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ʇʨʝʜʠʩʣʦʚʠʝ 

 

ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʨʫʧʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʚʦʜʦʝʤʘʤ 

(V ʃʘʜʦʞʩʢʠʡ ʩʠʤʧʦʟʠʫʤ) ʧʨʦʚʦʜʠʣʘʩʴ 9 ï 11 ʥʦʷʙʨʷ 2016 ʛ. ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʧʦ ʠʥʠʮʠʘʪʠʚʝ 

ʀʥʩʪʠʪʫʪʘ ʦʟʝʨʦʚʝʜʝʥʠʷ ʈɸʅ ʠ ɸʨʢʪʠʯʝʩʢʦʛʦ ʠ ʘʥʪʘʨʢʪʠʯʝʩʢʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ. ʇʨʦʚʝʜʝʥʠʝ ʜʘʥʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʚʦʟʚʨʘʱʘʝʪ ʪʨʘʜʠʮʠʶ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʜʦʙʥʳʭ 

ʩʠʤʧʦʟʠʫʤʦʚ, ʧʦʩʚʷʱʝʥʥʳʭ ʧʨʦʙʣʝʤʘʤ ʢʨʫʧʥʳʭ ʦʟʝʨ. ʇʝʨʚʳʡ ʪʘʢʦʡ ʩʠʤʧʦʟʠʫʤ ʙʳʣ ʦʨʛʘʥʠʟʦʚʘʥ 

ʚ ʥʦʷʙʨʝ 1993 ʛ. ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʩ ʮʝʣʴʶ ʨʘʩʩʤʦʪʨʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʃʘʜʦʞʩʢʦʛʦ 

ʦʟʝʨʘ, ʚʪʦʨʦʡ - ʚ ʘʚʛʫʩʪʝ 1996 ʛ. ʚ ʛ. ʁʝʥʩʫ (ʌʠʥʣʷʥʜʠʷ) ʦʩʚʝʱʘʣ ʩʦʩʪʦʷʥʠʝ ʙʦʣʴʰʠʭ ʦʟʝʨ ɽʚʨʦʧʳ, 

3-ʠʡ ï ʚ ʘʚʛʫʩʪʝ 1999 ʛ. ʚ ʛ. ʇʝʪʨʦʟʘʚʦʜʩʢʝ ʧʦʩʚʷʱʘʣʩʷ ʧʨʦʙʣʝʤʘʤ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʃʘʜʦʞʩʢʠʤ ʦʟʝʨʦʤ ʠ ʜʨʫʛʠʤʠ ʙʦʣʴʰʠʤʠ ʦʟʝʨʘʤʠ, 4-ʪʳʡ - ʚ ʩʝʥʪʷʙʨʝ 2002 ʛ. ʚ ʛ. ɺʝʣʠʢʦʤ 

ʅʦʚʛʦʨʦʜʝ, ʛʜʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʦʭʨʘʥʝ ʠ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʠ ʜʨʫʛʠʭ ʙʦʣʴʰʠʭ ʦʟʝʨ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʦʩʠʩʪʝʤʳ ʢʨʫʧʥʳʭ ʚʦʜʦʝʤʦʚ ʠʛʨʘʶʪ ʚʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʥʝ ʪʦʣʴʢʦ ʢʨʫʧʥʳʭ ʨʝʛʠʦʥʦʚ, ʥʦ ʠ ʮʝʣʳʭ ʩʪʨʘʥ. ʅʘʣʠʯʠʝ 

ʢʨʫʧʥʦʛʦ ʚʦʜʦʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʰʝʥʠʝ ʮʝʣʦʛʦ ʨʷʜʘ ʧʝʨʚʦʩʪʝʧʝʥʥʳʭ ʞʠʟʥʝʥʥʦ-ʚʘʞʥʳʭ ʟʘʜʘʯ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʚʦʜʥʳʝ ʩʠʩʪʝʤʳ, ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʥʘʫʯʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʧʨʦʚʝʜʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ ʘʢʚʘʪʦʨʠʷʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʜʦʣʛʦʚʨʝʤʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ 

ʟʘʛʨʷʟʥʝʥʠʡ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʩʝʨʴʝʟʥʳʝ ʧʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ. ɺ ʵʪʦʡ 

ʩʚʷʟʠ ʚʘʞʥʦʩʪʴ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʷʚʣʷʝʪʩʷ ʦʯʝʚʠʜʥʦʡ. 

ʉʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʧʦ ʝʝ ʨʝʟʫʣʴʪʘʪʘʤ, ʚʢʣʶʯʘʝʪ ʦʢʦʣʦ 80 

ʩʪʘʪʝʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʩʦʚʨʝʤʝʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʢʨʫʧʥʳʭ ʚʦʜʦʝʤʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ï 

ʃʘʜʦʞʩʢʦʤʫ, ʆʥʝʞʩʢʦʤʫ, ɹʘʡʢʘʣʫ, ʉʝʣʠʛʝʨʫ ʠ ʜʨʫʛʠʤ, ʘ ʪʘʢʞʝ ʚ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ 

(ʉʐɸ, ʌʠʥʣʷʥʜʠʠ, ʄʦʥʛʦʣʠʠ). ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʘʙʦʪʳ ʧʦʢʘʟʘʣʠ ʤʥʦʛʦʛʨʘʥʥʦʩʪʴ ʠ ʩʣʦʞʥʦʩʪʴ 

ʟʘʪʨʘʛʠʚʘʝʤʳʭ ʧʨʦʙʣʝʤ. ʉʦʩʪʦʷʚʰʘʷʩʷ ʥʘʫʯʥʘʷ ʜʠʩʢʫʩʩʠʷ ʦʙʝʩʧʝʯʠʣʘ  ʦʙʤʝʥ ʤʥʝʥʠʷʤʠ ʧʦ 

ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʚʨʝʤʝʥʥʳʤ ʤʦʥʠʪʦʨʠʥʛʦʤ ʵʢʦʩʠʩʪʝʤ ʢʨʫʧʥʳʭ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʠʭ ʙʘʩʩʝʡʥʘʭ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʚ ʫʩʣʦʚʠʷʭ 

ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʢʣʠʤʘʪʘ, ʨʘʟʣʠʯʥʳʤʠ ʘʩʧʝʢʪʘʤʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ ʦʮʝʥʢʦʡ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʘʣʝʦʣʠʤʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʨʫʧʥʳʭ ʚʦʜʦʝʤʦʚ. 

ɺʘʞʥʝʡʰʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʩʠʤʧʦʟʠʫʤʘ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʩʦʟʜʘʥʠʷ ʧʦʜʧʨʦʛʨʘʤʤʳ ʤʝʨ ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ʃʘʜʦʛʘ-ʆʥʝʛʘ-ʀʣʴʤʝʥʴ ʚ ʨʘʤʢʘʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʌʎʇ çʈʘʟʚʠʪʠʝ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ 2012-

2020 ʛʦʜʘʭè, ʫʯʠʪʳʚʘʷ ʚʘʞʥʦʩʪʴ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʦʧʨʦʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʦʯʝʚʠʜʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʜʦʣʞʝʥʠʷ ʧʨʘʢʪʠʢʠ ʨʝʛʫʣʷʨʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʬʝʨʝʥʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʢʨʫʧʥʳʤ ʚʦʜʦʝʤʘʤ ɽʚʨʘʟʠʠ. 
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ʂʈʋʇʅɽʁʐʀʍ ʆɿɽʈɸʍ ʄʀʈɸ, ʉ ʉɽʈɽɼʀʅʓ ʇʈʆʐʃʆɻʆ ɺɽʂɸ ʇʆ ʅɸʉʊʆʗʑɽɽ 

ɺʈɽʄʗ ééééééééééééééééééééééééééééééééééé. 168 

ʀʦʬʠʥʘ ʀ.ɺ. 

ʆʎɽʅʂɸ ʉʆʉʊʆʗʅʀʗ ɺʆɼʅʓʍ ɻʈʀɹʆɺ ʃɸɼʆɾʉʂʆɻʆ ʆɿɽʈɸ ɺ ʉɺʗɿʀ ʉ 

ɺʆɿɼɽʁʉʊɺʀɽʄ ʇʈʀʈʆɼʅʓʍ ʀ ɸʅʊʈʆʇʆɻɽʅʅʓʍ ʌɸʂʊʆʈʆɺ éééééééé 
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ʂʘʣʠʥʢʠʥʘ ʅ.ʄ., ʊʝʢʘʥʦʚʘ ɽ.ɺ., ʉʷʨʢʠ ʄ.ʊ. 

ɺʆɼʅʓɽ ʉʆʆɹʑɽʉʊɺɸ ʆʅɽɾʉʂʆɻʆ ʆɿɽʈɸ ɺ ʋʉʃʆɺʀʗʍ ɸʅʊʈʆʇʆɻɽʅʅʆɻʆ 

ɺʆɿɼɽʁʉʊɺʀʗ, ɹʀʆʃʆɻʀʏɽʉʂʆɻʆ ɿɸɻʈʗɿʅɽʅʀʗ ʀ ʂʃʀʄɸʊʀʏɽʉʂʀʍ 

ʀɿʄɽʅɽʅʀʁ éééééééééééééééééééééééééééééééé. 

 

 

 

180 

ʂʦʥʜʨʘʪʴʝʚ ʉ.ɸ., ɹʨʶʭʘʥʦʚ ʖ.ɸ., ɺʠʢʪʦʨʦʚʘ ʅ.ɺ., ʐʤʘʢʦʚʘ ʄ.ɺ.,  

ʆʙʣʦʤʢʦʚʘ ʅ.ʉ., ʄʘʨʢʦʚʘ ɽ.ɻ. 

ɹʀʆɻɽʅʅɸʗ ʅɸɻʈʋɿʂɸ ʅɸ ʃɸɼʆɾʉʂʆɽ ʆɿɽʈʆ ʉ ʏɸʉʊʅʆɻʆ ɺʆɼʆʉɹʆʈɸ ɺ 

ʉʆɺʈɽʄɽʅʅʓʍ ʋʉʃʆɺʀʗʍ éééééééééééééééééééééééé... 185 

ʂʦʨʦʩʦʚ ɸ.ɸ., ʇʦʟʜʥʷʢʦʚ ɼ.ɺ., ʄʦʠʩʝʝʚ ɸ.ɺ. 
ʀɼɽʗ ʀ ʈɽɸʃʀɿɸʎʀʗ ʄɽʊʆɼɸ PAN-SHAPENING ɼʃʗ ʆɿɽʈɸ ɻʋʈʆʅ ʉ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ɼɸʅʅʓʍ MSI (SENTINEL1) ʀ MODIS ééééééééééé.. 193 

ʂʦʨʦʩʦʚ ɸ.ɸ., ʇʦʟʜʥʷʢʦʚ ɼ.ɺ., ʐʫʭʤʘʥ ʈ., ʄʦʠʩʝʝʚ ɸ.ɺ. 
ɹʀʆʆʇʊʀʏɽʉʂʀʁ ɸʃɻʆʈʀʊʄ ɺʆʉʉʊɸʅʆɺʃɽʅʀʗ ɼʃʗ ʆʇʊʀʏɽʉʂʀ ʄɽʃʂʀʍ 

ɺʆɼ ʆɿɽʈɸ ʄʀʏʀɻɸʅ ééééééééééééééééééééééééééé... 197 

ʂʦʩʪʨʦʤʠʥʘ ʅ.ɸ., ʈʳʙʘʣʢʦ ɸ.ɽ., ʃʦʢʪʝʚ ɸ.ʉ. 

ʅʆɺʓɽ ɼɸʅʅʓɽ ʇʆ ʂʆʄʇʃɽʂʉʅʆʄʋ ɻɽʆʃʆɻʆ-ɻɽʆʌʀɿʀʏɽʉʂʆʄʋ 

ʀɿʋʏɽʅʀʖ ɺɽʈʍʅɽʏɽʊɺɽʈʊʀʏʅʓʍ ʆʊʃʆɾɽʅʀʁ ɺ ʇɽʊʈʆɿɸɺʆɼʉʂʆʁ ɻʋɹɽ 

ʆʅɽɾʉʂʆɻʆ ʆɿɽʈɸ éééééééééééééééééééééééééééé... 202 

ʂʦʯʢʦʚ ʅ.ɺ., ʇʨʦʪʦʧʦʧʦʚʘ ɽ.ɺ. 
ɹɸɿɸ ɼɸʅʅʓʍ çPHYTOLADOGAè éééééééééééééééééééééé.. 207 

ʂʨʳʣʦʚʘ ʖ.ɺ., ʂʫʨʘʰʦʚ ɽ.ɸ., ʄʠʪʨʫʢʦʚʘ ɻ.ɻ., ʉʫʱʝʥʢʦ ɸ.ʉ., ʍʦʜʦʥʦʚʠʯ ɺ.ɺ., ʗʚʠʜ ɽ.ʗ. 

ʄɽʊɸɹʆʃʀʊʅʓʁ ʉʆʉʊɸɺ POTAMOGETON PERFOLIATUS L. ʀ PERSICARIA 

AMPHIBIA (L.) GRAY ʀɿ ʈɸɿʅʆʊʀʇʅʓʍ ʆɿɽʈʅʓʍ ʄɽʉʊʆʆɹʀʊɸʅʀʁ ɺ 

ʃɸɼʆɾʉʂʆʄ ʀ ʆʅɽɾʉʂʆʄ ʆɿɽʈɸʍéééééééééééééééééééé... 212 

ʂʫʣʘʢʦʚʘ ʅ.ɺ., ʍʘʥʘʝʚ ʀ.ɺ., ʉʘʢʠʨʢʦ ʄ.ɺ., ɸʜʝʣʴʰʠʥ ʈ.ɺ., ʌʝʨʘʥʯʫʢ ʉ.ʀ., ʄʘʡʢʦʚʘ 

ʆ.ʆ., ɹʫʪʠʥʘ ʊ.ɺ., ɹʝʣʠʢʦʚ ʉ.ʀ. 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɿɸɹʆʃɽɺɸɽʄʆʉʊʀ ɻʋɹʆʂ ɺ ʃʀʊʆʈɸʃʔʅʆʁ ɿʆʅɽ ʆɿɽʈɸ 

ɹɸʁʂɸʃ éééééééééééééééééééééééééééééééééé. 220 

ʃʦʙʘʥʦʚʘ ɸ.ʉ. 

ʈʆʃʔ ɺʉɽʃɽʅʎɸ GMELINOIDES FASCIATUS (STEBBING) ɺ ʇʀʊɸʅʀʀ ʈʓɹ ʅɸ 

ʃʀʊʆʈɸʃʀ ʆʅɽɾʉʂʆɻʆ ʆɿɽʈɸ ééééééééééééééééééééééé 225 

ʃʦʟʦʚʠʢ ʇ.ɸ., ʉʘʙʳʣʠʥʘ ɸ.ɺ. 

ɺʅɽʐʅʗʗ ʅɸɻʈʋɿʂɸ ʅɸ ʃɸɼʆɾʉʂʆɽ ʀ ʆʅɽɾʉʂʆɽ ʆɿɽʈɸ ʀ ʀʍ 

ʋʉʊʆʁʏʀɺʆʉʊʔ ʂ ɸʅʊʈʆʇʆɻɽʅʅʆʄʋ ɺʆɿɼɽʁʉʊɺʀʖ ééééééééééé... 229 

ʃʫʙʷʛʘ ʖ.ɸ., ʊʨʠʬʦʥʦʚʘ ʄ.ʉ., ɽʤʰʘʥʦʚʘ ɺ.ɸ., ɻʫʨʢʦʚ ɸ.ʅ.,  

ɸʢʩʸʥʦʚ-ɻʨʠʙʘʥʦʚ ɼ.ɺ., ʊʠʤʦʬʝʝʚ ʄ.ɸ. 

ʉʈɸɺʅʀʊɽʃʔʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ɸʂʊʀɺʅʆʉʊʀ ʌɽʈʄɽʅʊʆɺ 

ɸʅʊʀʆʂʉʀɼɸʅʊʅʆʁ ɿɸʑʀʊʓ ʅɸ ʊɽʇʃʆɺʆʁ ʐʆʂ ʋ ɸʄʌʀʇʆɼ GMELINOIDES 

FASCIATUS ʀɿ ʃʀʊʆʈɸʃʀ ʆɿ. ɹɸʁʂɸʃ ʀ ʊɽʈʄɸʃʔʅʆɻʆ ʀʉʊʆʏʅʀʂɸ ééééé 236 

ʃʫʜʠʢʦʚʘ ɸ.ɺ. 

ɼʀɸʊʆʄʆɺʓɽ ʂʆʄʇʃɽʂʉʓ ʇʆɺɽʈʍʅʆʉʊʅʆɻʆ ʉʃʆʗ ɼʆʅʅʓʍ ʆʊʃʆɾɽʅʀʁ 

ʐʍɽʈʅʆɻʆ ʈɸʁʆʅɸ ʃɸɼʆɾʉʂʆɻʆ ʆɿɽʈɸ ééééééééééééééééé... 240 

ʃʫʜʠʢʦʚʘ ɸ.ɺ., ʂʫʟʥʝʮʦʚ ɼ.ɼ., ʉʫʙʝʪʪʦ ɼ.ɸ., ʉʘʧʝʣʢʦ ʊ.ɺ. 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʄɽʊʆɼɸ çʀɿʆʃʗʎʀʆʅʅʓʍ ɹɸʉʉɽʁʅʆɺè ʇʈʀ 

ʈɽʂʆʅʉʊʈʋʂʎʀʀ ʀɿʄɽʅɽʅʀʁ ʋʈʆɺʅʗʃɸɼʆɾʉʂʆɻʆ ʆɿɽʈɸ éééééééé.. 247 

ʄʘʤʦʥʪʦʚʘ ɽ.ɸ., ʊʘʨʘʩʦʚʘ ɽ.ʅ., ʄʘʤʦʥʪʦʚ ɸ.ɸ., ɻʦʨʝʛʣʷʜ ɸ.ɺ., ʊʢʘʯʝʥʢʦ ʃ.ʃ. 

ʀɿʄɽʅɽʅʀɽ ʂʆʅʎɽʅʊʈɸʎʀʁ ʇʆʃʀʍʃʆʈʀʈʆɺɸʅʅʓʍ ɹʀʌɽʅʀʃʆɺ ʀ 

ʍʃʆʈʆʈɻɸʅʀʏɽʉʂʀʍ ʇɽʉʊʀʎʀɼʆɺ ɺ ɸʊʄʆʉʌɽʈʅʆʄ ɺʆɿɼʋʍɽ ʉɽɺɽʈʅʆɻʆ 

ʇʈʀʍʋɹʉʋɻʋʃʔʗ ɺ 2008-2015 éééééééééééééééééééééééé. 

 

 

 

254 

ʄʠʥʘʢʦʚʘ ɽ.ɸ., ʐʣʳʯʢʦʚ ɸ.ʇ. 

ʕʂʆɼʀɸɻʅʆʉʊʀʂɸ ʅɸɻʈʋɿʂʀ ɹʀʆɻɽʅʅʓʍ ʕʃɽʄɽʅʊʆɺ ʅɸ ʇʆɺɽʈʍʅʆʉʊʅʓɽ 

ɺʆɼʓ ʈɽʉʇʋɹʃʀʂʀ ʊɸʊɸʈʉʊɸʅ éééééééééééééééééééééé.. 259 



7 

 

ʄʠʪʨʫʢʦʚʘ ɻ.ɻ., ʂʘʧʫʩʪʠʥʘ ʃ.ʃ., ʂʫʨʘʰʦʚ ɽ.ɸ. 
ʄʅʆɻʆʃɽʊʅʗʗ ɼʀʅɸʄʀʂɸ ʏʀʉʃɽʅʅʆʉʊʀ ɹɸʂʊɽʈʀʆʇʃɸʅʂʊʆʅɸ ɺ ʑʋʏʔɽʄ 

ɿɸʃʀɺɽ ʃɸɼʆɾʉʂʆɻʆ ʆɿɽʈɸ ééééééééééééééééééééééé... 264 

ʄʫʭʠʥ ʀ.ɸ., ɼʫʜʘʢʦʚʘ ɼ.ʉ., ɼʫʜʘʢʦʚ ʄ.ʆ. 

ʅʆɺʓɽ ʇʆɼʍʆɼʓ ʂ ʀɿʋʏɽʅʀʖ ʄʀʂʈʆʇɽʈʀʌʀʆʅɸ ɺ ʉʂɸʃʔʅʆʁ ʃʀʊʆʈɸʃʀ 

(ʅɸ ʇʈʀʄɽʈɽ ʃɸɼʆɾʉʂʆɻʆ ʆɿɽʈɸ) éééééééééééééééééééé... 272 

ʅʘʟʘʨʦʚʘ ʃ.ɽ. 

ʂʃʀʄɸʊ ɺʆɼʆʉɹʆʈɸ ʆʅɽɾʉʂʆɻʆ ʆɿɽʈɸ: ʀɿʄɽʅʏʀɺʆʉʊʔ ʀ ʀɿʄɽʅɽʅʀʗ éé 276 

ʅʘʫʤʝʥʢʦ ʄ.ɸ., ɻʫʟʠʚʘʪʳʡ ɺ.ɺ., ʂʘʨʝʪʥʠʢʦʚ ʉ.ɻ., ʂʨʶʯʢʦʚ ɸ.ʄ. 

ʀʊʆɻʀ ʊɽʈʄʀʏɽʉʂʀʍ ʀ ʃɽɼʆɺʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ ʃɸɼʆɾʉʂʆɻʆ ʆɿɽʈɸ ɺ 

ʅɸʏɸʃɽ ʍʍI ɺɽʂɸ ééééééééééééééééééééééééééééé.. 279 

ʅʝʩʪʝʨʦʚ ʅ.ɸ., ɻʫʟʠʚʘʪʳʡ ɺ.ɺ., ʅʘʫʤʝʥʢʦ ʄ.ɸ. 

ɻʀɼʈʆʃʆʂɸʎʀʆʅʅʓʁ ʄʆʅʀʊʆʈʀʅɻ ɼʆʅʅʓʍ ʆɹʒɽʂʊʆɺ ééééééééé... 287 

ʇʘʣʴʰʠʥ ʅ.ʀ., ɿʜʦʨʦʚʝʥʥʦʚ ʈ.ʕ., ʄʠʪʨʦʭʦʚ ɸ.ɺ., ɿʜʦʨʦʚʝʥʥʦʚʘ ɻ.ʕ., ɽʬʨʝʤʦʚʘ ʊ.ɺ., 

ɻʘʚʨʠʣʝʥʢʦ ɻ. ɻ., ɺʦʣʢʦʚ ʉ.ʖ., ɹʦʛʜʘʥʦʚ ʉ.ʈ., ʊʝʨʞʝʚʠʢ ɸ.ʖ. 

ʈɸɼʀɸʎʀʆʅʅʓʁ ʈɽɾʀʄ ʇɽʊʈʆɿɸɺʆɼʉʂʆʁ ɻʋɹʓ ʆʅɽɾʉʂʆɻʆ ʆɿɽʈɸ ɺ 

ʇɽʈʀʆɼ ɺɽʉɽʅʅɽʁ ʇʆɼʃɽɼʅʆʁ ʂʆʅɺɽʂʎʀʀ ééééééééééééééé..... 294 

ʇʝʪʨʦʚʘ ʊ.ʅ., ɻʫʩʝʚʘ ʄ.ɸ. 

ʆʉʆɹɽʅʅʆʉʊʀ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʅɽʂʆʊʆʈʓʍ ʄɽʊɸʃʃʆɺ ɺ ɺʆɼɽ 

ʃɸɼʆɾʉʂʆɻʆ ʆɿɽʈɸ ʀ ɽɻʆ ʇʈʀʊʆʂʆɺ ééééééééééééééééééé. 299 

ʇʦʟʜʥʷʢʦʚ ʐ.ʈ., ʈʫʤʷʥʮʝʚ ɺ.ɸ., ʀʚʘʥʦʚʘ ɽ.ɺ. 

ʆʎɽʅʂɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʏɸʉʊʀʎ ʉʋɹʄʀʂʈʆʅʅʆɻʆ ɼʀɸʇɸɿʆʅɸ  

ɺ ɺʆɼʅʓʍ ʆɹʒɽʂʊɸʍ ɹɸʉʉɽʁʅɸ ʃɸɼʆɾʉʂʆɻʆ ʆɿɽʈɸ ééééééééééé. 307 

ʇʦʣʝʪʘʝʚʘ ɺ.ʀ., ʇʘʩʪʫʭʦʚ ʄ.ɺ. 

ʈʊʋʊʔ ɺ ɼʆʅʅʓʍ ʆʊʃʆɾɽʅʀʗʍ ɺɽʈʍʅɽʁ ʏɸʉʊʀ ɹʈɸʊʉʂʆɻʆ 

ɺʆɼʆʍʈɸʅʀʃʀʑɸ ééééééééééééééééééééééééééééé. 314 

ʇʦʩʪʥʠʢʦʚʘ ʇ.ɺ., ʄʘʢʘʨʩʢʘʷ ɻ.ɺ., ɸʧʦʥʘʩʝʥʢʦ ɸ.ɼ., ʇʦʥʦʤʘʨʝʚʘ ʖ.ɸ. 
ʄʅʆɻʆʃɽʊʅʀɽ ɻʀɼʈʆɹʀʆʃʆɻʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ  

ʎɽʅʊʈɸʃʔʅʆʁ ʏɸʉʊʀ ʂʈɸʉʅʆʗʈʉʂʆɻʆ ɺʆɼʆʍʈɸʅʀʃʀʑɸ ééééééééé 318 

ʇʦʪʝʤʢʠʥʘ ʊ.ɻ. 
ʆɿɽʈʅʆ-ʈɽʏʅɸʗ ʉʀʉʊɽʄɸ ɹɸʁʂɸʃ-ʉɽʃɽʅɻɸ ɺ ʋʉʃʆɺʀʗʍ ʀɿʄɽʅɽʅʀʗ 

ʂʃʀʄɸʊɸ ʀ ɸʅʊʈʆʇʆɻɽʅʅʆɻʆ ɺʆɿɼɽʁʉʊɺʀʗ ééééééééééééééé. 324 

ʇʨʦʪʦʧʦʧʦʚʘ ɽ.ɺ. 

ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ʌʀʊʆʇʃɸʅʂʊʆʅɸ ɺ ʃʀʊʆʈɸʃʔʅʆʁ ɿʆʅɽ 

ʃɸɼʆɾʉʂʆɻʆ ʆɿɽʈɸ éééééééééééééééééééééééééééé. 328 

ʈʫʩʘʥʦʚ ɸ.ɻ.  

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ɻʈʋʇʇ ɼʀɸʊʆʄʆɺʓʍ ɺʆɼʆʈʆʉʃɽʁ 

ʇɽʈʀʌʀʊʆʅɸ ɺ ʄʆʅʀʊʆʈʀʅɻɽ ʕɺʊʈʆʌʀʈʆɺɸʅʀʗ ʃɸɼʆɾʉʂʆɻʆ ʆɿɽʈɸ éé.. 334 

ʈʳʙʘʢʠʥ ɺ.ʅ. 

ɼʅʆ ʃɸɼʆɾʉʂʆɻʆ ʆɿɽʈɸ. ʀɿɺɽʉʊʅʓɽ ʌɸʂʊʓ ʀ ʅʆɺʓɽ ʅɸʇʈɸɺʃɽʅʀʗ 

ʀʉʉʃɽɼʆɺɸʅʀʁ éééééééééééééééééééééééééééééé.. 340 

ʉʘʚʝʣʴʝʚʘ ʃ.ɸ., ɸʥʜʨʝʝʚ ɸ.ɸ., ʐʫʤʠʣʦʚʩʢʠʭ ʃ., ɻʨʦʤʠʛ ʈ., ʃʫʜʠʢʦʚʘ ɸ.ɺ.,  

ʉʫʙʝʪʪʦ ɼ.ɸ., ʌʝʜʦʨʦʚ ɻ.ɹ., ʂʨʘʩʪʝʣʴ ʉ., ɺʘʛʥʝʨ ɹ., ʄʝʣʣʝʩ ʄ. 
ʅʆɺʓɽ ɼɸʅʅʓɽ ʇʆ ʇʆɿɼʅɽʇʃɽʁʉʊʆʎɽʅʆɺʆʁ ʀ ɻʆʃʆʎɽʅʆɺʆʁ ʀʉʊʆʈʀʀ 

ʃɸɼʆɾʉʂʆɻʆ ʆɿɽʈɸ: ʈɽɿʋʃʔʊɸʊʓ ʇɸʃʀʅʆʃʆɻʀʏɽʉʂʀʍ ʀʉʉʃɽɼʆɺɸʅʀʁ é. 345 

ʉʘʢʠʨʢʦ ʄ.ɺ., ɼʦʤʳʰʝʚʘ ɺ.ʄ., ʍʦʜʞʝʨʊ.ɺ. 
ʉʆɺʈɽʄɽʅʅʓɽ ɼɸʅʅʓɽ ʆ ʍʀʄʀʏɽʉʂʆʄ ʉʆʉʊɸɺɽ ɺʆɼʓ ʆɿɽʈɸ ɹɸʁʂɸʃ éé 351 

ʉʘʧʝʣʢʦ ʊ.ɺ. 

ʇʈʆɹʃɽʄʓ ʇɸʃɽʆʃʀʄʅʆʃʆɻʀʏɽʉʂʀʍ ʀʉʉʃɽɼʆɺɸʅʀʁ ʃɸɼʆɾʉʂʆɻʆ ʆɿɽʈɸ: 

ʇɸʃʀʅʆʃʆɻʀʏɽʉʂʀʁ ɸʉʇɽʂʊ ééééééééééééééééééééééé. 

 

 

356 
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ʉʝʤʝʥʦʚ ɺ.ɸ. 
ʂʃʀʄɸʊʀʏɽʉʂʀɽ ʀɿʄɽʅɽʅʀʗ ʕʂʉʊʈɽʄɸʃʔʅʆɻʆ ʉʊʆʂɸ ʈɽʂ ɺ ɹɸʉʉɽʁʅɸʍ 

ʂʈʋʇʅʓʍ ɺʅʋʊʈɽʅʅʀʍ ɺʆɼʆɪʄʆɺ ʈʆʉʉʀʀ ʅɸ ʈʋɹɽɾɽ ɺɽʂʆɺ éééééé... 

 

 

362 

ʉʝʤʝʥʦʚʘ ʀ.ɺ., ɹʫʣʛʘʢʦʚ ɺ.ɻ., ɿʘʧʝʚʘʣʦʚ ʄ.ɸ., ʂʘʪʢʦʚʘ ʄ.ʅ., ɸʛʝʝʚʘ ʅ.ɺ. 
ʉʀʉʊɽʄɸ ʂʆʄʇʃɽʂʉʅʆɻʆ ʕʂʆʃʆɻʀʏɽʉʂʆɻʆ ʄʆʅʀʊʆʈʀʅɻɸ ɹɸʁʂɸʃʔʉʂʆʁ 

ʇʈʀʈʆɼʅʆʁ ʊɽʈʈʀʊʆʈʀʀ: ʅɸʋʏʅʆ-ʄɽʊʆɼʀʏɽʉʂʀɽ ʇʆɼʍʆɼʓ ʀ ʇɽʈɺʓɽ 

ʈɽɿʋʃʔʊɸʊʓ éééééééééééééééééééééééééééééééé 367 

ʉʠʜʦʨʦʚʘ ɸ.ʀ. 

ʄɸʂʈʆɿʆʆɹɽʅʊʆʉ ʇʈʆʌʋʅɼɸʃʔʅʆʁ ʏɸʉʊʀ ʆʅɽɾʉʂʆɻʆ ʆɿɽʈɸ éééééé.. 372 

ʉʪʘʨʦʚʦʡʪʦʚ ɸ.ɺ., ʊʦʢʘʨʝʚ ʄ.ʖ., ɺʣʘʜʦʚ ʄ.ʃ.,ʉʫʙʝʪʪʦ ɼ.ɸ., ʄʘʨʯʝʥʢʦ ɸ.ʃ. 
ɻɽʆʈɸɼʀʆʃʆʂɸʎʀʗ ʇʈʀ ɻɽʆʃʆɻʀʏɽʉʂʀʍ ʀ ʕʂʆʃʆɻʀʏɽʉʂʀʍ 

ʀʉʉʃɽɼʆɺɸʅʀʗʍ ʅɸ ʇʈɽʉʅʆɺʆɼʅʓʍ ɸʂɺɸʊʆʈʀʗʍ éééééééééééé 378 

ʉʫʙʝʪʪʦ ɼ.ɸ., ʇʦʪʘʭʠʥ ʄ.ʉ., ɿʦʙʢʦʚ ʄ.ɹ., ɸʣʝʢʩʝʡ ʖʨʴʝʚʠʯ ʊʘʨʘʩʦʚ ɸ.ʖ.,  

ɹʝʣʢʠʥʘ ʅ.ɸ., ʐʝʣʝʭʦʚʘ ʊ.ʉ. 
ʈɸɿɺʀʊʀɽ ʆʅɽɾʉʂʆɻʆ ʆɿɽʈɸ ɺ ʇʆɿɼʅɽʄ ʇʃɽʁʉʊʆʎɽʅɽ ʎʀʌʈʆɺʓɽ ʂɸʈʊʓ.. 383 

ʉʷʨʢʠ ʄ.ʊ. 

ʈɸɿʈɸɹʆʊʂɸ ʇʆɼʍʆɼʆɺ ʂ ʆʎɽʅʂɽ ʋʉʊʆʁʏʀɺʆʉʊʀ ʌʋʅʂʎʀʆʅʀʈʆɺɸʅʀʗ 

ʇʃɸʅʂʊʆʅʅʓʍ ʉʆʆɹʑɽʉʊɺ ʆʅɽɾʉʂʆɻʆ ʆɿɽʈɸ éééééééééééééé. 390 

ʊʘʣʠʩʤʘʥʦʚ ʉ.ʉ. 

ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʉʉ-ʉʇɽʂʊʈʆʄɽʊʈʓ THERMO SCIENTIFIC ʀ CRDS-

ɸʅɸʃʀɿɸʊʆʈʓ PICARRO ɼʃʗ ʃʀʄʅʆʃʆɻʀʏɽʉʂʀʍ ʀʉʉʃɽɼʆɺɸʅʀʁ éééé... 395 

ʊʘʨʘʩʦʚʘ ɽ.ʅ., ʄʘʤʦʥʪʦʚʘ ɽ.ɸ., ʄʘʤʦʥʪʦʚ ɸ.ɸ., ɻʦʨʝʛʣʷʜ ɸ.ɺ., ʊʢʘʯʝʥʢʦ ʃ.ʃ. 

ʈɸʉʇʈɽɼɽʃɽʅʀɽ ʀ ɺʈɽʄɽʅʅɸʗ ʀɿʄɽʅʏʀɺʆʉʊʔ ʆʈɻɸʅʀʏɽʉʂʆɻʆ ɺɽʑɽʉʊɺɸ 

ʀ ɹʀʆɻɽʅʅʓʍ ʕʃɽʄɽʅʊʆɺ ɺʆɼ ʆɿɽʈɸ ʍʋɹʉʋɻʋʃ (ʄʆʅɻʆʃʀʗ) ɺ 1959-2011 é 399 

ʊʝʨʝʭʦʚ ɸ.ɺ., ʉʘʧʝʣʢʦ ʊ.ɺ. 

ʂ ʇʈʆɹʃɽʄɽ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʎʀʌʈʆɺʓʍ ʄʆɼɽʃɽʁ ʈɽʃʔɽʌɸ ɺ 

ʇɸʃɽʆɻɽʆɻʈɸʌʀʏɽʉʂʀʍ ʈɽʂʆʅʉʊʈʋʂʎʀʗʍ ʉɽɺɽʈʅʆʁ ʏɸʉʊʀ ʃɸɼʆɾʉʂʆɻʆ 

ʆɿɽʈɸ ééééééééééééééééééééééééééééééééééé. 406 

ʊʦʢʘʨʝʚ ɺ.ʀ., ʈʳʙʘʢʠʥ ɺ.ʅ., ʈʫʤʷʥʮʝʚ ɺ.ɸ., ɺʦʨʦʥʶʢ ɻ.ʖ. 

ɻʀɼʈʆɻɽʆʃʆɻʀʏɽʉʂʀʁ ʈɽɾʀʄ ʂɸʈɽʃʔʉʂʆɻʆ ʇɽʈɽʐɽʁʂɸ ʀ ʈɸɿɻʈʋɿʂɸ 

ʇʆɼɿɽʄʅʓʍ ɺʆɼ ɺ ʃɸɼʆɾʉʂʆɽ ʆɿɽʈʆ éééééééééééééééééé... 415 

ʊʨʘʧʝʟʥʠʢʦʚ ʖ.ɸ. 

ʂʈʋʇʅʓɽ ʆɿɽʈɸ ʂɸʂ ʀʅɼʀʂɸʊʆʈʓ ʀɿʄɽʅɽʅʀʗ ʂʃʀʄɸʊɸ ééééééééé 423 

ʊʨʠʬʦʥʦʚʘ ʀ.ʉ.. ʇʘʚʣʦʚʘ ʆ.ɸ.. ɸʬʘʥʘʩʴʝʚʘ ɸ.ʃ. 

ʈɸʉʇʈʆʉʊʈɸʅɽʅʀɽ ʇʆʊɽʅʎʀɸʃʔʅʆ ʆʇɸʉʅʆʁ ʈɸʌʀɼʆʌʀʊʆɺʆʁ 

ɺʆɼʆʈʆʉʃʀ ɺ ʇʈʀʊʆʂɸʍ ʃɸɼʆɾʉʂʆɻʆ ʆɿɽʈɸ ééééééééééééééé 426 

ʋʣʠʯʝʚ ɺ.ʀ., ɼʫʜʘʢʦʚʘ ɼ.ʉ. 

ʄʆʅʀʊʆʈʀʅɻ ʏʀʉʃɽʅʅʆʉʊʀ ʃɸɼʆɾʉʂʆʁ ʂʆʃʔʏɸʊʆʁ ʅɽʈʇʓ (PUSA HISPIDA 

LADOGENSIS) ɺ ʐʍɽʈʅʆʄ ʈɸʁʆʅɽ ʃɸɼʆɾʉʂʆɻʆ ʆɿɽʈɸ éééééééééé... 431 

ʌʠʣʘʪʦʚ ʅ.ʅ., ɺʳʨʫʯʘʣʢʠʥʘ ʊ.ʖ. 

ʆ ɺʅʋʊʈʀɺɽʂʆɺʆʁ ʀɿʄɽʅʏʀɺʆʉʊʀ ʋʈʆɺʅʗ ɺʆɼʓ ɺɽʃʀʂʀʍ ʆɿɽʈ ɽɺʈʆʇʓé 437 

ʌʦʤʠʥʘ ʖ.ʖ. 

ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ɿʆʆʇʃɸʅʂʊʆʅɸ ʇɽʃɸɻʀɸʃʀ ʆʅɽɾʉʂʆɻʆ 

ʆɿɽʈɸééééééééééééééééééééééééééééééééééé.. 
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ʐʘʧʦʨʝʥʢʦ ʉ.ʀ., ʂʫʟʦʚʣʝʚ ɺ.ɺ. 

ʄʅʆɻʆʃɽʊʅʀɽ ʊɽʅɼɽʅʎʀʀ ʀɿʄɽʅɽʅʀʗ ʂɸʏɽʉʊɺɸ ɺʆɼʓ ʆɿɽʈɸ ʉɽʃʀɻɽʈ ɺ 

ʈɸʁʆʅɽ ɻ. ʆʉʊɸʐʂʆɺɸ éééééééééééééééééééééééééé.. 449 
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ʐʤʘʢʦʚʘ ʄ.ɺ., ʄʘʨʢʦʚʘ ɽ.ɻ., ʂʦʥʜʨʘʪʴʝʚ ʉ.ɸ. 

ɼɽʊɽʈʄʀʅʀʈʆɺɸʅʆ-ʉʊʆʍɸʉʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɿɸʀʃɽʅʀʗ 

ɺʆɼʆɽʄɸ ʈɽʏʅʓʄʀ ʅɸʅʆʉɸʄʀ éééééééééééééééééééééé 

 

 

455 

ʑʘʧʦʚʘ ɽ.ʇ., ɻʫʨʢʦʚ ɸ.ʅ., ɹʝʣʦʫʩʦʚʘ ʀ.ɸ., ɹʦʨʚʠʥʩʢʘʷ ɽ.ɺ., ɹʘʜʫʝʚ ɹ.ʂ., ʄʝʛʣʠʥʩʢʠʡ 

ʀ.ɺ., ʊʠʤʦʬʝʝʚ ʄ.ɸ. 

ʄɽʊʆɼ ʄʀʂʈʆʀʅʂɸʇʉʋʃʀʈʆɺɸʅʅʓʍ ʌʃʋʆʈɽʉʎɽʅʊʅʓʍ ʉɽʅʉʆʈʆɺ ʂɸʂ 

ʇɽʈʉʇɽʂʊʀɺʅɸʗ ʊɽʍʅʆʃʆɻʀʗ ɼʃʗ ʄʆʅʀʊʆʈʀʅɻɸ ʉʆʉʊʆʗʅʀʗ 

ʄɸʂʈʆɿʆʆɹɽʅʊʆʉɸ ʆɿɽʈɸ ɹɸʁʂɸʃ éééééééééééééééééééé.. 
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ʇʈʆɹʃɽʄʓ ʄʆʅʀʊʆʈʀʅɻɸ ʃɸɼʆɾʉʂʆɻʆ ʆɿɽʈɸ 

 

ʐʘʤʠʣʴ ʈʘʫʬʦʚʠʯ ʇʦʟʜʥʷʢʦʚ 

ʜ.ʛ.ʥ., ʜʠʨʝʢʪʦʨ ʀʅʆɿ ʈɸʅ 

e-mail: lake@limno.org.ru, tbgmaster@mail.ru 

ʉʝʨʛʝʡ ɸʣʝʢʩʝʝʚʠʯ ʂʦʥʜʨʘʪʴʝʚ,  

ʜ.ʬ.-ʤ.ʥ., ʟʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʀʅʆɿ ʈɸʅ 

e-mail: kondratyev@limno.org.ru 

 

ɸʥʥʦʪʘʮʠʷ: ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʤʦʥʠʪʦʨʠʥʛʘ 

ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʪʦʨʳʝ ʢʘʩʘʶʪʩʷ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʡ ʥʘ 

ʚʦʜʦʝʤʝ, ʦʮʝʥʢʠ ʝʛʦ ʩʦʩʪʦʷʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʛʥʦʟʘ ʚʦʟʤʦʞʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ, ʤʦʥʠʪʦʨʠʥʛ, ʩʠʩʪʝʤʘ ʠʟʤʝʨʝʥʠʡ, ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ   

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʦʣʦʞʝʥʠʝʤ ʦʙ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ (ʫʪʚ. ʧʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 10 ʘʧʨʝʣʷ 2007 ʛ. N 219)  çʄʦʥʠʪʦʨʠʥʛ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʥʘʙʣʶʜʝʥʠʡ, ʦʮʝʥʢʠ ʠ ʧʨʦʛʥʦʟʘ ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʬʝʜʝʨʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʩʫʙʲʝʢʪʦʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ, ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʬʠʟʠʯʝʩʢʠʭ ʠ ʶʨʠʜʠʯʝʩʢʠʭ ʣʠʮé.ʆʨʛʘʥʠʟʘʮʠʷ ʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʚʦʜʷʪʩʷ ʌʝʜʝʨʘʣʴʥʳʤ ʘʛʝʥʪʩʪʚʦʤ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʌʝʜʝʨʘʣʴʥʳʤ 

ʘʛʝʥʪʩʪʚʦʤ ʧʦ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʶ, ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʦʡ ʧʦ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʠ ʠ ʤʦʥʠʪʦʨʠʥʛʫ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʦʡ ʧʦ ʥʘʜʟʦʨʫ ʚ ʩʬʝʨʝ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʩ ʫʯʘʩʪʠʝʤ 

ʫʧʦʣʥʦʤʦʯʝʥʥʳʭ ʦʨʛʘʥʦʚ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ ʩʫʙʲʝʢʪʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè. ɺ 

ʢʦʤʧʝʪʝʥʮʠʶ ʠʥʩʪʠʪʫʪʦʚ ʈɸʅ ʠ ʜʨʫʛʠʭ ʥʘʫʯʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʚʭʦʜʠʪ ʬʦʨʤʫʣʠʨʦʚʢʘ ʧʨʝʜʣʦʞʝʥʠʡ 

ʧʦ ʚʦʟʤʦʞʥʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʬʦʨʤʫʣʠʨʦʚʢʘ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʠʩʪʝʤʳ 

ʤʦʥʠʪʦʨʠʥʛʘ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʢʘʩʘʪʴʩʷ, ʢʘʢ ʵʪʦ 

ʩʣʝʜʫʝʪ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʨʘʟʚʠʪʠʶ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʡ ʥʘ 

ʚʦʜʦʝʤʝ, ʦʮʝʥʢʠ ʝʛʦ ʩʦʩʪʦʷʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʡ 

ʆʩʥʦʚʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʤʠ ʤʥʦʛʦʣʝʪʥʠʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤʠ, ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤʠ ʠ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʃʘʜʦʞʩʢʦʛʦ 

ʦʟʝʨʘ, ʷʚʣʷʶʪʩʷ ʉʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ ʋɻʄʉ ʠ ʀʅʆɿ ʈɸʅ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʩʚʦʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʦʜʥʳʭ ʤʘʩʩ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 

ʫʢʘʟʘʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ, ʠʤʝʣʠ ʙʣʠʟʢʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 1 ʘ,ʙ).  ʆʥʠ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʭʦʨʦʰʦ ʟʥʘʶʱʠʭ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ʈʠʩ.1. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʘʥʮʠʡ ʚ ʩʠʩʪʝʤʘʭ ʠʟʤʝʨʝʥʠʡ ʉʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʋɻʄʉ (ʘ) ʠ 

ʀʅʆɿ ʈɸʅ (ʙ) ʚ 50-60-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ [13]. 

 

ʆʥʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʭʦʨʦʰʦ ʟʥʘʶʱʠʭ ʦʙʲʝʢʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʝʨʚʳʡ ʥʦʨʤʘʪʠʚʥʳʡ ʜʦʢʫʤʝʥʪ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʶ ʩʠʩʪʝʤʳ 

ʥʘʙʣʶʜʝʥʠʡ ʩʠʩʪʝʤʳ ʥʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ ʦʧʫʙʣʠʢʦʚʘʥ ʚ 1977 ʛ. [5]. 

ʇʦʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʥʘʰʣʠ ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʜʦʢʫʤʝʥʪʘʭ 

[6]. ʈɼ 52.24.309 [10] ʜʝʢʣʘʨʠʨʫʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ 

ʥʘʙʣʶʜʝʥʠʡ: ʘ) ʢʦʤʧʣʝʢʩʥʦʩʪʴ ʠ ʩʠʩʪʝʤʘʪʠʯʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʡ; ʙ) ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʩʨʦʢʦʚ ʠʭ 

ʧʨʦʚʝʜʝʥʠʷ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʬʘʟʘʤʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ; ʚ) ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʚʦʜʳ ʝʜʠʥʳʤʠ ʠʣʠ ʩʦʧʦʩʪʘʚʠʤʳʤʠ ʤʝʪʦʜʠʢʘʤʠ. ʇʨʠ ʵʪʦʤ 

ʢʦʤʧʣʝʢʩʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ ʥʘʙʣʶʜʝʥʠʡ ʧʦ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ, ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʠ ʦʧʨʝʜʝʣʝʥʠʝʤ ʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʪʘʢʠʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʢʘʢ ʍʆʇ, ʥʝʬʪʷʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʇɸʋ ʠ ʪʷʞʝʣʳʝ 

ʤʝʪʘʣʣʳ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʦʨʤʘʪʠʚʥʘʷ ʙʘʟʘ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʈʦʩʩʠʠ ʥʘʭʦʜʠʪʩʷ 

ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ, ʯʝʛʦ ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ ʦ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʨʝʢʦʤʝʥʜʘʮʠʡ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʈɼ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʷ ʉʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʋɻʄʉ ʠ 

ʀʅʆɿ ʈɸʅ ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ɽʩʣʠ ʉʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ ʋɻʄʉ ʦʧʪʠʤʠʟʠʨʦʚʘʣʦ 

ʩʠʩʪʝʤʫ ʥʘʙʣʶʜʝʥʠʡ ʚ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʨʘʥʝʝ ʪʦʯʢʘʭ ʤʦʥʠʪʦʨʠʥʛʘ (ʨʠʩ. 1ʘ) ʚ ʦʩʥʦʚʥʦʤ ʧʦ ʧʨʠʯʠʥʝ 

ʩʦʢʨʘʱʝʥʠʷ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʪʦ ʀʅʆɿ ʈɸʅ ʘʢʮʝʥʪʠʨʦʚʘʣ ʚʥʠʤʘʥʠʝ ʥʘ ʚʳʧʦʣʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʥʘʫʯʥʳʭ ʧʨʦʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʦʟʝʨʘ.  

ɸʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʡ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚʳʧʦʣʥʝʥ ʚ ʨʘʙʦʪʝ [12]. ʇʨʦʚʦʜʠʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʈɼ 

52.24.309 ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʃʘʜʦʛʠ ʚ 2009-2010 ʛʦʜʘʭ ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʢʘʟʘʣʠʩʴ 

ʥʝʫʪʝʰʠʪʝʣʴʥʳʤʠ. ʊʘʢ, ʢʦʣʠʯʝʩʪʚʦ ʧʫʥʢʪʦʚ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʥʘ ʘʢʚʘʪʦʨʠʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʩʦʢʨʘʪʠʣʦʩʴ ʩʦ 104 ʚ ʢʦʥʮʝ ʚʦʩʴʤʠʜʝʩʷʪʳʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ 

ʜʦ 14 ï 16. ʇʨʠ ʵʪʦʤ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ 1 ʨʘʟ ʚ ʛʦʜ ʚ ʨʘʟʥʳʝ ʩʝʟʦʥʳ, ʘ ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʥʠʤʘʣʠʩʴ ʟʘ ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʥʝ ʜʦʧʫʩʪʠʤʦ. ʂ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʘʤ 
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ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʃʘʜʦʞʩʢʦʤ ʦʟʝʨʝ ʦʪʥʦʩʷʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʣʝʜʫʶʱʠʝ 

ʬʘʢʪʦʨʳ: 

¶ ʆʪʩʫʪʩʪʚʫʶʪ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ; 

¶ ʇʨʦʛʨʘʤʤʘ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ  ʥʝʧʦʣʥʳʡ ʚʘʨʠʘʥʪ 

ʦʙʷʟʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʥʘʙʣʶʜʝʥʠʡ, ʚ ʢʦʪʦʨʫʶ ʥʝ ʚʢʣʶʯʝʥ ʨʷʜ ʚʘʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʚ ʈɼ  (ʥʘʧʨʠʤʝʨ, pH, ʮʚʝʪʥʦʩʪʴ, ʉʆ2); 

¶ ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʧʨʝʜʩʪʘʚʣʝʥ ʪʦʣʴʢʦ ʪʨʝʤʷ ʙʝʨʝʛʦʚʳʤʠ ʩʪʘʥʮʠʷʤʠ: ɺʘʣʘʘʤ, 
ʇʝʪʨʦʢʨʝʧʦʩʪʴ ʠ ʉʪʦʨʦʞʥʦ. ʀʟʤʝʨʝʥʠʷ ʤʝʪʝʦʵʣʝʤʝʥʪʦʚ ʥʘ ʘʢʚʘʪʦʨʠʠ ʥʝ ʧʨʦʚʦʜʷʪʩʷ. 

ɺʦʜʥʳʡ ʙʘʣʘʥʩ ʥʝ ʩʦʩʪʘʚʣʷʝʪʩʷ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, ʵʪʠ ʨʘʙʦʪʳ ʜʦʣʞʥʳ 

ʚʳʧʦʣʥʷʪʴ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʈʦʩʛʠʜʨʦʤʝʪʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʨʠʩʦʚʳʚʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʤʨʘʯʥʘʷ ʢʘʨʪʠʥʘ. ʅʘ ʚʦʜʦʩʙʦʨʝ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ 

ʨʘʩʧʦʣʦʞʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʩʙʨʘʩʳʚʘʶʱʠʭ ʩʪʦʢʠ ʚ ʧʨʠʪʦʢʠ ʦʟʝʨʘ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʞʝ ʧʨʷʤʳʝ ʩʙʨʦʩʳ ʥʘ ʘʢʚʘʪʦʨʠʶ. ʇʨʠ 

ʵʪʦʤ ʢʦʥʪʨʦʣʴ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʦʡ ʤʘʩʩʳ ʦʪʩʫʪʩʪʚʫʝʪ, ʥʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʠ ʢʦʥʪʨʦʣʴ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʪʦʨʠʯʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ ï ʙʝʟʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʴʝʚʦʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʠʤʠ ʪʝʤʧʘʤʠ ʨʦʩʪʘ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ. ɸ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʃʘʜʦʛʠ ʥʝ ʢʦʥʪʨʦʣʠʨʫʝʪ 

ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʦʟʤʦʞʥʳʤ ʫʱʝʨʙʦʤ ʜʣʷ ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ ʟʘ ʩʯʝʪ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ 

ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʚʦʜʦʟʘʙʦʨʳ ʛʦʨʦʜʘ. 

ɺ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʢʘʨʜʠʥʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʠʪʴ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ 

ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ, ʠʩʧʦʣʴʟʦʚʘʚ ʧʨʠ ʵʪʦʤ, ʢʘʢ ʦʧʳʪ ʤʥʦʛʦʣʝʪʥʠʭ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʨʘʙʦʪ, ʪʘʢ ʠ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ. ʂʨʦʤʝ ʩʪʨʝʤʣʝʥʠʷ ʢ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʦʤʫ 

ʚʳʧʦʣʥʝʥʠʶ ʪʨʝʙʦʚʘʥʠʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʈɼ ʧʦ ʩʦʩʪʘʚʫ ʠʟʤʝʨʝʥʠʡ, ʠʭ ʯʘʩʪʦʪʝ ʠ ʨʘʩʧʦʣʦʞʝʥʠʶ 

ʧʫʥʢʪʦʚ ʠʟʤʝʨʝʥʠʡ, ʫʧʦʤʷʥʫʪʳʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʩʣʝʜʫʶʱʠʭ 

ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

¶ ɸʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ 
ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʈɼ 

52.24.309 

¶ ʅʝʦʙʭʦʜʠʤʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʜʦʧʦʣʥʠʚ ʝʛʦ 

ʩʣʝʜʫʶʱʠʤʠ ʧʫʥʢʪʘʤʠ: ʘ) ʚʚʝʩʪʠ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʜʜʠʘʧʘʟʦʥʳ ʯʘʩʪʠʮ 

ʥʘʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʘʩʰʪʘʙʘ; ʙ) ʨʘʟʨʘʙʦʪʘʪʴ ʨʘʩʰʠʨʝʥʥʫʶ ʩʠʩʪʝʤʫ ʤʝʪʦʜʦʚ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʙ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩ ʫʯʝʪʦʤ ʯʘʩʪʠʮ ʥʘʥʦʤʝʪʨʠʯʝʩʢʠʭ 

ʨʘʟʤʝʨʦʚ, ʛʜʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʩʪʳʢʦʚʘʥʳ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ, ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʣʘʟʝʨʥʳʝ ʘʥʘʣʠʟʘʪʦʨʳ ʢʨʫʧʥʦʩʪʠ [7]. 

¶ ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʚ ʩʠʩʪʝʤʫ ʥʘʙʣʶʜʝʥʠʡ ʘʚʪʦʥʦʤʥʳʭ ʙʫʡʢʦʚʳʭ ʩʪʘʥʮʠʡ, 

ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʜʦʣʞʥʘ ʙʳʪʴ 

ʧʦʣʫʯʝʥʘ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʘʷ  ʩʠʩʪʝʤʘ ʢʦʥʪʘʢʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʃʘʜʦʞʩʢʦʛʦ 

ʦʟʝʨʘ. 

¶ ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʡ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʤʛʥʦʚʝʥʥʦʡ 

ʩʲʝʤʢʠ ʚʩʝʡ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ. ʉʧʫʪʥʠʢʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʤʦʥʠʪʦʨʠʥʛʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʦʧʝʨʘʪʠʚʥʦʩʪʴʶ ʠ ʨʝʛʫʣʷʨʥʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤʠ ʟʘʪʨʘʪʘʤʠ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

¶ ʅʝʦʙʭʦʜʠʤʦ ʧʨʘʚʠʣʴʥʦ ʚʳʙʠʨʘʪʴ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʩʲʝʤʦʢ, ʧʨʠʫʨʦʯʠʚ ʠʭ ʢ 

ʩʝʨʝʜʠʥʝ ʩʝʟʦʥʘ, ʦʧʠʨʘʷʩʴ ʥʘ ʠʥʬʦʨʤʘʮʠʶ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ, 

ʧʦʣʫʯʘʝʤʫʶ ʩʦ ʩʧʫʪʥʠʢʦʚ. ɼʣʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʚʝʩʥʳ ʧʨʝʜʧʦʪʯʠʪʝʣʝʥ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʦʢʦʣʦ 

50% ʧʣʦʱʘʜʠ ʦʟʝʨʘ ʠʤʝʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʤʝʥʝʝ 4 Üʉ. ɼʣʷ ʣʝʪʘ - ʧʝʨʠʦʜ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʙʦʣʴʰʝʛʦ 

ʧʨʦʛʨʝʚʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. ɼʣʷ ʦʩʝʥʠ ï ʧʝʨʠʦʜ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʳʭʦʣʘʞʠʚʘʥʠʷ ʠ 
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ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʚʳʨʘʚʥʠʚʘʝʪʩʷ  ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ (ʜʦ 6 ʛʨʘʜʫʩʦʚ ʉ) ʢʘʢ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʠ ʥʘ ʛʣʫʙʠʥʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʛʣʫʙʣʝʥʠʷ  ʩʣʦʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʢʘʯʢʘ. 

¶ ʇʣʘʚʩʨʝʜʩʪʚʘ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʷʪʩʷ ʥʘʙʣʶʜʝʥʠʷ, ʜʦʣʞʥʳ ʥʝ ʪʦʣʴʢʦ ʦʙʣʘʜʘʪʴ ʩʦʚʨʝʤʝʥʥʳʤʠ 
ʩʨʝʜʩʪʚʘʤʠ ʥʘʚʠʛʘʮʠʠ ʠ ʥʘʙʦʨʦʤ ʧʨʠʙʦʨʦʚ ʜʣʷ ʦʪʙʦʨʘ ʧʨʦʙ ʚʦʜʳ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʥʦ  ʠ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʣʘʙʦʨʘʪʦʨʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ  ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʠ ʦʧʝʨʘʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʙ ʥʘ 

ʭʠʤʠʯʝʩʢʠʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟʳ. 

ɺʳʧʦʣʥʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʵʢʦʩʠʩʪʝʤʳ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʪʨʝʙʫʝʪ ʦʪʜʝʣʴʥʦʛʦ 

ʨʘʩʩʤʦʪʨʝʥʠʷ. ʅʘʙʣʶʜʝʥʠʡ ʟʘ ʢʘʯʝʩʪʚʦʤ ʚʦʜʳ  ʚ ʧʝʨʠʦʜ ʟʠʤʥʝʛʦ ʦʭʣʘʞʜʝʥʠʷ ʠ ʣʝʜʦʩʪʘʚʘ  ʥʘ 

ʃʘʜʦʞʩʢʦʤ ʦʟʝʨʝ ʢʨʘʡʥʝ ʤʘʣʦ. ʆʥʠ ʩʦʧʨʷʞʝʥʳ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʘʙʣʶʜʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʧʝʨʠʦʜʳ,  ʢʦʛʜʘ ʥʘʨʷʜʫ ʩ ʦʪʢʨʳʪʦʡ ʚʦʜʦʡ, ʯʘʩʪʴ ʦʟʝʨʘ ʥʘʭʦʜʠʪʩʷ ʧʦʜʦ 

ʣʴʜʦʤ. ʇʦʵʪʦʤʫ, ʵʪʠ ʥʘʙʣʶʜʝʥʠʷ ʥʦʩʷʪ ʵʧʠʟʦʜʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʘ ʠʭ ʨʘʡʦʥʳ ʦʛʨʘʥʠʯʝʥʳ 

ʥʝʙʦʣʴʰʠʤ ʫʜʘʣʝʥʠʝʤ ʦʪ ʙʝʨʝʛʘ. ʄʝʞʜʫ ʪʝʤ, ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʝʯʥʳʭ ʠ ʟʘʛʨʷʟʥʝʥʥʳʭ 

ʚʦʜ ʚ ʦʟʝʨʝ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʝʨʠʦʜʘ ʦʪʢʨʳʪʦʡ ʚʦʜʳ.  

ʉʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʃʘʜʦʛʠ ʩʣʝʜʫʝʪ ʜʦʧʦʣʥʠʪʴ ʤʦʥʠʪʦʨʠʥʛʦʤ ʚʦʜʦʩʙʦʨʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩ 

ʮʝʣʴʶ ʦʮʝʥʢʠ ʧʨʠʪʦʢʘ ʚʦʜʳ ʠ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ ʥʘ ʦʟʝʨʦ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʝʞʝʤʝʩʷʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʠ ʦʪʙʦʨ ʧʨʦʙ ʚ ʟʘʤʳʢʘʶʱʠʭ ʩʪʚʦʨʘʭ ʦʩʥʦʚʥʳʭ ʧʨʠʪʦʢʦʚï 

ɺʦʣʭʦʚʘ, ʉʚʠʨʠ ʠ ɹʫʨʥʦʡ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʪʙʦʨʘ ʧʨʦʙ 

ʚʦʜʳ ʥʘ ʚʩʝʭ ʥʦʨʤʘʪʠʚʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚʝʨʪʠʢʘʣʷʭ, ʘ ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʨʠʙʨʝʞʥʳʭ. ʂʘʢ ʧʦʢʘʟʘʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ [3], ʜʣʷ ʦʮʝʥʢʠ ʠ ʧʨʦʛʥʦʟʘ ʙʠʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʩ ʚʦʜʦʩʙʦʨʘ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʩʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʦ ʩʪʨʫʢʪʫʨʝ ʧʦʜʩʪʠʣʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʟʝʨʘ 

ɺ ʈɼ 52.24.309 ʜʘʥʦ ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʘʯʝʩʪʚʘ ʚʦʜʥʳʭ ʤʘʩʩ ʚʦʜʦʪʦʢʦʚ ʠ 

ʚʦʜʦʝʤʦʚ ʧʦ ʟʥʘʯʝʥʠʶ ʫʜʝʣʴʥʦʛʦ ʢʦʤʙʠʥʘʪʦʨʥʦʛʦ ʠʥʜʝʢʩʘ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʧʦ ʨʷʜʫ 

ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɿʜʝʩʴ ʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʜʘʮʠʠ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʵʢʦʩʠʩʪʝʤ 

ʧʦ ʤʝʪʦʜʫ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʨʘʙʦʪʳ [11] 

ʜʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʧʦʩʦʙʦʚ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. 

¶ ʈʘʟʨʘʙʦʪʢʘ ʨʝʛʠʦʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʇɼʂ), 

ʫʯʠʪʳʚʘʶʱʠʭ ʝʩʪʝʩʪʚʝʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʩ ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ ʩʦʜʝʨʞʘʥʠʷ 

ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

¶ ʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʥʦʨʤʘʪʠʚʦʚ ʜʦʧʫʩʪʠʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʅɼɺ), ʘ ʪʘʢʞʝ 
ʵʢʦʣʦʛʠʯʝʩʢʠ ʜʦʧʫʩʪʠʤʳʭ ʫʨʦʚʥʝʡ ʚʦʟʜʝʡʩʪʚʠʷ (ʕɼʋ); 

¶ ʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʥʦʨʤʘʪʠʚʦʚ ʥʘ ʟʘʛʨʷʟʥʝʥʠʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ; 

ʂ ʩʢʘʟʘʥʥʦʤʫ ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʪʦʣʴʢʦ ʦʪʩʫʪʩʪʚʫʶʪ ʦʬʠʮʠʘʣʴʥʦ 

ʫʪʚʝʨʞʜʝʥʥʳʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʇɼʂ, ʥʦ ʠ ʥʝʪ ʇɼʂ ʜʣʷ ʪʘʢʠʭ ʚʘʞʥʝʡʰʠʭ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʢʘʢ 

ʦʙʱʠʡ ʬʦʩʬʦʨ (ʈʦʙ)ɦ ʠ ʦʙʱʠʡ ʘʟʦʪ (Nʦʙ)ɦ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʦʮʝʩʩ ʵʚʪʦʬʠʨʦʚʘʥʠʷ ʚʦʜʦʝʤʦʚ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʘʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʢʘʟʫʩʳ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ, ʥʘʧʨʠʤʝʨ, ʦʪʥʦʩʠʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʨʘʩʯʝʪʘʭ ʅɼɺ ʜʣʷ ʚʦʜʦʩʙʦʨʘ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʚ ʢʘʯʝʩʪʚʝ ʇɼʂ ʧʦ ʈʦʙ ɦ

ʟʥʘʯʝʥʠʡ 160 ʠ 190 ʤʛ/ʣ [8,9] ʙʝʟ ʫʢʘʟʘʥʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʵʪʠʭ ʮʠʬʨ. ʂʘʢ ʟʘʨʫʙʝʞʥʳʝ ʠʩʪʦʯʥʠʢʠ 

[15], ʪʘʢ ʠ ʨʦʩʩʠʡʩʢʠʝ [14] ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʘʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʈʦʙ ɦ ʚ ʚʦʜʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʚʳʩʦʢʦʵʚʪʨʦʬʥʳʤ (ʛʠʧʝʨʵʚʪʨʦʬʥʳʤ) ʚʦʜʥʳʤ ʦʙʲʝʢʪʘʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʘʩʯʝʪʳ ʅɼɺ ʚ 

ʧʨʠʚʝʜʝʥʥʳʭ ʧʨʠʤʝʨʘʭ ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʠʤʝʥʥʦ ʥʘ ʪʘʢʦʡ ʫʨʦʚʝʥʴ ʪʨʦʬʠʠ, ʯʪʦ 

ʥʝʜʦʧʫʩʪʠʤʦ. . ɺ ʢʘʯʝʩʪʚʝ ʘʜʝʢʚʘʪʥʦʡ ʩʠʩʪʝʤʳ ʦʮʝʥʢʠ ʪʨʦʬʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʚʦʜʦʝʤʦʚ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʈʦʙ ɦʩ ʫʯʝʪʦʤ ʛʫʤʫʩʥʦʩʪʠ ʚʦʜʳ, ʯʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʫʩʣʦʚʠʡ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʈʦʩʩʠʠ,  

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʶ, ʧʨʠʚʝʜʝʥʥʫʶ ʚ ʪʘʙʣ.1 [4]. ʈʘʟʫʤʥʦ ʚ ʢʘʯʝʩʪʚʝ ʇɼʂ 

ʚʳʙʠʨʘʪʴ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʈʦʙ ɦʥʠʞʝ ʟʥʘʯʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʚʪʨʦʬʥʦʤʫ ʩʪʘʪʫʩʫ.  
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ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʪʨʦʬʥʦʩʪʠ ʚʦʜ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʈʦʙ ɦ ʩ ʫʯʝʪʦʤ ʛʫʤʫʩʥʦʩʪʠ 

 
 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ  

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ 

ʩʚʷʟʘʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʨʘʟʨʘʙʦʪʢʦʡ, ʚʝʨʠʬʠʢʘʮʠʝʡ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʘʢʪʠʯʝʩʢʠʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʚ ʀʅʆɿ ʈɸʅ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ 

ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩ ʚ ʩʠʩʪʝʤʝ çʘʪʤʦʩʬʝʨʘ ï ʚʦʜʦʩʙʦʨ ï ʚʦʜʦʝʤ - ʜʦʥʥʳʝ 

ʦʪʣʦʞʝʥʠʷè, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʦʩʪʘʚʠʪʴ ʦʩʥʦʚʫ ʩʠʩʪʝʤʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʂ ʠʭ ʯʠʩʣʫ ʦʪʥʦʩʷʪʩʷ: 

¶ ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦ-ʩʪʦʭʘʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʦʢʘ ʠ ʚʥʝʰʥʝʡ ʙʠʦʛʝʥʥʦʡ 

ʥʘʛʨʫʟʢʠ; 

¶ ʄʦʜʝʣʴ ʚʥʫʪʨʝʥʥʝʡ ʥʘʛʨʫʟʢʠ; 

¶ ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʨʘʥʩʧʦʨʪʘ ʥʘʥʦʩʦʚ; 

¶ ʆʜʥʦʤʝʨʥʳʝ ʤʦʜʝʣʠ FLake ʠ FLakeEco ʪʝʨʤʠʯʝʩʢʦʛʦ ʠ ʢʠʩʣʦʨʦʜʥʦʛʦ ʨʝʞʠʤʦʚ ʚʦʜʦʝʤʘ; 

¶ ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ͙  ͔͔ͨͪͤͦͫ͊ ͍͔͚ͪ͊ͫͭͦͪͤͤͦ ͙͔͙ͨͪͣͫΦ 
ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦ-ʩʪʦʭʘʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʦʢʘ ʠ ʚʥʝʰʥʝʡ ʙʠʦʛʝʥʥʦʡ 

ʥʘʛʨʫʟʢʠ ʚʢʣʶʯʘʝʪ ʙʣʦʢ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ ʨʷʜʦʚ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʘ ʚ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʙʣʦʢʠ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʩʪʦʢ ʠ ʚʳʥʦʩ ʧʨʠʤʝʩʝʡ ʩ ʚʦʜʦʩʙʦʨʘ [2,3]. ʀʪʦʛʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʙʦʨ ʢʨʠʚʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʦʜʦʚʳʭ ʟʥʘʯʝʥʠʡ ʩʪʦʢʘ ʠ ʙʠʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. 

ʄʦʜʝʣʴ ʚʥʫʪʨʝʥʥʝʡ ʥʘʛʨʫʟʢʠ ʦʩʥʦʚʘʥʘ ʥʘ ʙʘʣʘʥʩʦʚʦʡ ʩʭʝʤʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʪʦʢʦʚ 

ʭʠʤʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʩʝʜʠʤʝʥʪʘʮʠʠ, ʟʘʭʦʨʦʥʝʥʠʷ ʠ ʧʦʩʪʫʧʣʝʥʠʷ ʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʚʦʜʫ) ʚ 

ʧʦʛʨʘʥʠʯʥʦʡ ʟʦʥʝ çʚʦʜʘ ï ʜʥʦè. ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʫʤʤʘʨʥʳʡ ʧʦʪʦʢ ʩʦ ʜʥʘ, ʬʦʨʤʠʨʫʶʱʠʡʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ʈʘʟʨʘʙʦʪʘʥʳ ʜʚʝ ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʪʦʜʘ ï ʜʣʷ ʢʨʫʧʥʳʭ 

ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʚʦʜʦʝʤʦʚ, ʛʜʝ ʤʘʩʩʦʦʙʤʝʥ ʥʘ ʛʨʘʥʠʮʝ çʚʦʜʘ ï ʜʥʦè ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ 

(ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ) ʫʩʣʦʚʠʷʭ, ʠ ʜʣʷ ʤʝʣʢʦʚʦʜʥʳʭ ʚʦʜʦʝʤʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʘ ʩʝʟʦʥʥʘʷ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʪʦʢʦʚ  [18]. 

ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʨʘʥʩʧʦʨʪʘ ʥʘʥʦʩʦʚ ʦʧʠʩʳʚʘʝʪ ʥʝʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʨʝʯʥʦʡ ʩʪʦʢ ʩ 

ʚʦʜʦʩʙʦʨʘ, ʪʨʘʥʩʧʦʨʪ ʥʘʥʦʩʦʚ ʚ ʨʫʩʣʝ ʨʝʢʠ, ʧʦʩʪʫʧʣʝʥʠʝ ʥʘʥʦʩʦʚ ʚ ʦʟʝʨʦ, ʘ ʪʘʢʞʝ ʛʠʜʨʦʜʠʥʘʤʠʢʫ 

ʚʦʜʦʝʤʘ ʥʘ ʦʩʥʦʚʝ ʜʚʫʤʝʨʥʳʭ ʫʨʘʚʥʝʥʠʡ çʤʝʣʢʦʡ ʚʦʜʳè ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʧʝʨʝʥʦʩʦʤ ʚʟʚʝʰʝʥʥʳʭ 

ʯʘʩʪʠʮ, ʠʭ ʚʟʤʳʚʦʤ ʠ ʧʝʨʝʦʪʣʦʞʝʥʠʝʤ. ʇʦʩʣʝʜʥʝʝ ʩʚʦʡʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ - ʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʦʞʘ ʚʦʜʦʝʤʘ [16] .  

ʄʦʜʝʣʴ FLake ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʦʜʥʦʤʝʨʥʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʛʠʜʨʦʪʝʨʤʦʜʠʥʘʤʠʢʠ ʦʟʝʨʘ. On-line ʚʝʨʩʠʷ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʤʦʜʝʣʠ ʜʣʷ 

ʥʝʢʦʤʤʝʨʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʩʘʡʪʝ http://lakemodel.net/  ʄʦʜʝʣʴ FLakeEco 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

http://lakemodel.net/
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ʢʠʩʣʦʨʦʜʘ ʚ ʧʝʨʠʦʜ ʦʪʢʨʳʪʦʡ ʚʦʜʳ ʠ ʣʝʜʦʩʪʘʚʘ. ʀʜʝʡʥʦ ʠ ʩʪʨʫʢʪʫʨʥʦ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ 

ʤʦʜʝʣʠ FLake, ʢʦʪʦʨʘʷ ʟʜʝʩʴ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʛʠʜʨʦʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʙʣʦʢʘ. ʄʦʜʝʣʴ ʪʘʢʞʝ 

ʚʢʣʶʯʘʝʪ ʧʘʨʘʤʝʪʨʠʟʘʮʠʶ ʬʦʪʦʩʠʥʪʝʟʘ ʬʠʪʦʧʣʘʥʢʪʦʥʘ [17].  

ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʧʝʨʝʥʦʩʘ ʨʘʩʪʚʦʨʝʥʥʦʡ ʧʨʠʤʝʩʠ ʦʩʥʦʚʘʥʘ ʥʘ ʧʦʣʥʦʡ 

ʩʠʩʪʝʤʝ 3-ʭ ʤʝʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʛʠʜʨʦʪʝʨʤʦʜʠʥʘʤʠʢʠ. ɺʦʩʧʨʦʠʟʚʦʜʷʪʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʪʦʧʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʝʤʘ ʠ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʨʝʜʥʝʛʦ 

ʫʨʦʚʥʷ ʚʦʜʦʝʤʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʪʤʦʩʬʝʨʳ ʠ ʤʦʨʷ ʦʧʠʩʳʚʘʝʪʩʷ ʯʝʨʝʟ ʧʦʪʦʢʠ ʠʤʧʫʣʴʩʘ, ʪʝʧʣʘ ʠ 

ʚʣʘʛʠ. ɺʢʣʶʯʘʝʪʩʷ ʤʦʜʝʣʴ ʣʴʜʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ (ʠʟʤʝʥʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʥʘʤʝʨʟʘʥʠʝ, ʪʘʷʥʠʝ) ʚʦ ʣʴʜʫ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ (ʜʚʠʞʝʥʠʝ, ʪʦʨʦʰʝʥʠʝ ʠ ʪ.ʜ.) 

[1]. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʧʨʠʤʝʩʠ ʧʦ ʘʢʚʘʪʦʨʠʠ ʃʘʜʦʛʠ, ʧʦʩʪʫʧʠʚʰʝʡ ʩʦ ʩʪʦʢʦʤ ʨʝʢʠ ɺʦʣʭʦʚ. ʈʘʩʯʝʪʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʟʠʤʥʠʝ ʤʝʩʷʮʳ ʧʨʠ ʥʘʣʠʯʠʠ ʣʴʜʘ ʚʝʣʠʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʧʨʠʤʝʩʠ ʚ 

ʨʘʡʦʥ ʠʩʪʦʢʘ ʅʝʚʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʝ ʧʝʨʝʥʦʩʦʤ ʢ ʚʦʜʦʟʘʙʦʨʘʤ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ. ɺ ʣʝʪʥʠʝ 

ʤʝʩʷʮʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠʤʝʩʠ ʧʨʦʠʩʭʦʜʠʪ ʚʜʦʣʴ ʚʦʩʪʦʯʥʦʛʦ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʭ ʙʝʨʝʛʦʚ, ʯʪʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʝʪ ʝʝ ʧʦʧʘʜʘʥʠʝ ʚ ʙʫʭʪʫ ʇʝʪʨʦʢʨʝʧʦʩʪʴ.  

 

 
ʈʠʩ.2. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠʤʝʩʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ ʩʦ ʩʪʦʢʦʤ ʨʝʢʠ ɺʦʣʭʦʚ, ʚ 

ʨʘʟʣʠʯʥʳʝ ʧʝʨʠʦʜʳ ʩʨʝʜʥʝʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʛʦʜʘ: 1 - ʷʥʚʘʨʴ, 2 - ʤʘʡ, 3 -ʠʶʣʴ , 4 - ʥʦʷʙʨʴ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʚʦʟʤʦʞʥʳʤ ʫʱʝʨʙʦʤ ʜʣʷ ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ ʟʘ ʩʯʝʪ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, 

ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʚʦʜʦʟʘʙʦʨʳ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʥʝ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʦʡ 

ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ʅʘ ʃʘʜʦʞʩʢʦʤ ʦʟʝʨʝ, ʷʚʣʷʶʱʠʤʩʷ ʙʝʟʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʛʦʨʦʜʘ, ʥʝ ʧʨʦʚʦʜʷʪʩʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʦʜʳ, ʦʪʩʫʪʩʪʚʫʝʪ ʤʦʥʠʪʦʨʠʥʛ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʷʚʣʷʶʱʠʭʩʷ ʠʩʪʦʯʥʠʢʦʤ 

ʚʪʦʨʠʯʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. ʀʟ ʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʥʷʪʠʷ ʙʝʟʦʪʣʘʛʘʪʝʣʴʥʳʭ ʤʝʨ ʧʦ 

ʚʳʭʦʜʫ ʠʟ ʩʣʦʞʠʚʰʝʡʩʷ ʢʨʠʟʠʩʥʦʡ ʩʠʪʫʘʮʠʠ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ çʈʘʟʚʠʪʠʝ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ 2012-2020 ʛʦʜʘʭè ʩʦʟʜʘʪʴ ʧʦʜʧʨʦʛʨʘʤʤʫ ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ 

ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʠ ʦʙʝʩʧʝʯʝʥʠʶ ʢʦʥʪʨʦʣʷ ʟʘ ʢʘʯʝʩʪʚʦʤ ʚʦʜʳ ʠ ʩʦʩʪʦʷʥʠʝʤ ʵʢʦʩʠʩʪʝʤʳ ʚ 

ʢʨʫʧʥʝʡʰʝʤ ɽʚʨʦʧʝʡʩʢʦʤ ʦʟʝʨʝ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʝʨʴʝʟʥʘʷ ʥʘʫʯʥʘʷ ʦʩʥʦʚʘ ʜʣʷ ʚʳʭʦʜʘ ʠʟ ʢʨʠʟʠʩʘ 

ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʠ ʜʨʫʛʠʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʈʦʩʩʠʠ. ɼʣʷ ʝʝ 

ʨʝʘʣʠʟʘʮʠʠ ʧʦʪʨʝʙʫʶʪʩʷ ʩʦʚʤʝʩʪʥʳʝ ʫʩʠʣʠʷ ʉʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʋɻʄʉ ʠ ʧʨʦʬʠʣʴʥʳʭ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠʥʩʪʠʪʫʪʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʀʅʆɿ ʈɸʅ, ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʜʜʝʨʞʢʝ 

ʨʝʬʦʨʤʘʮʠʠ ʩʠʩʪʝʤʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʩʦ ʩʪʦʨʦʥʳ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʵʢʦʣʦʛʠʠ. 
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Abstract: The proposals for improving the monitoring of Lake Ladoga in the present conditions 
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ʅɸɺʀɻɸʎʀʆʅʅʆ-ɻʀɼʈʆɻʈɸʌʀʏɽʉʂʆɽ ʆɹɽʉʇɽʏɽʅʀɽ ï ɺɸɾʅʓʁ ʂʆʄʇʆʅɽʅʊ 

ʇʆɺʓʐɽʅʀʗ ʈʆʃʀ ʀ ɿʅɸʏɽʅʀʗ ʊʈɸʅʉʇʆʈʊʅʆʁ ʉʀʉʊɽʄʓ  

ɺʅʋʊʈɽʅʅʀʍ ɺʆɼʅʓʍ ʇʋʊɽʁ 

 

ʂʦʤʘʨʠʮʳʥ ɸʥʘʪʦʣʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ,  

 ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʅʝʩʪʝʨʦʚ ʅʠʢʦʣʘʡ ɸʨʢʘʜʴʝʚʠʯ,  

ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʀʅʆɿ ʈɸʅ 

 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ  ʩʚʷʟʝʡ, ʚʦʜʥʦʛʦ ʪʫʨʠʟʤʘ ʠ 

ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʨʦʣʠ ʠ ʟʥʘʯʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʩʠʩʪʝʤʳ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʝʡ (ɺɺʇ). 

 ʆʪʢʨʳʪʠʝ ɺɺʇ ʜʣʷ ʧʣʘʚʘʥʠʷ ʩʫʜʦʚ ʧʦʜ ʬʣʘʛʘʤʠ ʠʥʦʩʪʨʘʥʥʳʭ ʛʦʩʫʜʘʨʩʪʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ  

ʇʦʩʪʘʥʦʚʣʝʥʠʷʤʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 2008 ʛ. N 85 "ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʇʦʣʦʞʝʥʠʷ ʦ ʧʦʣʫʯʝʥʠʠ 

ʨʘʟʨʝʰʝʥʠʷ ʥʘ ʧʨʘʚʦ ʧʣʘʚʘʥʠʷ ʩʫʜʦʚ ʧʦʜ ʬʣʘʛʦʤ ʠʥʦʩʪʨʘʥʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ʧʦ ʚʥʫʪʨʝʥʥʠʤ 

ʚʦʜʥʳʤ ʧʫʪʷʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ" ʠ  ʦʪ 2012 ʛ. N 472 "ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʇʨʘʚʠʣ ʧʣʘʚʘʥʠʷ ʧʦ 

ʚʥʫʪʨʝʥʥʠʤ ʚʦʜʥʳʤ ʧʫʪʷʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩʧʦʨʪʠʚʥʳʭ ʧʘʨʫʩʥʳʭ ʩʫʜʦʚ ʠ ʧʨʦʛʫʣʦʯʥʳʭ 

ʩʫʜʦʚ ʧʦʜ ʬʣʘʛʘʤʠ ʠʥʦʩʪʨʘʥʥʳʭ ʛʦʩʫʜʘʨʩʪʚ" ʝʱʸ ʦʩʪʨʝʝ ʧʦʩʪʘʚʠʣʦ ʧʨʦʙʣʝʤʫ ʨʘʟʚʠʪʠʷ ʠ 

ʧʦʜʜʝʨʞʘʥʠʷ ʥʘ ʫʨʦʚʥʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʭʦʜʩʪʚʘ ʥʘ ɺɺʇ.  

ɺʘʞʥʳʤʠ ʢʦʤʧʦʥʝʥʪʦʤ  ʵʪʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʥʘʚʠʛʘʮʠʦʥʥʦ-ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʦʚʝʜʝʥʠʝ 

ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʙʦʪ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʩʫʜʦʚʦʜʠʪʝʣʝʡ ʜʦʩʪʦʚʝʨʥʳʤʠ ʙʫʤʘʞʥʳʤʠ ʠ 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʢʘʨʪʘʤʠ. 

ʈʘʟʚʠʪʠʝ ʚʦʜʥʦʛʦ ʪʫʨʠʟʤʘ ʠ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʰʠʨʦʢʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʣʦʤʝʨʥʳʭ ʩʫʜʦʚ. ɺʦʟʤʦʞʥʦʩʪʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦ ʨʘʟʚʠʪʠʶ 

ʤʘʣʦʤʝʨʥʦʛʦ ʬʣʦʪʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠʨʦʜʥʦïʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʝʸ ʠʥʜʫʩʪʨʠʘʣʴʥʳʤ 

ʨʘʟʚʠʪʠʝʤ ʠ ʥʘʣʠʯʠʝʤ ʢʨʫʧʥʳʭ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚ ʥʘ ʙʝʨʝʛʘʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ.  

ɿʥʘʯʠʪʝʣʴʥʳʝ ʧʣʦʱʘʜʠ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʧʦʙʝʨʝʞʴʝ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ (ʌʠʥʩʢʦʛʦ 

ʟʘʣʠʚʘ). ɺ ʦʙʣʘʩʪʠ ʥʘʭʦʜʷʪʩʷ 1800 ʦʟʸʨ. ʇʨʠ ʵʪʦʤ ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʚ ɽʚʨʦʧʝ 

(18,135 ʪʳʩʷʯ ʢʚʘʜʨʘʪʥʳʭ ʢʠʣʦʤʝʪʨʦʚ). ʆʙʱʘʷ ʧʨʦʪʷʞʸʥʥʦʩʪʴ ʚʩʝʭ ʨʝʢ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 50 ʪʳʩʷʯ ʢʠʣʦʤʝʪʨʦʚ. ʂʨʫʧʥʝʡʰʠʤʠ ʨʝʢʘʤʠ ʷʚʣʷʶʪʩʷ ʅʝʚʘ, ʉʚʠʨʴ, ɺʦʣʭʦʚ, 

ɺʫʦʢʩʘ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʨʠʨʦʜʥʳʭ, ʢʫʣʴʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʨʝʜʧʦʩʳʣʦʢ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʨʘʟʚʠʪʠʷ ʪʫʨʠʟʤʘ, ʦʪʜʳʭʘ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ 

ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ, ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. ʕʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ 

ʫʥʠʢʘʣʴʥʳʤ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʧʦʣʦʞʝʥʠʝʤ, ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʜʣʷ ʨʘʟʚʠʪʠʷ ʪʫʨʠʟʤʘ, ʩʘʥʘʪʦʨʥʦʛʦ ʣʝʯʝʥʠʷ ʠ ʦʪʜʳʭʘ, ʥʘʣʠʯʠʝʤ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʝʡ, ʙʦʛʘʪʳʤ 

ʠʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʳʤ ʥʘʩʣʝʜʠʝʤ, ʨʘʟʚʠʪʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʣʦʞʠʚʰʝʡʩʷ ʩʪʨʫʢʪʫʨʳ ʵʢʦʥʦʤʠʢʠ ʚ ʠʥʪʝʨʝʩʘʭ ʩʪʘʥʦʚʣʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʪʫʨʠʟʤʘ ʠ 

ʨʝʢʨʝʘʮʠʠ. 

ʅʘ ʙʝʨʝʛʘʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʥʠʭ ʨʘʩʧʦʣʦʞʝʥʳ 

ʥʘʩʝʣʸʥʥʳʝ ʧʫʥʢʪʳ, ʧʘʤʷʪʥʳʝ ʤʝʩʪʘ, ʦʙʲʝʢʪʳ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʥʘʩʣʝʜʠʷ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʨʨʠʪʦʨʠʡ, ʠʤʝʶʱʠʭ ʙʦʣʴʰʦʝ ʨʝʢʨʝʘʮʠʦʥʥʦʝ ʟʥʘʯʝʥʠʝ. ɻʝʦʧʦʣʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 

ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʱʝʡ ʛʨʘʥʠʮʝʡ ʩ ɽʚʨʦʧʝʡʩʢʠʤ ʉʦʶʟʦʤ. ʉʦʯʝʪʘʥʠʝ ʵʪʠʭ ʫʩʣʦʚʠʡ ʩ ʨʘʟʚʠʪʦʡ 

ʩʝʪʴʶ ʥʘʟʝʤʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʦʧʨʝʜʝʣʷʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʫʨʠʩʪʩʢʦ-ʵʢʩʢʫʨʩʠʦʥʥʦʛʦ ʠ 

ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʤʘʣʦʤʝʨʥʦʛʦ ʬʣʦʪʘ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʤʘʣʦʤʝʨʥʳʭ ʩʫʜʦʚ ʠ ʦʙʲʝʢʪʦʚ 

ʙʘʟʠʨʦʚʘʥʠʷ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʨʦʩʪʝ ʢʦʣʠʯʝʩʪʚʘ ʤʘʣʦʤʝʨʥʳʭ ʩʫʜʦʚ ʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʦʙʲʝʢʪʦʚ ʙʘʟʠʨʦʚʘʥʠʷ. ɺʤʝʩʪʝ ʩ 
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ʪʝʤ, ʠʤʝʝʪ ʤʝʩʪʦ ʧʦʚʳʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʦʙʲʝʢʪʘʤ ʙʘʟʠʨʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʢ ʫʨʦʚʥʶ 

ʥʘʚʠʛʘʮʠʦʥʥʦ-ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʩʦʧʫʪʩʪʚʫʶʱʝʤʫ ʩʝʨʚʠʩʫ ʩʦ ʩʪʦʨʦʥʳ ʚʣʘʜʝʣʴʮʝʚ 

ʤʘʣʦʤʝʨʥʦʛʦ ʬʣʦʪʘ.  

ʇʨʠʥʷʪʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʨ ʧʦ ʥʘʚʠʛʘʮʠʦʥʥʦ - ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʤʘʣʦʤʝʨʥʦʛʦ 

ʬʣʦʪʘ ʠ ʦʙʲʝʢʪʦʚ ʙʘʟʠʨʦʚʘʥʠʷ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʩʪʘʥʝʪ ʦʜʥʦʡ ʠʟ ʛʘʨʘʥʪʠʡ ʙʝʟʦʧʘʩʥʦʛʦ ʧʣʘʚʘʥʠʷ ʠ 

ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʨʝʛʠʦʥʘ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤ, ʪʫʨʠʩʪʠʯʝʩʢʦʤ ʠ 

ʨʝʢʨʝʘʮʠʦʥʥʦʤ ʦʪʥʦʰʝʥʠʷʭ. 

ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ˉ 587 ʦʪ 20.08.2001ʛ. ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʩʦʟʜʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʢʘʨʪ 

ʠ ʙʘʟ ʜʘʥʥʳʭ ʜʣʷ ʥʘʚʠʛʘʮʠʦʥʥʦ-ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ɺɺʇ ʈʦʩʩʠʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʚʩʝʭ ɺɺʇ ʠ 

ʦʪʜʝʣʴʥʳʭ ʨʝʢ ʠ ʦʟʝʨ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʢʦʩʥʫʣʦʩʴ ʵʪʦ ʧʦʩʪʘʥʦʚʣʝʥʠʝ. ʅʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʢʘʟʳʚʘʪʴ 

ʚʘʞʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʮʝʣʷʭ ʵʢʦʥʦʤʠʢʠ ʦʙʣʘʩʪʠ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʣʘʚʘʥʠʷ ʤʘʣʦʤʝʨʥʳʭ ʩʫʜʦʚ ʠ ʷʭʪ, ʨʘʟʚʠʪʠʷ ʚʦʜʥʦʛʦ ʪʫʨʠʟʤʘ, ʩʦʟʜʘʥʠʷ ʟʦʥ ʦʪʜʳʭʘ ʥʘ ʙʝʨʝʛʘʭ 

ʚʦʜʦʸʤʦʚ, ʨʝʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʠ ʪ.ʜ. 

ɺʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ - ʩʪʘʨʝʡʰʠʡ ʠʟ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ ʚ ʦʙʣʘʩʪʠ. ʇʦ ʝʸ ʤʘʣʳʤ ʨʝʢʘʤ ʠ ʦʟʸʨʘʤ - 

ʧʨʦʩʝʣʦʯʥʳʤ ʚʦʜʥʳʤ ʜʦʨʦʛʘʤ ʚ ʙʳʣʳʝ ʚʨʝʤʝʥʘ ʧʝʨʝʤʝʱʘʣʠʩʴ ʩʫʜʘ ʠ ʙʘʨʞʠ, ʧʝʨʝʚʦʟʠʚʰʠʤʠ ʧʘʩʩʘʞʠʨʦʚ ʠ 

ʛʨʫʞʝʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʪʦʚʘʨʘʤʠ. ʍʘʨʘʢʪʝʨʥʳʤ ʧʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʝʢʘ ʈʦʩʩʦʥʴ. ɺ ʥʘʯʘʣʝ XX ʚʝʢʘ 

ʥʘ ʥʝʡ ʨʘʙʦʪʘʣʠ ʧʘʨʦʭʦʜʳ çʈʝʡʥè, çʄʘʡè, ʚʦʜʦʠʟʤʝʱʝʥʠʝʤ 59 ʪʦʥʥ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. ɺ ʩʦʚʝʪʩʢʠʡ ʧʝʨʠʦʜ ʩ 

1950 ʧʦ 1974 ʛʦʜ ʙʳʣʦ ʚʦʟʦʙʥʦʚʣʝʥʦ ʩʦʦʙʱʝʥʠʝ ʥʘ ʨʝʢʝ ʪʝʧʣʦʭʦʜʘʤʠ çɹʳʩʪʨʳʡè ʠ çʄʦʩʢʚʠʯè, ʢʦʪʦʨʳʝ 

ʜʝʣʘʣʠ ʦʩʪʘʥʦʚʢʫ ʚ 13 ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ! ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʘʩʧʦʨʷʞʝʥʠʝʤ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʨʝʢʘ ʈʦʩʩʦʥʴ ʦʪʥʝʩʝʥʘ ʢ ʚʥʫʪʨʝʥʥʠʤ ʚʦʜʥʳʤ ʧʫʪʷʤ, ʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ ʥʝ ʨʘʟʚʠʪ, ʚʦʜʥʳʡ 

ʪʫʨʠʟʤ ʠ ʨʝʛʫʣʷʨʥʦʝ ʩʦʦʙʱʝʥʠʝ ʦʪʩʫʪʩʪʚʫʶʪ. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʠ ʩʦ ʤʥʦʛʠʤʠ ʜʨʫʛʠʤʠ ʚʦʜʦʝʤʘʤʠ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. ʆʜʥʦʡ ʠʟ ʦʯʝʚʠʜʥʳʭ ʧʨʠʯʠʥ ʥʝʨʝʰʸʥʥʦʩʪʠ ʵʪʦʡ ʧʨʦʙʣʝʤʳ - ʦʪʩʫʪʩʪʚʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʢʘʨʪ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʦʩʣʝʜʥʠʡ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʥʘ ʩʠʩʪʝʤʫ ʦʟʝʨ ɺʫʦʢʩʘ 

ʜʘʪʠʨʫʝʪʩʷ 1938ʛ. 

ʇʦ ʦʙʠʣʠʶ ʚʦʜ ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ ʟʘʥʠʤʘʝʪ ʦʜʥʦ ʠʟ ʧʝʨʚʳʭ ʤʝʩʪ ʚ ʤʠʨʝ. ɺ ʦʙʣʘʩʪʠ ʨʘʟʚʸʨʥʫʪʦ 

ʰʠʨʦʢʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʨʩʢʠʭ ʧʦʨʪʦʚ. ʄʥʦʛʠʝ ʨʝʢʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʪʨʘʥʟʠʪʥʳʤʠ ʘʨʪʝʨʠʷʤʠ 

ʧʦ ʧʝʨʝʚʦʟʢʝ ʛʨʫʟʦʚ ʠʟ ʵʪʠʭ ʧʦʨʪʦʚ ʨʝʯʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ. 

ʉʝʛʦʜʥʷ ʤʘʣʦʤʝʨʥʳʡ ʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʝʛʦ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ ʨʘʩʪʝʪ ʢʦʣʠʯʝʩʪʚʦ ʣʠʯʥʳʭ ʢʘʪʝʨʦʚ ʠ ʷʭʪ. ʋʞʝ ʠʤʝʝʪʩʷ 

ʨʘʟʨʝʰʝʥʠʝ ʜʣʷ ʟʘʨʫʙʝʞʥʳʭ ʣʶʙʠʪʝʣʝʡ ʦʪʜʳʭʘ ʥʘ ʚʦʜʝ ʧʫʪʝʰʝʩʪʚʦʚʘʪʴ ʧʦ ʥʘʰʠʤ ʨʝʢʘʤ ʠ ʦʟʸʨʘʤ. 

ɺʩʸ ʵʪʦ ʥʘʩʪʦʷʪʝʣʴʥʦ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦ 

ʩʦʟʜʘʥʠʶ ʢʘʨʪ ʠ ʦʧʠʩʘʥʠʡ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʘʪʣʘʩ ɺɺʇ, ʨʝʢ ʠ ʦʟʝʨ ʉʝʚʝʨʦ-ʟʘʧʘʜʘ. ʊʘʢʦʡ 

ʘʪʣʘʩ ʩʪʘʥʝʪ ʚʘʞʥʳʤ ʜʦʢʫʤʝʥʪʦʤ ʧʦ ʚʦʧʨʦʩʘʤ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʦ-

ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʣʘʚʘʥʠʷ, ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʚʝʜʝʥʠʷ ʧʫʪʝʚʳʭ, ʜʥʦʫʛʣʫʙʠʪʝʣʴʥʳʭ ʠ 

ʨʫʩʣʦʦʯʠʩʪʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʭʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʩʧʨʘʚʦʯʥʦʛʦ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʨʝʰʝʥʠʠ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʠʥʳʭ ʥʘʫʯʥʳʭ, 

ʫʯʝʙʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʪʫʨʠʟʤʘ ʠ ʜʨʫʛʦʡ ʨʝʢʨʝʘʮʠʦʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʉʪʨʫʢʪʫʨʥʦ ʘʪʣʘʩ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʘʨʪʳ ʨʝʢ ʠ 

ʦʟʸʨ ʠ ʨʘʟʜʝʣʳ ʧʦʩʚʷʱʝʥʥʳʝ ʥʘʚʠʛʘʮʠʦʥʥʦ-ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʤʫ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤʫ ʦʧʠʩʘʥʠʷʤ. ɺ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʤ ʦʯʝʨʢʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʚʝʩʪʠ ʩʚʝʜʝʥʠʷ ʦʙ ʫʩʣʦʚʠʷʭ ʧʣʘʚʘʥʠʷ ʩʫʜʦʚ ʚ 

ʧʝʨʠʦʜ ʥʘʚʠʛʘʮʠʠ. ɺ ʘʪʣʘʩʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʝʟʦʥʦʚ 

ʥʘʚʠʛʘʮʠʠ. ʇʨʠʚʝʜʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʪʝʯʝʥʠʷʭ, ʚʦʣʥʝʥʠʠ, ʪʝʤʧʝʨʘʪʫʨʝ,  ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʮʚʝʪʝ ʚʦʜʳ, 

ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʪʫʤʘʥʘʭ, ʚʠʜʠʤʦʩʪʠ ʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʥʘʙʣʶʜʘʝʤʦʩʪʠ.  

ɺ ʘʪʣʘʩʝ ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʜʘʪʴ ʦʧʠʩʘʥʠʝ: 

-ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ;  

- ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʚʦʜʳ, ʩʚʷʟʘʥʳʭ ʚ ʦʩʥʦʚʥʦʤ ʩʦ ʩʛʦʥʥʦ-ʥʘʛʦʥʥʳʤʠ ʷʚʣʝʥʠʷʤʠ; 

- ʦʧʠʩʘʥʠʝ ʙʝʨʝʛʦʚ  ʨʝʢ ʠ ʦʟʸʨ, ʠ ʦʩʪʨʦʚʦʚ, ʦʤʳʚʘʝʤʳʭ ʠʤʠ; 

- ʣʝʜʦʚʦʛʦ ʨʝʞʠʤʘ. 

ɺ ʦʙʱʝʤ, ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʦʟʜʘʥʠʶ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʚ ʥʘʚʠʛʘʮʠʦʥʥʦ-

ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʦʙʝʩʧʝʯʝʥʠʷ ʩʫʜʦʭʦʜʩʪʚʘ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʤʘʨʰʨʫʪʦʚ (ʬʘʨʚʘʪʝʨʦʚ, 

ʩʫʜʦʚʳʭ ʭʦʜʦʚ ʠ ʢʘʥʘʣʦʚ), ʦʯʝʚʠʜʥʦ, ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ: 
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1. ʇʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʡ ʠʟʫʯʝʥʥʦʩʪʠ ʘʢʚʘʪʦʨʠʡ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʩʨʝʜʩʪʚ 
ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʳʜʘʯʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʦʯʝʨʸʜʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʅɻʆ. 

2. ʇʨʦʠʟʚʦʜʩʪʚʦ ʢʦʤʧʣʝʢʩʘ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʙʦʪ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʦʚʳʭ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʭ 

ʛʘʙʘʨʠʪʦʚ ʩʫʜʦʚʳʭ ʭʦʜʦʚ ʠ ʬʘʨʚʘʪʝʨʦʚ ʧʦ ʝʩʪʝʩʪʚʝʥʥʳʤ ʛʣʫʙʠʥʘʤ. 

3. ʇʨʦʠʟʚʦʜʩʪʚʦ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʙʦʪ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʦʤ ʘʢʚʘʪʦʨʠʡ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʧʨʠʙʨʝʞʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

4. ʇʨʠʚʝʜʝʥʠʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʫʨʦʚʝʥʴ ʩʦʚʨʝʤʝʥʥʦʩʪʠ (ʢʦʨʨʝʢʪʫʨʘ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 
ʠ ʜʨʫʛʠʭ ʢʘʨʪ ʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʦʩʦʙʠʡ). 

5. ʈʝʘʣʠʟʘʮʠʷ ʢʘʨʪ ʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʦʩʦʙʠʡ ʩ ʜʦʚʝʜʝʥʠʝʤ ʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ, ʜʦʚʝʜʝʥʠʝ 
ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʦ ʚʩʝʭ ʩʫʜʦʚʦʜʠʪʝʣʝʡ. 

6. ʇʨʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʨʘʙʦʪ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʉʅʆ. 

7. ʉʦʟʜʘʥʠʝ ʬʦʨʤʫʣʷʨʦʚ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʚ ʥʘʚʠʛʘʮʠʦʥʥʦ-ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʤʝʩʪ 

ʩʪʦʷʥʢʠ ʤʘʣʦʤʝʨʥʳʭ ʩʫʜʦʚ, ʬʦʨʤʫʣʷʨʦʚ ʟʦʥ ʦʪʜʳʭʘ ʥʘ ʚʦʜʝ ʠ ʤʘʨʰʨʫʪʦʚ ʚʦʜʥʦʛʦ ʪʫʨʠʟʤʘ. 

ʂʦʤʧʣʝʢʩ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦʟʚʦʣʠʪ ʚ ʢʦʨʦʪʢʠʡ ʩʨʦʢ: 

- ʩʦʟʜʘʪʴ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʵʬʬʝʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʚʢʣʶʯʘʷ ʩʫʜʘ ʧʦʜ 

ʬʣʘʛʘʤʠ ʠʥʦʩʪʨʘʥʥʳʭ ʛʦʩʫʜʘʨʩʪʚ, ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʝʡ ʚ ʙʫʤʘʞʥʦʡ ʠ ʮʠʬʨʦʚʦʡ ʬʦʨʤʘʭ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʩʪʘʥʜʘʨʪʘʤ; 

- ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʭʦʜʩʪʚʘ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʥʳʭ ʧʫʪʷʭ; 

- ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʶʜʞʝʪʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʨʝʰʝʥʠʷ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ 

ʧʨʦʙʣʝʤ ʫʣʫʯʰʝʥʠʷ ʩʫʜʦʭʦʜʩʪʚʘ; 

- ʧʝʨʝʡʪʠ ʥʘ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʘʥʘʣʦʛʦʚʦʡ ʠ ʮʠʬʨʦʚʦʡ 

ʬʦʨʤʝ, ʫʜʦʙʥʦʡ ʜʣʷ ʝʸ ʧʦʜʜʝʨʞʘʥʠʷ ʥʘ ʫʨʦʚʥʝ ʩʦʚʨʝʤʝʥʥʦʩʪʠ; 

- ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʧʝʨʝʠʟʜʘʥʠʷ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʨʠʚʣʝʯʴ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʚʥʝʙʶʜʞʝʪʥʳʝ 

ʩʨʝʜʩʪʚʘ, ʧʦʣʫʯʘʝʤʳʝ ʦʪ ʨʝʘʣʠʟʘʮʠʠ. 

ʇʨʠʚʣʝʯʝʥʠʝ ʢ ʨʘʙʦʪʘʤ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʯʘʩʪʥʳʭ ʧʦʜʨʷʜʯʠʢʦʚ ʩ ʨʘʟʚʠʪʳʤʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ 

ʤʦʱʥʦʩʪʷʤʠ ʠ ʦʧʳʪʦʤ ʨʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ ʢʘʨʪʦʛʨʘʬʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʭʦʜʩʪʚʘ ʧʦʟʚʦʣʠʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʦʙʲʝʤ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ ʚ ʩʦʟʜʘʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʠ 

ʫʤʝʥʴʰʠʪʴ ʨʘʩʭʦʜʳ ʥʘ ʧʦʜʙʦʨ, ʦʙʫʯʝʥʠʝ ʠ ʧʦʜʛʦʪʦʚʢʫ ʢʘʜʨʦʚ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʧʨʝʜʣʘʛʘʝʪʩʷ: 

1. ʈʘʩʩʤʦʪʨʝʪʴ ʚʦʧʨʦʩ ʦ ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ɺɺʇ, ʨʝʢʠ ʠ 

ʦʟʝʨʘ ʦʙʣʘʩʪʠ (ɸʪʣʘʩʘ ɺɺʇ, ʨʝʢ ʠ ʦʟʝʨ). 

2. ʇʨʦʠʟʚʝʩʪʠ ʨʘʙʦʪʳ ʧʦ ʦʙʦʙʱʝʥʠʶ ʠʤʝʶʱʝʡʩʷ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʠ 
ʠʟʜʘʥʠʷ ɸʪʣʘʩʘ ɺɺʇ. ɺ ɸʪʣʘʩʝ ʢʨʦʤʝ ʢʘʨʪ ʠ ʦʧʠʩʘʥʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʢʣʶʯʠʪʴ ʠʟʚʣʝʯʝʥʠʷ ʠʟ 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʦʨʤʘʪʠʚʥʳʭ ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ, ʧʨʘʚʠʣ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʜʦʭʦʜʩʪʚʘ ʠ ʜʨʫʛʠʝ ʥʝʦʙʭʦʜʠʤʳʝ ʩʫʜʦʚʦʜʠʪʝʣʷʤ ʩʚʝʜʝʥʠʷ.  

3. ʆʙʝʩʧʝʯʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʧʦ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ɺɺʇ, ʨʝʢ ʠ ʦʟʝʨ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ (ʩʪʦʷʥʢʠ, ʟʘʧʨʘʚʢʠ ʪʦʧʣʠʚʦʤ, ʤʝʜʧʫʥʢʪʳ, 

ʛʦʩʪʠʥʠʮʳ, ʧʫʥʢʪʳ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ), ʟʦʥʘʭ ʦʪʜʳʭʘ ʥʘ ʚʦʜʝ, ʤʘʨʰʨʫʪʘʭ ʚʦʜʥʦʛʦ ʪʫʨʠʟʤʘ. 

4. ʇʦʜʛʦʪʦʚʠʪʴ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʥʘʚʠʛʘʮʠʦʥʥʦ-ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʩʫʜʦʭʦʜʩʪʚʘ ʥʘ 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʧʫʪʷʭ, ʬʘʨʚʘʪʝʨʘʭ ʠ ʢʘʥʘʣʘʭ. ʆʙʝʩʧʝʯʠʪʴ ʧʨʠʚʝʜʝʥʠʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʦʩʦʙʠʡ ʥʘ ʫʨʦʚʝʥʴ ʩʦʚʨʝʤʝʥʥʦʩʪʠ. 

5. ʇʦʜʛʦʪʦʚʠʪʴ ʠ ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʚʳʷʚʣʝʥʠʶ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʭ ʛʘʙʘʨʠʪʦʚ 
ʩʫʜʦʚʳʭ ʭʦʜʦʚ ʧʦ ʝʩʪʝʩʪʚʝʥʥʳʤ ʛʣʫʙʠʥʘʤ. ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʦʝʢʪ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʩʨʝʜʩʪʚ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ɺɺʇ, ʨʝʢʘʭ ʠ ʦʟʝʨʘʭ. 

6. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʟʦʥʳ ʦʪʜʳʭʘ ʠ ʤʘʨʰʨʫʪʳ 
ʚʦʜʥʦʛʦ ʪʫʨʠʟʤʘ ʥʘ ʨʝʢʘʭ ʠ ʦʟʝʨʘʭ. ʇʦʜʛʦʪʦʚʠʪʴ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʠʭ ʨʘʟʚʠʪʠʶ ʠ ʥʘʚʠʛʘʮʠʦʥʥʦ-

ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʚʦʜʥʦʛʦ ʪʫʨʠʟʤʘ ʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

7. ʈʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ ʨʝʘʣʠʟʘʮʠʠ ʢʘʨʪ ʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʦʩʦʙʠʡ ʩ ʜʦʚʝʜʝʥʠʝʤ ʜʦ ʢʦʥʝʯʥʦʛʦ 
ʧʦʪʨʝʙʠʪʝʣʷ. 

8. ʉʦʟʜʘʪʴ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʢʦʤʠʪʝʪ ʩ ʫʯʘʩʪʠʝʤ ʚʝʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʈʘʟʨʘʙʦʪʘʪʴ 

ʧʣʘʥ ʥʘʚʠʛʘʮʠʦʥʥʦ-ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʧʨʦʚʝʩʪʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʙʦʪ ʠ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ɺɺʇ. 
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ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʦʠʩʪʠʥʝ ʚʘʞʥʦʡ ʜʣʷ ʦʙʣʘʩʪʠ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʣʝʯʴ ʩʠʣʳ ʠ ʩʨʝʜʩʪʚʘ ʥʘʫʯʥʳʭ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʨʘʟʣʠʯʥʳʭ ʚʝʜʦʤʩʪʚ ʚʝʜʫʱʠʭ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ, ʠʤʝʶʱʠʭ 

ʙʦʣʴʰʦʡ ʦʧʳʪ ʨʘʙʦʪ ʧʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʶ ʠ ʥʘʚʠʛʘʮʠʦʥʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ ʤʦʨʩʢʠʭ ʘʢʚʘʪʦʨʠʡ, ʨʝʢ, ʦʟʝʨ 

ʠ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʦʝʤʦʚ. 
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ʋɼʂ 574.5 

 

ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ʕʂʆʉʀʉʊɽʄʓ ʃɸɼʆɾʉʂʆɻʆ ʆɿɽʈɸ ʀ 

ʊɽʅɼɽʅʎʀʀ ɽɽ ʀɿʄɽʅɽʅʀʗ ɺ ʂʆʅʎɽ XX - ʅɸʏɸʃɽ XXI ɺɽʂʆɺ 

 

ɽʚʛʝʥʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ʂʫʨʘʰʦʚ,  

ʜ.ʙ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʛʠʜʨʦʙʠʦʣʦʛʠʠ, 

ʀʅʆɿ ʈɸʅ 

E-mail: evgeny_kurashov@mail.ru; 

ʃʘʨʠʩʘ ʃʝʦʥʠʜʦʚʥʘ ʂʘʧʫʩʪʠʥʘ,  

ʢ.ʙ.ʥ., ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ,  

ʀʅʆɿ ʈɸʅ 

E-mail: larisa.kapustina@mail.ru; 

ʄʘʨʠʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ɹʘʨʙʘʰʦʚʘ,  

ʢ.ʙ.ʥ., ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ,  

ʀʅʆɿ ʈɸʅ 

E-mail: mbarba@mail.ru; 

ɼʠʥʘ ʉʝʨʛʝʝʚʥʘ ɼʫʜʘʢʦʚʘ,  

ʢ.ʙ.ʥ., ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ,  

ʀʅʆɿ ʈɸʅ 

E-mail: judina-d@yandex.ru; 

ɻʘʣʠʥʘ ɻʝʥʥʘʜʴʝʚʥʘ ʄʠʪʨʫʢʦʚʘ,  

ʢ.ʙ.ʥ., ʤʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ,  

ʀʅʆɿ ʈɸʅ 

E-mail: galya-21@mail.ru; 

ɽʣʝʥʘ ɺʠʢʪʦʨʦʚʥʘ ʇʨʦʪʦʧʦʧʦʚʘ,  

ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ,  

ʀʅʆɿ ʈɸʅ 

E-mail: ephyto@mail.ru; 

ʅʘʪʘʣʴʷ ɺʣʘʜʠʤʠʨʦʚʥʘ ʈʦʜʠʦʥʦʚʘ,  

ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ,  

ʀʅʆɿ ʈɸʅ 

E-mail: nleptodora@gmail.com; 

ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ʀʦʬʠʥʘ,  

ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ,  

ʀʅʆɿ ʈɸʅ 

E-mail: irinaio@yandex.ru 

 

ɸʥʥʦʪʘʮʠʷ: ʈʝʛʫʣʷʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʙʱʝʩʪʚ (ʬʠʪʦʧʣʘʥʢʪʦʥ, 

ʚʦʜʥʳʝ ʛʨʠʙʳ, ʙʘʢʪʝʨʠʦʧʣʘʥʢʪʦʥ, ʟʦʦʧʣʘʥʢʪʦʥ, ʤʘʢʨʦ- ʠ ʤʝʡʦʙʝʥʪʦʩ) ʦʪʢʨʳʪʦʡ ʘʢʚʘʪʦʨʠʠ 

ʢʨʫʧʥʝʡʰʝʛʦ ʚ ɽʚʨʦʧʝ ʦʟʝʨʘ ʃʘʜʦʞʩʢʦʛʦ ʚʳʷʚʠʣʠ ʦʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʵʢʦʩʠʩʪʝʤʳ 

ʚ ʢʦʥʮʝ XX - ʥʘʯʘʣʝ XXI ʚʝʢʦʚ. ɺ ʮʝʣʦʤ, ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʟʝʨʘ ʤʦʞʝʪ ʙʳʪʴ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʢʘʢ ʙʣʘʛʦʧʨʠʷʪʥʦʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ, ʬʠʪʦʧʣʘʥʢʪʦʥ, ʚʦʜʥʳʝ ʛʨʠʙʳ, ʙʘʢʪʝʨʠʦʧʣʘʥʢʪʦʥ, 

ʟʦʦʧʣʘʥʢʪʦʥ, ʤʘʢʨʦʟʦʦʙʝʥʪʦʩ, ʤʝʡʦʟʦʦʙʝʥʪʦʩ 

 

ɺʚʝʜʝʥʠʝ 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʢʘʢ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʛʠʜʨʦʙʠʦʥʪʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʤʝʥʷʶʱʝʛʦʩʷ ʢʣʠʤʘʪʘ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʥʘʫʯʥʦʡ ʟʘʜʘʯʝʡ. ʆʩʦʙʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʩʝʛʦ ʨʝʛʠʦʥʘ ʉʝʚʝʨʦ-ɿʘʧʘʜʘ ʠʤʝʝʪ ʢʨʫʧʥʝʡʰʝʝ ʚ ɽʚʨʦʧʝ ʦʟʝʨʦ ʃʘʜʦʞʩʢʦʝ. 

ʄʦʥʠʪʦʨʠʥʛ ʝʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʨʝʰʝʥʠʷ ʩʘʤʳʭ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʟʘʜʘʯ ʥʘʫʯʥʦʛʦ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ.  

mailto:evgeny_kurashov@mail.ru
mailto:larisa.kapustina@mail.ru
mailto:mbarba@mail.ru
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ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʤʝʯʘʚʰʫʶʩʷ ʫʞʝ ʥʝʢʦʪʦʨʫʶ ʩʪʘʙʠʣʠʟʘʮʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ 

ʃʘʜʦʞʩʢʦʤ ʦʟʝʨʝ[1], ʧʨʦʙʣʝʤʘ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʝʛʦ ʚʦʜʳ ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ʋʧʨʘʚʣʝʥʠʝ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʥʝʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʨʘʙʦʪ 

ʥʘ ʦʟʝʨʝ.  

ʀʟʤʝʥʝʥʠʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʙʱʝʩʪʚʘʭ ʦʟʝʨʘ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʧʨʦʠʩʭʦʜʠʣʠ ʥʘʯʠʥʘʷ ʩ 

ʧʦʩʣʝʜʥʝʡ ʪʨʝʪʠ  ʍʍ ʚʝʢʘ, ʚʦ ʤʥʦʛʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ. ʆʜʥʘʢʦ, 

ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʧʨʠʨʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʙʫʜʫʪ ʧʨʦʜʦʣʞʘʪʴ ʦʩʪʘʚʘʪʴʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʙʠʦʮʝʥʦʟʦʚ ʦʟʝʨʘ. ʕʪʦ ʩʣʝʜʫʝʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʷʚʣʷʷʩʴ 

ʦʛʨʦʤʥʳʤ ʛʣʫʙʦʢʦʚʦʜʥʳʤ ʚʦʜʦʝʤʦʤ ʩ ʚʝʩʴʤʘ ʟʘʤʝʜʣʝʥʥʳʤ ʚʦʜʦʦʙʤʝʥʦʤ, ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ ʧʦ 

ʧʨʠʨʦʜʝ ʩʚʦʝʡ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ɻʦʤʝʦʩʪʘʟ ʦʟʝʨʥʦʡ 

ʵʢʦʩʠʩʪʝʤʳ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʚʥʫʪʨʝʥʥʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʩʦʦʙʱʝʩʪʚ 

ʛʠʜʨʦʙʠʦʥʪʦʚ, ʯʪʦ ʚ ʮʝʣʦʤ ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʙʠʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʦʟʝʨʥʦʡ ʙʠʦʪʳ.  

ʍʘʨʘʢʪʝʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʦʦʙʱʝʩʪʚ ʛʠʜʨʦʙʠʦʥʪʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ 

ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʟʦʥʘʭ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʠʩʪʦʯʥʠʢʘʤ ʧʦʚʳʰʝʥʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʥʘʛʨʫʟʢʠ [2]. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʚʠʪʠʷ ʚʦʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 

ʥʘʜʝʞʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʡ ʩʨʝʜʳ.  

ʇʨʦʚʦʜʠʤʳʝ ʚ ʀʥʩʪʠʪʫʪʝ ʦʟʝʨʦʚʝʜʝʥʠʷ ʈɸʅ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʙʠʦʪʠʯʝʩʢʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʵʢʦʩʠʩʪʝʤʳ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʬʘʢʪʦʨʦʚ ʚ ʫʩʣʦʚʠʷʭ ʤʝʥʷʶʱʝʛʦʩʷ ʢʣʠʤʘʪʘ ʧʦ ʩʚʦʝʡ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʠʤʝʶʪ ʤʘʣʦ ʘʥʘʣʦʛʦʚ ʩʨʝʜʠ 

ʣʠʤʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʥʦʚʝʡʰʠʭ ʜʘʥʥʳʭ ʧʦ ʚʩʝʤ ʦʩʥʦʚʥʳʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ 

ʩʦʦʙʱʝʩʪʚʘʤ ʦʟʝʨʘ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʠʤʝʶʱʠʤʠʩʷ ʤʥʦʛʦʣʝʪʥʠʤʠ ʨʷʜʘʤʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʟʝʨʘ ʠ ʪʝʥʜʝʥʮʠʠ ʝʛʦ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ.  

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ 

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʥʘʩʪʦʷʱʝʡ ʧʫʙʣʠʢʘʮʠʠ ʧʦʩʣʫʞʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʳʭ ʨʝʛʫʣʷʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʙʱʝʩʪʚ (ʬʠʪʦʧʣʘʥʢʪʦʥ, ʙʘʢʪʝʨʠʦʧʣʘʥʢʪʦʥ, ʚʦʜʥʳʝ 

ʛʨʠʙʳ, ʟʦʦʧʣʘʥʢʪʦʥ, ʤʘʢʨʦ- ʠ ʤʝʡʦʙʝʥʪʦʩ), ʢʨʫʧʥʝʡʰʝʛʦ ʚ ɽʚʨʦʧʝ ʦʟʝʨʘ ʃʘʜʦʞʩʢʦʛʦ, ʧʦʣʫʯʝʥʥʳʝ 

ʚ ʧʝʨʠʦʜ ʩ ʥʘʯʘʣʘ 90-ʭ ʛʦʜʦʚ XX ʚʝʢʘ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʩʦʦʙʱʝʩʪʚ ʛʠʜʨʦʙʠʦʥʪʦʚ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ 

ʠʟʜʘʥʠʷʭ [2, 3]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʈʝʛʫʣʷʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʙʱʝʩʪʚ (ʬʠʪʦʧʣʘʥʢʪʦʥ, 

ʙʘʢʪʝʨʠʦʧʣʘʥʢʪʦʥ, ʚʦʜʥʳʝ ʛʨʠʙʳ, ʟʦʦʧʣʘʥʢʪʦʥ, ʤʘʢʨʦ- ʠ ʤʝʡʦʙʝʥʪʦʩ) ʦʪʢʨʳʪʦʡ ʘʢʚʘʪʦʨʠʠ 

ʢʨʫʧʥʝʡʰʝʛʦ ʚ ɽʚʨʦʧʝ ʦʟʝʨʘ ʃʘʜʦʞʩʢʦʛʦ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʵʢʦʩʠʩʪʝʤʳ ʚ 

ʧʦʩʣʝʜʥʝʡ ʪʨʝʪʠ 20-ʛʦ ʠ ʥʘʯʘʣʝ 21-ʛʦ ʚʝʢʦʚ ʥʦʩʠʪ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ 70-ʭ ʠ 80-ʭ ʛʦʜʘʭ 

ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʣʦʩʴ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʵʚʪʨʦʬʠʨʦʚʘʥʠʝ ʦʟʝʨʘ. ɿʘʢʦʥʦʤʝʨʥʳʤ ʟʘʚʝʨʰʝʥʠʝʤ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʩʪʘʣʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚʩʝʡ ʦʟʝʨʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʚ ʙʦʣʝʝ ʪʨʦʬʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʜʦʩʪʠʞʝʥʠʝ 

ʤʝʟʦʪʨʦʬʥʦʛʦ ʩʪʘʪʫʩʘ) ʪʦʣʴʢʦ ʢ ʢʦʥʮʫ 20-ʛʦ ʚʝʢʘ ʠ ʜʝʩʪʘʙʠʣʠʟʘʮʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʵʢʦʩʠʩʪʝʤʳ [4], ʯʪʦ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʦʩʦʙʝʥʥʦ ʥʘʛʣʷʜʥʦ ʧʦ ʠʟʤʝʥʝʥʠʶ ʤʝʡʦʙʝʥʪʦʩʘ ʦʪʢʨʳʪʦʡ 

ʟʦʥʳ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ [5]. ʇʝʨʠʦʜ ʵʢʦʩʠʩʪʝʤʥʦʡ ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ (1998-2004 ʛʛ) ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʧʨʦʬʫʥʜʘʣʴʥʳʭ ʙʠʦʪʦʧʘʭ ʃʘʜʦʛʠ ʩʢʦʧʣʝʥʠʡ ʜʠʘʧʘʫʟʠʨʫʶʱʠʭ ʢʦʧʝʧʦʜʠʪʦʚ 

ʧʣʘʥʢʪʦʥʥʳʭ ʮʠʢʣʦʧʦʚ ʠʟ-ʟʘ ʚʥʫʪʨʝʥʥʝʡ ʠʥʪʦʢʩʠʢʘʮʠʠ ʵʢʦʩʠʩʪʝʤʳ ʦʟʝʨʘ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ, 

ʧʦʩʣʝʜʦʚʘʚʰʝʡ ʚʩʣʝʜ ʟʘ ʨʘʟʨʫʰʝʥʠʝʤ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʡ ʬʨʘʢʮʠʠ ʈʆɺ. ʂʨʦʤʝ 

ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʜʣʷ ʜʘʥʥʦʛʦ ʧʝʨʠʦʜʘ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ ʪʝʥʜʝʥʮʠʠ: 

ʘ) ʜʣʷ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ: ʫʚʝʣʠʯʝʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʯʠʩʣʝʥʥʦʩʪʠ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʦʣʠʛʦʭʝʪ; 

ʙ) ʜʣʷ ʜʝʢʣʠʥʘʣʴʥʦʡ ʟʦʥʳ: ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʱʝʛʦ ʬʦʩʬʦʨʘ, ʫʤʝʥʴʰʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ, ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ ʦʣʠʛʦʭʝʪ, ʘʤʬʠʧʦʜ ʠ ʚʩʝʛʦ ʙʝʥʪʦʩʘ; 

ʚ) ʜʣʷ ʧʨʦʬʫʥʜʘʣʴʥʦʡ ʟʦʥʳ: ʫʤʝʥʴʰʝʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʯʠʩʣʝʥʥʦʩʪʠ; ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʱʝʛʦ ʬʦʩʬʦʨʘ; ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʫʚʝʣʠʯʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʦʣʠʛʦʭʝʪ; 
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ʛ) ʜʣʷ ʫʣʴʪʨʘʧʨʦʬʫʥʜʘʣʴʥʦʡ ʟʦʥʳ: ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʘʙʠʣʴʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ; ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘ; ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ, 

ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ ʦʣʠʛʦʭʝʪ ʠ ʚʩʝʛʦ ʙʝʥʪʦʩʘ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʱʝʛʦ 

ʬʦʩʬʦʨʘ. 

ʅʘʯʘʣʦ ʧʦʩʪʤʝʟʦʪʨʦʬʥʦʛʦ ʧʝʨʠʦʜʘ (ʧʨʠʤʝʨʥʦ ʩ 2007 ʛ.) ʩʦʩʪʦʷʥʠʝ ʵʢʦʩʠʩʪʝʤʳ ʦʟʝʨʘ 

ʤʘʨʢʠʨʫʝʪʩʷ ʧʨʝʢʨʘʱʝʥʠʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʩʢʦʧʣʝʥʠʡ ʜʠʘʧʘʫʟʠʨʫʶʱʠʭ ʢʦʧʝʧʦʜʠʪʦʚ ʧʣʘʥʢʪʦʥʥʳʭ 

ʮʠʢʣʦʧʦʚ ʚ ʜʦʥʥʳʭ ʙʠʦʪʦʧʘʭ ʧʨʦʬʫʥʜʘʣʠ ʠ ʚʦʟʚʨʘʱʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʤʝʡʦʙʝʥʪʦʩʘ ʢ ʪʦʡ, ʢʦʪʦʨʘʷ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʦʣʠʛʦʪʨʦʬʥʳʡ ʧʝʨʠʦʜ ʩʦʩʪʦʷʥʠʷ ʵʢʦʩʠʩʪʝʤʳ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʩʝʭ ʩʦʦʙʱʝʩʪʚ ʦʪʢʨʳʪʦʡ ʟʦʥʳ ʃʘʜʦʞʩʢʦʛʦ 

ʦʟʝʨʘ ʥʝ ʚʳʷʚʠʣʠ ʥʠʢʘʢʠʭ ʪʝʥʜʝʥʮʠʡ ʫʭʫʜʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʟʝʨʥʦʡ ʩʨʝʜʳ. ɹʦʣʝʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʛʦʚʦʨʷʪ ʦ ʩʪʘʙʠʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʟʝʨʘ ʠ, ʜʘʞʝ, ʦʙ ʫʣʫʯʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʝʛʦ ʚʦʜ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ, ʙʠʦʤʘʩʩʳ 

ʠ ʭʣʦʨʦʬʠʣʣʘ-ʘ (ʥʘʧʨʠʤʝʨ, ʚ 2015 ʛ. ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʭʣʦʨʦʬʠʣʣʘ-ʘ ʜʣʷ ʦʟʝʨʘ ʩʦʩʪʘʚʠʣʦ 5,1°0,9 

ʤʢʛ/ʜʤ
3
) ʜʣʷ ʦʟʝʨʘ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʤʥʦʛʦʣʝʪʥʠʭ ʢʦʣʝʙʘʥʠʡ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʢʘʢ ʤʝʟʦʪʨʦʬʥʳʡ ʚʦʜʦʝʤ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʪʘʥʮʠʡ ʦʪʥʦʩʷʪʩʷ ʢ 1 ʢʣʘʩʩʫ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʥʝʢʦʪʦʨʳʝ ʥʝʤʥʦʛʠʝ ʢʦ 2 ʢʣʘʩʩʫ 

ʢʘʯʝʩʪʚʘ ʚʦʜʳ.  

ɺʝʣʠʯʠʥʳ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚʧʣʦʪʴ ʜʦ 

2015 ʛ., ʦʪʨʘʞʘʶʪ ʭʘʨʘʢʪʝʨʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʩʚʦʡʩʪʚʝʥʥʳʡ ʵʪʦʤʫ 

ʚʦʜʦʝʤʫ, ʝʩʪʝʩʪʚʝʥʥʦ, ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʤʝʞʛʦʜʦʚʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ (ʨʠʩ. 1). ʄʝʞʛʦʜʦʚʳʝ 

ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʣʝʪʥʠʭ ʚʝʣʠʯʠʥ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʙʘʢʪʝʨʠʦʧʣʘʥʢʪʦʥʘ ʚ ʧʝʨʠʦʜ ʩ 2000 ʛ. ʧʦ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʥʝʝ ʟʥʘʯʠʪʝʣʴʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʰʝʩʪʚʫʶʱʠʤ ʧʝʨʠʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʦʩʦʙʝʥʥʦ ʚ ʛʠʧʦʣʠʤʥʠʦʥʝ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʙʨʦʩ ʚʝʣʠʯʠʥ ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ ʚ ʵʧʠ- ʠ ʛʠʧʦʣʠʤʥʠʦʥʝ 

ʩʦʩʪʘʚʣʷʣ 1,7 ʠ 1,6 ʨʘʟ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦʛʜʘ ʢʘʢ ʚ ʧʝʨʠʦʜ 1994 ï 1999 ʛʛ. ʚ ʵʧʠ- ʠ ʛʠʧʦʣʠʤʥʠʦʥʝ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʧʨʝʚʳʰʘʣʠ ʤʠʥʠʤʘʣʴʥʳʝ ʚ 2 ʠ 3 ʨʘʟʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɽʱʝ ʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʦʪʤʝʯʘʣʠʩʴ ʜʦ 1994 ʛ. ʍʘʨʘʢʪʝʨ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦïʚʨʝʤʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʦʛʦ 

ʨʝʞʠʤʘ ʠ ʨʘʟʚʠʪʠʷ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ. ʉʫʜʷ ʧʦ ʚʝʣʠʯʠʥʘʤ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ 

ʙʘʢʪʝʨʠʦʧʣʘʥʢʪʦʥʘ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʦʟʝʨʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʃʘʜʦʛʘ ʥʝ ʚʳʭʦʜʠʪ ʟʘ ʛʨʘʥʠʮʫ 

ʤʝʟʦʪʨʦʬʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

 

 
ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʙʘʢʪʝʨʠʦʧʣʘʥʢʪʦʥʘ (N, ʩʨʝʜʥʝʣʝʪʥʠʝ ʚʝʣʠʯʠʥʳ, 

ʤʣʥ.ʢʣ./ʤʣ) ʚ ʵʧʠ- ʠ ʛʠʧʦʣʠʤʥʠʦʥʝ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʦʜʥʦʡ ʤʠʢʦʬʣʦʨʳ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʨʘʡʦʥʦʚ ʦʟʝʨʘ 

ʭʘʨʘʢʪʝʨʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʚʦʜʥʳʭ ʛʨʠʙʦʚ. ʉ 2001 ʛʦʜʘ ʩʨʝʜʥʷʷ 

ʯʠʩʣʝʥʥʦʩʪʴ ʤʠʢʦʧʣʘʥʢʪʦʥʘ ʧʦ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ ʢʦʣʝʙʘʣʘʩʴ ʦʪ 500 ʜʦ 900 ʧʨʦʧʘʛʫʣ/ʣ. 



25 

 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʜʠʥʘʤʠʢʠ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʟʦʦʧʣʘʥʢʪʦʥʘ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʧʦʩʣʝ 1990ʛ. ʥʝ ʚʳʷʚʠʣʦ ʚʳʨʘʞʝʥʥʳʭ ʪʝʥʜʝʥʮʠʡ ʝʛʦ ʠʟʤʝʥʝʥʠʷ.  ɺ ʧʝʣʘʛʠʘʣʝ 

ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʦʙʣʘʜʘʶʪ ʢʦʣʦʚʨʘʪʢʠ ʠ ʢʦʧʝʧʦʜʳ. ɼʣʷ 

ʩʝʪʥʦʛʦ ʧʣʘʥʢʪʦʥʘ ʟʘ 15 ʣʝʪ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʚ ʩʣʦʝ 0 -10 ʤ ʩʦʩʪʘʚʠʣʠ -   19Ñ4 

ʪʳʩ.ʵʢʟ./ʤį, ʘ ʙʠʦʤʘʩʩʳ - 731Ñ140 ʤʛ/ʤį. ʂʘʢ ʦʩʦʙʝʥʥʦʩʪʴ ʟʦʦʧʣʘʥʢʪʦʥʘ ʚ ʩʣʦʝ ʵʧʠʣʠʤʥʠʦʥʘ 

ʦʪʤʝʯʘʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝ ʘʩʧʣʘʥʭʥʳ (38% ʦʙʱʝʡ ʙʠʦʤʘʩʩʳ). ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʝʝ 

ʟʥʘʯʝʥʠʝ  ʚ ʙʠʦʤʘʩʩʝ ʥʝ ʙʳʣʦ ʩʪʘʙʠʣʴʥʳʤ ʠ, ʥʘʦʙʦʨʦʪ, ʦʪʤʝʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʚ ʦʙʱʝʡ ʙʠʦʤʘʩʩʝ 

ʜʦʣʠ Bosmina (Eubosmina) longispina Leydigʠ ʢʨʫʧʥʳʭ ʢʣʘʜʦʮʝʨ (ʜʦ 40%).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʩʪʨʫʢʪʫʨʝ  ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʨʘʟʚʠʪʠʠ ʟʦʦʧʣʘʥʢʪʦʥʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʥʝ ʧʨʦʠʟʦʰʣʦ ʢʘʢʠʭ-ʣʠʙʦ ʩʝʨʴʝʟʥʳʭ ʠʟʤʝʥʝʥʠʡ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ, ʧʦ ʧʨʝʞʥʝʤʫ, ʦʮʝʥʠʚʘʪʴ ʦʩʥʦʚʥʫʶ ʘʢʚʘʪʦʨʠʶ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʩʦʛʣʘʩʥʦ 

ʧʨʠʥʷʪʳʤ ʢʣʘʩʩʠʬʠʢʘʮʠʷʤ [6] ʢʘʢ  ʩʣʘʙʦʤʝʟʦʪʨʦʬʥʫʶ (ʧʨʠ ʦʣʠʛʦʪʨʦʬʥʦʤ ʭʘʨʘʢʪʝʨʝ 

ʛʠʧʦʣʠʤʥʠʦʥʘ). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʦʪʢʨʳʪʦʡ ʘʢʚʘʪʦʨʠʠ ʃʘʜʦʛʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʩ 

ʩʝʨʝʜʠʥʳ ʍʍ ʚʝʢʘ ʥʝ ʧʨʝʪʝʨʧʝʣ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʥʦ ʦʙʦʛʘʪʠʣʩʷ ʚ ʧʨʠʙʨʝʞʥʦʡ ʠ 

ʣʠʪʦʨʘʣʴʥʦʡ ʟʦʥʝ ʟʘ ʩʯʝʪ ʚʠʜʦʚ-ʚʩʝʣʝʥʮʝʚ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ (ʯʠʩʣʝʥʥʦʩʪʴ, ʙʠʦʤʘʩʩʘ) 

ʤʘʢʨʦʙʝʥʪʦʩʘ ʧʦʥʠʞʘʶʪʩʷ, ʚ ʩʦʩʪʘʚʝ ʜʦʥʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʦʣʠʛʦʭʝʪ. ʅʘʠʙʦʣʝʝ 

ʧʨʦʜʫʢʪʠʚʥʦʡ ʟʦʥʦʡ ʦʟʝʨʘ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜʥʳʡ ʨʘʡʦʥ (ʛʣʫʙʠʥʳ 18ï50 ʤ), ʛʜʝ ʚ ʤʘʩʩʝ ʨʘʟʚʠʚʘʶʪʩʷ 

ʘʤʬʠʧʦʜʳ (ʧʨʝʞʜʝ ʚʩʝʛʦ Monoporeia affinis (Lindstrºm)). ʇʦʢʘʟʘʪʝʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʤʘʢʨʦʙʝʥʪʦʩʘ ʥʠʟʢʠ ʚ ʩʝʚʝʨʥʳʭ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʫʯʘʩʪʢʘʭ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ (ʛʣʫʙʦʢʦʚʦʜʥʘʷ ʟʦʥʘ, 

ʚʢʣʶʯʘʷ ʚʧʘʜʠʥʳ) (ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʡ 0,04ï5,82, ʚ ʩʨʝʜʥʝʤ 1,26Ñ0,34 ʛ/ʤ
2
) ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ 

ʚ ʶʞʥʳʭ (ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʡ 0,01ï28,00, ʚ ʩʨʝʜʥʝʤ 4,01Ñ0,34ʛ/ʤ
2
). ʋʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ 

ʤʘʢʨʦʙʝʥʪʦʩʘ ʚ ʙʫʭʪʝ ʇʝʪʨʦʢʨʝʧʦʩʪʴ ʠ ʉʚʠʨʩʢʦʡ ʛʫʙʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʘʢʦʚʦʤʫ ʚ ʦʣʠʛʦʪʨʦʬʥʳʭ ʠ 

ʩʣʘʙʦ ʤʝʟʦʪʨʦʬʥʳʭ ʚʦʜʦʝʤʘʭ, ʘ ʚ ɺʦʣʭʦʚʩʢʦʡ ʛʫʙʝ ï ʪʠʧʠʯʥʦ ʤʝʟʦʪʨʦʬʥʳʭ. ɺ ʨʘʡʦʥʘʭ ʚʧʘʜʠʥ, 

ʛʣʫʙʦʢʦʚʦʜʥʦʤ, ʩʢʣʦʥʦʚʦʤ ʠ ʦʟʝʨʥʦʛʦ ʫʩʪʫʧʘ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʜʦʥʥʳʭ ʙʠʦʮʝʥʦʟʦʚ, ʠʭ 

ʜʦʤʠʥʠʨʫʶʱʠʡ ʢʦʤʧʣʝʢʩ, ʩʦʦʪʥʦʰʝʥʠʝ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʧʨʦʜʦʣʞʘʶʪ 

ʦʩʪʘʚʘʪʴʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʳʤʠ ʧʦʩʣʝ 2005 ʛ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʧʨʦʠʟʦʰʣʦ ʦʙʱʝʝ ʩʥʠʞʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʤʘʢʨʦʙʝʥʪʦʩʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ʦʟʝʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʠʦʜʦʤ 

ʵʢʦʩʠʩʪʝʤʥʦʡ ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ (ʧʨʠʤʝʨʥʦ ʜʝʩʷʪʠʣʝʪʠʝ ʩ ʩʝʨʝʜʠʥʳ 90-ʭ ʛʦʜʦʚ XX ʚ.) (ʪʘʙʣ. 1).  

