʛ ʟʘʢʦʥ 
ʢʘʪʦ ʪʝʦʨʝʪʠʯʝʥ ʤʦʜʝʣ, ʪʨʷʙʚʘ ʜʘ ʠʤʘ ʦʩʥʦʚʘʪʝʣʥʠ ʧʨʠʯʠʥʠ. ɺ ʧʨʦʪʠʚʝʥ ʩʣʫʯʘʡ 
ʤʦʞʝ ʜʘ ʩʝ ʦʪʢʨʠʝ, ʯʝ ʠʟʚʘʜʢʦʚʠʪʝ ʨʘʟʧʨʝʜʝʣʝʥʠʷ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʘʧʨʦʢʩʠʤʠʨʘʥʠ ʧʦ 
ʨʘʟʣʠʯʥʠ ʟʘʢʦʥʠ. 

ɺ ʥʘʫʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʧʦʯʚʦʟʥʘʥʠʝʪʦ ʥʘʡ-ʯʝʩʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ 
ʂʨʠʪʝʨʠʷ ʥʘ ʇʠʨʩʦʥ ʠ ʂʨʠʪʝʨʠʷ ʥʘ ʂʦʣʤʦʛʦʨʦʚ-ʉʤʠʨʥʦʚ. 

ɸ) ʇʨʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʢʨʠʪʝʨʠʷ ʥʘ ʇʠʨʩʦʥ ɢ2 (ʍʀ-ʢʚʘʜʨʘʪ) ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʚʠʜʘ ʥʘ 
ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ  ʩʝ ʜʦʧʫʩʢʘʪ ʥʝʪʦʯʥʦʩʪʠ, ʢʦʠʪʦ ʩʝ ʠʟʨʘʟʷʚʘʪ ʚ ʩʣʝʜʥʦʪʦ: 

ʘ) ʧʨʠʣʘʛʘ ʩʝ ʢʨʠʪʝʨʠʷ ʥʘ ʇʠʨʩʦʥ ʙʝʟ ʜʘ ʩʝ ʧʨʦʚʝʨʷʚʘ ʜʘʣʠ ʩʘ ʠʟʧʲʣʥʝʥʠ 

ʫʩʣʦʚʠʷʪʘ: n j ² 5; m j = пΣ ͟Ά͔͒ͭͦ n j  ʝ ʦʧʠʪʥʘʪʘ ʯʝʩʪʦʪʘ ʥʘ j- ʪʠʷ ʢʣʘʩ ʥʘ ʛʨʫʧʠʨʘʥʝ ʥʘ 

ʩʣʫʯʘʡʥʘʪʘ ʚʝʣʠʯʠʥʘ;mj ïʙʨʦʷʪ ʥʘ ʢʣʘʩʦʚʝʪʝ ʥʘ ʛʨʫʧʠʨʘʥʝ; 
ʙ) ʩʪʝʧʝʥʠʪʝ ʥʘ ʩʚʦʙʦʜʘ ʩʝ ʦʧʨʝʜʝʣʷʪ ʧʦ ʬʦʨʤʫʣʘʪʘ k = m - s - l  ʚʤʝʩʪʦ ʧʦ  k 

= m -  - s - l , ʢʲʜʝʪʦ  ʝ  ʙʨʦʷʪ ʥʘ ʧʨʠʩʲʝʜʠʥʝʥʠʪʝ ʢʣʘʩʦʚʝ ʥʘ ʛʨʫʧʠʨʘʥʝ ʧʨʠ 
ʢʦʨʠʛʠʨʘʥʝ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʷ ʨʝʜ; s ïʙʨʦʷʪ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʟʘʢʦʥʘ ʥʘ 
ʨʘʟʧʨʝʜʝʣʝʥʠʝ (ʘ, ʚ)[16,17]. 

ʚ) ʧʨʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʩʪʝʧʝʥʠʪʝ ʥʘ ʩʚʦʙʦʜʘ k ʥʝʧʨʘʚʠʣʥʦ ʚ s ʩʝ ʚʢʣʶʯʚʘ ʠ 
ʧʘʨʘʤʝʪʲʨʘ ʥʘ ʠʟʤʝʩʪʚʘʥʝ ( c) ʥʘ ʧʣʲʪʥʘʩʪʪʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ, ʘ ʪʨʷʙʚʘ ʜʘ 
ʩʝ ʚʢʣʶʯʘʪ ʩʘʤʦ ʧʘʨʘʤʝʪʨʠʪʝ (ʘ,ʚ).ʉʣʝʜʦʚʘʪʝʣʥʦ ʟʘ ʥʘʡ-ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʠʪʝ 
ʨʘʟʧʨʝʜʝʣʝʥʠʷ s ʱʝ ʙʲʜʝ: ʟʘ ʥʦʨʤʘʣʝʥ ʠ ʚʝʡʙʫʣʦʚ ʟʘʢʦʥ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ s=2, 
ʘ ʟʘ ʝʢʩʧʦʥʝʮʠʘʣʝʥ ʟʘʢʦʥ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ s=1; 

ʛ) ʢʦʛʘʪʦ ʩʝ ʚʟʝʤʘ ʨʝʰʝʥʠʝ ʟʘ ʚʠʜʘ ʥʘ ʟʘʢʦʥʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʩʝ ʢʘʟʚʘ,ʯʝ 
ʥʫʣʝʚʘʪʘ ʭʠʧʦʪʝʟʘ ʩʝ Ăʧʨʠʝʤʘò. ʇʨʘʚʠʣʥʦ ʝ , ʯʝ ʥʫʣʝʚʘʪʘ ʭʠʧʦʪʝʟʘ Ăʥʝ ʩʝ 
ʦʪʭʚʲʨʣʷò ʠʣʠ Ă ʩʝ ʦʪʭʚʲʨʣʷò. ɺʘʞʥʦ: ʂʨʠʪʝʨʠʠʪʝ ʚ ʩʪʘʪʠʩʪʠʢʘʪʘ ʩʘ ʢʘʪʝʛʦʨʠʯʥʠ 
ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʦʪʭʚʲʨʣʷʥʝʪʦ ʠ ʥʠʢʦʛʘ ʥʝ ʩʘ ʢʘʪʝʛʦʨʠʯʥʠ ʧʦ Ăʧʨʠʝʤʘʥʝʪʦò, 
ʟʘʪʦʚʘ ʩʝ ʢʘʟʚʘ Ăʥʝ ʩʝ ʦʪʭʚʲʨʣʷò.ʊʘʟʠ ʛʨʝʰʢʘ ʩʝ ʩʨʝʱʘ ʠ ʚ ʥʷʢʦʠ ʫʯʝʙʥʠʮʠ ʧʦ 
ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʪʝ ʤʝʪʦʜʠ ʚ ʥʘʫʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ, ʚ ʥʘʫʯʥʠʪʝ 
ʪʨʫʜʦʚʝ ʥʘ ʫʯʝʥʠʪʝ, ʥʦ ʥʘʡ-ʯʝʩʪʦ ʚ ʜʦʢʪʦʨʩʢʠʪʝ ʜʠʩʝʨʪʘʮʠʠ. 
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ɸʢʦ ʥʫʣʝʚʘʪʘ ʭʠʧʦʪʝʟʘ H0 ʥʝ ʩʝ ʦʪʭʚʲʨʣʷ, ʪʦʚʘ ʥʝ ʦʟʥʘʯʘʚʘ, ʯʝ ʪʷ ʝ ʜʦʢʘʟʘʥʘ, ʘ 

ʯʝ ʭʠʧʦʪʝʟʘʪʘ ʝ ʥʝ ʦʧʨʦʚʝʨʛʘʥʘ, ʪ.ʝ. ʯʝ ʟʘ ʠʟʚʝʩʪʥʦ ʚʨʝʤʝ ʪʘʟʠ ʭʠʧʦʪʝʟʘ ʤʦʞʝ ʜʘ ʩʝ 

ʧʨʠʝʤʝ ʢʘʪʦ ʨʘʙʦʪʥʘ ʠ ʯʝ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʧʦ-ʧʲʣʥʠ ʜʘʥʥʠ ʤʦʞʝ ʚ ʙʲʜʝʱʝ ʜʘ 

ʜʦʚʝʜʝ ʜʦ ʠʟʤʝʥʝʥʠʝ ʥʘ  ʭʠʧʦʪʝʟʘ ʠʣʠ ʜʦʨʠ ʜʦ ʦʪʭʚʲʨʣʷʥʝʪʦ ʡ. 

ʜ) ʅʝ ʩʘ ʨʝʜʢʠ ʩʣʫʯʘʠʪʝ ʢʦʛʘʪʦ ʧʨʠ ʠʟʙʠʨʘʥʝ ʥʘ ʨʘʚʥʠʱʝʪʦ ʥʘ ʟʥʘʯʠʤʦʩʪ Ŭ ʩʝ 
ʚʟʝʤʘʪ ʥʝʧʦʜʭʦʜʷʱʠ ʩʪʦʡʥʦʩʪʠ. 

ʈʘʚʥʠʱʝʪʦ ʥʘ ʟʥʘʯʠʤʦʩʪ Ŭ ʥʝ ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʟʙʠʨʘ ʤʥʦʛʦ ʥʠʩʢʦ, ʪʲʡ ʢʘʪʦ - 

ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʥʘ ʢʨʠʪʝʨʠʷ ʭʠ-ʢʚʘʜʨʘʪ ʩʝ ʛʫʙʠ ʠ ʤʦʞʝ ʜʘ ʥʝ ʦʪʭʚʲʨʣʠʤ ʥʫʣʝʚʘʪʘ 

ʭʠʧʦʪʝʟʘ H0, ʧʨʠ ʣʦʰʦ ʩʲʦʪʚʝʪʩʪʚʠʝ ʥʘ ʪʝʦʨʝʪʠʯʥʠʷ ʟʘʢʦʥ ʩ ʝʤʧʠʨʠʯʥʦʪʦ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝ. ʆʙʨʘʪʥʦ, ʟʘʚʠʰʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ Ŭ, ʚʦʜʷʪ ʜʦ ʧʦʚʠʰʘʚʘʥʝ ʥʘ 

ʠʟʠʩʢʚʘʥʠʷʪʘ ʢʲʤ ʦʧʠʪʥʠʪʝ ʜʘʥʥʠ ʠ ʤʦʞʝ ʜʘ ʦʪʭʚʲʨʣʠʤ ʭʠʧʦʪʝʟʘʪʘ ʧʨʠ ʜʦʧʫʩʪʠʤʦ 

ʩʲʦʪʚʝʪʩʪʚʠʝ. ɿʘʪʦʚʘ, ʦʙʠʢʥʦʚʝʥʦ, ʨʘʚʥʠʱʝʪʦ ʥʘ ʟʥʘʯʠʤʦʩʪ ʩʝ ʧʨʠʝʤʘ 0,1 (10 %); 

0,05 (5 %)[16,17]. 

    ɹ)ʅʝʧʨʘʚʠʣʥʦ ʩʝ ʠʟʧʦʣʟʚʘ ʢʨʠʪʝʨʠʷ ʥʘ ʂʦʣʤʦʛʦʨʦʚ ïʉʤʠʨʥʦʚ (ɚ) ʟʘ ʦʧʨʝʜʝʣʷ ʥʘ 
ʚʠʜʘ ʥʘ ʟʘʢʦʥʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷ ʧʘʨʘʤʝʪʲʨ ʚ ʧʦʯʚʦʟʥʘʥʠʝʪʦ. 
ɻʨʝʰʢʘʪʘ  ʩʝ  ʩʲʩʪʦʠ  ʚ  ʩʣʝʜʥʦʪʦ:  

 ʘ)  ʧʦʛʨʝʰʥʦ  ʝ  ʜʘ  ʩʝ  ʛʨʫʧʠʨʘʪ ʜʘʥʥʠʪʝ ʧʨʝʜʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 
ʢʨʠʪʝʨʠʠʪʝ ɚ ,  ʟʘʱʦʪʦ ʪʦʡ ʝ ʟʘ ʥʝ ʛʨʫʧʠʨʘʥʠ ʜʘʥʥʠ;  

ʙ) ʥʝ ʧʨʘʚʠʣʥʦ ʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʢʨʠʪʝʨʠʷ  ˂ʟʘ ʧʨʦʚʝʨʢʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʪʘ ʥʘ 

ʬʫʥʢʮʠʷʪʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʩʣʫʯʘʡʥʘ ʚʝʣʠʯʠʥʘ ʢʲʤ 
ʧʘʨʘʤʝʪʨʠʯʥʠʪʝ ʩʝʤʝʡʩʪʚʘ, ʥʘʧʨʠʤʝʨ ʢʲʤ ʩʝʤʝʡʩʪʚʦʪʦ ʥʘ ʥʦʨʤʘʣʥʦʪʦ ʠʣʠ 
ʜʨʫʛʠ ʨʘʟʧʨʝʜʝʣʝʥʠʷ.  

ʚ)ʅʝʠʟʚʝʩʪʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʩʝ ʦʮʝʥʷʚʘʪ ʧʦ ʧʘʨʘʤʝʪʨʠʪʝ, ʧʦʣʫʯʝʥʠ ʦʪ ʠʟʚʘʜʢʘʪʘ, 
ʘ ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʮʝʥʷʚʘʪ ʧʦ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʛʝʥʝʨʘʣʥʘʪʘ ʩʲʚʢʫʧʥʦʩʪ[16,17]. 

ʉʣʝʜʦʚʘʪʝʣʥʦ, ʟʘ ʧʨʦʚʝʨʢʘ ʥʘ ʚʠʜʘ ʥʘ ʟʘʢʦʥʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʩʝ ʠʟʧʦʣʟʚʘ ʥʘʡ-

ʯʝʩʪʦ ʢʨʠʪʝʨʠʷ ʥʘ ʇʠʨʩʦʥ, ʥʦ ʟʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʫʞʜʠ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʠ ʢʨʠʪʝʨʠʷʪ 

ʥʘ ʈʦʤʘʥʦʚʩʢʠ: 

R= , ʢʲʜʝʪʦ k ʩʘ ʩʪʝʧʝʥʠʪʝ ʥʘ ʩʚʦʙʦʜʘ. 

ɸʢʦ   ʭʠʧʦʪʝʟʘ ʩʝ ʦʪʭʚʲʨʨʣʷ, ʠ ʦʙʨʘʪʥʦ, ʘʢʦ R<3- ʥʝ ʩʝ 

ʦʪʭʚʲʨʣʷ. 
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8. ʂʨʠʪʝʨʠʠ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʪʘ ʟʥʘʯʠʤʦʩʪ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ 
ʦʪ ʠʟʩʣʝʜʚʘʥʝ 

ʄʥʦʛʦ ʯʝʩʪʦ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʦʪʛʣʝʞʜʘʥʝ ʥʘ 

ʨʘʩʪʝʥʠʷʪʘ ʚ ʨʘʩʪʝʥʠʝʚʲʜʩʪʚʦʪʦ, ʧʨʠ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʧʦʣʝʚʠ ʦʧʠʪʠ ʟʘ ʩʨʘʚʥʷʚʘʥʝ ʥʘ 

ʨʘʟʣʠʯʥʠ ʩʦʨʪʦʚʝ  ʢʫʣʪʝʨʥʠ ʨʘʩʪʝʥʠʷ ʠʣʠ ʟʘ ʠʟʙʦʨ ʥʘ ʝʬʝʢʪʠʚʥʠ ʧʨʝʧʘʨʘʪʠ ʟʘ ʙʦʨʙʘ 

ʩ ʧʣʝʚʝʣʠ ʠ ʚʨʝʜʠʪʝʣʠ, ʧʨʠ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʤʝʪʦʜʠ  ʠ ʧʦʜʭʦʜʠ ʚ 

ʧʦʯʚʦʟʥʘʥʠʝʪʦ ʩʝ ʥʘʣʘʛʘ ʜʘ ʩʝ ʦʮʝʥʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʪʘ ʟʥʘʯʠʤʦʩʪ ʥʘ ʧʦʣʫʯʝʥʠʪʝ 

ʨʝʟʫʣʪʘʪʠ,ʪ.ʝ. ʨʘʟʣʠʯʠʷʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʣʠ ʩʘ 

ʠʣʠ ʥʝ? [16,17]. 

ɺ ʥʘʫʯʥʠʪʝ ʪʨʫʜʦʚʝ ʧʦ ʧʦʯʚʦʟʥʘʥʠʝ ʤʥʦʛʦ ʯʝʩʪʦ ʩʨʘʚʥʝʥʠʝʪʦ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ 

ʧʘʨʘʤʝʪʨʠ ʤʝʞʜʫ ʜʚʝ ʠʣʠ ʧʦʚʝʯʝ ʠʟʚʘʜʢʠ ʩʝ ʧʨʘʚʠ ʩʘʤʦ ʧʦ ʦʮʝʥʢʘʪʘ ʥʘ ʩʨʝʜʥʘʪʘ 

ʩʪʦʡʥʦʩʪ( ), ʘ ʪʦʚʘ ʝ ʥʝʜʦʩʪʘʪʲʯʥʦ ʠ ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʦʮʝʥʢʠʪʝ ʥʘ ʩʨʝʜʥʘʪʘ 

ʩʪʦʡʥʦʩʪ ʠ ʩʨʝʜʥʦʢʚʘʜʨʘʪʠʯʥʦʪʦ ʦʪʢʣʦʥʝʥʠʝ, ʪʲʡ ʢʘʪʦ ʧʦʩʣʝʜʥʘʪʘ ʭʘʨʘʢʪʝʨʠʟʠʨʘ 

ʨʘʟʩʝʡʚʘʥʝʪʦ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʪʘ ʟʥʘʯʠʤʦʩʪ ʥʘ ʨʘʟʣʠʢʘʪʘ ʟʘʚʠʩʠ ʦʪ 

ʧʣʦʱʪʘ ʥʘ ʧʨʝʧʦʢʨʠʚʘʥʝ (ʦʙʱʘʪʘ ʧʣʦʱ)ʥʘ ʜʚʝʪʝ ʨʘʟʧʨʝʜʝʣʝʥʠʷ (ʬʠʛ.6). 

ɿʘ ʘʨʛʫʤʝʥʪʠʨʘʥ ʦʪʛʦʚʦʨ ʠ ʜʦʢʘʟʚʘʥʝ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʪʝ ʨʘʟʣʠʯʠʷ ʠʣʠ 
ʥʝʨʘʟʣʠʯʠʷ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʜʚʝ ʛʨʫʧʠ ʢʨʠʪʝʨʠʠ: ʧʘʨʘʤʝʪʨʠʯʥʠ ʠ 

ʥʝʧʘʨʘʤʝʪʨʠʯʥʠ. 
ʆʪ ʛʨʫʧʘʪʘ ʥʘ ʧʘʨʘʤʝʪʨʠʯʥʠʪʝ ʢʨʠʪʝʨʠʠ  ʥʘʡ-ʯʝʩʪʦ ʩʝ ʠʟʧʦʣʟʚʘ t-ʢʨʠʪʝʨʠʷʪ ʥʘ 

ʉʪʶʜʝʥʪ ʟʘ ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʪʘ ʟʥʘʯʠʤʦʩʪ ʤʝʞʜʫ ʜʚʝ ʠʣʠ ʧʦʚʝʯʝ 
ʠʟʚʘʜʢʠ ʩ ʝʜʥʘʢʲʚ (  ) ʠʣʠ ʨʘʟʣʠʯʝʥ ʦʙʝʤ  

( )ʥʘ ʠʟʚʘʜʢʠʪʝ. 
ɻʨʝʰʢʠʪʝ ,ʢʦʠʪʦ ʩʝ ʜʦʧʫʩʢʘʪ ʧʨʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʢʨʠʪʝʨʠʷ ʥʘ ʉʪʶʜʝʥʪ ʥʘʡ-ʯʝʩʪʦ 
ʩʝ ʠʟʨʘʟʷʚʘʪ ʚ ʩʣʝʜʥʦʪʦ: 
ɸ) ʢʨʠʪʝʨʠʷʪ ʝ ʟʘ ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʛʦʣʝʤʠ ʠʟʚʘʜʢʠ (n>30), ʥʦʨʤʘʣʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠ ʠʣʠ 
ʙʣʠʟʢʠ ʜʦ ʥʦʨʤʘʣʝʥ (ʛʘʫʩʦʚ) ʟʘʢʦʥ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ; 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ɹ)ʟʘʚʠʩʠʤʦʩʪʪʘ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʠʟʯʠʩʣʝʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ ʢʨʠʪʝʨʠʷ ʝ ʨʘʟʣʠʯʥʘ ʟʘ 
ʠʟʚʘʜʢʠ ʩ ʝʜʥʘʢʲʚ ʦʙʝʤ ʥʘ ʠʟʚʘʜʢʠʪʝ ʠ ʟʘ ʠʟʚʘʜʢʠ ʩ ʨʘʟʣʠʯʝʥ ʦʙʝʤ ʥʘ ʠʟʚʘʜʢʘʪʘ. 

 

 

S1 

S2 

ʌʠʛ. 5. ʇʨʠʥʮʠʧʥʘ ʩʭʝʤʘ ʥʘ ʩʠʪʫʘʮʠʷ ʢʦʛʘʪʦ ʩʝ ʥʘʣʘʛʘ ʦʮʝʥʢʘ 
ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʪʘ ʟʥʘʯʠʤʦʩʪ. Fig. 5. Schematic diagram of a 
situation when an assessment of statistical significance is required 
 

ʆʙʱʘ ʧʣʦʱ ʥʘ ʜʚʝʪʝ 

ʧʣʲʪʥʦʩʪʠ  ʥʘ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ 

ʧʘʨʘʤʝʪʨʠʪʝ 

͙͎̅.6
66.6 
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ʊʘʟʠ ʛʨʝʰʢʘ ʩʝ ʩʨʝʱʘ ʥʘʡ-ʯʝʩʪʦ ʠ ʩʝ ʠʟʧʦʣʟʚʘ ʩʘʤʦ ʟʘʚʠʩʠʤʦʩʪʪʘ ʟʘ ʝʜʥʘʢʲʚ ʦʙʝʤ 
ʥʘ ʠʟʚʘʜʢʘʪʠʪʝ ʠ ʧʨʠ ʫʩʣʦʚʠʝ,ʯʝ ʦʙʝʤʲʪ ʝ ʨʘʟʣʠʯʝʥ. 

ɺ)ʥʝ ʧʨʘʚʠʣʥʦ ʩʝ ʠʟʧʦʣʟʚʘ ʬʦʨʤʫʣʘʪʘ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʩʪʝʧʝʥʠʪʝ ʥʘ ʩʚʦʙʦʜʘ, ʘ ʪʝ 

ʩʘ ʩʣʝʜʥʠʪʝ : ʟʘ ʝʜʥʘʢʚʠ ʧʦ ʦʙʝʤ ʠʟʚʘʜʢʠ-n=2(n-1), ʢʲʜʝʪʦ n ʝ ʦʙʝʤʲʪ ʥʘ ʚʩʷʢʘ ʦʪ 

ʠʟʚʘʜʢʠʪʝ;ʟʘ ʨʘʟʣʠʯʝʥ ʦʙʝʤ ʥʘ ʠʟʚʘʜʢʠʪʝ-n = +  -2, ʢʲʜʝʪʦ  ʠ ʝ ʩʲʦʪʚʝʪʥʦ 

ʦʙʝʤʲʪ ʥʘ ʝʜʥʘʪʘ ʠ ʜʨʫʛʘʪʘ ʠʟʚʘʜʢʘ;  ʟʘ ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʧʦʚʝʯʝ ʦʪ ʜʚʝ ʛʨʫʧʠ ʩ 

ʝʜʥʘʢʲʚ ʦʙʝʤ ʥʘ ʠʟʚʘʜʢʠʪʝ (n1=n2=n3 é= ) ʩʪʝʧʝʥʠʪʝ ʥʘ ʩʚʦʙʦʜʘ ʩʝ ʦʧʨʝʜʝʣʷʪ ʧʦ 

ʟʘʚʠʩʠʤʦʩʪʪʘ  n =m(n-1) , ʢʲʜʝʪʦ m ʝ ʙʨʦʷʪ ʥʘ ʛʨʫʧʠʪʝ, ʢʦʠʪʦ ʩʝ ʩʨʘʚʥʷʚʘʪ;ʟʘ ʧʦʚʝʯʝ 
ʦʪ ʜʚʝ ʠʟʚʘʜʢʠ ʩ ʨʘʟʣʠʯʝʥ ʦʙʝʤ ( ʩʪʝʧʝʥʠʪʝ ʥʘ ʩʚʦʙʦʜʘ ʩʝ 

ʦʧʨʝʜʝʣʷʪ ʧʦ ʬʦʨʤʫʣʘʪʘ n  -2 ʠ ʩʨʘʚʥʝʥʠʝʪʦ ʩʝ ʠʟʚʲʨʰʚʘ ,ʢʘʪʦ ʩʝ 

ʩʨʘʚʥʷʚʘʪ ʛʨʫʧʠʪʝ ʜʚʝ ʧʦ ʜʚʝ. 

ɻ) ʥʝ ʚʠʥʘʛʠ ʩʝ ʦʪʯʠʪʘ ʧʦʧʨʘʚʢʘʪʘ ʥʘ ɹʦʥʬʝʨʦʥ ʧʨʠ ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʧʦʚʝʯʝ ʦʪ ʜʚʝ 

ʠʟʚʘʜʢʠ.ʇʦʧʨʘʚʢʘʪʘ ʥʘ ɹʦʥʬʝʨʦʥ ʝ , ʢʲʜʝʪʦ k ʝ ʙʨʦʷʪ ʥʘ ʩʨʘʚʥʷʚʘʥʠʪʝ ʠʟʚʘʜʢʠ; 

-ʚʝʨʦʷʪʥʦʩʪʪʘ ʧʦʥʝ ʝʜʠʥ ʧʲʪ ʜʘ ʩʙʲʨʢʘʤʝ  ʧʨʠ ʚʟʝʤʘʥʝ ʨʝʰʝʥʠʝ ʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦ 
ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʩʨʘʚʥʷʚʘʥʠʪʝ ʠʟʚʘʜʢʠ[16,17]. 

ʇʨʝʜʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʪʦʟʠ ʢʨʠʪʝʨʠʷ ʟʘ ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʪʝ ʨʘʟʣʠʯʠʷ 
ʤʝʞʜʫ ʩʨʝʜʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷ ʧʘʨʘʤʝʪʲʨ,ʟʘ ʧʨʦʚʝʨʢʘ ʥʘ ʚʠʜʘ ʥʘ ʟʘʢʦʥʘ 
ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʤʦʞʝ ʜʘ ʠʟʧʦʣʟʚʘʤʝ ʬʠʛ. 4  ʠʣʠ ʜʘ ʩʝ ʧʦʟʦʚʝʤ ʥʘ ʘʧʨʠʦʨʥʘ 
ʠʥʬʦʨʤʘʮʠʷ, ʪ.ʝ. ʥʘ ʥʘʫʯʥʠ ʨʘʙʦʪʠ, ʢʲʜʝʪʦ ʠʤʘ ʠʥʬʦʨʤʘʮʠʷ, ʯʝ ʝ ʠʟʩʣʝʜʚʘʥʦ ʠ 
ʫʩʪʘʥʦʚʝʥʦ, ʯʝ ʦʮʝʥʢʠʪʝ ʥʘ ʪʦʟʠ ʧʘʨʘʤʝʪʲʨ ʩʝ ʨʘʟʧʨʝʜʝʣʷʪ ʧʦ ʥʦʨʤʘʣʝʥ ʟʘʢʦʥ. 
ɸʢʦ ʦʙʝʤʲʪ ʥʘ ʠʟʚʘʜʢʠʪʝ ʝ ʤʘʣʲʢ ʠ ʥʝ ʤʦʞʝ ʜʘ ʧʨʠʣʦʞʠʤ ʢʨʠʪʝʨʠʷ ʥʘ ʉʪʶʜʝʥʪ 
ʠʟʧʦʣʚʘʤʝ ʥʝʧʘʨʘʤʝʪʨʠʯʥʠʷ ʢʨʠʪʝʨʠʡ ʥʘ ʄʘʥ-ʋʪʥʠ. ʇʨʠ ʥʝʛʦ ʩʝ ʜʦʧʫʩʢʘ ʩʣʝʜʥʘʪʘ 
ʛʨʝʰʢʘ: ʥʝʧʨʘʚʠʣʥʦ ʩʝ ʦʧʨʝʜʝʣʷ ʨʘʥʛʲʪ ʥʘ ʜʚʝ ʠʣʠ ʧʦʚʝʯʝ ʝʜʥʘʢʚʠ ʩʪʦʡʥʦʩʪʠ ʥʘ 
ʧʘʨʘʤʝʪʲʨʘ ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠʷ ʨʝʜ. ɸʢʦ ʠʤʘʤʝ ʜʚʝ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ ʩ ʝʜʥʘʢʚʘ 
ʩʪʦʡʥʦʩʪ, ʪʦ ʨʘʥʛʲʪ ʱʝ ʙʲʜʝ ( N1 +N2 )/ 2, ʪ.ʝ. ʜʚʝ ʩʪʦʡʥʦʩʪʠ ʱʝ ʠʤʘʪ ʝʜʠʥ ʠ ʩʲʱ 
ʨʘʥʛ; ʘʥʘʣʦʛʠʯʥʦ ʟʘ ʪʨʠ ʠ ʧʦʚʝʯʝ ʝʜʥʘʢʚʠ ʩʣʫʯʘʡʥʠ ʚʝʣʠʯʠʥʠ ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠʪʝ 
ʨʝʜʦʚʝ ʥʘ ʩʨʘʚʥʷʚʘʥʠʪʝ ʠʟʚʘʜʢʠ. 
 

 

 

 

 

 

 

 

 

 

7. ʂʦʝʬʠʮʠʝʥʪ ʥʘ ʢʦʨʝʣʘʮʠʷ ʥʘ ʇʠʨʩʦʥ 
ʂʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʢʦʨʝʣʘʮʠʷ ʥʘ ʇʠʨʩʦʥ (Pearson) ʝ ʝʜʠʥ ʦʪ ʥʘʡ-ʠʟʧʦʣʟʚʘʥʠʪʝ 

ʧʦʢʘʟʘʪʝʣʠ ʟʘ ʦʮʝʥʢʘ ʥʘ ʩʠʣʘʪʘ ʥʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʜʚʘ ʧʘʨʘʤʝʪʲʨʘ (ʧʨʠʟʥʘʢʘ). 

ɺʲʧʨʝʢʠ ʪʦʚʘ ʯʝʩʪʦ ʩʝ ʟʘʙʨʘʚʷ  ʠ ʩʝ ʛʨʝʰʠ, ʯʝ  

1) ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʢʦʨʝʣʘʮʠʷ ʥʘ ʇʠʲʨʩʦʥ ʦʮʝʥʷʚʘ ʩʪʝʧʝʥʪʘ ʥʘ ʣʠʥʝʡʥʘ 

ʚʨʲʟʢʘ ʤʝʞʜʫ ʥʦʨʤʘʣʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠ ʧʦʧʫʣʘʮʠʠ ʠ 2) ʦʮʝʥʢʘʪʘ ʥʘ ʟʥʘʯʠʤʦʩʪʪʘ ʥʘ 

Ăʩʠʣʘʪʘñ ʥʘ ʚʨʲʟʢʘʪʘ ʟʘʚʠʩʠ ʥʝ ʩʘʤʦ ʦʪ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʢʦʨʝʣʘʮʠʷ, ʥʦ 
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ʠ  ʩʲʱʦ ʠ ʦʪ ʙʨʦʷ ʥʘ ʧʦʚʪʦʨʝʥʠʷʪʘ (n), ʟʘ ʢʦʠʪʦ ʝ ʠʟʯʠʩʣʝʥ ʪʦʟʠ ʢʦʝʬʠʮʠʝʥʪ. ɹʝʟ ʜʘ 

ʩʝ ʧʦʩʦʯʚʘ ʙʨʦʷʪ ʥʘ ʧʦʚʪʦʨʝʥʠʷʪʘ, ʘʢʦ ʠʤʘ ʪʚʲʨʜʝʥʠʝ, ʥʘʧʨʠʤʝʨ, ʯʝ Ăʠʤʘ ʪʷʩʥʘ 

ʚʨʲʟʢʘ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʠʪʝñ, ʘʢʦ ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʢʦʨʝʣʘʮʠʷ ʝ ʨʘʚʝʥ ʥʘ R = 0,8, ʝ 

ʙʝʟʩʤʠʩʣʝʥ, ʪʲʡ ʢʘʪʦ ʧʨʠ n < 7 ʠ  = 0,05 ʪʘʢʲʚ ʢʦʝʬʠʮʠʝʥʪ ʝ ʥʝʟʥʘʯʠʪʝʣʥʦ 

ʨʘʟʣʠʯʝʥ ʦʪ ʥʫʣʘ. 

ʅʘʡ-ʰʠʨʦʢʦ ʠʟʧʦʣʟʚʘʥʠʷʪ ʢʦʝʬʠʮʠʝʥʪ ʟʘ ʧʨʘʚʦʣʠʥʝʡʥʘ ʟʘʚʠʩʠʤʦʩʪ ʝ 

ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʢʦʨʝʣʘʮʠʷ ʥʘ ʇʠʲʨʩʦʥ , ʚ ʢʦʡʪʦ ʜʚʝ ʧʨʦʤʝʥʣʠʚʠ ʩʘ ʣʠʥʝʡʥʦ 

ʩʚʲʨʟʘʥʠ ʠʣʠ ʟʘʚʠʩʠʤʠ ʝʜʥʘ ʦʪ ʜʨʫʛʘ ʠ ʩʝ ʙʝʣʝʞʠ ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʢʦʨʝʣʘʮʠʷ ʩ R, 

ʢʦʡʪʦ ʠʤʘ ʩʪʦʡʥʦʩʪ ʦʪ (-1) ʜʦ 1. ʂʦʛʘʪʦ R=0, ʥʷʤʘ ʣʠʥʝʡʥʘ ʚʨʲʟʢʘ ʤʝʞʜʫ 

ʧʨʦʤʝʥʣʠʚʠʪʝ, ʪ.ʝ ʥʷʤʘ ʥʠʢʘʢʚʘ ʢʦʨʝʣʘʮʠʷ. ʂʦʛʘʪʦ R=1 ʠʣʠ R=-1, ʠʤʘʤʝ 

ʬʫʥʢʮʠʦʥʘʣʥʘ ʣʠʥʝʡʥʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʜʚʝʪʝ ʧʨʦʤʝʥʣʠʚʠ. ʊʦʚʘ ʦʟʥʘʯʘʚʘ, ʯʝ 

ʜʠʘʛʨʘʤʘʪʘ ʚ ʪʝʟʠ ʩʣʫʯʘʠ ʱʝ ʙʲʜʝ ʧʨʘʚʘ ʣʠʥʠʷ. ɿʥʘʢʲʪ ʧʨʝʜ R ʧʦʢʘʟʚʘ ʧʦʩʦʢʘʪʘ ʥʘ 

ʟʘʚʠʩʠʤʦʩʪʪʘ ʤʝʞʜʫ ʜʚʝʪʝ ʧʨʦʤʝʥʣʠʚʠ. ʂʦʛʘʪʦ R ʝ ʩ ʧʦʣʦʞʠʪʝʣʝʥ ʟʥʘʢ ʠʤʘ ʧʨʘʚʘ 

ʟʘʚʠʩʠʤʦʩʪ ʤʝʞʜʫ ʜʚʝʪʝ ʧʨʦʤʝʥʣʠʚʠ,ʪ.ʝ.ʧʨʠ ʥʘʨʘʩʪʚʘʥʝ ʥʘ X, ʥʘʨʘʩʪʚʘ ʠ Y ʠ 

ʦʙʨʘʪʥʦ, ʢʦʛʘʪʦ ʟʥʘʢʲʪ ʝ ʦʪʨʠʮʘʪʝʣʝʥ, ʠʤʘ ʦʙʨʘʪʥʘ ʟʘʚʠʩʠʤʦʩʪ,ʪ.ʝ. ʩ ʥʘʨʘʩʪʚʘʥʝ ʥʘ 

X, ʥʘʤʘʣʷʚʘ Y[1-3]. 

ʉʠʪʫʘʮʠʠʪʝ, ʧʦʢʘʟʘʥʠ ʥʘ ʬʠʛ.8 [16,17], ʧʨʠ R = 0 ʟʘʪʨʫʜʥʷʚʘ ʠʟʩʣʝʜʦʚʘʪʝʣʠʪʝ. 

ɽʜʥʘ ʯʘʩʪ ʦʪ ʪʷʭ ʩʝ ʦʪʢʘʟʚʘʪ ʦʪ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʨʝʛʨʝʩʠʦʥʥʠʷ ʘʥʘʣʠʟ ʠ ʧʠʰʘʪ, ʯʝ ʥʝ 

ʩʲʱʝʩʪʚʫʚʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʠʟʩʣʝʜʚʘʥʠʪʝ ʚʝʣʠʯʠʥʠ. ʀʩʪʠʥʘʪʘ ʝ, ʯʝ ʚʨʲʟʢʘ ʤʝʞʜʫ ʭ ʠ 

ʫ ʩʲʱʝʩʪʚʫʚʘ, ʥʦ ʪʷ ʥʝ ʝ ʣʠʥʝʡʥʘ. ʀ ʥʠʪʦ ʝʜʠʥ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʢʦʨʝʣʘʮʠʷ ʥʝ ʤʦʞʝ ʜʘ 

ʫʣʦʚʠ ʟʘʚʠʩʠʤʦʩʪʪʘ, ʘʢʦ ʢʨʠʚʘʪʘ ʠʤʘ ʬʦʨʤʘʪʘ ʜʘʜʝʥʘ ʥʘ ʬʠʛ.8 ʧʨʠ R=0. ɿʘʪʦʚʘ ʝ 

ʥʘʡ-ʜʦʙʨʝ ʧʨʝʜʠ ʜʘ ʠʟʯʠʩʣʷʚʘʤʝ R ʜʘ ʥʘʥʝʩʝʤ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʫ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʭ ʠ 

ʜʘ ʦʯʝʨʪʘʝʤ ʛʨʘʬʠʢʘʪʘ ʠ ʘʢʦ ʬʦʨʤʘʪʘ ʝ ʦʪ ʥʷʢʦʠ ʦʪ ʧʦʩʦʯʝʥʠʪʝ ʚʠʜʦʚʝ, ʝ 

ʙʝʟʩʤʠʩʣʝʥʦ ʜʘ ʦʧʨʝʜʝʣʷʤʝ R, ʘ ʪʨʷʙʚʘ ʜʘ ʧʦʪʲʨʩʠʤ ʜʨʫʛʠ ʤʝʪʦʜʠ ʟʘ ʦʙʨʘʙʦʪʢʘ ʠ 

ʘʥʘʣʠʟ. 

ɼʨʫʛʘ ʛʨʫʧʘ ʠʟʩʣʝʜʦʚʘʪʝʣʠ ʥʝ ʩʝ ʩʲʦʙʨʘʟʷʚʘʪ ʩ ʚʠʜʘ ʥʘ ʛʨʘʬʠʯʥʘʪʘ ʟʘʚʠʩʠʤʦʩʪ 

ʠ ʥʘʤʠʨʘʪ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʇʠʨʩʲʥ ʠ ʧʨʘʚʷʪ ʟʘʢʣʶʯʝʥʠʝ, ʯʝ ʥʷʤʘ ʚʟʘʠʤʦʚʨʲʟʢʘ 

ʤʝʞʜʫ ʍ ʠ ʋ, ʢʦʝʪʦ ʝ ʧʲʣʥʘ ʙʝʟʩʤʠʩʣʠʮʘ, ʪʲʡ ʢʘʪʦ ʪʦʚʘ ʩʝ ʚʠʞʜʘ ʦʪ ʛʨʘʬʠʯʥʘʪʘ 

ʟʘʚʠʩʠʤʦʩʪ. 

ʀʟʚʝʩʪʥʦ ʝ, ʯʝ R e ʧʦ-ʣʝʩʝʥ ʟʘ ʨʘʙʦʪʘ, ʢʦʛʘʪʦ ʝ ʧʦʚʜʠʛʥʘʪ ʥʘ ʢʚʘʜʨʘʪ. ʊʘʢʘ 

ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʜʩʪʘʚʠ ʟʘʚʠʩʠʤʦʩʪʪʘ ʤʝʞʜʫ ʜʚʝʪʝ ʧʨʦʤʝʥʣʠʚʠ ʢʘʪʦ ʧʨʦʮʝʥʪ ʦʪ 

ʚʘʨʠʘʮʠʠ ʤʝʞʜʫ ʪʷʭ. ʊʦʛʘʚʘ ʛʦʚʦʨʠʤ ʟʘ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʜʝʪʝʨʤʠʥʘʮʠʷ. 

ʂʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʜʝʪʝʨʤʠʥʘʮʠʷ ʩʝ ʥʘʨʠʯʘ ʦʱʝ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʦʧʨʝʜʝʣʝʥʦʩʪ ʠ 

ʧʦʢʘʟʚʘ ʢʘʢʲʚ ʧʨʦʮʝʥʪ ʦʪ ʧʨʦʤʝʥʠʪʝ ʚ ʝʜʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ ʱʝ ʜʦʚʝʜʘʪ ʜʦ ʧʨʦʤʝʥʠ ʚ 

ʜʨʫʛʘʪʘ ʧʨʦʤʝʥʣʠʚʘ. ʂʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʢʦʨʝʣʘʮʠʷ ʠ ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ 

ʥʝʦʧʨʝʜʝʣʝʥʦʩʪ ʩʝ ʜʦʧʲʣʚʘʪ ʜʦ ʝʜʠʥʠʮʘ. 

ʊʘʟʠ ʚʪʦʨʘ ʛʨʫʧʘ ʠʟʩʣʝʜʦʚʘʪʝʣʠ ʧʨʦʜʲʣʞʘʚʘʪ ʠ ʦʧʨʝʜʝʣʷʪ ʠ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ 

ʥʝʦʧʨʝʜʝʣʝʥʦʩʪ, ʢʦʡʪʦ ʥʝ ʠʤ ʥʦʩʠ ʥʠʢʘʢʚʘ ʠʥʬʦʨʤʘʮʠʷ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʜʘʜʝʥʠʪʝ ʧʨʠʤʝʨʠ ʥʘ ʛʨʝʰʢʘ ʥʝ ʠʟʯʝʨʧʚʘʪ ʤʥʦʛʦʦʙʨʘʟʠʝʪʦ ʦʪ 

ʥʝʪʦʯʥʦʩʪʠ, ʥʦ ʠʟʨʘʟʷʚʘʪ ʥʘʡ-ʩʲʱʝʩʪʚʝʥʠʪʝ ʠ ʝ ʥʘʧʨʘʚʝʥ ʦʧʠʪ ʜʘ ʩʝ ʜʘʜʘʪ 

ʧʨʝʧʦʨʲʢʠ ʢʘʢ ʜʘ ʩʝ ʠʟʙʝʛʥʘʪ. 
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ɿʘʢʣʶʯʝʥʠʝ  

ʂʦʠ ʩʘ ʦʩʥʦʚʥʠʪʝ ʧʨʠʯʠʥʠ ʟʘ ʧʦʷʚʷʚʘʥʝ ʠ ʞʠʚʦʪ ʥʘ ʪʘʢʠʚʘ ʛʨʝʰʢʠ? 
ǅɸʚʪʦʨʠʪʝ ʥʘ ʧʫʙʣʠʢʘʮʠʠʪʝ ʠ ʯʣʝʥʦʚʝʪʝ ʥʘ ʨʝʜʢʦʣʝʛʠʠʪʝ ʥʷʤʘʪ ʥʝʦʙʭʦʜʠʤʘʪʘ 

ʧʦʜʛʦʪʦʚʢʘ ʧʦ ʪʝʦʨʠʷ ʥʘ ʚʝʨʦʷʪʥʦʩʪʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘ ʩʪʘʪʠʩʪʠʢʘ, ʢʦʝʪʦ ʥʝ ʠʤ 

ʧʦʟʚʦʣʷʚʘ ʜʘ ʦʩʲʟʥʘʷʪ ʛʨʝʰʥʠʪʝ ʠʟʚʦʜʠ, ʢʦʠʪʦ ʩʘ ʥʘʧʨʘʚʠʣʠ, ʠʟʧʦʣʟʚʘʡʢʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʪʝ ʤʝʪʦʜʠ ʠ ʢʨʠʪʝʨʠʠ. 

 

 

 

 

 

 

 

 

 

 

ǅ ʅʝ ʩʘ ʨʝʜʢʠ ʩʣʫʯʘʠʪʝ ʢʦʛʘʪʦ ʮʝʣʪʘ ʥʘ ʧʫʙʣʠʢʘʮʠʷʪʘ ʝ ʥʝ ʩʪʨʝʤʝʞʘ ʫʯʝʥʠʷʪ ʜʘ 

ʦʙʥʘʨʦʜʚʘ, ʣʝʛʘʣʠʟʠʨʘ ʥʘʜʝʞʜʝʥ, ʜʦʩʪʦʚʝʨʝʥ ʨʝʟʫʣʪʘʪ ʦʪ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʠ, ʘ 

ʩʘʤʠʷʪ ʬʘʢʪ ʙʲʨʟʘ ʧʫʙʣʠʢʘʮʠʷ, ʜʦʨʠ ʩ ʥʝ ʥʘʜʝʞʜʥʠ ʠʟʚʦʜʠ, ʢʘʪʦ ʜʦʢʘʟʘʪʝʣʩʪʚʦ ʟʘ 

Ăʥʘʫʯʥʦʩʪʪʘòʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʠʟʩʣʝʜʚʘʥʝʪʦ. 

ǅʆʛʨʘʥʠʯʝʥʦʩʪ ʥʘ ʜʦʩʪʲʧʘ ʥʘ ʰʠʨʦʢʘ ʯʠʪʘʪʝʣʩʢʘ ʘʫʜʠʪʦʨʠʷ ʜʦ ʧʫʙʣʠʢʘʮʠʠʪʝ, 

ʩʲʜʲʨʞʘʱʠ ʛʨʝʰʥʠ ʠʟʚʦʜʠ. ʊʦʚʘ ʝ ʩʚʲʨʟʘʥʦ ʩ ʦʛʨʘʥʠʯʝʥʠʷ ʪʠʨʘʞ ʥʘ ʧʝʨʠʦʜʠʢʘʪʘ, ʘ 

ʪʘʢʘ ʩʲʱʦ ʜʦʩʪʲʧʘ ʜʦ ʜʠʩʝʨʪʘʮʠʠ. 

ǅʏʠʪʘʪʝʣʠʪʝ ʥʷʤʘʪ ʜʦʩʪʲʧ ʜʦ ʠʟʭʦʜʥʠʪʝ ʜʘʥʥʠ ʥʘ ʘʚʪʦʨʘ ʥʘ ʧʫʙʣʠʢʘʮʠʠʪʝ. 

ɸʚʪʦʨʠʪʝ ʟʥʘʷʪ, ʯʝ ʚʩʝʢʠ ʯʠʪʘʪʝʣ, ʢʦʡʪʦ ʩʝ ʩʲʤʥʷʚʘ ʚ ʠʩʪʠʥʥʦʩʪʪʘ ʥʘ ʘʚʪʦʨʩʢʠʪʝ 

ʠʟʚʦʜʠ, ʥʷʤʘ ʚʲʟʤʦʞʥʦʩʪ ʥʝʟʘʙʘʚʥʦ (ʠʣʠ ʩʣʝʜ ʠʟʚʝʩʪʥʦ ʚʨʝʤʝ) ʜʘ ʧʦʣʫʯʠ ʪʝʟʠ 

ʜʘʥʥʠ ʠ ʩʘʤʦʩʪʦʷʪʝʣʥʦ ʜʘ ʧʨʦʚʝʨʠ ʪʝʟʠ ʠʟʚʦʜʠ ʥʘ ʘʚʪʦʨʘ. ɺ ʘʤʝʨʠʢʘʥʩʢʠʪʝ ʠ 

ʘʥʛʣʠʡʩʢʠ ʩʧʠʩʘʥʠʷ ʧʦ ʤʝʜʠʮʠʥʘ, ʙʠʦʣʦʛʠʷ ʠ ʜʨ. ʥʘʫʯʥʠ ʩʧʝʮʠʘʣʥʦʩʪʠ ʧʨʠ 

ʦʙʩʲʞʜʘʥʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʩʝ ʠʟʠʩʢʚʘʪ, ʚ ʝʣʝʢʪʨʦʥʝʥ ʚʘʨʠʘʥʪ, ʠʟʭʦʜʥʠʪʝ ʜʘʥʥʠ ʚʲʟ 

ʦʩʥʦʚʘ ʥʘ ʢʦʠʪʦ ʩʘ ʠʟʛʨʘʜʝʥʠ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʠʟʚʦʜʠ ʠ ʧʨʝʪʝʥʮʠʠʪʝ ʟʘ ʧʨʠʥʦʩʠ ʚ 

ʥʘʫʯʥʘʪʘ ʦʙʣʘʩʪ, ʢʦʝʪʦ  ʧʦʟʚʦʣʷʚʘ ʚʩʝʢʠ ʨʝʮʝʥʟʝʥʪ ʠʣʠ ʯʣʝʥ ʥʘ ʨʝʜʘʢʮʠʦʥʥʘʪʘ 

ʢʦʣʝʛʠʷ ʩʘʤ ʜʘ ʩʝ ʫʙʝʜʠ ʚ ʢʦʨʝʢʪʥʦʩʪʪʘ ʠ ʨʝʘʣʥʦʩʪʪʘ ʥʘ ʥʘʧʨʘʚʝʥʠʪʝ ʠʟʚʦʜʠ. ʅʝ ʩʘ 

ʨʝʜʢʠ ʩʣʫʯʘʠʪʝ, ʢʦʛʘʪʦ ʩʝ ʧʦʣʫʯʘʚʘʪ ʢʘʯʝʩʪʚʝʥʦ ʥʦʚʠ ʠʟʚʦʜʠ. 

ǅɺ ʥʷʢʦʠ ʨʝʜʘʢʮʠʦʥʥʠ ʢʦʣʝʛʠʠ ʥʘ ʩʧʠʩʘʥʠʷʪʘ, ʦʩʥʦʚʥʦ ʤʝʜʠʮʠʥʩʢʠ, ʠʤʘ 

ʩʧʝʮʠʘʣʠʩʪʠ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʘ ʩʪʘʪʠʩʪʠʢʘ ʠ ʪʦʡ ʟʘʝʜʥʦ ʩʲʩ ʩʧʝʮʠʘʣʠʩʪʘ ʧʦ 

ʧʨʦʙʣʝʤʘʪʠʢʘʪʘ ʚ ʥʘʫʯʥʘʪʘ ʨʘʙʦʪʘ ʧʨʦʚʝʨʷʚʘ ʩʘʤʦ ʧʨʘʚʠʣʥʦʩʪʪʘ ʥʘ ʧʨʠʣʘʛʘʥʝ ʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʷ ʤʝʪʦʜ ʠʣʠ ʢʨʠʪʝʨʠʠ. 

ǅ ʄʥʦʛʦ ʨʝʜʘʢʮʠʦʥʥʠ ʢʦʣʝʛʠ ʥʷʤʘʪ ʞʝʣʘʥʠʝ ʥʘ ʩʪʨʘʥʠʮʠʪʝ ʥʘ ʪʝʭʥʠʪʝ ʩʧʠʩʘʥʠʷ 

ʜʘ ʩʝ ʜʠʩʢʫʪʠʨʘʪ ʠ ʢʦʤʝʥʪʠʨʘʪ ʛʨʝʰʢʠ ʥʘ ʘʚʪʦʨʠʪʝ.ɺʩʷʢʘ ʦʪ ʦʧʠʩʘʥʠʪʝ ʧʨʠʯʠʥʠ ʤʦʞʝ 

ʜʘ ʙʲʜʝ ʦʙʝʢʪ ʥʘ ʚʲʟʜʝʡʩʪʚʠʝ, ʥʦ ʧʦʨʘʜʠ ʩʣʦʞʥʦʩʪʪʘ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʪʘ ʥʘ 
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ʠʟʙʨʦʝʥʠʪʝ ʧʨʠʯʠʥʠ ʠ ʪʷʭʥʘʪʘ, ʧʨʝʜʠʤʥʦ ʩʦʮʠʘʣʥʘ ʧʨʠʨʦʜʘ,ʢʦʷʪʦ ʝ ʚ ʦʩʥʦʚʘʪʘ ʡ, 

ʦʩʪʘʚʘ ʜʘ ʩʝ ʥʘʜʷʚʘʤʝ ʥʘ ʜʦʙʨʦʩʲʚʝʩʪʥʦʩʪʪʘ ʥʘ ʦʪʜʝʣʥʠʷ ʫʯʝʥ, ʪ.ʝ. ʥʘ ʪʦʚʘ, ʯʝ ʚ 

ʠʩʪʦʨʠʷʪʘ ʥʘ ʥʘʫʢʘʪʘ ʦʩʪʘʚʘʪ ʧʫʙʣʠʢʫʚʘʥʠ ʪʝʟʠ ʛʨʝʰʢʠ, ʘ ʩʪʨʝʤʝʞʲʪ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ 

ʢʲʤ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʧʨʦʚʝʜʝʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʜʦʩʪʦʚʝʨʥʠ ʥʘʫʯʥʠ ʠʟʚʦʜʠ. 

ʅʝʠʟʙʝʞʥʠ ʣʠ ʩʘ ʛʨʝʰʢʠʪʝ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʪʝ ʤʝʪʦʜʠ ʚ 
ʥʘʫʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ? 

ʂʘʢʪʦ ʝ ʠʟʚʝʩʪʥʦ, ʥʝ ʛʨʝʰʠ ʩʘʤʦ ʪʦʟʠ, ʢʦʠʪʦ ʥʠʱʦ ʥʝ ʧʨʘʚʠ. ɻʨʝʰʢʠ ʠʤʘ ʥʘ 

ʚʩʷʢʲʜʝ, ʙʠʣʦ ʪʦ ʚ ʥʘʫʢʘʪʘ, ʪʝʭʥʠʢʘʪʘ ʠʣʠ ʧʦʣʠʪʠʢʘʪʘ. ʆʯʝʚʠʜʥʦ, ʯʝ ʝʜʠʥ ʦʪ ʥʘʡ-

ʨʘʟʫʤʥʠʪʝ ʧʲʪʠʱʘ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʙʨʦʷ ʥʘ ʧʦʜʦʙʥʠ ʛʨʝʰʢʠ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʝʪʘʧʲʪ 

ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʷ ʘʥʘʣʠʟ ʥʘ ʜʘʥʥʠʪʝ ʦʪ ʠʟʩʣʝʜʚʘʥʝʪʦ ʜʘ ʩʝ ʠʟʚʲʨʰʠ ʩ 

ʧʨʦʬʝʩʠʦʥʘʣʠʩʪ ʚ ʜʘʜʝʥʘʪʘ ʦʙʣʘʩʪ, ʪ.ʝ. ʩʲʩ ʩʪʘʪʠʩʪʠʢ. 

ʅʘ ʧʦʩʣʝʜʥʘʪʘ ʩʪʨʘʥʠʮʘ ʥʘ ʢʥʠʛʘʪʘ Ăʊʝʦʨʠʷ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘò- ɺ. ʅʘʣʠʤʦʚ 

ʧʠʰʝ: Ăɿʘʱʦ ʪʘʢʘ ʯʝʩʪʦ ʝʟʠʢʲʪ ʥʘ ʩʪʘʪʠʩʪʠʢʘʪʘ ʩʝ ʠʟʧʦʣʟʚʘ ʪʦʣʢʦʚʘ 

ʚʫʣʛʘʨʥʦ?...ʎʷʣʘʪʘ ʨʘʙʦʪʘ ʝ ʚ ʪʦʚʘ, ʯʝ ʝʟʠʢʘ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʪʘ ʩʪʘʪʠʩʪʠʢʘ ʦʱʝ ʥʝ 

ʝ ʩʪʘʥʘʣ ʨʦʜʝʥ ʝʟʠʢ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘ. ɽʢʩʧʝʨʠʤʝʥʪʘʪʦʨʲʪ ʛʦ ʠʟʧʦʣʟʚʘ ʪʦʣʢʦʚʘ 

ʪʨʫʜʥʦ ʠ ʥʝʪʦʯʥʦ, ʢʘʢʪʦ ʚʩʝʢʠ ʦʪ ʥʘʩ ʠʟʧʦʣʟʚʘ ʯʫʞʜ ʝʟʠʢ, ʢʦʡʪʦ ʥʝ ʟʥʘʝ ʜʦʙʨʝ... ʅʠʝ 

ʨʘʟʙʠʨʘ ʩʝ ʩʤʝ ʜʘʣʝʯʝ ʦʪ ʤʠʩʲʣʪʘ, ʯʝ ʚʩʝʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʪʦʨ ʤʦʞʝ ʜʘ ʩʪʘʥʝ ʠ 

ʩʧʝʮʠʘʣʠʩʪ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʘ ʩʪʘʪʠʩʪʠʢʘ. ɺ ʙʲʜʝʱʝ, ʧʦ  ʚʩʷʢʘ ʚʝʨʦʷʪʥʦʩʪ, ʝ 

ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʩʲʟʜʘʚʘʪ ʜʚʫʩʪʝʧʝʥʥʠ ʩʠʩʪʝʤʠ ʟʘ ʦʨʛʘʥʠʟʘʮʠʷ ʥʘ ʥʘʫʯʥʠʪʝ 

ʠʟʩʣʝʜʚʘʥʠʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʪʦʨ, ʢʦʡʪʦ ʝ ʩʧʝʮʠʘʣʠʩʪ ʠ ʝʢʩʧʝʨʪ ʚ ʠʜʝʡʥʘʪʘ ʩʪʨʘʥʘ ʥʘ 

ʪʝʦʨʠʷʪʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʪʨʷʙʚʘ ʜʘ ʠʤʘ ʚʲʟʤʦʞʥʦʩʪ ʧʦʩʪʦʷʥʥʦ ʜʘ ʩʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʘ ʩ ʢʦʥʩʫʣʪʘʥʪ-ʩʪʘʪʠʩʪʠʢ. ʀʤʝʥʥʦ ʪʘʢʲʚ ʤʝʞʜʫ ʜʠʩʮʠʧʣʠʥʘʨʝʥ ʩʲʶʟ ʚ 

ʙʲʜʝʱʝ ʱʝ ʧʦʟʚʦʣʠ ʥʘ ʯʠʪʘʪʝʣʠʪʝ ʥʘ ʩʪʘʪʠʠ ʠʣʠ ʜʠʩʝʨʪʘʮʠʠ ʥʝ ʩʘʤʦ ʜʘ ʯʝʪʘʪ 

ʪʝʢʩʪʘ, ʥʦ ʠ ʘʜʝʢʚʘʪʥʦ ʜʘ ʛʦ ʨʘʟʙʠʨʘʪ ʠ ʪʚʦʨʯʝʩʢʠ ʜʘ ʛʦ ʠʟʧʦʣʟʚʘʪ.ò 

×  
ʀʟʙʨʦʝʥʠʪʝ ʛʨʝʰʢʠ ʠ ʥʝʪʦʯʥʦʩʪʠ ʚ ʥʠʢʘʢʲʚ ʩʣʫʯʘʡ ʥʝ ʠʟʯʝʨʧʚʘʪ ʚʩʠʯʢʠ 

ʚʲʟʤʦʞʥʠ ʥʝʜʦʩʪʘʪʲʮʠ ʚ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʩʪʘʪʠʩʪʠʢʘʪʘ ʚ ʧʦʯʚʦʟʥʘʥʠʝʪʦ. ʇʦ ʪʦʟʠ 

ʥʘʯʠʥ ʚʲʧʨʦʩʠʪʝ ʟʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʥʝʦʙʭʦʜʠʤʠʪʝ ʧʦʚʪʦʨʝʥʠʷ ʟʘ ʦʙʦʩʥʦʚʘʚʘʥʝ ʥʘ 

ʦʧʨʝʜʝʣʝʥʠ ʟʘʢʣʶʯʝʥʠʷ, ʚʲʧʨʦʩʠʪʝ ʥʘ ʧʣʘʥʠʨʘʥʝʪʦ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʟʘ ʜʘ ʩʝ 

ʠʟʙʝʛʥʘʪ ʚʲʦʙʨʘʞʘʝʤʠ ʧʦʚʪʦʨʝʥʠʷ, ʚʲʧʨʦʩʠʪʝ ʥʘ ʤʥʦʛʦʢʨʘʪʥʦʪʦ ʩʨʘʚʥʝʥʠʝ ʥʘ 

ʩʨʝʜʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʠ ʚʘʣʠʜʥʦʩʪʪʘ ʥʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʥʝʧʘʨʘʤʝʪʨʠʯʥʠ ʦʮʝʥʢʠ ʠ 

ʜʨʫʛʦ. ɺʩʷʢʘ ʦʪ ʪʝʟʠ ʪʝʤʠ ʠʟʠʩʢʚʘ ʦʪʜʝʣʥʦ ʧʦʜʨʦʙʥʦ ʦʙʩʲʞʜʘʥʝ. ɺʲʧʨʝʢʠ ʪʦʚʘ, ʘʢʦ 

ʘʚʪʦʨʠʪʝ ʥʘ ʩʪʘʪʠʠʪʝ ʠ ʨʝʮʝʥʟʝʥʪʠʪʝ ʦʙʲʨʥʘʪ ʚʥʠʤʘʥʠʝ ʥʘ ʦʙʩʲʞʜʘʥʠʪʝ ʚʲʧʨʦʩʠ, 

ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʧʫʙʣʠʢʘʮʠʠʪʝ ʚ ʤʝʩʪʥʠʪʝ ʩʧʠʩʘʥʠʷ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʦʜʦʙʨʠ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠʪʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʱʝ ʙʲʜʘʪ ʧʦ-ʦʧʨʘʚʜʘʥʠ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʧʨʠ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʚ ʦʙʣʘʩʪʪʘ ʥʘ 
ʤʝʜʠʮʠʥʘʪʘ, ʙʠʦʣʦʛʠʷʪʘ, ʟʝʤʝʜʝʣʠʝʪʦ, ʪʝʭʥʠʢʘʪʘ ʠ ʜʨʫʛʠ ʦʙʣʘʩʪʠ ʥʘ ʥʘʫʯʥʠ 
ʠʟʩʣʝʜʚʘʥʠʷ, ʦʩʦʙʝʥʦ ʤʣʘʜʠʪʝ ʫʯʝʥʠ, ʝ ʥʝʦʙʭʦʜʠʤʦ: 

ü ʄʥʦʛʦ ʜʦʙʨʝ ʜʘ ʩʠ ʠʟʷʩʥʷʪ ʩʲʱʥʦʩʪʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷ ʧʨʦʮʝʩ ʠʣʠ ʷʚʣʝʥʠʝ ʠ 
ʩʣʝʜ ʪʦʚʘ ʜʘ ʧʨʠʩʪʲʧʷʪ ʢʲʤ ʩʲʟʜʘʚʘʥʝ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣ ʟʘ 
ʧʨʝʜʩʪʘʚʷʥʝ (ʦʧʠʩʘʥʠʝ) ʠ ʘʥʘʣʠʟ. 

ü ɿʘ ʩʲʱʥʦʩʪʪʘ ʠ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʷ ʘʧʘʨʘʪ ʟʘ ʘʥʘʣʠʟ ʥʘ 
ʨʝʟʫʣʪʘʪʠʪʝ ʠ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʝ ʝ ʧʦ-ʜʦʙʨʝ ʜʘ ʩʝ ʟʘʧʦʟʥʘʝʪʝ ʦʪ 
ʩʧʝʮʠʘʣʠʟʠʨʘʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʤʝʪʦʜʠ ʟʘ ʠʟʩʣʝʜʚʘʥʝ, ʘ ʥʝ ʦʪ 
ʧʫʙʣʠʢʘʮʠʠ, ʢʲʜʝʪʦ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʪʝʟʠ ʤʝʪʦʜʠ, ʪʲʡ ʢʘʪʦ ʠʤʘ ʚʝʨʦʷʪʥʦʩʪ ʜʘ 
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ʧʦʧʘʜʥʝʪʝ ʥʘ ʥʝʧʨʘʚʠʣʥʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʜʘʜʝʥ ʤʝʪʦʜ. ʅʝ ʩʣʫʯʘʡʥʦ ʚ 
ʩʧʝʮʠʘʣʠʟʠʨʘʥʠʪʝ ʤʝʜʠʮʠʥʩʢʠ ʠʟʜʘʥʠʷ ʥʘ ʉɸʑ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ, ʌʨʘʥʮʠʷ, 
ɻʝʨʤʘʥʠʷ, ʗʧʦʥʠʷ, ʈʫʩʠʷ ʠ ʜʨʫʛʠ ʩʪʨʘʥʠ ʚ ʨʝʜʢʦʣʝʛʠʠʪʝ ʠʤʘ ʩʧʝʮʠʘʣʠʩʪʠ ʧʦ 
ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʤʝʪʦʜʠ ʠ ʪʝ ʨʝʮʝʥʟʠʨʘʪ ʧʦʩʪʲʧʠʣʠʪʝ ʥʘʫʯʥʠ ʨʘʙʦʪʠ ʧʦ 
ʦʪʥʦʰʝʥʠʝ ʥʘ ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʪʝ ʤʝʪʦʜʠ ʟʘ ʠʟʩʣʝʜʚʘʥʝ. 

ü ʆʪ ʧʨʘʚʠʣʥʦʪʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʜʘʜʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʤʝʪʦʜ ʟʘʚʠʩʠ ʧʨʘʚʠʣʥʦʪʦ 
ʠʟʨʘʙʦʪʚʘʥʝ ʠ ʚʟʝʤʘʥʝ ʥʘ ʫʧʨʘʚʣʝʥʩʢʦʪʦ ʨʝʰʝʥʠʝ ʠʣʠ ʨʝʰʝʥʠʝ ʟʘ 
ʧʨʦʜʲʣʞʘʚʘʥʝ ʥʘ ʥʘʫʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʚ ʜʘʜʝʥʦ ʥʘʧʨʘʚʣʝʥʠʝ, ʪ.ʝ. 
ʨʝʟʫʣʪʘʪʲʪ ʦʪ ʥʘʫʯʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʝ ʚ ʧʨʷʢʘ ʚʨʲʟʢʘ ʦʪ ʧʨʘʚʠʣʥʦ ʠʟʧʦʣʟʚʘʥʠʷ 
ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʘʧʘʨʘʪ ʟʘ ʘʥʘʣʠʟ. 
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ʈʝʟʶʤʝ 
ɿʘʪʠʭʚʘʥʝ ʥʘ ʙʦʣʝʩʪʪʘ ʠ ʠʥʜʫʮʠʨʘʥʝ ʥʘ ʙʠʦʣʦʛʠʯʥʦ ʜʝʪʝʨʤʠʥʠʨʘʥʘ 

ʩʫʧʨʝʩʠʚʥʦʩʪ ʥʘ ʧʦʯʚʘʪʘ ʯʨʝʟ ʧʨʦʜʲʣʞʠʪʝʣʥʦ (5-6 ʛʦʜʠʥʠ) ʤʦʥʦʢʫʣʪʫʨʥʦ ʦʪʛʣʝʞʜʘʥʝ 
ʥʘ ʯʫʚʩʪʚʠʪʝʣʝʥ ʛʦʩʪʦʧʨʠʝʤʥʠʢ ʩʘ ʫʩʪʘʥʦʚʝʥʠ ʧʨʠ ʨʘʟʣʠʯʥʠ ʧʘʪʦʣʦʛʠʯʥʠ ʩʠʩʪʝʤʠ. 
ʇʦʩʪʠʛʥʘʪʘ ʮʝʣ ʥʘ ʥʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʝ ʜʘ ʩʝ ʠʥʜʫʮʠʨʘ ʩʫʧʨʝʩʠʚʝʥ ʝʬʝʢʪ ʚ 
ʧʦʯʚʘʪʘ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʈʠʟʦʢʪʦʥʠʡʥʦ ʢʦʨʝʥʦʚʦ ʛʥʠʝʥʝ (Rhizoctonia solani AG 4) 
ʯʨʝʟ ʠʤʠʪʠʨʘʥʝ ʥʘ ʤʦʥʦʢʫʣʪʫʨʘ ʦʪ ʦʙʠʢʥʦʚʝʥʘ ʧʰʝʥʠʮʘ (Triticum aestivum L.). ʇʦ 24 
ʚʠʩʦʢʦʢʘʯʝʩʪʚʝʥʠ ʩʝʤʝʥʘ ʦʪ ʧʰʝʥʠʮʘ (ʩʦʨʪ ɽʢʟʦʪʠʢ) ʙʷʭʘ ʧʦʩʷʚʘʥʠ ʚʲʚ ʧʣʘʩʪʤʘʩʦʚʠ 
ʚʝʛʝʪʘʮʠʦʥʥʠ ʩʲʜʦʚʝ, ʚʩʝʢʠ ʩ ʧʦ 1.1 L ɸʣʫʚʠʘʣʥʦ-ʃʠʚʘʜʥʘ (ʧʝʩʲʢʣʠʚʦ-ʛʣʠʥʝʩʪʘ) 
ʧʦʯʚʘ. ʇʦʣʫʯʝʥʠʪʝ ʨʘʩʪʝʥʠʷ ʙʷʭʘ ʦʪʛʣʝʞʜʘʥʠ ʧʦ ʚʘʨʠʘʥʪʠ ʟʘ 0-4 ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ, 
ʩʲʢʨʘʪʝʥʠ ʢʫʣʪʠʚʘʮʠʦʥʥʠ ʮʠʢʲʣʘ, ʚʩʝʢʠ ʩ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʦʪ ʪʨʠ ʤʝʩʝʮʘ. ɿʘ 
ʦʪʯʠʪʘʥʝ ʥʘ ʥʠʚʦʪʦ ʥʘ ʩʫʧʨʝʩʠʚʥʦʩʪ ʥʘ ʧʦʯʚʘʪʘ ʦʪ ʚʩʝʢʠ ʚʘʨʠʘʥʪ ʙʝʰʝ ʠʟʧʦʣʟʚʘʥ 
ʙʠʦʣʦʛʠʯʝʥ ʪʝʩʪ, ʧʨʠ ʢʦʡʪʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʝʜʠʥʠʮʠ ʧʨʝʜʩʪʘʚʣʷʚʘʭʘ 
ʧʨʘʚʦʲʛʲʣʥʠ, ʧʣʘʩʪʤʘʩʦʚʠ ʩʲʜʦʚʝ (26 ʭ 6 ʭ 8 cm), ʩ ʧʦʜʣʦʞʢʘ ʠ ʦʪʚʦʨʠ ʟʘ ʨʲʯʥʦ 
ʧʦʜʘʚʘʥʝ ʥʘ ʧʦʣʠʚʥʘʪʘ ʚʦʜʘ ʦʪʢʲʤ ʦʩʥʦʚʘʪʘ ʥʘ ʩʲʜʘ, 7 cm ʚʠʩʦʯʠʥʘ ʥʘ ʢʦʣʦʥʘʪʘ ʦʪ 
ʠʟʩʣʝʜʚʘʥʘʪʘ ʧʦʯʚʘ ʠ ʜʚʫʨʝʜʦʚ ʧʦʩʝʚ ʦʪ ʧʰʝʥʠʮʘ, ʩʦʨʪ ɽʢʟʦʪʠʢ (2 ʨʝʜʘ ʭ 12 
ʨʘʩʪʝʥʠʷ, 2 ʭ 3 cm ʦʪʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʘʩʪʝʥʠʷʪʘ). ʇʨʦʩʣʝʜʷʚʘʥʦ ʙʝʰʝ 
ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ ʙʦʣʝʩʪʪʘ ʦʪ ʬʦʢʘʣʝʥ (ʪʦʯʢʦʚ) ʠʟʪʦʯʥʠʢ ʥʘ ʠʥʦʢʫʣʫʤ ʥʘ 
ʧʘʪʦʛʝʥʘ ï 20 ʠʥʦʢʫʣʫʤʥʠ ʟʲʨʥʘ ʦʪ ʯʠʩʪʘ ʢʫʣʪʫʨʘ, ʨʘʟʚʠʪʘ ʚʲʨʭʫ ʘʚʪʦʢʣʘʚʠʨʘʥ (30 
min ʥʘ 121 Áʉ) ʝʯʝʤʠʢ, ʠʥʢʦʨʧʦʨʠʨʘʥʠ ʚ ʧʦʯʚʘʪʘ ʚ ʥʘʯʘʣʦʪʦ ʥʘ ʜʚʘʪʘ ʨʝʜʘ ʩʣʝʜ 
ʧʦʥʠʢʚʘʥʝ ʥʘ ʨʘʩʪʝʥʠʷʪʘ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʦ ʩʣʝʜ ʧʨʠʢʣʶʯʚʘʥʝ ʥʘ ʙʠʦʣʦʛʠʯʥʠʷ ʪʝʩʪ ʟʘ 
ʩʫʧʨʝʩʠʚʥʦʩʪ, ʯʠʩʣʝʥʦʩʪʪʘ ʥʘ ʦʩʥʦʚʥʠ ʛʨʫʧʠ ʧʦʯʚʝʥʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʚ 
ʨʠʟʦʩʬʝʨʥʘʪʘ ʧʦʯʚʘ ʦʪ ʚʩʝʢʠ ʚʘʨʠʘʥʪ ʙʝʰʝ ʦʧʨʝʜʝʣʷʥʘ ʧʦ ʤʝʪʦʜʘ ʥʘ ʜʝʩʝʪʠʯʥʠʪʝ 
ʨʘʟʨʝʞʜʘʥʠʷ ʠ ʢʫʣʪʠʚʠʨʘʥʝ ʚʲʨʭʫ ʘʛʘʨʠʟʠʨʘʥʠ ʭʨʘʥʠʪʝʣʥʠ ʩʨʝʜʠ. ʆʪʜʝʣʥʦ ʙʘʢʪʝʨʠʠ 
ʦʪ ʨʦʜ Pseudomonas ʙʷʭʘ ʠʟʦʣʠʨʘʥʠ ʦʪ ʨʠʟʦʩʬʝʨʥʘʪʘ ʧʦʯʚʘ ʚʲʨʭʫ ʩʨʝʜʘ ʥʘ King. 
ɸʥʪʘʛʦʥʠʩʪʠʯʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʥʘ ʧʦ 10 ʠʟʦʣʘʪʘ Pseudomonas spp. ʦʪ ʚʩʝʢʠ ʚʘʨʠʘʥʪ 
ʙʝʰʝ ʠʟʧʠʪʚʘʥʘ ʩʧʨʷʤʦ R. solani AG 4 in vitro ʧʦ ʤʝʪʦʜʘ ʥʘ ʜʚʦʡʥʠʪʝ ʢʫʣʪʫʨʠ. 
ʀʤʠʪʠʨʘʥʘʪʘ ʧʨʠ ʢʦʥʪʨʦʣʠʨʘʥʠ ʫʩʣʦʚʠʷ ʤʦʥʦʢʫʣʪʫʨʘ ʦʪ ʧʰʝʥʠʮʘ ʜʦʚʝʜʝ ʜʦ 
ʟʥʘʯʠʪʝʣʥʦ (P<0.05) ʦʛʨʘʥʠʯʘʚʘʥʝ ʥʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ ʈʠʟʦʢʪʦʥʠʡʥʦʪʦ 
ʢʦʨʝʥʦʚʦ ʛʥʠʝʥʝ ʦʪ ʠʟʪʦʯʥʠʢʘ ʥʘ ʠʥʬʝʢʮʠʷ. ʇʨʠ ʪʦʚʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʨʘʟʣʠʢʠ 
(P<0.05) ʙʷʭʘ ʫʩʪʘʥʦʚʝʥʠ ʠ ʤʝʞʜʫ ʦʪʜʝʣʥʠʪʝ ʚʘʨʠʘʥʪʠ ʩ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʢʫʣʪʠʚʠʨʘʥʝ 
ʥʘ ʧʰʝʥʠʮʘ: ʩ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʙʨʦʷ ʥʘ ʢʫʣʪʠʚʘʮʠʦʥʥʠʪʝ ʮʠʢʣʠ ʦʪ ʝʜʠʥ ʜʦ ʯʝʪʠʨʠ, 
ʟʥʘʯʠʪʝʣʥʦ ʥʘʤʘʣʷʚʘʰʝ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ ʙʦʣʝʩʪʪʘ ï ʩʲʦʪʚʝʪʥʦ ʩ 19.5%, 
31.0%, 40.5% ʠ 54.8% ʩʧʨʷʤʦ ʢʦʥʪʨʦʣʘʪʘ. ʉʲʱʝʚʨʝʤʝʥʥʦ ʥʝ ʙʝʰʝ ʦʪʯʝʪʝʥʦ 
ʩʲʱʝʩʪʚʝʥʦ ʠʟʤʝʥʝʥʠʝ ʚ ʧʦʧʫʣʘʮʠʦʥʥʘʪʘ ʧʣʲʪʥʦʩʪ ʥʘ ʧʨʦʩʣʝʜʷʚʘʥʠʪʝ ʛʨʫʧʠ 
ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʚ ʨʠʟʦʩʬʝʨʘʪʘ ʥʘ ʦʧʠʪʥʠʪʝ ʨʘʩʪʝʥʠʷ, ʚ ʪ.ʯ. ʘʤʦʥʠʬʠʮʠʨʘʱʠ ʠ 
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ʩʧʦʨʦʦʙʨʘʟʫʚʘʱʠ ʙʘʢʪʝʨʠʠ, ʤʠʢʨʦʩʢʦʧʠʯʥʠ ʛʲʙʠ, ʘʢʪʠʥʦʤʠʮʝʪʠ ʠ ʙʘʢʪʝʨʠʠ, 
ʠʟʧʦʣʟʚʘʱʠ ʤʠʥʝʨʘʣʝʥ  ʘʟʦʪ. ʉ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʧʦʯʚʝʥʘʪʘ ʩʫʧʨʝʩʠʚʥʦʩʪ ʦʪ ʧʲʨʚʠʷ ʜʦ 
ʧʝʪʠʷ ʚʝʛʝʪʘʮʠʦʥʝʥ ʮʠʢʲʣ ʥʘ ʢʫʣʪʫʨʘʪʘ ʧʦ ʚʘʨʠʘʥʪʠ ʙʝ ʥʘʣʠʮʝ ʟʥʘʯʠʪʝʣʥʦ 
ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʩʨʝʜʥʘʪʘ ʘʥʪʘʛʦʥʠʩʪʠʯʥʘ ʘʢʪʠʚʥʦʩʪ ʥʘ ʠʟʦʣʠʨʘʥʠʪʝ ʙʘʢʪʝʨʠʠ ʦʪ ʨʦʜ 
Pseudomonas ʩʧʨʷʤʦ R. solani AG 4. ɸʨʛʫʤʝʥʪʠʨʘʥʘ ʙʝ ʪʝʟʘʪʘ, ʯʝ ʪʨʦʰʣʠʚʦʪʦ 
ʚʨʝʪʝʥʦ ʥʘ ʟʨʝʣʠʷ ʢʣʘʩ ʧʨʠ ʜʠʚʠʪʝ ʬʦʨʤʠ ʝ ʦʙʫʩʣʘʚʷʣʦ ʧʨʦʜʲʣʞʠʪʝʣʥʘ ʝʩʪʝʩʪʚʝʥʘ 
ʤʦʥʦʢʫʣʪʫʨʘ, ʚ ʢʦʷʪʦ ʩʘ ʚʠʨʝʝʣʠ ʠ ʝʚʦʣʶʠʨʘʣʠ ʭʣʝʙʥʘʪʘ ʧʰʝʥʠʮʘ ʠ ʥʝʡʥʠʪʝ 
ʧʨʝʜʰʝʩʪʚʝʥʠʮʠ ʧʨʝʟ ʧʨʝʜʠʩʪʦʨʠʯʝʩʢʘʪʘ ʝʧʦʭʘ. ʇʨʠʝʤʘʤʝ ʪʦʚʘ ʟʘ ʧʨʝʜʧʦʩʪʘʚʢʘ, 
ʢʦʷʪʦ ʟʘʝʜʥʦ ʩ ʣʠʧʩʘʪʘ ʥʘ ʛʝʥʠ ʟʘ ʫʩʪʦʡʯʠʚʦʩʪ ʢʲʤ ʥʝʢʨʦʪʨʦʬʥʠ ʧʘʪʦʛʝʥʠ, ʝ ʜʦʚʝʣʘ 
ʜʦ ʚʲʟʥʠʢʚʘʥʝ ʥʘ ʝʚʦʣʶʮʠʦʥʥʦ ʟʘʢʨʝʧʝʥ ʟʘʱʠʪʝʥ ʤʝʭʘʥʠʟʲʤ, ʙʘʟʠʨʘʥ ʥʘ 
ʤʫʪʫʘʣʠʩʪʠʯʥʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʨʘʩʪʝʥʠʝʪʦ ʠ ʝʩʪʝʩʪʚʝʥʦ ʦʙʠʪʘʚʘʱʠ 
ʨʠʟʦʩʬʝʨʘʪʘ ʙʘʢʪʝʨʠʠ, ʧʨʦʷʚʷʚʘʱʠ ʚʠʩʦʢʘ ʘʥʪʘʛʦʥʠʩʪʠʯʥʘ (ʘʥʪʠʙʠʦʪʠʯʥʘ) 
ʘʢʪʠʚʥʦʩʪ ʩʧʨʷʤʦ ʧʦʯʚʦʦʙʠʪʘʚʘʱʠ ʬʠʪʦʧʘʪʦʛʝʥʠ. ʇʨʦʷʚʣʝʥʠʝ ʥʘ ʪʦʟʠ ʤʝʭʘʥʠʟʲʤ ʝ 
ʥʘʨʘʩʪʚʘʱʠʷʪ ʩʫʧʨʝʩʠʚʝʥ ʦʪʛʦʚʦʨ ʥʘ ʧʦʯʚʘʪʘ ʠ ʟʘʪʠʭʚʘʥʝʪʦ ʥʘ ʙʦʣʝʩʪʪʘ ʧʦ ʚʨʝʤʝ ʠ 
ʩʣʝʜ ʧʨʦʜʲʣʞʠʪʝʣʥʘ ʤʦʥʦʢʫʣʪʫʨʘ. ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʘ ʜʠʩʢʫʪʠʨʘʥʠ ʚ 
ʩʚʝʪʣʠʥʘʪʘ ʥʘ ʤʠʢʨʦʙʠʘʣʥʘʪʘ ʝʢʦ-ʝʚʦʣʶʮʠʦʥʥʘ ʜʠʥʘʤʠʢʘ ʚ ʨʠʟʦʩʬʝʨʘʪʘ ʥʘ 
ʨʘʩʪʝʥʠʷʪʘ. ʇʨʦʛʨʝʩʠʚʥʦ ʥʘʨʘʩʪʚʘʱʘʪʘ ʘʥʪʘʛʦʥʠʩʪʠʯʥʘ ʘʢʪʠʚʥʦʩʪ ʢʲʤ ʧʘʪʦʛʝʥʘ 
ʩʨʝʜ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʥʘ  Pseudomonas spp. ʝ ʨʘʟʛʣʝʜʘʥʦ ʢʘʪʦ ʧʨʠʤʝʨ ʟʘ Ăʙʲʨʟʘ 
ʤʠʢʨʦʙʠʘʣʥʘ ʝʚʦʣʶʮʠʷò, ʦʩʲʱʝʩʪʚʷʚʘʥʘ ʯʨʝʟ ʚʝʨʦʷʪʝʥ ʭʦʨʠʟʦʥʪʘʣʝʥ ʪʨʘʥʩʬʝʨ ʥʘ 
ʛʝʥʠ ʚ ʨʘʤʢʠʪʝ ʥʘ ʝʜʠʥ ʠʣʠ ʧʦʚʝʯʝ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʢʫʣʪʠʚʘʮʠʦʥʥʠ ʮʠʢʣʠ ʥʘ 
ʢʫʣʪʫʨʘʪʘ.  

