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ʅɸʋʂɸ ʀ ʀʅʅʆɺɸʎʀʗ 

ʉɽʈʀʗ ɻɽʆʃʆɻʀʏɽʉʂʀʍ ʀ ʊɽʍʅʀʏɽʉʂʀʍ ʅɸʋʂ 

 

ʋʯʨʝʜʠʪʝʣʴ ʞʫʨʥʘʣʘ: 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɾʫʨʥʘʣ ʦʩʥʦʚʘʥ ʚ 2014 ʛ. ɺʳʭʦʜʠʪ 4 ʨʘʟʘ ʚ ʛʦʜ. 

ɻʃɸɺʅʓʁ ʈɽɼɸʂʊʆʈ ɾʋʈʅɸʃɸ: 

ʅʘʩʨʠʜʜʠʥʟʦʜʘ ʕʤʦʤʘʣʠ 

ʉʘʡʬʠʜʜʠʥ 

ɼʦʢʪʦʨ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʅɸʅʊ, ʨʝʢʪʦʨ ʊʘʜʞʠʢʩʢʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʇɽʈɺʓʁ ɿɸʄɽʉʊʀʊɽʃʔ ɻʃɸɺʅʆɻʆ ʈɽɼɸʂʊʆʈɸ: 

ʉʘʬʘʨʤʘʤʘʜʟʦʜʘ 

ʉʘʬʘʨʤʘʤʘʜ ʄʫʙʦʨʘʢʰʦ 

ɼʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦʨʝʢʪʦʨ ʧʦ ʥʘʫʢʝ ʊʘʜʞʠʢʩʢʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ  

ɿɸʄɽʉʊʀʊɽʃʀ ɻʃɸɺʅʆɻʆ ʈɽɼɸʂʊʆʈɸ: 

ʆʩʧʘʥʦʚʘ ʅʘʨʠʤʘ 

ʂʘʞʝʥʦʚʥʘ 

ɼʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʣʘʙʦʨʘʪʦʨʠʠ 

ʧʘʣʝʦʥʪʦʣʦʛʠʠ ʠ ʩʪʨʘʪʠʛʨʘʬʠʠ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ, ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʝʡʩʤʦʣʦʛʠʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʊʘʜʞʠʢʠʩʪʘʥʘ 

ʂʦʤʠʣʦʚ ʆʜʠʥʘ 

ʂʦʤʠʣʦʚʠʯ 

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʠ ʠʥʞʝʥʝʨʥʦʡ 

ʛʝʦʣʦʛʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʏʃɽʅʓ ʈɽɼɸʂʎʀʆʅʅʆʁ ʂʆʃʃɽɻʀʀ: 

ɺʘʣʠʝʚ ʐʘʨʠʬ 

ʌʘʡʟʫʣʣʦʝʚʠʯ 

ɼʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ, ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʝʡʩʤʦʣʦʛʠʠ 

ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʊʘʜʞʠʢʠʩʪʘʥʘ 

ʌʘʡʟʠʝʚ ɸʙʜʫʣʭʘʢ 

ʈʘʜʞʘʙʦʚʠʯ 

ʏʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʜʦʢʪʦʨ 

ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʛʝʦʣʦʛʠʠ ʠ ʨʘʟʚʝʜʢʠ ʄʇʀ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 

ɸʙʜʫʨʘʭʠʤʦʚ ʉʘʜʨʠʜʜʠʥ 

ʗʤʠʥʦʚʠʯ 

ɼʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʦʡ 

ʛʝʦʛʨʘʬʠʠ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʍʫʜʞʘʥʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɹ. ɻʘʬʫʨʦʚʘ 

ʂʘʨʠʤʦʚ ʌʘʨʰʝʜ 

ʍʠʣʦʣʦʚʠʯ 

ɼʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʛʝʦʣʦʛʠʠ ʠ ʨʘʟʚʝʜʢʠ 

ʄʇʀ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ  

ʄʫʭʘʙʙʘʪʦʚ ʍʦʣʥʘʟʘʨ 

ʄʫʭʘʙʙʘʪʦʚʠʯ 

ɼʦʢʪʦʨ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʪʫʨʠʟʤʘ ʠ ʤʝʪʦʜʠʢʠ 

ʧʨʝʧʦʜʘʚʘʥʠʷ ʛʝʦʛʨʘʬʠʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʊʘʜʞʠʢʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʉ. ɸʡʥʠ 

ʉʘʠʜʦʚ ʄʠʨʟʦ 

ʉʠʛʙʘʪʫʣʣʦʚʠʯ 

ɼʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʠ 

ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʣʦʛʠʠ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʀʢʨʦʤʦʚ ʀʩʤʦʥʢʫʣ 

ʀʩʪʘʤʦʚʠʯ 

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʤʝʣʠʦʨʘʮʠʠ, ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʠ 

ʦʭʨʘʥʳ ʟʝʤʝʣʴ ʊʘʜʞʠʢʩʢʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʐ. ʐʦʭʪʝʤʫʨʘ 

ʈʫʟʠʝʚ ɼʞʫʨʘ 

ʈʘʭʠʤʥʘʟʘʨʦʚʠʯ 

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ ʊʘʜʞʠʢʩʢʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʉʘʤʠʭʦʚ ʐʦʥʘʚʨʫʟ 

ʈʘʭʠʤʦʚʠʯ 

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ɸʥʜʘʤʦʚ ʈʘʜʞʘʙʘʣʠ 

ʐʘʤʩʦʚʠʯ 

ʂʘʥʜʠʜʘʪ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʝʢʘʥ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʅʠʸʟʦʚ ɸʥʩʦʨ ʉʦʭʠʙʦʚʠʯ ʂʘʥʜʠʜʘʪ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʛʦʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʤʝʥʝʥʜʞʤʝʥʪʘ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ɻʘʡʨʘʪʦʚ ʄʘʣʠʢʜʦʜ 

ʊʦʧʦʣʘʥʛʦʚʠʯ 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʦʡ ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʠ ʠʥʞʝʥʝʨʥʦʡ 

ʛʝʦʣʦʛʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʅʠʸʟʦʚ ʆʤʘʜʢʫʣ 

ʍʘʤʨʦʢʫʣʦʚʠʯ 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʤʝʩʪʠʪʝʣʴ ʜʝʢʘʥʘ ʧʦ ʥʘʫʢʝ ʠ ʠʥʥʦʚʘʮʠʡ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ɾʫʨʥʘʣ ʚʢʣʶʯʝʥ ʚ ʇʝʨʝʯʝʥʴ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʡ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʝʩʧʫʙʣʠʢʠ 

ʊʘʜʞʠʢʠʩʪʘʥ ʦʪ 28.02.2021, ˉ73 

ɾʫʨʥʘʣ ʧʦʜʛʦʪʘʚʣʠʚʘʝʪʩʷ ʢ ʠʟʜʘʥʠʶ ʚ ʀʟʜʘʪʝʣʴʩʢʦʤ 

ʮʝʥʪʨʝ ʊʅʋ. 

ɸʜʨʝʩ ʀʟʜʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ:734025, ʈʝʩʧʫʙʣʠʢʘ 
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ɻ ɽ ʆ ʃ ʆ ɻ ʀ ʗ 

ʋɼʂ: 550.83  

ʇʈʀʄɽʅɽʅʀɽ ʂʆʄʇʃɽʂʉɸ ʀʅɾɽʅɽʈʅʆ-ɻɽʆʌʀɿʀʏɽʉʂʀʍ ʄɽʊʆɼʆɺ 

ʀʉʉʃɽɼʆɺɸʅʀʗ ʅɸ ɹɸʁʇɸɿʀʅʉʂʆʄ ʆʇʆʃɿʅɽ 

 

ɸʨʠʬʦʚ ʍ.ʆ. 

ʀʥʩʪʠʪʫʪ ʵʢʦʥʦʤʠʢʠ ʠ ʜʝʤʦʛʨʘʬʠʠ ʅɸʅ ʊʘʜʞʠʢʠʩʪʘʥʘ 

 

ɺʚʝʜʝʥʠʝ. ʄʥʦʛʠʤ ʩʧʝʮʠʘʣʠʩʪʘʤ, ʠʥʪʝʨʝʩʫʶʱʠʤʩʷ ʨʘʟʣʠʯʥʳʤʠ ʘʩʧʝʢʪʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʤʦʱʥʦʩʪʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʝʢʝ ɺʘʭʰ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʜʸʞʥʦʩʪʴ ʨʘʙʦʪʳ 

ʢʘʩʢʘʜʘ ɻʕʉ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʛʦ ʧʦʚʝʜʝʥʠʷ ɹʘʡʧʘʟʠʥʩʢʦʛʦ 

ʦʧʦʣʟʥʷ. ʀʟ-ʟʘ ʫʛʨʦʟʳ, ʢʦʪʦʨʘʷ ʠʩʭʦʜʠʪ ʦʪ ʦʧʦʣʟʥʷ, ʝʛʦ ʦʙʨʘʟʥʦ ʥʘʟʚʘʣʠ ʜʘʤʦʢʣʦʚ ʤʝʯ. ʆʙ ʦʧʦʣʟʥʝ 

ʠʤʝʶʪʩʷ ʨʷʜ ʧʫʙʣʠʢʘʮʠʡ ʚ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ. ɺ ʥʠʭ ʦʙʩʫʞʜʘʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʛʨʘʥʠʮʳ, 

ʧʨʠʯʠʥʳ ʘʢʪʠʚʠʟʘʮʠʠ ʦʧʦʣʟʥʷ ʧʨʠ ʝʛʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʛʝʥʝʨʘʮʠʷʭ. ɺ ʥʠʭ ʦʩʚʝʱʘʶʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʨʘʟʣʠʯʥʳʝ ʧʝʨʠʦʜʳ ʛʝʥʝʨʘʮʠʠ ʦʧʦʣʟʥʷ, ʠ ʦʙʩʫʞʜʘʶʪʩʷ ʤʝʨʦʧʨʠʷʪʠʷ 

ʧʦ ʩʥʠʞʝʥʠʶ ʧʦʩʣʝʜʩʪʚʠʡ ʧʨʠ ʝʛʦ ʙʫʜʫʱʠʭ ʘʢʪʠʚʠʟʘʮʠʷʭ. 

ʇʦʩʣʝ ʘʢʪʠʚʠʟʘʮʠʠ 1969 ʛ. ʦʧʦʣʟʥʝʤ ʟʘʥʠʤʘʣʩʷ ʉɸʆ ʠʥʩʪʠʪʫʪʘ çɻʠʜʨʦʧʨʦʝʢʪè ʛ. ʊʘʰʢʝʥʪ [2; 

7], ʘ ʛʝʥʝʨʘʮʠʠ 1992 ʛʦʜʘ - ʊʘʜʞʠʢɻʠʜʨʦʵʥʝʨʛʦʧʨʦʝʢʪ ʛ. ɼʫʰʘʥʙʝ [6] ʠ ʖʞʥʘʷ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʘʷ 

ʵʢʩʧʝʜʠʮʠʷ (ʖɻɻʕ) [3]. ʉ 1998 ʛʦʜʘ, ʚʦ ʚʨʝʤʷ ʠ ʧʦʩʣʝ ʘʢʪʠʚʠʟʘʮʠʠ ʦʧʦʣʟʥʷ ʚ 2002 ʛʦʜʫ, 

ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʨʫʯʝʥʦ ʚʳʧʦʣʥʠʪʴ ʊʘʜʞʠʢʩʢʦʤʫ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤʫ ʦʪʜʝʣʫ 

ʵʥʝʨʛʝʪʠʢʠ (ʊʘʜʞʅʀʆʕ), ʛ. ɼʫʰʘʥʙʝ. ɺʦ ʚʩʝʭ ʥʘʟʚʘʥʥʳʭ ʛʝʥʝʨʘʮʠʷʭ ʦʧʦʣʟʝʥʴ ʧʝʨʝʢʨʳʚʘʣ ʨʝʢʫ 

ɺʘʭʰ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ɻʕʉ, ʯʫʪʴ ʥʠʞʝ ʧʦʩʸʣʢʘ ɹʘʡʧʘʟʘ, ʧʨʠ ʘʢʪʠʚʠʟʘʮʠʠ ʦʧʦʣʟʥʷ ʚ 

1992 ʛ ʠ 2002 ʛʦʜʘ ʦʥ ʙʣʦʢʠʨʦʚʘʣ ʨʝʢʫ, ʩʦʟʜʘʚʘ ̫ʟʘ ʟʘʧʨʫʜʦʡ ʚʦʜʦʭʨʘʥʠʣʠʱʝ. ʗʟʳʢʦʚʘʷ ʯʘʩʪʴ 

ʦʧʦʣʟʥʷ ʩʥʠʟʠʣʘ ʦʙʲʸʤ ʩʪʦʢʘ ʚʦʜʳ ʚ ʥʠʞʝʨʘʩʧʦʣʦʞʝʥʥʳʝ ʨʝʛʠʦʥʳ, ʘ ʟʘʧʨʫʜʥʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ 

ʜʦʭʦʜʠʣʦ ʜʦ ʤʘʰʠʥʥʦʛʦ ʟʘʣʘ ɻʕʉ, ʚʳʥʫʞʜʘʷ ʧʨʦʚʦʜʠʪʴ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ 

ʜʝʤʦʥʪʘʞʫ ʝʸ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʦʧʦʣʟʥʝʡ, ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʤʝʪʦʜʘ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʕʢʦʥʦʤʠʯʝʩʢʠ ʙʦʣʝʝ 

ʜʝʰʸʚʳʝ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʤʦʛʘʶʪ ʫʪʦʯʥʷʪʴ ʜʝʪʘʣʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʪʨʦʝʥʠʷ ʦʧʦʣʟʥʷ, ʚʣʠʷʶʱʠʝ ʥʘ ʜʠʥʘʤʠʢʫ ʦʧʦʣʟʥʷ ʚ ʨʘʟʣʠʯʥʳʭ ʝʛʦ ʯʘʩʪʷʭ, ʠ ʷʚʣʷʶʪʩʷ 

ʦʙʷʟʘʪʝʣʴʥʳʤʠ ʚʠʜʘʤʠ ʨʘʙʦʪ ʥʘ ʦʧʦʣʟʥʝ ʦʧʘʩʥʳʭ ʩʢʣʦʥʘʭ. ʆʜʥʠʤ ʠʟ ʨʘʥʥʠʭ ʦʧʳʪʦʚ ʚ ʉʉʉʈ ʙʳʣʦ 

ʧʨʠʤʝʥʝʥʠʝ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ɺ.ʅ. ʅʠʢʠʪʠʥʳʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʦʧʦʣʟʥʝ. ʆʥ ʚʳʩʢʘʟʘʣ 

ʤʥʝʥʠʝ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʢʘʨʪʠʥʳ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʚʝʩʪʥʠʢʘʤʠ ʛʦʪʦʚʷʱʝʡʩʷ 

ʘʢʪʠʚʠʟʘʮʠʠ ʦʧʦʣʟʥʷ. ɺ ʊʘʜʞʠʢʠʩʪʘʥʝ ʚ ʩʦʚʝʪʩʢʠʡ ʧʝʨʠʦʜ ʃ.ʇ. ʇʘʧʳʨʠʥ ʧʨʠʤʝʥʠʣ ʩʝʡʩʤʦʢʘʨʦʪʘʞ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʦʧʦʣʟʥʝʚʦʛʦ ʤʘʩʩʠʚʘ ʥʘ ʧʨʘʚʦʙʝʨʝʞʥʦʤ ʩʢʣʦʥʝ ʉʘʨʝʟʩʢʦʛʦ ʦʟʝʨʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʩʦʢʦ ʦʮʝʥʝʥʳ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʩʪʨʘʥʳ. ʀʨʘʥʩʢʠʝ ʛʝʦʬʠʟʠʢʠ 

ʧʨʠʤʝʥʠʣʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʢʘʨʦʪʘʞ ʥʘ ʧʨʘʚʦʙʝʨʝʞʥʦʤ çʘʪʠʧʠʯʥʦʤè ʩʢʣʦʥʝ ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ 

ʈʦʛʫʥʩʢʦʡ ɻʕʉ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʥʠ ʚʳʩʢʘʟʘʣʠ 

ʤʥʝʥʠʝ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʡ ʤʘʩʩʠʚ ʙʦʣʴʰʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ çʘʪʠʧʠʯʥʦʤʫè ʩʢʣʦʥʫ, ʯʝʤ ʦʧʦʣʟʥʝʚʦʤʫ 

ʪʝʣʫ. ʇʦʩʣʝ ʘʢʪʠʚʠʟʘʮʠʠ ɹʘʡʧʘʟʠʥʩʢʦʛʦ ʦʧʦʣʟʥʷ ʚ 1992 ʛʦʜʘ, ʚ 1993ʛʦʜʫ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʢʣʦʥʘ 

ʃ.ʇ. ʇʘʧʳʨʠʥʳʤ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʝ ʟʦʥʜʠʨʦʚʘʥʠʷ (ɺʕɿ). ʇʦʩʢʦʣʴʢʫ ʗʚʘʥʩʢʠʡ 

ʨʘʡʦʥ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥ ʩʢʣʦʥ, ʙʳʣ ʦʜʥʠʤ ʠʟ ʪʝʘʪʨʦʚ ʛʨʘʞʜʘʥʩʢʦʡ ʚʦʡʥʳ, ʧʨʦʚʝʜʝʥʠʝ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʙʳʣʦ ʥʝ ʙʝʟʦʧʘʩʥʦ, ʠ ʧʦʵʪʦʤʫ ʦʥʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʥʝʧʦʣʥʦʤ ʦʙʲʸʤʝ. 

ʖɻʌʕ ʥʘ ʵʪʦʤ ʞʝ ʦʧʦʣʟʥʝ, ʚ ʚʝʨʭʥʝʡ ʠ ʩʨʝʜʥʝʡ ʝʛʦ ʯʘʩʪʷʭ, ʚ 2011ʛʦʜʫ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʧʦ ʤʝʪʦʜʫ ɺʕɿ ʠ ɽʩʪʝʩʪʚʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (ɽʇ). 

ʆʪʚʝʪʩʪʚʝʥʥʳʤ ʠʩʧʦʣʥʠʪʝʣʝʤ ʧʦʩʣʝʜʥʠʭ ʨʘʙʦʪ ʙʳʣ ʦʧʳʪʥʳʡ ʛʝʦʬʠʟʠʢ ʉ.ʉ. ʐʘʭʤʘʪʦʚ. ɺ ʵʪʦ 

ʚʨʝʤʷ ʥʘ ʩʢʣʦʥʝ ʥʝ ʙʳʣʦ ʧʨʦʙʫʨʝʥʦ ʥʠ ʦʜʥʦʡ ʩʢʚʘʞʠʥʳ. ʇʦʵʪʦʤʫ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʣʠʰʴ 

ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ, ʙʝʟ ʠʭ ʧʨʠʚʷʟʢʠ ʢ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʛʨʘʥʠʮʘʤ, ʠ ʫʪʦʯʥʝʥʳ ʧʫʪʠ 

ʬʠʣɹʪʨʘʮʠʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ʇʨʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʦʧʦʨʥʳʭ 
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ʧʨʦʬʠʣʷʭ ʠ ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʛʨʘʥʠʮ ʥʘ ʩʦʩʝʜʥʠʝ ʧʣʦʱʘʜʠ ʧʦ ʚʳʧʦʣʥʝʥʥʳʤ ʪʘʤ 

ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʧʨʝʜʧʠʩʳʚʘʝʪʩʷ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʨʘʙʦʪ ʠ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ.  

ɺʦʩʧʦʣʥʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʰʝʥʘʟʚʘʥʥʳʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʷʚʣʷʝʪʩʷ ʣʠʢʚʠʜʘʮʠʝʡ ʦʙʦʟʥʘʯʝʥʥʦʛʦ ʧʨʦʙʝʣʘ ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɸʢʪʫʘʣʴʥʦ ʪʘʢʞʝ ʦʧʫʙʣʠʢʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ 

ʦʙʩʫʞʜʝʥʠʷ.  

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʴ ʢʦʤʧʣʝʢʩ ʠ ʦʙʩʫʜʠʪʴ ʚʳʧʦʣʥʝʥʥʳʝ ʚ 2005 ʛʦʜʫ 

ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʎʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʶʪʩʷ ʦʧʠʩʘʥʠʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʧʦ ʥʘʰʝʤʫ ʟʘʢʘʟʫ ʢʦʤʧʣʝʢʩʘ ʧʦʣʝʚʳʭ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 2005ʛʦʜʫ ʠ ʪʦʛʦ ʯʪʦ ʙʳʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ. 

ʄʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢ 

ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʤ ʨʘʙʦʪʘʤ, ʚʳʧʦʣʥʝʥʥʳʤ ʚ 1993ʛ, ʧʦʩʣʝ ʘʢʪʠʚʠʟʘʮʠʠ ʦʧʦʣʟʥʷ ʚ 2002 ʛ, ʚ 

2005ʛʦʜʫ, ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʠʥʞʝʥʝʨʥʘʷ ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʘʚʪʦʨʦʤ ʩʪʘʪʴʠ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʪʠʚʦʦʧʦʣʟʥʝʚʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʚʳʧʦʣʥʝʥʠʝ ʨʘʟʛʨʫʟʢʠ ʦʧʦʣʟʥʝʚʳʭ ʤʘʩʩ, ʧʦ 

ʩʧʦʩʦʙʫ ʪʝʨʨʘʩʠʨʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʥʘ ʩʦʟʜʘʥʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʪʫʧʝʥʷʭ ʥʘʨʝʟʘʥʥʳʭ ʪʝʨʨʘʩ 

ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʚʳʧʦʣʥʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʠʥʞʝʥʝʨʥʦ-ʩʝʡʩʤʠʯʝʩʢʠʭ ʩ ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ 

ʮʠʬʨʦʚʦʡ 24-ʢʘʥʘʣʴʥʦʡ ʩʝʡʩʤʦʩʪʘʥʮʠʠ ʃʘʢʢʦʣʠʪ, ʘ ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʳʧʦʣʥʷʣʠʩʴ ʘʧʧʘʨʘʪʫʨʦʡ ʕʈɸïʄ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʧʨʠʚʦʜʷʪʩʷ ʜʣʷ ʦʙʩʫʞʜʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 1. ɺʠʜ ʥʘ ʚʝʨʭʥʶʶ ʠ ʩʨʝʜʥʶʶ ʯʘʩʪʴ ɹʘʡʧʘʟʠʥʩʢʦʛʦ ʦʧʦʣʟʥʷ 

Figure 1. View of the upper and middle parts of the Baipazinsky landslide 

 
ɿʜʝʩʴ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʨʝʟʘʥʥʳʭ ʪʝʨʨʘʩ, ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʌʦʪʦ ʅ.ʈ. 

ʀʱʫʢʘ. 
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ʈʠʩʫʥʦʢ 2. ʅʠʞʥʷʷ ʯʘʩʪʴ ʦʧʦʣʟʥʷ. ʌʦʪʦ ʘʚʪʦʨʘ 

Figure 2. Lower part of the landslide. Photo by the author 

 
 

ʉʝʡʩʤʦʨʘʟʚʝʜʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʤʝʪʦʜʠʢʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʡ ʧʨʝʣʦʤʣʝʥʥʳʭ 

ʚʦʣʥ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ. 

  

ʈʠʩʫʥʦʢ 3. ʈʘʩʧʦʣʦʞʝʥʠʝ ʩʢʚʘʞʠʥ ʦʧʦʣʟʥʷ, ʟʦʥʳ ʨʘʟʛʨʫʟʢʠ ʦʧʦʣʟʥʷ ʧʦ ʤʝʪʦʜʫ 

ʪʝʨʨʘʩʠʨʦʚʘʥʠʷ, ʦʪʚʘʣʦʚ (ʜʚʘ) ʚʳʚʝʟʝʥʥʦʛʦ ʛʨʫʥʪʘ, ʚʟʘʠʤʦʧʦʣʦʞʝʥʠʷ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʨʝʢʝ ɺʘʭʰ ʠ ʦʩʝʚʦʡ ʯʘʩʪʠ ʭʨʝʙʪʘ ʂʘʨʘʪʘʫ 

Figure 3. Location of landslide boreholes, landslide discharge zones using terracing, two dumps of 

removed soil, and the relative positions of these objects in relation to the Vakhsh River and the axial 

part of the Karatau Ridge 

 
ɺʦʜʦʨʘʟʜʝʣ ʷʚʣʷʝʪʩʷ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝʡ ʜʨʝʚʥʝʛʦ ʦʧʦʣʟʥʝʚʦʛʦ ʩʢʣʦʥʘ, ʚʢʣʶʯʘʶʱʝʛʦ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ɹʘʡʧʘʟʠʥʩʢʠʡ ʦʧʦʣʟʝʥʴ 

 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʦʩʥʦʚʥʦʡ ʤʝʪʦʜʠʯʝʩʢʠʡ ʧʨʠʸʤ ʧʨʠʤʝʥʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ʉʫʪʴ ʝʛʦ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʦʧʦʨʥʦʤ ʨʘʟʨʝʟʝ, ʧʦʣʫʯʘʶʪ ʧʨʠʚʷʟʢʫ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʢ 

ʧʨʠʤʝʨʫ, ʛʨʘʥʠʯʥʦʡ ʩʢʦʨʦʩʪʠ (Vʛ) ʧʨʝʣʦʤʣʝʥʥʳʭ ʚʦʣʥ, ʢ ʢʦʥʢʨʝʪʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʛʨʘʥʠʮʘʤ, 

ʢʦʪʦʨʳʝ ʙʝʨʫʪʩʷ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ʩʢʚʘʞʠʥʳ, ʧʦʢʘʟʘʥʥʳʝ ʥʘ 

ʨʠʩʫʥʢʝ 3. ɼʘʣʝʝ, ʧʨʠʤʝʥʷʷ ʛʝʦʬʠʟʠʯʝʩʢʠʡ ʤʝʪʦʜ ʥʘ ʠʟʫʯʘʝʤʳʭ ʧʨʦʬʠʣʷʭ, ʢ ʧʨʠʤʝʨʫ, ʧʦ Vʛ. 
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ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʛʨʘʥʠʮ ʟʘʣʝʛʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʛʨʘʥʠʮ, ʢʘʢ ʚ ʨʘʟʨʝʟʘʭ, ʪʘʢ ʠ ʚ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦ ʧʣʦʱʘʜʠ. ʇʦ ʪʘʢʦʤʫ ʞʝ ʩʧʦʩʦʙʫ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ 

(ʧʦ ʤʝʪʦʜʫ ɺʕɿ), ʪʦ ʝʩʪʴ ʧʦʣʫʯʘʝʤʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ ʧʨʠʚʷʟʳʚʘʶʪʩʷ ʢ ʛʝʦʣʦʛʠʯʝʩʢʠʤ.  

ʅʘ ʨʠʩ.4 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ ʥʘ ʫʯʘʩʪʢʘʭ ɹʘʡʧʘʟʠʥʩʢʦʛʦ 

ʦʧʦʣʟʥʷ.  

 

ʈʠʩʫʥʦʢ 4. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ ʥʘ ʫʯʘʩʪʢʘʭ ɹʘʡʧʘʟʠʥʩʢʦʛʦ 

ʦʧʦʣʟʥʷ 

Figure 4. Layout of geophysical profiles in areas of the Baipazinsky landslide 

 
 

ʅʘ ʨʠʩ.5 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʦʬʠʣʝʡ ʥʘ ɹʘʡʧʘʟʠʥʩʢʦʤ ʦʧʦʣʟʥʝ ʩ ʧʨʠʚʷʟʢʦʡ ʠʭ ʢ 

ʧʨʦʙʫʨʝʥʥʳʤ ʩʢʚʘʞʠʥʘʤ. 

1. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʡʩʤʦʩʪʘʥʮʠʠ ʃʘʢʢʦʣʠʪ- 24 ʍʄ, ʩʥʘʙʞʸʥʥʦʡ ʬʫʥʢʮʠʝʡ ʥʘʢʦʧʣʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʚʦʟʙʫʞʜʘʝʤʳʭ ʫʜʘʨʘʤʠ ʢʫʚʘʣʜʳ ʧʦ ʜʝʨʝʚʷʥʥʦʡ ʧʦʜʩʪʘʚʢʝ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ 

ʧʫʥʢʪʘʭ ʚʦʟʙʫʞʜʝʥʠʷ ʩʠʛʥʘʣʦʚ, ʨʘʩʧʦʣʘʛʘʝʤʦʡ ʥʘ ʧʨʦʬʠʣʝ, ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ. ɺʩʝʛʦ 

ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 440 ʬʠʟʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ. ʆʙʱʘʷ ʜʣʠʥʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʧʨʫʛʠʭ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ, ʩʦʩʪʘʚʠʣʘ 1100 ʤ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʢʘʥʘʣʘʤʠ 2ʤ, ʢʦʣʠʯʝʩʪʚʦ ʧʫʥʢʪʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʥʘ ʧʨʦʬʠʣʝ (ʇɺ) ʜʦ 9, ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʜʣʠʥʘ ʛʦʜʦʛʨʘʬʘ 230 ʤ. 
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ʈʠʩʫʥʦʢ 5. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ ʥʘ ɹʘʡʧʘʟʠʥʩʢʦʤ ʦʧʦʣʟʥʝ ʩ 

ʧʨʠʚʷʟʢʦʡ ʠʭ ʢ ʧʨʦʙʫʨʝʥʥʳʤ ʩʢʚʘʞʠʥʘʤ 

Figure 5. Layout of geophysical profiles on the Baipazinsky landslide with their reference to drilled 

wells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʠʥʠʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʘ ʦʩʴ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ I-I. ʈʘʟʨʝʟ ʙʝʨʸʪ ʥʘʯʘʣʦ ʦʪ 

ʩʢʚʘʞʠʥʳ 3, ʜʦ ʩʢʚʘʞʠʥʳ 7, ʚ çʛʦʨʣʦʚʠʥʝè, ʠ ʜʘʣʝʝ ʜʦ ʩʢʚʘʞʠʥʳ 6. ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʳ 

ʪʦʯʢʠ ɺʕɿ, ʚʳʧʦʣʥʝʥʥʳʝ ʖʞʥʦʡ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʵʢʩʧʝʜʠʮʠʝʡ (ʖɻʌʕ) ʚ 1993ʛ. ʆʥʠ ʥʘʯʠʥʘʶʪʩʷ 

ʦʪ ʥʠʞʥʝʡ ʧʣʦʱʘʜʢʠ ʥʘ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʦʧʦʣʟʥʷ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘʜʦʧʦʣʟʥʝʚʘʷ ʩʪʫʧʝʥʴ, ʜʦ ʤʝʩʪʘ, 

ʛʜʝ ʚ 2003ʛ ʙʳʣʘ ʧʨʦʙʫʨʝʥʘ ʩʢʚʘʞʠʥʘ 5. 

2.ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʧʘʨʘʪʫʨʳ ʕʈɸ - ʄ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ (ɺʕɿ) ʩ ɸɺ/2=160 ʤ, ʩ 

ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʧʦ ʧʨʦʬʠʣʶ 10 ʤ. 

3. ʕʪʦʡ ʞʝ ʘʧʧʘʨʘʪʫʨʦʡ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʘ ʧʦ ʤʝʪʦʜʫ ɽʇ ʩ ʰʘʛʦʤ 10 ʤ.  

4.ʈʘʟʙʠʚʢʘ ʠ ʧʨʠʚʷʟʢʘ ʧʨʦʬʠʣʝʡ ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʩʧʫʪʥʠʢʦʚʦʛʦ ʥʘʚʠʛʘʪʦʨʘ GPS ï 72 

GARMIN.  

3.ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘ ʨʠʩ. 5-12 ʧʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʠʚʦʜʠʤʳʝ (ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ) ʥʠʞʝ. 

ɸ) 1.ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʢʣʦʥʘ, ʧʦ ʦʧʦʨʥʦʤʫ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʦʤʫ ʧʨʦʬʠʣʶ ʦʙʥʘʨʫʞʝʥʘ 

ʠʥʪʝʥʩʠʚʥʘʷ ʧʨʝʣʦʤʣʷʶʱʘʷ ʛʨʘʥʠʮʘ, ʩ ʛʨʘʥʠʯʥʦʡ ʩʢʦʨʦʩʪʴʶ (Vʛ) ʨʘʚʥʦʡ 3500ʤ/ʩ. ʆʥʘ 

ʩʦʦʪʥʦʩʠʪʩʷ, ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥʳ 1, c ʛʦʨʠʟʦʥʪʦʤ çʢʦʨʝʥʥʳʭè ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʬʣʠʰʝʤ (ʧʝʨʝʩʣʘʠʚʘʥʠʝ ʧʝʩʯʘʥʠʢʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ, ʘʨʛʠʣʣʠʪʦʚ). ʌʣʠʰ ʧʦʜʩʪʠʣʘʝʪ 

ʣʸʩʩʦʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʣʫʞʠʪ ʚʦʜʦʫʧʦʨʥʳʤ ʛʦʨʠʟʦʥʪʦʤ. 
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ʈʠʩʫʥʦʢ 6. ʉʭʝʤʘ ʠʟʦʛʠʧʩ ʧʦʚʝʨʭʥʦʩʪʠ çʢʦʨʝʥʥʳʭè ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ 

Figure 6. Diagram of the contour lines of the surface of the ñnativeò rocks 

 
 

2. ʇʦ ʠʟʣʦʤʫ ʛʦʜʦʛʨʘʬʦʚ ʦʧʨʝʜʝʣʷʣʠʩʴ ʟʥʘʯʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʩʢʦʨʦʩʪʝʡ ( ) ʧʨʝʣʦʤʣʷʶʱʠʝ 

ʛʨʘʥʠʮʳ (Vʛ), ʚʳʯʠʩʣʷʣʠʩʴ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʧʨʝʣʦʤʣʷʶʱʠʭ ʛʨʘʥʠʮ, ʠ ʧʦ ʥʠʤ (ʩ ʫʯʸʪʦʤ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʘʩʪʦʚʳʭ ʩʢʦʨʦʩʪʝʡ) ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʩʭʝʤʘʪʠʯʝʩʢʘʷ ʢʘʨʪʘ ʟʘʣʝʛʘʥʠʷ çʢʦʨʝʥʥʳʭè 

ʧʦʨʦʜ ʚ ʚʝʨʭʥʝʡ ʠ ʩʨʝʜʥʝʡ ʯʘʩʪʷʭ ʦʧʦʣʟʥʝʚʦʛʦ ʩʢʣʦʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 5. 

ʉʦʛʣʘʩʥʦ ʩʭʝʤʳ ʠʟʦʛʠʧʩ, ʧʦʚʝʨʭʥʦʩʪʴ ʵʪʦʛʦ ʛʦʨʠʟʦʥʪʘ (ʩʤ.ʨʠʩ.5.) ʥʘʢʣʦʥʝʥʘ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ 

(ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʢʘʟʘʥʦ ʩʪʨʝʣʢʘʤʠ).  

ɺʦʜʦʥʦʩʥʦʩʪʴ çʢʦʨʝʥʥʳʭè ʧʦʨʦʜ ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʳ: ʫʤʝʥʴʰʝʥʠʝ ʦʪʥʦʰʝʥʠʷ 

Vs/Vp ʜʦ 0.33; ʥʘʣʠʯʠʝ ʘʥʦʤʘʣʠʠ ʤʝʪʦʜʘ ɽʇ, ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʛʦʨʠʟʦʥʪ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʛʣʫʙʠʥʝ; ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘʢʣʦʥʘ (ʠʣʠ ʩʢʘʪʳʚʘʥʠʷ) ʵʪʦʛʦ ʛʦʨʠʟʦʥʪʘ. 

ɻʠʧʩʦʤʝʪʨʠʯʝʩʢʠ ʥʠʞʝ ʧʦ ʩʢʣʦʥʫ ʠʤʝʝʪʩʷ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʡ ʨʦʜʥʠʢ ʚ ʢʠʰʣʘʢʝ ʆʙʠʪʦʛ.  
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ʈʠʩʫʥʦʢ 7. ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʫʧʨʫʛʠʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ 

Figure 7. Graphs of changes in elastic and electrical properties of soils 

 
ʕʪʦ ʧʨʠʤʝʨ ʠʟ ʧʨʦʬʠʣʷ 4(2), ʛʜʝ Vp, Vs, -ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʚʦʣʥ, G -ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʩʜʚʠʛʘ ʠ ɟj- ʫʜʝʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

 

ʇʦ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʤʦʱʥʦʩʪʴ ʣʝʩʩʦʚʳʭ ʛʨʫʥʪʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʛʣʫʙʠʥʘ ʜʦ ʢʨʦʚʣʠ 

çʢʦʨʝʥʥʳʭè ʧʦʨʦʜ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 50-70 ʤʝʪʨʦʚ. ʇʨʦʬʠʣʴ 4 ʨʘʩʧʦʣʦʞʝʥ ʤʝʞʜʫ 

ʚʦʜʦʨʘʟʜʝʣʦʤ ʠ ʩʢʚʘʞʠʥʦʡ 3, ʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʩʯʠʪʘʪʴ ʥʝ ʟʘʪʨʦʥʫʪʳʤ 

ʧʨʦʮʝʩʩʦʤ ʩʤʝʱʝʥʠʷ. ʇʨʦʬʠʣʴ 6 ʧʨʘʢʪʠʯʝʩʢʠ ʧʘʨʘʣʣʝʣʝʥ 4-ʤʫ ʠ ʥʘʭʦʜʠʪʩʷ ʦʪ ʥʝʛʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

25-30 ʤʝʪʨʦʚ (ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʙʨʦʚʢʝ ʩʨʳʚʘ ʜʨʝʚʥʝʛʦ ʦʧʦʣʟʥʷ).  

ʅʘ ʨʠʩ. 7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʨʝʟʳ ʠ ʨʘʟʨʝʟʳ ʧʘʨʘʤʝʪʨʘ G (ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʜʫʣʴ 

ʩʜʚʠʛʘ). G ʚʳʯʠʩʣʷʣʩʷ ʧʦ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʝ: ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʛʨʫʥʪʘ, ʫʤʥʦʞʝʥʥʘʷ ʥʘ ʢʚʘʜʨʘʪ 

ʩʢʦʨʦʩʪʠ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ. 
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ʈʠʩʫʥʦʢ 8. ʀʟʤʝʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʩʜʚʠʛʘ (G) ʩ ʛʣʫʙʠʥʦʡ ʧʦ ʧʨʦʬʠʣʶ ˉ4 (2ʩ) 

Figure 8. Changes in the dynamic shear modulus (G) with depth along profile No. 4 (2c) 

 
 

ʈʠʩʫʥʦʢ 9. ʇʣʘʥʳ (ʩʨʝʟʳ) ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʩʜʚʠʛʘ (G) ʜʣʷ ʦʪʤʝʪʦʢ 1300, 1290, 1280, 

1270, 1260 ʤ 

Figure 9. Plans (sections) of the dynamic shear modulus (G) for elevations of 1300, 1290, 1280, 1270, 

1260 m 

 
 

ɻʨʘʬʠʢʠ ʧʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʧʨʦʬʠʣʝ 6. ʕʪʦ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʩʥʠʞʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʩʪʫʧʘ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥ ʧʨʦʬʠʣʴ 6.  

ʉʝʡʩʤʦʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʧʦ ʧʨʦʬʠʣʶ 6 ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 9. 
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ʈʠʩʫʥʦʢ 10. ʉʝʡʩʤʦʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʧʦ ʧʨʦʬʠʣʶ 6 

Figure 10. Seismogeological section along profile 6 

 
 

ʈʘʩʯʣʝʥʝʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʦ ʟʥʘʯʝʥʠʷʤ ʧʣʘʩʪʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʦʙʦʟʥʘʯʝʥʳ ʚ 

ʩʝʨʝʜʠʥʝ ʧʣʘʩʪʦʚ. ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʦʪ ʚʝʨʭʥʝʛʦ ʧʣʘʩʪʘ ʢ çʢʦʨʝʥʥʳʤè ʧʦʨʦʜʘʤ 

ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 160-250ʤ/ʩ ʜʦ 2400- 2500ʤ/ʩ.  

4.ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ ʧʦ ʧʨʦʬʠʣʷʤ 4 ʠ 6 

ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʠʟʤʝʥʝʥʠʡ ʥʘ ʧʨʦʬʠʣʝ 6. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʬʠʣʷ 4, ʥʘ ʧʨʦʬʠʣʝ 6, ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ, ʝʩʪʴ ʣʦʢʘʣʴʥʳʝ ʫʯʘʩʪʢʠ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʘʣʠʯʠʶ ʧʫʩʪʦʪ ʚ ʣʝʩʩʘʭ.  

 

ʈʠʩʫʥʦʢ 11. ɻʝʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ɺʕɿ, ʧʦ ʧʨʦʬʠʣʶ 4 ʚʝʨʭʥʷʷ ʯʘʩʪʴ 

Figure 11. Geoelectric section of the VES, along profile 4, upper part 
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ʈʠʩʫʥʦʢ 12. ɻʝʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʧʦ ʧʨʦʬʠʣʶ 6, ʚʝʨʭʥʷʷ ʯʘʩʪʴ 

Figure 12. Geoelectric section along profile 6, upper part

 
ʂʨʠʚʳʝ ʧʨʦʚʝʜʝʥʳ ʧʦ ʟʥʘʯʝʥʠʷʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʤʝʪʦʜʫ ɺʕɿ. 

 

ʈʠʩʫʥʦʢ 13. ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʢʘʨʪʘ ʟʥʘʯʝʥʠʡ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ Uʝʧ, ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʝʡ (ʠʟʦʣʠʥʠʠ ʩʠʥʝʛʦ ʮʚʝʪʘ) 

Figure 13. Schematic map of the values of the natural electric field Uʝʧ, with a negative anomaly 

(blue isolines) 

 
ʇʨʠʯʠʥʦʡ ʝʸ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʛʨʫʟʢʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 
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ɹ) ɺ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʦʧʦʣʟʥʝʚʦʛʦ ʩʢʣʦʥʘ, ʧʦ ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʤ ʨʘʙʦʪʘʤ 1993 ʛʦʜʘ (ʥʘ 

ʧʠʢʝʪʘʭ 3 ʠ 4 ʇʈ 1) ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʠʥʪʝʥʩʠʚʥʘʷ ʧʨʦʚʦʜʷʱʘʷ ʟʦʥʘ. ɽʝ ʰʠʨʠʥʘ ʚ ʩʪʚʦʨʝ 

ʧʨʦʬʠʣʷ 50-100 ʤ, ʚʝʨʪʠʢʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʧʨʦʚʦʜʷʱʠʭ ʧʦʨʦʜ ʙʦʣʝʝ 100 ʤ, ʧʘʜʝʥʠʝ ʟʘʧʘʜʥʦʝ. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʢʪʦʥʠʯʝʩʢʦʤʫ ʥʘʨʫʰʝʥʠʶ ʠʣʠ ʥʘʢʣʦʥʥʦʤʫ ʧʣʘʩʪʫ 

ʛʣʠʥ ʠʟ ʩʘʥʪʦʥʩʢʠʭ ʩʣʦʝʚ.  

ɺ 50 ʤʝʪʨʘʭ ʢ ʟʘʧʘʜʫ ʦʪ ʩʢʚʘʞʠʥʳ 1 ʚʳʷʚʣʝʥʘ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ ʤʝʪʦʜʘ ɽʇ, 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʨʘʟʛʨʫʟʢʦʡ ʬʠʣʴʪʨʫʶʱʠʭʩʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 

ʅʝ ʠʩʢʣʶʯʝʥʦ ʥʘʣʠʯʠʝ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʟʦʥʳ ʜʨʦʙʣʝʥʠʷ ʠ ʚ ʨʘʡʦʥʝ ʩʢʚʘʞʠʥ 1 ʠ 2ɸ  

 

ʈʠʩʫʥʦʢ 14. ɺʘʨʠʘʥʪ ʦʧʦʨʥʦʛʦ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʧʦ ʣʠʥʠʠ I-I ɹʘʡʧʘʟʠʥʩʢʦʛʦ 

ʦʧʦʣʟʥʷ [4] 

Figure 14. Option of the reference geological-geophysical section along the line I-I of the 

Baipazinsky landslide [4] 

 
ɿʜʝʩʴ ʮʠʬʨʘʤʠ 3,1,2ɸ, 7,5-ʧʦʢʘʟʘʥʳ ʩʢʚʘʞʠʥʳ. ʈʝʟʫʣʴʪʘʪʳ ʜʦʢʫʤʝʥʪʘʮʠʠ ʙʫʨʝʥʠʷ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʝ 

ʛʨʘʥʠʮʳ ʙʳʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʠʥʪʝʨʧʦʣʷʮʠʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʛʨʘʥʠʮ ʤʝʞʜʫ ʩʢʚʘʞʠʥʘʤʠ ʠ ʥʘ ʛʣʫʙʠʥʫ ʧʦ 

ʫʢʘʟʘʥʥʦʤʫ ʨʘʟʨʝʟʫ. 