ʄʘʢʨʦʙʝʥʪʦʩ ʶʞʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ ʚʨʝʤʝʥʥʦʡ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ ʢʘʢ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʜʦʥʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʪʘʢ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ.  

ʇʦ ʜʘʥʥʳʤ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʶʛʦ-ʟʘʧʘʜʥʦʤ ʨʘʡʦʥʝ ʦʟʝʨʘ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ, 

ʩʪʨʫʢʪʫʨʘ ʩʦʦʙʱʝʩʪʚʘ ʜʦʥʥʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʤʝʥʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʝʜʳʜʫʱʠʤʠ ʛʦʜʘʤʠ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʤʝʞʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʜʘʥʥʦʡ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ. ɹʠʦʠʥʜʠʢʘʮʠʷ ʧʦ 

ʧʦʢʘʟʘʪʝʣʷʤ ʤʘʢʨʦʙʝʥʪʦʩʘ (ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ, ʫʨʦʚʝʥʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʜʦʥʥʳʭ 

ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ, ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʙʠʦʠʥʜʠʢʘʮʠʦʥʥʳʝ ʠʥʜʝʢʩʳ) ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʶʛʦ-ʟʘʧʘʜʥʫʶ ʟʦʥʫ ʢʘʢ ʥʝʟʘʛʨʷʟʥʝʥʥʫʶ, ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʦʟʝʨʘ.  

ʍʘʨʘʢʪʝʨ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʤʬʠʧʦʜ ʚ ʦʟʝʨʝ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ, ʧʨʠʙʨʝʞʥʦʡ ʠ 

ʣʠʪʦʨʘʣʴʥʦʡ ʟʦʥ) ʤʘʣʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ 1930-ʝ ʛʦʜʳ. ʅʝ ʫʩʪʘʥʦʚʣʝʥʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʠ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ 

ʨʝʣʠʢʪʦʚʫʶ ʬʘʫʥʫ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ. 
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ʊʘʙʣʠʮʘ 1 

ʆʮʝʥʢʘ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʧʝʨʠʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʯʠʩʣʝʥʥʦʩʪʠ (N, ʍ°SE. 

ʵʢʟ./ʤ
2
) ʠ ʙʠʦʤʘʩʩʳ (ɺ, ʍ°SE ʛ/ʤ

2
) ʤʘʢʨʦʙʝʥʪʦʩʘ (ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ) ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ 

ʇʦʢʘʟʘʪʝʣʴ 

ʇʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ 

F p 1960 ï 

1961** 

1975 ï 

1986***  

1993 ï 

2005  

2006 ï 

2012  

ʉʪʘʥʮʠʷ 55 

N 
346 Ñ 

370 

552 Ñ 

107 

1248 Ñ 

135 

936 Ñ 

166 

6,

794 

0,00

067* 

B 
0,64 

Ñ1,07 

1,82 Ñ 

0,31 

4,18 Ñ 

0,39 

2,20 Ñ 

0,48 

8,

361 

0,00

015* 

ʉʪʘʥʮʠʷ  82 

N 
184Ñ2

56 

399Ñ9

3 

1005Ñ8

8 

516Ñ12

1 

7,

705 

0,00

036* 

B 
0,33Ñ

0,73 

1,08Ñ0

,27 

2,98Ñ0,

25 

1,11Ñ0,

34 

10

,363 

0,00

003* 

ʇʨʠʤʝʯʘʥʠʝ: * ï ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ; ** ï ʘʨʭʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ɻ.ɸ. ʉʪʘʣʴʤʘʢʦʚʦʡ;  

*** ï ʘʨʭʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʊ.ɼ. ʉʣʝʧʫʭʠʥʦʡ.  

 

ʆʮʝʥʢʘ ʠʟʤʝʥʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʦʙʱʝʩʪʚʘ ʤʝʡʦʙʝʥʪʦʩʘ ʥʘ 

ʧʨʠʙʨʝʞʥʳʭ ʠ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʩʪʘʥʮʠʷʭ ʟʘ ʧʝʨʠʦʜ ʩ 2007 ʧʦʢʘʟʘʣʘ ʦʪʩʫʪʩʪʚʠʝ ʥʘʨʫʰʝʥʠʡ ʠ 

ʩʪʘʙʠʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʜʦʥʥʳʭ ʩʦʦʙʱʝʩʪʚ. ʋʨʦʚʝʥʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʤʝʡʦʙʝʥʪʦʩʘ (ʦʩʦʙʝʥʥʦ ʚ ʧʨʦʬʫʥʜʘʣʴʥʦʡ ʠ ʫʣʴʪʨʘʧʨʦʬʫʥʜʘʣʴʥʦʡ ʟʦʥʘʭ) ʩʪʘʣ ʙʣʠʟʦʢ ʢ ʪʦʤʫ, 

ʢʦʪʦʨʳʡ ʙʳʣ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʦʣʠʛʦʪʨʦʬʥʦʛʦ ʧʝʨʠʦʜʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʟʝʨʘ (ʨʠʩ. 2). ɼʣʷ 

ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʥʦʡ ʨʠʩʢʫ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ɺʦʣʭʦʚʩʢʦʡ ʛʫʙʳ ʪʘʢʞʝ ʦʪʤʝʯʝʥʦ 

ʧʨʦʜʦʣʞʘʶʱʝʝʩʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʣʫʯʰʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʩʦʦʙʱʝʩʪʚʘ. ʅʘʙʣʶʜʝʥʠʷ ʟʘ ʜʠʥʘʤʠʢʦʡ 

ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʝʡʦʙʝʥʪʦʩʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ ʟʘ ʧʦʩʣʝʜʥʝʝ 

ʜʝʩʷʪʠʣʝʪʠʝ ʧʦʢʘʟʘʣʠ ʪʝʥʜʝʥʮʠʶ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʯʪʦ ʚʳʷʚʣʷʝʪʩʷ ʠʩʯʝʟʥʦʚʝʥʠʝʤ 

ʩʢʦʧʣʝʥʠʡ ʜʠʘʧʘʫʟʠʨʫʶʱʠʭ ʮʠʢʣʦʧʦʚ. 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʜʦ ʩʠʭ ʧʦʨ ʧʨʦʜʦʣʞʘʶʱʠʡʩʷ ʧʦʩʪʤʝʟʦʪʨʦʬʥʳʡ ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ ʃʘʜʦʞʩʢʦʛʦ 

ʦʟʝʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʵʚʦʣʶʮʠʷ ʵʢʦʩʠʩʪʝʤʳ ʧʨʠʦʙʨʝʣʘ çʛʠʩʪʝʨʝʟʠʩʥʳʡè ʭʘʨʘʢʪʝʨ[7], ʘ 

ʚʦʟʚʨʘʱʝʥʠʝ ʵʢʦʩʠʩʪʝʤʳ ʚ ʤʝʥʝʝ ʪʨʦʬʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʟʚʨʘʱʝʥʠʝʤ ʤʥʦʛʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʚʠʪʠʝ ʨʘʟʣʠʯʥʳʭ ʩʦʦʙʱʝʩʪʚ ʛʠʜʨʦʙʠʦʥʪʦʚ ʢ ʟʥʘʯʝʥʠʷʤ, ʙʣʠʟʢʠʤ ʢ ʭʘʨʘʢʪʝʨʥʳʤ 

ʜʣʷ ʧʨʠʨʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʟʝʨʘ ʫʨʦʚʥʷʤ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʠ ʜʝʪʘʣʴʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʥʦʚʳʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʯʝʨʪ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʩʥʦʚʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚʦʜʦʝʤʘ, ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʡ ʵʪʘʧ ʚ ʨʘʟʚʠʪʠʠ ʵʢʦʩʠʩʪʝʤʳ ʃʘʜʦʛʠ. 
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ʈʠʩ.2. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʝʡʦʙʝʥʪʦʩʘ (ɸ ï ʯʠʩʣʝʥʥʦʩʪʴ, ɹ ï 

ʙʠʦʤʘʩʩʘ) ʚ ʨʘʟʥʳʭ ʟʦʥʘʭ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ (ʧʨʠʙʨʝʞʥʘʷ, ʜʝʢʣʠʥʘʣʴʥʘʷ, ʧʨʦʬʫʥʜʘʣʴʥʘʷ, 

ʫʣʴʪʨʘʧʨʦʬʫʥʜʘʣʴʥʘʷ) ʚ ʧʝʨʠʦʜ ʧʦʩʣʝ 2007 ʛ. 

 

ʆʙʲʝʜʠʥʷʷ ʜʘʥʥʳʝ ʧʦ ʚʩʝʤ ʦʩʥʦʚʥʳʤ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤ ʩʦʦʙʱʝʩʪʚʘʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ 2007-2015 ʛʛ. ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʪʨʦʬʠʯʝʩʢʠʡ ʩʪʘʪʫʩ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ ʚ ʮʝʣʦʤ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʩʣʘʙʦʤʝʟʦʪʨʦʬʥʳʡ (ʧʨʠ ʦʣʠʛʦʪʨʦʬʥʦʤ ʭʘʨʘʢʪʝʨʝ 

ʛʠʧʦʣʠʤʥʠʦʥʘ), ʩʝʚʝʨʥʦʡ ï ʢʘʢ ʦʣʠʛʦʪʨʦʬʥʳʡ, ʟʘʧʘʜʥʦʡ ï ʢʘʢ ʤʝʟʦʪʨʦʬʥʳʡ, ʶʞʥʦʡ ʯʘʩʪʠ  

(ʉʚʠʨʩʢʘʷ ʠ ɺʦʣʭʦʚʩʢʘʷ ʛʫʙʳ) ï ʢʘʢ ʩʣʘʙʦʵʚʪʨʦʬʥʳʡ.  

ɺʦʜʳ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʤʦʛʫʪ ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʢʘʢ çʯʠʩʪʳʝè ʠ çʦʯʝʥʴ ʯʠʩʪʳʝè ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʘʢʚʘʪʦʨʠʡ ʚ ʨʘʡʦʥʝ çʛʦʨʷʯʠʭ ʪʦʯʝʢè[2], ʛʜʝ ʟʘʛʨʷʟʥʝʥʠʝ ʠ 

ʵʚʪʨʦʬʠʨʦʚʘʥʠʝ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʣʦʢʘʣʴʥʳʝ ʥʘʨʫʰʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʦʟʝʨʥʦʡ ʩʨʝʜʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʢʪʦʨ ʨʘʟʚʠʪʠʷ ʵʢʦʩʠʩʪʝʤʳ ʦʟʝʨʘ ʠ ʝʛʦ ʧʨʠʪʦʢʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ 

ʦʩʥʦʚʥʦʤ, ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʚ ʢʦʥʢʨʝʪʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ.  
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Abstract: Regular surveys of all major biological communities (phytoplankton, water fungi, 
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large, the current state of the lake may be characterized as favourable. 
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ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ ï ʢʨʫʧʥʝʡʰʠʡ ʧʨʝʩʥʳʡ ʚʦʜʦʝʤ ɽʚʨʦʧʳ ʠ ʙʝʟʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʠʩʪʦʯʥʠʢ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʠ ʨʷʜʘ ʛʦʨʦʜʦʚ ʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʠ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʨʝʣʠʷ. ʂʘʯʝʩʪʚʦ ʚʦʜʳ ʃʘʜʦʛʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʛʘʪʠʚʥʳʤʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʝʩʪʦ ʥʘ ʚʦʜʦʩʙʦʨʝ ʦʟʝʨʘ. ɿʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʥʠʭ 

ʟʘʥʠʤʘʶʪ ʟʘʙʨʦʰʝʥʥʳʝ ʧʦʣʠʛʦʥʳ ʦʪʭʦʜʦʚ ʧʨʝʜʧʨʠʷʪʠʡ ʦʙʦʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʥʘʚʦʟʦʭʨʘʥʠʣʠʱʘ, ʘ ʪʘʢʞʝ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʩʚʘʣʢʠ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ. ʇʦʩʣʝʜʥʠʝ ʩʦʜʝʨʞʘʪ 

ʯʘʩʪʦ ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʨʘʩʠʪʝʣʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʩʪʦʡʢʠʤ ʦʨʛʘʥʠʯʝʩʢʠʤ ʟʘʛʨʷʟʥʠʪʝʣʷʤ ʠ 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʦʛʨʦʤʥʫʶ ʫʛʨʦʟʫ ʜʣʷ ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ. ɺʦ ʚʨʝʤʷ ʜʦʞʜʝʡ ʠ ʩʥʝʛʦʪʘʷʥʠʷ 

ʭʨʘʥʷʱʠʝʩʷ ʥʘ ʧʦʣʠʛʦʥʘʭ ʠ ʩʚʘʣʢʘʭ ʦʧʘʩʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦ ʚʦʜʦʪʦʢʘʤ ʧʦʩʪʫʧʘʶʪ ʚ 

ʃʘʜʦʛʫ ʠ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʵʢʦʩʠʩʪʝʤʫ ʦʟʝʨʘ. ɺʳʷʚʣʝʥʠʝ ʟʘʙʨʦʰʝʥʥʳʭ ʧʦʣʠʛʦʥʦʚ ʠ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʚʘʣʦʢ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʨʴʝʟʥʫʶ ʧʨʦʙʣʝʤʫ. ɼʣʷ ʝʝ ʨʝʰʝʥʠʷ 

ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ɿʝʤʣʠ (ɼɿɿ) [1,3].  

ɺ  2014-2015ʛ.ʛ. ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ  ʩʦʚʤʝʩʪʥʳʝ ʨʘʙʦʪʳ ʠʥʩʪʠʪʫʪʘ çʆʟʝʨʦʚʝʜʝʥʠʷè ʈɸʅ ʠ 

ʎʅʀʀ ʈʊʂ  ʧʦ ʦʮʝʥʢʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʦʩʙʦʨʘ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʨʘʤʢʘʭ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʉʇʙʅʎ ʈɸʅ. ɺʳʧʦʣʥʝʥʥʳʤʠ ʨʘʙʦʪʘʤʠ ʧʦ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʚʘʣʦʢ, 

ʧʦʣʠʛʦʥʦʚ ʪʚʝʨʜʳʭ ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ (ʊɹʆ) ʤʝʪʦʜʘʤʠ ɼɿɿ, ʚʢʣʶʯʘʶʱʠʤʠ ʚ ʩʝʙʷ ʢʦʩʤʠʯʝʩʢʫʶ 

ʩʲʝʤʢʫ ʠ ʩʲʝʤʢʫ ʩ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ (ɹʇʃɸ), ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ [2,4]: 

- ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʠ ʚʳʜʘʯʘ ʮʝʣʝʫʢʘʟʘʥʠʡ; 

- ʧʨʦʚʝʜʝʥʠʝ ʤʘʨʰʨʫʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʲʝʤʢʠ ʩ ɹʇʃɸ; 

- ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ ʩ ɹʇʃɸ; 

- ʘʥʘʣʠʟ  ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʂɸ) RapidEye ʟʘ 

ʧʝʨʠʦʜ 2012-2013 ʛʛ. ɼʘʥʥʳʝ ʩ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ RapidEye ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʣʷ ʦʪʨʘʙʦʪʢʠ 

ʤʝʪʦʜʠʢʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʙʝʨʝʛʦʚ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʠʟ-ʟʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

ʮʝʥʳ ʠ ʢʘʯʝʩʪʚʘ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ. ʂʘʞʜʳʡ ʩʥʠʤʦʢ RapidEye ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʘʥʥʳʝ ʚ  ʧʷʪʠ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʚʠʜʠʤʦʡ ʠ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʲʝʤʢʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ - 6,5 ʤ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʜʝʰʠʬʨʠʨʦʚʘʥʠʶ ʩʥʠʤʢʦʚ RapidEye 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʭʦʞʠʤʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʧʦʚʳʰʝʥʥʘʷ ʷʨʢʦʩʪʴ ʚ ʚʠʜʠʤʦʤ 

ʜʠʘʧʘʟʦʥʝ) ʢʨʦʤʝ ʩʚʘʣʦʢ ʦʪʭʦʜʦʚ (ʙʫʤʘʛʘ, ʧʣʘʩʪʠʢ, ʙʠʪʦʝ ʩʪʝʢʣʦ) ʦʙʣʘʜʘʶʪ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ 

ʦʙʲʝʢʪʳ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (ʙʝʪʦʥ, ʞʝʣʝʟʦ, ʘʩʬʘʣʴʪ) ʠ ʢʘʨʴʝʨʳ. ʇʦʵʪʦʤʫ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʪʘʢʦʛʦ ʨʦʜʘ 

ʩʚʘʣʦʢ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʨʠ ʧʦʤʦʱʠ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ. ɼʝʰʠʬʨʠʨʦʚʘʥʠʝ ʩʥʠʤʢʦʚ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚʠʟʫʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʤʝʪʦʜʠʢʝ: 

1) ʚʳʙʦʨ ʷʨʢʠʭ ʟʦʥ ʥʘ ʩʥʠʤʢʘʭ (ʚʳʩʦʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ ʚ ʢʨʘʩʥʦʤ, ʟʝʣʝʥʦʤ ʠ 

ʛʦʣʫʙʦʤ ʢʘʥʘʣʘʭ). 
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2) ʚʳʙʦʨ ʦʪʨʘʞʘʶʱʠʭ ʟʦʥ ʤʝʥʴʰʠʤ ʦʪʨʘʞʝʥʠʝʤ, ʧʨʝʪʝʥʜʫʶʱʠʭ ʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ, ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʩʚʘʣʢʠ (ʧʦ ʪʝʢʩʪʫʨʥʳʤ ʧʨʠʟʥʘʢʘʤ - ʟʝʨʥʠʩʪʘʷ ʪʝʢʩʪʫʨʘ, ʦʙʨʘʟʫʶʱʘʷʩʷ ʟʘ ʩʯʝʪ 

ʥʝʨʦʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʘʣʦʢ). 

3) ʧʨʦʚʝʨʢʘ ʬʦʨʤʳ ʟʦʥ (ʦʙʳʯʥʦ ʩʚʘʣʢʠ ʜʦʩʪʘʪʦʯʥʦ ʢʦʤʧʘʢʪʥʳ, ʧʦʣʠʛʦʥʳ ʊɹʆ ʠʤʝʶʪ 

ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʬʦʨʤʫ ʠ ʯʝʪʢʦ ʦʯʝʨʯʝʥʳ ʚʦʜʦʩʪʦʯʥʳʤʠ ʢʘʥʘʚʘʤʠ).   

4) ʫʯʝʪ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʷ (ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʩʚʘʣʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚʜʦʣʴ ʜʦʨʦʛ ʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʦʪʜʝʣʝʥʳ ʦʪ ʜʦʨʦʛ ʣʝʩʥʦʡ ʧʦʣʦʩʦʡ; ʠʥʦʛʜʘ ʩʚʘʣʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʢʘʨʴʝʨʘʭ ʠʣʠ ʚʙʣʠʟʠ 

ʢʘʨʴʝʨʦʚ ʠʟ-ʟʘ ʧʦʜʲʝʟʜʥʳʭ ʜʦʨʦʛ ʠ ʭʦʨʦʰʝʡ ʜʦʩʪʫʧʥʦʩʪʠ; ʨʷʜʦʤ ʩʦ ʩʚʘʣʢʘʤʠ ʜʦʣʞʥʳ ʥʘʭʦʜʠʪʴʩʷ 

ʛʦʨʦʜʘ, ʧʦʩʝʣʢʠ, ʩʘʜʦʚʦʜʩʪʚʘ). 

5) ʫʯʝʪ ʥʘʣʠʯʠʷ ʚʙʣʠʟʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʩʚʘʣʢʠ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ (ʧʦ ʪʝʤʘʪʠʯʝʩʢʦʤʫ ʟʘʜʘʥʠʶ 

ʪʨʝʙʦʚʘʣʦʩʴ ʧʨʦʠʟʚʝʩʪʠ ʦʪʙʦʨ ʧʨʦʙ ʚʦʜʳ ʥʘ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ). 

ɺʩʝʛʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ ʙʳʣʠ ʜʘʥʳ  15 ʮʝʣʝʫʢʘʟʘʥʠʡ ʥʘ ʦʙʩʣʝʜʦʚʘʥʠʝ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʘʨʰʨʫʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʲʝʤʢʠ ɹʇʃɸ ʚ 2014 ʛʦʜʫ [2,4] ʠ 13 - ʚ 2015 ʛʦʜʫ. ɺ 

ʢʘʯʝʩʪʚʝ ʮʝʣʝʫʢʘʟʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʠ ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʧʦ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʝ ʦʙʲʝʢʪʘ. ʂ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʤ ʦʙʲʝʢʪʘʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ 

ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢʘʨʴʝʨʳ, ʩʚʘʣʢʠ ʠ ʧʦʣʠʛʦʥʳ ʊɹʆ. 

ʇʦ  ʦʙʥʘʨʫʞʝʥʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʩʚʘʣʦʢ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʜʠʮʠʦʥʥʳʝ 

ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʟʘʢʣʶʯʘʣʠʩʴ ʚ  ʧʦʣʝʚʳʭ ʚʳʝʟʜʘʭ ʥʘ ʢʘʞʜʫʶ ʪʦʯʢʫ. ʇʦ ʧʨʠʙʳʪʠʠ  ʚ ʨʘʡʦʥ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʫʢʘʟʘʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʧʨʦʚʦʜʠʣʠʩʴ ʥʘʟʝʤʥʘʷ ʬʦʪʦʩʲʸʤʢʘ. ʊʘʢʞʝ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ  ʟʘʧʫʩʢ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ  (ɹʇʃɸ) Dji phantom 2 ʩ ʧʦʜʚʝʰʝʥʥʦʡ 

ʢʘʤʝʨʦʡ  ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ Go Pro 3 ʠ ʚʠʜʝʦ ʩʴʸʤʢʘ  ʩ ʚʳʩʦʪʳ 100-1200ʤ. ɺ ʙʣʠʞʘʡʰʠʭ ʢ 

ʦʙʲʝʢʪʘʤ ʮʝʣʝʫʢʘʟʘʥʠʡ ʚʦʜʦʝʤʘʭ ʦʪʙʠʨʘʣʘʩʴ ʧʨʦʙʘ ʚʦʜʳ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʶʞʥʳʭ ʙʝʨʝʛʦʚ 

ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚ 2015 ʛʦʜʫ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 2 ʧʦʣʠʛʦʥʘ ʊɹʆ, 4 ʢʘʨʴʝʨʘ ʠ 3 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʩʚʘʣʢʠ. ʃʦʞʥʳʝ ʮʝʣʝʫʢʘʟʘʥʠʷ ʧʦ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʝ ʙʳʣʠ ʦʧʨʦʚʝʨʛʥʫʪʳ 

ʜʘʥʥʳʤʠ ʩ ɹʇʃɸ. ɺ ʦʩʥʦʚʥʦʤ ʦʥʠ ʦʙʲʷʩʥʷʶʪʩʷ ʩʭʦʞʝʩʪʴʶ ʛʨʫʥʪʦʚʳʭ ʧʣʦʱʘʜʦʢ ʫ ʜʦʨʦʛ ʧʦ 

ʢʘʯʝʩʪʚʫ ʧʦʢʨʳʪʠʷ, ʨʘʟʤʝʨʘʤ ʠ ʬʦʨʤʝ ʩ ʥʝʙʦʣʴʰʠʤʠ ʩʚʘʣʢʘʤʠ. ʅʘʢʦʧʣʝʥʠʝ ʦʰʠʙʦʯʥʳʭ ʜʘʥʥʳʭ ʚ 

ʪʘʙʣʠʮʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʩʚʘʣʦʢ/ʢʘʨʴʝʨʦʚ ʷʚʣʷʝʪʩʷ  ʪʦʞʝ ʯʘʩʪʴʶ ʤʝʪʦʜʠʢʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ. 

ʆʩʪʨʫʶ ʪʦʢʩʠʯʥʦʩʪʴ ʦʪʦʙʨʘʥʥʳʭ ʧʨʦʙ ʚʦʜʳ ʦʧʨʝʜʝʣʷʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʯʝʩʢʠʤ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʦ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʶ ʚʦʜʳ ʈɼ 118-02-90. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʷʚʠʣʘ  ʦʩʪʨʫʶ 

ʪʦʢʩʠʯʥʦʩʪʴ ʪʦʣʴʢʦ ʧʨʦʙʘ ʠʟ ʨ. ʅʘʟʠʷ, ʧʦʩ. ʇʨʠʣʘʜʦʞʩʢʠʡ, ʛʜʝ ʛʠʙʝʣʴ ʜʘʬʥʠʡ ʜʦʩʪʠʛʘʣʘ 50%. 

ʈʘʟʙʘʚʣʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʳ ʩʪʘʥʜʘʨʪʥʦʡ ʚʦʜʦʡ ʚ 2 ʨʘʟʘ ʧʝʨʝʚʦʜʠʣʦ ʝʸ ʚ ʨʘʟʨʷʜ ʥʝʪʦʢʩʠʯʥʳʭ 

(ʛʠʙʝʣʴ ʪʝʩʪ-ʦʙ̡ʝʢʪʦʚ ʩʥʠʞʘʣʘʩʴ ʜʦ 10 %). ɺʚʝʜʝʥʠʝ ʚ ʧʨʦʙʫ ʠʥʜʠʢʘʪʦʨʥʳʭ ʚʝʱʝʩʪʚ ʥʝ ʩʥʠʞʘʣʦ 

ʝʸ ʪʦʢʩʠʯʥʦʩʪʴ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʫʥʠʪʠʦʣʘ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʷʣʦ ʩʥʠʟʠʪʴ ʛʠʙʝʣʴ ʜʘʬʥʠʡ 

ʩ 50 ʜʦ 0%, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʚʦʜʝ ʩʦʣʝʡ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʘʨʪʳ, ʥʘʥʝʩʝʥʠʷ ʚʝʢʪʦʨʥʳʭ ʩʣʦʝʚ ʠ ʨʘʟʤʝʱʝʥʠʷ ʬʦʪʦʤʘʪʝʨʠʘʣʦʚ 

ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʩʲʝʤʦʢ ʩ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʛʝʦʧʦʨʪʘʣʴʥʘʷ  ʪʝʭʥʦʣʦʛʠʷ Scanex 

GeoMixer. ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʳʭ ʩʣʦʝʚ ʧʨʦʝʢʪʘ çLadogaè ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʦʟʘʠʢʠ ʢʦʩʤʠʯʝʩʢʠʭ 

ʩʥʠʤʢʦʚ ʩʦ ʩʧʫʪʥʠʢʘ RapidEye ʟʘ ʠʶʣʴ-ʘʚʛʫʩʪ 2012 ʠ 2013 ʛʦʜʘ. ʀʩʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩ ɹʇʃɸ 

ʧʦʜʚʝʨʛʘʣʦʩʴ ʧʨʦʮʝʩʩʫ ʛʝʦʧʨʠʚʷʟʢʠ. ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ ʛʝʦʧʨʠʚʷʟʘʥʥʳʡ ʨʘʩʪʨ ʚ ʬʦʨʤʘʪʝ IMG ʠʣʠ 

GeoTIFF ʨʘʟʤʝʱʘʣʩʷ ʚ ʛʝʦʧʦʨʪʘʣʝ ʦʪʜʝʣʴʥʳʤ ʩʣʦʝʤ ʜʘʥʥʳʭ, ʪʘʢʞʝ ʢʘʢ ʠ ʧʦʣʫʯʝʥʥʳʝ 

ʬʦʪʦʤʘʪʝʨʠʘʣʳ ʥʘʟʝʤʥʦʡ ʩʲʝʤʢʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʭ ʟʦʥ ʚʦʜʦʩʙʦʨʘ ʃʘʜʦʛʠ. 

 ʉʦʟʜʘʥʥʘʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ  ʢʦʩʤʠʯʝʩʢʠʭ ʠ ʘʵʨʦʩʥʠʤʢʦʚ ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ 

ʢʘʨʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʦʥʦʚʫʶ ʦʩʥʦʚʫ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ  ʤʝʨʦʧʨʠʷʪʠʡ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʠ 

ʵʢʩʧʝʜʠʮʠʦʥʥʦʛʦ  ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʙʫʜʫʱʝʤ. ʊʘʢʦʡ ʚʠʜ 

ʢʦʤʧʣʝʢʩʥʦʡ ʢʘʨʪʳ ʧʦʤʦʞʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʦʩʙʦʨʘ 

ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʠ ʘʥʘʣʠʟʝ ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʩʣʦʝʚ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 
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ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʥʘ ʦʩʥʦʚʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʠ ʥʘʙʣʶʜʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ // ɻʝʦʛʨʘʬʠʷ: ʈʘʟʚʠʪʠʝ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ: ʂʦʣʣʝʢʪʠʚʥʘʷ 

ʤʦʥʦʛʨʘʬʠʷ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ LXVIII  

ɻʝʨʮʝʥʦʚʩʢʠʝ ʯʪʝʥʠʷ ï ʉʇʙ.: ʈɻʇʋ ʠʤ. ɸ.ʀ.ɻʝʨʮʝʥʘ, 2015. ï ʉ. 208-212.  
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ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʧʘʜʘʝʪ ʠ ʨʘʩʪʝʪ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʉʘʥʢʪ ʇʝʪʝʨʙʫʨʛʘ, ʂʘʨʝʣʠʠ ʠ 

ʅʦʚʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʘ, ʦʟʝʨʦ, ʃʘʜʦʛʘ, ʵʢʦʣʦʛʠʷ, ʤʦʥʠʪʦʨʠʥʛ, ʩʪʘʪʠʩʪʠʢʘ 

 

ʐʠʨʦʢʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʃʘʜʦʛʝ ʩʦ ʚʨʝʤʝʥ ʧʦʩʣʝʜʥʝʛʦ ʦʣʝʜʝʥʝʥʠʷ ʩʦʭʨʘʥʠʣʠʩʴ ʛʣʷʮʠʘʣʴʥʦ-

ʤʦʨʩʢʠʝ ʨʝʣʠʢʪʦʚʳʝ ʦʨʛʘʥʠʟʤʳ ï ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ ʞʠʚʦʪʥʦʛʦ ʤʠʨʘ. ɺ ʦʟʝʨʝ ʞʠʚʝʪ 

ʢʦʣʴʯʘʪʘʷ ʥʝʨʧʘ, ʘ ʜʦ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʘʪʘʩʪʨʦʬʳ 70-80-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʦʙʠʪʘʣ ʦʩʝʪʨ. ʆʟʝʨʦ 

ʷʚʣʷʝʪʩʷ ʚʪʦʨʳʤ ʧʦ ʚʝʣʠʯʠʥʝ ʚ ʈʦʩʩʠʠ ʧʦʩʣʝ ɹʘʡʢʘʣʘ ʠ ʢʨʫʧʥʝʡʰʠʤ ʧʨʝʩʥʳʤ ʚʦʜʦʝʤʦʤ ɽʚʨʦʧʳ. 

ʉʪʨʘʪʝʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʃʘʜʦʛʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʧʠʪʴʝʚʦʛʦ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʨʷʜʘ ʛʦʨʦʜʦʚ ʠ ʥʘʩʝʣʝʥʥʳʭ 

ʧʫʥʢʪʦʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʨʝʣʠʷ. ɺ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʤ ʧʣʘʥʝ ʃʘʜʦʞʩʢʦʝ 

ʦʟʝʨʦ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʩʪʦʷʥʠʷ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʠ ʦʢʘʟʳʚʘʝʪ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʩʠʩʪʝʤʫ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ 

ʨʦʩʪʘ ʜʝʬʠʮʠʪʘ ʧʨʝʩʥʦʡ ʚʦʜʳ ʚ ʤʠʨʝ ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʡ 

ʨʝʟʝʨʚʫʘʨ ʜʣʷ ʧʦʩʪʘʚʦʢ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʚ ʦʩʪʨʦ ʥʫʞʜʘʶʱʠʝʩʷ ʨʝʛʠʦʥʳ ʈʦʩʩʠʠ ʠ ʜʨʫʛʠʝ 

ʛʦʩʫʜʘʨʩʪʚʘ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʧʨʦʠʟʦʰʣʦ ʩʤʝʱʝʥʠʝ ʘʢʮʝʥʪʦʚ ʦʪ ʦʧʨʝʜʝʣʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʥʦʡ ʩʨʝʜʳ ʚ ʩʪʦʨʦʥʫ ʦʮʝʥʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʦʜʳ ʜʣʷ ʧʦʪʨʝʙʣʝʥʠʷ ʯʝʣʦʚʝʢʦʤ ʠ 

ʜʣʷ ʦʙʠʪʘʥʠʷ ʧʨʦʤʳʩʣʦʚʳʭ ʛʠʜʨʦʙʠʦʥʪʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʘʧʦʤʥʠʤ, ʯʪʦ ʨʘʥʝʝ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 

ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʠʟ-ʟʘ ʥʝʩʦʙʣʶʜʝʥʠʷ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʳʤʠ, 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʠ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʩʫʜʦʭʦʜʥʳʤʠ, 

ʨʳʙʦʣʦʚʝʮʢʠʤʠ ʠ ʪʫʨʠʩʪʠʯʝʩʢʠʤʠ ʢʦʤʧʘʥʠʷʤʠ ʧʨʠʨʦʜʥʳʤ ʨʝʩʫʨʩʘʤ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʙʳʣ 

ʥʘʥʝʩʝʥ ʢʦʣʦʩʩʘʣʴʥʳʡ ʫʱʝʨʙ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʠ 

ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʃʘʜʦʛʝ ʥʘʨʫʰʠʣʘʩʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʳ, ʝʝ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʩʘʤʦʦʯʠʱʝʥʠʶ ʠ ʧʨʦʠʟʦʰʣʦ ʨʝʟʢʦʝ ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʚ ʢʦʥʮʝ 70-ʭ ʛʦʜʦʚ 

ʧʦ ʨʘʢʦʚʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ ʃʝʥʠʥʛʨʘʜ ʚʳʰʝʣ ʥʘ 1 ʤʝʩʪʦ ʚ ʉʉʉʈ ʩʨʝʜʠ ʛʦʨʦʜʦʚ ʩ ʤʠʣʣʠʦʥʥʳʤ 

ʥʘʩʝʣʝʥʠʝʤ. ɺ ʩʠʣʫ 2-ʭ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʩʪʘʥʦʚʣʝʥʠʡ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʉʉʉʈ ʠ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʧʘʜʘ 90-ʭ ʛʦʜʦʚ, ʩʢʘʟʘʚʰʝʛʦʩʷ ʥʘ ʚʩʝʡ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʣʘʜʦʞʩʢʦʤ 

ʙʘʩʩʝʡʥʝ, ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʦʟʜʦʨʦʚʣʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʠ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ 

ʃʘʜʦʛʠ. ɺʦʜʘ ʦʟʝʨʘ ʩʪʘʣʘ ʦʪʚʝʯʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʠʩʪʦʯʥʠʢʫ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʧʠʪʴʝʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. 

ʄʝʞʜʫ ʪʝʤ ʩʝʛʦʜʥʷ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʉʄʀ ʢʦʥʩʪʘʪʠʨʫʝʪʩʷ, ʯʪʦ ʥʘ ʙʝʨʝʛʘʭ 

ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʧʨʦʠʩʭʦʜʠʪ ʚʳʨʫʙʢʘ ʣʝʩʘ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʜʘʯʥʳʭ ʧʦʩʝʣʢʦʚ ʩ ʛʨʫʙʝʡʰʠʤʠ 

ʥʘʨʫʰʝʥʠʷʤʠ ɺʦʜʥʦʛʦ ʢʦʜʝʢʩʘ ʈʌ. ʂʦʥʪʨʦʣʴ ʥʘʜ ʨʘʙʦʪʦʡ ʩʚʘʣʦʢ, ʢʘʨʴʝʨʦʚ ʠ ʦʯʠʩʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ʦʩʪʘʚʣʷʝʪ ʞʝʣʘʪʴ ʣʫʯʰʝʛʦ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʙʘʟʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʵʥʪʫʟʠʘʟʤʝ ʤʝʩʪʥʳʭ 

ʞʠʪʝʣʝʡ. ʅʘʨʷʜʫ ʩ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʚʦʜʦʩʙʦʨʘ ʃʘʜʦʛʠ 

ʘʢʪʠʚʠʨʦʚʘʣʘʩʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʬʝʨʤ, ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʮʝʣʣʶʣʦʟʥʦ-
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ʙʫʤʘʞʥʳʭ ʢʦʤʙʠʥʘʪʦʚ, ʘʣʶʤʠʥʠʝʚʳʭ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʠ ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ ʟʘʚʦʜʦʚ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʘʩʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ɿʘʢʦʥʦʤʝʨʥʦ,ʯʪʦ ʥʘ ʨʫʙʝʞʝ 2005-2010 ʛʛ. ʚʥʦʚʴ, ʢʘʢ ʠ 70-80-ʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʙʳʣ 

ʟʘʬʠʢʩʠʨʦʚʘʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʅʦʚʛʦʨʦʜʩʢʦʡ 

ʦʙʣʘʩʪʠ ʠ ʂʘʨʝʣʴʩʢʦʡ ʨʝʩʧʫʙʣʠʢʠ, ʪʘʙʣ. 1 ʠ 2 [2]. ʅʝʣʴʟʷ ʠʩʢʣʶʯʘʪʴ, ʯʪʦ ʧʦʩʪʦʷʥʥʦʝ ʠ ʜʣʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʣʘʜʦʞʩʢʦʡ ʚʦʜʳ ʥʘ ʞʠʪʝʣʝʡ ʪʝʨʨʠʪʦʨʠʡ ʚʦʜʦʩʙʦʨʘ ʃʘʜʦʛʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ 

ʧʨʠʯʠʥ ʨʦʩʪʘ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʠ ʦʩʦʙʝʥʥʦ ʜʝʪʝʡ ʉɿʌʆ [3]. 

 

ʊʘʙʣʠʮʘ 1  

ʉʨʘʚʥʝʥʠʝ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʧʦ ʩʫʙʲʝʢʪʘʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʟʘ 2000 - 2012 ʛʛ. 

(ʚ ʨʘʩʯʝʪʝ ʥʘ 1000 ʯʝʣʦʚʝʢ) 

ʉʫʙʲʝʢʪ 

ʈʌ 

2000 ʛ. 2005 ʛ. 2010 ʛ.  2011 ʛ. 2012 ʛ. 

ʈʦʩʩʠʡʩʢʘʷ 

ʌʝʜʝʨʘʮʠʷ 

731 744 780 797 794 

ʄʦʩʢʚʘ 727 680 697 715 699 

ʎʝʥʪʨʘʣʴʥ

ʳʡ ʌʆ 

709 695 720 735 732 

ʉʝʚʝʨʦ-

ɿʘʧʘʜʥʳʡ ʌʆ 

763 759 851 860 860 

ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ 

694 725 857 879 884 

 

ʊʘʙʣʠʮʘ 2 

 ɿʘʙʦʣʝʚʘʝʤʦʩʪʴ ʚʟʨʦʩʣʳʭ ʞʠʪʝʣʝʡ ʠ ʜʝʪʝʡ ʜʦ 14 ʣʝʪ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʃʝʥʠʥʛʨʘʜʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʨʝʩʧʫʙʣʠʢʠ ʂʘʨʝʣʠʷ ʠ ʅʦʚʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʥʘʩʝʣʝʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ɹʦʣʝʟʥʠ 

ʚʟʨʦʩʣʳʭ/ʜʝʪʝʡ 

ʈʦʩ

ʩʠʷ 

ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ 

ʃʝʥʠʥʛʨʘʜʩ

ʢʘʷ ʦʙʣʘʩʪʴ 

ʈʝʩʧʫʙʣ

ʠʢʘ ʂʘʨʝʣʠʷ 

ʅʦʚʛʦʨʦʜʩ

ʢʘʷ ʦʙʣʘʩʪʴ 

ʅʦʚʦʦʙʨʘʟʦʚ

ʘʥʠʷ 

11 / 

5 

16 / 9 10 / 2 14 / 8 14 /5 

ʍʨʦʤʦʩʦʤʥʳ

ʝ ʥʘʨʫʰʝʥʠʷ 2 / 

12 

2 / 16 1 / 5 4 / 20 3 / 19 

ɹʦʣʝʟʥʠ 

ʤʦʯʝʧʦʣʦʚʦʡ 

ʩʠʩʪʝʤʳ 
49 / 

32 

51 / 39 33 / 16 75 / 42 34 / 22 

ɹʦʣʝʟʥʠ 

ʢʦʞʠ 

48 / 

89 

57 / 

136 

34 / 61 67 / 123 58 /125 

ɹʦʣʝʟʥʠ 

ʦʨʛʘʥʦʚ 

ʧʠʱʝʚʘʨʝʥʠʷ 

33 / 

82 

23 / 89 22 / 48 46 / 103 53 / 107 

ʀʥʬʝʢʮʠʦʥʥ

ʳʝ ʠ 

ʧʘʨʘʟʠʪʘʨʥʳʝ 

ʙʦʣʝʟʥʠ 

32 / 

81 

42 / 

131 

23 / 64 47 / 120 34 / 98 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʦʞʥʦ ʩ ʛʨʫʩʪʴʶ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʃʘʜʦʛʠ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ 

ʩʪʘʥʦʚʠʪʩʷ ʚʩʸ ʭʫʞʝ ʠ ʚʩʸ ʪʨʝʚʦʞʥʝʝ. ɺʦʜʳ ʃʘʜʦʞʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʧʦʩʪʦʷʥʥʦ ʟʘʛʨʷʟʥʷʶʪʩʷ. ʇʨʠ 

ʠʟʙʳʪʢʝ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʝ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʬʘʟʦʚʳʭ ʨʝʘʢʮʠʡ ʜʘʞʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʩʪʦʡʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʠ ʥʝʢʦʪʦʨʳʭ 



34 

 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʫʙʩʪʘʥʮʠʡ ʠʥʠʮʠʠʨʫʶʪ ʨʘʟʚʠʪʠʝ ʩʠʥʝ-ʟʝʣʸʥʦʛʦ çʮʚʝʪʝʥʠʷè ʤʥʦʛʠʭ ʚʦʜʦʝʤʦʚ 

ʚʦʜʦʩʙʦʨʘ ʃʘʜʦʛʠ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ ʥʘʯʠʥʘʷ ʩ 2004-2005 ʛʛ. ʩʪʘʣʠ ʦʙʥʘʨʫʞʠʚʘʪʴ 

ʮʠʘʥʦʪʦʢʩʠʥʳ, ʧʨʦʜʫʮʠʨʫʝʤʳʝ ʩʠʥʝ-ʟʝʣʸʥʳʤʠ ʚʦʜʦʨʦʩʣʷʤʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ ʮʠʘʥʦʙʘʢʪʝʨʠʷʤʠ, 

ʪʘʙʣ. 3 [4, 5]. 

 

ʊʘʙʣʠʮʘ 3 

 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʥʮʝʨʦʛʝʥʥʦʩʪʠ, ʥʝʡʨʦʪʦʢʩʠʯʥʦʩʪʠ ʠ ʦʙʱʝʡ ʪʦʢʩʠʯʥʦʩʪʠ ʧʨʦʙ ʚʦʜʳ ʠʟ 

ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ 

ʇʦʢʘʟʘʪʝʣʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ 

ʉʚʠʨʩʢʘʷ 

ʛʫʙʘ 

ɺʦʣʭʦʚʩʢʘʷ 

ʛʫʙʘ 

ɸʢʚʘʪʦʨʠʷ 

ɺʘʣʘʘʤʩʢʦʛʦ 

ʘʨʭʠʧʠʣʘʛʘ 

ʅʘʣʠʯʠʝ 

ʤʠʢʨʦʮʠʩʪʠʥʘ ï LR 

+ +/- 0 

ʅʘʣʠʯʠʝ 

ʤʠʢʨʦʮʠʩʪʠʥʘ - VF 

+ +/- 0 

ʀʥʛʠʙʠʨʦʚʘʥʠʝ 

ʘʮʝʪʠʣʭʦʣʠʥʵʩʪʝʨʘʟʳ, % 

31 27 0 

ʎʠʪʦʪʦʢʩʠʯʥʦʩʪʴ, % 50 50 0 

 

ʇʨʠ ʤʘʩʩʦʚʦʤ ʨʘʟʚʠʪʠʠ ʵʪʠʭ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠʣʠ çʮʚʝʪʝʥʠʠè ʥʘʨʫʰʘʝʪʩʷ 

ʘʪʤʦʩʬʝʨʥʘʷ ʘʵʨʘʮʠʷ ʚʦʜʳ, ʬʠʢʩʠʨʫʶʪʩʷ ʟʘʤʦʨʳ ʨʳʙ ʠ ʛʠʙʝʣʴ ʜʨʫʛʠʭ ʛʠʜʨʦʙʠʦʥʪʦʚ, ʧʦʷʚʣʷʝʪʩʷ 

ʥʝʧʨʠʷʪʥʳʡ ʟʘʧʘʭ ʠ ʚʦʟʥʠʢʘʝʪ ʦʧʘʩʥʘʷ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ. ɿʘ ʩʯʝʪ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ ʮʠʘʥʦʙʘʢʪʝʨʠʡ ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ ʟʥʘʯʝʥʠʡ ʚʦʜʦʨʦʜʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʚʦʜʳ. ɺ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʚʦʟʥʠʢʘʶʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʚʠʨʫʩʦʚ 

ʧʦʣʠʦʤʠʝʣʠʪʘ, ʭʦʣʝʨʥʦʛʦ ʚʠʙʨʠʦʥʘ ʠ ʨʘʟʤʥʦʞʝʥʠʷ ʜʨʫʛʠʭ ʧʘʪʦʛʝʥʥʳʭ ʩʫʱʝʩʪʚ [6]. 

ʉʝʛʦʜʥʷ ʦʧʨʝʜʝʣʝʥʠʝ ʪʦʢʩʠʥʦʛʝʥʥʦʩʪʠ ʮʠʘʥʦʙʘʢʪʝʨʠʡ ʚ ʦʩʥʦʚʥʦʤ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʤʝʪʦʜʘʭ 

ʪʦʢʩʠʢʦʣʦʛʠʠ [7], ʧʦʣʠʤʝʨʘʟʥʦʡ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ [8] ʠ ʬʠʢʩʠʨʫʝʪʩʷ ʜʨʫʛʠʤʠ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ [9, 10]. ɸʥʘʣʠʟʠʨʫʷ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʨʝʛʣʘʤʝʥʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʘʩʥʦʩʪʠ ʩʠʥʝ-ʟʝʣʸʥʦʛʦ 

çʮʚʝʪʝʥʠʷè, ʟʘʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʠʭ ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʠʤʧʦʨʪʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʦʩʪʘʚʢʘ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʟʘʨʫʙʝʞʥʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ ʪʦʢʩʠʥʦʚ ʠ 

ʧʨʘʡʤʝʨʦʚ, ʯʪʦ ʩʝʛʦʜʥʷ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ 

ʩʠʩʪʝʤʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʷʚʣʷʝʪʩʷ ʦʪʙʦʨ, ʧʦʜʛʦʪʦʚʢʘ, ʭʨʘʥʝʥʠʝ 

ʠ ʘʥʘʣʠʟ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʙ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʦʜʥʳʭ ʩʨʝʜ. ʅʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʡ, 

ʯʪʦ ʜʣʷ ʧʨʠʥʷʪʠʷ ʘʜʝʢʚʘʪʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʦʟʜʦʨʦʚʣʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʚʦʜʥʦʤ ʦʙʲʝʢʪʝ. ɺ 

ʵʪʦʡ ʩʚʷʟʠ ʚ ʀʅʆɿ ʈɸʅ ʩʦʚʤʝʩʪʥʦ ʩ ʜʨʫʛʠʤʠ ʠʥʩʪʠʪʫʪʘʤʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʦʮʝʥʠʚʘʶʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ, ʚʦ-ʧʝʨʚʳʭ, ʜʘʥʥʳʭ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʚʦ ʚʨʝʤʝʥʠ ʟʘ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʭʣʦʨʦʬʠʣʣʘ ʚ ʚʦʜʦʝʤʘʭ ʩ ʧʦʤʦʱʴʶ 

ʩʧʫʪʥʠʢʦʚʦʛʦ ʩʢʘʥʝʨʘ ʮʚʝʪʘ MODIS-Agua [11] ʠ, ʚʦ-ʚʪʦʨʳʭ, ʥʦʚʦʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʤʫʣʴʪʠʩʝʥʩʦʨʥʦʡ ʩʠʩʪʝʤʳ çʵʣʝʢʪʨʦʥʥʳʡ ʷʟʳʢè [12] 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʧʘʣʠ ʧʦʩʣʝʜʥʠʝ ʩʦʤʥʝʥʠʷ ʚ ʪʦʤ, ʯʪʦ ʚʝʢʪʦʨʘʤʠ ʧʝʨʝʥʦʩʘ ʚʨʝʜʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʷʚʣʷʶʪʩʷ ʥʘʥʦʯʘʩʪʠʮʳ. ʇʦʧʘʜʘʷ ʚ ʪʢʘʥʠ, ʢʣʝʪʢʠ ʠ ʦʨʛʘʥʝʣʣʳ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ, ʥʘʥʦʯʘʩʪʠʮʳ ʤʦʛʫʪ ʠʛʨʘʪʴ ʨʦʣʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʢʩʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʜʘʞʝ ʝʩʣʠ ʩʘʤʠ ʦʥʠ ʙʝʟʦʧʘʩʥʳ. ʋʨʦʚʝʥʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʯʝʨʝʟ ʢʣʝʪʢʠ ʞʝʣʫʜʦʯʥʦ-

ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ ʯʝʣʦʚʝʢʘ (ʵʬʬʝʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ 200 ʤ
2
) ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʯʝʨʝʟ ʢʣʝʪʢʠ 

ʣʝʛʢʠʭ (140 ʤ
2
) ʠ ʥʝʧʦʚʨʝʞʜʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʞʠ (1.5-2.0 ʤ

2
). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʚʦʜʳ, ʩʦʜʝʨʞʘʱʝʡ ʥʘʥʦʯʘʩʪʠʮʳ, ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʝʯʘʣʴʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʥʦʯʘʩʪʠʮʳ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʠʟʚʝʨʞʝʥʠʠ ʚʫʣʢʘʥʦʚ ʠ ʣʝʩʥʳʭ ʧʦʞʘʨʘʭ, ʧʨʠ 

ʵʨʦʟʠʠ ʧʦʯʚ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʧʨʠ ʜʦʙʳʯʝ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʩʳʨʴʷ, ʧʨʠ ʚʟʤʫʯʠʚʘʥʠʠ 

ʚʦʜʦʝʤʦʚ ʠ ʚ ʤʝʩʪʘʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʘʟʣʦʤʦʚ, ʯʪʦ ʩʚʦʡʩʪʚʝʥʥʦ ʜʥʫ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ. ʂ 

ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʚ ʈʌ ʩʦʟʜʘʥʘ ʩʠʩʪʝʤʘ ʦʮʝʥʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʦʥʪʨʦʣʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ 

ʚʦʜʥʳʭ ʚʟʚʝʩʝʡ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 100 ʥʤ [13]. ʇʨʠ ʵʪʦʤ ʨʘʟʨʘʙʦʪʘʥʦ ʠ 
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ʧʨʠʥʷʪʦ ʢ ʠʩʧʦʣʥʝʥʠʶ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʠʯʝʩʢʠʭ ʫʢʘʟʘʥʠʡ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʦʥʢʨʝʪʥʳʤ ʫʩʣʦʚʠʷʤ ʧʨʝʩʥʦʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʩʣʦʞʥʦʡ, 

ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʠ ʪʨʫʜʥʦ ʚʳʧʦʣʥʠʤʦʡ ʟʘʜʘʯʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʀʅʆɿ ʈɸʅ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʘ ʥʘʥʦʤʘʩʰʪʘʙʥʳʭ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ [14]. 

ʊʝʤ ʚʨʝʤʝʥʝʤ ʫʞʝ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʩʪʘʣʦ ʜʦʢʘʟʘʥʥʳʤ ʬʘʢʪʦʤ, ʯʪʦ ʚ ʚʦʜʝ ʨʝʢʠ ʅʝʚʘ 

ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ ʟʘʛʨʷʟʥʝʥʠʡ ʩ ʚʦʜʦʩʙʦʨʘ ʃʘʜʦʞʩʢʦʛʦ, ʆʥʝʞʩʢʦʛʦ ʠ ʀʣʴʤʝʥʴ ʦʟʸʨ 

[15]. ʅʘ ʧʦʚʝʩʪʢʝ ʜʥʷ ʦʩʪʨʦ ʚʩʪʘʣʠ ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ 

ʦʙʣʘʩʪʠ ʚʦʜʦʡ ʠʟ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʟʦʥ ʘʢʚʘʪʦʨʠʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʠ ʚʥʝʜʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʫʥʠʯʪʦʞʝʥʠʷ ʦʪʭʦʜʦʚ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʨʝʰʝʥʠʝ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʧʨʦʙʣʝʤ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʧʨʠʥʷʪʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʤʝʨ 

ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʧʨʝʩʥʦʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʃʘʜʦʞʩʢʦʛʦ, ʆʥʝʞʩʢʦʛʦ ʠ ʀʣʴʤʝʥʴ ʦʟʸʨ. 
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ʦʩʣʦʞʥʝʥʥʦʛʦ ʨʠʬʝʡʩʢʦʡ ʃʘʜʦʞʩʢʦ-ʇʘʰʩʢʦʡ ʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʴʶ. ʇʦʩʣʝʜʥʷʷ ʧʨʠʥʘʜʣʝʞʠʪ ʢ 

ʦʪʣʠʯʥʦʤʫ ʦʪ ʣʠʥʝʡʥʳʭ ʧʨʦʪʷʞʝʥʥʳʭ ʘʚʣʘʢʦʛʝʥʦʚ ʩʝʤʝʡʩʪʚʫ ʨʠʬʝʡʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʪʷʛʦʪʝʶʱʝʤʫ ʢ 

ʢʨʫʧʥʳʤ ʛʦʪʩʢʠʤ ʠʥʪʨʫʟʠʚʥʳʤ ʤʘʩʩʠʚʘʤ. ʇʣʠʪʥʳʡ ʯʝʭʦʣ ʠʤʝʝʪ ʜʝʥʫʜʘʮʠʦʥʥʦʝ ʚʳʢʣʠʥʠʚʘʥʠʝ ʠ 

ʟʘʣʝʛʘʝʪ ʤʦʥʦʢʣʠʥʘʣʴʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʭʘʨʘʢʪʝʨʦʤ ʧʦʥʠʞʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ï ʜʦʧʦʟʜʥʝʚʝʥʜʩʢʦʛʦ 

ʧʝʥʝʧʣʝʥʘ ʢ ʶʛʦ-ʚʦʩʪʦʢʫ. ʄʘʣʦʘʤʧʣʠʪʫʜʥʳʝ ʜʠʩʣʦʢʘʮʠʠ ʯʝʭʣʘ ʦʙʳʯʥʦ ʥʘʩʣʝʜʫʶʪ ʚʳʨʘʞʝʥʥʳʝ 

ʨʠʬʝʡʩʢʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ. ʆʙʳʯʥʳ ʤʦʱʥʳʝ ʛʣʷʮʠʦʜʠʩʣʦʢʘʮʠʠ. ʃʝʜʥʠʢʦʚʘʷ ʠ ʚʦʜʥʦ-

ʣʝʜʥʠʢʦʚʘʷ ʜʝʥʫʜʘʮʠʷ ʧʦʩʣʫʞʠʣʘ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʨʘʟʚʠʪʠʷ 

ʨʘʟʥʦʧʦʨʷʜʢʦʚʳʭ ʩʪʨʫʢʪʫʨʥʦ-ʜʝʥʫʜʘʮʠʦʥʥʳʭ ʬʦʨʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʠʬʝʡ, ʵʜʠʘʢʘʨʠʡ, ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ, ʛʝʦʣʦʛʠʷ, ʛʝʦʤʦʨʬʦʣʦʛʠʷ, ʪʝʢʪʦʥʠʢʘ, 

ʥʝʦʪʝʢʪʦʥʠʢʘ 

 

ʂʦʤʧʣʝʢʩʥʳʝ ʦʧʳʪʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʝ ʠ ʛʝʦʣʦʛʦʩʲʝʤʦʯʥʳʝ ʨʘʙʦʪʳ ɺʉɽɻɽʀ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ 

ʩ ʉɿɼʇʈ ʠ ʜʨʫʛʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ ʠʟʫʯʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ 

ʪʝʢʪʦʥʠʢʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ. ʇʨʠʦʨʠʪʝʪʥʫʶ ʨʦʣʴ ʚ ʨʘʩʯʣʝʥʝʥʠʠ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʠʛʨʘʣʦ 

ʥʝʧʨʝʨʳʚʥʦʝ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʝ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ (ʅʉʇ) ʠ ʜʨʘʛʠʨʦʚʘʥʠʝ. ʀʭ ʜʦʧʦʣʥʠʣʠ 

ʧʦʩʣʝʜʫʶʱʠʝ ʦʙʦʙʱʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɺ ʣʘʜʦʞʩʢʦʤ ʩʝʛʤʝʥʪʝ ʟʦʥʳ ʧʝʨʝʭʦʜʘ ʦʪ ɹʘʣʪʠʡʩʢʦʛʦ ʱʠʪʘ ʢ ʈʫʩʩʢʦʡ ʧʣʠʪʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʬʫʥʜʘʤʝʥʪ ʧʨʝʜʩʪʘʚʣʝʥ ʘʨʭʝʡʩʢʠʤʠ ʠ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʤʠ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʩʚʝʢʦʢʘʨʝʣʴʩʢʠʤʠ) ʩʪʨʫʢʪʫʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʜʦʦʬʦʨʤʣʝʥʥʳʤʠ  ʚ ʧʨʦʮʝʩʩʝ ʛʦʪʩʢʦʡ 

ʘʢʪʠʚʠʟʘʮʠʠ ʤʘʩʩʠʚʘʤʠ ʨʘʧʘʢʠʚʠ-ʛʘʙʙʨʦ-ʘʥʦʨʪʦʟʠʪʦʚ. ʇʣʠʪʥʳʡ (ʦʨʪʦʧʣʘʪʬʦʨʤʝʥʥʳʡ) ʯʝʭʦʣ 

ʥʘʯʘʣ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩ ʧʦʟʜʥʝʛʦ ʚʝʥʜʘ. ʆʩʦʙʝʥʥʦʩʪʠ ʞʝ ʢʦʪʣʦʚʠʥʳ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʩʚʷʟʘʥʳ ʩ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʢʚʘʟʠʧʣʘʪʬʦʨʤʝʥʥʳʭ ʦʩʘʜʦʯʥʳʭ ʠ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʨʘʥʥʝʨʠʬʝʡʩʢʦʛʦ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʤʦʣʦʜʦʛʦ (ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʟʜʥʝʨʠʬʝʡʩʢʦ-ʨʘʥʥʝʚʝʥʜʩʢʦʛʦ) 

ʚʦʟʨʘʩʪʘ (ʈʠʩ.1). ʇʦʩʣʝʜʥʠʝ ʫʩʣʦʚʥʦ ʦʪʥʝʩʝʥʳ ʢ  ʩʚʝʢʦʥʦʨʚʝʞʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ. 

ʂʚʘʟʠʧʣʘʪʬʦʨʤʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʣʘʛʘʶʪ ʃʘʜʦʞʩʢʦ-ʇʘʰʩʢʫʶ ʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʴ (ʃʇɻ), ʢʦʪʦʨʘʷ 

ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʦʩʦʙʦʤʫ ʩʝʤʝʡʩʪʚʫ ʨʠʬʝʡʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʦʪʣʠʯʥʦʤʫ ʦʪ ʙʦʣʝʝ ʤʦʣʦʜʳʭ ʣʠʥʝʡʥʳʭ 

ʧʨʦʪʷʞʝʥʥʳʭ ʘʚʣʘʢʦʛʝʥʦʚ.  
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ʈʠʩ. 1. ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ: ʫʧʨʦʱʝʥʥʳʝ ʨʘʟʨʝʟ (ʚʥʠʟʫ) ʠ 3D ʤʦʜʝʣʴ (ʩʧʨʘʚʘ) ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ.  AR-PR ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʬʫʥʜʘʤʝʥʪ, R-V1 ïʨʠʬʝʡʩʢʠʝ  ʠ ʨʘʥʥʝʚʝʥʜʩʢʠʝ (?) 

ʢʚʘʟʠʧʣʘʪʬʦʨʤʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, V2 ï ʧʦʟʜʥʝʚʝʥʜʩʢʠʡ ʧʣʠʪʥʳʡ ʯʝʭʦʣ. ɺʉ- ɺʫʦʢʩʠʥʩʢʘʷ ʨʫʙʮʦʚʘʷ 

ʩʠʥʢʣʠʥʘʣʴ. 

 

ɻʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ ʩʝʤʝʡʩʪʚʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʪʷʛʦʪʝʶʪ ʢ ʢʨʫʧʥʳʤ ʛʦʪʩʢʠʤ ʠʥʪʨʫʟʠʚʥʳʤ 

ʤʘʩʩʠʚʘʤ. ɺʦʟʨʘʩʪ ʧʣʫʪʦʥʦʚ ʥʘ ʧʦʙʝʨʝʞʴʝ ʦʧʨʝʜʝʣʝʥ ʚ 1547 ï 1530 ʤʣʥ. ʣʝʪ [13]. ʇʦʤʠʤʦ 

ʤʝʭʘʥʠʟʤʘ ñʢʘʣʴʜʝʨʥʳʭ ʧʦʛʨʫʞʝʥʠʡò [11], ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʧʝʮʠʬʠʯʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʣʘʥʘ 

ʟʥʘʯʠʤʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʣʦʪʥʦʩʪʴ ʤʘʛʤʳ ʠ ʬʦʨʤʘ ʚʥʝʜʨʝʥʠʷ, ʩʢʦʨʦʩʪʴ ʦʩʪʳʚʘʥʠʷ, ʘʩʠʤʤʝʪʨʠʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʥʥʝʨʠʬʝʡʩʢʦʛʦ ʵʨʦʟʠʦʥʥʦʛʦ ʩʨʝʟʘ ʠ ʩʦʧʫʪʩʪʚʫʶʱʝʝ ʧʦʩʣʝʜʥʝʤʫ ʠʟʦʩʪʘʪʠʯʝʩʢʦʝ 

ʧʦʜʥʷʪʠʝ. ʆʙʱʠʡ ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʩʘʤʙʣʴ ʚ ʧʨʝʜʝʣʘʭ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʥʘ ʛʦʪʩʢʦʤ ʵʪʘʧʝ ʦʩʣʦʞʥʷʝʪ 

ʟʦʥʘ ʙʣʠʟʰʠʨʦʪʥʦʛʦ ʘʥʛʫʣʷʨʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ (ʧʨʠ ʚʦʟʤʦʞʥʦʡ ʩʜʚʠʛʦʚʦʡ ʢʦʤʧʦʥʝʥʪʝ), ʢʦʪʦʨʘʷ 

ʤʘʨʢʠʨʫʝʪʩʷ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʃʘʜʦʞʩʢʠʤ ʤʘʩʩʠʚʦʤ ʨʘʧʘʢʠʚʠ - ʛʘʙʙʨʦ-ʘʥʦʨʪʦʟʠʪʦʚ, ʩʣʠʚʰʠʤʩʷ ʩ 

ʉʘʣʤʠʥʩʢʠʤ [2]. ʇʦʜʦʙʥʳʝ ʃʇɻ ʩʪʨʫʢʪʫʨʳ ʥʝ ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʳʤʠ ʣʠʰʴ ʜʣʷ ʦʧʠʩʳʚʘʝʤʦʛʦ 

ʩʝʛʤʝʥʪʘ ʦʢʨʘʠʥʳ ɹʘʣʪʠʡʩʢʦʛʦ ʱʠʪʘ, ʭʦʪʷ ʠʭ ʩʦʭʨʘʥʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʵʨʦʟʠʦʥʥʦʛʦ ʩʨʝʟʘ. 

ʅʘʧʨʠʤʝʨ, ʦʜʥʦʚʦʟʨʘʩʪʥʘʷ ʩʠʥʬʦʨʤʘ ɼʘʣʘʨʥʘ ʚ ʐʚʝʮʠʠ, ʦʞʠʜʘʝʤʦ ʠʤʝʝʪ ʦʙʱʠʝ ʜʦ ʜʝʪʘʣʝʡ ʯʝʨʪʳ 

ʥʝ ʪʦʣʴʢʦ ʨʠʬʝʡʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʚʦʟʨʘʩʪʘ ʤʘʛʤʘʪʠʟʤʘ, ʥʦ ʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʝʣʴʝʬʘ (ʨʠʩ. 2), 

ʧʦʩʢʦʣʴʢʫ ʥʘ ʩʭʦʜʥʳʝ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʢʦʥʪʨʘʩʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʦʟʜʝʡʩʪʚʦʚʘʣʠ 

ʪʦʞʜʝʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʢʘʡʥʦʟʦʡʩʢʦʡ ʜʝʥʫʜʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʣʝʜʥʠʢʦʚʦʛʦ ʚʳʧʘʭʠʚʘʥʠʷ. 
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ʈʠʩ. 2. ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʫʧʨʦʱʝʥʥʳʝ ʨʘʟʨʝʟʳ ʩʪʨʫʢʪʫʨ ɼʘʣʘʨʥʳ (ʚʚʝʨʭʫ, ʧʦ Ala Adin Al 

Dahan [9]) ʠ ʃʘʜʦʞʩʢʦ-ʇʘʰʩʢʦʡ. 1 ï ʬʫʥʜʘʤʝʥʪ, 2-4 ï ʨʘʥʥʝʨʠʬʝʡʩʢʠʡ ʢʦʤʧʣʝʢʩ (2 ï ʦʩʘʜʦʯʥʳʝ 

ʧʦʨʦʜʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʝʩʯʘʥʠʢʠ, 3 ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʘʟʘʣʴʪʦʚʳʝ ʣʘʚʳ, 4 ï  ʜʘʡʢʠ, ʩʠʣʣʳ 

ʜʦʣʝʨʠʪʦʚ, ʛʘʙʙʨʦ-ʩʠʝʥʠʪʦʚ. 

 

ʈʘʥʥʝʨʠʬʝʡʩʢʠʝ ʦʩʘʜʦʯʥʳʝ ʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʚʫʭʬʘʟʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ 

[1,2,6,12,13,14,15] ʃʇɻ ʜʦʤʠʥʠʨʫʶʪ ʥʘ ʜʦʯʝʪʚʝʨʪʠʯʥʦʤ ʩʨʝʟʝ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ 

[1,2,4], ʛʜʝ ʙʦʣʝʝ ʤʦʣʦʜʳʝ ʥʝʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʶʱʠʝ ʧʦʟʜʥʝʨʠʬʝʡʩʢʦ-ʨʘʥʥʝʚʝʥʜʩʢʠʝ ʢʦʤʧʣʝʢʩʳ 

ʩʦʭʨʘʥʠʣʠʩʴ ʣʠʰʴ ʬʨʘʛʤʝʥʪʘʨʥʦ ʚ ʦʩʝʚʳʭ ʯʘʩʪʷʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ, ʩʝʚʝʨʥʝʝ ʦ-ʚʘ ʂʦʥʝʚʝʮ 

ʠ ʟʘʧʘʜʥʝʝ ʦ-ʚʘ ɺʘʣʘʘʤ. ʆʥʠ ʰʠʨʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʶʞʥʝʝ ʂʦʥʝʚʝʮʢʦʛʦ ʧʦʨʦʛʘ, ʥʘʧʨʠʤʝʨ, ʚ 

ʧʨʝʜʝʣʘʭ ɺʫʦʢʩʠʥʩʢʦʡ ʨʫʙʮʦʚʦʡ ʩʠʥʢʣʠʥʘʣʠ ʧʨʦʩʪʠʨʘʥʠʷ 100-110Ü, ʩʤʳʢʘʶʱʝʡʩʷ ʩ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʳʤ ʇʘʰʩʢʠʤ ʛʨʘʙʝʥʦʤ [1, 2]. ʍʘʨʘʢʪʝʨʥʳ ʧʨʦʩʪʳʝ ʧʦʣʦʛʠʝ ʩʢʣʘʜʢʠ ʩ ʫʛʣʘʤʠ ʧʘʜʝʥʠʷ ʜʦ 

10Ü, ʭʦʪʷ ʜʘʥʥʳʝ ʅʉʇ ʠʟʨʝʜʢʘ ʬʠʢʩʠʨʫʶʪ ʟʦʥʳ ʩʣʦʞʥʳʭ ʜʝʬʦʨʤʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʥʝʜʨʝʥʠʝʤ 

ʥʝʢʦʪʦʨʳʭ ʠʥʪʨʫʟʠʚʥʳʭ ʪʝʣ. 

ʇʣʠʪʥʳʡ ʯʝʭʦʣ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʪʣʦʞʝʥʠʷʤʠ ʧʦʟʜʥʝʛʦ ʚʝʥʜʘ [2,4], ʙʳʣ 

ʩʝʡʩʤʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠ ʨʘʩʯʣʝʥʝʥ ʜʝʪʘʣʴʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʣʝʞʘʱʝʡ ʩʫʰʝʡ ʠ ʢʦʨʨʝʣʠʨʦʚʘʥ 

ʩ ʨʘʟʨʝʟʘʤʠ ʩʢʚʘʞʠʥ ʧʦʙʝʨʝʞʴʷ. ɼʣʷ ʥʝʛʦ ʭʘʨʘʢʪʝʨʥʦ ʩʧʦʢʦʡʥʦʝ ʧʦʣʦʛʦʝ ʤʦʥʦʢʣʠʥʘʣʴʥʦʝ 

ʟʘʣʝʛʘʥʠʝ ʩ ʧʘʜʝʥʠʝʤ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ (ʨʠʩ. 3, 4). ʆʪʜʝʣʴʥʳʝ ʥʘʨʫʰʝʥʠʷ ʥʘʭʦʜʷʪ ʦʪʨʘʞʝʥʠʝ ʚ 

ʧʣʠʪʥʦʤ ʯʝʭʣʝ [2,3], ʦʙʳʯʥʦ ʥʘʩʣʝʜʫʷ ʚʳʨʘʞʝʥʥʳʝ ʨʠʬʝʡʩʢʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ 

ɺʫʦʢʩʠʥʩʢʘʷ ʨʫʙʮʦʚʘʷ ʩʠʥʢʣʠʥʘʣʴ ʠ ʇʘʰʩʢʠʡ ʛʨʘʙʝʥ. ʃʦʢʘʣʴʥʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ, 

ʩʣʦʞʝʥʥʘʷ ʚʝʥʜ-ʦʨʜʦʚʠʢʩʢʠʤʠ ʧʦʨʦʜʘʤʠ, ʛʠʧʦʪʝʪʠʯʝʩʢʠ  ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʝʝ 

ʦ-ʚʘ ʃʝʤʙʘʯ ɺʘʣʘʘʤʩʢʦʡ ʛʨʷʜʳ. 
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ʈʠʩ. 3. ʈʝʣʴʝʬ ʧʦʜʦʰʚʳ ʧʣʠʪʥʦʛʦ ʯʝʭʣʘ ʚ ʤʝʪʨʘʭ (ʛʦʨʠʟʦʥʪ ɸ1). 

 

ɹʘʟʘʣʴʥʘʷ ʩʪʘʨʦʨʫʩʩʢʘʷ ʩʚʠʪʘ ʨʝʜʢʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʥʠʞʥʶʶ ʠ ʚʝʨʭʥʶʶ 

ʯʘʩʪʠ (ʨʠʩ. 4). ʄʦʱʥʦʩʪʴ ʥʠʞʥʝʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʩʣʘʙʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ʆʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ, ʧʨʠʯʝʤ ʨʦʣʴ ʘʨʛʠʣʣʠʪʦʧʦʜʦʙʥʳʭ 

ʨʘʟʥʦʩʪʝʡ ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʝʪ ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʩʫʰʝʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʠʘʤʠʢʪʠʪʳ. 

ʄʝʞʜʫ ʨʝʜʢʠʥʩʢʠʤ ʠ ʢʦʪʣʠʥʩʢʠʤ ʛʦʨʠʟʦʥʪʘʤʠ, ʢʦʪʦʨʳʡ ʩʝʡʩʤʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠ ʣʝʛʢʦ 

ʨʘʟʜʝʣʷʝʪʩʷ ʥʝ ʤʝʥʝʝ ʯʝʤ ʥʘ ʪʨʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷ, ʬʠʢʩʠʨʫʝʪʩʷ ʧʝʨʝʨʳʚ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʣʘʥʘ 

ʙʘʩʩʝʡʥʦʚ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʦʪʣʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʘ ʚʦʩʪʦʢʝ ʦʟʝʨʘ ʥʘʙʣʶʜʘʶʪʩʷ 

ʧʨʦʛʨʘʜʘʮʠʦʥʥʳʝ ʢʣʠʥʦʬʦʨʤʳ (ʪʝʣʘ ʙʦʢʦʚʦʛʦ ʥʘʨʘʱʠʚʘʥʠʷ), ʚʦʟʤʦʞʥʦ ʦʪʚʝʯʘʶʱʠʝ ʧʝʩʯʘʥʦ-

ʘʣʝʚʨʦʣʠʪʦʚʳʤ ʬʘʮʠʷʤ ʘʚʘʥʜʝʣʴʪʳ. ʇʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ ʠ ʛʣʠʥʳ ʨʦʚʝʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ 

(ʦʪʥʦʩʠʤʦʛʦ ʣʠʙʦ ʢ ʚʝʨʭʥʝʤʫ ʚʝʥʜʫ, ʣʠʙʦ ʢ ʥʠʞʥʝʤʫ ʢʝʤʙʨʠʶ)  ʨʘʟʚʠʪʳ ʣʦʢʘʣʴʥʦ ʥʘ ʤʝʣʢʦʚʦʜʴʷʭ 

ʚʙʣʠʟʠ ʶʞʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʦʟʝʨʘ. ʇʣʠʪʥʳʡ ʯʝʭʦʣ ʠʤʝʝʪ ʦʪʯʝʪʣʠʚʦʝ ʜʝʥʫʜʘʮʠʦʥʥʦʝ ʩʦʢʨʘʱʝʥʠʝ 

ʤʦʱʥʦʩʪʠ, ʘ ʧʦ ʧʝʨʠʬʝʨʠʠ ʩʦʭʨʘʥʷʶʪʩʷ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʦʩʪʘʥʮʳ ʚʳʢʣʠʥʠʚʘʶʱʠʭʩʷ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ (ʨʠʩ. 4). ɺʳʭʦʜʘʤ ʪʝʭ ʠʣʠ ʠʥʳʭ ʨʘʟʥʦʩʪʝʡ ʩʚʦʡʩʪʚʝʥʥʘ ʨʘʟʣʠʯʥʘʷ ʧʨʦʷʚʣʝʥʥʦʩʪʴ ʚ 

ʣʠʪʦʤʦʨʬʥʦʤ ʨʝʣʴʝʬʝ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ. ɹʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʢ ʜʝʥʫʜʘʮʠʠ ʩʣʦʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʨʝʜʢʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠ ʘʨʛʠʣʣʠʪʦʚ ʚʘʩʠʣʝʦʩʪʨʦʚʩʢʦʡ ʩʚʠʪʳ ʢʦʪʣʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚʳʨʘʞʝʥʳ 

ʚʳʧʦʣʦʞʝʥʥʳʤʠ ñʫʩʪʫʧʘʤʠò (ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʢʨʫʪʳʤʠ ʩʢʣʦʥʘʤʠ). ʊʠʧʠʯʥʳ ʤʦʱʥʳʝ 

ʛʣʷʮʠʦʜʠʩʣʦʢʘʮʠʠ, ʚ ʢʦʪʦʨʳʝ ʠʥʦʛʜʘ ʚʦʚʣʝʯʝʥʦ ʙʦʣʝʝ 10 ʤ ʚʝʥʜʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ 

ʩʣʫʯʘʝ ʜʦʤʠʥʠʨʦʚʘʥʠʷ  ʥʘ ʜʦʯʝʪʚʝʨʪʠʯʥʦʤ ʩʨʝʟʝ ʛʣʠʥʠʩʪʳʭ ʨʘʟʥʦʩʪʝʡ. 
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ʈʠʩ. 4. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʪʠʧʦʚʦʛʦ ʨʘʟʨʝʟʘ ʧʦ ʜʘʥʥʳʤ ʅʉʇ, ʠʣʣʶʩʪʨʠʨʫʶʱʘʷ ʚʳʢʣʠʥʠʚʘʥʠʝ 

ʧʦʟʜʥʝʚʝʥʜʩʢʦʛʦ ʧʣʠʪʥʦʛʦ ʯʝʭʣʘ ʠ ʧʨʠʤʝʨʳ ʚʦʣʥʦʚʦʡ ʢʘʨʪʠʥʳ. ʆʩʥʦʚʥʳʝ ʦʪʨʘʞʘʶʱʠʝ 

ʛʦʨʠʟʦʥʪʳ: A1 ï ʜʦʧʦʟʜʥʝʚʝʥʜʩʢʦʝ ʦʩʥʦʚʘʥʠʝ, B1 ï ʢʨʦʚʣʷ ʙʘʟʘʣʴʥʦʡ ʯʘʩʪʠ ʨʝʜʢʠʥʩʢʦʛʦ 

ʛʦʨʠʟʦʥʪʘ, ʉ1 ï ʧʦʜʦʰʚʘ ʛʜʦʚʩʢʠʭ ʩʣʦʝʚ ʢʦʪʣʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ, D1 ï ʧʦʜʦʰʚʘ ʚʘʩʠʣʝʦʩʪʨʦʚʩʢʦʡ 

ʩʚʠʪʳ ʢʦʪʣʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ. R ï ʨʠʬʝʡʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ, Q - ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ. 

  

ʂʦʥʪʨʘʩʪʥʳʡ ʨʝʣʴʝʬ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʢʦʪʣʦʚʠʥʳ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʥʝʨʝʜʢʦ ʩʚʷʟʳʚʘʶʪ ʩ 

ʧʨʦʷʚʣʝʥʠʷʤʠ ʤʘʩʰʪʘʙʥʦʡ ʙʣʦʢʦʚʦʡ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ [7]. ʆʜʥʘʢʦ, ʤʝʭʘʥʠʟʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʪʣʦʚʠʥʳ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʩʚʷʟʘʥ ʩ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʜʝʥʫʜʘʮʠʝʡ ʚ 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʦʡ ʟʦʥʝ ʠʟʤʝʥʝʥʠʷ  ʣʝʜʥʠʢʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ [10]. ʆʥ ʪʠʧʠʯʝʥ 

ʜʣʷ ʦʢʨʘʠʥ ɹʘʣʪʠʡʩʢʦʛʦ ʠ ʂʘʥʘʜʩʢʦʛʦ ʱʠʪʦʚ, ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ ʤʥʦʛʦʢʨʘʪʥʳʤ ʧʣʝʡʩʪʦʮʝʥʦʚʳʤ 

ʦʣʝʜʝʥʝʥʠʷʤ. ʉʝʚʝʨʥʘʷ ʧʝʨʝʫʛʣʫʙʣʝʥʥʘʷ ʯʘʩʪʴ ʢʦʪʣʦʚʠʥʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʘʤʳʡ ʢʨʫʧʥʳʡ ʚ 

ʤʠʨʝ ʣʝʜʥʠʢʦʚʳʡ ʮʠʨʢ [3]. ɺ ʨʝʣʴʝʬʝ ʜʦʯʝʪʚʝʨʪʠʯʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʦʥ ʧʦʣʫʯʠʣ ʥʘʠʙʦʣʝʝ ʯʝʪʢʦʝ 

ʦʬʦʨʤʣʝʥʠʝ ʢ ʢʦʥʮʫ ʥʘʠʙʦʣʝʝ ʤʦʱʥʦʛʦ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʜʥʝʧʨʦʚʩʢʦʛʦ ʦʣʝʜʝʥʝʥʠʷ, ʢʘʢ ʠ 

ʙʦʣʴʰʠʥʩʪʚʦ ʥʘʠʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʠ ʧʨʦʪʷʞʝʥʥʳʭ ʪʫʥʥʝʣʴʥʳʭ ʜʦʣʠʥ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʚʳʨʘʞʝʥʳ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʨʝʣʴʝʬʝ. 

ʃʝʜʥʠʢʦʚʘʷ ʠ ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʘʷ ʜʝʥʫʜʘʮʠʷ ʧʦʩʣʫʞʠʣʘ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ 

ʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʨʘʟʚʠʪʠʷ ʨʘʟʥʦ ʧʦʨʷʜʢʦʚʳʭ ʩʪʨʫʢʪʫʨʥʦ-ʜʝʥʫʜʘʮʠʦʥʥʳʭ ʬʦʨʤ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʩʣʦʞʥʦʝ, ʥʦ ʧʨʦʛʥʦʟʠʨʫʝʤʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ. 

ʅʝʢʦʪʦʨʘʷ ʩʧʝʮʠʬʠʢʘ ʩʚʷʟʘʥʘ ʩ ʠʟʤʝʥʝʥʠʝʤ ʨʦʣʠ ʠ ʪʝʥʜʝʥʮʠʠ ʣʝʜʥʠʢʦʚʦʡ ʜʝʥʫʜʘʮʠʠ ʚʦ ʚʨʝʤʝʥʠ, 

ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʳʤ ʣʦʢʘʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ  ʢʦʥʪʫʨʥʳʭ ʧʨʠʜʦʥʥʳʭ ʪʝʯʝʥʠʡ, ʩʣʝʜʫʶʱʠʭ ʚʜʦʣʴ 

ʠʟʦʙʘʪ ʚ ʟʦʥʘʭ ʢʦʥʪʨʘʩʪʥʦʛʦ ʨʝʣʴʝʬʘ, ʦʪʨʘʞʘʶʱʝʛʦ ʚʳʭʦʜʳ ʙʦʣʝʝ ʧʨʦʯʥʳʭ ʨʠʬʝʡʩʢʠʭ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʥʘ ʩʝʚʝʨʝ ʢʦʪʣʦʚʠʥʳ [3]. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʝʣʝʚʘʥʪʥʳʭ ʦʢʘʡʤʣʷʶʱʠʭ 

ʣʦʞʙʠʥ ʪʨʘʥʟʠʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʙʲʷʩʥʠʤʦ ʦʮʝʥʦʯʥʦʡ ʤʦʜʝʣʴʶ ʢʦʥʪʫʨʠʪʦʚʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ. 

ɺʣʠʷʥʠʝ ʧʨʠʜʦʥʥʳʭ ʪʝʯʝʥʠʡ ʚʦ ʚʨʝʤʝʥʠ ʤʦʛʣʦ ʠʟʤʝʥʷʪʴʩʷ ʚ ʩʪʦʨʦʥʫ ʫʩʠʣʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩʦʚʨʝʤʝʥʥʳʤ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʷʭ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʩʦʣʝʥʳʭ ʚʦʜ ʧʦʩʣʝ ʜʝʛʨʘʜʘʮʠʠ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʦʣʝʜʝʥʝʥʠʡ. 

ʈʝʣʠʢʪʦʚʳʝ ʧʣʝʡʩʪʦʮʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ, ʚʢʣʶʯʘʷ ʤʝʞʣʝʜʥʠʢʦʚʳʝ, ʩʦʭʨʘʥʠʣʠʩʴ ʚ ʨʷʜʝ ʢʘʢ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʦʨʤ (ʪʫʥʥʝʣʴʥʳʭ ʜʦʣʠʥʘʭ ʠ ʣʦʞʙʠʥʘʭ), ʪʘʢ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ. ʇʦʩʣʝʜʥʠʝ 

ʜʦʤʠʥʠʨʫʶʪ ʚ ʨʘʡʦʥʝ ʭʚʦʩʪʘʪʳʭ ʩʢʘʣ ɿʘʧʘʜʥʦʛʦ ɸʨʭʠʧʝʣʘʛʘ [1,2,3]. 

ʂʦʤʧʦʥʝʥʪʳ ʧʦʩʣʝʣʝʜʥʠʢʦʚʳʭ ʠʟʦʩʪʘʪʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩ ʧʦʟʠʮʠʡ 

ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʥʝ ʪʦʣʴʢʦ ʣʝʜʥʠʢʦʚʫʶ ʢʦʤʧʦʥʝʥʪʫ, ʥʦ ʠ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʜʥʳʭ ʤʘʩʩ ʠ ʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [5]. ɼʣʷ ʧʦʚʝʨʢʠ ʧʘʨʘʤʝʪʨʦʚ ʠʟʛʠʙʥʦʡ 
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ʞʝʩʪʢʦʩʪʠ ʣʠʪʦʩʬʝʨʳ ʠ ʧʦʥʠʤʘʥʠʷ ʚʣʠʷʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʜʣʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʈʫʩʩʢʦʡ 

ʧʣʠʪʳ ʙʳʣ ʧʨʠʤʝʥʝʥ ʥʝʟʘʚʠʩʠʤʳʡ ʤʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʦʩʪʘʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʜʦʧʦʟʜʥʝʚʝʥʜʩʢʦʛʦ ʧʝʥʝʧʣʝʥʘ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʦʩʘʜʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʅʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ 

ʥʝ ʩʚʦʜʷʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢ ʠʟʦʩʪʘʟʠʠ [4,8]. ʆʜʥʘʢʦ, ʨʷʜ ʚʠʜʠʤʳʭ ʜʝʬʦʨʤʘʮʠʡ ʛʦʣʦʮʝʥʦʚʳʭ 

ʦʩʘʜʢʦʚ ʚ ʟʦʥʘʭ ʢʦʥʪʨʘʩʪʥʦʛʦ ʨʝʣʴʝʬʘ (ʥʘʧʨʠʤʝʨ, ʚ ʟʦʥʝ ʙʨʦʥʠʨʦʚʘʥʥʳʭ ʙʦʣʝʝ ʧʨʦʯʥʳʤʠ 

ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʯʝʪʳʨʝʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʫʵʩʪʦʦʙʨʘʟʥʳʭ ʫʩʪʫʧʦʚ ʚʙʣʠʟʠ ʩʝʚʝʨʥʦʛʦ 

ʧʦʙʝʨʝʞʴʷ ʃʘʜʦʛʠ) ʠʤʝʝʪ ʙʝʩʢʦʨʥʝʚʦʡ ʭʘʨʘʢʪʝʨ ʠ ʩʚʷʟʘʥ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ 

ʫʧʣʦʪʥʝʥʠʝʤ ʧʦʜʩʪʠʣʘʶʱʠʭ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʠʥʳʤʠ ʧʨʠʯʠʥʘʤʠ.  
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Abstract: Lake Ladogaôs basin was formed within the fragment of the slope of the Baltic Shield, 

complicated by the Riphean (Jotnian) Ladoga-Pasha graben-syncline. It belongs to the family of Jotnian 

structures spatially located around large Gothian intrusive bodies in contrast with linear extended 

aulacogens. Platform strata thin out with erosional truncation. They dip southeast, defining the monocline 

that reflects the subsiding of the epi-Late Vendian peneplain. Low-amplitude tectonic dislocations of the 

cover usually inherit the most pronounced Jotnian structural elements. Disturbance of subjacent strata by 

glacial action is common. Glacial and fluvio glacial erosion was a dominate factor in the Pleistocene 

shaping of structural-denudational geomorphological elements of different order. 
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ɸʥʥʦʪʘʮʠʷ: ʉʦʚʨʝʤʝʥʥʳʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚʩʸ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʛʠʜʨʦʙʠʦʣʦʛʠʠ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʬʨʦʚʢʘ ʤʦʣʝʢʫʣ ɼʅʂ ʩ 

ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ʤʘʩʩʦʚʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ (HTS). ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʦʙʣʘʩʪʷʤʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛ ʩʦʦʙʱʝʩʪʚ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ 

ʨʝʘʛʠʨʦʚʘʥʠʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʛʠʜʨʦʙʠʦʥʪʦʚ ʥʘ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʳ. ʅʘʤʠ ʥʘʯʘʪʳ ʨʘʙʦʪʳ ʧʦ ʵʪʠʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʚ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʦʟʝʨʘ ɹʘʡʢʘʣ. ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʙʘʡʢʘʣʴʩʢʦʛʦ ʧʠʢʦ-ʥʘʥʦʧʣʘʥʢʪʦʥʘ 

ʚʳʷʚʣʝʥʳ ʨʘʥʝʝ ʥʝ ʦʧʠʩʘʥʥʳʝ ʚ ʦʟʝʨʝ ʧʨʦʩʪʝʡʰʠʝ (ʚ ʪ.ʯ. ʧʘʨʘʟʠʪʠʯʝʩʢʠʝ), ʨʷʜ ʢʦʪʦʨʳʭ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʵʥʜʝʤʠʯʝʥ. ʊʘʢʞʝ ʠʩʩʣʝʜʫʶʪʩʷ ʚʠʜʦʦʙʨʘʟʦʚʘʥʠʝ ʠ ʠʟʤʝʥʝʥʠʷ ʛʝʥʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʦʡ ʩʦʣʝʥʦʩʪʠ ʫ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ ʧʨʦʩʪʝʡʰʠʭ (ʜʠʥʦʬʣʘʛʝʣʣʷʪ), ʦʙʠʪʘʶʱʠʭ ʚ 

ʤʦʨʩʢʦʡ ʠ ʧʨʝʩʥʦʡ ʚʦʜʝ. ʍʦʪʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦ-ʧʨʝʞʥʝʤʫ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʩʣʦʞʥʦʩʪʝʡ, HTS ʦʢʘʟʳʚʘʝʪ ʚʩʸ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʠ ʚ ʙʣʠʞʘʡʰʝʤ 

ʙʫʜʫʱʝʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʪʘʥʝʪ ʦʙʷʟʘʪʝʣʴʥʳʤ ʜʣʷ ʮʝʣʦʛʦ ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʩʩʦʚʦʝ ʧʘʨʘʣʣʝʣʴʥʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ, ʤʝʪʘʙʘʨʢʦʜʠʥʛ, ʪʨʘʥʩʢʨʠʧʪʦʤ, 

ʧʣʘʥʢʪʦʥ, ʧʨʦʩʪʝʡʰʠʝ, ʜʠʥʦʬʣʘʛʝʣʣʷʪʳ 

 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʝʰʝʚʣʝʥʠʝ ʤʝʪʦʜʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ, ʧʨʦʠʟʦʰʝʜʰʝʝ ʚ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ, ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʥʝ ʪʦʣʴʢʦ ʚ ʦʢʦʣʦʤʝʜʠʮʠʥʩʢʠʭ, ʥʦ ʠ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ. ʆʜʥʠʤ ʠʟ ʵʪʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʤʘʩʩʦʚʦʛʦ 

ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ɼʅʂ (HTS ð High-Throughput Sequencing), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʰʠʬʨʦʚʳʚʘʪʴ ʤʠʣʣʠʦʥʳ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ [1]. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ ʧʦʜʭʦʜʫ 

ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʥʝ ʠʩʢʘʪʴ ʝʜʠʥʠʯʥʳʝ ʬʨʘʛʤʝʥʪʳ ɼʅʂ ʩ ʧʦʤʦʱʴʶ ʧʨʠʮʝʣʴʥʳʭ, ʪʨʫʜʦʝʤʢʠʭ 

ʤʝʪʦʜʦʚ, ʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʥʘʙʦʨ ɼʅʂ ʚ ʦʙʨʘʟʮʝ ʠ ʜʘʣʝʝ ʧʦʜʚʝʨʛʘʪʴ ʘʥʘʣʠʟʫ 

ʧʦʣʫʯʝʥʥʳʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ (ʵʪʦ ʪʝʤ ʙʦʣʝʝ ʚʘʞʥʦ, ʪʘʢ ʢʘʢ ʧʨʠ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪʘʭ ʥʝʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʠʤʝʥʥʦ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʭʦʪʷʪ ʥʘʡʪʠ ʜʦ ʪʦʛʦ, ʢʘʢ ʦʥʦ ʥʘʡʜʝʪʩʷ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ HTS ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʦʣʞʥʦ ʠʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʪʘʢʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʢʘʢ 1) ʤʦʥʠʪʦʨʠʥʛ 

ʛʠʜʨʦʙʠʦʥʪʦʚ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʦʜʥʦʢʣʝʪʦʯʥʳʭ ʬʦʨʤ, 2) ʠʟʫʯʝʥʠʝ ʪʦʛʦ, ʢʘʢ ʚʣʠʷʶʪ ʠʟʤʝʥʝʥʠʷ 

ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ ʥʘ ʤʦʜʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʤʦʚ. 

ʀʟʫʯʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʩʪʨʫʢʪʫʨʳ ʩʦʦʙʱʝʩʪʚ ʛʠʜʨʦʙʠʦʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ, ʪʘʢ ʠ ʜʣʷ ʦʭʨʘʥʳ ʚʦʜʦʸʤʘ. ʇʨʠ ʨʫʪʠʥʥʦʤ ʤʦʥʠʪʦʨʠʥʛʝ ʚʦʜʥʳʭ ʧʨʦʙ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʫʜʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʨʫʧʥʳʝ 

ʧʣʘʥʢʪʦʥʥʳʝ ʦʨʛʘʥʠʟʤʳ, ʚ ʪʦʞʝ ʚʨʝʤʷ ʨʘʟʣʠʯʥʳʝ ʦʜʥʦʢʣʝʪʦʯʥʳʝ ʦʨʛʘʥʠʟʤʳ (ʧʨʦʩʪʝʡʰʠʝ ʠ 

ʙʘʢʪʝʨʠʠ) ʚ ʩʠʣʫ ʩʚʦʠʭ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ, ʧʣʦʭʦʡ ʩʦʭʨʘʥʥʦʩʪʠ ʚ ʬʠʢʩʘʪʦʨʘʭ, ʦʪʩʫʪʩʪʚʠʶ 

ʚʳʨʘʞʝʥʥʳʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʯʘʩʪʦ ʦʩʪʘʶʪʩʷ ʥʝʟʘʤʝʯʝʥʥʳʤʠ, ʭʦʪʷ ʧʨʠ ʵʪʦʤ, ʠʤʝʥʥʦ 

ʦʥʠ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʚʩʶ ʵʢʦʩʠʩʪʝʤʫ. ʂ ʪʘʢʠʤ ʦʨʛʘʥʠʟʤʘʤ ʦʪʥʦʩʷʪʩʷ 

ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʝ ʤʠʢʨʦʚʦʜʦʨʦʩʣʠ ʠ ʭʠʱʥʠʢʠ, ʧʘʨʘʟʠʪʳ ʠ ʩʠʤʙʠʦʥʪʳ. ʀʭ ʨʦʣʴ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʦʯʢʝ ʦʯʝʥʴ ʚʝʣʠʢʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʟʫʯʝʥʥʦʩʪʴ ʨʘʟʥʦʦʙʨʘʟʠʷ, ʥʘʦʙʦʨʦʪ, ʤʘʣʘ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʠʭ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʤʝʪʘʙʘʨʢʦʜʠʥʛ (ʠʣʠ 

ʰʪʨʠʭʢʦʜʠʨʦʚʘʥʠʝ). ʆʥ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʳʜʝʣʝʥʠʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘʧʨʷʤʫʶ ʠʟ ʧʨʦʙʳ 

ʚʦʜʳ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʩʰʠʬʨʦʚʢʦʡ ʤʘʨʢʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ɼʅʂ, ʟʘʚʝʜʦʤʦ ʨʘʟʣʠʯʘʶʱʝʛʦʩʷ ʫ 

ʨʘʟʥʳʭ ʦʨʛʘʥʠʟʤʦʚ [2]. ɺ ʧʝʨʚʦʡ ʜʝʢʘʜʝ 21 ʚʝʢʘ ʜʣʷ ʪʘʢʦʡ ʨʘʩʰʠʬʨʦʚʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʤʦʣʝʢʫʣʷʨʥʦʝ ʢʣʦʥʠʨʦʚʘʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝʤ ʧʦ ʉʵʥʛʝʨʫ, ʩʝʡʯʘʩ ʞʝ ʚʩʸ ʙʦʣʴʰʝ 
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ʨʘʙʦʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ HTS. ʉ ʧʦʤʦʱʴʶ ʙʘʨʢʦʜʠʥʛʘ ʤʦʞʥʦ ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚʥʦ 

ʦʧʠʩʘʪʴ ʩʦʦʙʱʝʩʪʚʦ ʦʨʛʘʥʠʟʤʦʚ ʚ ʧʨʦʙʝ, ʚʟʷʪʦʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʝ 

ʧʨʠʚʣʝʢʘʷ ʫʟʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʨʘʟʣʠʯʥʳʤ ʛʨʫʧʧʘʤ ʦʨʛʘʥʠʟʤʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ ʤʝʪʦʜ 

ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʤʦʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʛʨʫʧʧʳ ʪʘʢʩʦʥʦʚ ʠ ʠʟ ʚʦʜʥʦʡ ʪʦʣʱʠ, ʠ ʠʟ ʙʝʥʪʦʩʘ, ʠ ʜʘʞʝ ʚʳʷʚʠʪʴ ʧʦ ɼʅʂ ʜʨʝʚʥʠʝ ʦʨʛʘʥʠʟʤʳ ʚ 

ʦʩʘʜʢʘʭ. ʅʘʧʨʠʤʝʨ, ʮʝʣʳʡ ʨʷʜ ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʧʣʘʥʢʪʦʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʛʦʨʘʟʜʦ ʚʳʰʝ ʚʳʷʚʣʝʥʥʦʛʦ ʨʘʥʝʝ ʩ ʧʦʤʦʱʴʶ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ 

ʤʠʢʨʦʩʢʦʧʠʠ. ʇʨʠʤʝʥʝʥʠʝ HTS ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʪʴ ʠ ʦʮʝʥʠʪʴ ʧʨʦʠʩʭʦʜʷʱʠʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʩʪʨʫʢʪʫʨʝ ʨʝʜʢʦ ʚʩʪʨʝʯʘʝʤʳʭ ʚʠʜʦʚ, ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʪʝʤ ʠʣʠ ʠʥʳʤ ʦʩʥʦʚʥʳʤ ʜʦʤʠʥʘʥʪʘʤ, ʘ 

ʪʘʢʞʝ ʩʨʝʜʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʥʘʥʦ ʠ ʧʠʢʦʧʣʘʥʢʪʦʥʘ, ʩʚʝʜʝʥʠʷ ʦ ʢʦʪʦʨʳʭ ʯʘʩʪʦ ʦʪʩʫʪʩʪʚʫʶʪ ʚ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʣʘʥʢʪʦʥʥʳʭ ʩʧʠʩʢʘʭ. 

ɺ ʨʘʤʢʘʭ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʵʢʩʧʝʜʠʮʠʡ (TARA, Malaspina), ʘ ʪʘʢʞʝ ʨʷʜʘ ʙʦʣʝʝ 

ʣʦʢʘʣʴʥʳʭ ʵʢʩʧʝʜʠʮʠʡ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʙʘʨʢʦʜʠʥʛ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʧʣʘʥʢʪʦʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʧʝʨʝʚʝʨʥʫʣʠ ʥʘʰʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʝʛʦ ʩʪʨʫʢʪʫʨʝ. ʅʘʧʨʠʤʝʨ, ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʤʠʨʦʚʦʤ ʦʢʝʘʥʝ ʚ 

ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠ ʨʘʟʥʦʦʙʨʘʟʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʜʠʧʣʦʥʝʤʠʜʳ ð ʧʣʦʭʦ ʠʩʩʣʝʜʦʚʘʥʥʘʷ 

ʛʨʫʧʧʘ ʛʝʪʝʨʦʪʨʦʬʥʳʭ ʞʛʫʪʠʢʦʚʳʭ ʧʨʦʩʪʝʡʰʠʭ, ʨʦʣʴ ʵʪʦʡ ʛʨʫʧʧʳ ʚ ʦʢʝʘʥʝ ʥʝ ʷʩʥʘ ʠ ʨʘʥʝʝ ʢ ʥʝʡ 

ʦʪʥʦʩʠʣʠ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ [3]. ʀʟʫʯʝʥʠʝ ʧʨʝʩʥʦʚʦʜʥʳʭ ʩʠʩʪʝʤ ʙʳʣʦ ʥʘʯʘʪʦ ʧʦʟʞʝ ʠ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʧʫʙʣʠʢʦʚʘʥʦ ʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʨʘʙʦʪ ʧʦ ʛʝʥʝʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʧʨʝʩʥʦʚʦʜʥʳʭ 

ʦʜʥʦʢʣʝʪʦʯʥʳʭ ʵʫʢʘʨʠʦʪ. ʅʦ ʠ ʦʥʠ ʫʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʠʟʢʫʶ ʠʟʫʯʝʥʥʦʩʪʴ ʜʘʥʥʳʭ ʩʠʩʪʝʤ. 

ʊʘʢ ʞʝ ʢʘʢ ʠ ʜʣʷ ʦʢʝʘʥʠʯʝʩʢʠʭ, ʜʣʷ ʧʨʝʩʥʦʚʦʜʥʳʭ ʩʠʩʪʝʤ ʧʦʢʘʟʘʥʘ ʚʘʞʥʘʷ ʨʦʣʴ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʧʘʨʘʟʠʪʠʯʝʩʢʠʭ ʚʠʜʦʚ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʯʠʩʣʝʥʥʦʩʪʴ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʧʣʘʥʢʪʦʥʘ [4]. ʈʷʜ ʪʘʢʩʦʥʦʚ, ʠʟʚʝʩʪʥʳʭ ʪʦʣʴʢʦ ʜʣʷ ʤʦʨʝʡ, ʩ ʧʦʤʦʱʴʶ HTS ʙʳʣʠ ʥʘʡʜʝʥʳ ʠ ʚ 

ʧʨʝʩʥʦʡ ʚʦʜʝ [ʥʘʧʨʠʤʝʨ, 5]. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʢʨʘʡʥʝ ʠʥʪʝʨʝʩʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʢʨʫʧʥʳʝ ʦʟʸʨʥʳʝ ʩʠʩʪʝʤʳ, ʪʘʢ ʢʘʢ 

ʦʥʠ ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ ʥʝʢʦʪʦʨʳʝ ʤʦʨʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʥʘʧʨʠʤʝʨ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʫʩʣʦʚʠʡ), ʥʦ ʧʨʠ 

ʵʪʦʤ ʧʨʝʩʥʦʚʦʜʥʳ ʠ  ʠʟʦʣʠʨʦʚʘʥʳ. ʆʜʥʦ ʠʟ ʥʠʭ - ʦʟʝʨʦ ɹʘʡʢʘʣ, ʩʘʤʦʝ ʜʨʝʚʥʝʝ (ʙʦʣʝʝ 26 ʤʣʥ. ʣʝʪ) 

ʠ ʩʘʤʦʝ ʛʣʫʙʦʢʦʝ (1637 ʤʝʪʨʦʚ) ʧʨʝʩʥʦʝ ʦʟʝʨʦ. ʀʟ-ʟʘ ʩʪʦʣʴ ʜʣʠʪʝʣʴʥʦʡ ʠʩʪʦʨʠʠ ʩʚʦʝʛʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʥʦ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʵʚʦʣʶʮʠʦʥʥʦʡ 

ʠʩʪʦʨʠʝʡ. ʊʘʢ, ʯʘʩʪʴ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʜʨʝʚʥʠʤʠ ʚʠʜʘʤʠ, ʘ ʯʘʩʪʴ ï ʚʦʟʥʠʢʣʠ  ʥʝʜʘʚʥʦ ʟʘ ʩʯʝʪ 

ʤʝʭʘʥʠʟʤʘ ʚʟʨʳʚʥʦʛʦ ʚʠʜʦʦʙʨʘʟʦʚʘʥʠʷ. ɺ ɹʘʡʢʘʣʝ ʦʙʠʪʘʶʪ ʢʘʢ ʫʥʠʢʘʣʴʥʳʝ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʢ 

ʜʘʥʥʦʤʫ ʦʟʝʨʫ ʦʨʛʘʥʠʟʤʳ, ʪʘʢ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʢʦʩʤʦʧʦʣʠʪʥʳʭ ʧʘʣʝʦʘʨʢʪʠʯʝʩʢʠʭ ʚʠʜʦʚ. ʂʘʢ ʠ ʚʦ 

ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʚʦʜʦʝʤʘʭ, ʚ ʥʝʤ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʠʟʫʯʝʥʳ ʤʥʦʛʦʢʣʝʪʦʯʥʳʝ, ʘ ʥʝ ʦʜʥʦʢʣʝʪʦʯʥʳʝ 

ʵʫʢʘʨʠʦʪʳ. ɺ ʃʀʅ ʉʆ ʈɸʅ ʥʘʯʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʩ ʧʦʤʦʱʴʶ HTS, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘʤʠ 

ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʧʦ ʤʝʣʴʯʘʡʰʠʤ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʧʣʘʥʢʪʦʥʘ. ɼʣʷ ʵʪʦʛʦ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʬʨʘʛʤʝʥʪ ʛʝʥʘ 18S ʈʅʂ, ʪʘʢ ʢʘʢ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʵʪʦ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʡ ʛʝʥ, ʧʦ ʥʝʤʫ 

ʩʫʱʝʩʪʚʫʶʪ ʚʳʚʝʨʝʥʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ (ʥʘʧʨʠʤʝʨ, SILVA), ʚʢʣʶʯʘʶʱʠʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʤʦʨʩʢʠʭ ʠ ʧʨʝʩʥʦʚʦʜʥʳʭ ʚʠʜʦʚ. ʉʦʛʣʘʩʥʦ ʥʘʰʠʤ ʜʘʥʥʳʤ ʤʥʦʛʠʝ ʦʜʥʦʢʣʝʪʦʯʥʳʝ ʵʫʢʘʨʠʦʪʳ ʚ 

ɹʘʡʢʘʣʝ ʥʝ ʫʯʪʝʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʵʪʦ ʢʘʩʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʡ ʯʘʩʪʠ ʧʘʨʘʟʠʪʠʯʝʩʢʠʭ ʬʦʨʤ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʨʘʟʣʠʯʥʳʤ ʛʨʫʧʧʘʤ (ʭʠʪʨʠʜʠʝʚʳʝ, ʧʝʨʢʠʥʩʠʠʜʳ, ʘʧʠʢʦʤʧʣʝʢʩʳ ʠ ʜʨ.). ʊʘʢʞʝ 

ʥʘʡʜʝʥʳ ʨʘʥʝʝ ʥʝ ʦʧʠʩʘʥʥʳʝ ʚ ʵʪʦʤ ʦʟʝʨʝ ʩʚʦʙʦʜʥʦʞʠʚʫʱʠʝ ʛʨʫʧʧʳ (ʥʘʧʨʠʤʝʨ, ʪʝʣʦʥʝʤʠʜʳ). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʩʦʦʙʱʝʩʪʚ, ʚʟʷʪʳʭ ʚ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʦʟʝʨʘ ʩ 50 ʤʝʪʨʦʚ (ʩʣʦʡ, ʩʣʝʜʫʶʱʠʡ 

ʟʘ ʧʨʠʤʝʨʥʦʡ ʛʨʘʥʠʮʝʡ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʝʡ ʟʦʥʳ) ʩʭʦʜʥʘ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʦʙʱʝʩʪʚ ʩ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʸʚ.  

ɹʘʡʢʘʣ ʩʦʜʝʨʞʠʪ ʦʢʦʣʦ 20% ʤʠʨʦʚʦʛʦ ʟʘʧʘʩʘ ʥʝʟʘʤʝʨʟʰʝʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʨʝʩʥʦʡ ʚʦʜʳ. 

ʇʨʠ ʵʪʦʤ, ʜʦ ʩʠʭ ʧʦʨ ʚʦʜʘ ʦʩʪʘʝʪʩʷ ʚʝʩʴʤʘ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʧʨʦʮʝʩʩʳ ʣʦʢʘʣʴʥʦʡ 

ʵʚʪʨʦʬʠʢʘʮʠʠ, ʚʦʟʥʠʢʰʠʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ [6]. ʅʝʦʙʭʦʜʠʤʘ ʛʣʫʙʦʢʘʷ ʠ ʜʝʪʘʣʴʥʘʷ 

ʤʦʥʠʪʦʨʠʥʛʦʚʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʦʟʝʨʘ, ʯʪʦʙʳ ʚʳʷʚʣʷʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʝʛʦ ʤʠʢʨʦʙʠʦʪʝ ʚ ʫʩʣʦʚʠʷʭ 

ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʢʣʠʤʘʪʘ. HTS ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʤ 

ʘʥʘʣʠʟʦʤ ʚ ʙʫʜʫʱʝʤ ʤʦʛʣʦ ʙʳ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ ʪʘʢʦʤ ʤʦʥʠʪʦʨʠʥʛʝ ʜʣʷ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʡ 

ʚ ʤʠʢʨʦʙʥʦʡ ʯʘʩʪʠ ʧʣʘʥʢʪʦʥʘ ʠ ʙʝʥʪʦʩʘ. 

ɺʪʦʨʳʤ ʠʥʪʝʨʝʩʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ HTS, ʢʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʷʚʣʷʝʪʩʷ 

ʠʟʫʯʝʥʠʝ ʩ ʝʸ ʧʦʤʦʱʴʶ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤ ʛʠʜʨʦʙʠʦʥʪʦʚ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ 
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ʦʩʤʳʩʣʝʥʠʷ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʟʚʦʣʷʝʪ ʩʚʷʟʘʪʴ ʵʢʦʣʦʛʠʶ ʠ ʵʚʦʣʶʮʠʶ, ʥʘʡʪʠ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʯʠʥʳ ʘʜʘʧʪʘʮʠʡ ʠ ʚʟʘʠʤʦʩʚʷʟʝʡ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʦʟʝʨʥʳʭ 

ʵʢʦʩʠʩʪʝʤʘʭ. ʅʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʤʦʞʥʘ ʨʘʩʰʠʬʨʦʚʢʘ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ 

ʜʘʥʥʳʭ (ʪʨʘʥʩʢʨʠʧʪʦʤ ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʨʘʥʩʢʨʠʧʪʦʚ, ʩʠʥʪʝʟʠʨʫʶʱʠʭʩʷ ʩ ʘʢʪʠʚʥʳʭ ʚ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʛʝʥʦʚ). ʊʘʢʦʡ ʘʥʘʣʠʟ ʜʦʩʪʘʪʦʯʥʦ ʬʠʥʘʥʩʦʚʦ ʟʘʪʨʘʪʥʳʡ, ʥʦ ʧʨʠʥʦʩʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʤʦʞʝʪ ʜʘʪʴ ʩʠʣʴʥʳʡ ʪʦʣʯʦʢ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʙʦʣʝʝ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʡ 

ʨʘʙʦʪʳ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʢʦʤʧʣʝʢʩ ʠʟʤʝʥʝʥʠʡ, 

ʧʨʦʠʩʭʦʜʷʱʠʡ ʥʘ ʫʨʦʚʥʝ ʛʝʥʥʦʡ ʨʝʛʫʣʷʮʠʠ, ʫ ʦʨʛʘʥʠʟʤʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʭ ʠʣʠ ʠʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʊʘʢʠʤ ʬʘʢʪʦʨʦʤ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʪʝʤʧʝʨʘʪʫʨʳ, ʦʩʚʝʱʸʥʥʦʩʪʠ), 

ʚʣʠʷʥʠʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʚʝʱʝʩʪʚ (ʩʦʣʝʡ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʤʦʶʱʠʭ ʩʨʝʜʩʪʚ) ʠʣʠ ʞʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ (ʥʘʧʨʠʤʝʨ, ʪʦʢʩʠʯʥʳʭ ʮʠʘʥʦʙʘʢʪʝʨʠʡ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʵʢʦʣʦʛʦ-ʪʦʢʩʠʣʦʛʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦʣʫʯʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʡʪʠ ʥʘ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʫʨʦʚʝʥʴ. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʩʦʣʝʥʦʩʪʴ. ɺʦʧʨʦʩ ʤʠʛʨʘʮʠʡ 

ʦʨʛʘʥʠʟʤʦʚ ʧʦ ʛʨʘʥʠʮʝ ʤʦʨʝ/ʧʨʝʩʥʦʚʦʜʥʳʡ ʚʦʜʦʝʤ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʝʪʩʷ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ 

ʙʠʦʣʦʛʠʠ. ʇʦʥʠʤʘʥʠʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚʘʞʥʦ ʠ ʥʘ ʬʦʥʝ ʚʦʟʤʦʞʥʦʛʦ ʟʘʩʦʣʝʥʠʷ ʧʨʝʩʥʦʚʦʜʥʳʭ 

ʚʦʜʦʝʤʦʚ. ʇʨʝʦʜʦʣʝʥʠʝ ʩʦʣʝʚʦʛʦ ʙʘʨʴʝʨʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʚʠʜʦʦʙʨʘʟʦʚʘʥʠʠ: ʜʘʞʝ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʦʜʥʦʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʦʥʦ ʪʨʫʜʥʦ ʧʨʝʦʜʦʣʠʤʦ [7]. ʇʦʯʝʤʫ ʪʘʢ ʧʨʦʠʩʭʦʜʠʪ ʠ 

ʢʘʢʠʝ ʬʘʢʪʦʨʳ (ʠʣʠ ʠʭ ʢʦʤʧʣʝʢʩ) ʠʛʨʘʶʪ ʙʦʣʝʝ ʚʘʞʥʫʶ ʨʦʣʴ ð ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝʷʩʥʦ. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʙʦʪʳ, ʛʜʝ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ (ʧʦʜʩʯʝʪ ʩʢʦʨʦʩʪʝʡ ʨʦʩʪʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ 

ʦʢʩʠʜʘʥʪʦʚ ʚ ʢʣʝʪʢʝ) ʠʟʤʝʨʷʶʪ ʪʦʣʝʨʘʥʪʥʦʩʪʴ ʦʜʥʦʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠʟ ʤʦʨʝʡ ʠʣʠ 

ʩʦʣʦʥʦʚʘʪʳʭ ʚʦʜ ʢ ʨʘʟʥʦʤʫ ʫʨʦʚʥʶ ʩʦʣⱪʥʦʩʪʠ [ʥʘʧʨʠʤʝʨ, 8]. ʊʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤʝʶʪ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʩʤʳʩʣ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʪʦʢʩʠʯʥʳʭ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʧʦʥʷʪʴ ʥʘ 

ʢʘʢʠʝ ʨʘʩʩʪʦʷʥʠʷ, ʚ ʢʘʢʠʝ ʚʦʜʦʝʤʳ ʤʦʛʫʪ ʧʦʧʘʩʪʴ ʪʦʢʩʠʥʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʤʝʪʦʜʦʚ, 

ʚ ʪ.ʯ. ʥʘ ʦʩʥʦʚʝ HTS, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚʳʷʚʠʪʴ ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʩʦʣʝʚʦʡ ʪʦʣʝʨʘʥʪʥʦʩʪʠ 

(ʠʣʠ ʝʝ ʦʪʩʫʪʩʪʚʠʷ) ʫ ʦʜʥʦʢʣʝʪʦʯʥʳʭ. ʂʘʢʠʝ ʛʝʥʳ ʧʨʠ ʵʪʦʤ ʚʢʣʶʯʘʶʪʩʷ, ʚʳʢʣʶʯʘʶʪʩʷ? ʅʘʩʢʦʣʴʢʦ 

ʚʝʣʠʢ ʩʪʨʝʩʩ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʠ ʢʘʢ ʦʥ ʩ ʥʠʤ ʙʦʨʝʪʩʷ? ʄʳ ʠʩʩʣʝʜʫʝʤ ʜʘʥʥʳʝ ʚʦʧʨʦʩʳ ʥʘ ʤʦʜʝʣʠ 

ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ ʜʠʥʦʬʣʘʛʝʣʣʷʪ (ʛʨʫʧʧʘ ʚʦʜʥʳʭ ʧʨʦʩʪʝʡʰʠʭ), ʠʤʝʶʱʠʭ ʨʘʟʥʫʶ ʪʦʣʝʨʘʥʪʥʦʩʪʴ 

ʢ ʩʦʣʝʥʦʩʪʠ: ʦʜʥʠ ʠʟ ʥʠʭ ʦʙʠʪʘʶʪ ʚ ʦʢʝʘʥʘʭ, ʜʨʫʛʠʝ ʚ ʦʟʝʨʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ɹʘʡʢʘʣʝ. ʇʨʠ ʘʥʘʣʠʟʝ 

ʪʨʘʥʩʢʨʠʧʪʦʤʦʚ ʪʨʸʭ ʥʝʜʘʚʥʦ ʨʘʟʦʰʝʜʰʠʭʩʷ ʣʠʥʠʡ ʧʘʥʮʠʨʥʳʭ ʜʠʥʦʬʣʘʛʝʣʣʷʪ ʥʘʤʠ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʯʸʪʢʦʝ ʵʚʦʣʶʮʠʦʥʥʦʝ ʦʪʣʠʯʠʝ ʧʨʝʩʥʦʚʦʜʥʦʡ ʣʠʥʠʠ ʦʪ ʜʚʫʭ ʜʨʫʛʠʭ, ʦʙʠʪʘʶʱʠʭ, ʚ 

ʩʦʣʦʥʦʚʘʪʳʭ ʚʦʜʘʭ, ʥʦ ʚ ʨʘʟʥʳʭ ʧʦʣʫʰʘʨʠʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʘʢʪʦʨ ʩʨʝʜʳ ʩʳʛʨʘʣ ʙʦʣʝʝ ʚʘʞʥʫʶ 

ʨʦʣʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ ʚ ʵʚʦʣʶʮʠʠ ʜʘʥʥʳʭ ʣʠʥʠʡ. ʀʟ-ʟʘ ʚʝʩʴʤʘ ʥʝʜʘʚʥʝʛʦ 

ʨʘʩʭʦʞʜʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʜʠʥʦʬʣʘʛʝʣʣʷʪ ʯʘʩʪʴ ʠʭ ʛʝʥʦʚ (ʚʢʣʶʯʘʷ ʪʘʢʠʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ɼʅʂ 

ʤʘʨʢʝʨʳ ʢʘʢ ʚʪʦʨʦʡ, ʥʝ ʪʨʘʥʩʣʠʨʫʝʤʳʡ ʩʧʝʡʩʝʨ (ITS-2) ʠ ʛʝʥ 28S ʈʅʂ [9]) ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ 

ʜʨʫʛʫʶ ʵʚʦʣʶʮʠʦʥʥʫʶ ʠʩʪʦʨʠʶ ʠ ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʨʘʥʩʢʨʠʧʪʦʤʥʳʭ ʜʘʥʥʳʭ 

(792 ʛʝʥʘ ʚ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ) ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʢʣʶʯʝʚʦʡ ʵʚʦʣʶʮʠʦʥʥʳʡ ʪʨʝʥʜ. ʂʨʦʤʝ 

ʵʪʦʛʦ ʥʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʩʥʦʚʦʜʥʘʷ ʣʠʥʠʷ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʮʝʣʳʡ ʨʷʜ ʛʝʥʦʚ, 

ʧʨʦʜʫʢʪʳ ʢʦʪʦʨʳʭ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʦʤʦʛʘʶʪ ʚʳʞʠʚʘʥʠʶ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʣʝʥʦʩʪʠ ʩʨʝʜʳ. 

ʅʘʧʨʦʪʠʚ, ʜʚʝ ʣʠʥʠʠ ʠʟ ʩʦʣʦʥʦʚʘʪʳʭ ʚʦʜ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦ ʨʘʟʚʠʚʘʣʠʩʴ ʚ ʧʨʝʩʥʦʡ ʠ ʤʦʨʩʢʦʡ 

ʚʦʜʝ, ʘʢʪʠʚʠʟʠʨʫʷ ʧʨʠ ʵʪʦʤ ʨʘʟʥʳʝ ʛʝʥʥʳʝ ʩʠʩʪʝʤʳ. 

ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚʦʪ ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʠʨʦʚʦʡ 

ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʜʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʙʠʦʣʦʛʠʠ, ʦʩʦʙʝʥʥʦ ʚ 

ʦʙʣʘʩʪʠ ʙʠʦʛʝʦʛʨʘʬʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʦʢʩʠʯʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. ɺʩʸ ʙʦʣʴʰʝ ʦʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʠ 

ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʨʘʩʰʠʬʨʦʚʢʠ ɼʅʂ ʧʦʟʚʦʣʷʝʪ ʟʘ 

ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʠʣʣʠʦʥʘʭ ʬʨʘʛʤʝʥʪʘʭ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠʟ ʨʘʟʥʳʭ 

ʦʙʨʘʟʮʦʚ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʫ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʩʫʱʝʩʪʚʫʶʪ ʩʚʦʠ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ. 

ʇʦʣʫʯʘʝʤʳʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʜʘʥʥʳʝ ʪʨʝʙʫʶʪ ʪʱʘʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩ ʧʦʤʦʱʴʶ 

ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʜʦ ʩʠʭ ʧʦʨ ʥʝʜʦʩʪʘʪʦʯʥʦ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʳ ʠ ʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ. ɺʘʞʥʝʡʰʠʤ ʵʪʘʧʦʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ 

ʷʚʣʷʝʪʩʷ ʬʠʣʴʪʨʘʮʠʷ ʦʰʠʙʦʢ ʧʨʠ ʨʘʩʰʠʬʨʦʚʢʝ ɼʅʂ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ HTS 

ʯʘʩʪʦ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʦʧʝʨʘʮʠʡ ʨʘʟʥʳʭ ʢʦʣʣʝʢʪʠʚʦʚ, ʚ ʪ.ʯ. ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘ ʦʜʠʥ ʟʘʧʫʩʢ 
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ʧʨʠʙʦʨʘ ʨʘʩʰʠʬʨʦʚʘʪʴ ʦʙʨʘʟʮʳ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʝʢʪʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʤʝʥʝʝ ʬʠʥʘʥʩʦʚʦ 

ʟʘʪʨʘʪʥʳʤ ʜʣʷ ʢʘʞʜʦʛʦ ʫʯʘʩʪʥʠʢʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 16-04-01704 ʠ ʧʨʦʛʨʘʤʤʳ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ 

ʅʘʫʢ ˉ 0345ï2014ï0003. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʂ. ʈʝʥʛʝʬʦʨʩ ʠ ɼ. ɸʨʝʥʫ (ʋʥʠʚʝʨʩʠʪʝʪ 

ʃʫʥʜʘ), ʘ ʪʘʢʞʝ ʈ. ʃʦʛʘʨʝʩʫ ʟʘ ʧʦʤʦʱʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 
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Abstract: Molecular-biological methods  become more and more usefull for the classical 

hydrobiological studies in recent years. High Throughput Sequensing (HTS), which allows to sequence 

high amount of the DNA, is one of such prominent method. In particular, it can be used for the 

identification and monitoring of microorganismôs communities and for the studies of molecular-genetic 

responses of the organisms in different environmental changes. We start to work on both of these trends 

in our investigation of protists from the Lake Baikal. We found various protists from piko-nanoplankton  

(in particular parasitic ones), which were not previously described in Baikal. Moreover some of them 

seems to be endemic. Another study is about evolution and different gene expression in protists 

(dinoflagellates) which are evolutionary very close to each other but have different salinity tolerance. 

Though there are still some methodological problems, HTS becomes highly important for biological 

works and soon will be even necessary for certain of them. 

Key words: High Throughput Sequensing, metabarcoding, transcriptome, plankton, protists, 

dinoflagellates 
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ɸʥʥʦʪʘʮʠʷ: ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʥʘʧʨʘʚʣʝʥʠʡ  ʧʨʦʪʷʞʝʥʥʳʭ ʬʦʨʤ 

ʨʝʣʴʝʬʘ (ʣʠʥʝʘʤʝʥʪʥʳʡ ʘʥʘʣʠʟ) ʜʥʘ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʥʘ ʦʩʥʦʚʝ ʮʠʬʨʦʚʦʡ ʙʘʪʠʤʝʪʨʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ. ɺʳʷʩʥʝʥʦ, ʯʪʦ ʦʙʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʬʦʨʤ ʨʝʣʴʝʬʘ ʦʜʠʥʘʢʦʚʳ ʜʣʷ ʚʩʝʛʦ ʜʥʘ ʦʟʝʨʘ. 

ʆʪʤʝʯʘʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝ ʩʣʝʜʫʶʱʠʭ ʩʠʩʪʝʤ ʥʘʧʨʘʚʣʝʥʠʡ: 140Ü, 0Ü, 90Ü, 40Ü, ʯʪʦ, ʚ ʦʙʱʝʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʧʨʘʚʣʝʥʠʷʤ ʩʝʪʠ ʧʣʘʥʝʪʘʨʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ɿʝʤʣʠ. ɺʳʜʝʣʝʥʥʘʷ ʥʘ ʜʥʝ ʦʟʝʨʘ 

ʩʝʪʴ ʣʠʥʝʘʤʝʥʪʦʚ ʩʦʚʧʘʜʘʝʪ ʩ ʠʟʚʝʩʪʥʳʤʠ ʜʠʟʲʶʥʢʪʠʚʘʤʠ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʝʪʴ ʨʘʟʣʦʤʦʚ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʩʣʝʞʝʥʘ ʚʜʦʣʴ ʣʠʥʠʡ ʣʠʥʝʘʤʝʥʪʥʦʡ ʩʝʪʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ, ʜʥʦ, ʨʝʣʴʝʬ, ʥʘʧʨʘʚʣʝʥʠʝ, ʣʠʥʝʘʤʝʥʪ, ʨʘʟʣʦʤ. 

 

ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ, ʙʫʜʫʯʠ ʢʨʫʧʥʝʡʰʠʤ ʧʨʝʩʥʦʚʦʜʥʳʤ ʚʦʜʦʝʤʦʤ ɽʚʨʦʧʳ, ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʧʨʝʩʥʦʡ ʚʦʜʳ ʜʣʷ ʦʙʰʠʨʥʦʛʦ ʨʝʛʠʦʥʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʵʪʦ ʠ ʫʥʠʢʘʣʴʥʳʡ ʧʨʠʨʦʜʥʳʡ ʦʙʲʝʢʪ, ʩʦʜʝʨʞʘʱʠʡ ʩʝʨʴʝʟʥʳʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʥʘ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ  ʦʯʝʚʠʜʥʘ, 

ʫʯʠʪʳʚʘʷ, ʯʪʦ ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʩʝʪʴ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʜʥʘ ʃʘʜʦʛʠ ʠʟʚʝʩʪʥʳ ʣʠʰʴ 

ʩʭʝʤʘʪʠʯʥʦ; ʩʝʡʩʤʠʯʝʩʢʘʷ ʦʧʘʩʥʦʩʪʴ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʫʧʘʶʱʠʝ ʧʦ 

ʨʘʟʣʦʤʘʤ ʚ ʚʦʜʫ ʛʣʫʙʠʥʥʳʝ ʵʤʘʥʘʮʠʠ ʧʦʯʪʠ ʥʝ ʠʟʫʯʝʥʳ. ʀʟʫʯʝʥʠʝʤ ʨʝʣʴʝʬʘ ʜʥʘ ʃʘʜʦʞʩʢʦʛʦ 

ʦʟʝʨʘ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʟʘʥʠʤʘʣʩʷ ʨʷʜ ʦʨʛʘʥʠʟʘʮʠʡ - ʉʝʚʟʘʧʛʝʦʣʦʛʠʷ, ɺʉɽɻɽʀ, ɺʅʀʀ 

ʆʢʝʘʥʛʝʦʣʦʛʠʷ, ʀʅʆɿ ʈɸʅ [2,7,8] ʠ ʜʨʫʛʠʝ, ʦʜʥʘʢʦ ʜʥʦ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʠʟʫʯʝʥʦ ʚʩʝ ʝʱʝ 

ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ʇʦʷʚʣʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʥʠʮʠʠʨʦʚʘʣʦ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʧʦʜʭʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦ-ʠʥʦʤʫ ʚʟʛʣʷʥʫʪʴ ʥʘ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʠ ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ 

ʜʥʘ ʦʟʝʨʘ. ʇʝʨʚʘʷ ʮʠʬʨʦʚʘʷ ʙʘʪʠʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ 0.6*0.6 ʢʤ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʚ 1993 ʛʦʜʫ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʇʝʨʚʦʤ ʄʝʞʜʫʥʘʨʦʜʥʦʤ 

ʉʠʤʧʦʟʠʫʤʝ ʧʦ ʃʘʜʦʞʩʢʦʤʫ ʦʟʝʨʫ [12]. ʆʙʰʠʨʥʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʥʘʢʦʧʣʝʥʥʳʡ ʚ ʀʥʩʪʠʪʫʪʝ 

ʦʟʝʨʦʚʝʜʝʥʠʷ ʈɸʅ ʩ ʪʝʭ ʧʦʨ, ʧʦʟʚʦʣʠʣ ʩʦʟʜʘʪʴ ʮʠʬʨʦʚʫʶ ʙʘʪʠʤʝʪʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 500 ʤ. ʅʘ ʝʸ ʦʩʥʦʚʝ ʤʦʞʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ  ʧʝʨʚʠʯʥʳʝ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʟʝʨʘ, ʩʦʩʪʘʚʣʷʪʴ ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʝ ʢʘʨʪʳ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʩʝʯʝʥʠʡ ʠʟʦʙʘʪ [9,10]. ɸʚʪʦʨʳ ʧʦʣʘʛʘʶʪ ʜʘʥʥʫʶ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ 

ʦʙʦʩʥʦʚʘʥʥʦʡ ʬʘʢʪʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʦʤ ʠʟ ʚʩʝʭ ʩʫʱʝʩʪʚʫʶʱʠʭ. 

ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ ʤʦʜʝʣʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʥʘʧʨʘʚʣʝʥʠʡ 

ʧʨʦʪʷʞʝʥʥʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ ʜʥʘ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ. 

ɼʥʦ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʟʦʥʳ ï ʩʝʚʝʨʦ-ʟʘʧʘʜʥʫʶ 

ʠ ʶʛʦ-ʚʦʩʪʦʯʥʫʶ. ʉʝʚʝʨʦ-ʟʘʧʘʜʥʘʷ ʟʦʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʧʨʝʜʝʣʘʭ ɹʘʣʪʠʡʩʢʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 
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ʱʠʪʘ, ʝʝ ʨʝʣʴʝʬ ʦʙʫʩʣʦʚʣʝʥ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʨʦʝʥʠʷ ʝʛʦ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʦʢʨʘʠʥʳ, 

ʩʣʦʞʝʥʥʦʡ ʚ ʦʩʥʦʚʥʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʘʨʭʝʡʩʢʦ-ʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʘ ʪʘʢʞʝ 

ʪʝʨʨʠʛʝʥʥʳʤʠ ʠ ʵʬʬʫʟʠʚʥʳʤʠ ʧʦʨʦʜʘʤʠ ʨʠʬʝʷ. ʊʦʣʱʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʱʠʪʘ ʨʘʟʙʠʪʘ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʨʘʟʨʳʚʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ. ʈʝʣʴʝʬ ʜʥʘ ʚ ʦʩʥʦʚʥʦʤ ʛʨʷʜʦʚʳʡ. ʇʨʦʪʷʞʝʥʥʳʝ 

ʛʨʷʜʳ ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʚʳʩʦʪʫ ʜʦ 100-150 ʤ, ʜʣʠʥʫ ʜʦ 5-10 ʢʤ, ʰʠʨʠʥʫ ʧʦ ʦʩʥʦʚʘʥʠʶ ʜʦ 1-

5 ʢʤ. ɻʨʷʜʳ ʚʦʟʚʳʰʘʶʪʩʷ ʥʘʜ ʚʩʭʦʣʤʣʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩ ʚʳʩʦʪʘʤʠ ʚʳʪʷʥʫʪʳʭ ʭʦʣʤʦʚ ʜʦ 20-

50 ʤ, ʠʤʝʶʱʠʭ ʦʙʱʠʡ ʥʘʢʣʦʥ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜ. ʇʝʨʝʧʘʜʳ ʛʣʫʙʠʥ ʢʦʣʝʙʣʶʪʩʷ ʦʪ 5 ʤʝʪʨʦʚ ʚ 

ʧʦʥʠʞʝʥʠʷʭ ʤʝʞʜʫ ʛʨʷʜʘʤʠ ʜʦ 30-50 ʠ ʙʦʣʝʝ ʤʝʪʨʦʚ ʥʘ ʢʠʣʦʤʝʪʨ ʥʘ ʩʢʣʦʥʘʭ ʛʨʷʜ (ʨʠʩ.1.). 