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʘʛʨʦʪʝʭʥʠʯʝʩʢʠ ʤʝʪʦʜ ʟʘ ʙʦʨʙʘ, ʤʦʥʦʢʫʣʪʫʨʘ, ʈʠʟʦʢʪʦʥʠʡʥʦ 
ʢʦʨʝʥʦʚʦ ʛʥʠʝʥʝ, ʧʰʝʥʠʮʘ, ʘʥʪʘʛʦʥʠʩʪʠʯʥʘ ʘʢʪʠʚʥʦʩʪ, ʙʲʨʟʘ ʤʠʢʨʦʙʠʘʣʥʘ ʝʚʦʣʶʮʠʷ. 
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Abstract 
Disease decline and induction of soil suppressiveness by continuous (5-6 years) 

monoculture with susceptible plant-host have been reported for various crop-pathogen 
systems. The present study achieves the goal of inducing suppressive effect in soil 
towards Rhizoctonia root rot (Rhizoctonia solani AG 4) through monoculture of winter 
wheat (Triticum aestivum L.). Twenty four high-quality wheat (c. Exotic) seeds were 
planted in plastic containers, each containing 1.1 L Alluvial-Meadow (sandy-clay) soil 
(Eutric Fluvisols, according to FAO classification). According to the treatment applied, the 
resulting plants were grown for 0-4 successive short cropping cycles, each lasting three 
months. Disease suppressiveness was measured in a bioassay in which the experimental 
units were rectangular, plastic containers (26 x 6 x 8 cm), with drainage holes in the 
bottom and detachable trays allowing for manual irrigation from the bottom of the 
container, 7 cm height of the column of tested soil in each container and a two-row crop of 
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wheat (c. Exotic, 2 rows x 12 plants, 2 x 3 cm plant spacing). The spread of the disease 
was measured from a focus (point) source of inoculum of the pathogen ï 20 inoculum 
grains from a pure culture developed on autoclaved (30 min at 121 ÁC) barley, introduced 
into the soil at the beginning of both rows after emergence of the plants. Immediately after 
termination of the soil suppressiveness test, the abundance of the major groups of soil 
microorganisms were determined in rhizosphere soil in each treatment by using the 
method of decimal dilutions and subsequent culturing on agar media. Separately, bacteria 
of the genus Pseudomonas were isolated from the rhizosphere soil on King's medium. The 
antagonistic activity of 10 Pseudomonas spp. isolates from each treatment was tested 
against R. solani AG 4 in vitro by the double culture method. The monoculture of wheat 
imitated under controlled conditions resulted in a significant (P<0.05) reduction of the 
spread of Rhizoctonia root rot from the source of infection. Furthermore, statistically 
significant differences (P<0.05) were also found between the individual treatments with 
pre-cultivation of wheat: with the increase in the number of cultivation cycles from one to 
four, there was a significant reduction in disease spread ï by 19.5%, 31.0%, 40.5% and 
54.8%, respectively, as compared to the untreated control. Simultaneously, no substantial 
alterations were observed in the population densities of the monitored groups of 
microorganisms in the rhizosphere of the experimental plants, including ammonifying and 
spore-forming bacteria, microscopic fungi, Actinomycetes and bacteria, utilizing mineral N. 
With the increase in soil suppressiveness from the first to the fifth growing cycle of the 
crop, a significant increase in the average antagonistic activity of the isolated 
Pseudomonas spp. against R. solani AG 4 was observed. The thesis is argued that 
shattering rachis of the ripe ear in wild forms conditioned a continuous ñnaturalò 
monoculture in which bread wheat and its predecessors grew and evolve during the 
prehistoric era. We speculate that this condition, along with the lack of genes for 
resistance to necrotrophic pathogens, have given rise to evolutionary stable defence 
mechanism and the latter based on mutualistic relationships between the host-plant and 
bacteria that naturally inhabit rhizosphere and exhibiting high antagonistic (antibiotic) 
activity against soil-borne plant pathogens. A manifestation of this mechanism is the 
increasing suppressive response of the soil and the disease decline during or after 
continuous wheat monoculture. The results obtained in this study are discussed in the light 
of the microbial eco-evolutionary dynamics in the plant rhizosphere. The progressively 
increasing pathogen-antagonistic activity of Pseudomonas spp. isolates is discussed as an 
example of "rapid microbial evolution", accomplished by possible horizontal gene transfer 
within one or more successive cultivation cycles of the wheat crop. 

Key words: cultural control, monoculture, Rhizoctonia root rot, wheat, antagonistic 
activity, rapid microbial evolution. 
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ʉʇɽʎʀʌʀʏʅʀ ʇʈʀʃʆɾɽʅʀʗ ʅɸ ʆʇʊʀʏʅɸʊɸ ɽʄʀʉʀʆʅʅɸ ʉʇɽʂʊʈʆʄɽʊʈʀʗ 
ʉ ʀʅɼʋʂʊʀɺʅʆ ʉɺʒʈɿɸʅɸ ʇʃɸɿʄɸ ʇʈʀ ʆʇʈɽɼɽʃʗʅɽ ʅɸ ʄʀʂʈʆɽʃɽʄɽʅʊʀ 

ɺ ʇʈʆɹʀ ʆʊ ʆʂʆʃʅɸʊɸ ʉʈɽɼɸ 
 

ʅʠʢʦʣʘʷ ɺʝʣʠʯʢʦʚʘ1, ʆʣʛʘ ɺʝʣʝʚʘ1, ʄʝʪʦʜʠ ʂʘʨʘʜʞʦʚ1, ɽʣʢʘ ʇʝʥʯʝʚʘ1,  
ʅʦʥʢʘ ɼʘʩʢʘʣʦʚʘ2 

 

1 ɻʝʦʣʦʛʠʯʝʩʢʠ ʠʥʩʪʠʪʫʪ, ɹʲʣʛʘʨʩʢʘ ɸʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ, ʉʦʬʠʷ 

2 ʀʥʩʪʠʪʫʪ ʧʦ oʙʱʘ ʠ ʥʝʦʨʛʘʥʠʯʥʘ ʭʠʤʠʷ, ɹʲʣʛʘʨʩʢʘ ɸʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ, 
ʉʦʬʠʷ 

 
 

ʈʝʟʶʤʝ 
ɽʜʥʦ ʦʪ ʦʩʥʦʚʥʠʪʝ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʦʧʪʠʯʥʘʪʘ ʝʤʠʩʠʦʥʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩ 

ʠʥʜʫʢʪʠʚʥʦ ʩʚʲʨʟʘʥʘ ʧʣʘʟʤʘ ʆɽʉ - ʀʉʇ ʝ ʘʥʘʣʠʟʲʪ ʥʘ ʝʣʝʤʝʥʪʠ ʚ ʤʥʦʛʦ ʥʠʩʢʠ 
ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʠ ʠʥʪʝʨʚʘʣʠ ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ ppm ʠ ppb. ʂʦʥʪʨʦʣʲʪ ʠ ʦʧʪʠʤʠʟʠʨʘʥʝʪʦ 
ʥʘ ʨʘʙʦʪʥʠʪʝ ʫʩʣʦʚʠʷ ʚ ʀʉʇ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʠʟʙʦʨ ʥʘ ʘʥʘʣʠʪʠʯʥʠ ʣʠʥʠʠ, 
ʭʘʨʘʢʪʝʨʠʟʠʨʘʱʠ ʩʝ ʩ ʥʘʡ-ʥʠʩʢʠ ʛʨʘʥʠʮʠ ʥʘ ʦʪʢʨʠʚʘʥʝ, ʢʘʢʪʦ ʚ ʯʠʩʪ ʨʘʟʪʚʦʨʠʪʝʣ, 
ʪʘʢʘ ʠ ʚ ʧʨʠʩʲʩʪʚʠʝ ʥʘ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʘ ʤʘʪʨʠʮʘ ʩʲʜʲʨʞʘʱʘ Al, Ca, Fe, Mg ʠ Ti, 
ʢʘʪʦ ʦʩʥʦʚʥʠ ʢʦʤʧʦʥʝʥʪʠ ʟʘ ʧʨʦʙʠʪʝ ʦʪ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʠ ʛʝʦʣʦʞʢʠ ʧʨʦʙʠ. 
ʇʨʦʚʝʜʝʥʠ ʩʘ ʩʠʩʪʝʤʘʪʠʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʟʘ ʠʟʫʯʘʚʘʥʝ ʥʘ ʫʩʣʦʚʠʷʪʘ ʟʘ ʚʲʟʙʫʞʜʘʥʝ 
ʚ ʀʉʇ, ʩ ʮʝʣ ʪʷʭʥʦʪʦ ʦʧʪʠʤʘʣʥʦ ʢʦʥʪʨʦʣʠʨʘʥʝ. ʋʩʣʦʚʠʷʪʘ ʟʘ ʚʲʟʙʫʞʜʘʥʝ ʩʘ 
ʠʟʩʣʝʜʚʘʥʠ ʯʨʝʟ ʧʨʦʤʷʥʘ ʥʘ ʚʭʦʜʷʱʘʪʘ ʤʦʱʥʦʩʪ ʠ ʮʝʥʪʨʘʣʥʠʷ ʘʨʛʦʥʦʚ ʧʦʪʦʢ. 
ʇʦʣʫʯʝʥʠ ʩʘ ʢʦʣʠʯʝʩʪʚʝʥʠ ʜʘʥʥʠ ʟʘ ʩʧʝʢʪʨʘʣʥʠʪʝ ʧʨʝʯʝʥʠʷ ʦʢʦʣʦ ʦʧʨʝʜʝʣʝʥ ʙʨʦʡ 
ʘʥʘʣʠʪʠʯʥʠ ʣʠʥʠʠ ʥʘ ʦʧʨʝʜʝʣʷʝʤʠ ʝʣʝʤʝʥʪʠ ʚ ʧʨʠʩʲʩʪʚʠʝ ʥʘ ʝʜʥʦ - ʠ ʤʥʦʛʦ- 
ʢʦʤʧʦʥʝʥʪʥʘ ʤʘʪʨʠʮʘ. ʇʦʣʫʯʝʥʠʪʝ ʜʘʥʥʠ ʜʘʚʘʪ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʠʟʙʦʨ ʥʘ ʥʘʡ-ʜʦʙʨʠ 
ʘʥʘʣʠʪʠʯʥʠ ʣʠʥʠʠ ʟʘ ʦʧʨʝʜʝʣʷʝʤʠʪʝ ʝʣʝʤʝʥʪʠ ʩʚʦʙʦʜʥʠ ʦʪ ʧʨʝʯʝʥʝ ʥʘ ʣʠʥʠʠ ʠ 
ʢʨʠʣʘ ʦʪ ʣʠʥʠʠ ʥʘ ʚ ʧʨʠʩʲʩʪʚʠʝ ʥʘ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʘʪʘ ʤʘʪʨʠʮʘ. ʀʟʙʨʘʥʠʪʝ ʣʠʥʠʠ 
ʩʘ ʩʚʦʙʦʜʥʠ ʦʪ ʧʨʝʯʝʥʝ ʥʘ ʣʠʥʠʠ ʦʪ ʤʘʪʨʠʯʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ. ʇʨʝʜʩʪʘʚʝʥʠ ʩʘ 
ʨʘʟʨʘʙʦʪʝʥʠ ʘʥʘʣʠʪʠʯʥʠ ʤʝʪʦʜʠ ʚ ɻʝʦʣʦʛʠʯʝʩʢʠʷ ʠʥʩʪʠʪʫʪ ʥʘ ɹɸʅ ʧʨʠ ʦʧʨʝʜʝʣʷʥʝ 
ʥʘ ʛʦʣʷʤ ʙʨʦʡ ʤʘʢʨʦ ʠ ʤʠʢʨʦ ʝʣʝʤʝʥʪʠ ʚ ʨʘʟʥʦʦʙʨʘʟʥʠ ʧʦ ʩʲʩʪʘʚ ʧʨʦʙʠ ʦʪ ʦʢʦʣʥʘʪʘ 
ʩʨʝʜʘ ʩ ʨʘʟʣʠʯʝʥ ʠ ʧʨʦʤʝʥʷʱ ʩʝ ʩʲʩʪʘʚ ʥʘ ʦʩʥʦʚʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ. 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʆɽʉ-ʀʉʇ, ʩʣʝʜʠ ʦʪ ʝʣʝʤʝʥʪʠ, ʩʧʝʢʪʨʘʣʥʠ ʧʨʝʯʝʥʠʷ, ʫʩʣʦʚʠʷ 

ʟʘ ʚʲʟʙʫʞʜʘʥʝ ʚ ʧʣʘʟʤʘʪʘ. 
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Abstract 
Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES) is a multi-

element, trace-analysis technique used to measure the concentration of various elements 
in a variety of sample matrices at very low concentration levels - ppm and ppb. The control 
and optimization of the operating conditions in the ICP enables the selection of analytical 
lines characterized by the lowest detection limits, both in pure solvent and in the presence 
of a multicomponent matrix containing Al, Ca, Fe, Mg and Ti, as major components for 
environmental and geological samples. Systematical investigations have been carried out 
to study the excitation conditions in ICP, with the aim of controlling them. The excitation 
conditions were investigated by varying the input power and central argon flow. 
Quantitative data were obtained for the spectral interferences around a number of 
analytical lines of the investigated elements in the presence of a single-element and multi-
element matrix. The obtained data ensures the selection of the best analytical lines free 
from line and wing background interference for the investigated elements in the presence 
of the multi-element matrix. The selected lines are free from interfering lines from the 
matrix components. Analytical methods developed at the Institute of Geology of the 
Bulgarian Academy of Sciences for the determination of a large number of macro and 
micro elements in diverse environmental samples with different and changing composition 
of the main components are presented. 

Key words: ICP-OES, trace elements, spectral interferences, plasma excitation 
conditions.  
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ʂɸʃʀɹʈʀʈɸʅɽ, ɺɸʃʀɼʀʈɸʅɽ ʀ ɸʅɸʃʀɿ ʅɸ ʏʋɺʉʊɺʀʊɽʃʅʆʉʊʊɸ ʅɸ ɼɸʅʅʀ 
ɿɸ  ʈɽʏʅʀʊɽ ʆʊʊʆʎʀ ʇʈʀ ʇʈʀʃɸɻɸʅɽ ʅɸ ʄʆɼɽʃɸ SWAT-CUP,  SUFI-2, ɿɸ 

ɺʆɼʆʉɹʆʈɸ ʅɸ ʈɽʂɸ ʈʋʉɽʅʉʂʀ ʃʆʄ 
 

ʄʠʣʝʥʘ ʄʠʪʦʚʘ1, Zy Rakotoarimanana2, ʄʠʣʝʥʘ ʂʝʨʯʝʚʘ1, Hiroshi Ishidaira2 

 

1 ʀʥʩʪʠʪʫʪ ʧʦ ʧʦʯʚʦʟʥʘʥʠʝ, ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ ʠ ʟʘʱʠʪʘ ʥʘ ʨʘʩʪʝʥʠʷʪʘ 
ñʅ. ʇʫʰʢʘʨʦʚò 

2 University of Yamanashi, Yamanashi, 400-8511, Japan 

 

 

ʈʝʟʶʤʝ 
ʍʠʜʨʦʣʦʛʠʯʥʠʷʪ ʤʦʜʝʣ SWAT ʙʝʰʝ ʧʨʠʣʦʞʝʥ ʟʘ ʚʦʜʦʩʙʦʨʘ ʥʘ ʨ. ʈʫʩʝʥʩʢʠ ʃʦʤ, 

ʉʝʚʝʨʥʘ ɹʲʣʛʘʨʠʷ. ʀʟʧʦʣʟʚʘʥ ʝ ʠʥʪʝʨʬʝʡʩʲʪ QSWAT ʤʝʞʜʫ ʤʦʜʝʣʘ ʠ ʩʦʬʪʫʝʨʥʠʷ 
ʧʨʦʜʫʢʪ QGIS ʟʘ ʨʘʙʦʪʘ ʚ ʩʨʝʜʘ ʥʘ ʛʝʦʛʨʘʬʩʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ. 
ʀʟʧʦʣʟʘʥʠʪʝ ʜʘʥʥʠ ʟʘ ʢʘʣʠʙʨʠʨʘʥʝ ʠ ʚʘʣʠʜʠʨʘʥʝ ʥʘ ʤʦʜʝʣʘ ʩʘ ʠʟʤʝʨʝʥʠʪʝ 
ʩʪʦʡʥʦʩʪʠ ʥʘ ʨʝʯʥʠʷ ʦʪʪʦʢ ʚ ʭʠʜʨʦʣʦʞʢʘʪʘ ʩʪʘʥʮʠʷ ʥʘ ʅʀʄʍ ʚ ʩ. ɹʦʞʠʯʝʥ, ʈʫʩʝʥʩʢʦ. 
ʄʦʜʝʣʲʪ ʙʝʰʝ ʟʘʭʨʘʥʝʥ ʩ ʜʘʥʥʠ ʟʘ ʧʝʨʠʦʜʘ 2007-2021 ʛ.. ʂʘʣʠʙʨʠʨʘʥʝʪʦ, 
ʚʘʣʠʜʠʨʘʥʝʪʦ ʠ ʘʥʘʣʠʟʲʪ ʥʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʙʷʭʘ ʠʟʚʲʨʰʝʘʥʠ ʩ ʧʦʤʦʱʪʘ ʥʘ 
SWAT-CUP 2019 ʠ ʧʦʣʫʘʚʪʦʤʘʪʠʟʠʨʘʥʘʪʘ ʧʨʦʛʨʘʤʘ SUFI-2. ʇʨʦʮʝʩʲʪ ʥʘ 
ʢʘʣʠʙʨʠʨʘʥʝ ʙʝʰʝ ʧʨʦʚʝʜʝʥ ʟʘ ʧʝʨʠʦʜʘ 2007-2014 ʛ., ʘ ʧʨʦʮʝʩʲʪ ʥʘ ʚʘʣʠʜʠʨʘʥʝ 
ʦʙʭʚʘʱʘ ʩʣʝʜʚʘʱʠʷ ʧʝʨʠʦʜ 2015-2021 ʛ. ɿʘ ʦʮʝʥʢʘ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʤʦʜʝʣʘ ʩʘ 
ʠʟʧʦʣʟʚʘʥʠ ʧʝʪ ʬʘʢʪʦʨʘ: ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʦʧʨʝʜʝʣʷʥʝ (R2); ʠʥʜʝʢʩ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪ 
(NSE); ʚʝʨʦʷʪʥʦ ʧʨʦʮʝʥʪʥʦ ʦʪʢʣʦʥʝʥʠʝ (PBIAS); ʬʘʢʪʦʨ ʥʘ ʚʝʨʦʷʪʥʦʩʪʪʘ (P-factor) ʠ 
ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʢʦʨʝʣʘʮʠʷ (R-factor). ʉʧʦʨʝʜ ʤʦʜʝʣʘ, ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʦʩʥʦʚʥʠʪʝ 
ʬʘʢʪʦʨʠ, ʢʦʠʪʦ ʩʝ ʧʨʦʩʣʝʜʷʚʘʪ ʟʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʤʫ ʩʘ ʢʘʢʪʦ ʩʣʝʜʚʘ -  ʈ-ʬʘʢʪʦʨ - 
0.69 ʠ R-ʬʘʢʪʦʨ - 1.35 ʧʦ ʚʨʝʤʝ ʥʘ ʢʘʣʠʙʨʠʨʘʥʝ, ʘ ʧʦ ʚʨʝʤʝ ʥʘ ʚʘʣʠʜʠʨʘʥʝ, 
ʩʲʦʪʚʝʪʥʦ 0.62 ʠ 0.97. ʄʦʞʝ ʜʘ ʩʝ ʟʘʢʣʶʯʠ, ʯʝ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʢʘʣʠʙʨʠʨʘʥʝʪʦ ʠ 
ʚʘʣʠʜʠʨʘʥʝʪʦ ʥʘ ʤʦʜʝʣʘ SWAT-CUP 2019 ʩʘ ʩ ʜʦʩʪʘʪʲʯʥʘ ʪʦʯʥʦʩʪ ʠ ʤʦʜʝʣʲʪ ʤʦʞʝ 
ʜʘ ʙʲʜʝ ʧʦʣʝʟʝʥ ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʦʮʝʥʢʘ ʥʘ ʭʠʜʨʦʣʦʛʠʯʥʠʪʝ ʧʨʦʮʝʩʠ ʚʲʚ ʚʦʜʦʩʙʦʨʘ ʥʘ 
ʨ. ʈʫʩʝʥʩʢʠ ʃʦʤ. 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʂʘʣʠʙʨʠʨʘʥʝ, ʚʘʣʠʜʠʨʘʥʝ, ʘʥʘʣʠʟ ʥʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ, SWAT-
CUP 2019, ʨ. ʈʫʩʝʥʩʢʠ ʃʦʤ. 
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ʇʆʊɽʅʎʀɸʃ ɿɸ ʀɿʇʆʃɿɺɸʅɽ ʅɸ ʋʊɸʁʂʀ ʆʊ ʆʊʇɸɼʒʏʅʀ ɺʆɼʀ ɿɸ ʋʃɸɺʗʅɽ 

ʅɸ ʉʆ2 
 

ɸʩʷ ʄʘʥʦʡʣʦʚʘ 1, ɽʢʘʪʝʨʠʥʘ ʉʝʨʘʬʠʤʦʚʘ1, ɺʠʣʤʘ ʇʝʪʢʦʚʘ2, ɾʝʯʢʦ ʁʦʨʜʘʥʦʚ3 
 

1ʍʠʤʠʢʦʪʝʭʥʦʣʦʛʠʯʝʥ ʠ ʤʝʪʘʣʫʨʛʠʯʝʥ ʫʥʠʚʝʨʩʠʪʝʪ,  
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ʈʝʟʶʤʝ 
ʊʘʟʠ ʩʪʘʪʠʷ ʧʨʘʚʠ ʠʟʩʣʝʜʚʘʥʝ ʟʘ ʧʦʪʝʥʮʠʘʣʲʪ ʟʘ ʫʣʘʚʷʥʝ ʥʘ CO2 ʧʦʜ ʬʦʨʤʘʪʘ 

ʥʘ ʙʠʦʚʲʛʣʝʥ ʦʪ ʫʪʘʡʢʠ ʦʪ ʦʪʧʘʜʲʯʥʠ ʚʦʜʠ. ɺʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ 
ʠʥʜʫʩʪʨʠʘʣʥʠ ʧʦʯʚʠ ʩ ʙʠʦʚʲʛʣʝʥ ʤʦʞʝ ʧʦʜʦʙʨʠ ʚʲʛʣʝʨʦʜʥʠʷʪ ʨʝʟʝʨʚ ʥʘ 
ʝʢʦʩʠʩʪʝʤʘʪʘ ʠ ʢʘʧʘʮʠʪʝʪʲʪ ʟʘ ʫʣʘʚʷʥʝ ʥʘ CO2 ʚ ʘʪʤʦʩʬʝʨʘʪʘ, ʟʘ ʜʘ ʩʝ ʢʦʤʧʝʥʩʠʨʘʪ 
ʝʤʠʩʠʠʪʝ ʥʘ CO2 ʠ ʟʘʛʫʙʠʪʝ ʥʘ ʦʨʛʘʥʠʯʝʥ ʚʲʛʣʝʨʦʜ ʚ ʧʦʯʚʘʪʘ. ʈʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʟʚʘʪ, 
ʯʝ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʚʲʛʣʝʨʦʜ ʚ ʙʠʦʚʲʛʣʝʥ ʝ 26,1%. ʠ ʱʝ ʙʲʜʘʪ ʢʣʘʩʠʬʠʮʠʨʘʥʠ ʚ 
ʢʣʘʩ 3 ʩʧʦʨʝʜ ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʠʥʠʮʠʘʪʠʚʘ ʟʘ ʙʠʦʚʲʛʣʝʥ. ɸʪʦʤʥʠʪʝ ʩʲʦʪʥʦʰʝʥʠʷ 
H/C ʠ O/C ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʦʣʝʟʥʠ ʟʘ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʜʝʛʨʘʜʠʨʘʣʠ ʙʝʜʥʠ 
ʠʥʜʫʩʪʨʠʘʣʥʠ ʧʦʯʚʠ ʯʨʝʟ ʟʘʩʠʣʝʥʦ ʫʣʘʚʷʥʝ ʥʘ ʚʲʛʣʝʨʦʜ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ 
ʧʨʝʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʫʪʘʡʢʠʪʝ, ʧʦʢʘʟʘ ʛʦʣʷʤʦ ʧʨʝʜʠʤʩʪʚʦ ʚʲʚ ʚʲʛʣʝʨʦʜʥʠʷ ʙʘʣʘʥʩ 
ʩʧʨʷʤʦ ʪʨʘʜʠʮʠʦʥʥʠʪʝ ʪʨʝʪʠʨʘʥʠʷ. ʉʲʛʣʘʩʥʦ ʧʦʣʫʯʝʥʠʪʝ ʜʘʥʥʠ ʤʦʞʝ ʜʘ ʩʝ ʨʘʟʛʣʝʜʘ 
ʪʦʚʘ ʢʘʪʦ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ ʠ 
ʥʘʩʲʨʯʘʚʘʥʝ ʥʘ ʧʨʘʢʪʠʢʠ ʟʘ ʫʩʪʦʡʯʠʚʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʦʪʧʘʜʲʮʠʪʝ. 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʙʠʦʚʲʛʣʝʨʦʜ, ʙʠʦʚʲʛʣʝʥ, ʫʪʘʡʢʠ ʦʪ ʧʨʝʯʠʩʪʚʘʪʝʣʥʘ ʩʪʘʥʮʠʷ. 
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Abstract 
This paper investigates the potential for CO2 capture in the form of biochar from 

sewage sludge. Opportunities to improve industrial soils with biochar can improve 
ecosystem carbon stock and atmospheric CO2 sequestration capacity to offset CO2 
emissions and soil organic carbon losses. The results show that the carbon content of 
biochar is 26.1%. and will be classified as Class 3 according to the International Biochar 
Initiative. H/C and O/C atomic ratios can be useful for restoring degraded poor industrial 
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soils through enhanced carbon sequestration. In this way, sludge conversion showed a 
great advantage in the carbon balance compared to traditional treatments. According to 
the data obtained, this can be considered as an opportunity to reduce greenhouse gas 
emissions and promote sustainable waste management practices. 

Key words: biocarbon, biochar, sewage sludge. 
 
ɺʲʚʝʜʝʥʠʝ 
ʋʪʘʡʢʘʪʘ ʦʪ ʦʪʧʘʜʲʯʥʠ ʚʦʜʠ ʝ ʩʪʨʘʥʠʯʝʥ ʧʨʦʜʫʢʪ ʦʪ ʧʨʦʮʝʩʠʪʝ ʥʘ ʧʨʝʯʠʩʪʚʘʥʝ 

ʥʘ ʦʪʧʘʜʲʯʥʠ ʚʦʜʠ. ʇʨʘʚʠʣʥʦʪʦ ʫʧʨʘʚʣʝʥʠʝ ʝ ʦʪ ʨʝʰʘʚʘʱʦ ʟʥʘʯʝʥʠʝ ʟʘ 
ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʥʘ ʟʘʤʲʨʩʷʚʘʥʝʪʦ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʠ ʟʘʱʠʪʘ ʥʘ ʯʦʚʝʰʢʦʪʦ 
ʟʜʨʘʚʝ. ʂʘʪʦ ʚʟʝʤʝʤ ʧʨʝʜʚʠʜ ʧʦʪʝʥʮʠʘʣʘ ʠʤ ʤʦʞʝʤ ʜʘ ʧʨʦʫʯʠʤ ʫʩʪʦʡʯʠʚʠ 
ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʪʷʭʥʦʪʦ ʦʙʝʟʚʨʝʞʜʘʥʝ ʠʣʠ ʠʟʧʦʣʟʚʘʥʝ, ʢʘʪʦ ʥʘʤʘʣʠʤ 
ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʜʝʧʦʥʠʨʘʥʝ ʠʣʠ ʠʟʛʘʨʷʥʝ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʦʩʚʦʙʦʜʠ ʧʘʨʥʠʢʦʚʠ 
ʛʘʟʦʚʝ. ɽʜʥʦ ʦʪ ʥʘʡ-ʛʦʣʝʤʠʪʝ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ, ʧʨʝʜ ʢʦʠʪʦ ʝ ʠʟʧʨʘʚʝʥʦ 
ʯʦʚʝʯʝʩʪʚʦʪʦ ʚ ʤʦʤʝʥʪʘ, ʝ ʛʣʦʙʘʣʥʦʪʦ ʟʘʪʦʧʣʷʥʝ, ʧʨʠʯʠʥʝʥʦ ʛʣʘʚʥʦ ʦʪ ʝʤʠʩʠʠʪʝ ʥʘ 
ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ. ʇʦʪʝʥʮʠʘʣʲʪ ʟʘ ʫʣʘʚʷʥʝ ʥʘ ʚʲʛʣʝʨʦʜ ʦʪ ʫʪʘʡʢʠʪʝ ʦʪ ʦʪʧʘʜʲʯʥʠ 
ʚʦʜʠ ʧʦʤʘʛʘ ʟʘ ʩʤʝʢʯʘʚʘʥʝ ʥʘ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʘ ʯʨʝʟ ʧʨʝʤʘʭʚʘʥʝ ʥʘ 
ʚʲʛʣʝʨʦʜʥʠʷ ʜʠʦʢʩʠʜ (CO2) ʦʪ ʘʪʤʦʩʬʝʨʘʪʘ ʠ ʩʲʭʨʘʥʷʚʘʥʝʪʦ ʤʫ ʚ ʩʪʘʙʠʣʥʘ ʬʦʨʤʘ  
(Mohapatra, 2023,Yu, 2023). ʊʲʡ ʢʘʪʦ ʫʪʘʡʢʘʪʘ ʦʪ ʦʪʧʘʜʲʯʥʠ ʚʦʜʠ ʩʲʜʲʨʞʘ ʦʨʛʘʥʠʯʥʘ 
ʤʘʪʝʨʠʷ, ʢʦʷʪʦ ʝ ʙʦʛʘʪʘ ʥʘ ʚʲʛʣʝʨʦʜ. ɽʬʝʢʪʠʚʥʦʪʦ ʫʧʨʘʚʣʝʥʠʝ ʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʪʦʟʠ 
ʦʪʧʘʜʲʯʝʥ ʤʘʪʝʨʠʘʣ ʤʦʞʝ ʜʘ ʜʦʧʨʠʥʝʩʝ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ 
ʛʘʟʦʚʝ. ʇʦʪʝʥʮʠʘʣʲʪ ʟʘ ʫʣʘʚʷʥʝ ʥʘ ʚʲʛʣʝʨʦʜ ʦʪ ʫʪʘʡʢʠʪʝ ʦʪ ʦʪʧʘʜʲʯʥʠ ʚʦʜʠ ʤʦʞʝ ʜʘ 
ʚʘʨʠʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʨʘʟʣʠʯʥʠ ʬʘʢʪʦʨʠ ʢʘʪʦ ʩʲʩʪʘʚʘ ʥʘ ʫʪʘʡʢʠʪʝ, ʧʨʦʮʝʩʠʪʝ ʥʘ 
ʪʨʝʪʠʨʘʥʝ ʠ ʧʨʘʢʪʠʢʠʪʝ ʟʘ ʫʧʨʘʚʣʝʥʠʝ (Mohapatra, 2023,Yu, 2023). ʆʩʚʝʥ ʪʦʚʘ ʤʦʞʝ 
ʜʘ ʧʦʚʠʰʠ ʧʣʦʜʦʨʦʜʠʝʪʦ ʥʘ ʧʦʯʚʘʪʘ ʠ ʜʘ ʧʦʜʦʙʨʠ ʩʪʨʫʢʪʫʨʘʪʘ ʡ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ 
ʧʦʚʠʰʝʥʘ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ. ʊʦʚʘ ʤʦʞʝ ʜʘ ʜʦʧʨʠʥʝʩʝ ʟʘ ʫʩʪʦʡʯʠʚʦ 
ʩʝʣʩʢʦ ʩʪʦʧʘʥʩʪʚʦ ɺʲʧʨʝʢʠ ʪʦʚʘ ʝ ʚʘʞʥʦ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʪʦʡ ʦʙʠʢʥʦʚʝʥʦ ʝ ʧʦ-
ʥʠʩʲʢ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʜʨʫʛʠ ʤʝʪʦʜʠ ʟʘ ʫʣʘʚʷʥʝ, ʢʘʪʦ ʟʘʣʝʩʷʚʘʥʝ ʠʣʠ ʫʣʘʚʷʥʝ ʥʘ 
ʚʲʛʣʝʨʦʜ ʚ ʧʦʯʚʘʪʘ. ɿʘ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʩʧʝʮʠʬʠʯʥʠʷʪ ʧʦʪʝʥʮʠʘʣ ʟʘ ʫʣʘʚʷʥʝ ʥʘ 
ʚʲʛʣʝʨʦʜ ʥʘ ʫʪʘʡʢʠʪʝ ʦʪ ʦʪʧʘʜʲʯʥʠ ʚʦʜʠ ʚ ʜʘʜʝʥ ʢʦʥʪʝʢʩʪ, ʱʝ ʙʲʜʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ 
ʩʝ ʠʟʚʲʨʰʠ ʧʦʜʨʦʙʝʥ ʘʥʘʣʠʟ, ʢʘʪʦ ʩʝ ʚʟʝʤʘʪ ʧʨʝʜʚʠʜ ʤʝʩʪʥʠʪʝ ʫʩʣʦʚʠʷ ʠ ʧʨʘʢʪʠʢʠ 
ʟʘ ʫʧʨʘʚʣʝʥʠʝ (Venkatesh,2022). ʊʘʟʠ ʩʪʘʪʠʷ ʧʨʘʚʠ ʠʟʩʣʝʜʚʘʥʝ ʟʘ ʧʦʪʝʥʮʠʘʣʲʪ ʟʘ 
ʫʣʘʚʷʥʝ ʥʘ CO2 ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʙʠʦʚʲʛʣʝʥ ʦʪ ʫʪʘʡʢʠ ʦʪ ʦʪʧʘʜʲʯʥʠ ʚʦʜʠ 

 
ʄʘʪʝʨʠʘʣʠ ʠ ʤʝʪʦʜʠ 
ʀʟʚʲʨʰʝʥ ʝ ʢʦʣʠʯʝʩʪʚʝʥ ʝʣʝʤʝʥʪʝʥ ʘʥʘʣʠʟ ʥʘ ʫʪʘʡʢʘ ʦʪ ʇʉʆɺ ʩ ʘʚʪʦʤʘʪʠʯʝʥ 

ʘʥʘʣʠʟʘʪʦʨ ɽɸ 3000 ʥʘ ʠʪʘʣʠʘʥʩʢʘʪʘ ʬʠʨʤʘ EuroVector. ʄʝʪʦʜʲʪ ʟʘ ʘʥʘʣʠʟ ʝ ʯʨʝʟ 
ʠʟʛʘʨʷʥʝ ʥʘ ʧʨʦʙʘʪʘ ʧʨʠ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ (980-1100ÁC) ʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 
ʢʦʤʧʦʥʝʥʪʘ ʯʨʝʟ ʛʘʟʦʚʘ ʭʨʦʤʘʪʦʛʨʘʬʠʷ. ʊʝʨʤʠʯʥʠʷʪ ʘʥʘʣʠʟ ʝ ʠʟʚʲʨʰʝʥ ʩʲʩ STA PT 
1600 TG-DTA/DSC (STA Simultaneous Thermal Analysis), ʧʨʦʠʟʚʝʜʝʥ ʦʪ LINSEIS 
Messgerªte GmbH, ɻʝʨʤʘʥʠʷ. ɸʥʘʣʠʟʲʪ ʩʝ ʠʟʚʲʨʰʚʘ ʚ ʨʝʞʠʤ ʥʘ ʧʠʨʦʣʠʟʘ. 

 
ʈʝʟʫʣʪʘʪʠ ʠ ʦʙʩʲʞʜʘʥʝ 
ʂʘʯʝʩʪʚʦʪʦ ʥʘ ʫʪʘʡʢʠʪʝ ʩʝ ʦʧʨʝʜʝʣʷ ʥʘʡ-ʚʝʯʝ ʦʪ ʠʟʪʦʯʥʠʢʘ ʥʘ ʦʙʨʘʟʫʚʘʥʝʪʦ ʠʤ. 

ʇʲʨʚʦʥʘʯʘʣʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʟʘʤʲʨʩʠʪʝʣʠʪʝ ʚ ʦʪʧʘʜʲʯʥʘʪʘ ʚʦʜʘ, ʢʘʢʪʦ ʠ 
ʪʝʭʥʠʯʝʩʢʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʠʟʚʲʨʰʝʥʠʪʝ ʧʨʦʮʝʩʠ ʩʘ ʩʚʲʨʟʘʥʠ ʩ ʪʨʝʪʠʨʘʥʝʪʦ ʥʘ 
ʦʪʧʘʜʲʯʥʠʪʝ ʚʦʜʠ ʠ ʫʪʘʡʢʠʪʝ (Przewrocki, 2004, Otero 2007 ). ʉʲʩʪʘʚʲʪ ʥʘ ʫʪʘʡʢʠʪʝ 
ʟʘʚʠʩʠ ʩʲʱʦ ʠ ʦʪ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʦʪʦ ʥʘ ʜʘʜʝʥʠʷ ʨʘʡʦʥ, ʙʨʦʷ ʥʘ ʥʘʩʝʣʝʥʠʝʪʦ, 
ʥʝʛʦʚʠʪʝ ʭʨʘʥʠʪʝʣʥʠ ʥʘʚʠʮʠ, ʘ ʩʲʱʦ ʪʘʢʘ ʠ ʦʪ ʩʤʷʥʘʪʘ ʥʘ ʩʝʟʦʥʠʪʝ (Fernandez-
Anez,2014, Siuris, 2011). ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʜʘʜʝʥʠ ʝʣʝʤʝʥʪʠ ʚ ʫʪʘʡʢʠʪʝ, ʢʘʢʪʦ ʠ 
ʪʷʭʥʦʪʦ ʢʦʣʠʯʝʩʪʚʝʥʦ ʩʲʦʪʥʦʰʝʥʠʝ, ʦʙʫʩʣʘʚʷʪ ʩʚʦʡʩʪʚʘʪʘ ʥʘ ʫʪʘʡʢʠʪʝ. 
ɸʥʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʩʲʩʪʘʚʘ ʠʤ ʝ ʧʲʨʚʘʪʘ ʩʪʲʧʢʘ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʩʧʦʩʦʙʥʦʩʪʪʘ ʠʤ 
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ʜʘ ʙʲʜʘʪ ʝʬʝʢʪʠʚʥʦ ʪʨʝʪʠʨʘʥʠ (Otero 2007). ʆʩʥʦʚʥʠʪʝ ʝʣʝʤʝʥʪʠ ʠ ʧʦʢʘʟʘʪʝʣʠ, 
ʢʦʠʪʦ ʥʘʡ-ʯʝʩʪʦ ʩʝ ʫʩʪʘʥʦʚʷʚʘʪ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ, ʩʘ ʚʲʛʣʝʨʦʜ (C), ʚʦʜʦʨʦʜ (H), ʘʟʦʪ 
(N), ʩʷʨʘ (S), ʢʠʩʣʦʨʦʜ (O), ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʧʝʧʝʣ (A), ʚʣʘʛʘ (M) ʠ ʣʝʪʣʠʚʠ ʚʝʱʝʩʪʚʘ 
(VM), ʢʘʢʪʦ ʠ ʢʘʣʦʨʠʯʥʦʩʪ (ʛʦʨʥʘ ʩʧʝʮʠʬʠʯʥʘ ʪʦʧʣʠʥʘ ʥʘ ʠʟʛʘʨʷʥʝ, HHV) (Otero 2007, 
Fernandez-Anez, 2014, Magdziarz, 2013). ʉ ʮʝʣ ʜʦʙʠʚʘʥʝ ʥʘ ʧʨʝʜʩʪʘʚʘ ʟʘ 
ʦʨʠʝʥʪʠʨʦʚʲʯʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʪʝʟʠ ʧʦʢʘʟʘʪʝʣʠ, ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʨʝʟʫʣʪʘʪʠ ʚ ʪʘʙʣ. 
1. ʊʝ ʩʘ ʚʟʝʪʠ ʦʪ ʨʘʟʣʠʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʫʪʘʡʢʠ ʦʪ ʇʉʆɺ ʚ ʀʩʧʘʥʠʷ (Otero 2007, 
Fernandez-Anez, 2014, Alvarez, 2015) ʠ ʇʦʣʰʘ (Magdziarz, 2014, Werle, 2014), 
ʧʫʙʣʠʢʫʚʘʥʠ ʚ ʥʘʫʯʥʠ ʩʪʘʪʠʠ ʢʘʪʦ ʥʘʢʨʘʷ ʩʘ ʟʘʧʠʩʘʥʠ ʠ ʘʥʘʣʠʟʠʨʘʥʠʪʝ ʠ 
ʠʟʩʣʝʜʚʘʥʠʪʝ ʜʘʥʥʠ ʦʪ ʥʘʩʪʦʷʱʘʪʘ ʫʪʘʡʢʘ ʦʪ ʇʉʆɺ ʦʪ ɹʲʣʛʘʨʠʷ. 

 

ʊʘʙʣʠʮʘ 1. ʉʲʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʥʘ ʫʪʘʡʢʠ ʦʪ ʇʉʆɺ  

ɽʣʝʤʝʥʪʝʥ ʘʥʘʣʠʟ, %  
ʄʠʥʝʨʘʣʝʥ 
ʩʲʩʪʘʚ, % 

HHV 
(MJ/kg) 

ʊʨʝʪʠʨʘʥʝ 
ʥʘ ʫʪʘʡʢʘʪʘ 

ʀʟʪʦʯʥʠʢ 

C H N S O   A M VM 

25.5 4.5 4.9 2.1 25.8  37.2 5.6 54.2 11.1 ɸʉ ʠ ʊʉ 
(Alvarez, 

2015) 

            

32.3 4.9 5.3 0.6 24.9  32.0 19.1 64.7 13.1 

ɸʉ, ʆ ʠ ʊʉ 
(Magdziarz, 

2014) 
33.1 4.8 4.8 0.6 20.4  36.2 4.2 63.5 12.8 

28.9 4.4 4.1 1.1 20.2  36.0 5.3 64.6 12.2 

            

22.7 3.3 3.1 1.6 15.5  53.8 3.9 42.8 9.5 ɸʉ, ʆ ʠ ʊʉ 
(Otero 
2007) 

            

37.4 4.9 3.0 0.6 21.8  32.2 6.1 62.3 - 
ʊʉ 

(Fernandez-
Anez, 2014) 28.5 3.6 3.0 0.8 16.1  48.1 2.7 52.5 - 

            

30.1 4.6 4.3 1.2 21.3   38.0 5.3 - 12.2 - 
(Magdziarz, 

2014) 

26.2 4.3 4.2 1.5 23.4  21.8 79  13.97 ʊʉ 
ʇʉʆɺ 
ɹʲʣʛʘʨʠʷ 

ɸʉ  ʘʥʘʝʨʦʙʥʦ ʩʪʘʙʠʣʠʟʠʨʘʥʝ; ʆ - ʦʙʝʟʚʦʜʥʷʚʘʥʝ; ʊʉ - ʪʝʨʤʠʯʥʦ ʩʫʰʝʥʝ 

 
ʂʦʤʧʦʥʝʥʪʠʪʝ, ʢʦʠʪʦ ʦʧʨʝʜʝʣʷʪ ʫʪʘʡʢʠʪʝ ʢʘʪʦ ʧʦʜʭʦʜʷʱʠ ʧʨʦʜʫʢʪʠ ʟʘ ʫʧʦʪʨʝʙʘ 

ʚ ʟʝʤʝʜʝʣʠʝʪʦ, ʩʘ ʦʨʛʘʥʠʯʥʠʪʝ ʩʲʝʜʠʥʝʥʠʷ (ʦʙʠʢʥʦʚʝʥʦ ʥʘʜ 55% ʩ.ʚ. ʦʪ ʦʙʱʠʷ 
ʩʲʩʪʘʚ) ʢʘʢʪʦ ʠ ʩʨʘʚʥʠʪʝʣʥʦ ʚʠʩʦʢʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʭʨʘʥʠʪʝʣʥʠ ʝʣʝʤʝʥʪʠ ʟʘ 
ʨʘʩʪʝʥʠʷʪʘ ʢʘʪʦ ʘʟʦʪ, ʬʦʩʬʦʨ ʠ ʢʘʣʠʡ (Werle, 2014, Kotowska 2012, Sahnoun 2012). 
ʆʩʪʘʥʘʣʘʪʘ ʯʘʩʪ ʦʪ ʫʪʘʡʢʠʪʝ ʧʨʝʜʩʪʘʚʣʷʚʘ ʥʝʦʨʛʘʥʠʯʥʘ ʬʨʘʢʮʠʷ, ʠʟʛʨʘʜʝʥʘ ʛʣʘʚʥʦ 
ʦʪ SiO2 (ʦʢʦʣʦ 30%), ʦʢʩʠʜʠ ʢʘʪʦ Al2O3, Fe2O3, CaO, MgO ʠ ʜʨʫʛʠ ʤʠʢʨʦʝʣʝʤʝʥʪʠ. 

 
ʉʪʘʙʠʣʥʦʩʪ ʥʘ ʧʦʣʫʯʝʥ ʙʠʦʚʲʛʣʝʥ 
ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʜʘʥʥʠʪʝ ʦʪ ʝʣʝʤʝʥʪʥʠʷ ʠ ʪʝʨʤʠʯʝʥ ʘʥʘʣʠʟ ʩʘ ʦʮʝʥʝʥʠ ʘʪʦʤʥʠʪʝ 

ʩʲʦʪʥʦʰʝʥʠʷ H/C ʠ O/C ʟʘ ʙʠʦʚʲʛʣʝʥ ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʫʨʘʚʥʝʥʠʷ (1) ʠ (2) 
(Venkatesh,2022), 

 (1) 

 (2) 
ʢʲʜʝʪʦ FC ʝ ʧʨʦʮʝʥʪʥʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʬʠʢʩʠʨʘʥ ʚʲʛʣʝʨʦʜ, ʘ VM ʝ ʧʨʦʮʝʥʪʥʦʪʦ 
ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʣʝʪʣʠʚʠ ʚʝʱʝʩʪʚʘ. 
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ʇʦʩʣʝʜʥʠʷʪ ʝʪʘʧ ʦʪ ʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝʪʦ ʩʣʝʜ ʧʨʝʚʨʲʱʘʥʝʪʦ ʥʘ ʙʠʦʤʘʩʘʪʘ ʚ 
ʙʠʦʚʲʛʣʝʥ ʝ ʠʟʯʠʩʣʷʚʘʥʝʪʦ ʥʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʚʲʛʣʝʨʦʜ, ʢʦʝʪʦ ʙʠ ʙʠʣʦ ʫʣʦʚʝʥʦ, ʘʢʦ ʩʝ 
ʧʨʠʣʦʞʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʪʦ ʧʨʝʦʙʨʘʟʫʚʘʥʝ. ʋʨʘʚʥʝʥʠʷʪʘ ʧʦ-ʜʦʣʫ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʟʘ 
ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʦʙʱʠʷ ʜʦʙʠʚ ʥʘ ʙʠʦʚʲʛʣʝʥ (ʋʨʘʚʥʝʥʠʝ 3), ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʬʠʢʩʠʨʘʥ 
ʚʲʛʣʝʨʦʜ (ʋʨʘʚʥʝʥʠʝ 4), ʦʙʱ ʧʦʪʝʥʮʠʘʣʝʥ ʚʲʛʣʝʨʦʜ ʚ ʙʠʦʚʲʛʣʝʥ (ʋʨʘʚʥʝʥʠʝ 5), 
(Venkatesh,2022): 
 

 (3) 
 

 
 

 
 

ʄʠʥʝʨʘʣʥʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʩʫʨʦʚʠʥʘʪʘ ʜʦ ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʩʝ ʟʘʧʘʟʚʘ ʚ 
ʧʦʣʫʯʝʥʠʷ ʙʠʦʚʲʛʣʝʥ, ʢʲʜʝʪʦ ʩʝ ʢʦʥʮʝʥʪʨʠʨʘ ʧʦʨʘʜʠ ʧʦʩʪʝʧʝʥʥʘʪʘ ʟʘʛʫʙʘ ʥʘ C, 
ʚʦʜʦʨʦʜ (H) ʠ ʢʠʩʣʦʨʦʜ (O) ʧʦ ʚʨʝʤʝ ʥʘ ʦʙʨʘʙʦʪʢʘʪʘ. ʊʘʙʣʠʮʘ 1 ʧʨʝʜʦʩʪʘʚʷ 
ʝʣʝʤʝʥʪʥʠʷ ʩʲʩʪʘʚ ʥʘ ʩʫʨʦʚʠʥʘʪʘ. ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʚʲʛʣʝʨʦʜ 26,16%. ʉʧʦʨʝʜ 
ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʠʥʠʮʠʘʪʠʚʘ ʟʘ ʙʠʦʚʲʛʣʝʥ aʪʦʤʥʠʪʝ ʩʲʦʪʥʦʰʝʥʠʷ (ʛʣʘʚʥʦ O/C) ʠ 
ʠʟʯʠʩʣʝʥʠʷʪʘ ʩʣʝʜ ʧʠʨʦʣʠʟʘ ʫʪʘʡʢʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʚʲʨʥʝ ʚ ʙʠʦʚʲʛʣʝʥ ʢʣʘʩ 3. 
ʋʩʪʘʥʦʚʝʥʘ ʝ ʚʨʲʟʢʘ ʤʝʞʜʫ ʧʦʣʫʞʠʚʦʪʘ ʥʘ ʨʘʟʧʘʜ ʥʘ ʙʠʦʣʦʛʠʯʥʠʷʪ ʚʲʛʣʝʥ, ʢʦʠʪʦ ʝ 
2169 ʛʦʜʠʥʠ, ʢʦʝʪʦ ʧʦʪʚʲʨʞʜʘʚʘ ʩʪʘʙʠʣʥʦʩʪʪʘ ʤʫ. ʀʟʯʠʩʣʝʥʦʪʦ ʩʨʝʜʥʦ ʚʨʝʤʝ ʥʘ 
ʧʨʝʩʪʦʡ ʠ ʧʨʦʮʝʥʪ ʚʲʛʣʝʨʦʜ, ʢʦʡʪʦ ʱʝ ʦʩʪʘʥʝ ʩʣʝʜ 100 ʛʦʜʠʥʠ, ʩʘ ʧʦ-ʛʦʣʝʤʠ ʦʪ 1000 
ʛʦʜʠʥʠ ʠ ʩʲʦʪʚʝʪʥʦ ʧʦʚʝʯʝ ʦʪ 80%, ʘ ʠʤʝʥʥʦ 90.9%. ʉʣʝʜʦʚʘʪʝʣʥʦ ʙʠʦʚʲʛʣʝʥʲʪ, 
ʨʘʟʨʘʙʦʪʝʥ ʚ ʪʦʚʘ ʧʨʦʫʯʚʘʥʝ, ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʚ ʧʦʯʚʠ ʩ ʜʝʬʠʮʠʪ ʥʘ ʚʲʛʣʝʨʦʜ ʩ 
ʜʦʧʲʣʥʠʪʝʣʥʘʪʘ ʧʦʣʟʘ ʦʪ ʜʲʣʛʦʩʨʦʯʥʦʪʦ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʚʲʛʣʝʨʦʜ. ʇʨʦʮʝʥʪʲʪ ʥʘ 
ʜʦʙʠʚ ʥʘ ʙʠʦʚʲʛʣʝʥ ʩʣʝʜ ʧʠʨʦʣʠʟʘ ʝ 22,8 %. ʊʦʟʠ ʨʝʟʫʣʪʘʪ ʟʘʚʠʩʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʘʪʘ 
ʥʘ ʧʠʨʦʣʠʟʘʪʘ ʠ ʪʝʨʤʠʯʥʦʪʦ ʨʘʟʣʘʛʘʥʝ ʥʘ ʦʨʛʘʥʠʯʥʘʪʘ ʤʘʪʝʨʠʷ. ʈʝʟʫʣʪʘʪʠʪʝ 
ʧʦʢʘʟʚʘʪ, ʯʝ ʦʙʱʠʷʪ ʧʦʪʝʥʮʠʘʣʝʥ ʚʲʛʣʝʨʦʜ ʚ ʙʠʦʚʲʛʣʝʥ ï 145 g C/kg ʩʫʨʦʚʠʥʘ ʠ 
ʧʦʪʝʥʮʠʘʣʲʪ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ CO2 ʝ 417.6 CO2 eq. kg-1 ʙʠʦʚʲʛʣʝʥ, ʠʤʘ ʩʪʘʙʠʣʥʘ 
ʬʦʨʤʘ ʥʘ ʚʲʛʣʝʨʦʜ ʠ ʤʦʞʝ ʜʘ ʙʲʜʝ ʩʪʘʙʠʣʝʥ ʟʘ ʤʠʢʨʦʙʥʦ ʨʘʟʣʘʛʘʥʝ ʠ ʜʘ ʩʲʭʨʘʥʷʚʘ 
ʘʪʤʦʩʬʝʨʝʥ CO2 ʚ ʧʦʯʚʘʪʘ. ɺ ʧʨʦʪʠʚʝʥ ʩʣʫʯʘʡ ʨʘʩʪʝʥʠʝʪʦ ʙʠ ʩʝ ʤʠʥʝʨʘʣʠʟʠʨʘʣʦ 
ʙʲʨʟʦ ʜʦ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ, ʢʦʡʪʦ ʝ ʠʟʧʫʩʥʘʪ ʚ ʘʪʤʦʩʬʝʨʘʪʘ. ɺ ʪʦʚʘ ʠʟʩʣʝʜʚʘʥʝ ʝ 
ʜʦʢʘʟʘʥʦ, ʯʝ ʙʠʦʚʲʛʣʝʥʲʪ ʝ ʩʪʘʙʠʣʝʥ, ʩ ʫʩʪʦʡʯʠʚ ʥʘ ʨʘʟʛʨʘʞʜʘʥʝ ʚʲʛʣʝʨʦʜ ʠ ʤʦʞʝ 
ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ ʩʨʝʜʩʪʚʦ ʟʘ ʜʲʣʛʦʩʨʦʯʥʦ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʚʲʛʣʝʨʦʜ ʚ ʧʦʯʚʘʪʘ 
ʢʘʪʦ ʦʧʮʠʷ ʟʘ ʩʤʝʢʯʘʚʘʥʝ ʥʘ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʘ. 

 
ɿʘʢʣʶʯʝʥʠʝ 
ʈʘʟʙʠʨʘʥʝʪʦ ʠ ʤʘʢʩʠʤʠʟʠʨʘʥʝʪʦ ʥʘ ʧʦʪʝʥʮʠʘʣʘ ʟʘ ʫʣʘʚʷʥʝ ʥʘ ʚʲʛʣʝʨʦʜ ʦʪ 

ʫʪʘʡʢʠʪʝ ʦʪ ʦʪʧʘʜʲʯʥʠ ʚʦʜʠ ʝ ʚʘʞʥʦ ʟʘ ʩʧʨʘʚʷʥʝ ʩ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʘ, 
ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʟʘʤʲʨʩʷʚʘʥʝʪʦ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʠ ʥʘʩʲʨʯʘʚʘʥʝ ʥʘ ʧʨʘʢʪʠʢʠ ʟʘ 
ʫʩʪʦʡʯʠʚʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʦʪʧʘʜʲʮʠʪʝ. ʈʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʟʚʘʪ, ʯʝ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ 
ʚʲʛʣʝʨʦʜ ʚ ʙʠʦʚʲʛʣʝʥ ʝ 26,1%. ʠ ʱʝ ʙʲʜʘʪ ʢʣʘʩʠʬʠʮʠʨʘʥʠ ʚ ʢʣʘʩ 3 ʩʧʦʨʝʜ 
ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʠʥʠʮʠʘʪʠʚʘ ʟʘ ʙʠʦʚʲʛʣʝʥ. ɸʪʦʤʥʠʪʝ ʩʲʦʪʥʦʰʝʥʠʷ H/C ʠ O/C ʤʦʛʘʪ 
ʜʘ ʙʲʜʘʪ ʧʦʣʝʟʥʠ ʟʘ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʜʝʛʨʘʜʠʨʘʣʠ ʙʝʜʥʠ ʠʥʜʫʩʪʨʠʘʣʥʠ ʧʦʯʚʠ 
ʯʨʝʟ ʟʘʩʠʣʝʥʦ ʫʣʘʚʷʥʝ ʥʘ ʚʲʛʣʝʨʦʜ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʧʨʝʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʫʪʘʡʢʠʪʝ, 
ʧʦʢʘʟʘ ʛʦʣʷʤʦ ʧʨʝʜʠʤʩʪʚʦ ʚʲʚ ʚʲʛʣʝʨʦʜʥʠʷ ʙʘʣʘʥʩ ʩʧʨʷʤʦ ʪʨʘʜʠʮʠʦʥʥʠʪʝ 
ʪʨʝʪʠʨʘʥʠʷ. ʉʲʛʣʘʩʥʦ ʧʦʣʫʯʝʥʠʪʝ ʜʘʥʥʠ ʤʦʞʝ ʜʘ ʩʝ ʨʘʟʛʣʝʜʘ ʪʦʚʘ ʢʘʪʦ ʚʲʟʤʦʞʥʦʩʪ 
ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ ʠ ʥʘʩʲʨʯʘʚʘʥʝ ʥʘ ʧʨʘʢʪʠʢʠ ʟʘ 
ʫʩʪʦʡʯʠʚʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʦʪʧʘʜʲʮʠʪʝ. 
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ʈʝʟʶʤʝ 
ʅʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʝ ʦʧʠʪ ʟʘ ʦʮʝʥʢʘ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʬʠʟʠʢʦʭʠʤʠʯʥʠʪʝ 

ʩʚʦʡʩʪʚʘ ʥʘ ʧʦʯʚʘʪʘ ʚʲʨʭʫ ʝʢʦʣʦʛʠʯʥʠʷ ʨʠʩʢ ʦʪ ʟʘʤʲʨʩʷʚʘʥʝʪʦ ʩ ʪʝʞʢʠ ʤʝʪʘʣʠ(Cd, 
Co, Cr, Cu, Ni, Pb, Zn ʠ Sb) ʥʘ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʘ ʧʦʯʚʘ, ʨʘʟʧʦʣʦʞʝʥʘ ʧʦ ʧʨʦʪʝʞʝʥʠʝ ʥʘ 
ʨʝʧʫʙʣʠʢʘʥʩʢʠ ʧʲʪ  II-81, ʯʨʝʟ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʠʥʜʝʢʩ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ ʝʢʦʣʦʛʠʯʝʥ 
ʨʠʩʢ ʠ ʘʥʘʣʠʟ ʥʘ ʢʦʨʝʣʘʮʠʠ ʥʘ Pearson. 

ɺʟʝʪʠ ʩʘ ʦʙʱʦ 9 ʧʦʚʲʨʭʥʦʩʪʥʠ ʧʦʯʚʝʥʠ ʧʨʦʙʠ (0õ20 cm) ʥʘ ʨʘʟʩʪʦʷʥʠʷ ʦʪ 11m, 
36 m and 61 m ʦʪ ʨʲʙʘ ʥʘ ʧʲʪʥʦʪʦ ʧʣʘʪʥʦ. ɿʘ ʧʦʯʚʝʥʠʪʝ ʧʨʦʙʠ ʩʘ ʦʧʨʝʜʝʣʝʥʠ 
ʦʙʱʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʜʝʚʝʪʪʝ ʪʝʞʢʠ ʤʝʪʘʣʘ, ʢʘʢʪʦ ʠ ʬʠʟʠʢʦʭʠʤʠʯʥʠ ʩʚʦʡʩʪʚʘ ʥʘ 
ʧʦʯʚʘʪʘ (ʨʅ, ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʭʫʤʫʩ ʠ ʝʣʝʢʪʨʠʯʝʩʢʘ ʧʨʦʚʦʜʠʤʦʩʪ).  

ʆʙʱʠʪʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʪʝʞʢʠʪʝ ʤʝʪʘʣʠ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʦʮʝʥʷʚʘʥʝ ʥʘ 
ʧʦʪʝʥʮʠʘʣʥʠʷ ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ. ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʝ ʫʩʪʘʥʦʚʷʚʘ 
ʟʥʘʯʠʪʝʣʝʥ  ʧʦʪʝʥʮʠʘʣʥʠʷ ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ ʥʘ ʠʟʩʣʝʜʚʘʥʘʪʘ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʘ ʧʦʯʚʘ, 
ʛʣʘʚʥʦ ʧʦʨʘʜʠ ʟʘʤʲʨʩʷʚʘʥʝʪʦ ʩ Sb. 

ʅʘʧʨʘʚʝʥ ʝ ʘʥʘʣʠʟ ʠ ʦʮʝʥʢʘ  ʥʘ ʢʦʨʝʣʘʮʠʠʪʝ ʤʝʞʜʫ ʠʥʜʝʢʩʘ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ 
ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ ʠ ʬʠʟʠʢʦʭʠʤʠʯʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʧʦʯʚʘʪʘ.  

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʪʝʞʢʠ ʤʝʪʘʣʠ, ʟʘʤʲʨʩʷʚʘʥʝ ʥʘ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʘ ʧʦʯʚʘ, 
ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ, ʬʠʟʠʢʦʭʠʤʠʯʥʠ ʩʚʦʡʩʪʚʘ ʥʘ ʧʦʯʚʘʪʘ, ʢʦʨʝʣʘʮʠʠ. 
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Abstract 
The present study is an attempt to assess the impact of soil physic-chemical 

properties on ecological risk from heavy metals (Cd, Co, Cr, Cu, Ni, Pb, Zn and Sb) 
pollution of agricultural soil, located alongside the national road II-81, by potential 
ecological  index calculation and analysis of Pearson correlations. 

In total, 9 surface soil samples (0õ20 cm depth) were collected at distances 11m, 36 
m and 61 m from the road edge. For soil samples total concentrations of the nine heavy 
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metals as well as soil physic-chemical properties (pH, humus content and electrical 
conductivity) were determined.  

The total concentrations of heavy metals of soil samples were used for assessment 
of their potential ecological risk. Based on the results considerable potential ecological risk 
of tested agricultural soil was observed, mainly due to the contamination by Sb. 

The correlations between potential ecological risk and soil physic-chemical properties 
were analyzed and evaluated. 

Key words: heavy metals, agricultural soil contamination, potential ecological risk 
index, soil physic-chemical properties, and correlations. 

 
ɺʲʚʝʜʝʥʠʝ 
ʊʝʞʢʠʪʝ ʤʝʪʘʣʠ ʢʘʪʦ Cd, Cr, Cu, Ni, Pb, Sb ʠ Zn ʩʘ ʦʩʥʦʚʥʠʪʝ ʟʘʤʲʨʩʠʪʝʣʠ ʥʘ 

ʢʨʘʡʧʲʪʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ (Amereih ,2005; Hªªl, 2008) ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʥʘ 
ʧʲʪʥʠ ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ. ʆʩʥʦʚʥʠʪʝ ʠʟʪʦʯʥʠʮʠ ʥʘ ʝʤʠʩʠʠ ʩʘ ʠʟʛʘʨʷʥʝʪʦ ʥʘ 
ʠʟʢʦʧʘʝʤʠ ʛʦʨʠʚʘ ʚ ʜʚʠʛʘʪʝʣʠʪʝ ʩ ʚʲʪʨʝʰʥʦ ʛʦʨʝʥʝ, ʠʟʥʦʩʚʘʥʝʪʦ ʥʘ ʛʫʤʠʪʝ, 
ʥʘʢʣʘʜʢʠʪʝ ʥʘ ʩʧʠʨʘʯʢʠʪʝ, ʠʟʥʦʩʚʘʥʝʪʦ ʥʘ ʘʩʬʘʣʪʦʚʘʪʘ ʥʘʩʪʠʣʢʘ, ʢʦʨʦʟʠʷʪʘ ʥʘ 
ʘʢʫʤʫʣʘʪʦʨʠ ʠ ʤʝʪʘʣʥʠ ʯʘʩʪʠ ʠ ʜʨ. ( Sºrme, 2001). 
ʌʠʟʠʢʦʭʠʤʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʦʯʚʘʪʘ, ʢʦʠʪʦ ʦʩʥʦʚʥʦ ʚʣʠʷʷʪ ʚʲʨʭʫ 
ʘʢʫʤʫʣʘʮʠʷʪʘ, ʧʦʜʚʠʞʥʦʩʪʪʘ ʠ ʙʠʦʥʘʣʠʯʥʦʩʪʪʘ ʥʘ ʪʝʞʢʠʪʝ ʤʝʪʘʣʠ ʩʘ: 

¶ ʆʨʛʘʥʠʯʥʘ ʢʦʤʧʦʥʝʥʪʘ (ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʭʫʤʫʩ) ʚ ʧʦʯʚʘʪʘ (ʂhan, 2006);   

¶ ɸʢʪʠʚʥʘ ʢʠʩʝʣʠʥʥʦʩʪ (ʨʅ (Amini, 2005); 

¶ ʄʝʭʘʥʠʯʝʥ ʩʲʩʪʘʚ (Treder, 2005); 

¶ ɽʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪ (Mansour, 2020). 
ʎʝʣʪʘ ʥʘ ʥʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʦʮʝʥʢʘ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ 

ʬʠʟʠʢʦʭʠʤʠʯʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʧʦʯʚʘʪʘ ʚʲʨʭʫ ʝʢʦʣʦʛʠʯʥʠʷ ʨʠʩʢ ʦʪ ʟʘʤʲʨʩʷʚʘʥʝʪʦ ʩ 
ʪʝʞʢʠ ʤʝʪʘʣʠ(Cd, Co, Cr, Cu, Ni, Pb, Zn ʠ Sb) ʥʘ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʘ ʧʦʯʚʘ, ʨʘʟʧʦʣʦʞʝʥʘ 
ʧʦ ʧʨʦʪʝʞʝʥʠʝ ʥʘ ʨʝʧʫʙʣʠʢʘʥʩʢʠ ʧʲʪ  II-81. 

 
ʄʘʪʝʨʠʘʣʠ ʠ ʤʝʪʦʜʠ 
1.1 ɿʦʥʘ ʥʘ ʠʟʩʣʝʜʚʘʥʝ 

ɿʘ ʮʝʣʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʠʟʙʨʘʥʘ ʟʦʥʘ ʦʪ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʘ ʧʦʯʚʘ ʩ ʧʣʦʱ ʦʪ 1000 
m2, ʨʘʟʧʦʣʦʞʝʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘ ʪʨʘʩʝʪʦ ʥʘ ʧʲʪ II-81, ʚ ʫʯʘʩʪʲʢ ʦʪ km12+400 ʜʦ 
km 12+420, ʚ ʜʷʩʥʦ, ʩ ʥʘʯʘʣʦ ʥʘ ʠʟʩʣʝʜʚʘʥʘʪʘ ʟʦʥʘ ʥʘ ʨʘʟʩʪʦʷʥʠʝ 11 m ʦʪ ʨʲʙʘ ʥʘ 
ʧʲʪʥʦʪʦ ʧʣʘʪʥʦ. 
 

ʄʝʩʪʦʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʟʦʥʘʪʘ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʝ ʧʦʢʘʟʘʥʦ ʥʘ ʬʠʛʫʨʘ 1. 
 

 
 

ʌʠʛʫʨʘ 1. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʥʘ ʟʦʥʘʪʘ ʟʘ ʠʟʩʣʝʜʚʘʥʝ 
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1.2 ɺʟʝʤʘʥʝ ʠ ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʧʨʦʙʠ 

ʇʨʦʙʠʪʝ ʦʪ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʘʪʘ ʧʦʯʚʘ ʩʘ ʚʟʝʪʠ ʥʘ 13.06.2020 ʛ., ʩ ʣʦʧʘʪʢʘ, ʦʪ 
ʜʲʣʙʦʯʠʥʘ 0-20 cm, ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʇʨʠʣʦʞʝʥʠʝ ˉ3 ʢʲʤ ʯʣ. 5, ʘʣ. 4 ʥʘ ʅʘʨʝʜʙʘ ˉ 
3 ʦʪ 1 ʘʚʛʫʩʪ 2008 ʛ. ɺʟʝʪʠ ʩʘ 9 ʧʨʦʙʠ ʥʘ ʨʘʟʩʪʦʷʥʠʝ 10 m ʝʜʥʘ ʦʪ ʜʨʫʛʘ, ʫʩʧʦʨʝʜʥʦ 
ʥʘ ʪʨʘʩʝʪʦ ʥʘ ʧʲʪʷ ʠ ʥʘ ʨʘʟʩʪʦʷʥʠʝ 25 m ʝʜʥʘ ʦʪ ʜʨʫʛʘ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘ ʪʨʘʩʝʪʦ 
ʥʘ ʧʲʪʷ.  

ʇʦʯʚʝʥʠʪʝ ʧʨʦʙʠ ʩʘ ʧʦʜʛʦʪʚʝʥʠ ʯʨʝʟ ʠʟʩʫʰʘʚʘʥʝ ʥʘ ʚʲʟʜʫʭ ʟʘ 48 h, ʩʪʨʠʚʘʥʝ ʚ 
ʘʭʘʪʦʚ ʭʘʚʘʥ, ʧʨʝʩʷʚʘʥʝ ʧʨʝʟ ʩʠʪʦ ʩ ʥʦʤʠʥʘʣʝʥ ʨʘʟʤʝʨ ʥʘ ʦʪʚʦʨʘ 3 mm, ʦʪʜʝʣʷʥʝ 
ʥʘ ʚʠʜʠʤʠ ʦʩʪʘʪʲʮʠ ʦʪ ʨʘʩʪʝʥʠʷ, ʠʟʩʫʰʘʚʘʥʝ ʧʨʠ 105ʦʉ ʟʘ 24h, ʟʘʧʝʯʘʪʚʘʥʝ ʚ 
ʧʦʣʠʝʪʠʣʝʥʦʚʠ ʧʣʠʢʦʚʝ ʠ ʩʲʭʨʘʥʝʥʠʝ ʧʨʠ 0ʦʉ ʜʦ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʘʥʘʣʠʟ. 

1.3 ʌʠʟʠʢʦʭʠʤʠʯʝʥ ʘʥʘʣʠʟ ʥʘ ʧʦʯʚʘʪʘ 

ʄʝʭʘʥʠʯʥʠʷʪ ʩʲʩʪʘʚ ʥʘ ʦʙʝʜʠʥʝʥʘ ʯʨʝʟ ʢʚʘʨʪʫʚʘʥʝ ʠ ʭʦʤʦʛʝʥʠʟʠʨʘʥʝ ʧʨʦʙʘ ʝ 
ʦʧʨʝʜʝʣʝʥ ʯʨʝʟ ʩʠʪʦʚ ʘʥʘʣʠʟ ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʚʠʙʨʘʮʠʦʥʥʦ-ʩʪʨʲʩʢʚʘʱʘ ʤʘʰʠʥʘ 
(MLW), ʟʘ 30 min. 

ɸʢʪʠʚʥʘʪʘ ʢʠʩʝʣʠʥʥʦʩʪ (ʨʅ) ʠ ʝʣʝʢʪʨʠʯʝʩʢʘʪʘ ʧʨʦʚʦʜʠʤʦʩʪ ʩʘ ʦʧʨʝʜʝʣʝʥʠ ʟʘ 
ʚʦʜʝʥ ʠʟʚʣʝʢ 1:5 (Mladenov, 2017). 

ʨʅ ʝ ʦʧʨʝʜʝʣʝʥʦ ʩ ʨʅ-ʤʝʪʲʨ PHS-25CW/3CW/3BW Benchtop pH Meter, ʩʥʘʙʜʝʥ 
ʩ ʢʦʤʙʠʥʠʨʘʥ ʩʪʲʢʣʝʥ ʝʣʝʢʪʨʦʜ ʠ ʪʝʤʧʝʨʘʪʫʨʥʘ ʩʦʥʜʘ ʟʘ ʘʚʪʦʤʘʪʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘ 
ʢʦʨʝʢʮʠʷ. Eʣʝʢʪʨʠʯʝʩʢʘʪʘ ʧʨʦʚʦʜʠʤʦʩʪ ʝ ʦʧʨʝʜʝʣʝʥʘ ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 
ʢʦʥʜʫʢʪʦʤʝʪʲʨ Bante 510 Benchtop Conductivity/TDS Meter, ʩʥʘʙʜʝʥ ʩ 
ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʥʘ ʢʣʝʪʢʘ ʩ ʂ=10 ʠ ʪʝʤʧʝʨʘʪʫʨʥʘ ʩʦʥʜʘ ʟʘ ʘʚʪʦʤʘʪʠʯʥʘ ʢʦʨʝʢʮʠʷ ʥʘ 
ʪʝʤʧʝʨʘʪʫʨʘʪʘ. 

ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʭʫʤʫʩ ʚ ʧʦʯʚʝʥʠʪʝ ʧʨʦʙʠ ʝ ʦʧʨʝʜʝʣʝʥʦ ʯʨʝʟ ʦʢʠʩʣʠʪʝʣʥʦ-
ʨʝʜʫʢʮʠʦʥʥʦ ʪʠʪʨʠʨʘʥʝ (Mladenov, 2017). 

1.4 ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʪʝʞʢʠ ʤʝʪʘʣʠ 

ʇʦʯʚʝʥʠʪʝ ʧʨʦʙʠ ʩʘ ʧʦʜʣʦʞʝʥʠ ʥʘ ʤʦʢʨʦ ʨʘʟʣʘʛʘʥʝ ʩʲʩ ʩʤʝʩ ʦʪ 10% ʨʘʟʪʚʦʨ ʥʘ 
ʭʣʦʨʦʚʦʜʦʨʦʜʥʘ ʢʠʩʝʣʠʥʘ ʠ ʢʦʥʮʝʥʪʨʠʨʘʥʘ ʘʟʦʪʥʘ ʢʠʩʝʣʠʥʘ ʧʨʠ ʥʘʛʨʷʚʘʥʝ, 
ʧʦʩʣʝʜʚʘʥʦ ʦʪ ʭʦʤʦʛʝʥʠʟʠʨʘʥʝ ʥʘ ʩʫʩʧʝʥʟʠʷʪʘ ʩ ʤʘʛʥʠʪʥʘ ʙʲʨʢʘʣʢʘ, ʬʠʣʪʨʠʨʘʥʝ 
ʧʨʝʟ ʬʠʣʪʲʨ Ăʩʠʥʷ ʣʝʥʪʘñ ʠ ʜʦʚʝʞʜʘʥʝ ʥʘ ʦʙʝʤʘ ʥʘ ʬʠʣʪʨʘʪʘ ʜʦ 100 cm3 . 
ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ Cd, Co, Cr, Cu, Ni, Pb, Sb ʠ Zn ʚʲʚ ʬʠʣʪʨʘʪʠʪʝ ʝ ʦʧʨʝʜʝʣʝʥʦ ʯʨʝʟ 
ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʝʥ ʩʧʝʢʪʨʦʤʝʪʲʨ ñPerkin-Elmerò 5000 ʩ ʤʦʜʫʣ ʟʘ ʨʘʙʦʪʘ ʚ ʧʣʘʤʲʢ 
C2H2 / ʚʲʟʜʫʭ.  

ɿʘ ʚʩʠʯʢʠ ʘʥʘʣʠʟʠ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʨʝʘʢʪʠʚʠ ʩ ʯʠʩʪʦʪʘ ʟʘ ʘʥʘʣʠʟ ʠ ʜʝʩʪʠʣʠʨʘʥʘ 
ʚʦʜʘ. 

1.5 ʂʦʝʬʠʮʠʝʥʪʠ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ ʠ ʠʥʜʝʢʩ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ 
ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ.  

ʂʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʧʦʪʝʥʮʠʘʣʥʠʷ ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ (ERi) ʧʨʝʜʩʪʘʚʣʷʚʘ 
ʧʦʪʝʥʮʠʘʣʥʠʷ ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ ʥʘ ʦʪʜʝʣʥʠʷ ʤʝʪʘʣ ʚ ʧʦʯʚʘʪʘ, ʜʦʢʘʪʦ ʠʥʜʝʢʩʲʪ ʥʘ 
ʧʦʪʝʥʮʠʘʣʝʥ ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ (RI) ʧʨʝʜʩʪʘʚʣʷʚʘ ʦʙʱʠʷ ʧʦʪʝʥʮʠʘʣʝʥ ʨʠʩʢ ʦʪ ʚʩʠʯʢʠ 
ʪʝʞʢʠ ʤʝʪʘʣʠ ʚ ʧʦʯʚʘʪʘ (Hakanson, 1980). 

ʂʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ (ERi) ʩʝ ʠʟʯʠʩʣʷʚʘ ʧʦ 
ʬʦʨʤʫʣʘʪʘ 1 ʧʦ-ʜʦʣʫ:  

       

ɽRi= T i r ×
Cis

Cib                                  (1)  

ʂʲʜʝʪʦ:  

 ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʪʦʢʩʠʯʝʥ ʦʪʛʦʚʦʨ ʥʘ i-ʪʠʷ ʪʝʞʲʢ ʤʝʪʘʣ (Cu=5;Zn=1; Pb=5; 

            Cd=30; Ni=5; Co=5, Cr=2; Sb=18) (Hakanson, 1980; Wang, 2018) 

Cis ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ i-ʪʠʷ ʪʝʞʲʢ ʤʝʪʘʣ ʚ ʠʟʩʣʝʜʚʘʥʘʪʘ ʧʦʯʚʘ; 

Cib ʬʦʥʦʚʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ i-ʪʠʷ ʪʝʞʲʢ ʤʝʪʘʣ. 
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ʂʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ ʥʘ ʦʪʜʝʣʥʠʪʝ ʪʝʞʢʠ ʤʝʪʘʣʠ ʩʝ 

ʢʘʪʝʛʦʨʠʟʠʨʘ ʢʘʪʦ: ʥʠʩʲʢ (ERi<40), ʫʤʝʨʝʥ (40ÒERi<80), ʟʥʘʯʠʪʝʣʝʥ (80ÒERi<160), 
ʚʠʩʦʢ (160ÒERi<320) ʠ ʤʥʦʛʦ ʚʠʩʦʢ (ERiÓ320), (Hakanson, 1980).  

ʀʥʜʝʢʩʲʪ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ (RI) ʩʝ ʠʟʯʠʩʣʷʚʘ ʧʦ ʬʦʨʤʫʣʘ 2 ʧʦ-
ʜʦʣʫ: 

 

            (2) 

 

ʀʥʜʝʢʩʲʪ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ ʩʝ ʢʘʪʝʛʦʨʠʟʠʨʘ ʢʘʢʪʦ ʩʣʝʜʚʘ: ʅʠʩʲʢ 
(RI<150),ʫʤʝʨʝʥ (150ÒRI<300), ʚʠʩʦʢ (300ÒRI<600) ʠ ʤʥʦʛʦ ʚʠʩʦʢ (RIÓ600), (Hakanson, 
1980). 

1.6 ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ 

ʂʦʨʝʣʘʮʠʠʪʝ ʤʝʞʜʫ ʬʠʟʠʢʦʭʠʤʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʦʯʚʘʪʘ ʠ 
ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʠ ʠʥʜʝʢʩʘ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ ʩʘ ʦʧʨʝʜʝʣʝʥʠ ʯʨʝʟ 
Analysis Tools Pack ʥʘ MS Excel Professional Plus 2021.  

 
ʈʝʟʫʣʪʘʪʠ ʠ ʦʙʩʲʞʜʘʥʝ 
ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʟʘ ʬʠʟʠʢʦʭʠʤʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʦʯʚʘʪʘ ʦʙʱʠʪʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʪʝʞʢʠ ʤʝʪʘʣʠ  ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʩʲʦʪʚʝʪʥʦ ʚ ʪʘʙʣʠʮʘ 1 
ʠ ʪʘʙʣʠʮʘ 2 ʧʦ-ʜʦʣʫ. 

 
ʊʘʙʣʠʮʘ 1. ʌʠʟʠʢʦʭʠʤʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʦʯʚʘʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʨʘʟʩʪʦʷʥʠʝʪʦ 
ʜʦ ʧʲʪʥʦʪʦ ʧʣʘʪʥʦ 

ʈʘʟʩʪʦʷʥʠʝ, 
m 

ʌʠʟʠʢʦʭʠʤʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʦʯʚʘʪʘ 

ʉʲʜʲʨʞʘʥʠʝ ʥʘ 
ʛʣʠʥʘ, % 

ʨʅ 
ʉʲʜʲʨʞʘʥʠʝ 
ʥʘ ʭʫʤʫʩ, % 

ɽʣʝʢʪʨʠʯʝʩʢʘ 
ʧʨʦʚʦʜʠʤʦʩʪ, mS/m 

11 < 5 7.1 5.0 4.0 

36 < 5 7.1 3.9 4.7 

61 < 5 6.0 4.3 5.2 

 

ʊʘʙʣʠʮʘ 2. ʆʙʱʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʪʝʞʢʠ ʤʝʪʘʣʠ ʚ ʧʦʯʚʘʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ 
ʨʘʟʩʪʦʷʥʠʝʪʦ ʜʦ ʧʲʪʥʦʪʦ ʧʣʘʪʥʦ [Pangarova, 2023] 

ʈʘʟʩʪʦʷʥʠʝ, 
m 

ʆʙʱʘ ʢʦʥʮʝʥʪʨʘʮʠʷ, mg/kg 

Cu Zn Pb Cd Cr Ni Co Sb 

11 51.35 233.63 44.19 1.51 47.21 54.67 22.24 8583.21 

36 49.85 109.48 30.01 1.66 47.84 76.70 31.73 5237.27 

61 46.15 156.49 73.16 0.92 24.52 55.12 41.30 4616.32 
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ʆʪ ʨʝʟʫʣʪʘʪʠʪʝ, ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʪʘʙʣʠʮʘ 1 ʩʣʝʜʚʘ, ʯʝ ʧʦʯʚʘʪʘ ʚ ʠʟʩʣʝʜʚʘʥʘʪʘ 
ʟʦʥʘ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘ ʢʘʪʦ ʧʝʩʲʯʣʠʚʘ ʨʦʭʢʘʚʘ (Gjurov, 2015). ɸʢʪʠʚʥʘʪʘ ʢʠʩʝʣʠʥʥʦʩʪ 
ʝ ʥʝʫʪʨʘʣʥʘ ʜʦ ʩʣʘʙʦ ʢʠʩʝʣʘ ʢʘʪʦ ʨʅ ʥʘʤʘʣʷʚʘ ʩ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʦʪ 
ʨʲʙʘ ʥʘ ʧʲʪʥʦʪʦ ʧʣʘʪʥʦ. ʀʟʩʣʝʜʚʘʥʠʪʝ ʧʦʯʚʝʥʠ ʧʨʦʙʠ ʩʘ ʩʲʩ ʩʨʝʜʥʘ ʟʘʧʘʩʝʥʦʩʪ ʩ 
ʭʫʤʫʩ, ʢʦʷʪʦ ʚʘʨʠʨʘ ʚ ʪʝʩʥʠ ʛʨʘʥʠʮʠ ʩ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʦʪ ʨʲʙʘ ʥʘ 
ʧʲʪʥʦʪʦ ʧʣʘʪʥʦ. ʇʦʯʚʝʥʠʪʝ ʧʨʦʙʠ ʩʘ ʩʣʘʙʦ ʟʘʩʦʣʝʥʠ ʠ ʩ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ 
ʦʪ ʨʲʙʘ ʥʘ ʧʲʪʥʦʪʦ ʧʣʘʪʥʦ ʟʘʩʦʣʷʚʘʥʝʪʦ ʥʘʨʘʩʪʚʘ. 