 

ɺ ʨʘʙʦʪʝ ʖɻʌʕ 2011ʛ. ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʥʦʤʘʣʠʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ Uʝʧ, ʢʦʪʦʨʳʝ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʠʩʴ ʢʘʢ ʟʦʥʳ ʛʝʦʬʠʣʴʪʨʘʮʠʠ 

ʛʨʫʥʪʦʚʳʭ ʚʦʣʥ. ʆʜʥʘʢʦ ʵʪʘ ʣʦʢʘʣʴʥʘʷ ʟʦʥʘ ʬʠʣʴʪʨʘʮʠʠ ʙʳʣʘ ʧʨʠʫʨʦʯʝʥʘ ʢ ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ 

ʣʦʢʘʣʴʥʦʛʦ ʙʣʶʜʮʘ, ʦʟʝʨʮʘ, ʢʦʪʦʨʦʝ ʧʦʜʩʪʠʣʘʣʦʩʴ ʚʦʜʦʫʧʦʨʥʳʤʠ ʛʣʠʥʘʤʠ ʠ ʧʨʠʤʳʢʘʣʦ ʢ 

ʥʝʙʦʣʴʰʦʡ ʚʦʜʦʨʘʟʜʝʣʴʥʦʡ ʛʨʠʚʢʝ, ʨʘʟʜʝʣʷʶʱʝʡ ʩʨʝʜʥʶʶ ʯʘʩʪʴ ʦʧʦʣʟʥʷ ʩ ʦʧʦʣʟʥʝʤ, 

ʟʘʭʚʘʪʳʚʘʶʱʠʤ ʢʠʰʣʘʢ ʆʙʠʪʦʛ, ʚ ʢʦʪʦʨʦʤ ʠʤʝʝʪʩʷ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʡ ʨʦʜʥʠʢ ʩ ʩʦʣʦʥʦʚʘʪʦʡ 

ʚʦʜʦʡ.  

ɺ). ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʢʣʦʥʘ ʥʘ ʧʨʦʬʠʣʝ 1993 ʛʦʜʘ, ʟʘʧʘʜʥʝʡ ʩʢʚʘʞʠʥʳ 7, ʚ ʠʥʪʝʨʚʘʣʝ ʧʠʢʝʪʦʚ 

10-15, ʚʳʷʚʣʝʥʘ 1-ʘʷ ʟʦʥʘ ʧʦʥʠʞʝʥʥʳʭ ʧʣʘʩʪʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʧʦʜʩʪʠʣʘʶʱʝʛʦ ʛʦʨʠʟʦʥʪʘ. ʆʥʘ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʫʨʦʯʝʥʘ ʢ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʟʦʥʝ, ʚʳʜʝʣʝʥʥʦʡ ʚ ʦʪʯʸʪʝ ʊʘʜʞʅʀʆʕ [5], ʧʨʠʯʝʤ 

ʧʘʜʝʥʠʝ ʵʪʦʡ ʟʦʥʳ ʚʦʩʪʦʯʥʦʝ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʵʪʦ ʪʘʢʘʷ ʞʝ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʟʦʥʘ ʜʨʦʙʣʝʥʠʷ, ʢʘʢ ʠ 

ʧʝʨʚʘʷ. 
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ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ, ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʢʣʦʥʘ ʩ ʧʦʤʦʱʴʶ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ, ʩ ʫʯʝʪʦʤ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʙʫʨʝʥʥʳʭ ʩʢʚʘʞʠʥ, ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʠʥʪʝʨʧʦʣʷʮʠʶ ʧʦʣʦʞʝʥʠʷ ʢʨʦʚʣʠ 

çʢʦʨʝʥʥʳʭè ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʩʤʝʱʝʥʠʷ ʦʧʦʣʟʥʝʚʳʭ ʤʘʩʩ. 

ɺʳʚʦʜʳ. ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʥʘ ʚʝʨʭʥʝʡ ʠ ʩʨʝʜʥʝʡ ʯʘʩʪʷʭ ɹʘʡʧʘʟʠʥʩʢʦʛʦ ʦʧʦʣʟʥ ̫ʧʦʟʚʦʣʠʣʠ: 

-ʫʪʦʯʥʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ;  

- ʫʪʦʯʥʠʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʬʠʣʴʪʨʘʮʠʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ,  

- ʦʮʝʥʠʪʴ ʨʠʩʢʠ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ;  

-ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘ ʧʦʜʛʦʪʦʚʢʦʡ ʦʯʝʨʝʜʥʦʡ 

ʘʢʪʠʚʠʟʘʮʠʠ.  

ʇʦʚʪʦʨʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʢʘʯʝʩʪʚʝ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘ ʜʠʥʘʤʠʢʦʡ 

ʦʧʦʣʟʥʷ ʟʘʢʘʟʘʥʦ ɺʅʀʀʀɻ ʠʤʝʥʠ ɺʝʜʝʥʝʝʚʘ ʠ ʜʦʣʞʥʦ ʙʳʣʦ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʚ 2024ʛʦʜʫ. ɸʚʪʦʨ 

ʩʪʘʪʴʠ ʙʳʣ ʠʟʚʝʱʸʥ ʨʫʢʦʚʦʜʩʪʚʦʤ ʫʢʘʟʘʥʥʦʛʦ ʠʥʩʪʠʪʫʪʘ, ʠ ʧʨʠʛʣʘʰʸʥ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʫʣʴʪʘʥʪʘ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦ ʧʨʠʯʠʥʘʤ, ʥʝ ʟʘʚʠʩʷʱʠʤ ʦʪ ʥʘʩ, ʥʝ ʠʟʚʝʩʪʥʦ ʙʳʣʠ ʣʠ 

ʧʨʦʬʠʥʘʥʩʠʨʦʚʘʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠ ʧʦʩʪʫʧʠʣ ʣʠ ʦʪʯʸʪ ʟʘʢʘʟʯʠʢʫ. ʀʥʪʝʨʝʩʥʦ ʙʫʜʝʪ ʩʨʘʚʥʠʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʨʘʙʦʪ ʚ ʧʝʨʠʦʜ ʧʦʜʛʦʪʦʚʢʠ 

ʦʯʝʨʝʜʥʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʦʧʦʣʟʥʷ.  
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ÞÌÞÍÔÉÔ ÖÚØÛ×ÑÖÝÔ ßÝß×ÇÚÔ ÞÌÐÉÔÉÚÞÔ ÔÙÒÑÙÑÜÄ ÎÌ ÏÑÚàÔÓÔÖÄ ÐÌÜ 

×ÌÀÒÔäÔ ÍÚÕÀÚÓÔ  
Ðìü îìėþô úøĘāþìùô ÷ìĎòôĄ ôýþôĀúðì íÿüðìùô ÿýÿ÷ĕúô ïñúĀôóôöô ĕìþøĒ øñíúĄìð. ×ìĎòôĄô 

ÍúõĎúóô ċö ĕúðôýìô þìĆüôāĒ íÿðì, ĔìüìČùô ðìüČô ÎìāĄüú ðìîüì íì ðìîüì íìùð øñöÿùìð. Ûìý ìó 
÷ìĎòôĄ ðìü ýú÷ô 2002 ðìü ùôĄñíô ýú÷ô 2005 ôöþôĄúĀô ýñõýøôöôô øÿĕìùðôýĒ îì ĉ÷ñöþüôöĒ 
ïÿóìüúùôðì Ąÿð. Þìĕėôėúþô ýñõýøôöĒ íú Čüôô ýþìùýôċô ýìõČüô üìėìøĒ ïÿóìüúùbðì Ąÿð. Þìĕėôėúþô 

ĉ÷ñöþüôöĒ íú Čüôô þìĔĕôóúþô ERA-M ïÿóìüúùôðì Ąÿð. Ìó üĘô ùìþôĔìĕúô öúüĒ ìùĔúø ðúðì Ąÿðì, 
üìóüñóĕúô ïñú÷úïôĊ ïñúĀôóôöĒ ýúāþì Ąÿðìùð. Øìîúðô íì ðìýþ úîìüðìĄÿðì ðìü øúùôþúüôùïô 
øÿùþìóìøô ïñúĀôóôöôô ÷ìĎòôĄ ðÿĊøôù ìýþ.  

Öì÷ôðîúòìĕú: ÷ìĎòôĄb ċüă, ăúĕ, ÿýÿ÷ĕúô ïñúĀôóôöĒ, ôöþôĄúĀô ýñõýøôöĒ, ôöþôĄúĀô ĉ÷ñöþüôöĒ, 

ýúāþúü, ýúāþøúù, ėôþĆì, Āô÷þüìþýôċ, ĀìĆú÷ýúóĒ. 
 

ʇʈʀʄɽʅɽʅʀɽ ʂʆʄʇʃɽʂʉɸ ʀʅɾɽʅɽʈʅʆ-ɻɽʆʌʀɿʀʏɽʉʂʀʍ ʄɽʊʆɼʆɺ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʅɸ ɹɸʁʇɸɿʀʅʉʂʆʄ ʆʇʆʃɿʅɽ 

ʇʨʠʤʝʥʝʥʠʝ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʧʨʠ ʠʟʫʯʝʥʠʠ ʦʧʦʣʟʥʝʡ. ɹʘʡʧʘʟʠʥʩʢʠʡ 

ʦʧʦʣʟʝʥʴ ʷʚʣʷʝʪʩʷ ʠʩʪʦʨʠʯʝʩʢʠʤ, ʮʠʢʣʠʯʝʩʢʠ ʧʝʨʝʢʨʳʚʘʶʱʠʤ ʩʪʦʢ ʨʝʢʠ ɺʘʭʰ. ʇʦʩʣʝ ʩʭʦʜʘ ʦʧʦʣʟʥʷ ʚ 2002 

ʛʦʜʫ, ʚ 2005 ʛʦʜʫ ʥʘ ʩʢʣʦʥʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʠʥʞʝʥʝʨʥʘʷ ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ ʠ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʘ. 

ʉʝʡʩʤʦʨʘʟʚʝʜʢʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʦʡ ʧʝʨʝʥʦʩʥʦʡ ʩʪʘʥʮʠʠ. ʕʣʝʢʪʨʦʨʘʟʚʝʜʢʘ ʚʳʧʦʣʥʝʥʘ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʧʘʨʘʪʫʨʳ ʕʈɸ ï ʄ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ. ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʚʪʦʨʳʤʠ ʚ ʧʨʦʚʝʜʝʥʠʠ ʨʝʛʫʣʷʨʥʦʛʦ 

ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʝ ʟʘ ʦʧʦʣʟʥʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʦʣʟʝʥʴ, ʩʢʚʘʞʠʥʘ, ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ, ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʘ, 

ʩʪʨʦʝʥʠʝ, ʨʘʟʨʝʟ, ʬʠʣʴʪʨʘʮʠʷ, ʘʢʪʠʚʠʟʘʮʠʷ. 

 

APPLICATION OF A COMPLEX OF ENGINEERING AND GEOPHYSICAL RESEARCH METHODS 

ON THE BAIPAZINSKY LANDSLIDE  

The use of geophysical methods is mandatory when studying landslides. The Baipazinsky landslide is a 

historical one, cyclically blocking the flow of the Vakhsh River. After the landslide in 2002, engineering seismic 

and electrical exploration were carried out on the slope in 2005. Seismic exploration was carried out using a digital 

portable station. Electrical exploration was carried out using ERA-M equipment. Based on the results of the 

completed work, geological and geophysical sections were constructed. The obtained materials are the second in the 

regular geophysical monitoring of the landslide.  

Keywords: landslide, borehole, geophysical methods, seismic exploration, electrical exploration, structure, 

construction, section, filtration, activation. 
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ʄɽʊʆɼ ɺɽʉʆʄʆʉʊʀ ʇʈʀɿʅɸʂʆɺ ʇʈʀ ʄʆɼɽʃʀʈʆɺɸʅʀʀ ɺʆʉʇʈʀʀʄʏʀɺʆʉʊʀ ʂ 

ɺʆɿʅʀʂʅʆɺɽʅʀʖ ʆʇʆʃɿʅɽʁ ʈɸʁʆʅɸ ʂɸʉʂɸɼɸ ɻʕʉ ʅɸ ʈɽʂɽ ɺɸʍʐ 

 

ʌʘʡʟʫʣʣʦʝʚ ʐ.ɸ. 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ, ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʝʡʩʤʦʣʦʛʠʠ ʅɸʅ ʊʘʜʞʠʢʠʩʪʘʥʘ 

 

ʉ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʡʦʥ ʢʘʩʢʘʜʘ ɻʕʉ ʨʘʩʧʦʣʦʞʝʥ ʚ ʧʨʝʜʝʣʘʭ ʟʦʥʳ ʩʦʯʣʝʥʝʥʠʷ 

ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʛʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʖʞʥʦʛʦ ʊʷʥ-ɹʐʘʥʷ ʠ 

ʩʢʣʘʜʯʘʪʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦ-ʤʦʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʊʘʜʞʠʢʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʤʝʟʦʟʦʡʩʢʦ-

ʢʘʡʥʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ɻʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʦʙʣʠʢ ʨʝʛʠʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʝʟʢʦ ʨʘʩʯʣʝʥʸʥʥʳʤ 

ʨʝʣʴʝʬʦʤ ʩ ʚʳʨʘʞʝʥʥʳʤʠ ʩʢʣʦʥʘʤʠ ʨʘʟʣʠʯʥʦʡ ʢʨʫʪʠʟʥʳ ʠ ʵʢʩʧʦʟʠʮʠʠ, ʛʣʫʙʦʢʦ ʚʨʝʟʘʥʥʳʤʠ 

ʨʝʯʥʳʤʠ ʜʦʣʠʥʘʤʠ ʠ ʪʝʨʨʘʩʘʤʠ. ɺʳʩʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʪʝʨʨʠʪʦʨʠʠ ʚʘʨʴʠʨʫʝʪ ʦʪ 452 ʜʦ 5196 ʤʝʪʨʦʚ 

ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʯʪʦ ʩʦʟʜʘʸʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ [2; 5]. 

ʆʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʡ ʨʘʡʦʥ ʧʨʠʦʙʨʝʪʘʝʪ ʚ ʢʦʥʪʝʢʩʪʝ ʦʙʝʩʧʝʯʝʥʠʷ 

ʛʝʦʪʝʭʥʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʥʳ ʙʝʟ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʩʢʣʦʥʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʅʘʣʠʯʠʝ 

ʛʫʩʪʦʡ ʩʝʪʠ ʠʥʞʝʥʝʨʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʚ ʜʦʣʠʥʝ ʨʝʢʠ ɺʘʭʰ, ʘ 

ʪʘʢʞʝ ʯʘʩʪʦʝ ʧʨʦʷʚʣʝʥʠʝ ʦʧʦʣʟʥʝʡ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʦʮʝʥʢʠ ʠ ʢʘʨʪʠʨʦʚʘʥʠʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʶ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ 

ʚʳʙʨʘʥʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʛʣʷʜʥʳʡ ʧʨʠʤʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʨʦʜʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʪʨʝʙʫʶʱʠʡ ʥʘʫʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʠ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ [11]. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʚʝʩʦʤʦʩʪʠ ʧʨʠʟʥʘʢʦʚ, 

ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʘʡʝʩʦʚʩʢʠʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʡ ʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʦʣʟʥʝʡ ʩ ʧʦʤʦʱʴʶ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʫʩʣʦʚʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʘʣʠʯʠʷ 

ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʦʧʦʣʟʥʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʢʣʘʩʩʘ ʧʨʠʨʦʜʥʦʛʦ ʬʘʢʪʦʨʘ. ɺ ʥʘʰʝʤ 

ʩʣʫʯʘʝ ʵʪʦ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ, ʛʝʦʣʦʛʠʯʝʩʢʠʝ, ʩʝʡʩʤʠʯʝʩʢʠʝ ʠ ʪʦʧʦ-ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. 

ʀʩʭʦʜʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʘ ʠʥʚʝʥʪʘʨʠʟʘʮʠʦʥʥʘʷ ʢʘʨʪʘ ʦʧʦʣʟʥʝʡ, 

ʩʦʩʪʘʚʣʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʜʝʰʠʬʨʦʚʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʚ Google Earth Pro (ʚʩʝʛʦ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ 602 ʦʧʦʣʟʥʝʚʳʭ ʷʚʣʝʥʠʷ), ʘ ʪʘʢʞʝ ʢʘʨʪʳ ʬʘʢʪʦʨʦʚ ʦʧʦʣʟʥʝʦʙʨʘʟʦʚʘʥʠʷ, 

ʦʪʨʘʞʘʶʱʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʘʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʘʢ ʢʨʫʪʠʟʥʘ ʠ ʵʢʩʧʦʟʠʮʠʷ 

ʩʢʣʦʥʦʚ, ʚʳʩʦʪʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ, ʢʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ (ʤʤ/ʛʦʜ), ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʡ 

ʠʥʜʝʢʩ ʚʣʘʞʥʦʩʪʠ, ʠʥʜʝʢʩ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ, ʠʥʜʝʢʩ NDVI, ʢʨʠʚʠʟʥʘ ʩʢʣʦʥʦʚ ʠ ʩʧʝʢʪʨʘʣʴʥʦʝ 

ʫʩʢʦʨʝʥʠʝ ʛʨʫʥʪʦʚ. ʂʘʞʜʳʡ ʬʘʢʪʦʨ ʦʧʦʣʟʥʝʦʙʨʘʟʦʚʘʥʠʷ ʙʳʣ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥ ʥʘ ʠʥʪʝʨʚʘʣʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʚʠʜʝ ʨʘʩʪʨʦʚʳʭ ʢʘʨʪ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʨʘʟʨʝʰʝʥʠʷʤʠ [7; 1; 6; 

13]. 

ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʚʝʩʘ ʧʨʠʩʚʘʠʚʘʶʪʩʷ ʢʘʞʜʦʤʫ ʧʠʢʩʝʣʶ ʢʘʨʪ 

ʬʘʢʪʦʨʦʚ ʦʧʦʣʟʥʝʦʙʨʘʟʦʚʘʥʠʷ. ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʝ [15], ʦʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: 
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ʛʜʝ: iB  - ʥʘʣʠʯʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʝʛʦ ʦʧʦʣʟʝʥʴ, 

_

iB  - ʦʪʩʫʪʩʪʚʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʝʛʦ ʦʧʦʣʟʝʥʴ, 

S - ʥʘʣʠʯʠʝ ʦʧʦʣʟʥʷ,  
_

S - ʦʪʩʫʪʩʪʚʠʝ ʦʧʦʣʟʥʷ. 

ʄʝʪʦʜ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʨʪ ʧʨʦʮʝʩʩʦʦʙʨʘʟʫʶʱʠʭ ʬʘʢʪʦʨʦʚ, 

ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʪʦʣʴʢʦ ʜʚʘ ʢʣʘʩʩʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʬʘʢʪʦʨʘ. 

ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʚʝʩ 
+

iW  ʦʪʨʘʞʘʝʪ ʩʪʝʧʝʥʴ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʥʘʣʠʯʠʝʤ ʬʘʢʪʦʨʘ ʠ ʦʧʦʣʟʥʷ, 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʚʝʩ 
-

iW  - ʤʝʞʜʫ ʦʪʩʫʪʩʪʚʠʝʤ ʬʘʢʪʦʨʘ ʠ ʥʘʣʠʯʠʝʤ ʦʧʦʣʟʥʷ. ʂʦʥʪʨʘʩʪʥʦʩʪʴ Wʉ , 

ʢʘʢ ʨʘʟʥʦʩʪʴ ʵʪʠʭ ʜʚʫʭ ʚʝʩʦʚ, ʩʣʫʞʠʪ ʧʦʢʘʟʘʪʝʣʝʤ ʩʠʣʳ ʚʣʠʷʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʢʣʘʩʩʘ ʬʘʢʪʦʨʘ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʧʦʣʟʥʝʡ. ɺʳʩʦʢʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ Wʉ ʫʢʘʟʳʚʘʶʪ ʥʘ ʟʥʘʯʠʤʫʶ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ ʦʧʦʣʟʥʷʤʠ, ʪʦʛʜʘ ʢʘʢ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ï ʥʘ ʩʜʝʨʞʠʚʘʶʱʠʝ 

ʚʦʟʜʝʡʩʪʚʠʝ.  

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʫʨʘʚʥʝʥʠʷʭ (1) ʠ (2), ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʚʝʩʦʤʦʩʪʠ 

ʧʨʠʟʥʘʢʦʚ ʧʠʰʫʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [ 15]: 
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,    (4); 

ʛʜʝ:  

Npix1 = Nslclass  

Npix2 = Nslide ï Nslclass  

Npix3 = Nmap ï Nslclass  

Npix4 = Nmap ï Nslide ï Nclass+ Nslclass 

ʅʘ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʧʦʜʩʯʸʪʘ ʚʝʩʦʚ. 
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ʊʘʙʣʠʮʘ 1. ʅʝʦʙʭʦʜʠʤʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʧʦʜʩʯʝʪʘ ʚʝʩʦʚ 

Table 1. Required values for calculating weights 
Nmap - ʢʦʣʠʯʝʩʪʚʦ ʧʠʢʩʝʣʝʡ ʚ ʢʘʨʪʝ 

Nslide - ʢʦʣʠʯʝʩʪʚʦ ʧʠʢʩʝʣʝʡ ʩ ʦʧʦʣʟʥʷʤʠ ʚ ʢʘʨʪʝ 

Nclass - ʢʦʣʠʯʝʩʪʚʦ ʧʠʢʩʝʣʝʡ ʚ ʢʣʘʩʩʝ 

Nslclass - ʢʦʣʠʯʝʩʪʚʦ ʧʠʢʩʝʣʝʡ ʩ ʦʧʦʣʟʥʷʤʠ ʚ ʢʣʘʩʩʝ 

 

ɺʝʩʘ ʚʳʯʠʩʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

W
+
 =ln ((Npix1/ (Npix1+ Npix2))/ (Npix3/ (Npix3+Npix4)))   (5); 

= ln ((Npix1*(Npix 3+ Npix4))/ ((Npix1+Npix2) * Npix3)) 

W
-
 =ln ((Npix2/ (Npix1+ Npix2))/ (Npix4/ (Npix3+ Npix4)))  (6); 

= ln ((Npix2*(Npix 3+ Npix4))/ ((Npix1+Npix2) * Npix4)) 

ʂʦʥʪʨʘʩʪʥʦʩʪʴ ʚʳʯʠʩʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
-+-= WWʉW     (7); 

ʇʦʣʫʯʝʥʥʳʝ ʚʝʩʦʚʳʝ ʟʥʘʯʝʥʠʷ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʘ Raster Calculator ʚ 

ʩʨʝʜʝ ArcGIS, ʛʜʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝ ʚʩʝʭ ʬʘʢʪʦʨʦʚ ʦʧʦʣʟʥʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʚ ʚʠʜʝ ʢʘʨʪ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʨʘʟʨʝʰʝʥʠʷʤʠ. ʌʠʥʘʣʴʥʘʷ ʢʘʨʪʘ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 

ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʫʤʤʠʨʦʚʘʥʠʷ ʚʟʚʝʰʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʨʘʡʦʥʠʨʫʝʪʩʷ ʥʘ ʢʣʘʩʩʳ ʩ ʦʯʝʥʴ ʥʠʟʢʦʡ, 

ʥʠʟʢʦʡ, ʩʨʝʜʥʝʡ, ʚʳʩʦʢʦʡ ʠ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴʶ. ɺ ʠʪʦʛʝ ʤʝʪʦʜ ʚʝʩʦʤʦʩʪʠ ʧʨʠʟʥʘʢʦʚ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʚʳʷʚʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʦʧʦʣʟʥʝʚʳʭ ʷʚʣʝʥʠʡ ʠ ʩʦʟʜʘʪʴ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʠʨʦʜʥʳʤʠ ʨʠʩʢʘʤʠ, ʥʦ ʠ ʚʠʟʫʘʣʴʥʦ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʦʣʟʥʝʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʮʝʣʴʶ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʨʘʡʦʥʘ ʢʘʩʢʘʜʘ ɻʕʉ ʥʘ ʨʝʢʝ ɺʘʭʰ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʦʧʦʣʟʥʝʡ ʤʝʪʦʜʦʤ ʚʝʩʦʤʦʩʪʠ ʧʨʠʟʥʘʢʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʠ ʩʦʙʨʘʥʳ ʜʘʥʥʳʝ ï ʦʪ ʠʥʚʝʥʪʘʨʠʟʘʮʠʦʥʥʦʡ ʢʘʨʪʳ ʦʧʦʣʟʥʝʚʳʭ ʷʚʣʝʥʠʡ 

ʜʦ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʥʝʜʨʝʥʳ ʚ ɻʀʉ-ʛʝʦʙʘʟʫ ʜʘʥʥʳʭ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʚʩʝ ʦʧʦʣʟʥʝʚʳʝ ʷʚʣʝʥʠʷ, ʚʭʦʜʷʱʠʝ ʚ ʢʘʨʪʫ, ʙʳʣʠ 

ʚʝʨʠʬʠʮʠʨʦʚʘʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. ʊʨʝʪʠʡ ʵʪʘʧ ʙʳʣ ʧʦʩʚʷʱʸʥ ʘʥʘʣʠʟʫ ʜʝʚʷʪʠ 

ʬʘʢʪʦʨʦʚ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʥʠ ʙʳʣʠ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʥʘ ʠʥʪʝʨʚʘʣʴʥʳʝ ʢʣʘʩʩʳ, ʧʦ ʢʦʪʦʨʳʤ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʚʝʩʘ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʘʩʪʥʦʩʪʴ (ʪʘʙʣ. 2). ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʧʦʟʚʦʣʠʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʦʣʟʥʝʡ [11; 14]. 

ɸʥʘʣʠʟ ʚʝʩʦʤʦʩʪʠ ʧʨʠʟʥʘʢʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʦʧʦʣʟʥʝʚʳʭ ʷʚʣʝʥʠʡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʩʢʣʦʥʘʭ ʩ ʫʢʣʦʥʦʤ 20ï30Á, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 

ʉʢʣʦʥʳ ʩ ʫʢʣʦʥʦʤ ʤʝʥʝʝ 10Á ʠ ʙʦʣʝʝ 50Á ʧʦʣʫʯʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʩʦʤʦʩʪʠ ʧʨʠʟʥʘʢʦʚ, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʝʥʴʰʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʅʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ ʦʧʦʣʟʥʝʚʳʤ ʧʨʦʮʝʩʩʘʤ ʩʢʣʦʥʳ ʩ ʩʝʚʝʨʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʦʚʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʶʛʦ-ʟʘʧʘʜʥʳʝ ʵʢʩʧʦʟʠʮʠʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘʠʤʝʥʴʰʫʶ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʠ ʠʤʝʶʪ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʚʝʩʦʚ. ʇʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ 

ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʫʚʣʘʞʥʝʥʠʝ ʩʢʣʦʥʦʚ ʠ ʧʨʦʮʝʩʩʳ ʚʳʚʝʪʨʠʚʘʥʠʷ. 

ɸʥʘʣʠʟ ʦʩʘʜʢʦʚ ʚʳʷʚʠʣ ʥʝʣʠʥʝʡʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʠʭ ʢʦʣʠʯʝʩʪʚʦʤ ʠ 

ʦʧʦʣʟʥʝʚʳʤʠ ʷʚʣʝʥʠʷʤʠ. ʇʨʠ ʛʦʜʦʚʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʩʘʜʢʦʚ 600ï700 ʤʤ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ 

ʟʥʘʯʝʥʠʝ ʚʝʩʦʚ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ (ʩʚʳʰʝ 900 ʤʤ/ʛʦʜ) ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ 

ʜʦ -3.571. 

ʋʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʛʨʫʥʪʦʚ ʧʦʢʘʟʳʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʦʧʦʣʟʥʝʡ, ʪʦʛʜʘ ʢʘʢ ʥʠʟʢʠʝ ʠ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʬʘʢʪʦʨʘ ʠʤʝʶʪ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʪʝʥʜʝʥʮʠʶ. 
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ɺʳʷʚʣʝʥʦ, ʯʪʦ ʩʢʣʦʥʳ ʩ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʤ ʠʥʜʝʢʩʦʤ ʚʣʘʞʥʦʩʪʠ 4ï5.5 ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʫʶ 

ʢʦʥʪʨʘʩʪʥʦʩʪʴ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʆʯʝʥʴ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʚʣʘʞʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʚʣʠʷʥʠʝʤ ʥʘ ʠʭ 

ʨʘʟʚʠʪʠʝ. 

ɸʥʘʣʦʛʠʯʥʦ, ʚ ʨʘʡʦʥʝ ʢʘʩʢʘʜʘ ɻʕʉ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ ʧʦʢʘʟʘʣʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʧʦʣʟʥʝʦʙʨʘʟʦʚʘʥʠʝ, ʪʦʛʜʘ ʢʘʢ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʩʣʘʙʫʶ ʢʦʨʨʝʣʷʮʠʶ. 

 

ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪʳ ʚʟʚʝʰʠʚʘʥʠʷ ʬʘʢʪʦʨʦʚ ʦʧʦʣʟʥʝʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʚʝʩʦʤʦʩʪʠ 

ʧʨʠʟʥʘʢʦʚ 

Table 2. Results of weighing landslide formation factors using the weighting method of features 
ʂʨʫʪʠʟʥʘ ʩʢʣʦʥʦʚ 

ʂʣʘʩʩ Npix1 Npix2  Npix3  Npix4   W
+
  W

-
 Cw 

0-5 1474 178871 357238 5602584 -1,99 0,0536 -2,046 

5-10 6236 174109 432324 5527498 -0,74 0,0401 -0,781 

10-20 39216 141129 1194383 4765439 0,08 -0,0215 0,103 

20-30 61951 118394 1684440 4275382 0,2 -0,0887 0,284 

30-40 50861 129484 1543322 4416500 0,09 -0,0316 0,117 

40-50 18146 162199 617395 5342427 -0,03 0,0033 -0,032 

>50 2461 177884 130720 5829102 -0,47 0,0084 -0,483 

ʕʢʩʧʦʟʠʮʠʷ ʩʢʣʦʥʦʚ 

ʂʣʘʩʩ Npix1 Npix2  Npix3  Npix4   W
+
  W

-
 Cw 

ʈʦʚʥʘʷ 3 180342 74375 5885447 -6,62 0,0125 -6,633 

ʉʝʚʝʨʥʘʷ 21657 158688 636739 5323083 0,12 -0,0149 0,132 

ʉʝʚʝʨʦ-ʚʦʩʪʦʯʥʘʷ 18090 162255 607892 5351930 -0,02 0,0019 -0,019 

ɺʦʩʪʦʯʥʘʷ 29117 151228 759148 5200674 0,24 -0,0398 0,277 

ʖʛʦ-ʚʦʩʪʦʯʥʘʷ 33710 146635 896083 5063739 0,22 -0,044 0,262 

ʖʞʥʘʷ 24116 156229 794475 5165347 0 -0,0005 0,004 

ʖʛʦ-ʟʘʧʘʜʥʘʷ 14166 166179 703461 5256361 -0,41 0,0438 -0,451 

ɿʘʧʘʜʥʘʷ 18260 162085 769445 5190377 -0,24 0,0315 -0,275 

ʉʝʚʝʨʦ-ʟʘʧʘʜʥʘʷ 21226 159119 718204 5241618 -0,02 0,0032 -0,027 

ɺʳʩʦʪʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ 

ʂʣʘʩʩ Npix1 Npix2  Npix3  Npix4   W
+
  W

-
 Cw 

452-1000 19399 160946 631369 5328453 0,02 -0,0018 0,017 

1000-1500 51034 129311 1135566 4824256 0,4 -0,1213 0,517 

1500-2000 60572 119773 1144773 4815049 0,56 -0,196 0,755 

2000-2500 34725 145620 887205 5072617 0,26 -0,0527 0,31 

2500-3000 12071 168274 721318 5238504 -0,59 0,0597 -0,652 

300-3500 2186 178159 661134 5298688 -2,21 0,1054 -2,319 

3500-4000 358 179987 623566 5336256 -3,96 0,1085 -4,073 

4000-4500 0 180345 144205 5815617 0 0,0245 0 

4500-5196 0 180345 10686 5949136 0 0,0018 0 

ʉʧʝʢʪʨʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʛʨʫʥʪʦʚ 

ʂʣʘʩʩ Npix1 Npix2  Npix3  Npix4   W
+
  W

-
 Cw 

0.90-0.96 19625 160281 1063591 4899707 -0,49 0,0809 -0,573 

0.96-1.002 66006 113900 2479879 3483419 -0,13 0,0805 -0,206 

1.002-1.04 94275 85631 2419828 3543470 0,26 -0,2219 0,478 

 ɸʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʤʤ/ʛʦʜ 

ʂʣʘʩʩ Npix1 Npix2  Npix3  Npix4   W
+
  W

-
 Cw 

341-400 0 179841 44875 5923850 0 0,0075 -0,008 

400-500 3791 176050 183046 5785679 -0,37 0,0098 -0,385 



22 
 

500-600 18932 160909 386734 5581991 0,49 -0,0442 0,53 

600-700 80967 98874 1726411 4242314 0,44 -0,2568 0,699 

700-800 65363 114478 1715292 4253433 0,23 -0,1129 0,348 

800-900 10136 169705 1116558 4852167 -1,2 0,1491 -1,349 

900-1000 652 179189 683795 5284930 -3,45 0,118 -3,571 

1000-1100 0 179841 112014 5856711 0 0,0189 0 

ʊʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʚʣʘʞʥʦʩʪʠ 

ʂʣʘʩʩʩ Npix1 Npix2 Npix3 Npix4  W
+
  W

-
 Cw 

1,4-2,3 1 180344 116 7106704 -1,08 0 -1,08 

2,3-3,1 311 180034 21003 7085817 -0,539 0,001 -0,54 

3,1-4 17585 162760 731065 6375755 -0,054 0,006 -0,059 

4-5,5 84351 95994 3141360 3965460 0,057 -0,047 0,104 

>5,5 78096 102249 3213276 3893544 -0,043 0,034 -0,077 

ʀʥʜʝʢʩ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ 

ʂʣʘʩʩ Npix1 Npix2  Npix3  Npix4   W
+
  W

-
 Cw 

0-6 48541 131804 2325790 4781029 -0,2 0,0828 -0,278 

6-12 6073 174272 280714 6826105 -0,16 0,006 -0,166 

12-18 10276 170069 390776 6716043 0,04 -0,0021 0,038 

18-24 10263 170082 388000 6718819 0,04 -0,0024 0,044 

24-30 8031 172314 298253 6808566 0,06 -0,0027 0,062 

>30 97160 83185 3423287 3683532 0,11 -0,1166 0,229 

ʂʨʠʚʠʟʥʘ ʩʢʣʦʥʦʚ 

 Npix1 Npix2  Npix3  Npix4   W
+
  W

-
 Cw 

ɺʦʛʥʫʪʘʷ 89060 90846 2863344 3099954 0,03 -0,029 0,06 

ʈʦʚʥʘʷ 6598 173308 308464 5654834 -0,34 0,0157 -0,36 

ɺʳʧʫʢʣʘʷ 84687 95219 2788014 3175284 0,01 -0,006 0,013 

ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ 

ʂʣʘʩʩ Npix1 Npix2  Npix3  Npix4   W
+
  W

-
 Cw 

-0,39 - -0,27 5 180354 2824 5957064 -2,84 0,0004 -2,839 

-0,27 - -0,15 108 180251 30423 5929465 -2,14 0,0045 -2,147 

-0,15 - -0,03 300 180059 667400 5292488 -4,21 0,1171 -4,327 

-0,03- 0,08 11469 168890 506275 5453613 -0,29 0,0231 -0,313 

0,08 - 0,2 53348 127011 1277376 4682512 0,32 -0,1095 0,432 

0,2 - 0,31 50832 129527 1399838 4560050 0,18 -0,0633 0,246 

0,31 - 0,43 40788 139571 1192322 4767566 0,12 -0,0332 0,156 

0,43- 0,55 19604 160755 695099 5264789 -0,07 0,0089 -0,079 

0,55 - 0,67 3780 176579 176408 5783480 -0,35 0,0089 -0,354 

0,67 - 0,79 125 180234 11923 5947965 -1,06 0,0013 -1,061 

 

ʅʘʠʙʦʣʴʰʫʶ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʩʚʷʟʘʥʥʦʩʪʴ ʩ ʦʧʦʣʟʥʝʚʳʤʠ ʷʚʣʝʥʠʷʤʠ ʧʦʢʘʟʘʣʠ ʚʦʛʥʫʪʳʝ 

ʬʦʨʤʳ ʨʝʣʴʝʬʘ. ʈʦʚʥʳʝ ʠ ʚʳʧʫʢʣʳʝ ʩʢʣʦʥʳ ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʝʡ ʩʢʣʦʥʥʦʩʪʴʶ ʢ ʦʧʦʣʟʥʷʤ. 

ʉʨʝʜʠ ʢʣʘʩʩʦʚ ʠʥʜʝʢʩʘ NDVI ʰʝʩʪʦʡ ʢʣʘʩʩ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʚʝʩʦʚ ʠ 

ʧʦʚʳʰʝʥʥʦʡ ʦʧʦʣʟʥʝʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʂʣʘʩʩʳ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʚʦʜʫ ʠ ʛʫʩʪʫʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, 

ʧʦʣʫʯʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʚʟʚʝʰʠʚʘʥʠʷ ʬʘʢʪʦʨʦʚ ʦʧʦʣʟʥʝʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʚʝʩʦʤʦʩʪʠ ʧʨʠʟʥʘʢʦʚ ʚ ʚʠʜʝ 

ʢʘʨʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 2. ʈʝʟʫʣʴʪʘʪʳ ʚʟʚʝʰʠʚʘʥʠʷ ʧʨʦʮʝʩʩʦʦʙʨʘʟʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʚ ʚʠʜʝ ʢʘʨʪ (ʤʝʪʦʜʦʤ 

ʚʝʩʦʤʦʩʪʠ ʧʨʠʟʥʘʢʦʚ) 

Figure 2. Results of weighting process-forming factors in the form of maps (using the method of 

weighting features) 

 
ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʩʪʨʦʝʥʥʘʷ ʥʘʤʠ ʤʦʜʝʣʴ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʦʧʦʣʟʥʝʡ ʤʝʪʦʜʦʤ ʚʝʩʦʤʦʩʪʠ ʧʨʠʟʥʘʢʦʚ. 

 



24 
 

ʈʠʩʫʥʦʢ 3. ʄʦʜʝʣʴ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʦʣʟʥʝʡ ʨʘʡʦʥʘ ʢʘʩʢʘʜʘ ɻʕʉ ʥʘ ʨʝʢʝ 

ɺʘʭʰ, ʧʦʩʪʨʦʝʥʥʘʷ ʤʝʪʦʜʦʤ ʚʝʩʦʤʦʩʪʠ ʧʨʠʟʥʘʢʦʚ 

Figure 3. Model of susceptibility to landslides in the area of the cascade of hydroelectric power 

plants on the Vakhsh River, constructed using the method of weighting of features 

 
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 
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1. ʄʝʪʦʜ ʚʝʩʦʤʦʩʪʠ ʧʨʠʟʥʘʢʦʚ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʫʶ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʨʘʡʦʥʘ ʢʘʩʢʘʜʘ ɻʕʉ ʥʘ ʨʝʢʝ 

ɺʘʭʰ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʦʣʟʥʝʡ. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʟʚʦʣʠʣʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʨʘʟʚʠʪʠʝ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʨʘʩʯʸʪʦʚ, ʤʝʪʦʜ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʥʘʜʸʞʥʦʩʪʴʶ ʠ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʨʘʢʪʠʢʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

2. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʚʝʩʦʤʦʩʪʠ ʧʨʠʟʥʘʢʦʚ ʙʳʣʘ ʫʩʧʝʰʥʦ ʧʦʩʪʨʦʝʥʘ 

ʤʦʜʝʣʴ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʦʣʟʥʝʡ ʜʣʷ ʨʘʡʦʥʘ ʢʘʩʢʘʜʘ ɻʕʉ ʥʘ ʨʝʢʝ ɺʘʭʰ. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʦʧʦʣʟʥʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʢʣʦʥʘʤ ʢʨʫʪʠʟʥʦʡ 20ï30Á, ʩ ʩʝʚʝʨʥʦʡ ʠ 

ʚʦʩʪʦʯʥʦʡ ʵʢʩʧʦʟʠʮʠʝʡ, ʥʘ ʚʳʩʦʪʘʭ 1500ï2000 ʤʝʪʨʦʚ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʦʢʘʟʳʚʘʶʪ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʚʣʘʞʥʦʩʪʠ, ʠʥʜʝʢʩ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ, 

NDVI, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʚ ʜʠʘʧʘʟʦʥʝ 600ï700 ʤʤ ʚ ʛʦʜ. ʅʘʧʨʦʪʠʚ, 

ʪʝʨʨʠʪʦʨʠʠ ʩ ʤʝʥʴʰʠʤ ʫʢʣʦʥʦʤ, ʚʳʩʦʢʦʛʦʨʥʳʝ ʫʯʘʩʪʢʠ (ʚʳʰʝ 3000 ʤ), ʩʢʣʦʥʳ ʶʞʥʦʡ ʠ ʟʘʧʘʜʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʟʦʥʳ ʩ ʥʠʟʢʦʡ ʚʣʘʞʥʦʩʪʴʶ ʠ ʛʫʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʧʦʢʘʟʘʣʠ ʤʠʥʠʤʘʣʴʥʫʶ 

ʩʢʣʦʥʥʦʩʪʴ ʢ ʦʧʦʣʟʥʷʤ. 
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ÝÔ×ÝÔ×ÌÙÑÜßÏÚÇÇÚÔ ÐÌÜ¾Ô ÎÌáä 
Ðìü øìėú÷ìô øìóöÿü ìüóČíôô úýñíûìóôüôô ċüăôô øôùþìėìô ýô÷ýô÷ìùñüÿïúĕĕúô úíĒ ðìü üĘðô 

ÎìāĄ ûñĄùôĕúð øñïìüðìð. Îúýôþìô ìýúýôô ôýþôĀúðìĄìîìùðì ÿýÿ÷ô îìóùöÿùôô āÿýÿýôċþ״ú øñíúĄìð, öô 
ðìü øÿ״ôþô ýôýþñøìô ôþþô÷úúþô ֹוÿסüúĀ ìøì÷ öìüðì øñĄìîìð. Íìüúô þì״÷ô÷ô āìüôþìô 
ôùîñùþìüôóìþýôċô ċüă, ċöăìùð úøô÷״ú ôýþôĀúðì Ąÿðììýþ: ùôĄñíĒ îì ûì״÷ÿ, øôùþìץìíìùðôô íì÷ìùð, 
íúüôĄúþ, ÷ôþú÷úïôċ, ûìüìøñþü״úô ïôðüú÷úï, ùìóðôö íì ðìüČ״ú îì Ąôöìýþ״úô þñöþúùôö îì 
ýìüíúüô״úô ìùþüúûúïñù. Þìĕ÷ô÷ô úøúü íìüúô ״ôýúí öìüðìùô öúĉĀĀôþýôñùþ״úô øÿýíìþ îì øìùĀôô 
îìóù, öô þìĆýôüô ״ìü ċö úøô÷üú íì üÿĄðô ċüă þìîýôĀ øñöÿùìùð, ôýþôĀúðì Ąÿðììýþ. Øÿìõċù öìüðì 
Ąÿð, öô ùôĄñíĒ, þìüìĀ îì íì÷ìùðĒ úøô÷״úô ìýúýôô øúüĀúøñþü íÿðì, íúüôĄúþ îì ÷ôþú÷úïôċ ״ìøăÿù 
þüôïïñü״úô ìîîì÷ôċ ìøì÷ øñöÿùìùð. Óôăôô íì÷ìùðþìüôùô ċüă ðìü øôùþìėìĕúô ùôĄñíôô 20-30¸ îì 
íì÷ìùðôô 2000-3000 ø øÿĄúĕôðì öìüðì øñĄìîìð. Ðìü āìüôþìô úýñíûìóôüôñ, öô íìüúô øìîóñô öìýöìðô 
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ôýþôĀúðìô úץô÷úùìô óìøôù îì öú״ôĄô āìþìüô úĀìþ״úô þìíô ðìü ċöñ ìó øÿ״ôøþìüôù øôùþìץì״úô 
ĉùñüïñþôöôô Þúֹוôöôýþúù ì״ìøøôċþô öì÷úù ðúüìùð.  