ʇʨʠʤʝʨʥʦ ʦʪ ʰʠʨʦʪʳ ʇʨʠʦʟʝʨʩʢʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ ʩʢʣʦʥ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʱʠʪʘ ʚʩʝ ʙʦʣʝʝ 

ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʦʟʝʨʥʳʤʠ, ʦʟʝʨʥʦ-ʣʝʜʥʠʢʦʚʳʤʠ ʠ ʧʨʦʯʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ʖʞʥʝʝ 

ʰʠʨʦʪʳ ʦ. ʂʦʥʝʚʝʮ ʧʦ ʚʩʝʡ ʰʠʨʠʥʝ ʜʥʘ ʦʟʝʨʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʱʠʪʘ ʧʝʨʝʢʨʳʚʘʶʪʩʷ 

ʚʝʥʜʩʢʦ-ʬʘʥʝʨʦʟʦʡʩʢʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʧʣʠʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɼʘʣʝʝ ʧʨʦʩʪʠʨʘʝʪʩʷ ʶʛʦ-ʚʦʩʪʦʯʥʘʷ 

ʟʦʥʘ ʩʛʣʘʞʝʥʥʦʛʦ ʨʝʣʴʝʬʘ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʥʘ ʚʩʝ ʙʦʣʝʝ ʤʦʱʥʦʤ ʦʩʘʜʦʯʥʦʤ ʯʝʭʣʝ ʚʝʥʜʩʢʦ-

ʬʘʥʝʨʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ʈʘʩʯʣʝʥʝʥʥʦʩʪʴ ʨʝʣʴʝʬʘ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʟʦʥʝ  

ʢʨʘʡʥʝ ʥʠʟʢʘʷ, ʧʝʨʝʧʘʜʳ ʛʣʫʙʠʥ ʩʦʩʪʘʚʣʷʶʪ 1-3 ʤ ʥʘ ʢʤ. ɼʥʦ ʟʜʝʩʴ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ 

ʟʦʥʝ, ʠʤʝʝʪ ʩʣʘʙʳʡ ʥʘʢʣʦʥ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜ (ʨʠʩ. 1). 

ɼʝʣʝʥʠʝ ʜʥʘ ʦʟʝʨʘ ʥʘ ʜʚʝ ʟʦʥʳ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʤʝʥʝʥʠʝʤ ʢ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ 

ʜʚʫʤʝʨʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ [9]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʷʚʣʝʥʥʳʝ 

ʨʘʜʠʫʩʳ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʣʫʙʠʥ ʠ ʫʢʣʦʥʦʚ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ ʦʢʘʟʘʣʠʩʴ 

ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ 

ʨʘʟʣʠʯʠʝ ʚ ʨʘʟʤʝʨʥʦʩʪʷʭ ʬʦʨʤ ʨʝʣʴʝʬʘ ʚ ʵʪʠʭ ʜʚʫʭ ʟʦʥʘʭ. ʀʤʝʶʱʠʝʩʷ ʚʘʨʠʘʥʪʳ ʙʦʣʝʝ ʜʨʦʙʥʦʛʦ 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʢʦʪʣʦʚʠʥʳ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ [8] ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ.  

ʎʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ (ʎʄʈ) ʜʥʘ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʣʠʥʝʘʤʝʥʪʥʳʡ 

ʘʥʘʣʠʟ ʨʝʣʴʝʬʘ ʜʥʘ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʧʦ ʤʝʪʦʜʠʢʝ, ʧʨʠʤʝʥʷʚʰʝʡʩʷ ʘʚʪʦʨʘʤʠ ʨʘʥʝʝ [3,5], ʩ 

ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ. ʕʪʘ ʤʝʪʦʜʠʢʘ ʩʚʦʜʠʪʩʷ ʢ ʚʳʜʝʣʝʥʠʶ ʧʝʨʚʠʯʥʳʭ ʣʠʥʠʡ ʧʦ ʦʩʷʤ 

ʧʨʦʪʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʝʣʴʝʬʘ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï ʧʦ ʦʩʷʤ ʛʨʷʜ, ʭʦʣʤʦʚ, ʜʦʣʠʥ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʙʲʝʜʠʥʝʥʠʝʤ ʧʝʨʚʠʯʥʳʭ ʣʠʥʠʡ ʚ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʧʨʦʪʷʞʝʥʥʳʝ ʣʠʥʝʘʤʝʥʪʳ. ɺʳʜʝʣʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʚʝʢʪʦʨʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ MapInfow ʩ ʧʨʠʚʷʟʢʦʡ ʢ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʉʂ-42. 

ɿʘʪʝʤ ʜʘʥʥʳʝ ʧʝʨʝʚʦʜʠʣʠʩʴ ʚ ʩʨʝʜʫ ArcView, ʚ ʢʦʪʦʨʦʡ ʩʪʨʦʠʣʠʩʴ ʨʦʟʳ-ʜʠʘʛʨʘʤʤʳ. 

ʇʨʠ ʣʶʙʳʭ ʜʝʡʩʪʚʠʷʭ ʩ ʠʟʦʙʘʪʘʤʠ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʦʚʝʜʝʥʠʝ ʠʟʦʙʘʪ çʷʚʣʷʝʪʩʷ ʚ 

ʠʟʚʝʩʪʥʦʤ ʩʤʳʩʣʝ ʛʠʧʦʪʝʪʠʯʝʩʢʠʤ, ʧʦʩʢʦʣʴʢʫ ʟʘʚʠʩʠʪ ʦʪ ʛʠʧʦʪʝʟʳ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʚ 

ʧʨʦʤʝʞʫʪʢʘʭ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʠʟʤʝʨʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʦʡ ʠʣʠ ʠʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʡ 

ʬʦʨʤʫʣʝè [11]. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʛʠʧʦʪʝʪʠʯʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠʟʦʙʘʪ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʜʘʥʥʳʝ ʦ ʛʣʫʙʠʥʘʭ ʧʦ 

ʨʘʡʦʥʫ ʩʲʸʤʢʠ. 

ʇʨʦʙʣʝʤʘ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʰʘʛʘ ʠʟʦʙʘʪ ʨʝʰʘʣʘʩʴ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʚʣʝʯʝʥʠʝʤ ʪʘʢʠʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʝʣʴʝʬʘ ʜʥʘ, ʢʘʢ ʧʦʢʘʟʘʪʝʣʠ ʚʝʨʪʠʢʘʣʴʥʦʡ (ůz) ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ (ůt) 

ʨʘʩʯʣʝʥʸʥʥʦʩʪʠ ʧʦʣʷ ʨʝʣʴʝʬʘ ʜʥʘ [11]. 

ɼʣʷ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ, ʟʦʥʳ, ʛʜʝ ʜʥʦ ʠʤʝʝʪ ʩʛʣʘʞʝʥʥʳʡ ʨʝʣʴʝʬ, ʦʧʪʠʤʘʣʴʥʳʤ ʧʨʠʟʥʘʥ ʰʘʛ 

ʩʝʯʝʥʠʷ ʠʟʦʙʘʪ 1-2 ʤ. ʊʘʢʦʡ ʰʘʛ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʠʪʴ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʝ ʜʝʪʘʣʠ ʨʝʣʴʝʬʘ. 

ɼʣʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʟʦʥʳ ʩ ʚʝʩʴʤʘ ʨʘʩʯʣʝʥʝʥʥʳʤ ʨʝʣʴʝʬʦʤ ʚʦʟʤʦʞʥʦ ʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʙʨʘʪʴ ʰʘʛ 

ʩʝʯʝʥʠʷ 5-10 ʠ ʙʦʣʝʝ ʤʝʪʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʨʘʩʪʨʦʚʳʝ ʢʘʨʪʳ ʵʪʦʛʦ ʨʘʡʦʥʘ 

ʙʝʟ ʥʘʣʦʞʝʥʠʷ ʠʟʦʙʘʪ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. 

ʅʘ ʙʘʪʠʤʝʪʨʠʯʝʩʢʦʡ ʢʘʨʪʝ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ (ʨʠʩ.1), ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʫʧʦʤʷʥʫʪʦʡ 

ʎʄʈ, ʚʠʜʥʘ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʠ ʨʝʣʴʝʬʘ ʜʥʘ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʟʦʥʝ.  

ɿʘʤʝʪʥʳ ʣʠʥʝʡʥʦʩʪʴ ʙʦʣʴʰʠʥʩʪʚʘ ʬʦʨʤ ʨʝʣʴʝʬʘ, ʠʭ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʠ ʧʦʜʯʠʥʝʥʥʦʩʪʴ 

ʥʝʩʢʦʣʴʢʠʤ ʛʣʘʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʝ. ʆʪ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʟʦʥʳ ʢ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʬʦʨʤʳ ʨʝʣʴʝʬʘ ʧʦʩʪʝʧʝʥʥʦ ʪʝʨʷʶʪ 

ʣʠʥʝʡʥʦʩʪʴ ʠ ʪʝʥʜʝʥʮʠʶ ʢ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʢʨʳʪʠʝʤ ʙʣʦʯʥʳʭ 

ʩʪʨʫʢʪʫʨ ʱʠʪʘ ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ ʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʯʝʭʣʘ. 
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ʈʠʩ. 1. ɹʘʪʠʤʝʪʨʠʯʝʩʢʘʷ ʢʘʨʪʘ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ. ʀʟʦʙʘʪʳ ʯʝʨʝʟ 2 ʤ. 

 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʳ ʚʳʜʝʣʝʥʥʳʝ ʥʘ ʙʘʪʠʤʝʪʨʠʯʝʩʢʦʡ ʦʩʥʦʚʝ ʦʩʠ ʧʨʦʪʷʞʸʥʥʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ 

(ʧʝʨʚʠʯʥʳʝ ʣʠʥʠʠ), ʧʨʦʷʩʥʷʶʱʠʝ ʝʛʦ ʦʙʱʫʶ ʩʪʨʫʢʪʫʨʫ. ɺ ʨʠʩʫʥʢʝ ʧʝʨʚʠʯʥʳʭ ʣʠʥʠʡ ʛʦʨʘʟʜʦ 

ʙʦʣʝʝ ʯʝʪʢʦ, ʯʝʤ ʥʘ ʙʘʪʠʤʝʪʨʠʯʝʩʢʦʡ ʢʘʨʪʝ, ʚʠʜʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʳʪʷʥʫʪʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ: ʜʦʤʠʥʠʨʫʶʱʝʝ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ, ʟʘʤʝʪʥʦʝ 

ʨʝʛʫʣʷʨʥʦʝ ʯʝʨʝʜʦʚʘʥʠʝ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʧʝʨʚʠʯʥʳʭ ʣʠʥʠʡ. 

ɺ ʦʨʠʝʥʪʘʮʠʠ ʵʪʠʭ ʣʠʥʠʡ (ʩʤ. ʨʦʟʫ-ʜʠʘʛʨʘʤʤʫ ʥʘ ʨʠʩ. 2) ʷʚʥʦ ʚʠʜʥʦ ʥʘʣʠʯʠʝ ʪʨʝʭ ʛʣʘʚʥʳʭ ʠ 

ʦʜʥʦʡ ʚʪʦʨʦʩʪʝʧʝʥʥʦʡ ʩʠʩʪʝʤ ʥʘʧʨʘʚʣʝʥʠʡ ʨʝʣʴʝʬʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʥʘʧʨʘʚʣʝʥʠʷ 140Ü, 0Ü, 90Ü, 40Ü-

50Ü (ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ ʟʥʘʯʠʤʦʩʪʠ). 

ʇʫʪʝʤ ʦʙʲʝʜʠʥʝʥʠʷ ʮʝʧʦʯʝʢ ʧʝʨʚʠʯʥʳʭ ʣʠʥʠʡ ʨʝʣʴʝʬʘ, ʠʤʝʶʱʠʭ ʩʭʦʜʥʳʝ ʫʩʪʦʡʯʠʚʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʚʳʜʝʣʷʶʪʩʷ ʣʠʥʝʘʤʝʥʪʳ ï ʧʦʣʠʛʝʥʥʳʝ ʣʠʥʝʡʥʳʝ ʦʙʲʝʢʪʳ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʷʚʣʷʶʱʠʝʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʚʳʨʘʞʝʥʠʷʤʠ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ [3,4]. 
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ʈʠʩ. 2. ʆʩʠ ʣʠʥʝʡʥʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ ʜʥʘ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ. 

 

 

ʅʘ ʨʠʩ. 3 ʧʨʠʚʦʜʠʪʩʷ ʩʭʝʤʘ ʚʳʜʝʣʝʥʥʳʭ ʣʠʥʝʘʤʝʥʪʦʚ, ʥʘ ʢʦʪʦʨʦʡ ʚʠʜʥʳ ʩʣʝʜʫʶʱʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʣʘʥʘ ʜʥʘ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ: ʧʦʜʯʠʥʝʥʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʠʡ 

ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʣʠʥʝʘʤʝʥʪʦʚ ʥʝʩʢʦʣʴʢʠʤ ʛʣʘʚʥʳʤ ʚʟʘʠʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ, ʪʝʥʜʝʥʮʠʶ ʢ ʯʝʨʝʜʦʚʘʥʠʶ ʜʠʘʛʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 

(ʦʢʦʣʦ 20-30 ʢʤ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʨʝʛʫʣʷʨʥʦʡ ʚʟʘʠʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʩʝʪʠ. 

ɺ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʣʠʥʝʘʤʝʥʪʦʚ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʦʟʝ-ʜʠʘʛʨʘʤʤʝ ʥʘ ʨʠʩ. 3, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʝʨʚʠʯʥʳʭ ʣʠʥʠʡ, ʟʘʤʝʪʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʩʣʝʜʫʶʱʠʭ ʩʠʩʪʝʤ: 140Ü, 0Ü, 90Ü, 40Ü, ʪ.ʝ. 

ʧʨʠ ʫʢʨʫʧʥʝʥʠʠ ʣʠʥʝʘʤʝʥʪʦʚ ʵʪʠ ʩʠʩʪʝʤʳ ʩʦʭʨʘʥʠʣʠ ʩʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʦʙʱʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʭʨʘʥʷʶʪʩʷ, ʭʦʪʴ ʠ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʦ, ʠ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ, 

ʧʣʘʪʬʦʨʤʝʥʥʦʡ ʯʘʩʪʠ ʜʥʘ, ʯʪʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʦʙʱʥʦʩʪʴ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʧʣʘʥʘ ʚʩʝʡ 

ʧʣʦʱʘʜʠ ʜʥʘ ʦʟʝʨʘ. 

ʅʘ ʨʠʩ. 3 ʥʘʥʝʩʝʥʳ ʪʘʢʞʝ ʫʞʝ ʠʟʚʝʩʪʥʳʝ ʨʘʟʣʦʤʳ, ʚʳʜʝʣʷʝʤʳʝ ʥʘ ʩʫʰʝ ï ɺ.ɸ. ʈʫʜʥʠʢʦʤ, 

ɹ.ɻ. ɼʚʝʨʥʠʮʢʠʤ, ʥʘ ʘʢʚʘʪʦʨʠʠ ï ɸ.ɺ. ɸʤʘʥʪʦʚʳʤ [1], ɹ.ɸ. ɸʩʩʠʥʦʚʩʢʦʡ [6]. ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʠʟʚʝʩʪʥʳʝ ʨʘʟʣʦʤʳ ʭʦʨʦʰʦ ʚʧʠʩʳʚʘʶʪʩʷ ʚ ʩʠʩʪʝʤʫ ʚʳʜʝʣʝʥʥʳʭ ʘʚʪʦʨʘʤʠ ʣʠʥʝʘʤʝʥʪʦʚ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʝ ʜʦʩʪʦʚʝʨʥʦʩʪʴ. 
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ʈʠʩ. 3. ʉʭʝʤʘ ʣʠʥʝʘʤʝʥʪʦʚ ʜʥʘ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ. ʉʝʨʳʝ ʦʪʨʝʟʢʠ ï ʣʠʥʝʘʤʝʥʪʳ;  

ʪʦʥʢʠʝ ʯʝʨʥʳʝ ʦʪʨʝʟʢʠ ï ʠʟʚʝʩʪʥʳʝ ʨʘʟʣʦʤʳ. ʈʦʟʘ-ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʦʩʪʨʦʝʥʘ  

ʜʣʷ ʣʠʥʝʘʤʝʥʪʦʚ. 

 

ɺʳʜʝʣʝʥʥʘʷ ʩʝʪʴ ʣʠʥʝʘʤʝʥʪʦʚ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʠ ʜʦʧʦʣʥʝʥʠʷ ʩʝʪʠ 

ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ. 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʨʠʩʫʥʦʢ ʣʠʥʝʘʤʝʥʪʦʚ ʜʥʘ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʧʦʢʘʟʳʚʘʝʪ ʙʣʦʢʦʚʫʶ 

ʨʘʩʯʣʝʥʝʥʥʦʩʪʴ ʬʫʥʜʘʤʝʥʪʘ, ʧʦʜʯʠʥʷʶʱʫʶʩʷ 4-ʤ ʛʣʘʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ï ʤʝʨʠʜʠʦʥʘʣʴʥʦʤʫ, 

ʰʠʨʦʪʥʦʤʫ, ʜʠʘʛʦʥʘʣʴʥʦʤʫ ʉɺ (40-50Ü) ʠ ʜʠʘʛʦʥʘʣʴʥʦʤʫ ʖɺ (140Ü), ʪ.ʝ. ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʧʣʘʥʝʪʘʨʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ, ʠʣʠ ʨʝʛʤʘʪʠʯʝʩʢʦʡ ʩʝʪʠ [3,4] ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʉɿ-ʖɺ ʩʠʩʪʝʤ 

ʥʘʧʨʘʚʣʝʥʠʡ. 

ɺʳʚʦʜʳ: 

- ʥʝʩʤʦʪʨʷ ʥʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʫʶ ʨʘʟʥʠʮʫ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʟʦʥ ʃʘʜʦʛʠ, 

ʩʠʩʪʝʤʳ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʦʪʷʞʝʥʥʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ ʦʜʠʥʘʢʦʚʳ ʜʣʷ ʚʩʝʛʦ ʜʥʘ ʦʟʝʨʘ ʠ ʚ ʦʙʱʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʣʘʥʝʪʘʨʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ɿʝʤʣʠ, ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʉɿ ʩʠʩʪʝʤʳ; 

- ʚʳʜʝʣʝʥʥʘʷ ʥʘ ʜʥʝ ʦʟʝʨʘ ʩʝʪʴ ʣʠʥʝʘʤʝʥʪʦʚ ʩʦʚʧʘʜʘʝʪ ʩ ʠʟʚʝʩʪʥʳʤʠ ʜʠʟʲʶʥʢʪʠʚʘʤʠ, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʝʪʴ ʨʘʟʣʦʤʦʚ ʤʦʞʝʪ ʙʳʪʴ ʫʩʣʦʚʥʦ ʧʨʦʩʣʝʞʝʥʘ ʚʜʦʣʴ ʣʠʥʠʡ ʣʠʥʝʘʤʝʥʪʥʦʡ ʩʝʪʠ; 

- ʫʪʦʯʥʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʠʟʲʶʥʢʪʠʚʦʚ ʚ ʨʘʡʦʥʝ ʃʘʜʦʛʠ ʚʳʷʚʣʷʝʪ ʥʦʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʨʘʡʦʥʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʦ ʦʮʝʥʠʚʘʪʴ ʩʝʡʩʤʠʯʝʩʢʫʶ 

ʦʧʘʩʥʦʩʪʴ, ʧʝʨʩʧʝʢʪʠʚʳ ʥʘ ʵʥʜʦʛʝʥʥʳʝ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ, ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ 

ʨʘʡʦʥʘ.  
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Abstract: The new digital bathymetric model of Lake Ladoga allowed to study of laws extending 

direction of landforms (lineament analysis) on the bottom of the lake with use of high-quality basis.The 

study found that despite the significant differences in the types of relief within the north-western and 

south-eastern areas of bottom of Lake Ladoga the general direction of the linear forms of relief are the 

same for the entire bottom of the lake. It noted the predominance of these systems direction: 140Ü, 0Ü, 90Ü, 

40Ü, which generally correspond to directions of the network planet Earth fracture. Lineaments of the 

bottom of the lake coincide with known disjunctive and therefore presumably network faults can be 

extended along lines of the lineament network. 
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ɸʥʥʦʪʘʮʠʷ: ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʢʢʫʤʫʣʷʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʦʟ. 

ɹʘʡʢʘʣ ʢʨʘʡʥʝ ʚʘʞʥʦ ʜʣʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʮʝʣʝʡ. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʦʟ. ɹʘʡʢʘʣ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʨʝʟʝʨʚʫʘʨʘʭ ʦʟ. ɹʘʡʢʘʣ, 

ʢʨʦʤʝ ʉʝʣʝʥʛʠʥʩʢʦʛʦ, ʧʨʦʮʝʥʪ ʫʪʠʣʠʟʘʮʠʠ (ʟʘʭʦʨʦʥʝʥʠʷ) ʧʦʩʪʫʧʘʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʦʯʝʥʴ ʥʠʟʦʢ 

ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʚʝʱʝʩʪʚʦ, ʧʦʩʪʫʧʠʚʰʝʝ ʩ ʧʦʪʦʢʦʤ ʚ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʟʘ ʦʪʩʫʪʩʪʚʠʝʤ ʤʘʣʦʡ 

ʯʘʩʪʠ ʚʦʟʚʨʘʱʘʝʪʩʷ ʩ ʧʦʪʦʢʦʤ ʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ɺ ʯʝʪʳʨʝʭ ʨʝʟʝʨʚʫʘʨʘʭ ʦʟʝʨʘ ʫʪʠʣʠʟʘʮʠʷ 

ʚʝʱʝʩʪʚʘ ʥʠʯʪʦʞʥʘ (ʦʢʦʣʦ 10 %), ʧʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʶʪ ʤʦʱʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʢʨʫʛʦʚʦʨʦʪʳ 

ʢʦʤʧʦʥʝʥʪʦʚ. ɺ ʉʝʣʝʥʛʠʥʩʢʦʤ ʨʝʟʝʨʚʫʘʨʝ ʟʘʭʦʨʘʥʠʚʘʝʪʩʷ 85 % ʚʝʱʝʩʪʚʘ, ʧʦʩʪʫʧʠʚʰʝʛʦ ʩ ʧʦʪʦʢʦʤ 

ʚ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʨʝʟʝʨʚʫʘʨʦʚ ʦʙʫʩʣʦʚʣʝʥ 

ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʫʪʠʣʠʟʘʮʠʝʡ ʚʝʱʝʩʪʚʘ ʚ ʜʦʥʥʳʝ ʦʩʘʜʢʠ ʦʟ. ɹʘʡʢʘʣ: ʩ ʚʥʫʪʨʠʚʦʜʦʝʤʥʳʤʠ ʧʦʪʦʢʘʤʠ 

ʚ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʦʩʪʫʧʘʶʪ ʵʣʝʤʝʥʪʳ-ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʠ: ʙʠʦʛʝʥʥʳʝ ʵʣʝʤʝʥʪʳ, ʈʦʨʛ, 

ʯʘʩʪʴ ʦʩʪʘʣʴʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʯʘʩʪʴ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ï ʢʘʪʠʦʥʦʚ ʠ ʛʨʫʧʧʘ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʢʢʫʤʫʣʷʮʠʷ, ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ, ʦʟ. ɹʘʡʢʘʣ, 

ʨʝʟʝʨʚʫʘʨʳ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʢʢʫʤʫʣʷʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʦʟ. ɹʘʡʢʘʣ 

ʢʨʘʡʥʝ ʚʘʞʥʦ ʜʣʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʮʝʣʝʡ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʦʟ. ɹʘʡʢʘʣ. 

ʄʝʛʘʩʠʩʪʝʤʘ ñʚʝʱʝʩʪʚʦ ʚʦʜ ʦʟ. ɹʘʡʢʘʣ ï ʚʝʱʝʩʪʚʦ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳò ʩʪʨʫʢʪʫʨʥʦ ʩʦʩʪʦʠʪ 

ʠʟ ʚʝʱʝʩʪʚʘ ʧʷʪʠ ʨʝʟʝʨʚʫʘʨʦʚ ʦʟʝʨʘ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ 

ʩʦʩʪʦʷʥʠʝʤ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʠ ʚʝʱʝʩʪʚʘ ʧʦʪʦʢʦʚ, ʚʧʘʜʘʶʱʠʭ ʚ ʨʝʟʝʨʚʫʘʨʳ ʠ ʚʳʪʝʢʘʶʱʠʭ ʠʟ 

ʥʠʭ: ʨʝʢʠ, ʚʟʚʝʩʴ ʨʝʢ, ʜʦʞʜʴ+ʩʥʝʛ, ʘʵʨʦʟʦʣʴ, ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʤʠʥʝʨʘʣʴʥʳʝ ʚʦʜʳ, ʧʨʠʪʦʢ ʦʟʝʨʥʳʭ 

ʚʦʜ ʠʟ ʜʨʫʛʠʭ ʨʝʟʝʨʚʫʘʨʦʚ ʦʟʝʨʘ, ʧʦʪʦʢ ʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʧʦʪʦʢ ʚ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʩʪʦʢ 

ʦʟʝʨʥʳʭ ʚʦʜ ʚ ʜʨʫʛʠʝ ʨʝʟʝʨʚʫʘʨʳ ʦʟʝʨʘ ʠ ʚ ʨʝʢʫ ɸʥʛʘʨʫ [7]. ɺʝʱʝʩʪʚʘ ʚʦʜ ʨʝʟʝʨʚʫʘʨʦʚ ʦʟ. ɹʘʡʢʘʣ 

ʥʝ ʨʘʚʥʦʚʝʩʥʳ ʧʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʤʝʞʜʫ ʩʦʙʦʡ, ʥʦ ʨʘʚʥʦʚʝʩʥʳ ʩ ʚʝʱʝʩʪʚʦʤ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʠ ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʠʩʪʝʤʳ, 

ʦʙʣʘʜʘʶʱʠʝ ʮʝʣʦʩʪʥʦʩʪʴʶ ʩʚʦʠʭ ʬʫʥʢʮʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʝʱʝʩʪʚʫ ʧʦʪʦʢʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʠ ʦʧʨʝʜʝʣʷʝʤʳʝ ʚ ʩʚʦʠʭ ʛʨʘʥʠʮʘʭ ʧʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ.  

ʉʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʝ ʭʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʨʝʟʝʨʚʫʘʨʦʚ ʦʟ. ɹʘʡʢʘʣ 

ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠ [6]. ʇʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʭʦʜʥʳʭ ʠ ʨʘʩʭʦʜʥʳʭ ʩʪʘʪʝʡ ʩʦʜʝʨʞʘʥʠʡ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʭʠʤʠʯʝʩʢʠʭ ʙʘʣʘʥʩʘʭ ʨʝʟʝʨʚʫʘʨʦʚ ʦʟʝʨʘ, ʧʦʢʘʟʘʥʥʳʝ ʚ ʨʘʙʦʪʘʭ [1-5], ʦʪʣʠʯʘʶʪʩʷ 

ʢʘʢ ʧʦ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʧʨʠʭʦʜʘ ʤʘʢʨʦ-, ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ, ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʪʘʢ ʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʦʩʪʫʧʣʝʥʠʷ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʝʟʝʨʚʫʘʨʳ. 

ɼʘʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʭʦʜʩʪʚʦʤ ʬʫʥʢʮʠʡ ʚʝʱʝʩʪʚʘ ʚʦʜ ʨʝʟʝʨʚʫʘʨʦʚ ʦʟʝʨʘ, ʚ 

ʦʪʥʦʰʝʥʠʠ ʠʭ ʧʨʦʧʫʩʢʥʦʡ ʠ ʘʢʢʫʤʫʣʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʪʫʧʘʶʱʠʭ ʩ 

ʚʥʫʪʨʝʥʥʠʤʠ ʠ ʚʥʝʰʥʠʤʠ ʧʦʪʦʢʘʤʠ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʚ ʦʪʢʨʳʪʦʩʪʠ ï ʩʧʦʩʦʙʥʦʩʪʠ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ 

ʧʨʦʧʫʩʢʘʪʴ (ʪʨʘʥʟʠʪ) ʠ ʦʙʤʝʥʠʚʘʪʴʩʷ ʤʝʞʜʫ ʨʝʟʝʨʚʫʘʨʘʤʠ ʩʣʝʜʫʶʱʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ: HCO3
-
, 

SO4
2-
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-
, K

+
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+
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2+
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2+
, B, Mo, Hg, Sr, ʉʦʨ, Nʦʨʛ, Sʦʨʛ ʠ ʟʘʢʨʳʪʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʦʩʪʘʣʴʥʳʭ 
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ʢʦʤʧʦʥʝʥʪʦʚ (ʯʘʩʪʠ ʢʘʪʠʦʥʦʚ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʯʘʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ), ʢʦʪʦʨʳʝ ʩʚʷʟʳʚʘʶʪʩʷ (ʚʩʪʫʧʘʶʪ ʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ) ʠ ʦʩʪʘʶʪʩʷ 

ʚ ʨʝʟʝʨʚʫʘʨʘʭ (ʟʘʭʦʨʘʥʠʚʘʶʪʩʷ ʠʣʠ ʚʩʪʫʧʘʶʪ ʚ ʭʠʤʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ). ʇʦ ʵʪʠʤ ʢʦʤʧʦʥʝʥʪʘʤ 

ʚʝʱʝʩʪʚʦ ʚʦʜ ʨʝʟʝʨʚʫʘʨʦʚ ʧʦʣʫʘʚʪʦʥʦʤʥʦ, ʟʘʢʨʳʪʦ ʠ ʥʝ ʦʙʤʝʥʠʚʘʝʪʩʷ ʩ ʚʝʱʝʩʪʚʦʤ ʚʦʜ ʜʨʫʛʠʭ 

ʨʝʟʝʨʚʫʘʨʦʚ. ʈʘʟʣʠʯʠʝ ʬʫʥʢʮʠʡ ʚʝʱʝʩʪʚʘ ʚʦʜ ʨʝʟʝʨʚʫʘʨʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʢʘʢ ʨʘʩʭʦʜʫʶʪʩʷ 

ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ: ʚ ʉʝʣʝʥʛʠʥʩʢʦʤ ʨʝʟʝʨʚʫʘʨʝ ʦʥʠ ʟʘʭʦʨʘʥʠʚʘʶʪʩʷ, ʚ ʦʩʪʘʣʴʥʳʭ 

ʥʝʙʦʣʴʰʘʷ ʠʭ ʯʘʩʪʴ ʟʘʭʦʨʘʥʠʚʘʝʪʩʷ, ʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʩʪʫʧʘʝʪ ʚ ʭʠʤʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ. 

ʉ ʧʦʪʦʢʦʤ ʚ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʚʠʜʝ ʚʟʚʝʩʠ ʧʦʩʪʫʧʘʶʪ ʪʦʣʴʢʦ ʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ï 

ʵʣʝʤʝʥʪʳ-ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʠ, ʘ ʠʭ ʥʘʙʦʨ ʚ ʢʘʞʜʦʤ ʨʝʟʝʨʚʫʘʨʝ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚ [1-5], 

ʧʦʵʪʦʤʫ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʨʝʟʝʨʚʫʘʨʦʚ ʦʟʝʨʘ ʙʣʠʟʦʢ. ʂʘʯʝʩʪʚʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʙʣʠʟʢʠ, ʨʘʟʣʠʯʠʝʤ ʞʝ ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ: ʚʳʩʦʢʘʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʨʝʟʝʨʚʫʘʨʘʤʠ ʚ ʉʝʣʝʥʛʠʥʩʢʦʤ ʨʝʟʝʨʚʫʘʨʝ ʠ 

ʥʠʟʢʘʷ ʚ ʦʩʪʘʣʴʥʳʭ ʨʝʟʝʨʚʫʘʨʘʭ. 

ʉʨʘʚʥʝʥʠʝ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʳʭ, ʤʠʢʨʦ-, ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʧʦ ʨʝʟʝʨʚʫʘʨʘʤ (ʪʘʙʣ.1) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʦʥʥʳʝ 

ʦʪʣʦʞʝʥʠʷ ʚʦ ʚʩʝʭ ʨʝʟʝʨʚʫʘʨʘʭ ʥʘ ʪʨʠ ʯʝʪʚʝʨʪʳʭ ʩʦʩʪʦʷʪ ʠʟ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʦʯʥʝʝ ʠʟ 

ʢʨʝʤʥʠʷ ʠ ʞʝʣʝʟʘ. ʂʘʪʠʦʥʳ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʩʪʫʧʠʚʰʠʝ ʩ ʧʦʪʦʢʦʤ ʚ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ 

ʨʝʟʝʨʚʫʘʨʦʚ, ʩʦʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʮʝʥʪ. ɼʦʣʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʦʙʱʝʤ ʩʦʜʝʨʞʘʥʠʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʙʦʣʴʰʝ, ʯʝʤ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʠ ʵʪʦʤ ʦʩʥʦʚʥʦʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʪʘʚʣʷʝʪ 

ʘʣʶʤʠʥʠʡ. ʆʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʨʝʟʝʨʚʫʘʨʦʚ ʤʘʣʦ ʠ ʦʩʥʦʚʥʦʝ ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʪʘʚʣʷʝʪ ʉʦʨʛ. 

ʊʘʙʣʠʮʘ 1 

ʉʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʳʭ, ʤʠʢʨʦ-, ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʨʝʟʝʨʚʫʘʨʦʚ ʦʟ. ɹʘʡʢʘʣ, % 

ʈʝʟʝʨʚʫʘʨʳ 
ʖʞʥʳʡ ʉʝʣʝʥʛʠʥʩʢʠʡ ʉʨʝʜʥʠʡ 

ʋʰʢʘʥʴʝ-

ʦʩʪʨʦʚʩʢʠʡ 
ʉʝʚʝʨʥʳʡ 

ʂʦʤʧʦʥʝʥʪʳ 

ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ 100 100 100 100 100 

ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 10 10 8 8 9 

ʤʠʢʨʦʵʣʝʤʝʥʪʳ 18 17 15 12 13 

ʙʠʦʛʝʥʥʳʝ ʵʣʝʤʝʥʪʳ 70 71 75 78 77 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ 2 2 2 2 1 

 

ʊʘʙʣʠʮʘ 2 

ʉʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʳʭ, ʤʠʢʨʦ-, ʙʠʦʛʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʚʝʱʝʩʪʚʝ 

ʧʦʪʦʢʦʚ ʚ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʦʟ. ɹʘʡʢʘʣ, % 

ʈʝʟʝʨʚʫʘʨʳ ʖʞʥʳʡ 
ʉʝʣʝʥ-

ʛʠʥʩʢʠʡ 

ʉʨʝʜ-

ʥʠʡ 

ʋʰʢʘʥʴʝ

ʦʩʪ-

ʨʦʚʩʢʠʡ 

ʉʝʚʝʨʥʳʡ 

ʆʟ. 

ɹʘʡʢ

ʘʣ 

ʇʦʪʦʢ ʚ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ 100 100 100 100 100 100 

ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 20.3 19 20.8 15.76 21.3 19.5 

ʤʠʢʨʦʵʣʝʤʝʥʪʳ 5.8 11 4.9 5.7 3.3 6 

ʙʠʦʛʝʥʥʳʝ ʵʣʝʤʝʥʪʳ 70.6 66 69.1 74.93 73 70.8 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ 3.3 4 5.2 3.5 2.4 3.7 

 

ʉʨʘʚʥʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ (ʧʦʪʦʢʦʚ ʚ 

ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ) ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʥʠ ʙʣʠʟʢʠ: ʙʦʣʝʝ ʯʝʤ ʥʘ 70 % ʩʦʩʪʦʷʪ ʠʟ 

ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʪʘʙʣ. 1, 2). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʨʝʟʝʨʚʫʘʨʦʚ ʦʙʫʩʣʦʚʣʝʥ 

ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʫʪʠʣʠʟʘʮʠʝʡ ʚʝʱʝʩʪʚʘ ʚ ʜʦʥʥʳʝ ʦʩʘʜʢʠ ʦʟ. ɹʘʡʢʘʣ: ʩ ʚʥʫʪʨʠʚʦʜʦʝʤʥʳʤʠ ʧʦʪʦʢʘʤʠ 

ʚ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʦʩʪʫʧʘʶʪ ʵʣʝʤʝʥʪʳ-ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʠ: ʙʠʦʛʝʥʥʳʝ ʵʣʝʤʝʥʪʳ, ʈʦʨʛ, 

ʯʘʩʪʴ ʦʩʪʘʣʴʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʯʘʩʪʴ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ï ʢʘʪʠʦʥʦʚ ʠ ʛʨʫʧʧʘ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ [1-5], ʯʪʦ ʚʦ ʚʩʝʭ ʨʝʟʝʨʚʫʘʨʘʭ ʦʟ. ɹʘʡʢʘʣ, ʢʨʦʤʝ ʉʝʣʝʥʛʠʥʩʢʦʛʦ, 
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ʧʨʦʮʝʥʪ ʫʪʠʣʠʟʘʮʠʠ (ʟʘʭʦʨʦʥʝʥʠʷ) ʧʦʩʪʫʧʘʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʦʯʝʥʴ ʥʠʟʦʢ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ 

ʚʝʱʝʩʪʚʦ, ʧʦʩʪʫʧʠʚʰʝʝ ʩ ʧʦʪʦʢʦʤ ʚ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʟʘ ʦʪʩʫʪʩʪʚʠʝʤ ʤʘʣʦʡ ʯʘʩʪʠ ʚʦʟʚʨʘʱʘʝʪʩʷ 

ʩ ʧʦʪʦʢʦʤ ʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ɺ ʯʝʪʳʨʝʭ ʨʝʟʝʨʚʫʘʨʘʭ ʦʟʝʨʘ ʫʪʠʣʠʟʘʮʠʷ ʚʝʱʝʩʪʚʘ ʥʠʯʪʦʞʥʘ 

(ʦʢʦʣʦ 10 %), ʧʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʶʪ ʤʦʱʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʢʨʫʛʦʚʦʨʦʪʳ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ 

ʉʝʣʝʥʛʠʥʩʢʦʤ ʨʝʟʝʨʚʫʘʨʝ ʟʘʭʦʨʘʥʠʚʘʝʪʩʷ 85 % ʚʝʱʝʩʪʚʘ, ʧʦʩʪʫʧʠʚʰʝʛʦ ʩ ʧʦʪʦʢʦʤ ʚ ʜʦʥʥʳʝ 

ʦʪʣʦʞʝʥʠʷ. 
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Abstract: a study of the accumulation of chemical components in bottom sediments of the lake. 

Baikal is extremely important for geological purposes. The aim of this work was to study peculiarities of 

sedimentation in reservoirs oz. Baikal. Found that in all oz tanks. Baikal, the Selenga in addition, the 

percentage of recycling (disposal) of incoming substances is very low because the substance is admitted 

for flow in sediments, in the absence of a small part of the returns flow from the bottom sediments. In the 

four reservoirs of lake disposal of the substance is negligible (about 10 %), while there are strong 

chemical cycles of the components. The Selenga tank buried 85 % of the substances, received with the 

stream as sediment. Chemical composition of bottom sediments of the reservoirs due to selective 

utilization of substances in the sediments of the lake. Baikal: vnutrivakuumnyh flows in sediment do 

items-complexing agents, nutrients, Rorg, part of the organic matter, part of the main components of 

cations and the group of trace elements.  
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ɹʘʡʢʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʢʦʥʦʤʠʢʠ ʠ ʧʨʘʚʘ 

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ, ʢʨʦʤʝ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ, ʩʦʜʝʨʞʠʪʩʷ ʚʟʚʝʰʝʥʥʦʝ ʤʝʨʪʚʦʝ 

ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʘʚʪʦʭʪʦʥʥʦʛʦ ʠ ʘʣʣʦʭʪʦʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʜʝʪʨʠʪ), ʨʘʩʪʚʦʨʝʥʥʳʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʠʦʛʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

ʇʨʦʙʣʝʤʘ ʫʩʠʣʝʥʠʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʝʩʩʘ ʥʘ ʦʟ. ɹʘʡʢʘʣ ʜʝʣʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤ ʠʟʫʯʝʥʠʝ ʬʦʥʦʚʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʚʦʜʘʭ ʦʟʝʨʘ, ʘ ʪʘʢ ʞʝ ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʫʪʝʡ 

ʤʠʛʨʘʮʠʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ. ʂʦʣʠʯʝʩʪʚʦ Nʦʨʛ, Pʦʨʛ, Sʦʨʛ ʪʨʫʜʥʦ ʧʦʜʜʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʶ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʟ-ʟʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ ʚʦʜ. 

ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʧʦ ʨʘʩʯʝʪʫ Pʦʨʛ, Nʦʨʛ, Sʦʨʛ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʨʘʩʯʝʪʘ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʪʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʭʠʤʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʚʦʜ ʨʝʟʝʨʚʫʘʨʦʚ ʦʟ. ɹʘʡʢʘʣ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʫʪʝʡ ʤʠʛʨʘʮʠʠ 

ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɺʤʝʩʪʝ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ ʬʦʨʤʘʤʠ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, Pʦʨʛ, Nʦʨʛ, Sʦʨʛ ʩʦʩʪʘʚʣʷʶʪ 

ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ P, N, S ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʦʟʝʨʘ. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʧʦʢʘʟʘʪʴ ʤʝʪʦʜ ʨʘʩʯʝʪʘ Pʦʨʛ, 

Nʦʨʛ, Sʦʨʛ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ ʚʦʜ, ʚʟʚʝʩʠ ʚʦʜ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʦʟ. ɹʘʡʢʘʣ ʧʦ ʠʟʚʝʩʪʥʦʤʫ 

ʚ ʥʠʭ ʩʦʜʝʨʞʘʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʆɺ) ʠʣʠ ʉʦʨʛ. ɿʥʘʷ ʩʦʜʝʨʞʘʥʠʝ ʆɺ ʠʣʠ ʉʦʨʛ ʚ ʚʦʜʘʭ 

ʦʟʝʨʘ, ʣʝʛʢʦ ʨʘʩʩʯʠʪʘʪʴ Pʦʨʛ, Sʦʨʛ, Nʦʨʛ ʧʦ ʚʝʩʦʚʳʤ ʦʪʥʦʰʝʥʠʷʤ C/P, C/N, C/S ʵʣʝʤʝʥʪʦʚ ʚ 

ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʷʭ, ʘ ʪʘʢʞʝ ʧʦ ʘʪʦʤʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʦʩʢʦʣʴʢʫ ʆɺ ʚ 

ʚʦʜʘʭ ʦʟ. ɹʘʡʢʘʣ ï ʧʨʦʜʫʢʪ ʨʘʩʧʘʜʘ ʧʣʘʥʢʪʦʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʪʦ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʡ ʨʘʩʯʝʪ 

ʧʦʜʭʦʜʠʪ ʠ ʜʣʷ ʨʘʩʯʝʪʘ Pʦʨʛ, Nʦʨʛ, Sʦʨʛ ʚʦ ʚʟʚʝʩʠ ʚʦʜ ʦʟʝʨʘ, ʚ ʚʦʜʘʭ ʨʝʢ, ʚʧʘʜʘʶʱʠʭ ʚ ʦʟ. ɹʘʡʢʘʣ, ʚ 

ʠʣʦʚʳʭ ʚʦʜʘʭ, ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʦʟʝʨʘ ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʢʘʢʦʤʫ-

ʣʠʙʦ ʠʟ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, ʧʣʘʥʢʪʦʥ, ʦʟ. ɹʘʡʢʘʣ, ʬʦʥʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ, 

ʢʦʤʧʦʥʝʥʪʳ 

ɺʚʝʜʝʥʠʝ 

ʇʨʦʙʣʝʤʘ ʫʩʠʣʝʥʠʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʝʩʩʘ ʥʘ ʦʟ. ɹʘʡʢʘʣ ʜʝʣʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤ ʠʟʫʯʝʥʠʝ 

ʬʦʥʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʘʢʨʦ-, ʤʠʢʨʦ-, ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʚʦʜʘʭ ʦʟʝʨʘ. ʇʨʝʜʤʝʪ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚʝʱʝʩʪʚʦ ʚʦʜ ʦʟ. ɹʘʡʢʘʣ ï ʞʠʜʢʠʡ 

ʤʠʥʝʨʘʣ H2O ʩ ʨʘʩʪʚʦʨʝʥʥʳʤʠ ʠ ʚʟʚʝʰʝʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ (Na
+
, K

+
, Ca
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, Mg
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, Al , Si, Mn
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Feʦʙʱ , SO4
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, Cl

-
, NO3

-
, PO4
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+
, O2, As, B, Cr, Cu, Cd, Hg, Pb, Sr, Zn, Co, U, V, Br, Rb, Mo, 

Cʦʨʛ, Nʦʨʛ, Pʦʨʛ, Sʦʨʛ, CO2, Ti) ï ʙʠʦʢʦʩʥʦʝ ʪʝʣʦ, ʥʘʩʢʚʦʟʴ ʧʨʦʥʠʟʘʥʥʦʝ ʞʠʚʳʤ ʚʝʱʝʩʪʚʦʤ ʠ 

ʧʨʦʜʫʢʪʘʤʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ. ʂʦʣʠʯʝʩʪʚʦ Nʦʨʛ, Pʦʨʛ, Sʦʨʛ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ 

ʚʝʱʝʩʪʚʝ ʚʦʜ ʦʟʝʨʘ ɹʘʡʢʘʣ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ ʧʦʵʪʦʤʫ ʪʨʫʜʥʦ ʧʦʜʜʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʶ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʧʦ ʨʘʩʯʝʪʫ Pʦʨʛ, Nʦʨʛ, Sʦʨʛ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʨʘʩʯʝʪʘ 

ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʭʠʤʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʚʦʜ ʨʝʟʝʨʚʫʘʨʦʚ ʦʟ. ɹʘʡʢʘʣ ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʫʪʝʡ ʤʠʛʨʘʮʠʠ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɺʤʝʩʪʝ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ ʬʦʨʤʘʤʠ ʵʪʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, Pʦʨʛ, Nʦʨʛ, Sʦʨʛ ʩʦʩʪʘʚʣʷʶʪ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ P, N, S ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʦʟʝʨʘ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʧʦʢʘʟʘʪʴ ʤʝʪʦʜ ʨʘʩʯʝʪʘ Pʦʨʛ, Nʦʨʛ, Sʦʨʛ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ ʚʦʜ, 

ʚʟʚʝʩʠ ʚʦʜ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʦʟ. ɹʘʡʢʘʣ ʧʦ ʠʟʚʝʩʪʥʦʤʫ ʚ ʥʠʭ ʩʦʜʝʨʞʘʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ (ʆɺ) ʠʣʠ ʉʦʨʛ. 
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ʂʨʦʤʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʚ ʚʠʜʝ ʠʦʥʦʚ ʠ ʛʘʟʦʚ, ʚ 

ʚʦʜʝ ʧʦʯʪʠ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ. ʆɺ, ʥʘʭʦʜʷʱʝʝʩʷ ʚ ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʦʜʝ, ʧʦ 

ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʨʘʟʜʝʣʝʥʦ ʥʘ ʚʭʦʜʷʱʝʝ ʚ ʩʦʩʪʘʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ (ʧʣʘʥʢʪʦʥ), 

ʥʘʩʝʣʷʶʱʠʭ ʚʦʜʫ, ʠ ʥʘ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, ʷʚʣʷʶʱʝʝʩʷ ʧʨʦʜʫʢʪʦʤ ʨʘʩʧʘʜʘ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ. ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʚʝʱʝʩʪʚʘ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʧʣʘʥʢʪʦʥʘ ï ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʦʨʛʘʥʠʟʤʦʚ, ʥʘʩʝʣʷʶʱʠʭ ʚʦʜʥʫʶ ʪʦʣʱʫ: ʟʦʦ- ʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʟʦʦʙʝʥʪʦʩʘ, ʤʘʢʨʦʬʠʪʦʚ, 

ʥʘʥʦʧʣʘʥʢʪʦʥʘ ʠ ʨʘʟʣʠʯʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʂʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʧʨʠʥʘʜʣʝʞʘʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʷʚʣʷʶʱʠʝʩʷ ʧʦ ʩʣʦʞʥʦʩʪʠ ʩʚʦʝʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʤʝʞʜʫ ʞʠʚʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʧʨʦʩʪʳʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ. ʆʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ (ʆɺ) ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ ʩʚʦʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʩʦʩʪʦʠʪ ʠʟ ʥʝʙʦʣʴʰʦʛʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠʟ ʫʛʣʝʨʦʜʘ, ʢʠʩʣʦʨʦʜʘ ʠ 

ʚʦʜʦʨʦʜʘ ʧʨʠ ʚʝʩʴʤʘ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ N, P, S, Si, K ʠ ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʚ. ʅʦ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ʦʥʦ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʦ ʠ ʨʘʟʥʦʦʙʨʘʟʥʦ, ʧʨʠʯʝʤ ʙʦʣʴʰʘʷ ʝʛʦ ʯʘʩʪʴ ʥʘʭʦʜʠʪʩʷ ʚ 

ʢʦʣʣʦʠʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʭʦʪʷ ʠ ʚʣʠʷʝʪ ʥʘ ʠʦʥʥʳʡ ʠ ʦʩʦʙʝʥʥʦ 

ʛʘʟʦʚʳʡ ʩʦʩʪʘʚ ʚʦʜʳ, ʥʦ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʢʦʤʧʝʪʝʥʮʠʠ ʙʠʦʣʦʛʠʠ, ʚʪʦʨʘʷ ʞʝ ʠʤʝʝʪ ʧʨʷʤʦʝ 

ʦʪʥʦʰʝʥʠʝ ʢ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʨʠʨʦʜʥʳʭ ʚʦʜ. ʌʠʪʦʧʣʘʥʢʪʦʥ ʩʠʥʪʝʟʠʨʫʝʪ ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ, ʠʩʧʦʣʴʟʫʷ ʵʥʝʨʛʠʶ ʩʚʝʪʘ ʠ ʙʠʦʛʝʥʥʳʝ ʵʣʝʤʝʥʪʳ. ɿʦʦʧʣʘʥʢʪʦʥ ʧʦʪʨʝʙʣʷʝʪ ʚʦʜʦʨʦʩʣʠ, 

ʙʘʢʪʝʨʠʠ ʠ ʜʝʪʨʠʪ, ʤʠʥʝʨʘʣʠʟʫʝʪ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʧʠʱʠ ʠ ʚʳʜʝʣʷʝʪ ʚ ʩʨʝʜʫ ʙʠʦʛʝʥʥʳʝ 

ʵʣʝʤʝʥʪʳ. ʄʝʨʪʚʳʡ ʬʠʪʦ- ʠ ʟʦʦʧʣʘʥʢʪʦʥ, ʝʛʦ ʬʝʢʘʣʠʠ, ʵʢʟʫʚʠʠ ʧʝʨʝʭʦʜʷʪ ʚ ʜʝʪʨʠʪ, ʦʩʝʜʘʶʪ ʥʘ 

ʜʥʦ ʠ ʚʳʧʘʜʘʶʪ ʠʟ ʧʣʘʥʢʪʦʥʘ. ɺ ʨʘʟʣʦʞʝʥʠʠ ʜʝʪʨʠʪʘ ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʙʘʢʪʝʨʠʠ. ɺʝʩʴ 

ʢʦʤʧʣʝʢʩ ʧʨʦʮʝʩʩʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʬʦʪʦʩʠʥʪʝʟʘ, ʧʦʪʨʝʙʣʝʥʠʷ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚʝʱʝʩʪʚ ʠ ʵʥʝʨʛʠʠ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʘʙʦʣʠʟʤ ʧʣʘʥʢʪʦʥʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ, ʢʨʦʤʝ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ, ʩʦʜʝʨʞʠʪʩʷ ʚʟʚʝʰʝʥʥʦʝ ʤʝʨʪʚʦʝ 

ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʘʚʪʦʭʪʦʥʥʦʛʦ ʠ ʘʣʣʦʭʪʦʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʜʝʪʨʠʪ), ʨʘʩʪʚʦʨʝʥʥʳʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʠʦʛʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʘʧʨʦʙʠʨʦʚʘʥʥʳʝ ʚ ʥʘʫʯʥʦʡ ʧʨʘʢʪʠʢʝ ʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʥʘʫʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʦʟ. ɹʘʡʢʘʣ [12,13,18 - 20]. ʆʪʢʨʳʪʘʷ ʩʠʩʪʝʤʘ ñʚʝʱʝʩʪʚʦ ʚʦʜ ʦʟ. ɹʘʡʢʘʣò ʩʚʷʟʘʥʘ ʩ 

ʚʝʱʝʩʪʚʦʤ ʭʠʤʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʢʦʤʤʫʥʠʢʘʮʠʷʤʠ, ʪ.ʝ. ʩʝʪʴʶ 

ʚʥʝʰʥʠʡ ʩʚʷʟʝʡ ʩʠʩʪʝʤʳ. ʉʠʩʪʝʤʘ ñʚʝʱʝʩʪʚʦ ʚʦʜ ʦʟ. ɹʘʡʢʘʣ ï ʚʝʱʝʩʪʚʦ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳò ï 

ʩʣʦʞʥʦ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʠʤʝʶʱʘʷ ʩʣʦʞʥʫʶ ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ (ʩʪʨʫʢʪʫʨʥʦ-

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʤʦʤʝʥʪ) ʠ ʩʣʦʞʥʫʶ ʣʠʥʠʶ ʧʦʚʝʜʝʥʠʷ ʚ ʩʨʝʜʝ (ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʤʦʤʝʥʪ) [9,10]. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʱʝʩʪʚʘ ʚʦʜ ʦʟ. ɹʘʡʢʘʣ ʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʱʝʩʪʚʘ ʧʦʪʦʢʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠʝʨʘʨʭʠʯʥʦ [3-7]. ʄʝʛʘʩʠʩʪʝʤʘ ñʚʝʱʝʩʪʚʦ ʚʦʜ 

ʦʟʝʨʘ ɹʘʡʢʘʣ ï ʚʝʱʝʩʪʚʦ ʧʦʪʦʢʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳò ʩʪʨʫʢʪʫʨʥʦ ʩʦʩʪʦʠʪ ʠʟ ʚʝʱʝʩʪʚʘ ʧʷʪʠ 

ʨʝʟʝʨʚʫʘʨʦʚ ʦʟʝʨʘ (ʖʞʥʦʛʦ, ʉʝʣʝʥʛʠʥʩʢʦʛʦ, ʉʨʝʜʥʝʛʦ, ʋʰʢʘʥʴʝʦʩʪʨʦʚʩʢʦʛʦ, ʉʝʚʝʨʥʦʛʦ) ʠ 

ʚʝʱʝʩʪʚʘ ʧʦʪʦʢʦʚ, ʚʧʘʜʘʶʱʠʭ ʚ ʨʝʟʝʨʚʫʘʨʳ ʠ ʚʳʪʝʢʘʶʱʠʭ ʠʟ ʥʠʭ (ʨʝʢʠ, ʚʟʚʝʩʴ ʨʝʢ, ʜʦʞʜʴ+ʩʥʝʛ, 

ʘʵʨʦʟʦʣʴ, ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʤʠʥʝʨʘʣʴʥʳʝ ʚʦʜʳ, ʧʨʠʪʦʢ ʦʟʝʨʥʳʭ ʚʦʜ ʠʟ ʜʨʫʛʠʭ ʨʝʟʝʨʚʫʘʨʦʚ ʦʟʝʨʘ, 

ʧʦʪʦʢ ʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʧʦʪʦʢ ʚ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʩʪʦʢ ʦʟʝʨʥʳʭ ʚʦʜ ʚ ʜʨʫʛʠʝ ʨʝʟʝʨʚʫʘʨʳ 

ʦʟʝʨʘ ʠ ʚ ʨʝʢʫ ɸʥʛʘʨʫ) (ʨʠʩ. 1). ɺʝʱʝʩʪʚʦ ʧʷʪʠ ʨʝʟʝʨʚʫʘʨʦʚ ʦʟʝʨʘ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʟʥʳʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʌʘʢʪʦʨʦʤ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʤ ʨʘʟʣʠʯʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʠ 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʚʝʱʝʩʪʚʘ ʚʦʜ ʦʟʝʨʘ ɹʘʡʢʘʣ 

ʢʘʢ ʤʥʦʛʦʨʝʟʝʨʚʫʘʨʥʫʶ ʩʠʩʪʝʤʫ, ʷʚʣʷʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʠʣ ʛʨʘʚʠʪʘʮʠʠ ʧʦ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ ʠʟ-

ʟʘ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʣʴʝʬʘ ʜʥʘ (ʨʝʟʢʘʷ ʨʘʩʯʣʝʥʝʥʥʦʩʪʴ). ɺʝʱʝʩʪʚʦ 

ʨʝʟʝʨʚʫʘʨʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʠ ʚ 

ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʠʩʪʝʤʘ, ʦʙʣʘʜʘʶʱʘʷ ʮʝʣʦʩʪʥʦʩʪʴʶ 

ʩʚʦʠʭ ʬʫʥʢʮʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʝʱʝʩʪʚʫ ʧʦʪʦʢʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʩʚʦʠʭ ʛʨʘʥʠʮʘʭ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʟʦʥʘʣʴʥʦʩʪʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʚʝʱʝʩʪʚʘ ʚʦʜ ʦʟ. ɹʘʡʢʘʣ (ʩʭʝʤʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʟʦʥ-ʨʝʟʝʨʚʫʘʨʦʚ ʚ ʚʝʱʝʩʪʚʝ ʚʦʜ ʦʟ. ɹʘʡʢʘʣ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʚʥʦʚʝʩʠʡ ʩ ʚʝʱʝʩʪʚʦʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʩʦ ʩʪʘʙʠʣʴʥʳʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʤʘʩʰʪʘʙʝ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ): 1) ʖʞʥʳʡ; 2) Cʝʣʝʥʛʠʥʩʢʠʡ; 3) 

Cʨʝʜʥʠʡ; 4) ʋʰʢʘʥʴʝʦʩʪʨʦʚʩʢʠʡ 5) Cʝʚʝʨʥʳʡ; 6) ʄʘʣʦʝ ʄʦʨʝ; 7) ɹʘʨʛʫʟʠʥʩʢʠʡ ʟʘʣʠʚ; 8) 

ʏʠʚʳʨʢʫʡʩʢʠʡ ʟʘʣʠʚ. ʈʝʟʝʨʚʫʘʨʳ 1) ï 5) ʨʘʟʜʝʣʝʥʳ ʥʘ ʧʨʠʙʨʝʞʥʳʝ ʚʦʜʳ ʠ ʦʪʢʨʳʪʳʡ ɹʘʡʢʘʣ [7]. 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʆɺ ʥʘ 83 % ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʦʟ. ɹʘʡʢʘʣ ʠ ʥʘ 100 % ʚ ʛʣʫʙʠʥʥʳʭ 

ʥʘʭʦʜʠʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ ʠ ʢʦʣʣʦʠʜʥʦʤ ʩʦʩʪʦʷʥʠʠ [18; 19]. ɺʦ ʚʟʚʝʩʠ ʚʦʜ ʦʟ. ɹʘʡʢʘʣ 

ʦʨʛʘʥʠʯʝʩʢʠʡ ʜʝʪʨʠʪ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 70 ʜʦ 98%. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʜʝʪʨʠʪʘ 

ʥʘʡʜʝʥʦ ʚ ʚʦʜʘʭ ʦʪʢʨʳʪʦʛʦ ɹʘʡʢʘʣʘ, ʛʜʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʦʨʛʘʥʠʯʝʩʢʠʡ ʪʠʧ ʚʟʚʝʩʠ, ʤʠʥʠʤʫʤ ï ʚ 

ʧʨʠʙʨʝʞʥʳʭ ʚʦʜʘʭ, ʪ.ʝ. ʚ ʪʝʨʨʠʛʝʥʥʦʤ ʪʠʧʝ ʚʟʚʝʩʠ [18]. 

ʆʟʝʨʦ ɹʘʡʢʘʣ ʦʪʥʦʩʠʪʩʷ ʢ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʤʝʩʪʦʦʙʠʪʘʥʠʷʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠʟ-ʟʘ ʥʠʟʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʠʪʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʥʠʟʢʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ (ʚ ʩʨʝʜʥʝʤ 

3.5 ï 3.4
0
ʉ) ʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʚ ʚʦʜʥʳʭ ʪʦʣʱʘʭ. ɺʩʣʝʜʩʪʚʠʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ, ʛʘʟʦʚʳʭ ʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ 

ʚʦʜʫ, ʥʘ ʩʦʩʪʘʚ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʥʝʡ ʦʨʛʘʥʠʯʝʩʢʠʭ, 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʆʜʠʥ ʠʟ ʧʫʪʝʡ ʧʝʨʝʭʦʜʘ ʨʘʩʪʚʦʨʝʥʥʳʭ ʬʦʨʤ 

ʵʣʝʤʝʥʪʦʚ (Ca, Si, O, C, N, H, ʤʠʢʨʦʵʣʝʤʝʥʪʳ) ʚ ʪʚʝʨʜʫʶ ʬʘʟʫ ï ʙʠʦʤʝʭʘʥʠʯʝʩʢʘʷ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʠʥʪʝʟʘ: ʦʙʨʘʟʫʶʪʩʷ ʥʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʚ ʚʠʜʝ ʪʚʝʨʜʳʭ ʩʦʝʜʠʥʝʥʠʡ (CaCO3, SiO2, ʆɺ). ɺʦʜʘ ʞʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʞʠʚʳʝ 

ʦʨʛʘʥʠʟʤʳ. ʍʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʆɺ ʚ ɹʘʡʢʘʣʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʂ.ʂ. ɺʦʪʠʥʮʝʚʳʤ ʩ ʩʦʘʚʪʦʨʘʤʠ 

(1975), ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝ ʚ ʝʛʦ ʧʨʠʭʦʜʥʦʡ ʯʘʩʪʠ ʘʚʪʦʪʨʦʬʥʦʛʦ ʧʨʦʜʫʮʠʨʦʚʘʥʠʷ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʬʠʪʦʧʣʘʥʢʪʦʥʦʤ, ʘ ʬʠʪʦʙʝʥʪʦʩ ʠʛʨʘʝʪ ʚʪʦʨʦʩʪʝʧʝʥʥʫʶ ʨʦʣʴ [12]. ʆʪʩʶʜʘ ʧʦʥʷʪʥʦ, 

ʥʘʩʢʦʣʴʢʦ ʚʘʞʥʦ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʣʘʥʢʪʦʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʆʙʱʘʷ 

ʤʘʩʩʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʣʘʥʢʪʦʥʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʪʦʣʱʝ ʚʦʜʳ, ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʚʦʜʦʨʦʩʣʝʡ ʚʝʨʭʥʝʛʦ (25ïʤʝʪʨʦʚʦʛʦ) ʧʨʦʜʫʮʠʨʫʶʱʝʛʦ ʩʣʦʷ. ɺ ʩʨʝʜʥʝʤ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʚ ʚʝʨʭʥʝʤ 

(ʬʦʪʠʯʝʩʢʦʤ) 25ïʤʝʪʨʦʚʦʤ ʩʣʦʝ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʙʦʣʝʝ 5 ï 12% ʦʙʱʝʡ ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, 

ʥʘʭʦʜʷʱʝʡʩʷ ʚ 1300ïʤʝʪʨʦʚʦʤ ʩʣʦʝ ʚʦʜʳ. ɺ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʡ 1968 ʛ. ʚ ʖʞʥʦʤ ɹʘʡʢʘʣʝ ʚ 

ʚʝʨʭʥʝʤ 500-ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʧʦʜ ʢʚʘʜʨʘʪʥʳʤ ʤʝʪʨʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʦʟʝʨʘ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʥʘʭʦʜʠʣʦʩʴ 

83%, ʚ ʩʣʦʝ 500 ï 1000ʤ ï 12%, ʘ ʚ ʧʨʠʜʦʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ (1000 ï 1300ʤ) ï ʪʦʣʴʢʦ 5% ʦʙʱʝʡ 

ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ 1300-ʤʝʪʨʦʚʦʛʦ ʩʣʦʷ. ʊʘʢʦʝ ʞʝ ʩʦʦʪʥʦʰʝʥʠʝ ʠ ʚ ʤʘʣʦʧʨʦʜʫʢʪʠʚʥʳʝ 

ʛʦʜʳ [15-17]. 
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ʀʟʚʝʩʪʥʘ ʨʘʙʦʪʘ [11], ʚ ʢʦʪʦʨʦʡ ʧʨʠʚʦʜʠʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʤʝʣʦʟʠʨʝ ʦʪ 18 ʜʦ 36%. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʥʝ ʧʦʩʪʦʷʥʝʥ ʠ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʚʦʜʦʨʦʩʣʝʡ ʠ 

ʩʦʜʝʨʞʘʥʠʷ ʚʝʱʝʩʪʚ ʚ ʚʦʜʝ [1785]. ʀʩʩʣʝʜʦʚʘʥʠʷ ɽ.ʅ. ʊʘʨʘʩʦʚʦʡ ʠ ɸ.ʀ. ʄʝʱʝʨʷʢʦʚʦʡ [1992] ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʫʛʣʝʨʦʜʘ, ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ ʚ ʚʦʜʦʨʦʩʣʷʭ ʦʪʥʦʩʷʪʩʷ ʢ ʬʠʪʦʧʣʘʥʢʪʦʥʫ ʚ ʦʪʢʨʳʪʳʭ 

ʫʯʘʩʪʢʘʭ ʦʟʝʨʘ (ʚ 1968ʛ ʦʪʣʦʚʣʝʥʦ 10 ʧʨʦʙ ʤʝʣʦʟʠʨʳ ʙʘʡʢʘʣʴʩʢʦʡ, 1969 ï 10 ʧʨʦʙ ʩʠʥʝʜʨʳ, ʚ 

1976ʛ. ï 6 ʧʨʦʙ ʧʝʨʠʜʠʥʝʠ), ʪʘʢ ʠ ʧʨʠʙʨʝʞʥʦʡ ʯʘʩʪʠ (3 ʢʤ ʦʪ ʨʝʢ ʄʫʨʠʥʦ, ʉʥʝʞʥʘʷ, ɹʘʨʛʫʟʠʥ, 

ɻʦʣʦʫʩʪʥʘʷ, ʧʦʩ. ɺʳʜʨʠʥʦ), ʛʜʝ ʥʘ 98% ʬʠʪʦʧʣʘʥʢʪʦʥ ʩʦʩʪʦʠʪ ʠʟ ʤʝʣʦʟʠʨʳ. ʈʘʟʤʘʭ ʢʦʣʝʙʘʥʠʡ 

ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ, ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ ʜʣʷ ʤʝʣʦʟʠʨʳ, ʩʠʥʝʜʨʳ ʠ ʧʝʨʠʜʠʥʝʡ ʥʝʟʥʘʯʠʪʝʣʝʥ (ʪʘʙʣ. 

1.). 

ʊʘʙʣʠʮʘ 1 

ʉʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ, ʘʟʦʪʘ, ʬʦʩʬʦʨʘ ʚ ʜʦʤʠʥʠʨʫʶʱʠʭ ʬʦʨʤʘʭ ʬʠʪʦʧʣʘʥʢʪʦʥʘ 

ʦʟ. ɹʘʡʢʘʣ, [3]  

ɺʦʜʦʨʦʩʣʠ 
ɺʨʝʤʷ 

ʦʪʙʦʨʘ 

ʉ N P C:N C:P N:P 

ʤʢʛ/ʤʛ ʩʫʭʦʡ ʤʘʩʩʳ ʚ ʘʪʦʤʘʭ 

Melosira 

baicalensis 

ɺʝʩ

ʥʘ 

1968ʛ. 

341

Ñ5 

37.2

Ñ0.2 

3.936Ñ0

.002 
11 

22

4 
21 

Synedra 

acrus 

ɺʝʩ

ʥʘ 

1969ʛ. 

186

Ñ4 

22Ñ0

.15 

6.48Ñ0.

004 
9 74 7.5 

Gymnodi

nium 

ɿʠʤ

ʘ 1979ʛ. 

450

Ñ5 

49.7

Ñ0.2 

5.47Ñ0.

003 
11 

21

3 
20 

 

ɺ ʨʘʙʦʪʝ [20] ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ [21] ʧʦ ʵʣʝʤʝʥʪʥʦʤʫ ʩʦʩʪʘʚʫ ʚʦʜʦʨʦʩʣʝʡ (ʪʘʙʣ. 2). ʆʪʩʶʜʘ 

ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʩʫʭʦʡ ʤʘʩʩʝ ʚʦʜʦʨʦʩʣʝʡ Cʦʨʛ, ʈʦʨʛ, Nʦʨʛ, Sʦʨʛ ʠ 

ʩʦʩʪʘʚʠʪʴ ʪʘʙʣʠʮʫ (ʪʘʙʣ. 3). 

ʊʘʙʣʠʮʘ 2 

ʉʦʩʪʘʚ ʚʦʜʦʨʦʩʣʝʡ [18] 

ʕʣʝʤʝʥʪ 

ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʆʪʥʦʩʠʪʝʣʴʥʳʡ 

ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ 

(ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʧʦ 

ʦʙʱʝʤʫ ʨʘʩʪʚʦʨʝʥʥʦʤʫ 

ʈ ʚ ʤʦʣʷʭ) 

ʉʫʭʘʷ ʤʘʩʩʘ, ʤʢʛ/ʤʛ (ʠʣʠ 0.1ʛ ʚ 

100ʛʨ.) 

ʩʨʝʜʥʝʝ 
ʧʨʝʜʝʣʳ 

ʢʦʣʝʙʘʥʠʡ 

C 430 175-615 102 

N 55 10-140 11.1 

Si 54 0-230 96 

K 17.3 1-75 1.3 

P 11 0.5-33 1 

Na 6.1 0.4-47 0.74 

Mg 5.6 0.5-75 0.66 

Ca 8.7 0.0-80 0.63 

S 5.9 1.5-16 0.54 

Fe 5.9 0.2-34 0.32 

Zn 0.28 0.005-1.0 0.012 

B 0.03 0.001-0.25 0.008 

Cu 0.1 0.006-0.3 0.004 

Mn 0.06 0.02-0.24 0.003 

Co 0.06 0.0001-0.2 0.003 

Mo 0.0008 0.0002-0.001 0.00002 

 

 



61 

 

ʊʘʙʣʠʮʘ 3 

ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ  

ʆʨʛʘ-

ʥʠʟʤ 

ɿʦʣʘ C N P S C N P S 
ɺʝʩʦʚʦʝ 

ʦʪʥʦʰʝʥʠʝ 

ɸʪʦʤʥʦʝ ʦʪʥʦʰʝʥʠʝ ʧʨʠ 

ʈ=1 

% ʦʪ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ 

% ʦʪ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ 

C/P C/N C/S C/P N/P S/P C/N C/S 

ɼʠʘʪʦ-

ʤʦʚʳʝ 

ʚʦʜʦ-

ʨʦʩʣʠ 

46.612 45.74 5.85 1.17 0.628 85.62 11 2.21 1.17 38.7 7.8 73.18 102.9 11.35 0.55 9.1 187 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʆʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʚʦʜ ʦʟ. ɹʘʡʢʘʣ ï ʧʨʦʜʫʢʪ ʨʘʩʧʘʜʘ ʧʣʘʥʢʪʦʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʦʟʝʨʘ. ʇʦ 

ʠʟʚʝʩʪʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʚʦʜʘʭ ʦʟʝʨʘ ɹʘʡʢʘʣ ʧʦ ʬʦʨʤʫʣʝ ʉ=ʆɺ*n/100 

(1), ʛʜʝ ʉ ï ʩʦʜʝʨʞʘʥʠʝ ʠʩʢʦʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʉʦʨʛ, ʈʦʨʛ, Nʦʨʛ, Sʦʨʛ) ʚ ʤʛ/ʣ, ʆɺ ï ʠʟʚʝʩʪʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʚʦʜʘʭ ʦʟʝʨʘ, ʤʛ/ʣ [12,13,18-20], n ï ʩʦʜʝʨʞʘʥʠʝ ʠʩʢʦʤʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ, ʚ % (ʪʘʙʣ. 3), ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩʦʜʝʨʞʘʥʠʷ ʉʦʨʛ, ʈʦʨʛ, Nʦʨʛ, Sʦʨʛ ʚ ʤʛ/ʣ ʚ ʚʦʜʘʭ ʦʟʝʨʘ. ɺ 

100 ʛ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ, ʦʙʠʪʘʶʱʠʭ ʚ ʚʦʜʘʭ ʦʟ. ɹʘʡʢʘʣ, ʩʦʜʝʨʞʠʪʩʷ 45.74 ʛ 

ʫʛʣʝʨʦʜʘ, 5.85 ʛ ʘʟʦʪʘ, 1.17 ʛ ʬʦʩʬʦʨʘ, 0.628 ʛ ʩʝʨʳ (ʪʘʙʣ. 3). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʝʩʦʚʦʝ ʦʪʥʦʰʝʥʠʝ 

ʉ/ʈ ʨʘʚʥʦ 38.7, C/N ʨʘʚʥʦ 7.8, ʉ/S ʨʘʚʥʦ 73.8.  

ʕʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʤʦʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ, ʘʟʦʪʘ, ʬʦʩʬʦʨʘ ʠ ʩʝʨʳ ʚ 100 ʛ ʩʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ʦʟ. ɹʘʡʢʘʣ ï ʉ3.81 N0.42 P0.037 S0.019. ɽʩʣʠ ʧʨʠʥʷʪʴ ʤʦʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʟʘ ʝʜʠʥʠʮʫ, ʪʦ ʘʪʦʤʥʦʝ ʦʪʥʦʰʝʥʠʝ ʫʛʣʝʨʦʜʘ ʢ ʬʦʩʬʦʨʫ ʙʫʜʝʪ ʨʘʚʥʦ 102.9, 

ʫʛʣʝʨʦʜʘ ʢ ʘʟʦʪʫ ï 9.1, ʫʛʣʝʨʦʜʘ ʢ ʩʝʨʝ ï 187, ʘʪʦʤʥʦʝ ʦʪʥʦʰʝʥʠʝ ʘʟʦʪʘ ʢ ʬʦʩʬʦʨʫ ʙʫʜʝʪ ʨʘʚʥʦ 

11.35, ʠ ʩʝʨʳ ʢ ʬʦʩʬʦʨʫ 0.55 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣ. 3). ɿʥʘʷ ʤʦʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʉʦʨʛ ʚ ʚʦʜʘʭ ʦʟ. 

ɹʘʡʢʘʣ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʚ ʥʠʭ ʤʦʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʷ Pʦʨʛ, Nʦʨʛ ʠ Sʦʨʛ. ʅʘʧʨʠʤʝʨ, ʨʘʩʩʯʠʪʘʝʤ 

ʤʦʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Sʦʨʛ ʚ ʚʦʜʘʭ ʦʟ. ɹʘʡʢʘʣ. ɸʪʦʤʥʦʝ ʦʪʥʦʰʝʥʠʝ ʫʛʣʝʨʦʜʘ ʢ ʩʝʨʝ ʨʘʚʥʦ 187 (ʪʘʙʣ. 

3). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦ ʬʦʨʤʫʣʝ  

Sʦʨʛ =Cʦʨʛ*ms/mc/187  (2), ʛʜʝ Sʦʨʛ - ʥʝʠʟʚʝʩʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Sʦʨʛ ʚ ʚʦʜʘʭ ʦʟ. ɹʘʡʢʘʣ, ʤʦʣʴ; ʉʦʨʛ 

ï ʠʟʚʝʩʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʉʦʨʛ ʚ ʚʦʜʘʭ ʦʟ. ɹʘʡʢʘʣ, ʤʦʣʴ [1,2,8]; mc ï ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ ʉʦʨʛ;  ms ï 

ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ Sʦʨʛ (ʪʘʙʣ. 4). 

ʆʪʥʦʰʝʥʠʝ ʉʦʨʛ/ʈʦʨʛ ʚʦ ʚʟʚʝʩʠ ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʨʝʜʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʵʪʦʛʦ ʦʪʥʦʰʝʥʠʷ ʚ 

ʧʣʘʥʢʪʦʥʝ [14]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʥʘʷ ʉʦʨʛ ʜʣʷ ʚʟʚʝʩʠ, ʣʝʛʢʦ ʨʘʩʩʯʠʪʘʪʴ Pʦʨʛ, Sʦʨʛ, Nʦʨʛ, 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚʦ ʚʟʚʝʩʠ, ʧʦ ʚʝʩʦʚʳʤ ʦʪʥʦʰʝʥʠʷʤ C/P, C/N, C/S ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʜʠʘʪʦʤʦʚʳʭ 

ʚʦʜʦʨʦʩʣʝʡ. ʇʦʩʢʦʣʴʢʫ ʆɺ ʚ ʚʦʜʘʭ ʦʟ. ɹʘʡʢʘʣ ï ʧʨʦʜʫʢʪ ʨʘʩʧʘʜʘ ʧʣʘʥʢʪʦʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʪʦ 

ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʡ ʨʘʩʯʝʪ ʧʦʜʭʦʜʠʪ ʠ ʜʣʷ ʨʘʩʯʝʪʘ Pʦʨʛ, Nʦʨʛ, Sʦʨʛ ʚ ʚʦʜʘʭ ʨʝʢ, ʚʧʘʜʘʶʱʠʭ ʚ ʦʟ. 

ɹʘʡʢʘʣ, ʚ ʝʛʦ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʋʩʪʘʥʦʚʣʝʥʦ ʚʝʩʦʚʦʝ ʦʪʥʦʰʝʥʠʝ ʉʦʨʛ, ʈʦʨʛ, Nʦʨʛ, Sʦʨʛ, ʘ ʪʘʢ ʞʝ ʘʪʦʤʥʦʝ ʦʪʥʦʰʝʥʠʝ ʵʪʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʜʘʭ, ʚʦ ʚʟʚʝʩʠ ʚʦʜ ʠ ʨʝʢ ʦʟʝʨʘ ɹʘʡʢʘʣ ʠ ʝʛʦ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ. ɺʝʩʦʚʦʝ ʦʪʥʦʰʝʥʠʝ 

ʫʛʣʝʨʦʜʘ ʢ ʬʦʩʬʦʨʫ, ʫʛʣʝʨʦʜʘ ʢ ʘʟʦʪʫ ʠ ʫʛʣʝʨʦʜʘ ʢ ʩʝʨʝ ʨʘʚʥʦ 38.7, 7.8, ʠ 73.18 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʕʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʤʦʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ, ʘʟʦʪʘ, ʬʦʩʬʦʨʘ ʠ ʩʝʨʳ ʚ 100 ʛ ʩʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ʦʟ. ɹʘʡʢʘʣ ï ʉ3.81 N0.42 P0.037 S0.019. ɽʩʣʠ ʧʨʠʥʷʪʴ ʤʦʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʟʘ ʝʜʠʥʠʮʫ, ʪʦ ʘʪʦʤʥʦʝ ʦʪʥʦʰʝʥʠʝ ʫʛʣʝʨʦʜʘ ʢ ʬʦʩʬʦʨʫ ʙʫʜʝʪ ʨʘʚʥʦ 102.9, 

ʫʛʣʝʨʦʜʘ ʢ ʘʟʦʪʫ ï 9.1, ʫʛʣʝʨʦʜʘ ʢ ʩʝʨʝ ï 187, ʘʪʦʤʥʦʝ ʦʪʥʦʰʝʥʠʝ ʘʟʦʪʘ ʢ ʬʦʩʬʦʨʫ ʙʫʜʝʪ ʨʘʚʥʦ 

11.35, ʠ ʩʝʨʳ ʢ ʬʦʩʬʦʨʫ 0.55 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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Abstract: The purpose of this paper is to show the method of calculating Pʦʨg, Nʦʨg, Sʦʨg in the 

organic matter of the waters of the lake. Baikal, the slurry of water and sediments is known for their 

content of organic matter (OM) or Sorgue. Knowing the content of S or Sorgue in the waters of the lake, 

it is easy to calculate Rorg, Org, Porgy weight relationship C/P, C/N, C/S elements diatoms, as well as on 

the atomic ratio of these components. Since S in the waters of the lake. Baikal ï the product of decay of 

planktonic organisms, the above calculation is suitable for calculating Rorg, Porgy, Or in suspended 

matter of the waters, in the waters of the rivers flowing into the lake. Baikal, in the interstitial waters in 

sediments of a lake in the absence of analytical data on any of these components. 
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ɹʘʡʢʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʢʦʥʦʤʠʢʠ ʠ ʧʨʘʚʘ 

 

Aʥʥʦʪʘʮʠʷ: ɻʨʘʥʠʮʳ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʦʥ ʠ ʥʦʨʤʘʪʠʚʳ ʜʦʧʫʩʪʠʤʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ 

ʵʢʦʩʠʩʪʝʤʫ ʦʟ. ɹʘʡʢʘʣ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤʠ ʥʘʫʯʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʚ ɹʘʡʢʘʣʴʩʢʦʤ ʨʝʛʠʦʥʝ. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʢʦʩʠʩʪʝʤ ʖʞʥʦʛʦ, ʉʝʣʝʥʛʠʥʩʢʦʛʦ, ʉʨʝʜʥʝʛʦ, ʋʰʢʘʥʴʝʦʩʪʨʦʚʩʢʦʛʦ, 

ʉʝʚʝʨʥʦʛʦ ʨʝʟʝʨʚʫʘʨʦʚ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʦʟ. 

ɹʘʡʢʘʣ ʩ ʪʝʭʥʦʛʝʥʥʳʤ ʩʪʦʢʦʤ. ʀʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʤʘʢʨʦʩʠʩʪʝʤ: ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʤʝʪʦʜ ʠ ʤʝʪʦʜ ʙʘʣʘʥʩʦʚʳʭ ʨʘʩʯʝʪʦʚ. ʂʦʤʧʦʥʝʥʪʳ, ʷʚʣʷʶʱʠʝʩʷ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ 

(ʵʣʝʤʝʥʪʘʤʠ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʢʣʘʩʩʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ) ʜʣʷ ʦʟʝʨʘ ɹʘʡʢʘʣ ʦʧʨʝʜʝʣʝʥʳ ʜʣʷ 

ʢʘʞʜʦʛʦ ʨʝʟʝʨʚʫʘʨʘ. ʆʙʱʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʣʷ ʚʩʝʭ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʷʚʣʷʶʪʩʷ: Mg
2+

, 

Al , Si, Mn
2+

, Feʦʙ,ɦ NO
3-
, PO4

3-
, As, Cr, Cu, ʉd, Pb, Co, U, V, Rb, Ti, Pʦʨʛ; ʢʨʦʤʝ ʪʦʛʦ, ʝʱʝ: ʚ ʖʞʥʦʤ 

ʨʝʟʝʨʚʫʘʨʝ Zn, Nʦʨʛ, ʚ ʉʨʝʜʥʝʤ: K
+
, Na

+
, B, Br, Cʦʨʛ, Nʦʨʛ, Sʦʨʛ, ʚ ʋʰʢʘʥʴʝʦʩʪʨʦʚʩʢʦʤ: K

+
, Na

+
, Mo, 

Nʦʨʛ; ʚ ʉʝʚʝʨʥʦʤ: K
+
, Na

+
, Ca2, B, Br, Mo, Zn, Cʦʨʛ, Nʦʨʛ, Sʦʨʛ. ɺ ʉʝʣʝʥʛʠʥʩʢʦʤ ʨʝʟʝʨʚʫʘʨʝ ʢ 

ʵʣʝʤʝʥʪʘʤ ʚʪʦʨʦʛʦ ʢʣʘʩʩʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʦʪʥʦʩʷʪʩʷ K
+
, Mn

2+
, As, Cd, Co, U, V, Mo, Rb, 

ɺ, Ti, PO4
3-

, Feʦʙ,ɦ Pʦʨʛ.. ʕʣʝʤʝʥʪʳ ʪʨʝʪʴʝʛʦ ʢʣʘʩʩʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʚ ʨʝʟʝʨʚʫʘʨʘʭ 

ʩʦʩʪʘʚʣʷʶʪ ʢʦʤʧʦʥʝʥʪʳ, ʫʭʦʜʷʱʠʝ ʩ ʧʦʪʦʢʦʤ ʚ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʠ ʟʘʭʦʨʘʥʠʚʘʶʱʠʝʩʷ ʚ ʥʠʭ. ɺ 

ʯʝʪʚʝʨʪʳʡ ʢʣʘʩʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʚʭʦʜʷʪ ʣʝʛʢʦʧʦʜʚʠʞʥʳʝ ñʪʨʘʥʟʠʪʥʳʝò ʵʣʝʤʝʥʪʳ, 

ʢʦʪʦʨʳʝ ʚ ʩʣʫʯʘʝ ʪʝʭʥʦʛʝʥʥʳʭ ʘʚʘʨʠʡ ʩʦ ʩʪʦʢʦʤ ʦʟʝʨʥʳʭ ʚʦʜ ʧʦʧʘʜʫʪ ʚ ʩʦʩʝʜʥʠʝ ʨʝʟʝʨʚʫʘʨʳ ʦʟʝʨʘ 

ʠ ʚ ʨʝʢʫ ɸʥʛʘʨʫ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʨʝʟʝʨʚʫʘʨʳ, ʦʟ. ɹʘʡʢʘʣ, ʵʢʦʩʠʩʪʝʤʳ, 

ʢʦʤʧʦʥʝʥʪʳ, ʢʣʘʩʩʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ 

 

ɿʘʛʨʷʟʥʝʥʠʝ ʧʨʦʜʫʢʪʘʤʠ ʪʝʭʥʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʩʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʚʦʜʳ ï ʥʘʠʙʦʣʝʝ ʦʩʪʨʘʷ ʧʨʦʙʣʝʤʘ ʥʘʰʝʛʦ ʚʨʝʤʝʥʠ, ʷʚʣʷʶʱʘʷʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʥʝʦʩʦʟʥʘʥʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʏʝʣʦʚʝʢʦʤ ʧʨʠʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ñʚʦʜʘ ï ʧʦʨʦʜʘ ï ʛʘʟ ï ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦò, ʩʣʦʞʠʚʰʝʡʩʷ ʥʘ ɿʝʤʣʝ ʚ ʪʝʯʝʥʠʝ ʩʦʪʝʥ ʤʠʣʣʠʦʥʦʚ ʣʝʪ. ʆʟʝʨʦ ɹʘʡʢʘʣ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ 

ʜʨʝʚʥʠʤ, ʩʘʤʳʤ ʛʣʫʙʦʢʠʤ ʠ ʩʘʤʳʤ ʢʨʫʧʥʳʤ ʧʨʝʩʥʦʚʦʜʥʳʤ ʚʦʜʦʝʤʦʤ ɿʝʤʣʠ ʠ ʢʘʢ ʠʩʪʦʯʥʠʢ ʚʦʜʳ 

ʙʫʜʫʱʝʛʦ ʯʝʣʦʚʝʯʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʛʨʦʤʘʜʥʳʤ ʤʠʨʦʚʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠ ʧʦʪʝʥʮʠʘʣʦʤ ʈʦʩʩʠʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʩʦʭʨʘʥʷʪʴ ʦʟ. ɹʘʡʢʘʣ ʚ ʩʦʩʪʦʷʥʠʠ, ʙʣʠʟʢʦʤ ʢ ʧʨʠʨʦʜʥʦʤʫ. ʆʪʩʫʪʩʪʚʠʝ ʠʟʫʯʝʥʥʦʩʪʠ 

ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜ ʦʟ. ɹʘʡʢʘʣ ʠ ʧʨʠʨʦʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʨʦʣʠ 

ʝʝ ʧʦʪʦʢʦʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʩʪʘʚʘ ʚʦʜ ʦʟʝʨʘ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʥʘʧʨʠʤʝʨ, ʧʨʦʛʥʦʟ ʤʠʛʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʚʦʜʘʭ ʦʟ. 

ɹʘʡʢʘʣ. ʅʝʦʙʭʦʜʠʤʦ ʠʟʫʯʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʧʫʪʝʡ ʤʠʛʨʘʮʠʠ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʨʘʩʩʝʷʥʠʷ ʚ ʚʦʜʘʭ 
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ʦʟʝʨʘ ʤʘʢʨʦ-, ʤʠʢʨʦ-, ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʦʟʝʨʦ ʩ 

ʧʦʪʦʢʘʤʠ ʭʠʤʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺʟʛʣʷʜ ʥʘ ʦʟ. ɹʘʡʢʘʣ ʢʘʢ ʥʘ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʠ ʧʨʠʤʝʥʝʥʠʝ ʢ ʥʝʡ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ, ʤʝʪʦʜʘ ʨʘʚʥʦʚʝʩʠʷ ʚʳʷʚʣʷʝʪ ʠʝʨʘʨʭʠʯʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ï 

ʚʝʱʝʩʪʚʘ ʚʦʜ ʦʟʝʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʣʦʢʘʣʴʥʦ-ʨʘʚʥʦʚʝʩʥʳʭ ʫʯʘʩʪʢʦʚ ʧʦʜʩʠʩʪʝʤ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʚʝʱʝʩʪʚʦ ʚʦʜ ʦʟ. ɹʘʡʢʘʣ, ʩʦʛʣʘʩʥʦ ʥʫʣʝʚʦʤʫ ʟʘʢʦʥʫ, ʚ ʮʝʣʦʤ ʥʝʨʘʚʥʦʚʝʩʥʘʷ 

ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʧʷʪʠ ʩʠʩʪʝʤïʨʝʟʝʨʚʫʘʨʦʚ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʩʪʘʙʠʣʴʥʳʤʠ 

ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʤʠ ʩʦʩʪʦʷʥʠʷʤʠ, ʨʘʚʥʦʚʝʩʥʳʤʠ ʩʦ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʤʠ ʩʦʩʪʦʷʥʠʷʤʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺʝʱʝʩʪʚʦ ʚʦʜ ʦʟ. ɹʘʡʢʘʣ ʠʩʧʳʪʳʚʘʝʪ ʭʠʤʠʯʝʩʢʦʝ, ʬʠʟʠʯʝʩʢʦʝ ʠ ʪʝʧʣʦʚʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʚʝʱʝʩʪʚʦʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪ.ʝ. ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʤʝʛʘʩʠʩʪʝʤʳ ñʚʝʱʝʩʪʚʦ ʚʦʜ 

ʦʟ. ɹʘʡʢʘʣ ï ʚʝʱʝʩʪʚʦ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳò. ɺ ʚʝʱʝʩʪʚʝ ʚʦʜ ʦʟʝʨʘ ɹʘʡʢʘʣ ʚʳʜʝʣʝʥʳ ʟʦʥʳ ʩ 

ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ, ʦʙʣʘʜʘʶʱʠʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʧʦʩʪʦʷʥʥʳʤʠ ʪʝʧʣʦʚʳʤʠ, ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʩʠʣʦʚʳʤʠ ʙʘʣʘʥʩʦʚʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦ ʦʙʤʝʥʫ ʤʘʩʩʦʚʳʤ ʠ ʙʝʟ ʤʘʩʩʦʚʳʤ ʚʝʱʝʩʪʚʦʤ ʩ ʚʝʱʝʩʪʚʦʤ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦʭʨʘʥʷʶʱʠʝ ʚ ʤʘʩʰʪʘʙʝ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʩʚʦʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʩʪʦʷʥʥʳʤʠ ï ʨʝʟʝʨʚʫʘʨʳ ʖʞʥʳʡ, ʉʝʣʝʥʛʠʥʩʢʠʡ, ʉʨʝʜʥʠʡ, 

ʋʰʢʘʥʴʝʦʩʪʨʦʚʩʢʠʡ, ʉʝʚʝʨʥʳʡ [6]. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʫʩʪʘʥʦʚʣʝʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʢʦʩʠʩʪʝʤ ʖʞʥʦʛʦ, 

ʉʝʣʝʥʛʠʥʩʢʦʛʦ, ʉʨʝʜʥʝʛʦ, ʋʰʢʘʥʴʝʦʩʪʨʦʚʩʢʦʛʦ, ʉʝʚʝʨʥʦʛʦ ʨʝʟʝʨʚʫʘʨʦʚ ʧʨʠ ʧʦʧʘʜʘʥʠʠ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʦʟ. ɹʘʡʢʘʣ ʩ ʪʝʭʥʦʛʝʥʥʳʤ ʩʪʦʢʦʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʤʘʢʨʦʩʠʩʪʝʤ: ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʤʝʪʦʜ ʠ ʤʝʪʦʜ 

ʙʘʣʘʥʩʦʚʳʭ ʨʘʩʯʝʪʦʚ. ɸʥʘʣʠʟ ʦʪʥʦʰʝʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩʪʚʦʨʝʥʥʳʭ ʠ ʚʟʚʝʰʝʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ (Na
+
, K

+
, Ca

2+
, Mg

2+
, Al , Si, Mn

2+
, Feʦʙʱ , SO4

2-
, HCO3

-
, Cl

-
, NO3

-
, PO4

3-
, H

+
, O2, As, B, 

Cr, Cu, Cd, Hg, Pb, Sr, Zn, Co, U, V, Br, Rb, Mo, Cʦʨʛ, Nʦʨʛ, Pʦʨʛ, Sʦʨʛ, CO2, Ti) ʚʦʜ ʨʝʟʝʨʚʫʘʨʦʚ ʦʟ. 

ɹʘʡʢʘʣ ʠ ʪʘʢʦʚʳʭ ʞʝ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʪʦʢʦʚ (ʨʝʢʠ, ʚʟʚʝʩʴ ʨʝʢ, ʜʦʞʜʴ+ʩʥʝʛ, ʘʵʨʦʟʦʣʴ, ʧʦʜʟʝʤʥʳʝ 

ʚʦʜʳ, ʤʠʥʝʨʘʣʴʥʳʝ ʚʦʜʳ, ʧʨʠʪʦʢ ʦʟʝʨʥʳʭ ʚʦʜ ʠʟ ʜʨʫʛʠʭ ʨʝʟʝʨʚʫʘʨʦʚ ʦʟʝʨʘ, ʧʦʪʦʢ ʠʟ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʧʦʪʦʢ ʚ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʩʪʦʢ ʦʟʝʨʥʳʭ ʚʦʜ ʚ ʜʨʫʛʠʝ ʨʝʟʝʨʚʫʘʨʳ ʦʟʝʨʘ ʠ ʚ ʨʝʢʫ 

ɸʥʛʘʨʫ) ʨʘʩʢʨʳʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʟʘʢʦʥʦʚ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʀʟʫʯʝʥʳ ʧʫʪʠ ʤʠʛʨʘʮʠʠ ʠ ʤʝʩʪʘ 

ʘʢʢʫʤʫʣʷʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʩ ʧʦʪʦʢʘʤʠ ʭʠʤʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʧʨʠʨʦʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʨʝʟʝʨʚʫʘʨʳ ʦʟ. ɹʘʡʢʘʣ [1-5]. ɼʣʷ 

ʢʘʞʜʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʫʩʪʘʥʦʚʣʝʥʳ ʢʦʤʧʦʥʝʥʪʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʦʝ ʚʝʱʝʩʪʚʦ, ʘ ʪʘʢ 

ʞʝ ʟʘʭʦʨʘʥʠʚʘʶʱʠʝʩʷ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʧʨʠ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʚʝʱʝʩʪʚʘ ʚ 

ʨʝʟʝʨʚʫʘʨʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʜʣʷ ʢʘʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʟʝʨʚʫʘʨʳ ʧʨʦʪʦʯʥʳ, ʘ ʜʣʷ ʢʘʢʠʭ ʷʚʣʷʶʪʩʷ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʙʘʨʴʝʨʘʤʠ. ʆʧʨʝʜʝʣʝʥʥʳʝ ʚ ʩʚʦʠʭ ʛʨʘʥʠʮʘʭ ʧʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ 

ʧʘʨʘʤʝʪʨʘʤ, ʨʝʟʝʨʚʫʘʨʳ ʦʟ. ɹʘʡʢʘʣ ʦʙʣʘʜʘʶʪ ʮʝʣʦʩʪʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ ʩʚʦʠʭ ʬʫʥʢʮʠʡ. 

ʉʭʦʜʩʪʚʦ ʬʫʥʢʮʠʡ ʨʝʟʝʨʚʫʘʨʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʠʟ ʧʦʩʪʫʧʠʚʰʠʭ ʚ ʨʝʟʝʨʚʫʘʨʳ ʩ 

ʭʠʤʠʯʝʩʢʠʤʠ ʧʦʪʦʢʘʤʠ ʧʨʠʨʦʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʢʦʤʧʦʥʝʥʪʳ HCO3
-
, SO4

2-
, 

Cl
-
, K

+
, Na

+
, Ca

2+
, Mg

2+
, B, Mo, Hg, Sr, ʉʦʨʛ, Nʦʨʛ, Sʦʨʛ, ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʝʥʥʳʭ ʠʦʥʦʚ, ʪʨʘʥʟʠʪʦʤ 

ʧʨʦʭʦʜʷʪ ʚ ʜʨʫʛʠʝ ʨʝʟʝʨʚʫʘʨʳ ʠ ʨʝʢʫ ɸʥʛʘʨʫ, ʘ ʯʘʩʪʴ ʢʘʪʠʦʥʦʚ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʙʠʦʛʝʥʥʳʝ 

ʵʣʝʤʝʥʪʳ, ʯʘʩʪʴ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʮʝʣʘʷ ʛʨʫʧʧʘ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʩʚʷʟʳʚʘʶʪʩʷ (ʚʩʪʫʧʘʶʪ ʚ 

ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ) ʠ ʦʩʪʘʶʪʩʷ (ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ) ʚ ʨʝʟʝʨʚʫʘʨʘʭ (ʟʘʭʦʨʘʥʠʚʘʶʪʩʷ ʠʣʠ 

ʚʩʪʫʧʘʶʪ ʚ ʭʠʤʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ). ʈʘʟʣʠʯʠʝ ʬʫʥʢʮʠʡ ʨʝʟʝʨʚʫʘʨʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʢʘʢ 

ʨʘʩʭʦʜʫʶʪʩʷ ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʳʝ ʚ ʥʠʭ ʢʦʤʧʦʥʝʥʪʳ: ʚ ʉʝʣʝʥʛʠʥʩʢʦʤ ʨʝʟʝʨʚʫʘʨʝ ʦʥʠ 

ʟʘʭʦʨʘʥʠʚʘʶʪʩʷ, ʚ ʦʩʪʘʣʴʥʳʭ ʥʝʙʦʣʴʰʘʷ ʠʭ ʯʘʩʪʴ ʟʘʭʦʨʘʥʠʚʘʝʪʩʷ, ʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʩʪʫʧʘʝʪ ʚ 

ʭʠʤʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ.  
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ʊʘʙʣʠʮʘ 1 

ʂʣʘʩʩʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʨʦʛʥʦʟ ʠʭ ʧʦʚʝʜʝʥʠʷ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʚ ʩʣʫʯʘʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʦʟ. ɹʘʡʢʘʣ 

 
ʂʦʤʧʦʥʝʥ

-ʪ r

ʖʞʥʳʡ 

ʨʝʟʝʨʚʫʘʨ 

ʉʝʣʝʥʛʠʥʩ

-ʢʠʡ 
ʉʨʝʜʥʠʡ 

ʋʰʢʘʥʴʝʦ

ʩʪʨʦʚʩʢʠʡ 
ʉʝʚʝʨʥʳʡ 

K
+
 ʋ ɼ III ʋ ɺɼ 

II  

ʋ ɺɼ 

II  

ʋ ɺɼ 

II  

C ɺɼ I 

Na
+
 ʋ ɼ III ʋ ɼ III  ʋ ɺɼ 

II  

ʋ ɺɼ 

II  

ʋ ɺɼ 

II  

Ca
2+

 ʃ IV ʃ IV ʋ ɼ III ʃ IV ʋ ɺɼ 

II  

Mg
2+

 ʋ ɺɼ 

II  

ʋ ɼ III  ʋ ɺɼ 

II  

ʋ ɺɼ 

II  

ʋ ɺɼ 

II  

Al  C Bɼ I ʉ ɼ III  C Bɼ I C Bɼ I C ɺɼ I 

Si C Bɼ I ʉ ɼ III  C Bɼ I C Bɼ I C ɺɼ I 

Mn
2+

 C B I ʋ ɺɼ 

II  

C Bɼ I C Bɼ I C ɺɼ I 

Feʦʙ ɦ C Bɼ I ʋ ɺɼ 

II  

C Bɼ I C Bɼ I C ɺɼ I 

SO4
2-
 ʃ IV ʃ IV ʃ IV ʃ IV ʃ IV 

HCO3
-
 ʃ IV ʃ IV ʃ IV ʃ IV ʃ IV 

Cl
-
 ʃ IV ʃ IV ʃ IV ʃ IV ʃ IV 

NO3
-
 C Bɼ I ʋ ɼ III  C Bɼ I C Bɼ I C ɺɼ I 

PO4
3-
 C Bɼ I ʋ ɺɼ 

II  

C Bɼ I C Bɼ I C ɺɼ I 

As C Bɼ I ʋ ɺɼ 

II  

C Bɼ I C Bɼ I C ɺɼ I 

B ʃ IV ʃ IV ʋ ɺɼ 

II  

ʃ IV ʋ ɺ II 

Cr C Bɼ I ʉ ɼ III  C Bɼ I C Bɼ I C ɺɼ I 

Cu C Bɼ I ʃ IV C Bɼ I C Bɼ I C ɺɼ I 

Cd ʋ ɺɼ 

II  

ʋ ɺɼ 

II  

C Bɼ I ʋ ɺɼ 

II  

C ɺɼ I 

Hg ʃ IV ʃ IV ʃ IV ʃ IV ʃ IV 

Pb C Bɼ I ʋ ɼ III  ʋ ɺ II C Bɼ I C ɺɼ I 

Sr ʃ IV ʃ IV ʃ IV ʃ IV ʃ IV 

Zn ʋ ɺɼ 

II  

ʃ IV ʃ IV ʋ ɺɼ 

II  

C ɺɼ I 

Co C Bɼ I ʋ ɺɼ 

II  

C Bɼ I C Bɼ I C ɺɼ I 

U ʋ ɺɼ 

II  

ʋ ɺɼ 

II  

C Bɼ I ʋ ɺɼ 

II  

C ɺɼ I 

V C Bɼ I ʋ ɺɼ 

II  

C Bɼ I C Bɼ I C ɺɼ I 

Br ʋ ɺɼ 

II  

ʋ ɼ III  ʋ ɺɼ 

II  

ʋ ɺɼ 

II  

C ɺɼ I 

Rb C Bɼ I ʋ ɺɼ 

II  

C Bɼ I C Bɼ I C ɺɼ I 

Mo ʃ IV ʋ ɺɼ 

II  

ʋ ɼ III ʋ ɺɼ 

II  

ʋ ɺɼ 

II  

Cʦʨʛ ʋ ɼ III ʋ ɼ III  ʋ ɺɼ 

II  

ʋ ɼ III ʋ ɺɼ 

II  

Nʦʨʛ ʋ ɺɼ 

II  

ʋ ɼ III ʋ ɺɼ 

II 

ʋ ɺɼ 

II  

ʋ ɺɼ 

II  
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Pʦʨʛ C Bɼ I ʋ ɺɼ 

II  

C Bɼ I C Bɼ I C ɺɼ I 

Sʦʨʛ ʋ ɼ III ʋ ɼ III ʋ ɺɼ 

II  

ʋ ɼ III ʋ ɺɼ 

II  

Ti C Bɼ I ʋ ɺɼ 

II  

C Bɼ I C Bɼ I C ɺɼ I 

ʇʨʠʤʝʯʘʥʠʝ. ʉ ï ʩʣʘʙʦʧʦʜʚʠʞʥʳʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ; ʋ ï ʫʤʝʨʝʥʥʦʧʦʜʚʠʞʥʳʝ, ʯʘʩʪʠʯʥʦ 

ʚʳʥʦʩʷʪʩʷ, ʯʘʩʪʠʯʥʦ ʥʘʢʘʧʣʠʚʘʶʪʩʷ; ʃ ï ʣʝʛʢʦʧʦʜʚʠʞʥʳʝ ʚʳʥʦʩʷʪʩʷ; ɺ ï ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʚʦʜʘʭ; 

ɼ ï ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ; ɺɼ ï ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʠ ʚʦʜʘʭ, I, II , 

III , IV ï ʢʣʘʩʩʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ 

 

ʂʨʫʛ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʦʚʝʨʰʘʶʱʠʭ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʢʨʫʛʦʚʦʨʦʪʳ, ʦʧʨʝʜʝʣʝʥ ʜʣʷ ʢʘʞʜʦʛʦ 

ʨʝʟʝʨʚʫʘʨʘ ʦʟ. ɹʘʡʢʘʣ. ʆʙʱʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʣʷ ʚʩʝʭ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʷʚʣʷʶʪʩʷ: 

Mg
2+

, Al , Si, Mn
2+

, Feʦʙ,ɦ NO3
-
, PO4

3-
, As, Cr, Cu, ʉd, Pb, Co, U, V, Rb, Ti, Pʦʨʛ; ʢʨʦʤʝ ʪʦʛʦ, ʝʱʝ: ʚ 

ʖʞʥʦʤ ʨʝʟʝʨʚʫʘʨʝ Zn, Nʦʨʛ, ʚ ʉʨʝʜʥʝʤ: K
+
, Na

+
, B, Br, Cʦʨʛ, Nʦʨʛ, Sʦʨʛ, ʚ ʋʰʢʘʥʴʝʦʩʪʨʦʚʩʢʦʤ: K

+
, 

Na
+
, Mo, Nʦʨʛ; ʚ ʉʝʚʝʨʥʦʤ: K

+
, Na

+
, Ca

2
, B, Br, Mo, Zn, Cʦʨʛ, Nʦʨʛ, Sʦʨʛ ʕʪʠ ʢʦʤʧʦʥʝʥʪʳ ʥʘʭʦʜʷʪʩʷ ʚ 

ʚʦʜʘʭ ʨʝʟʝʨʚʫʘʨʦʚ ʚ ʨʘʩʪʚʦʨʝʥʥʳʭ ʠ ʚʟʚʝʰʝʥʥʳʭ ʬʦʨʤʘʭ: ʚ ʚʠʜʝ ʚʟʚʝʩʠ ʫʭʦʜʷʪ ʩ ʧʦʪʦʢʘʤʠ ʚ 

ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʠ ʚ ʨʘʩʪʚʦʨʝʥʥʳʭ ʬʦʨʤʘʭ ʧʨʠʭʦʜʷʪ ʩ ʧʦʪʦʢʦʤ ʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ɺ 

ʉʝʣʝʥʛʠʥʩʢʦʤ ʨʝʟʝʨʚʫʘʨʝ ʚ ʭʠʤʠʯʝʩʢʦʤ ʢʨʫʛʦʚʦʨʦʪʝ ʯʘʩʪʠʯʥʦ ʫʯʘʩʪʚʫʶʪ: K
+
, Mn

2+
, As, Cd, Co, U, 

V, Mo, Rb, ɺ, Ti, PO4
3-

, Feʦʙ,ɦ Pʦʨʛ. 

ʋʩʪʘʥʦʚʣʝʥʘ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʢʦʩʠʩʪʝʤ ʢʘʞʜʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʧʨʠ ʧʦʧʘʜʘʥʠʠ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʦʟ. ɹʘʡʢʘʣ ʩ ʪʝʭʥʦʛʝʥʥʳʤ ʩʪʦʢʦʤ (ʪʘʙʣ.). 

ʆʟʝʨʦ ɹʘʡʢʘʣ ï ʫʣʴʪʨʘʧʨʝʩʥʦʝ ʦʟʝʨʦ ʩ ʤʘʣʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʝʛʦ 

ʚʦʜʘʭ. ʇʨʠʨʦʩʪ ʙʠʦʤʘʩʩʳ ʧʣʘʥʢʪʦʥʘ ʦʛʨʘʥʠʯʝʥ ʧʦʩʪʘʚʢʦʡ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʪʨʦʬʦʛʝʥʥʳʡ 

ʩʣʦʡ ʩ ʧʦʪʦʢʦʤ ʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʉʢʦʨʦʩʪʴ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ 

ʠʭ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: ʤʘʣʦʧʦʜʚʠʞʥʳʝ ʠʣʠ ʩʚʷʟʘʥʥʳʝ ʵʣʝʤʝʥʪʳ (ʵʣʝʤʝʥʪʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ 

ʭʠʤʠʯʝʩʢʠʭ ʢʨʫʛʦʚʦʨʦʪʘʭ ʠʣʠ ʵʣʝʤʝʥʪʳ, ʟʘʭʦʨʘʥʠʚʘʶʱʠʝʩʷ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ), ʯʘʩʪʠʯʥʦ 

ʚʳʥʦʩʠʤʳʝ, ʯʘʩʪʠʯʥʦ ʩʚʷʟʘʥʥʳʝ (ʯʘʩʪʠʯʥʦ ʪʨʘʥʟʠʪʥʳʝ, ʯʘʩʪʠʯʥʦ ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʭʠʤʠʯʝʩʢʠʭ 

ʢʨʫʛʦʚʦʨʦʪʘʭ, ʯʘʩʪʠʯʥʦ ʟʘʭʦʨʘʥʠʚʘʶʱʠʝʩʷ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ) ʠ ʣʝʛʢʦʧʦʜʚʠʞʥʳʝ ï 

ñʪʨʘʥʟʠʪʥʳʝò ʢʦʤʧʦʥʝʥʪʳ ï ʧʨʠʭʦʜʷʱʠʝ ʩ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʦʡ ʠ ʫʭʦʜʷʱʠʝ ʩʦ ʩʪʦʢʦʤ ʦʟʝʨʥʳʭ ʚʦʜ 

ʚ ʜʨʫʛʠʝ ʨʝʟʝʨʚʫʘʨʳ ʦʟʝʨʘ ʠ ʨʝʢʫ ɸʥʛʘʨʫ. 

ʀʟ-ʟʘ ʥʠʟʢʦʛʦ ʩʪʦʢʘ ʦʟʝʨʥʳʭ ʚʦʜ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʩʩʘʤʠ ʚʦʜ ʚ ʢʘʞʜʦʤ 

ʨʝʟʝʨʚʫʘʨʝ, ʣʠʢʚʠʜʘʮʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʘʚʘʨʠʡ ʙʫʜʝʪ ʢʨʘʡʥʝ ʤʝʜʣʝʥʥʦʡ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʚ ʢʘʞʜʦʤ 

ʨʝʟʝʨʚʫʘʨʝ ʛʨʫʧʧʳ ʢʦʤʧʦʥʝʥʪʦʚ (ñʩʚʷʟʘʥʥʳʭò), ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʭʠʤʠʯʝʩʢʦʤ ʢʨʫʛʦʚʦʨʦʪʝ, ʪ.ʝ. 

ʫʭʦʜʷʱʠʝ ʩ ʧʦʪʦʢʦʤ ʚ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʠ ʚʦʟʚʨʘʱʘʶʱʠʝʩʷ ʩ ʧʦʪʦʢʦʤ ʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʚ 

ʩʣʫʯʘʝ ʪʝʭʥʦʛʝʥʥʳʭ ʘʚʘʨʠʡ ʩ ʵʪʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʚ ʯʝʪʳʨʝʭ ʨʝʟʝʨʚʫʘʨʘʭ ʥʝ ʙʫʜʫʪ 

ʫʪʠʣʠʟʠʨʦʚʘʥʳ, ʢʘʢ ʚ ʦʙʳʯʥʳʭ ʥʝʛʣʫʙʦʢʠʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʟʝʨʘʭ, ʘ ʩ ʧʦʪʦʢʦʤ ʠʟ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʠʯʪʦʞʥʦʡ ʟʘʭʦʨʦʥʝʥʥʦʡ ʯʘʩʪʠ, ʚʝʨʥʫʪʩʷ ʦʙʨʘʪʥʦ, ʚʳʟʳʚʘʷ 

ʚʪʦʨʠʯʥʦʝ ʟʘʨʘʞʝʥʠʝ ʠ ʥʘʢʘʧʣʠʚʘʷʩʴ ʚ ʚʦʜʘʭ. ʕʪʠ ʢʦʤʧʦʥʝʥʪʳ ʙʫʜʫʪ ʩʚʷʟʘʥʳ ʠ ʥʝ ʧʦʧʘʜʫʪ ʚ 

ʜʨʫʛʠʝ ʨʝʟʝʨʚʫʘʨʳ, ʥʦ ʙʫʜʫʯʠ ʚʦʚʣʝʯʝʥʥʳʤʠ ʚ ʭʠʤʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ, ʥʘʨʫʰʘʪ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʭʠʤʠʯʝʩʢʦʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʷ ʠ ʚʳʟʦʚʫʪ ʵʪʠʤ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʚʦʜ ʚ ʵʪʦʤ ʨʝʟʝʨʚʫʘʨʝ. ʃʶʙʦʡ ʙʦʣʴʰʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʨʠʚʥʦʩ ʙʠʦʛʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠʟʚʥʝ ʚʳʟʦʚʝʪ ʠʭ ʥʘʢʦʧʣʝʥʠʝ ʚ ʚʦʜʦʝʤʝ, ʩʜʚʠʥʝʪ ʩʫʱʝʩʪʚʫʶʱʝʝ ʨʘʚʥʦʚʝʩʠʝ ñʙʠʦʛʝʥʥʳʝ 

ʵʣʝʤʝʥʪʳ ï ʞʠʚʦʝ ʚʝʱʝʩʪʚʦò ʠ ʧʦʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʵʚʪʨʦʬʠʢʘʮʠʶ, ʤʘʩʩʦʚʦʝ ʨʘʟʚʠʪʠʝ ʬʠʪʦ- ʠ 

ʙʘʢʪʝʨʠʦʧʣʘʥʢʪʦʥʘ, ʦʩʦʙʝʥʥʦ ʩʠʥʝ-ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ, ʚʳʟʳʚʘʶʱʠʭ ʮʚʝʪʝʥʠʝ ʚʦʜʳ ʠ ʨʝʟʢʦʝ 

ʫʭʫʜʰʝʥʠʝ ʝʝ ʢʘʯʝʩʪʚʘ. ɼʨʫʛʘʷ ʛʨʫʧʧʘ ʢʦʤʧʦʥʝʥʪʦʚ (ñʧʦʜʚʠʞʥʳʭò ʠʣʠ ʧʨʦʪʦʯʥʳʭ ʠʣʠ 

ñʪʨʘʥʟʠʪʥʳʭò) ï ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʚʝʱʝʩʪʚʘ ï ʚ ʩʣʫʯʘʝ ʪʝʭʥʦʛʝʥʥʳʭ ʘʚʘʨʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʵʪʠ 

ʢʦʤʧʦʥʝʥʪʳ, ʩʦ ʩʪʦʢʦʤ ʦʟʝʨʥʳʭ ʚʦʜ ʧʦʧʘʜʝʪ ʚ ʜʨʫʛʠʝ ʨʝʟʝʨʚʫʘʨʳ ʦʟʝʨʘ ʠ ʚ ʨʝʢʫ ɸʥʛʘʨʫ. ʀʟ-ʟʘ 

ʥʠʟʢʦʛʦ ʩʪʦʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʩʩʘʤʠ ʚʦʜ ʦʟʝʨʘ, ʵʪʠ ʢʦʤʧʦʥʝʥʪʳ ʙʫʜʫʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʚʦʜʘʭ 

ʦʟʝʨʘ ʠ, ʧʦʚʳʩʠʚ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʦʟʝʨʥʳʭ ʚʦʜ, ʦʧʷʪʴ ʞʝ ʚʳʟʦʚʫʪ ʠʟʤʝʥʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʦʣʴʢʦ ʚ ʉʝʣʝʥʛʠʥʩʢʦʤ ʨʝʟʝʨʚʫʘʨʝ ʠ ʪʦʣʴʢʦ ʪʝʭʥʦʛʝʥʥʳʡ ʩʙʨʦʩ, ʥʝ ʩʦʜʝʨʞʘʱʠʡ 

ñʪʨʘʥʟʠʪʥʳʝò ʢʦʤʧʦʥʝʥʪʳ, ʙʫʜʝʪ ʣʠʢʚʠʜʠʨʦʚʘʥ ï ʫʪʠʣʠʟʠʨʦʚʘʥ ʚ ʜʦʥʥʳʝ ʦʩʘʜʢʠ. ɺ ʦʩʪʘʣʴʥʳʭ 
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ʨʝʟʝʨʚʫʘʨʘʭ ʫʪʠʣʠʟʘʮʠʠ ʵʪʠʭ ʚʝʱʝʩʪʚ ʥʝ ʙʫʜʝʪ ï ʩ ʧʦʪʦʢʦʤ ʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʥʠ ʚʝʨʥʫʪʩʷ 

ʦʙʨʘʪʥʦ, ʚʳʟʳʚʘʷ ʚʪʦʨʠʯʥʦʝ ʟʘʨʘʞʝʥʠʝ. ʈʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʟ. ɹʘʡʢʘʣ ʢʘʢ ʢ 

ʤʥʦʛʦʨʝʟʝʨʚʫʘʨʥʦʡ ʩʠʩʪʝʤʝ ʧʦʟʚʦʣʷʝʪ: ʩʦʟʜʘʪʴ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʢʘʞʜʦʡ 

ʩʠʩʪʝʤʝ ʤʝʛʘʩʠʩʪʝʤʳ ñʆʟ. ɹʘʡʢʘʣò ʠ ʧʦ ʢʘʞʜʦʤʫ ʚʧʘʜʘʶʱʝʤʫ ʚ ʦʟʝʨʦ ʧʦʪʦʢʫ; ʦʧʝʨʘʪʠʚʥʦ ʦʮʝʥʠʪʴ 

ʚʦʟʤʦʞʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʢʦʩʠʩʪʝʤʫ ʦʟʝʨʘ. ɺʝʱʝʩʪʚʝʥʥʳʡ 

ʙʘʣʘʥʩ ʨʝʟʝʨʚʫʘʨʦʚ ʦʟʝʨʘ ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ ʤʝʪʦʜʦʤ ʦʮʝʥʢʠ ʝʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʨʦʛʥʦʟʘ ʠʟʤʝʥʝʥʠʡ ʚ 

ʩʣʫʯʘʝ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. ɻʨʘʥʠʮʳ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʦʥ ʠ ʥʦʨʤʘʪʠʚʳ ʜʦʧʫʩʪʠʤʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʵʢʦʩʠʩʪʝʤʫ ʦʟ. ɹʘʡʢʘʣ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤʠ ʥʘʫʯʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʚ ɹʘʡʢʘʣʴʩʢʦʤ ʨʝʛʠʦʥʝ. ɺ ʅʦʨʤʘʪʠʚʘʭ ʜʦʧʫʩʪʠʤʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʚ ñʧʝʨʝʯʝʥʴ ʦʩʦʙʦ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚò ʜʣʷ ʨʝʟʝʨʚʫʘʨʦʚ ʦʟ. ɹʘʡʢʘʣ ʥʝʦʙʭʦʜʠʤʦ 

ʚʢʣʶʯʠʪʴ ʚʝʱʝʩʪʚʘ, ʠʟʤʝʥʷʶʱʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʥʫʪʨʝʥʥʝʡ ʥʘʛʨʫʟʢʠ ï ʧʦʪʦʢʘ ʠʟ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʠ ʧʦʪʦʢʘ ʚ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, (ʵʣʝʤʝʥʪʳ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʢʣʘʩʩʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʦʧʘʩʥʦʩʪʠ) (ʪʘʙʣ.1). ʂʦʤʧʦʥʝʥʪʳ, ʷʚʣʷʶʱʠʝʩʷ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ (ʵʣʝʤʝʥʪʘʤʠ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ 

ʢʣʘʩʩʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ) ʜʣʷ ʦʟʝʨʘ ɹʘʡʢʘʣ ʦʧʨʝʜʝʣʝʥʳ ʜʣʷ ʢʘʞʜʦʛʦ ʨʝʟʝʨʚʫʘʨʘ. ʆʙʱʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʣʷ ʚʩʝʭ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʷʚʣʷʶʪʩʷ: Mg
2+

, Al , Si, Mn
2+

, Feʦʙ,ɦ NO3
-
, PO4

3-

, As, Cr, Cu, ʉd, Pb, Co, U, V, Rb, Ti, Pʦʨʛ; ʢʨʦʤʝ ʪʦʛʦ, ʝʱʝ: ʚ ʖʞʥʦʤ ʨʝʟʝʨʚʫʘʨʝ Zn, Nʦʨʛ, ʚ 

ʉʨʝʜʥʝʤ: K
+
, Na

+
, B, Br, Cʦʨʛ, Nʦʨʛ, Sʦʨʛ, ʚ ʋʰʢʘʥʴʝʦʩʪʨʦʚʩʢʦʤ: K

+
, Na

+
, Mo, Nʦʨʛ; ʚ ʉʝʚʝʨʥʦʤ: K

+
, 

Na
+
, Ca

2
, B, Br, Mo, Zn, Cʦʨʛ, Nʦʨʛ, Sʦʨʛ. ɺ ʉʝʣʝʥʛʠʥʩʢʦʤ ʨʝʟʝʨʚʫʘʨʝ ʢ ʵʣʝʤʝʥʪʘʤ ʚʪʦʨʦʛʦ ʢʣʘʩʩʘ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʦʪʥʦʩʷʪʩʷ K
+
, Mn

2+
, As, Cd, Co, U, V, Mo, Rb, ɺ, Ti, PO4

3-
, Feʦʙ,ɦ Pʦʨʛ.. 

ʕʣʝʤʝʥʪʳ ʪʨʝʪʴʝʛʦ ʢʣʘʩʩʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʩʦʩʪʘʚʣʷʶʪ ʢʦʤʧʦʥʝʥʪʳ, 

ʫʭʦʜʷʱʠʝ ʩ ʧʦʪʦʢʦʤ ʚ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʠ ʟʘʭʦʨʘʥʠʚʘʶʱʠʝʩʷ ʚ ʥʠʭ. ɺ ʯʝʪʚʝʨʪʳʡ ʢʣʘʩʩ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʚʭʦʜʷʪ ʣʝʛʢʦʧʦʜʚʠʞʥʳʝ ñʪʨʘʥʟʠʪʥʳʝò ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʚ ʩʣʫʯʘʝ 

ʪʝʭʥʦʛʝʥʥʳʭ ʘʚʘʨʠʡ ʩʦ ʩʪʦʢʦʤ ʦʟʝʨʥʳʭ ʚʦʜ ʧʦʧʘʜʫʪ ʚ ʩʦʩʝʜʥʠʝ ʨʝʟʝʨʚʫʘʨʳ ʦʟʝʨʘ ʠ ʚ ʨʝʢʫ ɸʥʛʘʨʫ. 

ʊʦʣʴʢʦ ʧʦ ʵʣʝʤʝʥʪʘʤ, ʚʭʦʜʷʱʠʤ ʚ ʯʝʪʚʝʨʪʳʡ ʢʣʘʩʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ, ʨʝʟʝʨʚʫʘʨʳ ï 

ʩʠʩʪʝʤʳ ʤʝʛʘʩʠʩʪʝʤʳ ñʆʟ. ɹʘʡʢʘʣò ʩʧʦʩʦʙʥʳ ʢ ʩʘʤʦʨʝʛʫʣʷʮʠʠ ï ʫʜʘʣʝʥʠʶ ʠʭ ʠʟ ʩʠʩʪʝʤʳ ʩʦ 

ʩʪʦʢʦʤ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʦʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʨʝʟʝʨʚʫʘʨʳ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʚ 

ʥʠʭ ï ʚ ʚʦʜʘʭ ʠʣʠ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ.  
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Abstract: Boundaries of ecological zones and standards for permissible impact on the ecosystem of 

the lake. Baikal are the most important scientific problems in the formation of environmental policy in the 

Baikal region. The aim of this work was to establish the geochemical stability of ecosystems of the South, 

Selenga, Medium, Skaneatles, North of the reservoirs in contact with chemical elements and organic 

matter in the lake. Baikal anthropogenic runoff. The methods used to study the macro-systems: a 

structural-functional method and balance calculations. The features that are pollutants (elements of class I 

and class II environmental risk for lake Baikal is defined for each reservoir. Common components of all 

deep-water reservoirs are: Mg
2+

, Al, Si, Mn
2+

, Feʦʙ,ɦ NO
3-

, PO4
3-

, As, Cr, Cu, ʉd, Pb, Co, U, V, Rb, Ti, 

Pʦʨʛ; in addition, in the southern reservoir Zn, Nʦʨʛ, Average: K
+
, Na

+
, B, Br, Cʦʨʛ, Nʦʨʛ, Sʦʨʛ, Oskarovskoy: 

K
+
, Na

+
, Mo, Nʦʨʛ; North: K

+
, Na

+
, Ca2, B, Br, Mo, Zn, Cʦʨʛ, Nʦʨʛ, Sʦʨʛ. The Selenga tank to the elements 

of the second class of ecological danger are K+, Mn2+, As, Cd, Co, U, V, Mo, Rb, In, Ti, PO43-, Feʦʙ,ɦ 

Rorg.. Elements of the third class of ecological danger in the reservoirs are components that go with the 

flow in sediments, and zahoranova in them. In the fourth class of environmental hazards include flowing 

ñin transitò items, which in the case of industrial accidents to the drain of the lake water will fall into the 

neighboring basins of the lake and the river Angara. 

Key words: geochemical stability, tanks, oz. Baikal, ecosystem, components, classes environmental 

hazards  
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ɹʘʡʢʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʢʦʥʦʤʠʢʠ ʠ ʧʨʘʚʘ 

 

Abstract: ʇʨʦʙʣʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚʝʱʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʜ ʛʠʜʨʦʩʬʝʨʳ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ. ʎʝʣʴ ʥʘʰʝʡ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʪʴ 

ʚʥʝʰʥʶʶ (ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ) ʠ ʚʥʫʪʨʝʥʥʶʶ (ʩʪʨʫʢʪʫʨʥʫʶ) ʠʝʨʘʨʭʠʠ ʚʝʱʝʩʪʚʘ ʚʦʜ ʦʟ. ɹʘʡʢʘʣ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʭʠʤʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʱʝʩʪʚʘ ʚʦʜ ʦʟ. ɹʘʡʢʘʣ ʠ ʭʠʤʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʚʝʱʝʩʪʚʘ ʧʦʪʦʢʦʚ ʧʨʠʨʦʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʠʤʠʯʝʩʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʜ ʦʟ. ɹʘʡʢʘʣ ʠ ʚʝʱʝʩʪʚʘ ʧʦʪʦʢʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠʝʨʘʨʭʠʯʥʦ ʠ ʩʪʨʫʢʪʫʨʘ 

ʦʙʤʝʥʘ ʫʧʦʨʷʜʦʯʝʥʘ ʠʤʝʥʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ: ʧʦʚʝʜʝʥʠʝ ʚʝʱʝʩʪʚʘ ʚʦʜ ʦʟʝʨʘ ʧʨʠ ʦʙʤʝʥʝ ʚʝʱʝʩʪʚʦʤ 

ʠ ʵʥʝʨʛʠʝʡ ʩ ʚʝʱʝʩʪʚʦʤ ʧʦʪʦʢʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʥʦ ʚ ʚʝʱʝʩʪʚʝ ʧʷʪʠ 

ʨʝʟʝʨʚʫʘʨʦʚ ʦʟʝʨʘ. ɺʥʝʰʥʷʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʠʝʨʘʨʭʠʷ ʚʝʱʝʩʪʚʘ ʚʦʜ ʨʝʟʝʨʚʫʘʨʦʚ ʦʟ. ɹʘʡʢʘʣ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ (ʤʠʛʨʘʮʠʠ) ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʨʦʮʝʥʪʝ ʠʭ ʘʢʢʫʤʫʣʷʮʠʠ ʚ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʨʝʟʝʨʚʫʘʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʟ. ɹʘʡʢʘʣ, ʚʝʱʝʩʪʚʦ, ʧʦʪʦʢʠ, ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʠʝʨʘʨʭʠʷ, 

ʨʝʟʝʨʚʫʘʨʳ 

 

ʇʨʦʙʣʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚʝʱʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ 

ʛʠʜʨʦʩʬʝʨʳ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʠ ʨʝʰʝʥʠʝ ʝʝ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ ʙʝʟ 

ʪʱʘʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʵʪʠʭ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʷʚʣʷʶʱʠʭʩʷ 

ʧʨʦʜʫʢʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʝʱʝʩʪʚʘ ʚʦʜ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʠ ʚʝʱʝʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. 

ʎʝʣʴ ʥʘʰʝʡ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʪʴ ʚʥʝʰʥʶʶ (ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ) ʠ ʚʥʫʪʨʝʥʥʶʶ 

(ʩʪʨʫʢʪʫʨʥʫʶ) ʠʝʨʘʨʭʠʠ ʚʝʱʝʩʪʚʘ ʚʦʜ ʦʟ. ɹʘʡʢʘʣ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʭʠʤʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʚʝʱʝʩʪʚʘ ʚʦʜ ʦʟ. ɹʘʡʢʘʣ ʠ ʭʠʤʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʱʝʩʪʚʘ ʧʦʪʦʢʦʚ ʧʨʠʨʦʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺʦʧʨʦʩ ʛʣʦʙʘʣʴʥʦʛʦ ʦʩʤʳʩʣʝʥʠʷ ʩʮʝʥʘʨʠʷ ʦʪʥʦʰʝʥʠʡ ʚ ʩʠʩʪʝʤʝ ñʚʦʜʳ ʦʟ. 

ɹʘʡʢʘʣ ï ʚʝʱʝʩʪʚʦ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳò ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʚ ʚʳʷʩʥʝʥʠʠ ʩʪʨʫʢʪʫʨʥʦʡ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʫʱʥʦʩʪʠ ʵʪʦʡ ʩʠʩʪʝʤʳ. ʈʘʟʚʠʪʠʝ ʦʟ. ɹʘʡʢʘʣ, ʢʘʢ ʩʠʩʪʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʝʛʦ 

ʚʦʜ ʩ ʚʝʱʝʩʪʚʦʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʧʣʦʚʳʤ ʧʦʪʦʢʦʤ ʦʪ ʉʦʣʥʮʘ, ʭʠʤʠʯʝʩʢʠʤʠ 

ʧʦʪʦʢʘʤʠ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʩʠʣ ʛʨʘʚʠʪʘʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʢ ʮʝʥʪʨʫ 

ɿʝʤʣʠ. ʈʘʟʥʦʚʝʣʠʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʣʝʡ ʚʦʜ ʦʟʝʨʘ ɹʘʡʢʘʣ ʠ ʚʝʱʝʩʪʚʘ ɿʝʤʣʠ 

ʧʦ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ ʠʟ-ʟʘ ʨʝʟʢʦʡ ʨʘʩʯʣʝʥʝʥʥʦʩʪʠ ʝʛʦ ʜʥʘ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʝʡ 

ʣʦʢʘʣʠʟʘʮʠʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʚʦʜ ʦʟʝʨʘ ɹʘʡʢʘʣ ʚ ʚʠʜʝ ʖʞʥʦʛʦ, ʉʝʣʝʥʛʠʥʩʢʦʛʦ, 

ʉʨʝʜʥʝʛʦ, ʋʰʢʘʥʴʝʦʩʪʨʦʚʩʢʦʛʦ, ʉʝʚʝʨʥʦʛʦ ʨʝʟʝʨʚʫʘʨʦʚ [15].  
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ɺ ʤʘʩʰʪʘʙʝ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʦʥʝʥʪʦʚ (ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ) ʚʦʜ ʦʟʝʨʘ ɹʘʡʢʘʣ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ñʧʦʪʦʢʦʚò ʧʨʠʨʦʜʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ï ʧʨʠʨʦʜʥʘʷ, ʩʪʘʮʠʦʥʘʨʥʘʷ ʤʝʛʘʩʠʩʪʝʤʘ. ʕʪʘ ʤʝʛʘʩʠʩʪʝʤʘ 

ʩʦʩʪʦʠʪ ʠʟ ʧʷʪʠ ʨʝʟʝʨʚʫʘʨʦʚ ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʦʙʲʝʤʦʚ ʚʦʜ ʦʟʝʨʘ, ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʨʘʚʥʦʚʝʩʠʷ (ʨʘʚʝʥʩʪʚʘ) ʩ ʪʘʢʦʚʳʤʠ ʞʝ 

ʧʘʨʘʤʝʪʨʘʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪ.ʝ. ʧʦʩʪʦʷʥʥʳ ʚ ʤʘʩʰʪʘʙʝ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ (ʧʝʨʠʦʜʝ 

ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʣʝʪ), ʠ ʦʪʢʨʳʪʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʝʱʝʩʪʚʫ ʧʦʪʦʢʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʄʦʜʝʣʴ ʩʪʨʫʢʪʫʨʳ ʩʦʩʪʦʷʥʠʷ ʚʦʜ ʦʟ. ɹʘʡʢʘʣ, ʨʘʚʥʦʚʝʩʥʳʭ ʧʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʩ 

ʚʝʱʝʩʪʚʦʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʝ ʩʦʩʪʦʷʥʠʷ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʨʝʜ, ʩʦʜʝʨʞʘʱʠʭ ʤʘʢʨʦ-, ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʳ, ʙʠʦʛʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ, ʚ ʧʦʜʩʠʩʪʝʤʘʭ (ʧʨʠʙʨʝʞʥʳʝ, ʧʦʚʝʨʭʥʦʩʪʥʳʝ, ʛʣʫʙʠʥʥʳʝ, ʧʨʠʜʦʥʥʳʝ ʚʦʜʳ) ʧʷʪʠ 

ʨʝʟʝʨʚʫʘʨʦʚ ʦʟ. ɹʘʡʢʘʣ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʝ ʩʪʘʙʠʣʴʥʳʤʠ ʩʨʝʜʥʝʛʦʜʦʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

ʪʝʤʧʝʨʘʪʫʨʦʡ, ʜʘʚʣʝʥʠʝʤ, ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʠ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʯʝʨʝʟ ʵʪʠ 

ʧʘʨʘʤʝʪʨʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʬʦʨʤʘʤʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ [9, 10, 13]. 