ʉʨʘʚʥʝʥʠʝʪʦ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʟʘ ʦʙʱʠʪʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʪʝʞʢʠʪʝ ʤʝʪʘʣʠw 
ʪʘʙʣʠʮʘ 2 ʩ ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ʅʘʨʝʜʙʘ ˉ 3 ʦʪ 1 ʘʚʛʫʩʪ 2008 ʛ. ʧʦʢʘʟʚʘ, ʯʝ ʩ 
ʠʟʢʣʶʯʝʥʠʝ ʥʘ Cr, ʢʦʥʮʝʥʪʨʘʮʠʠʪʝ ʥʘ ʦʩʪʘʥʘʣʠʪʝ ʠʟʩʣʝʜʚʘʥʠ ʪʝʞʢʠ ʤʝʪʘʣʠ ʩʘ ʧʦ-
ʚʠʩʦʢʠ ʦʪ ʬʦʥʦʚʠʪʝ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʂʦʥʮʝʥʪʨʘʮʠʷʪʘ ʟʘ Cd, Cu, Pb ʠ Co ʩʘ ʧʦ-ʚʠʩʦʢʠ 
ʦʪ ʧʨʝʜʦʭʨʘʥʠʪʝʣʥʠʪʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘ ʚʩʠʯʢʠ ʠʣʠ ʟʘ ʥʷʢʦʠ ʦʪ ʦʪʩʪʦʷʥʠʷʪʘ ʦʪ 
ʧʲʪʥʦʪʦ ʧʣʘʪʥʦ. ʉʭʦʜʥʠ ʨʝʟʫʣʪʘʪʠ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ Cd ʠ Pb ʩʘ ʜʦʢʣʘʜʚʘʥʠ ʦʪ 
Movafagh ʠ ʩʲʪʨ., 2018 ʠ Wang ʠ Zang, 2018, ʢʘʢʪʦ ʠ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ Cd, Cu ʠ Pb ʦʪ 
Rolli ʠ ʩʲʪʨ., 2015. 

ʂʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ Sb ʟʘ ʚʩʠʯʢʠ ʠʟʩʣʝʜʚʘʥʠ ʧʦʯʚʝʥʠ ʧʨʦʙʠ ʝ ʠʟʢʣʶʯʠʪʝʣʥʦ 
ʚʠʩʦʢʘ ʠ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʝʚʠʰʘʚʘ ʬʦʥʦʚʠʪʝ ʠ ʩʨʝʜʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʩʲʦʪʚʝʪʥʦ 0.3ï
8.6 mg kgī1 ʠ 1 mg kgī1 (Herath, 2017). ʇʦʜʦʙʥʠ ʚʠʩʦʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘ ʫʩʪʘʥʦʚʝʥʠ 
ʟʘ ʧʦʯʚʠ, ʚʟʝʪʠ ʦʪ ʣʦʚʥʠ ʧʦʣʝʪʘ ʚ ʐʚʝʡʮʘʨʠʷ (Johnson, 2005).  

ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʟʘ ʠʟʯʠʩʣʝʥʠʪʝ ʥʘ ʙʘʟʘ ʥʘ ʩʨʝʜʥʠʪʝ ʦʙʱʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʢʦʝʬʠʮʠʝʥʪʠ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ ʠ ʠʥʜʝʢʩ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ ʝʢʦʣʦʛʠʯʝʥ 
ʨʠʩʢ ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʬʠʛʫʨʘ 2 ʠ ʬʠʛʫʨʘ 3 ʧʦ-ʜʦʣʫ.  

 
 

 

ʌʠʛʫʨʘ 2. ʂʦʝʬʠʮʠʝʥʪʠ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ ʟʘ Cd, Co, Cr, Cu, Ni, Pb ʠ 
Zn 

 

 

ʌʠʛʫʨʘ 3. ʂʦʝʬʠʮʠʝʥʪ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ ʟʘ Sb ʠ ʠʥʜʝʢʩ ʥʘ 
ʧʦʪʝʥʮʠʘʣʝʥ ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ 
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ʆʪ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʥʘ ʬʠʛʫʨʘ 2 ʠ ʬʠʛʫʨʘ 3 ʨʝʟʫʣʪʘʪʠ ʩʣʝʜʚʘ, ʯʝ ʠʟʩʣʝʜʚʘʥʠʪʝ 
ʪʝʞʢʠ ʤʝʪʘʣʠ ʩʝ ʧʦʜʨʝʞʜʘʪ ʧʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ 
ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ ʚ ʨʝʜʘ: Sb>Cd>Co>Ni>Cu>Pb>Zn>Cr. ʉ ʠʟʢʣʶʯʝʥʠʝ ʥʘ Sb ʠ Cd, ʟʘ 
ʢʦʠʪʦ ʧʦʪʝʥʮʠʘʣʥʠʷʪ ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ ʩʲʦʪʚʝʪʥʦ ʝ ʤʥʦʛʦ ʚʠʩʦʢ ʠ ʟʥʘʯʠʪʝʣʝʥ, 
ʦʩʪʘʥʘʣʠʪʝ ʠʟʩʣʝʜʚʘʥʠ ʪʝʞʢʠ ʤʝʪʘʣʠ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʪ ʩ ʥʠʩʲʢ ʧʦʪʝʥʮʠʘʣʝʥ 
ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ. ʀʟʩʣʝʜʚʘʥʠʪʝ ʧʦʯʚʝʥʠ ʧʨʦʙʠ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʩ ʤʥʦʛʦ ʚʠʩʦʢ 
ʠʥʜʝʢʩ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ ʦʩʥʦʚʥʦ ʧʦʨʘʜʠ ʚʠʩʦʢʠʷ ʧʦʪʝʥʮʠʘʣʝʥ 
ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ ʥʘ Sb, ʢʦʡʪʦ ʥʘʤʘʣʷʚʘ ʩ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʦʪ ʨʲʙʘ ʥʘ 
ʧʲʪʥʦʪʦ ʧʣʘʪʥʦ.  

ɺ ʪʘʙʣʠʮʘ 3 ʧʦ-ʜʦʣʫ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʥʘ Pearson ʟʘ ʢʦʨʝʣʘʮʠʠʪʝ 
ʤʝʞʜʫ ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ ʠ ʠʥʜʝʢʩʘ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ 
ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ ʠ ʬʠʟʠʢʦʭʠʤʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʦʯʚʘʪʘ. 
 
ʊʘʙʣʠʮʘ 3. ʂʦʨʝʣʘʮʠʦʥʥʠ ʢʦʝʬʠʮʠʝʥʪʠ ʥʘ Pearson 

  OM pH EC ɽR-Cu Er-Zn Er-Pb Er-Cd Er-Cr Er-Ni ER-Co ER-Sb RI 

OM 1,000            

pH 0,156 1,000           

EC -0,700 -0,814 1,000          

ɽR-Cu 0,426 0,960 -0,944 1,000         

Er-Zn 1,000 0,139 -0,688 0,411 1,000        

Er-Pb 0,171 -0,947 0,583 -0,818 0,188 1,000       

Er-Cd -0,044 0,980 -0,682 0,885 -0,061 
-

0,992 1,000      

Er-Cr 0,132 1,000 -0,800 0,953 0,115 
-

0,954 0,984 1,000     

Er-Ni -0,789 0,484 0,114 0,220 -0,799 
-

0,741 0,649 0,505 1,000    

ER-Co -0,627 -0,867 0,995 -0,972 -0,614 0,660 
-

0,751 -0,855 0,016 1,000   

ER-Sb 0,871 0,621 -0,961 0,816 0,863 
-

0,335 0,452 0,602 -0,385 
-

0,929 1,000  

RI 0,870 0,622 -0,961 0,816 0,862 
-

0,336 0,453 0,603 -0,384 
-

0,929 1,000 1,000 

 
ʆʪ ʨʝʟʫʣʪʘʪʠʪʝ ʚ ʪʘʙʣʠʮʘ 2 ʩʣʝʜʚʘ, ʯʝ ʤʝʞʜʫ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ 

ʨʠʩʢ ʥʘ Zn ʠ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʭʫʤʫʩ ʩʲʱʝʩʪʚʫʚʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ (Ŭ=0,01, 
ʜʚʫʩʪʨʘʥʝʥ ʪʝʩʪ) ʩʠʣʥʘ, ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʢʦʨʝʣʘʮʠʷ. ʉʠʣʥʘ, 
ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʢʦʨʝʣʘʮʠʷ ʝ ʥʘʣʠʮʝ ʠ ʤʝʞʜʫ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ 
ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ ʥʘ Sb ʠ ʠʥʜʝʢʩʘ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ ʠ ʩʲʜʲʨʞʘʥʠʝʪʦ 
ʥʘ ʭʫʤʫʩ ʚ ʧʦʯʚʘʪʘ. 

ʄʝʞʜʫ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ ʨʠʩʢ ʥʘ Cr ʠ pH ʥʘ ʧʦʯʚʘʪʘ ʩʲʱʝʩʪʚʫʚʘ 
ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ (Ŭ=0,01, ʜʚʫʩʪʨʘʥʝʥ ʪʝʩʪ) ʩʠʣʥʘ ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ 
ʢʦʨʝʣʘʮʠʷ. ʉʠʣʥʘ, ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʢʦʨʝʣʘʮʠʷ ʩʝ ʫʩʪʘʥʦʚʷʚʘ ʠ ʤʝʞʜʫ 
ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ ʥʘ Cd, ʜʦʢʘʪʦ ʤʝʞʜʫ ʢʦʝʬʠʮʠʝʥʪʠʪʝ 
ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ ʥʘ Pb ʠ Co ʠ ʨʅ ʩʝ ʫʩʪʘʥʦʚʷʚʘʪ ʩʠʣʥʠ, ʦʙʨʘʪʥʦ 
ʧʨʦʧʦʨʮʠʦʥʘʣʥʠ ʢʦʨʝʣʘʮʠʠ. 

ʄʝʞʜʫ ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ ʥʘ Cu, Cr, Co ʠ Sb, 
ʠʥʜʝʢʩʘ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ ʠ ʝʣʝʢʪʨʠʯʝʩʢʘʪʘ ʧʨʦʚʦʜʠʤʦʩʪ ʩʝ 
ʫʩʪʘʥʦʚʷʚʘʪ ʩʠʣʥʠ, ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʠ ʢʦʨʝʣʘʮʠʠ. 
 

ɿʘʢʣʶʯʝʥʠʝ 
ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʚʝʜʘʪ ʩʣʝʜʥʠʪʝ ʟʘʢʣʶʯʝʥʠʷ: 
ʀʟʩʣʝʜʚʘʥʘʪʘ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʘ ʧʦʯʚʘ ʝ ʩ ʤʥʦʛʦ ʚʠʩʦʢ ʠʥʜʝʢʩ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ 

ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ ʦʩʥʦʚʥʦ ʧʦʨʘʜʠ ʚʠʩʦʢʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ Sb; 
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ʉʲʱʝʩʪʚʫʚʘ ʩʠʣʥʘ, ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʘ, ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʢʦʨʝʣʘʮʠʷ 
ʤʝʞʜʫ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ ʥʘ Zn ʠ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʭʫʤʫʩ 
ʠ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ ʝʢʦʣʦʛʠʯʝʥ ʨʠʩʢ ʥʘ Cr ʠ pH. 
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Abstract  
Microbial surfactants are a large number of amphipathic biomolecules with a myriad 

of biomolecule constituents from various microbial sources that have been studied for their 
surface tension reduction activities. With unique properties, their applications have been 
increased in different areas including environment, agriculture technologies. The present 
review aims to study the biochemistry and biosynthesis of biosurfactants exhibiting varying 
biomolecular structures which are produced by different microbial sources. It also provides 
details on roles played by biosurfactants in nature as well as their potential applications in 
remediation of polluted soils. Basic biomolecule content of all the biosurfactants studied 
showed presence of carbohydrates, aminoacids, lipids and fatty acids. The data presented 
here would help in designing, biosynthesis and application of tailormade novel 
biosurfactants. This would pave a way for perspectives of research on biosurfactants to 
overcome the existing bottlenecks in this field. 

Key words: Biosurfactants, Bioemulsifiers, Secondary metabolites, Environmental 
Health and Sustainability. 
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ʧʨʠʣʦʞʝʥʠʷ ʩʝ ʧʨʦʷʚʷʚʘʪ ʚ ʨʘʟʣʠʯʥʠ ʦʙʣʘʩʪʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʚ ʦʙʣʘʩʪʪʘ ʥʘ 
ʦʧʘʟʚʘʥʝʪʦ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʠ ʘʛʨʘʨʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ. ʅʘʩʪʦʷʱʠʷʪ ʧʨʝʛʣʝʜ ʠʤʘ ʟʘ 
ʮʝʣ ʜʘ ʦʥʘʛʣʝʜʠ ʙʠʦʭʠʤʠʯʥʠʪʝ ʩʚʦʡʩʪʚʘ ʠ ʦʩʦʙʝʥʦʩʪʠʪʝ ʚ ʙʠʦʩʠʥʪʝʟʘʪʘ ʥʘ 
ʙʠʦʩʲʨʬʘʢʪʘʥʪʠ, ʦʪʣʠʯʘʚʘʱʠ ʩʝ ʧʦʤʝʞʜʫ ʩʠ ʧʦ ʩʚʦʠʪʝ ʩʪʨʫʢʪʫʨʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 
ʢʦʠʪʦ ʩʝ ʧʨʦʠʟʚʝʞʜʘʪ ʦʪ ʨʘʟʣʠʯʥʠ ʤʠʢʨʦʙʥʠ ʱʘʤʦʚʝ. ʊʦʡ ʩʲʱʦ ʪʘʢʘ ʧʨʝʜʦʩʪʘʚʷ 
ʧʦʜʨʦʙʥʦʩʪʠ ʟʘ ʨʦʣʷʪʘ ʥʘ ʧʦʚʲʨʭʥʦʩʪʥʦʘʢʪʠʚʥʠʪʝ ʚʝʱʝʩʪʚʘ ʦʪ ʙʠʦʣʦʛʠʯʝʥ ʧʨʦʠʟʭʦʜ 
ʚ ʧʨʠʨʦʜʘʪʘ, ʢʘʢʪʦ ʠ ʟʘ ʧʦʪʝʥʮʠʘʣʥʠʪʝ ʠʤ ʧʨʠʣʦʞʝʥʠʷ ʧʨʠ ʪʝʭʥʦʣʦʛʠʠʪʝ ʟʘ 
ʨʝʤʝʜʠʘʮʠʷ ʥʘ ʟʘʤʲʨʩʝʥʠ ʧʦʯʚʠ. ʆʩʥʦʚʥʘ ʦʪʣʠʯʠʪʝʣʥʘ ʦʩʦʙʝʥʦʩʪ ʚ ʩʪʨʦʝʞʘ ʥʘ 
ʙʠʦʤʦʣʝʢʫʣʠʪʝ ʥʘ ʚʩʠʯʢʠ ʠʟʩʣʝʜʚʘʥʠ ʙʠʦʩʲʨʬʘʢʪʘʥʪʠ ʩʝ ʷʚʷʚʘ  ʥʘʣʠʯʠʝʪʦ ʥʘ 
ʦʩʪʘʪʲʮʠ ʦʪ ʚʲʛʣʝʭʠʜʨʘʪʠ, ʘʤʠʥʦʢʠʩʝʣʠʥʠ, ʣʠʧʠʜʠ ʠ ʤʘʩʪʥʠ ʢʠʩʝʣʠʥʠ. ɼʘʥʥʠʪʝ, 
ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʥʘʩʪʦʷʱʠʷ ʧʨʝʛʣʝʜ, ʠʣʶʩʪʨʠʨʘʪ ʦʩʥʦʚʥʠʪʝ ʙʠʦʭʠʤʠʯʥʠ ʧʲʪʠʱʘ ʥʘ 
ʙʠʦʩʠʥʪʝʟʘʪʘ ʥʦʚʠ ʙʠʦʩʲʨʬʘʢʪʘʥʪʠ ʦʪ ʨʘʟʣʠʯʥʠ ʤʠʢʨʦʙʥʠ ʱʘʤʦʚʝ. ʊʦʚʘ ʙʠ 
ʧʨʦʧʨʘʚʠʣʦ ʧʲʪ ʟʘ ʧʝʨʩʧʝʢʪʠʚʠ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʙʠʦʩʲʨʬʘʢʪʘʥʪʠʪʝ ʟʘ 
ʧʨʝʦʜʦʣʷʚʘʥʝ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʧʨʝʯʢʠ ʚ ʪʘʟʠ ʦʙʣʘʩʪ. 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʙʠʦʩʲʨʬʘʢʪʘʥʪʠ, ʙʠʦʝʤʫʣʛʘʪʦʨʠ, ʚʪʦʨʠʯʥʠ ʤʝʪʘʙʦʣʠʪʠ, 
ʩʲʩʪʦʷʥʠʝ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪ. 

 
Introduction  
Environmental legislation has been rapidly evolving in order to develop sustainable 

products. This has inspired modern researchers to look into natural resources for both 
industrial and domestic applications (Ambaye et al., 2021). Among diverse synthetic 
products, surface-active compounds are widely employed throughout the globe, with an 
increasing trend of their synthesis and subsequent application. Owing to their 
distinguished properties, for example dispersion, emulsification, biological activity, 
surfactants have found several industrial applications. Chemical surfactants, also known 
as surface-active agents, are synthetic molecules mostly used in industrial products such 
as washing powders, detergents, toothpastes, soaps, and shampoos. However, their 
implication is associated with various environmental concerns due to their source of origin. 
Most of the commercially available surfactants are the derivatives of petroleum-based 
organics therefore, scientists are now looking forward for their possible replacement. 
Some recent scientific evidences have suggested using bio-based surface-active 
compounds as an innovative and green replacement of their chemical counterparts (Geys 
et al., 2014).  

Biosurfactants are amphiphilic secondary metabolites that possess significant 
surface and interfacial activity due to the presence of both hydrophobic and hydrophilic 
moieties in a single molecule. Due to these properties, biosurfactants tend to solubilize 
complex hydrophobic compounds and other contaminants in the aqueous system. 
Biosurfactants derived from microorganisms appeared as an effective choice compared 
with their chemical counterparts. Various microbes have been known for biosurfactants 
production; however, there aremany complexations in generalizing their role and 
properties. Considering the potential of biosurfactants, their applications are growing 
swiftly, particularly in environmental remediation (Korayem et al., 2015). These molecules 
are successfully used in wastewater treatment, soil remediation, microbial enhanced oil 
recovery, pharmaceutical products, petroleum industry, heavy metal remediation, and 
sludge treatment (Ambaye et al., 2021). Being a green material, biosurfactants are 
currently getting much attention because they are environmentally friendly. Moreover, 
when compared to their chemical counterparts, biosurfactants have numerous benefits 
including biodegradability, bioavailability, biocompatibility, high selectivity, environmental 
suitability, greater efficiency under higher temperature and saline stresses (Javee et al., 
2020). 
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Properties of Microbial biosurfactants  
Biosurfactants are produced by both eukaryotic and prokaryotic species, making 

them ubiquitous. Microbial biosurfactants are preferred over other biological surfactants 
due to their instantaneous production, multi-functional attributes, accessibility, and scale-
up capacity. The bacterial genera known for the production of biosurfactants include 
Actinobacteria, Pseudomonas, Sphingomonas, Bacillus, Halomonas, Pseudoalteromonas, 
Mycobacterium, Alcanivorax, Rhodococcus, and Arthrobacter. Although the bacterial 
species have been comprehensively studied for biosurfactants synthesis, seldom research 
is conducted to exploit the potentials of fungi for biosurfactant production. Among various 
fungal species, the eminent producers include Candida lipolytica, Candida bombicola, 
Candida batistae, Candida ishiwadae, Aspergillus ustus and Trichosporon ashii. It is 
noteworthy that the nature of produced biosurfactants significantly depends on the 
composition of the growth substrate provided (Khopade et al., 2012).  

The most widely investigated class of low molecular weight biosurfactants are 
glycolipids. Glycolipid structure is comprised of a hydrophilic carbohydrate moiety 
connected to hydrophobic fatty acid chains of variable lengths through an ester group. 
Intern glycolipid biosurfactants are further characterized based on the structure of 
hydrophilic carbohydrate moiety they possess with rhamnolipids, trehalolipids, 
mannosylerythritol lipids and sophorolipids being the most prevalent subclasses. 
Rhamnolipids comprise of one or two fatty acid chains ranging from 8 to 16 carbons in 
length linked to one or two rhamnose sugarmolecules. The main producer of rhamnolipids 
is the Gram-negative bacterium Pseudomonas aeruginosa, however further research has 
shown other bacteria species to be actively producing rhamnolipid biosurfactants. The 
types of rhamnolipids produced depends on the strain, the carbon source used and the 
culture conditions. Rhamnolipids constitute one of the most interesting classes of 
biosurfactants because of their advantageous characteristics. Several renewable 
substrates such as used oils or wastes from the food industry has been reported as 
suitable carbon sources. Rhamnolipids can reduce the water/air surface tension from 72 
mN/m to values close to 30 mN/m, as well as the water/oil interface tension from 43 mN/m 
to values around 1mN/m. The critical micelleconcentration of pure rhamnolipids and their 
mixtures depends to a great extent on the chemical composition of the various species 
and varies from 50 to 200 mg/L. The biosynthesis of rhamnolipid in P. Aeruginosa is driven 
by three enzymes; RhlA generates the fatty acid pre-curser molecular for rhamnolipids; 
RhlB adds the rhamnose to generate mono-rhamnolipids; RhlC utilisers mono-
rhamnolipids as substrate, adding a second rhamnose to form di-rhamnolipids. In P. 
Aeruginosa the rhlA and rhlB genes are located on a single operon and expression is 
regulated by an acyl homoserine lactone mediated quorum sensing system expressed 
from the genes rhlI and rhlR located on the same operon. In P. aeruginosa the rhlC gene, 
which is ulso under the regulation of the rhlI/R quorum sensing system is located 
separately on the bacterial genome, however in other rhamnolipid producing bacteria such 
as Burkholderia species this is not the case with all three biosynthesis genes located 
together (Didyk-Mucha et al., 2019; Markande et al., 2021). 

Sophorolipids consist of a hydrophilic disaccharide sophorose which is comprised of 
two monomers connected by ɓ-1,2 bonds, the sophorose is intern connected by a 
glycosidic bond to C16 or C18 hydroxylated fatty acid chains that can be either acetylated 
or non-acetylated. Sophorolipid congeners either exist as a lactonic or acidic form, with 
each form possessing differing application. Sophorolipids are synthesized by yeasts such 
as Starmerella bombicola. The surface tension of these biomolecules presents values 
around 33 mN/m and interfacial tension of 5 mN/m between n-hexadecane and water. 
Starmerella bombicola is considered one of the most productive strains, being able to 
produce large yields of sophorolipids (on average 300 g/L). Due to this hight yield of 
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production sophorolipids are the class of microbial biosurfactant that has progressed 
furthest toward commercial application (Santosa et al., 2019). 

Trehalolipids contain trehalosedisaccharides associated with a fatty acid (mycolic 
acid), have high structural diversity, and are mainly produced by species of the genera  
Rhodococcus, Nocardia, Mycobacterium and Corynebacterium. Trehalolipids from 
Arthrobacter spp. And Rhodococcuserythropolis are able to lower surface and interfacial 
tensions in culture broth to 25ï40 and 1ï5 mN/m, respectively (Sharuddin et al., 2021). 

Mannosylerythritol lipids (MEL) are among the most promising biosurfactants and are 
abundantly produced from vegetable oils by Pseudozyma antarctica. MELs are 
characterized by mannose sugar linked to a fatty acid and are subdivided according to the 
length of the hydrophobic fatty acid chain and degree of saturation and/or acetylation in 
the C4 and C6 positions of the monosaccharide (Santosa et al., 2019). 

Other classes of low-molecular weight biosurfactants are the lipopeptides, 
phospholipids polymeric surfactants. The Gram-positive bacterium Bacillus subtilis 
produces compound called surfactin, a cyclic lipopeptide consisting of seven long-chain 
hydrophobic amino acids (13ï15 carbons in length and a loop of seven amino acids such 
as L-asparagine (Asn), L-leucine (Leu), glutamic acid (Glu), L-leucine (Leu), L-valine (Val) 
and two D-leucines connected via lactone linkage. Surfactin is known to be one of the 
most potent biosurfactants reported. More than 30 types of surfactin have been discovered 
with different amino acids and fatty acid residues. Surfactin molecules however remains 
identical depending upon the chiral sequence. Surfactin has anti-bacterial, anti-viral, anti-
fungal and anti-mycoplasma activities suitable for health-related applications and can act 
as an efficient emulsifier, stabilizer, and surface modifier in the food industry. It reduces 
surface tension from 72 to 27 mN/m with a concentration less than 5% by volume and has 
also showed a low critical micelle concentration (CMC) and hence has been explored for 
use in extensive different potential applications. The biosynthesis of surfactin typically 
produced by Bacillus subtilis is driven by the srfA operon which encodes the four open 
reading frames necessary for the building of the megaenzyme surfactin synthetase, that 
recognizes the seven amino acids in the surfactin molecule. Therefore, SrfAA incorporates 
the amino acids Glu, Leu, and D-Leu; srfAB incorporates Val, Asp, and D-Leu; whereas 
SrfAC functions in the incorporation of Leu. In addition, srfAD or srfD encodes a 
thioesterase that initiates the surfactin biosynthesis. The activation of the srfA operon is 
regulated by the gene comA, which is a transcriptional activator abletobind DNA 
(Markandeetal., 2021). 

Phospholipids are produced in large quantities during the growth of bacteria and 
yeasts on n-alkanes. Acinetobacter spp. And Thiobacillus trioxidanes are known to 
synthesize phospholipid biosurfactants. Emulsan and liposan are polymeric biosurfactants. 
These compounds serve as emulsifying agents and can be synthesized by bacteria as well 
as yeasts of the genus Candida. The literature off ersreportson the application of 
liposanasanemulsifier in the food and cosmetic industries (Markande et al., 2021).  

 
Application of Microbial Surfactants in Envoronmental Technologies  
Removing such pollutants from the environment is the biggest challenge for 

government, policymakers, scientists, and societies (Manga et al., 2021). 
Biosurfactants are highly biodegradable and non-toxic for creatures and valuable in 

restoring the polluted environment (Ambaye et al., 2021). 
 
Bioremediation 
Environmental contamination remediation is commonly carried out using synthetic 

surfactants. Biosurfactants are less specific because of their wide range of structures, a 
rich diversity of functional groups compared to synthetic surfactants. Synthetic surfactants 
have the advantage of precisely determined chemical composition; hence, their effects are 

https://www.sciencedirect.com/science/article/pii/S1369703X22000468#bib4
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more predictable, they are, however, more toxic and less degradable than biosurfactants 
discussed earlier. For sustainable applications, more environmentally friendly options are 
sought. Synthetic surfactants are made of paraffin, olefins, phenols, or alcohols, SDS, 
Tween 80, Triton X-100, while biosurfactants are made of cyclic peptides, amino acids, 
phosphates, carbohydrates, fatty acids, and so on, which form building blocks of living 
organisms. Hence, they can be more degradable than synthetic surfactants. 
Biodegradability is an important indicator of environmental sustainability. For efficient 
degradation, however, the environment must be properly studied to determine the group of 
biosurfactants that will have the optimal effect. Higher prices of biosurfactants limit their 
use in bioremediation, however, in situ microbial producers may be used to improve cost-
effectiveness (Manga et al., 2021). 

Even for in situ applications, there are still common challenges encountered. 
Compared to synthetic surfactants, there are fewer standardized protocols, and the 
structures of biosurfactants are not predetermined as for synthetic surfactants, therefore 
their effects cannot be as accurately predicted. In line with this, some studies have 
reported less than optimal or no effects on remediation. Because of the lower labor, 
material, energy and transportation requirements, in situ this method could be both cost-
effective and sustainable. Especially for environmental applications, understanding the 
reason for and mechanism of biosurfactant production by microorganisms, and the 
development of proper tools for monitoring remediation processes becomes essential 
(Markande et al., 2021). 

 
Water resources and soil health 
Human activities have affected the soil and water resources in various ways. 

Damage through waste disposal, effluents from agricultural practices have polluted the 
ground. Organic matter mobilization and bioremediation follow similar mechanisms; 
meanwhile, stabilization of soil water emulsions is the property that makes biosurfactants 
suitable for restoring soil health and water (Geys et al., 2014).  

Common pollutants includeheavymetals, xenobiotics, radionuclides, whichaffectthe 
ecosystems in many ways. Surfactants can improve pollutant desorption by increasing 
their bioavailability, forming complexes, or using ion-exchange mechanisms. 
Biosurfactants can also be used to remove PAHs from the contaminated aquatic 
environment due to the adsorption and solubilization of the biosurfactants towards the 
PAHs. Improved effects on soil washing can be achieved when surfactants are mixed with 
other compounds, such as plant surfactants to improve efficiency in metal pollution 
mobilization/washing of soils. Micelles that are hydrophilic on their surfaces and lipophilic 
in the cores can easily disperse contaminants, such as non-aqueous phase liquids, and 
significantly increase solubilities in the water phase promoting further contaminant 
desorption. This also increases the mobility and conductivity of dissolved contaminants in 
the aqueous phase facilitating subsequent removal by microorganisms. Biosurfactants as 
future green remediation technology needs further investigation using different wastewater 
to study the removal of phosphorus, nitrogen, detergents, pesticides, and hydrocarbon, 
heavy metal, and other pollutants (Markande et al., 2021). 

 
Heavy metals removal  
The application of biosurfactants for removal of heavy metals from the polluted 

wastewater showed biosurfactants could remove the heavy metals through the 
complexation process by the attraction of the negatively charged molecules of the 
biosurfactants with the cation of the heavy metals. Chelation of heavy metals by 
biosurfactants prevents their mobility, such that using accumulators, these complexes can 
be picked or immobilized in the soil preventing the further spread into the environment. 
ʊhe biosurfactants produced from the Paenibacillus sp. D9 has a high removal efficiency 

https://www.sciencedirect.com/topics/chemistry/alkene
https://www.sciencedirect.com/topics/chemical-engineering/phenol
https://www.sciencedirect.com/topics/chemistry/cyclic-peptide
https://www.sciencedirect.com/topics/chemistry/amino-acid
https://www.sciencedirect.com/topics/chemistry/xenobiotic-agent
https://www.sciencedirect.com/topics/chemistry/radioisotope
https://www.sciencedirect.com/topics/materials-science/conductivity
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of lead and copper and lower efficiency for removing the zinc due to the biosurfactantsô 
weak binding affinity.Given that most polluted sites are contaminated by more than one 
type of heavy metal, which might require the use of multiple chelators when using other 
approaches, a biosurfactant approach leveraging their structural versatility can allow for 
the chelation of more than one type of metal in co-contaminated sites. The downside is 
that there is no selective uptake of encapsulated toxic elements as bioavailability 
increases, other microorganisms to which such compounds are toxic might be affected 
(Ambaye et al., 2021). 

 
Conclusion 
This review showed the widespread prospects of biosurfactants in the agriculture, 

agrochemical industries, restoring contaminated environments and their sustainability. 
Biosurfactants are natural, greener, and eco-friendly substitutes for chemical or synthetic 
surfactants. They can be produced from bioresources by selecting low-cost material and 
biotechnological approaches at lower production costs. However, its biotechnological and 
environmental applications process can be inhibited due to its low insolubility and 
bioavailability, strong adsorption to soil particles, and pollutant hydrophobicity. This issue 
can be managed by optimized growth/production conditions using economically feasible 
renewable substrates and efficient multi-step downstream processing. This would help to 
produce a more profitable biosurfactant. Furthermore, knowing the social and economic 
benefits of these materials, the optimal conditions for their preparation need to be further 
investigated. 
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ʈʝʟʶʤʝ 

ʇʨʝʟ 2020 ï 2022 ʛʦʜʠʥʘ ʥʘ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʦʧʠʪʥʦ ʧʦʣʝ Ăʏʝʣʦʧʝʯʝʥʝñ ʥʘ 

ʀʇɸɿʈ Ăʅ. ʇʫʰʢʘʨʦʚò ʝ ʧʨʦʚʝʜʝʥ ʝʢʩʧʝʨʠʤʝʥʪʘʣʝʥ ʦʧʠʪ ʩ ʠʥʪʝʥʟʠʚʥʦ ʷʙʲʣʢʦʚʦ 

ʥʘʩʘʞʜʝʥʠʝ ʩʦʨʪ ʌʣʦʨʠʥʘ, ʩʲʟʜʘʜʝʥʦ ʧʨʝʟ 2017 ʛʦʜʠʥʘ. ʇʦʯʚaʪʘ ʚ ʠʟʩʣʝʜʚʘʥʠʷ 

ʨʘʡʦʥ ʝ ʠʟʣʫʞʝʥʦ ʂʘʥʝʣʝʥʘ ʛʦʨʩʢʘ. ʇʨʠ ʥʘʧʨʘʚʝʥʠʪʝ ʩʨʘʚʥʝʥʠʷ ʥʘ ʙʠʦʤʝʪʨʠʯʥʠʪʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʜʲʨʚʝʪʘʪʘ, ʦʪʛʣʝʞʜʘʥʠ ʩ ʢʘʧʢʦʚʦ ʥʘʧʦʷʚʘʥʝ ʠ ʤʫʣʯʠʨʘʥʝ ʠ ʪʝʟʠ 

ʙʝʟ ʤʫʣʯʠʨʘʥʝ ʧʨʝʟ ʧʝʨʠʦʜʘ 2020-2022 ʛ., ʨʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʟʘʭʘ, ʯʝ ʧʦʜ ʚʣʠʷʥʠʝ ʥʘ 

ʤʫʣʯʠʨʘʥʝʪʦ ʷʙʲʣʢʦʚʠʪʝ ʜʨʲʚʯʝʪʘ ʧʨʦʷʚʷʚʘʪ ʧʦ-ʩʠʣʝʥ ʨʘʩʪʝʞ ʧʦ ʩʣʝʜʥʠʪʝ 

ʧʦʢʘʟʘʪʝʣʠ: ʦʙʠʢʦʣʢʘʪʘ ʥʘ ʩʪʲʙʣʘʪʘ, ʥʘʧʨʝʯʥʦ ʩʝʯʝʥʠʝ ʥʘ ʩʪʲʙʣʘʪʘ, ʩʨʝʜʥʘ 

ʚʠʩʦʯʠʥʘ ʥʘ ʜʨʲʚʯʝ ʠ ʦʙʝʤ ʥʘ ʢʦʨʦʥʘʪʘ. ʉʨʝʜʥʘʪʘ ʦʙʠʢʦʣʢʘ ʥʘ ʩʪʲʙʣʦʪʦ ʥʘʨʘʩʪʚʘ 

ʦʪ 167 mm ʜʦ 241 mm ʧʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʫʣʯ, ʠ ʦʪ 140 mm ʜʦ 218 mm ʧʨʠ 

ʚʘʨʠʘʥʪʘ ʙʝʟ ʤʫʣʯ. ʆʙʠʢʦʣʢʘʪʘ ʩʨʝʜʥʦ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʫʣʯ ʝ ʩ 10% ʧʦ-ʛʦʣʷʤʘ. 

ʉʨʝʜʥʦ ʥʘʧʨʝʯʥʦʪʦ ʩʝʯʝʥʠʝ ʥʘ ʜʲʨʚʦʪʦ ʥʘʨʘʩʪʚʘ ʦʪ 22.66 cm3 ʧʨʝʟ 2020 ʛ ʜʦ 47 cm3  

ʧʨʝʟ 2022ʛ. ʧʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʫʣʯ. ɸ ʧʨʠ ʚʘʨʠʘʥʪʲʪ ʙʝʟ ʤʫʣʯ ʝ 16.34 cm3 ʧʨʝʟ 

2020 ʛ ʜʦ 31.62 cm3  ʧʨʝʟ 2022ʛ. ʉʨʝʜʥʘʪʘ ʚʠʩʦʯʠʥʘ ʥʘ ʷʙʲʣʢʦʚʦʪʦ ʜʲʨʚʦ ʩʦʨʪ 

ʌʣʦʨʠʥʘ ʝ 3.25 m ʜʦ 3.54 m ʧʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʫʣʯ ʠ 3.10 m ʜʦ 3.54 m ʧʨʠ 

ʚʘʨʠʘʥʪʘ ʙʝʟ ʤʫʣʯ. ʇʨʠ ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʜʲʨʚʝʪʘʪʘ ʥʝ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʩʲʱʝʩʪʚʝʥʠ 

ʨʘʟʣʠʢʠ ʧʨʠ ʜʚʘʪʘ ʚʘʨʠʘʥʪʘ. ʅʘʡ-ʛʦʣʝʤʠ ʨʘʟʣʠʢʠ ʩʝ ʥʘʙʣʶʜʘʚʘʪʧʨʠ ʦʬʦʨʤʷʥʝʪʦ ʥʘ 

ʢʦʨʦʥʘʪʘ/ ʦʙʝʤʘ ʥʘ ʢʦʨʦʥʘʪʘ ʧʨʝʟ ʨʘʟʛʣʝʞʜʘʥʠʪʝ ʛʦʜʠʥʠ. 

ʆʩʥʦʚʥʘ ʮʝʣ: ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʦʧʪʠʤʘʣʥʦʪʦ ʥʘʧʦʷʚʘʥʝ ʚʲʨʭʫ 

ʙʠʦʤʝʪʨʠʯʥʠʪʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʩʫʧʝʨ-ʠʥʪʝʥʟʠʚʥʠ ʷʙʲʣʢʦʚʦ ʥʘʩʘʞʜʝʥʠʝ ʧʨʠ ʢʘʧʢʦʚʦ 

ʥʘʧʦʷʚʘʥʝ ʠ ʤʫʣʯʠʨʘʥʝ.  

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʢʘʧʢʦʚʦ ʥʘʧʦʷʚʘʥʝ, ʷʙʲʣʢʦʚʦ ʥʘʩʘʞʜʝʥʠʝ, ʙʠʦʤʝʪʨʠʯʥʠ 

ʧʦʢʘʟʘʪʝʣʠ, ʤʫʣʯʠʨʘʥʝ.  

 

 

THE BIOMETRIC INDICATORS OF AN APPLE ORCHARD OF THE FLORINA VARIETY 
IN ITS INFANCY, GROWN IN THE KREMIKOVTZI REGION 

 

 

Abstract 
In 2020 - 2022, on the territory of the experimental field "Chelopechene" of ISSAPP 

"N. Poushkarov". an experimental trial was conducted with an intensive apple plantation of 
the ñFlorinaò: variety, created in 2017. The soils in the study area are leached cinnamon 
forest. When comparing the biometric characteristics of the trees grown with drip irrigation 
and mulching and those without mulching in the period 2020-2022, the results showed that 
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under the influence of mulching, the apple trees showed stronger growth according to the 
following indicators: the circumference of the stems, stem cross-section, average tree 
height and crown volume. Average stem girth increased from 167 mm to 241 mm when 
using mulch, and from 140 mm to 218 mm when using no mulch. The average 
circumference when using mulch is 10% larger. The average tree cross-section increased 
from 22.66 cm3 in 2020 to 47 cm3 in 2022. when using mulch. And for the version without 
mulch, it is 16.34 cm3 in 2020 to 31.62 cm3 in 2022. The average height of the Florina 
apple tree is 3.25 m to 3.54 m when using mulch and 3.10 m to 3.54 m when using no 
mulch. There are no significant differences in the height of the trees in the two variants. 
The biggest differences are observed in crown formation/crown volume in the years under 
review.  

Main objective: Investigating the influence of optimal irrigation on the biometric 
indicators of a super-intensive apple orchard under drip irrigation and mulching 

Key words: drip irrigation, apple orchard, biometric indicators, mulching. 
 

ɺʲʚʝʜʝʥʠʝ 

ʗʙʲʣʢʦʚʠʪʝ ʥʘʩʘʞʜʝʥʠʷ ʩʘ ʝʜʥʠ ʦʪ ʥʘʡ-ʰʠʨʦʢʦ ʟʘʩʪʲʧʝʥʠ ʚ ʥʘʰʘʪʘ ʩʪʨʘʥʘ ʩ 
ʥʘʡ-ʛʦʣʷʤ ʩʪʦʧʘʥʩʢʠ ʝʬʝʢʪ. ʉʨʝʜʥʦ ʟʘ 2022 ʛʦʜʠʥʘ ʦʙʱʠʪʝ ʧʣʦʱʠ ʩ ʷʙʲʣʢʦʚʠ 
ʥʘʩʘʞʜʝʥʠʷ ʩʘ  4 433 hʘ, ʩʲʩ ʩʨʝʜʝʥ ʜʦʙʠʚ ʦʪ 1 250 kg da-1. ʉʦʨʪʲʪ ʌʣʦʨʠʥʘ ʝ 
ʫʩʪʦʡʯʠʚ ʥʘ ʠʢʦʥʦʤʠʯʝʩʢʠ ʥʘʡ-ʚʘʞʥʘʪʘ ʙʦʣʝʩʪ ʧʨʠ ʷʙʲʣʢʠʪʝ ï ʩʪʨʫʧʷʩʚʘʥʝ. ʂʲʩʝʥ 
ʩʦʨʪ ʟʨʝʝ ʧʨʝʟ ʧʝʨʠʦʜʘ 25 ʩʝʧʪʝʤʚʨʠ ʜʦ 5 ʦʢʪʦʤʚʨʠ ʩ ʤʥʦʛʦ ʜʦʙʨʠ ʚʢʫʩʦʚʠ ʢʘʯʝʩʪʚʘ. 

ʊʝʨʠʪʦʨʠʷʪʘ ʥʘ ʥʘʰʘʪʘ ʩʪʨʘʥʘ ʩʝ ʦʪʥʘʩʷ ʢʲʤ ʨʘʡʦʥʠʪʝ ʩ ʥʝʫʩʪʦʡʯʠʚʦ 
ʦʚʣʘʞʥʷʚʘʥʝ. ɿʘʩʫʰʘʚʘʥʠʷʪʘ ʩʘ ʦʩʦʙʝʥʦ ʯʝʩʪʠ, ʩʠʣʥʠ ʠ ʧʨʦʜʲʣʞʠʪʝʣʥʠ ʧʨʝʟ 
ʧʝʨʠʦʜʘ ʶʣʠ-ʩʝʧʪʝʤʚʨʠ, ʢʦʛʘʪʦ ʷʙʲʣʢʦʚʠʪʝ ʧʣʦʜʦʚʝ ʥʘʨʘʩʪʚʘʪ ʠʥʪʝʥʟʠʚʥʦ. ɽʜʥʦ ʦʪ 
ʥʘʡ-ʚʘʞʥʠʪʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʢʦʝʪʦ ʦʩʠʛʫʨʷʚʘ ʥʦʨʤʘʣʝʥ ʨʘʩʪʝʞ ʥʘ ʜʲʨʚʝʪʘʪʘ, ʨʝʜʦʚʥʠ 
ʠ ʢʘʯʝʩʪʚʝʥʠ ʜʦʙʠʚʠ, ʝ ʥʘʧʦʷʚʘʥʝʪʦ. ʀʟʩʣʝʜʚʘʥʠʷʪʘ ʫ ʥʘʩ ʧʦʢʘʟʘʭʘ, ʯʝ ʦʧʪʠʤʘʣʥʘʪʘ 
ʧʨʝʜʧʦʣʠʚʥʘ ʚʣʘʞʥʦʩʪ ʟʘ ʷʙʲʣʢʘʪʘ ʝ 70-80% ʇʇɺ ʚ ʩʣʦʷ ʜʦ 0.60 m, ʢʲʜʝʪʦ ʝ 
ʨʘʟʧʦʣʦʞʝʥʘ ʦʩʥʦʚʥʘʪʘ ʯʘʩʪ ʦʪ ʢʦʨʝʥʦʚʘʪʘ ʩʠʩʪʝʤʘ ʠ ʧʦʯʚʝʥʘʪʘ ʚʣʘʛʘ ʪʨʷʙʚʘ ʜʘ ʩʝ 
ʧʦʜʜʲʨʞʘ ʥʘʜ ʪʦʚʘ ʥʠʚʦ. (Petrova & Kireva, 2016; Gaidarova, S., et. al. 2012).). 
ʂʦʤʙʠʥʘʮʠʷʪʘ ʦʪ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʤʫʣʯ ʠ ʢʘʧʢʦʚʦ ʥʘʧʦʷʚʘʥʝ ʟʘ ʧʦʜʜʲʨʞʘʥʝ ʥʘ 
ʧʦʯʚʝʥʘʪʘ ʚʣʘʛʘ ʚʦʜʠ ʜʦ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʜʦʙʠʚʘ (Zheng, Ch, et. al. 2021). ʄʝʨʢʠʪʝ ʟʘ 
ʤʫʣʯ ʥʘ ʧʦʯʚʘʪʘ ʝʬʝʢʪʠʚʥʦ ʧʦʜʦʙʨʷʪ ʬʠʟʠkʦʭʠʤʠʯʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʧʦʯʚʘʪʘ ʠ 
ʚʦʜʥʠʪʝ ʫʩʣʦʚʠʷ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʥʘʩʲʨʯʘʚʘʪ ʨʘʩʪʝʞʘ ʥʘ ʨʘʩʪʝʥʠʷʪʘ ʠ 
ʫʚʝʣʠʯʘʚʘʪ ʜʦʙʠʚʠʪʝ. (Vincent-Caboud et al., 2019). ʇʣʘʩʪʤʘʩʘʪʘ ʠ ʩʣʘʤʘʪʘ ʩʘ ʥʘʡ-
ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʟʘ ʤʫʣʯʠʨʘʥʝ. ʇʣʘʩʪʤʘʩʦʚʠʷʪ ʤʫʣʯ ʥʘʤʘʣʷʚʘ 
ʠʟʧʘʨʝʥʠʝʪʦ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʧʦʯʚʘʪʘ ʯʨʝʟ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʬʠʟʠʯʝʩʢʘ ʙʘʨʠʝʨʘ, 
ʧʦʚʠʰʘʚʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʧʦʯʚʘʪʘ  ʠ ʧʦʪʠʩʢʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʧʣʝʚʝʣʠ. (Wang, X., et. 
al., 2019).  

ɺ ʟʝʣʝʥʯʫʢʦʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʫ ʥʘʩ ʠ ʚ ʯʫʞʙʠʥʘ ʤʘʩʦʚʦ ʩʝ ʚʲʚʝʞʜʘ ʚ ʧʨʘʢʪʠʢʘʪʘ 
ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʤʫʣʯʠʨʘʥʝ. ɺ ʀʥʩʪʠʪʫʪ ʧʦ ʧʦʯʚʦʟʥʘʥʠʝ, ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ ʠ ʟʘʱʠʪʘ ʥʘ 
ʨʘʩʪʝʥʠʷʪʘ Ăʅ. ʇʫʰʢʘʨʦʚñ ʟʘ ʧʲʨʚʠ ʧʲʪ ʩʝ ʧʨʦʚʝʞʜʘʪ ʥʘʫʯʥʠ ʠ ʣʘʙʦʨʘʪʦʨʥʠ 
ʠʟʩʣʝʜʚʘʥʠʷ ʟʘ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʧʣʘʩʪʤʘʩʦʚ ʤʫʣʯ ʧʨʠ ʦʚʦʱʥʠ ʜʲʨʚʝʪʘ.  

ʆʩʥʦʚʥʘ ʮʝʣ: ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʦʧʪʠʤʘʣʥʦʪʦ ʥʘʧʦʷʚʘʥʝ ʚʲʨʭʫ 
ʙʠʦʤʝʪʨʠʯʥʠʪʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʩʫʧʝʨ-ʠʥʪʝʥʟʠʚʥʠ ʷʙʲʣʢʦʚʦ ʥʘʩʘʞʜʝʥʠʝ ʧʨʠ ʢʘʧʢʦʚʦ 
ʥʘʧʦʷʚʘʥʝ ʠ ʤʫʣʯʠʨʘʥʝ.  

 
ʄʘʪʝʨʠʘʣʠ ʠ ʤʝʪʦʜʠ 
ʆʙʝʢʪʲʪ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʠʥʪʝʥʟʠʚʥʦ ʷʙʲʣʢʦʚʦ ʥʘʩʘʞʜʝʥʠʝ, ʟʘʩʘʜʝʥʦ ʧʨʝʟ 

ʝʩʝʥʪʘ ʥʘ 2017 ʛʦʜʠʥʘ ʥʘ ʦʧʠʪʥʦ ʧʦʣʝ Ăʏʝʣʦʧʝʯʝʥʝò ʥʘ ʀʇɸɿʈ Ă ʅ. ʇʫʰʢʘʨʦʚò. 
ʇʦʯʚaʪa ʚ ʠʟʩʣʝʜʚʘʥʠʷ ʨʘʡʦʥ ʝ ʠʟʣʫʞʝʥʦ ʂʘʥʝʣʝʥʘ ʛʦʨʩʢʘ, ʦʙʨʘʟʫʚʘʥʘ ʚʲʨʭʫ 
ʜʝʣʫʚʠʘʣʥʠ ʥʘʥʦʩʠ. ʇʦ ʤʝʞʜʫʥʘʨʦʜʥʘʪʘ ʢʣʘʩʠʬʠʢʘʮʠʷ ʥʘ ʌɸʆ ʩʝ ʦʧʨʝʜʝʣʷʪ ʢʘʪʦ 
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Chromic ʉambisol. ʇʦ ʤʝʭʘʥʠʯʝʥ ʩʲʩʪʘʚ ʧʦʯʚʘʪʘ ʝ ʪʝʞʢʦ ʧʝʩʲʯʣʠʚʦ - ʛʣʠʥʝʩʪʘ ʚ 
ʦʨʥʠʷ ʩʣʦʡ ʠ ʣʝʢʦ-ʛʣʠʥʝʩʪʘ ʚ ʧʦʜʦʨʥʠʷ.  
 
 
ʊʘʙʣʠʮʘ 1. ɸʛʨʦʭʠʤʠʯʥʠ ʘʥʘʣʠʟʠ ʥʘ ʠʟʣʫʞʝʥʘ ʢʘʥʝʣʝʥʘ ʛʦʨʩʢʘ ʧʦʯʚʘ ʚ ʆʧʠʪʥʦʪʦ 
ʧʦʣʝ ʥʘ ʀʇɸɿʈ ñʅ. ʇʫʰʢʘʨʦʚò   
Table 1. Agrochemical analyzes of Leached Cinnamon forest soil in the Experience Field 
of ISSAʈʈ "N. Pʦushkarov" 
 

pH 
Ɇ N- 

NH4 + NO3 
P2O5 K2O ʍʫʤʫʩ 

H2O KCI mg/kg mg/100gr % 

6.8 6.1 96.2 2.7 25.0 3.35 

 
ʆʪ ʥʘʧʨʘʚʝʥʠʷ ʭʠʤʠʯʝʥ ʘʥʘʣʠʟ ʥʘ ʩʨʝʜʥʘ ʧʨʦʙʘ ʥʘ ʜʲʣʙʦʯʠʥʘ 0-0.60 m. ʚ 

ʥʘʯʘʣʦʪʦ ʥʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʫʩʪʘʥʦʚʠʭʤʝ, ʯʝ ʧʦʯʚʘʪʘ ʝ ʜʦʙʨʝ 
ʟʘʧʘʩʝʥʘ ʩ ʘʟʦʪ, ʤʥʦʛʦ ʥʠʩʢʦ ʟʘʧʘʩʝʥʘ ʩ ʬʦʩʬʦʨ ʠ ʩʨʝʜʥʦ ʟʘʧʘʩʝʥʘ ʩ ʢʘʣʠʠ. (ʧʦ AL 

ʤʝʪʦʜʘ ). ʅʘʧʨʘʚʠʭʤʝ ʝʩʝʥʥʦ ʧʦʜʭʨʘʥʚʘʥʝ ʥʘ ʧʦʯʚʘʪʘ ʩ 5 kg da-1 PϒOϕ, 6 kg da-1 KϒO 

ʧʨʠ ʦʙʨʘʙʦʪʢʘʪʘ ʥʘ ʤʝʞʜʫʨʝʜʠʷʪʘ. ɸʟʦʪʥʠʪʝ ʪʦʨʦʚʝ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʘʤʦʥʠʝʚʘ 
ʩʝʣʠʪʨʘ ʧʦ ʚʨʝʤʝ ʥʘ ʚʝʛʝʪʘʮʠʷ ʚ ʜʚʘ ʧʨʠʝʤʘ 6 kgda-1 N ʩ ʧʦʣʠʚʥʘʪʘ ʩʠʩʪʝʤʘ. ʉ 
ʦʛʣʝʜ ʧʦʜʜʲʨʞʘ ʦʧʪʠʤʘʣʥʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʘʟʦʪ ʚ ʣʠʩʪʘʪʘ ï ʦʪ 2.2 ʜʦ 2.8%, 
ʬʦʩʬʦʨ 0.18-0.30% ʠ 1.1-1.6 % ʢʘʣʠʡ. (Apostolova, M, Nikolova, M, et. all, 2014) 
ɺʘʣʝʞʠʪʝ ʩʘ ʪʚʲʨʜʝ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠ, ʢʘʢʪʦ ʧʦ ʩʝʟʦʥʠ, ʪʘʢʘ ʠ ʧʦ ʤʝʩʝʮʠ. 
ʃʷʪʦʪʦ ʝ ʤʥʦʛʦ ʩʫʭʦ ʠ ʛʦʨʝʱʦ. ɺʠʩʦʢʠʪʝ ʩʨʝʜʥʦʜʝʥʦʥʦʱʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʷʪ 
ʜʦʧʲʣʥʠʪʝʣʥʦ ʜʦ ʟʘʩʠʣʚʘʥʝ ʝʬʝʢʪʘ ʥʘ ʩʫʰʘʪʘ ʧʨʝʟ ʪʦʟʠ ʧʝʨʠʦʜ ʦʪ ʛʦʜʠʥʘʪʘ.  
 

ʄʝʪʦʜ ʥʘ ʟʘʣʘʛʘʥʝ ʥʘ ʦʧʠʪʘ: ʆʧʠʪʲʪ ʝ ʟʘʣʦʞʝʥ ʧʦ ʤʝʪʦʜʘ ʥʘ ʜʲʣʛʠʪʝ 
ʧʘʨʮʝʣʢʠ ʩ ʧʦ ʯʝʪʠʨʠ ʧʦʚʪʦʨʝʥʠʷ ʦʪ ʚʩʝʢʠ ʧʨʦʩʣʝʜʷʚʘʥ ʚʘʨʠʘʥʪ, ʩ ʧʦ ʪʨʠ ʜʨʲʚʯʝʪʘ.  
 

ɺʘʨʠʘʥʪʠ ʥʘ ʦʧʠʪʘ:  
 

1) ɹʝʟ ʥʘʧʦʷʚʘʥʝ - ʢʦʥʪʨʦʣʘ 
2) ʅʘʧʦʷʚʘʥʝ ʩʲʩ 100% ʥ.ʥ. (ʧʦʜʜʲʨʞʘʥʝ ʥʘ 70% ʦʪ ʇʇɺ)  
3) ʅʘʧʦʷʚʘʥʝ ʩʲʩ 100% ʥ.ʥ. ʩ ʤʫʣʯʠʨʘʥʝ (ʧʣʘʩʪʤʘʩʦʚ ʤʫʣʯ), (ʧʦʜʜʲʨʞʘʥʝ 

ʥʘ 70% ʦʪ ʇʇɺ) 
ɺʲʪʨʝ ʨʝʜʦʚʠʪʝ ʨʘʟʩʪʦʷʥʠʷ ʦʪ 2 m ʠ ʩʘ ʩʲʦʙʨʘʟʝʥʠ ʩ ʚʠʜʘ ʥʘ ʧʦʜʣʦʞʢʘʪʘ ʠ 

ʝʚʝʥʪʫʘʣʥʠʪʝ ʨʘʟʤʝʨʠ ʥʘ ʢʦʨʦʥʠʪʝ ʩʣʝʜ ʪʷʭʥʦʪʦ ʦʢʦʥʯʘʪʝʣʥʦ ʬʦʨʤʠʨʘʥʝ. 
ʄʝʞʜʫʨʝʜʦʚʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʝ 3 m. ɻʦʣʝʤʠʥʘʪʘ ʥʘ ʦʧʠʪʘ ʝ 21.5ʭ 28 m = 602 mĮ. 
ɻʦʣʝʤʠʥʘʪʘ ʥʘ ʦʧʠʪʥʘʪʘ ʧʘʨʮʝʣʢʘ ʝ 18 mĮ. 

ʇʦʣʠʚʥʘ ʪʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʷ:  
ʇʦʯʚʝʥʘʪʘ ʚʣʘʞʥʦʩʪ ʚ ʥʘʩʘʞʜʝʥʠʝʪʦ ʱʝ ʩʝ ʧʦʜʜʲʨʞʘ ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʩʪʝʤʘ ʟʘ 

ʢʘʧʢʦʚʦ ʥʘʧʦʷʚʘʥʝ. ɿʘ ʧʦ-ʝʬʝʢʪʠʚʥʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʚʦʜʘʪʘ ʱʝ ʩʝ ʤʫʣʯʠʨʘ. 
ɸʛʨʦʪʝʭʥʠʢʘ ï ʩʪʘʥʜʘʨʪʥʘ 
1. ʆʙʨʘʙʦʪʢʠ ʥʘ ʧʦʯʚʘʪʘ:  
ʂʦʥʚʝʥʮʠʦʥʘʣʥʠ ï ʜʲʣʙʦʢʘ ʦʨʘʥ, ʨʠʛʦʣʚʘʥʝ 
2. ʈʘʩʪʠʪʝʣʥʘ ʟʘʱʠʪʘ:  
ɺ ʥʘʩʘʞʜʝʥʠʝʪʦ ʩʝ ʧʨʠʣʘʛʘʪ ʝʢʦʣʦʛʦʩʲʦʙʨʘʟʥʘ ʨʘʩʪʠʪʝʣʥʘ ʟʘʱʠʪʘ. ʇʨʦʚʝʜʝʥʘ 

ʝ ʙʦʨʙʘ ʩʨʝʱʫ ʧʣʝʚʝʣʠʪʝ, ʧʨʝʟ ʧʲʨʚʘʪʘ ʜʝʩʝʪʜʥʝʚʢʘ ʥʘ ʤ. ʶʥʠ  ʠ ʚʪʦʨʘʪʘ 
ʜʝʩʝʪʜʥʝʚʢʘ ʥʘ ʤ. ʘʚʛʫʩʪ 2020, 2021 ʠ 2022 ʛ, ʢʘʪʦ ʝ ʠʟʧʦʣʟʚʘʥ ʧʨʝʧʘʨʘʪ ʈʘʫʥʜʲʧ 
ʂʃɸʉʀʂ ʇʈʆ, ʥʝʩʝʣʝʢʪʠʚʝʥ ʩʠʩʪʝʤʝʥ ʣʠʩʪʝʥ ʭʝʨʙʠʮʠʜ ʟʘ ʙʦʨʙʘ ʩʨʝʱʫ 
ʝʜʥʦʛʦʜʠʰʥʠ ʠ ʤʥʦʛʦʛʦʜʠʰʥʠ ʪʨʝʚʥʠ ʠ ʰʠʨʦʢʦʣʠʩʪʥʠ ʧʣʝʚʝʣʠ. ʇʨʦʚʝʜʝʥʘ ʝ ʠ ʙʦʨʙʘ 
ʩʨʝʱʫ ʙʦʣʝʩʪʠ ʠ ʥʝʧʨʠʷʪʝʣʠ ʧʨʝʟ ʧʲʨʚʘʪʘ ʜʝʩʝʪʜʥʝʚʢʘ ʥʘ ʤ. ʶʥʠ , ʚʪʦʨʘʪʘ 

https://ru.wikipedia.org/wiki/Сигма_(буква)


ɽʂʆʃʆɻʀʗ ʀ ɸɻʈʆʊɽʍʅʆʃʆɻʀʀ ï ʌʋʅɼɸʄɽʅʊɸʃʅɸ ʅɸʋʂɸ ʀ ʇʈɸʂʊʀʏɽʉʂɸ ʈɽɸʃʀɿɸʎʀʗ 

 146 

ʜʝʩʝʪʜʥʝʚʢʘ ʥʘ ʤ. ʶʣʠ ʠ ʚʪʦʨʘʪʘ ʜʝʩʝʪʜʥʝʚʢʘ ʥʘ ʤ.  ʘʚʛʫʩʪ ʥʘ ʩʲʦʪʚʝʪʥʠʪʝ ʛʦʜʠʥʠ ʛ, 
ʢʘʪʦ ʝ ʧʨʲʩʢʘʥʦ ʩ ʧʨʝʧʘʨʘʪ ʌʣʠʥʪ ʄʘʢʩ 75 ɺɻ ʠ ʄʦʩʧʠʣʘʥ ɺɻ ʰʠʨʦʢʦʩʧʝʢʪʲʨʝʥ, 
ʤʝʟʦʩʪʝʤʝʥ ʠ ʩʠʩʪʝʤʝʥ ʬʫʥʛʠʮʠʜ ʩ ʧʨʝʜʧʘʟʥʦ ʠ ʣʝʯʝʙʥʦ ʜʝʡʩʪʚʠʝ ʩʨʝʱʫ ʛʲʙʥʠ 
ʧʘʪʦʛʝʥʠ ʦʪ ʢʣʘʩ Ascomycetes, ʂʘʣʠʧʩʦ 480 ʉʂ, ʠʥʩʝʢʪʠʮʠʜ ʦʪ ʛʨʫʧʘʪʘ ʥʘ 
ʭʣʦʨʥʠʢʦʪʠʥʠʣʠʪʝ ʩ ʰʠʨʦʢ ʩʧʝʢʪʲʨ ʥʘ ʜʝʡʩʪʚʠʝ ʠ ʅʫʨʠʣʝ - ɼ ʢʦʤʙʠʥʠʨʘʥ 
ʦʨʛʘʥʦʬʦʩʬʦʨʝʥ-ʧʠʨʝʪʨʦʠʜʝʥ ʠʥʩʝʢʪʠʮʠʜ, ʩʲʩ ʩʠʣʥʦ ʠʟʨʘʟʝʥʦ ʠʥʠʮʠʘʣʥʦ ʜʝʡʩʪʚʠʝ. 
ʀʟʚʲʨʰʝʥʠ ʩʘ ʠ ʝʩʝʥʥʦ ʟʠʤʥʠʪʝ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠ ʤʝʨʦʧʨʠʷʪʠʷ ʟʘ 2020, 2021 ʠ 2022 ʛ 
- ʩʚʲʨʟʘʥʠ ʩ ʧʨʲʩʢʘʥʝ ʩ ʐʘʤʧʠʦʥ ï ɺʇ, ɺʘʟʪʘʢ ʅʦʚ 100 ɽʂ ʠ ɸʢʘʨʟʠʥ ʢʦʥʪʘʢʪʝʥ 
ʬʫʥʛʠʮʠʜ ʩ ʧʨʝʜʧʘʟʥʦ ʜʝʡʩʪʚʠʝ. ʇʨʲʩʢʘʥʝʪʦ ʮʝʣʠ ʦʚʦʱʢʠʪʝ ʜʘ ʩʝ ʧʨʝʜʧʘʟʷʪ ʦʪ 
ʙʘʢʪʝʨʠʡʥʦ ʠʟʩʲʭʚʘʥʝ, ʩʘʯʤʷʥʢʘ, ʨʘʥʥʦ ʢʘʬʷʚʦ ʛʥʠʝʥʝ, ʦʛʥʝʥ ʧʨʠʛʦʨ ʠ ʜʨ. 
ʇʨʲʩʢʘʥʝʪʦ ʥʘ ʦʚʦʱʥʠʪʝ ʜʲʨʚʝʪʘ ʩʝ ʧʨʦʚʝʜʝ ʠ ʧʨʝʟ ʪʨʠʪʝ ʛʦʜʠʥʠ ʚ ʪʠʭʠ, ʩʣʲʥʯʝʚʠ 
ʜʥʠ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʲʟʜʫʭʘ ʥʘʜ 5Á ʉÁ ʠ ʧʦʜ 25 ʉÁ.  

3. ʈʝʟʠʪʙʠ:  
ʇʨʝʟ ʧʲʨʚʠʪʝ ʥʷʢʦʣʢʦ ʛʦʜʠʥʠ, ʧʨʠʣʘʛʘʥʠʪʝ ʟʠʤʥʠ ʨʝʟʠʪʙʠ ʱʝ ʙʲʜʘʪ ʥʘʩʦʯʝʥʠ 

ʛʣʘʚʥʦ ʟʘ ʬʦʨʤʠʨʘʥʝ ʥʘ ʢʦʨʦʥʠʪʝ.  
 
ʇʨʦʩʣʝʜʷʚʘʥʝ ʨʘʩʪʝʞʥʠʪʝ ʦʩʦʙʝʥʦʩʪʠ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʜʲʨʚʝʪʘ: 
1. ʆʙʠʢʦʣʢʘ ʥʘ ʩʪʲʙʣʘʪʘ ʥʘ 0.35 m ʥʘʜ ʩʧʦʡʢʘʪʘ ʥʘ ʧʨʠʩʘʞʜʘʥʝ, ʚ ʢʨʘʷ ʥʘ 

ʚʝʛʝʪʘʮʠʷʪʘ. ʊʷ ʝ ʠʟʤʝʨʝʥʘ ʚ ʜʚʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠ ʧʦʩʦʢʠ ï ʧʦ ʧʦʩʦʢʘ ʥʘ ʨʝʜʘ ʠ ʧʦ 
ʧʦʩʦʢʘ, ʥʘʧʨʝʯʥʦ ʥʘ ʨʝʜʘ.2. ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʪʦʟʠ ʧʦʢʘʟʘʪʝʣ ʝ ʦʧʨʝʜʝʣʝʥʘ ʧʣʦʱʪʘ ʥʘ 
ʥʘʧʨʝʯʥʦʪʦ ʩʝʯʝʥʠʝ ʥʘ ʩʪʲʙʣʘʪʘ ʚ cm2; 

2. ɺʠʩʦʯʠʥʘ ʥʘ ʜʲʨʚʝʪʘʪʘ ʚ m, ʚ ʢʨʘʷ ʥʘ ʚʝʛʝʪʘʮʠʷʪʘ; 
3. ʐʠʨʠʥʘ ʥʘ ʢʦʨʦʥʠʪʝ ʚ m, ʚ ʢʨʘʷ ʥʘ ʚʝʛʝʪʘʮʠʷʪʘ. ʊʷ ʝ ʠʟʤʝʨʝʥʘ ʚ ʜʚʝ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠ ʧʦʩʦʢʠ ï ʧʦ ʧʦʩʦʢʘ ʥʘ ʨʝʜʘ ʠ ʧʦ ʧʦʩʦʢʘ, ʥʘʧʨʝʯʥʦ ʥʘ ʨʝʜʘ; 
4. ʆʙʝʤ ʥʘ ʢʦʨʦʥʠʪʝ. ʊʦʡ ʱʝ ʙʲʜʝ ʦʧʨʝʜʝʣʝʥ ʧʦ ʬʦʨʤʫʣʘ, ʦʪʛʦʚʘʨʷʱʘ ʥʘ 

ʩʲʦʪʚʝʪʥʘʪʘ ʬʦʨʤʠʨʦʚʢʘ  V = 4 /3  ́ʘ b2        (1) 
ʢʲʜʝʪʦ: 

ʘ ï İ ʦʪ ʜʠʘʤʝʪʲʨʘ ʥʘ ʢʦʨʦʥʘʪʘ, ʦʪʯʝʪʝʥ ʚ ʜʚʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠ ʧʦʩʦʢʠ; 

bï İ ʦʪ ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʢʦʨʦʥʘʪʘ. 

 

ʈʝʟʫʣʪʘʪʠ ʠ ʦʙʩʲʞʜʘʥʝ 

ʇʨʠ ʥʘʧʨʘʚʝʥʠʪʝ ʩʨʘʚʥʝʥʠʷ ʥʘ ʙʠʦʤʝʪʨʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʜʨʲʚʯʝʪʘʪʘ, 

ʦʪʛʣʝʞʜʘʥʠ ʩ ʢʘʧʢʦʚʦ ʥʘʧʦʷʚʘʥʝ ʠ ʤʫʣʯʠʨʘʥʝ ʠ ʪʝʟʠ ʙʝʟ ʤʫʣʯʠʨʘʥʝ ʧʨʝʟ 2020 ʛ., 

ʨʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʟʘʭʘ, ʯʝ ʧʦʜ ʚʣʠʷʥʠʝ ʥʘ ʤʫʣʯʠʨʘʥʝʪʦ ʷʙʲʣʢʦʚʠʪʝ ʜʨʲʚʯʝʪʘ 

ʧʨʦʷʚʷʚʘʪ ʧʦ-ʩʠʣʝʥ ʨʘʩʪʝʞ ʧʦ ʚʩʠʯʢʠ ʧʦʢʘʟʘʪʝʣʠ: ʦʙʠʢʦʣʢʘʪʘ ʥʘ ʩʪʲʙʣʘʪʘ, ʦʙʝʤ ʥʘ 

ʢʦʨʦʥʠʪʝ, ʥʘʧʨʝʯʥʦ ʩʝʯʝʥʠʝ ʥʘ ʩʪʲʙʣʘʪʘ ʠ ʚʠʩʦʯʠʥʘ ʜʨʲʚʯʝʪʘʪʘ. ʉʨʝʜʥʘʪʘ ʦʙʠʢʦʣʢʘ 

ʥʘ ʩʪʲʙʣʘʪʘ ʥʘ ʜʨʲʚʯʝʪʘʪʘ ʧʨʠ ʤʫʣʯʠʨʘʥʝ ʝ 163.53 mm, 114 %  ʧʦ-ʛʦʣʷʤʘ ʩʧʨʷʤʦ 

ʩʨʝʜʥʘʪʘ ʦʙʠʢʦʣʢʘ ʥʘ ʩʪʲʙʣʘʪʘ ʥʘ ʜʨʲʚʯʝʪʘʪʘ, ʦʪʛʣʝʞʜʘʥʠ ʙʝʟ ʤʫʣʯʠʨʘʥʝ ï 143.50 

mm ʪ.ʝ. ʧʦʢʘʟʚʘʪ 1.14 ʧʲʪʠ ʧʦ-ʩʠʣʝʥ ʨʘʩʪʝʞ. 

ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʦʙʝʤʘ ʥʘ ʢʦʨʦʥʠʪʝ ï ʧʦʢʘʟʘʪʝʣ, ʭʘʨʘʢʪʝʨʠʟʠʨʘʱ ʩʠʣʘʪʘ ʥʘ 

ʨʘʩʪʝʞ ʥʘ ʤʣʘʜʠʪʝ ʜʨʲʚʯʝʪʘ, ʝ ʫʩʪʘʥʦʚʝʥʦ, ʯʝ ʧʨʠ ʧʨʠʣʘʛʘʥʝ ʥʘ ʢʘʧʢʦʚʦ ʥʘʧʦʷʚʘʥʝ 

ʩ ʤʫʣʯʠʨʘʥʝ, ʪʦʡ ʝ ʩʨʝʜʥʦ 5.22 mį , ʜʦʢʘʪʦ ʜʨʲʚʯʝʪʘʪʘ, ʦʪʛʣʝʞʜʘʥʠ ʙʝʟ ʤʫʣʯʠʨʘʥʝ 

ʠʤʘʪ ʩʨʝʜʝʥ ʦʙʝʤ ʥʘ ʢʦʨʦʥʠʪʝ 4.29 mį ʪ.ʝ ʧʨʠ ʥʘʧʦʷʚʘʥʝ ʩ ʤʫʣʯʠʨʘʥʝ ʜʨʲʚʯʝʪʘʪʘ ʩʘ 

ʩ 1.2 ʧʲʪʠ ʧʦ- ʜʦʙʨʝ ʬʦʨʤʠʨʘʥʠ ʢʦʨʦʥʠ. 

ʉʨʝʜʥʦʪʦ ʥʘʧʨʝʯʥʦ ʩʝʯʝʥʠʝ ʥʘ ʩʪʲʙʣʘʪʘ ʥʘ ʜʨʲʚʯʝʪʘʪʘ, ʦʪʛʣʝʞʜʘʥʠ ʧʨʠ 

ʢʘʧʢʦʚʦ ʥʘʧʦʷʚʘʥʝ ʠ ʤʫʣʯʠʨʘʥʝ ʝ 21.89 ʩmĮ, ʩʲʱʠʷʪ ʧʦʢʘʟʘʪʝʣ ʟʘ ʝʢʧʝʨʠʤʝʥʪʘʣʥʠʪʝ 

ʜʲʨʚʝʪʘ, ʦʪʛʣʝʞʜʘʥʠ ʙʝʟ ʤʫʣʯʠʨʘʥʝ ʝ ʩ 120.8% ʧʦ-ʥʠʩʢʘ ʩʪʦʡʥʦʩʪ ï 18.11 ʩmĮ  ʪ.ʝ 

ʬʠʜʘʥʢʠʪʝ, ʦʪʛʣʝʞʜʘʥʠ ʩ ʤʫʣʯʠʨʘʥʝ ʧʦ ʪʦʟʠ ʧʦʢʘʟʘʪʝʣ ʠʤʘʪ ʧʦ- ʜʦʙʨʦ ʨʘʟʚʠʪʠʝ ʩ 

1.2 ʧʲʪʠ. 
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ʇʨʠ ʚʘʨʠʘʥʪʘ ʩ ʤʫʣʯʠʨʘʥʝ eʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʜʨʲʚʯʝʪʘ ʩʘ ʩʲʩ ʩʨʝʜʥʘ 

ʚʠʩʦʯʠʥʘ 3.3 m ʠ ʩʘ ʧʦ-ʚʠʩʦʢʠ ʦʪ ʜʨʲʚʯʝʪʘ ʦʪ ʚʘʨʠʘʥʪʘ ʙʝʟ ʤʫʣʯʠʨʘʥʝ, ʢʲʜʝʪʦ 

ʩʨʝʜʥʘʪʘ ʚʠʩʦʯʠʥʘ ʝ 3.1 m., ʪ .ʝ. ʬʠʜʘʥʢʠʪʝ, ʦʪʛʣʝʞʜʘʥʠ ʩ ʤʫʣʯʠʨʘʥʝ ʧʦ ʪʦʟʠ 

ʧʦʢʘʟʘʪʝʣ ʠʤʘʪ ʧʦ- ʜʦʙʨʦ ʨʘʟʚʠʪʠʝ ʩ 1.1 ʧʲʪʠ. 

ʇʨʠ ʥʘʧʨʘʚʝʥʠʪʝ ʩʨʘʚʥʝʥʠʷ ʥʘ ʙʠʦʤʝʪʨʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʜʨʲʚʯʝʪʘʪʘ, 

ʦʪʛʣʝʞʜʘʥʠ ʩ ʢʘʧʢʦʚʦ ʥʘʧʦʷʚʘʥʝ ʠ ʤʫʣʯʠʨʘʥʝ ʠ ʪʝʟʠ ʙʝʟ ʤʫʣʯʠʨʘʥʝʧʨʝʟ 2021 ʛ., 

ʨʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʟʘʭʘ ʦʪʥʦʚʦ, ʯʝ ʧʦʜ ʚʣʠʷʥʠʝ ʥʘ ʤʫʣʯʠʨʘʥʝʪʦ ʷʙʲʣʢʦʚʠʪʝ ʜʨʲʚʯʝʪʘ 

ʧʨʦʷʚʷʚʘʪ ʧʦ-ʩʠʣʝʥ ʨʘʩʪʝʞ ʧʦ ʚʩʠʯʢʠ ʧʦʢʘʟʘʪʝʣʠ: ʦʙʠʢʦʣʢʘʪʘ ʥʘ ʩʪʲʙʣʘʪʘ, ʥʘʧʨʝʯʥʦ 

ʩʝʯʝʥʠʝ ʥʘ ʩʪʲʙʣʘʪʘ, ʩʨʝʜʥʘ ʚʠʩʦʯʠʥʘ ʥʘ ʜʨʲʚʯʝ ʠ ʦʙʝʤ ʥʘ ʢʦʨʦʥʘʪʘ. ʉʨʝʜʥʘʪʘ 

ʦʙʠʢʦʣʢʘ ʥʘ ʩʪʲʙʣʘʪʘ ʥʘ ʜʨʲʚʯʝʪʘʪʘ ʧʨʠ ʤʫʣʯʠʨʘʥʝ ʝ 200.1 mm, ʩ 108.5 %  ʧʦ-

ʛʦʣʷʤʘ ʩʧʨʷʤʦ ʩʨʝʜʥʘʪʘ ʦʙʠʢʦʣʢʘ ʥʘ ʩʪʲʙʣʘʪʘ ʥʘ ʜʨʲʚʯʝʪʘʪʘ, ʦʪʛʣʝʞʜʘʥʠ ʙʝʟ 

ʤʫʣʯʠʨʘʥʝ ï 184.4 mm ʪ.ʝ. ʧʦʢʘʟʚʘʪ 1.1 ʧʲʪʠ ʧʦ-ʩʠʣʝʥ ʨʘʩʪʝʞ. 

ʇʨʠ ʚʘʨʠʘʥʪʘ ʩ ʤʫʣʯʠʨʘʥʝ eʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʜʨʲʚʯʝʪʘ ʩʘ ʩʲʩ ʩʨʝʜʥʘ 

ʚʠʩʦʯʠʥʘ 3.2 m ʠ ʩʘ ʧʦ-ʚʠʩʦʢʠ  ʦʪ ʜʨʲʚʯʝʪʘ ʦʪ ʚʘʨʠʘʥʪʘ ʩ ʤʫʣʯʠʨʘʥʝ, ʢʲʜʝʪʦ 

ʩʨʝʜʥʘʪʘ ʚʠʩʦʯʠʥʘ ʝ 3.1 m.  ɼʨʲʚʯʝʪʘ ʦʪʛʣʝʞʜʘʥʠ ʧʨʠ ʚʘʨʠʘʥʪʘ ʩ ʤʫʣʯʠʨʘʥʝ ʩʘ ʩ 

1.03 ʧʲʪʠ ʧʦ-ʚʠʩʦʢʠ ʦʪ ʪʝʟʠ ʦʪʛʣʝʞʜʘʥʠ ʙʝʟ ʤʫʣʯ ʠʣʠ ʩʘ ʩ 103.2 % ʧʦ-ʚʠʩʦʢʠ. 

ʉʨʝʜʥʦʪʦ ʥʘʧʨʝʯʥʦ ʩʝʯʝʥʠʝ ʥʘ ʩʪʲʙʣʘʪʘ ʥʘ ʜʨʲʚʯʝʪʘʪʘ, ʦʪʛʣʝʞʜʘʥʠ ʧʨʠ 

ʢʘʧʢʦʚʦ ʥʘʧʦʷʚʘʥʝ ʠ ʤʫʣʯʠʨʘʥʝ ʝ 34.11 ʩmĮ, ʩʲʱʠʷʪ ʧʦʢʘʟʘʪʝʣ ʟʘ ʝʢʧʝʨʠʤʝʥʪʘʣʥʠʪʝ 

ʜʲʨʚʝʪʘ, ʦʪʛʣʝʞʜʘʥʠ ʙʝʟ ʤʫʣʯʠʨʘʥʝ ʝ ʩ 121.8 % ʧʦ-ʥʠʩʢʘ ʩʪʦʡʥʦʩʪ ï 28.1 ʩmĮ  ʪ.ʝ 

ʬʠʜʘʥʢʠʪʝ, ʦʪʛʣʝʞʜʘʥʠ ʩ ʤʫʣʯʠʨʘʥʝ ʧʦ ʪʦʟʠ ʧʦʢʘʟʘʪʝʣ ʠʤʘʪ ʧʦ- ʜʦʙʨʦ ʨʘʟʚʠʪʠʝ ʩ 

1.21 ʧʲʪʠ. 

ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʦʙʝʤʘ ʥʘ ʢʦʨʦʥʠʪʝ  ʝ ʫʩʪʘʥʦʚʝʥʦ, ʯʝ ʧʨʠ ʧʨʠʣʘʛʘʥʝ ʥʘ 

ʢʘʧʢʦʚʦ ʥʘʧʦʷʚʘʥʝ ʩ ʤʫʣʯʠʨʘʥʝ, ʪʦʡ ʝ ʩʨʝʜʥʦ 10.5 mį , ʜʦʢʘʪʦ ʜʨʲʚʯʝʪʘʪʘ, 

ʦʪʛʣʝʞʜʘʥʠ ʙʝʟ ʤʫʣʯʠʨʘʥʝ ʠʤʘʪ ʩʨʝʜʝʥ ʦʙʝʤ ʥʘ ʢʦʨʦʥʠʪʝ 9.5 mį ʪ.ʝ ʧʨʠ ʥʘʧʦʷʚʘʥʝ ʩ 

ʤʫʣʯʠʨʘʥʝ ʜʨʲʚʯʝʪʘʪʘ ʩʘ ʩ 1.1 ʧʲʪʠ ʠʣʠ 110% ʧʦ- ʜʦʙʨʝ ʬʦʨʤʠʨʘʥʠ ʢʦʨʦʥʠ ʦʪ ʪʝʟʠ 

ʙʝʟ ʤʫʣʯ.  

