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ʇʈɽɼʀʉʃʆɺʀɽ 
 

ʅʠ ʚʦʜʘ, ʥʠ ʚʦʟʜʫʭ, ʥʠ ʚʝʪʝʨ ʥʝ ʷʚʣʷʶʪʩʷ ʯʘʩʪʥʦʡ 

ʩʦʙʩʪʚʝʥʥʦʩʪʴʶ. ʕʪʦ ï ʚʩʝʦʙʱʠʝ ʙʣʘʛʘè 

 

ʋʚʘʞʘʝʤʳʝ ʫʯʘʩʪʥʠʢʠ IX  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ. ɺʟʛʣʷʜ ʚ ʙʫʜʫʱʝʝè! 

ɼʘʤʳ ʠ ʛʦʩʧʦʜʘ!  

 
ʉʯʠʪʘʶ ʟʘ ʯʝʩʪʴ ʦʙʨʘʪʠʪʴʩʷ ʢ ʘʚʪʦʨʘʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʦʢʣʘʜʦʚ ʩʦ ʩʣʦʚʘʤʠ ʧʨʠʚʝʪ-

ʩʪʚʠʷ ʧʦ ʩʣʫʯʘʶ ʚʳʭʦʜʘ ʚ ʩʚʝʪ ʤʘʪʝʨʠʘʣʦʚ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʩʦʩʪʦʷʚʰʝʡʩʷ ʩ ɺʘʰʠʤ ʣʠʯʥʳʤ 

ʫʯʘʩʪʠʝʤ IX ʢʦʥʬʝʨʝʥʮʠʠ, ʣʝʡʪʤʦʪʠʚʦʤ ʢʦʪʦʨʦʡ ʩʣʫʞʘʪ ʩʣʦʚʘ ʵʧʠʛʨʘʬʘ. ʕʪʦ ʧʨʦʠʟʦʰʣʦ ʚ 

ʩʚʷʟʠ ʩ ʛʣʦʙʘʣʴʥʦʡ ʵʧʠʜʝʤʠʝʡ ʛʨʠʧʧʘ Covid 19. ʉ 2004 ʛ. ʧʦ 2017 ʛ. ʢʦʥʬʝʨʝʥʮʠʷ ʚʩʝʛʜʘ ʧʨʦ-

ʭʦʜʠʣʘ ʚ ʚʦʟʤʦʞʥʦ ʚʝʩʴʤʘ çʜʠʢʦʚʘʪʳʭè, ʥʦ ʧʦ ʩʚʦʝʤʫ ʦʯʘʨʦʚʘʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ɹʇ ʠ ʉʆʊ 

çʃʠʤʥʯʠʢè ʠ çɺʠʪʷʟʴè, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʙʝʨʝʛʫ ʏʝʨʥʦʛʦ ʤʦʨʷ. ʄʳ ʧʨʠʥʷʣʠ ʥʝʣʝʛʢʦʝ ʨʝ-

ʝhʥʠʝ ʥʝ ʧʨʦʚʦʜʠʪʴ ʢʦʥʬʝʨʝʥʮʠʶ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʨʝʞʠʤʝ, ʚ ʥʘʜʝʞʜʝ ʥʘ ʪʦ, ʯʪʦ ʦʥʘ ʚʩʝ ʞʝ 

ʧʨʦʡʜʝʪ ʚ 2021 ʛ. ʠ ʄʳ ʚʥʦʚʴ, ʢʘʢ ʠ ʨʘʥʝʝ, ʚʦʦʯʠʶ ʚʩʪʨʝʪʠʤʩʷ ʩ ɺʘʤʠ. ʇʦ ɺʘʰʝʡ ʧʨʦʩʴʙʝ 

ʄ  rʧʨʠʥʷʣʠ ʨʝʰʝʥʠʝ ʚʩʝ ʞʝ ʦʧʫʙʣʠʢʦʚʘʪʴ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ ʧʨʠʩʣʘʥʥʳʝ ʜʦʢʣʘʜʳ ʚ ʩʙʦʨ-

ʥʠʢʝ ʪʨʫʜʦʚ IX ʢʦʥʬʝʨʝʥʮʠʠ.  

ɻʝʦʛʨʘʬʠʷ ʢʦʥʬʝʨʝʥʮʠʠ ʤʘʩʰʪʘʙʥʘ. ɼʦʢʣʘʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʯʝʥʳʤʠ ʠʟ ɸʙʭʘʟʠʠ, ɹʝ-

ʣʦʨʫʩʩʠʠ, ʇʨʠʜʥʝʩʪʨʦʚʴʷ, ʈʦʩʩʠʠ, ʋʢʨʘʠʥʳ, ʌʨʘʥʮʠʠ, ʀʥʜʦʥʝʟʠʠ, ʂʫʙʳ; ʛʦʨʦʜʦʚ: ʄʦʩʢʚʘ, 

ɺʦʨʦʥʝʞ, ʆʣʴʛʠʥ, ʉʫʨʫʙʘʷ, ʂʘʟʘʥʴ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʊʦʤʩʢ, ʇʝʨʤʴ, ʉʳʢʪʳʚʢʘʨ, ʃʫʛʘʥʩʢ, 

ɺʣʘʜʠʚʦʩʪʦʢ, ʉʤʦʣʝʥʩʢ, ʉʝʚʘʩʪʦʧʦʣʴ, ʀʞʝʚʩʢ, ʉʦʯʠ, ɻʦʤʝʣʴ, ʂʘʨʘʯʘʝʚʩʢ, ɻʦʨʥʦ-ɸʣʪʘʡʩʢ, 

ʃʦʜʝʡʥʦʝ ʇʦʣʝ, ɺʣʘʜʠʢʘʚʢʘʟ, ʆʤʩʢ, ʂʫʨʩʢ, ʊʠʨʘʩʧʦʣʴ, ʂʘʨʘʯʝʚʩʢ, ʅʘʥʪ, ʂʠʨʦʚ, ʉʫʭʫʤ, ʉʘ-

ʨʘʪʦʚ, ɹʘʨʥʘʫʣ, ʂʨʘʩʥʦʜʘʨ, ʈʷʟʘʥʴ, ʇʷʪʠʛʦʨʩʢ, ɽʩʩʝʥʪʫʢʠ, ʊʶʤʝʥʴ, ʈʷʟʘʥʴ, ʊʘʤʙʦʚ, ʂʘʣʠ-

ʥʠʥʛʨʘʜ, ʊʚʝʨʴ, ʄʘʭʘʯʢʘʣʘ, ɼʦʥʝʮʢ, ʆʨʝʥʙʫʨʛ, ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ.  

ɺ ʨʘʙʦʪʝ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʙʦʣʝʝ 200 ʫʯʘʩʪʥʠʢʦʚ ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ 70 

ʫʯʝʙʥʳʭ, ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ: ʂʘʟʘʥʩʢʠʡ ʌʝʜʝʨʘʣʴ-

ʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ,
 
ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,

 
ɺʦʝʥʥʦ-ʤʦʨʩʢʦʡ ʧʦʣʠʪʝʭʥʠ-

ʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ɺʋʅʎ ɺʄʌ çɺʦʝʥʥʦ-ʤʦʨʩʢʘʷ ʘʢʘʜʝʤʠʷè ʈʦʩʩʠʷ, ʀʥʩʪʠʪʫʪ ʚʦʜʥʳʭ ʧʨʦ-

ʙʣʝʤ ʈɸʅ,
 
ɻʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈʦʩʛʠʜʨʦʤʝʪʘ, ʌʝʜʝʨʘʣʴʥʳʡ ʈʦʩʪʦʚʩʢʠʡ ʘʛʨʘʨʥʳʡ 

ʥʘʫʯʥʳʡ ʮʝʥʪʨ, ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʖʞʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ, ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦ-

ʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʉʳʢʪʳʚʢʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʇʠʪʠʨʠʤʘ ʉʦ-

ʨʦʢʠʥʘ, ʌɻɹʆʋ ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ɻʆʋ ɺʆ ʃʅʈ çʃʫʛʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ 

ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʌɻɹʆʋ ɺʆ ʉʤʦʣʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʦʨʦ-

ʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʌɻɹʋ çʀʥʩʪʠʪʫʪ ʛʣʦʙʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ ʠ ʵʢʦʣʦʛʠʠ 

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʖ. ɸ. ʀʟʨʘʵʣʷè, ʀʥʩʪʠʪʫʪ ɻʝʦʛʨʘʬʠʠ ʈɸʅ, ʈɻɸʋ-ʄʉʍɸ ʠʤʝʥʠ ʂ. ɸ. ʊʠ-

ʤʠʨʷʟʝʚʘ, ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʥʩʪʠʪʫʪ ʦʢʝʘʥʦʣʦʛʠʠ ʠʤ. ʇ. ʇ. ʐʠʨ-

ʰʦʚʘ ʈɸʅ, ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ "ʀʥʩʪʠʪʫʪ ʙʠʦʣʦʛʠʠ ʶʞʥʳʭ ʤʦʨʝʡ ʠʤʝʥʠ 
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ɸ. ʆ. ʂʦʚʘʣʝʚʩʢʦʛʦ ʈɸʅ, ʋʜʤʫʨʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʌʠʣʠʘʣ ʠʥʩʪʠʪʫʪʘ 

ʧʨʠʨʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʛ. ʉʦʯʠ, ʋʆ çɻʦʤʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʌ. ʉʢʦʨʠʥʳ, ʌɻɹʋ çɻʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʂʘʨʘʯʘʝʚʦ-ʏʝʨʢʝʩʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʋ. ɼ. ɸʣʠʝʚʘ, ʃʫʛʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ 

ɺʣʘʜʠʤʠʨʘ ɼʘʣʷ, ʌɻɹʆʋ ɺʆ çɻʦʨʥʦ-ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʠʞʥʝ-ʉʚʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʨʠʨʦʜ-

ʥʳʡ ʟʘʧʦʚʝʜʥʠʢ, ɸʚʪʦʥʦʤʥʘʷ ʥʝʢʦʤʤʝʨʯʝʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ "ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʠʥʥʦʚʘʮʠʦʥ-

ʥʳʡ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʝʥʪʨ "ʋʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʛʦʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ɻʦʨʳ" ʉʝʚʝ-

ʨʦ-ʂʘʚʢʘʟʩʢʦʛʦ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ, ʌɻɹʆʋ ɺʆ çʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʌ. ʄ. ɼʦʩʪʦʝʚʩʢʦʛʦ, ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʳʩ-

ʰʘʷ ʰʢʦʣʘ ʵʢʦʥʦʤʠʢʠ, ʂʫʨʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʇʨʠʜʥʝʩʪʨʦʚʩʢʠʡ ɻʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʊ. ɻ. ʐʝʚʯʝʥʢʦ, ʋʥʠʚʝʨʩʠʪʝʪ ʅʘʥʪʘ, ɸʅʆ ʅʘʮʠʦʥʘʣʴʥʦʝ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦʝ ʘʛʝʥʪʩʪʚʦ çʇʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳè, ɸʟʦʚʦ-ʏʝʨʥʦʤʦʨʩʢʠʡ ʬʠʣʠʘʣ ʌɻɹʅʋ 

çɺʅʀʈʆè (çɸʟʅʀʀʈʍè), ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɺ. ʀ. ɺʝʨʥʘʜʩʢʦʛʦ 

ʈɸʅ, ɺʷʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʥʩʪʠʪʫʪ ʙʠʦʣʦʛʠʠ ʂʦʤʠ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ 

ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ, ʀʥʩʪʠʪʫʪ ʵʢʦʣʦʛʠʠ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ɸʙʭʘʟʠʠ, ʉʘʨʘʪʦʚʩʢʠʡ ʥʘʮʠ-

ʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ. ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ, 

ʀʥʩʪʠʪʫʪ ʚʦʜʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ, ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʷʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʉ. ɸ. ɽʩʝʥʠʥʘ, 

ʆʆʆ çɸɻʄ ʉʠʩʪʝʤʳè, ɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʇʷʪʠʛʦʨʩʢʠʡ 

ʅʀʀ ʢʫʨʦʨʪʦʣʦʛʠʠ ʌʄɹɸ ʈʦʩʩʠʠ, ɸʆ çʂʘʚʤʠʥʢʫʨʦʨʪʨʝʩʫʨʩʳè, ʊʶʤʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʍʨʠʩʪʠʘʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʇʝʪʨʳ, ʋʥʠʚʝʨʩʠʪʝʪ ʕʡʨʣʘʥʛʘ,  ʋʥʠʚʝʨʩʠ-

ʪʝʪ ʆʣʴʛʠʥʘ, ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ, ʈɻʋ ʥʝʬʪʠ ʠ ʛʘʟʘ (ʅʀʋ) ʠʤʝʥʠ 

ʀ. ʄ. ɻʫʙʢʠʥʘ, ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʌʠʣʠʘʣ ʌɻɹʅʋ çʀʥʩʪʠʪʫʪ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤè, ʀʥʩʪʠʪʫʪ ʩʪʝʧʠ ʆʨʝʥʙʫʨʛʩʢʦʛʦ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʋʨʆ ʈɸʅ, ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʮʝʥʪʨ ñʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪò, ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫ-

ʯʝʥʠʷ ɸʨʢʪʠʢʠ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʅ. ʇ. ʃʘʚʝʨʦʚʘ ʈɸʅ, ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴ-

ʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, çʀʥʩʪʠʪʫʪ ʚʦʜʥʳʭ ʧʨʦʙʣʝʤ ʈɸʅè, 

çɼʘʛʝʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘè, çɼʘʛʝʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ɼʘʛʝʩʪʘʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʨʘʟʚʠʪʠʷ ʦʙʨʘʟʦʚʘʥʠʷ, ʌʝʜʝʨʘʣʴ-

ʥ ʡr ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʀʥʩʪʠʪʫʪ ʙʠʦʣʦʛʠʠ ʶʞʥʳʭ ʤʦʨʝʡ ʈɸʅ, ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɹʘʣʪʠʡʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀʤʤʘʥʫʠʣʘ ʂʘʥʪʘ, 

ʊʘʤʙʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɻ. ʈ. ɼʝʨʞʘʚʠʥʘ 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʠ ʦʨʛʘʥʠʟʘʪʦʨʳ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʠʥʦʩʷʪ ʩʚʦʠ ʛʣʫʙʦʢʠʝ ʠ ʠʩʢʨʝʥʥʠʝ ʠʟ-

ʚʠʥʝʥʠʷ ʚ ʩʚʷʟʠ ʧʨʦʠʟʦʰʝʜʰʠʤ, ʥʦ ʤʳ ʧʦʣʥʳ ʦʧʪʠʤʠʟʤʘ, ʠ ʞʝʣʘʝʤ ɺʘʤ ʚʩʝʤ ʟʜʦʨʦʚʴʷ ʠ 

ʧʨʦʮʚʝʪʘʥʠʷ ʚ ʵʪʦ ʥʝʣʝʛʢʦʝ ʜʣʷ ʚʩʝʛʦ ʯʝʣʦʚʝʯʝʩʪʚʘ ʚʨʝʤʷ. ɼʦ ʚʩʪʨʝʯʠ ʚ 2021 ʛʦʜʫ! 

 

ʇʨʝʜʩʝʜʘʪʝʣʴ, ʜ. ʛ. ʥ, ʧʨʦʬʝʩʩʦʨ ʖ. ɸ.ʌʝʜʦʨʦʚ 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʜʝʪ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʝʢʪʦʨʘ, ʢʦ-

ʪʦʨʳʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʥʝʜʨʝʥʠʶ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʠʤʝʥʷʷ ʜʘʥʥʳʝ ʩʧʦʩʦʙʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʫʣʫʯʰʝʥʠʷ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʛʦʨʦʜʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʵʢʦʥʦʤʠʢʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʝʛʠʦʥʘ, ʘ 

ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʢʘʪʘʩʪʨʦʬ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʧʝʨʩʧʝʢ-

ʪʠʚʳ ʵʢʦʥʦʤʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ. 

 

Abstract. At the moment, the information sector is actively developing, which contributes 

to the introduc-tion of new technologies for conducting social and economic research. Using these 

automation meth-ods, it is possible to improve the efficiency and quality of life of the urban popula-

tion, the economy of a particular region, as well as forecasting climate change and disasters. 

Keywords: information technology, artificial intelligence, prospects for economic and geo-

graphical research, ecological problems. 

 

ʈʝʟʫʣʴʪʘʪʦʤ ʩʪʘʪʴʠ ʙʳʣʦ ʚʳʷʚʣʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʥʜʝʥʮʠʠ ʚ ʨʘʟʚʠʪʠʠ ʠʩʢʫʩʩʪʚʝʥ-

ʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʩʦʜʝʡʩʪʚʦʚʘʪʴ ʚ ʧʨʦʛʨʝʩʩʝ ʛʝʦʛʨʘʬʠʠ, ʢʘʨʪʦʛʨʘʬʠʠ, ɻʀʉ, 

ɼɿɿ (ʪ. ʢ ʚ ʥʘʰʝ ʚʨʝʤʷ ʦʙʣʘʩʪʴ ʜʟʟ ʦʯʝʥʴ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʠʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʝʡ ʤʥʦʛʠʝ 

ʧʨʦʮʝʩʩʳ ʤʦʞʥʦ ʫʧʨʦʩʪʠʪʴ). 

ɸʢʪʫʘʣʴʥʦʩʪʴʶ ʩʪʘʪʴʠ ʩʪʘʣʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʦ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ 

ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ, ʦʢʘʟʳʚʘʶʱʠʭ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʥʦʤʠʢʫ ʠ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ. ʉ ʮʝ-

ʣʴʶ ʨʝʰʝʥʠʷ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ ʤʳ ʦʙʨʘʪʠʣʠʩʴ ʢ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʠʥʪʝʣʣʝʢʪʫ, ʢʦʪʦʨʳʡ ʧʨʝʜʫ-

ʩʤʘʪʨʠʚʘʝʪ ʦʛʨʦʤʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʚʦ ʚʣʠʷʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦ-

ʩʪʘ ʛʦʨʦʜʦʚ ʩ ʫʯʝʪʦʤ ʫʣʫʯʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʛʦʨʦʜʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ [1]. 

ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ï ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʰʠʥʳ ʚʳʧʦʣʥʷʪʴ ʨʷʜ ʯʝʣʦʚʝʯʝʩʢʠʭ ʜʝʡ-

ʩʪʚʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʝʛʦ 

ʦʩʥʦʚʝ ʣʝʞʠʪ ʧʨʦʛʨʘʤʤʘ, ʢʦʪʦʨʘʷ ʜʘʝʪ ʫʩʪʘʥʦʚʢʫ ʧʦʩʪʘʥʦʚʠʪʴ ʥʝʚʦʟʤʦʞʥʦ ʩʦʟʜʘʚʘʝʤʳʝ ʟʘ-

ʜʘʯʠ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʟʥʘʥʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʣʶʜʩʢʠʭ ʧʨʦʙʣʝʤ [2]. 

ɹʣʘʛʦʜʘʨʷ ʪʝʭʥʦʣʦʛʠʷʤ ʩʘʤʦʦʙʫʯʝʥʠʷ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʧʨʠʨʦʜʥʦ-ʩʪʠʭʠʡʥʳʝ ʙʝʜʩʪʚʠʷ (ʮʫʥʘʤʠ, ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʦʚ), ʥʘʥʦʩʷʱʠʝ 

ʦʛʨʦʤʥʳʡ ʫʱʝʨʙ ʛʦʨʦʜʩʢʠʤ ʘʛʣʦʤʝʨʘʮʠʷʤ ʠ ʟʜʦʨʦʚʴʶ ʥʘʩʝʣʝʥʠʷ [3].ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʤʦʞʥʦ 

ʧʨʦʚʦʜʠʪʴ ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʟʘʱʠʪʝ ʠ ʦʭʨʘʥʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʨʝʛʠʦʥʘ, ʩʪʨʘʥʳ, ʯʪʦʙʳ 
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ʦʙʳʛʨʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʠʨʦʜʥʳʝ ʢʘʪʘʩʪʨʦʬʳ.(ʇʨʝʜʩʢʘʟʘʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʀʀ ʠ 

ʬʦʪʦʛʨʘʬʠʡ ʩʦ ʩʧʫʪʥʠʢʘ, ʧʝʨʝʠʛʨʳʚʘʥʠʝ ʧʨʠʭʦʜʷʱʠʭ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ ʧʨʠ ʧʦʤʦʱʠ ʨʘʥ-

ʥʝʛʦ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʤʘʰʠʥʳ ʥʘʩʝʣʝʥʠʶ ʠ ʪ. ʜ) 

 

ʈʠʩ. 1. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ [5]. 

 

ʂʨʦʤʝ ʧʨʦʛʥʦʟʘ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʵʬ-

ʬʝʢʪʠʚʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʫ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʫʨʝʥʠʝ ʩʢʚʘʞʠʥ, ʧʝʨʝʨʘ-

ʙʦʪʢʫ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʚ ʜʝʩʷʪʴ ʨʘʟ ʙʳʩʪ-

ʨʝʝ ʠ ʪʦʯʥʝʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʙʦʯʠʤ ʣʶʜʷʤ-ʵʢʩʧʝʨʪʘʤ [4]. 

ʊʘʢ-ʞʝ ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʫʨʦʚʥʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ ʧʨʠ ʧʦʤʦʱʠ 

ʀʀ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʡ ʢʨʘʞʫ çʧʦʣʝʟʥʳʭè ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʠ ʫʣʫʯʰʝʥʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ [6]. 

ʂʦ ʚʩʝʤʫ ʧʨʦʯʝʤʫ, ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʘʩʧʝʢʪʦʚ ʀʀ, ʧʨʦʛʥʦʟʠʨʫʶʱʝʛʦ ʩʪʘʪʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ ʥʘ ʧʨʠʤʝʨʝ ʧʦʛʦʜʳ ʷʚʣʷʶʪʩʷ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘ-

ʱʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʦʧʝʨʘʮʠʡ [7]. 

 
ʈʠʩ. 2. ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʠ. 

 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʤʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʠʥʝʩʫʪ ʦʛʨʦʤʥʫʶ ʧʝʨʩʧʝʢʪʠʚʫ ʵʢʦʥʦʤʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʛʜʝ ʯʝʣʦʚʝʢ ʥʝ 
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ʙʫʜʝʪ ʩʪʨʘʜʘʪʴ ʚ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʠ ʥʝ ʙʫʜʝʪ ʥʝʩʪʠ ʫʙʳʪ-ʢʠ ʠ ʠʟʜʝʨʞʢʠ ʚ ʩʚʷʟʠ ʩ ʧʨʠʨʦʜ-

ʥʳʤʠ ʷʚʣʝʥʠʷʤʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ. ɸ ʪʘʢʞʝ ʙʫʜʝʪ ʧʦʜʛʦʪʦʚʣʝʥ ʢ ʪʝʤ ʠʣʠ ʠʥʳʤ 

ʧʦʩʣʝʜʩʪʚʠʷʤ, ʧʨʠ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʚʳʷʚʣʝʥ ʧʨʦʛʥʦʟ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ. 
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ɸʥʥʦʪʘʮʠʷ: ʈʘʩʩʤʦʪʨʝʥʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜʦʝʤʦʚ ʟʘʧʦʚʝʜʥʠʢʘ çɺʦʨʦ-

ʥʠʥʩʢʠʡè ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʪʝʧʝʥʠ ʥʘʨʫʰʝʥʥʦʩʪʠ ʵʢʦʣʦʛʠʯʝʩʢʦ-

ʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ. ɺ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʧʨʦʠʩ-

ʭʦʜʠʪ ʦʙʤʝʣʝʥʠʝ ʠ ʟʘʨʘʩʪʘʥʠʝ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʪʘʢʩʦ-

ʥʦʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʦʦʙʱʝʩʪʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʠ ʮʠʘʥʦʙʘʢʪʝʨʠʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʠʥʜʠʢʘʮʠʷ, ʚʦʜʥʘʷ ʵʢʦʩʠʩʪʝʤʘ, ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ. 

 

Annotation: Transformations of natural reservoirs of the çVoroninskyè reserve are consid-

ered in order to obtain criteria for identifying the degree of disturbance of the ecological state of 

surface waters. Under the conditions of global climatic changes, water bodies become shallow and 

overgrown, which is accompanied by the transformation of the taxonomic composition of commu-

nities of microalgae and cyanobacteria. 

Keywords: bioindication, water ecosystems, microalgae. 

 

ɺ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʧʨʠʨʦʜʥʦʤ ʟʘʧʦʚʝʜʥʠʢʝ çɺʦʨʦʥʠʥʩʢʠʡè, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ ʩʨʝʜ-

ʥʝʤ ʪʝʯʝʥʠʠ ʨ. ɺʦʨʦʥʘ ʚ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʥʘʤʠ ʩ 2007 ʛʦʜʘ ʧʨʦʚʦʜʠʪʩʷ ʛʝʦʵʢʦʣʦʛʠʯʝ-

ʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʚʦʜʦʝʤʦʚ ʠ ʚʦʜʦʪʦʢʦʚ. ɺʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʟʘʧʦʚʝʜʥʠʢʘ ʨʘʩ-

ʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʨʠʨʦʜʥʳʝ ʚʦʜʦʝʤʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʷʤʘʷ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʦʛʨʘʥʠ-

ʯʝʥʘ. ʀʟʫʯʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʚʦʜʦʝʤʦʚ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦ-

ʨʠʡ, ʧʨʦʚʦʜʠʪʩʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʪʝʧʝʥʠ ʥʘʨʫʰʝʥʥʦʩʪʠ ʵʢʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ.  

ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʟʫʯʝʥʥʦʩʪʠ ʵʢʦʣʦʛʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʧʨʠʨʦʜʥʳʭ ʚʦ-

ʜʦʝʤʦʚ, ʦʩʥʦʚʘʥʦ ʥʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ʙʠʦʠʥʜʠʢʘʮʠʠ ʧʦ ʩʦʦʙʱʝʩʪʚʘʤ ʬʠʪʦ-

ʧʣʘʥʢʪʦʥʘ ʠ ʤʠʢʨʦʬʠʪʦʙʝʥʪʦʩʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʠʢʨʦʚʦʜʦʨʦʩʣʷʤʠ ʠ ʮʠʘʥʦʙʘʢʪʝʨʠʷʤʠ.  
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ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʨʦʜʥʳʭ ʚʦʜʦʝʤʦʚ ʟʘʧʦʚʝʜʥʠʢʘ çɺʦʨʦʥʠʥʩʢʠʡè ʜʝʪʘʣʴʥʦ ʠʟʫ-

ʯʝʥʳ ʧʨʦʪʦʯʥʦ-ʨʫʩʣʦʚʳʝ ʤʝʣʢʦʚʦʜʥʳʝ ʠ ʩʨʝʜʥʝʛʣʫʙʦʢʠʝ ʦʟʝʨʘ ʈʘʤʟʘ ʠ ʂʠʧʝʮ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʝʜʠʥʫʶ ʚʦʜʥʫʶ ʵʢʦʩʠʩʪʝʤʫ. ʇʦ ʪʨʦʬʠʯʝʩʢʦʤʫ ʩʪʘʪʫʩʫ, ʪʦ ʝʩʪʴ ʧʦ ʩʪʝʧʝʥʠ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʙʠʦʛʝʥʘʤʠ, ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʘʢ-

ʢʫʤʫʣʷʮʠʠ ʠ ʜʝʩʪʨʫʢʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʦʟʝʨʘ ʦʪʥʦʩʷʪʩʷ ʢ ʵʚʪʨʦʬʥʦʤʫ ʪʠʧʫ. 

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʣʦʞʥʝʡʰʝʡ ʩʠʩʪʝʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚʳʩʰʝʡ ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ 

ʠ ʩʦʦʙʱʝʩʪʚʘʤʠ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʠ ʮʠʘʥʦʙʘʢʪʝʨʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʙʠʦʛʝʥ-

ʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ.  

ʈʘʟʚʠʪʠʝ ʚʦʜʦʝʤʦʚ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 2007ï2009 ʛʦʜʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʚ 

ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʣʷ ʨʝʛʠʦʥʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʉʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʠ ʪʝʧʣʦʦʙ-

ʤʝʥ ʩ ʘʪʤʦʩʬʝʨʦʡ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʝʨʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʚ ʚʦʜʦʝʤʘʭ. ɺʥʫʪʨʠʛʦʜʦʚʳʝ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜ ʨ. ɺʦʨʦʥʘ ʧʨʦʩʣʝʞʝʥʳ ʃ. ɽ. ɹʦʨʠʩʦʚʦʡ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʛʠʜ-

ʨʦʣʦʛʠʯʝʩʢʦʤ ʧʦʩʪʫ ʚ ʩ. ʏʫʪʘʥʦʚʢʘ (2003ï2007 ʛʦʜʳ), ʘ ʪʘʢʞʝ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʛʠʜʨʦʣʦʛʠʯʝ-

ʩʢʠʤ ʨʝʞʠʤʦʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʟʘʧʦʚʝʜʥʠʢʘ. ʆʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʣʝʙʘʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ ʘʪ-

ʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʛʣʫʙʠʥʘʭ ʜʦ 4 ʤ ʨʘʟʥʠʮʘ ʪʝʤʧʝʨʘʪʫʨ ʚ ʚʝʨʭʥʝʤ ʠ 

ʥʠʞʥʝʤ ʛʦʨʠʟʦʥʪʘʭ ʚ ʨ. ɺʦʨʦʥʘ, ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 0,2Áʉ. ɺ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʨʘʟʥʠʮʘ 

ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʫʯʘʩʪʢʘʭ ʩ ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʦʡ ʠ ʩʧʦʢʦʡʥʳʤ ʪʝʯʝʥʠʝʤ ʥʘ ʩʪʨʝʞʥʝ ʧʦʪʦʢʘ ʤʦ-

ʞʝʪ ʜʦʩʪʠʛʘʪʴ 1,5Áʉ [1].  

ʕʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʣʝʪʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ 2010ï2012 ʛʦʜʦʚ ʧʦʢʘʟʘʣʠ ʟʥʘʯʠ-

ʤʦʩʪʴ ʧʨʠʨʦʜʥʦʛʦ ʬʘʢʪʦʨʘ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʝʨʤʠʯʝʩʢʦʛʦ, ʜʣʷ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʀʩʩʣʝʜʦ-

ʚʘʥʠʷ 2013ï2014 ʛʦʜʦʚ, ʘ ʪʘʢʞʝ 2018 ʠ 2019 ʛʦʜʦʚ, ʧʦʟʚʦʣʠʣʠ ʧʨʦʩʣʝʜʠʪʴ ʠ ʦʮʝʥʠʪʴ ʧʨʦʷʚ-

ʣʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʟʝʨʥʳʭ ʵʢʦʩʠ-

ʩʪʝʤ, ʠʭ ʦʪʢʨʳʪʦʩʪʴ ʧʦʪʦʢʘʤ ʵʥʝʨʛʠʠ ʠ ʠʥʬʦʨʤʘʮʠʠ. ɼʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʥʘʰʣʠ ʦʪʨʘʞʝʥʠʝ ʚ 

ʠʟʤʝʥʝʥʠʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʦʦʙʱʝʩʪʚ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ ʤʠʢʨʦ-

ʬʠʪʦʙʝʥʪʦʩʘ, ʪʦ ʝʩʪʴ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʠ ʮʠʘʥʦʙʘʢʪʝʨʠʡ. ʉʧʫʪʥʠʢʦʚʳʝ ʤʘʪʝʨʠʘʣʳ (ʢʦʩʤʦʬʦ-

ʪʦʩʥʠʤʢʠ) ʠ ʚʠʟʫʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦʟʚʦʣʠʣʠ ʧʨʦʩʣʝʜʠʪʴ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦ-

ʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ [2, 3, 4].  

ɺ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚʦʜʦʝʤʦʚ ʧʦʚʩʝ-

ʤʝʩʪʥʦ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʠʭ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɼʘʣʴʥʝʡʰʝʝ ʦʙʤʝʣʝʥʠʝ ʠ ʟʘʨʘʩʪʘʥʠʝ ʪʘʢʠʭ ʚʦʜʦʝʤʦʚ ʢʘʢ ʦʟ. ʈʘʤʟʘ, ʠ ʯʘʩʪʠ ʘʢʚʘʪʦʨʠʡ ʦʟ. ʂʠ-

ʧʝʮ (ʟʘʣʠʚ ʄʦʭʦʚ ʋʛʦʣ ʠ ʟʘʣʠʚ ʂʠʧʝʮ). ʇʨʠʙʨʝʞʥʳʝ ʟʦʥʳ ʤʝʣʝʶʱʠʭ ʦʟʝʨ ʟʘʠʣʠʚʘʶʪʩʷ, ʟʘ-

ʨʘʩʪʘʶʪ ʚʳʩʰʝʡ ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ, ʯʘʩʪʠʯʥʦ ʟʘʙʦʣʘʯʠʚʘʶʪʩʷ. ʏʘʩʪʴ ʘʢʚʘʪʦʨʠʡ ʦʟ. 

ʂʠʧʝʮ (ʟʘʣʠʚʳ ɹʫʪʳʨʢʠʥ ʠ ʄʠʪʴʢʠʥ ʋʛʦʣ), ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʝʪ ʨʝʯʥʦʡ ʧʦʪʦʢ, ʧʨʦʜʦʣʞʘʪ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʘʢ ʤʝʣʢʦʚʦʜʥʳʝ ʠ ʩʨʝʜʥʝʛʣʫʙʦʢʠʝ ʦʟʝʨʘ. 

ʅʘʯʠʥʘʷ ʩ 2007ï2008 ʛʦʜʦʚ ʥʠʞʝ ʧʦ ʪʝʯʝʥʠʶ ʦʪ ʠʥʪʝʥʩʠʚʥʦ ʤʝʣʝʶʱʝʛʦ ʦʟ. ʈʘʤʟʘ 

ʧʨʦʠʟʦʰʣʦ ʟʘʣʦʞʝʥʠʝ, ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʥʦʚʦʛʦ ʦʟʝʨʦʚʠʜʥʦʛʦ ʨʘʩʰʠʨʝ-

ʥʠʷ ʨʫʩʣʘ ʨʝʢʠ, ʦʙʦʟʥʘʯʝʥʥʦʛʦ ʥʘʤʠ ʢʘʢ çʅʦʚʘʷ ɿʘʚʦʜʴè. ʂ 2017ï2019 ʛʦʜʘʤ ʦʟʝʨʥʘʷ ʘʢʚʘʪʦ-

ʨʠʷ ʦʬʦʨʤʠʣʘʩʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʦʣʥʦʩʪʴʶ, ʠ ʢʘʢ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʩ ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʚʝʨʦ-

ʷʪʥʦʩʪʠ, ʚ ʪʝʯʝʥʠʝ ʙʣʠʞʘʡʰʝʛʦ ʜʝʩʷʪʢʘ ʣʝʪ ʚʦʡʜʝʪ ʚ ʩʠʩʪʝʤʫ ʦʟʝʨʘ ʈʘʤʟʘ. ʌʦʨʤʠʨʫʶʱʝʝʩʷ 

ʦʟʝʨʦʚʠʜʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʚʦʜ. ɿʜʝʩʴ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʳ ʟʘʨʦʩʣʠ ʤʘʢʨʦʬʠʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʝʩʪʝʩʪʚʝʥʥʳʝ ʙʠʦʬʠʣʴʪʨʳ, ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʘʷ 

ʩʪʝʧʝʥʴ ʘʵʨʘʮʠʠ ʚʦʜ ʧʦʜ ʚʣʠʷʥʠʝʤ ʤʦʱʥʦʛʦ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ, ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʤʝʞʜʫ ʦʟʝʨʘʤʠ 

ʈʘʤʟʘ ʠ ʂʠʧʝʮ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʢʦʣʦ 3 ʢʤ.  

ɹʦʣʝʝ ʨʘʥʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ 2007ï2012 ʛʦʜʘʭ ʠʥʜʝʢʩ ʩʘʧʨʦʙʥʦʩʪʠ ʚʦʜ 

ʨʫʩʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʚʳʪʝʢʘʶʱʝʛʦ ʠʟ ʦʟ. ʈʘʤʟʘ, ʨʘʚʥʷʣʩʷ 1,83 ʠ 1,70. ʅʠʞʝ ʧʦ ʪʝʯʝʥʠʶ ʦʪ ʦʟʝʨʘ 
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ʈʘʤʟʘ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʚʦʜ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʪ ʩʪʦʢʠ ʩ ʪʝʨʨʠʪʦʨʠʡ ʩ. ʈʘʤʟʘ ʠ ʩ. 

ʂʦʤʤʫʥʘʨʢʘ. ʀʭ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʭʨʘʥʷʣʦʩʴ ʜʦ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ ʚ 

ʦʟ. ʂʠʧʝʮ, ʠʥʜʝʢʩ ʩʘʧʨʦʙʥʦʩʪʠ ʚʦʜ ʧʦʚʳʰʘʝʪʩʷ ʜʦ 2,09. ʆʜʥʘʢʦ ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʜʘʥʥʳʝ ʙʠʦ-

ʠʥʜʠʢʘʮʠʠ 2013ï2014 ʠ 2018ï2019 ʛʦʜʦʚ, ʧʨʦʡʜʷ ʯʝʨʝʟ ʘʢʚʘʪʦʨʠʶ çʅʦʚʦʡ ɿʘʚʦʜʠè, ʵʢʦʣʦʛʠ-

ʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʚʦʜ ʫʣʫʯʰʘʝʪʩʷ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʠʥʜʝʢʩʘ ʩʘʧʨʦʙ-

ʥʦʩʪʠ ʜʦ 1,49 ʠ 1,58. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʙʠʦʬʠʣʴʪʨʦʚ ʥʦʚʦʡ ʘʢʚʘʪʦʨʠʠ [4].  

ʊʨʘʥʩʬʦʨʤʘʮʠʠ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʦʝʤʦʚ, ʩʚʷ-

ʟʘʥʥʳʝ ʩ ʠʭ ʦʙʤʝʣʝʥʠʝʤ ʠ ʟʘʨʘʩʪʘʥʠʝʤ, ʩʦʟʜʘʶʪ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʛʠʜ-

ʨʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʤʥʦʛʦʦʙʨʘʟʠʝ ʙʠʦʪʦʧʦʚ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʥʘʙʣʶʜʘʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦʝ 

ʚʠʜʦʚʦʝ ʙʦʛʘʪʩʪʚʦ ʩʦʦʙʱʝʩʪʚ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ ʤʠʢʨʦʬʠʪʦʙʝʥʪʦʩʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʘʥʥʳʡ 

ʧʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʦʦʙʱʝʩʪʚ ʬʠʪʦʧʣʘʥʢ-

ʪʦʥʘ ʠ ʤʠʢʨʦʬʠʪʦʙʝʥʪʦʩʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʠʥʜʠʢʘʪʦʨʦʤ ʵʢʦʣʦʛʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜ, 

ʥʘ ʯʝʤ ʠ ʙʘʟʠʨʫʝʪʩʷ ʤʝʪʦʜ ʙʠʦʠʥʜʠʢʘʮʠʠ [3].  

ɺ ʫʩʣʦʚʠʷʭ ʢʘʞʜʦʛʦ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʩʝʟʦʥʘ, ʚ ʩʝʨʝʜʠʥʝ ʣʝʪʘ ʚ ʦʟʝʨʘʭ ʈʘʤʟʘ ʠ ʂʠʧʝʮ 

ʨʘʟʚʠʚʘʶʪʩʷ ʩʦʦʙʱʝʩʪʚʘ ʮʠʘʥʦʙʘʢʪʝʨʠʡ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʝʪ ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʚʠʜʦʚʦʡ ʠ ʵʢʦ-

ʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ʆʪʜʝʣʴʥʳʝ ʚʠʜʳ ʜʦʩʪʠʛʘʶʪ ʤʘʩʩʦʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʦʜʥʘʢʦ çʮʚʝʪʝʥʠʷè ʚʦʜ 

ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʠʭ ʨʝʘʣʠʟʫʝʪʩʷ ʩʚʦʡʩʪʚʦ ʤʥʦʛʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʮʠʘʥʦʙʘʢ-

ʪʝʨʠʡ, ʥʘʨʷʜʫ ʩ ʚʳʩʰʠʤʠ ʚʦʜʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ, ʜʠʘʪʦʤʦʚʳʤʠ ʚʦʜʦʨʦʩʣʷʤʠ ʠ ʙʘʢʪʝʨʠʷʤʠ, 

ʚʢʣʶʯʘʪʴʩʷ ʚ ʦʙʱʫʶ ʩʠʩʪʝʤʫ ʧʨʦʮʝʩʩʦʚ ʬʦʪʦʩʠʥʪʝʟʘ, ʢʨʫʛʦʚʦʨʦʪʘ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʧʝ-

ʨʝʨʘʙʦʪʢʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚʧʣʦʪʴ ʜʦ ʝʛʦ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʜʘʥʥʳʭ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʩʦʭʨʘʥʷʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʚʦʶ ʩʪʘʙʠʣʴʥʦʩʪʴ. ʌʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʝ ʩʣʦʞʥʝʡʰʝʡ ʩʠʩʪʝʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚʳʩʰʝʡ ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʠ 

ʩʦʦʙʱʝʩʪʚʘʤʠ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʠ ʮʠʘʥʦʙʘʢʪʝʨʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʙʠʦʛʝʥ-

ʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. 

ɺ ʩʦʩʪʘʚʝ ʩʦʦʙʱʝʩʪʚ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ʩ ʦʮʝʥʢʘʤʠ ʦʙʠʣʠʷ çʚ ʤʘʩʩʝè, çʦʯʝʥʴ 

ʯʘʩʪʦè, çʯʘʩʪʦè ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʘʢʠʝ ʚʠʜʳ ʢʘʢ Melosira varians Ag., Fragilaria crotonensis 

Kitt ., Asterionella gracillis (Hantzsch.) Heib., Synedra ulna (Nitzsch.) Grun. et var. aequalis 

(K¿tz.) Hust., S. tabulata (Ag.) K¿tz., Navicula radiosa K¿tz., Gomphonema augur Ehr., Gompho-

nema acuminatum var. coronatum (Ehr.) W. Sm., Gomphonema constrictum Ehr., Gomphonema 

intricatum K¿tz. et var. pumilum Grun., Gomphonema olivaceum (Lyngb.) K¿tz., Gomphonema 

parvulum (K¿tz.) Grun., Epithemia sorex K¿tz. et var gracilis Hust., Epithemia zebra (Ehr.) K¿tz. 

et var. porcellus (K¿tz.) Grun.  

ʉʨʝʜʠ ʮʠʘʥʦʙʘʢʪʝʨʠʡ ʧʦʚʩʝʤʝʩʪʥʦ ʥʘʙʣʶʜʘʶʪʩʷ Dactylococcopsis raphidioides Hansg., 

Merismopedia glauca f. insignis (Schkorb.) Geitl., Pseudoholopedia convoluta (Br®b.) Elenk., Mi-

crocystis hansgirgiana (Hang.) Elenk., Microcystis pulverea (Wood) Forti emend. Elenk., Micro-

cystis pulverea f. holsatica (Lemm.) Elenk. 

ʊʨʫʜʥʦ ʧʝʨʝʦʮʝʥʠʪʴ ʟʥʘʯʝʥʠʝ ʨʝʯʥʳʭ ʚʦʜʦʝʤʦʚ ʙʘʩʩʝʡʥʘ ʉʨʝʜʥʝʛʦ ɼʦʥʘ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʭ ʚ ʧʨʝʜʝʣʘʭ ʪʝʨʨʠʪʦʨʠʠ ʟʘʧʦʚʝʜʥʠʢʘ çɺʦʨʦʥʠʥʩʢʠʡè ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ 

ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʦʙʠʪʘʥʠʷ ʚʣʠʷʶʪ ʥʘ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʦʦʙʱʝʩʪʚ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ ʤʠʢʨʦʬʠʪʦʙʝʥʪʦʩʘ. ʇʦʚʩʝʤʝʩʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʧʦʤʠʤʦ ʚʳʰʝʧʨʠʚʝ-

ʜʝʥʥʳʭ ʪʘʢʩʦʥʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜ, ʪʘʢʠʭ ʚʠʜʦʚ ʢʘʢ Ostiilatoria granulata 

Cardner, Ostiilatoria guttalata van Goor, Ostiilatoria lauterbornii Schmidle, Ostiilatoria princes 

Vauch., Ostiilatoria putrida Schmidle, Ostiilatoria tenius Ag., ʘ ʪʘʢʞʝ Spirulina okensis Meyer, 

Lyngbya majuscula Harvey, Schizothrix calcicola (Ag.) Gom. ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʩʪʨʦʪʫ ʵʢʦʣʦʛʠʯʝ-
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ʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʦʧʘʩʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʩʣʦʞʠʚʰʝʡʩʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 
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ʤʝʥ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ ʩ ʘʪʤʦʩʬʝʨʦʡ (ʉʆ2 ) ʚ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ, ʢʦʪʦʨʦʝ ʥʦ-

ʩʠʪ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʩʫʱʝʩʪʚʣʝʥʦ ʧʦʩʪʨʦʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʮʝʥʢʠ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʉʆ2 ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦʙ ʘʥʦʤʘʣʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʤʦʨʷ. ɼʘʥʳ ʚʳʚʦʜʳ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʢʦʨʨʝʣʷʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ 

ʦʪ ʩʨʝʜʥʠʭ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʠ ʚʳʩʦʪʳ ʚʦʣʥʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʥʠʪʦʨʠʥʛ, ʤʦʨʩʢʘʷ ʚʦʜʘ, ʛʘʟʦʧʝʨʝʥʦʩ, ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʵʚʘʟʠʷ. 

 

Abstract. The article deals with the influence of sea surface temperature on the exchange of 

carbon dioxide with the atmosphere (CO2 ) on different time scales, which has a multidirectional 

character. Statistical models for estimating the resulting global CO2 flux are constructed based on 

data on sea surface temperature anomalies. Conclusions are made on the statistical significance of 

the correlation of carbon dioxide from the average maximum values of wind speed and wave height. 

Keywords: monitoring, sea water, gas transfer, carbon dioxide, evasia. 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʤʦʨʷ ʷʚʣʷʶʪʩʷ ʢʨʫʧʥʳʤʠ ʨʝʟʝʨʚʫʘʨʘʤʠ ʫʛʣʝʨʦʜʘ ʥʘ ʧʣʘʥʝʪʝ: ʝʛʦ ʟʘʧʘʩʳ 

ʧʨʝʚʦʩʭʦʜʷʪ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ ʚ ʜʝʩʷʪʢʠ ʨʘʟ. ʄʦʨʝ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʳʤ ʧʦʛʣʦʪʠʪʝ-

ʣʝʤ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʪʝʤ ʩʘʤʳʤ ʦʩʣʘʙʣʷʷ ʘʥʪʨʦʧʦʛʝʥʥʳʡ ʧʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ, ʦʙʫʩʣʦʚʣʝʥ-

ʥʳʡ ʚʳʙʨʦʩʘʤʠ ʦʪ ʩʞʠʛʘʥʠʷ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʤʝʥʪʘ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶ-

ʱʠʤ ʥʝ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʫ, ʥʦ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ ʉʆ2 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʠʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ 

ʤʦʨʩʢʦʡ ʚʦʜʝ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʉʆ2 ʩʥʠʞʘʝʪʩʷ, ʘ ʩ ʧʦʥʠʞʝ-

ʥʠʝʤ ï ʧʦʚʳʰʘʝʪʩʷ [5, 6]. ʆʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʚʠʩʠʪ ʞʠʟʥʝ-

ʜʝʷʪʝʣʴʥʦʩʪʴ ʤʦʨʩʢʠʭ ʦʨʛʘʥʠʟʤʦʚ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʦʡ ʚʦʟʥʠʢʘʶʪ ʤʦʱʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠ ʩʪʦʢʠ 

ʉʆ2. ʀʭ ʜʝʡʩʪʚʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʦʮʝʩʩʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʉʆ2 ʧʨʠ ʬʦʪʦʩʠʥʪʝʟʝ ʠ, ʥʘʦʙʦʨʦʪ, 

ʝʛʦ ʚʳʜʝʣʝʥʠʝʤ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ɽʩʣʠ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʤʦʨʷ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʷʚʣʷʝʪʩʷ ʧʦʥʷʪʥʳʤ ʠ ʦʜʥʦʟʥʘʯʥʳʤ, ʪʦ ʩʚʷʟʴ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʠʭ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʚʝʩʴʤʘ ʩʣʦʞʥʦ ʠ ʤʥʦʛʦʦʙ-

ʨʘʟʥʦ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ ʝʛʦ ʯʠʩʪʘʷ ʧʝʨʚʠʯʥʘʷ ʧʨʦ-

ʜʫʢʮʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʜʳ, ʥʘʣʠʯʠʝʤ ʩʚʝʪʘ ʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ (ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ). ʕʪʠ ʣʠʤʠʪʠʨʫʶʱʠʝ ʨʦʩʪ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʬʘʢʪʦʨʳ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 
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ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʣʠʷʥʠʶ ʧʨʦʮʝʩʩʦʚ ʮʠʨʢʫʣʷʮʠʠ ʤʦʨʷ, ʜʠʥʘʤʠʢʠ ʩʣʦʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ ʘʧʚʝʣ-

ʣʠʥʛʘ [6, 7]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʩʝ ʬʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʥʘ ʚʝʣʠʯʠʥʫ ʠ ʥʘʧʨʘʚʣʝʥʠʝ 

ʧʦʪʦʢʘ ʉʆ2, ʘ ʪʘʢʞʝ ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʩʚʷʟʘʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ ʢʘʢ ʧʨʷʤʳʤʠ, ʪʘʢ ʠ ʦʙʨʘʪʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʩʧʦʩʦʙʥʳ ʣʠʙʦ ʫʩʠʣʠʚʘʪʴ, ʣʠʙʦ ʧʦʜʘʚʣʷʪʴ ʵʬʬʝʢʪ ʠʭ ʩʦʚʤʝʩʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ, ʧʦʤʠʤʦ ʧʨʷʤʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʉʆ2 ʚ 

ʤʦʨʩʢʦʡ ʚʦʜʝ, ʦʢʘʟʳʚʘʝʪ ʦʧʦʩʨʝʜʦʚʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʚʝʣʠʯʠʥʫ ʯʠʩʪʦʡ ʧʝʨʚʠʯʥʦʡ ʧʨʦ-

ʜʫʢʮʠʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʢʦʪʦʨʘʷ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʧʨʦʮʝʩʩʘʤʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʫʛ-

ʣʝʨʦʜʘ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ ʧʦʪʦʢʘʤʠ ʉʆ2 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʤʦʨʝïʘʪʤʦʩʬʝʨʘ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʚʘʞʥʳʤ ʚʳʷʚʣʝʥʠʝ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʥʘ 

ʦʙʤʝʥ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ ʩ ʘʪʤʦʩʬʝʨʦʡ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ.  

ʉʦʛʣʘʩʥʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʜʘʞʝ ʥʝʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʡ ʩʢʦʨʦ-

ʩʪʠ ʚʝʪʨʘ ʥʘʜ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʦʛʫʪ ʟʘʤʝʪʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʩʨʝʜʥʝʤ ʛʘʟʦʦʙʤʝʥʝ: ʠʟʤʝ-

ʥʠʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʩʠʣʴʥʳʭ ʚʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʩʨʝʜʥʠʡ ʧʦʪʦʢ 

ʉʆ2 ʠ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʶʪ ʩʨʝʜʥʠʡ ʧʦʪʦʢ ʢʠʩʣʦʨʦʜʘ. ɺʢʣʘʜ ʩʠʣʴʥʦʛʦ ʚʝʪʨʘ ʚ ʧʝʨʝ-

ʥʦʩ ʢʠʩʣʦʨʦʜʘ ʠ ʉʆ2 ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʝʪʩʷ. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʷʚʣʷʝʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ ʚ 

ʨʘʟʣʠʯʥʳʭ ʜʝʪʘʣʷʭ ʤʝʭʘʥʠʟʤʘ ʛʘʟʦʧʝʨʝʥʦʩʘ, ʥʦ ʠʟʤʝʥʝʥʠʝ ʤʝʥʝʝ ʯʝʤ ʥʘ 5Áʉ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʤʘʣʦ ʩʫʱʝʩʪʚʝʥʥʳʤ [1, 2, 3].  

ʇʦ ʜʘʥʥʳʤ ʗ. ɸ. ʕʢʙʘ ʠ ʈ. ʉ. ɼʙʘʨ [4] ʤʥʦʛʦʣʝʪʥʷʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʤʦʨʩʢʦʡ ʚʦʜʳ ʚ ʘʢʚʘʪʦʨʠʠ ʛ.ʉʫʭʫʤ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 15,2ï17,6 Áʉ. ʇʨʠ ʦʙʱʝʤ ʧʦ-

ʣʦʞʠʪʝʣʴʥʦʤ ʪʨʝʥʜʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʤʦʨʷ, ʩʦʩʪʘʚʣʷʶʱʝʤ 0,4ï0,5 Á/100 ʣʝʪ, ʩ 

ʥʘʯʘʣʘ XX ʚʝʢʘ ʠ ʜʦ 90-ʭ ʛʛ. ʦʥʘ ʧʦʥʠʞʘʣʘʩʴ. ʅʘʯʠʥʘʷ ʩ 1994 ʛ., ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʩʪʘʣʘ ʧʦʚʳ-

ʰʘʪʴʩʷ ʩʠʥʭʨʦʥʥʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ [1]. ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʩʫʭʫʤʩʢʦʡ ʘʢʚʘʪʦʨʠʠ ʧʦʚʳʩʠʣʘʩʴ ʥʘ 1,1 Áʉ. ʅʘʠʤʝʥʴʰʘʷ ʩʨʝʜʥʷʷ ʤʝ-

ʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʚʦʜʳ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʬʝʚʨʘʣʝ, ʯʪʦ ʚ 

ʮʝʣʦʤ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʙʱʠʤ ʭʦʜʦʤ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ. ʅʘʠʙʦʣʴʰʘʷ ʩʨʝʜʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʘʚʛʫʩʪʝ. ɻʦʜʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʭʚʘʪʳʚʘʶʪ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʚ 

150 ʤ, ʘ ʛʣʫʙʞʝ ʪʝʤʧʝʨʘʪʫʨʘ ʦʩʪʘʝʪʩʷ ʧʦʯʪʠ ʥʝʠʟʤʝʥʥʦʡ ʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 

8ï9 Áʉ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʛʘʟʦʦʙʤʝʥ ʩʨʝʜ: ʚʦʜʘïʚʦʟʜʫʭ. 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʢʠʩ-

ʣʦʛʦ ʛʘʟʘ ʠ ʢʠʩʣʦʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ ʧʨʠʙʨʝʞʥʦʡ ʯʘʩʪʠ ɸʙʭʘʟʠʠ ʟʘ ʧʝʨʠʦʜ ʩ 2011 ʧʦ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʦ ʜʘʥʥʳʤ ʤʦʥʠʪʦʨʠʥʛʘ ʤʝʪʝʦʩʪʘʥʮʠʠ çʄʘʷʢè, ʛ. ʉʫʭʫʤ, ʈɸ. ʅʝʧʨʝʨʳʚʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2 ʥʘ ʤʝʪʝʦʩʪʘʥʮʠʠ çʄʘʷʢè ʛ.ʉʫʭʫʤ ʙʳʣʠ ʥʘʯʘʪʳ ʚ 2011 ʛ., ʠʟʤʝʨʝʥʠʷ ʧʨʦ-

ʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʘ ʇɻɸ-7 ʠ ʩ 2016 ʛʦʜʘ ʧʨʦʠʟʚʦʜʷʪʩʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪ-

ʥʳʤ ʘʥʘʣʠʟʘʪʦʨʦʤ ʛʘʟʦʚ ʄɸɻ ï 6ʇ. 

ʋʩʨʝʜʥʝʥʥʳʝ ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2 ʚ ʧʨʠʤʦʨʩʢʦʡ ʟʦʥʝ 

ʛ.ʉʫʭʫʤ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʧʦʪʦʢʘ ʉʆ2. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪʤʝʯʘ-

ʶʪʩʷ ʚ ʦʢʪʷʙʨʝ-ʥʦʷʙʨʝ, ʤʠʥʠʤʘʣʴʥʳʝ ʚ ʠʶʥʝ (ʨʠʩ.1). 

ɺ ʮʝʣʷʭ ʚʳʷʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʪʦʢʘ ʉʆ2 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʨʘʩ-

ʩʤʦʪʨʝʥʳ ʠʭ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ (ʨʠʩ. 2). ɺʠʜʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʦʪʦʢʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ 

ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʤʦʨʝ-ʘʪʤʦʩʬʝʨʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʠʤʝʝʪ ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʳʝ ʪʝʥʜʝʥʮʠʠ. ʇʨʠ ʨʦʩʪʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝ-

ʥʠʝ ʧʦʪʦʢʘ ʉʆ2 ʚ ʤʦʨʝ. ɼʦʩʪʘʪʦʯʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʤʥʝʥʠʝ ʦ ʙʝʟʫʩʣʦʚʥʦʤ 

ʫʩʠʣʝʥʠʠ ʧʦʛʣʦʱʝʥʠʷ ʉʆ2 ʤʦʨʩʢʦʡ ʚʦʜʳ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. 
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ʈʠʩ.1. ʉʨʝʜʥʝʤʝʩʷʯʥʳʝ ʧʦʪʦʢʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʛ.ʉʫʭʫʤ ʟʘ ʧʝʨʠʦʜ 2017-2019 ʛʛ. 

 

ʈʠʩ.2. ɻʦʜʦʚʦʡ ʭʦʜ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʛ.ʉʫʭʫʤ 

ʟʘ ʧʝʨʠʦʜ 2017-2019 ʛʛ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʦʪ ʛʠʜʨʦʬʠʟʠʯʝ-

ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʟʚʝʜʝʥʳ ʥʘʤʠ ʩ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ R ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʝ: 

2
В ̒̑É Î ̒̑

В ̒̑ В ̒̑É

. 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ R ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ RÓR*, ʛʜʝ R* ï ʢʨʠʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʦ ʪʘʙʣʠʮʝ ʧʨʠ ʟʘʜʘʥʥʦʤ ʯʠʩʣʝ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ (ɜ) ʠ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ (Ŭ), ʛʜʝ  

ɜ = n ï 2, n ï ʦʙʲʸʤ ʨʷʜʘ, Ŭ = 5 % . 

ɺʳʚʦʜʳ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʢʦʨʨʝʣʷʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʦʪ ʩʨʝʜʥʠʭ ʤʘʢ-

ʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ: ʪʘʢ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 0,625761 Ó 0,576 

0,000 

0,005 

0,010 

0,015 

0,020 

0,025 

0,030 

0,035 

1 2 3 4 5 6 7 8 9 10 11 12 

0,00 

0,01 

0,02 

0,03 

0,04 

0,05 

0,06 

0,07 

0 

5 

10 

15 

20 

25 

30 

1 2 3 4 5 6 7 8 9 10 11 12 



41 
 

(ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ), ʪʦ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 0,95 ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʟʘʚʠʩʠʪ ʦʪ 

ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ. 

ʅʘʤʠ ʪʘʢʞʝ ʧʨʦʠʟʚʝʜʸʥ ʨʘʩʯʸʪ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʢʦʨʨʝʣʷʮʠʠ ʫʛʣʝʢʠʩʣʦ-

ʛʦ ʛʘʟʘ ʦʪ ʚʳʩʦʪʳ ʚʦʣʥʳ: ʪʘʢ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 0,134632 < 0,576 (ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʟʥʘʯʝʥʠʷ), ʪʦ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 0,95 ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʳʩʦʪʳ ʚʦʣ-

ʥʳ (ʪʘʙʣ.). 

ʊʘʙʣʠʮʘ  

ʂʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʘʨʥʦʡ ʢʦʨʨʝʣʷʮʠʠ 

ʏʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ (ɜ) 
ʋʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ (Ŭ) 

5 % 1 % 

10 0,576 0,708 

11 0,553 0,684 

12 0,532 0,661 

 

ɺʠʜʥʦ ʯʪʦ, ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʵʚʘʟʠʠ 

ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʝ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʧʦʪʦʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, 

ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʱʠʝ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚʝʪʨʘ, ʚʳʷʚʣʝʥʳ ʚ ʦʩʝʥʥʝ-ʟʠʤʥʠʡ ʧʝʨʠʦʜ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʉʆ2 ʚʳʚ̫-

ʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʦʮʝʥʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʧʦʪʦʢʘ ʉʆ2 ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʤʦʨʷ ʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ. ʗʨʢʦ ʚʳʨʘʞʝʥʥʳʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʪʝʥʜʝʥʮʠʠ ʦʪʤʝʯʘʶʪʩʷ ʚʦ ʚʟʘʠ-

ʤʦʩʚʷʟʷʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʠ ʧʦʪʦʢʘ ʉʆ2. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʚʧʦʣʥʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʦʙʱʠʤʠ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʏʝʨʥʦʛʦ ʤʦʨʷ. 
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ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʘ ʬʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʣʝʚʦʙʝʨʝʞʴʷ ʅʠʞʥʝʛʦ ɼʦ-

ʥʘ. ɺʳʙʦʨ ʪʝʩʪ-ʦʙʲʝʢʪʦʚ ʜʣʷ ʬʠʪʦʪʝʩʪʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʚʦʜ. ɾʝʣʘ-

ʪʝʣʴʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʦʣʝʫʩʪʦʡʯʠʚʦʛʦ ʠ ʥʝʩʦʣʝʫʩʪʦʡʯʠʚʦʛʦ ʨʘʩʪʝʥʠʷ. ʌʠʪʦ-

ʪʦʢʩʠʯʥʦʩʪʴ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʪʦʣʴʢʦ ʩ ʥʝʩʦʣʝʫʩʪʦʡʯʠʚʳʤ ʪʝʩʪ-ʦʙʲʝʢʪʦʤ Raphanus sativus. ɺ 

ʦʪʥʦʰʝʥʠʠ ʩʦʣʝʫʩʪʦʡʯʠʚʦʛʦ ʨʘʩʪʝʥʠʷ ʪʝʩʪʠʨʫʝʤʳʝ ʚʦʜʳ ʥʝ ʧʨʦʷʚʠʣʠ ʪʦʢʩʠʯʥʦʩʪʴ. ʆʜʥʘʢʦ 

ʧʨʠʤʝʥʝʥʠʝ ʚʦʜʳ ʪʝʩʪʠʨʫʝʤʳʭ ʧʨʦʙ ʚ ʮʝʣʷʭ ʦʨʦʰʝʥʠʷ ʦʧʘʩʥʦ ʚʦʟʤʦʞʥʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ 

ʦʩʦʣʦʥʮʝʚʘʥʠʷ ʧʦʯʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʠʪʦʪʝʩʪʠʨʦʚʘʥʠʝ, ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʝ, ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ, ʪʦʢʩʠʯ-

ʥʦʩʪʴ. 

 

Abstract. The phytotoxicity of groundwater on the left bank of the Lower Don was investi-

gated. The choice of test objects for phytotesting is determined by water salinity. The simultaneous 

use of a salt-tolerant and a non-salt-tolerant plant is desirable. Phytotoxicity was detected only with 

the non-salt tolerant test-object Raphanus sativus. The tested waters did not show toxicity for the 

salt-tolerant plant. However, the use of water from the tested samples for irrigation purposes is dan-

gerous with the possible consequences of alkalinization of soils. 

Keywords: phytotesting, bioassay, groundwater, toxicity. 

 

ɻʨʫʥʪʦʚʳʝ ʚʦʜʳ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʸʪ ʠʥʬʠʣʴʪʨʘʮʠʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜ-

ʢʦʚ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʠʭ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʟʘʚʠʩʠʪ ʪʘʢʞʝ ʦʪ ʩʦʩʪʘʚʘ ʧʦʯʚʳ. ʅʝʩʤʦʪʨʷ 

ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʫʶ ʟʘʱʠʱʝʥʥʦʩʪʴ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ, ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʠʤʝʶʪ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ ʠʩʪʦʯʥʠʢʠ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. 

ɺʦʜʳ ʧʝʨʚʦʛʦ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩ ʧʦʤʦʱʴʶ ʢʦʣʦʜʮʝʚ ʠ ʥʝʛʣʫʙʦʢʠʭ 

ʩʢʚʘʞʠʥ ʧʦʯʪʠ ʧʦʚʩʝʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʩʪʥʳʤ ʥʘʩʝʣʝʥʠʝʤ ʜʣʷ ʧʠʪʴʷ, ʚʦʜʦʧʦʷ ʩʢʦʪʘ ʠ 

ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʫʞʜ. ɺ ʩʠʣʫ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʦʡ ʫʷʟʚʠʤʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʭʥʦʛʝʥʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ ʠ ʢʣʘʩ-

ʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʥʝʟʘʱʠʱʝʥʥʳʝ ʠʣʠ ʩʣʘʙʦ ʟʘʱʠʱʝʥʥʳʝ [1]. ʉ ʟʘʛʨʷʟʥʝʥʠʝʤ ʚʦʜ ʩʚʷʟʘʥʘ 

ʦʜʥʘ ʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʯʝʩʪʚʘ ʚʦʜ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʭ ʧʨʠʛʦʜʥʦʩʪʴ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-
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ʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʧʠʪʴʝʚʳʭ ʮʝʣʝʡ ï ʪʦʢʩʠʯʥʦʩʪʴ. ʀʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʱʝʡ ʪʦʢʩʠʯʥʦʩʪʠ ʩ 

ʫʯʝʪʦʤ ʵʬʬʝʢʪʦʚ ʚʩʝʭ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʩʨʝʜʝ ʚʝʱʝʩʪʚ ʧʦʣʫʯʘʶʪ ʥʘ ʦʩʥʦʚʝ ʨʝʘʢʮʠʡ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ ï ʤʝʪʦʜʦʤ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʠ ʚʳʩʰʠʭ ʨʘʩ-

ʪʝʥʠʡ ʦʮʝʥʠʚʘʶʪ ʬʠʪʦʪʦʢʩʠʯʥʦʩʪʴ, ʢʘʢ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʦ-

ʜʘʚʣʷʪʴ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʜʝʡʩʪʚʠʝʤ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚʝʱʝʩʪʚ. 

ɺʚʠʜʫ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʜʣʷ ʩʪʝʧʥʦʡ ʟʦʥʳ ʶʛʘ ʈʦʩʩʠʠ, ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʠʪ 

ʈʦʩʪʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʭʘʨʘʢʪʝʨʥʦ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠ ʠʥʪʝʥʩʠʚʥʦʝ ʠʩ-

ʧʘʨʝʥʠʝ ʚʦʜ, ʵʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪ-

ʥʳʭ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʯʪʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʦʜʙʦʨʝ ʪʝʩʪ-ʦʙʲʝʢʪʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʬʠ-

ʪʦʪʝʩʪʠʨʦʚʘʥʠʷ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʰʠʨʦʢʦ ʨʘʟʚʠʪʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴ-

ʥʦʩʪʴ, ʧʦʵʪʦʤʫ ʚʳʙʦʨ ʪʝʩʪ-ʦʙʲʝʢʪʦʚ ʧʨʦʚʦʜʠʣʩʷ ʠʟ ʯʠʩʣʘ ʢʫʣʴʪʫʨ, ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʥʘ ʜʘʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʶʱʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʩʦʣʝʡ. 

ʉʨʝʜʠ ʩʦʣʝʫʩʪʦʡʯʠʚʳʭ ʢʫʣʴʪʫʨ ʙʳʣ ʚʳʙʨʘʥ ʷʯʤʝʥʴ Hordeum vulgare [2, 6]. ʂʘʢ ʥʝʫʩʪʦʡʯʠʚʘʷ 

ʢ ʟʘʩʦʣʝʥʠʶ ʢʫʣʴʪʫʨʘ, ʥʦ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʡ ʩʝʙʷ ʚ ʬʠʪʦʪʝʩʪʠʨʦʚʘʥʠʠ ʪʝʩʪ-ʦʙʲʝʢʪ 

ʠʩʧʦʣʴʟʦʚʘʥ ʨʝʜʠʩ Raphanus sativus [3]. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ ʢʫʣʴʪʫʨ: ʦʜʥʦ-

ʜʦʣʴʥʦʛʦ ʠ ʜʚʫʜʦʣʴʥʦʛʦ ʨʘʩʪʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʤʝʪʦʜʠʢʠ [3]. 

ɼʣʷ ʬʠʪʦʪʝʩʪʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʝʤʝʥʘ ʚʳʙʨʘʥʥʳʭ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ. ɺ ʭʦʜʝ 

ʦʧʳʪʘ ʬʠʢʩʠʨʦʚʘʣʠ ʪʝʩʪ-ʧʦʢʘʟʘʪʝʣʠ: ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ, ʢʦʣʠʯʝʩʪʚʦ ʨʦʩʪʢʦʚ, ʜʣʠʥʫ ʩʪʝʙʣʝʡ, 

ʜʣʠʥʫ ʢʦʨʥʝʡ. ʂʨʠʪʝʨʠʝʤ ʪʦʢʩʠʯʥʦʩʪʠ ʩʣʫʞʠʣʠ ʦʪʢʣʦʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʪʝʩʪ-ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ 

50% ʦʪ ʢʦʥʪʨʦʣʷ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʳʭ ʧʨʠʥʷʪʳ ʟʥʘʯʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳʭ ʪʝʩʪ-ʧʦʢʘʟʘʪʝʣʝʡ 

ʩʝʤʷʥ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʝʭʣʦʨʠʨʦʚʘʥʥʦʡ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʝ. 

ʀʩʩʣʝʜʦʚʘʣʠ ʪʦʢʩʠʯʥʦʩʪʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʪʝʨʨʠʪʦʨʠʠ ʣʝʚʦʙʝʨʝʞʴʷ ʅʠʞʥʝʛʦ ɼʦʥʘ, 

ʦʪʦʙʨʘʥʥʳʭ ʚ ʠʶʣʝ 2020 ʛ. ʄʝʩʪʘ ʦʪʙʦʨʘ ʧʨʦʙ ʠʟ ʢʦʣʦʜʮʝʚ ʠ ʩʢʚʘʞʠʥ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ. 

ɺ ʧʨʦʙʘʭ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʦʪʦʙʨʘʥʥʳʭ ʜʣʷ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʩʫʭʦʛʦ 

ʦʩʪʘʪʢʘ [5] (ʪʘʙʣʠʮʘ). 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʝʘʢʮʠʷ ʠʩʧʦʣʴʟʦʚʘʥ-

ʥʳʭ ʪʝʩʪ-ʦʙʲʝʢʪʦʚ ʙʳʣʘ ʚʳʨʘʟʠʪʝʣʴʥʦʡ ʧʦ ʤʝʪʨʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʠ ʠʤʝʣʘ ʥʝʢʦʪʦʨʳʝ ʦʙ-

ʱʠʝ ʪʝʥʜʝʥʮʠʠ. ʆʪʤʝʯʘʣʦʩʴ ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʙ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʦ 

ʨʦʩʪʫ ʢʦʨʥʝʡ (ʨʠʩʫʥʦʢ). 

ʆʜʥʘʢʦ ʪʦʢʩʠʯʥʦʩʪʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʣʠʰʴ ʚ ʧʨʦʙʝ 5 ʠʟ ʢʦʣʦʜʮʘ ʚ 

ʩʪʘʥʠʮʝ ʍʦʤʫʪʦʚʩʢʦʡ ʧʨʠ ʧʦʤʦʱʠ ʬʠʪʦʪʝʩʪʘ ʩ ʨʝʜʠʩʦʤ ʧʦ ʪʝʩʪ-ʧʦʢʘʟʘʪʝʣʶ çʜʣʠʥʘ ʢʦʨʥʝʡè. 

ʋʢʘʟʘʥʥʘʷ ʧʨʦʙʘ ʚʦʜʳ ʚʳʜʝʣʷʣʘʩʴ ʩʨʝʜʠ ʧʨʦʯʠʭ ʧʦ ʩʫʤʤʘʨʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ 

ʚʦʜʝ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʦ ʢʦʪʦʨʦʤ ʩʫʜʠʣʠ ʧʦ ʩʫʭʦʤʫ ʦʩʪʘʪʢʫ (ʪʘʙʣʠʮʘ). ɿʥʘʯʝʥʠʝ ʩʫʭʦʛʦ 

ʦʩʪʘʪʢʘ ʚ ʥʝʡ ʙʳʣʦ ʥʘʠʙʦʣʴʰʠʤ ï 4,5 ʛ/ʜʤ
3
, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʧʨʦʙʫ ʚʦʜʳ ʧʦ ʪʠʧʫ ʢ ʩʦ-

ʣʦʥʦʚʘʪʳʤ. ʇʦ ʜʘʥʥʳʤ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʛʨʫʥʪʦʚʳʭ ʚʦʜ [4] 

ʚʦʜʳ ʠʟ ʢʦʣʦʜʮʘ ʚ ʩʪʘʥʠʮʝ ʍʦʤʫʪʦʚʩʢʦʡ ʦʪʥʦʩʷʪʩʷ ʢ ʪʠʧʫ ʩʫʣʴʬʘʪʥʳʭ, ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʦ 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʩʫʣʴʬʘʪʦʚ, ʥʦ ʠ ʠʦʥʦʚ ʢʘʣʴʮʠʷ, ʤʘʛʥʠʷ, ʥʘʪʨʠʷ (ʚ ʩʨʝʜʥʝʤ 2-4 

ʇɼʂ ʜʣʷ ʚʦʜʳ ʧʠʪʴʝʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ), ʚʳʩʦʢʘ ʞʸʩʪʢʦʩʪʴ. 

ɺʦʜʳ ʦʩʪʘʣʴʥʳʭ ʧʨʦʙ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʢʘʢ ʩʣʘʙʦʩʦʣʦʥʦʚʘʪʳʝ, ʦʢʘʟʳʚʘʣʠ ʫʛʥʝʪʘʶ-

ʱʝʝ, ʥʦ ʥʝ ʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʨʦʩʪʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʘʩʪʝʥʠʡ. 

ʈʝʘʢʮʠʷ ʨʝʜʠʩʘ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʙʳʣʘ ʙʦʣʝʝ ʦʩʪʨʦʡ ʚʚʠʜʫ ʝʛʦ ʙʦʣʴ-

ʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʚʳʩʦʢʦʤʫ ʩʦʜʝʨʞʘʥʠʷ ʩʦʣʝʡ. ɺ ʢʦʥʪʨʦʣʝ ʩʫʭʦʡ ʦʩʪʘʪʦʢ ʠʤʝʣ 

ʟʥʘʯʝʥʠʝ ʦʢʦʣʦ 0,8 ʛ/ʜʤ
3
, ʯʪʦ ʚ 1,8-5,6 ʨʘʟ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʷ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ ʪʝʩʪʠ-

ʨʫʝʤʳʭ ʛʨʫʥʪʦʚʳʭ ʚʦʜʘʭ. ʆʜʥʘʢʦ ʜʣʷ ʚʦʜ, ʟʘʙʠʨʘʝʤʳʭ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢ-
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ʪʦʚ ʚ ʮʝʣʷʭ ʦʨʦʰʝʥʠʷ ʩʝʣʴʭʦʟʫʛʦʜʠʡ ʭʘʨʘʢʪʝʨʥʦ ʟʥʘʯʝʥʠʝ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ ʙʣʠʟʢʦʝ 

0,8 ʛ/ʜʤ
3
. 

ʇʨʠʛʦʜʥʳʤʠ ʜʣʷ ʦʨʦʰʝʥʠʷ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʚʦʜʳ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʜʦ 1 ʛ/ʜʤ
3
. ʆʜʥʘ-

ʢʦ ʚ ʧʨʘʢʪʠʢʝ ʠʤʝʶʪʩʷ ʧʨʠʤʝʨʳ ʫʩʧʝʰʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʦʨʦʰʝʥʠʷ ʧʦʯʚ ʣʝʛʢʦʛʦ ʤʝʭʘ-

ʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 5-6 ʛ/ ʜʤ
3
, ʩʨʝʜʥʝʛʦ ʠ ʪʷʞʝʣʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦ-

ʩʪʘʚʘ ï ʜʦ 2ï3 ʛ/ ʜʤ
3
, ʜʣʷ ʩʫʧʝʩʯʘʥʳʭ ʠ ʧʝʩʯʘʥʳʭ ʧʦʯʚ ï 10-12 ʛ/ʜʤ

3
 [2]. 

ʉʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʝ ʟʥʘʯʝʥʠʷ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ, 

ʚʳʰʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ ʦʪʦʙʨʘʥʥʳʭ ʥʘʤʠ ʧʨʦʙʘʭ. ʊʘʢʞʝ ʜʣʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʭʘʨʘʢʪʝʨʥʘ ʠʟʤʝʥ-

ʯʠʚʦʩʪʴ ʩʦʣʝʚʦʛʦ ʩʦʩʪʘʚʘ [4]. 

ʆʧʘʩʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʥʝʛʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʧʦʣʠʚʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʛʣʘʚʥʳʭ ʠʦʥʦʚ: ʭʣʦʨʠʜʥʦʛʦ ʟʘʩʦʣʝʥʠʷ, ʥʘʪʨʠʝʚʦʛʦ ʠ ʤʘʛʥʠʝʚʦʛʦ ʦʩʦʣʦʥʮʝʚʘ-

ʥʠʷ. ʆʧʘʩʥʦʩʪʴ ʦʩʦʣʦʥʮʝʚʘʥʠʷ ʧʦʯʚ ʧʦʣʠʚʥʦʡ ʚʦʜʦʡ ʩ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʢʘʪʠʦʥʥʳʤ ʩʦʩʪʘ-

ʚʦʤ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʥʘʤʠ ʧʦ ʚʝʣʠʯʠʥʝ ʥʘʪʨʠʝʚʦʛʦ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ SAR (ʪʘʙʣʠ-

ʮʘ), ʨʘʩʩʯʠʪʘʥʥʦʤʫ ʧʦ ʬʦʨʤʫʣʝ ʈʠʯʘʨʜʩʘ [2]. ɼʣʷ ʨʘʩʯʝʪʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʨʝʜʥʝʤʥʦʛʦ-

ʣʝʪʥʠʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʣʘʚʥʳʭ ʠʦʥʦʚ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʷ [4]. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝ-

ʥʠʝ ʧʨʦʙ ʚʦʜʳ ʠʟ ʢʦʣʦʜʮʝʚ ʠ ʩʢʚʘʞʠʥ ʚ ʭʫʪʦʨʘʭ ɽʣʢʠ ʠ ʂʨʘʩʥʳʡ, ʩʪʘʥʠʮʘʭ ʄʘʥʳʯʩʢʦʡ ʠ 

ʍʦʤʫʪʦʚʩʢʦʡ ʚ ʮʝʣʷʭ ʦʨʦʰʝʥʠʷ ʦʧʘʩʥʦ ʚʦʟʤʦʞʥʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʦʩʦʣʦʥʮʝʚʘʥʠʷ ʧʦʯʚ. 

ʊʘʙʣʠʮʘ 

ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʧʫʥʢʪʦʚ ʦʪʙʦʨʘ ʧʨʦʙ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʙ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 

ˉ ʧʨʦʙʳ ʅʘʩʝʣʝʥʥʳʡ ʧʫʥʢʪ 
ʉʫʭʦʡ ʦʩʪʘ-

ʪʦʢ, ʛ/ʜʤ
3
 

ʆʧʘʩʥʦʩʪʴ ʦʩʦʣʦʥʮʝʚʘʥʠʷ ʧʦ 

SAR ʧʦ [4] 

1 ʭ. ɽʣʢʠʥ 1,624 ʦʧʘʩʥʦ 

2 ʩʪ. ɹʘʛʘʝʚʩʢʘʷ 2,232 ʥʝ ʦʧʘʩʥʦ 

3 ʩʪ. ʄʘʥʳʯʩʢʘʷ 2,085 ʦʧʘʩʥʦ 

4 ʭ. ʂʨʘʩʥʳʡ 2,885 ʦʧʘʩʥʦ 

5 ʩʪ. ʍʦʤʫʪʦʚʩʢʘʷ 4,515 ʦʧʘʩʥʦ 

6 ʩ. ʉʘʤʘʨʩʢʦʝ 1,409 ʥʝ ʦʧʘʩʥʦ 

7 ʛ. ɿʝʨʥʦʛʨʘʜ 1,894 ʥʝ ʦʧʘʩʥʦ 

 

ʈʠʩ.1. ʈʝʟʫʣʴʪʘʪʳ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʩ ʪʝʩʪ ʦʙʲʝʢʪʘʤʠ ʨʝʜʠʩ (ɸ), ʷʯʤʝʥʴ (ɹ) 

 

ɺʳʚʦʜʳ. ʇʨʠʤʝʥʝʥʠʝ ʬʠʪʦʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʠʝʤʣʝʤʦ ʜʣʷ ʦʮʝʥʢʠ ʪʦʢʩʠʯʥʦʩʪʠ ʛʨʫʥʪʦ-

ʚʳʭ ʚʦʜ. ʆʜʥʠʤ ʠʟ ʦʧʨʝʜʝʣʷʶʱʠʭ ʤʦʤʝʥʪʦʚ ʧʨʠ ʚʳʙʦʨʝ ʪʝʩʪ-ʦʙʲʝʢʪʦʚ ʜʣʷ ʬʠʪʦʪʝʩʪʠʨʦʚʘ-

ʥʠʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʷʚʣʷʝʪʩʷ ʠʭ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʟʥʘʯʝʥʠʝ 

ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʠʤʝʝʪ ʩʚʦʡʩʪʚʦ ʠʟʤʝʥʷʪʴʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʧʦʵʪʦʤʫ ʜʣʷ ʬʠʪʦʪʝ-

ʩʪʠʨʦʚʘʥʠʷ ʞʝʣʘʪʝʣʴʥʦ ʧʨʠʤʝʥʝʥʠʝ ʜʚʫʭ ʢʫʣʴʪʫʨ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪ-

ʩʷ ʩʦʣʝʫʩʪʦʡʯʠʚʦʡ.  

ɸ ɹ 
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ʊʦʢʩʠʯʥʦʩʪʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʧʨʠ ʬʠʪʦʪʝʩʪʠʨʦʚʘʥʠʠ ʪʦʣʴʢʦ ʩ ʥʝʩʦʣʝ-

ʫʩʪʦʡʯʠʚʳʤ ʪʝʩʪ-ʦʙʲʝʢʪʦʤ Raphanus sativus ʚ ʧʨʦʙʝ ʩ ʥʘʠʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʤʠʥʝʨʘʣʠʟʘ-

ʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ ʪʝʩʪ-ʦʙʲʝʢʪ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʬʠʪʦʪʝʩʪʠʨʦʚʘʥʠʠ ʛʨʫʥʪʦ-

ʚʳʭ ʚʦʜ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʧʦʨʷʜʢʘ 4 ʛ/ʜʤ
3
 ʠ ʤʝʥʝʝ. 

ɺ ʦʪʥʦʰʝʥʠʠ ʩʦʣʝʫʩʪʦʡʯʠʚʦʛʦ ʨʘʩʪʝʥʠʷ ʪʝʩʪʠʨʫʝʤʳʝ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʥʝ ʧʨʦʷʚʠʣʠ 

ʪʦʢʩʠʯʥʦʩʪʴ, ʦʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʚʦʜʳ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʙ ʚ ʮʝʣʷʭ ʦʨʦʰʝʥʠʷ ʦʧʘʩʥʦ ʩ ʚʦʟ-

ʤʦʞʥʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʦʩʦʣʦʥʮʝʚʘʥʠʷ ʧʦʯʚ. 

ɸʚʪʦʨʳ ʠʩʢʨʝʥʥʝ ʙʣʘʛʦʜʘʨʷʪ ʩʪʘʨʰʝʛʦ ʥʘʫʯʥʦʛʦ ʩʦʪʨʫʜʥʠʢʘ ʣʘʙʦʨʘʪʦʨʠʠ ʤʝʪʦʜʦʚ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʘʥʘʣʠʟʘ ʚʦʜ ɻʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʊʘʤʙʠʝʚʫ ʅ. ʉ. ʟʘ ʧʦʤʦʱʴ ʚ 

ʧʨʦʚʝʜʝʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʪʝʩʪʠʨʫʝʤʳʭ ʚʦʜ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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PHYSICO-CHEMICAL CHARACTERISTICS OF MUD SEDIMENTS OF TURALINSKY 

LAKES, REPUBLIC OF DAGESTAN  

N.N. Barannikova, Yu.A. Fedorov, N.I. Luludov 

 

ɸʥʥʦʪʘʮʠʷ. ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʛʨʷʟʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟʸʨ ɹʦʣʴʰʦʝ ʠ ʄʘʣʦʝ 

ʊʫʨʘʣʠ ʚ ʈʝʩʧʫʙʣʠʢʝ ɼʘʛʝʩʪʘʥ ʚʳʟʳʚʘʝʪ ʩʝʨʴʸʟʥʳʝ ʦʧʘʩʝʥʠʷ ʚ ʥʘʫʯʥʳʭ ʢʨʫʛʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʦʸʤʦʚ, ʠʟʤʝʥʷʝʪʩʷ ʠʭ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʨʝʞʠʤ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʧʦʚʩʝʤʝʩʪʥʦʝ ʫʭʫʜʰʝʥʠʝ ʢʘʯʝ-

ʩʪʚʘ ʣʝʯʝʙʥʳʭ ʛʨʷʟʝʡ. ɼʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʊʫʨʘʣʠʥʩʢʠʭ ʦʟʸʨ ʦʪʥʦʩʷʪ ʢ ʣʝʯʝʙʥʳʤ ʛʨʷʟʷʤ. ɺ 

ʩʦʦʙʱʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʧʣʦʪʥʦʩʪʠ, ʚʣʘʞʥʦʩʪʠ, ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʠ ʩʫʣʴʬʠʜʦʚ, ʢʦ-

ʪʦʨʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʜʝʛʨʘʜʘʮʠʠ ʠ ʫʭʫʜʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʣʝʯʝʙʥʳʭ ʛʨʷʟʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʈʝʩʧʫʙʣʠʢʘ ɼʘʛʝʩʪʘʥ, ʛʨʷʟʝʚʳʝ ʦʟʸʨʘ, ʄʘʣʦʝ ʠ ɹʦʣʴʰʦʝ ʊʫʨʘʣʠ, 

ʣʝʯʝʙʥʳʝ ʛʨʷʟʠ, ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʧʝʣʦʠʜʳ, ʖʛ ʈʦʩʩʠʠ. 

 

Abstract. The ecological state of mud sediments of the Bolshoye and Maloye Turali lakes in 

the Republic of Dagestan raises serious concerns in scientific circles. As a result of uncontrolled 

human activity, water bodies are polluted, their hydrological and hydrochemical regimes change, 

which causes a widespread deterioration in the quality of therapeutic mud. The bottom sediments of 

the Turalin lakes are classified as curative mud. The report presents the results of studying the hy-

drogen index, redox potential, density, moisture, methane and sulphide content, which indicate the 

degradation and deterioration of the quality of therapeutic mud. 

Keywords: Republic of Dagestan, mud lakes, Small and Big Turali, therapeutic muds, bot-

tom sediments, peloids, Russian South. 

 

ɹʦʣʴʰʦʝ ʠ ʄʘʣʦʝ ʊʫʨʘʣʠ ï ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʨʠʤʦʨʩʢʠʝ ʚʦʜʦʸʤʳ ʣʘʛʫʥʥʦʛʦ ʧʨʦʠʩʭʦʞ-

ʜʝʥʠʷ. ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʛʨʷʟʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟʸʨ ɹʦʣʴʰʦʝ ʠ ʄʘʣʦʝ ʊʫʨʘʣʠ ʚ ʈʝʩ-

ʧʫʙʣʠʢʝ ɼʘʛʝʩʪʘʥ ʚʳʟʳʚʘʝʪ ʩʝʨʴʸʟʥʳʝ ʦʧʘʩʝʥʠʷ ʚ ʥʘʫʯʥʳʭ ʢʨʫʛʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʢʦʥʪʨʦʣʠ-

ʨʫʝʤʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʦʸʤʦʚ, ʠʟʤʝʥʷʝʪʩʷ ʠʭ ʛʠʜʨʦʣʦʛʠ-

ʯʝʩʢʠʡ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʨʝʞʠʤ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʧʦʚʩʝʤʝʩʪʥʦʝ ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʣʝʯʝʙ-

ʥʳʭ ʛʨʷʟʝʡ. ɼʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʊʫʨʘʣʠʥʩʢʠʭ ʦʟʸʨ ʦʪʥʦʩʷʪ ʢ ʣʝʯʝʙʥʳʤ ʛʨʷʟʷʤ. ʆʥʠ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʦʩʘʜʢʦʤ ʦʪ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʜʦ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʠ ʙʫʨʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ, ʨʘʟʣʠʯʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʠ ʢʦʥʩʠʩʪʝʥʮʠʠ [1]. 

ɻʣʫʙʠʥʘ ʦʟʸʨ ʚʝʩʥʦʡ ʥʝ ʧʨʝʚʳʰʘʝʪ 1,2 ʤ, ʘ ʢ ʢʦʥʮʫ ʘʚʛʫʩʪʘ ʦʟʝʨʦ ɹʦʣʴʰʦʝ ʊʫʨʘʣʠ 

ʩʠʣʴʥʦ ʧʝʨʝʩʳʭʘʝʪ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʝʛʦ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ (ʨʠʩ.1).  
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ʄʘʡ 

 

ʀʶʥʴ 

 

ʀʶʣʴ 

 

ɸʚʛʫʩʪ 

 

 

ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʧʣʦʱʘʜʠ ʚʦʜʥʦʛʦ ʟʝʨʢʘʣʘ ʦʟʝʨʘ ɹʦʣʴʰʦʝ ʊʫʨʘʣʠ ʚ ʧʝʨʠʦʜ 

ʩ ʤʘʷ ʧʦ ʘʚʛʫʩʪ 2018 ʛ. 

 

ɼʥʦ ʚʦʜʦʸʤʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʣʠʩʪʦʝ, ʩʦʩʪʦʠʪ ʠʟ ʚʷʟʢʦʛʦ ʪʸʤʥʦ-ʩʝʨʦʛʦ ʠʣʘ 

ʠ ʛʨʷʟʝʡ, ʜʦʩʪʠʛʘʶʱʠʭ ʤʝʩʪʘʤʠ ʤʦʱʥʦʩʪʠ ʜʦ 0,6 ʤ. ɹʦʣʴʰʘʷ ʩʦʣʸʥʦʩʪʴ ʚʦʜʳ ʚ ʦʟʸʨʘʭ, ʧʨʝ-

ʧʷʪʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʃʠʰʴ ʫʯʘʩʪʢʠ ʤʝʣʢʦʚʦʜʠʡ ʦʟʝʨʘ ʄʘʣʦʝ ʊʫʨʘʣʠ ʧʦʢʨʳ-

ʪʳ ʪʨʦʩʪʥʠʢʦʚʳʤʠ ʟʘʨʦʩʣʷʤʠ (ʨʠʩ. 1).  

ɿʥʘʯʝʥʠʷ pH ʚ ʦʟʝʨʝ ʄʘʣʦʝ ʊʫʨʘʣʠ ʠʟʤʝʥʷʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ 7,1ï7,44 (ʚ ʩʨʝʜʥʝʤ 7,29), ʚ 

ʦʟʝʨʝ ɹʦʣʴʰʦʝ ʊʫʨʘʣʠ ï 7,01ï7,3 (ʚ ʩʨʝʜʥʝʤ 7,13). ʅʝ ʦʪʤʝʯʝʥʦ ʢʘʢʠʭ-ʣʠʙʦ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʬʣʶʢʪʫʘʮʠʡ ʧʦ ʛʣʫʙʠʥʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ (ʨʠʩ. 2). 

ɻʨʷʟʝʚʳʝ ʦʪʣʦʞʝʥʠʷ ʊʫʨʘʣʠʥʩʢʠʭ ʦʟʸʨ ʦʪʥʝʩʝʥʳ ʥʘʤʠ ʢ ʩʣʘʙʦʱʝʣʦʯʥʳʤ.  
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ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ pH ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʨʦʬʠʣʶ ʛʨʷʟʝʚʳʭ ʦʪʣʦʞʝʥʠʡ 

ʊʫʨʘʣʠʥʩʢʠʭ ʦʟʸʨ 

 

ʇʦʢʘʟʘʪʝʣʠ: ʧʣʦʪʥʦʩʪʴ ʠ ʚʣʘʞʥʦʩʪʴ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʚʘʞʥʳʭ ʨʝʦʣʦʛʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʛʨʷʟʝʡ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ (ɟ) ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʨʦʬʠʣʶ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʊʫʨʘʣʠʥʩʢʠʭ ʦʟʸʨ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ 1,751 ʜʦ 2,056 ʛ/ʩʤ (ʨʠʩ. 3). ɺ ʦʟʝʨʝ ʄʘʣʦʝ 

ʊʫʨʘʣʠ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʚʦʟʨʘʩʪʘʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩ ʛʣʫʙʠʥʦʡ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ.  

 
ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ (ʚ ʛ/ʩʤ) ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʨʦʬʠʣʶ ʛʨʷʟʝʚʳʭ ʦʪ-

ʣʦʞʝʥʠʡ ʊʫʨʘʣʠʥʩʢʠʭ ʦʟʸʨ 

 

ɺʣʘʞʥʦʩʪʴ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠʟʤʝʥʷʣʘʩʴ ʚ ʩʨʝʜʥʝʤ ʥʘ 29,7 %. ʉʫʜʷ ʧʦ ʨʠʩʫʥʢʫ, ʚ 

ʦʟʝʨʝ ʄʘʣʦʝ ʊʫʨʘʣʠ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ, ʪʦʛʜʘ ʢʘʢ ʚ ʦʟʝʨʝ ɹʦʣʴʰʦʝ ʊʫʨʘ-

ʣʠ ï ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʩ ʛʣʫʙʠʥʦʡ ʧʦʛʨʫʞʝʥʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝ-

ʥʠʡ (ʨʠʩ. 4).  
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ʈʠʩ. 4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʚʣʘʞʥʦʩʪʠ (ʚ %) ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʨʦʬʠʣʶ ʛʨʷʟʝʚʳʭ 

ʦʪʣʦʞʝʥʠʡ ʊʫʨʘʣʠʥʩʢʠʭ ʦʟʸʨ 

 

ɿʥʘʯʝʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (Eh) ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʨʦ-

ʬʠʣʶ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʊʫʨʘʣʠʥʩʢʠʭ ʦʟʸʨ ʚʘʨʴʠʨʦʚʘʣʩʷ ʦʪ -127,9 ʜʦ +7 ʤɺ. ʅʘʠʙʦʣʝʝ ʚʳ-

ʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ Eh ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʦʟʝʨʘ ʄʘʣʦʝ ʊʫʨʘʣʠ (ʨʠʩ. 5).  

 
ʈʠʩ. 5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ Eh ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʨʦʬʠʣʶ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʊʫʨʘʣʠʥʩʢʠʭ ʦʟʸʨ 

 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʨʠʩʫʥʦʢ 5 ʢʘʞʜʦʝ ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʟʸʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʩʦʙʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʝʡ Eh ʩ ʛʣʫʙʠʥʦʡ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ. ʊʘʢ, ʚ ʦʟʝʨʝ ʄʘʣʦʝ ʊʫʨʘʣʠ 

ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʜʦ ʛʣʫʙʠʥʳ 5 ʩʤ ʩʥʠʞʘʝʪʩʷ, ʘ ʟʘʪʝʤ ʦʧʷʪʴ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʧʦʯʪʠ ʜʦ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ʆʟʝʨʦ ɹʦʣʴʰʦʝ ʊʫʨʘʣʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʟʝʨʘ ʄʘʣʦʝ ʊʫʨʘʣʠ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ Eh ï ʠʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʩ -95,7 ʤɺ ʜʦ -44,4 ʤɺ. ɺ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʫʢʘʟʘʥʦ, ʯʪʦ ʥʦʨʤʘ ʠʣʦʚʦʡ ʛʨʷʟʠ 

ʩʦʩʪʘʚʣʷʝʪ -500 ï +50,0 ʤɺ [2].  