Öì÷ôðîúòìĕú: ċüă, îìóùùúöôô ì÷úøìþĕú, ėúùÿùôċþĕúô ĀìóúïĒ, úøô÷ĕú, öúĉĀĀôþýôñùþ, íúüôĄúþ, 
÷ôþú÷úïôċ, øúüĀúøñþüĒ. 
 

ʄɽʊʆɼ ɺɽʉʆʄʆʉʊʀ ʇʈʀɿʅɸʂʆɺ ʇʈʀ ʄʆɼɽʃʀʈʆɺɸʅʀʀ ɺʆʉʇʈʀʀʄʏʀɺʆʉʊʀ ʂ 

ɺʆɿʅʀʂʅʆɺɽʅʀʖ ʆʇʆʃɿʅɽʁ ʈɸʁʆʅɸ ʂɸʉʂɸɼɸ ɻʕʉ ʅɸ ʈɽʂɽ ɺɸʍʐ 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʮʝʥʢʘ ʦʧʦʣʟʥʝʚʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʨʘʡʦʥʘ ʢʘʩʢʘʜʘ ɻʕʉ ʥʘ ʨʝʢʝ ɺʘʭʰ ð 

ʢʣʶʯʝʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ ʊʘʜʞʠʢʠʩʪʘʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ 

ʚʝʩʦʤʦʩʪʠ ʧʨʠʟʥʘʢʦʚ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʩʨʝʜʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ɼʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʠʥʚʝʥʪʘʨʠʟʘʮʠʦʥʥʘʷ ʢʘʨʪʘ ʦʧʦʣʟʥʝʡ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʬʘʢʪʦʨʘʤʠ-ʫʩʣʦʚʠʷʤʠ: ʫʢʣʦʥ ʠ ʵʢʩʧʦʟʠʮʠʷ ʩʢʣʦʥʦʚ, 

ʚʳʩʦʪʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ, ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, ʣʠʪʦʣʦʛʠʷ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʙʣʠʟʦʩʪʴ ʢ ʨʝʢʘʤ ʠ 

ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʨʘʟʣʦʤʘʤ, ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʥʘʛʨʫʟʢʠ. ʅʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʩʩʯʠʪʘʥʳ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʢʘʞʜʦʛʦ 

ʬʘʢʪʦʨʘ ʥʘ ʨʘʟʚʠʪʠʝ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ 

ʷʚʣʷʶʪʩʷ ʫʢʣʦʥ, ʵʢʩʧʦʟʠʮʠʷ ʩʢʣʦʥʦʚ ʠ ʚʳʩʦʪʘ, ʪʦʛʜʘ ʢʘʢ ʦʩʘʜʢʠ ʠ ʣʠʪʦʣʦʛʠʷ ʠʛʨʘʶʪ ʨʦʣʴ ʦʩʥʦʚʥʳʭ 

ʪʨʠʛʛʝʨʦʚ. ʅʘʠʙʦʣʴʰʘʷ ʧʣʦʪʥʦʩʪʴ ʦʧʦʣʟʥʝʡ ʚʳʷʚʣʝʥʘ ʚ ʟʦʥʘʭ ʩʦ ʩʢʣʦʥʘʤʠ 20-30Á ʠ ʚʳʩʦʪʘʤʠ 2000ï3000 ʤ. 

ʇʦʩʪʨʦʝʥʥʘʷ ʢʘʨʪʘ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʨʘʡʦʥʘ ʢʘʩʢʘʜʘ ɻʕʉ ʥʘ ʨʝʢʝ ɺʘʭʰ ʚʳʜʝʣʷʝʪ ʟʦʥʳ ʦʯʝʥʴ 

ʚʳʩʦʢʦʡ, ʚʳʩʦʢʦʡ, ʩʨʝʜʥʝʡ ʠ ʥʠʟʢʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʫʶ 

ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʠ ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ ʧʨʠʨʦʜʥʳʭ ʢʘʪʘʩʪʨʦʬ ʚ ʦʜʥʦʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ 

ʊʘʜʞʠʢʠʩʪʘʥʘ. 
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ʣʠʪʦʣʦʛʠʷ, ʤʦʨʬʦʤʝʪʨʠʷ.  

 

THE WEIGHT OF EVIDENCE METHOD FOR LANDSLIDE SUSCEPTIBILITY MODELING FOR OF 

THE TERRITORY OF HPP CASCADE REGION ON THE VAKHSH RIVER  

This study presents an assessment of landslide susceptibility in the Vakhsh river cascade hydropower plant 

region, which is one of the most strategically important energy areas in Tajikistan. The research employs the weight 

of evidence statistical method integrated with geographic information systems to analyze landslide-prone terrain. A 

landslide inventory map was combined with conditioning factors including slope gradient, aspect, elevation, 

precipitation, topographic wetness index and stream power index. Statistical processing allowed for the calculation 

of positive and negative weight coefficients, reflecting the relative contribution of each factor to slope instability. 

Results indicate that slope angle, elevation, and aspect are the dominant morphometric parameters, while 

precipitation and lithology act as key triggers. Areas with slope gradients above 30Á and elevations between 2000ï

3000 meters demonstrate the highest landslide density. The susceptibility map produced for the Vakhsh HPP 

cascade region delineates zones of very high, high, moderate, very low and low susceptibility. These findings are of 

practical significance for hazard prevention, safe construction and operation of hydropower facilities, and 

sustainable land-use planning in one of Tajikistanôs most vital energy corridors. The study highlights the importance 

of GIS-based probabilistic models for hazard assessment in mountainous environments. 

Keywords: landslide, spatial patterns, factors, coefficient, sediments, lithology, morphometry. 
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ʕɺʆʃʖʎʀʗ ʉɽɼʀʄɽʅʊɸʎʀʆʅʅʆɻʆ ɹɸʉʉɽʁʅɸ ɺ ʀʉʊʆʈʀʂʆ-ɻɽʅɽʊʀʏɽʉʂʆʄ 

ɸʉʇɽʂʊɽ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʅɽʌʊɽɻɸɿʆʅʆʉʅʆʉʊʀ ʄɽʃʆɺʓʍ ʊʆʃʑ ɿɸʇɸɼʅʆʁ 

ʌɽʈɻɸʅʓ 

 

ʈʘʭʠʤʦʚ ʌ.ɸ. 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ, ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʝʡʩʤʦʣʦʛʠʠ ʅɸʅʊ  

 

ɺʚʝʜʝʥʠʝ. ʀʟʫʯʝʥʠʝ ʠʩʪʦʨʠʢʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʙʘʩʩʝʡʥʦʚ ʠʤʝʝʪ 

ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʥʝʬʪʝʛʘʟʦʚʦʡ ʛʝʦʣʦʛʠʠ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʙʘʩʩʝʡʥʳ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʣʣʝʢʪʦʨʦʚ, ʬʣʶʠʜʦʫʧʦʨʦʚ ʠ 

ʣʦʚʫʰʝʢ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɼʣʷ ɿʘʧʘʜʥʦʡ ʌʝʨʛʘʥʳ ʵʪʘ ʧʨʦʙʣʝʤʘ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ 

ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʜʠʩʣʦʮʠʨʦʚʘʥʥʦʩʪʠ ʨʘʟʨʝʟʘ, ʩʣʦʞʥʦʡ ʣʠʪʦʣʦʛʦ-

ʬʘʮʠʘʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʠʟʫʯʝʥʥʦʩʪʴʶ ʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʛʣʫʙʦʢʠʤ 

ʙʫʨʝʥʠʝʤ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʚʦʣʶʮʠʠ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʩ 

ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʥʘ ʩʪʳʢʝ ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʠ ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʝʨʤʠʥ çʦʩʘʜʦʯʥʳʡ ʙʘʩʩʝʡʥè ʚ ʝʛʦ ʪʨʘʜʠʮʠʦʥʥʦʤ ʧʦʥʠʤʘʥʠʠ ʷʚʣʷʝʪʩʷ ʚʦ ʤʥʦʛʦʤ 

ʫʩʪʘʨʝʚʰʠʤ [12]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʧʨʠʥʷʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʉ. ʈʦʤʘʥʦʚʩʢʦʛʦ, 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʦʩʘʜʦʯʥʳʡ ʙʘʩʩʝʡʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʝ ʪʝʣʦ, ʩʣʦʞʥʫʶ 

ʜʝʥʫʜʘʮʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʫʶ ʩʠʩʪʝʤʫ, ʯʘʩʪʠʯʥʦ ʦʪʢʨʳʪʫʶ ʜʣʷ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ 

ʨʘʟʚʠʚʘʶʱʫʶʩʷ ʚ ʩʪʨʦʛʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʝʸ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʟʠʮʠʝʡ [15]. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʩʪʦʨʠʢʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ 

ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ ʙʘʩʩʝʡʥʘ ɿʘʧʘʜʥʦʡ ʌʝʨʛʘʥʳ ʚ ʤʝʣʦʚʦʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ 

[9]: 

ü ʘʥʘʣʠʟ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ, ʛʨʘʚʠʤʝʪʨʠʷ, 

ʤʘʛʥʠʪʦʤʝʪʨʠʷ); 

ü ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʤʘʪʝʨʠʘʣʦʚ ʛʣʫʙʦʢʦʛʦ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʦʛʦ ʙʫʨʝʥʠʷ; 

ü ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʠ ʤʦʨʬʦʛʝʥʝʪʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʥʪʠʢʣʠʥʘʣʴʥʳʭ ʩʢʣʘʜʦʢ; 

ü ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʡ ʘʥʘʣʠʟ ʢʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ; 

ü ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʤʝʞʥʳʭ ʪʝʨʨʠʪʦʨʠʡ (ʋʟʙʝʢʠʩʪʘʥ, 

ʂʠʨʛʠʟʠʷ) [7]. 

ʕʪʠ ʤʝʪʦʜʳ ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ ʪʨʠ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʟʦʥʳ ʚ ʧʨʝʜʝʣʘʭ ɿʘʧʘʜʥʦʡ 

ʌʝʨʛʘʥʳ ʠ ʫʩʪʘʥʦʚʠʪʴ ʠʭ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʊʝʢʪʦʥʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ɿʘʧʘʜʥʦʡ ʌʝʨʛʘʥʳ ʚ ʤʝʣʦʚʦʝ ʚʨʝʤʷ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʦʙʣʠʢʘ ɿʘʧʘʜʥʦʡ ʌʝʨʛʘʥʳ ʚ ʤʝʣʦʚʦʝ ʚʨʝʤʷ ʦʧʨʝʜʝʣʷʣʦʩʴ 

ʩʦʯʝʪʘʥʠʝʤ ʨʝʛʠʦʥʘʣʴʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʣʦʢʘʣʴʥʳʭ ʤʦʨʬʦʛʝʥʝʪʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʢʣʘʜʯʘʪʦʩʪʠ [4]. ɺ ʧʨʝʜʝʣʘʭ ʪʝʨʨʠʪʦʨʠʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʪʨʠ ʦʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʦ-

ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʟʦʥʳ: ʩʝʚʝʨʥʘʷ, ʮʝʥʪʨʘʣʴʥʘʷ ʠ ʶʞʥʘʷ. ʂʘʞʜʘʷ ʠʟ ʥʠʭ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʳʝ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʯʝʨʪʳ, ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʩʝʜʠʤʝʥʪʘʮʠʠ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ 

(ʨʠʩ.1). 
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ʈʠʩ.1. ʉʭʝʤʘ ʛʣʫʙʠʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʌʝʨʛʘʥʩʢʦʡ ʚʧʘʜʠʥʳ 



30 

 

ʉʝʚʝʨʥʘʷ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʟʦʥʘ. ʉʝʚʝʨʥʘʷ ʟʦʥʘ ʧʨʠʫʨʦʯʝʥʘ ʢ ʦʙʨʘʤʣʝʥʠʶ 

ʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʳʩʪʫʧʘ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʩʦʚʧʘʜʝʥʠʝʤ ʩʪʨʫʢʪʫʨʥʳʭ ʧʣʘʥʦʚ ʬʫʥʜʘʤʝʥʪʘ ʠ 

ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʝʛʦ ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ. ʆʥʘ ʦʭʚʘʪʳʚʘʝʪ ʦʙʰʠʨʥʫʶ ʧʣʦʱʘʜʴ ʦʪ 

ʶʞʥʳʭ ʩʢʣʦʥʦʚ ʂʫʨʘʤʠʥʩʢʦʛʦ ʭʨʝʙʪʘ ʜʦ ʛʦʨʥʦʡ ʛʨʷʜʳ ʈʫʭʘʢ-ʉʫʧʝʪʘʫ [14]. 

ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʟʦʥʳ ʷʚʣʷʝʪʩʷ ʥʘʣʝʛʘʥʠʝ ʧʦʨʦʜ ʧʘʣʝʦʟʦʡʩʢʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʥʘ 

ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʢʠʡ ʯʝʭʦʣ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ. ɺ ʧʨʝʜʝʣʘʭ ʟʦʥʳ 

ʚʳʜʝʣʷʶʪʩʷ ʘʥʪʠʢʣʠʥʘʣʠ ɼʠʛʤʘʡ, ʈʫʭʘʢ, ʖʞʥʳʡ ʈʫʭʘʢ, ɸʢʯʦʧ, ɸʢʙʝʣʴ, ʂʳʟʳʣʜʞʘʨ, ɿʘʧʘʜʥʳʡ 

ʠ ɺʦʩʪʦʯʥʳʡ ʉʫʧʝʪʘʫ. ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʳ ɿʘʧʘʜʥʳʡ ʠ ɺʦʩʪʦʯʥʳʡ 

ʉʫʧʝʪʘʫ, ʛʜʝ ʙʳʣʦ ʧʨʦʙʫʨʝʥʦ ʥʝʩʢʦʣʴʢʦ ʛʣʫʙʦʢʠʭ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ. 

ɺ ʮʝʣʦʤ ʩʝʚʝʨʥʘʷ ʉʊɿ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ [13]: 

ü ʤʦʱʥʳʤ ʨʘʟʚʠʪʠʝʤ ʥʝʦʛʝʥʦʚʳʭ ʵʚʘʧʦʨʠʪʦʚ; 

ü ʠʥʪʝʥʩʠʚʥʦʡ ʜʠʩʣʦʮʠʨʦʚʘʥʥʦʩʪʴʶ; 

ü ʩʣʦʞʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʙʫʨʝʥʠʷ; 

ü ʚʝʨʦʷʪʥʦʩʪʴʶ ʥʘʣʠʯʠʷ ʢʘʢ ʩʪʨʫʢʪʫʨʥʳʭ, ʪʘʢ ʠ ʣʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ 

ʣʦʚʫʰʝʢ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʟʦʥʳ ʩʚʷʟʘʥʳ ʥʝ ʪʦʣʴʢʦ ʩ ʤʝʣʦʚʳʤʠ ʠ ʧʘʣʝʦʛʝʥʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʥʦ ʠ ʩ 

ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʛʜʝ ʧʦʣʫʯʝʥʳ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʠʪʦʢʠ ʛʘʟʘ ʠ ʥʝʬʪʠ. 

ʎʝʥʪʨʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʟʦʥʘ. ʎʝʥʪʨʘʣʴʥʘʷ ʉʊɿ ʦʭʚʘʪʳʚʘʝʪ ʩʨʝʜʥʶʶ ʯʘʩʪʴ 
ɿʘʧʘʜʥʦʡ ʌʝʨʛʘʥʳ ʠ ʦʛʨʘʥʠʯʝʥʘ ʩ ʶʛʘ ʅʠʷʟʙʝʢʩʢʠʤ ʚʟʙʨʦʩʦʤ, ʘ ʩ ʩʝʚʝʨʘ ʩʠʩʪʝʤʦʡ ʨʘʟʣʦʤʦʚ ʚʜʦʣʴ 

ʶʞʥʳʭ ʢʨʳʣʴʝʚ ɸʢʙʝʣʴʩʢʦʡ ʠ ɸʢʯʦʧʩʢʦʡ ʘʥʪʠʢʣʠʥʘʣʝʡ. ɿʜʝʩʴ ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʢʨʦʚʣʠ ʤʝʣʦʚʳʭ ʠ 

ʧʘʣʝʦʛʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 5,5ï6,0 ʢʤ. 

ɻʣʘʚʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʟʦʥʳ ʷʚʣʷʶʪʩʷ ʄʘʭʨʘʤʩʢʘʷ, ʂʘʡʨʘʢʢʫʤʩʢʘʷ, ʂʠʩʪʘʢʫʟʩʢʘʷ ʠ 

ɹʘʪʳʨʢʫʨʛʘʥʩʢʘʷ ʘʥʪʠʢʣʠʥʘʣʠ. 

ɺ ʧʨʝʜʝʣʘʭ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʦʩʦʙʝʥʥʦ ʚʝʣʠʢʠ, 

ʧʦʩʢʦʣʴʢʫ ʟʜʝʩʴ ʩʦʯʝʪʘʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʥʝʩʪʨʫʢʪʫʨʥʳʝ ʣʦʚʫʰʢʠ, ʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʟʥʘʯʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʢʦʣʣʝʢʪʦʨʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ [6]. 

ʖʞʥʘʷ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʟʦʥʘ. ʖʞʥʘʷ ʉʊɿ ʧʨʠʫʨʦʯʝʥʘ ʢ ʟʦʥʝ ʠʥʪʝʥʩʠʚʥʳʭ 
ʜʠʩʣʦʢʘʮʠʡ ʧʘʣʝʦʟʦʡʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ. ɽʸ ʛʨʘʥʠʮʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʂʘʨʘʪʘʫʩʢʠʤ ʧʘʣʝʦʧʦʜʥʷʪʠʝʤ ʥʘ ʶʛʝ 

ʠ ʐʦʨʩʠʥʩʢʦ-ʈʘʚʘʪʩʢʠʤ ʚʟʙʨʦʩʦʤ ʥʘ ʩʝʚʝʨʝ. ɻʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʢʨʦʚʣʠ ʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʟʜʝʩʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʘʷ (2,3ï3,5 ʢʤ), ʯʪʦ ʜʝʣʘʝʪ ʟʦʥʫ ʙʦʣʝʝ ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʨʘʟʚʝʜʦʯʥʦʛʦ ʙʫʨʝʥʠʷ [2; 8]. 

ɺ ʧʨʝʜʝʣʘʭ ʶʞʥʦʡ ʟʦʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘ 

ʊʘʜʞʠʢʠʩʪʘʥʘ, ʋʟʙʝʢʠʩʪʘʥʘ ʠ ʂʳʨʛʳʟʩʪʘʥʘ: ʈʘʚʘʪ, ɸʡʨʠʪʘʥ, ʉʝʣʨʦʭʘ, ʂʘʥʠʙʘʜʘʤ, ʅʝʬʪʝʘʙʘʜ, 

ʆʙʠ ʐʠʬʦ, ʅʠʷʟʙʝʢ ʠ ʜʨ. 

ʖʞʥʘʷ ʟʦʥʘ ʦʪʣʠʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʩʢʣʘʜʯʘʪʦʩʪʴʶ, ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʜʠʟʲʶʥʢʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʛʣʫʙʠʥʦʡ ʟʘʣʝʛʘʥʠʷ ʢʦʣʣʝʢʪʦʨʦʚ, ʯʪʦ 

ʜʝʣʘʝʪ ʝʸ ʥʘʠʙʦʣʝʝ ʧʨʦʤʳʰʣʝʥʥʦ ʦʩʚʦʝʥʥʦʡ ʯʘʩʪʴʶ ɿʘʧʘʜʥʦʡ ʌʝʨʛʘʥʳ [1; 5]. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʝʜʝʣʘʭ ɿʘʧʘʜʥʦʡ ʌʝʨʛʘʥʳ ʚʳʜʝʣʝʥʳ ʪʨʠ ʉʊɿ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ 

ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʳʝ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ: 

ü ʩʝʚʝʨʥʘʷ ʟʦʥʘ ï ʩʣʦʞʥʦʝ ʩʪʨʦʝʥʠʝ, ʛʣʫʙʦʢʦʝ ʟʘʣʝʛʘʥʠʝ ʢʦʣʣʝʢʪʦʨʦʚ, 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʘʣʝʦʟʦʷ ʠ ʤʝʣʘ; 

ü ʮʝʥʪʨʘʣʴʥʘʷ ʟʦʥʘ ï ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʩʪʨʫʢʪʫʨʳ (ʄʘʭʨʘʤ), ʩʦʯʝʪʘʥʠʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʥʝʩʪʨʫʢʪʫʨʥʳʭ ʣʦʚʫʰʝʢ; 

ü ʶʞʥʘʷ ʟʦʥʘ ï ʧʨʦʤʳʰʣʝʥʥʦ ʦʩʚʦʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʛʣʫʙʠʥʳ 

ʟʘʣʝʛʘʥʠʷ. 

ʌʘʮʠʘʣʴʥʦ-ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ɿʘʧʘʜʥʦʡ 

ʌʝʨʛʘʥʳ 

ʈʘʟʚʠʪʠʝ ʤʝʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ɿʘʧʘʜʥʦʡ ʌʝʨʛʘʥʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʥʳʭ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ ʤʦʨʬʦʣʦʛʠʶ ʩʪʨʫʢʪʫʨ, ʪʘʢ ʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ [10]. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʘʩʩʝʡʥʘ ʥʘʙʣʶʜʘʣʦʩʴ ʯʝʨʝʜʦʚʘʥʠʝ 

ʪʨʘʥʩʛʨʝʩʩʠʚʥʳʭ ʠ ʨʝʛʨʝʩʩʠʚʥʳʭ ʮʠʢʣʦʚ, ʯʪʦ ʦʙʫʩʣʦʚʠʣʦ ʩʣʦʞʥʫʶ ʬʘʮʠʘʣʴʥʫʶ ʟʦʥʘʣʴʥʦʩʪʴ. 

ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ʄʝʣʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʦʣʱʝʡ 

ʤʦʱʥʦʩʪʴʶ 2ï3,5 ʢʤ, ʩʣʦʞʝʥʥʦʡ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʤʠ, ʢʘʨʙʦʥʘʪʥʳʤʠ ʠ ʪʝʨʨʠʛʝʥʥʳʤʠ 

ʧʦʨʦʜʘʤʠ [3]. ʀʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʚʷʟʘʥʦ ʩ ʜʠʥʘʤʠʢʦʡ ʙʘʩʩʝʡʥʘ: ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʧʨʝʦʙʣʘʜʘʣʠ 
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ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʝ ʫʩʣʦʚʠʷ, ʚ ʮʝʥʪʨʘʣʴʥʦʡ ï ʰʝʣʴʬʦʚʳʝ, ʘ ʚ ʶʞʥʦʡ ï 

ʦʪʢʨʳʪʦ-ʤʦʨʩʢʠʝ. 

ʆʩʥʦʚʥʳʝ ʮʠʢʣʳ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ: 

¶ ʥʠʞʥʠʡ ʤʝʣ (ʘʧʪïʘʣʴʙ): ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʠ ʣʘʛʫʥʥʳʝ ʬʘʮʠʠ, 

ʪʦʥʢʦʦʙʣʦʤʦʯʥʳʝ ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ ʠ ʘʨʛʠʣʣʠʪʳ [11]; 

¶ ʩʨʝʜʥʠʡ ʤʝʣ (ʩʝʥʦʤʘʥïʪʫʨʦʥ): ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʤʦʨʩʢʠʭ ʧʝʩʯʘʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʤʦʱʥʳʝ ʛʦʨʠʟʦʥʪʳ ʠʟʚʝʩʪʥʷʢʦʚ; 

¶ ʚʝʨʭʥʠʡ ʤʝʣ (ʢʘʤʧʘʥïʤʘʘʩʪʨʠʭʪ): ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʣʠʥʠʩʪʦ-ʤʘʨʛʝʣʠʩʪʳʝ ʠ 

ʤʝʨʛʝʣʠʩʪʦ-ʤʝʣʦʚʳʝ ʦʪʣʦʞʝʥʠʷ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʦʚʝʜʸʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʝʣʦʚʳʭ 

ʦʪʣʦʞʝʥʠʡ ɿʘʧʘʜʥʦʡ ʌʝʨʛʘʥʳ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʜʚʠʞʝʥʠʡ, ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʤʦʨʷ ʠ ʠʟʤʝʥʯʠʚʳʭ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ. ɺ ʪʝʯʝʥʠʝ 

ʤʝʣʦʚʦʛʦ ʚʨʝʤʝʥʠ ʨʝʛʠʦʥ ʥʝʦʜʥʦʢʨʘʪʥʦ ʠʩʧʳʪʳʚʘʣ ʪʨʘʥʩʛʨʝʩʩʠʚʥʳʝ ʠ ʨʝʛʨʝʩʩʠʚʥʳʝ ʮʠʢʣʳ, 

ʯʪʦ ʦʙʫʩʣʦʚʠʣʦ ʯʝʨʝʜʦʚʘʥʠʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ, ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ, ʰʝʣʴʬʦʚʳʭ ʠ 

ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʬʘʮʠʡ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʝʚʝʨʥʘʷ ʯʘʩʪʴ ʨʝʛʠʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʝʨʨʠʛʝʥʥʳʤ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝʤ ʠ ʥʘʣʠʯʠʝʤ ʘʣʣʶʚʠʘʣʴʥʦ-ʜʝʣʴʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʮʝʥʪʨʘʣʴʥʘʷ ʟʦʥʘ ï 

ʨʘʟʚʠʪʠʝʤ ʰʝʣʴʬʦʚʳʭ ʧʝʩʯʘʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʪʦʣʱ ʠ ʨʠʬʦʛʝʥʥʳʭ ʧʦʩʪʨʦʝʢ, ʘ ʶʞʥʘʷ ʟʦʥʘ ï 

ʛʣʫʙʦʢʦʚʦʜʥʳʤʠ ʤʝʨʛʝʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʤʠ ʠ ʤʝʣʦʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ʊʘʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ 

ʦʪʨʘʞʘʝʪ ʢʘʢ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ, ʪʘʢ ʠ ʩʧʝʮʠʬʠʢʫ ʠʩʪʦʯʥʠʢʦʚ ʩʥʦʩʘ. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʤ ʦʪʥʦʰʝʥʠʠ ʦʢʘʟʘʣʠʩʴ ʮʝʥʪʨʘʣʴʥʳʝ ʠ 

ʶʞʥʳʝ ʨʘʡʦʥʳ, ʛʜʝ ʢʦʣʣʝʢʪʦʨʳ (ʧʦʨʠʩʪʳʝ ʧʝʩʯʘʥʠʢʠ ʠ ʨʠʬʦʚʳʝ ʠʟʚʝʩʪʥʷʢʠ) ʧʝʨʝʢʨʳʚʘʶʪʩʷ 

ʧʣʦʪʥʳʤʠ ʛʣʠʥʠʩʪʦ-ʤʝʨʛʝʣʠʩʪʳʤʠ ʪʦʣʱʘʤʠ, ʩʦʟʜʘʶʱʠʤʠ ʥʘʜʸʞʥʳʝ ʵʢʨʘʥʠʨʫʶʱʠʝ ʫʩʣʦʚʠʷ. 

ʉʝʚʝʨʥʳʝ ʨʘʡʦʥʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʤʝʥʴʰʠʡ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʠʩʢʘ ʣʦʢʘʣʴʥʳʭ ʣʦʚʫʰʝʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʠ 

ʤʘʣʦʘʤʧʣʠʪʫʜʥʦʡ ʪʝʢʪʦʥʠʢʦʡ. 

ɸʥʘʣʠʟ ʬʘʮʠʘʣʴʥʦ-ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʢʨʠʪʝʨʠʠ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ: ʥʘʣʠʯʠʝ ʮʠʢʣʠʯʥʦʩʪʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʨʘʟʚʠʪʠʝ 

ʨʠʬʦʛʝʥʥʳʭ ʧʦʩʪʨʦʝʢ, ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʬʘʮʠʘʣʴʥʳʭ ʛʨʘʥʠʮ, ʘ ʪʘʢʞʝ ʩʦʯʝʪʘʥʠʝ 

ʢʦʣʣʝʢʪʦʨʦʚ ʠ ʧʦʢʨʳʰʝʢ ʚ ʤʥʦʛʦʧʣʘʩʪʦʚʳʭ ʩʠʩʪʝʤʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ɿʘʧʘʜʥʦʡ ʌʝʨʛʘʥʳ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʠ ʦʮʝʥʢʝ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʨʝʛʠʦʥʘ. ɺʳʷʚʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ, 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ ʬʘʮʠʘʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ 

ʜʘʣʴʥʝʡʰʠʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʠʩʢʦʚ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 
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ÞÌÇÌÎÎß×ÚÞÔ ÞÌæÜÔáÄ-ÏÑÙÑÞÔÖÔÔ ÇÌÎÚÓÌÙÄ ÎÌ ÔØÖÚÙÚÞÔ ÙÌàÞßÏÌÓÙÚÝÔÔ 

ÞÌäÌÖÖß×ÚÞÔ ØÑ×Ä ÐÌÜ ÀÌÜÍÔ àÌÜÀÚÙÌ 
Øìėú÷ì íì þìĕ÷ô÷ô ĉîú÷Ċþýôċô þìĆüôāĒ-ïñùñþôöôô ĕìîúóìùô þìĕĄôùĒ ðìü Àìüíô àìüĎúùì 

ðìü ðìîüìô øñ÷ íìāĄôðì Ąÿðììýþ. Æìùíìĕúô ùìóìüôċîĒ îì øñþúðú÷úïôô ôýþô÷úĕô µĕìîúóìùô 
þìĕĄôùĒ½ íìüüìýĒ ïìüðôðì, āÿýÿýôċþĕúô ôýþôĀúðìô úù ðìü ìðìíôČþô ðúāô÷Ē îì āúüôĔĒ ùôĄúù ðúðì 
Ąÿðììùð. Ðìü ìýúýô þìĕ÷ô÷ô øÿöìøøì÷ô øìîúðô ïñú÷úïôĊ ïñúĀôóôöĒ îì øìĆ÷ÿøúþô ûìüøìöÿùôô 
ăÿėÿü āÿýÿýôċþĕúô øúüĀúïñùñþôöôô ėìþĄìîôĕúô ìùþôö÷ôùì÷Ē ðìü ĕÿðÿðô øôùþìėìĕúô ýúāþúüôĊ 
þñöþúùôöôô Ąôøú÷Ē, øìüöìóĒ îì ĔìùÿíĒ øÿìõċù öìüðì Ąÿðììùð. Íì ïñùñóôý îì øúüĀú÷úïôċô 
ýúāþúüĕúô ìùþôö÷ôùì÷Ē, ùìėĄô úùĕú ðìü þìĄìööÿ÷ô ðúøĕúô ùìĀþÿïìó, ôùăÿùôù Ąìüúôþô 
ûìĕùĄìîôô ðúøĕúô ÷ôþú÷úïôĊ ýþüìþôïüìĀĒ îì þñöþúùôöĒ ìĕìøôċþô āúýì ðúðì Ąÿðììýþ. ÙìėĄìô 
ýúāþúüô þñöþúùôöôô Àìüíô àìüĎúùì, íúóýúóôô ýôøúô ĀìĂôì÷Ē îì Ąìüúôþô þìĕĄôùĄìîĒ, ôùăÿùôù 
þìîýôĀô ÿĀÿėĕúô ùìĀþÿïìóðúü ûñĄùôĕúð ïìüðôðììýþ. Ðìü ìýúýô ùìþôĔìĕú āÿ÷úýìĕú úôð íì 
ėúùÿùôċþĕúô ûìĕùĄìîôô øôùþìėìĕúô ûñüýûñöþôîĒ îì óìüÿüìþô þìĎõôüô ýþüìþñïôċĕúô öúüĕúô 
ĔÿýþÿĔĘôîÿ ôöþôĄúĀĒ ðìü øôùþìėì úîìüðì Ąÿðììùð. 

Öì÷ôðîúòìĕú: Àìüíô àìüĎúùì, þìĕĄôùĕúô øñ÷, ĕìîúóìùô þìĕĄôùĒ, þñöþúùôöì, ìùþôö÷ôùì÷, 
ùìĀþÿïìóùúöĒ, ðúøĕúô ÷ôþú÷úïôĊ ýþüìþôïüìĀĒ. 
 

ʀʉʊʆʈʀʂʆ-ɻɽʅɽʊʀʏɽʉʂɸʗ ʕɺʆʃʖʎʀʗ ʉɽɼʀʄɽʅʊɸʎʀʆʅʅʆɻʆ ɹɸʉʉɽʁʅɸ ʀ 

ʇɽʈʉʇɽʂʊʀɺʓ ʅɽʌʊɽɻɸɿʆʅʆʉʅʆʉʊʀ ʄɽʃʆɺʓʍ ʆʊʃʆɾɽʅʀʁ ɿɸʇɸɼʅʆʁ ʌɽʈɻɸʅʓ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʠʩʪʦʨʠʢʦ-ʛʝʥʝʪʠʯʝʩʢʘʷ ʵʚʦʣʶʮʠʷ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ ʙʘʩʩʝʡʥʘ ɿʘʧʘʜʥʦʡ 

ʌʝʨʛʘʥʳ ʚ ʤʝʣʦʚʦʝ ʚʨʝʤʷ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʪʝʨʤʠʥʘ 

çʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʡ ʙʘʩʩʝʡʥè, ʚʳʜʝʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ. ʅʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʘʥʥʳʭ ʛʣʫʙʦʢʦʛʦ 

ʙʫʨʝʥʠʷ ʜʘʥʘ ʤʦʨʬʦʛʝʥʝʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʥʪʠʢʣʠʥʘʣʴʥʳʭ ʩʢʣʘʜʦʢ ʚ ʧʨʝʜʝʣʘʭ ʩʝʚʝʨʥʦʡ, 

ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʶʞʥʦʡ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʦʥ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʛʝʥʝʟʠʩʫ ʠ ʤʦʨʬʦʣʦʛʠʠ 

ʘʥʪʠʢʣʠʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ, ʠʭ ʨʦʣʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʦʚʫʰʝʢ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʷʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠ ʵʢʨʘʥʠʨʦʚʘʥʥʳʭ ʟʘʣʝʞʝʡ. ʇʨʝʜʩʪʘʚʣʝʥʘ 

ʩʭʝʤʘ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ɿʘʧʘʜʥʦʡ ʌʝʨʛʘʥʳ, ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʬʘʮʠʘʣʴʥʦʛʦ ʦʙʣʠʢʘ ʠ ʫʩʣʦʚʠʡ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚʳʚʦʜʳ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʟʦʥ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʩʪʨʘʪʝʛʠʠ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʚ ʨʝʛʠʦʥʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɿʘʧʘʜʥʘʷ ʌʝʨʛʘʥʘ, ʤʝʣʦʚʳʝ ʦʪʣʦʞʝʥʠʷ, ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʡ ʙʘʩʩʝʡʥ, ʪʝʢʪʦʥʠʢʘ, 

ʘʥʪʠʢʣʠʥʘʣʠ, ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʴ, ʣʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʣʦʚʫʰʢʠ. 

 

HISTORICAL -GENETIC EVOLUTION OF THE SEDIMENTARY BASIN AND PROSPECTS FOR 

OIL AND GAS POTENTIAL OF CRETACEOUS DEPOSITS IN WESTERN FERGHANA  

The article examines the historical-genetic evolution of the Western Ferghana sedimentary basin during 

the Cretaceous period. Theoretical and methodological aspects of the term ñsedimentary basinò are analyzed, 

with attention to its usage in domestic and international geological literature. Based on a comprehensive 
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analysis of geological and geophysical data and deep drilling results, a morphogenetic description of anticline 

folds within the northern, central, and southern structural-tectonic zones is provided. Particular attention is given 

to the genesis and morphology of anticline structures, their role in the formation of hydrocarbon traps, and the 

conditions for the distribution of lithological-stratigraphic and tectonically sealed reservoirs. The tectonic 

framework of Western Ferghana is outlined, along with reconstructions of facies distribution, depositional 

environments, and the characteristics of oil and gas-bearing horizons. The study concludes with a discussion of 

the patterns of prospective zone distribution and the need to revise exploration strategies in the region. 

Keywords: Western Ferghana, Cretaceous deposits, sedimentary basin, tectonics, anticlines, hydrocarbon 

potential, lithological-stratigraphic traps. 

 
ØìĆ÷ÿøúþ ðìü íúüìô øÿì÷÷ôĀ: Üìĕôøúî àôüÿó Ìíðÿüìĕøúùúîôă ¬ Ôùýþôþÿþô ïñú÷úïôċ, ýúāþøúùô íì 
óìøôùĔÿùíĒ þúíúîìü îì ýñõýøú÷úïôċô Ìöìðñøôċô øô÷÷ôô ô÷øĕúô ÞúĔôöôýþúù, āúðôøô ô÷øôô 
úóøúôĄïúĕô öìùðìùôĕúô Āúôðìùúö. ÝÿüúĎì: 734025, Ą. ÐÿĄìùíñ, Æÿøĕÿüôô ÞúĔôöôýþúù, öĘăìô 
ÌõùĒ, 267. Þñ÷ñĀúù: (+992) 989-99-52-67. E-mail: firuzrahimov89@gmail.com 

 

ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʝ: ʈʘʭʠʤʦʚ ʌʠʨʫʟ ɸʙʜʫʨʘʭʤʦʥʦʚʠʯ ï ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ, ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʝʡʩʤʦʣʦʛʠʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʣʘʙʦʨʘʪʦʨʠʠ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ. ɸʜʨʝʩ: 734063, ʛ. ɼʫʰʘʥʙʝ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ, ʫʣʠʮʘ ɸʡʥʠ, 

267. ʊʝʣʝʬʦʥ: (+992) 989-99-52-67. E-mail: firuzrahimov89@gmail.com 

 

Information about the author: Rakhimov Firuz Abdurakhmonovichï Institute of Geology, Earthquake 

Engineering and Seismology of the National Academy of Sciences of Tajikistan, researcher at the mineral 

resources laboratory. Address: 734063, Dushanbe, Republic of Tajikistan, 267 Ayni Street. Phone: (+992) 98-

999-52-67. E-mail: firuzrahimov89@gmail.com 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʷ: 05.05.2025 

ʆʜʦʙʨʝʥʘ ʧʦʩʣʝ ʨʝʮʝʥʟʠʨʦʚʘʥʠʷ: 11.06.2025 

ʇʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ: 04.10.2025 

 

  

mailto:firuzrahimov89@gmail.com


34 

 

ʋɼʂ: 550 (575.3) 

ɻɽʆʄʆʈʌʆʃʆɻʀʏɽʉʂʀɽ ʀ ʂʃʀʄɸʊʀʏɽʉʂʀɽ ʌɸʂʊʆʈʓ ʌʆʈʄʀʈʆɺɸʅʀʗ 

ʈɽʂʀ ɹʋʅʀɼɸʈɸ, ʇʈɸɺʆɻʆ ʇʈʀʊʆʂɸ ʈɽʂʀ ʇʗʅɼɾ 

 

ɹʘʭʪʠʸʨʠ ʄ.ʉ.
 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ, ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʝʡʩʤʦʣʦʛʠʠ ʅʘʮʠʦʥʘʣʴʥʦʡ 

ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʊʘʜʞʠʢʠʩʪʥʘ 

 

ɿʘʧʘʜʥʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʪʥʦʩʠʪʩʷ ʢ ɸʬʛʘʥʠʩʪʘʥʫ, ʘ ʚʦʩʪʦʯʥʘʷ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ɻʦʨʥʦ-ɹʘʜʘʭʰʘʥʩʢʦʡ ʘʚʪʦʥʦʤʥʦʡ 

ʦʙʣʘʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ. ʇʣʦʱʘʜʴ ʨʘʙʦʪ ʦʪʥʦʩʠʪʩʷ ʢ ʐʫʛʥʘʥʩʢʦʤʫ ʨʘʡʦʥʫ ɻɹɸʆ, 

ʜʞʘʤʦʘʪʫ ʠʤʝʥʠ ʄ. ʐʠʨʠʥʜʞʦʥʦʚʘ, ʩʝʣʫ ɹʫʥʠ. ʈʘʡʦʥ ʷʚʣʷʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʩʪʦʤ 

ʧʨʦʞʠʚʘʥʠʷ ʵʪʥʠʯʝʩʢʠʭ ʧʘʤʠʨʩʢʠʭ ʪʘʜʞʠʢʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʥʘʩʝʣʝʥʠʷ ʨʘʡʦʥʘ. 

ʆʩʥʦʚʥʳʝ ʧʫʪʠ ʩʦʦʙʱʝʥʠʷ - ʰʦʩʩʝ - ʩʚʷʟʳʚʘʶʪ ʦʙʣʘʩʪʥʦʡ ʮʝʥʪʨ ʛ. ʍʦʨʦʛ ʩ ʨʘʡʦʥʘʤʠ 

ʈʫʰʘʥ, ʐʫʛʥʘʥ, ʈʦʰʪʢʘʣʘ ʠ ʀʰʢʘʰʠʤ. ʇʦ ʜʦʣʠʥʘʤ ʛʣʘʚʥʳʭ ʨʝʢ, ʪʘʤ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʳ 

ʥʘʩʝʣʸʥʥʳʝ ʧʫʥʢʪʳ, ʧʝʨʝʜʚʠʞʝʥʠʝ ʚʦʟʤʦʞʥʦ ʘʚʪʦʤʘʰʠʥʦʡ, ʘ ʚ ʠʭ ʧʨʠʪʦʢʘʭ ï ʚʴʶʯʥʳʤ 

ʪʨʘʥʩʧʦʨʪʦʤ ʠ ʧʝʰʢʦʤ. ʄʝʩʪʥʳʝ ʞʠʪʝʣʠ - ʪʘʜʞʠʢʠ ʟʘʥʠʤʘʶʪʩʷ ʟʝʤʣʝʜʝʣʠʝʤ ʠ ʩʢʦʪʦʚʦʜʩʪʚʦʤ. 

ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʨʘʡʦʥʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʟʚʠʪʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʷʜʘ 

ʤʝʣʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʠʱʝʚʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 

ʇʦʯʚʝʥʥʳʡ ʩʣʦʡ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʪʣʠʯʘʝʪʩʷ ʩʣʦʞʥʦʩʪʴʶ ʠ ʫʥʠʢʘʣʴʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʩʣʦʞʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ, 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ (ʫʜʘʣʝʥʥʦʩʪʠ ʦʪ ʤʦʨʝʡ ʠ ʦʢʝʘʥʦʚ) ʠ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ [4]. 

ʈʝʣʴʝʬ - ʪʝʨʨʠʪʦʨʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʛʦʨʥʳʭ ʯʘʩʪʝʡ 

ɿʘʧʘʜʥʦʛʦ ʇʘʤʠʨʘ. ʅʘ ʩʝʚʝʨʝ ʝʸ ʥʘʭʦʜʠʪʩʷ ʶʛʦ-ʟʘʧʘʜʥʦʝ ʦʢʦʥʯʘʥʠʝ ʗʟʛʫʣʷʤʩʢʦʛʦ ʭʨʝʙʪʘ, 

ʮʝʥʪʨʘʣʴʥʘʷ ʠ ʶʞʥʘʷ ʯʘʩʪʠ ʟʘʥʷʪʳ ʶʛʦ-ʟʘʧʘʜʥʳʤ ʦʢʦʥʯʘʥʠʝʤ ʈʫʰʘʥʩʢʦʛʦ ʭʨʝʙʪʘ, ʟʘʧʘʜʥʳʤ 

ʦʢʦʥʯʘʥʠʝʤ ʐʫʛʥʘʥʩʢʦʛʦ ʠ ʩʝʚʝʨʥʳʤ ʦʢʦʥʯʘʥʠʝʤ ɺʘʭʘʥʩʢʦʛʦ ʭʨʝʙʪʦʚ [3]. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʪʨʦʛʠ ʭʨʝʙʪʦʚ ʠ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʫʱʝʣʴʷʤʠ ʠ ʜʦʣʠʥʘʤʠ ʨʝʢ ʩʦʟʜʘʶʪ 

ʢʨʫʪʦʩʢʣʦʥʥʳʡ, ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʩʢʘʣʠʩʪʳʡ ʨʝʣʴʝʬ, ʧʣʦʭʦʡ ʠ ʦʯʝʥʴ ʧʣʦʭʦʡ ʧʨʦʭʦʜʠʤʦʩʪʠ [3]. 