ʇʨʠ ʥʘʧʨʘʚʝʥʠʪʝ ʩʨʘʚʥʝʥʠʷ ʥʘ ʙʠʦʤʝʪʨʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʜʨʲʚʯʝʪʘʪʘ, 

ʦʪʛʣʝʞʜʘʥʠ ʩ ʢʘʧʢʦʚʦ ʥʘʧʦʷʚʘʥʝ ʠ ʤʫʣʯʠʨʘʥʝ ʠ ʪʝʟʠ ʙʝʟ ʤʫʣʯʠʨʘʥʝ ʧʨʝʟ 2022 ʛ., 

ʨʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʟʘʭʘ, ʯʝ ʧʦʜ ʚʣʠʷʥʠʝ ʥʘ ʤʫʣʯʠʨʘʥʝʪʦ ʷʙʲʣʢʦʚʠʪʝ ʜʨʲʚʯʝʪʘ 

ʧʨʦʷʚʷʚʘʪ ʧʦ-ʩʠʣʝʥ ʨʘʩʪʝʞ ʧʦ ʩʣʝʜʥʠʪʝ ʧʦʢʘʟʘʪʝʣʠ: ʦʙʠʢʦʣʢʘʪʘ ʥʘ ʩʪʲʙʣʘʪʘ, 

ʥʘʧʨʝʯʥʦ ʩʝʯʝʥʠʝ ʥʘ ʩʪʲʙʣʘʪʘ ʠ ʩʨʝʜʥʘ ʚʠʩʦʯʠʥʘ ʥʘ ʜʨʲʚʯʝ. ʉʨʝʜʥʘʪʘ ʦʙʠʢʦʣʢʘ ʥʘ 

ʩʪʲʙʣʘʪʘ ʥʘ ʜʨʲʚʯʝʪʘʪʘ ʧʨʠ ʤʫʣʯʠʨʘʥʝ ʝ 235.67 mm, ʩ 108.1 %  ʧʦ-ʛʦʣʷʤʘ ʩʧʨʷʤʦ 

ʩʨʝʜʥʘʪʘ ʦʙʠʢʦʣʢʘ ʥʘ ʩʪʲʙʣʘʪʘ ʥʘ ʜʨʲʚʯʝʪʘʪʘ, ʦʪʛʣʝʞʜʘʥʠ ʙʝʟ ʤʫʣʯʠʨʘʥʝ ï 93.707 

mm ʪ.ʝ. ʧʦʢʘʟʚʘʪ 1.1 ʧʲʪʠ ʧʦ-ʩʠʣʝʥ ʨʘʩʪʝʞ. 

ʇʨʠ ʚʘʨʠʘʥʪʘ ʩ ʤʫʣʯʠʨʘʥʝ eʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʜʨʲʚʯʝʪʘ ʩʘ ʩʲʩ ʩʨʝʜʥʘ 

ʚʠʩʦʯʠʥʘ 2.64 m ʠ ʩʘ ʧʦ-ʚʠʩʦʢʠ  ʦʪ ʜʨʲʚʯʝʪʘ ʦʪ ʚʘʨʠʘʥʪʘ ʩ ʤʫʣʯʠʨʘʥʝ, ʢʲʜʝʪʦ 

ʩʨʝʜʥʘʪʘ ʚʠʩʦʯʠʥʘ ʝ 2.6 m.  ɼʨʲʚʯʝʪʘ ʦʪʛʣʝʞʜʘʥʠ ʧʨʠ ʚʘʨʠʘʥʪʘ ʩ ʤʫʣʯʠʨʘʥʝ ʩʘ ʩ 

1.01 ʧʲʪʠ ʧʦ-ʚʠʩʦʢʠ ʦʪ ʪʝʟʠ ʦʪʛʣʝʞʜʘʥʠ ʙʝʟ ʤʫʣʯ ʠʣʠ ʩʘ ʩ 101.5 % ʧʦ-ʚʠʩʦʢʠ. 

ʉʨʝʜʥʦʪʦ ʥʘʧʨʝʯʥʦ ʩʝʯʝʥʠʝ ʥʘ ʩʪʲʙʣʘʪʘ ʥʘ ʜʨʲʚʯʝʪʘʪʘ, ʦʪʛʣʝʞʜʘʥʠ ʧʨʠ 

ʢʘʧʢʦʚʦ ʥʘʧʦʷʚʘʥʝ ʠ ʤʫʣʯʠʨʘʥʝ ʝ 8.554 ʩmĮ, ʩʲʱʠʷʪ ʧʦʢʘʟʘʪʝʣ ʟʘ ʝʢʧʝʨʠʤʝʥʪʘʣʥʠʪʝ 

ʜʲʨʚʝʪʘ, ʦʪʛʣʝʞʜʘʥʠ ʙʝʟ ʤʫʣʯʠʨʘʥʝ ʝ ʩ 114.7 % ʧʦ-ʥʠʩʢʘ ʩʪʦʡʥʦʩʪ ï 7.452 ʩmĮ ʪ.ʝ 

ʬʠʜʘʥʢʠʪʝ, ʦʪʛʣʝʞʜʘʥʠ ʩ ʤʫʣʯʠʨʘʥʝ ʧʦ ʪʦʟʠ ʧʦʢʘʟʘʪʝʣ ʠʤʘʪ ʧʦ- ʜʦʙʨʦ ʨʘʟʚʠʪʠʝ ʩ 

1.1 ʧʲʪʠ. 

ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʦʙʝʤʘ ʥʘ ʢʦʨʦʥʠʪʝ  ʝ ʫʩʪʘʥʦʚʝʥʦ, ʯʝ ʧʨʠ ʧʨʠʣʘʛʘʥʝ ʥʘ 

ʢʘʧʢʦʚʦ ʥʘʧʦʷʚʘʥʝ ʩ ʤʫʣʯʠʨʘʥʝ, ʪʦʡ ʝ ʩʨʝʜʥʦ 4.8 mį, ʜʦʢʘʪʦ ʜʨʲʚʯʝʪʘʪʘ, ʦʪʛʣʝʞʜʘʥʠ 

ʙʝʟ ʤʫʣʯʠʨʘʥʝ ʠʤʘʪ ʩʨʝʜʝʥ ʦʙʝʤ ʥʘ ʢʦʨʦʥʠʪʝ 5.3 mį ʪ.ʝ ʧʨʠ ʥʘʧʦʷʚʘʥʝ ʩ ʤʫʣʯʠʨʘʥʝ 
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ʜʨʲʚʯʝʪʘʪʘ ʩʘ ʩ 1.1 ʧʲʪʠ ʧʦ - ʩʣʘʙʦ ʬʦʨʤʠʨʘʥʠ ʢʦʨʦʥʠ, ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʧʨʝʜʭʦʜʥʘʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʛʦʜʠʥʘ, ʢʦʛʘʪʦ ʩʨʝʜʥʠʷʪ ʦʙʝʤ ʥʘ ʢʦʨʦʥʦʪʠʪʝ ʥʘ ʜʨʲʚʯʝʪʘ 

ʦʪʛʣʝʞʜʘʥʠ ʧʨʠ ʚʘʨʠʘʥʪʘ ʩ ʤʫʣʯ ʜʘʜʦʭʘ ʧʦ-ʜʦʙʨʠ ʨʝʟʫʣʪʘʪʠ. 

 

 

ʊʘʙʣʠʮʘ 2. ʉʨʝʜʥʠ ʙʠʦʤʝʪʨʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʚʘʨʠʘʥʪʠ  2020, 2021, 2022 

Table 2. Average biometric characteristics by variants 2020, 2021, 2022 

ɻʦʜʠʥʘ,Year 
ɺʘʨʠʘʥʪ, 

Variant 

ʉʨʝʜʥʘ 
ʦʙʠʢʦʣʢʘ 
ʩʪʲʙʣʘ, 

average stem 
circumference, 

mm 

ʉʨʝʜʥʦ 
ʥʘʧʨ.ʩʝʯʝʥʠʝ 
ʩʪʲʙʣʦ, 

average cross-
section stem, 

ʩmĮ 

ʉʨʝʜʥʘ 
ʚʠʩʦʯʠʥʘ 
ʜʨʲʚʯʝ, 

height tree 
m 

ʉʨʝʜʝʥ 
ʦʙʝʤ 
ʢʦʨʦʥʘ, 
average 
crown 

volume, 
mį 

2020 
ʩ ʤʫʣʯ 167.35 22.66 3.25 4.88 

ʙʝʟ ʤʫʣʯ 139.87 16.34 3.1 4.28 

2021 
ʩ ʤʫʣʯ 213.33 35.22 3.2 10.72 

ʙʝʟ ʤʫʣʯ 200.27 26.49 3.1 9.06 

2022 
ʩ ʤʫʣʯ 241.63 47.03 3.54 27.46 

ʙʝʟ ʤʫʣʯ 218.62 31.62 3.6 27.09 

 

 

ʌʠʛʫʨʘ 1. ʉʨʝʜʥʠ ʙʠʦʤʝʪʨʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʚʘʨʠʘʥʪʠ ʟʘ 2020, 2021,2022 

Figure 1. Average biometric characteristics by variant for 2020, 2021, 2022 
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ʀʟʚʦʜʠ 

ʇʨʝʟ ʧʝʨʠʦʜʘ ʥʘ ʤʣʘʜʝʥʯʝʩʢʘ ʚʲʟʨʘʩʪ ʷʙʲʣʢʦʚʦʪʦ ʥʘʩʘʞʜʝʥʠʝ ʩʝ ʨʘʟʚʠʚʘ 

ʧʨʘʚʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʧʨʝʟ ʨʘʟʛʣʝʞʜʘʥʠʪʝ ʛʦʜʠʥʠ 2020 - 2022, ʢʘʪʦ: 

ü ʉʨʝʜʥʘʪʘ ʦʙʠʢʦʣʢʘ ʥʘ ʩʪʲʙʣʦʪʦ ʥʘʨʘʩʪʚʘ ʦʪ 167 mm ʜʦ 241 mm ʧʨʠ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʫʣʯ, ʠ ʦʪ 140 mm ʜʦ 218 mm ʧʨʠ ʚʘʨʠʘʥʪʘ ʙʝʟ ʤʫʣʯ. ʆʙʠʢʦʣʢʘʪʘ 

ʩʨʝʜʥʦ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʫʣʯ ʝ ʩ 10% ʧʦ-ʛʦʣʷʤʘ. 

ü ʉʨʝʜʥʦ ʥʘʧʨʝʯʥʦʪʦ ʩʝʯʝʥʠʝ ʥʘ ʜʲʨʚʦʪʦ ʥʘʨʘʩʪʚʘ ʦʪ 22.66 cm3 ʧʨʝʟ 

2020 ʛ ʜʦ 47 cm3  ʧʨʝʟ 2022ʛ. ʧʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʫʣʯ. ɸ ʧʨʠ ʚʘʨʠʘʥʪʲʪ ʙʝʟ ʤʫʣʯ ʝ 

16.34 cm3 ʧʨʝʟ 2020 ʛ ʜʦ 31.62 cm3  ʧʨʝʟ 2022ʛ. 

ü ʉʨʝʜʥʘʪʘ ʚʠʩʦʯʠʥʘ ʥʘ ʷʙʲʣʢʦʚʦʪʦ ʜʲʨʚʦ ʩʦʨʪ ʌʣʦʨʠʥʘ ʝ 3.25 m ʜʦ 3.54 

m ʧʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʫʣʯ ʠ 3.10 m ʜʦ 3.54 m ʧʨʠ ʚʘʨʠʘʥʪʘ ʙʝʟ ʤʫʣʯ. ʇʨʠ 

ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʜʲʨʚʝʪʘʪʘ ʥʝ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʩʲʱʝʩʪʚʝʥʠ ʨʘʟʣʠʢʠ ʧʨʠ ʜʚʘʪʘ 

ʚʘʨʠʘʥʪʘ. 

ü ʅʘʡ-ʛʦʣʝʤʠ ʨʘʟʣʠʢʠ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʧʨʠ ʦʬʦʨʤʷʥʝʪʦ ʥʘ ʢʦʨʦʥʘʪʘ/ ʦʙʝʤʘ 

ʥʘ ʢʦʨʦʥʘʪʘ ʧʨʝʟ ʨʘʟʛʣʝʞʜʘʥʠʪʝ ʛʦʜʠʥʠ. 

ʇʨʠ ʥʘʧʨʘʚʝʥʠʪʝ ʩʨʘʚʥʝʥʠʷ ʥʘ ʙʠʦʤʝʪʨʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʜʨʲʚʯʝʪʘʪʘ, 

ʦʪʛʣʝʞʜʘʥʠ ʩ ʢʘʧʢʦʚʦ ʥʘʧʦʷʚʘʥʝ ʠ ʤʫʣʯʠʨʘʥʝ ʠ ʪʝʟʠ ʙʝʟ ʤʫʣʯʠʨʘʥʝ ʧʨʝʟ ʧʝʨʠʦʜʘ 

2020-2022 ʛ., ʨʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʟʘʭʘ, ʯʝ ʧʦʜ ʚʣʠʷʥʠʝ ʥʘ ʤʫʣʯʠʨʘʥʝʪʦ ʷʙʲʣʢʦʚʠʪʝ 

ʜʨʲʚʯʝʪʘ ʧʨʦʷʚʷʚʘʪ ʧʦ-ʩʠʣʝʥ ʨʘʩʪʝʞ ʧʦ ʩʣʝʜʥʠʪʝ ʧʦʢʘʟʘʪʝʣʠ: ʦʙʠʢʦʣʢʘʪʘ ʥʘ 

ʩʪʲʙʣʘʪʘ, ʥʘʧʨʝʯʥʦ ʩʝʯʝʥʠʝ ʥʘ ʩʪʲʙʣʘʪʘ, ʩʨʝʜʥʘ ʚʠʩʦʯʠʥʘ ʥʘ ʜʨʲʚʯʝ ʠ ʦʙʝʤ ʥʘ 

ʢʦʨʦʥʘʪʘ. 
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Abstract 
Land degradation due to climate change is negatively affecting agriculture, 

infrastructure and biodiversity, "undermining the well-being of 3.2 billion people" according 
to the UN. According to the report of the Study Committee on Climate Change, there is an 
alarming increase in all indicators showing the risk of desertification in the Eastern 
Mediterranean and in Greece, as a country located at the southernmost tip of the Balkan 
Peninsula. The risk of desertification is greater in areas of the country where rainfall 
decreases and where extreme events such as floods and droughts and devastating fires 
alternate. According to data from the European Union's Copernicus climate change 
agency, in Greece at the end of July 2023, more than 100 forest fires caused significant 
damage to the atmosphere, emitting a total of over one million tons of carbon dioxide per 
month. Given that forests influence and shape the Mediterranean landscape and as the 
phenomenon of forest fires has reached enormous proportions, it is actually tending to 
develop into one of the country's most serious problems. Recent studies have shown that 
about 30% of the country is at high risk of desertification, while another 35% is at 
moderate risk. In conclusion, in Greece, the Climate Change is present with the increase 
in the frequency of extreme phenomena, such as large fires, heat waves and high-intensity 
rainfall in recent years, which, in addition to the degradation of the flora, favor soil erosion 
and flooding phenomena, given that the country's land resources are among the most 
sensitive, due to its land, geomorphological and topographical conditions. 

Key words: Greek Agriculture, Soil Resources, Soil degradation ,Soil erosion, 
Desertification. 
 

Introduction 
Greek Agriculture and Soil  Resources 
In Greece, agriculture plays a key role in supporting the socio-economic sustainability 

of rural areas, as this sector is the main user of agricultural land. In Greece, agriculture 
covers a large part of its territory. It accounts for about 30% of the total area. The total 
cultivated agricultural land (arable crops, horticultural land, permanent crops) amounts to 
3,221,680 hectares compared to the 171,603,000 hectares of the EU-27. In 2018 the main 
crop groups per year were distributed as follows: 53.4% of cultivated area (1,719,600 
hectares) was used for arable crops, 1.9% (61,890 hectares) for horticultural, 33.7% 
(1,085,100 hectares) for permanent crops and 11.0% (354,760 hectares) of arable land 
was under set-aside. 56% of arable land is located in lowland areas, while the rest is in 
mountainous or semi_mountainous areas. An important parameter for crop efficiency is 
the irrigated agricultural area. One-third of the arable land is irrigated. The highest 
irrigation rates (97%) are occupied by horticultural crops, 43% by arable land, 38% by tree 
crops and 36% by viticulture. The average size of agricultural holdings is less than 5.0 
hectares and the number of large farms has increased. Thus, 76.0% of rural households 
have a size of less than 5 hectares, while less than 1% have a size of more than 50 

mailto:chpaschal46@yahoo.gr
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hectares. It is worth noting that agriculture must take care of soil protection, water quality, 
natural resources because these are vital factors in ensuring the sustainability of humanity. 
At the same time, extreme weather eventsrelatedto climate change, desertification and 
landoccupation for urban expansion and construction of buildings exacerbate this trend 
(Lareshin et al., 2008). Thisis of direct interest inGreece and for Europe, ascompetition for 
land and water creates a serious threat ofgeopolitical imbalance. In addition, land 
degradation leadsto a global reduction in multifunctional soils. In the future,the European 
Union will continue to depend on its limitedland resources, includingsome of the most 
fertile soils inthe world. The article provides data derived from recentsoil surveys across 
main agricultural regions of Greece.The data related to land use for agricultural 
production,to the presenceof problem soils, to soil degradation desertification, and erosion. 
 

Territorial resources and  Problem Soil of Greece 
 According to the report of the Study Committee on Climate Change, there is an 

alarming increase in all indicators showing the risk of desertification in the Eastern 
Mediterranean and in Greece, as a country located at the southernmost tip of the Balkan 
Peninsula. The risk of desertification is greater in areas of the country where rainfall 
decreases and where extreme events such as floods and droughts and devastating fires 
alternate. According to data from the European Union's Copernicus climate change 
agency, in Greece at the end of July 2023, more than 100 forest fires caused significant 
damage to the atmosphere, emitting a total of over one million tons of carbon dioxide per 
month. Given that forests influence and shape the Mediterranean landscape and as the 
phenomenon of forest fires has reached enormous proportions, it is actually tending to 
develop into one of the country's most serious problems. 
 
 

  Table 1. Soil Allocation of Greece (%) 
 
 
 
 
 

Source: WDI 2007 
 
 

      Table 2. Categories of Quality of Greek Soill   Resources 
 
 
 
 
 
 
 

        Source: CEC 1992 
 
 

The soil resources of Greece are among the most vulnerable to degradation, since 
soil, geological, topographic and climatic conditions are unfavorable. The relatively low 
percentage (1ï1.5%) of soil organic matter content, the intense terrain with fragile 
geological materials covering most of the surface, mountain ranges and strong slopes of 
the earth contribute to soil degradation . (Simonis A, 1993). Agricultural land has the 
highest productivity for the use of certain goals, without loss of productivity. Pastures land 
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have medium productivity and forests land have even lower productivity. High-quality soils 
occupy 2,492,000 ha, soils of average productivity occupy 2,334,000 ha, and poor-quality 
soils occupy 7,580,000 ha (Table 2 

It is well known that soil formation is determined by the influence and interaction of 
various factors, such as source material (parent rock), climate, fauna and flora, 
topography, time and anthropogenic impact. Soils acquire variou properties (natural 
chemical and biological) that are directly related to their use for a specific purpose. 
Nevertheless, there are some groups of soils with certain properties, which in fact create 
unfavorable conditions for plant growth, which makes them prohibitive for any cultivation. 
In these cases, the problem soil is determined solely on the basis of their specific features, 
that is, either a very acidic pH, or an extremely high salinity, or a high content of CaCO3. ). 
They always occur naturally, including saline soils, acidsulfate soils, sandy soils, skeletal 
soils and shallow soils. These soils are the source of serious soil degradation onditions 
that can accelerate the soil erosion process(FAO, 1994). 

In this sense, the soil is actually problematic, because it is unsuitable for any use 
under agricultural crops. These lands must be improved in order to be used. Problem soils, 
according to the FAO reference, are classified into the following categories a) Salt affected 
soils b) Acid soils c) Calcareous d) Organic or peat soils e) Heavy clay soils and f) Steep 
slope soils In Greece arid conditions prevail, contributing to the formation of especially 
saline soils, which contributes to the presence of problematic soils. The main anions that 
cause mineralization of the soil are chlorine, sulfate, sodium and magnesium, and 
sometimes nitrates.  

Despite these problems that exist in calcareous soils, productivity is significantly 
improved when they are irrigated and a rational agricultural system is introduced. 
(Koukoulakis & Papadopoulos, 2007). Greece, in addition to problem salted acidic 
calcareous soils, there are two other main problems associated with soil, such as erosion 
and desertification of territories. Erosion causes soil degradation, partial or complete loss 
of productivity. The physical natural geological geomorphological topographic and climatic 
conditions of the country contribute to the development of all forms of erosion (Mitchios et. 
al., 1995). Greek soils are among the most sensitive to erosion in the world for the 
following reasons: a) There is no formation of stable soil colloids that counteract the 
destructive power of rain drops. b) Low soil water-absorbing ability c) The fragile 
geological rocks and minerals that are found in most Greek lands d) The surface of 
mountain ranges and sharp declines e) The dry climate with a combination of heavy rains 
In addition to the above reasons, there are other factors that cause soil erosion in Greece, 
such as the limited use of manure and other organic fertilizers (green fertilization with 
various plant residues, municipal wastewater, etc.), the use of heavy machinery, 
insufficient monoculture of the soil cover for many years, sowing of grain on mountainous 
areas, excessive grazing and frequent fires observed on pastures and forests. In Greece, 
about 26.5% of the total land area (3,500,000 hectares approximately) are subject to 
various erosion. Even worse, with the problemof desertification of the landsin Greece, 
according to the National Committee for the study of the problem of desertification, 35% of 
the territory of Greece are at risk or already have signs of desertification, 49% are at 
moderate risk, and only 16% of the country is not at risk. 8% of agricultural land in Greece 
- about 300,000 ha essentially should be taken out of production, since they can no longer 
be cultivated. More sensitive areas of Greece include Crete, the Aegean, East 
Peloponnese, East-Central Greece, Evia, parts of Thessaly and specific areas of 
Macedonia and Thrace. The degradation of soils to such extent that they lose their fertility, 
"to die", are caused by various factors, including climate change and human activities. 
Thus, desert land is not capable of either producing or conserving vegetation. It takes 5ï
10 centuries in the case of limestone rocks and 50 years in the case of shale rocks to 
create one centimeter of soil. But it can be destroyed within a decade. Soil is a natural 
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resource that can hardly be replaced (Kosmas, 2017). The lack of land use planning in 
Greece exacerbated the problem, because in areas such as Thessaly plain, where land 
was industrial enterprises were created, intensive cultivation on that plain led to the 
depletion of groundwater, resulting in salt water reaching the Karditsa plain of Thessaly 
nowadays. The risk of desertification is very high in Greece and the rest of area from the 
Mediterranean basin. In fact, climate change and rising temperatures create a vicious 
circle that dramatically affects development the phenomenon. Rising temperatures and 
heavy rains accelerate the desertification process. At the same time, when the soil is a 
dead body, it cannot only ñnourishò plants that protect the erosion process, but also cannot 
control the temperature changes. Recent studies have shown that about 30% of the 
country is at high risk of desertification, while another 35% is at moderate risk. In 
conclusion, in Greece, the Climate Change is present with the increase in the frequency of 
extreme phenomena, such as large fires, heat waves and high-intensity rainfall in recent 
years, which, in addition to the degradation of the flora, favor soil erosion and flooding 
phenomena, given that the country's land resources are among the most sensitive, due to 
its land, geomorphological and topographical conditions. 
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Abstract 
This work presents the results of the study of the residual effect of Cd in lettuce 

cultivation. The experimental design, lasting 2 years, was carried out in containers with a 
volume of 5 liters, using sandy clay soil as a substrate. The first year included 5 treatments 
of five replicates, with the addition of 4 levels of Cd amounts (5, 10, 40 and 80 mg Cd-1) in 
nitrate form of cadmium [Cd(NO3)2], with the addition of N P K 0.20 gr/kg including the 
control. In the second year, in the same containers of the treatments, before sowing with 
lettuce variety Paris Island cos., the soil substrate was disturbed without adding fertilizers. 
The soil substrate in the containers was kept at 60% of its water capacity. It was found that 
the aboveground fresh weight of lettuce was greater in the NPK plus Cd treatments, 
relative to the control, attesting to their residual action. Also, Cd levels were positively 
correlated with aboveground fresh weight of lettuce plants due to the nitrate form of heavy 
metals. 

Key words: Lettuce, cadmium, soil, toxicity, yield. 
 

Introduction 
Cadmium (Cd) input into agricultural soils is due to the application of phosphatic 

fertilizers (Jones et al., 1973; Jones et al., 1992; McLaughlin et al., 2000), soil 
amendments with municipal sewage sludges, and atmospheric deposition (Weissenhorn 
and Leyval 1995). Cd is one of the most toxic nonessential and mobile metallic elements 
found in soils and can easily be accumulated by agricultural crops and it can have 
numerous adverse effects on plant physiology, such as chlorosis, necrosis, vein 
reddening, affecting nutrient uptake (Jadwiga, 1990). Messinia is one of the most 
important agricultural areas in Greece in terms of intensive vegetable production, located 
in the southwestern part of Peloponnese, Greece. In this area, crop production is 
accompanied by the use of large amounts of pesticides and organic and inorganic fertilizer 
inputs, which promote the accumulation of heavy metals such as Cd. Cd accumulation is 
closely related to the Cd content of the fertilizer source, soil pH, and cation exchange 
capacity (CEC) (Rodr²guez et al., 2006). This study was undertaken to investigate the 
effect of Cd on growth, yield, and Cd concentration in lettuce and in soil. 
 

Materials and methods 
An experiment was conducted lasting 2 years, with lettuce plants in a plastic 

greenhouse without heating at the farm of the University of Peloponnese, prefecture of 
Messinia, Peloponnese, southern Greece. The soil was obtained from the surface layer 
(0ï30 cm deep) of the farm of University of Peloponnese. The soil was then ground, 
sieved to less than 2 mm, and analyzed before being used. Every year seeds of lettuce 
variety Paris Island cos., were sowed directly in plastic pots 5 L in volume and 23 cm in 
diameter. Soil moisture content was maintained at 60% of the field water-holding capacity 

mailto:chpaschal46@yahoo.gr
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using tap water while daily measurements of moisture content were recorded with the aid 
of tensiometer readings and gross pot weights. Two weeks after sowing, the seedlings 
were thinned to two per pot. The selected seedlings with four leaves at the same high. The 
plant samples were harvested for analysis after 10 weeks. One separate pot experiments 
were conducted: (a) soil was amended with 0 (control), 5, 10, 40, and 80 mg Cd kgī1 dry 
soil using cadmium nitrate [Cd(NO3)2]. For the two years of the experiment the 
experimental design was complete randomized with five replicates, and each replicate 
comprised five pots. The first year, prior to soil amendment and sowing, basal fertilization 
with 0.20 g of N, 2.29 g P2O5, and 1.20 g K2O per kg of dry soil was applied. Nutrients 
were added as ammonium nitrate (34% N), single superphosphate (20% P2O5), and 
potassium sulfate (50% K2O). In the second year, in the same containers of the 
treatments, before sowing with lettuce, the soil substrate was disturbed without adding 
fertilizers. Weeds were removed regularly. Soil physical and chemical properties were 
analyzed before seed sowing and after the termination of the experiments. The 
preparation of samples for analysis and laboratory determinations were performed 
according to the methods commonly used for soil characterization (Bouyoucos, 1962; 
Miller and Keeney 1982; Page et al., 1982, SSSA, 1990; Okalebo et al., 2002). Particle-
size distribution analysis was carried out by the Bouyoucosôs method, the pH and the 
electrical conductivity (EC) were measured in water paste extract, organic matter was 
determined by dichromate oxidation, carbonates were found using a Bernard calcimeter, 
total N was measured by the Kjeldahl method, available phosphorous (P) was determined 
by sodium hydrogen carbonate extraction, exchangeable potassium (K), calcium (Ca), and 
magnesium (Mg) were calculated by barium chloride (BaCl2) extraction, and available Cd, 
Pb, Zn, and Cu were measured by diethylenetriaminepenta acetic acid (DTPA) extraction. 
During harvest, aboveground part fresh weight of lettuce plant from each pot, was 
determined. Leaves were washed with tap water and rinsed with deionized water, dried 
between two layers of paper tissues, and kept at 70ǓC for 3 days. Dried samples were 
ground in a stainless pulverisette mill to pass through a 1-mm round-hole sieve. Ground 
samples were stored at room temperature in acid-washed glass jars. Subsamples were 
combusted in a muffle furnace at 520 ǓC for 5 h and brought to volume in 3 N hydrochloric 
acid (HCl) (Allen et al., 1974) and analyzed for total contents of Cd with an atomic 
absorption spectrophotometry. 

In this work, a study was made of the residual effect of Cd levels on the lettuce 
culture in the growth containers during the 2nd year of the experiment. Statistical Analysis 
Data were analyzed by one-way analysis of variance and, when applicable, subjected to 
Duncanôs multiple-range test. 
 

Results and discussion  
Properties of the used soil 
The soil used was clay loam textured with good chemical properties (Table 1), but in 

general with low levels of available K and Zn and high levels of exchangeable Mg (>1.8 
cmol kgī1), which suggests inhibition of K and Zn uptake, given the fact that critical values 
for available K and Zn are less than 0.30 cmol kgī1 and 2.8 mg kgī1 respectively 
(Analogidis 2000). 
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Table 1. Properties of the used soil 
 

Texture pH 
EC 

mScm
ī1 

Org. 
matter 

% 

CaCO

3 
% 

N 
g kg

ī1 
P Olsen 
mg kgī1 

K Mg Ca Cd Zn Mn Fe Cu 

cmol kg
ī1 mg kgī1 

Clay 
loam 
(CL) 

7.42 1.1 2.0 9.5 2.0 15 0.25 2.0 9.4 0.1 1.3 17.6 21.0 7.5 

 
Soil parameters and bioavailable Fractions of Cd in the soil in the 2nd year 
 

According to Table 2, pH was maintained at the same initial levels, in the control and 
in the highest Cd addition, while in the other treatments it is recorded a significant 
decrease compared to the control, apparently due to the effect of the initial fertilization with 
ammonium nitrate. In the case of the treatment with the largest addition of Cd, the 
presence of pH at approximately the same levels is apparently due to the effect of the 
larger amounts of nitrate anions with which the addition of Cd was accompanied 
[Cd(NO3)2]. The initial electrical conductivity (E.C.) of the soil used indicates that the soil is 
non-saline and suitable for lettuce (Maas, 1984). Comparing the original E.C. with E.C. of 
the treatments after two years, a significant reduction is recorded in the control and low 
cadmium additions (5 mg Cd kgī1, 10 mg Cd kgī1). Which specifically, after two years, 
adding Cd at levels of 10 mg Cd kgī1, 40 mg Cd kgī1, 80 mg Cd kgī1 to the soil, E.C. in 
these substrates it is recorded significantly higher compared to the control, maintaining it in 
the last two treatments with the highest additions of Cd, at approximately the same initial 
levels, while contrary to the addition of Cd 5 mg Cd kgī1 it is significantly reduced 
compared to the control (Table 2). The DTPA-extractable Cd contents were significantly 
and positively related to the addition of Cd (Table 2), but the increase in general did not 
vary according to the amounts added to soil, indicating an immobilization of applied Cd, 
perhaps because soil was rich in clay and carbonates (Table 2). It seems that large 
proportions of Cd are left in the soil after crop harvest because of their strong binding 
capacity and their fixation in unavailable fraction (Sinha, Patil and Tripathi, 1981; Singh 
and Nayyar, 1994). 
 
Table 2. Soil parameters and bioavailable Fractions of Cd in the soil in the 2nd year (after 
harvest) 
 

Treatments pH E.C. (ms/cm) Cd (mg kgī1) 

Control 7.39a* 0.44c 0.00d 

5 mg Cd kgī1 7.05b 0.17d 1.10c 

10 mg Cd kgī1 7.05b 0.68b 2.64b 

40 mg Cd kgī1 6.90b 0.99a 5.04a 

80 mg Cd kgī1 7.31a 0.96 a 5.68 a 

*Values in each column followed by the same letter did not differ significantly (P < 0.05) 
according to Duncanôs multiple-range test 
 
Above-ground fresh weight and leaf Cd concentration of lettuce plants in the 2nd year 
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Cadmium accumulation in the leaves of lettuce plants increased with increasing 
amounts of Cd in the soil until the application of 40 mg Cd kgī1, while with the application 
of 80 mg Cd kgī1, it showed a significant decrease but remained at significantly higher 
levels than the other treatments. These changes could be attributed in addition to the 
larger amounts of nitrate application in soil, to the changes in pH, and carbonates, 
correlating the reduction of cadmium in the leaves, with the increase in soil pH (Table 3). 
Although lettuce plants accumulated some levels of Cd in leaves (>5 ppm and < 10 ppm), 
the plants did not show growth disturbance, without showing symptoms of phytotoxicity 
due to Cd application, and plant growth was also not affected, indicating a tolerance to Cd 
stress (Adriano, 2001).  
 
 
Table 3. Above-ground fresh weight and leaf Cd concentration of lettuce plants in the 2nd 
year (after harvest) 
 

Treatments 
Above Fresh weight 

(gr/plant) 
Cd (mg kgī1) 

Control 27.68c* 0.05d 

5 mg Cd kgī1 35.43b 2.08c 

10 mg Cd kgī1 48.13a 2.97c 

40 mg Cd kgī1 49.66a 9.05a 

80 mg Cd kgī1 48.87a 5.79 b 

*Values in each column followed by the same letter did not differ significantly (P < 0.05) 
according to Duncanôs multiple-range test 
 
 

Above-ground fresh weight increased significantly in all Cd application compared to 
the control treatment, which can be ascribed to the nitrate form of Cd and last year's 
fertilizer applications (Table 3). ȸut it seems that further addition of Cd (40 mg Cd kgī1, 
and 80 mg Cd kgī1) in soil had not an increase of above-ground fresh weight, recording no 
significant change. Besides there is a stimulatory effect of Cd, that is attributed to the fact 
that Cd ions can serve as activators of enzymes in cytokinin metabolism, which 
accelerates the growth of plants, delaying senescence while maintaining the chlorophyll 
and photosynthetic activity of leaf tissues (Kaminek, 1992; Nyitrai, 2004). 
 

Conclusion 
Although the availability of Cd was enhanced by Cd amendments in soil, their content 

did not vary according to the amounts added to soil. Soil properties such as high content in 
clay minerals, pH, and carbonates may favor the immobilization of metals and therefore 
the availability of Cd for uptake by lettuce will be generally lower. Lettuce plants grown in 
soil with high Cd amendments didnôt exceed the maximum allowable levels in the leaves 
and they did not show growth disturbance. After the additions of 5 mg Cd kgī1, 10 mg Cd 
kgī1 and 40 mg Cd kgī1, further addition of Cd to 80 mg Cd kgī1 had a significant Cd 
decrease in leaves concentration. Above fresh weight significantly increased in all the 
applications compared to the control treatment, but after 10 mg Cd kgī1 in soil, further Cd 
addition, no significant change was observed.  
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Abstract 
In the present work, the effect of foliar application of humic and fulvic acids (HFA) on 

parameters related to the growth, yield and quality of lettuce was investigated. Lettuce 
plants (romaine type) at the 3 true leaf stage (BBCH 13) were transplanted into containers 
(5 L) with soil. The basic fertilization with NPK (0.45 N g/kg, 0.15 P g/kg 0.30 K g/kg soil) 
was done before transplanting, while containers without basic fertilization were also 
included (Control). One (1) or 2 foliar applications of HFA formulation (26% humic and 
fulvic acids, 10.5% organic carbon) were applied at final spray solution concentrations of 
1:500 HFA or 1:200 HFA. Throughout the experiment, the plants were grown in a glass 
greenhouse with a water availability that maintained at 70% of the water capacity of the 
soil. The results showed that 1 application of HFA (regardless of the applied concentration) 
at 22 DAT when preceded by NPK fertilization led to stunting of lettuce growth (reduction 
compared to Control plant height, in leaf area and plant fresh weight at harvest) possibly 
due to stress induction. The plants without NPK fertilization with a 1:200 HFA application 
had similar values to the Control. On the contrary, when there was a second application of 
HFA, the plants recovered and finally, compared to the control, showed increases in the 
values of the number of leaves, height, leaf area and fresh weight. The HFA applications 
resulted on improved leaf color (parameters L*, a*, b*) leading to a deeper green color and 
weaker yellow compared to the Control.  

Key words: humic acids, fulvic acids, lettuce, fertilization, yield, quality. 
 
Introduction 
In the modern agriculture, the quest for sustainable and eco-friendly farming 

practices is very critical. Farmers and agricultural scientists alike are on a continuous 
mission to optimize crop yields, improve soil health, and reduce the environmental impact 
of traditional farming methods. One promising practice that has gained momentum in 
recent years is the use of humic and fulvic acids in fertilization (Canellas et al., 2015). 
Utilizing mineral fertilizers for lettuce cultivation is a prevalent agricultural practice, 
delivering commendable productivity outcomes. Given the short growth cycle of leafy 
greens, substrates rich in organic matter with readily available, high-quality nutrients 
become essential (L¿dtke et al., 2021). 

Soil scientists define humic acids (HA) as humus materials that are soluble in 
aqueous alkaline solutions but precipitate when the pH is adjusted to 1ï2. In contrast, 
fulvic acids (FA) remain in solution after the aqueous alkaline extracts are acidified 
(Canellas et al., 2015). 

mailto:miltchrist@elgo.gr
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HS and FA (HFA) contribute to crop quality and productivity by facilitating nutrient 
uptake by roots, which boosts root growth and allows roots to explore greater soil volumes 
(Nardi et al., 2021). Moreover, the application of HS may reduce the application of mineral 
fertilizers due to their potential to form complexes and chelates (Calvo et al., 2014), 
enhancing the increase in nutrient absorption by plants (Canellas et al., 2015). 

The aim of the present work was the evaluation of the effect of foliar application of 
humic and fulvic acids (HFA) on parameters related to the growth, yield and quality of 
lettuce. 

 

Materials and methods 
Lettuce plants (romaine type) at the 3 true leaf stage (BBCH 13) were transplanted 

(28/09/2021) into containers (5 L) with soil (54% clay, 28% silt, 18% sand, 3.3% organic 
substance). The basic fertilization with NPK (0.45 N g/kg, 0.15 P g/kg 0.30 K g/kg soil) was 
done before transplanting, while containers without basic fertilization were also included 
(Control). One (1) or 2 foliar applications of HFA formulation (26% humic and fulvic acids, 
10.5% organic carbon) were applied at final spray solution concentrations of 1:500 HFA or 
1:200 HFA. The applications were made 22 and 31 days after transplanting (DAT) and the 
plants were harvested at 86 DAT (BBCH 49). Throughout the experiment, the plants were 
grown in a glass greenhouse with a water availability that maintained at 80% of the water 
capacity of the soil. Each treatment had 3 replication and the replication corresponded to 
one container. 

Twenty-two (22) DAT the plant growth assessed by measurements of the leaf 
number and heights of plants. 

At harvest, the number of leaves, height, fresh weight (head), leaf area and leaf color 
(CIELAB) were measured on each plant. The leaf area (sum of the area of all leaves of 
each planty) was measured by scanning each plant leaf. Colour was measured on 58 
leaves per plant with a chromameter (Minolta, Model CR-300; Minolta, GmbH Ahrensburg, 
Germany) and expressed through CIELab color scale as L*, a* and b* (Christopoulos et 
al., 2022). 

The effects of fertilization were estimated by one-way analysis of variance (ANOVA). 
Mean separation was performed by Students multiple range test (a = 0.05). All analyses 
were performed using Jump 7.0.1. (SAS, Cary Institute, NC, USA). 

 
Results and discussion 
The leaf number was 11-17 and 21-38 at 22 and 42 DAT, respectively (Figure 1). 

One (1) application of HFA (regardless of the applied concentration) when preceded by 
NPK fertilization led to reduced leaf number (P<0.05). Two (2) applications of HFA 
(regardless of the applied concentration) showed a slightly higher leaf number (P<0.05) 
than controls (by 5% the concentration of 1:200 HFA and by 12% the concentration of 
1:500 HFA) suggesting that the second HFA application is necessary for the recovery of 
the unfolding of leaves. The plant height was 17.6-29.5 and 25.4-40.0 at 22 and 42 DAT, 
respectively (Figure 1). Similarly with the leaf number, 1 application of HFA when 
preceded by NPK fertilization led to reduced plant height (P<0.05), but the plants 
recovered with the second HFA application.  
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Figure 1. Leaf number (left) and height (right) of lettuce plants, 22 (9/11/21) and 42 
(23/12/21-harvest) days after transplanting (DAT) treated with foliar applied humic and 

fulvic acids 
 

At harvest (42 DAT), the fresh weight per plant was 84-215 g (Figure 2). One (1) 
application of HFA (regardless of the applied concentration) when preceded by NPK 
fertilization led to reduced fresh weight of plants by 25-29% in comparison with controls 
(P<0.05). However, 2 applications of HFA (regardless of the applied concentration) 
showed an increased (P<0.05) fresh weight (by 83% the 1:200 HFA concentration and by 
71% the 1 :500 HFA).  

At harvest (42 DAT), leaf area per plant was 1048-4148 cm2 (Figure 2). One (1) 
application of HFA (regardless of the applied concentration) when preceded by NPK 
fertilization led to high reduction in leaf area by 46-58% in comparison with controls 
(P<0.05). However, 2 applications of HFA (regardless of the applied concentration) 
showed an increased (P<0.05) leaf area (by 59% the 1:200 HFA concentration and by 
58% the 1:500 HFA concentration).  
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Figure 2. Fresh weight (left) and leaf area (right) of lettuce plants, 42 (23/12/21-harvest) 
days after transplanting (DAT) treated with foliar applied humic and fulvic acids 

 
 

At harvest (42 DAT), the parameters of leaf color were L* 48.5-55.2, a* -17.5 to -22.3 
and b* 27.3-34.6 (Figure 2). Control (without NPK fertilization) had the highest L* and b* 
values, and the lowest a* (P<0.05) corresponding to a yellowish leaf color. One (1) 
application of HFA (regardless of the applied concentration and preceding NPK 
fertilization) decreased L* (P<0.05) and b* and had similar a* values with Control 
suggesting a slightly greener leaves. Two (2) applications of HFA (regardless of the 
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applied concentration) and NPK fertilization showed the lowest L*, a* and b* values that 
corresponded to the deepest green color among the treatments. 
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Figure 3. Color parameters L* (left), a* (center) and b* (right) of lettuce leaves, 42 
(23/12/21-harvest) days after transplanting (DAT) treated with foliar applied humic and 

fulvic acids 
 

Assessing the results of all measured attributes 1 application of HFA (regardless of 
the applied concentration) when preceded by NPK fertilization led to stunting of lettuce 
growth possibly due to stress induction. On the contrary, when there was a second 
application of HFA, the plants recovered and finally, compared to the control, showed 
increased yield (plant fresh weight) and growth attributes (leaf number and area) without 
increases in plant height. Similar results for the positive effects of HFA on lettuce growth 
has been also reported (L¿dtke et al., 2021). The leaf color is mainly related with NPK 
fertilization without and negative effect of HFA treatments. The significance of the proper 
supply of nutrients to lettuce for a good color quality has been reported (Lee et al., 2022). 

Examining the results of all the measured parameters, taking into account the 
economics of the applications, it is concluded that the combination of two foliar 
applications of 1:500 HFA and NPK fertilization is the optimal cultivation technique, under 
specific experimental conditions. 
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ʈʝʟʶʤʝ  
ɸʥʪʘʨʢʪʠʜʘ ʝ ʥʘʡ-ʩʣʘʙʦ ʧʨʦʫʯʝʥʠʷʪ ʢʦʥʪʠʥʝʥʪ ʥʘ ʟʝʤʷʪʘ. ʆʪʢʨʠʪ ʝʜʚʘ ʧʨʝʜʠ 

200 ʛʦʜʠʥʠ, ʦʩʪʘʚʘ ʥʝʠʟʩʣʝʜʚʘʥ ʟʘ ʜʲʣʛʦ, ʟʘʨʘʜʠ ʩʫʨʦʚʠʪʝ ʫʩʣʦʚʠʷ ʥʘ ʞʠʚʦʪ ʠ 
ʦʪʜʘʣʝʯʝʥʦʩʪʪʘ ʩʠ. ʊʦʚʘ ʧʦʤʘʛʘ ʘʥʪʘʨʢʪʠʯʝʩʢʘʪʘ ʝʢʦʩʠʩʪʝʤʘ ʜʘ ʩʝ ʟʘʧʘʟʠ 
ʥʝʟʘʩʝʛʥʘʪʘ ʦʪ ʯʦʚʝʰʢʦ ʚʲʟʜʝʡʩʪʚʠʝ. ɺ ʢʨʘʷ ʥʘ 50-ʪʝ ʛʦʜʠʥʠ ʥʘ ʤʠʥʘʣʠʷ ʚʝʢ ʩʝ 
ʧʦʜʧʠʩʚʘ ɸʥʪʘʨʢʪʠʯʝʩʢʠʷ ʜʦʛʦʚʦʨ, ʢʦʡʪʦ ʟʘʱʠʪʘʚʘ ʬʣʦʨʘʪʘ ʠ ʬʘʫʥʘʪʘ ʠ ʟʘʙʨʘʥʷʚʘ 
ʝʢʩʧʣʦʘʪʘʮʠʷʪʘ ʥʘ ʧʨʠʨʦʜʥʠʪʝ ʙʦʛʘʪʩʪʚʘ ʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʷʜʨʝʥʘ ʝʥʝʨʛʠʷ ʠ 
ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʷʜʨʝʥʠ ʦʧʠʪʠ ʥʘ ʢʦʥʪʠʥʝʥʪʘ. ɺʲʧʨʝʢʠ ʦʧʠʪʠʪʝ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ 
ɸʥʪʘʨʢʪʠʜʘ ʜʘ ʦʩʪʘʥʝ ʥʝʥʘʪʦʚʘʨʝʥʘ ʩ ʘʥʪʨʦʧʦʛʝʥʥʠ ʨʘʜʠʦʥʫʢʣʠʜʠ, ʧʨʦʚʝʜʝʥʠʪʝ 
ʧʨʝʟ 2012 ʛ., ʧʲʨʚʠ ʰʠʨʦʢʦʤʘʱʘʙʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʟʘ ʥʘʣʠʯʠʝ ʥʘ ʝʩʪʝʩʪʚʝʥʘ ʠ 
ʠʟʢʫʩʪʚʝʥʘ ʨʘʜʠʘʮʠʷ ʚʲʚ ʚʩʠʯʢʠ ʟʚʝʥʘ ʦʪ ʘʥʪʘʨʢʪʠʯʝʩʢʘʪʘ ʝʢʦʩʠʩʪʝʤʘ, ʜʦʢʘʟʘ, ʯʝ 
ʧʨʦʜʫʢʪʠʪʝ ʦʪ ʚʠʩʦʯʠʥʥʠʪʝ ʷʜʨʝʥʠ ʪʝʩʪʦʚʝ (ʦʪ 50-ʪʝ ʜʦ 80-ʪʝ ʛʦʜʠʥʠ ʥʘ ʤʠʥʘʣʠʷ ʚʝʢ) 
ʠ ʷʜʨʝʥʠʪʝ ʘʚʘʨʠʠ ʠ ʠʥʮʠʜʝʥʪʠ ʧʦ ʩʚʝʪʘ, ʜʦʩʪʠʛʘʪ ʣʝʜʝʥʠʷ ʢʦʥʪʠʥʝʥʪ ʧʨʝʟ ʚʠʩʦʢʠʪʝ 
ʩʣʦʝʚʝ ʥʘ ʘʪʤʦʩʬʝʨʘʪʘ, ʦʪʣʘʛʘʪ ʩʝ ʠ ʩʝ ʚʢʣʶʯʚʘʪ ʚ ʝʩʪʝʩʪʚʝʥʠʷ ʢʨʲʛʦʚʨʘʪ ʥʘ 
ʚʝʱʝʩʪʚʘʪʘ ʠ ʭʨʘʥʠʪʝʣʥʠʪʝ ʚʝʨʠʛʠ ʠ ʧʨʠʩʲʩʪʚʘʪ ʜʝʩʝʪʢʠ ʛʦʜʠʥʠ ʩʣʝʜ ʧʦʩʪʲʧʚʘʥʝʪʦ 
ʠʤ. ɺʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʠ ʩʨʘʚʥʝʥʠʝ ʩʣʝʜ 10 ʛʦʜʠʰʝʥ ʧʝʨʠʦʜ, ʧʦʢʘʟʚʘ 
ʢʘʢʪʦ ʝʩʪʝʩʪʚʝʥʦ ʥʘʤʘʣʝʥʠʝ ʥʘ ʨʝʛʠʩʪʨʠʨʘʥʠʪʝ ʘʢʪʠʚʥʦʩʪʠ ʟʘ ʥʷʢʦʠ ʥʫʢʣʠʜʠ, ʪʘʢʘ ʠ 
ʟʘʧʘʟʚʘʥʝ ʠ ʜʦʨʠ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʢʦʣʠʯʝʩʪʚʘʪʘ ʥʘ Pb-210 ʠ Cs-137 ʚʲʚ ʬʘʫʥʘʪʘ ʥʘ 
ʦ-ʚ ʃʠʚʠʥʛʩʪʲʥ, ʢʦʝʪʦ ʛʦʚʦʨʠ ʟʘ ʚʪʦʨʠʯʥʦ ʦʪʣʘʛʘʥʝ ʧʨʠ ʧʦ-ʟʘʩʠʣʝʥʦ ʣʝʜʦʪʦʧʝʥʝ ʠʣʠ 
ʜʦʧʲʣʥʠʪʝʣʥʦ ʚʲʟʜʫʰʥʦ ʟʘʤʲʨʩʷʚʘʥʝ ʩ ʦʣʦʚʦ, ʢʘʪʦ ʨʝʟʫʣʪʘʪ ʥʘ ʯʦʚʝʰʢʘ ʜʝʡʥʦʩʪ. 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʝʩʪʝʩʪʚʝʥʠ ʠ ʪʝʭʥʦʛʝʥʥʠ ʨʘʜʠʦʥʫʢʣʠʜʠ, ʦʩʪʨʦʚ ʃʠʚʠʥʛʩʪʲʥ, 
ɸʥʪʘʨʢʪʠʜʘ. 
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ɸʥʪʘʨʢʪʠʢʘ (ʬʠʛ. 1). ʅʘʤʠʨʘ ʩʝ ʥʘ ʙʣʠʟʦ 14 000 ʢʤ. ʦʪ ɹʲʣʛʘʨʠʷ ʠ ʥʘ 110 ʢʤ. ʦʪ 
ʶʞʥʠʷ ʢʦʥʪʠʥʝʥʪ. ʇʨʝʟ 1988 ʛ. ʝ ʧʦʩʪʘʚʝʥʦ ʥʘʯʘʣʦʪʦ ʥʘ ʙʲʣʛʘʨʩʢʦʪʦ ʧʨʠʩʲʩʪʚʠʝ ʥʘ 
ɸʥʪʘʨʢʪʠʢʘ ʠ ʩʲʱʝʩʪʚʫʚʘʥʝʪʦ ʥʘ ʙʲʣʛʘʨʩʢʘʪʘ ʘʥʪʘʨʢʪʠʯʝʩʢʘ ʙʘʟʘ. ʇʨʝʟ 2012 ʛ. ʧʦ 
ʚʨʝʤʝ ʥʘ 20-ʪʘʪʘ ʥʘʫʯʥʘ ʘʥʪʘʨʢʪʠʯʝʩʢʘ ʝʢʩʧʝʜʠʮʠʷ ʧʦ ʧʨʦʝʢʪ, ʬʠʥʘʥʩʠʨʘʥ ʦʪ ʌʦʥʜ 
Ăʅʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷñ, ʙʷʭʘ ʩʲʙʨʘʥʠ ʧʨʦʙʠ ʦʪ ʧʦʯʚʘ, ʚʫʣʢʘʥʠʯʥʘ ʧʝʧʝʣ, ʣʝʜ, ʝʟʝʨʥʘ 
ʠ ʤʦʨʩʢʘ ʚʦʜʘ, ʚʦʜʘ ʦʪ ʚʦʜʦʠʟʪʦʯʥʠʮʠʪʝ ʥʘ ʙʲʣʛʘʨʩʢʘʪʘ ʠ ʠʩʧʘʥʩʢʘʪʘ ʥʘʫʯʥʠ ʙʘʟʠ, 
ʣʠʰʝʠ, ʤʲʭʦʚʝ, ʬʠʪʦ ʠ ʟʦʦʧʣʘʥʢʪʦʥ, ʤʝʢʦʪʝʣʠ, ʨʠʙʘ, ʢʦʩʪʠ ʠ ʧʝʨʘ ʦʪ ʧʪʠʮʠ, ʢʦʩʪʠ ʦʪ 
ʙʦʟʘʡʥʠʮʠ. ʇʨʝʟ 2022 ʛ., ʧʦ ʧʨʦʝʢʪ ʢʲʤ ʉʋ Ăʉʚ. ʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠñ, ʟʘ ʬʠʥʘʥʩʠʨʘʥʝ 
ʥʘ ʧʦʣʷʨʥʠ ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʟʘ ʤʣʘʜʠ ʫʯʝʥʠ, ʧʨʝʜʤʝʪ ʥʘ ʠʟʩʣʝʜʚʘʥʝ ʙʷʭʘ 
ʩʲʱʠʪʝ 25 ʚʠʜʘ ʦʙʝʢʪʠ, ʦʪ ʠʟʚʝʩʪʥʠʪʝ ʤʝʩʪʘ ʟʘ ʧʨʦʙʦʚʟʝʤʘʥʝ.  
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ʌʠʛʫʨʘ 1. ɸʨʭʠʧʝʣʘʛʘ ʖʞʥʠ ʐʝʪʣʲʥʜʩʢʠ ʦʩʪʨʦʚʠ, ɿʘʧʘʜʥʘ ɸʥʪʘʨʢʪʠʢʘ, ʦ-ʚ 
ʃʠʚʠʥʛʩʪʲʥ ʠ ʙʲʣʛʘʨʩʢʘʪʘ ʘʥʪʘʨʢʪʠʯʝʩʢʘ ʙʘʟʘ Ăʉʚ. ʂʣ. ʆʭʨʠʜʩʢʠñ 

 
ʎʝʣʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʜʘ ʩʝ ʧʨʦʩʣʝʜʷʪ ʧʨʦʤʝʥʠʪʝ ʚʲʚ ʚʩʠʯʢʠ ʟʚʝʥʘ ʥʘ 

ʝʢʦʩʠʩʪʝʤʘʪʘ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʥʘʣʠʯʠʝʪʦ ʠ ʤʠʛʨʘʮʠʷʪʘ ʥʘ ʨʘʜʠʦʥʫʢʣʠʜʠ, ʢʘʢʪʦ ʠ 
ʨʝʛʠʩʪʨʠʨʘʥʝ ʥʘ ʝʚʝʥʪʫʘʣʥʠ ʥʦʚʠ ʘʥʪʨʦʧʦʛʝʥʥʠ ʟʘʤʲʨʩʷʚʘʥʠʷ.  

ʆʩʥʦʚʥʠʪʝ ʧʲʪʠʱʘ ʟʘ ʨʘʜʠʘʮʠʦʥʥʦ ʟʘʤʲʨʩʷʚʘʥʝ ʚ ɸʥʪʘʨʢʪʠʢʘ ʩʘ ʚʲʟʜʫʰʥʠ 
ʦʪʣʘʛʘʥʠʷ ʦʪ ʚʠʩʦʯʠʥʥʠ ʷʜʨʝʥʠ ʪʝʩʪʦʚʝ, ʧʨʦʚʝʞʜʘʥʠ ʧʨʝʟ ʚʪʦʨʘʪʘ ʧʦʣʦʚʠʥʘ ʥʘ 
ʤʠʥʘʣʠʷ ʚʝʢ. ʀʟʯʠʩʣʝʥʦ ʝ, ʯʝ ʝʜʥʘ ʯʝʪʚʲʨʪ ʦʪ ʠʟʭʚʲʨʣʝʥʠʪʝ ʚ ʘʪʤʦʩʬʝʨʘʪʘ ʥʘ 
ʩʝʚʝʨʥʦʪʦ ʧʦʣʫʢʲʣʙʦ ʚʝʱʝʩʪʚʘ, ʜʦʩʪʠʛʘʪ ʶʞʥʠʷ ʢʦʥʪʠʥʝʥʪ. ʇʦʨʘʜʠ ʜʲʣʛʠʷ ʧʝʨʠʦʜ 
ʥʘ ʧʦʣʫʨʘʟʧʘʜ ʥʘ ʤʥʦʛʦ ʦʪ ʠʟʢʫʩʪʚʝʥʠʪʝ ʨʘʜʠʦʥʫʢʣʠʜʠ, ʪʝ ʠ ʜʦ ʜʥʝʩ ʩʝ ʦʪʢʨʠʚʘʪ ʚʲʚ 
ʚʦʜʥʠ, ʧʦʯʚʝʥʠ ʠ ʨʘʩʪʠʪʝʣʥʠ ʧʨʦʙʠ.  

 
ʄʘʪʝʨʠʘʣʠ ʠ ʤʝʪʦʜʠ 
ʇʨʦʚʝʜʝʥʠ ʩʘ ʜʚʝ ʝʢʩʧʝʜʠʮʠʠ ʜʦ ʦ-ʚ ʃʠʚʠʥʛʩʪʲʥ ʥʘ ʙʲʣʛʘʨʩʢʘʪʘ ʘʥʪʘʨʢʪʠʯʝʩʢʘ 

ʙʘʟʘ Ăʉʚʝʪʠ ʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠñ ï ʧʨʝʟ 2012 ʠ 2022 ʛ., ʟʘ ʩʲʙʠʨʘʥʝ ʥʘ ʧʨʦʙʠ ʦʪ 
ʬʣʦʨʘʪʘ ʠ ʬʘʫʥʘʪʘ ʥʘ ʦʩʪʨʦʚʘ, ʢʘʢʪʦ ʠ ʦʪ ʪʝʭʥʠʪʝ ʭʘʙʠʪʘʪʠ. ʊʨʘʥʩʧʦʨʪʠʨʘʥʠʪʝ 
ʧʨʦʙʠ ʩʘ ʦʙʨʘʙʦʪʝʥʠ ʠ ʦʪʯʝʪʝʥʠ ʚ ʃʘʙʦʨʘʪʦʨʠʷʪʘ ʧʦ ʨʘʜʠʦʝʢʦʣʦʛʠʷ ʠ 
ʨʘʜʠʦʠʟʦʪʦʧʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʀʇɸɿʈ Ăʅ. ʇʫʰʢʘʨʦʚñ, ʉʝʣʩʢʦʩʪʦʧʘʥʩʢʘ ʘʢʘʜʝʤʠʷ. 
ʃʘʙʦʨʘʪʦʨʠʷʪʘ ʝ ʘʢʨʝʜʠʪʠʨʘʥʘ ʦʪ ʀɸ Ăɹʲʣʛʘʨʩʢʘ ʩʣʫʞʙʘ ʧʦ ɸʢʨʝʜʠʪʘʮʠʷò ʧʦ ɹɼʉ 
EN ISO/IEC 17025:2018, ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʨʘʜʠʦʘʢʪʠʚʥʠ ʝʣʝʤʝʥʪʠ 
ʚʲʚ ʚʦʜʠ, ʧʦʯʚʠ, ʨʘʩʪʝʥʠʷ ʠ ʜʨ. ʃʘʙʦʨʘʪʦʨʠʷʪʘ ʝ ʅʘʮʠʦʥʘʣʥʘ ʨʝʬʝʨʝʥʪʥʘ 
ʣʘʙʦʨʘʪʦʨʠʷ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʨʘʜʠʦʤʝʪʨʠʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʧʦ ʩʠʣʘʪʘ ʥʘ ʈʝʛʣʘʤʝʥʪ 
862/ɽʉ/2006, ʢʦʝʪʦ ʛʘʨʘʥʪʠʨʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʧʨʦʚʝʜʝʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʠ 
ʦʙʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ.  

ʇʨʦʚʝʜʝʥʠ ʩʘ ʠʟʩʣʝʜʚʘʥʠʷ ʟʘ ʥʘʣʠʯʠʝ ʥʘ ʘʣʬʘ-, ʙʝʪʘ- ʠ ʛʘʤʘ- ʝʩʪʝʩʪʚʝʥʠ ʠ 
ʠʟʢʫʩʪʚʝʥʠ ʨʘʜʠʦʥʫʢʣʠʜʠ. ʆʪʯʠʪʘ ʩʝ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ Cs-137, Sr-90, H-3, Pb-210, Th-
232, U-238, U-234, Ra-226, K-40. 

ʀʟʧʦʣʟʚʘʥʠ ʩʘ: 
1. ʄʝʪʦʜʠʢʘ ʟʘ ʨʘʜʠʦʭʠʤʠʯʥʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʩʪʨʦʥʮʠʡ-90. 
ʄʝʪʦʜʲʪ ʝ ʧʨʝʜʥʘʟʥʘʯʝʥ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʉʪʨʦʥʮʠʡ-90 ʚ ʧʦʯʚʠ ʠ ʨʘʩʪʠʪʝʣʥʠ 

ʦʙʨʘʟʮʠ. ʇʨʦʙʠʪʝ ʩʝ ʦʙʨʘʙʦʪʚʘʪ ʩ ʤʠʥʝʨʘʣʥʘ ʢʠʩʝʣʠʥʘ ʟʘ ʧʨʝʤʠʥʘʚʘʥʝ ʥʘ 
ʘʢʪʠʚʥʦʩʪʪʘ ʚ ʢʠʩʝʣʠʥʥʠʷ ʠʟʚʣʝʢ ʠʣʠ ʚ ʨʘʟʪʚʦʨʘ. ɸʢʪʠʚʥʦʩʪʪʘ ʥʘ Sr-90 ʩʝ ʦʧʨʝʜʝʣʷ 
ʩʧʦʨʝʜ ʘʢʪʠʚʥʦʩʪʪʘ ʥʘ ʜʲʱʝʨʥʠʷ ʤʫ ʧʨʦʜʫʢʪ Y-90. ʈʘʜʠʦʭʠʤʠʯʥʦʪʦ ʨʘʚʥʦʚʝʩʠʝ 
ʤʝʞʜʫ Sr-90 ʠ Y-90 ʩʝ ʫʩʪʘʥʦʚʷʚʘ ʟʘ 21 ʜʥʠ.  

2. ʄʝʪʦʜʠʢʘ ʟʘ ʨʘʜʠʦʭʠʤʠʯʥʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʫʨʘʥ. 
ʆʧʨʝʜʝʣʷʥʝ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʫʨʘʥ ï 234, 235 ʠ 238 ʚ ʩʣʘʜʢʠ ʚʦʜʠ ʟʘʧʦʯʚʘ ʩ 

ʧʨʠʙʘʚʷʥʝ ʥʘ ʠʟʚʝʩʪʥʦ ʢʦʣʠʯʝʩʪʚʦ U-232 ʟʘ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʭʠʤʠʯʥʠʷ ʜʦʙʠʚ. 
ʀʟʧʘʨʷʚʘ ʩʝ ʥʘ ʧʷʩʲʯʥʘ ʙʘʥʷ ʜʦ ʩʫʭʦ. ʆʨʛʘʥʠʯʥʘʪʘ ʢʦʤʧʦʥʝʥʪʘ ʩʝ ʦʪʩʪʨʘʥʷʚʘ ʯʨʝʟ 
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ʜʦʧʲʣʥʠʪʝʣʥʦ ʦʧʝʧʝʣʷʚʘʥʝ. ʆʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʠʟʦʪʦʧʠʪʝ ʥʘ ʫʨʘʥʘ ʩʪʘʚʘ ʘʣʬʘ 
ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦ. 

3. ʄʝʪʦʜʠʢʘ ʟʘ ʥʠʩʢʦʬʦʥʦʚʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʝʩʪʝʩʪʚʝʥʠ ʠ ʪʝʭʥʦʛʝʥʥʠ ʛʘʤʘ-
ʝʤʠʪʝʨʠ. ʇʨʝʜʚʘʨʠʪʝʣʥʦ ʦʙʨʘʙʦʪʝʥʠʪʝ ʧʦʯʚʠ, ʚʦʜʠ, ʫʪʘʡʢʠ, ʨʘʩʪʠʪʝʣʥʠ ʧʨʦʙʠ, 
ʧʨʦʙʠ ʦʪ ʞʠʚʦʪʠʥʩʢʠ ʧʨʦʠʟʭʦʜ, ʩʝ ʠʟʤʝʨʚʘʪ ʯʨʝʟ ʮʠʬʨʦʚ ʩʧʝʢʪʨʘʣʝʥ ʘʥʘʣʠʟʘʪʦʨ 
DSA 1000 Canberra ʯʨʝʟ ʜʠʨʝʢʪʥʦ ʠʟʤʝʨʚʘʥʝ ʥʘ ʛʦʣʷʤ ʙʨʦʡ ʛʘʤʘ-ʝʤʠʪʝʨʠ ʩ ʝʥʝʨʛʠʠ 
ʦʪ 50 ʜʦ 2000 keV. ʀʟʚʲʨʰʚʘ ʩʝ ʠʟʤʝʨʚʘʥʝ ʟʘ ʚʨʝʤʝ t =ʦʪ 60000 ʜʦ 120000 s.  

4. ʄʝʪʦʜʠʢʘ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʪʨʠʪʠʡ ʚʲʚ ʚʦʜʥʠ ʧʨʦʙʠ. 
ʀʟʚʲʨʰʚʘ ʩʝ ʩ ʧʦʤʦʱʪʘ ʥʘ ʪʝʯʥʦ-ʩʮʠʥʪʠʣʘʮʠʦʥʥʦ ʙʨʦʝʥʝ. ʇʨʝʜʚʘʨʠʪʝʣʥʦ 

ʧʨʦʙʘʪʘ ʩʝ ʦʙʦʛʘʪʷʚʘ ʥʘ ʪʨʠʪʠʡ ʟʘ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʪʘ 
ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʥʘ ʧʨʠʣʘʛʘʥʠʷ ʤʝʪʦʜ, ʧʨʠ ʢʦʝʪʦ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʝʬʝʢʪʠʚʥʦ 
ʠʟʤʝʨʚʘʥʝ.  

 
ʈʝʟʫʣʪʘʪʠ ʠ ʦʙʩʲʞʜʘʥʝ 
ʇʨʝʟ 2012 ʛ. ʩʘ ʚʟʝʪʠ, ʦʙʨʘʙʦʪʝʥʠ ʠ ʘʥʘʣʠʟʠʨʘʥʠ 25 ʙʨʦʷ ʧʨʦʙʠ. ɺ ʢʨʦʷ ʥʘ 2022 

ʛ. ʩʘ ʚʟʝʪʠ, ʪʨʘʥʩʧʦʨʪʠʨʘʥʠ ʠ ʠʟʤʝʨʝʥʠ 68 ʙʨʦʷ ʧʨʦʙʠ ʦʪ ʘʥʪʘʨʢʪʠʯʝʩʢʘʪʘ 
ʝʢʦʩʠʩʪʝʤʘ. ʏʘʩʪ ʦʪ ʪʷʭ ʩʘ ʘʥʘʣʠʟʠʨʘʥʠ. ɿʘ ʮʝʣʠʪʝ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ, ʧʨʝʟ 2023 ʛ. 
ʙʷʭʘ ʧʨʦʚʝʜʝʥʠ ʧʦʚʪʦʨʥʠ ʨʘʜʠʦʣʦʛʠʯʥʠ ʠʟʤʝʨʚʘʥʠʷ ʥʘ ʚʩʠʯʢʠ ʧʨʦʙʠ ʦʪ 2012 ʛ. ʠ 
ʙʝʰʝ ʢʦʨʠʛʠʨʘʥʦ ʚʨʝʤʝʪʦ ʥʘ ʨʘʟʧʘʜ. ʇʨʠ ʩʲʧʦʩʪʘʚʷʥʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ, ʢʘʪʦ ʦʩʥʦʚʥʘ 
ʪʝʥʜʝʥʮʠʷ ʩʝ ʥʘʙʣʶʜʘʚʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʘʢʪʠʚʥʦʩʪʪʘ ʥʘ ʧʦ-ʛʦʣʷʤʘ ʯʘʩʪ ʦʪ 
ʠʟʩʣʝʜʚʘʥʠʪʝ ʨʘʜʠʦʥʫʢʣʠʜʠ.  

 
ʊʘʙʣʠʮʘ 1. ʉʲʜʲʨʞʘʥʠʝ ʥʘ ʨʘʜʠʦʠʟʦʪʦʧʠ (ʚ Bq/kg dw) ʚ ʙʠʦʪʠʯʥʠ ʠ ʘʙʠʦʪʠʯʥʠ ʧʨʦʙʠ 
ʦʪ ʦ-ʚ ʃʠʚʠʥʛʩʪʲʥ, ɸʥʪʘʨʢʪʠʢʘ, 2012 

 

ʇʨʦʙʘ Pb-210 U-238 Ra-226 Th-232 K-40 
Cs-
137 

Sr-90 

ʇʦʯʚʘ 100Ñ10 7Ñ2 12Ñ2 9Ñ1 90Ñ10 8.1Ñ1 1.2Ñ0.1 
ɺʫʣʢʘʥʠʯʥʘ ʧʝʧʝʣ 120Ñ20 8Ñ2 4Ñ1 6Ñ1 180Ñ10 10Ñ1  
ʃʠʰʝʠ -1 150Ñ20 < 4.5 < 7.9 3 Ñ 1 60Ñ10 5Ñ0.5  
ʃʠʰʝʠ - 2 90Ñ20 < 3 < 5 < 4 140Ñ20 8Ñ1 7,6Ñ 0,9 
ʄʲʭ - 1 110Ñ10 < 7.8 < 8.3 4 Ñ 1 100Ñ20 6Ñ1 < 1 
ʄʲʭ - 2 140Ñ20 < 10 < 9 < 4 80Ñ10 9Ñ2  
ɺʦʜʦʨʘʩʣʠ Iridaea cordata < 40 < 10 < 10 < 4 830Ñ40 < 1  
ɺʦʜʦʨʘʩʣʠ Palmaria decipiens < 40 < 10 < 9 < 3 430Ñ50 < 1  

ɺʦʜʦʨʘʩʣʠ Desmarestia sp. < 40 < 20 5,7Ñ3 < 5 320Ñ50 < 1  
Notothenia coriiceps < 40 < 10 < 9 < 4 350Ñ 20 < 1  
ʉʪʦʤʘʰʥʦ ʩʲʜʲʨ -ʞʘʥʠʝ ʦʪ ʨʠʙʠ < 40 < 10 < 10 < 4 270 Ñ 30 < 1  
ʉʢʫʘ - ʧʦʛʘʜʢʠ < 40 < 4 < 4 < 3 200Ñ 20 < 1  
ɺʦʜʘ ɹɸɹ < 10 < 5 < 6 < 2,5 < 10 < 1  
ɺʦʜʘ ʀɸɹ < 15 < 7 < 5 2,7 < 10 < 1  

 
 
ʈʘʩʪʠʪʝʣʥʠʪʝ ʧʨʦʙʠ ʧʨʘʚʷʪ ʠʟʢʣʶʯʝʥʠʝ. ʈʘʩʪʠʪʝʣʥʦʩʪʘ ʥʘ ʦʩʪʨʦʚʘ ʝ ʦʩʢʲʜʥʘ. 

ʉʲʩʪʘʚʝʥʘ ʝ ʧʨʝʜʠʤʥʦ ʦʪ ʣʠʰʝʠ (ʥʘʜ 50 ʚʠʜʘ) ʠ ʤʲʭʦʚʝ (ʥʘʜ 29 ʚʠʜʘ), (Sancho ʠ ʜʨ., 
1999). ʀʟʩʣʝʜʚʘʥʠ ʩʘ ʣʠʰʝʠ Usnea antarctica ʠ Usnea sphacelata, ʤʲʭʦʚʝ Sanionia 
georgico-uncinata (M¿ll. Hal.), Polytrichum juniperinum (Hedw.) ʠ Sanionia uncinata 
(Hedw.), ʢʘʢʪʦ ʠ ʚʦʜʦʨʘʩʣʠ Himantothallus grandifolius, Desmarestia anceps ʠ 
Cystosphaera jacquinotii (ʪʘʙ. 1). ʆʣʦʚʦ-210 ʚ ʣʠʰʝʠʪʝ ʧʨʝʟ 2012 ʛ. ʝ 120Ñ20 Bq/kg 
dw, ʦʩʨʝʜʥʝʥʦ. ɿʘʨʘʜʠ ʧʝʨʠʦʜʘ ʥʘ ʧʦʣʫʨʘʟʧʘʜ (22.3 ʛʦʜʠʥʠ), ʝ ʦʯʘʢʚʘʥʦ, 
ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʦʣʦʚʦʪʦ ʧʨʝʟ 2022 ʛ., ʜʘ ʥʘʤʘʣʝʝ ʩ İ. ʈʝʟʫʣʪʘʪʲʪ ʦʪ 185Ñ25 Bq/kg 
ʩʫʭʦ ʪʝʛʣʦ, ʩʨʝʜʥʦ, ʧʦʢʘʟʚʘ ʜʦʧʲʣʥʠʪʝʣʥʦ ʚʪʦʨʠʯʥʦ ʚʲʟʜʫʰʥʦ ʦʪʣʘʛʘʥʝ, ʚ ʨʝʟʫʣʪʘʪ 
ʥʘ ʟʘʩʠʣʝʥʘ ʘʥʪʨʦʧʦʛʝʥʥʘ ʜʝʡʥʦʩʪ. ʇʦʨʘʜʠ ʬʠʟʠʦʣʦʛʠʷʪʘ ʥʘ ʣʠʰʝʠʪʝ, ʪʷʭʥʦʪʦ 
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ʭʨʘʥʝʥʝ ʝ ʠʟʮʷʣʦ ʦʪ ʩʫʭʦ ʠʣʠ ʤʦʢʨʦ ʚʲʟʜʫʰʥʦ ʦʪʣʘʛʘʥʝ. ʆʣʦʚʦ-210 ʤʦʞʝ ʜʘ ʧʦʩʪʲʧʠ 
ʚ ʝʢʦʩʠʩʪʝʤʘʪʘ ʢʘʪʦ ʨʝʟʫʣʪʘʪ ʦʪ ʝʩʪʝʩʪʚʝʥʠʷ ʨʘʟʧʘʜ ʥʘ ʫʨʘʥ-238 ʦʪ ʦʩʥʦʚʥʘʪʘ ʩʢʘʣʘ 
ʠʣʠ ʦʪ ʨʝʜʠʮʘ ʘʥʪʨʦʧʦʛʝʥʥʠ ʜʝʡʥʦʩʪʠ ï ʘʚʪʦʤʦʙʠʣʥʠ ʛʘʟʦʚʝ, ʚʲʛʣʠʱʥʦ ʠʟʛʘʨʷʥʝ, 
ʫʨʘʥʦʜʦʙʠʚ, ʬʦʩʬʘʪʥʠ ʪʦʨʦʚʝ ʠ ʜʨ. (UNCEAR, 1988). ʉ ʘʝʨʦʟʦʣʠʪʝ, ʪʦ ʤʦʞʝ ʜʘ 
ʙʲʜʝ ʧʨʝʥʝʩʝʥʦ ʧʨʝʟ ʚʠʩʦʢʠʪʝ ʩʣʦʝʚʝ ʥʘ ʘʪʤʦʩʬʝʨʘʪʘ ʥʘ ʭʠʣʷʜʠ ʢʠʣʦʤʝʪʨʠ 
ʨʘʟʩʪʦʷʥʠʝ. ʃʠʰʝʠʪʝ, ʢʘʢʪʦ ʠ ʤʲʭʦʚʝʪʝ, ʩʝ ʨʘʟʚʠʚʘʪ ʥʘ ʩʚʦʙʦʜʥʠʪʝ ʦʪ ʣʝʜ ʠ ʩʥʷʛ 
ʪʝʨʠʪʦʨʠʠ ʥʘ ʦʩʪʨʦʚʘ. ʇʦʯʚʝʥʠʷʪ ʠʣʠ ʩʢʘʣʥʠʷʪ ʩʫʙʩʪʨʘʪ, ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʪʦʯʥʠʢ ʥʘ 
ʦʣʦʚʦ-210 ʠ ʜʘ ʧʦʜʜʲʨʞʘʪ ʢʦʣʠʯʝʩʪʚʦʪʦ ʤʫ ʩʨʘʚʥʠʪʝʣʥʦ ʧʦʩʪʦʷʥʥʦ ʚ ʦʢʦʣʥʘʪʘ 
ʩʨʝʜʘ. ʈʝʟʫʣʪʘʪʠʪʝ ʟʘ ʥʘʣʠʯʠʝʪʦ ʤʫ ʚ ʧʦʯʚʘʪʘ ʧʨʝʟ 2012 ʠ 2022 ʛ. ʩʘ ʦʪ 10 ʜʦ 20 
ʧʲʪʠ ʧʦ-ʥʠʩʢʠ ʠ ʥʝ ʤʦʛʘʪ ʜʘ ʦʙʷʩʥʷʪ ʚʠʩʦʢʦʪʦ ʤʫ ʩʲʜʲʨʞʘʥʠʝ ʚ ʣʠʰʝʠʪʝ (Hristozova 
et al, 2015). ɺ ʧʨʦʙʠʪʝ ʦʪ ʤʲʭ, ʦʣʦʚʦʪʦ ʩʝ ʟʘʧʘʟʚʘ ʚʠʩʦʢʦ, ʧʦʯʪʠ ʥʝʧʨʦʤʝʥʝʥʦ. 
ʈʝʜʫʮʠʨʘʥʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʤʫ, ʟʘʨʘʜʠ ʝʩʪʝʩʪʚʝʥʠʷ ʧʦʣʫʨʘʟʧʘʜ, ʥʝ ʩʝ ʥʘʙʣʶʜʘʚʘ. 
ʊʦʚʘ ʜʘʚʘ ʦʩʥʦʚʘʥʠʝ ʜʘ ʩʝ ʧʨʝʜʧʦʣʦʞʠ, ʯʝ ʠʤʘ ʜʦʧʲʣʥʠʪʝʣʥʦ ʚʥʘʩʷʥʝ ʥʘ ʦʣʦʚʦ-210 
ʯʨʝʟ ʚʲʟʜʫʰʥʠʷ ʬʦʣʘʫʪ ʚ ʘʥʪʘʨʢʪʠʯʝʩʢʘʪʘ ʝʢʦʩʠʩʪʝʤʘ, ʚ ʨʝʟʫʣʪʘʪ ʦʪ ʘʥʪʨʦʧʦʛʝʥʥʘ 
ʜʝʡʥʦʩʪ. ɺʲʟʤʦʞʥʦ ʝ ʨʘʜʠʦʥʫʢʣʠʜʠʪʝ ʜʘ ʙʲʜʝ ʜʦʩʪʘʚʝʥʠ ʯʨʝʟ ʪʦʧʝʥʝʪʦ ʥʘ 
ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʣʝʜʥʠʢʘ ʧʦ ʚʨʝʤʝ ʥʘ ʩʝʟʦʥʘ ʥʘ ʘʙʣʘʮʠʷ.ʚ ʧʝʨʠʛʣʘʮʠʘʣʥʘʪʘ ʟʦʥʘ ʠ 
ʪʘʢʘ ʚʪʦʨʠʯʥʦ ʜʘ ʧʦʧʘʜʘʪ ʚ ʨʘʩʪʠʪʝʣʥʠʪʝ ʦʨʛʘʥʠʟʤʠ. ʊʘʟʠ ʠʜʝʷ ʥʝ ʩʝ ʧʦʪʚʲʨʞʜʘʚʘ 
ʦʪ ʥʠʩʢʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʦʣʦʚʦ-210 ʚ ʩʝʜʠʤʝʥʪʠʪʝ ʦʪ ʠʟʩʣʝʜʚʘʥʠʪʝ ʩʣʘʜʢʦʚʦʜʥʠ 
ʝʟʝʨʘ. 

ɺʲʚ ʚʦʜʦʨʘʩʣʠʪʝ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʪʦʟʠ ʨʘʜʠʦʥʫʢʣʠʜ ʝ ʜʝʩʝʪ ʧʲʪʠ ʧʦ-ʥʠʩʢʦ ʦʪ 
ʪʦʚʘ ʚ ʩʫʭʦʟʝʤʥʘʪʘ ʬʣʦʨʘ ʠ 10 ʧʲʪʠ ʧʦ-ʚʠʩʦʢʦ ʦʪ ʪʦʚʘ ʚʲʚ ʚʦʜʥʠ ʧʨʦʙʠ. 

ʇʨʠ ʦʩʪʘʥʘʣʠʪʝ ʝʩʪʝʩʪʚʝʥʠ ʨʘʜʠʦʥʫʢʣʠʜʠ ʫʨʘʥʲʪ ʠ ʪʦʨʠʷʪ ʩʘ ʚ ʨʘʚʥʦʚʝʩʠʝ. 
ʀʟʢʣʶʯʝʥʠʝ ʧʨʘʚʷʪ ʧʦʯʚʝʥʠʪʝ ʧʨʦʙʠ, ʢʲʜʝʪʦ ʨʘʚʥʦʚʝʩʠʝʪʦ ʝ ʥʘʨʫʰʝʥʦ (Hristozova et 
al, 2015). ɺʝʨʦʷʪʥʦ ʫʨʘʥʲʪ ʩʝ ʠʟʤʠʚʘ ʧʦ ʚʨʝʤʝ ʥʘ ʘʥʪʘʨʢʪʠʯʝʩʢʦʪʦ ʣʷʪʦ. 
ʂʦʣʠʯʝʩʪʚʦʪʦ ʤʫ ʩʲʱʦ ʝ ʤʘʣʢʦ ʠ ʚ ʥʷʢʦʠ ʦʪ ʩʝʜʠʤʝʥʪʥʠʪʝ ʧʨʦʙʠ ʦʪ ʩʣʘʜʢʦʚʦʜʥʠ 
ʝʟʝʨʘ. ʈʘʟʪʚʦʨʝʥʠʷʪ ʚʲʚ ʚʦʜʘʪʘ ʫʨʘʥ, ʥʝ ʩʝ ʫʩʚʦʷʚʘ ʦʪ ʚʦʜʥʠʪʝ ʨʘʩʪʝʥʠʷ. ɺʲʚ 
ʚʩʠʯʢʠ ʧʨʦʙʠ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʙʠʩʤʫʪ-214 ʠ ʦʣʦʚʦ-214 ʩʘ ʤʥʦʛʦ ʙʣʠʟʢʠ. ɽʩʪʝʩʪʚʝʥʠʪʝ 
U-238, Ra-226 ʠ Th-232, ʜʘʚʘʪ ʙʣʠʟʢʠ ʨʝʟʫʣʪʘʪʠ, ʚ ʨʘʩʪʠʪʝʣʥʠʪʝ ʩʫʭʦʟʝʤʥʠ ʧʨʦʙʠ. 
ʇʨʠ ʩʨʘʚʥʝʥʠʝ ʩ ʚʦʜʦʨʘʩʣʠʪʝ, ʢʦʣʠʯʝʩʪʚʦʪʦ ʠʤ ʝ ʧʦʯʪʠ ʜʚʘ ʧʲʪʠ ʧʦ-ʥʠʩʢʦ. ɺ 
ʩʣʘʜʢʦʚʦʜʥʠʪʝ ʧʨʦʙʠ ʦʪ 3 ʝʟʝʨʘ ʦʢʦʣʦ ʙʲʣʛʘʨʩʢʘʪʘ ʘʥʪʘʨʢʪʠʯʝʩʢʘ ʙʘʟʘ (ɹɸɹ), 1 
ʝʟʝʨʦ ʥʘ ʥʦʩ ʍʘʥʘ ʠ ʚʦʜʦʠʟʪʦʯʥʠʮʠʪʝ ʥʘ ʙʲʣʛʘʨʩʢʘʪʘ ʠ ʠʩʧʘʥʩʢʘʪʘ ʙʘʟʘ ʩʘ ʥʘʡ-
ʥʠʩʢʠ. ɺ ʢʦʥʮʝʥʪʨʠʨʘʥʠʪʝ ʜʦ 500 ʤʣ, 6 ʣʠʪʨʘ ʝʟʝʨʥʘ ʚʦʜʘ ʦʪ ʍʘʥʘʧʦʡʥʪ ʩʪʦʡʥʦʩʪʠ ʟʘ 
Pb-210, U-238, Pb-214, Bi-214, Th-232ʩʘ <2, ʘ ʟʘ K-40 Ò2. ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ Cs-137 ʝ 
<1 Bq/l. ɽʜʠʥʩʪʚʝʥʦ Ra-226 ʝ ʥʘʜ ʤʠʥʠʤʘʣʥʘʪʘ ʜʝʪʝʢʪʠʨʫʝʤʘ ʘʢʪʠʚʥʦʩʪ. 