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ ʙʘʣʴʥʝʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʣʠʯʠʝ ʤʝʪʘʥʘ ʠ 

ʦʙʱʝʛʦ (ʩʫʤʤʘʨʥʦʛʦ) ʩʝʨʦʚʦʜʦʨʦʜʘ [5, 6].  

ʉʦʜʝʨʞʘʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʩʝʨʦʚʦʜʦʨʦʜʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʠʟʫʯʘʝʤʳʭ ʦʟʸʨ ʥʘʭʦʜʠ-

ʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,005 ʜʦ 0,144 ʤʛ/ʛ ʚʣ. ʚ.  
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ʈʠʩ. 6. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ×H2S (ʤʛ/ʛ) ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʨʦʬʠʣʶ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʊʫʨʘʣʠʥʩʢʠʭ ʦʟʸʨ 

 

ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʦʪʤʝʯʝʥʳ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʦʟʝʨʘ ʄʘʣʦʝ ʊʫʨʘʣʠ 0,144 ʤʛ/ʛ 

ʚʣ. ʚ., ʟʥʘʯʠʪ ʛʨʷʟʝʚʳʝ ʦʪʣʦʞʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʩʣʘʙʦʩʫʣʴʬʠʜʥʳʤ (0,01 ï 0,15%) ʠʣʠ (0,1 ï 

1,5 ʤʛ/ʛ ʚʣ. ʚ.), ʧʦ ʜʨʫʛʦʡ (ʄʠʭʝʝʚʘ, 1983) ï ʢ ʙʝʩʩʫʣʴʬʠʜʥʳʤ (ʥʠʞʝ 0,01% ʠʣʠ 0,1 ʤʛ/ʛ ʚʣ. ʚ). 

ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʥʠʟʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʩʫʤʤʘʨʥʦʛʦ ʩʝʨʦʚʦʜʦʨʦʜʘ 

ʚ ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ ʛʨʷʟʝʚʳʭ ʦʟʸʨ.  

ʄʝʪʘʥ ʠ ʩʝʨʦʚʦʜʦʨʦʜ ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤʠ ʛʘʟʘʤʠ ʚʦʜʥʳʭ ʵʢʦʩʠ-

ʩʪʝʤ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʪʝʢʘʥʠʷ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩʣʦʞʥʳʭ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ [1,4]. ʄʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ ʠ ʤʝʪʘʥʦʛʝʥʝʟʘ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ, ʩʢʣʘʜʳʚʘʶʱʠʭʩʷ ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ, ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʢʘʢ ʢʦʥʢʫ-

ʨʝʥʪʥʳʝ, ʪʘʢ ʠ ʩʠʥʪʨʦʬʥʳʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ ʭʘʨʘʢʪʝʨʝ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷʤʠ ʤʝʪʘʥʘ ʠ ʩʝʨʦʚʦʜʦʨʦʜʘ [3].  

ʉʦʜʝʨʞʘʥʠʝ ʤʝʪʘʥʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʟʸʨ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʚ ʧʨʝʜʝ-

ʣʘʭ ʦʪ 0,012 ʤʢʛ/ʛ ʚʣ. ʚ. ʜʦ 0,12 ʤʢʛ/ʛ ʚʣ. ʚ. ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 0,04 ʤʢʛ/ʛ ʚʣ. ʚ.  

 
ʈʠʩ. 7. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ CH4 (ʤʢʛ/ʛ) ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ 

ʧʨʦʬʠʣʶ ʊʫʨʘʣʠʥʩʢʠʭ ʦʟʸʨ 
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ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʦʪʤʝʯʝʥʳ ʚ ʦʟʝʨʝ ɹʦʣʴʰʦʝ ʊʫʨʘʣʠ. ʉʘ-

ʤʳʝ ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʥʘʯʝʥʠʡ CH4 ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʨʦʬʠʣʶ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʦʟʝʨʝ ʄʘʣʦʝ ʊʫʨʘʣʠ ï 0,005 ʤʢʛ/ʛ ʚʣ. ʚ. ɺ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʦʟʝʨʘ ɹʦʣʴʰʦʝ 

ʊʫʨʘʣʠ ʩʘʤʘʷ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʥʘ ʦʪʤʝʯʝʥʘ ʥʘ ʛʣʫʙʠʥʝ 15 ʩʤ ï 0,061 ʤʢʛ/ʛ ʚʣ. ʚ. 

ʋ ʙʝʨʝʛʘ ɹʦʣʴʰʦʛʦ ʊʫʨʘʣʠ ʦʪʤʝʯʝʥʳ ʤʠʢʨʦʧʨʦʷʚʣʝʥʠʷ ʛʨʷʟʝʚʦʛʦ ʚʫʣʢʘʥʠʟʤʘ.  

ɺʳʩʳʭʘʥʠʝ ʠ ʜʝʛʨʘʜʘʮʠʷ ʛʨʷʟʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʘ ʦʟʝʨʝ ɹʦʣʴʰʦʝ 

ʊʫʨʘʣʠ ʈʝʩʧʫʙʣʠʢʠ ɼʘʛʝʩʪʘʥ ʚʦ ʚʨʝʤʷ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʯʪʦ ʧʦʜʪʚʝʨʜʠʣʦʩʴ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʠʟʘ ʪʘʢʦʛʦ ʙʘʣʴʥʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʩʫʣʴʬʠʜʦʚ, ʢʦ-

ʪʦʨʦʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʩʥʠʞʝʥʠʝ ʚ ʧʝʨʠʦʜ ʩ 1978 ʧʦ 2018 ʛ. ʚ ʛʨʷʟʝʚʳʭ ʦʪʣʦʞʝʥʠʷʭ. ʆʧʨʝʜʝ-

ʣʸʥʥʳʝ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʩʦʜʝʨʞʘʥʠʝ ʩʫʣʴʬʠʜʦʚ ʠ ʤʝʪʘʥʘ ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʦʪʥʝʩʪʠ ʣʝ-

ʯʝʙʥʳʝ ʛʨʷʟʠ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʌʝʜʦʨʦʚʘ ʖ. ɸ. [4] ʢ ʜʝʛʨʘʜʠʨʦʚʘʥʥʳʤ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

1. ɻʨʷʟʝʚʳʝ ʦʟʸʨʘ ʈʝʩʧʫʙʣʠʢʠ ɼʘʛʝʩʪʘʥ: ʧʨʦʰʣʦʝ ʠ ʥʘʩʪʦʷʱʝʝ / ʖ. ɸ. ʌʝʜʦʨʦʚ, ʅ. ʅ. 

ɹʘʨʘʥʥʠʢʦʚʘ, ʀ. ɺ. ɼʦʮʝʥʢʦ, ʅ. ʀ. ʃʫʣʫʜʦʚ. ɼʦʥʩʢʦʡ ʠʟʜʘʪʝʣʴʩʢʠʡ ʜʦʤ, ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, 

2019 ï 107 ʩ. 

2. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʚʦʜ ʠ ʣʝʯʝʙʥʳʭ ʛʨʷʟʝʡ ʜʣʷ ʮʝʣʝʡ ʠʭ ʩʝʨʪʠʬʠʢʘʮʠʠ. 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ N 2000/34".31.03.2000 ʂʘʪʝʛʦʨʠʷ: ʈʦʩʩʠʷ (ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʘʚʛʫʩʪ 

2014ʛ.) 

3. ʂʫʟʥʝʮʦʚ ʉ. ʀ., ʉʘʨʘʣʦʚ A.E., ʅʘʟʠʥʘ T.ʅ. ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʢʨʫʛʦ-

ʚʦʨʦʪʘ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ ʚ ʦʟʝʨʘʭ. ï ʄ.: ʅʘʫʢʘ, 1985. ï 213ʩ. 

4. ʌʝʜʦʨʦʚ ʖ. ɸ. ʂ ʚʦʧʨʦʩʫ ʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʣʝʯʝʙʥʳʭ ʛʨʷʟʝʡ // ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦ-

ʙʣʝʤʳ. ɺʟʛʣʷʜ ʚ ɹʫʜʫʱʝʝ: ʩʙ. ʪʨʫʜʦʚ VIII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥ-

ʮʠʠ (ɹʇ ʠ ʉʆʊ çɺʠʪʷʟʴè ï ɹʇ ʠ ʉʆʊ çʃʠʤʘʥʯʠʢè 8-11 ʩʝʥʪʷʙʨʷ; 2017). ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ; ʊʘ-

ʛʘʥʨʦʛ: ʀʟʜʘʪʝʣʴʩʪʚʦ ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2017, ʩ. 447 ï 456. 

5. Fedorov Yu.A., Ruban D.A. Peloids as important resource for regional sustainable de-

velopment: conceptual considerations // Espacios, 2018, Vol. 39, ˉ 51, p. 21. 

6. Fedorov Y.A., Ruban D.A. Geoheritage Resource of Small Mud Lakes in the Semi-Arid 

Environments of the Russian South // Resources, 2019, Vol. 8, 75. 

  



52 
 

ʋɼʂ: 631.41 

 

ɺʃʀʗʅʀɽ ɼʀɸʊʆʄʀʊɸ ʅɸ ʇʆɼɺʀɾʅʆʉʊʔ Cu ɺ ʉʆʏɽʊɸʅʆ ɿɸɻʈʗɿʅɽʅʅʆʄ 

ʏɽʈʅʆɿɽʄɽ 

ɹʘʨʘʭʦʚ ɸ. ɺ., ʃʦʙʟʝʥʢʦ ʀ. ʇ., ʏʝʨʥʠʢʦʚʘ ʅ. ʇ., ɼʫʜʥʠʢʦʚʘ ʊ. ʉ., ɹʫʨʘʯʝʚʩʢʘʷ ʄ. ɺ., ʄʘʥ-

ʜʞʠʝʚʘ ʉ. ʉ., ʄʠʥʢʠʥʘ ʊ. ʄ. 

ʌɻɸʆʋ ɺʆ çʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 

e-mail: tolik.barakhov@mail.ru 

 

EFFECT OF DIATOMITE ON Cu MOBILITY IN COMBINED POLLUTED 

CHERNOZEM  

Barakhov A.V., Lobzenko I. P., Chernikova N. P., Dudnikova T. S., Burachevskaya M. V., Man-

dzhieva S. S., Minkina T. M. 

Southern Federal University 

Rostov-on-Don 

e-mail: tolik.barakhov@mail.ru 

 

ɸʥʥʦʪʘʮʠʷ: ʀʩʩʣʝʜʦʚʘʥʦ ʠʟʤʝʥʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ Cu ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʘʪʦʤʠʪʘ ʚ 

ʧʦʯʚʝ ʤʦʜʝʣʴʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʧʳʪʘ ʧʨʠ ʩʦʯʝʪʘʥʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ʙʝʥʟ(ʘ)ʧʠʨʝʥʦʤ ʠ Cu. 

ʇʦʢʘʟʘʥʘ ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʥʝʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʦʙʤʝʥʥʳʭ, 

ʢʦʤʧʣʝʢʩʥʳʭ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʦʨʙʠʨʦʚʘʥʥʳʭ) ʧʨʠ ʟʘʛʨʷʟʥʝʥʠʠ ʧʦʯʚʳ. ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ 

ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʠʘʪʦʤʠʪʘ, ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠʚʝʣʦ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ 

ʚʩʝʭ ʤʦʙʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Cu, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʝʝ ʧʦʜʚʠʞʥʦʩʪʠ ʚ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʝ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, 

ʩʦʯʝʪʘʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ, ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʨʙʝʥʪ 

 

Abstract:  The change in Cu mobility was studied when diatomite was used in the soil of a 

model laboratory experiment with combined contamination of Benz(a)pyrene and Cu. The tendency 

to increase the number of loosely bound compounds (exchangeable, complex and specifically 

sorbed) during soil contamination is shown. Due to the high sorption capacity of diatomite, its use 

has led to a decrease in the content of all mobile Cu compounds, and, consequently, its mobility in 

contaminated soil. 

Keywords: heavy metals, polycyclic aromatic hydrocarbons, combined pollution, mineral 

sorbent  

 

ʇʦʯʚʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʟʚʝʥʦʤ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ [3], 

ʧʦʩʢʦʣʴʢʫ ʚ ʥʝʡ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʩʝʭ ʚʝʱʝʩʪʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʠʟ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ɺ ʪʝʭʥʦʛʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚʘʭ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʠʭ ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝ-

ʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [7]. ʆʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʧʦʯʚʳ ʚʝ-

ʱʝʩʪʚ ʷʚʣʷʶʪʩʷ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ (ʊʄ) ʠ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ 

(ʇɸʋ) [12]. ɺʣʠʷʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʣʶʪʘʥʪʦʚ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʭʦʨʦʰʦ ʠʟʫʯʝʥʦ, ʦʜʥʘʢʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʩʦʯʝʪʘʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ 

ʊʄ ʠ ʇɸʋ, ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ [14]. 
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ʄʝʜʴ ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʫʧʧʝ ʊʄ ʧʦ ʩʚʦʠʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ [8]. ʇʦ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʦʩʪʠ ʚ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜʘʭ Cu ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʤ: ʢʣʘʨʢ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʥ-

ʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ ʩʦʩʪʘʚʣʷʝʪ 39,0 ʤʛ/ʢʛ, ʘ ʩʨʝʜʥʝʤʠʨʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʯʚʘʭ ï 38,9 ʤʛ/ʢʛ 

[10]. ɺ ʧʦʯʚʘʭ Cu ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʩʘʤʦʨʦʜʥʦʡ ʬʦʨʤʝ, ʚ ʚʠʜʝ ʩʫʣʴʬʠʜʦʚ, ʦʢʩʠʜʦʚ ʠ ʛʠʜʨʦʢʩʠ-

ʜʦʚ, ʢʘʨʙʦʥʘʪʦʚ.  

ɹʝʥʟ(ʘ)ʧʠʨʝʥ (ɹʘʇ), ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʦʧʘʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʛʨʫʧʧʳ ʇɸʋ, ʦʪʥʦʩʠʪʩʷ ʢ 

ʢʩʝʥʦʙʠʦʪʠʢʘʤ [15]. ɹʘʇ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ 

(ʬʦʨʤʫʣʘ C20H12), ʦʙʨʘʟʦʚʘʥʥʦʝ ʠʟ ʧʷʪʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʙʝʥʟʦʣʴʥʳʭ ʢʦʣʝʮ ʩ ʤʦʣʝʢʫʣʷʨ-

ʥʳʤ ʚʝʩʦʤ 252,31 ʛ/ʤʦʣʴ [11]. ʇɸʋ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʊʄ, ʧʦʩʪʫʧʘʶʪ ʚ ʧʦʯʚʳ ʢʘʢ ʠʟ ʧʨʠʨʦʜʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʪʘʢ ʠ ʚʩʣʝʜʩʪʚʠʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [9].  

ʋʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʯʚ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʟʘʛʨʷʟʥʝʥʠʶ ʊʄ ʠ ʇɸʋ, 

ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʆʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʩʦʯʝʪʘʥʦ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ ʩʦʩʪʦʷʪ 

ʣʠʙʦ ʚ ʩʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʣʣʶʪʘʥʪʦʚ ʜʦ ʙʝʟʦʧʘʩʥʦʛʦ ʫʨʦʚʥʷ, ʣʠʙʦ ʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʧʦʣʣʶʪʘʥʪʦʚ ʜʣʷ ʩʥʠʞʝʥʠʷ ʠʭ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ [12]. ʄʝʣʠʦʨʘʥʪʳ, ʢʘʢ ʧʨʘ-

ʚʠʣʦ, ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʳʤʠ ʩʦʨʙʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʦʪʥʦʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʧʦʣʣʶʪʘʥʪʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʩʦʨʙʝʥʪʦʚ ʥʝ ʪʦʣʴʢʦ ʤʘʣʦʟʘʪʨʘʪʥʦ, ʥʦ ʠ ʧʨʦʩʪʦ ʚ ʧʨʠʤʝʥʝʥʠʠ ʠ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦ ʢʘʢ ʚ ʦʪʥʦʰʝʥʠʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʫʜʘʣʝʥʠʷ ʧʦʣʣʶʪʘʥʪʦʚ, ʪʘʢ ʠ ʚ ʯʘʩʪʠ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʯʚ [4]. ɼʠʘʪʦʤʠʪ ï ʵʪʦ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʨʙʝʥʪ ʩʦʩʪʦʷʱʠʡ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʠʟ ʘʤʦʨʬʥʦʛʦ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʥʝʤ ʜʦʭʦʜʠʪ ʜʦ 70%. ɼʠʘ-

ʪʦʤʠʪ ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʤ ʦʧʘʣʦʤ ʠ Ŭ-ʤʦʜʠʬʠʢʘʮʠʝʡ ʢʚʘʨʮʘ. ʆʧʘʣ-

ʢʨʠʩʪʦʙʘʣʠʪʦʚʳʝ ʧʦʨʦʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʜʠʘʪʦʤʠʪʦʚʦʛʦ ʩʳʨʴʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʩʦʨʙʝʥʪʦʚ ʠ ʬʠʣʴʪʨʦʚ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʧʨʝʜʝʣʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʨʙʝʥʪʘ (ʜʠʘ-

ʪʦʤʠʪʘ) ʥʘ ʧʦʜʚʠʞʥʦʩʪʴ Cu ʚ ʩʦʯʝʪʘʥʦ ʟʘʛʨʷʟʥʝʥʥʦʤ ʯʝʨʥʦʟʝʤʝ (ʤʝʜʴ ʠ ɹʘʇ). 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣ ʟʘʣʦʞʝʥ ʤʦʜʝʣʴʥʳʡ ʦʧʳʪ. ɼʣʷ ʟʘʢʣʘʜʢʠ ʤʦ-

ʜʝʣʴʥʦʛʦ ʦʧʳʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʝʨʭʥʠʡ ʩʣʦʡ ʯʝʨʥʦʟʝʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʢʘʨʙʦʥʘʪʥʦʛʦ (Haplic 

Chernozem). ʀʩʩʣʝʜʫʝʤʘʷ ʧʦʯʚʘ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

pH ï 7.3; ʩʦʜʝʨʞʘʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ ï 48.1%; ʠʣʘ ï 28.6%; ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ï 

3.7%; ʢʘʨʙʦʥʘʪʦʚ ï 0.1%.  

ɺ ʧʣʘʩʪʠʢʦʚʳʝ ʝʤʢʦʩʪʠ ʧʦʤʝʱʘʣʠ ʧʦ 50 ʛ ʧʦʯʚʳ, ʧʨʦʩʝʷʥʥʦʡ ʯʝʨʝʟ ʩʠʪʦ ʜʠʘʤʝʪʨʦʤ 

ʷʯʝʝʢ 2 ʤʤ, ʜʦʙʘʚʣʷʣʠ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʘʮʝʪʘʪʘ Cu ʠ ʨʘʩʪʚʦʨ ɹʘʇ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ. ɼʦʟʘ ʚʥʝ-

ʩʝʥʠʷ ʤʝʪʘʣʣʘ 5 ʇɼʂ (275 ʤʛ/ʢʛ, [5] ʠ 10 ʇɼʂ ɹʘʇ (200 ʤʛ/ʣ) [13]. ʏʝʨʝʟ 2 ʤʝʩʷʮʘ ʧʦʩʣʝ ʟʘ-

ʢʣʘʜʢʠ ʦʧʳʪʘ ʚ ʟʘʛʨʷʟʥʝʥʥʫʶ ʧʦʯʚʫ ʜʦʙʘʚʣʷʣʠ ʩʦʨʙʝʥʪ (0,5; 1,0; 1,5; 2,0; 2,5 % ʦʪ ʤʘʩʩʳ ʧʦʯ-

ʚʳ). ɺ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʘ ʚʥʦʩʠʣʠ ʜʠʘʪʦʤʠʪ. ʆʧʳʪ ʟʘʣʦʞʝʥ ʚ ʪʨʝʭʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: 1) ʂʦʥʪʨʦʣʴ; 2) 10 ʇɼʂ ɹʘʇ + 5 ʇɼʂ Cu; 3) 10 ʇɼʂ ɹʘʇ + 5 ʇɼʂ Cu + 

ʜʠʘʪʦʤʠʪ 0,5%; 4) 10 ʇɼʂ ɹʘʇ + 5 ʇɼʂ Cu + ʜʠʘʪʦʤʠʪ 1,0%; 5) 10 ʇɼʂ ɹʘʇ + 5 ʇɼʂ Cu + 

ʜʠʘʪʦʤʠʪ 1,5%; 6) 10 ʇɼʂ ɹʘʇ + 5 ʇɼʂ Cu + ʜʠʘʪʦʤʠʪ 2,0%; 7) 10 ʇɼʂ ɹʘʇ + 5 ʇɼʂ Cu + 

ʜʠʘʪʦʤʠʪ 2,5%.  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ Cu ʚ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʜ-

ʭʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʄʠʥʢʠʥʦʡ ʊ. ʄ. [6]. ɺ ʧʦʯʚʘʭ ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʩ ʵʢʦʣʦ-

ʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʨʫʧʧʳ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʚ: ʧʨʦʯʥʦ ʠ ʥʝʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʯ-

ʚʝʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʅʝʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (ʅʉ) ʊʄ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳ ʩ ʵʢʦʣʦ-

ʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʥʠ ʩʧʦʩʦʙʥʳ ʧʝʨʝʭʦʜʠʪʴ ʠʟ ʧʦʯʚ ʚ ʩʦʧʨʝʜʝʣʴʥʳʝ ʩʨʝʜʳ (ʚ 

ʨʘʩʪʝʥʠʷ ʠ ʧʨʠʨʦʜʥʳʝ ʚʦʜʳ). ʉʦʜʝʨʞʘʥʠʝ ʥʝʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʊʄ ʚ ʧʦʯʚʝ 
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ʦʧʨʝʜʝʣʝʥʦ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʪʨʘʢʮʠʠ ʠʭ ʠʟ ʧʦʯʚʳ ʪʨʝʤʷ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʚʳʪʷʞʢʘʤʠ, 

ʧʦʟʚʦʣʷʶʱʠʤʠ ʠʟʚʣʝʢʘʪʴ ʦʙʤʝʥʥʳʝ, ʢʦʤʧʣʝʢʩʥʳʝ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʦʨʙʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝ-

ʥʠʷ ʤʝʪʘʣʣʦʚ ʠʟ ʧʦʯʚʳ.  

ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ Cu ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʯʚʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʥʦʚʦʤʫ ʩʦʜʝʨʞʘʥʠʶ Cu 

ʚ ʯʝʨʥʦʟʝʤʘʭ ʦʙʳʢʥʦʚʝʥʥʳʭ [1]. ʉʦʜʝʨʞʘʥʠʝ ʥʝʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Cu ʚ ʥʝʟʘ-

ʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʝ ʥʝ ʧʨʝʚʳʰʘʝʪ ʇɼʂ ʜʣʷ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ (3 ʤʛ/ʢʛ) [2] (ʪʘʙʣ. 1). ʆʩʥʦʚʥʘʷ 

ʜʦʣʷ ʚ ʩʦʩʪʘʚʝ ʛʨʫʧʧʳ ʅʉ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʦʨʙʠʨʦʚʘʥʥʳʤʠ ʬʦʨʤʘ-

ʤʠ. ʉʦʜʝʨʞʘʥʠʝ ʦʙʤʝʥʥʳʭ ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ. ʅʠʟʢʘʷ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷ ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʳʭ (ʦʙʤʝʥʥʳʭ) ʩʦʝʜʠʥʝʥʠʡ Cu ʚ ʯʝʨʥʦʟʝʤʝ ʦʙʳʢʥʦʚʝʥʥʦʤ ʢʘʨ-

ʙʦʥʘʪʥʦʤ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʢʘʨʙʦʥʘʪʦʚ, ʠʭ ʚʳʩʦʢʦ ʜʠʩʧʝʨʩʥʦʡ ʤʠʮʝʣʷʨʥʦʡ ʬʦʨʤʦʡ 

ʠ ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʨʝʘʢʮʠʝʡ ʩʨʝʜʳ [1]. 

ʇʨʠ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ Cu ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʜʦʟʦʡ ʟʘʛʨʷʟʥʝʥʠʷ (ʪʘʙʣ. 1). ʆʜʥʘʢʦ ʦʮʝʥʢʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ 

ʩʚʦʜʠʪʩʷ ʢ ʚʳʷʚʣʝʥʠʶ ʥʝ ʩʪʦʣʴʢʦ ʫʚʝʣʠʯʝʥʠʷ ʚ ʥʠʭ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʊʄ, ʩʢʦʣʴʢʦ ʫʩʪʘ-

ʥʦʚʣʝʥʠʶ ʠʟʤʝʥʝʥʠʡ ʠʭ ʧʦʜʚʠʞʥʦʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʚʩʝʭ ʬʦʨʤ ʅʉ ʩʦʝʜʠʥʝ-

ʥʠʡ Cu ʫʚʝʣʠʯʠʣʦʩʴ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʠ ʚʥʝʩʝʥʠʠ ʚ ʧʦʯʚʫ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʧʦʣʣʶʪʘʥʪʦʚ. ʇʨʠ ʚʥʝʩʝʥʠʠ ʧʦʣʣʶʪʘʥʪʦʚ ʜʦʣʷ ʅʉ ʩʦʝʜʠʥʝʥʠʡ ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ Cu 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ 49 %. ʇʨʠ ʚʥʝʩʝʥʠʠ ʩʦʨʙʝʥʪʦʚ ʧʦʜʚʠʞʥʦʩʪʴ Cu ʟʘʤʝʪʥʦ ʩʥʠʞʘ-

ʝʪʩʷ ʜʦ 11-42%, ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʟʳ 2,5% ʜʠʘʪʦʤʠʪʘ (ʪʘʙʣ. 1). 

ʀʦʥʥʳʡ ʦʙʤʝʥ ʤʝʞʜʫ ʠʦʥʘʤʠ Cu (II) ʠ ʧʨʦʪʦʥʘʤʠ ʠʣʠ ʜʨʫʛʠʤʠ ʠʦʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʨʙʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, ʫʯʘʩʪʚʫʶʱʠʤ ʚ ʧʨʦ-

ʮʝʩʩʝ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʊʄ [16]. ɺ ʘʜʩʦʨʙʮʠʦʥʥʫʶ ʧʦʣʦʩʪʴ ʤʦʛʫʪ ʧʨʦʥʠʢʘʪʴ ʣʠʰʴ ʪʝ ʤʦʣʝʢʫ-

ʣʳ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʤʝʥʴʰʝ ʧʦʨ ʩʦʨʙʝʥʪʘ. ʇʨʦʠʩʭʦʜʠʪ ʷʚʥʦʝ ʩʥʠʞʝʥʠʝ ʜʦ-

ʣʠ ʦʙʤʝʥʥʳʭ ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ Cu, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʦʣʠ ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʦʨʙʠʨʦʚʘʥʥʳʭ 

ʬʦʨʤ (ʪʘʙʣ.1). 

ʊʘʙʣʠʮʘ 1 

ʉʦʜʝʨʞʘʥʠʝ ʅʉ ʩʦʝʜʠʥʝʥʠʡ Cu ʚ ʯʝʨʥʦʟʝʤʝ ʦʙʳʢʥʦʚʝʥʥʦʤ ʤʦʜʝʣʴʥʦʛʦ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʤʛ/ʢʛ 

ɺʘʨʠʘʥʪ ʦʧʳʪʘ ʆʙʱʝʝ ʩʦ-

ʜʝʨʞʘʥʠʝ 

ʆʙʤʝʥ-

ʥʳʝ 

ʂʦʤ-

ʧʣʝʢʩʥʳʝ 

ʉʧʝʮʠʬʠʯʝʩʢʠ 

ʩʦʨʙʠʨʦʚʘʥʥʳʝ 

ʉʫʤʤʘ 

ʅʉ 

ʂʦʥʪʨʦʣʴ 44,0Ñ2,4
*
 0,4Ñ0,1 0,3Ñ0,1 1,8Ñ0,1 2,5 

10 ʇɼʂ ɹʘʇ + 5 ʇɼʂ 

Cu 

321,0Ñ11,0 51,7Ñ3,7 45,0Ñ2,9 61,5Ñ5,1 158,2 

10 ʇɼʂ ɹʘʇ + 5 ʇɼʂ 

Cu + 0,5% ʜʠʘʪʦʤʠʪ 

328,0Ñ12,0 43,9Ñ3,2 38,3Ñ2,2 54,4Ñ3,3 136,6 

10 ʇɼʂ ɹʘʇ + 5 ʇɼʂ 

Cu + 1,5% ʜʠʘʪʦʤʠʪ 

313,0 Ñ10,0 24,8Ñ1,5 29,2Ñ1,8 36,9Ñ2,7 90,9 

10 ʇɼʂ ɹʘʇ + 5 ʇɼʂ 

Cu + 2% ʜʠʘʪʦʤʠʪ 

312,0Ñ15,0 13,5Ñ1,0 15,0Ñ0,8 31,2Ñ2,5 59,7 

10 ʇɼʂ ɹʘʇ + 5 ʇɼʂ 

Cu + 2,5% ʜʠʘʪʦʤʠʪ 

315,0Ñ12,0 7,5Ñ0,7 8,5Ñ0,5 18,8Ñ1,1 34,8 

*
 ï ʦʰʠʙʢʘ ʩʨʝʜʥʝʡ 

 

ʇʨʠ ʩʦʯʝʪʘʥʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ʧʦʯʚʳ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʚ ʛʨʫʧʧʦʚʦʤ ʩʦʩʪʘʚʝ ʥʝ-

ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Cu: ʫʚʝʣʠʯʠʣʘʩʴ ʜʦʣʷ ʦʙʤʝʥʥʳʭ ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʜʦʣʠ ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʘʢʪʠʯʝʩʢʠ ʚ 2 ʨʘʟʘ 
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(ʨʠʩ. 1). ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʦʨʙʝʥʪʘ ʢ ʟʘʛʨʷʟʥʸʥʥʦʡ ʧʦʯʚʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ Cu 

ʩʥʠʞʘʣʦʩʴ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʟʘʛʨʷʟʥʝʥʠʷ (ʨʠʩ. 1). ɼʦʟʘ ʜʠʘʪʦʤʠʪʘ 0,5 % ʥʝ ʦʢʘʟʳʚʘʣʘ ʟʥʘʯʠ-

ʪʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʅʉ ʩʦʝʜʠʥʝʥʠʡ Cu, ʦʜʥʘʢʦ ʜʘʞʝ ʧʨʠ ʪʘʢʦʡ ʥʠʟʢʦʡ ʜʦʟʝ 

ʩʦʨʙʝʥʪʦʚ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ Cu (ʨʠʩ. 1). 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʟʳ ʩʦʨʙʝʥʪʘ ʝʛʦ ʵʬʬʝʢʪ ʫʩʠʣʠʚʘʣʩʷ, ʟʘʤʝʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʩʣʝʞʠʚʘʣʠʩʴ 

ʥʘ ʜʦʟʘʭ ʚʥʝʩʝʥʠʷ 2% ʠ 2,5% ʜʠʘʪʦʤʠʪʘ (ʨʠʩ.1).  

 
ʈʠʩ.1. ɻʨʫʧʧʦʚʦʡ ʩʦʩʪʘʚ Cu ʚ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʝ ʧʨʠ ʚʥʝʩʝʥʠʠ ʜʠʘʪʦʤʠʪʘ, % ʦʪ ʅʉ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʥʝʩʝʥʠʝ ʚ ʧʦʯʚʫ ʧʦʣʣʶʪʘʥʪʦʚ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝ-

ʥʠʶ ʧʦʜʚʠʞʥʦʩʪʠ Cu ʚ ʧʦʯʚʝ ʤʦʜʝʣʴʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʛʨʫʧʧʝ ʅʉ ʩʦʝʜʠ-

ʥʝʥʠʡ Cu ʚ ʯʝʨʥʦʟʸʤʝ ʦʙʳʢʥʦʚʝʥʥʦʤ ʧʨʝʦʙʣʘʜʘʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʦʨʙʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝ-

ʥʠʷ, ʷʚʣʷʶʱʠʝʩʷ ʙʣʠʞʘʡʰʠʤ ʨʝʟʝʨʚʦʤ ʧʨʦʯʥʦ ʫʜʝʨʞʠʚʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʘ. ʇʨʠ 

ʵʪʦʤ ʧʨʠ ʩʦʯʝʪʘʥʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ɹʘʇ ʠ Cu, ʜʦʣʷ ʦʙʤʝʥʥʳʭ ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ Cu ʫʚʝʣʠ-

ʯʠʚʘʣʘʩʴ ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʜʦʣʠ ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʤʝʪʘʣʣʘ. ɺʥʝʩʝʥʠʝ 

ʩʦʨʙʝʥʪʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʠʤʤʦʙʠʣʠʟʘʮʠʠ Cu ʚ ʧʦʯʚʝ. ʇʨʠ ʵʪʦʤ ʩʥʠʞʘʣʦʩʴ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʩʦʜʝʨʞʘʥʠʝ ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʳʭ ï ʦʙʤʝʥʥʳʭ ʬʦʨʤ Cu. ɼʠʘʪʦʤʠʪ ʧʦʢʘʟʘʣ ʩʚʦʶ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʧʨʠ ʝʛʦ ʚʥʝʩʝʥʠʠ ʚ ʧʦʯʚʫ, ʩʦʜʝʨʞʘʥʠʝ ʅʉ ʩʦʝʜʠʥʝʥʠʡ Cu ʩʥʠʟʠʣʦʩʴ ʜʦ ʟʥʘʯʝʥʠʡ, 

ʙʣʠʟʢʠʭ ʢ ʢʦʥʪʨʦʣʴʥʳʤ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ 19-29-05265 ʠ 

ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ˉ ʄʂ- 2244.2020.5 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥ ʤʝʪʦʜ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʝʯʥʳʭ ʚʦʜ ʚ 

ʚʝʨʭʥʝʤ ʠ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ ʨʝʢʠ ɼʦʥ ʠ ʝʛʦ ʧʨʠʪʦʢʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʀʩʧʦʣʴʟʦʚʘʥ ʫʜʝʣʴʥʳʡ ʢʦʤʙʠʥʘʪʦʨʥʳʡ ʠʥʜʝʢʩ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜ (ʋʂʀɿɺ), ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʛʦ 

ʧʦʟʚʦʣʷʶʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʧʦ ʢʣʘʩʩʘʤ ʠ ʢʘʪʝʛʦʨʠʷʤ ʢʘʯʝʩʪʚʘ ʚʦʜ, ʘ ʪʘʢ-

ʞʝ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʩʦʟʜʘʥʠʷ ʙʘʥʢʦʚ ʜʘʥʥʳʭ ʜʣʷ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʨʝʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʙʘʩʩʝʡʥ ʨʝʢʠ ɼʦʥ, ʫʜʝʣʴʥʳʡ ʢʦʤʙʠ-

ʥʘʪʦʨʥʳʡ ʠʥʜʝʢʩ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜ. 

 

Abstract. The article describes a method for environmental assessment of the quality of riv-

er water in the upper and middle reaches of the Don River and its tributaries in the Voronezh re-

gion. Used combinatorial specific pollution index (UKIZV) whose values allow us to water bodies 

by class and category of water quality, as well as serve as a basis for planning water protection 

measures and the creation of a data bank for the national river monitoring. 

Keywords: surface water quality, Don river basin, combinatory index of water pollution 

 

ɸʥʪʨʦʧʦʛʝʥʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʦʩʦʙʝʥʥʦ ʩʠʣʴʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʙʘʩʩʝʡ-

ʥʘʭ ʤʘʣʳʭ ʨʝʢ ʚ ʧʨʦʤʳʰʣʝʥʥʦ ʨʘʟʚʠʪʳʭ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʝʛʠʦʥʘʭ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ 

ʦʪʥʦʩʠʪʩʷ ʠ ɺʦʨʦʥʝʞʩʢʘʷ ʦʙʣʘʩʪʴ. ʄʘʣʳʝ ʚʦʜʦʪʦʢʠ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʭʦʟʷʡʩʪʚʝʥʥʦʝ ʠ ʨʝʢʨʝʘ-

ʮʠʦʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʥʠ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳ ʠ ʚʦʩʧʨʠʠʤʯʠʚʳ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡ-

ʩʪʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ 

ʯʠʩʪʦʡ ʚʦʜʦʡ ʠʤʝʝʪ ʛʣʦʙʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ɺʦʜʥʳʝ ʨʝʩʫʨʩʳ ʙʘʩʩʝʡʥʘ ʨ.ɼʦʥ ʰʠʨʦʢʦ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʮʝʣʷʭ, ʦʧʨʝʜʝʣʷʷ ʵʢʦʥʦʤʠʢʫ ʠ ʨʘʟʚʠʪʠʝ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʨʝʛʠʦʥʘ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʘʧʨʦʙʠʨʦʚʘʥʠʝ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʋʂʀɿɺ ʜʣʷ ʵʢʦ-

ʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʝʯʥʳʭ ʚʦʜ ʩ ʫʯʝʪʦʤ ʨʝʛʠʦʥʘʣʴʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʀʩʩʣʝʜʫʝʤʘʷ ʪʝʨʨʠʪʦʨʠʷ ʧʨʠʥʘʜʣʝʞʠʪ ʙʘʩʩʝʡʥʫ ʨʝʢʠ ɼʦʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʦʨʦʥʝʞ-

ʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʇʝʨʚʠʯʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʤʧʣʝʢʩʥʳʭ ʠʥʜʝʢʩʦʚ ʠ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʚʦʜʦʪʦʢʦʚ ʩʦʙʠʨʘʣʩʷ ʚ ʣʝʪʥʠʡ ʩʝʟʦʥ 2019-2020 ʛʦʜʦʚ. ɺʩʝʛʦ ʠʩʩʣʝʜʦʚʘʥʦ 45 ʧʨʦʙ ʚʦ-

ʜʳ ʠʟ ʨʝʯʥʳʭ ʚʦʜʦʪʦʢʦʚ ʨʝʛʠʦʥʘ. 
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ɻʠʜʨʦʣʦʛʠʯʝʩʢʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ ʚʩʝ ʨʝʢʠ 

ʨʝʛʠʦʥʘ ʥʘ 5 ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ: ɼʝʚʠʮʢʠʡ, ɺʦʨʦʥʝʞʩʢʠʡ, ɹʠʪʶʛʦ-ʍʦʧʝʨʩʢʠʡ, ʏʸʨʥʦ-

ʢʘʣʠʪʚʠʥʩʢʠʡ ʠ ʇʦʜʛʦʨʝʥʩʢʠʡ (ʪʘʙʣ. 1). 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʘ ʠʟʫʯʝʥʘ ʦʮʝʥʢʘ ʩʦʜʝʨʞʘʥʠʷ ʛʝʥʦʪʦʢʩʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʠʨʦʜ-

ʥʳʭ ʚʦʜʘʭ [1]. ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʧʨʠʥʷʪʳʤʠ ʚ ʧʨʘʢ-

ʪʠʢʝ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʘʪʪʝʩʪʦʚʘʥʥʦʡ ʵʢʦʣʦʛʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʬʘ-

ʢʫʣʴʪʝʪʘ ʛʝʦʛʨʘʬʠʠ, ʛʝʦʵʢʦʣʦʛʠʠ ʠ ʪʫʨʠʟʤʘ ɺɻʋ. 

ʊʘʙʣʠʮʘ 1 

ɻʠʜʨʦʣʦʛʠʯʝʩʢʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʘʡʦʥ ɺʦʜʥʳʡ ʦʙʲʝʢʪ 

ɺʦʨʦʥʝʞʩʢʠʡ ʨʘʡʦʥ ¶ ɺʦʨʦʥʝʞʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ, 

¶ ʨ. ɼʦʥ, 

¶ ʧʨʫʜ-ʦʭʣʘʜʠʪʝʣʴ ɸʕʉ ʛ.ʅʦʚʦʚʦʨʦʥʝʞ, ʨ.ɺʦʨʦʥʝʞ 

ɼʝʚʠʮʢʠʡ ʨʘʡʦʥ ¶ ʨ.ɼʝʚʠʮʘ, 

¶ ʨ.ɺʝʜʫʛʘ, 

¶ ʨ.ɼʦʥ 

ʏʸʨʥʦʢʘʣʠʪʚʠʥʩʢʠʡ ʨʘʡʦʥ ¶ ʨ.ɼʦʥ, 

¶ ʨ.ʏʝʨʥʘʷ ʂʘʣʠʪʚʘ, 

¶ ʨ.ʊʠʭʘʷ ʩʦʩʥʘ. 

ʇʦʜʛʦʨʝʥʩʢʠʡ ʨʘʡʦʥ ¶ ʨ.ɼʦʥ 

 

ɼʣʷ ʤʝʪʦʜʠʢʠ ʋʂʀɿɺ ʙʳʣ ʚʳʙʨʘʥ ʧʝʨʝʯʝʥʴ ʠʥʛʨʝʜʠʝʥʪʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʢʘʟʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʨʝʛʠʦʥʝ. ʇʨʠ ʫʩʪʘ-

ʥʦʚʣʝʥʠʠ ʧʝʨʝʯʥʷ ʧʦʢʘʟʘʪʝʣʝʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʭʦʜʠʪʴ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠʟ ʮʝʣʝʡ ʦʮʝʥʢʠ, 

ʢʦʥʢʨʝʪʥʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʚʦʜʥʦʤ ʦʙʲʝʢʪʝ ʠ ʩʦʩʪʘʚʘ ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʟʘ-

ʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ [3].  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʦʜʳ ʨʝʢʠ ɼʦʥ ʠ ʝʛʦ ʧʨʠʪʦʢʦʚ ʧʨʦʠʟʚʝʣʠ ʨʘʩʯʝʪ 

ʢʦʤʙʠʥʘʪʦʨʥʦʛʦ ʠʥʜʝʢʩʘ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʜʳ ʧʨʦʚʦʜʷʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ ʨʘʩʯʝ-

ʪʘ, ʠʟʣʦʞʝʥʥʦʤ ʚ ʤʝʪʦʜʠʯʝʩʢʠʭ ʫʢʘʟʘʥʠʷʭ [2]. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 

ʈʘʩʯʝʪ ʢʦʤʙʠʥʘʪʦʨʥʦʛʦ ʠʥʜʝʢʩʘ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʜʳ 
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ʇʦ ʢʘʞʜʦʤʫ ʠʟ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʘʩʪʥʳʝ ʦʮʝʥʦʯʥʳʝ ʙʘʣʣʳ (S Ŭ ʠ S ɓ ) ï 

ʫʩʣʦʚʥʳʝ ʚʝʣʠʯʠʥʳ. ʇʨʦʠʟʚʝʜʝʥʠʝ ʦʮʝʥʦʯʥʳʭ ʙʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʥʳʤ ʦʮʝʥʦʯʥʳʤ 
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ʙʘʣʣʦʤ (S). ʉʫʤʤʘ ʦʙʦʙʱʝʥʥʳʭ ʦʮʝʥʦʯʥʳʭ ʙʘʣʣʦʚ ʧʦ ʚʩʝʤ ʠʥʛʨʝʜʠʝʥʪʘ ʚ ʩʪʚʦʨʝ ʷʚʣʷʝʪʩʷ 

ʢʦʤʙʠʥʘʪʦʨʥʳʤ ʠʥʜʝʢʩʦʤ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʜʳ (ʂʀɿɺ) [2]. 

ʋʂʀɿɺ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʂʀɿɺ ʢ ʢʦʣʠʯʝʩʪʚʫ ʠʥʛʨʝʜʠʝʥʪʦʚ, ʫʯʘʩʪʚʦʚʘʚ-

ʰʠʭ ʚ ʝʛʦ ʦʮʝʥʢʝ. ɿʥʘʯʝʥʠʝ ʋʂʀɿɺ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʚ ʚʦʜʘʭ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟ-

ʥʝʥʥʦʩʪʠ ʦʪ 1 ʜʦ 16. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ɼʣʷ ʪʝʨʨʠʪʦʨʠʠ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ ʭʘʨʘʢʪʝʨʝʥ 3 ʢʣʘʩʩ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʧʦ ʧʦʢʘʟʘʪʝ-

ʣʶ ʋʂʀɿɺ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʣʫʯʰʝʥʠʶ 

ʢʘʯʝʩʪʚʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ (ʪʘʙʣ. 3). 

ʊʘʙʣʠʮʘ 3 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʋʂʀɿɺ 

ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʡ 

ʨʘʡʦʥ 
ʋʂʀɿɺ ʂʣʘʩʩ ʢʘʯʝʩʪʚʘ ʂʘʪʝʛʦʨʠʷ ʚʦʜ 

ɺʦʨʦʥʝʞʩʢʠʡ ʨʘʡ-

ʦʥ 
2,8708 3 çɸè ʟʘʛʨʷʟʥʝʥʥʘʷ 

ɼʝʚʠʮʢʠʡ ʨʘʡʦʥ 4,4375 4 çɸè ʛʨʷʟʥʘʷ 

ʏʸʨʥʦʢʘʣʠʪʚʠʥʩʢʠʡ 

ʨʘʡʦʥ 
3,3711 3 çɹè 

ʦʯʝʥʴ ʟʘʛʨʷʟ-

ʥʝʥʥʘʷ 

ʇʦʜʛʦʨʝʥʩʢʠʡ ʨʘʡ-

ʦʥ 
2,216 3 çɸè ʟʘʛʨʷʟʥʝʥʥʘʷ 

ʍʘʨʘʢʪʝʨʥʳʤʠ ʟʘʛʨʷʟʥʷʶʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚʦʜʳ ʧʨʠʪʦʢʦʚ ɺʝʨʭʥʝʛʦ ʠ ʉʨʝʜʥʝʛʦ ʪʝ-

ʯʝʥʠʡ ʨ.ɼʦʥ ʷʚʣʷʶʪʩʷ: 

- ʛʠʜʨʦʢʘʨʙʦʥʘʪʳ ï ʚ ʨʝʢʘʭ ʊʠʭʘʷ ʉʦʩʥʘ (1,1 ʇɼʂ), ʏʝʨʥʘʷ ʂʘʣʠʪʚʘ (1,3 ʇɼʂ), ɼʦʥ ʚ 

ʉʝʤʠʣʫʢʩʢʦʤ ʨʘʡʦʥʝ (1,5 ʇɼʂ), ɼʝʚʠʮʘ (1,3 ʇɼʂ); 

- ʩʫʣʴʬʘʪʳ ï ʚ ʨʝʢʘʭ ʊʠʭʘʷ ʉʦʩʥʘ ʥʠʞʝ ʩʙʨʦʩʘ ʩ ʦ/ʩ "ɸɺɸʅɻɸʈɼ_ɸɻʈʆ"(1,3ʇɼʂ), 

ʏʝʨʥʘʷ ʂʘʣʠʪʚʘ (1,2 ʇɼʂ), ɼʦʥ, ʂʦʣʦʜʝʞʥʦʝ (1,4 ʇɼʂ), ɼʦʥ, ʄʦʥʘʩʪʳʨʱʠʥʘ (1,5 ʇɼʂ), 

ʧʨʫʜ-ʦʭʣʘʜʠʪʝʣʴ ɸʕʉ ʛ.ʅʦʚʦʚʦʨʦʥʝʞ (3 ʪʦʯʢʠ ʦʪʙʦʨʘ, ʢʨʘʪʥʦʩʪʴ ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ ʦʪ 1 ʜʦ 

1,4 ʇɼʂ); 

- ʥʠʪʨʠʪʥʳʡ ʘʟʦʪ ï ɺʦʨʦʥʝʞʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ (3 ʪʦʯʢʠ ʦʪʙʦʨʘ, ʢʨʘʪʥʦʩʪʴ ʧʨʝʚʳ-

ʰʝʥʠʷ ʇɼʂ ʦʪ 1 ,2 ʜʦ 5,8 ʇɼʂ), ɼʦʥ, ʂʦʣʦʜʝʞʥʦʝ (4,4 ʇɼʂ), ɼʦʥ, ʎʝʥʪʨʘʣʴʥʳʡ ʧʣʷʞ 

ʛ.ʇʘʚʣʦʚʩʢʘ (8 ʇɼʂ), ɼʦʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʝʤʠʣʫʢʩʢʦʛʦ ʨʘʡʦʥʘ (ʢʨʘʪʥʦʩʪʴ ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1,2 ʜʦ 2,3 ʇɼʂ); 

- ʥʠʪʨʘʪʥʳʡ ʘʟʦʪ ï ʚ ʨʝʢʘʭ ɼʦʥ, ʃʝʩʢʦʚʦ(1,5 ʇɼʂ), ɼʦʥ, ʃʝʩʢʦʚʦ, ɻʉʄ 2 (2 ʇɼʂ), ɼʝ-

ʚʠʮʘ, ʉʚʠʥʦʢʦʤʧʣʝʢʩ (2,2 ʇɼʂ); 

- ʩʦʝʜʠʥʝʥʠʷ ʞʝʣʝʟʘ ï ʚ ʨʝʢʘʭ ɼʦʥ, ʂʦʣʦʜʝʞʥʦʝ (1,2 ʇɼʂ), ɼʦʥ, ʎʝʥʪʨʘʣʴʥʳʡ ʧʣʷʞ 

ʛ.ʇʘʚʣʦʚʩʢʘ (2 ʇɼʂ), ɼʦʥ, ʄʦʥʘʩʪʳʨʱʠʥʘ (1,6 ʇɼʂ), ɼʝʚʠʮʘ, ɾɼ ʤʦʩʪ (1,5 ʇɼʂ), ɼʦʥ, ʉʅʊ 

ʉɸʃʖʊ (2 ʇɼʂ). 

ʆʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʟʘʛʨʷʟʥʝʥʠʡ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʙʘʩʩʝʡʥʘ ʨ. ɼʦʥ ï ʘʥʪʨʦʧʦʛʝʥʥʳʡ: 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ (ʥʘʢʦʧʠʪʝʣʠ ʦʪʭʦʜʦʚ ʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʧʨʦʤʧʣʦʱʘʜʢʠ, ʩʢʣʘʜʳ ɻʉʄ, ʥʝʬʪʝ-

ʙʘʟʳ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ), ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ (ʥʘʢʦʧʠʪʝʣʠ ʦʪʭʦ-

ʜʦʚ, ʧʦʣʷ ʬʠʣʴʪʨʘʮʠʠ, ʩʙʨʦʩʥʳʝ ʚʦʜʳ ʩ ʧʦʣʝʡ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ, ʩʪʦʯʥʳʝ ʚʦʜʳ ʞʠʚʦʪʥʦ-

ʚʦʜʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʷʜʦʭʠʤʠʢʘʪʳ ʠ ʫʜʦʙʨʝʥʠʷ), ʦʙʲʝʢʪʳ ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʛʦʨʦ-

ʜʦʚ ʠ ʩʸʣ (ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʝ ʦʪʭʦʜʳ ʠ ʩʪʦʯʥʳʝ ʚʦʜʳ). 

ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʨʝʛʠʦʥʘ ʦʩʥʦʚʥʳʤʠ ʠ ʧʨʠʦʨʠʪʝʪʥʳʤʠ 

ʤʝʨʦʧʨʠʷʪʠʷʤʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 
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- ʨʝʤʦʥʪ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʨʘʩʰʠʨʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʠ ʥʘʜʝʞʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠ-

ʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʚʦʜʦʦʪʚʝʜʝʥʠʷ ʛʦʨʦʜʦʚ ʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʩ ʦʙʝʩʧʝʯʝ-

ʥʠʝʤ ʧʦʜʘʯʠ ʥʘʩʝʣʝʥʠʶ ʧʠʪʴʝʚʦʡ ʚʦʜʳ, ʦʪʚʝʯʘʶʱʝʡ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʠ ʥʦʨʤʘʪʠʚʥʦʡ ʦʯʠʩʪʢʦʡ ʩʪʦʯʥʳʭ ʚʦʜ; ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʦʯʠʩʪʢʠ ʣʠʚʥʝʚʳʭ ʩʪʦʢʦʚ; 

- ʩʦʙʣʶʜʝʥʠʝ ʨʝʞʠʤʘ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʚʦʜʦʦʭʨʘʥʥʳʭ ʟʦʥʘʭ ʠ ʧʨʦʚʝʜʝ-

ʥʠʝ ʧʨʦʪʠʚʦʵʨʦʟʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ; 

- ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩʠʩʪʝʤ ʧʦʚʪʦʨʥʦʛʦ ʠ ʦʙʦʨʦʪʥʦʛʦ ʚʦ-

ʜʦʩʥʘʙʞʝʥʠʷ, ʣʦʢʘʣʴʥʳʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʚʥʝʜʨʝʥʠʝ ʚʦʜʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦ-

ʣʦʛʠʡ; 

- ʧʨʠʥʷʪʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʦʨʤʘʪʠʚʥʳʭ ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʜʘʯ ʠ ʦʪ-

ʚʝʪʩʪʚʝʥʥʦʩʪʠ ʚʩʝʭ ʫʨʦʚʥʝʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ, ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʬʠ-

ʥʘʥʩʠʨʦʚʘʥʠʷ ʧʨʦʪʠʚʦʧʘʚʦʜʢʦʚʳʭ ʤʝʨʦʧʨʠʷʪʠʡ; 

- ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʳʧʦʣʥʝʥʠʝ ʇʨʦʛʨʘʤʤʳ ʧʦ ʦʭʨʘʥʝ ʤʘʣʳʭ ʨʝʢ; 

- ʧʦʚʳʰʝʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ; 

- ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʰʠʨʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʥʘʙʣʶʜʘʪʝʣʴʥʦʡ ʩʝʪʠ /ʤʦʥʠʪʦʨʠʥʛ ʢʘʯʝʩʪʚʘ 

ʚʦʜ/. 
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ASSESSMENT OF PARTICULATE POLLUTION OF SNOW COVER WITHIN SORSK 
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ɸʥʥʦʪʘʮʠʷ. ʉʥʝʛʦʚʦʡ ʧʦʢʨʦʚ ï ʵʪʦ ʠʥʜʠʢʘʪʦʨ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ. ɺ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʮʝʥʢʘ ʧʳʣʝʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʦʨʩʢʦʛʦ 

ɻʆʂʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʤʝʪʦʜʘʤʠ ʤʠʢʨʦʩʢʦʧʠʠ ʤʠʥʝʨʘʣʴʥʦ-ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʧʨʦʙ 

ʪʚʝʨʜʦʡ ʬʘʟʳ ʩʥʝʛʘ ʚ ʨʘʡʦʥʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ ʧʨʝʜʧʨʠʷ-

ʪʠʠ. ɺʳʷʚʣʝʥʳ ʧʨʠʨʦʜʥʳʝ ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʪʠʧʳ ʯʘʩʪʠʮ, ʦʪʨʘʞʘʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʝ ɻʆʂʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʥʝʛʦʚʦʡ ʧʦʢʨʦʚ, ʧʨʠʨʦʜʥʳʝ ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʯʘʩʪʠʮʳ, ʩʢʘʥʠʨʫʶʱʘʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʙʠʥʦʢʫʣʷʨʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

 

Abstract. Snow cover is an indicator of air pollution. This paper shows the results of snow 

cover pollution assessment within the area of Sorsk mining-and-processing integrated works. Min-

eral-matter composition of snow solid residue is studied using microscopic methods. The natural 

and anthropogenic particles were identified. They reflected the impact of the mining-and-processing 

integrated works. 

Keywords: snow cover, natural and anthropogenic particles, scanning electron microscopy, 

binocular microscope 

 

ɺʚʝʜʝʥʠʝ. ɻʦʨʥʦʜʦʙʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ 

ʪʝʨʨʠʪʦʨʠʠ [4]. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟ-

ʜʫʭ ʚʦ ʚʨʝʤʷ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʜʦʙʳʪʦʡ ʨʫʜʳ, ʧʨʦʮʝʩʩʦʚ ʦʙʦʛʘʱʝʥʠʷ, 

ʠ ʧʳʣʝʥʠʷ ʩ ʦʪʚʘʣʦʚ ʠ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʘʢʪʠʚʥʦ ʚʝʜʝʪ-

ʩʷ ʜʦʙʳʯʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ. ʇʨʠʩʫʪʩʪʚʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʠʭ ʧʨʠʤʝʩʝʡ ʚ ʘʪ-

ʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ. ʅʝ ʤʝʥʝʝ 40 ï 50 % 

ʟʘʙʦʣʝʚʘʥʠʡ ʯʝʣʦʚʝʢʘ, ʧʦ ʜʘʥʥʳʤ ɺʆɿ, ʪʘʢʞʝ ʩʚʷʟʘʥʦ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫ-

ʭʘ [2]. ʉʥʝʛʦʚʦʡ ʧʦʢʨʦʚ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʜʦʩʪʫʧʥʳʭ ʠ ʜʦʩʪʦʚʝʨʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʟʠʤʥʝʝ 

ʚʨʝʤʷ ʛʦʜʘ [1].  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʫʨʦʚʥʷ ʧʳʣʝʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʨ-

ʨʠʪʦʨʠʠ ʦʜʥʦʛʦ ʠʟ ʢʨʫʧʥʳʭ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʩʪʨʘʥʝ, ʉʦʨʩʢʦʛʦ ʛʦʨʥʦ-

ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʢʦʤʙʠʥʘʪʘ, ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦ-ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʪʚʝʨʜʦʡ 

ʬʘʟʳ ʩʥʝʛʘ. 
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ʉʦʨʩʢʦʝ ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʙʳʣʦ ʦʪʢʨʳʪʦ ʚ 1937 ʛʦʜʫ ʀ. ʉ. ʎʝʡ-

ʢʣʠʥʳʤ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘʯʘʣʘʩʴ ʚ 1952 ʛʦʜʫ. ɻʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʳʡ ʢʦʤʙʠʥʘʪ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ɹʘʪʝʥʸʚʩʢʦʛʦ ʢʨʷʞʘ ʚ ʚʦʩʪʦʯʥʳʭ ʦʪʨʦʛʘʭ ʂʫʟʥʝʮʢʦʛʦ ɸʣʘʪʘʫ, ʚ ʨʘʡʦʥʝ 

ʛʦʨʦʜʘ ʉʦʨʩʢʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʋʩʪʴ-ɸʙʘʢʘʥʩʢʦʛʦ ʨʘʡʦʥʘ ʈʝʩʧʫʙʣʠʢʠ ʍʘʢʘʩʠʷ, ʚ 105 ʢʤ ʢ ʩʝ-

ʚʝʨʦ-ʟʘʧʘʜʫ ʦʪ ʛʦʨʦʜʘ ɸʙʘʢʘʥ. ʈʦʩʩʠʡʩʢʠʝ ʙʘʣʘʥʩʦʚʳʝ ʟʘʧʘʩʳ ʤʝʜʠ ʩʦʩʪʘʚʣʷʶʪ 92,7 ʤʣʥ ʪ, 

ʤʦʣʠʙʜʝʥʘ ï 1956 ʪʳʩ. ʪ (ʥʘ 2011 ʛʦʜ). ɼʦʢʘʟʘʥʥʳʝ ʟʘʧʘʩʳ ʉʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦʩʪʘʚ-

ʣʷʶʪ ʦʢʦʣʦ 58,1 ʤʣʥ. ʪʦʥʥ ʨʘʟʚʝʜʘʥʥʳʭ ʟʘʧʘʩʦʚ ʤʦʣʠʙʜʝʥʦʚʦʡ ʨʫʜʳ, ʧʨʦʛʥʦʟʥʳʝ ʟʘʧʘʩʳ ï 

140,3 ʤʣʥ [4]. ʅʘ ʉʦʨʩʢʦʤ ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʦʣʫʯʘʶʪ ʤʝʜʥʳʡ ʠ ʤʦʣʠʙ-

ʜʝʥʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪʳ. ɻʣʘʚʝʥʩʪʚʫʶʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ ʶʛʦ-ʟʘʧʘʜʥʦʝ. ʄʝʩʪʥʦʩʪʴ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʛʦʨʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʩʨʝʜʥʝʡ ʚʳʩʦʪʳ (ʦʪ 620 ʜʦ 1200 ʤ), ʧʝʨʝʤʝʞʘʶʱʠʤʠʩʷ 

ʰʠʨʦʢʠʤʠ ʨʘʚʥʠʥʘʤʠ ʠ ʢʦʨʦʪʢʠʤʠ ʫʱʝʣʴʷʤʠ. ʉʦʨʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʳʢʝ 

ʩʪʝʧʥʦʡ, ʣʝʩʦʩʪʝʧʥʦʡ ʠ ʛʦʨʥʦ-ʪʘʝʞʥʦʡ ʟʦʥ, ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʚʳʩʦʪʝ 850 ï 880 ʤ ʥʘʜ ʫʨʦʚʥʝʤ 

ʤʦʨʷ. 

ʂ ʛʣʘʚʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɻʆʂʘ ʦʪʥʦʩʷʪʩʷ: ʢʘʨʴʝʨ, ʦʪʚʘʣʳ, 

ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ, ʦʙʦʛʘʪʠʪʝʣʴʥʘʷ ʬʘʙʨʠʢʘ, ʧʦʨʦʜʥʳʝ ʦʪʚʘʣʳ, ʦʪʩʪʦʡʥʠʢ ʦʙʦʨʦʪʥʦʛʦ ʚʦʜʦ-

ʩʥʘʙʞʝʥʠʷ, ʊʕʎ, ʪʨʘʥʩʧʦʨʪʥʘʷ ʪʝʭʥʠʢʘ.  

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʪʙʦʨ ʩʥʝʛʦʚʳʭ ʧʨʦʙ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩʦʪʨʫʜʥʠʢʘʤʠ ʦʪʜʝʣʘ 

ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʉʦʨʩʢʦʛʦ ɻʆʂ ʤʝʪʦʜʦʤ ʰʫʨʬʘ ʥʘ ʚʩʶ ʤʦʱʥʦʩʪʴ ʩʥʝʛʦʚʦʛʦ ʧʦ-

ʢʨʦʚʘ, ʢʨʦʤʝ 5 ʩʤ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʧʦʯʚʝʥʥʦʤʫ ʧʦʢʨʦʚʫ. ɺʝʩ ʢʘʞʜʦʡ ʧʨʦʙʳ ʩʦʩʪʘʚʣʷʣ ʦʪ 15 

ʜʦ 18 ʢʛ. ɺ ʢʘʞʜʦʤ ʧʫʥʢʪʝ ʦʪʙʦʨʘ ʨʘʟʤʝʨ ʰʫʨʬʘ ï 1ʭ1 ʤ
2
. ʆʪʙʦʨ ʧʨʦʙ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʥʝ-

ʩʢʦʣʴʢʠʭ ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʘʭ: ʧʨʦʤʧʣʦʱʘʜʢʘ (ʢʣʶʯʝʚʦʡ ʫʯʘʩʪʦʢ ˉ1), ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʘʷ 

ʯʘʩʪʴ ʦʪʚʘʣʘ ˉ7 (ʢʣʶʯʝʚʦʡ ʫʯʘʩʪʦʢ ˉ2), ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʦʪʚʘʣʘ ˉ8 (ʢʣʶʯʝʚʦʡ ʫʯʘʩʪʦʢ 

ˉ3), ʪʝʨʨʠʪʦʨʠʷ ʛ. ʉʦʨʩʢʘ (ʢʣʶʯʝʚʦʡ ʫʯʘʩʪʦʢ ˉ4), ʶʛʦ-ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ 

(ʢʣʶʯʝʚʦʡ ʫʯʘʩʪʦʢ ˉ5), ʩʝʚʝʨʦ-ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ (ʢʣʶʯʝʚʦʡ ʫʯʘʩʪʦʢ ˉ6). 

ɺ 2016 ʛʦʜʫ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 35 ʧʨʦʙ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ [1]. ʊʘʢʞʝ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 5 ʧʨʦʙ ʚ 

ʬʦʥʦʚʦʤ ʨʘʡʦʥʝ, ʨʘʩʧʦʣʘʛʘʶʱʝʤʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10 ʢʤ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  

ɺ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʦʨʩʢʦʛʦ 

ɻʆʂʘ ɹʝʣʦʰʝʡʢʠʥʦʡ ɸ. ɺ. ʙʣʘ ʦʧʨʝʜʝʣʝʥʘ ʧʳʣʝʚʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʩʥʝʛʦʚʦʡ ʧʦʢʨʦʚ [1]. ʉʦʛʣʘʩ-

ʥʦ ʵʪʠʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʥʘʠʙʦʣʴʰʘʷ ʧʳʣʝʚʘʷ ʥʘʛʨʫʟʢʘ ʧʨʠʭʦʜʠʣʘʩʴ ʥʘ ʢʣʶʯʝʚʦʡ ʫʯʘʩʪʦʢ, ʛʜʝ 

ʨʘʟʤʝʱʝʥʳ ʧʨʦʤʧʣʦʱʘʜʢʘ (834 ʤʛ/(ʤ
2
 ʚ ʩʫʪ.)) ʠ ʦʪʚʘʣʳ ˉ 7 (113 ʤʛ/(ʤ

2
 ʚ ʩʫʪ.)) ʠ ʦʪʚʘʣʳ ˉ 8 

(94 ʤʛ/(ʤ
2
 ʚ ʩʫʪ.)). ɺ ʨʘʡʦʥʝ ʛ. ʉʦʨʩʢʘ ʧʳʣʝʚʘʷ ʥʘʛʨʫʟʢʘ ʩʦʩʪʘʚʣʷʝʪ 111 ʤʛ/(ʤ

2
 ʚ ʩʫʪ.) ʠ ʦʙʫ-

ʩʣʦʚʣʝʥʘ ʧʝʨʝʥʦʩʦʤ ʧʳʣʠ ʦʪ ɻʆʂʘ ʠ ʤʝʩʪʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ (ʢʦʪʝʣʴʥʳʝ). ʅʘʠʤʝʥʴʰʘʷ ʧʳ-

ʣʝʚʘʷ ʥʘʛʨʫʟʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʘʡʦʥʝ ʭʚʦʩʪʦʭʨʘʥʠʣʠʮʘ ʥʘ ʢʣʶʯʝʚʦʤ ʫʯʘʩʪʢʝ ˉ5 (3,6 

(ʤʛ/ʤ
2
 ʚ ʩʫʪ.)) ʠ ˉ6 (12,8 (ʤʛ/ʤ

2
 ʚ ʩʫʪ.)) [1]. 

ɺ ʩʚʷʟʠ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʳʣʝʚʦʡ ʥʘʛʨʫʟʢʠ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʟʫʯʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦ-ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ, ʦʩʝʜʘʶʱʠʭ ʠʟ ʘʪʤʦʩʬʝʨʳ ʥʘ 

ʩʥʝʛʦʚʦʡ ʧʦʢʨʦʚ (ʪʚʝʨʜʦʡ ʬʘʟʳ ʩʥʝʛʘ), ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʢʣʘʜʘ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ 

ʯʘʩʪʠʮ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʨʦʚʥʷ ʧʳʣʝʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʨʘʡʦʥʘʭ ʠʩʩʣʝʜʫʝʤʳʭ ʢʣʶʯʝʚʳʭ 

ʫʯʘʩʪʢʦʚ. 

ʇʨʦʙʳ ʪʚʝʨʜʦʡ ʬʘʟʳ ʩʥʝʛʘ ʩ ʪʝʨʨʠʪʦʨʠʠ ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʟʦʥʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʤʧʣʦʱʘʜʢʠ, ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ, ʦʪʚʘʣʘ ˉ 8, ʘ ʪʘʢʞʝ ʥʘ ʛʨʘʥʠʮʝ ʩʘʥʠʪʘʨʥʦ-

ʟʘʱʠʪʥʦʡ ʟʦʥʳ ʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ʉʦʨʩʢʘ ʙʳʣʠ ʠʟʫʯʝʥʳ ʥʘ ʙʠʥʦʢʫʣʷʨʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

Leica EZ4D ʩ ʚʠʜʝʦ ʧʨʠʩʪʘʚʢʦʡ ʩʦʛʣʘʩʥʦ ʟʘʧʘʪʝʥʪʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʝ (ʧʘʪʝʥʪ ˉ 2229737) ʩʦ-

ʪʨʫʜʥʠʢʦʚ ʢʘʬ. ɻʕɻʍ (ʚ ʥ. ʚ. ʦʪʜʝʣʝʥʠʝ ʛʝʦʣʦʛʠʠ) ʊʇʋ ʠ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ 



63 
 

ʤʠʢʨʦʩʢʦʧʝ Hitachi S-3400N ʩ ʕɼʉ ʧʨʠʩʪʘʚʢʦʡ Bruker XFlash 4010 ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʄʀʅʆʎ 

çʋʨʘʥʦʚʘʷ ʛʝʦʣʦʛʠʷè ʊʇʋ.  

ʈʝʟʫʣʴʪʘʪʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙ ʪʚʝʨʜʦʛʦ ʦʩʘʜʢʘ ʩʥʝʛʘ ʥʘ ʙʠʥʦʢʫʣʷʨ-

ʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ 8 ʪʠʧʦʚ ʯʘʩʪʠʮ ʧʨʠʨʦʜʥʦʛʦ ʠ 2 ʪʠʧʘ ʯʘʩʪʠʮ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʨʠʩʫʥʦʢ 1). ʆʙʱʠʡ ʚʠʜ ʧʨʦʙ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʧʨʠʚʝʜʝʥʳ ʬʦʪʦ ʧʨʦʙ ʩ ʪʝʨʨʠʪʦʨʠʠ ɻʆʂʘ ʠ ʛ. ʉʦʨʩʢʘ. 

 
ʈʠʩ. 1. ɼʦʣʝʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʧʨʦʙʘʭ ʩ ʪʝʨʨʠʪʦʨʠʠ ʉʦʨ-

ʩʢʦʛʦ ɻʆʂ ʠ ʛ. ʉʦʨʩʢʘ: ʧʨʠʨʦʜʥʳʝ ʯʘʩʪʠʮʳ (1ï8): 1ïʧʦʣʝʚʦʡ ʰʧʘʪ, 2ï ʢʚʘʨʮ, 3ï ʩʣʶʜʘ, 4ï 

ʧʠʨʠʪ, 5ïʭʘʣʴʢʦʧʠʨʠʪ, 6ï ʘʤʬʠʙʦʣ, 7ï ʤʦʣʠʙʜʝʥʠʪ, 8ï ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ, ʪʝʭʥʦʛʝʥʥʳʝ 

ʯʘʩʪʠʮʳ: (9ï10): 9ï ʰʣʘʢ, 10ï ʫʛʦʣʴʥʘʷ ʧʳʣʴ 

 

ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʧʨʠʨʦʜʥʳʭ ʯʘʩʪʠʮ: ʢʚʘʨʮ (ʧʨʦʟʨʘʯʥʳʝ ʙʝʩʮʚʝʪ-

ʥʳʝ, ʦʢʘʪʘʥʥʳʝ ʠ ʥʝ ʦʢʘʪʘʥʥʳʝ), ʩʣʶʜʳ (ʯʝʰʫʡʯʘʪʘʷ ʬʦʨʤʘ, ʨʘʟʣʠʯʥʦʛʦ ʮʚʝʪʘ), ʘʤʬʠʙʦʣʳ 

(ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʩ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʧʘʡʥʦʩʪʴʶ ʠ ʠʛʦʣʴʯʘʪʦʡ ʬʦʨʤʦʡ), ʧʦʣʝʚʳʝ ʰʧʘʪʳ (ʧʨʠʟʤʘ-

ʪʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʙʝʣʦʛʦ ʠ ʨʦʟʦʚʘʪʦʛʦ ʮʚʝʪʘ), ʧʠʨʠʪ (ʯʘʩʪʠʮʳ ʩ ʢʫʙʠʯʝʩʢʦʡ ʬʦʨʤʦʡ ʠ ʞʝʣʪʦ-

ʚʘʪʳʤ ʮʚʝʪʦʤ), ʭʘʣʴʢʦʧʠʨʠʪ ʩ ʣʘʪʫʥʥʦ-ʞʝʣʪʳʤ ʦʪʪʝʥʢʦʤ, ʤʦʣʠʙʜʝʥʠʪ (ʞʠʨʥʳʡ ʤʝʪʘʣʣʠʯʝ-

ʩʢʠʡ ʙʣʝʩʢ, ʩʚʠʥʮʦʚʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ), ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ. 

 
ʘ)       ʙ) 

ʈʠʩ. 2. ʆʙʱʠʡ ʚʠʜ ʧʨʦʙ ʪʚʝʨʜʦʛʦ ʦʩʘʜʢʘ ʩʥʝʛʘ ʥʘ ʙʠʥʦʢʫʣʷʨʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (ʫʚʝʣ. 35ʭ): 

ʘ) ï ʧʨʦʤʧʣʦʱʘʜʢʘ ɻʆʂ, ʙ) ï ʪʝʨʨʠʪʦʨʠʷ ʛ. ʉʦʨʩʢʘ 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʨʦʜʥʳʝ ʪʠʧʳ ʯʘʩʪʠʮ ʤʦʛʫʪ ʧʦʧʘʜʘʪʴ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ 

ʠ ʟʘʪʝʤ ʦʩʝʜʘʪʴ ʥʘ ʩʥʝʛʦʚʦʡ ʧʦʢʨʦʚ ʚ ʩʦʩʪʘʚʝ ʚʳʙʨʦʩʦʚ ʧʨʠ ʚʝʜʝʥʠʠ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʨʘ-

ʙʦʪ ʥʘ ʢʘʨʴʝʨʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʢʘʨʴʝʨʥʦʡ ʪʝʭʥʠʢʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʘ ʪʘʢʞʝ ʧʳʣʝʥʠʷ 

ʦʪʚʘʣʦʚ ʠ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ. ʀʟʫʯʝʥʥʳʡ ʩʦʩʪʘʚ ʧʨʦʙ, ʚʦʟʤʦʞʥʦ, ʦʪʨʘʞʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʥʝʨʫʜ-

ʥʳʭ ʠ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʩʦʩʪʘʚʝ ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ ʠ ʜʦʙʳʚʘʝʤʦʡ ʨʫʜʳ. 
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ʈʠʩ. 3. ɺʝʣʠʯʠʥʘ ʧʳʣʝʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʦʚ ʉʦʨʩʢʦʛʦ ɻʆʂ 

ʠ ʛ. ʉʦʨʩʢʘ [1] 

 
ʘ)       ʙ) 

 
ʚ) 

ʈʠʩ. 4. ʄʠʢʨʦʬʦʪʦ ʯʘʩʪʠʮ ʠ ʠʭ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʝ ʩʧʝʢʪʨʳ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʩʥʝʛʘ 

ʩ ʨʘʡʦʥʘ ʧʨʦʤʧʣʦʱʘʜʢʠ: ʘ) ï ʤʠʢʨʦʯʘʩʪʠʮʘ MO-S (ʤʦʣʠʙʜʝʥʠʪ (?)); 

ʙ) ï ʤʠʢʨʦʯʘʩʪʠʮʘ Fe-S (ʧʠʨʠʪ (?)); ʚ) ï ʤʠʢʨʦʯʘʩʪʠʮʘ BA-S-O (ʙʘʨʠʪʘ (?)) 

(ʜʘʥʥʳʝ ʵʣʝʢʪʨʦʥʥʦʡ ʩʢʘʥʠʨʫʶʱʠʝ ʤʠʢʨʦʩʢʦʧʠʠ) 

 

ʂ ʪʝʭʥʦʛʝʥʥʦʤʫ ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʦʪʥʦʩʷʪʩʷ ʯʘʩʪʠʮʳ ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʫʧʣʦʱʝʥʥʦʡ ʬʦʨ-

ʤʳ ï ʫʛʦʣʴʥʘʷ ʧʳʣʴ, ʙʝʩʬʦʨʤʝʥʥʳʝ ʯʘʩʪʠʮʳ ʯʝʨʥʦʛʦ ʮʚʝʪʘ ï ʰʣʘʢ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʚʳʙʨʦ-

ʩʦʚ ʦʪ ʩʞʠʛʘʥʠʷ ʫʛʣʷ. 

ʇʦ ʜʘʥʥʳʤ ʙʠʥʦʢʫʣʷʨʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʠʟʫʯʝʥʥʳʭ ʧʨʦʙ ʪʚʝʨʜʦʛʦ 

ʦʩʘʜʢʘ ʩʥʝʛʘ ʩ ʪʝʨʨʠʪʦʨʠʠ ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʦʚ ɻʆʂ ʩʦʩʪʘʚʣʷʶʪ ʤʠʥʝʨʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ 

(60-80%), ʥʘ ʪʝʭʥʦʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 15%. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʠʧʳ ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʧʨʦʙʘʭ ʩ ʪʝʨʨʠʪʦʨʠʠ ɻʆʂʘ ʠ ʛ. ʉʦʨ-

ʩʢʘ ʠʜʝʥʪʠʯʥʳ, ʚʩʝ ʞʝ ʚ ʛʦʨʦʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʙʦʣʴʰʘʷ ʜʦʣʷ ʪʝʭʥʦʛʝʥʥʳʭ ʯʘʩʪʠʮ, ʯʪʦ ʤʦ-

ʞʝʪ ʙʳʪʴ ʚʳʙʨʦʩʘʤʠ ʤʝʩʪʥʳʭ ʢʦʪʝʣʴʥʳʭ (ʨʠʩʫʥʦʢ 2). 

ʋʩʪʘʥʦʚʣʝʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ, ʯʪʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʝ ʧʳʣʝʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʶ 

ʩʚʷʟʘʥʳ ʩ ʚʳʩʦʢʠʤ ʜʦʣʝʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʰʣʘʢʦʚ, ʘʤʬʠʙʦʣʦʚ ʠ ʥʝʢʦʪʦʨʳʭ ʥʝʨʫʜʥʳʭ ʤʠʥʝ-

ʨʘʣʦʚ (ʧʦʣʝʚʳʝ ʰʧʘʪʳ, ʢʚʘʨʮ) ʚ ʧʨʦʙʘʭ ʪʚʝʨʜʦʛʦ ʦʩʘʜʢʘ ʩʥʝʛʘ (ʨʠʩʫʥʦʢ 1, 3).  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʩʥʝʛʘ ʯʘʩʪʠʮʳ, ʩʦʜʝʨʞʘʥʠʝ Mo-S, ʙʣʠʟʢʠʝ ʧʦ ʩʦʩʪʘʚʫ ʢ ʤʦʣʠʙʜʝʥʠʪʫ; Fe-

S (ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʠʨʠʪ), Ba-S-ʆ (ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʙʘʨʠʪ) ʠ ʜʨʫʛʠʝ (ʨʠʩʫʥʦʢ 4). ʂʨʦʤʝ 

ʪʦʛʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʤʠʢʨʦʩʬʝʨ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʙʨʦʩʳ 

ʢʦʪʝʣʴʥʳʭ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʫʛʦʣʴ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʛʦʨʦʜʝ ʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʤʧʣʦ-

ʱʘʜʢʠ. ʅʘʠʙʦʣʴʰʘʷ ʜʦʣʷ ʯʘʩʪʠʮ Mo-S ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʘʡʦʥʝ ʧʨʦʤʧʣʦʱʘʜʢʠ ʠ ʢʘʨʴʝʨʘ ʉʦʨ-

ʩʢʦʛʦ ɻʆʂ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʚ ʩʥʝʛʦʚʦʡ ʧʦʢʨʦʚ ʚʦʚʨʝʤʷ ʙʫʨʦ-

ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ. 

ɿʘʢʣʶʯʝʥʠʝ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʪʠʧʳ ʯʘ-

ʩʪʠʮ ʚ ʩʦʩʪʘʚʝ ʪʚʝʨʜʦʡ ʬʘʟʳ ʩʥʝʛʘ, ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʳʣʝʚʦʡ ʥʘʛʨʫʟʢʠ 

ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʉʦʨʩʢʦʛʦ ɻʆʂʘ ʠ ʛ. ʉʦʨʩʢʘ. ʄʠʥʝʨʘʣʴʥʦ-ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʧʨʦʙ ʠʤʝʝʪ 

ʩʭʦʜʥʳʡ ʩʦʩʪʘʚ: ʦʙʥʘʨʫʞʝʥʳ ʧʨʠʨʦʜʥʳʝ ʯʘʩʪʠʮʳ ʨʫʜʥʳʭ ʠ ʥʝʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʪʝʭʥʦ-

ʛʝʥʥʳʝ ʯʘʩʪʠʮʳ. ʇʦ ʜʘʥʥʳʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʵ ʦʧʨʝʜʝʣʝʥʦ ʧʨʠʩʫʪ-

ʩʪʚʠʝ ʚ ʧʨʦʙʘʭ ʤʠʢʨʦʯʘʩʪʠʮ, ʙʣʠʟʢʠʭ ʢ ʩʫʣʴʬʠʜʘʤ ʤʦʣʠʙʜʝʥʘ ʠ ʞʝʣʝʟʘ, ʠ ʩʫʣʴʬʘʪʘʤ ʙʘʨʠʷ, ʘ 

ʪʘʢʞʝ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʝ ʤʠʢʨʦʩʬʝʨʳ. ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʯʘʩʪʠʮʳ, ʬʦʨʤʠʨʫ-

ʶʱʠʝ ʧʳʣʝʚʫʶ ʥʘʛʨʫʟʢʫ ʚ ʨʘʡʦʥʝ, ʦʙʨʘʟʫʶʪʩʷ ʯʝʨʝʟ ʧʝʨʝʥʦʩ ʧʳʣʠ ʥʘ ʜʘʣʴʥʠʝ ʨʘʩʩʪʦʷʥʠʷ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ 

ʩʚʦʡʩʪʚʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʦʨʙʝʥʪʦʚ ï ʛʣʘʫʢʦʥʠʪʘ ʠ ʜʨʝʚʝʩʥʦʛʦ ʙʠʦʯʘʨʘ. ʅʘʠʤʝʥʝʝ ʫʩʪʦʡʯʠ-

ʚʳʤ ʢ ʪʝʨʤʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʦʢʘʟʘʣʩʷ ʙʠʦʯʘʨ, ʠʥʪʝʥʩʠʚʥʘʷ ʜʝʛʨʘʜʘʮʠʷ ʢʦʪʦʨʦʛʦ ʧʨʦʪʝ-

ʢʘʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 390-600
ʦ
ʉ, ʨʘʟʨʫʰʝʥʠʝ ʛʣʘʫʢʦʥʠʪʘ ʥʘʯʘʣʦʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 

875
ʦ
ʉ. ʆʙʱʠʝ ʧʦʪʝʨʠ ʤʘʩʩʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʠʥʭʨʦʥʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʠʣʠ 

4,72% ʠ 96,12% ʜʣʷ ʛʣʘʫʢʦʥʠʪʘ ʠ ʙʠʦʯʘʨʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʯʘʨ, ʛʣʘʫʢʦʥʠʪ, ʩʦʨʙʝʥʪʳ, ʩʠʥʭʨʦʥʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 

 

Abstract. The effect of high temperatures on the properties of promising sorbents, such as 

glauconite and wood biochar, was investigated in the present research. Biochar was the least re-

sistant to thermal effects, its intense degradation proceeded at temperatures 390-600ÁC, the destruc-

tion of glauconite began at the temperature about 875 ÁC. The total weight loss during simultaneous 

thermal analysis was 4.72% and 96.12% for glauconite and biochar, respectively. 

Keywords: biochar, glauconite, sorbents, simultaneous thermal analysis.  

 

ɺ ʩʚʷʟʠ ʩʦ ʩʣʦʞʠʚʰʝʡʩʷ ʧʨʦʙʣʝʤʦʡ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʜʥʦʡ ʠʟ ʚʘʞ-

ʥʝʡʰʠʭ ʪʝʤ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣ ʧʦʠʩʢ ʩʧʦʩʦʙʦʚ ʩʥʠʞʝʥʠʷ ʧʦʩʪʫʧʣʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʧʦʣʣʶʪʘʥʪʦʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʘ ʪʘʢʞʝ ʣʠʢʚʠʜʘʮʠʷ ʫʞʝ ʠʤʝʶʱʠʭʩʷ ʦʯʘʛʦʚ 

ʟʘʛʨʷʟʥʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʩʧʦʩʦʙʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʨʙʝʥʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʧʦ-

ʛʣʦʱʘʪʴ ʠ ʫʜʝʨʞʠʚʘʪʴ ʥʘ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʠ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ 

ʚʝʱʝʩʪʚ ʪʘʢʠʭ, ʢʘʢ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʠ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʚ ʙʝʟʦʧʘʩʥʦʡ ʜʣʷ 

ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʬʦʨʤʝ. ɼʣʷ ʜʘʥʥʳʭ ʮʝʣʝʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʤʠʥʝʨʘʣʴʥʳʝ 

ʩʦʨʙʝʥʪʳ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ï ʛʣʘʫʢʦʥʠʪ; ʪʘʢ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦ ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʧʝ-

ʨʝʨʘʙʦʪʢʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʙʠʦʫʛʦʣʴ ï ʙʠʦʯʘʨ.  
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ʆʜʥʘʢʦ, ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʨʙʝʥʪʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʥʘʧʨʠʤʝʨ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʬʠʣʴʪʨʦʚ ʦʯʠʩʪʢʠ ʚʳʙʨʦʩʦʚ, ʦʙʷʟʘʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ 

ʟʥʘʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʠʭ ʨʘʟʣʦʞʝʥʠʷ ʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ʕʪʠ ʜʘʥʥʳʝ ʦʯʝʥʴ ʚʘʞʥʳ, ʪʘʢ ʢʘʢ 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʤʥʦʛʠʝ ʩʦʨʙʝʥʪʳ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʠʪʴ ʩʚʦʠ ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡ-

ʩʪʚʘ. ʂ ʧʨʠʤʝʨʫ, ʚ ʪʘʢʦʤ ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʨʙʝʥʪʝ ʢʘʢ ʛʣʘʫʢʦʥʠʪ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʙʦʣʝʝ 

320 
ʆ
ʉ ʥʘʯʠʥʘʝʪ ʘʢʪʠʚʥʦ ʧʨʦʪʝʢʘʪʴ ʧʨʦʮʝʩʩ ʜʝʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʠʟʤʝʥʷʝʪ ʢʦ-

ʣʠʯʝʩʪʚʦ ʠ ʩʪʨʫʢʪʫʨʫ ʧʦʨ [5]. ɼʣʷ ʙʠʦʯʘʨʘ ʚʦʟʥʠʢʘʝʪ ʩʫʱʝʩʪʚʝʥʥʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʦʧʨʝ-

ʜʝʣʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʥ ʥʝ ʷʚʣʷʝʪʩʷ ʯʠʩʪʦʡ ʬʦʨʤʦʡ ʫʛʣʝʨʦʜʘ 

ʠ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʠʨʦʣʠʟʘ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʦʩʪʘʪʦʯʥʳʝ 

ʬʨʘʛʤʝʥʪʳ ʮʝʣʣʶʣʦʟʳ ʠ ʣʠʛʥʠʥʘ, ʧʨʠʤʝʩʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʥʘʬʪʘʣʠʥ 

[1, 3]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝʩʝʡ ʙʠʦʯʘʨ ʤʦʞʝʪ ʥʘʯʘʪʴ ʜʝʛʨʘʜʠʨʦ-

ʚʘʪʴ ʚ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ ʢʠʩʣʦʨʦʜ ʫʞʝ ʧʨʠ 180-250 
ʦ
ʉ [4], ʯʪʦ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʩʝʨʴʸʟʥʳʤ 

ʬʘʢʪʦʨʦʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʩʦʨʙʝʥʪʦʚ ʜʣʷ ʨʝʤʝʜʠʘʮʠʠ 

ʧʦʯʚ.  

ʇʦʵʪʦʤʫ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʩʦʨʙʝʥʪʦʚ ʟʘʯʘʩʪʫʶ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʩʠʥ-

ʭʨʦʥʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʉʊɸ). ɼʘʥʥʳʡ ʪʠʧ ʘʥʘʣʠʟʘ ʩʦʚʤʝʱʘʝʪ ʚ ʩʝʙʝ ʪʝʨʤʦʛʨʘʚʠ-

ʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ʊɻɸ) ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʩʢʘʥʠʨʫʶʱʫʶ ʢʘʣʦʨʠʤʝʪʨʠʶ (ɼʉʂ), ʢʦʪʦ-

ʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʪʩʣʝʜʠʪʴ ʧʦʪʝʨʶ ʤʘʩʩʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫ-

ʨʳ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʦʨʙʝʥʪʘ ʧʨʠ ʝʛʦ ʥʘʛʨʝʚʘʥʠʠ.  

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʣʘʫʢʦʥʠ-

ʪʘ ʠ ʜʨʝʚʝʩʥʳʡ ʙʠʦʯʘʨʘ ʢ ʜʝʛʨʘʜʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʠʦʯʘʨ, 

ʧʨʦʠʟʚʝʜʝʥʥʳʡ ʧʠʨʦʣʠʟʦʤ ʙʝʨʸʟʦʚʦʡ ʜʨʝʚʝʩʠʥʳ ʥʘ ʨʝʪʦʨʪʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ɻʆʉʊ 7657-84 

ʤʘʨʢʘ ɸ, ʩʦʨʪ 1 (ʪʝʤʧʝʨʘʪʫʨʘ ʧʠʨʦʣʠʟʘ 550ÁC) ʠ ʛʣʘʫʢʦʥʠʪ ʧʨʦʜʫʢʪʠʚʥʦʡ ʪʦʣʱʠ ɸʙʘʜʟʝʭʩʢʦ-

ʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (44Á21ǋ33ǌʉ; 40Á11ǋ77ǌɺ), ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʨʝʩʧʫʙʣʠʢʝ ɸʜʳʛʝʷ ʚ 4 ʢʤ ʢ 

ʶʛʫ ʦʪ ʩʪʘʥʮʠʠ ɸʙʘʜʟʝʭʩʢʘʷ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʪʦʣʱʝʡ ʛʣʘʫʢʦʥʠʪʦʚʳʭ ʧʝʩʯʘʥʠʢʦʚ 

ʩʨʝʜʥʝʘʧʪʩʢʦʛʦ ʚʦʟʨʘʩʪʘ (ʤʝʣʦʚʘʷ ʩʠʩʪʝʤʘ). ɻʣʘʫʢʦʥʠʪʩʦʜʝʨʞʘʱʠʝ ʩʣʦʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʳʭ-

ʣʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ ʟʝʣʝʥʦʛʦ ʠ ʩʝʨʦ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʩ ʧʩʘʤʤʠʪʦʚʦʡ, ʨʝʞʝ ʛʨʘʚʝʣʠʪʦ-

ʧʩʘʤʤʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʶʪ ʛʣʘʫʢʦʥʠʪ ʠ ʢʚʘʨʮ.  

ʉʠʥʭʨʦʥʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʙʠʦʯʘʨʘ ʠ ʛʣʘʫʢʦʥʠʪʘ ʧʨʦʚʦʜʠʣʠ ʥʘ ʪʝʨ-

ʤʦʘʥʘʣʠʟʘʪʦʨʝ STA 449 F5 Jupiter ʬʠʨʤʳ Netzsch. ʀʟʤʝʨʝʥʠʷ ʙʠʦʯʘʨʘ ʧʨʦʚʦʜʠʣʠ ʚ ʜʠʘʧʘ-

ʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 25ï800 
ʦ
ʉ ʚ ʪʦʢʝ ʚʦʟʜʫʭʘ, ʛʣʘʫʢʦʥʠʪʘ -30ï1000 

ʦ
ʉ ʚ ʪʦʢʝ ʘʟʦʪʘ. 

ʈʝʟʫʣʴʪʘʪʳ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʉʊɸ ʜʨʝʚʝʩʥʦʛʦ ʙʠʦʯʘʨʘ. ʅʘ 

ʢʨʠʚʦʡ ʊɻ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʙʨʘʟʮʘ ʚ ʜʠʘʧʘʟʦʥʝ 25-100 
ʦ
ʉ ʧʨʦʠʩʭʦ-

ʜʠʣʦ ʫʜʘʣʝʥʠʝ ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʦʡ ʚʦʜʳ ʠ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʛʘʟʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʭ ʣʝʪʫʯʠʭ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʨʙʝʥʪʘ [4], ʯʪʦ ʥʘ ʛʨʘʬʠʢʝ 

ɼʉʂ ʦʪʦʙʨʘʞʝʥʦ ʢʘʢ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. ʊʘʢʞʝ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʪʤʝʯʝʥʦ ʥʘ ʢʨʠʚʦʡ 

ɼʊɻ (ʨʠʩ. 2) ʚ ʟʘʜʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ. ʇʦʪʝʨʷ ʤʘʩʩʳ ʦʙʨʘʟʮʦʤ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʩʦ-

ʩʪʘʚʠʣʘ 9,55%. 

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʙʠʦʯʘʨʘ ʜʦ 250ï300
ʦ
ʉ ʥʘʯʠʥʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʩʛʦʨʘʥʠʝ ʦʩʪʘʪʦʯ-

ʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʣʠʛʥʠʥʘ ʠ ʮʝʣʣʶʣʦʟʳ [8], ʢʦʪʦʨʦʝ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 390ï400 
ʦ
ʉ ʟʘ ʩʯʸʪ ʦʢʠʩʣʝʥʠʷ ʘʤʦʨʬʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʙʠʦʯʘʨʘ. 

ʕʪʦʪ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʘ ʢʨʠʚʦʡ ɼʉʂ (ʨʠʩ.1). ʆʥ ʩʦʧʨʦʚʦʞ-

ʜʘʣʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʠ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʧʦʪʝʨʝʡ ʤʘʩʩʳ (ʨʠʩ. 1 ʠ 2), ʢʦʪʦʨʘʷ ʧʨʠ ʜʦ-

ʩʪʠʞʝʥʠʠ 600
ʦ
ʉ ʩʦʩʪʘʚʠʣʘ 83.55%. ʆʙʱʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʦʙʨʘʟʮʦʤ ʩʦʩʪʘʚʠʣʘ 96,12%. 
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ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪʳ ʩʠʥʭʨʦʥʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʘ ʙʠʦʯʘʨʘ. 

 

ʈʠʩ. 2. ʂʨʠʚʘʷ ʧʨʦʠʟʚʦʜʥʦʡ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʘ ʙʠʦʯʘʨʘ. 

 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʛʣʘʫʢʦʥʠʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʘʭ 3 ʠ 4. 

ɿʜʝʩʴ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʜʨʝʚʝʩʥʳʤ ʙʠʦʯʘʨʦʤ, ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʧʨʦʭʦʜʠʣʦ ʚ ʥʝʩʢʦʣʴʢʦ 

ʩʪʘʜʠʡ. 

ʇʝʨʚʘʷ ʩʪʘʜʠʷ (30ï108 
ʦ
ʉ) ʷʚʣʷʝʪʩʷ ʵʥʜʦʪʝʨʤʠʯʝʩʢʦʡ (ʨʠʩ. 3) ʠ ʩʚʷʟʘʥʘ ʩ ʠʩʧʘʨʝʥʠʝʤ 

ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʣʘʛʠ [6]. ʅʘ ʢʨʠʚʦʡ ɼʊɻ (ʨʠʩ. 4) ʪʘʢʞʝ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʧʨʦ-

ʮʝʩʩ ʧʨʦʪʝʢʘʣ ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʥʩʠʚʥʦ, ʘ ʦʙʱʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʦʙʨʘʟʮʦʤ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʩʦ-

ʩʪʘʚʠʣʘ 1,33%. 

ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 420 ʜʦ 730
ʦ
ʉ ʧʨʦʠʩʭʦʜʠʪ ʫʜʘʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠ ʩʚʷ-

ʟʘʥʥʦʡ ʚʦʜʳ ʠʟ ʤʝʞʩʣʦʡʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ [2]. ʅʘʠʙʦʣʴʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ 490ï550 
ʦ
ʉ (ʨʠʩ. 4). ʕʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 578 

ʦ
ʉ, ʥʘʙʣʶʜʘʝʤʳʡ ʥʘ ʢʨʠʚʦʡ ɼʉʂ (ʨʠʩ. 3), ʦʙʲʷʩʥʷʝʪʩʷ Ŭïɓ-ʧʦʣʠʤʦʨʬʥʳʤ ʢʚʘʨʮʝʚʳʤ ʧʝʨʝ-

ʭʦʜʦʤ [7]. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʧʦʪʝʨʠ ʤʘʩʩʳ ʦʙʨʘʟʮʦʤ ʩʦʩʪʘʚʠʣʠ 2,07%. 
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ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʳ ʩʠʥʭʨʦʥʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʘ ʛʣʘʫʢʦʥʠʪʘ. 