ʈʘʟʥʦʦʙʨʘʟʥʳʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʬʦʨʤʳ ʦʙʨʘʟʫʶʪ ʚʝʩʴʤʘ ʩʣʦʞʥʫʶ ʢʘʨʪʠʥʫ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʨʝʣʴʝʬʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʩʦʯʝʪʘʥʠʝʤ ʨʘʟʥʳʭ ʧʦ ʛʝʥʝʟʠʩʫ ʚʠʜʦʚ ʣʘʥʜʰʘʬʪʘ [8].  

ɿʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʩʦʟʜʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ ʠʛʨʘʝʪ ʚʦʜʥʦïɻ ʨʦʟʠʦʥʥʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦʩʪʦʷʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʧʦʪʦʢʦʚ, ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʨʦʜ ʠ 

ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ (ʨʠʩ 1). 
 

ʈʠʩ. 1. ʂʦʩʤʦʩʥʠʤʦʢ ʬʦʨʤʳ ʨʝʣʴʝʬʘ ɹʫʥʠ-ɼʘʨʘ. ʄʘʩʰʪʘʙ 1:22 000 

Fig. 1. Satellite image of the Buni Dara relief. Scale 1:22,000 
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ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʭʨʝʙʪʳ ʨʘʟʜʝʣʝʥʳ ʜʦʣʠʥʘʤʠ ʨʝʢ ɹʘʨʪʘʥʛ, ɻʫʥʪ ʠ ʐʘʭ-ɼʘʨʘ. ɼʦʣʠʥʳ ʫʟʢʠʝ 

ʠ ʛʣʫʙʦʢʠʝ, ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʨʝʚʳʰʝʥʠʷ ʚʦʜʦʨʘʟʜʝʣʦʚ ʥʘʜ ʥʠʤʠ ʜʦʩʪʠʛʘʶʪ 1500-2700 ʤ. 

ʇʠʪʘʶʪʩʷ ʨʝʢʠ ʟʘ ʩʯʸʪ ʪʘʷʥʠʷ ʩʥʝʞʥʠʢʦʚ ʠ ʣʝʜʥʠʢʦʚ, ʰʠʨʦʢʦ ʨʘʟʚʠʪʳʭ ʚ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ 

ʯʘʩʪʷʭ ʭʨʝʙʪʦʚ, ʧʦʵʪʦʤʫ ʧʘʚʦʜʢʦʚʳʡ ʧʝʨʠʦʜ ʧʨʠʫʨʦʯʝʥ ʢ ʩʘʤʳʤ ʪʸʧʣʳʤ ʤʝʩʷʮʘʤ - ʠʶʣʷ ʠ 

ʘʚʛʫʩʪʘ [11].  

ʍʘʨʘʢʪʝʨ ʨʝʢ ʪʠʧʠʯʥʦ ʛʦʨʥʳʡ: ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʙʫʨʥʳʤ ʪʝʯʝʥʠʝʤ, ʠʟʦʙʠʣʫʶʪ ʚʦʜʦʧʘʜʘʤʠ 

ʠ ʧʝʨʝʢʘʪʘʤʠ. ʌʦʨʤʳ ʜʦʣʠʥ ʫʱʝʣʴʝʦʙʨʘʟʥʳʝ, ʚ ʨʫʩʣʦʚʦʡ ʯʘʩʪʠ ʯʘʩʪʦ ʥʘʭʦʜʷʪʩʷ ʦʙʚʘʣʴʥʳʝ 

ʥʘʛʨʦʤʦʞʜʝʥʠʷ [10]. ɺ ʫʩʪʴʷʭ ʨʝʢ ʦʙʨʘʟʫʶʪʩʷ ʙʦʣʴʰʠʝ ʢʦʥʫʩʳ ʚʳʥʦʩʦʚ. 

ʂʣʠʤʘʪ ʨʘʡʦʥʘ ʧʦʜʯʠʥʸʥ ʚʝʨʪʠʢʘʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ. ɺ ʦʙʱʝʤ, ʦʥ ʨʝʟʢʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ, 

ʩ ʭʦʣʦʜʥʦʡ ʩʥʝʞʥʦʡ ʟʠʤʦʡ ʠ - ʚ ʜʦʣʠʥʘʭ - ʩ ʞʘʨʢʠʤ ʩʫʭʠʤ ʣʝʪʦʤ. ʆʜʥʘʢʦ ʜʘʞʝ ʚ ʩʘʤʳʝ ʞʘʨʢʠʝ 

ʣʝʪʥʠʝ ʤʝʩʷʮʳ ʥʘ ʩʢʣʦʥʘʭ ʛʦʨ ʥʘ ʘʙʩʦʣʶʪʥʳʭ ʚʳʩʦʪʘʭ 3500-4000 ʤ ʠ ʚʳʰʝ ʦʩʘʜʢʠ ʚʳʧʘʜʘʶʪ ʚ 

ʚʠʜʝ ʩʥʝʛʘ. ʉʨʝʜʥʝʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ 200-300 ʤʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ 

ʘʚʛʫʩʪʝ + 36Á, ʤʠʥʠʤʘʣʴʥʘʷ ʚ ʷʥʚʘʨʝ - 15Á [10]. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ 

ʧʨʦʠʩʭʦʜʷʪ ʯʘʩʪʳʝ ʚʳʧʘʜʝʥʠʷ ʣʠʚʥʝʚʳʭ ʜʦʞʜʝʡ ʠ ʛʨʘʜʘ. ʈʘʡʦʥ ʩ ʧʦʥʠʞʝʥʥʳʤ ʘʪʤʦʩʬʝʨʥʳʤ 

ʜʘʚʣʝʥʠʝʤ (500 ï 650 ʤʤ ʨʪʫʪʥʦʛʦ ʩʪʦʣʙʘ), ʩʝʡʩʤʠʯʝʩʢʘʷ ï ʟʦʥʘ 9 - ʙʘʣʣɹ ʥʘʷ, ʥʘ ʤʥʦʛʠʭ 

ʫʯʘʩʪʢʘʭ ʣʘʚʠʥʦʦʧʘʩʥʘʷ, ʥʘʙʣʶʜʘʝʪʩʷ ʩʭʦʜ ʩʝʣʝʚʳʭ ʧʦʪʦʢʦʚ, ʢʘʤʥʝʧʘʜʳ ʠ ʦʧʦʣʟʥʠ.  

ʉʥʝʞʥʳʡ ʧʦʢʨʦʚ ʧʦʷʚʣʷʝʪʩʷ ʚ ʢʦʥʮʝ ʦʢʪʷʙʨʷ, ʥʦ ʧʦʩʪʦʷʥʥʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʝ ʥʦʷʙʨʷ. ʅʘʠʙʦʣʴʰʘʷ ʚʳʩʦʪʘ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʜʦʣʠʥʥʦʡ ʯʘʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 90 ʩʤ 

ʜʦ 1,5 ʤ [5]. 

ʇʣʦʱʘʜʴ ʣʝʜʥʠʢʦʚ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ï 3,15 ʢʤ
2
, ʚʳʩʦʪʘ ʩʥʝʞʥʦʡ ʣʠʥʠʠ ʚ ʧʨʝʜʝʣʘʭ 

ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʩʦʩʪʘʚʣʷʝʪ 3300-4500 ʤ ʦʪ ʫʨʦʚʥʷ ʤʦʨʷ [1; 5] (ʨʠʩ 2). ɺ ʚʝʨʭʦʚʴʷʭ 

ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʥʘʭʦʜʠʪʩʷ ʯʝʪʳʨʝ ʦʟʝʨʘ ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ, ʧʣʦʱʘʜʴʶ ʦʪ 0,02 ʜʦ 

0,0002 ʢʤ
2
. ʇʠʪʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʟʸʨ ʩʥʝʞʥʦ-ʣʝʜʥʠʢʦʚʦʝ. ɺ ʚʦʜʦʩʙʦʨʥʦʤ ʙʘʩʩʝʡʥʝ 

ʩʫʱʝʩʪʚʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʦʜʥʠʢʠ [2; 8]. ɺʦʜʦʨʘʟʜʝʣʳ ʤʝʞʜʫ ʜʦʣʠʥʘʤʠ ʚʝʩʴʤʘ ʫʟʢʠʝ ʠ 

ʠʤʝʶʪ ʬʦʨʤʫ ʟʫʙʯʘʪʳʭ ʛʨʝʙʥʝʡ ʩ ʦʪʜʝʣʴʥʳʤʠ ʢʨʫʪʦ ʚʦʟʜʳʤʘʶʱʠʤʠʩʷ ʧʠʢʘʤʠ (ʨʠʩ. 2). 

 

ʈʠʩ. 2. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʩʘʡ ɹʫʥʠʜʘʨʘ 

(ʨʦʜʥʠʢʠ) 

Fig. 2. Location of research objects in the catchment area of the Bunidara springs 

 
 

ɺ ʫʨʦʯʠʱʝ ɹʫʥʠʜʘʨʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥ rʜʦʥʥʘʷ ʯʘʩʪʴ ʨʝʢʠ ɹʫʥʠʜʘʨʘ ʠ ʝʝ ʧʨʠʣʝʛʘʶʱʠʝ 

ʩʢʣʦʥʳ, ʙʦʢʦʚʳʝ ʫʱʝʣʴʷ, ʘ ʪʘʢʞʝ ʩʦʩʪʦʷʥʠʝ ʣʝʜʥʠʢʦʚ ʠ ʦʟʸʨ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʘʪʴ 

ʧʨʝʜʧʦʩʳʣʢʫ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʜʘʣʸʥʥʳʭ ʫʛʨʦʟ [2; 5].  
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ʌʦʨʤʘ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ V- ʦʙʨʘʟʥʘʷ, ʝʸ ʧʣʦʱʘʜʴ ʩʦʩʪʘʚʣʷʝʪ 36,8 ʢʤ
2
. ʈʝʢʘ 

ɹʫʥʠʜʘʨʘ ʚʧʘʜʘʝʪ ʚ ʨʝʢʫ ʇʷʥʜʞ ʠ ʠʤʝʝʪ ʰʝʩʪʴ ʦʩʥʦʚʥʳʭ ʙʦʢʦʚʳʭ ʩʘʝʚ (ʍʘʩʯʠʥ, ɺʝʭʮʥʘʢ, 

ʇʘʣʦʯʥʦʚ, ɸʤʙʘʭʮʥʦʚ, ɽʜʩʝʣ, ʉʘʬʝʜʩʝʣ) (ʨʠʩ. 3).  

 

ʈʠʩ. 3. ʂʘʨʪʘ ʩʘʷ ɹʫʥʠʜʘʨʘ 

Fig. 3. Map of Bunidar sai 

ʘ ʙ 

(ʧʦ ʜʘʥʥʳʤ ʘʚʪʦʨʘ, 2018 ʛ), ʘ (ʦʙʟʦʨʥʘʷ ʩʭʝʤʘʪʠʯʥʘʷ ʢʘʨʪʘ), ʙ (ʪʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʢʘʨʪʘ) 

 

ʊʠʧ ʧʠʪʘʥʠʷ ʫʱʝʣʴʷ ï ʣʝʜʥʠʢʦʚʳʡ, ʩʥʝʞʥʦ-ʣʝʜʥʠʢʦʚʳʡ, ʦʟʸʨʥʳʡ. ɼʣʠʥʘ ʦʩʥʦʚʥʦʛʦ ʨʫʩʣʘ 

ʩʦʩʪʘʚʣʷʝʪ 9,5 ʢʤ, ʩʨʝʜʥʠʡ ʫʛʦʣ ʦʩʥʦʚʥʦʛʦ ʨʫʩʣʘ ï 20Á-30Á. ʉʨʝʜʥʠʡ ʫʢʣʦʥ ʩʢʣʦʥʦʚ ʚ ʧʨʠʜʝʣʘʭ 

ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ï 30Á-50Á (ʨʠʩ. 3 ʘ, ʙ). 

ʈʝʢʘ ɹʫʥʠʜʘʨʘ ʙʝʨʝʪ ʩʚʦʝ ʥʘʯʘʣʦ ʠʟ ʦʟʝʨʘ ʧʦʜʢʦʚʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʫ 

ʧʦʜʥʦʞʴʷ ʣʝʜʥʠʢʘ ʚ ʚʝʨʭʦʚʴʷʭ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʜʘʥʥʦʛʦ ʩʘʷ [1; 3]. ʅʘʧʨʘʚʣʝʥʠʝ ʨʝʢʠ ʩ 

ʶʛʦ-ʚʦʩʪʦʢʘ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜ ʜʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʝʣʘ, ʟʘʪʝʤ ʥʘ ʟʘʧʘʜ ʜʦ ʚʧʘʜʝʥʠʷ ʚ ʨʝʢʫ ʇʷʥʜʞ. 

ʈʝʢʘ ʧʨʦʪʝʢʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʦʙʣʦʤʦʯʥʦʤʫ ʤʘʪʝʨʠʘʣʫ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ (ʛʣʳʙʳ ʠ 

ʚʘʣʫʥʳ), ʠʟ-ʟʘ ʯʝʛʦ ʚ ʚʝʨʭʦʚʴʷʭ ʚʦ ʤʥʦʛʠʭ ʤʝʩʪʘʭ ʚʦʜʳ ʥʝ ʚʠʜʥʦ ʦʥʘ ʧʨʦʩʘʯʠʚʘʝʪʩʷ ʧʦʜ ʩʣʦʝʤ 

ʦʙʣʦʤʢʦʚ. ɺ ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʘʭ ʧʦʡʤʝʥʥʦʡ ʯʘʩʪʠ ʨʝʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʧʝʩʯʘʥʦ-ʩʫʛʣʠʥʠʩʪʳʡ 

ʤʘʪʝʨʠʘʣ ʩ ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. ɺʥʠʟ ʧʦ ʩʢʣʦʥʫ, ʥʝ ʜʦʭʦʜʷ ʚʪʦʨʦʛʦ ʦʟʝʨʘ, ʨʝʢʘ 

çʪʝʨʷʝʪʩʷè ʚ ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʦʤ ʤʘʪʝʨʠʘʣʝ ʘʣʣʶʚʠʘʣʴʥʳʭ ʠ ʦʩʳʧʥʳʭ ʦʪʣʦʞʝʥʠʷʭ [2; 6]. ɼʣʠʥʘ 

ʜʘʥʥʦʛʦ ʦʪʨʝʟʢʘ ʨʝʢʠ ʩʦʩʪʘʚʣʷʝʪ 500 ʤ. ʋʛʦʣ ʥʘʢʣʦʥʘ ʨʫʩʣʘ ï 35-40Á.  

ʌʦʨʤʘ ʚʪʦʨʦʛʦ ʦʟʝʨʘ ʦʚʘʣʴʥʘ ̫(ʧʦ ʢʦʩʤʦʩʥʠʤʢʫ Google), ʠʟ ʦʟʝʨʘ ʚʳʪʝʢʘʝʪ ʨʝʢʘ ɹʫʥʠʜʘʨʘ, 

ʢʦʪʦʨʘʷ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʥʘ 460 ʤ, 240 ʤʝʪʨʦʚ ʠʟ ʢʦʪʦʨʳʭ ʩʪʝʢʘʝʪ ʧʦ ʢʨʫʪʦʧʘʜʘʶʱʠʤ ʢʦʨʝʥʥʳʤ 

ʧʦʨʦʜʘʤ ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ 60-70Á. ʇʦʩʣʝ ʯʝʛʦ ʦʧʷʪʴ ʧʨʦʩʘʯʠʚʘʝʪʩʷ ʧʦʜ ʦʩʳʧʥʳʝ ʦʪʣʦʞʝʥʠʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʝ 550 ʤ. ʅʘ ʵʪʦʤ ʦʪʨʝʟʢʝ ʧʦ ʧʨʘʚʦʤʫ ʙʦʨʪʫ ʦʪʤʝʯʝʥʳ ʪʨʠ ʢʨʫʧʥʳʭ ʙʦʢʦʚʳʭ ʩʘʷ ʩ 

ʙʦʣʴʰʠʤ ʚʳʥʦʩʦʤ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [7; 8].  

ʅʘ ʤʦʤʝʥʪ ʦʙʩʣʝʜʦʚʘʥʠʷ ʩʘʠ ʙʳʣʠ ʩʫʭʠʤʠ. ɿʘʪʝʤ ʚʦʜʘ ʚʥʦʚʴ ʚʳʭʦʜʠʪ ʥʘ ʜʥʝʚʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʦʙʨʘʟʫʷ ʦʟʝʨʦ ˉ3 ʦʚʘʣʴʥʦʡ ʬʦʨʤʳ, ʥʠʞʝ ʢʦʪʦʨʦʛʦ ʨʝʢʘ ʪʝʯʝʪ ʥʘ ʜʥʝʚʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 500 ʤ. ʇʦʩʣʝ ʯʝʛʦ ʚʥʦʚʴ çʧʨʷʯʝʪʩʷè ʧʦʜ ʦʩʳʧʥʦʡ ʢʘʤʝʥʥʳʡ 

ʤʘʪʝʨʠʘʣ ʥʘ 130 ʤ. ɼʘʣʝʝ ʪʝʯʸʪ ʧʦ ʢʘʤʝʥʥʦʤʫ ʤʘʪʝʨʠʘʣʫ ʜʣʠʥʦʡ 720 ʤ, ʩʣʠʚʘʷʩʴ ʩ ʙʦʢʦʚʳʤ 

ʣʝʚʳʤ ʧʨʠʪʦʢʦʤ ʩʘʷ ˉ2, ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʅʘʰʘʨʥʦʫ. ʅʘ ʨʘʩʩʪʦʷʥʠʠ 580 ʤʝʪʨʦʚ ʪʝʯʸʪ ʚ ʦʩʥʦʚʥʦʤ 

ʧʦ ʢʦʨʝʥʥʳʤ ʧʦʨʦʜʘʤ, ʥʠʞʝ ʧʦ ʦʩʳʧʥʦʤʫ ʤʘʪʝʨʠʘʣʫ. ɺ ʨʘʡʦʥʝ ʨʦʜʥʠʢʦʚ ˉ4-8 ʫʛʦʣ ʥʘʢʣʦʥʘ 

ʩʪʦʢʘ ʨʝʢʠ ʥʝʙʦʣʴʰʦʡ 5-7Á, ʪʝʯʸʪ ʧʦ ʩʫʧʝʩʯʘʥʦ-ʩʫʛʣʠʥʠʩʪʦʤʫ ʤʘʪʝʨʠʘʣʫ, ʧʦʢʨʳʪʦʤʫ 

ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ.  

ʆʪ ʩʝʣʘ ʚ ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1770 ʤʝʪʨʦʚ, ʠʤʝʝʪʩʷ ʧʨʘʚʳʡ ʧʨʠʪʦʢ ʙʝʟ 

ʥʘʟʚʘʥʠʷ ʩ ʨʘʩʭʦʜʦʤ ʚʦʜʳ 10 ʣ/ʩʝʢ. ɹʣʠʞʝ ʢ ʩʝʣʫ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ 

ʩʫʛʣʠʥʠʩʪʳʡ, ʩʫʧʝʩʯʘʥʳʡ ʠ ʢʘʤʝʥʥʳʡ ʤʘʪʝʨʠʘʣ [6]. 

ʇʨʠ ʚʳʭʦʜʝ ʠʟ ʫʟʢʦʡ V ï ʦʙʨʘʟʥʦʡ ʜʦʣʠʥʳ ʨʝʢʘ ʦʙʨʘʟʫʝʪ ʢʦʥʫʩ ʚʳʥʦʩʘ, ʥʘ ʢʦʪʦʨʦʤ 

ʨʘʩʧʦʣʦʞʝʥʦ ʩʝʣʦ ɹʫʥʠ. ɺʦʩʪʦʯʥʝʝ ʩʝʣʘ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʟʘʤʝʨ ʨʝʢʠ: ʰʠʨʠʥʘ ɺ = 2,5 ʤ, ʚ 
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ʧʦʣʦʚʦʜʴʝ ɺʧ = 4-0 ʤ; ʛʣʫʙʠʥʘ h = 40 ʩʤ, ʜʝʙʠʪ Q = 830 ʣ/ʩʝʢ ʠʣʠ 0,83 ʤ
3
/ʩʝʢ. ʉʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ 

ʚʦʜʳ v = 5 ʤ ʟʘ 6 ʩʝʢ, ʯʪʦ ʩʦʩʪʘʚʠʣʦ 0,83 ʤ/ʩʝʢ. ʆʪ ʨʝʢʠ ʜʣʷ ʧʦʣʠʚʘ ʧʘʭʦʪʥʳʭ ʟʝʤʝʣʴ ʠ 

ʧʨʠʫʩʘʜʝʙʥʳʭ ʫʯʘʩʪʢʦʚ ʧʦ ʦʙʦʠʤ ʙʦʨʪʘʤ ʦʪʚʝʜʝʥʳ ʥʝʩʢʦʣʴʢʦ ʢʘʥʘʣʦʚ [2; 7]. ʆʙʱʘʷ ʜʣʠʥʘ ʨʝʢʠ 

ɹʫʥʠʜʘʨʘ ʩʦʩʪʘʚʣʷʝʪ 11 ʢʤ (ʨʠʩ.4). 

 

ʈʠʩ. 4. ʈʝʢʘ ɹʫʥʠʜʘʨʘ ʚ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ 

Fig. 4. The Bunidara River in its middle reaches 

 
 

ʉʘʡ ˉ1 ʷʚʣ̫ʝʪʩʷ ʧʨʘʚʳʤ ʩʦʩʪʘʚʣʷʶʱʠʤ ʨʝʢʠ ɹʫʥʠʜʘʨʘ. ʉʘʡ V-ʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʩ ʢʨʫʪʳʤ 

ʫʛʣʦʤ ʥʘʢʣʦʥʘ 45-50Á, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʭʦʜʷʪ ʩʝʟʦʥʥʳʝ ʩʝʣʠ ʩ ʚʳʥʦʩʦʤ ʢʘʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʨʫʩʣʦ ʨʝʢʠ. ʈʘʩʭʦʜ ʚʦʜʳ ʥʘ ʤʦʤʝʥʪ ʦʙʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʣ 10 ʣ/ʩʝʢ. ʅʘ ʤʝʩʪʝ ʩʣʠʷʥʠʷ ʩ ʨʝʢʦʡ 

ʚʦʜʳ ʥʝ ʚʠʜʥʦ (ʧʦʜ ʦʙʣʦʤʦʯʥʳʤ ʦʩʳʧʥʳʤ ʤʘʪʝʨʠʘʣʦʤ). ɺʨʝʤʷ ʧʘʚʦʜʢʘ ʩʦʩʪʘʚʣʷʝʪ 16 ʜʥʝʡ. 

ɿʠʤʦʡ ʟʘʤʝʨʟʘʝʪ. ʊʝʯʸʪ ʧʦ ʢʦʨʝʥʥʳʤ ʧʦʨʦʜʘʤ, ʚ ʫʩʪʴʝ ʧʦ ʦʩʳʧʥʳʤ ʦʪʣʦʞʝʥʠʷʤ. ɼʣʠʥʘ 

ʚʠʜʠʤʦʡ ʯʘʩʪʠ ʚʦʜʳ-360 ʤʝʪʨʦʚ, ʟʘʪʝʤ ʧʦʜ ʦʩʳʧʴʶ ʜʦ ʩʣʠʷʥʠʷ ʩ ʨʝʢʦʡ 430 ʤʝʪʨʦʚ [11]. 

ʉʘʡ ˉ2 ʷʚʣ̫ʝʪʩʷ ʣʝʚʳʤ ʧʨʠʪʦʢʦʤ ʨʝʢʠ ɹʫʥʠʜʘʨʘ, ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʅʘʰʘʨʥʦʫ. ɹʝʨʸʪ ʥʘʯʘʣʦ 

ʩʦ ʩʢʣʦʥʘ ʉʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʧʦ ʣʝʚʦʤʫ ʙʦʨʪʫ ʨʝʢʠ. ʊʝʯʸʪ ʧʦ ʢʦʨʝʥʥʳʤ ʧʦʨʦʜʘʤ ʩ 

ʫʛʣʦʤ ʥʘʢʣʦʥʘ 45-50Á, ʚ ʫʩʪʴʝ ʧʦ ʦʩʳʧʥʳʤ ʦʪʣʦʞʝʥʠʷʤ. ɼʣʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 700 ʤʝʪʨʦʚ. ʈʘʩʭʦʜ 

ʚʦʜʳ -20 ʣ/ʩʝʢ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʘʚʦʜʢʘ ʚ ʛʦʜ ʦʙʩʣʝʜʦʚʘʥʠʷ 19 ʜʥʝʡ. 

ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʝʢʠ ʠ ʨʫʯʴʝʚ [7] ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ɹʫʥʠʜʘʨʘ 

ʧʦʢʘʟʘʥʳ ʚ (ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʘ 1. ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʝʢʠ ʠ ʨʫʯʴʝʚ (ʩʘʠ) ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ 

ɹʫʥʠʜʘʨʘ 

Table 1. Morphometric parameters of the river and streams (sai) of the Bunidara catchment 

basin 

 ̄

ʧ/ʧ 

ʅʘʟʚʘʥʠʝ ʨʝʢʠ, 

ʨʫʯʴʝʚ ʠ ʩʘʸʚ 

ʇʣʦʱʘʜʴ 

ʚʦʜʦʩʙʦʨʘ, 

ʢʤ
2
, 

ʇʨʦʪʷ-

ʞʝʥʥʦʩʪʴ, 

ʢʤ 

ɺʳʩʦʪʥʳʝ 

ʦʪʤʝʪʢʠ, ʚ 

ʤʝʪʨʘʭ 

ɺʧʘʜʝʥʠʝ 

ʨʝʢʠ ʠʣʠ 

ʨʫʯʴʝʚ 

ʋʢʣʦʥ 

ʨʝʢʠ, ʚ 

ʛʨʘʜʫʩʘʭ 

1 ɹʫʥʠʜʘʨʘ 36,6 11 4532 ʨ. ʇʷʥʜʞ 35-40
 

2 ʉʘʡ ˉ1 

ɹʝʟʳʤʝʥʥʳʡ  

0,92 1,56 3820 ʨ. ɹʫʥʠʜʘʨʘ 
45-50 

3 ʉʘʡ ˉ2 

ʅʘʰʘʨʥʦʫ 

0,46 1,30 4470 ʨ. ɹʫʥʠʜʘʨʘ 
45-50 

 

ɺ ʚʝʨʭʦʚʴʷʭ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʬʠʢʩʠʨʫʶʪʩʷ ʦʟʝʨʘ ʣʝʜʥʠʢʦʚʦʛʦ ʠ ʤʦʨʝʥʥʦʛʦ ʪʠʧʘ, 

ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʢʘʩʢʘʜʦʤ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʧʘʩʥʦʩʪʴ. 

ʇʠʪʘʥʠʷ ʦʟʸʨ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʪʘʷʥʠʷ ʣʝʜʥʠʢʦʚ, ʬʠʨʥʦʚʳʭ ʧʦʣʝʡ ʠ ʩʥʝʞʥʠʢʦʚ [1]. 

ʆʟʝʨʘ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʚʳʩʦʪʘʭ ʙʦʣʝʝ 4200 ʤ. ɺʦʟʤʦʞʝʥ ʧʨʦʨʳʚ ʦʟʸʨ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 
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ʧʘʚʦʜʢʦʚʦʛʦ ʩʝʣʷ, ʪʘʢ ʢʘʢ ʦʩʥʦʚʥʦʝ ʨʫʩʣʦ ʥʝ ʠʤʝʝʪ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʣʦʪʠʥʳ ʠ ʦʟʝʨʘ ʷʚʣʷʶʪʩʷ 

ʢʘʩʢʘʜʥʳʤʠ, ʠʤʝʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʣʝʜʥʠʢʦʚ. ɹʦʨʪʘ ʩʘʷ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʳʭʣʦʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʩʣʫʞʠʪʴ ʪʚʸʨʜʦ-ʩʦʩʪʘʚʣʷʶʱʠʤ 

ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʩʝʣʷ. ʊʘʢ ʞʝ ʩʝʣʝʚʳʤʠ ʪʚʸʨʜʦ-ʩʦʩʪʘʚʣʷʚʰʠʤʠ ʦʯʘʛʘʤʠ ʷʚʣʷʶʪʩʷ ʤʦʨʝʥʥʳʝ 

ʧʝʨʝʢʨʳʪʠʷ, ʛʣʝʪʯʝʨʳ ʠ ʦʩʳʧʥʳʝ ʦʪʣʦʞʝʥʠ ̫ʚʜʦʣʴ ʧʫʪʠ ʪʨʘʥʟʠʪʘ.  

ɺʳʜʝʣʷʶʪʩʷ ʣʝʜʥʠʢʦʚʳʝ ʦʟʝʨʘ ʠ ʦʟʝʨʘ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʢʨʳʪʠʷ 

ʣʦʢʘʣʴʥʳʭ ʜʦʣʠʥ ʤʦʨʝʥʘʤʠ ʠ ʦʙʚʘʣʴʥʦ-ʦʧʦʣʟʥʝʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ɺ 2015 ʛʦʜʫ ʥʘʢʘʥʫʥʝ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʩʝʣʷ ɹʘʨʩʝʤ, ʚʝʯʝʨʦʤ ʧʦ ʩʘʶ ɹʫʥʠʜʘʨʘ ʥʘʙʣʶʜʘʣʩʷ ʧʦʜʲʝʤ ʫʨʦʚʥʷ ʚʦʜʳ. 

ɼʥʦ ʦʟʝʨʘ ʠ ʙʝʨʝʛʘ ʢʘʤʝʥʠʩʪʳʝ. ʆʪ ʥʝʛʦ ʥʘʯʠʥʘʝʪʩʷ ʨ. ɹʫʥʠʜʘʨʘ. ʆʟʝʨʦ ʣʝʪʦʤ ʥʝ 

ʚʳʩʳʭʘʝʪ, ʥʦ ʚ ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʤʦʞʝʪ ʧʨʦʤʝʨʟʘʪʴ ʜʦ ʜʥʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ 

ʦʟʝʨʝ ï 6-8Áʉ. 

ʆʟʝʨʘ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʦʩʳʧʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʢʘʤʝʥʥʳʤ ʠ ʩʫʧʝʩʯʘʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ. ʇʣʦʱʘʜʴ ʦʟʝʨ ʣʝʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ, ʥʦ ʥʝ ʚʳʩʳʭʘʝʪ, ʠ ʚ ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ ʚ ʟʠʤʥʠʡ 

ʧʝʨʠʦʜ ʦʥʠ ʤʦʛʫʪ ʧʨʦʤʝʨʟʘʪʴ ʜʦ ʜʥʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʦʟʝʨʘʭ ï 8Áʉ. ɺʦʜʘ ʚ ʦʟʸʨʘʭ - 

ʧʨʦʪʦʯʥʘʷ, ʪʘʢ ʢʘʢ ʚ ʥʠʭ ʚʪʝʢʘʝʪ ʠ ʚʳʪʝʢʘʝʪ ʨ. ɹʫʥʠʜʘʨʘ. 

ʅʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚʳʜʝʣʷʶʪʩʷ ʨʷʜ ʨʦʜʥʠʢʦʚ: ʚʦʩʭʦʜʷʱʠʤʠ ʠ 

ʥʠʩʭʦʜʷʱʠʤʠ, ʚʨʝʤʝʥʥʦ ʜʝʡʩʪʚʫʶʱʠʤʠ (ʩʝʟʦʥʥʳʤʠ) ʠ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʤʠ. 

ʇʦ ʚʦʜʦʩʙʦʨʥʦʤʫ ʙʘʩʩʝʡʥʫ ɹʫʥʠʜʘʨ rʦʙʩʣʝʜʦʚʘʥʦ 14 ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʨʦʜʥʠʢʦʚ, 

ʜʘʥʥʳʝ ʦ ʢʦʪʦʨʳʭ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 2. ɺʩʝ ʨʦʜʥʠʢʠ ʧʠʪʘʶʪʩʷ ʦʪ ʨ. ɹʫʥʠʜʘʨʘ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʠʤʝʝʪ ʩʥʝʞʥʦ-ʣʝʜʥʠʢʦʚʦʝ ʧʠʪʘʥʠʝ ʠ ʨʝʞʝ ʜʦʞʜʝʚʦʝ. 

ɺʩʝ ʨʦʜʥʠʢʠ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʤʠ, ʥʠʩʭʦʜʷʱʠʤʠ ʩ ʨʘʩʭʦʜʦʤ ʚʦʜʳ ʦʪ Q=5-

50 ʣ/ʩʝʢ (ʚʠʟʫʘʣʴʥʦ). ʇʠʪʘʥʠʝ ʨʦʜʥʠʢʦʚ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʪʘʷʥʠʷ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ. 

ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʦʜʘ ʚ ʨʦʜʥʠʢʘʭ ʚʩʝʛʜʘ ʧʨʦʟʨʘʯʥʘʷ, ʯʠʩʪʘʷ ʠ ʧʨʠʷʪʥʘʷ ʥʘ ʚʢʫʩ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʚ ʚʝʩʝʥʥʠʡ ʠ ʨʝʞʝ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜʳ ʧʨʠ ʚʳʧʘʜʝʥʠʠ ʜʦʞʜʝʡ, ʢʦʛʜʘ ʚʦʜʘ ʩʪʘʥʦʚʠʪʩʷ ʤʫʪʥʦʡ [9]. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʦʩʥʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʘʨʘʤʝʪʨʳ ʨʦʜʥʠʢʘ ˉ14, ʪʘʢ ʢʘʢ ʵʪʦʪ ʨʦʜʥʠʢ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʝʣʴʩʢʦʝ ʥʘʩʝʣʝʥʠʝ ʭʦʟʧʠʪʴʝʚʦʡ ʚʦʜʦʡ (ʪʘʙʣʠʮʘ 3). 

 

ʈʠʩ. 5. ʀʩʪʦʯʥʠʢ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʠʪʴʝʚʦʛʦ ʩʥʘʙʞʝʥʠʷ ʜʣʷ ʥʫʞʜ ʩʝʣʴʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ 

Fig. 5. Source of household and drinking water supply for the needs of the rural population 

 

ʈʦʜʥʠʢ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʤ, ʥʠʩʭʦʜʷʱʠʤ ʩ ʨʘʩʭʦʜʦʤ ʚʦʜʳ Q=40-50 ʣ/ʩʝʢ 

(ʚʠʟʫʘʣʴʥʦ). ɺ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ ʠʟ-ʟʘ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʨʘʩʭʦʜ ʚʦʜʳ ʤʦʞʝʪ ʫʤʝʥʴʰʘʪʴʩʷ. 

ʇʠʪʘʥʠʝ ʟʘ ʩʯʸʪ ʬʠʣʴʪʨʘʮʠʠ ʚʦʜʳ ʠʟ ʨʝʢʠ ɹʫʥʠʜʘʨʘ. ʋʛʦʣ ʫʢʣʦʥʘ ʩʪʦʢʘ ʨʦʜʥʠʢʘ ʩʦʩʪʘʚʣʷʝʪ 8-

10Á.  
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ʊʘʙʣʠʮʘ 2. ʂʘʪʘʣʦʛ ʨʦʜʥʠʢʦʚ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ɹʫʥʠʜʘʨʘ 

Table 2. Catalogue of springs in the Bunidara catchment basin 

 

ˉ 

ʧ/ʧ 

ʅʦʤʝʨ ʨʦʜʥʠʢʘ 

ʩʦʛʣʘʩʥʦ ʢʘʨʪʝ 

ʊ
ʠ
ʧ
 
ʨ
ʦ
ʜ
ʥ
ʠ
ʢ
ʘ

 

ʌ
ʠ
ʟ
ʠ
ʯ
ʝ
ʩ
ʢ
ʠ
ʝ
 

ʩ
ʚ
ʦ
ʡ
ʩ
ʪ
ʚ
ʘ

 

ʚ
ʦ
ʜ
ʳ
,
 

ʩ
ʘ
ʥ
ʠ
ʪ
ʘ
ʨ
ʥ
ʦ
ʝ
 

ʩ
ʦ
ʩ
ʪ
ʦ
ʷ
ʥ
ʠ
ʝ

 ɼʝʙʠʪ ʣ/ʩ 

ʊ
ʠ
ʧ
 
ʚ
ʦ
ʜ
 
ʧ
ʦ
 

ʠ
ʩ
ʧ
ʦ
ʣ
ʴ
ʟ
ʦ
ʚ
ʘ
ʥ

ʠ
 ʁʈʝʯʥʦʡ ʙʘʩʩʝʡʥ, 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠ 

ʧʦʣʦʞʝʥʠʝ ʚ 

ʨʝʣʴʝʬʝ 

ʉʧʦʩʦʙ 

ʟʘʤʝʨʘ 

1. 
ʈʦʜʥʠʢ 1. ʇʨʘʚʳʡ 

ʙʦʨʪ ʨ. ɹʫʥʠ. 

ʅʠʩʭʦʜʷʱʠʡ 

ʧʦʩʪʦʷʥʥʦ 

ʜʝʡʩʪʚʫʶʱʠʡ 

 ʇʨʦʟʨʘʯʥʘʷ, ʧʨʝʩʥʘʷ, 

ʙʝʟ ʮʚʝʪʘ, ʥʝ ʠʤʝʝʪ 

ʟʘʧʘʭʘ, ʚʢʫʩ ʭʦʨʦʰʠʡ. 

5 ʣ/ʩʝʢ. 
ʅʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ; 

2. 

ʈʦʜʥʠʢ 2. ɻʦʨʝʥ 

ʧʨʘʚʳʡ ʙʝʨʝʛ ʨ. 

ɹʫʥʠ 

ʅʠʩʭʦʜʷʱʠʡ 

ʧʦʩʪʦʷʥʥʦ 

ʜʝʡʩʪʚʫʶʱʠʡ 

 ʇʨʦʟʨʘʯʥʘʷ, ʧʨʝʩʥʘʷ, 

ʙʝʟ ʮʚʝʪʘ, ʥʝ ʠʤʝʝʪ 

ʟʘʧʘʭʘ, ʚʢʫʩ ʭʦʨʦʰʠʡ 

25-30 

ʣ/ʩʝʢ, 

ʚʠʟʫʘʣʴʥʦʝ 

ʅʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ; 

3. 

ʈʦʜʥʠʢ 3. ʇʨʘʚʳʡ 

ʙʦʨʪ ʨ. ɹʫʥʠ 115 ʤ 

ʦʪ ʨʝʢʠ  

ʅʠʩʭʦʜʷʱʠʡ 

ʧʦʩʪʦʷʥʥʦ 

ʜʝʡʩʪʚʫʶʱʠʡ 

 ʇʨʦʟʨʘʯʥʘʷ, ʧʨʝʩʥʘʷ, 

ʙʝʟ ʮʚʝʪʘ, ʥʝ ʠʤʝʝʪ 

ʟʘʧʘʭʘ, ʚʢʫʩ ʭʦʨʦʰʠʡ 

30 ʣ/ʩʝʢ. 
ʅʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ; 

4. ʈʦʜʥʠʢ 4. ɻʫʣʛʫʣʘʢ, 

ʣʝʚʳʡ ʙʦʨʪ ʨ. ɹʫʥʠ 

20 ʤ ʦʪ ʨʝʢʠ.  

ʅʠʩʭʦʜʷʱʠʡ 

ʧʦʩʪʦʷʥʥʦ 

ʜʝʡʩʪʚʫʶʱʠʡ 

 ʇʨʦʟʨʘʯʥʘʷ, ʧʨʝʩʥʘʷ, 

ʙʝʟ ʮʚʝʪʘ, ʥʝ ʠʤʝʝʪ 

ʟʘʧʘʭʘ, ʚʢʫʩ ʭʦʨʦʰʠʡ 

12 ʣ/ʩʝʢ. 
ʅʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ 

5. ʈʦʜʥʠʢ 5. ʇʨʘʚʳʡ 

ʙʝʨʝʛ ʨ. ɹʫʥʠ 20 ʤ ʦʪ 

ʨʝʢʠ  

ʅʠʩʭʦʜʷʱʠʡ 

ʧʦʩʪʦʷʥʥʦ 

ʜʝʡʩʪʚʫʶʱʠʡ 

 ʇʨʦʟʨʘʯʥʘʷ, ʧʨʝʩʥʘʷ, 

ʙʝʟ ʮʚʝʪʘ, ʥʝ ʠʤʝʝʪ 

ʟʘʧʘʭʘ, ʚʢʫʩ ʭʦʨʦʰʠʡ 

12 ʣ/ʩʝʢ, 

ʚʠʟʫʘʣʴʥʦʝ 

ʅʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ 

6. ʈʦʜʥʠʢ 6. ʇʨʘʚʳʡ 

ʙʝʨʝʛ ʨ. ɹʫʥʠ 22 ʤ ʦʪ 

ʨʝʢʠ. 

ʅʠʩʭʦʜʷʱʠʡ 

ʧʦʩʪʦʷʥʥʦ 

ʜʝʡʩʪʚʫʶʱʠʡ 

 ʇʨʦʟʨʘʯʥʘʷ, ʧʨʝʩʥʘʷ, 

ʙʝʟ ʮʚʝʪʘ, ʥʝ ʠʤʝʝʪ 

ʟʘʧʘʭʘ, ʚʢʫʩ ʭʦʨʦʰʠʡ 

5 ʣ/ʩʝʢ. 

 

ʅʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ 

7. ʈʦʜʥʠʢ 7. ʇʨʘʚʳʡ 

ʙʝʨʝʛ ʨ. ɹʫʥʠ 18 ʤ ʦʪ 

ʨʝʢʠ. 

ʅʠʩʭʦʜʷʱʠʡ 

ʧʦʩʪʦʷʥʥʦ 

ʜʝʡʩʪʚʫʶʱʠʡ 

 ʇʨʦʟʨʘʯʥʘʷ, ʧʨʝʩʥʘʷ, 

ʙʝʟ ʮʚʝʪʘ, ʥʝ ʠʤʝʝʪ 

ʟʘʧʘʭʘ, ʚʢʫʩ ʭʦʨʦʰʠʡ 

7 ʣ/ʩʝʢ. 
ʅʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ 

8. ʈʦʜʥʠʢ 8. ʇʨʘʚʳʡ 

ʙʝʨʝʛ ʨ. ɹʫʥʠ 18 ʤ ʦʪ 

ʨʝʢʠ. 

ʅʠʩʭʦʜʷʱʠʡ 

ʧʦʩʪʦʷʥʥʦ 

ʜʝʡʩʪʚʫʶʱʠʡ 

 ʇʨʦʟʨʘʯʥʘʷ, ʧʨʝʩʥʘʷ, 

ʙʝʟ ʮʚʝʪʘ, ʥʝ ʠʤʝʝʪ 

ʟʘʧʘʭʘ, ʚʢʫʩ ʭʦʨʦʰʠʡ 

3 ʣ/ʩʝʢ. 
ʅʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ 

9. 
ʈʦʜʥʠʢ 9. ʇʨʘʚʳʡ 

ʙʝʨʝʛ ʨ. ɹʫʥʠ. 

ʅʠʩʭʦʜʷʱʠʡ 

ʧʦʩʪʦʷʥʥʦ 

ʜʝʡʩʪʚʫʶʱʠʡ 

 ʇʨʦʟʨʘʯʥʘʷ, ʧʨʝʩʥʘʷ, 

ʙʝʟ ʮʚʝʪʘ, ʥʝ ʠʤʝʝʪ 

ʟʘʧʘʭʘ, ʚʢʫʩ ʭʦʨʦʰʠʡ 

2 ʣ/ʩʝʢ. 
ʅʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ 

10. ʈʦʜʥʠʢ 10. ʇʨʘʚʳʡ 

ʙʝʨʝʛ ʨ. ɹʫʥʠ 50 ʤ ʦʪ 

ʨʝʢʠ. 

ʅʠʩʭʦʜʷʱʠʡ 

ʧʦʩʪʦʷʥʥʦ 

ʜʝʡʩʪʚʫʶʱʠʡ 

 ʇʨʦʟʨʘʯʥʘʷ, ʧʨʝʩʥʘʷ, 

ʙʝʟ ʮʚʝʪʘ, ʥʝ ʠʤʝʝʪ 

ʟʘʧʘʭʘ, ʚʢʫʩ ʭʦʨʦʰʠʡ 

10 ʣ/ʩʝʢ. 
ʅʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ 

11. ʈʦʜʥʠʢ 11. ʇʨʘʚʳʡ 

ʙʝʨʝʛ ʨ. ɹʫʥʠ 15 ʤ ʦʪ 

ʨʝʢʠ. 

ʅʠʩʭʦʜʷʱʠʡ 

ʧʦʩʪʦʷʥʥʦ 

ʜʝʡʩʪʚʫʶʱʠʡ 

 ʇʨʦʟʨʘʯʥʘʷ, ʧʨʝʩʥʘʷ, 

ʙʝʟ ʮʚʝʪʘ, ʥʝ ʠʤʝʝʪ 

ʟʘʧʘʭʘ, ʚʢʫʩ ʭʦʨʦʰʠʡ 

10 ʣ/ʩʝʢ. 
ʅʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ 

12. ʈʦʜʥʠʢ 12. ʃʝʚʳʡ 

ʙʦʨʪ ʨʝʢʠ ɹʫʥʠ. 