ɸʥʘʣʠʟ ʦʪʥʦʰʝʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩʪʚʦʨʝʥʥʳʭ ʠ ʚʟʚʝʰʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (Na
+
, K

+
, Ca

2+
, 

Mg
2+

, Al , Si, Mn
2+

, Feʦʙʱ , SO4
2-

, HCO3
-
, Cl

-
, NO3

-
, PO4

3-
, H

+
, O2, As, B, Cr, Cu, Cd, Hg, Pb, Sr, Zn, Co, 

U, V, Br, Rb, Mo, Cʦʨʛ, Nʦʨʛ, Pʦʨʛ, Sʦʨʛ, CO2, Ti) ʚʦʜ ʨʝʟʝʨʚʫʘʨʦʚ ʦʟ. ɹʘʡʢʘʣ ʠ ʪʘʢʦʚʳʭ ʞʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʪʦʢʦʚ (ʨʝʢʠ, ʚʟʚʝʩʴ ʨʝʢ, ʜʦʞʜʴ+ʩʥʝʛ, ʘʵʨʦʟʦʣʴ, ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʤʠʥʝʨʘʣʴʥʳʝ 

ʚʦʜʳ, ʧʨʠʪʦʢ ʦʟʝʨʥʳʭ ʚʦʜ ʠʟ ʜʨʫʛʠʭ ʨʝʟʝʨʚʫʘʨʦʚ ʦʟʝʨʘ, ʧʦʪʦʢ ʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʧʦʪʦʢ ʚ 

ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʩʪʦʢ ʦʟʝʨʥʳʭ ʚʦʜ ʚ ʜʨʫʛʠʝ ʨʝʟʝʨʚʫʘʨʳ ʦʟʝʨʘ ʠ ʚ ʨʝʢʫ ɸʥʛʘʨʫ) ʨʘʩʢʨʳʚʘʝʪ 

ʩʦʜʝʨʞʘʥʠʝ ʟʘʢʦʥʦʚ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʍʠʤʠʯʝʩʢʠʝ ʙʘʣʘʥʩʳ ʨʝʟʝʨʚʫʘʨʦʚ ʦʟʝʨʘ ʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʤʦʪʨʝʪʴ ʩʠʩʪʝʤʳ-ʨʝʟʝʨʚʫʘʨʳ ʩ ʧʦʟʠʮʠʠ ʦʪʥʦʰʝʥʠʷ ʠʭ ʚʝʱʝʩʪʚʘ ʢʘʢ ʮʝʣʦʛʦ ʩ 

ʣʝʞʘʱʠʤʠ ʚʥʝ ʠʭ ʦʙʲʝʢʪʘʤʠ ï ʚʝʱʝʩʪʚʘʤʠ ʭʠʤʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʪ.ʝ. ʠʩʩʣʝʜʦʚʘʪʴ 

ʬʫʥʢʮʠʠ (ʦʪʢʣʠʢ) ʚʦʜ ʨʝʟʝʨʚʫʘʨʦʚ ʥʘ ʧʦʩʪʫʧʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʱʝʩʪʚʘ ʧʦʪʦʢʦʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʤʝʛʘʩʠʩʪʝʤʳ ñʚʦʜʳ ʨʝʟʝʨʚʫʘʨʦʚ ʦʟʝʨʘ ɹʘʡʢʘʣ ï 

ʚʝʱʝʩʪʚʦ ʧʦʪʦʢʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳò ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʦʤ ʨʝʘʢʮʠʠ ʧʦʜʩʠʩʪʝʤ ʨʝʟʝʨʚʫʘʨʦʚ 

ʦʟʝʨʘ ʥʘ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʉʦʟʜʘʥʳ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʤ ʩʦʜʝʨʞʘʥʠʷʤ ʢʦʤʧʦʥʝʥʪʦʚ: Na
+
, K

+
, Ca

2+
, Mg

2+
, 

Al , Si, Mn
2+

, Feʦʙʱ , SO4
2-

, HCO3
-
, Cl

-
, NO3

-
, PO4

3-
, H

+
, O2, As, B, Cr, Cu, Cd, Hg, Pb, Sr, Zn, Co, U, V, 

Br, Rb, Mo, Cʦʨʛ, Nʦʨʛ, Pʦʨʛ, Sʦʨʛ, CO2, Ti ʚ ʧʨʠʙʨʝʞʥʳʭ, ʧʦʚʝʨʭʥʦʩʪʥʳʭ, ʛʣʫʙʠʥʥʳʭ, ʧʨʠʜʦʥʥʳʭ 

ʚʦʜʘʭ, ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʨʝʟʝʨʚʫʘʨʦʚ ʦʟʝʨʘ ɹʘʡʢʘʣ ʠ ʧʦʪʦʢʘʭ, ʚʧʘʜʘʶʱʠʭ ʠ ʚʳʪʝʢʘʶʱʠʭ ʠʟ 

ʨʝʟʝʨʚʫʘʨʦʚ ʦʟʝʨʘ ʚ ʜʨʫʛʠʝ ʨʝʟʝʨʚʫʘʨʳ ʦʟʝʨʘ ʠ ʚ ʨʝʢʫ ɸʥʛʘʨʫ (ʚ %, ʤʛ/ʣ) ʚ ʧʝʨʠʦʜ 1957 ï 1998 ʛʛ. 

[1; 2; 14]. ʀʟʫʯʝʥʳ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʚʦʜʥʳʝ ʙʘʣʘʥʩʳ ʚʳʜʝʣʝʥʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ 

ʦʟ. ɹʘʡʢʘʣ ʠ ʧʦʪʦʢʦʚ, ʦʮʝʥʝʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʜʦʦʙʤʝʥʘ ʚ ʨʝʟʝʨʚʫʘʨʘʭ [3; 4]. ʈʘʩʩʯʠʪʘʥʳ ʧʦʣʥʳʝ 

ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʤʘʩʩʳ ʵʣʝʤʝʥʪʦʚ ʚ ʚʝʱʝʩʪʚʝ ʢʘʞʜʦʛʦ ʧʦʪʦʢʘ, ʚʪʝʢʘʶʱʝʛʦ ʠ ʚʳʪʝʢʘʶʱʝʛʦ ʠʟ 

ʨʝʟʝʨʚʫʘʨʦʚ ʦʟ. ɹʘʡʢʘʣ [5-8; 11]. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜ ʦʟ. ɹʘʡʢʘʣ ʠ 

ʚʝʱʝʩʪʚʘ ʧʦʪʦʢʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʢʘʢ ʢ ʤʥʦʛʦʨʝʟʝʨʚʫʘʨʥʦʡ ʩʠʩʪʝʤʝ ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʍʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʜ ʦʟ. ɹʘʡʢʘʣ ʠ ʚʝʱʝʩʪʚʘ ʧʦʪʦʢʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʠʝʨʘʨʭʠʯʥʦ ʠ ʩʪʨʫʢʪʫʨʘ ʦʙʤʝʥʘ ʫʧʦʨʷʜʦʯʝʥʘ ʠʤʝʥʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ: ʧʦʚʝʜʝʥʠʝ ʚʝʱʝʩʪʚʘ ʚʦʜ 

ʦʟʝʨʘ ʧʨʠ ʦʙʤʝʥʝ ʚʝʱʝʩʪʚʦʤ ʠ ʵʥʝʨʛʠʝʡ ʩ ʚʝʱʝʩʪʚʦʤ ʧʦʪʦʢʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʥʦ ʚ ʚʝʱʝʩʪʚʝ ʧʷʪʠ ʨʝʟʝʨʚʫʘʨʦʚ ʦʟʝʨʘ. ʍʠʤʠʯʝʩʢʠʝ ʙʘʣʘʥʩʳ ʨʝʟʝʨʚʫʘʨʦʚ ʦʟʝʨʘ 

ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʦʨʛʘʥʠʟʦʚʘʥʥʦʩʪʴ ï ʩʚʦʡʩʪʚʦ ʚʝʱʝʩʪʚʘ ʦʟ. ɹʘʡʢʘʣ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ 

ʥʘʣʠʯʠʠ ʩʪʨʫʢʪʫʨʳ (ʧʷʪʠ ʨʝʟʝʨʚʫʘʨʦʚ ʦʟʝʨʘ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʩʦʩʪʦʷʥʠʝʤ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʨʝʜʳ), ʠ ʩʚʦʡʩʪʚʦ ʚʝʱʝʩʪʚʘ ʨʝʟʝʨʚʫʘʨʦʚ, 

ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʥʘʣʠʯʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ (ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ).  

2. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʬʫʥʢʮʠʠ ʩʠʩʪʝʤ ñʨʝʟʝʨʚʫʘʨʳ ʦʟʝʨʘ ɹʘʡʢʘʣ ï ʚʝʱʝʩʪʚʦ ʧʦʪʦʢʦʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳò: ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ, ʤʠʛʨʘʮʠʷ, ʠʟʙʠʨʘʪʝʣʴʥʳʡ ʪʨʘʥʟʠʪ ʠ ʠʟʙʠʨʘʪʝʣʴʥʘʷ 

ʫʪʠʣʠʟʘʮʠʷ ʠʣʠ ʚʢʣʶʯʝʥʠʝ ʚ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʢʨʫʛʦʚʦʨʦʪʳ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʩʪʫʧʠʚʰʠʭ ʚ 

ʨʝʟʝʨʚʫʘʨʳ ʦʟʝʨʘ ʠʟ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʩ ʚʝʱʝʩʪʚʦʤ ʧʦʪʦʢʦʚ. ɺʥʝʰʥʷʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʠʝʨʘʨʭʠʷ 
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ʚʝʱʝʩʪʚʘ ʚʦʜ ʨʝʟʝʨʚʫʘʨʦʚ ʦʟ. ɹʘʡʢʘʣ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ (ʤʠʛʨʘʮʠʠ) 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʨʦʮʝʥʪʝ ʠʭ ʘʢʢʫʤʫʣʷʮʠʠ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʨʝʟʝʨʚʫʘʨʦʚ. 

3. ʉʭʦʜʩʪʚʦ ʬʫʥʢʮʠʡ ʨʝʟʝʨʚʫʘʨʦʚ ʦʟʝʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʪʥʦʰʝʥʠʠ ʠʭ ʧʨʦʧʫʩʢʥʦʡ ʠ 

ʘʢʢʫʤʫʣʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʪʫʧʘʶʱʠʭ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʠ ʚʥʝʰʥʠʤʠ ʧʦʪʦʢʘʤʠ 

ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʟʘʢʣʶʯʘʶʱʝʡʩʷ ʚ ʦʪʢʨʳʪʦʩʪʠ ï ʩʧʦʩʦʙʥʦʩʪʠ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʧʨʦʧʫʩʢʘʪʴ (ʪʨʘʥʟʠʪ) ʠ 

ʦʙʤʝʥʠʚʘʪʴʩʷ ʤʝʞʜʫ ʨʝʟʝʨʚʫʘʨʘʤʠ ʩʣʝʜʫʶʱʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ: HCO3
-
, SO4

2-
, Cl

-
, K

+
, Na

+
, Ca

2+
, 

Mg
2+

, B, Mo, Hg, Sr, ʉʦʨʛ, Nʦʨʛ, Sʦʨʛ ʠ ʟʘʢʨʳʪʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʦʩʪʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʯʘʩʪʠ 

ʢʘʪʠʦʥʦʚ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʯʘʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ), ʢʦʪʦʨʳʝ ʩʚʷʟʳʚʘʶʪʩʷ (ʚʩʪʫʧʘʶʪ ʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ) ʠ ʦʩʪʘʶʪʩʷ ʚ 

ʨʝʟʝʨʚʫʘʨʘʭ (ʟʘʭʦʨʘʥʠʚʘʶʪʩʷ ʠʣʠ ʚʩʪʫʧʘʶʪ ʚ ʭʠʤʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ). ʈʘʟʣʠʯʠʝ ʬʫʥʢʮʠʡ 

ʨʝʟʝʨʚʫʘʨʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʢʘʢ ʨʘʩʭʦʜʫʶʪʩʷ ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ: ʚ ʉʝʣʝʥʛʠʥʩʢʦʤ 

ʨʝʟʝʨʚʫʘʨʝ ʦʥʠ ʟʘʭʦʨʘʥʠʚʘʶʪʩʷ, ʚ ʦʩʪʘʣʴʥʳʭ ʥʝʙʦʣʴʰʘʷ ʠʭ ʯʘʩʪʴ ʟʘʭʦʨʘʥʠʚʘʝʪʩʷ, ʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʚʩʪʫʧʘʝʪ ʚ ʭʠʤʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ. 

4. ɺ ʧʦʩʪʘʚʢʝ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʩʝ ʨʝʟʝʨʚʫʘʨʳ, ʢʨʦʤʝ ʉʝʣʝʥʛʠʥʩʢʦʛʦ, ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʚʥʫʪʨʝʥʥʝʤ ʦʙʝʩʧʝʯʝʥʠʠ (ʧʦʪʦʢʠ ʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ), ʠ ʪʦʣʴʢʦ ʉʝʣʝʥʛʠʥʩʢʠʡ ʨʝʟʝʨʚʫʘʨ 

ʧʠʪʘʝʪʩʷ ʚʥʝʰʥʠʤ ʧʨʠʚʥʦʩʦʤ. ɺʥʝʰʥʷʷ ʠ ʚʥʫʪʨʝʥʥʷʷ ʥʘʛʨʫʟʢʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʦʟʝʨʘ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʨʬʦʣʦʛʠʠ, ʨʝʟʢʦ ʤʝʥʷʶʪʩʷ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳ ʚ ʢʘʞʜʦʤ ʨʝʟʝʨʚʫʘʨʝ. ɺʳʷʚʣʝʥʳ 

ʙʦʣʴʰʠʝ ʚʥʫʪʨʝʥʥʠʝ ʥʘʛʨʫʟʢʠ ï ʧʦʪʦʢʠ ʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʯʝʪʳʨʝʭ ʨʝʟʝʨʚʫʘʨʘʭ ʦʟʝʨʘ ʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʚ ʉʝʣʝʥʛʠʥʩʢʦʤ ʨʝʟʝʨʚʫʘʨʝ. ʋʩʪʘʥʦʚʣʝʥʘ ʚʝʜʫʱʘʷ ʨʦʣʴ ʚʥʫʪʨʠʚʦʜʦʝʤʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʩʪʫʧʣʝʥʠʠ ʠ ʫʪʠʣʠʟʘʮʠʠ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʈʦʨʛ, ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ï 

ʢʘʪʠʦʥʦʚ ʠ ʛʨʫʧʧʳ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʦʟ. ɹʘʡʢʘʣ. 

5. ʋʪʠʣʠʟʘʮʠʷ ʚʝʱʝʩʪʚʘ ʚ ʜʦʥʥʳʝ ʦʩʘʜʢʠ ʦʟ. ɹʘʡʢʘʣ ʠʟʙʠʨʘʪʝʣʴʥʘ: ʩ ʚʥʫʪʨʠʚʦʜʦʝʤʥʳʤʠ 

ʧʦʪʦʢʘʤʠ ʚ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʦʩʪʫʧʘʶʪ ʙʠʦʛʝʥʥʳʝ ʵʣʝʤʝʥʪʳ, ʈʦʨʛ, ʯʘʩʪʴ ʦʩʪʘʣʴʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʯʘʩʪʴ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ï ʢʘʪʠʦʥʦʚ ʠ ʛʨʫʧʧʘ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʨʝʟʝʨʚʫʘʨʘʭ ʦʟ. ɹʘʡʢʘʣ, ʢʨʦʤʝ ʉʝʣʝʥʛʠʥʩʢʦʛʦ, ʧʨʦʮʝʥʪ ʫʪʠʣʠʟʘʮʠʠ 

(ʟʘʭʦʨʦʥʝʥʠʷ) ʧʦʩʪʫʧʘʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʦʯʝʥʴ ʥʠʟʦʢ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʚʝʱʝʩʪʚʦ, ʧʦʩʪʫʧʠʚʰʝʝ ʩ 

ʧʦʪʦʢʦʤ ʚ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʟʘ ʦʪʩʫʪʩʪʚʠʝʤ ʤʘʣʦʡ ʯʘʩʪʠ ʚʦʟʚʨʘʱʘʝʪʩʷ ʩ ʧʦʪʦʢʦʤ ʠʟ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ. ɺ ʯʝʪʳʨʝʭ ʨʝʟʝʨʚʫʘʨʘʭ ʦʟʝʨʘ ʫʪʠʣʠʟʘʮʠʷ ʚʝʱʝʩʪʚʘ ʥʠʯʪʦʞʥʘ (ʦʢʦʣʦ 10 %), ʧʨʠ ʵʪʦʤ 

ʩʫʱʝʩʪʚʫʶʪ ʤʦʱʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʢʨʫʛʦʚʦʨʦʪʳ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ ʉʝʣʝʥʛʠʥʩʢʦʤ ʨʝʟʝʨʚʫʘʨʝ 

ʟʘʭʦʨʘʥʠʚʘʝʪʩʷ 85 % ʚʝʱʝʩʪʚʘ, ʧʦʩʪʫʧʠʚʰʝʛʦ ʩ ʧʦʪʦʢʦʤ ʚ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ.  
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Abstract: The problem of the formation and evolution of the elemental composition of the surface 

waters of the hydrosphere is one of the most relevant. The purpose of our work is to explore the external 

(functional) and internal (structural) hierarchy of the substance of the waters of the lake. Baikal in the 

interaction of chemical components of substances of water of lake Baikal. Baikal and chemical 

components of the substance flow natural component of the environment. It is established that a chemical 

interaction of the waters of lake Baikal. Baikal and substance flows to the environment is hierarchical and 

the structure of exchange ordered in this way: the behavior of substances of the waters of the lake when 

they exchange matter and energy with the substance flows, environmental individualized in matter of five 

reservoirs of lake. External functional hierarchy of the substance water reservoirs oz. Baikal is manifested 

in the organization of the movement (migration) of the components and the percentage of their 

accumulation in bottom sediments of reservoirs. 
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ɸʥʥʦʪʘʮʠʷ: ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʩʲʝʤʦʢ ʚ ʥʘʯʘʣʝ ʠʶʥʷ ʠ ʘʚʛʫʩʪʘ 2013 ʛ. ʠʩʩʣʝʜʦʚʘʥʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʚ ʦʪʢʨʳʪʳʭ ʨʘʡʦʥʘʭ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʥʘ 

ʛʣʫʙʠʥʘʭ ʦʪ 5 ʜʦ 190 ʤ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʦʪʜʝʣʴʥʳʝ ʨʘʡʦʥʳ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʦʥʥʳʭ ʙʠʦʮʝʥʦʟʦʚ. ʋʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʟʦʦʙʝʥʪʦʩʘ ʚ ʮʝʣʦʤ ʥʝʚʳʩʦʢ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ ʦʪʤʝʯʝʥʳ ʚ ʶʞʥʦʤ ʨʘʡʦʥʝ ʚ ʧʨʠʫʩʪʴʝʚʳʭ 

ʫʯʘʩʪʢʘʭ ʨʝʢ ɺʦʣʭʦʚ ʠ ʉʷʩʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʢʨʦʟʦʦʙʝʥʪʦʩ, ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ, ʯʠʩʣʝʥʥʦʩʪʴ, ʙʠʦʤʘʩʩʘ, ʘʤʬʠʧʦʜʳ  

 

ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ ï ʢʨʫʧʥʝʡʰʠʡ ʧʨʝʩʥʦʚʦʜʥʳʡ ʚʦʜʦʝʤ ɽʚʨʦʧʳ. ʇʣʦʱʘʜʴ ʟʝʨʢʘʣʘ ʦʟʝʨʘ 

ʩʦʩʪʘʚʣʷʝʪ 17765 ʢʤ
2
, ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ï 230 ʤ, ʩʨʝʜʥʷʷ ï 47,8 ʤ, ʦʙʲʝʤ ʚʦʜʳ ʚ ʦʟʝʨʝ ï 

847,8 ʢʤ
3
 [1]. ɹʘʪʠʤʝʪʨʠʷ ʦʟʝʨʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʨʠʪʦʢʦʚ ʩʦʟʜʘʶʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʝʛʦ ʘʢʚʘʪʦʨʠʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʨʘʡʦʥʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʛʣʫʙʠʥʝ, ʜʦʥʥʳʤ 

ʦʪʣʦʞʝʥʠʷʤ, ʜʠʥʘʤʠʢʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ, ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʆʟʝʨʦ 

ʦʪʯʝʪʣʠʚʦ ʨʘʟʜʝʣʝʥʦ ʥʘ ʩʝʚʝʨʥʫʶ ʛʣʫʙʦʢʦʚʦʜʥʫʶ ʠ ʶʞʥʫʶ ʤʝʣʢʦʚʦʜʥʫʶ ʯʘʩʪʠ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʨʘʩʧʦʣʦʞʝʥʳ ʫʯʘʩʪʢʠ ʜʥʘ ʩʦ ʩʨʝʜʥʠʤʠ ʛʣʫʙʠʥʘʤʠ. ʅʘ ʶʛʝ ʦʟʝʨʘ ʥʘʭʦʜʷʪʩʷ ʦʙʰʠʨʥʳʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʣʢʦʚʦʜʥʳʝ ʫʯʘʩʪʢʠ, ʦʭʚʘʪʳʚʘʶʱʠʝ ʦʪʢʨʳʪʳʝ ʧʨʠʙʨʝʞʥʳʝ ʟʦʥʳ ʠ ʟʘʣʠʚʳ (ʙʫʭʪʘ 

ʇʝʪʨʦʢʨʝʧʦʩʪʴ, ʛʫʙʳ ɺʦʣʭʦʚʩʢʘʷ ʠ ʉʚʠʨʩʢʘʷ), ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʶʞʥʘʷ ʯʘʩʪʴ ʦʟʝʨʘ ʦʢʘʟʳʚʘʝʪʩʷ 

ʙʦʣʝʝ ʪʝʧʣʦʚʦʜʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʝʚʝʨʥʦʡ. 

ʋʥʠʢʘʣʴʥʘʷ ʧʨʠʨʦʜʘ ʠ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʦʟʝʨʘ ʚ ʵʢʦʥʦʤʠʢʝ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ʨʝʛʠʦʥʘ 

ʈʦʩʩʠʠ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʦʩʥʦʚʥʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʙʱʝʩʪʚ ʝʛʦ ʵʢʦʩʠʩʪʝʤʳ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ʠ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩ. ʎʝʣʴ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʧʨʝʜʩʪʘʚʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʥʥʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʚ 2013 ʛ. ɺ 

ʥʘʯʘʣʝ ʠʶʥʷ ʠ ʘʚʛʫʩʪʘ 2013 ʛ. ʙʳʣ ʩʦʙʨʘʥ ʤʘʪʝʨʠʘʣ ʧʦ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʫ ʧʦ ʚʩʝʡ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ 

ʥʘ 32 ʩʪʘʥʮʠʷʭ. ʉʝʪʢʘ ʩʪʘʥʮʠʡ ʚʢʣʶʯʘʣʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʪʘʥʮʠʠ ɻʠʜʨʦʤʝʪʩʣʫʞʙʳ (ɻʄ) ʠ 

ʥʝʩʢʦʣʴʢʦ ʩʪʘʥʮʠʡ ʀʥʩʪʠʪʫʪʘ ʦʟʝʨʦʚʝʜʝʥʠʷ (ʀʅʆɿ ʈɸʅ) (ʨʠʩ.1). ʇʨʦʙʳ ʦʪʙʠʨʘʣʠʩʴ ʥʘ ʛʣʫʙʠʥʘʭ 

ʦʪ 5 ʜʦ 190 ʤ. ɼʣʷ ʩʙʦʨʘ ʥʘ ʧʝʩʯʘʥʳʭ ʛʨʫʥʪʘʭ ʧʨʠʤʝʥʷʣʩʷ ʜʥʦʯʝʨʧʘʪʝʣʴ ʇʝʪʝʨʩʝʥʘ, ʥʘ ʠʣʠʩʪʳʭ ï 

ʕʢʤʘʥʘ-ɹʝʨʜʞʘ (ʧʣʦʱʘʜʴ ʟʘʭʚʘʪʘ 1/40 ʤ
2
; ʧʦ 2 ʚʳʝʤʢʠ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ). ʇʨʦʙʳ ʛʨʫʥʪʘ 

ʧʨʦʤʳʚʘʣʠʩʴ ʯʝʨʝʟ ʢʘʧʨʦʥʦʚʦʝ ʩʠʪʦ ˉ 38 ʠ ʨʘʟʙʠʨʘʣʠʩʴ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ, ʙʝʩʧʦʟʚʦʥʦʯʥʳʝ 

ʬʠʢʩʠʨʦʚʘʣʠʩʴ 70% ʩʧʠʨʪʦʤ. ɼʘʣʴʥʝʡʰʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʙ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ. 
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʩʪʘʥʮʠʡ ʦʪʙʦʨʘ ʧʨʦʙ ʚ ʃʘʜʦʞʩʢʦʤ ʦʟʝʨʝ ʚ 2013 ʛ. 

 

ɺ 2013 ʛ. ʚ ʦʪʢʨʳʪʳʭ ʨʘʡʦʥʘʭ ʦʟʝʨʘ ʦʩʥʦʚʫ ʬʘʫʥʳ ʤʘʢʨʦʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʩʦʩʪʘʚʠʣʠ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ 4 ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ï Oligochaeta, Chironomidae, Amphipoda ʠ ʤʦʣʣʶʩʢʠ 

Bivalvia. ʉʨʝʜʠ ʦʩʪʘʣʴʥʳʭ ʛʨʫʧʧ ʟʦʦʙʝʥʪʦʩʘ ʝʜʠʥʠʯʥʦ ʦʪʤʝʯʘʣʠʩʴ Mermithidae, Mysidacea, 

Hydracarina, Araneia, ʤʦʣʣʶʩʢʠ Gastropoda, Trichoptera ʠ Heleidae.  

ɺ ʠʶʥʝ 2013 ʛ. ʯʠʩʣʝʥʥʦʩʪʴ ʙʝʥʪʦʩʘ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 40 ʜʦ 3080 ʵʢʟ. ʤ
-2
, ʘ ʙʠʦʤʘʩʩʘ ʦʪ 0,04 ʜʦ 

29,78 ʛ ʤ
-2
; ʚ ʘʚʛʫʩʪʝ ʧʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʩʦʩʪʘʚʠʣʠ 260 ï 2840 ʵʢʟ. ʤ

-2
, ʙʠʦʤʘʩʩʳ ï 

0,42 ï 27,46 ʛ ʤ
-2
.  ʅʝʙʦʣʴʰʠʝ ʚʝʣʠʯʠʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʙʣʶʜʘʣʠʩʴ ʢʘʢ ʚ ʩʝʚʝʨʥʦʤ 

ʛʣʫʙʦʢʦʚʦʜʥʦʤ ʠ ʮʝʥʪʨʘʣʴʥʦʤ ʨʘʡʦʥʘʭ, ʪʘʢ ʠ ʚ ʶʞʥʦʡ ʤʝʣʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ. ɹʦʣʝʝ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ ʦʪʤʝʯʘʣʠʩʴ ʚ ʶʞʥʳʭ ʟʘʣʠʚʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ɺʦʣʭʦʚʩʢʦʡ ʛʫʙʝ 

(ʪʘʙʣ. 1).  

ʉʦʦʙʱʝʩʪʚʘ ʤʘʢʨʦʙʝʥʪʦʩʘ, ʥʘʩʝʣʷʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʠ ʦʟʝʨʥʦʡ ʢʦʪʣʦʚʠʥʳ, ʨʘʟʣʠʯʘʶʪʩʷ 

ʤʝʞʜʫ ʩʦʙʦʡ, ʢʘʢ ʧʦ ʘʙʩʦʣʶʪʥʳʤ ʟʥʘʯʝʥʠʷʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʪʘʢ ʠ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ 

ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ. ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ ʥʘ ʩʝʨʳʭ ʠʣʘʭ ʥʘ ʛʣʫʙʠʥʘʭ ʙʦʣʝʝ 135 ʤ ʜʦʤʠʥʠʨʦʚʘʣʠ 

ʦʣʠʛʦʭʝʪʳ (ʚ ʩʨʝʜʥʝʤ 94% ʯʠʩʣʝʥʥʦʩʪʠ ʠ 96% ʙʠʦʤʘʩʩʳ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚʩʪʨʝʯʝʥʥʘʷ ʥʘ ʛʣʫʙʠʥʝ 

86 ʤ (ʩʪ. L1ʛʤ) ʤʠʟʠʜʘ Mysis oculata var. relicta Loven, ʚʥʝʩʣʘ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʙʠʦʤʘʩʩʫ ʙʝʥʪʦʩʘ 

(0,76 ʛ ʤ
-2

/ 48%).  
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ʊʘʙʣʠʮʘ 1 

ʉʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʠ ʧʨʝʜʝʣʳ ʠʭ ʢʦʣʝʙʘʥʠʷ 

 (minïmax) ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʘʭ ʦʟʝʨʘ ʚ 2013 ʛ. 

 

ʉʪʘʥʮʠʷ ɻʣʫʙʠʥʘ 

(ʤ) 

ʊʠʧ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ 

n ʏʠʩʣʝʥʥʦʩʪʴ, ɻ ʢʟ. ʤ
-2
 ɹʠʦʤʘʩʩʘ, ʛ ʤ

-2
 

ʍ°SE minïmax ʍ°SE minïmax 

ʉʝʚʝʨʥʳʡ ʛʣʫʙʦʢʦʚʦʜʥʳʡ ʨʘʡʦʥ (ʉʈ) 

88ʛʤ, ʉ1ʛʤ, 

5ʛʤ 
135-190 ʠʣ ʩʝʨʳʡ 4 355Ñ117 140-620 0,73Ñ0,18 0,34-1,04 

L1ʛʤ 86 ʠʣ ʩʝʨʳʡ 1 660  1,6  

ɺ ʨʘʡʦʥʝ ʛ. ʇʠʪʢʷʨʘʥʪʘ (ʇʀʊ) 

98ʛʤ,104ʛʤ, 

68ʛʤ 
28-63 ʠʣ ʩʝʨʳʡ  6 1310Ñ155 1040-1800 3,33Ñ0,76 1,98-6,64 

ɺ ʨʘʡʦʥʝ ʛ. ʇʨʠʦʟʝʨʩʢʘ (ʇʈ) 

ʇ1ʛʤ, 

ʇ5ʑʛʤ, 

ʇ3ʛʤ 

37-81,5 ʠʣ ʩʝʨʳʡ, 

ʠʣ 

ʢʦʨʠʯʥʝʚʳʡ 

3 840Ñ299 3600-1160 1,63Ñ0,70 0,52-2,44 

ʇʑ8ʛʤ, 

ʇ21ʛʤ, 

ʇ14ʛʤ 

15-24,5 ʧʝʩʦʢ  

ʨʘʟʥʦʟʝʨʥʠʩ

ʪʳʡ  

5 280Ñ128 40-660 0,44Ñ0,28 0,04-1,40 

ʎʝʥʪʨʘʣʴʥʳʡ ʨʘʡʦʥ (ʎʈ) 

4ʛʤ 69-70 ʠʣ 

ʢʦʨʠʯʥʝʚʳʡ 

2  360-580  0,6-1,16 

ɿʘʧʘʜʥʦʝ ʧʦʙʝʨʝʞʴʝ (ɿɹ) 

203ʛʤ, 

62ʠʥʦʟ, 

17ʛʤ 

12-45 ʠʣ 

ʧʝʩʯʘʥʳʡ 

4 955Ñ317 540-1760 2,54Ñ0,99 1,16-4,88 

60ʠʥʦʟ, 

36ʛʤ, 200ʛʤ 
12-22 ʧʝʩʦʢ 

ʨʘʟʥʦʟʝʨʥʠʩ

ʪʳʡ 

5 1524Ñ251 760-2020 2,07Ñ0,44 0,78-3,10 

ɺʦʩʪʦʯʥʦʝ ʧʦʙʝʨʝʞʴʝ 

50ʠʥʦʟ 47 ʠʣ ʩʝʨʳʡ 1 720  1,14  

50ʛʤ 14 ʧʝʩʦʢ 

ʪʦʥʢʠʡ 

2 740Ñ481 400-1080 0,83Ñ0,75 0,3-1,36 

ʖʞʥʳʡ ʨʘʡʦʥ (ʖʈ) 

29ʛʤ, 3ʛʤ, 

19ʛʤ, 25ʛʤ 
6,5-42,5 ʧʝʩʦʢ 

ʤʝʣʢʠʡ 

ʟʘʠʣʝʥʥʳʡ 

7 660Ñ225 160-1800 1,47Ñ0,42 0,64-3,68 

ɹʫʭʪʘ ʇʝʪʨʦʢʨʝʧʦʩʪʴ (ɹʇ) 

6ʛʤ 6,5-7 ʧʝʩʦʢ 

ʤʝʣʢʠʡ 

2  760-1420  1,18-6,74 

ɺʦʣʭʦʚʩʢʘʷ ʛʫʙʘ (ɺɻ) 

ʋɺʛʤ* 6-7 ʠʣ ʩʝʨʳʡ 2  2840-3080  27,46-29,78 

5ʠʥʦʟ, 21ʛʤ, 

ʋʉʛʤ 
5,1-9 ʧʝʩʦʢ 

ʨʘʟʥʦʟʝʨʥʠʩ

ʪʳʡ 

5 1820Ñ360 760-2580 3,74Ñ1,85 1,18-10,22 

ʉʚʠʨʩʢʘʷ ʛʫʙʘ (ʉɻ) 

28ʛʤ 9-9,5 ʧʝʩʦʢ 

ʪʦʥʢʠʡ 

2  360-620  0,46-0,80 

ʇʨʠʤʝʯʘʥʠʝ: n ï ʢʦʣʠʯʝʩʪʚʦ ʦʪʦʙʨʘʥʥʳʭ ʧʨʦʙ; * - ʙʝʟ ʫʯʝʪʘ ʢʨʫʧʥʳʭ ʤʦʣʣʶʩʢʦʚ (ʩʤ. ʪʝʢʩʪ). 
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ʅʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʦʟʝʨʘ ʚ ʨʘʡʦʥʝ ʛ. ʇʠʪʢʷʨʘʥʪʘ ʚʝʜʫʱʝʝ ʤʝʩʪʦ ʚ ʙʠʦʮʝʥʦʟʝ ʟʘʥʠʤʘʣʠ 

ʦʣʠʛʦʭʝʪʳ (ʚ ʩʨʝʜʥʝʤ 76% ʯʠʩʣʝʥʥʦʩʪʠ, 85% ʙʠʦʤʘʩʩʳ), ʥʘ ʜʦʣʶ ʭʠʨʦʥʦʤʠʜ ʧʨʠʭʦʜʠʣʦʩʴ 22% 

ʯʠʩʣʝʥʥʦʩʪʠ ʠ 12% ʙʠʦʤʘʩʩʳ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ ʚ ʙʠʦʤʘʩʩʝ ʙʝʥʪʦʩʘ ʜʦʣʷ ʦʣʠʛʦʭʝʪ 

ʩʦʩʪʘʚʠʣʘ 58%, ʭʠʨʦʥʦʤʠʜ 16%, ʘʤʬʠʧʦʜ  26%. ʅʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʚ ʨʘʡʦʥʝ ʛ. ʇʨʠʦʟʝʨʩʢʘ (ʛʣʫʙʠʥʳ 

37 ï 82 ʤ) ʥʘ ʠʣʠʩʪʳʭ ʛʨʫʥʪʘʭ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʙʝʥʪʦʬʘʫʥʝ ʠʛʨʘʣʠ ʭʠʨʦʥʦʤʠʜʳ (59% 

ʯʠʩʣʝʥʥʦʩʪʠ, 37% ʙʠʦʤʘʩʩʳ), ʘʤʬʠʧʦʜʳ (24% ʯʠʩʣʝʥʥʦʩʪʠ ʠ 33% ʙʠʦʤʘʩʩʳ) ʠ ʦʣʠʛʦʭʝʪʳ (17% ʠ 

30% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʅʘ ʧʝʩʯʘʥʳʭ ʙʠʦʪʦʧʘʭ ʦʩʥʦʚʫ ʙʠʦʤʘʩʩʳ ʟʦʦʙʝʥʪʦʩʘ ʦʧʨʝʜʝʣʷʣʠ ʦʣʠʛʦʭʝʪʳ 

(60%), ʭʠʨʦʥʦʤʠʜʳ (11%) ʠ ʘʤʬʠʧʦʜʳ (27%). ɺ ʧʨʦʬʫʥʜʘʣʠ ʦʟʝʨʘ ʩʨʝʜʠ ʦʣʠʛʦʭʝʪ ʥʘʠʙʦʣʝʝ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳ Lamprodrilus isoporus Svetlov, Stylodrilus heringianus Clap, Spirosperma ferox Eisen, 

ʠʟ ʭʠʨʦʥʦʤʠʜ ï Trissocladius paratatricus (Tschern.). 

ɺʜʦʣʴ ʟʘʧʘʜʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʥʘ ʛʣʫʙʠʥʘʭ 12 ï 45 ʤ ʚ ʜʦʥʥʳʭ ʙʠʦʮʝʥʦʟʘʭ ʚ ʩʨʝʜʥʝʤ 

ʧʨʝʦʙʣʘʜʘʣʠ ʦʣʠʛʦʭʝʪʳ (57% ʯʠʩʣʝʥʥʦʩʪʠ, 62% ʙʠʦʤʘʩʩʳ), ʥʘ ʜʦʣʶ ʘʤʬʠʧʦʜ ʧʨʠʭʦʜʠʣʦʩʴ 19% 

ʯʠʩʣʝʥʥʦʩʪʠ ʠ 27% ʙʠʦʤʘʩʩʳ (ʨʠʩ.2). ʅʘʠʙʦʣʴʰʘʷ ʙʠʦʤʘʩʩʘ (4,88 ʛ ʤ
-2
), ʦʩʥʦʚʫ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʠʣʠ 

ʦʣʠʛʦʭʝʪʳ (90%), ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʠʶʥʝ ʚ ʧʨʠʫʩʪʴʝʚʦʤ ʫʯʘʩʪʢʝ ʨ. ɹʫʨʥʘʷ (ʩʪ. 17ʛʤ). ɺʜʦʣʴ 

ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʥʘ ʠʣʠʩʪʳʭ ʙʠʦʪʦʧʘʭ ʜʦʤʠʥʠʨʦʚʘʣʠ ʦʣʠʛʦʭʝʪʳ (95% ʙʠʦʤʘʩʩʳ), ʥʘ 

ʧʝʩʯʘʥʳʭ ʛʨʫʥʪʘʭ ʙʠʦʤʘʩʩʫ ʧʦʯʪʠ ʚ ʨʘʚʥʳʭ ʜʦʣʷʭ ʦʧʨʝʜʝʣʷʣʠ ʤʘʣʦʱʝʪʠʥʢʦʚʳʝ ʯʝʨʚʠ (32%), 

ʭʠʨʦʥʦʤʠʜʳ (22%) ʠ ʘʤʬʠʧʦʜʳ (42%).  

ɺ ʶʞʥʦʡ ʤʝʣʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ ʟʥʘʯʠʪʝʣʴʥʘ ʨʦʣʴ ʦʣʠʛʦʭʝʪ (77% ʯʠʩʣʝʥʥʦʩʪʠ, 74% 

ʙʠʦʤʘʩʩʳ ʚʩʝʛʦ ʙʝʥʪʦʩʘ), ʥʘ ʜʦʣʶ ʘʤʬʠʧʦʜ ʧʨʠʭʦʜʠʣʦʩʴ ʣʠʰʴ 12% ʯʠʩʣʝʥʥʦʩʪʠ ʠ 15% ʙʠʦʤʘʩʩʳ. 

ɺ ɹʫʭʪʝ ʇʝʪʨʦʢʨʝʧʦʩʪʴ ʚ ʩʨʝʜʥʝʤ ʙʠʦʤʘʩʩʫ ʙʝʥʪʦʩʘ ʦʧʨʝʜʝʣʷʣʠ ʦʣʠʛʦʭʝʪʳ (41%), ʭʠʨʦʥʦʤʠʜʳ 

(38%) ʠ ʤʦʣʣʶʩʢʠ (14%). ɿʜʝʩʴ ʜʦʤʠʥʠʨʫʶʱʠʤ ʚʠʜʦʤ ʦʣʠʛʦʭʝʪ ʷʚʣʷʝʪʩʷ L. isoporus. ʀʟ 

ʭʠʨʦʥʦʤʠʜ ʥʘʠʙʦʣʝʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳ ʚʠʜʳ ï Pseudodiamesa bathyphila Kieff, Heterotrissocladius 

grimschawi Edw., Polypedilum scalaenum Schr., Cladotanytarsus mancus Walk, Micropsectra praecox 

(Miegen). 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ɺʦʣʭʦʚʩʢʦʡ ʛʫʙʳ ʷʚʣʷʝʪʩʷ ʤʦʟʘʠʯʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʝʥʪʦʩʘ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʫʩʪʴʝʚʳʝ ʫʯʘʩʪʢʠ ʟʘʣʠʚʘ, ʢʫʜʘ ʧʦʩʪʫʧʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʟʚʝʩʠ ʠ 

ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚʳʜʝʣʷʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ ʜʦʥʥʳʭ 

ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ. ɽʱʝ ʚ 1961 ʛ. ʥʘ ʩʪʘʥʮʠʠ ʫ ʚʭʦʜʥʦʛʦ ʙʫʷ ʨ. ɺʦʣʭʦʚ ʙʠʦʤʘʩʩʘ ʟʦʦʙʝʥʪʦʩʘ 

ʩʦʩʪʘʚʣʷʣʘ 30 ʛ ʤ
-2

,
 
ʪʦʛʜʘ ʢʘʢ ʩʨʝʜʥʷʷ ʙʠʦʤʘʩʩʘ ʙʝʥʪʦʩʘ ʶʞʥʦʡ ʯʘʩʪʠ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ ʚ ʥʘʯʘʣʝ 

1960-ʭ ʛʦʜʦʚ ʨʘʚʥʷʣʘʩʴ 1,7 ʛ ʤ
-2 

[2]. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʙʠʦʤʘʩʩʘ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʢʘʢ ʚ ʠʶʥʝ (29,78 ʛ ʤ
-2

), ʪʘʢ ʠ ʚ ʘʚʛʫʩʪʝ (27,46 ʛ ʤ
-2

) 2013 

ʛ. ʦʪʤʝʯʘʣʘʩʴ ʥʘ ʠʣʠʩʪʳʭ ʛʨʫʥʪʘʭ ʚ ʨʘʡʦʥʝ ʫʩʪʴʷ ʨ. ɺʦʣʭʦʚ. ʇʨʝʦʙʣʘʜʘʣʠ ʦʣʠʛʦʭʝʪʳ (ʚ ʩʨʝʜʥʝʤ 69% 

ʯʠʩʣʝʥʥʦʩʪʠ ʠ 84% ʙʠʦʤʘʩʩʳ). ʕʪʦ ʚ ʦʩʥʦʚʥʦʤ ʢʨʫʧʥʳʝ ʧʦʣʦʚʦʟʨʝʣʳʝ ʦʩʦʙʠ Tubifex newaensis 

(Mich.). ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ ʚ ʜʥʦʯʝʨʧʘʪʝʣʴʥʳʝ ʧʨʦʙʳ ʧʦʧʘʜʘʶʪʩʷ ʢʨʫʧʥʳʝ 

ʜʚʫʩʪʚʦʨʯʘʪʳʝ ʤʦʣʣʶʩʢʠ, ʢʦʪʦʨʳʝ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ, ʥʦ ʨʘʩʯʝʪʳ ʩʨʝʜʥʠʭ ʚʝʣʠʯʠʥ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʤʘʢʨʦʙʝʥʪʦʩʘ, ʧʨʦʚʦʜʷʪʩʷ ʠʭ ʙʝʟ ʫʯʝʪʘ. ʊʘʢ ʚ ʘʚʛʫʩʪʝ ʟʜʝʩʴ ʙʳʣʘ ʚʩʪʨʝʯʝʥʘ ʫʥʠʦʥʠʜʘ Unio 

tumidus Philipsson (20 ʵʢʟ.ʤ
-2
, 63,2 ʛ ʤ

-2
).  

ʅʘ ʧʝʩʯʘʥʳʭ ʛʨʫʥʪʘʭ ʙʠʦʤʘʩʩʫ ʜʦʥʥʳʭ ʙʠʦʮʝʥʦʟʦʚ ʦʧʨʝʜʝʣʷʣʠ ʦʣʠʛʦʭʝʪʳ (46%), ʭʠʨʦʥʦʤʠʜʳ 

(20%) ʠ ʤʦʣʣʶʩʢʠ (32%). ʅʘʠʙʦʣʴʰʘʷ ʙʠʦʤʘʩʩʘ ʟʦʦʙʝʥʪʦʩʘ (10,22 ʛ ʤ
-2
) ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʠʶʥʝ ʚʙʣʠʟʠ 

ʫʩʪɹ̫  ʨ. ʉʷʩʴ, ʛʜʝ ʥʘ ʜʦʣʶ ʦʣʠʛʦʭʝʪ ʧʨʠʭʦʜʠʣʦʩʴ 51%, ʤʦʣʣʶʩʢʦʚ ï 35%. ʉʠʣʴʥʦʝ ʨʘʟʚʠʪʠʝ 

ʪʫʙʠʬʠʮʠʜ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʨʛʘʥʠʢʠ ʚ ʧʨʠʫʩʪʴʝʚʳʭ ʫʯʘʩʪʢʘʭ ʨʝʢ ɺʦʣʭʦʚ ʠ 

ʉʷʩʴ. 

ɺ ʉʚʠʨʩʢʦʡ ʛʫʙʝ ʙʳʣʠ ʚʩʪʨʝʯʝʥʳ ʪʦʣʴʢʦ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʦʣʠʛʦʭʝʪ ʠ ʭʠʨʦʥʦʤʠʜ, ʢʦʪʦʨʳʝ ʚ 

ʨʘʚʥʳʭ ʜʦʣʷʭ ʦʧʨʝʜʝʣʷʣʠ ʙʠʦʤʘʩʩʫ ʟʦʦʙʝʥʪʦʩʘ (ʨʠʩ. 2). 

ɺ 2013 ʛ. ʢʘʢ ʚ ʠʶʥʝ, ʪʘʢ ʠ ʚ ʘʚʛʫʩʪʝ ʥʘʙʣʶʜʘʣʩʷ ʥʝʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʘʤʬʠʧʦʜ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʢʦʦʙʨʘʟʥʳʤʠ Monoporeia affinis (Lindstrom) ʠ Pallaseopsis 

quadrispinosa (Sars). ʅʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʡ ʟʦʥʦʡ ʚ ʦʟʝʨʝ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜʥʳʡ ʨʘʡʦʥ (ʛʣʫʙʠʥʳ 

18 ï 50 ʤ). ʀʤʝʥʥʦ ʟʜʝʩʴ ʦʪʤʝʯʘʣʠʩʴ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʙʝʥʪʦʩʘ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʤʘʩʩʦʚʳʤ ʨʘʟʚʠʪʠʝʤ ʚ ʵʪʦʡ ʟʦʥʝ ʨʝʣʠʢʪʦʚʳʭ ʘʤʬʠʧʦʜ, ʧʨʝʞʜʝ ʚʩʝʛʦ M. affinis. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ M. affinis ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʢʦʤʧʣʝʢʩʫ ʜʦʤʠʥʠʨʫʶʱʠʭ ʚʠʜʦʚ ʠ ʚʩʪʨʝʯʘʝʪʩʷ ʥʘ ʚʩʝʭ ʪʠʧʘʭ ʛʨʫʥʪʦʚ 

ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʛʣʫʙʠʥ (3 ï 236 ʤ). ʕʪʦ ʝʜʠʥʩʪʚʝʥʥʳʡ ʚʠʜ ʘʤʬʠʧʦʜ, ʢʦʪʦʨʳʡ ʦʙʠʪʘʝʪ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʠʞʝ ʠʟʦʙʘʪʳ 60 ʤ [3]. 
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Oligochaeta Chironomidae Amphipoda Mollusca Varia
 

 

ʈʠʩʫʥʦʢ 2. ʉʦʦʪʥʦʰʝʥʠʝ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ  

ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʝ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʘʭ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚ 2013 ʛ. (ʩʦʢʨʘʱʝʥʠʝ ʥʘʟʚʘʥʠʡ 

ʨʘʡʦʥʦʚ ʦʟʝʨʘ ʢʘʢ ʚ ʪʘʙʣʠʮʝ 1) 

 

ɿʘ ʧʝʨʠʦʜ 1994 ï 2008 ʛʛ. ʚ ʧʝʨʝʭʦʜʥʦʤ ʨʘʡʦʥʝ ʦʟʝʨʘ ʩʨʝʜʥʷʷ ʯʠʩʣʝʥʥʦʩʪʴ M. affinis ʩʦʩʪʘʚʠʣʘ 

1345°199 ʵʢʟ. ʤ
-2 
(ʧʨʝʜʝʣʳ ʢʦʣʝʙʘʥʠʷ 20 ï 10720 ʵʢʟ. ʤ

-2
), ʘ ʙʠʦʤʘʩʩʘ ï 3,75°0,54 ʛ ʤ

-2 
(ʧʨʝʜʝʣʳ 

ʢʦʣʝʙʘʥʠʷ 0,02 ï 28,56 ʛ ʤ
-2
). ɺ 2013 ʛ. ʵʪʦʪ ʙʦʢʦʧʣʘʚ ʥʝ ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʥʘ ʛʣʫʙʠʥʘʭ ʙʦʣʝʝ 82 

ʤ. ʅʘ ʛʣʫʙʠʥʘʭ 18 ï 50 ʤ ʦʪʤʝʯʘʣʠʩʴ ʜʦʚʦʣʴʥʦ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʯʠʩʣʝʥʥʦʩʪʠ (148 Ñ 36 ʵʢʟ. ʤ
-2
, 

20 ï 440 ʵʢʟ. ʤ
-2
) ʠ ʙʠʦʤʘʩʩʳ (0,43 ° 0,13 ʛ ʤ

-2 
, 0,01 ï 1,78 ʛ ʤ

-2
). ʄʘʢʩʠʤʘʣʴʥʘʷ ʙʠʦʤʘʩʩʘ M. affinis 

ʧʨʠ ʯʠʩʣʝʥʥʦʩʪʠ 400 ʵʢʟ. ʤ
-2

 ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʘʚʛʫʩʪʝ ʫ ʟʘʧʘʜʥʦʛʦ ʙʝʨʝʛʘ ʥʘ ʩʪ. 62ʠʥʦʟ. 

P. quadrispinosa ʪʘʢʞʝ ʧʨʝʜʧʦʯʠʪʘʝʪ ʛʣʫʙʠʥʳ 18 ï 50 ʤ, ʥʦ ʚʩʪʨʝʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ M. 

affinis, ʥʦ ʝʛʦ ʚʢʣʘʜ ʚ ʙʠʦʤʘʩʩʫ ʙʳʚʘʝʪ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢ. ʉʨʝʜʥʷʷ ʯʠʩʣʝʥʥʦʩʪʴ P. quadrispinosa ʥʘ 

ʪʝʭ ʞʝ ʛʣʫʙʠʥʘʭ ʟʘ ʧʝʨʠʦʜ 1994 ï 2008 ʛʛ. ʩʦʩʪʘʚʠʣʘ 41 ° 9 ʵʢʟ. ʤ
-2 
(ʧʨʝʜʝʣʳ ʢʦʣʝʙʘʥʠʷ 20 ï 120 

ʵʢʟ. ʤ
-2
), ʘ ʙʠʦʤʘʩʩʘ ï 2,19 ° 1,07 ʛ ʤ

-2 
(ʧʨʝʜʝʣʳ ʢʦʣʝʙʘʥʠʷ 0,02 ï 12,8 ʛ ʤ

-2
). ɺ 2013 ʛ. 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ P. quadrispinosa ʥʝʚʝʣʠʢʠ ï 36 ° 18 ʵʢʟ. ʤ
-2

, 0,09 ° 0,03 ʛ ʤ
-2

 (ʧʨʝʜʝʣʳ 

ʢʦʣʝʙʘʥʠʷ 20 ï 100 ʵʢʟ. ʤ
-2

, 0,02 ï 0,16 ʛ ʤ
-2

).  

ʅʝʙʦʣʴʰʦʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʨʝʣʠʢʪʦʚʳʭ ʘʤʬʠʧʦʜ ʚʨʷʜ ʣʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʥʠʞʝʥʠʠ ʠʭ 

ʨʦʣʠ ʚ ʜʦʥʥʳʭ ʙʠʦʮʝʥʦʟʘʭ ʚ ʤʥʦʛʦʣʝʪʥʝʤ ʘʩʧʝʢʪʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ 2013 ʛ. ʦʭʚʘʪʳʚʘʣʠ ʧʝʨʠʦʜ 

ʧʦʟʜʥʝʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʚʝʩʥʳ (ʥʘʯʘʣʦ ʠʶʥʷ) ʠ ʣʝʪʘ (ʥʘʯʘʣʦ ʘʚʛʫʩʪʘ). ʋʩʨʝʜʥʝʥʥʳʝ ʜʘʥʥʳʝ ʟʘ 

ʧʝʨʠʦʜ 1994 ï 2008 ʛʛ. ʚʢʣʶʯʘʣʠ ʪʘʢʞʝ ʜʘʥʥʳʝ ʟʘ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʟʦʦʙʝʥʪʦʩʘ ʟʘ ʩʯʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʨʦʩʪʘ ʜʦʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʂʨʦʤʝ 

ʪʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʪʠʭ ʨʘʢʦʦʙʨʘʟʥʳʭ ʠʤʝʝʪ ʜʠʥʘʤʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʠʟʤʝʥʷʷʩʴ ʚ ʪʝʯʝʥʠʠ ʩʫʪʦʢ 

ʠ ʧʦ ʩʝʟʦʥʘʤ ʚ ʩʚʷʟʠ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʥʠʭ ʘʢʪʠʚʥʳʤʠ ʤʠʛʨʘʮʠʷʤʠ.  

ɺ ʮʝʣʦʤ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ ʚ 2013 ʛ. ʦʢʘʟʘʣʠʩʴ ʧʨʠʤʝʨʥʦ 

ʥʘ ʫʨʦʚʥʝ, ʩʚʦʡʩʪʚʝʥʥʳʤ ʘʥʘʣʦʛʠʯʥʳʭ ʛʣʫʙʠʥʘʤ ʦʪʢʨʳʪʳʭ ʨʘʡʦʥʦʚ ʦʟʝʨʘ. ʋʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ 

ʙʝʥʪʦʩʘ ʚ ʩʝʚʝʨʥʦʤ ʛʣʫʙʦʢʦʚʦʜʥʦʤ ʨʘʡʦʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʤ ʟʥʘʯʝʥʠʷʤ ʟʘ ʧʝʨʠʦʜ 

1994 ï 2008 ʛʛ. ɺ ʩʨʝʜʥʝʤ ʟʘ ʩʝʟʦʥ ʥʘ ʛʣʫʙʠʥʘʭ ʙʦʣʝʝ 140 ʤ ʙʠʦʤʘʩʩʘ ʙʝʥʪʦʩʘ ʥʝ ʧʨʝʚʳʰʘʣʘ 3,76 ʛ 

ʤ
-2
, ʘ ʥʘ ʛʣʫʙʠʥʘʭ 100 ï 140 ʤ ï 1,97 ʛ ʤ

-2
 [3]. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ  ʚ 

ʮʝʥʪʨʝ ʦʟʝʨʘ ʪʘʢʞʝ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʤʝʞʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʜʘʥʥʦʡ 
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ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ. ʊʘʢ ʚ ʧʝʨʠʦʜ 1994 ï 2012 ʛʛ. ʯʠʩʣʝʥʥʦʩʪʴ ʜʦʥʥʳʭ ʞʠʚʦʪʥʳʭ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 140 ʜʦ 

2580 ʵʢʟ. ʤ
-2
, ʘ ʙʠʦʤʘʩʩʘ ʦʪ 0,36 ʜʦ 8,78 ʛ ʤ

-2
 [4]. 

ʇʨʝʜʝʣʳ ʢʦʣʝʙʘʥʠʡ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʟʦʦʙʝʥʪʦʩʘ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʩʲʝʤʢʠ ʚ ʠʶʥʝ 

2013 ʛ. ʩʭʦʞʠ ʩ ʜʘʥʥʳʤʠ ʟʘ ʠʶʥʴ 2011 ʛ., ʢʦʛʜʘ ʯʠʩʣʝʥʥʦʩʪʴ ʤʘʢʨʦʙʝʥʪʦʩʘ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 80 ʜʦ 

2620 ʵʢʟ. ʤ
-2
, ʘ ʙʠʦʤʘʩʩʘ ʦʪ 0,04 ʜʦ 6,58 ʛ ʤ

-2
. ɼʘʥʥʳʝ ʩʲʝʤʢʠ ʚ ʘʚʛʫʩʪʝ 2013 ʛ. ʪʘʢʞʝ ʙʣʠʟʢʠ 

ʟʥʘʯʝʥʠʷʤ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ ʧʨʝʜʳʜʫʱʠʭ ʣʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʪʘʙʣ. 2). 

 

ʊʘʙʣʠʮʘ 2 

ʇʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʷ (minïmax) ʯʠʩʣʝʥʥʦʩʪʠ (N) ʠ ʙʠʦʤʘʩʩʳ (B) ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʚ ʦʪʢʨʳʪʳʭ 

ʨʘʡʦʥʘʭ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʨʘʟʥʳʝ ʛʦʜʳ 

 ʇʝʨʠʦʜ 

ʠʩʩʣʝʜʦʚʘʥʠʷ 

N, ʵʢʟ. ʤ
-2
 B, ʛ ʤ

-2
 

min max 

mi

n max 

28.07 ï 03.08.2006 160 4960 

0,4

4  9,80 

26.07 ï 03.08.2007 160 10060 

0,3

3 17,95 

25.07 ï 27.07.2008 140 3860 

0,4

1 10,32 

03.08 ï 11.08.2010 80 4160 

0,1

0 10,37 

02.08 ï 10.08.2012 140 7280 

0,1

4 17,17 

01.08 ï 09.08.2013 260 

2840 

/2580* 

0,4

2 

27,46 

/6,64* 

ʇʨʠʤʝʯʘʥʠʝ: * - ʙʝʟ ʫʯʝʪʘ ʜʘʥʥʳʭ ʥʘ ʩʪʘʥʮʠʠ ʋɺʛʤ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʦʪʜʝʣʴʥʳʝ ʨʘʡʦʥʳ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 2013 ʛ. ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ 

ʧʨʦʬʫʥʜʘʣʠ ʦʟʝʨʘ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʜʦʥʥʳʭ ʙʠʦʮʝʥʦʟʦʚ, ʠʭ ʜʦʤʠʥʠʨʫʶʱʠʡ ʢʦʤʧʣʝʢʩ, ʩʦʦʪʥʦʰʝʥʠʝ 

ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ ʦʩʪʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʳʤʠ. ʅʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʙʝʥʪʦʩʘ ʦʪʤʝʯʘʣʠʩʴ ʥʝ ʪʦʣʴʢʦ ʚ ʩʝʚʝʨʥʦʡ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ ʠ ʚ ʮʝʥʪʨʝ, ʥʦ ʠ ʚ ʶʞʥʦʡ 

ʦʪʢʨʳʪʦʡ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ. ʅʝʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʘʤʬʠʧʦʜ ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥ ʩ ʩʝʟʦʥʥʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʠ ʘʢʪʠʚʥʳʤʠ ʤʠʛʨʘʮʠʷʤʠ ʨʘʢʦʦʙʨʘʟʥʳʭ. ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʠ 

ʙʠʦʤʘʩʩʳ ʜʦʥʥʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ, ʦʪʤʝʯʝʥʥʳʝ ʚ ʶʞʥʦʤ ʨʘʡʦʥʝ ʚ ʧʨʠʫʩʪʴʝʚʳʭ ʫʯʘʩʪʢʘʭ ʨʝʢ 

ɺʦʣʭʦʚ, ʉʷʩʴ ʠ ʥʘ ʟʘʧʘʜʥʦʤ ʙʝʨʝʛʫ ʚʙʣʠʟʠ ʫʩʪʴʷ ʨ. ɹʫʨʥʘʷ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʨʠʨʦʜʥʳʤʠ, 

ʥʦ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ (ʧʦʩʪʫʧʣʝʥʠʝ ʧʦʚʳʰʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠʢʠ). 
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Abstract: Quantitative distribution of macrozoobenthos of the open regions of Lake Ladoga is 

investigated. The research is based on the materials sampled in early June and August 2013 at depths 

from 5 to 190 m. Diversity of natural conditions in different parts of the lake waters and anthropogenic 

pressure on certain areas cause significant variability of quantitative parameters of benthic biocenoses. 

The level of development of the zoobenthos is generally low. Maximal values of density and biomass are 

recorded in the southern region in the estuarine areas of rivers Volkhov and Syas. 
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ɸʥʥʦʪʘʮʠʷ: ʇʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʦʨʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʟʘ 50 ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ (1964-2014 ʛʛ.). ʈʘʩʩʤʦʪʨʝʥʘ 

ʜʠʥʘʤʠʢʘ ʥʘʢʦʧʣʝʥʠʷ ʬʦʩʬʦʨʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʠ ʝʝ ʩʚʷʟʴ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʨʦʜʫʢʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʚʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʝ. ʆʮʝʥʝʥʦ ʧʦʩʪʫʧʣʝʥʠʝ ʬʦʩʬʦʨʘ ʚ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʠʭ 

ʫʜʝʨʞʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʚʥʫʪʨʝʥʥʷʷ ʬʦʩʬʦʨʥʘʷ ʥʘʛʨʫʟʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʆʥʝʞʩʢʦʝ ʦʟʝʨʦ, ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʩʝʜʠʤʝʥʪʘʮʠʷ ʠ ʥʘʢʦʧʣʝʥʠʝ ʬʦʩʬʦʨʘ, 

ʚʥʫʪʨʝʥʥʷʷ ʥʘʛʨʫʟʢʘ 

 

ʄʘʣʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʚ ʧʦʨʦʜʘʭ ʚʦʜʦʩʙʦʨʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʧʨʝʜʝʣʷʝʪ ʣʠʤʠʪʠʨʦʚʘʥʠʝ 

ʵʢʦʩʠʩʪʝʤʳ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʧʦ ʬʦʩʬʦʨʫ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʢ ʧʨʦʮʝʩʩʘʤ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʚʦʜʦʝʤʝ. ʇʦ ʜʘʥʥʳʤ  ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʆʥʝʞʩʢʦʝ ʦʟʝʨʦ 

ʝʞʝʛʦʜʥʦ ʧʦʩʪʫʧʘʝʪ ʦʪ 900 ʜʦ 1000 ʪ ʬʦʩʬʦʨʘ, ʧʨʠʯʝʤ 40% ʬʦʩʬʦʨʘ ʠʤʝʝʪ ʘʥʪʨʦʧʦʛʝʥʥʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ [8]. ɿʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʠʟʤʝʥʯʠʚʦʡ ʧʦ ʩʚʦʝʤʫ ʭʘʨʘʢʪʝʨʫ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʭʠʤʠʯʝʩʢʦʤ ʙʘʣʘʥʩʝ ʚʦʜʥʦʛʦ ʩʪʦʢʘ, ʥʘʨʷʜʫ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ 

ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʦʜʦʝʤ, ʚʳʟʳʚʘʷ 

ʢʦʣʝʙʘʥʠʷ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʆʥʝʞʩʢʦʤ ʦʟʝʨʝ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ 

ʧʦʩʪʫʧʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʠʟʤʝʥʝʥʠʷ ʚ 

ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʦʩʘʜʢʦʚ ʠ ʚʥʫʪʨʝʥʥʝʡ ʬʦʩʬʦʨʥʦʡ ʥʘʛʨʫʟʢʠ. 

ʌʦʩʬʦʨ ʧʦʩʪʫʧʘʝʪ ʚ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʩ ʧʝʣʠʪʦʚʦʡ ʬʨʘʢʮʠʝʡ ʚ ʩʦʩʪʘʚʝ 

ʛʫʤʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʚʪʦʭʪʦʥʥʦʛʦ ʠ ʘʣʣʦʭʪʦʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʙʦʣʝʝ 50%), 

ʢʦʣʣʦʠʜʥʳʭ ʛʠʜʨʦʢʩʠʜʦʚ ʞʝʣʝʟʘ (ʜʦ 30%) ʠ ʪʝʨʨʠʛʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʮ [1]. ɽʛʦ ʩʦʜʝʨʞʘʥʠʝ 

ʚ ʩʦʩʪʘʚʝ ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʨʠʜʦʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ  0,16 ʜʦ 1%, ʧʨʠʯʝʤ ʩʨʝʜʥʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʜʣʷ ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʠ ʂʦʥʜʦʧʦʞʩʢʦʡ ʛʫʙ (0,56 ʠ 0,58%) ʧʨʝʚʳʰʘʶʪ ʩʨʝʜʥʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʦʟʝʨʫ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ [3].  

ʉʣʦʞʥʘʷ ʤʦʨʬʦʣʦʛʠʷ ʦʟʝʨʥʦʡ ʢʦʪʣʦʚʠʥʳ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʵʢʦʩʠʩʪʝʤʳ 

ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ, ʢʦʪʦʨʘʷ ʫʩʠʣʠʚʘʝʪʩʷ ʜʝʡʩʪʚʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ, ʯʪʦ ʪʘʢʞʝ ʚʣʠʷʝʪ ʠ 

ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ. ʉʦʩʪʘʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ (0-0,5 ʩʤ) ʩʣʦʷ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʟʦʥ ʘʢʢʫʤʫʣʷʮʠʠ ʚ ʨʘʟʥʳʭ ʨʘʡʦʥʘʭ ʦʟʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1. 

ʂʘʯʝʩʪʚʝʥʥʳʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ  ʚʟʚʝʩʝʡ 

ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʚ ʣʦʢʘʣʴʥʳʭ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʙʘʩʩʝʡʥʘʭ ʦʟʝʨʘ ʨʘʟʣʠʯʥʳ, ʥʦ ʩʦʜʝʨʞʘʥʠʷ Pʦʙ ɦʚ 

çʥʘʠʣʢʝè  ʙʣʠʟʢʠ (ʦʢʦʣʦ 0,2%). ʏʪʦ ʦʙʲʷʩʥʷʝʪʩʷ  ʜʣʠʪʝʣʴʥʳʤ ʧʝʨʠʦʜʦʤ ʧʨʝʙʳʚʘʥʠʷ 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ ʚʟʚʝʰʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʪʠʭ ʯʘʩʪʠʮ ʧʦ ʚʩʝʡ 

ʘʢʚʘʪʦʨʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʚʠʪʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʊʦʣʴʢʦ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʟʚʝʩʠ ʚ 

ʂʦʥʜʦʧʦʞʩʢʦʡ ʛʫʙʝ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʩʬʦʨʘ (0,3%), ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʤʦʱʥʦʛʦ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ ʵʪʠʤ ʵʣʝʤʝʥʪʦʤ ï ʂʦʥʜʦʧʦʞʩʢʠʤ 

ʎɹʂ.  
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ʊʘʙʣʠʮʘ 1 

 ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʟʚʝʩʝʡ (0-0,5 ʩʤ) ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ, 

C/N, C/P, ʂʛʫʤ*  

ʈʘʡʦʥ H  ʇʇʇ Pʤʠʥ Pʦʙ ɦ C/N C/P ʂʛʫʤ 

ʤ % 

ʆʪʢʨʳʪʳʝ ʨʘʡʦʥʳ ʦʟʝʨʘ 

ɹʦʣʴʰʦʝ ʆʥʝʛʦ 100 20 0,05 0,20 10 47 0,4 

 43 12 0,14 0,20 12 54 0,7 

ʎʝʥʪʨʘʣʴʥʦʝ ʆʥʝʛʦ 56 19 0,13 0,20 16 65 0,8 

 107 18 0,20 0,40 12 23 -**  

ʖʞʥʦʝ ʆʥʝʛʦ 40 15 - 0,20 17 79 0,8 

ʉʝʚʝʨʦ-ʟʘʧʘʜʥʳʝ ʟʘʣʠʚʳ 

ʇʦʚʝʥʝʮʢʠʡ ʟʘʣʠʚ 98 13 0,12 0,20 17 57 0,4 

ɺʝʣʠʢʘʷ ʛʫʙʘ 10 14 0,16 0,19 15 58 0,6 

ʃʠʞʝʤʩʢʘʷ ʛʫʙʘ 46 19 0,11 0,19 16 64 0,6 

ʋʥʠʮʢʘʷ ʛʫʙʘ 26 16 0,10 0,17 28 64 0,5 

ʇʝʪʨʦʟʘʚʦʜʩʢʘʷ ʛʫʙʘ 27 14 0,16 0,20 16 58 0,8 

ʂʦʥʜʦʧʦʞʩʢʘʷ ʛʫʙʘ 

1 ʢʤ ʦʪ ʎɹʂ 8 48 0,12 0,20 31 300 2,7 

9 ʢʤ ʦʪ ʎɹʂ 30 35 0,18 0,30 21 148 2,1 

15 ʢʤ ʦʪ ʎɹʂ 85 22 0,28 0,30 18 68 1,2 

24 ʢʤ ʦʪ ʎɹʂ 35 20 0,15 0,20 24 66 0,9 

*ʂʛʫʤ= Cʛʢ/Cʬʢ (ʦʪʥʦʰʝʥʠʝ ʫʛʣʝʨʦʜʘ ʛʫʤʠʥʦʚʳʭ ʠ ʬʫʣʴʚʦʚʳʭ ʢʠʩʣʦʪ) 

** - ʥʝʪ ʜʘʥʥʳʭ 

 

ʉʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ (ʩʣʦʡ 0-5 ʩʤ) ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʛʣʫʙʠʥʦʡ ʟʘʣʝʛʘʥʠʷ ʠ ʩʪʝʧʝʥʴʶ ʜʠʩʧʝʨʩʥʦʩʪʠ ʦʩʘʜʢʘ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Pʦʙ ɦ

ʩʦʩʪʘʚʣʷʝʪ 0,21%, ʤʝʜʠʘʥʥʦʝ - 0,19%, ʦʥʦ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0 ʜʦ 0,02% ʚ ʧʝʩʢʘʭ, ʦʪ 0,05 ʜʦ 0,4%  ʚ 

ʠʣʘ, ʪʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʟʘʛʨʷʟʥʝʥʥʳʝ ʦʩʘʜʢʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʦ 1%. ʉʨʘʚʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʩʬʦʨʘ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʞʥʠʭ ʣʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʩʫʱʝʩʪʚʝʥʥʦʤ ʠʟʤʝʥʝʥʠʠ ʩʦʩʪʘʚʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʠʩʧʳʪʳʚʘʶʱʠʭ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, 

ʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʱʘʜʠ ʜʥʘ, ʧʦʜʚʝʨʞʝʥʥʦʡ ʵʚʪʨʦʬʠʨʦʚʘʥʠʶ ʠ ʟʘʛʨʷʟʥʝʥʠʶ [2,5]. 

ʆʩʦʙʝʥʥʦ ʵʪʦ ʧʨʦʷʚʠʣʦʩʴ ʚ ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ, ʂʦʥʜʦʧʦʞʩʢʦʡ ʛʫʙʘʭ ʠ ʇʦʚʝʥʝʮʢʦʤ ʟʘʣʠʚʝ, ʛʜʝ ʚ 

ʨʘʡʦʥʘʭ ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʣʠʷʥʠʶ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʥʘʨʫʰʘʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʘʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʘ. ʊʘʢ, ʨʘʥʝʝ, ʥʘ ʧʨʠʤʝʨʝ 

ʂʦʥʜʦʧʦʞʩʢʦʡ ʛʫʙʳ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʥʯʠʚʦʩʪʴ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʠʩʧʳʪʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʩʪʦʯʥʳʭ ʚʦʜ ʎɹʂ, ʩʚʷʟʘʥʘ ʩ ʠʭ ʢʘʯʝʩʪʚʝʥʥʳʤ ʩʦʩʪʘʚʦʤ ʠ 

ʦʙʲʝʤʘʤʠ ʩʙʨʦʩʘ [10]. ɼʦ 1980 ʛ ʟʘʛʨʷʟʥʝʥʠʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʟʜʝʩʴ ʥʦʩʠʣʦ ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 

ɺʚʝʜʝʥʠʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʠ ʨʘʩʩʝʠʚʘʶʱʝʛʦ ʚʳʧʫʩʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʚ 1983 ʛ. 

ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʦʥʳ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʠ ʠʟʤʝʥʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ ʚʦ 

ʚʩʝʤ ʟʘʣʠʚʝ [1]. ʀʟʤʝʥʝʥʠʝ  ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʩʬʦʨʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ 

ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʩʪʘʥʮʠʠ (80 ʤ) ʵʪʦʛʦ ʟʘʣʠʚʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1. ʇʨʦʬʠʣʴ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʩʬʦʨʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʚ ʪʝʯʝʥʠʝ 20 ʣʝʪ, ʧʨʠʯʝʤ ʥʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʫʯʘʩʪʚʫʝʪ ʩʣʦʡ ʦʩʘʜʢʘ ʤʦʱʥʦʩʪʴʶ ʙʦʣʝʝ 20 ʩʤ. 
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ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ Pʦʙ ɦʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʮʝʥʪʨʘʣʴʥʦʡ ʩʪʘʥʮʠʠ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ 

ʨʘʡʦʥʘ ʂʦʥʜʦʧʦʞʩʢʦʡ ʛʫʙʳ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ  (1989-2010 ʛʛ.), %. 

 

ʆʮʝʥʢʘ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʦʨʘ ʚ 20 ʩʤ ʩʣʦʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʵʪʦʡ ʩʪʘʥʮʠʠ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ 34 ʣʝʪ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʘʙʣʶʜʝʥʠʡ, ʚ ʚʦʩʴʤʠʜʝʩʷʪʳʝ ʛʦʜʳ 

ʟʘʬʠʢʩʠʨʦʚʘʥ ʫʩʪʦʡʯʠʚʳʡ ʧʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ ʬʦʩʬʦʨʘ. ɺ ʢʦʥʮʝ ʜʝʚʷʥʦʩʪʳʭ ʛʦʜʦʚ ʥʘʯʘʣʦʩʴ 

ʩʥʠʞʝʥʠʝ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʨʠʯʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʬʦʩʬʦʨʘ ʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʜʦʩʪʠʛʣʘ ʤʘʢʩʠʤʫʤʘ ʚ ʥʘʯʘʣʝ ʚʝʢʘ (ʪʘʙʣ. 2).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚʳʧʦʣʥʠʣʠ ʨʦʣʴ ʙʫʬʝʨʘ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʟʘʤʝʜʣʷʶʱʝʛʦ 

(ʟʘ ʩʯʝʪ ʠʟʲʷʪʠʷ ʠʟ ʚʦʜʳ ʠ ʫʜʝʨʞʘʥʠʷ ʬʦʩʬʦʨʘ ʚ ʦʩʘʜʢʝ) ʧʨʦʮʝʩʩ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʚʦʜʦʝʤʘ ʚ 

ʧʝʨʠʦʜ ʤʘʢʩʠʤʫʤʘ ʚʥʝʰʥʝʡ ʬʦʩʬʦʨʥʦʡ ʥʘʛʨʫʟʢʠ (1975-1995 ʛʛ.), ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʢʦʤʧʝʥʩʠʨʫʶʱʝʛʦ ʝʝ ʩʥʠʞʝʥʠʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʟʘ ʩʯʝʪ ʦʪʜʘʯʠ ʯʘʩʪʠ ʥʘʢʦʧʣʝʥʥʦʛʦ ʟʘʧʘʩʘ 

ʵʣʝʤʝʥʪʘ ʦʙʨʘʪʥʦ ʚ ʚʦʜʫ. 

ʊʘʙʣʠʮʘ 2 

ʉʦʜʝʨʞʘʥʠʝ Pʦʙ ɦʚ ʩʣʦʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ (0-20 ʩʤ) ʮʝʥʪʨʘʣʴʥʦʡ ʩʪʘʥʮʠʠ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ 

ʨʘʡʦʥʘ ʂʦʥʜʦʧʦʞʩʢʦʡ ʛʫʙʳ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʠ ʝʛʦ ʧʦʩʪʫʧʣʝʥʠʝ ʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʚʦʜʫ (J). 

ɼʘʪʘ 

 

Pʦʙ ɦ J 

ʛ/ʤ
2
 ʛ/(ʤ

2
ʛʦʜ) ʤʛ/(ʤ

2
ʩʫʪʢʠ) 

1976 57,6 

  1983 76,4 -2,68* -7,3 

1989 91,9 -2,58 -7,1 

1999 85,3 0,65 1,8 

2005 70,3 2,50 6,8 

2010 69,6 0,14 0,4 

* - ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʪʦʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʢʦʧʣʝʥʠʶ ʵʣʝʤʝʥʪʘ ʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʤʠ ʨʘʥʝʝ ʧʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʧʦ ʜʨʫʛʠʤ 

ʨʘʡʦʥʘʤ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [3] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʝʥʠʷ ʬʦʩʬʦʨʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ 

ʚʦʜʦʝʤ ʚ ʚʦʩʴʤʠʜʝʩʷʪʳʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʠʣʦʚ 

ʘʢʢʫʤʫʣʷʮʠʦʥʥʳʭ ʟʦʥ ʦʟʝʨʘ ʢ 2005 ʛʦʜʫ ʫʚʝʣʠʯʠʣʦʩʴ ʚ 2-3 ʨʘʟʘ. ʈʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʩʬʦʨʘ 

ʧʨʦʠʩʭʦʜʠʣ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʬʦʩʬʦʨʘ ʜʦʩʪʠʛʣʠ ʤʘʢʩʠʤʫʤʘ ʚ 2000-ʭ, ʧʨʠʯʝʤ, ʨʝʟʢʦʝ 

ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʦʨʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʘʢʢʫʤʫʣʷʮʠʦʥʥʳʭ ʟʦʥ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ 3-

5 ʣʝʪ ʧʦʩʣʝ ʤʘʢʩʠʤʫʤʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɺ ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʛʫʙʝ ʤʘʢʩʠʤʫʤʳ ʙʠʦʤʘʩʩʳ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ (2.8 ʛ/ʤ
3
) ʠ ʙʝʥʪʦʩʘ (13.4 ʛ/ʤ

2
) ʥʘʙʣʶʜʘʣʠʩʴ ʚ 90-ʝ ʛʦʜʳ, ʘ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʨʘʡʦʥʝ 

ʦʟʝʨʘ (0.8 ʛ/ʤ
3
 ʠ 3.51 ʛ/ʤ

2
) ï ʚ 2001-2004 ʛʛ. [7, 9].  ʄʘʢʩʠʤʫʤʳ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʦʨʘ ʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʜʣʷ ʵʪʠʭ ʨʘʡʦʥʦʚ ʧʨʠʭʦʜʷʪʩʷ ʥʘ 2004 (0.3%) ʠ 2009 ʛʛ. (0.4%), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʨʝʤʷ 

ʦʪʢʣʠʢʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʘʢʢʫʤʫʣʷʮʠʦʥʥʳʭ ʟʦʥ, ʠʥʪʝʛʨʠʨʫʶʱʠʭ ʧʨʦʮʝʩʩ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ 

ʵʢʦʩʠʩʪʝʤʳ, ʟʘʧʫʱʝʥʥʳʡ ʚ 80-ʝ ʛʛ., ʠ ʢʦʪʦʨʳʡ ʧʨʦʷʚʠʣʩʷ ʚ ʥʘʢʦʧʣʝʥʠʠ ʬʦʩʬʦʨʘ ʚ ʦʩʘʜʢʘʭ, ʜʣʷ 

ʨʘʟʥʳʭ ʨʘʡʦʥʦʚ ʦʟʝʨʘ ʨʘʟʣʠʯʥʦ (ʮʝʥʪʨʘʣʴʥʳʡ ʨʘʡʦʥ ʦʟʝʨʘ ʦʪʨʝʘʛʠʨʦʚʘʣ ʥʘ 5 ʣʝʪ ʧʦʟʞʝ, ʯʝʤ 

ʇʝʪʨʦʟʘʚʦʜʩʢʘʷ ʛʫʙʘ) [1]. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʩʬʦʨʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʣʦʞʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʥʘʢʦʧʣʝʥʠʷ ʬʦʩʬʦʨʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʵʣʝʤʝʥʪʘ 

ʦʙʨʘʪʥʦ ʚ ʚʦʜʫ, ʢʦʪʦʨʦʝ ʟʘʚʠʩʠʪ ʠ ʦʪ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ (ʬʦʩʬʦʨʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʚʦʜʦʝʤ, 

ʧʨʦʜʫʢʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʜʚʠʞʝʥʠʝ ʵʣʝʤʝʥʪʘ ʧʦ ʪʨʦʬʠʯʝʩʢʠʤ ʮʝʧʷʤ, ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʡ ʨʝʞʠʤ 

ʚʦʜʦʝʤʘ ʠ ʪ.ʜ.), ʠ ʦʪ ʚʥʫʪʨʝʥʥʠʭ (ʜʠʘʛʝʥʝʟ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʬʠʟʠʯʝʩʢʠʝ, ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʩʘʜʢʘ). ʇʦʩʪʫʧʠʚʰʠʡ ʥʘ ʜʥʦ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ 

ʬʦʩʬʦʨ ʧʨʦʭʦʜʠʪ ʩʣʦʞʥʫʶ ʮʝʧʴ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʙʝʥʪʠʯʝʩʢʠʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ ʠ, 

ʚʳʜʝʣʷʷʩʴ ʚ ʚʠʜʝ ʬʦʩʬʘʪʦʚ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʧʦʩʪʫʧʘʝʪ ʦʙʨʘʪʥʦ ʚ ʚʦʜʫ, ʯʘʩʪʴ ʩʦʨʙʠʨʫʝʪʩʷ ʥʘ 

ʛʠʜʨʦʢʩʦʩʦʝʜʠʥʝʥʠʷʭ ʞʝʣʝʟʘ ʠ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʦʢʠʩʣʝʥʥʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ. ɼʘʣʴʥʝʡʰʝʝ ʩʫʜʴʙʘ ʞʝʣʝʟʦ-ʩʚʷʟʘʥʥʦʛʦ ʬʦʩʬʦʨʘ  ʟʘʚʠʩʠʪ ʦʪ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʮʠʢʣʘ ʞʝʣʝʟʘ, ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʚʳʩʚʦʙʦʞʜʝʥʠʝ 

ʬʦʩʬʦʨʘ [3, 4]. ʀʤʝʥʥʦ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʞʝʣʝʟʘ ʩʚʷʟʘʥʘ ʫʜʝʨʞʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ. 

ʈʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʘʚʦʚ ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ 

ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʠ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʦʨʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ (0-5 ʩʤ) ʩʣʦʝ ʦʩʘʜʢʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ 

ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʦʪʢʨʳʪʳʭ ʨʘʡʦʥʦʚ ʦʟʝʨʘ ʚ ʚʦʜʥʫʶ ʪʦʣʱʫ ʚʦʟʚʨʘʱʘʝʪʩʷ ʥʝ ʙʦʣʝʝ 5 % 

ʧʦʩʪʫʧʠʚʰʝʛʦ ʚ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʬʦʩʬʦʨʘ [1]. ɺ ʦʩʘʜʢʘʭ ʜʦʤʠʥʠʨʫʝʪ ʧʨʦʮʝʩʩ ʩʦʨʙʮʠʠ ʬʦʩʬʦʨʘ 

ʥʘ ʩʦʝʜʠʥʝʥʠʷʭ ʞʝʣʝʟʘ, ʢʦʥʝʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʚʠʚʠʘʥʠʪʘ. ʈʘʩʯʝʪʳ 

ʜʣʷ ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʡ ʖʞʥʦʛʦ ʆʥʝʛʦ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʯʝʥʠʡ, ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʚ 

ʧʨʠʜʦʥʥʳʭ ʚʦʜʘʭ, ʧʨʦʠʩʭʦʜʠʪ ʥʝʦʜʥʦʢʨʘʪʥʦʝ ʚʟʤʫʯʠʚʘʥʠʝ, ʧʝʨʝʥʦʩ ʠ ʧʝʨʝʦʪʣʦʞʝʥʠʝ ʚʟʚʝʰʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ ʚʦʜʫ ʚʦʟʚʨʘʱʘʝʪʩʷ ʦʢʦʣʦ 75 % ʦʩʝʜʘʶʱʝʛʦ ʬʦʩʬʦʨʘ. ɼʣʷ ʠʣʦʚ 

ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʠ ʂʦʥʜʦʧʦʞʩʢʦʡ ʛʫʙ, ʦʙʦʛʘʱʝʥʥʳʭ ʬʦʩʬʦʨʦʤ ʠ ʠʩʧʳʪʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʩʪʦʯʥʳʭ 

ʚʦʜ, ʚ ʚʦʜʥʫʶ ʪʦʣʱʫ ʚʦʟʚʨʘʱʘʝʪʩʷ ʜʦ 60 %. ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ, ʜʦʣʷ 

ʚʦʟʚʨʘʪʘ ʬʦʩʬʦʨʘ ʫʤʝʥʴʰʘʝʪʩʷ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʪʘʥʮʠʠ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʨʘʡʦʥʝ ʂʦʥʜʦʧʦʞʩʢʦʡ 

ʛʫʙʳ, ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ, ʚ ʩʨʝʜʥʝʤ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 30% (ʠʟ ʥʠʭ ʪʦʣʴʢʦ 10 % ʚʦʟʚʨʘʱʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʧʨʦʮʝʩʩʦʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʥʘʠʣʢʝ). 

ʆʮʝʥʢʘ ʧʦʩʪʫʧʣʝʥʠʷ ʬʦʩʬʦʨʘ ʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ, ʧʨʦʚʝʜʝʥʥʘʷ 

ʙʘʣʘʥʩʦʚʳʤ ʤʝʪʦʜʦʤ [6] ʧʦ ʜʘʥʥʳʤ ʢʦʥʮʘ ʜʝʚʷʥʦʩʪʳʭ ʛʦʜʦʚ, ʧʦʢʘʟʘʣʘ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʦʪʦʢʘ (197 ʪ ʚ ʛʦʜ, ʯʪʦ ʩʦʩʪʘʚʣʷʣʦ ʦʢʦʣʦ 20% ʦʪ ʚʥʝʰʥʝʡ ʬʦʩʬʦʨʥʦʡ ʥʘʛʨʫʟʢʠ [2]. ɹʘʣʘʥʩʦʚʳʡ 

ʨʘʩʯʝʪ ʧʦ ʜʘʥʥʳʤ 2010 ʛ. ʧʦʢʘʟʘʣ ʩʥʠʞʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʬʦʩʬʦʨʥʦʡ ʥʘʛʨʫʟʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʘʥʥʳʤʠ ʥʘʯʘʣʘ ʚʝʢʘ ʚ ʜʚʘ ʨʘʟʘ (ʦʢʦʣʦ 80 ʪ ʚ ʛʦʜ, ʪʘʙʣ. 3).  

 

ʊʘʙʣʠʮʘ 3  

ɺʥʫʪʨʝʥʥʷʷ ʬʦʩʬʦʨʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ʆʥʝʞʩʢʦʤ ʦʟʝʨʘ: I  ï ʎʝʥʪʨʘʣʴʥʳʡ ʨʘʡʦʥ, II  ï 

ʂʦʥʜʦʧʦʞʩʢʘʷ ʛʫʙʘ, III  ï ʇʝʪʨʦʟʘʚʦʜʩʢʘʷ ʛʫʙʘ, IVïʇʦʚʝʥʝʮʢʠʡ ʟʘʣʠʚ; J- ʩʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʦʪʦʢʘ (ʤʛ ʈÖʤ-2
ʩʫʪʢʠ

-1
), ä - ʩʫʤʤʘʨʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ (ʪ ʈÖʛʦʜ-1

). 

 

ʊʠʧ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ I II  III  IV  ɺʩʝʛʦ 

 ä J ä J ä J ä ʪ ʈÖ ʛʦʜ
-1
 

ʇʝʩʢʠ 0.001 1,4 -*  - 0.01 0.1 0.001 0,3 1,8 

ʂʨʫʧʥʦ-ʘʣʝʚʨʠʪʦʚʳʡ ʠʣ  - - - - - - 0.02 1,0 1,0 

ɸʣʝʚʨʠʪʦʚʳʡ ʠʣ 0.030 6,0 - - 0,2 0,6 0.1 7,0 13,6 

ɸʣʝʚʨʠʪʦ-ʧʝʣʠʪʦʚʳʡ ʠʣ 0.020 5,0 0.3 19,0 0,3 4,0 0.1 18,0 46,0 

ʇʝʣʠʪʦʚʳʡ ʠʣ 0.010 7,5 0.01 0.1 - - - - 7,6 

ɸʥʪʨʦʧʦʛʝʥʥʳʝ ʦʩʘʜʢʠ  - 1.4 10,0 0,9 6,6 - - 16,6 

ʀʪʦʛʦ:  19,9  29,1  11,3  26,3 86,6 

* - ʥʝʪ ʜʘʥʥʳʭ 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʂʦʥʜʦʧʦʞʩʢʦʡ ʛʫʙʳ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʦʩʘʜʢʦʚ ʩʥʠʟʠʣʘʩʴ ʧʦʯʪʠ ʚ 5 ʨʘʟ, ʚ ʪʦʞʝ ʚʨʝʤʷ  ʜʣʷ ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʛʫʙʳ (ʧʦ ʜʘʥʥʳʤ ʟʠʤʥʠʭ ʨʘʙʦʪ 

2015 ʛ), ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʘ ʚʝʣʠʯʠʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2010 ʛ. ʚʳʰʝ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʩʚʷʟʘʥʦ ʩ 
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ʩʝʟʦʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʚʥʫʪʨʝʥʥʝʡ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʘʷ ʥʝ ʫʯʠʪʳʚʘʣʘʩʴ ʚ ʙʘʣʘʥʩʦʚʳʭ ʦʮʝʥʢʘʭ, 

ʧʨʠʚʝʜʝʥʥʳʭ ʨʘʥʝʝ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʠ ʪʠʧʘ 

ʛʨʫʥʪʘ. ɽʛʦ ʚʝʣʠʯʠʥʘ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʆʥʝʞʩʢʦʤ ʦʟʝʨʝ  ʤʝʥʷʣʘʩʴ  ʦʪ 0 ʜʦ 3 ʤʛ P ʤ
-2 

ʩʫʪ.
-1

 ʅʘʠʙʦʣʴʰʠʝ ʧʦʪʦʢʠ ʬʦʩʬʦʨʘ ʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʙʳʯʥʦ, ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʚʝʨʰʠʥʥʦʡ 

ʯʘʩʪʠ ʂʦʥʜʦʧʦʞʩʢʦʡ ʛʫʙʳ. ʉʨʝʜʥʷʷ ʜʣʷ ʚʩʝʛʦ ʦʟʝʨʘ ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʠʣʘ 0.1 ʤʛ P ʤ
-2

 ʩʫʪ.
-1
, ʯʪʦ ʥʘ 

ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ  ʦʟ. ɹʘʡʢʘʣ  - 0.01 ʤʛ P ʤ
-2

 ʩʫʪ.
-1

 ʠ ʥʠʞʝ, ʯʝʤ ʜʣʷ 

ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ - 0.13 ʤʛ P ʤ
-2

 ʩʫʪ.
-1

 ʠ ʜʣʷ ʦʟ. ʆʥʪʘʨʠʦ - 0.19 ʤʛ P ʤ
-2

 ʩʫʪ.
-1
. ʈʘʟʥʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʵʣʝʤʝʥʪʘ ʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʠ 

ʢʘʯʝʩʪʚʝʥʥʳʤ ʩʦʩʪʘʚʦʤ ʬʦʩʬʦʨʘ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ.  

ʌʦʨʤʳ ʥʘʢʦʧʣʝʥʠʷ ʬʦʩʬʦʨʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʠʟʫʯʘʣʠʩʴ ʚ ʂʦʥʜʦʧʦʞʩʢʦʡ ʛʫʙʝ, ʚ 

ʦʩʘʜʢʘʭ ʢʦʪʦʨʦʡ ʚʝʣʠʢʘ ʜʦʣʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʦʪʥʦʰʝʥʠʝ ʉ:ʈ ʠʟʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ (ʦʪ 28 ʜʦ 335). ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʚʦʡʩʪʚʝʥʥʳ ʦʩʘʜʢʘʤ,  ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʨʘʡʦʥʝ 

ʩʙʨʦʩʘ ʩʪʦʯʥʳʭ ʚʦʜ ʎɹʂ. ʀʟ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʨʤ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʜʦʤʠʥʠʨʫʝʪ Fe ï 

ʩʚʷʟʘʥʥʳʡ ʬʦʩʬʦʨ. ʇʨʠ ʜʝʬʠʮʠʪʝ ʢʠʩʣʦʨʦʜʘ ʚ ʧʨʠʜʦʥʥʳʭ ʚʦʜʘʭ ʩʪʦʣʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ 

ʵʪʦʡ ʬʨʘʢʮʠʠ ʬʦʩʬʦʨʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʣʧʦʚʦʤʫ ʧʦʩʪʫʧʣʝʥʠʶ ʬʦʩʬʘʪ-ʠʦʥʦʚ ʚ 

ʚʦʜʥʫʶ ʪʦʣʱʫ. ʀʥʪʝʥʩʠʚʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʬʦʩʬʦʨʘ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤ ʙʘʨʴʝʨʝ ʚ 

ʞʝʣʝʟʦ-ʩʚʷʟʘʥʥʦʡ ʬʦʨʤʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʚʪʦʨʦʤ ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ 

ʂʦʥʜʦʧʦʞʩʢʦʡ ʛʫʙʳ ʚʩʣʝʜʩʪʚʠʝ ʩʙʨʦʩʘ ʩʦ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ ʎɹʂ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʬʦʩʬʦʨʘ [1, 4]. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʵʢʦʩʠʩʪʝʤʳ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ, 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʩʦʯʝʪʘʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʝʪ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʦʩʬʦʨʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ  ʠʥʜʠʢʘʪʦʨʦʤ ʧʨʦʜʫʢʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʚʦʜʦʝʤʝ. ɺʥʫʪʨʝʥʥʷʷ ʬʦʩʬʦʨʥʘʷ ʥʘʛʨʫʟʢʘ ʚ ʆʥʝʞʩʢʦʤ ʦʟʝʨʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦ 

ʥʘʰʠʤ ʦʮʝʥʢʘʤ ʩʥʠʟʠʣʘʩʴ. ʋʜʝʨʞʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʬʦʩʬʦʨʫ ʠ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʦʩʘʜʢʦʚ ʣʦʢʘʣʴʥʳʭ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʙʘʩʩʝʡʥʦʚ ʥʘ ʠʟʤʝʥʝʥʠʷ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʵʢʦʩʠʩʪʝʤʝ ʚʦʜʦʝʤʘ ʨʘʟʣʠʯʥʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ 

ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ14-17-00766). 
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Abstract: data analysis of phosphorus content in the surface layer of Lake Onega sediments in 50 

years of observations (1964-2014 gg.) is discussed. Dynamics of accumulation of phosphorus in 

sediments and its relation with the change of production processes in the aquatic environment s are 

reviewed. Phosphorus intake in the sediments, their retention capacity and internal phosphorus load is 

calculated. 
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ɸʥʥʦʪʘʮʠʷ: ʅʘ ʣʘʜʦʞʩʢʦʡ ʜʘʤʙʝ ʚ 2013 ʛʦʜʫ ʚʧʝʨʚʳʝ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʦʙʥʘʨʫʞʝʥʘ 

ʨʝʜʢʘʷ ʮʝʥʦʙʠʘʣʴʥʘʷ ʚʦʜʦʨʦʩʣʴ Stephanosphaera pluvialis, ʠʤʝʶʱʘʷ ʭʘʨʘʢʪʝʨʥʳʝ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʯʝʪʢʦ ʦʪʣʠʯʘʶʱʠʝ ʵʪʦʪ ʤʦʥʦʬʠʣʝʪʠʯʥʳʡ ʨʦʜ ʦʪ ʜʨʫʛʠʭ ʟʝʣʝʥʳʭ 

ʚʦʜʦʨʦʩʣʝʡ (Chlorophyta). ʇʦʩʣʝʜʫʶʱʠʝ ʥʘʙʣʶʜʝʥʠʷ ʚ 2014-2016 ʛʛ. ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʝʝ 

ʝʞʝʛʦʜʥʦʤ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʧʦʷʚʣʝʥʠʠ ʚʦ ʚʨʝʤʝʥʥʳʭ ʚʦʜʦʝʤʘʭ ʜʘʤʙʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Stephanosphaera, S. pluvialis, Haematococcaceae, Volvocales, Chlorophyta, 

ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ, ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ, ʈʦʩʩʠʷ 

 

ʇʣʘʥʢʪʦʥʥʘʷ ʮʝʥʦʙʠʘʣʴʥʘʷ ʛʝʤʘʪʦʢʦʢʢʦʚʘʷ ʚʦʜʦʨʦʩʣʴ Stephanosphaera pluvialis Cohn 1852 ʚ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʚʧʝʨʚʳʝ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ 1 ʩʝʥʪʷʙʨʷ 2013 ʛʦʜʘ [1]. ʄʝʩʪʦ ʥʘʭʦʞʜʝʥʠʷ ï 

ʥʝʙʦʣʴʰʠʝ ʚʦʜʦʝʤʳ ʚ ʚʳʝʤʢʘʭ ʠ ʚʳʙʦʠʥʘʭ ʛʨʘʥʠʪʥʳʭ ʙʣʦʢʦʚ ʥʘ ʧʦʣʫʢʠʣʦʤʝʪʨʦʚʦʡ ʜʘʤʙʝ ʫ ʤʳʩʘ 

ɼʘʣʸʢʠʡ (ʟʘʧʘʜʥʦʝ ʧʦʙʝʨʝʞʴʝ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ), ʛʣʫʙʦʢʦ ʚʜʘʶʱʝʡʩʷ ʚ ʚʦʜʳ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚ 

ʨʘʡʦʥʝ ʜʝʨʝʚʥʠ ʇʷʪʠʨʝʯʴʝ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ 70 ʣʝʪ ʚ ʈʦʩʩʠʠ ï ʵʪʦ ʣʠʰʴ ʚʪʦʨʦʝ 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ Stephanosphaera ʠ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʶʱʝʝʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ 

ʦʙʣʘʩʪʠ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʤʙʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʝʝ ʧʦʩʪʨʦʡʢʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʛʨʘʥʠʪʥʳʝ 

ʙʣʦʢʠ c ʦʪʢʨʳʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʝʧʨʘʚʠʣʴʥʦʡ ʯʝʪʳʨʝʭʫʛʦʣʴʥʦʡ ʬʦʨʤʳ (ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ 0,6 ʭ 0,6 

ʤ). ɺ ʢʘʞʜʦʤ ʠʟ ʙʣʦʢʦʚ ʚʳʩʚʝʨʣʝʥʳ ʥʝʩʢʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʪʚʝʨʩʪʠʡ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. ʆʪʚʝʨʩʪʠʷ ʟʘ ʜʦʣʛʠʡ ʧʝʨʠʦʜ ʥʘʭʦʞʜʝʥʠʷ ʥʘ ʦʪʢʨʳʪʳʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʜʘʤʙʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʩʪʨʘʜʘʣʠ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʮʠʣʠʥʜʨʳ ʩ ʜʠʘʤʝʪʨʦʤ 

ʦʢʦʣʦ 3 ʩʤ ʠ ʛʣʫʙʠʥʦʡ ʜʦ 10 ʩʤ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʥʘ ʜʥʝ ʧʦʢʨʳʪʳ ʩʣʦʝʤ ʠʣʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚʦ 

ʤʥʦʛʠʭ ʙʣʦʢʘʭ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚʳʙʦʠʥʳ ʠ ʩʢʦʣʳ. ɺʩʝ ʵʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʪʦʤʫ, ʯʪʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʚʩʝʡ ʜʣʠʥʳ ʜʘʤʙʳ ʝʞʝʛʦʜʥʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʝʩʝʥʥʝ-ʣʝʪʥʝ-ʦʩʝʥʥʝʛʦ ʧʝʨʠʦʜʘ ʦʙʨʘʟʫʝʪʩʷ ʦʢʦʣʦ 1 

ʪʳʩʷʯʠ ʚʨʝʤʝʥʥʳʭ ʚʦʜʦʝʤʦʚ ʨʘʟʣʠʯʥʦʡ ʝʤʢʦʩʪʠ ʠ ʥʘ ʨʘʟʥʦʡ ʚʳʩʦʪʝ ʦʪ ʫʨʦʚʥʷ ʚʦʜ ʃʘʜʦʛʠ. ʕʪʠ 

ʚʦʜʦʝʤʳ ʧʦʜʚʝʨʞʝʥʳ ʩʪʨʝʩʩʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʠʟ-ʟʘ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʧʝʨʝʩʳʭʘʥʠʷ (ʚ ʞʘʨʢʠʝ ʧʝʨʠʦʜʳ ʣʝʪʘ), ʠ ʧʨʦʤʝʨʟʘʥʠʷ (ʚʝʩʥʦʡ, ʦʩʝʥʴʶ ʠ ʟʠʤʦʡ).  

ɼʘʤʙʘ ʧʦʩʪʨʦʝʥʘ ʬʠʥʩʢʠʤʠ ʢʨʝʩʪʴʷʥʘʤʠ ʚ ʢʦʥʮʝ 1930-ʭ ʛʛ. [3] ʠ ʟʘ ʧʦʯʪʠ 80 ʣʝʪ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ ʝʩʪʝʩʪʚʝʥʥʦʝ ʤʝʩʪʦʦʙʠʪʘʥʠʝ, ʦʨʛʘʥʠʯʥʦ ʩʚʷʟʘʥʥʦʝ ʩ 

ʵʢʦʩʠʩʪʝʤʦʡ ʧʨʠʙʨʝʞʴʷ ʃʘʜʦʛʠ. ɻʨʘʥʠʪʥʳʝ ʙʣʦʢʠ ʥʠʯʝʤ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʛʨʘʥʠʪʥʳʭ ʢʘʤʥʝʡ, ʦʪʜʝʣʠʚʰʠʭʩʷ ʦʪ ʢʨʫʧʥʳʭ ʩʢʘʣʠʩʪʳʭ ʬʦʨʤʠʨʦʚʘʥʠʡ. ɼʘʤʙʘ ʥʘʭʦʜʠʪʩʷ 

ʜʦʚʦʣʴʥʦ ʜʘʣʝʢʦ ʦʪ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʪʨʘʩʩ ʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʙʦʣʝʝ 5 ʢʤ ʦʪ ʙʣʠʞʘʡʰʠʭ ʧʦʩʝʣʝʥʠʡ. 

ʆʥʘ ʤʘʣʦ ʧʦʩʝʱʘʝʤʘ ʣʶʜʴʤʠ, ʣʠʰʴ ʠʥʦʛʜʘ ʢ ʥʝʡ ʧʨʠʰʚʘʨʪʦʚʳʚʘʶʪʩʷ ʤʘʣʦʤʝʨʥʳʝ ʩʫʜʘ ʠ ʷʭʪʳ, 

ʠʟʨʝʜʢʘ ʧʦʩʝʱʘʶʪ ʣʶʜʠ, ʚ ʦʩʥʦʚʥʦʤ ʨʳʙʘʢʠ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʳʤʠ ʧʦʩʝʪʠʪʝʣʷʤʠ ʜʘʤʙʳ ʷʚʣʷʶʪʩʷ 

ʯʘʡʢʠ. ɺ ʮʝʣʦʤ, ʵʪʦ ʤʝʩʪʦ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ. ʀ ʦʥʦ ʦʙʣʘʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʩʧʝʮʠʬʠʢʦʡ, ʢʦʪʦʨʘʷ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʚʠʚʘʪʴʩʷ ʉʪʝʬʘʥʦʩʬʝʨʝ.  
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ʆʙʩʣʝʜʦʚʘʥʠʷ ʚʦʜʦʝʤʦʚ ʜʘʤʙʳ ʙʳʣʠ ʥʘʤʠ ʧʨʦʜʦʣʞʝʥʳ ʚ 2014-2016 ʛʛ. ʕʪʠ ʨʘʙʦʪʳ ʥʝ 

ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʯʝʪʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦʷʚʣʝʥʠʷ ʦʙʠʣʴʥʦʛʦ ʠʣʠ ʫʤʝʨʝʥʥʦʛʦ çʮʚʝʪʝʥʠʷè 

ʉʪʝʬʘʥʦʩʬʝʨʳ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʯʘʩʪʷʭ ʜʘʤʙʳ. ʇʨʠ ʵʪʦʤ ʯʘʱʝ ʚʩʝʛʦ ʵʪʫ ʚʦʜʦʨʦʩʣʴ ʥʘʭʦʜʠʣʠ ʚ 

ʜʘʣʴʥʝʡ ʦʪ ʙʝʨʝʛʘ ʯʘʩʪʠ ʜʘʤʙʳ ʫ ʤʘʷʢʘ ʠʣʠ ʚ ʝʝ ʩʨʝʜʥʝʡ ʯʘʩʪʠ [2]. ʋ ʚʭʦʜʘ ʥʘ ʜʘʤʙʫ, ʚ ʦʜʥʦʤ ʠʟ 

ʥʘʠʙʦʣʝʝ çʢʨʫʧʥʳʭè ʚʦʜʦʝʤʦʚ, ʚʦʜʦʨʦʩʣʴ ʚʩʪʨʝʪʠʣʠ ʣʠʰʴ ʚ 2015 ʛ. ʇʨʠ ʵʪʦʤ çʮʚʝʪʝʥʠʝè ʚ 

ʪʝʯʝʥʠʝ ʣʝʪʥʝʛʦ ʠ ʨʘʥʥʝʛʦ ʦʩʝʥʥʝʛʦ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʘʣʦʩʴ ʝʞʝʛʦʜʥʦ.  

ʆ ʧʨʠʩʫʪʩʪʚʠʠ ʵʪʦʡ ʚʦʜʦʨʦʩʣʠ ʚ ʚʘʥʥʘʭ ʥʘ ʜʘʤʙʝ ʢʦʩʚʝʥʥʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ 

ʦʢʨʫʞʘʶʱʠʡ ʠʭ ʨʦʟʦʚʘʪʳʡ ʠʣʠ ʩʝʨʦʚʘʪʦ-ʨʦʟʦʚʘʪʳʡ, ʨʝʞʝ ʟʝʣʝʥʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʘʪʳʡ ʦʨʝʦʣ, ʘ 

ʪʘʢʞʝ ʷʨʢʦ-ʟʝʣʝʥʳʡ ʮʚʝʪ ʚʦʜʳ ʠʣʠ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʧʦʯʪʠ ʧʨʦʟʨʘʯʥʦʡ ʚʦʜʝ ʩʝʨʦʚʘʪʦ-ʟʝʣʝʥʦʚʘʪʦʛʦ 

ʭʣʦʧʴʝʚʠʜʥʦʛʦ ʦʩʘʜʢʘ. ʇʨʠ ʵʪʦʤ ʚʦʜʦʨʦʩʣʴ ʚ ʚʘʥʥʘʭ ʚʩʝʛʜʘ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʨʠʨʦʜʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ 

ʦʨʛʘʥʠʟʤʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʝʣʢʠʝ ʢʦʣʦʚʨʘʪʢʠ (Rotifera, Rotatoria); 

ʮʝʥʦʙʠʠ Desmodesmus sp. (Scenedesmaceae, Chlorophyta), ʠ ʨʷʜ ʜʨʫʛʠʭ ʦʜʥʦʢʣʝʪʦʯʥʳʭ ʟʝʣʝʥʳʭ 

ʚʦʜʦʨʦʩʣʝʡ ʠʟ ʢʣʘʩʩʘ Trebouxiophyceae. ʇʦʤʠʤʦ ʥʠʭ ʚʦ ʤʥʦʛʠʭ ʚʦʜʦʝʤʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʷʡʮʘ ʥʝ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʘʤʠ ʢʣʝʱʝʡ. ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʵʪʠ ʷʡʮʘ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʪʩʷ, ʠ 

ʢʣʝʱʠ ʥʘʯʠʥʘʶʪ ʘʢʪʠʚʥʦ ʧʠʪʘʪʴʩʷ ʚʦʜʦʨʦʩʣʷʤʠ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʤʥʦʛʠʤʠ ʜʨʫʛʠʤʠ ʨʝʜʢʦ ʥʘʙʣʶʜʘʝʤʳʤʠ ʦʜʥʦʢʣʝʪʦʯʥʳʤʠ ʦʙʲʝʢʪʘʤʠ S. 

pluvialis ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʳʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʯʝʪʢʦ ʦʪʣʠʯʘʶʱʠʝ ʵʪʦʪ 

ʤʦʥʦʬʠʣʝʪʠʯʥʳʡ ʨʦʜ ʦʪ ʜʨʫʛʠʭ ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ (Chlorophyta) ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʨʫʧʥʳʝ 

ʨʘʟʤʝʨʳ ʢʦʣʦʥʠʡ (ʚ ʩʨʝʜʥʝʤ 50-70 ʤʢʤ, ʠʥʦʛʜʘ ʜʦ 100 ʤʢʤ). ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʧʦʜʚʠʞʥʳʭ ʮʝʥʦʙʠʝʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʝ 8 ʦʜʠʥʘʢʦʚʳʭ ʢʣʝʪʦʢ, ʚʳʪʷʥʫʪʳʭ ʚʜʦʣʴ ʩʪʝʥʦʢ ʮʝʥʦʙʠʷ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦ. ʂʣʝʪʢʠ ʠʤʝʶʪ ʜʣʠʥʥʳʝ ʩʣʠʟʠʩʪʳʝ ʚʳʨʦʩʪʳ, ʩʦʝʜʠʥʷʶʱʠʝ ʠʭ ʩʦ ʩʪʝʥʢʦʡ ʮʝʥʦʙʠʷ, 

ʷʨʢʦ-ʟʝʣʝʥʳʝ ʧʨʠʩʪʝʥʥʳʝ ʭʣʦʨʦʧʣʘʩʪʳ ʩ ʚʳʨʝʟʢʦʡ ʚ ʦʙʣʘʩʪʠ ʷʜʨʘ ʠ ʚʳʩʪʫʧʘʶʱʠʝ ʥʘʨʫʞʫ ʧʘʨʳ 

ʞʛʫʪʠʢʦʚ. ɺ ʭʣʦʨʦʧʣʘʩʪʘʭ ʭʦʨʦʰʦ ʟʘʤʝʪʥʳ ʥʝʩʢʦʣʴʢʦ ʢʨʫʧʥʳʭ ʧʠʨʝʥʦʠʜʦʚ ʩ ʯʝʪʢʦ ʨʘʟʣʠʯʠʤʳʤʠ 

ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʤʠ ʦʙʢʣʘʜʢʘʤʠ ʠ ʢʨʫʧʥʳʝ ʦʨʘʥʞʝʚʳʝ ʛʣʘʟʢʠ. ʇʦʤʠʤʦ ʭʘʨʘʢʪʝʨʥʳʭ ʧʦʜʚʠʞʥʳʭ 

ʮʝʥʦʙʠʝʚ ʨʝʞʝ ʤʦʛʫʪ ʚʩʪʨʝʯʘʪʴʩʷ ʤʘʣʦʧʦʜʚʠʞʥʳʝ ʠ ʥʝʧʦʜʚʠʞʥʳʝ ʩʦ ʩʬʝʨʠʯʝʩʢʠʤʠ 4, 8 ʠʣʠ 16 

ʢʣʝʪʢʘʤʠ. ʇʦʜʨʦʙʥʦ ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʠʟʣʦʞʝʥ ʥʘʤʠ ʨʘʥʝʝ [1]. ɺ ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝ ʭʘʨʘʢʪʝʨʥʳʭ 

ʮʝʥʦʙʠʝʚ ʝʩʪʴ ʦʧʘʩʥʦʩʪʴ ʥʝʧʨʘʚʠʣʴʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʠ, ʵʪʦ ʢʘʩʘʝʪʩʷ 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʛʦ, ʥʦ ʥʝ ʞʠʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʦʤʠʤʦ ʮʝʥʦʙʠʘʣʴʥʳʭ ʩʪʘʜʠʡ ʫ ʉʪʝʬʘʥʦʩʬʝʨʳ 

ʠʤʝʶʪʩʷ ʠ ʦʜʥʦʢʣʝʪʦʯʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʟʦʦʩʧʦʨʘʤʠ, ʛʘʤʝʪʘʤʠ, ʘʧʣʘʥʦʩʧʦʨʘʤʠ ʠ ʟʠʛʦʪʘʤʠ. 

ɻʣʘʚʥʦʡ ʪʨʫʜʥʦʩʪʴʶ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʤʘʪʝʨʠʘʣʘ ʚ ʘʢʪʠʚʥʦ ʚʝʛʝʪʠʨʫʶʱʝʤ 

ʩʦʩʪʦʷʥʠʠ. ʂʣʝʪʢʠ ʧʦʢʦʷʱʠʭʩʷ ʩʪʘʜʠʡ S. pluvialis ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʪʣʠʯʠʤʳ ʦʪ ʪʘʢʦʚʳʭ ʫ 

ʦʜʥʦʢʣʝʪʦʯʥʳʭ ʛʝʤʘʪʦʢʦʢʢʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ï Haematococcus ʠ Balticola. ʇʦʷʚʣʝʥʠʝ 

Stephanosphaera ʚ ʚʦʜʦʝʤʘʭ ʦʙʳʯʥʦ ʩʚʷʟʘʥʦ ʩ ʜʦʞʜʝʚʦʡ ʚʦʜʦʡ, ʯʪʦ ʠ ʷʚʠʣʦʩʴ ʧʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ 

ʚʠʜʦʚʦʛʦ ʥʘʟʚʘʥʠʷ çpluvialisè. ʆʜʥʘʢʦ, ʜʣʷ ʚʦʜʦʨʦʩʣʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʘʞʥʳ ʠ ʪʘʢʠʝ ʤʦʤʝʥʪʳ ʢʘʢ 

ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʢ ʚʦʜʦʝʤʘʤ ʩ ʢʘʤʝʥʠʩʪʳʤ ʜʥʦʤ ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʢʦʣʦʥʠʠ ʧʪʠʮ (ʦʙʳʯʥʦ ʯʘʝʢ). 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʙʠʣʠʝ ʧʦʜʦʙʥʳʭ ʫʩʣʦʚʠʡ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʚʩʝ ʥʘʰʠ ʧʦʧʳʪʢʠ ʦʙʥʘʨʫʞʠʪʴ 

ʉʪʝʬʘʥʦʩʬʝʨʫ ʚ ʜʨʫʛʠʭ ʤʝʩʪʘʭ ï ʥʘ ʧʨʠʙʨʝʞʥʳʭ ʩʢʘʣʠʩʪʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʝʚʝʨʥʝʝ ʜʘʤʙʳ ʠʣʠ ʥʘ 

ʥʝʢʦʪʦʨʳʭ ʦʩʪʨʦʚʘʭ ʚ ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ ï ʧʦʢʘ ʥʝ ʜʘʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ɹʦʣʝʝ ʪʦʛʦ, ʵʪʦ 

ʚʩʝʛʦ ʣʠʰʴ ʚʪʦʨʘʷ ʥʘʭʦʜʢʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ [1]. ɺ ʤʠʨʝ ʚʠʜ ʩʯʠʪʘʝʪʩʷ ʦʯʝʥʴ ʨʝʜʢʠʤ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʥʘʭʦʜʦʢ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʳʷʚʣʝʥʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɽʚʨʦʧʳ [5,6]. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʩʧʦʨʘʜʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʧʦʷʚʣʝʥʠʷ ʵʪʦʡ ʚʦʜʦʨʦʩʣʠ. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʥʘʠʙʦʣʝʝ 

ʚʝʨʦʷʪʥʳʤʠ ʤʝʩʪʘʤʠ ʥʘʭʦʞʜʝʥʠʷ ʥʦʚʳʭ ʧʦʧʫʣʷʮʠʡ ʉʪʝʬʘʥʦʩʬʝʨʳ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʚʦʜʦʝʤʳ ʥʘ ʛʨʘʥʠʪʥʳʭ ʦʩʪʨʦʚʘʭ ʃʘʜʦʛʠ. 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʪʦʣʴʢʦ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʦʜʭʦʜʷʱʠʭ ʚʦʜʦʝʤʦʚ ʥʘ ʜʘʤʙʝ ʧʦʟʚʦʣʷʝʪ 

ʵʪʦʡ ʚʦʜʦʨʦʩʣʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʦʧʫʣʷʮʠʶ ʠ ʘʢʪʠʚʥʦ ʚʝʛʝʪʠʨʦʚʘʪʴ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ 1-2 ʨʘʟʘ ʚ ʛʦʜ. 

ʅʦ ʧʨʠ ʵʪʦʤ ʧʦʧʫʣʷʮʠʷ ʚʠʜʘ ʦʯʝʥʴ ʤʘʣʘ ʠ ʤʦʞʝʪ ʠʩʯʝʟʥʫʪʴ ʦʪ ʩʣʫʯʘʡʥʳʭ ʧʨʠʯʠʥ, ʚʝʜʫʱʠʭ ʢ 

ʠʟʤʝʥʝʥʠʶ ʫʩʣʦʚʠʡ ʤʝʩʪʦʦʙʠʪʘʥʠʷ, ʠʣʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ɺ 2015 ʛʦʜʫ 

ʨʷʜʦʤ ʩ ʜʘʤʙʦʡ ʥʘʯʘʣʦʩʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʝʠʟʚʝʩʪʥʦʛʦ ʦʙʲʝʢʪʘ ʠ ʫʢʣʘʜʢʘ ʙʝʪʦʥʥʳʭ ʧʣʠʪ ʜʣʷ 

ʫʢʨʝʧʣʝʥʠʷ ʜʦʨʦʛʠ. ʕʪʠ ʤʝʨʦʧʨʠʷʪʠʷ ʤʦʛʫʪ ʥʘʨʫʰʠʪʴ ʩʫʱʝʩʪʚʫʶʱʝʝ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ 

ʥʘ ʜʘʤʙʝ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʙʥʘʨʫʞʝʥʥʳʡ ʥʘʤʠ ʨʝʜʢʠʡ ʚʠʜ ʤʦʞʝʪ ʠʩʯʝʟʥʫʪʴ. ʇʦʵʪʦʤʫ ʤʳ 

ʧʨʝʜʣʘʛʘʝʤ ʚʥʝʩʪʠ ʚʠʜ Stephanosphaera ʚ ʂʨʘʩʥʫʶ ʢʥʠʛʫ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʧʦʩʪʘʚʠʪʴ 

ʚʦʧʨʦʩ ʦʙ ʦʭʨʘʥʥʦʤ ʩʪʘʪʫʩʝ ʜʘʤʙʳ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʥʝʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʘʢʚʘʪʦʨʠʠ. 
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ʈʘʙʦʪʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʣʘʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈɸʅ 

ʇʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʘʢʘʜʝʤʠʡ ʥʘʫʢ ʥʘ 2013ï2020 ʛʛ. 

çɹʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝéè, ʘ ʪʘʢʞʝ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʧʦ ʧʦʜʜʝʨʞʢʝ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ 

ʰʢʦʣ ʅʐ-9513.2016.4 çʈʦʣʴ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʥʘʩʣʝʜʩʪʚʝʥʥʦʡ 

ʠ ʥʝʥʘʩʣʝʜʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠè ʈʫʢʦʚʦʜʠʪʝʣʴ ï ʉ.ɻ. ʀʥʛʝ-ɺʝʯʪʦʤʦʚ (ʀɸʉ - 1.10.1169.2016). 
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Abstract: A rare cenobial alga Stephanosphaera pluvialis with characteristic morphological 

peculiarities, not allowing to confuse it with any other green algae species (Chlorophyta), was discovered 

in temporary pools on the Ladoga breakwater in 2013 for the first time in Leningrad region. Later 

observations in 2014-2016 proved its annual appearance at Ladoga breakwater pools. 
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ɸʥʥʦʪʘʮʠʷ: ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ (ʜʝʡʪʝʨʠʡ ʠ ʢʠʩʣʦʨʦʜ-

18) ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʙʘʩʩʝʡʥʘ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʚʦʜʳ ʦʟʝʨʘ 

ʚʘʨʴʠʨʫʝʪ ʚ ʦʯʝʥʴ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ: ŭ
18

O ʢʦʣʝʙʣʝʪʩʷ ʦʪ -

11,5ă ʜʦ -9,3ă ʠ ŭ
2
H ʦʪ -85ă ʜʦ -71ă. ʅʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʘʷ ʩʝʟʦʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ʚ ʦʟʝʨʝ - ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʙʣʝʛʯʝʥʠʝ ʚ ʥʘʯʘʣʝ ʣʝʪʘ (ʚ ʧʝʨʠʦʜ ʠʩʯʝʟʥʦʚʝʥʠʷ 

ʪʝʨʤʦʙʘʨʘ) ʠ ʫʪʷʞʝʣʝʥʠʝ ʥʘ ʚʩʝʭ ʛʦʨʠʟʦʥʪʘʭ ʢ ʥʘʯʘʣʫ ʦʩʝʥʥʝʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚʦʜʳ.  ɿʘʣʠʚʳ 

ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʠʩʧʳʪʳʚʘʶʪ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʠʟʦʪʦʧʠʯʝʩʢʠ ʣʝʛʢʦʛʦ ʩʥʝʛʦʪʘʣʦʛʦ ʨʝʯʥʦʛʦ ʩʪʦʢʘ. 

ɼʠʘʧʘʟʦʥ ʚʘʨʠʘʮʠʡ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ʦʩʥʦʚʥʳʭ ʧʨʠʪʦʢʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʰʠʨʝ, ʯʝʤ ʚ ʦʟʝʨʝ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʯʝʪʢʘʷ ʩʝʟʦʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʩʦʩʪʘʚʘ ʚʦʜʳ ʧʨʠʪʦʢʦʚ: ʢ ʢʦʥʮʫ ʣʝʪʘ ʩʦʜʝʨʞʘʥʠʝ 

ʪʷʞʝʣʳʭ ʠʟʦʪʦʧʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʟʠʤʦʡ, ʟʘ ʩʯʝʪ ʚʣʠʷʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʪʝʧʣʦʛʦ 

ʧʝʨʠʦʜʘ ʛʦʜʘ ʠ ʣʘʥʜʰʘʬʪʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦʜʦʩʙʦʨʦʚ. ɺʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ 

ʢʠʩʣʦʨʦʜʘ-18 ʦʪ ʟʘʙʦʣʦʯʝʥʥʦʩʪʠ ʠ ʦʟʝʨʥʦʩʪʠ ʚʦʜʦʩʙʦʨʦʚ. ɿʠʤʦʡ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʚʦʜʳ ʚ 

ʧʨʠʪʦʢʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʣʝʛʯʝ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʨʦʩʰʝʡ ʜʦʣʠ 

ʠʟʦʪʦʧʠʯʝʩʢʠ ʣʝʛʢʠʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʟʠʤʥʝʤ ʨʝʯʥʦʤ ʨʝʞʠʤʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ, ʆʥʝʞʩʢʦʝ ʦʟʝʨʦ, ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ, ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ. 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʠʨʦʜʥʳʝ ʠʟʦʪʦʧʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʠʩʣʦʨʦʜ-18 ʠ ʜʝʡʪʝʨʠʡ (ŭ
18

O ʠ ŭ
2
H, ʜʘʣʝʝ ʠʟʦʪʦʧʥʳʡ 

ʩʦʩʪʘʚ ʚʦʜʳ), ʷʚʣʷʶʪʩʷ ʛʣʦʙʘʣʴʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʜʚʠʞʝʥʠʷ ʚʦʜʳ ʚ ʛʠʜʨʦʩʬʝʨʝ [1, 2]. ʇʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʟʘʜʘʯ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʩʫʰʠ ʦʜʥʠʤ ʠʟ 

ʛʣʘʚʥʳʭ ʚʦʧʨʦʩʦʚ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʦʙʲʝʢʪʦʚ ʠ ʚʳʧʘʜʘʶʱʠʭ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ.  

ʆʥʝʞʩʢʦʝ ʦʟʝʨʦ ʷʚʣʷʝʪʩʷ ʚʪʦʨʳʤ ʧʦ ʚʝʣʠʯʠʥʝ ʧʦʩʣʝ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʧʨʝʩʥʦʚʦʜʥʳʤ 

ʚʦʜʦʝʤʦʤ ɽʚʨʦʧʳ ʠ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ ʰʠʨʦʢʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʅʘʯʠʥʘʷ ʩ 2009 ʛ. 

ʥʘ ʘʢʚʘʪʦʨʠʠ ʠ ʚʦʜʦʩʙʦʨʝ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʚʧʝʨʚʳʝ ʧʨʦʚʦʜʠʪʩʷ ʢʦʤʧʣʝʢʩ ʨʘʙʦʪ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ 

ʠʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʚʦʜʥʳʭ ʤʘʩʩ ʠ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʦʟʝʨʘ ʥʘ ʙʘʟʝ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ. 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʜʳ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʙʦʨʪʘ ʅʀʉ çʕʢʦʣʦʛè ʥʘ ʩʪʘʥʮʠʷʭ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʟʘʣʠʚʘʭ ʠ ʦʪʢʨʳʪʦʡ ʯʘʩʪʠ ʚʦʜʦʝʤʘ. ʅʘ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʘʥʮʠʡ ʧʨʦʙʳ ʚʦʜʳ 

ʦʪʙʠʨʘʣʠʩʴ ʙʘʪʦʤʝʪʨʦʤ ʩ ʜʚʫʭ ʛʦʨʠʟʦʥʪʦʚ: ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ (1-5 ʤ) ʠ ʧʨʠʜʦʥʥʦʛʦ. ʅʘ ʦʪʜʝʣʴʥʳʭ 

ʩʪʘʥʮʠʷʭ ʚʳʧʦʣʥʷʣʦʩʴ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʦʧʨʦʙʦʚʘʥʠʝ ʚʦʜʥʦʡ ʪʦʣʱʠ (ʧʦ 4ï8 ʛʦʨʠʟʦʥʪʘʤ). ɺʩʝʛʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 240 ʧʨʦʙ ʚʦʜʳ. ʆʪʙʦʨ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʙ ʦʟʝʨʥʦʡ ʚʦʜʳ ʚʳʧʦʣʥʷʣʩʷ ʚ ʥʘʯʘʣʝ 

ʠʶʥʷ ʠ ʚ ʘʚʛʫʩʪʝ-ʩʝʥʪʷʙʨʝ. ʇʝʨʚʳʡ ʧʝʨʠʦʜ ʩʦʚʧʘʜʘʝʪ ʩ ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʷʚʣʝʥʠʷ ʪʝʨʤʦʙʘʨʘ ʚ ʢʦʥʮʝ 
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ʠʶʥʷ (ʆʥʝʞʩʢʦʝ ʦʟʝʨʦ, 2010). ɺʪʦʨʘʷ ʩʝʨʠʷ ʦʧʨʦʙʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʧʝʨʠʦʜ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚ 

ʦʟʝʨʝ ʛʦʤʦʪʝʨʤʠʠ. ɺ 2015 ʛ. ʚʳʧʦʣʥʝʥʳ ʩʝʟʦʥʥʳʝ ʦʧʨʦʙʦʚʘʥʠʷ (ʤʘʨʪ, ʠʶʥʴ, ʘʚʛʫʩʪ) ʥʘ ʩʪʘʥʮʠʠ 

ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʛʫʙʳ (ʈ2). 

ʉ 2009 ʛ. ʚʳʧʦʣʥʷʶʪʩʷ ʨʝʛʫʣʷʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʘʪʤʦʩʬʝʨʥʳʭ 

ʦʩʘʜʢʦʚ ʥʘ ʩʪʘʥʮʠʠ ʇʝʪʨʦʟʘʚʦʜʩʢ. ʆʪʙʦʨ ʧʨʦʙ ʦʩʘʜʢʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʩʨʝʜʥʝʥʝʜʝʣʴʥʦʡ ʦʩʥʦʚʝ, 

ʦʪʜʝʣʴʥʦ ʦʧʨʦʙʫʶʪʩʷ ʤʘʩʩʠʚʥʳʝ ʚʳʧʘʜʝʥʠʷ. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ 270 ʧʨʦʙ. 

ʇʨʠʪʦʢʘʤʠ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʷʚʣʷʶʪʩʷ 1152 ʨʝʢʠ, ʠʟ ʢʦʪʦʨʳʭ ʣʠʰʴ 52 ʠʤʝʶʪ ʜʣʠʥʫ ʙʦʣʝʝ 

10 ʢʤ [3]. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʠʟ ʥʠʭ (47 ʧʨʠʪʦʢʦʚ) ʦʧʨʦʙʦʚʘʥʳ ʚ ʣʝʪʥʝ-ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʚ 2014-

2015 ʛ.ʛ ʠ ʚ ʤʘʨʪʝ 2016 ʛ. ɺʦʜʦʪʦʢʠ ʦʧʨʦʙʦʚʘʥʳ ʚ ʥʠʞʥʝʤ ʠʭ ʪʝʯʝʥʠʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 117 

ʧʨʦʙ. 

ʀʟʤʝʨʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʜʝʡʪʝʨʠʷ ʠ ʢʠʩʣʦʨʦʜʘ-18 ʚ ʚʦʜʝ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʣʘʟʝʨʥʦʤ 

ʠʥʬʨʘʢʨʘʩʥʦʤ ʘʥʘʣʠʟʘʪʦʨʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ Picarro L-2120-i (ʈʝʩʫʨʩʥʳʡ ʮʝʥʪʨ 

çɻʝʦʤʦʜʝʣʴè ʅʘʫʯʥʦʛʦ ʧʘʨʢʘ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʚʦʜʳ ʚ ʆʥʝʞʩʢʦʤ ʦʟʝʨʝ ʚʘʨʴʠʨʫʝʪ ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ: ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ-18 ʢʦʣʝʙʣʝʪʩʷ ʦʪ -11,5ă ʜʦ -9,3ă ʠ 

ʜʝʡʪʝʨʠʷ ʦʪ -85ă ʜʦ -71ă (ʨʠʩ. 1). ʂʨʦʤʝ ʪʦʛʦ, ʪʦʯʢʠ ʦʟʸʨʥʦʡ ʚʦʜʳ ʩʤʝʱʝʥʳ ʚʧʨʘʚʦ ʦʪ ʣʦʢʘʣʴʥʦʡ 

ʣʠʥʠʠ ʤʝʪʝʦʨʥʳʭ ʚʦʜ (ʃʃʄɺ), ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʛʫʣʷʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ 2009ï2015 ʛ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʟʥʘʯʝʥʠʷ ʦʟʝʨʥʦʡ ʚʦʜʳ ʦʢʘʟʘʣʠʩʴ ʥʝʩʢʦʣʴʢʦ ʪʷʞʝʣʝʝ ʚʝʣʠʯʠʥʳ ʚʟʚʝʰʝʥʥʦʛʦ 

ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ŭ
18

O = -11,8ă ʠ ŭ
2
H = -84ă, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʩ 

ʫʯʝʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʠ ʩʦʩʪʘʚʘ ʚʳʧʘʜʝʥʠʡ (ʪʘʙʣ.1).  

ʇʦ ʦʩʥʦʚʥʳʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ ʩʝʟʦʥʘʤ (ʧʝʨʠʦʜ ʪʝʨʤʦʙʘʨʘ ʠ ʧʝʨʠʦʜ ʝʛʦ ʠʩʯʝʟʥʦʚʝʥʠʷ, 

ʫʩʣʦʚʥʦ ï ʚʝʩʥʘ ʠ ʦʩʝʥʴ) ʚʘʨʠʘʮʠʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʦʟʝʨʥʦʡ ʚʦʜʳ ʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʠ 

ʧʨʠʜʦʥʥʦʤ ʛʦʨʠʟʦʥʪʘʭ ʚʝʩʥʦʡ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳ, ʯʝʤ ʦʩʝʥʴʶ. ʇʨʠ ʵʪʦʤ ʢ ʢʦʥʮʫ ʣʝʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʮʝʩʩʦʚ ʠʩʧʘʨʝʥʠʷ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʚʦʜʳ ʥʘ ʚʩʝʭ ʛʦʨʠʟʦʥʪʘʭ ʟʥʘʯʠʤʦ ʙʦʣʝʝ ʪʷʞʝʣʳʡ, ʯʝʤ 

ʚʝʩʥʦʡ (ʨʠʩ. 2). 

 

y = 7,7x + 5
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ʈʠʩ.1. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠ ʚʦʜʳ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʚ 2009-2015 ʛ.ʛ. 1 

ï ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ; 2 ï ʆʥʝʞʩʢʦʝ ʦʟʝʨʦ; 3 ï ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ; 4 ï ʣʦʢʘʣʴʥʘʷ ʣʠʥʠʷ ʤʝʪʝʦʨʥʳʭ ʚʦʜ (ʃʃʄɺ), ʫʨʘʚʥʝʥʠʝ ʥʘ ʜʠʘʛʨʘʤʤʝ; 5 ï 

ʛʣʦʙʘʣʴʥʘʷ ʣʠʥʠʷ ʤʝʪʝʦʨʥʳʭ ʚʦʜ (ɻʃʄɺ). 
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ʊʘʙʣʠʮʘ 1  

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ (ă) ʥʘ 

ʩʪʘʥʮʠʠ ʇʝʪʨʦʟʘʚʦʜʩʢ 

ʇʘʨʘʤʝʪʨ ŭ
18

O ŭ
2
H 

ʉʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ -11,7 -84 

ʉʨʝʜʥʝʝ -12,4 -90 

ʄʠʥʠʤʫʤ -30,9 -239 

ʄʘʢʩʠʤʫʤ -4,1 -22 

ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʟʨʝʟʝ ʥʘ ʩʪʘʥʮʠʷʭ ʦʪʢʨʳʪʦʡ 

ʯʘʩʪʠ ʦʟʝʨʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʠʶʥʴ-ʩʝʥʪʷʙʨʴ ʥʘ ʚʩʝʭ ʛʦʨʠʟʦʥʪʘʭ ʜʠʘʧʘʟʦʥ ʢʠʩʣʦʨʦʜʘ-18 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ ʟʥʘʯʝʥʠʡ -9,3õ -10,2 ă, ʜʝʡʪʝʨʠʷ -73õ -85 ă (ʨʠʩ. 3, ʩʪʘʥʮʠʷ 

ʉ1). ʅʘʙʣʶʜʘʶʪʩʷ ʥʝʙʦʣʴʰʠʝ ʚʘʨʠʘʮʠʠ ʧʦ ʛʣʫʙʠʥʝ, ʥʦ ʙʝʟ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʠ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʪʨʝʥʜʦʚ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʜʥʫ ʦʟʝʨʘ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʜʠʤʠʢʪʠʯʝʩʢʠʡ ʪʠʧ 

ʚʦʜʦʝʤʘ, ʚ ʢʦʪʦʨʦʤ ʜʚʘʞʜʳ ʚ ʛʦʜʫ ï ʚʝʩʥʦʡ ʠ ʦʩʝʥʴʶ -  ʚʦʜʘ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʜʥʘ.  

ɺ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʦʟʝʨʘ ʠʤʝʝʪ ʤʝʩʪʦ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʚʘʨʠʘʮʠʡ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʝʟʦʥʘ (ʨʠʩ. 3, ʩʪʘʥʮʠʷ ʈ3).  

 

 
ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ-18 ʚ ʚʦʜʝ ʆʥʝʞʩʢʦʛʦ 

ʦʟʝʨʘ ʧʦ ʩʝʟʦʥʘʤ ʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʟʨʝʟʝ. 
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ʈʠʩ. 3. ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ-18 ʚ ʚʦʜʝ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʟʨʝʟʝ 

ʦʪʢʨʳʪʦʡ ʯʘʩʪʠ ʦʟʝʨʘ (ʩʪʘʥʮʠʷ ʉ1) ʠ ʚ ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʛʫʙʝ (ʩʪʘʥʮʠʷ ʈ2) ʚ ʨʘʟʣʠʯʥʳʝ ʩʝʟʦʥʳ 

2012-2015 ʛ.ʛ. 

 

ʅʘʧʨʠʤʝʨ, ʇʝʪʨʦʟʘʚʦʜʩʢʘʷ ʛʫʙʘ ʚʳʜʝʣʷʝʪʩʷ ʚʳʩʦʢʦʡ ʧʨʦʪʦʯʥʦʩʪʴʶ, ʚ ʧʝʨʠʦʜ ʦʪʢʨʳʪʦʡ ʚʦʜʳ 

ʚʦʜʦʦʙʤʝʥ ʩʦʩʪʘʚʣʷʝʪ 14ï20 ʩʫʪʦʢ. ɺ ʛʫʙʫ ʚʧʘʜʘʶʪ ʨ. ʐʫʷ ï ʚʪʦʨʘʷ ʧʦ ʧʣʦʱʘʜʠ ʚʦʜʦʩʙʦʨʘ ʠ 

ʚʝʣʠʯʠʥʝ ʩʪʦʢʘ ʨʝʢʘ ʂʘʨʝʣʠʠ, ʠ ʤʘʣʳʝ ʨʝʢʠ ʃʦʩʦʩʠʥʢʘ ʠ ʅʝʛʣʠʥʢʘ. ʇʦʩʣʝ ʪʘʷʥʠʷ ʣʴʜʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʙʦʣʴʰʝʛʦ ʧʨʦʛʨʝʚʘ ʚʦʜʳ ʫ ʙʝʨʝʛʦʚ ʬʨʦʥʪ ʪʝʨʤʦʙʘʨʘ ʧʨʝʧʷʪʩʪʚʫʝʪ ʚʦʜʦʦʙʤʝʥʫ ʛʫʙʳ ʩ 
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ʮʝʥʪʨʘʣʴʥʳʤ ʧʣʝʩʦʤ ʦʟʝʨʘ. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʚʦʜʳ ʚ ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʛʫʙʝ ʚ ʠʶʥʝ ʦʢʘʟʘʣʩʷ ʩʘʤʳʤ 

çʣʝʛʢʠʤè ʩʨʝʜʠ ʚʩʝʭ ʧʨʦʙ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʠ ʦʪʨʘʞʘʝʪ ʚʣʠʷʥʠʝ ʩʥʝʛʦʪʘʣʦʛʦ ʨʝʯʥʦʛʦ ʩʪʦʢʘ, 

ʟʘʧʝʨʪʦʛʦè ʚ ʛʫʙʝ ʪʝʨʤʦʙʘʨʦʤ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʝʫʜʘʯʥʳʡ 

ʚʳʙʦʨ ʤʝʩʪʘ ʩʦʦʨʫʞʝʥʠʷ ʚʦʜʦʟʘʙʦʨʘ ʜʣʷ ʛ. ʇʝʪʨʦʟʘʚʦʜʩʢʘ ʚ ʚʝʨʰʠʥʥʦʡ ʯʘʩʪʠ ʛʫʙʳ. ʂʘʯʝʩʪʚʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʳ ʟʜʝʩʴ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʣʠʷʥʠʝʤ ʨ. ʐʫʠ, ʚʦʜʘ ʢʦʪʦʨʦʡ 

ʠʤʝʝʪ ʥʠʟʢʦʝ ʧʨʠʨʦʜʥʦʝ ʢʘʯʝʩʪʚʦ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ ʠ ʠʩʧʳʪʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʩ ʚʦʜʦʩʙʦʨʘ [4]. 