 

ʈʠʩ. 4. ʂʨʠʚʘʷ ʧʨʦʠʟʚʦʜʥʦʡ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʘ ʛʣʘʫʢʦʥʠʪʘ. 

 

ɼʘʣʴʥʝʡʰʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʦʙʨʘʟʮʦʤ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 875ï1000 
ʦ
ʉ, ʩʢʦʨʝʝ ʚʩʝ-

ʛʦ, ʩʚʷʟʘʥʘ ʩ ʥʘʯʘʣʦʤ ʨʘʟʨʫʰʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ʩʣʶʜʳ [7]. ʆʙʱʠʝ ʧʦʪʝʨʠ ʤʘʩʩʳ 

ʦʙʨʘʟʮʦʤ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʉʊɸ ʩʦʩʪʘʚʠʣʠ 4,72%. 

ɺʳʚʦʜʳ: 

1. ɻʣʘʫʢʦʥʠʪ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʦʪʣʠʯʠʠ ʦʪ ʙʠʦʯʘʨʘ, ʘʢʪʠʚʥʘʷ ʜʝʛʨʘʜʘʮʠʷ ʢʦʪʦʨʦʛʦ ʥʘʯʘʣʘʩʴ ʫʞʝ ʧʨʠ 

390 
ʦ
ʉ ʠ ʧʨʠ 800 

ʦ
ʉ ʩʦʩʪʘʚʠʣʘ 96,12% ʦʪ ʠʩʭʦʜʥʦʡ ʤʘʩʩʳ ʦʙʨʘʟʮʘ.  

2. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʠʥʭʨʦʥʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʨʙʝʥʪʘʭ ʙʳ-

ʣʦ ʦʙʥʘʨʫʞʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʦʡ ʚʣʘʛʠ, ʢʦʪʦʨʘʷ ʚ ʩʣʫʯʘʝ ʛʣʘʫʢʦ-

ʥʠʪʘ ʥʘʨʷʜʫ ʩ ʭʠʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʦʡ ʚʦʜʦʡ ʩʦʩʪʘʚʠʣʘ ʦʩʥʦʚʥʳʝ ʧʦʪʝʨʠ ʤʘʩʩʳ ʦʙʨʘʟʮʦʤ. 

3. ʆʢʠʩʣʝʥʠʝ ʫʛʣʝʨʦʜʥʦʛʦ ʩʢʝʣʝʪʘ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʜʨʝʚʝʩʥʦʛʦ ʙʠʦʯʘʨʘ ʥʘʯʠʥʘʝʪʩʷ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 390ï400 
ʦ
ʉ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʙʞʠʛʘ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʟ ʩʦʨʙʝʥʪʘ ʦʩʪʘʪʦʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʮʝʣʣʶʣʦʟʳ ʠ 
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ʧʨʠʤʝʩʝʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʦʢʠʩʣʝʥʠʝ ʢʦʪʦʨʳʭ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ ʦʙʦʟʥʘʯʝʥ-

ʥʳʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦ-

ʝʢʪʘ ˉ 19-34-60041. 
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FUEL ENERGY INFLUENCE ON THE RUSSIAN CITIESô ATMOSPHERE STATE 

Bityukova V.R. 

 

ɸʥʥʦʪʘʮʠʷ. ʊʝʥʜʝʥʮʠʠ ʚ ʭʘʨʘʢʪʝʨʝ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʛʦʨʦʜʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʜʠʥʘʤʠʢʦʡ ʠ ʩʪʨʫʢʪʫʨʦʡ ʚʳʙʨʦʩʦʚ ʥʘ ʪʝʧʣʦʚʳʭ ʩʪʘʥʮʠʷʭ: ʜʣʷ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ ʦʪ ʊʕʎ, ʜʣʷ 

ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ï ʦʪ ɻʈʕʉ. ɺ 20% ʛʦʨʦʜʦʚ ʚʳʙʨʦʩʦʚ ʦʪ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ ʙʦʣʝʝ 70%. ɿʘ-

ʛʨʷʟʥʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʤʦʱʥʦʩʪʝʡ, ʩʪʨʫʢʪʫʨʳ ʪʦʧʣʠʚʥʦʛʦ ʙʘʣʘʥʩʘ, ʤʦʜʝʨʥʠʟʘ-

ʮʠʠ, ʩʠʩʪʝʤ ʦʯʠʩʪʢʠ. ɺʢʣʘʜ ʛʘʟʦʚʦʡ ʛʝʥʝʨʘʮʠʠ ʚ ʦʙʲʝʤ ʚʳʙʨʦʩʦʚ ʚ 3 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʠʭ 

ʩʫʤʤʘʨʥʫʶ ʤʦʱʥʦʩʪʴ, ʫʛʦʣʴʥʦʡ ï ʚ 2,7 ʨʘʟʘ ʙʦʣʴʰʝ ʠ ʨʘʩʪʝʪ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʥʝ ʩʤʦʪʨʷ ʥʘ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʦʯʠʩʪʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʦʣʦʛʠʷ ʛʦʨʦʜʘ, ʵʢʦʣʦʛʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʦʧʣʠʚʥʳʡ ʙʘʣʘʥʩ 

 

Abstract. Tendencies in the citiesô air pollution nature are determined by the emissions dy-

namics and structure at thermal power stations. CHP are the main source for large cities, and GRES 

are for small and medium-sized towns. In 20% of cities, emissions from fuel combustion are more 

than 70%. Pollution depends on the capacity utilization, the fuel balance structure, modernization, 

cleaning systems. The gas generation contribution to the emissionsô volume is 3 times less than to 

their total capacity; the coal influence is 2,7 times more and is growing in recent years, despite the 

high level of cleaning. 

Keywords: urban ecology, industrial ecology, fuel balance 

 

ʊʝʧʣʦʚʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʈʦʩʩʠʠ ï 70% ʤʦʱ-

ʥʦʩʪʝʡ, 64% ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 22% ʦʙʲʝʤʘ ʚʳʙʨʦʩʦʚ, ʚ ʦʙʲʝʤʝ ʩʪʦʯʥʳʭ ʚʦʜ 

13%, 10% ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ 1-4 ʢʣʘʩʩʦʚ ʦʧʘʩʥʦʩʪʠ [3, 5]. ɼʠʥʘʤʠʢʘ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦ-

ʩʬʝʨʫ ʦʪʨʘʩʣʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʱʠʤ ʪʨʝʥʜʦʤ ʢ ʩʦʢʨʘʱʝʥʠʶ, ʥʦ ʪʝʥʜʝʥʮʠʠ ʥʝʦʜʥʦʢʨʘʪʥʦ 

ʤʝʥʷʣʠʩʴ. ɺ 90-ʝ ʛʛ. ʦʙʲʝʤ ʚʳʙʨʦʩʦʚ ʵʥʝʨʛʝʪʠʢʠ ʩʦʢʨʘʱʘʣʩʷ ʚ ʩʚʷʟʠ ʩʦ ʩʧʘʜʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʜʦʣʷ ʦʪʨʘʩʣʠ ʚ ʟʘʛʨʷʟʥʝʥʠʠ ʦʪ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʘʢʞʝ ʩʦʢʨʘʪʠʣʘʩʴ ʩ 30 ʜʦ 20%. ɿʘ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʳʙʨʦʩʳ ʦʪ ʵʥʝʨʛʝʪʠʢʠ ʩʦʢʨʘʱʘʣʠʩʴ ʥʘ 14%, ʯʪʦ ʥʝʤʥʦʛʦ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʚʳʙʨʦʩʳ ʚ ʮʝʣʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʦʣʷ ʵʥʝʨʛʝʪʠʢʠ ʚ ʮʝʣʦʤ ʚ ʟʘʛʨʷʟʥʝʥʠʠ ʘʪʤʦ-

ʩʬʝʨʳ ʩʪʨʘʥʳ ʠʤʝʝʪ ʥʝʙʦʣʴʰʫʶ, ʥʦ ʫʩʪʦʡʯʠʚʫʶ ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ (ʦʪ 19,5% ʜʦ 22% 

ʟʘ ʧʝʨʠʦʜ 2008-2018 ʛʛ.). ʇʨʠ ʵʪʦʤ ʚʳʙʨʦʩʳ ʦʪ ʊʕʎ ʚ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʙʳʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʪʘʙʠʣʴʥʳ, ʘ ʟʘʛʨʷʟʥʝʥʠʝ ʥʘ ʢʨʫʧʥʝʡʰʠʭ ʩʪʘʥʮʠʷʭ ʙʘʟʦʚʦʡ ʛʝʥʝʨʘʮʠʠ (ɻʈʕʉ) ʩʥʠʟʠʣʦʩʴ ʚ 

2 ʨʘʟʘ.  

ʆʩʥʦʚʥʦʝ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʪʨʝʥʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʦʙʲʝʤʦʚ ʟʘʛʨʷʟʥʝ-

ʥʠʷ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʜ ʚʣʠʷʥʠʝʤ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʚʥʝʜʨʝʥʠʷ ʩʠ-
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ʩʪʝʤ ʦʯʠʩʪʢʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʛʘʟʘ ʚ ʪʦʧʣʠʚʥʦʤ ʙʘʣʘʥʩʝ. ʇʦʵʪʦʤʫ ʜʠʥʘʤʠʢʘ ʚʳʙʨʦʩʦʚ ʦʪ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩ ʦʙʲʝʤʘʤʠ 

ɺɺʇ, ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʜʘʞʝ ʩ ʦʙʲʝʤʘʤʠ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʉʪʘʪʠ-

ʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ (0,69) ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʤʝʞʜʫ ʦʙʲʝʤʘʤʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʠ ʚʳʙʨʦʩʘʤʠ. 

ʇʦʯʪʠ ʚ ʧʦʣʦʚʠʥʝ ʛʦʨʦʜʦʚ ʩʪʨʘʥʳ ʜʦʣʷ ʚʳʙʨʦʩʦʚ ʦʪ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 

20%. ʕʪʦ ʚ ʦʩʥʦʚʥʦʤ ʛʦʨʦʜʘ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʳ ʢʨʫʧʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʤʝʪʘʣ-

ʣʫʨʛʠʯʝʩʢʠʝ ʢʦʤʙʠʥʘʪʳ, ʦʙʲʝʤ ʚʳʙʨʦʩʦʚ ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʪʦʧʣʠʚʥʳʭ 

ʩʪʘʥʮʠʡ. ɺ 340 ʛʦʨʦʜʘʭ ʜʦʣʷ ʚʳʙʨʦʩʦʚ ʦʪ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ 20-60%, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʮʝʥʪʨʳ 

ʅʇɿ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʝʬʪʝʜʦʙʳʯʠ. ʇʨʠ ʥʘʣʠʯʠʠ ʢʨʫʧʥʳʭ ʜʦ-

ʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʪʘʢʘʷ ʜʦʣʷ ʤʦʞʝʪ ʙʳʪʴ ʠ ʚ ʮʝʥʪʨʘʭ ʨʘʟʤʝʱʝʥʠʷ ɻʈʕʉ, ʥʘʧʨʠʤʝʨ, ʚ 

ʅʝʨʶʥʛʨʠ. ʀʟ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ ʚ ʜʘʥʥʫʶ ʢʘʪʝʛʦʨʠʶ ʧʦʧʘʜʘʶʪ ʊʦʤʩʢ, ɹʝʣʛʦʨʦʜ, ʕʥʛʝʣʴʩ, 

ɺʣʘʜʠʢʘʚʢʘʟ, ʛʜʝ ʊʕʎ ʢʘʢ ʧʨʘʚʠʣʦ ʥʘ ʛʘʟʦʚʦʤ ʪʦʧʣʠʚʝ. ʉʨʝʜʠ 93 ʛʦʨʦʜʦʚ, ʚ ʢʦʪʦʨʳʭ ʩʞʠʛʘ-

ʥʠʝ ʪʦʧʣʠʚʘ ʩʦʩʪʘʚʣʷʝʪ 60-80% ʚ ʩʪʨʫʢʪʫʨʝ ʚʳʙʨʦʩʦʚ ʮʝʥʪʨʳ ʨʘʟʤʝʱʝʥʠʷ ɻʈʕʉ ʥʘ ʛʘʟʦʚʦʤ 

ʪʦʧʣʠʚʝ (ɺʦʣʛʦʨʝʯʝʥʩʢ, ʠʣʠ ʧʝʨʝʚʝʜʝʥʥʦʤ ʥʘ ʛʘʟʦʚʦʝ ʪʦʧʣʠʚʦ (ɿʘʠʥʩʢ, ʂʘʰʠʨʘ, ʐʘʪʫʨʘ, 

ʅʠʞʥʷʷ ʊʫʨʘ). ɺʳʰʝ 80% ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚ 106 ʤʘʣʳʭ ʛʦʨʦʜʘʭ-ʮʝʥʪʨʘʭ ʧʠʱʝʚʦʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠʣʠ ʚ ʮʝʥʪʨʘʭ ɻʈʕʉ ʥʘ ʫʛʣʝ (ɻʫʩʠʥʦʦʟʝʨʩʢ, ʅʘʟʘʨʦʚʦ, ʇʘʨ-

ʪʠʟʘʥʩʢ, ɸʨʪʝʤ). ʆʪʥʦʩʠʪʝʣʴʥʦ ʊʕʎ ʚ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ, ɻʈʕʉ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʟʘʚʠʩʷʪ 

ʦʪ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʚ ʢʨʠʟʠʩʥʳʝ ʛʦʜʳ ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʫʛʣʷ ʠ ʛʘ-

ʟʘ ʥʘ ʥʠʭ ʩʦʢʨʘʱʘʝʪʩʷ ʙʳʩʪʨʝʝ ʥʘ 6-11%. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʢʣʘʜ ʛʘʟʦʚʦʡ ʛʝʥʝʨʘʮʠʠ ʥʘ ɻʈʕʉ ʚ 

ʦʙʲʝʤ ʚʳʙʨʦʩʦʚ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʠʭ ʩʫʤʤʘʨʥʫʶ ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʤʦʱʥʦʩʪʴ ʚ 1998 ʛ., ʠ 

ʚ 3 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ 2018 ʛ. ʅʘʧʨʦʪʠʚ, ʜʦʣʷ ʫʛʦʣʴʥʦʡ ʛʝʥʝʨʘʮʠʠ ʚ ʩʫʤʤʘʨʥʦʤ ʦʙʲʝʤʝ ʚʳ-

ʙʨʦʩʦʚ ʫʚʝʣʠʯʠʣʘʩʴ ʜʦ 78%, ʯʪʦ ʚ 2,7 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʚʢʣʘʜ ʵʪʠʭ ʩʪʘʥʮʠʡ ʚ ʫʩʪʘʥʦʚʣʝʥʥʫʶ 

ʤʦʱʥʦʩʪʴ. 

ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ ʦʙʲʝʤʦʚ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʠ ʠʭ ʜʠʥʘʤʠʢʠ ʮʝʥʪʨʳ ʨʘʩʧʦʣʦʞʝ-

ʥʠʷ ʢʨʫʧʥʳʭ ʪʝʧʣʦʚʳʭ ʩʪʘʥʮʠʡ ʥʝ ʚʳʜʝʣʷʝʪʩʷ ʯʝʪʢʠʭ ʢʣʘʩʪʝʨʦʚ, ʢʨʫʧʥʳʝ ʠʩʪʦʯʥʠʢʠ ʟʘ-

ʛʨʷʟʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʤʝʥʴʰʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ 

(ʨʠʩ. 1).  

ʅʘʠʙʦʣʴʰʠʡ ʫʨʦʚʝʥʴ ʚʳʙʨʦʩʦʚ, ʩʚʳʰʝ 250 ʪʳʩ. ʪʦʥʥ ʚ ʛʦʜ ʫʩʪʦʡʯʠʚʦ ʩʦʭʨʘʥʷʝʪʩʷ 

ʪʦʣʴʢʦ ʥʘ ʈʝʬʪʠʥʩʢʦʡ ɻʈʕʉ. ʆʩʪʘʣʴʥʳʝ ʢʨʫʧʥʳʝ ʩʪʘʥʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʣʠ ʦʙʲʝʤ. 

ɺ 2018 ʛ. ʚʳʩʦʢʠʡ ʦʙʲʝʤ ʚʳʙʨʦʩʦʚ (40-70 ʪʳʩ. ʪʦʥʥ) ʥʘʙʣʶʜʘʣʩʷ ʫ ʅʦʚʦʩʠʙʠʨʩʢʦʡ, ʇʨʠʤʦʨ-

ʩʢʦʡ, ʅʘʟʘʨʦʚʩʢʦʡ ʠ ɹʝʣʦʚʩʢʦʡ ɻʈʕʉ, ʂʨʘʩʥʦʷʨʩʢʦʡ ɻʈʕʉ-2 ʠ ɻʫʩʠʥʦʦʟʝʨʩʢʦʡ ɻʈʕʉ ʥʘ ʫʛ-

ʣʝ, ʘ ʪʘʢʞʝ ʣʠʜʝʨʘ ʧʦ ʤʦʱʥʦʩʪʠ, ʥʦ ʨʘʙʦʪʘʶʱʝʡ ʥʘ ʛʘʟʝ ʉʫʨʛʫʪʩʢʦʡ ɻʈʕʉ-1. ʂʨʦʤʝ ʇʨʠʤʦʨ-

ʩʢʦʡ ʠ ʅʘʟʘʨʦʚʩʢʦʡ ɻʈʕʉ, ʛʜʝ ʦʙʲʝʤ ʚʳʙʨʦʩʦʚ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʩʷ, ʚʩʝ 

ʦʩʪʘʣʴʥʳʝ ʢʨʫʧʥʝʡʰʠʝ ʧʦ ʚʳʙʨʦʩʘʤ ʩʪʘʥʮʠʠ ʩʥʠʞʘʣʠ ʦʙʲʝʤʳ ʚʳʙʨʦʩʦʚ ʚ ʢʨʠʟʠʩʥʳʡ ʧʝʨʠʦʜ 

ʠ ʫʚʝʣʠʯʠʚʘʣʠ ʚ ʧʝʨʠʦʜ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ. ʉʦʢʨʘʱʝʥʠʝ ʥʘ 20-40% ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʜʚʫʤʷ 

ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ: ʤʦʜʝʨʥʠʟʘʮʠʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʘʜʝʥʠʝʤ ʩʧʨʦʩʘ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. 

ʊʘʢ, ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ ʅʘʟʘʨʦʚʩʢʦʡ ɻʈʕʉ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʙʣʘʛʦʜʘʨʷ ʨʝʘʣʠʟʘʮʠʠ ʠʥʚʝ-

ʩʪʠʮʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚ 2011-2013 ʛʛ., ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ 

ʩʝʜʴʤʦʛʦ ʵʥʝʨʛʦʙʣʦʢʘ, ʧʦʟʚʦʣʠʚʰʘʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʝʛʦ ʤʦʱʥʦʩʪʴ ʠ ʩʦʢʨʘʪʠʪʴ ʚʳ-

ʙʦʨʳ ʦʢʩʠʜʦʚ ʘʟʦʪʘ.  

ʉʨʝʜʥʠʡ ʦʙʲʝʤ ʚʳʙʨʦʩʦʚ (10-40 ʪʳʩ. ʪʦʥʥ) ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ 

ʧʦ ʤʦʱʥʦʩʪʠ ʫʛʦʣʴʥʳʭ ʩʪʘʥʮʠʡ ʥʝ ʩʦʢʨʘʪʠʚʰʠʭ ʟʘʛʨʷʟʥʝʥʠʝ (ʍʘʨʘʥʦʨʩʢʘʷ ɻʈʕʉ, ɸʨʪʸʤʦʚ-

ʩʢʘʷ), ʠʣʠ ʩʨʝʜʥʠʭ ʧʦ ʤʦʱʥʦʩʪʠ ʫʛʦʣʴʥʳʭ ʩʪʘʥʮʠʡ, ʩʦʢʨʘʪʠʚʰʠʭ ʦʙʲʝʤ ʟʘʛʨʷʟʥʝʥʠʷ, ʧʦʩʪʘ-

ʚʠʚ ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ (ʊʦʤʴ-ʋʩʠʥʩʢʘʷ ʠ ʊʨʦʠʮʢʘʷ ɻʈʕʉ), ʘ ʪʘʢʞʝ ʢʨʫʧʥʳʝ ʩʪʘʥʮʠʠ ʥʘ ʛʘʟʦ-
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ʚʦʤ ʪʦʧʣʠʚʝ ʂʦʩʪʨʦʤʩʢʘʷ ʈʷʟʘʥʩʢʘʷ ʅʠʞʥʝʚʘʨʪʦʚʩʢʘʷ ʂʦʩʪʨʦʤʩʢʘʷ, ʘ ʪʘʢʞʝ ʩʪʘʥʮʠʡ ʯʘ-

ʩʪʠʯʥʦ ʧʝʨʝʚʝʜʝʥʥʳʭ ʥʘ ʛʘʟʦʚʦʝ ʪʦʧʣʠʚʦ ʊʦʤʩʢʘʷ ɻʈʕʉ-2 ʖʞʥʦʫʨʘʣʴʩʢʘʷ ɻʈʕʉ-1, ʜʣʷ ʢʦ-

ʪʦʨʳʭ ʭʘʨʘʢʪʝʨʝʥ ʥʝʙʦʣʴʰʦʡ ʨʦʩʪ ʟʘʛʨʷʟʥʝʥʠʷ. 

 

ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʦʙʲʝʤʦʚ ʚʳʙʨʦʩʦʚ ɻʈʕʉ ʨʘʟʥʦʡ ʤʦʱʥʦʩʪʠ ʚ 2008-2018 ʛʛ. 

(ʙʝʟ ʈʝʬʪʠʥʩʢʦʡ ɻʈʕʉ). 

 

ʅʝʙʦʣʴʰʦʡ ʦʙʲʝʤ ʚʳʙʨʦʩʦʚ (1 ʜʦ 10 ʪʳʩ. ʪʦʥʥ) ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʫʛʦʣʴʥʳʭ 

ʩʪʘʥʮʠʷʭ ʥʘ ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ (ʈʘʡʯʠʭʠʥʩʢʘʷ, ʄʘʡʩʢʘʷ ʉʘʭʘʣʠʥʩʢʘʷ ʇʘʨʪʠʟʘʥʩʢʘʷ); ʩʨʝʜʥʠʭ 

ʧʦ ʤʦʱʥʦʩʪʠ, ʯʘʩʪʠʯʥʦ ʧʝʨʝʚʝʜʝʥʥʳʭ ʥʘ ʛʘʟ (ʏʝʨʝʧʦʚʝʮʢʘʷ, ʉʤʦʣʝʥʩʢʘʷ, ʅʦʚʦʯʝʨʢʘʩʩʢʘʷ) ʠ 

ʙʦʣʴʰʘʷ ʛʨʫʧʧʘ ʩʨʝʜʥʠʭ ʧʦ ʤʦʱʥʦʩʪʠ ʛʘʟʦʚʳʭ ʩʪʘʥʮʠʡ (ʅʝʚʠʥʥʦʤʳʩʩʢʘʷ, ʂʘʨʤʘʥʦʚʩʢʘʷ, 

ʅʠʞʥʝʪʫʨʠʥʩʢʘʷ, ʅʷʛʘʥʩʢʘʷ, ɿʘʠʥʩʢʘʷ, ʗʢʫʪʩʢʘʷ, ʉʪʘʚʨʦʧʦʣʴʩʢʘʷ, ʂʠʨʠʰʩʢʘʷ, ʇʝʯʦʨʩʢʘʷ, 

ʉʨʝʜʥʝʫʨʘʣʴʩʢʘʷ, ʀʨʠʢʣʠʥʩʢʘʷ, ʇʝʨʤʩʢʘʷ, ʉʝʨʦʚʩʢʘʷ, ɺʝʨʭʥʝʪʘʛʠʣʴʩʢʘʷ, ʋʨʝʥʛʦʡʩʢʘʷ, ɸʩʪ-

ʨʘʭʘʥʩʢʘʷ ɻʈʕʉ 

ɺ ʮʝʣʦʤ ʤʦʱʥʦʩʪʴ, ʪʠʧ ʪʦʧʣʠʚʘ, ʩʪʝʧʝʥʴ ʟʘʛʨʫʟʢʠ ʠ ʤʦʱʥʦʩʪʴ ʩʪʘʥʮʠʠ ʦʧʨʝʜʝʣʷʶʪ ʫʨʦʚ-

ʥʠ ʚʳʙʨʦʩʦʚ ɻʈʕʉ, ʧʦʩʢʦʣʴʢʫ ʥʘ 1 ʪ. ʫʪ ʩʦʞʞʝʥʥʦʛʦ ʫʛʣʷ ʚ ʘʪʤʦʩʬʝʨʫ ʚʳʙʨʘʩʳʚʘʝʪʩʷ 25ï70 ʢʛ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʤʘʟʫʪʘ ï 39ï47 ʢʛ, ʘ ʛʘʟʘ ï 1,6ï10 ʢʛ [6]. ʂ 2018 ʛ. 59% ʤʦʱʥʦʩʪʝʡ ɻʈʕʉ 

ʨʘʙʦʪʘʣʦ ʥʘ ʛʘʟʦʚʦʤ ʪʦʧʣʠʚʝ, 28% ʩʦʭʨʘʥʷʶʪ ʫʛʦʣʴʥʦʝ ʪʦʧʣʠʚʦ, 11% ʛʝʥʝʨʘʮʠʠ ʨʘʙʦʪʘʶʪ ʥʘ ʫʛ-

ʣʝ ʠ ʛʘʟʝ ʚ ʨʘʟʥʳʭ ʧʨʦʧʦʨʮʠʷʭ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʩʪʘʥʮʠʡ ʩʦʭʨʘʥʷʝʪ ʤʘʟʫʪ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʝʨʚ-

ʥʦʛʦ (ʨʘʩʪʦʧʦʯʥʦʛʦ) ʪʦʧʣʠʚʘ. ʇʦʜ ʚʣʠʷʥʠʝʤ ʠʟʤʝʥʝʥʠʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʪʦʧ-

ʣʠʚʥʦʛʦ ʙʘʣʘʥʩʘ ʠʟʤʝʥʷʣʘʩʴ ʠ ʩʪʨʫʢʪʫʨʘ ʚʳʙʨʦʩʦʚ ʛʦʨʦʜʦʚ, ʛʜʝ ʨʘʟʤʝʱʘʶʪʩʷ ʢʨʫʧʥʳʝ ʩʪʘʥʮʠʠ 

[7]. ɺ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʜʦʣʷ ʛʘʟʘ ʚ ʪʦʧʣʠʚʥʦʤ ʙʘʣʘʥʩʝ ʚʦʟʨʘʩʪʘʣʘ, ʥʦ ʤʝʜʣʝʥʥʦ. 

ʉʪʨʫʢʪʫʨʘ ʚʳʙʨʦʩʦʚ ʤʝʥʷʣʘʩʴ ʚʤʝʩʪʝ ʩ ʪʦʧʣʠʚʥʳʤ ʙʘʣʘʥʩʦʤ: ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʘʟʘ 

ʫʜʝʣʴʥʳʡ ʚʳʙʨʦʩ ʤʠʥʠʤʘʣʝʥ: 60% ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʉʆ ʠ ʧʦ 20% NO2 ʠ ʫʛʣʝʚʦʜʦʨʦʜʳ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʟʫʪʘ ʜʦʣʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠ ʤʠʥʠʤʘʣʴʥʘ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,5%, ʥʝʤʥʦʛʦ ʙʦʣʝʝ 

30% ʩʦʩʪʘʚʣʷʝʪ ʚʢʣʘʜ ʉʆ ʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, 5-7% ʩʦʩʪʘʚʣʷʝʪ ʚʳʙʨʦʩ NO2, ʘ ʦʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ 

(ʦʢʦʣʦ 25%) ï SO2, ʦʧʨʝʜʝʣʷʝʤʘʷ ʩʝʨʥʠʩʪʦʩʪʴʶ ʠʩʧʦʣʴʟʫʝʤʦʡ ʥʝʬʪʠ [6].  
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ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳ ʚʳʙʨʦʩʳ ʦʪ ʩʞʠʛʘʥʠʷ ʫʛʣʷ, ʧʦʩʢʦʣʴʢʫ ʙʦʣʝʝ ʪʨʝʪʠ ʚʳʙʨʦʩʦʚ ʩʦʩʪʘʚ-

ʣʷʶʪ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʟʦʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʦʤʧʣʝʢʩ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʦʢʩʠʯʥʳʭ 

[8, 10]. ʉ ʧʦʪʨʝʙʣʝʥʠʝʤ ʫʛʣʷ ʩʚʷʟʳʚʘʶʪ ʠ ʵʤʠʩʩʠʶ ʚʦʩʴʤʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ (Al, Cu, Pb, Zn, 

Ni, Sb, Hg, Au) ʚ ʢʦʣʠʯʝʩʪʚʝ 5,3 ʢʛ/ʪ ʩʦʞʞʝʥʥʦʛʦ ʫʛʣʷ, ʦʜʥʘʢʦ ʵʪʘ ʮʠʬʨʘ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʥʷʪʳʭ ʩʪʘʥʜʘʨʪʦʚ ʦʯʠʩʪʢʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʥʘ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ 

[9, 11]. ɺ ɸʟʠʘʪʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʙʦʣʝʝ 70% ʪʝʧʣʦʚʳʭ ʩʪʘʥʮʠʡ ʨʘʙʦʪʘʝʪ ʥʘ ʪʚʝʨʜʦʤ ʪʦʧʣʠʚʝ 

ʠ ʚʳʙʨʦʩʳ ʦʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ 50-60% ʦʪ ʦʙʱʝʛʦ ʧʦʪʦʢʘ ʟʘʛʨʷʟ-

ʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʦʪ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɿʦʣʴʥʦʩʪʴ ʦʪʝʯʝʩʪʚʝʥ-

ʥʳʭ ʫʛʣʝʡ ʢʦʣʝʙʣʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ (10ï55%). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʠ ʟʘʧʳʣʝʥ-

ʥʦʩʪʴ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ʜʦʩʪʠʛʘʷ ʜʣʷ ʚʳʩʦʢʦʟʦʣʴʥʳʭ ʫʛʣʝʡ 60ï70 ʛ/ʤ
3
. ɺ ʪʘʢʠʭ ʧʨʠʨʦʜʥʳʭ 

ʫʩʣʦʚʠʷʭ ʜʘʞʝ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʚʳʙʨʦʩʘʭ ʚʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨ-

ʥʦʤ ʚʦʟʜʫʭʝ ʜʦ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. ʉʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʘʪʤʦ-

ʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ ʛʦʨʦʜʦʚ ɸʟʠʘʪʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʥʘ 30% ʚʳʰʝ, ʯʝʤ ʚ ʛʦʨʦʜʘʭ ɽʚʨʦʧʝʡʩʢʦʡ 

ʯʘʩʪʠ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 143 ʠ 110 ʤʢʛ/ʤ
3 
[2]. ɺ ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʩʪʨʘʥʳ ʧʦ ʩʪʨʫʢʪʫʨʝ ʪʦʧ-

ʣʠʚʥʦʛʦ ʙʘʣʘʥʩʘ ʠ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʚʳʜʝʣʷʝʪʩʷ ʊʫʣʴʩʢʘʷ ʦʙʣʘʩʪʴ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʘ ʏʝ-

ʨʝʧʝʪʩʢʘʷ ɻʈʕʉ, ʨʘʙʦʪʘʶʱʘʷ ʥʘ ʫʛʣʝ ʫʣʫʯʰʝʥʥʦʛʦ ʢʘʯʝʩʪʚʘ ʂʫʟʥʝʮʢʦʛʦ ʙʘʩʩʝʡʥʘ. 

ɺʣʠʷʥʠʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʚʳʙʨʦʩʦʚ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʧʦʪʦʤʫ ʯʪʦ ʦʩʥʦʚʥʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʘʧʘʟʜʳʚʘʝʪ. 

ʌʘʢʪʠʯʝʩʢʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʦʯʠʩʪʢʠ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ, ʜʦʩʪʠʛʥʫʪʳʡ ʥʘ ʫʛʦʣʴ-

ʥʳʭ ʩʪʘʥʮʠʷʭ, ʥʝ ʨʘʩʪʝʪ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠ ʜʠʥʘʤʠʢʘ ʚʳʙʨʦʩʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʨʘʚʥʦʡ ʩʪʝ-

ʧʝʥʠ ʠʟʤʝʥʝʥʠʝʤ ʚʳʙʨʦʩʦʚ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʳʙʨʦʩʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʠʟ-

ʤʝʥʝʥʠʝʤ ʦʙʲʝʤʘ ʚʳʙʨʦʩʦʚ ʠ ʢʘʞʜʦʛʦ ʠʟ ʚʠʜʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ (ʟʦʣʳ, SO2, NOx, Cʆ) 

ʩʦʩʪʘʚʣʷʝʪ 0,66-0,69. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʥʘʯʠʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʦʣʴʢʦ ʩ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ ʠ ʣʝʪʫʯʠʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʇʦʵʪʦʤʫ ʪʦʧʣʠʚʥʳʡ ʙʘ-

ʣʘʥʩ ʦʩʪʘʝʪʩʷ ʚʝʜʫʱʠʤ ʬʘʢʪʦʨʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʛʦʨʦʜʦʚ, ʧʦʩʢʦʣʴʢʫ ʤʦʜʝʨʥʠʟʘʮʠʦʥʥʳʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʵʥʝʨʛʦʙʣʦʢʦʚ ʠʩʯʝʨʧʘʥʳ ʧʨʠ ʥʳʥʝʰʥʝʤ ʫʨʦʚʥʝ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ, 

ʧʨʦʩʪʳʝ ʩʠʩʪʝʤʳ ʫʩʪʘʥʦʚʣʝʥʳ [1, 4]. 

ʅʘ ʙʦʣʴʰʠʥʩʪʚʝ ʪʦʧʣʠʚʥʳʭ ʩʪʘʥʮʠʡ ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʩʪʨʘʥʳ ʚ ʩʪʨʫʢʪʫʨʝ ʪʦʧʣʠʚ-

ʥʦʛʦ ʙʘʣʘʥʩʘ ʧʨʝʦʙʣʘʜʘʝʪ ʛʘʟ. ʇʦʵʪʦʤʫ ʚ ʩʪʨʫʢʪʫʨʝ ʚʳʙʨʦʩʦʚ ʝʚʨʦʧʝʡʩʢʠʭ ʛʦʨʦʜʦʚ-ʮʝʥʪʨʦʚ 

ʵʥʝʨʛʝʪʠʢʠ ʠʤʝʥʥʦ ʦʥʠ ʦʧʨʝʜʝʣʷʶʪ ʧʨʝʦʙʣʘʜʘʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʚʳʙʨʦʩʦʚ ʦʢʩʠʜʦʚ ʘʟʦʪʘ, ʉʆ ʠ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʘʟʘ, ʘ ʚ ʚʦʩʪʦʯʥʳʭ ʮʝʥʪʨʘʭ ʫʛʦʣʴʥʳʭ ʩʪʘʥʮʠʡ ʟʥʘʯʠʪʝʣʴ-

ʥʦ ʧʦʚʳʰʝʥʘ ʜʦʣʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

ʆʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʩʜʚʠʛʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʩʪʨʫʢʪʫʨʝ ʪʦʧʣʠʚʥʦ-

ʛʦ ʙʘʣʘʥʩʘ ʧʨʦʠʟʦʰʣʠ ʚ ʛʦʜʳ ʩʠʩʪʝʤʥʦʛʦ ʢʨʠʟʠʩʘ 1990-ʭ. ɻʈʕʉ, ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴ-

ʰʝ ʨʝʘʛʠʨʫʶʪ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʜʠʥʘʤʠʢʫ ʩʦʢʨʘʪʠʣʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʦʣʴʰʝ ʯʝʤ ʊʕʎ, ʪʦʧ-

ʣʠʚʥʳʡ ʙʘʣʘʥʩ ʠʭ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʩʷ ʤʝʜʣʝʥʥʝʝ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʪʘʛʥʘʮʠʠ ʥʝʪ ʯʝʪʢʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʲʝʤʦʚ ʚʳʙʨʦʩʦʚ ʦʪ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʜʠʥʘʤʠʢʘ ʧʨʠʦʙ-

ʨʝʣʘ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ.  

ʀʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʚʳʙʨʦʩʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʚʣʠʷʥʠʝʤ ʢʘʢ ʩʪʨʫʢʪʫʨʳ ʪʦʧʣʠʚʥʦ-

ʛʦ ʙʘʣʘʥʩʘ, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʘʩʴ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʠ 

ʚʥʝʜʨʝʥʠʠ ʩʠʩʪʝʤ ʦʯʠʩʪʢʠ. ɺʳʙʨʦʩʳ ʩʦʢʨʘʱʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʧʦ ʥʠʤ ʜʦʩʪʠʛʘʝʪʩʷ ʚʳʩʦʢʘʷ (ʥʦ ʥʝʤʥʦʛʦ ʥʠʞʝ ʣʫʯʰʠʭ 

ʤʠʨʦʚʳʭ ʩʪʘʥʜʘʨʪʦʚ) ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ, ʜʦ 90%, ʘ ʥʘ ʛʘʟʦʚʳʭ ʩʪʘʥʮʠʷʭ, ʛʜʝ ʚ ʩʪʨʫʢʪʫʨʝ ʚʳ-

ʙʨʦʩʦʚ ʧʨʝʦʙʣʘʜʘʶʪ ʉʆ, ʫʛʣʝʚʦʜʦʨʦʜʳ ʠ ʦʢʩʠʜʳ ʘʟʦʪʘ, ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ 5-15%. ɼʠʥʘʤʠʢʘ ʧʦ 
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ʨʘʟʥʳʤ ʩʪʘʥʮʠʷʤ ʦʧʨʝʜʝʣʷʣʘʩʴ ʚʚʦʜʦʤ ʠʣʠ ʥʘʧʨʦʪʠʚ ʚʳʚʦʜʦʤ ʤʦʱʥʦʩʪʝʡ, ʠʟʤʝʥʝʥʠʷʤʠ ʚ 

ʦʙʲʝʤʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʪʨʫʢʪʫʨʝ ʪʦʧʣʠʚʘ ʠ ʫʨʦʚʥʝʤ ʦʯʠʩʪʢʠ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ. 

ʉ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ɻʈʕʉ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ, ʯʝʤ ʊʕʎ, ʧʦ ʫʜʝʣʴʥʦʤʫ ʟʘ-

ʛʨʷʟʥʝʥʠʶ ʥʘ ʝʜʠʥʠʮʫ ʧʨʦʜʫʢʮʠʠ, ʧʦ ʥʘʣʠʯʠʶ ʵʬʬʝʢʪʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʪʝʥʜʝʥʮʠʡ ʦʙʲʝʤʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʟʘʛʨʷʟʥʝʥʠʷ. ʆʜʥʘʢʦ, ʠʭ ʨʦʣʴ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʩʪʨʘʥʳ ʧʦ ʤʝʨʝ ʩʥʠ-

ʞʝʥʠʷ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʵʢʦʥʦʤʠʢʠ, ʨʘʟʚʠʪʠʷ ʩʝʪʠ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʃʕʇ, ʩʪʨʫʢʪʫʨʥʳʭ ʩʜʚʠʛʦʚ 

ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʫʩʠʣʝʥʠʠ ʨʦʣʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʪʦ, ʯʪʦ 

ʠʤʝʥʥʦ ʥʘ ʥʠʭ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʦʢʨʘʱʘʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

 

ʈʘʙʦʪʳ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ 19-77-

30004). 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʪʚʝʨʜʦʡ ʬʘʟʳ ʩʥʝʛʦʚʳʭ ʧʨʦʙ, 

ʘ ʪʘʢʞʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ʖʨʛʘ. ɺʳʷʚʣʝʥʳ ʠʩ-

ʪʦʯʥʠʢʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʨʘʡʦʥʳ ʩ ʥʘʠʙʦʣʴʰʝʡ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʥʝʛʦʚʦʡ ʧʦʢʨʦʚ, ʪʚʝʨʜʘʷ ʬʘʟʘ ʩʥʝʛʦʚʳʭ ʧʨʦʙ, ʪʝʭʥʦʛʝʥʥʳʝ ʯʘ-

ʩʪʠʮʳ. 

 

Abstract. In work providesdata on the material composition of the solid phase of snow 

samples, as well as the spatial distribution of particles on the territory of the city of Yurga. The 

sources of technogenic impact and areas with the highest technogenic load have been identified. 

Keywords: snow cover, solid phase of snow samples, technogenic particles. 

 

ɻʦʨʦʜ ʖʨʛʘ ï ʪʝʨʨʠʪʦʨʠʘʣʴʥʘʷ ʝʜʠʥʠʮʘ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘ ʩʝ-

ʚʝʨʦ-ʟʘʧʘʜʝ ʨʝʛʠʦʥʘ. 

ɻʦʨʦʜ ʖʨʛʘ, ʢʘʢ ʠ ʚʩʷ ʪʝʨʨʠʪʦʨʠʷ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʨʘʟʤʝʱʝʥ ʥʘ ɿʘʧʘʜʥʦ-

ʉʠʙʠʨʩʢʦʡ ʨʘʚʥʠʥʝ, ʧʦʵʪʦʤʫ ʨʝʣʴʝʬ ʝʛʦ ʪʝʨʨʠʪʦʨʠʠ ʠʤʝʝʪ ʨʘʚʥʠʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʚʥʦʩʠʪ 

ʚʢʣʘʜ ʚ ʧʝʨʝʤʝʱʝʥʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʚ ʭʦʜʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʇʨʝʜʧʨʠʷʪʠʷ ʛʦʨʦʜʘ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪ-

ʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ. ɺʳʙʨʦʩʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʫʯʝʪʫ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʥʦ ʚ ʛʦʨʦʜʝ ʦʪʩʫʪ-

ʩʪʚʫʶʪ ʩʪʘʮʠʦʥʘʨʥʳʝ ʧʦʩʪʳ ʥʘʙʣʶʜʝʥʠʷ, ʧʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʘ 

ʪʘʢʞʝ ʤʝʭʘʥʠʟʤʦʚ ʨʘʩʩʝʠʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʪʚʝʨʜʦʡ ʬʘʟʳ ʚʳʙʨʦʩʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ. 

ʉʦʛʣʘʩʥʦ ʝʞʝʛʦʜʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʪʯʝʪʥʦʩʪʠ ʧʦ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʚ 2012 ʛʦʜʫ 

ʚ ʛ. ʖʨʛʘ ʚʳʙʨʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʦʪ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʦʩʪʘʚʠʣʠ 8,771 ʪʳʩ. ʪ., 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʠʟʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʨʝʜʠ ʛʦʨʦʜʦʚ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ʂʨʫʧʥʝʡʰʠ-

ʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʷʚʣʷʶʪʩʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜ, ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥ ʊʕʎ, ʬʝʨʨʦʩʧʣʘʚʥʳʡ ʟʘʚʦʜ ʠ ʟʘʚʦʜ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʤʠʥʝ-

ʨʘʣʴʥʳʭ ʩʪʨʦʡʤʘʪʝʨʠʘʣʦʚ [2]. 
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ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʠʟʫʯʘʣʘʩʴ ʪʚʝʨʜʘʷ ʬʘʟʘ ʩʥʝʛʦʚʳʭ ʧʨʦʙ, ʦʪʦʙʨʘʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦ-

ʨʦʜʘ ʖʨʛʘ ʩʦʪʨʫʜʥʠʢʘʤʠ ʢʘʬʝʜʨʳ ʖʨʛʠʥʩʢʦʛʦ ʬʠʣʠʘʣʘ ʊʇʋ ʚ 2016 ʛʦʜʫ (ʘʩʩʠʩʪʝʥʪ ʊʦʨʦ-

ʩʷʥ ɽ. ʉ.). ɺ ʢʘʯʝʩʪʚʝ ʬʦʥʦʚʦʡ ʪʝʨʨʠʪʦʨʠʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʣʦʱʘʜʢʘ ʚʙʣʠʟʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʤʫʟʝʷ-ʟʘʧʦʚʝʜʥʠʢʘ çʊʦʤʩʢʘʷ ʧʠʩʘʥʠʮʘè ʚ 50 ʢʤ ʦʪ ʛ. ʖʨʛʘ. 

ʆʪʙʦʨ ʧʨʦʚʦʜʠʣʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʟʜʘʥʠʷ ʰʫʨʬʘ ʥʘ ʚʩʶ ʤʦʱʥʦʩʪʴ ʩʥʝʛʘ ʟʘ ʠʩʢʣʶʯʝ-

ʥʠʝʤ 5-ʪʠ ʩʤ ʩʣʦʷ ʥʘʜ ʧʦʯʚʦʡ. ʇʦʜʛʦʪʦʚʢʘ ʧʨʦʙ ʚʢʣʶʯʘʣʘ ʪʘʷʥʠʝ ʩʥʝʛʘ, ʬʠʣʴʪʨʘʮʠʶ ʩʥʝʛʦ-

ʪʘʣʦʡ ʚʦʜʳ, ʧʨʦʩʫʰʠʚʘʥʠʝ ʬʠʣʴʪʨʘ ʠ ʧʨʦʩʝʠʚʘʥʠʝ ʪʚʝʨʜʦʡ ʬʘʟʳ [1]. 

ɸʥʘʣʠʟ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʪʚʝʨʜʦʡ ʬʘʟʳ ʧʨʦʙ ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʥʘ ʙʠʥʦʢʫʣʷʨʥʦʤ ʤʠʢʨʦʩʢʦʧʝ LeicaEZ 4D ʩ ʚʠʜʝʦ-ʧʨʠʩʪʘʚʢʦʡ ʥʘ ʦʩʥʦʚʝ ʟʘʧʘ-

ʪʝʥʪʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ (ʧʘʪʝʥʪ ˉ 2229737), ʵʣʝʢʪʨʦʥʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘ 

ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ Hitachi S-3400N ʩ ʕɼʉ Bruker XFlash 4010. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʠʢʨʦʩʢʦʧʠʠ ʚ ʧʨʦʙʘʭ ʪʚʝʨʜʦʡ ʬʘʟʳ ʩʥʝʛʘ ʦʙʥʘʨʫʞʝʥʳ ʧʨʠʨʦʜʥʳʝ 

(ʤʠʥʝʨʘʣʴʥʳʝ ʠ ʙʠʦʛʝʥʥʳʝ) ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʯʘʩʪʠʮʳ. ɺ ʩʨʝʜʥʝʤ ʧʦ ʛʦʨʦʜʫ ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝ-

ʨʘʣʴʥʳʭ ʯʘʩʪʠʮ ʥʝʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʪʝʭʥʦʛʝʥʥʳʭ, ʯʪʦ ʪʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ ʚ ʧʨʦʙʘʭ ʩ ʬʦʥʦʚʦʡ 

ʪʝʨʨʠʪʦʨʠʠ (ʪʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʯʘʩʪʠʮ ʚ ʧʨʦʙʘʭ ʩʥʝʛʘ ʛ. ʖʨʛʘ 

ʠ ʬʦʥʦʚʦʡ ʪʝʨʨʠʪʦʨʠʠ, % 

ʊʝʨʨʠʪʦʨʠʷ 
ʂʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ, % 

ʄʠʥʝʨʘʣʴʥʳʝ ɹʠʦʛʝʥʥʳʝ ʊʝʭʥʦʛʝʥʥʳʝ 

ʛ. ʖʨʛʘ 52 1 47 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʦʥʳ ʛʦʨʦʜʘ: 

ʇʨʦʤʳʰʣʝʥʥʘʷ 46 1 53 

ʈʝʢʨʝʘʮʠʦʥʥʘʷ 55 2 43 

ɾʠʣʘʷ:    

- ʦʜʥʦʵʪʘʞʥʘʷ 55 1 44 

- ʤʘʣʦʵʪʘʞʥʘʷ (2-3 ʵʪʘʞʘ) 52 1 47 

- ʩʨʝʜʥʝʵʪʘʞʥʘʷ (4-5 ʵʪʘʞʝʡ) 52 2 46 

- ʚʳʩʦʢʦʵʪʘʞʥʘʷ (ʦʪ 5 ʵʪʘ-

ʞʝʡ) 
54 1 45 

ʌʦʥʦʚʘʷ ʪʝʨʨʠʪʦʨʠʷ: 

ʊʦʤʩʢʘʷ ʧʠʩʘʥʠʮʘ 48 20 32 

 

ʂ ʤʠʥʝʨʘʣʴʥʳʤ ʯʘʩʪʠʮʘʤ ʦʪʥʦʩʷʪʩʷ ʯʘʩʪʠʮʳ ʢʚʘʨʮʘ, ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʠ ʢʘʨʙʦʥʘʪʦʚ. 

ʄʠʥʝʨʘʣʴʥʳʝ ʯʘʩʪʠʮʳ ʧʨʝʦʙʣʘʜʘʶʪ ʚ ʩʦʩʪʘʚʝ ʧʨʦʙ ʪʚʝʨʜʦʡ ʬʘʟʳ ʩʥʝʛʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʪʦ-

ʙʨʘʥʳ ʥʘ ʫʜʘʣʝʥʥʳʭ ʦʪ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʦʥʳ ʪʝʨʨʠʪʦʨʠʷʭ ʩ ʥʠʟʢʦʡ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ 

(ʨʠʩʫʥʦʢ 1). 

ʇʦʩʪʫʧʣʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʩʥʝʛʦʚʦʡ ʧʦʢʨʦʚ ʩʚʷʟʘʥʦ ʩ ʵʨʦʟʠʝʡ ʙʝʨʝʛʦʚ ʨ. 

ʊʦʤʴ, ʧʦʩʳʧʘʥʠʝʤ ʜʦʨʦʛ ʧʝʩʯʘʥʦ-ʩʦʣʝʚʦʡ ʩʤʝʩʴʶ, ʘ ʪʘʢʞʝ ʚʝʪʨʦʚʳʤ ʧʝʨʝʥʦʩʦʤ ʩ ʪʝʨʨʠʪʦ-

ʨʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʤʠʥʝʨʘʣʴʥʳʝ ʯʘʩʪʠʮʳ ʜʣʷ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ 

ʪʝʨʨʠʪʦʨʠʠ [6]. 
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ʈʠʩ. 1. ʂʘʨʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʩʦʩʪʘʚʝ 

ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛ. ʖʨʛʘ 

 

ʊʝʭʥʦʛʝʥʥʳʝ ʯʘʩʪʠʮʳ ʚ ʩʦʩʪʘʚʝ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ ʛ. ʖʨʛʘ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʚʙʣʠʟʠ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʦʥʳ (ʨʠʩʫʥʦʢ 2). 

 
ʈʠʩ. 2. ʂʘʨʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʪʝʭʥʦʛʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʩʦʩʪʘʚʝ 

ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛ. ʖʨʛʘ 
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ʏʘʩʪʠʮʳ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚʳʜʝʣʷʶʱʠʝʩʷ ʚ ʭʦʜʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦ-

ʮʝʩʩʦʚ, ʚʝʪʨʦʚʳʤ ʧʝʨʝʥʦʩʦʤ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʜʨʫʛʠʝ ʯʘʩʪʠ ʛʦʨʦʜʘ (ʪʘʙʣʠʮʘ 2). 

ʊʘʙʣʠʮʘ 2 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʟʦʥʝ ʛ. ʖʨʛʘ, % 

ʊʠʧ ʯʘʩʪʠʮ 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ, % 

ʇ
ʨ
ʦ
ʤ
ʳ
ʰ

- 

ʃ
ʝ
ʥ
ʥ
ʘ
ʷ

 

ʈ
ʝ
ʢ
ʨ
ʝ
ʘ

- 
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ʥ
ʘ
ʷ
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ʩ
ʨ
ʝ
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ʥ
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ʵ
ʪ
ʘ
ʞ
ʥ
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ɾ
ʠ
ʣ
ʘ
ʷ
 
ʚ
ʳ
ʩ
ʦ
ʢ
ʦ

- 

ʵ
ʪ
ʘ
ʞ
ʥ
ʘ
ʷ

 

ʄʝʪʘʣʣʠʯʝʩʢʠʝ 

ʤʠʢʨʦʩʬʝʨʫʣʳ 
7 5 5 6 4 4 

ɸʣʶʤʦʩʠʣʠʢʘʪʥʳʝ 

ʤʠʢʨʦʩʬʝʨʫʣʳ 
15 14 13 14 15 15 

ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ 

ʰʣʘʢʠ 
8 4 4 5 5 5 

ʋʛʦʣʴ, ʫʛʦʣʴʥʘʷ 

ʧʳʣʴ ʠ ʰʣʘʢʠ 
17 16 16 16 15 14 

ʉʪʝʢʣʦʚʘʪʘ 2 0 0 1 0 0 

 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʪʠʧʘʤʠ ʪʝʭʥʦʛʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʧʨʦʙʘʭ ʪʚʝʨʜʦʡ ʬʘʟʳ 

ʩʥʝʛʘ ʛ. ʖʨʛʘ ʷʚʣʷʶʪʩʷ: 

1. ʄʠʢʨʦʩʬʝʨʫʣʳ ʪʝʤʥʦʛʦ ʮʚʝʪʘ, ʦʙʣʘʜʘʶʱʠʝ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʩʪʫʧʘʶ-

ʱʠʝ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʩ ʣʠʪʝʡʥʳʭ ʮʝʭʦʚ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʨʠʩʫ-

ʥʦʢ 3) [6]. 

 

ʈʠʩ. 3. ʉʥʠʤʦʢ ʠ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʩʧʝʢʪʨ ʚʳʩʦʢʦʞʝʣʝʟʠʩʪʦʡ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʠʢʨʦʩʬʝʨʫʣʳ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 5 ʤʢʤ ʧʦ ʜʘʥʥʳʤ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

 

2. ɸʣʶʤʦʩʠʣʠʢʘʪʥʳʝ ʤʠʢʨʦʩʬʝʨʫʣʳ ʙʝʣʦʛʦ ʠ ʩʝʨʦʛʦ ʮʚʝʪʦʚ ʩʦ ʩʪʝʢʣʷʥʥʳʤ ʙʣʝʩʢʦʤ, 

ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚʙʣʠʟʠ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʧʦʩʢʦʣʴʢʫ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʚʳʩʦʢʦ-

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʩʞʠʛʘʥʠʠ ʫʛʣʷ (ʨʠʩʫʥʦʢ 4). 
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ʈʠʩ. 4. ʉʥʠʤʦʢ ʠ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʩʧʝʢʪʨ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʡ ʤʠʢʨʦʩʬʝʨʫʣʳ ʨʘʟʤʝʨʦʤ 

40 ʤʢʤ ʧʦ ʜʘʥʥʳʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

 

3. ʐʣʘʢʠ ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʠ ï ʙʝʩʬʦʨʤʝʥʥʳʝ ʯʘʩʪʠʮʳ ʩ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʘʥʘʣʦ-

ʛʠʯʥʳʤ ʦʪʭʦʜʘʤ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ (ʨʠʩʫʥʦʢ 5) [5]. 

 

ʈʠʩ. 5. ʉʥʠʤʦʢ ʠ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʩʧʝʢʪʨ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʰʣʘʢʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʦʢʩʠʜʳ Fe ʩ ʧʨʠʤʝʩʷʤʠ Al, Si, Mn ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 8 ʤʢʤ ʧʦ ʜʘʥʥʳʤ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

 

4. ʏʝʨʥʳʝ, ʙʣʝʩʪʷʱʠʝ ʯʘʩʪʠʮʳ ʥʝʜʦʞʞʝʥʥʦʛʦ ʫʛʣʷ, ʙʝʩʬʦʨʤʝʥʥʘʷ ʫʛʦʣʴʥʘʷ ʧʳʣʴ ʠ 

ʧʦʨʠʩʪʳʡ ʫʛʦʣʴʥʳʡ ʰʣʘʢ ï ʯʘʩʪʠʮʳ ʟʦʣʳ ʫʥʦʩʘ ʩ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ [6]. 

5. ʉʪʝʢʣʦʚʘʪʘ ï ʧʨʦʟʨʘʯʥʳʝ ʚʳʪʷʥʫʪʳʝ ʯʘʩʪʠʮʳ, ʚʳʜʝʣʷʶʱʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʡʤʘʪʝʨʠʘʣʦʚ ʠʟ ʤʠʥʝʨʘʣʴʥʦʡ ʚʘʪʳ. 

ɺ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʚ ʧʨʦʙʘʭ ʪʚʝʨʜʦʡ ʬʘʟʳ ʩʥʝʛʘ ʛ. ʖʨʛʘ ʚʩʪʨʝʯʘʶʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠʝ 

ʚʦʣʦʢʥʘ ʠ ʢʠʨʧʠʯʥʘʷ ʢʨʦʰʢʘ. 

ʀʟʫʯʝʥʠʝ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʪʚʝʨʜʦʡ ʬʘʟʳ ʩʥʝʛʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛ. ʖʨʛʘ ʧʦʟʚʦʣʠ-

ʣʦ ʚʳʷʚʠʪʴ ʠʩʪʦʯʥʠʢʠ ʧʦʩʪʫʧʣʝʥʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʢʘʨʪʠʨʦʚʘʪʴ ʠʭ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʟʦʥʘʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʦʪʣʠʯʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʴʶ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʘ-

ʪʝʨʠʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʜʣʷ ʟʜʦʨʦʚʴʷ 

ʥʘʩʝʣʝʥʠʷ ʧʣʘʥʘ ʟʘʩʪʨʦʡʢʠ ʛʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʚ ʨʝʛʠʦʥʘʣʴʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʦʙʟʦʨʳ. 
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MATERIALS OF THE COMPREHENSIVE ENVIRONMENTAL SURVEY OF THE AREA 

OF THE TERRITORY ON WHICH IS PROPOSED TO CREATE A SPECIALLY 

PROTECTED NATURAL TERRITORY ñRASSOKHINSKOE BOLOTOò 

Buzmakov S.A., Sivkov D.E., Sannikov P.Yu., Dziuba E.A. 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʢʨʘʪʢʦʡ ʩʚʦʜʢʝ ʧʨʠʚʦʜʷʪʩʷ ʤʘʪʝʨʠʘʣʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʫʯʘʩʪʢʘ ʪʝʨʨʠʪʦʨʠʠ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʦʡ 

ʧʨʠʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʘʩʩʦʭʠʥʩʢʦʝ ʙʦʣʦʪʦ. ʊʝʨʨʠʪʦʨʠʷ ʠʤʝʝʪ ʚʳʩʦʢʦʝ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠ ʟʘʩʣʫʞʠʚʘʝʪ ʧʨʠʩʚʦʝʥʠʷ ʩʪʘʪʫʩʘ ʆʆʇʊ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʣʝʢʩʥʦʝ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ, ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʘʷ ʧʨʠ-

ʨʦʜʥʘʷ ʪʝʨʨʠʪʦʨʠʷ, ʙʦʣʦʪʦ. 

 

Abstract. The summary contains the materials of a comprehensive ecological survey of a 

site of the territory where it is planned to create a protected area of the Rassokhinskoe bog. The ter-

ritory has a high conservation value and deserves to be awarded the status of protected areas. 

Keywords: complex ecological survey, protected area, swamp. 

 

ʉʦʛʣʘʩʥʦ ʜʝʡʩʪʚʫʶʱʝʤʫ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʤʫ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʫ ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʩʦʙʦ 

ʦʭʨʘʥʷʝʤʦʡ ʧʨʠʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ (ʆʆʇʊ) ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʛʦʪʦʚʠʪʴ ʤʘʪʝʨʠʘʣʳ ʢʦʤʧʣʝʢʩ-

ʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʫʯʘʩʪʢʦʚ ʪʝʨʨʠʪʦʨʠʡ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʝʝ ʩʦ-

ʟʜʘʥʠʝ [2, 6, 7, 11]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʨʷʜʢʦʤ ʫʯʝʪʘ ʧʨʝʜʣʦʞʝʥʠʡ ʦ ʩʦʟʜʘʥʠʠ ʆʆʇʊ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʚ 

ʇʝʨʤʩʢʦʤ ʢʨʘʝ [6,7] ʩ ʧʨʝʜʣʦʞʝʥʠʷʤʠ ʦ ʩʦʟʜʘʥʠʠ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʦʡ ʧʨʠʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʦʙʨʘʪʠʣʠʩʴ ʦʨʛʘʥʳ ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ ʃʳʩʴʚʝʥʩʢʦʛʦ ʛʦʨʦʜʩʢʦʛʦ ʦʢʨʫʛʘ ʇʝʨʤʩʢʦʛʦ 

ʢʨʘʷ. ɼʘʥʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ʷʚʣʷʝʪʩʷ ʦʩʦʙʦ ʮʝʥʥʦʡ ʜʣʷ ʨʝʛʠʦʥʘ ʠ ʛʦʨʦʜʩʢʦʛʦ ʦʢʨʫʛʘ, ʪʘʢ ʢʘʢ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʠʧʠʯʥʦʝ ʧʝʨʝʭʦʜʥʦʝ ʙʦʣʦʪʦ. 

ʄʘʪʝʨʠʘʣʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʫʯʘʩʪʢʘ ʪʝʨʨʠʪʦʨʠʠ ʠʟʣʦʞʝ-

ʥʳ ʜʘʣʝʝ ʚ ʩʪʘʪʴʝ. 

ʆʙʩʣʝʜʫʝʤʘʷ ʪʝʨʨʠʪʦʨʠʷ ʧʨʠʫʨʦʯʝʥʘ ʇʨʝʜʫʨʘʣʴʩʢʦʤʫ ʢʨʘʝʚʦʤʫ ʧʦʛʠʙʫ ʚʦʩʪʦʯʥʦʡ 

ʦʢʨʘʠʥʳ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʚ ʨʘʡʦʥʝ ʖʨʶʟʘʥʦ-ʉʳʣʚʝʥʩʢʦʡ ʜʝʧʨʝʩʩʠʠ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʜ-

ʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʜʝʣʝʥʠʷ ʫʯʘʩʪʦʢ ʥʘʭʦʜʠʪʩʷ ʚ ʃʳʩʴʚʝʥʩʢʦʤ ʛʦʨʦʜʩʢʦʤ 

ʦʢʨʫʛʝ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ, ʚ 1,2 ʢʤ ʩʝʚʝʨʥʝʝ ʫʨʦʯʠʱʘ ʈʘʩʩʦʭʘ (ʨʠʩ. 1) [1].  

ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʫʯʘʩʪʢʘ ï 16,0 ʛʘ. ɺʩʷ ʪʝʨʨʠʪʦʨʠʷ ʟʘʥʷʪʘ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʥʝʧʨʝʦʙʨʘʟʦ-

ʚʘʥʥʳʤʠ ʵʢʦʩʠʩʪʝʤʘʤʠ. ʊʝʨʨʠʪʦʨʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʣʠʛʦʤʝʟʘʪʨʦʬʥʳʤ ʯʝʨʥʠʯʥʦ-ʩʬʘʛʥʦʚʳʤ 

ʙʦʣʦʪʦʤ. ɼʨʝʚʝʩʥʳʡ ʷʨʫʩ ʦʙʨʘʟʫʝʪ ʩʦʩʥʘ ʣʝʩʥʘʷ (Pinus sylvestris L.). ɺʩʪʨʝʯʘʝʪʩʷ ʙʝʨʝʟʘ ʙʝ-
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ʣʘʷ (Betula alba L.). ɽʜʠʥʠʯʥʦ ʦʪʤʝʯʝʥʘ ʝʣʴ ʩʠʙʠʨʩʢʘʷ (Picea obovata Ledeb.). ʂʫʩʪʘʨʥʠʢʠ 

ʦʪʩʫʪʩʪʚʫʶʪ. ɺ ʪʨʘʚʷʥʠʩʪʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʤ ʷʨʫʩʝ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʧʦʜʲʷʨʫʩʘ. ʇʝʨʚʳʡ ʧʦʜʲ-

ʷʨʫʩ ʦʙʨʘʟʫʶʪ ʙʘʛʫʣʴʥʠʢ ʙʦʣʦʪʥʳʡ (Ledum palustre L.), ʤʠʨʪ ʙʦʣʦʪʥʳʡ (Chamaedaphne ca-

lyculata (L.) Moench), ʯʝʨʥʠʢʘ (Vaccinium myrtillus L.), ʧʫʰʠʮʘ ʚʣʘʛʘʣʠʱʥʘʷ (Eriophorum vag-

inatum L.). ɺʦ ʚʪʦʨʦʤ ʧʦʜʲʷʨʫʩʝ ʧʨʝʦʙʣʘʜʘʝʪ ʤʦʨʦʰʢʘ (Rubus chamaemorus L.). ʄʦʭʦʚʦ-

ʣʠʰʘʡʥʠʢʦʚʳʡ ʷʨʫʩ ʩʬʦʨʤʠʨʦʚʘʥ ʚ ʦʩʥʦʚʥʦʤ ʚʠʜʘʤʠ ʨʦʜʘ ʩʬʘʛʥʫʤ (Sphagnum sp.). 

 

ʈʠʩ. 1. ʄʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʆʆʇʊ 

 

ʇʦ ʭʘʨʘʢʪʝʨʫ ʨʝʣʴʝʬʘ ʪʝʨʨʠʪʦʨʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʃʳʩʴʚʝʥʩʢʦ-ʊʫʣʫʤʙʘʩʩʢʦʡ ʚʦʟʚʳʰʝʥ-

ʥʦʡ ʨʘʚʥʠʥʝ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʠʣʴʥʦ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʠ ʛʣʫʙʦʢʦ ʚʨʝʟʘʥʥʦʡ ʩʝʪʴʶ ʜʦ-

ʣʠʥ ʨʝʢ ʩ ʘʢʢʫʤʫʣʷʪʠʚʥʳʤ ʠ ʵʨʦʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʪʝʨʨʘʩ, ʨʘʟʚʠʪʠʝʤ 

ʵʨʦʟʠʦʥʥʦ-ʜʝʥʫʜʘʮʠʦʥʥʳʭ, ʜʝʥʫʜʘʮʠʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʙʦʣʝʝ ʩʣʘʙʳʤʠ ʥʝʦʪʝʢʪʦʥʠʯʝ-

ʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʩ ʘʙʩʦʣʶʪʥʳʤʠ ʦʪʤʝʪʢʘʤʠ ʚʳʩʦʪ 120ï290 ʤ. [8]. 

ʂʣʠʤʘʪ ʪʝʨʨʠʪʦʨʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ, ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʠʤʠ ʩʫ-

ʪʦʯʥʳʤʠ ʠ ʛʦʜʦʚʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ. ʍʘʨʘʢʪʝʨʥʳ ʧʨʦʜʦʣʞʠʪʝʣʴʥʘʷ ʭʦ-

ʣʦʜʥʘʷ ʟʠʤʘ ʠ ʢʦʨʦʪʢʦʝ ʪʝʧʣʦʝ ʣʝʪʦ. ʉʨʝʜʥʝʛʦʜʦʚʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʝʜʝʣʘʭ ʪʝʨʨʠʪʦʨʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 1,6Áʉ. ʉʘʤʳʤ ʭʦʣʦʜʥʳʤ ʤʝʩʷʮʝʤ ʷʚʣʷʝʪʩʷ ʷʥʚʘʨʴ -15,7Áʉ, ʘ ʩʘ-

ʤʳʤ ʪʝʧʣʳʤ ï ʠʶʣʴ 23,4Áʉ. ɻʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 659 ʤʤ. ʀʟ ʛʦʜʦʚʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʥʘ ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ ʧʨʠʭʦʜʠʪʩʷ 25% ï 35%, ʘ ʥʘ ʪʝʧʣʳʡ ï 75% ï 65% 

ʛʦʜʦʚʦʡ ʩʫʤʤʳ ʦʩʘʜʢʦʚ. ɺ ʪʝʯʝʥʠʝ ʛʦʜʘ ʧʨʝʦʙʣʘʜʘʶʪ ʞʠʜʢʠʝ ʦʩʘʜʢʠ [12]. 

ʉʦʛʣʘʩʥʦ ʧʦʯʚʝʥʥʦʤʫ ʨʘʡʦʥʠʨʦʚʘʥʠʶ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ [3] ʦʙʩʣʝʜʦʚʘʥʥʘʷ ʪʝʨʨʠʪʦʨʠʷ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ɸʩʦʚʩʢʦ-ʂʠʰʝʨʪʩʢʦ-ʃʳʩʴʚʝʥʩʢʦʛʦ ʨʘʡʦʥʘ ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ 

ʧʦʯʚ. 



84 
 

ʇʦ ʜʘʥʥʳʤ ʧʦʣʝʚʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ, ʥʘ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʫʯʘʩʪʢʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʳ ʧʦʯʚʳ ʙʦʣʦʪʥʦʛʦ ʪʠʧʘ, ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʨʦʬʠʣʴ, ʩʦʩʪʦʷ-

ʱʠʡ (ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ) ʠʟ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʦʨʬʘ. 

ʇʨʠ ʤʦʱʥʦʩʪʠ ʪʦʨʬʷʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʙʦʣʝʝ 50 ʩʤ, ʧʦʯʚʳ ʦʪʥʦʩʷʪ ʢ ʪʦʨʬʷʥʳʤ, ʧʨʠ ʤʝʥʝʝ 

50 ʩʤ ï ʢ ʪʦʨʬʷʥʦ-ʛʣʝʝʟʸʤʘʤ ʠ ʜʨʫʛʠʤ ʪʠʧʘʤ. 

ɺ ʟʦʥʘʣʴʥʦʤ (ʙʠʦʣʦʛʠʯʝʩʢʦʤ) ʦʪʥʦʰʝʥʠʠ ʈʘʩʩʦʭʠʥʩʢʦʝ ʙʦʣʦʪʦ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʳʢʝ 

ʧʦʜʟʦʥʳ ʨʘʚʥʠʥʥʦʡ ʶʞʥʦʡ ʪʘʡʛʠ ʠ ʧʨʦʚʠʥʮʠʠ (ʧʨʝʜʛʦʨʥʳʭ ʶʞʥʦʪʘʝʞʥʳʭ ʣʝʩʦʚ). ɺ ʬʘʫʥʠ-

ʩʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ɸ. ʇ. ʂʫʟʷʢʠʥ (1962) ʦʪʥʦʩʠʪ ʵʪʫ ʪʝʨʨʠʪʦʨʠʶ ʢ ɺʦʩʪʦʯʥʦ-

ɽʚʨʦʧʝʡʩʢʦʤʫ ʪʘʝʞʥʦʤʫ ʣʘʥʜʰʘʬʪʥʦʤʫ ʨʘʡʦʥʫ (ʚʙʣʠʟʠ ʩ ʛʨʘʥʠʮʝʡ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʛʦ 

ʣʝʩʦʣʫʛʦʚʦʛʦ ʨʘʡʦʥʘ) [4]. ɹʦʣʝʝ ʜʨʦʙʥʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʦʭʦʪʦʚʝʜʘʤ ʦʪʥʝʩʪʠ ʵʪʫ 

ʪʝʨʨʠʪʦʨʠʶ ʢ ɺʦʩʪʦʯʥʦʤʫ ʨʘʡʦʥʫ ʢʨʘʷ. 

ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʣʝʜʫʶʱʠʤʠ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠ-

ʤʠ ʛʨʫʧʧʘʤʠ ʦʨʛʘʥʠʟʤʦʚ: ʤʣʝʢʦʧʠʪʘʶʱʠʝ ï 5 ʚʠʜʦʚ, ʧʪʠʮʳ ï 11 ʚʠʜʦʚ, ʨʝʧʪʠʣʠʠ ï 2 ʚʠʜʘ, 

ʘʤʬʠʙʠʠ ï 1 ʚʠʜ. 

ʈʝʜʢʠʭ ʠ ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʫʛʨʦʟʦʡ ʠʩʯʝʟʥʦʚʝʥʠʷ ʦʙʲʝʢʪʘʭ ʞʠʚʦʪʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʤʠʨʘ, ʚ ʂʨʘʩʥʫʶ ʢʥʠʛʫ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʧʨʠʣʦʞʝʥʠʝ ʢ ʥʝʡ, ʚ ʂʨʘʩʥʫʶ ʢʥʠʛʫ ʇʝʨʤ-

ʩʢʦʛʦ ʢʨʘʷ ʠ ʧʨʠʣʦʞʝʥʠʝ ʢ ʥʝʡ, ʥʝ ʚʳʷʚʣʝʥʦ ʧʦ ʜʘʥʥʳʤ ʧʦʣʝʚʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ. 

ʇʦ ʪʦʨʬʷʥʦ-ʙʦʣʦʪʥʦʤʫ ʨʘʡʦʥʠʨʦʚʘʥʠʶ ʇʨʠʢʘʤʴʷ ʙʦʣʦʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʇʨʠʫʨʘʣʴʩʢʦʤʫ 

ʛʦʨʥʦʤʫ ʨʘʡʦʥʫ [9, 10]. 

ʊʝʨʨʠʪʦʨʠʷ ʚʦʢʨʫʛ ʙʦʣʦʪʘ ʘʢʪʠʚʥʦ ʦʩʚʘʠʚʘʣʘʩʴ ʚ 30-ʝ ʛʦʜʳ XX ʚʝʢʘ, ʚʝʣʘʩʴ ʣʝʩʦʟʘʛʦ-

ʪʦʚʢʘ. ʃʝʩʦʟʘʛʦʪʦʚʠʪʝʣʴʥʳʡ ʧʦʩʝʣʦʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʶʞʥʝʝ, ʙʳʣ ʣʠʢʚʠʜʠʨʦʚʘʥ ʚ 70-ʝ ʛʦʜʳ 

XX ʚʝʢʘ [5]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʭʦʟʷʡʩʪʚʝʥʥʳʡ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʷʭ ʢ 

ʙʦʣʦʪʫ ʥʝ ʚʝʜʝʪʩʷ. 

ʉʘʤʦ ʙʦʣʦʪʦ ʙʦʛʘʪʦ ʣʝʩʥʳʤʠ ʷʛʦʜʘʤʠ (ʯʝʨʥʠʢʦʡ, ʙʨʫʩʥʠʢʦʡ, ʤʦʨʦʰʢʦʡ). ɹʦʣʦʪʦ ʘʢ-

ʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʩʝʣʝʥʠʝʤ ʛʦʨʦʜʩʢʦʛʦ ʦʢʨʫʛʘ, ʢʘʢ ʤʝʩʪʦ ʩʙʦʨʘ ʷʛʦʜ. 

ɺʳʚʦʜʳ. ʇʦ ʠʪʦʛʘʤ ʧʦʣʝʚʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ ʤʘʪʝʨʠʘʣʦʚ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʫʯʘʩʪʢʘ ʪʝʨʨʠʪʦʨʠʠ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʈʘʩʩʦʭʠʥʩʢʦʝ ʙʦʣʦʪʦ 

ʷʚʣʷʝʪʩʷ ʦʩʦʙʦ ʮʝʥʥʳʤ ʜʣʷ ʨʝʛʠʦʥʘ ʠ ʛʦʨʦʜʩʢʦʛʦ ʦʢʨʫʛʘ, ʪʘʢ ʢʘʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʠʧʠʯ-

ʥʦʝ ʧʝʨʝʭʦʜʥʦʝ ʙʦʣʦʪʦ ʥʘ ʛʨʘʥʠʮʝ ʶʞʥʦʡ ʪʘʡʛʠ, ʛʨʘʥʠʯʘʱʝʡ ʩ ʟʘʧʘʜʥʳʤ ʋʨʘʣʦʤ, ʧʦʧʫʣʷʨ-

ʥʦʝ ʩʨʝʜʠ ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʦʪʦ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʧʨʝʜʛʦʨʥʦʡ ʯʘʩʪʠ, ʷʚʣʷ-

ʝʪʩʷ ʨʝʜʢʠʤ ʧʨʠʨʦʜʥʳʤ ʦʙʲʝʢʪʦʤ ʪʘʢ ʢʘʢ ʥʘʠʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʇʨʠʢʘʤʴʝ. 

ɼʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩʣʝʜʫʝʪ ʧʨʠʜʘʪʴ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʡ ʩʪʘʪʫʩ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʟʥʘʯʝ-

ʥʠʷ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʢʘʪʝʛʦʨʠʷ ʜʣʷ ʆʆʇʊ çʈʘʩʩʦʭʠʥʩʢʦʛʦ ʙʦʣʦʪʘè ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʌʝʜʝʨʘʣʴ-

ʥʳʤ ʟʘʢʦʥʦʤ ʦʪ 14 ʤʘʨʪʘ 1995 ʛ. "ʆʙ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ" (ʩ ʠʟʤʝʥʝ-

ʥʠʷʤʠ ʥʘ 31 ʠʶʣʷ 2020 ʛʦʜʘ) ʠ ɿʘʢʦʥʦʤ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʦʪ 04 ʜʝʢʘʙʨʷ 2015 ʛʦʜʘ ˉ 565-ʇʂ 

çʆʙ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷè (ʚ ʨʝʜʘʢʮʠʠ ɿʘʢʦʥʦʚ ʇʝʨʤ-

ʩʢʦʛʦ ʢʨʘʷ ʦʪ 02.12.2016 ˉ 26-ʇʂ, ʦʪ 09.02.2018 ˉ 183-ʇʂ, ʦʪ 07.03.2019 ˉ 344-ʇʂ) ï 

ʣʘʥʜʰʘʬʪʥʳʡ ʧʨʠʨʦʜʥʳʡ ʨʝʟʝʨʚʘʪ [2, 11]. 

ʉʦʟʜʘʥʥʘʷ ʆʆʇʊ ʚʥʝʩʝʪ ʚʢʣʘʜ ʚ ʧʦʜʜʝʨʞʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʦʢʨʫʞʘʶʱʠʭ 

ʪʝʨʨʠʪʦʨʠʡ ʧʦʜʜʝʨʞʠʚʘʷ ʝʩʪʝʩʪʚʝʥʥʳʡ ʢʨʫʛʦʚʦʨʦʪ ʚʝʱʝʩʪʚ (ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʦʜʳ) ʠ ʩʦʭʨʘʥʷʷ 

ʪʠʧʠʯʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʠ ʪʠʧʠʯʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʞʠʚʦʪʥʳʭ, ʠ ʨʘʩʪʝʥʠʡ ʧʝʨʝʭʦʜʥʦʛʦ ʙʦʣʦʪʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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2. ɿʘʢʦʥ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʦʪ 04 ʜʝʢʘʙʨʷ 2015 ʛʦʜʘ ˉ 565-ʇʂ çʆʙ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ 

ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷè (ʚ ʨʝʜʘʢʮʠʠ ɿʘʢʦʥʦʚ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʦʪ 02.12.2016 

ˉ 26-ʇʂ, ʦʪ 09.02.2018 ˉ 183-ʇʂ, ʦʪ 07.03.2019 ˉ 344-ʇʂ). 
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ɸʥʥʦʪʘʮʠʷ. ʏʝʣʦʚʝʯʝʩʪʚʦ ʩʪʦʣʢʥʫʣʦʩʴ ʩʦ ʚʩʝ ʦʙʦʩʪʨʷʶʱʠʤʠʩʷ ʧʨʦʪʠʚʦʨʝʯʠʷʤʠ 

ʤʝʞʜʫ ʩʚʦʠʤʠ ʨʘʩʪʫʱʠʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʠ ʥʝʩʧʦʩʦʙʥʦʩʪʴʶ ʙʠʦʩʬʝʨʳ ʦʙʝʩʧʝʯʠʪʴ ʠʭ, ʥʝ 

ʨʘʟʨʫʰʘʷʩʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʧʨʠʥʷʣʦ ʭʘʨʘʢʪʝʨ ʫʩʢʦʨʝʥʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʢ ʛʣʦʙʘʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʘʪʘʩʪʨʦʬʝ, ʧʨʠ ʵʪʦʤ ʩʪʘʚʠʪʩʷ ʧʦʜ ʫʛʨʦʟʫ ʥʝ ʪʦʣʴʢʦ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʠʥʪʝʨʝʩʦʚ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ ʣʶʜʝʡ, ʥʦ 

ʠ ʩʘʤʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ɺʦʟʥʠʢʣʘ ʠʜʝʷ ʨʘʟʨʝʰʠʪʴ ʵʪʦ ʧʨʦʪʠʚʦʨʝʯʠʝ ʥʘ ʧʫʪʠ 

ʧʝʨʝʭʦʜʘ ʢ ʪʘʢʦʤʫ ʮʠʚʠʣʠʟʘʮʠʦʥʥʦʤʫ ʨʘʟʚʠʪʠʶ, ʢʦʪʦʨʦʝ ʥʝ ʨʘʟʨʫʰʘʝʪ ʩʚʦʝʡ ʧʨʠʨʦʜʥʦʡ ʦʩ-

ʥʦʚr, ʛʘʨʘʥʪʠʨʫʷ ʯʝʣʦʚʝʯʝʩʪʚʫ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʞʠʚʘʥʠʷ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʥʝʧʨʝʢʨʘʱʘʶʱʝʛʦ-

ʩʷ, ʪ. ʝ. ʫʧʨʘʚʣʷʝʤʦʛʦ ʠ ʫʩʪʦʡʯʠʚʦʛʦ, ʨʘʟʚʠʪʠʷ. 

ʉʝʪʴ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʧʨʠʟʥʘʝʪʩʷ ʙʘʟʠʩʦʤ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘ. ʉʦʚʨʝʤʝʥʥʘʷ ʩʝʪʴ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚ ʇʝʨʤʩʢʦʤ 

ʢʨʘʝ ʥʝʦʙʭʦʜʠʤʦ ʫʣʫʯʰʘʪʴ ʟʘ ʩʯʝʪ ʙʦʣʴʰʝʡ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʨʘʡʦʥʦʚ. ʆʧʨʝʜʝ-

ʣʝʥʦ ʘʢʪʫʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʧʨʠʦʨʠʪʝʪʳ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʪʠ ʆʆʇʊ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ, ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʘʷ ʧʨʠʨʦʜʥʘʷ ʪʝʨʨʠʪʦʨʠʷ, 

ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ. 

 

Abstract. Humanity is faced with ever-sharpening contradictions between its growing needs 

and the inability of the biosphere to provide them without collapsing. As a result, socio-economic 

development has taken on the character of an accelerated movement towards a global eco-

catastrophe, while not only the satisfaction of the vital needs and interests of future generations of 

people, but also the very possibility of their existence is threatened. An idea arose to resolve this 

contradiction on the path of transition to such a civilizational development that does not destroy its 

natural basis, guaranteeing humanity the possibility of survival and further incessant, controlled and 

sustainable development. 

The network of specially protected natural areas is recognized as the basis for sustainable 

development of the region. The modern network of specially protected natural areas in the Perm 

Territory needs to be improved due to the greater representation of natural areas. The current state 

and priorities of the geographical formation of network have been determined.  

Keywords: sustainable development, specially protected natural area, ecological problem. 

 

ʀʜʝʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʦʪʚʝʯʘʶʪ ʦʙʲʝʢʪʠʚʥʦʤʫ ʪʨʝʙʦʚʘʥʠʶ ʚʨʝʤʝʥʠ ʠ ʤʦʛʫʪ ʨʝ-

ʰʘʶʱʠʤ ʦʙʨʘʟʦʤ ʧʦʚʣʠʷʪʴ ʥʘ ʙʫʜʫʱʝʝ [10]. ʈʝʰʝʥʠʝ ʛʣʦʙʘʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʳ 

ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʫʪʝʤ ʦʙʲʝʜʠʥʝʥʠʷ ʫʩʠʣʠʡ ʤʠʨʦʚʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. ɺ ʧʨʦʮʝʩʩ ʜʦʣʞʥʳ 
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ʚʢʣʶʯʠʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʛʦʩʫʜʘʨʩʪʚʘ, ʥʦ ʠ ʢʦʥʢʨʝʪʥʳʝ ʨʝʛʠʦʥʳ, ʛʦʨʦʜʘ, ʢʦʤʤʝʨʯʝʩʢʠʝ ʦʨʛʘʥʠ-

ʟʘʮʠʠ. ɺ ʠʜʝʘʣʝ ʢʘʞʜʳʡ ʯʝʣʦʚʝʢ ʜʦʣʞʝʥ ʦʩʦʟʥʘʚʘʪʴ ʧʨʦʙʣʝʤʫ ʠ ʚʳʧʦʣʥʷʪʴ ʢʦʥʢʨʝʪʥʳʝ ʜʝʡ-

ʩʪʚʠʷ ʜʣʷ ʝʝ ʨʝʰʝʥʠʷ. 

ʇʝʨʝʭʦʜ ʥʘ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ, ʠʣʠ ʭʦʪʷ ʙʳ ʚʥʝʜʨʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʥʘʙʣʶʜʘʝʪ ʚʦ ʤʥʦʞʝʩʪʚʝ ʩʪʨʘʥ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʠ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ. 

ʉʠʩʪʝʤʘ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʮʝʣʝʥʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘ ʨʘʟʚʠʪʠʝ ʵʢʦʣʦʛʠʯʝ-

ʩʢʠʭ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ. ʅʦ ʧʨʦʩʪʦ ʧʨʝʧʦʜʘʚʘʥʠʝ ʜʠʩʮʠʧʣʠʥʳ çʵʢʦ-

ʣʦʛʠʷè ʠʣʠ çʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝè ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙ-

ʨʘʟʦʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ. ʋʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ ʤʦʛʫʪ ʩʜʝʣʘʪʴ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʛʨʘʤʤʳ ʧʨʠʥʷʪʳ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʫʥʠʚʝʨʩʠʪʝʪʦʚ. ʇʦ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦʡ ʦʮʝʥʢʝ ʠʭ ʯʠʩʣʦ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʪʳʩʷʯʠ ʫʯʨʝʞʜʝʥʠʡ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝ-

ʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʦʙʲʝʜʠʥʝʥʠʡ, ʥʦ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʥʠʤ ʥʝ ʩʠ-

ʩʪʝʤʘʪʠʟʠʨʦʚʘʥʘ. 

ɸʥʪʨʦʧʦʛʝʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ï ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʧʨʠʨʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʨʝʦʙʨʘʟʦʚʘ-

ʥʠʝ ʵʢʦʩʠʩʪʝʤ ʚʳʟʳʚʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʭʥʠ-

ʯʝʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʣʶʜʝʡ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʠʟʚʣʝʯʝʥʠʝ ʠʟ ʦʢʨʫʞʘʶ-

ʱʝʡ ʩʨʝʜʳ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʠ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʫ ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʨʦʙʣʝʤʥʳʝ ʨʘʡʦʥʳ ʩʦ ʩʣʦʞʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʦʡ ʩʣʦʞʠʣʠʩʴ ʚ ʇʝʨʤʩʢʦʤ 

ʢʨʘʝ ʚ ʨʘʡʦʥʘʭ ʜʦʙʳʯʠ ʥʝʬʪʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʨʠ ʥʘʣʠʯʠʠ ʢʘʨʩʪʘ, ʜʦʙʳʯʠ ʢʘʣʠʡʥʳʭ ʩʦʣʝʡ, 

ʧʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʜʦʙʳʯʠ ʫʛʣʷ, ʘ ʪʘʢʞʝ ʚ ʢʨʫʧʥʝʡʰʝʤ ʛʦʨʦʜʝ ʢʨʘʷ ï ʇʝʨʤʠ. 

ʇʨʠʨʦʜʥʳʝ ʩʠʩʪʝʤʳ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʩʧʨʘʚʠʪʴʩʷ ʩ ʧʦʪʦʢʘʤʠ ʧʦʩʪʫʧʘʶʱʠʭ ʠʟʚʥʝ ʚʝ-

ʱʝʩʪʚ, ʦʙʨʘʟʫʶʪʩʷ ʪʝʭʥʦʛʝʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ 

ʨʘʟʚʠʪʠʷ [8]. ɺ ʧʦʩʪʪʝʭʥʦʛʝʥʥʳʡ ʧʝʨʠʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʣʘʥʜʰʘʬʪ ʧʦ ʟʘʢʦʥʘʤ ʨʘʟʚʠʪʠʷ 

ʥʝʠʟʙʝʞʥʦ ʙʫʜʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ ʩʪʘʙʠʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ [3]  

ʇʦ ʫʨʦʚʥʶ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʠ ʦʪʚʝʪʥʦʡ ʨʝʘʢʮʠʠ ʧʦʯʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳ-

ʜʝʣʷʪʴ: ʚʝʨʭʥʠʡ ʙʝʟʦʧʘʩʥʳʡ ʫʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʠ (ɺɹʋʂ), ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʩʪʫʧʘʝʪ ʫʭʫʜʰʝ-

ʥʠʝ ʢʘʯʝʩʪʚʘ ʧʦʯʚʝʥʥʦʡ ʵʢʦʩʠʩʪʝʤʳ; ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʧʦʪʝʥʮʠʘʣʘ ʩʘʤʦʦʯʠʱʝʥʠʷ (ɺʇʇʉ), 

ʚʳʰʝ ʢʦʪʦʨʦʛʦ ʧʦʯʚʘ ʩʘʤʘ ʥʝ ʤʦʞʝʪ ʩʧʨʘʚʠʪʴʩʷ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ; ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʡ ʫʨʦʚʝʥʴ 

ʜʦʧʫʩʪʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʆɼʂ), ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʜʘʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʯʚʘ ʚ ʪʝʯʝ-

ʥʠʝ ʛʦʜʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʩʚʦʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʘ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʧʦʯʚʝʥʥʦʛʦ 

ʙʠʦʮʝʥʦʟʘ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʣʠʢʚʠʜʠʨʫʶʪʩʷ [2,5]. ʊʝʭʥʦʛʝʥʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʚ ʢʘʨʩʪʦʚʳʭ 

ʨʘʡʦʥʘʭ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳ. ɿʘʛʨʷʟʥʝʥʠʷ ʦʪ ʥʝʬʪʝʧʨʦʤʳʩʣʘ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʧʨʠʨʦʜʥʳʝ 

ʛʣʫʙʠʥʥʳʝ ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʛʣʫʙʠʥʥʳʝ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ[4]. ʇʨʦʙʣʝʤʳ ʦʮʝʥʢʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʧʨʠʦʙʨʝʪʘʶʪ ʚʩʝ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ [6]. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɺʝʨʭʥʝʢʘʤʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʘʣʠʡʥʦ-ʤʘʛʥʠʝʚʳʭ ʩʦʣʝʡ (ʇʝʨʤʩʢʠʡ 

ʢʨʘʡ) ʚ ʰʣʘʤʦʭʨʘʥʠʣʠʱʘʭ ʥʘʢʦʧʣʝʥʦ ʙʦʣʝʝ 30 ʤʣʥ. ʤ
3
 ʦʪʭʦʜʦʚ [1]. ɿʘʛʨʷʟʥʝʥʠʝ ʧʦʜʟʝʤʥʳʭ 

ʚʦʜ ʚ ʨʘʡʦʥʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʪʭʦʜʦʚ ʢʘʣʠʡʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʩʝʤʝʩʪʥʦ[7]. 

ʉʦʣʝʦʪʚʘʣʳ, ʰʣʘʤʦʭʨʘʥʠʣʠʱʘ ʠ ʨʘʩʩʦʣʦʩʙʦʨʥʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʠʩ-

ʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʛʠʜʨʦʩʬʝʨʳ ʥʘ ɺʝʨʭʥʝʢʘʤʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ[2].  

ʉʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʠʟʫʯʝʥʥʦʩʪʠ ʚ ʧʨʦʙʣʝʤʥʳʭ ʨʘʡʦʥʳ ʩʦ ʩʣʦʞʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʦʡ ʚ ʇʝʨʤʩʢʦʤ ʢʨʘʝ ʠʩʪʦʯʥʠʢʦʚ ʚʦʟʜʝʡʩʪʚʠʷ, ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚʦʜʥʦʡ ʦʯʝʥʴ ʟʥʘʯʠʪʝʣʴʥʳʡ. ʊʨʝʙʫʝʪʩʷ ʦʙʦʙʱʝʥʠʝ ʵʪʠʭ ʩʚʝʜʝʥʠʡ ʚ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʦʪʢʣʠʢʦʚ ʵʢʦʩʠʩʪʝʤ ʥʘ 
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ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʣʠʷʥʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩʫʢʮʝʩʩʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʢʨʫʛʦʚʦʨʦʪʘ ʮʠʢʣʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʦʮʝʥʢʠ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ.  

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʝʛʨʘʜʘʮʠʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʥʘʛʨʫʟʢʠ ʥʘ ʵʢʦʩʠʩʪʝʤʳ ʩʦʟʜʘʶʪʩʷ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʝ ʧʨʠʨʦʜʥʳʝ ʪʝʨʨʠʪʦʨʠʠ (ʆʆʇʊ). 

ʆʆʇʊ ʚʳʧʦʣʥʷʶʪ ʚʘʞʥʝʡʰʠʝ ʬʫʥʢʮʠʠ ʩʦʭʨʘʥʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ, ʩʦʭʨʘʥʝʥʠʷ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ, ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʩʚʝʱʝʥʠʷ, ʘ ʪʘʢ-

ʞʝ ʠʛʨʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʵʩʪʝʪʠʯʝʩʢʫʶ ʨʦʣʴ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 257 ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʆʆʇʊ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪ 8,8% ʪʝʨʨʠʪʦʨʠʠ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ. ʇʦʯʪʠ ʧʦʣʦʚʠʥʫ ʩʦʩʪʘʚʣʷʶʪ 

ʆʆʇʊ ʦʭʨʘʥʷʝʤʳʝ ʣʘʥʜʰʘʬʪʳ (42,6%), ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʘ ʜʦʣʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʟʘʢʘʟʥʠ-

ʢʦʚ (31,3%). ʇʝʨʚʳʝ ʚ ʨʝʞʠʤʝ, ʤʘʣʦ ʦʪʣʠʯʘʶʱʠʤʩʷ ʦʪ ʦʙʳʯʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʩʦ-

ʭʨʘʥʷʶʪ ʧʨʠʨʦʜʥʳʝ ʢʦʤʧʣʝʢʩʳ. ɺʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ 

ʦʭʦʪʥʠʯʴʠʭ ʞʠʚʦʪʥʳʭ.  

ʊʘʙʣʠʮʘ 1 

ʇʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ ʧʨʠʨʦʜʥʳʭ ʨʘʡʦʥʦʚ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʚ ʩʝʪʠ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ 

ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ  

ʇʨʠʨʦʜʥʳʡ ʨʘʡʦʥ 

ʇʣʦʱʘʜʴ 

ʧʨʠʨʦʜʥʦʛʦ 

ʨʘʡʦʥʘ, ʪʳʩ. 

ʛʘ 

ʇʣʦʱʘʜʴ 

ʆʆʇʊ, 

ʪʳʩ. ʛʘ 

ɼʦʣʷ ʆʆʇʊ ʦʪ 

ʧʨʠʨʦʜʥʦʛʦ ʨʘʡ-

ʦʥʘ, % 

ɼʦʩʪʠʞʝʥʠʝ 17% 

ʦʪ ʧʣʦʱʘʜʠ, ʪʳʩ. 