ʈʦʜʥʠʢ ʨʘʩʧʦʣʦʞʝʥ 

ʚ 220-230 ʤʝʪʨʘʭ ʥʘ 

ʚʦʩʪʦʢ ʦʪ 

ʙʣʠʞʘʡʰʠʭ ʜʦʤʦʚ 

ʩʝʣʦ ɹʫʥʠ.  

ʅʠʩʭʦʜʷʱʠʡ 

ʧʦʩʪʦʷʥʥʦ 

ʜʝʡʩʪʚʫʶʱʠʡ 

 ʇʨʦʟʨʘʯʥʘʷ, ʧʨʝʩʥʘʷ, 

ʙʝʟ ʮʚʝʪʘ, ʥʝ ʠʤʝʝʪ 

ʟʘʧʘʭʘ, ʚʢʫʩ ʭʦʨʦʰʠʡ 

30 ʣ/ʩʝʢ. 

ʍʦʟ-ʧʠʪʴʝʚʦʝ 

ʚʦʜʦʩʥʘʙ-

ʞʝʥʠʝ 

13. ʈʦʜʥʠʢ 13. 

ʈʘʩʧʦʣʦʞʝʥ ʥʘ 

ʩʣʘʙʦʥʘʢʣʦʥʥʦʡ 

ʤʝʩʪʥʦʩʪʠ, ʚ 150 

ʤʝʪʨʘʭ ʦʪ 

ʙʣʠʞʘʡʰʠʭ ʜʦʤʦʚ.  

ʅʠʩʭʦʜʷʱʠʡ 

ʧʦʩʪʦʷʥʥʦ 

ʜʝʡʩʪʚʫʶʱʠʡ 

 ʇʨʦʟʨʘʯʥʘʷ, ʧʨʝʩʥʘʷ, 

ʙʝʟ ʮʚʝʪʘ, ʥʝ ʠʤʝʝʪ 

ʟʘʧʘʭʘ, ʚʢʫʩ ʭʦʨʦʰʠʡ 
30-35 

ʣ/ʩʝʢ. 

ʚʠʟʫʘʣʴʥʦʝ 

ʍʦʟ-ʧʠʪʴʝʚʦʝ 

ʚʦʜʦʩʥʘʙ-

ʞʝʥʠʝ 
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14. ʈʦʜʥʠʢ 14. 

ʈʘʩʧʦʣʦʞʝʥ ʥʘ 

ʩʣʘʙʦʥʘʢʣʦʥʥʦʡ 

ʤʝʩʪʥʦʩʪʠ, ʚ 150 

ʤʝʪʨʘʭ ʦʪ 

ʙʣʠʞʘʡʰʠʭ ʜʦʤʦʚ. 

(ʦʪʦʙʨʘʥʘ ʧʨʦʙʘ) 

ʅʠʩʭʦʜʷʱʠʡ 

ʧʦʩʪʦʷʥʥʦ 

ʜʝʡʩʪʚʫʶʱʠʡ 

 ʇʨʦʟʨʘʯʥʘʷ, ʧʨʝʩʥʘʷ, 

ʙʝʟ ʮʚʝʪʘ, ʥʝ ʠʤʝʝʪ 

ʟʘʧʘʭʘ, ʚʢʫʩ ʭʦʨʦʰʠʡ 40-50 

ʣ/ʩʝʢ. 

ʚʠʟʫʘʣʴʥʦʝ 

ʍʦʟ-ʧʠʪʴʝʚʦʝ 

ʚʦʜʦʩʥʘʙ-

ʞʝʥʠʝ 

 

ʊʘʙʣʠʮʘ 3. ʅʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ ʨʦʜʥʠʢʘ ˉ14 

Table 3. Some parameters of spring No. 14 
 ̄

ʧ/ʧ 

ʇʘʨʘʤʝʪʨʳ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ɽʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʈʝʟʫʣʴʪʘʪʳ ɼʦʧʫʩʪʠʤʳʝ ʧʨʝʜʝʣʳ 

1 ɿʘʧʘʭ  ɹʘʣʣ 0,0 2 

2 ɺʢʫʩ  ɹʘʣʣ 0,0 2 

3 ʎʚʝʪ  ɻʨʘʜʫʩ 0,0 20 

4 ʆʩʘʜʦʢ ʄʛ/ʣ 0,0 -- 

5 ɻʨʘʜʫʩ  
ʦ
ʉ 9,0 -- 

6 ʄʫʪʥʦʩʪʴ  NTU (FTU) <5 ʄʝʥʴʰʝ ʯʝʤ SNTU 

7 ɺʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ  ʨʅ 7,4 6,5-8,5 

8 ʅʠʪʨʠʪ NO2 ʄʛ/ʣ 0,0 3 ʤʛ/ʣ 

9 ʅʠʪʨʘʪ NO3 ʄʛ/ʣ 0,0 50 ʤʛ/ʣ 

 

ɺ ʮʝʣʦʤ, ʚʦʜʦʩʙʦʨʥʳʝ ʙʘʩʩʝʡʥʳ ʚ ɻɹɸʆ ʫʟʢʠʝ V-ʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʠ ʩ ʢʨʫʪʳʤʠ ʫʢʣʦʥʘʤʠ 

ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʠ ʙʦʣʝʝ ʧʦʣʦʛʠʤʠ ʚ ʥʠʞʥʝʡ, ʩ ʙʦʣʴʰʠʤ ʥʘʢʦʧʣʝʥʠʝʤ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʟʘ 

ʟʠʤʥʠʡ ʧʝʨʠʦʜ.  

ʂʨʫʪʳʝ ʛʦʨʳ ʠ ʣʝʜʥʠʢʠ ʷʚʣʷʶʪʩʷ ʜʦʩʪʦʷʥʠʝʤ ʛʦʨʥʳʭ ʨʘʡʦʥʦʚ ʩ ʙʦʣʴʰʠʤʠ ʟʘʧʘʩʘʤʠ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʨʝʛʠʦʥʝ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʠʪʴʝʚʳʤ ʠ ʦʨʦʩʠʪʝʣʴʥʳʤ ʚʦʜʦʩʥʘʙʞʝʥʠʝʤ 

ʥʘʩʝʣʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʪʨʘʥ ʧʨʝʩʥʦʡ, ʯʠʩʪʦʡ ʚʦʜʦʡ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʧʝʨʝʧʘʜʦʚ ʚʳʩʦʪ ʠ ʫʟʢʠʭ 

ʜʦʣʠʥ ʩʦʟʜʘʥʠʝ ʫʩʪʦʡʯʠʚʳʭ ʚʦʜʦʭʨʘʥʠʣʠʱ ʟʘʪʨʫʜʥʝʥʦ, ʘ ʨʠʩʢ ʧʨʦʨʳʚʦʚ ʦʩʪʘʸʪʩʷ ʚʳʩʦʢʠʤ [9].  

ɺʦʜʦʩʙʦʨʥʳʡ ʙʘʩʩʝʡʥ ɹʫʥʠʜʘʨʘ ʙʦʛʘʪ ʟʘʧʘʩʘʤʠ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʟʘ ʩʯʝʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ 

ʚʝʨʭʦʚʴʝ ʣʝʜʥʠʢʦʚ ʠ ʬʠʨʥʦʚ. 

ɺʳʚʦʜʳ: ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʚʝʨʭʦʚʴʷʭ ʨʫʩʣʦ ʨʝʢʠ ʩʣʦʞʝʥʦ ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʯʘʩʪʠʯʥʦʤʫ ʧʨʦʩʘʯʠʚʘʥʠʶ ʚʦʜʳ ʧʦʜ ʨʫʩʣʦʚʦʡ ʥʘʥʦʩ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʚʦʜʦʪʦʢ ʩʪʘʥʦʚʠʪʩʷ ʚʨʝʤʝʥʥʦ ʧʦʜʟʝʤʥʳʤ. 

ɼʦʣʠʥʘ ʨʝʢʠ ɹʫʥʠʜʘʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʦʞʥʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʨʝʟʢʦ ʚʳʨʘʞʝʥʥʳʤ ʛʦʨʥʳʤ ʨʝʣʴʝʬʦʤ, ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʝʨʝʧʘʜʘʤʠ ʚʳʩʦʪ ʠ 

ʫʟʢʠʤʠ ʜʦʣʠʥʘʤʠ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʚʝʨʭʦʚʴʷʭ ʨʝʢʠ ʠʟ-ʟʘ ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʦʛʦ ʨʫʩʣʘ 

ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʘʷ ʫʪʨʘʪʘ ʚʦʜʳ ʯʝʨʝʟ ʠʥʬʠʣʴʪʨʘʮʠʶ. ʕʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʦʢʘ ʠ ʫʩʣʦʞʥʷʝʪ ʚʦʜʦʩʙʦʨʥʳʡ ʧʨʦʮʝʩʩ. ʊʘʢʞʝ ʠʟ-ʟʘ ʛʝʦʤʦʨʬʦʣʦʛʠʠ ʙʘʩʩʝʡʥʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚʦʜʦʭʨʘʥʠʣʠʱ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʠʤ ʨʠʩʢʦʤ ʧʨʦʨʳʚʘ ʧʨʠ ʩʠʣʴʥʦʤ ʥʘʢʦʧʣʝʥʠʠ 

ʚʦʜʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʩʝʣʴʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ, ʚ ʠʥʞʝʥʝʨʥʦ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʯʸʪʘʭ, ʜʣʷ ʦʮʝʥʢʠ 

ʩʝʣʝʚʦʡ ʦʧʘʩʥʦʩʪʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʱʠʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. ɸ ʪʘʢʞʝ ʚ ʤʦʥʠʪʦʨʠʥʛʝ ʩʦʩʪʦʷʥʠʷ 

ʣʝʜʥʠʢʦʚ ʠ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ. 
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ÚØÔ×ÇÚÔ ÏÑÚØÚÜàÚ×ÚÏÄ ÎÌ ÔÉ×ÔØÔÔ ÞÌäÌÖÖß×Ô ÐÌÜ¾Ô ÍßÙÔÐÌÜÌ, 

ÆÌÜÌ¾ÙÔ ÜÚÝÞÔ ÐÌÜ¾Ô ÛÌÙÆ 
Øìėú÷ìô øìóöÿü íì þìĕėôėô ĕìîóìô úíôô ðìüČô Íÿùôðìüì ¬ ċöñ ìó Ąúāúíĕúô úíôô ÛìùĔô 

íú÷ú íìāĄôðì Ąÿðììýþ. Ðìü øìėú÷ì āÿýÿýôċþĕúô ýúāþúüô ĕìîóìô úíôô ðìüČô Íÿùôðìüì ¬ Ąúāúíô 
üúýþô ðìüČô ÛìùĔ ðìü ìýúýô þìĕėôėúþô ïôðüú÷úïĒ íìüüìýĒ ïìüðôðìýþ. Ðìü øìėú÷ì ùìþôĔìĕúô 
þìĕ÷ô÷ô ïôðüú÷úïĒ úîìüðì Ąÿðììùð, öô íì úøĘóôĄô āÿýÿýôċþĕúô øúüĀúøñþüôô ĕìîóìô úíĒ, 
Ąìüúôþô ôė÷ôøĒ îì ùôóúøô íúüôĄúþô ìþøúýĀñüĒ íìāĄôðì Ąÿðììýþ. ÞìĎõôüČíôô øìîýôøĒ îì 
íìõùôýú÷ìô ĔìüìČùô úí, ôùăÿùôù āÿýÿýôċþĕúô Ďôóúðôĕôô ðìüČ (ìó ĕôýúíô íúüúù, íìüĀ îì ûôüċāĕú) 
îì ðôùìøôöìô øìîýôøôô ýìþĕô úí øìîüôðô þìĕ÷ô÷ ėìüúü ïôüôĀþììùð. Íì þìĆýôüô úøô÷ĕúô ôė÷ôøĒ 
îì øìùóìüìîôĊ ĔÿĎüúĀĒ ðìü þìĄìööÿ÷ô ĔìüìČùô úí, øìýĆì÷ìĕúô þìîúóÿùôô úí, ìüóČíôô óìāôüìĕúô 
úí, ĕú÷ìþô üìîìùðô þìĎõôüúþô øìĔüúĒ îì āìþìüĕúô îúíìýþì íì ĕúðôýìĕúô ýñ÷ôô íúüôĄúþô íúüúùĒ 
þìîìĔĔÿĕô øìāýÿý óúĕôü Ąÿðììýþ.  

Öì÷ôðîúòìĕú: øìõðúùô ĕìîóì, øìĔüúô úí, ûôüċāĕú, þìùìóóÿ÷, þìĎõôüČíôô ôė÷ôø, ĕìüúüìþ, 
ÛìùĔô íú÷ú, ïñúøúüĀú÷úïôċ, ĕìîóìô úí. 

 

ɻɽʆʄʆʈʌʆʃʆɻʀʏɽʉʂʀɽ ʀ ʂʃʀʄɸʊʀʏɽʉʂʀɽ ʌɸʂʊʆʈʓ ʌʆʈʄʀʈʆɺɸʅʀʗ ʈɽʂʀ 

ɹʋʅʀɼɸʈɸ, ʇʈɸɺʆɻʆ ʇʈʀʊʆʂɸ ʈɽʂʀ ʇʗʅɼɾ 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ɹʫʥʠʜʘʨʘ ï ʦʜʥʦʛʦ ʠʟ ʧʨʠʪʦʢʦʚ ʚ 

ʩʠʩʪʝʤʝ ʚʦʜʦʩʙʦʨʘ ɺʝʨʭʥʝʛʦ ʇʷʥʜʞʘ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʚʦʜʦʩʙʦʨʥʦʛʦ 

ʙʘʩʩʝʡʥʘ ʨʝʢʠ ɹʫʥʠʜʘʨʘ ï ʧʨʘʚʦʛʦ ʧʨʠʪʦʢʘ ʨ. ʇʷʥʜʞ, ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ 

ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʠʟʫʯʝʥʠʝ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʨʝʞʠʤʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠ 

ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʝʟʦʥʥʳʝ ʠ ʤʝʞʛʦʜʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʚʦʜʥʦʛʦ ʩʪʦʢʘ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʝʯʥʦʛʦ ʧʠʪʘʥʠʷ (ʜʦʞʜʝʚʦʝ, ʩʥʝʛʦʚʦʝ, ʣʝʜʥʠʢʦʚʦʝ) ʠ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʫʨʦʚʥʷ ʚʦʜʳ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʝʥʦ ʚʣʠʷʥʠʶ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʦʢʘ, 

ʚʦʧʨʦʩʘʤ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ, ʦʮʝʥʢʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʩʦʩʪʦʷʥʠʶ ʨʫʩʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʨʠʩʢʘʤ, 

ʩʚʷʟʘʥʥʳʤ ʩ ʩʝʣʝʚʳʤʠ ʷʚʣʝʥʠʷʤʠ ʠ ʧʘʚʦʜʢʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʦʩʙʦʨʥʳʡ ʙʘʩʩʝʡʥ, ʚʦʜʥʳʡ ʩʪʦʢ, ʣʝʜʥʠʢʠ, ʜʝʛʨʘʜʘʮʠʷ, ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ, ʚʝʨʭʥʠʡ ʇʷʥʜʞ, ʛʝʦʤʦʨʬʦʣʦʛʠʷ, ʚʦʜʦʨʘʟʜʝʣ. 

 

GEOMORPHOLOGICAL AND CLIMATIC FACTORS IN THE FORMATION OF THE BUNIDARA 

RIVER , A RIGHT TRIBUTOR OF THE PYANDZH RIVER  

This article examines the drainage basin of the Bunidara River, a tributary in the Upper Panj River 

drainage system. It examines the structural features of the Bunidara River drainage basin, a right tributary of the 

Panj River, based on hydrological studies. The paper presents the results of a hydrological analysis, including a 

study of the morphometric characteristics of the drainage basin, climatic conditions, precipitation, and snow 

cover. Seasonal and interannual fluctuations in water runoff are examined, as well as river recharge 

characteristics (rain, snow, and glacier) and seasonal water level dynamics. Particular attention is paid to the 

influence of climatic and landscape-geographic factors on runoff formation, water balance issues, water 

resource assessment, the state of channel processes, and the risks associated with mudflows and floods. 

Keywords: catchment area, water runoff, glaciers, degradation, climate change, temperature, upper Panj, 

geomorphology, watershed. 
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ʋɼʂ: 624.131.1(575.3) 

ɻʈɸʅʋʃʆʄɽʊʈʀʏɽʉʂʀʁ ʉʆʉʊɸɺ ʆʊʃʆɾɽʅʀʁ, ʉʌʆʈʄʀʈʆɺɸʅʅʓʍ ʇʆɼ 

ɺʆɿɼɽʁʉʊɺʀɽʄ ʇɽʉʏɸʅʆ-ʇʓʃʔʅʓʍ ɹʋʈʔ ɺ ɺɽʈʍʅɽʏɽʊɺɽʈʊʀʏʅʆʄ 

ʂʆʄʇʃɽʂʉɽ ɻ. ɼʋʐɸʅɹɽ (ʏɸʉʊʔ 1) 

 

ʐʘʨʠʧʦʚʘ ʐ.ɸ., ʉʦʨʦʭʦʥ ʐ.
 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʥʘʫʯʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ñʎʝʥʪʨ ʧʦ ʠʟʫʯʝʥʠʶ ʣʝʜʥʠʢʦʚè ʅʘʮʠʦʥʘʣʴʥʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʊʘʜʞʠʢʠʩʪʘʥʘ 
 

ʃʸʩʩ (ʥʝʤ. LºÇ ʠʣʠ Lºss) ð ʦʩʘʜʦʯʥʘʷ ʛʦʨʥʘʷ ʧʦʨʦʜʘ, ʥʝʩʣʦʠʩʪʘʷ, ʦʜʥʦʨʦʜʥʘʷ 

ʠʟʚʝʩʪʢʦʚʠʩʪʘʷ, ʩʫʛʣʠʥʠʩʪʦ-ʩʫʧʝʩʯʘʥʘʷ, ʠʤʝʝʪ ʩʚʝʪʣʦ-ʞʸʣʪʳʡ ʠʣʠ ʧʘʣʝʚʳʡ ʮʚʝʪ. ʊʝʨʤʠʥ çʣʸʩʩè 

ʙʳʣ ʚʚʝʜʸʥ ʚ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʫʶ ʣʠʪʝʨʘʪʫʨʫ ʚ 1823 ʛʦʜʫ ʂʘʨʣʦʤ ʎʝʟʘʨʝʤ ʬʦʥ 

ʃʝʦʥʛʘʨʜʦʤ. 

ʉʦʩʪʘʚ. ʇʦ ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ ʣʸʩʩ ʦʪʥʦʩʠʪʩʷ ʦʙʳʯʥʦ ʢ ʩʫʛʣʠʥʢʘʤ, ʨʝʞʝ ʢ ʩʫʧʝʩʷʤ. ʂʨʫʧʥʳʝ 

ʯʘʩʪʠʮʳ ʚ ʣʸʩʩʝ ʩʦʩʪʦʷʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʢʚʘʨʮʘ ʠ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, ʚ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ 

ð ʠʟ ʩʣʶʜ, ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ʠ ʪ. ʜ. ɺ ʦʪʜʝʣʴʥʳʭ ʧʨʦʩʣʦʷʭ ʠʟʦʙʠʣʫʶʪ ʟʸʨʥʘ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ 

ʧʝʧʣʘ, ʧʝʨʝʥʦʩʠʚʰʝʛʦʩʷ ʚʝʪʨʦʤ ʥʘ ʩʦʪʥʠ ʢʠʣʦʤʝʪʨʦʚ ʦʪ ʤʝʩʪʘ ʠʟʚʝʨʞʝʥʠʷ. ʊʦʥʢʠʝ ʯʘʩʪʠʮʳ ʚ 

ʣʸʩʩʝ ʩʦʩʪʦʷʪ ʠʟ ʨʘʟʣʠʯʥʳʭ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ (ʛʠʜʨʦʩʣʶʜʘ, ʢʘʦʣʠʥʠʪ, ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ). ɺ 

ʣʸʩʩʝ ʠʥʦʛʜʘ ʚʩʪʨʝʯʘʶʪʩʷ ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ ʢʦʥʢʨʝʮʠʠ, ʨʘʢʦʚʠʥʳ ʥʘʟʝʤʥʳʭ ʤʦʣʣʶʩʢʦʚ ʠ ʢʦʩʪʠ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʦʩʦʙʝʥʥʦ ʛʨʳʟʫʥʦʚ ʠ ʤʘʤʦʥʪʘ (www.ru.wikipedia.org). 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʃʸʩʩ ʨʘʩʧʨʦʩʪʨʘʥʸʥ ʚ ɽʚʨʦʧʝ, ɸʟʠʠ, ʉʝʚʝʨʥʦʡ ʠ ʖʞʥʦʡ ɸʤʝʨʠʢʝ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʪʝʧʥʳʭ ʠ ʧʦʣʫʧʫʩʪʳʥʥʳʭ ʨʘʡʦʥʘʭ ʫʤʝʨʝʥʥʦʛʦ ʧʦʷʩʘ. ʃʝʩʩʳ ʧʦʢʨʳʚʘʶʪ 

ʦʢʦʣʦ 17% ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ, 80% ʪʝʨʨʠʪʦʨʠʠ ʋʢʨʘʠʥʳ % ʠ ʦʢʦʣʦ 90% ʪʝʨʨʠʪʦʨʠʠ 

ʊʘʜʞʠʢʠʩʪʘʥʘ. ɹʦʣʴʰʠʝ ʧʣʦʱʘʜʠ ʧʦʢʨʳʪʳ ʣʸʩʩʦʚʳʤʠ ʧʦʨʦʜʘʤʠ ʚ ʉʨʝʜʥʝʡ ɸʟʠʠ, ʂʘʟʘʭʩʪʘʥʝ, 

ɺʦʩʪʦʯʥʦʡ, ʖʞʥʦʡ ʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ ʦʥʠ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ɹʝʣʦʨʫʩʩʠʠ, 

ʇʦʚʦʣʞʴʝ, ʗʢʫʪʠʠ ʠ ʜʨʫʛʠʭ ʨʘʡʦʥʘʭ. ʉʘʤʘʷ ʙʦʣʴʰʘʷ ʪʝʨʨʠʪʦʨʠʷ ʣʸʩʩʘ ʥʘʭʦʜʠʪʩʷ ʚ ʂʠʪʘʝ 

(www.elib.altstu.ru). 

ʃʝʩʩʦʚʳʝ ʛʨʫʥʪʳ ʩʣʫʞʘʪ ʦʩʥʦʚʘʥʠʝʤ ʬʫʥʜʘʤʝʥʪʦʚ ʥʘ ʋʢʨʘʠʥʝ, ʚ ʄʦʣʜʘʚʠʠ, ɹʝʣʦʨʫʩʩʠʠ, 

ɿʘʢʘʚʢʘʟʴʝ, ʉʨʝʜʥʝʡ ɸʟʠʠ, ʅʝʯʝʨʥʦʟʝʤʥʦʡ ʟʦʥʝ ʈʦʩʩʠʠ, ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, ʥʘ ʉʝʚʝʨʥʦʤ ʂʘʚʢʘʟʝ 

ʠ ʜʨ. ʨʝʛʠʦʥʘʭ (www.studopedia.org). 

ʇʨʦʠʩʭʦʞʜʝʥʠʝ. ɺʦʧʨʦʩ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʣʸʩʩʘ ʝʱʸ ʥʝ ʧʦʣʫʯʠʣ ʦʙʱʝʧʨʠʥʷʪʦʛʦ ʨʝʰʝʥʠʷ. 

ɽʛʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʳʚʘʣʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ (ʥʘ ʩʫʰʝ ʩ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʚʝʪʨʘ, ʜʦʞʜʝʚʳʭ ʠ ʪʘʣʳʭ ʩʥʝʛʦʚʳʭ ʚʦʜ, ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʚʳʚʝʪʨʠʚʘʥʠʝʤ, 

ʚʫʣʢʘʥʠʟʤʦʤ, ʦʩʘʞʜʝʥʠʝʤ ʢʦʩʤʠʯʝʩʢʦʡ ʧʳʣʠ, ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʦʟʸʨʘʭ ʠ ʤʦʨʷʭ) ʠ 

ʩʪʘʜʠʷʤʠ ʧʦʨʦʜʦʦʙʨʘʟʦʚʘʥʠʷ. 

ɺ 1877 ʛʦʜʫ ʥʝʤʝʮʢʠʡ ʫʯʸʥʳʡ ʌ. ʈʠʭʪʛʦʬʝʥ ʧʨʝʜʣʦʞʠʣ ʛʠʧʦʪʝʟʫ ʩʫʙʘʵʨʘʣʴʥʦʛʦ (ʧʨʠ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʦʣʠ ʚʦʜʳ) ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʢʠʪʘʡʩʢʦʛʦ ʣʸʩʩʘ (www.ru.wikipedia.org). 

ʇʦʧʫʣʷʨʥʳ ʪʝʦʨʠʠ ʵʦʣʦʚʦʛʦ (ɺ.ɸ. ʆʙʨʫʯʝʚ), ʧʦʯʚʝʥʥʦʛʦ (ʃ.ʉ. ɹʝʨʛ) ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ 

(ʵʦʣʦʚʳʝ, ʜʝʣʶʚʠʘʣʴʥʳʝ ʠ ʧʦʯʚʝʥʥʦ-ʵʣʶʚʠʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʟʘʩʫʰʣʠʚʦʤ ʢʣʠʤʘʪʝ) 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʣʸʩʩʘ. 

ʕʦʣʦʚʘʷ ʛʠʧʦʪʝʟʘ ð ʦʩʥʦʚʘʥʘ ʌ. ʈʠʭʪʛʦʬʝʥʦʤ. ɽʸ ʛʣʘʚʥʘʷ ʠʜʝʷ ð ʦʙʨʘʟʦʚʘʥʠʝ ʤʘʩʩʠʚʦʚ 

ʠʟ ʥʝʫʚʣʘʞʥʝʥʥʦʡ ʧʳʣʠ, ʢʦʪʦʨʘʷ ʧʨʠ ʧʝʨʝʥʦʩʝ ʚʝʪʨʦʤ ʠʟ-ʟʘ ʪʨʝʥʠʷ ʯʘʩʪʠʮ ʧʨʠʦʙʨʝʪʘʣʘ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʟʘʨʷʜ. ʆʩʝʜʘʷ, ʵʣʝʤʝʥʪʳ ʦʜʥʦʠʤʸʥʥʳʭ ʟʘʨʷʜʦʚ ʦʪʪʘʣʢʠʚʘʣʠʩʴ ʠ 

ʫʧʣʦʪʥʷʣʠʩʴ ʩ ʥʝʟʘʨʷʞʝʥʥʳʤʠ ʠʣʠ ʩʣʘʙʦʟʘʨʷʞʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʧʦʷʚʣʷʝʪʩʷ ʢʦʚʘʣʝʥʪʥʘʷ 

ʩʚʷʟʴ. 

ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʧʦʣʝʚʳʝ ʠ 

ʣʘʙʦʨʘʪʦʨʥʳʝ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʢʘʢ ʧʦʣʝʚʳʤʠ, ʪʘʢ ʠ ʣʘʙʦʨʘʪʦʨʥʳʤʠ 

ʤʝʪʦʜʘʤʠ, ʯʘʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʪʦʣʴʢʦ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʤʝʪʦʜʘʤʠ. ɼʣʷ 

ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʛʨʫʥʪʦʚ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʠʭ ʩʚʦʡʩʪʚ ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʪʦʣʴʢʦ 

ʧʦʣʝʚʳʤʠ ʤʝʪʦʜʘʤʠ. ʇʨʠ ʚʳʙʦʨʝ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʪʘʢʞʝ ʩʣʝʜʫʶʱʝʝ. 

ʇʦʣʝʚʳʝ ʤʝʪʦʜʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ ʚ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʠ ʚ ʫʩʣʦʚʠʷʭ 
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ʠʭ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʟʘʣʝʛʘʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʣʝʚʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʪʨʝʙʫʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʦʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. ʂʨʦʤʝ 

ʪʦʛʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʦʣʝʚʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝ ʧʦʟʚʦʣʷʶʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ 

ʛʨʫʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʦʨʫʞʝʥʠʡ, ʯʪʦ ʦʩʣʦʞʥʷʝʪ ʧʨʦʛʥʦʟʥʫʶ 

ʦʮʝʥʢʫ ʧʦʚʝʜʝʥʠʷ ʛʨʫʥʪʦʚ ʢʘʢ ʩʨʝʜʳ ʠʣʠ ʦʩʥʦʚʘʥʠʷ ʩʦʦʨʫʞʝʥʠʷ. 

ʃʘʙʦʨʘʪʦʨʥʳʝ ʤʝʪʦʜʳ ʥʘʨʷʜʫ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʩʣʦʞʝʥʠʷ (ʠʟ ʤʦʥʦʣʠʪʦʚ) ʠʟʫʯʘʶʪ ʵʪʠ ʩʚʦʡʩʪʚʘ ʚ ʟʘʜʘʥʥʦʤ ʨʝʞʠʤʝ ʜʘʚʣʝʥʠʡ, ʚʣʘʞʥʦʩʪʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʨʝʜʝʣʝʥʠʡ ʩʦʟʜʘʶʪ ʫʩʣʦʚʠʷ, ʚ ʢʦʪʦʨʳʭ ʛʨʫʥʪ ʤʦʞʝʪ 

ʥʘʭʦʜʠʪʴʩʷ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʪʘʢ ʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʦʨʫʞʝʥʠʡ, ʪ.ʝ. 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʛʥʦʟ. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʩ ʧʦʣʝʚʳʤʠ 

ʤʝʪʦʜʘʤʠ ʧʨʦʩʪʦʪʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ, ʫʤʝʥʴʰʝʥʠʝ ʪʨʫʜʦʚʳʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ 

ʥʘ ʦʜʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʟʚʦʣʷʶʪ ʫʚʝʣʠʯʠʚʘʪʴ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʠ ʧʫʪʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʯʘʩʪʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʷ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʢʦʥʝʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʜʝʣʝʥʠʠ ʛʨʫʥʪʘ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʛʨʫʥʪʦʚ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʨʷʤʳʝ ʠ ʢʦʩʚʝʥʥʳʝ. 

ʂ ʧʨʷʤʳʤ ʦʪʥʦʩʷʪʩʷ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ (ʤʠʢʨʦʤʝʪʨʠʯʝʩʢʦʤ) 

ʠʟʤʝʨʝʥʠʠ ʯʘʩʪʠʮ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʤʠʢʨʦʩʢʦʧʦʚ ʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʜʨʫʛʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʵʣʝʢʪʨʦʥʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. ɺ ʧʨʘʢʪʠʢʝ ʧʨʷʤʳʝ 

(ʤʠʢʨʦʤʝʪʨʠʯʝʩʢʠʝ) ʤʝʪʦʜʳ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ.  

ʂ ʢʦʩʚʝʥʥʳʤ ʦʪʥʦʩʷʪʩʷ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ, ʩʢʦʨʦʩʪʴʶ ʦʩʘʞʜʝʥʠʷ ʠʭ ʚ ʞʠʜʢʦʡ ʠ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʘʭ 

ʠ ʩʚʦʡʩʪʚʘʤʠ ʩʫʩʧʝʥʟʠʠ. ʕʪʦ ʛʨʫʧʧʘ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʩʫʩʧʝʥʟʠʠ (ʘʨʝʦʤʝʪʨʠʯʝʩʢʠʡ, ʦʧʪʠʯʝʩʢʠʡ ʠ ʜʨ.) ʠʣʠ ʤʦʜʝʣʠʨʫʶʱʠʭ ʧʨʠʨʦʜʥʫʶ 

ʩʝʜʠʤʝʥʪʘʮʠʶ (ʧʠʧʝʪʦʯʥʳʡ).  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʪʦʙʨʘʥʥʳʝ ʦʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʣʝʩʩʳ ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʨʝʢʠ ɼʫʰʘʥʙʠʥʢʘ. ʆʥʠ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʚ 

ʤʘʨʪʝ 2017 ʛʦʜʘ ʚ 82-ʦʤ ʤʠʢʨʦʨʘʡʦʥʝ, ʛʜʝ ʧʨʦʡʜʝʥ ʢʦʪʣʦʚʘʥ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʚʦʟʚʝʜʝʥʠʷ 

ʠʥʞʝʥʝʨʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʧʦ ʫʣʠʮʝ ɻʘʬʫʨʦʚʘ (ʨʠʩ. 1). ʆʪʙʦʨ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʩʷ ʩ ʛʣʫʙʠʥʳ 

0,5 ʤ ʜʦ ʛʣʫʙʠʥʳ 3 ʤ. ʈʘʟʤʝʨʳ ʤʦʥʦʣʠʪʦʚ ʩʦʩʪʘʚʣʷʶʪ ʯʫʪʴ ʙʦʣʴʰʝ 20ʭ20ʭ20 ʩʤ. 

ɺʠʟʫʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʦʙʨʘʟʮʦʚ: 

ʆʙʨʘʟʝʮ 1. ɼʘʥʥʳʡ ʦʙʨʘʟʝʮ (ʨʠʩ. 1) ʧʨʝʜʩʪʘʚʣʝʥ ʧʳʣʝʚʘʪʦ-ʛʣʠʥʠʩʪʳʤ ʩʚʷʟʥʳʤ ʛʨʫʥʪʦʤ 

(ʣʝʩʩʦʤ) ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʣʦʞʝʥʠʷ (ʤʦʥʦʣʠʪ) ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. ɺʠʟʫʘʣʴʥʦ ʩʫʛʣʠʥʦʢ. 

ʊʝʢʩʪʫʨʘ ʤʘʩʩʠʚʥʘʷ, ʥʝʩʣʦʠʩʪʘʷ. ɻʨʫʥʪ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʦʙʣʦʤʢʦʚ ʢʚʘʨʮʘ ʨʘʟʤʝʨʦʤ 1-2 ʤʤ. 

ʇʨʠʩʫʪʩʪʚʫʶʪ ʬʣʦʨʘ, ʥʦ ʦʪʩʫʪʩʪʚʫʝʪ ʬʘʫʥʘ. ʅʘ ʦʱʫʧʴ ʚʣʘʞʥʳʡ ʠ ʤʷʛʢʠʡ, ʥʠʟʢʘʷ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʯʪʦ ʷʚʥʦ ʛʦʚʦʨʠʪ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ ʚ ʦʙʨʘʟʮʝ. ʇʨʠʤʝʨʥʳʡ 

ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ: ʧʨʝʦʙʣʘʜʘʝʪ ʢʚʘʨʮ ʠ ʧʦʣʝʚʦʡ ʰʧʘʪ, ʚʦʟʤʦʞʥʦ ʠ ʝʩʪʴ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ, 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʨʙʦʥʘʪʳ, ʨʘʟ ʛʨʫʥʪ ʙʫʨʥʦ ʨʝʘʛʠʨʫʝʪ ʩ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ. ɻʨʫʥʪ ʧʦʨʠʩʪʳʡ, 

ʨʘʟʤʝʨ ʧʦʨ ʤʝʥʝʝ 1 ʤʤ. ɻʣʫʙʠʥʘ ʦʪʙʦʨʘ 0,5 ʤ. 

ʆʙʨʘʟʝʮ 2. ɼʘʥʥʳʡ ʦʙʨʘʟʝʮ (ʨʠʩ. 2) ʧʨʝʜʩʪʘʚʣʝʥ ʧʳʣʝʚʘʪʦ-ʛʣʠʥʠʩʪʳʤ ʩʚʷʟʥʳʤ ʛʨʫʥʪʦʤ 

(ʣʝʩʩʦʤ) ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʣʦʞʝʥʠʷ (ʤʦʥʦʣʠʪ) ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. ɺʠʟʫʘʣʴʥʦ ʩʫʛʣʠʥʦʢ. 

ʊʝʢʩʪʫʨʘ ʤʘʩʩʠʚʥʘʷ, ʥʝʩʣʦʠʩʪʘʷ. ɻʨʫʥʪ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʦʙʣʦʤʢʦʚ ʢʚʘʨʮʘ ʨʘʟʤʝʨʦʤ 0,5-1 ʤʤ. 

ʅʘʣʠʯʠʝ ʬʣʦʨʳ. ʌʘʫʥʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʅʘ ʦʱʫʧʴ ʚʣʘʞʥʳʡ ʠ ʤʷʛʢʠʡ, ʥʠʟʢʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ, 

ʯʪʦ ʷʚʥʦ ʛʦʚʦʨʠʪ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ ʚ ʦʙʨʘʟʮʝ. ʇʨʠʤʝʨʥʳʡ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ: 

ʧʨʝʦʙʣʘʜʘʝʪ ʢʚʘʨʮ ʠ ʧʦʣʝʚʦʡ ʰʧʘʪ, ʚʦʟʤʦʞʥʦ ʠ ʝʩʪʴ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʨʙʦʥʘʪʳ, 

ʨʘʟ ʛʨʫʥʪ ʙʫʨʥʦ ʨʝʘʛʠʨʫʝʪ ʩ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ. ɻʨʫʥʪ ʧʦʨʠʩʪʳʡ, ʨʘʟʤʝʨ ʧʦʨ ʤʝʥʝʝ 1 ʤʤ. 

ɻʣʫʙʠʥʘ ʦʪʙʦʨʘ 1 ʤ. 

ʆʙʨʘʟʝʮ 3. ɼʘʥʥʳʡ ʦʙʨʘʟʝʮ (ʨʠʩ. 3) ʧʨʝʜʩʪʘʚʣʝʥ ʧʳʣʝʚʘʪʦ-ʛʣʠʥʠʩʪʳʤ ʩʚʷʟʥʳʤ ʛʨʫʥʪʦʤ 

(ʣʝʩʩʦʤ) ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʣʦʞʝʥʠʷ (ʤʦʥʦʣʠʪ) ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. ɺʠʟʫʘʣʴʥʦ ʩʫʛʣʠʥʦʢ. 

ʊʝʢʩʪʫʨʘ ʤʘʩʩʠʚʥʘʷ, ʥʝʩʣʦʠʩʪʘʷ. ɻʨʫʥʪ ʦʜʥʦʨʦʜʥʳʡ, ʙʝʟ ʚʢʣʶʯʝʥʠʡ ʦʙʣʦʤʢʦʚ. ʈʝʜʢʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʬʣʦʨʘ, ʬʘʫʥʘ ʦʪʩʫʪʩʪʚʫʝʪ. ʅʘ ʦʱʫʧʴ ʚʣʘʞʥʳʡ ʠ ʤʷʛʢʠʡ, ʥʠʟʢʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ, 

ʯʪʦ ʷʚʥʦ ʛʦʚʦʨʠʪ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ ʚ ʦʙʨʘʟʮʝ. ʇʨʠʤʝʨʥʳʡ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ: 



45 

 

ʧʨʝʦʙʣʘʜʘʝʪ ʢʚʘʨʮ ʠ ʧʦʣʝʚʦʡ ʰʧʘʪ, ʚʦʟʤʦʞʥʦ ʠ ʝʩʪʴ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʨʙʦʥʘʪʳ, 

ʨʘʟ ʛʨʫʥʪ ʙʫʨʥʦ ʨʝʘʛʠʨʫʝʪ ʩ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ. ɻʨʫʥʪ ʧʦʨʠʩʪʳʡ, ʨʘʟʤʝʨ ʧʦʨ ʤʝʥʝʝ 1 ʤʤ. 

ɻʣʫʙʠʥʘ ʦʪʙʦʨʘ 1,5 ʤ. 

ʆʙʨʘʟʝʮ 4. ɼʘʥʥʳʡ ʦʙʨʘʟʝʮ (ʨʠʩ. 4) ʧʨʝʜʩʪʘʚʣʝʥ ʧʳʣʝʚʘʪʦ-ʛʣʠʥʠʩʪʳʤ ʩʚʷʟʥʳʤ ʛʨʫʥʪʦʤ 

(ʣʝʩʩʦʤ) ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʣʦʞʝʥʠʷ (ʤʦʥʦʣʠʪ) ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. ɺʠʟʫʘʣʴʥʦ ʩʫʛʣʠʥʦʢ. 

ʊʝʢʩʪʫʨʘ ʤʘʩʩʠʚʥʘʷ, ʥʝʩʣʦʠʩʪʘʷ. ɻʨʫʥʪ ʦʜʥʦʨʦʜʥʳʡ, ʙʝʟ ʚʢʣʶʯʝʥʠʡ ʦʙʣʦʤʢʦʚ. ʊʘʢʞʝ 

ʦʪʩʫʪʩʪʚʫʶʪ ʦʩʪʘʪʢʠ ʦʨʛʘʥʠʢʠ. ʅʘ ʦʱʫʧʴ ʚʣʘʞʥʳʡ ʠ ʤʷʛʢʠʡ, ʥʠʟʢʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʯʪʦ ʷʚʥʦ 

ʛʦʚʦʨʠʪ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ ʚ ʦʙʨʘʟʮʝ. ʇʨʠʤʝʨʥʳʡ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ: 

ʧʨʝʦʙʣʘʜʘʝʪ ʢʚʘʨʮ ʠ ʧʦʣʝʚʦʡ ʰʧʘʪ, ʚʦʟʤʦʞʥʦ ʠ ʝʩʪʴ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʨʙʦʥʘʪʳ, 

ʨʘʟ ʛʨʫʥʪ ʙʫʨʥʦ ʨʝʘʛʠʨʫʝʪ ʩ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ. ɻʨʫʥʪ ʧʦʨʠʩʪʳʡ, ʨʘʟʤʝʨ ʧʦʨ ʤʝʥʝʝ 1 ʤʤ. 

ɻʣʫʙʠʥʘ ʦʪʙʦʨʘ 2 ʤ. 

ʆʙʨʘʟʝʮ 5. ɼʘʥʥʳʡ ʦʙʨʘʟʝʮ (ʨʠʩ. 5) ʧʨʝʜʩʪʘʚʣʝʥ ʧʳʣʝʚʘʪʦ-ʛʣʠʥʠʩʪʳʤ ʩʚʷʟʥʳʤ ʛʨʫʥʪʦʤ 

(ʣʝʩʩʦʤ) ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʣʦʞʝʥʠʷ (ʤʦʥʦʣʠʪ) ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. ɺʠʟʫʘʣʴʥʦ ʩʫʛʣʠʥʦʢ. 

ʊʝʢʩʪʫʨʘ ʤʘʩʩʠʚʥʘʷ, ʥʝʩʣʦʠʩʪʘʷ. ɻʨʫʥʪ ʦʜʥʦʨʦʜʥʳʡ, ʙʝʟ ʚʢʣʶʯʝʥʠʡ ʦʙʣʦʤʢʦʚ. ʊʘʢʞʝ 

ʦʪʩʫʪʩʪʚʫʶʪ ʦʩʪʘʪʢʠ ʦʨʛʘʥʠʢʠ. ʅʘ ʦʱʫʧʴ ʚʣʘʞʥʳʡ ʠ ʤʷʛʢʠʡ, ʥʠʟʢʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʯʪʦ ʷʚʥʦ 

ʛʦʚʦʨʠʪ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ ʚ ʦʙʨʘʟʮʝ. ʇʨʠʤʝʨʥʳʡ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ: 

ʧʨʝʦʙʣʘʜʘʝʪ ʢʚʘʨʮ ʠ ʧʦʣʝʚʦʡ ʰʧʘʪ, ʚʦʟʤʦʞʥʦ ʠ ʝʩʪʴ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʨʙʦʥʘʪʳ, 

ʨʘʟ ʛʨʫʥʪ ʙʫʨʥʦ ʨʝʘʛʠʨʫʝʪ ʩ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ. ɻʨʫʥʪ ʧʦʨʠʩʪʳʡ, ʨʘʟʤʝʨ ʧʦʨ ʤʝʥʝʝ 1 ʤʤ. 

ɻʣʫʙʠʥʘ ʦʪʙʦʨʘ 2,5 ʤ. 

ʆʙʨʘʟʝʮ 6. ɼʘʥʥʳʡ ʦʙʨʘʟʝʮ (ʨʠʩ. 6) ʧʨʝʜʩʪʘʚʣʝʥ ʧʳʣʝʚʘʪʦ-ʛʣʠʥʠʩʪʳʤ ʩʚʷʟʥʳʤ ʛʨʫʥʪʦʤ 

(ʣʝʩʩʦʤ) ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʣʦʞʝʥʠʷ (ʤʦʥʦʣʠʪ) ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. ɺʠʟʫʘʣʴʥʦ ʩʫʛʣʠʥʦʢ. 