ɺ ʦʩʥʦʚʥʳʭ ʧʨʠʪʦʢʘʭ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʜʠʘʧʘʟʦʥ ʚʘʨʠʘʮʠʡ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ 

ʟʥʘʯʠʪʝʣʴʥʦ ʰʠʨʝ, ʯʝʤ ʚ ʦʟʝʨʝ (ʨʠʩ. 4). ʅʘʙʣʶʜʘʝʪʩʷ ʯʝʪʢʘʷ ʩʝʟʦʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʩʦʩʪʘʚʘ 

ʨʝʯʥʦʡ ʚʦʜʳ: ʣʝʪʦʤ ʠ ʦʩʝʥʴʶ ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʠʟʦʪʦʧʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʟʠʤʦʡ, ʠ 

ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʳ ʚʟʚʝʰʝʥʥʦʛʦ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʦʪʨʘʞʘʷ ʚʣʠʷʥʠʝ 

ʫʪʷʞʝʣʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ. ɿʠʤʦʡ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʨʝʯʥʦʡ ʚʦʜʳ ʦʢʘʟʳʚʘʣʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʣʝʛʯʝ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠʟ-ʟʘ ʚʣʠʷʥʠʷ ʠʟʦʪʦʧʠʯʝʩʢʠ 

ʣʝʛʢʠʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʧʠʪʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʧʝʨʠʦʜ ʚʝʩʝʥʥʝʛʦ 

ʧʦʣʦʚʦʜʴʷ ʟʘ ʩʯʝʪ ʦʩʘʜʢʦʚ ʭʦʣʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʛʦʜʘ.  

ʊʦʯʢʠ, ʦʪʚʝʯʘʶʱʠʝ ʣʝʪʥʠʤ ʧʨʦʙʘʤ, ʜʣʷ ʤʥʦʛʠʭ ʧʨʠʪʦʢʦʚ ʩʤʝʱʝʥʳ ʚʧʨʘʚʦ ʦʪ ʃʃʄɺ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʟʠʤʥʠʭ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʣʠʷʥʠʠ ʧʨʦʮʝʩʩʦʚ ʠʩʧʘʨʝʥʠʷ ʥʘ ʚʦʜʦʩʙʦʨʘʭ. ɼʣʷ 

ʢʨʫʧʥʳʭ ʨʝʢ (ʐʫʷ, ʉʫʥʘ, ɺʦʜʣʘ) ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʩʪʘʚʘ ʦʪ ʩʝʟʦʥʘ ʛʦʜʘ ʤʝʥʝʝ ʚʳʨʘʞʝʥʘ, ʯʝʤ ʜʣʷ 

ʤʝʣʢʠʭ ʠ ʩʨʝʜʥʠʭ ʚʦʜʦʪʦʢʦʚ, ʘ ʩʤʝʱʝʥʠʝ ʠʟʦʪʦʧʥʳʭ ʩʦʩʪʘʚʦʚ ʚ ʦʙʣʘʩʪʴ ʠʩʧʘʨʝʥʥʳʭ ʚʦʜ 

ʭʘʨʘʢʪʝʨʥʦ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʣʝʪʥʝʛʦ, ʥʦ ʠ ʜʣʷ ʟʠʤʥʝʛʦ ʩʝʟʦʥʦʚ. ʅʘʯʘʣʴʥʳʡ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʚʦʜʳ ʚ 

ʧʨʠʪʦʢʘʭ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʪʦʯʢʝ ʧʝʨʝʩʝʯʝʥʠʷ ʣʠʥʠʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ ʃʃʄɺ ŭ
18

O å -14,1 ă ʠ 

ŭ
2
H å -103 ă (ʨʠʩ. 4). ʕʪʘ ʚʝʣʠʯʠʥʘ ʙʣʠʟʢʘ ʢ ʩʨʝʜʥʝʤʫ ʩʦʩʪʘʚʫ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʨʝʛʠʦʥʘ: ŭ

18
O å -

13,4 ă ʠ ŭ
2
H å -94 ă, ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʜʟʝʤʥʳʡ ʠʩʪʦʯʥʠʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʠʤʥʝʛʦ ʨʝʯʥʦʛʦ ʩʪʦʢʘ 

[5]. ʆʪʜʝʣʴʥʳʝ ʤʝʣʢʠʝ ʥʝ ʦʟʝʨʥʳʝ ʨʝʢʠ ɿʘʧʘʜʥʦʛʦ ʇʨʠʦʥʝʞʴʷ (ɼʝʨʝʚʷʥʢʘ, ʋʷ, ʅʝʣʫʢʩʘ, ʅʝʛʣʠʥʢʘ) 

ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʧʦʜʟʝʤʥʦʝ ʧʠʪʘʥʠʝ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʦʜʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʣʝʛʢʠʡ 

ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʚʦʜʳ ʠ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ (ʤʝʥʝʝ ŭ
18

O å -12 ă ʠ ŭ
2
H å -90 ă.).  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʨ.ʉʚʠʨʴ, ʚʳʪʝʢʘʶʱʝʡ ʠʟ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʞʠʤʦʤ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ [6]. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʨʝʯʥʦʡ ʚʦʜʳ ʧʦʣʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʝʟʦʥʥʦʤʫ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʚʦʜʳ ʦʟʝʨʘ (ʨʠʩ. 4). 
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ʈʠʩ. 4. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʚʦʜʳ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʠ ʝʛʦ ʧʨʠʪʦʢʦʚ. 1-2 ï ʤʝʣʢʠʝ ʠ ʩʨʝʜʥʠʝ 

ʧʨʠʪʦʢʠ: 1 - ʣʝʪʦ; 2 ïʟʠʤʘ; 3-4 ï ʠʩʪʦʢ ʨ. ʉʚʠʨʴ: 3 ï ʣʝʪʦ; 4 ï ʟʠʤʘ; 5-6 ï ʢʨʫʧʥʳʝ ʨʝʢʠ (ʐʫʷ, 

ʉʫʥʘ, ɺʦʜʣʘ): 5 ï ʣʝʪʦ; 6 ï ʟʠʤʘ. 7 ï ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʩʦʩʪʘʚ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ; 8 ï ʩʨʝʜʥʠʡ 

ʩʦʩʪʘʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ; 9 ï ʣʠʥʠʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʘʥʥʳʭ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ʧʨʠʪʦʢʦʚ ʚ 

ʟʠʤʥʠʡ ʧʝʨʠʦʜ; 10 - ʃʃʄɺ. ʆʚʘʣʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʦʙʣʘʩʪʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ʆʥʝʞʩʢʦʛʦ 

ʦʟʝʨʘ: ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ï ʣʝʪʦ; ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ï ʟʠʤʘ. 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʦʜʦʚʳʝ ʚʘʨʠʘʮʠʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ʧʨʠʪʦʢʦʚ ʦʪʨʘʞʘʶʪ ʢʘʢ ʩʨʝʜʥʠʝ 

ʨʝʛʠʦʥʘʣʴʥʳʝ ʠʟʦʪʦʧʥʳʝ ʦʪʥʦʰʝʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʪʘʢ ʠ ʣʘʥʜʰʘʬʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʢʘʞʜʦʛʦ ʠʟ ʚʦʜʦʩʙʦʨʦʚ ʠ ʝʛʦ ʨʘʟʤʝʨʳ. ɺʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ-18 ʦʪ 

ʟʘʙʦʣʦʯʝʥʥʦʩʪʠ ʠ ʦʟʝʨʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʚʦʜʦʩʙʦʨʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʨʘʩʩʯʠʪʘʥʳ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ [7]. ʉ 

ʨʦʩʪʦʤ ʚʝʣʠʯʠʥʳ ʦʟʝʨʥʦʩʪʠ ʠ ʟʘʙʦʣʦʯʝʥʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʠʟʦʪʦʧʦʚ ʚʦʜʳ 

(ʨʠʩ. 5). 
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ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ-18 ʚ ʚʦʜʝ ʧʨʠʪʦʢʦʚ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʣʝʪʥʠʡ 

ʧʝʨʠʦʜ ʦʪ ʦʟʝʨʥʦʩʪʠ (ɸ) ʠ ʟʘʙʦʣʦʯʝʥʥʦʩʪʠ (ɹ) ʚʦʜʦʩʙʦʨʦʚ. 

 

ɺʳʚʦʜʳ 

ɺʧʝʨʚʳʝ ʚ ʙʘʩʩʝʡʥʝ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʚʳʧʦʣʥʝʥ ʢʦʤʧʣʝʢʩ ʨʘʙʦʪ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʠʟʫʯʝʥʠʝ 

ʜʠʥʘʤʠʢʠ ʚʦʜʥʳʭ ʤʘʩʩ ʠ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʦʟʝʨʘ ʥʘ ʙʘʟʝ ʤʦʥʠʪʦʨʠʥʛʘ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ (ʢʠʩʣʦʨʦʜʘ-18 - ŭ
18

O  ʠ ʜʝʡʪʝʨʠʷ - ŭ
2
H). 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʚʦʜʳ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʚʘʨʴʠʨʫʝʪ ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ: ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ-18 ʢʦʣʝʙʣʝʪʩʷ ʦʪ -11,5ă ʜʦ -9,3ă ʠ 

ʜʝʡʪʝʨʠʷ ʦʪ -85ă ʜʦ -71ă. ʅʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʘʷ ʩʝʟʦʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʠʟʦʪʦʧʥʦʛʦ 

ʩʦʩʪʘʚʘ - ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʙʣʝʛʯʝʥʠʝ ʚ ʥʘʯʘʣʝ ʣʝʪʘ (ʚ ʧʝʨʠʦʜ ʠʩʯʝʟʥʦʚʝʥʠʷ ʪʝʨʤʦʙʘʨʘ) ʠ ʫʪʷʞʝʣʝʥʠʝ 

ʢ ʥʘʯʘʣʫ ʦʩʝʥʥʝʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚʦʜʳ.  ɺʦʜʘ ʟʘʣʠʚʦʚ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʠʩʧʳʪʳʚʘʶʪ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʩʥʝʛʦʪʘʣʦʛʦ ʩʪʦʢʘ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙ·ʣʴʰʠʤ ʨʘʟʤʘʭʦʤ ʟʥʘʯʝʥʠʡ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ, ʯʝʤ 

ʦʪʢʨʳʪʘʷ ʯʘʩʪʴ ʦʟʝʨʘ. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʚʦʜʳ ʚ ʠʩʪʦʢʝ ʨ. ʉʚʠʨʴ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʝʟʦʥʥʦʤʫ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʚʦʜʳ ʦʟʝʨʘ. 

ɼʠʘʧʘʟʦʥ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ʦʩʥʦʚʥʳʭ ʧʨʠʪʦʢʦʚ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʟʥʘʯʠʪʝʣʴʥʦ ʰʠʨʝ, 

ʯʝʤ ʚ ʦʟʝʨʝ. ʅʘʙʣʶʜʘʝʪʩʷ ʯʝʪʢʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʩʦʩʪʘʚʘ ʚʦʜʳ ʧʨʠʪʦʢʦʚ ʧʦ ʩʝʟʦʥʘʤ: ʣʝʪʦʤ ʠ 

ʦʩʝʥʴʶ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʟʦʪʦʧʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʟʠʤʦʡ. ɼʣʷ ʢʨʫʧʥʳʭ ʨʝʢ (ʐʫʷ, ʉʫʥʘ, 

ɺʦʜʣʘ) ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʩʪʘʚʘ ʦʪ ʩʝʟʦʥʘ ʛʦʜʘ ʤʝʥʝʝ ʚʳʨʘʞʝʥʘ, ʯʝʤ ʜʣʷ ʤʝʣʢʠʭ ʠ ʩʨʝʜʥʠʭ ʚʦʜʦʪʦʢʦʚ. 

ʃʝʪʦʤ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʧʨʠʪʦʢʦʚ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʮʝʣʦʤ ʠʟʦʪʦʧʠʯʝʩʢʠ ʣʝʛʯʝ ʦʟʝʨʥʦʡ ʚʦʜʳ ʠ 

ʦʪʨʘʞʘʝʪ ʩʨʝʜʥʠʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʠʟʦʪʦʧʥʳʝ ʟʥʘʯʝʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ, 

ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʦʩʙʦʨʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ï ʦʟʝʨʥʦʩʪʠ ʠ ʟʘʙʦʣʦʯʝʥʥʦʩʪʠ, 

ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʧʨʦʮʝʩʩ ʠʩʧʘʨʝʥʠʷ. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʚʦʜʳ ʚ ʧʨʠʪʦʢʘʭ ʚ ʟʠʤʥʶʶ ʤʝʞʝʥʴ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʜʟʝʤʥʳʡ ʠʩʪʦʯʥʠʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʠʤʥʝʛʦ ʨʝʯʥʦʛʦ ʩʪʦʢʘ. ʆʪʜʝʣʴʥʳʝ ʤʝʣʢʠʝ ʥʝ 

ʦʟʝʨʥʳʝ ʨʝʢʠ ʠʤʝʶʪ ʣʝʛʢʠʡ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʚʦʜʳ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʦʜʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʜʟʝʤʥʦʤ ʧʠʪʘʥʠʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ14-17-

00766). 
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Abstract: The results of studies of stable water isotopes (deuterium and oxygen-18) in Lake Onego 

basin are reported. It is determined that the isotopic composition of lake water varies within a very narrow 

range in comparison with precipitation: ŭ
18

O from -11.5 ă to - 9.3ă and ŭ
2
H from -85ă to -71ă. There 

is a slight seasonal differentiation of the isotopic composition of lake water with minimum values in the 

early summer (the period of thermobar disappearance) and maximum to the beginning of autumn water 

cooling. The isotopically light snowmelt river flow has strong influence on the isotopic composition of 

water in bays. Isotopes variations in water in the main tributaries of Lake Onega are much wider than in 

the lake. There is a clear seasonal isotope differentiation in water of tributaries: the content of heavy 

isotopes in late summer is much higher than in winter due to the influence of atmospheric precipitation in 

the warm period of the year and landscape features of watersheds. The content of ŭ18o in waters of 

tributaries depends on the lakes and swamps percentage on the catchment. The isotopic composition of 

the tributaries in winter was much easier than average value of annual precipitation due to the increased 

proportion of isotopically light groundwater in the winter river regime. 

Key words: isotopic composition, Lake Onega, precipitation, groundwater 
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ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʨʘʡʦʥʝ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʢʦʥʮʝ ʧʣʝʡʩʪʦʮʝʥʘ ʠ ʛʦʣʦʮʝʥʝ ʩʥʘʯʘʣʘ 

ʩʫʱʝʩʪʚʦʚʘʣ ʣʝʜʦʚʳʡ, ʘ ʟʘʪʝʤ ʧʨʦʭʣʘʜʥʳʡ ʛʫʤʠʜʥʳʡ ʢʣʠʤʘʪ, ʧʦʩʪʝʧʝʥʥʦ ʩʤʝʥʠʚʰʠʡ ʣʝʜʦʚʳʡ. 

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩʪʦʢ ʠʟ ʦʟʝʨʘ, ʧʨʦʠʩʭʦʜʠʚʰʠʡ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʦ 

ʧʦʜʣʝʜʥʦʡ ʨʝʢʝ, ʘ ʟʘʪʝʤ ʧʦ ʦʙʰʠʨʥʦʤʫ ʧʨʦʣʠʚʫ. ɺʝʣʠʯʠʥʘ ʧʨʦʣʠʚʘ ʚʥʘʯʘʣʝ ʚʦʟʨʘʩʪʘʣʘ, ʘ ʟʘʪʝʤ 

ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʣʘʩʴ ʠ ʧʨʦʣʠʚ ʩʤʝʥʠʣʩʷ ʨʝʢʦʡ ʅʝʚʦʡ. ʅʝʚʘ ʩʫʱʝʩʪʚʫʝʪ ʩʦ ʚʨʝʤʝʥʠ ʥʝʩʢʦʣʴʢʦ 

ʙʦʣʝʝ ʨʘʥʥʝʛʦ, ʯʝʤ ʥʘʯʘʣʦʩʴ ʥʘʢʦʧʣʝʥʠʝ ʪʦʨʬʷʥʠʢʦʚ ʚ ʦʪʣʦʞʝʥʠʷʭ ʝʝ ʙʝʨʝʛʦʚ. ɼʣʠʪʝʣʴʥʦʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʝʢʠ ʅʝʚʳ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʚ ʨʘʡʦʥʝ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʠ ʝʛʦ ʦʢʨʫʞʝʥʠʷ, ʯʝʤ ʦʙʳʯʥʦ 

ʩʯʠʪʘʶʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʝʢʠ ʅʝʚʳ, ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, 

ʫʨʦʚʝʥʴ ʚʦʜ ʦʟʝʨʘ, ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 

 

ʇʨʝʞʜʝ, ʯʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ ʚ ʨʘʡʦʥʝ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚ 

ʛʦʣʦʮʝʥʝ, ʩʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʢʣʠʤʘʪʦʚ. 

ʇʨʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠʥʷʪʦ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʦʙʩʪʘʥʦʚʢʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʧʦʜʨʘʟʜʝʣʷʪʴ, ʩʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʣʠʪʦʛʝʥʝʟʘ ʘʢʘʜʝʤʠʢʘ  

ʅ. ʄ. ʉʪʨʘʭʦʚʘ [9], ʥʘ ʪʨʠ ʢʘʯʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʪʠʧʘ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʦʙʩʪʘʥʦʚʢʘʤ ʠ ʙʘʣʘʥʩʫ ʚʣʘʞʥʦʩʪʠ: ʣʝʜʦʚʳʡ, ʛʫʤʠʜʥʳʡ ʠ ʘʨʠʜʥʳʡ. ʌʠʟʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, 

ʧʦʣʦʞʝʥʥʳʤʠ ʚ ʦʩʥʦʚʫ ʚʳʜʝʣʝʥʠʷ ʵʪʠʭ ʪʠʧʦʚ, ʷʚʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʛʦʜʦʚʦʡ ʙʘʣʘʥʩ ʚʣʘʞʥʦʩʪʠ. 

ʃʝʜʦʚʳʡ ʪʠʧ ʣʠʪʦʛʝʥʝʟʘ ʩʫʱʝʩʪʚʫʝʪ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ, ʥʘ ʢʦʪʦʨʳʭ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʜʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ 0
ʦ
ʉ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʠʩʧʘʨʝʥʠʝʤ. ʇʦʵʪʦʤʫ 

ʦʩʘʜʢʠ ʚ ʚʠʜʝ ʩʥʝʛʘ ʧʨʝʚʳʰʘʶʪ ʠʩʧʘʨʷʝʤʦʩʪʴ ʠ ʠʟʙʳʪʦʢ ʚʦʜʳ ʚ ʦʩʥʦʚʥʦʤ, ʠʣʠ ʮʝʣʠʢʦʤ, 

ʚʳʥʦʩʠʪʩʷ ʣʝʜʥʠʢʦʤ ʠ ʧʣʘʚʘʶʱʠʤʠ ʣʴʜʘʤʠ ʚ ʚʠʜʝ ʬʠʨʥʘ ʠ ʣʴʜʘ. 

ɻʫʤʠʜʥʳʡ (ʚʣʘʞʥʳʡ) ʪʠʧ ʣʠʪʦʛʝʥʝʟʘ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʢʣʠʤʘʪʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʨʝʜʥʷʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʪʝʯʝʥʠʝ ʮʝʣʦʛʦ ʛʦʜʘ, ʠʣʠ ʯʘʩʪʠ ʝʛʦ, ʚʳʰʝ 0
ʦ
ʉ, ʘ ʩʫʤʤʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ 

ʧʨʝʚʦʩʭʦʜʠʪ ʠʩʧʘʨʝʥʠʝ ʠ ʧʦʪʦʤʫ ʠʟʙʳʪʦʢ ʚʦʜʳ ʥʘ ʩʫʰʝ ʩʪʝʢʘʝʪ ʧʦ ʨʫʯʴʷʤ ʠ ʨʝʢʘʤ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, çʭʦʣʦʜʥʘʷè ʯʘʩʪʴ ʪʘʢʦʛʦ ʢʣʠʤʘʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʣʝʜʦʚʳʤ 

ʢʣʠʤʘʪʦʤ, ʚ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʘʢʦʚʦʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʨʝʤʷ. ʇʨʠ ʵʪʦʤ ʠ ʛʨʘʥʠʮʘ ʤʝʞʜʫ 

ʪʘʢʠʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʦʙʩʪʘʥʦʚʢʘʤʠ ʤʦʞʝʪ ʠʩʧʳʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʥʘʧʨʘʚʣʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ, ʥʦ  

ʠ ʦʧʨʝʜʝʣʝʥʥʫʶ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʪʘʙʠʣʠʟʘʮʠʶ. ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʙʘʣʘʥʩ ʚʣʘʞʥʦʩʪʠ ʛʫʤʠʜʥʦʛʦ 

ʢʣʠʤʘʪʘ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʥʘ ʝʜʠʥʠʮʫ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʚʳʧʘʜʘʝʪ ʙʦʣʴʰʝ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʯʝʤ ʤʦʛʣʦ ʙʳ ʩ ʥʝʝ ʠʩʧʘʨʠʪʴʩʷ, ʜʘʞʝ ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʥʘ ʥʝʡ ʚʦʜʦʝʤʘ ʠʣʠ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʩʝ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʩʫʰʝ ʩ ʛʫʤʠʜʥʳʤ ʢʣʠʤʘʪʦʤ 

ʚʦʜʦʝʤʳ ʠʣʠ ʨʝʯʥʳʝ ʩʠʩʪʝʤʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʤʦʨʩʢʠʤʠ ʦʙʩʪʘʥʦʚʢʘʤʠ, ʦʙʣʘʜʘʶʪ 

ʧʨʝʩʥʳʤʠ, ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʧʦʚʳʰʝʥʠʷ ʩʦʣʝʥʦʩʪʠ, ʚʦʜʘʤʠ. ʀʥʘʯʝ ʠ ʙʳʪʴ ʥʝ ʤʦʞʝʪ, ʧʦʩʢʦʣʴʢʫ 

ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʧʨʝʩʥʳʝ, ʘ ʠʭ ʚʳʧʘʜʘʝʪ ʙʦʣʴʰʝ, ʯʝʤ ʠʩʧʘʨʷʝʪʩʷ ʚʦʜʳ. 

ɸʨʠʜʥʳʡ (ʩʫʭʦʡ) ʪʠʧ ʣʠʪʦʛʝʥʝʟʘ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʩʦʯʝʪʘʥʠʠ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚʳʰʝ 

0
ʦ
ʉ ʠ ʩʫʭʦʛʦ ʢʣʠʤʘʪʘ ï ʢʣʠʤʘʪʘ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʛʦʜʦʚʳʤ ʙʘʣʘʥʩʦʤ ʚʣʘʞʥʦʩʪʠ. ɺ ʪʘʢʠʭ 

ʦʙʩʪʘʥʦʚʢʘʭ ʥʘ ʝʜʠʥʠʮʫ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʚʳʧʘʜʘʝʪ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ 

ʤʝʥʴʰʝ, ʯʝʤ ʩ ʥʝʝ ʤʦʛʣʦ ʙʳ ʠʩʧʘʨʠʪʴʩʷ, ʝʩʣʠ ʙʳ ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʦʝʤʘ. 

ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʙʘʣʘʥʩ ʚʣʘʞʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʦʟʝʨʥʳʭ ʚʦʜʦʝʤʘʭ ʠ, ʩ ʟʘʪʨʫʜʥʝʥʥʳʤ 

ʚʦʜʦʦʙʤʝʥʥʦʤ, ʤʦʨʩʢʠʭ ʨʘʟʚʠʚʘʝʪʩʷ ʦʩʦʣʦʥʝʥʠʝ; ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʢ ʥʘ ʩʫʰʝ ʠʩʪʦʱʘʝʪʩʷ, 
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ʟʘʢʘʥʯʠʚʘʷʩʴ ʥʝʨʝʜʢʦ ʙʝʩʩʪʦʯʥʳʤʠ ʦʟʝʨʘʤʠ, ʩʦʣʦʥʯʘʢʘʤʠ, ʩʫʭʠʤʠ ʜʝʣʴʪʘʤʠ. ɹʦʣʴʰʫʶ ʨʦʣʴ 

ʠʛʨʘʶʪ ʚʨʝʤʝʥʥʳʝ ʧʦʪʦʢʠ ʠ ʵʨʦʟʠʦʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚʝʪʨʘ. ʈʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ, ʧʦʩʣʝ ʝʛʦ 

ʨʘʟʚʠʪʠʷ ʥʘ ʩʫʰʝ, ʚ ʘʨʠʜʥʦʤ ʢʣʠʤʘʪʝ ʩʣʘʙʦ ʨʘʟʚʠʪ ʠʣʠ ʜʘʞʝ ʦʪʩʫʪʩʪʚʫʝʪ. ʂʦʥʝʯʥʦ, ʚ 

ʧʦʟʜʥʝʣʝʜʥʠʢʦʚʴʝ ʠ ʛʦʣʦʮʝʥʝ ʚ ʨʘʡʦʥʝ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʪʘʢʦʡ ʢʣʠʤʘʪ ʥʝ ʤʦʛ ʩʫʱʝʩʪʚʦʚʘʪʴ. 

ɻʦʩʧʦʜʩʪʚʦʚʘʣ ʛʫʤʠʜʥʳʡ, ʧʨʠʯʝʤ ʧʨʦʭʣʘʜʥʳʡ ʢʣʠʤʘʪ, ʠ ʧʨʝʜʰʝʩʪʚʦʚʘʚʰʠʡ ʝʤʫ ï ʣʝʜʦʚʳʡ. 

ʇʨʠ ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʙʠʦʩʬʝʨʳ ʚʘʞʥʝʡʰʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʛʫʤʠʜʥʦʛʦ 

ʢʣʠʤʘʪʘ ʥʘ ʩʫʰʝ ʷʚʣʷʝʪʩʷ ʧʦʯʪʠ ʩʧʣʦʰʥʦʡ (ʧʨʠ ʫʩʣʦʚʠʠ ʥʝʥʘʨʫʰʝʥʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʢʠʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ  ʠʣʠ ʩʠʣʴʥʦ ʨʘʩʯʣʝʥʝʥʥʳʤ ʨʝʣʴʝʬʦʤ) ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ ʠ ʨʘʟʚʠʪʘʷ ʩʠʩʪʝʤʘ 

ʧʦʩʪʦʷʥʥʦ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʨʝʯʥʳʭ ʩʝʪʝʡ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʩ 

ʧʦʷʚʣʝʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʩʫʰʝ ʨʝʯʥʳʝ ʩʠʩʪʝʤʳ ʚ ʛʫʤʠʜʥʦʤ ʢʣʠʤʘʪʝ ʧʨʠʦʙʨʝʣʠ, ʦʯʝʚʠʜʥʦ, 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʦʩʪʦʷʥʩʪʚʦ ʩʚʦʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ. ʈʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ, ʦʩʦʙʝʥʥʦ ʜʨʝʚʝʩʥʳʡ, 

ʷʚʠʣʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʩʪʘʙʠʣʠʟʘʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʝʢ. ʕʪʦ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ ʧʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʦʩʣʝʣʝʜʥʠʢʦʚʦʛʦ ʧʨʦʰʣʦʛʦ ʦʢʨʝʩʪʥʦʩʪʝʡ ʦʟʝʨ, ʚ ʯʘʩʪʥʦʩʪʠ ʃʘʜʦʞʩʢʦʛʦ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʨʝʢ, ʚ ʦʙʱʝʤ ʧʣʘʥʝ, ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʭʘʨʘʢʪʝʨʦʤ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ, ʘ 

ʦʥ, ʩʦʛʣʘʩʥʦ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ ʚʦ ʚʨʝʤʝʥʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ. 

ʈʘʟʚʝ ʥʝ ʦʙ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʱʝʛʦ ʧʣʘʥʘ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʜʚʠʞʝʥʠʡ ʛʦʚʦʨʠʪ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʨʝʚʥʠʭ ʜʦʣʠʥ ʠ ʣʦʞʙʠʥ ʧʦʜʣʝʜʥʠʢʦʚʦʛʦ ʩʪʦʢʘ ʣʝʜʥʠʢʦʚʳʭ ʚʦʜ 

ʠ ʧʦʣʦʞʝʥʠʝ ʜʨʝʚʥʝʛʦ ʨʝʯʥʦʛʦ ʨʫʩʣʘ, ʚ ʦʙʱʝʤ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʤʝʩʪʝ ʩʦʚʨʝʤʝʥʥʦʡ ʨ. ʅʝʚʳ 

[1]. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʨ. ʅʝʚʘ, ʠʣʠ ʝʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʮʘ, ʨʘʩʧʦʣʘʛʘʚʰʘʷʩʷ ʧʨʠʤʝʨʥʦ 

ʪʘʢ ʞʝ ʢʘʢ ʩʦʚʨʝʤʝʥʥʘʷ, ʩʫʱʝʩʪʚʦʚʘʣʘ ʫʞʝ ʚ ʢʦʥʮʝ ʣʝʜʥʠʢʦʚʦʛʦ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʝʱʝ ʚʝʩʴ ʝʝ 

ʚʦʜʦʪʦʢ ʙʳʣ ʧʝʨʝʢʨʳʪ ʣʴʜʦʤ. ʊʦ ʝʩʪʴ, ʨʝʢʘ ʤʦʛʣʘ ʙʳʪʴ ʧʦʜʣʝʜʥʦʡ, ʠ ʧʦʜʦ ʣʴʜʦʤ, ʦʥʘ ʬʦʨʤʠʨʦʚʘʣʘ 

ʩʚʦʝ ʨʫʩʣʦ. 

ʉ ʭʦʜʦʤ ʚʨʝʤʝʥʠ ʣʝʜʥʠʢ ʧʨʦʛʨʝʩʩʠʚʥʦ ʪʘʷʣ, ʠ ʧʦʪʦʤʫ ʥʘ ʤʝʩʪʝ ʧʦʜʣʝʜʥʦʛʦ ʩʪʦʢʘ ʚʦʟʥʠʢ 

ʙʦʣʝʝ ʤʦʱʥʳʡ, ʥʦ ʥʘʟʝʤʥʳʡ, ʠʜʫʱʠʡ ʚ ʚʠʜʝ ʧʨʦʣʠʚʘ ʠʟ ʦʩʚʦʙʦʜʠʚʰʝʡʩʷ ʦʪʦ ʣʴʜʘ ʶʛʦ-ʟʘʧʘʜʥʦʡ 

ʯʘʩʪʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʌʠʥʩʢʠʡ ʟʘʣʠʚ. ʃʝʜʥʠʢ ʬʦʨʤʠʨʦʚʘʣʩʷ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʙʘʣʘʥʩʝ 

ʚʣʘʞʥʦʩʪʠ, ʘ ʩʤʝʥʠʚʰʠʡ ʣʝʜʦʚʳʡ ʢʣʠʤʘʪ ï ʛʫʤʠʜʥʳʡ, ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʪʘʢʠʤ ʙʘʣʘʥʩʦʤ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʪʘʷʥʠʠ ʣʝʜʥʠʢʘ ʠʟ ʨʘʡʦʥʘ ʝʛʦ ʨʘʟʚʠʪʠʷ ʚʳʥʦʩʠʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʚʦʜʳ, ʯʝʤ 

ʤʦʛʣʦ ʙʳ ʧʨʠ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʫʩʪʦʷʚʰʝʛʦʩʷ ʛʫʤʠʜʥʦʛʦ ʢʣʠʤʘʪʘ ʙʝʟ ʫʥʘʩʣʝʜʦʚʘʥʥʦʛʦ ʦʪ ʣʝʜʦʚʦʛʦ 

ʢʣʠʤʘʪʘ ʣʝʜʥʠʢʦʚʦʛʦ ʧʦʢʨʦʚʘ. ʈʝʟʢʦ ʚʳʨʘʞʝʥʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʙʘʣʘʥʩ ʚʣʘʞʥʦʩʪʠ ʚʧʦʣʥʝ 

ʦʯʝʚʠʜʝʥ. ɺ ʛʫʤʠʜʥʦʤ ʢʣʠʤʘʪʝ ʚʳʧʘʜʘʝʪ ʦʩʘʜʢʦʚ ʙʦʣʴʰʝ, ʯʝʤ ʠʩʧʘʨʷʝʪʩʷ, ʘ ʢʨʦʤʝ ʪʦʛʦ 

ʜʦʙʘʚʣʷʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʧʨʠ ʪʘʷʥʠʠ ʣʝʜʥʠʢʦʚʦʛʦ ʧʦʢʨʦʚʘ. ʇʦʵʪʦʤʫ ʧʦʪʦʢ ʚʦʜ ʩ 

ʪʝʨʨʠʪʦʨʠʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʠ ʝʝ ʚʦʜʦʩʙʦʨʦʚ ʜʦʣʞʝʥ ʙʳʣ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʦʩʣʝ 

ʜʝʛʨʘʜʘʮʠʠ ʣʝʜʥʠʢʘ, ʢʦʛʜʘ ʚʣʘʛʘ ʧʦʩʪʫʧʘʣʘ ʣʠʰʴ ʟʘ ʩʯʝʪ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ. ʇʨʠ ʵʪʦʤ 

ʫʤʝʥʴʰʝʥʠʝ ʩʪʦʢʘ ʧʨʦʠʩʭʦʜʠʣʦ, ʚʝʨʦʷʪʥʦ, ʚ ʦʙʱʝʤ ʧʦʩʪʝʧʝʥʥʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʤʫ ʫʤʝʥʴʰʝʥʠʶ ʧʣʦʱʘʜʠ ʣʝʜʥʠʢʘ, ʚʧʣʦʪʴ ʜʦ ʝʛʦ ʠʩʯʝʟʥʦʚʝʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʤʝʩʪʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʦʜʣʝʜʥʠʢʦʚʦʡ ʨʝʢʠ (ʧʨʝʜʰʝʩʪʚʝʥʥʠʮʳ ʅʝʚʳ) 

ʧʦʩʪʝʧʝʥʥʦ, ʧʦ ʤʝʨʝ ʪʘʷʥʠʷ ʣʝʜʥʠʢʘ ʥʘ ʤʝʩʪʝ ʶʞʥʦʡ ʯʘʩʪʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʠ ʝʝ ʦʢʨʝʩʪʥʦʩʪʝʡ 

ʚʦʟʥʠʢ ʤʦʱʥʳʡ ʧʨʦʣʠʚ, ʩʤʝʥʠʚʰʠʡ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʝʨʚʠʯʥʫʶ ʨ. ʅʝʚʫ, ʚʦʟʥʠʢʰʫʶ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ, ʢʘʢ ʧʦʜʣʝʜʥʠʢʦʚʳʡ ʚʦʜʦʪʦʢ. ɿʘʪʝʤ, ʧʦ ʤʝʨʝ ʪʘʷʥʠʷ ʣʝʜʥʠʢʘ ʠ ʫʤʝʥʴʰʝʥʠʷ ʨʦʣʠ 

ʝʛʦ ʪʘʣʳʭ ʚʦʜ, ʵʪʦʪ ʧʨʦʣʠʚ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʧʦʩʪʝʧʝʥʥʦ ʧʨʝʚʨʘʪʠʣʩʷ ʚ ʨ. ʅʝʚʫ. ʂʦʛʜʘ ʵʪʦ 

ʠʤʝʣʦ ʤʝʩʪʦ ʩʝʡʯʘʩ ʪʦʯʥʦ ʩʢʘʟʘʪʴ ʥʝʣʴʟʷ, ʥʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʵʪʦ ʧʨʦʠʟʦʰʣʦ, ʧʦ ʢʨʘʡʥʝʡ 

ʤʝʨʝ, ʜʦ ʥʘʯʘʣʘ ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʨʬʷʥʠʢʦʚ ʚ ʙʝʨʝʛʦʚʳʭ ʦʙʨʳʚʘʭ ʩʦʚʨʝʤʝʥʥʦʡ ʨ. ʅʝʚʳ ʙʣʠʟ 

ʛ. ʂʠʨʦʚʩʢʘ, ʚʦʟʨʘʩʪʦʤ ʦʢʦʣʦ 9550 ʣʝʪ ʥʘʟʘʜ. ɺʝʜʴ ʧʦʜʦʰʚʘ ʵʪʠʭ ʪʦʨʬʷʥʠʢʦʚ ʟʜʝʩʴ ʟʘʣʝʛʘʝʪ ʚʩʝʛʦ 

ʣʠʰʴ ʥʘ ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʝ ʦʢʦʣʦ 7 ʤ. ɺʨʝʤʝʥʘʤʠ ʦʥʠ ʬʦʨʤʠʨʦʚʘʣʠʩʴ, ʚʝʨʦʷʪʥʦ, ʙʝʟ ʧʝʨʝʨʳʚʘ ʜʦ 

3580 ʣʝʪ ʥʘʟʘʜ, ʘ ʧʨʠ ʙʦʣʝʝ ʤʦʣʦʜʦʡ ʧʦʜʦʰʚʝ (7510 ʣʝʪ ʥʘʟʘʜ) ʜʘʞʝ ʜʦ 3400 ʣʝʪ ʥʘʟʘʜ [2]. ʇʨʠ 

ʵʪʦʤ ʭʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʠʥʦʛʜʘ ʣʠʥʟʦʯʢʠ ʠ ʧʨʦʩʣʦʠ ʪʦʨʬʷʥʠʢʦʚ (ʠʣʠ ʦʙʣʦʤʢʠ ʜʨʝʚʝʩʠʥʳ) ʚʦʟʨʘʩʪʦʤ 

ʚ ʧʨʝʜʝʣʘʭ 8875-4130 ʣʝʪ ʥʘʟʘʜ ʟʘʣʝʛʘʶʪ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠ ʥʠʞʝ, ʫʧʦʤʠʥʘʚʰʠʭʩʷ ʪʦʨʬʷʥʠʢʦʚ, ʘ 

ʠʟʨʝʜʢʘ ʜʘʞʝ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʦʙʳʯʥʦʛʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʫʨʦʚʥʷ ʟʜʝʩʴ ʨ. ʅʝʚʳ, ʩʦʩʪʘʚʣʷʶʱʠʤ ʦʢʦʣʦ 

3,3 ʤ [6]. ʊʘʢʦʝ ʨʘʟʥʦʚʳʩʦʪʥʦʝ ʧʦʣʦʞʝʥʠʝ ʦʜʥʦʚʦʟʨʘʩʪʥʳʭ ʪʦʨʬʷʥʠʢʦʚ, ʧʨʦʷʚʣʷʶʱʝʝʩʷ ʥʘ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ, ʠʥʦʛʜʘ ʚ ʧʨʝʜʝʣʘʭ 50 ʤ ʨʘʩʩʪʦʷʥʠʷʭ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʚʳʟʚʘʥʦ ʥʘʢʦʧʣʝʥʠʝʤ 

ʦʪʣʦʞʝʥʠʡ, ʚʤʝʱʘʶʱʠʝ ʪʦʨʬʷʥʠʢʠ, ʚ ʨʝʯʥʦʡ ʦʙʩʪʘʥʦʚʢʝ, ʦ ʯʝʤ ʧʦʜʨʦʙʥʦ ʛʦʚʦʨʠʣʦʩʴ ʚ [2]. 
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ʉʭʦʜʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʢʦʥʝʯʥʦ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʭ ʜʘʥʥʳʭ, ʥʦ ʩ ʙʦʣʴʰʝʡ 

ʜʝʪʘʣʴʥʦʩʪʴʶ, ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʝʱʝ ʚ 1926 ʛ. ʚ ʦʙʰʠʨʥʦʡ ʩʪʘʪʴʝ ʅ.ɺ. ʇʦʪʫʣʦʚʦʡ, ʧʨʦʚʦʜʠʚʰʝʡ 

ʜʝʪʘʣʴʥʫʶ ʩʲʝʤʢʫ ʨʘʡʦʥʘ ʚʝʨʭʥʝʛʦ ʪʝʯʝʥʠʷ ʨ. ʅʝʚʳ ʠ ʥʠʞʥʝʛʦ ʪʝʯʝʥʠʷ ʨ. ʄʛʠ [8]. ʕʪʘ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʥʠʮʘ ʦʪʤʝʯʘʣʘ, ʯʪʦ ʪʝʨʨʠʪʦʨʠʷ, ʥʘ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʨ. ʅʝʚʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʠʟʤʝʥʥʫʶ ʩʠʣʴʥʦ ʟʘʙʦʣʦʯʝʥʥʫʶ ʨʘʚʥʠʥʫ ʩ ʪʦʨʬʷʥʠʢʘʤʠ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʡ ʯʘʩʪʦ ʩʦʯʝʪʘʝʪʩʷ ʩ 

ʜʣʠʥʥʳʤʠ ʚʘʣʘʤʠ, ʚʳʪʷʥʫʪʳʤʠ ʦʙʳʯʥʦ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʧʘʨʘʣʣʝʣʴʥʦ ʨ. ʅʝʚʝ. ʇʦʩʢʦʣʴʢʫ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚʘʣʦʚ ʩʪʨʦʛʦ ʦʪʚʝʯʘʝʪ ʩʦʚʨʝʤʝʥʥʦʤʫ ʪʝʯʝʥʠʶ ʨ. ʅʝʚʳ, ʪʦ ʵʪʫ ʨʝʢʫ ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ 

ʟʘ ʦʩʪʘʪʦʢ ʚʦʜʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʠʭ ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦ. ʅ.ɺ. ʇʦʪʫʣʦʚʘ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʜʘʥʥʳʭ ʦʥʘ, ʩʦʚʤʝʩʪʥʦ ʩ ʄ.ʄ. ʊʝʪʷʝʚʳʤ, ʩʯʠʪʘʝʪ ʅʝʚʫ ʦʩʪʘʪʢʦʤ ʚʦʜʥʦʛʦ ʙʘʩʩʝʡʥʘ, 

ʩʦʢʨʘʪʠʚʰʝʛʦʩʷ ʜʦ ʨʘʟʤʝʨʦʚ ʫʟʢʦʛʦ ʧʨʦʪʦʢʘ ʤʝʞʜʫ ʃʘʜʦʞʩʢʠʤ ʦʟʝʨʦʤ ʠ ʌʠʥʩʢʠʤ ʟʘʣʠʚʦʤ, 

ʩʦʩʪʘʚʣʷʚʰʠʤʠ ʨʘʥʴʰʝ ʦʜʥʦ ʮʝʣʦʝ. ʇʦ ʤʥʝʥʠʶ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ 

ʠʟʫʯʝʥʠʠ ʩʘʤʦʡ ʅʝʚʳ ʦʥʘ ʥʝ ʧʨʦʠʟʚʦʜʠʪ ʚʧʝʯʘʪʣʝʥʠʷ ʦʙʳʯʥʦʡ ʨʝʢʠ. ʉʢʦʨʝʝ ʵʪʦ ʨʷʜ ʨʘʩʰʠʨʝʥʠʡ, 

ʩʦʝʜʠʥʝʥʥʳʭ ʙʦʣʝʝ ʫʟʢʠʤʠ ʧʨʦʪʦʢʘʤʠ, ʘ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʤʝʩʪʘʤʠ ʪʝʨʨʘʩʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʩʢʦʨʝʝ 

ʦ ʩʦʢʨʘʱʝʥʠʠ ʝʝ ʰʠʨʠʥʳ, ʯʝʤ ʦ ʧʝʨʝʤʝʱʝʥʠʠ ʨʫʩʣʘ. ʅʝʣʴʟʷ ʥʝ ʩʦʛʣʘʩʠʪʴʩʷ ʩ ʧʨʠʚʝʜʝʥʥʳʤʠ 

ʤʥʝʥʠʷʤʠ. ʄʦʞʥʦ ʣʠʰʴ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʙʫʨʥʳʤ ʨʘʟʚʠʪʠʝʤ ʧʦ ʅʝʚʝ ʧʣʘʚʩʨʝʜʩʪʚ, ʝʝ ʙʝʨʝʛʘ 

ʤʝʩʪʘʤʠ ʩʪʘʣʠ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʨʫʰʘʪʴʩʷ. 

ʈʘʙʦʪʘ ʅ.ɺ. ʇʦʪʫʣʦʚʦʡ ʜʣʷ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ 

ʯʝʪʢʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨ. ʅʝʚʘ ʚʦʟʥʠʢʣʘ ʥʘ ʤʝʩʪʝ ʠ ʢʘʢ ʦʩʪʘʪʦʢ ʦʙʰʠʨʥʦʛʦ ʚʦʜʥʦʛʦ ʙʘʩʩʝʡʥʘ ʤʝʞʜʫ 

ʃʘʜʦʞʩʢʠʤ ʦʟʝʨʦʤ ʠ ʌʠʥʩʢʠʤ ʟʘʣʠʚʦʤ. ʀ ʥʠʢʘʢʠʭ ʩʦʤʥʝʥʠʡ ʥʠ ʫ ʥʝʝ, ʥʠ ʫ ʄ.ʄ. ʊʝʪʷʝʚʘ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʦ ʥʳʥʝ, ʥʝ ʙʳʣʦ. ɹʦʣʝʝ ʪʦʛʦ, ʯʠʪʘʪʝʣʴ ʥʝ ʚʠʜʠʪ ʥʠʢʘʢʠʭ 

ʩʚʠʜʝʪʝʣʴʩʪʚ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʘ ʤʝʩʪʝ ʙʳʣʦʛʦ ʦʙʰʠʨʥʦʛʦ ʧʨʦʣʠʚʘ ʚ ʤʝʞʜʫʨʝʯʴʝ 

ʨʝʢ ʄʛʠ ʠ ʊʦʩʥʳ ʚʦʟʚʳʰʝʥʥʦʩʪʠ, ʤʦʛʰʝʡ ʧʨʠʚʝʩʪʠ ʢ ʣʠʢʚʠʜʘʮʠʠ ʨ. ʅʝʚʳ. ʅʝ ʧʨʠʚʦʜʠʪʩʷ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʜʝʪʘʣʴʥʳʭ ʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ ʩʚʝʜʝʥʠʡ ʦ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʅʝʚʳ ʠ ʝʝ ʦʢʨʫʞʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʦʛʰʠʭ ʩʦʟʜʘʪʴ ʚʦʜʦʨʘʟʜʝʣ ʥʘ ʤʝʩʪʝ ʙʳʣʦʛʦ ʧʨʦʣʠʚʘ ʚ ʥʠʟʦʚʴʷʭ 

ʨʝʢ ʄʛʠ ʠ ʊʦʩʥʳ. ʅʝʚʦʣʴʥʦ ʟʘʜʘʝʰʴʩʷ ʚʦʧʨʦʩʦʤ, ʘ ʢʪʦ-ʥʠʙʫʜʴ ʜʦʢʘʟʘʣ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ? ʄʥʦʛʦ 

ʧʠʩʘʣʦʩʴ ʦ ʝʛʦ ʫʥʠʯʪʦʞʝʥʠʠ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʨʳʚʘ ʯʝʨʝʟ ʥʝʛʦ ʨʝʢʠ ʅʝʚʳ ʚ ʢʦʥʮʝ ʛʦʣʦʮʝʥʘ, ʘ ʥʘʜʦ 

ʙʳʣʦ ʩʥʘʯʘʣʘ ʦʙʦʩʥʦʚʘʪʴ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ. 

ʂ ʩʢʘʟʘʥʥʦʤʫ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʠʚʝʩʪʠ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʄ.ɺ. ʇʣʘʪʦʥʦʚʳʤ, ʩʧʝʮʠʘʣʴʥʦ 

ʠʟʫʯʘʚʰʠʤ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʨ. ʅʝʚʳ  [7].  ʕʪʦʪ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʦʪʤʝʯʘʣ, ʯʪʦ çʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ 

ʨ. ʅʝʚʳ ʤʝʞʜʫ ʨʝʢʘʤʠ ʊʦʩʥʘ ʠ ʄʛʘè [7, ʩʪʨ. 113] ʵʪʘ ʨʝʢʘ ʩʫʱʝʩʪʚʦʚʘʣʘ ʫʞʝ ʚ ʥʘʯʘʣʝ ʛʦʣʦʮʝʥʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʠʢʘʢʦʛʦ ʚʦʜʦʨʘʟʜʝʣʘ ʤʝʞʜʫ ʨʝʢʘʤʠ ʄʛʦʡ ʠ ʊʦʩʥʦʡ ʥʘ ʤʝʩʪʝ ʩʦʚʨʝʤʝʥʥʦʡ 

ʨ. ʅʝʚʳ ʚ ʥʘʯʘʣʝ ʛʦʣʦʮʝʥʘ ʥʝ ʙʳʣʦ. 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʨ. ʅʝʚʘ, ʩʤʝʥʠʚʰʘʷ ʠʥʪʝʥʩʠʚʥʳʡ ʩʪʦʢ ʧʦ ʧʨʝʜʰʝʩʪʚʦʚʘʚʰʝʤʫ ʝʡ 

ʧʨʦʣʠʚʫ, ʙʫʜʫʯʠ ʧʦʣʥʦʚʦʜʥʦʡ ʨʝʢʦʡ, ʠʩʧʳʪʳʚʘʚʰʝʡ, ʢʘʢ ʫʢʘʟʳʚʘʣʦʩʴ, ʠʟʙʳʪʦʯʥʳʡ ʩʪʦʢ ʧʨʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʦʩʪʘʪʢʦʚ ʣʝʜʥʠʢʘ, ʥʝ ʤʦʛʣʘ ʠʩʯʝʟʥʫʪʴ, ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʩʪʦʢʘ ʚ ʨʘʡʦʥʝ ʧʦʩʝʣʢʘ 

ɺʝʱʝʚʦ. ɺʝʜʴ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʥʝʪ ʩʣʝʜʦʚ ʤʦʱʥʳʭ ʧʦʪʦʢʦʚ, ʩʭʦʜʥʳʭ ʩ ʅʝʚʩʢʠʤ. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʘʛʘʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʟʜʝʩʴ ʣʠʰʴ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ, ʧʨʠʯʝʤ ʤʝʣʢʦʚʦʜʥʦʛʦ, ʩʦʝʜʠʥʝʥʠʷ 

ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʩ ɹʘʣʪʠʡʩʢʠʤ ʤʦʨʝʤ ʚ ʘʥʮʠʣʦʚʦʝ ʚʨʝʤʷ [4]. ʆʜʥʘʢʦ ʦʥʦ ʙʳʣʦ ʣʠʰʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʜʦʧʦʣʥʝʥʠʝʤ ʢ ʩʪʦʢʫ ʧʦ ʨ. ʅʝʚʝ. ʇʨʠ ʧʦʜʲʝʤʝ ʫʨʦʚʥʷ ʘʥʮʠʣʦʚʦʛʦ ʦʟʝʨʘ ʨ. ʅʝʚʘ 

ʥʝ ʤʦʛʣʘ ʠʩʯʝʟʥʫʪʴ, ʥʘʧʨʦʪʠʚ, ʦʥʘ ʜʦʣʞʥʘ ʙʳʣʘ ʫʚʝʣʠʯʠʪʴ ʩʚʦʶ ʤʦʱʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʚ ʫʩʣʦʚʠʷʭ 

ʛʫʤʠʜʥʦʛʦ ʢʣʠʤʘʪʘ ʩʪʦʢ ʠʟ ʃʘʜʦʛʠ ʜʦʣʞʝʥ ʙʳʣ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʩʪʦʷʥʥʦ ʠ ʚ ʙʦʣʴʰʦʤ ʦʙʲʝʤʝ. 

ʇʨʠʟʥʘʥʠʝ ʦʪʤʝʯʝʥʥʦʛʦ ʜʣʠʪʝʣʴʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨ. ʅʝʚʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʚ ʨʘʡʦʥʝ 

ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʠ ʝʛʦ ʦʢʨʝʩʪʥʦʩʪʝʡ. ʊʘʢ, ʢʦʥʝʯʥʦ, ʥʝʨʝʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʩʭʝʤʘʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ 

ʪʝʨʨʘʩ ʂʘʨʝʣʴʩʢʦʛʦ ʧʝʨʝʰʝʡʢʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ɼ.ɼ. ʂʚʘʩʦʚʳʤ [5, ʨʠʩ. 38]. ʆʥ ʥʝʚʝʨʝʥ, 

ʪʘʢ ʢʘʢ ʬʘʢʪʠʯʝʩʢʠ ʚ ʚʝʨʭʦʚʴʷʭ ʨ. ʅʝʚʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʨʬʷʥʠʢʠ, ʚʦʟʨʘʩʪʦʤ ʧʦʯʪʠ ʚʩʝʛʦ ʛʦʣʦʮʝʥʘ 

[2]. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʢʘʟʘʥʥʦʛʦ ʚ ʨʘʡʦʥʝ ʵʪʦʡ ʨʝʢʠ ʛʨʦʤʘʜʥʦʛʦ ʧʝʨʝʢʦʩʘ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʪʝʨʨʘʩ 

ʥʝ ʤʦʛʣʦ ʙʳʪʴ. 

ɽʩʣʠ ʩʦʛʣʘʩʠʪʴʩʷ ʩ ʤʥʝʥʠʝʤ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʛʦʣʦʮʝʥʘ ʩʪʦʢ ʧʦ ʨ. ʅʝʚʝ ʥʘ ʶʛʝ 

ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʥʝ ʩʫʱʝʩʪʚʦʚʘʣ, ʧʦʩʢʦʣʴʢʫ ʅʝʚʳ ʝʱʝ ʥʝ ʙʳʣʦ, ʪʦ ʥʝ ʙʫʜʝʪ ʦʩʥʦʚʘʥʠʡ ʩʯʠʪʘʪʴ 

ʚʦʟʤʦʞʥʳʤ ʠ ʠʥʪʝʥʩʠʚʥʳʡ ʨʝʯʥʦʡ ʩʪʦʢ ʚ ʦʟʝʨʦ ʩ ʶʛʘ. ɺʝʜʴ ʩʦʛʣʘʩʥʦ ʚʳʩʢʘʟʳʚʘʚʰʠʤʩʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʧʨʝʙʦʨʝʘʣʝ ʠ ʙʦʨʝʘʣʝ, ʫʨʦʚʝʥʴ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʜʦʩʪʠʛʘʣ ʚʳʩʦʪ 
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30-32 ʤ [10]. ɺ ʪʘʢʠʝ ʵʪʘʧʳ ʟʦʥʘ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʦʟʝʨʝ ʙʳʣʘ ʤʝʥʴʰʝ ʩʦʚʨʝʤʝʥʥʦʡ  ʠʥʦʛʜʘ 

ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ, ʧʨʠʯʝʤ ʦʩʫʰʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʝʩʣʠ 

ʫʨʦʚʝʥʴ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʠʥʦʛʜʘ ʜʦʩʪʠʛʘʣ 30-32 ʤ, ʘ ʶʞʥʘʷ ʯʘʩʪʴ ʝʛʦ ʧʨʝʚʨʘʱʘʣʘʩʴ ʚ ʩʫʰʫ, 

ʧʨʠʭʦʜʠʪʩʷ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʦʜʦʩʙʦʨʳ ʚʦʜʦʝʤʘ ʙʳʣʠ ʝʱʝ ʚʳʰʝ. ʅʦ ʪʘʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʝʨʝʘʣʴʥʳ. 

ɺʝʜʴ ʨʝʢʠ, ʚʪʝʢʘʶʱʠʝ ʩʝʡʯʘʩ ʩ ʶʛʘ ʠ ʶʛʦ-ʚʦʩʪʦʢʘ ʚ ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ,  ʧʨʠ ʪʘʢʦʤ ʫʨʦʚʥʝ ʥʝ ʤʦʛʣʠ 

ʚ ʥʝʛʦ ʧʦʧʘʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʦʟʝʨʥʳʡ ʫʨʦʚʝʥʴ ʙʳʣ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʫʨʦʚʥʷ  ʚʦʜʳ ʚ ʵʪʠʭ ʨʝʢʘʭ [3]. 

ʊʘʢ ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʚʘʨʠʘʥʪ ʤʦʣʦʜʦʛʦ ʚʦʟʨʘʩʪʘ ʨ. ʅʝʚʳ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʵʪʦʤʫ ʧʨʠʥʷʪ. 

ʆʙ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʪʝʯʝʥʠʝ, ʧʦ ʢʨʘʡʥʝʡ 

ʤʝʨʝ, ʧʦʩʣʝʜʥʠʭ 6 ʪʳʩ. ʣʝʪ, ʛʦʚʦʨʷʪ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ  ʧʨʠ ʠʟʫʯʝʥʠʠ ʦʟʝʨʘ ɺʦʣʦʷʨʚʠ  [10]. 

ʋʨʦʚʝʥʴ ʵʪʦʛʦ ʦʟʝʨʘ ʨʘʩʧʦʣʘʛʘʣʩʷ ʚ ʪʝʯʝʥʠʝ ʫʢʘʟʘʥʥʦʛʦ ʚʨʝʤʝʥʠ ʥʝ ʚʳʰʝ 15 ʤ ʥʘʜ ʫ. ʤ. ʇʨʠʯʝʤ ʚ 

ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ ʝʛʦ ʥʝʪ ʩʣʝʜʦʚ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʣʘʜʦʞʩʢʠʭ ʚʦʜ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʪʝʯʝʥʠʝ 6 ʪʳʩ. 

ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʫʨʦʚʝʥʴ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʥʝ ʧʦʜʥʠʤʘʣʩʷ ʜʦ 15 ʤ ʥʘʜ ʫ. ʤ. ɹʦʣʝʝ ʪʦʛʦ, ʨʘʟ ʦʟ. 

ɺʦʣʦʷʨʚʠ ʥʝ ʟʘʭʣʝʩʪʳʚʘʣʦʩʴ ʃʘʜʦʞʩʢʠʤʠ ʚʦʜʘʤʠ, ʛʨʘʥʠʮʳ ʤʘʢʩʠʤʫʤʘ ʣʘʜʦʞʩʢʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ 

ʜʦʣʞʥʳ ʙʳʪʴ ʤʝʥʴʰʝ, ʯʝʤ ʙʳʣʦ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ   ʢʦʥʮʝ ʧʣʝʡʩʪʦʮʝʥʘ ʠ ʛʦʣʦʮʝʥʝ ʚ ʨʘʡʦʥʝ 

ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʠ ʝʛʦ ʦʢʨʫʞʝʥʠʷ ʩʫʱʝʩʪʚʦʚʘʣ ʧʨʦʭʣʘʜʥʳʡ  ʛʫʤʠʜʥʳʡ ʢʣʠʤʘʪ, ʧʦʩʪʝʧʝʥʥʦ 

ʩʤʝʥʷʚʰʠʡ ʣʝʜʦʚʳʡ. ʇʨʠ ʵʪʦʤ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩʪʦʢ ʚʦʜ ʠʟ ʦʟʝʨʘ, 

ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩʥʘʯʘʣʘ ʧʦ ʧʦʜʣʝʜʥʦʡ ʨʝʢʝ (ʇʨʘ-ʅʝʚʝ), ʟʘʪʝʤ ʧʦ ʦʙʰʠʨʥʦʤʫ ʧʨʦʣʠʚʫ, 

ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʩʥʘʯʘʣʘ ʚʦʟʨʘʩʪʘʣʘ, ʘ ʟʘʪʝʤ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʣʘʩʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʣʠʚ 
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ABOUT CLIMATIC AND TECTONIC CHANGES IN REGION OF THE LADOGA LAKE 
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Abstract: In region of the Ladoga lake at the end of Pleistocene and Holocene first existed ice, but 

then chilly humid climate, gradually changed by ice. Climatic change checked the sewer from lake, 

occurred originally on subglacial  river, but on extensive strait then. The value of the strait in the 

beginning increased, but then gradually decreased. The strait was changed by river Neva. Neva exists 

since time several more early, than began the accumulation of peat bog in postponing its coast. Long 

existence river Neva and some other data are indicative of vastly greater stability tectonic motions in 

region of the Ladoga lake and its environment, than usually consider. 

Keywords: existence river Neva, the Ladoga lake, climatic particularities, level of water lake, 

tectonic stability 
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ʟʝʤʝʣʴ, ʤʝʣʠʦʨʘʮʠʷ ʟʘʙʦʣʦʯʝʥʥʳʭ ʧʣʦʱʘʜʝʡ, ʨʘʩʰʠʨʝʥʠʝ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʦʢʘʟʳʚʘʝʪ 

ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʣʠ̫ ʥʠʝ ʥʘ ʦʟʝʨʦ [2 ï 5]. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʨʝʜʥʠʭ ʛʦʜʦʚʳʭ 

ʫʨʦʚʥʝʡ ʚʦʜʳ ʦʟʝʨʘ. 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʦʟʝʨʘ ʚ ʧʣʦʩʢʦʩʪʠ (ʧʨʠʨʘʱʝʥʠʝ ʫʨʦʚʥʷ), ʪʦ 

ʠʩʢʣʶʯʘʝʪʩʷ ʷʚʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʦʪ ʚʨʝʤʝʥʠ, ʪ. ʢ. ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʥʘ ʧʣʦʩʢʦʩʪʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʪʦʯʝʢ [6]. ɼʣʷ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ ʪʦʯʝʢ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʚʳʙʦʨʦʯʥʫʶ 

ʨʝʛʨʝʩʩʠʶ, ʧʦʢʘʟʳʚʘʶʱʫʶ ʤʝʨʫ ʨʘʟʙʨʦʩʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʝʢ ʚʦʢʨʫʛ ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʠ 
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g(x), ʥʘʟʳʚʘʝʤʦʡ ʨʝʛʨʝʩʩʠʝʡ. ʏʘʱʝ ʚʩʝʛʦ ʤʝʨʘ ʨʘʟʙʨʦʩʘ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʡ ʥʘ ʟʘʜʘʥʥʦʤ ʦʪʨʝʟʢʝ 

ʬʫʥʢʮʠʠ g(x) ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ 

( )
2

1

( ) ( )
n

j j

j

Q g y g x
=

= -ä ,     (1) 

ʛʜʝ jy  ï ʦʨʜʠʥʘʪʘ; jx  ï ʘʙʩʮʠʩʩʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. 

ʊʝʦʨʝʤʘ ɺʝʡʝʨʰʪʨʘʩʩʘ ʛʣʘʩʠʪ, ʯʪʦ ʣʶʙʘʷ ʥʝʧʨʝʨʳʚʥʘʷ ʥʘ ʢʦʥʝʯʥʦʤ ʦʪʨʝʟʢʝ ʬʫʥʢʮʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʙʣʠʞʝʥʘ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤ ʧʦʣʠʥʦʤʦʤ ʩ ʣʶʙʦʡ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʝʝ ʤʦʞʥʦ 

ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʘʥʘʣʠʟʘ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʚʦʜʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʠʜʘ [6]: 

( ) ( )H H tD F g= + ,     (2) 

ʛʜʝ H  ï ʫʨʦʚʝʥʴ ʚʦʜʦʝʤʘ; HD  ï ʝʛʦ ʧʨʠʨʘʱʝʥʠʷ; ( )tg  ï ʩʣʫʯʘʡʥʘʷ ʚʦʟʤʫʱʘʶʱʘʷ ʩʠʣʘ; ( )HF  ï 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʡ ʧʦʣʠʥʦʤ, ʥʘʟʳʚʘʝʤʳʡ ʘʚʪʦʥʦʤʥʦʡ (ʥʝ ʟʘʚʠʩʷʱʝʡ ʦʪ ʚʨʝʤʝʥʠ) ʨʝʛʨʝʩʩʠʝʡ.  

ɺ ʘʚʪʦʥʦʤʥʦʝ ʫʨʘʚʥʝʥʠʝ ʠʣʠ ʩʠʩʪʝʤʫ ʘʚʪʦʥʦʤʥʳʭ ʫʨʘʚʥʝʥʠʡ ʷʚʥʦ ʥʝ ʚʭʦʜʠʪ ʥʝʟʘʚʠʩʠʤʘʷ 

ʧʝʨʝʤʝʥʥʘʷ (ʚʨʝʤʷ), ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʬʫʥʢʮʠʡ, ʦʧʠʩʳʚʘʝʤʳʭ 

ʘʚʪʦʥʦʤʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʠʣʠ ʩʠʩʪʝʤʦʡ ʘʚʪʦʥʦʤʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʥʝ ʤʝʥʷʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ 

[8]. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ 

ʥʦʨʤʠʨʫʁ ʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ: 

max min

max min

2 ( )
( )

H t H H
Z t

H H

- -
=

-
,     (3) 

ʛʜʝ ( )Z t  ï ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʫʨʦʚʥʷ ʚʦʜʦʝʤʘ; ( )H t  ï ʠʩʭʦʜʥʳʡ ʫʨʦʚʝʥʴ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

1, ...,t N= ; max
1
max ( )

t N
H H t

¢ ¢
=  ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ; min

1
min ( )

t N
H H t

¢ ¢
=  ï ʤʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ 

ʚʦʜʦʝʤʘ.  

ʄʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʣʝʜʫʶʱʝʡ 

ʣʠʥʝʡʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʘʨʘʤʝʪʨʦʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʨʘʟʥʦʩʪʥʦʡ ʤʦʜʝʣʠ [1]: 
( )( 1) ( ) ( ( )) ( )kZ t Z t Z t tF g+ - = + ,     (4) 

ʛʜʝ ( ) ( )k tg  ï ʦʩʪʘʪʦʯʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʦʜʝʣʠ ʨʝʛʨʝʩʩʠʠ ʧʦʨʷʜʢʘ k, ʘ 

( ( ))Z tF ʦʧʨʝʜʝʣʝ̫ʪʩʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ: 

0

( ( )) ( )
k

i

i

i

Z t a Z tF
=

=ä .       

ɹʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʵʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʞʠʜʘʥʠʝ ʠ ʜʠʩʧʝʨʩʠʶ, ʘ ʝʝ ʟʥʘʯʝʥʠʷ ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʳ. ʆʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ia  ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ 

ʫʩʣʦʚʠʷ ʤʠʥʠʤʫʤʘ ʬʫʥʢʮʠʠ Q ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ: 
2

1

0 1

1 0

( , , ..., ) ( 1) ( ) ( )
N k

i

k i

t i

Q a a a Z t Z t a Z t
-

= =

è ø
= + - -é ù
ê ú
ä ä

,     (5) 

ʛʜʝ k  ï ʩʪʝʧʝʥʴ ʧʦʣʠʥʦʤʘ; N  ï ʯʠʩʣʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʥʘʙʣʜʁʝʥʠʡ.  

ʌʫʥʢʮʠʷ 0 1( , , ..., )kQ a a a  ʜʦʩʪʠʛʘʝʪ ʤʠʥʠʤʫʤʘ ʚ ʪʦʯʢʘʭ, ʛʜʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʝʨʝʤʝʥʥʳʤ ʦʙʨʘʱʘʶʪʩʷ ʚ ʥʦʣʴ. ʉʪʝʧʝʥʴ ʧʦʣʠʥʦʤʘ k  ʚʳʙʠʨʘʝʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ ʦʩʪʘʪʦʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʥɹʦʩʪʠ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ( ( )) 0Z tF =  ʧʦʣʫʯʘʶʪ ʨʘʚʥʦʚʝʩʥʳʝ ʧʦʣʦʞʝʥʠʷ ʫʨʦʚʥʷ ʜʣʷ 

ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ, ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʨʘʚʥʦʚʝʩʥʳʝ ʘʙʩʦʣʶʪʥʳʝ ʧʦʣʦʞʝʥʠʷ ʫʨʦʚʥʷ ʧʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʨʦʠʟʚʦʜʥʦʡ ʚ ʧʦʣʫʯʝʥʥʳʭ ʪʦʯʢʘʭ ʦʟʥʘʯʘʶʪ ʫʩʪʦʡʯʠʚʦʝ (ʟʥʘʢ ñïò) ʠʣʠ 

ʥʝʫʩʪʦʡʯʠʚʦʝ (ʟʥʘʢ ñ+ò) ʩʦʩʪʦʷʥʠʝ [8]. ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠʜʝʘʣʴʥʦʡ ʪʦʯʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʣʫʯʘʡʥʦʡ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʧʦʪʝʥʮʠʘʣ 

( ) ( )U H H dHF=-ñ .     (7) 

ʄʠʥʠʤʫʤʳ ʧʦʪʝʥʮʠʘʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʩʪʦʡʯʠʚʳʤ ʩʦʩʪʦʷʥʠʷʤ ʨʘʚʥʦʚʝʩʠʷ, ʘ ʤʘʢʩʠʤʫʤʳ ï 

ʥʝʫʩʪʦʡʯʠʚʳʤ. 
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ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʠʩʩʣʝʜʫʝʪʩʷ ʦʩʪʘʪʦʯʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ɽʩʣʠ 

ʠʩʩʣʝʜʫʝʤʘʷ ʬʫʥʢʮʠʷ ( )Y t  ʝʩʪʴ ʩʫʤʤʘ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ( )pf t  ʩ ʧʝʨʠʦʜʦʤ 
0P  ʠ ʰʫʤʘ ( )te , 

ʪʦ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʦʪʨʝʟʢʦʚ ʨʷʜʘ kY  ʜʣʠʥʦʡ 0P  ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʚʳʷʚʣʷʝʪʩʷ ʚʠʜ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʠ ( )pf t . ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʩʚʝʨʥʫʪʴ ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʩ ʧʝʨʠʦʜʦʤ 0P  ʠ ʨʘʩʩʤʦʪʨʝʪʴ 

ʬʘʟʦʚʫʶ ʜʠʘʛʨʘʤʤʫ ʵʪʦʛʦ ʧʝʨʠʦʜʘ. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʚʠʩʠʤʦʩʪʴ 
kY  ʦʪ 

kX , 

ʛʜʝ ʘʙʩʮʠʩʩʘ 
kX  ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ [9]: 

*

0

, 1, ...k
k

t t
X fr k N

P

å õ-
= =æ ö
ç ÷

,     (8) 

ʛʜʝ ( )fr z  ï ʜʨʦʙʥʘʷ ʯʘʩʪʴ ʯʠʩʣʘ z ; kt  ï ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʝʥʠʡ; *t  ï ʧʨʦʠʟʚʦʣʴʥʦ 

ʚrʙʨʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʦʩʥʦʚʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʦʞʝʥʳ ʤʘʪʝʨʠʘʣʳ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʩʨʝʜʥʠʤʠ ʛʦʜʦʚʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʫʨʦʚʥʝʡ ʚʦʜʳ ʚ ʦʟʝʨʝ ʅʘʨʦʯʴ ʟʘ 55-ʣʝʪʥʠʡ ʠʥʪʝʨʚʘʣ ï ʩ 1956 ʧʦ 2010 ʛʛ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʠʤʝʶʱʝʛʦʩʷ ʨʷʜʘ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ 

ʚʦʜʳ ʦʟʝʨʘ ʅʘʨʦʯʴ ʥʘ ʠʩʩʣʝʜʫʝʤʦʤ ʠʥʪʝʨʚʘʣʝ, ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩ. 1. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʚʦ ʠʟʙʝʞʘʥʠʝ ʦʰʠʙʦʢ ʧʨʠ ʦʢʨʫʛʣʝʥʠʠ ʚ ʚʳʯʠʩʣʝʥʠʷ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ 

ʥʦʨʤʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (3). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ 

ʤʦʜʝʣʠ (4)ï(5) ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ ʦʩʪʘʪʦʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ( ) ( )k tg  ʜʣʷ 

ʩʪʝʧʝʥʠ ʧʦʣʠʥʦʤʘ k, ʨʘʚʥʦʡ ʯʠʩʣʘʤ ʦʪ 3 ʜʦ 10 ʚʢʣʶʯʠʪʝʣʴʥʦ. 

 
ʈʠʩ. 1. ʂʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʦʟʝʨʘ ʅʘʨʦʯʴ, 1956 ï 2010 ʛʛ. 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʩʪʘʪʦʯʥʦʡ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ 

ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʧʨʠ 8k= , ʧʦʵʪʦʤʫ ʜʘʣʴʥʝʡʰʝʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʦʨʷʜʢʘ ʨʝʛʨʝʩʩʠʠ ʥʝ 

ʪʨʝʙʫʝʪʩʷ (ʨʠʩ. 2). 
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ʉʫʤʤʘ ʢʚʘʜʨʘʪʦʚ 

ʦʩʪʘʪʦʯʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ ʦʩʪʘʪʦʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʧʦʣʠʥʦʤʘ 

 

ɼʘʣʝʝ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʬʫʥʢʮʠʷ ( ( ))Z tF , ʦʧʠʩʳʚʘʶʱʘʷ 

ʢʦʣʝʙʘʥʠʷ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʚʠʜʝ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ 

ʨʝʛʨʝʩʩʠʠ 8-ʡ ʩʪʝʧʝʥʠ: 
8 7 6 5

4 3 2

( ( )) 9.8234 ( ) 9.5248 ( ) 20.3185 ( ) 17.6399 ( )

13.8939 ( ) 8.3926 ( ) 3.3150 ( ) 0.1504 ( ) 0.0134.

Z t Z t Z t Z t Z t

Z t Z t Z t Z t

F =- - + + -

- - + + -
  (9) 

ʈʘʚʥʦʚʝʩʥʳʝ ʧʦʣʦʞʝʥʠʷ ʫʨʦʚʥʷ  ʷʚʣʷʶʪʩʷ ʢʦʨʥʷʤʠ ʫʨʘʚʥʝʥʠʷ ( ( )) 0Z tF = ʠ ʧʨʠʥʠʤʘʶʪ ʜʣʷ 

ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʟʥʘʯʝʥʠʷ 1 0,082Z =- , 2 0,049Z = , 3 0,349Z = , ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʤ 

ʟʥʘʯʝʥʠʷʤ ʫʨʦʚʥʷ 1 167,196H =  ʤ, 2 170,069H =  ʤ, 3 176,678H =  ʤ, ʷʚʣʷʶʱʠʭʩʷ ʧʦʣʦʞʝʥʠʷʤʠ 

ʨʘʚʥʦʚʝʩʠʷ (ʨʠʩ. 3).  
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ʈʠʩ. 3. ʇʦʣʠʥʦʤʠʘʣʴʥʘʷ ʨʝʛʨʝʩʩʠʷ 8-ʛʦ ʧʦʨʷʜʢʘ ʚ ʘʙʩʦʣʶʪʥʦʤ ʤʘʩh ʪʘʙʝ. 

 

ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʝ (7), ʠʩʩʣʝʜʦʚʘʥ ʧʦʪʝʥʮʠʘʣ ʫʨʦʚʥʷ ʦʟʝʨʘ ʅʘʨʦʯʴ (ʨʠʩ. 4). ʊʦʯʢʠ 

ʵʢʩʪʨʝʤʫʤʦʚ ʧʦʪʝʥʮʠʘʣʘ ʩʦʚʧʘʜʘʶʪ ʩ ʢʦʨʥʷʤʠ ʫʨʘʚʥʝʥʠʷ ( ( )) 0Z tF = . ʇʨʠ ʵʪʦʤ ʜʣʷ ʦʟʝʨʘ ʅʘʨʦʯʴ 

ʭʘʨʘʢʪʝʨʥʦ ʜʚʘ ʤʠʥʠʤʫʤʘ 1 167,196H =  ʤ, 3 176,678H =  ʤ (ʫʩʪʦʡʯʠʚʳʝ ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦʚʝʩʠʷ) ʠ 

ʦʜʠʥ ʤʘʢʩʠʤʫʤ 2 170,069H =  ʤ (ʥʝʫʩʪʦʡʯʠʚʳʡ ʫʨʦʚʝʥʴ). 



105 

 

-0,1

0,0

0,1

0,2

0,3

0,4

140 150 160 170 180 190 200

ʋʨʦʚʝʥʴ, ʤ

ʇʦʪʝʥʮʠʘʣ

 
ʈʠʩ. 4. ʇʦʪʝʥʮʠʘʣ ʨʝʛʨʝʩʩʠʠ 8-ʛʦ ʧʦʨʷʜʢʘ. 

 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʦʩʪʘʪʦʯʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ʇʝʨʠʦʜ 0P  ʦʩʪʘʪʦʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʧʝʢʪʨʘʣʴʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ ʧʦʣʦʞʝʥʦ ʚʳʯʠʩʣʝʥʠʝ ʩʧʝʢʪʨʦʚ ʚʘʨʠʘʮʠʠ ʥʘ 

ʩʢʦʣʴʟʷʱʠʭ ʚʨʝʤʝʥʥʳʭ ʦʪʨʝʟʢʘʭ [7]. ɼʣʷ ʫʨʦʚʥʷ ʦʟʝʨʘ ʅʘʨʦʯʴ ʚʳʷʚʣʝʥ 2-ʣʝʪʥʠʡ ʮʠʢʣ, ʯʪʦ 

ʧʦʣʦʞʝʥʦ ʚ ʦʩʥʦʚʫ ʧʦʩʪʨʦʝʥʠʷ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ (8), ʠʟʦʙʨʘʞʝʥʥʦʡ 

ʥʘ ʨʠʩ. 5. 
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ʆʩʪʘʪʦʯʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ

 
ʈʠʩ. 5. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʦʩʪʘʪʦʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʦʩʪʘʪʦʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʫʶ 

ʜʣʷ ʩʝʟʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʠʥʫʩʦʠʜʘʣʴʥʫʶ ʬʦʨʤʫ, ʪʦʛʜʘ ʝʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʁ ʱʠʤ 

ʦʙʨʘʟʦʤ: 
(8)

0 1 2( ) sin 4 cos4 ( ), 1,2,...t A A t A t t t Ng p p e= + + + = ,  (10) 

ʛʜʝ ( )te  ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʝʟʘʚʠʩʠʤʳʭ ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ.  

ɿʥʘʯʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʨʘʞʝʥʠʷ (10) ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ ʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: 0 0A = , 1 0,03418A = , 2 0,10471A = . ʇʦʩʣʝ ʫʜʘʣʝʥʠʷ ʠʟ 

ʦʩʪʘʪʦʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʨʘʩʩʯʠʪʘʥʳ ʧʘʨʘʤʝʪʨʳ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ( )te , ʠʤʝʶʱʠʝ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ 0kM =  ʠ 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 0,3805kD = . ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʦʟʝʨʘ 

ʅʘʨʦʯʴ ʚʳʨʘʞʝʥʠʝ (9) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʩʣʝʜʫʶʱʝʤʫ ʚʳʨʘʞʝʥʠʶ: 
8 7 6 5 4

3 2

0 1 2

( ( )) 9.8234 ( ) 9.5248 ( ) 20.3185 ( ) 17.6399 ( ) 13.8939 ( )

8.3926 ( ) 3.3150 ( ) 1.1504 ( ) 0.0134 sin 4 cos4 ( )

Z t Z t Z t Z t Z t Z t

Z t Z t Z t A A t A t t

F

p p e

=- - + + - -

- + + - + + + +
, (11) 

ʛʜʝ ( )te  ï ʦʩʪʘʪʦʯʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʠʤʝʶʱʘʷ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

(0;0,3805)N .  

ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʘʝʢʪʦʨʠʷ, ʩʤʦʜʝʣʠʨʦʚʘʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʥʦʤʥʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʨʘʟʥʦʩʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʁ ʱʝʡ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦ 

ʬʦʨʤʫʣʝ (11) ʪʨʘʝʢʪʦʨʠʠ ʜʣʠʥʦʡ 200 ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʟʘ ʧʨʝʜʝʣʳ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ, ʨʘʚʥʦʛʦ 

191 ʤ, ʚʳʭʦʜʷʪ 2 ʟʥʘʯʝʥʠʷ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 1 %. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʨʝʚʳʰʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʛʦʜʦʚʦʛʦ ʫʨʦʚʥʷ ʦʟʝʨʘ ʅʘʨʦʯʴ ʤʘʣʦʚʝʨʦʷʪʥʘ. 

 
ʈʠʩ. 6. ʄʦʜʝʣʠʨʦʚʘʥʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʦʟʝʨʘ ʅʘʨʦʯʴ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʦʟʝʨʘ ʅʘʨʦʯʴ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʨʘʟʣʦʞʝʥʳ ʥʘ 3 ʩʦʩʪʘʚʣʷʶʱʠʝ: ʧʦʣʠʥʦʤʠʘʣʴʥʫʶ ʨʝʛʨʝʩʩʠʶ, ʧʦʟʚʦʣʷʶʱʫʶ ʦʧʨʝʜʝʣʠʪʴ ʥʝ 

ʟʘʚʠʩʷʱʠʡ ʦʪ ʚʨʝʤʝʥʠ ʟʘʢʦʥ ʪʨʘʝʢʪʦʨʠʠ, ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʠ ʦʩʪʘʪʦʯʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʝʟʘʚʠʩʠʤʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʪʨʘʝʢʪʦʨʠʠ ʢʦʣʝʙʘʥʠʡ ʦʩʥʦʚʘʥʦ ʥʘ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʯʘʩʪʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʨʝʛʨʝʩʩʠʠ 8-ʛʦ 

ʧʦʨʷʜʢʘ ʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʘ ʪʘʢʞʝ ʩʣʫʯʘʡʥʦʡ ʯʘʩʪʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʥʝʟʘʚʠʩʠʤʳʭ 

ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚʝʣʠʯʠʥ.  

ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʪʨʘʝʢʪʦʨʠʠ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ 

ʦʟʝʨʘ ʅʘʨʦʯʴ. ʉʤʦʜʝʣʠʨʦʚʘʥʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʜʣʠʥʦʡ 200 ʟʥʘʯʝʥʠʡ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʝʚʳʰʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʛʦʜʦʚʦʛʦ ʫʨʦʚʥʷ, ʨʘʚʥʫʶ 1 %. 

 

ʃʠʪʝʨʘʪʫʨʘ: 

 

1. ɸʡʚʘʟʷʥ ʉ. ɸ. ʇʨʠʢʣʘʜʥʘʷ ʩʪʘʪʠʩʪʠʢʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ / ʉ. ɸ. ɸʡʚʘʟʷʥ, 

ʀ. ʉ. ɽʥʶʢʦʚ, ʃ. ɼ. ʄʝʰʘʣʢʠʥ. ï ʄ.: ʌʠʥʘʥʩʳ ʠ ʩʪʘʪʠʩʪʠʢʘ, 1985. ï 487 ʩ. 



107 

 

2. ɹʣʘʢiʪʥʘʷ ʢʥiʛʘ ɹʝʣʘʨʫʩi: ʕʥʮʳʢʣ./ ɹʝʣʘʨʫʩ. ʕʥʮʳʢʣ.; ʈʵʜʢʘʣ.: ʅ. ɸ. ɼʟiʩʴʢʦ i iʥʰ. ï 

ʄiʥʩʢ: ɹʝʣʕʥ, 1994. ï 415 ʩ. 

3. ɹʣʘʢiʪʥʳ ʩʢʘʨʙ ɹʝʣʘʨʫʩi: ʈʵʢi, ʘʟʸʨʘ, ʚʘʜʘʩʭʦʚiʰʯʳ, ʪʫʨʳʩʮʢi ʧʘʪʳʥʮʳʷʣ ʚʦʜʥʳʭ 

ʘʙôʝʢʪʘĨ / ʄʘʩʪ.: ʖ. ɸ. ʊʘʨʵʝĨ, ʋ. I. ʎʷʨʵʥʮʴʝĨ ï ʄiʥʩʢ: ɹʝʣʕʥ, 2007. ï 480 ʩ. 

4. ɺʦʜʥʳʝ ʨʝʩʫʨʩʳ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʨʢʘ çʅʘʨʦʯʘʥʩʢʠʡè: ʩʧʨʘʚʦʯʥʠʢ / ɸ. ɻ. ɸʨʦʥʦʚ [ʠ 

ʜʨ.]; ʧʦʜ ʦʙʱʝʡ ʨʝʜʘʢʮʠʝʡ B. C. ʃʶʰʪʳʢʘ, ʜ-ʨʘ ʙʠʦʣ. ʥʘʫʢ ʊ. ɺ. ɾʫʢʦʚʦʡ. ï ʄʠʥʩʢ : ʈʀʌʊʋʈ 

ʇʈʀʅʊ, 2012. ï 128 ʩ. 

5. ʀʚʘʥʦʚ-ʉʤʦʣʝʥʩʢʠʡ ɺ.ɻ. ɺʩʝ ʦʟʝʨʘ ɹʝʣʘʨʫʩʠ : ʩʧʨʘʚʦʯʥʠʢ / ɺ. ɻ. ʀʚʘʥʦʚ-ʉʤʦʣʝʥʩʢʠʡ. ï 

ʄʠʥʩʢ: ʈʀʌʊʋʈ ʇʈʀʅʊ, 2013. ï 752 ʩ.  

6. ʂʦʞʝʚʥʠʢʦʚʘ ʀ. ɸ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʦʟʝʨʘ ʂʠʥʝʨʝʪ / 

ʀ. ɸ. ʂʦʞʝʚʥʠʢʦʚʘ, ɺ. ʀ. ʐʚʝʡʢʠʥʘ // ɺʦʜʥʳʝ ʨʝʩʫʨʩʳ. ï 2014. ï ʊʦʤ 41, ˉ 1. ï ʉ. 565ï572. 

7. ʃʦʛʠʥʦʚ ɺ. ʌ. ʉʧʝʢʪʨʘʣʴʥʦ-ʚʨʝʤʝʥʥʦʡ ʘʥʘʣʠʟ ʫʨʦʚʝʥʥʦʛʦ ʨʝʞʠʤʘ ʦʟʝʨ ʠ ʢʦʣʝʙʘʥʠʡ 

ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʢʨʫʧʥʳʭ ʨʝʢ ɹʝʣʘʨʫʩʠ / ɺ. ʌ. ʃʦʛʠʥʦʚ, ɺ. ʌ. ʀʢʦʥʥʠʢʦʚ // ʇʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝ: 

ʩʙ. ʥʘʫʯʥ. ʪʨ. / ʅʘʮ. ʘʢʘʜ. ʥʘʫʢ ɹʝʣʘʨʫʩʠ, ʀʥ-ʪ ʧʨʦʙʣʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜ. ʨʝʩʫʨʩʦʚ ʠ 

ʵʢʦʣʦʛʠʠ; ʧʦʜ ʨʝʜ. ʀ. ʀ. ʃʠʰʪʚʘʥʘ, ɺ. ʌ. ʃʦʛʠʥʦʚʘ. ï ʄʠʥʩʢ, 2003. ï ɺʳʧ. 9. ï ʉ. 25ï33. 

8. ʇʦʥʪʨʷʛʠʥ ʃ. ʉ. ʆʙʳʢʥʦʚʝʥʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ / ʃ. ʉ. ʇʦʥʪʨʷʛʠʥ. ï ʄ.: 

ʅʘʫʢʘ, 1965. ï 331 ʩ. 

9. ʊʝʨʝʙʠʞ ɺ. ʖ. ɸʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʚ ʘʩʪʨʦʬʠʟʠʢʝ / ɺ. ʖ. ʊʝʨʝʙʠʞ. ï ʄ.: ʅʘʫʢʘ, 

1992. ï 389 ʩ. 

 

SIMULATION  OF OSCILLATIONS  IN AVERAGE ANNUAL WATER LEVELS OF LAKE 

NAROCH 

 

Alexander Volchak,  

Dr. Sc., dean of the engineering systems and ecology faculty 

Brest State Technical University, 

E-mail: volchak@tut.by  

Ivan Kirviel ,  

Dr. Sc., professor 

Pomeranian Academy  

E-mail: kirviel@yandex.by 

Adam ChoiŒski,  

Dr. Sc., professor 

Institute of Physical Geography and Environmental Planning 

 E-mail: choinski@amu.edu.pl  

Sergey Parfomuk,  

Ph. D., head of department of informatics and applied mathematics 

Brest State Technical University, 

E-mail: parfom@mail.ru 

   

Abstract: Data on levels of Lake Naroch decomposed into 3 components: polynomial regression, 

sinusoidal periodic component and residual sequence of independent random values. Modeling of the 

trajectory oscillations was performed using deterministic part consisting of a regression of 8th order and a 

periodic part and random part consisting of independent identically distributed variables. Simulated 

trajectory with a length of 200 values showed the probability of exceeding the maximum annual level 

equal to 1 %. 
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ɺʚʝʜʝʥʠʝ 

ʆʟʝʨʘ ï ʚʦʜʦʝʤʳ ʟʘʤʝʜʣʝʥʥʦʛʦ ʚʦʜʦʦʙʤʝʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ɽʚʨʦʧʝ ʧʦʚʩʝʤʝʩʪʥʦ. ʉʨʝʜʠ 

ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʥʦʪʠʧʥʳʭ ʦʟʝʨ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʢʨʫʧʥʳʝ ʚʦʜʦʝʤʳ, 

ʚʤʝʩʪʝ ʩ ʚʦʜʦʩʙʦʨʘʤʠ (ʦʟʝʨʥʳʝ ʩʠʩʪʝʤʳ) ʟʘʥʠʤʘʶʱʠʝ ʙʦʣʴʰʠʝ ʪʝʨʨʠʪʦʨʠʠ. ʂʨʫʧʥʳʝ ʦʟʝʨʘ ʵʪʦ 

ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ʠ ʠʩʪʦʯʥʠʢʠ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʨʝʛʫʣʷʪʦʨʳ ʨʝʯʥʦʛʦ ʩʪʦʢʘ, ʚʦʜʦʧʨʠʝʤʥʠʢʠ. ʆʟʝʨʘ 

ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʘʤʠ ʨʳʙʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʛʘʣʫʨʛʠʠ, ʨʝʢʨʝʘʮʠʠ, ʯʘʩʪʦ ʩʫʜʦʭʦʜʩʪʚʘ ʠ ʜʨ. ʕʪʠ 

ʦʙʲʝʢʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʠʭ ʙʘʩʩʝʡʥʘʭ. ɺʘʞʥʘ ʨʦʣʴ ʢʨʫʧʥʳʭ 

ʦʟʝʨ (ʦʩʦʙʝʥʥʦ ʩʣʘʙʦʧʨʦʪʦʯʥʳʭ) ʢʘʢ ʠʥʜʠʢʘʪʦʨʦʚ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ.  ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʠʭ ʠʟʤʝʥʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʝʞʠʤʦʤ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʚʦʜʳ (ʨʝʞʠʤ ʥʘʧʦʣʥʝʥʠʷ ʦʟʝʨ).   ʇʦʵʪʦʤʫ 

ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʨʷʜʦʚ ʛʦʜʦʚʳʭ ʫʨʦʚʥʝʡ ʚʦʜʳ ʦʟʝʨ, ʦʮʝʥʢʘ 

ʧʨʠʯʠʥ ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʦʣʝʙʘʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʷʚʣʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦ ʪʝʨʨʠʪʦʨʠʠ. 

ʄʘʪʝʨʠʘʣʳ, ʤʝʪʦʜʳ, ʨʝʟʫʣʴʪʘʪʳ 

ʇʣʦʱʘʜʴ ɽʚʨʦʧʳ ʩ ʧʨʠʣʝʛʘʶʱʠʤ ʦʩʪʨʦʚʘʤʠ ʩʦʩʪʘʚʣʷʝʪ 10,5 ʤʣʥ. ʢʤ
2
. ʂʣʠʤʘʪ ʢʦʥʪʠʥʝʥʪʘ 

ʫʤʝʨʝʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ, ʥʘ ʟʘʧʘʜʝ ï ʤʦʨʩʢʦʡ. ʆʥ ʩʠʣʴʥʦ ʦʙʫʩʣʦʚʣʝʥ ɻʦʣʴʬʩʪʨʠʤʦʤ, ʢʦʪʦʨʳʡ 

ʥʘʛʨʝʚʘʝʪ ʟʘʧʘʜʥʫʶ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ. ʇʦʵʪʦʤʫ ɽʚʨʦʧʫ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʟʘʧʘʜʥʫʶ ï 

ʤʦʨʩʢʫʶ ʠ ʚʦʩʪʦʯʥʫʶ ï ʢʦʥʪʠʥʝʥʪʘʣʴʥʫʶ, ʢʦʪʦʨʳʝ ʨʘʟʣʠʯʘʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ ʠ 

ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ. ʅʝʦʜʠʥʘʢʦʚʳ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʥʘ ʩʝʚʝʨʝ ʠ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ 

ʢʦʥʪʠʥʝʥʪʘ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʡʦʥʘʤ ʜʦʩʪʘʪʦʯʥʦʛʦ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ. ʂʦʣʠʯʝʩʪʚʦ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʟʘʧʘʜʥʳʤ ʧʝʨʝʥʦʩʦʤ, ʘʢʪʠʚʥʦʡ ʮʠʢʣʦʥʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ [5, 11]. 

ɹʦʣʴʰʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʣʠʤʘʪʘ ɽʚʨʦʧʳ ʠʛʨʘʝʪ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ, ʉʝʚʝʨʦ-

ɸʪʣʘʥʪʠʯʝʩʢʦʝ ʢʦʣʝʙʘʥʠʝ (ʉɸʂ) [4,6,8,9]. ʆʩʥʦʚʘ ʉɸʂ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʘʪʤʦʩʬʝʨʥʦʡ ʚʣʘʛʠ ʤʝʞʜʫ ɸʨʢʪʠʢʦʡ ʠ ʉʫʙʪʨʦʧʠʯʝʩʢʦʡ ɸʪʣʘʥʪʠʢʦʡ. ʇʨʠ ʵʪʦʤ ʧʝʨʝʭʦʜ ʉɸʂ ʠʟ 

ʦʜʥʦʡ ʬʘʟʳ ʚ ʜʨʫʛʫʶ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʷ ʚ ʜʠʥʘʤʠʢʝ ʙʦʣʴʰʠʥʩʪʚʘ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ 

ʘʪʤʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʷʤ ʧʦʛʦʜʳ ʠ ʢʣʠʤʘʪʘ ʚ ʘʪʣʘʥʪʠʢʦ-ʝʚʨʦʧʝʡʩʢʦʤ 

ʨʘʡʦʥʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ï ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʠ ʉʝʚʝʨʥʦʡ ɽʚʨʦʧʝ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ 

ʢʦʣʝʙʘʥʠʷ ʧʨʠʥʷʪ ʠʥʜʝʢʩ (I) ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ [3], ʟʜʝʩʴ ʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʝʛʦ 

ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʛʦ ʭʦʜʘ ʟʘ ʧʦʩʣʝʜʥʠʝ 125 ʣʝʪ (ʨʠʩ.1). ʆʜʥʦʚʨʝʤʝʥʥʦ, ʜʣʷ ʩʨʘʚʥʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥ 

ʠʥʜʝʢʩ ʪʠʭʦʦʢʝʘʥʩʢʦʛʦ ʢʦʣʝʙʘʥʠʷ (ʉʊʂ).  
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ʈʠʩ. 1  ʉʛʣʘʞʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʢʫʙʠʯʝʩʢʦʛʦ ʩʧʣʘʡʥʘ ʠ ʧʨʦʩʪʦʛʦ  ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʨʷʜʳ 

ʠʥʜʝʢʩʦʚ ʉɸʂ ʠ ʉʊʂ. 

 

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʪʨʝʥʜ ʠ ʥʘʣʠʯʠʝ ʩʝʨʠʡ ʣʝʪ ʧʦʚʳʰʝʥʥʦʡ ʠ 

ʧʦʥʠʞʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʉɸʂ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʝʥʦ ʧʦʩʪʝʧʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʷ 

ʧʝʨʚʳʭ ʪʨʸʭ ʮʠʢʣʦʚ ʠ ʚʦʟʨʘʩʪʘʥʠʝ ʯʝʪʚʝʨʪʦʛʦ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʩʛʣʘʞʝʥʥʳʭ ʨʷʜʦʚ ʠʥʜʝʢʩʦʚ 

ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʦʢʦʣʦ 30-ʣʝʪʥʠʝ ʠ ʩʣʘʙʦʚʳʨʘʞʝʥʥʳʝ 11-ʣʝʪʠʥʝ ʬʣʫʢʪʫʘʮʠʠ (ʈʠʩ. 2). 

 

 
ʈʠʩ. 2 ʉʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʠʥʜʝʢʩʘ ʉɸʂ. 

 

ʀʟʤʝʥʝʥʠʝ ʉɸʂ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʦʩʥʦʚʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʚʭʦʜʷʱʠʭ ʚ ʚʦʜʥʳʡ ʙʘʣʘʥʩ ʦʟʸʨ. ʕʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ, ʠʩʧʘʨʝʥʠʝ ʠ ʨʝʯʥʦʡ ʩʪʦʢ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʪʘʢ ʞʝ ʜʨʫʛʠʝ ʠʟʚʝʩʪʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʥʜʝʢʩʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʫʨʦʚʝʥʥʳʡ ʨʝʞʠʤ 

ʦʟʸʨ, ʥʘʧʨʠʤʝʨ, ʠʥʜʝʢʩ ɼʝ-ʄʘʨʪʦʥʘ ʠ ʜʨ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʚʣʠʷʥʠʝ ʉɸʂ ʥʘ ʫʨʦʚʝʥʥʳʡ ʨʝʞʠʤ ʦʟʝʨ 

ʦʯʝʚʠʜʥʦ. ʇʨʠʤʝʨʳ ʚʣʠʷʥʠʷ ʉɸʂ ʥʘ ʫʨʦʚʝʥʥʳʡ ʨʝʞʠʤ ʦʟʸʨ, ʫʚʣʘʞʥʝʥʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʡ ʠʤʝʶʪʩʷ 

ʚ [4,7,9,10]. 

ʀʟʤʝʥʯʠʚʦʩʪʴ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ, ʢʘʢ ʚ ʛʦʜʦʚʦʤ, ʪʘʢ ʠ ʚ ʤʥʦʛʦʣʝʪʥʝʤ ʨʘʟʨʝʟʝ 

ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʚʦʜʳ ʚʦʜʦʝʤʦʚ. ʆʜʥʘʢʦ ʯʘʩʪʦ ʚ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʫʨʦʚʝʥʥʳʡ ʨʝʞʠʤ ʨʘʟʥʳʭ ʦʟʝʨ ʥʝʦʜʠʥʘʢʦʚ ʠ ʨʷʜʳ ʫʨʦʚʥʝʡ ʠʤʝʶʪ 

ʨʘʟʣʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʪ.ʝ. ʨʷʜʳ ʨʘʟʣʠʯʘʶʪʩʷ ʨʘʟʤʘʭʦʤ ʢʦʣʝʙʘʥʠʡ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʧʝʨʠʦʜʦʚ 

ʚʳʩʦʢʦʛʦ ʠ ʥʠʟʢʦʛʦ ʩʪʦʷʥʠʷ ʫʨʦʚʥʷ (ʜʣʷ ʤʥʦʛʦʣʝʪʥʠʭ ʨʷʜʦʚ ʮʠʢʣʠʯʥʦʩʪʴʶ, ʚʨʝʤʝʥʝʤ ʥʘʩʪʫʧʣʝʥʠʷ 

ʵʢʩʪʨʝʤʫʤʦʚ ʠ ʜʨ.). ʈʘʟʣʠʯʥʘ ʠ ʘʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʨʷʜʦʚ. 
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ʇʦʤʠʤʦ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʨʷʜʘ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʪʨʦʝʥʠʷ ʦʟʝʨʥʳʭ ʩʠʩʪʝʤ (ʚʝʣʠʯʠʥʳ ʫʜʝʣʴʥʳʭ ʚʦʜʦʩʙʦʨʦʚ) ʠ ʬʦʨʤʠʨʫʶʱʘʷʩʷ ʚʳʩʦʢʘʷ 

ʘʚʪʦʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʴ (r(1)). ʇʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ r(1) ʙʦʣʝʝ ʯʝʪʢʦ ʧʨʦʷʚʣʷʶʪʩʷ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʬʦʨʤʠʨʫʶʪʩʷ ʪʨʝʥʜʳ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ ʩʚʷʟʘʥʳ ʩ ʧʦʢʘʟʘʪʝʣʝʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʚʦʜʦʦʙʤʝʥʘ: [1,3] 

 

 

ʛʜʝ Kʚ ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʜʦʦʙʤʝʥʘ; ű- ʵʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʦʟʝʨʥʦʡ ʩʠʩʪʝʤʳ.  

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʣʫʞʠʣʠ ʜʘʥʥʳʝ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʫʨʦʚʥʝʤ 

ʚʦʜʳ ʦʟʝʨ ʩ ʥʘʠʙʦʣʝʝ ʜʣʠʥʥʳʤʠ ʨʷʜʘʤʠ ʥʘʙʣʶʜʝʥʠʡ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʎʝʥʪʨʘʣʴʥʦʡ ʠ ʉʝʚʝʨʥʦʡ ɽʚʨʦʧʝ, ʠʤʝʶʱʠʭ ʙʦʣʴʰʦʝ ʭʦʟʷʡʩʪʚʝʥʥʦʝ ʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʦʟʝʨ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ɺʩʝ ʵʪʠ ʦʙʲʝʢʪʳ 

ʠʤʝʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ (ʧʣʦʱʘʜʠ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʙʘʩʩʝʡʥʘ, 

ʦʙʲʝʤ ʚʦʜʳ, ʚʥʝʰʥʠʡ ʚʦʜʦʦʙʤʝʥ ʠ ʪ.ʧ.). 

 

ʊʘʙʣʠʮʘ 1  

ʆʩʥʦʚʥʳʝ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʟʝʨ 

ˉ 

ʧ/ʧ 

ʅʘʟʚʘʥʠʝ 

ʦʟʝʨʘ 

ʉʪʨʘʥʘ ʇʣʦʱʘʜʴ  

ʦʟʝʨʘ, ʢʤ
2
 

ʄʘʢʩ. 

ɻʣʫʙ.ʤ. 

ɼʣʠʥʘ 

ʨʷʜʘ,ʣʝʪ 

1 ʇʘʢʦʩʢʠ ʇʦʣʴʰʘ   70 

2 ɺʘʡʥʘʚʝʩʠ ʌʠʥʣʷʥʜʠʷ 100 8 92 

3 ʇʷʡʷʥʥʝ ʌʠʥʣʷʥʜʠʷ 1065 93 102 

4 ʆʫʣʫʷʨʚʠ ʌʠʥʣʷʥʜʠʷ 928 38 147 

5 ɻʦʧʣʦ ʇʦʣʴʰʘ   85 

6 ʃʘʯʘ ʈʦʩʩʠʷ 356 5 93 

7 ʃʘʜʦʞʩʢʦʝ ʈʦʩʩʠʷ 17872 230 121 

8 ɾʝʥʝʚʩʢʦʝ ʐʚʝʡʮʘʨʠʷ 582 310 136 

9 ʉʝʣʠʛʝʨ ʈʦʩʩʠʷ 260 24 97 

10 ʉʘʡʤʘ ʌʠʥʣʷʥʜʠʷ 4380 84 133 

11 ʆʥʝʞʩʢʦʝ ʈʦʩʩʠʷ 9720 127 130 

12 ʏʫʜʩʢʦʝ ʈʦʩʩʠʷ,ʕʩʪʦʥʠʷ 2613 12,9 117 

13 ʂʫʙʝʥʩʢʦʝ ʈʦʩʩʠʷ 648 13 109 

14 ʅʠʛʦʯʠʥ ʇʦʣʴʰʘ 26 39 167 

15 ʇʫʣʦʟʝʨʦ ʈʦʩʩʠʷ 50 15,0 83 

16 ʄʝʣʘʨʝʥ ʐʚʝʮʠʷ 1140 61 164 

17 ɺʝʥʝʨʥ ʐʚʝʮʠʷ 5650 106 78 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ ʨʷʜʦʚ ʥʘ ʦʜʥʦʨʦʜʥʦʩʪʴ, 

ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ, ʘ ʪʘʢ ʞʝ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʢʨʠʚʳʭ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ (ʪʘʙʣʠʮʘ 2). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʷʜʦʚ ʥʘ ʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʚʦʟʤʦʞʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʫʨʦʚʝʥʥʳʡ ʨʝʞʠʤ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ (ʆʥʝʞʩʢʦʝ, ʄʝʣʘʨʝʥ ʠ ʜʨ.). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ 

ʙʦʣʴʰʠʥʩʪʚʝ ʦʟʸʨ ʥʘʙʣʶʜʘʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʪʨʝʥʜʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʩʣʦʚʠʷʤ 

ʧʦʪʝʧʣʝʥʠʷ ʢʣʠʤʘʪʘ. 
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ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʷʜʦʚ ʫʨʦʚʥʝʡ 

ˉ ʧ/ʧ 
ʅʘʟʚʘʥʠʝ 

ʦʟʝʨʘ 
ʉʪʨʘʥʘ 

ɼʣʠʥʘ 

ʨʷʜʘ 
ʉʂʆ Cs r(1) 

1 ʏʫʜʩʢʦʝ ʈʦʩʩʠʷ,ʕʩʪʦʥʠʷ 117 29,42 -0,03 0,59 

2 ʅʠʛʦʯʠʥ ʇʦʣʴʰʘ 167 0,16 0,72 0,64 

3 ʆʫʣʫʷʨʚʠ ʌʠʥʣʷʥʜʠʷ 147 32,32 -0,57 0,61 

4 ʉʘʡʤʘ ʌʠʥʣʷʥʜʠʷ 133 38,76 0,11 0,44 

5 ʆʥʝʞʩʢʦʝ ʈʦʩʩʠʷ 130 50,89 -0,46 0,69 

6 ʄʝʣʘʨʝʥ ʐʚʝʮʠʷ 164 13,67 0,50 0,45 

7 ʃʘʯʘ ʈʦʩʩʠʷ 93 13,24 0,56 0,28 

8 ɺʝʥʝʨʥ ʐʚʝʮʠʷ 78 33,26 -1,87 0,85 

9 ʉʝʣʠʛʝʨ ʈʦʩʩʠʷ 97 26,32 0,18 0,56 

10 ɾʝʥʝʚʩʢʦʝ ʐʚʝʡʮʘʨʠʷ 136 18,75 -0,55 0,66 

11 ʃʘʜʦʞʩʢʦʝ ʈʦʩʩʠʷ 121 55,33 -0,19 0,76 

12 ɺʘʡʥʘʷʚʝʩʠ ʌʠʥʣʷʥʜʠʷ 92 20,22 0,21 0,46 

13 ʇʷʡʷʥʥʝ ʌʠʥʣʷʥʜʠʷ 102 22,47 0,025 0,47 

14 ʇʫʣʦʟʝʨʦ ʈʦʩʩʠʷ 83 8,99 0,92 0,66 

ʀʟ ʪʘʙʣʠʮʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʩʝ ʟʥʘʯʝʥʠʷ ʦʟʝʨʥʳʭ r(1) ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʵʪʠʭ ʞʝ ʚʝʣʠʯʠʥ ʜʣʷ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ.  

ʋʨʦʚʝʥʥʳʡ ʨʝʞʠʤ ʦʟʸʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʩʦʩʪʦʷʱʠʡ 

ʠʟ ʨʘʟʥʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʨʷʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ 

ʬʠʣʴʪʨʘʮʠʠ ʨʷʜʦʚ (ʘʥʘʣʠʟ ʌʫʨʴʝ, ʤʝʪʦʜ ʩʢʦʣʴʟʷʱʝʛʦ ʧʷʪʠʣʝʪʥʝʛʦ ʩʨʝʜʥʝʛʦ, ʙʠʥʦʤʠʘʣʴʥʳʡ 

ʬʠʣʴʪʨ) (ʨʠʩ. 3). 

(ʘ)

(ʙ) 

ʈʠʩ. 3. ɻʨʘʬʠʢ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʝʡ ʩʛʣʘʞʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ʩʢʦʣʴʟʷʱʝʛʦ ʧʷʪʠʣʝʪʥʝʛʦ ʩʨʝʜʥʝʛʦ 

ʠ ʙʠʥʦʤʠʘʣʴʥʳʤ ʬʠʣʴʪʨʦʤ ʦʟ. ʏʫʜʩʢʦʝ(ʘ), ʦʟ. ʉʝʣʠʛʝʨ(ʙ). 
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ɸʥʘʣʠʟ ʨʷʜʦʚ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʥʝʢʦʪʦʨʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʝʡ: ʥʘʣʠʯʠʝ 

ʪʨʝʥʜʦʚ, ʨʘʟʥʦʯʘʩʪʦʪʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʠ ʩʣʫʯʘʡʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ (ʰʫʤ). 

ɼʣʷ ʦʮʝʥʢʠ ʩʪʨʫʢʪʫʨʳ ʨʷʜʦʚ ʙʳʣ ʚʳʧʦʣʥʝʥ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʢʦʪʦʨʳʡ ʧʦʜʪʚʝʨʜʠʣ ʜʣʷ 

ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʟʝʨ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʦʢʦʣʦ 30-ʣʝʪʥʠʭ ʢʦʣʝʙʘʥʠʡ, ʚʢʣʘʜ ʢʦʪʦʨʳʭ ʚ ʦʙʱʫʶ 

ʜʠʩʧʝʨʩʠʶ ʧʨʦʮʝʩʩʘ ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ r(1). ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 4 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʜʣʷ ʦʟʝʨ ʉʘʡʤʘ ʠ ʏʫʜʩʢʦʝ. 

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʙʦʣʝʝ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʥʘ ʨʷʜʝ 

ʦʙʲʝʢʪʦʚ (ʉʘʡʤʘ, ʇʷʡʷʥʥʝ, ɺʘʡʥʘʚʝʩʠ ʠ ʜʨ.) ʥʘʜ 30-ʣʝʪʥʠʤʠ. ʊʘʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʦʟʸʨ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʩʝʚʝʨʥʳʭ ʦʙʣʘʩʪʷʭ ɽʚʨʦʧʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʠʥʜʝʢʩʦʚ ʉɸʂ ʠ ʦʟʸʨʥʳʭ ʫʨʦʚʥʝʡ ʧʦʢʘʟʘʣ ʠʭ 

ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴ (ʥʘʣʠʯʠʝ ʪʨʝʥʜʦʚ, 11-ʣʝʪʥʠʝ ʠ 30-ʣʝʪʥʠʝ ʢʦʣʝʙʘʥʠʷ). 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʣʠʤʘʪʘ (ʠʥʜʝʢʩʳ ʉɸʂ) ʠ ʫʨʦʚʥʝʡ ʦʟʝʨ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʟʘʠʤʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʩʛʣʘʞʝʥʥʳʭ ʨʷʜʦʚ ʉɸʂ ʠ ʫʨʦʚʥʝʡ ʃʘʜʦʞʩʢʦʛʦ 

ʦʟʝʨʘ [3]. 

 
Spectral analysis: ʉɸʁʄɸ   : x-351,4+,0805*t; z(x,M=-,000,S=38,64);

No. of cases: 132

Hamming weights:,0357 ,2411 ,4464 ,2411 ,0357
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(ʘ) 
Spectral analysis: ʏʫʜʩʢʦʝ ʦʟʝʨʦ: x-163,8+,1512*t; z(x,M=-,000,S=28,98);

No. of cases: 116

Hamming weights:,0357 ,2411 ,4464 ,2411 ,0357
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ʈʠʩ. 4 ʉʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʥʦʛʦʣʝʪʥʠʭ ʫʨʦʚʥʝʡ ʚʦʜʳ ʦʟ. ʉʘʡʤʘ(ʘ), ʦʟ. ʏʫʜʩʢʦʝ(ʙ). 
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ʈʠʩ. 5 ɺʟʘʠʤʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʉɸʂ ï ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ. 

 

ʇʦʜʦʙʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʩʪʨʦʝʥʳ ʠ ʜʣʷ ʜʨʫʛʠʭ ʦʟʸʨ. ɸʥʘʣʠʟ ʩʦʚʤʝʱʝʥʥʳʭ ʛʨʘʬʠʢʦʚ 

ʩʛʣʘʞʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʝʡ ʧʦʢʘʟʳʚʘʝʪ ʩʤʝʱʝʥʠʝ ʧʝʨʝʣʦʤʥʳʭ ʪʦʯʝʢ ʥʘ ʛʨʘʬʠʢʘʭ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʚʳʷʚʣʝʥʥʳʝ ʮʠʢʣʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʠʥʜʝʢʩʳ ʉɸʂ ʷʚʣʷʶʪʩʷ ʬʦʥʦʤ, ʦʪʦʙʨʘʞʘʶʱʠʤ ʚʣʠʷʥʠʝʤ ʢʣʠʤʘʪʘ ʥʘ ʫʨʦʚʝʥʥʳʡ ʨʝʞʠʤ ʦʟʝʨ. 
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ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʥʘʙʣʶʜʘʶʱʠʡʩʷ ʪʨʝʥʜ ʨʦʩʪʘ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʩʯʠʪʘʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ [1]. ʋʯʠʪʳʚʘʷ ʫʥʠʢʘʣʴʥʦʩʪʴ ʵʢʦʩʠʩʪʝʤʳ ʦʟʝʨʘ 

ɹʘʡʢʘʣ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʪʦʢʦʚ  ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚ ʟʜʝʩʴ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʢʣʠʤʘʪʠʯʝʩʢʫʶ 

ʟʥʘʯʠʤʦʩʪʴ, ʥʦ ʠ ʦʩʦʙʦʝ ʚʘʞʥʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʮʠʢʣʘ ʫʛʣʝʨʦʜʘ ʚ ʵʢʦʩʠʩʪʝʤʝ ʦʟʝʨʘ ʚ ʮʝʣʦʤ [2,3]. 

ʈʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʬʠʟʠʯʝʩʢʠʭ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ, 

ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʛʘʟʦʦʙʤʝʥ ʉʆ2 ʠ ʉʅ4 ʚ ʩʠʩʪʝʤʝ çʚʦʜʘ-ʘʪʤʦʩʬʝʨʘè ʥʘ 

ʦʟʝʨʝ ɹʘʡʢʘʣ [4].  

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʘʥʝʝ ʨʘʙʦʪʘʭ (ʩʤ. ʥʘʧʨ.[4]), ʠʩʭʦʜʷ ʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʤʝʶʱʝʡʩʷ 

ʘʧʧʘʨʘʪʫʨʳ, ʥʘʤʠ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ  ʪʦʣʴʢʦ ʥʘ 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʯʠʩʣʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ. ʚ ʚʦʜʝ. ʉʦʟʜʘʥʠʝ ʤʦʙʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʉʆ2 ʠ ʉʅ4 ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʜʝ ʧʦ ʭʦʜʫ ʩʫʜʥʘ 

[6]  ʧʦʟʚʦʣʠʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʤʘʩʰʪʘʙ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʩʫʱʝʩʪʚʠʪʴ 

ʦʜʥʦʚʨʝʤʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʤʝʪʘʥʘ ʧʦ ʚʩʝʡ ʪʨʘʩʩʝ ʧʨʦʭʦʜʘ 

ʅʀʉ ʧʦ ʘʢʚʘʪʦʨʠʠ ɹʘʡʢʘʣʘ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʚʨʝʤʝʥʝʤ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 
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ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʠʦʜ ʧʦʩʣʝ ʩʭʦʜʘ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ, ʢʦʛʜʘ ʧʦʩʪʝʧʝʥʥʦ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ ʥʘʯʠʥʘʝʪʩʷ 

ʧʨʦʛʨʝʚ ʦʟʝʨʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘ ʦʛʨʘʥʠʯʝʥʥʫʶ ʧʦ ʚʨʝʤʝʥʠ ʵʢʩʧʝʜʠʮʠʶ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʚʝʩʪʠ ʠʟʤʝʨʝʥʠʷ ʚ ʧʦʯʪʠ ʣʝʪʥʠʭ, ʚʝʩʝʥʥʠʭ ʠ ʟʠʤʥʠʭ ʫʩʣʦʚʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʶʞʥʦʡ, 

ʩʨʝʜʥʝʡ ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɹʘʡʢʘʣʘ.  

ʆʙʩʫʞʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʦ ʚʨʝʤʷ ʩʫʜʦʚʳʭ ʠʟʤʝʨʝʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʧʦ 

ʘʢʚʘʪʦʨʠʠ ɹʘʡʢʘʣʘ, ʩ 29 ʤʘʷ ʧʦ 8 ʠʶʥʷ 2013 ʛʦʜʘ ʠ ʚ 2016 ʛ. ʩ 25 ʤʘʷ ʧʦ 6 ʠʶʥʷ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʚʦʜʝ ɹʘʡʢʘʣʘ 

ʚʝʩʥʦʡ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʧʦʛʦʜʥʘʷ ʩʠʪʫʘʮʠʷ ʚ ʨʝʛʠʦʥʝ ʚ ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ ʛʦʜʘ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ 

ʩʨʦʢʠ ʥʘʯʘʣʘ ʪʘʷʥʠʷ ʠ ʦʩʚʦʙʦʞʜʝʥʠʷ ʦʟʝʨʘ ʦʪʦ ʣʴʜʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʝʜʳʩʪʦʨʠʷ ʧʦʛʦʜʥʦʡ 

ʩʠʪʫʘʮʠʠ, ʚʨʝʤʝʥʠ ʩʭʦʜʘ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ ʥʝʠʟʙʝʞʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʪʝʨʤʠʯʝʩʢʦʤ ʠ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʘ ʪʘʢ ʞʝ ʦʧʨʝʜʝʣʷʝʪ ʨʠʪʤ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʛʠʜʨʦʙʠʦʥʪʦʚ. 

ʂʘʢ ʚʠʜʠʤ ʨʠʩ. 1ʘ, ʚ 2013 ʛ. ʟʘ 28 ʜʥʝʡ ʜʦ ʥʘʯʘʣʘ ʨʝʡʩʘ  ʚʩʷ ʘʢʚʘʪʦʨʠʷ ɹʘʡʢʘʣʘ ʙʳʣʘ ʧʦʢʨʳʪʘ 

ʣʴʜʦʤ, ʘ ʚ ʥʘʯʘʣʝ ʨʝʡʩʘ ʚ ʩʝʚʝʨʥʦʡ ʢʦʪʣʦʚʠʥʝ ʝʱʝ ʥʘʙʣʶʜʘʣʠʩʴ ʦʪʜʝʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ʣʝʜʦʚʳʭ 

ʧʦʣʝʡ. ʈʝʡʩ 2016 ʛ. (ʨʠʩ. 1ʙ) ʧʨʦʭʦʜʠʣ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʫʞʝ ʟʘ 20 ʜʥʝʡ ʪʦʣʴʢʦ ʚ ʩʝʚʝʨʥʦʡ 

ʢʦʪʣʦʚʠʥʝ  ʥʘʙʣʶʜʘʣʩʷ ʣʝʜʦʚʳʡ ʧʦʢʨʦʚ, ʥʦ ʫʞʝ ʟʘ 2 ʜʥʷ ʜʦ ʥʘʯʘʣʘ  ʵʢʩʧʝʜʠʮʠʠ ʚʩʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʟʝʨʘ ʙʳʣʘ ʧʦʣʥʦʩʪʴʶ ʩʚʦʙʦʜʥʘ ʦʪʦ ʣʴʜʘ.  

 

 

 

 

  

 

ʈʠʩ. 1. ɺʨʝʤʝʥʥʘʷ ʜʠʥʘʤʠʢʘ ʩʭʦʜʘ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ ʚ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ 2013 ʠ 2016 ʛʛ. (ʧʦ 

ʜʘʥʥʳʤ ʩ ʩʘʡʪʘ ɹʶʣʣʝʪʝʥʴ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ɹʘʡʢʘʣʴʩʢʦʡ ʧʨʠʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ 

http://geol.irk.ru/dzz/bpt/ice/ice201205.htm. ʄʦʥʠʪʦʨʠʥʛ ʣʝʜʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʣʘʯʥʦʛʦ ʠ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʦʚ). 

 

 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʘʨʪʠʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʤʝʪʘʥʘ, 

ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ, ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʥʘʯʝʥʠʷ ʨʘʟʥʦʩʪʠ ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʡ 

ʤʝʞʜʫ ʚʦʜʦʡ ʠ ʘʪʤʦʩʬʝʨʦʡ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʘʤʧʣʠʪʫʜʫ ʧʦʪʦʢʘ Dʈ=(ʈʚ-ʈʘ), 

ʛʜʝ ʈʚ, ʈʘ ï ʧʘʨʮʠʘʣʴʥʳʝ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʜʝ ʠ ʚ ʧʨʠʚʦʜʥʦʡ ʘʪʤʦʩʬʝʨʝ [5]. 

ʋʛʣʝʢʠʩʣʳʡ ʛʘʟ. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʥʦʩʪʠ 

ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ Dʈʉʆ2 ʧʦ ʚʩʝʡ ʪʨʘʩʩʝ ʧʨʦʭʦʜʘ ʩʫʜʥʘ ʚ 2013 ʠ 2016 ʛ.ʛ. 
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ʈʠʩ. 2. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟʥʦʩʪʠ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ  

Dʈ=(ʈʚ-ʈʘ ). ʘ-2013 ʛ.; ʙ-2016.  

 

ʂʘʢ ʚʠʜʠʤ, ʦʩʥʦʚʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ Dʈʉʆ2 ʚ ʜʚʫʭ ʵʢʩʧʝʜʠʮʠʷʭ ʥʘʙʣʶʜʘʣʠʩʴ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʚ ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʘʭ ʉʨʝʜʥʝʛʦ ɹʘʡʢʘʣʘ, ʛʜʝ ʚ 2016 ʛ. ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʩʥʦʡ 2013 ʛʦʜʘ 

ʧʦʪʦʢ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʩ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʘʪʤʦʩʬʝʨʫ. 

ɺ ʪʦʞʝ ʚʨʝʤʷ ʩʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ ʚ 

ʧʝʣʘʛʠʘʣʠ (ʩʤ. [7]), ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʘʥʮʠʡ ʠ ʚ 2013 ʠ 2016 ʛ.ʛ. ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ Dʈʉʆ2  (ʩʪʦʢ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠʟ ʘʪʤʦʩʬʝʨʳ ʥʘ ʚʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ). ɺ 

12 ʢʤ ʦʪ ʂʫʣʪʫʢʘ (ʩʪ.1) ʟʥʘʯʝʥʠʝ Dʈʉʆ2  ʧʦʣʦʞʠʪʝʣʴʥʦ, ʘ ʚ ʵʢʩʧʝʜʠʮʠʷʭ 2013 ʠ 2016 ʛʦʜʘ 

ʨʘʟʣʠʯʘʝʪʩʷ ʪʦʣʴʢʦ ʧʦ ʚʝʣʠʯʠʥʝ. ʀ ʪʦʣʴʢʦ ʥʘ 8 ʩʪʘʥʮʠʠ ʚ ʮʝʥʪʨʝ ʨʘʟʨʝʟʘ çʆʣʴʭʦʥʩʢʠʝ ʚʦʨʦʪʘ - ʧ. 

ɹʦʣʘʜʘʢʦʚʦè ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʟʘʤʝʪʥʦʝ ʨʘʟʣʠʯʠʝ ʥʝ ʪʦʣʴʢʦ ʚ ʚʝʣʠʯʠʥʝ Dʈʉʆ2,  ʥʦ ʠ ʟʥʘʢʝ (2013 ʛʦʜ- 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʘ 2016 - ʧʦʣʦʞʠʪʝʣʴʥʦʝ). ɺ ʮʝʣʦʤ ʜʘʥʥʳʝ 2013 ʠ 2016 ʛʦʜʘ ʚ ʧʝʣʘʛʠʘʣʠ 

ʦʟ.ɹʘʡʢʘʣ ʚʧʦʣʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʠ ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ ʨʘʤʢʠ 

ʥʘʙʣʶʜʘʝʤʦʡ ʚ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ ʤʝʞʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ 

ʚ ʩʠʩʪʝʤʝ çʚʦʜʘ-ʘʪʤʦʩʬʝʨʘè. ɸ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ ʨʘʟʣʠʯʠʷ Dʈʉʆ2, ʤʝʞʜʫ ʜʚʫʤʷ ʤʘʩʩʠʚʘʤʠ 

ʜʘʥʥʳʭ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʦʩʥʦʚʥʦʤ ʚ ʉʨʝʜʥʝʤ ɹʘʡʢʘʣʝ, ʧʦ-ʚʠʜʠʤʦʤʫ ʩʚʷʟʘʥʳ ʩ ʨʘʟʣʠʯʠʝʤ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʨʘʟʥʦʡ ʜʠʥʘʤʠʢʦʡ ʩʭʦʜʘ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ ʚ 2013 ʠ 

2016 ʛ.ʛ. 

ʄʝʪʘʥ. ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʥʦʩʪʠ ʧʘʨʮʠʘʣʴʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ Dʈʉʅ4. ʂʘʢ ʚʠʜʠʤ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʢʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʚ ʤʝʪʘʥʘ (ʧʦ ʚʩʝʤʫ ʤʘʨʰʨʫʪʫ ʧʦʪʦʢ ʉʅ 4 ʥʘʧʨʘʚʣʝʥ ʚ ʘʪʤʦʩʬʝʨʫ), 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʘʷ ʚ 2013 ʛʦʜʫ, ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʠ ʚ ʠʟʤʝʨʝʥʠʷʭ 2016 ʛʦʜʘ 

(ʦʪʤʝʪʠʤ ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʳʝ ʨʘʟʣʠʯʠʷ ʚ ʘʤʧʣʠʪʫʜʝ ʚʝʣʠʯʠʥʳ Dʈʉʅ4). ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʚʫʭ ʮʠʢʣʘʭ ʠʟʤʝʨʝʥʠʡ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʥʘ ʚ ʚʦʜʝ ɹʘʡʢʘʣʘ 
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ʥʘʙʣʶʜʘʣʦʩʴ ʚʙʣʠʟʠ ʙʝʨʝʛʦʚ, ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʢʦʣʦ ʚʳʭʦʜʘ  ʨʝʢ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʤʝʥʥʦ 

ʨʝʯʥʦʡ ʚʳʥʦʩ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʛʘʟʘ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʢʘʨʪʠʥʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʜʝ ɹʘʡʢʘʣʘ. 
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ʈʠʩ. 3. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ  ʨʘʟʥʦʩʪʠ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ çʚʦʜʘ-

ʘʪʤʦʩʬʝʨʘè Dʈʉʆ2  ʥʘ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ ɹʘʡʢʘʣʘ (2010-2012,  2013 ʠ 2016 ʛʛ.). 
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ʈʠʩ. 4. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟʥʦʩʪʠ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʤʝʪʘʥʘ  Dʈ=(ʈʚ-ʈʘ 
). ʘ-2013 ʛ.; ʙ-2016. 

 
˔̟̘́̋̌̆̎̉̆ 
ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʨʘʚʥʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʥʦʩʪʠ 

ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʡ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʤʝʞʜʫ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʘʪʤʦʩʬʝʨʦʡ  ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʚʫʭ ʢʨʫʛʦʙʘʡʢʘʣʴʩʢʠʭ ʵʢʩʧʝʜʠʮʠʷʭ 2013 ʠ 2016 ʛ.ʛ. ʚʧʦʣʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʥʝʝ 

ʧʨʦʚʝʜʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʠ ʫʢʣʘʜʳʚʘʝʪʩʷ ʚ ʨʘʤʢʠ ʠʤʝʶʱʠʭʩʷ ʩʚʝʜʝʥʠʡ ʦ ʤʝʞʛʦʜʦʚʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʚ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ. 

ɸʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʘʥʘ ʚ ʧʨʠʚʦʜʥʦʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʜʝ ʥʘ ʧʦʧʝʨʝʯʥʳʭ ʨʘʟʨʝʟʘʭ, ʨʝʟʫʣʴʪʘʪʳ ʢʘʨʪʠʨʦʚʘʥʠʷ ʚʙʣʠʟʠ ʙʝʨʝʛʦʚʦʡ ʟʦʥʳ ʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʫʩʪʴʷʭ ʨʝʢ ʥʘ ʥʘʰ ʚʟʛʣʷʜ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʚʦʜ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤ ʚʣʠʷʥʠʠ 

ʚʦʜ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ ʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʨʝʯʥʳʭ ʚʳʥʦʩʦʚ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʉʅ4 ʥʘ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʚʝʨʭʥʝʤ ʩʣʦʝ ʧʦ ʚʩʝʡ ʘʢʚʘʪʦʨʠʠ ɹʘʡʢʘʣʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛʨʘʥʪ 

ˉ 14-05-00277ʘ), ʇʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʆʪʜʝʣʝʥʠʷ ʥʘʫʢ ʦ ɿʝʤʣʝ ʈɸʅ ˉ 10 

ʠ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʛʨʘʥʪʦʚ ʉʆ ʈɸʅ. 

 

ʃʠʪʝʨʘʪʫʨʘ: 

1. Bakker D. C. E., Bange Hermann W., Gruber Nicolas, Johannessen Truls, Upstill-Goddard Rob 

C., Borges Alberto V., Delille Bruno, Lºscher Carolin, Naqvi S. Wajih A., Omar Abdirahman M. and 

Santana-Casiano J. Magdalena. Air-sea interactions of natural long-lived greenhouse gases (CO2, N2O, 

CH4) in a changing climate// Ocean-Atmosphere Interactions of Gases and Particles , ed. by Liss, P. and 

Johnson, M. T.. Springer Earth System Sciences . Springer, Berlin, Germany, (2014) pp. 113-169. ISBN 

978-3-642-25642-4 DOI 10.1007/978-3-642-25643-1_3. 

2. ɺʦʪʠʥʮʝʚ ʂ. ʂ. ɻʠʜʨʦʭʠʤʠʷ ʦʟʝʨʘ ɹʘʡʢʘʣ. ʄ.: ʀʟʜ-ʚʦ ɸʅ ʉʉʉʈ. 1961. ï310 ʩ. 

ɺʦʪʠʥʮʝʚ ʂ. ʂ., ʄʝʱʝʨʷʢʦʚʘ ɸ. ʀ., ʇʦʧʦʚʩʢʘʷ ɻ. ʀ. ʂʨʫʛʦʚʦʨʦʪ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʦʟʝʨʝ 

ɹʘʡʢʘʣ. ʅʦʚʦʩʠʙʠʨʩʢ.: ʅʘʫʢʘ, 1975.- 189 ʩ. 

3. ʅʘʤʩʘʨʘʝʚ ɹ. ɹ., ɼʫʣʦʚ ʃ. ɽ., ʉʦʢʦʣʦʚʘ ɽ. ʅ., ɿʝʤʩʢʘʷ ʊ. ʀ. ɹʘʢʪʝʨʠʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʤʝʪʘʥʘ ʚ ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ ʦʟʝʨʘ ɹʘʡʢʘʣ. // ʄʠʢʨʦʙʠʦʣʦʛʠʷ; 1995; 64(3):411-417. 

4. Valentina Domysheva, Mikhail Panchenko, Dmitry Pestunov, Mariya Sakirko. Air -Water 

Carbon Dioxide Exchange in the Littoral Zone of Lake Baikal (Ice-Free Period) //International Journal of 

Geosciences 2013.v4.N10.p.1339-1345 DOI: 10.4236/ijg.2013.410130 

5. ɼʦʤʳʰʝʚʘ ɺ. ʄ., ʋʩʦʣʴʮʝʚʘ ʄ. ɺ., ʉʘʢʠʨʢʦ ʄ. ɺ., ʇʝʩʪʫʥʦʚ ɼ. ɸ., ʐʠʤʘʨʘʝʚ ʄ. ʅ., 

ʇʦʧʦʚʩʢʘʷ ɻ. ʀ., ʇʘʥʯʝʥʢʦ ʄ. ɺ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʦʢʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, 

ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ʧʝʣʘʛʠʘʣʠ ʦʟ. ɹʘʡʢʘʣ ʚ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ 2010ï

2012 ʛʛ. // ʆʧʪʠʢʘ ʘʪʤʦʩʬʝʨʳ ʠ ʦʢʝʘʥʘ. 2014. ʊ. 27. ˉ 06. ʉ. 539ï545. 

6. ʄʦʙʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʛʘʟʦʚ 
ʚ ʩʠʩʪʝʤʝ "ʘʪʤʦʩʬʝʨʘ - ʚʦʜʘ": ʧʘʪʝʥʪ ˉ149753. ʇʝʩʪʫʥʦʚ ɼ. ɸ., ʇʘʥʯʝʥʢʦ ʄ. ɺ., ʐʘʤʨʠʥ ɸ. ʄ; 

ʟʘʷʚʣʝʥ 24.06.14 

7. ʉʘʢʠʨʢʦ ʄ. ɺ., ɼʦʤʳʰʝʚʘ ɺ. ʄ., ɹʝʣʳʭ ʆ. ʀ., ʇʦʤʘʟʢʠʥʘ ɻ. ɺ., ʐʠʤʘʨʘʝʚ ʄ. ʅ., 

ʇʘʥʯʝʥʢʦ ʄ. ɺ. ʂ ʦʮʝʥʢʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ 

ʚ ʨʘʟʥʳʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʩʝʟʦʥʳ ʥʘ ʦʟʝʨʝ ɹʘʡʢʘʣ. // ʆʧʪʠʢʘ ʘʪʤʦʩʬʝʨʳ ʠ ʦʢʝʘʥʘ. 2009. ʪ. 22. ˉ 6. 

ʉ. 596-699. 

 

http://dx.doi.org/10.1007/978-3-642-25643-1_3
http://dx.doi.org/10.4236/ijg.2013.410130


120 

 

THE SPATIAL  DISTRIBUTION OF THE DIRECTION  OF FLUXES OF 

CARBON-CONTAINING GASES IN THE SYSTEM " ATMOSPHERE-WATER " BY 

THEWATERS OF LAKE BAIKAL IN THE SPRING OF 2013 AND 2016 Y.Y.  