ʛʘ 

ʉʨʝʜʥʷʷ ʪʘʡʛʘ 4117,0 621,2 15,1 78,2 

ʖʞʥʘʷ ʪʘʡʛʘ 5155,5 245,9 4,8 628,0 

ʍʚʦʡʥʦ-ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʣʝʩʘ 2040,3 206,6 10,1 140,8 

ʂʫʥʛʫʨʩʢʘʷ ʣʝʩʦʩʪʝʧʴ 675,3 25,8 3,8 89,1 

ʉʝʚʝʨʥʳʡ (ʎʝʥʪʨʘʣʴʥʳʡ) ʋʨʘʣ 831,1 333,3 40,1 - 

ɿʘʧʘʜʥʳʡ ʋʨʘʣ 3204,5 276,6 8,6 269,2 

ɺʩʝʛʦ ʧʦ ʇʝʨʤʩʢʦʤʫ ʢʨʘʶ 16023,6 1709,4 10,7 1205,3 

 

ɺʘʞʥʝʡʰʝʡ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʡ ʆʆʇʊ ʧʨʠʥʠʤʘʶʪʩʷ ʧʘʤʷʪʥʠʢʠ ʧʨʠʨʦʜʳ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʫʥʠʢʘʣʴʥʳʭ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʢʨʘʝ ʠʭ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 

88 ʰʪʫʢ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪ 0,04% ʦʪ ʧʣʦʱʘʜʠ ʨʝʛʠʦʥʘ. ʇʨʠʨʦʜʥʳʝ ʨʝʟʝʨʚʘʪʳ ʩʦʭʨʘʥʷʶʪ ʪʠ-

ʧʠʯʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʥʘ ʧʣʦʱʘʜʠ 8,6 ʪʳʩ. ʛʘ (0,1% ʦʪ ʧʣʦʱʘʜʠ ʢʨʘʷ).ʂʨʦʤʝ ʪʦʛʦ, ʢ ʩʝʪʠ ʆʆʇʊ 

ʦʪʥʦʩʷʪʩʷ 5 ʠʩʪʦʨʠʢʦ-ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʧʣʦʱʘʜʴ 400 ʛʘ). 

Cʦʟʜʘʥ ʚ ʨʝʛʠʦʥʝ ʧʨʠʨʦʜʥʳʡ ʧʘʨʢ çʇʝʨʤʩʢʠʡè ʢʣʘʩʪʝʨʥʦʛʦ ʪʠʧʘ. ɽʛʦ ʫʯʘʩʪʢʠ ʨʘʩʧʦ-

ʣʦʞʝʥʳ ʚ ʜʦʣʠʥʘʭ ʨʝʢ ʏʫʩʦʚʦʡ, ʋʩʴʚʳ ʠ ɺʠʰʝʨʳ. ʇʨʠʨʦʜʥʳʡ ʧʘʨʢ ʩʦʟʜʘʥ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʪʠʧʠʯʥʳʭ ʠ ʫʥʠʢʘʣʴʥʳʭ ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʩʚʝʱʝʥʠʷ ʥʘʩʝʣʝʥʠʷ, 

ʩʦʟʜʘʥʠʷ ʫʩʣʦʚʠʡ ʜʣʷ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʪʫʨʠʟʤʘ ʠ ʦʪʜʳʭʘ. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʜʦʣʞʥʦ ʩʪʘʪʴ 

ʩʦʟʜʘʥʠʝ ʫʯʘʩʪʢʦʚ ʚ ʨʘʚʥʠʥʥʦʡ ʯʘʩʪʠ ʨʝʛʠʦʥʘ, ʘ ʪʘʢʞʝ ʧʦʜʦʙʥʳʭ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦ-

ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʆʆʇʊ ʩ ʩʦʟʜʘʥʠʝʤ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʨʢʘ ʥʘ ʭʨʝʙʪʝ ʂʚʘʨʢʫʰ.  

ʅʘ ʟʝʤʣʷʭ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʦʭʨʘ-

ʥʠʣʩʷ ʝʜʠʥʩʪʚʝʥʥʳʡ ʣʘʥʜʰʘʬʪʥʳʡ ʟʘʢʘʟʥʠʢ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ çʇʨʝʜʫʨʘʣʴʝè, ʠʤʝʶ-

ʱʠʡ ʩʫʱʝʩʪʚʝʥʥʫʶ ʮʝʥʥʦʩʪʴ ʜʣʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʫʟʦʚʩʢʦʡ ʥʘʫʢʠ. ʇʣʦʱʘʜʴ ʦʙʳʯʥʦ-

ʛʦ ʦʭʨʘʥʷʝʤʦʛʦ ʣʘʥʜʰʘʬʪʘ ʚ ʨʝʛʠʦʥʝ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 7500 ʛʘ. ʂʨʫʧʥʝʡʰʠʝ ʠʟ ʥʠʭ: 

çʅʠʞʥʝʚʠʰʝʨʩʢʠʡè, çʆʩʣʷʥʩʢʠʡè, çʉʝʣʠʱʝʥʩʢʦʝ ʙʦʣʦʪʦè, çʂʚʘʨʢʫʰè, çɸʜʦʚʦ ʦʟʝʨʦè, 

çɺʝʨʭʥʝʷʡʚʠʥʩʢʠʡè. 

ʉʝʪʴ ʆʆʇʊ ʤʝʩʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʘ ʧʦ ʧʣʦʱʘʜʠ. ʄʝʩʪʥʳʝ ʦʭʨʘʥʷʝʤʳʝ ʪʝʨ-

ʨʠʪʦʨʠʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʨʝʛʠʦʥʫ ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʯʘʩʪʦ ʢ ʥʠʤ ʦʪʥʦʩʷʪ ʤʫʥʠʮʠʧʘʣʴ-

ʥʳʝ ʚʣʘʩʪʠ ʟʝʣʝʥʳʝ ʥʘʩʘʞʜʝʥʠʷ ʠ ʧʦʜʦʙʥʳʝ ʦʙʲʝʢʪʳ. ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʦʙʦʩʥʦʚʘʥʠʷ ʠʤʝʶʪ 
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ʩʝʪʠ ʤʝʩʪʥʳʭ ʆʆʇʊ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʚ ʛ. ʇʝʨʤʠ ʠ ʆʢʪʷʙʨʴʩʢʦʤ, ʃʳʩʴʚʝʥʩʢʦʤ ʨʘʡʦʥʘʭ. ɺʦ 

ʤʥʦʛʠʭ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʨʝʛʠʦʥʘ ʤʝʩʪʥʳʝ ʆʆʇʊ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʉʝʪʴ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʧʨʠʟʥʘʝʪʩʷ ʙʘʟʠʩʦʤ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘ. ʉʦʚʨʝʤʝʥʥʘʷ ʩʝʪʴ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚ ʇʝʨʤʩʢʦʤ 

ʢʨʘʝ ʥʝʦʙʭʦʜʠʤʦ ʫʣʫʯʰʘʪʴ ʟʘ ʩʯʝʪ ʙʦʣʴʰʝʡ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʨʘʡʦʥʦʚ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʘ ʤʥʦʛʦʣʝʪʥʷʷ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʡ ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ ʠ 

ʦʢʦʥʯʘʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚ ʛ. ɺʦʣʦʛʜʝ. 

ɼʘʝʪʩʷ ʦʮʝʥʢʘ ʠʟʤʝʥʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʩ 1939 ʧʦ 

2020 ʛʛ. ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʩʦʢʨʘʱʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 3 ʜʥʷ ʟʘ 10 ʣʝʪ, 

ʧʨʠ ʵʪʦʤ ʜʘʪʘ ʥʘʩʪʫʧʣʝʥʠʷ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʩʜʚʠʛʘʝʪʩʷ ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʠʡ ʩʨʦʢ, ʘ ʜʘʪʘ ʝʛʦ 

ʦʢʦʥʯʘʥʠʷ ï ʥʘ ʙʦʣʝʝ ʨʘʥʥʠʡ. ɺʳʷʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʜʥʝʡ ʩ ʦʪʪʝʧʝʣʷʤʠ ʚʦ ʚʨʝʤʷ 

ʧʝʨʠʦʜʘ ʩ ʫʩʪʦʡʯʠʚʳʤʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ, ʦʪʪʝʧʝʣʠ, ʠʟʤʝʥʝʥʠʝ 

ʢʣʠʤʘʪʘ 

 

Abstract. The long-term dynamics of changes in the time of the beginning and end of a 

stable cold period, and its duration in Vologda, is considered. The estimation of changes in the 

stability of the cold period is given. It is shown that in the period from 1939 to 2020, the duration of 

the cold period is reduced by an average of 3 days over 10 years, while the date of the onset of the 

cold period is shifted to a later date, and the date of its end ï to an earlier one. An increase in the 

number of days with thaws during the period with stable negative temperatures was revealed. 

Keywords: duration of the cold period, thaw, climate change 

 

ɼʦʣʛʦʩʨʦʯʥʦʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʦʩʦʙʝʥʥʦ ʠʥʪʝʥʩʠʚʥʦ 

ʧʨʦʷʚʣʷʶʱʝʝʩʷ ʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ [4] ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ. ɼʘʪʳ ʫʩʪʦʡʯʠʚʦʛʦ ʧʝʨʝʭʦʜʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʯʝʨʝʟ 0Áʉ, ʥʘʨʷʜʫ 

ʩ ʜʨʫʛʠʤʠ ʨʝʧʝʨʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ (5, 8, 10 Áʉ) ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʝʨʝʭʦʜ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʯʝʨʝʟ 0Áʉ ʩʚʷʟʘʥ ʩ ʠʟʤʝʥʝʥʠʷʤʠ 

ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʳ ʠ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʧʨʠʨʦʜʥʳʝ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʤʠʛʨʘʮʠʶ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ [3]. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʪʘʢ ʞʝ ʦʢʘʟʳʚʘʶʪ ʦʪʪʝʧʝʣʠ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʧʝʨʠʦʜ ʫʩʪʦʡʯʠʚʳʭ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. ʆʪʪʝʧʝʣʠ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ 

ʠʥʪʝʥʩʠʚʥʦʝ ʪʘʷʥʠʝ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʥʪʝʥʩʠʚʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʯʚʳ ʠ ʚ ʚʦʜʦʝʤʳ.  
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ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʝʞʝʜʥʝʚʥʳʝ ʜʘʥʥʳʝ ʦ ʤʘʢʩʠʤʘʣʴʥʳʭ ʠ 

ʩʨʝʜʥʝʩʫʪʦʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʦʟʜʫʭʘ ʥʘ ʩʪʘʥʮʠʠ ʄ-2 ɺʦʣʦʛʜʘ ʟʘ ʧʝʨʠʦʜ ʩ 1939 ʧʦ 2019 ʛ. 

ʠʟ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ɺʅʀʀɻʄʀ-ʄʎɼ [1], ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʌʠʣʠʘʣʘ ʌɻɹʋ ʉʝʚʝʨʥʦʝ ʋɻʄʉ 

çɺʦʣʦʛʦʜʩʢʠʡ ʎɻʄʉè. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʜ ʭʦʣʦʜʥʳʤ ʧʝʨʠʦʜʦʤ ʧʦʜʨʘʟʫʤʝʚʘʣʩʷ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ 

ʜʘʪʦʡ ʫʩʪʦʡʯʠʚʦʛʦ ʧʝʨʝʭʦʜʘ ʯʝʨʝʟ 0Áʉ ʚ ʩʪʦʨʦʥʫ ʧʦʥʠʞʝʥʠʷ ʦʩʝʥʴʶ ʠ ʚ ʩʪʦʨʦʥʫ ʧʦʚʳʰʝʥʠʷ 

ʚʝʩʥʦʡ. ʈʘʩʯʝʪ ʜʘʪ ʫʩʪʦʡʯʠʚʦʛʦ ʧʝʨʝʭʦʜʘ ʩʨʝʜʥʝʩʫʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʯʝʨʝʟ 0Áʉ 

ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʦ ʤʝʪʦʜʫ ɸ. ɺ. ʌʝʜʦʨʦʚʘ [2]. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʇʦʜ ʦʪʪʝʧʝʣʴʶ ʧʦʥʠʤʘʣʦʩʴ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʜʦ 

0Áʉ ʠ ʚʳʰʝ ʚ ʪʝʯʝʥʠʝ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ. ʊʦ ʝʩʪʴ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʦʜʩʯʝʪ ʜʥʝʡ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ Ó 0Áʉ ʚ ʧʝʨʠʦʜ ʧʦʩʣʝ ʫʩʪʦʡʯʠʚʦʛʦ ʧʝʨʝʭʦʜʘ ʩʨʝʜʥʝʩʫʪʦʯʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʪʦʨʦʥʳ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʜʦ ʜʘʪʳ ʫʩʪʦʡʯʠʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʩʪʦʨʦʥʫ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. 

ʊʘʙʣʠʮʘ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʧʦ ʜʘʥʥʳʤ ʤʝʪʝʦʩʪʘʥʮʠʠ ʄ-2 ɺʦʣʦʛʜʘ 

(1939-2020 ʛʛ.) 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʅʘʯʘʣʦ ʂʦʥʝʮ 

x

ʩʨ 
ů ʤʠʥ. ʤʘʢʩ. xʩʨ ů ʤʠʥ. ʤʘʢʩ. xʩʨ ů ʤʠʥ. ʤʘʢʩ. 

1

53 
21 

81 

(2007) 

189 

(1993) 
01.11 14,5 

09.10 

(1976) 

18.12 

(2006) 
03.04 10,6 

02.03 

(2020) 

27.04 

(1981) 

ʇʨʠʤʝʯʘʥʠʝ: xʩʨ ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ; ů ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ; ʜʣʠ ʤʠʥʠʤʘʣʴʥʳʭ ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʫʢʘʟʘʥʳ ʛʦʜʳ, ʚ ʢʦʪʦʨʳʝ ʦʥʠ ʥʘʙʣʶʜʘʣʠʩʴ 

 

ɼʣʷ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʙʳʣʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʣʠʥʝʡʥʦʛʦ ʪʨʝʥʜʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʟʘ ʧʝʨʠʦʜ 1939-2020 ʛʛ. ʅʘ 

ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʷʜʳ ʘʥʦʤʘʣʠʡ ʜʘʪ ʥʘʯʘʣʘ, ʦʢʦʥʯʘʥʠʷ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ. ɸʥʦʤʘʣʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʙʘʟʦʚʳʤ 

ʧʝʨʠʦʜʦʤ 1961ï1990 ʛʛ. 

ʇʦʣʫʯʝʥʥʳʝ ʣʠʥʝʡʥʳʝ ʪʨʝʥʜʳ ʜʣʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʜʘʪ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ 

(p < 0,05). ʀʟ ʨʠʩʫʥʢʘ 1 ʚʠʜʥʦ, ʯʪʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʩʦʢʨʘʱʘʝʪʩʷ 

ʧʨʠʤʝʨʥʦ ʥʘ 3 ʜʥʷ ʟʘ 10 ʣʝʪ, ʧʨʠ ʵʪʦʤ ʜʘʪʘ ʥʘʯʘʣʘ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʥʘʩʪʫʧʘʝʪ ʧʦʯʪʠ ʥʘ 

2 ʜʥʷ ʧʦʟʞʝ ʟʘ ʜʝʩʷʪʠʣʝʪʠʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʘʪʘ ʦʢʦʥʯʘʥʠʷ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʩʜʚʠʛʘʝʪʩʷ 

ʥʘ ʙʦʣʝʝ ʨʘʥʥʠʝ ʩʨʦʢʠ ʥʘ 1,5 ʜʥʷ ʟʘ ʜʝʩʷʪʴ ʣʝʪ. ɺʢʣʘʜ ʪʨʝʥʜʘ ʚ ʩʫʤʤʘʨʥʫʶ ʜʠʩʧʝʨʩʠʶ 

ʥʝʚʝʣʠʢ ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʫʶ ʩʚʷʟʴ ʤʝʞʜʫ 

ʜʘʪʘʤʠ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʧʨʠ R = -0,36, ʪʦ ʝʩʪʴ ʠʤʝʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ 

ʙʦʣʝʝ ʨʘʥʥʝʤʫ ʦʢʦʥʯʘʥʠʶ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʧʨʠ ʝʛʦ ʙʦʣʝʝ ʧʦʟʜʥʝʤ ʥʘʯʘʣʝ. 

ʂʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʩ ʦʪʪʝʧʝʣʴʶ ʧʦ ʤʝʩʷʮʘʤ ʜʣʷ ʤʝʪʝʦʩʪʘʥʮʠʠ 27037 ɺʦʣʦʛʜʘ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 2. ʀʟ ʪʘʙʣʠʮʳ 2 ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʯʠʩʣʘ ʜʥʝʡ ʩ ʦʪʪʝʧʝʣʴʶ ʭʘʨʘʢʪʝʨʥʳ 

ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ, ʠʥʦʛʜʘ ʧʨʝʚʳʰʘʶʱʝʛʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦ ʯʨʝʟʚʳʯʘʡʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʣʠʥʝʡʥʳʝ ʪʨʝʥʜʳ ʜʣʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʧʦʣʫʯʝʥʳ ʜʣʷ ʚʩʝʭ 

ʤʝʩʷʮʝʚ ʢʨʦʤʝ ʦʢʪʷʙʨʷ ʠ ʜʝʢʘʙʨʷ. ɼʣʷ ʥʦʷʙʨʷ ʠ ʘʧʨʝʣʷ, ʪ. ʝ. ʜʣʷ ʤʝʩʷʮʝʚ, ʥʘ ʢʦʪʦʨʳʝ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʨʠʭʦʜʠʪʩʷ ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ 

ʦʪʪʝʧʝʣʝʡ. ɺ ʧʝʨʠʦʜ ʩ ʷʥʚʘʨʷ ʧʦ ʤʘʨʪ, ʥʘʧʨʦʪʠʚ, ʦʪʤʝʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʦʪʪʝʧʝʣʝʡ 

(ʥʘʠʙʦʣʝʝ ʦʪʯʝʪʣʠʚʦ ʪʝʥʜʝʥʮʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʜʣʷ ʬʝʚʨʘʣʷ). 
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ʈʠʩ. 1. ɸʥʦʤʘʣʠʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ (ʚʚʝʨʭʫ) ʠ ʘʥʦʤʘʣʠʠ ʜʘʪ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ 

ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʟʘ 1940-2020 ʛʛ. 1 ï ʝʞʝʛʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʘʥʦʤʘʣʠʠ; 2 ï 11-ʣʝʪʥʠʝ 

ʩʢʦʣʴʟʷʱʠʝ ʩʨʝʜʥʠʝ; 3 ï ʣʠʥʝʡʥʳʝ ʪʨʝʥʜʳ; b ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʜʘ, D ï ʚʢʣʘʜ ʪʨʝʥʜʘ ʚ 

ʩʫʤʤʘʨʥʫʶ ʜʠʩʧʝʨʩʠʶ (%). 
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ʊʘʙʣʠʮʘ 2 

ʄʥʦʛʦʣʝʪʥʠʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʜʥʝʡ ʩ ʦʪʪʝʧʝʣʴʶ ʧʦ ʜʘʥʥʳʤ ʤʝʪʝʦʩʪʘʥʮʠʠ ʄ-2 ɺʦʣʦʛʜʘ 

(1939-2020 ʛʛ.) 

ʏʠʩʣʦ 

ʜʥʝʡ 

ʄʝʩʷʮ 

X XI  XII  I II  III  IV 

xʩʨ 2,61 9,89 7,43 4,65 4,60 14,03 4,88 

Ɇ 3,75 6,84 5,31 4,33 5,51 7,30 5,97 

ʄʘʢʩ. 16  27 21 18 21 31 25 

ʇʨʠʤʝʯʘʥʠʝ: xʩʨ ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ; ů ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ; 

 

ɺ ʨʘʙʦʪʝ [3] ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ çʦʪʪʝʧʝʣʴʥʦʩʪʠè ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʚʠʜʦʠʟʤʝʥʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʚʚʝʜʝʥʥʳʡ ʍʘʡʨʫʣʣʠʥʳʤ. ʅʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʡ ʙʳʣ ʦʧʨʝʜʝʣʝʥʦ ʧʦʢʘʟʘʪʝʣʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ 

(ʂ), ʨʘʩʩʯʠʪʳʚʘʝʤʳʡ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

ὑ
˜̖ ̐

˜̖ ̐
ϽρππϷ, (1) 

ʛʜʝ ʇʭʧ ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ, ʜʥʝʡ; Nd0 ï ʯʠʩʣʦ ʜʥʝʡ ʩ ʦʪʪʝʧʝʣʴʶ.  

ʇʨʠ ʘʙʩʦʣʶʪʥʦ ʫʩʪʦʡʯʠʚʦʤ ʭʦʣʦʜʥʦʤ ʧʝʨʠʦʜʝ (ʦʪʪʝʧʝʣʠ ʦʪʩʫʪʩʪʚʦʚʘʣʠ) ʂ = 100%; 

ʝʩʣʠ ʚ ʧʦʣʦʚʠʥʝ ʠʟ ʜʥʝʡ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʘʣʠʩʴ ʦʪʪʝʧʝʣʠ, ʪʦ ʂ = 50%.  

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʩʦʩʪʘʚʠʣʦ 68,6% ʧʨʠ 

ʩʪʘʥʜʘʨʪʥʦʤ ʦʪʢʣʦʥʝʥʠʠ ů = 9,81%. ɼʣʷ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʧʦʢʘʟʘʪʝʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʟʘ ʧʝʨʠʦʜ ʩ 1939 ʧʦ 2020 ʛʛ. ʚʳʷʚʣʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʡ ʪʨʝʥʜ 

ʩʥʠʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ (R = -0.32). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʥʘʨʫʞʝʥʘ ʪʝʥʜʝʥʮʠʷ ʫʤʝʥʴʰʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʭʦʣʦʜʥʦʛʦ 

ʧʝʨʠʦʜʘ ʩ ʫʩʪʦʡʯʠʚʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ. ʉʢʦʨʦʩʪʴ ʩʦʢʨʘʱʝʥʠʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʜʘʥʥʦʛʦ ʧʝʨʠʦʜʘ ʧʨʝʚʳʰʘʝʪ 3 ʜʥʷ ʟʘ ʜʝʩʷʪʠʣʝʪʠʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʪʘ 

ʦʩʝʥʥʝʛʦ ʧʝʨʝʭʦʜʘ ʢ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʪʝʤʧʝʨʘʪʫʨʘʤ ʩʜʚʠʛʘʝʪʩʷ ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʠʡ ʩʨʦʢ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʚʝʩʥʦʡ ʧʝʨʝʭʦʜ ʢ ʫʩʪʦʡʯʠʚʳʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʪʝʤʧʝʨʘʪʫʨʘʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʥʴʰʝ.  

ɺʳʷʚʣʝʥʳ ʤʥʦʛʦʣʝʪʥʠʝ ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʘ ʦʪʪʝʧʝʣʝʡ, ʢʦʪʦʨʳʝ ʥʝ ʚʩʝʛʜʘ ʩʦʚʧʘ-

ʜʘʶʪ ʧʦ ʩʚʦʝʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩ ʦʙʱʠʤʠ ʪʝʥʜʝʥʮʠʷʤʠ ʨʦʩʪʘ ʪʝʤʧʝʨʘʪʫʨ. ʊʘʢ, ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ 

ʦʪʪʝʧʝʣʝʡ ʦʪʤʝʯʘʝʪʩʷ ʚ ʧʝʨʠʦʜ ʩ ʷʥʚʘʨʷ ʧʦ ʤʘʨʪ, ʧʨʠ ʵʪʦʤ ʯʠʩʣʦ ʦʪʪʝʧʝʣʝʡ ʚ ʥʦʷʙʨʝ ʠ ʘʧʨʝʣʝ 

ʫʤʝʥʴʰʘʝʪʩʷ. ɼʣʷ ʦʢʪʷʙʨʷ ʠ ʜʝʢʘʙʨʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʡ ʪʨʝʥʜ ʥʝ ʦʙʥʘʨʫʞʝʥ. ʇʦʢʘʟʘʥʦ 

ʩʥʠʞʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ (ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʜʥʝʡ ʩ ʦʪʪʝʧʝʣʷʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʙʱʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʝʨʠʦʜʘ ʩ ʫʩʪʦʡʯʠʚʳʤʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ). 
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ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥ ʩʦʩʪʘʚ ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʦʙʤʝʥʥʳʭ, ʢʦʤʧʣʝʢʩʥʳʭ ʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʦʨʙʠʨʦʚʘʥʥʳʭ) Cu ʚ ʧʦʯʚʝ ʤʦʜʝʣʴʥʦʛʦ ʦʧʳʪʘ ʢʘʢ ʧʨʠ ʟʘʛʨʷʟʥʝʥʠʠ, ʪʘʢ ʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʙʠʦʯʘʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʰʝʣʫʭʠ ʨʠʩʘ ʠ ʜʨʝʚʝʩʥʦʛʦ ʩʳʨʴʷ. ʇʦʢʘʟʘʥʘ ʪʝʥʜʝʥ-

ʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʜʚʠʞʥʦʩʪʠ ʤʝʪʘʣʣʘ ʧʨʠ ʟʘʛʨʷʟʥʝʥʠʠ ʧʦʯʚʳ. ʀʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʠʥʘʢ-

ʪʠʚʘʮʠʠ ʟʘʛʨʷʟʥʝʥʥʦʡ Cu ʧʦʯʚʳ ʧʨʠ ʚʥʝʩʝʥʠʠ ʙʠʦʯʘʨʘ, ʦʪʤʝʯʝʥʦ ʫʤʝʥʴʰʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ 

Cu. ɹʠʦʯʘʨ ʥʘ ʦʩʥʦʚʝ ʢʘʢ ʰʝʣʫʭʠ ʨʠʩʘ, ʪʘʢ ʠ ʜʨʝʚʝʩʥʦʛʦ ʩʳʨʴʷ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ, ʙʣʘʛʦʜʘʨʷ ʠʭ ʩʠʣʴʥʳʤ ʩʦʨʙʮʠʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʜʚʠʞʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʯʚʘ, ʙʠʦʫʛʦʣʴ, ʰʝʣʫʭʘ ʨʠʩʘ 

 

Abstract. The composition of mobile compounds (exchange, complex and specifically 

sorbed) Cu in the soil of the model experiment was studied both under contamination and with the 

use of biochars obtained from rice husks and wood raw materials. The tendency to increase the mo-

bility of metal during soil contamination is shown. The process of inactivation of Cu-contaminated 

soil during biochar application was studied, and a decrease in Cu mobility was noted. Biochar based 

on both rice husks and wood raw materials has shown high efficiency of application, due to their 

strong sorption properties. 

Keywords: mobile compounds, soil, biochar, rice husk 

 

ɺʚʝʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʙʣʝʤ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʧʦʣʣʶʪʘʥ-

ʪʘʤʠ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʛʨʝʩʩʠʚʥʦ ʚʦʟʨʘʩʪʘʶʱʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʜʫʢʪʦʚ ʪʝʭʥʦʛʝʥʝʟʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʄʝʜʴ, ʷʚʣʷʷʩʴ ʤʠʢʨʦʵʣʝʤʝʥ-

ʪʦʤ ʜʣʷ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ, ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʧʝ-

ʨʝʭʦʜʷʪ ʚ ʨʘʟʨʷʜ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ɼʘʥʥʳʡ ʤʝʪʘʣʣ ʚʭʦʜʠʪ ʚ ʯʠʩʣʦ ʧʨʠʦʨʠʪʝʪʥʳʭ 

ʧʦʣʣʶʪʘʥʪʦʚ ʧʦʯʚ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ [10]. ʇʨʠʨʦʜʥʳʝ ʩʦʨʙʝʥʪʳ ʩʧʦʩʦʙʥʳ ʚ ʟʥʘʯʠʪʝʣʴ-

ʥʦʡ ʤʝʨʝ ʠʤʤʦʙʠʣʠʟʦʚʘʪʴ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ, ʦʛʨʘʥʠʯʠʚʘʷ ʠʭ ʤʠʛʨʘʮʠʦʥʥʫʶ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʚ ʩʦʧʨʝʜʝʣʴʥʳʝ ʩʨʝʜʳ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʜʝʪʦʢʩʠʢʘʮʠʠ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʨʙʝʥʪʦʚ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚ-

ʣʝʥʠʝʤ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ɹʠʦʯʘʨ ʷʚʣʷʝʪʩʷ ʧʦʨʠʩʪʳʤ ʙʦʛʘʪʳʤ ʫʛʣʝʨʦʜʦʤ ʧʨʦʜʫʢʪʦʤ ʩ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʧʦ-

ʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʠʣʠ 

ʦʪʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ. ʇʦʣʫʯʘʶʪ ʝʛʦ ʠʟ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʥʝʢʦʪʦʨʳʭ ʧʨʦ-

ʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ [12]. ʆʜʥʘʢʦ ʩʚʝʜʝʥʠʡ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʙʠʦʯʘʨʘ ʥʝ-

ʜʦʩʪʘʪʦʯʥʦ [6]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʝʚʝʩʠʥʳ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʯʘ-

ʨʘ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʝʝ ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʴʶ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦ-

ʷʥʠʠ ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʪʭʦʜʦʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʥʝʚʳʩʦʢʫʶ ʠʩʭʦʜʥʫʶ ʚʣʘʞʥʦʩʪʴ 

(ʥʠʞʝ 20%). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ (ʥʘʧʨʠʤʝʨ, ʦʩʘʜʢʠ ʩʪʦʯʥʳʭ ʚʦʜ) ʠ ʦʪʭʦʜʦʚ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʩʫʱʝʩʪʚʫʝʪ ʨʠʩʢ, ʩʚʷʟʘʥʥʳʡ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʪʦʢʩʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʢʘʞʜʦʤ ʨʝʛʠʦʥʝ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʝʤʩʷ ʥʘ ʚʳʨʘʱʠʚʘʥʠʠ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʦʪʭʦʜʦʚ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ, ʪʨʝʙʫʶʱʠʭ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʟʥʘʯʠʤʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʷʚʣʷʝʪʩʷ ʨʠʩ. ʇʝʨʝʨʘʙʦʪʢʘ ʦʪʭʦʜʦʚ ʨʠʩʦʚʦʛʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʜʘʚʥʦ ʩʪʘʣʘ ʚʘʞʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ ʩʦʚʨʝʤʝʥʥʦʩʪʠ. ʋʪʠʣʠ-

ʟʘʮʠʷ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʫʶ ʧʨʦʙʣʝʤʫ ʚʦ ʚʩʸʤ ʤʠʨʝ, ʚʢʣʶʯʘʷ ʶʛ 

ʈʦʩʩʠʠ (ʂʨʘʩʥʦʜʘʨʩʢʠʡ ʢʨʘʡ ʠ ʈʦʩʪʦʚʩʢʘʷ ʦʙʣʘʩʪʴ). ʄʝʞʜʫ ʪʝʤ ʝʸ ʧʦʪʝʥʮʠʘʣ ʧʦʢʘ ʤʘʣʦ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ.  

ʉʦʩʪʘʚ ʠʩʭʦʜʥʦʡ ʙʠʦʤʘʩʩʳ, ʫʩʣʦʚʠʷ ʧʠʨʦʣʠʟʘ ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ, 

ʚʣʠʷʶʱʠʤʠ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ, ʪʘʢʠʝ ʢʘʢ ʧʣʦʱʘʜʴ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʧʦʨʠʩʪʦʩʪʴ [3; 7; 15; 16]. ʀʟ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʪʦʨʦʡ ʧʦʜʚʝʨʛʘ-

ʝʪʩʷ ʙʠʦʤʘʩʩʘ ʚ ʧʠʨʦʣʠʟʥʦʤ ʨʝʘʢʪʦʨʝ, ʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʙʠʦʯʘʨʘ 

[4]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʣʠʷʥʠʝ ʙʠʦʯʘʨʘ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʯʚ ʠ ʠʤʤʦʙʠʣʠʟʘʮʠʶ ʧʦʣʣʶʪʘʥʪʦʚ ʟʘʚʠ-

ʩʠʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪ ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʙʠʦʯʘʨʘ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʩʭʦʜʥʳʤ ʩʳʨʴʝʤ ʠ ʫʩʣʦʚʠʷʤʠ ʧʠʨʦʣʠʟʘ. 

ɺʳʙʦʨ ʰʝʣʫʭʠ ʨʠʩʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʩʦʨʙʝʥ-

ʪʘ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʵʪʦ ʜʦʩʪʫʧʥʳʡ ʤʥʦʛʦʪʦʥʥʘʞʥʳʡ ʦʪʭʦʜ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʦʩʪʦʚ-

ʩʢʦʡ ʦʙʣʘʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʪʭʦʜʦʚ ʨʠʩʦʚʦʡ ʰʝʣʫʭʠ ʧʦʟʚʦʣʠʪ ʢʦʤʧʣʝʢʩʥʦ 

ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʠʭ ʫʪʠʣʠʟʘʮʠʠ ʠ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʧʦʨʠʩʪʦʛʦ ʩʦʨʙʝʥʪʘ ʜʣʷ ʨʝʤʝʜʠʘʮʠʠ 

ʧʦʯʚ, ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʟʫʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʘʢʪʠʚʘʮʠʠ Cu ʚ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʝ ʧʨʠ ʚʥʝʩʝ-

ʥʠʠ ʙʠʦʯʘʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʘʟʥʦʛʦ ʩʳʨʴʷ (ʰʝʣʫʭʘ ʨʠʩʘ ʠ ʜʨʝʚʝʩʥʦʝ ʩʳʨʴʝ). 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ. ɼʣʷ ʟʘʢʣʘʜʢʠ ʤʦʜʝʣʴʥʦʛʦ ʦʧʳʪʘ ʦʪʙʠʨʘʣʩʷ ʚʝʨʭʥʠʡ ʩʣʦʡ 

(0-20 ʩʤ) ʯʝʨʥʦʟʝʤʘ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʢʘʨʙʦʥʘʪʥʦʛʦ (Haplic Chernozem, ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

WRB, 2015) ʮʝʣʠʥʥʦʛʦ ʫʯʘʩʪʢʘ, ʥʘʭʦʜʷʱʝʤʩʷ ʚʜʘʣʠ ʦʪ ʚʦʟʤʦʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ. 

ʀʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʧʦʯʚʳ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: pH ï 

7.3; 48.1% ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ (ʯʘʩʪʠʮ ʩ ʜʠʘʤʝʪʨʦʤ <0,01 ʤʤ), 28.6% ʠʣʘ (ʯʘʩʪʠʮ ʩ 

ʜʠʘʤʝʪʨʦʤ <0,001 ʤʤ), ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ 3.7%; ʢʘʨʙʦʥʘʪʦʚ ï 0.1%; ɽʂʆ 

ʧʦʯʚʳ ï 36 ʩʄ(+)Āʢʛ
-1

.  

ɺ ʧʣʘʩʪʠʢʦʚʳʝ ʝʤʢʦʩʪʠ ʧʦʤʝʱʘʣʠ ʧʦ 200 ʛ ʧʦʯʚʳ, ʧʨʦʩʝʷʥʥʦʡ ʯʝʨʝʟ ʩʠʪʦ ʜʠʘʤʝʪʨʦʤ 

ʷʯʝʝʢ 2 ʤʤ, ʜʦʙʘʚʣʷʣʠ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʥʠʪʨʘʪʘ Cu. ɼʦʟʘ ʚʥʝʩʝʥʠʷ ʤʝʪʘʣʣʘ 5 ʆɼʂ (132 ʤʛ/ʢʛ, 

[2]). ʏʝʨʝʟ 2 ʤʝʩʷʮʘ ʧʦʩʣʝ ʟʘʢʣʘʜʢʠ ʦʧʳʪʘ ʚ ʟʘʛʨʷʟʥʝʥʥʫʶ ʧʦʯʚʫ ʜʦʙʘʚʣʷʣʠ ʩʦʨʙʝʥʪ. ɺ ʢʘʯʝ-

ʩʪʚʝ ʩʦʨʙʝʥʪʘ ʚʥʦʩʠʣʠ ʙʠʦʯʘʨ. ʀʥʢʫʙʘʮʠʷ ʧʨʦʭʦʜʠʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +20-22Áʉ ʠ ʝʩʪʝʩʪʚʝʥ-

ʥʦʤ ʦʩʚʝʱʝʥʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʙʠʦʯʘʨ ʜʚʫʭ ʚʠʜʦʚ: 1) ʠʟ ʦʪʭʦʜʦʚ 
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ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ (ʰʝʣʫʭʠ ʨʠʩʘ) (ʙʠʦʯʘʨ ʐʈ), ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʘʚʪʦʨʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ; ʠ 2) 

ʦʪʭʦʜʦʚ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ (ʜʨʝʚʝʩʥʳʡ ʫʛʦʣʴ ʙʝʨʸʟʦʚʳʡ (ʤʘʨʢʘ ɸ), ɻʆʉʊ 7657-84 ʩ ʩʦʜʝʨʞʘ-

ʥʠʝʤ ʫʛʣʝʨʦʜʘ ʥʝ ʤʝʥʝʝ 85%) (ʬʠʨʤʘ-ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʆʆʆ "ʀɺʏɸʈ") (ʙʠʦʯʘʨ ɼ), ʯʪʦ ʧʦʟʚʦ-

ʣʠʣʦ ʩʨʘʚʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʜʝʡʩʪʚʠʷ. 

ʆʧʳʪ ʙʳʣ ʟʘʣʦʞʝʥ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: 1) ʢʦʥʪʨʦʣʴ (ʧʦʯʚʘ ʙʝʟ ʟʘʛʨʷʟʥʝʥʠʷ); 

2) Cu 660 (ʧʦʯʚʘ ʩ ʚʥʝʩʝʥʠʝʤ ʤʝʪʘʣʣʘ ʚ ʜʦʟʝ 5 ʆɼʂ ï 660 ʤʛ/ʢʛ); 3) Cu 660 + 1% ʙʠʦʯʘʨʘ ʐʈ; 

4) Cu 660 + 1% ʙʠʦʯʘʨʘ ɼ; 5) Cu 660 + 2,5% ʙʠʦʯʘʨʘ ʐʈ; 6) Cu 660 + 2,5% ʙʠʦʯʘʨʘ ɼ; 7) Cu 

660 + 5% ʙʠʦʯʘʨʘ ʐʈ; 8) Cu 660 + 5% ʙʠʦʯʘʨʘ ɼ. ʆʧʳʪ ʧʨʦʚʦʜʠʣʩʷ ʚ 3-ʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Cu ʚ ʧʦʯʚʝ ʧʨʠʤʝʥʷʣʠʩʴ ʧʘʨʘʣ-

ʣʝʣʴʥʳʝ ʵʢʩʪʨʘʢʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʷʪʴ: ʦʙʤʝʥʥʳʝ ʬʦʨʤʳ (1 ʥ. ʘʮʝʪʘʪʥʦ-ʘʤʤʦʥʠʡʥʳʡ 

ʙʫʬʝʨ (ɸɸɹ) ʩ pH 4,8); ʢʦʤʧʣʝʢʩʥʳʝ ʬʦʨʤʳ (ʧʦ ʨʘʟʥʠʮʝ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʪʨʘʢʮʠʠ 1% 

ʕɼʊɸ ʚ ɸɸɹ ʩ pH 4,8 ʠ ɸɸɹ); ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʦʨʙʠʨʦʚʘʥʥʳʝ (ʧʦ ʨʘʟʥʠʮʝ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘ-

ʤʠ ʵʢʩʪʨʘʢʮʠʠ 1 ʥ. HCl ʠ 1 ʥ. ɸɸɹ) [11]. ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʙʤʝʥʥʳʭ, ʢʦʤʧʣʝʢʩʥʳʭ ʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʜʚʠʞʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ 

ʧʦʯʚʝ. ʉʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʘ ʚ ʵʢʩʪʨʘʢʪʘʭ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ɸɸʉ. ʆʙʱʝʝ ʩʦʜʝʨ-

ʞʘʥʠʝ Cu ʚ ʧʦʯʚʝ ʦʧʨʝʜʝʣʷʣʠ ʨʝʥʪʛʝʥ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢ-

ʪʨʦʩʢʘʥʘ çMAKC-GVè. 

ʈʝʟʫʣʴʪʘʪʳ. ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ Cu ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʯʚʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʥʦʚʦʤʫ ʩʦ-

ʜʝʨʞʘʥʠʶ ʚ ʯʝʨʥʦʟʝʤʘʭ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ʆɼʂ [10] (ʪʘʙʣ. 1). ʉʦʜʝʨʞʘʥʠʝ ʦʙʤʝʥʥʳʭ ʩʦʝʜʠʥʝ-

ʥʠʡ Cu ʚ ʯʝʨʥʦʟʝʤʝ ʦʙʳʢʥʦʚʝʥʥʦʤ ʥʝ ʧʨʝʚʳʰʘʝʪ 2% ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 

ʉʦʜʝʨʞʘʥʠʝ ʦʙʤʝʥʥʳʭ, ʢʦʤʧʣʝʢʩʥʳʭ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʬʦʨʤ Cu ʚ ʧʦʯʚʝ 

ʤʦʜʝʣʴʥʦʛʦ ʦʧʳʪʘ, ʤʛ/ʢʛ 

ɺʘʨʠʘʥʪ ʦʧʳʪʘ 

ʉʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʘ 
ʆʙʱʝʝ ʩʦʜʝʨ-

ʞʘʥʠʝ, ʤʛ/ʢʛ ʦʙʤʝʥʥʳʝ ʂʦʤʧʣʝʢʩʥʳʝ 
ʩʧʝʮʠʬʠʯʝʩʢʠ 

ʩʦʨʙʠʨʦʚʘʥʥʳʝ 

ʢʦʥʪʨʦʣʴ 0,7Ñ0,1
*
 2,4Ñ0,2 6,2Ñ0,6 45,3Ñ4,0 

Cu(NO3)2  59,5Ñ5,4 64,7Ñ5,8 112,8Ñ9,3 712,0Ñ64,0 

Cu(NO3)2+1% ʙʠʦʯʘʨ ʐʈ
**

 34,8Ñ3,0 46,8Ñ4,2 89,0Ñ8,0 730,0Ñ69,0 

Cu(NO3)2+1% ʙʠʦʯʘʨ ɼ
***

 26,0Ñ2,2 43,6Ñ3,9 71,2Ñ6,4 741,0Ñ66,0 

Cu(NO3)2+2,5% ʙʠʦʯʘʨ ʐʈ 2,8Ñ0,2 16,8Ñ1,5 46,2Ñ4,2 734,0Ñ60,0 

Cu(NO3)2+2,5% ʙʠʦʯʘʨ ɼ 2,6Ñ0,2 14,4Ñ1,3 35,8Ñ3,2 746,0Ñ70,0 

Cu(NO3)2+5% ʙʠʦʯʘʨ ʐʈ 1,2Ñ0,1 10,2Ñ0,9 29,0Ñ2,8 741,0Ñ68,0 

Cu(NO3)2+5% ʙʠʦʯʘʨ ɼ 0,7Ñ0,1 9,0Ñ0,8 26,8Ñ2,4 728,0Ñ65,0 
*
 ï ʦʰʠʙʢʘ ʩʨʝʜʥʝʡ 

**  ï 
ʙʠʦʯʘʨ ʥʘ ʦʩʥʦʚʝ ʰʝʣʫʭʠ ʨʠʩʘ 

***  ï 
ʙʠʦʯʘʨ ʥʘ ʦʩʥʦʚʝ ʜʨʝʚʝʩʥʦʛʦ ʩʳʨʴʷ

 

 

ʇʨʠ ʚʥʝʩʝʥʠʠ ʩʦʝʜʠʥʝʥʠʡ Cu ʚ ʧʦʯʚʫ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʤʝʪʘʣʣʘ, ʘ ʪʘʢʞʝ ʦʙʤʝʥʥʳʭ, ʢʦʤʧʣʝʢʩʥʳʭ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʬʦʨʤ. ʉʦʜʝʨʞʘ-

ʥʠʝ Cu ʚ ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤʘʭ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʦʙʤʝʥʥʳʭ (ʪʘʙʣ. 1). 

ʂʘʢ ʠ ʚ ʥʝʟʘʛʨʷʟʥʝʥʥʦʤ ʦʙʨʘʟʮʝ, ʧʨʠ ʟʘʛʨʷʟʥʝʥʠʠ ʥʝʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝ-

ʪʘʣʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʝʛʦ ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʦʨʙʠʨʦʚʘʥʥʳʤʠ ʬʦʨʤʘʤʠ (ʪʘʙʣ. 1). ʇʨʠ 

ʟʘʛʨʷʟʥʝʥʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʘʠʙʦʣʝʝ ʤʦʙʠʣʴ-

ʥʳʭ ʬʦʨʤ ï ʦʙʤʝʥʥʳʭ (ʥʘ 6%) ʠ ʢʦʤʧʣʝʢʩʥʳʭ (ʥʘ 4%). 
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ɺ ʥʝʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʝ 5% ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ Cu ʥʝʧʨʦʯʥʦ ʩʚʷʟʘʥʳ ʩ ʦʨʛʘʥʠʯʝ-

ʩʢʠʤ ʚʝʱʝʩʪʚʦʤ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʝ ʜʦʣʷ ʜʘʥʥʦʡ ʬʦʨʤʳ ʤʝʪʘʣʣʘ ʫʚʝʣʠ-

ʯʠʚʘʝʪʩʷ ʜʦ 9% (ʪʘʙʣ. 1). ʄʝʜʴ ʣʝʛʢʦ ʩʚʷʟʳʚʘʝʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʧʦʯʚʳ, ʩʦʜʝʨʞʘ-

ʱʠʤʠʩʷ ʚ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʧʦʯʚʳ [5]. ʌʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʦʨʛʘʥʦʬʠʣʴʥʦʩʪʴ Cu ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʪʦ-

ʛʦ ʤʝʪʘʣʣʘ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ [8; 9; 13]. ɸʥʘʣʠʟ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ (XANES) ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʦʥʦʚ Cu
2+

 ʩ ʛʫʤʠ-

ʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʧʦʯʚ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʚʥʫʪʨʠʩʬʝʨʥʳʭ ʢʦʦʨʜʠʥʘ-

ʮʠʦʥʥʳʭ ʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [14]. 

ʇʨʠ ʚʥʝʩʝʥʠʠ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʩʦʨʙʝʥʪʘ ʚ ʟʘʛʨʷʟʥʝʥʥʫʶ ʤʝʪʘʣʣʦʤ ʧʦʯʚʫ ʧʨʦʠʩʭʦʜʷʪ 

ʟʘʤʝʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʜʝʨʞʘʥʠʠ ʠ ʩʦʩʪʘʚʝ ʥʝʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʭ ʬʦʨʤ. ʅʘ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ 

ʩ ʚʥʝʩʝʥʠʝʤ ʙʠʦʯʘʨʘ ʦʪʤʝʯʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʘ. ʆʪʤʝʯʘʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ Cu: ʦʙʤʝʥʥʳʭ ʬʦʨʤ ʥʘ 3-8%, ʢʦʤʧʣʝʢʩʥʳʭ ʬʦʨʤ ʥʘ 3-8%, ʩʧʝʮʠʬʠ-

ʯʝʩʢʠ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ 4-12%. ʋʤʝʥʴʰʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ ʤʝʪʘʣʣʘ ʚʦʟʨʘʩʪʘʣʦ ʩ ʧʦʚʳʰʝʥʠ-

ʝʤ ʜʦʟʳ ʚʥʝʩʝʥʠʷ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʩʦʨʙʝʥʪʘ (ʪʘʙʣ. 1). ʋʞʝ ʥʘ ʚʘʨʠʘʥʪʝ ʩ ʚʥʝʩʝʥʠʝʤ 2,5% ʙʠʦ-

ʯʘʨʘ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʦʙʤʝʥʥʳʭ ʬʦʨʤ Cu ʥʝ ʧʨʝʚʳʰʘʣ ʇɼʂ ʜʣʷ ʧʦʯʚʳ (3 ʤʛ/ʢʛ) [1], ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʦʛʦ ʩʦʨʙʝʥʪʘ ʧʨʦʯʥʦ ʟʘʢʨʝʧʣʷʪʴ ʥʘ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʪʘʣʣ ʠ ʫʤʝʥʴʰʘʪʴ ʝʛʦ ʤʦʙʠʣʴʥʦʩʪʴ ʚ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚʘʭ. ʆʙʘ ʩʦʨʙʝʥʪʘ ʧʦʢʘʟʘʣʠ ʚʳʩʦ-

ʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʝ. ʈʘʟʥʠʮʘ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʩʦʜʝʨʞʘ-

ʥʠʠ Cu, ʧʦʣʫʯʝʥʥʦʤ ʧʨʠ ʚʥʝʩʝʥʠʠ ʙʠʦʯʘʨʘ ʠʟ ʰʝʣʫʭʠ ʨʠʩʘ ʠ ʜʨʝʚʝʩʥʦʛʦ ʩʳʨʴʷ ʩʦʩʪʘʚʠʣʘ ʥʝ 

ʙʦʣʝʝ 2%. ʆʜʥʘʢʦ, ʥʘ ʥʝʢʦʪʦʨʳʭ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ ʤʦʙʠʣʴʥʦʩʪʴ Cu ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʨʝ-

ʚʝʩʥʦʛʦ ʙʠʦʯʘʨʘ ʙʳʣʘ ʥʠʞʝ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʠʥʘʢʪʠʚʘʮʠʷ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʝ ʙʳʣʘ ʙʦʣʝʝ ʚʳʨʘ-

ʞʝʥʥʦʡ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʜʦʟʳ 5% ʙʠʦʯʘʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʜʝʨʞʘʥʠʝ Cu ʚ ʥʝʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʯʚʝ ʥʝ ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʳʭ 

ʟʥʘʯʝʥʠʡ ʆɼʂ ʠ ʬʦʥʦʚʦʛʦ ʫʨʦʚʥʷ ʜʣʷ ʯʝʨʥʦʟʝʤʦʚ ʦʙʳʢʥʦʚʝʥʥʳʭ. ʉʦʜʝʨʞʘʥʠʝ ʦʙʤʝʥʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ Cu ʥʝ ʙʦʣʝʝ 2% ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ. ʇʨʠ ʟʘʛʨʷʟʥʝʥʠʠ ʧʦʯʚʳ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝ-

ʣʠʯʝʥʠʝ ʦʙʤʝʥʥʳʭ, ʢʦʤʧʣʝʢʩʥʳʭ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʘ. 

ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʙʠʦʯʘʨʘ, ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʟʘʛʨʷʟʥʝʥ-

ʥʦʡ ʧʦʯʚʝ ʤʦʜʝʣʴʥʦʛʦ ʦʧʳʪʘ ʧʨʠʚʝʣʦ ʢ ʠʥʘʢʪʠʚʘʮʠʠ ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Cu. ʅʘʠʙʦʣʴ-

ʰʝʝ ʩʥʠʞʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ ʤʝʪʘʣʣʘ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʚʥʝʩʝʥʠʠ 5% ʩʦʨʙʝʥʪʦʚ. ʆʙʘ ʙʠʦʯʘʨʘ 

(ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʰʝʣʫʭʠ ʨʠʩʘ ʠ ʜʨʝʚʝʩʥʦʛʦ ʩʳʨʴʷ) ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʠʥʘʢʪʠ-

ʚʘʮʠʠ ʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Cu ʚ ʟʘʛʨʷʟʥʝʥʥʦʤ ʯʝʨʥʦʟʝʤʝ (ʨʘʟʥʠʮʘ ʥʝ ʧʨʝʚʳʰʘʣʘ 2%). 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʫʞʝ ʥʘ ʜʦʟʝ ʧʨʠʤʝʥʝʥʠʷ 2,5% ʙʠʦʯʘʨʘ, ʩʥʠʞʝʥʠʝʤ ʩʦʜʝʨʞʘ-

ʥʠʷ ʦʙʤʝʥʥʳʭ ʬʦʨʤ ʤʝʪʘʣʣʘ ʚ ʧʦʯʚʝ ʥʠʞʝ ʫʨʦʚʥʷ ʇɼʂ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ˉ ʄʂ-

2244.2020.5, ʛʨʘʥʪʘ ʈʌʌʀ 19-34-90185. 
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ECOLOGICAL AND MINERALOGICAL CHARACTERISTICS OF AEROSOL IN 

BACKGROUND AND URBAN TERRITORY ACCORDING TO LAYER STUDY DATA 

OF SNOW COVER (TOMSK REGION)  

Buchelnikov V.S., Talovskaya A.V., Yazikov E.G., Tentyukov M.P. 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʵʨʦʟʦʣʷ ʧʦ 

ʜʘʥʥʳʤ ʧʦʩʣʦʡʥʦʛʦ ʠʟʫʯʝʥʠʷ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʛʦʨʦʜʩʢʦʡ ʠ ʬʦʥʦʚʳʭ ʧʣʦʱʘʜʢʘʭ, ʜʣʷ 

ʩʥʝʛʦʪʘʣʦʡ ʚʦʜʳ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, 

ʧʦʣʫʯʝʥʥʳʡ ʪʚʸʨʜʳʡ ʦʩʘʜʦʢ ʠʩʩʣʝʜʦʚʘʥ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʚʳʷʚʣʝʥ 

ʨʷʜ ʩʧʝʮʠʬʠʯʥʳʭ ʯʘʩʪʠʮ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʪʝʦʜʘʥʥʳʝ, ʦʧʨʝʜʝʣʝʥʳ ʧʝʨʠʦʜʳ 

ʩʥʝʛʦʥʘʢʦʧʣʝʥʠʷ ʥʘ ʚʳʙʨʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʦʧʨʝʜʝʣʝʥʦ ʧʨʝʦʙʣʘʜʘʶʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʉʥʝʛʦʚʦʡ ʧʦʢʨʦʚ, ʟʝʨʥʠʩʪʦʩʪʴ ʩʥʝʛʘ, ʧʳʣʝʘʵʨʦʟʦʣʠ, ʵʣʝʢʪʨʦʥʥʘʷ 

ʩʢʘʥʠʨʫʶʱʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʪʚʝʨʜʳʡ ʦʩʘʜʦʢ ʩʥʝʛʘ, ʤʝʪʝʦʜʘʥʥʳʝ 

 

Abstract. The results of aerosolsô investigation according layer-by-layer analysis on urban 

and background sites are performed in this article. pH, conductivity measurements are carried out. 

Solid particle of snow is investigated by scan electron microscope and indicator particles were 

detected. Analysis of meteorological data allowed to fix time of snow accumulation and 

characterized wind regimes. 

Keywords. Snow cover, snowô granularity, dust aerosols, scan electron microscopy, solid 

particle of snow, meteorological data 

 

ʂ ʚʨʝʜʥʳʤ ʚʳʙʨʦʩʘʤ, ʟʘʛʨʷʟʥʷʶʱʠʤ ʘʪʤʦʩʬʝʨʫ, ʦʪʥʦʩʷʪʩʷ ʘʪʤʦʩʬʝʨʥʘʷ ʧʳʣʴ, ʛʘʟʳ ʠ 

ʧʘʨʳ, ʢʦʪʦʨʳʝ ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ, ʦʪʨʘʞʘʶʪʩʷ ʥʘ ʫʩʣʦʚʠʷʭ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. ʅʘʭʦʜʷʱʠʝʩʷ ʚ 

ʚʦʟʜʫʭʝ ʧʳʣʴ ʠ ʘʵʨʦʟʦʣʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ ʤʦʛyʪ ʥʘʥʝʩʪʠ ʩʫʱʝʩʪʚʝʥʥʳʡ 

ʚʨʝʜ ʟʜʦʨʦʚʴʶ ʯʝʣʦʚʝʢʘ. ɺ ʩʥʝʞʥʦʤ ʧʦʢʨʦʚʝ ʟʘ ʚʨʝʤʷ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʘʵʨʦʟʦʣʴʥʳʝ ʚʳʧʘʜʝʥʠʷ, ʦʪʨʘʞʘʶʱʠʝ ʧʨʠʨʦʜʥʳʡ ʩʦʩʪʘʚ ʘʪʤʦʩʬʝʨʳ, ʥʦ ʠ ʧʨʦʜʫʢʪʳ 

ʪʝʭʥʦʛʝʥʥʳʭ ʵʤʠʩʩʠʡ, ʢʦʪʦʨʳʝ ʚ ʩʦʩʪʘʚʝ ʪʚʝʨʜʳʭ ʛʠʜʨʦʤʝʪʝʦʨʦʚ (ʩʥʝʛʘ, ʠʟʤʦʨʦʟʠ, ʠʥʝʷ) 

ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʚ ʩʥʝʞʥʦʡ ʪʦʣʱʝ [6]. ʉʥʝʞʥʳʡ ʧʦʢʨʦʚ ʚʳʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʠʥʜʠʢʘʪʦʨʘ ï ʢʦʣʣʝʢʪʦʨʘ ʘʪʤʦʩʬʝʨʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ.  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʧʨʦʩʣʝʜʠʪʴ ʜʠʥʘʤʠʢʫ ʧʦʩʪʫʧʣʝʥʠʷ ʧʳʣʝʘʵʨʦʟʦʣʝʡ ʧʦ ʜʘʥʥʳʤ 

ʧʦʩʣʦʡʥʦʛʦ ʘʥʘʣʠʟʘ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʛʦʨʦʜʩʢʦʡ ʠ ʬʦʥʦʚʦʡ ʧʣʦʱʘʜʢʘʭ: ʚ 

ɸʢʘʜʝʤʛʦʨʦʜʢʝ, ʚʙʣʠʟʠ ʩʪʘʥʮʠʠ ʚʳʩʦʪʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʥʘ ʦʙʩʝʨʚʘʪʦʨʠʠ çʌʦʥʦʚʘʷè 

ʀʥʩʪʠʪʫʪʘ ʦʧʪʠʢʠ ʘʪʤʦʩʬʝʨʳ ʠʤ. ɿʫʝʚʘ ʉʆ ʈɸʅ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ 60 ʢʤ. ʢ ʟʘʧʘʜʫ ʦʪ 

ʊʦʤʩʢʘ.  
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ʉʥʝʞʥʳʡ ʧʦʢʨʦʚ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʘʜʝʞʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ, ʦʥ 

ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ. ɺ ʩʥʝʞʥʦʡ ʪʦʣʱʝ ʣʝʜʷʥʳʝ ʢʨʠʩʪʘʣʣʳ ʵʪʦʛʦ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ 

ʬʦʨʤʠʨʫʶʪ ʛʦʨʠʟʦʥʪʳ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʨʘʟʤʝʨʥʦʩʪʠ ʟʝʨʝʥ, ʧʣʦʪʥʦʩʪʠ ʠʭ ʩʣʦʞʝʥʠʷ.  

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʤʦʥʠʪʦʨʠʥʛʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ 

ʩʥʝʛʝ ʦʢʘʟʳʚʘʝʪʩʷ ʥʘ 2ï3 ʧʦʨʷʜʢʘ ʚʳʰʝ, ʯʝʤ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ, ʧʦʵʪʦʤʫ ʠʟʤʝʨʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʚʝʱʝʩʪʚ ʤʦʛʫʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʩ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʥʘʜʝʞʥʦʩʪʠ. 

ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʘʵʨʦʟʦʣʝʡ ʠʤʝʝʪ ʜʠʘʤʝʪʨ 0,1-20 ʤʢʤ. ʄʝʣʢʠʝ ʧʳʣʝʚʳʝ ʯʘʩʪʠʮʳ ʥʝ 

ʦʩʘʞʜʘʶʪʩʷ ʚ ʤʝʩʪʘʭ ʚʳʙʨʦʩʦʚ ʧʨʠ ʩʫʭʦʡ ʧʦʛʦʜʝ ʠ ʤʦʛʫʪ ʧʦʧʘʩʪʴ ʚ ʧʦʪʦʢʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ 

ʛʣʦʙʘʣʴʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ. ʅʦ ʚ ʫʩʣʦʚʠʷʭ ʚʣʘʞʥʦʡ ʘʪʤʦʩʬʝʨʳ ʚʤʝʩʪʝ ʩ ʦʩʘʜʢʘʤʠ ʧʳʣʴ 

ʚʳʤʳʚʘʝʪʩʷ ʠ ʦʩʝʜʘʝʪ ʥʘ ʟʝʤʣʶ ʩ ʜʦʞʜʝʤ ʠ ʩʥʝʛʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʩʘʤ ʩʥʝʛʦʚʦʡ ʧʦʢʨʦʚ ʥʝ ʷʚʣʷʝʪʩʷ 

ʠʥʝʨʪʥʦʡ ʩʨʝʜʦʡ ʠ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʫʝʪ ʚ ʛʘʟʦʦʙʤʝʥʝ. 

ʆʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʦʣʣʶʪʘʥʪʦʚ ʚ ʧʨʠʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʝ ʛʦʨʦʜʦʚ ï ʚʳʭʣʦʧʥʳʝ ʛʘʟʳ, 

ʚʳʙʨʦʩʳ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʊʕʎ, ʢʦʪʝʣʴʥʳʭ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ. ʇʨʠʦʨʠʪʝʪʥʳʝ 

ʟʘʛʨʷʟʥʠʪʝʣʠ ʘʪʤʦʩʬʝʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʳʣʴʶ, ʫʛʘʨʥʳʤ ʛʘʟʦʤ, ʩʝʨʥʠʩʪʳʤ ʘʥʛʠʜʨʠʜʦʤ, 

ʦʢʩʠʜʘʤʠ ʘʟʦʪʘ, ʊʄ, ʇɸʋ ʠ ʤʥʦʛʠʤʠ ʜʨʫʛʠʤʠ. ɺ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ 

ɿɺ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʦʣʝʝ ʦʧʘʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. 

ɺ ʛ. ʊʦʤʩʢʝ ʥʘʭʦʜʠʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʜʧʨʠʷʪʠʡ: ʧʨʝʜʧʨʠʷʪʠʷ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʊʅʍʂ); ʤʝʪʘʣʣʦʦʙʨʘʙʘʪʳʚʘʶʱʝʝ ʧʨʦʠʟʚʦʜʩʪʚʦ (ʊʦʤʩʢʠʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ 

ʟʘʚʦʜ ʠ ʜʨ.); ʧʨʝʜʧʨʠʷʪʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ (ʌʘʨʤʘʮʝʚʪʠʯʝʩʢʠʡ ʟʘʚʦʜ) ʠ ʜʨ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʷʚʣʷʝʪʩʷ ʊʦʤʩʢʘʷ ɻʈʕʉ-2, ʢʨʦʤʝ ʪʦʛʦ, ʚ ʛʦʨʦʜʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦʨʷʜʢʘ 90 ʢʦʪʝʣʴʥʳʭ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʧʨʦʤʳʰʣʝʥʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ. ɸ ʪʘʢʞʝ, ʥʝʧʦʜʘʣʸʢʫ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʨʝʜʧʨʠʷʪʠʝ ʷʜʝʨʥʦ-ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ ï ʉʠʙʠʨʩʢʠʡ ʭʠʤʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪ. 

ɺ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪʘʭ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʘʵʨʦʟʦʣʷ [4, 5] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʦʪʦʢʦʚ ʚʳʧʘʜʝʥʠʡ ʥʘ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʩʪʘʥʮʠʷʭ 

ʀʆɸ ʉʆ ʈɸʅ: ʚ ʨʘʡʦʥʝ ɸʢʘʜʝʤʛʦʨʦʜʢʘ ʠ ʦʙʩʝʨʚʘʪʦʨʠʠ çʌʦʥʦʚʘʷè. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ 

ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʨʘʡʦʥʝ ɸʢʘʜʝʤʛʦʨʦʜʢʘ ʘʵʨʦʟʦʣʴʥʳʝ ʧʦʪʦʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶʪ 

ʪʘʢʠʝ ʥʘ ʬʦʥʦʚʦʤ ʫʯʘʩʪʢʝ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʙʠʥʦʢʫʣʷʨʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 14 ʪʠʧʦʚ ʯʘʩʪʠʮ, ʠʟ ʢʦʪʦʨʳʭ 6 (ʢʚʘʨʮ, ʧʦʣʝʚʦʡ ʰʧʘʪ, ʙʠʦʛʝʥʥʳʝ 

ʯʘʩʪʠʮʳ) ʦʪʥʦʩʷʪʩʷ ʢ ʧʨʠʨʦʜʥʳʤ ʦʙʨʘʟʦʚʘʥʠʷʤ, ʘ 8 (ʩʘʞʘ, ʰʣʘʢ, ʤʫʣʣʠʪ, ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʝ 

ʤʠʢʨʦʩʬʝʨʫʣʳ) ï ʢ ʪʝʭʥʦʛʝʥʥʳʤ, ʧʨʠʯʝʤ ʪʝʭʥʦʛʝʥʥʘʷ ʬʘʟʘ ʜʦʤʠʥʠʨʦʚʘʣʘ ʥʘʜ ʧʨʠʨʦʜʥʦʡ (60-

70% ʧʨʦʪʠʚ 30-40%). ʊʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʪʝʭʥʦʛʝʥʥʦʡ ʬʘʟʝ ʜʦʤʠʥʠʨʦʚʘʣʠ ʩʘʞʘ, 

ʰʣʘʢ ʠ ʤʫʣʣʠʪ ï ʯʘʩʪʠʮʳ-ʠʥʜʠʢʘʪʦʨʳ ʚʳʙʨʦʩʦʚ ʧʨʝʜʧʨʠʷʪʠʡ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ. ʅʘ ʬʦʥʦʚʦʤ 

ʫʯʘʩʪʢʝ ʜʦʤʠʥʠʨʦʚʘʣʘ (70-75%) ʧʨʠʨʦʜʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʢʚʘʨʮʝʤ. 

ʇʦʩʣʦʡʥʳʝ ʦʪʙʦʨʳ ʧʨʦʙ ʩʥʝʛʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʧʝʨʠʦʜ ʩ ʷʥʚʘʨʷ ʧʦ ʤʘʨʪ 2019ʛ. ɺʩʝʛʦ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ 5 ʦʪʙʦʨʦʚ: 3 ʚ ɸʢʘʜʝʤʛʦʨʦʜʢʝ ʠ 2 ʥʘ çʌʦʥʦʚʦʡè. ʆʪʙʦʨ ʧʨʦʙ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ ʩ 

ʧʦʤʦʱʴʶ ʧʦʩʣʦʡʥʦʛʦ ʩʥʝʛʦʦʪʙʦʨʥʠʢʘ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʄ. ʇ. ʊʝʥʪʶʢʦʚʳʤ [3]. 

ʆʪʦʙʨʘʥʥʳʝ ʧʨʦʙʳ ʨʘʩʪʘʧʣʠʚʘʣʠʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʧʦʣʫʯʝʥʥʦʡ 

ʩʥʝʛʦʪʘʣʦʡ ʚʦʜʝ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘʤʝʨʳ pH ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ɼʘʣʝʝ ʠʟ ʩʥʝʛʦʪʘʣʦʡ ʚʦʜʳ ʩ 

ʧʦʤʦʱʴʶ ʬʠʣʴʪʨʦʚ çʙʝʣʘʷ ʣʝʥʪʘè ʚʳʜʝʣʷʣʩʷ ʪʚʝʨʜʳʡ ʦʩʘʜʦʢ, ʢʦʪʦʨʳʡ ʠʩʩʣʝʜʦʚʘʣʩʷ ʥʘ 

ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʜʣʷ ʧʦʠʩʢʘ ʯʘʩʪʠʮ-ʠʥʜʠʢʘʪʦʨʦʚ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʥʝʛʦʚʳʝ ʩʣʦʠ ʛʨʫʧʧʠʨʦʚʘʣʠʩʴ ʧʦ ʪʠʧʫ ʟʝʨʥʠʩʪʦʩʪʠ ʥʘ ʤʝʣʢʦ-, 

ʩʨʝʜʥʝ- ʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ, ʢʨʦʤʝ ʪʦʛʦ, ʩ ʧʦʤʦʱʴʶ ʤʝʪʝʦʜʘʥʥʳʭ, ʚʟʷʪʳʭ ʩ ʩʘʡʪʘ pogodaiklimat, 
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ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʜʘʥʥʳʝ ʧʦ ʚʝʪʨʦʚʦʤʫ ʨʝʞʠʤʫ ʠ ʩʥʝʛʦʥʘʢʦʧʣʝʥʠʶ. ɸʥʘʣʠʟ ʚʝʪʨʦʚʦʛʦ ʨʝʞʠʤʘ ʚ 

ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ ʚʦʟʜʫʭʘ ʚʘʞʝʥ ʧʨʠ ʦʮʝʥʢʝ ʫʩʣʦʚʠʡ ʥʘʢʦʧʣʝʥʠʷ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʩʥʝʞʥʦʤ 

ʧʦʢʨʦʚʝ. 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʧʨʦʮʝʩʩ ʫʩʪʦʡʯʠʚʦʛʦ ʩʥʝʛʦʥʘʢʦʧʣʝʥʠʷ ʥʘ ʦʙʝʠʭ 

ʧʣʦʱʘʜʢʘʭ ʥʘʯʘʣʩʷ ʩ 29 ʦʢʪʷʙʨʷ 2018 ʛʦʜʘ ʠ ʧʨʦʜʦʣʞʘʣʩʷ ʜʦ ʥʘʯʘʣʘ ʤʘʨʪʘ 2019 ʛʦʜʘ (ʨʠʩ.1). ɼʣʷ 

ʦʙʝʠʭ ʧʣʦʱʘʜʦʢ ʚ ʪʝʯʝʥʠʝ ʟʠʤʥʝʛʦ ʧʝʨʠʦʜʘ ʭʘʨʘʢʪʝʨʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʶʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʚʝʪʨʘ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʩʥʝʛʦʚʳʭ ʩʣʦʸʚ 

ʧʨʦʚʦʜʠʣʩʷ ʨʘʩʯʝʪ ʚʦʜʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ. 

ʄʠʥʝʨʘʣʴʥʦ-ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʦʩʣʦʡʥʳʭ ʧʨʦʙ ʪʚʝʨʜʦʛʦ ʦʩʘʜʢʘ ʩʥʝʛʘ, ʠʟʫʯʘʣʩʷ ʚ ʫʯʝʙʥʦï

ʥʘʫʯʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʵʣʝʢʪʨʦʥʥʦïʦʧʪʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʄʀʅʆʎ çʋʨʘʥʦʚʘʷ ʛʝʦʣʦʛʠʷè ʊʇʋ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Hitachi S-3400N ʩ ʕɼʉ Bruker XFlash 

4010/5010 ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʘ) ʙ)  

ʈʠʩ. 1. ʆʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʨʨʠʪʦʨʠʷʭ  

(ʘ ï ʦʙʩʝʨʚʘʪʦʨʠʷ çʌʦʥʦʚʘʷè, ʙ ï ɸʢʘʜʝʤʛʦʨʦʜʦʢ) 

 

C ʧʦʤʦʱʴʶ ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʤʦʞʥʦ ʩʫʜʠʪʴ ʚʦʟʤʦʞʥʦʤ ʦ ʣʦʢʘʣʴʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ 

ʚʦʟʜʫʰʥʦʛʦ ʙʘʩʩʝʡʥʘ ʢʦʣʝʙʘʥʠʷ ʝʛʦ ʟʥʘʯʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʘʪʤʦʩʬʝʨʝ 

ʟʦʣʳ, ʪʚʝʨʜʳʭ ʬʨʘʢʮʠʡ ʩʛʦʨʝʚʰʝʛʦ ʪʦʧʣʠʚʘ, ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʠ ʜʨ [1, 2]. ɿʥʘʯʝʥʠʷ pH ʜʣʷ 

ʥʝʟʘʛʨʷʟʥʝʥʥʦʡ ʜʦʞʜʝʚʦʡ ʚʦʜʳ ʠ ʩʥʝʛʘ ʩʦʩʪʘʚʣʷʝʪ 5,6.  

ɿʥʘʯʝʥʠʷ ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʜʣʷ ʧʨʦʙ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʤʘʨʪʝ ʚ ɸʢʘʜʝʤʛʦʨʦʜʢʝ 

ʩʦʩʪʘʚʠʣʠ ʦʪ 6,2 ʜʦ 7,7, ʯʪʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʟʥʘʯʝʥʠʷ ʜʣʷ ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, 

ʧʨʠʯʝʤ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʠʙʦʣʝʝ ʧʦʟʜʥʠʤ ʚʝʨʭʥʠʤ ʩʣʦʷʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʤʠʥʠʤʘʣʴʥʳʝ ï ʥʘʠʙʦʣʝʝ ʨʘʥʥʠʤ, ʧʦʭʦʞʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʧʨʦʙ ʩ çʌʦʥʦʚʦʡè, ʛʜʝ 

ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʩʦʩʪʘʚʠʣ ʦʪ 6,5 ʜʦ 7,7.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʚʸʨʜʦʛʦ ʦʩʘʜʢʘ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʧʦʟʚʦʣʠʣʦ 

ʚʳʜʝʣʠʪʴ ʢʘʢ ʦʙʱʝʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʯʘʩʪʠʮʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʚʩʝʭ ʩʣʦʸʚ ʥʘ ʦʙʝʠʭ ʧʣʦʱʘʜʢʘʭ, 

ʪʘʢ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ, ʚʩʪʨʝʯʘʚʰʠʝʩʷ ʪʦʣʴʢʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʣʦʝ ʪʦʣʴʢʦ ʥʘ ʦʜʥʦʡ ʧʣʦʱʘʜʢʝ. 

ʂ ʧʝʨʚʦʤʫ ʪʠʧʫ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʬʘʟʳ ʧʨʠʨʦʜʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʝ ʤʠʢʨʦʩʬʝʨʫʣʳ, ʧʨʠʩʫʪʩʪʚʠʝ ʢʦʪʦʨʳʭ ʛʦʚʦʨʠʪ ʦ 

ʚʦʟʤʦʞʥʦʤ ʚʣʠʷʥʠʠ ʧʨʝʜʧʨʠʷʪʠʡ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ (ʨʠʩ.2.) 

ʂ ʩʧʝʮʠʬʠʯʥʳʤ ʤʠʥʝʨʘʣʴʥʳʤ ʬʘʟʘʤ, ʦʙʥʘʨʫʞʝʥʥʳʤ ʚ ɸʢʘʜʝʤʛʦʨʦʜʢʝ ʩʪʦʠʪ ʦʪʥʝʩʪʠ 

ʤʠʥʝʨʘʣʴʥʳʝ ʬʘʟʳ ʩ ʮʠʨʢʦʥʠʝʤ, ʘ ʪʘʢʞʝ ʨʷʜ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ. 

ʇʦʩʪʫʧʣʝʥʠʝ ʜʘʥʥʳʭ ʯʘʩʪʠʮ ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʦ ʩ ʩʞʠʛʘʥʠʝʤ ʫʛʣʷ ʥʘ ʊʦʤʩʢʦʡ ɻʈʕʉ-2, 

ʠʩʧʦʣʴʟʫʶʱʝʡ ʢʫʟʥʝʮʢʠʝ ʫʛʣʠ, ʘ ʪʘʢʞʝ ʩ ʚʳʙʨʦʩʘʤʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ. 
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ʘ) ʙ)  

ʈʠʩ. 2. ʆʙʱʝʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʬʘʟʳ ʠ ʠʭ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʝ ʩʧʝʢʪʨʳ: 

ʘ ï ʘʣʶʤʦʩʠʣʠʢʘʪʥʘʷ ʤʠʥʝʨʘʣʴʥʘʷ ʬʘʟʘ, ʙ ï ʘʣʶʤʦʩʠʣʠʢʘʪʥʘʷ ʤʠʢʨʦʩʬʝʨʫʣʘ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʘʜʢʘ ʩ çʌʦʥʦʚʦʡè ʧʦʢʘʟʘʣʦ ʧʨʠʩʫʪʩʪʚʠʝ ʩʧʝʮʠʬʠʯʥʳʭ ʯʘʩʪʠʮ, 

ʩʦʜʝʨʞʘʱʠʭ ʮʠʥʢ, ʚʦʣʴʬʨʘʤ, ʢʘʣʴʮʠʡ, ʤʝʜʴ, ʧʨʠʩʫʪʩʪʚʠʝ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚʳʙʨʦʩʘʤʠ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʥʘ ʦʙʩʝʨʚʘʪʦʨʠʠ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʠʩʫʪʩʪʚʠʝ 

ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ ʮʠʨʢʦʥʠʷ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʚʣʠʷʥʠʠ ʧʨʝʜʧʨʠʷʪʠʡ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʊʦʤʩʢʦʡ ɻʈʕʉ-2. 

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʩʭʦʞʠʭ ʫʩʣʦʚʠʷʭ ʥʘ ʦʙʝʠʭ ʧʣʦʱʘʜʢʘʭ ʚ 

ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷʭ ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ, 

ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʝʭʥʦʛʝʥʥʳʭ ʥʘʛʨʫʟʦʢ. ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʬʦʥʦʤ ʧʦʢʘʟʘʣʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ 

ʛʦʨʦʜʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʧʦʧʘʜʘʶʱʝʡ ʚ ʟʦʥʫ ʚʣʠʷʥʠʷ ʊʦʤʩʢʦʡ ɻʈʕʉ-2, ʚ ʩʥʝʛʦʚʦʤ ʧʦʢʨʦʚʝ 

ʦʪʤʝʯʝʥʦ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʙ 

ʧʦʢʘʟʘʣʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʩʥʝʛʦʚʳʭ ʩʣʦʷʭ ʨʷʜʘ ʠʥʜʠʢʘʪʦʨʥʳʭ ʯʘʩʪʠʮ, ʠʤʝʶʱʠʭ ʥʝʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ ʩʥʝʛʦʚʳʤ ʩʣʦʷʤ.  
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ɸʥʥʦʪʘʮʠʷ ʅʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʘʷ ʦʪʨʘʩʣʴ ï ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʘʷ ʦʪʨʘʩʣʴ ʭʦʟʷʡ-

ʩʪʚʦʚʘʥʠʷ. ʆʥʘ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʦʡ ʟʝʤʣʝʝʤʢʦʩʪʴʶ, ʟʥʘʯʠʪʝʣʴʥʦʡ ʟʘʛʨʷʟʥʷʶʱʝʡ ʩʧʦʩʦʙʥʦ-

ʩʪʴʶ, ʚʳʩʦʢʦʡ ʚʟʨʳʚʦ- ʠ ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʴʶ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦ-

ʩʚʷʱʘʝʪʩʷ ʚʳʷʚʣʝʥʠʶ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘ-

ʪʳʣʴʛʠʥʩʢʦʛʦ ʥʝʬʪʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʦʩʪʘʥʦʚʢʝ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ 

ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʬʪʷʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ; ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; ʛʝʦʵʢʦ-

ʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ; ʤʦʥʠʪʦʨʠʥʛ. 

 

Abstract. The oil and gas industry is an environmentally hazardous industry. It is distin-

guished by its high soil capacity, significant polluting capacity, high explosion and fire hazard of 

industrial facilities. This work is devoted to identifying the negative impact of anthropogenic factors 

on the territory of the Katylginskoye oil field and setting up geoecological studies to select optimal 

solutions aimed at preserving the environment.  

Key words: oil field; environmental pollution; geoecological research; monitoring. 

 

ʂʘʪʳʣʴʛʠʥʩʢʦʝ ʥʝʬʪʷʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ (ʂʅʄ) ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʂʘʨʛʘʩʦʢʩʢʦʤ ʨʘʡʦʥʝ 

ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ. ɹʣʠʞʘʡʰʠʤʠ ʥʘʩʝʣʝʥʥʳʤʠ ʧʫʥʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʧ. ʂʘʪʳʣʴʛʘ, ʨʘʩʧʦʣʦʞʝʥ-

ʥʳʡ ʚ 28 ʢʤ ʶʛʦ-ʚʦʩʪʦʯʥʝʝ ʦʪ ʚ. ʧ. ʇʠʦʥʝʨʥʳʡ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʥʘʩʝʣʝʥʥʳʤʠ ʧʫʥʢʪʘʤʠ 

ʚ ʨʘʡʦʥʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʷʚʣʷʶʪʩʷ ʧʦʩʝʣʢʠ: ʉʨʝʜʥʠʡ ɺʘʩʶʛʘʥ, ʅʦʚʳʡ ɺʘʩʶʛʘʥ ʠ ʄʳʣʴʜʞʠ-

ʥʦ. ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʫʜʘʣʝʥʦ ʥʘ 600 ʢʤ ʢ ʩʝʚʝʨʦ ï ʟʘʧʘʜʫ ʦʪ ʛ. ʊʦʤʩʢʘ, ʚ 180 ʢʤ ʢ ʩʝʚʝʨʦ ï ʚʦ-

ʩʪʦʢʫ ʥʘʭʦʜʠʪʩʷ ʛ. ʉʪʨʝʞʝʚʦʡ [4]. 

ʂʘʪʳʣʴʛʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʷʚʣʷʝʪʩʷ ʦʙʫʩʪʨʦʝʥʥʳʤ. ɿʜʝʩʴ ʨʘʟ-

ʚʠʪʳ ʚʥʫʪʨʠʧʨʦʤʳʩʣʦʚʳʝ ʜʦʨʦʛʠ, ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʠʤʝʝʪʩʷ ʚʦʜʦʟʘʙʦʨ ʜʣʷ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʦ ï ʪʝʭʥʠʯʝʩʢʠʭ ʥʫʞʜ, ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʝ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠ-

ʥʠʤʘʶʪ ʭʦʟʙʳʪʦʚʳʝ ʩʪʦʢʠ. ɺ 17 ʢʤ ʟʘ ʛʨʘʥʠʮʝʡ ʣʠʮʝʥʟʠʦʥʥʦʛʦ ʫʯʘʩʪʢʘ ʂʘʪʳʣʴʛʠʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʘʟʤʝʱʝʥʘ ʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʘʷ ʩʚʘʣʢʘ çʈʘʟʚʠʣè. ɺʥʫʪʨʝʥʥʠʡ ʩʙʦʨ ʥʝʬʪʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʚʥʫʪʨʠʧʨʦʤʳʩʣʦʚʳʤ ʥʝʬʪʝʩʙʦʨʥʳʤ ʩʝʪʷʤ ʦʙʱʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 

42,12 ʢʤ ʜʦ ʜʦʞʠʤʥʦʡ ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʮʝʥʪʨʘʣʴʥʦʡ ʧʝʨʝʢʘʯʠʚʘʶʱʝʡ 
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ʩʪʘʥʮʠʠ ʨʘʩʧʦʣʦʞʝʥ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʡ ʟʘʚʦʜ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 100 ʪʳʩ. 

ʪ./ʛʦʜ [4]. 

ɺ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʤʝʞʜʫʨʝʯʴʝ 

ʨʝʢ ï ʣʝʚʦʙʝʨʝʞʥʳʭ ʧʨʠʪʦʢʦʚ ʨ. ʆʙʠ: ʨ. ʃʦʥʪʳʥʲʷʭ, ʨ. ʄʘʭʥʷ ʠ ʨ. ɺʘʩʶʛʘʥ. ʅʘʠʙʦʣʝʝ 

ʢʨʫʧʥʳʝ ʚʦʜʦʪʦʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ï ʨ. ʂʘʪʳʣʴʛʘ ʠ ʨ. ɽʣʣʸʢʫʣʫʤʲʷʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʠʣʴʥʦ ʤʝʘʥʜʨʠʨʫʶʱʠʤʠ ʨʫʩʣʘʤʠ ʠ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʴʶ ʚʦʜʦʩʙʦʨʘ. ʈʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʣʦʩʢʦʚʦʣʥʠʩʪʳʡ ʩ ʦʙʰʠʨʥʳʤʠ ʚʝʨʭʦʚʳʤʠ ʚʳʧʫʢʣʳʤʠ ʙʦʣʦʪʘʤʠ 

ʂʣʠʤʘʪ ʨʘʡʦʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʧʦʣʦ-

ʞʝʥʠʝʤ ʤ ʷʚʣʷʝʪʩʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʩ ʪʝʧʣʳʤ ʢʦʨʦʪʢʠʤ ʣʝʪʦʤ ʠ ʫʤʝʨʝʥʥʦ ʭʦʣʦʜʥʦʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʟʠʤʦʡ, ʠʟʙʳʪʦʯʥʳʤ ʫʚʣʘʞʥʝʥʠʝʤ ʠ ʨʝʟʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʵʣʝʤʝʥʪʦʚ 

ʧʦʛʦʜʳ ʟʘ ʢʦʨʦʪʢʠʝ ʧʝʨʠʦʜʳ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʪʝʨʨʠʪʦʨʠʠ ʷʚʣʷ-

ʝʪʩʷ ʙʦʣʴʰʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʤʝʞʜʫʩʫʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ 

ʩʨʝʜʥʝʤ ʟʘ ʛʦʜ 3,1 ï 3,2 
0
ʉ. ʉʨʝʜʥʷʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʠʙʦʣʝʝ ʞʘʨʢʦʛʦ ʤʝʩʷ-

ʮʘ ï +24
ʦ
ʉ, ʩʨʝʜʥʷʷ ʤʠʥʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʠʙʦʣʝʝ ʭʦʣʦʜʥʦʛʦ ʤʝʩʷʮʘ ʷʥʚʘʨʷ ï 

23
ʦ
ʉ. ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʩʦʩʪʘʚʣʷʝʪ -1,4

ʦ
ʉ, ʘʙʩʦʣʶʪʥʳʡ ʤʠʥʠʤʫʤ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ï 55
ʦ
ʉ, ʘʙʩʦʣʶʪʥʳʡ ʤʘʢʩʠʤʫʤ + 37

ʦ
ʉ [4]. 

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʂʘʪʳʣʴʛʠʥʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ 

ʧʦʨʦʜʳ ʪʨʝʭ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʵʪʘʞʝʡ: ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ, ʧʨʦʤʝ-

ʞʫʪʦʯʥʦʛʦ ʵʪʘʞʘ ʠ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ. ʇʨʦʤʳʰʣʝʥʥʘʷ ʥʝʬʪʝʥʦʩʥʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʚ ʧʣʘ-

ʩʪʘʭ ʢʦʣʣʝʢʪʦʨʦʚ ʚʘʩʶʛʘʥʩʢʦʡ ʩʚʠʪʳ ʚʝʨʭʥʝʡ ʶʨʳ (ʛʦʨʠʟʦʥʪ ʖ). ɻʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ 

ʧʣʘʩʪʘ ʩʦʩʪʘʚʣʷʝʪ 2430-2450 ʤ .ʅʝʬʪʴ ʂʘʪʳʣʴʛʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʢʘʢ ʣʝʛʢʘʷ, ʤʘʣʦʚʷʟʢʘʷ, ʤʘʣʦʩʝʨʥʠʩʪʘʷ, ʤʘʣʦʩʤʦʣʠʩʪʘʷ, ʧʘʨʘʬʠʥʠʩʪʘʷ [4]. ɿʘ ʩʯʝʪ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʦʧʘʜʘʶʪ ʪʘʢʠʝ ʚʝʱʝ-

ʩʪʚʘ ʢʘʢ ʉʆ, ʉʆ2, ʬʝʥʦʣ, ʫʛʣʝʚʦʜʦʨʦʜʳ, Nʆ3, ʬʦʨʤʘʣʴʜʝʛʠʜ, ʩʪʠʨʦʣ, ʙʝʥʟʦʣʳ, S, V, N, 

P, As, ʠ ʜʨ. ɺʩʣʝʜʩʪʚʠʝ ʨʘʙʦʪʳ ʪʨʘʥʩʧʦʨʪʘ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʧʦʩʪʫʧʘʶʪ Pb, Cd, Ni, 

Cr. ʇʦʧʫʪʥʳʝ ʚʦʜʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʧʘʩʪʴ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʥʝʩʫʪ ʚ ʩʝʙʝ B, Br, Li, 

Sr, ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʬʝʥʦʣ ʠ ʜʨ. ʦʧʘʩʥʳʝ ʠ ʚʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ. 

ɺʩʣʝʜʩʪʚʠʝ ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʦʚ ʠʟ ʘʪʤʦʩʬʝʨʳ, ʚʝʱʝʩʪʚʘ ʤʠʛʨʠʨʫʶʪ ʚ ʧʦʯʚʫ, ʚ ʚʦ-

ʜʳ. ʊʘʢʞʝ ʟʘʛʨʷʟʥʠʪʝʣʠ ʧʦʧʘʜʘʶʪ ʚ ʧʦʯʚʳ ʠ ʚʦʜʳ ʟʘ ʩʯʝʪ ʘʚʘʨʠʡʥʳʭ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʧʨʦʨʳʚʦʚ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʩʙʨʦʩʘ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʜʨ. ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟ-

ʥʝʥʠʷ [1]. 

ɼʣʷ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʥʜʝʥʮʠʡ ʠ ʤʘʩʰʪʘʙʦʚ ʥʘʢʦʧʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʝ, ʚʦʟʜʫʭʝ, 

ʧʦʯʚʝ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤ ʢʦʤʧʣʝʢʩ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʩʥʦʚʥʳ-

ʤʠ ʟʘʜʘʯʘʤʠ ʥʘʫʯʥʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʷʚʣʷʶʪʩʷ:  

- ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʘ ʠʤʝʥʥʦ, ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʧʦʯʚ, ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ; 

- ʥʘʙʣʶʜʝʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʷ; 

- ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; 

- ʧʨʦʛʥʦʟ ʚʦʟʤʦʞʥʳʭ ʠʟʤʝʥʝʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʥʘ ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʦʚ. ɺʳʙʦʨ ʢʣʶʯʝʚʳʭ 

ʫʯʘʩʪʢʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʚʳʜʝʣʝʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʧʦ ʩʪʝʧʝʥʠ ʪʝʭʥʦʛʝʥʥʦʡ 

ʥʘʛʨʫʟʢʠ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʜʝʣʝʥʳ: 
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1. ʋʯʘʩʪʢʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʴʶ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ 

ʪʝʨʨʠʪʦʨʠʠ ʥʘʭʦʜʷʱʝʝʩʷ ʚ ʨʘʡʦʥʝ ʨʘʟʤʝʱʝʥʠʷ ʦʙʲʝʢʪʦʚ ʦʙʫʩʪʨʦʡʩʪʚʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 

ʩʘʤ ʚʘʭʪʦʚʳʡ ʧʦʩʝʣʦʢ ʇʠʦʥʝʨʥʳʡ ʠ ʦʢʨʫʞʘʶʱʠʝ ʝʛʦ ʢʫʩʪʦʚʳʝ ʧʣʦʱʘʜʢʠ.  

2. ʋʯʘʩʪʢʠ ʩʦ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʴʶ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʪʝʨʨʠʪʦ-

ʨʠʠ ʦʙʩʣʝʜʫʝʤʳʭ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʙʣʠʟʠ ʦʩʥʦʚʘʥʠʡ ʢʫʩʪʦʚʳʭ 

ʧʣʦʱʘʜʦʢ, ʦʜʠʥʦʯʥʳʭ ʨʘʟʚʝʜʦʯʥʳʭ ʩʢʚʘʞʠʥ ʠ ʧʦʣʠʛʦʥʘ ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ (ʧʦ-

ʣʠʛʦʥ ʊɹʆ), ʨʘʟʤʝʱʝʥʥʦʛʦ ʟʘ ʧʨʝʜʝʣʘʤʠ ʣʠʮʝʥʟʠʦʥʥʦʛʦ ʫʯʘʩʪʢʘ ʂʘʪʳʣʴʛʠʥʩʢʦʛʦ ʅʄ. 

ʕʪʦ ʫʯʘʩʪʢʠ, ʛʜʝ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚʳʨʫʙʢʘ ʣʝʩʘ, ʦʪʩʳʧʢʘ ʧʣʦʱʘʜʦʢ, ʙʫʨʝʥʠʝ ʩʢʚʘʞʠʥ, 

ʥʘʢʦʧʣʝʥʠʝ ʙʫʨʦʚʳʭ ʦʪʭʦʜʦʚ ʠ ʪ. ʜ. ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ, ʧʨʠʤʳʢʘʶʱʠʝ ʢ ʥʠʤ ʟʝʤʣʠ ʥʝ ʧʦʜ-

ʚʝʨʞʝʥʳ ʢʘʢʦʤʫ ï ʣʠʙʦ ʟʘʤʝʪʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. ʂ ʵʪʦʡ ʢʘʪʝʛʦʨʠʠ ʦʪʥʦʩʷʪʩʷ ʢʦʨʠʜʦʨʳ 

ʢʦʤʤʫʥʠʢʘʮʠʡ ï ʥʝʬʪʝʩʙʦʨʥʳʝ ʩʝʪʠ, ʚʦʜʦʚʦʜʳ, ʥʘʧʦʨʥʳʝ ʥʝʬʪʝʧʨʦʚʦʜʳ. 

3. ʌʦʥʦʚʳʝ ʫʯʘʩʪʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʪʨʦʥʫʪʳʭ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ, ʚʙʣʠʟʠ ʨʘʟʚʝʜʦʯʥʳʭ ʩʢʚʘʞʠʥ, ʢʦʨʠʜʦʨʦʚ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʢʨʘʝʚʳʝ ʯʘʩʪʠ 

ʢʫʩʪʦʚʳʭ ʧʣʦʱʘʜʦʢ, ʫʜʘʣʝʥʥʳʭ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʘʭ 

ʅʘ ʚʳʜʝʣʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ, ʩ ʫʯʝʪʦʤ ʨʘʟʤʝʱʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʦʙʲʝʢʪʦʚ ʠ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʟʳʩʢʘʥʠʡ, ʚʳʙʠʨʘʶʪʩʷ ʪʦʯʢʠ ʦʪʙʦʨʘ ʧʨʦʙ, ʤʝʩʪʘ ʜʣʷ 

ʛʝʦʙʦʪʘʥʠʯʝʩʢʦʛʦ, ʧʦʯʚʝʥʥʦʛʦ, ʣʘʥʜʰʘʬʪʥʦʛʦ, ʠʥʞʝʥʝʨʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʨʘʜʠʘʮʠʦʥ-

ʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʚʦʜʦʪʦʢʦʚ ʠ ʚʦʜʦʝʤʦʚ ʤʝʩʪʘ ʜʣʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ, 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʠ ʦʪʙʦʨʘ ʧʨʦʙ ʜʦʥʥʳʭ ʦʪʣʦ-

ʞʝʥʠʡ.  

ʅʘ ʧʦʣʝʚʦʤ ʵʪʘʧʝ ʤʝʩʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʧʨʦʙʦʚʘʥʠʷ ʫʪʦʯʥʷʶʪʩʷ ʠ ʜʣʷ ʢʘʞʜʦʡ 

ʩʨʝʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ:  

1) ʣʠʪʦʛʝʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʷʪʩʷ ʧʫʪʝʤ ʦʪʙʦʨʘ ʧʨʦʙ ʧʦʯʚʳ;  

2) ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤ-

ʢʦʚ);  

3) ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ; 

4) ʛʠʜʨʦʣʠʪʦʛʝʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚʦʜʦʝʤʦʚ;  

5) ʘʪʤʦʛʝʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ; 

6) ʘʪʤʦʛʝʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʦʪʙʦʨʦʤ ʧʨʦʙ ʩʥʝʛʘ; 

7) ʙʠʦʠʥʜʠʢʘʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ; 

8) ʧʝʰʝʭʦʜʥʳʝ ʛʘʤʤʘ-ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʪʘ-ʩʭʝʤʘ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʪʝʨʨʠ-

ʪʦʨʠʠ ʂʘʪʳʣʴʛʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʪʙʦʨ ʧʨʦʙ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʪʠʚʥʳʤʠ 

ʜʦʢʫʤʝʥʪʘʤʠ ʠ ʪʨʝʙʦʚʘʥʠʷʤʠ. ʄʘʪʝʨʠʘʣʳ ʦʧʨʦʙʦʚʘʥʠʷ ï ʧʨʦʙʳ ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ ʷʱʠʢʠ, 

ʢʦʨʦʙʢʠ ʠ ʚʳʚʦʟʷʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʝ ʧʦʤʝʱʝʥʠʷ ʠʣʠ ʩʨʘʟʫ ʚ ʣʘʙʦʨʘʪʦʨʠʠ. ʃʘʙʦʨʘʪʦʨʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʩʦʩʪʦʷʪ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʠ ʧʨʦʚʦʜʷʪʩʷ 

ʧʦ ɻʆʉʊʘʤ ʩ ʚʥʫʪʨʝʥʥʠʤ ʠ ʚʥʝʰʥʠʤ ʢʦʥʪʨʦʣʝʤ. ɺʥʝʰʥʠʡ ʢʦʥʪʨʦʣʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʚʳʰʝ ʧʦ ʩʪʘʪʫʩʫ, ʥʘ ʘʥʘʣʠʟ ʦʪʧʨʘʚʣʷʝʪʩʷ 3% ʦʪ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʙ. ɺʥʫʪʨʝʥʥʠʡ ʢʦʥʪʨʦʣʴ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʪʦʡ ʞʝ ʣʘʙʦʨʘʪʦʨʠʠ, ʯʪʦ 

ʠ ʚʩʝ ʧʨʦʝʢʪʠʨʫʝʤʳʝ ʘʥʘʣʠʟʳ ʠʣʠ ʚ ʨʘʚʥʦʡ ʧʦ ʩʪʘʪʫʩʫ ʣʘʙʦʨʘʪʦʨʠʠ, ʘʥʘʣʠʟʠʨʫʝʪʩʷ 5% 

ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʙ. 

ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ, ʢʘʤʝʨʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʪʩʷ ʦʢʦʥʯʘʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʠ ʜʝʣʘʶʪʩʷ ʚʳʚʦʜʳ ʧʦ ʧʨʦʚʝʜʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 
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FORMATION OF THE REGIME OF THE RESERVED PART OF THE VISHERA RIVER 

DUE TO SUBAQUAL DISCHARGE OF UNDERGROUND WATER  
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ɸʥʥʦʪʘʮʠʷ.ɺʳʷʚʣʝʥʦ ʟʥʘʯʝʥʠʝ ʨʘʟʛʨʫʟʢʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʢʘʨʩʪʦʚʳʭ ʤʘʩʩʠʚʦʚ ʥʘ ʠʟ-

ʤʝʥʝʥʠʝ ʨʘʩʭʦʜʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ʨ. ɺʠʰʝʨʳ. ʀʟʫʯʝʥʳ ʨʘʩʭʦʜʳ ʠ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʪʦʯʥʠʢʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʨʘʟʛʨʫʞʘʶʱʠʭʩʷ ʩʫʙʘʢʚʘʣʴʥʦ ʚ ʨʝʢʠ ʠ ʢʘʨ-

ʩʪʦʚʳʝ ʦʟʝʨʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʟʘʧʦʚʝʜʥʠʢʘ ɺʠʰʝʨʩʢʠʡ.ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʦʣʠ ʩʫʙ-

ʘʢʚʘʣʴʥʳʭ ʢʘʨʩʪʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ, ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠ ʛʠʜ-

ʨʦʭʠʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʟʘʧʦʚʝʜʥʦʡ ʯʘʩʪʠ ʨ. ɺʠʰʝʨʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:ʠʩʪʦʯʥʠʢʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʩʫʙʘʢʚʘʣʴʥʳʝ ʢʘʨʩʪʦʚʳʝ ʠʩʪʦʯʥʠʢʠ, 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨ. ɺʠʰʝʨʳ, ʟʘʧʦʚʝʜʥʠʢ çɺʠʰʝʨʩʢʠʡè. 

 

Abstract.The value of ground water unloading of karst massifs for change of flow rate, 

temperature and chemical composition of Vishera river water was found out. Expenditures and 

chemical composition of groundwater sources unloading subaqueously into rivers and karst lakes on 

the territory of the Vishera Nature Reserve have been studied. The conclusion was made about the 

significant role of subaqueous karst springs in the formation of hydrological, temperature and hy-

drochemical regime of the reserved part of the Vishera River. 

Keywords:groundwater sources, subaqueous karst sources, hydrological and hydrochemical 

conditions of the Vishera River, the Vishersky Reserve. 

 

ʇʦʜʟʝʤʥʳʝ ʚʦʜʳʟʘʢʘʨʩʪʦʚʘʥʥʳʭ ʤʘʩʩʠʚʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʯʘʩʪʦ ʨʘʟʛʨʫʞʘʶʪʩʷ ʩʦ ʜʥʘ 

ʚʦʜʦʪʦʢʦʚ ʠ ʚʦʜʦʝʤʦʚ ʚ ʚʠʜʝ ʧʦʜʚʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʨʦʜʥʠʢʦʚ). ʉʫʙʘʢʚʘʣʴʥʘʷ ʨʘʟʛʨʫʟʢʘ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʷʤ ʨʘʩʭʦʜʘ ʨʝʢ, ʠʟʤʝʥʝʥʠʷʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ, ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 

ʠ ʠʟʤʝʥʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ [5,8,9]. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʟʥʘʯʠ-

ʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ, ʘ ʪʘʢʞʝ ʥʘ ʩʦʩʪʦʷʥʠʝ ʙʠʦʪʠʯʝʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [1]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʟʫʯʝʥʠʝ ʩʫʙʘʢʚʘʣʴʥʦʡ ʨʘʟʛʨʫʟʢʠ ʧʦʜ-

ʟʝʤʥʳʭ ʚʦʜ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʡ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʠ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʡ ʟʘ-

ʜʘʯʝʡ [11]. 

ʋʩʪʴʷ ʩʫʙʘʢʚʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʛʦʜʘ ʠʣʠ ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʷʪʩʷ 

ʧʦʜ ʚʦʜʦʡ, ʪ. ʝ. ʩʢʨʳʪʳ ʦʪ ʛʣʘʟ ʥʘʙʣʶʜʘʪʝʣʝʡ ʪʦʣʱʝʡ ʚʦʜʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʠʩʢ ʠ ʠʩʩʣʝʜʦ-

ʚʘʥʠʝ ʩʫʙʘʢʚʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʪʨʝʙʫʶʱʝʡ ʧʨʠ-

ʤʝʥʝʥʠʷ ʢʘʢ ʦʙʳʯʥʳʭ, ʪʘʢ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ [6]. 

ʅʘ ʢʘʬʝʜʨʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʛʝʦʣʦʛʠʠ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʇʝʨʤʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʟʫʯʝ-

ʥʠʝ ʩʫʙʘʢʚʘʣʴʥʳʭ ʢʘʨʩʪʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʛʠʜʨʦʛʝʦʣʦ-
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ʛʠʯʝʩʢʠʭ ʠ ʢʘʨʩʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠ ʢʦʤ-

ʧʣʝʢʩ ʤʝʪʦʜʦʚ ʧʦʠʩʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʫʙʘʢʚʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [4], ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʧʨʦʙʦ-

ʚʘʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʘʨʩʪʘ [2,10,12]. 

ɿʘʧʦʚʝʜʥʠʢ çɺʠʰʝʨʩʢʠʡè ʟʘʥʠʤʘʝʪ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʴ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ. ʇʣʦ-

ʱʘʜʴ ʟʘʧʦʚʝʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩʦʩʪʘʚʣʷʝʪ 2412 ʢʚʘʜʨʘʪʥʳʭ ʢʠʣʦʤʝʪʨʦʚ. ɻʝʦʣʦʛʠʯʝʩʢʠʡ 

ʨʘʟʨʝʟ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʨʠʬʝʡʩʢʠʤʠ ʠ ʧʘʣʝʦʟʦʡʩʢʠʤʠ ʧʦʨʦʜʘʤʠ. ɿʥʘʯʠʪʝʣʴʥʫʶ 

ʧʣʦʱʘʜʴ ɺʠʰʝʨʩʢʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ ʟʘʥʠʤʘʶʪ ʚʳʭʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʟʘʢʘʨʩʪʦʚʘʥʥʳʭ 

ʢʘʨʙʦʥʘʪʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ï ʠʟʚʝʩʪʥʷʢʦʚ, ʜʦʣʦʤʠʪʦʚ, ʤʨʘʤʦʨʦʚ. ʆʩʦʙʝʥʥʦ ʘʢʪʠʚʥʦ ʢʘʨ-

ʩʪʦʚʳʝ ʧʨʦʮʝʩʩʳ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʜʦʣʠʥʘʭ ʨʝʢ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʣʘʙʣʝʥʥʳʝ 

ʟʦʥʳ ʪʨʝʱʠʥʦʚʘʪʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʀʤʝʥʥʦ ʜʣʷ ʵʪʠʭ ʟʦʥ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʢʘʨʩʪʦʚʳʭ ʚʦʨʦʥʦʢ. ʈʝʢʠ ʥʝʨʝʜʢʦ ʧʦʛʣʦʱʘʶʪʩʷ ʢʘʨʩʪʦʚʳʤʠ ʚʦʨʦʥʢʘʤʠ ʠ ʥʘ 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʠʤʝʶʪ ʪʦʣʴʢʦ ʧʦʜʟʝʤʥʳʡ ʧʦʜʨʫʩʣʦʚʦʡʩʪʦʢ, ʚʥʦʚʴ ʧʦʷʚʣʷʷʩʴ ʥʠʞʝ ʧʦ 

ʪʝʯʝʥʠʶ ʚ ʚʠʜʝ ʤʦʱʥʳʭ ʢʘʨʩʪʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʄʥʦʛʠʝ ʢʘʨʩʪʦʚʳʝ ʠʩʪʦʯʥʠʢʠ ʨʘʟʛʨʫʞʘ-

ʶʪʩʷ ʩʫʙʘʢʚʘʣʴʥʦ, ʩʦ ʜʥʘ ʨʝʢ ʠ ʢʘʨʩʪʦʚʳʭ ʦʟʝʨ [6]. 

ɼʣʷ ʧʦʠʩʢʘ ʠ ʠʟʫʯʝʥʠʷ ʩʫʙʘʢʚʘʣʴʥʳʭ ʢʘʨʩʪʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʧʦʚʝʜʥʠʢʘ çɺʠʰʝʨ-

ʩʢʠʡè ʚ 2005-2006 ʛ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʦʣʝʚʳʝ ʵʢʩʧʝʜʠʮʠʦʥʥʳʝ ʨʘʙʦʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʪʢʨʳʪʳ ʠ ʠʟʫʯʝʥʳ ʥʝʠʟʚʝʩʪʥʳʝ ʨʘʥʝʝ ʩʫʙʘʢʚʘʣʴʥʳʝ ʢʘʨʩʪʦʚʳʝ ʠʩʪʦʯ-

ʥʠʢʠ [3,7]. 

ʇʦʣʫʯʝʥʥʳʝ ʥʘ ʪʦʤ ʵʪʘʧʝ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʣʠ ʦʩʥʦʚʦʡ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʪʨʘʞʝʥʥʳʭ ʚ 

ʜʘʥʥʦʡ ʧʫʙʣʠʢʘʮʠʠ. ʉʜʝʣʘʥʥʳʝ ʪʦʛʜʘ ʚʳʚʦʜʳ ʪʨʝʙʦʚʘʣʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʳʷʚʣʝʥʥʳʭ 

ʨʘʥʝʝ, ʘ ʪʘʢʞʝ ʧʦʠʩʢ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝʠʟʚʝʩʪʥʳʭ ʩʫʙʘʢʚʘʣʴʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʟʘʧʦʚʝʜʥʠʢʘ çɺʠʰʝʨʩʢʠʡè. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦʠʩʢ ʠ ʠʟʫʯʝʥʠʝ ʩʫʙʘʢʚʘʣʴʥʳʭ ʢʘʨʩʪʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʪʦʜʦʚ. ʅʘ ʥʘʯʘʣʴ-

ʥʦʤ ʧʨʝʜʧʦʣʝʚʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ, ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʛʠʜʨʦʛʝʦʣʦ-

ʛʠʯʝʩʢʠʭ ʢʘʨʪ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʫʯʘʩʪʢʠ, ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ʧʦʠʩʢʘ ʩʫʙʘʢʚʘʣʴʥʳʭ ʢʘʨʩʪʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʇʦʣʝʚʳʝ ʵʢʩʧʝʜʠʮʠʦʥʥʳʝ ʨʘʙʦʪʳ ʧʦ ʧʦʠʩʢʫ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʫʙʘʢʚʘʣʴʥʳʭ ʢʘʨʩʪʦ-

ʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʟʘʧʦʚʝʜʥʠʢʘ çɺʠʰʝʨʩʢʠʡè ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʠʶʣʝ 2018 ʛ. 

ɹʳʣ ʦʙʩʣʝʜʦʚʘʥ ʫʯʘʩʪʦʢ ʨ. ɺʠʰʝʨʳ ʦʪ ʫʩʪʴʷ ʨ. ʅʠʦʣʩ ʜʦ ʪʦʯʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ 2 ʢʤ 

ʥʠʞʝ ʧʦ ʪʝʯʝʥʠʶ ʫʩʪʴʷ ʨ. ʃʳʧʴʠ, ʦʙʱʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʢʦʣʦ 46 ʢʤ. 

ʇʦʠʩʢ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʫʯʘʩʪʢʘʭ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ 

ʪʝʨʤʦʨʝʟʠʩʪʠʚʠʤʝʪʨʠʠ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʨʘʟʣʠʯʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʭ ʠ ʨʘʟʛʨʫʞʘʶʱʠʭʩʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ʀʟʤʝʨʝʥʠʝ ʨʘʩʭʦʜʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦ-

ʜʦʪʦʢʦʚ ʠ ʠʩʪʦʯʥʠʢʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʧʦʚʝʨʝʥʥʦʡ ʛʠʜʨʦʤʝʪʨʠʯʝ-

ʩʢʦʡ ʚʝʨʪʫʰʢʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʜʘ ʩʫʙʘʢʚʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʨʠʤʝʥʷʣʠʩʴ ʚʦʜʦʙʘʣʘʥʩʦʚʳʝ ʨʘʩʯʝʪʳ. ʆʪʙʦʨ ʧʨʦʙ ʚʦʜʳ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦ 

ʧʦʜʛʦʪʦʚʣʝʥʥʫʶ ʪʘʨʫ. 

ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʜʳ ʚʢʣʶʯʘʣʠ ʦʙʱʠʡ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʚʦ-

ʜʳ, ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʘʢʢʨʝʜʠʪʦʚʘʥʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʇʝʨʤʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʈʘʩʭʦʜ ʨ. ɺʠʰʝʨʳ, ʧʨʠʪʦʢʦʚ ʠ ʠʩʪʦʯʥʠʢʦʚ. ʀʟʤʝʨʝʥʠʝ ʨʘʩʭʦʜʦʚ ʨʝʢ ʠ ʠʩʪʦʯʥʠʢʦʚ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʝʨʠʦʜ ʣʝʪʥʝʡ ʤʝʞʝʥʠ. ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʩ 

22 ʧʦ 25 ʠʶʥʷ 2018 ʛ. ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ʀʟʤʝʨʝʥʥʳʝ ʨʘʩʭʦʜʳ ʨʝʢ ʠ ʠʩ-

ʪʦʯʥʠʢʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1 

ʈʘʩʭʦʜʳ ʨʝʢ ʠ ʠʩʪʦʯʥʠʢʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ (22-25.07.2018) 

ˉ 

ʧ/ʧ 
ʄʝʩʪʦ ʦʪʙʦʨʘ ʧʨʦʙ 

ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʥʘʯʘʣʴ-

ʥʦʡ ʪʦʯʢʠ, ʢʤ 
ʈʘʩʭʦʜ, ʣ/ʩ 

1 ʨ.ɺʠʰʝʨʘ, ʚ 4ʢʤ ʚʳʰʝ ʫʩʪʴʷ ʨ.ʃʦʧʴʷ 0 3215 

2 ʨ. ʃʦʧʴʷ, ʫʩʪʴʝ 4,00 929 

3 ʨ. ɺʠʰʝʨʘ, ʚʳʰʝ ʨ.ɹʦʙʨʦʚʘʷ 6,96 5425 

5 ɻʨʫʧʧʘ ʨʦʜʥʠʢʦʚ ʨ. ɹʦʙʨʦʚʘʷ, ʫʩʪʴʝ 7,75 3114 

6 
ʈʦʜʥʠʢ 2, ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʨ. ɺʠʰʝʨʘ ʚ 900 ʤ ʚʳʰʝ ʫʩʪʴʷ 

ʨ.ʄʫʨʘʚʝʡ 
11,15 829 

7 
ʈʦʜʥʠʢ 3, ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʨ.ɺʠʰʝʨʘ ʚ 450 ʤ ʚʳʰʝ ʫʩʪʴʷ 

ʨ.ʄʫʨʘʚʝʡ 
11,35 298 

8 
ʈʦʜʥʠʢ 4, ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʨ.ɺʠʰʝʨʘ ʚ 200 ʤ ʚʳʰʝ ʫʩʪʴʷ 

ʨ.ʄʫʨʘʚʝʡ 
11,35 188 

10 ʈʦʜʥʠʢ 5, ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʨ.ʃʳʧʴʷ ʚ 300 ʤ ʦʪ ʫʩʪʴʷ 39,34 434 

 

ɺ ʥʘʯʘʣʝ ʪʦʯʢʝ ʫʯʘʩʪʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚʳʰʝ ʧʦ ʪʝʯʝʥʠʶ ʟʦʥʳ 

ʚʳʭʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʟʘʢʘʨʩʪʦʚʘʥʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ, ʨʘʩʭʦʜ ʨ. ɺʠʰʝʨʳ ʩʦʩʪʘʚʣʷʣ 

3,2 ʤ
3
/ʩ. ɺ 4 ʢʤ ʥʠʞʝ ʚ ʨ. ɺʠʰʝʨʫ ʚʧʘʜʘʝʪ ʨ. ʃʦʧʴʷ, ʨʘʩʭʦʜ ʢʦʪʦʨʦʡ ʚ ʫʩʪʴʝ ʥʘ ʧʝʨʠʦʜ ʠʟʤʝ-

ʨʝʥʠʡ ʩʦʩʪʘʚʣʷʣ 0,9 ʤ
3
/ʩ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨ. ʃʦʧʴʷ, ʢʦʪʦʨʘʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʪʷʞʝʥʥʦʤ ʫʯʘʩʪʢʝ ʠʤʝʝʪ ʪʦʣʴʢʦ 

ʧʦʜʟʝʤʥʳʡ ʩʪʦʢ, ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʜʳ ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʫʝʪʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʟʘ ʩʯʝʪ ʨʘʩ-

ʪʚʦʨʝʥʠʷ ʢʘʨʙʦʥʘʪʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʚʥʦʩʠʪ ʧʦʯʪʠ 22 % ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʩʭʦʜʘ 

ʨ. ɺʠʰʝʨʳ. 

ʉʣʝʜʫʶʱʠʡ ʢʨʫʧʥʳʡ ʧʨʠʪʦʢ ʨ. ɺʠʰʝʨʳ ï ʨ. ɹʦʙʨʦʚʘʷ, ʧʠʪʘʥʠʝ ʢʦʪʦʨʦʡ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʩʪʴʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʨʘʟʛʨʫʞʘʶ-

ʱʠʭʩʷ ʠʟ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʪʨʝʱʠʥʳ ʚ ʩʢʘʣʴʥʦʤ ʚʳʭʦʜʝ ʢʘʨʙʦʥʘʪʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ. ɹʦʣʴ-

ʰʫʶ ʯʘʩʪʴ ʛʦʜʘ ʪʨʝʱʠʥʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʠʞʝ ʫʨʝʟʘ ʚʦʜʳ ʨ. ɹʦʙʨʦʚʦʡ ʠ ʨʘʟʛʨʫʟʢʘ ʧʨʦʠʩʭʦʜʠʪ 

ʩʫʙʘʢʚʘʣʴʥʦ. ʈʘʩʭʦʜ ʨ. ɹʦʙʨʦʚʦʡ ʚ ʫʩʪʴʝ ʩʦʩʪʘʚʣʷʝʪ 3,1 ʤ
3
/ʩ, ʘ ʨ. ɺʠʰʝʨʳ ʜʦ ʩʣʠʷʥʠʷ ï 

5,4 ʤ
3
/ʩ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʢʣʘʜ ʩʫʙʘʢʚʘʣʴʥʳʭ ʢʘʨʩʪʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʦʙʱʠʡ ʨʘʩʭʦʜ ʥʘ ʜʘʥ-

ʥʦʤ ʫʯʘʩʪʢʝ ʩʦʩʪʘʚʣʷʝʪ 36 %. 

ʅʠʞʝ ʧʦ ʪʝʯʝʥʠʶ ʨ. ɺʠʰʝʨʳ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʘʩʭʦʜʘ ʚʦʜʳ ʫʯʘʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ 

ʢʨʫʧʥʳʭ ʢʘʨʩʪʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʨʘʡʦʥʝ ʫʩʪʴʷ ʨ. ʄʫʨʘʚʝʡ. ʆʥʠ ʨʘʟʛʨʫʞʘʶʪʩʷ ʩʫʙʘʢʚʘʣʴ-

ʥʦ ʚ ʦʙʨʘʟʫʝʤʳʝ ʠʤʠ ʢʘʨʩʪʦʚʳʝ ʦʟʝʨʘ, ʩʪʦʢ ʠʟ ʢʦʪʦʨʳʭ ʧʦʩʪʫʧʘʝʪ ʚ ʨ. ɺʠʰʝʨʫ. ʆʙʱʠʡ 

ʨʘʩʭʦʜ ʵʪʠʭ ʠʩʪʦʯʥʠʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 1,3 ʤ
3
/ʩ. ɽʱʝ ʦʜʠʥ ʢʨʫʧʥʳʡ ʩʫʙʘʢʚʘʣʴʥʳʡ ʢʘʨʩʪʦʚʳʡ 

ʠʩʪʦʯʥʠʢ ʨʘʩʧʦʣʦʞʝʥ ʚ ʫʩʪʴʝ ʨ. ʉʫʭʘʷ ʃʳʧʴʷ, ʢʦʪʦʨʘʷ ʥʘ ʙʦʣʴʰʦʤ ʫʯʘʩʪʢʝ ʠʤʝʝʪ ʪʦʣʴʢʦ 

ʧʦʜʟʝʤʥʳʡ ʩʪʦʢ. ɿʜʝʩʴ ʨʘʟʛʨʫʟʢʘ ʧʨʦʠʩʭʦʜʠʪ ʩʦ ʜʥʘ ʢʘʨʩʪʦʚʦʡ ʚʦʨʦʥʢʠ, ʦʙʨʘʟʫʷ ʦʟʝʨʦ, 

ʚʦʜʘ ʠʟ ʢʦʪʦʨʦʛʦ ʧʝʨʝʣʠʚʘʝʪʩʷ ʚ ʨ. ʃʳʧʴʶʩ ʨʘʩʭʦʜʦʤ 0,4 ʤ
3
/ʩ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʧʘʜʘʝʪ ʚ 

ʨ. ɺʠʰʝʨʫ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʜʳ ʨ. ɺʠʰʝʨʳ, ʧʨʠʪʦʢʦʚ ʠ ʠʩʪʦʯʥʠʢʦʚ. ɺʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 

ʚʦʜʳ ʨ. ɺʠʰʝʨʳ ʚ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʝ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʫʯʘʩʪʢʘ (ʚʝʨʭʦʚʴʷ ʨ. ɺʠʰʝʨʳ) ʠʤʝʝʪ 

ʥʝʡʪʨʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. ʅʠʞʝ ʤʝʩʪ ʨʘʟʛʨʫʟʢʠ ʩʫʙʘʢʚʘʣʴʥʳʭ ʢʘʨʩʪʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʝʛʦ ʟʥʘʯʝ-

ʥʠʷ ʧʦʚʳʰʘʶʪʩʷ ʜʦ 7,6, ʘ ʚ ʢʦʥʮʝ ʫʯʘʩʪʢʘ ï ʜʦ 8,0 (ʨʠʩ. 1). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʙʦʣʴʰʫʶ 

ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʟʘʢʘʨʩʪʦʚʘʥʥʳʭ ʤʘʩʩʠʚʦʚ ʠʛʨʘʝʪ 

ʨʘʩʪʚʦʨʝʥʠʝ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ, ʠ ʚʦʜʘ ʩʫʙʘʢʚʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʣʘʙʦʱʝʣʦʯʥʘʷ, ʩʦ ʟʥʘʯʝ-

ʥʠ̫ʤʠ ʨʅ 7,9-8,2. 
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ʈʠʩ. 1. ɺʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚʦʜʳ ʨʝʢ ʠ ʠʩʪʦʯʥʠʢʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ (22-25.07.2018) 

 

ɺʦʜʘ ʨ. ɺʠʰʝʨʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʫʯʘʩʪʢʘ ʥʘʙʣʶʜʝʥʠʡ ʫʣʴʪʨʘʧʨʝʩʥʘʷ, ʩ ʤʠʥʝʨʘ-

ʣʠʟʘʮʠʝʡ ʤʝʥʝʝ 100 ʤʛ/ʜʤ
3
 (ʪʘʙʣʠʮʘ 2). ʉʦʩʪʘʚ ʚʦʜʳ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʢʘʣʴʮʠʝʚʳʡ. ʅʘʙʣʶ-

ʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʳʡ ʨʦʩʪ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʜʳ ʦʪ ʥʘʯʘʣʘ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʢ ʝʛʦ ʦʢʦʥ-

ʯʘʥʠʶ ʦʪ 20 ʜʦ 60 ʤʛ/ʜʤ
3
. ʈʦʩʪ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝ-

ʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦʛʦ ʠʦʥʘ ʠ ʠʦʥʘ ʢʘʣʴʮʠʷ, ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʝʛʦ 

ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʫʣʴʬʘʪ-ʠʦʥʘ, ʠʦʥʦʚ ʤʘʛʥʠʷ ʠ ʥʘʪʨʠʷ. ʍʣʦʨʠʜ-ʠʦʥ ʠ 

ʠʦʥ ʢʘʣʠʷ ʚ ʦʱʫʪʠʤʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʦʷʚʣʷʶʪʩʷ ʚ ʚʦʜʝ ʨ. ɺʠʰʝʨʳ ʪʦʣʴʢʦ ʥʠʞʝ ʫʩʪʴʷ ʨ. ʃʳ-

ʧʴʠ, ʪʦʛʦ ʤʝʩʪʘ, ʛʜʝ ʧʦʩʪʦʷʥʥʦ ʧʨʦʞʠʚʘʶʪ ʣʶʜʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʨ. ɺʠʰʝʨʳ ʚ ʥʘʯʘʣʴʥʦʡ 

ʪʦʯʢʝ ʫʯʘʩʪʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʘʚʣʷʣʘ 16
ʦ
ʉ, ʯʪʦ ʚʳʰʝ, ʯʝʤ ʥʘ ʫʯʘʩʪʢʘʭ ʨʝʢʠ ʥʠʞʝ ʨʘʟʛʨʫʟʢʠ 

ʩʫʙʘʢʚʘʣʴʥʳʭ ʢʘʨʩʪʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʊʘʙʣʠʮʘ 2 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʜʳ ʨ. ɺʠʰʝʨʘ (22-25.07.2018), ʤʛ/ʣ 

ˉ ʧ/ʧ ʄʝʩʪʦ ʦʪʙʦʨʘ ʅʉʆ3
-
 Sʆ4

2-
 ʉl

-
 NO3

-
 NO2

-
 ʉʘ

2+
 ʄg

2+
 Nʘ

+
 ʂ

+
 
ʄʠʥʝʨʘ- 

ʣʠʟʘʮʠʷ 
ʨʅ 

t
ʦ

ʉ 

1 ɺ 4 ʢʤ ʚʳʰʝ ʫʩʪʴʷ ʨ. ʃʦʧʴʷ 15,0 1,41 ʥ/ʦ ʥ/ʦ ʥ/ʦ 3,9 0,76 0,99 ʥ/ʦ 22,02 7,4 16 

2 ɺʳʰʝ ʫʩʪʴʷ ʨ. ɹʦʙʨʦʚʘʷ 33,8 1,52 ʥ/ʦ ʥ/ʦ ʥ/ʦ 8,4 1,06 0,70 ʥ/ʦ 45,46 7,0 13 

3 ɺʳʰʝ ʫʩʪʴʷ ʨ. ʄʦʡʚʘ 45,8 1,72 ʥ/ʦ 0,17 ʥ/ʦ 12,8 1,26 0,66 ʥ/ʦ 62,41 7,6 14 

4 ʅʠʞʝ ʫʩʪʴʷ ʨ. ʃʳʧʴʷ 42,8 2,03 3,2 0,28 ʥ/ʦ 12,9 1,43 1,99 2,3 66,98 8,0 14 

 

ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜʳ ʩʫʙʘʢʚʘʣʴʥʳʭ ʢʘʨʩʪʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʳʰʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʨʝʯ-

ʥʦʡ ʚʦʜʳ ʠ ʩʦʩʪʘʚʣʷʝʪ 100-128 ʤʛ/ʣ (ʪʘʙʣʠʮʘ 3). ʉʦʩʪʘʚ ʚʦʜʳ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʢʘʣʴʮʠʝʚʳʡ, 

ʧʨʠ ʯʝʤ ʅʉʆ3
- 
ʠ ʉʘ

2+
 ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ 90 % ʦʙʱʝʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ɺ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝ-

ʩʪʚʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʫʣʴʬʘʪʳ, ʥʠʪʨʘʪʳ, ʠʦʥʳ ʤʘʛʥʠʷ ʠ ʥʘʪʨʠʷ. ʍʣʦʨʠʜʦʚ ʠ ʢʘʣʠʷ ʭʠʤʠʯʝ-

ʩʢʠʤ ʘʥʘʣʠʟʦʤ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʩʫʙʘʢʚʘʣʴʥʳʭ ʢʘʨʩʪʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʦ-

ʩʪʘʚʣʷʝʪ 4-6
ʦ
ʉ. 

ʊʘʙʣʠʮʘ 3 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʜʳ ʩʫʙʘʢʚʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (22-25.07.2018), ʤʛ/ʣ 

ˉ 

ʧ/ʧ 
ʄʝʩʪʦ ʦʪʙʦʨʘ ʅʉʆ3

-
 Sʆ4

2-
 ʉl

-
 NO3

-
 NO2

-
 ʉʘ

2+
 ʄg

2+
 Nʘ

+
 ʂ

+
 
ʄʠʥʝʨʘ- 

ʣʠʟʘʮʠʷ 
ʨʅ 

t, 
ʦ

ʉ 

1 ʈʦʜʥʠʢ 1 ʚ 400 ʤ ʚʳʰʝ ʫʩʪʴʷ ʨ. ɹʦʙʨʦʚʘʷ  72,8 1,97 ʥ/ʦ 0,49 ʥ/ʦ 21,1 2,12 0,88 ʥ/ʦ 102,35 8,2  4 

2 ɻʨʫʧʧʘ ʨʦʜʥʠʢʦʚ ʨ. ɹʦʙʨʦʚʘʷ, ʫʩʪʴʝ 74,1 1,95 ʥ/ʦ 0,59 ʥ/ʦ 20,4 1,78 0,75 ʥ/ʦ 99,57 8,1 6 

3 ʈʦʜʥʠʢ 2 ʚ 900 ʤ ʚʳʰʝ ʫʩʪʴʷ ʨ. ʄʫʨʘʚʝʡ 78,2 2,15 ʥ/ʦ 0,59 ʥ/ʦ 23,1 1,99 0,90 ʥ/ʦ 110,77 8,0  5 

4 ʈʦʜʥʠʢ 3 ʚ 450 ʤ ʚʳʰʝ ʫʩʪʴʷ ʨ. ʄʫʨʘʚʝʡ 75,4 2,15 ʥ/ʦ 0,60 ʥ/ʦ 23,5 2,21 0,86 ʥ/ʦ 104,72 8,0  6 

5 ʈʦʜʥʠʢ 4 ʚ 200 ʤ ʚʳʰʝ ʫʩʪʴʷ ʨ. ʄʫʨʘʚʝʡ 76,9 2,19 ʥ/ʦ 0,58 ʥ/ʦ 22,8 2,12 0,68 ʥ/ʦ 109,11 8,1  5 

6 ʈʦʜʥʠʢ 5 ʚ 300 ʤ ʚʳʰʝ ʫʩʪʴʷ ʨ. ʃʳʧʴʷ 91,7 5,36 ʥ/ʦ 0,50 ʥ/ʦ 25,8 3,65 0,66 ʥ/ʦ 127,67 7,9  5 

7 ʈʦʜʥʠʢ 6 ʚ 900 ʤ ʥʠʞʝ ʫʩʪʴʷ ʨ. ʃʳʧʴʷ 88,6 3,43 ʥ/ʦ 0,23 ʥ/ʦ 27,0 2,36 0,65 ʥ/ʦ 122,27 7,9  5 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʠ ʩʦʩʪʘʚʘ ʧʦʜʟʝʤʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʥʘ 46-

ʢʠʣʦʤʝʪʨʦʚʦʤ ʫʯʘʩʪʢʝ ʚ ʚʝʨʭʦʚʴʷʭ ʨ. ɺʠʰʝʨʳ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʦʱʥʘʷ ʨʘʟʛʨʫʟʢʘ ʩʫʙʘʢʚʘʣʴʥʳʭ 

ʢʘʨʩʪʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʘʩʭʦʜʘ ʨʝʢʠ, ʩʦʩʪʘʚʣʷ-
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ʶʱʫʶ ʜʣʷ ʩʘʤʳʭ ʙʦʣʴʰʠʭ ʠʩʪʦʯʥʠʢʦʚ 22-36 %. ʉʝʨʴʝʟʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʦʜʟʝʤʥʦʛʦ ʧʠʪʘ-

ʥʠ̫ ʨʝʢʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʯʥʦʡ ʚʦʜʳ, ʧʦʚʳʰʝʥʠʶ ʝʝ ʨʅ ʜʦ ʩʣʘʙʦʱʝ-

ʣʦʯʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʫʚʝʣʠʯʝʥʠʶ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʟʘ ʩʯʝʪ ʨʦʩʪʘ ʩʦʜʝʨʞʘʥʠʷ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦʛʦ 

ʠʦʥʘ ʠ ʠʦʥʘ ʢʘʣʴʮʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʧʨʦʚʝʜʝʥʥʳʤ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

[2,5,7,10], ʩʫʱʝʩʪʚʝʥʥʦ ʜʦʧʦʣʥʷʶʪ ʠ ʨʘʩʰʠʨʷʶʪ ʟʥʘʥʠʷ ʦ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʛʠʜʨʦʣʦʛʠʯʝ-

ʩʢʠʭ ʠ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʪʝʨʨʠʪʦʨʠʠ ʟʘʧʦʚʝʜʥʠʢʘ çɺʠʰʝʨʩʢʠʡè. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

4. ɸʙʜʫʣʣʠʥ ʐ. ʈ., ɹʣʠʥʦʚ ʉ. ʄ., ʍʤʫʨʯʠʢ ɺ. ʊ., ʑʫʢʦʚʘ ʀ. ɺ. ʂʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝ-
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ON THE ISSUE OF NEGATIVE INFLUENCE OF ROCK DUMPS OF THE LUGANSHINA 

COAL MINES ON THE ADJACENT LANDSCAPES  
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ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʛʨʘʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʧʨʠʣʝ-

ʛʘʶʱʠʝ ʢ ʦʪʚʘʣʘʤ ʧʦʯʚʳ ʠ ʚ ʩʠʩʪʝʤʝ çʧʦʯʚʘ-ʨʘʩʪʝʥʠʝè. ʋʩʪʘʥʦʚʣʝʥ ʪʠʧ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘ-

ʮʠʠ ʧʦ ʟʘʛʨʷʟʥʝʥʠʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʤʠʛʨʘʮʠʠ ʪʷʞʝ-

ʣʳʭ ʤʝʪʘʣʣʦʚ ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝ-

ʨʘʣʦʚ ʚ ʩʦʩʪʘʚʝ ʩʢʣʘʜʠʨʦʚʘʥʥʦʡ ʦʪʚʘʣʴʥʦʡ ʧʦʨʦʜʳ ʠ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʦʨʦʜʥʳʝ ʦʪʚʘʣʳ, ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ, ʟʘʛʨʷʟʥʝʥʠʝ, ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ. 

 

Abstract. The research data on migration of heavy metals to soils contiguous to dump and in the 

ñsoil-plantò system were presented. The type of ecological situation when heavy metals pollute vegeta-

tion was established. The main cause of heavy metals migration is in the processes of chemical and bio-

chemical oxidation of sulýde minerals being a part of stock debris as well as the processes of sulfuric 

acid formation. 

Keywords: rock dump, sulfuric acid, pollution, heavy metals. 

 

ʌʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʫʛʣʝʜʦʙʳʚʘʶʱʠʭ ʨʘʡʦʥʦʚ ʃʫ-

ʛʘʥʱʠʥʳ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʳ ʩ ʚʦʧʨʦʩʦʤ ʥʘʢʦʧʣʝʥʠʷ ʠ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʜʦʙʳʯʠ ʠ ʧʝ-

ʨʝʨʘʙʦʪʢʠ ʫʛʣʷ. ɿʘ ʙʦʣʝʝ ʯʝʤ 250 ʣʝʪ ʜʦʙʳʯʠ ʫʛʣʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʃʫʛʘʥʱʠʥʳ ʥʘʢʦʧʠʣʦʩʴ  

556 ʧʦʨʦʜʥʳʭ ʦʪʚʘʣʦʚ ʠ ʪʝʨʨʠʢʦʥʦʚ, ʢʦʪʦʨʳʝ ʢʨʘʡʥʝ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʧʨʠʣʝʛʘʶʱʠʝ 

ʣʘʥʜʰʘʬʪʳ, ʟʘʛʨʷʟʥʷʷ ʠʭ ʪʦʢʩʠʯʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʛʘʟʘʤʠ ʠ ʧʳʣʴʶ. ʂʨʦʤʝ ʪʦʛʦ, 

ʪʘʢʠʝ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʝ ʦʪʭʦʜʳ ʟʘʥʠʤʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʮʝʥʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ, ʜʝʣʘʷ ʠʭ ʥʝʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʷʶʪ ʝʩʪʝʩʪʚʝʥʥʳʝ 

ʩʪʝʧʥʳʝ ʣʘʥʜʰʘʬʪʳ.  

ʅʘʠʙʦʣʴʰʘʷ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʦʪ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʫʛʣʷ ʦʢʘʟʳʚʘʝʪʩʷ ʥʘ ʣʠ-

ʪʦʩʬʝʨʫ ʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʥʘ ʧʦʯʚʳ. ʇʦʯʚʳ, ʢʘʢ ʦʙʲʝʢʪ ʦʭʨʘʥʳ, ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝ-

ʩʪʚʦʤ, ʠʤʝʶʪ ʮʝʣʳʡ ʨʷʜ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʦʙʲʝʢʪʘʤʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʦʯʚʳ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʝʝ ʧʦʜʚʠʞʥʳ, ʯʝʤ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʠʣʠ ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ, ʘ ʧʦʪʦʤʫ ʥʝ ʠʤʝʶʪ ʪʘʢʦʡ ʤʦʱʥʦʡ ʧʨʠʨʦʜʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʘʤʦʦʯʠʱʝ-

ʥʠʶ, ʩʚʦʡʩʪʚʝʥʥʦʡ ʜʨʫʛʠʤ ʩʨʝʜʘʤ. ɸʥʪʨʦʧʦʛʝʥʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ, ʧʦʩʪʫʧʘʶʱʠʝ ʚ ʧʦʯʚʫ, ʥʘʢʘʧ-

ʣʠʚʘʶʪʩʷ, ʘ ʵʬʬʝʢʪʳ ʩʫʤʤʠʨʫʶʪʩʷ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʨʘʟʦʚʘʥʠʷ ʙʦʣʝʝ ʪʦʢ-

ʩʠʯʥʳʭ ʚʝʱʝʩʪʚ, ʯʝʤ ʠʩʭʦʜʥʳʝ [1]. 

mailto:kate3152@yandex.ru


114 
 

ʊʦʣʴʢʦ ʚ ʃʫʛʘʥʩʢʦʤ ʨʝʛʠʦʥʝ ʧʦʜ ʦʪʚʘʣʘʤʠ ʟʘʥʷʪʦ 3180 ʛʘ ʟʝʤʣʠ. ʅʘ ʢʘʞʜʳʡ ʤʠʣʣʠ-

ʦʥ ʜʦʙʳʪʦʛʦ ʫʛʣʷ ʦʪʯʫʞʜʘʝʪʩʷ ʠ ʨʘʟʨʫʰʘʝʪʩʷ 414 ʛʘ ʫʛʦʜʠʡ, ʘ ʟʘ ʢʘʞʜʳʡ ʛʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʦʜʥʦʡ ʫʩʣʦʚʥʦʡ ʩʨʝʜʥʝʡ ʰʘʭʪʳ, ʧʦ ʨʘʩʯʝʪʘʤ ɸʆ çʉʚʝʨʜʣʦʚʘʥʪʨʘʮʠʪè, ʠʟʳʤʘʝʪʩʷ 3,3 ʛʘ 

ʟʝʤʣʠ. ɽʞʝʛʦʜʥʦ ʠʟ 1 ʛʘ ʩʨʝʜʥʝʛʦ ʧʦ ʚʝʣʠʯʠʥʝ ʦʪʚʘʣʘ ʚʳʜʫʚʘʝʪʩʷ ʙʦʣʝʝ 35 ʪ ʧʳʣʠ ʠ ʚʳʤʳ-

ʚʘʝʪʩʷ ʙʦʣʴʰʘʷ ʤʘʩʩʘ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ (ʜʦ 100 ʢʤ ʦʪ ʠʩʪʦʯʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ). ɺ ʃʫ-

ʛʘʥʩʢʦʤ ʨʝʛʠʦʥʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʫʛʦʜʴʷ ʠ ʧʘʭʦʪʥʳʝ ʟʝʤʣʠ ʩʦʩʪʘʚʣʷʶʪ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, 71,9 % ʠ 50,3 % ʦʪ ʧʣʦʱʘʜʠ ʠ ʧʦʪʦʤʫ ʜʣʷ ʥʘʰʝʡ ʦʙʣʘʩʪʠ ʧʨʠʩʫʱʘʷ ʪʝʥʜʝʥʮʠʷ 

ʨʘʩʧʘʭʠʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʡ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʦʪʚʘʣʘʤ ʫʛʦʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʙʝʟ ʩʦʙʣʶ-

ʜʝʥʠʷ ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʦʡ ʟʦʥʳ [2, 4].  

ɻʠʧʝʨʛʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʜʥʷʪʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʨʦʜ ʦʙʫʩʣʦʚʣʠʚʘʶʪʩʷ ʚʣʠʷʥʠʝʤ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ (H2SO4), ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʭʠʤʠʯʝʩʢʦʤ ʠ ʙʠʦʭʠʤʠʯʝʩʢʦʤ ʦʢʠʩʣʝʥʠʠ ʧʠ-

ʨʠʪʘ (FeS2). ʉʝʨʥʘʷ ʢʠʩʣʦʪʘ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʣʘʛʘʝʪ ʩʠʣʠʢʘʪʳ ʫʛʣʝʥʦʩʥʳʭ ʧʦʨʦʜ, ʧʝʨʝʚʦʜʷ ʠʭ 

ʢʦʤʧʦʥʝʥʪʳ ʚ ʚʠʜʝ ʩʫʣʴʬʘʪʦʚ ʚ ʨʘʩʪʚʦʨ. ʈʘʩʪʚʦʨʳ, ʥʘʩʳʱʝʥʥʳʝ H2SO4, ʙʝʨʫʪ ʠʟ ʧʦʨʦʜʳ Fe, Al, 

Cr, Ni, Mn,Co, Cu, Zn ʠ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ [3]. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʠʣʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʧʦʨʦʜʥʳʭ ʦʪʚʘʣʦʚ ʫʛʦʣʴʥʳʭ ʰʘʭʪ ʃʫ-

ʛʘʥʱʠʥʳ ʥʘ ʧʨʠʣʝʛʘʶʱʠʝ ʣʘʥʜʰʘʬʪʳ (ʥʘ ʧʨʠʤʝʨʝ ʪʠʧʠʯʥʦʛʦ ʧʦʨʦʜʥʦʛʦ ʦʪʚʘʣʘ ʰʘʭʪʳ "ʃʫʛʘʥ-

ʩʢʘʷ" ɻʇ çʃʫʛʘʥʩʢʫʛʦʣʴè). 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʵʢʦʣʦʛʦ-ʭʠʤʠʯʝʩʢʦʤʫ ʢʦʥʪʨʦʣʶ ʥʘʜ ʩʦʜʝʨʞʘʥʠʝʤ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʝ, ʚʦʧʨʦʩʫ ʤʠʛʨʘʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʩʠʩʪʝʤʝ çʧʦʯʚʘ-ʨʘʩʪʝʥʠʝè. ʉʦʛʣʘʩʥʦ 

ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʩʘʥʠʪʘʨʥʦ-ʟʘʱʠʪʥʘʷ ʟʦʥʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʪʚʘʣʘ ʟʘʥʷʪʘ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʤʠ ʫʛʦʜʴʷʤʠ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʘʰʥʝʡ).  

ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʩʢʣʘʜʠʨʫʝʤʦʡ ʧʦʨʦʜʳ ʰʘʭʪʳ çʃʫʛʘʥʩʢʘʷè ʧʦʢʘʟʘʣ, ʯʪʦ ʚ 

ʝʝ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʧʨʝʦʙʣʘʜʘʶʪ ʪʘʢʠʝ ʪʦʢʩʠʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʘʢ As, Cr, Zn, Mn, Co, Ba, 

Pb. ʇʦ ʩʚʦʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʚ ʦʪʚʘʣʴʥʦʡ ʧʦʨʦʜʝ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʬʦʥ ʧʨʝʚʳʩʠʣʠ Co, Zn, Ni. ɺ 

ʧʦʯʚʘʭ ʧʦʣʷ, ʢʦʪʦʨʦʝ ʟʘʩʝʚʘʝʪʩʷ ʦʟʠʤʦʡ ʧʰʝʥʠʮʝʡ ʠ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 25 ʤ ʦʪ ʦʪʚʘʣʘ, 

ʚʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ Cr ʩʦʩʪʘʚʠʣʦ 100 ʤʛ/ʢʛ ʧʦʯʚʳ, ʘ ʥʘ ʛʣʫʙʠʥʝ 40 ʩʤ ʜʦʩʪʠʛʘʣʦ 150 ʤʛ/ʢʛ 

(ʇɼʂʧ = 100 ʤʛ/ʢʛ). ʉʦʜʝʨʞʘʥʠʝ ʄʦ ʚ ʧʦʯʚʝ ʧʨʝʚʳʩʠʣʦ ʇɼʂʧ ʚ 1,4 ʨʘʟʘ. ʉʦʜʝʨʞʘʥʠʝ Zn ʚ ʧʘ-

ʭʦʪʥʦʤʩʣʦʝʥʘʭʦʜʠʣʦʩʴ ʥʘ ʛʨʘʥʠ ʜʦʧʫʩʪʠʤʦʡ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦ, ʯʪʦ ʧʦʜʚʠʞʥʦʩʪʴ ʪʝʭ 

ʠʣʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʢʠʩʣʦʪʥʳʭ ʫʩʣʦʚʠʡ, ʥʘʤʠ ʦʧʨʝʜʝʣʝʥʦ 

ʨʅ ʦʪʦʙʨʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʯʚʳ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʦʪʚʘʣʘ. ɺ ʧʨʦʙʘʭ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥ-

ʥʦʡ ʙʣʠʟʦʩʪʠ ʢ ʦʪʚʘʣʫ (40 ʤ), ʨʅ ʠʤʝʝʪ ʩʨʝʜʥʝʢʠʩʣʫʶ ʨʝʘʢʮʠʶ (ʨʅ = 5). ʅʘ ʫʜʘʣʝʥʠʠ ʦʪ ʦʪʚʘʣʘ 

ʨʅ ʧʦʚʳʰʘʝʪʩʷ ʜʦ 6. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʣʘʙʦʢʠʩʣʳʭ ʠ ʥʝʡʪʨʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʧʦʯʚʳ 

ʧʦʜʚʠʞʥʳ ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ, ʢʘʢ ʮʠʥʢ ʠ ʚʘʥʘʜʠʡ, ʤʘʣʦʧʦʜʚʠʞʥʳ ʤʝʜʴ, ʭʨʦʤ, ʤʦʣʠʙʜʝʥ, ʥʠʢʝʣʴ, 

ʢʦʙʘʣʴʪ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʦʜʚʠʞʝʥ ʩʚʠʥʝʮ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʘʥʘʣʠʟʦʚ ʥʘ ʥʘʣʠʯʠʝ ʧʦ-

ʜʚʠʞʥʳʭ ʬʦʨʤ ʤʝʪʘʣʣʦʚ ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʝʚʳʰʝʥʠʝ ʇɼʂ ʧʦ ʤʝʜʠ (ʚ 1,5 ʨʘʟʘ), ʭʨʦʤʫ (ʚ 1,2 ʨʘʟʘ) 

ʠ ʮʠʥʢʫ (1,5 ʨʘʟʘ). 

ʊʘʢ ʢʘʢ ʠʩʩʣʝʜʫʝʤʘʷ ʧʨʠʣʝʛʘʶʱʘʷ ʢ ʦʪʚʘʣʫ ʪʝʨʨʠʪʦʨʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʮʝʣʷʭ ʠ ʙʳʣʘ ʟʘʩʝʷʥʘ ʚ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʟʠʤʦʡ ʧʰʝʥʠʮʝʡ, ʪʦ ʩʣʝʜʫ-

ʶʱʠʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʚʳʩʪʫʧʠʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʨʦʙʘʭ ʦʟʠʤʳʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʙ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ 

ʕʣʝʤʝʥʪ  Cu Pb Mn Ni Cr Zn Mo 

ʉʦʜʝʨʞʘʥʠʝ, ʤʛ/ʢʛ 15 0,5 11 0,3 0,7 26 0,4 

ʇɼʂʧʨ(ʟʝʨʥ. ʢʫʣʴʪʫʨʳ), ʤʛ/ʢʛ 10 0,5 40 0,5 0,2 50 1 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʢʦʥʮʝʥʪʨʘʮʠʡ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʟʝʨʥʦʚʦʡ ʢʫʣʴʪʫʨʝ ʧʦʢʘʟʘʣ 

ʧʦʚʳʰʝʥʠʝ ʇɼʂʧʨ ʪʘʢʠʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʢʘʢ ʭʨʦʤ ʠ ʤʝʜʴ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʚʠʥʮʘ ʢʦʣʝʙ-

ʣʝʪʩʷ ʥʘ ʛʨʘʥʠ ʜʦʧʫʩʪʠʤʦʡ. ʆʧʨʝʜʝʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʩʫʤʤʘʨʥʳʝ ʧʦʢʘʟʘ-

ʪʝʣʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ ʥʘ ʠʩʩʣʝʜʫʝʤʦʤ ʫʯʘʩʪʢʝ ʧʦ ʭʨʦʤʫ, ʮʠʥʢʫ, ʤʝʜʠ ʠ ʤʦʣʠʙʜʝʥʫ. ʆʮʝʥʢʘ 

ʦʧʘʩʥʦʩʪʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʢʦʤʧʣʝʢʩʦʤ ʤʝʪʘʣʣʦʚ Zc ʩʦʩʪʘʚʠʣʘ 4,03. ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʦ 

ʛʨʘʜʘʮʠʠ ʦʮʝʥʦʯʥʦʡ ʰʢʘʣʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʩʩʣʝʜʫʝʤʫʶ ʪʝʨʨʠʪʦʨʠʶ ʧʦ ʫʨʦʚʥʶ ʟʘʛʨʷʟʥʝʥʠʷ 

ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʘʢ ʚʳʩʦʢʦ ʦʧʘʩʥʫʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʘʥʘʣʠʟʦʚ ʥʘʤʠ 

ʫʩʪʘʥʦʚʣʝʥ ʪʠʧ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʧʦ ʚʘʣʦʚʦʡ ʠ ʧʦʜʚʠʞʥʦʡ ʬʦʨʤʘʤ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ 

ʚ ʧʨʦʙʘʭ ʦʟʠʤʳʭ (ʪʘʙʣʠʮʘ 2). 

ʊʘʙʣʠʮʘ 2 

ʆʮʝʥʢʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʧʦ ʟʘʛʨʷʟʥʝʥʠʶ ʦʟʠʤʳʭ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ 

ʕʣʝʤʝʥʪ ʆʪʥʦʰʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʢ ʇɼʂʧ 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ 

Cu 

Pb 

Mn 

Ni 

Zn 

Cr 

ʄʦ 

1,5 

1 

0,3 

0,6 

0,5 

3,5 

0,4 

ʧʨʝʜʢʨʠʟʠʩʥʘʷ 

ʧʨʝʜʢʨʠʟʠʩʥʘʷ/ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ 

ʙʣʘʛʦʧʦʣʫʯʥʘʷ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ 

ʙʣʘʛʦʧʦʣʫʯʥʘʷ 

ʢʨʠʟʠʩʥʘʷ 

ʙʣʘʛʦʧʦʣʫʯʥʘʷ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʨʦʜʥʳʝ ʦʪʚʘʣʳ ʫʛʦʣʴʥʳʭ 

ʰʘʭʪ ʃʫʛʘʥʱʠʥʳ ʢʨʘʡʥʝ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠʣʝʛʘʶʱʠʭ ʣʘʥʜ-

ʰʘʬʪʦʚ. ʊʦʢʩʠʯʥʦʩʪʴ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʤʠʥʝʨʘʣʘʭ ʦʪʚʘʣʴʥʦʡ ʧʦʨʦʜʳ 

ʠ ʧʝʨʝʚʝʜʝʥʥʳʭ ʚ ʧʦʜʚʠʞʥʫʶ ʬʦʨʤʫ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ, ʧʨʠʚʦʜʠʪ ʢ ʫʛʥʝʪʝʥʠʶ ʨʘʩʪʠʪʝʣʴʥʦ-

ʩʪʠ, ʧʨʦʠʟʨʘʩʪʘʶʱʝʡ ʥʘ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʦʪʚʘʣʘʤ ʪʝʨʨʠʪʦʨʠʷʤ, ʘ ʪʘʢʞʝ ʧʦʩʪʝʧʝʥʥʦ ʧʦʜʢʠʩ-

ʣʷʝʪ ʧʦʯʚʳ, ʜʝʣʘʷ ʠʭ ʥʝʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʋʣʫʯʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʩ ʥʘʣʠʯʠʝʤ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʦʪʭʦʜʦʚ 

ʫʛʦʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʘʨʫʰʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛ-

ʥʫʪʦ ʦʙʦʩʥʦʚʘʥʠʝʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʡ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ (ʥʘʧʨʠʤʝʨ, ʧʦʣʫ-

ʯʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ). 
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DECORATIVE PLANTS AN D LANDSCAPE ARCHITEC TURE OF RUSSKY ISLAND 

(PRIMORSKY REGION)  

Vovzhenyak I.S. 

Far Eastern Federal University, Vladivostok 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʝʢʦʨʘʪʠʚʥʳʭ ʨʘʩ-

ʪʝʥʠʡ ʚ ʮʝʣʷʭ ʨʘʟʚʠʪʠʷ ʣʘʥʜʰʘʬʪʥʦ-ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʩʨʝʜʳ ʦʩʪʨʦʚʘ ʈʫʩʩʢʠʡ (ʇʨʠʤʦʨʩʢʠʡ 

ʢʨʘʡ). ɸʥʘʣʠʟ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʩʦʩʫʜʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʦʩʪʨʦʚʘ ʈʫʩʩʢʠʡ ʧʦʟʚʦʣʠʣ ʨʘʟʨʘ-

ʙʦʪʘʪʴ ʙʘʟʫ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʫʶ ʙʳʣʠ ʚʢʣʶʯʝʥʳ 30 ʜʝʢʦʨʘʪʠʚʥʳʭ ʨʘʩʪʝʥʠʡ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ 

ʢ ʰʠʨʦʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʦʟʝʣʝʥʝʥʠʠ ʠ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʝ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʢʦʨʘʪʠʚʥʳʝ ʨʘʩʪʝʥʠʷ; ʣʘʥʜʰʘʬʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ; ʦʩʪʨʦʚ ʈʫʩ-

ʩʢʠʡ. 

 

Abstract. The article provides information on the use of decorative plants for the develop-

ment of landscape architecture of Russky Island (Primorsky Region, Russia). Analysis of the natu-

ral conditions and vascular plants of the Russkiy Island made it possible to develop a database. The 

database included 30 decorative plants recommended for use in landscaping this area. 

Keywords: decorative plants; landscape architecture; Russky Island. 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʩʪʨʦʚ ʈʫʩʩʢʠʡ ʥʘ ʶʛʝ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ ʦʙʨʝʣ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ɺʣʘʜʠʚʦʩʪʦʢʘ ʢʘʢ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʜʝʣʦʚʦʛʦ ʠ ʪʫʨʠʩʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ. ɺ 2011 ʛ. ʩʦ-

ʩʪʘʚʣʝʥ ʥʦʚʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʛʝʥʝʨʘʣʴʥʳʡ ʧʣʘʥ ɺʣʘʜʠʚʦʩʪʦʢʩʢʦʛʦ ʛʦʨʦʜʩʢʦʛʦ ʦʢʨʫʛʘ (ʚ 2018 

ʛ. ʚʥʝʩʝʥʳ ʦʪʜʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ), ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʩʚʦʝʥʠʝ ʪʝʨʨʠʪʦʨʠʠ 

ʦ. ʈʫʩʩʢʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʦʩʚʘʠʚʘʝʪʩʷ ʪʝʨʨʠʪʦʨʠʷ ʧʦʣʫʦʩʪʨʦʚʘ ʉʘʧʝʨʥʳʡ, ʢʦ-

ʪʦʨʳʡ ʫʞʝ ʩʪʘʣ ʥʦʚʦʡ ʟʦʥʦʡ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʛ. ɺʣʘʜʠʚʦʩʪʦʢʘ. ɺʦʟʥʠʢʘʝʪ ʦʩʪʨʘʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʦʙʫʩʪʨʦʡʩʪʚʝ ʜʣʷ ʯʝʣʦʚʝʢʘ ʢʦʤʬʦʨʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʚʨʝʤʷʧʨʦʚʦʞʜʝ-

ʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʧʦʣʥʦʮʝʥʥʦʡ ʣʘʥʜʰʘʬʪʥʦ-ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʩʨʝʜʳ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʣʘʥʜʰʘʬʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʥʘ ʦʩ-

ʥʦʚʝ ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʦʜʭʦʜʘ ʪʨʝʙʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʮʝʣʳʡ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʩʪʥʳʭ ʧʨʠʨʦʜ-

ʥʳʭ ʫʩʣʦʚʠʡ. ʀʤʝʥʥʦ ʫʯʝʪ ʪʘʢʠʭ ʫʩʣʦʚʠʡ ʦʙʫʩʣʦʚʠʣ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʥʘʜʝʞʥʫʶ ʵʢʩʧʣʫʘʪʘ-

ʮʠʶ ʚʩʝʚʦʟʤʦʞʥʳʭ ʩʘʜʦʚʦ-ʧʘʨʢʦʚʳʭ ʦʙʲʝʢʪʦʚ. ɹʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ, 

ʩʨʝʜʠ ʤʝʩʪʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʦʪʦʨʦʛʦ ʥʝʤʘʣʦ ʜʝʢʦʨʘʪʠʚʥʳʭ ʨʘʩʪʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠ 

ʜʦʣʞʥʳ ʩʪʘʪʴ ʬʦʨʤʦʦʙʨʘʟʫʶʱʝʡ ʦʩʥʦʚʦʡ ʧʝʡʟʘʞʥʦʛʦ ʦʙʣʠʢʘ ʣʘʥʜʰʘʬʪʥʦ-ʘʨʭʠʪʝʢʪʫʨʥʦʡ 

ʩʨʝʜʳ ʦʩʪʨʦʚʘ ʈʫʩʩʢʠʡ. 

ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʝ ʩʪʘʣʦ ʦʩʥʦʚʦʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʝʣʠ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʘʥʘʣʠʟʝ ʤʝʩʪʥʦʡ ʦʩʪʨʦʚʥʦʡ ʜʝʢʦʨʘʪʠʚʥʦʡ ʬʣʦʨʳ ʠ ʨʘʟʨʘʙʦʪʢʝ ʩʧʨʘ-

ʚʦʯʥʦʛʦ ʢʘʪʘʣʦʛʘ (ʙʘʟʳ ʜʘʥʥʳʭ) ʜʝʢʦʨʘʪʠʚʥʳʭ ʨʘʩʪʝʥʠʡ ʜʣʷ ʦʩʪʨʦʚʘ ʈʫʩʩʢʠʡ.  
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ʆʩʪʨʦʚ ʈʫʩʩʢʠʡ ï ʵʪʦ ʩʘʤʳʡ ʢʨʫʧʥʳʡ ʦʩʪʨʦʚ (ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʦʢʦʣʦ 100 ʢʤ
2
) ɸʨʭʠʧʝ-

ʣʘʛʘ ʀʤʧʝʨʘʪʨʠʮʳ ɽʚʛʝʥʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʟʘʣʠʚʝ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ ʥʘ ʶʛʝ ʇʨʠʤʦʨʩʢʦʛʦ 

ʢʨʘʷ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ ʠ ʣʘʥʜʰʘʬʪʳ ʦʩʪʨʦʚʘ ʈʫʩʩʢʠʡ ʠʟʫʯʝʥʳ ʜʦ-

ʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ [6]. ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʦʩʪʨʦʚʘ ʦʪʥʦʩʷʪʩʷ ʢ ʣʝʩʥʦʤʫ ʪʠ-

ʧʫ ʠ ʧʦʜʪʠʧʫ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʥʘ ʙʫʨʦʟʝʤʘʭ ʪʠʧʠʯʥʳʭ ʠ ʪʝʤʥʳʭ [2]. ʐʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ 

ʣʝʩʘ ʦʙʨʘʟʦʚʘʣʠ ʦʩʦʙʳʡ ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ, ʚ ʢʦʪʦʨʦʤ ʧʨʝʦʙʣʘʜʘʶʪ ʜʫʙ ʤʦʥʛʦʣʴʩʢʠʡ ʠ 

ʣʠʧʘ ʩ ʫʯʘʩʪʠʝʤ ʢʣʝʥʦʚ, ʜʠʤʦʨʬʘʥʪʘ, ʚʠʰʥʠ, ʛʨʘʙʘ, ʷʩʝʥʷ [3].  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚ ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʠ ʣʘʥʜʰʘʬʪʘ ʷʚʣʷʝʪʩʷ 

ʙʠʦʪʘ. ʆʥʘ ʤʦʙʠʣʴʥʘ, ʧʨʠʩʧʦʩʘʙʣʠʚʘʝʪʩʷ ʢ ʘʙʠʦʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ, ʩʧʦʩʦʙʥʘ ʚʦʩʩʪʘʥʘʚʣʠ-

ʚʘʪʴʩʷ ʠ ʩʦʟʜʘʚʘʪʴ ʚʥʫʪʨʝʥʥʶʶ ʩʨʝʜʫ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʨʝʞʠʤʘʤʠ (ʩʚʝʪʦʚʳʤ, ʪʝʧʣʦʚʳʤ, 

ʚʦʜʥʳʤ, ʤʠʥʝʨʘʣʴʥʳʤ). ʈʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ ʧʨʝʧʷʪʩʪʚʫʝʪ ʜʝʥʫʜʘʮʠʠ, ʟʘʱʠʱʘʝʪ ʧʦʯʚʫ, ʨʝ-

ʛʫʣʠʨʫʝʪ ʤʠʢʨʦʢʣʠʤʘʪ ʪʝʨʨʠʪʦʨʠʠ, ʦʯʠʱʘʝʪ ʚʦʟʜʫʭ ʠ ʪ. ʜ. ɺ ʩʘʜʦʚʦ-ʧʘʨʢʦʚʦʤ ʣʘʥʜʰʘʬʪʝ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʪʘʢʞʝ ʠʛʨʘʝʪ ʩʪʘʙʠʣʠʟʠʨʫʶʱʫʶ ʨʦʣʴ, ʧʦʤʦʛʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʣʘʥʜʰʘʬʪʘ, 

ʦʙʣʘʜʘʝʪ ʩʘʥʠʨʫʶʱʠʤʠ ʠ ʬʠʪʦʥʮʠʜʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɽʱʝ ʦʜʥʦ ʩʚʦʡʩʪʚʦ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦʝ ʜʣʷ ʣʘʥʜʰʘʬʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʣʘʥʜʰʘʬʪʥʦ-ʵʩʪʝʪʠʯʝʩʢʦʛʦ ʧʣʘʥʠ-

ʨʦʚʘʥʠʷ ï ʵʪʦ ʜʝʢʦʨʘʪʠʚʥʦʩʪʴ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʦʙʣʠʢ, ʵʩʪʝʪʠʯʥʦʩʪʴ ʠ ʞʠʚʦʧʠʩʥʦʩʪʴ ʩʨʝ-

ʜʳ ʚ ʣʘʥʜʰʘʬʪʥʦ-ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʩʨʝʜʝ ʩʦʟʜʘʝʪʩʷ ʠʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʜʝʢʦʨʘʪʠʚʥʳʤ ʩʚʦʡʩʪʚʘʤ 

ʨʘʩʪʝʥʠʡ. ʉʨʝʜʠ ʥʠʭ ʛʣʘʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʬʦʨʤʘ ʠ ʪʝʢʩʪʫʨʘ ʢʨʦʥʳ, ʮʚʝʪ ʠ ʬʦʨʤʘ ʚʝʪʚʝʡ, ʧʣʦ-

ʜʦʚ ʠ ʩʦʧʣʦʜʠʡ, ʤʦʟʘʠʢʘ ʣʠʩʪʴʝʚ, ʦʢʨʘʩʢʘ ʮʚʝʪʢʦʚ ʠ ʩʦʮʚʝʪʠʡ. 

ɼʝʨʝʚʴʷ ï ʥʘʠʙʦʣʝʝ ʤʦʱʥʘʷ, ʥʘʠʙʦʣʝʝ ʜʦʣʛʦʣʝʪʥʷʷ ʠ ʥʘʠʙʦʣʝʝ ʚʳʨʘʟʠʪʝʣʴʥʘʷ ʬʦʨʤʘ 

ʨʘʩʪʝʥʠʡ. ʉʚʦʝʦʙʨʘʟʠʝ ʵʪʦʡ ʬʦʨʤʳ ʥʘʩʪʦʣʴʢʦ ʚʝʣʠʢʦ, ʯʪʦ ʥʝʨʝʜʢʦ ʝʝ ʧʨʠʩʫʪʩʪʚʠʝ ʦʧʨʝʜʝ-

ʣʷʝʪ ʭʘʨʘʢʪʝʨ ʮʝʣʳʭ ʧʨʠʨʦʜʥʳʭ ʤʝʩʪʥʦʩʪʝʡ. ʌʦʨʤʳ ʢʨʦʥ ʜʝʨʝʚʴʝʚ ʨʘʟʥʦʦʙʨʘʟʥʳ: ʧʠʨʘʤʠ-

ʜʘʣʴʥʘʷ, ʢʦʥʠʯʝʩʢʘʷ, ʰʘʨʦʚʠʜʥʘʷ ʠ ʪ. ʜ. ɽʩʣʠ ʜʨʝʚʝʩʥʳʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ 

ʩʘʜʦʚʦ-ʧʘʨʢʦʚʦʛʦ ʩʪʨʦʠʪʝʣʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩʚʦʠʤʠ ʨʘʟʤʝʨʘʤʠ, ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʬʦʨʤ 

ʢʨʦʥ ʠ ʦʢʨʘʩʢʠ ʣʠʩʪʚʳ, ʪʦ ʢʫʩʪʘʨʥʠʢʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʷ ʠʤ ʚ ʨʘʟʤʝʨʘʭ ʠ ʨʘʟʥʦʦʙʨʘʟʠʠ 

ʬʦʨʤ ʢʨʦʥ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʩʚʦʠʤ ʮʚʝʪʝʥʠʝʤ, ʣʠʩʪʚʦʡ ʠ ʪʝʢʩʪʫʨʦʡ ʢʨʦ-

ʥʳ. ʄʥʦʛʠʝ ʢʫʩʪʘʨʥʠʢʠ ʦʪʣʠʯʘʶʪʩʷ ʠʟʷʱʝʩʪʚʦʤ ʬʦʨʤʳ ʠ ʦʙʣʠʩʪʚʣʝʥʠʷ ʠ ʧʦ ʧʳʰʥʦʩʪʠ 

ʮʚʝʪʝʥʠʷ ʥʝ ʫʩʪʫʧʘʶʪ ʮʚʝʪʫʱʠʤ ʪʨʘʚʷʥʠʩʪʳʤ ʨʘʩʪʝʥʠʷʤ, ʧʨʝʚʦʩʭʦʜʷ ʠʭ ʚ ʧʨʦʯʥʦʩʪʠ ʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ [8].  

ɺ ʦʟʝʣʝʥʝʥʠʠ ʠ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʝ ʦʙʲʝʢʪʦʚ ʣʘʥʜʰʘʬʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʦ. ʈʫʩʩʢʠʡ ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʠʥʪʨʦʜʫʮʝʥʪʳ, ʢʘʢ ʵʪʦ ʟʘʯʘʩʪʫʶ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʫʞʝ ʩʫʱʝ-

ʩʪʚʫʶʱʠʭ ʩʘʜʦʚʦ-ʧʘʨʢʦʚʳʭ ʦʙʲʝʢʪʘʭ, ʥʦ ʠ ʤʝʩʪʥʫʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʩʦ-

ʭʨʘʥʝʥʠʷ ʫʥʠʢʘʣʴʥʦʩʪʠ ʦʩʪʨʦʚʥʦʡ ʬʣʦʨʳ, ʘ ʪʘʢʞʝ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʭ ʧʨʠʨʦʜʥʦ-

ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʌʣʦʨʘ ʩʦʩʫʜʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʦʩʪʨʦʚʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 859 ʚʠ-

ʜʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʭʦʨʦʰʠʡ ʧʨʦʮʝʥʪ ʜʝʨʝʚʴʝʚ, ʢʫʩʪʘʨʥʠʢʦʚ ʠ ʪʨʘʚ ʦʙʣʘʜʘʶʪ ʜʝʢʦʨʘʪʠʚʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ [4]. ʅʘʤʠ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʦʩʫʜʠʩʪʳʝ ʨʘʩʪʝʥʠʷ ʦ. ʈʫʩʩʢʠʡ ʥʘ ʥʘʣʠʯʠʝ ʠ 

ʚʳʨʘʞʝʥʥʦʩʪʴ ʩʚʦʡʩʪʚʘ ʜʝʢʦʨʘʪʠʚʥʦʩʪʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʦʪʦʙʨʘʥʥʳʡ ʥʘʙʦʨ ʨʘʩʪʝʥʠʡ ʩ ʥʘʠʙʦ-

ʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʜʝʢʦʨʘʪʠʚʥʦʩʪʴʶ ʠ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ ʜʣʷ ʩʦʟʜʘʥʠʷ ʭʫ-

ʜʦʞʝʩʪʚʝʥʥʦʛʦ ʦʙʣʠʢʘ ʣʘʥʜʰʘʬʪʥʦ-ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦʩʣʫʞʠʣ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʩʪʘʚ-

ʣʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ. ʂʨʦʤʝ ʵʪʦʛʦ, ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʪʙʦʨʘ ʨʘʩʪʝʥʠʡ, ʧʦʤʠʤʦ 

ʜʝʢʦʨʘʪʠʚʥʳʭ ʩʚʦʡʩʪʚʘ, ʷʚʠʣʘʩʴ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʠʜʘ ʢ ʧʨʠʨʦʜʥʳʤ ʫʩʣʦʚʠʷʤ ʦ. 

ʈʫʩʩʢʠʡ. ɺʩʝʛʦ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 18 ʤʝʩʪʥʳʭ ʚʠʜʦʚ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʚ ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʘʭ 

ʦʩʪʨʦʚʘ ʠ 12 ʠʥʪʨʦʜʫʮʝʥʪʦʚ ʠʟ ʬʣʦʨʳ ʤʘʪʝʨʠʢʦʚʦʡ ʯʘʩʪʠ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ ʠʣʠ ʜʨʫʛʠʭ ʩʦ-

ʧʨʝʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʩʦʩʪʘʚʣʝʥʘ ʢʘʨʪʦʩʭʝʤʘ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʚʘʞʥʝʡʰʠʭ ʜʝ-

ʢʦʨʘʪʠʚʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʦʩʪʨʦʚʘ ʈʫʩʩʢʠʡ. 
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ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʠʩʪʚʝʥʥʳʝ ʠ ʭʚʦʡʥʳʝ ʜʨʝʚʝʩʥʳʝ, ʢʫ-

ʩʪʘʨʥʠʢʦʚʳʝ ʬʦʨʤʳ, ʘ ʪʘʢʞʝ ʣʠʘʥʳ, ʪʨʘʚʷʥʠʩʪʳʝ ʨʘʩʪʝʥʠʷ. ʉʨʝʜʠ ʜʨʝʚʝʩʥʳʭ ʬʦʨʤ ʦʪʤʝʯʝʥʳ 

ʚʳʩʦʢʠʝ ʜʝʨʝʚʴʷ (20 ʤ ʠ ʙʦʣʝʝ), ʥʘʧʨʠʤʝʨ, ʧʠʭʪʘ ʮʝʣʴʥʦʣʠʩʪʥʘʷ, ʠ ʜʝʨʝʚʴʷ ʚʪʦʨʦʡ ʚʝʣʠʯʠʥʳ 

(10-15 ʤ) ï ʘʙʨʠʢʦʩ ʤʘʥʴʯʞʫʨʩʢʠʡ. ʃʠʩʪʦʧʘʜʥʳʝ ʢʫʩʪʘʨʥʠʢʠ, ʥʘʧʨʠʤʝʨ, ʨʦʜʦʜʝʥʜʨʦʥ ʞʸʣ-

ʪʳʡ, ʣʝʩʧʝʜʝʮʘ ʜʚʫʮʚʝʪʥʘʷ ï ʙʦʣʝʝ ʟʠʤʦʩʪʦʡʢʠʝ ʬʦʨʤʳ, ʯʝʤ ʭʚʦʡʥʳʝ. ʍʚʦʡʥʳʝ ʞʝ ʨʘʩʪʝʥʠʷ, 

ʪʘʢʠʝ ʢʘʢ ʤʠʢʨʦʙʠʦʪʘ ʧʝʨʝʢʨʸʩʪʥʦʧʘʨʥʘʷ, ʤʦʞʞʝʚʝʣʴʥʠʢ ʜʘʫʨʩʢʠʡ ʦʪʣʠʯʘʶʪʩʷ ʢʨʫʛʣʦʛʦ-

ʜʠʯʥʦʡ ʜʝʢʦʨʘʪʠʚʥʦʩʪʴʶ, ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ. ɼʝʨʝʚʴʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʦʣʠʪʝ-

ʨʦʚ, ʨʷʜʦʚ (ʟʘʱʠʪʥʳʝ ʧʦʩʘʜʢʠ), ʘʣʣʝʡ. ʂʫʩʪʘʨʥʠʢʠ ʪʘʢʞʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʩʦʣʠʪʝ-

ʨʳ, ʢʫʣʠʩʘʤʠ ʤʝʞʜʫ ʜʝʨʝʚʴʷʤʠ ʠ ʮʚʝʪʥʠʢʘʤʠ, ʘ ʪʘʢʞʝ ʚ ʢʘʢ ʟʝʣʝʥʳʝ ʠʟʛʦʨʦʜʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʪʘʢʞʝ ʜʝʨʝʚʷʥʠʩʪʳʝ ʣʠʘʥʳ, ʥʘʧʨʠʤʝʨ, ʣʠʤʦʥʥʠʢ ʢʠʪʘʡʩʢʠʡ, ʜʨʝʚʦʛʫʙʝʮ ʢʨʫʛʣʦʣʠʩʪʥʳʡ, ʦʥʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʟʝʣʝʥʝʥʠʷ (ʧʦʢʨʳʪʠʝ ʩʪʝʥ, ʩʢʘʣ, ʩʪʚʦʣʦʚ ʜʝʨʝʚʴʝʚ ʠ ʪ. ʜ.). 

ʆʪʤʝʯʝʥʳ ʪʘʢʠʝ ʪʨʘʚʷʥʠʩʪʳʝ ʨʘʩʪʝʥʠʷ, ʢʘʢ ʢʨʘʩʠʚʦʮʚʝʪʫʱʠʝ ï ʧʠʦʥ ʦʙʨʘʪʥʦʷʡʮʝʚʠʜʥʳʡ, 

ʤʘʢ ʘʥʦʤʘʣʴʥʳʡ, ʪʘʢ ʠ ʜʝʢʦʨʘʪʠʚʥʦʣʠʩʪʚʝʥʥʳʝ ʟʣʘʢʠ ï ʷʯʤʝʥʴ ʛʨʠʚʘʩʪʳʡ (ʧʦʜʭʦʜʠʪ ʜʣʷ ʚʳ-

ʩʘʜʢʠ ʥʘ ʘʣʴʧʠʡʩʢʠʭ ʛʦʨʢʘʭ, ʚ ʤʘʩʩʠʚʘʭ ʚʦʟʣʝ ʛʘʟʦʥʘ), ʤʠʩʢʘʥʪʫʩ ʢʠʪʘʡʩʢʠʡ (ʤʦʞʥʦ ʚʳʩʘʞʠ-

ʚʘʪʴ ʢʘʢ ʩʦʣʠʪʝʨ, ʭʦʨʦʰʦ ʩʤʦʪʨʠʪʩʷ ʚ ʤʥʦʛʦʣʝʪʥʠʭ ʙʦʨʜʶʨʘʭ ʠʣʠ ʚʦʟʣʝ ʢʨʦʤʢʠ ʚʦʜʳ). ʇʨʠ 

ʚʳʙʦʨʝ ʨʘʩʪʝʥʠʡ ʜʣʷ ʦʟʝʣʝʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ ʚʥʠʤʘʥʠʝ ʥʝʛʘʪʠʚʥʳʤ ʩʚʦʡʩʪʚʘʤ (ʘʣ-

ʣʝʨʛʝʥʥʦʩʪʴ, ʷʜʦʚʠʪʦʩʪʴ ʠ ʜʨ.). ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʣʘʥʜʰʘʬʪʘʭ ʦ. ʈʫʩʩʢʠʡ ʧʨʦʠʟʨʘʩʪʘʶʪ 

38 ʨʘʩʪʝʥʠʡ ʩ ʘʣʣʝʨʛʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʜʝʢʦʨʘʪʠʚʥʦʤ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ ʠ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʝ [5]. ʇʦʩʘʜʢʘ ʧʦʜʦʙʥʳʭ ʨʘʩʪʝʥʠʡ ʜʦʣʞʥʘ ʩʪʨʦʛʦ ʧʣʘʥʠʨʦ-

ʚʘʪʴʩʷ, ʚ ʪ. ʯ. ʫʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʣʴʝʬʘ ʠ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ.  

ʇʦʣʫʯʝʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʜʦʣʞʥʘ ʩʪʘʪʴ ʥʘʫʯʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʣʝ-

ʜʫʶʱʝʛʦ ʨʘʟʚʠʪʠʷ ʣʘʥʜʰʘʬʪʥʦ-ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʩʨʝʜʳ ʦʩʪʨʦʚʘ ʈʫʩʩʢʠʡ, ʦʙʫʩʪʨʦʡʩʪʚʘ ʦʪʜʝʣʴ-

ʥʳʭ ʦʙʲʝʢʪʦʚ ʣʘʥʜʰʘʬʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʦʟʝʣʝʥʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʩʪʨʦʚʘ ʧʨʦʯʠʭ ʦʙʲʝʢʪʦʚ ʠ 

ʪʝʨʨʠʪʦʨʠʡ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘʙʦʨ ʨʘʩʪʝʥʠʡ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʢʨʠʪʝʨʠʷʭ ʜʝʢʦʨʘʪʠʚʥʦʩʪʠ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʧʨʠʨʦʜʥʳʤ ʫʩʣʦʚʠʷʤ, ʫʯʝʪ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤ ʚ ʧʨʘʢʪʠʢʝ ʣʘʥʜʰʘʬʪʥʦʡ ʘʨ-

ʭʠʪʝʢʪʫʨʳ ʠ ʬʠʪʦʜʠʟʘʡʥʘ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʳʨʘʟʠʪʝʣʴʥʦʛʦ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦ-

ʢʨʦʚʘ ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʦʦʙʨʘʟʠʷ ʤʝʩʪʥʳʭ ʚʠʜʦʚ ʩ ʚʢʣʶʯʝʥʠʝʤ ʠʥʪʨʦʜʫʮʝʥʪʦʚ ʧʦʟʚʦʣʠʪ ʩʬʦʨ-

ʤʠʨʦʚʘʪʴ ʥʘ ʦʩʪʨʦʚʝ ʈʫʩʩʢʠʡ ʦʙʲʝʢʪʳ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʝʡʟʘʞʥʦʛʦ ʩʘʜʦʚʦ-ʧʘʨʢʦʚʦʛʦ ʩʪʠʣʷ 

ʠ ʩʦʭʨʘʥʠʪʴ ʤʝʩʪʥʳʝ ʞʠʚʦʧʠʩʥʳʝ ʣʘʥʜʰʘʬʪʳ. ʀʩʪʦʯʥʠʢʦʤ ʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʢʘʢ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʠʪʦʤʥʠʢʠ, ʪʘʢ ʠ ʣʝʩʥʳʝ ʢʫʣʴʪʫʨʳ ʚ ʧʨʠʛʦʨʦʜʥʦʡ ʟʦʥʝ, ʘ 

ʪʘʢʞʝ ʢʦʣʣʝʢʮʠʠ ɹʦʪʘʥʠʯʝʩʢʦʛʦ ʩʘʜʘ-ʠʥʩʪʠʪʫʪʘ ɼɺʆ ʈɸʅ. ʂʨʦʤʝ ʵʪʦʛʦ, ʦʧʳʪ ʩʦʭʨʘʥʝʥʠʷ 

ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʦʪʘʥʠʯʝʩʢʦʛʦ ʩʘʜʘ [1, 7] ʤʦʞʝʪ ʙʳʪʴ ʫʯʪʝʥ ʧʨʠ ʬʦʨ-

ʤʠʨʦʚʘʥʠʠ ʘʥʘʣʦʛʠʯʥʳʭ ʬʦʨʤ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʩʪʨʦʚʘ ʈʫʩʩʢʠʡ.  
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʝʢʪʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʨʘʤʢʘʭ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʘ-ʵʢʦʣʦʛʘ. ʇʨʠʚʝʜʝʥʳ ʧʨʠ-

ʤʝʨʳ ʚʦʟʤʦʞʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʪʘʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ, 

ʚʢʣʶʯʝʥʥʦʡ ʚ ʫʯʝʙʥʳʡ ʧʣʘʥ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʜʛʦʪʦʚʢʠ 05.03.06. çʕʢʦʣʦʛʠʷ ʠ ʧʨʠʨʦʜʦ-

ʧʦʣʴʟʦʚʘʥʠʝè. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʨʦʝʢʪʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ, ʧʨʦʝʢʪ, ʧʦʜʛʦʪʦʚʢʘ ʵʢʦʣʦʛʘ, ʚʳʩʰʘʷ 

ʰʢʦʣʘ. 

 

Abstract. The article describes the advantages of using design and research activities as part 

of the training of an environmental specialist. Examples of the possible introduction of such activi-

ties as an independent form of training included in the curriculum for the training of the 

05.03.06"Ecology and environmental management" are given.  

Keywords: design and research, project, ecologist training, higher school. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʧʫʩʢʥʠʢʦʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʢ ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʦʡ ʧʨʦʝʢʪʥʦʡ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʨʘ-

ʙʦʪʦʜʘʪʝʣʷ. ʂʘʞʜʳʡ ʧʦʩʣʝʜʫʶʱʠʡ ʌɻʆʉ ʥʝʩʝʪ ʚʩʝ ʙʦʣʝʝ ʧʨʘʢʪʠʯʝʩʢʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʝʢʪʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʜʣʷ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ 

ʩʚʷʟʘʥʥʳʭ ʩ ʦʩʫʱʝʩʪʚʣʝʥʠʝʤ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʆʩʦʙʝʥʥʦʩʪʴ ʥʦʚʳʭ ʌɻʆʉ 3 ++ ʩʦʟʜʘʥʥʳʭ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʜʛʦʪʦʚʢʠ 05.03.06. 

çʕʢʦʣʦʛʠʷ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝè ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʘʭ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʠʩʩʣʝʜʦʚʘ-

ʪʝʣʴʩʢʘʷ ʠ ʧʨʦʝʢʪʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ï ʥʝʦʪʲʝʤʣʝʤʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ ʵʢʦʣʦʛʘ.  

ʇʨʦʝʢʪʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ï ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʩʦʙ-

ʩʪʚʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʝʜʧʦʣʘʛʘʶʱʘʷ ʚʳʜʝʣʝʥʠʝ ʮʝʣʝʡ ʠ ʟʘʜʘʯ, ʚʳʜʝʣʝʥʠʝ ʧʨʠʥʮʠʧʦʚ 

ʦʪʙʦʨʘ ʤʝʪʦʜʠʢ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʭʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʝ ʦʞʠʜʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʦʮʝʥʢʘ ʨʝʘʣʠʟʫʝʤʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʩʫʨʩʦʚ. ʇʨʦʝʢʪʥʘʷ ʜʝʷ-

ʪʝʣʴʥʦʩʪʴ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʣʶʯʝʚʳʭ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ ʫʯʘʱʠʭʩʷ, ʧʦʜʛʦʪʦʚʢʠ 

ʠʭ ʢ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ [1]. 
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ʇʨʦʝʢʪʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʨʘʤʢʘʭ ʧʦʜʛʦʪʦʚʢʠ ʵʢʦʣʦʛʦʚ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʚʩʝ ʢʣʘʩʩʠʯʝʩʢʠʝ ʵʪʘʧʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʢʘʢ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʧʨʦʝʢʪʘ: ʧʦʩʪʘ-

ʥʦʚʢʘ ʧʨʦʙʣʝʤʳ, ʠʟʫʯʝʥʠʝ ʪʝʦʨʠʠ, ʚʳʙʦʨ ʤʝʪʦʜʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, 

ʘʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʳʚʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ. 

ɺ ʮʝʣʦʤ, ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʳ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʢʦʣʦʛʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʥʘʧʨʘʚʣʝʥʠʡ: 

- ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʜʦʢʫʤʝʥʪʦʚ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʝʤʫ ʧʨʠʨʦʜʦ-

ʦʭʨʘʥʥʦʤʫ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʫ ʈʌ ʠ ʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʤ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʜʦʛʦʚʦʨʘʤ; 

- ʧʨʦʝʢʪʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʝʢʪʘ ʣʶʙʦʡ ʭʦʟʷʡ-

ʩʪʚʝʥʥʦʡ ʠ ʠʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ ʩ ʫʯʝʪʦʤ ʩʥʠʞʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ; 

- ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. 

ɺʩʝ ʫʢʘʟʘʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʣʠʯʠʷ ʥʘʚʳʢʦʚ ʧʨʦ-

ʝʢʪʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ.  

ʋʯʠʪʳʚʘʷ ʥʝʢʦʪʦʨʦʝ ʧʨʝʥʝʙʨʝʞʝʥʠʝ ʜʘʥʥʳʤ ʚʠʜʦʤ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʩʚʷʟʘ-

ʥʦ ʠʣʠ ʩ ʥʝʞʝʣʘʥʠʝʤ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʟʘʥʠʤʘʪʴʩʷ ʪʘʢʦʡ ʩʣʦʞʥʦʡ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʙʦʙʱʝʥʠʡ ʠ ʟʘʤʝʥʳ ʥʘ ʜʨʫʛʠʝ 

ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʠʣʠ ʩ ʧʨʠʚʝʨʞʝʥʥʦʩʪʴʶ ʢ ʫʩʪʦʷʚʰʠʤʩʷ ʚʦ ʚʨʝʤʝʥʠ ʬʦʨʤʘʤ ʫʯʝʙʥʦʡ ʨʘ-

ʙʦʪʳ, ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʩʠʣʝʥʠʝ ʪʘʢʦʛʦ ʚʠʜʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩ-

ʩʝ. ʈʘʥʝʝ ʦʩʥʦʚʥʳʤʠ ʤʝʩʪʘʤʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʝʢʪʥʦʡ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫ-

ʜʝʥʪʘ ʙʳʣʠ ʥʘʧʠʩʘʥʠʝ ʢʫʨʩʦʚʳʭ ʠ ʚʳʧʫʩʢʥʳʭ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʨʘʙʦʪ, ʦʯʝʥʴ ʨʝʜʢʦ ʪʘʢʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʚʢʣʶʯʘʣʘʩʴ ʚ ʫʯʝʙʥʳʝ ʧʨʝʜʤʝʪʳ. ʇʨʦʝʢʪʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʜʦʣʞʥʘ ʟʘʥʠʤʘʪʴ ʟʥʘʯʠʤʫʶ ʯʘʩʪʴ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʧʠʩʘʪʴ ʝʝ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ.  

ʉ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʥʦʚʦʛʦ ʌɻʆʉʘ ʤʳ ʩʯʠʪʘʝʤ ʨʘʮʠʦʥʘʣʴʥʳʤ ʚʚʝʩʪʠ ʦʪʜʝʣʴʥʳʝ ʚʠ-

ʜʳ ʧʨʦʝʢʪʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʧʦʜʛʦʪʦʚʢʫ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʵʢʦʣʦʛʘ, ʩʧʦʩʦʙʥʦʛʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʘʙʦʪʘʪʴ ʚ ʩʬʝʨʝ ʥʘʜʟʦʨʘ ʠ 

ʢʦʥʪʨʦʣʷ ʟʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʨʦʢ ʦʙʫʯʝʥʠʷ ʜʣʷ ʙʘʢʘʣʘʚʨʦʚ ʩʦ-

ʩʪʘʚʣʷʝʪ 4 ʛʦʜʘ, ʚ ʥʘʰʝʤ ʧʦʥʠʤʘʥʠʠ ʧʝʨʚʳʝ 2 ʩʝʤʝʩʪʨʘ ʥʝ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʜʝʡʩʪʚʦʚʘʥʳ, ʪʘʢ 

ʢʘʢ ʩʪʫʜʝʥʪ ʪʦʣʴʢʦ ʧʨʠʚʳʢʘʝʪ ʢ ʥʦʚʦʤʫ ʚʠʜʫ ʫʯʝʙʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʜʦʣʞʝʥ ʧʦʣʫʯʠʪʴ ʙʘʟʦʚʳʝ 

ʟʥʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʝʢʪʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ. ʊʘʢ 

ʞʝ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʝʝ ʦʪʜʝʣʴʥʦʤ ʚʳʜʝʣʝʥʠʠ ʚ ʧʦʩʣʝʜʥʝʤ 8-ʤ ʩʝʤʝʩʪʨʝ, ʪʘʢ ʢʘʢ ʦʥ ʟʘ-

ʢʘʥʯʠʚʘʝʪʩʷ ʟʘʱʠʪʦʡ ʚʳʧʫʩʢʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʦʙʦʪʳ, ʢʦʪʦʨʘʷ ʩʘʤʘ ʜʦʣʞʥʘ ʷʚʣʷʪʴʩʷ 

ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʧʨʦʝʢʪʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʚʚʝʩʪʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʩ 3 ʧʦ 7 ʩʝʤʝʩʪʨ ʚʢʣʶʯʠʪʝʣʴʥʦ 

ʧʨʦʝʢʪʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ ʨʘʙʦʪʫ, ʢʘʢ ʦʪʜʝʣʴʥʳʡ ʚʠʜ ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ. ʂʘʞʜʳʡ ʠʟ 

ʫʢʘʟʘʥʥʳʭ ʩʝʤʝʩʪʨʦʚ ʙʫʜʝʪ ʟʘʢʘʥʯʠʚʘʪʴʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʝʢʪʘ ʠʣʠ ʧʨʦʚʝʜʝʥʠʝʤ ʢʦʥʢʨʝʪʥʦ-

ʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʚ ʛʨʫʧʧʘʭ ʠʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦ) ʧʦ ʦʜʥʦʤʫ ʠʟ ʧʨʝʜʤʝʪʦʚ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷ-

ʝʪ ʦʩʥʦʚʥʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʝʜʤʝʪʦʚ ʜʘʥʥʦʛʦ ʩʝʤʝʩʪʨʘ. ʊ.ʝ. ʚʩʝ 

ʧʨʝʜʤʝʪʳ ʩʝʤʝʩʪʨʘ ʠ ʧʨʝʜʳʜʫʱʠʭ ʩʝʤʝʩʪʨʦʚ ʙʫʜʫʪ ʩʣʫʞʠʪʴ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ.  

ɺʩʝ ʧʨʦʝʢʪʳ ʜʦʣʞʥʳ ʙʳʪʴ ʨʝʘʣʴʥʳʤʠ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤʠ. ʇʦ ʠʪʦʛʘʤ ʪʘʢʦʡ ʨʘʙʦʪʳ, 

ʙʘʢʘʣʘʚʨ ʥʘ ʚʳʭʦʜʝ ʧʦʣʫʯʘʝʪ ʧʦʨʪʬʦʣʠʦ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʨʘʙʦʪʦʜʘʪʝʣʶ ʜʣʷ ʧʦʜ-

ʪʚʝʨʞʜʝʥʠʷ ʩʚʦʝʡ ʢʚʘʣʠʬʠʢʘʮʠʠ. 
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ʋʯʠʪʳʚʘʷ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʦʙʱʝʩʪʚʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʤʳ ʧʨʝʜʣʘʛʘʝʤ 5 ʩʣʝ-

ʜʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʦʝʢʪʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ: 

- ʦʭʨʘʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; 

- ʥʦʨʤʠʨʦʚʘʥʠʝ ʠ ʩʥʠʞʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; 

- ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ; 

- ʪʝʭʥʦʛʝʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ; 

- ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʵʢʩʧʝʨʪʠʟʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ 

ʢʦʥʪʨʦʣʴ. 

ɺʳʜʝʣʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʘʢʦʡ ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ 

ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʤʦʪʠʚʠʨʦʚʘʪʴ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʢ ʧʨʦʝʢʪʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ ʩʦ 

ʩʪʫʜʝʥʪʘʤʠ, ʥʦ ʠ ʧʦʟʚʦʣʠʪ ʧʨʠʚʣʝʢʘʪʴ ʢ ʵʪʦʡ ʨʘʙʦʪʝ ʨʘʙʦʪʦʜʘʪʝʣʝʡ ʢʘʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ 

ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʧʨʦʝʢʪʦʚ. ʊʘʢʘʷ ʨʘʙʦʪʘ ʜʦʣʞʥʘ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʘ ʥʘ ʙʘʟʝ ʩʘʤʦʛʦ ʨʘʙʦʪʦʜʘʪʝ-

ʣʷ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʩʠʪ ʫʨʦʚʝʥʴ ʩʘʤʦʡ ʨʘʙʦʪʳ, ʥʦ ʠ ʦʙʣʝʛʯʠʪ ʦʨʛʘʥʠʟʘʮʠʶ ʝʝ ʧʨʦʚʝʜʝʥʠʝ 

ʜʣʷ ʦʙʝʠʭ ʩʪʦʨʦʥ.  

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʝʢʪʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʫʯʘʩʪʠʷ ʚ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʚʳʧʫʩʢʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʦʥ-

ʥʦʡ ʨʘʙʦʪʳ.  