ʂʘʣʠʡ-40, ʢʦʡʪʦ ʩʝ ʩʲʜʲʨʞʘ ʚʲʚ ʚʩʠʯʢʠ ʞʠʚʠ ʦʨʛʘʥʠʟʤʠ, ʝ ʧʨʝʜʩʪʘʚʝʥ ʤʥʦʛʦ 
ʜʦʙʨʝ ʚ ʘʥʪʘʨʢʪʠʯʝʩʢʠʪʝ ʧʨʦʙʠ. ɺʠʩʦʢʦ ʝ ʩʲʜʲʨʞʘʥʠʝʪʦ ʤʫ ʚʲʚ ʚʩʠʯʢʠ ʠʟʤʝʨʝʥʠ 
ʧʨʦʙʠ ï ʦʪ 30Ñ8 ʜʦ 560Ñ30 Bq/kg ʩʫʭʦ ʪʝʛʣʦ. ʇʨʝʟ 2022 ʛ. ʩʝ ʥʘʙʣʶʜʘʚʘ 
ʨʝʜʫʮʠʨʘʥʝʪʦ ʤʫ ʚʲʚ ʚʩʠʯʢʠ ʧʨʦʙʠ, ʙʝʟ ʤʲʭʦʚʝ. ʈʝʟʫʣʪʘʪʲʪ: ʦʪ 90Ñ15 Bq/kg ʧʨʝʟ 
2012 ʜʦ 285Ñ20 Bq/kg. ʧʨʝʟ 2022 ʛ., ʧʦʢʘʟʚʘ, ʯʝ ʤʲʭʦʚʝʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʢʘʪʦ 
ʠʥʜʠʢʘʪʦʨʥʠ ʚʠʜʦʚʝ ʟʘ ʥʘʣʠʯʠʝ ʥʘ ʢʘʣʠʡ-40. ʄʲʭʦʚʝʪʝ, ʢʘʢʪʦ ʠ ʣʠʰʝʠʪʝ ʥʷʤʘʪ 
ʤʝʭʘʥʠʟʲʤ ʟʘ ʠʟʚʝʞʜʘʥʝ ʥʘ ʟʘʤʲʨʩʷʚʘʥʠʷʪʘ ï ʨʘʜʠʦʥʫʢʣʠʜʠ ʠ ʪʝʞʢʠ ʤʝʪʘʣʠ. ʊʘʢʘ 
ʚʝʜʥʲʞ ʧʦʧʘʜʥʘʣʠ ʩ ʘʝʨʦʟʦʣʠʪʝ, ʪʝ ʩʝ ʨʝʛʠʩʪʨʠʨʘʪ ʜʲʣʛʦ ʩʣʝʜ ʧʲʨʚʦʥʘʯʘʣʥʦʪʦ 
ʧʨʦʥʠʢʚʘʥʝ.  

ɿʘʨʘʜʠ ʙʘʚʥʦʪʦ ʥʘʨʘʩʪʚʘʥʝ ʠ ʜʲʣʛʘʪʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʞʠʚʦʪʘ ʠʤ, ʢʘʢʪʦ ʠ 
ʧʦʨʘʜʠ ʜʲʣʛʠʷ ʧʝʨʠʦʜ ʥʘ ʧʦʣʫʨʘʟʧʘʜ ʥʘ ʨʘʜʠʦʥʫʢʣʠʜʠʪʝ, ʣʠʰʝʠʪʝ ʠ ʤʲʭʦʚʝʪʝ ʚ 
ɸʥʪʘʨʢʪʠʜʘ, ʦʪʨʘʟʷʚʘʪ ʟʘʤʲʨʩʷʚʘʥʠʷ ʩ ʘʥʪʨʦʧʦʛʝʥʥʠ ʨʘʜʠʦʥʫʢʣʠʜʠ ʦʪ ʚʠʩʦʯʠʥʥʠʪʝ 
ʷʜʨʝʥʠ ʪʝʩʪʦʚʝ (50-ʪʝ ʜʦ 80-ʪʝ ʛʦʜʠʥʠ ʥʘ ʤʠʥʘʣʠʷ ʚʝʢ) ʠ ʷʜʨʝʥʠ ʘʚʘʨʠʠ. ʎʝʟʠʡ-137 
ʩʝ ʦʪʢʨʠʚʘ ʚ ʨʘʟʣʠʯʥʘ ʩʪʝʧʝʥ ʠ ʚ ʩʫʭʦʟʝʤʥʘʪʘ, ʠ ʚʲʚ ʚʦʜʥʘʪʘ ʩʨʝʜʘ ʥʘ ʦ-ʚ 
ʃʠʚʠʥʛʩʪʲʥ. ʎʝʟʠʡ-137 ʝ ʛʘʤʘ ʣʲʯʠʪʝʣ ʩ ʧʝʨʠʦʜ ʥʘ ʧʦʣʫʨʘʟʧʘʜ 30,1 ʛʦʜ. ʇʨʠ ʥʝʛʦ, ʟʘ 
ʨʘʟʣʠʢʘ ʦʪ ʦʣʦʚʦ-210, ʥʘʤʘʣʷʚʘʥʝʪʦ ʝ ʟʥʘʯʠʪʝʣʥʦ. ʆʪʥʦʚʦ ʠʟʢʣʶʯʝʥʠʝ ʧʨʘʚʷʪ 
ʤʲʭʦʚʝʪʝ. ʉʨʝʜʥʘʪʘ ʩʪʦʡʥʦʩʪ ʟʘ 2012 ʛ. ʝ 7,5Ñ1.0 Bq/kg, ʘ ʟʘ 2022 - 11Ñ2 Bq/kg. 
ɺʲʟʤʦʞʥʦ ʝ ʨʝʛʠʩʪʨʠʨʘʥʘʪʘ ʨʘʟʣʠʢʘ ʜʘ ʝ ʚ ʨʝʟʫʣʪʘʪ ʦʪ ʥʝʭʦʤʦʛʝʥʥʦʪʦ 
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ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʮʝʟʠʷ ʧʨʠ ʧʲʨʚʦʥʘʯʘʣʥʦʪʦ ʤʫ ʚʲʚʝʞʜʘʥʝ ʚ ʙʠʦʪʦʧʘ ʠ 
ʙʠʦʮʝʥʦʟʘʪʘ ʥʘ ʦʩʪʨʦʚʘ. ɼʨʫʛʘ ʚʝʨʦʷʪʥʘ ʧʨʠʯʠʥʘ ʝ ʟʘʜʲʨʞʘʥʝʪʦ ʥʘ ʨʘʜʠʦʥʫʢʣʠʜʠ ʚ 
ʢʨʠʦʢʦʥʠʪʠʪʝ ʚ ʩʥʝʛʘ ʠ ʣʝʜʘ (Owens et al., 2023). ɺ ʙʣʠʟʦʩʪ ʜʦ ʦ-ʚ ʃʠʚʠʥʛʩʪʲʥ ʩʝ 
ʥʘʤʠʨʘ ʝʜʠʥ ʦʪ ʥʘʡ-ʘʢʪʠʚʥʠʪʝ ʧʣʝʡʩʪʦʮʝʥʩʢʠ ʚʫʣʢʘʥʠ ʚ ɸʥʪʘʨʢʪʠʜʘ ï ʦ-ʚ ɼʠʩʝʧʰʲʥ. 
ʇʦʩʣʝʜʥʦʪʦ ʤʫ ʠʟʨʠʛʚʘʥʝ ʝ ʧʨʝʟ 70-ʪʝ ʛʦʜʠʥʠ ʥʘ ʤʠʥʘʣʠʷ ʚʝʢ. ɺʫʣʢʘʥʠʯʥʘʪʘ ʧʝʧʝʣ 
ʧʦʢʨʠʚʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʚʩʠʯʢʠ ʖʞʥʠ ʐʝʪʣʘʥʜʩʢʠ ʦʩʪʨʦʚʠ, ʧʨʦʣʠʚʘ ɹʨʘʥʩʬʠʡʣʜ, 
ʤʦʨʝʪʦ ʉʢʦʪʠʷ, ʥʘ 800 ʢʤ. ʠ ʜʦʨʠ ʚ ʣʝʜʝʥʠ ʷʜʨʘ ʦʪ ʶʞʥʠʷ ʢʦʥʪʠʥʝʥʪ (ʬʠʛ. 2). ɺ 
ʤʠʢʨʦʩʨʝʜʘʪʘ, ʢʦʷʪʦ ʦʪʣʦʞʝʥʘʪʘ ʧʝʧʝʣ ʩʲʟʜʘʚʘ, ʤʦʛʘʪ ʜʘ ʩʝ ʟʘʜʲʨʞʘʪ 
ʨʘʜʠʦʠʟʦʪʦʧʠ. ɿʘʨʘʜʠ ʧʦ-ʚʠʩʦʢʦʪʦ ʥʘʛʨʷʚʘʥʝ, ʧʨʠ ʪʦʧʝʥʝ, ʪʦʚʘ ʟʘʤʲʨʩʷʚʘʥʝ ʩʝ 
ʚʢʣʶʯʚʘ ʚ ʢʨʲʛʦʚʨʘʪʘ ʥʘ ʚʝʱʝʩʪʚʘʪʘ ʠ ʜʦʧʲʣʥʠʪʝʣʥʦ ʫʚʝʣʠʯʘʚʘ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ 
ʨʘʜʠʦʠʟʦʪʦʧʠ ʚ ʘʥʪʘʨʢʪʠʯʝʩʢʘʪʘ ʝʢʦʩʠʩʪʝʤʘ. ʂʨʠʦʢʦʥʠʪʠʪʝ ʧʦʯʠʩʪʚʘʪ ʦʪʣʦʞʝʥʠʪʝ ʚ 
ʨʝʟʫʣʪʘʪ ʥʘ ʬʦʣʘʫʪʘ ʠʟʦʪʦʧʠ ʯʨʝʟ ʧʨʝʤʠʥʘʚʘʱʘʪʘ ʩʪʦʧʝʥʘ ʚʦʜʘ. ʂʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ 
ʘʢʪʠʚʥʦʩʪ ʥʘ ʨʘʜʠʦʠʟʦʪʦʧʠʪʝ ʚ ʩʪʦʧʝʥʘʪʘ ʚʦʜʘ ʱʝ ʟʘʚʠʩʠ ʦʪ ʧʨʝʤʠʥʘʚʘʥʝʪʦ ʡ ʧʨʝʟ 
ʢʨʠʦʢʦʥʠʪʘ, ʠ ʚʨʝʤʝʪʦ ʟʘ ʢʦʥʪʘʢʪ ʤʝʞʜʫ ʪʷʭ (Baccolo et al., 2020; Owens et al., 2019). 
ʊʦʚʘ ʤʦʞʝ ʜʘ ʦʙʷʩʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʠʪʝ ʚʘʨʠʘʮʠʠ.  

 
 

 
 

ʌʠʛʫʨʘ 2. ɺʫʣʢʘʥʠʯʥʘ ʧʝʧʝʣ ʚʲʨʭʫ ʣʝʜʘ ʠ ʚ ʭʦʨʠʟʦʥʪʘ ʥʘ ʣʝʜʥʠʢʘ ʥʘ ʧʦʣʫʦʩʪʨʦʚ 
ʍʲʨʜ, ʦ-ʚ ʃʠʚʠʥʛʩʪʲʥ 

 
 

ʈʝʛʠʩʪʨʠʨʘʥʠʪʝ ʟʘ Cs-137 ʥʠʚʘ ʩʘ ʤʥʦʛʦ ʩʭʦʜʥʠ ʟʘ ʧʨʷʩʥʘ ʠ ʟʘ ʤʦʨʩʢʘ ʚʦʜʘ. 
ʉʧʦʨʝʜ ʜʘʥʥʠʪʝ ʥʘ Martin ʠ ʜʨ., (1994), ʘʢʪʠʚʥʦʩʪʪʘ ʥʘ Cs-137 ʦʙʠʢʥʦʚʝʥʦ ʝ ʧʦʜ 
ʛʨʘʥʠʮʘʪʘ ʥʘ ʦʪʢʨʠʚʘʥʝ ʚʲʚ ʚʩʠʯʢʠ ʤʦʨʩʢʠ ʧʨʦʙʠ, ʢʘʢʪʦ ʠ ʚ ʤʦʨʩʢʘ ʚʦʜʘ, ʜʦʢʘʪʦ ʚ 
ʨʘʟʪʦʧʝʥʠʷ ʣʝʜ ʦʪ ʘʥʪʘʨʢʪʠʯʝʩʢʠ ʣʝʜʥʠʮʠ, ʧʨʠʥʦʩʲʪ ʥʘ Cs-137 ʢʲʤ ʦʙʱʦʪʦ ʤʫ 
ʢʦʣʠʯʝʩʪʚʦ ʚ ʨʝʛʠʦʥʘ ʝ ʦʢʦʣʦ 57%. ʈʘʟʛʣʝʞʜʘʥʠʪʝ ʥʠʚʘ ʩʘ ʧʦʥʝ ʪʨʠ ʧʲʪʠ ʧʦ-ʥʠʩʢʠ ʦʪ 
ʪʝʟʠ, ʢʦʠʪʦ ʦʙʠʢʥʦʚʝʥʦ ʩʝ ʦʪʢʨʠʚʘʪ ʚ ʉʝʚʝʨʥʦʪʦ ʧʦʣʫʢʲʣʙʦ ʚ ʩʨʝʜʥʠʪʝ ʛʝʦʛʨʘʬʩʢʠ 
ʰʠʨʠʥʠ, (Baeza ʠ ʜʨ., 1991; Mitchel ʠ ʜʨ., 1988) ʠ ʧʦ-ʥʠʩʢʠ ʦʪ ʪʝʟʠ, ʥʘʤʝʨʝʥʠ ʚ ʏʝʨʥʦ 
ʠ ʉʨʝʜʠʟʝʤʥʦ ʤʦʨʝ, ʢʦʠʪʦ ʙʷʭʘ ʧʦ-ʩʠʣʥʦ ʟʘʩʝʛʥʘʪʠ ʦʪ ʦʪʣʘʛʘʥʠʷ ʩʣʝʜ 
ʏʝʨʥʦʙʠʣʩʢʘʪʘ ʘʚʘʨʠʷ (Delfanti ʠ ʜʨ., 2003; Florou ʠ ʜʨ., 2003).  

ʂʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʅ-3, ʦʧʠʩʘʥʦ ʚ ʨʘʟʣʠʯʥʠ ʪʦʯʢʠ ʥʘ ɸʥʪʘʨʢʪʠʢʘ ʝ ʩʲʩ ʩʪʦʡʥʦʩʪʠ 
ʤʝʞʜʫ 400 ʠ 800 mBq/l ʚ ʧʨʷʩʥʘ ʚʦʜʘ (Sakanoue, 1987). ʈʝʟʫʣʪʘʪʠʪʝ ʟʘ ʠʟʩʣʝʜʚʘʥʠʷ 
ʜʝʩʝʪ ʛʦʜʠʰʝʥ ʧʝʨʠʦʜ ʚ ʩʣʘʜʢʦʚʦʜʥʠ ʝʟʝʨʘ ʠ ʦʪ ʧʠʪʝʡʥʠʪʝ ʠʟʪʦʯʥʠʮʠ ʥʘ ɹɸɹ ʠ ʀɸɹ 
ʩʘ ʝʜʠʥ ʧʦʨʷʜʲʢ ʧʦ-ʚʠʩʦʢʠ ï ʤʝʞʜʫ 2,82Ñ0,6 ʠ 5,11Ñ1,1 Bq/l, ʧʨʠ MDC=1,8 Bq/l. ʅʘʡ-
ʥʠʩʢʦ ʝ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʪʨʠʪʠʡ ʚ ʠʟʪʦʯʥʠʢʘ ʥʘ ʚʦʜʦʩʥʘʙʜʷʚʘʥʝ ʥʘ ɹɸɹ, ʘ ʥʘʡ-
ʚʠʩʦʢʦ ʚ ʩʣʘʜʢʦʚʦʜʥʠ ʝʟʝʨʘ ʚ ʨʘʡʦʥʘ ʥʘ ʍʘʥʘʧʦʡʥʪ. 

 
ɿʘʢʣʶʯʝʥʠʝ 
ʂʦʥʪʠʥʝʥʪʲʪ ɸʥʪʘʨʢʪʠʜʘ ʦʯʝʚʠʜʥʦ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ ʥʠʩʢʠ ʥʠʚʘ ʥʘ 

ʘʥʪʨʦʧʦʛʝʥʥʦ ʨʘʜʠʦʘʢʪʠʚʥʦ ʟʘʤʲʨʩʷʚʘʥʝ. ɺʲʧʨʝʢʠ ʪʦʚʘ ʦʪʢʨʠʚʘʥʝʪʦ ʥʘ Cs-137 ʠ Sr-
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90 ʚ ʙʠʦʮʝʥʦʟʘʪʘ ʠ ʙʠʦʪʘ ʥʘ ʦ-ʚ ʃʠʚʠʥʛʩʪʲʥ, ʧʦʢʘʟʚʘʪ, ʯʝ ʪʦʟʠ ʩʤʷʪʘʥ ʟʘ ʥʘʡ-ʯʠʩʪ 
ʨʘʡʦʥ ʥʘ ɿʝʤʷʪʘ ʝ ʟʘʩʝʛʥʘʪ ʢʦʩʚʝʥʦ ʦʪ ʯʦʚʝʰʢʘ ʜʝʡʥʦʩʪ. ʋʩʪʘʥʦʚʝʥʦ ʝ ʥʘʣʠʯʠʝ ʥʘ 
Cs-137, Sr-90, H-3, Pb-210, Th-232, U-238, U-234, Ra-226, K-40 ʢʘʢʪʦ ʚ ʩʫʭʦʟʝʤʥʘʪʘ, 
ʪʘʢʘ ʠ ʚʲʚ ʚʦʜʥʘʪʘ ʩʨʝʜʘ. 

ɸʥʪʘʨʢʪʠʯʝʩʢʠʪʝ ʣʠʰʝʠ ʠ ʤʲʭʦʚʝ ʩʘ ʜʦʙʲʨ ʠʥʜʠʢʘʪʦʨ ʥʘ ʚʲʟʜʫʰʥʦ 
ʟʘʤʲʨʩʷʚʘʥʝ ʩ ʦʣʦʚʦ ʠ ʮʝʟʠʡ.  

ʈʝʛʠʩʪʨʠʨʘ ʩʝ ʧʨʦʛʨʝʩʠʚʥʦ ʧʦʥʠʞʘʚʘʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ Cs-137 ʚ ʣʠʰʝʠ, 
ʧʦʯʚʘ ʠ ʚʫʣʢʘʥʠʯʥʘ ʧʝʧʝʣ ʟʘ ʧʝʨʠʦʜ ʦʪ 10 ʛʦʜʠʥʠ ʠ ʧʨʝʤʠʥʘʚʘʥʝ ʦʪ ʩʨʝʜʥʘ ʩʪʦʡʥʦʩʪ 
ʦʪ 8 Bq/kg ʜʦ 1 Bq/kg. ʊʦʚʘ ʥʘʤʘʣʝʥʠʝ (ʜʦ 80%) ʩʝ ʜʲʣʞʠ ʥʝ ʩʘʤʦ ʥʘ ʝʩʪʝʩʪʚʝʥʠʷ 
ʨʘʟʧʘʜ ʥʘ Cs-137, ʘ ʠ ʥʘ ʠʟʚʝʞʜʘʝʥʪʦ ʤʫ ʦʪ ʩʨʝʜʘʪʘ ï ʨʘʟʨʝʞʜʘʥʝ, ʦʪʤʠʚʘʥʝ, 
ʨʘʟʪʚʘʨʷʥʝ ʥʘ ʨʘʜʠʦʠʟʦʪʦʧʘ, ʢʘʢʪʦ ʠ ʥʘ ʥʝʭʦʤʦʛʝʥʥʦʪʦ ʟʘʤʲʨʩʷʚʘʥʝ. ɺ ʧʨʦʙʠʪʝ ʦʪ 
ʤʲʭ, ʩʝ ʦʪʯʠʪʘ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʮʝʟʠʷ ʦʪ 7,6Ñ 0,9 ʜʦ 11Ñ 2 Bq/kg. ʊʝʟʠ ʨʘʟʣʠʢʠ ʥʘʡ-
ʚʝʨʦʷʪʥʦ ʩʝ ʜʲʣʞʘʪ ʥʘ ʦʪʣʦʞʝʥʠʪʝ ʨʘʜʠʦʥʫʢʣʠʜʠ ʚ ʣʝʜʥʠʢʘ ʚ ʤʠʥʘʣ ʝʪʘʧ ʦʪ ʚʨʝʤʝ ʠ 
ʥʝʧʨʝʢʲʩʥʘʪʦʪʦ ʠʤ ʧʦʩʪʝʧʝʥʥʦ ʦʩʚʦʙʦʞʜʘʚʘʥʝ ʦʪ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʣʝʜʥʠʢʘ ʚ 
ʩʣʘʜʢʦʚʦʜʥʠʪʝ ʙʘʩʝʡʥʠ ʥʘ ɸʥʪʘʨʢʪʠʢʘ ʧʨʠ ʣʝʜʦʪʦʧʝʥʦʪʦ. ʇʦʨʘʜʠ ʜʦʢʘʟʘʥʦʪʦ 
ʟʘʪʦʧʣʷʥʝ ʥʘ ʢʣʠʤʘʪʘ ʧʨʝʟ ʧʦʩʣʝʜʥʠʪʝ 10 ʛʦʜ., ʪʦʧʝʥʝʪʦ ʥʘ ʣʝʜʥʠʮʠʪʝ ʚ ɸʥʪʘʨʢʪʠʢʘ 
ʝ ʧʦ-ʦʩʝʟʘʪʝʣʥʦ, ʢʦʝʪʦ ʱʝ ʫʚʝʣʠʯʠ ʟʥʘʯʠʪʝʣʥʦ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʮʝʟʠʡ, ʢʘʢʪʦ ʠ ʥʘ 
ʜʨʫʛʠ ʨʘʜʠʦʥʫʢʣʠʜʠ, ʦʪʣʦʞʝʥʠ ʥʘ ʩʫʰʘʪʘ. 

ʅʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʫʩʪʘʥʦʚʝʥʘ ʷʩʥʘ ʢʦʨʝʣʘʮʠʷ ʤʝʞʜʫ Pb-210 ʠ Cs-137.  
ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʦʣʦʚʦ-210 ʚ ʩʫʭʦʟʝʤʥʘʪʘ ʙʠʦʪʘ, ʧʦ-ʚʠʩʦʢʦ ʦʪ ʧʲʨʚʦʥʘʯʘʣʥʦ 

ʦʪʯʝʪʝʥʦʪʦ, ʧʦʢʘʟʚʘ ʚʪʦʨʠʯʥʦ ʘʥʪʨʦʧʦʛʝʥʥʦ ʟʘʤʲʨʩʷʚʘʥʝ, ʧʨʝʥʝʩʝʥʦ ʩ ʚʲʟʜʫʰʥʠʪʝ 
ʤʘʩʠ. 

 
ɹʣʘʛʦʜʘʨʥʦʩʪʠ 
ʅʘʩʪʦʷʱʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʙʷʭʘ ʚʲʟʤʦʞʥʠ, ʙʣʘʛʦʜʘʨʝʥʠʝ ʧʦʜʢʨʝʧʘʪʘ ʥʘ 

ʅʘʮʠʦʥʘʣʥʠʷ ʮʝʥʪʲʨ ʟʘ ʧʦʣʷʨʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʧʨʝʜʦʩʪʘʚʝʥʘʪʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ 
ʫʯʘʩʪʠʝ ʚ 31-ʚʘʪʘ ʥʘʫʯʥʘ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʝʢʩʧʝʜʠʮʠʷ ʜʦ ʦ-ʚ ʃʠʚʠʥʛʩʪʲʥ, 
ɸʥʪʘʨʢʪʠʜʘ. ʀʟʩʣʝʜʚʘʥʝʪʦ ʝ ʬʠʥʘʥʩʠʨʘʥʦ ʦʪ ʉʋ Ăʉʚ. ʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠñ ʧʦ ʥʘʫʯʝʥ 
ʧʨʦʝʢʪ ʟʘ ʤʣʘʜʠ ʫʯʝʥʠ 2022-2023 ʛ.  

ʀʟʨʘʟʷʚʘʤʝ ʩʧʝʮʠʘʣʥʠ ʙʣʘʛʦʜʘʨʥʦʩʪʠ ʥʘ ʮʝʣʠʷ ʢʦʣʝʢʪʠʚ ʥʘ 31-ʚʘʪʘ ʙʲʣʛʘʨʩʢʘ 
ʘʥʪʘʨʢʪʠʯʝʩʢʘ ʝʢʩʧʝʜʠʮʠʷ ʟʘ ʣʦʛʠʩʪʠʯʥʘʪʘ ʧʦʤʦʱ ʧʨʠ ʚʟʝʤʘʥʝʪʦ ʠ 
ʪʨʘʥʩʧʦʨʪʠʨʘʥʝʪʦ ʥʘ ʧʨʦʙʠʪʝ ʜʦ ɹʲʣʛʘʨʠʷ. 
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ʈʝʟʶʤʝ 
ʆʧʨʝʜʝʣʝʥʦ ʝ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʝʩʪʝʩʪʚʝʥʠʪʝ ʨʘʜʠʦʥʫʢʣʠʜʠ U-238, Ra-226, Pb-

210, U-235, Th-232 ʠ ʂ-40, ʢʘʢʪʦ ʠ ʥʘ ʪʝʭʥʦʛʝʥʥʠʷ ʉs-137 ʚ ʧʦʯʚʠ ʦʪ ʨʘʡʦʥʘ ʥʘ ʛʨʘʜ 
ʗʤʙʦʣ, ʢʲʜʝʪʦ ʚ ʤʠʥʘʣʦʪʦ ʩʝ ʝ ʠʟʚʲʨʰʚʘʣ ʜʦʙʠʚ ʥʘ ʫʨʘʥ ʧʦ ʛʝʦʪʝʭʥʦʣʦʛʠʯʥʠʷ ʤʝʪʦʜ 
ʚ ʙʣʠʟʦʩʪ ʜʦ ʩʝʣʘʪʘ ʊʝʥʝʚʦ ʠ ʆʢʦʧ.  

ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʟʘ ʫʨʘʥ-238, ʨʘʜʠʡ-226, ʪʦʨʠʡ-232 ʠ ʢʘʣʠʡ-40 ʩʘ 
ʩʲʧʦʩʪʘʚʠʤʠ ʩ ʮʠʪʠʨʘʥʠʪʝ ʚ ʣʠʪʝʨʘʪʫʨʘʪʘ ʦʩʨʝʜʥʝʥʠ ʜʘʥʥʠ ʟʘ ɹʲʣʛʘʨʠʷ. 
 ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ  ʪʝʭʥʦʛʝʥʥʠʷ ʉs-137 ʝ ʩʨʘʚʥʠʤʦ ʩ ʪʦʚʘ ʦʪ ʜʨʫʛʠ ʨʘʡʦʥʠ ʥʘ 
ʩʪʨʘʥʘʪʘ, ʢʘʪʦ ʩʲʜʲʨʞʘʥʠʝʪʦ ʤʫ ʚ ʦʪʜʝʣʥʠʪʝ ʧʦʯʚʠ ʝ ʥʝʭʦʤʦʛʝʥʥʦ ʨʘʟʧʨʝʜʝʣʝʥʦ ʠ 
ʚʘʨʠʨʘ ʦʪ <2 ʜʦ 62 Bq/kg. 

ʇʨʠ ʚʩʠʯʢʠ ʠʟʩʣʝʜʚʘʥʠ ʧʦʯʚʠ, ʨʘʜʠʝʚʠʷʪ ʝʢʚʠʚʘʣʝʥʪ ʥʘ ʘʢʪʠʚʥʦʩʪʪʘ ʠ ʠʥʜʝʢʩʲʪ 
ʥʘ ʚʲʥʰʥʘ ʦʧʘʩʥʦʩʪ ʩʘ ʧʦʜ ʜʦʧʫʩʪʠʤʠʷ ʤʘʢʩʠʤʫʤ, ʦʪ ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʶʯʠ, ʯʝ 
ʠʟʩʣʝʜʚʘʥʠʪʝ ʧʦʯʚʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʨʠʩʢ ʟʘ ʟʜʨʘʚʝʪʦ ʥʘ ʥʘʩʝʣʝʥʠʝʪʦ ʚ ʨʘʡʦʥʘ ʦʪ 
ʨʘʜʠʦʣʦʛʠʯʥʘ ʛʣʝʜʥʘ ʪʦʯʢʘ. 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʨʘʜʠʦʘʢʪʠʚʥʦʩʪ ʥʘ ʧʦʯʚʠ, ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʫʨʘʥ, ʨʘʜʠʡ, ʪʦʨʠʡ ʠ 
ʢʘʣʠʡ-40. 
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Abstract 
Content of natural radionuclides U-238, Ra-226, Pb-210, U-235, Th-232 and K-40, as 

well of the technogenic Cs-137 was determined in soils from the region of the city of 
Yambol, where uranium extraction by geotechnological method was carried out in the past 
in the area of the villages of Tenevo and Okop. 

The results for uranium, radium, thorium and potassium-40 are comparable with the 
average data for Bulgaria cited in the literature. The content of man-made Cs-137 is 
comparable to the data  obtained in other regions of the country. The radionuclide content 
in the soils is not homogeneously distributed and varies from <2 to 62 Bq/kg. 
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In all investigated soils, the radium equivalent activity and the external hazard index 
are below the permissible maximum, which shows the investigated soils do not pose a risk 
from additional radioactive dose load to the population in the region. 

Key words: soil radioactivity, content of uranium, radium, thorium and potassium-40. 
 
ɺʲʚʝʜʝʥʠʝ 
ʀʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʩʲʜʲʨʞʘʥʠʝʪʦ ʠ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʫʨʘʥʘ ʠ ʜʨʫʛʠ ʝʩʪʝʩʪʚʝʥʠ 

ʨʘʜʠʦʘʢʪʠʚʥʠ ʝʣʝʤʝʥʪʠ ʚ ʦʙʝʢʪʠ ʦʪ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ, ʪʲʡ 
ʢʘʪʦ ʪʝ, ʥʘʨʝʜ ʩ ʜʲʱʝʨʥʠʪʝ ʩʠ ʧʨʦʜʫʢʪʠ, ʬʦʨʤʠʨʘʪ ʦʩʥʦʚʥʘʪʘ ʯʘʩʪ ʦʪ ʜʦʟʦʚʦʪʦ 
ʥʘʪʦʚʘʨʚʘʥʝ ʥʘ ʞʠʚʠʪʝ ʦʨʛʘʥʠʟʤʠ ʠ ʯʦʚʝʢʘ. ʆʩʥʦʚʥʠʪʝ ʝʩʪʝʩʪʚʝʥʠ ʨʘʜʠʦʥʫʢʣʠʜʠ, 
ʢʦʠʪʦ ʩʝ ʚʟʝʤʘʪ ʧʨʝʜ ʚʠʜ ʧʨʠ ʦʮʝʥʢʘ ʥʘ ʜʦʟʦʚʦʪʦ ʥʘʪʦʚʘʨʚʘʥʝ ʥʘ ʯʦʚʝʢʘ ʦʪ 
ʝʩʪʝʩʪʚʝʥʠʪʝ ʠʟʪʦʯʥʠʮʠ ʥʘ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪ ʩʘ 238U, 226Ra, 232Th ʠ 40ʂ ʠ ʪʝʭʥʠʪʝ 
ʜʲʱʝʨʥʠ ʧʨʦʜʫʢʪʠ.  

ɼʦʙʠʚʲʪ ʥʘ ʫʨʘʥ ʚ ɹʲʣʛʘʨʠʷ ʟʘʧʦʯʚʘ ʧʨʝʟ 1946 ʛ. ʠ ʧʨʦʜʲʣʞʘʚʘ ʜʦ 1992ʛ., 
ʢʦʛʘʪʦ ʝ ʧʨʝʢʨʘʪʝʥ ʩ ʤʠʥʠʩʪʝʨʩʢʦ ʧʦʩʪʘʥʦʚʣʝʥʠʝ. ɺ ʨʝʟʫʣʪʘʪ ʦʪ ʜʝʡʥʦʩʪʪʘ, ʚʲʧʨʝʢʠ 
ʠʟʚʲʨʰʝʥʘʪʘ ʨʝʢʫʣʪʠʚʘʮʠʷ ʥʘ ʤʠʥʥʠʪʝ ʦʙʝʢʪʠ, ʤʦʛʘʪ ʜʘ ʚʲʟʥʠʢʥʘʪ ʨʝʜʠʮʘ 
ʝʢʦʣʦʛʠʯʥʠ ʧʨʦʙʣʝʤʠ (ɹʦʨʠʩʦʚʘ & ʂʦʩʪʦʚʘ, 2011) ʢʘʪʦ ʤʝʭʘʥʠʯʥʦ ʨʘʟʨʫʰʘʚʘʥʝ ʥʘ 
ʙʠʚʰʠʪʝ ʨʫʜʥʠʮʠ,  ʠʟʣʠʚ ʥʘ ʨʫʜʥʠʯʥʠ ʚʦʜʠ, ʢʦʠʪʦ ʜʘ ʜʦʚʝʜʘʪ ʜʦ ʟʘʤʲʨʩʷʚʘʥʝ ʥʘ 
ʧʦʯʚʠʪʝ ʠ ʚʦʜʠʪʝ ʚ ʦʢʦʣʥʦʩʪʪʘ (Kolev, et al., 2018; ɻʝʦʨʛʠʝʚ & ɻʨʫʜʝʚ, 2003) ʠ ʜʦ 
ʜʦʧʲʣʥʠʪʝʣʥʦ ʣʲʯʝʚʦ ʥʘʪʦʚʘʨʚʘʥʝ ʥʘ ʥʘʩʝʣʝʥʠʝʪʦ, ʞʠʚʝʝʱʦ ʚ ʪʝʟʠ ʨʘʡʦʥʠ. 

ʎʝʣʪʘ ʥʘ ʥʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʝ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ 
ʝʩʪʝʩʪʚʝʥʠ ʠ ʪʝʭʥʦʛʝʥʥʠ ʨʘʜʠʦʥʫʢʣʠʜʠ ʚ ʨʘʡʦʥʘ ʥʘ ʛʨʘʜ ʗʤʙʦʣ, ʢʲʜʝʪʦ ʚ ʤʠʥʘʣʦʪʦ 
ʩʝ ʝ ʠʟʚʲʨʰʚʘʣ ʜʦʙʠʚ ʥʘ ʫʨʘʥ ʧʦ ʛʝʦʪʝʭʥʦʣʦʛʠʯʥʠʷ ʤʝʪʦʜ ʚ ʨʘʡʦʥʘ ʥʘ ʩʝʣʘʪʘ 
ʊʝʥʝʚʦ ʠ ʆʢʦʧ ʠ ʦʮʝʥʢʘ ʥʘ ʜʦʟʦʚʦʪʦ ʥʘʪʦʚʘʨʚʘʥʝ ʟʘ ʥʘʩʝʣʝʥʠʝʪʦ ʦʪ ʨʝʛʠʦʥʘ.  

 
ʄʘʪʝʨʠʘʣʠ ʠ ʤʝʪʦʜʠ 
ʇʨʦʙʠʪʝ ʩʘ ʚʟʝʪʠ ʦʪ ʨʘʡʦʥʘ ʥʘ ʛʨʘʜ ʗʤʙʦʣ ʦʪ ʮʝʣʠʥʥʠ ʧʦʯʚʠ ʥʘ ʜʲʣʙʦʯʠʥʘ 0-10 

cm.  
ʇʨʦʙʠʪʝ ʙʷʭʘ ʘʥʘʣʠʟʠʨʘʥʠ ʟʘ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʝʩʪʝʩʪʚʝʥʠ ʠ ʪʝʭʥʦʛʝʥʥʠ 

ʨʘʜʠʦʥʫʢʣʠʜʠ ʛʘʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦ ʧʦ ʚʘʣʠʜʠʨʘʥʘ ʚʲʪʨʝʰʥʦ ʣʘʙʦʨʘʪʦʨʥʘ 
ʤʝʪʦʜʠʢʘ (Naydenov, et al., 2011).  ʆʧʨʝʜʝʣʝʥʠ ʩʘ ʩʧʝʮʠʬʠʯʥʠʪʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʛʘʤʘ-
ʝʤʠʪʠʨʘʱʠʪʝ ʨʘʜʠʦʥʫʢʣʠʜʠ: 

¶ ʩ ʪʝʭʥʦʛʝʥʝʥ ʧʨʦʠʟʭʦʜ: ʮʝʟʠʡ-137 (ʧʦ ʛʘʤʘ 661,6 keV) ʠ; 

¶ ʝʩʪʝʩʪʚʝʥʦ ʧʨʠʩʲʩʪʚʘʱʠʪʝ: ʪʦʨʠʡï234 (ʧʦ 63,5 ʠ 92 KeV), ʫʨʘʥ-235 (ʧʦ ʛʘʤʘ 
185,7 KeV), ʨʘʜʠʡï226 (ʧʦ ʛʘʤʘ 186,2 KeV), ʦʣʦʚʦï214 (ʧʦ 295,2 ʠ 352,0 KeV), 
ʙʠʩʤʫʪ-214 (ʧʦ 609,3 KeV), ʘʢʪʠʥʠʡ-228 (ʧʦ ʛʘʤʘ 911 KeV) ʠ ʢʘʣʠʡ-40 (ʧʦ ʛʘʤʘ 1461 
KeV).  

ʆʪ ʧʦʩʦʯʝʥʠʪʝ ʧʦ-ʛʦʨʝ ʨʘʜʠʦʥʫʢʣʠʜʠ 40ʂ ʝ ʛʘʤʘ ʝʤʠʪʝʨ ʠ ʤʦʞʝ ʜʘ ʙʲʜʝ 
ʦʧʨʝʜʝʣʝʥ ʜʠʨʝʢʪʥʦ. ʆʩʪʘʥʘʣʠʪʝ ʨʘʜʠʦʘʢʪʠʚʥʠ ʝʣʝʤʝʥʪʠ 238U, 232Th ʠ 226Ra ʩʝ 
ʦʧʨʝʜʝʣʷʪ ʯʨʝʟ ʜʲʱʝʨʥʠʪʝ ʠʤ ʛʘʤʘ-ʝʤʠʪʠʨʘʱʠ ʨʘʜʠʦʥʫʢʣʠʜʠ, ʩ ʢʦʠʪʦ ʪʝ ʩʘ ʚ 
ʨʘʚʥʦʚʝʩʠʝ. ʊʘʢʘ 238U ʩʝ ʦʧʨʝʜʝʣʷ ʯʨʝʟ ʜʲʱʝʨʥʠʷ ʩʠ ʧʨʦʜʫʢʪ 234Th, 232Th ʩʝ 
ʦʧʨʝʜʝʣʷ ʯʨʝʟ ʜʲʱʝʨʥʠʷ ʩʠ ʧʨʦʜʫʢʪ 228ɸʩ, ʘ 226Ra ʩʝ ʦʧʨʝʜʝʣʷ ʧʦ ʢʨʘʪʢʦʞʠʚʫʱʠʪʝ ʩʠ 
ʜʲʱʝʨʥʠ ʧʨʦʜʫʢʪʠ 214Pb ʠ 214Bi, ʧʠʢʘ ʥʘ ʧʲʣʥʦ ʧʦʛʣʲʱʘʥʝ ʩ ʝʥʝʨʛʠʷ 185.6 keV ʠ 
ʢʦʨʝʢʮʠʦʥʥʠ ʢʦʝʬʠʮʠʝʥʪʠ (ʟʘ ʧʨʠʥʦʩʘ ʥʘ ʫʨʘʥ-235 ʚ ʛʘʤʘ ʠʟʣʲʯʚʘʥʝʪʦ ʩ ʝʥʝʨʛʠʷ ʥʘ 
ʧʠʢʘ 185,7 ʂʝV). 

ʉʠʩʪʝʤʘʪʘ ʟʘ ʠʟʤʝʨʚʘʥʝ ʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ CANBERRA ʠ ʚʢʣʶʯʚʘ 
ʤʥʦʛʦʢʘʥʘʣʝʥ ʘʥʘʣʠʟʘʪʦʨ DSA 1000, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʜʝʪʝʢʪʦʨ ʦʪ ʯʠʩʪ ʛʝʨʤʘʥʠʡ ʩ 
ʦʪʥʦʩʠʪʝʣʥʘ ʝʬʝʢʪʠʚʥʦʩʪ 30% ʠ ʨʘʟʜʝʣʠʪʝʣʥʘ ʩʧʦʩʦʙʥʦʩʪ 1,3 KeV ʟʘ ʧʠʢʘʥʘ ʧʲʣʥʦ 
ʧʦʛʣʲʱʘʥʝ ʥʘ Co-60 ʧʨʠ 1332 kV, ʢʘʢʪʦ ʠ ʩʦʬʪʫʝʘʨ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʧʝʢʪʨʠʪʝ 
GENNIE2K. ʇʨʦʙʠʪʝ ʙʷʭʘ ʠʟʤʝʨʚʘʥʠ ʚ ʢʦʥʪʝʡʥʝʨ ʪʠʧ Marinelli ʩ ʦʙʝʤ 450 cm3. 

ɿʘ ʦʮʝʥʢʘ ʥʘ ʨʘʜʠʘʮʠʦʥʥʘʪʘ ʦʧʘʩʥʦʩʪ ʟʘ ʥʘʩʝʣʝʥʠʝʪʦ ʙʷʭʘ ʠʟʧʦʣʟʚʘʥʠ 
ʨʘʜʠʝʚʠʷʪ ʝʢʚʠʚʘʣʝʥʪ ʥʘ ʘʢʪʠʚʥʦʩʪʪʘ ʠ ʠʥʜʝʢʩʲʪ ʥʘ ʚʲʥʰʥʘ ʦʧʘʩʥʦʩʪ. 
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ʈʘʜʠʝʚʠʷʪ ʝʢʚʠʚʘʣʝʥʪ ʥʘ ʘʢʪʠʚʥʦʩʪʪʘ ʩʝ ʠʟʯʠʩʣʷʚʘ ʧʦ ʩʣʝʜʥʘʪʘ ʬʦʨʤʫʣʘ: 

  
Raeq = ARa+1.43ATh + 0.077AK Ò370 Bq.kg

-1, 
 
ʢʲʜʝʪʦ ARa, ATh ʠ AK ʩʘ ʘʢʪʠʚʥʦʩʪʠ ʚ Bq.kg-1 ʥʘ 226Ra, 232Th ʠ 40K ʩʲʦʪʚʝʪʥʦ.  
ɻʨʘʥʠʯʥʘʪʘ ʩʪʦʡʥʦʩʪ ʝ 370 Bq.kg-1. 
ʀʥʜʝʢʩʲʪ ʥʘ ʚʲʥʰʥʘʪʘ ʦʧʘʩʥʦʩʪ ʩʝ ʦʮʝʥʷʚʘ ʧʦ ʩʣʝʜʥʘʪʘ ʬʦʨʤʫʣʘ:  
 

Hex =ARa/370  + ATh/259+AK/1480Ò1, 
 
ʢʲʜʝʪʦ  ARa, ATh ʠ AK ʩʘ ʘʢʪʠʚʥʦʩʪʠ ʚ Bq.kg-1 ʥʘ 226Ra, 232Th ʠ 40K ʩʲʦʪʚʝʪʥʦ. 

 
ʈʝʟʫʣʪʘʪʠ ʠ ʦʙʩʲʞʜʘʥʝ 
ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʠʟʚʲʨʰʝʥʠʝʪʝ ʘʥʘʣʠʟʠ ʟʘ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʝʩʪʝʩʪʚʝʥʠ ʠ 

ʪʝʭʥʦʛʝʥʥʠ ʨʘʜʠʦ ʥʫʢʣʠʜʠ ʚ ʠʟʩʣʝʜʚʘʥʠʪʝ ʧʦʯʚʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʊʘʙʣʠʮʘ 1. 
 
 

ʊʘʙʣʠʮʘ 1. ʉʧʝʮʠʬʠʯʥʘ ʘʢʪʠʚʥʦʩʪ ʥʘ ʝʩʪʝʩʪʚʝʥʠ ʠ ʪʝʭʥʦʛʝʥʥʠ ʨʘʜʠʦʥʫʢʣʠʜʠ ʚ 
ʠʟʩʣʝʜʚʘʥʠʪʝ ʧʦʯʚʠ [Bq/kg]  
 

ˉ  ʆʙʝʢʪ 
210Pb 

238U 
226Ra 

235U 
232Th 

40K 
137Cs 

226Ra
/238U 

1 ʇʉʆɺ ʗʤʙʦʣ 35Ñ5 25Ñ4 36Ñ5 1,0Ñ0,3 36Ñ4 680Ñ70 2Ñ0,5 1,44 

2 ʩ. ʉʠʤʝʦʥʦʚʦ 75Ñ8 28Ñ5 48Ñ6 1,5Ñ0,4 42Ñ4 540Ñ60 14Ñ2 1,71 

3 ʩ.ʊʝʥʝʚʦ 66Ñ8 24Ñ4 31Ñ5 1,2Ñ0,3 24Ñ3 665Ñ75 62Ñ6 1,29 

4 ʩ. ʊʨʲʥʢʦʚʦ 46Ñ7 26Ñ5 26Ñ4 1,0Ñ0,3 32Ñ4 840Ñ85 24Ñ2 1,00 

5 ʩ. ʇʯʝʣʘ 48Ñ7 32Ñ5 34Ñ5 1,6Ñ0,4 34Ñ3 600Ñ60 24Ñ3 1,06 

 
 
ɺ ʜʦʢʣʘʜ ʥʘ ʆʙʝʜʠʥʝʥʠʪʝ ʥʘʮʠʠ (UNSCEAR, 2000) ʩʘ ʧʦʩʦʯʝʥʠ ʩʣʝʜʥʠʪʝ 

ʦʩʨʝʜʥʝʥʠ ʩʪʦʡʥʦʩʪʠ ʟʘ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʝʩʪʝʩʪʚʝʥʠ ʨʘʜʠʦʥʫʢʣʠʜʠ ʚ ʥʝʥʘʨʫʰʝʥʠ 
ʧʦʯʚʠ ʦʪ ɹʲʣʛʘʨʠʷ: 40ʂ ï ʩʨʝʜʥʦ 400 Bq.kg-1 (ʚʘʨʠʨʘʱʦ ʤʝʞʜʫ 40 ʠ 800); 238U ï 
ʩʨʝʜʥʦ 40 Bq.kg-1 (ʚʘʨʠʨʘʱʦ ʤʝʞʜʫ 8 ʠ 190); 226Ra ï ʩʨʝʜʥʦ 45 Bq.kg-1 (ʚʘʨʠʨʘʱʦ 
ʤʝʞʜʫ 12 ʠ 210); 232Th ï ʩʨʝʜʥʦ 30 Bq.kg-1 (ʚʘʨʠʨʘʱʦ ʤʝʞʜʫ 7 ʠ 160).  

ʂʘʪʦ ʮʷʣʦ ʜʘʥʥʠʪʝ, ʧʦʣʫʯʝʥʠ ʚ ʥʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʩʘ ʩʨʘʚʥʠʤʠ ʩ 
ʧʦʩʦʯʝʥʠʪʝ ʚ ʜʦʢʣʘʜʘ ʩʨʝʜʥʠ ʩʪʦʡʥʦʩʪʪʠ ʟʘ ʩʪʨʘʥʘʪʘ.  

ʇʨʠ ʨʘʟʛʣʝʞʜʘʥʝ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʩʲʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʘʪʠʚʥʦʩʪʠʪʝ ʥʘ ʨʘʜʠʷ ʠ 
ʫʨʘʥʘ (Ra-226/U-238) ʩʝ ʟʘʙʝʣʷʟʚʘ ʣʦʢʘʣʥʦ ʥʘʨʫʰʘʚʘʥʝ ʥʘ ʨʘʜʠʦʘʢʪʠʚʥʦʪʦ 
ʨʘʚʥʦʚʝʩʠʝ (ʩʲʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʘʢʪʠʚʥʦʩʪʠʪʝ ʨʘʚʥʦ ʥʘ ʝʜʠʥʠʮʘ) ʧʨʠ ʧʲʨʚʠʪʝ ʪʨʠ 
ʧʦʯʚʠ. ʊʦʚʘ ʚʝʨʦʷʪʥʦ ʩʝ ʜʲʣʞʠ ʥʘ ʨʘʟʣʠʯʥʘʪʘ ʤʦʙʠʣʥʦʩʪ ʥʘ ʜʚʘʪʘ ʨʘʜʠʦʥʫʢʣʠʜʘ ʚ 
ʧʦʯʚʘʪʘ. ɺ ʪʝʟʠ ʪʨʠ ʧʦʯʚʠ ʠʟʯʠʩʣʝʥʦʪʦ ʩʲʦʪʥʦʰʝʥʠʝ ʝ ʧʦ-ʚʠʩʦʢʦ ʦʪ 1, ʢʦʝʪʦ ʧʦʢʘʟʚʘ, 
ʯʝ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʨʘʜʠʷ ʧʨʝʦʙʣʘʜʘʚʘ. ʌʠʟʠʢʦʭʠʤʠʯʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʫʨʘʥʘ 
ʩʧʦʤʘʛʘʪ ʟʘ ʧʦ-ʛʦʣʷʤʘʪʘ ʤʫ ʨʘʟʪʚʦʨʠʤʦʩʪ ʚʲʚ ʚʦʜʘ ʠ ʧʦʜʚʠʞʥʦʩʪ ʧʦʜ ʚʲʟʜʝʡʩʪʚʠʝʪʦ 
ʥʘ ʚʘʣʝʞʠʪʝ. ɺʲʚ ʚʦʜʘʪʘ ʪʦʡ ʩʝ ʥʘʤʠʨʘ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʫʨʘʥʠʣ ʡʦʥ, ʢʦʡʪʦ ʦʙʨʘʟʫʚʘ 
ʩʪʘʙʠʣʥʠ ʨʘʟʪʚʦʨʠʤʠ ʢʦʤʧʣʝʢʩʠ ʠ ʤʦʞʝ ʜʘ ʤʠʛʨʠʨʘ ʧʦ ʜʲʣʙʦʯʠʥʘ ʥʘ ʧʦʯʚʝʥʠʷ 
ʧʨʦʬʠʣ ʠ ʠʟʚʲʥ ʥʝʛʦ. ʈʘʜʠʷʪ ʩʝ ʦʪʣʠʯʘʚʘ ʩ ʚʠʩʦʢʘ ʨʝʘʢʪʠʚʦʩʧʦʩʦʙʥʦʩʪ, ʥʦ ʩʝ ʫʪʘʷʚʘ 
ʧʦ-ʙʲʨʟʦ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʨʘʟʣʠʯʥʠ ʩʦʣʠ ʠ ʚ ʧʦʯʚʘʪʘ ʩʝ ʘʜʩʦʨʙʠʨʘ ʚ ʧʦ-ʛʦʣʷʤʘ 
ʩʪʝʧʝʥ ʦʪ ʛʣʠʥʝʩʪʘʪʘ ʬʨʘʢʮʠʷ ʠ ʦʨʛʘʥʠʯʥʦʪʦ ʚʝʱʝʩʪʚʦ (Muhs & Rosholt, 1990). 

ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ  ʪʝʭʥʦʛʝʥʥʠʷ ʉs-137 ʚ ʠʟʩʣʝʜʚʘʥʠʪʝ ʧʦʯʚʠ ʝ ʩʲʧʦʩʪʘʚʠʤʦ ʩ 
ʜʘʥʥʠʪʝ, ʧʦʣʫʯʝʥʠ ʚ ʜʨʫʛʠ ʨʘʡʦʥʠ ʥʘ ʩʪʨʘʥʘʪʘ (Yordanova, et al., 2014) ʠ ʝ ʨʝʟʫʣʪʘʪ 
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ʥʘ ʛʣʦʙʘʣʥʠʷ ʬʦʣʘʫʪ, ʧʦʣʫʯʝʥ ʚʩʣʝʜʩʪʚʠʝ ʥʘ ʘʚʘʨʠʷʪʘ ʚ ʏʝʨʥʦʦʙʠʣ, ʢʘʪʦ 
ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʤʫ ʚ ʦʪʜʝʣʥʠʪʝ ʧʦʯʚʠ ʝ ʥʝʭʦʤʦʛʝʥʥʦ ʠ ʚʘʨʠʨʘ ʦʪ <2 ʜʦ 62 Bq/kg. 

ɿʘ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʦʮʝʥʢʘ ʥʘ ʨʠʩʢʘ ʦʪ ʜʦʧʲʣʥʠʪʝʣʥʦ ʜʦʟʦʚʦ ʥʘʪʦʚʘʨʚʘʥʝ ʟʘ  
ʥʘʩʝʣʝʥʠʝʪʦ ʚ ʨʘʡʦʥʘ, ʙʷʭʘ ʠʟʯʠʩʣʝʥʠ ʨʘʜʠʝʚʠʷʪ ʝʢʚʠʚʘʣʝʥʪ ʥʘ ʘʢʪʠʚʥʦʩʪʪʘ (Raeq) ʠ 
ʠʥʜʝʢʩʲʪ ʥʘ ʚʲʥʰʥʘ ʦʧʘʩʥʦʩʪ (Hex).  

ʇʨʠ ʚʩʠʯʢʠ ʠʟʩʣʝʜʚʘʥʠ ʧʦʯʚʠ, ʨʘʜʠʝʚʠʷʪ ʝʢʚʠʚʘʣʝʥʪ ʙʝʰʝ ʧʦʜ 370 Bq/kg, ʘ 
HexÒ 1, ʩʣʝʜʦʚʘʪʝʣʥʦ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʶʯʠ, ʯʝ ʠʟʩʣʝʜʚʘʥʠʪʝ ʧʦʯʚʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʚʘʪ 
ʦʧʘʩʥʦʩʪ ʟʘ ʥʘʩʝʣʝʥʠʝʪʦ ʚ ʨʘʡʦʥʘ ʦʪ ʨʘʜʠʦʣʦʛʠʯʥʘ ʛʣʝʜʥʘ ʪʦʯʢʘ. 

 
ɿʘʢʣʶʯʝʥʠʝ 
ʇʨʦʚʝʜʝʥʠ ʩʘ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʝʩʪʝʩʪʚʝʥʠ ʠ ʪʝʭʥʦʛʝʥʥʠ 

ʨʘʜʠʦʥʫʢʣʠʜʠ ʚ ʧʦʯʚʠ ʦʪ ʨʘʡʦʥʘ ʥʘ ʛʨʘʜ ʗʤʙʦʣ. ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʘ 
ʩʲʧʦʩʪʘʚʠʤʠ ʩ ʮʠʪʠʨʘʥʠʪʝ ʚ ʣʠʪʝʨʘʪʫʨʘʪʘ ʜʘʥʥʠ ʟʘ ʩʚʝʪʘ ʠ ʥʘʰʠʪʝ ʛʝʦʛʨʘʬʩʢʠ 
ʰʠʨʠʥʠ.  

ʋʩʪʘʥʦʚʝʥʦ ʝ ʣʦʢʘʣʥʦ ʥʘʨʫʰʘʚʘʥʝ ʥʘ ʨʘʜʠʦʘʢʪʠʚʥʦʪʦ ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ ʫʨʘʥʘ 
ʠ ʨʘʜʠʷ ʚ ʪʨʠ ʦʪ ʠʟʩʣʝʜʚʘʥʠʪʝ ʧʦʯʚʠ, ʢʦʝʪʦ ʚʝʨʦʷʪʥʦ ʩʝ ʜʲʣʞʠ ʥʘ ʨʘʟʣʠʯʥʘʪʘ 
ʤʦʙʠʣʥʦʩʪ ʥʘ ʜʚʘʪʘ ʨʘʜʠʦʥʫʢʣʠʜʘ ʚ ʧʦʯʚʘʪʘ. 

ʇʨʠ ʚʩʠʯʢʠ ʠʟʩʣʝʜʚʘʥʠ ʧʦʯʚʠ, ʨʘʜʠʝʚʠʷʪ ʝʢʚʠʚʘʣʝʥʪ ʥʘ ʘʢʪʠʚʥʦʩʪʪʘ ʠ ʠʥʜʝʢʩʲʪ 
ʥʘ ʚʲʥʰʥʘ ʦʧʘʩʥʦʩʪ ʩʘ ʧʦʜ ʜʦʧʫʩʪʠʤʠʷ ʤʘʢʩʠʤʫʤ, ʢʦʝʪʦ ʧʦʢʘʟʚʘ, ʯʝ ʠʟʩʣʝʜʚʘʥʠʪʝ 
ʧʦʯʚʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʨʠʩʢ ʟʘ ʟʜʨʘʚʝʪʦ ʥʘ ʥʘʩʝʣʝʥʠʝʪʦ ʚ ʨʘʡʦʥʘ ʦʪ ʨʘʜʠʦʣʦʛʠʯʥʘ 
ʛʣʝʜʥʘ ʪʦʯʢʘ. 
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Abstract 
The soil microflora of Epi-Cambic Leptic Umbrisols was investigated. Samples from 

three soil layers (0-10 cm, 10-34 cm and 34-50 cm) were collected. The amounts of the 
main taxonomic microbial groups in the soil were determined. The results showed that the 
amounts of ammonifying bacteria, mineral nitrogen utilizing bacteria, actinomycetes, 
microscopic fungi and cellulose decomposing microorganisms were higher in the surface 
soil layer. In depth the population density of the soil microorganisms significantly reduced, 
being the lowest in the soil layer 34-50 cm.  

Key words: soil bacteria, soil fungi, Epi-Cambic Leptic Umbrisols. 
 

ʈʝʟʶʤʝ 
ʀʟʚʲʨʰʝʥʦ ʝ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʧʦʯʚʝʥʘʪʘ ʤʠʢʨʦʬʣʦʨʘ ʦʪ ʇʣʘʥʠʥʩʢʦ-ʣʠʚʘʜʥʘ 

ʧʦʯʚʘ. ʇʨʦʙʠʪʝ ʩʘ ʚʟʝʪʠ ʦʪ ʪʨʠ ʧʦʯʚʝʥʠ ʜʲʣʙʦʯʠʥʠ: 0-10 cm, 10-34 cm ʠ 34-50 cm. 
ʆʧʨʝʜʝʣʝʥʘ ʝ ʯʠʩʣʝʥʦʩʪʪʘ ʥʘ ʦʩʥʦʚʥʠʪʝ ʪʘʢʩʦʥʦʤʠʯʥʠ ʤʠʢʨʦʙʠʘʣʥʠ ʛʨʫʧʠ ʚ 
ʧʦʯʚʘʪʘ. ʈʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʟʚʘʪ, ʯʝ ʙʨʦʷʪ ʥʘ ʘʤʦʥʠʬʠʮʠʨʘʱʠʪʝ ʙʘʢʪʝʨʠʠ, 
ʙʘʢʪʝʨʠʠʪʝ, ʠʟʧʦʣʟʚʘʱʠ ʤʠʥʝʨʘʣʝʥ ʘʟʦʪ, ʮʝʣʫʣʦʟʦʨʘʟʣʘʛʘʱʠʪʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ, 
ʤʠʢʨʦʩʢʦʧʠʯʥʠʪʝ ʛʲʙʠ ʠ ʘʢʪʠʥʦʤʠʮʝʪʠʪʝ ʝ ʥʘʡ-ʚʠʩʦʢ ʚ ʧʦʚʲʨʭʥʦʩʪʥʠʷ ʩʣʦʡ ʥʘ 
ʧʦʯʚʘʪʘ. ɺ ʜʲʣʙʦʯʠʥʘ ʯʠʩʣʝʥʦʩʪʪʘ ʥʘ ʧʦʯʚʝʥʠʪʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʥʘʤʘʣʷʚʘ, ʢʘʪʦ ʝ 
ʥʘʡ-ʥʠʩʢʘ ʚ ʧʦʯʚʝʥʠʷ ʩʣʦʡ 34-50 cm. 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʧʦʯʚʝʥʠ ʙʘʢʪʝʨʠʠ, ʤʠʢʨʦʩʢʦʧʠʯʥʠ ʛʲʙʠ, ʇʣʘʥʠʥʩʢʦ-ʣʠʚʘʜʥʘ 
ʧʦʯʚʘ. 

 
ɺʲʚʝʜʝʥʠʝ 
ʇʣʘʥʠʥʩʢʦïʣʠʚʘʜʥʠʪʝ ʧʦʯʚʠ ʟʘʝʤʘʪ ʥʘʡïʚʠʩʦʢʠʪʝ ʯʘʩʪʠ ʥʘ ʧʣʘʥʠʥʠʪʝ ʚ 

ɹʲʣʛʘʨʠʷ ï ʥʘʜ 1700 ʤ ʥʘʜʤʦʨʩʢʘ ʚʠʩʦʯʠʥʘ. ʂʣʠʤʘʪʲʪ ʚʲʚ ʚʠʩʦʢʦʧʣʘʥʠʥʩʢʠʷ ʧʦʷʩ 
ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ ʛʦʣʷʤʦ ʢʦʣʠʯʝʩʪʚʦ ʚʘʣʝʞʠ ï ʥʘʜ 900 ʜʦ 1000 mm ʛʦʜʠʰʥʦ. 
ʊʝʤʧʝʨʘʪʫʨʠʪʝ ʩʘ ʩʨʘʚʥʠʪʝʣʥʦ ʥʠʩʢʠ, ʘ ʠʟʧʘʨʝʥʠʝʪʦ ʝ ʥʝʟʥʘʯʠʪʝʣʥʦ. ʍʘʨʘʢʪʝʨʥʘ ʟʘ 
ʧʦʯʚʦʦʙʨʘʟʫʚʘʪʝʣʥʠʷ ʧʨʦʮʝʩ ʝ ʪʝʥʜʝʥʮʠʷʪʘ ʢʲʤ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʯʠʤʦʚ ʭʦʨʠʟʦʥʪ. 
ʇʦʯʚʦʦʙʨʘʟʫʚʘʥʝʪʦ ʧʨʦʪʠʯʘ ʧʦʜ ʚʣʠʷʥʠʝ ʥʘ ʙʫʡʥʦ ʨʘʟʚʠʚʘʱʘ ʩʝ ʣʠʚʘʜʥʘ 
ʨʘʩʪʠʪʝʣʥʦʩʪ, ʢʦʷʪʦ ʦʩʪʘʚʷ ʚʲʨʭʫ ʧʦʚʲʨʭʥʦʩʪʪʘ ʛʦʣʷʤʦ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʠʪʝʣʥʠ 
ʦʩʪʘʪʲʮʠ, ʥʦ ʧʦʨʘʜʠ ʥʠʩʢʠʪʝ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝ ʩʝ ʤʠʥʝʨʘʣʠʟʠʨʘʪ ʙʘʚʥʦ. ʇʦ ʪʘʢʲʚ 
ʥʘʯʠʥ ʩʝ ʩʲʟʜʘʚʘʪ ʙʣʘʛʦʧʨʠʷʪʥʠ ʫʩʣʦʚʠʷ ʟʘ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʯʠʤʦʚ ʭʦʨʠʟʦʥʪ (ɻʶʨʦʚ ʠ 
ʂʦʣʯʝʚʘ, 1969). 
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ʇʦʯʚʝʥʠʪʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠʪʝ ʨʝʘʛʠʨʘʪ ʩʧʝʮʠʬʠʯʥʦ ʥʘ ʢʣʠʤʘʪʠʯʥʠʪʝ 
ʚʲʟʜʝʡʩʪʚʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʚʠʜʘ ʠ ʩʪʝʧʝʥʪʘ ʥʘ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘʩʪʲʧʚʘʪ ʨʘʟʣʠʯʥʠ 
ʧʨʦʤʝʥʠ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʧʦʯʚʝʥʠʪʝ ʤʠʢʨʦʙʠʘʣʥʠ ʩʲʦʙʱʝʩʪʚʘ (ʯʠʩʣʝʥʦʩʪ, 
ʘʢʪʠʚʥʦʩʪ, ʤʦʨʬʦʣʦʛʠʯʥʦ ʠ ʚʠʜʦʚʦ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʤʠʢʨʦʙʠʘʣʥʘ ʙʠʦʤʘʩʘ ʠ ʧʨ.) (Sha 
et al., 2009). ʄʠʢʨʦʙʠʦʣʦʛʠʯʥʠʪʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʧʦʯʚʘʪʘ ʤʦʛʘʪ ʜʘ ʩʣʫʞʘʪ ʢʘʪʦ ʨʘʥʥʠ 
ʠʥʜʠʢʘʪʦʨʠ ʟʘ ʥʘʩʪʲʧʠʣ ʝʢʦʣʦʛʠʯʝʥ ʩʪʨʝʩ ʥʘ ʧʦʯʚʘʪʘ.  

ʎʝʣʪʘ ʥʘ ʥʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ 
ʤʠʢʨʦʬʣʦʨʘʪʘ ʠ ʜʘ ʩʝ ʫʩʪʘʥʦʚʷʪ ʧʨʦʤʝʥʠʪʝ ʚ ʧʦ ʜʲʣʙʦʯʠʥʘ ʥʘ ʧʦʯʚʝʥʠʷ ʧʨʦʬʠʣ ʥʘ 
ʇʣʘʥʠʥʩʢʦ-ʣʠʚʘʜʥʘ ʧʦʯʚʘ.  

 
ʄʘʪʝʨʠʘʣʠ ʠ ʤʝʪʦʜʠ 
ʀʟʩʣʝʜʚʘʥ ʝ ʧʦʯʚʝʥ ʧʨʦʬʠʣ ʥʘ ʇʣʘʥʠʥʩʢʦïʣʠʚʘʜʥʘ ʧʦʯʚʘ ʚ ʈʠʣʘ ʧʣʘʥʠʥʘ, ʩ. 

ʉʝʩʪʨʠʤʦ. ʇʦʯʚʘʪʘ ʝ ʧʣʠʪʢʘ, ʩʣʘʙʦ ʝʨʦʟʠʨʘʥʘ, ʣʝʢʦ ï ʧʝʩʲʢʣʠʚʦ ʛʣʠʥʝʩʪʘ, ʩʣʘʙʦ 
ʢʘʤʝʥʠʩʪʘ. ʈʝʣʝʬʲʪ ʧʨʠ ʧʨʦʬʠʣʘ ʝ ʧʦʣʝʛʘʪ ʩʢʘʪ ʩ ʶʛʦʠʟʪʦʯʝʥ ʥʘʢʣʦʥ. 
ʈʘʩʪʠʪʝʣʥʦʩʪʪʘ ʝ ʩʤʝʩʝʥʘ ï ʛʦʨʩʢʘ, ʭʨʘʩʪʦʚʠʜʥʘ ʠ ʪʨʝʚʠʩʪʘ. ʀʟʩʣʝʜʚʘʥʘʪʘ ʧʦʯʚʘ ʝ 
ʢʣʘʩʠʬʠʮʠʨʘʥʘ ʧʦ WRB (2014) ʢʘʪʦ Epi-Cambic Leptic Umbrisols (Epi-loamic Endo-
Arenic Hyperhumic)  

ʇʨʦʙʠʪʝ ʩʘ ʚʟʝʪʠ ʚ ʪʨʠ ʜʲʣʙʦʯʠʥʠ: 0-10 ʩm, 10-34 ʩm ʠ 34-50 ʩm. ʆʧʨʝʜʝʣʝʥʘ ʝ 
ʯʠʩʣʝʥʦʩʪʪʘ ʧʦ ʤʝʪʦʜʘ ʥʘ ʜʝʩʝʪʠʯʥʠʪʝ ʨʘʟʨʝʞʜʘʥʠʷ ʥʘ ʦʩʥʦʚʥʠ ʬʫʥʢʮʠʦʥʘʣʥʠ ʛʨʫʧʠ 
ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ, ʫʯʘʩʪʚʘʱʠ ʚ ʪʨʘʥʩʬʦʨʤʘʮʠʷʪʘ ʥʘ ʭʨʘʥʠʪʝʣʥʠʪʝ ʝʣʝʤʝʥʪʠ ʚ 
ʧʦʯʚʘʪʘ - ʘʤʦʥʠʬʠʮʠʨʘʱʠ, ʠʟʧʦʣʟʚʘʱʠ ʤʠʥʝʨʘʣʝʥ ʘʟʦʪ, ʮʝʣʫʣʦʟʦʨʘʟʣʘʛʘʱʠ, 
ʤʠʢʨʦʩʢʦʧʠʯʥʠ ʛʲʙʠ ʠ ʘʢʪʠʥʦʤʠʮʝʪʠ (ɻʨʫʜʝʚʘ ʠ ʜʨ., 2006). ʈʝʟʫʣʪʘʪʠʪʝ ʩʘ 
ʧʨʝʜʩʪʘʚʝʥʠ ʢʘʪʦ ʙʨʦʡ ʥʘ ʢʦʣʦʥʠʠ-ʦʙʨʘʟʫʚʘʱʠʪʝ ʝʜʠʥʠʮʠ (ʂʆɽ) ʥʘ 1 ʛ ʘʙʩʦʣʶʪʥʦ 
ʩʫʭʘ ʧʦʯʚʘ. ʀʟʩʣʝʜʚʘʥʠ ʩʘ ʦʩʥʦʚʥʠʪʝ ʘʛʨʦʭʠʤʠʯʥʠ ʠ ʬʠʟʠʯʥʠ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʧʦʯʚʘʪʘ 
(Taʙʣʠʮʘ 1). 

 
 

ʊʘʙʣʠʮʘ 1. ɸʛʨʦʭʠʤʠʯʥʠ ʠ ʬʠʟʠʯʥʠ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʇʣʘʥʠʥʩʢʦ ï ʣʠʚʘʜʥʘ ʧʦʯʚʘ  

 

 
ʇʨʝʜʩʪʘʚʝʥʠʪʝ ʧʦʢʘʟʘʪʝʣʠ ʩʘ ʦʧʨʝʜʝʣʝʥʠ ʧʦ ʩʣʝʜʥʠʪʝ ʤʝʪʦʜʠ: ʤʝʭʘʥʠʯʝʥ 

ʩʲʩʪʘʚ ʧʦ ʤʝʪʦʜʘ ʥʘ ʂʘʯʠʥʩʢʠʡ (1970). ʉʲʜʲʨʞʘʥʠʝ ʥʘ ʦʨʛʘʥʠʯʥʦ ʚʝʱʝʩʪʚʦ ʧʦ 
ʤʝʪʦʜʘ ʥʘ ʊʶʨʠʥ (1937). ʄʠʥʝʨʘʣʝʥ ʘʟʦʪ ʧʦ ʤʝʪʦʜʘ ʥʘ Bremner (1965). ʇʦʜʚʠʞʥʠ 
ʬʦʨʤʠ ʥʘ ʬʦʩʬʦʨ ʠ ʢʘʣʠʡ ʧʦ ʤʝʪʦʜʘ ʥʘ ʀʚʘʥʦʚ (1984). ʈʝʘʢʮʠʷ ʥʘ ʧʦʯʚʘʪʘ (ʨʅ) ï 
ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʥʦ ʚ ʢʘʣʠʝʚ ʭʣʦʨʠʜ.  

ʇʦʣʫʯʝʥʠʪʝ ʜʘʥʥʠ ʟʘ ʯʠʩʣʝʥʦʩʪʪʘ ʥʘ ʦʩʥʦʚʥʠʪʝ ʛʨʫʧʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʩʘ 
ʦʙʨʘʙʦʪʝʥʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʯʨʝʟ Statgraphics 2.1.  

 
ʈʝʟʫʣʪʘʪʠ ʠ ʦʙʩʲʞʜʘʥʝ 
ɺ ʇʣʘʥʠʥʩʢʦ-ʣʠʚʘʜʥʘʪʘ ʧʦʯʚʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʛʦʣʷʤʘ ʯʠʩʣʝʥʦʩʪ ʥʘ 

ʘʤʦʥʠʬʠʮʠʨʘʱʠ ʙʘʢʪʝʨʠʠ (ʌʠʛ.1). ʍʦʨʠʟʦʥʪ ɸʯʠʤ ʠʤʘ ʤʥʦʛʦ ʙʣʘʛʦʧʨʠʷʪʥʠ ʫʩʣʦʚʠʷ ʟʘ 
ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʪʝʟʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʚʠʩʦʢʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʭʫʤʫʩ, ʤʥʦʛʦ ʜʦʙʨʘ 
ʟʘʧʘʩʝʥʦʩʪ ʩ ʫʩʚʦʠʤ ʢʘʣʠʡ, ʥʘʣʠʯʠʝ ʥʘ ʤʠʥʝʨʘʣʝʥ ʘʟʦʪ. ɺ ʭʦʨʠʟʦʥʪ ɸ1 

ɼʲʣʙʦʯʠʥʘ 
cm 

ʨʅ 
ʭʠʛʨʦʩʢʦʧʠʯʥʘ 
ʚʣʘʞʥʦʩʪ 

Ɇ N- 
NH4+NO3 

P2O5 K2O ʍʫʤʫʩ 

ʉʫʤʘ ʥʘ 
ʧʦʯʚʝʥʠ 
ʯʘʩʪʠʮʠ 

<0,01 mm 

KCl % mg/kg mg/100g % % 

ɸʯʠʤ     0-10 4,0 6,27 28,8 3,3 31,7 22,08 24,2 
ɸ1    10-34 4,0 3,17 16,7 0,2 6,9 9,72 21,1 
ɸ2     34-50 4,1 2,03 12,7 1,7 3,2 8,43 13,2 
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ʨʘʟʧʨʦʩʪʨʘʥʠʥʝʪʦ ʠʤ ʝ ʤʘʣʢʦ ʧʦ- ʩʣʘʙʦ, ʥʦ ʠ ʧʦʩʦʯʝʥʠʪʝ ʘʛʨʦʭʠʤʠʯʥʠ ʧʦʢʘʟʘʪʝʣʠ 
ʥʘʤʘʣʷʚʘʪ ʚ ʪʦʟʠ ʭʦʨʠʟʦʥʪ. ʏʠʩʣʝʥʦʩʪʪʘ ʥʘ ʘʤʦʥʠʬʠʮʠʨʘʱʠʪʝ ʙʘʢʪʝʨʠʠ ʚ ʭʦʨʠʟʦʥʪ 
ɸ2 ʩʲʱʦ ʝ ʟʥʘʯʠʪʝʣʥʘ, ʥʦ ʝ ʧʦʯʪʠ ʥʘ ʧʦʣʦʚʠʥʘ ʦʪ ʪʘʟʠ ʥʘ ʭʦʨʠʟʦʥʪ ɸʯʠʤ. ʊʘʟʠ ʨʘʟʣʠʢʘ 
ʚʝʨʦʷʪʥʦ ʩʝ ʜʲʣʞʠ, ʦʩʚʝʥ ʥʘ ʜʲʣʙʦʯʠʥʘʪʘ ʥʘ ʧʦʯʚʝʥʠʪʝ ʭʦʨʠʟʦʥʪʠ ʠ ʥʘ ʨʘʟʣʠʢʠʪʝ ʚ 
ʤʝʭʘʥʠʯʥʠʷ ʠʤ ʩʲʩʪʘʚ (ʭʦʨʠʟʦʥʪʠ ɸʯʠʤ ʠ ɸ1 ʩʘ ʣʝʢʦ ʧʝʩʲʢʣʠʚʦ ʛʣʠʥʝʩʪʠ, ʜʦʢʘʪʦ 
ʭʦʨʠʟʦʥʪ ɸ2 ʝ ʛʣʠʥʝʩʪʦ -ʧʝʩʲʢʣʠʚ).  
 

 
 

ʌʠʛʫʨʘ 1. ɸʤʦʥʠʬʠʮʠʨʘʱʠ ʙʘʢʪʝʨʠʠ ʚ ʇʣʘʥʠʥʩʢʦ-ʣʠʚʘʜʥʘ ʧʦʯʚʘ 
 
 

ɹʘʢʪʝʨʠʠʪʝ, ʫʩʚʦʷʚʘʱʠ ʤʠʥʝʨʘʣʝʥ ʘʟʦʪ ʥʘʤʘʣʷʚʘʪ ʧʦʩʪʝʧʝʥʥʦ ʚ ʜʲʣʙʦʯʠʥʘ ʥʘ 
ʧʨʦʬʠʣʘ ʧʨʠ ʇʣʘʥʠʥʩʢʦ-ʣʠʚʘʜʥʘʪʘ ʧʦʯʚʘ, ʢʦʝʪʦ ʝ ʘʥʘʣʦʛʠʯʥʦ ʠ ʩ ʥʘʤʘʣʷʚʘʥʝʪʦ ʥʘ 
ʤʠʥʝʨʘʣʥʠʷ ʘʟʦʪ (ʌʠʛ.2). ʄʠʥʝʨʘʣʠʟʘʮʠʦʥʥʠʪʝ ʧʨʦʮʝʩʠ ʧʨʠ ʇʣʘʥʠʥʩʢʦ-ʣʠʚʘʜʥʘʪʘ 
ʧʦʯʚʘ ʩʘ ʩʠʣʥʦ ʠʟʨʘʟʝʥʠ. ʊʦʚʘ ʧʦʢʘʟʚʘ, ʯʝ ʧʦ-ʚʠʩʦʢʘʪʘ ʥʘʜʤʦʨʩʢʘ ʚʠʩʦʯʠʥʘ ʥʝ 
ʦʢʘʟʚʘ ʦʪʨʠʮʘʪʝʣʥʦ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʙʘʢʪʝʨʠʠʪʝ, ʫʩʚʦʷʚʘʱʠ ʤʠʥʝʨʘʣʝʥ 
ʘʟʦʪ. ʆʩʚʝʥ ʬʠʟʠʯʥʠʪʝ ʠ ʭʠʤʠʯʥʠʪʝ ʩʚʦʡʩʪʚʘ, ʧʨʠʯʠʥʘ ʟʘ ʧʦ-ʛʦʣʷʤʦʪʦ 
ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʪʘʟʠ ʛʨʫʧʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ, ʧʨʠ ʇʣʘʥʠʥʩʢʦïʣʠʚʘʜʥʘʪʘ ʧʦʯʚʘ, ʝ 
ʠ ʥʘʯʠʥʘ ʥʘ ʟʝʤʝʧʦʣʟʚʘʥʝ. ʇʨʠ ʩʤʝʩʝʥʘʪʘ ʛʦʨʩʢʘ ʨʘʩʪʠʪʝʣʥʦʩʪ ʙʘʢʪʝʨʠʠʪʝ 
ʫʩʚʦʷʚʘʱʠ ʤʠʥʝʨʘʣʝʥ ʘʟʦʪ ʩʝ ʨʘʟʚʠʚʘʪ ʠʥʪʝʥʟʠʚʥʦ. ɿʘʩʠʣʝʥʠ ʘʤʦʥʠʬʠʮʠʨʘʱʠ 
ʧʨʦʮʝʩʠ ʩʝ ʩʲʦʙʱʘʚʘʪ ʠ ʜʨʫʛʠ ʘʚʪʦʨʠ ʧʨʠ ʇʣʘʥʠʥʩʢʦïʣʠʚʘʜʥʘ ʧʦʯʚʘ (Grigorova-
Pesheva, 2020). 
 

 
 

ʌʠʛʫʨʘ 2. ɹʘʢʪʝʨʠʠ ʫʩʚʦʷʚʘʱʠ ʤʠʥʝʨʘʣʝʥ ʘʟʦʪ ʚ ʇʣʘʥʠʥʩʢʦ-ʣʠʚʘʜʥʘ ʧʦʯʚʘ 
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ʈʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ ʘʢʪʠʥʦʤʠʮʝʪʠ ʚ ʇʣʘʥʠʥʩʢʦ-ʣʠʚʘʜʥʘʪʘ ʧʦʯʚʘ ʝ ʧʦïʩʣʘʙʦ 
ʠʟʨʘʟʝʥʦ (ʌʠʛ.3). ɺʲʧʨʝʢʠ ʯʝ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʭʫʤʫʩ ʝ ʚʠʩʦʢʦ ʧʨʠ ʇʣʘʥʠʥʩʢʦ-
ʣʠʚʘʜʥʘʪʘ ʧʦʯʚʘ, ʥʝʛʦʚʦʪʦ ʤʠʥʝʨʘʣʠʟʠʨʘʥʝ ʧʨʦʪʠʯʘ ʧʦ-ʙʘʚʥʦ. ɿʘ ʨʘʟʣʠʢʘ ʦʪ 
ʙʘʢʪʝʨʠʠʪʝ, ʫʩʚʦʷʚʘʱʠ ʤʠʥʝʨʘʣʝʥ ʘʟʦʪ, ʧʨʠ ʘʢʪʠʥʦʤʠʮʝʪʠʪʝ, ʚʠʩʦʢʘʪʘ ʥʘʜʤʦʨʩʢʘ 
ʚʠʩʦʯʠʥʘ ʠ ʧʦ-ʥʠʩʢʠʪʝ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʝʟ ʝʩʝʥʥʠʷ ʧʝʨʠʦʜ ʥʘ ʛʦʜʠʥʘʪʘ, ʦʢʘʟʚʘʪ 
ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʨʘʟʚʠʪʠʝʪʦ ʠʤ, ʢʦʝʪʦ ʝ ʪʠʧʠʯʥʦ ʟʘ ʇʣʘʥʠʥʩʢʦïʣʠʚʘʜʥʠʪʝ ʧʦʯʚʠ. 
ɼʦʢʘʟʘʥʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʨʘʟʣʠʢʠ ʚ ʪʨʠʪʝ ʠʟʩʣʝʜʚʘʥʠ ʭʦʨʠʟʦʥʪʘ ʥʘ ʇʣʘʥʠʥʩʢʦ-
ʣʠʚʘʜʥʘ ʧʦʯʚʘ ʩʘ ʦʪʯʝʪʝʥʠ ʧʨʠ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ ʘʢʪʠʥʦʤʠʮʝʪʠʪʝ. ʏʠʩʣʝʥʦʩʪʪʘ 
ʠʤ ʩʠʣʥʦ ʥʘʤʘʣʷʚʘ ʚ ʜʲʣʙʦʯʠʥʘ ʥʘ ʧʨʦʬʠʣʘ, ʢʦʝʪʦ ʝ ʩʚʲʨʟʘʥʦ ʩ ʨʝʜʫʮʠʨʘʥʝ ʥʘ 
ʜʦʩʪʲʧʥʠʪʝ ʭʨʘʥʠʪʝʣʥʠ ʚʝʱʝʩʪʚʘ ʠ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʢʦʥʢʫʨʝʥʮʠʷʪʘ ʟʘ ʫʩʚʦʷʚʘʥʝ ʥʘ 
ʪʝʟʠ ʚʝʱʝʩʪʚʘ.ʩ ʬʘʢʫʣʪʘʪʠʚʥʠʪʝ ʘʥʘʝʨʦʙʠ.  