Valentina Domysheva, 

Ph.D., Senior Research Fellow, 

Limnological Institute of SB RAS, Irkutsk 

E-mail: hydrochem@lin.irk.ru 

Dmitry Pestunov, 

Ph.D., research assistant, 

V.E.Zuev Institute of Atmospheric Optics. SB RAS, 

Tomsk 

E-mail: pest@iao.ru 

Vyacheslav Ivanov, G., 

Ph.D., Research Associate 

Limnological Institute of SB RAS, Irkutsk 

E-mail: vigo@lin.irk.ru 

Maria Sakirko, 

Ph.D., Research Associate 

Limnological Institute of SB RAS, Irkutsk 

E-mail: hydrochem@lin.irk.ru 

Artem Shamrin, 

graduate student, 

V.E.Zuev Institute of Atmospheric Optics. SB RAS, 

Tomsk 

E-mail: shamrin.ar@yandex.ru 

8. Mikhail Panchenko, 

Professor, Deputy Director, 

V.E.Zuev Institute of Atmospheric Optics. SB RAS, 

Tomsk 

E-mail: pmv@iao.ru 
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ʦʩʦʙʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʥʝʤʫ ʩʪʘʣ ʧʨʦʷʚʣʷʪʴʩʷ ʧʦ ʤʝʨʝ ʝʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʫʩʠʣʝʥʠʝʤ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʚʦʜʦʩʙʦʨʝ. ʇʦʩʣʝʜʥʠʝ ʢʦʤʧʣʝʢʩʥʳʝ ʨʘʙʦʪʳ ʥʘ ʦʟʝʨʝ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʥʘ ʨʫʙʝʞʝ ʍʍ-XXI  ʚʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦ ʥʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʟʝʨʘ, 

ʵʚʪʨʦʬʠʨʦʚʘʥʠʝ, ʪʦʢʩʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ 

 

ʊʚʝʨʩʢʘʷ ʦʙʣʘʩʪʴ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʮʝʥʪʨʝ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ (ʈʫʩʩʢʦʡ) ʨʘʚʥʠʥʳ. ʉʦʛʣʘʩʥʦ 

ʧʦʩʣʝʜʥʠʤ ʦʮʝʥʢʘʤ, ʧʨʦʚʝʜʝʥʥʳʤ ʚ ʀʥʩʪʠʪʫʪʝ ʦʟʝʨʦʚʝʜʝʥʠʷ ʈɸʅ ʚ ʨʘʤʢʘʭ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʦʟʝʨ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ [8], ʚ ʧʨʝʜʝʣʘʭ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʦ ʙʦʣʝʝ 3500 

ʚʦʜʦʝʤʦʚ ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʠʩʘ ʠ ʨʘʟʤʝʨʘ, ʧʨʠ ʵʪʦʤ ʜʦʣʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

90% ʦʪ ʵʪʦʡ ʚʝʣʠʯʠʥʳ. ʆʟʝʨ - ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʦʚ ʧʣʦʱʘʜʴʶ ʙʦʣʝʝ 1 ʛʘ, ʚ ʦʙʣʘʩʪʠ ʦʢʦʣʦ 1750; 

411 ʠʟ ʥʠʭ ʧʨʝʚʳʰʘʶʪ ʧʦ ʧʣʦʱʘʜʠ ʟʝʨʢʘʣʘ 20 ʛʘ, ʠ 125 ʠʤʝʶʪ ʧʣʦʱʘʜʴ ʙʦʣʝʝ 1 ʢʤ
2
. ʉʨʝʜʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʨʫʜʳ, ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠ ʢʦʪʣʦʚʘʥʳ. ɺ ʦʙʣʘʩʪʠ 6 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʭ ʚʦʜʦʭʨʘʥʠʣʠʱ, ʚ ʪʦʤ ʯʠʩʣʝ 4 ʥʘ ʨ. ɺʦʣʛʘ - ʀʚʘʥʴʢʦʚʩʢʦʝ, ʋʛʣʠʯʩʢʦʝ 

(ʯʘʩʪʴ), ʈʳʙʠʥʩʢʦʝ (ʯʘʩʪʴ) ʠ ɺʝʨʭʥʝʚʦʣʞʩʢʦʝ; ʦʜʥʦ ʥʘ ʨ. ɺʘʟʫʟʘ - ɺʘʟʫʟʩʢʦʝ (ʯʘʩʪʴ) ʠ ʦʜʥʦ ʥʘ ʨ. 

ʎʥʘ - ɺʳʰʥʝʚʦʣʦʮʢʦʝ. ʉʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʟʝʨ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʨʝʜʝʣʘʭ 

ʦʙʣʘʩʪʠ, ʩʦʩʪʘʚʣʷʝʪ 1150 ʢʤ
2
, ʘ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʦʚ ï 692 ʢʤ

2
. ʆʙʲʝʤ ʚʦʜ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ 

ʦʟʝʨʘʭ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ, ʦʮʝʥʠʚʘʝʪʩʷ ʚ 4.61 ʢʤ
3
, ʘ ʟʘʢʣʶʯʝʥʥʳʭ ʚ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʨʝʟʝʨʚʫʘʨʳ ï 

2.76 ʢʤ
3
. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʟʝʨʥʳʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʥʝʟʠʩʘ ʠ ʨʘʟʤʝʨʘ ʢʦʪʣʦʚʠʥ.  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʨʝʜʠ 18 ʩʫʙʲʝʢʪʦʚ ʬʝʜʝʨʘʮʠʠ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʎʝʥʪʨʘʣʴʥʦʛʦ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʦʢʨʫʛʘ, ʊʚʝʨʩʢʘʷ ʦʙʣʘʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʙʦʣʴʰʠʤʠ ʦʟʝʨʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. ʀʟ 

6.6 ʢʤ
3
 ʚʦʜʳ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚʦ ʚʩʝʭ ʦʟʝʨʘʭ ʦʢʨʫʛʘ, ʥʘ ʝʝ ʜʦʣʶ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 70%. ʉʪʦʣʴ 

ʚʳʩʦʢʠʡ ʟʘʧʘʩ ʦʟʝʨʥʳʭ ʚʦʜ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʎʝʥʪʨʘʣʴʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʦʢʨʫʛʘ 

ʊʚʝʨʩʢʘʷ ʦʙʣʘʩʪʴ ʙʳʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʝʜʠʥʩʪʚʝʥʥʦʡ, ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʢʦʪʦʨʦʡ ʨʘʩʧʨʦʩʪʨʘʥʷʣʦʩʴ 

ʧʦʩʣʝʜʥʝʝ ʯʝʪʚʝʨʪʠʯʥʦʝ ʦʣʝʜʝʥʝʥʠʝ. ɽʛʦ ʛʨʘʥʠʮʘ ʦʛʠʙʘʣʘ ʝʝ ʟʘʧʘʜʥʫʶ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʫʶ ʯʘʩʪʠ, ʚ 

ʦʟʝʨʘʭ ʢʦʪʦʨʳʭ ʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥ ʦʩʥʦʚʥʦʡ ʟʘʧʘʩ ʚʦʜ. ɹʦʣʴʰʠʥʩʪʚʦ ʚʦʜʦʝʤʦʚ, ʩʦʭʨʘʥʠʚʰʠʭʩʷ 

ʢʘʢ ʥʘʩʣʝʜʠʝ ʧʦʩʣʝʜʥʝʛʦ ʦʣʝʜʝʥʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʘʣʳʤʠ ʠ ʩʨʝʜʥʠʤʠ ʨʘʟʤʝʨʘʤʠ, 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʙʦʣʴʰʠʤ ʦʟʝʨʦʤ ʷʚʣʷʝʪʩʷ ʦʟ. ʉʝʣʠʛʝʨ. ɺ ʧʨʝʜʝʣʘʭ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʳ 

ʦʩʥʦʚʥʳʝ ʝʛʦ ʧʣʝʩʳ. ʆʙʲʝʤ ʟʘʢʣʶʯʝʥʥʦʡ ʚ ʦʟʝʨʦ ʚʦʜʳ ʩʦʩʪʘʚʣʷʝʪ 1.3 ʢʤ
3 

- ʙʦʣʝʝ ʯʝʪʚʝʨʪʠ ʦʪ 

ʦʙʱʝʛʦ ʟʘʧʘʩʘ ʚʦʜʳ ʚʦ ʚʩʝʭ ʦʟʝʨʘʭ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ. ʆʟʝʨʦ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ɺʝʨʭʥʝʚʦʣʞʩʢʦʡ 

ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʙʦʣʝʝ 75% ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʄʦʩʢʦʚʩʢʦʡ ʘʛʣʦʤʝʨʘʮʠʠ. ʇʦ 

ʚʤʝʩʪʠʤʦʩʪʠ ʚʦʜʳ ʦʟ. ʉʝʣʠʛʝʨ ʧʨʝʚʦʩʭʦʜʠʪ ɺʝʨʭʥʝʚʦʣʞʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʚ 1.64 ʨʘʟʘ. ʇʨʠ 

ʪʘʢʦʤ ʦʙʲʝʤʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʦʟʝʨʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠ ʨʝʟʝʨʚʦʤ ʥʘʜʝʞʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʚʦʜʦʡ ʥʘʩʝʣʝʥʠʷ ʠ ʦʪʨʘʩʣʝʡ ʭʦʟʷʡʩʪʚʘ ʚʩʝʛʦ ɺʝʨʭʥʝʚʦʣʞʩʢʦʛʦ 

ʙʘʩʩʝʡʥʘ. ʆʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʧʦʚʳʰʘʝʪʩʷ ʜʦʣʷ ʩʪʦʢʘ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʟ. ʉʝʣʠʛʝʨ ʚ 

ʵʢʩʪʨʝʤʘʣʴʥʦ ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ, ʢʦʛʜʘ ʚ ʩʪʚʦʨʝ ʨ. ɺʦʣʛʘ - ʩ. ɽʣʴʮʳ ʝʛʦ ʚʢʣʘʜ ʜʦʩʪʠʛʘʝʪ 60-65%, ʘ ʚ 

ʩʪʚʦʨʝ ʨ. ɺʦʣʛʘ-ʛ. ʊʚʝʨʴ ʝʛʦ ʜʦʣʷ ʧʨʝʚʳʰʘʝʪ 20% [20]. 
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ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʟʝʨʥʳʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ 

ʢʦʪʣʦʚʠʥ: a) ï ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦʝʤʦʚ, b) ï ʧʣʦʱʘʜʠ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, c) ï ʦʙʲʝʤʳ ʚʦʜʳ. 

 

ʃʠʤʥʦʣʦʛʠʯʝʩʢʘʷ ʠʟʫʯʝʥʥʦʩʪʴ ʦʟ. ʉʝʣʠʛʝʨ 

ʆʟ. ʉʝʣʠʛʝʨ ʠʟʜʨʝʚʣʝ ʧʨʠʚʣʝʢʘʣʦ ʢ ʩʝʙʝ ʚʥʠʤʘʥʠʝ. ɽʛʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʠ ʥʘʯʘʪʳ ʝʱʝ ʧʨʠ ʇʝʪʨʝ I, ʢʦʛʜʘ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ - ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ 

ʚʦʜʥʦʛʦ ʧʫʪʠ ʦʪ ʚʝʨʭʦʚʴʝʚ ɺʦʣʛʠ ʢ ɹʘʣʪʠʡʩʢʦʤʫ ʤʦʨʶ. ʇʨʝʜʧʦʩʳʣʢʦʡ ʢ ʵʪʦʤʫ ʙʳʣʦ ʚʳʛʦʜʥʦʝ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʦʟʝʨʘ, ʥʘʭʦʜʠʚʰʝʝʩʷ ʥʘ ʚʘʞʥʦʤ ʪʦʨʛʦʚʦʤ ʧʫʪʠ ʤʝʞʜʫ ʇʝʪʝʨʙʫʨʛʦʤ, 

ʅʦʚʛʦʨʦʜʦʤ ʠ ʊʚʝʨʴʶ, ʄʦʩʢʚʦʡ. ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʚʦʜʥʦʤ ʧʫʪʠ ʦʪʧʘʣʘ ʣʠʰʴ ʧʦʩʣʝ ʧʫʩʢʘ 

ʅʠʢʦʣʘʝʚʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ. 

ʇʝʨʚʳʝ ʥʘʫʯʥʳʝ ʠʟʳʩʢʘʥʠʷ ʥʘ ʦʟ. ʉʝʣʠʛʝʨ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʫʞʝ ʚ ʥʘʯʘʣʝ XIX  ʚ., ʚʦ ʚʨʝʤʷ 

ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʘʢʘʜʝʤʠʢʦʤ ʅ.ʗ. ʆʟʝʨʝʮʢʦʚʩʢʠʤ ʵʢʩʧʝʜʠʮʠʠ 1814 ʛ., ʥʘʧʨʘʚʣʝʥʥʦʡ ʢ ʠʩʪʦʢʘʤ 

ɺʦʣʛʠ. ɺ ʩʚʦʝʡ ʢʥʠʛʝ çʇʫʪʝʰʝʩʪʚʠʝ ʥʘ ʦʟʝʨʦ ʉʝʣʠʛʝʨè ʅ.ʗ. ʆʟʝʨʮʦʚʩʢʠʡ ʦʪʤʝʪʠʣ ʥʘʣʠʯʠʝ ʚ ʥʝʤ 

çʧʨʝʚʝʣʠʢʠʭ ʩʪʘʜ ʨʳʙè.  

ʇʦʜʨʦʙʥʦʝ ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ ʨʘʡʦʥʘ ɺʝʨʭʥʝʡ ɺʦʣʛʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ 1890-1895 ʛʛ. ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ɼ.ʅ. ɸʥʫʯʠʥʘ [1]. ʕʪʘ ʵʢʩʧʝʜʠʮʠʷ ʧʦʣʦʞʠʣʘ ʥʘʯʘʣʦ ʠʟʫʯʝʥʠʶ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ 

ʦʟ. ʉʝʣʠʛʝʨ, ʠʩʪʦʨʠʠ ʝʛʦ ʨʘʟʚʠʪʠʷ. ɺʧʝʨʚʳʝ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʙʘʪʠʤʝʪʨʠʯʝʩʢʘʷ ʢʘʨʪʘ ʚʦʜʦʝʤʘ ʠ 

ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʘʷ ʢʘʨʪʘ ʝʛʦ ʚʦʜʦʩʙʦʨʘ. 

ɹʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʠʟʫʯʝʥʠʝ ʦʟ. ʉʝʣʠʛʝʨ ʚʥʝʩʣʘ ɹʦʨʦʜʠʥʩʢʘʷ ʧʨʝʩʥʦʚʦʜʥʘʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ 

ʩʪʘʥʮʠʷ ʀʤʧʝʨʘʪʦʨʩʢʦʛʦ ʉ.-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʝʩʪʝʩʪʚʦʠʩʧʳʪʘʪʝʣʝʡ, ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʥʘ 

ʨʫʙʝʞʝ XIX  - ʍʍ ʚʚ. ʥʘ ʝʛʦ ʟʘʧʘʜʥʦʤ ʙʝʨʝʛʫ. ʉʦʪʨʫʜʥʠʢʘʤʠ ʩʪʘʥʮʠʠ ʙʳʣʠ ʚʧʝʨʚʳʝ ʩʦʩʪʘʚʣʝʥʳ 

ʩʧʠʩʢʠ ʚʦʜʦʨʦʩʣʝʡ, ʧʨʦʩʪʝʡʰʠʭ, ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ, ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ. ɺʩʝ ʵʪʠ ʤʘʪʝʨʠʘʣʳ 

ʧʨʠʚʦʜʷʪʩʷ ʚ çʊʨʫʜʘʭ ʇʨʝʩʥʦʚʦʜʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʀʤʧʝʨʘʪʦʨʩʢʦʛʦ ʉ.-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ 

ʦʙʱʝʩʪʚʘ ʝʩʪʝʩʪʚʦʠʩʧʳʪʘʪʝʣʝʡè [17]. ʕʥʪʫʟʠʘʟʤ ʠ ʪʚʦʨʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʦʚ ʩʪʘʥʮʠʠ 

ʧʨʠʚʣʝʢʘʣʠ ʩʶʜʘ ʩʪʫʜʝʥʪʦʚ ʠ ʩʦʪʨʫʜʥʠʢʦʚ ʄʦʩʢʦʚʩʢʦʛʦ ʠ ʉ.-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʘ 

ʪʘʢʞʝ ʜʨʫʛʠʭ ʥʘʫʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʈʦʩʩʠʠ. ʃʝʪʦʤ 1916 ʛ. ʚʙʣʠʟʠ ʩʪʘʥʮʠʠ ʥʘʙʣʶʜʝʥʠʷ ʥʘʜ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʝʡ ʚʦʜʳ ʚ ʦʟʝʨʝ ʠ ʚʣʠʷʥʠʝʤ ʚʝʪʨʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʧʦʣʦʞʝʥʠʝ 

çʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʢʘʯʢʘè ʧʨʦʚʦʜʠʣ ʃ.ɸ ʄʦʣʯʘʥʦʚ. ʕʪʘ ʧʠʦʥʝʨʩʢʘʷ ʨʘʙʦʪʘ ʠʤʝʣʘ ʙʦʣʴʰʫʶ 

ʮʝʥʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʦʟ. ʉʝʣʠʛʝʨ, ʥʦ ʠ ʜʣʷ ʣʠʤʥʦʣʦʛʠʠ ʚ 

ʮʝʣʦʤ.  

ʉ 1918 ʧʦ 1923 ʛʛ. ʧʦ ʠʥʠʮʠʘʪʠʚʝ ʭʠʤʠʢʘ ʅ.ʀ. ɼʝʤʠʜʦʚʘ ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʫʯʝʥʠʝ 

ʩʘʧʨʦʧʝʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʟʘʣʠʚʘʭ ʦʟ. ʉʝʣʠʛʝʨ, ʘ ʪʘʢʞʝ ʚ ʦʟʝʨʘʭ ʠ ʙʦʣʦʪʘʭ 

ʙʣʠʟʣʝʞʘʱʠʭ ʪʝʨʨʠʪʦʨʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʵʪʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʳʨʴʷ. ʉ 1924 ʛ. ʙʳʣʠ ʥʘʯʘʪʳ ʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʦʟ. ʉʝʣʠʛʝʨ, 

ʩʚʷʟʘʥʥʦʛʦ ʩʦ ʩʙʨʦʩʘʤʠ ʢʦʞʝʚʝʥʥʦʛʦ ʟʘʚʦʜʘ, ʩʫʱʝʩʪʚʦʚʘʚʰʝʛʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛ. ʆʩʪʘʰʢʦʚʘ ʩ 

ʥʘʯʘʣʘ XIX ʚʝʢʘ. ɺ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ɽʤʰʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʘʣʠʯʠʝ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʚʝʨʜʳʭ ʦʪʭʦʜʦʚ [12], ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʜʣʷ ʵʢʦʩʠʩʪʝʤʳ 

ʦʟʝʨʘ ʚʳʷʚʣʝʥʦ ʥʝ ʙʳʣʦ. 

ɺ 1932-1933 ʛʛ. ʥʘ ʦʟ. ʉʝʣʠʛʝʨ ʨʘʙʦʪʘʣʘ ʵʢʩʧʝʜʠʮʠʷ ʃʘʙʦʨʘʪʦʨʠʠ ʛʠʜʨʦʙʠʦʣʦʛʠʠ 

ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʢʦʪʦʨʦʡ ʙʳʣʦ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʝ 
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ʦʙʩʣʝʜʦʚʘʥʠʝ ʦʟʝʨʘ. ɺʧʝʨʚʳʝ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʝʛʦ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʦʪʥʝʩʪʠ ʦʟ. ʉʝʣʠʛʝʨ ʢ ʧʨʦʜʫʢʪʠʚʥʳʤ ʚʦʜʦʝʤʘʤ, ʘ ʥʝʢʦʪʦʨʳʝ ʝʛʦ ʨʘʡʦʥʳ - ʢ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʤ 

[7]. 

ʇʦʩʣʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʝʨʝʨʳʚʘ ʜʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʟ. ʉʝʣʠʛʝʨ ʥʘʯʘʣʦʩʴ ʚ 1959 ʛ., 

ʢʦʛʜʘ ʙʳʣʦ ʩʦʟʜʘʥʦ ʆʩʪʘʰʢʦʚʩʢʦʝ ʦʪʜʝʣʝʥʠʝ ɻʦʩʅʀʆʈʍ, ʦʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʨʘʙʦʪʳ ʢʦʪʦʨʦʛʦ 

ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʟʝʨʘ ʢʘʢ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʨʳʙ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ 

ʝʛʦ ʨʳʙʥʳʭ ʟʘʧʘʩʦʚ ʠ ʨʳʙʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʅʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʤʠ ʚ ʠʟʫʯʝʥʠʠ ʦʟʝʨʘ ʦʢʘʟʘʣʠʩʴ 

1960-ʝ ʛʛ. ʇʦʤʠʤʦ ʆʩʪʘʰʢʦʚʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ɻʦʩʅʀʆʈʍ, ʧʨʦʩʫʱʝʩʪʚʦʚʘʚʰʝʛʦ ʚ ʛ. ʆʩʪʘʰʢʦʚʝ 

ʤʝʥʝʝ ʜʝʩʷʪʠ ʣʝʪ, ʥʘ ʦʟʝʨʝ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʨʘʙʦʪʘʣʘ ʵʢʩʧʝʜʠʮʠʷ ʀʥʩʪʠʪʫʪʘ ʛʝʦʛʨʘʬʠʠ ɸʅ ʉʉʉʈ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʃ.ʃ. ʈʦʩʩʦʣʠʤʦ. ʕʢʩʧʝʜʠʮʠʷ ʠʟʫʯʘʣʘ ʧʨʠʯʠʥʳ ʠ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʫʩʪʦʡʯʠʚʳʭ ʥʝʦʙʨʘʪʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʨʝʞʠʤʘ ʦʟʝʨʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʟ. ʉʝʣʠʛʝʨ ʦʢʘʟʘʣʦʩʴ ʚ ʯʠʩʣʝ ʧʝʨʚʳʭ ʚʦʜʦʝʤʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʥʘʯʘʣʠ ʠʟʫʯʘʪʴ ʧʨʦʮʝʩʩʳ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ 

ʧʨʦʠʩʭʦʜʷʪ ʥʝʨʘʚʥʦʤʝʨʥʦ ʚ ʦʪʜʝʣʴʥʳʭ ʧʣʝʩʘʭ, ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʦʥʠ ʨʘʟʚʠʚʘʣʠʩʴ ʚ ʪʦʡ ʯʘʩʪʠ 

ʦʟʝʨʘ, ʥʘ ʢʦʪʦʨʫʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʣʦʩʴ ʚʣʠʷʥʠʝ ʩʙʨʦʩʦʚ ʢʦʞʝʚʝʥʥʦʛʦ ʟʘʚʦʜʘ ʠ 

ʛʦʨʦʜʘ [14]. 

ɼʘʣʴʥʝʡʰʝʝ ʫʩʠʣʝʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʢʦʩʠʩʪʝʤʫ ʦʟ. ʉʝʣʠʛʝʨ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʦʨʛʘʥʠʟʘʮʠʠ ʥʦʚʳʭ ʥʘʫʯʥʳʭ ʵʢʩʧʝʜʠʮʠʡ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʦʩʪʦʷʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʙʱʝʩʪʚ [10, 13]. ʉ 1980 ʛ. ʂʘʣʠʥʠʥʩʢʠʤ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜ, ʩʙʨʘʩʳʚʘʝʤʳʭ ʩ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʦ ʥʘʨʫʰʝʥʥʳʭ ʪʦʨʬʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʙʦʣʦʪ. ɹʳʣʠ ʦʙʩʣʝʜʦʚʘʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʤʦʱʥʳʝ ʟʘʣʝʞʠ ʩʘʧʨʦʧʝʣʝʡ, ʥʘ ʢʦʪʦʨʳʭ ʟʘʪʝʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʠʭ ʜʦʙʳʯʝ.  

ɺ ʢʦʥʮʝ 1990-ʭ ʛʛ. ʥʘ ʦʟʝʨʝ ʙʳʣʠ ʥʘʯʘʪʳ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʚʤʝʩʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʀʥʩʪʠʪʫʪʘ 

ʦʟʝʨʦʚʝʜʝʥʠʷ ʈɸʅ ʠ ʊʚʝʨʩʢʦʛʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʩ 2000 ʛ. ʢ ʥʠʤ 

ʪʘʢʞʝ ʧʨʠʩʦʝʜʠʥʠʣʠʩʴ ʩʧʝʮʠʘʣʠʩʪʳ ʀʥʩʪʠʪʫʪʘ ʛʝʦʛʨʘʬʠʠ ʈɸʅ ʠ ʀʥʩʪʠʪʫʪʘ ʦʢʝʘʥʦʣʦʛʠʠ ʠ 

ʛʝʦʵʢʦʣʦʛʠʠ ʈɸʅ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʤʦʥʦʛʨʘʬʠʠ - ɺ.ʀ. 

ʂʦʩʦʚʘ, ʀ.ɺ. ʂʦʩʦʚʦʡ çʕʢʦʣʦʛʠʷ ʦʟʝʨʘ ʉʝʣʠʛʝʨè ʠ çʉʪʨʫʢʪʫʨʘ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʛʝʦʩʠʩʪʝʤʳ 

ʦʟʝʨʘ ʉʝʣʠʛʝʨ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭè. ʕʪʠ ʨʘʙʦʪʘʤ ʧʦʟʚʦʣʠʣʠ ʙʦʣʝʝ ʧʦʣʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʵʢʦʩʠʩʪʝʤʳ ʦʟʝʨʘ, ʝʛʦ ʪʨʦʬʠʯʝʩʢʠʡ ʩʪʘʪʫʩ, ʚʳʷʚʠʪʴ ʘʥʪʨʦʧʦʛʝʥʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ. ɺ ʨʘʙʦʪʘʭ ʜʘʥʦ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʚʦʜʦʩʙʦʨʘ ʧʦ 

ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʚʠʜʘʤ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʧʦ ʩʪʝʧʝʥʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʜʣʷ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʨʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʝʨʚʦʦʯʝʨʝʜʥʳʤ ʚʦʜʦ- ʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʤ 

ʤʝʨʦʧʨʠʷʪʠʷʤ. 

ʌʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʟ. ʉʝʣʠʛʝʨ. 

ʆʟʝʨʦ ʉʝʣʠʛʝʨ ʦʙʨʘʟʦʚʘʣʦʩʴ ʧʨʠʤʝʨʥʦ 25 ʪʳʩʷʯ ʣʝʪ ʥʘʟʘʜ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʯʝʪʚʝʨʥʦʡ 

ʣʝʜʥʠʢʦʚʦʡ ʵʧʦʭʠ, ʠ ʝʛʦ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʨʝʣʠʢʪ ʣʝʜʥʠʢʦʚʳʭ ʦʟʝʨ ʠ ʧʦʪʦʢʦʚ ʪʘʣʳʭ ʚʦʜ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʦʟʝʨʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʝ ʮʝʧʦʯʢʠ ʧʣʝʩʦʚ, ʧʨʦʪʷʥʫʚʰʠʭʩʷ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ ʧʦʯʪʠ 

ʥʘ 100 ʢʤ ʠ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ - ʥʘ 40 ʢʤ. ʇʣʦʱʘʜʴ ʚʦʜʥʦʛʦ ʟʝʨʢʘʣʘ ʦʟ. ʉʝʣʠʛʝʨ ʩʦʩʪʘʚʣʷʝʪ 220 ʢʤ
2
 

ʧʨʠ ʩʨʝʜʥʝʡ ʛʣʫʙʠʥʝ 5.8 ʤ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ - 28 ʤ. ɽʛʦ ʚʦʜʦʩʙʦʨʥʳʡ ʙʘʩʩʝʡʥ ʧʣʦʱʘʜʴʶ 2312 ʢʤ
2
 

ʟʘʥʠʤʘʝʪ ʚʦʜʦʨʘʟʜʝʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɺʘʣʜʘʡʩʢʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ. ʉʨʝʜʠ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ (~110) ʧʨʠʪʦʢʦʚ, ʧʠʪʘʶʱʠʭ ʦʟʝʨʦ, ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʝʢ ʥʝʪ, ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ - ʨ. 

ʂʨʘʧʠʚʥʘ ʠ ʏʝʨʝʤʫʭʘ. ʀʟ ʶʞʥʦʛʦ ʧʣʝʩʘ ʚʳʪʝʢʘʝʪ ʨ. ʉʝʣʠʞʘʨʦʚʢʘ, ʚʧʘʜʘʶʱʘʷ ʚ ʨ. ɺʦʣʛʫ.  

ʀʩʭʦʜʷ ʠʟ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʦʟʝʨʦ ʨʘʟʜʝʣʝʥʦ ʥʘ 

10 ʦʩʥʦʚʥʳʭ ʩʠʣʴʥʦ ʨʘʩʯʣʝʥʝʥʥʳʭ ʧʣʝʩʦʚ: ʇʦʣʥʦʚʩʢʠʡ, ʉʦʩʥʠʮʢʠʡ, ʂʨʘʚʦʪʳʥʩʢʠʡ, 

ɺʦʣʦʭʦʚʱʠʥʩʢʠʡ, ɹʝʨʝʟʦʚʩʢʠʡ, ʉʣʦʙʦʜʩʢʠʡ, ʆʩʪʘʰʢʦʚʩʢʠʡ, ɺʝʩʝʮʢʠʡ, ʉʝʣʠʞʘʨʦʚʩʢʠʡ, 

ɺʣʘʜʳʰʠʥʩʢʠʡ. ʇʣʝʩʳ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʦʪʦʢʘʤʠ, ʠʤʝʶʱʠʤʠ ʧʦʩʪʦʷʥʥʦʝ ʪʝʯʝʥʠʝ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 0.1-0.2 ʤ/ʩ. ʅʘʠʙʦʣʝʝ ʛʣʫʙʦʢʠʤʠ ʧʣʝʩʘʤʠ ʷʚʣʷʶʪʩʷ ʉʣʦʙʦʜʩʢʦʡ, ʇʦʣʥʦʚʩʢʠʡ ʠ 

ɹʝʨʝʟʦʚʩʢʠʡ ʩʦ ʩʨʝʜʥʠʤʠ ʛʣʫʙʠʥʘʤʠ 8.5-9.4, ʥʘʠʙʦʣʝʝ ʤʝʣʢʦʚʦʜʥʳ ɺʝʩʝʮʢʠʡ ʠ ʉʝʣʠʞʘʨʦʚʩʢʠʡ - 

2-4 ʤ. ʅʘ ʦʟʝʨʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʜʦ 169 ʦʩʪʨʦʚʦʚ ʧʣʦʱʘʜʴʶ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʦʚ ʜʦ 35 

ʢʤ
2 
(ʦ. ʍʘʯʠʥ). 
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ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʟʝʨʘ ʥʘ ʨʫʙʝʞʝ ʍʍ-ʍʍI ʚʚ. 

ɺ ʩʚʷʟʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʥʘ ʚʦʜʦʩʙʦʨ, ʫʞʝ ʚ 1960-ʝ ʛʛ. ʦʟ. ʉʝʣʠʛʝʨ 

ʧʨʠʦʙʨʝʣʦ ʩʪʘʪʫʩ ʤʝʟʦʪʨʦʬʥʦʛʦ ʚʦʜʦʝʤʘ ʩ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʥʳʤʠ ʯʝʨʪʘʤʠ ʵʚʪʨʦʬʠʠ ʚ 

ʆʩʪʘʰʢʦʚʩʢʦʤ ʧʣʝʩʝ, ʦʩʦʙʝʥʥʦ ʚ ʝʛʦ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ. ʂ ʪʘʢʠʤ ʯʝʨʪʘʤ ʦʪʥʦʩʠʣʠ ʷʨʢʦ ʚʳʨʘʞʝʥʥʫʶ 

ʛʠʧʦʢʩʠʶ, ʚʧʣʦʪʴ ʜʦ ʘʥʦʢʩʠʠ ʚ ʧʨʠʜʦʥʥʳʭ ʩʣʦʷʭ ʚʧʘʜʠʥ, ʧʦʷʚʣʝʥʠʝ ʩʝʨʦʚʦʜʦʨʦʜʘ ʠ ʥʘʢʦʧʣʝʥʠʝ 

ʧʦʚʳʰʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ - ʬʦʩʬʦʨʘ ʠ ʘʟʦʪʘ [14]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ 1990-ʭ ʛʛ. [5, 6], ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʦʙ 

ʫʩʠʣʝʥʠʠ ʭʠʤʠʯʝʩʢʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʦʟʝʨʥʦʡ ʚʦʜʳ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʚ ʚʦʜʝ 

ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʠʜʦʚ, ʩʫʣʴʬʘʪʦʚ, ʞʝʣʝʟʘ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʅʘʠʙʦʣʴʰʫʶ ʘʥʪʨʦʧʦʛʝʥʥʫʶ 

ʥʘʛʨʫʟʢʫ ʠʩʧʳʪʳʚʘʣʠ ʆʩʪʘʰʢʦʚʩʢʠʡ, ʉʣʦʙʦʜʩʢʠʡ ʠ ʉʝʣʠʞʘʨʦʚʩʢʠʡ ʧʣʝʩʳ. 

ɹʦʣʝʝ ʧʦʟʜʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʟʝʨʘ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ 1998-2000 ʛʛ. ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʦʙ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɺʦʜʘ ʦʟʝʨʘ ʙʳʣʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ 

ʢʘʢ ʩʨʝʜʥʝʤʠʥʝʨʘʣʠʟʦʚʘʥʥʘʷ, ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʢʘʣʴʮʠʝʚʘʷ ʩ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʠʦʥʦʚ ʅʉʆ3
- 
(32-37%-ʵʢʚ.) ʠ ʉʘ

2+
 (28-33%-ʵʢʚ.). ʆʙʱʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʠʟʤʝʥʷʣʘʩʴ ʧʦ ʧʣʝʩʘʤ ʦʪ 

117 ʜʦ 134 ʤʛ/ʣ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ [9 ʠ 19], ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʙʱʝʛʦ ʬʦʩʬʦʨʘ ʚ ʦʟ. ʉʝʣʠʛʝʨ ʚ ʢʦʥʮʝ 

1990-ʭ ʛʛ. ʩʦʩʪʘʚʣʷʣʘ 0.041-0.374 ʤʛ/ʣ, ʦʙʱʝʛʦ ʘʟʦʪʘ - 1.5-3.6 ʤʛ/ʣ. ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʆʩʪʘʰʢʦʚʩʢʦʛʦ ʧʣʝʩʘ ʠ ʙʳʣʠ ʦʙʫʩʣʦʚʣʝʥʳ ʚʣʠʷʥʠʝʤ 

ʛʦʨʦʜʩʢʠʭ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʩʪʦʢʘ ʨ. ɽʤʰʠ. ɺʝʣʠʯʠʥʳ ɹʇʂ5 ʠʟʤʝʥʷʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ 0.1-3.2 ʤʛʆ/ʣ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʚ ʉʣʦʙʦʜʩʢʦʤ ʧʣʝʩʝ - 2.2-3.2 ʤʛʆ/ʣ (ʚʦʜʳ ʫʤʝʨʝʥʥʦ-

ʟʘʛʨʷʟʥʝʥʥʳʝ), ʚ ʉʦʩʥʠʮʢʦʤ ʠ ɹʝʨʝʟʦʚʩʢʦʤ - 2.3-3.0 ʤʛʆ/ʣ (ʫʤʝʨʝʥʥʦ-ʟʘʛʨʷʟʥʝʥʥʳʝ), ʚ 

ʇʦʣʥʦʚʩʢʦʤ, ʂʨʘʚʦʪʳʥʩʢʦʤ, ʉʝʨʝʤʩʢʦʤ ʠ ʉʝʣʠʞʘʨʦʚʩʢʦʤ - 0.9-1.5 ʤʛʆ/ʣ (ʚʦʜʳ ʯʠʩʪʳʝ). ɺ 

ʩʨʘʚʥʝʥʠʠ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʥʘʯʘʣʝ 1990-ʭ ʛʛ., ʢʦʛʜʘ ʚʝʣʠʯʠʥʘ ɹʇʂ5  ʚ ʆʩʪʘʰʢʦʚʩʢʦʤ 

ʧʣʝʩʝ ʚ ʨʘʡʦʥʝ ʤʦʣʦʢʦʟʘʚʦʜʘ ʩʦʩʪʘʚʣʷʣʘ 8.5 ʤʛʆ/ʣ, ʧʨʦʠʟʦʰʣʦ ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʘ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ. 

ʆʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʦʟ. ʉʝʣʠʛʝʨ ʠʛʨʘʶʪ 

ʧʣʘʥʢʪʦʥʥʳʝ ʚʦʜʦʨʦʩʣʠ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ ʢ ʚʠʜʘʤ ʠʥʜʠʢʘʪʦʨʘʤ. ʉʦʛʣʘʩʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ 1998-2000 ʛʛ., ʚ ʩʦʩʪʘʚʝ ʣʝʪʥʠʭ ʘʣʴʛʦʮʝʥʦʟʦʚ ʦʟʝʨʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 240 ʪʘʢʩʦʥʦʚ 

ʚʦʜʦʨʦʩʣʝʡ ʨʘʥʛʦʤ ʥʠʞʝ ʨʦʜʘ [16]. ʇʦ ʢʦʣʠʯʝʩʪʚʫ ʚʠʜʦʚ ʚʦ ʚʩʝʭ ʩʦʦʙʱʝʩʪʚʘʭ ʧʨʝʦʙʣʘʜʘʣʠ 

ʜʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ, ʘ ʩʪʨʫʢʪʫʨʫ ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʦʧʨʝʜʝʣʷʣʠ ʚ ʦʩʥʦʚʥʦʤ 

ʜʠʥʦʬʠʪʦʚʳʝ, ʩʠʥʝʟʝʣʝʥʳʝ, ʜʠʘʪʦʤʦʚʳʝ ʠ ʢʨʠʧʪʦʬʠʪʦʚʳʝ [2]. ɺ 1998 ʛ. ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʚʩʝʡ 

ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ ʩʪʨʫʢʪʫʨʫ ʙʠʦʤʘʩʩʳ ʦʧʨʝʜʝʣʷʣ Ceratium hirundinella, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʣ ʦʪ 81 ʜʦ 

94% ʩʫʤʤʘʨʥʦʡ ʙʠʦʤʘʩʩʳ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʣʠ ʇʦʣʥʦʚʩʢʠʡ ʧʣʝʩ, ʦʟʝʨʘ ʉʝʨʝʤʦ ʠ ɹʝʣʦʝ, ʛʜʝ 

ʧʦʤʠʤʦ ʜʠʥʦʬʠʪʦʚʳʭ ʨʘʟʚʠʚʘʣʠʩʴ ʜʠʘʪʦʤʦʚʳʝ ʠ ʩʠʥʝʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ. ɺ 2000 ʛ. ʧʦ ʚʩʝʡ 

ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ ʨʘʟʚʠʚʘʣʠʩʴ ʚʦʜʦʨʦʩʣʠ ʚʩʝʭ ʨʘʟʜʝʣʦʚ.  

ɹʠʦʤʘʩʩʘ ʣʝʪʥʝʛʦ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʝʨʠʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʣʝʙʘʣʘʩʴ ʚ 

ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ - ʦʪ 1.49 ʜʦ 48.79 ʤʛ/ʣ [2]. ɽʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʚ 

ʉʣʦʙʦʜʩʢʦʤ ʠ ʆʩʪʘʰʢʦʚʩʢʦʤ ʧʣʝʩʘʭ. ʇʨʠ ʵʪʦʤ ʦʩʨʝʜʥʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʙʠʦʤʘʩʩʳ ʧʦ ʚʩʝʤ ʧʣʝʩʘʤ 

ʤʘʣʦ ʦʪʣʠʯʘʣʠʩʴ. ʊʘʢ, ʚ 1998 ʛ. ʩʨʝʜʥʷʷ ʙʠʦʤʘʩʩʘ ʩʦʩʪʘʚʣʷʣʘ 17.3 ʤʛ/ʣ, ʚ 1999 ʛ. - 16.6, ʚ 2000 ʛ.- 

15.7 ʤʛ/ʣ. ʇʦ ʩʦʩʪʘʚʫ ʠ ʫʨʦʚʥʶ ʨʘʟʚʠʪʠʷ ʚʦʜʦʨʦʩʣʝʡ ʣʝʪʥʝʛʦ ʧʣʘʥʢʪʦʥʘ ʦʟ. ʉʝʣʠʛʝʨ ʙʳʣʦ ʦʪʥʝʩʝʥʦ 

ʢ ʚʦʜʦʝʤʘʤ ʤʝʟʦʪʨʦʬʥʦʛʦ ʪʠʧʘ ʩ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʤʠ ʯʝʨʪʘʤʠ ʵʚʪʨʦʬʠʠ ʥʘ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ.  

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ ʠʟʤʝʥʷʣʘʩʴ ʧʦ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ ʦʪ 0 ʜʦ 4.35 ʤʛʆ2/ʣ. ʩʫʪ [15]. 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʚʝʣʠʯʠʥʳ ʦʪʤʝʯʘʣʠʩʴ ʚ ʆʩʪʘʰʢʦʚʩʢʦʤ ʠ ʉʣʦʙʦʜʩʢʦʤ ʧʣʝʩʘʭ. ʋ ʢʦʣʣʝʢʪʦʨʘ 

ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʠʤʝʶʱʠʭ ʩʪʦʢ ʚ ʨ. ɽʤʰʫ, ʬʦʪʦʩʠʥʪʝʟ ʚʦʦʙʱʝ ʥʝ ʦʪʤʝʯʘʣʩʷ. ɸʥʘʣʠʟ 

ʚʝʣʠʯʠʥ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ ʧʦ ʚʩʝʤʫ ʦʟʝʨʫ ʧʦʢʘʟʘʣ ʠʭ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʤʝʟʦʪʨʦʬʥʳʭ ʠ ʵʚʪʨʦʬʥʳʭ ʦʟʝʨ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʪʦʛʦ, ʯʪʦ ʦʟʝʨʦ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʦ ʧʨʦʜʫʢʪʠʚʥʳʤ ʧʦʩʣʫʞʠʣ ʠ ʘʥʘʣʠʟ ʧʨʦʜʫʢʮʠʦʥʥʦ-ʜʝʩʪʨʫʢʮʠʦʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ. ɺ ʧʣʝʩʘʭ 

ʦʟ. ʉʝʣʠʛʝʨ ʩʦʦʪʥʦʰʝʥʠʝ ʌ/ɼ (ʬʦʪʦʩʠʥʪʝʟ/ʜʝʩʪʨʫʢʮʠʷ) ʧʦʯʪʠ ʚʩʝʛʜʘ ʧʨʝʚʳʰʘʣʦ 1, ʘ ʥʘ ʥʝʢʦʪʦʨʳʭ 

ʩʪʘʥʮʠʷʭ ʙʳʣʦ ʚʳʰʝ 4, ʯʪʦ ʩʣʫʞʠʣʦ ʢʦʩʚʝʥʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʜ, ʢʦʛʜʘ 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʥʝ ʫʩʧʝʚʘʝʪ ʤʠʥʝʨʘʣʠʟʦʚʘʪʴʩʷ ʟʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ, ʩʦʦʪʥʦʰʝʥʠʝ ʠʥʜʠʢʘʪʦʨʥʳʭ ʚʠʜʦʚ ʚ ʩʦʩʪʘʚʝ ʧʝʨʠʬʠʪʦʥʘ ʠ ʤʠʢʨʦʬʠʪʦʙʝʥʪʦʩʘ ʦʟʝʨʘ 

ʫʢʘʟʳʚʘʣʠ, ʯʪʦ ʜʘʞʝ ʚʦʜʳ ʥʘʠʙʦʣʝʝ ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʉʣʦʙʦʜʩʢʦʛʦ ʧʣʝʩʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʢʘʢ 
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ʩʣʘʙʦʟʘʛʨʷʟʥʝʥʥʳʝ; ʠʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʣʠ ʣʠʰʴ ʤʝʩʪʘ ʚʳʙʨʦʩʘ ʛʦʨʦʜʩʢʠʭ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʨʘʡʦʥ 

ʢʦʞʝʚʝʥʥʦʛʦ ʟʘʚʦʜʘ.  

ɿʦʦʧʣʘʥʢʪʦʥ ʦʟʝʨʘ ʩ 1960-ʭ ʧʦ 2000-ʝ ʛʛ. ʧʨʝʪʝʨʧʝʣ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʢʘʢ ʧʦ 

ʩʦʩʪʘʚʫ, ʪʘʢ ʠ ʧʦ ʙʠʦʤʘʩʩʝ ʠ ʩʪʨʫʢʪʫʨʝ. ɺ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʩʝʚʝʨʥʳʭ ʧʣʝʩʘʭ, ʥʘʠʤʝʥʝʝ 

ʧʦʜʚʝʨʞʝʥʥʳʭ ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʧʨʦʜʦʣʞʘʣ ʜʦʤʠʥʠʨʦʚʘʪʴ ʣʠʤʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ 

ʚʠʜʦʚ ʨʘʢʦʦʙʨʘʟʥʳʭ çʦʣʠʛʦ-ʤʝʟʦʪʨʦʬʥʦʛʦ ʪʠʧʘè. ʋʨʦʚʝʥʴ ʙʠʦʤʘʩʩʳ (0.75-3.0 ʛ/ʤ
3
) ʫʢʘʟʳʚʘʣ ʥʘ 

ʤʝʟʦʪʨʦʬʥʳʡ ʭʘʨʘʢʪʝʨ ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʦʟʝʨʘ. ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʵʚʪʨʦʬʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ, ʪʦ 

ʙʠʦʤʘʩʩʘ ʟʦʦʧʣʘʥʢʪʦʥʘ ʚ ʥʠʭ ʙʳʣʘ ʚ 1-3 ʨʘʟʘ ʚʳʰʝ ʠ ʜʦʩʪʠʛʘʣʘ 6.0-6.7 ʛ/ʤ
3
 ʟʘ ʩʯʝʪ ʨʝʟʢʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʢʨʫʧʥʳʭ ʨʘʢʦʦʙʨʘʟʥʳʭ, ʦʩʦʙʝʥʥʦ ʜʠʘʧʪʦʤʫʩʦʚ, ʜʘʬʥʠʡ ʠ ʜʠʘʬʘʥʦʟʦʤʳ, ʘ ʪʘʢʞʝ 

ʚʩʧʳʰʝʢ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʢʨʫʧʥʦʡ ʘʩʧʣʘʥʭʥʳ [11]. ɺ 2000 ʛ. ʟʜʝʩʴ ʦʪʤʝʯʘʣʦʩʴ ʤʘʩʩʦʚʦʝ 

ʨʘʟʚʠʪʠʝ ʢʨʫʧʥʦʡ Moina rectirostris, ʷʚʣʷʶʱʝʡʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʵʪʠ ʫʯʘʩʪʢʠ ʢʘʢ ʚʳʩʦʢʦʩʘʧʨʦʙʥʳʝ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʟʦʦʙʝʥʪʦʩʫ ʩ ʜʘʥʥʳʤʠ ʖ.ɽ. ʐʘʥʛʠʥʘ [18] 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʭʦʪʷ ʩʪʨʫʢʪʫʨʘ ʩʦʦʙʱʝʩʪʚʘ ʟʘ ʧʨʦʰʝʜʰʠʝ ʤʝʞʜʫ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ 30-40 ʣʝʪ ʚ ʮʝʣʦʤ 

ʥʝ ʧʨʝʪʝʨʧʝʣʘ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʜʦʣʞʘʣʦʩʴ ʩʦʢʨʘʱʝʥʠʝ ʚʠʜʦʚʦʛʦ ʩʧʠʩʢʘ, ʘ ʪʘʢʞʝ 

ʩʤʝʥʘ ʜʦʤʠʥʠʨʫʶʱʠʭ ʬʦʨʤ ʚ ʦʪʜʝʣʴʥʳʭ ʧʣʝʩʘʭ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 1998-2000 ʛʛ. 

ʙʦʣʴʰʠʥʩʪʚʦ ʚʩʪʨʝʯʝʥʥʳʭ ʚʠʜʦʚ ʷʚʣʷʣʦʩʴ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʵʚʨʠʙʠʦʥʪʘʤʠ. ɸʥʘʣʠʟ 

ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʦʟʚʦʣʷʣ ʛʦʚʦʨʠʪʴ ʦʙ ʵʚʪʨʦʬʥʦʤ ʭʘʨʘʢʪʝʨʝ ʬʘʫʥʳ. ʇʨʝʦʙʣʘʜʘʶʱʠʤ ʧʦ ʯʠʩʣʫ 

ʚʠʜʦʚ ʙʳʣʘ ʛʨʫʧʧʘ ʭʠʨʦʥʦʤʠʜ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʣʠʩʴ ʣʠʯʠʥʢʠ Chironomus plumosus ʠ 

Cladotanytarsus mancus. ʆʣʠʛʦʭʝʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʫʤʷ ʚʠʜʘʤʠ, ʦʙʳʯʥʦ ʘʩʩʦʮʠʠʨʫʶʱʠʤʠʩʷ 

ʩ ʧʦʣʠʩʘʧʨʦʙʥʳʤʠ ʫʩʣʦʚʠʷʤʠ: Tubifex tubifex ʠ Limnodrilus hoffmeisteri. ɹʠʦʤʘʩʩʘ ʟʦʦʙʝʥʪʦʩʘ ʚ 

ʩʝʚʝʨʥʳʭ ʧʣʝʩʘʭ ʩʦʩʪʘʚʣʷʣʘ 0.5-1.03 ʛ/ʤ
2
, ʚ ɹʝʨʝʟʦʚʩʢʦʤ ʧʣʝʩʝ ʚ ʧʨʦʬʫʥʜʘʣʠ ʦʥʘ ʜʦʩʪʠʛʘʣʘ 5.9 

ʛ/ʤ
2
. ɻʦʨʦʜʩʢʦʡ ʧʣʝʩ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʚʳʩʦʢʠʤ ʚʠʜʦʚʳʤ ʙʦʛʘʪʩʪʚʦʤ, ʙʠʦʤʘʩʩʘ ʢʦʣʝʙʘʣʘʩʴ ʚ 

ʧʨʝʜʝʣʘʭ 0.1-6.8 ʛ/ʤ
2 
[3]. ʆʪʜʝʣʴʥʦ ʦʪ ʚʩʝʭ ʩʪʘʥʮʠʡ ʵʪʦʛʦ ʧʣʝʩʘ ʩʪʦʷʣʦ ʫʩʪʴʝ ʨ. ɽʤʰʠ, ʛʜʝ ʧʨʠ 

ʢʨʘʡʥʝ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʙʠʦʤʘʩʩʳ - 19.4 ʛ/ʤ
2
. ʅʘ ʩʪʘʥʮʠʠ ʧʨʝʦʙʣʘʜʘʣʠ ʣʠʯʠʥʢʠ ʉhironomus plumosus, ʧʦʢʘʟʘʪʝʣʠ 

ʧʦʣʠʩʘʧʨʦʙʥʳʭ ʫʩʣʦʚʠʡ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʜʝʢʩʦʚ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ ʧʦ ʤʝʡʦʙʝʥʪʦʩʫ ʠ ʤʘʢʨʦʙʝʥʪʦʩʫ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʘʢʚʘʪʦʨʠʠ ʦʟ. ʉʝʣʠʛʝʨ ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʘʢ ʫʤʝʨʝʥʥʦ-ʟʘʛʨʷʟʥʝʥʥʳʡ 

ʚʦʜʦʝʤ, ʯʘʩʪʴ ʣʠʪʦʨʘʣʴʥʳʭ ʩʪʘʥʮʠʡ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʢʘʢ ʧʦʯʪʠ ʯʠʩʪʳʝ [4]. ɺʤʝʩʪʝ ʩ ʪʝʤ ʨʷʜ ʟʦʥ 

ʚʙʣʠʟʠ ʛ. ʆʩʪʘʰʢʦʚʦ, ʦ. ɻʦʨʦʜʦʤʣʷ ʠ ʚ ʨʘʡʦʥʝ ʩʙʨʦʩʘ ʩʪʦʯʥʳʭ ʚʦʜ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʢʘʢ 

ʟʘʛʨʷʟʥʝʥʥʳʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 1998-2000 ʛʛ. ʩ ʙʦʣʝʝ ʨʘʥʥʠʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʩʣʝʜʦʚʘʣʦ, ʯʪʦ, ʭʦʪʷ ʧʦ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʠ ʤʦʞʥʦ ʙʳʣʦ ʩʫʜʠʪʴ ʦʙ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʟʝʨʘ, ʥʦ ʫʞʝ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʦʩʦʙʝʥʥʦ ʚ 

ʆʩʪʘʰʢʦʚʩʢʦʤ ʧʣʝʩʝ, ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʵʪʦ ʧʦʜʪʚʝʨʞʜʘʣʠ. 

ʉ ʥʘʯʘʣʘ 2000-ʭ ʛʛ. ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʦʟ. ʉʝʣʠʛʝʨ ʥʦʩʠʣʠ ʫʟʢʦʩʧʝʮʠʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʣʠʤʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ʉ ʫʯʝʪʦʤ ʚʦʟʦʙʥʦʚʣʝʥʠʷ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʦʩʪʘ ʚ ʨʝʛʠʦʥʝ, ʘʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʨʝʢʨʝʘʮʠʠ ʩʣʝʜʫʝʪ 

ʦʞʠʜʘʪʴ ʫʭʫʜʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʟʝʨʘ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ 

ʪʝʨʨʠʪʦʨʠʠ ʦʟ. ʉʝʣʠʛʝʨ ʷʚʣʷʝʪʩʷ ʫʢʨʫʧʥʝʥʠʝ ʠʥʜʫʩʪʨʠʠ ʪʫʨʠʟʤʘ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʦʩʪʦʤ 

ʥʘʩʝʣʝʥʠʷ, ʥʘʨʘʩʪʘʥʠʝʤ ʪʝʤʧʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʫʚʝʣʠʯʝʥʠʝʤ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ. ɺʦʟʨʦʩʰʘʷ 

ʥʘʛʨʫʟʢʘ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʟʝʨʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʷʚʠʪʴ ʝʛʦ 

ʩʦʚʨʝʤʝʥʥʦʝ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʫʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʦʢʨʫʞʘʶʱʝʡ ʝʛʦ 

ʪʝʨʨʠʪʦʨʠʠ. ʊʝʤ ʙʦʣʝʝ, ʯʪʦ ʙʣʘʛʦʧʦʣʫʯʠʝ ʵʢʦʩʠʩʪʝʤʳ ʦʟʝʨʘ ʉʝʣʠʛʝʨ, ʷʚʣʷʶʱʝʛʦʩʷ ʢʨʫʧʥʝʡʰʠʤ 

ʧʨʝʩʥʦʚʦʜʥʳʤ ʚʦʜʦʝʤʦʤ ɺʝʨʭʥʝ-ɺʦʣʞʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪ ʟʜʦʨʦʚʴʝ 

ʧʦʞʠʚʘʶʱʝʛʦ ʟʜʝʩʴ ʥʘʩʝʣʝʥʠʷ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʵʢʦʥʦʤʠʢʠ ʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɼʘʣʴʥʝʡʰʠʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʟ. ʉʝʣʠʛʝʨ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʮʝʥʢʫ 

ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʦʮʝʩʩ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʚʦʜʦʝʤʘ, ʘ ʪʘʢʞʝ ʥʘ ʦʮʝʥʢʫ ʢʦʤʧʦʥʝʥʪʦʚ 

ʪʦʢʩʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʚʦʜʦʩʙʦʨʝ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʩʪʘʪʴ ʛʣʘʚʥʳʤʠ ʚ 

ʦʙʦʩʥʦʚʘʥʠʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʥʘ ʦʟʝʨʦ. ʈʝʰʘʪʴ 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʦʙʣʝʤʳ ʤʦʞʥʦ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʩʝʨʴʝʟʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 
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ʪʨʝʙʫʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʠʣʠʡ, ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ-ʣʠʤʥʦʣʦʛʦʚ, 

ʪʘʢ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. 
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Abstract: L. Seliger is the largest water body of the Tver region, comprising more than ı of the 

total reserve of its lake waters. Lakeôs study was initiated in the XIX, but a special interest became after 

it's significant pollution, associated with the strengthening of economic activity in the catchment area. 

The last comprehensive researches of the lake were carried out at the turn of XX-XXI centuries. 

Currently, there is a question about necessity of the new research. 
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ɸʥʥʦʪʘʮʠʷ: ʆʩʝʥʴʶ 2015 ʛ. ʚ ʦʟʝʨʥʦʤ ʢʦʤʧʣʝʢʩʝ ʉʘʡʤʘ, ʯʝʪʚʝʨʪʦʤ ʧʦ ʨʘʟʤʝʨʘʤ ʦʟʝʨʝ 

ɽʚʨʦʧʳ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʣʠʪʦʨʘʣʴʥʦʛʦ ʟʦʦʧʣʘʥʢʪʦʥʘ, ʘ ʪʘʢʞʝ ʤʘʢʨʦ- ʠ ʤʝʡʦʙʝʥʪʦʩʘ. 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʦʟʝʨʘ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʩʦʦʙʱʝʩʪʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʘʨʴʠʨʫʝʪ. ʈʘʟʣʠʯʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʥʪʦʩʘ ʙʳʣʠ ʙʦʣʝʝ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ 

ʛʨʘʥʫʣʦʤʝʪʨʠʝʡ ʛʨʫʥʪʦʚ, ʪʦʛʜʘ ʢʘʢ ʥʘ ʟʦʦʧʣʘʥʢʪʦʥ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʣ ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʚʦʜʳ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʤʝʡʦʙʝʥʪʦʩʘ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʨʘʥʝʝ ʥʝ ʦʧʠʩʘʥʥʳʡ 

ʜʣʷ ʦʟʝʨʘ ʨʝʣʠʢʪʦʚʳʡ ʚʠʜ ʛʘʨʧʘʢʪʠʮʠʜ Moraria  duthei (Scott). ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʚʠʜʦʚʦʤ ʩʦʩʪʘʚʝ ʙʝʥʪʦʩʘ ʥʘ ʦʟʝʨʝ ʉʘʡʤʘ ʧʦ ʩʨʘʚʥʝʥʠʶ 1990-ʤʠ 

ʛʦʜʘʤʠ ʥʝ ʧʨʦʠʟʦʰʣʦ. ʇʦ ʟʦʦʧʣʘʥʢʪʦʥʫ ʜʘʥʥʳʝ ʧʨʝʜʳʜʫʱʠʭ ʣʝʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʢʫʜʥʳʝ ʠ ʥʘʰʠ 

ʨʘʙʦʪʳ ʧʦʟʚʦʣʷʶʪ ʜʦʧʦʣʥʠʪʴ ʩʚʝʜʝʥʠʷ ʧʦ ʵʪʦʤʫ ʩʦʦʙʱʝʩʪʚʫ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 

ʟʦʦʧʣʘʥʢʪʦʥʫ ʠ ʙʝʥʪʦʩʫ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʶʞʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ 

ʉʘʡʤʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʟʝʨʦ ʉʘʡʤʘ (ʌʠʥʣʷʥʜʠʷ), ʟʦʦʧʣʘʥʢʪʦʥ, ʤʘʢʨʦʙʝʥʪʦʩ, ʤʝʡʦʙʝʥʪʦʩ, ʚʠʜʦʚʦʡ 

ʩʦʩʪʘʚ 

 

ʆʟʝʨʥʘʷ ʩʠʩʪʝʤʘ ʉʘʡʤʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ ɺʦʩʪʦʯʥʦʡ ʌʠʥʣʷʥʜʠʠ, ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʢʨʫʧʥʳʤ 

ʦʟʝʨʦʤ ʚ ʌʠʥʣʷʥʜʠʠ ʠ ʯʝʪʚʝʨʪʳʤ ʧʦ ʚʝʣʠʯʠʥʝ ʚ ɽʚʨʦʧʝ.  ɽʝ ʧʣʦʱʘʜʴ ʟʘʥʠʤʘʝʪ 4460 ʢʤ
2
. ʆʟʝʨʥʳʡ 

ʙʘʩʩʝʡʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʬʨʘʛʤʝʥʪʘʨʥʦʩʪʴʶ, ʠʤʝʝʪ ʙʦʣʝʝ 13700 ʦʩʪʨʦʚʦʚ ʠ ʧʦʣʫʦʩʪʨʦʚʦʚ, 

ʦʙʱʘʷ ʜʣʠʥʘ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ 14850 ʢʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʦʟʝʨʘ ï ʙʦʣʝʝ 80 ʤ, ʩʨʝʜʥʷʷ ï 

17 ʤ. ʆʩʥʦʚʥʳʝ ʦʟʝʨʘ ʚʥʫʪʨʠ ʵʪʦʡ ʦʟʝʨʥʦʡ ʩʠʩʪʝʤʳ - Suur-Saimaa, Orivesi, Puruvesi, Haukivesi, 

Yºvesi, Pihlajavesi ʠ Pyhªselkª (ʈʠʩ.1). ʆʟʝʨʘ ʦʙʲʝʜʠʥʝʥʳ ʫʟʢʠʤʠ ʧʨʦʣʠʚʘʤʠ. ʆʟʝʨʘ ʩʠʩʪʝʤʳ 

ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩʚʦʠʤʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʣʠʤʥʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʘ ʪʘʢʞʝ 

ʚʠʜʘʤʠ ʠ ʩʪʝʧʝʥʴʶ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʢʘʯʝʩʪʚʦ ʚʦʜʳ [22; 19]. ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʦʟʝʨʦ 

ʉʘʡʤʘ ʩʦʝʜʠʥʝʥʦ ʩ ʃʘʜʦʞʩʢʠʤ ʦʟʝʨʦʤ ʨʝʢʦʡ ɺʫʦʢʩʘ ʠ ʜʘʣʝʝ ʯʝʨʝʟ ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ ʯʝʨʝʟ ʨ. ʅʝʚʘ 

ï ʩ ɹʘʣʪʠʡʩʢʠʤ ʤʦʨʝʤ. ʂʨʦʤʝ ʪʦʛʦ ʩʫʱʝʩʪʚʫʝʪ ʧʨʷʤʦʡ ʧʫʪʴ ʠʟ ʉʘʡʤʳ ʚ ɹʘʣʪʠʡʩʢʦʝ ʤʦʨʝ ʯʝʨʝʟ 

ʉʘʡʤʠʥʩʢʠʡ ʢʘʥʘʣ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨ. ɺʫʦʢʩʘ ʟʘʢʨʳʪʘ ʜʣʷ ʥʘʚʠʛʘʮʠʠ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʦʨʦʛʦʚ, ʪʦʛʜʘ ʢʘʢ ʉʘʡʤʠʥʩʢʠʡ ʢʘʥʘʣ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢʠʭ ʢʘʢ ʜʨʝʚʝʩʠʥʘ, ʧʨʦʜʫʢʪʳ ʜʦʙʳʯʠ ʢʘʤʥʷ, ʤʝʪʘʣʣʳ, 

ʮʝʣʣʶʣʦʟʘ, ʙʫʤʘʛʘ ʠ ʜʨʫʛʠʝ, ʘ ʪʘʢʞʝ ʚ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʮʝʣʷʭ. 

ʉʦʦʙʱʝʩʪʚʘ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʦʟʝʨʥʦʡ ʩʠʩʪʝʤʳ ʉʘʡʤʘ ʠʟʫʯʘʣʦʩʴ ʨʘʥʝʝ ʨʷʜʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

[6,7;9;10;14;18;22;23;24;25 ï ʤʘʢʨʦʙʝʥʪʦʩ; 10;11;13;17 ï ʟʦʦʧʣʘʥʢʪʦʥ ʠ ʤʝʡʦʙʝʥʪʦʩ]. ɹʦʣʴʰʠʥʩʪʚʦ 

ʵʪʠʭ ʨʘʙʦʪ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʷʭ ʦʟʝʨʥʦʡ ʩʠʩʪʝʤʳ ʉʘʡʤʘ ï ʥʘ ʦʟʝʨʘʭ 

Pyh selk , Haukavesi ʠ Puruvesi. ʆʜʥʘʢʦ ʜʣʷ ʶʞʥʳʭ ʦʟʝʨ ʩʠʩʪʝʤʳ ʜʘʥʥʳʝ ʧʦ ʩʦʦʙʱʝʩʪʚʘʤ 

ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʦʯʝʥʴ ʩʢʫʜʥʳ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʶʞʥʘʷ ʯʘʩʪʴ ʉʘʡʤʳ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʨʠʩʢʦʤ 
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ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʪ ʮʝʣʣʶʣʦʟʦ-ʙʫʤʘʞʥʳʭ ʢʦʤʙʠʥʘʪʦʚ ʛʛ. ʃʘʧʝʝʥʨʘʥʪʘ ʠ ʁʦʫʪʩʝʥʦ 

[12]. ʕʪʦʪ ʞʝ ʨʘʡʦʥ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʥʘʠʙʦʣʴʰʠʤ ʨʠʩʢʦʤ ʚʩʝʣʝʥʠʷ ʠʥʚʘʟʠʚʥʳʭ ʚʠʜʦʚ ʛʠʜʨʦʙʠʦʥʪʦʚ 

ʚ ʩʚʷʟʠ ʩ ʙʣʠʟʦʩʪʴʶ ʉʘʡʤʠʥʩʢʦʛʦ ʢʘʥʘʣʘ. 

ʎʝʣʴʶ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʩʜʝʣʘʪʴ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʡ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʧʫʣʷʮʠʡ 

ʣʠʪʦʨʘʣʴʥʦʛʦ ʟʦʦʧʣʘʥʢʪʦʥʘ ʠ ʤʘʢʨʦ- ʠ ʤʝʡʦʙʝʥʪʦʩʘ,ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʤʘʢʨʦ- ʠ 

ʤʝʡʦʙʝʥʪʦʩʘ ʶʞʥʦʡ ʉʘʡʤʳ. ʇʦʩʢʦʣʴʢʫ ʦʪʙʦʨ ʧʨʦʙ ʧʨʦʚʦʜʠʣʩʷ ʚ ʦʢʪʷʙʨʝ, ʨʝʟʫʣʴʪʘʪʳ ʚʳʷʚʣʷʶʪ 

ʩʪʨʫʢʪʫʨʫ ʦʩʝʥʥʠʭ ʩʦʦʙʱʝʩʪʚ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ. 

ʆʪʙʦʨ ʧʨʦʙ ʧʨʦʚʦʜʠʣʩʷ 14-15 ʦʢʪʷʙʨʷ 2015 ʛ. ʥʘ ʰʝʩʪʠ ʩʪʘʥʮʠʷʭ ʦʟʝʨ Suur-Saimaa ʠ Yºvesi 

ʦʟʝʨʥʦʡ ʩʠʩʪʝʤʳ ʉʘʡʤʘ (ʈʠʩ. 1). ʉʦʛʣʘʩʥʦ Rahkola-Sorsa [17], ʩʨʝʜʥʷʷ ʧʨʦʟʨʘʯʥʦʩʪʴ ʦʟʝʨ ʵʪʦʛʦ 

ʨʘʡʦʥʘ ʚʘʨʴʠʨʫʝʪ  ʤʝʞʜʫ 1.7 ʠ 3.6 ʤ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʙʱʝʛʦ ʬʦʩʬʦʨʘ ï ʤʝʞʜʫ 4 ʠ 20 ʤʛ/ʤ
3
, 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘ ʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 13 ʤʛ/ʤ
3
. ʃʠʪʦʨʘʣʴʥʳʝ ʙʠʦʪʦʧʳ 

ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʠ ʨʘʟʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʠ ʩʪʝʧʝʥʠ ʚʝʪʨʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɿʜʝʩʴ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʙʠʦʪʦʧʦʚ: ʢʘʤʝʥʠʩʪʳʝ ʧʝʩʯʘʥʳʝ ʠ ʟʘʨʦʩʰʠʝ ʤʘʢʨʦʬʠʪʘʤʠ. 

ʂʘʤʝʥʠʩʪʳʝ ʙʠʦʪʦʧʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʷʩ ʛʘʣʴʢʠ ʠ ʚʘʣʫʥʦʚ, ʧʨʦʩʪʠʨʘʶʱʠʡʩʷ ʜʦ ʛʣʫʙʠʥ 1-2 

ʤ. ʉʫʙʩʪʨʘʪʦʤ ʧʝʩʯʘʥʳʭ ʙʠʦʪʦʧʦʚ ʷʚʣʷʝʪʩʷ ʧʝʩʦʢ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʢʨʫʧʥʦʩʪʠ ʩʦ ʩʢʫʜʥʦʡ 

ʚʝʛʝʪʘʮʠʝʡ. ɺ ʟʘʨʦʩʣʝʚʦʡ ʣʠʪʦʨʘʣʠ ʛʨʫʥʪʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʶʪʩʷ ʪʦʥʢʠʝ ʧʝʩʢʠ, ʠʣ, 

ʨʘʩʪʠʪʝʣʴʥʳʡ ʜʝʪʨʠʪ [22;23;24]. ɹʝʨʝʛʘ ʩʪʘʥʮʠʡ 1-4 ʙʳʣʠ ʢʘʤʝʥʠʩʪʳʤʠ, ʘ 5 ʠ 6 ï ʧʝʩʯʘʥʳʤʠ. 

ʄʘʢʨʦʬʠʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʣʦʪʥʳʤʠ ʟʘʨʦʩʣʷʤʠ ʪʨʦʩʪʥʠʢʘ (Phragmites australis), ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʜʦʤʠʥʠʨʫʶʱʠʤ ʚʠʜʦʤ ʥʘ ʵʪʦʡ ʯʘʩʪʠ ʘʢʚʘʪʦʨʠʠ. ʃʠʰʴ ʥʘ ʩʪʘʥʮʠʠ 6 

ʩʦʦʙʱʝʩʪʚʦ ʤʘʢʨʦʬʠʪʦʚ ʦʪʣʠʯʘʣʦʩʴ ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ; ʧʦʤʠʤʦ ʪʨʦʩʪʥʠʢʘ ʟʜʝʩʴ ʚʩʪʨʝʯʝʥʳ 

ʨʜʝʩʪʳ (Potamogeton), ʢʫʙʳʰʢʘ (Nuphar) ʠ ʨʷʜ ʜʨʫʛʠʭ ʚʠʜʦʚ ʤʘʢʨʦʬʠʪʦʚ. ʅʘ ʢʘʞʜʦʡ ʩʪʘʥʮʠʠ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩʦʦʙʱʝʩʪʚʘ ʢʘʢ ʦʪʢʨʳʪʦʡ ʢʘʤʝʥʠʩʪʦʡ (ʠʣʠ ʧʝʩʯʘʥʦʡ) ʣʠʪʦʨʘʣʠ, ʪʘʢ ʠ ʟʘʨʦʩʣʝʚʦʡ. 

ʇʨʦʙʳ ʥʘ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʟʦʦʧʣʘʥʢʪʦʥʘ ʦʪʙʠʨʘʣʠʩʴ ʩʝʪʴʶ ɸʧʰʪʝʡʥʘ (ʜʠʘʤʝʪʨ ʷʯʝʠ 

120 ʤʢʤ). ʇʨʦʙʳ ʙʝʥʪʦʩʘ ʙʨʘʣʠʩʴ ʩ ʛʣʫʙʠʥ 0,5 ʠ 2-3 ʤ. ʇʨʠ ʦʪʙʦʨʝ ʧʨʦʙ ʤʘʢʨʦʙʝʥʪʦʩʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʥʦʯʝʨʧʘʪʝʣʴ ʕʢʤʘʥʘ-ɹʝʨʜʞʠ ʩ ʧʣʦʱʘʜʴʶ ʟʘʭʚʘʪʘ 1/40 ʤ
2
, ʜʣʷ ʦʪʙʦʨʘ 

ʤʝʡʦʙʝʥʪʦʩʥʳʭ ʧʨʦʙ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʘʣʴʥʘʷ ʪʨʫʙʢʘ ʩ ʜʠʘʤʝʪʨʦʤ 7 ʩʤ. ʅʘ ʥʘʠʤʝʥʴʰʠʭ ʛʣʫʙʠʥʘʭ 

ʚ ʢʘʤʝʥʠʩʪʦʡ ʣʠʪʦʨʘʣʠ ʙʨʘʣʠʩʴ ʧʨʦʙʳ ʧʝʩʯʘʥʦʛʦ ʛʨʫʥʪʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʤʝʞʜʫ ʢʘʤʥʷʤʠ. ɼʣʷ 

ʩʙʦʨʘ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʦʙ ʤʘʢʨʦʙʝʥʪʦʩʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʢʨʝʙʦʢ (ʜʠʘʤʝʪʨ ʷʯʝʠ 500 ʤʢʤ). ɾʠʚʦʪʥʳʝ 

ʬʠʢʩʠʨʦʚʘʣʠʩʴ 4%-ʥʳʤ ʬʦʨʤʘʣʠʥʦʤ. ʆʪʙʦʨ ʠ ʦʙʨʘʙʦʪʢʘ ʧʨʦʙ ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʥʳʤ 

ʤʝʪʦʜʠʢʘʤ [1;2;3;15]. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʜʦʥʥʳʭ ʛʨʫʥʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʠʪʦʚʳʡ ʤʝʪʦʜ [5]. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʩʪʝʧʝʥʠ ʨʘʟʣʠʯʠʷ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʦʦʙʱʝʩʪʚ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʩʭʦʜʩʪʚʘ ʉʝʨʝʥʩʝʥʘ-ʏʝʢʘʥʦʚʩʢʦʛʦ (Qs) [4]. 

 
ʈʠʩ. 1. ʉʪʘʥʮʠʠ ʦʪʙʦʨʘ ʧʨʦʙ. 
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ɺ ʚʠʜʦʚʦʤ ʩʦʩʪʘʚʝ ʟʦʦʧʣʘʥʢʪʦʥʘ ʦʙʥʘʨʫʞʝʥ 51 ʪʘʢʩʦʥ, ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʢ ʯʝʪʳʨʝʤ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ: 16 ʚʠʜʦʚ ʠʣʠ ʛʨʫʧʧ Rotifera, 24 - Cladocera, 4 - Calanoida ʠ 6 - 

Cyclopoida. ɹʦʣʴʰʠʥʩʪʚʦ ʚʠʜʦʚ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʠ ʥʘ ʣʠʪʦʨʘʣʴʥʳʭ ʩʪʘʥʮʠʷʭ ʠʭ ʯʠʩʣʦ 

ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 14 ʜʦ 36. ʉʘʤʦʝ ʚʳʩʦʢʦʝ ʯʠʩʣʦ ʪʘʢʩʦʥʦʚ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʥʘ ʩʪʘʥʮʠʠ 3 ʚ ʶʞʥʦʡ 

ʯʘʩʪʠ ʦʟʝʨʘ Suur-Saimaa. ʊʦʣʴʢʦ ʧʷʪʴ ʚʠʜʦʚ - Bosmina (Eubosmina) cf. longispina Leidig, Chydorus 

sphaericus (O.F. M¿ller), Eudiapomus gracilis (Sars), Thermoyclops oithonoides (Sars) ʠ Mesocyclops 

leuckarti (Claus) ï ʚʩʪʨʝʯʘʣʠʩʴ ʥʘ ʚʩʝʭ ʩʪʘʥʮʠʷʭ. ʉʨʝʜʠ ʢʦʣʦʚʨʘʪʦʢ ʙʳʣ ʚʩʪʨʝʯʝʥ ʠʥʚʘʟʠʚʥʳʡ ʚʠʜ 

Kellicottia bostoniensis, ʫʞʝ ʠʟʚʝʩʪʥʳʡ ʜʣʷ ʬʠʥʩʢʠʭ ʦʟʝʨ. ʄʝʩʪʦ ʥʘʭʦʜʢʠ ï ʩʪʘʥʮʠʷ 3.  

ɺ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʥʘʣʠʟ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʟʦʦʧʣʘʥʢʪʦʥʘ ʧʦʢʘʟʘʣ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʯʘʩʪʷʤʠ ʦʟʝʨʘ, ʠʤʝʶʱʠʤʠ ʨʘʟʣʠʯʠʷ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʦʟʝʨʥʳʭ ʚʦʜ. 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ  ʉʝʨʝʥʩʝʥʘ ʤʝʞʜʫ ʩʪʘʥʮʠʷʤʠ ʦʟʝʨ Suur-Saimaa ʠ Yºvesi 

ʩʦʩʪʘʚʣʷʣ 0.3 ï 0.4. ʅʘʠʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ ʩʭʦʜʩʪʚʘ (Qs =0.8) ʦʪʤʝʯʝʥʘ ʤʝʞʜʫ ʩʪ. 1 ʠ ʩʪ. 2, ʢʦʪʦʨʳʝ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ. ɺ ʮʝʣʦʤ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʣʠʪʦʨʘʣʠ ʦʟ. ʉʘʡʤʘ ʜʣʷ 

ʟʦʦʧʣʘʥʢʪʦʥʘ ʦʪʤʝʯʝʥʘ ʥʝʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʩʭʦʜʩʪʚʘ. 

ʏʠʩʣʝʥʥʦʩʪʴ ʠ ʙʠʦʤʘʩʩʘ ʤʘʢʨʦʙʝʥʪʦʩʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʪʘʥʮʠʡ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 280 ʜʦ 2400 

ʵʢʟ./ʤ
2
 ʠ ʦʪ 0,5 ʜʦ 5,6 ʛ/ʤ

2
. ɹʳʣʠ ʚʩʪʨʝʯʝʥʳ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʣʝʜʫʶʱʠʭ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʛʨʫʧʧ:  

Oligochaeta, Hirudinea, Nematoda, Gastropoda, Chironomidae, Ceratopogonidae, Ephemeroptera, 

Trichoptera, Odonata, Amphipoda, and Isopoda. ɺ ʩʪʨʫʢʪʫʨʝ ʩʦʦʙʱʝʩʪʚʘ ʜʦʤʠʥʘʥʪʘʤʠ ʥʘ ʩʪʘʥʮʠʷʭ 

ʚʙʣʠʟʠ ʉʘʡʤʠʥʩʢʦʛʦ ʢʘʥʘʣʘ (ʩʪ.1 ʠ 2) ʷʚʣʷʣʠʩʴ ʭʠʨʦʥʦʤʠʜʳ. ʊʦʛʜʘ ʢʘʢ ʥʘ ʦʩʪʘʣʴʥʳʭ ʩʪʘʥʮʠʷʭ ʧʦ 

ʙʠʦʤʘʩʩʝ ʜʦʤʠʥʠʨʦʚʘʣʠ ʦʣʠʛʦʭʝʪʳ ʠ ʨʫʯʝʡʥʠʢʠ. ʏʠʩʣʦ ʚʠʜʦʚ/ʪʘʢʩʦʥʦʚ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ ʪʨʝʭ ʜʦ 

ʜʝʚʷʪʥʘʜʮʘʪʠ; ʩʘʤʦʝ ʚʳʩʦʢʦʝ ʚʠʜʦʚʦʝ ʙʦʛʘʪʩʪʚʦ ʦʪʤʝʯʝʥʦ ʜʣʷ ʩʪ. 3 (19 ʚʠʜʦʚ/ʪʘʢʩʦʥʦʚ) ʠ ʩʪ. 1 

(11). 

ʇʣʦʪʥʦʩʪʴ ʠ ʙʠʦʤʘʩʩʘ ʤʝʡʦʙʝʥʪʦʩʘ ʥʘ ʨʘʟʥʳʭ ʩʪʘʥʮʠʷʭ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 720 ʜʦ 18000 ʵʢʟ./ʤ
2
 ʠ 

ʦʪ 0,1 ʜʦ 2,5 ʛ/ʤ
2
, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʤʝʡʦʙʝʥʪʦʩʝ ʚʩʪʨʝʯʘʣʠʩʴ: Oligochaeta, Nematoda, 

Chironomidae, Ephemeroptera, Trichoptera, Harpacticoida, Cyclopoida, Cladocera, Turbellaria, Acari ʠ 

Tardigrada. ɺ ʩʦʦʙʱʝʩʪʚʝ ʩʪʘʥʮʠʡ 1 ʠ 2 ʜʦʤʠʥʠʨʦʚʘʣʠ ʭʠʨʦʥʦʤʠʜʳ ʠ ʨʫʯʝʡʥʠʢʠ, ʥʘ ʦʩʪʘʣʴʥʳʭ 

ʩʪʘʥʮʠʷʭ ï ʦʣʠʛʦʭʝʪʳ. ʏʠʩʣʦ ʚʠʜʦʚ/ʪʘʢʩʦʥʦʚ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ ʰʝʩʪʠ ʜʦ ʜʚʘʜʮʘʪʠ ʧʷʪʠ; ʩʘʤʦʝ 

ʚʳʩʦʢʦʝ ʚʠʜʦʚʦʝ ʙʦʛʘʪʩʪʚʦ ʦʪʤʝʯʝʥʦ ʜʣʷ ʩʪ. 5. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʜʣʷ ʤʘʢʨʦʙʝʥʪʦʩʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 30 ʪʘʢʩʦʥʦʚ ʠʟ 11 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʛʨʫʧʧ, ʘ ʜʣʷ ʤʝʡʦʙʝʥʪʦʩʘ ï 37 ʪʘʢʩʦʥʦʚ ʠʟ 11 ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʛʨʫʧʧ. ʆʙʱʝʝ 

ʯʠʩʣʦ ʚʠʜʦʚ ʜʦʥʥʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʩʦʩʪʘʚʠʣʦ 56. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʛʨʫʧʧʘʤʠ ʙʳʣʠ 

Chironomidae (12 ʚʠʜʦʚ/ʪʘʢʩʦʥʦʚ), Oligochaeta (8), Trichoptera (8), Cladocera (6) ʠ Harpacticoida (5). 

ɼʣʷ ʙʝʥʪʦʩʘ ʪʘʢʞʝ ʠʤʝʣʠʩʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʘʢʚʘʪʦʨʠʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʭʦʜʩʪʚʘ ʉʝʨʝʥʩʝʥʘ-ʏʝʢʘʥʦʚʩʢʦʛʦ ʚʘʨʴʠʨʦʚʘʣ ʤʝʞʜʫ 0,22-0,33 ʜʣʷ ʤʝʡʦʙʝʥʪʦʩʘ ʠ 0-

0,36 ʜʣʷ ʤʘʢʨʦʙʝʥʪʦʩʘ. ʉʘʤʦʝ ʚʳʩʦʢʦʝ ʩʭʦʜʩʪʚʦ ʤʘʢʨʦʙʝʥʪʦʩʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʜʣʷ ʩʪʘʥʮʠʡ 2 ʠ 4, ʘ 

ʜʣʷ ʤʝʡʦʙʝʥʪʦʩʘ ï ʜʣʷ ʩʪʘʥʮʠʡ 2 ʠ 5. ʉʘʤʦʝ ʥʠʟʢʦʝ ʩʭʦʜʩʪʚʦ ʦʪʤʝʯʝʥʦ ʜʣʷ ʩʪʘʥʮʠʠ 1 ʩʦ ʩʪʘʥʮʠʷʤʠ 

4 ʠ 5. ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʙʫʩʣʦʚʠʚʰʠʤ ʨʘʟʣʠʯʠʷ ʩʦʦʙʱʝʩʪʚ, ʷʚʣʷʝʪʩʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʛʨʫʥʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʫʜʘʣʝʥʥʦʩʪʴ ʩʪʘʥʮʠʡ ʦʪʙʦʨʘ ʧʨʦʙ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʚʦʜ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ 

ʥʘ ʟʦʦʧʣʘʥʢʪʦʥʥʳʝ ʩʦʦʙʱʝʩʪʚʘ, ʥʘ ʠʭ ʩʭʦʜʩʪʚʦ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʙʝʥʪʦʩʘ ʙʦʣʝʝ ʚʘʞʥʳʤ 

ʬʘʢʪʦʨʦʤ ʦʢʘʟʳʚʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʜʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʛʨʘʥʫʣʦʤʝʪʨʠʷ ʜʦʥʥʳʭ ʛʨʫʥʪʦʚ. ʂʘʯʝʩʪʚʦ ʜʥʘ 

ʦʙʲʷʩʥʷʣʦ ʚʳʩʦʢʦʝ ʩʭʦʜʩʪʚʦ ʤʝʞʜʫ ʙʝʥʪʦʩʥʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ ʩʪʘʥʮʠʠ 2 (ʶʞʥʘʷ ʯʘʩʪʴ ʦʟ. ʉʘʡʤʘ) 

ʠ ʩʪʘʥʮʠʡ 4-5, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʩʝʚʝʨʥʝʝ ʙʣʠʞʝ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ. ɹʠʦʪʦʧʳ ʵʪʠʭ 

ʫʯʘʩʪʢʦʚ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʩʨʝʜʥʠʡ - ʢʨʫʧʥʳʡ ʧʝʩʦʢ (ʩʨʝʜʥʝʤʝʜʠʘʥʥʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 0.8-

1.7 ʤʤ), ʧʦʢʨʳʪʳʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʛʘʣʴʢʠ ʠ ʚʘʣʫʥʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʩʪʘʥʮʠʷʤʠ ʩ ʢʘʤʝʥʠʩʪʦʡ ʣʠʪʦʨʘʣʴʶ. 

ʉʨʘʚʥʝʥʠʝ ʥʘʰʠʭ ʜʘʥʥʳʭ ʩ ʨʘʙʦʪʘʤʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦʢʘʟʘʣʦ ʦʪʩʫʪʩʪʚʠʝ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʦʩʪʘʚʝ ʠʟʫʯʘʝʤʳʭ ʩʦʦʙʱʝʩʪʚ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ [7;13;16;25]. 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ ʧʦ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʟʦʦʧʣʘʥʢʪʦʥʘ ʶʞʥʦʡ ʯʘʩʪʠ ʦʟʝʨʥʦʡ 

ʩʠʩʪʝʤʳ ʉʘʡʤʳ ʟʥʘʯʠʪʝʣʴʥʦ ʜʦʧʦʣʥʠʣʠ ʠʤʝʶʱʝʡʩʷ ʚʠʜʦʚʦʡ ʩʧʠʩʦʢ ʟʦʦʧʣʘʥʢʪʦʥʘ ʜʣʷ ʵʪʦʡ ʯʘʩʪʠ 

ʦʟʝʨʘ. 
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ʅʘʰʠ ʨʘʙʦʪʳ ʧʦʟʚʦʣʠʣʠ ʥʝʩʢʦʣʴʢʦ ʨʘʩʰʠʨʠʪʴ ʟʥʘʥʠʷ ʦ ʣʠʪʦʨʘʣʴʥʦʤ ʙʝʥʪʦʩʝ ʦʟʝʨʘ ʉʘʡʤʘ. ɺ 

ʤʝʡʦʙʝʥʪʦʩʝ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʨʝʣʠʢʪʦʚʘʷ ʛʘʨʧʘʢʪʠʮʠʜʘ Moraria  duthei (Scott), ʨʘʥʝʝ ʥʝ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʘʷ ʜʣʷ ʦʟʝʨʘ ʉʘʡʤʘ, ʭʦʪʷ ʵʪʦʪ ʚʠʜ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ɽʚʨʦʧʝ ʠ ʚʩʪʨʝʯʘʝʪʩʷ ʚ 

ʬʠʥʩʢʠʭ ʦʟʝʨʘʭ [21]. ʂʨʦʤʝ ʪʦʛʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʣʠʪʦʨʘʣʠ ʙʳʣʦ ʚʩʪʨʝʯʝʥʦ ʜʚʘ 

ʚʠʜʘ ʨʝʣʠʢʪʦʚʳʭ ʘʤʬʠʧʦʜ - Gammarus lacustris ʠ Pallasea quadrispinosa. ʕʪʠ ʚʠʜʳ - ʭʦʨʦʰʦ 

ʠʟʚʝʩʪʥʳʝ ʠ ʠʟʫʯʝʥʥʳʝ ʦʙʠʪʘʪʝʣʠ ʦʟʝʨʘ ʉʘʡʤʘ [20]. ɺ ʯʘʩʪʥʦʩʪʠ ʧʘʣʣʘʩʝʷ ʷʚʣʷʶʪʩʷ ʩʪʝʥʦʪʝʨʤʥʳʤ 

ʚʠʜʦʤ, ʧʨʝʜʧʦʯʠʪʘʶʱʠʤ ʭʦʣʦʜʥʳʝ ʚʦʜʳ. ɽʝ ʩʝʟʦʥʥʳʝ ʤʠʛʨʘʮʠʠ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, ʠ ʚ 

ʣʝʪʥʝʝ ʚʨʝʤʷ ʞʠʚʦʪʥʳʝ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʛʣʫʙʦʢʦʚʦʜʥʳʝ ʩʣʦʠ ʩ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ (~10ÁC), 

ʪʦʛʜʘ ʢʘʢ ʦʩʝʥʴʶ ʦʥʠ ʦʙʳʯʥʦ ʤʠʛʨʠʨʫʶʪ ʚ ʣʠʪʦʨʘʣʴʥʫʶ ʟʦʥʫ [8]. ʕʪʦ ʷʚʣʝʥʠʝ ʜʣʷ P. quadrispinosa 

ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʥʘʤʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʣʠʪʦʨʘʣʴʥʦʛʦ ʙʝʥʪʦʩʘ ʦʩʝʥʴʶ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʟʦʦʧʣʘʥʢʪʦʥʫ ʠ ʙʝʥʪʦʩʫ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʶʞʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ ʉʘʡʤʘ. 
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Abstract: In autumn 2015 samples for zooplankton and benthos of the lake complex of Saimaa, the 

fourth largest lake in Europe, were collected in order to review its recent zooplankton and macro- and 

meiobenthos communities. On the basis of zooplankton species, the community compositions varied 

remarkable between different parts of the lake. Regarding the community composition of benthos, the 

different sampling stations varied due to differences in bottom material, i.e. varying granulometry. 

Among the meiobenthos, a relict crustacean harpacticoida, Moraria  duthei (Scott), was found first time 

for Lake Saimaa. Our results indicate that in the study area no major changes have taken place in the 

species composition of benthos since 1990s. The reference zooplankton data is less numerous, and our 

results complement the previous investigations of the lake. In long-term, the zooplankton and benthos 

data can be used for monitoring the status of the southern part of Lake Saimaa. 

Keywords: Lake Saimaa (Finland), zooplankton, macrobenthos, meiobenthos, species compound 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʦʩʥʦʚʫ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʣʝʛʣʠ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʘʢʚʘʪʦʨʠʠ ʃʘʜʦʛʠ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʵʢʩʧʝʜʠʮʠʝʡ ʀʥʩʪʠʪʫʪʘ ʥʘʫʢ ʦ ɿʝʤʣʝ ʉʇʙɻʋ, ʎʝʥʪʨʘ ʘʥʘʣʠʟʘ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʄɻʋ ʠʤ. ʃʦʤʦʥʦʩʦʚʘ ʠ ʀʥʩʪʠʪʫʪʘ ʚʦʜʥʳʭ ʧʨʦʙʣʝʤ ʉʝʚʝʨʘ ʂʘʨʅʎ ʈɸʅ ʚ 

ʩʝʥʪʷʙʨʝ 2015 ʛʦʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ, ʧʦʟʚʦʣʠʚʰʠʝ 

ʫʪʦʯʥʠʪʴ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, 

ʚʢʣʶʯʘʷ ʯʝʪʚʝʨʪʠʯʥʳʡ ʧʦʢʨʦʚ ʠ ʧʦʜʩʪʠʣʘʶʱʠʝ ʛʦʨʠʟʦʥʪʳ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ, ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʝ 

ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ 

 

ʇʨʦʙʣʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʧʦ 

ʤʥʦʛʠʤ ʘʩʧʝʢʪʘʤ ʦʩʪʘʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʦʡ ʠ ʦʩʪʘʚʣʷʝʪ ʦʙʰʠʨʥʳʡ ʨʷʜ ʚʘʞʥʳʭ ʚʦʧʨʦʩʦʚ, 

ʪʨʝʙʫʶʱʠʭ ʜʘʣʴʥʝʡʰʝʡ ʥʘʫʯʥʦʡ ʧʨʦʨʘʙʦʪʢʠ. 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʵʢʩʧʝʜʠʮʠʷ, ʧʨʦʚʦʜʠʤʘʷ ʚ 2015 ʛʦʜʫ ʀʥʩʪʠʪʫʪʦʤ ʥʘʫʢ ʦ ɿʝʤʣʝ 

ʉʇʙɻʋ, ʎʝʥʪʨʦʤ ʘʥʘʣʠʟʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʠ ʀʥʩʪʠʪʫʪʦʤ ɺʦʜʥʳʭ 

ʧʨʦʙʣʝʤ ʂʘʨʝʣʴʩʢʦʛʦ ʬʠʣʠʘʣʘ ʈɸʅ ʥʘ ʘʢʚʘʪʦʨʠʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʟʫʯʝʥʠʝ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ, ʦʪʨʘʞʘʶʱʝʡ ʜʠʥʘʤʠʢʫ ʜʝʛʨʘʜʘʮʠʠ ʧʦʩʣʝʜʥʝʛʦ 

ʉʢʘʥʜʠʥʘʚʩʢʦʛʦ ʣʝʜʥʠʢʦʚʦʛʦ ʱʠʪʘ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʶʞʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ, ʛʜʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʅʦʚʦʣʘʜʦʞʩʢʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ ʙʳʣʠ ʟʘʪʦʧʣʝʥʳ ʦʙʰʠʨʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʜʥʠʢʦʚʦ-

ʦʟʝʨʥʦʡ ʨʘʚʥʠʥʳ. ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʵʢʩʧʝʜʠʮʠʠ, ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʳ. 

ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʂʦʪʣʦʚʠʥʘ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʥʘ ʦʢʨʘʠʥʝ ɹʘʣʪʠʡʩʢʦʛʦ ʱʠʪʘ, ʶʞʥʝʝ ʦʥʘ 

ʧʝʨʝʢʨʳʪʘ ʯʝʭʣʦʤ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ɺ ʟʦʥʝ ʧʝʨʝʭʦʜʘ ʦʪ ʱʠʪʘ ʢ ʧʣʠʪʝ ʨʘʟʚʠʪʳ 

ʩʪʨʫʢʪʫʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʬʫʥʜʘʤʝʥʪʘ ʘʨʭʝʡʩʢʦʛʦ ʠ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʧʣʠʪʥʦʛʦ 

ʯʝʭʣʘ, ʩʣʦʞʝʥʥʦʛʦ ʪʝʨʨʠʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʚʝʨʭʥʝʛʦ ʚʝʥʜʘ ï ʥʠʞʥʝʛʦ ʢʝʤʙʨʠʷ. ʆʩʦʙʝʥʥʦʩʪʠ 

ʢʦʪʣʦʚʠʥʳ ʩʚʷʟʘʥʳ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʨʘʥʥʝʨʠʬʝʡʩʢʦʛʦ ʠ ʙʦʣʝʝ ʤʦʣʦʜʦʛʦ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʧʦʟʜʥʝʨʠʬʝʡʩʢʦ-ʨʘʥʥʝʚʝʥʜʩʢʦʛʦ ʢʦʤʧʣʝʢʩʦʚ, ʩʣʘʛʘʶʱʠʭ ʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʴ [2,3,4,5]. 

ɿʘ ʯʝʪʚʝʨʪʠʯʥʳʡ ʧʝʨʠʦʜ ʪʝʨʨʠʪʦʨʠʷ, ʟʘʥʷʪʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʃʘʜʦʞʩʢʠʤ ʦʟʝʨʦʤ ʠ ʝʛʦ 

ʚʦʜʦʩʙʦʨʦʤ, ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʜʚʝʨʛʘʣʘʩʴ ʧʦʢʨʦʚʥʳʤ ʦʣʝʜʝʥʝʥʠʷʤ. ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʣʝʪʦʧʠʩʠ 

ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʦʪʨʘʞʝʥʳ ʧʦʟʜʥʝ- ʠ ʧʦʩʣʝʣʝʜʥʠʢʦʚʦʝ ʚʨʝʤʷ ʧʦʩʣʝʜʥʝʛʦ ʚʘʣʜʘʡʩʢʦʛʦ 

ʦʣʝʜʝʥʝʥʠʷ. ʉʣʝʜʳ ʧʨʝʜʰʝʩʪʚʦʚʘʚʰʠʭ ʩʦʙʳʪʠʡ ʩʦʭʨʘʥʠʣʠʩʴ ʚ ʦʛʨʘʥʠʯʝʥʥʳʭ ʦʙʲʝʤʘʭ, ʪʘʢ ʢʘʢ 

ʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʚ ʪʝʯʝʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʦʪʣʦʞʝʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʫʥʠʯʪʦʞʘʣʠʩʴ ʧʨʠ 

ʨʘʟʚʠʪʠʠ ʦʯʝʨʝʜʥʳʭ ʧʦʢʨʦʚʥʳʭ ʣʝʜʥʠʢʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʝʪʘʣʴʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʧʝʨʠʦʜʳ, ʧʨʝʜʰʝʩʪʚʦʚʘʚʰʠʝ 

ʚʘʣʜʘʡʩʢʦʤʫ ʦʣʝʜʝʥʝʥʠʶ, ʦʩʪʘʝʪʩʷ ʧʦʢʘ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ [1,4,7]. 

ʅʘ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʷʭ ʦʟʝʨʥʦʛʦ ʜʥʘ ʨʘʟʚʠʪ ʧʦʯʪʠ ʩʧʣʦʰʥʦʡ ʧʦʢʨʦʚ ʧʦʟʜʥʝ-

ʧʦʩʣʝʣʝʜʥʠʢʦʚʳʭ ʦʩʘʜʢʦʚ ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʦʛʦ ʠ ʦʟʝʨʥʦʛʦ ʛʝʥʝʟʠʩʘ. ʄʦʣʦʜʳʝ ʨʳʭʣʳʝ ʦʪʣʦʞʝʥʠʷ 

ʥʝʨʝʜʢʦ ʟʘʧʦʣʥʷʶʪ ʚʧʘʜʠʥʳ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʢʣʦʥʦʚʳʭ ʧʦʢʨʦʚʦʚ. ʋʢʘʟʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʠʚʝʣʠ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʝʣʴʝʬʘ ʚʳʨʦʚʥʝʥʥʳʭ ʨʘʚʥʠʥ, ʟʘʥʠʤʘʶʱʠʭ ʥʘʠʙʦʣʝʝ ʥʠʟʢʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʨʝʣʴʝʬʝ 

ʠʣʠ ʧʣʘʪʦʦʙʨʘʟʥʦ ʟʘʣʝʛʘʶʱʠʭ ʥʘ ʚʦʟʚʳʰʝʥʥʦʩʪʷʭ ʜʦʯʝʪʚʝʨʪʠʯʥʦʛʦ ʩʫʙʩʪʨʘʪʘ. 

ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʚʩʢʨʳʪʳʭ ʥʘ ʜʥʝ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʩʘʜʢʦʚ ʥʘʭʦʜʷʪʩʷ ʣʝʜʥʠʢʦʚʳʝ ʦʪʣʦʞʝʥʠʷ 

(ʚʘʣʫʥʥʳʡ ʩʫʛʣʠʥʦʢ ï ʤʦʨʝʥʘ), ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʩʦʨʪʠʨʦʚʘʥʥʫʶ ʩʤʝʩʴ ʚʘʣʫʥʦʚ, 
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ʛʣʳʙ, ʱʝʙʥʷ ʠ ʤʝʣʢʦʟʝʤʘ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʩʦ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʴʶ 2,1-2,4 ʛ/ʩʤ
3
. 

ʉʦʩʪʘʚ ʪʘʢʦʛʦ ʥʝʩʦʨʪʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʦʚʦʣʴʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳʡ, ʥʦ ʜʦʤʠʥʠʨʫʶʪ ʚ ʥʝʤ 

ʛʨʘʥʠʪʳ (ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʧʘʢʠʚʠ) ʠ ʢʚʘʨʮʠʪʦʚʳʝ ʧʝʩʯʘʥʠʢʠ [5, 9]. 

ʃʝʜʥʠʢʦʚʦ-ʦʟʝʨʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʝʥʪʦʯʥʳʤʠ ʛʣʠʥʘʤʠ, ʢʦʪʦʨʳʝ ʣʠʙʦ 

ʧʝʨʝʢʨʳʚʘʶʪ ʤʦʨʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʣʠʙʦ ʟʘʣʝʛʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜʘʭ 

ʬʫʥʜʘʤʝʥʪʘ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʛʨʘʜʘʮʠʦʥʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ 

ʯʝʨʝʜʦʚʘʥʠʝʤ ʛʣʠʥʠʩʪʳʭ ʩʣʦʝʚ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʪʦʥʢʠʭ ʠ ʦʢʨʘʰʝʥʥʳʭ ʚ ʙʦʣʝʝ ʪʝʤʥʳʝ ʪʦʥʘ, ʠ ʙʦʣʝʝ 

ʛʨʫʙʳʭ, ʩʚʝʪʣʦʦʢʨʘʰʝʥʥʳʭ ʘʣʝʚʨʠʪʦʚʳʭ ʠʣʠ ʧʝʩʯʘʥʳʭ ʩʣʦʝʚ [4, 5, 6, 8]. 

ɺʳʰʝ ʧʦ ʨʘʟʨʝʟʫ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʩʣʦʝʚ ʣʝʥʪʦʯʥʳʭ ʛʣʠʥ ʚʧʣʦʪʴ ʜʦ ʠʭ 

ʧʦʣʥʦʛʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʠ ʟʘʤʝʱʝʥʠʷ ʦʟʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ - ʩʝʨʳʤʠ ʛʦʤʦʛʝʥʥʳʤʠ ʛʣʠʥʘʤʠ 

ʥʝʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ (0,2ï0,8 ʤ). ʆʧʠʩʳʚʘʝʤʳʝ ʛʣʠʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʧʣʦʪʥʝʥʳ (1,5-2,0 ʛ/ʩʤ
3
), ʘ 

ʚʣʘʞʥʦʩʪʴ ʥʝ ʧʨʝʚʳʰʘʝʪ 30-40% [5,6,9]. 

ʇʨʠʤʝʨʥʦ 9500-9000 ʣʝʪ ʥʘʟʘʜ ʪʦʣʱʠ ʛʦʤʦʛʝʥʥʳʭ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʩʤʝʥʠʣʠʩʴ ʙʫʨʳʤʠ, 

ʟʝʣʝʥʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʳʤʠ ʦʟʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ï ʠʣʘʤʠ ʠ ʩʘʧʨʦʧʝʣʷʤʠ, ʘ ʚ ʫʩʪʴʷʭ ʨʝʢ ʥʘʯʘʣʦʩʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʪʦʨʬʷʥʠʢʦʚ [1, 7, 8]. 

ʄʝʪʦʜʠʢʘ 

ɻʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʥʘ ʘʢʚʘʪʦʨʠʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʩʫʜʥʝ çʕʢʦʣʦʛè, ʦʙʦʨʫʜʦʚʘʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ 

ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʧʨʠʝʤʘ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. 

ʈʘʙʦʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʧʦ ʜʚʫʤ ʤʦʜʠʬʠʢʘʮʠʷʤ: ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ ʠʩʪʦʯʥʠʢʘ ï ʩʧʘʨʢʝʨʘ, ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ï ʙʫʤʝʨʘ. ʇʨʠʝʤ ʩʠʛʥʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ 

ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʭ ʦʜʥʦʢʘʥʘʣʴʥʦʡ ʠ 16-ʢʘʥʘʣʴʥʦʡ ʩʝʡʩʤʠʯʝʩʢʠʭ ʢʦʩ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʝʨʝʡʪʠ ʢ ʜʝʪʘʣʴʥʦʤʫ ʨʘʩʯʣʝʥʝʥʠʶ 

ʣʝʜʥʠʢʦʚʦ-ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʪʦʣʱʠ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʢʦʤʧʣʝʢʩʳ ʧʦʜʩʪʠʣʘʶʱʠʭ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʨʠʬʝʷ ʠ ʚʝʥʜʘ. 

ɼʘʥʥʳʝ ʦʩʘʜʢʠ ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʭʘʨʘʢʪʝʨʦʤ ʟʘʧʠʩʠ ʠ ʨʘʟʜʝʣʝʥʳ ʯʝʪʢʠʤʠ 

ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʦʪʨʘʞʘʶʱʠʤʠ ʛʨʘʥʠʮʘʤʠ, ʫʢʘʟʳʚʘʶʱʠʤʠ ʥʘ ʩʤʝʥʫ ʭʘʨʘʢʪʝʨʘ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ 

ʠʣʠ ʥʘ ʝʛʦ ʧʝʨʝʨʳʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʯʪʠ ʦʜʥʦʟʥʘʯʥʦ ʚʳʜʝʣʷʪʴ ʠʭ ʥʘ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʨʘʟʨʝʟʘʭ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʪʠʧʠʯʥʳʡ ʨʘʟʨʝʟ ʶʞʥʦʡ ʯʘʩʪʠ ʃʘʜʦʛʠ, ʥʘ ʢʦʪʦʨʦʤ ʦʪʯʝʪʣʠʚʦ 

ʚʳʜʝʣʷʶʪʩʷ ʚʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʪʦʣʱʠ ʦʩʘʜʢʦʚ. ɿʜʝʩʴ ʭʦʨʦʰʦ ʚʠʜʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ 

ʩʣʦʠʩʪʦʩʪʴ ʚʝʥʜʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʝʨʝʢʨʳʪʳ ʤʦʨʝʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʤʦʱʥʦʩʪʴʶ 2-5 ʤ 

(ʨʝʞʝ 8 ʤ), ʦʧʦʟʥʘʚʘʝʤʳʤ ʧʦ ʩʧʝʮʠʬʠʯʝʩʢʦʡ çʭʘʦʪʠʯʝʩʢʦʡè ʟʘʧʠʩʠ ʠ ʥʝʨʦʚʥʦʡ, ʨʘʩʯʣʝʥʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɺʳʰʝ ʧʦ ʨʘʟʨʝʟʫ - ʚʳʜʝʨʞʘʥʥʳʡ ʧʦ ʤʦʱʥʦʩʪʠ, ʩʧʣʦʰʥʦʡ ʩʣʦʡ ʣʝʜʥʠʢʦʚʦ-ʦʟʝʨʥʳʭ 

ʣʝʥʪʦʯʥʳʭ ʛʣʠʥ (10-15 ʤ) ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʥʠʭ ʩʣʦʠʩʪʦʩʪʴʶ. ɻʣʠʥʳ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʤʝʥʷʶʪʩʷ 

ʤʘʣʦʤʦʱʥʦʡ ʪʦʣʱʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʦʟʝʨʥʳʭ ʦʩʘʜʢʦʚ (ʜʦ 10 ʤ), ʩʢʨʳʚʘʶʱʠʭ ʥʝʨʦʚʥʦʩʪʠ 

ʣʝʜʥʠʢʦʚʦʛʦ ʨʝʣʴʝʬʘ. 
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ʈʠʩ. 1. ʉʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʧʦ ʬʨʘʛʤʝʥʪʫ ʧʨʦʬʠʣʷ 10-2. 

1 - ʦʟʝʨʥʳʝ ʛʦʣʦʮʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ, ʛʣʠʥʳ, ʠʣʳ; 2 - ʣʝʜʥʠʢʦʚʦ-ʦʟʝʨʥʳʝ ʚʝʨʭʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʝ 

ʣʝʥʪʦʯʥʳʝ ʛʣʠʥʳ; 3 - ʣʝʜʥʠʢʦʚʳʝ ʚʝʨʭʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ, ʤʦʨʝʥʘ; 4 ï ʚʝʥʜʩʢʠʝ 

ʩʣʦʠʩʪʳʝ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ. 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʘʟʨʝʟʘ, ʛʜʝ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ 

ʤʘʣʦʤʦʱʥʳʡ, ʚʨʝʤʝʥʘʤʠ ʧʨʦʧʘʜʘʶʱʠʡ ʩʣʦʡ ʦʟʝʨʥʳʭ ʛʦʣʦʮʝʥʦʚʳʭ ʦʩʘʜʢʦʚ, ʧʝʨʝʢʨʳʚʘʶʱʠʡ ʩʣʦʡ 

ʥʝʷʩʥʦʩʣʦʠʩʪʳʭ ʣʝʜʥʠʢʦʚʦ-ʦʟʝʨʥʳʭ ʛʣʠʥ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʥʘʭʦʜʠʪʩʷ ʪʦʣʱʘ ʤʦʨʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ʅʠʞʝ ʟʘʣʝʛʘʝʪ ʢʦʤʧʣʝʢʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥ ʢ ʚʝʥʜʫ. ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʚʠʜʥʦ, ʯʪʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʳʝ ʚʝʥʜʩʢʠʝ ʧʦʨʦʜʳ ʧʦʜʩʪʠʣʘʶʪʩʷ ʥʘʢʣʦʥʥʳʤʠ, ʥʝʧʨʘʚʠʣʴʥʦ ʩʣʦʠʩʪʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʨʠʬʝʶ. ɽʩʣʠ ʪʘʢʠʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʚʝʨʥʳ, ʪʦ ʪʦʣʱʠ 

ʧʦʨʦʜ ʨʠʬʝʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʟʘʭʦʜʷʪ ʛʦʨʘʟʜʦ ʶʞʥʝʝ, ʯʝʤ ʵʪʦ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʨʘʥʝʝ. 

 
ʈʠʩ. 2. ʉʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʧʦ ʫʯʘʩʪʢʫ ʧʨʦʬʠʣʷ 10-1. 1 - ʦʟʝʨʥʳʝ ʛʦʣʦʮʝʥʦʚʳʝ ʛʣʠʥʳ, 

ʠʣʳ; 2 - ʣʝʜʥʠʢʦʚʦ-ʦʟʝʨʥʳʝ ʚʝʨʭʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʝ ʣʝʥʪʦʯʥʳʝ ʛʣʠʥʳ; 3 ï ʣʝʜʥʠʢʦʚʳʝ 

ʚʝʨʭʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ, ʤʦʨʝʥʘ; 4 ï ʚʝʥʜʩʢʠʝ ʩʣʦʠʩʪʳʝ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʝ 

ʦʪʣʦʞʝʥʠʷ, 5 ï ʥʘʢʣʦʥʥʳʝ, ʩʣʦʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ ʚʦʟʤʦʞʥʦ ʨʠʬʝʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. 

ʈʝʟʫʣʴʪʘʪʳ 

ɺʳʧʦʣʥʝʥʥʳʝ ʚ 2015 ʛ. ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʥʘ ʘʢʚʘʪʦʨʠʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʤʝʪʦʜʦʤ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ, ʥʘʜʝʞʥʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʲʝʤʦʢ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ʂʦʤʙʠʥʘʮʠʷ ʦʜʥʦʢʘʥʘʣʴʥʳʭ ʠ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ 

ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʩʪʦʯʥʠʢʦʚ ʪʠʧʘ ʙʫʤʝʨ ʠ ʩʧʘʨʢʝʨ ʧʦʟʚʦʣʠʣʘ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʟʨʝʟ 

ʃʘʜʦʛʠ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ ʩ ʚʳʩʦʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʯʪʦ ʝʱʝ ʨʘʟ 
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ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ 

ʥʘ ʤʝʣʢʦʚʦʜʥʳʭ ʘʢʚʘʪʦʨʠʷʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ, ʧʦʟʚʦʣʠʚʰʠʝ ʫʪʦʯʥʠʪʴ 

ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ: 

½ ʧʨʦʩʣʝʞʝʥʳ ʨʝʘʣʴʥʳʝ ʛʨʘʥʠʮʳ ʠʟʫʯʘʝʤʳʭ ʪʦʣʱ; 

½ ʦʮʝʥʝʥʳ ʤʦʱʥʦʩʪʠ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʩʘʜʢʦʚ; 

½ ʦʪʤʝʯʝʥ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʦʨʠʟʦʥʪʘ ʤʦʨʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʟʘ 

ʩʯʝʪ ʩʤʷʪʠʷ ʧʦʜʩʪʠʣʘʶʱʠʭ ʛʣʠʥʠʩʪʳʭ ʛʦʨʠʟʦʥʪʦʚ; 

½ ʚʳʷʚʣʝʥʳ ʚʳʭʦʜʳ ʨʠʬʝʡʩʢʠʭ ʧʦʨʦʜ ʟʥʘʯʠʪʝʣʴʥʦ ʶʞʥʝʝ, ʯʝʤ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʨʘʥʝʝ; 

½ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʭʘʨʘʢʪʝʨʝ ʨʝʣʴʝʬʘ ʦʟʝʨʥʦʛʦ ʜʥʘ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʦʛʨʦʤʥʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ, ʜʦʮʝʥʪʫ ʢʘʬʝʜʨʳ 

ʛʝʦʬʠʟʠʢʠ, ʊ.ʉ. ʉʘʢʫʣʠʥʦʡ ʟʘ ʦʢʘʟʘʥʥʫʶ ʧʦʤʦʱʴ ʠ ʨʫʢʦʚʦʜʩʪʚʦ ʧʨʠ ʥʘʧʠʩʘʥʠʠ ʨʘʙʦʪʳ, 

ʩʦʪʨʫʜʥʠʢʘʤ ʎʝʥʪʨʘ ʘʥʘʣʠʟʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄ.ʖ. ʊʦʢʘʨʝʚʫ ʠ 

ʄ.ʖ. ɸʣʝʰʠʥʫ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ, ʘ ʪʘʢʞʝ ʧʨʦʬʝʩʩʦʨʫ ʢʘʬʝʜʨʳ ʛʝʦʤʦʨʬʦʣʦʛʠʠ ʉʇʙɻʋ, 

ɸ.ɽ. ʈʳʙʘʣʢʦ ʟʘ ʫʯʘʩʪʠʝ ʠ ʢʦʥʩʫʣʴʪʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 
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THE GEOLOGICAL STRUCTURE OF THE UPPER PART OF LAKE LADOGA SECTION 

ACCORDING TO THE SEISMIC ACOUSTIC PROFILING  
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Abstract: The scientific research expedition organized by the Institute of Earth Sciences, St. 

Petersburg State University, the Center of analysis seismic data of Moscow State University and the 

Institute of Water Problems of the Karelian branch of Russian Academy of Sciences carried out in 2015 

in the southern part of Lake Ladoga was aimed at detailed study of the geological structure of the upper 

section. Data obtained directly in this expedition formed the basis of this work. As a result was obtained 

new data, which clarified the characteristic of the geological structure of the upper part of the section of 

Lake Ladoga, including quaternary cover and underlying horizons bedrock. 
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ɸʥʥʦʪʘʮʠʷ: ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʛʫʙʝ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʤʘʨʪʝ 2015 ʛ. ʚ ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ ʚʝʩʝʥʥʝʡ ʧʦʜʣʝʜʥʦʡ 

ʢʦʥʚʝʢʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʟʝʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʘʜʠʘʮʠʦʥʥʦʛʦ 

ʧʨʦʛʨʝʚʘ ʧʦʜʣʝʜʥʦʛʦ ʩʣʦʷ ʚʦʜʳ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʟʘʣʠʚʝ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʚ ʧʨʠʜʦʥʥʦʤ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʤ ʩʣʦʝ, ʘ ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʦʜʘʤʠ 

ʟʘʣʠʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʩʝʥʥʷʷ ʧʦʜʣʝʜʥʘʷ ʢʦʥʚʝʢʮʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ, ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʝ, ʆʥʝʞʩʢʦʝ 

ʦʟʝʨʦ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʛʫʙʳ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 

ʤʘʨʪʝ 2015 ʛ. ʚ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʧʨʦʝʢʪʘ çʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ: ʞʠʟʥʴ 

ʧʦʜʦ ʣʴʜʦʤ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʮʝʩʩʦʚ ʧʦʜʦ ʣʴʜʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡè, 

ʧʦʜʜʝʨʞʘʥʥʦʛʦ ʬʦʥʜʦʤ ʕʃɽʄʆ (ʐʚʝʡʮʘʨʠʷ) [1]. 

ʇʝʨʠʦʜ ʠʟʤʝʨʝʥʠʡ (14-25 ʤʘʨʪʘ 2015 ʛ.) ʧʨʠʰʝʣʩʷ ʥʘ ʨʘʟʚʠʪʫʶ ʧʦʜʣʝʜʥʫʶ ʢʦʥʚʝʢʮʠʶ, 

ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʨʘʜʠʘʮʠʦʥʥʳʤ ʧʨʦʛʨʝʚʦʤ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʛʫʙʳ ʩʦ ʣʴʜʘ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ 

ʪʝʨʤʦʢʦʩʘ (ʛʣʫʙʠʥʘ ʩʪʘʥʮʠʠ 27.5 ʤ), ʥʘ ʢʦʪʦʨʦʡ ʩ ʜʠʩʢʨʝʪʥʦʩʪʴʶ 0.25-5 ʤ ʦʪ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʣʴʜʘ 

ʜʦ ʜʥʘ ʙʳʣʠ ʟʘʢʨʝʧʣʝʥʳ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʢʘʥʘʜʩʢʦʡ 

ʬʠʨʤʳ RBR Ltd. ʀʥʪʝʨʚʘʣ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʘʚʣʷʣ ʜʝʩʷʪʴ ʩʝʢʫʥʜ. ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʯʘʩʦʚʦʡ 

ʜʠʩʢʨʝʪʥʦʩʪʴʶ ʧʨʦʚʦʜʠʣʠʩʴ ʟʦʥʜʠʨʦʚʘʥʠʷ ʚʦʜʥʦʡ ʪʦʣʱʠ ʧʨʠʙʦʨʦʤ CTD-90M Sea & Sun 

Technology, ɻʝʨʤʘʥʠʷ. 

ɺʙʣʠʟʠ ʩʪʘʥʮʠʠ ʟʦʥʜʠʨʦʚʘʥʠʡ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʨʘʜʠʘʮʠʦʥʥʘʷ ʩʪʘʥʮʠʷ, ʥʘ ʢʦʪʦʨʦʡ ʩ 

ʤʠʥʫʪʥʦʡ ʜʠʩʢʨʝʪʥʦʩʪʴʶ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʤʝʨʝʥʠʝ ʧʦʪʦʢʦʚ 

ʧʘʜʘʶʱʝʡ ʠ ʦʪʨʘʞʝʥʥʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʴʜʘ, ʠ ʧʦʜʣʝʜʥʦʡ ʨʘʜʠʘʮʠʠ. ʊʘʢʞʝ 
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ʨʷʜʦʤ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʪʝʦʩʪʘʥʮʠʷ, ʬʠʢʩʠʨʦʚʘʚʰʘʷ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, 

ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ ʩ ʜʠʩʢʨʝʪʥʦʩʪʴʶ ʜʝʩʷʪʴ ʤʠʥʫʪ. 

ɸʥʘʣʠʟ ʥʘʢʦʧʣʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣ ʧʨʦʩʣʝʜʠʪʴ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʚʥʫʪʨʠʩʫʪʦʯʥʫʶ ʠ ʩʠʥʦʧʪʠʯʝʩʢʫʶ ʵʚʦʣʶʮʠʶ ʚʝʨʪʠʢʘʣʴʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʛʫʙʳ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʧʝʨʠʦʜ ʨʘʟʚʠʪʦʡ ʧʦʜʣʝʜʥʦʡ ʢʦʥʚʝʢʮʠʠ. 

ʇʝʨʠʦʜ ʠʟʤʝʨʝʥʠʡ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʜʚʘ ʦʪʨʝʟʢʘ, ʨʝʟʢʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʧʦʛʦʜʥʳʤ 

ʫʩʣʦʚʠʷʤ: ʩ 14 ʧʦ 19 ʤʘʨʪʘ ʩʪʦʷʣʘ ʷʩʥʘʷ, ʪʝʧʣʘʷ, ʩʦʣʥʝʯʥʘʷ, ʤʘʣʦʚʝʪʨʝʥʘʷ ʧʦʛʦʜʘ, 20 ʤʘʨʪʘ ʨʝʟʢʦ 

ʧʦʭʦʣʦʜʘʣʦ, ʚʝʪʝʨ ʫʩʠʣʠʣʩʷ ʜʦ 8-10 ʤ/c, ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚʳʧʘʜʘʣ ʩʥʝʛ, ʥʘʙʣʶʜʘʣʘʩʴ ʩʧʣʦʰʥʘʷ ʠʣʠ 

ʧʝʨʝʤʝʥʥʘʷ ʦʙʣʘʯʥʦʩʪʴ.  

ʇʦʪʦʢʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʥʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʣʴʜʘ, ʠʛʨʘʶʱʠʝ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ 

ʢʦʥʚʝʢʮʠʠ, ʪʘʢʞʝ ʧʨʝʪʝʨʧʝʚʘʣʠ ʟʘʤʝʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʠʩʘʥʥʳʤʠ ʧʦʛʦʜʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ. ɺ ʧʝʨʚʳʝ ʜʥʠ ʠʟʤʝʨʝʥʠʡ ʜʥʝʚʥʦʡ ʤʘʢʩʠʤʫʤ ʧʦʪʦʢʘ ʧʨʦʥʠʢʘʶʱʝʡ ʧʦʜ ʣʝʜ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ ʜʦʩʪʠʛʘʣ 150 ɺʪ/ʤ
2
, ʧʦʩʣʝ ʚʳʧʘʜʝʥʠʷ ʩʚʝʞʝʛʦ ʩʥʝʛʘ ï ʨʝʟʢʦ ʩʥʠʟʠʣʩʷ ʜʦ 30-50 ɺʪ/ʤ

2
. 

ɺ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʠʟʤʝʨʝʥʠʡ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʛʫʙʳ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʙʳʣʘ ʪʠʧʠʯʥʦʡ ʜʣʷ ʚʝʩʝʥʥʝʡ ʧʦʜʣʝʜʥʦʡ ʢʦʥʚʝʢʮʠʠ [2]: 

ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʷʣʠʩʴ ʪʨʠ ʩʣʦʷ - ʧʦʜʣʝʜʥʳʡ ʛʨʘʜʠʝʥʪʥʳʡ (ʝʛʦ ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʥʘ 

0.5-0.8 ʤ ʥʠʞʝ ʣʴʜʘ), ʢʦʥʚʝʢʪʠʚʥʦ-ʧʝʨʝʤʝʰʘʥʥʳʡ ʩʣʦʡ (ʂʇʉ, ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʢʦʪʦʨʦʛʦ 

ʠʟʤʝʥʷʣʘʩʴ ʚ ʧʝʨʠʦʜ ʠʟʤʝʨʝʥʠʡ ʚ ʧʨʝʜʝʣʘʭ 15-20 ʤ) ʠ ʥʠʞʝʣʝʞʘʱʠʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʡ (ʨʠʩ 1). 

ɺ ʩʦʣʥʝʯʥʳʝ ʜʥʠ ʧʨʦʠʩʭʦʜʠʣ ʦʙʲʝʤʥʳʡ ʥʘʛʨʝʚ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʚʦʜʥʦʡ ʤʘʩʩʳ, ʯʪʦ 

ʠʥʜʫʮʠʨʦʚʘʣʦ ʧʨʦʮʝʩʩ ʢʦʥʚʝʢʮʠʠ, ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʂʇʉ ʟʘʛʣʫʙʣʷʣʘʩʴ, ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʚʳʰʘʣʘʩʴ, ʚ ʥʦʯʥʳʝ ʯʘʩʳ ʧʨʦʠʩʭʦʜʠʣʘ ʨʝ-ʩʪʨʘʪʠʬʠʢʘʮʠʷ. ɺ ʧʘʩʤʫʨʥʳʝ ʜʥʠ ʥʘʙʣʶʜʘʣʦʩʴ 

ʫʤʝʥʴʰʝʥʠʝ ʛʣʫʙʠʥʳ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʂʇʉ. ʅʠʞʝ ʂʇʉ, ʤʳ ʥʘʙʣʶʜʘʣʠ ʫʩʪʦʡʯʠʚʦ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʨʠʜʦʥʥʳʡ ʩʣʦʡ, ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʯʘʩʪʦʪʳ ʧʣʘʚʫʯʝʩʪʠ  

N
2
~10

-5
*ʩ

-2
. ɺ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʤ ʩʣʦʝ ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʪʤʝʯʘʣʠʩʴ ʚʦʣʥʦʦʙʨʘʟʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʠʟʦʪʝʨʤ. ɺ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʘ ʂʇʉ ʧʦʚʳʩʠʣʘʩʴ ʦʪ 0.6 ʜʦ 0.96
ʦ
ʉ. 

ɺ ʥʦʯʥʳʝ ʯʘʩʳ ʧʨʦʠʩʭʦʜʠʣʘ ʟʘʤʝʪʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʬʠʣʷ: 

ʧʦʥʠʞʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʂʇʉ, ʧʨʠ ʵʪʦʤ ʚ ʥʠʞʥʝʡ ʝʛʦ ʯʘʩʪʠ ʥʘʙʣʶʜʘʣʠʩʴ 

ʩʪʫʧʝʥʯʘʪʳʝ ʩʪʨʫʢʪʫʨʳ, ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʯʘʩʪʫʶ ʧʦʚʳʰʘʣʘʩʴ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʪʘʢʦʡ ʭʘʨʘʢʪʝʨ 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʬʠʣʷ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʦʙʨʫʰʝʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ. 

ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʡ ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʷ ʂʇʉ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʩʣʫʯʘʶ ʢʦʥʚʝʢʮʠʠ ʚ ʯʠʩʪʦʤ ʚʠʜʝ 

ʪʦʣʴʢʦ 17-19 ʤʘʨʪʘ: ʧʦʚʳʰʝʥʠʝ ʚ ʜʥʝʚʥʳʝ ʯʘʩʳ ʠ ʩʪʘʙʠʣʠʟʘʮʠʷ ʚ ʚʝʯʝʨʥʠʝ ʠ ʥʦʯʥʳʝ. ɺ ʜʨʫʛʠʝ 

ʜʥʠ ʥʘʙʣʶʜʘʣʠʩʴ ʦʪʢʣʦʥʝʥʠʷ ʦʪ çʥʦʨʤʳè. ʅʘʧʨʠʤʝʨ, 15 ʤʘʨʪʘ ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʝ ʂʇʉ ʥʝʧʨʝʨʳʚʥʦ 

ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʥʝ ʪʦʣʴʢʦ ʚ ʜʥʝʚʥʳʝ ʯʘʩʳ, ʥʦ ʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʧʦʩʣʝʜʫʶʱʝʡ ʥʦʯʠ. ʋʚʝʣʠʯʝʥʠʝ 

ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʷ ʂʇʉ 21 ʠ 22 ʤʘʨʪʘ ʥʘʯʘʣʦʩʴ ʪʦʣʴʢʦ ʚ ʩʝʨʝʜʠʥʝ ʜʥʷ ʠ ʧʨʦʜʦʣʞʘʣʦʩʴ ʚʝʯʝʨʦʤ ʠ 

ʥʦʯʴʶ. ʀʟʤʝʥʝʥʠʝ ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ: ʨʦʩʪ ʠʣʠ ʧʘʜʝʥʠʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʩʫʪʦʯʥʦʛʦ ʮʠʢʣʘ, ʠʣʠ 

ʯʝʨʝʜʦʚʘʥʠʝ ʨʦʩʪʘ ʠ ʧʘʜʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʮʠʢʣʘ. ʀʟʤʝʥʝʥʠʷ ʚ ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʠ ʂʇʉ ʠ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʙʳʣʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ, ʥʘʧʨʠʤʝʨ, ʚ ʜʥʝʚʥʳʝ ʯʘʩʳ 19 

ʤʘʨʪʘ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʪʘʢʦʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʝʚ ʤʦʛ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤ ʘʜʚʝʢʪʠʚʥʳʤ ʧʝʨʝʥʦʩʦʤ ʤʝʞʜʫ ʘʢʚʘʪʦʨʠʝʡ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʠ 

ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʛʫʙʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʯʝʚʠʜʥʦ, ʯʪʦ, ʥʘʨʷʜʫ ʩ ʢʦʥʚʝʢʮʠʝʡ, ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʬʦʨʤʠʨʦʚʘʣʘʩʴ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʷʜʘ ʜʨʫʛʠʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ 

ʚ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʤ ʩʣʦʝ, ʘ ʪʘʢʞʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʤʝʞʜʫ 

ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʛʫʙʦʡ ʠ ʘʢʚʘʪʦʨʠʝʡ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʤʝʨʠʪʝʣʝʡ ʪʝʯʝʥʠʡ ʚ 

ʙʫʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʟʚʦʣʠʪ ʥʘʤ ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʨʦʜʫ ʵʪʠʭ ʷʚʣʝʥʠʡ ʠ ʧʨʦʮʝʩʩʦʚ. 
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ʈʠʩ. 1 ɺʝʨʪʠʢʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʨʦʬʠʣʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʛʫʙʳ 

ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ ʚʝʩʝʥʥʝʡ ʧʦʜʣʝʜʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʨʪʝ 2015 ʛ. ʎʠʬʨʳ - ʯʠʩʣʘ 

ʤʘʨʪʘ. ʉʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʳ ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʛʨʘʥʠʮʳ ʂʇʉ. 

 

 
ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʝ ʩʣʦʝʚ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ, ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʥʘ ʟʥʘʯʝʥʠʝ ʚ 9 

ʫʪʨʘ. 1 ï ʚʝʩʴ ʩʪʦʣʙ ʚʦʜʳ, 2 ï ʂʇʉ, 3 ï ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʡ ʩʣʦʡ. 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʬʦʥʜʘ Feel Fundation, ñFondation pour lô®tude 

des eaux du L®manò (ʐʚʝʡʮʘʨʠʷ). 
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Abstract:The results of the analysis of temperature data during the development of the spring ice 

convection on Petrozavodsk bay of Lake Onego in March 2015 are given. It is shown that the thermal 

structure is formed under the effect of solar radiation heating a water column, and the dynamic processes, 

presumably internal waves in the stratified bottom layer, and an interaction with the surrounding waters 

of the bay.  
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ɸʥʥʦʪʘʮʠʷ: ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʃʘʜʦʞʩʢʦʤ ʦʟʝʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚʥʫʪʨʝʥʥʝʛʦ ʤʦʨʷ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠ ʘʥʘʣʠʟʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʝʯʝʥʠʡ ʠ 

ʫʨʦʚʥʷ ʦʟʝʨʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʨʠʤʝʩʝʡ ʚ ʃʘʜʦʞʩʢʦʤ ʠ ʆʥʝʞʩʢʦʤ ʦʟʝʨʘʭ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʢʘʢ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʨʝʘʣʴʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʜʨʦʪʝʨʤʦʜʠʥʘʤʠʢʘ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʪʝʨʤʠʯʝʩʢʘʷ ʬʨʦʥʪʘʣʴʥʘʷ ʟʦʥʘ, 

ʘʪʤʦʩʬʝʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠʤʝʩʠ 

 

ɺʚʝʜʝʥʠʝ 

ʄʦʜʝʣʴ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚʥʫʪʨʝʥʥʝʛʦ ʤʦʨʷ (ɻɺʄ, [1]) ʙʳʣʘ ʘʜʘʧʪʠʨʦʚʘʥʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʝʝ ʚ ʦʟʝʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʊʘʢ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʫʯʝʪʘ ʥʘʣʠʯʠʷ ʫ ʧʨʝʩʥʦʡ ʚʦʜʳ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʤʦʨʩʢʦʡ ʚʦʜʳ ʙʳʣʦ ʟʘʤʝʥʝʥʦ ʥʘ ʢʚʘʜʨʘʪʠʯʥʦʝ  

ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʧʨʝʩʥʦʡ ʚʦʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʨʝʘʥʘʣʠʟʘ NCEP/NCAR (ʩʦʚʤʝʩʪʥʳʡ ʧʨʦʝʢʪ ʅʘʮʠʦʥʘʣʴʥʳʭ ʎʝʥʪʨʦʚ 

ʇʨʝʜʩʢʘʟʘʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (NCEP) ʠ ɸʪʤʦʩʬʝʨʥʳʭ ʀʩʩʣʝʜʦʚʘʥʠʡ (NCAR), ʉʐɸ, 

http://www.cdc.noaa.gov/cdc/ data.ncep.reanalysis.html). 

ɼʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ çʢʣʠʤʘʪʠʯʝʩʢʠʝè (ʦʩʨʝʜʥʝʥʥʳʝ ʟʘ ʚʪʦʨʫʶ 

ʧʦʣʦʚʠʥʫ XX ʚʝʢʘ) ʜʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʜʳ ʚ ʦʟʝʨʝ ([2]), ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ ʨʝʘʥʘʣʠʟʘ ʙʳʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʦʩʨʝʜʥʝʥʳ. ʈʘʩʯʝʪʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʥʘ ʩʝʪʢʝ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 600Ĭ600 ʤ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʠ 30 ʛʦʨʠʟʦʥʪʦʚ ʧʦ ʚʝʨʪʠʢʘʣʠ. ʐʘʛ ʧʦ 

ʚʨʝʤʝʥʠ ʩʦʩʪʘʚʣʷʣ 6 ʤʠʥʫʪ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ (çʪʝʨʤʦʙʘʨʘè) ʚ ʃʘʜʦʞʩʢʦʤ ʦʟʝʨʝ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ ʨʝʘʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʘʥʥʳʝ 

ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʧʨʦʜʚʠʞʝʥʠʝʤ ʪʝʨʤʠʯʝʩʢʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ (çʪʝʨʤʦʙʘʨʘè), ʷʚʣʷʶʱʝʡʩʷ ʦʜʥʠʤ 

ʠʟ ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʠ ʚʘʞʥʳʭ ʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ 
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ʦʟʝʨʝ. ɺ ʢʘʯʝʩʪʚʝ ʬʦʨʤʘʣʴʥʦʡ ʛʨʘʥʠʮʳ ʪʝʨʤʦʙʘʨʘ ʙʳʣʦ ʧʨʠʥʷʪʦ ʧʦʣʦʞʝʥʠʝ ʯʝʪʳʨʝʭʛʨʘʜʫʩʥʦʡ 

ʠʟʦʪʝʨʤʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʟʝʨʘ, ʫʢʘʟʳʚʘʶʱʝʡ ʥʘ ʟʦʥʫ ʦʧʫʩʢʘʥʠʷ ʥʘʠʙʦʣʝʝ ʧʣʦʪʥʳʭ ʚʦʜ ([2]). 

ʌʨʦʥʪʘʣʴʥʘʷ ʟʦʥʘ ʟʘʨʦʞʜʘʝʪʩʷ ʚ ʶʞʥʦʡ ʤʝʣʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ ʠ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ 

ʧʨʦʜʚʠʛʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʛʣʫʙʠʥʳ. ɺ ʮʝʣʦʤ ʩʢʦʨʦʩʪʴ ʧʨʦʜʚʠʞʝʥʠʷ ʪʝʨʤʦʙʘʨʘ ʚ ʶʞʥʦʡ 

ʤʝʣʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʘʢ  ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʤʝʪʨʦʚ ʚ ʩʫʪʢʠ. ʇʨʠ ʵʪʦʤ ʚ 

ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ ʩʢʦʨʦʩʪʴ ʝʛʦ ʧʨʦʜʚʠʞʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ï 100-

200 ʤ/ʩʫʪʢʠ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʯʝʪʥʳʝ ʠ ʥʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ.  

 

ʘ) 
ʙ) 

ʚ) ʛ) 

ʜ) ʝ) 

 
ʈʠʩ. 1. ʇʦʣʦʞʝʥʠʝ ʯʝʪʳʨʝʭʛʨʘʜʫʩʥʦʡ ʠʟʦʪʝʨʤʳ 15 ʤʘʷ, 15 ʠʶʥʷ ʠ 5 ʠʶʣʷ ʚ ʧʦ ʨʘʩʯʝʪʥʳʤ 

(ʘ,ʚ,ʜ,) ʠ ʥʘʪʫʨʥʳʤ (ʙ,ʛ,ʝ) ʜʘʥʥʳʤ. 

 

ʈʘʩʯʝʪʥʦʝ ʧʦʣʦʞʝʥʠʝ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʜʘʥʥʳʤʠ 

ʥʘʙʣʶʜʝʥʠʡ. ʄʦʜʝʣʴ ʪʘʢʞʝ ʪʦʯʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʚʨʝʤʷ ʠʩʯʝʟʥʦʚʝʥʠʷ ʪʝʨʤʦʙʘʨʘ ï ʧʝʨʚʘʷ 

ʧʦʣʦʚʠʥʘ ʠʶʣʷ (ʨʠʩ. 1 ʜ, ʝ). 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʝʡ ʪʝʯʝʥʠʡ, ʫʨʦʚʥʷ ʦʟʝʨ, ʘ ʪʘʢʞʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʤʝʩʝʡ ʚ ʥʠʭ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʘʪʤʦʩʬʝʨʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ. 

ʉʝʨʠʷ ʪʝʩʪʦʚʳʭ ʨʘʩʯʝʪʦʚ ʥʘ ʤʦʜʝʣʠ ʩ ʠʤʠʪʘʮʠʝʡ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʘʪʤʦʩʬʝʨʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʙʳʣʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʦʣʝʡ ʪʝʯʝʥʠʡ ʚ ʦʟʝʨʝ, ʥʘ ʩʚʷʟʘʥʥʳʝ ʩ ʮʠʨʢʫʣʷʮʠʝʡ ʚʦʜʥʳʭ ʤʘʩʩ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ, ʘ ʪʘʢʞʝ 

ʦʮʝʥʢʝ ʚʦʟʤʦʞʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʤʝʩʝʡ ʚ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨ.  

ɺ ʧʝʨʚʦʡ ʩʝʨʠʠ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ  ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʚʝʪʨʘ, 

ʪ.ʝ. ʦʩʥʦʚʥʳʤ ʜʦʧʫʱʝʥʠʝʤ ʙʳʣʦ ʪʦ, ʯʪʦ ʚʝʪʝʨ ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʫʶ ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚ 

ʢʘʞʜʦʤ ʫʟʣʝ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ. ʅʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ ʠʟʤʝʥʷʣʦʩʴ ʚ ʢʘʞʜʦʤ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ. ɺ ʝʱʝ ʜʚʫʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʟʝʨʦ ʘʪʤʦʩʬʝʨʥʦʡ 

ʮʠʨʢʫʣʷʮʠʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ï ʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʠ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʛʦ. ɺ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʙʳʣʠ ʧʝʨʝʤʝʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʚ ʢʘʞʜʦʤ ʫʟʣʝ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ. 