ʇʨʠ ʚʳʙʦʨʝ ʢʦʥʢʨʝʪʥʳʭ ʪʝʤ ʢʘʞʜʦʛʦ ʠʟ ʧʨʦʝʢʪʘ ʤʦʞʥʦ ʠʩʭʦʜʠʪʴ ʠʟ ʢʦʥʢʨʝʪʥʳʭ ʧʦ-

ʞʝʣʘʥʠʡ ʩʪʫʜʝʥʪʘ ʠ ʨʫʢʦʚʦʜʠʪʝʣʷ ʚ ʢʘʞʜʦʤ ʠʟ ʩʝʤʝʩʪʨʦʚ, ʘ ʤʦʞʥʦ ʧʦʜʙʠʨʘʪʴ ʪʝʤʘʪʠʢʫ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʦʜʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʠʣʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʦʙʲʝʢʪʘ ʚ ʪʝʯʝʥʠʝ ʚʩʝʭ 5-ʪʠ ʩʝʤʝʩʪʨʦʚ, ʯʪʦ 

ʧʦʤʦʞʝʪ ʚ ʢʦʥʮʝ ʦʙʫʯʝʥʠʷ ʣʝʛʢʦ ʚʳʡʪʠ ʥʘ ʥʘʧʠʩʘʥʠʝ ʠʪʦʛʦʚʦʡ ʨʘʙʦʪʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝ ʚʦʟʥʠʢʘʝʪ ʩʦʤʥʝʥʠʡ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʧʨʦʝʢʪʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʚ ʨʘʤʢʘʭ ʧʦʜʛʦʪʦʚʢʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʦʥʢʫʨʝʥʪʥʦ-ʩʧʦʩʦʙʥʦʛʦ ʵʢʦ-

ʣʦʛʘ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʵʪʫ ʨʘʙʦʪʫ ʚ ʚʠʜʝ ʦʩʦʙʦʡ ʬʦʨʤʳ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʥʘʧʨʠʤʝʨ ʧʨʘʢʪʠʯʝʩʢʠʝ ʩʝʤʠʥʘʨʳ, ʩ ʜʦʩʪʘʪʦʯʥʳʤ ʦʙʲʝʤʦʤ ʫʯʝʙʥʳʭ ʯʘʩʦʚ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ 

ʥʝ ʪʦʣʴʢʦ ʤʦʪʠʚʠʨʦʚʘʪʴ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʥʦ ʠ ʥʘ ʚʳʛʦʜʥʳʭ ʜʣʷ ʦʙʝʠʭ ʩʪʦʨʦʥ ʫʩʣʦʚʠʷʭ ʧʨʠ-

ʚʣʝʢʘʪʴ ʨʘʙʦʪʦʜʘʪʝʣʝʡ ʚ ʢʘʯʝʩʪʚʝ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʧʨʦʝʢʪʦʚ. ʇʦʜʦʙʥʘʷ ʫʯʝʙʥʘʷ ʨʘʙʦʪʘ ʙʫʜʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʩʪʫ-

ʜʝʥʪʘ, ʘ ʪʘʢ ʞʝ ʧʦʟʚʦʣʠʪ ʚʳʨʘʙʦʪʘʪʴ ʥʘʚʳʢʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʠ ʛʨʫʧʧʦʚʦʡ ʨʘʙʦʪʳ, ʧʦʚʳʩʠʪ 

ʤʦʪʠʚʘʮʠʶ ʩʪʫʜʝʥʪʘ ʢ ʪʚʦʨʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ ʚ 

ʟʦʥʝ ʚʣʠʷʥʠʷ ʮʝʤʝʥʪʥʳʭ ʟʘʚʦʜʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʂʝʤʝʨʦʚʩʢʦʡ ʠ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʷʭ. 

ʋʩʪʘʥʦʚʣʝʥʘ ʩʪʝʧʝʥʴ ʧʳʣʝʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʮʝʤʝʥʪʥʳʭ ʟʘʚʦʜʦʚ, ʢʘʨʴʝʨʦʚ ʧʦ 

ʜʦʙʳʯʝ ʩʳʨʴʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʤʝʥʪʘ ʠ ʞʠʣʳʭ ʯʘʩʪʷʭ ʛʦʨʦʜʦʚ. ʆʧʨʝʜʝʣʝ-

ʥʘ ʤʠʥʝʨʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʨʦʙ ʪʚʝʨʜʦʡ ʬʘʟʳ ʩʥʝʛʘ, ʬʦʨʤʳ, ʨʘʟʤʝʨ ʠ ʩʦʩʪʘʚ ʯʘʩʪʠʮ. 

ʆʧʨʝʜʝʣʝʥ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʨʦʙ ʪʚʝʨʜʦʡ ʬʘʟʳ ʩʥʝʛʘ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʧʨʦʚʝʜʝʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʥʝʛʦʚʦʡ ʧʦʢʨʦʚ, ʟʘʛʨʷʟʥʝʥʠʝ, ʧʳʣʝʚʘʷ ʥʘʛʨʫʟʢʘ 

 

Abstract. The results of studying the pollution of the snow cover in the zone of influence of 

cement plants located in the Kemerovo and Novosibirsk regions are presented. The degree of dust 

pollution in the zone of influence of cement plants, quarries for the extraction of raw materials for 

the production of cement and residential parts of cities has been established. The mineral compo-

nent of the solid phase samples of snow, the shape, size and composition of the particles have been 

determined. The elemental composition of solid phase snow samples of the studied territories was 

determined, and a comparative analysis of the results was performed. 

Key words: snow cover, pollution, dust load 

 

ɼʣʷ ʦʙʲʝʢʪʦʚ ʮʝʤʝʥʪʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʭʘʨʘʢʪʝʨʥʳ ʚʳʙʨʦʩʳ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʳʣʠ ʠʟ-ʟʘ ʧʨʦʮʝʩʩʦʚ ʜʦʙʳʯʠ ʩʳʨʴʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʭ ʦʙʨʘʙʦʪʢʠ ʠ ʫʧʘʢʦʚʢʠ ʛʦʪʦʚʦʛʦ ʧʨʦ-

ʜʫʢʪʘ. ʇʳʣʴ ʷʚʣʷʝʪʩʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʢʦʪʦʨʳʡ ʧʦʪʦʢʘʤʠ ʚʝʪʨʘ ʤʦʞʝʪ ʨʘʩʧʨʦ-

ʩʪʨʘʥʷʪʴʩʷ ʥʘ ʜʘʣʴʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʦʙʲʝʢʪʦʚ ʠ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ 

ʥʘʩʝʣʝʥʠʝ [3]. ʄʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʩʥʝʛʦʚʦʡ ʧʦʢʨʦʚ ʷʚʣʷʝʪʩʷ ʭʦ-

ʨʦʰʝʡ ʜʝʧʦʥʠʨʫʶʱʝʡ ʩʨʝʜʦʡ, ʩʧʦʩʦʙʥʦʡ ʜʦʣʛʦʚʨʝʤʝʥʥʦ ʥʘʢʘʧʣʠʚʘʪʴ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝ-

ʩʪʚʘ [6, 9, 10]. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʳ ʪʝʨʨʠʪʦʨʠʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʮʝʤʝʥʪʥʳʭ ʟʘʚʦʜʦʚ ï 

ʛʦʨʦʜʘ ʅʦʚʦʩʠʙʠʨʩʢʦʡ (ʛ. ʀʩʢʠʪʠʤ) ʠ ʂʝʤʝʨʦʚʩʢʦʡ (ʛ. ʊʦʧʢʠ) ʦʙʣʘʩʪʝʡ. ʅʘ ʜʘʥʥʳʭ ʪʝʨʨʠʪʦ-

ʨʠʷʭ ʥʘʭʦʜʷʪʩʷ ʢʨʫʧʥʳʝ ʟʘʚʦʜʳ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʮʝʤʝʥʪʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʤʦʱʥʦʩʪʠ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʶʪ ʜʦ 4 ʤʣʥ. ʪʦʥʥ ʮʝʤʝʥʪʘ ʚ ʛʦʜ. 

ɺ ʢʦʥʮʝ ʬʝʚʨʘʣʷ 2016 ʛʦʜʘ ʠ ʤʘʨʪʝ 2019 ʛʦʜʘ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʦʪʙʦʨ ʧʨʦʙ ʩʥʝʛʦʚʦʛʦ 

ʧʦʢʨʦʚʘ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʮʝʤʝʥʪʥʳʭ ʟʘʚʦʜʦʚ ʛʛ. ʀʩʢʠʪʠʤʘ ʠ ʊʦʧʢʠ. ʊʦʯʢʠ ʦʪʙʦʨʘ ʨʘʩʧʦʣʘʛʘ-
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ʣʠʩʴ ʧʦ ʚʝʢʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʩ ʫʯʝʪʦʤ ʛʣʘʚʝʥʩʪʚʫʶʱʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ (ʶʛʦ-ʟʘʧʘʜʥʦʝ). 

ɺʩʝʛʦ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 15 ʠ 16 ʧʨʦʙ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʦʙʳ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ ʦʪʙʠʨʘʣʠʩʴ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʟʦʥʘʭ: ʚ ʟʦʥʘʭ ʚʣʠʷʥʠʷ ʮʝʤʝʥʪʥʳʭ ʟʘʚʦʜʦʚ, ʢʘʨʴʝʨʦʚ ʧʦ ʜʦʙʳʯʝ ʩʳʨʴʝʚʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʮʝʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʚ ʞʠʣʳʭ ʯʘʩʪʷʭ ʛʦʨʦʜʘ. ʌʦʥʦʚʦʡ ʪʝʨʨʠʪʦʨʠʝʡ 

ʷʚʣʷʝʪʩʷ ʉʨʝʜʥʠʡ ɺʘʩʶʛʘʥ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʩʪʘʪʫʩ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ ʬʦʥʦʚʦʡ ʪʝʨʨʠʪʦʨʠʠ 

[11ï12]. 

ʇʨʦʙʳ ʦʪʙʠʨʘʣʠʩʴ ʤʝʪʦʜʦʤ ʰʫʨʬʘ ʥʘ ʚʩʶ ʤʦʱʥʦʩʪʴ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ, ʠʩʢʣʶʯʘʷ 5 

ʩʤ ʥʘʜ ʧʦʯʚʦʡ. ɺʝʩ ʢʘʞʜʦʡ ʧʨʦʙʳ ʩʦʩʪʘʚʣʷʣ 18-20 ʢʛ. ɺʩʝʛʦ ʥʘ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʙʳʣʦ ʦʪʦʙʨʘʥʦ 15 ʧʨʦʙ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ. ʈʘʙʦʪʳ ʧʦ ʦʪʙʦʨʫ ʠ ʧʦʜʛʦʪʦʚʢʝ ʩʥʝʞʥʳʭ ʧʨʦʙ ʙʳ-

ʣʠ ʚʳʧʦʣʥʝʥʳ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʯʝʩʢʠʤ ʨʝʢʦʤʝʥʜʘʮʠʷʤ [2, 7, 12]. ʊʘʷʥʠʝ ʧʨʦʙ ʩʥʝʞʥʦʛʦ ʧʦ-

ʢʨʦʚʘ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʦʣʫʯʝʥʥʘʷ ʩʥʝʛʦʪʘʣʘʷ ʚʦʜʘ ʬʠʣʴʪʨʦʚʘʣʘʩʴ 

ʯʝʨʝʟ ʙʫʤʘʞʥʳʡ ʬʠʣʴʪʨ ʪʠʧʘ çʩʠʥʷʷ ʣʝʥʪʘè. ʊʚʝʨʜʳʡ ʦʩʘʜʦʢ ʩʥʝʛʘ, ʧʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ ʬʠʣʴ-

ʪʨʦʚʘʥʠʷ ʠ ʚʳʩʫʰʠʚʘʥʠʷ, ʧʨʦʩʝʠʚʘʣʠ ʯʝʨʝʟ ʩʠʪʦ (ʨʘʟʤʝʨ ʷʯʝʝʢ ʥʝ ʤʝʥʝʝ 1 ʤʤ). 

ʈʘʩʯʝʪ ʧʳʣʝʚʦʡ ʥʘʛʨʫʟʢʠ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʧʦ ʬʦʨʤʫʣʝ [8]: 
tS

P
Pn o

³
=  , ʛʜʝ P0 ï ʤʘʩʩʘ 

ʪʚʝʨʜʦʛʦ ʦʩʘʜʢʘ ʩʥʝʛʘ, ʤʛ; S ï ʧʣʦʱʘʜʴ ʰʫʨʬʘ, ʤ
2
; t ï ʢʦʣʠʯʝʩʪʚʦ ʩʫʪʦʢ ʦʪ ʥʘʯʘʣʘ ʩʥʝʛʦʩʪʘʚʘ 

ʜʦ ʜʥʷ ʦʪʙʦʨʘ ʧʨʦʙ. ʉ ʧʦʤʦʱʴʶ ʧʨʠʥʷʪʦʡ ʛʨʘʜʘʮʠʠ ʧʦ ʧʳʣʝʚʦʡ ʥʘʛʨʫʟʢʝ [8] ʩ ʜʦʧʦʣʥʝʥʠʷʤʠ 

[2], ʦʧʨʝʜʝʣʷʣʘʩʴ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ. ʇʨʦʙʳ ʠʟʫʯʘ-

ʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʙʠʥʦʢʫʣʷʨʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʤʠʢʨʦʩʢʦʧʘ ʚ 

ʄʀʅʆʎ çʋʨʘʥʦʚʘʷ ʛʝʦʣʦʛʠʷè ʧʨʠ ʊʇʋ. ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʨʦʙ ʪʚʝʨʜʦʡ ʬʘʟʳ ʩʥʝʛʘ ʙʳʣʠ 

ʠʟʫʯʝʥʳ ʤʝʪʦʜʦʤ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʀʅɸɸ) ʚ ʷʜʝʨʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʄʀʅʆʎ çʋʨʘʥʦʚʘʷ ʛʝʦʣʦʛʠʷè ʊʇʋ. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʳʣʝʚʦʡ ʥʘʛʨʫʟʢʠ ʩ ʛʨʘʜʘʮʠʝʡ ʧʦ ʧʳʣʝʚʦʡ 

ʥʘʛʨʫʟʢʝ [8] ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʠʟʢʠʝ, ʩʨʝʜʥʠʝ, ʚʳʩʦʢʠʝ ʠ ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ 

ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ (ʨʠʩ. 1).  

 
ʈʠʩ. 1. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʳʣʝʚʦʡ ʥʘʛʨʫʟʢʠ ʚ ʨʘʡʦʥʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʮʝʤʝʥʪʥʳʭ ʟʘʚʦʜʦʚ 

ʛ. ʊʦʧʢʠ ʠ ʛ. ʀʩʢʠʪʠʤ (ʛʨʘʜʘʮʠʷ ʧʦ ʧʳʣʝʚʦʡ ʥʘʛʨʫʟʢʝ ʧʦ ʨʘʙʦʪʝ [8]) 

 

ɿʥʘʯʝʥʠʷ ʧʳʣʝʚʦʡ ʥʘʛʨʫʟʢʠ ʚ ʞʠʣʳʭ ʯʘʩʪʷʭ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʧʳʣʝʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʧʨʝʚʳʰʘʶʪ ʬʦʥ (7 ʤʛ/ʤ
2
 ʚ ʩʫʪ.) [11ï12]) ʦʪ 3 ʜʦ 10 

ʨʘʟ. ʀʩʩʣʝʜʫʝʤʘʷ ʪʝʨʨʠʪʦʨʠʷ ʛʦʨʦʜʘ, ʚ ʢʦʪʦʨʦʤ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʮʝʤʝʥʪʥʳʡ ʟʘʚʦʜ ʛ. ʀʩʢʠʪʠ-

ʤʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʳʣʝʚʦʡ ʥʘʛʨʫʟʢʠ ʚ ʞʠʣʦʡ ʯʘʩʪʠ ʛʦʨʦʜʘ, 

ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʙʣʠʟʢʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʘ ʢ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʝ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʮʝʤʝʥʪʥʳʡ ʟʘʚʦʜ ʛ. ʊʦʧʢʠ ʨʘʩʧʦʣʦʞʝʥ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʞʠʣʦʡ ʯʘʩʪʠ 

ʛʦʨʦʜʘ. 
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ɿʦʥʳ ʚʣʠʷʥʠʷ ʠʟʫʯʘʝʤʳʭ ʮʝʤʝʥʪʥʳʭ ʟʘʚʦʜʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʠ ʦʯʝʥʴ ʚʳʩʦ-

ʢʦʡ ʩʪʝʧʝʥʷʤʠ ʧʳʣʝʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʦʯʝʥʴ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʳʣʝʚʦʡ 

ʥʘʛʨʫʟʢʠ ʚ ʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʘ ʛ. ʊʦʧʢʠ ʩʚʷʟʘʥ ʩ ʙʦʣʴʰʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʦʡ ʤʦʱʥʦʩʪʴʶ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʝʤʝʥʪʥʳʤ ʟʘʚʦʜʦʤ ʛ. ʀʩʢʠʪʠʤ.  

ɺ ʨʘʡʦʥʝ ʢʘʨʴʝʨʦʚ ʧʦ ʜʦʙʳʯʝ ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʛʣʠʥ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ ʟʥʘʯʝʥʠʷ 

ʧʳʣʝʚʳʭ ʥʘʛʨʫʟʦʢ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʫʤʝʨʝʥʥʦ-ʦʧʘʩʥʦʡ ʵʢʦʣʦʛʠ-

ʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ. ɺʢʣʘʜ ʚ ʧʳʣʝʚʫʶ ʥʘʛʨʫʟʢʫ ʚʥʦʩʠʪ ʜʦʙʳʯʘ ʩʳʨʴʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪʢʨʳʪʳʤ 

ʩʧʦʩʦʙʦʤ, ʘ ʪʘʢʞʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʜʦʙʳʪʦʛʦ ʩʳʨʴʷ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʦʡ ʪʝʭʥʠʢʦʡ. 

ʇʦ ʤʝʪʦʜʠʢʝ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʧʨʦʙ ʪʚʝʨʜʦʡ ʬʘʟʳ ʩʥʝʛʘ ʩʦ-

ʪʨʫʜʥʠʢʦʚ ʆɻ ʀʐʇʈ ʊʇʋ (ʧʘʪʝʥʪ ˉ 2229737, 2012 ʛ., ʘʚʪʦʨʳ: ɽ. ɻ. ʗʟʠʢʦʚ, ɸ. ʖ. ʐʘʪʠʣʦʚ, 

ɸ. ɺ. ʊʘʣʦʚʩʢʘʷ [4]) ʙʳʣʠ ʠʟʫʯʝʥʳ ʧʨʦʙʳ ʪʚʝʨʜʦʡ ʬʘʟʳ ʩʥʝʛʘ ʠʟ ʟʦʥʳ ʚʣʠʷʥʠʷ ʮʝʤʝʥʪʥʦʛʦ 

ʟʘʚʦʜʘ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ɺ ʧʨʦʙʘʭ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʢʘʢ ʧʨʠʨʦʜʥʳʝ, ʪʘʢ ʠ ʪʝʭʥʦʛʝʥ-

ʥʳʝ ʯʘʩʪʠʮʳ. ʇʨʦʙʳ ʠʟ ʦʢʨʝʩʪʥʦʩʪʝʡ ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʮʝʤʝʥʪʥʦʡ ʧʳʣʴʶ ʠ ʫʛʦʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʚʝʨʦʷʪʥʦ, ʧʦʩʪʫʧʘʶʱʠʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʯʥʦʛʦ 

ʦʪʦʧʣʝʥʠʷ ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʤʠ ʩʬʝʨʫʣʘʤʠ (ʨʠʩ. 2). ʇʨʠʨʦʜʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʢʚʘʨʮʝʤ ʧʨʦʟʨʘʯʥʳʤ, ʧʦʣʝʚʳʤ ʰʧʘʪʦʤ ʠ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. 

 

ʈʠʩ. 2. ʊʝʭʥʦʛʝʥʥʳʝ ʯʘʩʪʠʮʳ ʚ ʧʨʦʙʝ ʪʚʝʨʜʦʡ ʬʘʟʳ ʩʥʝʛʘ, ʦʪʦʙʨʘʥʥʦʡ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ 

ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʘ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ (ʘ ï ʮʝʤʝʥʪʥʘʷ ʧʳʣʴ; ʙ ï ʯʘʩʪʠʮʳ ʫʛʣʷ; 

ʚ ï ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʝ ʩʬʝʨʫʣʳ) 

 

ʇʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʥʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚ ʧʨʦʙʘʭ ʟʦʥ ʚʣʠʷʥʠʷ ʮʝʤʝʥʪʥʳʭ 

ʟʘʚʦʜʦʚ ʙʳʣʠ ʥʘʡʜʝʥʳ ʯʘʩʪʠʮʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʣʴʮʠʝʚʦʛʦ ʠ ʞʝʣʝʟʦ-ʢʘʣʴʮʠʝʚʦʛʦ ʩʦʩʪʘ-

ʚʘ, ʘ ʪʘʢʞʝ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʝ ʩʬʝʨʫʣʳ ʩ ʧʨʠʤʝʩʷʤʠ ʢʘʣʴʮʠʷ (ʨʠʩ. 3).  

 
ʈʠʩ. 3. ʉʥʠʤʢʠ ʯʘʩʪʠʮ ʠ ʠʭ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʝ ʩʧʝʢʪʨʳ (ʘ ï ʯʘʩʪʠʮʘ Fe-Ca ʩʦʩʪʘʚʘ 

ʨʘʟʤʝʨʦʤ 10 ʤʢʤ ʠʟ ʟʦʥʳ ʚʣʠʷʥʠʷ ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʘ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ; ʙ ï ʯʘʩʪʠʮʘ Fe-

Ca ʩʦʩʪʘʚʘ ʨʘʟʤʝʨʦʤ 2,7 ʤʢʤ ʠʟ ʟʦʥʳ ʚʣʠʷʥʠʷ ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʘ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ) 

 

ʈʘʟʤʝʨʳ ʯʘʩʪʠʮ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 1,7 ʜʦ 42,8 ʤʢʤ. ʄʝʣʢʠʝ ʯʘʩʪʠʮʳ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ 

ʦʨʛʘʥʳ ʜʳʭʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʨʝʩʧʠʨʘʪʦʨʥʳʭ ʠ ʢʦʞʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʯʝʣʦʚʝʢʘ. ɼʣʷ 
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ʩʦʢʨʘʱʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʩʦ ʩʪʦʨʦʥʳ ʮʝʤʝʥʪʥʳʭ ʟʘʚʦʜʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ, ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʦʝ, ʦʙʝʩʧʳʣʠʚʘʶʱʝʝ ʦʙʦʨʫ-

ʜʦʚʘʥʠʝ.  

ʇʦ ʜʘʥʥʳʤ ʀʅɸɸ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʫʩʨʝʜʥʝʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʨʷʜʳ ʧʦ ʟʥʘʯʝʥʠʷʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʥʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢ ʵʣʝʤʝʥʪʘʤ, 

ʧʨʝʚʳʰʘʶʱʠʤ ʬʦʥ ʚ ʧʨʦʙʘʭ ʪʚʝʨʜʦʡ ʬʘʟʳ ʩʥʝʛʘ, ʦʪʥʦʩʷʪʩʷ ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ ʢʘʢ Ca, Cr, Zn, 

Sr, Ba, Yb, Hf, Th (ʨʠʩ. 4). ʍʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʧʨʝʚʳʰʘʶʱʘʷ ʬʦʥʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʷʚʣʷ-

ʶʪʩʷ ʤʝʪʘʣʣʘʤʠ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʚʳʙʨʦʩʦʚ ʮʝʤʝʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ 

ʢʘʢ ʨʦʩʩʠʡʩʢʠʤʠ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ [1, 5, 8]. 

 
ʈʠʩ. 4. ʉʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʙʘʭ ʪʚʝʨʜʦʡ ʬʘʟʳ ʩʥʝʛʘ ʠʟ ʟʦʥʳ 

ʚʦʟʜʝʡʩʪʚʠʷ ʮʝʤʝʥʪʥʳʭ ʟʘʚʦʜʦʚ ʂʝʤʝʨʦʚʩʢʦʡ (ʛ. ʊʦʧʢʠ) ʠ ʅʦʚʦʩʠʙʠʨʩʢʦʡ 

(ʛ. ʀʩʢʠʪʠʤ) ʦʙʣʘʩʪʝʡ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʝʥʘ ʩʪʝʧʝʥʴ ʧʳʣʝʚʦʛʦ ʟʘ-

ʛʨʷʟʥʝʥʠʷ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʮʝʤʝʥʪʥʳʭ ʟʘʚʦʜʦʚ, ʥʘʡʜʝʥʳ ʧʨʠʨʦʜʥʳʝ ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʯʘʩʪʠʮʳ, ʘ 

ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥ ʠʭ ʩʦʩʪʘʚ ʠ ʨʘʟʤʝʨʳ. ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʪʚʝʨʜʦʡ ʬʘʟʳ ʩʥʝʛʘ ʠʩʩʣʝʜʫʝʤʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ʠʤʝʝʪ ʩʭʦʞʠʡ ʩʦʩʪʘʚ, ʯʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʝʜʠʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝ-

ʤʝʥʪʘ, ʙʣʠʟʢʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʳʨʴʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʜʣʠʪʝʣʴʥʦʤ ʩʪʘʮʠʦʥʘʨʥʦʤ ʦʧʳʪʝ, ʨʘʩ-

ʧʦʣʦʞʝʥʥʦʤ ʥʘ ʩʢʣʦʥʝ ʙʘʣʢʠ ɹʦʣʴʰʦʡ ʃʦʛ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʢʨʫʪʠʟʥʦʡ ʜʦ 3,5ï4
Á
, ʚ 1991ï

2019 ʛʛ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʢʦʥʪʫʨʥʦ-ʧʦʣʦʩʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩʢʣʦʥʘ ʧʨʠʤʝʥʝʥʠʝ ʯʠʟʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʩʦʢʨʘʱʘʝʪ ʩʤʳʚ ʥʘ 12,3 %, ʘ ʩʪʦʢ ï ʥʘ 11,7 %. ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʪʠʚʦʵʨʦʟʠ-

ʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʩʪʦʢʘ, ʠʤʝʣ ʥʘʠʤʝʥʴʰʠʝ ʟʥʘ-

ʯʝʥʠʷ ʥʘ ʯʠʟʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ. ʉʪʝʧʝʥʴ ʧʨʦʷʚʣʝʥʠʷ ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʟʘʚʠʩʠʪ ʦʪ 

ʧʦʢʘʟʘʪʝʣʝʡ ʟʘʧʘʩʘ ʚʦʜʳ ʚ ʩʥʝʛʝ ʠ ʦʩʘʜʢʦʚ ʚ ʧʝʨʠʦʜ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʥʝʛʦʪʘʷʥʠʷ (r=0,71ï0,78). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʦʢ, ʩʤʳʚ, ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʟʘʧʘʩ ʚʦʜʳ ʚ ʩʥʝʛʝ, ʦʩʘʜʢʠ ʭʦʣʦʜʥʦʛʦ 

ʧʝʨʠʦʜʘ ʛʦʜʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʛʦʜʘ, ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʪʦʢʘ. 

 

Abstract. The research was conducted in a long-term stationary experiment located on the 

slope of the Bolshaya Log beam in the Rostov region, with a steepness of up to 3.5-4Á, in 1991-

2019. It was found that the use of chisel tillage reduces flushing by 12.3% and runoff by 11.7% in 

the contour-lane organization of the slope. the coefficient of anti ï erosion efficiency of soil treat-

ment systems and the runoff coefficient had the lowest values for chisel tillage. The degree of mani-

festation of erosion processes depends on the indicators of water supply in the snow and precipita-

tion during heavy snowmelt (R = 0.71-0.78). 

Keywords: runoff, washout, tillage, water supply in snow, precipitation of the cold period of 

the year, temperature of the cold period of the year, hydrothermal coefficient, runoff coefficient. 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʨʝʟʢʦ ʘʢʪʠʚʠʟʠʨʦʚʘʣʠʩʴ ʧʨʦʮʝʩʩʳ 

ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚ, ʟʘʤʝʪʥʦ ʫʭʫʜʰʠʣʘʩʴ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ, ʩʥʠʟʠʣʠʩʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʠ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʡ ʥʘ ʥʠʭ ʧʨʦʜʫʢʮʠʠ. ʉʚʳʰʝ 26 % ʠʣʠ 54 

ʤʣʥ. ʛʘ ʩʝʣʴʭʦʟʫʛʦʜʠʡ ʩʝʡʯʘʩ ʧʦʜʚʝʨʞʝʥʦ ʵʨʦʟʠʠ, ʘ ʩʥʠʞʝʥʠʝ ʫʨʦʞʘʝʚ ʥʘ ʵʨʦʜʠʨʦʚʘʥʥʳʭ 

ʧʦʯʚʘʭ ʩʦʩʪʘʚʣʷʝʪ 34ï47 %. ɽʞʝʛʦʜʥʘʷ ʫʙʳʣʴ ʛʫʤʫʩʘ ʥʘ ʧʘʰʥʝ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,62 

ʪ/ʛʘ, ʘ ʚ ʮʝʣʦʤ ʧʦ ʈʦʩʩʠʠ 81,4 ʤʣʥ. ʪ. [1,6].  

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʟʝʤʣʝʜʝʣʠʷ ʈʦʩʩʠʠ ʧʣʦʜʦʨʦʜʠʝ ʦʢʫʣʴʪʫʨʝʥʥʳʭ ʧʦʯʚ 

ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʭ ʜʝʛʫʤʠʬʠʢʘʮʠʝʡ, ʫʭʫʜʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʛʫʤʫʩʘ, ʫʤʝʥʴʰʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʬʦʩʬʦʨʘ [2,8].  

ʅʝʨʝʛʫʣʠʨʫʝʤʳʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʪʦʢ ʪʘʣʳʭ ʠ ʜʦʞʜʝʚʳʭ ʚʦʜ ʩ ʟʝʤʝʣʴ 

ʩʝʣɹʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʤʳʚʫ ʧʦʯʚʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʝʛʨʘʜʘʮʠʠ 
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ʦʛʨʦʤʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ʇʦʯʚʝ ʥʘʥʦʩʠʪʩʷ ʙʦʣʴʰʦʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʠ ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ. 

ʉʪʦʢ ʪʘʣʳʭ ʚʦʜ ʩ ʨʳʭʣʦʡ ʧʘʰʥʠ ʥʘʙʣʶʜʘʝʪʩʷ ʦʜʠʥ ʨʘʟ ʚ ʪʨʠ ʛʦʜʘ, ʩ ʫʧʣʦʪʥʝʥʥʦʡ ʧʘʰʥʠ ï 

ʜʚʘ ʨʘʟʘ ʚ ʪʨʠ ʛʦʜʘ. ʉʨʝʜʥʠʡ ʩʪʦʢ ʥʘ ʫʧʣʦʪʥʝʥʥʦʡ ʧʘʰʥʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 2,2 ʨʘʟʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʨʳʭʣʦʡ ʧʘʰʥʝʡ, ʛʜʝ ʚʣʘʛʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʧʠʪʳʚʘʝʪʩʷ ʚ ʧʦʯʚʫ [3,5].  

ɺ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚʭʦʜʠʣʦ ʚʳʷʚʣʝʥʠʝ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʪʦʢ ʠ 

ʩʤʳʚ ʧʦʯʚʳ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʦʭʨʘʥʝʥʠʷ ʧʣʦʜʦʨʦʜʠʷ ʧʘʰʥʠ ʚ 

ʟʦʥʝ ʯʝʨʥʦʟʝʤʦʚ ʦʙʳʢʥʦʚʝʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʵʨʦʟʠʦʥʥʦ-ʦʧʘʩʥʦʛʦ ʩʢʣʦʥʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʜʣʠʪʝʣʴʥʦʤ ʩʪʘʮʠʦʥʘʨʥʦʤ ʦʧʳʪʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ 

ʩʢʣʦʥʝ ʙʘʣʢʠ ɹʦʣʴʰʦʡ ʃʦʛ ɸʢʩʘʡʩʢʦʛʦ ʨʘʡʦʥʘ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʚ 1991ï2019 ʛʛ. ʆʧʳʪ 

ʙʳʣ ʟʘʣʦʞʝʥ ʚ ʩʠʩʪʝʤʝ ʢʦʥʪʫʨʥʦ-ʣʘʥʜʰʘʬʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʨʨʠʪʦʨʠʠ ʩʢʣʦʥʘ ʢʨʫʪʠʟʥʦʡ ʜʦ 

3,5ï4
Á, 
ʩ ʢʦʤʧʣʝʢʩʦʤ

 
ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʠ ʧʨʦʩʪʝʡʰʠʭ ʩʦʦʨʫʞʝʥʠʡ: ʚʘʣʦʚ-ʢʘʥʘʚ ʠ 

ʚʘʣʦʚ-ʪʝʨʨʘʩ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʥʠʟʠʪʴ ʜʦ ʙʝʟʦʧʘʩʥʳʭ ʧʨʝʜʝʣʦʚ ʩʪʦʢ ʪʘʣʦʡ ʠ ʣʠʚʥʝʚʦʡ ʚʦʜʳ ʠ 

ʩʤʳʚ ʧʦʯʚʳ. ʂʦʦʨʜʠʥʘʪʳ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ: ʩ. ʰ. 47,36958; ʚ. ʜ. 39,90929. ʆʧʳʪ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ ʈʦʩʩʠʡʩʢʦʡ ɻʝʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʠ ʜʣʠʪʝʣʴʥʳʭ ʦʧʳʪʦʚ ʩ ʫʜʦʙʨʝʥʠʷʤʠ 

(ʘʪʪʝʩʪʘʪ ˉ 169). 

ʇʦʯʚʘ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ ï ʯʝʨʥʦʟʝʤ ʦʙʳʢʥʦʚʝʥʥʳʡ ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ ʥʘ ʣʝʩʩʦʚʠʜ-

ʥʦʤ ʩʫʛʣʠʥʢʝ ï ʩʨʝʜʥʝʵʨʦʜʠʨʦʚʘʥʘ. ʉʨʝʜʥʝʛʦʜʦʚʦʡ ʩʪʦʢ 20 ʤʤ (ʤʘʢʩʠʤʘʣʴʥʳʡ 34,4 ʤʤ). 

ʉʨʝʜʥʝʛʦʜʦʚʦʡ ʩʤʳʚ ʧʦʯʚʳ 18,5 ʪ/ʛʘ (ʤʘʢʩʠʤʘʣʴʥʳʡ ï 42 ʪ/ʛʘ). ʄʦʱʥʦʩʪʴ ɸ ʧʘʭ ï 25ï30 ʩʤ, 

ɸ+ɹ ï ʦʪ 30 ʜʦ 60 ʩʤ ï ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʤʳʪʦʩʪʠ. ʇʦʨʦʟʥʦʩʪʴ ʧʘʭʦʪʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ï 

61,5 %, ʧʦʜʧʘʭʦʪʥʦʛʦ ï 54 %. ʅɺ ï 33ï35 ʚʝʩʦʚʳʭ ʧʨʦʮʝʥʪʦʚ, ʚʣʘʞʥʦʩʪʴ ʟʘʚʷʜʘʥʠʷ ï 13,4 %. 

ʉʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ ʧʦʯʚʝ ʚ ʩʣʦʝ 0ï30 ʩʤ 3,8ï3,83 %, ʦʙʱʝʛʦ ʘʟʦʪʘ ï 0,14ï0,16 %, ʧʦʜʚʠʞ-

ʥʳʭ ʬʦʩʬʘʪʦʚ ï 15,7ï18,2 ʤʛ, ʦʙʤʝʥʥʦʛʦ ʢʘʣʠʷ 282ï337 ʤʛ/ʢʛ ʧʦʯʚʳ. 

ʀʟʫʯʘʣʠ ʜʚʝ ʩʠʩʪʝʤʳ ʦʩʥʦʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ï ʯʠʟʝʣʴʥʫʶ ʠ ʦʪʚʘʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʚ 

ʩʝʚʦʦʙʦʨʦʪʝ, ʠʤʝʶʱʝʤ ʩʣʝʜʫʶʱʫʶ ʢʦʥʩʪʨʫʢʮʠʶ: ʯʠʩʪʳʡ ʧʘʨ ï 20 %; ʟʝʨʥʦʚʳʝ ʢʦʣʦʩʦʚʳʝ ï 

60 %; ʧʨʦʧʘʰʥʳʝ ï 20 %. ʇʦʚʝʨʭʥʦʩʪʥʳʡ ʩʤʳʚ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʠʟʤʝʨʝʥʠʷ ʚʦʜʦʨʦʠʥ ʧʦ 

ɺ. ʅ. ɼʴʷʢʦʚʫ (1984) [4].  

ʂʦʥʪʫʨʥʦ-ʣʘʥʜʰʘʬʪʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʪʝʨʨʠʪʦʨʠʠ ʩ ʧʦʣʦʩʪʥʳʤ ʨʘʟʤʝʱʝʥʠʝʤ ʢʫʣʴʪʫʨ 

ʥʘ ʵʨʦʟʠʦʥʥʦʦʧʘʩʥʳʭ ʩʢʣʦʥʘʭ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʚʣʘʛʫ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʧʨʠ ʪʘʷʥʠʠ 

ʩʥʝʛʘ ʠ ʟʘʜʝʨʞʘʪʴ ʝʸ ʚʦ ʚʨʝʤʷ ʣʝʪʥʠʭ ʣʠʚʥʝʡ. ɺ ʩʪʘʮʠʦʥʘʨʥʦʤ ʦʧʳʪʝ ʧʦ ʠʟʫʯʝʥʠʶ ʨʘʟʣʠʯʥʳʭ 

ʦʙʨʘʙʦʪʦʢ ʧʦʯʚʳ ʥʘ ʩʢʣʦʥʝ ʩ ʢʦʥʪʫʨʥʦ-ʣʘʥʜʰʘʬʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʪʝʨʨʠʪʦʨʠʠ, ʧʦʢʘʟʘʪʝʣʠ 

ʩʪʦʢʘ ʚʦʜʳ ʠ ʩʤʳʚʘ ʧʦʯʚʳ ʟʘ 29 ʣʝʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʪʦʢʘ ʟʘʚʠʩʠʪ ʦʪ ʟʘʧʘʩʘ ʚʦʜʳ ʚ ʩʥʝʛʝ ʠ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʚ ʧʝʨʠʦʜ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʥʝʛʦʪʘʷʥʠʷ, ʘ ʪʘʢʞʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ. ʇʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʚʝʩʝʥʥʠʭ ʦʪ-

ʪʝʧʝʣʝʡ ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʥʝʛʦʪʘʷʥʠʷ. ʉʥʝʛ ʥʘʯʠʥʘʝʪ ʪʘʷʪʴ, ʦʙʨʘʟʫʷ ʟʥʘ-

ʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʢʦʪʦʨʘʷ ʥʝ ʫʩʧʝʚʘʝʪ ʚʧʠʪʳʚʘʪʴʩʷ ʚ ʧʨʦʤʝʨʟʣʫʶ ʧʦʯʚʫ. ʆʙʨʘʟʫ-

ʶʱʠʝʩʷ ʧʦʪʦʢʠ ʚʦʜʳ ʩʤʳʚʘʶʪ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʪʘʷʚʰʝʡ ʧʦʯʚʳ ʧʣʦʜʦʨʦʜʥʳʡ ʩʣʦʡ, ʦʙʨʘʟʫʷ 

ʚʦʜʦʨʦʠʥʳ. 

ɺ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʢʦʣʠʯʝʩʪʚʦ ʩʥʝʛʘ ʥʘʢʦʧʠʣʦʩʴ ʥʘ 1,6 ʪ/ʛʘ ʥʘ ʯʠʟʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʙʦʣʴʰʝ (27,2Ñ3,9 ʪ/ʛʘ), ʯʝʤ ʥʘ ʦʪʚʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ (25,5Ñ4,0 ʪ/ʛʘ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʩʥʝʛʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ, ʦʩʪʘʚʰʘʷʩʷ ʩʪʝʨʥʷ ʠ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ ʧʦʩʣʝ ʯʠʟʝ-

ʣʝʚʘʥʠʷ ʟʘʜʝʨʞʠʚʘʣʠ ʩʥʝʛ ʠ ʧʨʝʧʷʪʩʪʚʦʚʘʣʠ ʝʛʦ ʚʳʜʫʚʘʥʠʶ, ʪʦʛʜʘ ʢʘʢ ʛʣʘʜʢʠʝ ʛʨʝʙʥʠ ʥʘ ʦʪ-

ʚʘʣʴʥʦʡ ʚʩʧʘʰʢʠ ʭʫʞʝ ʟʘʜʝʨʞʠʚʘʣʠ ʩʥʝʛ. ʏʠʟʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʟʘ ʩʯʝʪ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪ-

ʢʦʚ ʠ ʩʪʝʨʥʠ ʟʘʜʝʨʞʠʚʘʣʘ ʧʦʪʦʢʠ ʚʦʜʳ, ʠ ʩʪʦʢ ʙʳʣ ʥʘ 11,7 % ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʦʪʚʘʣʴʥʦʡ ʦʙ-

ʨʘʙʦʪʢʝ. ʕʪʫ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʩʪʦʢʘ, ʠʤʝʶʱʠʡ ʤʠʥʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʥʘ ʯʠʟʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ (0,20), ʧʨʦʪʠʚ ʦʪʚʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ (0,23). 
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ʊʘʙʣʠʮʘ 1 

ʇʦʢʘʟʘʪʝʣʠ, ʚʣʠʷʶʱʠʝ ʥʘ ʩʪʦʢ ʠ ʩʤʳʚ ʧʦʯʚʳ 

ʇʦʢʘʟʘʪʝʣʴ 

ʉʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 

ʏʠʟʝʣʴʥʘʷ ʆʪʚʘʣʴʥʘʷ (ʢʦʥʪʨʦʣʴ) 

ʆʩʘʜʢʠ ʟʘ ʤʘʨʪ, ʤʤ 43,1Ñ3,9 43,1Ñ3,9 

ʆʩʘʜʢʠ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ, ʤʤ 280,4Ñ15 280,4Ñ15 

ʊʝʤʧʝʨʘʪʫʨʘ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ,
 Á
ʉ  1,5Ñ0,3 1,5Ñ0,3 

ɻʠʜʨʦʪʝʨʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ (ɻʊʂ) 0,8Ñ0,1 0,8Ñ0,1 

ɿʘʧʘʩ ʚʦʜʳ ʚ ʩʥʝʛʝ, ʪ/ʛʘ 27,2Ñ3,9 25,5Ñ4,0 

ɿʘʧʘʩ ʚʦʜʳ ʚ ʩʥʝʛʝ + ʦʩʘʜʢʠ ʟʘ ʤʘʨʪ, ʪ/ʛʘ 70,3 68,7 

ʉʪʦʢ, ʤʤ 14,3Ñ1,6 16,2Ñ1,7 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʪʦʢʘ 0,20 0,23 

ʉʤʳʚ, ʪ/ʛʘ 4,0Ñ0,59 4,6Ñ0,63 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʪʠʚʦʵʨʦʟʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 1,1 1,3 

 

ʂʦʣʠʯʝʩʪʚʦ ʩʤʳʪʦʡ ʧʦʯʚʳ ʦʧʨʝʜʝʣʷʣʠ ʧʦʩʣʝ ʚʝʩʝʥʥʝʛʦ ʩʥʝʛʦʪʘʷʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʩʣʝ 

ʣʝʪʥʠʭ ʣʠʚʥʝʡ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʤʳʪʦʡ ʧʦʯʚʳ ʧʨʠ ʢʦʥʪʫʨʥʦ-ʧʦʣʦʩʥʦʡ ʦʨʛʘʥʠʟʘ-

ʮʠʠ ʪʝʨʨʠʪʦʨʠʠ ʩʢʣʦʥʘ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʥʘ ʚʘʨʠʘʥʪʝ ʩ ʦʪʚʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʧʦʯʚʳ ʠ ʩʦʩʪʘʚ-

ʣʷʣʦ 4,6Ñ0,63 ʪ/ʛʘ. ʇʦʯʚʦʟʘʱʠʪʥʘʷ ʦʙʨʘʙʦʪʢʘ (ʯʠʟʝʣʴʥʘʷ) ʩʦʢʨʘʱʘʣʘ ʩʤʳʚ ʧʦʯʚʳ ʥʘ 12,3 % 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʪʚʘʣʴʥʦʡ. ɼʣʷ ʦʮʝʥʢʠ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʧʨʦʪʠʚʦʵʨʦʟʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʢʦʣʠʯʝʩʪʚʦ ʩʤʳ-

ʪʦʡ ʧʦʯʚʳ ʙʦʣʴʰʝ, ʢʦʣʠʯʝʩʪʚʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʭʦʜʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ [7]. ɺ 

ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʥ ʙʳʣ ʤʝʥʴʰʝ ʥʘ ʚʘʨʠʘʥʪʝ ʧʦʯʚʦʟʘʱʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ (1,1), ʯʝʤ ʥʘ 

ʦʪʚʘʣʴʥʦʡ (1,3).  

ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʝʨʠʦʜʘ ʩʥʝʛʦʪʘʷʥʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʧʨʦʮʝʩʩʦʚ 

ʵʨʦʟʠʠ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ɺ ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ ʧʨʠ ʨʝʟʢʦʤ ʧʦʚʳʰʝʥʠʠ ʩʨʝʜʥʝʩʫʪʦʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʝ ʪʘʷʥʠʝ ʩʥʝʛʘ. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʧʦʪʦʢʠ ʚʦʜʳ, ʩʪʝʢʘʶʪ 

ʚʥʠʟ ʧʦ ʩʢʣʦʥʫ, ʫʥʦʩʷ ʩ ʩʦʙʦʡ ʧʣʦʜʦʨʦʜʥʳʡ ʩʣʦʡ ʧʦʯʚʳ. ʇʨʠ ʤʝʜʣʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ ʩʨʝʜʥʝ-

ʩʫʪʦʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘʙʣʶʜʘʝʪʩʷ ʯʘʩʪʠʯʥʦʝ ʠʩʧʘʨʝʥʠʝ ʚʣʘʛʠ ʠʟ ʤʦʢʨʦʛʦ ʩʥʝʛʘ, ʘ ʦʩʪʘʚʰʘʷ-

ʩʷ ʯʘʩʪʴ ʚʧʠʪʳʚʘʝʪʩʷ ʚ ʧʦʯʚʫ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʵʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ (ʪʘʙʣʠʮʘ 2). 

ʅʘʠʙʦʣʝʝ ʪʝʩʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʚʝʣʠʯʠʥʳ ʩʪʦʢʘ ʚʦ ʚʨʝʤʷ ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʚʘʨʠ-

ʘʥʪʘʭ ʯʠʟʝʣʴʥʦʡ ʠ ʦʪʚʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʙʥʘʨʫʞʝʥʘ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʟʘʧʘʩʘ ʚʦʜʳ ʚ ʩʥʝʛʝ, 

ʩʫʤʤʘʨʥʦʛʦ ʟʘʧʘʩʘ ʚʦʜʳ ʚ ʩʥʝʛʝ ʠ ʚʝʣʠʯʠʥʳ ʦʩʘʜʢʦʚ ʚ ʧʝʨʠʦʜ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʥʝʛʦʪʘʷʥʠʷ 

(r=0,72-0,78 ʠ 0,71-0,71, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʩ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦ ʯʠʟʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ. 

ʉʤʳʚ ʧʦʯʚʳ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʩʪʦʢʘ (r=0,73), ʘ ʪʘʢʞʝ ʦʪ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘʧʘʩʘ ʚʦʜʳ ʚ ʩʥʝʛʝ 

ʠ ʩʫʤʤʘʨʥʦʛʦ ʟʘʧʘʩʘ ʚʦʜʳ ʚ ʩʥʝʛʝ ʠ ʦʩʘʜʢʦʚ ʚ ʧʝʨʠʦʜ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʥʝʛʦʪʘʷʥʠʷ (r=0,70ï

0,50) ʜʣʷ ʯʠʟʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ (r=0,69ï0,46) ʜʣʷ ʦʪʚʘʣʴʥʦʡ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ 

ʠʤʝʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʪʦ ʝʩʪʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʟʘʧʘʩʘ ʚʦʜʳ ʚ ʩʥʝʛʝ ʠ ʦʩʘʜ-

ʢʦʚ ʟʘ ʤʘʨʪ ʤʝʩʷʮ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʪʦʢ ʚʦʜʳ ʠ ʩʤʳʚ ʧʦʯʚʳ. ɺʝʣʠʯʠʥʘ ʩʚʷʟʠ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷ-

ʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʦʩʘʜʢʦʚ ʟʘ ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ ʛʦʜʘ, ɻʊʂ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʪʦʢʘ ʠ 

ʩʤʳʚʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʣʘʙʦʡ ʩʚʷʟʠ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʥʘ 

ʩʪʦʢ ʠ ʩʤʳʚ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʝ ʦʢʘʟʳʚʘʶʪ. 
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ʊʘʙʣʠʮʘ 2 

ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ. 

ʇʦʢʘʟʘʪʝʣʴ 1 2 3 4 5 6 7 8 

ʏʠʟʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ 

1 1,00 0,73 0,20 0,12 0,11 -0,18 0,72 0,78 

2 - 1,00 -0,11 -0,04 -0,22 -0,14 0,70 0,50 

3 - - 1,00 0,34 0,27 -0,05 -0,32 0,58 

4 - - - 1,00 -0,03 0,18 -0,03 0,26 

5 - - - - 1,00 -0,34 -0,12 0,13 

6 - - - - - 1,00 -0,05 -0,09 

7 - - - - - - 1,00 0,58 

8 - - - - - - - 1,00 

ʆʪʚʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ 

1 1,00 0,73 0,11 0,11 0,15 -0,11 0,71 0,71 

2 - 1,00 -0,16 -0,06 -0,22 -0,09 0,69 0,46 

3 - - 1,00 0,34 0,27 -0,05 -0,32 0,57 

4 - - - 1,00 -0,03 0,18 -0,02 0,27 

5 - - - - 1,00 -0,34 -0,10 0,15 

6 - - - - - 1,00 -0,05 -0,09 

7 - - - - - - 1,00 0,59 

8 - - - - - - - 1,00 

ʇʨʠʤʝʯʘʥʠʝ:  1 ï ʉʪʦʢ, ʤʤ; 2 ï ʉʤʳʚ, ʪ/ʛʘ; 3 ï ʆʩʘʜʢʠ ʟʘ ʤʘʨʪ; 4 ï ʆʩʘʜʢʠ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠ-

ʦʜʘ, ʤʤ; 5 ï ʊʝʤʧʝʨʘʪʫʨʘ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ,
 Á
ʉ; 6 ï ɻʠʜʨʦʪʝʨʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ; 7 ï 

ɿʘʧʘʩ ʚʦʜʳ ʚ ʩʥʝʛʝ, ʤʤ; 8 ï ɿʘʧʘʩ ʚʦʜʳ ʚ ʩʥʝʛʝ + ʦʩʘʜʢʠ ʟʘ ʤʘʨʪ, ʤʤ. 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʩʪʦʢʘ ʧʦ ʯʠʟʝʣʴʥʦʡ (1) ʠ ʦʪʚʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʘʤ ʧʦʯʚʳ (2) ʦʪ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʍ1 ï ʩʤʳʚ, ʪ/ʛʘ; ʍ2 ï ʦʩʘʜʢʠ ʟʘ ʤʘʨʪ; ʍ3 ï ʦʩʘʜʢʠ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ, ʤʤ; ʍ4 ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ,
 Á
ʉ; ʍ5 ï ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ; ʍ6 ï ʟʘʧʘʩ ʚʦʜʳ ʚ ʩʥʝʛʝ, ʤʤ; ʍ7 

ï ʟʘʧʘʩ ʚʦʜʳ ʚ ʩʥʝʛʝ + ʦʩʘʜʢʠ ʟʘ ʤʘʨʪ, ʤʤ.  

ʋ1 = ʍ10,94 ï ʍ20,01ïʍ30,004 + ʍ40,42 ï ʍ51,24 + ʍ60,01 + ʍ70,01 ï 3,5 (1) 

R
2 
=0,89; 

ʋ2 = ʍ11,24 + ʍ20,01+ʍ30,007 + ʍ41,25 ï ʍ50,16 + ʍ60,01 ï ʍ70,01 ï 6,0 (2) 

R
2 
=0,87; 

ʊʘʢʞʝ ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʤʳʚʘ ʧʦʯʚʳ ʧʦ ʯʠʟʝʣʴʥʦʡ (3) ʠ ʦʪʚʘʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʘʤ ʧʦʯʚʳ (4) ʦʪ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʍ1 ï ʩʪʦʢ, ʤʤ; ʍ2 ï ʦʩʘʜʢʠ ʟʘ ʤʘʨʪ; ʍ3 ï 

ʦʩʘʜʢʠ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ, ʤʤ; ʍ4 ï ʪʝʤʧʝʨʘʪʫʨʘ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ,
 Á
ʉ; ʍ5 ï ʛʠʜʨʦʪʝʨʤʠʯʝ-

ʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ; ʍ6 ï ʟʘʧʘʩ ʚʦʜʳ ʚ ʩʥʝʛʝ, ʤʤ; ʍ7 ï ʟʘʧʘʩ ʚʦʜʳ ʚ ʩʥʝʛʝ + ʦʩʘʜʢʠ ʟʘ ʤʘʨʪ, ʤʤ.  

ʋ3 = ʍ10,24 + ʍ20,01ïʍ30,01 ï ʍ40,42 ï ʍ50,73 + ʍ60,01 ï ʍ70,01 +3,0 (3) 

R
2 
=0,81; 

ʋ4 = ʍ10,24 + ʍ20,01 ï ʍ30,01 ï ʍ40,51 ï ʍ50,69 + ʍ60,01 ï ʍ70,01 +3,5 (4) 

R
2 
=0,81. 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ (R
2
) ʚʦ ʚʩʝʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʫʨʘʚʥʝʥʠʷʭ ʥʘʭʦʜʠʪʩʷ ʚ ʜʦ-

ʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ ʧʨʝʜʝʣʘʭ 0,81ï0,89, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʫʶ ʜʦʣʶ ʩʦʚʧʘʜʝʥʠʡ ʤʝʞʜʫ ʟʘ-

ʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ (ʩʪʦʢʦʤ ʠ ʩʤʳʚʦʤ) ʠ ʦʙʲʷʩʥʷʶʱʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʝʧʝʥʴ ʧʨʦʷʚʣʝʥʠʷ ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ ʢʦʥʪʫʨʥʦ-

ʣʘʥʜʰʘʬʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʨʨʠʪʦʨʠʠ ʩʢʣʦʥʘ ʢʨʫʪʠʟʥʦʡ 3,5ï4Á ʥʘ ʯʝʨʥʦʟʝʤʘʭ ʦʙʳʢʥʦʚʝʥ-
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ʥʳʭ ʟʘʚʠʩʠʪ ʦʪ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘʧʘʩʘ ʚʦʜʳ ʚ ʩʥʝʛʝ ʠ ʦʩʘʜʢʦʚ ʚ ʧʝʨʠʦʜ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʥʝʛʦʪʘʷ-

ʥʠʷ (r=0,71ï0,78). ʉʤʳʚ ʧʦʯʚʳ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʩʪʦʢʘ (r=0,73), ʘ ʪʘʢʞʝ ʦʪ ʧʦʢʘʟʘʪʝʣʝʡ 

ʟʘʧʘʩʘ ʚʦʜʳ ʚ ʩʥʝʛʝ ʠ ʦʩʘʜʢʦʚ ʚ ʧʝʨʠʦʜ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʥʝʛʦʪʘʷʥʠʷ (r=0,69ï0,70). 
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ANALYSIS OF MULTI -YEAR VARIATIONS IN THE RUNOFF OF SUSPENDED 

SEDIMENTS RIVERS OF THE DON 

Galkina E.S. 

 

ɸʥʥʦʪʘʮʠʷ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʤʥʦʛʦʣʝʪʥʠʝ ʢʦʣʝʙʘʥʠʡ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʥʘʥʦʩʦʚ. ʇʨʠ 

ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜ ʨʘʟʥʦʩʪʥʳʭ ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙ-

ʨʘʙʦʪʢʠ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

ʂʣʯʁʝʚʳʝ ʩʣʦʚʘ: ʚʟʚʝʰʝʥʥʳʝ ʥʘʥʦʩʳ, ʤʥʦʛʦʚʦʜʥʳʡ ʧʝʨʠʦʜ, ʛʦʜʦʚʦʡ ʩʪʦʢ ʥʘʥʦʩʦʚ, 

ʮʠʢʣʳ ʢʦʣʝʙʘʥʠʡ ʩʪʦʢʘ. 

 

Abstract. Long-term fluctuations in the annual sediment runoff are analyzed. The method of 

difference integration curves and statistical methods for processing hydrometeorological infor-

mation are used.  

Keywords: suspended sediment, high-water period, annual sediment runoff, the cycles of 

fluctuations in flow. 

 

ɼʝʬʦʨʤʘʮʠʠ ʨʝʯʥʳʭ ʧʦʡʤ ʠ ʨʫʩʣʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʣʝʜʩʪʚʠʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʥʘʥʦ-

ʩʦʚ, ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʧʦʩʪʫʧʘʝʪ ʚ ʨʝʢʫ ʩ ʚʦʜʦʩʙʦʨʘ. çʈʝʯʥʳʝ ʥʘʥʦʩʳ ï ʪʚʝʨʜʳʝ ʯʘ-

ʩʪʠʮʳ, ʧʝʨʝʥʦʩʠʤʳʝ ʧʦʪʦʢʘʤʠ ʠ ʪʝʯʝʥʠʷʤʠ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ, ʦʟʝʨʘʭ ʠ ʤʦʨʷʭè. [5]. ʂʦʣʠ-

ʯʝʩʪʚʦ ʠ ʩʦʩʪʘʚ ʥʘʥʦʩʦʚ ʟʘʚʠʩʠʪ ʦʪ ʫʢʣʦʥʘ, ʧʦʯʚʦʛʨʫʥʪʦʚ, ʩʣʘʛʘʶʱʠʭ ʚʦʜʦʩʙʦʨ, ʚʦʜʥʦʩʪʠ 

ʨʝʢʠ, ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚ 

ʢʦʨʥʝ ʠʟʤʝʥʷʝʪ ʝʩʪʝʩʪʚʝʥʥʳʝ ʨʫʩʣʦʚʳʝ ʧʨʦʮʝʩʩʳ ʠ ʢʦʣʠʯʝʩʪʚʦ ʨʝʯʥʳʭ ʥʘʥʦʩʦʚ. ʀʥʪʝʥʩʠʚ-

ʥʘʷ ʚʳʝʤʢʘ ʘʣʣʶʚʠʷ, ʜʥʦʫʛʣʫʙʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʧʨʠʚʦʜʷʪ ʢ ʥʝʦʙʨʘʪʠʤʦʤʫ ʧʦʥʠʞʝʥʠʶ 

ʫʨʦʚʥʝʡ ʚʦʜʳ ʚ ʨʝʢʝ, ʦʛʦʣʝʥʠʶ ʚʦʜʦʩʙʦʨʘ, ʘ ʪʘʢʞʝ ʧʦʥʠʞʝʥʠʶ ʫʨʦʚʥʝʡ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʥʘ 

ʧʦʡʤʝ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʦʡʤʝʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ [1]. 

ʅʘ ʧʨʠʪʦʢʘʭ ɼʦʥʘ ʚ ʧʦʩʣʝʜʥʠʝ 5 ʣʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʠʩʪʢʘ ʨʫʩʝʣ ʦʪ ʚʦʜʥʦʡ ʠ 

ʧʨʠʙʨʝʞʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʜʥʦʫʛʣʫʙʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʤʝʥʴʰʝʥʠʝ 

ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʧʨʦʭʦʞʜʝʥʠʷ ʚʝʩʝʥʥʝʛʦ ʧʦʣʦʚʦʜʴʷ ʠ ʨʝʰʝʥʠʷ ʨʷʜʘ ʜʨʫʛʠʭ ʚʦʜʦ-

ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʘʜʘʯ. ʊʘʢʦʛʦ ʨʦʜʘ ʤʝʨʦʧʨʠʷʪʠʷ ʩʪʘʚʷʪ ʧʝʨʝʜ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʦʩʪʨʳʡ ʚʦ-

ʧʨʦʩ ʦʮʝʥʢʠ ʧʦʩʣʝʜʩʪʚʠʡ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʝʩʪʝʩʪʚʝʥʥʳʝ ʨʫʩʣʦʚʳʝ ʧʨʦʮʝʩʩʳ. ʀʩʩʣʝʜʦʚʘ-

ʥʠʝ ʤʥʦʛʦʣʝʪʥʠʭ ʢʦʣʝʙʘʥʠʡ ʩʪʦʢʘ ʥʘʥʦʩʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʵʪʘʧʦʚ ʚ ʨʝʰʝʥʠʠ ʵʪʦʛʦ 

ʚʦʧʨʦʩʘ. 

ɸʥʘʣʠʟ ʤʥʦʛʦʣʝʪʥʠʭ ʠʟʤʝʥʝʥʠʡ ʩʪʦʢʘ ʥʘʥʦʩʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʧʝʨʠʦʜʠʯʥʦʩʪʴ 

ʩʤʝʥʳ ʤʘʣʦʚʦʜʥʳʭ ʠ ʤʥʦʛʦʚʦʜʥʳʭ ʮʠʢʣʦʚ ʠ ʧʨʠʯʠʥʳ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ʎʠʢʣʠʯʥʦʩʪʴ ʢʦ-

ʣʝʙʘʥʠʡ ʩʪʦʢʘ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʧʨʠʩʫʱʠʭ ʢʘʢ ʟʦʥʘʣʴ-

ʥʳʤ, ʪʘʢ ʠ ʘʟʦʥʘʣʴʥʳʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ. ʊʘʢ ʜʣʷ ʩʨʝʜʥʠʭ ʨʝʢ ʦʜʥʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʢʣʠʤʘʪʠ-

ʯʝʩʢʦʡ ʟʦʥʳ ʭʘʨʘʢʪʝʨʥʳ ʩʠʥʭʨʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʪʦʢʘ ʦʪʜʝʣʴʥʳʭ ʣʝʪ ʠ ʩʠʥʬʘʟʥʳʝ ʜʣʷ ʤʥʦ-
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ʛʦʣʝʪʥʠʭ ʢʦʣʝʙʘʥʠʡ. ɼʣʷ ʢʨʫʧʥʳʭ ʨʝʢ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʭʘ-

ʨʘʢʪʝʨʥʦ ʘʩʠʥʭʨʦʥʥʦʩʪʴ ʠ ʘʩʠʥʬʘʟʥʦʩʪʴ ʢʦʣʝʙʘʥʠʷ ʩʪʦʢʘ [2]. 

ɺʧʝʨʚʳʝ ʦʮʝʥʢʫ ʤʥʦʛʦʣʝʪʥʠʭ ʠʟʤʝʥʝʥʠʡ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʧʨʦʚʝʣʠ ʉ. ʅ. ʂʨʠʮʢʠʡ ʠ 

ʄ. ʌ. ʄʝʥʢʝʣʴ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʩʪʫʶ ʮʝʧʴ ʄʘʨʢʦʚʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʛʨʘʬʠʯʝ-

ʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ ʩʢʦʣʴʟʷʱʠʭ ʩʨʝʜʥʠʭ, ʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ 

ʛʨʘʬʠʢʦʚ. ʅʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʤ ʠ ʥʘʛʣʷʜʥʳʤ ʩʧʦʩʦʙʦʤ ʦʮʝʥʢʠ ʤʥʦʛʦʣʝʪʥʠʭ ʢʦʣʝʙʘʥʠʡ ʛʠʜ-

ʨʦʣʦʛʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʥʦʩʪʥʳʭ ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ, ʨʘʟ-

ʨʘʙʦʪʘʥʥʳʡ ɺ. ɻ. ɻʣʫʰʢʦʚʳʤ. 

ɺ ʦʩʥʦʚʫ ʘʥʘʣʠʟʘ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʪʦʢʘ ʚʟʚʝʰʝʥʥʳʭ ʥʘʥʦʩʦʚ ʨʝʢ ɼʦʥʘ ʧʦʣʦʞʝʥ ʤʝʪʦʜ 

ʨʘʟʥʦʩʪʥʦʡ ʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʢʨʠʚʦʡ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ʆʮʝʥʢʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʜʘʥʥʳʤ ʦ ʩʨʝʜʥʝʤ ʛʦʜʦʚʦʤ ʩʪʦʢʝ ʥʘʥʦʩʦʚ ʛʠʜʨʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʦʩʪʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʝʪʠ ʥʘʙʣʶʜʝʥʠʡ ʈʦʩʛʠʜʨʦʤʝʪʘ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʚʝʜʝʥʠʷ ʦ ʧʫʥʢʪʘʭ ʥʘʙʣʶʜʝʥʠʡ. 

ʊʘʙʣʠʮʘ 1 

ʆʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʧʫʥʢʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʈʝʢʘ ï ʧʦʩʪ ʇʣʦʱʘʜʴ ʚʦʜʦ-

ʩʙʦʨʘ, F, ʢʤ
2
 

ʇʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ, 

n, ʣʝʪ 

ʨ. ɼʦʥ ï ʛ. ɿʘʜʦʥʩʢ 31100 1960 ï 2019 59 

ʨ. ʍʦʧʝʨ ï ʛ. ʅʦʚʦ-

ʭʦʧʝʨʩʢ 

34800 1949 ï 2019 70 

ʨ. ʇʦʜʛʦʨʥʘʷ ï ʛ. ʂʘʣʘʯ 1790 1980 ï 2019 39 

 

ɺʳʷʚʣʝʥʠʝ ʤʥʦʛʦʚʦʜʥʳʭ ʠ ʤʘʣʦʚʦʜʥʳʭ ʮʠʢʣʦʚ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʨʘʬʠʢʦʚ ʨʝʘʣʴʥʦʛʦ 

ʢʦʣʝʙʘʥʠʷ ʩʪʦʢʘ ʥʘʥʦʩʦʚ ʚʳʟʳʚʘʝʪ ʟʘʪʨʫʜʥʝʥʠʷ ʠʟ-ʟʘ ʥʘʢʣʘʜʳʚʘʥʠʷ ʙʦʣʝʝ ʤʝʣʢʠʭ ʩʢʘʯʢʦʚ 

ʧʦʚʳʰʝʥʠʷ ʠ ʧʦʥʠʞʝʥʠʷ ʩʪʦʢʘ. ɻʨʘʬʠʢʠ ʩʢʦʣʴʟʷʱʠʭ ʩʨʝʜʥʠʭ ʩʛʣʘʞʠʚʘʶʪ ʨʝʟʢʠʝ ʩʢʘʯʢʠ, ʥʦ 

ʧʨʠ ʵʪʦʤ ʦʩʨʝʜʥʝʥʠʝ ʟʥʘʯʝʥʠʡ n ï ʣʝʪʠʡ ʚʳʟʳʚʘʝʪ ʩʤʝʱʝʥʠʝ ʮʝʣʳʭ ʬʘʟ. ʈʘʟʥʦʩʪʥʳʝ ʠʥʪʝ-

ʛʨʘʣʴʥʳʝ ʢʨʠʚʳʝ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʢʦʣʝʙʘʥʠʷ ʩʪʦʢʘ ʥʘʥʦʩʦʚ ʙʝʟ ʵʬʬʝʢʪʘ ʩʤʝʱʝʥʠʷ, ʪʘʢ ʢʘʢ 

ʦʥʘ ʫʯʠʪʳʚʘʝʪ ʢʦʣʝʙʘʥʠʷ ʩʪʦʢʘ ʟʘ ʢʦʨʦʪʢʠʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ. 

ʄʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʫʤʤʠʨʦʚʘʥʠʠ ʦʪʢʣʦʥʝʥʠʡ ʠʩʩʣʝʜʫʝʤʦʡ ʚʝʣʠʯʠʥʳ ʦʪ ʩʨʝʜʥʝʛʦ 

ʤʥʦʛʦʣʝʪʥʝʛʦ ʟʥʘʯʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʠʚʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ: 

Ὧ ρȾ ὅ Ὢ ὸȟ 

ʛʜʝ ki ï ʤʦʜʫʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ; Cv ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ. 

ʄʦʜʫʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʯʠʩʣʝʥ ʧʦ ʬʦʨʤʫʣʝ: 

Ὧ   , 

ʛʜʝ ὗ ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʨʷʜʘ ʥʘʙʣʶʜʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʨʜʠʥʘʪʳ ʢʨʠʚʦʡ ʜʘʶʪ ʥʘ ʢʦʥʝʮ i ï ʛʦ ʛʦʜʘ ʧʨʠʨʘʱʝʥʠʝ ʩʫʤʤ ʦʪʢʣʦʥʝ-

ʥʠʡ ʤʦʜʫʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ [ʚ]. 

ʀʩʢʣʶʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʪʦʢʘ ʦʪʨʘʞʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʘ-

ʨʠʘʮʠʠ: 

ὅ  Ὧ ρ  Ⱦ ὲ ρ, 

ʛʜʝ n ïʜʣʠʥʥʘ ʨʷʜʘ ʥʘʙʣʶʜʝʥʠʡ. 
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ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʛʦ ʤʥʦʛʦʣʝʪʥʝʛʦ ʟʥʘʯʝʥʠʷ ʩʪʦʢʘ ʚʟʚʝʰʝʥ-

ʥʳʭ ʥʘʥʦʩʦʚ ʚʳʯʠʩʣʝʥʘ, ʩʦʛʣʘʩʥʦ ʉʇ 33-101- 2003 çʆʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢè, ʧʦ ʬʦʨʤʫʣʝ: 

 
ὅ

Ѝὲ
 
ρ ὶ

ρ ὶ
 ρππ Ϸȟ 

ʛʜʝ r ï ʨʘʡʦʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʷʜʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʙʣʶʜʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 2 . 

ʊʘʙʣʠʮʘ 2 

ʆʩʥʦʚʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʪʦʢʘ ʚʟʚʝʰʝʥʥʳʭ ʥʘʥʦʩʦʚ. 

ʈʝʢʘ ï ʧʫʥʢʪ n, ʣʝʪ Cv  

ʨ. ɼʦʥ ï ʛ ɿʘʜʦʥʩʢ 59 1.21 0.21 

ʨ. ʍʦʧʝʨ ï ʛ. ʅʦʚʦʭʦʧʝʨʩʢ 70 0.99 1.00 

ʨ. ʇʦʜʛʦʨʥʘʷ ï ʛ. ʂʘʣʘʯ 39 1.24 0.27 

 

ɸʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʦʡ ʨʘʟʥʦʩʪʥʦʡ ʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʢʨʠʚʦʡ ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʧʦ-

ʩʪʘ ʨ. ɼʦʥ ï ʛ. ɿʘʜʦʥʩʢ, ʧʨʠʚʝʜʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1, ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʜʚʘ ʮʠʢʣʘ ʢʦʣʝʙʘʥʠʡ 

ʩʪʦʢʘ ʥʘʥʦʩʦʚ. 

 

ʈʠʩ. 1. ʈʘʟʥʦʩʪʥʘʷ ʠʥʪʝʛʨʘʮʠʦʥʥʘʷ ʢʨʠʚʘʷ ʩʪʦʢʘ ʚʟʚʝʰʝʥʥʳʭ ʥʘʥʦʩʦʚ ʨ. ɼʦʥ ï ʛ. ɿʘʜʦʥʩʢ. 

 

ʇʝʨʚʳʡ ʤʥʦʛʦʚʦʜʥʳʡ ʮʠʢʣ ʦʭʚʘʪʳʚʘʝʪ ʧʝʨʠʦʜ ʩ 1960 ʧʦ 1982 ʛʛ. ʄʘʣʦʚʦʜʥʘʷ ʬʘʟʘ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʩ1982 ʧʦ 2019 ʛʛ. ʇʦ ʣʠʥʠʠ ʪʨʝʥʜʘ ʯʝʪʢʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʫʤʝʥʴ-

ʰʝʥʠʷ ʩʪʦʢʘ ʥʘʥʦʩʦʚ. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʩ 90-ʭ ʛʛ.  

ɸʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʦʡ ʨʘʟʥʦʩʪʥʦʡ ʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʢʨʠʚʦʡ ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʧʦ-

ʩʪʘ ʨ. ʍʦʧʝʨ ï ʛ. ʅʦʚʦʭʦʧʝʨʩʢ, ʧʨʠʚʝʜʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 2, ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ 4 ʮʠʢʣʘ ʢʦʣʝ-

ʙʘʥʠʡ ʩʪʦʢʘ. ɼʚʘ ʤʥʦʛʦʚʦʜʥʳʝ ʬʘʟʳ ʦʭʚʘʪʳʚʘʶʪ ʧʝʨʠʦʜʳ ʩ 1949 ʧʦ 1964 ʠ 1980 ʧʦ 1999 ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʘʣʦʚʦʜʥʳʝ ʮʠʢʣʳ ï ʩ 1964 ʧʦ 1980 ʠ ʩ 1999 ʧʦ 2019 ʛʛ. ʃʠʥʠʷ ʪʨʝʥʜʘ ʫʢʘʟʳ-

ʚʘʝʪ ʥʘ ʫʤʝʥʴʰʝʥʠʷ ʩʪʦʢʘ ʥʘʥʦʩʦʚ. 
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ʈʠʩ. 2. ʈʘʟʥʦʩʪʥʘʷ ʠʥʪʝʛʨʘʮʠʦʥʥʘʷ ʢʨʠʚʘʷ ʩʪʦʢʘ ʚʟʚʝʰʝʥʥʳʭ ʥʘʥʦʩʦʚ ʨ. ʍʦʧʝʨ ï 

ʛ. ʅʦʚʦʭʦʧʝʨʩʢ. 

 

ɸʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʦʡ ʨʘʟʥʦʩʪʥʦʡ ʠʥʪʝʛʨʘʮʠʦʥʥʦʡ ʢʨʠʚʦʡ ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʧʦ-

ʩʪʘ ʨ. ʇʦʜʛʦʨʥʘʷ ï ʛ. ʂʘʣʘʯ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 3, ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʜʚʘ ʮʠʢʣʘ ʢʦʣʝ-

ʙʘʥʠʡ ʩʪʦʢʘ ʥʘʥʦʩʦʚ. ʄʥʦʛʦʚʦʜʥʘʷ ʬʘʟʘ ʦʭʚʘʪʳʚʘʝʪ ʧʝʨʠʦʜ ʩ 1980 ʧʦ 1989 ʛʛ, ʤʘʣʦʚʦʜʥʘʷ 

ʬʘʟʘ ʩ 1989 ʧʦ 2019 ʛ. ʃʠʥʠʷ ʪʨʝʥʜʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʩʪʦʢʘ. 

 

ʈʠʩ. 3. ʈʘʟʥʦʩʪʥʘʷ ʠʥʪʝʛʨʘʮʠʦʥʥʘʷ ʢʨʠʚʘʷ ʩʪʦʢʘ ʚʟʚʝʰʝʥʥʳʭ ʥʘʥʦʩʦʚ ʨ. ʇʦʜʛʦʨʥʘʷ ï 

ʛ. ʂʘʣʘʯ. 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʥʦʛʦʚʦʜʥʳʡ ʧʝʨʠʦʜ ï ʛʨʫʧʧʘ ʟʥʘʯʝʥʠʡ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʥʘʥʦ-

ʩʦʚ ʧʨʝʚʳʰʘʶʱʠʭ ʩʨʝʜʥʶʶ ʤʥʦʛʦʣʝʪʥʶʶ ʚʝʣʠʯʠʥʫ, ʘ ʤʘʣʦʚʦʜʥʳʡ ï ʛʨʫʧʧʫ ʧʦʥʠʞʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ [ʘ]. ʍʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʥʦʛʦʣʝʪʥʠʭ ʢʦʣʝʙʘʥʠʡ ʩʪʦʢʘ ʥʘʥʦʩʦʚ ʧʦʟʚʦʣʷʝʪ 

ʦʮʝʥʠʪʴ ʩʦʚʤʝʱʝʥʥʳʡ ʛʨʘʬʠʢ ʨʘʟʥʦʩʪʥʳʭ ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ ʠʩʩʣʝʜʫʝʤʳʭ ʧʫʥʢʪʦʚ 

ʥʘʙʣʶʜʝʥʠʡ, ʧʨʠʚʝʜʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 4. 
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ʈʠʩ. 4. ʉʦʚʤʝʱʝʥʥʳʡ ʛʨʘʬʠʢ ʨʘʟʥʦʩʪʥʳʭ ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ ʠʩʩʣʝʜʫʝʤʳʭ ʧʫʥʢʪʦʚ 

ʥʘʙʣʶʜʝʥʠʡ. 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʳʝ ʚʨʝʤʝʥʥʳʝ ʩʨʦʢʠ ʥʘʯʘʣʘ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʩʪʦʢʦʤ ʥʘʥʦʩʦʚ ʥʘ ʠʩ-

ʩʣʝʜʫʝʤʳʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʪʘʭ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʘʩʠʥʬʘʟʥʦʩʪʴ ʮʠʢʣʦʚ ʢʦʣʝʙʘʥʠʡ. ʊʘʢ ʥʘ 

ʧʦʩʪʫ ʨ. ɼʦʥ ï ʛ. ɿʘʜʦʥʩʢ ʚ ʧʝʨʠʦʜ 1960 ï 1982 ʛʛ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʤʥʦʛʦʚʦʜʥʳʡ ʮʠʢʣ, ʘ ʜʣʷ 

ʧʦʩʪʘ ʨ. ʍʦʧʝʨ ï ʛ. ʅʦʚʦʭʦʧʝʨʩʢ ʭʘʨʘʢʪʝʨʥʦ ʧʦʥʠʞʝʥʠʝ ʩʪʦʢʘ ʥʘʥʦʩʦʚ ʠ ʤʘʣʦʚʦʜʥʘʷ ʬʘʟʘ. 

ʇʨʠ ʵʪʦʤ ʤʥʦʛʦʚʦʜʥʳʡ ʮʠʢʣ ʨ. ʍʦʧʝʨ ʚʳʜʝʣʷʝʪʩʷ ʩʠʥʬʘʟʥʦʩʪʴʶ ʩ ʨ. ʇʦʜʛʦʨʥʦʡ ʚ ʧʝʨʠʦʜ 

1980 ï 1989 ʛʛ. ʆʧʨʝʜʝʣʝʥʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʙʱʫʶ ʭʘʨʘʢʪʝʨʥʫʶ ʩʠʥʬʘʟʥʦʩʪʴ ʜʣʷ ʚʩʝʭ ʠʩ-

ʩʣʝʜʫʝʤʳʭ ʨʝʢ ï ʤʘʣʦʚʦʜʥʳʝ ʮʠʢʣʳ ʚ ʧʝʨʠʦʜʳ ʩ 2000 ï ʭ ʛʦʜʦʚ ʜʦ 2019 ʛʦʜʘ. 
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COMPARISON OF SPATIAL INTERPOLATION METHODS IN THE QGIS 

GEOINFORMATION SYSTEM FOR RESEARCHING THE DISTRIBUTION OF ACID 

PRECIPITATION  

Galushin D.A., Gromov S.A., Zhadanovskaya E.A., Avdeev S.M. 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʜʚʫʭʤʝʨʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʪʝʨʧʦʣʷ-

ʮʠʠ ʚ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ Quantum GIS (QGIS) ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ ʜʘʥʥʳʤ ʤʦʥʠʪʦʨʠʥ-

ʛʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʩʘʜʢʦʚ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʨʝʭ ʤʝʪʦʜʠʢ ʠʥʪʝʨʧʦʣʷ-

ʮʠʠ, ʠʭ ʩʭʦʜʩʪʚʦ ʠ ʨʘʟʣʠʯʠʝ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʢʘʞ-

ʜʦʛʦ ʚʠʜʘ ʠʥʪʝʨʧʦʣʷʮʠʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʜʚʫʭʤʝʨʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦ-

ʢʘʟʘʥʘ ʥʘ ʧʨʠʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʩʝʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʩʘʜʢʦʚ ʇʨʠʤʦʨʩʢʦ-

ʛʦ ʢʨʘʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʀʥʪʝʨʧʦʣʷʮʠʷ, ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʄʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʢʠʩʣʦʪʥʳʝ ʦʩʘʜʢʠ 

 

Abstract The article discusses the methods of two-dimensional spatial interpolation in the 

Quantum GIS (QGIS) geographic information system with an application to precipitation chemistry 

monitoring data. We consider 3 methods of two-dimensional spatial interpolation in the Quantum 

GIS geoinformation system. A comparative analysis of each interpolation technique, their similari-

ties and differences, and surface modeling based on each type of interpolation were performed. The 

relevance of using two-dimensional interpolation methods is shown by the example of application 

to data from the network of chemical content of precipitation in Primorsky region. 

Keywords: Interpolation, Geographic information systems, Modeling, Acid Precipitation 

 

ɺʚʝʜʝʥʠʝ: ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪ ʷʚʣʷ-

ʶʪʩʷ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. ɸʥʘʣʦʛʦʚʳʝ ʤʝʪʦʜʳ ʩʦʟʜʘʥʠʷ ʢʘʨʪ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ 

ʫʩʪʫʧʠʣʠ ʤʝʩʪʦ ʮʠʬʨʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. ʆʩʥʦʚʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʝʨʨʠʪʦʨʠʠ ʩʦʜʝʨʞʠʪʩʷ ʚ 

ʮʠʬʨʦʚʦʤ ʚʠʜʝ, ʚ ʬʦʨʤʝ ʙʘʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ, ʫʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʳʤʠ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʩʨʝʜʩʪʚʘʤʠ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʡ. ʍʘʨʘʢʪʝʨʥʦʡ ʪʝʥʜʝʥʮʠʝʡ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ 

ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʧʝʨʘʪʠʚʥʦʡ ʘʢʪʫʘʣʠʟʘʮʠʠ ʛʝʦʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ 

ʨʦʩʪ ʦʙʲʝʤʘ ʦʪʢʨʳʪʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ ʥʘʭʦʜʷʪʩʷ ʙʘʟʦ-

ʚʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ (ʧʨʦʝʢʪʳ OpenStreetMap, VMap0, VMap1), ʢʦʩʤʠʯʝʩʢʠʝ ʩʥʠʤ-

ʢʠ ʩ ʜʝʪʘʣʴʥʦʩʪʴʶ 10-30 ʤ (LANDSAT, SENTINEL), ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ (SRTM, 

ASTER GDEM), ʨʷʜ ʠʩʪʦʯʥʠʢʦʚ ʪʝʤʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ɺʩʝ ʵʪʦ ʜʝʣʘʝʪ ʦʩʚʦʝʥʠʝ ɻʀʉ-

ʪʝʭʥʦʣʦʛʠʡ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʧʨʦʬʠʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʩ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʜʘʥʥʳʤʠ. [1] 
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Quantum GIS ï ʵʪʦ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʪʦʨʘʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʨʘʩʪʨʦʚʳʭ ʠ ʚʝʢʪʦʨʥʳʭ ʬʦʨʤʘʪʦʚ ʠ ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ.  

ʉʨʝʜʠ ʪʘʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚ QGIS ʨʝʘʣʠʟʦʚʘʥʘ ʬʫʥʢʮʠʷ ʩʦʟʜʘʥʠʷ ʥʝʧʨʝʨʳʚʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʜʠʩʢʨʝʪʥʳʭ ʪʦʯʝʢ. ʄʥʦʛʠʝ ʷʚʣʝʥʠʷ ʥʘ ʧʣʘʥʝʪʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʚʦʝʡ 

ʥʝʧʨʝʨʳʚʥʦʩʪʴʶ. ʂ ʧʨʠʤʝʨʫ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʚʳʩʦʪʘ ʤʝʩʪʥʦʩʪʠ ʠ ʪ. ʜ. ʇʨʠ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʢʦʣʠʯʝ-

ʩʪʚʦʤ ʧʫʥʢʪʦʚ ʦʪʙʦʨʘ ʜʘʥʥʳʭ. ʂʘʢ ʧʨʘʚʠʣʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴʶ. 

ʇʦʵʪʦʤʫ ʧʦʣʝʚʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ. ɸ ʟʥʘʯʝʥʠʷ ʚ ʤʝʩʪʘʭ, ʛʜʝ ʥʝ 

ʧʨʦʚʦʜʷʪʩʷ ʥʘʙʣʶʜʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʤʦʤʝʥʪ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʧʦʣʷʮʠʠ.  

ʎʝʣʠ ʠ ʟʘʜʘʯʠ: ʈʘʩʩʤʦʪʨʝʪʴ ʤʝʪʦʜʳ ʜʚʫʭʤʝʨʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʚ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ QGIS, ʩʨʘʚʥʠʪʴ ʩʭʦʜʩʪʚʘ ʠ ʨʘʟʣʠʯʠʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʠʥʪʝʨʧʦʣʷ-

ʮʠʠ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʡ ʤʝʪʦʜ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʨʠ ʥʝʨʝʛʫʣʷʨʥʦʡ ʩʝʪʠ ʥʘʙʣʶʜʝʥʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʚʷʟʘʥ-

ʥʳʝ ʩ ʚʳʧʘʜʝʥʠʝʤ ʢʠʩʣʦʪʥʳʭ ʦʩʘʜʢʦʚ ʠʟ ʘʪʤʦʩʬʝʨʳ.  

ʄʝʪʦʜʦʣʦʛʠʷ: ʆʩʥʦʚʥʦʡ ʠʜʝʝʡ ʤʝʪʦʜʘ çʦʙʨʘʪʥʳʭ ʚʟʚʝʰʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡè ʷʚʣʷʝʪʩʷ 

ʧʨʦʮʝʩʩ ʚʟʚʝʰʠʚʘʥʠʝ ʪʦʯʝʢ ʚ ʨʝʟʫʣʴʪʘʪʝ, ʢʦʪʦʨʦʛʦ ʦʪ ʪʦʯʢʠ ʩʙʦʨʘ ʜʘʥʥʳʭ ʜʦ ʪʦʯʢʠ, ʛʜʝ, ʤʳ 

ʥʝ ʟʥʘʝʤ ʟʥʘʯʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ çʟʘʪʫʭʘʥʠʷè. 

ʇʫʥʢʪʘʤ ʩʙʦʨʘ ʜʘʥʥʳʭ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʢʦʵʬʬʠʮʠʝʥ-

ʪʘ ʚʟʚʝʰʠʚʘʥʠʷ. ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʚʣʠʷʥʠʝ ʠʟʚʝʩʪʥʦʛʦ ʧʫʥʢʪʘ ʥʘ ʥʝʠʟʚʝʩʪʥʫʶ ʪʦʯʢʫ.  

ʇʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʟʚʝʰʠʚʘʥʠʷ ʟʥʘʯʝʥʠʝ ʥʘ ʥʝʠʟʚʝʩʪʥʦʤ ʧʫʥʢʪʝ ʙʫʜʝʪ 

ʩʪʨʝʤʠʪʴʩʷ ʢ ʟʥʘʯʝʥʠʶ ʙʣʠʞʘʡʰʝʛʦ ʧʫʥʢʪʘ, ʥʘ ʢʦʪʦʨʦʤ ʤʳ ʟʥʘʝʤ ʜʘʥʥʳʝ. ʕʪʦʪ ʤʝʪʦʜ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. ʆʜʥʘʢʦ ʫ ʦʙʨʘʪʥʳʭ ʚʟʚʝʰʝʥʥʳʭ 

ʨʘʩʩʪʦʷʥʠʷʭ ʝʩʪʴ ʥʝʜʦʩʪʘʪʦʢ. ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʭʘʨʘʢʪʝʨʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʫʥʢʪʦʚ ʩʙʦʨʘ ʜʘʥʥʳʭ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʤʝʩʪʘʭ, ʛʜʝ ʤʳ ʟʥʘʝʤ ʟʥʘʯʝʥʠʝ ʠ 

ʚʦʢʨʫʛ ʥʠʭ ʥʘʙʣʶʜʘʶʪʩʷ ʫʛʣʫʙʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʠ ʧʠʢʠ. [2] 

ɺʪʦʨʦʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ï 

ʵʪʦ ʤʝʪʦʜ ʅʝʨʝʛʫʣʷʨʥʦʡ ʊʨʠʘʥʛʫʣʷʮʠʦʥʥʦʡ ʉʝʪʠ (TIN). ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʥʦ ʚʩʪʨʝ-

ʪʠʪʴ ʥʘʟʚʘʥʠʝ ʪʨʠʘʥʛʫʣʷʮʠʷ ɼʝʣʦʥʝ. 

ʕʪʦʪ ʤʝʪʦʜ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʦʷʱʫʶ ʠʟ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, 

ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʙʣʠʞʘʡʰʠʤʠ ʪʦʯʢʘʤ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʪʨʠʘʥʛʫʣʷʮʠʡ ʚʦʢʨʫʛ 

ʪʦʯʢʠ ʦʪʙʦʨʘ ʜʘʥʥʳʭ ʧʨʦʚʦʜʷʪʩʷ ʦʢʨʫʞʥʦʩʪʠ ʠ ʚ ʤʝʩʪʝ ʧʝʨʝʩʝʯʝʥʠʷ ʦʢʨʫʞʥʦʩʪʝʡ ʦʥʠ ʩʦ-

ʝʜʠʥʷʶʪʩʷ ʚ ʩʠʩʪʝʤʫ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʤʳʢʘʶʪ ʜʨʫʛ ʢ ʜʨʫʛʫ ʙʝʟ ʧʝʨʝʩʝʯʝʥʠʡ ʠ 

ʨʘʟʨʳʚʦʚ.  

ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ ʥʝʨʝʛʫʣʷʨʥʦʡ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ, ʪʦ, ʯʪʦ 

ʧʦʣʫʯʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ (ʠʥʪʝʨʧʦʣʷʮʠʷ) ʚʳʛʣʷʜʠʪ ʥʝ ʛʣʘʜʢʦʡ (ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʫʥʢʮʠʠ 

ʩʧʣʘʡʥ), ʘ ʜʦʩʪʘʪʦʯʥʦ ʫʛʣʦʚʘʪʦʡ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʨʝʨʳʚʠʩʪʳʤ ʭʘʨʘʢʪʝʨʦʤ ʧʦʣʫʯʝʥ-

ʥʳʭ ʫʢʣʦʥʦʚ ʪ. ʝ. ʚ ʤʝʩʪʘʭ ʩʪʳʢʦʚʢʠ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʧʝʨʝʧʘʜʳ. ʉʪʦʠʪ ʟʘʤʝ-

ʪʠʪʴ, ʯʪʦ ʪʨʠʘʥʛʫʣʷʮʠʷ ɼʝʣʦʥʝ ʚʳʧʦʣʥʷʝʪ ʠʟʤʝʨʝʥʠʝ ʪʦʣʴʢʦ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʩʙʦʨʘ ʜʘʥʥʳʭ 

ʠ ʧʦʵʪʦʤʫ ʩʪʨʦʠʪ ʧʦʚʝʨʭʥʦʩʪʴ ʪʦʣʴʢʦ ʚʥʫʪʨʠ ʪʝʨʨʠʪʦʨʠʠ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤʠʩʷ ʪʦʯʢʘʤʠ 

ʩʙʦʨʘ. ɽʱʝ ʦʜʥʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʨʠʘʥʛʫʣʷʮʠʦʥ-

ʥʦʡ ʩʝʪʠ ʚʦʢʨʫʛ ʪʦʯʢʠ. ɿʘ ʩʯʝʪ ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ ʪʦʯʝʢ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʦʞʠʜʘʥʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ.  

ʇʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʝʪʠ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʧʫʥʢʪʦʚ ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜ ʩʧʣʘʡʥʦʚ (Thin Spline Global). ʕʪʦʪ ʪʠʧ ʠʥʪʝʨʧʦʣʷʮʠʠ 
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ʨʝʘʣʠʟʦʚʘʥ ʚ QGIS ʚʝʨʩʠʠ 2.8 ʠ ʚʳʰʝ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʤʦʜʝʣʠʨʫʝʤʘʷ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʩʦʩʪʦʠʪ ʠʟ ʦʪʜʝʣʴʥʳʭ ʷʯʝʝʢ ʚ ʢʦʪʦʨʦʡ ʩʫʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʅʘʠʙʦ-

ʣʝʝ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʚʳʙʦʨʝ ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʛʦ 

ʨʘʟʤʝʨʘ ʷʯʝʝʢ.[2] 

ʈʝʟʫʣʴʪʘʪʳ: 

ɺ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ QGIS ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦ ʜʘʥʥʳʤ ʩʝʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʩʘʜʢʦʚ ʦ ʚʳʧʘ-

ʜʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʫʣʴʬʘʪʦʚ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ IDW ï ʠʥʪʝʨʧʦʣʷʮʠʠ, ʜʘʥʥʳʡ 

ʪʠʧ ʥʝ ʤʦʞʝʪ ʢʘʯʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʫʥʢʪʦʚ ʩʙʦʨʘ. 

ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʫʶ ʤʦʜʝʣʴ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʜʣʷ ʩʪ. ʊʝʨʥʝʡ ʭʘʨʘʢʪʝʨʥʦ ʥʘʠʤʝʥʴʰʝʝ ʟʥʘ-

ʯʝʥʠʝ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʣʴʬʘʪʦʚ ʚ ʦʩʘʜʢʘʭ (ʨʠʩ.1). ʆʜʥʘʢʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩ-

ʩʪʦʷʥʠʷ ʦʪ ʩʪ. ʊʝʨʥʝʡ ʚ ʮʝʣʦʤ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʤʳ ʥʘʙʣʶʜʘʝʤ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʩʪ. ɿʦʣʦʪʦʡ ï 

2,66 ʤʛ/ʣ, ʩʪ. ʄʝʣʴʥʠʯʥʦʝ ï 2,50 ʤʛ/ʣ, ʩʪ. ʈʫʜʥʘʷ ʇʨʠʩʪʘʥʴ ï 2,44 ʤʛ/ʣ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞ-

ʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʩ ʤʦʨʩʢʦʡ ʘʢʚʘʪʦʨʠʠ ʥʘ ʩʪ. 

ʊʝʨʥʝʡ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʣʴʬʘʪʦʚ ʚ ʦʩʘʜʢʘʭ ʩʥʠʞʘʣʘʩʴ, ʟʘʪʝʤ ʥʘ ʩʘʤʦʡ ʩʪʘʥʮʠʠ ʙʳʣʦ ʟʘʬʠʢ-

ʩʠʨʦʚʘʥʦ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʘ ʟʘʪʝʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʯʘʣʘ ʨʘʩʪʠ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʩʪʘʥʮʠʠ.  

ʕʪʦ ʭʘʨʘʢʪʝʨʥʦ ʠ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʩʨʝʜʥʝʛʦʜʦʚʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʩʫʣʴʬʘʪʦʚ ʚ ʦʩʘʜʢʘʭ. ʊʝʨʨʠʪʦʨʠʷ ʶʞʥʝʝ ʦʟ. ʍʘʥʢʘ ʠʤʝʝʪ ʙʦʣʝʝ ʥʘʩʳʱʝʥʥʳʡ ʮʚʝʪ ʯʝʤ, ʩʝʚʝʨʦ ï 

ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʂʠʪʘʷ, ʛʜʝ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳ ʤʥʦʛʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʚ ʯʘʩʪʥʦ-

ʩʪʠ ï ʫʛʦʣʴʥʘʷ) ʠ ʦʪʢʫʜʘ ʧʨʦʠʩʭʦʜʠʪ ʘʪʤʦʩʬʝʨʥʳʡ ʧʝʨʝʥʦʩ ʢʠʩʣʦʪʥʳʭ ʦʩʘʜʢʦʚ. ʅʘ ʦʩʥʦʚʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʦʙʨʘʪʥʳʭ ʚʟʚʝʰʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʘʤʦʤ ʠʩʪʦʯʥʠ-

ʢʝ ʟʘʛʨʷʟʥʝʥʠʷ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʂʠʪʘʷ) ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʩʫʣʴʬʘʪʦʚ ʥʠʞʝ, ʯʝʤ ʥʘ ʩʪ. ʍʘʣʢʠʜʦʥ ʠʣʠ ʥʘ ʩʪ. ɺʣʘʜʠʚʦʩʪʦʢ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʥʪʝʨʧʦʣʷʮʠʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʦʙʨʘʪʥʳʭ ʚʟʚʝʰʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʥʝ 

ʧʦʜʭʦʜʷʪ ʜʣʷ ʟʘʜʘʯ, ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ.  