ʊʝʢʩʪʫʨʘ ʤʘʩʩʠʚʥʘʷ, ʥʝʩʣʦʠʩʪʘʷ. ɻʨʫʥʪ ʦʜʥʦʨʦʜʥʳʡ, ʙʝʟ ʚʢʣʶʯʝʥʠʡ ʦʙʣʦʤʢʦʚ. ʊʘʢʞʝ 

ʦʪʩʫʪʩʪʚʫʶʪ ʦʩʪʘʪʢʠ ʦʨʛʘʥʠʢʠ. ʅʘ ʦʱʫʧʴ ʚʣʘʞʥʳʡ ʠ ʤʷʛʢʠʡ, ʥʠʟʢʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʯʪʦ ʷʚʥʦ 

ʛʦʚʦʨʠʪ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ ʚ ʦʙʨʘʟʮʝ. ʇʨʠʤʝʨʥʳʡ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ: 

ʧʨʝʦʙʣʘʜʘʝʪ ʢʚʘʨʮ ʠ ʧʦʣʝʚʦʡ ʰʧʘʪ, ʚʦʟʤʦʞʥʦ ʠ ʝʩʪʴ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʨʙʦʥʘʪʳ, 

ʨʘʟ ʛʨʫʥʪ ʙʫʨʥʦ ʨʝʘʛʠʨʫʝʪ ʩ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ. ɻʨʫʥʪ ʧʦʨʠʩʪʳʡ, ʨʘʟʤʝʨ ʧʦʨ ʤʝʥʝʝ 1 ʤʤ. 

ɻʣʫʙʠʥʘ ʦʪʙʦʨʘ 3 ʤ. 

 

   

ʈʠʩ. 1. ʆʙʨʘʟʝʮ 1 ʈʠʩ 2. ʆʙʨʘʟʝʮ 2 ʈʠʩ. 3. ʆʙʨʘʟʝʮ 3 
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ʈʠʩ. 4. ʆʙʨʘʟʝʮ 4 ʈʠʩ. 5. ʆʙʨʘʟʝʮ 5 ʈʠʩ. 6. ʆʙʨʘʟʝʮ 6 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʫʥʪʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʣʸʩʩʦʚʳʭ ʛʨʫʥʪʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʠʭ 

ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɼʣʷ ʣʝʩʩʦʚʳʭ ʛʨʫʥʪʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʠʟʫʯʝʥʠʷ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʯʠʪʘʝʪʩʷ ʘʨʝʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʷʪʴ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʨʦʜʝ ʬʨʘʢʮʠʡ ʜʠʘʤʝʪʨʦʤ 1-0,005 ʤʤ, ʥʝ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ 

ʩʣʦʞʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʧʨʦʩʪ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʦʡʩʪʚ ʠʩʧʳʪʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʛʨʫʥʪʘ ʧʨʦʚʝʜʝʥʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ: ɻʆʉʊ 5180-2015, ɻʆʉʊ 25100-2011, ɻʆʉʊ 12536-

1979. 

ɼʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʠ ʨʘʩʩʯʠʪʘʥʳ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ʇʣʦʪʥʦʩʪʴ ʛʨʫʥʪʘ (p) ʤʝʪʦʜʦʤ ʨʝʞʫʱʝʛʦ ʢʦʣʴʮʘ ʧʦ ɻʆʉʊ 5180-2015. ʇʣʦʪʥʦʩʪʴ 

ʛʨʫʥʪʘ ʠʣʠ ʧʣʦʪʥʦʩʪʴ ʚʣʘʞʥʦʛʦ ʛʨʫʥʪʘ - ʤʘʩʩʘ ʝʜʠʥʠʮʳ ʦʙʲʝʤʘ ʛʨʫʥʪʘ ʩ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʚʣʘʞʥʦʩʪʴʶ ʠ ʧʨʠʨʦʜʥʳʤ (ʥʝʥʘʨʫʰʝʥʥʳʤ) ʩʣʦʞʝʥʠʝʤ. ʕʪʫ ʚʝʣʠʯʠʥʫ ʠʟʤʝʨʷʶʪ ʚ ʛ/ʩʤ
3
 ʠʣʠ 

ʢʛ/ʤ
3
. ɺʝʣʠʯʠʥʘ ʧʣʦʪʥʦʩʪʠ ʛʨʫʥʪʘ ʟʘʚʠʩʠʪ ʦʪ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ, ʚʣʘʞʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʘ 

ʩʣʦʞʝʥʠʷ (ʧʦʨʠʩʪʦʩʪʠ) ʛʨʫʥʪʦʚ: 

1) ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ ʤʠʥʝʨʘʣʦʚ ʧʣʦʪʥʦʩʪʴ ʛʨʫʥʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, 

ʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʫʤʝʥʴʰʘʝʪʩʷ. 

2) ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʣʘʞʥʦʩʪʠ ʧʣʦʪʥʦʩʪʴ ʛʨʫʥʪʘ ʚʦʟʨʘʩʪʘʝʪ: ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʠ 

ʜʘʥʥʦʡ ʧʦʨʠʩʪʦʩʪʠ ʦʥʘ ʙʫʜʝʪ ʚ ʩʣʫʯʘʝ ʧʦʣʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʦʨ ʚʦʜʦʡ. 

3) ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʨʠʩʪʦʩʪʠ ʧʣʦʪʥʦʩʪʴ ʛʨʫʥʪʘ ʫʤʝʥʴʰʘʝʪʩʷ. 

ɺʝʣʠʯʠʥʘ ʧʣʦʪʥʦʩʪʠ ʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚ (ʛʣʠʥʠʩʪʳʭ, ʣʝʩʩʦʚʳʭ, ʧʝʩʯʘʥʳʭ ʠ 

ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʳʭ) ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1.30 ʜʦ 2.20 ʛ/ʩʤ
3
. ɻʨʫʥʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʥʘʣʠʯʠʝʤ 

ʞʝʩʪʢʠʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ, ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʴʶ, 

ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʧʨʠ ʤʘʣʦʡ ʧʦʨʠʩʪʦʩʪʠ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʟʥʘʯʝʥʠʷʤ ʫ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ. ʊʘʢ, 

ʧʣʦʪʥʦʩʪʴ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 2.50-3.40 ʛ/ʩʤ
3 
(ʚʦʟʨʘʩʪʘʝʪ ʦʪ ʢʠʩʣʳʭ 

ʧʦʨʦʜ ʢ ʦʩʥʦʚʥʳʤ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʳʤ); ʘʨʛʠʣʣʠʪʦʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚ ï 2.20-2.55; ʠʟʚʝʩʪʥʷʢʦʚ - 

2.40-2.65; ʤʝʨʛʝʣʝʡ ï 2.10-2.60; ʧʝʩʯʘʥʠʢʦʚ - 2.10-2.40 ʛ/ʩʤ
3
 (ɻʨʫʥʪʦʚʝʜʝʥʠʝ, 2005). 

ʉʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʥʝʤʝʨʟʣʦʛʦ ʧʳʣʝʚʘʪʦ-

ʛʣʠʥʠʩʪʦʛʦ ʛʨʫʥʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʣʴʮʘ-ʧʨʦʙʦʦʪʙʦʨʥʠʢʠ ʩʣʝʜʫʶʱʠʭ ʨʘʟʤʝʨʦʚ: ʪʦʣʱʠʥʘ 

ʩʪʝʥʢʠ ï 1,5-2,0 ʤʤ, ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ, d ï Ó 50 ʤʤ, ʚʳʩʦʪʘ, h ï 0,8 d Ó h > 0,3 d, ʫʛʦʣ ʟʘʪʦʯʢʠ 

ʥʘʨʫʞʥʦʛʦ ʨʝʞʫʱʝʛʦ ʢʨʘʷ ï ʥʝ ʙʦʣʝʝ 30Á. 

ʂʦʣʴʮʘïʧʨʦʙʦʦʪʙʦʨʥʠʢʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʩʪʘʣʠ ʩ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʤ ʧʦʢʨʳʪʠʝʤ ʠʣʠ ʠʟ 

ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʝ ʫʩʪʫʧʘʶʱʠʭ ʧʦ ʪʚʝʨʜʦʩʪʠ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ. ʂʦʣʴʮʘ ʥʫʤʝʨʫʶʪ, 

ʠʟʤʝʨʷʶʪ ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʠ ʚʳʩʦʪʫ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥe ʙʦʣʝʝ 0,1 ʤʤ ʠ ʚʟʚʝʰʠʚʘʶʪ. 

ʂʦʣʴʮʦ ʩʤʘʟʘʥʦ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ ʪʦʥʢʠʤ ʩʣʦʝʤ ʚʘʟʝʣʠʥʘ. ɺʝʨʭʥʶʶ ʟʘʯʠʱʝʥʥʫʶ 

ʧʣʦʩʢʦʩʪʴ ʦʙʨʘʟʮʘ ʛʨʫʥʪʘ ʚʳʨʦʚʥʠʣʠ, ʩʨʝʟʘʷ ʠʟʣʠʰʢʠ ʛʨʫʥʪʘ ʥʦʞʦʤ, ʫʩʪʘʥʘʚʠʣʠ ʥʘ ʥʝʡ 

ʨʝʞʫʱʠʡ ʢʨʘʡ ʢʦʣʴʮʘ ʠ ʚʨʫʯʥʫʶ ʯʝʨʝʟ ʥʘʩʘʜʢʫ ʩʣʝʛʢʘ ʚʜʘʚʠʣʠ ʢʦʣʴʮʦ ʚ ʛʨʫʥʪ, ʬʠʢʩʠʨʫʷ 
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ʛʨʘʥʠʮʫ ʦʙʨʘʟʮʘ ʜʣʷ ʠʩʧʳʪʘʥʠʡ. ɺ ʧʣʘʩʪʠʯʥʦʤ ʛʨʫʥʪʝ ʢʦʣʴʮʦ ʧʣʘʚʥʦ, ʙʝʟ ʧʝʨʝʢʦʩʦʚ ʚʜʘʚʣʠʚʘʣʠ 

ʚ ʛʨʫʥʪ ʠ ʫʜʘʣʷʣʠ ʛʨʫʥʪ ʚʦʢʨʫʛ ʢʦʣʴʮʘ. ʂʦʣʴʮʦ ʩ ʛʨʫʥʪʦʤ ʚʟʚʝʰʠʚʘʣʠ. 

ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʇʣʦʪʥʦʩʪʴ ʛʨʫʥʪʘ ɟ, ʛ/ʩʤ
3
, ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ (2.1):  

ɟ = (m1 ï mʦ) / V, (2.1) 

ʛʜʝ m1 ï ʤʘʩʩʘ ʛʨʫʥʪʘ ʩ ʢʦʣʴʮʦʤ, ʛ;  

mʦ ï ʤʘʩʩʘ ʢʦʣʴʮʘ, ʛ;   

V ï ʚʥʫʪʨʝʥʥʠʡ ʦʙʲʝʤ ʢʦʣʴʮʘ, ʩʤ
3
. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʲʝʤʘ ʢʦʣʴʮʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʦʨʤʫʣʫ (2.2): 

V = (ˊd
2
/4) Ŀ h, (2.2) 

ʛʜʝ d ï ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʢʦʣʴʮʘ, ʩʤ;  

h ï ʚʳʩʦʪʘ ʢʦʣʴʮʘ, ʩʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʥʪʦʚ ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ (82 

ʤʠʢʨʦʨʘʡʦʥ) ʩ ʛʣʫʙʠʥ ʜʦ 3 ʤʝʪʨʦʚ: 

1) ʝʩʪʝʩʪʚʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ; 

2) ʚʣʘʞʥʦʩʪʴ ʥʠʞʥʝʛʦ ʧʨʝʜʝʣʘ ʧʣʘʩʪʠʯʥʦʩʪʠ; 

3) ʚʣʘʞʥʦʩʪʴ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ʧʣʘʩʪʠʯʥʦʩʪʠ; 

4) ʯʠʩʣʦ ʧʣʘʩʪʠʯʥʦʩʪʠ; 

5) ʧʦʢʘʟʘʪʝʣʴ ʪʝʢʫʯʝʩʪʠ; 

6) ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʘʷ ʚʣʘʞʥʦʩʪʴ; 

7) ʧʣʦʪʥʦʩʪʴ ʤʝʪʦʜʦʤ ʨʝʞʫʱʝʛʦ ʢʦʣʴʮʘ; 

8) ʧʣʦʪʥʦʩʪʴ ʪʚʝʨʜʦʡ ʢʦʤʧʦʥʝʥʪʳ ʧʠʢʥʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ; 

9) ʧʣʦʪʥʦʩʪʴ ʩʢʝʣʝʪʘ ʛʨʫʥʪʘ; 

10) ʧʦʨʠʩʪʦʩʪʴ; 

11) ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʨʠʩʪʦʩʪʠ; 

12) ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʘʨʝʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ. ɽʩʪʝʩʪʚʝʥʥʘʷ ʚʝʩʦʚʘʷ 

ʚʣʘʞʥʦʩʪʴ ʣʝʩʩʦʚʳʭ ʛʨʫʥʪʦʚ ʠʟʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ - ʦʪ 1 ʜʦ 40%. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʦʥʘ 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ 5 ʜʦ 20-25%. ɽʝ ʚʝʣʠʯʠʥʘ ʟʘʚʠʩʠʪ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʤʝʩʪʥʦʩʪʠ. ɺ ʦʙʣʘʩʪʷʭ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠ ʥʝʛʣʫʙʦʢʠʤ 

ʟʘʣʝʛʘʥʠʝʤ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚʣʘʞʥʦʩʪʴ ʣʝʩʩʦʚʳʭ ʧʦʨʦʜ (16-35%) ʦʙʳʯʥʦ ʚʳʰʝ ʚʣʘʞʥʦʩʪʠ 

ʥʠʞʥʝʛʦ ʧʨʝʜʝʣʘ ʧʣʘʩʪʠʯʥʦʩʪʠ (www.elib.altstu.ru). 

ɺʣʘʞʥʦʩʪʴ ʦʪʦʙʨʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ, ʢʘʢ ʦʪʦʙʨʘʞʝʥʦ ʥʘ ʛʨʘʬʠʢʝ 

(ʛʨʘʬʠʢ 1). ʊʘʙʣʠʮʘ ʟʥʘʯʝʥʠʡ ʚʣʘʞʥʦʩʪʠ (ʪʘʙʣ. 1) ʠ ʛʨʘʬʠʢ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ. 

 

ʊʘʙʣʠʮʘ 1. ɾʫʨʥʘʣ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʣʝʩʩʦʚʳʭ ʛʨʫʥʪʦʚ ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ (ʤʠʢʨʦʨʘʡʦʥ 82) ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ 

Table 1. Log of moisture content determination of loess soils of the Upper Quaternary complex 

of the western part of Dushanbe (microdistrict 82) using the weight method 

ɽʩʪʝʩʪʚʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ, We 

ˉ ʦʙʨʘʟʮʘ ɻʣʫʙʠʥʘ ʦʪʙʦʨʘ, ʤ ʄʘʩʩʘ ʚʣʘʞʥʦʛʦ ʛʨʫʥʪʘ, ʛ ʄʘʩʩʘ ʩʫʭʦʛʦ ʛʨʫʥʪʘ, ʛ We, % 

1 0,5 27,88 25,66 8,7 

2 1 30,42 26,72 13,8 

3 1,5 31,14 26,59 17,1 

4 2 21,11 17,75 18,9 

5 2,5 18,05 15,11 19,5 

6 3 18,1 14,96 21,0 
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ɻʨʘʬʠʢ 1. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʩ ʛʣʫʙʠʥʦʡ 

Graph 1. Graph of changes in humidity with depth 

 
 

ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʛʣʫʙʠʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʚʣʘʞʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʩ ʛʣʫʙʠʥʦʡ 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʢʘʧʠʣʣʷʨʥʦʡ ʢʘʡʤʳ, ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʧʨʦʠʩʭʦʜʠʪ ʠʩʧʘʨʝʥʠʝ, ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ 

ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ. 

ɺʣʘʞʥʦʩʪʴ ʥʠʞʥʝʛʦ ʧʨʝʜʝʣʘ ʧʣʘʩʪʠʯʥʦʩʪʠ. ɺʣʘʞʥʦʩʪʴ ʥʠʞʥʝʛʦ ʧʨʝʜʝʣʘ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ. ʆʥʘ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 19-22,3%. ɽʝ ʟʥʘʯʝʥʠʷ (ʪʘʙʣ. 2) 

ʠ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ (ʛʨʘʬʠʢ 2) ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ. 

 

ʊʘʙʣʠʮʘ 2. ɾʫʨʥʘʣ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʥʠʞʥʝʛʦ ʧʨʝʜʝʣʘ ʧʣʘʩʪʠʯʥʦʩʪʠ 

Table 2. Log of determination of moisture content of the lower plastic limit 

ɺʣʘʞʥʦʩʪʴ ʥʠʞʥʝʛʦ ʧʨʝʜʝʣʘ ʧʣʘʩʪʠʯʥʦʩʪʠ, Wp 

ˉ ʦʙʨʘʟʮʘ ɻʣʫʙʠʥʘ ʦʪʙʦʨʘ, ʤ ʄʘʩʩʘ ʚʣʘʞʥʦʛʦ ʛʨʫʥʪʘ, ʛ ʄʘʩʩʘ ʩʫʭʦʛʦ ʛʨʫʥʪʘ, ʛ Wp, % 

1 0,5 3,6 2,96 21,6 

2 1 2,58 2,12 21,7 

3 1,5 3,23 2,64 22,3 

4 2 6,4 5,29 21,0 

5 2,5 6,01 5,05 19,0 

6 3 3,15 2,64 19,3 

 

ɻʨʘʬʠʢ 2. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʥʠʞʥʝʛʦ ʧʨʝʜʝʣʘ ʧʣʘʩʪʠʯʥʦʩʪʠ (Wp) ʩ ʛʣʫʙʠʥʦʡ 

Graph 2. Graph of change in moisture content of the lower plastic limit (Wp) with depth 
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ɺʣʘʞʥʦʩʪʴ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ʧʣʘʩʪʠʯʥʦʩʪʠ. ɺʣʘʞʥʦʩʪʴ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ. ʆʥʘ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 28,8-31,8%. ɽʝ ʟʥʘʯʝʥʠʷ (ʪʘʙʣ. 

3) ʠ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ (ʛʨʘʬʠʢ 3) ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ. 

 

ʊʘʙʣʠʮʘ 3. ɾʫʨʥʘʣ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ʧʣʘʩʪʠʯʥʦʩʪʠ 

Table 3. Log of determination of moisture content of the upper plastic limit 

ɺʣʘʞʥʦʩʪʴ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ʧʣʘʩʪʠʯʥʦʩʪʠ, Wl 

ˉ ʦʙʨʘʟʮʘ ɻʣʫʙʠʥʘ ʦʪʙʦʨʘ, ʤ ʄʘʩʩʘ ʚʣʘʞʥʦʛʦ ʛʨʫʥʪʘ, ʛ ʄʘʩʩʘ ʩʫʭʦʛʦ ʛʨʫʥʪʘ, ʛ Wl, % 

1 0,5 35,45 27,11 30,8 

2 1 26,51 20,12 31,8 

3 1,5 30,2 23,35 29,3 

4 2 33,83 25,83 31,0 

5 2,5 26,82 20,59 30,3 

6 3 30,68 23,82 28,8 

 

ɻʨʘʬʠʢ 3. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ʧʣʘʩʪʠʯʥʦʩʪʠ (W l) ʩ ʛʣʫʙʠʥʦʡ 

Graph 3. Graph of change in moisture content of the upper plastic limit (Wl) with depth 

 
 

ʏʠʩʣʦ ʧʣʘʩʪʠʯʥʦʩʪʠ. ʏʠʩʣʦ ʧʣʘʩʪʠʯʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʏʝʤ 

ʙʦʣʴʰʝ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ, ʪʝʤ ʯʠʩʣʦ ʧʣʘʩʪʠʯʥʦʩʪʠ ʚʳʰʝ. ʆʥʦ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 7 ʜʦ 11,3 ʜʣʷ 

ʜʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. ɽʛʦ ʟʥʘʯʝʥʠʷ (ʪʘʙʣ. 4) ʠ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ (ʛʨʘʬʠʢ 4) ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ. 

 

ʊʘʙʣʠʮʘ 4. ɾʫʨʥʘʣ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ʧʣʘʩʪʠʯʥʦʩʪʠ 

Table 4. Journal of determination of plasticity number 

ʏʠʩʣʦ ʧʣʘʩʪʠʯʥʦʩʪʠ ʛʨʫʥʪʘ, Ip 

ˉ ʦʙʨʘʟʮʘ ɻʣʫʙʠʥʘ ʦʪʙʦʨʘ, ʤ Wl, % Wp, % Ip ʅʘʟʚʘʥʠʝ ʧʦ ɻʆʉʊ 25100-2011 

1 0,5 30,8 21,6 9,2 ʉʫʛʣʠʥʦʢ ʣʝʛʢʠʡ ʧʳʣʝʚʘʪʳʡ 

2 1 31,8 21,7 10,1 ʉʫʛʣʠʥʦʢ ʣʝʛʢʠʡ ʧʳʣʝʚʘʪʳʡ 

3 1,5 29,3 22,3 7,0 ʉʫʛʣʠʥʦʢ ʣʝʛʢʠʡ ʧʳʣʝʚʘʪʳʡ 

4 2 31,0 21 10,0 ʉʫʛʣʠʥʦʢ ʣʝʛʢʠʡ ʧʝʩʯʘʥʠʩʪʳʡ 

5 2,5 30,3 19 11,3 ʉʫʛʣʠʥʦʢ ʣʝʛʢʠʡ ʧʳʣʝʚʘʪʳʡ 

6 3 28,8 19,3 9,5 ʉʫʛʣʠʥʦʢ ʣʝʛʢʠʡ ʧʝʩʯʘʥʠʩʪʳʡ 
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ɻʨʘʬʠʢ 4. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʘ ʧʣʘʩʪʠʯʥʦʩʪʠ (I p) ʩ ʛʣʫʙʠʥʦʡ 

Graph 4. Graph of change in plasticity index (Ip) with depth 

 
 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʛʨʘʬʠʢʝ, ʯʠʩʣʦ ʧʣʘʩʪʠʯʥʦʩʪʠ ʚ ʦʩʥʦʚʥʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩ ʛʣʫʙʠʥʦʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʝʚʘʪʳʭ ʠ 

ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʣʘʩʪʠʯʥʦʩʪʴ ʩʚʦʠʤʠ ʢʦʘʛʫʣʷʮʠʦʥʥʳʤʠ ʩʚʷʟʷʤʠ. 

ʇʦʢʘʟʘʪʝʣʴ ʪʝʢʫʯʝʩʪʠ. ʇʦʢʘʟʘʪʝʣʴ ʪʝʢʫʯʝʩʪʠ ʛʨʫʥʪʘ ʚʳʨʘʞʘʝʪ ʝʛʦ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʝʛʦ 

ʚʣʘʞʥʦʩʪʠ. ʆʥ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ. ɿʥʘʯʝʥʠʷ ʢʦʣʝʙʣʶʪʩʷ ʦʪ -1,40 ʜʦ 0,18. 

ɿʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʪʝʢʫʯʝʩʪʠ (ʪʘʙʣ. 5) ʠ ʛʨʘʬʠʢ ʝʛʦ ʠʟʤʝʥʝʥʠʷ (ʛʨʘʬʠʢ 5) ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ. 

 

ʊʘʙʣʠʮʘ 5. ɾʫʨʥʘʣ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʪʝʢʫʯʝʩʪʠ 

Table 5. Journal of determination of the flow rate index 

ʇʦʢʘʟʘʪʝʣʴ ʪʝʢʫʯʝʩʪʠ ʛʨʫʥʪʘ, IL 

ˉ 

ʦʙʨʘʟʮʘ 

ɻʣʫʙʠʥʘ 

ʦʪʙʦʨʘ, ʤ 
We, % Wp, % Ip IL  

ʂʦʥʩʠʩʪʝʥʮʠʷ ʧʦ ɻʆʉʊ 

25100-2011 

1 0,5 8,7 21,6 9,2 -1,40 ʊʚʝʨʜʘʷ 

2 1,0 13,8 21,7 10,1 -0,78 ʊʚʝʨʜʘʷ 

3 1,5 17,1 22,3 7,0 -0,74 ʊʚʝʨʜʘʷ 

4 2,0 18,9 21 10,0 -0,21 ʊʚʝʨʜʘʷ 

5 2,5 19,5 19 11,3 0,04 ʇʦʣʫʪʚʝʨʜʘʷ 

6 3,0 21,0 19,3 9,5 0,18 ʇʦʣʫʪʚʝʨʜʘʷ 

 

ɻʨʘʧʬʠʢ 5. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʪʝʢʫʯʝʩʪʠ (I L) ʩ ʛʣʫʙʠʥʦʡ 

Graph 5. Graph of change in the yield index (IL) with depth 
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ʇʦʢʘʟʘʪʝʣʴ ʪʝʢʫʯʝʩʪʠ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ ʦʪ ʪʚʝʨʜʦʡ ʢʦʥʩʠʩʪʝʥʮʠʠ ʜʦ 

ʧʦʣʫʪʚʝʨʜʦʡ. ʇʨʠʯʠʥʦʡ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʫʚʝʣʠʯʝʥʠʝ ʩ ʛʣʫʙʠʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠ ʩʦʜʝʨʞʘʥʠʷ 

ʧʳʣʝʚʘʪʳʭ ʠ ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ. 

ʇʣʦʪʥʦʩʪʴ. ʇʣʦʪʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1,52 ʜʦ 1,79 ʛ/ʩʤ
3
. ɽʝ ʚʝʣʠʯʠʥʘ, ʟʘʚʠʩʷʱʘʷ 

ʦʪ ʚʣʘʞʥʦʩʪʠ, ʚ ʠʟʚʝʩʪʥʦʡ ʩʪʝʧʝʥʠ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʟʦʥʘʣʴʥʦʡ, ʚ ʟʘʩʫʰʣʠʚʳʭ ʯʘʩʪʷʭ ʟʝʤʣʠ 

ʠʤʝʝʪ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʫʤʠʜʥʳʤʠ ʦʙʣʘʩʪʷʤʠ. ʋʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ 

ʦʙʨʘʟʮʦʚ ʩ ʛʣʫʙʠʥʦʡ ʟʘʣʝʛʘʥʠʷ ʧʨʠʚʝʜʝʥʦ ʥʘ ʛʨʘʬʠʢʝ (ʛʨʘʬʠʢ 6), ʘ ʝʝ ʟʥʘʯʝʥʠʷ ʚ ʪʘʙʣʠʮʝ (6). 

 

ʊʘʙʣʠʮʘ 6. ɾʫʨʥʘʣ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʛʨʫʥʪʘ ʤʝʪʦʜʦʤ ʨʝʞʫʱʝʛʦ ʢʦʣʴʮʘ 

Table 6. Journal of soil density determination using the cutting ring method 

ˉ 

ʦʙʨʘʟʮʘ 

ɻʣʫʙʠʥʘ, 

ʤ 

ɺʳʩʦʪʘ 

ʢʦʣʴʮʘ, ʩʤ 

ʈʘʜʠʫʩ 

ʢʦʣʴʮʘ, 

ʩʤ 

ʆʙʲʝʤ ʢʦʣʴʮʘ, 

ʨʘʚʥʳʡ 

ʦʙʲʝʤʫ 

ʛʨʫʥʪʘ, ʩʤ
3
 

ʄʘʩʩʘ 

ʢʦʣʴʮʘ, 

ʛ 

ʄʘʩʩʘ 

ʢʦʣʴʮʘ ʩ 

ʛʨʫʥʪʦʤ, 

ʛ 

ʇʣʦʪʥʦʩʪʴ 

ʛʨʫʥʪʘ, ʛ/ʩʤ
3
 

    h r  V g1 g ɟ=(g-g1)/V 

1 0,5 3,5 3,57 140,07 80,87 294,3 1,52 

2 1 3,5 3,57 140,07 80,87 312,42 1,65 

3 1,5 3,5 3,57 140,07 80,87 312,89 1,66 

4 2 3,5 3,57 140,07 80,87 320,65 1,71 

5 2,5 3,5 3,57 140,07 80,87 324,1 1,74 

6 3 3,5 3,57 140,07 80,87 331,12 1,79 

 

ɻʨʘʬʠʢ 6. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩ ʛʣʫʙʠʥʦʡ 

Graph 6. Graph of density change with depth 

 
 

ʇʦ ʛʨʘʬʠʢʫ ʚʠʜʥʦ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʛʨʫʥʪʘ ʩ ʛʣʫʙʠʥʦʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʕʪʦʪ ʨʦʩʪ ʧʨʦʠʩʭʦʜʠʪ 

ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʩ ʛʣʫʙʠʥʦʡ.  
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ɻʈɸʅʋʃʆʄɽʊʈʀʏɽʉʂʀʁ ʉʆʉʊɸɺ ʆʊʃʆɾɽʅʀʁ, ʉʌʆʈʄʀʈʆɺɸʅʅʓʍ ʇʆɼ 

ɺʆɿɼɽʁʉʊɺʀɽʄ ʇɽʉʏɸʅʆ-ʇʓʃʔʅʓʍ ɹʋʈʔ ɺ ɺɽʈʍʅɽʏɽʊɺɽʈʊʀʏʅʆʄ ʂʆʄʇʃɽʂʉɽ ɻ. 

ɼʋʐɸʅɹɽ 

ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ. ʆʥ ʚʦ ʤʥʦʛʦʤ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʬʠʟʠʯʝʩʢʠʝ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʯʘʱʝ ʚʩʝʛʦ 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʘʥʠʷʤʠ ʩʦʦʨʫʞʝʥʠʡ ʠ ʦʙʲʝʢʪʘʤʠ ʠʟʫʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʛʨʫʥʪʦʚ, ʢʘʞʜʘʷ ʠʟ 

ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʠ ʮʝʣʠ ʠ ʟʘʜʘʯʠ. ɺ ʦʩʥʦʚʝ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʣʝʞʠʪ ʥʝʢʦʪʦʨʳʡ ʧʨʠʟʥʘʢ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʦʤ ʨʘʥʞʠʨʦʚʘʥʠʷ. ɼʣʷ ʠʥʞʝʥʝʨʥʳʭ ʮʝʣʝʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʨʠʥʷʪʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʘʷ ʦʙʱʝʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ɻʆʉʊ 25100-2011. ɺ ʊʘʜʞʠʢʠʩʪʘʥʝ, ʢʘʢ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʤʠʥʠʩʪʝʨʩʪʚʦ ʪʨʘʥʩʧʦʨʪʘ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ, ʪʦʞʝ ʠʩʧʦʣʴʟʫʶʪ ɻʆʉʊ 25100-

2011. ɺ ʥʝʤ ʠʤʝʝʪʩʷ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʘ ʢ ʨʘʥʞʠʨʦʚʘʥʠʶ ʜʠʩʧʝʨʩʥʳʭ ʦʪʣʦʞʝʥʠʡ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ 

ʮʝʣʝʡ - ʜʣʷ ʩʚʷʟʥʳʭ ʠ ʥʝʩʚʷʟʥʳʭ ʛʨʫʥʪʦʚ. ʉʚʷʟʥʳʝ ʛʨʫʥʪʳ ʧʨʠʥʷʪʦ ʧʦʜʨʘʟʜʝʣʷʪʴ ʧʦ ʯʠʩʣʫ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʠ ʧʦʢʘʟʘʪʝʣʶ ʪʝʢʫʯʝʩʪʠ. ʆʙʫʩʣʦʚʣʝʥʦ ʵʪʦ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʪʝʩʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʤʥʦʛʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʪʘʢʠʭ ʦʪʣʦʞʝʥʠʡ (ʦʩʦʙʝʥʥʦ ʧʨʦʯʥʦʩʪʥʳʤʠ) ʠ ʯʠʩʣʦʤ ʧʣʘʩʪʠʯʥʦʩʪʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʢʦʥʩʠʩʪʝʥʮʠʝʡ. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʚʷʟʥʳʭ ʛʨʫʥʪʦʚ ʚ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʥʝ 

ʧʨʠʚʦʜʠʪʩʷ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʧʝʮʠʘʣʴʥʦ ʦʛʦʚʘʨʠʚʘʝʤʳʭ ʩʣʫʯʘʷʭ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʚ ʧʨʦʮʝʩʩʝ 
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ʠʥʞʝʥʝʨʥʳʭ ʠʟʳʩʢʘʥʠʡ ʧʦʧʘʜʘʶʪʩʷ ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ ʪʦʣʱʠ ʛʨʫʥʪʦʚ ʠʣʠ ʝʩʣʠ ʜʘʥʥʳʝ ʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʧʨʦʚʝʜʝʥʠʷ 

ʨʘʙʦʪ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʝʩʩʩʦʚʳʝ ʧʦʨʦʜʳ, ʩʦʩʪʘʚ, ʧʣʦʪʥʦʩʪʴ ʛʨʫʥʪʘ, ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩ 

ʛʣʫʙʠʥʦʡ ʟʘʣʝʛʘʥʠʷ, ʠʥʪʝʛʨʘʣʴʥʘʷ ʢʨʠʚʘʷ ʚʳʨʘʞʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

 

GRAIN SIZE DISTRIBUTION OF DEPOSITS FORMED UNDER THE INFLUENCE OF SAND AND 

DUST STORMS IN THE UPPER QUATERNARY COMPLEX OF DUSHANBE CITY  

Determining the grain size distribution is a critical component of laboratory research during engineering-

geological investigations. It largely influences the physical, physico-chemical, and physico-mechanical 

properties of sedimentary rocks, which are often the foundation for structures and the subject of study in the 

process of such investigations. There are numerous classifications of soils, each with its own purposes and 

objectives. Every classification is based on a key characteristic used for categorization. For engineering 

purposes, the Russian Federation uses a classification system regulated by the national standard GOST 25100-

2011. In Tajikistan, according to the Ministry of Transport of the Republic of Tajikistan, this same standard is 

also applied. This standard provides two distinct approaches to the classification of dispersed (fine-grained) 

deposits for engineering purposes - for cohesive and non-cohesive soils. Cohesive soils are typically classified 

based on their plasticity index and liquidity index. This is due to the close correlation between many of the 

properties of such deposits (especially strength-related properties) and their plasticity index in combination with 

consistency. In engineering practice, the grain size distribution of cohesive soils is often not reported and is 

determined only in specific cases - for example, when undivided soil masses are encountered during 

investigations, or when such data are necessary for making decisions related to construction technologies.  

Keywords: loess deposits, composition, soil density, increase in sample density with depth, integral 

curve of grain size distribution. 
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ʋɼʂ: 576.8 + 591.69 

ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʂɸʁʈɸʂʂʋʄʉʂʆɻʆ ɺʆɼʆʍʈɸʅʀʃʀʑɸ 

 

ɸʣʠʙʘʝʚʘ ʄ.ʄ. 

ʀʥʩʪʠʪʫʪ ʟʦʦʣʦʛʠʠ ʠ ʧʘʨʘʟʠʪʦʣʦʛʠʠ ʠʤ. ɽ.ʅ. ʇʘʚʣʦʚʩʢʦʛʦ ʅɸʅʊ 

 

1. ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ. ʇʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ ʧʦʣʦʞʝʥʠʶ, ʨʘʩʧʦʣʦʞʝʥʠʶ, 

ʨʘʟʤʝʨʘʤ, ʤʦʨʬʦʣʦʛʠʠ ʠ ʭʘʨʘʢʪʝʨʫ ʧʠʪʘʥʠʷ ʂʘʡʨʘʢʢʫʤʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʖ.ʄ. ʄʘʪʘʨʟʠʥʘ ʠ ʜʨ. (1977), ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʢ ʨʘʚʥʠʥʥʳʤ, ʧʦʣʫʧʫʩʪʳʥʥʳʤ ʚʦʜʦʭʨʘʥʠʣʠʱʘʤ 

ʜʦʣʠʥʥʦʛʦ ʪʠʧʘ. ɺʦʜʦʭʨʘʥʠʣʠʱʝ ʩʦʟʜʘʥʦ ʥʘ ʨ. ʉʳʨʜʘʨʴʝ, ʥʘʧʦʣʥʷʝʪʩʷ ʚʝʩʥʦʡ, ʠʤʝʝʪ ʩʫʪʦʯʥʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʪʦʢʘ. 

ʂʘʡʨʘʢʢʫʤʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʌʝʨʛʘʥʩʢʦʡ ʜʦʣʠʥʳ ʚ 

ʧʨʝʜʝʣʘʭ ʉʦʛʜʠʡʩʢʦʡ ʦʙʣʘʩʪʠ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʤʝʞʜʫ 40
ʦ 

16
1 
ʠ 40

ʦ 
25

1 
ʩʝʚʝʨʥʦʡ ʰʠʨʦʪʳ ʠ 70

ʦ 

ʚʦʩʪʦʯʥʦʡ ʜʦʣʛʦʪʳ. ʆʥʦ ʦʙʨʘʟʦʚʘʣʦʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʝʢʠ ʉʳʨʜʘʨʴʠ ʧʣʦʪʠʥʦʡ 

ɻʕʉ çɼʨʫʞʙʘ ʥʘʨʦʜʦʚè ʚ 1957 ʛ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʂʘʥʠʙʘʜʘʤʩʢʦʤ 

ʨʘʡʦʥʝ ʉʦʛʜʠʡʩʢʦʡ ʦʙʣʘʩʪʠ ʊʘʜʞʠʢʠʩʪʘʥʘ. ʇʦʯʪʠ ʚʩʝ ʥʘʩʝʣʸʥʥʳʝ ʧʫʥʢʪʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʝʛʦ 

ʣʝʚʦʙʝʨʝʞʴʶ. ʇʨʘʚʳʡ ʙʝʨʝʛ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʦʚʥʫʶ, 

ʥʠʟʤʝʥʥʫʶ ʧʝʩʯʘʥʫʶ ʨʘʚʥʠʥʫ - ʧʦʣʫʧʫʩʪʳʥʶ ʂʘʡʨʘʢʢʫʤʘ. ʅʘ ʩʝʚʝʨʝ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʧʝʩʢʠ 

ʂʘʡʨʘʢʢʫʤʘ ʦʛʨʘʥʠʯʝʥʳ ʧʦʣʦʩʦʡ ʧʦʜʥʷʪʠʡ ɸʢ-ɹʝʣʴ, ɸʢ-ʏʦʧ. ɿʘʧʘʜʥʘʷ ʠ ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ 

ʣʝʚʦʙʝʨʝʞʴʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʘʡʦʥʳ ʜʨʝʚʥʝʛʦ ʧʦʣʠʚʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʭʣʦʧʢʦʚʦʜʩʪʚʘ ʠ ʩʘʜʦʚʦʜʩʪʚʘ.  

ɽʩʪʝʩʪʚʝʥʥʘʷ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʘʷ ʩʝʪʴ ʨʘʡʦʥʘ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʪʦʨʦʡ ʧʦ 

ʚʝʣʠʯʠʥʝ ʨʝʢʦʡ ʉʨʝʜʥʝʡ ɸʟʠʠ - ʉʳʨʜʘʨʴʝʡ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʩʣʠʷʥʠʠ ʨʝʢ ʅʘʨʳʥ ʠ ʂʘʨʘ 

ɼʘʨʴʠ. ɹʘʩʩʝʡʥ ʨ. ʅʘʨʳʥ ʧʣʦʱʘʜʴʶ 59110 ʢʤ
2
 ʨʘʩʧʦʣʦʞʝʥ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʚ ʛʦʨʥʦʡ ʩʪʨʘʥʝ 

ʊʷʥʴ-ʐʘʥɹ ʚ ʧʨʝʜʝʣʘʭ ʈʝʩʧʫʙʣʠʢʠ ʂʳʨʛʳʟʩʪʘʥ. ʈʝʢʘ ʂʘʨʘ ɼʘʨʴʷ ʩ ʚʦʜʦʩʙʦʨʥʦʡ ʧʣʦʱʘʜʴʶ 

ʙʘʩʩʝʡʥʘ 29690 ʢʤ
2 
ʠ ʜʣʠʥʦʡ 177 ʢʤ ʩʦʙʠʨʘʝʪ ʚʦʜʳ ʩʦ ʩʢʣʦʥʦʚ ʌʝʨʛʘʥʩʢʦʛʦ ʠ ɸʣʪʘʡʩʢʦʛʦ 

ʭʨʝʙʪʦʚ. ʈʝʢʘ ʉʳʨʜʘʨʴʷ- ʪʠʧʠʯʥʦ ʛʦʨʥʘʷ ʨʝʢʘ ʩʥʝʛʦʚʦ-ʣʝʜʥʠʢʦʚʦʛʦ ʧʠʪʘʥʠʷ, ʠʤʝʝʪ ʧʣʦʱʘʜʴ 

ʚʦʜʦʩʙʦʨʘ 462000 ʢʤ
2
, ʜʣʠʥʘ 2137 ʢʤ, ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʨʘʩʭʦʜ ʚʦʜʳ ʚ ʥʝʡ ʧʦʩʣʝ ʩʣʠʷʥʠʷ ʨʝʢ 

ʅʘʨʳʥ ʠ ʂʘʨʘ ɼʘʨʴʷ ʩʦʩʪʘʚʣʷʝʪ 600 ʤ/ʩʝʢ. ɺ ʧʨʝʜʝʣʘʭ ʊʘʜʞʠʢʠʩʪʘʥʘ ʧʨʦʪʷʞʸʥʥʦʩʪʴ ʝʸ 

ʩʦʩʪʘʚʣʷʝʪ 195 ʢʤ (ɼʘʚʳʜʦʚ, 1955). 

ʉʦʦʪʥʦʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ʚʦʜʦʩʙʦʨʘ (ʩ ʫʯʸʪʦʤ ʨʝʢ ʅʘʨʳʥ ʠ ʂʘʨʘ ɼʘʨʴʷ) ʠ ʚʦʜʥʦʛʦ ʟʝʨʢʘʣʘ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʨʘʚʥʷʝʪʩʷ 170. ɺʦʜʦʭʨʘʥʠʣʠʱʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʩʝʟʦʥʥʦʛʦ ʠ ʦʪʯʘʩʪʠ 

ʤʥʦʛʦʣʝʪʥʝʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʪʦʢʘ ʨʝʢʠ ʉʳʨʜʘʨʴʠ. 

ʂʣʠʤʘʪ ʨʘʡʦʥʘ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʢʘʢ ʠ ʚʩʝʛʦ ʉʝʚʝʨʥʦʛʦ ʊʘʜʞʠʢʠʩʪʘʥʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ, ʚʳʩʦʢʠʤʠ ʣʝʪʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʩ ʙʦʣʴʰʦʡ 

ʛʦʜʦʚʦʡ ʘʤʧʣʠʪʫʜʦʡ, ʥʝʙʦʣʴʰʦʡ ʚʣʘʞʥʦʩʪʴʶ ʚʦʟʜʫʭʘ, ʧʦʚʳʰʝʥʥʳʤ ʠʩʧʘʨʝʥʠʝʤ. ɺ ʦʩʝʥʥʝ-

ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚ ʵʪʠʭ ʤʝʩʪʘʭ ʧʦʛʦʜʘ ʙʳʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʨʦʚʘʷ. ʃʝʪʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʞʘʨʢʘʷ ʙʝʟʦʙʣʘʯʥʘʷ ʩʫʭʘʷ ʧʦʛʦʜʘ. 

ʇʦ ʟʘʩʫʰʣʠʚʦʩʪʠ ʨʘʡʦʥ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʩʢʫʜʥʦ ʫʚʣʘʞʥʝʥʥʳʤ 

ʧʫʩʪʳʥʷʤ ʉʨʝʜʥʝʡ ɸʟʠʠ. ʆʩʘʜʢʠ ʚʳʧʘʜʘʶʪ ʚʝʩʥʦʡ, ʦʩʝʥʴʶ ʠ ʟʠʤʦʡ, ʘ ʣʝʪʦʤ ʠʭ ʥʝ ʙʳʚʘʝʪ. 

ɻʦʜʦʚʘʷ ʩʫʤʤʘ ʦʩʘʜʢʦʚ ʚ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʩʦʩʪʘʚʣʷʝʪ 132-240 ʤʤ. ʅʘʠʙʦʣʝʝ 

ʜʦʞʜʣʠʚʳʝ ʤʝʩʷʮʳ: ʤʘʨʪ, ʘʧʨʝʣʴ, ʥʦʷʙʨʴ, ʜʝʢʘʙʨʴ (77%, ʚ ʠʶʣʝ 7%).  