 

 
 

ʌʠʛʫʨʘ 3. ɸʢʪʠʥʦʤʠʮʝʪʠ ʚ ʛʝʥʝʪʠʯʥʠ ʭʦʨʠʟʦʥʪʠ ʥʘ ʇʣʘʥʠʥʩʢʦ-ʣʠʚʘʜʥʘ ʧʦʯʚʘ 
 

ʄʥʦʛʦ ʩʠʣʥʦ ʨʘʟʚʠʪʠʝ ʥʘ ʤʠʢʨʦʩʢʦʧʠʯʥʠ ʛʲʙʠ ʝ ʦʪʯʝʪʝʥʦ ʧʨʠ ʇʣʘʥʠʥʩʢʦ-
ʣʠʚʘʜʥʘʪʘ ʧʦʯʚʘ (ʌʠʛ.4). ɿʥʘʯʠʪʝʣʥʦ ʝ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʠʤ ʚ ʭʦʨʠʟʦʥʪ ɸʯʠʤ, ʢʦʡʪʦ 
ʩʝ ʦʪʣʠʯʘʚʘ ʩ ʚʠʩʦʢʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʭʫʤʫʩ, ʜʦʙʨʘ ʭʠʛʨʦʩʢʦʧʠʯʥʘ ʚʣʘʞʥʦʩʪ ʠ ʢʠʩʝʣʘ 
ʨʝʘʢʮʠʷ. ɺʝʨʦʷʪʥʦ ʩʲʯʝʪʘʥʠʝʪʦ ʥʘ ʪʝʟʠ ʬʘʢʪʦʨʠ, ʩʲʟʜʘʚʘ ʤʥʦʛʦ ʙʣʘʛʦʧʨʠʷʪʥʠ 
ʫʩʣʦʚʠʷ ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʤʠʢʨʦʩʢʦʧʠʯʥʠʪʝ ʛʲʙʠ. 

ʇʫʙʣʠʢʫʚʘʥʠ ʩʘ ʨʝʜʠʮʘ ʧʨʦʫʯʚʘʥʠʷ, ʩʚʲʨʟʘʥʠ ʩ ʤʠʢʨʦʙʠʦʣʦʛʠʯʥʘʪʘ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʇʣʘʥʠʥʩʢʠ ʧʦʯʚʠ, ʩ ʛʦʣʷʤʘ ʥʘʜʤʦʨʩʢʘ ʚʠʩʦʯʠʥʘ. ɹʘʢʪʝʨʠʠʪʝ ʠ 
ʤʠʢʨʦʩʢʦʧʠʯʥʠʪʝ ʛʲʙʠ ʩʘ ʦʧʨʝʜʝʣʝʥʠ ʢʘʪʦ ʝʜʥʠ ʦʪ ʦʩʥʦʚʥʠʪʝ ʙʠʦʣʦʛʠʯʥʠ ʬʘʢʪʦʨʠ ʟʘ 
ʧʨʦʪʠʯʘʥʝ ʥʘ ʧʝʜʦʛʝʥʝʪʠʯʥʠʪʝ ʧʨʦʮʝʩʠ. ʊʝʟʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʩʘ ʠ ʝʜʥʠ ʦʪ 
ʦʩʥʦʚʥʠʪʝ ʫʯʘʩʪʥʠʮʠ, ʦʙʦʛʘʪʷʚʘʪɦ ʠ ʧʦʯʚʘʪʘ ʩ ʘʟʦʪ ʠ ʚʲʛʣʝʨʦʜ. (Jumpponen et al. 
2002; Frey et al. 2013, Ciccazzo et al., 2016). ɺ ʭʦʨʠʟʦʥʪ ɸʯʠʤ ʥʘ ʇʣʘʥʠʥʩʢʦ-ʣʠʚʘʜʥʘʪʘ 
ʧʦʯʚʘ ʠʤʘ ʥʘʡ-ʛʦʣʷʤʦ ʢʦʣʠʯʝʩʪʚʦ ʙʘʢʪʝʨʠʠ, ʘʢʪʠʥʦʤʠʮʝʪʠ ʠ ʤʠʢʨʦʩʢʦʧʠʯʥʠ ʛʲʙʠ ʠ 
ʥʘʡïʚʠʩʦʢʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʤʠʥʝʨʣʘʣʝʥ ʘʟʦʪ, ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʦʩʪʘʥʘʣʠʪʝ ʭʦʨʠʟʦʥʪʠ. 
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ʌʠʛʫʨʘ 4. ʄʠʢʨʦʩʢʦʧʠʯʥʠ ʛʲʙʠ ʚ ʇʣʘʥʠʥʩʢʦ-ʣʠʚʘʜʥʘ ʧʦʯʚʘ 
 

ɺ ʮʝʣʠʷʪ ʧʨʦʬʠʣ ʥʘ ʇʣʘʥʠʥʩʢʦ-ʣʠʚʘʜʥʘʪʘ ʧʦʯʚʘ ʧʨʦʪʠʯʘʪ 
ʮʝʣʫʣʦʟʦʨʘʟʛʨʘʞʜʘʱʠ ʧʨʦʮʝʩʠ, ʧʦïʩʠʣʥʦ ʠʟʨʘʟʝʥʠ ʚ ʭʦʨʠʟʦʥʪ ɸ1. ʇʨʘʚʠ 
ʚʧʝʯʘʪʣʝʥʠʝ, ʯʝ ʮʝʣʫʣʦʟʦʨʘʟʛʨʘʞʜʘʱʠʪʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ, ʧʨʠ ʇʣʘʥʠʥʩʢʦï ʣʠʚʘʜʥʘ 
ʧʦʯʚʘ, ʩʘ ʚ ʧʦ-ʛʦʣʷʤʦ ʢʦʣʠʯʝʩʪʚʦ ʚ ʭʦʨʠʟʦʥʪ ɸ2, ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʧʦʚʲʨʭʥʦʩʪʥʠ ̫
ʭʦʨʠʟʦʥʪʠ (ʌʠʛ.5).  
 
 

 
 

ʌʠʛʫʨʘ 5. ʎʝʣʫʣʦʟʦʨʘʟʣʘʛʘʱʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʚ ʇʣʘʥʠʥʩʢʦ-ʣʠʚʘʜʥʘ ʧʦʯʚʘ 
 

ʊʦʚʘ ʤʦʞʝ ʜʘ ʩʝ ʜʲʣʞʠ ʥʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʚʪʦʨʠʷ ʭʦʨʠʟʦʥʪ, ʧʨʠ ʪʦʟʠ ʪʠʧ ʧʦʯʚʘ. 
ʊʦʡ ʝ ʩʣʘʙʦ ʫʧʣʲʪʥʝʥ, ʩ ʪʨʦʭʦʚʠʜʥʘ ʩʪʨʫʢʪʫʨʘ ʠ ʤʥʦʞʝʩʪʚʦ ʚʣʘʢʥʝʩʪʠ ʢʦʨʝʥʠ. 
ʇʦʚʲʨʭʥʦʩʪʥʠʷʪ ʭʦʨʠʟʦʥʪ ʥʘ ʠʟʩʣʝʜʚʘʥʘʪʘ ʧʦʯʚʘ, ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ 
ʜʨʝʙʥʦʟʲʨʥʝʩʪʘ ʩʪʨʫʢʪʫʨʘ, ʢʦʝʪʦ ʝ ʝʜʥʘ ʦʪ ʧʨʠʯʠʥʠʪʝ ʟʘ ʧʦ-ʩʣʘʙʦʪʦ 
ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʮʝʣʫʣʦʟʦʨʘʟʣʘʛʘʱʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ.  

 
ɿʘʢʣʁʯʝʥʠʝ 
ɺ ʇʣʘʥʠʥʩʢʦ-ʣʠʚʘʜʥʘ ʧʦʯʚʘ ʘʛʨʦʭʠʤʠʯʥʠʪʝ ʠ ʬʠʟʠʯʥʠ ʫʩʣʦʚʠʷ ʩʘ ʙʣʘʛʦʧʨʠʷʪʥʠ 

ʟʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ ʘʤʦʥʠʬʠʮʠʨʘʱʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ, ʙʘʢʪʝʨʠʠ ʫʩʚʦʷʚʘʱʠ 

ʤʠʥʝʨʘʣʝʥ ʘʟʦʪ, ʘʢʪʠʥʦʤʠʮʝʪʠ, ʮʝʣʫʣʦʟʦʨʘʟʣʘʛʘʱʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʠ 

ʤʠʢʨʦʩʢʦʧʠʯʥʠ ʛʲʙʠ. ɺ ʜʲʣʙʦʯʠʥʘ ʥʘ ʧʦʯʚʝʥʠʷ ʧʨʦʬʠʣ, ʯʠʩʣʝʥʦʩʪʪʘ ʥʘ ʪʝʟʠ ʛʨʫʧʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ, ʧʦʩʪʝʧʝʥʥʦ ʥʘʤʘʣʷʚʘ.  
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ʈʝʟʶʤʝ 
ʇʨʝʟ 2023ʛ. ʙʝ ʨʘʟʨʘʙʦʪʝʥ ʦʪ ʤʝʥ Ăʉʦʬʪʫʝʨ ʟʘ ʧʦʪʝʥʮʠʘʣʥʘ ʙʦʥʠʪʠʨʦʚʢʘ ʠ 

ʢʣʘʩʠʬʠʢʘʮʠʷ ʧʦ ʧʨʠʛʦʜʥʦʩʪ ʟʘ ʟʝʤʝʧʦʣʟʚʘʥʝ ʥʘ ʟʝʤʝʜʝʣʩʢʠʪʝ ʟʝʤʠ ʚ ɹʲʣʛʘʨʠʷñ 
ʈʘʜʦʚʘʥʦʚʘ ʀʚ., 2023). ʊʦʡ ʨʘʙʦʪʠ ʚ ʫʩʣʦʚʠʷʪʘ ʥʘ MS Office, ʧʨʦʛʨʘʤʠʨʘʥ ʠʟʮʷʣʦ 
ʯʨʝʟ Microsoft Excel. 

ʉʦʬʪʫʝʨʲʪ ʩʲʩ ʩʲʦʪʚʝʪʥʘʪʘ ʤʝʪʦʜʠʢʘ ʚ ʩʚʦʷʪʘ ʩʠ ʩʲʱʥʦʩʪ ʝ ʘʢʪʫʘʣʠʟʘʮʠʷ ʥʘ 
ʧʨʠʝʪʘʪʘ ʩʲʩ ʟʘʢʦʥ Ăʄʝʪʦʜʠʢʘ ʟʘ ʨʘʙʦʪʘ ʧʦ ʢʘʜʘʩʪʲʨʘ ʥʘ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʠʪʝ ʟʝʤʠ ʚ 
ɹʲʣʛʘʨʠʷñ (ʇʝʪʨʦʚ ɽ. ʠ ʜʨ., 1988.), ʢʘʪʦ ʪʦʚʘ ʝ ʧʦʩʪʠʛʥʘʪʦ ʯʨʝʟ ʥʦʚʦʨʘʟʨʘʙʦʪʝʥʘ 
Ăʄʝʪʦʜʠʢʘ ʟʘ ʧʦʪʝʥʮʠʘʣʥʘ ʦʮʝʥʢʘ ʥʘ ʟʝʤʝʜʝʣʩʢʠʪʝ ʟʝʤʠ ʚ ɹʲʣʛʘʨʠʷñ (ʈʘʜʦʚʘʥʦʚʘ 
ʀʚ., 2020, 2021 ʜʠʩʝʨʪʘʮʠʷ). ɸʢʪʫʘʣʥʘ ʠ ʧʦʪʝʥʮʠʘʣʥʘ ʦʮʝʥʢʘ ʩʘ ʥʘʧʲʣʥʦ 
ʩʲʧʦʩʪʘʚʠʤʠ ʢʘʪʦ ʧʦʜʭʦʜ, ʩʭʝʤʘ, ʧʘʨʘʤʝʪʨʠ ʠ ʪ.ʥ.. ʈʘʟʣʠʢʘʪʘ ʤʝʞʜʫ ʘʢʪʫʘʣʥʘʪʘ ʠ 
ʧʦʪʝʥʮʠʘʣʥʘʪʘ ʦʮʝʥʢʘ, ʢʘʢʪʦ ʧʨʠ ʩʦʬʪʫʝʨʘ, ʝ ʯʝ ʧʨʠ ʧʦʪʝʥʮʠʘʣʥʘʪʘ ʦʮʝʥʢʘ ʥʘ 
ʟʝʤʝʜʝʣʩʢʠʪʝ ʟʝʤʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʧʦʪʝʥʮʠʘʣʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʦʜʣʝʞʘʱʠ ʥʘ 
ʧʦʜʦʙʨʷʚʘʥʝ ʯʨʝʟ ʚʲʥʰʥʘ ʥʘʤʝʩʘ). ʊʝʟʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʘ: ʜʲʣʙʦʯʠʥʘ ʥʘ ʭʫʤʫʩʥʠʷ 
ʭʦʨʠʟʦʥʪ, ʧʦʯʚʝʥʘ ʨʝʘʢʮʠʷ, ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʭʫʤʫʩ, ʥʠʚʦ ʥʘ ʧʦʜʧʦʯʚʝʥʠʪʝ ʚʦʜʠ, 
ʢʘʤʝʥʠʩʪʦʩʪ ʥʘ ʦʨʥʠʮʘʪʘ ʠ ʩʪʝʧʝʥʠ ʥʘ ʟʘʩʦʣʷʚʘʥʝ ʠ/ʠʣʠ ʘʣʢʘʣʥʦʩʪ. ɿʘ ʪʝʟʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʘ ʧʨʠʣʦʞʝʥʠ 86 ʥʦʚʦʨʘʟʨʘʙʦʪʝʥʠ ʙʦʥʠʪʝʪʥʠ ʩʢʘʣʠ ʠ ʘʣʛʦʨʠʪʤʠ 
(ʈʘʜʦʚʘʥʦʚʘ ʀʚ., 2021 ʜʠʩʝʨʪʘʮʠʷ). 

ʉʦʬʪʫʝʨʲʪ ʨʘʙʦʪʠ ʯʨʝʟ ʚʛʨʘʜʝʥʠʪʝ ʬʫʥʢʮʠʠ ʥʘ Microsoft Excel. ʄʝʭʘʥʠʟʤʲʪ ʥʘ 
ʩʲʱʝʩʪʚʫʚʘʱʘʪʘ ʦʢʦʥʯʘʪʝʣʥʘ ʢʘʪʝʛʦʨʠʟʘʮʠʷ ʥʘ ʧʨʠʛʦʜʥʦʩʪʪʘ ʟʘ ʟʝʤʝʧʦʣʟʚʘʥʝ ʥʘ 
ʦʮʝʥʷʚʘʥʠʪʝ ʟʝʤʠ ʝ ʥʘʧʲʣʥʦ ʟʘʧʘʟʝʥ, ʥʦ ʚʝʯʝ ʩʝ ʨʘʟʛʣʝʞʜʘ ʚ ʘʩʧʝʢʪ ʢʘʪʦ 
"ʧʦʪʝʥʮʠʘʣʝʥ" ʠ ʧʦʣʟʚʘ ʥʦʚʠʪʝ ʧʦʪʝʥʮʠʘʣʥʠ ʘʣʛʦʨʠʪʤʠ. 

ʉʦʬʪʫʝʨʲʪ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʦʪʧʝʯʘʪʚʘʥʝʪʦ ʥʘ ʦʬʠʮʠʘʣʝʥ ʜʦʢʫʤʝʥʪ ʟʘ 
ʠʟʚʲʨʰʝʥʘʪʘ ʧʦʪʝʥʮʠʘʣʥʘ ʦʮʝʥʢʘ ʥʘ ʩʲʦʪʚʝʪʥʘʪʘ ʟʝʤʝʜʝʣʩʢʘ ʟʝʤʷ. 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʩʦʬʪʫʝʨ, ʧʦʪʝʥʮʠʘʣʥʘ ʙʦʥʠʪʠʨʦʚʢʘ ʠ ʢʘʪʝʛʦʨʠʟʘʮʠʷ, 
ʟʝʤʝʜʝʣʩʢʠ ʟʝʤʠ, ʧʦʪʝʥʮʠʘʣʥʘ ʦʮʝʥʢʘ ʥʘ ʟʝʤʝʜʝʣʩʢʘ ʟʝʤʷ. 
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Abstract 
In 2023, I developed "Software for potential land use suitability classification of 

agricultural land in Bulgaria" (Radovanova Iv., 2023). It works in MS Office terms, 
programmed entirely through Microsoft Excel. 

The software with the corresponding methodology is essentially an update of the 
legally adopted "Methodology for work on the cadastre of agricultural land in Bulgaria" 
(Petrov E. et al., 1988.), and this was achieved by a newly developed "Methodology for 
potential assessment of agricultural land in Bulgaria" (Radovanova Iv., 2020, 2021 
dissertation). Actual and potential assessment are fully comparable in terms of approach, 
scheme, parameters, etc. The difference between actual and potential assessment, as in 
the case of software, is that in the case of potential assessment of agricultural land, 
potential characteristics (subject to improvement by external intervention) are used. These 
characteristics are: depth of the humus horizon, soil reaction, humus content, groundwater 
level, stoniness of the plough soil and degree of salinity and/or alkalinity. For these 
characteristics, 86 newly developed Bonite scales and algorithms have been applied 
(Radovanova Iv., 2021 thesis). 

The software uses the built-in functions of Microsoft Excel. The mechanism of the 
existing final land use suitability categorisation of the assessed land is fully maintained, but 
is now considered in a "potential" aspect and uses the new potential algorithms. 

The software allows the printing of an official document of the potential assessment 
of the agricultural land concerned. 

Key words: software, potential assessment and categorisation, agricultural land, 
agricultural land potential assessment.  

 
ɺʲʚʝʜʝʥʠʝ 
Ăʄʝʪʦʜʠʢʘ ʟʘ ʨʘʙʦʪʘ ʧʦ ʢʘʜʘʩʪʲʨʘ ʥʘ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʠʪʝ ʟʝʤʠ ʚ ʅʈɹñ ʦʪ 1988ʛ., 

ʯʨʝʟ ʢʦʷʪʦ ʩʝ ʢʘʪʝʛʦʨʠʟʠʨʘʪ ʟʝʤʝʜʝʣʩʢʠʪʝ ʟʝʤʠ ʫ ʥʘʩ ʝ ʘʢʪʠʚʥʦ ʧʨʠʣʘʛʘʥʘ, ʠ ʚʲʧʨʝʢʠ 
ʥʘʫʯʥʦ ʦʙʩʣʫʞʚʘʥʘ ʤʥʦʛʦʢʨʘʪʥʦ ʦʪ ʪʦʛʘʚʘ, ʩʠ ʦʩʪʘʥʘ ʚʘʨʠʘʥʪ ʥʘ Ăʘʢʪʫʘʣʥʘ ʦʮʝʥʢʘñ. 

ɺ ʩʲʱʦʪʦ ʚʨʝʤʝ ʩʚʝʪʦʚʥʘʪʘ ʠʢʦʥʦʤʠʢʘʪʘ ʠ ʥʘʫʢʘ, ʠ ʜʲʨʞʘʚʥʘʪʘ ʘʜʤʠʥʠʩʪʨʘʮʠʷ 
ʥʘ ɹʲʣʛʘʨʠʷ ʘʢʪʠʚʥʦ ʩʝ ʠʥʪʝʨʝʩʫʚʘʪ ʦʪ ʧʨʠʛʦʜʥʦʩʪʪʘ ʥʘ ʟʝʤʷʪʘ ʟʘ ʟʝʤʝʧʦʣʟʚʘʥʝ ʚ 
ʜʚʘ ʘʩʧʝʢʪʘ: ʘʢʪʫʘʣʥʘ ʠ ʧʦʪʝʥʮʠʘʣʥʘ ʧʨʠʛʦʜʥʦʩʪ. ɺ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʦʩʥʦʚʥʦ ʩʝ 
ʘʢʮʝʥʪʠʨʘ ʚʲʨʭʫ ʘʛʨʦʝʢʦʣʦʛʠʯʥʠʷ ʧʦʪʝʥʮʠʘʣ ʥʘ ʦʙʨʘʙʦʪʚʘʝʤʘʪʘ ʟʝʤʷ, ʢʦʷʪʦ ʚ 
ʥʘʮʠʦʥʘʣʝʥ ʠ ʛʣʦʙʘʣʝʥ ʤʘʱʘʙ ʥʘʤʘʣʷʚʘ ʠ ʝ ʦʩʥʦʚʝʥ ʨʝʩʫʨʩ ʯʦʚʝʯʝʩʪʚʦʪʦ ʥʠ. ɼʦ 
ʩʢʦʨʦ ʣʠʧʩʚʘʰʝ ʮʷʣʦʩʪʥʘ Ăʄʝʪʦʜʠʢʘ ʟʘ ʧʦʪʝʥʮʠʘʣʥʘ ʦʮʝʥʢʘ ʥʘ ʟʝʤʝʜʝʣʩʢʠʪʝ ʟʝʤʠ ʚ 
ɹʲʣʛʘʨʠʷñ ʥʘ ʥʘʫʯʥʦ ʠ ʧʨʘʢʪʠʯʥʦ ʥʠʚʦ. ʇʨʝʟ 2021ʛ.ʝ ʟʘʱʠʪʝʥʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʷ 
ʥʘ ʪʝʤʘ Ăʉʲʚʨʝʤʝʥʥʠ ʧʦʜʭʦʜʠ ʟʘ ʧʦʪʝʥʮʠʘʣʥʘ ʦʮʝʥʢʘ (ʙʦʥʠʪʠʨʦʚʢʘ ʠ ʢʘʪʝʛʦʨʠʟʘʮʠʷ) 
ʥʘ ʟʝʤʝʜʝʣʩʢʠʪʝ ʟʝʤʠ ʚ ɹʲʣʛʘʨʠʷñ (ʀʚ. ʈʘʜʦʚʘʥʦʚʘ, 2021ʛ). 

ʅʦʚʦʨʘʟʨʘʙʦʪʝʥʠʷʪ Ăʉʦʬʪʫʝʨ ʟʘ ʧʦʪʝʥʮʠʘʣʥʘ ʦʮʝʥʢʘ, ʢʣʘʩʠʬʠʢʘʮʠʷ ʠ 
ʢʘʪʝʛʦʨʠʟʘʮʠʷ ʧʦ ʧʨʠʛʦʜʥʦʩʪ ʟʘ ʟʝʤʝʧʦʣʟʚʘʥʝ ʥʘ ʟʝʤʝʜʝʣʩʢʠʪʝ ʟʝʤʠ ʚ ɹʲʣʛʘʨʠʷñ 
ʙʘʟʠʨʘʥ ʥʘ ʩʲʦʪʚʝʪʥʘʪʘ ʤʝʪʦʜʠʢʘ, ʦʪʛʦʚʘʨʷ ʥʘ ʥʘʡ-ʥʦʚʠʪʝ ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ɽʉ, FAO, 
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ɹʲʣʛʘʨʠʷ, ʥʘʫʢʘʪʘ ʟʘ ʤʦʜʝʨʥʠʟʘʮʠʷ, ʜʠʛʠʪʘʣʠʟʘʮʠʷ ʠ ʮʠʬʨʦʚʠʟʘʮʠʷ ʥʘ 
ʟʝʤʝʜʝʣʠʝʪʦ. 

ʎʝʣʪʘ ʥʘ ʥʘʩʪʦʷʱʘʪʘ ʧʫʙʣʠʢʘʮʠʷ ʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ 
ʥʦʚʦʨʘʟʨʘʦʪʝʥʠʷʪ Ăʉʦʬʪʫʝʨ ʟʘ ʧʦʪʝʥʮʠʘʣʥʘ ʦʮʝʥʢʘ, ʢʣʘʩʠʬʠʢʘʮʠʷ ʠ ʢʘʪʝʛʦʨʠʟʘʮʠʷ 
ʧʦ ʧʨʠʛʦʜʥʦʩʪ ʟʘ ʟʝʤʝʧʦʣʟʚʘʥʝ ʥʘ ʟʝʤʝʜʝʣʩʢʠʪʝ ʟʝʤʠ ʚ ɹʲʣʛʘʨʠʷñ (ʈʘʜʦʚʘʥʦʚʘ ʀʚ., 
2023ʛ.), ʢʦʡʪʦ ʘʚʪʦʤʘʪʠʟʠʨʘ ʠ ʜʠʛʠʪʘʣʠʟʠʨʘ ʧʨʦʮʝʩʘ. ʊʦʡ ʝ ʫʜʦʙʝʥ ʟʘ ʧʦʣʟʚʘʥʝ ʦʪ 
ʜʨ̡ʞʘʚʥʦ-ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʪʦ ʦʙʩʣʫʞʚʘʥʝ ʥʘ ʥʘʰʝʪʦ ʟʝʤʝʜʝʣʠʝ, ʩʦʙʩʪʚʝʥʠʮʠʪʝ, 
ʧʦʣʟʚʘʪʝʣʠʪʝ ʥʘ ʟʝʤʝʜʝʣʩʢʠ ʟʝʤʠ, ʠʥʜʫʩʪʨʠʷʪʘ, ʥʘʫʢʘʪʘ ʠ ʚʩʠʯʢʠ ʢʦʠʪʦ ʠʤʘʪ 
ʠʥʪʝʨʝʩʠ ʚ ʪʘʟʠ ʦʙʣʘʩʪ. 

 
ʄʘʪʝʨʠʘʣʠ ʠ ʤʝʪʦʜʠ 
ʇʨʠ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ Ăʉʦʬʪʫʝʨ ʟʘ ʧʦʪʝʥʮʠʘʣʥʘ ʦʮʝʥʢʘ, ʢʣʘʩʠʬʠʢʘʮʠʷ ʠ 

ʢʘʪʝʛʦʨʠʟʘʮʠʷ ʧʦ ʧʨʠʛʦʜʥʦʩʪ ʟʘ ʟʝʤʝʧʦʣʟʚʘʥʝ ʥʘ ʟʝʤʝʜʝʣʩʢʠʪʝ ʟʝʤʠ ʚ ɹʲʣʛʘʨʠʷñ 
(ʈʘʜʦʚʘʥʦʚʘ ʀʚ., 2023ʛ.), ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ, ʢʦʠʪʦ ʥʝ ʩʝ ʧʦʜʜʘʚʘʪ ʥʘ ʘʥʪʨʦʧʦʛʝʥʥʦ 
ʚʣʠʷʥʠʝ (ʧʣʶʩ ʪʝʟʠ ʟʘ ʥʘʧʦʷʚʘʥʝ), ʩʘ ʧʦʣʟʚʘʥʠ ʘʣʛʦʨʠʪʤʠ (ʙʦʥʠʪʝʪʥʠ ʩʢʘʣʠ) 
ʟʘʣʝʛʥʘʣʠ ʚ ʤʝʪʦʜʠʢʘʪʘ ʟʘ ʘʢʪʫʘʣʥʘ ʦʮʝʥʢʘ (ʇʝʪʨʦʚ ɽ., ʂʘʙʘʢʯʠʝʚ ʀʚ. ʠ ʜʨ., 1988.). 
ʊʦʚʘ ʩʘ ʧʦʯʚʝʥʘʪʘ ʪʝʢʩʪʫʨʘ (ʤʝʭʘʥʠʯʥʠʷʪ ʩʲʩʪʘʚ), ʤʦʱʥʦʩʪʪʘ ʥʘ ʧʦʯʚʘʪʘ (ʢʦʨʝʥʦʚʦʪʦ 
ʧʨʦʩʪʨʘʥʩʪʚʦ), ʪʝʢʩʪʫʨʥʘʪʘ ʜʠʬʝʨʝʥʮʠʘʮʠʷ, ʘʛʨʦʢʣʠʤʘʪʠʯʥʠʪʝ ʫʩʣʦʚʠʷ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʧʦʜʦʙʨʷʪ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ, ʪ.ʝ. ʜʘ ʩʝ 
ʨʘʟʚʠʝ ʧʦʪʝʥʮʠʘʣʲʪ ʠʤ ʩʘ: -ʩʪʝʧʝʥʠʪʝ ʥʘ ʟʘʩʦʣʷʚʘʥʝ ʠ/ʠʣʠ ʘʣʢʘʣʥʦʩʪ (ʤʦʛʘʪ ʜʘ 
ʙʲʜʘʪ ʢʦʨʠʛʠʨʘʥʠ ʩ ʛʠʧʩʫʚʘʥʝ ʠ ʜʨ. ʨʘʟʣʠʯʥʠ ʤʝʣʠʦʨʘʪʠʚʥʠ ʧʨʘʢʪʠʢʠ), -
ʢʘʤʝʥʠʩʪʦʩʪʪʘ ʥʘ ʦʨʥʠʮʘʪʘ (ʧʦʧʨʘʚʠʤʘ ʯʨʝʟ ʧʦʯʠʩʪʚʘʥʝ ʦʪ ʢʘʤʲʥʠ ʠ ʯʘʢʲʣ), -
ʤʦʥɦʦʩʪʪʘ ʥʘ ʭʫʤʫʩʥʠʷ ʭʦʨʠʟʦʥʪ (ʚʲʟʤʦʞʥʦ ʧʨʦʜʲʣʙʦʯʘʚʘʥʝ), -ʧʦʯʚʝʥʘʪʘ ʨʝʘʢʮʠʷ 
(ʧʦʜʜʘʚʘ ʩʝ ʥʘ ʢʦʨʝʢʮʠʠ ʩ ʚʘʨʫʚʘʥʝ ʥʘʧʨʠʤʝʨ), -ʭʫʤʫʩʥʦʪʦ ʩʲʜʲʨʞʘʥʠʝ (ʢʦʤʧʝʥʩʠʨʘ 
ʩʝ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪ ʩ ʧʨʘʚʠʣʥʠ ʟʘʚʠʰʝʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʪʦʨʝʥʝ), -ʥʠʚʦʪʦ ʥʘ 
ʧʦʜʧʦʯʚʝʥʠʪʝ ʚʦʜʠ ʠ -ʩʪʝʧʝʥʠʪʝ ʥʘ ʟʘʙʣʘʪʷʚʘʥʝ (ʚʲʟʤʦʞʥʦ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʜʨʝʥʘʞʥʠ 
ʩʠʩʪʝʤʠ) ʠ ʩʘ ʧʦʣʟʚʘʥʠ ʥʦʚʦ ʨʘʟʨʘʙʦʪʝʥʠ ʘʣʛʦʨʠʪʤʠ ʦʪ ʜʠʩʝʨʪʘʮʠʦʥʥʘʪʘ ʤʠ 
ʨʘʟʨʘʙʦʪʢʘ. 

ʇʦʪʝʥʮʠʘʣʥʘʪʘ ʦʮʝʥʢʘ ʩʝ ʠʟʚʲʨʰʚʘ ʩʧʨʷʤʦ ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ 16 ʦʩʥʦʚʥʠ 
ʟʝʤʝʜʝʣʩʢʠ ʢʫʣʪʫʨʠ, ʩʠʩʪʝʤʘʪʠʟʠʨʘʥʠ ʚ 5 ʛʨʫʧʠ ï ʟʲʨʥʝʥʠ, ʪʝʭʥʠʯʝʩʢʠ, ʪʨʘʡʥʠ 
ʥʘʩʘʞʜʝʥʠʷ, ʬʫʨʘʞʥʠ ʠ ʟʝʣʝʥʯʫʢʦʚʠ ʢʫʣʪʫʨʠ. ʊʷ ʝ ʨʘʟʨʘʙʦʪʝʥʘ ʚ ʜʦʢʪʦʨʘʥʪʫʨʘ ʥʘ 
ʪʝʤʘ Ăʉʲʚʨʝʤʝʥʥʠ ʧʦʜʭʦʜʠ ʟʘ ʧʦʪʝʥʮʠʘʣʥʘ ʦʮʝʥʢʘ (ʙʦʥʠʪʠʨʦʚʢʘ ʠ ʢʘʪʝʛʦʨʠʟʘʮʠʷ) ʥʘ 
ʟʝʤʝʜʝʣʩʢʠʪʝ ʟʘʤʠ ʚ ɹʲʣʛʘʨʠʷñ (ʈʘʜʦʚʘʥʦʚʘ ʀʚ., 2021ʛ.). ʂʨʘʡʥʘʪʘ ʢʣʘʩʠʬʠʢʘʮʠʦʥʥʘ 
ʩʭʝʤʘ ʧʦ ʧʨʠʛʦʜʥʦʩʪ ʟʘ ʟʝʤʝʧʦʣʟʚʘʥʝ ʥʘ ʦʮʝʥʝʥʠʪʝ ʟʝʤʠ ʝ ʪʘʟʠ, ʦʬʠʮʠʘʣʥʦ ʧʨʠʝʪʘ ʫ 
ʥʘʩ ï ʩʧʦʨʝʜ ʩʨʝʜʥʠʷ ʘʛʨʦʥʦʤʠʯʝʩʢʠ ʙʘʣ, ʜʝʩʝʪ ʙʦʥʠʪʝʪʥʠ  ʢʘʪʝʛʦʨʠʠ. 

ʉʦʬʪʫʝʨʲʪ ʝ ʦʩʲʱʝʩʪʚʝʥ ʥʘ ʙʘʟʘ Microsoft Excel. ʇʦʣʟʚʘʥʠ ʩʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʪʝ 
ʠ ʣʦʛʠʯʝʩʢʠʪʝ ʬʫʥʢʮʠʠ ʚʛʨʘʜʝʥʠ ʚ ʧʣʘʪʬʦʨʤʘʪʘ. ɺʲʚʝʞʜʘʥʝʪʦ ʥʘ ʜʘʥʥʠʪʝ ʝ ʚ 
ʜʠʘʣʦʛʦʚ ʨʝʞʠʤ. 

ʊʨʷʙʚʘ ʜʘ ʩʝ ʧʦʜʯʝʨʪʘʝ, ʯʝ ʜʚʝʪʝ ʤʝʪʦʜʠʢʠ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʦʣʟʚʘʪ ʫʩʧʦʨʝʜʥʦ. 
ʉʘʤʦ ʪʦʛʘʚʘ ʪʝ ʩʘ ʜʦʩʪʘʪʲʯʥʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠ ʠ ʠʥʬʦʨʤʘʪʠʚʥʠ ʟʘ ʧʨʘʢʪʠʢʘʪʘ ʠ 
ʥʘʫʢʘʪʘ. 
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ʈʝʟʫʣʪʘʪʠ ʠ ʦʙʩʲʞʜʘʥʝ 
ʇʣʘʥ-ʩʭʝʤʘ ʥʘ ʩʦʬʪʫʝʨʘ: 
 

 

1. ɺʭʦʜʝʥ ʧʦʨʪʘʣ 

ʉʲʜʲʨʞʘ 5 ʨʘʙʦʪʥʠ ʣʠʩʪʘ (Worksheets). 
ʇʲʨʚʠʷʪ ʨʘʙʦʪʝʥ ʣʠʩʪ ʝ ʚʲʚʝʞʜʘʱ. 
ɺʪʦʨʠʷʪ ʨʘʙʦʪʝʥ ʣʠʩʪ ʝ ʬʦʨʤʫʣʷʨ, ʢʦʡʪʦ ʩʣʝʜ ʨʘʟʧʝʯʘʪʢʘ 
ʧʦʟʚʦʣʷʚʘ ʨʲʯʥʦ ʩʲʙʠʨʘʥʝ ʥʘ ʧʲʣʥʠʷ ʥʘʙʦʨ ʧʲʨʚʠʯʥʠ 
ʜʘʥʥʠ. 
ʆʩʪʘʥʘʣʠʪʝ ʪʨʠ ʨʘʙʦʪʥʠ ʣʠʩʪʘ ʩʣʫʞʘʪ ʟʘ ʚʲʚʝʞʜʘʥʝ ʚ 
ʩʦʬʪʫʝʨʘ ʥʘ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʠ, ʧʦʯʚʝʥʠ ʠ ʢʣʠʤʘʪʠʯʥʠ ʜʘʥʥʠ 
ʟʘ ʦʮʝʥʷʚʘʥʠʷ ʦʙʝʢʪ. 
ʈʝʞʠʤʲʪ ʟʘ ʨʘʙʦʪʘ ʩ ʚʩʠʯʢʠ ʪʷʭ ʝ ʦʪʢʨʠʪ ʠ ʜʠʘʣʦʛʦʚ, ʪ.ʝ. 
ʦʧʝʨʘʪʦʨʲʪ ʛʠ ʚʠʞʜʘ ʥʘ ʝʢʨʘʥʘ, ʤʦʞʝ ʜʘ ʛʠ ʧʨʝʚʢʣʶʯʚʘ, ʜʘ 
ʚʲʚʝʞʜʘ ʠ ʢʦʨʠʛʠʨʘ ʜʘʥʥʠ (ʩ ʠʟʢʣʶʯʝʥʠʝ ʥʘ ʬʦʨʤʫʣʷʨʘ). 
ʂʲʤ ʧʦʣʝʪʘʪʘ ʟʘ ʚʲʚʝʞʜʘʥʝ ʥʘ ʜʘʥʥʠ ʩʘ ʜʘʜʝʥʠ ʢʣʶʯʦʚʠ 
ʧʦʷʩʥʝʥʠʷ ʟʘ ʪʝʭʥʠʷ ʬʦʨʤʘʪ. 

 

2. ʆʩʥʦʚʥʘ ʯʘʩʪ ʥʘ ʩʦʬʪʫʝʨʘ 

ʉʲʜʲʨʞʘ 18 ʨʘʙʦʪʥʠ ʣʠʩʪʘ (Worksheets). 
ʐʝʩʪʥʘʜʝʩʝʪ ʦʪ ʪʷʭ ʠʟʚʲʨʰʚʘʪ ʙʦʥʠʪʠʨʦʚʢʘʪʘ ʥʘ ʦʙʝʢʪʘ 
ʩʧʦʨʝʜ ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ʟʝʤʝʜʝʣʩʢʠʪʝ ʢʫʣʪʫʨʠ ʫʯʘʩʪʚʘʱʠ ʚ 
ʧʦʪʝʥʮʠʘʣʥʘʪʘ ʦʮʝʥʢʘ: ʧʰʝʥʠʮʘ, ʩʨʝʜʥʦ ʢʲʩʥʘ ʮʘʨʝʚʠʮʘ, 
ʩʣʲʥʯʦʛʣʝʜ, ʟʘʭʘʨʥʦ ʮʚʝʢʣʦ, ʦʨʠʝʥʪʘʣʩʢʠ ʠ ʝʜʨʦʣʠʩʪʝʥ 
ʪʶʪʶʥʠ, ʢʲʩʥʠ ʢʘʨʪʦʬʠ, ʩʨʝʜʥʦ ʨʘʥʥʠ ʣʦʟʷ, ʷʙʲʣʢʠ, ʢʨʫʰʠ, 
ʩʣʠʚʠ, ʧʨʘʩʢʦʚʠ, ʯʝʨʝʰʠ, ʣʶʮʝʨʥʘ, ʣʠʚʘʜʠ ʠ ʧʘʩʠʱʘ, 
ʩʨʝʜʥʦ ʨʘʥʥʠ ʜʦʤʘʪʠ. 
ʇʝʪ ʨʘʙʦʪʥʠ ʣʠʩʪʘ ʩʘ ʧʨʝʜʚʠʜʝʥʠ ʟʘ ʢʫʣʪʫʨʠ ʩʧʨʷʤʦ ʢʦʠʪʦ 
ʢʲʤ ʤʦʤʝʥʪʘ ʥʷʤʘ ʤʝʪʦʜʠ ʟʘ ʧʦʪʝʥʮʠʘʣʥʘ ʦʮʝʥʢʘ, ʥʦ ʤʦʛʘʪ 
ʜʘ ʙʲʜʘʪ ʚʢʣʶʯʝʥʠ ʚ ʙʣʠʟʢʦ ʙʲʜʝʱʝ: ʩʦʷ, ʦʨʠʟ, ʧʘʤʫʢ, ʣʝʥ 
(ʚʣʘʢʥʦʜʘʝʥ ʠ ʤʝʞʜʠʥʝʥ), ʤʘʣʠʥʠ. 
ʅʘ ʝʜʠʥ ʨʘʙʦʪʝʥ ʣʠʩʪ ʩʝ ʠʟʚʲʨʰʚʘ ʦʮʝʥʢʘʪʘ ʧʨʠ ʫʩʣʦʚʠʷ ʥʘ 
ʥʘʧʦʷʚʘʥʝ. 
ɽʜʠʥ ʨʘʙʦʪʝʥ ʣʠʩʪ ʦʙʝʜʠʥʷʚʘ ʠʥʜʠʚʠʜʫʘʣʥʠʪʝ ʦʮʝʥʢʠ ʧʦ 
ʢʫʣʪʫʨʠ ʠ ʠʟʚʲʨʰʚʘ ʢʘʪʝʛʦʨʠʟʘʮʠʷ ʥʘ ʦʮʝʥʷʚʘʥʠʷ ʦʙʝʢʪ. 
ʊʝʟʠ ĂWorksheetsñ ʥʝ ʠʟʠʩʢʚʘʪ ʥʘʤʝʩʘ ʥʘ ʦʧʝʨʘʪʦʨʘ ʠ ʟʘʪʦʚʘ 
ʟʘ ʪʷʭ ʝ ʧʨʝʧʦʨʲʯʠʪʝʣʝʥ ʩʢʨʠʪ (hidden) ʨʝʞʠʤ ʥʘ ʨʘʙʦʪʘ. 
ʇʨʠ ʞʝʣʘʥʠʝ ʦʧʝʨʘʪʦʨʲʪ ʤʦʞʝ ʜʘ ʛʠ ʚʠʟʫʘʣʠʟʠʨʘ ʥʘ ʝʢʨʘʥʘ 
ʠ ʧʨʦʩʣʝʜʠ ʨʘʙʦʪʘʪʘ ʠʤ, ʥʦ ʧʨʷʢ ʜʦʩʪʲʧ ʥʝ ʝ ʨʘʟʨʝʰʝʥ. 

 

3. ʀʟʭʦʜʝʥ ʧʦʨʪʘʣ 

ʀʟʭʦʜʥʠʷ ʧʦʨʪʘʣ ʝ ʚʩʲʱʥʦʩʪ ʝʜʠʥ ĂWorksheetñ ʩ ʷʚʥʘ ʠ 
ʩʢʨʠʪʘ (hidden) ʯʘʩʪʠ. ʇʨʝʜʩʪʘʚʣʷʚʘ ʝʜʥʘ ʨʘʙʦʪʥʘ ʩʪʨʘʥʠʮʘ, 
ʣʠʩʪ. 
ʗʚʥʘʪʘ ʯʘʩʪ ʝ ʝʢʨʘʥʥʘ ʜʝʤʦʥʩʪʨʘʮʠʷ ʥʘ ʧʦʜʨʦʙʥʘʪʘ 
ʮʷʣʦʩʪʥʘ ʧʦʪʝʥʮʠʘʣʥʘ ʦʮʝʥʢʘ ʠ ʢʘʪʝʛʦʨʠʟʘʮʠʷ ʥʘ ʦʙʝʢʪʘ ʚ 
ʪʘʙʣʠʯʝʥ ʚʠʜ. ʉʲʜʲʨʞʘ ʧʲʨʚʠʯʥʠʪʝ ʜʘʥʥʠ. ʄʦʞʝ ʜʘ ʙʲʜʝ 
ʨʘʟʧʝʯʘʪʚʘʥʘ ʢʘʪʦ ʦʬʠʮʠʘʣʝʥ ʜʦʢʫʤʝʥʪ. 
ʉʢʨʠʪʘʪʘ ʯʘʩʪ ʝ ʦʪʜʝʣʝʥʘ ʟʘ ʦʮʝʥʢʘʪʘ ʥʘ ʢʫʣʪʫʨʠʪʝ, ʢʦʠʪʦ 
ʱʝ ʙʲʜʘʪ ʦʙʝʢʪ ʥʘ ʙʲʜʝʱʠ ʨʘʟʨʘʙʦʪʢʠ. 

 
Ăʉʦʬʪʫʝʨʲʪ ʟʘ ʧʦʪʝʥʮʠʘʣʥʘ ʦʮʝʥʢʘ, ʢʣʘʩʠʬʠʢʘʮʠʷ ʠ ʢʘʪʝʛʦʨʠʟʘʮʠʷ ʧʦ 

ʧʨʠʛʦʜʥʦʩʪ ʟʘ ʟʝʤʝʧʦʣʟʚʘʥʝ ʥʘ ʟʝʤʝʜʝʣʩʢʠʪʝ ʟʝʤʠ ʚ ɹʲʣʛʘʨʠʷñ (ʈʘʜʦʚʘʥʦʚʘ ʀʚ., 



ɽʂʆʃʆɻʀʗ ʀ ɸɻʈʆʊɽʍʅʆʃʆɻʀʀ ï ʌʋʅɼɸʄɽʅʊɸʃʅɸ ʅɸʋʂɸ ʀ ʇʈɸʂʊʀʏɽʉʂɸ ʈɽɸʃʀɿɸʎʀʗ 

 186 

2023ʛ.). ʩʝ ʩʲʩʪʦʠ ʦʪ ʪʨʠ ʯʘʩʪʠ ʧʨʝʜʩʪʘʚʝʥ ʚ ʇʣʘʥ-ʩʭʝʤʘʪʘ ʧʦ-ʛʦʨʝ ʠ ʌʠʛʫʨʘ1. ʊʦʚʘ 
ʩʘ: 

1. ɺʭʦʜʝʥ ʧʦʨʪʘʣ (ʇʣʘʥ-ʩʭʝʤʘ ʠ ʌʠʛ. 1). ï ʦʪ ʧʝʪ ʨʘʙʦʪʥʠ ʣʠʩʪʘ 
(Worksheets). 

1. ʆʩʥʦʚʥʘ ʯʘʩʪ (ʇʣʘʥ-ʩʭʝʤʘ)  ï ʩʲʜʲʨʞʘ 18 ʨʘʙʦʪʥʠ ʣʠʩʪʘ (Worksheets). ʠ 
2. ʀʟʭʦʜʝʥ ʧʦʨʪʘʣ (ʇʣʘʥ-ʩʭʝʤʘ ʠ ʌʠʛ. 2)  ï ʩʲʜʲʨʞʘ 1 ʨʘʙʦʪʝʥ ʣʠʩʪ 

(Worksheet). 
 
 

 
ʌʠʛʫʨʘ 1. ʅʘʯʘʣʥʘ ʩʪʨʘʥʠʮʘ ʥʘ Ăʉʦʬʪʫʝʨʘ ʟʘ ʧʦʪʝʥʮʠʘʣʥʘ ʦʪʥʦʩʠʪʝʣʥʘ ʦʮʝʥʢʘ ʥʘ 

ʟʝʤʝʜʝʣʩʢʠʪʝ ʟʝʤʠ ʚ ɹʲʣʛʘʨʠʷñ (ʈʘʜʦʚʘʥʦʚʘ ʀʚ., 2023ʛ.). 
Figure 1. Homepage of "Software for potential relative evaluation of agricultural land in 

Bulgaria" (Radovanova Iv., 2023). 
 
 

1. ɺʭʦʜʝʥ ʧʦʨʪʘʣ ï ʩʲʜʲʨʞʘ ʧʝʪ ʨʘʙʦʪʥʠ ʣʠʩʪʘ (Worksheets). 
ʇʲʨʚʠʷʪ ʨʘʙʦʪʝʥ ʣʠʩʪ ĂPOT_LAND_EVALñ ʝ ʚʲʚʝʞʜʘʱ (ʇʣʘʥ-ʩʭʝʤʘ ʠ ʌʠʛ. 1). 
ɺʪʦʨʠʷʪ ʨʘʙʦʪʝʥ ʣʠʩʪ Ăʌʦʨʤʫʣʷʨñ ʝ ʬʦʨʤʫʣʷʨ, ʢʦʡʪʦ ʩʣʝʜ ʨʘʟʧʝʯʘʪʢʘ 

ʧʦʟʚʦʣʷʚʘ ʨʲʯʥʦ ʩʲʙʠʨʘʥʝ ʥʘ ʧʲʣʥʠʷ ʥʘʙʦʨ ʧʲʨʚʠʯʥʠ ʜʘʥʥʠ. ʆʩʪʘʥʘʣʠʪʝ ʪʨʠ 
ʨʘʙʦʪʥʠ ʣʠʩʪʘ ʩʣʫʞʘʪ ʟʘ ʚʲʚʝʞʜʘʥʝ ʚ ʩʦʬʪʫʝʨʘ ʥʘ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʠ Ăʆɹɽʂʊñ, 
ʧʦʯʚʝʥʠ Ăʇʆʏɺɸñ ʠ ʢʣʠʤʘʪʠʯʥʠ Ăʂʃʀʄɸʊñ ʜʘʥʥʠ ʟʘ ʦʮʝʥʷʚʘʥʠʷ ʦʙʝʢʪ. ʈʝʞʠʤʲʪ ʟʘ 
ʨʘʙʦʪʘ ʩ ʚʩʠʯʢʠ ʪʷʭ ʝ ʦʪʢʨʠʪ ʠ ʜʠʘʣʦʛʦʚ, ʪ.ʝ. ʦʧʝʨʘʪʦʨʲʪ ʛʠ ʚʠʞʜʘ ʥʘ ʝʢʨʘʥʘ, ʤʦʞʝ ʜʘ 
ʛʠ ʧʨʝʚʢʣʶʯʚʘ, ʜʘ ʚʲʚʝʞʜʘ ʠ ʢʦʨʠʛʠʨʘ ʜʘʥʥʠ (ʩ ʠʟʢʣʶʯʝʥʠʝ ʥʘ ʬʦʨʤʫʣʷʨʘ). ʂʲʤ 
ʧʦʣʝʪʘʪʘ ʟʘ ʚʲʚʝʞʜʘʥʝ ʥʘ ʜʘʥʥʠ ʩʘ ʜʘʜʝʥʠ ʢʣʶʯʦʚʠ ʧʦʷʩʥʝʥʠʷ ʟʘ ʪʝʭʥʠʷ ʬʦʨʤʘʪ. 

2. ʆʩʥʦʚʥʘ ʯʘʩʪ ʥʘ ʩʦʬʪʫʝʨʘ ï ʩʲʜʲʨʞʘ 18 ʨʘʙʦʪʥʠ ʣʠʩʪʘ (Worksheets). 
ʐʝʩʪʥʘʜʝʩʝʪ ʨʘʙʦʪʥʠ ʣʠʩʪʘ ʦʪ ʪʷʭ ʠʟʚʲʨʰʚʘʪ ʙʦʥʠʪʠʨʦʚʢʘʪʘ ʥʘ ʦʙʝʢʪʘ (ʇʣʘʥ-

ʩʭʝʤʘ ʠ ʌʠʛ.1) ʩʧʦʨʝʜ ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ʟʝʤʝʜʝʣʩʢʠʪʝ ʢʫʣʪʫʨʠ ʫʯʘʩʪʚʘʱʠ ʚ 
ʧʦʪʝʥʮʠʘʣʥʘʪʘ ʦʮʝʥʢʘ: ʧʰʝʥʠʮʘ Ăʧʰñ, ʩʨʝʜʥʦ ʢʲʩʥʘ ʮʘʨʝʚʠʮʘ Ăʮʘʨñ, ʩʣʲʥʯʦʛʣʝʜ 
Ăʩʣʯñ, ʟʘʭʘʨʥʦ ʮʚʝʢʣʦ Ăʟʮʚñ, ʦʨʠʝʥʪʘʣʩʢʠ Ăʦʨʪñ ʠ ʝʜʨʦʣʠʩʪʝʥ ʪʶʪʶʥ Ăʝʜʪñ, ʢʲʩʥʠ 
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ʢʘʨʪʦʬʠ Ăʢʬʠñ, ʩʨʝʜʥʦ ʨʘʥʥʠ ʣʦʟʷ Ăʣʟʷñ, ʷʙʲʣʢʠ Ăʷʙʣñ, ʢʨʫʰʠ Ăʢʨʰñ, ʩʣʠʚʠ Ăʩʣʚñ, 
ʧʨʘʩʢʦʚʠ Ăʧʨʩñ, ʯʝʨʝʰʠ Ăʯʝʨñ, ʣʶʮʝʨʥʘ Ăʣʶʮñ, ʣʠʚʘʜʠ ʠ ʧʘʩʠʱʘ Ăʣʠʧñ, ʩʨʝʜʥʦ ʨʘʥʥʠ 
ʜʦʤʘʪʠ Ăʜʦʤñ. ʅʘ ʝʜʠʥ ʨʘʙʦʪʝʥ ʣʠʩʪ Ăʥʘʧñ ʩʝ ʠʟʚʲʨʰʚʘ ʦʮʝʥʢʘʪʘ ʧʨʠ ʫʩʣʦʚʠʷ ʥʘ 
ʥʘʧʦʷʚʘʥʝ. ɽʜʠʥ ʨʘʙʦʪʝʥ ʣʠʩʪ Ăʂʊɻñ ʦʙʝʜʠʥʷʚʘ ʠʥʜʠʚʠʜʫʘʣʥʠʪʝ ʦʮʝʥʢʠ ʧʦ ʢʫʣʪʫʨʠ ʠ 
ʠʟʚʲʨʰʚʘ ʢʘʪʝʛʦʨʠʟʘʮʠʷ ʥʘ ʦʮʝʥʷʚʘʥʠʷ ʦʙʝʢʪ. ʊʝʟʠ ĂWorksheetsñ ʥʝ ʠʟʠʩʢʚʘʪ ʥʘʤʝʩʘ 
ʥʘ ʦʧʝʨʘʪʦʨʘ ʠ ʟʘʪʦʚʘ ʟʘ ʪʷʭ ʝ ʧʨʝʧʦʨʲʯʠʪʝʣʝʥ ʩʢʨʠʪ (hidden) ʨʝʞʠʤ ʥʘ ʨʘʙʦʪʘ. ʇʨʠ 
ʞʝʣʘʥʠʝ ʦʧʝʨʘʪʦʨʲʪ ʤʦʞʝ ʜʘ ʛʠ ʚʠʟʫʘʣʠʟʠʨʘ ʥʘ ʝʢʨʘʥʘ ʠ ʧʨʦʩʣʝʜʠ ʨʘʙʦʪʘʪʘ ʠʤ, ʥʦ 
ʧʨʷʢ ʜʦʩʪʲʧ ʥʝ ʝ ʨʘʟʨʝʰʝʥ. 

3. ʀʟʭʦʜʝʥ ʧʦʨʪʘʣ ï ʩʲʜʲʨʞʘ 1 ʨʘʙʦʪʝʥ ʣʠʩʪ (Worksheet). 
 
 

 
ʌʠʛʫʨʘ 2. ʀʟʭʦʜʝʥ ʧʦʨʪʘʣ (Worksheet) ï Ăʇɽʏɸʊñ  ʥʘ Ăʉʦʬʪʫʝʨʘ ʟʘ ʧʦʪʝʥʮʠʘʣʥʘ 
ʦʪʥʦʩʠʪʝʣʥʘ ʦʮʝʥʢʘ ʥʘ ʟʝʤʝʜʝʣʩʢʠʪʝ ʟʝʤʠ ʚ ɹʲʣʛʘʨʠʷñ (ʈʘʜʦʚʘʥʦʚʘ ʀʚ., 2023ʛ.). 
Figure 2. The output portal (Worksheet) - "PRINT" of "Software for potential relative 

evaluation of agricultural lands in Bulgaria" (Iv. Radovanova, 2023). 
 
 
ʈʘʙʦʪʥʠʷʪ ʣʠʩʪ Ăʇɽʏɸʊñ (ʇʣʘʥ-ʩʭʝʤʘ , ʌʠʛ. 1 ʠ ʌʠʛ. 2) ʝ ʝʢʨʘʥʥʘ ʜʝʤʦʥʩʪʨʘʮʠʷ 

ʥʘ ʧʦʜʨʦʙʥʘʪʘ ʮʷʣʦʩʪʥʘ ʧʦʪʝʥʮʠʘʣʥʘ ʦʮʝʥʢʘ ʠ ʢʘʪʝʛʦʨʠʟʘʮʠʷ ʥʘ ʦʙʝʢʪʘ ʚ ʪʘʙʣʠʯʝʥ 
ʚʠʜ. ʉʲʜʲʨʞʘ ʧʲʨʚʠʯʥʠʪʝ ʜʘʥʥʠ. ʄʦʞʝ ʜʘ ʙʲʜʝ ʨʘʟʧʝʯʘʪʚʘʥʘ ʢʘʪʦ ʦʬʠʮʠʘʣʝʥ 
ʜʦʢʫʤʝʥʪ. 

 
ɿʘʢʣʶʯʝʥʠʝ 
ʅʘʧʨʘʚʝʥʠʪʝ ʪʝʩʪʦʚʝ ʥʘ ʬʦʥʘ ʥʘ ʜʝʡʩʪʚʘʱʘʪʘ ʦʪʜʘʚʥʘ ʫ ʥʘʩ Ăʄʝʪʦʜʠʢʘ é.ñ ʟʘ 

ʘʢʪʫʘʣʥʘ ʙʦʥʠʪʠʨʦʚʢʘ ʥʘ ʟʝʤʝʜʝʣʩʢʠʪʝ ʟʝʤʠ, ʫʙʝʜʠʪʝʣʥʦ ʜʦʢʘʟʘʭʘ, ʯʝ: 
ʉʦʬʪʫʝʨʲʪ ʨʘʙʦʪʠ ʦʪʣʠʯʥʦ ʩ ʘʣʛʦʨʠʪʤʠʪʝ ʟʘʣʝʛʥʘʣʠ ʚ ʥʦʚʘʪʘ ʥʘʜʩʪʨʦʝʯʥʘ 

Ăʄʝʪʦʜʠʢʘ ʟʘ ʧʦʪʝʥʮʠʘʣʥʘ ʦʪʥʦʩʠʪʝʣʥʘ ʦʮʝʥʢʘ ʥʘ ʟʝʤʠʪʝñ.(ʙʘʟʠʨʘʥʘ ʥʘ ʜʦʢʪʦʨʘʪ ï 
ʉʲʚʨʝʤʝʥʥʠ ʧʦʜʭʦʜʠ ʟʘ ʧʦʪʝʥʮʠʘʣʥʘ ʦʮʝʥʢʘ (ʙʦʥʠʪʠʨʦʚʢʘ ʠ ʢʘʪʝʛʦʨʠʟʘʮʠʷ) ʥʘ 
ʟʝʤʝʜʝʣʩʢʠʪʝ ʟʘʤʠ ʚ ɹʲʣʛʘʨʠʷñ(ʈʘʜʦʚʘʥʦʚʘ ʀʚ., 2021ʛ.)). 

ʉʲʱʦ ʪʘʢʘ: 
ɺʘʞʝʥ ʠʟʚʦʜ ʠ ʧʨʝʧʦʨʲʢʘ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʧʨʘʚʷʪ ʝ, ʯʝ ʜʚʝʪʝ ʤʝʪʦʜʠʢʠ 

ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʦʣʟʚʘʪ ʫʩʧʦʨʝʜʥʦ. ʉʘʤʦ ʪʦʛʘʚʘ ʪʝ ʩʘ ʜʦʩʪʘʪʲʯʥʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠ ʠ 
ʠʥʬʦʨʤʘʪʠʚʥʠ ʟʘ ʧʨʘʢʪʠʢʘʪʘ. 
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ʇʦʥʝʞʝ Ăʇʦʪʝʥʮʠʘʣʥʘʪʘñ ʤʝʪʦʜʠʢʘ ʦʪʯʠʪʘ ʧʨʠ ʦʮʝʥʢʠʪʝ ʧʨʠʣʘʛʘʥʝ ʥʘ ʚʠʩʦʢʦ 
ʪʝʭʥʦʣʦʛʠʯʥʠ ʨʘʩʪʝʥʠʝʚʲʜʥʠ ʨʝʰʝʥʠʷ ï ʦʧʪʠʤʘʣʥʦ ʪʦʨʝʥʝ, ʜʨʝʥʘʞ, ʚʘʨʫʚʘʥʝ, 
ʛʠʧʩʫʚʘʥʝ, ʙʦʨʙʘ ʩʲʩ ʟʘʩʦʣʷʚʘʥʝʪʦ, ʧʦʯʠʩʪʚʘʥʝ ʦʪ ʢʘʤʲʥʠ, ʧʨʦʜʲʣʙʦʯʘʚʘʥʝ ʥʘ 
ʦʨʥʠʮʘʪʘ, ʥʘʧʦʷʚʘʥʝ ʠ ʧʨ., ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʥʝʷ ʩʘ ʚʠʥʘʛʠ ʧʦ-ʚʠʩʦʢʠ ʦʪ ʪʝʟʠ ʧʦʣʫʯʝʥʠ 
ʧʨʠ Ăɸʢʪʫʘʣʥʘʪʘñ ʦʮʝʥʢʘ 

ʊʫʢ ʪʨʷʙʚʘ ʜʘ ʦʪʙʝʣʝʞʠʤ, ʯʝ ʢʦʣʢʦʪʦ ʧʦ-ʚʠʩʦʢ ʝ ʝʩʪʝʩʪʚʝʥʠʷ ʧʨʦʜʫʢʪʠʚʝʥ 
ʧʦʪʝʥʮʠʘʣ ʥʘ ʟʝʤʷʪʘ (ʧʦʯʚʘ, ʧʦʜʧʦʯʚʘ, ʢʣʠʤʘʪ) ʟʘ ʦʧʨʝʜʝʣʝʥʘ ʢʫʣʪʫʨʘ, ʪʦʣʢʦʚʘ ʧʦ-
ʥʠʩʲʢ ʝ ʧʨʦʮʝʥʪʲʪ ʟʘ ʜʦʩʪʠʛʘʥʝ ʥʘ ʤʘʢʩʠʤʘʣʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʥ 
ʧʦʪʝʥʮʠʘʣ, ʩʲʦʪʚʝʪʥʦ ʚʣʦʞʝʥʠʷʪʘ ʱʝ ʙʲʜʘʪ ʧʦ-ʥʠʩʢʠ (ʜʦ ʤʠʥʠʤʘʣʥʠ). 

ʇʨʠ ʧʦʪʝʥʮʠʘʣʥʠ ʦʮʝʥʢʠ ʦʪʯʠʪʘʱʠ ʤʠʥʠʤʘʣʝʥ ʝʬʝʢʪ ʠ ʩʘ ʧʦʜ ʛʨʘʥʠʮʘʪʘ Ă40 
ʙʦʥʠʪʝʪʥʠ ʙʘʣʘñ. ʊʦʚʘ ʦʧʨʝʜʝʣʷ ʪʘʟʠ ʟʝʤʷ ʢʘʪʦ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʠʛʦʜʥʘ ʟʘ ʟʝʤʝʜʝʣʩʢʠ 
ʧʨʘʢʪʠʢʠ ʠ ʩʦʙʩʪʚʝʥʠʢʲʪ ʤʦʞʝ ʜʘ ʷ ʦʪʯʠʩʣʠ ʦʪ ʟʝʤʝʜʝʣʩʢʠʷ ʬʦʥʜ ʠ ʜʘ ʧʨʦʤʝʥʠ 
ʥʘʯʠʥʘ ʥʘ ʧʦʣʟʚʘʥʝ (ʟʘ ʩʢʣʘʜʦʚʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ ʮʝʣʠ, ʞʠʣʠʱʥʦ ʩʪʨʦʠʪʝʣʩʪʚʦ, 
ʩʦʣʘʨʥʠ ʧʘʨʢʦʚʝ ʠ ʪ.ʥ.). 

ʆʪ ʠʟʣʦʞʝʥʦʪʦ ʜʦ ʪʫʢ ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʠʟʚʦʜʘ, ʯʝ ʦʩʚʝʥ ʥʘʫʯʥʦ-
ʬʫʥʜʘʤʝʥʪʘʣʝʥ ʭʘʨʘʢʪʝʨ, ʪʘʢʘ ʨʘʟʨʘʙʦʪʝʥʠʷʪ Ăʉʦʬʪʫʝʨ éñ ʝ ʠ ʩ, ʧʨʠʣʦʞʝʥ 
ʭʘʨʘʢʪʝʨ, ʦʩʦʙʝʥʦ ʥʘ ʬʦʥʘ ʥʘ ʜʝʡʩʪʚʘʱʘʪʘ ʤʝʪʦʜʠʢʘ ʟʘ ʘʢʪʫʘʣʥʘ ʙʦʥʠʪʠʨʦʚʢʘ. ʊʦʡ 
ʱʝ ʙʲʜʝ ʠʟʚʲʥʨʝʜʥʦ ʧʦʣʝʟʝʥ ʠ ʟʘ ʧʨʘʢʪʠʢʘʪʘ ʥʘ ʥʷʢʦʣʢʦ ʥʠʚʘ: 

ʇʲʨʚʦ: ʅʘ ʜʲʨʞʘʚʥʦ ʥʠʚʦ (ʄʠʥʠʩʪʝʨʩʪʚʦ ʥʘ ʟʝʤʝʜʝʣʠʝʪʦ) ï ʥʦʨʤʘʪʠʚʥʠ 
ʘʢʪʠʚʥʦʩʪʠ, ʘʛʨʘʨʥʠ ʧʦʣʠʪʠʢʠ, ʩʪʨʘʪʝʛʠʠ, ʢʦʤʘʩʘʮʠʷ ʥʘ ʟʝʤʠʪʝ, ʧʘʟʘʨʥʘ ʢʦʥʶʥʢʪʫʨʘ, 
ʝʚʝʥʪʫʘʣʥʘ ʙʲʜʝʱʘ ʜʘʥʲʯʥʘ ʩʪʨʘʪʝʛʠʷ ʠ ʧʨ. 

ɺʪʦʨʦ: ʅʘ ʧʨʦʠʟʚʦʜʠʪʝʣʠʪʝ ʚ ʪʷʭʥʘʪʘ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʠ ʝʞʝʛʦʜʥʘ ʨʘʙʦʪʘ. 
ʊʨʝʪʦ: ʅʘʫʢʘʪʘ ʠ ʦʙʨʘʟʫʚʘʥʠʝʪʦ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʧʦʯʚʦʟʥʘʥʠʝ, ʟʝʤʝʜʝʣʠʝʪʦ, 

ʨʘʩʪʝʥʠʝʚʲʜʩʪʚʦʪʦ, ʠ ʚʩʠʯʢʦ ʩʚʲʨʟʘʥʦ ʩʲʩ ʩʝʢʪʦʨʘ ʩʝʣʩʢʦʪʦ ʩʪʦʧʘʥʩʪʚʦ. 
ʏʝʪʚʲʨʪʦ: ʀʢʦʥʦʤʠʢʘʪʘ, ʚʩʠʯʢʠ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʠʥʜʫʩʪʨʠʷʪʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ 
ʇʝʪʦ: ʌʠʥʘʥʩʦʚʦ-ʙʘʥʢʦʚ ʩʝʢʪʦʨ, ʟʘʩʪʨʘʭʦʚʘʥʝ, ʦʮʝʥʠʪʝʣʩʪʚʦ ʥʘ ʟʝʤʝʜʝʣʩʢʠ 

ʟʝʤʠ, ʠʥʚʝʩʪʠʮʠʠ ʠ ʪ.ʥ. 
ʐʝʩʪʦ: ɽʢʦʣʦʛʠʷ, ʫʩʪʦʡʯʠʚʦ ʨʘʟʚʠʪʠʝ ʥʘ ʟʝʤʝʜʝʣʠʝʪʦ, ʫʩʪʦʡʯʠʚʦ ʨʘʟʚʠʪʠʝ ʥʘ 

ʯʦʚʝʰʢʘʪʘ ʠ ʞʠʚʦʪʠʥʩʢʘ ʧʦʧʫʣʘʮʠʷ, ʠ ʪ.ʥ. 
ɺʝʯʝ ʙʝ ʠʟʷʩʥʝʥʦ, ʯʝ ʪʘʢʘ ʨʘʟʨʘʙʦʪʝʥ ʉʦʬʪʫʝʨʲʪ ʨʘʙʦʪʠ ʩ 16 ʦʩʥʦʚʥʠ ʢʫʣʪʫʨʠ 

(ʩʦʨʪʦʚʝ, ʭʠʙʨʠʜʠ), ʢʦʠʪʦ ʧʦ ʜʝʡʩʪʚʘʱʘʪʘ ʤʝʪʦʜʠʢʘ ʟʘ ʘʢʪʫʘʣʥʘ ʙʦʥʠʪʠʨʦʚʢʘ ʩʣʫʞʘʪ 
ʟʘ ʢʘʪʝʛʦʨʠʟʘʮʠʷ ʥʘ ʟʝʤʠʪʝ ʧʨʠ ʥʝʧʦʣʠʚʥʠ ʫʩʣʦʚʠʷ. ʊʦʡ ʝ ʧʨʝʜʚʠʜʝʥ (ʠ ʝ ʦʩʪʘʚʝʥ 
ʧʦʜʭʦʜʷʱʦ ʦʪʚʦʨʝʥ) ʟʘ ʜʦʧʲʣʥʠʪʝʣʥʦ ʥʘʜʛʨʘʞʜʘʥʝ ʟʘ ʨʘʙʦʪʘ ʩ ʦʱʝ ʢʫʣʪʫʨʠ. 

ɺ ʪʘʟʠ ʚʨʲʟʢʘ ʩʠʣʥʦ ʧʨʝʧʦʨʲʯʠʪʝʣʥʦ ʝ ʚ ʙʣʠʟʢʦ ʙʲʜʝʱʝ: 
1. ɼʘ ʩʝ ʨʘʟʨʘʙʦʪʷʪ ʘʣʛʦʨʠʪʤʠ ʟʘ ʧʦʪʝʥʮʠʘʣʥʘ ʦʪʥʦʩʠʪʝʣʥʘ ʦʮʝʥʢʘ 

(ʙʦʥʠʪʠʨʦʚʢʘ) ʥʘ ʟʝʤʝʜʝʣʩʢʠʪʝ ʟʝʤʠ ʚ ʈɹ ʩʧʨʷʤʦ ʠʟʠʩʢʚʘʥʠʷʪʘ ʢʲʤ 
ʘʛʨʦʝʢʦʣʦʛʠʯʥʠʪʝ ʫʩʣʦʚʠʷ ʥʘ: ʨʘʥʥʘ, ʩʨʝʜʥʦ ʨʘʥʥʘ, ʢʲʩʥʘ ʠ ʤʥʦʛʦ ʢʲʩʥʘ ʮʘʨʝʚʠʮʘ; 
ʩʨʝʜʥʦ ʨʘʥʝʥ ʠ ʢʲʩʝʥ ʦʨʠʟ; ʧʘʤʫʢ; ʣʝʥ (ʚʣʘʢʥʦʜʘʝʥ ʠ ʤʝʞʜʠʥʝʥ); ʨʘʥʥʠ ʠ ʢʲʩʥʠ 
ʜʦʤʘʪʠ; ʧʠʧʝʨ; ʨʘʥʥʠ ʢʘʨʪʦʬʠ; ʤʘʣʠʥʠ; ʨʘʥʥʠ ʠ ʢʲʩʥʠ ʣʦʟʷ; ʩʨʝʜʥʦ ʨʘʥʥʘ ʠ ʩʨʝʜʥʦ 
ʢʲʩʥʘ ʩʦʷ. 

1. ɼʘ ʩʝ ʥʘʜʩʪʨʦʠ ʨʘʟʨʘʙʦʪʝʥʠʷʪ ʚ ʥʘʩʪʦʷʱʠʷ ʧʨʦʝʢʪ Ăʉʦʬʪʫʝʨñ ʩ ʪʝʟʠ 
ʘʣʛʦʨʠʪʤʠ ʪʘʢʘ, ʯʝ ʜʘ ʩʝ ʜʦʩʪʠʛʘ ʜʦ ʧʦʪʝʥʮʠʘʣʥʘ ʦʪʥʦʩʠʪʝʣʥʘ ʦʮʝʥʢʘ (ʧʦʪʝʥʮʠʘʣʥʠ 
ʧʦʣʩʢʠ ʙʦʥʠʪʝʪʥʠ ʯʠʩʣʘ) ʟʘ ʠʟʙʨʦʝʥʠʪʝ ʧʦ-ʛʦʨʝ ʢʫʣʪʫʨʠ (ʪʝʭʥʠ ʩʦʨʪʦʚʝ ʠ ʭʠʙʨʠʜʠ). 

ɺ ʧʦʩʣʝʜʥʠʪʝ ʥʷʢʦʣʢʦ ʜʝʩʝʪʠʣʝʪʠʷ, ʠʟʚʲʥ ʨʫʪʠʥʥʦ ʧʨʠʝʪʘʪʘ ʫ ʥʘʩ Ăʄʝʪʦʜʠʢʘ ʟʘ 
ʨʘʙʦʪʘ ʧʦ ʢʘʜʘʩʪʲʨʘ ʥʘ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʠʪʝ ʟʝʤʠ ʚ ʈɹñ, ʩʘ ʥʘʣʠʯʥʠ ʧʫʙʣʠʢʘʮʠʠ ʟʘ 
ʘʢʪʫʘʣʥʘ ʙʦʥʠʪʠʨʦʚʢʘ ʥʘ ʟʝʤʠʪʝ ʩʧʨʷʤʦ ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ʝʯʝʤʠʢʘ (ʬʫʨʘʞʝʥ ʠ 
ʧʠʚʦʚʘʨʝʥ), ʨʘʧʠʮʘʪʘ (ʟʠʤʥʘ ʠ ʧʨʦʣʝʪʥʘ), ʣʝʰʥʠʢʘ, ʤʘʩʣʦʜʘʡʥʘʪʘ ʨʦʟʘ ʠ ʜʨ. ʉ 
ʧʦʟʚʦʣʝʥʠʝ ʠ ʩʲʚʤʝʩʪʥʦ ʩ ʘʚʪʦʨʠʪʝ, ʪʝʟʠ ʤʝʪʦʜʠʢʠ ʙʠʭʘ ʤʦʛʣʠ ʜʘ ʙʲʜʘʪ ʥʘʜʩʪʨʦʝʥʠ 
ʟʘ ʧʦʪʝʥʮʠʘʣʥʘ ʦʮʝʥʢʘ ʠ ʜʘ ʙʲʜʘʪ ʜʦʧʲʣʥʠʪʝʣʥʦ ʚʢʣʶʯʝʥʠ ʚ ʩʦʬʪʫʝʨʘ. 
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ɹʣʘʛʦʜʘʨʥʦʩʪʠ 
ʀʟʢʘʟʚʘʤ ʠʩʢʨʝʥʘ ɹʃɸɻʆɼɸʈʅʆʉʊʀ, ʢʘʪʦ ʧʦʩʪ-ʜʦʢʪʦʨʘʥʪ ʟʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʜʘ 

ʠʟʚʲʨʰʘ ʪʦʚʘ ʠʟʩʣʝʜʚʘʥʝ ʩ ʧʦʜʢʨʝʧʘʪʘ ʠ ʬʠʥʘʥʩʠʨʘʥʝʪʦ ʦʪ ʄʠʥʠʩʪʝʨʩʪʚʦ ʥʘ 
ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʠ ʥʘʫʢʘʪʘ ʧʦ ʅʘʮʠʦʥʘʣʥʘ ʧʨʦʛʨʘʤʘ Ăʄʣʘʜʠ ʫʯʝʥʠ ʠ ʧʦʩʪʜʦʢʪʦʨʘʥʪʠ ï 
2ñ. 
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ʈʝʟʶʤʝ 
ʈʝʟʝʨʚʘʪʲʪ Ăɹʘʣʪʘʪʘñ ʝ ʨʘʟʧʦʣʦʞʝʥ ʧʦ ʫʩʪʠʝʪʦ ʥʘ ʨ. ɹʘʪʦʚʘ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʘ 

ʙʣʠʟʦʩʪ ʜʦ ʢʫʨʦʨʪʘ Ăɸʣʙʝʥʘñ. ʂʣʠʤʘʪʠʯʥʠʪʝ ʫʩʣʦʚʠʷ, ʘʣʫʚʠʘʣʥʠʪʝ ʧʦʯʚʠ ʠ ʛʦʣʷʤʘʪʘ 
ʚʣʘʞʥʦʩʪ ʩʘ ʧʨʝʜʧʦʩʪʘʚʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʣʦʥʛʦʟʥʠ ʛʦʨʠ. ʈʝʜʠʮʘ ʨʘʩʪʠʪʝʣʥʠ ʚʠʜʦʚʝ 
ʩʘ ʨʝʜʢʠ ʠ ʩʘ ʚʢʣʶʯʝʥʠ ʚ ʏʝʨʚʝʥʘʪʘ ʢʥʠʛʘ  ʥʘ ɹʲʣʛʘʨʠʷ. ʊʨʝʚʦʛʠ ʙʫʜʠ ʦʙʱʦʪʦ 
ʩʲʩʪʦʷʥʠʝ ʥʘ ʚʣʘʞʥʘʪʘ ʟʦʥʘ, ʧʦʨʘʜʠ ʟʘʩʠʣʚʘʱʠʪʝ ʩʝ ʧʨʦʮʝʩʠ ʥʘ ʦʩʫʰʘʚʘʥʝ ʠ 
ʫʩʚʦʷʚʘʥʝ ʥʘ ʪʝʨʝʥʠ ʦʢʦʣʦ ʥʝʷ. 

ɺ ʜʦʢʣʘʜʘ ʩʘ ʠʜʝʥʪʠʬʠʮʠʨʘʥʠ ʝʢʦʣʦʛʠʯʥʠ ʧʨʦʙʣʝʤʠ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʧʦʯʚʠʪʝ, 
ʬʣʦʨʘʪʘ ʠ ʬʘʫʥʘʪʘ ʚ ʨʝʟʝʨʚʘʪʘ ʠ ʧʨʝʜʣʦʞʝʥʠ ʤʝʨʢʠ ʟʘ ʪʷʭʥʦʪʦ ʨʝʰʘʚʘʥʝ. 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʨʝʟʝʨʚʘʪ, ɹʘʣʪʘʪʘ, ʣʦʥʛʦʟʥʠ ʛʦʨʠ, ʝʢʦʣʦʛʠʯʥʠ ʧʨʦʙʣʝʤʠ, 
ʨʝʰʝʥʠʷ. 
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Abstract 
Baltata National Reserve is located at the mouth of Batova river in close proximity to 

Albena Resort. The favorable climatic conditions, alluvial soils and high humidity are 
prerequisites for the development of longose forests. A number of plant species are rare 
and included in the Red Data Book of the Republic of Bulgaria. The main concern in this 
area is due to the intensification of the processes of drying and exploitation of the terrain 
around. 
The report identified environmental problems regarding the soils, flora, and fauna in the 
reserve and offered measures to solve them. 

Key words: reserve, Baltata, longose forests, environmental problems, decisions. 
 
 
ʈʝʟʝʨʚʘʪʲʪ Ăɹʘʣʪʘʪʘñ ʦʙʭʚʘʱʘ ʥʘʡ-ʩʝʚʝʨʥʠʪʝ ʯʘʩʪʠ ʥʘ  ʣʦʥʛʦʟʥʘ ʛʦʨʘ ʚ 

ɹʲʣʛʘʨʠʷ, ʧʦ ʫʩʪʠʝʪʦ ʥʘ ʨ. ɹʘʪʦʚʘ. ʈʘʟʧʦʣʦʞʝʥ ʝ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʘ ʙʣʠʟʦʩʪ ʜʦ 
ʢʫʨʦʨʪʘ "ɸʣʙʝʥʘ". ʈʝʢʘ Ăɹʘʪʦʚʘñ ʠʟʚʠʨʘ ʦʪ ʌʨʘʥʛʝʥʩʢʦʪʦ ʧʣʘʪʦ ʧʦʜ ʠʤʝʪʦ 
ɼʞʝʚʠʟʣʠʡʩʢʘ ʨʝʢʘ. ʊʝʯʝ ʥʘ ʩʝʚʝʨ, ʘ ʧʨʠ ʩʝʣʦ ɹʘʪʦʚʦ ʟʘʚʠʚʘ ʥʘ ʠʟʪʦʢ, ʢʘʪʦ ʩʝ ʚʣʠʚʘ 
ʚ ʏʝʨʥʦ ʤʦʨʝ ʤʝʞʜʫ ʛʨʘʜʦʚʝʪʝ ɺʘʨʥʘ ʠ ɹʘʣʯʠʢ. ʌʦʨʤʠʨʘ ʩʝ ʦʪ ʢʘʨʩʪʦʚʠ ʠʟʚʦʨʠ. ʊʷ ʝ 
ʝʜʠʥʩʪʚʝʥʘʪʘ ʥʝʧʨʝʩʲʭʚʘʱʘ ʨʝʢʘ ʚ ʜʦʙʨʫʜʞʘʥʩʢʠʷ ʢʨʘʡ. ʅʝʡʥʦʪʦ ʫʩʪʠʝ ʝ ʣʠʤʘʥ ʠ 
ʪʘʤ ʩʝ ʥʘʤʠʨʘ ʨʝʟʝʨʚʘʪʘ. ʇʦʜʜʲʨʞʘʥ ʨʝʟʝʨʚʘʪ Ăɹʘʣʪʘʪʘñ ʝ ʩ ʧʣʦʱ ʦʪ 205,6 ha. 
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ʆʙʷʚʝʥ ʝ ʟʘ ʨʝʟʝʨʚʘʪ ʧʨʝʟ 1962 ʛ., ʘ ʧʨʝʟ 1969 ʛ. ʝ ʧʨʝʢʘʪʝʛʦʨʠʟʠʨʘʥ ʢʘʪʦ 
ʧʦʜʜʲʨʞʘʥ ʨʝʟʝʨʚʘʪ (ɺʘʩʠʣʝʚ ʠ ʜʨ., 2013). 