ʈʘʩʯʝʪʳ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʧʝʨʠʦʜ ʚ 30 ʩʫʪʦʢ ʩ ʚʨʝʤʝʥʥʳʤ ʰʘʛʦʤ 0.1 ʯʘʩʘ, 

ʰʘʛ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʩʦʩʪʘʚʣʷʣ 0.6 ʢʤ. ɺʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʦʮʝʥʠʚʘʣʠʩʴ ʩʢʦʨʦʩʪʴ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚʦʟʥʠʢʘʶʱʝʡ ʚ ʦʟʝʨʝ ʚʝʪʨʦʚʦʡ ʮʠʨʢʫʣʷʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ ʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʚ ʥʘʯʘʣʴʥʳʡ 

ʤʦʤʝʥʪ ʚ ʫʩʪʴʷʭ ʧʨʠʪʦʢʦʚ ʦʟʝʨʘ ï ʨʝʢʘʭ ɹʫʨʥʘʷ, ɺʦʣʭʦʚ ʠ ʉʚʠʨʴ ï ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʦʠʩʭʦʜʠʣʠ 

ʚʳʙʨʦʩʳ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʧʨʠʤʝʩʠ, ʢʦʪʦʨʘʷ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʫʶʱʠʭ 30 ʩʫʪʦʢ ʨʘʩʧʨʦʩʪʨʘʥʷʣʘʩʴ ʧʦ 
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ʘʢʚʘʪʦʨʠʠ ʚʦʜʦʝʤʘ. ɺʦʟʤʦʞʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʪʠʭ ʧʨʠʤʝʩʝʡ ʪʘʢʞʝ ʙʳʣʠ ʦʮʝʥʝʥʳ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪ ˉ1. ʇʦʩʪʦʷʥʥʳʡ ʚʝʪʝʨ ʚʦʩʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʷ ʪʝʯʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʃʘʜʦʞʩʢʦʤ ʦʟʝʨʝ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦ ʩʢʦʨʦʩʪʠ (5 ʤ/ʩ) ʚʝʪʨʘ ʚʦʩʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʦʟʝʨʝ 

ʦʙʨʘʟʫʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʪʝʯʝʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʉʢʦʨʦʩʪʴ 

ʪʘʢʦʛʦ ʪʝʯʝʥʠʷ ʜʦʩʪʠʛʘʝʪ 13 ʩʤ/ʩ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʦʟʝʨʘ ʚ ʨʘʡʦʥʝ ɺʦʣʭʦʚʩʢʦʡ ʛʫʙʳ. ʄʠʥʠʤʘʣʴʥʳʝ ʦʪʤʝʯʝʥʳ ʚʜʦʣʴ ʟʘʧʘʜʥʦʛʦ ʙʝʨʝʛʘ ʦʟʝʨʘ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʣʦʞʠʚʰʝʡʩʷ ʢʘʨʪʠʥʦʡ ʪʝʯʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠʤʝʩʝʡ, 

ʢʦʪʦʨʳʝ ʟʘ ʧʝʨʠʦʜ ʨʘʩʯʝʪʘ ʧʨʝʦʜʦʣʝʣʠ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 130 ï 150 ʢʤ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʨʝʦʜʦʣʝʣʘ ʧʨʠʤʝʩʴ, çʚʳʧʫʱʝʥʥʘʷè ʚ ʤʝʩʪʝ ʚʧʘʜʝʥʠʷ ʨ. 

ɹʫʨʥʘʷ. ʀʤʝʥʥʦ ʪʘʤ ʥʘʙʣʶʜʘʶʪʩʷ ʤʠʥʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ (ʨʠʩ. 2 ʘ, ʙ). 

ʂʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʠʟʤʝʥʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʘʤʠ ʩʛʦʥʥʦ-ʥʘʛʦʥʥʳʭ ʷʚʣʝʥʠʡ. 

ʇʘʜʝʥʠʝ ʫʨʦʚʥʷ ʜʦ 2 ʩʤ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʙʝʨʝʛʘ ʦʟʝʨʘ, ʨʦʩʪ - ʫ ʩʝʚʝʨʥʦʛʦ ʠ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʛʦ ʙʝʨʝʛʦʚ. 

ʙ)ɺʝʪʝʨ5 ʤ/ʩ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.127 ʤ/ʩ

ʘ)
ɺʝʪʝʨ5 ʤ/ʩ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.127 ʤ/ʩ

ɺʝʪʝʨ5 ʤ/ʩ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.127 ʤ/ʩ

ʘ)ʘ) ʙ)ʙ)ɺʝʪʝʨ5 ʤ/ʩ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.127 ʤ/ʩ

ʘ)
ɺʝʪʝʨ5 ʤ/ʩ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.127 ʤ/ʩ

ɺʝʪʝʨ5 ʤ/ʩ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.127 ʤ/ʩ

ʘ)ʘ)

 
ʈʠʩ. 2. ʇʦʣʝ ʪʝʯʝʥʠʡ (ʩʪʨʝʣʢʠ) ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ 

 ʠ ʪʨʘʝʢʪʦʨʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʤʝʩʝʡ (ʩʝʨʳʝ ʣʠʥʠʠ) ʧʨʠ ʚʦʩʪʦʯʥʦʤ ʚʝʪʨʝ 5 ʤ/ʩ (ʘ). 

ʂʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʦʟʝʨʝ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ (ʙ).  

ɹʦʣʴʰʘʷ ʩʪʨʝʣʢʘ ʫʢʘʟʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ. 

 

ʕʢʩʧʝʨʠʤʝʥʪ ˉ2. ʇʦʩʪʦʷʥʥʳʡ ʚʝʪʝʨ ʩʝʚʝʨʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 

ʅʘ ʨʠʩ. 3 ʘ, ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʷ ʪʝʯʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ 

ʃʘʜʦʞʩʢʦʤ ʦʟʝʨʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦ ʩʢʦʨʦʩʪʠ (5 ʤ/ʩ) ʚʝʪʨʘ ʩʝʚʝʨʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, 

ʪʨʘʝʢʪʦʨʠʠ ʧʨʠʤʝʩʝʡ ʠ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ. ʇʨʠ ʩʝʚʝʨʥʦʤ ʚʝʪʨʝ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʘʢʚʘʪʦʨʠʠ  

ʦʟʝʨʘ ʦʙʨʘʟʫʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʪʝʯʝʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʶʛʦ-ʟʘʧʘʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʉʢʦʨʦʩʪʴ 

ʪʘʢʦʛʦ ʪʝʯʝʥʠʷ ʜʦʩʪʠʛʘʝʪ 15 ʩʤ/ʩ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚʜʦʣʴ ʚʦʩʪʦʯʥʦʛʦ ʠ 

ʟʘʧʘʜʥʦʛʦ ʙʝʨʝʛʦʚ. ʄʠʥʠʤʘʣʴʥʳʝ ʦʪʤʝʯʝʥʳ ʫ ʩʝʚʝʨʥʦʛʦ ʙʝʨʝʛʘ ʦʟʝʨʘ. ʂʘʨʪʠʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʨʠʤʝʩʝʡ ʢʘʨʜʠʥʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʘʨʪʠʥʳ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ˉ1. 

ʉʬʦʨʤʠʨʦʚʘʚʰʘʷʩʷ ʮʠʨʢʫʣʷʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʥʦʩ ʧʨʠʤʝʩʠ ʠʟ ʉʚʠʨʩʢʦʡ ʛʫʙʳ ʚ ɺʦʣʭʦʚʩʢʫʶ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ çʟʘʧʠʨʘʥʠʝʤè ʝʝ ʪʘʤ. ʇʨʠʤʝʩʴ, çʚʳʧʫʱʝʥʥʘʷè ʚ ɺʦʣʭʦʚʩʢʦʡ ʛʫʙʝ ʥʝ ʠʤʝʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʦʟʝʨʦ. 

ʇʘʜʝʥʠʝ ʫʨʦʚʥʷ ʜʦ 2 ʩʤ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʩʝʚʝʨʥʦʛʦ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʙʝʨʝʛʦʚ ʦʟʝʨʘ, ʨʦʩʪ ʜʦ 

3 ʩʤ ʦʪʤʝʯʘʝʪʩʷ ʫ ʶʞʥʦʛʦ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʙʝʨʝʛʦʚ. 
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ʙ)ɺʝʪʝʨ5 ʤ/ʩ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.148 ʤ/ʩ

ʘ)
ɺʝʪʝʨ5 ʤ/ʩ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.148 ʤ/ʩ

ɺʝʪʝʨ5 ʤ/ʩ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.148 ʤ/ʩ

ʘ)ʘ)
ʙ)ʙ)ɺʝʪʝʨ5 ʤ/ʩ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.148 ʤ/ʩ

ʘ)
ɺʝʪʝʨ5 ʤ/ʩ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.148 ʤ/ʩ

ɺʝʪʝʨ5 ʤ/ʩ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.148 ʤ/ʩ

ʘ)ʘ)

 
ʈʠʩ. 3. ʊʦ ʞʝ, ʯʪʦ ʠ ʥʘ ʨʠʩ. 2 ʧʨʠ ʩʝʚʝʨʥʦʤ ʚʝʪʨʝ 5 ʤ/ʩ. 

 

ʕʢʩʧʝʨʠʤʝʥʪ ˉ3. ʇʦʩʪʦʷʥʥʳʡ ʚʝʪʝʨ ʶʞʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 

ʇʨʠ ʶʞʥʦʤ ʧʦʩʪʦʷʥʥʦʤ ʧʦ ʩʢʦʨʦʩʪʠ (5 ʤ/ʩ) ʚʝʪʨʝ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ 

ʦʙʨʘʟʫʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʪʝʯʝʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ (ʨʠʩ. 4 ʘ). 

ʉʢʦʨʦʩʪʴ ʪʘʢʦʛʦ ʪʝʯʝʥʠʷ ʜʦʩʪʠʛʘʝʪ 15 ʩʤ/ʩ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚʜʦʣʴ 

ʟʘʧʘʜʥʦʛʦ, ʶʛʦ-ʟʘʧʘʜʥʦʛʦ, ʘ ʪʘʢʞʝ ʚʜʦʣʴ ʚʦʩʪʦʯʥʦʛʦ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʙʝʨʝʛʦʚ. ʄʠʥʠʤʘʣʴʥʳʝ 

ʦʪʤʝʯʝʥʳ ʚ ʙʫʭʪʝ ʇʝʪʨʦʢʨʝʧʦʩʪʴ, ʚ ɺʦʣʭʦʚʩʢʦʡ ʠ ʉʚʠʨʩʢʦʡ ʛʫʙ. ʂʘʨʪʠʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʨʠʤʝʩʝʡ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʅʘ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ (ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʙʝʨʝʛʘ ʦʟʝʨʘ) ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʨʠʤʝʩʴ, 

çʚʳʧʫʱʝʥʥʘʷè ʚ ʤʝʩʪʝ ʚʧʘʜʝʥʠʷ ʨʝʢʠ ɹʫʨʥʦʡ. ɻʦʨʘʟʜʦ ʤʝʥʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʚʜʦʣʴ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ 

ʠ ʚʦʩʪʦʯʥʦʛʦ ʙʝʨʝʛʦʚ ʧʨʦʭʦʜʷʪ ʧʨʠʤʝʩʠ ʠʟ ɺʦʣʭʦʚʩʢʦʡ ʠ ʉʚʠʨʩʢʦʡ ʛʫʙ. ʇʘʜʝʥʠʝ ʫʨʦʚʥʷ ʜʦ 3 ʩʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʙʫʭʪʝ ʇʝʪʨʦʢʨʝʧʦʩʪʴ, ʚ ɺʦʣʭʦʚʩʢʦʡ ʛʫʙʝ ʠ ʫ ʶʛʦ-ʟʘʧʘʜʥʦʛʦ ʙʝʨʝʛʘ ʦʟʝʨʘ. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʨʦʩʪ (ʜʦ 1.5) ʧʨʦʠʩʭʦʜʠʪ ʫ ʩʝʚʝʨʥʦʛʦ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʙʝʨʝʛʦʚ (ʨʠʩ. 4 ʙ). 

ɺʝʪʝʨ5 ʤ/ʩ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.144 ʤ/ʩ

ʘ) ɺʝʪʝʨ5 ʤ/ʩ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.144 ʤ/ʩ

ɺʝʪʝʨ5 ʤ/ʩ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.144 ʤ/ʩ

ʘ)ʘ) ɺʝʪʝʨ5 ʤ/ʩ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.144 ʤ/ʩ

ʘ) ɺʝʪʝʨ5 ʤ/ʩ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.144 ʤ/ʩ

ɺʝʪʝʨ5 ʤ/ʩ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.144 ʤ/ʩ

ʘ)ʘ)

 
ʈʠʩ. 4. ʊʦ ʞʝ, ʯʪʦ ʠ ʥʘ ʨʠʩ. 2 ʧʨʠ ʶʞʥʦʤ ʚʝʪʨʝ 5 ʤ/ʩ. 

 

ʕʢʩʧʝʨʠʤʝʥʪ ˉ4. ʇʦʩʪʦʷʥʥʳʡ ʚʝʪʝʨ ʟʘʧʘʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 

ʇʨʠ ʟʘʧʘʜʥʦʤ ʚʝʪʨʝ (5 ʤ/ʩ) ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʘʢʚʘʪʦʨʠʠ  ʦʟʝʨʘ ʦʙʨʘʟʫʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʦʝ 

ʪʝʯʝʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʦ 13-14 ʩʤ/ʩ (ʨʠʩ. 5 ʘ).  
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ʙ)ɺʝʪʝʨ5 ʤ/ʩ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.135 ʤ/ʩ

ɺʝʪʝʨ5 ʤ/ʩ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.135 ʤ/ʩ

ʘ) ʙ)ʙ)ɺʝʪʝʨ5 ʤ/ʩ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.135 ʤ/ʩ

ɺʝʪʝʨ5 ʤ/ʩ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.135 ʤ/ʩ

ʘ)

 
ʈʠʩ. 5. ʊʦ ʞʝ, ʯʪʦ ʠ ʥʘ ʨʠʩ. 2 ʧʨʠ ʟʘʧʘʜʥʦʤ ʚʝʪʨʝ 5 ʤ/ʩ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ, ʘ ʠʤʝʥʥʦ ï ʚ 

ɺʦʣʭʦʚʩʢʦʡ ʛʫʙʝ. ʄʠʥʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʦʪʤʝʯʝʥʳ ʚ ʙʫʭʪʝ ʇʝʪʨʦʢʨʝʧʦʩʪʴ. ʂʘʨʪʠʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠʤʝʩʝʡ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʅʘ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ (ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʙʫʭʪʳ ʇʝʪʨʦʢʨʝʧʦʩʪʴ) ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʨʠʤʝʩʴ, 

çʚʳʧʫʱʝʥʥʘʷè ʚ ʤʝʩʪʝ ʚʧʘʜʝʥʠʷ ʨʝʢʠ ɹʫʨʥʦʡ. ʂʘʢ ʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ˉ 2 ʧʨʠʤʝʩʠ ʠʟ ɺʦʣʭʦʚʩʢʦʡ ʠ 

ʉʚʠʨʩʢʦʡ ʛʫʙ ʦʩʪʘʶʪʩʷ ʥʘ ʤʝʩʪʝ, ʥʝ ʠʤʝʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʘʢʚʘʪʦʨʠʶ ʦʟʝʨʘ. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʨʦʩʪ ʫʨʦʚʥʷ ʜʦ 2 ʩʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʙʫʭʪʝ ʇʝʪʨʦʢʨʝʧʦʩʪʴ ʠ ʚ ɺʦʣʭʦʚʩʢʦʡ ʛʫʙʝ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʧʘʜʝʥʠʝ (ʜʦ 1.5) ʧʨʦʠʩʭʦʜʠʪ ʫ ʟʘʧʘʜʥʦʛʦ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʙʝʨʝʛʦʚ (ʨʠʩ. 5 ʙ). 

ʕʢʩʧʝʨʠʤʝʥʪ ˉ5. ʇʝʨʝʤʝʥʥʘʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʘʪʤʦʩʬʝʨʥʘʷ ʮʠʨʢʫʣʷʮʠʷ ʮʠʢʣʦʥʠʯʝʩʢʦʛʦ 

ʪʠʧʘ. 

ɼʣʷ ʠʤʠʪʘʮʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʥʘʧʨʘʚʣʝʥʠʶ ʚʝʪʨʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʟʝʨʦ 

ʙʳʣʦ ʧʦʩʪʨʦʝʥʦ ʚʝʪʨʦʚʦʝ ʧʦʣʝ, ʚ ʢʦʪʦʨʦʤ ʚʝʪʝʨ ʥʘʧʨʘʚʣʝʥ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʤ 

ʦʢʨʫʞʥʦʩʪʷʤ ʩ ʮʝʥʪʨʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘʜ ʮʝʥʪʨʘʣʴʥʳʤ ʨʘʡʦʥʦʤ ʦʟʝʨʘ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ 

ʚʝʪʨʘ ʫʤʝʥʴʰʘʣʘʩʴ ʦʪ ʚʥʝʰʥʝʡ ʦʢʨʫʞʥʦʩʪʠ ʢ ʮʝʥʪʨʫ, ʛʜʝ ʟʘʜʘʚʘʣʠʩʴ ʥʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʚʝʪʨʘ.  

ʇʨʠ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʪʠʧʘ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ ʪʘʢʞʝ 

ʦʙʨʘʟʫʝʪʩʷ ʧʦʣʝ ʪʝʯʝʥʠʡ ʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʪʠʧʘ ʩ ʣʦʢʘʣʴʥʳʤʠ ʟʘʚʠʭʨʝʥʠʷʤʠ ʚ ʙʫʭʪʝ 

ʇʝʪʨʦʢʨʝʧʦʩʪʴ, ɺʦʣʭʦʚʩʢʦʡ ʠ ʉʚʠʨʩʢʦʡ ʛʫʙʘʭ (ʨʠʩ. 6 ʘ). ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʧʨʠʙʨʝʞʥʳʭ ʯʘʩʪʷʭ ʦʟʝʨʘ. ʄʠʥʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ 

ʦʪʤʝʯʝʥʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ. ʂʘʨʪʠʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠʤʝʩʝʡ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜʥʦʡ ʤʘʩʩʳ. ʇʨʠʤʝʩʠ ʠʟ ɺʦʣʭʦʚʩʢʦʡ ʠ ʉʚʠʨʩʢʦʡ ʛʫʙ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚʜʦʣʴ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ, ʧʨʠʤʝʩʴ çʚʳʧʫʱʝʥʥʘʷè ʫ ʤʝʩʪʘ 

ʚʧʘʜʝʥʠʷ ʨʝʢʠ ɹʫʨʥʦʡ ʜʚʠʞʝʪʩʷ ʚʜʦʣʴ ʟʘʧʘʜʥʦʛʦ ʙʝʨʝʛʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʝʤ ʪʝʯʝʥʠʡ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʦʩʪ ʫʨʦʚʥʷ ʜʦ 1.5 ʩʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʷʭ ʘʢʚʘʪʦʨʠʠ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʧʘʜʝʥʠʝ (ʜʦ 1 ʩʤ) ʧʨʦʠʩʭʦʜʠʪ ʫ ʟʘʧʘʜʥʦʛʦ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʙʝʨʝʛʦʚ (ʨʠʩ. 6 ʙ). 

ʙ)

ʎʠʨʢʫʣʷʮʠʷ

ʮʠʢʣʦʥʠʯʝʩʢʦʛʦʪʠʧʘ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.138 ʤ/ʩ

ʘ) ʎʠʨʢʫʣʷʮʠʷ

ʮʠʢʣʦʥʠʯʝʩʢʦʛʦʪʠʧʘ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.138 ʤ/ʩ

ʎʠʨʢʫʣʷʮʠʷ

ʮʠʢʣʦʥʠʯʝʩʢʦʛʦʪʠʧʘ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.138 ʤ/ʩ

ʘ)ʘ)

ʙ)

ʎʠʨʢʫʣʷʮʠʷ

ʮʠʢʣʦʥʠʯʝʩʢʦʛʦʪʠʧʘ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.138 ʤ/ʩ

ʘ) ʎʠʨʢʫʣʷʮʠʷ

ʮʠʢʣʦʥʠʯʝʩʢʦʛʦʪʠʧʘ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.138 ʤ/ʩ

ʎʠʨʢʫʣʷʮʠʷ

ʮʠʢʣʦʥʠʯʝʩʢʦʛʦʪʠʧʘ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.138 ʤ/ʩ

ʘ)

ʙ)ʙ)

ʎʠʨʢʫʣʷʮʠʷ

ʮʠʢʣʦʥʠʯʝʩʢʦʛʦʪʠʧʘ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.138 ʤ/ʩ

ʘ) ʎʠʨʢʫʣʷʮʠʷ

ʮʠʢʣʦʥʠʯʝʩʢʦʛʦʪʠʧʘ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.138 ʤ/ʩ

ʎʠʨʢʫʣʷʮʠʷ

ʮʠʢʣʦʥʠʯʝʩʢʦʛʦʪʠʧʘ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.138 ʤ/ʩ

ʘ)ʘ)

 
ʈʠʩ. 6. ʇʦʣʝ ʪʝʯʝʥʠʡ (ʩʪʨʝʣʢʠ) ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʠ ʪʨʘʝʢʪʦʨʠʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʤʝʩʝʡ (ʩʝʨʳʝ ʣʠʥʠʠ) ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʪʠʧʘ (ʘ). 

ʂʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʦʟʝʨʝ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ (ʙ). 
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ʕʢʩʧʝʨʠʤʝʥʪ ˉ6. ʇʝʨʝʤʝʥʥʘʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʘʪʤʦʩʬʝʨʥʘʷ ʮʠʨʢʫʣʷʮʠʷ 

ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʪʠʧʘ. 

ʇʨʠ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʪʠʧʘ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ 

ʪʘʢʞʝ ʦʙʨʘʟʫʝʪʩʷ ʧʦʣʝ ʪʝʯʝʥʠʡ ʘʥʪʠʮʠʢʣʦʥʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ (ʨʠʩ. 7 ʘ). 

ʙ)

ʎʠʨʢʫʣʷʮʠʷ

ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʛʦʪʠʧʘ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.138 ʤ/ʩ

ʘ)

ʙ)ʙ)

ʎʠʨʢʫʣʷʮʠʷ

ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʛʦʪʠʧʘ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.138 ʤ/ʩ

ʘ) ʎʠʨʢʫʣʷʮʠʷ

ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʛʦʪʠʧʘ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.138 ʤ/ʩ

ʎʠʨʢʫʣʷʮʠʷ

ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʛʦʪʠʧʘ

ʄʘʢʩ. ʩʢʦʨʦʩʪʴ

ʪʝʯʝʥʠʷ0.138 ʤ/ʩ

ʘ)

 
ʈʠʩ. 7. ʊʦ ʞʝ, ʯʪʦ ʠ ʥʘ ʨʠʩ. 6 ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʪʠʧʘ 

 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʟʘʧʘʜʥʦʡ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʧʨʠʙʨʝʞʥʳʭ ʯʘʩʪʷʭ 

ʦʟʝʨʘ. ʄʠʥʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ï ʜʦ ʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʡ - ʦʪʤʝʯʝʥʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ. 

ʂʘʨʪʠʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠʤʝʩʝʡ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʥʪʠʮʠʢʣʦʥʘʣʴʥʦʤʫ ʭʘʨʘʢʪʝʨʫ 

ʮʠʨʢʫʣʷʮʠʠ ʚʦʜʥʦʡ ʤʘʩʩʳ. ʇʨʠʤʝʩʴ ʠʟ ʉʚʠʨʩʢʦʡ ʛʫʙʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ɺʦʣʭʦʚʩʢʦʡ ʛʫʙʳ, ʧʨʠʤʝʩʴ, çʚʳʧʫʱʝʥʥʘʷè ʫ ʤʝʩʪʘ ʚʧʘʜʝʥʠʷ ʨʝʢʠ ɹʫʨʥʦʡ ʜʚʠʞʝʪʩʷ ʯʝʨʝʟ ʮʝʥʪʨ 

ʦʟʝʨʘ ʚ ʩʝʚʝʨʥʦʤ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʧʨʠʤʝʩʴ ʠʟ ɺʦʣʭʦʚʩʢʦʡ ʛʫʙʳ ʦʩʪʘʝʪʩʷ ʥʘ 

ʤʝʩʪʝ ʠʟ-ʟʘ ʣʦʢʘʣʴʥʦʡ ʤʝʩʪʥʦʡ ʮʠʨʢʫʣʷʮʠʠ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʝʤ ʪʝʯʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʦʩʪ ʫʨʦʚʥʷ (ʨʠʩ. 7 ʙ) ʜʦ 1.5 ʩʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʘʢʚʘʪʦʨʠʠ. ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʘʜʝʥʠʝ (ʜʦ 0.5 ʩʤ) ʧʨʦʠʩʭʦʜʠʪ ʚʜʦʣʴ ʙʝʨʝʛʦʚʦʡ 

ʣʠʥʠʠ ʦʟʝʨʘ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʤʝʩʝʡ ʚ ʃʘʜʦʞʩʢʦʤ ʠ ʆʥʝʞʩʢʦʤ 

ʦʟʝʨʘʭ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʨʝʜʥʝʢʣʠʤʘʪʠʯʝʩʢʠʭ ʘʪʤʦʩʬʝʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʉʧʝʮʠʘʣʴʥʘʷ ʩʝʨʠʷ ʨʘʩʯʝʪʦʚ ʙʳʣʘ ʧʦʩʚʷʱʝʥʘ ʦʮʝʥʢʝ ʚʦʟʤʦʞʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʧʨʠʤʝʩʠ ʚ ʃʘʜʦʞʩʢʦʤ ʠ ʆʥʝʞʩʢʦʤ ʦʟʝʨʘʭ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʩʨʝʜʥʝʢʣʠʤʘʪʠʯʝʩʢʦʡ ʘʪʤʦʩʬʝʨʳ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʯʝʪʦʚ  ʥʘ ʨʠʩ. 8 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʫʩʣʦʚʠʷʤʠ: ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʝ ʠʩʪʦʯʥʠʢʠ 

ʧʨʠʤʝʩʠ 1-ʛʦ ʷʥʚʘʨʷ çʧʦʤʝʱʘʣʠʩʴè ʚ ɺʦʣʭʦʚʩʢʦʡ ʛʫʙʝ (ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ) ʠ ʚ ʧʨʠʙʨʝʞʥʦʡ ʯʘʩʪʠ 

ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʛʫʙʳ ʚ ʩʣʫʯʘʝ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʧʝʨʠʦʜ ʮʝʣʦʛʦ ʛʦʜʘ (365 

ʩʫʪʦʢ) ʩ ʚʨʝʤʝʥʥʳʤ ʰʘʛʦʤ 0.1 ʯʘʩʘ ʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 600ʭ600 ʤʝʪʨʦʚ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠʤʝʩʠ ʚ ʦʙʦʠʭ ʦʟʝʨʘʭ ʠʤʝʝʪ ʢʘʢ ʦʙʱʠʝ ʯʝʨʪʳ, ʪʘʢ ʠ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ 

(ʨʠʩ. 8).  ʉʨʝʜʠ ʦʙʱʠʭ ʯʝʨʪ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʪʦ, ʯʪʦ ʚ ʦʙʦʠʭ ʦʟʝʨʘʭ ʚ ʧʝʨʠʦʜ ʣʝʜʦʩʪʘʚʘ 

(ʷʥʚʘʨʴ- ʤʘʡ) ʧʨʠʤʝʩʴ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʢʨʘʡʥʝ ʥʝʠʥʪʝʥʩʠʚʥʦ ʠ ʣʦʢʘʣʠʟʫʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ ʚ 

ʤʝʩʪʘʭ ʥʘʯʘʣʴʥʦʛʦ çʚʳʙʨʦʩʘè. ʕʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʦ ʩ ʦʪʩʫʪʩʪʚʠʝʤ (ʠʟ-ʟʘ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ) 

ʧʨʷʤʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʟʠʤʥʠʝ ʤʝʩʷʮʳ ʧʨʠʤʝʩʴ ʠʟ-ʟʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʨʘʡʦʥʝ 

ʚʦʜʦʟʘʙʦʨʘ ʛ. ʇʝʪʨʦʟʘʚʦʜʩʢʘ (ʚ ʩʣʫʯʘʝ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ). ɺ ʩʣʫʯʘʝ ʞʝ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʵʪʠ ʞʝ 

ʟʠʤʥʠʝ ʤʝʩʷʮʳ ʚʝʣʠʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʧʨʠʤʝʩʠ ʚ ʨʘʡʦʥ ʠʩʪʦʢʘ ʨ. ʅʝʚʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʝ 

ʧʝʨʝʥʦʩʦʤ ʢ ʚʦʜʦʟʘʙʦʨʘʤ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʪʝʯʝʥʠʶ ʨʝʢʠ ʚʧʣʦʪʴ ʜʦ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʘ. 

ɺ ʣʝʪʥʠʝ ʤʝʩʷʮʳ ʚ ʫʩʣʦʚʠʷʭ ʧʨʷʤʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʤʝʩʴ ʥʘʯʠʥʘʝʪ 

ʠʥʪʝʥʩʠʚʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚ ʦʙʦʠʭ ʦʟʝʨʘʭ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʜʦʣʴʙʝʨʝʛʦʚʳʤʠ ʪʝʯʝʥʠʷʤʠ ʠ ʪʦʧʦʛʨʘʬʠʝʡ ʜʥʘ: ʚ ʆʥʝʞʩʢʦʤ ʦʟʝʨʝ ï ʵʪʦ ʚʜʦʣʴ ʶʛʦ-

ʟʘʧʘʜʥʦʛʦ ʙʝʨʝʛʘ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥ ʛ. ʇʝʪʨʦʟʘʚʦʜʩʢ, ʚ ʃʘʜʦʞʩʢʦʤ ï ʚʜʦʣʴ ʚʦʩʪʦʯʥʦʛʦ ʠ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʭ ʙʝʨʝʛʦʚ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʝʪ ʝʝ ʧʦʧʘʜʘʥʠʝ ʚ ʙʫʭʪʫ ʇʝʪʨʦʢʨʝʧʦʩʪʴ, ʛʜʝ 

ʨʘʩʧʦʣʦʞʝʥ ʠʩʪʦʢ ʨ. ʅʝʚʳ.  
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ʈʠʩ. 8. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʧʨʠʤʝʩʠ ʚ ʦʟʝʨʘʭ ʃʘʜʦʞʩʢʦʤ (ɸ) ʠ ʆʥʝʞʩʢʦʤ (ɹ)  

ʥʘ ʨʘʟʣʠʯʥʳʝ ʜʘʪʳ ʩʨʝʜʥʝʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʛʦʜʘ. 

 

ɺ ʧʝʨʠʦʜ ʧʦʟʜʥʝʡ ʦʩʝʥʠ - ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʣʝʜʦʩʪʘʚʘ - ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʨʠʤʝʩʠ ʦʩʣʘʙʝʚʘʝʪ. ʆʜʥʘʢʦ, ʠʟ-ʟʘ ʦʙʰʠʨʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʣʝʪʥʠʭ ʤʝʩʷʮʝʚ ʢ ʥʘʯʘʣʫ 

ʟʠʤʥʝʛʦ ʧʝʨʠʦʜʘ ʥʘʣʠʯʠʝ ʧʨʠʤʝʩʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʦʙʰʠʨʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ʦʙʦʠʭ ʦʟʝʨ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠ 

ʘʥʘʣʠʟʫ  ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʝʯʝʥʠʡ ʠ ʫʨʦʚʥʷ ʦʟʝʨ, ʘ ʪʘʢʞʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʤʝʩʝʡ ʚ ʥʠʭ  ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʢʘʢ 

ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʨʝʘʣʴʥʳʭ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʭʤʝʨʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚʥʫʪʨʝʥʥʝʛʦ ʤʦʨʷ 

(ɻɺʄ), ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ 

(çʪʝʨʤʦʙʘʨʘè) ʚ ʃʘʜʦʞʩʢʦʤ ʦʟʝʨʝ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ʈʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʩ ʜʘʥʥʳʤʠ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʦʜʝʣʴ ʩʧʦʩʦʙʥʘ 

ʚʧʦʣʥʝ ʘʜʝʢʚʘʪʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ɻʊɼ ʧʨʦʮʝʩʩʳ ʚ ʢʨʫʧʥʳʭ ʦʟʝʨʘʭ ʠ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʟʝʨ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʢʘ ʜʘʥʥʳʭ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ.  

2. ɺʳʧʦʣʥʝʥʥʳʝ ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜʥʦʡ ʤʘʩʩʳ ʦʟʝʨʘ, ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʚʦʜʳ ʚ 

ʦʟʝʨʝ, ʘ ʪʘʢʞʝ ʥʘ ʚʦʟʤʦʞʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʤʝʩʝʡ, çʚʳʧʫʱʝʥʥʳʭè ʚ ʦʟʝʨʦ ʚ 

ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʘʭ ʘʢʚʘʪʦʨʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʦʜʝʣʴ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʥʝ ʪʦʣʴʢʦ ʥʝ 

ʧʨʦʪʠʚʦʨʝʯʠʪ ʜʘʥʥʳʤ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʪʝʯʝʥʠʷʤʠ ʚ  ʦʟʝʨʝ, ʥʦ ʠ ʚʧʦʣʥʝ ʠʤ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ.  

3. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʧʨʠʤʝʩʠ ʚ 
ʃʘʜʦʞʩʢʦʤ ʠ ʆʥʝʞʩʢʦʤ ʦʟʝʨʘʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ çʚʳʙʨʦʩʘè ʠ ʩʝʟʦʥʘ 

ʛʦʜʘ, ʧʨʠʤʝʩʴ ʤʦʞʝʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʤʝʩʪʘʭ ʚʦʜʦʟʘʙʦʨʦʚ ʛ. ʇʝʪʨʦʟʘʚʦʜʩʢʘ ʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʪʝʯʝʥʠʷ ʨ. ʅʝʚʳ ʚʧʣʦʪʴ ʜʦ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ (ʧʨʦʝʢʪ ˉ14ï17ï

00740 çʆʟʝʨʘ ʈʦʩʩʠʠ ï ʜʠʘʛʥʦʟ ʠ ʧʨʦʛʥʦʟ ʩʦʩʪʦʷʥʠʷ  ʵʢʦʩʠʩʪʝʤ ʧʨʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭè). 
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ɸʥʥʦʪʘʮʠʷ: ɼʘʥʦ ʦʧʠʩʘʥʠʝ ʧʦʣʝʟʥʦʡ ʤʦʜʝʣʠ ï ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦʚ ʚ ʧʨʠʜʦʥʥʳʭ ʦʙʣʘʩʪʷʭ ʚʦʜʦʝʤʦʚ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʧʦʩʪʘʥʦʚʢʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʦʟʝʨʦ ʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʷʤ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʟʤʝʨʝʥʠʷ, ʛʨʘʜʠʝʥʪʥʳʡ ʤʝʪʦʜ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ, ʨʘʩʪʚʦʨʝʥʥʳʝ ʛʘʟʳ, 

ʚʦʜʦʝʤʳ ʩʫʰʠ. 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘ ʬʦʥʝ ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʢʣʠʤʘʪʘ ʧʦʚʳʰʘʝʪʩʷ ʫʷʟʚʠʤʦʩʪʴ 

ʵʢʦʩʠʩʪʝʤ ʦʟʝʨ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʘ ʩʝʟʦʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʦʣʝʡ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʠ 

ʭʠʤʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʚ ʚʦʜʦʝʤʘʭ ʩʫʰʠ, 

ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʠʭ ʵʢʦʩʠʩʪʝʤ. ɺʘʞʥʝʡʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ ʵʪʦʤ ʷʚʣʷʶʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʧʨʦʪʝʢʘʥʠʝ ʤʥʦʛʠʭ ʭʠʤʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʠʩʣʦʨʦʜ, ʘ ʪʘʢʞʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ 

ï ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʤʝʪʘʥʘ, ʩʝʨʦʚʦʜʦʨʦʜʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʤʝʪʘʥʘ 

ʦʢʠʩʣʷʝʪʩʷ ʤʝʪʘʥʦʪʨʦʬʥʳʤʠ ʙʘʢʪʝʨʠʷʤʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʚʦʜʘ-ʜʥʦ [3, 8]. ʆʩʥʦʚʥʳʤʠ ʧʫʪʷʤʠ 

ʵʤʠʩʩʠʠ ʛʘʟʘ ʠʟ ʚʦʜʳ ʚ ʘʪʤʦʩʬʝʨʫ ʷʚʣʷʶʪʩʷ 1) ʦʙʨʘʟʦʚʘʥʠʝ ʧʫʟʳʨʝʡ ʚ ʘʥʘʵʨʦʙʥʳʭ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ [6]; 2) ʜʠʬʬʫʟʠʦʥʥʳʡ ʧʦʪʦʢ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʚʦʜʘ-ʚʦʟʜʫʭ [11]; 3) ʧʦʪʦʢ ʠʟ ʣʠʪʦʨʘʣʴʥʳʭ 

(ʧʨʠʙʨʝʞʥʳʭ) ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʟʘ ʩʯʝʪ ʨʘʟʣʦʞʝʥʠʷ ʚʳʩʰʝʡ ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ [10]; ʠ 4) 

ʧʦʪʦʢ ʤʝʪʘʥʘ, ʥʘʢʦʧʣʝʥʥʦʛʦ ʚ ʧʨʠʜʦʥʥʳʭ ʘʥʘʵʨʦʙʥʳʭ ʟʦʥʘʭ ʚ ʧʝʨʠʦʜ ʣʝʪʥʝʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʠ ʚ 

ʧʝʨʠʦʜ ʣʝʜʦʩʪʘʚʘ, ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚʦʜʦʝʤʘ ʜʦ ʜʥʘ ʧʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ ʩʝʟʦʥʥʦʛʦ 

ʪʝʨʤʦʢʣʠʥʘ  ʠ ʧʦʩʣʝ ʚʟʣʦʤʘ ʣʴʜʘ [9]. ɺʢʣʘʜ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʦʙʱʝʦʟʝʨʥʫʶ ʵʤʠʩʩʠʶ 

ʟʘʚʠʩʠʪ ʦʪ ʦʟʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʨʘʟʤʝʨʘ ʦʟʝʨʘ, ʪʠʧʘ ʩʪʨʘʪʠʬʠʢʘʮʠʠ, ʙʠʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ, 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʚʦʜʦʩʙʦʨʝ ʠ ʜʨʫʛʠʭ; ʩʤ. [4]). 

ʀʟʫʯʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʠ ʛʘʟʦʚ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ ʢʘʢ ʚ ʧʝʨʠʦʜ 

ʦʪʢʨʳʪʦʡ ʚʦʜʳ, ʪʘʢ ʠ ʧʦʜʦ ʣʴʜʦʤ ʠʤʝʝʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʦʟʝʨʝ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʝʧʣʦ- ʠ ʛʘʟʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʟʝʨʥʦʡ ʵʢʦʩʠʩʪʝʤʳ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʠ ʛʘʟʦʚ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ʜʥʘ ʚʦʜʦʝʤʦʚ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ ʛʨʘʜʠʝʥʪʥʳʡ ʤʝʪʦʜ. ʅʘʧʨʠʤʝʨ, ʨʘʩʯʝʪ ʪʝʧʣʦʧʦʪʦʢʘ ʧʦ ʵʪʦʤʫ ʤʝʪʦʜʫ ʤʦʞʥʦ 

ʦʩʫʱʝʩʪʚʠʪʴ ʢʘʢ: 
z

T
Qbw

µ

µ
-= l  , ʛʜʝ Qbw ï ʪʝʧʣʦʧʦʪʦʢ, ɺʪ/ʤ

-2
; ɚ ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʨʝʜʳ; dT/dz ï ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʩʣʫʯʘʝ ʛʘʟʘ ʠʩʧʦʣʴʟʫʶʪ ʬʦʨʤʫʣʫ 
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,/ zCDF ʵʬ µµ=  ʛʜʝ Dʵʬ ï ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʧʦʨʠʩʪʦʩʪʠ ʛʨʫʥʪʦʚ; dʉ/dz ï ʛʨʘʜʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʟʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʮʝʥʦʢ ʪʝʧʣʦʧʦʪʦʢʘ ʠʣʠ ʧʦʪʦʢʦʚ ʛʘʟʦʚ ʧʦ ʛʨʘʜʠʝʥʪʥʦʤʫ ʤʝʪʦʜʫ, ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʛʘʟʦʚ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʚ 

ʧʨʠʜʦʥʥʦʡ ʚʦʜʝ ʠ ʚʝʨʭʥʝʤ ʩʣʦʝ ʛʨʫʥʪʦʚ. ɻʨʘʜʠʝʥʪʥʳʡ ʤʝʪʦʜ ʧʨʦʩʪʦʡ, ʥʦ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ. 

ʀʟʤʝʥʝʥʠʝ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʘʪʯʠʢʘʤʠ (dz) ʥʘ 1-2 ʩʤ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʳʤ 

ʦʰʠʙʢʘʤ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ ʦʮʝʥʦʢ ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʠ ʛʘʟʦʚ ʪʨʝʙʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦ 

ʦʧʨʝʜʝʣʷʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʛʦʨʠʟʦʥʪʘʤʠ ʠʟʤʝʨʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʴ ʠʟʤʝʨʷʶʱʠʭ ʜʘʪʯʠʢʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʚʦʜʘ-ʜʥʦ ʠ 

ʧʘʨʘʣʣʝʣʴʥʦʩʪʴ ʠʭ ʜʨʫʛ ʜʨʫʛʫ ï ʜʣʷ ʥʘʠʤʝʥʴʰʝʛʦ ʠʩʢʘʞʝʥʠʷ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʥʠʤʠ. 

ʇʦʣʝʚʦʡ ʦʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ ʚ ʚʦʜʦʝʤ ʪʨʫʜʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʥʝʩʫʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʣʦʞʝʥʠʝ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʘʥʠʮʳ ʚʦʜʘ-ʜʥʦ. ʅʘʧʨʠʤʝʨ, ʥʝʜʦʩʪʘʪʢʦʤ ʟʦʥʜʘ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ [2] ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʪʨʦʣʷ 

ʚʝʨʪʠʢʘʣʴʥʦʩʪʠ ʟʘʛʣʫʙʣʝʥʠʷ ʥʝʩʫʱʝʛʦ ʩʪʝʨʞʥʷ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʩʢʘʞʝʥʠʶ ʧʦʣʫʯʘʝʤʳʭ 

ʜʘʥʥʳʭ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ.  

ɺ ʀʥʩʪʠʪʫʪʝ ʚʦʜʥʳʭ ʧʨʦʙʣʝʤ ʉʝʚʝʨʘ ʂʘʨʅʎ ʈɸʅ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʠ ʩ ʫʩʧʝʭʦʤ ʚʥʝʜʨʝʥʦ 

ʥʝʩʢʦʣʴʢʦ ʤʦʜʠʬʠʢʘʮʠʡ ʘʚʪʦʥʦʤʥʦʡ ʧʨʠʜʦʥʥʦʡ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚ ʧʨʠʜʦʥʥʳʭ ʩʣʦʷʭ ʚʦʜʳ ʠ ʛʨʫʥʪʘ [1].  

ʅʘʠʙʦʣʝʝ ʫʜʘʯʥʘʷ ʟʘʧʘʪʝʥʪʦʚʘʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʧʣʘʪʬʦʨʤʳ (ʧʘʪʝʥʪ ʈʌ ˉ153787 U1, 

ʘʚʪʦʨʳ ʄʠʪʨʦʭʦʚ ɸ.ɺ., ʇʘʣʴʰʠʥ ʅ.ʀ.) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʝʫʛʦʣʴʥʦʝ ʦʩʥʦʚʘʥʠʝ ʠ ʥʝʩʫʱʠʡ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʩʪʝʨʞʝʥʴ ʩ ʨʝʟʴʙʦʡ ʰʘʨʥʠʨʥʦ ʧʨʠʢʨʝʧʣʝʥʥʳʝ ʢ ʪʨʦʩʫ ʩ ʙʫʝʤ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʩʪʝʨʞʥʷ ʥʘ ʫʨʦʚʥʝ ʦʩʥʦʚʘʥʠʷ ʟʘʢʨʝʧʣʝʥ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʙʣʦʢ. ʇʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʝʨʝʤʝʱʝʥʠʷ ʙʣʦʢʘ ʧʦ ʚʝʨʪʠʢʘʣʠ ʧʦ ʨʝʟʴʙʝ. ɹʣʦʢ ʩʦʩʪʦʠʪ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ ʩ ʛʥʝʟʜʘʤʠ 

ʠʟ ʤʘʪʝʨʠʘʣʘ ʩ ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʚ ʢʦʪʦʨʳʝ ʚʝʨʪʠʢʘʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʜʘʪʯʠʢʠ, ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʥʳʝ ʟʘ ʩʝʨʝʜʠʥʫ ʢʦʨʧʫʩʘ. ʆʩʥʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʠʟ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ, ʧʦʵʪʦʤʫ ʚʨʝʤʷ ʝʛʦ ʧʦʛʨʫʞʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 1-2 ʯ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʠʟʚʝʩʪʥʦʛʦ ʧʨʦʪʦʪʠʧʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʟ ʧʣʘʩʪʠʢʘ, ʚʨʝʤʷ ʧʦʛʨʫʞʝʥʠʷ ʢʦʪʦʨʦʛʦ ʧʨʝʚʳʰʘʝʪ ʩʫʪʢʠ 

[7]. ʅʝʩʫʱʠʡ ʩʪʝʨʞʝʥʴ, ʰʘʨʥʠʨʥʦ ʧʨʠʢʨʝʧʣʝʥʥʳʡ ʢ ʪʨʦʩʫ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ 

ʧʨʠʥʠʤʘʝʪ ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʜʘʞʝ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʝʨʝʢʦʩʘʭ ʦʩʥʦʚʘʥʠʷ. ɼʘʪʯʠʢʠ 

ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚʧʣʦʪʥʫʶ ʜʨʫʛ ʢ ʜʨʫʛʫ ʚ ʮʝʥʪʨʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʯʪʦ ʩʚʦʜʠʪ ʢ ʤʠʥʠʤʫʤʫ ʠʭ ʚʟʘʠʤʥʦʝ 

ʩʤʝʱʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʜʣʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʠʟʤʝʥʝʥʠʡ ʧʦʣʦʞʝʥʠʷ ʦʩʥʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʦʩʪʠʛʘʝʪʩʷ ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝ ʜʘʪʯʠʢʦʚ ʥʘ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʤʝʥʴʰʘʝʪ ʦʰʠʙʢʠ ʧʦʩʣʝʜʫʶʱʠʭ ʚʳʯʠʩʣʝʥʠʡ. ɼʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ, ʩʦʚʤʝʱʝʥʥʳʝ ʩ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʛʣʫʙʠʥ ʠʟʤʝʨʝʥʠʡ. ʅʘʤʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʩ ʣʦʛʛʝʨʘʤʠ ʢʘʥʘʜʩʢʦʡ 

ʬʠʨʤʳ RBR Ltd. ɹʦʣʴʰʦʡ ʟʘʧʘʩ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ ʣʦʛʛʝʨʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʩ 

ʜʠʩʢʨʝʪʥʦʩʪʴʶ ʩʝʢʫʥʜʳ-ʤʠʥʫʪʳ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ, ʯʪʦ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʜʦʥʥʦʛʦ ʩʣʦʷ ʚʦʜʳ ʠ ʚʝʨʭʥʝʛʦ ʩʣʦʷ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ, ʚʢʣʶʯʘʷ ʤʘʣʦʠʟʫʯʝʥʥʳʝ ʵʪʘʧʳ ʟʘʤʝʨʟʘʥʠʷ ʦʟʝʨ ʠ ʨʘʟʨʫʰʝʥʠʷ 

ʣʴʜʘ.  

ʇʦʩʪʘʥʦʚʢʘ ʧʨʠʜʦʥʥʦʡ ʧʣʘʪʬʦʨʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ ʚʦʜʳ. ʉ ʙʦʨʪʘ 

ʣʦʜʢʠ ʦʥʘ ʦʧʫʩʢʘʝʪʩʷ ʥʘ ʪʨʦʩʝ ʜʦ ʢʘʩʘʥʠʷ ʦʩʥʦʚʘʥʠʝʤ ʜʥʘ. ɼʣʠʥʘ ʪʨʦʩʘ ʧʦʜʙʠʨʘʝʪʩʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ ʧʣʘʪʬʦʨʤʳ ʥʘ ʛʨʫʥʪ ʙʫʡ ʨʘʩʧʦʣʘʛʘʣʩʷ ʥʘ ʛʣʫʙʠʥʝ 2-3 ʤ. 

ʇʣʘʪʬʦʨʤʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʣʘʚʫʯʝʩʪʴʶ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʘʢʢʫʨʘʪʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʥʘ ʛʨʫʥʪ. ʆʩʥʦʚʘʥʠʝ, ʚʳʧʦʣʥʝʥʥʦʝ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ, ʠʛʨʘʝʪ 

ʨʦʣʴ ʷʢʦʨʷ ʠ ʦʛʨʘʥʠʯʠʪʝʣʷ ʟʘʛʣʫʙʣʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʝʞʥʷ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʜʘʪʯʠʢʦʚ ʚ 

ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʙʣʦʢʝ, ʘ ʪʘʢʞʝ ʧʦʣʦʞʝʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʥʦʚʘʥʠʷ 

ʧʦʜʙʠʨʘʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʯʘʩʪʴ ʜʘʪʯʠʢʦʚ ʧʦʧʘʜʘʣʘ ʚ ʚʝʨʭʥʠʡ ʩʣʦʡ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʘ 
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ʯʘʩʪʴ ï ʦʩʪʘʚʘʣʘʩʴ ʚ ʧʨʠʜʦʥʥʦʤ ʩʣʦʝ ʚʦʜʳ, ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʨʘʩʯʝʪʘ ʧʦʪʦʢʦʚ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʚʦʜʘ-

ʜʥʦ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʦʥʘ ʠʟʤʝʨʝʥʠʡ ʨʘʩʰʠʨʷʝʪʩʷ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʥʳ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ, ʢʦʣʠʯʝʩʪʚʘ ʜʘʪʯʠʢʦʚ ʠ ʩʜʚʠʛʘ ʤʝʞʜʫ ʥʠʤʠ ʧʦ ʚʝʨʪʠʢʘʣʠ. ʕʪʦ ʚʳʛʦʜʥʦ 

ʦʪʣʠʯʘʝʪ ʥʘʰʫ ʧʣʘʪʬʦʨʤʫ ʦʪ ʠʟʚʝʩʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʠʜʦʥʥʦʛʦ ʩʣʦʷ ʚʦʜʳ ʠ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʦʩʥʦʚʘʥʠʷ ʚ ʚʠʜʝ 

ʪʨʝʫʛʦʣʴʥʦʡ ʨʘʤʳ, ʩʦʝʜʠʥʝʥʥʦʛʦ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʩʪʨʝʞʥʝʤ, ʧʦ ʢʦʪʦʨʦʤʫ ʩʚʦʙʦʜʥʦ ʧʝʨʝʤʝʱʘʝʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʰʪʘʪʠʚʘ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʟʦʥʜ ʜʣʠʥʦʡ 21 ʩʤ, ʚʥʫʪʨʠ ʢʦʨʧʫʩʘ ʢʦʪʦʨʦʛʦ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʳ 16 ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʘʪʯʠʢʦʚ. ʂ ʨʘʤʝ ʧʨʠʢʨʝʧʣʝʥʘ ʚʠʜʝʦʢʘʤʝʨʘ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʟʘʛʣʫʙʣʝʥʠʷ ʟʦʥʜʘ [5]. ʅʝʜʦʩʪʘʪʢʦʤ ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʟʦʥʘ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʛʨʘʥʠʯʝʥʘ ʜʣʠʥʦʡ ʟʦʥʜʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʩʚʝʜʝʥʠʡ ʦ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʨʠʜʦʥʥʳʭ ʩʣʦʝʚ ʚʦʜʳ ʠ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʥʘʰʝʡ ʧʣʘʪʬʦʨʤʝ, ʥʘʨʷʜʫ ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʜʘʪʯʠʢʘʤʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
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ɸʥʥʦʪʘʮʠʷ: ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʜʣʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʣʦʨʦʬʠʣʣʘ çʘè ʧʦ ʯʝʪʳʨʝʤ ʛʨʫʧʧʘʤ ʬʠʪʦʧʣʘʥʢʪʦʥʘ (ʟʝʣʝʥʳʝ, ʜʠʘʪʦʤʦʚʳʝ, ʩʠʥʝ-

ʟʝʣʝʥʳʝ ʠ ʢʨʠʧʪʦʬʠʪʦʚʳʝ) ʚ ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʛʫʙʝ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʤʘʨʪʝ 2015 ʛ. ʇʦʢʘʟʘʥʘ 

ʚʥʫʪʨʠʩʫʪʦʯʥʘʷ ʠ ʩʠʥʦʧʪʠʯʝʩʢʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʣʦʨʦʬʠʣʣʘ çʘè ʧʦ ʚʦʜʥʦʤʫ ʩʪʦʣʙʫ 

ʥʘ ʬʦʥʝ ʨʘʟʚʠʪʠʷ ʚʝʩʝʥʥʝʡ ʧʦʜʣʝʜʥʦʡ ʢʦʥʚʝʢʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʩʝʥʥʷʷ ʧʦʜʣʝʜʥʘʷ ʢʦʥʚʝʢʮʠʷ, ʭʣʦʨʦʬʠʣʣ çʘè, ʬʠʪʦʧʣʘʥʢʪʦʥ, ʆʥʝʞʩʢʦʝ 

ʦʟʝʨʦ, ʧʝʨʠʦʜ ʣʝʜʦʩʪʘʚʘ 

 

ɿʠʤʦʡ ʚ ʧʦʢʨʳʪʳʭ ʣʴʜʦʤ ʦʟʝʨʘʭ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʙʣʠʟʢʠʝ ʢ ʥʫʣʶ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʜʳ ʠ ʥʘʣʠʯʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʣʠʤʠʪʠʨʫʶʪ ʧʝʨʚʠʯʥʦʝ ʧʨʦʜʫʮʠʨʦʚʘʥʠʝ [2]. ɺʝʩʥʦʡ, ʧʦ 

ʤʝʨʝ ʪʘʷʥʠʷ ʩʥʝʛʘ ʠ ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʧʨʦʥʠʢʘʶʱʝʡ ʧʦʜ ʣʝʜ, 

ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪʩʷ ʬʦʪʦʩʠʥʪʝʟ [6]. ɸʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʞʘʪʴ ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʦʜʣʝʜʥʦʛʦ ʩʣʦʷ ʚʦʜʳ [8, 9]. ɺʝʩʝʥʥʝʝ ʧʦʜʣʝʜʥʦʝ ʮʚʝʪʝʥʠʝ ʧʣʘʥʢʪʦʥʘ ʚʦ 

ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʚʠʪʠʝ ʧʣʘʥʢʪʦʥʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʚ ʧʨʝʜʩʪʦʷʱʝʤ ʩʝʟʦʥʝ ʦʪʢʨʳʪʦʡ ʚʦʜʳ. 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʫʪʦʯʥʳʝ ʤʠʛʨʘʮʠʠ ʧʣʘʥʢʪʦʥʘ ʠʩʧʳʪʳʚʘʶʪ ʚʣʠʷʥʠʝ ʚʦʩʭʦʜʷʱʠʭ ʠ 

ʥʠʩʭʦʜʷʱʠʭ ʪʦʢʦʚ ʢʦʥʚʝʢʪʠʚʥʳʭ ʷʯʝʝʢ [3-5]. 

ɼʠʥʘʤʠʢʘ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʘ çʘè ʚ ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʛʫʙʝ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʧʝʨʠʦʜ 

ʨʘʟʚʠʪʠʷ ʚʝʩʝʥʥʝʡ ʧʦʜʣʝʜʥʦʡ ʢʦʥʚʝʢʮʠʠ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʚ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʧʨʦʝʢʪʘ çʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ: ʞʠʟʥʴ ʧʦʜʦ ʣʴʜʦʤ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʮʝʩʩʦʚ 

ʧʦʜʦ ʣʴʜʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡè, ʧʦʜʜʝʨʞʘʥʥʦʛʦ ʬʦʥʜʦʤ ʕʃɽʄʆ (ʐʚʝʡʮʘʨʠʷ) 

[1]. 

ʀʟʤʝʨʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘ çʘè ʠ ʧʦ ʯʝʪʳʨʝʤ ʛʨʫʧʧʘʤ ʬʠʪʦʧʣʘʥʢʪʦʥʘ 

(ʟʝʣʝʥʳʝ, ʩʠʥʝ-ʟʝʣʝʥʳʝ, ʜʠʘʪʦʤʦʚʳʝ ʠ ʢʨʠʧʪʦʬʠʪʦʚʳʝ) ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʝʨʠʦʜ ʚʝʩʝʥʥʝʡ ʧʦʜʣʝʜʥʦʡ 

ʢʦʥʚʝʢʮʠʠ 14-25 ʤʘʨʪʘ 2015 ʛ. ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʘʢʚʘʪʦʨʠʠ ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʛʫʙʳ ʆʥʝʞʩʢʦʛʦ 

ʦʟʝʨʘ. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʟʦʥʜ Fluoro-probe ʬʠʨʤʳ bbe-mondaenke, ɻʝʨʤʘʥʠʷ. ɿʦʥʜʠʨʦʚʘʥʠʷ ʚʦʜʥʦʡ 

ʪʦʣʱʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʜʥʘ (ʛʣʫʙʠʥʘ ʚ ʤʝʩʪʝ ʠʟʤʝʨʝʥʠʡ 27 ʤ) ʧʨʦʚʦʜʠʣʠʩʴ ʩʦ ʣʴʜʘ ʢʘʞʜʳʡ ʯʘʩ 

ʢʨʫʛʣʦʩʫʪʦʯʥʦ. ɼʠʩʢʨʝʪʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʧʦ ʚʝʨʪʠʢʘʣʠ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 0.2 ʜʦ 0.5 ʤ. ʇʘʨʘʣʣʝʣʴʥʦ 

ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʥʦʡ ʪʦʣʱʠ ʟʦʥʜʦʤ CTD-90M. ɺ ʧʝʨʠʦʜ ʠʟʤʝʨʝʥʠʡ 

ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʢʦʥʚʝʢʪʠʚʥʦ-ʧʝʨʝʤʝʰʘʥʥʦʛʦ ʩʣʦʷ (ʂʇʉ) ʥʘʭʦʜʠʣʘʩʴ ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 20 ʤ. 
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ʆʪʤʝʯʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʂʇʉ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ï ʟʘʛʣʫʙʣʝʥʠʝ ʚ ʜʥʝʚʥʳʝ 

ʯʘʩʳ ʠ ʫʤʝʥʴʰʝʥʠʝ ʝʝ ʛʣʫʙʠʥʳ ʚ ʥʦʯʥʳʝ.  

ʇʦʯʘʩʦʚʳʝ ʟʦʥʜʠʨʦʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ ʯʝʤ 10 ʩʫʪʦʢ ʧʦʟʚʦʣʠʣʠ ʧʨʦʩʣʝʜʠʪʴ 

ʚʥʫʪʨʠʩʫʪʦʯʥʫʶ ʠ ʩʠʥʦʧʪʠʯʝʩʢʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʣʦʨʦʬʠʣʣʘ çʘè ʚ ʚʦʜʥʦʤ ʩʪʦʣʙʝ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʛʫʙʳ.  

ʉʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘ çʘè ʚ ʚʦʜʥʦʤ ʩʪʦʣʙʝ ʙʳʣʘ ʨʘʩʧʨʝʜʝʣʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʨʘʚʥʦʤʝʨʥʦ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʜʥʘ, ʩʦʩʪʘʚʣʷʣʘ ʚ ʩʨʝʜʥʝʤ 0.4-0.5 ʤʛʢ/ʣ, ʩ ʚʳʙʨʦʩʘʤʠ ʜʦ 1.8 ʤʛʢ/ʣ ʚ 

ʚʝʨʭʥʝʤ 5-ʤ ʩʣʦʝ ʚʦʜʥʦʛʦ ʩʪʦʣʙʘ ʚ ʜʥʝʚʥʳʝ ʯʘʩʳ (ʨʠʩ.1,2). ɺʝʨʭʥʠʡ ʩʣʦʡ ʚʦʜʳ ʚ ʜʥʝʚʥʳʝ ʯʘʩʳ 

ʜʦʩʪʘʪʦʯʥʦ ʦʩʚʝʱʝʥ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʵʥʝʨʛʠʝʡ ʧʨʦʮʝʩʩ ʬʦʪʦʩʠʥʪʝʟʘ. ɺʦʩʭʦʜʷʱʠʝ ʠ 

ʥʠʩʭʦʜʷʱʠʝ ʢʦʥʚʝʢʪʠʚʥʳʝ ʪʦʢʠ ʧʨʠʚʦʜʷʪ ʢ ʚʳʨʘʚʥʠʚʘʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘ çʘè ʧʦ 

ʚʝʨʪʠʢʘʣʠ. ʂʦʛʜʘ ʪʦʣʱʠʥʘ ʂʇʉ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ ʛʣʫʙʠʥʳ ʬʦʪʠʯʝʩʢʦʡ ʟʦʥʳ, ʢʣʝʪʢʠ ʚʦʜʦʨʦʩʣʝʡ 

ʧʝʨʝʥʦʩʷʪʩʷ ʢʦʥʚʝʢʪʠʚʥʳʤʠ ʜʚʠʞʝʥʠʷʤʠ ʚ ʟʦʥʫ ʩ ʥʠʟʢʦʡ ʦʩʚʝʱʝʥʥʦʩʪʴʶ. ɺ ʚʝʯʝʨʥʠʝ ʠ ʥʦʯʥʳʝ 

ʯʘʩʳ (20:00-8:00) ʧʝʨʠʦʜʠʯʝʩʢʠ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʣʦʨʦʬʠʣʣʘ "ʘ" ʥʘ ʥʠʞʥʝʡ 

ʛʨʘʥʠʮʝ ʂʇʉ (17-23 ʤ), ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʩʚʷʟʘʥʥʦʝ ʩ ʪʝʤ, ʯʪʦ, ʧʦ ʤʝʨʝ ʟʘʪʫʭʘʥʠʷ ʚʦʩʭʦʜʷʱʠʭ 

ʪʦʢʦʚ ʚ ʢʦʥʚʝʢʪʠʚʥʳʭ ʷʯʝʡʢʘʭ, ʯʘʩʪʴ ʢʣʝʪʦʢ ʧʣʘʥʢʪʦʥʘ, ʥʝ ʩʧʦʩʦʙʥʦʛʦ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ 

ʜʚʠʞʝʥʠʷʤ, ʦʩʝʜʘʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ. 

ɺ ʧʝʨʠʦʜ ʠʟʤʝʨʝʥʠʡ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʭʣʦʨʦʬʠʣʣʘ çʘè ʜʦʤʠʥʠʨʦʚʘʣʠ ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ, 

ʚʪʦʨʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʣʠ ʢʨʠʧʪʦʬʠʪʦʚʳʝ (ʨʠʩ. 1, 2). ɺ ʧʝʨʚʳʝ ʜʥʠ ʠʟʤʝʨʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʭʣʦʨʦʬʠʣʣʘ çʘè ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ʙʳʣʘ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʘ, ʦʜʥʘʢʦ ʟʘʤʝʪʥʳʡ ʝʝ ʨʦʩʪ 

ʧʨʦʠʟʦʰʝʣ ʧʦʩʣʝ 20 ʤʘʨʪʘ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘ çʘè ʩʠʥʝ-ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʙʳʣʘ 

ʤʠʥʠʤʘʣʴʥʦʡ. 

ʅʝʢʦʪʦʨʳʝ ʬʘʢʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ 

ʘʛʨʝʛʘʮʠʠ ʚʦʜʦʨʦʩʣʝʡ ʚ ʢʦʥʚʝʢʪʠʚʥʳʭ ʷʯʝʡʢʘʭ. ʇʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘ çʘè ʩʠʥʝ-

ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʟʘ ʜʥʝʚʥʳʝ ʯʘʩʳ ʚʩʝʛʜʘ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ. ʂʦʥʮʝʥʪʨʘʮʠʠ 

ʢʨʠʧʪʦʬʠʪʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʫʤʝʥʴʰʘʣʠʩʴ ʩ ʛʣʫʙʠʥʦʡ. ʄʝʞʜʫ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʭʣʦʨʦʬʠʣʣʘ çʘè ʟʝʣʝʥʳʭ ʠ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ʚ ʂʇʉ ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʣʘʩʴ 

ʦʙʨʘʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ. ʂʣʝʪʢʠ ʩʠʥʝ-ʟʝʣʝʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʯʘʩʪʦ ʥʘʙʣʶʜʘʣʠʩʴ ʪʘʤ, ʛʜʝ 

ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʜʠʘʪʦʤʦʚʳʝ, ʠ ʥʘʦʙʦʨʦʪ. ʊʘʢʦʡ ʞʝ ʪʠʧ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʤʝʣ ʤʝʩʪʦ ʜʣʷ ʩʠʥʝ-ʟʝʣʝʥʳʭ 

ʠ ʢʨʠʧʪʦʬʠʪʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ ʦʙʦʠʭ ʚʠʜʦʚ ʚʦʜʦʨʦʩʣʝʡ ʚ 

ʂʇʉ ʫʤʝʥʴʰʘʣʦʩʴ ʩ ʛʣʫʙʠʥʦʡ. ʇʦʜʦʙʥʳʝ ʬʘʢʪʳ ʢʦʩʚʝʥʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʝʨʠʦʜ 

ʨʘʟʚʠʪʦʡ ʧʦʜʣʝʜʥʦʡ ʢʦʥʚʝʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʥʜʦʤʠʟʘʮʠʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ ʚʠʜʦʚ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʧʝʨʝʜʚʠʞʝʥʠʶ, ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʚ ʚʠʭʨʷʭ 

ʃʝʥʛʤʶʨʘ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʩʣʝʡ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʧʣʘʚʫʯʝʩʪʴʶ ʚ 

ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ ʟʦʥ ʦʧʫʩʢʘʥʠʷ ʚʦʜʳ, ʘ ʚʦʜʦʨʦʩʣʝʡ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʣʘʚʫʯʝʩʪʴʶ ï ʚ ʟʦʥʘʭ ʧʦʜʲʝʤʘ 

ʚʦʜʳ [7], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦʜʦʨʦʩʣʠ ʩ ʥʝʡʪʨʘʣʴʥʦʡ ʧʣʘʚʫʯʝʩʪʴʶ ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʜʚʠʞʝʥʠʷʤʠ ʚʦʜʳ ʠ 

ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʬʦʥʜʘ Feel Fundation, ñFondation pour lô®tude 

des eaux du L®manò (ʐʚʝʡʮʘʨʠʷ). 
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ʈʠʩ. 1. ʂʦʥʮʝʥʪʨʘʮʠʠ ʩʫʤʤʘʨʥʦʛʦ ʭʣʦʨʦʬʠʣʣʘ çʘè (ʘ), ʟʝʣʝʥʳʭ (ʙ) ʠ ʢʨʠʧʪʦʬʠʪʦʚʳʭ (ʚ) 

ʚʦʜʦʨʦʩʣʝʡ ʚ ʧʝʨʠʦʜ ʩ 14 ʯ 19 ʤʘʨʪʘ 2015 ʛ. ʧʦ 12 ʯ 25 ʤʘʨʪʘ 2015 ʛ. ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʛʫʙʳ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ. 

 
 

ʈʠʩ. 2. ʂʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘ çʘè ʟʝʣʝʥʳʭ (ʘ), ʢʨʠʧʪʦʬʠʪʦʚʳʭ (ʙ), ʜʠʘʪʦʤʦʚʳʭ (ʚ) ʠ 

ʩʠʥʝ-ʟʝʣʝʥʳʭ (ʛ) ʚʦʜʦʨʦʩʣʝʡ 20 ʤʘʨʪʘ 2015 ʛ. ʚ ʥʦʯʥʳʝ, ʜʥʝʚʥʳʝ ʠ ʚʝʯʝʨʥʠʝ ʯʘʩʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʛʫʙʳ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ. 
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Abstract:The results of the analysis of long-term measurements of water temperature and 

chlorophyll "a" of four groups of phytoplankton (green, diatoms, blue-green, cryptophytes) in 

Petrozavodsk Bay of Onego Lake during the under ice convection in March 2015 are given. Diurnal and 

synoptic variability in the vertical distribution of chlorophyll "a" on the background of the spring under-

ice convection is shown. 

Keywords: spring under-ice convection, chlorophyll "a", phytoplankton, Onego Lake, ice-period 
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E-mail: kontantinonuchin@gmail.com 

ɽʣʝʥʘ ɺʘʩʠʣʴʝʚʥʘ ʇʠʩʣʝʛʠʥʘ 

ʢ.ʙ.ʥ., ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʅʀʀ ʙʠʦʣʦʛʠʠ ʌɻɹʆʋ ɺʆ çʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

E-mail: Helga_64@mail.ru 

ʆʣʴʛʘ ʆʣʝʛʦʚʥʘ ʈʫʩʘʥʦʚʩʢʘʷ 

ʢ.ʙ.ʥ., ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʅʀʀ ʙʠʦʣʦʛʠʠ ʌɻɹʆʋ ɺʆ çʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

E-mail: rusanovskaya-o.o@mail.ru 

ʉʚʝʪʣʘʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ʐʠʤʘʨʘʝʚʘ,  

ʢ.ʙ.ʥ., ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʦʙʱʝʡ ʛʠʜʨʦʙʠʦʣʦʛʠʠ  

ʅʀʀ ʙʠʦʣʦʛʠʠ ʌɻɹʆʋ ɺʆ çʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

E-mail: shimaraeva@gmail.com  

 

ɸʥʥʦʪʘʮʠʷ: ʇʦ ʥʘʙʣʶʜʝʥʠʷʤ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʧʣʘʥʢʪʦʥʘ ʩ 1945 ʛ., ʝʛʦ ʦʙʱʝʝ ʩʦʩʪʦʷʥʠʝ ʚ 

ʮʝʣʦʤ ʩʪʘʙʠʣʴʥʦ, ʭʦʪʷ ʦʪʤʝʯʘʶʪʩʷ ʠ ʥʝʢʦʪʦʨʳʝ ʪʨʝʥʜʳ. ɺ ʬʠʪʦʧʣʘʥʢʪʦʥʝ ʚʦʟʨʘʩʪʘʝʪ ʯʠʩʣʝʥʥʦʩʪʴ 

ʤʝʣʢʦʢʣʝʪʦʯʥʳʭ ʢʦʩʤʦʧʦʣʠʪʥʳʭ ʚʠʜʦʚ, ʤʘʩʩʦʚʳʭ ʚ ʢʦʥʮʝ ʣʝʪʘ ï ʦʩʝʥʴʶ; ʫʤʝʥʴʰʘʝʪʩʷ 

ʯʠʩʣʝʥʥʦʩʪʴ ʢʨʫʧʥʦʢʣʝʪʦʯʥʳʭ ʵʥʜʝʤʠʯʥʳʭ ʚʠʜʦʚ, ʚʝʛʝʪʠʨʫʶʱʠʭ ʧʦʜʦ ʣʴʜʦʤ. ɺ ʟʦʦʧʣʘʥʢʪʦʥʝ 

ʨʘʩʪʸʪ ʯʠʩʣʝʥʥʦʩʪʴ ʥʝ ʵʥʜʝʤʠʢʦʚ ð ʢʣʘʜʦʮʝʨ ʠ ʣʝʪʥʝ-ʦʩʝʥʥʠʭ ʢʦʣʦʚʨʘʪʦʢ, ʩʥʠʞʘʝʪʩʷ 

ʯʠʩʣʝʥʥʦʩʪʴ ʵʥʜʝʤʠʯʥʳʭ ʧʦʜʣʝʜʥʳʭ ʠ ʥʝ ʵʥʜʝʤʠʯʥʳʭ ʢʨʫʛʣʦʛʦʜʠʯʥʳʭ ʢʦʣʦʚʨʘʪʦʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʆʟʝʨʦ ɹʘʡʢʘʣ, ʧʣʘʥʢʪʦʥ, ʬʠʪʦʧʣʘʥʢʪʦʥ, ʟʦʦʧʣʘʥʢʪʦʥ, ʤʥʦʛʦʣʝʪʥʷʷ 

ʜʠʥʘʤʠʢʘ 

 

ʋʥʠʢʘʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʯʠʩʪʦʪʳ ʙʘʡʢʘʣʴʩʢʦʡ ʚʦʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʨʘʙʦʪʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʦʟʝʨʘ ï çʬʘʙʨʠʢʠ ʯʠʩʪʦʡ ʚʦʜʳè. ɺ ʦʟʝʨʝ ɹʘʡʢʘʣ, ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʨʘʟʤʝʨʘʤ ʠ ʬʦʨʤʝ, ʢʘʢ ʠ ʚ 

ʄʠʨʦʚʦʤ ʆʢʝʘʥʝ, 90% ʢʨʫʛʦʦʙʦʨʦʪʘ ʚʝʱʝʩʪʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʸʪ 95% ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʯʝʨʝʟ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʪʦʣʱʠ ʚʦʜʳ ʦʟʝʨʘ, ʪ.ʝ., ʯʝʨʝʟ ʧʝʣʘʛʠʯʝʩʢʫʶ ʵʢʦʩʠʩʪʝʤʫ (ʥʘʩʝʣʝʥʠʝ ʪʦʣʱʠ 

ʚʦʜʳ) [1]. 

ʉ ʬʝʚʨʘʣʷ 1945 ʛʦʜʘ ʠ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʯʸʥʳʝ ʅʀʀ ʙʠʦʣʦʛʠʠ ʀʨʢʫʪʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚʳʧʦʣʥʷʶʪ ʫʥʠʢʘʣʴʥʳʡ ʧʨʦʝʢʪ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʧʣʘʥʢʪʦʥʘ ʦʟʝʨʘ ɹʘʡʢʘʣ.  

ʆʪʙʦʨ ʧʨʦʙ ʚʝʜʝʪʩʷ ʝʞʝʥʝʜʝʣʴʥʦ ʢʨʫʛʣʦʛʦʜʠʯʥʦ ʥʘ çʪʦʯʢʝ ˉ1è, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʖʞʥʦʤ 

ɹʘʡʢʘʣʝ, ʥʘʧʨʦʪʠʚ ʧʦʩʝʣʢʘ ɹʦʣʴʰʠʝ ʂʦʪʳ (51Á52'48'' ʩ.ʰ., 105Á05'02'' ʚ.ʜ., ʨʘʩʩʪʦʷʥʠʝ 2,7 ʢʤ ʦʪ 

ʙʝʨʝʛʘ, ʥʘʜ ʛʣʫʙʠʥʦʡ 800 ʤ.). ʌʠʪʦʧʣʘʥʢʪʦʥ ʦʪʙʠʨʘʝʪʩʷ ʙʘʪʦʤʝʪʨʦʤ ʩ ʛʣʫʙʠʥ 0, 5, 10, 25, 50, 100, 

150, 200, 250 ʤ, ʫʯʝʪ ʚʦʜʦʨʦʩʣʝʡ ʚʝʜʝʪʩʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʩ ʧʦʤʦʱʴʶ ʩʚʝʪʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

(ʫʯʠʪʳʚʘʝʪʩʷ 439 ʬʦʨʤ ʬʠʪʦʧʣʘʥʢʪʦʥʘ). ɿʦʦʧʣʘʥʢʪʦʥ ʦʪʙʠʨʘʝʪʩʷ ʟʘʢʨʳʚʘʶʱʝʡʩʷ ʩʝʪʴʶ ɼʞʝʜʠ ʩ 
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ʜʠʘʤʝʪʨʦʤ ʚʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ 37,5 ʩʤ ʠʟ ʤʝʣʴʥʠʯʥʦʛʦ ʛʘʟʘ ʩ ʷʯʝʝʡ ʜʠʘʤʝʪʨʦʤ 0,1 ʤʤ ʠʟ ʩʣʦʝʚ 0-

25, 25-50, 50-100, 100-150, 150-200, 200-250 ʤ, ʧʨʦʙʳ ʬʠʢʩʠʨʫʶʪʩʷ ʬʦʨʤʘʣʠʥʦʤ, ʫʯʸʪ 

ʟʦʦʧʣʘʥʢʪʦʥʘ ʚʝʜʝʪʩʷ ʪʘʢʞʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ (ʫʯʠʪʳʚʘʝʪʩʷ 774 ʬʦʨʤʳ 

ʟʦʦʧʣʘʥʢʪʦʥʘ). ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʥʘ ʛʣʫʙʠʥʘʭ 0, 5, 10, 25, 50, 100, 150, 200, 250 ʤ ʠʟʤʝʨʷʝʪʩʷ 

ʪʝʨʤʦʤʝʪʨʦʤ, ʚʤʦʥʪʠʨʦʚʘʥʥʳʤ ʚ ʙʘʪʦʤʝʪʨ. ʇʨʦʟʨʘʯʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʙʝʣʦʤʫ ʜʠʩʢʫ ʉʝʢʢʠ.  

ʅʘʢʦʧʣʝʥʥʳʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʥʝ ʠʤʝʝʪ ʩʝʙʝ ʨʘʚʥʳʭ ʢʘʢ ʧʦ ʜʦʣʛʦʚʨʝʤʝʥʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ, 

(ʥʘ 20-30 ʣʝʪ ʜʣʠʥʥʝʝ ʣʶʙʳʭ ʜʨʫʛʠʭ ʘʥʘʣʦʛʠʯʥʳʭ ʨʷʜʦʚ ʥʘʙʣʶʜʝʥʠʡ), ʪʘʢ ʠ ʧʦ ʨʘʟʨʝʰʝʥʠʶ (30-50 

ʦʪʙʦʨʦʚ ʧʨʦʙ ʚ ʛʦʜ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ 5-12 ʦʪʙʦʨʘʤʠ). ʊʘʢ, ʙʣʠʟʢʠʝ ʢ ʙʘʡʢʘʣʴʩʢʦʤʫ 

ʧʨʦʝʢʪʫ, ʘʥʘʣʦʛʠʯʥʳʝ ʜʦʣʛʦʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʦʟ. ʄʠʯʠʛʘʥ ʥʘʯʘʣʠʩʴ ʚ 1957 ʛ. ʠ 

ʦʩʥʦʚʳʚʘʣʠʩʴ ʥʘ ʚʟʷʪʠʠ ʧʨʦʙ ʦʜʠʥ ʨʘʟ ʚ ʜʚʘ ʤʝʩʷʮʘ (ʩʝʡʯʘʩ ʝʞʝʤʝʩʷʯʥʦ), ʘʥʘʣʦʛʠʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʦʟʝʨʘ ʂʠʥʥʝʨʝʪ ʧʨʦʚʦʜʷʪʩʷ ʩ 1967 ʛ., ɾʝʥʝʚʩʢʦʛʦ ʦʟʝʨʘ - ʩ 1974 ʛ. (ʝʞʝʤʝʩʷʯʥʦ) 

[12-14,21]. 

ɿʘ ʵʪʠ ʛʦʜʳ ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ ʤʥʦʛʦʝ ʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʧʣʘʥʢʪʦʥʘ ʦʟʝʨʘ ɹʘʡʢʘʣ 

[1,4,5,11]. ɽʱʝ ɺ.ʅ. ʗʩʥʠʪʩʢʠʤ [7,8] ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ, ʘ ʄ.ʄ. ʂʦʞʦʚʳʤ [2,3] ʦʢʦʥʯʘʪʝʣʴʥʦ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʯʨʝʟʚʳʯʘʡʥʘʷ ʤʝʞʛʦʜʦʚʘʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʧʦʜʣʸʜʥʦʛʦ çʮʚʝʪʝʥʠʷè ʬʠʪʦʧʣʘʥʢʪʦʥʘ ï 

ʨʝʛʫʣʷʨʥʳʝ ʚʩʧʳʰʢʠ ʨʘʟʚʠʪʠʷ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʦʜʦ ʣʴʜʦʤ, ʩ ʧʝʨʠʦʜʦʤ ʚ 4-5 ʣʝʪ. 

ʇʨʠʯʠʥʳ ʵʪʠʭ ʧʦʜʣʝʜʥʳʭ ʚʩʧʳʰʝʢ ʧʣʘʥʢʪʦʥʘ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʶʪʩʷ ʜʦ ʢʦʥʮʘ ʪʘʢ ʠ ʥʝ 

ʧʦʥʷʪʳʤʠ. ɺ ʪʘʢʠʝ ʛʦʜʳ ʙʠʦʤʘʩʩʘ ʚʦʜʦʨʦʩʣʝʡ ʜʦʩʪʠʛʘʝʪ 4ï6 ʛ ʤ
-3
. ɺ ʥʝʫʨʦʞʘʡʥʳʝ ʛʦʜʳ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʙʠʦʤʘʩʩʘ ʥʝ ʧʨʝʚʳʰʘʝʪ ʜʝʩʷʪʳʭ ʜʦʣʝʡ ʛ ʤ
-3
. ʎʠʢʣʠʯʝʩʢʠʝ ʤʝʞʛʦʜʦʚʳʝ ʢʦʣʝʙʘʥʠʷ 

ʯʠʩʣʝʥʥʦʩʪʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʩ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʦʡ, ʦʪʤʝʯʝʥʥʳʝ ʚ 1950-ʝ ʛʛ. ʜʣʷ ʚʠʜʦʚ ʨʦʜʘ 

ʤʝʣʦʟʠʨʘ (ʥʳʥʝ Aulacoseira), ʦʢʘʟʘʣʠʩʴ ʩʚʦʡʩʪʚʝʥʥʳ ʠ ʜʨʫʛʠʤ ʧʝʣʘʛʠʯʝʩʢʠʤ ʚʦʜʦʨʦʩʣʷʤ ʦʟʝʨʘ [6, 

10]. ʈʘʟʚʠʪʠʝ ʟʦʦʧʣʘʥʢʪʦʥʘ ʪʘʢʞʝ ʦʪʣʠʯʘʝʪʩʷ ʥʝʨʝʛʫʣʷʨʥʦʩʪʴʶ ʠ ʫʨʦʞʘʡʥʳʝ ʧʦ ʬʠʪʦʧʣʘʥʢʪʦʥʫ 

ʛʦʜʳ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʣʠʙʦ ʫʨʦʞʘʡʥʳʤʠ ʧʦ ʟʦʦʧʣʘʥʢʪʦʥʫ, ʣʠʙʦ ʥʝʪ. ʀʤʝʥʥʦ ʯʨʝʟʚʳʯʘʡʥʘʷ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʤʝʞʛʦʜʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʯʠʩʣʝʥʥʦʩʪʝʡ ʠ ʙʠʦʤʘʩʩ ʧʦʨʦʞʜʘʝʪ ʦʧʘʩʥʦʩʪʴ ʦʰʠʙʦʯʥʳʭ 

ʦʮʝʥʦʢ ʥʘʧʨʘʚʣʝʥʠʡ ʪʨʝʥʜʦʚ ʯʠʩʣʝʥʥʦʩʪʝʡ ʧʣʘʥʢʪʦʥʘ [6].  

ɺ ʮʝʣʦʤ ʯʠʩʣʝʥʥʦʩʪʴ ʙʘʡʢʘʣʴʩʢʠʭ ʧʣʘʥʢʪʦʥʪʦʚ ʢʦʣʝʙʣʝʪʩʷ ʚʦʢʨʫʛ ʩʚʦʠʭ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʭ 

ʟʥʘʯʝʥʠʡ, ʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʤʥʦʛʦʣʝʪʥʠʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʩ ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʫʚʝʨʝʥʥʦʩʪʠ 

ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʣʘʥʢʪʦʥʥʦʤ ʩʦʦʙʱʝʩʪʚʝ ʥʘʙʣʶʜʘʶʪʩʷ ʪʝʥʜʝʥʮʠʠ: 

ɺ ʬʠʪʦʧʣʘʥʢʪʦʥʝ:  

ʚʦʟʨʘʩʪʘʝʪ ʯʠʩʣʝʥʥʦʩʪʴ ʤʝʣʢʦʢʣʝʪʦʯʥʳʭ ʢʦʩʤʦʧʦʣʠʪʥʳʭ ʚʠʜʦʚ, ʤʘʩʩʦʚʳʭ ʚ ʢʦʥʮʝ ʣʝʪʘï

ʦʩʝʥʴʶ (Monoraphidium irregulare, Koliella longiseta, Chrysochromulina parva, Dynobryon 

cylindricum, Dynobryon sociale, Rhodomonas pusilla);  

ʫʤʝʥʴʰʘʝʪʩʷ ʯʠʩʣʝʥʥʦʩʪʴ ʢʨʫʧʥʦʢʣʝʪʦʯʥʳʭ ʵʥʜʝʤʠʯʥʳʭ ʚʠʜʦʚ, ʚʝʛʝʪʠʨʫʶʱʠʭ ʧʦʜʦ ʣʴʜʦʤ 

(Gymnodinium baicalense, Aulacoseira scvorzowii, Aulacoseira baicalensis, Stephanodiscus meyeri, 

Cyclotella baicalensis).  

ɺ ʟʦʦʧʣʘʥʢʪʦʥʝ: 

ʨʘʩʪʸʪ ʯʠʩʣʝʥʥʦʩʪʴ ʥʝ ʵʥʜʝʤʠʢʦʚ ð ʢʣʘʜʦʮʝʨ Daphnia longispina, Bosmina longirostris, ʠ 

ʣʝʪʥʝ-ʦʩʝʥʥʠʭ ʢʦʣʦʚʨʘʪʦʢ (Conochilus unicornis, Synchaeta stylata, Synchaeta grandis, Asplanchna 

priodonta, Asplanchna herricki, Collotheca mutabilis ʠ ʜʨ.),  

ʩʥʠʞʘʝʪʩʷ ʯʠʩʣʝʥʥʦʩʪʴ ʵʥʜʝʤʠʯʥʳʭ ʧʦʜʣʝʜʥʳʭ (Synchaeta pachypoda, Synchaeta pachypoida, 

Synchaeta prominula, Notholca grandis, Notholca intermedia) ʠ ʢʨʫʛʣʦʛʦʜʠʯʥʳʭ ʥʝ ʵʥʜʝʤʠʯʥʳʭ 

ʢʦʣʦʚʨʘʪʦʢ (Keratella quadrata, Keratella cochlearis, Kellicottia longispina. Filinia  terminalis).  

ɼʘʥʥʳʝ ʪʨʝʥʜʳ ʤʦʛʫʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʷʤʠ ʨʘʟʥʳʭ ʧʨʠʯʠʥ:  

ʇʝʨʚʘʷ, ʠ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʘʷ: ʥʘʙʣʶʜʘʝʤʳʝ ʢʦʣʝʙʘʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʧʣʘʥʢʪʦʥʪʦʚ ʷʚʣʷʶʪʩʷ 

ʧʨʠʨʦʜʥʳʤʠ ʬʣʶʢʪʫʘʮʠʷʤʠ ʠʣʠ ʯʘʩʪʴʶ ʥʝʢʠʭ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʵʢʦʩʠʩʪʝʤʝ ʦʟʝʨʘ. 

ɺʪʦʨʘʷ, ʜʦʩʪʘʪʦʯʥʦ ʚʝʨʦʷʪʥʘʷ: ʪʨʝʥʜʳ ï ʧʨʦʜʫʢʪ ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ. ʅʘ ʤʥʦʛʠʭ 

ʜʨʫʛʠʭ ʚʦʜʦʸʤʘʭ ʪʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʠʤʝʨʳ ʨʦʩʪʘ ʯʠʩʣʝʥʥʦʩʪʠ 

ʤʝʣʢʦʢʣʝʪʦʯʥʦʛʦ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʤʝʣʢʠʭ ʢʦʣʦʚʨʘʪʦʢ, ʢʣʘʜʦʮʝʨ, ʩʥʠʞʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ 

ʢʨʫʧʥʦʢʣʝʪʦʯʥʦʛʦ ʬʠʪʦʧʣʘʥʢʪʦʥʘ [9,12-14,18-21]. 
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ʊʨʝʪʴʷ, ʥʝ ʚʧʦʣʥʝ ʚʝʨʦʷʪʥʘʷ: ʪʨʝʥʜʳ ï ʩʣʝʜʩʪʚʠʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. ʆʥʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʩ ʧʨʝʜʩʢʘʟʘʥʥʳʤʠ ʚ 1990-ʝ-2000-ʝ ʛʦʜʳ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʵʢʦʩʠʩʪʝʤʝ 

ɹʘʡʢʘʣʘ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤ ʟʘʛʨʷʟʥʝʥʠʝʤ ʦʟʝʨʘ [15-17]. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʝ ʥʝʪ ʜʨʫʛʦʛʦ, ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʙʣʠʟʢʦʛʦ ʧʦ ʦʙʲʝʤʫ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʡ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʤʦʥʠʪʦʨʠʥʛʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ 

ʛʣʦʙʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʥʘʫʯʥʦʛʦ ʠ ʵʢʩʧʝʨʪʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. ɺ ʦʩʦʙʝʥʥʦʩʪʠ ʦʥʠ 

ʥʝʦʙʭʦʜʠʤʳ ʧʨʠ ʧʨʠʥʷʪʠʠ ʪʘʢʠʭ ʨʝʰʝʥʠʡ, ʢʘʢ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʣʦʙʘʣʴʥʦʡ ʠ ʨʝʛʠʦʥʘʣʴʥʦʡ 

ʧʦʣʠʪʠʢʠ ʚ ʦʙʣʘʩʪʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʤʫ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʶ ʠ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʉʦʩʪʦʷʥʠʝ ʧʣʘʥʢʪʦʥʥʳʭ 

ʩʦʦʙʱʝʩʪʚ ʦʟʝʨʘ ɹʘʡʢʘʣ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʣʶʯʝʚʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʚʩʝʡ ʩʣʦʞʥʦʡ ʵʢʦʩʠʩʪʝʤʳ 

ɹʘʡʢʘʣʘ, ʥʦ ʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠ ʚʘʞʥʝʡʰʠʤ ʠʥʜʠʢʘʪʦʨʦʤ ʩʦʩʪʦʷʥʠʷ ʙʠʦʩʬʝʨʳ 

ʚʩʝʡ ʧʣʘʥʝʪʳ. ɽʩʣʠ ʧʣʘʥʢʪʦʥ ʛʠʛʘʥʪʩʢʦʛʦ ʦʟʝʨʘ ɹʘʡʢʘʣ (ʠʥʝʨʮʠʦʥʥʦʡ ʠ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ), 

ʠʩʧʳʪʳʚʘʝʪ ʠʟʤʝʥʝʥʠʷ ʚ ʩʠʣʫ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʦ ʵʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʥʝ 

ʪʦʣʴʢʦ ʩʫʱʝʩʪʚʫʶʪ, ʥʦ ʠ ʪʦ, ʯʪʦ ʦʥʠ ʯʨʝʟʚʳʯʘʡʥʦ ʤʘʩʰʪʘʙʥʳ. 
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Abstract: According to results of observations since 1945 the state of plankton community is 

relatively stable, though there are some trends observed. Increase of small cell species number, 

developing in summer and decrease of large cell endemic species number, developing under ice in 

phytoplankton. Increase of non-endemic species of cladocers and summer rotifers number, decrease of 

number of non-endemic year round rotifers and endemic under ice rotifers. 
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ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʆɺ) ʠ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʙʦʣʴʰʠʭ ʠ ʤʘʣʳʭ ʦʟʝʨʘʭ ʂʘʨʝʣʠʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʦʝʤʦʚ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ 

ʥʠʭ ʘʣʣʦʭʪʦʥʥʦʛʦ ʆɺ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʚʪʦʭʪʦʥʥʦʝ ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ɺ ʩʦʩʪʘʚʝ 

ʘʣʣʦʭʪʦʥʥʦʛʦ ʆɺ ʧʨʝʚʘʣʠʨʫʶʪ ʛʫʤʫʩʦʚʳʝ ʚʝʱʝʩʪʚʘ (ʙʦʣʝʝ 90 %), ʘ ʥʘ ʜʦʣʶ ʩʚʷʟʘʥʥʳʭ ʫʛʣʝʚʦʜʦʚ 

ʧʨʠʭʦʜʠʪʩʷ 7 %. ɺ ʘʚʪʦʭʪʦʥʥʦʤ ʆɺ ʚʳʷʚʣʝʥʳ ʩʚʦʙʦʜʥʳʝ ʫʛʣʝʚʦʜʳ (28%), ʣʠʧʠʜʳ (3 ï 4%) ʠ 

ʙʝʣʢʠ (1,4%). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʭʪʦʥʥʦʝ ʠ ʘʣʣʦʭʪʦʥʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, ʛʫʤʫʩʦʚʳʝ ʚʝʱʝʩʪʚʘ, 

ʫʛʣʝʚʦʜʳ, ʣʠʧʠʜʳ, ʙʝʣʢʠ 

 

ʇʨʠʨʦʜʥʦʝ ʆɺ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʩʤʝʩʴ ʨʘʟʣʠʯʥʳʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʩʦʜʝʨʞʘʥʠʝʤ, ʩʚʦʡʩʪʚʘʤʠ ʠ ʧʨʦʠʩʭʦʞʜʝʥʠʝʤ. ʗʚʣʷʷʩʴ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ 

ʩʠʩʪʝʤʦʡ, ʆɺ ʧʦʩʪʦʷʥʥʦ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʝʢʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʥʫʪʨʠʚʦʜʦʝʤʥʳʭ 

ʧʨʦʮʝʩʩʦʚ: ʦʢʠʩʣʝʥʠʷ, ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ, ʩʝʜʠʤʝʥʪʘʮʠʠ ʠ ʜʨ. 

ʇʨʦʜʫʢʮʠʦʥʥʦ-ʜʝʩʪʨʫʢʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʚʪʦʭʪʦʥʥʦʛʦ ʆɺ ʚ ʩʘʤʦʤ 

ʚʦʜʦʝʤʝ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʠʦʭʠʤʠʯʝʩʢʠ ʣʘʙʠʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ï ʫʛʣʝʚʦʜʘʤʠ, 

ʣʠʧʠʜʘʤʠ, ʙʝʣʢʘʤʠ. ʀʭ ʩʦʜʝʨʞʘʥʠʝ ʚ ʨʘʩʯʝʪʝ ʥʘ ʩʫʭʦʡ ʚʝʩ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ 

ʫ ʨʘʟʥʳʭ ʚʠʜʦʚ ʬʠʪʦʧʣʘʥʢʪʦʥʘ 7 ï 40 %, 2 ï 44% ʠ 2 ï 40% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [12,9]. ʉʦʦʪʥʦʰʝʥʠʝ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʫʛʣʝʚʦʜʦʚ ʠ ʣʠʧʠʜʦʚ ʚ ʤʦʨʩʢʠʭ ʠ ʦʢʝʘʥʠʯʝʩʢʠʭ ʚʦʜʘʭ ʩʦʩʪʘʚʣʷʝʪ 5:1 [10,16], ʘ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʧʦ ʥʘʰʠʤ ʜʘʥʥʳʤ ʩʚʦʙʦʜʥʳʭ ʫʛʣʝʚʦʜʦʚ ʠ ʣʠʧʠʜʦʚ ï 6:1. 

ʇʨʠʨʦʜʥʦʝ ʘʣʣʦʭʪʦʥʥʦʝ ʆɺ, ʧʦʩʪʫʧʘʶʱʝʝ ʩ ʚʦʜʦʩʙʦʨʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʩʦʝʜʠʥʝʥʠʷʤʠ ʛʫʤʫʩʦʚʦʡ ʧʨʠʨʦʜʳ (ʬʫʣʴʚʦʚʳʤʠ ʠ ʛʫʤʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʠ ʠʭ ʩʦʣʷʤʠ). 

ɺ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʩʦʦʪʥʦʰʝʥʠʝ ʬʫʣʴʚʦʚʳʭ ʠ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʨʘʟʣʠʯʘʝʪʩʷ. ɺ 

ʚʦʜʦʝʤʘʭ ʠ ʚʦʜʦʪʦʢʘʭ ʜʦʤʠʥʠʨʫʶʪ ʬʫʣʴʚʦʚʳʝ ʢʠʩʣʦʪʳ. ʀʭ ʩʦʦʪʥʦʰʝʥʠʝ ʩ ʛʫʤʠʥʦʚʳʤʠ 

ʢʠʩʣʦʪʘʤʠ ʢʘʢ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ, ʪʘʢ ʠ ʚ ʩʣʘʙʦʦʢʨʘʰʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ, ʩʦʩʪʘʚʣʷʝʪ 

10:1 [4], ʚ ʚʳʩʦʢʦʦʢʨʘʰʝʥʥʳʭ ï 5:1. ɻʫʤʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ʧʨʝʚʘʣʠʨʫʶʪ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʦʯʚʝʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʠ ʠʭ ʩʦʦʪʥʦʰʝʥʠʝ ʩ ʬʫʣʴʚʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʩʦʩʪʘʚʣʷʝʪ 3:1 [15]. 

ʉʦʜʝʨʞʘʥʠʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʚʪʦʭʪʦʥʥʦʛʦ ʠ ʘʣʣʦʭʪʦʥʥʦʛʦ ʆɺ ʠ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ ʙʳʣʦ 

ʨʘʩʩʤʦʪʨʝʥʦ ʚ 2012 ï 2015 ʛʛ. ʥʘ ʨʘʟʥʦʪʠʧʥʳʭ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʂʘʨʝʣʠʠ ʚ ʨʘʟʣʠʯʥʳʝ ʩʝʟʦʥʳ 

ʛʦʜʘ. ʅʘ ʆʥʝʞʩʢʦʤ ʦʟʝʨʝ ʨʘʙʦʪʘ ʚʝʣʘʩʴ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʩʪʘʥʮʠʷʭ: ʚ ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʠ 

ʂʦʥʜʦʧʦʞʩʢʦʡ ʛʫʙʘʭ, ʚ ʵʧʠʣʠʤʥʠʦʥʝ (0 ï 13 ʤ) ʠ ʛʠʧʦʣʠʤʥʠʦʥʝ (14 ï 60) ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ, 

ʘ ʪʘʢʞʝ ʚ ʫʩʪʴʝ ʨʝʢʠ ʐʫʷ. ɺ 2014 ʛ. ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠ ʥʘ ʃʘʜʦʞʩʢʦʤ ʦʟʝʨʝ ʚ ʧʝʨʠʦʜ 

ʦʪʢʨʳʪʦʡ ʚʦʜʳ ʚ ʵʧʠʣʠʤʥʠʦʥʝ (0 ï 12 ʤ) ʠ ʛʠʧʦʣʠʤʥʠʦʥʝ (13 ï 90 ʤ) ʚ ʨʘʡʦʥʝ ʦ. ɺʘʣʘʘʤ, ʘ ʪʘʢʞʝ 

ʥʘ ʨ. ʅʝʚʝ: ʚ ʠʩʪʦʢʝ ʠʟ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʚ ʨʘʡʦʥʝ ʧʦʩ. ʅʦʚʦʩʘʨʘʪʦʚʢʘ ʠ ʚ ʫʩʪʴʝ ʨ. ʅʝʚʳ, ʛʜʝ 
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ʦʪʙʠʨʘʣʘʩʴ ʠʥʪʝʛʨʘʣʴʥʘʷ ʧʨʦʙʘ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʨʫʧʥʳʭ ʨʫʢʘʚʦʚ ʜʝʣʴʪʳ (ɹʦʣʴʰʘʷ ʅʝʚʘ, ʄʘʣʘʷ 

ʅʝʚʘ, ɹʦʣʴʰʘʷ ʅʝʚʢʘ, ʄʘʣʘʷ ʅʝʚʢʘ). ʂʨʦʤʝ ʙʦʣʴʰʠʭ ʦʟʝʨ ʩʝʟʦʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʠ ʥʘ 

13 ʤʘʣʳʭ ʚʦʜʦʝʤʘʭ ʂʘʨʝʣʠʠ. 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʦʜʝʨʞʘʥʠʷ ʘʚʪʦʭʪʦʥʥʦʛʦ ʠ ʘʣʣʦʭʪʦʥʥʦʛʦ ʆɺ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʤʝʪʦʜʠʢʘ ʨʘʟʜʝʣʝʥʠʷ ʆɺ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʥʘ ʘʚʪʦʭʪʦʥʥʫʶ ʠ ʘʣʣʦʭʪʦʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʘʜʩʦʨʙʮʠʝʡ ʥʘ ʜʠʵʪʠʣʘʤʠʥʦʵʪʠʣʮʝʣʣʶʣʦʟʝ (ɼʕɸʕ-ʮʝʣʣʶʣʦʟʘ) ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ [7]. 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʧʠʜʦʚ ʠ ʫʛʣʝʚʦʜʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ 

ʩ L-ʪʨʠʧʪʦʬʘʥʦʚʳʤ ʨʝʘʢʪʠʚʦʤ ʠ ʩ ʬʦʩʬʦʚʘʥʠʣʠʥʦʚʳʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [6], ʘ ʙʝʣʢʦʚ ï ʩ ʢʨʘʩʠʪʝʣʝʤ 

ʂʫʤʘʩʩʠ R-250 [11]. ʇʦʤʠʤʦ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʚʦʜʦʚ (ʋʦʙ)ɦ ʚ ʠʩʭʦʜʥʦʡ ʚʦʜʝ, 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʬʦʨʤ, ʢʦʪʦʨʳʝ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʩʚʦʙʦʜʥʳʝ 

(ʋʩʚʦʙ), ʨʘʩʪʚʦʨʝʥʥʳʝ (ʋʨʘʩʪʚ), ʩʚʷʟʘʥʥʳʝ ʩ ʛʫʤʫʩʦʚʳʤʠ ʚʝʱʝʩʪʚʘʤʠ (ʋʩʚʷʟ) ʠ ʚʟʚʝʰʝʥʥʳʝ ʫʛʣʝʚʦʜʳ 

(ʋʚʟʚ). 

ɼʦʣʷ ʘʚʪʦʭʪʦʥʥʦʛʦ ʆɺ (ɟʘʚʪ) ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʘʟʥʦʪʠʧʥʳʭ ʦʟʝʨʘʭ ʂʘʨʝʣʠʠ ʠʟʤʝʥʷʣʘʩʴ ʚ 

ʧʨʝʜʝʣʘʭ 12 ï 81%. ʆʙʱʝʝ ʘʚʪʦʭʪʦʥʥʦʝ ʆɺ ʧʦʜʨʘʟʜʝʣʷʣʦʩʴ ʥʘ ʨʘʩʪʚʦʨʝʥʥʦʝ ʠ ʚʟʚʝʰʝʥʥʦʝ. 

ʈʘʩʪʚʦʨʝʥʥʦʝ ʘʚʪʦʭʪʦʥʥʦʝ ʆɺ ʧʦʜʚʝʨʞʝʥʦ ʩʣʘʙʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ (ʨʠʩ. 1), ʘ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʠʟʤʝʥʷʣʦʩʴ ʚ ʫʟʢʠʭ ʧʨʝʜʝʣʘʭ (1,7 ï 4,4 ʤʛʉ/ʣ) ʠ ʚ ʩʨʝʜʥʝʤ 

ʩʦʩʪʘʚʣʷʣʦ 3,2Ñ0,8 ʤʛʉ/ʣ (ʧʦ ʍʇʂ). ʅʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠ ʤʘʣʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʘʚʪʦʭʪʦʥʥʦʛʦ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʆɺ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʨʦʬʥʦʩʪʠ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚʩʝ 

ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʚʦʜʦʝʤʳ ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʝ, ʛʜʝ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʜʫʢʮʠʦʥʥʦ-

ʜʝʩʪʨʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚʟʚʝʰʝʥʥʦʛʦ 

ʘʚʪʦʭʪʦʥʥʦʛʦ ʆɺ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʲʝʢʪʘʭ ʩʦʩʪʘʚʣʷʣʦ 5 ï 35% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʘʚʪʦʭʪʦʥʥʦʛʦ ʆɺ. ʀ ʪʦʣʴʢʦ ʚ ʵʚʪʨʦʬʥʦʤ ʚ ʦʟ. ʉʚʷʪʦʟʝʨʦ ʣʝʪʦʤ 2012 ʛ. ʚ ʧʝʨʠʦʜ ʮʚʝʪʝʥʠʷ ʚʦʜʳ 

ʩʦʜʝʨʞʘʥʠʝ ʚʟʚʝʰʝʥʥʦʡ ʬʦʨʤʳ ʘʚʪʦʭʪʦʥʥʦʛʦ ʆɺ ʩʦʩʪʘʚʠʣʦ 6,3 ʤʛC/ʣ, ʪʦ ʝʩʪʴ 68 % ʦʪ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʘʚʪʦʭʪʦʥʥʦʛʦ ʆɺ. 

ʉʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʘʚʪʦʭʪʦʥʥʦʛʦ ʆɺ ʚ ʙʦʣʴʰʦʤ ʦʣʠʛʦʪʨʦʬʥʦʤ ʆʥʝʞʩʢʦʤ ʦʟʝʨʝ ʚ ʪʝʯʝʥʠʝ 

ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʡ ʠʟʤʝʥʷʣʦʩʴ ʩʣʘʙʦ, ʦʩʦʙʝʥʥʦ ʵʪʦ ʟʘʤʝʪʥʦ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʧʣʝʩʝ ʦʟʝʨʘ, 

ʛʜʝ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ 2013 ʛ. ʩʦʩʪʘʚʣʷʣʘ 4,0 ï 8,2 (ʚ ʩʨʝʜʥʝʤ 6,5 ʤʛʆ/ʣ). ɺ ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʠ 

ʂʦʥʜʦʧʦʞʩʢʦʡ ʛʫʙʘʭ ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʘʚʪʦʭʪʦʥʥʦʛʦ ʆɺ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʙʳʣʦ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, 

ʯʝʤ ʚ ʮʝʥʪʨʝ ʠ ʩʦʩʪʘʚʣʷʣʦ 4,3 ï 9,9 (ʚ ʩʨʝʜʥʝʤ 7,0 ʤʛʆ/ʣ) ʠ 5,9 ï 9,2 (ʚ ʩʨʝʜʥʝʤ 7,6 ʤʛʆ/ʣ) 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʵʧʠʣʠʤʥʠʦʥʝ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʢʦʣʠʯʝʩʪʚʦ ʦʙʱʝʛʦ ʘʚʪʦʭʪʦʥʥʦʛʦ ʆɺ 

ʠʟʤʝʥʷʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ 9,7 ï 11,7 (ʚ ʩʨʝʜʥʝʤ 10,9 ʤʛʆ/ʣ) ʚ ʪʝʯʝʥʠʝ ʧʝʨʠʦʜʘ ʦʪʢʨʳʪʦʡ ʚʦʜʳ, ʘ ʚ 

ʛʠʧʦʣʠʤʥʠʦʥʝ ï ʚ ʧʨʝʜʝʣʘʭ 8,9 ï 13,2 (ʚ ʩʨʝʜʥʝʤ 11,3 ʤʛʆ/ʣ). ʉʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʘʚʪʦʭʪʦʥʥʦʛʦ 

ʆɺ ʚ ʠʩʪʦʢʝ ʨ. ʅʝʚʳ ʠʟ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 2014 ʛ. ʩʦʩʪʘʚʣʷʣʦ 10,2 ʤʛʆ/ʣ, ʘ ʚ ʫʩʪʴʝ 

ʨʝʢʠ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʜʦ 14,2 ʤʛʆ/ʣ. 

 
ʈʠʩ. 1. ʉʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʘʚʪʦʭʪʦʥʥʦʛʦ ʠ ʘʣʣʦʭʪʦʥʥʦʛʦ ʆɺ  

ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʂʘʨʝʣʠʠ.  
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ɺ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʥʘʨʷʜʫ ʩ ʆɺ, ʧʨʦʜʫʮʠʨʫʝʤʦʤ ʚ ʩʘʤʦʤ ʚʦʜʦʝʤʝ, ʚʝʩʦʤʳʡ ʚʢʣʘʜ 

ʚʥʦʩʠʪ ʧʨʠʨʦʜʥʦʝ ʘʣʣʦʭʪʦʥʥʦʝ ʆɺ ʧʦʩʪʫʧʘʶʱʝʝ ʩ ʚʦʜʦʩʙʦʨʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɺ ʠʩʩʣʝʜʫʝʤʳʭ 

ʚʦʜʦʝʤʘʭ ʂʘʨʝʣʠʠ ʝʛʦ ʜʦʣʷ (ɟʘʣʣ) ʩʦʩʪʘʚʣʷʝʪ 19 ï 88%, ʘ ʩʦʜʝʨʞʘʥʠʝ ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ ʦʪ 0,9 ʜʦ 22,3 ʤʛʉ/ʣ (ʚ ʩʨʝʜʥʝʤ 6,4 Ñ 4,6 ʤʛʉ/ʣ). ʋʯʠʪʳʚʘʷ ʤʘʣʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʘʚʪʦʭʪʦʥʥʦʛʦ ʆɺ, ʦʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʚʦʜʦʝʤʦʚ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʠʭ 

ʘʣʣʦʭʪʦʥʥʦʛʦ ʆɺ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʜʘʥʥʳʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʪʘʙʣ. 1). 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʷ ʘʣʣʦʭʪʦʥʥʦʛʦ ʆɺ ʚ ʆʥʝʞʩʢʦʤ ʦʟʝʨʝ, ʪʦ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʚʘʨʴʠʨʦʚʘʣʘ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 8,1 ʜʦ 16,3, ʚ ʩʨʝʜʥʝʤ 11,6 ʤʛʆ/ʣ ʠ ʙʳʣʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚ 

ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʛʫʙʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ ʚʳʩʦʢʦʛʫʤʫʩʥʳʭ ʚʦʜ ʨ. ʐʫʷ (ʍʇʂʘʣʣ ï 23,1 

ʤʛʆ/ʣ). ɺ ʃʘʜʦʞʩʢʦʤ ʦʟʝʨʝ ʩʦʜʝʨʞʘʥʠʝ ʘʣʣʦʭʪʦʥʥʦʛʦ ʆɺ ʩʦʩʪʘʚʣʷʣʦ 10,5 ï 14,4, ʚ ʩʨʝʜʥʝʤ 12,3 

ʤʛʆ/ʣ, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʚ ʆʥʝʞʩʢʦʤ ʦʟʝʨʝ. ʄʘʣʳʝ ʚʦʜʦʝʤʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʨʫʧʥʳʭ 

ʆʥʝʞʩʢʦʛʦ ʠ ʃʘʜʦʞʩʢʦʛʦ ʙʦʣʴʰʝʡ ʚʘʨʠʘʪʠʚʥʦʩʪʴʶ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʘʣʣʦʭʪʦʥʥʦʛʦ ʆɺ. 

ʄʠʥʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʣʣʦʭʪʦʥʥʦʛʦ ʆɺ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʚ ʦʣʠʛʦʛʫʤʫʩʥʦʤ ʦʟ. ʋʨʦʟʝʨʦ (2,5 

ʤʛʆ/ʣ), ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ï ʚ ʧʦʣʠʛʫʤʫʩʥʦʤ ʦʟ. ɺʝʨʭʥʝʝ (57,5 ʤʛʆ/ʣ).  

 

ʊʘʙʣʠʮʘ 1 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʜʝʨʞʘʥʠʷ ʘʚʪʦʭʪʦʥʥʦʛʦ ʠ ʘʣʣʦʭʪʦʥʥʦʛʦ ʆɺ ʚ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʘʭ ʂʘʨʝʣʠʠ 

ʇʨʠʤʝʯʘʥʠʝ: ʯʠʩʣʦ ʧʨʦʙ (n) ï 84;  

 

ʉʦʝʜʠʥʝʥʠʷ ʛʫʤʫʩʦʚʦʡ ʧʨʠʨʦʜʳ, ʧʦʩʪʫʧʘʷ ʩ ʚʦʜʦʩʙʦʨʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ 

ʧʦʯʚ ʠ ʪʦʨʬʷʥʠʢʦʚ ʟʘʙʦʣʦʯʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʦʙʨʘʟʫʶʪ ʦʩʥʦʚʫ ʘʣʣʦʭʪʦʥʥʦʛʦ ʆɺ ʧʨʠʨʦʜʥʳʭ ʚʦʜ. 

ʇʦʩʣʝʜʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ ʚ ʩʦʩʪʘʚʝ ʘʣʣʦʭʪʦʥʥʦʛʦ 

ʆɺ ʜʦʩʪʠʛʘʝʪ ʙʦʣʝʝ 90%. ʌʫʣʴʚʦʚʳʝ ʢʠʩʣʦʪʳ ʧʨʝʚʘʣʠʨʫʶʪ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʂʘʨʝʣʠʠ, ʥʘ ʠʭ 

ʜʦʣʶ ʧʨʠʭʦʜʠʣʦʩʴ ʚ ʩʨʝʜʥʝʤ 76% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʙʳʣʦ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ (24 %) [2]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʦʪʥʦʰʝʥʠʝ ʬʫʣʴʚʦʚʳʭ ʠ 

ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʳʩʦʢʦʛʫʤʫʩʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʩʦʩʪʘʚʠʣʦ 5:1, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʦʙʱʝʤʠʨʦʚʳʤʠ ʜʘʥʥʳʤʠ. 

ʇʦʤʠʤʦ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ, ʚ ʩʦʩʪʘʚʝ ʘʚʪʦʭʪʦʥʥʦʛʦ ʠ ʘʣʣʦʭʪʦʥʥʦʛʦ ʆɺ, ʢʘʢ ʫʞʝ 

ʦʪʤʝʯʘʣʦʩʴ, ʙʳʣʠ ʠʟʫʯʝʥʳ ʪʘʢʠʝ ʚʘʞʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʘʢ ʫʛʣʝʚʦʜʳ, ʣʠʧʠʜʳ ʠ ʙʝʣʢʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʛʣʝʚʦʜʳ ʚ ʚʦʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʨʝʭ ʬʦʨʤʘʭ: ʩʚʦʙʦʜʥʳʝ ʚ ʩʦʩʪʘʚʝ ʘʚʪʦʭʪʦʥʥʦʛʦ 

ʆɺ, ʩʚʷʟʘʥʥʳʝ ʢʘʢ ʢʦʤʧʦʥʝʥʪ ʘʣʣʦʭʪʦʥʥʦʛʦ ʆɺ, ʘ ʪʘʢʞʝ ʫʛʣʝʚʦʜʳ ʚʦ ʚʟʚʝʩʠ [1]. 

ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʜʝʨʞʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʫʛʣʝʚʦʜʦʚ ʦʪ ʜʦʣʠ ʘʚʪʦʭʪʦʥʥʦʛʦ ʆɺ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʩʚʦʙʦʜʥʳʭ ʫʛʣʝʚʦʜʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ ʦʪ ʝʛʦ ʜʦʣʠ (ʨʠʩ. 2). ɺ 

ʪʦʞʝ ʚʨʝʤʷ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʚ, ʪʘʢʞʝ, ʢʘʢ ʠ ʩʚʷʟʘʥʥʳʭ, ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ɟʘʚʪ. ʕʪʦ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʩʦʩʪʘʚ ʦʙʱʠʭ ʫʛʣʝʚʦʜʦʚ ʚʭʦʜʷʪ ʩʚʷʟʘʥʥʳʝ ʫʛʣʝʚʦʜʳ, ʢʘʢ ʢʦʤʧʦʥʝʥʪ 

ʘʣʣʦʭʪʦʥʥʦʛʦ ʆɺ, ʘ ʪʘʢʞʝ ʩʚʦʙʦʜʥʳʝ ʫʛʣʝʚʦʜʳ, ʢʘʢ ʯʘʩʪʴ ʘʚʪʦʭʪʦʥʥʦʛʦ ʆɺ. ʏʪʦ ʢʘʩʘʝʪʩʷ 

ʇʘʨʘʤʝʪʨʳ 

ɸʚʪʦʭʪʦʥʥʦʝ 

ʆɺ 

ʈʘʩʪʚʦʨʝʥʥʦʝ 

ʘʚʪʦʭʪʦʥʥʦʝ 

ʆɺ 

ɸʣʣʦʭʪʦʥʥʦʝ 

ʆɺ 

ɟʘʣʣ ɟʘʚʪ 

ʤʛʆ/ʣ 

ʄʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ 
4,0 3,0 1,8 0,19 0,12 

ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ 
26,1 13,6 69,0 0,88 0,81 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 9,8 8,0 17,1 0,58 0,42 

ʉʪʘʥʜʘʨʪʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ 
3,7 2,3 13,3 0,17 0,17 

ʇʝʨʚʳʡ ʢʚʘʨʪʠʣʴ 7,4 6,7 9,8 0,49 0,32 

ʊʨʝʪʠʡ ʢʚʘʨʪʠʣʴ 11,7 9,7 21,5 0,68 0,51 

ʄʝʜʠʘʥʘ 9,0 7,8 12,8 0,59 0,41 
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ʫʛʣʝʚʦʜʦʚ ʚʦ ʚʟʚʝʩʠ, ʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʦʣʠ 

ʘʚʪʦʭʪʦʥʥʦʛʦ ʆɺ. ʀʟ ʚʩʝʭ ʦʙʲʝʢʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 2, ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʜʝʣʷʝʪʩʷ ʦʟ. 

ʉʚʷʪʦʟʝʨʦ, ʚ ʢʦʪʦʨʦʤ ʣʝʪʦʤ 2012 ʛ. ʚ ʧʝʨʠʦʜ ʮʚʝʪʝʥʠʷ ʚʦʜʳ ʦʙʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʛʣʝʚʦʜʦʚ 

ʜʦʩʪʠʛʘʣʘ 11,0 ʤʛ/ʣ, ʘ ʋʩʚʦʙ ï 4,4 ʤʛ/ʣ. 

ʅʘʣʠʯʠʝ ʩʚʷʟʘʥʥʳʭ ʫʛʣʝʚʦʜʦʚ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʛʫʤʫʩʦʚʳʝ ʚʝʱʝʩʪʚʘ ï ʵʪʦ ʧʨʦʜʫʢʪ 

ʢʦʥʜʝʥʩʘʮʠʠ ʣʠʛʥʠʥʘ, ʫʛʣʝʚʦʜʦʚ, ʙʝʣʢʦʚ ʠ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ [3, 8]. ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʫʛʣʝʚʦʜʦʚ ʚ 

ʩʠʣʴʥʦʢʠʩʣʦʡ ʩʨʝʜʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʱʝʧʣʝʥʠʝ ʛʠʜʨʦʣʠʟʫʝʤʦʡ ʯʘʩʪʠ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʫʛʣʝʚʦʜʦʚ, ʢʦʪʦʨʳʝ ʥʘ ʨʷʜʫ ʩ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ, ʘʤʠʜʘʤʠ ʠ ʘʤʠʥʦʩʘʭʘʨʘʤʠ ʷʚʣʷʶʪʩʷ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ [5]. 

 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʫʛʣʝʚʦʜʦʚ ʦʪ ʜʦʣʠ ʘʚʪʦʭʪʦʥʥʦʛʦ ʆɺ. 

 

ʄʝʜʠʘʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʱʠʭ ʫʛʣʝʚʦʜʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʂʘʨʝʣʠʠ, 

ʚʢʣʶʯʘʷ ʆʥʝʞʩʢʦʝ ʠ ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʘ, ʩʦʩʪʘʚʠʣʠ 3,3, ʘ ʋʩʚʦʙ ï 1,8, ʋʩʚʷʟ ï 0,7 ʠ ʋʚʟʚ ï 0,6 ʤʛ/ʣ. ɺ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʧʨʝʚʘʣʠʨʫʶʪ ʨʘʩʪʚʦʨʝʥʥʳʝ ʫʛʣʝʚʦʜʳ, ʚ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʦʙʲʝʢʪʦʚ ʠʭ ʜʦʣʷ 

ʩʦʩʪʘʚʠʣʘ 80 ï 96%. ʂʦʣʠʯʝʩʪʚʦ ʫʛʣʝʚʦʜʦʚ ʚʦ ʚʟʚʝʩʠ ʜʦʩʪʠʛʘʣʦ ʥʝʙʦʣʴʰʦʡ ʚʝʣʠʯʠʥʳ (7 ï 17 %), ʚ 

ʩʨʝʜʥʝʤ 14 %. ʊʦʛʜʘ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʋʩʚʦʙ ʚ ʘʚʪʦʭʪʦʥʥʦʤ ʆɺ ʙʳʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ï 17 ï 43 

%, ʚ ʩʨʝʜʥʝʤ 28 %. ɼʦʣʷ ʋʩʚʷʟ ʚ ʩʦʩʪʘʚʝ ʘʣʣʦʭʪʦʥʥʦʛʦ ʆɺ ʚ ʦʟʝʨʘʭ ʠʟʤʝʥʷʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 4 ï 17 %, 

ʚ ʩʨʝʜʥʝʤ ï 7 %, ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʜʣʷ ʚʳʩʦʢʦʛʫʤʫʩʥʳʭ ʦʟʝʨ (27 

ï 51 % ʦʪ ʋʦʙ)ɦ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʛʣʝʚʦʜʳ, ʢʘʢ ʚ ʙʦʣʴʰʠʭ ʦʟʝʨʘʭ ʆʥʝʞʩʢʦʤ ʠ 

ʃʘʜʦʞʩʢʦʤ, ʪʘʢ ʠ ʚ ʤʘʣʳʭ ʚʦʜʦʝʤʘʭ ʂʘʨʝʣʠʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʢʦʤʧʦʥʝʥʪʦʤ. ʊʘʢ 

ʚ ʆʥʝʞʩʢʦʤ ʦʟʝʨʝ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,7 ʜʦ 5,5 ʤʛ/ʣ, ʩʦʩʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʤ 16 

% ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʆɺ (ʪʘʙʣ. 2). ʄʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʚʦʜʦʚ ʦʪʤʝʯʝʥʳ ʚ 

ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʠ ʂʦʥʜʦʧʦʞʩʢʦʡ ʛʫʙʘʭ ï ʚ ʩʨʝʜʥʝʤ 3,0 ʠ 3,1 ʤʛ/ʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʠʭ ʫʛʣʝʚʦʜʦʚ ʚ ʃʘʜʦʞʩʢʦʤ ʦʟʝʨʝ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1,2 ʜʦ 4,5 ʤʛ/ʣ (ʚ ʩʨʝʜʥʝʤ 3,0 ʤʛ/ʣ), 
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ʯʪʦ ʦʯʝʥʴ ʙʣʠʟʢʦ ʢ ʪʘʢʦʚʦʡ ʚ ʆʥʝʞʩʢʦʤ ʦʟʝʨʝ (3,1 ʤʛ/ʣ). ɺ ʤʘʣʳʭ ʨʘʟʥʦʪʠʧʥʳʭ ʦʟʝʨʘʭ ʂʘʨʝʣʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʛʣʝʚʦʜʦʚ ʠʟʤʝʥʷʣʘʩʴ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʦʪ 1,2 ʜʦ 11,0, ʚ ʩʨʝʜʥʝʤ 3,7 ʤʛ/ʣ. 

 

ʊʘʙʣʠʮʘ 2 

ɼʦʣʷ ʘʚʪʦʭʪʦʥʥʦʛʦ ʠ ʘʣʣʦʭʪʦʥʥʦʛʦ ʆɺ ʚ ʙʦʣʴʰʠʭ ʠ ʤʘʣʳʭ ʦʟʝʨʘʭ ʂʘʨʝʣʠʠ ʠ ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʥʠʭ ʫʛʣʝʚʦʜʦʚ, ʣʠʧʠʜʦʚ ʠ ʙʝʣʢʦʚ 

ʇʘʨʘʤʝʪʨ ʄʘʣʳʝ ʦʟʝʨʘ ʆʥʝʞʩʢʦʝ ʦʟʝʨʦ ʃʘʜʦʞʩʢʦʝ 

ʦʟʝʨʦ ɼʦʣʷ ʘʚʪʦʭʪʦʥʥʦʛʦ ʠ ʘʣʣʦʭʪʦʥʥʦʛʦ ʆɺ 

ɟʘʚʪ 0,13 ï 0,95(0,43)*  0,25 ï 0,49 

(0,39) 

0,40 ï 0,60 

(0,44) ɟʘʣʣ 0,05 ï 0,87 (0,57) 0,51 ï 0,75 

(0,61) 

0,40 ï 0,60 

(0,56) ʋʛʣʝʚʦʜʳ, ʤʛ/ʣ 

ʦʙʱʠʝ 1,2 ï 11,0 (3,7) 0,7 ï 5,5 (3,1) 1,2 ï 4,5 (3,0) 

ʩʚʦʙʦʜʥʳʝ 0,4 ï 4,5 (2,2) 0,7 ï 2,7 (1,8) 1,3 ï 2,9 (1,7) 

ʩʚʷʟʘʥʥʳʝ 0,0 ï 3,9 (0,9) 0,0 ï 2,4 (0,7) 0,1 ï 0,9 (0,5) 

ʚʦ ʚʟʚʝʩʠ 0,0 ï 6,3 (0,7) 0,0 ï 2,4 (0,6) 0,2 ï 2,2 (0,7) 

ʃʠʧʠʜʳ, ʤʛ/ʣ 

ʦʙʱʠʝ 0,10 ï 0,97 (0,31) 0,03 ï 0,61 

(0,29) 

0,07 ï 0,51 

(0,23) ɹʝʣʢʠ, ʤʛ/ʣ 

ʦʙʱʠʝ 0,10 ï 0,92 (0,27) (0,18) (0,11) 

ʇʨʠʤʝʯʘʥʠʝ: * ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ  

 

ʃʠʧʠʜʳ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʥʘʭʦʜʷʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʦʩʪʘʚʝ ʘʚʪʦʭʪʦʥʥʦʛʦ ʆɺ ʠ 

ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʜʫʢʮʠʦʥʥʦ-ʜʝʩʪʨʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʉʦʜʝʨʞʘʥʠʝ 

ʣʠʧʠʜʦʚ ʚ ʤʘʣʳʭ ʦʟʝʨʘʭ ʂʘʨʝʣʠʠ ʠʟʤʝʥʷʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,10 ʜʦ 0,97 ʤʛ/ʣ (ʚ ʩʨʝʜʥʝʤ 0,31). 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ (0,97 ʤʛ/ʣ) ʦʪʤʝʯʘʣʘʩʴ ʧʨʠ ʮʚʝʪʝʥʠʠ ʚʦʜʳ ʵʚʪʨʦʬʥʦʛʦ ʦʟ. ʉʚʷʪʦʟʝʨʦ 

ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 2012 ʛ. ɺ ʃʘʜʦʞʩʢʦʤ ʠ ʆʥʝʞʩʢʦʤ ʦʟʝʨʘʭ ʢʦʣʠʯʝʩʪʚʦ ʣʠʧʠʜʦʚ ʦʢʘʟʘʣʦʩʴ ʜʦʚʦʣʴʥʦ 

ʙʣʠʟʢʠʤ ʢ ʠʭ ʩʦʜʝʨʞʘʥʠʶ ʚ ʤʘʣʳʭ ʦʟʝʨʘʭ (ʩʤ. ʪʘʙʣ. 2). ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʟʘ 

ʚʝʩʴ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʟʤʝʥʷʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 0,25 ï 0,61 ʤʛ/ʣ ʠ ʩʦʩʪʘʚʣʷʣʘ ʚ 

ʩʨʝʜʥʝʤ ʟʘ ʛʦʜ 0,35 ʤʛ/ʣ. ɺ ʦʟ. ʃʘʜʦʞʩʢʦʤ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʣʠʧʠʜʦʚ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʚʝʩʥʦʡ 

(0,40 ʤʛ/ʣ), ʘ ʚ ʫʩʪʴʝ ʨ. ʅʝʚʳ ï ʣʝʪʦʤ (0,51 ʤʛ/ʣ). ɺ ʮʝʣʦʤ ʢʦʣʠʯʝʩʪʚʦ ʣʠʧʠʜʦʚ ʚ ʃʘʜʦʞʩʢʦʤ ʦʟʝʨʝ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʜʣʷ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʣʠʧʠʜʦʚ ʚ ʩʦʩʪʘʚʝ ʆɺ ʪʘʢʞʝ ʦʪʨʘʞʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʧʦ ʩʝʟʦʥʘʤ ʛʦʜʘ. ʅʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʦʪʤʝʯʘʣʦʩʴ 

ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʦʝʤʘʭ ʚ ʚʝʩʝʥʥʠʡ ʠ ʣʝʪʥʠʡ ʧʝʨʠʦʜʳ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʙʠʦʤʘʩʩʳ 

ʜʠʘʪʦʤʦʚʦʛʦ ʧʣʘʥʢʪʦʥʘ ʠʤʝʥʥʦ ʚ ʵʪʠ ʩʝʟʦʥʳ [14,13]. ʏʪʦ ʢʘʩʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʠʧʠʜʦʚ ʧʦ 

ʦʙʲʝʢʪʘʤ, ʪʦ ʥʘʠʤʝʥʴʰʘʷ ʠʭ ʜʦʣʷ ʦʪʤʝʯʘʝʪʩʷ ʚ ʚʳʩʦʢʦʛʫʤʫʩʥʳʭ ʚʦʜʦʝʤʘʭ, ʘ ʥʘʠʙʦʣʴʰʘʷ ï ʚ 

ʦʣʠʛʦʛʫʤʫʩʥʳʭ ʦʣʠʛʦʪʨʦʬʥʳʭ ʦʟʝʨʘʭ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʘʚʪʦʭʪʦʥʥʦʛʦ ʆɺ ʠ ʚ ʩʦʩʪʘʚʝ ʘʚʪʦʭʪʦʥʥʦʛʦ 

ʆɺ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʫʞʝ ʜʦʩʪʠʛʘʝʪ 6,0 ï 14 %.  

ʂʦʥʮʝʥʪʨʘʮʠʷ ʙʝʣʢʦʚ ʚ ʤʘʣʳʭ ʚʦʜʦʝʤʘʭ ʂʘʨʝʣʠʠ ʠʟʤʝʥʷʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 0,10 ï 0,92 ʤʛ/ʣ (ʚ 

ʩʨʝʜʥʝʤ 0,27). ɺ ʙʦʣʴʰʠʭ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʟʝʨʘʭ ʃʘʜʦʞʩʢʦʤ ʠ ʆʥʝʞʩʢʦʤ, ʘ ʪʘʢʞʝ ʚ ʨ. ʅʝʚʝ 

ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʦʚ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 0,06 ʜʦ 0,52 ʤʛ/ʣ (ʚ ʩʨʝʜʥʝʤ 0,32 ʤʛ/ʣ). ʀʭ ʜʦʣʷ ʦʪ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʆɺ (ʧʦ ʍʇʂ) ʚ ʦʟʝʨʘʭ ʩʦʩʪʘʚʣʷʝʪ 1,4 %, ʘ ʚ ʩʦʩʪʘʚʝ ʘʚʪʦʭʪʦʥʥʦʛʦ ʆɺ ï 3,4%. ʂʘʢ ʠ ʚ 

ʩʣʫʯʘʝ ʩ ʣʠʧʠʜʘʤʠ, ʥʝ ʦʪʤʝʯʘʝʪʩʷ ʩʚʷʟʠ ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʦʚ ʩ ʛʫʤʫʩʥʦʩʪʴʶ ʚʦʜʳ, ʯʪʦ ʜʘʝʪ 

ʦʩʥʦʚʘʥʠʝ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʙʝʣʢʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʥʘʭʦʜʷʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʦʩʪʘʚʝ 

ʘʚʪʦʭʪʦʥʥʦʛʦ ʆɺ. ʉʦʦʪʥʦʰʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʫʛʣʝʚʦʜʦʚ, ʣʠʧʠʜʦʚ ʠ ʙʝʣʢʦʚ ʚ ʚʦʜʝ ʩʦʩʪʘʚʣʷʝʪ 6:1:1, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʪʘʢʠʤ ʞʝ, ʢʘʢ ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ.  
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Abstract: The quantities composition of autochthonous and allochthonous organic matter (OM) in 

surface water of big and small ʂarelian lakes was presented. The main difference of investigation 

reservoirs was associated with different content of allochthonous OM while autochthonous OM was 

stable. Humic substances dominate as part of allochthonous OM (89%), while proportion of bound 

carbohydrates accounted for 7%. Free carbohydrates (28%), lipids (3 ï 4%) and proteins (1,4%) were 

determined in autochthonous OM. 

Keywords: autochthonous and allochthonous organic matter, humic substances, carbohydrates, 

lipids, proteins 
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ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʳʤ ʦʮʝʥʠʪʴ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʘʥʥʦʛʦ ʨʝʩʫʨʩʘ ʠ ʜʠʥʘʤʠʢʫ ʝʛʦ ʠʟʤʝʥʝʥʠʡ ʚ 
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ɺʚʝʜʝʥʠʝ 

ʆʟʝʨʥʳʝ ʚʦʜʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʦʜʥʘʢʦ 

ʠʭ ʦʮʝʥʢʘ ʚ ʤʘʩʰʪʘʙʘʭ ʚʩʝʛʦ ʤʠʨʘ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʆʮʝʥʢʠ ʦʙʲʝʤʦʚ ʦʟʝʨʥʳʭ 

ʚʦʜ ɿʝʤʣʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ, ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʜʘʞʝ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʫʯʝʪʝ 

ʧʨʝʩʥʳʭ ʠ ʩʦʣʝʥʳʭ ʚʦʜ (ʪʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1 

ʆʮʝʥʢʠ ʦʙʲʝʤʦʚ ʚʦʜ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʦʟʝʨʘʭ ɿʝʤʣʠ 

ʀʩʪʦʯʥʠʢ ʉʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʚʦʜ 

ʚ ʦʟʝʨʘʭ ɿʝʤʣʠ, ʢʤ
3
  

ʆʙʲʝʤ ʚʦʜ 

ʧʨʝʩʥʳʭ ʦʟʝʨ, 

ʢʤ
3
 

ʆʙʲʝʤ ʚʦʜ 

ʩʦʣʝʥʳʭ ʦʟʝʨ, ʢʤ
3
 

Nace R.L., 1969 230 000   

ʃʴʚʦʚʠʯ ʄ.ʀ., 1974 275 000   

Tamrazyan G.P., 1974 166 000   

Wetzel R.G., 1983 229 000 125 000 104 000 

Meybeck M., 1995 179 000   

Shiklomanov & Rodda 2003 176 400 91 000 85 400 

ʈʷʥʞʠʥ ʉ.ɺ., 2005 179 600   

 

ʇʨʠ ʨʘʟʜʝʣʝʥʠʠ ʚʦʜ ʥʘ ʧʨʝʩʥʳʝ ʠ ʩʦʣʝʥʳʝ ʦʮʝʥʢʠ ʝʱʝ ʤʝʥʝʝ ʪʦʯʥʳ. ʊʘʢ, ʩʦʛʣʘʩʥʦ ʦʮʝʥʢʝ 

ʀ.ɸ. ʐʠʢʣʦʤʘʥʦʚʘ [10] ʦʙʲʝʤ ʧʨʝʩʥʳʭ ʦʟʝʨʥʳʭ ʚʦʜ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 91 000 ʢʤ
3
, ʪʦʛʜʘ ʢʘʢ ʪʦʣʴʢʦ 

ʚ 100 ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʦʟʝʨʘʭ, ʦʙʲʝʤʳ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʳ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ, 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʦ ʦʢʦʣʦ 95 000 ʢʤ
3
 ʚʦʜʳ. ɺ ʪʦʞʝ ʚʨʝʤʷ R. Wetzel [13] ʷʚʥʦ ʟʘʚʳʰʘʝʪ ʦʙʲʝʤʳ ʢʘʢ 

ʧʨʝʩʥʳʭ, ʪʘʢ ʠ ʩʦʣʝʥʳʭ ʦʟʝʨʥʳʭ ʚʦʜ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʦʮʝʥʢʦʡ R. Wetzel, ʙʦʣʴʰʠʥʩʪʚʦ ʘʚʪʦʨʦʚ 

[5,8,10] ʧʦʣʫʯʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʝ ʚʝʣʠʯʠʥʳ ʧʦ ʩʫʤʤʘʨʥʦʤʫ ʦʙʲʝʤʫ ʦʟʝʨʥʳʭ ʚʦʜ ɿʝʤʣʠ. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʥʦʚʝʡʰʠʝ ʨʘʙʦʪʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʫʪʥʠʢʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʦʚʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʦʮʝʥʢʝ ʩʫʤʤʘʨʥʦʛʦ ʦʟʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ ʧʣʘʥʝʪʳ [6,12] ʠ ʜʨ., ʫʪʦʯʥʷʶʪ 

ʜʘʥʥʳʝ ʪʦʣʴʢʦ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʚʦʜʦʝʤʦʚ ʠ ʠʭ ʩʫʤʤʘʨʥʳʤ ʧʣʦʱʘʜʷʤ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʘʷ 

ʥʦʚʘʷ ʨʘʙʦʪʘ ʩʦʜʝʨʞʠʪ ʠ ʥʦʚʳʝ ʫʪʦʯʥʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʝʜʰʝʩʪʚʫʶʱʠʤ ʨʘʙʦʪʘʤ. ʆʩʥʦʚʥʦʡ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʚʦʧʨʦʩ çʩʢʦʣʴʢʦ ʚ ʤʠʨʝ ʦʟʝʨè, ʧʦʢʘ ʝʱʝ ʥʝ ʨʝʰʝʥ, ʚʩʣʝʜ ʟʘ ʥʠʤ ʧʨʦʜʦʣʞʘʝʪ 

ʩʪʦʷʪʴ ʥʘ ʦʯʝʨʝʜʠ ʠ ʚʦʧʨʦʩ ʦʙ ʫʪʦʯʥʝʥʠʠ ʦʙʲʝʤʦʚ ʦʟʝʨʥʳʭ ʚʦʜ ɿʝʤʣʠ.  