 
ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪ IDW-ʠʥʪʝʨʧʦʣʷʮʠʠ ʥʘ ʦʩʥʦʚʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʪʦʯʝʢ ʩʙʦʨʘ ʜʘʥʥʳʭ 

ʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʳ ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʘʭ ʥʘ ʩʪʘʥʮʠʷʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʦʩʘʜʢʦʚ. (ʧʦʢʘʟʘʥʳ ʩʠʥʠʤʠ ʪʦʯʢʘʤʠ) ʠ ʩʥʷʪʳʭ ʧʦʢʘʟʘʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʘ 

ʤʝʪʝʦʩʪʘʥʮʠʷʭ (ʧʦʢʘʟʘʥʳ ʢʨʘʩʥʳʤʠ ʪʦʯʢʘʤʠ). 
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ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʥʝʨʝʛʫʣʷʨʥʦʡ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʡ ʩʝʪʠ. ʀʥʪʝʨʧʦ-

ʣʷʮʠʷ ʚʳʧʦʣʥʝʥʘ ʧʦ ʨʝʧʝʨʥʳʤ ʪʦʯʢʘʤ ʩʝʪʠ ʍʉʆ ʠ ʧʦʢʨʳʚʘʝʪ ʪʝʨʨʠʪʦʨʠʶ ʤʝʞʜʫ ʵʪʠʤʠ ʪʦʯ-

ʢʘʤʠ. ʇʦʵʪʦʤʫ ʚʳʧʦʣʥʠʪʴ ʠʥʪʝʨʧʦʣʷʮʠʶ ʤʝʪʦʜʦʤ ʪʨʠʘʥʛʫʣʷʮʠʠ ʜʣʷ ʩʪʘʥʮʠʡ ʩʝʪʠ çʇʨʠʤ-

ʛʠʜʨʦʤʝʪè (ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʝʣʝʥʳʤʠ ʪʦʯʢʘʤʠ) ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ.  

 

ʈʠʩ. 2. ʊʨʠʘʥʛʫʣʷʮʠʷ ɼʝʣʦʥʝ ʥʘ ʦʩʥʦʚʝ ʥʝʨʝʛʫʣʷʨʥʳʭ ʪʦʯʝʢ ʩʙʦʨʘ ʜʘʥʥʳʭ ʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʝʨʳ ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʘʭ. 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʣʘʡʥʦʚʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʤʳ ʥʝ ʥʘʙʣʶʜʘʝʤ ʚ ʧʫʥʢʪʘʭ ʩʙʦʨʘ ʜʘʥ-

ʥʳʭ ʧʠʢʠ ʠ ʫʛʣʫʙʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʫ ʥʘʩ ʥʝ ʚʦʟʨʘʩʪʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩ ʠʟʤʝʥʝ-

ʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫ ʥʘʩ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʥʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩ 

ʨʘʩʩʪʦʷʥʠʝʤ. ʂ ʧʨʠʤʝʨʫ, ʧʨʠ ʧʨʦʜʚʠʞʝʥʠʠ ʩ ʩʝʚʝʨʘ ï ʚʦʩʪʦʢʘ ʥʘ ʶʛ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʟʨʘʩʪʘʝʪ 

ʩ 1,46 ʤʛ/ʣ ʜʦ 2,55 ʤʛ/ʣ (ʦʪ ʩʪ. ɿʦʣʦʪʦʡ ʜʦ ʇʨʝʦʙʨʘʞʝʥʠʝ). 

 
ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪ ʠʥʪʝʨʧʦʣʷʮʠʠ ʜʘʥʥʳʭ ʩʝʨʳ ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʘʭ ʥʘ ʩʪʘʥʮʠʷʭ ʍʉʆ 

ʜʣʷ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ 

 

ʄʝʪʦʜ ʠʥʪʝʨʧʦʣʷʮʠʠ ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʩʧʣʘʡʥʝ ʭʦʨʦʰʦ ʧʦʢʘʟʳʚʘʝʪ ʛʨʘʥʠʮʫ ʢʦʪʦʨʘʷ 

ʨʘʟʜʝʣʷʝʪ ʪʝʨʨʠʪʦʨʠʶ ʥʘ 2 ʯʘʩʪʠ: ʩʝʚʝʨʥʘʷ ʠ ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ, ʛʜʝ ʥʘ ʦʩʥʦʚʝ ʩʧʣʘʡʥʦʚʦʡ ʠʥ-

ʪʝʨʧʦʣʷʮʠʠ ʤʳ ʤʦʞʝʤ ʚʠʜʝʪʴ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʫʣʴʬʘʪʦʚ ʚ ʘʪʤʦʩʬʝʨʥʳʭ 

ʦʩʘʜʢʘʭ, ʠ ʥʘ ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶʩʷ ʥʠʟʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʩʫʣʴʬʘʪʦʚ ʧʦ 

ʧʨʠʯʠʥʝ ʧʝʨʝʥʦʩʘ ʦʩʘʜʢʦʚ ʩ ʤʦʨʩʢʦʡ ʯʘʩʪʠ ʥʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʫʶ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʧʦʤʦʱʴʶ ʤʦʜʫʣʷ çValueToolè, ʢʦʪʦʨʳʡ ʦʪʦʙ-

ʨʘʞʘʝʪ ʟʥʘʯʝʥʠʷ ʚʳʙʨʘʥʥʦʛʦ ʨʘʩʪʨʦʚʦʛʦ ʩʣʦʷ ʚ ʪʝʢʫʱʝʡ ʧʦʟʠʮʠʠ, ʙʳʣʠ ʩʥʷʪʴ ʟʥʘʯʝʥʠʷ ʢʦʥ-

ʮʝʥʪʨʘʮʠʡ ʩʝʨʳ ʚ ʦʩʘʜʢʘʭ ʥʘ ʤʝʪʝʦʩʪʘʥʮʠʷʭ (ʪʘʙʣ.1) 
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ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʠʥʪʝʨʧʦʣʷʮʠʠ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʫʣʴʬʘʪʦʚ 
ʄʝʪʦʜʳ ʠʥʪʝʨʧʦʣʷʮʠʠ IDW TIN Thin Plate Spline (global) 

ʉʪʘʥʮʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʩʘʜʢʦʚ 

ʉʘʜ ï ɻʦʨʦʜ 3,71 3,71 3,71 

ʇʘʨʪʠʟʘʥʩʢ 2,84 2,84 2,84 

ʇʨʠʤʦʨʩʢʘʷ 2,83 2,83 2,83 

ʊʠʤʠʨʷʟʝʚʩʢʠʡ 3,14 3,14 3,14 

ʍʘʣʢʠʜʦʥ 3,74 3,74 3,74 

ʊʝʨʥʝʡ 2,10 2,10 2,10 

ʄʝʪʝʦʩʪʘʥʮʠʠ 

ɿʦʣʦʪʦʡ 2,68 - 1,46 

ʈʫʜʥʘʷ ʇʨʠʩʪʘʥʴ 2,44 - 2,25 

ʇʨʝʦʙʨʘʞʝʥʠʝ 3,01 - 2,55 

ɺʣʘʜʠʚʦʩʪʦʢ 3,60 - 3,92 

ʇʦʩʴʝʪ 3,28 - 4,97 

ʇʦʛʨʘʥʠʯʥʳʡ 3,27 - 4,18 

ʉʚʠʷʛʠʥʦ 3,37 - 4,00 

ɼʘʣʴʥʝʨʝʯʝʥʩʢ 3,15 - 4,21 

ʄʝʣʴʥʠʯʥʦʝ 2,50 - 2,91 

 

ɺʳʚʦʜ: ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʪʨʝʭ ʤʝʪʦʜʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦʢʘʟʳ-

ʚʘʶʪ, ʯʪʦ ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʫʥʢʪʦʚ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʦʩʘʜ-

ʢʦʚ ʥʘʠʙʦʣʝʝ ʧʨʘʚʜʦʧʦʜʦʙʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʞʝʪ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʩʧʣʘʡʥʦʚʘʷ ʠʥʪʝʨʧʦʣʷʮʠʷ 

(ʨʠʩ.3, ʪʘʙʣ.1).  

ʊʨʠʘʥʛʫʣʷʮʠʦʥʥʘʷ ʠʥʪʝʨʧʦʣʷʮʠʷ ʥʝ ʩʤʦʛʣʘ ʧʦʩʪʨʦʠʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ ʚʩʝʡ ʪʝʨʨʠʪʦ-

ʨʠʠ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ, ʧʦʵʪʦʤʫ ʚ ʪʘʙʣʠʮʝ ʫʢʘʟʘʥʳ ʧʨʦʯʝʨʢʠ. 

ʄʝʪʦʜ ʦʙʨʘʪʥʳʭ ʚʟʚʝʰʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʧʣʘʡʥʦʤ ʩʪʨʦʠʪ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʜʣʷ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ, ʦʜʥʘʢʦ ʠʟ-ʟʘ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʫʥʢʪʦʚ 

ʥʘʙʣʶʜʝʥʠʡ, ʜʘʥʥʳʡ ʚʠʜ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦʢʘʟʳʚʘʝʪ ʥʝʢʦʨʨʝʢʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ (ʨʘʩʭʦʞʜʝʥʠʝ 

ʩʦ ʩʧʣʘʡʥʦʚʳʤ ʤʝʪʦʜʦʤ ʜʦʩʪʠʛʘʝʪ ʚ ʩʨʝʜʥʝʤ 25%). 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

1. ʐʠʭʦʚ ɸ. ʅ., ʏʝʨʝʧʘʥʦʚʘ ɽ. ʉ., ʇʴʷʥʢʦʚ ʉ. ɺ. ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ: ʤʝʪʦ-

ʜʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ: ʫʯʝʙ. ʧʦʩʦʙʠʝ / ɸ. ʅ. ʐʠʭʦʚ, ɽ. ʉ. ʏʝʨʝʧʘʥʦʚʘ, 

ʉ. ɺ. ʇʴʷʥʢʦʚ. ʇʝʨʤ. ʛʦʩ. ʥʘʮ. ʠʩʩʣʝʜ. ʫʥ-ʪ. ï ʇʝʨʤʴ, 2017. ï 88 ʩ.: ʠʣ. 

2. ʂʨʘʪʢʦʝ ʚʚʝʜʝʥʠʝ ʚ ɻʀʉ. ʏʘʩʪʴ 10: ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʨʘʩʪʨʦʚʳʭ ʜʘʥʥʳʭ: 

ʠʥʪʝʨʧʦʣʷʮʠʷ [ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï URL: https://wiki.gis-lab.info/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

04.09.2020) 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʤʝʪʘʥʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʘʵʨʦʙʥʦʡ ʠ 

ʘʥʘʵʨʦʙʥʦʡ ʚʦʜʥʦʡ ʪʦʣʱʝ ʠ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ (ʜʦ 1 ʤʝʪʨʘ) ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʏʝʨʥʦʛʦ ʤʦ-

ʨʷ, ʝʛʦ ʵʤʠʩʩʠʠ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ çʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ï ʚʦʜʘè ʠ çʚʦʜʘ ï ʘʪʤʦʩʬʝʨʘè, ʘ 

ʪʘʢʞʝ ʦʙʲʝʤʦʚ ʤʝʪʘʥʦʦʢʠʩʣʝʥʠʷ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʣʘʥʩ ʤʝʪʘʥʘ, ʦʙʱʠʡ ʦʙʲʝʤ ʤʝʪʘʥʘ, ʩʢʦʨʦʩʪʴ ʤʝʪʘʥʦʦʢʠʩʣʝʥʠʷ, 

ʵʤʠʩʩʠʷ ʤʝʪʘʥʘ, ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʘʵʨʦʙʥʘʷ ʠ ʘʥʘʵʨʦʙʥʘʷ ʚʦʜʥʘʷ ʪʦʣʱʘ, ʏʝʨʥʦʝ ʤʦʨʝ 

 

Abstract. The estimation of the total methane in aerobic and anaerobic water column and 

the upper horizons (up to 1 meter) of bottom sediments of the Black sea, it is issued on the interface 

çsediment ï waterè and çwater ï atmosphereè, as well as volume of methane oxidation in the water 

column and sediments.  
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ɺ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʮʠʢʣ ʤʝʪʘʥʘ ʦʧʠʩʳʚʘʝʪʩʷ ʙʣʦʢʦʚʦʡ ʤʦʜʝʣʴʶ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʦʙʱʝ-

ʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʪʘʥʘ ʠ ʝʛʦ ʧʦʪʦʢʦʚ, ʬʦʨʤʠʨʫʝʤʳʭ ʧʨʦʮʝʩʩʘʤʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʢʠʩʣʝʥʠʷ ʛʘʟʘ [9]. 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʘʥʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʤʝʨʝʥʠʡ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʦʙʲʝʤʘ 

ʨʝʟʝʨʚʫʘʨʘ [13, 21]. ʇʦʪʦʢʠ ʤʝʪʘʥʘ ʚ ʩʠʩʪʝʤʝ çʜʦʥʥʳʝ ʦʩʘʜʢʠ ï ʚʦʜʥʘʷ ʪʦʣʱʘ ï ʘʪʤʦʩʬʝʨʘè ʤʦ-

ʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʘ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʩʢʦʨʦʩʪʷʤʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʤʝʪʘʥʦʛʝʥʝʟʘ ʠ ʤʝʪʘʥʦʦʢʠʩʣʝʥʠʷ, ʠʟʤʝʨʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʨʘʜʠʦʠʟʦʪʦʧʥʳʤ ʠʣʠ ʨʝʞʝ 

ʛʘʟʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤʠ, ʘ ʪʘʢʞʝ ʧʫʪʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʟʘʤʝʨʦʚ ʧʦʪʦʢʦʚ ʛʘʟʘ ʥʘ 

ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʩʨʝʜ. ʂʨʦʤʝ ʵʪʦʛʦ, ʘʚʪʦʨʘʤʠ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʥʘ ʦʩʥʦʚʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʩʦʙʩʪʚʝʥʥʳʭ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʩʦʜʝʨʞʘʥʠʶ, ʩʢʦʨʦʩʪʷʤ ʦʢʠʩʣʝʥʠʷ ʠ ʧʦʪʦʢʘʤ ʤʝʪʘʥʘ 

ʧʦʣʫʯʝʥʳ ʠ ʫʩʧʝʰʥʦ ʘʧʨʦʙʠʨʦʚʘʥʳ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʵʪʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ [9], 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʢ ʨʘʩʯʸʪʫ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʙʘʣʘʥʩʘ ʤʝʪʘʥʘ ʚ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʧʦ ʠʟ-

ʚʝʩʪʥʳʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʤʝʪʘʥʘ. 

ʉʦʛʣʘʩʥʦ ʪʝʦʨʝʪʠʢʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʘʚʪʦʨʦʚ, ʙʘʣʘʥʩ ʤʝʪʘʥʘ ʚ 

ʏʝʨʥʦʤ ʤʦʨʝ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʵʣʝʤʝʥʪʳ ʙʘʣʘʥʩʘ ʥʝ ʨʘʥʞʠ-
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ʨʦʚʘʥʳ): ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʤʝʪʘʥʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ ʠ ʚʝʨʭʥʝʤ ʛʦʨʠʟʦʥʪʝ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ; ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʥʘ ʚ ʜʘʥʥʳʭ ʩʨʝʜʘʭ; ʩʪʦʢʘ ʤʝʪʘʥʘ ʯʝʨʝʟ ʂʝʨʯʝʥʩʢʠʡ ʧʨʦʣʠʚ ʚ 

ɸʟʦʚʩʢʦʝ ʤʦʨʝ; ʵʤʠʩʩʠʠ ʤʝʪʘʥʘ ʠʟ ʚʦʜʥʦʡ ʪʦʣʱʠ ʚ ʘʪʤʦʩʬʝʨʫ; ʵʤʠʩʩʠʠ ʤʝʪʘʥʘ ʠʟ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ; ʧʦʩʪʫʧʣʝʥʠʷ ʤʝʪʘʥʘ ʩ ʨʝʯʥʳʤ ʩʪʦʢʦʤ; ʧʦʩʪʫʧʣʝʥʠʷ ʤʝʪʘʥʘ ʯʝʨʝʟ ʂʝʨʯʝʥʩʢʠʡ 

ʧʨʦʣʠʚ ʠʟ ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ; ʧʦʩʪʫʧʣʝʥʠʷ ʤʝʪʘʥʘ ʩ ʧʦʜʟʝʤʥʳʤʠ ʚʦʜʘʤʠ; ʧʦʩʪʫʧʣʝʥʠʷ ʤʝʪʘʥʘ ʩ 

ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ; ʧʦʩʪʫʧʣʝʥʠʷ ʤʝʪʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʨʦʟʠʠ ʧʨʠʙʨʝʞʥʳʭ ʧʦʯʚ ʠ ʘʙʨʘ-

ʟʠʠ ʙʝʨʝʛʦʚ; ʧʦʩʪʫʧʣʝʥʠʷ ʤʝʪʘʥʘ ʩ ʧʨʦʤʳʰʣʝʥʥʦ-ʙʳʪʦʚʳʤʠ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ; ʵʤʠʩʩʠʠ ʤʝ-

ʪʘʥʘ ʧʦʜʚʦʜʥʳʤʠ ʛʨʷʟʝʚʳʤʠ ʚʫʣʢʘʥʘʤʠ; ʵʤʠʩʩʠʠ ʤʝʪʘʥʘ ʧʦʜʚʦʜʥʳʤʠ ʯʝʨʥʦʤʦʨʩʢʠʤʠ ʩʠʧʘ-

ʤʠ; ʧʦʩʪʫʧʣʝʥʠʷ ʤʝʪʘʥʘ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʛʘʟʦʛʠʜʨʘʪʦʚ; ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ ʤʦʨʷ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʤʝʪʘʥʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʚʦʜʥʦʡ ʪʦʣʱʠ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʏʝʨʥʦʛʦ ʤʦʨʷ, ʝʛʦ ʵʤʠʩʩʠʠ ʥʘ 

ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ çʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ï ʚʦʜʘè ʠ çʚʦʜʘ ï ʘʪʤʦʩʬʝʨʘè, ʘ ʪʘʢʞʝ ʦʙʲʝʤʦʚ ʤʝʪʘ-

ʥʦʦʢʠʩʣʝʥʠʷ ʚ ʚʦʜʝ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʤʦʨʷ.  

ʆʙʱʠʡ ʦʙʲʝʤ ʤʝʪʘʥʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ, ʚʝʨʭʥʠʭ 0ï10 ʩʤ ʠ 0ï100 ʩʤ 

ʩʣʦʷʭ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʏʝʨʥʦʛʦ ʤʦʨʷ, ʨʘʩʩʯʠʪʘʥ ʧʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʷʤ ʢʦʥʮʝʥʪʨʘʮʠʡ ʛʘʟʘ 

ʚ ʵʪʠʭ ʩʨʝʜʘʭ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʧʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʠ ʜʘʥʥʳʤ ʩʦʙʩʪʚʝʥʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ (ʪʘʙʣʠʮʳ 1 ʠ 2). ʇʨʠ ʵʪʦʤ ʨʘʩʯʝʪʳ ʜʣʷ ʚʦʜʥʦʡ ʪʦʣʱʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʧʨʦʚʝʜʝʥʳ 

ʦʪʜʝʣʴʥʦ ʜʣʷ ʘʵʨʦʙʥʦʡ (0ï150 ʤ) ʠ ʘʥʘʵʨʦʙʥʦʡ ʟʦʥ. ɺ ʘʥʘʵʨʦʙʥʦʡ ʟʦʥʝ ʥʘʤʠ, ʠʩʭʦʜʷ ʠʟ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʪʘʥʘ (ʨʠʩ. 1), ʚʳʜʝʣʝʥʳ ʧʨʦʤʝʞʫʪʦʯʥʘʷ (150ï500 ʤ) ʠ ʛʣʫʙʠʥ-

ʥʘʷ (ʙʦʣʝʝ 500 ʤ) ʚʦʜʥʳʝ ʤʘʩʩʳ. ɺ ʘʵʨʦʙʥʦʡ ʟʦʥʝ ʨʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʣʷ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʡ (0ï50 ʤ) ʚʦʜʥʦʡ ʤʘʩʩʳ, ʚ ʢʦʪʦʨʦʡ ʥʘʤʠ ʚʳʜʝʣʝʥʳ ʧʨʠʙʨʝʞʥʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ (ʩ 

ʛʣʫʙʠʥʘʤʠ ʜʥʘ ʜʦ 20 ʤ), ʬʦʨʤʠʨʫʝʤʘʷ ʨʝʯʥʳʤ ʩʪʦʢʦʤ ʠ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʚ ʧʨʠʙʨʝʞ-

ʥʦʡ ʟʦʥʝ, ʠ ʚʝʨʭʥʷʷ ʚʦʜʥʘʷ ʤʘʩʩʘ (ʜʦ 50 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ) ʚ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʤʦʨʷ 

(ʩ ʛʣʫʙʠʥʘʤʠ ʜʥʘ ʙʦʣʝʝ 20 ʤ). ɼʣʷ ʦʮʝʥʢʠ ʧʣʦʱʘʜʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʲʝʤʦʚ ʘʵʨʦʙʥʳʭ ʠ 

ʘʥʘʵʨʦʙʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠ ʛʣʫʙʠʥʥʳʭ ʚʦʜʥʳʭ ʤʘʩʩ ʏʝʨʥʦʛʦ ʤʦʨʷ (ʙʝʟ ʣʠʤʘʥʦʚ) ʥʘʤʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʨʘʙʦʪʳ [11]. 

ʆʙʲʝʤʳ ʤʝʪʘʥʦʦʢʠʩʣʝʥʠʷ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ ʠ ʚʝʨʭʥʝʤ ʛʦʨʠʟʦʥʪʝ ʦʪʣʦʞʝʥʠʡ ʠ ʵʤʠʩʩʠʠ 

ʤʝʪʘʥʘ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ çʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ï ʚʦʜʘè ʠ çʚʦʜʘ ï ʘʪʤʦʩʬʝʨʘè ʚ ʏʝʨʥʦʤ ʤʦʨʝ 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ ʥʠʞʝʧʨʠʚʝʜʝʥʥʳʤ ʬʦʨʤʫʣʘʤ, ʧʦʜʨʦʙʥʦ ʦʙʦʩʥʦʚʘʥʥʳʤ ʚ ʨʘʙʦʪʝ [9].  

ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʝ ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘ-

ʮʠʝʡ ʤʝʪʘʥʘ ʠ ʩʢʦʨʦʩʪʴʶ ʝʛʦ ʦʢʠʩʣʝʥʠʷ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ, ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

lg ʄʆʚ = 1.4923 Ŀ lg ʉʉʅ4 ï 3.3886  (r = 0.92; n = 554; P < 0.01),   (1) 

 

ʛʜʝ lg ʄʆʚ ï ʣʦʛʘʨʠʬʤ ʩʢʦʨʦʩʪʠ ʤʝʪʘʥʦʦʢʠʩʣʝʥʠʷ ʚ ʚʦʜʝ, ʥʣ/ʜʤ
3
 ʩʫʪʢʠ;  

lg ʉʉʅ4 ï ʣʦʛʘʨʠʬʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʘ ʚ ʚʦʜʝ, ʥʣ/ʜʤ
3
. 

ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʝ ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘ-

ʮʠʝʡ ʤʝʪʘʥʘ ʠ ʩʢʦʨʦʩʪʴʶ ʝʛʦ ʦʢʠʩʣʝʥʠʷ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

lg ʄʆʜ. ʦ. = 1.2115 Ŀ lg ʉʉʅ4 ʜ. ʦ. ï 2.6942  (r = 0.87; n = 336; P < 0.01),   (2) 

 

ʛʜʝ lg ʄʆʜ. ʦ. ï ʣʦʛʘʨʠʬʤ ʩʢʦʨʦʩʪʠ ʤʝʪʘʥʦʦʢʠʩʣʝʥʠʷ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʥʣ/ʜʤ
3
 

ʩʫʪʢʠ;  

lg ʉʉʅ4 ʜ. ʦ. ï ʣʦʛʘʨʠʬʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʥʣ/ʜʤ
3
 ʚʣʘʞʥʦʛʦ 

ʦʩʘʜʢʘ. 
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ʊʘʙʣʠʮʘ 1 

ʕʣʝʤʝʥʪʳ ʙʘʣʘʥʩʘ ʤʝʪʘʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʚʦʜʥʳʭ ʤʘʩʩʘʭ ʏʝʨʥʦʛʦ ʤʦʨʷ * 

ɺʦʜʥʳʝ ʤʘʩʩʳ 

ʏʝʨʥʦʛʦ ʤʦʨʷ 

ʇʣʦ-

ʱʘʜʴ, 

ʢʤ
2
 

ʆʙʲʝʤ 

ʚʦʜʥʦʡ 

ʤʘʩʩʳ, 

ʢʤ
3
 (ʚ % 

ʦʪ ʦʙʲʝ-

ʤʘ ʚ ʮʝ-

ʣʦʤ) 

ʉʦʜʝʨʞʘ-

ʥʠʝ ʉʅ4 ʚ 

ʚʦʜʝ, 

ʤʢʣ/ʜʤ
3
 

ʆʙʱʠʡ 

ʦʙʲʝʤ ʉʅ4 

ʚ ʚʦʜʥʦʡ 

ʤʘʩʩʝ, ʤ
3
 (ʚ 

% ʦʪ ʦʙʝ̡-

ʤʘ ʚ ʮʝ-

ʣʦʤ) 

ʆʢʠʩʣʝʥʠʝ 

ʉʅ4 ʚ ʚʦʜʥʦʡ 

ʤʘʩʩʝ, ʤ
3
 ʚ 

ʩʫʪʢʠ (ʚ % ʦʪ 

ʦʙʲʝʤʘ ʤʝʪʘ-

ʥʦʦʢʠʩʣʝʥʠʷ 

ʚ ʮʝʣʦʤ) 

ʕʤʠʩ-

ʩʠʷ 

ʉʅ4 ʚ 

ʘʪʤʦ-

ʩʬʝʨʫ, 

ʤ
3
 ʚ 

ʩʫʪʢʠ 

ʈʘʩʭʦʜ ʉʅ4 

ʥʘ ʤʝʪʘʥʦ-

ʦʢʠʩʣʝʥʠʝ ʠ 

ʵʤʠʩʩʠʶ ʚ 

ʘʪʤʦʩʬʝʨʫ, 

ʤ
3
 ʚ ʩʫʪʢʠ / 

ʉʢʦʨʦʩʪʴ 

ʦʙʦʨʦʪʘ 

ʉʅ4, ʩʫʪʢʠ 

ɸʵʨʦʙʥʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ 

ʇʨʠʙʨʝʞʥʘʷ ʚʦʜ-

ʥʘʷ ʤʘʩʩʘ (0-20 ʤ) 

19200 2677 

(0.5%) ** 

1.4-8.5 

***  

3.6 (27) 

9637200 

(0.01%) 

1221880 

(0.009%) 

137434 359314 

27 

ɺʝʨʭʥʷʷ ʚʦʜʥʘʷ 

ʤʘʩʩʘ ʚ ʛʣʫʙʦʢʦ-

ʚʦʜʥʦʡ ʯʘʩʪʠ ʤʦʨʷ 

(0-50 ʤ), ʛʣʫʙʠʥʳ 

ʜʥʘ ʙʦʣʝʝ 200 ʤ 

ʚ ʪʦʤ ʯʠʩʣʝ, ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ 

(0-2 ʤ) 

39759

0 

16873 

(3.1%) 

 

795 

(0.15%) 

0.02-11.0 

1.5 (83) 

0.02-1.0 

0.32 (36) 

25309500 

(0.03%) 

 

254400 

(0.0003%) 

378681 

(0.002) 

 

1779 

(0.00001%) 

 

 

341132 

719813 

35 

342911 

0.7 

ʀʪʦʛʦ, ʧʦʚʝʨʭ-

ʥʦʩʪʥʘʷ ʚʦʜʥʘʷ 

ʤʘʩʩʘ ʚ ʮʝʣʦʤ (0-50 

ʤ) 

41679

0 

19550 

(3.7%) 

0.02-11.0 

1.8 ****  

34946700 

(0.04%) 

600561 

(0.005%) 

478566 1079127 

32 

ɸʵʨʦʙʥʘʷ ʚʦʜʥʘʷ 

ʤʘʩʩʘ ʚ ʮʝʣʦʤ (0-

150 ʤ) 

41679

0 

52205 

(9.8%) 

0.02-35.0 

4.8 (201) 

250584000 

(0.3%) 

6647042 

(0.05%) 

478566 7125608 

35 

ɸʥʘʵʨʦʙʥʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ 

ʇʨʦʤʝʞʫʪʦʯʥʘʷ 

ʚʦʜʥʘʷ ʤʘʩʩʘ (150-

500 ʤ) 

31680

5 

106105 

(19.8%) 

1.31-139.5 

40.4 (69) 

428664200

0 (5.3%) 

324517978 

(2.4%) 

- 324517978 

13 

ɻʣʫʙʠʥʥʘʷ ʚʦʜʥʘʷ 

ʤʘʩʩʘ (ʙʦʣʝʝ 500 ʤ) 

29284

0 

377120 

(70.4%) 

104.6-

314.0 

204.6 (60) 

771587520

00 (94.4%) 

12982072000 

(97.5%) 

- 1298207200

0 

6 

ʀʪʦʛʦ, ʘʥʘʵʨʦʙʥʘʷ 

ʚʦʜʥʘʷ ʤʘʩʩʘ ʚ ʮʝ-

ʣʦʤ (ʙʦʣʝʝ 150 ʤ) 

31680

5 

483225 

(90.2%) 

1.31-314.0 

168.5 

****  

814453940

00 (99.7%) 

13306589998 

(99.95%) 

- 1330658999

8 

6 

ʀʪʦʛʦ, ʏʝʨʥʦʝ 

ʤʦʨʝ ʚ ʮʝʣʦʤ 

41679

0 

535430 

(100%) 

0.02-314.0 

152.6 

****  

816959780

00 (100%) 

13313237039 

(100%) 

478566 1331371560

5 

6 

ʇʨʠʤʝʯʘʥʠʝ. * ï ʇʣʦʱʘʜʴ ʠ ʦʙʲʝʤ ʚʦʜʳ ʏʝʨʥʦʛʦ ʤʦʨʷ (ʙʝʟ ʣʠʤʘʥʦʚ) ʧʨʠʚʝʜʝʥʳ ʧʦ 

[11]. ** ï ʆʙʲʝʤ ʧʨʠʙʨʝʞʥʦʡ ʚʦʜʥʦʡ ʤʘʩʩʳ, ʩʦʩʪʘʚʣʷʶʱʠʡ 0.5% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʏʝʨʥʦ-

ʛʦ ʤʦʨʷ, ʧʨʠʚʦʜʠʪʩʷ ʧʦ [3]. *** ï ɺ ʯʠʩʣʠʪʝʣʝ ʧʨʠʚʝʜʝʥʳ ʧʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʷ, ʚ ʟʥʘʤʝʥʘʪʝ-

ʣʝ ï ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ, ʚ ʩʢʦʙʢʘʭ ï ʢʦʣʠʯʝʩʪʚʦ ʦʧʨʝʜʝʣʝʥʠʡ. **** ï ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʤʝʪʘʥʘ ʨʘʩʩʯʠʪʘʥʦ, ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʚʦʜʥʦʡ ʤʘʩʩʝ ʤʝʪʘʥʘ ʢ 

ʦʙʱʝʤʫ ʦʙʲʝʤʫ ʚʦʜʥʦʡ ʤʘʩʩʳ. 
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ʊʘʙʣʠʮʘ 2 

ʕʣʝʤʝʥʪʳ ʙʘʣʘʥʩʘ ʤʝʪʘʥʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʏʝʨʥʦʛʦ ʤʦʨʷ * 

ɺʦʜʥʳʝ 

ʤʘʩʩʳ 

ʏʝʨʥʦ-

ʛʦ ʤʦʨʷ 

ʇʣʦ-

ʱʘʜʴ, 

ʢʤ
2
 

ʆʙ̡-

ʝʤ 

ʩʣʦʷ 

ʜ. ʦ., 

ʢʤ
3
 (ʚ 

%) 

ʇʨʝʜʝʣʳ 

ʠʟʤʝʥʝʥʠʷ 

ʠ ʩʨʝʜʥʠʝ 

ʩʦʜʝʨʞʘ-

ʥʠʷ ʉʅ4 ʚ 

ʨʘʟʣʠʯʥʳʭ 

ʩʣʦʷʭ ʜ. ʦ., 

ʤʢʣ/ʜʤ
3
 

ʚʣʘʞʥʦʛʦ 

ʦʩʘʜʢʘ 

ʆʙʱʠʡ 

ʦʙʲʝʤ 

ʉʅ4 ʚ ʜ. 

ʦ., ʤ
3
 (ʚ 

% ʦʪ 

ʦʙʲʝʤʘ ʚ 

ʮʝʣʦʤ) 

ʆʢʠʩʣʝʥʠʝ ʉʅ4 

ʚ ʜ. ʦ., ʤ
3
 ʚ 

ʩʫʪʢʠ (ʚ % ʦʪ 

ʦʙʲʝʤʘ ʤʝʪʘ-

ʥʦʦʢʠʩʣʝʥʠʷ ʚ 

ʮʝʣʦʤ) 

ʕʤʠʩ-

ʩʠʷ 

ʉʅ4 ʠʟ 

ʜ. ʦ., ʤ
3
 

ʚ ʩʫʪʢʠ 

ʈʘʩʭʦʜ ʉʅ4 ʥʘ 

ʤʝʪʘʥʦʦʢʠʩʣʝ-

ʥʠʝ ʠ ʵʤʠʩʩʠʶ 

ʠʟ ʜ. ʦ., ʤ
3
 ʚ 

ʩʫʪʢʠ 

ʉʢʦ-

ʨʦʩʪʴ 

ʦʙʦʨʦʪʘ 

ʉʅ4, 

ʩʫʪʢʠ 

0-

10 

ʩʤ 

0-

100 

ʩʤ 

ɸʵʨʦʙʥʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ 

ɻʣʫʙʠ-

ʥʳ ʤʝ-

ʥʝʝ 150 

ʤ 

99985 9.998

5 **  

99.98

5 

0.3-

125 

57 

(24) 

***  

5-

194

3 

182 

(4) 

569915 

(9.1%) 

18197270 

(7.5%) 

11681 

476773 

253462 265143 

730235 

2.1 

24.9 

ɸʥʘʵʨʦʙʥʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ 

ɻʣʫʙʠ-

ʥʳ ʦʪ 

150 ʜʦ 

500 ʤ 

23965 2.396

5 

23.96

5 

250

-

366 

308 

(2) 

211

-

514 

347 

(5) 

738122 

(11.7%) 

8315855 

(3.4%) 

21615 

249739 

350536 372151 

600275 

2.0 

13.9 

ɻʣʫʙʠ-

ʥʳ ʙʦ-

ʣʝʝ 500 

ʤ 

292840 29.28

4 

292.8

4 

82-

248 

170 

(12) 

58-

844

0 

741 

(50) 

4978280 

(79.2%) 

21699444

0 (89.1%) 

128564 

7650946 

231016

9 

2438733 

9961115 

2.0 

21.8 

ʀʪʦʛʦ, 

ʏʝʨʥʦʝ 

ʤʦʨʝ ʚ 

ʮʝʣʦʤ 

416790 41.67

9 

416.7

9 

0.3-

366 

151 

***

*  

5-

844

0 

584 

***

*  

6286317 

(100%) 

24350756

5 (100%) 

161860 

8377458 

291416

7 

3076027 

11291625 

2.0 

21.6 

ʇʨʠʤʝʯʘʥʠʝ. * ï ʇʣʦʱʘʜʴ ʠ ʦʙʲʝʤ ʚʦʜʳ ʏʝʨʥʦʛʦ ʤʦʨʷ (ʙʝʟ ʣʠʤʘʥʦʚ) ʧʨʠʚʝʜʝʥʳ ʧʦ 

[11]. ** ï ɺ ʯʠʩʣʠʪʝʣʝ ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʜʣʷ 0-10 ʩʤ ʩʣʦʷ ʜ. ʦ., ʚ ʟʥʘʤʝʥʘʪʝʣʝ ï ʜʣʷ 0-100 

ʩʤ ʩʣʦʷ ʜ. ʦ. *** ï ɺ ʩʢʦʙʢʘʭ ï ʢʦʣʠʯʝʩʪʚʦ ʦʧʨʝʜʝʣʝʥʠʡ. **** ï ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʥʘ 

ʨʘʩʩʯʠʪʘʥʦ, ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʚʦʜʥʦʡ ʤʘʩʩʝ ʤʝʪʘʥʘ ʢ ʦʙʱʝʤʫ 

ʦʙʲʝʤʫ ʚʦʜʥʦʡ ʤʘʩʩʳ. 

 

ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʝʪʘʥʘ 

ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚʦʜʳ ʠ ʝʛʦ ʧʦʪʦʢʦʤ ʚ ʘʪʤʦʩʬʝʨʫ, ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

lg FCH4 = 0.8763 Ŀ lg ʉʉʅ4 + 3.7384  (r = 0.72; n = 65; P < 0.01),    (3) 

 

ʛʜʝ lg FCH4 ï ʣʦʛʘʨʠʬʤ ʧʦʪʦʢʘ ʤʝʪʘʥʘ ʠʟ ʚʦʜʳ ʚ ʘʪʤʦʩʬʝʨʫ, ʥʣ/ʤ
2
 ʩʫʪʢʠ;  

lg ʉʉʅ4 ï ʣʦʛʘʨʠʬʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʘ ʚ ʚʦʜʝ, ʥʣ/ʜʤ
3
. 
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ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʝʪʘʥʘ 

ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʝʛʦ ʧʦʪʦʢʦʤ ʠʟ ʥʠʭ, ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

lg FCH4 ʜ. ʦ. = 1.0389 Ŀ lg ʉʉʅ4 ʜ. ʦ. + 1.4631  (r = 0.84; n = 46; P < 0.01),    (4) 

 

ʛʜʝ lg FCH4 ʜ. ʦ. ï ʣʦʛʘʨʠʬʤ ʧʦʪʦʢʘ ʤʝʪʘʥʘ ʠʟ ʦʪʣʦʞʝʥʠʡ ʚ ʘʪʤʦʩʬʝʨʫ, ʥʣ/ʤ
2
 ʩʫʪʢʠ;  

lg ʉʉʅ4 ʜ. ʦ. ï ʣʦʛʘʨʠʬʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʘ ʚ ʦʪʣʦʞʝʥʠʷʭ, ʥʣ/ʜʤ
3 
ʚʣʘʞʥʦʛʦ ʦʩʘʜʢʘ. 

 
ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʪʘʥʘ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ ʏʝʨʥʦʛʦ ʤʦʨʷ. 

ʇʦʩʪʨʦʝʥʦ ʘʚʪʦʨʘʤʠ ʧʦ ʜʘʥʥʳʤ ʩʦʙʩʪʚʝʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ [1, 5ï7, 10, 12, 14ï19, 21, 22, 24, 25] 

 

ʉʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 1, ʧʦʩʪʨʦʝʥʥʦʤʫ ʧʦ ʜʘʥʥʳʤ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʦʙ-

ʩʪʚʝʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ (330 ʦʧʨʝʜʝʣʝʥʠʡ), ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʤʝʪʘʥʘ ʦʪʯʝʪʣʠʚʦ 

ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʚʦʜʥʳʝ ʤʘʩʩʳ: ʧʦʚʝʨʭʥʦʩʪʥʘʷ (ʫʩʣʦʚʥʦ ʜʦ 150 ʤ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʥʠʟ-

ʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʤʝʪʘʥʘ ï ʦʪ 0.02 ʜʦ 35.0 ʤʢʣ/ʜʤ
3
 (ʚ ʩʨʝʜʥʝʤ 4.8 ʤʢʣ/ʜʤ

3
). ɼʘʥʥʘʷ ʚʦʜ-

ʥʘʷ ʤʘʩʩʘ ʩʦʜʝʨʞʠʪ ʢʠʩʣʦʨʦʜ, ʘ ʝʝ ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ (150 ʤ) ʬʘʢʪʠʯʝʩʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʱʝ-

ʧʨʠʥʷʪʦʡ ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʘʵʨʦʙʥʦʡ ʠ ʘʥʘʵʨʦʙʥʦʡ ʟʦʥʘʤʠ (ʥʘʧʨʠʤʝʨ, [2, 4, 20]); ʧʨʦʤʝʞʫʪʦʯ-

ʥʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ (ʦʪ 150 ʜʦ 500 ʤ), ʜʣʷ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʝʥ ʨʝʟʢʠʡ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʪʘʥʘ ï 

ʦʪ 1.31 ʜʦ 139.5 ʤʢʣ/ʜʤ
3
 (ʚ ʩʨʝʜʥʝʤ 40.4 ʤʢʣ/ʜʤ

3
); ʠ ʛʣʫʙʠʥʥʘʷ ʚʦʜʥʘʷ ʤʘʩʩʘ (ʙʦʣʝʝ 500 ʤʝʪ-

ʨʦʚ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʤʝʪʘʥʘ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʶʱʠʤʠ-

ʩʷ ʧʦ ʛʣʫʙʠʥʝ ï ʦʪ 104.6 ʜʦ 314.0 ʤʢʣ/ʜʤ
3
 (ʚ ʩʨʝʜʥʝʤ 204.6 ʤʢʣ/ʜʤ

3
). 

ʇʦ ʦʙʦʙʱʝʥʥʳʤ ʜʘʥʥʳʤ (ʪʘʙʣ. 1) ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʥʘ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ ʏʝʨʥʦʛʦ ʤʦʨʷ 

ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ 2200 ʤ (ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʤʦʨʷ ʜʦ 2220 ʤ) ʚʘʨʴʠʨʫʝʪ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ 0.02 ʜʦ 383.0 ʤʢʣ/ʜʤ
3
 (ʚ ʩʨʝʜʥʝʤ 50.7 ʤʢʣ/ʜʤ

3
, ʢʦʣʠʯʝʩʪʚʦ ʦʧʨʝʜʝʣʝʥʠʡ n = 356). 

ʉʦʜʝʨʞʘʥʠʝ ʤʝʪʘʥʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ (ʢʝʨʥ ʜʦ 3.5 ʤʝʪʨʦʚ) ʠʟʤʝʥʷʣʦʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0.3 
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ʜʦ 38300 ʤʢʣ/ʜʤ
3 
ʚʣʘʞʥʦʛʦ ʦʩʘʜʢʘ (ʚ ʩʨʝʜʥʝʤ 2809 ʤʢʣ/ʜʤ

3
, ʢʦʣʠʯʝʩʪʚʦ ʦʧʨʝʜʝʣʝʥʠʡ 

n = 125).  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʨʠʩʫʥʢʘ 1 ʠ ʨʘʩʯʝʪʘʭ (ʪʘʙʣ. 1), ʜʘʥʥʳʝ [7] ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʤʝʪʘʥʘ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ ʚ ʨʘʡʦʥʘʭ ʯʝʨʥʦʤʦʨʩʢʠʭ ʤʝʪʘʥʦʚʳʭ ʩʠʧʦʚ ʥʝ ʫʯʠʪʳʚʘ-

ʣʠʩʴ, ʚ ʩʚʷʟʠ ʩ ʠʭ ʟʘʤʝʪʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ (ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ) ʦʪ ʣʠʥʠʠ, ʘʧʧʨʦʢʩʠʤʠʨʫʶ-

ʱʝʡ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʘ ʩ ʛʣʫʙʠʥʦʡ. ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ, ʢʦʣʠʯʝ-

ʩʪʚʦ ʤʝʪʘʥʘ, ʝʜʠʥʦʚʨʝʤʝʥʥʦ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ ʚʦʜʳ ʏʝʨʥʦʛʦ ʤʦʨʷ, ʩʦʩʪʘʚʣʷʝʪ 

~81.7 ʪʨʣʥ. ʤ
3
, ʧʨʠ ʵʪʦʤ 94.4% ʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʛʣʫʙʠʥʥʫʶ ʚʦʜʥʫʶ ʤʘʩʩʫ (ʦʪ 

500 ʤ ʠ ʛʣʫʙʞʝ). ʆʙʱʠʡ ʦʙʲʝʤ ʤʝʪʘʥʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʚʝʨʭʥʠʭ 0ï10 ʩʤ ʠ 0ï100 ʩʤ ʩʣʦʷʭ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʏʝʨʥʦʛʦ ʤʦʨʷ ʚ ʮʝʣʦʤ (ʪʘʙʣ. 2), ʩʦʩʪʘʚʣʷʝʪ 6.3 ʠ 243.5 ʤʣʥ. ʤ
3
, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʠʣʠ 0.008% ʠ 0.30% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʪʘʥʘ, ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ 

ʚʦʜʳ ʏʝʨʥʦʛʦ ʤʦʨʷ. ʊʘʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦʜʥʦʟʥʘʯʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʙʦʣʝʝ 

ʤʦʱʥʦʛʦ ʠʩʪʦʯʥʠʢʘ (ʠʩʪʦʯʥʠʢʦʚ) ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ ʤʝʪʘʥʘ, ʯʝʤ ʝʛʦ ʛʝʥʝʨʘʮʠʷ 

ʤʝʪʘʥʦʛʝʥʥʳʤʠ ʘʨʭʝʷʤʠ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʕʪʦ ʦʜʥʦ ʠʟ ʚʘʞʥʳʭ ʦʪ-

ʣʠʯʠʡ ʏʝʨʥʦʛʦ ʤʦʨʷ ʦʪ ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ, ʛʜʝ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʚʦʜʥʦʡ 

ʪʦʣʱʝ ʤʝʪʘʥʘ ʷʚʣʷʶʪʩʷ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ [9]. 

ʆʙʲʝʤʳ ʤʝʪʘʥʘ, ʨʘʩʭʦʜʫʝʤʳʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʥʘ ʝʛʦ ʦʢʠʩʣʝʥʠʝ ʠ ʵʤʠʩʩʠʶ ʚ ʩʠʩʪʝʤʝ 

çʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ï ʚʦʜʘ ï ʘʪʤʦʩʬʝʨʘè ʏʝʨʥʦʛʦ ʤʦʨʷ, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʬʦʨʤʫʣʘʤ, ʠʩ-

ʭʦʜʷ ʠʟ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʛʘʟʘ ʚ ʚʦʜʝ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ 

ʧʦ ʜʘʥʥʳʤ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪ (ʩʤ. ʪʘʙʣʠʮʳ 1 ʠ 2). ʉʦʛʣʘʩ-

ʥʦ ʨʘʩʯʝʪʘʤ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʘʥʘ, ʦʢʠʩʣʷʶʱʝʛʦʩʷ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʚ ʚʝʨʭʥʠʭ 0-10 ʩʤ ʠ 0-100 ʩʤ 

ʩʣʦʷʭ ʦʪʣʦʞʝʥʠʡ ʏʝʨʥʦʛʦ ʤʦʨʷ ʚ ʮʝʣʦʤ, ʩʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0.162 ʠ 8.377 ʤʣʥ. ʤ
3
. 

ʕʤʠʩʩʠʷ ʤʝʪʘʥʘ ʦʪʣʦʞʝʥʠʷʤʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʩʦʩʪʘʚʣʷʝʪ 2914.2 ʤʣʥ. ʤ
3
 ʚ ʩʫʪʢʠ, ʯʪʦ ʚ 6.1 ʨʘʟʘ 

ʙʦʣʴʰʝ, ʯʝʤ ʚʳʜʝʣʷʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʠʟ ʝʛʦ ʚʦʜʥʦʡ ʪʦʣʱʠ (0.479 ʤʣʥ. ʤ
3
 ʚ ʩʫʪʢʠ).  

ɺ ʮʝʣʦʤ ʩʫʪʦʯʥʘʷ ʵʤʠʩʩʠʷ ʤʝʪʘʥʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʤʦʨʷ ʚ 18 ʨʘʟ 

ʙʦʣʴʰʝ ʢʦʣʠʯʝʩʪʚʘ ʛʘʟʘ, ʦʢʠʩʣʷʶʱʝʛʦʩʷ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʚ ʚʝʨʭʥʝʤ 10 ʩʤ ʩʣʦʝ ʦʪʣʦʞʝʥʠʡ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʵʤʠʩʩʠʷ ʤʝʪʘʥʘ ʩ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʘʪʤʦʩʬʝʨʫ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 0.004% ʦʪ ʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ, ʦʢʠʩʣʷʶʱʝʛʦʩʷ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʚʦ ʚʩʝʡ ʚʦʜʥʦʡ ʪʦʣʱʝ ʏʝʨʥʦʛʦ ʤʦʨʷ (13.3 ʪʨʣʥ. ʤ
3
 

ʚ ʩʫʪʢʠ). ʇʨʠ ʵʪʦʤ ʚʢʣʘʜ ʘʥʘʵʨʦʙʥʦʡ ʛʣʫʙʠʥʥʦʡ ʚʦʜʥʦʡ ʤʘʩʩʳ (ʙʦʣʝʝ 500 ʤ) ʚ ʦʙʲʝʤ ʤʝʪʘʥʘ, 

ʦʢʠʩʣʷʶʱʝʛʦʩʷ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʚʦ ʚʩʝʡ ʚʦʜʥʦʡ ʪʦʣʱʝ ʏʝʨʥʦʛʦ ʤʦʨʷ, ʩʦʩʪʘʚʣʷʝʪ 97.5%.  

ʉʢʦʨʦʩʪʴ ʩʫʤʤʘʨʥʦʛʦ ʩʫʪʦʯʥʦʛʦ ʨʘʩʭʦʜʘ ʤʝʪʘʥʘ ʥʘ ʝʛʦ ʦʢʠʩʣʝʥʠʝ ʠ ʵʤʠʩʩʠʶ ʜʣʷ ʏʝʨ-

ʥʦʛʦ ʤʦʨʷ ʚ ʮʝʣʦʤ ʩʦʩʪʘʚʣʷʝʪ 13313.7 ʠ 3.1 ʤʣʥ. ʤ
3
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʦʙʲʝʤʳ ʚʦʜʳ ʠ ʚʝʨʭ-

ʥʝʛʦ 10 ʩʤ ʩʣʦʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʝʩʣʠ ʜʣʷ ʚʦʜʥʦʡ ʪʦʣʱʠ ʚʢʣʘʜ ʵʤʠʩʩʠʠ ʤʝʪʘʥʘ ʚ 

ʘʪʤʦʩʬʝʨʫ ʚ ʦʙʱʠʡ ʨʘʩʭʦʜ ʥʝ ʧʨʝʚʳʰʘʝʪ 0.004%, ʪʦ ʜʣʷ 0-10 ʩʤ ʩʣʦʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʚʢʣʘʜ ʵʤʠʩʩʠʠ ʤʝʪʘʥʘ ʩʦʩʪʘʚʣʷʝʪ 94.7% ʦʪ ʩʫʤʤʘʨʥʦʛʦ ʩʫʪʦʯʥʦʛʦ ʨʘʩʭʦʜʘ ʛʘʟʘ. ɼʣʷ ʩʨʘʚʥʝ-

ʥʠʷ, ʩʦʛʣʘʩʥʦ ʥʘʰʠʤ ʨʘʩʯʝʪʘʤ [9], ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʥʘ ʦʢʠʩʣʝʥʠʝ ʤʝʪʘʥʘ 

ʧʨʠʭʦʜʠʪʩʷ ʜʦ 80%, ʘ ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ ï ʜʦ 10% ʦʪ ʩʫʤʤʘʨʥʦʛʦ ʩʫʪʦʯʥʦʛʦ ʨʘʩʭʦʜʘ ʛʘʟʘ. 

ʉʢʦʨʦʩʪʴ ʦʙʦʨʦʪʘ ʤʝʪʘʥʘ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ, ʪʦ ʝʩʪʴ ʚʨʝʤʷ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚʝʩʴ ʤʝ-

ʪʘʥ, ʨʘʩʪʚʦʨʝʥʥʳʡ ʚ ʚʦʜʝ ʏʝʨʥʦʛʦ ʤʦʨʷ, ʤʦʞʝʪ ʙʳʪʴ ʠʟʨʘʩʭʦʜʦʚʘʥ ʚ ʧʨʦʮʝʩʩʘʭ ʝʛʦ ʦʢʠʩʣʝʥʠʷ 

ʠ ʵʤʠʩʩʠʠ, ʙʝʟ ʫʯʝʪʘ ʥʦʚʳʭ ʧʦʩʪʫʧʣʝʥʠʡ ʛʘʟʘ, ʢʘʢ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʩʙʦʨʘ, ʪʘʢ ʠ ʚ ʨʝʟʫʣʴʪʘ-

ʪʝ ʤʠʛʨʘʮʠʠ ʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʥʘ ʚ ʚʦʜʥʦʡ 

ʪʦʣʱʝ, ʩʦʩʪʘʚʣʷʝʪ ʜʣʷ ʘʥʘʵʨʦʙʥʦʡ ʚʦʜʥʦʡ ʤʘʩʩʳ 6 ʩʫʪʦʢ, ʜʣʷ ʘʵʨʦʙʥʦʡ ʚʦʜʥʦʡ ʤʘʩʩʳ ï 35 

ʩʫʪʦʢ, ʩʥʠʞʘʷʩʴ ʜʦ 0.7 ʩʫʪʦʢ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʜʚʫʭʤʝʪʨʦʚʦʤ ʩʣʦʝ ʚʦʜʳ ʤʦʨʷ. 

ʉʢʦʨʦʩʪʴ ʦʙʦʨʦʪʘ ʤʝʪʘʥʘ ʚ 0-10 ʩʤ ʩʣʦʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʏʝʨʥʦʛʦ ʤʦʨʷ ʩʦʩʪʘʚʣʷʝʪ 

2 ʩʫʪʦʢ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 21-25 ʩʫʪʦʢ ʚ 0-100 ʩʤ ʩʣʦʝ ʦʪʣʦʞʝʥʠʡ ʤʦʨʷ. 
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ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʩʢʦʨʦʩʪʴ ʦʙʦʨʦʪʘ ʤʝʪʘʥʘ ʚ ʚʝʨʭʥʝʤ 10 ʩʤ ʩʣʦʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ ʩʦʩʪʘʚʣʷʝʪ 2.5 ʩʫʪʦʢ, ʚ ʚʦʜʝ ʦʪʢʨʳʪʦʡ ʘʢʚʘʪʦʨʠʠ ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ ï 4 ʩʫʪʦʢ ʠ 

ʚ ʚʦʜʝ ʊʘʛʘʥʨʦʛʩʢʦʛʦ ʟʘʣʠʚʘ ï ʦʢʦʣʦ 2 ʩʫʪʦʢ. ʉʢʦʨʦʩʪʴ ʦʙʦʨʦʪʘ ʤʝʪʘʥʘ ʚ ʚʦʜʝ ʨʝʢʠ ɻʫʜʟʦʥ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1.4 ʜʦ 9 ʩʫʪʦʢ (ʧʦ [23])) ʠ ʨʝʢʠ ɼʦʥ ï 1.2 ʩʫʪʦʢ (ʧʦ [8])). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʢʘʢ ʧʦ-

ʢʘʟʘʣʠ ʥʘʰʠ ʨʘʩʯʝʪʳ [9], ʩʢʦʨʦʩʪʴ ʦʙʦʨʦʪʘ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʤʝʪʘʥʘ ʚ ʚʦʜʝ ʦʪʢʨʳʪʳʭ ʨʘʡʦʥʦʚ 

ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʚʘʨʴʠʨʫʝʪ ʦʪ 229 ʜʦ 279 ʩʫʪʦʢ, ʩ ʥʘʠʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʦʙʦʨʦʪʘ ʚ ʉʝʚʝʨ-

ʥʦʤ ʃʝʜʦʚʠʪʦʤ ʦʢʝʘʥʝ ʠ ʥʘʠʤʝʥʴʰʝʡ ï ʚ ʊʠʭʦʤ. 

ɺ ʚʝʨʭʥʝʤ 1 ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʦʪʣʦʞʝʥʠʡ ʏʝʨʥʦʛʦ ʤʦʨʷ ʢʦʣʠʯʝʩʪʚʦ ʦʢʠʩʣʷʶʱʝʛʦʩʷ ʤʝ-

ʪʘʥʘ (8.4 ʤʣʥ. ʤ
3 
ʩʫʪʢʠ) ʚ 52 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʚʝʨʭʥʝʤ 0ï10 ʩʤ ʩʣʦʝ ʦʪʣʦʞʝʥʠʡ 

(0.162 ʤʣʥ. ʤ
3 
ʩʫʪʢʠ) (ʪʘʙʣ. 2). ɿʜʝʩʴ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ (74.2%) ʚ ʩʫʤʤʘʨʥʳʡ ʩʫʪʦʯʥʳʡ ʨʘʩʭʦʜ 

ʛʘʟʘ ʚʥʦʩʠʪ ʧʨʦʮʝʩʩ ʝʛʦ ʦʢʠʩʣʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʦʙʦʨʦʪʘ ʤʝʪʘʥʘ ʟʘʤʝʜʣʷʝʪʩʷ ʠ ʩʦ-

ʩʪʘʚʣʷʝʪ 21 ʩʫʪʢʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘ-

ʟʦʚʘʥʠʷ ʈʌ ʚ ʨʘʤʢʘʭ ʛʦʩ. ʟʘʜʘʥʠʷ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ˉ 0852-2020-0029. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

1. ɸʨʪʝʤʦʚ ʖ. ɻ. ʆʙʦʙʱʝʥʥʘʷ ʦʮʝʥʢʘ ʚʢʣʘʜʘ ʤʝʪʘʥʦʚʳʭ ʩʪʨʫʡʥʳʭ ʛʘʟʦʚʳʜʝʣʝʥʠʡ ʚ 

ʙʘʣʘʥʩ ʤʝʪʘʥʘ ʚ ʏʝʨʥʦʤ ʤʦʨʝ // ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩ. ʥʘʫʯʥʦ-ʧʨʘʢʪ. ʢʦʥʬ. ʩ ʤʝʞʜʫʥʘʨ. ʫʯ. 

ˉʄʦʨʩʢʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʜʦʩʪʠʞʝʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳè, ʧʨʠʫʨʦʯʝʥʥʦʡ ʢ 145-

ʣʝʪʠʶ ʉʝʚʘʩʪʦʧʦʣʴʩʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ: ʚ 3 ʪʦʤʘʭ. 2016. ʉ. 13-16.  

2. ɹʝʟʙʦʨʦʜʦʚ ɸ. ɸ., ɽʨʝʤʝʝʚ ɺ. ʅ. ʏʝʨʥʦʝ ʤʦʨʝ. ɿʦʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʵʨʦʙʥʳʭ ʠ 

ʘʥʘʵʨʦʙʥʳʭ ʚʦʜ. ï ʉʝʚʘʩʪʦʧʦʣʴ, ʄʦʨʩʢʦʡ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʅɸʅ ʋʢʨʘʠʥʳ, 1993. 

298 ʩ.  

3. ɹʝʣʦʢʦʧʳʪʦʚ ɺ. ʅ. ʊʝʨʤʦʭʘʣʠʥʥʘʷ ʠ ʛʠʜʨʦʣʦʛʦ-ʘʢʫʩʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʚʦʜ ʏʝʨʥʦ-

ʛʦ ʤʦʨʷ: ɸʚʪʦʨʝʬ. ʜʠʩ. ʢʘʥʜ. ʛʝʦʛʨ. ʥʘʫʢ: 11.00.08. ï ʉʝʚʘʩʪʦʧʦʣʴ: ʄɻʀ ʅɸʅʋ, 2004. 24 ʩ. 

4. ɺʠʥʦʛʨʘʜʦʚ ʄ. ɽ. ɺʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʩʝʨʦʚʦʜʦʨʦʜʥʳʭ ʚʦʜ ʠ ʪʝʥʜʝʥʮʠʷ ʛʣʫʙʠʥʳ ʝʝ 

ʟʘʣʝʛʘʥʠʷ ʚ ʏʝʨʥʦʤ ʤʦʨʝ // ʆʢʝʘʥʦʣʦʛʠʷ. 1991. ʊ. 31, ˉ 3. ʉ. 414-420.  

5. ɻʘʣʴʯʝʥʢʦ ɺ. ʌ. ʄʝʪʘʥʦʪʨʦʬʥʳʝ ʙʘʢʪʝʨʠʠ. ï Mʦʩʢʚʘ: ɻɽʆʉ, 2001. 500 ʩ.  

6. ɻʘʣʴʯʝʥʢʦ ɺ. ʌ., ʃʝʠʥ ɸ. ʖ., ʀʚʘʥʦʚ ʄ. ɺ. ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʤʠʢʨʦʙʥʦʛʦ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʠ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʥʘ ʚ ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ ʠ ʚʦʜʥʦʡ ʪʦʣʱʝ ʏʝʨʥʦʛʦ ʤʦʨʷ // ʄʠʢʨʦʙʠʦʣʦʛʠʷ. 

2004. ʊ. 73.  ̄2. ʉ. 271-283.  

7. ɻʘʣʴʯʝʥʢʦ ɺ. ʌ., ʃʝʠʥ ɸ. ʖ., ʀʚʘʥʦʚ ʄ. ɺ. ʉʦʜʝʨʞʘʥʠʝ ʤʝʪʘʥʘ ʚ ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ ʠ 

ʚʦʜʥʦʡ ʪʦʣʱʝ ʏʝʨʥʦʛʦ ʤʦʨʷ // ʄʠʢʨʦʙʠʦʣʦʛʠʷ. 2004. ʊ. 73.  ̄2. ʉ. 258-270.  

8. ɻʘʨʴʢʫʰʘ ɼ. ʅ., ʌʝʜʦʨʦʚ ʖ. ɸ. ʄʝʪʘʥ ʚ ʫʩʪʴʝʚʦʡ ʦʙʣʘʩʪʠ ʨʝʢʠ ɼʦʥ. ï ʈʦʩʪʦʚ-ʥʘ-

ɼʦʥʫ ï ʄʦʩʢʚʘ, ɿɸʆ ñʈʦʩʪʠʟʜʘʪò, 2010. 181 ʩ. 

9. ɻʘʨʴʢʫʰʘ ɼ. ʅ.,
 
ʌʝʜʦʨʦʚ ʖ. ɸ., ʊʘʤʙʠʝʚʘ ʅ. ʉ. ʈʘʩʯʝʪ ʵʣʝʤʝʥʪʦʚ ʙʘʣʘʥʩʘ ʤʝʪʘʥʘ ʚ 

ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ ʠ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʥʘ ʦʩʥʦʚʝ ʵʤʧʠʨʠʯʝʩʢʠʭ ʬʦʨʤʫʣ // 

ʄʝʪʝʦʨʦʣʦʛʠʷ ʠ ʛʠʜʨʦʣʦʛʠʷ. 2016. ˉ 6. ʉ. 48ï58. 

10. ɼʘʛʫʨʦʚʘ ʆ. ʇ., ʅʘʤʩʘʨʘʝʚ ɹ. ɹ., ʂʦʟʳʨʝʚʘ ʃ. ʇ., ɿʝʤʩʢʘʷ ʊ. ʀ., ɼʫʣʦʚ ʃ. ɽ. ɹʘʢʪʝ-

ʨʠʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʮʠʢʣʘ ʤʝʪʘʥʘ ʚ ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ ʦʟʝʨʘ ɹʘʡʢʘʣ // ʄʠʢʨʦʙʠʦʣʦʛʠʷ. 2004. ʊ. 

73, ˉ 2. ʉ. 248ï257.  

11. ʀʚʘʥʦʚ ɺ. ɸ., ɹʝʣʦʢʦʧʳʪʦʚ ɺ. ʅ. ʆʢʝʘʥʦʛʨʘʬʠʷ ʏʝʨʥʦʛʦ ʤʦʨʷ. ʅɸʅ ʋʢʨʘʠʥʳ, 

ʄʦʨʩʢʦʡ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ. ï ʉʝʚʘʩʪʦʧʦʣʴ, 2011. 212 ʩ. 



150 
 

12. ʀʞʠʮʢʘʷ ɽ. ʉ., ɽʛʦʨʦʚ ɸ. ɺ. ɺʨʝʤʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʤʝʪʘʥʘ ʚ ʚʦʜʘʭ ɻʦʣʫʙʦʡ ʙʫʭʪʳ ʏʝʨʥʦʛʦ ʤʦʨʷ // ʄʘʪʝʨʠʘʣʳ II ɺʩʝʨʦʩ. ʥʘʫʯʥʦʡ ʢʦʥʬ. ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ çʂʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘè. 2017. ʉ. 554-555.  

13. ʃʝʠʥ ɸ. ʖ., ʉʘʚʠʯʝʚ ɸ. ʉ., ʀʚʘʥʦʚ ʄ. ɺ. ʈʝʟʝʨʚʫʘʨ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʤʝʪʘʥʘ ʚ ʚʦʜʥʦʡ 

ʪʦʣʱʝ ʤʦʨʝʡ ʈʦʩʩʠʡʩʢʦʡ ɸʨʢʪʠʢʠ // ɼʦʢʣʘʜʳ ɸʢʘʜʝʤʠʠ ʅʘʫʢ. 2011. ʊ. 441, ˉ 3. 

ʉ. 369ï371.  

14. ʃʝʠʥ ɸ. ʖ., ʇʠʤʝʥʦʚ ʅ. ɺ., ʈʫʩʘʥʦʚ ʀ. ʀ., ʄʠʣʣʝʨ ʖ. ʄ., ʀʚʘʥʦʚ ʄ. ɺ. ɻʝʦʭʠʤʠ-

ʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʰʝʣʴʬʝ ʏʝʨʥʦʛʦ ʤʦ-

ʨʷ // ɻʝʦʭʠʤʠʷ. 1997. ˉ 10. ʉ. 985-1004.  

15. ʄʘʣʘʭʦʚʘ ʊ. ɺ., ʄʘʥʩʫʨʦʚʘ ʀ. ʄ. ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʤʝʪʘʥʦʤ ʠ ʭʣʦʨʦʬʠʣʣʦʤ-ʘ ʚ 

ʚʦʜʝ ʵʚʬʦʪʠʯʝʩʢʦʡ ʟʦʥʳ ʰʝʣʴʬʘ ʏʝʨʥʦʛʦ ʤʦʨʷ // ʄʘʪʝʨʠʘʣʳ V ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʤʦʣʦ-

ʜʝʞʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʕʢʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ɸʟʦʚʦ-ʏʝʨʥʦʤʦʨʩʢʦʛʦ ʨʝʛʠʦʥʘ ʠ ʢʦʤ-

ʧʣʝʢʩʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠè. 2018. ʉ. 186-189.  

16. ʄʘʣʘʭʦʚʘ ʊ. ɺ., ʄʘʥʩʫʨʦʚʘ ʀ. ʄ., ɿʘʛʦʚʝʥʢʦʚʘ ɸ. ɼ. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʝʪʘʥʘ ʚ ʵʚʬʦʪʠʯʝʩʢʦʤ ʩʣʦʝ ʧʨʠʢʨʳʤʩʢʦʡ ʯʘʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʧʦ ʜʘʥʥʳʤ 102 ʨʝʡʩʘ ʅʀʉ 

"ʇʨʦʬʝʩʩʦʨ ɺʦʜʷʥʠʮʢʠʡ" // ʄʘʪʝʨʠʘʣʳ IV ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ çʂʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘè. 2019. ʉ. 226-227. 

17. ʇʠʤʝʥʦʚ ʅ. ɺ., ʈʫʩʘʥʦʚ ʀ. ʀ., ʖʩʫʧʦʚ ʉ. ʂ. ʠ ʜʨ. ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʥʘ ʛʨʘʥʠʮʝ ʘʵʨʦʙʥʳʭ ʠ ʘʥʘʵʨʦʙʥʳʭ ʚʦʜ ʚ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʟʦʥʝ ʏʝʨʥʦʛʦ ʤʦʨʷ // ʄʠʢʨʦʙʠʦʣʦ-

ʛʠʷ. 2000. ʊ. 69, ˉ 4. ʉ. 527-540. 

18. ʈʫʩʘʥʦʚ ʀ. ʀ., ʃʝʠʥ ɸ. ʖ., ʇʠʤʝʥʦʚ ʅ. ɺ., ʖʩʫʧʦʚ ʉ. ʂ., ʀʚʘʥʦʚ ʄ. ɺ. ɹʠʦʛʝʦʭʠ-

ʤʠʯʝʩʢʠʡ ʮʠʢʣ ʤʝʪʘʥʘ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʰʝʣʴʬʝ ʏʝʨʥʦʛʦ ʤʦʨʷ // ʄʠʢʨʦʙʠʦʣʦʛʠʷ. 2002. ʊ. 

71, ˉ 4. ʉ. 558-566.  

19. ʊʝʭʥʦʛʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʠ ʧʨʦʮʝʩʩʳ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʘʤʦʦʯʠʱʝʥʠʷ ʇʨʠʢʘʚʢʘʟʩʢʦʡ 

ʟʦʥʳ ʏʝʨʥʦʛʦ ʤʦʨʷ // ʇʦʜ. ʨʝʜ. ʀ. ʌ. ɻʣʫʤʦʚʘ, ʄ. ɺ. ʂʦʯʝʪʢʦʚʘ. ï ʄʦʩʢʚʘ: ʅʝʜʨʘ, 1996. 502 

ʩ.  

20. ʊʠʪʦʚ ɺ. ɹ. ʀʥʪʝʛʨʘʣʴʥʳʡ ʵʬʬʝʢʪ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʬʘʢ-

ʪʦʨʦʚ ʘʪʤʦʩʬʝʨʳ ʥʘ ʛʠʜʨʦʣʦʛʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʵʢʦʣʦʛʠʶ ʚʦʜ ʏʝʨʥʦʛʦ ʤʦʨʷ // ʆʢʝʘʥʦʣʦ-

ʛʠʷ. 2004. ʊ. 44, ˉ 6. ʉ. 837-842. 

21. ʌʝʜʦʨʦʚ ʖ. ɸ., ʊʘʤʙʠʝʚʘ ʅ. ʉ., ɻʘʨʴʢʫʰʘ ɼ. ʅ., ʍʦʨʦʰʝʚʩʢʘʷ ɺ. ʆ. ʄʝʪʘʥ ʚ ʚʦʜ-

ʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ. 2-ʝ ʠʟʜ. ï ʈʦʩʪʦʚ-ʥ/ɼ-ʄʦʩʢʚʘ, ɿɸʆ ñʈʦʩʪʠʟʜʘʪò, 2007. 330 ʩ. 

22. Amouroux D., Roberts G., Rapsomanikis S. et al. Biogenic gas (CH4, N2O, DMS) emis-

sion to the atmosphere from near ï shore and shelf waters of the north-western Black Sea // Estua-

rine, Coastal and Shelf Science. 2002. Vol. 54. P. 575-587. 

23. De Angelis M.A., and Scranton M.I. Fate of Methane in the Hudson River and Estuary // 

Global Biogeochem. Cycles. 1993. Vol. 7, ˉ 3. ʈ. 509-523. 

24. Durisch-Kaiser E., Klauser L., Wehrli B., Schubert C. Evidence of intense archaeal and 

bacterial methanotrophic activity in the Black Sea water column // Appl. Environ. Microbiol., 2005. 

Vol. 71, ˉ 12. P. 8099-8106. 

25. Hunt J.M. Hydrocarbon geochemistry of Black Sea: Black Sea-Geol., Chem. and Biol., 

Tuesa, Okea, 1974. P. 499-504. 

  



151 
 

ʋɼʂ 551.510.42:547.211 

 

ɺʃʀʗʅʀɽ ʀʆʅʅʆɻʆ ʉʆʉʊɸɺɸ ʀ ʉʆʃɽʅʆʉʊʀ (ʄʀʅɽʈɸʃʀɿɸʎʀʀ) 

ɺʆɼ ʅɸ ʂʆʅʎɽʅʊʈɸʎʀʀ ʄɽʊɸʅɸ ɺ ɺʆɼʅʓʍ 

ʕʂʆʉʀʉʊɽʄɸʍ 

ɻʘʨʴʢʫʰʘ ɼ. ʅ., ʌʸʜʦʨʦʚ ʖ. ɸ. 

ʀʥʩʪʠʪʫʪ ʥʘʫʢ ʦ ɿʝʤʣʝ ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ,  

ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ,  

gardim1@yandex.ru 

 

INFLUENCE OF IONIC COMPOSITIO N AND SALINITY (MINERALIZATION)  

THE EFFECT OF WATER ON METHANE CONCENTRATIONS IN WATER 

ECOSYSTEMS 

Garǋkusha D.N, Fedorov Yu.A. 

Institute of Earth Sciences of the southern Federal University,  

Rostov-on-Don,  

gardim1@yandex.ru 

 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʦʣʝʥʦʩʪʠ (ʤʠʥʝʨʘʣʠʟʘʮʠʠ) ʚʦʜ 

ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʘ ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʘ ʥʝ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ. ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʚʳʩʪʫʧʘʶʪ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʧʨʦʜʫʢʮʠʦʥʥʦ-ʜʝʩʪʨʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝ-

ʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʘ ʪʘʢʞʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʠʪʦʣʦʛʠ-

ʯʝʩʢʠʭ ʪʠʧʦʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʥʘ, ʢʘʪʠʦʥ-ʘʥʠʦʥʥʳʡ ʩʦ-

ʩʪʘʚ, ʩʦʣʝʥʦʩʪʴ, ʤʠʥʝʨʘʣʠʟʘʮʠʷ 

 

Abstract. The influence of ionic composition and salinity (mineralization) of water on me-

thane concentrations in water bodies is considered. It is shown that the influence of these factors on 

methane concentrations is not decisive.  

Keywords: water ecosystems, methane concentration, cation-anion composition, salinity, 

mineralization 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ [13, 17, 18 ʠ ʜʨ.], ʯʪʦ ʜʣʷ ʪʘʢʠʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʢʘʢ ʦʟʝʨʘ, 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʨʝʢʠ, ʵʩʪʫʘʨʠʠ, ʤʦʨʷ ʠ ʦʢʝʘʥʳ ʭʘʨʘʢʪʝʨʥʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʩʦʜʝʨ-

ʞʘʥʠʷ ʤʝʪʘʥʘ (ʉʅ4) ʚ ʚʦʜʝ. ɺ ʵʪʦʤ ʨʷʜʫ, ʚ ʩʨʝʜʥʝʤ, ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʨʝʢʘʭ, ʤʠʥʠʤʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʚʦʜ ʤʦʨʝʡ ʠ ʦʢʝʘʥʦʚ [18]. ʅʘʙʣʶʜʘʝʤʦʝ 

ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʉʅ4 ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʣʝʥʦʩʪʠ ʚ ʟʦʥʘʭ ʩʤʝʰʝʥʠʷ çʨʝʢʘ ï 

ʵʩʪʫʘʨʠʡ Ÿ ʤʦʨʝè ʠ çʨʝʢʘ ï ʤʦʨʝ (ʦʢʝʘʥ)è [18] ʪʨʝʙʫʝʪ ʦʙʩʫʞʜʝʥʠʷ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ, ʚʣʠʷʝʪ 

ʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦʣʝʥʦʩʪʴ (ʤʠʥʝʨʘʣʠʟʘʮʠʷ) ʠ ʠʦʥʥʳʡ ʩʦʩʪʘʚ ʚʦʜ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʅ4 ʚ 

ʚʦʜʝ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ʀ, ʝʩʣʠ ʚʣʠʷʝʪ, ʪʦ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ï ʧʨʷʤʦ ʠʣʠ 

ʦʧʦʩʨʝʜʦʚʘʥʥʦ, ʪʦ ʝʩʪʴ ʯʝʨʝʟ ʚʣʠʷʥʠʝ ʥʘ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ? ɼʣʷ ʵʪʦʛʦ, ʨʘʩʩʤʦʪʨʠʤ ʠʤʝʶʱʠʝʩʷ 

ʩʚʝʜʝʥʠʷ ʦ ʧʦʚʝʜʝʥʠʠ ʉʅ4 ʚ ʨʝʢʘʭ ʠ ʟʦʥʘʭ ʩʤʝʰʝʥʠʷ ʨʝʯʥʳʭ ʠ ʤʦʨʩʢʠʭ ʚʦʜ, ʠ ʩʚʷʟʠ ʢʦʥʮʝʥ-

ʪʨʘʮʠʡ ʵʪʦʛʦ ʛʘʟʘ ʩ ʩʦʣʝʥʦʩʪʴʶ. 
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ʅʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʦ [2, 18], ʯʪʦ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦ-

ʨʦʤ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʉʅ4 ʚ ʨʝʢʘʭ, ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ, ʦʧʨʝʜʝʣʷʶ-

ʱʘʷ ʭʘʨʘʢʪʝʨ ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʠʛʨʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʚʳʥʦʩ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ, ʘʢ-

ʢʫʤʫʣʷʮʠʷ), ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʪʠʧ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʅʘʠʙʦʣʴʰʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢʦʥʮʝʥ-

ʪʨʠʨʦʚʘʪʴ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʚʟʚʝʩʠ ʠ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʦʙʣʘʜʘʶʪ ʤʝʣʢʦʘʣʝʚʨʠʪʦ-

ʚʳʝ ʠ ʛʣʠʥʠʩʪʳʝ ʠʣʳ, ʦʪʣʘʛʘʶʱʠʝʩʷ ʥʘ ʫʯʘʩʪʢʘʭ ʩʦ ʩʧʦʢʦʡʥʳʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʨʝʞʠ-

ʤʦʤ. ʉʝʜʠʤʝʥʪʘʮʠʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ʜʥʦ, ʘ ʚʤʝʩʪʝ ʩ ʵʪʠʤ ʠ 

ʧʦʚʳʰʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʪʘʢʠʭ ʫʯʘʩʪʢʘʭ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʩʦ-

ʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʝ, ʢ ʫʭʫʜʰʝʥʠʶ ʫʩʣʦʚʠʡ ʘʵʨʘʮʠʠ ʦʩʘʜʢʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʥʠʭ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʠ. ɺʩʸ ʵʪʦ ʦʢʘʟʳʚʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʘʢʪʠʚʠʟʘ-

ʮʠʶ ʨʦʩʪʘ ʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʘʥʘʵʨʦʙʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʤʝʪʘʥʦʛʝʥ-

ʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ.  

ɺ ʚʦʜʝ ʨʝʢ ʩʦʜʝʨʞʘʥʠʝ ʉʅ4 ʦʙʳʯʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʫʩʪʴʶ. ʇʨʠ ʵʪʦʤ 

ʜʘʥʥʫʶ ʪʝʥʜʝʥʮʠʶ ʦʩʣʘʙʣʷʝʪ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʥʠʚʝʣʠʨʫʝʪ ʚʣʠʷʥʠʝ ʢʨʫʧʥʳʭ ʧʦʩʪʘʚʱʠʢʦʚ ʦʨ-

ʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʢʘʢʦʚʳʤʠ ʷʚʣʷʶʪʩʷ ʛʦʨʦʜʘ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʙʲʝʢʪʳ ʠʣʠ (ʠ) ʟʘʛʨʷʟʥʸʥ-

ʥʳʝ ʧʨʠʪʦʢʠ, ʚ ʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ ʯʝʪʢʦ ʬʠʢʩʠʨʫʝʪʩʷ ʨʝʟʢʦʝ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʉʅ4 ʚ ʚʦʜʝ ʠ ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [2], ʠʟ-ʟʘ ʙʳʩʪʨʦʛʦ ʦʢʠʩʣʝʥʠʷ ʠ ʤʠʛʨʘ-

ʮʠʠ ʚ ʘʪʤʦʩʬʝʨʫ ʉʅ4, ʧʦʩʪʫʧʠʚʰʝʛʦ ʚ ʚʦʜʥʫʶ ʪʦʣʱʫ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʝʛʦ ʥʘ ʟʘʤʝʪʥʳʝ ʨʘʩ-

ʩʪʦʷʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʧʦʩʪʫʧʣʝʥʠʷ (ʛʝʥʝʨʘʮʠʠ) ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʉʅ4 ʙʣʘʛʦʧʨʠ-

ʷʪʩʪʚʫʝʪ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʘʢ ʠʥʜʠʢʘʪʦʨʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʦʢʦʥʪʫʨʠʚʘʥʠʷ 

ʟʦʥ ʟʘʛʨʷʟʥʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ [3, 18].  

ʄʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʅ4 ʚ ʚʦʜʝ ʫʩʪʴʝʚ ʨʝʢ ʦʙʫʩʣʦʚʣʝʥʳ ʚʳʥʦʩʦʤ ʨʝʢʦʡ ʦʨ-

ʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʥʘʢʦʧʣʝʥʠʝʤ ʠʭ ʚ ʜʝʣʴʪʝ, ʛʜʝ ʦʙʳʯʥʦ ʦʪʣʘʛʘʶʪʩʷ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, 

ʩʣʦʞʝʥʥʳʝ ʙʦʣʝʝ ʪʦʥʢʦʟʝʨʥʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʳʰʝʨʘʩʧʦʣʦʞʝʥʥʳʤʠ 

ʫʯʘʩʪʢʘʤʠ. ʅʝʤʘʣʦʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʦʚʳʰʝʥʥʳʭ ʩʦʜʝʨʞʘʥʠʡ ʉʅ4 ʚ ʫʩʪʴʷʭ ʨʝʢ ʷʚʣʷʝʪʩʷ ʠ 

ʪʦ, ʯʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʩʪʴʝʚʳʝ ʫʯʘʩʪʢʠ ʨʝʢ ʠʟʜʘʚʥʘ ʥʘʠʙʦʣʝʝ ʧʣʦʪʥʦ ʟʘʩʝʣʝʥʳ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

ʠʩʧʳʪʳʚʘʶʪ ʭʨʦʥʠʯʝʩʢʦʝ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. 

ʉʠʥʭʨʦʥʥʦʝ ʠʟʫʯʝʥʠʝ ʩʝʟʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ (ʠʶʣʴ, ʘʚʛʫʩʪ, ʩʝʥʪʷʙʨʴ ʠ ʦʢʪʷʙʨʴ 2002 ʛ., 

ʤʘʡ ʠ ʠʶʣʴ 2003 ʛ.) ʢʘʪʠʦʥ-ʘʥʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ ʥʠʞʥʝʛʦ ʪʝʯʝʥʠʷ ʨʝʢʠ ɼʦʥ, ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʉʅ4 ʠ ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʚʦʩʴʤʠ ʩʪʘʥʮʠʷʭ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʧʦ ʧʨʦʜʦʣʴʥʦʤʫ ʧʨʦʬʠʣʶ ʨ. ɼʦʥ çʚʳʰʝ ʛ. ɸʢʩʘʡ ï ʥʠʞʝ ʛ. ɸʟʦʚè, ʧʦʤʠʤʦ ʦʪʯʝʪʣʠʚʦʛʦ ʫʚʝ-

ʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʉʅ4 ʚ ʜʝʣʴʪʝ ɼʦʥʘ (ʨʠʩ. 1), ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʭ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʩʚʷʟʝʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʦʥʦʚ ʉʘ
2+

, Na
+
+K

+
, HCʆ3

-
, SO4

2-
 ʠ ʚ ʮʝʣʦʤ ʩʫʤʤʳ 

ʠʦʥʦʚ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʉʅ4 (r ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ï ʩʦʩʪʘʚʣʷʝʪ -0.25, -0.49, -0.18, -

0.15 ʠ -0.29, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʘ ʪʘʢʞʝ ʩʣʘʙʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʚʷʟʝʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʦʥʦʚ 

Mg
2+

 ʠ Cl
-
 ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʉʅ4 (r ï +0.23 ʠ +0.27, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) (ʨʠʩ. 2). ʅʘʣʠʯʠʝ ʩʣʘʙʦʡ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʉʅ4 ʠ Mg
2+
, ʉʅ4 ʠ Cl

-
 ʤʦʞʝʪ ʥʦʩʠʪʴ ʢʘʢ ʩʣʫʯʘʡʥʳʡ (ʚʝʨʦ-

ʷʪʥʦ, ʵʪʦ ʙʦʣʴʰʝ ʦʪʥʦʩʠʪʩʷ ʢ ʩʚʷʟʠ ʉʅ4 ʠ Mg
2+
), ʪʘʢ ʠ ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʝʨʝʟ 

ʥʘʣʦʞʝʥʠʝ ʥʝʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʘʥʥʳʭ ʠʦʥʦʚ ʠ ʤʝ-

ʪʘʥʘ. ʅʘʧʨʠʤʝʨ, ʥʘ ʬʦʥʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʉʅ4 ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʫʩʪʴʶ ʨʝʢʠ ɼʦʥ, 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʚʳʰʝ ʦʙʦʟʥʘʯʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʘ ʢʘʢ ʵʣʝʤʝʥʪʘ, ʦʙʣʘʜʘʶ-

ʱʝʛʦ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʠ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʦʨʙʮʠʠ ʠ ʧʦʪʨʝʙʣʝʥʠʶ 

ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ, ʧʦʜ ʚʣʠʷʥʠʝʤ ʝʩʪʝʩʪʚʝʥʥʳʭ (ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʠʟ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʧʦʯʚ) 

ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ (ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʨʝʢʫ ʚ ʩʦʩʪʘʚʝ ʩʚʘʣʦʯʥʳʭ, ʢʦʤʤʫʥʘʣʴʥʳʭ ʠ ʧʨʦ-

ʤʳʰʣʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʤʳʚʘ ʫʜʦʙʨʝʥʠʡ ʠ ʩʦʣʠ, ʧʨʠʤʝʥʷʝʤʦʡ ʜʣʷ ʨʘʩʪʚʦʨʝ-
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ʥʠʷ ʣʴʜʘ ʥʘ ʜʦʨʦʛʘʭ ʠ ʜʨ.), ʪʘʢʞʝ ʚ ʮʝʣʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʩʤ. ʨʠʩ. 1), ʯʪʦ ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʥʘʣʠʯʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʤʝʪʘʥʦʤ ʠ ʭʣʦʨʠʜʥʳʤʠ ʠʦʥʘʤʠ. 

 
ʈʠʩ. 1. ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʪʘʥʘ ʠ ʦʩʥʦʚʥʳʭ ʠʦʥʦʚ ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʨʝʢʠ 

ɼʦʥ ʧʦ ʧʨʦʜʦʣʴʥʦʤʫ ʧʨʦʬʠʣʶ çʚʳʰʝ ʛ. ɸʢʩʘʡ ï ʥʠʞʝ ʛ. ɸʟʦʚè: ʩʪʘʥʮʠʷ 1 ï ʨ. ɼʦʥ, ʚʳʰʝ 

ʛ. ɸʢʩʘʡ; ʩʪ. 2 ï ʨ. ɼʦʥ, ʚʦʜʦʟʘʙʦʨ ʛ. ʈʦʩʪʦʚʘ-ʥʘ-ɼʦʥʫ; ʩʪ. 3 ï ʨ. ɼʦʥ, 0.5 ʢʤ ʥʠʞʝ ʚʧʘʜʝʥʠʷ 

ʨ. ʊʝʤʝʨʥʠʢ; ʩʪ. 4 ï ʨ. ɼʦʥ, 0.5 ʢʤ ʥʠʞʝ ʩʙʨʦʩʘ ʇʋ "ɺʦʜʦʢʘʥʘʣ"; 5 ï ʨ. ɼʦʥ, 0.5 ʢʤ ʥʠʞʝ 

ʭ. ʂʦʣʫʟʘʝʚʦ; 6 ï ʨʫʢ. ɹʦʣʴʰʘʷ ʂʘʣʘʥʯʘ, ʭ. ɼʫʛʠʥʦ; 7 ï ʨ. ɼʦʥ, ʚʳʰʝ ʛ. ɸʟʦʚ, ʚʦʜʦʟʘʙʦʨ; 

8 ï ʨ. ɼʦʥ, ʥʠʞʝ ʛ. ɸʟʦʚ, ʚʦʜʦʩʙʨʦʩ. 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʝʟʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʠʟʤʝʥʝʥʠʷʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʪʘʥʘ ʠ ʦʩʥʦʚʥʳʭ ʠʦʥʦʚ ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʨʝʢʠ ɼʦʥ ʧʦ ʧʨʦʜʦʣʴʥʦʤʫ 

ʧʨʦʬʠʣʶ çʚʳʰʝ ʛ. ɸʢʩʘʡ ï ʥʠʞʝ ʛ. ɸʟʦʚè. 
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ɹʦʣʝʝ ʟʥʘʯʠʤʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʩʚʷʟʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(r = +0.65) ʦʪʤʝʯʘʣʘʩʴ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʚ ʚʦʜʝ ʤʝʪʘʥʘ ʠ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ (ʨʠʩ. 3). 

ʕʪʘ ʩʚʷʟʴ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʚʥʫʪʨʠ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʩʦʟʜʘʶʪʩʷ ʘʥʘʵʨʦʙ-

ʥʳʝ ʤʠʢʨʦʟʦʥʳ [29] ʚʦʢʨʫʛ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çhot spotsè ʠʣʠ "ʛʦʨʷʯʠʭ ʪʦʯʝʢ" [26], ʚ ʢʦʪʦʨʳʭ 

ʠʜʫʪ ʧʨʦʮʝʩʩʳ ʤʝʪʘʥʦʛʝʥʝʟʘ. ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ [4], ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʝʟʦʢʦʩ-

ʤʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʵʚʪʨʦʬʥʦʤ ʨʳʙʦʚʦʜʥʦʤ ʧʨʫʜʫ, ʚʢʣʘʜ ʤʝʪʘʥʦʛʝʥʝʟʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ 

ʚʦ ʚʟʚʝʰʝʥʥʳʭ ʚ ʚʦʜʝ ʯʘʩʪʠʮʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʢʣʶʯʘʷ ʬʝʢʘʣʴʥʳʝ ʧʝʣʣʝʪʳ ʟʦʦʧʣʘʥʢʪʦʥʘ, ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʨʦʚʥʷ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʚ ʚʦʜʝ ʩʦʩʪʘʚʣʷʝʪ 25ï30%. ʆʩʪʘʣʴʥʘʷ ʜʦʣʷ ʧʨʠʭʦ-

ʜʠʪʩʷ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʛʘʟʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʦʪʢʫʜʘ ʦʥ ʟʘʪʝʤ ʤʠʛʨʠʨʫʝʪ ʚ ʚʦʜʫ. ɸʥʘʣʠʟ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʥʘ ʛʨʘʬʠʢʝ (ʩʤ. ʨʠʩ. 3) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʷʜ ʪʦʯʝʢ, ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʢʣʦ-

ʥʷʶʱʠʭʩʷ ʦʪ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʵʪʫ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʷʤʦʡ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʜʝʨʞʘʥʠʷ ʚʟʚʝʩʠ 

ʠ ʤʝʪʘʥʘ ʚ ʚʦʜʝ ʚ ʥʘʯʘʣʝ ʩʝʥʪʷʙʨʷ 2002 ʛʦʜʘ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʚ ʚʦʜʝ ʚ ʜʘʥʥʳʡ 

ʧʝʨʠʦʜ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʪʘʥʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʩʦʜʝʨʞʘʥʠʷʭ ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʤʦʛʣʦ 

ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ ʠʟʤʝʥʝʥʠʝʤ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʥʘʧʨʠʤʝʨ, 

ʚʩʣʝʜʩʪʚʠʝ ʮʚʝʪʝʥʠʷ çʪʦʢʩʠʯʥʳʭè ʩʠʥʝ-ʟʝʣʝʥʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʠʣʠ ʨʦʩʪʘ ʜʦʣʠ ʤʠʥʝʨʘʣʴʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʚʟʚʝʩʠ), ʪʘʢ ʠ ʠʟʤʝʥʝʥʠʝʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ (ʥʘʧʨʠʤʝʨ, ʩʥʠʞʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʩ 22.5ï23.5Áʉ ʜʦ 20.8ï21.0Áʉ ʚ ʧʝʨʠʦʜ ʩ 20.08.02 ʛ. ʧʦ 04.09.02 ʛ. 

 
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʚ ʚʦʜʝ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʠ ʤʝʪʘʥʘ, 

ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʝʟʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʨʝʢʠ ɼʦʥ 

ʧʦ ʧʨʦʜʦʣʴʥʦʤʫ ʧʨʦʬʠʣʶ çʚʳʰʝ ʛ. ɸʢʩʘʡ ï ʥʠʞʝ ʛ. ɸʟʦʚè. 

 

ɺ ʟʦʥʘʭ ʩʤʝʰʝʥʠʷ çʨʝʢʘ ï ʵʩʪʫʘʨʠʡ Ÿ ʤʦʨʝè ʠ çʨʝʢʘ ï ʤʦʨʝ (ʦʢʝʘʥ)è ʦʪʤʝʯʘʝʪʩʷ ʜʦ-

ʩʪʘʪʦʯʥʦ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʅ4 [18]. ʉʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʘʚʪʦʨʘʤʠ ʟʦʥ ʩʤʝʰʝ-

ʥʠʷ ʨʝʯʥʳʭ ʠ ʤʦʨʩʢʠʭ ʚʦʜ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʵʩʪʫʘʨʠʠ ʨʝʢ ɼʦʥ (ʊʘʛʘʥʨʦʛʩʢʠʡ ʟʘʣʠʚ ɸʟʦʚʩʢʦʛʦ 

ʤʦʨʷ), ʂʫʙʘʥʴ (ʊʝʤʨʶʢʩʢʠʡ ʟʘʣʠʚ ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ), ʈʘʟʜʦʣʴʥʘʷ (ɸʤʫʨʩʢʠʡ ʟʘʣʠʚ ʗʧʦʥʩʢʦʛʦ 

ʤʦʨʷ), ʉʝʚʝʨʥʘʷ ɼʚʠʥʘ (ɼʚʠʥʩʢʘʷ ʛʫʙʘ ɹʝʣʦʛʦ ʤʦʨʷ), ʨʘʡʦʥ ʚʧʘʜʝʥʠʷ ʨʝʢʠ ɺʦʣʛʘ ʚ ʂʘʩʧʠʡ-

ʩʢʦʝ ʤʦʨʝ [3, 5, 19, 20, 23]. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ɸʟʦʚʩʢʦʤ 

ʤʦʨʝ ʚ ʟʦʥʝ ʩʤʝʰʝʥʠʷ ʧʨʝʩʥʳʭ ʚʦʜ ʨʝʢʠ ɼʦʥ ʩ ʩʦʣʦʥʦʚʘʪʳʤʠ ʚʦʜʘʤʠ ʊʘʛʘʥʨʦʛʩʢʦʛʦ ʟʘʣʠʚʘ ʚ 

ʠʥʪʝʨʚʘʣʝ ʩʦʣʸʥʦʩʪʠ 1ï2ă ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʤʝʪʘʥʦʚʳʡ ʙʘʨʴʝʨè [18, 20], ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʜʦʩʪʘʪʦʯʥʦ ʨʝʟʢʠʤ ʩʥʠʞʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʅ4 (ʩ 78.0 ʜʦ 12.0 ʤʢʣ/ʣ, ʚ 

ʩʨʝʜʥʝʤ ʚ 2.5 ʨʘʟʘ), ʧʦʩʣʝ ʯʝʛʦ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʫʩʪʴʶ ʟʘʣʠʚʘ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʤʝʥʴʰʘ-

ʶʪʩʷ ʙʦʣʝʝ ʧʣʘʚʥʦ (ʚ 1.1ï1.3 ʨʘʟʘ) (ʨʠʩ. 4). ʅʘ ʚʳʭʦʜʝ ʠʟ ʫʩʪʴʷ ʊʘʛʘʥʨʦʛʩʢʦʛʦ ʟʘʣʠʚʘ ʚ ʦʪ-

ʢʨʳʪʫʶ ʘʢʚʘʪʦʨʠʶ ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ, ʦʙʳʯʥʦ ʧʨʠ ʩʦʣʝʥʦʩʪʠ ʦʢʦʣʦ 12ă, ʦʪʤʝʯʘʝʪʩʷ ʚʪʦʨʦʡ 

çʤʝʪʘʥʦʚʳʡ ʙʘʨʴʝʨè, ʥʘ ʢʦʪʦʨʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʅ4 ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ ʩʥʦʚʘ ʨʝʟʢʦ ʩʥʠʞʘʶʪʩʷ 

(ʩ 12.0 ʜʦ 3.0ï4.0 ʤʢʣ/ʣ, ʚ ʩʨʝʜʥʝʤ ʚ 2.8 ʨʘʟʘ). 
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ʈʠʩ. 4. ʀʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʚ ʚʦʜʝ ʟʦʥ ʩʤʝʰʝʥʠʷ ñʨʝʢʘ ï ʵʩʪʫʘʨʠʡ ï ʤʦʨʝò ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʦʣʝʥʦʩʪʠ (ʧʦ [18]). 