 
ʌʣʦʨʘ ʠ ʬʘʫʥʘ ʚ ʨʝʟʝʨʚʘʪ Ăɹʘʣʪʘʪʘñ 
 
ʌʣʦʨʘ  

ʂʣʠʤʘʪʠʯʥʠʪʝ ʫʩʣʦʚʠʷ, ʢʘʢʪʦ ʠ ʘʣʫʚʠʘʣʥʠʪʝ ʧʦʯʚʠ ʠ ʛʦʣʷʤʘʪʘ ʚʣʘʞʥʦʩʪ ʩʘ 
ʧʨʝʜʧʦʩʪʘʚʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʣʦʥʛʦʟʥʠ ʛʦʨʠ ʚ ʪʦʟʠ ʨʘʡʦʥ. ʊʠʧʠʯʥʠ ʟʘ ʣʦʥʛʦʟʥʠʪʝ ʛʦʨʠ 
ʩʘ ʣʠʘʥʠʪʝ, ʪʘʢʠʚʘ ʩʘ - ʩʢʨʠʧʢʘʪʘ (Smilax excelsa), ʜʠʚʘʪʘ ʣʦʟʘ (Parthenocissus 
quinquefolia), ʙʨʲʰʣʷʥʘ (Hedera helix), ʛʲʨʙʘʯʘ (Periploca graeca), ʢʦʠʪʦ ʩʝ ʫʚʠʚʘʪ 
ʦʢʦʣʦ ʜʲʨʚʝʪʘʪʘ. ɻʦʨʠʪʝ ʚ ʨʝʟʝʨʚʘʪ Ăɹʘʣʪʘʪʘñ ʩʘ ʩʲʩʪʘʚʝʥʠ  ʦʪ ʗʩʝʥʦʚʠ ʠ ʩʤʝʩʝʥʠ 
ʥʘʩʘʞʜʝʥʠʷ. ʉʨʝʜʥʘʪʘ ʚʲʟʨʘʩʪ ʥʘ ʛʦʨʠʪʝ ʝ ʥʘʜ 60 ʛʦʜʠʥʠ. ɻʦʨʠʪʝ ʚ ʨʝʟʝʨʚʘʪ 
Ăɹʘʣʪʘʪʘñ ʩʝ ʩʲʩʪʦʷʪ ʦʪ ʧʦʣʩʢʠ ʷʩʝʥ (Fraxinus angustifolia), ʛʘʙʲʨ (Carpinus), ʙʷʣʘ 
ʚʲʨʙʘ (Salix alba), ʯʝʨʥʘ ʝʣʰʘ (Alnus glutinosa), ʙʷʣʘ ʪʦʧʦʣʘ (Populus alba), ʣʠʧʘ 
(Tilia),  ʧʦʣʩʢʠ ʙʨʷʩʪ (Ulmus minor). ɺ ʧʦ-ʥʠʩʢʠʪʝ ʯʘʩʪʠ ʚʠʨʝʷʪ ʨʘʟʣʠʯʥʠ ʭʨʘʩʪʦʚʠ 
ʚʠʜʦʚʝ - ʰʠʧʢʘ (Rosa canina),  ʢʲʧʠʥʘ (Rubus), ʙʲʟ (Sambumus), ʣʝʩʢʘ (Corylus), ʜʨʷʥ 
(Cornus). ʍʘʨʘʢʪʝʨʥʠ ʟʘ ʟʦʥʘʪʘ ʩʘ ʚʣʘʛʦʣʶʙʠʚʠʪʝ ʪʨʝʚʥʠ ʨʘʩʪʝʥʠʷ - ʙʣʘʪʥʦ ʢʦʢʠʯʝ 
(Leucojum), ʧʝʨʫʥʠʢʘ (Iris), ʣʶʪʠʯʝʪʘ (Ranunculus), ʣʝʯʝʙʥʘ ʨʫʞʘ (Althaea officinalis), 
ʜʠʚ ʟʶʤʶʣ (Hyacinthella leucophaea), ʤʦʤʢʦʚʘ ʩʲʣʟʘ (Polygonatum). ɺ "ɹʘʣʪʘʪʘ" 
ʨʝʜʠʮʘ ʨʘʩʪʠʪʝʣʥʠ ʚʠʜʦʚʝ ʩʘ ʨʝʜʢʠ ʠ ʩʘ ʚʢʣʶʯʝʥʠ ʚ ʏʝʨʚʝʥʘʪʘ ʢʥʠʛʘ  ʥʘ ɹʲʣʛʘʨʠʷ3. 

 
ʌʘʫʥʘ 

ʅʘ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ɹʘʣʪʘʪʘ ʞʠʚʝʷʪ 36 ʚʠʜʘ ʙʦʟʘʡʥʠʮʠ, 15 ʚʠʜʘ ʟʝʤʥʦʚʦʜʥʠ ʠ 
16 ʚʠʜʘ ʨʠʙʠ. ʅʘʜ 180 ʚʠʜʘ ʩʘ ʧʪʠʮʠʪʝ, ʦʪ ʢʦʠʪʦ 50 ʩʘ ʚʢʣʶʯʝʥʠ ʚ ʏʝʨʚʝʥʘʪʘ ʢʥʠʛʘ 
ʥʘ ɹʲʣʛʘʨʠʷ (1985). ʆʩʦʙʝʥ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʨʲʞʜʠʚʘ ʯʘʧʣʘ (Ardea purpurea), 
ʟʝʣʝʥʦʛʣʘʚʘ ʧʘʪʠʮʘ (Anas platyrhynchos), ʙʷʣʘʪʘ ʯʘʧʣʘ (Ardea alba), ʙʝʣʠʷ ʱʲʨʢʝʣ 
(Ciconia ciconia), ʢʨʝʩʣʠʚʠʷ ʦʨʝʣ (Clanga pomarina), ʢʲʣʚʘʯʠʪʝ (Dendrocopos major), 
ʩʠʥʠʛʝʨʠʪʝ (Cyanistes caeruleus), ʩʣʘʚʝʡʯʝʪʘ (Luscinia), ʯʝʨʥʦʛʣʘʚʦʪʦ ʢʦʧʨʠʚʘʨʯʝ 
(Sylvia atricapilla). ʊʫʢ ʩʘ ʦʪʯʝʪʝʥʠ ʥʘʡ-ʛʦʣʝʤʠ ʢʦʣʠʯʝʩʪʚʘ ʥʘ ʤʠʛʨʠʨʘʱʠ ʨʦʟʦʚʠ 
ʧʝʣʠʢʘʥʠ (Pelecanus onocrotalus) ʠ ʞʝʨʘʚʠ (Grus grus) ʧʦ ʉʝʚʝʨʥʦʪʦ ʏʝʨʥʦʤʦʨʠʝ. 
ʉʧʝʮʠʬʠʯʥʠ ʟʘ ʨʘʡʦʥʘ ʚʣʝʯʫʛʠ ʩʘ ʛʨʝʙʥʝʩʪ ʪʨʠʪʦʥ (Lissotriton vulgaris), ʟʝʣʝʥʘ 
ʢʨʘʩʪʘʚʘ ʞʘʙʘ (Bufo viridis), ʜʲʨʚʝʩʥʠʮʘ ʞʘʙʘ (Hyla arborea), ʛʦʣʷʤʘ ʚʦʜʥʘ ʞʘʙʘ 
(Pelophylax ridibundus), ʩʪʝʥʝʥ ʛʫʱʝʨ (Podarcis), ʩʤʦʢ - ʤʠʰʢʘʨ (Zamenis longissima), 
ʠ ʧʝʧʝʣʷʥʢʘ (Vipera ammodytes). ʉʲʩ ʩʧʝʮʠʘʣʥʦ ʚʥʠʤʘʥʠʝ ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʪʥʝʩʝʤ ʢʲʤ 
ʰʠʧʦʦʧʘʰʘʪʘʪʘ ʢʦʩʪʝʥʫʨʢʘ (Testudo hermanni) ï ʥʝʡʥʠʪʝ ʤʝʩʪʦʦʙʠʪʘʥʠʷ ʩʘ ʚ 
ʙʣʠʟʦʩʪ ʜʦ ʰʦʩʝʪʘʪʘ, ʢʦʝʪʦ ʷ ʧʨʘʚʠ ʫʷʟʚʠʤʘ. ʅʘ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʨʝʟʝʨʚʘʪʘ ʞʠʚʝʷʪ 
36 ʚʠʜʘ ʙʦʟʘʡʥʠʮʠ ï ʥʘʩʝʢʦʤʦʷʜʥʠ (Lipotyphla), ʧʨʠʣʝʧʠ (Chiroptera), ʛʨʠʟʘʯʠ 
(Mammallia), ʭʠʱʥʠʮʠ (Carnivora) ʠ ʯʠʬʪʦʢʦʧʠʪʥʠ (Artiodactyla). ʅʘʡ-ʯʝʩʪʦ ʩʨʝʱʘʥʠ 
ʩʘ ʪʘʨʘʣʝʞ (Erinaceinae), ʢʲʨʪʠʮʘ (Talpa), ʢʘʪʝʨʠʮʘ (Sciurus), ʚʦʜʝʥ ʧʣʲʭ (Arvicola 
amphibius), ʥʫʪʨʠʷ (Myocastor coypus), ʣʠʩʠʮʘ (Vulpes). ɺ ʨʝʟʝʨʚʘʪ ñɹʘʣʪʘʪʘò ʩʘ 
ʦʪʢʨʠʪʠ 16 ʚʠʜʘ ʨʠʙʠ. ʏʝʪʠʨʠ ʦʪ ʪʷʭ ʩʘ ʚʢʣʶʯʝʥʠ ʚ ʯʝʨʚʝʥʘʪʘ ʢʥʠʛʘ ʥʘ ɹʲʣʛʘʨʠʷ ʩ 
ʢʘʪʝʛʦʨʠʷ Ăɿʘʱʠʪʝʥʠ ʚʠʜʦʚʝñ. ʊʦʚʘ ʩʘ ʚʠʜʦʚʝʪʝ ʙʦʜʣʠʚʢʘ (G.aculeatus), 
ʦʙʠʢʥʦʚʝʥʠʷʪ ʱʠʧʦʢ (Cobitis megaspila) ʠ ʰʘʨʘʥʘ (Cyprinus carpio). ʆʪ ʦʩʪʘʥʘʣʠʪʝ 
ʚʠʜʦʚʝ ʨʠʙʠ ʥʘʡ-ʚʠʩʦʢʘ ʯʠʩʣʝʥʦʩʪ ʠʤʘ ʙʘʙʫʢʘʪʘ4. 

 
ɿʘʧʣʘʭʠ ʠ ʨʝʰʝʥʠʷ 
ʉ̡ ʩʪʦʷʥʠʝʪʦ ʥʘ ʚʣʘʞʥʘʪʘ ʟʦʥʘ ʚ ʨʝʟʝʨʚʘʪ Ăɹʘʣʪʘʪʘñ ʝ ʥʝʟʘʜʦʚʦʣʠʪʝʣʥʦ. 

ʊʨʝʚʦʛʘ ʙʫʜʷʪ ʟʘʩʠʣʚʘʱʠʪʝ ʩʝ ʧʨʦʮʝʩʠ ʥʘ ʦʩʫʰʘʚʘʥʝ ʠ ʫʩʚʦʷʚʘʥʝ ʥʘ ʪʝʨʝʥʠ ʦʢʦʣʦ 

                                                 
3
 https://bgwalk.com/bg/turisticheski-obekti/rezervat%20-%20baltata  

 
4 https://albena.bg/bg/rezervat-baltata 
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ʥʝʷ. ʂʲʤ ʦʙʱʠʪʝ ʟʘʧʣʘʭʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʨʠʯʠʩʣʝʥʠ: ʚʣʦʰʝʥʠʷʪ ʝʩʪʝʩʪʚʝʥ ʚʦʜʝʥ 
ʨʝʞʠʤ, ʦʩʫʰʘʚʘʥʝʪʦ ʥʘ ʚʣʘʞʥʠʪʝ ʟʦʥʠ, ʘʥʪʨʦʧʦʛʝʥʝʥʠʷʪ ʥʘʪʠʩʢ ʧʦʨʘʜʠ ʙʣʠʟʦʩʪʪʘ ʥʘ 
ʛʦʣʷʤ ʤʦʨʩʢʠ ʢʫʨʦʨʪ, ʧʨʦʜʲʣʞʘʚʘʱʦʪʦ ʟʘʩʪʨʦʷʚʘʥʝ ʧʦ ʢʨʘʡʙʨʝʞʠʝʪʦ ʦʪʢʲʤ 
ʂʨʘʥʝʚʦ, ʫʥʠʱʦʞʘʚʘʥʝʪʦ ʥʘ ʝʩʪʝʩʪʚʝʥʠ ʤʝʩʪʦʦʙʠʪʘʥʠʷ, ʧʨʝʢʦʤʝʨʥʦʪʦ 
ʚʦʜʦʧʦʣʟʚʘʥʝ, ʟʘʤʲʨʩʷʚʘʥʝʪʦ ʩ ʦʪʧʘʜʥʠ ʚʦʜʠ (ɺʘʩʠʣʝʚ ʠ ʜʨ., 2013). 

ʇʨʝʟ ʛʦʜʠʥʠʪʝ ʚ ʨʘʡʦʥʘ ʩʘ ʦʩʲʱʝʩʪʚʷʚʘʥʠ ʦʪʜʝʣʥʠ ʧʨʠʨʦʜʦʟʘʱʠʪʥʠ ʜʝʡʥʦʩʪʠ. 
ʇʨʠʤʝʨ ʟʘ ʪʦʚʘ ʝ ʩʪʘʨʪʠʨʘʣʠʷʪ ʧʨʝʟ 2010 ʛ. ʧʨʦʝʢʪ ʦʪ ʧʨʦʛʨʘʤʘʪʘ ĂLIFE+ñ ʥʘ ɽʉ, 
ʥʘʩʦʯʝʥ ʢʲʤ ʦʧʘʟʚʘʥʝʪʦ ʥʘ ʣʦʚʥʠʷ ʩʦʢʦʣ. ɺ ʨʘʤʢʠʪʝ ʤʫ ʩʘ ʨʝʘʣʠʟʠʨʘʥʠ ʜʝʡʥʦʩʪʠ ʟʘ 
ʤʠʥʠʤʠʟʠʨʘʥʝ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʭʠʤʠʢʘʣʠ, ʠʟʦʣʠʨʘʥʝ ʥʘ ʦʧʘʩʥʠ ʝʣʝʢʪʨʦʧʨʦʚʦʜʠ, 
ʚʲʚʣʠʯʘʥʝ ʥʘ ʤʝʩʪʥʠʪʝ ʦʙʱʥʦʩʪʠ ʚ ʦʧʘʟʚʘʥʝʪʦ ʥʘ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝʪʦ ʠ ʜʨ. 
(ɺʘʩʠʣʝʚ ʠ ʜʨ., 2013). ɺʲʧʨʝʢʠ ʪʦʚʘ ʝʜʠʥʝʥ ʧʣʘʥ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʝʟʝʨʚʘʪʘ 
ʣʠʧʩʚʘ. 

ʇʨʦʙʣʝʤʠʪʝ ʩ ʨʝʟʝʨʚʘʪ Ăɹʘʣʪʘʪʘñ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʨʝʰʝʥʠ ʩʣʝʜ ʮʝʣʝʥʘʩʦʯʝʥʘ 
ʜ̡ ʨʞʘʚʥʘ ʧʦʣʠʪʠʢʘ ʠ ʘʢʪʠʚʥʘ ʧʦʤʦʱ ʦʪ ʩʪʨʘʥʘ ʥʘ ʧʨʠʨʦʜʦʟʘʱʠʪʥʠʪʝ ʦʨʛʘʥʠʟʘʮʠʠ ʚ 
ʩʪʨʘʥʘʪʘ. ʉʨʝʜ ʚʲʟʤʦʞʥʠʪʝ ʨʝʰʝʥʠʷ ʟʘ ʟʘʙʘʚʷʥʝ ʥʘ ʦʪʨʠʮʘʪʝʣʥʠʪʝ ʪʝʥʜʝʥʮʠʠ, 
ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʠ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʨʝʟʝʨʚʘʪʘ ʩʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝʪʦ ʥʘ 
ʚʩʝʦʙʭʚʘʪʝʣ ʤʦʥʠʪʦʨʠʥʛ, ʤʘʨʢʠʨʘʥʝʪʦ ʥʘ ʛʨʘʥʠʮʠʪʝ ʥʘ ʟʘʱʠʪʝʥʠʪʝ ʪʝʨʠʪʦʨʠʠ, 
ʚʲʚʝʞʜʘʥʝʪʦ ʥʘ ʩʪʨʦʛʘ ʟʘʙʨʘʥʘ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʧʨʝʛʨʘʜʥʠ ʩʲʦʨʲʞʝʥʠʷ, 
ʧʦʜʦʙʨʷʚʘʥʝʪʦ ʥʘ ʧʨʘʚʦʧʨʠʣʘʛʘʥʝʪʦ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʙʨʘʢʦʥʠʝʨʩʪʚʦʪʦ, 
ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝʪʦ ʥʘ ʟʘʤʲʨʩʷʚʘʥʠʷ, ʢʦʥʪʨʦʣʲʪ ʚʲʨʭʫ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʝʣʝʤʝʥʪʠ ʦʪ 
ʪʫʨʠʩʪʠʯʝʩʢʘʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʦʩʠʛʫʨʷʚʘʥʝʪʦ ʥʘ ʫʩʣʦʚʠʷ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʫʩʪʦʡʯʠʚ 
ʪʫʨʠʟʲʤ. ɹʝʟʩʧʦʨʝʥ ʪʣʘʩʲʢ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʞʝʣʘʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʙʠ ʜʘʣʦ 
ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʝʜʠʥʝʥ ʧʣʘʥ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʝʟʝʨʚʘʪʘ ʩ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ 
ʥʝʦʙʭʦʜʠʤʠʪʝ ʯʦʚʝʰʢʠ ʠ ʬʠʥʘʥʩʦʚʠ ʨʝʩʫʨʩʠ ʟʘ ʮʷʣʦʩʪʥʦʪʦ ʦʧʘʟʚʘʥʝ ʥʘ ʟʘʱʠʪʝʥʘʪʘ 
ʪʝʨʠʪʦʨʠʷ. 
 

ɿʘʢʣʶʯʝʥʠʝ 
ʉʧʝʮʠʬʠʯʥʠʪʝ ʢʣʠʤʘʪʠʯʥʠ ʫʩʣʦʚʠʷ, ʥʘʣʠʯʠʝʪʦ ʥʘ ʙʦʛʘʪʠ ʘʣʫʚʠʘʣʥʠ 

ʧʝʩʲʯʣʠʚʦ-ʛʣʠʥʝʩʪʠ ʧʦʯʚʠ ʠ ʟʥʘʯʠʪʝʣʥʘʪʘ ʚʣʘʞʥʦʩʪ ʩʘ ʙʣʘʛʦʧʨʠʷʪʥʘ ʧʨʝʜʧʦʩʪʘʚʢʘ 
ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʬʣʦʨʘʪʘ ʠ ʬʘʫʥʘʪʘ ʚ ʨʝʟʝʨʚʘʪ Ăɹʘʣʪʘʪʘñ. ɺʲʧʨʝʢʠ ʪʦʚʘ, ʦʙʱʦʪʦ 
ʩʲʩʪʦʷʥʠʝ ʥʘ ʚʣʘʞʥʘʪʘ ʟʦʥʘ ʚ ʨʝʟʝʨʚʘʪʘ ʝ ʥʝʟʘʜʦʚʦʣʠʪʝʣʥʦ, ʧʦʨʘʜʠ ʟʘʩʠʣʚʘʱʠʪʝ 
ʩʝ ʧʨʦʮʝʩʠ ʥʘ ʦʩʫʰʘʚʘʥʝ ʠ ʫʩʚʦʷʚʘʥʝ ʥʘ ʪʝʨʝʥʠ ʦʢʦʣʦ ʥʝʷ. ʅʦʨʤʘʣʠʟʠʨʘʥʝ ʥʘ 
ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʨʝʟʝʨʚʘʪʘ ʝ ʚʲʟʤʦʞʥʦ ʩʣʝʜ ʨʝʰʠʪʝʣʥʘ ʥʘʤʝʩʘ ʥʘ ʜʲʨʞʘʚʘʪʘ ʠ 
ʦʙʱʝʩʪʚʝʥʦʩʪʪʘ ʚ ʣʠʮʝʪʦ ʥʘ ʧʨʠʨʦʜʦʟʘʱʠʪʥʠʪʝ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ɹʲʣʛʘʨʠʷ. 
 
ʃʠʪʝʨʘʪʫʨʘ 
ɺʘʩʠʣʝʚ, ɺ., ɺʘʩʠʣʝʚ, ʈ., ʗʥʢʦʚ, ʇ., ʋʟʫʥʦʚ,ʁ. (2013). ʅʘʮʠʦʥʘʣʝʥ ʧʣʘʥ ʟʘ ʦʧʘʟʚʘʥʝ 

ʥʘ ʥʘʡ-ʟʥʘʯʠʤʠʪʝ ʚʣʘʞʥʠ ʟʦʥʠ ʚ ɹʲʣʛʘʨʠʷ 2013-2022 ʛ., ʉʦʬʠʷ. 
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ʈʝʟʶʤʝ 
ʈʘʟʛʣʝʜʘʥʠ ʩʘ ʦʩʥʦʚʥʠʪʝ ʧʨʝʜʧʦʩʪʘʚʢʠ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʝʥʝʨʛʠʡʥʠ ʧʣʘʥʪʘʮʠʠ ʚ 

ɹʲʣʛʘʨʠʷ. ʇʦʩʦʯʝʥʠ ʩʘ ʦʩʥʦʚʥʠʪʝ ʩʮʝʥʘʨʠʠ ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʜʠʥʘʤʠʢʘ ʥʘ ʝʤʠʩʠʠʪʝ 
ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ ʚ ʘʪʤʦʩʬʝʨʘʪʘ, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʢʦʥʩʫʤʘʮʠʷʪʘ ʥʘ ʝʥʝʨʛʠʷ. 
ʇʨʝʜʩʪʘʚʝʥʠ ʩʘ ʧʝʨʩʧʝʢʪʠʚʠʪʝ ʟʘ ʩʲʟʜʘʚʘʥʝ, ʦʪʛʣʝʞʜʘʥʝ ʠ ʝʢʩʧʣʦʘʪʘʮʠʷ ʥʘ 
ʥʘʩʘʞʜʝʥʠʷ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʜʲʨʚʝʩʥʘ ʙʠʦʤʘʩʘ ʦʪ ʠʥʪʝʥʟʠʚʥʠ ʢʫʣʪʫʨʠ. ʇʦʢʘʟʘʥʠ 
ʩʘ ʧʨʝʜʠʤʩʪʚʘʪʘ ʥʘ ʦʪʛʣʝʞʜʘʥʝʪʦ ʥʘ ʙʷʣʘ ʘʢʘʮʠʷ (Robinia Pseudoacacia L.). 
ʇʨʝʜʩʪʘʚʝʥʠ ʩʘ ʝʥʝʨʛʠʡʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʙʷʣʘʪʘ ʘʢʘʮʠʷ. 

ʂʣʶʯʝʚʠ ʜʫʤʠ: ʙʷʣʘ ʘʢʘʮʠʷ, (Robinia Pseudoacacia L.), ʙʠʦʤʘʩʘ, ʝʥʝʨʛʠʡʥʠ 
ʥʫʞʜʠ, ʢʘʣʦʨʠʯʥʦʩʪ, ʧʝʧʝʣʥʦ ʩʲʜʲʨʞʘʥʠʝ. 

 
Abstract 
The main prerequisites for creating energy plantations in Bulgaria have been 

examined. The main scenarios for the development of dynamics of greenhouse gas 
emissions in the atmosphere, depending on energy consumption, are indicated. The 
prospects for creating, growing and operating plantations for the production of woody 
biomass from intensive crops are presented. The advantages of growing white acacia 
(Robinia Pseudoacacia L.) are shown. The energy characteristics of white acacia are 
presented. 

Key words: white acacia, (Robinia Pseudoacacia L.), biomass, energy requirements,  
calorific value, ash content. 

 
ɺʲʚʝʜʝʥʠʝ 
ʅʘʤʘʣʷʚʘʥʝʪʦ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ ʚ ʘʪʤʦʩʬʝʨʘʪʘ (CO2, ʤʝʪʘʥ, 

ʘʟʦʪʝʥ ʦʢʩʠʜ ʠ ʜʨ.), ʧʨʠ ʥʝʧʨʝʢʲʩʥʘʪʦ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʛʣʦʙʘʣʥʦʪʦ ʪʲʨʩʝʥʝ ʥʘ 
ʝʥʝʨʛʠʡʥʠ ʨʝʩʫʨʩʠ, ʩʝ ʧʨʝʚʲʨʥʘ ʚ ʝʜʠʥ ʦʪ ʦʩʥʦʚʥʠʪʝ ʧʨʦʙʣʝʤʠ ʥʘ ʩʚʝʪʘ (Klochkov, 
2009; Tsyganov and Klochkov, 2012). ʊʲʡ ʢʘʪʦ ʥʘʩʝʣʝʥʠʝ ʥʘ ɿʝʤʷʪʘ ʠ ʪʝʤʧʦʚʝʪʝ ʥʘ 
ʠʢʦʥʦʤʠʯʝʩʢʠ ʨʘʩʪʝʞ ʩʝ ʫʚʝʣʠʯʘʚʘʪ, ʦʩʦʙʝʥʦ ʚ ʨʘʟʚʠʚʘʱʠʪʝ ʩʝ ʩʪʨʘʥʠ, ʪʲʨʩʝʥʝʪʦ ʠ 
ʧʦʪʨʝʙʣʝʥʠʝʪʦ ʥʘ ʝʥʝʨʛʠʷ ʚ ʨʘʟʣʠʯʥʠ ʩʝʢʪʦʨʠ ʥʘ ʠʢʦʥʦʤʠʢʘʪʘ ʠ ʟʘ ʧʦʜʦʙʨʝʥʠʝ ʥʘ 
ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʞʠʚʦʪʘ ʧʨʦʜʲʣʞʘʚʘʪ ʜʘ ʨʘʩʪʘʪ ʙʲʨʟʦ (Kulakov and Veremeychik, 2013).  
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ɽʢʩʧʝʨʪʥʠʪʝ ʦʮʝʥʢʠ ʧʦʢʘʟʚʘʪ, ʯʝ ʚ ʙʲʜʝʱʝ ʦʩʥʦʚʥʦʪʦ ʚʥʠʤʘʥʠʝ ʱʝ ʩʝ ʦʙʲʨʥʝ 
ʥʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʚʲʟʦʙʥʦʚʷʝʤʠ ʝʥʝʨʛʠʡʥʠ ʠʟʪʦʯʥʠʮʠ, ʩʨʝʜ ʢʦʠʪʦ ʦʩʥʦʚʥʘʪʘ ʨʦʣʷ ʱʝ 
ʠʛʨʘʷʪ ʬʦʪʦʩʠʥʪʝʟʠʨʘʱʠʪʝ ʨʘʩʪʝʥʠʷ (Smolskaya, 2013). ʊʦʚʘ ʩʝ ʜʲʣʞʠ ʥʘ 
ʥʝʫʪʨʘʣʥʦʩʪʪʘ ʥʘ ʙʠʦʤʘʩʘʪʘ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ ʚ 
ʘʪʤʦʩʬʝʨʘʪʘ, ʪʲʡ ʢʘʪʦ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʙʠʦʛʦʨʠʚʦ ʩʝ ʦʪʜʝʣʷ ʪʦʣʢʦʚʘ CO2, ʢʦʣʢʦʪʦ 
ʨʘʩʪʝʥʠʝʪʦ ʛʦ ʝ ʘʙʩʦʨʙʠʨʘʣʦ ʦʪ ʘʪʤʦʩʬʝʨʘʪʘ ʧʦ ʚʨʝʤʝ ʥʘ ʬʦʪʦʩʠʥʪʝʟʘʪʘ (Spaar, 
2006). 

ɹʷʣʘʪʘ ʘʢʘʮʠʷ Robinia pseudoacacia L. ʝ ʝʜʠʥ ʦʪ ʥʘʡ-ʧʝʨʩʧʝʢʪʠʚʥʠʪʝ ʚʠʜʦʚʝ 
ʧʨʠ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʠʥʪʝʥʟʠʚʥʠ ʛʦʨʩʢʠ ʢʫʣʪʫʨʠ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʤʘʩʘ ʠ 
ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʜʝʛʨʘʜʠʨʘʥʠ ʪʝʨʝʥʠ (Marinov et al., 2013; Enakiev et al., 2016). 

ɹʷʣʘʪʘ ʘʢʘʮʠʷ ʝ ʚʠʜ ʩ ʙʲʨʟ ʩʪʘʨʪ ʠ ʠʥʪʝʥʟʠʚʝʥ ʨʘʩʪʝʞ ʚ ʤʣʘʜʘ ʚʲʟʨʘʩʪ. ʊʷ ʩʝ 
ʠʟʧʦʣʟʚʘ ʰʠʨʦʢʦ ʟʘ ʟʘʣʝʩʷʚʘʥʝ ʚ ʨʝʜʠʮʘ ʩʪʨʘʥʠ ʦʪ ɽʚʨʦʧʘ, ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʚ 
ɹʲʣʛʘʨʠʷ. ɸʢʘʮʠʷʪʘ ʝ ʩʧʝʮʠʘʣʝʥ ʚʠʜ ʠʥʪʝʥʟʠʚʥʘ ʛʦʨʩʢʘ ʢʫʣʪʫʨʘ ʦʪ ʙʲʨʟʦʨʘʩʪʷʱʠ 
ʜʲʨʚʝʩʥʠ ʠ ʭʨʘʩʪʦʚʠ ʚʠʜʦʚʝ, ʢʦʠʪʦ ʩʘ ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʟʘ ʜʦʙʠʚ ʥʘ ʙʠʦʤʘʩʘ ʟʘ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʥʝʨʛʠʷ (Asenov et al., 2011; Enakiev and Asenov, 2012). ɼʦʙʠʪʘʪʘ 
ʜʲʨʚʝʩʠʥʘ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʝʥʝʨʛʠʡʥʠ ʮʝʣʠ ʚ ʛʨʘʥʫʣʠʨʘʥ ʚʠʜ (Enakiev et al., 
2014).  

 
ʈʝʟʫʣʪʘʪʠ ʠ ʦʙʩʲʞʜʘʥʝ 
ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʛʦʜʠʰʥʦʪʦ ʥʘʪʨʫʧʚʘʥʝ ʥʘ ʙʠʦʤʘʩʘ ʥʘ ʧʣʘʥʝʪʘʪʘ ʜʦʩʪʠʛʘ 180 

ʤʠʣʠʘʨʜʘ ʪʦʥʘ, ʘ ʥʝʡʥʦʪʦ ʝʥʝʨʛʠʡʥʦ ʩʲʜʲʨʞʘʥʠʝ ʝ 10 ʧʲʪʠ ʧʦ-ʚʠʩʦʢʦ ʦʪ 
ʢʦʣʠʯʝʩʪʚʦʪʦ ʝʥʝʨʛʠʷ, ʠʟʧʦʣʟʚʘʥʦ ʦʪ ʯʦʚʝʯʝʩʪʚʦʪʦ. ɼʥʝʩ ʦʩʥʦʚʥʠʪʝ ʜʦʩʪʘʚʯʠʮʠ ʥʘ 
ʙʠʦʤʘʩʘ, ʠʟʧʦʣʟʚʘʥʘ ʟʘ ʙʠʦʛʦʨʠʚʦ, ʩʘ ʩʝʣʩʢʦʪʦ ʠ ʛʦʨʩʢʦʪʦ ʩʪʦʧʘʥʩʪʚʦ, ʢʘʢʪʦ ʠ 
ʝʥʝʨʛʠʡʥʠʪʝ ʧʣʘʥʪʘʮʠʠ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʥʘʪʘ ʠʥʜʫʩʪʨʠʷ (Edenhofer, 2015) 

ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʚʲʟʦʙʥʦʚʷʝʤʠ ʝʥʝʨʛʠʡʥʠ ʠʟʪʦʯʥʠʮʠ ʩʝ ʧʨʝʚʲʨʥʘ ʚ ʝʜʠʥ ʦʪ 
ʥʘʡ-ʙʲʨʟʦ ʨʘʟʚʠʚʘʱʠʪʝ ʩʝ ʩʝʢʪʦʨʠ ʥʘ ʠʢʦʥʦʤʠʢʘʪʘ. ʅʘ ʬʠʛʫʨʘ 1 ʝ ʧʦʢʘʟʘʥʘ 
ʧʨʦʛʥʦʟʘʪʘ ʟʘ ʩʚʝʪʦʚʥʦʪʦ ʧʦʪʨʝʙʣʝʥʠʝ ʠ ʜʷʣ ʥʘ ʝʥʝʨʛʠʷ ʦʪ ʚʲʟʦʙʥʦʚʷʝʤʠ ʝʥʝʨʛʠʡʥʠ 
ʠʟʪʦʯʥʠʮʠ. 

 
 

 
 

ʄʣʥ. 
ʪʦʥʘ 

ʧʝʪʨʦʣʝʥ 
ʝʢʚʠʚʘʣʝʥʪ 

(Tonnes 
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15 000 

 

 

10 000 

 

 

5 000 

 

 

0 
 

    2000 ʛ.   2010 ʛ.   2020 ʛ.   2030 ʛ.   2040 ʛ.   

 
ʌʠʛʫʨʘ 1. ʇʨʦʛʥʦʟʘ ʟʘ ʩʚʝʪʦʚʥʦʪʦ ʧʦʪʨʝʙʣʝʥʠʝ ʠ ʜʷʣ ʥʘ ʝʥʝʨʛʠʷ 

ʦʪ ʚʲʟʦʙʥʦʚʷʝʤʠ ʝʥʝʨʛʠʡʥʠ ʠʟʪʦʯʥʠʮʠ 
 
ʊʘʢʘ ʚ ʩʪʨʘʥʠʪʝ ʦʪ ɽʉ, ʩʧʦʨʝʜ ʝʢʩʧʝʨʪʠʪʝ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʘʛʝʥʮʠʷ ʧʦ 

ʝʥʝʨʛʝʪʠʢʘ (International Energy Agency) ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʥʝʨʛʠʷ ʦʪ ʚʲʟʦʙʥʦʚʷʝʤʠ 
ʠʟʪʦʯʥʠʮʠ ʥʘʨʘʩʪʚʘ ʛʦʜʠʰʥʦ ʩ 10-20%. (ʬʠʛ. 1). ʇʨʦʛʥʦʟʥʠʪʝ ʜʘʥʥʠ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ 
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ʩʲʚʝʪ ʟʘ ʚʲʟʦʙʥʦʚʷʝʤʘ ʝʥʝʨʛʠʷ ʧʦʢʘʟʚʘʪ, ʯʝ ʜʝʣʲʪ ʥʘ ʚʲʟʦʙʥʦʚʷʝʤʠʪʝ ʝʥʝʨʛʠʡʥʠ 
ʠʟʪʦʯʥʠʮʠ ʚ ʛʣʦʙʘʣʥʠʷ ʝʥʝʨʛʠʝʥ ʙʘʣʘʥʩ ʤʦʞʝ ʜʘ ʜʦʩʪʠʛʥʝ 50% ʜʦ 2050 ʛ. (Sasongko, 
2015). 

ʇʨʝʭʦʜʲʪ ʢʲʤ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʙʠʦʤʘʩʘ ʢʘʪʦ ʠʟʪʦʯʥʠʢ ʥʘ ʝʥʝʨʛʠʷ ʝ ʩʣʦʞʝʥ ʠ 
ʧʨʦʜʲʣʞʠʪʝʣʝʥ ʧʨʦʮʝʩ, ʧʦʨʘʜʠ ʢʦʝʪʦ ʤʥʦʛʦ ʩʪʨʘʥʠ (ɹʨʘʟʠʣʠʷ, ɻʝʨʤʘʥʠʷ, ʉɸʑ, 
ʌʠʥʣʘʥʜʠʷ, ʐʚʝʮʠʷ ʠ ʜʨ.) ʚʝʯʝ ʘʢʪʠʚʥʦ ʠ ʩʠʩʪʝʤʘʪʠʯʥʦ ʫʚʝʣʠʯʘʚʘʪ ʜʝʣʘ ʥʘ 
ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʠ ʧʦʪʨʝʙʣʝʥʠʝʪʦ ʥʘ ʙʠʦʛʦʨʠʚʘ ʚ ʦʙʱ ʝʥʝʨʛʠʝʥ ʙʘʣʘʥʩ (Baker, 2015; 
Geiss, 2015).  

ʉʧʦʨʝʜ ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʘʛʝʥʮʠʷ ʧʦ ʝʥʝʨʛʝʪʠʢʘ ʩʲʱʝʩʪʚʫʚʘ ʪʨʠ ʩʮʝʥʘʨʠʷ ʟʘ 
ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʜʠʥʘʤʠʢʘ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ CO2 ʚ ʘʪʤʦʩʬʝʨʘʪʘ, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ 
ʢʦʥʩʫʤʘʮʠʷʪʘ ʥʘ ʝʥʝʨʛʠʷ: 

ü ʉʮʝʥʘʨʠʡ ñʅʘʩʪʦʷʱʠ ʧʦʣʠʪʠʢʠò (Current policies); 

ü ʉʮʝʥʘʨʠʡ ñʅʦʚʠ ʧʦʣʠʪʠʢʠò (New policies); 

ü Ăʉʮʝʥʘʨʠʡ 450ò (450 Scenario). 

ɺ ʪʘʙʣʠʮʘ 1 ʝ ʧʦʢʘʟʘʥʘ ʧʨʦʛʥʦʟʘʪʘ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʘʛʝʥʮʠʷ ʧʦ ʝʥʝʨʛʝʪʠʢʘ 
(ʄɸɽ) ʦʪʥʦʩʥʦ ʜʠʥʘʤʠʢʘ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ CO2 ʚ ʘʪʤʦʩʬʝʨʘʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ 
ʢʦʥʩʫʤʘʮʠʷʪʘ ʥʘ ʝʥʝʨʛʠʷ. 

 
 

ʊʘʙʣʠʮʘ 1. ʇʨʦʛʥʦʟʘʪʘ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʘʛʝʥʮʠʷ ʧʦ ʝʥʝʨʛʝʪʠʢʘ ʦʪʥʦʩʥʦ 
ʜʠʥʘʤʠʢʘ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ CO2 ʚ ʘʪʤʦʩʬʝʨʘʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʢʦʥʩʫʤʘʮʠʷʪʘ ʥʘ 
ʝʥʝʨʛʠʷ 

ɻʦʜʠʥʘ 

ɻʣʦʙʘʣʥʠ ʝʤʠʩʠʠ ʥʘ ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ ʦʪ ʧʦʪʨʝʙʣʝʥʠʝʪʦ ʥʘ ʝʥʝʨʛʠʷ, 
ʤʣʨʜ. ʪʦʥʘ CO2 

ʉʮʝʥʘʨʠʡ ñʅʘʩʪʦʷʱʠ 
ʧʦʣʠʪʠʢʠò  

(Current policies) 

ʉʮʝʥʘʨʠʡ ñʅʦʚʠ ʧʦʣʠʪʠʢʠò  
(New policies) 

Ăʉʮʝʥʘʨʠʡ 450ò 
(450 Scenario) 

2000 23.5 23.5 23.5 

2010 30.5 30.5 30.5 

2020 36,0 34,0 31.1 

2030 38.4 33.0 25,0 

 
 
ʉʮʝʥʘʨʠʡ ñʅʘʩʪʦʷʱʠ ʧʦʣʠʪʠʢʠò, ʧʨʠ ʢʦʡʪʦ ʄɸɽ ʧʨʠʝʤʘ, ʯʝ ʥʷʤʘ ʜʘ ʠʤʘ 

ʧʨʦʤʝʥʠ ʚ ʥʘʩʪʦʷʱʠʪʝ ʧʦʣʠʪʠʢʠ. ʉʮʝʥʘʨʠʡ ñʅʦʚʠ ʧʦʣʠʪʠʢʠò, ʚ ʢʦʡʪʦ ʩʝ ʜʦʧʫʩʢʘʪ 
ʥʦʚʠ ʜʲʣʛʦʩʨʦʯʥʠ ʧʦʣʠʪʠʢʠ ʠ ʧʣʘʥʦʚʝ, ʥʘʩʦʯʝʥʠ ʢʲʤ ʦʧʘʟʚʘʥʝ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ 
ʠʣʠ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʝʥʝʨʛʠʡʥʘʪʘ ʩʠʛʫʨʥʦʩʪ. ñʉʮʝʥʘʨʠʡ 450ò, ʢʦʡʪʦ ʧʨʝʜʧʦʣʘʛʘ 
ʩʲʱʝʩʪʚʫʚʘʥʝʪʦ ʥʘ Ăʝʥʝʨʛʠʝʥ ʧʲʪò, ʩʲʚʤʝʩʪʠʤ ʩʲʩ ʩʪʨʝʤʝʞʘ ʜʘ ʩʝ ʥʘʤʘʣʠ ʨʲʩʪʲʪ ʥʘ 
ʛʣʦʙʘʣʥʠʪʝ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 2ÁC ʯʨʝʟ ʦʛʨʘʥʠʯʘʚʘʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʧʘʨʥʠʢʦʚʠ 
ʛʘʟʦʚʝ ʚ ʘʪʤʦʩʬʝʨʘʪʘ ʜʦ 450 ʯʘʩʪʠ ʥʘ ʤʠʣʠʦʥ (ppm) ʝʢʚʠʚʘʣʝʥʪ ʥʘ ʚʲʛʣʝʨʦʜʝʥ 
ʜʠʦʢʩʠʜ (Boneva, 2011). 

ʉʮʝʥʘʨʠʡ ñʅʘʩʪʦʷʱʠ ʧʦʣʠʪʠʢʠò ʧʨʝʜʦʪʚʨʘʪʷʚʘ ʥʘʨʘʩʪʚʘʥʝʪʦ ʥʘ ʚʲʛʣʝʨʦʜʥʠʪʝ 
ʝʤʠʩʠʠ, ʜʦʢʘʪʦ ʩʮʝʥʘʨʠʡ ñʅʦʚʠ ʧʦʣʠʪʠʢʠò ʚʦʜʠ ʜʦ ʟʥʘʯʠʪʝʣʥʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ 
ʥʘʨʘʩʪʚʘʥʝʪʦ ʥʘ ʚʲʛʣʝʨʦʜʥʠʪʝ ʝʤʠʩʠʠ, ʥʦ ʪʝ ʚʩʝ ʧʘʢ ʥʘʨʘʩʪʚʘʪ. ñʉʮʝʥʘʨʠʡ 450ò 
ʚʦʜʠ ʜʦ ʨʷʟʢʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʚʲʛʣʝʨʦʜʥʠʪʝ ʝʤʠʩʠʠ ʠ ʧʦʢʘʟʚʘ ʢʘʢʚʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʟʘ 
ʩʪʘʙʠʣʠʟʠʨʘʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ ʚʲʚ ʚʲʟʜʫʭʘ ʧʨʠ 450 ppm, 
ʢʦʝʪʦ ʝ ʜʦʩʪʘʪʲʯʥʦ ʟʘ ʩʧʠʨʘʥʝ ʥʘ ʛʣʦʙʘʣʥʦʪʦ ʟʘʪʦʧʣʷʥʝ. 

ʇʦ ʪʦʟʠ ʥʘʯʠʥ, ʫʚʝʣʠʯʘʚʘʥʝʪʦ ʥʘ ʜʝʣʘ ʥʘ ʚʲʟʦʙʥʦʚʷʝʤʠʪʝ ʠʟʪʦʯʥʠʮʠ, 
ʚʢʣʶʯʠʪʝʣʥʦ ʙʠʦʤʘʩʘʪʘ, ʱʝ ʜʦʚʝʜʝ ʜʦ ʟʘʙʘʚʷʥʝ ʥʘ ʥʘʨʘʩʪʚʘʥʝʪʦ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ 
CO2 ʚ ʘʪʤʦʩʬʝʨʘʪʘ. 
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ɽʥʝʨʛʠʡʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʙʷʣʘʪʘ ʘʢʘʮʠʷ (Robinia pseudoacacia L.) 
ʂʘʣʦʨʠʯʥʦʩʪ 
ʂʘʣʦʨʠʯʥʦʩʪʪʘ ʥʘ ʛʦʨʠʚʦʪʦ ʝ ʢʦʣʠʯʝʩʪʚʦʪʦ ʪʦʧʣʠʥʘ, ʢʦʝʪʦ ʝʜʥʘ ʝʜʠʥʠʮʘ ʪʝʛʣʦ 

ʦʪ ʪʦʚʘ ʛʦʨʠʚʦ ʜʘʚʘ ʧʦ ʚʨʝʤʝ ʥʘ ʠʟʛʘʨʷʥʝʪʦ ʤʫ. ɸʢʘʮʠʝʚʠʪʝ ʜʲʨʚʘ ʟʘ ʦʛʨʝʚ ʩʘ ʝʜʠʥ 
ʦʪ ʣʠʜʝʨʠʪʝ ʧʦ ʪʦʟʠ ʧʦʢʘʟʘʪʝʣ. ʂʘʣʦʨʠʯʥʦʩʪʪʘ ʥʘ ʙʷʣʘʪʘ ʘʢʘʮʠʷ ʝ 4598 kcal/kg, ʘ 
ʩʧʝʮʠʬʠʯʥʘʪʘ ʢʘʣʦʨʠʯʥʦʩʪ ï ʝ 2680 kcal/dm3. ʂʘʣʦʨʠʯʥʦʩʪʪʘ ʝ ʩʠʣʥʦ ʟʘʚʠʩʠʤʘ ʦʪ 
ʚʣʘʞʥʦʩʪʪʘ, ʥʦ ʠ ʪʫʢ ʘʢʘʮʠʷʪʘ ʠʤʘ ʧʨʝʜʠʤʩʪʚʦ. ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʚʣʘʛʘʪʘ ʚ 
ʜʲʨʚʝʩʠʥʘʪʘ ʟʥʘʯʠʪʝʣʥʦ ʚʣʠʷʝ ʚʲʨʭʫ ʢʘʣʦʨʠʯʥʦʩʪʪʘ, ʪʲʡ ʢʘʪʦ ʯʘʩʪ ʦʪ ʪʦʧʣʠʥʘʪʘ ʩʝ 
ʛʫʙʠ ʧʨʠ ʠʟʧʘʨʷʚʘʥʝʪʦ ʥʘ ʚʦʜʘʪʘ. ʉʫʨʦʚʠʪʝ ʘʢʘʮʠʝʚʠ ʜʲʨʚʘ ʟʘ ʦʛʨʝʚ ʠʤʘʪ 
ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʚʣʘʛʘ ʥʝ ʧʦʚʝʯʝ ʦʪ 35%. ʊʝ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʛʦʨʝʥʝ ʚʝʜʥʘʛʘ 
ʩʣʝʜ ʧʨʠʙʠʨʘʥʝʪʦ.  

ɺ ʪʘʙʣʠʮʘ 2 ʩʘ ʧʦʢʘʟʘʥʠ ʦʩʥʦʚʥʠʪʝ ʝʥʝʨʛʠʡʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʙʷʣʘʪʘ ʘʢʘʮʠʷ 
(Robinia Pseudoacacia L.) 
 
 
ʊʘʙʣʠʮʘ 2. ɽʥʝʨʛʠʡʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʙʷʣʘʪʘ ʘʢʘʮʠʷ (Robinia Pseudoacacia L.) 

ʇʦʢʘʟʘʪʝʣʠ ʉʪʦʡʥʦʩʪʠ 

ʂʘʣʦʨʠʯʥʦʩʪ, kcal/kg 4598 

ʉʧʝʮʠʬʠʯʥʘ ʢʘʣʦʨʠʯʥʦʩʪ, kcal/dm3
 2680 

ʇʣʲʪʥʦʩʪ (ʧʨʠ ʩʪʘʥʜʘʨʪʥʘ ʚʣʘʞʥʦʩʪ), kg/m3
 800 

ʇʣʲʪʥʦʩʪ (ʚ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦ ʩʲʩʪʦʷʥʠʝ), kg/m3
 760 

ʆʙʝʤʥʘ ʧʣʲʪʥʦʩʪ, kg/m3
 475 

ɽʩʪʝʩʪʚʝʥʘ ʚʣʘʞʥʦʩʪ, % 35 

ʇʝʧʝʣʥʦ ʩʲʜʲʨʞʘʥʠʝ, % 2,5 

ʄʘʢʩʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʛʦʨʝʥʝ, ÁC 780 

 
 
ʇʣʲʪʥʦʩʪ 
ɸʢʘʮʠʷʪʘ ʝ ʚʠʜ ʜʲʨʚʝʩʠʥʘ ʩ ʚʠʩʦʢʘ ʧʣʲʪʥʦʩʪ, ʧʨʝʚʲʟʭʦʞʜʘʱʘ ʙʨʝʟʘʪʘ ʠ ʤʘʣʢʦ 

ʧʦ-ʥʠʩʢʘ ʦʪ ʜʲʙʘ. ʇʣʲʪʥʦʩʪʪʘ ʥʘ ʙʷʣʘʪʘ ʘʢʘʮʠʷ ʧʨʠ ʩʪʘʥʜʘʨʪʥʘ ʚʣʘʞʥʦʩʪ ʝ 800 
kg/m3, ʘ ʚ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦ ʩʲʩʪʦʷʥʠʝ ï 760 kg/m3. ʊʦʚʘ ʩʚʦʡʩʪʚʦ ʩʝ ʮʝʥʠ, ʟʘʱʦʪʦ 
ʧʣʲʪʥʦʪʦ ʜʲʨʚʦ ʛʦʨʠ ʧʦ-ʙʘʚʥʦ, ʟʘʧʘʟʚʘ ʪʦʧʣʠʥʘʪʘ ʧʦ-ʜʲʣʛʦ ʠ ʧʨʦʠʟʚʝʞʜʘ ʛʦʨʝʱʠ 
ʚʲʛʣʠʱʘ. ɺʠʩʦʢʘʪʘ ʧʣʲʪʥʦʩʪ ʥʘ ʘʢʘʮʠʷʪʘ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʩʧʝʩʪʠʪʝ ʤʷʩʪʦ ʚ ʤʘʣʢʠ 
ʧʨʦʩʪʨʘʥʩʪʚʘ. ɽʜʠʥ ʢʫʙʠʯʝʥ ʤʝʪʲʨ ʘʢʘʮʠʝʚʠ ʜʲʨʚʘ ʟʘ ʦʛʨʝʚ ʟʘʤʝʥʷ ʝʜʠʥ ʠ ʧʦʣʦʚʠʥʘ 
ʢʫʙʠʯʝʩʢʠ ʤʝʪʨʘ ʙʨʝʟʘ ʠʣʠ ʧʦʯʪʠ ʜʚʘ ʢʫʙʠʯʥʠ ʤʝʪʨʘ ʙʦʨ.  

ɺʩʷʢʦ ʝʜʥʦ ʜʲʨʚʦʪʦ ʠʤʘ ʤʥʦʛʦʢʣʝʪʲʯʥʘ ʚʣʘʢʥʝʩʪʘ ʩʪʨʫʢʪʫʨʘ ʦʪ ʩʣʦʞʝʥ ʪʠʧ. 
ʉʪʝʥʠʪʝ ʥʘ ʜʲʨʚʝʩʥʘʪʘ ʩʫʙʩʪʘʥʮʠʷ ʠʛʨʘʷʪ ʨʦʣʷʪʘ ʥʘ ʨʘʤʢʘ ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ 
ʜʲʨʚʦʪʦ. ʉʲʦʪʚʝʪʥʦ ʧʨʠ ʚʩʷʢʘ ʧʦʨʦʜʘ ʠ ʚʠʜ ʜʲʨʚʝʪʘ ʢʣʝʪʲʯʥʠʪʝ ʩʪʨʫʢʪʫʨʠ, ʬʦʨʤʠ ʠ 
ʨʘʟʤʝʨʠ ʥʘ ʢʣʝʪʢʠʪʝ ʚʘʨʠʨʘʪ, ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʢʦʝʪʦ ʩʧʝʮʠʬʠʯʥʦʪʦ ʪʝʛʣʦ ʥʘ ʜʲʨʚʦʪʦ 
ʱʝ ʙʲʜʝ ʨʘʟʣʠʯʥʦ, ʢʘʢʪʦ ʠ ʨʘʟʣʠʯʥʦʪʦ ʧʣʲʪʥʦʩʪ ʥʘ ʜʲʨʚʦʪʦ. 

ɺ ʪʘʙʣʠʮʘ 3 ʝ ʧʦʢʘʟʘʥʘ ʧʣʲʪʥʦʩʪʪʘ ʥʘ ʙʷʣʘʪʘ ʘʢʘʮʠʷ (Robinia Pseudoacacia L.) ʩ 
ʨʘʟʣʠʯʥʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʚʣʘʛʘ. 
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ʊʘʙʣʠʮʘ 3. ʇʣʲʪʥʦʩʪʪʘ ʥʘ ʙʷʣʘʪʘ ʘʢʘʮʠʷ (Robinia Pseudoacacia L.) ʩ ʨʘʟʣʠʯʥʦ 
ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʚʣʘʛʘ 

ɺʣʘʞʥʦʩʪ,% 15 20 25 30 40 50 60 70 80 100 *ʉʚʝʞʠ 

ʇʣʲʪʥʦʩʪ, 
kg/m3

 
810 830 840 860 930 990 1060 1190 1300 1330 1030 

*ʉʚʝʞʠ ï ʇʨʷʩʥʦ ʦʪʩʝʯʝʥʦ ʜʲʨʚʦ 

 
ɺʣʘʞʥʦʩʪʪʘ ʠʛʨʘʝ ʚʘʞʥʘ ʨʦʣʷ ʚ ʧʨʦʤʷʥʘʪʘ ʥʘ ʩʧʝʮʠʬʠʯʥʦʪʦ ʪʝʛʣʦ ʥʘ 

ʜʲʨʚʝʩʠʥʘʪʘ. ʇʦʨʘʜʠ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʪʦʟʠ ʤʘʪʝʨʠʘʣ, ʩ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʚʣʘʞʥʦʩʪʪʘ, 
ʧʣʲʪʥʦʩʪʪʘ ʥʘ ʜʲʨʚʝʩʠʥʘʪʘ ʩʲʱʦ ʩʝ ʫʚʝʣʠʯʘʚʘ. ʊʦʚʘ ʧʨʘʚʠʣʦ ʦʙʘʯʝ ʥʝ ʚʘʞʠ ʟʘ 
ʧʣʲʪʥʦʩʪʪʘ ʥʘ ʜʲʨʚʝʩʥʦʪʦ ʚʝʱʝʩʪʚʦ. ʄʘʢʩʠʤʘʣʥʘʪʘ ʧʣʲʪʥʦʩʪ ʥʘ ʙʷʣʘʪʘ ʘʢʘʮʠʷ ʝ 
1330 kg/m3 ʧʨʠ ʚʣʘʞʥʦʩʪ ʥʘ ʜʲʨʚʝʩʠʥʘʪʘ ï 100%. 

 
ʇʝʧʝʣʥʦ ʩʲʜʲʨʞʘʥʠʝ 
ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʧʝʧʝʣ ʦʧʨʝʜʝʣʷ ʧʨʦʮʝʥʪʘ ʥʘ ʥʝʟʘʧʘʣʠʤʠ ʤʠʥʝʨʘʣʠ ʚ 

ʜʲʨʚʘʪʘ ʟʘ ʦʛʨʝʚ. ʊʦʟʠ ʧʦʢʘʟʘʪʝʣ ʩʠʣʥʦ ʟʘʚʠʩʠ ʦʪ ʢʦʣʠʯʝʩʪʚʦʪʦ ʠ ʜʝʙʝʣʠʥʘʪʘ ʥʘ 
ʢʦʨʘʪʘ. ʇʝʧʝʣʥʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʙʷʣʘʪʘ ʘʢʘʮʠʷ ʝ 2,5%. 

ɹʷʣʘʪʘ ʘʢʘʮʠʷ ʩʝ ʧʨʠʯʠʩʣʷʚʘ ʢʲʤ ʪ. ʥʘʨ. Ăʫʥʠʚʝʨʩʘʣʥʠñ (mulipurpose) ʜʲʨʚʝʩʥʠ 
ʚʠʜʦʚʝ ʠ ʚ ʩʪʨʘʥʠʪʝ ʥʘ ʫʤʝʨʝʥʠʷ ʧʦʷʩ ʩʝ ʝ ʥʘʣʦʞʠʣ ʢʘʪʦ ʝʜʠʥ ʦʪ ʥʘʡ-
ʧʝʨʩʧʝʢʪʠʚʥʠʪʝ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʠʥʪʝʥʟʠʚʥʠ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠ ʠ ʨʝʥʪʘʙʠʣʥʠ ʛʦʨʩʢʠ 
ʢʫʣʪʫʨʠ. ʊʷ ʝ ʚ ʩʧʠʩʲʢʘ ʥʘ ʩʪʦʧʘʥʩʢʠ ʮʝʥʥʠʪʝ ʚʠʜʦʚʝ ʟʘ ʥʘʰʘʪʘ ʩʪʨʘʥʘ ʠ ʢʫʣʪʫʨʠʪʝ 
ʦʪ ʥʝʷ ʟʘʝʤʘʪ ʦʢʦʣʦ 4,0% ʦʪ ʛʦʨʩʢʠʷ ʬʦʥʜ. ʅʝʡʥʦʪʦ ʟʥʘʯʝʥʠʝ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʙʲʨʟʠʷ 
ʡ ʨʘʩʪʝʞ ʠ ʩʪʦʧʘʥʩʢʠ ʮʝʥʥʠʪʝ ʢʘʯʝʩʪʚʘ ʥʘ ʜʲʨʚʝʩʠʥʘʪʘ. ʊʦʚʘ, ʢʘʢʪʦ ʠ 
ʘʟʦʪʬʠʢʩʠʨʘʱʘʪʘ ʩʧʦʩʦʙʥʦʩʪ, ʧʣʘʩʪʠʯʥʦʩʪʪʘ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʧʦʯʚʝʥʠʪʝ ʫʩʣʦʚʠʷ, 
ʫʩʪʦʡʯʠʚʦʩʪʪʘ ʥʘ ʚʦʜʝʥ ʩʪʨʝʩ ʠ ʟʘʤʲʨʩʚʘʥʠʷ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʷ ʧʨʘʚʷʪ 
ʧʨʝʜʧʦʯʠʪʘʥ ʚʠʜ ʧʨʠ ʟʘʣʝʩʷʚʘʥʠʷ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʜʲʨʚʝʩʠʥʘ ʠ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ 
ʥʘ ʥʘʨʫʰʝʥʠ ʪʝʨʝʥʠ. 

ʀʥʪʝʥʟʠʚʥʦʪʦ ʣʝʩʦʨʘʟʚʲʞʜʘʥʝ ʧʨʠʜʦʙʠʚʘ ʚʩʝ ʧʦ-ʥʘʨʘʩʪʚʘʱʦ ʟʥʘʯʝʥʠʝ ʚ 
ʩʚʝʪʦʚʥʦʪʦ ʛʦʨʩʢʦ ʠ ʟʝʤʝʜʝʣʩʢʦ ʩʪʦʧʘʥʩʪʚʦ, ʦʩʦʙʝʥʥʦ ʚ ʩʪʨʘʥʠʪʝ ʩ ʚʠʩʦʢʦʨʘʟʚʠʪʘ 
ʜʲʨʚʦʧʨʝʨʘʙʦʪʚʘʱʘ ʧʨʦʤʠʰʣʝʥʦʩʪ. ʅʘʡ-ʯʝʩʪʦ ʧʨʠ ʥʝʛʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚʠʜʦʚʝ ʩ ʙʲʨʟ 
ʩʪʘʨʪʦʚ ʠ ʩ ʠʥʪʝʥʟʠʚʝʥ ʨʘʩʪʝʞ ʚ ʤʣʘʜʘ ʚʲʟʨʘʩʪ. ʉʨʝʜ ʪʷʭ ʥʘʤʠʨʘʪ ʤʷʩʪʦ ʠ ɹʷʣʘʪʘ 
ʘʢʘʮʠʷ (Robinia pseudoacacia L.) ʢʘʢʪʦ ʥʝʡʥʠʪʝ ʢʫʣʪʠʚʘʨʠ. ʊʷ ʝ ʚʠʜ ʩ ʤʥʦʛʦʩʪʨʘʥʥʠ 
ʧʨʝʢʠ ʠ ʢʦʩʚʝʥʠ ʧʦʣʝʟʥʦʩʪʠ, ʢʦʠʪʦ ʷ ʧʨʘʚʷʪ ʫʥʠʢʘʣʥʘ ʟʘ ʥʘʰʝʪʦ ʣʝʩʦʨʘʟʚʲʞʜʘʥʝ, 
ʧʯʝʣʘʨʩʪʚʦ ʠ ʣʝʩʦʤʝʣʠʦʨʘʮʠʷʪʘ. ʊʷ ʝ ʝʜʠʥ ʦʪ ʥʘʡ-ʧʨʦʠʟʚʦʜʠʪʝʣʥʠʪʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʠ 
ʚʠʜʦʚʝ ʚ ʫʩʣʦʚʠʷʪʘ ʥʘ ʨʘʚʥʠʥʥʠʪʝ ʠ ʭʲʣʤʠʩʪʦ-ʨʘʚʥʠʥʥʠʪʝ ʛʦʨʠ ʥʘ ɹʲʣʛʘʨʠʷ. 

ʉʪʦʧʘʥʩʢʦʪʦ ʟʥʘʯʝʥʠʝ ʥʘ ʘʢʘʮʠʷʪʘ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʜʲʨʚʝʩʠʥʘʪʘ ʡ, ʢʦʷʪʦ ʧʦ 
ʥʷʢʦʡ ʢʘʯʝʩʪʚʝʥʠ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʚʲʟʭʦʞʜʘ ʜʲʙʦʚʘʪʘ. ʊʷ ʥʘʤʠʨʘ ʰʠʨʦʢʦ ʧʨʠʣʦʞʝʥʠʝ 
ʚ ʝʥʝʨʛʝʪʠʢʘʪʘ, ʩʪʨʦʠʪʝʣʩʪʚʦʪʦ, ʤʝʙʝʣʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʢʦʣʘʨʩʪʚʦ, ʢʘʮʘʨʩʪʚʦ ʠ 
ʜʨʫʛʠ ʦʪʨʘʩʣʠ. ʃʠʩʪʘʪʘ ʡ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʧʨʠʛʦʪʚʷʥʝ ʥʘ ʩʠʣʘʞ ʚ ʞʠʚʦʪʥʦʚʲʜʩʪʚʦʪʦ. 
ʆʪ ʩʝʤʝʥʘʪʘ ʡ ʩʝ ʜʦʙʠʚʘ ʘʢʘʮʠʝʚʦ ʤʘʩʣʦ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʣʘʢʦʚʝ. ʂʦʨʘʪʘ ʠ 
ʢʣʦʥʠʪʝ ʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚʲʚ ʬʘʨʤʘʮʠʷʪʘ. ʆʪʣʠʯʥʦ ʤʝʜʦʥʦʩʥʦ ʨʘʩʪʝʥʠʝ ʢʘʪʦ 
ʩʨʝʜʥʠʷʪ ʜʦʙʠʚ ʥʘ ʤʝʜ ʦʪ 6 ʜʦ 30 ʛʦʜʠʰʥʘ ʚʲʟʨʘʩʪ ʥʘ ʢʫʣʪʫʨʠʪʝ ʚʲʟʣʠʟʘ ʦʪ 300 ʜʦ 
400 ʢʛ/ʭʘ ʛʦʜʠʰʥʦ. ɺʘʞʥʦ ʤʷʩʪʦ ʚ ʪʦʚʘ ʦʪʥʦʰʝʥʠʝ ʟʘʝʤʘʪ ʛʦʣʝʤʠʷʪ ʙʨʦʡ ʤʝʜʦʥʦʩʪʥʠ 
ʬʦʨʤʠ ʩ ʚʠʩʦʢʘ ʥʝʢʪʘʨʦʥʦʩʥʦʩʪ ʠ ʩ ʨʘʟʣʠʯʥʠ ʩʨʦʢʦʚʝ ʥʘ ʮʲʬʪʝʞ, ʢʦʠʪʦ ʧʨʠʜʦʙʠʚʘʪ 
ʘʢʪʫʘʣʥʦʩʪ ʠ ʩʘ ʧʨʝʜʤʝʪ ʥʘ ʞʠʚ ʠʥʪʝʨʝʩ ʦʪ ʩʪʨʘʥʘ ʥʘ ʥʘʰʠʪʝ ʧʯʝʣʘʨʠ. ʃʝʩʦʚʲʜʩʢʦʪʦ 
ʠ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʦ ʟʥʘʯʝʥʠʝʪʦ ʠ ʩʝ ʩʚʝʞʜʘ ʜʦ ʪʦʚʘ, ʯʝ ʝ ʜʦʙʲʨ ʧʦʯʚʦʧʦʜʦʙʨʠʪʝʣ 
ʢʘʪʦ ʧʦ ʫʥʛʘʨʩʢʠ ʜʘʥʥʠ ʝʜʥʘ ʜʚʘʜʝʩʝʪ ʛʦʜʠʰʥʘ ʢʫʣʪʫʨʘ ʥʘʪʨʫʧʚʘ 600-700 ʢʛ/ʭʘ ʯʠʩʪ 
ʘʟʦʪ ʚ ʧʦʯʚʘʪʘ ʠʣʠ ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʦʪ 5-7 ʪʦʨʦʚʠ ʥʦʨʤʠ. 

 
 



ɽʂʆʃʆɻʀʗ ʀ ɸɻʈʆʊɽʍʅʆʃʆɻʀʀ ï ʌʋʅɼɸʄɽʅʊɸʃʅɸ ʅɸʋʂɸ ʀ ʇʈɸʂʊʀʏɽʉʂɸ ʈɽɸʃʀɿɸʎʀʗ 

 198 

 
ɿʘʢʣʶʯʝʥʠʝ 
1. ɽʥʝʨʛʠʡʥʠʪʝ ʢʫʣʪʫʨʠ ʩʘ ʘʣʪʝʨʥʘʪʠʚʝʥ ʠʟʪʦʯʥʠʢ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʪʦʧʣʠʥʘ ʠ 

ʝʣʝʢʪʨʠʯʝʩʪʚʦ. ʊʝ ʦʩʠʛʫʨʷʚʘʪ ʫʩʣʦʚʠʷ ʟʘ ʜʠʚʝʨʩʠʬʠʢʘʮʠʷ ʥʘ ʝʥʝʨʛʠʡʥʠʪʝ ʠʟʪʦʯʥʠʮʠ 
ʚ ʦʪʜʝʣʥʠʪʝ ʩʪʨʘʥʠ ʥʘ ɽʉ ʠ ʩʘ ʚʘʞʝʥ ʬʘʢʪʦʨ ʟʘ ʫʩʪʦʡʯʠʚʦʪʦ ʨʘʟʚʠʪʠʝ ʥʘ 
ʩʫʨʦʚʠʥʥʠʪʝ ʨʝʩʫʨʩʠ, ʩʝʣʩʢʦʪʦ ʠ ʛʦʨʩʢʦʪʦ ʩʪʦʧʘʥʩʪʚʦ, ʝʥʝʨʛʝʪʠʢʘʪʘ ʠ ʠʥʜʫʩʪʨʠʷʪʘ. 

2. ʋʚʝʣʠʯʘʚʘʥʝʪʦ ʥʘ ʜʝʣʘ ʥʘ ʚʲʟʦʙʥʦʚʷʝʤʠʪʝ ʠʟʪʦʯʥʠʮʠ, ʚʢʣʶʯʠʪʝʣʥʦ 
ʙʠʦʤʘʩʘʪʘ, ʱʝ ʜʦʚʝʜʝ ʜʦ ʟʘʙʘʚʷʥʝ ʥʘ ʥʘʨʘʩʪʚʘʥʝʪʦ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ CO2 ʚ 
ʘʪʤʦʩʬʝʨʘʪʘ, ʘ ʩʧʘʟʚʘʥʝʪʦ ʥʘ ñʉʮʝʥʘʨʠʡ 450ò ʱʝ ʜʦʚʠʜʝ ʜʦ ʨʷʟʢʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ 
ʚʲʛʣʝʨʦʜʥʠʪʝ ʝʤʠʩʠʠ, ʢʦʝʪʦ ʝ ʜʦʩʪʘʪʲʯʥʦ ʟʘ ʩʧʠʨʘʥʝ ʥʘ ʛʣʦʙʘʣʥʦʪʦ ʟʘʪʦʧʣʷʥʝ. 

3. ʇʨʝʜʩʪʘʚʝʥʠ ʩʘ ʦʩʥʦʚʥʠʪʝ ʝʥʝʨʛʠʡʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʙʷʣʘʪʘ ʘʢʘʮʠʷ 
(Robinia Pseudoacacia L.) ʠ ʩʘ ʧʦʢʘʟʘʥʠ ʧʨʝʜʠʤʩʪʚʘʪʘ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʙʷʣʘ 
ʘʢʘʮʠʷ ʟʘ ʝʥʝʨʛʠʡʝʠ ʮʝʣʠ. 

4. ɹʷʣʘʪʘ ʘʢʘʮʠʷ Robinia pseudoacacia L. ʝ ʥʘʪʫʨʘʣʠʟʠʨʘʥ ʚʠʜ ʩ ʚʘʞʥʦ 
ʩʪʦʧʘʥʩʢʦ ʟʥʘʯʝʥʠʝ, ʢʦʡʪʦ ʩʣʝʜʚʘ ʜʘ ʧʨʦʜʲʣʞʠ ʜʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥ ʟʘ 
ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʜʝʛʨʘʜʠʨʘʥʠ ʪʝʨʝʥʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʙʠʦʤʘʩʘ ʚ ɹʲʣʛʘʨʠʷ ʩ 
ʦʛʣʝʜ ʥʝʧʨʝʢʲʩʥʘʪʦ ʥʘʨʘʩʪʚʘʱʦʪʦ ʧʦʪʨʝʙʣʝʥʠʝ ʥʘ ʜʲʨʚʝʩʠʥʘ ʚ ʥʘʮʠʦʥʘʣʝʥ ʠ 
ʩʚʝʪʦʚʝʥ ʤʘʱʘʙ. 
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Abstract 
The article presents the justification for planting a walnut orchard in the northern 

regions of the Russian Federation. The experiments were conducted in the Moscow region 
on a garden plot that has not been processed for more than 5 years. The following 
varieties of nuts were used: walnut (Juglans regia) variety Belarusian bunch (Belarus), 
walnut (Juglans regia) variety "Kocherzhenko" (Ukraine), Siebold nut (Juglans sieboldiana 
Max., syn. J. ailantifolia Carr.) (Russia-Japan) and heart-shaped nut (Juglans ailantifolia 
var. cordiformis Max.) (Japan). The possibility of obtaining healthy seedlings of various 
varieties for the distribution of walnut in the Moscow region of the Russian Federation as a 
garden culture is shown. 

Key words: nut plants, walnut, fallow, anthropozem, walnut orchard. 
 

Introduction 
Today, the leading walnut producing countries are China, USA, Iran, Turkey, Mexico, 

Ukraine, Chile, Romania, Uzbekistan and Greece. However, if in China high volumes of 
production are obtained due to large areas of walnut plantations, then in the USA, where 
98% of plantations are located in the state of California, the emphasis is on the 
intensification of the growing process (Biganova et al., 2020). 

The regions of walnut growing in Russia are traditionally the North Caucasus and the 
South of Russia. Almost 70% of the total production of walnuts is harvested in the 
southern regions of Russia. From 12-year-old trees in the Krasnodar Territory, 24-28 kg of 
walnuts are harvested (Kornienko, 2022). 

In Northern Russia walnut growing is mostly amateur. However, in nurseries you can 
find a large variety of nut seedlings. Nevertheless, the main forest-forming species in the 
forest fund of the Russian Federation: larch, pine, spruce, cedar, oak, beech, birch, aspen 
ï more than 90% of forest lands. Other tree species (pear, chestnut, walnut, Manchurian 
walnut, etc.) ï occupy less than 1% of the land. It is believed that hazelnuts contain less 
fat (less than 65%), but they get sick less and the quality of nuts is higher (Alrmashdi, 
2013). 

The main distribution of forest vegetation falls on the territory where the temperature, 
in the month of July, exceeds the mark of ten degrees Celsius. And at the same time there 
is sufficient hydration (Sokolova and Mamontov, 2016). 

 

Materials and methods 
According to observations of the Main Moscow Botanical Garden of Academy 

Sciences (GBS), the collection of nut-bearing plants of which has existed since 1978, there 
are stable specimens with the greatest frost resistance, almost not damaged by diseases; 
trees with minor damage, slightly affected by diseases, but multi-stemmed, sometimes 

mailto:bakhitowaar@mail.ru
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with basal growth; trees that are poorly resistant in the climate of Moscow, in varying 
degrees degrees affected by diseases that have passed into a stunted, bush-like form and 
have lost the ability to form fruits.  

In the botanical garden, an undersized perishable form of the species Juglans regia 
was revealed. The prospects of further distribution of walnut, especially of early-fruiting 
forms, in the Moscow region as a garden culture are shown. Regions from the places of 
natural growth, the parallel of 55Á s. s. is far from the limit for its existence, since individual 
Juglans regia trees are found beyond the Arctic Circle (Shekhmirzova and Bzhetseva, 
2014). 

As the practice of cultivation shows, the walnut has made significant progress in the 
northern regions. So, in the walnut grove of the flora department of the GBS, about 70 kg 
of nuts are obtained, without special care, which means the success of the introduction for 
the Moscow region. In some years, with proper care, the yield of walnuts is 100 kg per 
tree, without care and with a lack of sunlight, it can decrease to 5 kg per tree. According to 
GOST 16832-71, nuts correspond to the first commercial grade. The decisive factor in the 
cultivation of walnut is considered to be good illumination and protection from strong winds 
that cause damage to the bark and diseases of the trunks (GOST 16832-71). 

Despite the very small percentage of nut-bearing in the northern part of the Russian 
Federation, nuts are grown in private subsidiary farms (private farms), sometimes quite 
successfully. And the lack of industrial nut orchards is associated with a lack of data and 
the lack of adapted agricultural machinery. 

Taking into account the adaptive abilities of walnut, climate warming and the need to 
develop deposits, the authors of the article set out to lay a walnut orchard in the Moscow 
region on a garden plot that has not been cultivated for more than 5 years. For further 
development of agrotechnics adapted to the conditions of the region.  

The seedlings were obtained from nuts purchased from enterprises specializing in 
the collection, storage and transportation of seeds from different regions of the Russian 
Federation. After three months of stratification in humid conditions at temperatures around 
zero degrees Celsius, seedlings were obtained with a height of about 20-25 cm, having 
from 4 to 6 well-developed leaves. 

Sowing was carried out at the end of April 2023. The soil of the experimental site is 
an anthropozem in the forest zone of the west of the Moscow region. In general, the terrain 
is composed of water-glacial sands with layers of loam and sandy loam, on which sod-
medium- and sod-strongly podzolic soils are formed in higher areas, and gley ï in lower 
ones. In the soil of an experienced participantIn the soil of the experimental site, there are 
both spots of podzolization and gluing.  

The plot has not been processed for more than 5 years. There are inclusions of trees 
burned in a fire. The plot is covered with grassy vegetation (mainly lupin and ashweed). 
There is a birch-spruce forest around the experimental site. A shallow forest river is 50 
meters away.  

 

Results and discussion  
Taking into account the climatic indicators of 2022 (Table 1), as well as the 

impossibility of tillage by machinery due to woody growth, stumps, a large number of cut 
branches, it was decided to plant seedlings directly into the ground, without any tillage. 
The sod layer was about 10 cm. The anchor root of the nuts at the time of planting was 25-
30 cm with a slight branching in the upper part. 
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Table 1. Climatic conditions of 2022 at the experimental site, which is located in the west 
of the Ruza district of the Moscow region 
 

Month 

Average daytime 
air temperature, 

oC 

Average air 
temperature at night, 

oC 

Number of 
sunny days 

Number of 
rainy days 

Precipita-
tion, mm 

January -6,5 -11,3 0 3 23,47 

February -3,8 -9,4 0 3 24,24 

March +0,2 -6,1 1 6 24,39 

April +9,8 +1,1 8 12 27,42 

May +18,8 +8,3 17 13 32,75 

June +21,4 +10,6 17 12 33,13 

July +24,6 +13,5 16 12 23,87 

August +23,2 +12,3 23 9 17,42 

September +16,0 +7,7 12 10 21,78 

October +7,5 +1,9 6 11 28,84 

November +1,5 -1,9 4 9 25,98 

December -3,1 -7,0 1 5 31,47 

 

 

During the growth process, the seedlings were surrounded by grass, which was 
mowed 2 times per season and only partially and only after the end of flowering. It was 
assumed that the natural vegetation of the site is a fodder base for possible pollinators in 
the future, and the grass retains moisture, accumulates dew in the morning and evening 
hours, which creates a favorable microclimate. Watering was carried out 3 times per 
season and only when the period without rain was more than two weeks. Well water with 
dissolved phosphorus-potassium fertilizers was used for irrigation. Since it is planned to 
obtain stunted trees, and the site was a multi-year deposit, it was decided not to use 
nitrogen fertilizers in the first year of cultivation.  

The growing season was characterized by the following climatic indicators ï Table 2. 
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Table 2. Climatic indicators of the growing season of the experimental site, in the west of 
the Ruzsky district of the Moscow region in 2023 (according to the Vnukovo weather 
station) 
 

Month 

Average daytime 

air temperature, 
oC 

Average air 

temperature at 

night, oC 

Number of 

sunny days 

Number of 

rainy days 

Precipitation, 

mm 

April +6,2 +4,0 5 1 85,9 

May +18,0 +5,3 13 10 121,6 

June +20,5 +10 15 11 103,7 

July +25,8 +15 10 15 132,7 

August +25,9 +15 10 9 59,2 

September +20,1 +10 13 0 55,7 

 

By the end of the growing season (early October), the plants reached 50 cm in 
height, had 7-8 developed leaves, buds in each leaf axil, some have 2-3 apical buds, and 
a woody trunk up to the first leaf, Fig. 1. 
 

 

  

 

Figure 1. The condition of seedlings at the beginning of October 2023 
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Chemical means of protection were not used. In early October, the circle around the 
tree trunk was mulched with sawdust. 

In general, the climate of the area is favorable for laying a walnut orchard. A steady 
temperature transition through 0Á refers approximately to the end of March ï beginning of 
April. In winter (especially in December and February), thaws are frequent, caused by 
Atlantic and (less often) Mediterranean cyclones. They are usually short-lived, their 
average duration is 4 days. Days with frosts are recorded even in the summer months with 
the exception of July and August. The duration of the vegetative period is about 180 days. 
The average annual wind speed is 2.4 m/s. The maximum of the average monthly wind 
speed is observed in February and November, reaching a value of 2.9 m/s, the minimum ï 
in July-August ï 1.6-1.8 m/s (Gismeteo.ru). 

In recent years, the timing of frosts has been postponed, and the frost-free period is 
increasing. In the conditions of the modern climate, frosts do not have such a negative 
impact on trees and shrubs as before, however, their influence cannot be excluded.  

A similar situation was observed by researchers in St. Petersburg. When comparing 
the date of the onset of frosts in the XX century (a period of 21 years for 1980-2000) and 
for the same period in the XXI century (2001-2021), it turned out that the average end date 
of spring frosts in the XX century was April 29. And accordingly, in the first two decades of 
the XXI century ï April 23. That is, a change of 6 days. in the direction of their earlier 
termination. Accordingly, in the fall, the change from October 15 to October 19 ï that is, an 
extension of 4 days. The total lengthening of the frost-free period for these two groups of 
years is 10 days (Firsov, 2022). 

The phenomenon of dichogamy characteristic of nut-bearing plants has a strong 
effect on yield. So, in the experiments of 2010-2014. In the Krasnodar Region, researchers 
have shown that the flowering period of male and female flowers on protogynous trees is 
longer than that of protandric trees. The yield of protogynous individuals was 10-15% 
higher than that of protandric individuals. It is noted that the duration of flowering of 
pistillate flowers is significantly influenced by weather conditions during the flowering 
period. In particular, a relatively moderate air temperature, 16-190C, and a relatively high 
relative humidity of 80-90% stretch the flowering period for 7-8 days. In dry years (average 
temperature 19,50C, humidity 62%), the duration of flowering of male and female flowers is 
5-7 days shorter than in optimal flowering conditions. Dichogamy was not observed in 
most trees. 

On average, the time interval between the opening of heterosexual flowers, both on 
protogynous and protoandric trees in different years was 3-7 days. The period of 
simultaneous flowering and staminate flowers within one individual was 1-4 (2) days. In 
5% of individuals, the flowering of pistillate and staminate flowers did not coincide at all.  

At the same time, there was not a single form with a mixed (polygamous) type of 
flowering, when the flowering period of staminate and pistillate flowers of one individual 
would completely coincide. In walnut, this type of flowering is noted in 8% of trees; 
therefore, walnut nuts are characterized by increased and stable fruit yield. In black walnut 
trees with the maximum period of coincidence of heterosexual flowers, the yield over the 
years was higher and more stable than in other individuals. 

Observations of the development of nut-bearing plants at the experimental site, 
which is located in the west of the Ruzsky district of the Moscow region in 2023, showed 
well-developed buds in all nut-bearing seedlings (Fig. 2).  
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Figure 2. The condition of seedlings at the end of October 2023 

 

 

This laid-out garden is a collector's garden and further observations of the 
development and growth of nut-bearing plants are necessary to decide on the laying of a 
full-fledged garden. When laying the garden, the varieties presented in Table 3 were used. 
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Table 3. Types, varieties of nuts used at the experimental site in the Moscow region 
 

Types,varieties 
of nuts 

Walnut 
(Juglans regia) 
is a Belarusian 
grape variety. 

Walnut (Juglans 
regia) variety ï 
Kocherzhenko 

Siebold nut (Juglans 
sieboldiana Max., 
syn. J. ailantifolia 

Carr.) 

Heart-shaped nut 
(Juglans 

ailantifolia var. 
cordiformis Max.) 