ɽʩʣʠ, ʧʳʪʘʷʩʴ ʭʦʪʷ ʙʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʮʝʥʠʪʴ ʜʦʣʶ ʚʦʜ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʢʨʫʧʥʝʡʰʠʭ 

ʦʟʝʨʘʭ ʤʠʨʘ, ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʩʫʤʤʘʨʥʳʝ ʦʙʲʝʤʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ Wetzel, 1983, ʤʦʞʥʦ 

ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚ ʢʨʫʧʥʝʡʰʠʭ ʦʟʝʨʘʭ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʦ ʙʦʣʝʝ 75% ʚʩʝʭ ʧʨʝʩʥʳʭ ʦʟʝʨʥʳʭ ʚʦʜ 
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ɿʝʤʣʠ. ʆʜʥʘʢʦ, ʝʩʣʠ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʦʮʝʥʢʠ R. Wetzel ʟʘʚʳʰʝʥʳ, ʪʦ ʜʦʣʷ ʚʦʜ, 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʢʨʫʧʥʝʡʰʠʭ ʦʟʝʨʘʭ, ʝʱʝ ʚʳʰʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʫʧʥʝʡʰʠʝ ʦʟʝʨʘ ʷʚʣʷʶʪʩʷ 

ʚʘʞʥʝʡʰʠʤ ʨʝʟʝʨʚʦʤ ʧʨʝʩʥʳʭ ʚʦʜ ʧʣʘʥʝʪʳ, ʠ ʯʝʪʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʠʭ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʨʘʡʥʝ ʚʘʞʥʦ. 

ʄʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ 

ʈʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʮʝʥʢʦʡ ʠʟʤʝʥʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʢʨʫʧʥʝʡʰʠʭ ʚʦʜʦʝʤʦʚ ʤʠʨʘ 

ʧʨʦʚʦʜʷʪʩʷ ʚ ʀʥʩʪʠʪʫʪʝ ʦʟʝʨʦʚʝʜʝʥʠʷ ʈɸʅ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠ ʣʝʪ. ʇʝʨʚʳʝ ʩʚʝʜʝʥʠʷ 

ʙʳʣʠ ʩʦʙʨʘʥʳ ʚ ʨʘʤʢʘʭ ʧʦʜʛʦʪʦʚʢʠ ʤʦʥʦʛʨʘʬʠʠ çɺʝʣʠʢʠʝ ʦʟʝʨʘ ʤʠʨʘè [3], ʢʦʛʜʘ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʠ ʦʙʦʙʱʝʥʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʦʪʙʠʨʘʣʠʩʴ ʤʘʪʝʨʠʘʣʳ ʧʦ 

ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ 50 ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʦʟʝʨ. ɺ ʜʘʣʴʥʝʡʰʝʤ, 

ʙʳʣʦ ʧʦʜʛʦʪʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʦʙʦʙʱʘʶʱʠʭ ʩʪʘʪʝʡ ʧʦ ʧʝʨʩʧʝʢʪʠʚʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜ, 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʢʨʫʧʥʝʡʰʠʭ ʦʟʝʨʘʭ ʤʠʨʘ [4, 7], ʘ ʪʘʢʞʝ ʦʟʝʨ ʈʦʩʩʠʠ [1], ʜʣʷ ʯʝʛʦ ʙʳʣ ʩʦʙʨʘʥ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʤʘʪʝʨʠʘʣ ʫʞʝ ʜʣʷ ʚʩʝʭ ʦʟʝʨ ʩ ʧʣʦʱʘʜʷʤʠ ʟʝʨʢʘʣʘ ʙʦʣʝʝ 1000 ʢʤ
2
. ʇʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʨʘʩʰʠʨʝʥʥʘʷ ʠ ʜʦʧʦʣʥʝʥʥʘʷ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʰʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʜʘʯ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ 

ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

ʉʧʠʩʦʢ ʢʨʫʧʥʝʡʰʠʭ ʚʦʜʦʝʤʦʚ ʤʠʨʘ, ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʳʭ ʤʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠ, 

ʚʢʣʶʯʘʣ ʚʩʝ ʢʨʫʧʥʝʡʰʠʝ ʚʦʜʦʝʤʳ ʩ ʧʣʦʱʘʜʷʤʠ ʙʦʣʝʝ 1000 ʢʤ
2
, ʢʨʦʤʝ ʪʦʛʦ ʙʳʣ ʩʦʩʪʘʚʣʝʥ 

ʦʪʜʝʣʴʥʳʡ ʩʧʠʩʦʢ ʦʟʝʨ ʩ ʦʙʲʝʤʘʤʠ ʚʦʜʳ, ʧʨʝʚʳʰʘʶʱʠʤʠ 20 ʢʤ
3
. ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʚʦʜʦʝʤʦʚ ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʧʨʠʚʦʜʠʤʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʧʠʩʢʦʚ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʧʦ ʧʣʦʱʘʜʠ ʠ 

ʦʙʲʝʤʫ ʦʟʝʨ, ʚʢʣʶʯʘʷ ʤʘʪʝʨʠʘʣʳ ʙʘʟʳ ʧʦ ʦʟʝʨʘʤ ʤʠʨʘ ILEC, ʘ ʪʘʢʞʝ ʩʧʠʩʢʦʚ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ 

ʦʟʝʨ ʧʦ ʩʪʨʘʥʘʤ ʤʠʨʘ. ʇʦʣʫʯʝʥʥʳʝ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʳʚʝʨʷʣʠʩʴ 

ʧʦ ʜʘʥʥʳʤ ʥʘʠʙʦʣʝʝ ʩʚʝʞʠʭ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʚʦʜʦʝʤʘʤ. ʂ ʩʦʞʘʣʝʥʠʶ, 

ʥʝ ʧʦ ʚʩʝʤ ʢʨʫʧʥʳʤ ʦʟʝʨʘʤ ʤʠʨʘ ʝʩʪʴ ʜʘʥʥʳʝ ʧʦ ʧʨʦʤʝʨʘʤ ʛʣʫʙʠʥ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ ʥʠʤ ʥʝ 

ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʧʦ ʦʙʲʝʤʘʤ ʟʘʢʣʶʯʝʥʥʦʡ ʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʦʙʭʦʜʠʤʦ ʫʪʦʯʥʠʪʴ, ʯʪʦ 

ʩʧʠʩʦʢ, ʦʪʦʙʨʘʥʥʳʡ ʧʦ ʧʣʦʱʘʜʷʤ ʚʦʜʥʦʛʦ ʟʝʨʢʘʣʘ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʤ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʩʧʠʩʦʢ, ʦʪʦʙʨʘʥʥʳʡ ʧʦ ʦʙʲʝʤʘʤ ʟʘʢʣʶʯʝʥʥʦʡ ʚʦʜʳ, ʤʦʞʝʪ ʥʝ ʚʢʣʶʯʘʪʴ ʥʝʢʦʪʦʨʳʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʝ ʚʦʜʦʝʤʳ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ ʚʦʜʳ (ʧʨʝʚʳʰʘʶʱʠʝ 20 ʢʤ
3
) ʤʦʛʫʪ 

ʩʦʜʝʨʞʘʪʴʩʷ ʝʱʝ ʚ ʨʷʜʝ ʩʝʚʝʨʦ-ʢʘʥʘʜʩʢʠʭ ʦʟʝʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʩʣʘʙʦʡ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʡ 

ʠʟʫʯʝʥʥʦʩʪʴʶ. 

ɸʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʪʨʦʬʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʦʟʝʨʥʳʭ ʚʦʜ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ 

ʢʨʫʧʥʝʡʰʠʭ ʦʟʝʨʘʭ, ʧʨʦʠʟʚʦʜʠʣʩʷ ʥʘ ʫʨʦʚʝʥʴ ʜʦ ʥʘʯʘʣʘ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʣʠʷʥʠʷ 

ʥʘ ʚʦʜʦʝʤʳ (ʝʩʪʝʩʪʚʝʥʥʳʝ ʫʩʣʦʚʠʷ) ʠ ʥʘ ʫʨʦʚʥʠ 1950 ʠ 2010 ʛʛ.  

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʘʪʫʩʘ ʪʨʦʬʥʦʩʪʠ ʢʘʞʜʦʛʦ ʚʦʜʦʝʤʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʮʝʥʢʠ, 

ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʦʜʥʘʢʦ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʦʟʥʠʢʘʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʪʨʦʬʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʧʦ ʘʢʚʘʪʦʨʠʠ ʠ ʩ ʛʣʫʙʠʥʦʡ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʣʠʩʴ ʜʘʥʥʳʝ ʧʦ ʤʦʨʬʦʤʝʪʨʠʠ 

ʚʦʜʦʝʤʘ, ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʝ ʢʘʨʪʳ, ʘʥʘʣʠʟʠʨʦʚʘʣʦʩʴ ʨʘʟʤʝʱʝʥʠʝ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ 

ʚʜʦʣʴ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ. ʇʨʠ ʥʘʣʠʯʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʛʠʜʨʦʭʠʤʠʠ ʠ ʛʠʜʨʦʙʠʦʣʦʛʠʠ 

ʚʦʜʦʝʤʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʚʦʟʥʠʢʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʪʘʣʠʟʠʨʦʚʘʪʴ ʦʮʝʥʢʫ. ʆʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʜʘʥʥʳʝ 

ʜʘʞʝ ʝʜʠʥʠʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʦʟʝʨʝ ʠ ʦʮʝʥʢʠ ʧʝʨʚʠʯʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʚ ʨʘʟʥʳʝ ʛʦʜʳ, ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʝ ʦʮʝʥʢʠ ʪʨʦʬʥʦʩʪʠ ʠ ʜʣʷ ʦʟʝʨ, 

ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʥʘʯʘʣʦʩʴ ʣʠʰʴ ʢ ʪʨʝʪʴʝʡ ʯʝʪʚʝʨʪʠ ʍʍ ʚʝʢʘ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʢʘʪʝʛʦʨʠʷʤʠ ʪʨʦʬʥʦʩʪʠ ʯʘʩʪʦ ʦʢʘʟʳʚʘʶʪʩʷ 

ʨʘʟʤʳʪʳʤʠ, ʜʣʷ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʡ ʪʨʦʬʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʢʨʫʧʥʝʡʰʠʭ ʦʟʝʨ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʰʢʘʣʘ, ʚʢʣʶʯʘʶʱʘʷ ʥʘʨʷʜʫ ʩ ʢʘʪʝʛʦʨʠʷʤʠ ʦʣʠʛʦʪʨʦʬʥʳʝ, ʤʝʟʦʪʨʦʬʥʳʝ, ʵʚʪʨʦʬʥʳʝ ʠ 

ʛʠʧʝʨʪʨʦʬʥʳʝ ʚʦʜʳ ʪʘʢʞʝ ʧʝʨʝʭʦʜʥʳʝ ʢʘʪʝʛʦʨʠʠ - ʦʣʠʛʦʪʨʦʬʥʦ-ʤʝʟʦʪʨʦʬʥʳʝ ʠ ʤʝʟʦʪʨʦʬʥʦ-

ʵʚʪʨʦʬʥʳʝ.  

ʇʦʩʢʦʣʴʢʫ ʚ ʦʩʥʦʚʫ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʦʞʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ, 

ʩʦʙʨʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʨʘʟʣʠʯʘʝʪʩʷ ʧʦ ʪʦʯʥʦʩʪʠ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʪʨʦʬʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʚʦʜʦʝʤʦʚ 

ʯʘʩʪʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ, ʫʯʠʪʳʚʘʣʠʩʴ ʨʘʟʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. ʂʨʦʤʝ ʪʦʛʦ ʩʠʣʴʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʠ ʩʪʝʧʝʥʴ ʣʠʤʥʦʣʦʛʠʯʝʩʢʦʡ ʠʟʫʯʝʥʥʦʩʪʠ ʢʨʫʧʥʝʡʰʠʭ ʚʦʜʦʝʤʦʚ ʤʠʨʘ. ɼʣʷ ʨʷʜʘ ʦʟʝʨ 

ʩʫʱʝʩʪʚʫʶʪ ʣʠʰʴ ʦʩʨʝʜʥʝʥʥʳʝ ʦʮʝʥʢʠ ʠʭ ʪʨʦʬʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 
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ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʧʦ ʨʷʜʫ ʧʦʢʘʟʘʪʝʣʝʡ, ʪʦʛʜʘ ʢʘʢ ʪʨʦʬʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʝʡ 

ʚʦʜʦʝʤʘ ʤʦʞʝʪ ʩʠʣʴʥʦ ʚʘʨʴʠʨʦʚʘʪʴ, ʠ ʫʯʝʪʘ ʪʦʣʴʢʦ ʤʦʨʬʦʤʝʪʨʠʠ ʚʦʜʦʝʤʘ, ʧʦʣʦʞʝʥʥʦʡ ʥʘʤʠ ʚ 

ʦʩʥʦʚʫ ʥʘʰʠʭ ʦʮʝʥʦʢ ʨʘʟʜʝʣʝʥʠʷ ʚʦʜʥʳʭ ʤʘʩʩ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʙʳʚʘʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʂʨʦʤʝ ʪʦʛʦ, 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʦʙʲʝʤ ʦʟʝʨʥʳʭ ʚʦʜ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʩʘʤʳʭ ʢʨʫʧʥʳʭ ʦʟʝʨʘʭ, ʪʦʛʜʘ ʢʘʢ ʥʘ ʦʩʪʘʣʴʥʳʝ ʧʨʠʭʦʜʠʪʩʷ ʣʠʰʴ ʥʝʙʦʣʴʰʘʷ ʜʦʣʷ ʦʪ 

ʩʫʤʤʘʨʥʦʡ ʚʝʣʠʯʠʥʳ ʦʟʝʨʥʳʭ ʚʦʜ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʘʞʝ ʥʝʙʦʣʴʰʠʝ ʦʰʠʙʢʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʪʨʦʬʥʦʩʪʠ ʚʦʜʥʳʭ ʤʘʩʩ ʚ ʩʘʤʳʭ ʢʨʫʧʥʳʭ ʦʟʝʨʘʭ ʙʦʣʴʰʝ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʦʰʠʙʢʝ, 

ʯʝʤ ʜʘʞʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʝʪʦʯʥʦʩʪʠ ʚ ʦʮʝʥʢʘʭ ʪʨʦʬʥʦʩʪʠ ʦʟʝʨ ʩ ʤʝʥʴʰʠʤ ʦʙʲʝʤʦʤ. 

ɺ ʩʠʣʫ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʧʨʠʚʦʜʠʤʳʝ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʩʫʤʤʘʨʥʳʝ ʦʮʝʥʢʠ ʪʨʦʬʠʯʝʩʢʦʛʦ 

ʩʪʘʪʫʩʘ ʚʦʜʥʳʭ ʤʘʩʩ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʢʨʫʧʥʝʡʰʠʭ ʚʦʜʦʝʤʘʭ ʤʠʨʘ, ʥʝ ʤʦʛʫʪ ʧʨʝʪʝʥʜʦʚʘʪʴ ʥʘ 

ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ. ʆʜʥʘʢʦ ʦʥʠ ʜʘʶʪ ʫʙʝʜʠʪʝʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʦʠʟʦʰʝʜʰʠʭ ʟʘ ʧʦʣʩʪʦʣʝʪʠʷ 

ʠʟʤʝʥʝʥʠʷʭ ʢʘʯʝʩʪʚʘ ʚʦʜʥʳʭ ʤʘʩʩ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʢʨʫʧʥʝʡʰʠʭ ʦʟʝʨʘʭ.  

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʂ ʢʨʫʧʥʝʡʰʠʤ ʦʟʝʨʘʤ ʤʠʨʘ ʧʨʠʥʷʪʦ ʦʪʥʦʩʠʪʴ ʚʦʜʦʝʤʳ ʩ ʧʣʦʱʘʜʴʶ ʚʦʜʥʦʛʦ ʟʝʨʢʘʣʘ ʙʦʣʝʝ 

1000 ʢʤ
2
. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 79 ʧʨʝʩʥʦʚʦʜʥʳʭ ʦʟʝʨ ʩ ʧʣʦʱʘʜʴʶ ʦʪ 1000 ʜʦ 

10 000 ʢʤ
2
 ʠ 14 ʩ ʧʣʦʱʘʜʴʶ ʧʨʝʚʳʰʘʶʱʝʡ 10 000 ʢʤ

2
. ʉʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʥʠʭ ʚʦʜ 

ʩʦʩʪʘʚʣʷʝʪ ~94 000 ʢʤ
3 
(ʨʠʩʫʥʦʢ 1-ʘ). ʅʘ ʢʨʫʛʦʚʦʡ ʜʠʘʛʨʘʤʤʝ ʧʨʠʚʝʜʝʥʳ ʚʩʝ ʧʨʝʩʥʦʚʦʜʥʳʝ ʦʟʝʨʘ ʩ 

ʧʣʦʱʘʜʴʶ ʟʝʨʢʘʣʘ, ʧʨʝʚʳʰʘʶʱʝʡ 10 000 ʢʤ
2
, ʪʦʛʜʘ ʢʘʢ ʦʙʲʝʤ 79 ʦʟʝʨ ʩ ʧʣʦʱʘʜʴʶ ʦʪ 1000 ʜʦ 

10 000 ʢʤ
2 
 ʜʘʥ ʩʫʤʤʘʨʥʦ, ʧʦʩʢʦʣʴʢʫ ʜʦʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʥʝʩʦʧʦʩʪʘʚʠʤʦ ʤʝʥʴʰʝ. 

 

 
ʈʠʩ. 1. ʂʨʫʧʥʝʡʰʠʝ ʧʨʝʩʥʦʚʦʜʥʳʝ ʦʟʝʨʘ ʤʠʨʘ: ʘ) ï ʦʟʝʨʘ ʧʣʦʱʘʜʴʶ ʙʦʣʝʝ 1000 ʢʤ

2
, b) ï ʦʟʝʨʘ, 

ʩʦʜʝʨʞʘʱʠʝ ʙʦʣʝʝ 20 ʢʤ
3
 ʚʦʜʳ. 

 

ɽʩʣʠ ʚʳʙʦʨ ʦʟʝʨ ʧʨʦʚʝʩʪʠ ʧʦ ʦʙʲʝʤʘʤ ʟʘʢʣʶʯʝʥʥʦʡ ʚ ʥʠʭ ʚʦʜʳ, ʪʦ ʚ ʤʠʨʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 86 

ʦʟʝʨ ʦʙʲʝʤʦʤ >20 ʢʤ
3
, ʥʘ ʢʦʪʦʨʳʝ ʧʨʠʭʦʜʠʪʩʷ ~95 350 ʢʤ

3
 ʚʦʜʳ (ʨʠʩ. 1-b). ʅʘ ʢʨʫʛʦʚʦʡ ʜʠʘʛʨʘʤʤʝ 

ʧʨʠʚʝʜʝʥʳ ʚʩʝ ʧʨʝʩʥʦʚʦʜʥʳʝ ʦʟʝʨʘ ʩ ʦʙʲʝʤʘʤʠ ʚʦʜʳ ʙʦʣʝʝ 500 ʢʤ
3
, ʪʦʛʜʘ ʢʘʢ ʦʙʲʝʤ ʦʩʪʘʚʰʠʭʩʷ 

72 ʦʟʝʨ ʪʘʢʞʝ ʜʘʥ ʩʫʤʤʘʨʥʦ. ʂʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ, ʚʦ ʚʪʦʨʦʡ ʩʧʠʩʦʢ ʚʦʰʣʠ ʣʠʰʴ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠ ʠʟʫʯʝʥʥʳʝ ʦʟʝʨʘ. ʂʦʣʠʯʝʩʪʚʦ ʦʟʝʨ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʝʝ 20 ʢʤ
3
 ʧʨʝʩʥʦʡ ʚʦʜʳ, 

ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʠʤ, ʪʘʢ ʢʘʢ ʜʣʷ ʨʷʜʘ ʢʨʫʧʥʳʭ ʩʝʚʝʨʥʳʭ ʢʘʥʘʜʩʢʠʭ ʦʟʝʨ ʛʣʫʙʠʥʳ 

ʥʝʠʟʚʝʩʪʥʳ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ, ʩʧʠʩʦʢ ʥʘʠʙʦʣʴʰʠʭ ʧʦ ʧʣʦʱʘʜʷʤ ʟʝʨʢʘʣʘ ʦʟʝʨ, ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʧʦʣʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʦʧʨʝʜʝʣʝʥʠʝ ʧʣʦʱʘʜʝʡ ʙʦʣʴʰʠʭ ʪʨʫʜʥʦʩʪʝʡ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ. 

ʅʘ 14 ʩʘʤʳʭ ʢʨʫʧʥʳʭ ʦʟʝʨʘ ʤʠʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʧʣʦʱʘʜʷʤʠ ʟʝʨʢʘʣʘ ʙʦʣʝʝ 10 000 ʢʤ
2
 

(ʨʠʩ. 1-ʘ) ʠ ʦʙʲʝʤʘʤʠ ʚʦʜʳ ʙʦʣʝʝ 500 ʢʤ
3
 (ʨʠʩ. 1-ʙ), ʧʨʠʭʦʜʠʪʩʷ ʯʫʪʴ ʤʝʥʝʝ 95% ʦʙʲʝʤʘ ʚʩʝʭ ʚʦʜ, 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʢʨʫʧʥʝʡʰʠʭ ʧʨʝʩʥʦʚʦʜʥʳʭ ʦʟʝʨʘʭ, ʧʨʠʯʝʤ ʪʦʣʴʢʦ ʥʘ ʜʦʣʶ 3 ʩʘʤʳʭ ʙʦʣʴʰʠʭ 

ʦʟʝʨʘ ~58% ʵʪʦʛʦ ʦʙʲʝʤʘ. ʇʦʩʢʦʣʴʢʫ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʜʠʘʛʨʘʤʤʳ, ʥʘ ʦʩʪʘʚʰʠʝʩʷ ʦʟʝʨʘ ʧʨʠʭʦʜʠʪʩʷ 

ʣʠʰʴ ʥʝʤʥʦʛʠʤ ʙʦʣʝʝ 5% ʚʦʜ, ʠʤʝʥʥʦ 14 ʦʟʝʨ ʠ ʙʫʜʫʪ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʪʴ 

ʩʫʤʤʘʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʧʨʝʩʥʳʭ ʚʦʜ, ʟʘʢʣʶʯʝʥʥʳʭ ʚ ʢʨʫʧʥʝʡʰʠʝ ʦʟʝʨʘ.  

ɸʥʘʣʠʟʠʨʫʷ ʩʦʚʨʝʤʝʥʥʳʡ (ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʫʨʦʚʝʥʴ 2010 ʛ.) ʪʨʦʬʠʯʝʩʢʠʡ ʩʪʘʪʫʩ ʦʟʝʨʥʳʭ ʚʦʜ 

(ʨʠʩʫʥʦʢ 2), ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʚ ʦʟʝʨʘʭ, ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʧʦ ʧʣʦʱʘʜʠ ʟʝʨʢʘʣʘ, ʩʦʜʝʨʞʠʪʩʷ 
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~83 100 ʢʤ
3
 ʦʣʠʛʦʪʨʦʬʥʳʭ ʚʦʜ, ʘ ʚ ʥʘʠʙʦʣʴʰʠʭ ʧʦ ʦʙʲʝʤʘʤ ʟʘʢʣʶʯʝʥʥʦʡ ʚʦʜʳ ï ~84 500 ʢʤ

3
. ɺ 

ʪʦʞʝ ʚʨʝʤʷ, ʩʧʠʩʦʢ ʢʨʫʧʥʝʡʰʠʭ ʧʦ ʧʣʦʱʘʜʠ ʦʟʝʨ ʠ ʦʟʝʨ, ʩʦʜʝʨʞʘʱʠʭ ʥʘʠʙʦʣʴʰʠʝ ʤʘʩʩʳ ʚʦʜʳ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʜʦʣʠ ʚ ʥʠʭ ʚʦʜʦʝʤʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʟʥʦʤ ʪʨʦʬʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. 

ʇʦʩʢʦʣʴʢʫ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʘʥʘʣʠʟʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʘʯʝʩʪʚʘ ʚʦʜ ʦʟʝʨ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʜʚʫʭ ʩʧʠʩʢʘʭ, ʙʳʣʠ ʩʭʦʞʠ, ʦʮʝʥʢʘ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ 

ʚʦʜ, ʟʘʢʣʶʯʝʥʥʳʭ ʚ ʢʨʫʧʥʝʡʰʠʝ ʦʟʝʨʘ ʟʘ ʨʘʟʣʠʯʥʳʝ ʛʦʜʳ ʧʨʦʚʦʜʠʣʘʩʴ ʣʠʰʴ ʜʣʷ ʥʘʠʙʦʣʝʝ 

ʢʨʫʧʥʳʭ ʧʦ ʧʣʦʱʘʜʠ ʚʦʜʦʝʤʦʚ. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʛʠʩʪʦʛʨʘʤʤʘ ʩ 

ʥʘʢʦʧʣʝʥʠʝʤ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʠʟʤʝʥʝʥʠʷ ʜʦʣʠ ʚʦʜ ʨʘʟʣʠʯʥʦʡ ʪʨʦʬʥʦʩʪʠ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʠ 

ʥʘ ʫʨʦʚʥʠ 1950-ʭ ʠ 2010-ʭ ʛʛ. (3-a) ʠ ʛʠʩʪʦʛʨʘʤʤʘ ʠʟʤʝʥʝʥʠʷ ʧʨʦʮʝʥʪʘ ʦʟʝʨ ʨʘʟʣʠʯʥʦʡ ʪʨʦʬʥʦʩʪʠ 

(3-b).  

 
ʈʠʩ. 2. ɼʦʣʷ ʚʦʜ ʨʘʟʣʠʯʥʦʡ ʢʘʪʝʛʦʨʠʠ ʪʨʦʬʥʦʩʪʠ ʚ ʢʨʫʧʥʝʡʰʠʭ ʦʟʝʨʘʭ ʤʠʨʘ  

ʠ ʧʨʦʮʝʥʪ ʦʟʝʨ ʨʘʟʣʠʯʥʦʡ ʪʨʦʬʥʦʩʪʠ: ʘ) ï ʦʟʝʨʘ ʧʣʦʱʘʜʴʶ ʙʦʣʝʝ 1000 ʢʤ
2
,  

b) ï ʦʟʝʨʘ, ʩʦʜʝʨʞʘʱʠʝ ʙʦʣʝʝ 20 ʢʤ
3
 ʚʦʜʳ. 

 

 
ʈʠʩ. 3. ɼʦʣʷ ʚʦʜ ʨʘʟʣʠʯʥʦʡ ʢʘʪʝʛʦʨʠʠ ʪʨʦʬʥʦʩʪʠ ʚ ʢʨʫʧʥʝʡʰʠʭ ʧʦ ʧʣʦʱʘʜʠ ʟʝʨʢʘʣʘ 

ʧʨʝʩʥʦʚʦʜʥʳʭ ʦʟʝʨʘʭ ʤʠʨʘ (a) ʠ ʧʨʦʮʝʥʪ ʦʟʝʨ ʨʘʟʣʠʯʥʦʡ ʪʨʦʬʥʦʩʪʠ (b) ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʥʘ 

ʫʨʦʚʝʥʴ  1950-ʭ ʠ 2010-ʭ ʛʛ.  

 

ʉʦʛʣʘʩʥʦ ʚʳʧʦʣʥʝʥʥʦʤʫ ʘʥʘʣʠʟʫ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ (ʜʦ ʥʘʯʘʣʘ ʘʢʪʠʚʥʦʛʦ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ) ʚ ʤʠʨʝ ʥʘʩʯʠʪʳʚʘʣʦʩʴ 58 ʦʟʝʨ, ʧʨʝʚʳʰʘʶʱʠʭ ʧʦ ʧʣʦʱʘʜʠ 

1000 ʢʤ
2
, ʩ ʦʣʠʛʦʪʨʦʬʥʳʤʠ ʚʦʜʘʤʠ, 27 - ʩ ʤʝʟʦʪʨʦʬʥʳʤʠ ʠ 8 - ʩ ʵʚʪʨʦʬʥʳʤʠ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʦʣʠʛʦʪʨʦʬʥʳʭ ʦʟʝʨ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʛʣʫʙʠʥʘʤʠ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʦʣʴʰʠʤʠ 
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ʦʙʲʝʤʘʤʠ ʚʦʜʳ. ʅʘ ʠʭ ʜʦʣʶ ʧʨʠʭʦʜʠʣʦʩʴ ʦʢʦʣʦ 96% ʦʪ ʩʫʤʤʘʨʥʦʛʦ ʦʙʲʝʤʘ ʚʦʜ ʚʩʝʭ ʢʨʫʧʥʝʡʰʠʭ 

ʦʟʝʨ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʤʝʟʦʪʨʦʬʥʳʝ ʠ ʵʚʪʨʦʬʥʳʝ ʯʘʱʝ ʚʩʝʛʦ ʷʚʣʷʣʠʩʴ ʤʝʣʢʦʚʦʜʥʳʤʠ, ʠ ʤʘʩʩʘ 

ʟʘʢʣʶʯʝʥʥʦʡ ʚ ʥʠʭ ʚʦʜʳ ʥʝ ʧʨʝʚʳʰʘʣʘ 4%.  

ɹʣʘʛʦʜʘʨʷ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʟʘʪʨʦʥʫʚʰʝʤʫ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʍʍ 

ʚ. ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʢʨʫʧʥʝʡʰʠʝ ʦʟʝʨʘ ʤʠʨʘ, ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʣʠʰʴ 41 ʧʨʝʩʥʦʚʦʜʥʦʝ ʦʟʝʨʦ 

ʩʦʭʨʘʥʷʝʪ ʦʣʠʛʦʪʨʦʬʥʳʡ ʩʪʘʪʫʩ ʧʦ ʚʩʝʡ ʘʢʚʘʪʦʨʠʠ ʠ ʝʱʝ 13 ʦʟʝʨ ï ʚ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʟʦʥʝ. ʆʙʲʝʤ 

ʦʣʠʛʦʪʨʦʬʥʳʭ ʚʦʜ ʟʘ ʧʝʨʠʦʜ 1950-2010 ʛʛ. ʩʥʠʟʠʣʩʷ ʚ ʢʨʫʧʥʝʡʰʠʭ ʧʨʝʩʥʦʚʦʜʥʳʭ ʦʟʝʨʘʭ ʥʘ 3.5%, 

ʦʙʲʝʤ ʵʚʪʨʦʬʥʳʭ ʠ ʛʠʧʝʨʪʨʦʬʥʳʭ ʜʦʩʪʠʛ 3.2%. ɺ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʜʦʣʷ ʵʚʪʨʦʬʥʳʭ ʚʦʜ ʙʳʣʘ 

ʢʨʘʡʥʝ ʤʘʣʘ ʠ ʥʘʙʣʶʜʘʣʘʩʴ ʣʠʰʴ ʚ ʥʝʩʢʦʣʴʢʠʭ ʢʨʫʧʥʳʭ ʤʝʣʢʦʚʦʜʥʳʭ ʚʦʜʦʝʤʘʭ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʥʘ ʚʦʜʦʩʙʦʨʝ. 

ʅʘʠʙʦʣʝʝ ʙʳʩʪʨʦ ʧʨʦʮʝʩʩʳ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʣʠ ʚ ʤʝʣʢʦʚʦʜʥʳʭ 

ʚʦʜʦʝʤʘʭ, ʢʘʢ ʪʨʦʧʠʯʝʩʢʠʭ ʰʠʨʦʪ, ʪʘʢ ʠ ʫʤʝʨʝʥʥʦʡ ʟʦʥʳ. ɺ ʪʨʦʧʠʯʝʩʢʠʭ ʦʟʝʨʘʭ ʦʥʠ ʫʩʠʣʠʚʘʣʠʩʴ 

ʧʦʩʪʦʷʥʥʦ ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤʠ ʙʳʩʪʨʦʤʫ ʧʨʦʪʝʢʘʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. ʉʨʝʜʠ ʢʨʫʧʥʝʡʰʠʭ ʚʦʜʦʝʤʦʚ ʤʠʨʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʛʠʧʝʨʪʨʦʬʥʳʡ ʩʪʘʪʫʩ ʢ ʥʘʯʘʣʫ ʍʍI ʚ. ʧʨʠʦʙʨʝʣʠ ʦʟ. ʏʘʧʘʣʘ ʠ ʄʘʥʘʛʫʘ, ʘ ʵʚʪʨʦʬʥʦ-ʛʠʧʝʨʪʨʦʬʥʳʡ 

- ʦʟ. ʊʘʡʭʫ ʠ ʯʘʩʪʴ ʏʫʜʩʢʦ-ʇʩʢʦʚʩʢʦʛʦ ʦʟʝʨʘ. ɻʠʧʝʨʪʨʦʬʥʦʛʦ ʩʪʘʪʫʩʘ ʜʦʩʪʠʛʣʠ ʠ ʙʦʣʝʝ ʛʣʫʙʦʢʠʝ 

ʦʟʝʨʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʧʦʜ ʟʥʘʯʠʪʝʣʴʥʳʤ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʧʨʝʩʩʦʤ ï ʦʟ. ɸʣʴʙʝʨʪ ʠ ɺʠʢʪʦʨʠʷ. ɺ 1960-

70-ʝ ʛʛ. ʵʚʪʨʦʬʥʦ-ʛʠʧʝʨʪʨʦʬʥʦʛʦ ʩʪʘʪʫʩʘ ʜʦʩʪʠʛʘʣʦ ʥʘʠʙʦʣʝʝ ʤʝʣʢʦʝ ʠʟ ɺʝʣʠʢʠʭ ʆʟʝʨ ï ʕʨʠ. ʉ 

ʢʦʥʮʘ 1970-ʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʥʷʪʳʭ ʧʨʘʚʠʪʝʣʴʩʪʚʘʤʠ ʉʐɸ ʠ ʂʘʥʘʜʳ ʤʝʨ, ʩʦʩʪʦʷʥʠʝ ʦʟ. ʕʨʠ 

ʥʘʯʘʣʦ ʫʣʫʯʰʘʪʴʩʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʩʦʛʣʘʩʥʦ ʧʫʙʣʠʢʫʝʤʳʤ ʥʘʮʠʦʥʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʟʘʧʘʜʥʳʡ 

ʙʘʩʩʝʡʥ ʦʟ. ʕʨʠ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʦʣʠʛʦʪʨʦʬʥʦʤʫ ʩʦʩʪʦʷʥʠʶ, ʭʦʪʴ ʝʛʦ ʬʠʪʦʧʣʘʥʢʪʦʥʥʦʝ ʩʦʦʙʱʝʩʪʚʦ 

ʧʦʢʘ ʝʱʝ ʧʦ ʩʚʦʝʤʫ ʚʠʜʦʚʦʤʫ ʩʦʩʪʘʚʫ ʦʪʚʝʯʘʝʪ ʭʘʨʘʢʪʝʨʫ ʤʝʟʦʪʨʦʬʥʦʛʦ ʚʦʜʦʝʤʘ. ɸʥʪʨʦʧʦʛʝʥʥʦʝ 

ʵʚʪʨʦʬʠʨʦʚʘʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʪʘʢʞʝ ʚ ʤʝʣʢʦʚʦʜʥʳʭ ʢʠʪʘʡʩʢʠʭ ʦʟʝʨʘʭ ɼʦʥʛʪʠʥʛʭʫ ʠ ʇʦʷʥʭʫ. 

ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʦʙʘ ʦʟʝʨʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʙʘʩʩʝʡʥʝ ʢʨʫʧʥʝʡʰʝʡ ʨ. ʗʥʮʟʳ ʠ ʷʚʣʷʶʪʩʷ ʚ ʵʪʦʡ 

ʩʚʷʟʠ ʚʳʩʦʢʦ ʧʨʦʪʦʯʥʳʤʠ, ʦʥʠ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʩʚʦʝʡ ʘʢʚʘʪʦʨʠʠ ʦʩʪʘʚʘʣʠʩʴ ʤʝʟʦʪʨʦʬʥʳʤʠ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʟʘʩʝʣʝʥʥʦʩʪʠ ʚʦʜʦʩʙʦʨʘ ʠ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʟʜʝʩʴ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ. ʈʝʟʢʦʝ ʧʦʚʳʰʝʥʠʝ ʪʨʦʬʥʦʩʪʠ ʥʘ ʦʟʝʨʘʭ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʛʦʜʳ ʥʠʟʢʦʡ ʚʦʜʥʦʩʪʠ. ʊʘʢ, 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʦʪʤʝʯʘʣʦʩʴ ʚ 2000-ʭ ʛʛ., ʠ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʟʘʚʝʨʰʝʥʠʝʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚʳʰʝ ʧʦ ʪʝʯʝʥʠʶ ʨ. ʗʥʮʟʳ ʜʘʤʙʳ çʊʨʠ ʋʱʝʣʴʷè ʠ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʧʦʣʝʟʥʦʡ ʝʤʢʦʩʪʴʶ 22 ʢʤ
3
, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʪʦʢ ʧʦ ʗʥʮʟʳ ʙʳʣ ʨʝʟʢʦ ʩʦʢʨʘʱʝʥ. 

ɺ ʙʦʣʴʰʠʭ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʦʟʝʨʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʦʛʨʦʤʥʳʝ ʤʘʩʩʳ ʚʦʜʳ, ʧʨʦʮʝʩʩʳ 

ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʧʨʦʷʚʣʷʣʠʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʦʢʘʣʴʥʦ, ʟʘʪʨʘʛʠʚʘʷ ʤʝʣʢʦʚʦʜʥʫʶ ʟʦʥʫ. ʉʣʘʙʘʷ 

ʩʪʝʧʝʥʴ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʥʝ ʪʦʣʴʢʦ ʥʘ ʦʟʝʨʘʭ, ʚʦʜʦʩʙʦʨʳ ʢʦʪʦʨʳʭ 

ʥʘʩʝʣʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦ (ʦʟʝʨʘ ʂʘʥʘʜʩʢʦʛʦ ʱʠʪʘ, ʉʠʙʠʨʠ, ʇʘʪʘʛʦʥʩʢʠʭ ɸʥʜ), ʥʦ ʠ ʥʘ 

ʥʘʠʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ɺʝʣʠʢʠʭ ʆʟʝʨʘʭ, ʛʜʝ ʥʘʯʘʚʰʠʡʩʷ ʧʨʦʮʝʩʩ ʫʭʫʜʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʙʳʣ 

ʧʨʠʦʩʪʘʥʦʚʣʝʥ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʚʨʝʤʝʥʥʦʤʫ ʧʨʠʥʷʪʠʶ ʤʝʨ. 

ʕʚʪʨʦʬʠʨʦʚʘʥʠʝ, ʦʭʚʘʪʳʚʘʶʱʝʝ ʧʨʠʙʨʝʞʥʫʶ ʟʦʥʫ, ʥʘʙʣʶʜʘʣʦʩʴ ʠ ʥʘ ʛʣʫʙʦʯʘʡʰʠʭ 

ɸʬʨʠʢʘʥʩʢʠʭ ʦʟʝʨʘʭ - ʊʘʥʛʘʥʴʠʢʝ, ʅʴʷʩʝ ʠ ʂʠʚʫ, ʙʘʩʩʝʡʥʳ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʥʘʩʝʣʝʥʠʷ. ʆʛʨʦʤʥʳʝ ʤʘʩʩʳ ʚʦʜʳ ʵʪʠʭ ʦʟʝʨ ʠ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʦʚ 

ʩʘʤʦʦʯʠʱʝʥʠʷ ʫʤʝʥʴʰʘʶʪ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ.  

ɹʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʠʤʝʥʥʦ ʚ ʛʣʫʙʦʯʘʡʰʠʭ ʦʟʝʨʘʭ ɿʝʤʣʠ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ 

ʚʦʜʳ, ʩʫʤʤʘʨʥʘʷ ʚʝʣʠʯʠʥʘ ʦʣʠʛʦʪʨʦʬʥʳʭ ʚʦʜ ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʚʳʩʦʢʦʡ. ʂʘʢ ʫʞʝ 

ʫʢʘʟʳʚʘʣʦʩʴ, ʦʙʲʝʤ ʦʣʠʛʦʪʨʦʬʥʳʭ ʚʦʜ ʚ ʢʨʫʧʥʝʡʰʠʭ ʦʟʝʨʘʭ ʟʘ 60 ʣʝʪ ʩʥʠʟʠʣʩʷ ʣʠʰʴ ʥʘ 3.5%. ʇʨʠ 

ʵʪʦʤ, ʙʣʘʛʦʜʘʨʷ ʫʣʫʯʰʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ɸʤʝʨʠʢʘʥʩʢʠʭ ʆʟʝʨ ʠ ʢʨʫʧʥʝʡʰʠʭ ʦʟʝʨ ɽʚʨʦʧʳ, ʟʘ 

ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʦʥ ʜʘʞʝ ʫʚʝʣʠʯʠʣʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 1960-1980-ʤʠ ʛʛ. 

ʆʙʩʫʞʜʘʷ ʚʦʧʨʦʩʳ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʚʦʜʦʝʤʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʨʝʛʠʦʥʘʭ ʤʠʨʘ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʞʝʩʪʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʵʪʦʪ ʧʨʦʮʝʩʩ ʠʤʝʝʪ ʚ 

ʪʨʦʧʠʯʝʩʢʠʭ ʩʪʨʘʥʘʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ: ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤʠ 

ʙʳʩʪʨʦʤʫ ʨʘʟʚʠʪʠʶ ʙʠʦʪʳ; ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʦʩʘʜʢʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʚʳʩʦʢʠʝ ʥʦʨʤʳ ʚʳʤʳʚʘʥʠʷ 

ʙʠʦʛʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ; ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʥʘʩʝʣʝʥʠʷ, ʫʚʝʣʠʯʠʚʘʶʱʝʡ ʩʪʝʧʝʥʴ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʧʨʝʩʩʠʥʛʘ ʥʘ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ; ʦʪʩʫʪʩʪʚʠʝʤ ʜʦʣʞʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʥʩʪʠʪʫʪʦʚ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʦʟʥʠʢʘʶʱʠʝ 
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ʧʨʦʙʣʝʤʳ; ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʚ ʩʠʣʫ ʢʦʪʦʨʦʛʦ ʜʣʷ ʧʨʠʥʷʪʠʷ ʘʜʝʢʚʘʪʥʳʭ 

ʤʝʨ ʥʝ ʭʚʘʪʘʝʪ ʩʨʝʜʩʪʚ. ɺ ʵʢʦʥʦʤʠʯʝʩʢʠ ʩʣʘʙʦ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤ, ʧʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʙʠʦʛʝʥʥʳʭ ʩʪʦʢʦʚ, ʠʤʝʶʱʠʭ ʢʦʤʤʫʥʘʣʴʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ, ʧʨʠ 

ʵʪʦʤ ʠʤʝʥʥʦ ʢʦʤʤʫʥʘʣʴʥʳʝ ʩʪʦʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ, ʷʚʣʷʷʩʴ ʠʩʪʦʯʥʠʢʦʤ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʵʧʠʜʝʤʠʡ. ʇʦʚʘʣʴʥʘʷ ʙʝʜʥʦʩʪʴ, ʧʨʠʤʠʪʠʚʥʦʝ ʞʠʣʴʝ, ʚʳʩʦʢʠʝ 

ʪʝʤʧʳ ʧʨʠʨʦʩʪʘ ʥʘʩʝʣʝʥʠʷ, ʦʪʩʫʪʩʪʚʠʝ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʠ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʜʝʡʩʪʚʠʡ 

ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʭʚʘʪʠʪʴ ʩʠʩʪʝʤʘʤʠ ʢʘʥʘʣʠʟʘʮʠʠ ʜʘʞʝ ʫʞʝ ʧʦʩʪʨʦʝʥʥʦʝ 

ʞʠʣʴʝ, ʥʝ ʛʦʚʦʨʷ ʦ ʧʦʩʪʦʷʥʥʦ ʚʦʟʥʠʢʘʶʱʠʭ ʥʦʚʳʭ ʧʦʩʝʣʝʥʠʷʭ. ʀʟ-ʟʘ ʙʳʩʪʨʦʛʦ ʨʦʩʪʘ ʛʦʨʦʜʦʚ, 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʢʘʥʘʣʠʟʘʮʠʠ ʥʝ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʠʤ ʦʙʲʝʤʦʤ ʩʪʦʢʦʚ, 

ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʧʨʦʨʳʚ ʠ ʧʝʨʝʣʠʚ ʩʪʦʯʥʳʭ ʚʦʜ. ɼʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʮʝʣʝʚʦʛʦ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʯʠʩʪʥʳʭ ʩʠʩʪʝʤ, ʦʩʫʱʝʩʪʚʠʪʴ ʜʦʣʞʥʫʶ 

ʦʯʠʩʪʢʫ ʢʦʤʤʫʥʘʣʴʥʳʭ ʩʪʦʢʦʚ ʦʙʳʯʥʦ ʥʝ ʫʜʘʝʪʩʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʚʚʦʜʠʤʳʭ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʠʩʪʝʤ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʨʘʟʫ ʥʝ ʫʩʧʝʚʘʶʪ ʩʧʨʘʚʠʪʴʩʷ ʩ ʦʯʠʩʪʢʦʡ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʶʱʝʛʦʩʷ ʦʙʲʝʤʘ 

ʩʪʦʢʦʚ, ʚʳʭʦʜʷʪ ʠʟ ʩʪʨʦʷ ʠ ʥʝ ʨʘʙʦʪʘʶʪ ʧʦ ʥʝʩʢʦʣʴʢʦ ʤʝʩʷʮʝʚ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯʠ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʙʠʦʛʝʥʥʦʛʦ ʧʨʠʪʦʢʘ ʚ ʦʟʝʨʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʘʬʨʠʢʘʥʩʢʠʭ ʠ ʚ ʨʷʜʝ ʘʟʠʘʪʩʢʠʭ 

ʩʪʨʘʥ ʥʘ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʤʘʣʦʚʝʨʦʷʪʥʦ. 

ʇʨʦʙʣʝʤʳ ʩʥʠʞʝʥʠʷ ʙʠʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʦʜʦʝʤʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʫʤʝʨʝʥʥʦʡ ʟʦʥʝ 

ʨʝʰʘʶʪʩʷ ʙʦʣʝʝ ʫʩʧʝʰʥʦ, ʦʩʦʙʝʥʥʦ ʚ ʩʪʨʘʥʘʭ ʩ ʨʘʟʚʠʪʦʡ ʵʢʦʥʦʤʠʢʦʡ, ʦʜʥʘʢʦ ʪʨʝʙʫʶʪ 

ʢʦʣʦʩʩʘʣʴʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ. ɺʦʰʝʜʰʝʝ ʫʞʝ ʚ ʥʦʨʤʫ ʩ 1970-80-ʭ ʛʛ. ʞʝʩʪʢʦʝ ʦʛʨʘʥʠʯʝʥʠʝ 

ʙʠʦʛʝʥʥʦʛʦ ʧʨʠʪʦʢʘ ʧʨʠ ʩʪʨʦʛʦʤ ʩʦʙʣʶʜʝʥʠʠ ʚʳʨʘʙʦʪʘʥʥʳʭ ʥʦʨʤʘʪʠʚʦʚ ʠ ʥʝʫʢʣʦʥʥʦʤ 

ʩʦʙʣʶʜʝʥʠʠ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʦʙʳʯʥʦ ʧʨʠʚʦʜʷʪ ʢ ʥʝʧʣʦʭʠʤ ʨʝʟʫʣʴʪʘʪʘʤ ʠ ʫʣʫʯʰʝʥʠʶ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʟʝʨ. ʆʜʥʘʢʦ ʜʘʞʝ ʧʨʠ ʫʩʧʝʰʥʳʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ, 

ʨʝʦʣʠʛʦʪʨʦʬʠʢʘʮʠʷ ʚʦʜʦʝʤʘ ʦʙʳʯʥʦ ʠʜʝʪ ʤʝʜʣʝʥʥʦ ʠ ʩʣʦʞʥʦ, ʠ ʩʦʧʨʷʞʝʥʘ ʩ ʤʘʩʩʦʡ 

ʥʝʦʞʠʜʘʥʥʦʩʪʝʡ, ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʫʭʫʜʰʝʥʠʝʤ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʪʨʦʬʥʦʩʪʴ. ɽʝ ʩʢʦʨʦʩʪʴ ʟʘʚʠʩʠʪ ʧʨʠ ʵʪʦʤ ʥʝ ʪʦʣʴʢʦ ʦʪ ʤʘʩʰʪʘʙʘ ʧʨʠʥʷʪʳʭ ʤʝʨ, ʥʦ ʠ ʦʪ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʘʤʦʛʦ ʚʦʜʦʝʤʘ, ʝʛʦ ʧʨʠʨʦʜʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʘʤʦʦʯʠʱʝʥʠʶ. ɼʣʷ 

ʤʝʣʢʦʚʦʜʥʳʭ ʠ ʩʣʘʙʦ ʧʨʦʪʦʯʥʳʭ ʚʦʜʦʝʤʦʚ ʭʘʨʘʢʪʝʨʥʘ ʟʘʤʝʜʣʝʥʥʘʷ ʨʝʘʢʮʠʷ ʥʘ ʧʨʝʜʧʨʠʥʠʤʘʝʤʳʝ 

ʚʦʜʦʭʨʘʥʥʳʝ ʤʝʨʳ, ʩʚʷʟʘʥʥʘʷ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʚ ʠʭ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʦʛʨʦʤʥʳʭ ʦʙʲʝʤʦʚ 

ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʷʚʣʷʶʱʠʭʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʭ ʧʦʩʪʘʚʱʠʢʦʤ ʦʙʨʘʪʥʦ ʚ ʚʦʜʫ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʨʫʧʥʝʡʰʠʝ ʦʟʝʨʘ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤ ʨʝʟʝʨʚʦʤ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʝʩʥʳʭ ʚʦʜ, ʯʪʦ ʪʨʝʙʫʝʪ ʫʜʝʣʷʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʢ ʧʦʜʜʝʨʞʘʥʠʶ ʠʭ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ɼʨʘʙʢʦʚʘ ɺ. ɻ., ʀʟʤʘʡʣʦʚʘ ɸ. ɺ. ʆʮʝʥʢʘ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʚʦʜ ʢʨʫʧʥʝʡʰʠʭ ʦʟʝʨ ʠ 

ʚʦʜʦʭʨʘʥʠʣʠʱ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ/ ɺ. ɻ. ɼʨʘʙʢʦʚʘ, ɸ. ɺ. ʀʟʤʘʡʣʦʚʘ // ɻʝʦʛʨʘʬʠʷ ʠ ʧʨʠʨʦʜʥʳʝ 

ʨʝʩʫʨʩʳ. ï 2014. ï ˉ4. ï ʉ. 22-29. 

2. ʃʴʚʦʚʠʯ ʄ. ʀ. ʄʠʨʦʚʳʝ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ʠ ʠʭ ʙʫʜʫʱʝʝ. ʄ. ï 1974. ï 448 ʩ. 

3. ʈʫʤʷʥʮʝʚ ɺ. ɸ., ɼʨʘʙʢʦʚʘ ɺ. ɻ., ʀʟʤʘʡʣʦʚʘ ɸ. ɺ. ɺʝʣʠʢʠʝ ʦʟʝʨʘ ʤʠʨʘ. ʉ-ʇʙ. ʃʝʤʘ. ï 

2012. ï 372 ʩ. 

4. ʈʫʤʷʥʮʝʚ ɺ. ɸ., ɼʨʘʙʢʦʚʘ ɺ. ɻ., ʀʟʤʘʡʣʦʚʘ ɸ. ɺ. ʂʨʫʧʥʝʡʰʠʝ ʦʟʸʨʘ ʤʠʨʘ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ/ ɺ. ɸ. ʈʫʤʷʥʮʝʚ, ɺ. ɻ. ɼʨʘʙʢʦʚʘ, ɸ. ɺ. ʀʟʤʘʡʣʦʚʘ // ɺʝʩʪʥʠʢ 

ʨʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. ï 2014. ï ʪʦʤ 84, ˉ 1. ï ʉ. 41ï51. 

5. ʈʷʥʞʠʥ ʉ. ɺ. ʄʥʦʛʦ ʣʠ ʥʘ ɿʝʤʣʝ ʦʟʝʨ?/ ʉ. ɺ. ʈʷʥʞʠʥ // ʇʨʠʨʦʜʘ. ï 2005. ï ˉ4. ï ʉ. 18-

25. 

6. Downing J. A., Prairie Y. T., Cole J. J., Duarte C. M., Tranvick L. J., Striegel R. G., 

McDowell W. H., Kortelainen P., Melack J. M. & J. J. Middleburg The global abundance and size 

distribution of lakes, ponds and impoundments// Limnology and Oceanography. ï 2006. ï 51. ï P. 2388-

2397. 

7. Izmailova A. V., Rumyantsev V. A. Trophic status of the largest freshwater lakes in the world// 

Lakes and Reservoirs: Research and Management. ï 2016. ï 21. P. 21ï31. 



174 

 

8. Meybeck M. Global distribution of lakes// Physics and Chemistry of Lakes. Berlin, Heidelberg. 

ï 1995. ï P. 1ð36. 

9. Nace R. L. World water inventory and control /Ed. R. J. Chorley// Water, Earth and Man. 

London. ï 1969. ï P.31ð42. 

10. World Water Resources at the Beginning of 21st Century/Ed. Shiklomanov I.A., Rodda J.C. 

Cambridge University Press. ï 2003. ï 450 p. 

11. Tamrazyan G. P. Total lake water resources of the planet// Bull. Geolog. Soc. Finland. ï1974. ï 

V.46. ˉ1. ï P.23ð27. 

12. Verpoorter Ch., Kutser T., Seekell D. A., and Tranvik L. J. A global inventory of lakes based 

on high-resolution satellite imagery // Geophysical Research Letters. ï 2014. ï 41(18). ï P. 6396-6402. 

13. Wetzel R. G. Limnology / 2nd ed. Saunders College Publishing, Philadelphia. ï 1983. ï 860 p. 
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Abstract: The problem of freshwater shortage is becoming increasingly acute every year and the 

calculating the freshwater reserves is an important task in planning almost all economic activities. The 

volume of water contained in largest lakes is so great that they can rightly be considered the most 

important reserve of surface fresh water of the planet. So it is very important to have an understanding of 

itôs current state and the changes in the quality of this resource in recent decades. 
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ɸʥʥʦʪʘʮʠʷ: ɺʦʜʥʳʝ ʛʨʠʙʳ, ʠʛʨʘʶʱʠʝ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ ʪʨʦʬʠʠ ʦʟʝʨʘ. ʈʦʩʪ ʯʠʩʣʝʥʥʦʩʪʠ 

ʤʠʢʦʧʣʘʥʢʪʦʥʘ ʚʳʟʚʘʥ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʟʘ ʩʯʝʪ ʦʩʝʥʥʝʡ 

ʚʩʧʳʰʢʠ ʜʠʘʪʦʤʦʚʳʭ ʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʵʪʘʧʘ ʠʥʪʝʥʩʠʚʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʦʟʝʨʥʦʡ ʙʠʦʪʳ ʚ ʭʦʜʝ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ. ɸʥʪʨʦʧʦʛʝʥʥʦʝ ʚʣʠʷʥʠʝ ʚʳʟʳʚʘʝʪ ʧʝʨʝʩʪʨʦʡʢʫ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʤʠʢʦʙʠʦʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʥʳʝ ʛʨʠʙʳ, ʜʦʤʠʥʠʨʫʶʱʠʡ ʢʦʤʧʣʝʢʩ, ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ 

 

ʄʘʩʩʦʚʦʩʪʴ ʚʠʜʦʚ ʚʦʜʥʳʭ ʛʨʠʙʦʚ ʚ ʧʣʘʥʢʪʦʥʝ ʨʘʟʥʦʪʠʧʥʳʭ ʦʟʝʨ ʉʝʚʝʨʦïɿʘʧʘʜʘ ʈʦʩʩʠʠ, ʢʘʢ ʚ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ ʠ ʧʨʠ ʘʥʪʨʦʧʦʛʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʜʦʚʦʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ. ɺʦʜʥʳʝ 

ʛʨʠʙʳ, ʢʘʢ ʠ ʙʘʢʪʝʨʠʠ, ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʟʣʦʞʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʩʧʦʩʦʙʩʪʚʫʷ ʠʭ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʚʦʟʚʨʘʱʝʥʠʶ ʚ ʦʟʝʨʥʳʝ ʢʨʫʛʦʚʦʨʦʪʳ ʦʩʥʦʚʥʳʭ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ï ʬʦʩʬʦʨʘ, 

ʘʟʦʪʘ, ʢʨʝʤʥʠʷ [1]. ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʛʨʫʧʧ ʦʨʛʘʥʠʟʤʦʚ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ 

ʵʢʦʩʠʩʪʝʤʳ. ʄʘʩʩʦʚʦʝ ʨʘʟʚʠʪʠʝ ʤʠʢʦʧʣʘʥʢʪʦʥʘ ʚ ʃʘʜʦʞʩʢʦʤ ʦʟʝʨʝ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʜʝʬʠʮʠʪʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʜʦʩʪʫʧʥʦʛʦ (ʤʠʥʝʨʘʣʴʥʦʛʦ) ʬʦʩʬʦʨʘ ʚ ʵʢʦʩʠʩʪʝʤʥʳʭ 

ʢʨʫʛʦʚʦʨʦʪʘʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʝʛʦ ʚʦʜʦʨʦʩʣʷʤʠ ʠ, ʚ ʝʱʝ ʙʦʣʴʰʝʤ 

ʢʦʣʠʯʝʩʪʚʝ, ʙʘʢʪʝʨʠʦʧʣʘʥʢʪʦʥʦʤ ʚ ʭʦʜʝ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʦʟʝʨʘ. ɺʦʜʥʳʝ ʛʨʠʙʳ 

ʩʧʦʩʦʙʥʳ ʨʘʟʣʘʛʘʪʴ ʥʘʠʙʦʣʝʝ ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ʨʝʯʥʦʛʦ ʧʨʠʪʦʢʘ ï ʛʫʤʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ. ʇʨʠ ʵʪʦʤ ʦʥʠ ʷʚʣʷʶʪʩʷ ʥʝʦʙʳʯʘʡʥʦ ʧʣʘʩʪʠʯʥʦʡ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʧʦʜʚʠʞʥʦʡ ʛʨʫʧʧʦʡ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʩ ʚʳʩʦʢʠʤʠ ʘʜʘʧʪʘʮʠʦʥʥʳʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ 

ʠ ʙʫʜʫʯʠ ʛʝʪʝʨʦʪʨʦʬʥʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ, ʠʛʨʘʶʪ ʨʦʣʴ ʚ ʢʨʫʛʦʚʦʨʦʪʝ ʚʝʱʝʩʪʚ ʚ ʦʟʝʨʝ. ʉʚʦʝʡ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴʶ ʦʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ, ʘ ʫʨʦʚʝʥʴ 

ʟʘʩʧʦʨʝʥʥʦʩʪʠ ʚʦʜʳ ʠʭ ʧʨʦʧʘʛʫʣʘʤʠ (ʛʨʠʙʥʳʝ ʟʘʨʦʜʳʰʠ ʛʠʬ ʠ ʩʧʦʨʳ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ) ʷʚʣʷʝʪʩʷ 

ʧʦʢʘʟʘʪʝʣʝʤ ʪʨʦʬʠʠ ʚʦʜʦʝʤʘ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʙʣʠʛʘʪʥʦ ʚʦʜʥʳʝ ʚʠʜʳ, ʪʦ ʝʩʪʴ ʥʝ 

ʪʦʣʴʢʦ ʪʝ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʚʦʜʦʝʤʘʭ, ʥʦ ʛʣʘʚʥʦʝ, ʥʝ ʤʦʛʫʪ 

ʨʘʟʤʥʦʞʘʪʴʩʷ ʚʥʝ ʚʦʜʥʦʡ ʩʨʝʜʳ [2]. ʉʘʧʨʦʬʠʪʥʳʝ ʛʨʠʙʳ ʫʯʘʩʪʚʫʶʪ ʚ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʚʩʝʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʚʦʜʝ. ɺ ʫʩʣʦʚʠʷʭ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʟʝʨʦ, 

ʚʦʜʥʳʝ ʛʨʠʙʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʦʚ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʦʝʤʘ. ʀʭ 

ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʦʜʦʝʤʦʚ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʪʝʭʥʦʛʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. 

ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʛʨʠʙʳ ʤʦʛʫʪ ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʠ ʨʘʟʚʠʪʠʝ ʜʨʫʛʠʭ 

ʛʠʜʨʦʙʠʦʥʪʦʚ. ʇʫʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤʠ ï ʦʪ ʧʨʷʤʦʛʦ ʧʘʨʘʟʠʪʠʨʦʚʘʥʠʷ ʜʦ 

ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʚʣʠʷʥʠʷ ʯʝʨʝʟ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ, ʧʫʪʝʤ ʚʳʜʝʣʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ [3]. 

ɿʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʤʠʤʦ ʚʳʷʚʣʝʥʠʷ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʠʢʦʬʣʦʨʳ 

ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʙʳʣ ʘʥʘʣʠʟ ʠʥʜʠʢʘʪʦʨʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʠʢʦʙʠʦʪʳ. 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʚʦʜʥʳʭ ʛʨʠʙʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʛʣʫʙʠʥʥʦʛʦ ʧʦʩʝʚʘ ʚʦʜʳ. ʋʯʝʪ ʛʨʠʙʦʚ 

ʧʨʦʠʟʚʦʜʠʣʩʷ ʚ ʧʨʦʙʘʭ, ʦʪʦʙʨʘʥʥʳʭ ʩ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ ï ʧʦ ʛʘʨʠʟʦʥʪʘʤ. 

ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʘʛʘʨʠʟʦʚʘʥʥʘʷ ʧʠʪʘʪʝʣʴʥʘʷ ʩʨʝʜʘ - ʩʫʩʣʦ-ʘʛʘʨ. ʉ ʮʝʣʴʶ ʟʘʜʝʨʞʢʠ ʨʦʩʪʘ ʙʘʢʪʝʨʠʡ ʢ 

ʩʨʝʜʝ ʜʦʙʘʚʣʷʣʠ ʩʤʝʩʴ ʘʥʪʠʙʠʦʪʠʢʦʚ. ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʯʘʰʢʘʭ ʇʝʪʨʠ. ɿʘʩʝʷʥʥʳʝ ʯʘʰʢʠ 

ʇʝʪʨʠ ʠʥʢʫʙʠʨʦʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ ʥʝʜʝʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 18-24Áʉ, ʚʳʨʦʩʰʠʝ ʢʦʣʦʥʠʠ 

ʧʦʜʩʯʠʪʳʚʘʣʠ, ʘ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʦʪʣʠʯʘʶʱʠʭʩʷ ʢʦʣʦʥʠʡ ʦʪʩʝʚʘʣʠ ʚ ʧʨʦʙʠʨʢʠ ʩʦ ʩʢʦʰʝʥʥʳʤ 

ʘʛʘʨʦʤ ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ [4,5]. ɺʠʜʦʚʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʫʣʴʪʫʨ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ 
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ʦʧʨʝʜʝʣʠʪʝʣʝʡ Lodder [6] ʠ ʇʠʜʦʧʣʠʯʢʦ [7]. ʆʧʨʝʜʝʣʷʣʘʩʴ ʦʙʱʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʤʠʢʦʧʣʘʥʢʪʦʥʘ, ʢʘʢ 

ʧʦʢʘʟʘʪʝʣʷ ʪʨʦʬʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʚʦʜʦʝʤʦʚ. 

ɿʘ ʤʥʦʛʦʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʦʙʠʦʪʳ ʦʟʝʨʘ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʙʦʣʝʝ 40 ʚʠʜʦʚ. ɺʠʜʦʚʦʡ 

ʩʦʩʪʘʚ ʚʦʜʥʳʭ ʛʨʠʙʦʚ ʧʨʝʜʩʪʘʚʣʝʥ 5 ʢʣʘʩʩʘʤʠ: Hyphochytridiomycetes, Chytridiosomycetes; 

Oomycetes, Zigomycetes, Deuteromycetes (ʈʠʩ.1). ɼʦʤʠʥʠʨʫʶʪ ʚʠʜʳ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ 

ʦʦʤʠʮʝʪʦʚ, ʟʠʛʦʤʠʮʝʪʦʚ ʠ ʥʝʩʦʚʝʨʰʝʥʥʳʭ ʛʨʠʙʦʚ. ʀʟ ʢʣʘʩʩʘ Oomycetes ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ  Saprolegnia ferax (Gruith) ʠ Lactomytus lacteus Ag.  ʀʟ ʢʣʘʩʩʘ 

Zygomycetes  ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʪʤʝʯʘʣʘʩʴ ʚʳʩʦʢʘʷ ʚʩʪʨʝʯʘʝʤʦʩʪʴ  ʛʨʠʙʦʚ ʠʟ ʨʦʜʘ Mucor; 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʦʩʪʘʣʴʥʳʭ ʨʦʜʦʚ ʚʩʪʨʝʯʘʣʠʩʴ ʨʝʜʢʦ. ʂʣʘʩʩ Deuteromycetes  ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥ  

ʨʦʜʘʤʠ P®nicillium, Trichoderma, Candida ʠ Rhodotorula. ɼʦʤʠʥʠʨʫʶʱʠʡ  ʢʦʤʧʣʝʢʩ ʚ ʨʘʟʥʳʝ ʛʦʜʳ 

ʥʘʙʣʶʜʝʥʠʡ ʠ ʩʝʟʦʥʳ ʤʝʥʷʣʩʷ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʪʤʝʯʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ 

ʤʠʢʦʧʣʘʥʢʪʦʥʘ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʜʨʦʞʞʝʚʳʭ ʛʨʠʙʦʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ, ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʜʦʤʠʥʠʨʫʶʱʠʡ ʢʦʤʧʣʝʢʩ, ʚʳʪʝʩʥʠʚ ʚʠʜʳ ʜʨʫʛʠʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ. ʇʨʠ 

ʘʥʪʨʦʧʦʛʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʦʪʤʝʯʘʝʪʩʷ  ʧʦʚʳʰʝʥʠʝ ʧʦʧʫʣʷʮʠʠ ʜʨʦʞʞʝʚʳʭ ʢʣʝʪʦʢ [8]. 

ɸʥʘʣʠʟ ʯʘʩʪʦʪʳ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʤʠʢʦʧʣʘʥʢʪʦʥʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 3 

ʛʨʫʧʧʳ: ʧʦʩʪʦʷʥʥʳʝ, ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠ ʨʝʜʢʠʝ ʚʠʜʳ [9]. ɻʨʫʧʧʘ ʧʦʩʪʦʷʥʥʳʭ ʦʙʠʪʘʪʝʣʝʡ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʠʜʘʤʠ ʛʨʠʙʦʚ, ʯʴʝ ʨʘʟʚʠʪʠʝ ʙʳʣʦ ʩʪʘʙʠʣʴʥʳʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʦʣʝʪʥʠʭ 

ʥʘʙʣʶʜʝʥʠʡ, ʢʦʣʝʙʘʣʘʩʴ ʣʠʰʴ ʯʠʩʣʝʥʥʦʩʪʴ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʠʜʘ (ʨʦʜʦʚ Mucor, Trichoderma, 

P®nicillium). ɺʪʦʨʘʷ ʛʨʫʧʧʘ ï ʚʠʜʳ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦ ʚʩʝʡ ʘʢʚʘʪʦʨʠʠ ʠʣʠ ʚ 

ʦʪʜʝʣʴʥʳʭ ʨʘʡʦʥʘʭ ʦʟʝʨʘ. ʂ ʵʪʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʚʠʜʳ ʨʦʜʦʚ Achlya, Chytridium, Aspergillus. 

ʊʨʝʪʴʷ ʛʨʫʧʧʘ, ʚʠʜʳ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʵʧʠʟʦʜʠʯʝʩʢʠ ʠ ʠʤʝʶʱʠʭ ʦʯʝʥʴ ʥʠʟʢʫʶ ʯʠʩʣʝʥʥʦʩʪʴ. 

ʕʪʦ ʚʠʜʳ ʨʦʜʘ Fusidium, Rhizophidium, Woronina ʠ ʜʨ. ʕʪʠ ʚʠʜʳ ʥʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʦʟʝʨʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʚʳʝ ʜʚʝ ʛʨʫʧʧʳ ʩʦʩʪʘʚʣʷʶʪ ʩʪʘʙʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʤʠʮʝʣʠʘʣʴʥʳʭ ʛʨʠʙʦʚ, 

ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʜʝʩʪʨʪʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ. 

ɸʥʘʣʠʟ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʚʠʜʦʚ ʥʝ ʠʤʝʶʪ ʯʝʪʢʦʡ ʧʨʠʫʨʦʯʝʥʥʦʩʪʠ ʢ ʢʘʢʦʤʫ-ʣʠʙʦ ʛʦʨʠʟʦʥʪʫ. ʄʥʦʛʦʣʝʪʥʠʡ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʤʠʢʦʬʣʦʨʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʤʠʢʦʧʣʘʥʢʪʦʥʘ ʙʳʣʠ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 80-ʭ ʛʦʜʦʚ (ʤʘʢʩʠʤʫʤ ʦʪʤʝʯʘʣʩʷ ʚ 1986 ʛʦʜʫ ʠ ʩʦʩʪʘʚʣʷʣ 7500 ʧ/ʣ), ʯʪʦ 

ʦʙʲʷʩʥʷʣʦʩʴ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʧʨʦʮʝʩʩʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ. 

 

˴͊ͫͫ͡  
Hyphochytridiom
ycetes

  
ʈʠʩ. 1.ɺʩʪʨʝʯʘʝʤʦʩʪʴ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʛʨʫʧʧ ʚʦʜʥʳʭ ʛʨʠʙʦʚ ʚ ʃʘʜʦʞʩʢʦʤ ʦʟʝʨʝ (%). 

 

ʉʥʠʞʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʩʪʘʣʦ ʥʘʙʣʶʜʘʪʴʩʷ ʩ 1991 ʛʦʜʘ, ʢʦʛʜʘ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ 

ʦʟʝʨʦ ʫʧʘʣʘ (ʈʠʩ.2). ʉ 2001 ʛʦʜʘ ʩʨʝʜʥʷʷ ʯʠʩʣʝʥʥʦʩʪʴ ʤʠʢʦʧʣʘʥʢʪʦʥʘ ʧʦ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ 

ʢʦʣʝʙʘʣʘʩʴ ʦʪ 500 ʜʦ 900 ʧʨʦʧʘʛʫʣ/ʣ. ɺ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ 2009-2015 ʛʦʜʦʚ ʤʘʢʩʠʤʘʣʴʥʘʷ 
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ʯʠʩʣʝʥʥʦʩʪʴ ʚʦʜʥʳʭ ʛʨʠʙʦʚ ʦʪʤʝʯʘʣʘʩʴ ʚ 2013 ʛʦʜʫ ʠ ʩʦʩʪʘʚʣʷʣʘ 7000 ʧ/ʣʠʪʨ, ʯʪʦ ʚʝʨʦʷʪʥʦ ʙʳʣʦ 

ʚʳʟʚʘʥʦ ʦʩʝʥʥʝʡ ʚʩʧʳʰʢʦʡ ʜʠʘʪʦʤʦʚʳʭ ʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʵʪʘʧʘ ʠʥʪʝʥʩʠʚʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʦʟʝʨʥʦʡ 

ʙʠʦʪʳ ʚ ʭʦʜʝ  ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ 2015 ʛʦʜʘ ʧʦʢʘʟʘʣʠ ʩʘʤʳʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʤʠʢʦʧʣʘʥʢʪʦʥʘ ʩ 2009 ʛʦʜʘ, ʧʨʠ 

ʵʪʦʤ ʧʨʦʠʟʦʰʣʘ ʚʠʜʦʚʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ, ʚʦʟʤʦʞʥʦ ʚʳʟʚʘʥʥʘʷ ʨʦʩʪʦʤ 

ʦʙʲʝʤʘ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ɼʣʷ ʚʩʝʭ ʨʘʡʦʥʦʚ ʦʟʝʨʘ ʙʳʣʠ ʭʘʨʘʢʪʝʨʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʢʦʣʝʙʘʥʠʷ ʦʪ 200 ʜʦ 2200 ʧʨʦʧʘʛʫʣ/ʣʠʪʨʝ. 

 

 
 

ʈʠʩ. 2. ʏʠʩʣʝʥʥʦʩʪʴ ʚʦʜʥʳʭ ʛʨʠʙʦʚ ʧʦ ʘʢʚʘʪʦʨʠʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ  (ʧʨʦʧʘʛʫʣ/ʣʠʪʨ). 

 

ʇʨʠʯʝʤ, ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʳʝ, ʪʘʢ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪʤʝʯʘʣʠʩʴ ʚ ʨʘʡʦʥʝ ɺʦʣʭʦʚʩʢʦʡ 

ʛʫʙʳ. (ʈʠʩ.3) ɺʣʠʷʥʠʝ ʚʦʜ ʨ. ɺʦʣʭʦʚ, ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ ʦʙʠʣʠʝʤ ʧʦʯʚʝʥʥʦʛʦ 

ʤʠʢʦʧʣʘʥʢʪʦʥʘ, ʥʘʙʣʶʜʘʣʦʩʴ ʪʦʣʴʢʦ ʥʘ 1 ʩʪʘʥʮʠʠ (2200 ʧ/ʣ). ʅʘ ʜʨʫʛʠʭ ʩʪʘʥʮʠʷʭ ʵʪʦʡ ʛʫʙʳ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ɺʠʜʦʚʦʡ ʩʦʩʪʘʚ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʪʠʧʠʯʥʳʤʠ ʦʟʝʨʥʳʤʠ 

ʚʠʜʘʤʠ. ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʧʨʠ ʚʝʪʨʘʭ ʩʝʚʝʨʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ɺʦʣʭʦʚʩʢʘʷ ʛʫʙʘ ʟʘʧʦʣʥʷʝʪʩʷ ʦʟʝʨʥʳʤʠ ʚʦʜʘʤʠ, ʯʝʤ ʠ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʙʣʶʜʘʝʤʫʶ ʢʘʨʪʠʥʫ. 

ʅʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʥʘʙʣʶʜʝʥʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʜʥʦʡ ʤʠʢʦʬʣʦʨʳ ʧʦ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ 

ʙʳʣʦ ʥʝʨʘʚʥʦʤʝʨʥʳʤ (ʈʠʩ.3). ʅʘʠʙʦʣʝʝ ʙʦʛʘʪ ʚ ʚʠʜʦʚʦʤ ʠ ʯʠʩʣʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʧʨʠʙʨʝʞʥʳʡ 

ʨʘʡʦʥ. ʀʤʝʥʥʦ ʟʜʝʩʴ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚʠʜʳ, ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ï Saprolegnia ferax, 

Leptomytes lacteus.[10,11] ʇʨʠʯʝʤ ʥʘ ʛʨʠʙʘʭ ʨʦʜʘ Saprolegnia ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʧʘʨʘʟʠʪʠʨʫʶʱʠʡ 

Woronina polycystis Cornu. ɺ ɺʦʣʭʦʚʩʢʦʡ ʛʫʙʝ, ʚ ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ, ʚʳʜʝʣʷʣʠʩʴ ʜʨʦʞʞʝʚʳʝ ʛʨʠʙʳ 

Rhodotorula rubra ʠ Torulopsis candida, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʣʦʢʘʣʴʥʳʝ ʪʝʭʥʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ [12]. 
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ʈʠʩ. 3 - ʏʠʩʣʝʥʥʦʩʪʴ ʚʦʜʥʳʭ ʛʨʠʙʦʚ ʧʦ ʘʢʚʘʪʦʨʠʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʘʚʛʫʩʪʝ 2015ʛ. 

(ʧʨʦʧʘʛʫʣ/ʣʠʪʨ). 

 

ɺ ʧʨʦʬʫʥʜʘʣʴʥʦʤ ʨʘʡʦʥʝ ʦʪʤʝʯʘʣʠʩʴ ʝʜʠʥʠʯʥʳʝ ʵʢʟʝʤʧʣʷʨʳ Rhizophidium planctonicum 

ʧʘʨʘʟʠʪʠʨʫʶʱʠʝ ʥʘ ʚʦʜʦʨʦʩʣʠ Asterionella formosa. ɺ ʫʣʴʪʨʘʧʦʬʫʥʜʘʣʴʥʦʤ ʨʘʡʦʥʝ ʝʜʠʥʦʞʜʳ ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ Olpidiopsis sp. ʧʘʨʘʟʠʪʠʨʫʶʱʠʡ ʥʘ ʚʦʜʦʨʦʩʣʷʭ ʨʦʜʘ Zygnema (ʨʠʩ.4). 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʥʝ ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʷ ʛʨʠʙʦʚ ʚ ʪʘʢʠʭ ʦʙʲʝʤʘʭ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ 

ʧʨʠʚʝʩʪʠ ʢ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚʦʜʳ. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʪʤʝʯʘʶʱʠʡʩʷ ʨʦʩʪ ʯʠʩʣʝʥʥʦʩʪʠ ʙʳʣ ʚʳʟʚʘʥ ʧʦʷʚʣʝʥʠʝʤ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʟʘ ʩʯʝʪ ʦʩʝʥʥʝʡ ʚʩʧʳʰʢʠ ʜʠʘʪʦʤʦʚʳʭ ʠ 

ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʵʪʘʧʘ ʠʥʪʝʥʩʠʚʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʦʟʝʨʥʦʡ ʙʠʦʪʳ ʚ ʭʦʜʝ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʨʦʩʪʘ ʦʙʲʝʤʘ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ (ʅʆɺ) ʚ ʧʨʠʜʦʥʥʳʭ ʩʣʦʷʭ ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʦʚ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʧʦʷʚʣʝʥʠʝ ʜʨʦʞʞʝʚʳʭ 

ʛʨʠʙʦʚ ʩ ʚʳʩʦʢʦʡ ʯʠʩʣʝʥʥʦʩʪʴʶ, ʥʘ ʧʦʨʷʜʦʢ ʠ ʙʦʣʝʝ ʧʨʝʚʳʰʘʶʱʝʡ ʥʳʥʝʰʥʶʶ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʤʘʩʩʦʚʳʭ ʢʦʣʦʥʠʡ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚʦʜʳ.  

 

 
 

ʈʠʩ. 4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʦʧʣʘʥʢʪʦʥʘ ʧʦ ʨʘʡʦʥʘʤ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ. 

(ʧʨʦʧʘʛʫʣ/ʣʠʪʨ). 
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ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ 

 

ʆʥʝʞʩʢʦʝ ʦʟʝʨʦ ï ʫʥʠʢʘʣʴʥʘʷ ʩʝʚʝʨʥʘʷ ʧʨʠʨʦʜʥʘʷ ʵʢʦʩʠʩʪʝʤʘ ʩ ʚʝʢʦʚʳʤʠ ʟʘʧʘʩʘʤʠ ʯʠʩʪʦʡ 

ʤʘʣʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʚʦʜʳ. ʕʪʦ ʚʪʦʨʦʡ ʧʦ ʚʝʣʠʯʠʥʝ ʧʨʝʩʥʦʚʦʜʥʳʡ ʚʦʜʦʝʤ ɽʚʨʦʧʳ, ʝʛʦ ʧʣʦʱʘʜʴ 

ʩʦʩʪʘʚʣʷʝʪ 9720 ʢʤ
2
, ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ 30 ʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ ï 120 ʤ, ʦʙʲʝʤ ʚʦʜʳ 295 ʢʤ

3
. ʅʘ 

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʩʚʦʝʡ ʘʢʚʘʪʦʨʠʠ ʆʥʝʞʩʢʦʝ ʦʟʝʨʦ ʧʦʢʘ ʩʦʭʨʘʥʷʝʪ ʩʚʦʡ ʧʨʠʨʦʜʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ 

ʩʪʘʪʫʩ. 

ɻʣʘʚʥʳʝ ʫʛʨʦʟʳ ʝʩʪʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʵʢʦʩʠʩʪʝʤʳ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʩʚʷʟʘʥʳ ʩ ʜʝʡʩʪʚʠʝʤ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ, ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʟʘʛʨʷʟʥʝʥʠʝʤ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ [3]. 

ʅʘʠʙʦʣʝʝ ʟʘʛʨʷʟʥʝʥʥʳʤʠ ʠ ʵʚʪʨʦʬʠʨʦʚʘʥʥʳʤʠ ʨʘʡʦʥʘʤʠ ʦʟʝʨʘ ʷʚʣʷʶʪʩʷ ʂʦʥʜʦʧʦʞʩʢʘʷ ʠ 

ʇʝʪʨʦʟʘʚʦʜʩʢʘʷ ʛʫʙʳ, ʥʘ ʧʦʙʝʨʝʞʴʝ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʢʨʫʧʥʳʝ ʛʦʨʦʜʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʂʘʨʝʣʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʴ ʵʪʠʭ ʟʘʣʠʚʦʚ ʦʪ ʦʩʥʦʚʥʦʡ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ, 

ʧʝʨʠʦʜʠʯʝʩʢʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʥʘʙʣʶʜʘʶʪʩʷ ʚʳʥʦʩʳ 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜ ʚ ʩʦʧʨʝʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʦʟʝʨʘ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʩʦʩʪʦʷʥʠʠ ʧʣʘʥʢʪʦʥʘ. 

ɸʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʚʦʜʦʝʤ ʦʪ ʢʦʤʤʫʥʘʣʴʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʥʪʨʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʥʘ ʧʦʙʝʨʝʞʴʝ ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʠ ʂʦʥʜʦʧʦʞʩʢʦʡ ʛʫʙ, ʧʦʩʣʝ 1990-ʭ ʛʦʜʦʚ ʩʪʘʣʘ ʧʘʜʘʪʴ ʚ ʩʚʷʟʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʝʡ ʚ ʩʪʨʘʥʝ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʩʙʨʦʩʘ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ (ʮʠʪ. ʧʦ [4]). 

 

ʉʧʫʩʪʷ 10 ʣʝʪ ʥʘ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʦʪʨʝʘʛʠʨʦʚʘʣʠ ʙʝʥʪʦʩʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʛʫʙʳ 

(ʨʠʩ. 2ɸ), ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʪʦʨʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʫʨʦʚʥʶ 1960-ʭ 

ʛʦʜʦʚ [2]. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʘʜʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʙʝʥʪʦʩʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʟʘʛʨʷʟʥʝʥʠʝʤ ʠʟ ʟʘʣʠʚʦʚ ʙʳʣʠ ʟʘʪʨʦʥʫʪʳ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʵʪʦʛʦ ʨʘʡʦʥʘ 

(ʨʠʩ. 2ɹ). 

 

 
 

ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʚ ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʛʫʙʝ (ɸ) ʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ (ɹ) ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ. 

 

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʨʷʜʫ ʩʦ ʩʥʠʞʝʥʠʝʤ ʥʘʛʨʫʟʢʠ ʦʪ ʪʦʯʝʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʚʩʝ 

ʙʦʣʴʰʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʨʘʩʩʝʷʥʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʪʘʢʠʝ ʢʘʢ ʙʫʨʥʦ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʚ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ ʬʦʨʝʣʝʚʳʝ ʭʦʟʷʡʩʪʚʘ [8]. ʉʢʫʯʝʥʥʦʩʪʴ ʨʳʙ ʚ ʩʘʜʢʘʭ, ʧʨʦʜʫʢʪʳ ʠʭ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʩʪʘʪʢʠ ʢʦʨʤʦʚ ʤʦʛʫʪ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʚʦʜʳ, ʥʘʧʨʠʤʝʨ, 
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ʚʳʟʳʚʘʪʴ ʩʥʠʞʝʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʟʘʨʘʩʪʘʥʠʝ ʧʨʠʙʨʝʞʥʳʝ ʫʯʘʩʪʢʦʚ, ʮʚʝʪʝʥʠʝ ʚʦʜʳ, 

ʩʥʠʞʝʥʠʝ ʝʝ ʢʘʯʝʩʪʚʘ ʠ ʜʨʫʛʠʝ ʧʦʩʣʝʜʩʪʚʠʷ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʙʠʦʤʦʥʠʪʦʨʠʥʛʘ. 

ɽʱʝ ʦʜʥʦʡ ʥʦʚʦʡ ʫʛʨʦʟʦʡ ʵʢʦʩʠʩʪʝʤʝ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʦʙʥʘʨʫʞʝʥʥʦʝ 

ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ ʠ ʧʨʦʜʦʣʞʘʶʱʝʝʩʷ ʜʦ ʩʠʭ ʧʦʨ ʟʘʛʨʷʟʥʝʥʠʝ ʦʟʝʨʥʦʡ ʚʦʜʳ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ (ʘ 

ʪʘʢʞʝ, ʚʦʟʤʦʞʥʦ, ʜʨʫʛʠʤʠ ʪʦʢʩʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ) ʚ ʧʨʠʙʨʝʞʴʝ ʛ. ʇʝʪʨʦʟʘʚʦʜʩʢʘ, ʢʫʜʘ ʦʥʠ 

ʧʦʩʪʫʧʘʶʪ ʧʦ ʣʠʚʥʝʚʦʡ ʢʘʥʘʣʠʟʘʮʠʠ. ʅʝʜʘʚʥʦ ʵʪʘ ʧʨʦʙʣʝʤʘ ʦʙʩʫʞʜʘʣʘʩʴ ʚ ɿʘʢʦʥʦʜʘʪʝʣʴʥʦʤ 

ʉʦʙʨʘʥʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʨʝʣʠʷ [9]. 

ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ 2001 ʛ., ʢʦʛʜʘ ʚ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʤ ʧʨʠʙʨʝʞʴʝ ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʥʦʚʳʡ ʚʠʜ ʙʝʥʪʦʩʘ Gmelinoides fasciatus Stebbing [1]. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʩʧʫʩʪʷ 15 ʣʝʪ, ʵʪʦʪ ʨʘʯʦʢ  ʨʘʩʩʝʣʠʣʩʷ ʧʦ ʚʩʝʡ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʦʟʝʨʘ (ʨʠʩ. 3), 

ʜʦʩʪʠʛ ʙʦʣʴʰʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʩʪʘʣ ʦʩʥʦʚʥʳʤ ʢʦʨʤʦʚʳʤ ʦʙʲʝʢʪʦʤ ʤʦʣʦʜʠ ʨʳʙ [7]. ɽʛʦ ʧʦʷʚʣʝʥʠʝ 

ʤʦʞʝʪ ʠʤʝʪʴ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʦʝ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʳʙʥʦʝ ʥʘʩʝʣʝʥʠʝ ʦʟʝʨʘ. ɺʦ-

ʧʝʨʚʳʭ, ʚʦʟʤʦʞʥʦ ʫʚʝʣʠʯʝʥʠʝ ʨʳʙʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʠʷ ʢʦʨʤʦʚʦʡ ʙʘʟʳ. ɺʦ-ʚʪʦʨʳʭ, 

ʷʚʣʷʷʩʴ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʭʦʟʷʠʥʦʤ ʧʘʨʘʟʠʪʦʚ ʨʳʙ, G. fasciatus ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʩʪʝʧʝʥʴ ʠʭ 

ʟʘʨʘʞʝʥʥʦʩʪʠ. 

 
 

ʈʠʩ. 3. ʄʝʩʪʘ ʥʘʭʦʞʜʝʥʠʷ ʙʘʡʢʘʣʴʩʢʦʛʦ ʚʩʝʣʝʥʮʘ (ʘʤʬʠʧʦʜʳ Gmelinoides fasciatus) ʥʘ 

ʣʠʪʦʨʘʣʠ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ. 

 

ʂʨʦʤʝ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʩʠʩʪʝʤʫ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʤʦʛʫʪ 

ʦʢʘʟʳʚʘʪʴ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʠ [5;6]. ɺ ʮʝʣʦʤ ʧʦ ʂʘʨʝʣʠʠ ʦʥʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʧʦʚʳʰʝʥʠʠ 

ʛʦʜʦʚʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʥʘ 20-70 ʤʤ ʠ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘ 

1Áʉ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 1960-ʤʠ ʛʦʜʘʤʠ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʫʚʝʣʠʯʝʥʠʠ 

ʪʝʧʣʦʟʘʧʘʩʘ ʚʦʜʦʝʤʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢʦʣʠʯʝʩʪʚʦ ʥʘʢʦʧʣʝʥʥʦʛʦ ʚ ʚʦʜʦʝʤʝ ʪʝʧʣʘ (ʩʫʤʤʘ 

ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚʳʰʝ 10Áʉ) ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʙʠʦʪʳ, ʧʦʩʢʦʣʴʢʫ ʦʧʨʝʜʝʣʷʝʪ 

ʧʨʦʪʝʢʘʥʠʝ ʦʩʥʦʚʥʳʭ ʬʘʟ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʨʫʰʝʥʠʷ ʞʠʟʥʝʥʥʳʭ ʮʠʢʣʦʚ ʤʦʛʫʪ 

ʙʳʪʴ ʚʳʟʚʘʥʳ ʪʘʢʞʝ ʠ ʢʦʣʝʙʘʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʦʟʝʨʘ ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʜʣʷ 

ʧʣʘʥʢʪʦʥʥʳʭ ʨʘʢʦʦʙʨʘʟʥʳʭ (ʨʠʩ. 4). ʊʘʢ, ʚ ʵʢʩʪʨʝʤʘʣʴʥʦ ʞʘʨʢʠʝ 1989 ʠ 2010 ʛʦʜʳ ʨʘʟʚʠʪʠʝ 

ʧʣʘʥʢʪʦʥʥʳʭ ʨʘʯʢʦʚ ʚ ʆʥʝʞʩʢʦʤ ʦʟʝʨʝ ʥʘʯʘʣʦʩʴ ʥʘ 15-20 ʩʫʪʦʢ ʨʘʥʴʰʝ ʦʙʳʯʥʦʛʦ, ʘ ʚ ʭʦʣʦʜʥʦʤ 

1966 ʛ. ʥʘʙʣʶʜʘʣʘʩʴ 10-ʜʥʝʚʥʘʷ ʟʘʜʝʨʞʢʘ ʚ ʠʭ ʨʘʟʚʠʪʠʠ. 
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ʈʠʩ. 4. ʈʝʘʢʮʠʷ ʧʣʘʥʢʪʦʥʥʳʭ ʨʘʢʦʦʙʨʘʟʥʳʭ ʥʘ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʩʜʚʠʛʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ;  

1 ï ʵʤʧʠʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ; 2 ï ʵʢʩʪʨʝʤʘʣʴʥʦ ʦʪʢʣʦʥʠʚʰʠʝʩʷ ʜʘʥʥʳʝ; 3 ï ʩʢʦʣʴʟʷʱʘʷ ʩʨʝʜʥʷʷ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʦʩʠʩʪʝʤʘ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʤʫʣʴʪʠʬʘʢʪʦʨʥʦʛʦ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʵʢʦʩʠʩʪʝʤʳ ʪʘʢʦʛʦ ʫʥʠʢʘʣʴʥʦʛʦ 

ʚʦʜʦʝʤʘ ʢʘʢ ʆʥʝʞʩʢʦʝ ʦʟʝʨʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʥʘʫʯʥʳʝ ʦʩʥʦʚʳ ʙʠʦʤʦʥʠʪʦʨʠʥʛʘ ʩ ʫʯʝʪʦʤ 

ʝʛʦ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʦʙʩʫʞʜʝʥʠʷ 

ɿʘʢʦʥʘ ʦʙ ʦʭʨʘʥʝ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ. 

çʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ˉ14-17-

00766)è. 

 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ɹʝʨʝʟʠʥʘ ʅ. ɸ. ɺʩʝʣʝʥʠʝ ʙʘʡʢʘʣʴʩʢʦʡ ʘʤʬʠʧʦʜʳ Gmelinoides fasciatus (Amphipoda, 

Crustacea) ʚ ʆʥʝʞʩʢʦʝ ʦʟʝʨʦ / ʅ. ɸ. ɹʝʨʝʟʠʥʘ, ɺ. ɽ. ʇʘʥʦʚ // ɿʦʦʣʦʛʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. ï 2003. ï ʊ. 

82, ˉ 6. ï ʉ. 731ï734.  

2. ʂʘʣʠʥʢʠʥʘ ʅ. ʄ. ʉʥʠʞʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʆʥʝʞʩʢʦʛʦ 

ʦʟʝʨʘ ʚ ʫʩʣʦʚʠʷʭ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ / ʅ. ʄ. ʂʘʣʠʥʢʠʥʘ, ɸ. ʀ. ʉʠʜʦʨʦʚʘ, 

ʊ. ʅ. ʇʦʣʷʢʦʚʘ, ʅ. ɸ. ɹʝʣʢʠʥʘ, ʅ. ɸ. ɹʝʨʝʟʠʥʘ, ʀ. ɸ. ʃʠʪʚʠʥʦʚʘ // ʇʨʠʥʮʠʧʳ ʵʢʦʣʦʛʠʠ. ï 2016. ï ʊ. 

5. ˉ 2. ï ʉ. 47ï68. DOI: 10.15393/j1.art.2016.5182. 

3. ʂʨʫʧʥʝʡʰʠʝ ʦʟʝʨʘ-ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʉʝʚʝʨʦ-ɿʘʧʘʜʘ ʝʚʨʦʧʝʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ: 

ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʠʟʤʝʥʝʥʠʷ ʵʢʦʩʠʩʪʝʤ ʧʨʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ 

/ ʇʦʜ ʨʝʜ. ʅ. ʅ. ʌʠʣʘʪʦʚʘ, ʅ. ʄ. ʂʘʣʠʥʢʠʥʦʡ, ʊ. ʇ. ʂʫʣʠʢʦʚʦʡ, ɸ. ɺ. ʃʠʪʚʠʥʝʥʢʦ, ʇ. ɸ. ʃʦʟʦʚʠʢʘ. 

ï ʇʝʪʨʦʟʘʚʦʜʩʢ: ʂʘʨʝʣʴʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ, 2015. ï 375 ʩ. 

4. ʃʠʪʚʠʥʦʚʘ ʀ. ɸ. ɸʥʘʣʠʟ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʦʩʙʦʨʘ ʥʘ ʦʩʥʦʚʝ ɻʀʉ-

ʪʝʭʥʦʣʦʛʠʡ / ʀ. ɸ. ʃʠʪʚʠʥʦʚʘ, ɸ. ɺ. ʃʠʪʚʠʥʝʥʢʦ, ʄ. ʉ. ɹʦʛʜʘʥʦʚʘ // ʂʨʫʧʥʝʡʰʠʝ ʦʟʝʨʘ-

ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʉʝʚʝʨʦ-ɿʘʧʘʜʘ ʝʚʨʦʧʝʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ: ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ 

ʠʟʤʝʥʝʥʠʷ ʵʢʦʩʠʩʪʝʤ ʧʨʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ: ʨʝʜ. ʅ. ʅ. ʌʠʣʘʪʦʚ, 

ʅ. ʄ. ʂʘʣʠʥʢʠʥʘ, ʊ. ʇ. ʂʫʣʠʢʦʚʘ, ɸ. ɺ. ʃʠʪʚʠʥʝʥʢʦ, ʇ. ɸ. ʃʦʟʦʚʠʢ. ï ʇʝʪʨʦʟʘʚʦʜʩʢ: ʂʘʨʝʣʴʩʢʠʡ 

ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ, 2015. ï ʉ. 52ï60. 

5. ʅʘʟʘʨʦʚʘ ʃ. ɽ. ɸʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʚ ʂʘʨʝʣʠʠ / ʃ. ɽ. ʅʘʟʘʨʦʚʘ // ʊʨʫʜʳ ʂʘʨʝʣʴʩʢʦʛʦ 
ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ. ʉʝʨʠʷ ʃʠʤʥʦʣʦʛʠʷ. ï 2015. ï ˉ9. ï ʉ.114ï121. 

6. ʅʘʟʘʨʦʚʘ ʃ. ɽ., ʀʟʤʝʥʯʠʚʦʩʪʴ ʢʣʠʤʘʪʘ ʧʦ ʜʘʥʥʳʤ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ / 

ʃ. ɽ. ʅʘʟʘʨʦʚʘ, ʅ. ʅ. ʌʠʣʘʪʦʚ // ʂʣʠʤʘʪ ʂʘʨʝʣʠʠ: ʠʟʤʝʥʯʠʚʦʩʪʴ ʠ ʚʣʠʷʥʠʝ ʥʘ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʠ 

ʚʦʜʦʩʙʦʨʳ. ï ʇʝʪʨʦʟʘʚʦʜʩʢ: ʂʘʨʝʣʴʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ, 2004. ï ʉ. 12ï34. 

http://dx.doi.org/10.15393/j1.art.2016.5182


184 

 

7. ʉʠʜʦʨʦʚʘ ɸ. ʀ. ʀʥʚʘʟʠʷ ʙʘʡʢʘʣʴʩʢʦʡ ʘʤʬʠʧʦʜʳ Gmelinoides fasciatus ʚ ʆʥʝʞʩʢʦʝ ʦʟʝʨʦ. 

ʉʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʧʦʧʫʣʷʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ / ɸ.ʀ. ʉʠʜʦʨʦʚʘ, ʅ.ʄ. ʂʘʣʠʥʢʠʥʘ. ï LAP Lambert 

Academic publishing. 2015. ï 80 ʩ. 

8. ʉʪʝʨʣʠʛʦʚʘ ʆ. ʇ. ʉʦʩʪʦʷʥʠʝ ʟʘʣʠʚʦʚ ʆʥʝʞʩʢʦʛʦ  ʦʟʝʨʘ ʧʨʠ ʪʦʚʘʨʥʦʤ ʚʳʨʘʱʠʚʘʥʠʠ 
ʨʘʜʫʞʥʦʡ ʬʦʨʝʣʠ / ʆ. ʇ. ʉʪʝʨʣʠʛʦʚʘ, ʉ. ʇ. ʂʠʪʘʝʚ, ʅ. ɺ. ʀʣʴʤʘʩʪ, ʉ. ʌ. ʂʦʤʫʣʘʡʥʝʥ, ʗ. ɸ. ʂʫʯʢʦ, 

ʉ. ɸ. ʇʘʚʣʦʚʩʢʠʡ, ɽ. ʉ. ʉʘʚʦʩʠʥ // ʇʦʚʦʣʞʩʢʠʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. ï 2011. ï ˉ 3. ï ʉ. 386ï

393. 

9. ʊʫʦʤʠ ɸ. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʢʘʪʘʩʪʨʦʬʘ, ʢʦʪʦʨʦʡ ʥʠʢʪʦ ʥʝ ʟʘʤʝʪʠʣ? / ɸ. ʊʫʦʤʠ // ɺʝʩʪʠ 

ʂʘʨʝʣʠʠ. ɼʝʣʦʚʘʷ ʠʥʪʝʨʥʝʪ-ʛʘʟʝʪʘ. ï 2016.  http://vesti.karelia.ru/social/ 

 

 

AQUATIC COMMUNITIES OF ONEGO LAKE UNDER ANTH ROPOGENIC INFLUENCE,  

BIOLOGICAL INVASION AND CLIMATE CHANGING  

Nataliia Michailovna Kalinkina 

Dr.Sc., head of laboratory of hydrobiology  

Northern Water Problems Institute Karelian Research Center Russian Academy of Sciences 

e-mail: cerioda@mail.ru 

Elena Valentinovna Tekanova  

PhD., senior scientist of laboratory of hydrobiology  

Northern Water Problems Institute Karelian Research Center Russian Academy of Sciences 

e-mail: etekanova@mail.ru 

Maria Tagevna Syarki 

PhD., senior scientist of laboratory of hydrobiology  

Northern Water Problems Institute Karelian Research Center Russian Academy of Sciences 

e-mail: msyarki@mail.ru 

 

Abstract: The main environmental problems of Onego Lake connected with  anthropogenic factors, 

biological invasions and climate changing were presented. It was shown that in the last decade, the 

anthropogenic load on the water ecosystem from point sources had decreased, affecting the state of the 

deepwater benthos, abundance and biomass of which in different parts of the lake had reduced. In recent 

years diffuse sources of pollution (trout farms) began to affect Onego Lake. It caused local eutrophication 

effects. The invasion of  Baikalian amphipods Gmelinoides fasciatus belonged to new factors of influence 

on Onego Lake. The appearance of this species in littoral zone led to the improvement of food base of 

fish. At the same time its role in the spread of fish parasites remained unexplored. Temperature regime of 

Onego Lake is under the influence of climate changing which is reflected in the life cycles of plankton 

crustaceans. 
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ɸʥʥʦʪʘʮʠʷ: ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʘʥʘ 

ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʥʘʛʨʫʟʢʠ ʦʙʱʠʤ ʘʟʦʪʦʤ ʠ ʦʙʱʠʤ ʬʦʩʬʦʨʦʤ ʥʘ ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ ʩʦ 

ʩʪʦʨʦʥʳ ʯʘʩʪʥʦʛʦ ʚʦʜʦʩʙʦʨʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʛʨʫʟʢʠ ʜʣʷ ʛʦʜʘ 

ʩʨʝʜʥʝʡ ʚʦʜʥʦʩʪʠ ʩʦʩʪʘʚʠʣʠ 17334.0 ʪ N/ʛʦʜ ʠ 1055.3 ʪ ʈ/ʛʦʜ, ʧʨʠ ʵʪʦʤ ʥʘ ʜʦʣʶ ʬʦʥʦʚʦʡ 

(ʧʨʠʨʦʜʥʦʡ) ʢʦʤʧʦʥʝʥʪʳ ʥʘʛʨʫʟʢʠ ʧʨʠʭʦʜʠʪʩʷ 87% ʧʦ ʘʟʦʪʫ ʠ 72% ʧʦ ʬʦʩʬʦʨʫ ʦʪ ʟʥʘʯʝʥʠʡ 

ʩʫʤʤʘʨʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʦʟʝʨʦ. ʉʦʚʨʝʤʝʥʥʘʷ ʬʦʩʬʦʨʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʦʟʝʨʦ ʩ ʯʘʩʪʥʦʛʦ ʚʦʜʦʩʙʦʨʘ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 13 % ʦʪ ʟʥʘʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʝʨʝʭʦʜ ʃʘʜʦʛʠ ʦʟʝʨʘ ʚ 

ʵʚʪʨʦʬʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʪʦʯʝʯʥʳʝ ʠ 

ʜʠʬʬʫʟʥʳʝ ʠʩʪʦʯʥʠʢʠ   

 

ɹʠʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ ʩʦ ʩʪʦʨʦʥʳ ʚʦʜʦʩʙʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ 

ʩʣʝʜʫʶʱʠʤʠ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 

1. ʈʘʩʯʝʪ ʧʦʩʪʫʧʣʝʥʠʷ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʩ ʧʨʠʪʦʢʘʤʠ ʦʟʝʨʘ ʧʦ ʜʘʥʥʳʤ ʤʦʥʠʪʦʨʠʥʛʘ, ʯʪʦ ʠ 
ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ 1996 ʛʦʜʫ [6]. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʟʤʝʨʝʥʠʡ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʨʝʯʥʦʤ ʩʪʦʢʝ ʚ ʨʘʤʢʘʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʩʫʱʝʩʪʚʦʚʘʚʰʝʛʦ ʚ ʩʦʚʝʪʩʢʠʡ ʧʝʨʠʦʜ, ʘ 

ʪʘʢʞʝ ʜʘʥʥʳʝ ʩʦʙʩʪʚʝʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʀʥʩʪʠʪʫʪʘ ʦʟʝʨʦʚʝʜʝʥʠʷ. 

2. ʈʘʩʯʝʪ ʚʥʝʰʥʝʡ ʙʠʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʨʘʟʚʠʪʦ ʚ ʥʘʯʘʣʝ 2000-ʭ ʛʦʜʦʚ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʬʦʩʬʦʨʥʦʛʦ ʙʘʣʘʥʩʘ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʠ ʝʛʦ ʚʦʜʦʩʙʦʨʘ [4]. 
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ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʨʘʟʚʘʣʘ ʩʠʩʪʝʤʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʙʘʩʥʦʩʣʦʚʥʦʡ ʩʪʦʠʤʦʩʪʠ ʠʤʝʶʱʠʭʩʷ ʩʢʫʜʥʳʭ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ 

ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦʮʝʥʢʠ ʥʘʛʨʫʟʢʠ ʥʘ ʦʟʝʨʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʆʜʥʘʢʦ ʠ ʟʜʝʩʴ ʚʦʟʥʠʢʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʩʣʦʞʥʦʩʪʠ ʩʦ ʩʙʦʨʦʤ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʩʪʦʯʥʠʢʘʭ ʥʘʛʨʫʟʢʠ (ʤʠʥʝʨʘʣʴʥʳʝ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʫʜʦʙʨʝʥʠʷ, 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʦ ʠ ʧʪʠʮʝʚʦʜʩʪʚʦ, ʚʳʥʦʩ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʩ ʚʳʨʘʱʝʥʥʳʤ ʫʨʦʞʘʝʤ ʠ ʜʨ.). 

ʉʢʘʟʘʥʥʦʝ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʧʦʠʩʢʘ ʢʦʥʪʘʢʪʦʚ ʩʦ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚ ʦʙʣʘʩʪʠ ʠʟʫʯʝʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʨʝʛʠʦʥʘ ʈʌ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʥʘʛʨʫʟʢʠ ʦʙʱʠʤ ʘʟʦʪʦʤ 

(Nʦʙ)ɦ ʠ ʦʙʱʠʤ ʬʦʩʬʦʨʦʤ (ʈʦʙ)ɦ ʥʘ ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ ʩ ʯʘʩʪʥʦʛʦ ʚʦʜʦʩʙʦʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʠʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ 

ʀʥʩʪʠʪʫʪʝ ʦʟʝʨʦʚʝʜʝʥʠʷ ʈɸʅ (ʀʅʆɿ ʈɸʅ) ʠ ʀʥʩʪʠʪʫʪʝ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʀɸʕʇ).  

ʆʩʥʦʚʦʡ ʨʘʩʯʝʪʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʠʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʦʜʥʳʝ 

ʦʙʲʝʢʪʳ ILLM  ï Institute of Limnology Load Model (ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 

ˉ 2015614210 ʦʪ 09.04.2015), ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʀʅʆɿ ʈɸʅ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ [7], ʘ ʪʘʢʞʝ ʤʦʜʝʣʴ ʙʠʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ 

ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʀɸʕʇ [3].  

ʅʘʛʨʫʟʢʘ Nʦʙ ɦʠ ʈʦʙ ɦʥʘ ʚʦʜʦʝʤ-ʚʦʜʦʧʨʠʝʤʥʠʢ (L) ʩʦ ʩʪʦʨʦʥʳ ʚʦʜʦʩʙʦʨʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ 

ʩʫʤʤʘ ʙʠʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʫʶ ʩʝʪʴ ʚʦʜʦʩʙʦʨʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ 

ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʷʤʠ (Lagr), ʜʠʬʬʫʟʥʦʡ ʥʘʛʨʫʟʢʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ (ʠʟʤʝʥʝʥʥʳʤʠ) ʣʘʥʜʰʘʬʪʘʤʠ, ʥʝ ʧʦʜʚʝʨʞʝʥʥʳʤʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ (Lc), ʘ ʪʘʢʞʝ ʘʪʤʦʩʬʝʨʥʳʭ ʚʳʧʘʜʝʥʠʡ (La). ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʛʨʫʟʢʠ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʪʦʯʝʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ, ʩʙʨʘʩʳʚʘʶʱʠʝ 

ʩʚʦʠ ʩʪʦʯʥʳʝ ʚʦʜʳ ʚ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʫʶ ʩʝʪʴ (Lp1) ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʚʦʜʦʝʤ-ʚʦʜʦʧʨʠʝʤʥʠʢ 

(Lp2): 

 

               
( )( ) ,1 22 ppacagr LRLLLLL +-+++=                 (1) 

 

ʛʜʝ R ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʜʝʨʞʘʥʠʷ ʚʦʜʦʩʙʦʨʦʤ ʠ ʝʛʦ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʴʶ, ʙʝʟʨʘʟʤʝʨʥʘʷ 

ʚʝʣʠʯʠʥʘ. ʆʩʪʘʣʴʥʳʝ ʯʣʝʥʳ ʫʨʘʚʥʝʥʠʷ (1) ʠʤʝʶʪ ʨʘʟʤʝʨʥʦʩʪʴ ʪ/ ʛʦʜ. 

ʅʘʛʨʫʟʢʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʥʘ ʧʦʣʷʭ ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʡ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 
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ʛʜʝ ʄ soil i , M min i ʠ M org i ï ʩʦʜʝʨʞʘʥʠʝ ʙʠʦʛʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʘʭʦʪʥʦʤ ʩʣʦʝ ʧʦʯʚʳ, ʘ ʪʘʢʞʝ 

ʜʦʟʳ ʚʥʝʩʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʧʦʣʷ iïʛʦ ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʷ (ʢʛ/ʛʘ); Ai 

- ʧʣʦʱʘʜʴ ʫʛʦʜʠʡ iïʛʦ ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʷ, ʛʘ; n1 ï ʢʦʣʠʯʝʩʪʚʦ ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʡ; Ŭ1 ï 

ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʫʩʚʦʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʩʝʣʴʭʦʟʢʫʣʴʪʫʨʘʤʠ; Ŭ2  ï 

ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʫʩʚʦʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʩʝʣʴʭʦʟʢʫʣʴʪʫʨʘʤʠ; K1 ï 

ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʚʳʥʦʩ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʧʘʭʦʪʥʦʛʦ ʩʣʦʷ ʧʦʯʚ;  K2 ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʜʘʣʸʥʥʦʩʪʠ ʢʦʥʪʫʨʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʦʪ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʠ; K3 ï 

ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʪʠʧ ʧʦʯʚ (ʧʦ ʧʨʦʠʩʭʦʞʜʝʥʠʶ); K4 ï ʢʦʵʬʬʠʮʠʝʥʪ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʯʚ; K5 - ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʩʪʨʫʢʪʫʨʫ 

ʩʝʣʴʭʦʟʫʛʦʜʠʡ, ʪ.ʝ. ʩʦʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʝʡ ʧʘʰʥʠ, ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ, ʣʫʛʦʚ, ʧʘʩʪʙʠʱ;  K6 ï 

ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʠʣʫʯʰʠʭ ʜʦʩʪʫʧʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʅɼʊ) ʧʨʠʤʝʥʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ. ɺʩʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʙʝʟʨʘʟʤʝʨʥʳʝ. ɿʥʘʯʝʥʠʷ ʫʢʘʟʘʥʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʨʘʩʯʝʪʘʭ ʙʠʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʩ 

ʩʝʣʴʭʦʟʫʛʦʜʠʡ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʈʦʩʩʠʠ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 
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ʊʘʙʣʠʮʘ 1 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ (2) 

ʂʦʵʬʬʠʮʠʝʥʪ N P 

Ŭ1 0.3 0.03 

Ŭ2 0.1 0.02 

K1 0.03 0.008 

K2 (ʦʪ 50 ʜʦ 500ʤ) 0.6 0.6 

K2 (ʦʪ 500 ʜʦ 2000ʤ) 0.2 0.2 

K2 (ʙʦʣʝʝ  2000ʤ) 0.1 0.1 

K3 (ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ ʧʦʯʚʳ) 1.0 1.0 

K3 (ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʯʚʳ) 1.2 1.4 

K3 (ʪʦʨʬʷʥʠʩʪʳʝ ʧʦʯʚʳ) 0.8 1.0 

K4 (ʪʷʞʝʣʳʝ ʛʣʠʥʠʩʪʳʝ ʠ ʩʫʛʣʠʥʠʩʪʳʝ ʧʦʯʚʳ) 1.0 1.0 

K4 (ʣʝʛʢʠʝ ʩʫʧʝʩʯʘʥʳʝ ʠ ʧʝʩʯʘʥʳʝ ʧʦʯʚʳ) 1.8 2.0 

K5 (ʢʨʫʧʥʳʡ ʨʦʛʘʪʳʡ ʩʢʦʪ) 0.46 0.37 

K5 (ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʦ) 0.88 0.76 

K5 (ʧʪʠʮʝʚʦʜʩʪʚʦ) 0.46 0.37 

K5 (ʩʚʠʥʦʚʦʜʩʪʚʦ) 0.46 0.37 

K6 (ʙʝʟ ʅɼʊ) 1.0 1.0 

K6 (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʅɼʊ) 0.25 0.1 

ɼʠʬʬʫʟʥʘʷ ʥʘʛʨʫʟʢʘ ʦʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʠʟʤʝʥʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʥʝ ʧʦʜʚʝʨʞʝʥʥʳʭ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ (Lc ï ʚ ʬʦʨʤʫʣʝ (1)), ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ 

ʧʦʩʪʫʧʣʝʥʠʷ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʧʦʯʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʦʩʙʦʨʘ:  
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ʛʜʝ Ci ï ʩʨʝʜʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʪʦʢʝ ʩ i-ʦʛʦ ʪʠʧʘ ʧʦʜʩʪʠʣʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʤʛ/ʜʤ
3 
= ʛ/ʤ

3
); yi ï ʩʣʦʠ ʩʪʦʢʘ ʩ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʠʧʦʚ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʤʤ/ ʛʦʜ);  Ai ï ʧʣʦʱʘʜʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʠʧʦʚ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʢʤ
2
); n2 ï 

ʢʦʣʠʯʝʩʪʚʦ ʪʠʧʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʠʧʦʚ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʨʠʝʥʪʠʨʦʚʦʯʥʳʝ 

ʟʥʘʯʝʥʠʷ Ci, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʚ ʫʩʣʦʚʠʷʭ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʈʦʩʩʠʠ ʠ ʚʦʩʪʦʢʘ 

ʌʠʥʣʷʥʜʠʠ,  ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2.  

 

ʊʘʙʣʠʮʘ 2 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʝʨʚʠʯʥʳʭ ʟʚʝʥʴʷʭ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʤʛ/ʜʤ
3
)  [1,2,17]. 

ʇʦʜʩʪʠʣʘʶʱʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ 

ɽʩʪʝʩʪʚʝʥʥʳʝ 

ʣʝʩʘ ʠ ʙʦʣʦʪʘ 

ʋʨʙʘʥʠʟʠʨʦʚʘʥʥʘʷ 

ʪʝʨʨʠʪʦʨʠʷ 

ʇʨʦʯʠʝ ʟʝʤʣʠ* 

P  0.05 0.20 0.12 

N  0.7 2.3 1.4 

*ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʝʣʴʭʦʟʫʛʦʜʠʡ, ʨʘʩʯʝʪ ʥʘʛʨʫʟʢʠ ʜʣʷ ʢʦʪʦʨʳʭ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2). 

 

ɺʢʣʘʜ ʪʦʯʝʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʙʠʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʦʬʠʮʠʘʣʴʥʦʡ 

ʦʪʯʝʪʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʚʝʜʝʥʥʳʭ ʩʙʨʦʩʘʭ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʬʠʮʠʘʣʴʥʳʤʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʣʘʥʘʤʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤ ʦʬʠʮʠʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʙʨʦʩʘʭ 



188 

 

ʩʪʦʯʥʳʭ ʚʦʜ ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʬʦʨʤʳ 2ʊʇ (ɺʦʜʭʦʟ) ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʵʢʦʣʦʛʠʠ. ɼʘʥʥʳʝ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʵʪʠʭ ʬʦʨʤʘʭ, ʧʨʠʚʦʜʷʪʩʷ ʩ ʛʦʜʦʚʳʤ ʦʩʨʝʜʥʝʥʠʝʤ, ʯʪʦ 

ʥʘʢʣʘʜʳʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʨʘʩʯʝʪʥʳʝ ʩʭʝʤʳ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʚ 

ʢʦʪʦʨʳʭ ʵʪʠ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ.  

ʅʘʪʫʨʥʦʝ ʠʟʤʝʨʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʡ ʥʘʛʨʫʟʢʠ La ʚ ʬʦʨʤʫʣʝ (1) ʦʙʳʯʥʦ ʩʚʷʟʘʥʦ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʧʨʦʙ ʦʩʘʜʢʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʪʝʨʧʦʣʷʮʠʝʡ ʠ ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ 

ʜʘʥʥʳʭ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʀʥʩʪʠʪʫʪʘ ʦʟʝʨʦʚʝʜʝʥʠʷ ʈɸʅ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʮʝʥʢʠ 

ʘʪʤʦʩʬʝʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʙʠʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ: 2 ʢʛ ʈ /(ʢʤ
2
ʛʦʜ) ʠ 465 ʢʛ N /(ʢʤ

2
ʛʦʜ) ʜʣʷ 

ʘʢʚʘʪʦʨʠʠ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ [5,8]; 9 ʢʛ ʈ /(ʢʤ
2
ʛʦʜ) ʠ 820 ʢʛ N /(ʢʤ

2
ʛʦʜ) ʜʣʷ ʘʢʚʘʪʦʨʠʠ ʅʝʚʩʢʦʡ 

ʛʫʙʳ [6,11]. ʇʨʠ ʨʘʩʯʝʪʘʭ ʙʠʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʦʜʦʩʙʦʨ ʏʫʜʩʢʦ-ʇʩʢʦʚʩʢʦʛʦ ʦʟʝʨʘ ʵʩʪʦʥʩʢʠʤʠ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʝʣʠʯʠʥʳ: 5 ʢʛ ʈ /(ʢʤ
2
ʛʦʜ) ʠ 770 ʢʛ N /(ʢʤ

2
ʛʦʜ) [16]. ʇʦ 

ʜʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʀʥʩʪʠʪʫʪʘ ʚʦʜʥʳʭ ʧʨʦʙʣʝʤ ʉʝʚʝʨʘ ʈɸʅ ʜʣʷ ʫʩʣʦʚʠʡ 

ʂʘʨʝʣʠʠ ʘʪʤʦʩʬʝʨʥʘʷ ʥʘʛʨʫʟʢʘ ʙʠʦʛʝʥʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʩʦʩʪʘʚʣʷʝʪ 3,12 ï 13,8 ʢʛ ʈ /(ʢʤ
2
ʛʦʜ) ʠ 160 

ï 465 ʢʛ N /(ʢʤ
2
ʛʦʜ) [9], ʘ ʚ 2013 ʝʝ ʟʥʘʯʝʥʠʷ ʨʘʚʥʷʣʠʩʴ 6,5 ʢʛ ʈ /(ʢʤ

2
ʛʦʜ) ʠ 229.7 ʢʛ N /(ʢʤ

2
ʛʦʜ) 

[10]. ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʦʝ ʦʙʦʙʱʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʘʪʤʦʩʬʝʨʥʦʡ ʥʘʛʨʫʟʢʝ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʥʘ 

ʪʝʨʨʠʪʦʨʠʶ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʈʦʩʩʠʠ ʩʦʜʝʨʞʠʪʩʷ ʚ ʨʘʙʦʪʝ [12]. ʇʦ ʜʘʥʥʳʤ, ʠʤʝʶʱʠʤʩʷ ʚ 

ʨʘʩʧʦʨʷʞʝʥʠʠ HELCOM [13], ʚʦʜʦʩʙʦʨ ʈʦʩʩʠʡʩʢʦʡ ʯʘʩʪʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʨʘʩʧʦʣʦʞʝʥ ʚ ʜʚʫʭ 

ʟʦʥʘʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʘʪʤʦʩʬʝʨʥʳʤ ʚʳʧʘʜʝʥʠʝʤ ʦʙʱʝʛʦ ʘʟʦʪʘ ʚ 500-1000 ʠ ʙʦʣʝʝ 1000 

ʢʛ/(ʢʤ
2
ʛʦʜ). ʆʯʝʚʠʜʝʥ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʘʟʙʨʦʩ ʚ ʦʮʝʥʢʘʭ ʘʪʤʦʩʬʝʨʥʳʭ ʚʳʧʘʜʝʥʠʡ ʙʠʦʛʝʥʥʳʭ 

ʚʝʱʝʩʪʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʩʙʦʨʦʚ ʠ ʚʦʜʥʳʭ ʘʢʚʘʪʦʨʠʡ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʙ·ʣʴʰʘʷ ʯʘʩʪʴ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʧʦʩʪʫʧʠʚʰʠʭ ʥʘ ʚʦʜʦʩʙʦʨ ʦʪ ʨʘʟʣʠʯʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʥʝ ʜʦʩʪʠʛʘʝʪ ʟʘʤʳʢʘʶʱʠʭ ʩʪʚʦʨʦʚ ʢʨʫʧʥʳʭ ʨʝʢ, ʪʘʢ ʢʘʢ ʫʜʝʨʞʠʚʘʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ 

ʟʚʝʥʴʷʤʠ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʠ. ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʜʝʨʞʘʥʠʷ R  ʚ ʬʦʨʤʫʣʝ (1) 

ʠʩʧʦʣʴʟʫʶʪʩʷ  ʩʣʝʜʫʶʱʠʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ [14,15,7]: 

                               

),
1

1
1(

baq
R

+
-=                          (4)                                                                                 

ʛʜʝ qï ʤʦʜʫʣʴ ʩʪʦʢʘ (ʣ /ʢʤ
2
 ʩʝʢ); a ʠ b ï ʙʝʟʨʘʟʤʝʨʥʳʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʟʥʘʯʝʥʠʷ 

ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3. ɿʥʘʯʝʥʠʝ ʤʦʜʫʣʷ ʩʪʦʢʘ  q ʩʚʷʟʘʥʦ ʩʦ ʩʣʦʝʤ ʩʪʦʢʘ  y (ʤʤ /ʛʦʜ) 

ʵʤʧʠʨʠʯʝʩʢʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ  q=0.03171y.  

 

ʊʘʙʣʠʮʘ 3 

ɿʥʘʯʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʬʦʨʤʫʣʝ (4)  

[14,15]:  

ɺʝʱʝʩʪʚʦ ʇʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ ʘ b 

P ɼʣʷ ʚʩʝʭ ʚʦʜʦʩʙʦʨʦʚ 

<1000 ʢʤ
2
 

1000 ï 10000 ʢʤ
2
 

>10000 ʢʤ
2
 

26.6 

41.4 

21.7 

28.9 

-1.71 

-1.93 

-1.55 

-1.80 

N ɼʣʷ ʚʩʝʭ ʚʦʜʦʩʙʦʨʦʚ 

<1000 ʢʤ
2
 

1000 ï 10000 ʢʤ
2
 

>10000 ʢʤ
2
 

6.9 

3.5 

5.8 

7.9 

-1.10 

-1.01 

-0.96 

-1.03 

 

ʋʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʨʫʩʣʦʚʦʡ ʩʝʪʴʶ ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ (4) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʦʢʘ ʠ ʨʘʟʤʝʨʦʚ ʚʦʜʦʩʙʦʨʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʜʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʝʚʳʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ  ʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʠʣʠ ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʣʠʷʶʱʠʭ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʠʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʦʜʥʳʝ 

ʦʙʲʝʢʪʳ, ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʨʘʩʩʯʠʪʳʚʘʪʴ ʩʣʦʡ ʩʪʦʢʘ 

ʠ ʨʘʩʭʦʜʳ ʚʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 



189 

 

ʌʦʥʦʚʘʷ (ʝʩʪʝʩʪʚʝʥʥʘʷ, ʧʨʠʨʦʜʥʘʷ) ʥʘʛʨʫʟʢʘ ʙʠʦʛʝʥʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ 

ʠʭ ʚʳʥʦʩʘ ʩ ʥʝʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʟʝʤʝʣʴ ʠ ʯʘʩʪʠ ʚʳʥʦʩʘ ʩ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʟʝʤʝʣʴ, ʢʦʪʦʨʘʷ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʘ ʬʦʥʦʚʦʡ 

ʥʘʛʨʫʟʢʠ ʥʘ ʚʦʜʦʩʙʦʨ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʠʩʢʣʶʯʘʶʪʩʷ ʚʩʝ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ 

(ʪʦʯʝʯʥʳʝ ʩʙʨʦʩʳ, ʚʥʝʩʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ, ʚʳʥʦʩ ʩ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʥʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʙʠʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʦʜʥʳʡ ʦʙʲʝʢʪ Lnat, ʪ /ʛʦʜ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

                    
],1000/)

100
1(([)1( WAyCLRL natanat -+-=     (5) 

 

ʛʜʝ Cnat ï ʩʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʠʦʛʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʩʪʦʢʝ ʩ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʦʜʩʪʠʣʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʤʛ /ʜʤ
3
),  y ï ʩʣʦʡ ʩʪʦʢʘ (ʤʤ/ʛʦʜ),  A ï ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ (ʢʤ

2
), W - 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (% ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʚʦʜʦʩʙʦʨʘ).  

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʯʘʩʪʥʳʡ ʚʦʜʦʩʙʦʨ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ (ʨʠʩ.1) ʧʦ 

ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ ʨʘʡʦʥʠʨʦʚʘʥʠʶ ʦʪʥʦʩʠʪʩʷ ʢ ʜʚʫʤ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʩʪʨʘʥʘʤ- 

ʌʝʥʥʦʩʢʘʥʜʠʠ (ʦʙʣʘʩʪʴ ɹʘʣʪʠʡʩʢʦʛʦ ʱʠʪʘ) ʠ ʈʫʩʩʢʦʡ ʨʘʚʥʠʥʝ. ɿʜʝʩʴ ʨʘʟʚʠʪʳ ʛʝʥʝʪʠʯʝʩʢʠ ʨʘʟʥʳʝ 

ʣʘʥʜʰʘʬʪʳ - ʩʝʣʴʛʦʚʳʝ  ʚ ʦʙʣʘʩʪʠ ɹʘʣʪʠʡʩʢʦʛʦ ʱʠʪʘ ʠ ʭʦʣʤʠʩʪʦ - ʨʘʚʥʠʥʥʳʝ ʥʘ ʈʫʩʩʢʦʡ ʨʘʚʥʠʥʝ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʦʜʟʦʣʠʩʪʳʡ, ʜʝʨʥʦʚʳʡ, ʛʣʝʝʚʳʡ ʠ 

ʙʦʣʦʪʥʳʡ. ʈʘʟʚʠʪʠʝ ʵʪʠʭ ʪʠʧʦʚ ʧʦʯʚ ʥʘʨʷʜʫ ʩ ʧʨʦʤʳʚʥʳʤ ʪʠʧʦʤ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʦʧʨʝʜʝʣʷʶʪ 

ʚʳʩʦʢʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʣʘʥʜʰʘʬʪʘʭ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʛʫʤʫʩʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʨʘʟʫʝʪʩʷ ʚ ʧʦʯʚʘʭ ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʦʛʦ ʠ 

ʛʠʜʨʦʤʦʨʬʥʦʛʦ ʨʷʜʘ. ʇʦʩʪʫʧʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʫʶ ʩʝʪʴ ʩ ʙʦʣʦʪʥʳʭ 

ʩʠʩʪʝʤ ʧʝʨʝʭʦʜʥʦʛʦ ʠ ʚʝʨʭʦʚʦʛʦ ʪʠʧʘ ʦʛʨʘʥʠʯʝʥʦ ʚ ʧʝʨʠʦʜʳ ʤʝʞʝʥʠ. ʅʘʠʙʦʣʴʰʠʡ ʚʳʥʦʩ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩ ʟʘʙʦʣʦʯʝʥʥʳʭ ʣʝʩʦʚ, ʩʪʦʢ ʩ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦ. ʂʘʨʙʦʥʘʪʥʦʩʪʴ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ ʩʥʠʞʘʝʪ ʚʳʥʦʩ ʠʟ ʧʦʯʚ ʚ 

ʨʫʩʣʦʚʳʝ ʚʦʜʳ, ʧʦʩʢʦʣʴʢʫ ʩʦʣʠ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʛʫʤʫʩʦʚʳʭ ʢʠʩʣʦʪ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳ ʠ 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʦʨʛʘʥʦʛʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦʯʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʨʦʮʝʩʩʝ ʛʫʤʫʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʳ ʧʨʦʜʫʮʠʨʫʝʪʩʷ ʙʦʣʴʰʝ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʯʝʤ ʧʦʜʚʠʞʥʳʭ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʬʫʣʴʚʦʢʠʩʣʦʪ.  

ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʯʘʩʪʥʦʛʦ ʚʦʜʦʩʙʦʨʘ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʩʦʩʪʘʚʣʷʝʪ 67258 ʢʤ
2
, ʧʣʦʱʘʜʴ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʚʦʜʦʩʙʦʨʝ ï 2382 ʢʤ
2
, ʝʩʪʝʩʪʚʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ (ʣʝʩʦʚ ʠ 

ʙʦʣʦʪ) - 59596 ʢʤ
2
, ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʦʣʝʡ ï 360 ʢʤ

2
, ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ï 958 ʢʤ
2
, ʩʤʝʰʘʥʥʳʭ, ʟʘʙʨʦʰʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʩʚʘʣʦʢ ʠ ʧʨ. ï 3962 ʢʤ

2
. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʧʣʦʱʘʜʷʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʠ ʢʦʣʠʯʝʩʪʚʝ ʜʦʤʘʰʥʠʭ ʞʠʚʦʪʥʳʭ ʠ 

ʧʪʠʮʳ ʚ 2014 ʛ. ʚ ʧʨʝʜʝʣʘʭ ʯʘʩʪʥʦʛʦ ʚʦʜʦʩʙʦʨʘ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʦʜʝʣʠ ʀɸʕʇ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʫʨʘʚʥʝʥʠʠ (2), ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 4. ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʙʠʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʩʦʩʪʘʚʠʣʠ 1708.4 ʪN/ʛʦʜ ʠ 87.3 ʪʈ/ʛʦʜ. 

ɹʠʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʦʪ ʪʦʯʝʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʦʩʙʦʨʘ ʧʦ ʜʘʥʥʳʤ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʪʯʝʪʥʦʩʪʠ 2ʊʇ (ʚʦʜʭʦʟ) ʚ 2014 ʛʦʜʫ ʩʦʩʪʘʚʠʣʘ 810.0 ʪN/ʛʦʜ 227.0 ʪʈ/ʛʦʜ, ʧʨʷʤʳʝ 

ʩʙʨʦʩʳ ʚ ʦʟʝʨʦ - 159.9 ʪN/ʛʦʜ ʠ 22.2 ʪʈ/ʛʦʜ. ʀʪʦʛʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʠʦʛʝʥʥʦʡ 

ʥʘʛʨʫʟʢʠ ʥʘ ʯʘʩʪʥʦʤ ʚʦʜʦʩʙʦʨʝ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.5. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʯʘʩʪʥʦʛʦ ʚʦʜʦʩʙʦʨʘ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ. 

 

 

ʊʘʙʣʠʮʘ 4 

ʇʣʦʘɦʜʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʠ ʢʦʣʠʯʝʩʪʚʦ ʜʦʤʘʰʥʠʭ ʞʠʚʦʪʥʳʭ  

ʠ ʧʪʠʮʳ ʚ ʧʨʝʜʝʣʘʭ ʯʘʩʪʥʦʛʦ ʚʦʜʦʩʙʦʨʘ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ 

ʈʘʡʦʥ ʆʙʣʘʩʪʴ  ʉʍ  

ʂ

ʈʉ 

 ʉ

ɺ  ʇʊ 

 

ʃ 

 

ʆʠʂ 

ʃʦʜʝʡʥʦʧʦʣʴʩʢʠʡ ʃʝʥʠʥʛʨʘʜʩʢʘʷ  318,7 2400 3574 5850 15 1195 

ɺʦʣʭʦʚʩʢʠʡ  ʃʝʥʠʥʛʨʘʜʩʢʘʷ  4812 11614 6000 13958 32 971 

ʂʠʨʦʚʩʢʠʡ  ʃʝʥʠʥʛʨʘʜʩʢʘʷ  2028 1456 192 16720000 245 1349 

ʊʠʭʚʠʥʩʢʠʡ ʃʝʥʠʥʛʨʘʜʩʢʘʷ  2102,1 6055 266 7833 33 431 

ʊʦʩʥʝʥʩʢʠʡ ʃʝʥʠʥʛʨʘʜʩʢʘʷ  5331 14220 122000 15425 508 1427 

ɺʩʝʚʦʣʦʞʩʢʠʡ  ʃʝʥʠʥʛʨʘʜʩʢʘʷ  5256,3 11228 9641 580120 149 1632 

ʇʨʠʦʟʝʨʩʢʠʡ  ʃʝʥʠʥʛʨʘʜʩʢʘʷ  10525,9 21978 16302 16642 28 3452 

ʃʘʭʜʝʥʧʦʭʩʢʠʡ  ʈʝʩʧ. ʂʘʨʝʣʠʷ 238,5 227 103 3650 23 173 

ʉʦʨʪʘʚʘʣʴʩʢʠʡ  ʈʝʩʧ. ʂʘʨʝʣʠʷ 335 386 241 4125 14 421 

ʇʠʪʢʷʨʘʥʪʩʢʠʡ  ʈʝʩʧ. ʂʘʨʝʣʠʷ 2412 992 123 2467 2 348 

ʆʣʦʥʝʮʢʠʡ   ʈʝʩʧ. ʂʘʨʝʣʠʷ 2689,8 9265 918 2267 3 370 

   ɺʉɽɻʆ 36049,3 79821 159360 17372337 1052 11769 

ʇʨʠʤʝʯʘʥʠʝ: ʉʍ ï ʧʣʦʱʘʜʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʚ ʧʨʝʜʝʣʘʭ ʚʦʜʦʩʙʦʨʘ (ʛʘ), ʂʈʉ ï 

ʢʨʫʧʥʳʡ ʨʦʛʘʪʳʡ ʩʢʦʪ (ʛʦʣ.), ʉɺ ï ʩʚʠʥʴʠ (ʛʦʣ.), ʇʊ ï ʧʪʠʮʘ (ʛʦʣ.), ʃ ï ʣʦʰʘʜʠ (ʛʦʣ.), ʆʠʂ ï ʦʚʮʳ 

ʠ ʢʦʟʳ (ʛʦʣ.) 

 

 