ʅʘʣʠʯʠʝ ʚʳʩʦʢʠʭ ʛʦʨʥʳʭ ʮʝʧʝʡ, ʚʳʪʷʥʫʪʳʭ ʚʜʦʣʴ ʜʦʣʠʥʳ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʚʦʝʦʙʨʘʟʠʝ 

ʚʝʪʨʦʚʦʛʦ ʨʝʞʠʤʘ (ʉʫʜʦʣʴʩʢʠʡ, 1960). ɿʜʝʩʴ ʛʦʩʧʦʜʩʪʚʫʶʪ ʚʝʪʨʳ, ʜʫʶʱʠʝ ʚʜʦʣʴ ʜʦʣʠʥʳ - 

ʰʠʨʦʪʥʦʤ ʠ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ, ʥʘʧʨʘʚʣʝʥʠʠ (60%). ʀʟʨʝʜʢʘ (ʣʝʪʦʤ) ʩʤʝʥʷʝʪʩʷ ʚ ʶʛʦ-

ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʉʨʝʜʥʝʤʝʩʷʯʥʳʝ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚ ʚʝʨʭʦʚʴʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚ ʨʘʡʦʥʝ 

ʄʘʭʘʫ-ʊʘʫ, ɹʝʰ-ɹʘʰ ʜʦʩʪʠʛʘʶʪ 7 ʤ/ʩʝʢ, ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ (ʨʘʡʦʥ ɼʞʳʜʘʣʠʢʘ) ï 6 ʤ/ʩʝʢ, 

ʧʨʠʧʣʦʪʠʥʥʦʡ 0,5 ʤ/ʩʝʢ. ɺ ʚʝʨʭʦʚʴʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʨʠ ʟʘʧʘʜʥʦʤ ʚʝʪʨʝ ʩʢʦʨʦʩʪʴ ʠʥʦʛʜʘ 

ʜʦʩʪʠʛʘʝʪ 20 ʤ/ ʩʝʢ. 

ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʌʝʨʛʘʥʩʢʦʡ ʜʦʣʠʥʳ ʊʘʜʞʠʢʠʩʪʘʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ʪʠʧʫ ʧʫʩʪʳʥʴ ʠ 

ʧʦʣʫʧʫʩʪʳʥʴ. ʈʘʟʚʠʚʘʝʪʩʷ ʦʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʝʩʥʦʡ (ʤʘʨʪ, ʚ ʵʪʦ ʚʨʝʤʷ ʦʙʠʣʴʥʦ ʚʝʛʝʪʠʨʫʝʪ 

ʵʬʝʤʝʨʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ); ʣʝʪʦʤ ʠ ʦʩʝʥʴʶ ʧʦʯʚʘ ʣʠʰʝʥʘ ʟʝʣʝʥʦʛʦ ʧʦʢʨʦʚʘ, ʪʦʣʴʢʦ ʢʦʝ-ʛʜʝ 



55 

 

ʚʩʪʨʝʯʘʶʪʩʷ ʧʦʣʫʢʫʩʪʘʨʥʠʢʦʚʘʷ ʧʦʣʳʥʴ ʠ ʩʦʣʷʥʢʘ. ʇʦ ʨʫʩʣʘʤ ʨʝʢ - ʟʘʨʦʩʣʠ ʪʨʦʩʪʥʠʢʘ, ʘ ʪʘʢʞʝ 

ʪʫʛʘʡʥʳʝ ʣʝʩʘ ʠʟ ʛʨʝʙʝʥʴʱʠʢʘ, ʣʦʭʘ, ʪʦʧʦʣʷ (ʆʚʯʠʥʥʠʢʦʚ ʠ ʜʨ. 1968). ʅʝʟʘʜʦʣʛʦ ʜʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʂʘʡʨʘʢʢʫʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ɻ.ɻ. 

ʉʠʜʝʨʝʥʢʦ (1953). ʉʦʛʣʘʩʥʦ ʝʛʦ ʜʘʥʥʳʤ, ʜʣʷ ʟʦʥʳ ʟʘʪʦʧʣʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʙʳʣʦ ʭʘʨʘʢʪʝʨʥʦ 

ʥʘʣʠʯʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʢʨʫʧʥʳʤʠ ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʠ ʧʦʜʚʠʞʥʳʤʠ ʧʝʩʯʘʥʳʤʠ ʙʫʛʨʘʤʠ. ʕʪʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʙʳʣʠ ʟʘʥʷʪʳ ʟʘʨʦʩʣʷʤʠ ʛʨʝʙʝʥʴ ʰʠʢʘ ʚʝʪʚʠʩʪʦʛʦ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʠʤʝʩʴʶ 

ʙʝʣʦʛʦ ʩʘʢʩʘʫʣʘ. 

ɺ ʪʨʘʚʷʥʠʩʪʦʤ ʧʦʢʨʦʚʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ: ʵʙʝʣʝʢ ʪʫʨʢʝʩʪʘʥʩʢʠʡ (Ceratosaurus turkestanicus), 

ʯʘʩʪʦ ʛʨʫʧʧʘʤʠ ʚʩʪʨʝʯʘʣʠʩʴ ʤʦʨʪʫʢ (Ere rum orientale), ʧʘʭʠʧʪʝʨʠʫʤ ʛʫʩʪʦʮʚʝʪʥʳʡ 

ʪʦʣʩʪʦʨʳʣʳʡ (Pachypteridium densifiers), ʨʝʞʝ ʢʦʩʪʨʳ - ʢʨʦʚʝʣʴʥʳʡ ʠ ʷʧʦʥʩʢʠʡ (Bromus 

tectorum end  

B. japonicus). ɼʣʷ ʚʩʝʭ ʫʯʘʩʪʢʦʚ ʙʳʣʦ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʩʦʣʷʥʦʢ-ʧʦʪʘʰʥʠʢʘ 

ʢʘʩʧʠʡʩʢʦʛʦ (Kalidium cʘspium), ʩʦʣʷʥʢʠ ʫʨʦʚʥʝʚʠʜʥʦʡ (Salsola dendroides), ʢʘʨʝʣʠʥʠʠ 

(Karelinia caspia), ʷʥʪʘʢʘ (ɸlhagi kaneskens). 

2. ʄʦʨʬʦʣʦʛʠʷ ʠ ʤʦʨʬʦʤʝʪʨʠʷ. ɺʦʜʦʭʨʘʥʠʣʠʱʝ ʠʤʝʝʪ ʧʨʦʩʪʫʶ, ʚʳʪʷʥʫʪʫʶ ʚʜʦʣʴ ʨʫʩʣʘ 

ʨʝʢʠ ʬʦʨʤʫ. ɼʣʠʥʘ 55 ʢʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʰʠʨʠʥʘ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ï 15 ʢʤ, ʚ ʚʝʨʭʦʚʴʝ ï 20 ʢʤ. 

ʇʦʣʥʳʡ ʦʙʲʸʤ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʦʜʧʦʨʥʦʤ ʫʨʦʚʥʝ (ʅʇʋ) - 4,2 ʢʤ
3
,
 
ʧʣʦʱʘʜʴ 520 ʢʤ

2
, ʩʨʝʜʥʷʷ 

ʛʣʫʙʠʥʘ ï 8 ʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ ï 25 ʤʝʪʨʦʚ. ʉʨʝʜʥʠʡ ʫʢʣʦʥ ʦʢʦʣʦ 2,5
0
. 

ʆʙʱʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ 150 ʢʤ. ɹʝʨʝʛʦʚʘʷ ʣʠʥʠʷ ʠʟʨʝʟʘʥʘ ʩʣʘʙʦ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʨʝʟʘʥʥʦʩʪʠ 1,8 (ʉʫʜʦʣʴʩʢʠʡ,1960). ɹʝʨʝʛʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʣʦʛʠʝ, ʥʘ 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʢʨʫʪʳʝ, ʦʪʚʝʩʥʳʝ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʙʝʨʝʛʦʚ 

ʚʝʪʨʦʚʳʤ ʚʦʣʥʝʥʠʝʤ. ɺ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʨʦʠʩʭʦʜʠʣ 

ʧʨʦʮʝʩʩ ʧʝʨʝʨʘʙʦʪʢʠ ʙʝʨʝʛʦʚ, ʩʦʧʨʦʚʦʞʜʘʚʰʠʡʩʷ ʦʙʚʘʣʘʤʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ. 

ʃʝʚʳʡ ʙʝʨʝʛ, ʚʳʩʦʪʦʡ 1 - 1,5 ʤ, ʘ ʚ ʨʘʡʦʥʝ ɼʞʳʜʘʣʠʢʘ ʜʦ 2,5 ʤ, ʩʣʦʞʝʥ ʣʸʩʩʦʚʠʜʥʳʤʠ 

ʩʫʛʣʠʥʢʘʤʠ ʠ ʩʫʧʝʩʴʶ. 

ʇʨʘʚʳʡ ʙʝʨʝʛ ʠʟʨʝʟʘʥ ʦʚʨʘʛʘʤʠ, ʤʝʩʪʘʤʠ ʚʳʩʦʪʘ ʝʛʦ ʜʦʩʪʠʛʘʝʪ 10-20 ʤ, ʩʣʦʞʝʥ ʧʝʩʢʦʤ, 

ʧʝʩʯʘʥʠʢʦʤ ʩ ʧʨʦʩʣʦʡʢʘʤʠ ʛʣʠʥʳ ʠ ʩʫʛʣʠʥʢʦʚ. ʅʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚ ʮʝʣʷʭ 

ʟʘʱʠʪʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʦʪ ʟʘʪʦʧʣʝʥʠʷ, ʩʦʟʜʘʥʳ ʟʝʤʝʣʴʥʳʝ 

ʜʘʤʙʳ ʩ ʢʘʤʝʥʥʳʤ ʵʢʨʘʥʦʤ. 

3. ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ ʂʘʡʨʘʢʢʫʤʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʷʚʣʷʝʪʩʷ ʨ. ʉʳʨʜʘʨʴʷ. ɺʝʩʥʦʡ ʚʦʜʘ ʧʦʩʪʫʧʘʝʪ ʪʘʢʞʝ ʧʦ ʨʫʩʣʘʤ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʜʝʡʩʪʚʫʶʱʠʭ ʩʘʝʚ (ʚʨʝʤʝʥʥʳʭ ʨʫʯʴʝʚ) ʩ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʙʝʨʝʛʦʚ. ɺ ʪʝʯʝʥʠʝ ʛʦʜʘ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʩʪʫʧʣʝʥʠʝ ʚʦʜʳ ʠʟ ʢʘʥʘʣʦʚ ʢʦʣʣʝʢʪʦʨʥʦ-ʜʨʝʥʘʞʥʦʡ ʩʝʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ. 

ɿʘʙʦʨ ʚʦʜʳ ʠʟ ʂʘʡʨʘʢʢʫʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʧʣʦʪʠʥʫ, ʘ ʝʸ ʨʘʩʭʦʜ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʜʠʩʧʝʪʯʝʨʩʢʠʤ ʛʨʘʬʠʢʦʤ ʨʘʙʦʪʳ ɻʕʉ. 

ʉʦʛʣʘʩʥʦ ʨʘʩʯʸʪʘʤ ʂʘʡʨʘʢʢʫʤʩʢʦʡ ɻʕʉ, ʩ ʩʝʥʪʷʙʨʷ ʧʦ ʘʧʨʝʣʴ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ 

ʚʦʜʳ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ (ʨʘʩʭʦʜ ʤʝʥʴʰʝ ʧʨʠʭʦʜʘ), ʘ ʩ ʥʘʯʘʣʦʤ ʧʦʣʠʚʥʦʛʦ ʩʝʟʦʥʘ ʥʘ ʭʣʦʧʢʦʚʳʭ 

ʧʦʣʷʭ (ʤʘʡ - ʩʝʥʪʷʙʨʴ), ʨʘʩʭʦʜ ʧʨʝʚʳʰʘʝʪ ʧʨʠʭʦʜ. ʄʘʢʩʠʤʫʤ ʵʪʦʡ ʨʘʟʥʠʮʳ ʦʪʤʝʯʘʝʪʩʷ ʚ 

ʘʚʛʫʩʪʝ (92 ï 216 ʤ
3
/ʩ). ʂʦʵʬʬʠʮʠʝʥʪ ʚʦʜʦʦʙʤʝʥʘ ʟʘ ʛʦʜ ʨʘʚʝʥ 4. ɼʣʷ ʚʩʝʭ ʚʦʜʦʭʨʘʥʠʣʠʱ 

ʉʨʝʜʥʝʡ ɸʟʠʠ ʭʘʨʘʢʪʝʨʥʳ ʙʦʣʴʰʠʝ ʩʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ. ʕʪʦ ʦʪʥʦʩʠʪʩʷ ʠ ʢ 

ʂʘʡʨʘʢʢʫʤʩʢʦʤʫ ʚʦʜʦʭʨʘʥʠʣʠʱʫ. ʇʦ ʧʨʦʝʢʪʥʳʤ ʜʘʥʥʳʤ ʤʘʢʩʠʤʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʷ 

ʫʨʦʚʥʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʩʦʩʪʘʚʣʷʝʪ 7 ʤʝʪʨʦʚ. 

ʂʘʪʘʩʪʨʦʬʠʯʝʩʢʦʝ ʧʘʜʝʥʠʝ ʫʨʦʚʥʷ ʚʦʜʳ ʚʧʝʨʚʳʝ ʧʨʦʠʟʦʰʣʦ ʚ 1974 ʛ, ʢʦʛʜʘ, ʧʨʠ 

ʘʤʧʣʠʪʫʜʝ ʢʦʣʝʙʘʥʠʷ 13 ʤ, ʫʨʦʚʝʥʴ ʫʧʘʣ ʥʠʞʝ ʤʸʨʪʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʥʘ 2,5 ʤ. ʇʦ ʩʫʱʝʩʪʚʫ, 

ʂʘʡʨʘʢʢʫʤʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʙʳʣʦ ʩʧʫʱʝʥʦ ʧʦʣʥʦʩʪʴʶ ʠ ʦʩʪʘʚʘʣʦʩʴ ʣʠʰʴ ʨʫʩʣʦ ʨʝʢʠ ʠ 

ʥʝʙʦʣʴʰʦʝ ʨʘʩʰʠʨʝʥʠʝ ʫ ʧʣʦʪʠʥʳ ɻʕʉ. ʊʘʢʦʝ ʧʘʜʝʥʠʝ ʫʨʦʚʥʷ ʥʘʙʣʶʜʘʣʦʩʴ ʢʘʞʜʦʝ ʣʝʪʦ ʚ 

ʪʝʯʝʥʠʝ 5 ʣʝʪ. ʊʦʣʴʢʦ ʚ 1979 ʛ. ʧʦʣʦʞʝʥʠʝ ʫʣʫʯʰʠʣʦʩʴ, ʚ ʵʪʦʪ ʛʦʜ ʨʘʟʤʘʭ ʢʦʣʝʙʘʥʠʡ ʩʦʩʪʘʚʠʣ 

ʚʩʝʛʦ 5,1 ʤ (ʨʠʩ.1). ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʙʳʣʠ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʝʢʪʥʦʡ 

ʥʦʨʤʳ. ɺ 1986 ʛ. ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʚʥʦʚʴ ʧʨʝʚʟʦʰʣʘ ʧʨʦʝʢʪʥʫʶ, ʫʨʦʚʝʥʴ ʫʧʘʣ ʥʘ 2,2 

ʤ ʥʠʞʝ ʤʸʨʪʚʦʛʦ ʛʦʨʠʟʦʥʪʘ.  
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ʈʠʩ. 1. ʂʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ (ʅ, ʤ ï ʚ ʦʪʤʝʪʢʘʭ) ʚʦʜʳ ʂʘʡʨʘʢʢʫʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

Fig. 1. Fluctuations in the water level (H, m ï in marks) of the Kairakkum reservoir  

 
1- 1978ʛ., 2 -1979 ʛ., 3 - 1980 ʛ., 4 -1981 ʛ. 

 

ʊʘʢʠʝ ʨʝʟʢʠʝ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ - ʢʘʪʘʩʪʨʦʬʘ ʜʣʷ ʚʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʳ. ʇʨʠ ʵʪʦʤ ʦʙʩʳʭʘʶʪ 

ʦʛʨʦʤʥʳʝ ʧʣʦʱʘʜʠ ʜʥʘ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʠ ʧʦʛʠʙʘʶʪ ʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʛʦʜʘʤʠ ʜʦʥʥʳʝ 

ʩʦʦʙʱʝʩʪʚʘ. ɺʤʝʩʪʝ ʩ ʤʘʩʩʦʡ ʚʦʜʳ ʚʳʥʦʩʷʪʩʷ ʥʘ ʧʦʣʷ ʦʨʦʰʝʥʠʷ ʠ ʧʣʘʥʢʪʦʥʥʳʝ ʦʨʛʘʥʠʟʤʳ, 

ʤʠʟʠʜʳ, ʢʨʝʚʝʪʢʠ ʠ ʤʦʣʦʜʴ ʨʳʙ. ʆʙʩʳʭʘʶʪ ʥʝʨʝʩʪʦʚʳʝ ʠ ʥʘʛʫʣʴʥʳʝ ʧʣʦʱʘʜʠ, ʥʘʨʫʰʘʝʪʩʷ ʨʠʪʤ 

ʨʘʟʤʥʦʞʝʥʠʷ ʣʠʤʥʦʬʠʣʴʥʳʭ ʨʳʙ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʤʝʨʦʚ ɻʄʆ ʥʘʤʠ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʙʘʪʠʤʝʪʨʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʂʘʡʨʘʢʢʫʤʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ (ʨʠʩ.3), ʧʦ ʤʝʪʦʜʫ ʂ.ʂ. ʕʜʝʣʴʰʪʝʡʥʘ (1973), ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʨʘʟʜʝʣʠʣʠ ʥʘ 5 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʟʦʥ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʣʦʱʘʜʷʤ ʚ ʢʤ
2
: 

1. ɿʦʥʘ ʧʦʩʪʦʷʥʥʦʛʦ ʟʘʣʠʪʠʷ ʚʦʜʳ -110 ʢʤ
2
: 

2. ɿʦʥʘ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʟʘʣʠʪʠʷ ʚʦʜʳ -130 ʢʤ
2
: 

3. ɿʦʥʘ ʧʨʦʝʢʪʥʦʛʦ ʧʘʜʝʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ -125 ʢʤ
2
: 

4. ɿʦʥʘ ʝʞʝʛʦʜʥʦʛʦ ʫʩʳʭʘʥʠʷ ʚʦʜʳ - 155 ʢʤ
2
: 

5. ɿʦʥʘ ʵʧʠʟʦʜʠʯʝʩʢʦʛʦ ʟʘʪʦʧʣʝʥʠʷ ʚʦʜʳ -50 ʢʤ
2
. 

ʂ ʧʝʨʚʦʡ ʟʦʥʝ ʦʪʥʦʩʠʪʩʷ ʚʩʷ ʧʦʚʝʨʭʥʦʩʪʴ ʜʥʘ ʚʦʜʦʸʤʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʠʞʝ ʛʦʨʠʟʦʥʪʘ 

ʩʘʤʦʛʦ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ, ʢʦʪʦʨʘʷ ʩ ʤʦʤʝʥʪʘ ʩʦʦʨʫʞʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʦʩʪʦʷʥʥʦ ʙʳʣʘ 

ʧʦʢʨʳʪʘ ʚʦʜʦʡ. ɺʪʦʨʘʷ ʟʦʥʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʩʝʛʜʘ ʟʘʪʦʧʣʝʥʘ ʠ ʦʙʩʳʭʘʝʪ ʣʠʰʴ ʧʨʠ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʤ ʧʘʜʝʥʠʠ ʫʨʦʚʥʷ ʚʦʜʳ (ʥʘ 10-13 ʤ). ʊʨʝʪʴʷ ʟʦʥʘ ʟʘʚʠʩʠʪ ʦʪ ʧʘʜʝʥʠʷ 

ʧʨʦʝʢʪʥʦʛʦ ʫʨʦʚʥʷ (ʜʦ 7 ʤ). ʏʝʪʚʸʨʪʘʷ ʟʦʥʘ ʦʙʩʳʭʘʝʪ ʝʞʝʛʦʜʥʦ, ʜʣʷ ʥʝʸ ʭʘʨʘʢʪʝʨʥʦ ʯʝʨʝʜʦʚʘʥʠʝ 

ʮʠʢʣʦʚ: ʟʘʪʦʧʣʝʥʠʝ ʚʝʩʥʦʡ ʠ ʦʩʫʰʝʥʠʝ ʣʝʪʦʤ. ʇʷʪʘʷ ʟʦʥʘ ʵʧʠʟʦʜʠʯʝʩʢʦʛʦ ʟʘʪʦʧʣʝʥʠʷ, 

ʨʘʩʧʦʣʦʞʝʥʘ ʚʳʰʝ ʅʇɻ ʠ ʟʘʪʘʧʣʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʤʥʦʛʦʚʦʜʥʳʝ ʛʦʜʳ ʠ ʥʘ 

ʢʦʨʦʪʢʠʡ ʩʨʦʢ. ʊʘʢʠʤ ʙʳʣ ʘʧʨʝʣʴ 1980 ʛ, ʢʦʛʜʘ ʧʣʦʱʘʜʴ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʙʳʣʘ ʚʳʰʝ ʅʇɻ ʥʘ 

24,5 ʢʤ
2
.
 
ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ ʟʘʪʦʧʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʡ ʟʦʥʳ ʝʞʝʛʦʜʥʦ ʠʟʤʝʥʷʝʪʩʷ 

ʠ ʟʘʚʠʩʠʪ ʦʪ ʨʝʞʠʤʘ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ. 

ʋʨʦʚʥʝʥʥʳʡ ʨʝʞʠʤ ʂʘʡʨʘʢʢʫʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʚʠʩʠʪ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʦʪ ʨʝʞʠʤʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʊʦʢʪʦʛʫʣʴʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʚ 1974 ʛ. ʚ 

ʚʝʨʭʦʚʴʷʭ ʙʘʩʩʝʡʥʘ ʨ. ʉʳʨʜʘʨʴʠ, ʥʘ ʨʝʢʝ ʅʘʨʳʥ. ʇʨʠʭʦʜ ʚʦʜʳ ʚ ʂʘʡʨʘʢʢʫʤʩʢʦʝ 

ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʜʦ ʧʦʩʪʨʦʡʢʠ ʊʦʢʪʦʛʫʣʴʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʚ 1969-1970 ʛʛ. ʢʦʣʝʙʘʣʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 15-32 ʢʤ
3
/ʛʦʜ, ʘ ʩ ʥʘʯʘʣʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʊʦʢʪʦʛʫʣʘ ʩʥʠʟʠʣʩʷ ʠ ʩʦʩʪʘʚʠʣ ʚ 1978 -1982 

ʛʛ. 10,6-16,4 ʢʤ
3 
/ ʛʦʜ.  

ʈʝʟʢʠʝ ʧʘʜʝʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʂʘʡʨʘʢʢʫʤʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʥʘʙʣʶʜʘʣʠʩʴ ʩ 1974 ʧʦ 

1978 ʛʛ., ʪ.ʝ. ʚ ʧʝʨʠʦʜ ʟʘʧʦʣʥʝʥʠʷ ʊʦʢʪʦʛʫʣʴʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ʅʘʯʠʥʘʷ ʩ 1979 ʛ. ʧʦ 1985 ʛ, 

ʧʦʩʣʝ ʥʘʙʦʨʘ ʚ ʥʸʤ ʧʨʦʝʢʪʥʦʛʦ ʫʨʦʚʥʷ, ʫʨʦʚʥʝʚʳʡ ʨʝʞʠʤ ʂʘʡʨʘʢʢʫʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʩʷ ʠ ʥʝ ʩʪʘʣ ʚʳʭʦʜʠʪʴ ʟʘ ʧʨʝʜʝʣʳ ʧʨʦʝʢʪʥʦʡ ʦʪʤʝʪʢʠ. 
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ʈʠʩ.2. ɹʘʪʠʤʝʪʨʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʂʘʡʨʘʢʢʫʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

Fig.2. Bathymetric curve of the Kairakkum reservoir  

 
ʇʦ ʤʘʪʝʨʠʘʣʘʤ 1988 ʛ. 

  

ʋʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʝʡ ʧʦʩʝʚʘ ʭʣʦʧʢʘ ʠ ʦʙʲʸʤʦʚ ʚʦʜʳ, ʟʘʙʠʨʘʝʤʳʭ ʥʘ ʦʨʦʰʝʥʠʝ, ʥʝ 

ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʪ.ʢ. ʚʦʜʘ, 

ʟʘʙʠʨʘʝʤʘʷ ʥʘʥʦʩʥʳʤʠ ʩʪʘʥʮʠʷʤʠ, ʚ 1988 ʛʦʜ ʩʦʩʪʘʚʣʷʣʘ1320 ʤ
3
/ʩʝʢ, ʘ ʧʨʠʭʦʜ ʯʝʨʝʟ 

ʢʦʣʣʝʢʪʦʨʦʚ ʩʦʩʪʘʚʣʷʣ 1250 ʤ
3
/ʩʝʢ, ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʩʥʦʚʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʯʝʨʝʟ 

ʢʦʣʣʝʢʪʦʨʥʦ-ʜʨʝʥʘʞʥʫʶ ʩʝʪʴ. 

4. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ. ʂʘʡʨʘʢʢʫʤʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʚ 1959 ʛ. ʠʟʫʯʘʣʦʩʴ 

ʉʨʝʜʥʝʘʟʠʘʪʩʢʦʡ ʵʢʩʧʝʜʠʮʠʝʡ ɻɻʀ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ɼ.ʗ. ɹʠʛʝʝʚʦʡ ʠ ʖ.ʅ. ʀʚʘʥʦʚʘ (1963), 

ʪʝʨʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠʤʝʝʪ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʥʘ ʶʛʝ ʠ ʧʦʜʚʝʨʞʝʥ ʧʦʩʪʦʷʥʥʦʤʫ ʜʝʡʩʪʚʠʶ ʚʝʪʨʦʚ. ɸʥʘʣʠʟ ʛʦʜʦʚʦʛʦ ʭʦʜʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʦʪʤʝʯʘʣʘʩʴ ʚ ʢʦʥʮʝ ʜʝʢʘʙʨʷ ï 

ʥʘʯʘʣʝ ʷʥʚʘʨʷ. ɺ ʵʪʠ ʤʝʩʷʮʳ ʦʥʘ ʧʦʥʠʞʘʣʘʩʴ ʜʦ 0
ʦ
ʉ, ʘ ʚ ʥʝʢʦʪʦʨʳʝ ʜʥʠ ʧʝʨʝʦʭʣʘʞʜʝʥʠʝ ʥʘ 0,1 - 

0,2
ʦ 
ʉ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʱʫʛʠ. ʉ ʢʦʥʮʘ ʷʥʚʘʨʷ ʠ ʚ ʧʝʨʚʦʡ ʜʝʢʘʜʝ ʬʝʚʨʘʣʷ ʥʘʯʠʥʘʝʪʩʷ 

ʧʨʦʛʨʝʚ ʚʦʜʥʦʡ ʤʘʩʩʳ. ɼʦ ʢʦʥʮʘ ʠʶʥʷ ʠʜʸʪ ʤʝʜʣʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, ʩʥʘʯʘʣʘ 

ʥʘ 0,5 - 0,1
ʦ 
ʉ, ʘ ʧʦʪʦʤ ʥʘ 1 - 2

ʦ 
ʉ ʚ ʜʝʥʴ. ɻʦʜʦʚʦʡ ʭʦʜ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʦʸʤʘ ʩʣʝʜʫʝʪ ʟʘ ʭʦʜʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʦʪʣʠʯʘʷʩʴ ʦʪ ʧʦʩʣʝʜʥʝʡ ʥʘ 1,6 - 2,5
ʦ 
ʉ ʚʝʩʥʦʡ, ʠ ʥʘ 2,1 - 3,1

ʦ 
ʉ ʣʝʪʦʤ, ʥʘ 

1,7 - 4,4
ʦ 
ʉ ʦʩʝʥʴʶ ʠ ʥʘ 0,2 - 2,2

ʦ 
ʉ ʟʠʤʦʡ (ʨʠʩ.3). ʂʘʢ ʚʠʜʥʦ, ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ 

ʚʳʰʝ, ʯʝʤ ʚʦʟʜʫʭʘ.  

ɼʣʷ ʦʨʛʘʥʠʟʤʦʚ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʧʨʠʜʦʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʜʳ. ʈʘʟʥʠʮʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʨʠʜʦʥʥʳʭ ʩʣʦʸʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʚʝʣʠʢʘ. 

ɺʝʩʥʦʡ ʚ ʧʝʨʠʦʜ ʙʳʩʪʨʦʛʦ ʧʨʦʛʨʝʚʘ ʚʦʜʳ (ʤʘʨʪ-ʘʧʨʝʣʴ), ʘ ʠʥʦʛʜʘ ʠ ʣʝʪʦʤ (ʠʶʥʴ-ʠʶʣʴ) 

ʥʘʙʣʶʜʘʝʪʩʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʘʷ ʧʨʷʤʘʷ ʩʪʨʘʪʠʬʠʢʘʮʠʷ. ʅʝʙʦʣʴʰʘʷ ʨʘʟʥʠʮʘ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʘ ʛʣʫʙʠʥʝ 18 ʤʝʪʨʦʚ ʙʳʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʚ 3-ʡ ʜʝʢʘʜʝ ʤʘʨʪʘ 1978 ʛ. - 5,1
ʦ 

ʉ ʠ ʚ ʠʶʥʝ 1981 ʛ. ï 4,8
ʦ 
ʉ. ʆʜʥʘʢʦ ʵʪʘ ʩʪʨʘʪʠʬʠʢʘʮʠʷ ʥʝ ʫʩʪʦʡʯʠʚʘ, ʜʝʨʞʠʪʩʷ ʥʝʜʦʣʛʦ 

ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. 

5. ʇʨʦʟʨʘʯʥʦʩʪʴ ʚʦʜʳ.  ɺ ʂʘʡʨʘʢʢʫʤʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʧʨʦʟʨʘʯʥʦʩʪʴ ʚʦʜʳ ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʚʟʚʝʩʝʡ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪ ʨʘʟʚʠʪʠʷ ʬʠʪʦʧʣʘʥʢʪʦʥʘ. ʅʘ ʥʝʸ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʠ ʚʝʪʨʦʚʳʝ ʷʚʣʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʤʫʯʠʚʘʥʠʷ ʚʦʜʥʦʡ ʤʘʩʩʳ ʧʨʦʟʨʘʯʥʦʩʪʴ 

ʚʦʜʳ ʥʘ ʤʝʣʢʦʚʦʜʴʝ ʤʦʞʝʪ ʧʘʜʘʪʴ ʜʦ 5-19 ʩʤ. ɺ ʰʪʠʣʝʚʫʶ ʧʦʛʦʜʫ ʚʝʣʠʯʠʥʘ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʚʝʨʭʦʚʴʷ ʢ ʧʣʦʪʠʥʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʦʪ 15 ʜʦ 350 ʩʤ ʠ ʙʦʣʝʝ. ʇʦ ʩʪʝʧʝʥʠ 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʂʘʡʨʘʢʢʫʤʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʦʪʥʦʩʠʪʩʷ ʢ ʩʨʝʜʥʝ-ʧʨʦʟʨʘʯʥʳʤ ʠ ʧʨʠʙʣʠʞʘʝʪʩʷ 
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ʢ ʨʘʚʥʠʥʥʳʤ ʚʦʜʦʭʨʘʥʠʣʠʱʘʤ ʉʨʝʜʥʝʡ ɸʟʠʠ, ʥʦ ʫʩʪʫʧʘʝʪ ʛʦʨʥʳʤ ï ʅʫʨʝʢʩʢʦʤʫ ʠ 

ʊʦʢʪʦʛʫʣʴʩʢʦʤʫ ʚʦʜʦʭʨʘʥʠʣʠʱʘʤ. 

ɺ ʚʝʨʭʦʚʴʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚʦʜʘ ʧʦʯʪʠ ʚʩʝʛʜʘ ʠʤʝʝʪ ʢʦʬʝʡʥʳʡ ʠʣʠ ʩʚʝʪʣʦ-ʩʝʨʳʡ ʮʚʝʪ, 

ʢʦʪʦʨʳʡ ʧʦʩʪʝʧʝʥʥʦ ʟʘʤʝʥʷʝʪʩʷ ʟʝʣʝʥʦʚʘʪʦ-ʛʦʣʫʙʦʚʘʪʳʤ ʦʪʪʝʥʢʦʤ, ʧʨʠ ʧʣʦʪʠʥʥʦʤ ʫʯʘʩʪʢʝ. ʇʦ 

ʰʢʘʣʝ ʌʦʨʝʣʷ ïʋʣʝ, ʝʸ ʮʚʝʪ ʠʟʤʝʥʷʝʪʩʷ ʦʪ IV-VI ʜʦ VI-VIII . 

ɺ ʚʝʨʭʦʚʴʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʟʚʝʩʝʡ ʧʨʠʥʦʩʠʤʳʭ ʨ. ʉʳʨʜʘʨʴʝʡ 

ʤʫʪʥʦʩʪʴ ʚʦʜʳ ʚ ʠʶʣʝ 1988 ʛ. ʜʦʩʪʠʛʘʣʘ 8-170 ʤʛ/ʣ, ʘ ʚ ʦʢʪʷʙʨʝ - 11-18 ʤʛ/ʣ. ʇʨʦʟʨʘʯʥʦʩʪʴ 

ʚʦʜʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʳʣʘ ʚʝʩʥʦʡ ʥʠʟʢʦʡ ï 0,3-1,0 ʤʝʪʨ. 

ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʛʜʝ ʦʩʝʜʘʶʪ ʚʟʚʝʩʠ, ʧʨʠʥʝʩʝʥʥʳʝ ʨʝʢʦʡ, ʤʫʪʥʦʩʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ: ʚ ʠʶʥʝ 1988 ʛ. - 2,3, ʚ ʦʢʪʷʙʨʝ ï 4,9-6,0 ʤʛ/ʣ. ʇʨʦʟʨʘʯʥʦʩʪʴ ʚʦʜʳ ʥʘ ʵʪʦʤ 

ʫʯʘʩʪʢʝ ʧʦʚʳʰʘʝʪʩʷ ʜʦ 1,0 - 4,0 ʤ. 

 

ʈʠʩ.3. ʉʨʝʜʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʂʘʡʨʘʢʢʫʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

Fig. 3. Average monthly water surface temperature of the Kairakkum Reservoir 

 
1- 1978ʛ., 2 ï 1979 ʛ., 3 ï 1980 ʛ., 4 -1981 ʛ. ʘ ï ʚʦʜʘ, ʚ ï ʚʦʟʜʫʭ. 

 

 

6. ɻʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʨʝʞʠʤ. ɻʘʟʦʚʳʡ ʨʝʞʠʤ ʠ ʩʦʣʝʚʦʡ ʩʦʩʪʘʚ ʚʦʜʳ ʂʘʡʨʘʢʢʫʤʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʨʠʚʦʜʷʪʩʷ ʟʘ 1987-1988 ʛʛ., ʧʦ ʤʘʪʝʨʠʘʣʘʤ, ʩʦʙʨʘʥʥʳʤ ʥʘʤʠ ʩʦʚʤʝʩʪʥʦ ʩʦ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʉʨʝʜʥʝʘʟʠʘʪʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʨʨʠʛʘʮʠʠ (ʉɸʅʀʀʈʀ) ʛ. ʊʘʰʢʝʥʪʘ, ʘ ʪʘʢʞʝ ʩ 

ʧʨʠʚʣʝʯʝʥʠʝʤ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ɺ ʠʶʥʝ ʠ ʦʢʪʷʙʨʝ 1988 ʛ. ʥʘʩʳʱʝʥʥʦʩʪʴ ʚʦʜʳ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʢʠʩʣʦʨʦʜʦʤ ʥʘʭʦʜʠʣʘʩʴ ʚ 

ʦʙʨʘʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ. ɺ ʠʶʥʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʳ ʫ ʜʥʘ 23,6 - 27,2
0 
ʉ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʢʦʣʝʙʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 7,5 ï 8,4 ʤʛʆ2/ʣ, ʯʪʦ ʩʦʩʪʘʚʣʷʣʦ 

74 - 83,1% ʥʘʩʳʱʝʥʠʷ. ʆʩʝʥʴʶ ʧʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʜʦ 15,5 - 16,6
0 
ʉ ʩʦʜʝʨʞʘʥʠʝ 

ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚʦʟʨʦʩʣʦ ʜʦ 10,0 ï 12,1 ʤʛʆ2/ʣ, ʠʣʠ 96,0 -116,2% ʥʘʩʳʱʝʥʠʷ. 

ɸʢʪʠʚʥʘʷ ʨʝʘʢʮʠʷ ʚʦʜʳ ʣʝʪʦʤ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʙʳʣʘ 8,0 - 8,1. ɺ ʮʝʣʦʤ, ʟʥʘʯʝʥʠʝ ʨʅ 

ʦʩʝʥʴʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʙʳʣʦ ʥʠʞʝ, ʯʝʤ ʣʝʪʦʤ. ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʚʦʜʳ ʟʘʚʠʩʠʪ ʦʪ 

ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʠʦʥʦʚ ʚ ʚʦʜʝ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ. ɺ ʧʝʨʠʦʜ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʥʘʭʦʜʠʣʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,4 - 0,5 ʆʤ. 

ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜʳ ʂʘʡʨʘʢʢʫʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚ ʠʶʣʝ 1988 ʛ. ʢʦʣʝʙʘʣʘʩʴ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʦʪ 776 ʜʦ 909 ʤʛ/ ʣ (ʧʨʠʣʦʞʝʥʠʝ, ʪʘʙʣ.12). ʇʦ ʜʘʥʥʳʤ ɺ.ɸ. ʅʠʢʦʣʘʝʥʢʦ 

(1989), ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʷʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜʳ ʂʘʡʨʘʢʢʫʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚ 1970 - 1980 

ʛʛ. ʙʳʣʘ 1062,5 ʤʛ/ʣ, ʘ ʥʘʠʙʦʣʴʰʠʡ ʝʸ ʚʥʫʪʨʠʛʦʜʦʚʦʡ ʜʠʘʧʘʟʦʥ ʢʦʣʝʙʘʣʩʷ ʚ ʧʨʝʜʝʣʘʭ 790 - 1259 

ʤʛ/ʣ. ɺ ʤʥʦʛʦʚʦʜʥʳʝ ʛʦʜʳ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜʳ ʩʥʠʞʘʝʪʩʷ ʜʦ 300, ʚ ʤʘʣʦʚʦʜʥʳʝ ʧʦʚʳʰʘʝʪʩʷ ʜʦ 

710 ï 1240 ʤʛ/ʣ. ɺʦʜʘ ʂʘʡʨʘʢʢʫʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʦ ʩʪʝʧʝʥʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʨʝʚʳʰʘʝʪ 

ʥʦʨʤʳ ʇɼʂ, ʦʩʦʙʝʥʥʦ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩʫʣʴʬʘʪʦʚ (ʅʠʢʦʣʘʝʥʢʦ, 1989). ʇʨʝʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʩʦʣʝʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʤʝʯʘʝʪʩʷ ʚ ʬʝʚʨʘʣʝ-ʤʘʝ. 
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ʀʩʪʦʯʥʠʢʦʤ ʧʦʚʳʰʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʜʣʷ ʂʘʡʨʘʢʢʫʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʷʚʣʷʝʪʩʷ ʨ. 

ʉʳʨʜʘʨʴʷ, ʢʦʣʣʝʢʪʦʨʥʦ-ʜʨʝʥʘʞʥʳʝ ʩʝʪʠ ʩ ʭʣʦʧʢʦʚʳʭ ʧʦʣʝʡ ʠ ʯʘʩʪʠʯʥʦ ʚʝʩʝʥʥʠʝ ʩʝʣʝʚʳʝ 

ʧʦʪʦʢʠ. ʇʦ ʜʘʥʥʳʤ ɼ.ʃ. ʇʘʪʠʥʘ (1982), ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʨ. ʉʳʨʜʘʨʴʠ ʚ ʤʝʞʝʥʴ ʜʦʭʦʜʠʣʘ ʜʦ 1023 

ʤʛ/ʣ, ʚ ʦʩʪʘʣʴʥʦʝ ʚʨʝʤʷ ʛʦʜʘ ʢʦʣʝʙʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 350-500 ʤʛ/ʣ. 

ɺ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʦʩʥʦʚʥʳʤ ʧʦʪʨʝʙʠʪʝʣʝʤ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʷʚʣʷʝʪʩʷ ʩʝʣʴʩʢʦʝ 

ʭʦʟʷʡʩʪʚʦ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠʨʨʠʛʘʮʠʷ. ʂʘʯʝʩʪʚʦ ʦʨʦʩʠʪʝʣʴʥʦʡ ʚʦʜʳ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʩʪʝʧʝʥʠ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ɹʝʟʚʨʝʜʥʦʡ ʜʣʷ ʨʘʩʪʝʥʠʡ ʩʯʠʪʘʝʪʩʷ ʦʨʦʩʠʪʝʣʴʥʘʷ ʚʦʜʘ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 1,0-

1,5 ʛ/ʣ. ɼʣʷ ʧʦʯʚ ʩ ʙʦʣʴʰʦʡ ʬʠʣʴʪʨʘʮʠʝʡ ʜʦʧʫʩʢʘʝʪʩʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜʳ ʜʦ 3 ʛ /ʣ (ɻʥʠʚʝʥʢʦ, 

ʄʘʨʪʳʥʝʥʢʦ, 1982). 

7. ɻʨʫʥʪʳ. ʅʘʠʙʦʣʴʰʝʝ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʜʦʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʚʦʜʦʸʤʦʚ ʠʤʝʶʪ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʦʚ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʧʠʪʘʥʠʝ ʤʥʦʛʠʭ ʚʦʜʥʳʭ ʞʠʚʦʪʥʳʭ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ, ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʩʦʩʪʘʚʦʤ ʠ ʩʪʨʫʢʪʫʨʦʡ ʛʨʫʥʪʦʚ. ɺ ʚʦʜʦʭʨʘʥʠʣʠʱʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʚʘ ʪʠʧʘ ʛʨʫʥʪʦʚ ï ʧʝʨʚʠʯʥʳʝ ʠ ʚʪʦʨʠʯʥʳʝ (ʂʫʨʜʠʥ, 1960). 

ɺ ʂʘʡʨʘʢʢʫʤʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʚ ʧʝʨʠʦʜ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʝʨʚʠʯʥʳʝ ʛʨʫʥʪʳ 

ʩʦʭʨʘʥʠʣʠʩʴ ʥʘ ʛʣʫʙʠʥʘʭ 10-15 ʤ, ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʠ ʧʨʝʜ ʧʣʦʪʠʥʥʦʤ ʫʯʘʩʪʢʘʭ (ʦʪ 16 ʜʦ 14 

ʩʪʚʦʨʘ). ʕʪʦ ʩʝʨʳʝ ʠʣʳ, ʙʦʛʘʪʳʝ ʨʘʩʪʠʪʝʣʴʥʳʤ ʜʝʪʨʠʪʦʤ. ɺ ʚʝʨʭʦʚʴʝ ʥʘ ʛʣʫʙʠʥʝ 2,5-3 ʤ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚʪʦʨʠʯʥʳʝ - ʥʘʥʦʩʥʳʝ ʠʣʳ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ. ɺ ʧʨʠʣʦʞʝʥʠʠ ʥʘ ʨʠʩ. 5 

ʧʨʠʚʦʜʠʪʩʷ ʩʭʝʤʘ ʛʨʘʥʠʮ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʨʫʥʪʦʚ ʂʘʡʨʘʢʢʫʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ʅʘ ʧʝʩʯʘʥʦ-

ʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʘʭ 13 ʩʪʚʦʨ, ʚ ʤʝʩʪʘʭ ʚʳʭʦʜʘ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ, ʜʦʥʥʳʝ ʦʨʛʘʥʠʟʤʳ ʨʘʟʚʠʚʘʶʪʩʷ 

ʩʣʘʙʦ. ʃʦʞʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚʳʰʝ 13 ʩʪʚʦʨʘ ʜʦ ʚʳʢʣʠʥʠʚʘʥʠʷ ʧʦʜʧʦʨʘ ʨ. ʉʳʨʜʘʨʴʠ ʩ ʛʣʫʙʠʥʳ 

3-4 ʤ ʚ ʦʩʥʦʚʥʦʤ ʟʘʥʷʪʦ ʥʘʥʦʩʥʳʤ ʠʣʦʤ ʩʝʨʦʛʦ ʮʚʝʪʘ, ʞʠʜʢʦʡ ʢʦʥʩʠʩʪʝʥʮʠʠ, ʢʦʪʦʨʳʡ ʧʨʠʥʦʩʠʪ 

ʨʝʢʘ.  