Origin 

Bred in the 
north of 
Belarus 

Bred by breeder I.E. 
Kocherzhenko in 

Kiev, based on the 
Ideal variety 

Sakhalin, the Kuril 
Islands and the 

mountain forests 
of Japan 

Japan 

Maturation 
velocity 

Early maturing Early maturing Early maturing ï 

Growth 3.0-4.5 m 1.5-3.0 m 15.0-20.0 m 7.0-12.0 m 

Fruit shape 

Cluster-
shaped, 5-6 
pieces in a 

bunch 

Cluster-shaped, 2-
11 pieces in a 

bunch 

Cluster-shaped, 
up to 20 pieces in 

a bunch 

Bunchy, 8-12 
pieces in a bunch 

The first 
flowering 

In 2-4 years In 2-3 years In 5-7 years In 6-8 years 

Crown Shape Spherical Sparse compact 
Tent-shaped, 

loose 
Wide-ovoid 

The need for a 
pollinator 

Self-fertile, it is 
desirable to 

plant a second 
plant 

We need a 
pollinator, a tree of 
a different variety 

Self-fertile, it is 
desirable to plant 

a second plant 

Self-fertile, it is 
desirable to plant 
a second plant 

Maturation 
period 

September August-October September September 

Taste 
Tender, buttery 

and slightly 
sweet 

Pronounced (tart 
with bitterness and 
hints of sweetness) 

Characteristic of 
walnut, but without 

bitterness 

Characteristic of 
walnut, but 

without bitterness 

Disease 
resistance 

Good Good 
It is affected by 

tinder 

It is affected by 
tinder and fungal 

diseases 

Resistance to 
adverse 

conditions 

Resistant to 
drought 

Frost-resistant, 
withstands frosts up 

to - 30 degrees 

Hardy, damaged 
only in severe 

frosts 
Hardy 

Yield, kg per tree 
60 kg or more 
for 5-6 years 

Up to 40 kg for the 
6th year 

For the 8th year 
 

Up to 110 kg for 
20 years 

 

 
Conclusion 
For more than 50 years of acclimatization of walnut in the conditions of the Moscow 

region of the Russian Federation, immune and productive plants have been obtained. The 
selection of walnuts is complicated by the fact that the germination of nuts is greatly 
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reduced during transportation, in dry and warm conditions. The authors of the article set 
out to grow a nut orchard by combining the conditions of the garden and the forest. With 
minimal tillage, planting medicinal plants between trees, planting plants around the 
perimeter to attract bees. This short experience has shown the possibility of obtaining 
healthy, well-developed walnut plants in the climatic conditions of the west of the Moscow 
region. By the end of autumn, the plants had laid a sufficient number of buds, lignified in 
the lower part of the trunk, received phosphorus-potassium fertilizing in sufficient quantities 
and mulched for overwintering. No additional measures were taken to protect the garden 
from frost. Under the condition of successful overwintering, in the spring, observations will 
be carried out of flowering and pollination of plants.  
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ʈʝʟʶʤʝ 
ɽʨʦʟʠʷʪʘ ʥʘ ʧʦʯʚʘʪʘ ʝ ʩʨʝʜ ʦʩʥʦʚʥʠʪʝ ʟʘʧʣʘʭʠ ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʩʝʣʩʢʦʪʦ 

ʩʪʦʧʘʥʩʪʚʦ ʥʝ ʩʘʤʦ ʫ ʥʘʩ, ʥʦ ʠ ʚ ʮʝʣʠʷ ʩʚʷʪ. ʋʩʲʚʲʨʰʝʥʩʪʚʘʥʝʪʦ ʥʘ ʥʦʚʠʪʝ 
ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʧʦʯʚʘʪʘ ʠ ʚʲʚʝʞʜʘʥʝʪʦ ʥʘ ʥʦʚʠ ʨʘʩʪʠʪʝʣʥʠ ʚʠʜʦʚʝ 
ʥʘʣʘʛʘʪ ʟʘʩʠʣʚʘʥʝ ʥʘ ʧʦʯʚʦʟʘʱʠʪʥʠʪʝ ʤʝʨʢʠ. ʇʦʟʥʘʚʘʥʝʪʦ ʥʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ 
ʝʨʦʟʠʷʪʘ ʤʦʞʝ ʟʥʘʯʠʪʝʣʥʦ ʜʘ ʥʘʤʘʣʠ ʟʘʛʫʙʘʪʘ ʥʘ ʧʣʦʜʦʨʦʜʥʘ ʧʦʯʚʘ. ʅʘ 
ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʩʪʨʘʥʘʪʘ ʥʠ ʩʝ ʥʘʙʣʶʜʘʚʘ ʢʘʢʪʦ ʚʦʜʥʘ, ʪʘʢʘ ʠ ʚʝʪʨʦʚʘ ʝʨʦʟʠʷ. 
ʇʦʨʘʜʠ ʨʘʚʥʠʥʥʠʷ ʨʝʣʝʬ ʥʘ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʩʝʣʦ ʊʨʲʩʪʝʥʠʢ, ʩʝʣʩʢʦʪʦ ʩʪʦʧʘʥʩʪʚʦ ʝ 
ʩʠʣʥʦ ʨʘʟʚʠʪʦ. ɿʝʤʷʪʘ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩʲʩ ʩʣʘʙʘ ʜʦ ʩʨʝʜʥʘ ʚʝʪʨʦʚʘ ʝʨʦʟʠʷ. ɺ 
ʧʫʙʣʠʢʘʮʠʷʪʘ ʝ ʥʘʧʨʘʚʝʥʘ ʦʮʝʥʢʘ ʥʘ ʧʦʜʘʪʣʠʚʦʩʪ ʢʲʤ ʜʝʬʣʘʮʠʷ ʥʘ ʧʦʯʚʠʪʝ ʦʪ 
ʟʝʤʣʠʱʝʪʦ ʥʘ ʩ. ʊʨʲʩʪʝʥʠʢ. 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʧʦʯʚʘ, ʚʝʪʨʦʚʘ ʝʨʦʟʠʷ, ʦʙʨʘʙʦʪʚʘʝʤʘ ʟʝʤʷ. 
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Abstract 
Soil erosion is among the major threats to the development of agriculture not only in 

our country, but also throughout the world. The improvement of new soil processing 
technologies and the introduction of new plant species necessitate the strengthening of 
soil protection measures. Knowing the progress of erosion can significantly reduce the loss 
of fertile soil. Both water and wind erosion are observed on the territory of our country. Due 
to the flat relief of the territory of the village of Trastenik, agriculture is highly developed. 
The land is characterized by weak to medium wind erosion. In this study assessment of 
soil erodibility was made for the territory of Trastenik, Ruse region.  

Key words: soil, wind erosion, agricultural land. 
 
 

ɺʲʚʝʜʝʥʠʝ 
ʉʲʚʨʝʤʝʥʥʠʪʝ ʪʝʤʧʦʚʝ ʥʘ ʨʘʟʚʠʪʠʝ ʥʘ ʦʙʱʝʩʪʚʦʪʦ ʠ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʠʷ ʩʝʢʪʦʨ 

ʠʟʠʩʢʚʘ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʤʝʨʢʠʪʝ ʟʘ ʟʘʱʠʪʘ ʥʘ ʧʦʯʚʘʪʘ ʦʪ ʝʨʦʟʠʷ. ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 
ʨʘʟʣʠʯʥʠ ʤʝʪʦʜʠ ʠ ʧʨʘʢʪʠʢʠ ʧʨʠ ʦʙʨʘʙʦʪʢʘ ʥʘ ʧʦʯʚʘʪʘ ʠʤʘ ʟʥʘʯʠʪʝʣʥʦ ʚʲʟʜʝʡʩʪʚʠʝ 
ʚʲʨʭʫ ʥʝʷ ʠ ʙʠ ʤʦʛʣʦ ʜʘ ʜʦʚʝʜʝ ʜʦ ʟʘʩʠʣʚʘʥʝ ʥʘ ʜʝʛʨʘʜʘʮʠʦʥʥʠʪʝ ʧʨʦʮʝʩʠ. 
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ɽʨʦʟʠʷʪʘ ʥʘ ʧʦʯʚʘʪʘ ï ʚʦʜʥʘ ʠ ʚʝʪʨʦʚʘ, ʫʧʣʲʪʥʷʚʘʥʝʪʦ ʠ ʥʘʤʘʣʷʚʘʥʝʪʦ ʥʘ 
ʧʦʯʚʝʥʦʪʦ ʦʨʛʘʥʠʯʥʦ ʚʝʱʝʩʪʚʦ ʧʨʠʯʠʥʷʚʘʪ ʟʥʘʯʠʪʝʣʥʠ ʟʘʛʫʙʠ ʥʘ ʦʙʨʘʙʦʪʚʘʝʤʠʪʝ 
ʧʣʦʱʠ ʚ ɹʲʣʛʘʨʠʷ (ɼʠʤʠʪʨʦʚ, 2013). ʅʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʫʩʪʦʡʯʠʚʠ 
ʟʝʤʝʜʝʣʩʢʠ ʩʠʩʪʝʤʠ ʠʟʠʩʢʚʘ ʦʧʘʟʚʘʥʝ ʥʘ ʧʦʯʚʠʪʝ ʦʪ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘ 
ʜʝʛʨʘʜʘʮʠʦʥʥʠʪʝ ʧʨʦʮʝʩʠ ʠ ʩʲʭʨʘʥʷʚʘʥʝ ʥʘ ʧʦʯʚʝʥʠʪʝ ʬʫʥʢʮʠʠ (ʂʫʥʯʝʚʘ, ɼʠʤʠʪʨʦʚ, 
2018). ɺʝʪʨʦʚʘʪʘ ʝʨʦʟʠʷ ʝ ʨʘʟʚʠʪʘ ʥʘ ʤʝʩʪʘʪʘ ʢʲʜʝʪʦ ʨʘʩʪʠʪʝʣʥʦʩʪʪʘ ʣʠʧʩʚʘ ʠ ʥʘ 
ʦʪʢʨʠʪʠ ʠ ʥʝʟʘʱʠʪʝʥʠ ʦʪ ʜʝʡʩʪʚʠʝʪʦ ʥʘ ʚʷʪʲʨʘ ʦʙʨʘʙʦʪʚʘʝʤʠ ʟʝʤʠ. ɻʨʘʧʘʚʦʩʪʪʘ ʥʘ 
ʜʘʜʝʥʘ ʧʦʯʚʘ ʜʦ ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʦʧʨʝʜʝʣʷ ʧʦʜʘʪʣʠʚʦʩʪʪʘ Ⱬ ʢʲʤ ʜʝʬʣʘʮʠʷ. ʇʨʠ 
ʦʙʨʘʙʦʪʢʘ ʥʘ ʧʦʯʚʘʪʘ ʩʝ ʦʙʨʘʟʫʚʘʪ ʙʫʮʠ, ʢʦʠʪʦ ʩʥʦʨʝʜ ʨʘʟʤʝʨʠʪʝ ʩʠ ʫʩʪʦʷʚʘʪ ʚ 
ʨʘʟʣʠʯʥʘ ʩʪʝʧʝʥ ʥʘ ʜʝʡʩʪʚʠʝʪʦ ʥʘ ʚʷʪʲʨʘ. ʇʦ-ʝʜʨʠʪʝ ʧʦ ʨʘʟʤʝʨ ʯʘʩʪʠʮʠ ʩʝ ʦʪʥʘʩʷʪ 
ʧʦ-ʪʨʫʜʥʦ ʦʪ ʚʷʪʲʨʘ. ɺ ʩʲʱʦʪʦ ʚʨʝʤʝ ʪʝ ʟʘʜʲʨʞʘʪ ʧʦ-ʬʠʥʥʠʪʝ ʯʘʩʪʠʮʠ ʜʘ ʥʝ ʙʲʜʘʪ 
ʦʪʥʝʩʝʥʠ.  

ʆʙʝʢʪ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʚʣʠʷʥʠʝʪʦ ʥʘ ʚʝʪʨʦʚʘʪʘ ʝʨʦʟʠʷ ʚʲʨʭʫ ʧʦʯʚʠʪʝ ʚ 
ʟʝʤʣʠʱʝʪʦ ʥʘ ʩ. ʊʨʲʩʪʝʥʠʢ, ʦʙʣʘʩʪ ʈʫʩʝ. ʎʝʣʪʘ ʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʠʥʜʝʢʩʲʪ ʥʘ 
ʧʦʜʘʪʣʠʚʦʩʪ ʥʘ ʧʦʯʚʘʪʘ ʢʲʤ ʜʝʬʣʘʮʠʷ (t/ha y).  
 

ʄʘʪʝʨʠʘʣʠ ʠ ʤʝʪʦʜʠ 
ɿʝʤʣʠʱʝʪʦ ʝ ʨʘʟʧʦʣʦʞʝʥʦ ʥʘ 25 ʢʤ ʶʛʦʠʟʪʦʯʥʦ ʦʪ ʛʨʘʜ ʈʫʩʝ, ʚ ʠʟʪʦʯʥʘʪʘ ʯʘʩʪ 

ʥʘ ɼʫʥʘʚʩʢʘʪʘ ʨʘʚʥʠʥʘ. ɺ ʨʝʣʝʬʥʦ ʦʪʥʦʰʝʥʠʝ ʪʝʨʠʪʦʨʠʷʪʘ ʝ ʜʦʙʨʝ ʠʟʨʘʟʝʥʦ 
ʭʲʣʤʠʩʪʘ. ʇʦʯʚʦʦʙʨʘʟʫʚʘʱʠʪʝ ʩʢʘʣʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʦʪ ʣʴʦʩ. ɺ ʢʣʠʤʘʪʠʯʥʦ 
ʦʪʥʦʰʝʥʠʝ, ʨʘʡʦʥʲʪ ʝ ʩ ʷʩʥʦ ʠʟʨʘʟʝʥ ʢʦʥʪʠʥʝʥʪʘʣʝʥ ʭʘʨʘʢʪʝʨ ï ʩʪʫʜʝʥʘ ʟʠʤʘ ʠ 
ʛʦʨʝʱʦ ʣʷʪʦ. ʉʨʝʜʥʘʪʘ ʩʝʟʦʥʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʝ ʧʦʜ 0 Áʉ, ʘ ʩʨʝʜʥʘʪʘ ʛʦʜʠʰʥʘ 
ʪʝʤʧʝʨʘʪʫʨʘ ʝ 11,7 Áʉ. ʉʨʝʜʥʦʛʦʜʠʰʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʚʘʣʝʞʠʪʝ ʝ 550-650 ʤʤ.  

ɿʘ ʪʝʨʠʪʦʨʠʷʪʘ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʧʦʯʚʝʥʦ-ʢʘʨʪʦʛʨʘʬʩʢʠ ʧʨʦʫʯʚʘʥʠʷ ʧʨʝʟ 
ʤʝʩʝʮʠʪʝ ʩʝʧʪʝʤʚʨʠ ʠ ʦʢʪʦʤʚʨʠ ʚʲʨʭʫ ʪʦʧʦʛʨʘʬʩʢʘ ʢʘʨʪʘ ʚ ʄ 1:10 000 (ʇʦʯʚʝʥʘ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʟʝʤʠʪʝ ʚ ʟʝʤʣʠʱʝʪʦ ʥʘ ʩ. ʊʨʲʩʪʝʥʠʢ, ʦʙʣʘʩʪ ʈʫʩʝ, ʄ 1:10 000). 
ʄʦʜʝʣʲʪ ʚʲʚ ʬʫʥʢʮʠʷ ʦʪ ʬʘʢʪʦʨʠʪʝ ʥʘ ʚʝʪʨʦʚʘʪʘ ʝʨʦʟʠʷ ʝ ʨʘʟʨʘʙʦʪʝʥ ʚ ʉɸʑ ʟʘ 
ʮʝʣʠʪʝ ʥʘ ʧʨʦʪʠʚʦʝʨʦʟʠʦʥʥʦʪʦ ʧʨʦʝʢʪʠʨʘʥʝ (Woodruff and Siddoway, 1965; Skidmore 
and Hagen, 1970) ʠ ʝ ʠʟʚʝʩʪʝʥ ʢʘʪʦ ʋʨʘʚʥʝʥʠʝ ʟʘ ʧʨʦʛʥʦʟʠʨʘʥʝ ʥʘ ʧʦʯʚʝʥʠʪʝ ʟʘʛʫʙʠ 
ʦʪ ʚʝʪʨʦʚʘ ʝʨʦʟʠʷ (Wind Erosion Equation ï WEQ): 

 
E=f (I x K x C x L x V),   
 
ʢʲʜʝʪʦ: 
ɽ ʝ ʩʨʝʜʥʦʛʦʜʠʰʥʘ ʧʦʪʝʥʮʠʘʣʥʘ ʟʘʛʫʙʘ ʥʘ ʧʦʯʚʘ ʦʪ ʝʜʠʥʠʮʘ ʧʣʦʱ (t ha/y); 
I ʝ ʠʥʜʝʢʩ ʟʘ ʧʦʜʘʪʣʠʚʦʩʪ ʥʘ ʧʦʯʚʘʪʘ ʢʲʤ ʜʝʬʣʘʮʠʷ (t ha/y); 
K ʝ ʠʥʜʝʢʩ ʟʘ ʛʨʘʧʘʚʦʩʪ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ; 
C ʝ ʢʣʠʤʘʪʠʯʝʥ ʬʘʢʪʦʨ; 
L ʝ ʩʨʝʜʥʘ ʥʝʟʘʱʠʪʝʥʘ ʜʲʣʞʠʥʘ ʥʘ ʧʦʣʝʪʦ (m); 
V ʝ ʨʘʩʪʠʪʝʣʥʘ ʧʦʢʨʠʚʢʘ (kg/ha). 
ʇʦʜʘʪʣʠʚʦʩʪʪʘ ʥʘ ʧʦʯʚʘʪʘ ʢʲʤ ʜʝʬʣʘʮʠʷ ʝ ʦʮʝʥʝʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʛʥʦʟʥʠʪʝ 

ʩʨʝʜʥʦʛʦʜʠʰʥʠ ʟʘʛʫʙʠ ʥʘ ʧʦʯʚʘ ʦʪ ʜʝʬʣʘʮʠʷ [t/ha y], ʠʟʯʠʩʣʝʥʠ ʚʲʚ ʬʫʥʢʮʠʷ ʦʪ 
ʤʝʭʘʥʠʯʥʠʷ ʩʲʩʪʘʚ ʥʘ ʧʦʯʚʠʪʝ ʠ ʢʣʘʩʠʬʠʮʠʨʘʥ ʚ 5 ʛʨʫʧʠ (ʈʫʩʝʚʘ ʠ ʢʦʣʝʢʪʠʚ, 2010): 
ʩʣʘʙʘ (>0>=125); ʩʣʘʙʘ ʜʦ ʩʨʝʜʥʘ (125>=150); ʩʨʝʜʥʘ (150>=200); ʩʨʝʜʥʘ ʜʦ ʩʠʣʥʘ 
(200>=275); ʩʠʣʥʘ ʧʦʜʘʪʣʠʚʦʩʪ (>275).  
 

ʈʝʟʫʣʪʘʪʠ ʠ ʦʙʩʲʞʜʘʥʝ  
ʆʪ ʥʘʧʨʘʚʝʥʠʪʝ ʧʦʯʚʝʥʠ ʧʨʦʫʯʚʘʥʠʷ ʩʘ ʫʩʪʘʥʦʚʝʥʠ 8 ʧʦʯʚʝʥʠ ʨʘʟʣʠʯʠʷ. 

ʇʨʝʦʙʣʘʜʘʚʘʪ ʯʝʨʥʦʟʝʤʠʪʝ, ʢʘʪʦ ʟʘʝʤʘʪ ʧʣʦʱ ʦʪ ʦʢʦʣʦ 53 ʭʠʣ. ʜʢʘ. ʅʘ ʬʠʛʫʨʘ 1 ʝ 
ʧʨʝʜʩʪʘʚʝʥʦ ʧʨʦʮʝʥʪʥʦʪʦ ʩʲʦʪʥʦʰʝʥʠʝ ʥʘ ʧʦʯʚʝʥʠʪʝ ʨʘʟʣʠʯʠʷ ʥʘ ʪʝʨʠʪʦʨʠʷʪʘ. ʉ 
ʥʘʡ-ʛʦʣʷʤʘ ʧʣʦʱ ʩʘ ʊʠʧʠʯʥʠʪʝ ʯʝʨʥʦʟʝʤʠ, ʩʨʝʜʥʦ ʤʦʱʥʠ ï ʦʢʦʣʦ 13 ʭʠʣ. ʜʢʘ ʠʣʠ 
24%.  
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ʌʠʛʫʨʘ 1. ʇʨʦʮʝʥʪʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʧʦʯʚʝʥʠʪʝ ʨʘʟʣʠʯʠʷ ʥʘ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʩ. 

ʊʨʲʩʪʝʥʠʢ, ʦʙʣ. ʈʫʩʝ 
 
 

ʉ ʥʘʡ-ʤʘʣʢʘ ʧʣʦʱ ʩʘ ʊʠʧʠʯʥʠ ʯʝʨʥʦʟʝʤʠ, ʩʣʘʙʦ ʝʨʦʜʠʨʘʥʠ-1,52% ʠ 
ɼʝʣʫʚʠʘʣʥʦ-ʣʠʚʘʜʥʠ ʧʦʯʚʠ, ʤʦʱʥʠ-2,28%.  
 

 
ʌʠʛʫʨʘ 2. ʂʘʨʪʘ ʥʘ ʧʦʜʘʪʣʠʚʦʩʪʪʘ ʥʘ ʧʦʯʚʠʪʝ ʢʲʤ ʜʝʬʣʘʮʠʷ 
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36,5% ʦʪ ʪʝʨʠʪʦʨʠʷʪʘ ʝ ʩʲʩ ʩʪʦʡʥʦʩʪʠ ʜʦ 85 t ha/y, ʘ ʦʩʪʘʥʘʣʠʪʝ 63,4% ʩʘ ʜʦ 

100 t ha/y.  
 
 

ʊʘʙʣʠʮʘ 1. ʉʪʦʡʥʦʩʪʠ ʥʘ ʠʥʜʝʢʩʘ ʟʘ ʧʦʜʘʪʣʠʚʦʩʪ ʥʘ ʧʦʯʚʠʪʝ ʢʲʤ ʜʝʬʣʘʮʠʷ (ʬʘʢʪʦʨ I)  
 

 ʇʦʯʚʝʥ ʨʘʟʣʠʯʠʝ ʛʣʠʥʘ ʧʨʘʭ ʧʷʩʲʢ 
I-

ʬʘʢʪʦʨ 

1 
ʂʘʨʙʦʥʘʪʥʠ ʯʝʨʥʦʟʝʤʠ, ʥʝʝʨʦʜʠʨʘʥʠ ʠ ʩʣʘʙʦ 
ʝʨʦʜʠʨʘʥʠ 

26,9 57,7 15,4 100 

2 ʊʠʧʠʯʥʠ ʯʝʨʥʦʟʝʤʠ, ʩʨʝʜʥʦ ʤʦʱʥʠ 31,4 56,7 11,9 85 

3 ʊʠʧʠʯʥʠ ʯʝʨʥʦʟʝʤʠ, ʩʣʘʙʦ ʝʨʦʜʠʨʘʥʠ 27,7 51,3 21,0 85 

4 ʂʘʨʙʦʥʘʪʥʠ ʯʝʨʥʦʟʝʤʠ, ʩʨʝʜʥʦ ʝʨʦʜʠʨʘʥʠ 22,7 60,5 16,8 100 

5 ʏʝʨʥʦʟʝʤʠ, ʩʨʝʜʥʦ ʠ ʩʠʣʥʦ ʝʨʦʜʠʨʘʥʠ 18,3 66,1 15,6 100 

6 ʏʝʨʥʦʟʝʤʠ, ʩʠʣʥʦ ʝʨʦʜʠʨʘʥʠ 17,0 66,4 16,6 100 

7 ʉʣʘʙʦ ʠʟʣʫʞʝʥʠ ʯʝʨʥʦʟʝʤʠ, ʩʨʝʜʥʦ ʤʦʱʥʠ 30,3 51,5 18,2 85 

8 ɼʝʣʫʚʠʘʣʥʦ-ʣʠʚʘʜʥʠ ʧʦʯʚʠ, ʤʦʱʥʠ 26,9 62,2 10,9 85 

 
 
ʆʪ ʪʘʙʣʠʮʘʪʘ ʟʘ ʧʦʜʘʪʣʠʚʦʩʪ ʥʘ ʧʦʯʚʠʪʝ ʢʲʤ ʜʝʬʣʘʮʠʷ ʩʝ ʚʠʞʜʘ, ʯʝ ʧʦʯʚʠʪʝ 

ʧʦʧʘʜʘʪ ʚ ʢʣʘʩ ʩʣʘʙʘ ʧʦʜʘʪʣʠʚʦʩʪ. ʊʠʧʠʯʥʠ ʯʝʨʥʦʟʝʤʠ, ʩʨʝʜʥʦ ʤʦʱʥʠ, ʊʠʧʠʯʥʠ 
ʯʝʨʥʦʟʝʤʠ, ʩʣʘʙʦ ʝʨʦʜʠʨʘʥʠ, ʉʣʘʙʦ ʠʟʣʫʞʝʥʠʪʝ ʯʝʨʥʦʟʝʤʠ ʠ ɼʝʣʫʚʠʘʣʥʦ-
ʣʠʚʘʜʥʠʪʝ ʧʦʯʚʠ ʩʘ ʩ ʥʘʡ-ʥʠʩʢʘ ʩʪʦʡʥʦʩʪ. ʇʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʭʫʤʫʩ ʪʝʟʠ ʧʦʯʚʠ ʩʘ 
ʩʣʘʙʦ ʜʦ ʩʨʝʜʥʦ ʭʫʤʫʩʥʠ.  

 
ɿʘʢʣʶʯʝʥʠʝ 
ʅʘ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʟʝʤʣʠʱʝʪʦ ʥʘ ʩ. ʊʨʲʩʪʝʥʠʢ ʩʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠ 

ʏʝʨʥʦʟʝʤʥʠʪʝ ʧʦʯʚʠ. ʉ ʥʘʡ-ʛʦʣʷʤʘ ʧʣʦʱ ʩʘ ʊʠʧʠʯʥʠʪʝ ʯʝʨʥʦʟʝʤʠ, ʩʨʝʜʥʦ ʤʦʱʥʠ ï 
ʦʢʦʣʦ 13 ʭʠʣ. ʜʢʘ ʠʣʠ 24%. ʉ ʥʘʡ-ʛʦʣʷʤʘ ʧʣʦʱ ʩʘ ʊʠʧʠʯʥʠʪʝ ʯʝʨʥʦʟʝʤʠ, ʩʨʝʜʥʦ 
ʤʦʱʥʠ ï ʦʢʦʣʦ 13 ʭʠʣ. ʜʢʘ ʠʣʠ 24%. ʇʦʯʚʠʪʝ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʩʲʩ ʩʣʘʙʘ ʩʪʝʧʝʥ ʥʘ 
ʧʦʜʘʪʣʠʚʦʩʪ ʢʲʤ ʜʝʬʣʘʮʠʷ (>0>=125).  

 
ɹʣʘʛʦʜʘʨʥʦʩʪʠ  
ʀʟʩʣʝʜʚʘʥʠʷʪʘ ʩʘ ʚʲʚ ʚʨʲʟʢʘ ʩ ʧʨʦʝʢʪ Ăʆʮʝʥʢʘ ʥʘ ʧʦʯʚʝʥʦʪʦ ʢʘʯʝʩʪʚʦ ʠ ʤʝʨʢʠ 

ʟʘ ʦʛʨʘʥʠʯʘʚʘʥʝ ʥʘ ʧʦʯʚʝʥʘʪʘ ʝʨʦʟʠʷ ʠ ʝʤʠʩʠʠʪʝ ʥʘ ʧʘʨʥʠʢʦʚʠ ʛʘʟʦʚʝ ʧʨʠ 
ʯʝʨʥʦʟʝʤʠò (ʜʦʛʦʚʦʨ ʇʆɿɸʄ 10 2021-2024). 
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ʈʝʟʶʤʝ 
ʎʝʣʪʘ ʥʘ ʥʘʩʪʦʷʱʝʪʦ ʧʨʦʫʯʚʘʥʝ ʝ ʜʘ ʩʝ ʧʨʦʩʣʝʜʠ ʚʣʠʷʥʠʝʪʦ ʥʘ ʚʥʝʩʝʥʘ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʥʘ ʜʦʙʘʚʢʘ ʚʲʨʭʫ ʤʠʢʨʦʙʥʘʪʘ ʯʠʩʣʝʥʦʩʪ ʥʘ ʢʦʤʧʦʩʪʥʠ ʩʤʝʩʠ. 
ʆʪʯʝʪʝʥʦ ʝ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠʪʝ ʚ ʢʨʘʡʥʘʪʘ ʬʘʟʘ ʥʘ ʢʦʤʧʦʩʪʠʨʘʥʝ. 
ʀʟʛʦʪʚʝʥʠ ʩʘ 3 ʪʠʧʘ ʢʦʤʧʦʩʪʥʠ ʩʤʝʩʠ ʚ ʜʚʘ ʚʘʨʠʘʥʪʘ: ʩ ʚʥʝʩʝʥʘ ʤʠʢʨʦʙʠʦʣʦʛʠʯʥʘ 
ʜʦʙʘʚʢʘ ʠ ʢʦʥʪʨʦʣʠ ʙʝʟ ʜʦʙʘʚʢʘ. ʄʠʢʨʦʙʠʦʣʦʛʠʯʥʘʪʘ ʜʦʙʘʚʢʘ ʝ ʚʥʝʩʝʥʘ ʧʨʠ 
ʧʲʨʚʦʥʘʯʘʣʥʦʪʦ ʟʘʨʝʞʜʘʥʝ ʥʘ ʢʦʤʧʦʩʪʝʨʠʪʝ. ʆʪʯʝʪʝʥʠ ʩʘ ʩʧʝʮʠʬʠʯʥʠʪʝ ʧʘʨʘʤʝʪʨʠ 
ʠʤʘʱʠ ʦʪʥʦʰʝʥʠʷ ʢʲʤ ʢʦʤʧʦʩʪʥʠʷ ʧʨʦʮʝʩ ʠ ʩʧʝʮʠʬʠʯʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʥʘ 
ʤʠʢʨʦʦʨʛʘʥʠʟʤʠʪʝ ï ʨʅ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪ ʚ ʤʦʤʝʥʪʘ ʥʘ ʧʨʦʙʦʚʟʝʤʘʥʝ. 
ʀʟʩʣʝʜʚʘʥʦ ʝ ʦʙʱʦʪʦ ʤʠʢʨʦʙʥʦ ʯʠʩʣʦ, ʧʨʦʮʝʥʪʥʦʪʦ ʫʯʘʩʪʠʝ ʥʘ ʦʪʜʝʣʥʠʪʝ ʦʩʥʦʚʥʠ 
ʧʦʯʚʝʥʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʥʠ ʛʨʫʧʠ (ʩʧʦʨʦʦʙʨʘʟʫʚʘʱʠ ʙʘʢʪʝʨʠʠ, ʥʝʩʧʦʨʦʦʙʨʘʟʫʚʘʱʠ 
ʙʘʢʪʝʨʠʠ, ʘʢʪʠʥʦʤʠʮʝʪʠ, ʤʠʢʨʦʩʢʦʧʠʯʥʠ ʛʲʙʠ), ʢʘʢʪʦ ʠ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʘʥʘʝʨʦʙʥʠʪʝ 
ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʚ ʦʪʜʝʣʥʠʪʝ ʤʠʢʩʦʚʝ. ʆʪʯʠʪʘʥʝʪʦ ʥʘ ʤʠʢʨʦʙʥʠʷ ʙʨʦʡ ʝ ʠʟʚʲʨʰʝʥʦ 
ʯʨʝʟ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʜʝʩʝʪʠʯʥʠ ʨʘʟʨʝʞʜʘʥʠʷ ʥʘ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʩʣʝʜʚʘʱʘ 
ʠʥʦʢʫʣʘʮʠʷ ʥʘ ʧʦʜʭʦʜʷʱʠ ʩʝʣʝʢʪʠʚʥʠ ʭʨʘʥʠʪʝʣʥʠ ʩʨʝʜʠ. ʆʙʱʦʪʦ ʤʠʢʨʦʙʥʦ ʯʠʩʣʦ ʩʝ 
ʜʚʠʞʠ ʦʪ 7.1*106 ʜʦ 9.8*106 ʂʆɽ/g ʢʦʤʧʦʩʪ ʟʘ ʢʦʥʪʨʦʣʠʪʝ ʠ ʦʪ 6.5*106 ʜʦ 8.7*106 ʂʆɽ/g 
ʢʦʤʧʦʩʪ ʟʘ ʚʘʨʠʘʥʪʠʪʝ ʩ ʜʦʙʘʚʢʘ. ɺʲʚ ʚʩʠʯʢʠ ʠʟʩʣʝʜʚʘʥʠ ʚʘʨʠʘʥʪʠ ʜʦʤʠʥʠʨʘ 
ʛʨʫʧʘʪʘ ʥʘ ʥʝʩʧʦʨʦʦʙʨʘʟʫʚʘʱʠʪʝ ʙʘʢʪʝʨʠʠ. ʉ ʥʘʡ-ʤʘʣʲʢ ʜʷʣ ʦʪ ʦʙʱʘʪʘ ʤʠʢʨʦʬʣʦʨʘ 
ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʛʨʫʧʘʪʘ ʥʘ ʩʧʦʨʦʦʙʨʘʟʫʚʘʱʠʪʝ ʙʘʢʪʝʨʠʠ. ɺʥʝʩʝʥʘʪʘ ʤʠʢʨʦʙʠʦʣʦʛʠʯʥʘ 
ʜʦʙʘʚʢʘ ʚʦʜʠ ʜʦ ʧʦ-ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʦʙʱʘʪʘ ʤʠʢʨʦʬʣʦʨʘ ʩʘʤʦ ʚ ʝʜʠʥ ʦʪ 
ʚʘʨʠʘʥʪʠʪʝ. ʇʨʠ ʦʩʪʘʥʘʣʠʪʝ ʚʘʨʠʘʥʪʠ ʢʦʥʪʨʦʣʠʪʝ ʩʘ ʩ ʧʦ-ʚʠʩʦʢʦ ʦʙʱʦ ʤʠʢʨʦʙʥʦ 
ʯʠʩʣʦ.. ɺʥʝʩʝʥʘʪʘ ʚ ʥʘʯʘʣʦʪʦ ʥʘ ʧʨʦʮʝʩʘ ʤʠʢʨʦʙʠʦʣʦʛʠʯʥʘ ʜʦʙʘʚʢʘ ʥʝ ʧʦʚʠʰʘʚʘ 
ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʤʠʢʨʦʙʠʘʣʥʘʪʘ ʙʠʦʪʘ ʚ ʢʨʘʷ ʥʘ ʢʦʤʧʦʩʪʥʠʷ ʧʨʦʮʝʩ. 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ, ʢʦʤʧʦʩʪʠʨʘʥʝ, ʬʘʟʘ ʥʘ ʠʟʩʪʠʚʘʥʝ ʠ ʟʨʝʝʥʝ. 
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Abstract 
The aim of the present study is to follow the influence of an applied microbiological 

additive on the microbial abundance of compost mixtures. The count of microorganisms in 
the final phase of composting was reported. Three types of compost mixtures were 
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prepared in two versions: with introduced microbiological additive and controls without 
additive. The microbiological additive was introduced during the initial loading of the 
composters. The specific parameters related to the composting process and the specific 
activity of microorganisms - pH, temperature and humidity at the time of sampling - were 
recorded. The total microbial count, the percentage participation of the main soil 
microbiological groups (spore-forming bacteria, non-spore-forming bacteria, 
actinomycetes, microscopic fungi), as well as the amount of anaerobic microorganisms in 
the individual mixes, were investigated. Numbering of the microbial count was performed 
by serial decimal dilutions of the material and subsequent inoculation of appropriate 
selective nutrient media. Total microbial counts ranged from 7.1*106 to 9.8*106 CFU/g 
compost for the controls and from 6.5*106 to 8.7*106 CFU/g compost for the supplemented 
variants. In all studied variants, the group of non-spore-forming bacteria dominates. The 
group of spore-forming bacteria represents the smallest share of the total microflora. The 
introduced microbiological supplement leads to higher values of the total microflora in only 
one of the variants. In the other variants, the controls have a higher total microbial number. 
The microbiological additive introduced at the beginning of the process does not increase 
the amount of microbial biota at the end of the composting process.  

Key words: microorganisms, composting, cooling and maturation phase. 
 

ɺʲʚʝʜʝʥʠʝ 
ʂʦʤʧʦʩʪʠʨʘʥʝʪʦ ʝ ʧʨʦʮʝʩ ʥʘ ʙʠʦʣʦʛʠʯʥʦ ʨʘʟʛʨʘʞʜʘʥʝ ʠ ʩʪʘʙʠʣʠʟʠʨʘʥʝ ʥʘ 

ʦʨʛʘʥʠʯʥʘ ʤʘʪʝʨʠʷ, ʧʦʜ ʜʝʡʩʪʚʠʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʧʨʠ ʘʝʨʦʙʥʠ 
ʫʩʣʦʚʠʷ (Smith & Collins, 2007). ʉʧʦʨʝʜ Tacon, (1990) ʢʦʤʧʦʩʪʠʨʘʥʝʪʦ ʝ ʩʪʨʦʛ 
ʘʝʨʦʙʝʥ ʧʨʦʮʝʩ, ʧʨʦʪʠʯʘʱ ʚ ʢʦʥʪʨʦʣʠʨʘʥʘ ʩʨʝʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʪʦ ʦʩʥʦʚʥʦ ʥʘ 
ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ. ʉʪʘʥʜʘʨʪʥʠʷʪ ʧʨʦʮʝʩ ʥʘ ʢʦʤʧʦʩʪʠʨʘʥʝ ʧʨʝʤʠʥʘʚʘ ʧʨʝʟ 4 ʬʘʟʠ ï 
ʤʝʟʦʬʠʣʥʘ ʬʘʟʘ, ʪʝʨʤʦʬʠʣʥʘ, ʬʘʟʘ ʥʘ ʠʟʩʪʠʚʘʥʝ ʠ ʬʘʟʘ ʥʘ ʫʟʨʷʚʘʥʝ. ʏʝʩʪʦ ʚ 
ʧʨʘʢʪʠʢʘʪʘ ʧʦʩʣʝʜʥʠʪʝ ʜʚʝ ʬʘʟʠ ʩʝ ʦʙʝʜʠʥʷʚʘʪ ʧʦʜ ʦʙʱʦʪʦ ʥʘʟʚʘʥʠʷ ʬʘʟʘ ʥʘ 
ʠʟʩʪʠʚʘʥʝ ʠ ʟʨʝʝʥʝ. ʅʘʩʪʲʧʚʘʥʝʪʦ ʥʘ ʚʩʷʢʘ ʬʘʟʘ ʩʝ ʦʙʫʩʣʘʚʷ ʦʩʥʦʚʥʦ ʦʪ ʧʨʦʤʷʥʘ ʚ 
ʪʝʤʧʝʨʘʪʫʨʥʠʷ ʨʝʞʠʤ ʠ ʥʘʩʪʲʧʚʘʱʘ ʧʨʦʤʷʥʘ ʚ ʤʠʢʨʦʙʠʘʣʥʠʪʝ ʩʲʦʙʱʝʩʪʚʘ (Lechner 
et al., 2005). ʇʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʚʩʷʢʘ ʬʘʟʘ ʟʘʚʠʩʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ 
ʧʲʨʚʦʥʘʯʘʣʥʠʷ ʩʲʩʪʘʚ ʥʘ ʩʤʝʩʪʘ ʠ ʦʪ ʩʲʩʪʘʚʘ ʠ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʥʝʡʥʘʪʘ ʤʠʢʨʦʙʥʘ 
ʧʦʧʫʣʘʮʠʷ (Neklyudov et al., 2006). ʆʩʥʦʚʥʠʪʝ ʪʘʢʩʦʥʦʤʠʯʥʠ ʛʨʫʧʠ ʫʯʘʩʪʚʘʱʠ ʚ 
ʧʨʦʮʝʩʘ ʥʘ ʢʦʤʧʦʩʪʠʨʘʥʝ ʩʘ ʙʘʢʪʝʨʠʠ, ʛʲʙʠ ʠ ʘʢʪʠʥʦʤʠʮʝʪʠ. ʄʠʢʨʦʙʥʘʪʘ ʘʢʪʠʚʥʦʩʪ 
ʦʢʘʟʚʘ ʧʨʷʢʦ ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʪʨʘʥʩʬʦʨʤʘʮʠʷʪʘ ʥʘ ʚʝʱʝʩʪʚʘʪʘ ʧʦ ʚʨʝʤʝ ʥʘ 
ʧʨʦʮʝʩʘ ʥʘ ʢʦʤʧʦʩʪʠʨʘʥʝ. ʈʘʟʤʥʦʞʘʚʘʥʝʪʦ ʠ ʤʝʪʘʙʦʣʠʪʥʘʪʘ ʜʝʡʥʦʩʪ ʥʘ ʤʠʢʨʦʙʥʠʪʝ 
ʩʲʦʙʱʝʩʪʚʘ ʩʘ ʚʘʞʥʠ ʬʘʢʪʦʨʠ ʟʘ ʛʣʘʜʢʦʪʦ ʧʨʦʪʠʯʘʥʝ ʥʘ ʢʦʤʧʦʩʪʠʨʘʥʝʪʦ (Cao, et al., 
2019). ʇʦ ʚʨʝʤʝ ʥʘ ʮʝʣʠʷʪ ʧʨʦʮʝʩ ʥʘ ʢʦʤʧʦʩʪʠʨʘʥʝ ʙʘʢʪʝʨʠʠʪʝ ʩʲʩʪʘʚʣʷʚʘʪ ʥʘʡ-
ʤʥʦʛʦʙʨʦʡʥʘʪʘ ʛʨʫʧʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ, ʢʦʝʪʦ ʩʝ ʜʲʣʞʠ ʥʘ ʪʷʭʥʘʪʘ ʩʧʝʮʠʬʠʢʘ ʚ 
ʤʝʪʘʙʦʣʠʪʥʘʪʘ ʠʤ ʘʢʪʠʚʥʦʩʪ ʠ ʚʠʩʦʢʘʪʘ ʘʜʘʧʪʠʚʥʦʩʪ ʢʲʤ ʫʩʣʦʚʠʷʪʘ ʥʘ ʩʨʝʜʘʪʘ 
(Zhao, et al., 2022). ʆʩʥʦʚʥʠʪʝ ʘʛʨʦʭʠʤʠʯʥʠ ʠ ʬʠʟʠʯʥʠ ʧʘʨʘʤʝʪʨʠ, ʠʤʘʱʠ ʦʪʥʦʰʝʥʠʝ 
ʢʲʤ ʧʨʦʮʝʩʘ ʥʘ ʢʦʤʧʦʩʪʠʨʘʥʝ ʩʘ ʩʲʦʪʥʦʰʝʥʠʝ C/N, ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪ ʠ ʨʅ ʥʘ 
ʩʨʝʜʘʪʘ (Franke-Whittle, et al., 2014; Partanen, et al., 2010). 

ʆʩʥʦʚʥʘʪʘ ʮʝʣ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʩʲʧʦʩʪʘʚʢʘ ʤʝʞʜʫ ʤʠʢʨʦʙʥʘʪʘ 
ʯʠʩʣʝʥʦʩʪ ʚ ʨʘʟʣʠʯʥʠ ʢʦʤʧʦʩʪʥʠ ʩʤʝʩʠ ʚ ʢʨʘʡʥʘ ʬʘʟʘ ʥʘ ʢʦʤʧʦʩʪʠʨʘʥʝ. 

 
ʄʘʪʝʨʠʘʣʠ ʠ ʤʝʪʦʜʠ 
ʀʟʩʣʝʜʚʘʥʝʪʦ ʝ ʧʨʦʚʝʜʝʥʦ ʚ ʢʨʘʡʥʘʪʘ ʬʘʟʘ ʥʘ ʢʦʤʧʦʩʪʥʠʷ ʧʨʦʮʝʩ ï ʬʘʟʘ ʥʘ 

ʠʟʩʪʠʚʘʥʝ ʠ ʟʨʝʝʥʝ ʥʘ ʢʦʤʧʦʩʪʘ. ʂʦʤʧʦʩʪʠʨʘʥʝʪʦ ʝ ʠʟʚʲʨʰʝʥʦ ʚ ʛʨʘʜʠʥʩʢʠ 
ʢʦʤʧʦʩʪʝʨʠ ʩ ʚʤʝʩʪʠʤʦʩʪ 470 ʣʠʪʨʘ. ʇʨʠ ʧʲʨʚʦʥʘʯʘʣʥʦʪʦ ʟʘʨʝʞʜʘʥʝ ʥʘ 
ʢʦʤʧʦʩʪʝʨʠʪʝ ʩʘ ʩʲʩʪʘʚʝʥʠ ʪʨʠ ʢʦʤʧʦʩʪʥʠ ʩʤʝʩʠ ʚʲʚ ʜʚʘ ʚʘʨʠʘʥʪʘ ʚʩʷʢʘ. ʂʦʤʧʦʩʪʥʘ 
ʩʤʝʩ (ʂʉ) 1: ʩʚʝʞʘ ʪʨʝʚʘ + ʩʫʰʝʥʠ ʩʪʲʙʣʘ ʧʰʝʥʠʮʘ + ʩʣʘʤʘ + ʩʪʘʨʪʝʨʝʥ ʢʦʤʧʦʩʪ ʚ 
ʩʲʦʪʥʦʰʝʥʠʝ 9:1:2:1. ʉʲʦʪʥʦʰʝʥʠʝʪʦ C/N = 31. ʂʦʤʧʦʩʪʥʘʪʘ ʩʤʝʩ ʝ ʚ ʜʚʘ ʚʘʨʠʘʥʪʘ: 
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ʂʉ1.1 ʩ ʜʦʙʘʚʢʘ ʠ ʂʉ1.2 ï ʢʦʥʪʨʦʣʘ. ʂʦʤʧʦʩʪʥʘ ʩʤʝʩ (ʂʉ) 2: ʩʚʝʞʘ ʪʨʝʚʘ + ʣʫʢ + 
ʢʘʨʪʦʬʠ ʚ ʩʲʦʪʥʦʰʝʥʠʝ 20:12:5. ʉʲʦʪʥʦʰʝʥʠʝʪʦ C/N = 30. ʂʦʤʧʦʩʪʥʘʪʘ ʩʤʝʩ ʝ ʚ ʜʚʘ 
ʚʘʨʠʘʥʪʘ: ʂʉ2.1 ʩ ʜʦʙʘʚʢʘ ʠ ʂʉ2.2 ï ʢʦʥʪʨʦʣʘ. ʂʦʤʧʦʩʪʥʘ ʩʤʝʩ (ʂʉ) 2: ʩʚʝʞʘ ʪʨʝʚʘ + 
ʣʠʢ + ʢʘʨʪʦʬʠ ʚ ʩʲʦʪʥʦʰʝʥʠʝ 25:30:10. ʉʲʦʪʥʦʰʝʥʠʝʪʦ  C/N = 35. ʂʦʤʧʦʩʪʥʘʪʘ ʩʤʝʩ 
ʝ ʚ ʜʚʘ ʚʘʨʠʘʥʪʘ: ʂʉ2.1 ʩ ʜʦʙʘʚʢʘ ʠ ʂʉ2.2 ï ʢʦʥʪʨʦʣʘ. ʇʨʦʙʦʚʟʝʤʘʥʝʪʦ ʝ ʠʟʚʲʨʰʝʥʦ 
ʩʲʩ ʩʪʝʨʠʣʥʠ ʠʥʩʪʨʫʤʝʥʪʠ, ʢʘʪʦ ʧʨʦʙʠʪʝ ʩʘ ʩʲʭʨʘʥʝʥʠ ʚ ʩʪʝʨʠʣʥʠ ʩʲʜʦʚʝ ʜʦ 
ʤʦʤʝʥʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʝ. ʇʦ ʚʨʝʤʝ ʥʘ ʧʨʦʙʦʚʟʝʤʘʥʝʪʦ ʝ ʦʪʯʝʪʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʠ 
ʚʣʘʞʥʦʩʪʪʘ ʥʘ ʚʩʝʢʠ ʢʦʤʧʦʩʪʝʥ ʤʠʢʩ ʩʲʩ ʩʧʝʮʠʘʣʠʟʠʨʘʥʘ ʝʣʝʢʪʨʦʥʥʘ ʘʧʘʨʘʪʫʨʘ. 
ʂʠʩʝʣʠʥʥʦʩʪʪʘ ʝ ʦʪʯʝʪʝʥʘ ʣʘʙʦʨʘʪʦʨʥʦ ʥʘ ʙʘʟʘ ʥʘ ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ISO 10390. 
ʄʠʢʨʦʙʠʦʣʦʛʠʯʥʠʪʝ ʘʥʘʣʠʟʠ ʚʢʣʶʯʚʘʪ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʦʙʱʦ ʤʠʢʨʦʙʥʦ ʯʠʩʣʦ, 
ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʢʦʣʠʯʝʩʪʚʘʪʘ ʥʘ ʙʘʮʠʣʠ, ʥʝʩʧʦʨʦʦʙʨʘʟʫʚʘʱʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ, ʛʲʙʠ ʠ 
ʘʢʪʠʥʦʤʠʮʝʪʠ. ʆʪʯʝʪʝʥʦ ʝ ʠ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʘʥʘʝʨʦʙʥʘʪʘ ʤʠʢʨʦʙʥʘ ʙʠʦʪʘ. 
ʄʠʢʨʦʙʠʦʣʦʛʠʯʥʠʪʝ ʘʥʘʣʠʟʠ ʩʘ ʠʟʚʲʨʰʝʥʠ ʯʨʝʟ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʨʘʟʨʝʞʜʘʥʠʷ ʥʘ 
ʠʟʭʦʜʥʠʷ ʤʘʪʝʨʠʘʣ ʠ ʧʦʩʣʝʜʚʘʱʘ ʠʥʦʢʫʣʘʮʠʷ ʥʘ ʧʦʜʭʦʜʷʱʠ ʭʨʘʥʠʪʝʣʥʠ ʩʨʝʜʠ. ɿʘ 
ʠʟʦʣʠʨʘʥʝ ʥʘ ʙʘʮʠʣʠ, ʠʟʭʦʜʥʦʪʦ ʨʘʟʨʝʞʜʘʥʝ ʝ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʧʘʩʪʴʦʨʠʟʠʨʘʥʦ ʩ 

ʧʦʩʣʝʜʚʘʱʘ ʧʦʩʷʚʢʘ ʥʘ ʦʙʠʢʥʦʚʝʥ ʘʛʘʨ ʠ ʢʫʣʪʠʚʠʨʘʥʝ ʟʘ 48 ʯʘʩʘ ʧʨʠ 30 ʉ̄. ɿʘ 
ʠʟʦʣʠʨʘʥʝ ʥʘ ʘʢʪʠʥʦʤʠʮʝʪʠʪʝ ʝ ʠʟʧʦʣʟʚʘʥ Actinomycet isolation agar ʧʨʠ ʠʥʢʫʙʘʮʠʷ 

ʦʪ 14 ʜʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ 35ʉ̄. ʄʠʢʨʦʩʢʦʧʠʯʥʠʪʝ ʛʲʙʠ ʩʘ ʢʫʣʪʠʚʠʨʘʥʠ ʥʘ ʩʨʝʜʘ - 
ʏʘʧʝʢ ɼʦʢʩ ʘʛʘʨ ʟʘ ʩʝʜʝʤ ʜʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘ 37 ʛʨʘʜʫʩʘ. ɼʘʥʥʠʪʝ ʩʘ ʦʙʨʘʙʦʪʝʥʠ ʠ 
ʢʨʘʡʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʢʦʣʦʥʠʡʦʙʨʘʟʫʚʘʱʠ ʝʜʠʥʠʮʠ ʥʘ ʛʨʘʤ ʢʦʤʧʦʩʪ 
(ʂʆɽ/g ʢʦʤʧʦʩʪ) ʥʘ ʩʪʝʧʝʥ 106. ʈʝʟʫʣʪʘʪʠʪʝ ʟʘ ʢʦʣʠʯʝʩʪʚʘʪʘ ʥʘ ʘʥʘʝʨʦʙʥʠʪʝ 
ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʙʘʟʘ 104, ʧʦʨʘʜʠ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʥʠʩʢʦʪʦ ʠʤ 
ʧʨʠʩʲʩʪʚʠʝ ʚ ʢʦʤʧʦʩʪʥʠʪʝ ʩʤʝʩʠ. ɼʘʥʥʠʪʝ ʩʘ ʦʙʨʘʙʦʪʝʥʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʯʨʝʟ 
ʧʨʦʛʨʘʤʘ StatSoft Statistica 12, ʧʨʠ 95% ʧʨʘʛ ʥʘ ʟʥʘʯʠʤʦʩʪ. 

 
ʈʝʟʫʣʪʘʪʠ ʠ ʦʙʩʲʞʜʘʥʝ 
ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʧʨʦʚʝʜʝʥʠʪʝ ʤʠʢʨʦʙʠʦʣʦʛʠʯʥʠ ʘʥʘʣʠʟʠ, ʢʘʢʪʦ ʠ ʦʪʯʝʪʝʥʠʪʝ 

ʧʘʨʘʤʝʪʨʠ ʥʘ ʢʦʤʧʦʩʪʥʠʪʝ ʤʠʢʩʦʚʝ ʩʘ ʧʦʩʦʯʝʥʠ ʚ ʊʘʙʣʠʮʘ 1.  
 

ʊʘʙʣʠʮʘ 1. ʀʟʩʣʝʜʚʘʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʢʦʤʧʦʩʪʥʠʪʝ ʤʠʢʩʦʚʝ 
Table 1. Analyzed parameters of composting mixtures 
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1.1 25 6.96 29.0 8.7 Ñ 1.17 3.8 Ñ 1.75 0.2 Ñ 0.04 4.3 Ñ 1.23 0.4 Ñ 0.15 0.0012 Ñ 2.04 

1.2 25 7.02 29.4 7.1 Ñ 1.17 4.0 Ñ 1.75 0.1 Ñ 0.04 2.4 Ñ 1.23 0.5 Ñ 0.15 0.0006 Ñ 2.04 

2.1 25 6.58 28.8 8.0 Ñ 1.17 6.4 Ñ 1.75 0.1 Ñ 0.04 1.3 Ñ 1.23 0.2 Ñ 0.15 0.0043 Ñ 2.04 

2.2 25 6.74 28.5 9.8 Ñ 1.17 8.2 Ñ 1.75 0.1 Ñ 0.04 0.9 Ñ 1.23 0.5 Ñ 0.15 0.0061 Ñ 2.04 

3.1 25 6.98 29.6 6.5 Ñ 1.17 4.4 Ñ 1.75 0.2 Ñ 0.04 1.4 Ñ 1.23 0.5 Ñ 0.15 0.0033 Ñ 2.04 

3.2 25 6.34 29.8 7.6 Ñ 1.17 4.4 Ñ 1.75 0.2 Ñ 0.04 2.4 Ñ 1.23 0.6 Ñ 0.15 0.0039 Ñ 2.04 

 
ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʟʘ ʨʅ ʚʲʚ ʚʦʜʘ ʟʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʢʦʤʧʦʩʪʥʠ ʩʤʝʩʠ 

ʧʦʢʘʟʚʘʪ ʢʠʩʝʣʠʥʥʦʩʪ ʦʪ ʩʣʘʙʦ ʢʠʩʝʣʘ ʜʦ ʥʝʫʪʨʘʣʥʘ. ʊʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʚʩʠʯʢʠ 
ʠʟʩʣʝʜʚʘʥʠ ʢʦʤʧʦʩʪʥʠ ʤʠʢʩʦʚʝ ʝ 25 ʛʨʘʜʫʩʘ, ʘ ʚʣʘʞʥʦʩʪʪʘ ʟʘ ʚʩʠʯʢʠ ʧʨʦʙʠ ʝ ʦʢʦʣʦ 
29%. ʊʝʟʠ ʧʘʨʘʤʝʪʨʠ ʧʦʢʘʟʚʘʪ ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʝʢʚʠʚʘʣʝʥʪʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʬʘʢʪʦʨʠʪʝ 
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ʦʢʘʟʚʘʱʠ ʚʣʠʷʥʠʝ ʥʘ ʤʠʢʨʦʙʥʘʪʘ ʙʠʦʪʘ ʚ ʢʨʘʡʥʠʷ ʝʪʘʧ ʥʘ ʢʦʤʧʦʩʪʠʨʘʥʝ. ɺʲʧʨʝʢʠ 
ʪʦʚʘ ʩʪʦʡʥʦʩʪʠʪʝ ʦʪʯʝʪʝʥʠ ʟʘ ʦʙʱʦʪʦ ʤʠʢʨʦʙʥʦ ʯʠʩʣʦ ʥʘ ʢʦʥʪʨʦʣʠʪʝ ʚʘʨʠʨʘʪ ʚ 
ʛʨʘʥʠʮʠʪʝ ʦʪ 7.1*106 ʂʆɽ g/ ʢʦʤʧʦʩʪ (ʂʄ3.1) ʜʦ 9.8*106 ʂʆɽ ʥʘ g/ ʢʦʤʧʦʩʪ (ʂʄ2.2). 
ɺʲʧʨʝʢʠ ʝʜʥʘʢʚʠʪʝ ʠʟʭʦʜʥʠ ʤʘʪʝʨʠʘʣʠ ʥʘ ʂʄ 2.1 ʠ ʂʄ 3.1 ʪʷʭʥʦʪʦ ʦʙʱʦ ʤʠʢʨʦʙʥʦ 
ʯʠʩʣʦ ʝ ʪʚʲʨʜʝ ʨʘʟʣʠʯʥʦ. ʇʨʠ ʂʄ 2.1, ʪʦ ʝ 20% ʧʦ-ʚʠʩʦʢʦ ʦʪ ʂʄ 3.1. ʊʦʚʘ ʨʘʟʣʠʯʠʝ ʝ 
ʩʚʲʨʟʘʥʦ ʩ ʨʘʟʣʠʯʥʦʪʦ ʠʟʭʦʜʥʦ ʩʲʦʪʥʦʰʝʥʠʝ ʥʘ ʤʘʪʝʨʠʘʣʠʪʝ ʚ ʜʚʘʪʘ ʢʦʤʧʦʩʪʥʠ 
ʤʠʢʩʦʚʝ. ʇʨʠ ʠʟʩʣʝʜʚʘʥʠʪʝ ʪʨʠ ʢʦʤʧʦʩʪʥʠ ʚʘʨʠʘʥʪʘ ʩ ʜʦʙʘʚʢʘ, ʩʘʤʦ ʝʜʠʥ ʠʤʘ ʧʦ-
ʛʦʣʷʤʦ ʦʙʱʦ ʤʠʢʨʦʙʥʦ ʯʠʩʣʦ ʦʪ ʢʦʥʪʨʦʣʘʪʘ (ʂʉ1). ʇʨʠ ʦʩʪʘʥʘʣʠʪʝ ʚʘʨʠʘʥʪʠ 
ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠʪʝ ʚ ʢʦʥʪʨʦʣʠʪʝ ʝ ʧʦ-ʚʠʩʦʢʦ ʩʧʨʷʤʦ ʧʨʦʙʠʪʝ ʩ 
ʜʦʧʲʣʥʠʪʝʣʥʦ ʚʥʝʩʝʥʘ ʤʠʢʨʦʙʠʦʣʦʛʠʯʥʘ ʜʦʙʘʚʢʘ ʚ ʥʘʯʘʣʦʪʦ ʥʘ ʢʦʤʧʦʩʪʥʠʷ ʧʨʦʮʝʩ.  

ʇʨʦʮʝʥʪʥʦʪʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʦʪʜʝʣʥʠʪʝ ʤʠʢʨʦʙʥʠ ʛʨʫʧʠ ʥʝ ʩʝ ʧʦʚʣʠʷʚʘ ʦʪ 
ʚʥʝʩʝʥʘʪʘ ʤʠʢʨʦʙʠʦʣʦʛʠʯʥʘ ʜʦʙʘʚʢʘ (ʬʠʛʫʨʘ 1). 

 
 

 
ʌʠʛʫʨʘ 1. ʇʨʦʮʝʥʪʥʦ ʫʯʘʩʪʠʝ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʛʨʫʧʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ 
Figure 1. Percentage participation of individual groups of microorganisms 

 
ɺʲʚ ʚʩʠʯʢʠ ʠʟʩʣʝʜʚʘʥʠ ʢʦʤʧʦʩʪʥʠ ʩʤʝʩʠ, ʧʨʝʦʙʣʘʜʘʚʘʱʘ ʝ ʛʨʫʧʘʪʘ ʥʘ 

ʥʝʩʧʦʨʦʦʙʨʘʟʫʚʘʱʠʪʝ ʙʘʢʪʝʨʠʠ, ʩʣʝʜʚʘʥʠ ʦʪ ʘʢʪʠʥʦʤʠʮʝʪʠʪʝ ʠ ʤʠʢʨʦʤʠʮʝʪʠʪʝ. ʉ 
ʥʘʡ-ʥʠʩʢʦ ʧʨʦʮʝʥʪʥʦ ʫʯʘʩʪʠʝ ʝ ʛʨʫʧʘʪʘ ʥʘ ʙʘʮʠʣʠʪʝ. ɼʘʥʥʠʪʝ ʧʦʢʘʟʚʘʪ 
ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʝʜʥʘʢʚʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʤʠʢʨʦʙʥʠʪʝ ʛʨʫʧʠ ʩʧʨʷʤʦ ʢʦʥʢʨʝʪʥʠʷ 
ʚʘʨʠʘʥʪ ʙʝʟ ʩʧʝʮʠʬʠʢʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʩʧʨʷʤʦ ʥʘʣʠʯʠʝʪʦ ʥʘ ʜʦʙʘʚʢʘ. ʉʘʤʦ ʂʉ 1.1 
ʧʦʢʘʟʚʘ ʧʦ-ʩʧʝʮʠʬʠʯʥʦ ʧʨʦʮʝʥʪʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ. ʇʨʠ ʪʦʟʠ ʚʘʨʠʘʥʪ 
ʘʢʪʠʥʦʤʠʮʝʪʠʪʝ ʠʤʘʪ ʧʦ-ʚʠʩʦʢʦ ʧʨʦʮʝʥʪʥʦʪʦ ʫʯʘʩʪʠʝ ʩʧʨʷʤʦ ʥʝʩʧʦʨʦʦʙʨʘʟʫʚʘʱʠʪʝ 
ʙʘʢʪʝʨʠʠ. ʇʦʜʦʙʝʥ ʪʠʧ ʧʨʝʚʝʩ ʥʘ ʘʢʪʠʥʦʤʠʮʝʪʠʪʝ ʥʘʜ ʙʘʢʪʝʨʠʠʪʝ ʛʦʚʦʨʠ ʟʘ 
ʥʘʣʠʯʠʝʪʦ ʚ ʢʦʤʧʦʩʪʥʠʷ ʤʠʢʩ ʥʘ ʚʩʝ ʦʱʝ ʪʨʫʜʥʦʨʘʟʛʨʘʜʠʤʠ ʦʨʛʘʥʠʯʥʠ ʚʝʱʝʩʪʚʘ 
ʢʘʪʦ ʭʠʪʠʥ, ʮʝʣʫʣʦʟʘ ʠ ʣʠʛʥʠʥ (Yoradanova, 2022). ɺʲʧʨʝʢʠ, ʯʝ ʂʉ2 ʠ ʂʉ3 ʩʘ 
ʩʲʩʪʘʚʝʥʠ ʦʪ ʝʜʥʠ ʠ ʩʲʱʠ ʠʟʭʦʜʥʠ ʤʘʪʝʨʠʘʣʠ ʩʝ ʦʪʢʨʠʚʘ ʦʧʨʝʜʝʣʝʥʦ ʨʘʟʣʠʯʠʝ ʚ 
ʧʨʦʮʝʥʪʥʦʪʦ ʩʲʦʪʥʦʰʝʥʠʝ ʥʘ ʦʪʜʝʣʥʠʪʝ ʤʠʢʨʦʙʥʠ ʛʨʫʧʠ. ʇʨʠ ʂʉ 2, ʥʝʟʘʚʠʩʠʤʦ ʦʪ 
ʚʘʨʠʘʥʪʘ ʧʨʦʮʝʩʘ ʥʘ ʢʦʤʧʦʩʪʠʨʘʥʝ ʝ ʚ ʧʦ-ʥʘʧʨʝʜʥʘʣ ʩʪʘʜʠʠ ʩʧʨʷʤʦ ʂʉ3, ʧʦʨʘʜʠ 
ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʚʠʩʦʢʦʪʦ ʧʨʦʮʝʥʪʥʦ ʫʯʘʩʪʠʝ ʥʘ ʙʘʢʪʝʨʠʠʪʝ. ʊʝʟʠ ʜʘʥʥʠ ʦʪʥʦʚʦ 
ʧʦʢʘʟʚʘʪ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʦʧʪʠʤʘʣʥʦ ʩʲʦʪʥʦʰʝʥʠʝ ʥʘ ʚʲʛʣʝʨʦʜ/ʘʟʦʪ ʚ ʠʟʭʦʜʥʘʪʘ 
ʩʤʝʩ. ʇʨʠ ʂʉ2 ʩʲʦʪʥʦʰʝʥʠʝʪʦ ʝ 31:1, ʜʦʢʘʪʦ ʧʨʠ ʂʉ3 ʩʲʦʪʥʦʰʝʥʠʝʪʦ 35:1.  ɼʘʥʥʠʪʝ 
ʟʘ ʦʪʯʝʪʝʥʠʪʝ ʢʦʣʠʯʝʩʪʚʘ ʥʘ ʘʥʘʝʨʦʙʥʠʪʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʧʦʢʘʟʚʘʪ, ʯʝ ʪʝ ʩʘ ʚ ʧʦ-
ʛʦʣʝʤʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠ ʤʠʢʩʦʚʝʪʝ ʩ ʚʥʝʩʝʥʘ ʜʦʙʘʚʢʘ ʥʘ ɺʘʨʠʘʥʪʠ 2 ʠ 3, ʥʦ ʩʘ ʚ ʧʦ-
ʥʠʩʢʠ ʩʪʦʡʥʦʩʪʠ ʧʨʠ ɺʘʨʠʘʥʪ 1.  

ʀʟʚʲʨʰʝʥʘʪʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʜʘʥʥʠʪʝ ʥʝ ʦʪʢʨʠ ʢʦʨʝʣʘʮʠʦʥʥʘ 
ʟʘʚʠʩʠʤʦʩʪ ʤʝʞʜʫ ʦʙʱʦʪʦ ʤʠʢʨʦʙʥʦ ʯʠʩʣʦ ʠ ʢʠʩʝʣʠʥʥʦʩʪʪʘ ʥʘ ʢʦʤʧʦʩʪʥʘʪʘ ʤʘʩʘ (r=-
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0.2). ʅʝ ʙʝʰʝ ʦʪʢʨʠʪʘ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ ʤʝʞʜʫ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʨʅ ʤʝʞʜʫ ʚʘʨʠʘʥʪʠʪʝ 
ʩ ʜʦʙʘʚʢʘ ʠ ʢʦʥʪʨʦʣʠʪʝ. 

 
ɿʘʢʣʶʯʝʥʠʝ 
ʅʘʩʪʦʷʱʝʪʦ ʧʨʦʫʯʚʘʥʝ ʨʘʟʛʣʝʞʜʘ ʤʠʢʨʦʙʥʘʪʘ ʯʠʩʣʝʥʦʩʪ ʧʨʠ ʨʘʟʣʠʯʥʠ 

ʢʦʤʧʦʩʪʥʠ ʩʤʝʩʠ. ʇʨʠ ʢʦʤʧʦʩʪʥʠʪʝ ʤʠʢʩʦʚʝ ʩ ʦʧʪʠʤʘʣʥʦ ʩʲʦʪʥʦʰʝʥʠʝ ʚʲʛʣʝʨʜ/ʘʟʦʪ 
ʥʘ ʥʘʯʘʣʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʦ-ʚʠʩʦʢʦ ʤʠʢʨʦʙʥʦ ʯʠʩʣʦ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ 
ʚʥʝʩʝʥʘʪʘ ʜʦʙʘʚʢʘ, ʧʨʝʦʙʣʘʜʘʚʘʱʘ ʟʘ ʚʩʠʯʢʠ ʢʦʤʧʦʩʪʥʠ ʤʠʢʩʦʚʝ ʝ ʛʨʫʧʘ ʥʘ 
ʥʝʩʧʦʨʦʦʙʨʘʟʫʚʘʱʠʪʝ ʙʘʢʪʝʨʠʠ. ʉ ʥʘʡ-ʩʣʘʙʦ ʫʯʘʩʪʠʝ ʚ ʪʨʘʥʩʬʦʨʤʘʮʠʷʪʘ ʥʘ 
ʚʝʱʝʩʪʚʘʪʘ ʚ ʢʨʘʡʥʘʪʘ ʬʘʟʘ ʥʘ ʢʦʤʧʦʩʪʥʠʷ ʧʨʦʮʝʩ ʩʝ ʦʪʣʠʯʘʚʘ ʛʨʫʧʘʪʘ ʥʘ ʙʘʮʠʣʠʪʝ 
ʟʘ ʚʩʠʯʢʠ ʠʟʩʣʝʜʚʘʥʠ ʤʠʢʩʦʚʝ. ʇʨʦʫʯʚʘʥʝʪʦ ʥʝ ʫʩʪʘʥʦʚʠ ʧʦʚʠʰʝʥʘ ʤʠʢʨʦʬʣʦʨʘ ʚ 
ʢʨʘʡʥʘʪʘ ʬʘʟʘ ʥʘ ʢʦʤʧʦʩʪʠʨʘʥʝ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʚʥʝʩʝʥʘ ʜʦʧʲʣʥʠʪʝʣʥʦ 
ʤʠʢʨʦʙʠʦʣʦʛʠʯʥʘ ʜʦʙʘʚʢʘ. ʅʘʩʪʦʷʱʘʪʘ ʨʘʟʨʘʙʦʪʢʘ ʝ ʧʨʝʜʧʦʩʪʘʚʢʘ ʠ ʦʩʥʦʚʘ ʟʘ 
ʙʲʜʝʱʠ ʨʘʟʰʠʨʝʥʠ ʧʨʦʫʯʚʘʥʠʷ, ʢʦʠʪʦ ʜʘ ʩʧʦʤʦʛʥʘʪ ʟʘ ʨʘʟʙʠʨʘʥʝ ʥʘ ʩʧʝʮʠʬʠʯʥʘʪʘ 
ʚʟʘʠʤʦʚʨʲʟʢʘ ʤʝʞʜʫ ʤʠʢʨʦʙʥʦʪʦ ʦʙʠʣʠʝ ʧʨʠ ʧʨʦʮʝʩʘ ʥʘ ʢʦʤʧʦʩʪʠʨʘʥʝ ʠ 
ʩʧʝʮʠʬʠʯʥʠʷ ʚʭʦʜʷʱ ʤʘʪʝʨʠʘʣ. 

 
ɹʣʘʛʦʜʘʨʥʦʩʪʠ 
ʅʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʝ ʠʟʚʲʨʰʝʥʦ ʚ ʨʘʤʢʠʪʝ ʥʘ Ăʀʟʩʣʝʜʚʘʥʝ ʥʘ 

ʚʟʘʠʤʦʚʨʲʟʢʠ ʧʨʠ ʨʘʟʣʠʯʥʠ ʚʘʨʠʘʮʠʠ ʥʘ ʢʦʤʧʦʩʪʠʨʘʥʝ ʥʘ ʦʨʛʘʥʠʯʥʠ ʦʪʧʘʜʲʮʠ, ʯʨʝʟ 
ʩʲʟʜʘʚʘʥʝ ʥʘ ʜʠʥʘʤʠʯʥʠ ʢʦʤʧʦʩʪʥʠ ʩʤʝʩʠ ʩ ʜʦʙʘʚʷʥʝ ʥʘ ʤʝʣʠʦʨʘʥʪʠ ʠ 
ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʤʠʢʨʦʙʠʦʣʦʛʠʯʥʘ ʠ ʝʥʟʠʤʥʘ ʘʢʪʠʚʥʦʩʪ ï ʚʘʨʠʘʥʪʠ ʟʘ ʧʨʠʣʘʛʘʥʝ ʥʘ 
ʢʘʯʝʩʪʚʝʥ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʝʥ ʧʦʜʦʙʨʠʪʝʣ ʥʘ ʢʦʤʧʦʩʪʥʘ ʦʩʥʦʚʘ ʚ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʘʪʘ 
ʧʨʘʢʪʠʢʘñ.Kʇ- 06-ʅ-66/10ò ʬʠʥʘʥʩʠʨʘʥ ʦʪ ʌʦʥʜ Ăʅʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷò ʥʘ ʄʆʅ. 
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Abstract 
The possibility and efficiency of metals phytoextraction by cultivated plants and the 

assessment of microbial communities state in soddy-podzolic soil artificially polluted with 
Ni and Cu, were studied. Under the conditions of a model experiment mycorrhization of 
plants by Glomus intraradices contributed to a significant increase in the yield of 
aboveground plant biomass of white clover, variable alfalfa, broadleaf plantain. The 
efficiency of Ni and Cu phytoextraction by these plants also increased significantly under 
the influence of mycorrhization. Respirometric indicators of soil microorganismsô activity 
(substrate-induced and basal respiration) were determined. Different effects of inoculation 
on microbial biomass when heavy metals were added to the soil were observed. 

Key words: heavy metals, phytoextraction, mycorrhization, substrate-induced 
respiration. 

 
Introduction 
Contamination of natural ecosystems with heavy metals (HMs) is one of the most 

dangerous factors of their degradation, since an increase in the concentration of metals in 
soil leads to their accumulation in wild and agricultural plants, which is accompanied by 
contamination of food chains (Singh & Prasad, 2011). In addition, high concentrations of 
metals can make soil unsuitable for plant growth. Anthropogenic contamination of soil with 
HM can affect not only soil microflora, but also soil-forming processes directly. Plants play 
a significant role in the microbial communitiesô formation and their functions; therefore, it is 
important to study the interaction and joint influence of plant and microbial soil components 
under conditions of severe HM soil contamination. Phytoextraction is a promising and cost-
effective way to extract HM from soil using hyperaccumulator plants. When such plants are 
grown on polluted soils, they accumulate significant amounts of HM, extracting them from 
the soil. Hyperaccumulator plants are used in phytomining, a method of extracting metals 
from mining dumps. Phytoremediation is another aspect of phytoextraction, i.e., the 
removal of excess HM from soils by growing hyperaccumulator plants on them. The 
efficiency of phytoremediation could be increased by inoculation of phytoremediation 
plants with mycorrhiza-forming fungi. This may promote plants growth and increase their 
stress tolerance. 

 
Materials and methods 
The study is based on a pot experiment with soddy-podzolic soil (Ap horizon, 0-24 

cm), artificially contaminated with Ni and Cu. It was carried out in RSAU-MTAA, Moscow, 
in June - August 2014. The duration of the experiment was 74 days.  
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Table 1. Characteristics of the soil used in the experiment 
 

pH (water suspension) 6,6 

pH (salt solution) 5,7 

P2O5, mg/kg 181Ñ18 

K2O, mg/kg 214Ñ21 

Humus content,% 2,16Ñ0,43 

Base absorption sum, mmol in 100 g of soil 13,75Ñ2,06 

Clay content, % 41 

 
 
To model heavy metal pollution, Ni and Cu salts were applied based on a tenfold 

Maximum Allowable Concentrations (MAC) exceedance (GN 2.1.7.2041-06) ï in the 
amount of 40 mg/kg Ni and 30 mg/kg Cu.  

 
In all variants, 6 plant species and cultivars were sown in the pots: 
1. Variable alfalfa cultivar L10-r (Medicago varia Mart.) 
2. Hop-like alfalfa (Medicago lupulina subsp. vulgaris Koch) 
3. Broadleaf plantain (Plantago major) 
4. White clover (Trifolium repens var. Silvestre) 
5. Red fescue cultivar Sigma (Festuca rubra subsp. rubra óSigmaô) 
6. Red fescue cultivar Yulishka (Festuca rubra subsp. rubra óYulishkaô) 

 
The plants were grown in 4 variants:  

1. Control 
2. Ni and Cu salts were applied 
3. Plants were inoculated with Glomus intraradices 
4. Ni and Cu salts were applied + plants were inoculated with Glomus intraradices 
 
The experiment was carried out in quadruple repetition in 1 liter pots. The total 

number of pots was 96 (4ʭ6ʭ4).  
The content of HM in plants and the gross content of HM in soil were determined on 

an X-ray fluorescence analyzer.  
Inoculation of plants with Glomus intraradices was carried out by pre-sowing 

application of shredded mycorrhizal roots of plectranthus (Plectranthus australis L.) in an 
amount of 1 g per pot. In order to search for mycorrhizal formations, microscopy of plant 
roots was carried out. Root samples were stained with methylene blue and examined at 
Ĭ1600 magnification. 

Respirometric indicators of soil microorganismsô activity (substrate-induced and basal 
respiration) microbial biomass C and microbial metabolic coefficients were determined 
according to the method presented in the article of Ananyeva N.D. and Blagodatskaya 
E.V. (Anan'eva et al., 2002). A glucose solution was used as a substrate. Carbon dioxide 
emission was measured using a gas chromatograph.  

Statistical data processing was performed using programs Microsoft Excel 2010 and 
CʍSTAT. 

 
Results and discussion 
Microscopy of plant roots revealed the presence of mycorrhizal formations on plant 

roots in variants with Glomus intraradices inoculation. Table 2 presents the results of 
determining HM content in plants in variants with their application. HM accumulation by 
aboveground plant parts is more important for the purposes of phytoextraction, because 
underground parts with absorbed HM are difficult to extract from the soil. 
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Table 2. Ni and Cu uptake, mg/kg dry biomass 
 

Plants 
Non-inoculated plants Inoculated plants 

Ni Cu Ni Cu 

Trifolium repens var. Silvestre, 
aboveground parts 

14 19 16 19 

Trifolium repens var. Silvestre, roots 13 118 76 116 

Plantago major, aboveground parts 92 239 44 38 

Plantago major, roots 128 299 108 187 

Medicago varia Mart., aboveground 
parts 

10 17 16 21 

Medicago varia Mart., roots 59 84 34 46 

Medicago lupulina subsp. vulgaris 
Koch, aboveground parts 

13 35 17 20 

Medicago lupulina subsp. vulgaris 
Koch, roots 

22 46 113 159 

Festuca rubra subsp. rubra 'Yulishka', 
aboveground parts 

41 39 25,5 19 

Festuca rubra subsp. rubra 'Yulishka', 
roots 

296 531 186 449 

Festuca rubra subsp. rubra 'Sigma', 
aboveground parts 

16 27 21 22 

Festuca rubra subsp. rubra 'Sigma', 
roots 

208 472 237 439 

 
 

Table 2 shows that when inoculated with Glomus intraradices, the amount of Ni and 
Cu in the aboveground parts of creeping clover increased slightly, but it contributed to a 
strong accumulation of Ni in its roots. Inoculation led to a significant decrease in the 
content of both elements in both the aboveground parts and roots of broadleaf plantain. 
When inoculated, variable alfalfa accumulated more Ni and Cu in the aboveground parts 
than without it, but in the roots the content of these metals as a result of inoculation 
decreased significantly. In the aboveground hop-like alfalfa parts Ni accumulation 
noticeably increased due to inoculation, and the accumulation of copper decreased. 
Inoculation of red fescue cultivar Yulishka led to a significant decrease in the content of 
both Ni and Cu in both the aboveground parts and roots of plants. Ni accumulation 
increased in the aboveground parts and roots (to a lesser extent) of red fescue cultivar 
Sigma, while copper accumulation in both parts of plants of this cultivar decreased slightly. 
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Table 3. Microbial biomass C and metabolic coefficients of soil microorganisms 

 Plants  

Non-inoculated plants Inoculated plants 

Microbial 
biomass C, Õg/g 

soil 

Microbial 
metabolic 
coefficient 

Microbial 
biomass C, Õg/g 

soil 

Microbial 
metabolic 
coefficient 

W
it
h

o
u
t 
H

M
 a

p
p

lic
a

ti
o
n
 

Trifolium repens 
var. Silvestre 

1516Ñ387 0,01 563Ñ120 0,02 

Plantago major 3629Ñ478 0,00 235Ñ12 0,02 

Medicago varia 
Mart. 

2737Ñ665 0,00 329Ñ64 0,01 

Medicago lupulina 
subsp. vulgaris 

Koch 

4227Ñ266 0,00 6598Ñ591 0,00 

Festuca rubra 
subsp. rubra 

'Yulishka' 
2819Ñ200 0,00 4897Ñ340 0,00 

Festuca rubra 
subsp. rubra 

'Sigma' 
3391Ñ238 0,01 7004Ñ782 0,00 

H
M

 a
p
p

lic
a

ti
o
n
 

Trifolium repens 
var. Silvestre 

5020Ñ440 0,00 2713Ñ331 0,00 

Plantago major 2026Ñ485 0,01 2160Ñ268 0,00 

Medicago varia 
Mart. 

1325Ñ466 0,01 7736Ñ603 0,00 

Medicago lupulina 
subsp. vulgaris 

Koch 
1072Ñ160 0,02 1767Ñ42 0,00 

Festuca rubra 
subsp. rubra 

'Yulishka' 
1707Ñ263 0,01 3659Ñ539 0,00 

Festuca rubra 
subsp. rubra 

'Sigma' 
2758Ñ223 0,00 2423Ñ244 0,00 

 
Table 3 presents the results on microbial biomass C and metabolic coefficient of soil 

microorganisms under plants. In all variants, statistically significant differences from the 
control were identified. In variants without the addition of HM, inoculation of white clover, 
broadleaf plantain and variable alfalfa plants led to a decrease in microbial biomass under 
the plants. Inoculation of hop-like alfalfa plants and both cultivars of red fescue, on the 
contrary, contributed to its increase. In variants with the addition of HM to the soil, 
inoculation of only white clover plants led to a statistically significant decrease in soil 
microbial biomass. Also, only in the soil under white clover did the microbial metabolic 
coefficient increase when plants were inoculated, although it did not reach a value 
indicating an unfavorable state of the soil microbial cenosis. In the soil under other plants, 
under the influence of inoculation, microbial biomass either did not undergo statistically 
significant changes (as in the case of broadleaf plantain and red fescue cultivar Sigma), or 
increased significantly (variable alfalfa, hop-like alfalfa and red fescue cultivar Yulishka). 
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No relationship was found between soil microbial biomass and the amount of heavy 
metals accumulated in plants. The microbial metabolic coefficient, which is considered an 
integral indicator when assessing the state of soil microbial cenoses (Anan'eva et al., 
2002), had a value of <0.1 in all experimental variants, which indicated their high stability. 
From this we can conclude that application of Ni and Cu salts to soddy-podzolic soil in 
amounts ten times higher than MAC of these metals did not lead to destabilization of the 
microbial cenosis of this soil. It also follows from the results obtained that inoculation of 
plants with mycorrhiza-forming fungus Glomus intraradices did not cause destabilizing 
changes in soil microbial cenosis. 

Thus, under the conditions of the pot experiment, differences were revealed in the 
effect of inoculation with Glomus intraradices on the microbial biomass of soddy-podzolic 
soil under different plants. Among the crops, white clover stood out; its inoculation led to a 
decrease in microbial biomass in the soil under the plants. This decrease was observed 
both in variants with and without the addition of HM into the soil. Also, a noticeable 
decrease in microbial biomass in the soil without the addition of HM was observed under 
broadleaf plantain during its inoculation. However, in the variants with their addition, the 
opposite results were noted - microbial biomass increased. These changes in microbial 
biomass may be associated with the pulsating nature of fluctuations in the number of 
microorganisms under the influence of various factors, such as photosynthetic activity of 
plants (Panikov et al., 1988). At the same time, both in the variants with and without the 
addition of HM, the microbial metabolic coefficient during inoculation did not exceed 0.1, 
which indicates the high stability of soil microbial cenosis. In addition, the different effects 
of inoculation on microbial biomass when heavy metals are added to the soil can be 
explained by changes in the structure of soil microbial cenosis under their influence. When 
HM are added to soil, the suppression of the development of some types of 
microorganisms leads to a significant increase in populations of others that are more 
resistant to effects of HM, for example, the fungal component of soil microbiota. The 
application of mycorrhiza-forming fungus Glomus intraradices can also be a stressor for an 
already established soil microbial cenosis. In turn, soil fungi synthesize phytohormones 
when forming symbiotic relationships with plants (Smith & Read, 2008). Researchers note 
the different effects of phytohormones on the accumulation of HM in plants (Yakhin et al., 
2014). 

 

 
Figure 1. Plant biomass, mg (average per pot) 