 

ɺ ʊʝʤʨʶʢʩʢʦʤ ʟʘʣʠʚʝ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʟʦʥʦʡ ʩʤʝʰʝʥʠʷ ʚʦʜ ʨ. ʂʫʙʘʥʴ ʩ ʚʦʜʘʤʠ 

ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ, ʧʝʨʚʦʝ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʉʅ4 (ʩ 17.1ï21.0 ʜʦ 7.2ï7.9 ʤʢʣ/ʣ) ʟʘ-

ʬʠʢʩʠʨʦʚʘʥʦ ʧʨʠ ʟʥʘʯʝʥʠʠ ʩʦʣʝʥʦʩʪʠ 2ă. ɺʪʦʨʦʝ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʉʅ4 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʩʦʣʝʥʦʩʪʠ 9ă. ɼʣʷ ʟʦʥʳ ʩʤʝʰʝʥʠʷ ʚʦʜ ʨ. ɺʦʣʛʘ (ʨʫʢʘʚ ɹʘʭʪʝʤʠʨ) ʠ ʂʘʩ-

ʧʠʡʩʢʦʛʦ ʤʦʨʷ ʚ ʠʥʪʝʨʚʘʣʝ ʚʝʣʠʯʠʥʳ ʩʦʣʝʥʦʩʪʠ 1ï2ă ʬʠʢʩʠʨʫʝʪʩʷ ʧʝʨʚʳʡ çʤʝʪʘʥʦʚʳʡ ʙʘ-

ʨʴʝʨè, ʚʳʨʘʞʘʶʱʠʡʩʷ ʚ ʫʤʝʥʴʰʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʉʅ4 ʩ 17.6 ʤʢʣ/ʣ ʜʦ 1.8 ʤʢʣ/ʣ. ɺʪʦʨʦʡ ʤʝ-

ʥʝʝ ʚʳʨʘʞʝʥʥʳʡ ʩʧʘʜ (ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ) ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʧʨʠ ʩʦʣʝʥʦʩʪʠ 9ă. 

ɿʦʥʘ ʩʤʝʰʝʥʠʷ ʚʦʜ ʨ. ʈʘʟʜʦʣʴʥʘʷ ʩ ʚʦʜʘʤʠ ɸʤʫʨʩʢʦʛʦ ʟʘʣʠʚʘ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʧʣʘʚʥʳʤ ʩʥʠʞʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʅ4 ʩ 20.0ï22.5 ʤʢʣ/ʣ ʜʦ 2.0ï0.2 ʤʢʣ/ʣ 

ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʦʣʝʥʦʩʪʠ [8]. ʇʨʠ ʵʪʦʤ ʧʝʨʚʳʡ çʤʝʪʘʥʦʚʳʡ ʙʘʨʴʝʨè ʧʨʦʩʣʝʞʠʚʘʣʩʷ ʧʨʠ 

ʩʦʣʸʥʦʩʪʠ 1ï2ă, ʚʪʦʨʦʡ ï 16ă. ɸʥʘʣʦʛʠʯʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʚʳʷʚʣʝʥʘ ʘʤʝʨʠʢʘʥʩʢʠʤʠ ʠʩ-

ʩʣʝʜʦʚʘʪʝʣʷʤʠ ʜʣʷ ʨʝʢ ʇʦʪʦʤʘʢ ʠ ʕʣʩʠ [25, 30]. ɺ ʵʪʠʭ ʵʩʪʫʘʨʠʷʭ ʚ ʚʦʜʝ ʚʳʷʚʣʝʥʦ ʨʝʟʢʦʝ ʧʘ-

ʜʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʅ4 ʚ ʟʦʥʝ ʩʤʝʰʝʥʠʷ ʧʨʠ ʩʦʣʸʥʦʩʪʠ 1ï4ă. ɺ ʟʦʥʘʭ ʧʝʨʝʭʦʜʥʳʭ ʦʪ ʵʩʪʫ-

ʘʨʥʳʭ ʢ ʤʦʨʩʢʠʤ ʚʦʜʘʤ, ʧʨʠ ʩʦʣʸʥʦʩʪʠ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʢʘʞʜʦʛʦ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ (ʩʤ. 

ʨʠʩ. 4), ʚʳʷʚʣʝʥ ʚʪʦʨʦʡ, ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʡ ʤʝʪʘʥʦʚʳʡ ʙʘʨʴʝʨ. 

ɺ ʟʦʥʝ ʩʤʝʰʝʥʠʷ ʧʨʝʩʥʳʭ ʨʝʯʥʳʭ ʚʦʜ ʨ. ʉʝʚʝʨʥʘʷ ɼʚʠʥʘ ʠ ʩʦʣʦʥʦʚʘʪʳʭ ʚʦʜ ɼʚʠʥʩʢʦʡ 

ʛʫʙʳ ɹʝʣʦʛʦ ʤʦʨʷ, ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʢʦʪʦʨʦʡ ʧʨʦʭʦʜʠʪ ʛʣʫʙʦʢʦ ʚ ʜʝʣʴʪʝ ʠ ʩʤʝʱʘʝʪʩʷ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʬʘʟʳ ʧʨʠʣʠʚʥʦ-ʦʪʣʠʚʥʦʛʦ ʮʠʢʣʘ, ʥʘʛʦʥʥʳʭ ʷʚʣʝʥʠʡ, ʫʨʦʚʥʷ ʤʦʨʷ ʠ ʨʘʩʭʦʜʘ ʚʦʜʳ 

ʚ ʨʝʢʝ [5], ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʉʅ4 ʧʦ ʤʝʨʝ ʚʦʟʨʘʩʪʘʥʠʷ ʩʦʣʝʥʦʩʪʠ 

(ʨʠʩ. 5). ʇʨʠ ʵʪʦʤ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʪʦʢʠ ʄʘʡʤʘʢʩʘ, ʧʝʨʚʳʡ ʩʧʘʜ ʩʦʜʝʨʞʘʥʠʷ 

ʉʅ4 ʢʘʢ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ, ʪʘʢ ʠ ʚ ʧʨʠʜʦʥʥʦʤ ʩʣʦʝ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʩʦʣʝʥʦʩʪʠ 1ï2ă, 

ʚʪʦʨʦʡ ï ʧʨʠ ʩʦʣʝʥʦʩʪʠ 12ï14ă ï ʦʪʤʝʯʝʥ ʪʦʣʴʢʦ ʚ ʧʨʠʜʦʥʥʦʤ ʛʦʨʠʟʦʥʪʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʉʅ4 ʚ ʵʪʦʤ ʠʥʪʝʨʚʘʣʝ ʩʦʣʝʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ 

ʙʦʣʝʝ ʧʣʘʚʥʦ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʙʝʟʧʨʠʣʠʚʥʳʭ ʟʦʥ ʩʤʝʰʝʥʠʷ (ʨ. ɼʦʥ ï 

ɸʟʦʚʩʢʦʝ ʤʦʨʝ, ʨ. ʂʫʙʘʥʴ ï ɸʟʦʚʩʢʦʝ ʤʦʨʝ, ʨ. ɺʦʣʛʘ ï ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝ) ʚ ʨ. ʉʝʚʝʨʥʘʷ ɼʚʠʥʘ 

ʧʝʨʚʳʡ ʩʧʘʜ ʚʳʨʘʞʝʥ ʩʣʘʙʝʝ, ʘ ʚʪʦʨʦʡ ʥʘʤʥʦʛʦ ʩʠʣʴʥʝʝ (ʜʣʷ ʧʨʠʜʦʥʥʦʛʦ ʩʣʦʷ). ʕʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʪʝʤ, ʯʪʦ ʚ ʉʝʚʝʨʥʦʡ ɼʚʠʥʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʱʥʦʛʦ ʚʣʠʷʥʠʷ ʧʨʠʣʠʚʥʦ-

ʦʪʣʠʚʥʳʭ ʷʚʣʝʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʯʥʳʭ ʠ ʤʦʨʩʢʠʭ ʚʦʜ ʥʘʯʠʥʘʝʪʩʷ ʥʝ ʚ ʧʨʝʜʝʣʘʭ ʫʩʪʴʝʚʦ-
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ʛʦ ʚʟʤʦʨʴʷ, ʘ ʛʣʫʙʦʢʦ ʚ ʜʝʣʴʪʝ ʨʝʢʠ ʚ ʫʟʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʨʫʩʝʣ ʨʫʢʘʚʦʚ ʠ ʧʨʦʪʦʢ. ʀ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʚ ʠʥʪʝʨʚʘʣʝ ʩʦʣʝʥʦʩʪʠ 1ï2ă ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʦʛʦ ʨʝʟʢʦʛʦ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʉʅ4 ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʙʘʚʣʝʥʠʷ ʤʦʨʩʢʠʤʠ ʚʦʜʘʤʠ, ʢʘʢ ʚ ʫʩʣʦʚʠʷʭ ʰʠʨʦʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚ 

ʫʩʪʴʝʚʦʛʦ ʚʟʤʦʨʴʷ ʨʝʢ ɼʦʥ, ʂʫʙʘʥʴ ʠ ɺʦʣʛʘ. ɹʦʣʝʝ ʚʳʨʘʞʝʥʥʳʡ ʚʪʦʨʦʡ ʩʧʘʜ ʧʨʠ ʩʦʣʝʥʦʩʪʠ 

12ï14ă ʠ ʦʙʫʩʣʦʚʣʝʥ ʧʦʩʪʫʧʣʝʥʠʝʤ ʚʦʜ ʠʟ ʧʨʦʪʦʢʠ ʄʘʡʤʘʢʩʘ ʚ ʰʠʨʦʢʦʝ ʨʫʩʣʦ ʂʦʨʘʙʝʣʴʥʦ-

ʛʦ ʫʩʪʴʷ.  

 
ʈʠʩ. 5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ (ʘ) ʠ ʧʨʠʜʦʥʥʦʤ (ʙ) ʩʣʦʷʭ ʚʦʜʳ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʣʝʥʦʩʪʠ ʚ ʟʦʥʝ ʩʤʝʰʝʥʠʷ çʨ. ʉʝʚʝʨʥʘʷ ɼʚʠʥʘ ï ɼʚʠʥʩʢʘʷ ʛʫʙʘ 

ɹʝʣʦʛʦ ʤʦʨʷè [5]. 

 

ɺ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʉʅ4 ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʩʦʣʝʥʦʩʪʠ ʚ ʟʦʥʘʭ 

ʩʤʝʰʝʥʠʷ çʨʝʢʘ ï ʤʦʨʝè (ʫʤʝʥʴʰʝʥʠʝ ʧʦ ʵʢʩʧʦʥʝʥʪʝ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʝ ʪʦʣʴʢʦ ʨʘʟʙʘʚʣʝʥʠʝʤ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʤʦʨʩʢʠʤʠ ʚʦʜʘʤʠ, ʥʦ ʠ ʩʥʠʞʝʥʠʝʤ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʜʫʮʠʨʦʚʘʥʠʷ ʉʅ4 ʚ ʚʝʨʭʥʝʤ ʛʦʨʠʟʦʥʪʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʤʦʨʝʡ ʠ ʟʦʥ ʩʤʝ-

ʰʝʥʠʷ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʫʤʝʥʴʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʉʅ4 ʚ ʵʪʦʤ ʩʣʦʝ [2, 6, 8, 10, 12, 18]. ʇʦ-

ʩʣʝʜʥʝʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʨʷʜʦʤ ʧʨʠʯʠʥ.  

ɺʦ-ʧʝʨʚʳʭ, ʚ ʟʦʥʘʭ ʩʤʝʰʝʥʠʷ ʨʝʢʘ ï ʤʦʨʝ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʦʪ ʧʨʝʩʥʦʚʦʜʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʟʦʥʘʣʴʥʦʩʪʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ ʢ ʤʦʨʩʢʦʡ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʙʦʣʝʝ ʤʦʱʥʦʡ ʟʦʥʦʡ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ, ʦʪʜʝʣʷʶʱʝʡ ʥʠʞʝ ʨʘʩʧʦʣʦʞʝʥ-

ʥʫʶ ʟʦʥʫ ʤʝʪʘʥʛʝʥʝʨʘʮʠʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʥʘ. ʊʦ ʝʩʪʴ ʫʚʝʣʠʯʝʥʠʝ ʩʦʣʝʥʦʩʪʠ ʠ, ʢʘʢ ʩʣʝʜ-

ʩʪʚʠʝ, ʩʦʜʝʨʞʘʥʠʷ ʩʫʣʴʬʘʪʥʳʭ ʠʦʥʦʚ ʚ ʚʦʜʘʭ ʟʦʥ ʩʤʝʰʝʥʠʷ, ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʟʦʥʳ 

ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ, ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʩʫʣʴʬʘʪʦʚ ʥʘ ʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ ʜʦʥʥʳʭ ʦʪ-

ʣʦʞʝʥʠʡ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʢʦʥʢʫʨʝʥʪʥʦʡ ʙʦʨʴʙʝ ʟʘ ʦʙʣʘʜʘʥʠʝ ʧʠʪʘʪʝʣʴ-

ʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ (ʘʮʝʪʘʪ, ʬʦʨʤʠʘʪ ʠ ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʦʜʦʨʦʜ) ʠʤʝʶʪ ʩʫʣʴʬʘʪʨʝʜʫʢʪʦʨʳ, 

ʧʦʩʢʦʣʴʢʫ ʦʩʫʱʝʩʪʚʣʷʶʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʛʦʜʥʳʡ ʧʨʦʮʝʩʩ, ʯʝʤ ʤʝʪʘʥʦʛʝʥʳ [18, 

28, 31]. ʇʨʠ ʠʩʯʝʨʧʘʥʠʠ ʩʫʣʴʬʘʪʦʚ ʥʘ ʥʝʢʦʪʦʨʦʡ ʛʣʫʙʠʥʝ, ʧʨʦʮʝʩʩ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ ʟʘʤʝʜ-
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ʣʷʝʪʩʷ ʠ ʘʢʪʠʚʠʟʠʨʫʝʪʩʷ ʧʨʦʮʝʩʩ ʤʝʪʘʥʦʛʝʥʝʟʘ. ʇʨʠ ʵʪʦʤ ʜʠʬʬʫʥʜʠʨʫʷ ʯʝʨʝʟ ʤʦʱʥʫʶ ʟʦʥʫ 

ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʉʅ4 ʩʥʘʯʘʣʘ ʘʥʘʵʨʦʙʥʦ ʦʢʠʩʣʷʝʪʩʷ, ʘ ʟʘʪʝʤ ʘʵʨʦʙʥʦ ï 

ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ [7, 9, 18], ʯʪʦ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʪʴ ʦʙʲʝʤʳ ʝʛʦ 

ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʚʦʜʥʫʶ ʪʦʣʱʫ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʤʝʥʴʰʘʪʴ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʥʝʡ. 

ɺʦ-ʚʪʦʨʳʭ, ʵʩʪʫʘʨʥʳʝ ʫʯʘʩʪʢʠ (ʟʦʥʳ ʩʤʝʰʝʥʠʷ ʨʝʢʘ ï ʤʦʨʝ) ʷʚʣʷʶʪʩʷ ʤʦʱʥʳʤʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʙʘʨʴʝʨʘʤʠ. ʇʨʠ ʧʨʝʚʨʘʱʝʥʠʠ ʨʝʯʥʦʡ ʚʦʜʳ ʚ ʤʦʨʩʢʫʶ ʦʩʥʦʚʥʦʡ ʢʘʯʝ-

ʩʪʚʝʥʥʳʡ ʩʢʘʯʦʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʩʦʣʸʥʦʩʪʠ ʦʪ 1 ʜʦ 2ă [1], ʧʨʠ ʵʪʦʤ, ʧʦʤʠʤʦ 

ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʦʩʥʦʚʥʦʛʦ ʩʦʣʝʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʠʦʥʥʦʡ ʩʠʣʳ 

ʨʘʩʪʚʦʨʘ, ʥʘʙʣʶʜʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠ ʢʠʩʣʦʨʦʜʥʦʛʦ ʨʝʞʠʤʘ ʚʦʜʳ, ʢʠʩʣʦʪ-

ʥʦ-ʱʝʣʦʯʥʳʭ ʫʩʣʦʚʠʡ, ʢʦʣʠʯʝʩʪʚʦ ʧʝʣʠʪʦʚʳʭ ʯʘʩʪʠʮ ʚʦ ʚʟʚʝʩʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚʪʨʦʝ, ʧʨʦʠʩ-

ʭʦʜʠʪ ʦʩʘʞʜʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ ʤʝʪʘʣʣʦʚ [11, 21, 22, 24 ʠ ʜʨ.], ʫʤʝʥʴʰʘʝʪʩʷ ʢʦ-

ʣʠʯʝʩʪʚʦ ʧʠʪʘʪʝʣʴʥʳʭ ʙʠʦʛʝʥʥʳʭ ʩʦʣʝʡ, ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʙʘʢʪʝʨʠʦ-

ʧʣʘʥʢʪʦʥʘ, ʢʦʣʠʯʝʩʪʚʘ ʩʘʧʨʦʬʠʪʥʳʭ ʙʘʢʪʝʨʠʡ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ, ʦʪʤʝʯʘʝʪʩʷ 

ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʈʆɺ ʠ ɺʆɺ [1]. ɺʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʛʣʫʙʠʥ ʠ ʫʜʘʣʸʥʥʦʩʪʴ 

ʦʪ ʙʝʨʝʛʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʫʯʘʩʪʢʦʚ, ʫʜʘʣʝʥʥʳʭ ʦʪ ʟʦʥ ʩʤʝʰʝʥʠʷ ʠ 

ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ (ʦʩʥʦʚʥʘʷ ʟʦʥʘ ʨʘʟʚʠʪʠʷ ʬʠʪʦʧʣʘʥʢʪʦʥʘ), ʧʦʩʪʫʧʘʝʪ ʙʦʣʝʝ ʤʠʥʝʨʘʣʠʟʦ-

ʚʘʥʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʤʝʥʝʝ ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ, ʤʝʪʘʥʦʙʨʘʟʫʶʱʠʭ ʘʨʭʝʡ.  

ʇʦ ʜʘʥʥʳʤ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʶʛʘ ɽʊʈ 

[14ï16, 27], ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʨʘʟʣʠʯʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (ʦʪ ʤʝʥʝʝ 0.3 ʜʦ 347.1 ʛ/ʜʤ
3
) ʠ 

ʩʪʝʧʝʥʴʶ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ (ɸʟʦʚʩʢʦʝ ʤʦʨʝ, ʝʛʦ ʣʠʤʘʥʳ ʠ ʟʘʣʠʚʳ (5 ʩʪʘʥʮʠʡ), ʚʳʩʦ-

ʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʦʟʝʨʘ (11 ʩʪʘʥʮʠʡ), ʚʦʜʦʪʦʢʠ (2 ʩʪʘʥʮʠʠ)), ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

(ʨʠʩ. 6), ʧʦʢʘʟʳʚʘʶʱʠʝ ʦʪʩʫʪʩʪʚʠʝ ʜʦʩʪʦʚʝʨʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʤʝʪʘʥʘ ʠ ʦʩ-

ʥʦʚʥʳʤʠ ʠʦʥʘʤʠ ʚ ʚʦʜʝ (ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʉʅ4 ʠ ʠʦʥʦʚ ʉʘ
2+

, Mg
2+

, Na
+
, Cl

-
, SO4

2-
ʠ ʩʦʣʝʥʦ-

ʩʪʠ ï r ʚʘʨʴʠʨʫʝʪ ʦʪ -0.18 ʜʦ +0.1, ʧʨʠ P > 0.05) ʠʣʠ ʥʘʣʠʯʠʝ ʩʣʘʙʳʭ ʜʦʩʪʦʚʝʨʥʳʭ ʩʚʷʟʝʡ (ʜʣʷ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʉʅ4 ʠ ʠʦʥʦʚ K
+
 ʠ HCʆ3

- 
ï r ʩʦʩʪʘʚʣʷʝʪ -0.26 ʠ +0.31, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ 

P < 0.05). ʇʨʠ ʵʪʦʤ, ʥʘʣʠʯʠʝ ʜʦʩʪʦʚʝʨʥʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʉʅ4 

ʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʠʦʥʘ (HCʆ3
-
) ʤʦʞʝʪ ʙʳʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʲʷʩʥʝʥʦ ʚʟʘʠʤʦʩʚʷʟʴʶ ʧʨʦʮʝʩʩʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ ʚ ʭʦʜʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

ʦʩʪʘʪʢʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʊʘʢ, ʥʘʢʦʧʣʝʥʠʝ ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʠʦʥʘ ʚ ʚʦʜʝ ʯʘʩʪʦ ʦʙʷʟʘʥʦ 

ʨʘʩʪʚʦʨʝʥʠʶ ʉʆ2 ï ʧʨʦʜʫʢʪʘ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʧʦʯʚʘʭ, ʚʦʜʝ ʠ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʉʅ4 ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝ-

ʱʝʩʪʚʘ ʚ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʚʦʜʥʦʡ ʪʦʣʱʠ, ʧʨʠʯʝʤ ʜʣʷ ʤʝʪʘʥʦʛʝʥʦʚ 

ʉʆ2 ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ (ʫʥʠʚʝʨʩʘʣʴʥʳʭ) ʧʠʪʘʪʝʣʴʥʳʭ ʩʫʙʩʪʨʘʪʦʚ [18].  

ʅʘ ʦʩʥʦʚʝ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʣʠʷʥʠʝ ʠʦʥʥʦʛʦ ʩʦ-

ʩʪʘʚʘ ʠ ʩʦʣʝʥʦʩʪʠ (ʤʠʥʝʨʘʣʠʟʘʮʠʠ) ʚʦʜ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʘ ʥʝ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʬʘʢʪʦʨʦʤ. ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʚʳʩʪʫʧʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʜʫʢʮʠʦʥʥʦ-ʜʝʩʪʨʫʢʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ, ʘ ʪʘʢʞʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʠ ʤʦʨʬʦʤʝʪʨʠʯʝ-

ʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʜʦʥ-

ʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʅʘʣʠʯʠʝ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʦʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩʫʣʴʬʘʪʦʚ ʚ ʚʳʩʦʢʦʤʠ-

ʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜʦʝʤʘʭ, ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʣʘʙʠʣʴʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝ-

ʱʝʩʪʚʘ ʚ ʠʭ ʚʦʜʥʦʡ ʪʦʣʱʝ ʠ ʛʨʷʟʝʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʘʢʪʠʚ-

ʥʦʤʫ ʧʨʦʪʝʢʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʤʝʪʘʥʦʛʝʥʝʟʘ ʠ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ, ʚʩʣʝʜʩʪʚʠʝ ʩʥʠʞʝʥʠʷ ʢʦʥʢʫ-

ʨʝʥʮʠʠ ʟʘ ʧʠʪʘʪʝʣʴʥʳʝ ʩʫʙʩʪʨʘʪʳ ʤʝʞʜʫ ʩʫʣʴʬʘʪʨʝʜʫʢʪʦʨʘʤʠ ʠ ʤʝʪʘʥʦʛʝʥʘʤʠ [14ï16, 27]. 
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ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʦʣʝʥʦʩʪʴʶ, ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʠʦʥʦʚ ʠ ʤʝʪʘʥʦʤ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʶʛʘ ɽʊʈ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʦʚ ʈʌʌʀ  ̄19-05-

00770 (ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ, ʧʦʩʪʨʦʝʥʠʝ ʠ ʘʥʘʣʠʟ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ) ʠ ˉ 19-05-
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THE CURRENT STATE OF PROTECTED PLANT SPECIES IN THE TERRITORY OF 

THE PROTECTED LANDSCAPE OF REGIONAL SIGNIFICANCE 

"NIZHNEVISHERSKY"  

Gatina E.L. 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ ʩʦʚʨʝʤʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʳʷʚʣʝʥʥʳʭ ʮʝʥʦʧʦʧʫʣʷ-

ʮʠʡ ʦʭʨʘʥʷʝʤʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʭʨʘʥʷʝʤʦʛʦ ʣʘʥʜʰʘʬʪʘ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʟʥʘ-

ʯʝʥʠʷ çʅʠʞʥʝʚʠʰʝʨʩʢʠʡè.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʨʘʩʥʘʷ ʢʥʠʛʘ, ʦʭʨʘʥʷʝʤʳʝ ʚʠʜʳ ʨʘʩʪʝʥʠʡ, ʦʭʨʘʥʷʝʤʳʡ ʣʘʥʜʰʘʬʪ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ çʅʠʞʥʝʚʠʰʝʨʩʢʠʡè. 

 

Abstract. The data on the current state of the identified populations of protected plant spe-

cies on the territory of the protected landscape of regional value "Nizhnevishersky" are presented. 

Keywords: Red Book, protected plant species, protected landscape of regional value "Nizh-

nevishersky". 

 

ʆʭʨʘʥʷʝʤʳʝ ʚʠʜʳ ʨʘʩʪʝʥʠʡ ʷʚʣʷʶʪʩʷ ʯʫʪʢʠʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʂ ʦʭʨʘʥʷʝʤʳʤ ʚʠʜʘʤ ʤʳ ʦʪʥʦʩʠʤ ʚʠʜʳ, ʚʥʝʩʝʥʥʳʝ ʚ ʩʧʠʩʢʠ ʂʨʘʩʥʦʡ ʢʥʠʛʠ ʈʦʩʩʠʡ-

ʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʂʨʘʩʥʦʡ ʢʥʠʛʠ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʠ ʚʠʜʳ, ʚʢʣʶʯʝʥʥʳʝ ʚ ʧʝʨʝʯʝʥʴ ʦʙʲʝʢʪʦʚ 

ʞʠʚʦʪʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʠʨʘ, ʥʫʞʜʘʶʱʠʭʩʷ ʚ ʦʩʦʙʦʤ ʚʥʠʤʘʥʠʠ ʢ ʠʭ ʩʦʩʪʦʷʥʠʶ ʚ ʧʨʠ-

ʨʦʜʥʦʡ ʩʨʝʜʝ [4]. ʎʝʥʦʧʦʧʫʣʷʮʠʠ ʪʘʢʠʭ ʚʠʜʦʚ ʪʨʝʙʫʶʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʢ ʩʦʩʪʦʷʥʠʶ ʚ 

ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ, ʦʩʦʙʝʥʥʦ ʪʘʤ, ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʘʷ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ 

ʵʢʦʩʠʩʪʝʤʳ.  

ʆʩʦʙʦ ʦʭʨʘʥʷʝʤʘʷ ʧʨʠʨʦʜʥʘʷ ʪʝʨʨʠʪʦʨʠʷ çʅʠʞʥʝʚʠʰʝʨʩʢʠʡè ʩʦʟʜʘʥʘ ʚ 1994 ʛʦʜʫ. 

ʈʝʰʝʥʠʝʤ ɿʘʢʦʥʦʜʘʪʝʣʴʥʦʛʦ ʩʦʙʨʘʥʠʷ ʇʝʨʤʩʢʦʡ ʦʙʣʘʩʪʠ (ˉ 130 ʦʪ 25.11.1994 ʛ.) ʥʘ ʪʝʨʨʠ-

ʪʦʨʠʠ ʪʨʝʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʘʤʷʪʥʠʢʦʚ ʧʨʠʨʦʜʳ çɻʘʛʘʨʠʥʩʢʦʝ ʙʦʣʦʪʦè, ɻʫʙʜʦʨʩʢʦ-

ʂʦʣʳʥʚʝʥʩʢʦʝ ʙʦʣʦʪʦè, çʄʦʩʴʚʠʥʩʢʦʝ ʙʦʣʦʪʦè ʙʳʣ ʩʦʟʜʘʥ ʟʘʢʘʟʥʠʢ çʅʠʞʥʝʚʠʰʝʨʩʢʠʡè. ɿʘ-

ʢʘʟʥʠʢ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʩʦʭʨʘʥʝʥʠʷ ʪʠʧʠʯʥʦʛʦ ʙʦʣʦʪʥʦʛʦ ʣʘʥʜʰʘʬʪʘ ʨʘʚʥʠʥʦʡ ʪʝʨʨʠʪʦ-

ʨʠʠ ʂʨʘʩʥʦʚʠʰʝʨʩʢʦʛʦ ʨʘʡʦʥʘ [2]. ʉ 2008 ʢʘʪʝʛʦʨʠʷ ʠʟʤʝʥʝʥʘ ʥʘ ʦʭʨʘʥʷʝʤʳʡ ʣʘʥʜʰʘʬʪ [1].  

çʅʠʞʥʝʚʠʰʝʨʩʢʠʡè ʨʘʩʧʦʣʦʞʝʥ ʚ ʨʘʡʦʥʝ ʩʨʝʜʥʝʪʘʝʞʥʳʭ ʧʠʭʪʦʚʦ-ʝʣʦʚʳʭ ʣʝʩʦʚ [5], 

ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʦʩʪʳʤ ʩʪʨʦʝʥʠʝʤ ʜʨʝʚʦʩʪʦʷ; ʢʫʩʪʘʨʥʠʢʦʚʳʡ ʷʨʫʩ ʦʪʩʫʪʩʪʚʫʝʪ 

ʠʣʠ ʨʘʟʚʠʪ ʦʯʝʥʴ ʩʣʘʙʦ; ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʳʡ ʠ ʤʦʭʦʚʦʡ ʷʨʫʩʳ ʨʘʟʚʠʪʳ ʜʦʩʪʘʪʦʯʥʦ ʭʦ-

ʨʦʰʦ. ʐʠʨʦʢʦʣʠʩʪʚʝʥʥʦ-ʣʝʩʥʳʝ (ʥʝʤʦʨʘʣʴʥʳʝ) ʵʣʝʤʝʥʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʘʙʦ. ʀʟ ʪʝʤʥʦ-

ʭʚʦʡʥʳʭ ʣʝʩʦʚ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʧʠʭʪʦʚʦ-ʝʣʦʚʳʝ ʯʝʨʥʠʯʥʳʝ, ʯʝʨʥʠʯʥʦ-

ʢʠʩʣʠʯʥʳʝ, ʢʠʩʣʠʯʥʳʝ ʠ ʢʠʩʣʠʯʥʦ-ʤʝʣʢʦʧʘʧʦʨʦʪʥʠʢʦʚʳʝ. ʀʟ ʩʦʩʥʦʚʳʭ ʣʝʩʦʚ ï ʩʦʩʥʷʢʠ ʣʠ-

ʰʘʡʥʠʢʦʚʳʝ ʠ ʙʨʫʩʥʠʯʥʦ-ʣʠʰʘʡʥʠʢʦʚʳʝ [6]. ʉʦʩʥʷʢʠ ʣʠʰʘʡʥʠʢʦʚʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʩʫʭʠʭ 
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ʧʝʩʯʘʥʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʷʭ. ʇʦʯʚʳ ʩʫʭʠʝ ʠ ʙʝʜʥʳʝ ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʯʪʦ ʪʘʢʞʝ 

ʧʨʠʚʦʜʠʪ ʢ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ. ʉʦʩʥʷʢʠ ʣʠʰʘʡʥʠʢʦʚʳʝ ʩʦʩʪʦʷʪ ʠʟ ʯʠʩʪʦ 

ʩʦʩʥʦʚʦʛʦ ʜʨʝʚʦʩʪʦʷ ʩ ʩʦʤʢʥʫʪʦʩʪʴʶ ʢʨʦʥ 0,5-0,6. ʇʦʜʣʝʩʦʢ ʦʪʩʫʪʩʪʚʫʝʪ. ʅʘʧʦʯʚʝʥʥʳʡ ʧʦ-

ʢʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʦʩʥʦʚʥʦʤ ʚʠʜʘʤʠ ʨʦʜʘ ʢʣʘʜʦʥʠʷ (Cladonia sp.), ʮʝʪʨʘʨʠʷ ʠʩʣʘʥʜʩʢʘʷ (Ce-

traria islandica) ʠ ʜʨ., ʜʦʩʪʠʛʘʷ 70-80% ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʦʢʨʳʪʠʷ [6].  

ɹʦʣʦʪʥʳʝ ʤʘʩʩʠʚʳ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʚʥʠʥʥʦʡ ʯʘʩʪʠ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ, 

ʥʦ ʥʘʠʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ ʙʦʣʦʪ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʨʘʡʦʥ ʩʨʝʜʥʝʪʘʝʞʥʳʭ ʝʣʦʚʦ-ʧʠʭʪʦʚʳʭ ʣʝʩʦʚ. 

ʅʘʠʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ ʚ ʨʘʡʦʥʝ ʩʨʝʜʥʝʡ ʪʘʡʛʠ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʚʝʨʭʦʚʳʝ ʙʦʣʦʪʘ. ɺʝʨʭʦʚʳʝ ʙʦ-

ʣʦʪʘ ʧʦʢʨʳʪʳ ʦʯʝʥʴ ʨʘʟʨʝʞʝʥʥʳʤ (ʩʦʤʢʥʫʪʦʩʪʴ ʢʨʦʥ 0,1ï0,2) ʜʨʝʚʦʩʪʦʝʤ ʩ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ-

ʯʠʩʣʝʥʥʳʤʠ ʩʫʭʠʤʠ ʜʝʨʝʚʴʷʤʠ. ɺ ʪʨʘʚʷʥʠʩʪʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʤ ʷʨʫʩʝ ʙʘʛʫʣʴʥʠʢ ʙʦʣʦʪʥʳʡ 

(Ledum palustre), ʧʦʜʙʝʣ ʦʙʳʢʥʦʚʝʥʥʳʡ (Andromeda polyfolia), ʤʠʨʪ ʙʦʣʦʪʥʳʡ (Chamaedaph-

ne calyculata), ʛʦʣʫʙʠʢʘ (Vaccinium uliginosum), ʧʫʰʠʮʘ ʚʣʘʛʘʣʠʱʥʘʷ (Eriophorum vaginatum), 

ʤʦʨʦʰʢʘ (Rubus chamaemorus), ʢʣʶʢʚʘ ʙʦʣʦʪʥʘʷ (Oxycoccus palustris) ʠ ʜʨ. ɺ ʤʦʭʦʚʦ-

ʣʠʰʘʡʥʠʢʦʚʦʤ ʧʦʢʨʦʚʝ ʛʦʩʧʦʜʩʪʚʫʶʪ ʚʠʜʳ ʨʦʜʘ (Sphagnum sp.) [6]. ɺ çʅʠʞʥʝʚʠʰʝʨʩʢʦʤè 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʠʭʪʦʚʦ-ʝʣʦʚʳʝ ʣʝʩʘ ʯʝʨʥʠʯʥʳʝ, ʯʝʨʥʠʯʥʦ-ʢʠʩʣʠʯʥʳʝ, ʩʦʩʥʷʢʠ ʣʠʰʘʡʥʠʢʦ-

ʚʳʝ ʠ ʙʨʫʩʥʠʯʥʦ-ʣʠʰʘʡʥʠʢʦʚʳʝ, ʩʤʝʰʘʥʥʳʝ ʣʝʩʘ, ʚʝʨʭʦʚʳʝ ʙʦʣʦʪʘ [3]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʭʨʘʥʷʝʤʦʛʦ ʣʘʥʜʰʘʬʪʘ çʅʠʞʥʝʚʠʰʝʨʩʢʠʡè ʚʝʜʝʪ-

ʩʷ ʜʦʙʳʯʘ ʥʝʬʪʠ. ʆʆʆ çʃʫʢʦʡʣ-ʇʝʨʤʴè ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʆʟʝʨʥʦʝ, ɻʘʛʘʨʠʥʩʢʦʝ, ʄʘʛʦʚʩʢʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʝʢʨʝʘʮʠʦʥʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʦʭʨʘʥʷʝʤʫʶ 

ʪʝʨʨʠʪʦʨʠʶ ʚʩʣʝʜʩʪʚʠʝ ʜʦʩʪʫʧʥʦʩʪʠ ʜʣʷ ʨʝʢʨʝʘʥʪʦʚ (ʚʳʪʘʧʪʳʚʘʥʠʝ, ʟʘʤʫʩʦʨʠʚʘʥʠʝ ʪʝʨʨʠʪʦ-

ʨʠʠ, ʧʨʦʝʟʜ ʚʥʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʜʦʨʦʛ, ʨʘʟʚʝʜʝʥʠʝ ʢʦʩʪʨʦʚ).  

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʠʢʘ. 

ɺʳʷʚʣʝʥʠʝ ʮʝʥʦʧʦʧʫʣʷʮʠʡ ʦʭʨʘʥʷʝʤʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʝʨʠʦʜ 2005-

2020 ʛʛ.  

ʆʙʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʤʘʨʰʨʫʪʥʳʤ ʤʝʪʦʜʦʤ ʩ ʚʳʜʝʣʝʥʠʝʤ ʠ ʜʝʪʘʣʴʥʳʤ ʦʧʠʩʘ-

ʥʠʝʤ ʫʯʘʩʪʢʦʚ ʙʠʦʪʦʧʦʚ ʧʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʘʤ ʧʦʣʝʚʦʛʦ ʦʧʠʩʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

ɺʩʝʛʦ ʚʳʷʚʣʝʥʦ 11 ʦʭʨʘʥʷʝʤʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ, ʠʟ ʢʦʪʦʨʳʭ 2 ʚʠʜʘ ʟʘʥʝʩʝʥʳ ʚ ʂʨʘʩ-

ʥʫʶ ʢʥʠʛʫ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ: 

1. ʢʫʚʰʠʥʢʘ ʯʝʪʳʨʝʭʛʨʘʥʥʘʷ (Nymphaea tetragona), 1 ʤʝʩʪʦʦʙʠʪʘʥʠʝ; 

2. ʢʫʙʳʰʢʘ ʤʘʣʘʷ (Nuphar pumila), 1 ʤʝʩʪʦʦʙʠʪʘʥʠʝ. 

ʆʩʪʘʣʴʥʳʝ ʚʢʣʶʯʝʥʳ ʚ ʧʝʨʝʯʝʥʴ ʦʙʲʝʢʪʦʚ ʞʠʚʦʪʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʠʨʘ, ʥʫʞʜʘ-

ʶʱʠʭʩʷ ʚ ʦʩʦʙʦʤ ʚʥʠʤʘʥʠʠ ʢ ʠʭ ʩʦʩʪʦʷʥʠʶ ʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ [4]: 

3. ʣʶʙʢʘ ʜʚʫʣʠʩʪʥʘʷ (Platanthera bifolia), 10 ʤʝʩʪʦʦʙʠʪʘʥʠʡ 

4. ʜʨʝʤʣʠʢ ʰʠʨʦʢʦʣʠʩʪʥʳʡ (Epipactis helleborine), 5 ʤʝʩʪʦʦʙʠʪʘʥʠʡ 

5. ʧʘʣʴʯʘʪʦʢʦʨʝʥʥʠʢ ʤʷʩʦ-ʢʨʘʩʥʳʡ (Dactylorhiza incarnata), 2 ʤʝʩʪʦʦʙʠʪʘʥʠʷ 

6. ʧʘʣʴʯʘʪʦʢʦʨʝʥʥʠʢ ʙʦʣʦʪʦʣʶʙʠʚʳʡ (Dactylorhiza elodes), 1 ʤʝʩʪʦʦʙʠʪʘʥʠʝ; 

7. ʭʘʤʤʘʨʙʠʷ ʙʦʣʦʪʥʘʷ (Hammarbya paludosa) 2 ʤʝʩʪʦʦʙʠʪʘʥʠʷ 

8. ʤ̫ ʢʦʪʥʠʮʘ ʦʜʥʦʣʠʩʪʥʘʷ (Malaxis monophyllos), 1 ʤʝʩʪʦʦʙʠʪʘʥʠʝ. 

9. ʛʫʜʘʡʝʨʘ ʧʦʣʟʫʯʘʷ (Goodyera repens), 1 ʤʝʩʪʦʦʙʠʪʘʥʠʝ; 

10. ʧʨʦʩʪʨʝʣ ʨʘʩʢʨʳʪʳʡ (Pulsatilla patens) 3 ʤʝʩʪʦʦʙʠʪʘʥʠʷ; 

11. ʤʳʪʥʠʢ ʩʢʠʧʝʪʨʦʚʠʜʥʳʡ (Pedicularis sceptrum-carolinum), 1 ʤʝʩʪʦʦʙʠʪʘʥʠʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. 

1. ʂʫʚʰʠʥʢʘ ʯʝʪʳʨʝʭʛʨʘʥʥʘʷ ï Nymphaea tetragona Georgi, ʩʝʤʝʡʩʪʚʦ ʂʫʚʰʠʥʢʦ-

ʚʳʝ ï Nymphaeaceae. ʉʪʘʪʫʩ III  ʢʘʪʝʛʦʨʠʷ ʨʝʜʢʦʩʪʠ.  

ɺʠʜ ʚʟʷʪ ʧʦʜ ʦʭʨʘʥʫ ʚ 33 ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ [4].  



163 
 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʈʝʜʢʦʝ ʨʘʩʪʝʥʠʝ ʋʨʘʣʘ ʠ ʇʨʠʫʨʘʣʴʷ. ɺʩʪʨʝʯʘʝʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ 

ʩʝʚʝʨʥʦʡ ʯʘʩʪʷʭ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ, ʚ ɻʘʡʥʩʢʦʤ, ʂʦʩʠʥʩʢʦʤ, ʂʦʯʝʚʩʢʦʤ, ʆʭʘʥʩʢʦʤ ʠ ʋʩʦʣʴ-

ʩʢʦʤ ʨʘʡʦʥʘʭ [4]. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʦʭʨʘʥʷʝʤʦʛʦ ʣʘʥʜʰʘʬʪʘ çʅʠʞʥʝʚʠʰʝʨʩʢʠʡè ʣʦʢʘʣʴʥʘʷ ʧʦʧʫʣʷʮʠʷ 

ʢʫʚʰʠʥʢʠ ʯʝʪʳʨʝʭʛʨʘʥʥʦʡ ʦʪʤʝʯʝʥʘ ʚ ʦʟʝʨʝ ʅʶʭʪʠ. ʆʩʦʙʠ ʦʭʨʘʥʷʝʤʦʛʦ ʚʠʜʘ ʧʨʦʭʦʜʷʪ ʧʦʣ-

ʥʳʡ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʨʘʟʚʠʪʠʷ, ʮʚʝʪʫʪ ʠ ʧʣʦʜʦʥʦʩʷʪ, ʥʝ ʠʤʝʶʪ ʧʨʠʟʥʘʢʦʚ ʫʛʥʝʪʝʥʥʦʩʪʠ 

(ʥʦʨʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʣʠʩʪʴʝʚ ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʧʦʚʨʝʞʜʝʥʠʷ). ʉʦʩʪʦʷʥʠʝ ʣʦʢʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ 

ʩʪʘʙʠʣʴʥʦʝ. 

2. ʂʫʙʳʰʢʘ ʤʘʣʘʷ ï Nuphar pumila Timm. DC ʩʝʤʝʡʩʪʚʦ ʂʫʚʰʠʥʢʦʚʳʝ ï 

Nymphaeaceae. ʉʪʘʪʫʩ III  ʢʘʪʝʛʦʨʠʷ ʨʝʜʢʦʩʪʠ.  

ɺʠʜ ʚʟʷʪ ʧʦʜ ʦʭʨʘʥʫ ʚ 33 ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ [4].  

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʈʝʜʢʦʝ ʨʘʩʪʝʥʠʝ ʋʨʘʣʘ ʠ ʇʨʠʫʨʘʣʴʷ. ʈʘʩʪʝʪ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ, ʚ ɻʘʡʥʩʢʦʤ, ʂʦʯʝʚʩʢʦʤ ʠ ʂʨʘʩʥʦʚʠʰʝʨʩʢʦʤ ʨʘʡʦʥʘʭ, ʚ XIX ʚ. ʦʪʤʝʯʘʣʩʷ ʚ 

ʏʝʨʜʳʥʩʢʦʤ ʠ ʆʭʘʥʩʢʦʤ ʨʘʡʦʥʘʭ [4].  

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʦʭʨʘʥʷʝʤʦʛʦ ʣʘʥʜʰʘʬʪʘ çʅʠʞʥʝʚʠʰʝʨʩʢʠʡè ʣʦʢʘʣʴʥʘʷ ʧʦʧʫʣʷʮʠʷ 

ʢʫʙʳʰʢʠ ʤʘʣʦʡ ʧʨʦʠʟʨʘʩʪʘʝʪ ʚ ʦʟʝʨʝ ʅʶʭʪʠ. ʆʩʦʙʠ ʦʭʨʘʥʷʝʤʦʛʦ ʚʠʜʘ ʧʨʦʭʦʜʷʪ ʧʦʣʥʳʡ 

ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʨʘʟʚʠʪʠʷ, ʮʚʝʪʫʪ ʠ ʧʣʦʜʦʥʦʩʷʪ, ʥʝ ʠʤʝʶʪ ʧʨʠʟʥʘʢʦʚ ʫʛʥʝʪʝʥʥʦʩʪʠ (ʥʦʨ-

ʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʣʠʩʪʴʝʚ ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʧʦʚʨʝʞʜʝʥʠʷ). ʏʠʩʣʝʥʥʦʩʪʴ ʮʝʥʦʧʦʧʫʣʷʮʠʠ ʩʦ-

ʩʪʘʚʣʷʝʪ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʦʪ 150 ʜʦ 300 ʦʩʦʙʝʡ. ʉʦʩʪʦʷʥʠʝ ʣʦʢʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ ʩʪʘ-

ʙʠʣʴʥʦʝ.  

3. ʃʶʙʢʘ ʜʚʫʣʠʩʪʥʘʷ ï Platanthera bifolia (L .) Rich., ʩʝʤʝʡʩʪʚʦ ʆʨʭʠʜʥʳʝ ï Orchida-

cea Juss. ɺʠʜ ʚʥʝʩʝʥ ʚ ʧʝʨʝʯʝʥʴ ʦʙʲʝʢʪʦʚ ʞʠʚʦʪʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʠʨʘ, ʥʫʞʜʘʶʱʠʭʩʷ ʚ 

ʦʩʦʙʦʤ ʚʥʠʤʘʥʠʠ ʢ ʠʭ ʩʦʩʪʦʷʥʠʶ ʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ.  

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʋʤʝʨʝʥʥʘʷ ʟʦʥʘ ɽʚʨʘʟʠʠ ʦʪ ɿʘʧʘʥʥʦʡ ɽʚʨʦʧʳ ʜʦ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠ-

ʨʠ. ɺʩʪʨʝʯʘʝʪʩʷ ʦʪ ʖʞʥʦʛʦ ʜʦ ʇʨʠʧʦʣʷʨʥʦʛʦ ʋʨʘʣʘ, ʥʦ ʯʘʱʝ ʥʘ ʶʛʝ ʉʨʝʜʥʝʛʦ ʋʨʘʣʘ. 

ʅʘʤʠ ʦʪʤʝʯʝʥʦ 11 ʮʝʥʦʧʦʧʫʣʷʮʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʭʨʘʥʷʝʤʦʛʦ 

ʣʘʥʜʰʘʬʪʘ çʅʠʞʥʝʚʠʰʝʨʩʢʠʡè. ɺʠʜ ʦʪʤʝʯʝʥ ʢʘʢ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝ-

ʩʪʚʘʭ (ʟʘʙʦʣʦʯʝʥʥʳʝ ʩʦʩʥʷʢʠ ʙʘʛʫʣʴʥʠʢʦʚʳʝ, ʩʤʝʰʘʥʥʳʝ ʣʝʩʘ ʯʝʨʥʠʯʥʳʝ ʠ ʜʨ.), ʪʘʢ ʠ ʥʘ 

ʥʘʨʫʰʝʥʥʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʷʭ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʚʠʪʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʜʦʨʦʛ, ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʦʪʩʳʧʢʘ ʧʣʦʱʘʜʦʢ 

ʩʢʚʘʞʠʥ).  

ʎʝʥʦʧʦʧʫʣʷʮʠʠ ʥʘʩʯʠʪʳʚʘʶʪ ʦʪ 1-2 ʜʦ 500 ʦʩʦʙʝʡ. ɺ ʩʣʫʯʘʝ ʚʳʷʚʣʝʥʠʷ ʝʜʠʥʠʯʥʳʭ 

ʦʩʦʙʝʡ ʩʦʩʪʦʷʥʠʝ ʣʦʢʘʣʴʥʳʭ ʧʦʧʫʣʷʮʠʡ ʥʝʩʪʘʙʠʣʴʥʦʝ. ɺ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʩʦʩʪʦʷʥʠʝ ʣʦ-

ʢʘʣʴʥʳʭ ʧʦʧʫʣʷʮʠʡ ʩʪʘʙʠʣʴʥʦʝ. 

4. ɼʨʝʤʣʠʢ ʰʠʨʦʢʦʣʠʩʪʥʳʡ ï Epipactis helleborine (L .) Crantz, ʩʝʤʝʡʩʪʚʦ ʆʨʭʠʜ-

ʥʳʝ ï Orchidacea Juss. ɺʠʜ ʚʥʝʩʝʥ ʚ ʧʝʨʝʯʝʥʴ ʦʙʲʝʢʪʦʚ ʞʠʚʦʪʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʠʨʘ, 

ʥʫʞʜʘʶʱʠʭʩʷ ʚ ʦʩʦʙʦʤ ʚʥʠʤʘʥʠʠ ʢ ʠʭ ʩʦʩʪʦʷʥʠʶ ʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ.  

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʋʤʝʨʝʥʥʘʷ ʟʦʥʘ ɽʚʨʘʟʠʠ, ʢʘʢ ʟʘʥʦʩʥʳʡ ʚʠʜ ʦʪʤʝʯʝʥ ʚ ʉʝʚʝʨʥʦʡ 

ɸʤʝʨʠʢʝ. ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʥʘ ʖʞʥʦʤ, ʉʨʝʜʥʝʤ ʠ ʉʝʚʝʨʥʦʤ ʋʨʘʣʝ.  

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʦʭʨʘʥʷʝʤʦʛʦ ʣʘʥʜʰʘʬʪʘ çʅʠʞʥʝʚʠʰʝʨʩʢʠʡè ʦʪʤʝʯʝʥʦ 5 ʮʝʥʦʧʦʧʫʣʷ-

ʮʠʡ ʦʭʨʘʥʷʝʤʦʛʦ ʚʠʜʘ. ʆʪʤʝʯʝʥ ʢʘʢ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ (ʟʘʙʦʣʦʯʝʥ-

ʥʳʝ ʩʦʩʥʷʢʠ ʙʘʛʫʣʴʥʠʢʦʚʳʝ, ʩʤʝʰʘʥʥʳʝ ʣʝʩʘ ʯʝʨʥʠʯʥʳʝ ʠ ʜʨ.), ʪʘʢ ʠ ʥʘ ʥʘʨʫʰʝʥʥʳʭ ʤʝʩʪʦ-

ʦʙʠʪʘʥʠʷʭ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʚʠʪʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ (ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʜʦʨʦʛ, ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʦʪʩʳʧʢʘ ʧʣʦʱʘʜʦʢ ʩʢʚʘʞʠʥ). ʉʦʩʪʦʷʥʠʝ ʣʦ-

ʢʘʣʴʥʳʭ ʧʦʧʫʣʷʮʠʡ ʩʪʘʙʠʣʴʥʦʝ. 
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5. ʇʘʣʴʯʘʪʦʢʦʨʝʥʥʠʢ ʤʷʩʦ-ʢʨʘʩʥʳʡ (Dactylorhiza incarnata) (L .) Soo., ʩʝʤʝʡʩʪʚʦ 

ʆʨʭʠʜʥʳʝ ï Orchidacea Juss. ɺʠʜ ʚʥʝʩʝʥ ʚ ʧʝʨʝʯʝʥʴ ʦʙʲʝʢʪʦʚ ʞʠʚʦʪʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʤʠʨʘ, ʥʫʞʜʘʶʱʠʭʩʷ ʚ ʦʩʦʙʦʤ ʚʥʠʤʘʥʠʠ ʢ ʠʭ ʩʦʩʪʦʷʥʠʶ ʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ.  

ɿʘʥʝʩʝʥ ʚ ʂʨʘʩʥʳʝ ʢʥʠʛʠ 27 ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʂʨʘʩʥʳʝ ʢʥʠʛʠ ʈʝʩʧʫʙʣʠ-

ʢʠ ʂʦʤʠ ʠ ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ɺʩʪʨʝʯʘʝʪʩʷ ʥʝʨʝʜʢʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʡʦʥʦʚ ʇʝʨʤ-

ʩʢʦʛʦ ʢʨʘʷ (ʢʨʦʤʝ ʛʦʨʥʦʡ ʯʘʩʪʠ); ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪʤʝʯʝʥʘ ʪʝʥʜʝʥ-

ʮʠʷ ʢ ʩʦʢʨʘʱʝʥʠʶ ʯʠʩʣʘ ʦʩʦʙʝʡ [4]. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʦʭʨʘʥʷʝʤʦʛʦ ʣʘʥʜʰʘʬʪʘ çʅʠʞʥʝʚʠʰʝʨʩʢʠʡè ʦʪʤʝʯʝʥʦ 2 ʤʘʣʦʯʠʩ-

ʣʝʥʥʳʭ ʮʝʥʦʧʦʧʫʣʷʮʠʠ ʦʭʨʘʥʷʝʤʦʛʦ ʚʠʜʘ ʥʘ ʥʘʨʫʰʝʥʥʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʷʭ, ʩʬʦʨʤʠʨʦ-

ʚʘʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʚʠʪʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʚ ʧʨʠʜʦʨʦʞ-

ʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʫ ʜʦʨʦʛ ʠ ʢʫʩʪʦʚ ʩʢʚʘʞʠʥ). ʉʦʩʪʦʷʥʠʝ ʣʦʢʘʣʴʥʳʭ ʧʦʧʫʣʷʮʠʡ 

ʫʷʟʚʠʤʦʝ. 

6. ʇʘʣʴʯʘʪʦʢʦʨʝʥʥʠʢ ʙʦʣʦʪʦʣʶʙʠʚʳʡ ï Dactylorhiza elodes (Griseb.) Aver., ʩʝʤʝʡ-

ʩʪʚʦ ʆʨʭʠʜʥʳʝ ï Orchidacea Juss.. ɺʠʜ ʚʥʝʩʝʥ ʚ ʧʝʨʝʯʝʥʴ ʦʙʲʝʢʪʦʚ ʞʠʚʦʪʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴ-

ʥʦʛʦ ʤʠʨʘ, ʥʫʞʜʘʶʱʠʭʩʷ ʚ ʦʩʦʙʦʤ ʚʥʠʤʘʥʠʠ ʢ ʠʭ ʩʦʩʪʦʷʥʠʶ ʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ.  

ɺ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ ʥʝ ʦʭʨʘʥʷʝʪʩʷ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʆʪʤʝʯʝʥ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʢʨʘʷ. ʈʘʩʪʝʪ ʥʘ ʩʬʘʛʥʦʚʳʭ ʙʦʣʦʪʘʭ [4].  

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʦʭʨʘʥʷʝʤʦʛʦ ʣʘʥʜʰʘʬʪʘ çʅʠʞʥʝʚʠʰʝʨʩʢʠʡè ʦʪʤʝʯʝʥʘ 1 ʤʘʣʦʯʠʩʣʝʥ-

ʥʘʷ ʮʝʥʦʧʦʧʫʣʷʮʠʷ ʦʭʨʘʥʷʝʤʦʛʦ ʚʠʜʘ ʥʘ ʚʝʨʭʦʚʦʤ ʙʦʣʦʪʝ. ʉʦʩʪʦʷʥʠʝ ʣʦʢʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ 

ʫʷʟʚʠʤʦʝ. 

7. ʍʘʤʤʘʨʙʠʷ ʙʦʣʦʪʥʘʷ ï Hammarbya paludosa (L.) O. Kuntze (Malaxis paludosa 

(L .) Sw.), ʩʝʤʝʡʩʪʚʦ ʆʨʭʠʜʥʳʝ ï Orchidacea Juss. ɺʠʜ ʚʥʝʩʝʥ ʚ ʧʝʨʝʯʝʥʴ ʦʙʲʝʢʪʦʚ ʞʠʚʦʪ-

ʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʠʨʘ, ʥʫʞʜʘʶʱʠʭʩʷ ʚ ʦʩʦʙʦʤ ʚʥʠʤʘʥʠʠ ʢ ʠʭ ʩʦʩʪʦʷʥʠʶ ʚ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʝ.  

ɿʘʥʝʩʝʥʘ ʚ ʂʨʘʩʥʳʝ ʢʥʠʛʠ 39 ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʈʘʩʪʝʪ ʥʘ ʚʝʨʭʦʚʳʭ ʩʬʘʛʥʦʚʳʭ ʙʦʣʦʪʘʭ; ʦʯʝʥʴ ʨʝʜʢʦ ʧʦ ʩʝʚʝʨʫ 

ʢʨʘʷ [4].  

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʦʭʨʘʥʷʝʤʦʛʦ ʣʘʥʜʰʘʬʪʘ çʅʠʞʥʝʚʠʰʝʨʩʢʠʡè ʦʪʤʝʯʝʥʦ 2 ʤʘʣʦʯʠʩʣʝʥ-

ʥʳʭ ʮʝʥʦʧʦʧʫʣʷʮʠʠ ʦʭʨʘʥʷʝʤʦʛʦ ʚʠʜʘ: ʥʘ ʚʝʨʭʦʚʦʤ ʙʦʣʦʪʝ ʠ ʥʘ ʥʘ ʥʘʨʫʰʝʥʥʦʤ ʤʝʩʪʦʦʙʠʪʘ-

ʥʠʠ, ʩʬʦʨʤʠʨʦʚʘʚʰʝʤʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʚʠʪʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʉʦʩʪʦʷʥʠʝ ʣʦʢʘʣʴʥʳʭ ʧʦʧʫʣʷʮʠʡ ʫʷʟʚʠʤʦʝ. 

8. ʄʷʢʦʪʥʠʮʘ ʦʜʥʦʣʠʩʪʥʘʷ ï Malaxis monophyllos (L.) Sw., ʩʝʤʝʡʩʪʚʦ ʆʨʭʠʜʥʳʝ ï 

Orchidacea Juss. ɺʠʜ ʚʥʝʩʝʥ ʚ ʧʝʨʝʯʝʥʴ ʦʙʲʝʢʪʦʚ ʞʠʚʦʪʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʠʨʘ, ʥʫʞʜʘʶ-

ʱʠʭʩʷ ʚ ʦʩʦʙʦʤ ʚʥʠʤʘʥʠʠ ʢ ʠʭ ʩʦʩʪʦʷʥʠʶ ʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ 

ʆʭʨʘʥʷʝʪʩʷ ʚ 34 ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ɺʠʜ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʫʤʝʨʝʥʥʦʡ ʟʦʥʝ ʉʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ, ʚ ʈʦʩ-

ʩʠʠ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʨʝʜʢʠʭ ʚʠʜʦʚ ʩ ʤʘʣʦʯʠʩʣʝʥʥʳʤʠ ʧʦʧʫʣʷʮʠʷʤʠ. ɺ ʇʝʨʤʩʢʦʤ ʢʨʘʝ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʘ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ (ʢʨʦʤʝ ʛʦʨʥʳʭ ʨʘʡʦʥʦʚ) [4]. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʦʭʨʘʥʷʝʤʦʛʦ ʣʘʥʜʰʘʬʪʘ çʅʠʞʥʝʚʠʰʝʨʩʢʠʡè ʦʪʤʝʯʝʥʘ 1 ʤʘʣʦʯʠʩʣʝʥ-

ʥʘʷ ʮʝʥʦʧʦʧʫʣʷʮʠʷ ʦʭʨʘʥʷʝʤʦʛʦ ʚʠʜʘ ʚ ʟʘʙʦʣʦʯʝʥʥʦʤ ʙʝʨʝʟʦʚʦïʩʦʩʥʦʚʦʤ ʣʝʩʫ. ʉʦʩʪʦʷʥʠʝ 

ʣʦʢʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ ʫʷʟʚʠʤʦʝ. 

9. ɻʫʜʘʡʝʨʘ ʧʦʣʟʫʯʘʷ ï Goodyera repens (L .) R. Br ., ʩʝʤʝʡʩʪʚʦ ʆʨʭʠʜʥʳʝ ï Orchida-

cea Juss. ɺʠʜ ʚʥʝʩʝʥ ʚ ʧʝʨʝʯʝʥʴ ʦʙʲʝʢʪʦʚ ʞʠʚʦʪʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʠʨʘ, ʥʫʞʜʘʶʱʠʭʩʷ ʚ 

ʦʩʦʙʦʤ ʚʥʠʤʘʥʠʠ ʢ ʠʭ ʩʦʩʪʦʷʥʠʶ ʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ.  
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ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʇʦʯʪʠ ʧʦʚʩʝʤʝʩʪʥʦ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ʚ ʨʘʡʦʥʘʭ ʩ ʭʦʣʦʜʥʳʤ ʠ 

ʫʤʝʨʝʥʥʳʤ ʢʣʠʤʘʪʦʤ. ɺ ʈʦʩʩʠʠ ï ʚ ʣʝʩʥʦʤ ʧʦʷʩʝ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʥʝʯʝʨʥʦʟʝʤʥʳʭ ʨʘʡʦʥʘʭ), ʚ ʉʠʙʠʨʠ ʠ ʥʘ ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ [4].  

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʦʭʨʘʥʷʝʤʦʛʦ ʣʘʥʜʰʘʬʪʘ çʅʠʞʥʝʚʠʰʝʨʩʢʠʡè ʦʪʤʝʯʝʥʘ 1 ʮʝʥʦʧʦʧʫʣʷ-

ʮʠʷ ʦʭʨʘʥʷʝʤʦʛʦ ʚʠʜʘ, ʯʠʩʣʝʥʥʦʩʪʴʶ 8 ʦʩʦʙʝʡ ʚ ʛʝʥʝʨʘʪʠʚʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʉʦʩʪʦʷʥʠʝ ʣʦʢʘʣʴ-

ʥʳʭ ʧʦʧʫʣʷʮʠʡ ʫʷʟʚʠʤʦʝ. 

10. ʇʨʦʩʪʨʝʣ ʨʘʩʢʨʳʪʳʡ ï Pulsatilla patens (L .) Mill ., ʩʝʤʝʡʩʪʚʦ ʃʶʪʠʢʦʚʳʝ ï 

Ranunculacea Juss. ɺʠʜ ʚʥʝʩʝʥ ʚ ʧʝʨʝʯʝʥʴ ʦʙʲʝʢʪʦʚ ʞʠʚʦʪʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʠʨʘ, ʥʫʞ-

ʜʘʶʱʠʭʩʷ ʚ ʦʩʦʙʦʤ ʚʥʠʤʘʥʠʠ ʢ ʠʭ ʩʦʩʪʦʷʥʠʶ ʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ.  

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ɺ ʧʨʝʜʝʣʘʭ ʇʝʨʤʩʢʦʡ ʠ ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʚʠʜʘ ʦʛʨʘʥʠʯʝʥʦ ʇʨʝʜʫʨʘʣʴʝʤ, ʥʘʠʙʦʣʝʝ ʚʦʩʪʦʯʥʦʝ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʫ ʧʦʩ. ʂʳʥ ʥʘ ʨ. ʏʫʩʦ-

ʚʦʡ [4]. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʦʭʨʘʥʷʝʤʦʛʦ ʣʘʥʜʰʘʬʪʘ çʅʠʞʥʝʚʠʰʝʨʩʢʠʡè ʦʪʤʝʯʝʥʦ 3 ʮʝʥʦʧʦʧʫʣʷ-

ʮʠʠ ʦʭʨʘʥʷʝʤʦʛʦ ʚʠʜʘ, ʯʠʩʣʝʥʥʦʩʪʴʶ ʦʪ 50 ʜʦ 600 ʦʩʦʙʝʡ. ɺʠʜ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʩʦʩʥʷʢʘʭ ʣʠ-

ʰʘʡʥʠʢʦʚʳʭ. ʉʦʩʪʦʷʥʠʝ ʣʦʢʘʣʴʥʳʭ ʧʦʧʫʣʷʮʠʡ ʩʪʘʙʠʣʴʥʦʝ. 

11. ʄʳʪʥʠʢ ʩʢʠʧʝʪʨʦʚʠʜʥʳʡ ï Pedicularis sceptrum-carolinum L., ʩʝʤʝʡʩʪʚʦ ʅʦ-

ʨʠʯʥʠʢʦʚʳʝ ï Scrophulariaceae Juss. ɺʠʜ ʚʥʝʩʝʥ ʚ ʧʝʨʝʯʝʥʴ ʦʙʲʝʢʪʦʚ ʞʠʚʦʪʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴ-

ʥʦʛʦ ʤʠʨʘ, ʥʫʞʜʘʶʱʠʭʩʷ ʚ ʦʩʦʙʦʤ ʚʥʠʤʘʥʠʠ ʢ ʠʭ ʩʦʩʪʦʷʥʠʶ ʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ.  

ɿʘʥʝʩʝʥ ʚ ʂʨʘʩʥʳʝ ʢʥʠʛʠ 31 ʨʝʛʠʦʥʘ ʈʦʩʩʠʠ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ɺʠʜ ʩʦ ʩʪʘʙʠʣʴʥʦ ʥʠʟʢʦʡ ʯʠʩʣʝʥʥʦʩʪʴʶ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʡ ʥʘ ʙʦʣʦ-

ʪʘʭ, ʚ ʩʦʛʨʘʭ, ʩʳʨʳʭ ʣʝʩʘʭ ʧʦʯʪʠ ʧʦ ʚʩʝʤʫ ʢʨʘʶ (ʢʨʦʤʝ ʛʦʨʥʳʭ ʨʘʡʦʥʦʚ ʠ ʂʫʥʛʫʨʩʢʦʡ ʣʝʩʦ-

ʩʪʝʧʠ. 

ɺʠʜ ʦʪʤʝʯʝʥ ʥʘ ʦʢʨʘʠʥʝ ʙʦʣʦʪʘ ʚ ʟʘʙʦʣʦʯʝʥʥʦʤ ʙʝʨʝʟʦʚʦïʩʦʩʥʦʚʦʤ ʣʝʩʫ. ʃʦʢʘʣʴʥʘʷ 

ʮʝʥʦʧʦʧʫʣʷʮʠʷ ʥʘʩʯʠʪʳʚʘʝʪ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʦʪ 16 ʜʦ 25 ʦʩʦʙʝʡ ʚ ʦʪʮʚʝʪʰʝʤ ʩʦʩʪʦʷʥʠʠ. ʉʦ-

ʩʪʦʷʥʠʝ ʣʦʢʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ ʩʪʘʙʠʣʴʥʦʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʦʭʨʘʥʷʝʤʦʛʦ ʣʘʥʜʰʘʬʪʘ çʅʠʞʥʝʚʠ-

ʰʝʨʩʢʠʡè ʦʙʥʘʨʫʞʝʥʦ 11 ʦʭʨʘʥʷʝʤʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 28 ʮʝʥʦʧʦʧʫʣʷʮʠ-

ʷʤʠ.  

ʉʦʩʪʦʷʥʠʝ ʥʝʢʦʪʦʨʳʭ ʣʦʢʘʣʴʥʳʭ ʧʦʧʫʣʷʮʠʡ ʥʘ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩʪʘ-

ʙʠʣʴʥʦʝ. ʄʘʣʦʯʠʩʣʝʥʥʳʝ ʣʦʢʘʣʴʥʳʝ ʧʦʧʫʣʷʮʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʫʷʟʚʠʤʦʤ ʩʦʩʪʦʷʥʠʠ. ʅʝʢʦ-

ʪʦʨʳʝ ʦʭʨʘʥʷʝʤʳʝ ʚʠʜʳ (ʜʨʝʤʣʠʢ ʰʠʨʦʢʦʣʠʩʪʥʳʡ, ʣʶʙʢʘ ʜʚʫʣʠʩʪʥʘʷ, ʭʘʤʤʘʨʙʠʷ ʙʦʣʦʪ-

ʥʘʷ) ʟʘʩʝʣʷʶʪ ʩʚʦʙʦʜʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʥʠʰʠ ʥʘ ʚʥʦʚʴ ʩʦʟʜʘʚʘʝʤʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʷʭ ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʥʘ ʵʪʠʭ ʫʯʘʩʪʢʘʭ ʩʚʦʜʠʪ-

ʩʷ ʢ ʤʠʥʠʤʫʤʫ. 

ɺ ʮʝʣʷʭ ʩʦʭʨʘʥʝʥʠʷ ʮʝʥʦʧʦʧʫʣʷʮʠʡ ʦʭʨʘʥʷʝʤʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝ-

ʜʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ: 

1) ʤʦʥʠʪʦʨʠʥʛʦʚʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʮʝʥʦʧʦʧʫʣʷʮʠʡ, 

2) ʦʙʫʩʪʨʦʡʩʪʚʦ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʦʡ ʧʨʠʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʜʣʷ ʫʧʦʨʷʜʦʯʝʥʠʷ ʨʝʢʨʝʘ-
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ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʤʝʩʪʦ ʵʣʝʢʪʨʦʙʫʩʦʚ ʚ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʝ 

ʥʘʟʝʤʥʦʛʦ ʛʦʨʦʜʩʢʦʛʦ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʄʦʩʢʚʳ. ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʩʝ ʤʘʨʰʨʫʪʳ 

ʵʣʝʢʪʨʦʙʫʩʦʚ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʪʳ ʠʭ ʟʘʧʫʩʢʘ, ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʥʩʧʦʨʪ-

ʥʳʭ ʩʨʝʜʩʪʚ, ʘ ʪʘʢʞʝ ʝʞʝʜʥʝʚʥʳʡ ʧʨʦʙʝʛ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʜʩʯʝʪʘ ʩʵʢʦʥʦʤʣʝʥʥʳʭ ʦʙʲʝʤʦʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚʩʝ ʤʘʨʰʨʫʪʳ ʚ ʠʥʪʝʨʚʘʣʝ ʩ ʥʘʯʘʣʘ 2018 ʛʦʜʘ ʧʦ 1 ʩʝʥʪʷʙ-

ʨʷ 2020. ʆʜʥʠʤ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʡʦʥʘ ʄʦʩʢʚʳ, ʛʜʝ ʵʣʝʢ-

ʪʨʦʙʫʩʥʳʡ ʪʨʘʥʩʧʦʨʪ ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʱʝʩʪʚʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʄʦʩʢʚʘ, ʵʣʝʢʪʨʦʙʫʩʳ, ʵʢʦʣʦʛʠʷ. 

 

Abstract. This article considers the place of electric buses in the whole structure of ground 

public transport of Moscow. All routes of electric buses were analyzed, the dates of its starts, tech-

nical features and daily route length were considered for further saved energy calculation. Electric 

buses started to work in Moscow in 2018, so the considered time period includes all the routes of 

electric buses that started their work since the beginning of 2018 to 01.09.2020. One of the results 

of the research was that the region with the biggest length of electric buses routes was determined.  

Keywords: public transport, Moscow, electric buses, environmental study. 

 

ɺʚʝʜʝʥʠʝ. ʄʦʩʢʚʘ, ʢʘʢ ʩʪʦʣʠʮʘ ʠ ʩʘʤʳʡ ʥʘʩʝʣʝʥʥʳʡ ʛʦʨʦʜ ʈʦʩʩʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʘʤʦʡ ʦʙʰʠʨʥʦʡ ʩʝʪʴʶ ʥʘʟʝʤʥʦʛʦ ʛʦʨʦʜʩʢʦʛʦ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʩʪʨʘʥʝ. ɽʛʦ 

ʩʪʨʫʢʪʫʨʘ ʫʩʣʦʞʥʷʝʪʩʷ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ, ʧʦʷʚʣʷʶʪʩʷ ʚʩʝ ʥʦʚʳʝ ʩʨʝʜʩʪʚʘ ʧʝʨʝʜʚʠʞʝʥʠʷ, ʘʢ-

ʪʠʚʥʦ ʩʪʨʦʠʪʩʷ ʤʝʪʨʦ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʣʠʥʠʠ (ʥʘʧʨʠʤʝʨ, ʄʎɼ ʠ ʄʎʂ). ʈʘʟʚʠʪʠʝ ʧʨʦʢʘʪʘ 

ʚʝʣʦʩʠʧʝʜʦʚ ʠ ʩʘʤʦʢʘʪʦʚ, ʨʦʩʪ ʧʦʧʫʣʷʨʥʦʩʪʠ ʢʘʨʰʝʨʠʥʛʘ, ʩʦʟʜʘʥʠʝ ʩʝʪʠ ʧʝʨʝʭʚʘʪʳʚʘʶʱʠʭ 

ʧʘʨʢʦʚʦʢ ʫ ʩʪʘʥʮʠʡ ʤʝʪʨʦ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʦʩʪʫ ʧʦʧʫʣʷʨʥʦʩʪʠ ʛʦʨʦʜʩʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʚ ʛʦʨʦʜʝ. ʆʜʥʠʤ ʠʟ ʥʦʚʦʚʚʝʜʝʥʠʡ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦ ʧʨʘʚʫ ʩʯʠʪʘʝʪʩʷ ʵʣʝʢʪʨʦʙʫʩ ï 

ʥʦʚʳʡ ʪʠʧ ʪʨʘʥʩʧʦʨʪʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ (ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʘʚʪʦʙʫʩʦʚ) ʠ ʤʦʙʠʣʴʥʦʩʪʴʶ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʨʦʣʣʝʡʙʫʩʦʚ ʠ ʪʨʘʤʚʘʝʚ). ʕʣʝʢʪʨʦʙʫʩʳ ʧʦ ʙʦʣʴ-

ʰʝʡ ʯʘʩʪʠ ʟʘʤʝʥʷʶʪ ʘʚʪʦʙʫʩʳ ʠ ʪʨʦʣʣʝʡʙʫʩʳ ʥʘ ʫʞʝ ʠʤʝʶʱʠʭʩʷ ʤʘʨʰʨʫʪʘʭ, ʯʘʱʝ ʚʩʝʛʦ 

ʪʨʦʣʣʝʡʙʫʩʳ. ʊʘʢ, ʩ 2017 ʛʦʜʘ ʚ ʄʦʩʢʚʝ ʧʨʝʢʨʘʪʠʣʠ ʜʝʡʩʪʚʠʝ 54 ʪʨʦʣʣʝʡʙʫʩʥʳʭ ʤʘʨʰʨʫʪʘ, 

ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʛʦʨʦʜʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʣʠʰʴ ʦʜʠʥ ʪʨʦʣʣʝʡʙʫʩʥʳʡ ʤʘʨʰʨʫʪ. ʄʥʦʛʠʝ ʦʪ-

ʤʝʥʝʥʥʳʝ ʪʨʦʣʣʝʡʙʫʩʥʳʝ ʤʘʨʰʨʫʪʳ ʙʳʣʠ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʧʝʨʝʢʚʘʣʠʬʠʮʠʨʦʚʘʥʳ ʚ ʵʣʝʢʪʨʦ-

ʙʫʩʥʳʝ. ʊʘʢ ʢʘʢ ʠ ʪʨʦʣʣʝʡʙʫʩʳ, ʠ ʵʣʝʢʪʨʦʙʫʩʳ ʷʚʣʷʶʪʩʷ ʪʠʧʘʤʠ ʪʨʘʥʩʧʦʨʪʘ, ʥʝ ʧʨʦʠʟʚʦʜʷ-
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ʱʠʤʠ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ, ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ ʤʦʞʥʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʠ ʩʨʘʚʥʠʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʦʙʫʩʦʚ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʦʙʩʪʘʥʦʚʢʫ ʄʦʩʢʚʳ ʚ ʩʣʫʯʘʝ ʟʘʤʝʥʳ ʪʨʦʣʣʝʡʙʫʩʦʚ ʵʣʝʢʪʨʦʙʫʩʘʤʠ. ʉʨʝʜʠ ʟʘʜʘʯ ʤʦʞʥʦ ʚʳʜʝ-

ʣʠʪʴ ʩʣʝʜʫʶʱʠʝ: 

1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʩʝ ʤʘʨʰʨʫʪʳ ʵʣʝʢʪʨʦʙʫʩʘ ʚ ʄʦʩʢʚʝ: ʚʳʜʝʣʠʪʴ ʩʨʦʢʠ 

ʜʝʡʩʪʚʠʷ, ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʦʡ ʚʠʜ ʪʨʘʥʩʧʦʨʪʘ ʦʥ ʟʘʤʝʥʷʝʪ (ʝʩʣʠ ʟʘʤʝʥʷʝʪ); 

2. ʅʘ ʦʩʥʦʚʝ ʦʪʢʨʳʪʳʭ ʜʘʥʥʳʭ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʣʠʥʳ ʤʘʨʰʨʫʪʦʚ, ʩʨʝʜ-

ʥʠʡ ʝʞʝʜʥʝʚʥʳʡ ʧʨʦʙʝʛ ʧʦ ʤʘʨʰʨʫʪʘʤ ʵʣʝʢʪʨʦʙʫʩʦʚ ʠ ʩʨʘʚʥʠʪʴ ʝʛʦ ʩ ʘʥʘʣʦʛʠʯʥʳ-

ʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʣʷ ʪʨʦʣʣʝʡʙʫʩʦʚ, ʢʦʪʦʨʳʝ ʦʥʠ ʟʘʤʝʥʠʣʠ; 

3. ʇʦʩʯʠʪʘʪʴ ʦʙʲʝʤ ʩʵʢʦʥʦʤʣʝʥʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

4. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʡʦʥʳ ʄʦʩʢʚʳ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʡʦʥʘ, ʥʘ ʢʦʪʦ-

ʨʳʡ ʧʨʠʭʦʜʠʪʩʷ ʙʦʣʴʰʝ ʚʩʝʛʦ ʢʤ ʤʘʨʰʨʫʪʦʚ ʵʣʝʢʪʨʦʙʫʩʘ.  

ʂʨʘʪʢʘʷ ʠʩʪʦʨʠʷ ʥʘʟʝʤʥʦʛʦ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʄʦʩʢʚʳ. ʀʩʪʦʨʠʷ ʨʘʟ-

ʚʠʪʠʷ ʥʘʟʝʤʥʦʛʦ ʛʦʨʦʜʩʢʦʛʦ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʄʦʩʢʚʝ ʥʘʩʯʠʪʳʚʘʝʪ ʧʨʘʢʪʠʯʝ-

ʩʢʠ 250 ʣʝʪ. ʆʬʠʮʠʘʣʴʥʦ ʜʘʪʦʡ ʩʦʟʜʘʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʛʦʨʦʜʝ ʧʨʠʥʷʪʦ 

ʩʯʠʪʘʪʴ 7 ʠʶʣʷ 1872 ʛʦʜʘ, ʠʤʝʥʥʦ ʚ ʵʪʦʪ ʜʝʥʴ ʙʳʣ ʟʘʧʫʱʝʥ ʧʝʨʚʳʡ ʤʘʨʰʨʫʪ ʢʦʥʥʦʡ ʞʝ-

ʣʝʟʥʦʡ ʜʦʨʦʛʠ [2]. ʇʦʩʣʝ ʥʘʯʘʣʦʩʴ ʧʦʩʪʝʧʝʥʥʦʝ ʧʦʷʚʣʝʥʠʝ ʧʘʨʦʚʳʭ ʪʨʘʤʚʘʝʚ ʠ ʠʭ ʟʘʧʫʩʢ 

(1886 ʛ.), ʘ ʙʣʠʞʝ ʢ ʢʦʥʮʫ XIX  ʚ. ʙʳʣʠ ʟʘʧʫʱʝʥʳ ʧʝʨʚʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʪʨʘʤʚʘʠ. ʋʞʝ ʪʦ-

ʛʜʘ ʦʙʱʝʩʪʚʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪ ʙʳʣ ʧʦʧʫʣʷʨʥʳʤ ʫ ʥʘʩʝʣʝʥʠʷ, ʦʥ ʦʪʣʠʯʘʣʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʦʡ ʩʪʦʠʤʦʩʪʴʶ ʧʨʦʝʟʜʘ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ï ʪʨʘʤʚʘʠ ʤʦʛʣʠ ʦʙʛʦʥʷʪʴ 

ʯʘʩʪʥʳʝ ʵʢʠʧʘʞʠ. ʊʘʢ ʢ 1918 ʛʦʜʫ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʪʨʘʤʚʘʡʥʳʭ ʧʫʪʝʡ ʩʦʩʪʘʚʣʷʝʪ 323 ʢʤ. 

ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʧʦʷʚʠʣʩʷ ʧʝʨʚʳʡ ʛʦʨʦʜʩʢʦʡ ʘʚʪʦʙʫʩʥʳʡ ʤʘʨʰʨʫʪ ï ʘʥʛʣʠʡʩʢʠʝ ʘʚʪʦ-

ʙʫʩʳ ʭʦʜʠʣʠ ʦʪ ʂʘʣʘʥʯʝʚʩʢʦʡ ʧʣʦʱʘʜʠ ʜʦ ʧʣʦʱʘʜʠ ɹʝʣʦʨʫʩʩʢʦʛʦ ʚʦʢʟʘʣʘ. ʇʦʩʪʝʧʝʥʥʦ 

ʩʝʪʴ ʘʚʪʦʙʫʩʥʳʭ ʤʘʨʰʨʫʪʦʚ ʩʚʷʟʘʣʘ ʧʦʯʪʠ ʚʩʝ ʚʦʢʟʘʣʳ ʛʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʧʨʠʣʝʛʘʶʱʠʝ ʨʘʡ-

ʦʥʳ. ʊʘʢʞʝ ʥʘʯʘʣʦʩʴ ʣʦʢʘʣʴʥʦʝ ʥʝʨʝʛʫʣʠʨʫʝʤʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʨʰʨʫʪʥʳʭ ʪʘʢʩʠ, ʘ ʢ 

ʥʘʯʘʣʫ 30-ʭ ʛʦʜʦʚ ʧʦʷʚʠʣʠʩʴ ʧʝʨʚʳʝ ʪʨʦʣʣʝʡʙʫʩʥʳʝ ʤʘʨʰʨʫʪʳ. 

ʇʦʩʣʝʚʦʝʥʥʳʝ ʛʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʠʢʦʤ ʨʘʟʚʠʪʠʷ ʪʨʘʤʚʘʡʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ï ʧʫʪʠ 

ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʠ ʚ ʥʦʚʳʭ ʨʘʡʦʥʘʭ ʤʘʩʩʦʚʦʡ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ, ʚʢʣʶʯʘʷ ʍʦʨʦʰʝʚʦ-

ʄʥʝʚʥʠʢʠ, ʊʫʰʠʥʦ, ʏʝʨʪʘʥʦʚʦ ʠ ʧʨʦʯʠʝ. ʆʜʥʘʢʦ ʧʦʩʣʝ ʪʨʘʤʚʘʠ ʫʩʪʫʧʠʣʠ ʘʚʪʦʙʫʩʘʤ, ʘʢʪʠʚ-

ʥʦʝ ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʳʭ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 50-60ʝ ʛʦʜʳ. ʂ 1980 ʛʦʜʫ ʪʨʝʪʴ ʚʩʝʭ ʧʝʨʝʚʦʟʦʢ ʦʙʱʝ-

ʩʪʚʝʥʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʚ ʄʦʩʢʚʝ ʧʨʠʭʦʜʠʣʘʩʴ ʥʘ ʘʚʪʦʙʫʩʳ, ʠ ʵʪʦ ʩ ʫʯʝʪʦʤ ʙʫʨʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʤʝʪʨʦʧʦʣʠʪʝʥʘ [2].  

ʂ ʥʘʯʘʣʫ XXI  ʚʝʢʘ ʢʦʣʠʯʝʩʪʚʦ ʤʘʨʰʨʫʪʦʢ ʧʨʝʚʳʰʘʣʦ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʚʪʦʙʫʩʦʚ ʚ 

ʄʦʩʢʚʝ. ʊʘʢ ʢʘʢ ʤʘʨʰʨʫʪʥʳʝ ʪʘʢʩʠ ʥʝ ʦʪʚʝʯʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʝ ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚʠʜʦʤ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʨʝʬʦʨʤʘ ʩʠʩʪʝʤʳ ʧʘʩ-

ʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ ʚ 2015-2016 ʛʛ, ʢʦʛʜʘ ʤʘʨʰʨʫʪʥʳʝ ʪʘʢʩʠ ʚ ʩʪʘʨʦʤ ʧʦʥʠʤʘʥʠʠ ʵʪʦʛʦ 

ʩʣʦʚʘ ʙʳʣʠ ʦʢʦʥʯʘʪʝʣʴʥʦ ʫʧʨʘʟʜʥʝʥʳ ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʦʜʘ.  

ʄʘʨʰʨʫʪʳ ʵʣʝʢʪʨʦʙʫʩʘ ʚ ʄʦʩʢʚʝ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʥʦʚʥʳʤ ʧʝʨʝʚʦʟʯʠʢʦʤ 

ʚ ʄʦʩʢʚʝ ʷʚʣʷʝʪʩʷ ɻʋʇ çʄʦʩʛʦʨʪʨʘʥʩè, ʦʜʥʘʢʦ ʠʤʝʝʪʩʷ ʠ ʨʷʜ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʝʨʝʚʦʟʯʠ-

ʢʦʚ, ʪʘʢʠʭ ʢʘʢ çʄʦʩʪʨʘʥʩʘʚʪʦè, çʊʨʘʥʩʘʚʪʦʣʠʟè ʠ ʧʨʦʯʠʝ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʨʰʨʫʪʦʚ 

ʥʘʟʝʤʥʦʛʦ ʛʦʨʦʜʩʢʦʛʦ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʜʦʩʪʠʛʘʝʪ 1 ʪʳʩʷʯʠ. ʇʨʠ ʵʪʦʤ ʵʣʝʢʪʨʦ-

ʙʫʩʳ ʟʘ ʚʩʝ ʚʨʝʤʷ ʭʦʜʠʣʠ ʥʘ 38 ʤʘʨʰʨʫʪʘʭ. ʇʦʩʪʝʧʝʥʥʦ ʵʣʝʢʪʨʦʙʫʩʳ ʚʥʝʜʨʷʣʠʩʴ ʚ ʩʪʨʫʢ-

ʪʫʨʫ ʥʘʟʝʤʥʦʛʦ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʟʘʤʝʱʘʷ ʘʚʪʦʙʫʩʳ ʠ ʪʨʦʣʣʝʡʙʫʩʳ. ʅʘʠʙʦʣʝʝ 

ʤʘʩʩʦʚʳʝ ʟʘʤʝʥʳ ʩʣʫʯʘʣʠʩʴ ʚ 2019 (ʚ ɻʋʇ çʄʦʩʛʦʨʪʨʘʥʩè ʧʦʩʪʘʚʠʣʠ ʦʢʦʣʦ 200 ʵʣʝʢʪʨʦ-
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ʙʫʩʦʚ), ʠ 2020 ʛʦʜʫ (ʚ ʘʚʛʫʩʪʝ 2020 ʛʦʜʘ ʚʩʝ ʦʩʪʘʚʰʠʝʩʷ ʤʘʨʰʨʫʪʳ ʪʨʦʣʣʝʡʙʫʩʦʚ ʧʨʝʢʨʘ-

ʪʠʣʠ ʨʘʙʦʪʫ, ʯʘʩʪʴ ʠʟ ʥʠʭ ʙʳʣʘ ʟʘʤʝʥʝʥʘ ʵʣʝʢʪʨʦʙʫʩʘʤʠ). ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʦʪ-

ʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʦʬʠʮʠʘʣʴʥʳʝ ʩʘʡʪʳ ɼʝʧʪʨʘʥʩʘ, ʄɻʊ ʠ ʧʨʦʯʠʝ) ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ 

ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʛʦʨʦʜʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ 14 ʤʘʨʰʨʫʪʦʚ ʵʣʝʢʪʨʦʙʫʩʦʚ, ʢʦʪʦʨʳʝ ʟʘ-

ʤʝʥʠʣʠ ʩʦʙʦʡ ʘʥʘʣʦʛʠʯʥʳʝ ʤʘʨʰʨʫʪʳ ʪʨʦʣʣʝʡʙʫʩʦʚ. ʆʩʥʦʚʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʘʢʠʭ 

ʤʘʨʰʨʫʪʘʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 1.  

ʊʘʙʣʠʮʘ 1 

ʄʘʨʰʨʫʪʳ ʵʣʝʢʪʨʦʙʫʩʦʚ, ʟʘʤʝʥʷʶʱʠʝ ʪʨʦʣʣʝʡʙʫʩʳ 

 ʕ ʊʙ ʅʘʟʚʘʥʠʝ ʅʘʯʘʣʦ 

ʜʝʡʩʪʚʠʷ 

ɼʥʝʡ ʚ 

ʜʝʡʩʪʚʠʠ 

1 ʄ4 ʄ4 ʤ. "ʆʟʝʨʥʘʷ" ï ʤ. "ʆʢʪʷʙʨʴʩʢʘʷ" 2020-08-

25 

7 

2 ʊ7 7 ʤ. "ʇʘʨʢ ʇʦʙʝʜʳ" ï ʂ/ʪ "ʋʜʘʨʥʠʢ" 2019-09-

21 

346 

3 ʊ14 14 ʉʝʚʝʨʷʥʠʥʩʢʠʡ ʧʫʪʝʧʨʦʚʦʜ ï 

ʕʣʝʢʪʨʦʟʘʚʦʜʩʢʠʡ ʤʦʩʪ 

2019-09-

09 

358 

4 ʊ17 17 ʤ. "ʆʟʝʨʥʘʷ" ï ʂʠʝʚʩʢʠʡ ʚʦʢʟʘʣ 2019-05-

18 

472 

5 ʊ21 21 ɹʝʨʝʛ ʄʦʩʢʚʳ-ʨʝʢʠ ï ʤ. 

"ʇʦʣʝʞʘʝʚʩʢʘʷ" 

2020-06-

01 

92 

6 ʊ34 34 ʤ. "ʖʛʦ-ɿʘʧʘʜʥʘʷ" ï ʂʠʝʚʩʢʠʡ ʚʦʢʟʘʣ 2019-05-

18 

472 

7 ʊ34ʢ 34ʢ ʋʣ. ʂʨʘʚʯʝʥʢʦ ï ʂʠʝʚʩʢʠʡ ʚʦʢʟʘʣ 2019-05-

18 

472 

8 ʊ36 36 ɺɼʅʍ (ʶʞʥ.) ï ɼʉʂ-1 2019-03-

12 

539 

9 ʊ42 42 ʈʠʞʩʢʠʡ ʚʦʢʟʘʣ ï ʤ. "ʇʝʪʨʦʚʩʢʠʡ ʧʘʨʢ" 2019-09-

09 

358 

10 ʊ61 61 ʂʘʨʘʤʳʰʝʚʩʢʘʷ ʥʘʙ. ï ʉʪ. 

ʇʘʥʬʠʣʦʚʩʢʘʷ 

2020-07-

25 

38 

11 ʊ73 73 6-ʡ ʤʢʨ. ɹʠʙʠʨʝʚʘ ï ɺɼʅʍ (ʶʞʥ.) 2018-09-

01 

731 

12 ʊ76 76 ʍʦʣʤʦʛʦʨʩʢʘʷ ʫʣ. ï ʤ. "ɺɼʅʍ" 2019-07-

15 

414 

13 ʊ80 80 6-ʡ ʤʢʨ. ɹʠʙʠʨʝʚʘ ï ʆʩʪʘʰʢʦʚʩʢʘʷ ʫʣ. 2019-05-

08 

482 

14 ʊ83 83 ʋʩʩʫʨʠʡʩʢʘʷ ʫʣ. ï ʤ. "ʇʨʝʦʙʨʘʞʝʥʩʢʘʷ 

ʧʣ." 

2019-08-

01 

397 

 

ɼʘʣʝʝ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʩʯʠʪʘʪʴ ʩʵʢʦʥʦʤʣʝʥʥʫʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʙʳʣʠ ʩʦʙʨʘʥʳ ʜʘʥ-

ʥʳʝ ʦ ʨʘʩʧʠʩʘʥʠʠ ʤʘʨʰʨʫʪʦʚ ʵʣʝʢʪʨʦʙʫʩʦʚ ʠ ʜʝʡʩʪʚʫʶʱʠʭ ʨʘʥʝʝ ʤʘʨʰʨʫʪʘʭ ʪʨʦʣʣʝʡʙʫʩʦʚ, 

ʩʨʝʜʥʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʤʘʨʰʨʫʪʘ, ʢʦʣʠʯʝʩʪʚʝ ʨʝʡʩʦʚ ʚ ʩʫʪʢʠ ʠ ʜʣʠʥʝ ʪʨʘʩʩ. ʀʥʬʦʨʤʘʮʠʷ 

ʩʦʙʠʨʘʣʘʩʴ ʥʘ ʦʬʠʮʠʘʣʴʥʳʭ ʧʦʨʪʘʣʘʭ ʄɻʊ ʠ ʙʨʘʣʘʩʴ ʠʟ ʧʨʠʣʦʞʝʥʠʷ çʄʦʩʢʦʚʩʢʠʡ ʪʨʘʥʩ-

ʧʦʨʪè.  

ʉʦʛʣʘʩʥʦ ʠʩʪʦʯʥʠʢʘʤ, ʩʨʝʜʥʝʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʪʨʦʣʣʝʡʙʫʩʦʤ ʥʘ 1 ʢʤ ʧʫ-

ʪʠ ʩʦʩʪʘʚʣʷʝʪ 1,8 ʢɺʪ*ʯ/ʢʤ [3, 4], ʜʣʷ ʵʣʝʢʪʨʦʙʫʩʘ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʨʘʚʝʥ 1,63 ʢɺʪ*ʯ/ʢʤ [1]. 

ʀʤʝʷ ʜʘʥʥʳʝ ʦ ʢʦʣʠʯʝʩʪʚʝ ʨʝʡʩʦʚ ʚ ʩʫʪʢʠ ʠ ʜʥʷʭ ʜʝʡʩʪʚʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʦ-

ʩʯʠʪʘʪʴ, ʩʢʦʣʴʢʦ ʵʥʝʨʛʠʠ ʙʳʣʦ ʧʦʪʨʘʯʝʥʦ ʢʘʞʜʳʤ ʪʠʧʦʤ ʪʨʘʥʩʧʦʨʪʘ ʠ ʩʢʦʣʴʢʦ ʚ ʠʪʦʛʝ ʙʳʣʦ 

ʩʵʢʦʥʦʤʣʝʥʦ. ʇʦʣʫʯʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʪʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.  
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ʈʠʩ.1. ʕʢʦʥʦʤʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʫʪʢʠ ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʤʘʨʰʨʫʪʦʚ ʵʣʝʢʪʨʦʙʫʩʦʚ 

 

ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʠʟ ʪʘʙʣʠʮʳ, ʥʘʠʙʦʣʴʰʘʷ ʵʢʦʥʦʤʠʷ ʦʪʤʝʯʘʝʪʩʷ ʜʣʷ ʤʘʨʰʨʫʪʦʚ 

ʊ73 ʠ ʊ76 (ʨʘʥʝʝ ʪʨʦʣʣʝʡʙʫʩʳ 73 ʠ 76), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʠʥʠʤʘʣʴʥʘʷ ʵʢʦʥʦʤʠʷ ʦʪʤʝʯʘʝʪʩʷ 

ʜʣʷ ʤʘʨʰʨʫʪʘ ʊ21 (ʨʘʥʝʝ ʪʨʦʣʣʝʡʙʫʩ 21). ʊʘʢʘʷ ʨʘʟʥʠʮʘ ʚ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʘʚʠʩʠʪ 

ʦʪ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʤʘʨʰʨʫʪʘ.  

ʕʣʝʢʪʨʦʙʫʩʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʅɻʇʊ ʄʦʩʢʚʳ. ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, 

ʤʘʨʰʨʫʪʳ ʵʣʝʢʪʨʦʙʫʩʘ ʯʘʩʪʦ ʟʘʤʝʥʷʶʪ ʪʨʦʣʣʝʡʙʫʩʳ. ʇʦʪʦʤʫ ʨʘʡʦʥʳ ʛʦʨʦʜʘ, ʨʘʥʝʝ ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʱʠʝʩʷ ʨʘʟʚʠʪʦʡ ʪʨʦʣʣʝʡʙʫʩʥʦʡ ʩʝʪʴʶ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʙʫʜʫʪ ʠʤʝʪʴ ʨʘʟʚʠʪʫʶ ʩʝʪʴ 

ʤʘʨʰʨʫʪʦʚ ʵʣʝʢʪʨʦʙʫʩʘ. ʅʘʠʙʦʣʴʰʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʡʦʥʳ ɼʦʨʦʛʦ-

ʤʠʣʦʚʦ ʠ ʈʘʤʝʥʢʠ, ʚ ʥʠʭ ʨʘʥʝʝ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʪʨʦʣʣʝʡʙʫʩʥʳʝ ʤʘʨʰʨʫʪʳ (ʨʠʩ.2).  

 

ʈʠʩ. 2. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʤʘʨʰʨʫʪʦʚ ʵʣʝʢʪʨʦʙʫʩʘ ʧʦ ʨʘʡʦʥʘʤ ʄʦʩʢʚʳ 














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