ʆʙ ʦʙʲʸʤʘʭ ʚʟʚʝʰʝʥʥʳʭ ʥʘʥʦʩʦʚ ʂʘʡʨʘʢʢʫʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʸʪ 

ʪʘʙʣ. 13 ʚ ʧʨʠʣʦʞʝʥʠʠ. ʇʦ ʜʘʥʥʳʤ ʂʘʡʨʘʢʢʫʤʩʢʦʡ ɻʄʆ, ʩʫʤʤʘʨʥʳʡ ʧʦʪʦʢ ʚʟʚʝʰʝʥʥʳʭ 

ʥʘʩʦʩʦʚ ʧʦ ʨ. ʉʳʨʜʘʨʴʷ ʫ ʛʠʜʨʦʧʦʩʪʘ ɸʢʜʞʘʨ ʩ 1956 ʧʦ 1987 ʛʛ. ʩʦʩʪʘʚʠʣ ʚ ʚʝʩʦʚʦʤ ʚʳʨʘʞʝʥʠʠ 

609,2 ʪ. ɼʦ 1973 ʛ. ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʧʨʠʪʦʢ ʥʘʥʦʩʦʚ ʩʦʩʪʘʚʣʷʣ 910 ʢʛ/ʩ. ʇʦʩʣʝ ʟʘʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨ. 

ʅʘʨʳʥ ʊʦʢʪʦʛʫʣʴʩʢʦʡ ʧʣʦʪʠʥʦʡ ʧʨʠʭʦʜ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʂʘʡʨʘʢʢʫʤʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ 

ʩʦʢʨʘʪʠʣʩʷ ʜʦ 230 ʢʛ/ʩ. ɹʦʣʝʝ ʧʦʣʦʚʠʥʳ ʩʪʦʢʘ ʥʘʥʦʩʦʚ ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʊʦʢʪʦʛʫʣʴʩʢʠʤ 

ʚʦʜʦʭʨʘʥʠʣʠʱʝʤ. ʄʝʣʢʠʝ ʬʨʘʢʮʠʠ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ (0,05 -0,005 ʤʤ), ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʚ 

ʛʨʫʥʪʘʭ 72%, ʫʥʦʩʷʪʩʷ ʜʦ 13-14 ʩʪʚʦʨʦʚ, ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʦʩʝʜʘʶʪ ʚ ʚʝʨʭʦʚʴʝ. 

ʂʨʦʤʝ ʚʟʚʝʰʝʥʥʳʭ ʥʘʥʦʩʦʚ, ʧʨʠʥʦʩʠʤʳʭ ʨʝʢʦʡ ʉʳʨʜʘʨʴʸʡ ʠ ʚʨʝʤʝʥʥʳʤʠ ʚʦʜʦʪʦʢʘʤʠ, 

ʟʘʠʣʝʥʠʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠʜʸʪ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʨʘʟʤʳʚʘ ʠ ʨʘʟʨʫʰʝʥʠʷ ʙʝʨʝʛʦʚ, ʦʩʦʙʝʥʥʦ ʧʦ ʙʦʣʝʝ 

ʦʙʨʳʚʠʩʪʦʤʫ ʧʨʘʚʦʙʝʨʝʞʴʶ ʠʟ-ʟʘ ʧʦʩʪʦʷʥʥʦʛʦ ʧʝʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʫʥʪʦʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ, 

ʦʥʠ ʥʝʦʜʥʦʨʦʜʥʳ: ʧʝʩʦʢ ʯʘʩʪʦ ʩʤʝʥʷʝʪʩʷ ʛʣʠʥʦʡ, ʛʣʠʥʘ ï ʠʣʦʤ ʠʣʠ ʨʘʩʪʠʪʝʣʴʥʳʤ ʜʝʪʨʠʪʦʤ ʠ 

ʪ.ʜ. ɿʘ ʩʯʝʪ ʨʘʟʤʳʚʘ ʠ ʨʘʟʨʫʰʝʥʠʷ ʙʝʨʝʛʦʚ ʧʣʦʰʘʜʴ ʂʘʡʨʘʢʢʫʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʫʚʝʣʠʯʠʣʘʩʴ ʩ 520 ʜʦ 524 ʢʤ
2
 (ʚ ʤʥʦʛʦʚʦʜʥʳʝ ʛʦʜʳ) ʦʙʱʠʡ ʦʙʲʝʤ ʚʩʝʭ ʥʘʥʦʩʦʚ ʧʦ ʨʝʢʝ 

ʉʳʨʜʘʨʴʝ 1956 ï 1987 ʛʛ. ʩʦʩʪʘʚʠʣ 1365,0 ʤʣʥ. ʤ
3
, ʠʟ ʥʠʭ ʟʘʠʣʝʥʠʝ ʤʝʞʜʫ ʩʪʚʦʨʘʤʠ 694,5, 

ʦʙʲʝʤ ʚʟʚʝʰʘʥʥʳʭ ʥʘʥʦʩʦʚ 441,6, ʦʙʲʝʤ ʚʣʝʢʦʤʳʭ ʥʘʥʦʩʦʚ 221 ʠ ʦʙʲʝʤ ʙʝʨʝʛʦʚʳʭ ʦʙʨʫʰʝʥʠʡ 

8 ʤʣʥ. ʤ
3
.  

8. ɺʳʩʰʘʷ ʚʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʚʦʜʦʭʨʘʥʠʣʠʱ ʚ ʣʶʙʦʡ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʟʦʥʝ ʚʩʝʛʜʘ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʨʘʟʨʫʰʝʥʠʝ ʥʘʟʝʤʥʳʭ ʬʠʪʦʮʝʥʦʟʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʥʦʚʳʭ ʚʦʜʥʳʭ ʩʦʩʪʘʚʦʚ ʠ ʬʠʪʦʤʘʩʩʳ ʤʘʢʨʦʬʠʪʦʚ, ʯʪʦ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʢʘʢ ʙʠʦʬʠʣʴʪʨʳ. 

ʄʘʢʨʦʬʠʪʳ ʠʛʨʘʶʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʞʠʟʥʠ ʛʠʜʨʦʙʠʦʥʪʦʚ, ʪ.ʢ. ʬʠʪʦʮʝʥʦʟʳ ʷʚʣʷʶʪʩʷ 

ʧʨʝʢʨʘʩʥʳʤ ʙʠʦʪʦʧʦʤ ʜʣʷ ʤʥʦʛʠʭ ʬʠʪʦʬʠʣʴʥʳʭ ʬʦʨʤ ʣʠʯʠʥʦʢ ʭʠʨʦʥʦʤʠʜ ʠ ʜʨ. ʚʦʜʥʳʭ 

ʥʘʩʝʢʦʤʳʭ (ʞʫʢʦʚ, ʩʪʨʝʢʦʟ ʠ ʪ.ʜ.). ɿʜʝʩʴ ʦʨʛʘʥʠʟʤʳ ʥʘʭʦʜʷʪ ʥʝ ʪʦʣʴʢʦ ʧʠʱʫ, ʥʦ ʠ ʫʙʝʞʠʱʝ ʦʪ 

ʩʚʦʠʭ ʚʨʘʛʦʚ. 

ɺ ʩʦʩʪʘʚʝ ʚʳʩʰʝʡ ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʂʘʡʨʘʢʢʫʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʌ. ɸʭʨʦʨʦʚʳʤ 

(1970) ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ 15 ʚʠʜʦʚ. ʄʘʩʩʦʚʳʤʠ ʩʨʝʜʠ ʞʝʩʪʢʦʡ ʧʦʣʫʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʙʳʣʠ: 

ʨʦʛʦʟ ʫʟʢʦʣʠʩʪʥʳʡ (Typha angustifolia L.), ʪʨʦʩʪʥʠʢ ʦʙʳʢʥʦʚʝʥʥʳʡ (Phragmitas communis Trin.), 

ʢʘʤʳʰ ʦʟʸʨʥʳʡ (Scirpus lacustris L). 



60 

 

ʀʟ ʤʷʛʢʦʡ ʧʦʛʨʫʞʸʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʤʘʩʩʦʚʳʤʠ ʷʚʣʷʶʪʩʷ ʨʜʝʩʪʳ: ʙʣʝʩʪʷʱʠʡ 

(Potamogeton lucens L.), ʢʫʨʯʘʚʳʡ (P. crispus) ʠ ʛʨʝʙʝʥʯʘʪʳʡ (P. pectinates), ʛʦʨʝʮ ʟʝʤʥʦʚʦʜʥʳʡ 

(Polygonum amphybium L.) ʠ ʜʨ. ɽʩʣʠ ʢ 70-ʤ ʛʦʜʘʤ ʍʍ ʚ. ʟʘʨʦʩʣʠ ʪʨʦʩʪʥʠʢʘ, ʢʘʤʳʰʘ ʠ ʨʜʝʩʪʦʚ 

ʟʘʥʠʤʘʣʠ ʧʦʯʪʠ 20% ʧʣʦʱʘʜʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʪʦ ʩʝʡʯʘʩ ʟʘ ʩʯʸʪ ʟʘʠʣʝʥʠʷ, ʩʪʦʢʘ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʧʣʦʱʘʜʴ ʟʘʨʘʩʪʘʥʠʷ ʨʘʩʰʠʨʠʣʘʩʴ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʟʘʧʘʜʥʦʡ 

ʯʘʩʪʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʦʛʨʦʤʥʳʝ ʧʣʦʱʘʜʠ ʤʝʣʢʦʚʦʜʠʡ ʜʦ ʛʣʫʙʠʥʳ 2-5 ʤ, ʢʦʪʦʨʳʝ ʚ ʵʪʠ ʛʦʜʳ ʥʝ 

ʟʘʨʘʩʪʘʣʠ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʣʦʰʴ ʟʘʨʦʩʣʠ ʨʜʝʩʪʘʤʠ (ɸʭʨʦʨʦʚ, ʄʫʨʪʘʟʘʝʚ, 1985),  

ɺ ʚʝʨʭʦʚʴʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʙʦʣʝʝ 810 ʛʘ ʟʝʤʝʣʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʠʣʴʥʦʛʦ ʟʘʠʣʝʥʠʷ ʠ 

ʟʘʨʘʩʪʘʥʠʷ ʦʪʯʫʞʜʝʥʳ ʦʪ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠ ʧʦʜʢʣʶʯʝʥʳ ʧʦʜ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʦʙʦʨʦʪ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʦʪʯʫʞʜʝʥʠʝ ʝʱʸ 8 ʪʳʩ. ʛʘ ʟʝʤʝʣʴ ʟʘ ʩʯʸʪ ʟʘʨʦʩʰʠʭ 

ʤʝʣʢʦʚʦʜʥʳʭ ʫʯʘʩʪʢʦʚ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. 

ʆʧʪʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʧʦʨʦʛ ʟʘʨʘʩʪʘʝʤʦʩʪʠ ʚʦʜʦʭʨʘʥʠʣʠʱ ʩʦʩʪʘʚʣʷʝʪ 7-10% ʦʪ 

ʧʣʦʱʘʜʠ ʚʦʜʦʸʤʘ (ʃʷʭʦʚ ʠ ʄʦʨʜʫʭʘʡ - ɹʦʣʪʦʚʩʢʘʷ, 1976). ʇʨʠ ʟʘʨʘʩʪʘʥʠʠ ʩʚʝʨʭ ʜʦʧʫʩʪʠʤʦʡ 

ʥʦʨʤʳ ʘʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʚʳʢʘʰʠʚʘʪʴ ʠʟʙʳʪʦʯʥʫʶ ʬʠʪʦʤʘʩʩʫ. ʇʦ ʨʘʩʯʸʪʘʤ ʌ. ɸʭʨʦʨʦʚʘ ʠ 

ʋ.ʀ. ʄʫʨʪʘʟʘʝʚʘ (1985), ʟʘʧʘʩʳ ʪʦʣʴʢʦ ʪʨʦʩʪʥʠʢʘ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʩʦʩʪʘʚʣʷʣʠ ʙʦʣʝʝ 200 ʪʳʩ.ʪ., 

ʘ ʨʜʝʩʪʦʚ 50 ʪʳʩ.ʪ. ʏʘʩʪʴ ʵʪʦʡ ʬʠʪʦʤʘʩʩʳ ʝʞʝʛʦʜʥʦ ʧʦʛʠʙʘʝʪ ʧʨʠ ʧʘʜʝʥʠʠ ʫʨʦʚʥʷ ʠ ʚʩʪʫʧʘʝʪ ʚ 

ʦʙʱʠʡ ʢʨʫʛʦʚʦʨʦʪ, ʫʩʠʣʠʚʘʷ ʧʨʦʮʝʩʩ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʚʦʜʦʸʤʘ.  

9. ʌʠʪʦʧʣʘʥʢʪʦʥ. ʇʦʜ ʚʣʠʷʥʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʧʝʨʝʩʪʨʦʡʢʠ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ ʩʪʨʫʢʪʫʨʝ ʵʢʦʩʠʩʪʝʤʳ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʟʘ ʛʦʜʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʚʦʜʦʸʤʘ ʧʨʦʠʟʦʰʣʠ ʟʘʤʝʪʥʳʝ ʠʟʤʝʥʝʥʠʷ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʳʤʠ ʛʦʜʘʤʠ ʥʝʩʢʦʣʴʢʦ ʜʨʫʛʠʤ 

ʩʪʘʣ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʠ ʜʦʤʠʥʠʨʫʶʱʠʝ ʚʠʜʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʧʦʷʚʠʣʠʩʴ ʝʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ. ɺ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʭ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʩʪʦʢʦʚ, 

ʫʩʠʣʠʣʠʩʴ ʧʨʦʮʝʩʩʳ ʵʚʪʨʦʬʠʢʘʮʠʠ ʚʦʜʦʸʤʘ. ɺ ʧʝʨʚʳʝ ʛʦʜʳ ʦʙʨʘʟʦʚʘʥʠʷ ʂʘʡʨʘʢʢʫʤʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ ʬʠʪʦʧʣʘʥʢʪʦʥʥʳʭ ʩʦʦʙʱʝʩʪʚ ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʉ.ɸ. ɸʥʜʨʠʝʚʩʢʦʡ (1963). ʇʦʩʣʝ 25 - ʣʝʪʥʝʛʦ ʧʝʨʝʨʳʚʘ, ʚ 1986-1990 ʛʛ. ʝʸ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʚʦʟʦʙʥʦʚʣʝʥʳ.  

ɺ ʩʦʩʪʘʚʝ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʦ 280 ʚʠʜʦʚʳʭ ʠ ʚʥʫʪʨʠʚʠʜʦʚʳʭ 

ʪʘʢʩʦʥʦʚ: ʟʦʣʦʪʠʩʪʳʭ - 7, ʜʠʘʪʦʤʦʚʳʭ - 78, ʩʠʥʝ-ʟʝʣʸʥʳʭ - 31, ʧʠʨʦʬʠʪʦʚʳʭ - 8, ʵʚʛʣʝʥʦʚʳʭ - 

30, ʟʝʣʸʥʳʭ - 126. ʀʟ ʦʙʱʝʛʦ ʯʠʩʣʘ ʚʠʜʦʚ 45% ʩʦʩʪʘʚʣʷʶʪ ʟʝʣʸʥʳʝ (ʠʟ ʥʠʭ 35% ʭʣʦʨʦʢʦʢʢʦʚʳʝ 

ʠ 28% ʜʠʘʪʦʤʦʚʳʝ). ʉʠʥʝ-ʟʝʣʝʥʳʝ ʠ ʵʚʛʣʝʥʦʚʳʝ ʚʦʜʦʨʦʩʣʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʳʤʠ ʛʦʜʘʤʠ, 

ʩʪʘʣʠ ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ, ʯʪʦ ʢʦʩʚʝʥʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʚʝʣʠʯʝʥʠʠ 

ʙʠʦʛʝʥʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʦʸʤʝ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚ ʬʠʪʦʧʣʘʥʢʪʦʥʝ ʚʩʪʨʝʯʘʣʠʩʴ: 

Binuclearia lauterbornii (Schmidle) (Pr. Lavr) ʠ ʚʠʜʳ ʨʦʜʘ ʆocystis. ɺʪʦʨʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʜʠʘʪʦʤʦʚʳʭ ʩ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʚʠʜʘʤʠ Cyclotella comta (Ehr.) Kutz., 

Stephanodiscus astraea (Ehr.) Crun., Synedra acus Kutz., ʘ ʚ ʥʝʢʦʪʦʨʳʝ ʛʦʜʳ ʠ Melosira granulatʘ 

Ralfs. Ehr. Hust. ʀ ʝʸ ʚʘʨʠʘʮʠʷ angustissima (O. Mull .) Hust.  

ʆʙʱʠʤʠ ʜʣʷ ʩʨʝʜʥʝʘʟʠʘʪʩʢʠʭ ʚʦʜʦʭʨʘʥʠʣʠʱ ʷʚʣʷʶʪʩʷ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚʠʜʳ: 

Synodraa acus, Cyclotella meneghiniana, ʉeratium hirundinella, Dinobryon divergens, Pediastrum 

duplex, Oscillatiria tenibs, O. planctonica. 

ʃʝʪʦʤ ʚ ʠʶʣʝ-ʘʚʛʫʩʪʝ 1987-1989 ʛʛ. ʚʧʝʨʚʳʝ ʟʘ ʚʩʝ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʤ 

ʫʯʘʩʪʢʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʥʘʙʣʶʜʘʣʦʩʴ çʮʚʝʪʝʥʠʝè ʚʦʜʳ, ʚʳʟʚʘʥʥʦʝ ʤʘʩʩʦʚʳʤ ʨʘʟʚʠʪʠʝʤ 

ʜʠʘʪʦʤʦʡ ʚʦʜʦʨʦʩʣʠ Melosira granulatʘ ʠ ʧʠʨʦʬʠʪʦʚʦʡ Cryptomonas sp. 

ɺ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʨʘʟʚʠʪʠʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʠʟʦʰʣʠ ʪʘʢʞʝ ʟʘʤʝʪʥʳʝ 

ʠʟʤʝʥʝʥʠʷ, ʯʠʩʣʝʥʥʦʩʪʴ ʠ ʙʠʦʤʘʩʩʘ ʝʛʦ ʫʚʝʣʠʯʠʣʘʩʴ ʚ 10 ʨʘʟ ʠ ʙʦʣʝʝ. ʉʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʚ 1986-1987ʛʛ. ʢʦʣʝʙʘʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ 6,0-37,3 ʤʣʥ. ʢʣ./ʣ ʠ 5,0-8,5 

ʛ/ʤ
3
.
 
ʄʘʢʩʠʤʫʤ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʦʪʤʝʯʘʣʩʷ ʚ ʧʨʠʧʣʦʪʠʥʥʳʭ ʫʯʘʩʪʢʘʭ ʚʦʜʦʭʨʘʥʠʣʠʱʘ (ʩʪʚʦʨʳ 

13-16). ʅʘʙʣʶʜʝʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʧʨʠʧʣʦʪʠʥʥʦʡ ʯʘʩʪʠ (ʩʪ.65, ʩʪʚʦʨ 16) ʚ 1989-1990 ʛʛ., 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʩʨʝʜʥʷʷ ʟʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʩʝʟʦʥ ʯʠʩʣʝʥʥʦʩʪʴ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʩʦʩʪʘʚʠʣʘ 11-12 ʤʣʥ. ʢʣ./ʣ, ʙʠʦʤʘʩʩʘ 2,5 - 2,7 ʛ/ʤ
2
, ʧʨʠ ʩʨʝʜʥʝʡ ʛʣʫʙʠʥʝ 8 ʤ ʧʦʜ 

1 ʤ
2 
ʚʝʩ ʚʦʜʦʨʦʩʣʝʡ ʨʘʚʥʷʣʩʷ 20,0-21,6 ʛ. ʕʪʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦ ʰʢʘʣʝ ʪʨʦʬʥʦʩʪʠ 

(ʂʠʪʘʝʚ,1984) ʦʪʥʝʩʪʠ ʂʘʡʨʘʢʢʫʤʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʢ ʚʦʜʦʸʤʘʤ ʩʨʝʜʥʝʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, 

ʪ.ʝ.ʢ ʘʣʴʬʘ-ʤʝʟʦʪʨʦʬʥʳʤ.  
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10. ɿʦʦʧʣʘʥʢʪʦʥ. ɺ ʂʘʡʨʘʢʢʫʤʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʟʦʦʧʣʘʥʢʪʦʥ ʚʧʝʨʚʳʝ ʠʟʫʯʘʣʩʷ ʚ 

ʧʝʨʠʦʜ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʚ 1956-1960 ʛʛ. ɸ.ɸ. ʉʠʥʝʣʴʥʠʢʦʚʦʡ (1963). ʇʦʩʣʝ ʜʦʣʛʦʣʝʪʥʝʛʦ 

ʧʝʨʝʨʳʚʘ, ʚ 1987-1990 ʛʛ., ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʟʦʦʧʣʘʥʢʪʦʥʘ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠʟʫʯʘʣʘ ʃ.ɺ. 

ʂʦʥʜʫʨ (ʦʪʯʸʪʥʳʝ ʜʘʥʥʳʝ 1995 ʛ.) ɺ ʵʪʠ ʛʦʜʳ ʚ ʩʦʩʪʘʚʝ ʟʦʦʧʣʘʥʢʪʦʥʘ ʙʳʣ ʦʙʥʘʨʫʞʝʥ 41 ʚʠʜ ʠ 

ʚʘʨʠʝʪʝʪ, ʠʟ ʥʠʭ: ʧʣʘʥʢʪʦʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʦʟʸʨʥʦ-ʧʨʫʜʦʚʳʤʠ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʬʦʨʤʘʤʠ. ʅʘʠʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʝʥ ʟʦʦʧʣʘʥʢʪʦʥ ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʝʝ ʚʨʝʤʷ, 

ʥʝʩʢʦʣʴʢʦ ʙʝʜʥʝʝ ʦʩʝʥʴʶ. ɺ ʝʛʦ ʩʦʩʪʘʚʝ ʚʳʜʝʣʷʶʪʩʷ ʢʨʫʛʣʦʛʦʜʠʯʥʳʝ ʬʦʨʤʳ - Daphnia 

longispina, Bosmina longirostris, ʣʝʪʥʝ-ʦʩʝʥʥʠʝ Diaphanasoma brachyurum, Diaptomus branci, 

ʦʩʝʥʥʝ-ʚʝʩʝʥʥʠʝ - Cyclops vicinus, Hehatramira Polyarthra vulgaris. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʟʦʦʧʣʘʥʢʪʦʥʘ, ʚ ʩʨʝʜʥʝʤ ʧʦ ʚʦʜʦʸʤʫ, ʚʦʟʨʘʩʪʘʣʠ ʦʪ ʚʝʩʥʳ (ʘʧʨʝʣʴ - ʤʘʡ 3 ʪʳʩ. ʵʢʟ./ʤ
3
, ʙʠʦʤʘʩʩʘ 

0,54 ʛ/ʤ
3
)
 
ʢ ʣʝʪʫ (ʠʶʥʴ-ʠʶʣʴ), ʜʦʩʪʠʛʘʷ ʯʠʩʣʝʥʥʦʩʪʠ ʜʦ 95 ʪʳʩ. ʵʢʟ./ʤ

3
, ʙʠʦʤʘʩʩʘ 1,7 ʛ/ʤ

3
. ɺ 

ʘʚʛʫʩʪʝ ʢʦʣʠʯʝʩʪʚʦ ʟʦʦʧʣʘʥʢʪʦʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʩʥʠʞʘʣʦʩʴ ʜʦ 50 ʪʳʩ. ʵʢʟ./ʤ
3
 ʧʨʠ ʙʠʦʤʘʩʩʝ 1,03 

ʛ/ʤ
3
. ɺ ʩʝʥʪʷʙʨʝ-ʦʢʪʷʙʨʝ ʦʪʤʝʯʘʣʘʩʴ ʥʦʚʘʷ ʚʩʧʳʰʢʘ - 60 ʪʳʩ. ʵʢʟ./ ʤ

3
 ʧʨʠ ʙʠʦʤʘʩʩʝ 1,2 ʛ/ʤ

3
, 

ʟʘʪʝʤ ʰʣʦ ʥʝʫʢʣʦʥʥʦʝ ʩʥʠʞʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ. ɺ ʥʦʷʙʨʝ ʯʠʩʣʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʟʦʦʧʣʘʥʢʪʦʥʘ ʨʘʚʥʷʣʠʩʴ ʚʝʩʝʥʥʠʤ -25,4 ʪ. ʵʢʟ. ʪʳʩ./ʤ
3
, ʙʠʦʤʘʩʩʘ 0,58 ʛ/ʤ

3
. 

ʉʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʟʦʦʧʣʘʥʢʪʦʥʘ: ʚ 1989 ʛ ʚ ʥʠʟʦʚʴʷʭ ʚ ʠʶʥʝ ʩʨʝʜʥʝʤʝʩʷʯʥʘʷ 

ʯʠʩʣʝʥʥʦʩʪʴ ʜʦʩʪʠʛʘʣʘ 154 ʪʳʩ. ʵʢʟ. /ʤ
3
, ʩ ʙʠʦʤʘʩʩʦʡ 2,8 ʛ/ʤ

3
, ʘ ʥʘʠʤʝʥʴʰʘʷ ʙʳʣʘ ʚ ʥʦʷʙʨʝ 7 

ʪʳʩ. ʵʢʟ. /ʤ
3
 ʩ ʙʠʦʤʘʩʩʦʡ 0,25 ʛ/ʤ

3
. ʉʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ ʟʦʦʧʣʘʥʢʪʦʥʘ 

ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʟʚʠʪʠʝʤ ʚʝʜʫʱʠʭ ʦʨʛʘʥʠʟʤʦʚ, ʦʩʦʙʝʥʥʦ ʪʘʢʠʭ ʢʘʢ Daphnia longispina, Bosmina 

longirostris, Diaphanasoma brachyurum, ɸ splancana priodonta. ʇʦ ʘʢʚʘʪʦʨʠʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʙʦʣʴʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ ʟʦʦʧʣʘʥʢʪʦʥʘ ʦʪʤʝʯʘʣʠʩʴ ʚ ʨʘʡʦʥʝ 13,14 ʠ 15 

ʩʪʚʦʨʦʚ. ʊʘʢ, ʚ ʢʦʥʮʝ 1989ʛ. ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʯʠʩʣʝʥʥʦʩʪʴ ʟʦʦʧʣʘʥʢʪʦʥʘ ʩʦʩʪʘʚʠʣʘ 310 ʪʳʩ. 

ʵʢʟ. /ʤ
3
, ʘ ʙʠʦʤʘʩʩʘ 5,4 ʛ/ʤ

3
. ɸʥʘʣʠʟ ʨʘʟʚʠʪʠʷ ʟʦʦʧʣʘʥʢʪʦʥʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʉʠʥʝʣʴʥʠʢʦʚʦʡ (1963), ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʦʩʪʘʣʩʷ ʧʨʝʞʥʠʤ, ʥʦ ʝʛʦ ʯʠʩʣʝʥʥʦʩʪʴ ʠ 

ʙʠʦʤʘʩʩʘ ʚʦʟʨʦʩʣʠ ʢ 1990 ʛ. ʚ 3-4 ʨʘʟʘ. 

ɺʓɺʆɼʓ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʷʚʣʝʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʦʙʱʝʛʦ ʨʘʟʚʠʪʠʷ ʠ ʠʟʤʝʥʝʥʠʷ 

ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʟʘ ʤʥʦʛʦʣʝʪʥʠʡ ʧʝʨʠʦʜ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ. ɼʠʥʘʤʠʢʘ ʦʙʱʝʛʦ ʨʘʟʚʠʪʠʷ ʠ 

ʠʟʤʝʥʝʥʠʷ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʚʦʜʦʝʤʦʚ. 

ʆʥʠ ʤʦʛʫʪ ʫʩʢʦʨʠʪʴʩʷ ʧʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʦʨʛʘʥʠʢʠ, ʪ.ʝ. ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʠ 

ʬʦʩʬʦʨʘ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʨʦʩʪʘ ʙʠʦʤʘʩʩʳ ʬʠʣʴʪʨʘʪʦʨʦʚ (ʤʦʣʣʶʩʢʦʚ) ʠ 

ʜʝʪʨʠʪʦʬʘʛʦʚ (ʦʣʠʛʦʭʝʪ ʠ ʣʠʯʠʥʦʢ ʭʠʨʦʥʦʤʠʜ). ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʥʘʭʦʜʠʣʦʩʴ ʥʘ ʩʪʘʜʠʠ ʦʣʠʛʦʪʨʦʬʠʠ - ʤʦʣʣʶʩʢʠ ʝʱʝ 

ʦʪʩʫʪʩʪʚʦʚʘʣʠ, ʘ ʙʠʦʤʘʩʩʘ ʦʣʠʛʦʭʝʪ ʠ ʣʠʯʠʥʦʢ ʭʠʨʦʥʦʤʠʜ ʥʝ ʧʨʝʚʳʰʘʣʘ 0,6 ʛ/ʤ
2
. ɽʩʣʠ ʚ 60-ʭ 

ʛʦʜʘʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʪʨʘʪʥʦʛʦ ʘʟʦʪʘ ʚ ʂʘʡʨʘʢʢʫʤʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʜʦʩʪʠʛʘʣʘ 0,5 ʤʛ/ʣ, ʪʦ ʚ 

90-ʭ ʛʦʜʘʭ ʦʥʘ ʜʦʩʪʠʛʘʣʘ 13 ʤʛ/ʣ. ʉʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʬʦʩʬʦʨʘ 

ʫʚʝʣʠʯʠʣʦʩʴ ʟʘ ʵʪʠ ʛʦʜʳ ʦʪ 0,05 ʜʦ 0,19 ʤʛ/ʣ, ʫʩʠʣʠʣʦʩʴ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʚʦʜʦʝʤ ʟʘʛʨʷʟʥʝʥʥʳʭ 

ʚʦʜ ʩ ʭʣʦʧʢʦʚʳʭ ʧʦʣʝʡ ʠ ʜʨʫʛʠʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜ ʚʣʠʷʥʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʧʦʩʪʦʷʥʥʦ ʧʨʦʠʩʭʦʜʠʣʦ 

ʠʟʤʝʥʝʥʠʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ. ʈʝʟʢʦʝ ʠ ʟʘʤʝʪʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʙʠʦʤʘʩʩʳ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩ 1967 ʛʦʜʘ. ɽʩʣʠ ʧʦ ʜʘʥʥʳʤ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ 1967 ʛ. ʙʠʦʤʘʩʩʘ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʩʦʩʪʘʚʣʷʣʘ 1,8 ʛ/ʤ
2
, ʪʦ ʚ 1981 ʛ. - 33,0 ʛ/ʤ

2
. 

ʉʨʝʜʥʝʤʥʦʛʦʣʝʪʥʷʷ ʙʠʦʤʘʩʩʘ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʧʦ ʚʦʜʦʭʨʘʥʠʣʠʱʫ ʩʦʩʪʘʚʠʣʘ 22,0 ʛ/ʤ
2 
, ʠʟ 

ʢʦʪʦʨʳʭ ʥʘ ʜʦʣʶ ʤʦʣʣʶʩʢʦʚ ʧʨʠʭʦʜʠʣʦʩʴ 10,0 ʛ/ʤ
2 
, ʦʣʠʛʦʭʝʪ -5,8 ʠ ʭʠʨʦʥʦʤʠʜ ï 3,5 ʛ/ʤ

2 
, 

ʤʠʟʠʜ 2,7
 
ʛ/ʤ

2
. 

ɼʣʷ ʚʦʜʦʭʨʘʥʠʣʠʱ ʎʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʠʭ ʛʦʩʫʜʘʨʩʪʚ ʭʘʨʘʢʪʝʨʥʦ ʯʘʩʪʦʝ ʢʦʣʝʙʘʥʠʝ ʫʨʦʚʥʷ 

ʚʦʜʳ. ɺʩʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʨʘʙʦʪʘʶʪ ʚ ʝʜʠʥʦʤ ʨʝʞʠʤʝ, ʪ.ʝ. ʚ ʦʩʝʥʥʝ-

ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʧʦʣʥʷʝʪʩʷ ʯʘʰʘ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʘ ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʝʝ ʚʨʝʤʷ 

ʩʨʘʙʦʪʢʘ ʩʦʩʪʘʚʣʷʝʪ 7 ʤ, ʦʜʥʘʢʦ ʚ ʥʝʢʦʪʦʨʳʝ ʛʦʜʳ ʦʥʘ ʜʦʭʦʜʠʪ ʜʦ 10-13 ʤ. ʇʨʠ ʵʪʦʤ ʦʛʦʣʷʶʪʩʷ 

ʦʛʨʦʤʥʳʝ ʧʣʦʱʘʜʠ ʜʥʘ ʠ ʧʦʛʠʙʘʶʪ ʢʦʨʤʦʚʳʝ ʟʘʧʘʩʳ ʙʝʥʪʦʩʘ. ʅʦ ʢʦʥʢʨʝʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʜʘʥʥʦʤʫ ʚʦʧʨʦʩʫ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. 

ʉʦʛʣʘʩʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘʤʠ ʙʘʪʠʤʝʪʨʠʯʝʩʢʦʡ ʢʨʠʚʦʡ, ʟʦʥʘ ʝʞʝʛʦʜʥʦʛʦ ʦʙʩʳʭʘʥʠʷ 

ʟʘʥʠʤʘʝʪ ʛʣʫʙʠʥʫ ʦʪ 0 ʜʦ 4 ʤ, ʧʨʠ ʵʪʦʤ ʦʙʩʳʭʘʝʪʩʷ 21 ʪʳʩ. ʛʘ ʧʣʦʱʘʜʠ ʜʥʘ, ʘ ʩʨʝʜʥʷʷ ʙʠʦʤʘʩʩʘ 
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ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʥʘ ʵʪʦʡ ʧʣʦʱʘʜʠ ʩʦʩʪʘʚʣʷʝʪ 6,3 ʛ/ʤ
2
. ɺʘʣʦʚʘʷ ʙʠʦʤʘʩʩʘ, ʧʦʜʚʝʨʛʘʝʤʘʷ 

ʧʦʣʥʦʤʫ ʦʙʩʳʭʘʥʠʶ, ï 1265 ʪ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʘʜʝʥʠʠ ʫʨʦʚʥʷ ʝʱʝ ʥʘ 2 ʤ, ʦʩʫʰʘʝʪʩʷ ʝʱʝ 8,24 

ʪʳʩ. ʛʘ ʜʥʘ. ʉʨʝʜʥʷʷ ʙʠʦʤʘʩʩʘ ʙʝʥʪʦʩʘ ʚ ʵʪʦʡ ʟʦʥʝ ʜʦʩʪʠʛʘʝʪ 10,5 ʛ/ʤ
2
, ʘ ʚʘʣʦʚʦʡ ʟʘʧʘʩ - 865 ʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʦʙʱʝʛʦ ʟʘʧʘʩʘ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʚʦʜʦʭʨʘʥʠʣʠʱʘ (54,6 ʪʳʩ. ʪ) ʧʨʠ 

ʧʘʜʝʥʠʠ ʫʨʦʚʥʷ ʜʦ 4 ʤ ʧʦʛʠʙʘʝʪ 2%, ʜʦ 6 ʤ - 4% ʠ 10 ʤ ï 77%. 
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ÞÌÎÝÔàÔ ßØßØÔÔ ÚÍÌÙÍÚÜÔ ÉÌÕÜÚÉÉßØ 
Ðìü øìėú÷ì ðìü íúüìô þìîýôĀô ÿøÿøôô úíìùíúüô Éìõüúėėÿø, øìîץñô ĔÿĎüúĀ, ֹוúõïôüĄìî, 

ìùðúóì, øúüĀú÷úïôċ îì þìîýôĀô סôóúô úíìùíúüô פìõüúėėÿø ìó üĘõô þìýùôĀúþô ê.Ø. Øìþìüóôù îì 
Ďìõüì úîìüðì Ąÿðììýþ. Íúċð úùüú íì úíìùíúü״úô ״ìøîúü, ùôøíôČíúù, ùìîĆô îúðĒ ðúāô÷ öìüðì 
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Ąìîìð. Úíìùíúü ðìü ðìüČô ÝôüðìüČ ýúāþì Ąÿðììýþ, ðìü íì״úü ûÿü øñĄìîìð, þìùóôøô ĄìíúùìüĘóôô 
úíüú ðúüìð. Úíìùíúü Ąìö÷ô úð ðúüìð, öô ðìü þÿ÷ô ֹוìüìČùô ðÿüÿ ðìüúó ûìõðú Ąÿðììýþ. Ðìüúóôô 55 
öø, ûì״ùúôô øìöýôøì÷ôô ץôýøô øôČùììĄ 15 öø, ðìü ėôýøô íú÷úċĄ 20 öø. Çìֹוøô ûÿüüìô ðìü ýìþ״ô 
øÿץìüüìüôô (ÙÛß) 4,2 öø3, ýìüĕìðô úù 520 öø2, ăÿץÿüôô øôČùììĄ 8 øñþü, øìöýôøì÷ôìĄ ùìóðô 
ýìüíìùð 25 øñþü ìýþ. ßö÷úùìĄ þìץüôíìù 2,50 ìýþ. Øìùíìô ìýúýôô ĎôóúĒ úíìùíúüô Éìõüúץץÿø 
ÝôüðìüČ øñíúĄìð. Ðìü Āìý÷ô íì״úü úí ôùăÿùôù ìó ýú״ô÷״úô ăìû îì üúýþ íì ֹוìüìČùô ýúõ״ú ðìîüì íì 
ðìîüì (ăìĄøì״úô øÿîìץץìþ) îúüôð øñĄìîìð. Ðìü ðìîúøô ýú÷ úí ìó öìùì÷״úô Ąìíìöìô öú÷÷ñöþúüĒ-
ðüñùìòĒ, öô ðìü ýú״ô÷ô ăìû ֹוúõïôü ìýþ, îúüôð øñĄìîìð. Úí ìó úíìùíúüô Éìõüúץץÿø þìîìýýÿþô 
ýìüíìùð ôýþôĀúðì öìüðì øñĄìîìð îì ýìüĀô ôýþôĀúðìô úù íú ֹוìðîì÷ô øìāýÿý þìùóôø öìüðì 
øñĄìîìð. Úíìùíúüô ץìõüúėėÿø ýú÷ô 1959 ìó ֹוúùôíô ĉöýûñðôþýôċô ÚýôČô ØôČùìô ÏÏÔ úøāþì 
Ąÿðììýþ. ØÿîúĀôėô øìĆ÷ÿøúþô Ð.ë.Íôïññîì îì ê.Ù. Ôîìùúî, þìüþôíúþô þñüøôöôô úíìùíúü ċö 
 ú ðÿăúü״úõïôüĄìîôô úù ðìü Ąôøú÷ ðúüìð îì íì þìĆýôüô ðúôøôô íúðוֹ úô øìüíÿþ íì״ìþúü āÿýÿýôċþץ
øñĄìîìð.  

Öì÷ôðîúòìĕú: ðìüČ, úíìùíúü, öĘ÷, ĕìüúüìþ, ÷úõô óñüô úíĒ, Āôþúû÷ìùöþúù, óúúû÷ìùöþúù, 
îìóùô üìýþìùôĕú, üìýþìùôĕúô ðìüìĔìô ú÷Ē, ĉîþüúĀôöìþýôċ, ĄìĀĀúĀôċþ, ðìüúóĒ, ûìĕøĒ, øìýúĕìþ, 
øúüĀú÷úïôċ, øúüĀúøñþüôċ, ïôðüú÷úïôċ. 

 

ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʂɸʁʈɸʂʂʋʄʉʂʆɻʆ ɺʆɼʆʍʈɸʅʀʃʀʑɸ 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ, ʨʘʩʧʦʣʦʞʝʥʠʝ, ʨʘʟʤʝʨ, ʤʦʨʬʦʣʦʛʠʷ ʠ ʭʘʨʘʢʪʝʨ 

ʧʠʪʘʥʠʷ ʂʘʡʨʘʢʢʫʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʖ. ʄ. ʄʘʪʘʨʟʠʥʘ ʠ ʜʨ. (1977) ʝʛʦ ʩʣʝʜʫʝʪ 

ʦʪʥʝʩʪʠ ʢ ʨʘʚʥʠʥʥʳʤ, ʧʦʣʫʧʫʩʪʳʥʥʳʤ ʚʦʜʦʭʨʘʥʠʣʠʱʘʤ ʜʦʣʠʥʥʦʛʦ ʪʠʧʘ. ɺʦʜʦʭʨʘʥʠʣʠʱʝ ʩʦʟʜʘʥʦ ʥʘ ʨ. 

ʉʳʨʜʘʨʴʝ, ʥʘʧʦʣʥʷʝʪʩʷ ʚʝʩʥʦʡ, ʠʤʝʝʪ ʩʫʪʦʯʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʪʦʢʘ. ɺʦʜʦʭʨʘʥʠʣʠʱʝ ʠʤʝʝʪ ʧʨʦʩʪʫʶ, 

ʚʳʪʷʥʫʪʫʶ ʚʜʦʣʴ ʨʫʩʣʘ ʨʝʢʠ ʬʦʨʤʫ. ɼʣʠʥʘ 55 ʢʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʰʠʨʠʥʘ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ï 15 ʢʤ, ʚ 

ʚʝʨʭʦʚʴʝ ï 20 ʢʤ. ʇʦʣʥʳʡ ʦʙʲʸʤ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʦʜʧʦʨʥʦʤ ʫʨʦʚʥʝ (ʅʇʋ) - 4,2 ʢʤ
3
,
 
ʧʣʦʱʘʜʴ 520 ʢʤ

2
, 

ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ï 8 ʤʝʪʨʦʚ, ʤʘʢʩʠʤʘʣʴʥʘʷ ï 25 ʤʝʪʨʦʚ. ʉʨʝʜʥʠʡ ʫʢʣʦʥ ʦʢʦʣʦ 2,5
0
. ʆʩʥʦʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ ʂʘʡʨʘʢʢʫʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʷʚʣʷʝʪʩʷ ʨ. ʉʳʨʜʘʨʴʷ. ɺʝʩʥʦʡ ʚʦʜʘ ʧʦʩʪʫʧʘʝʪ 

ʪʘʢʞʝ ʧʦ ʨʫʩʣʘʤ ʧʝʨʠʦʜʠʯʝʩʢʠ ʜʝʡʩʪʚʫʶʱʠʭ ʩʘʝʚ (ʚʨʝʤʝʥʥʳʭ ʨʫʯʴʝʚ) ʩ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʙʝʨʝʛʦʚ. ɺ 

ʪʝʯʝʥʠʝ ʛʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʫʧʣʝʥʠʝ ʚʦʜʳ ʠʟ ʢʘʥʘʣʦʚ ʢʦʣʣʝʢʪʦʨʥʦ-ʜʨʝʥʘʞʥʦʡ ʩʝʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ 

ʣʝʚʦʤ ʙʝʨʝʛʫ. ɿʘʙʦʨ ʚʦʜʳ ʠʟ ʂʘʡʨʘʢʢʫʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʧʣʦʪʠʥʫ, ʘ ʝʸ ʨʘʩʭʦʜ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʜʠʩʧʝʪʯʝʨʩʢʠʤ ʛʨʘʬʠʢʦʤ ʨʘʙʦʪʳ ɻʕʉ. ʂʘʡʨʘʢʢʫʤʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʚ 1959 ʛ. ʠʟʫʯʘʣʦʩʴ 

ʉʨʝʜʥʝʘʟʠʘʪʩʢʦʡ ʵʢʩʧʝʜʠʮʠʝʡ ɻɻʀ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʢʘ, ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʦʟʸʨʘ, ʪʝʤʧʝʨʘʪʫʨʘ, ʛʨʫʥʪ, ʬʠʪʦʧʣʘʥʢʪʦʥ, ʟʦʦʧʣʘʥʢʪʦʥ, 

ʬʠʪʦʤʘʩʩʘ, ʤʘʢʨʦʬʠʪʦ, ʵʚʪʨʦʬʠʢʘʮʠʷ, ʧʨʦʟʨʘʯʥʦʩʪʴ, ʜʣʠʥʘ, ʰʠʨʠʥʘ, ʧʣʦʱʘʜʴ, ʤʦʨʬʦʣʦʛʠʷ, 

ʤʦʨʬʦʤʝʪʨʠʷ ʛʠʜʨʦʣʦʛʠʷ. 

 

GENERAL CHARACTERISTICS OF THE KAIRAKKUM RESERVOIR  
General characteristics of the Kairakkum reservoir the article presents the geographical location, location, 

size, morphology, and feeding pattern of the Kairakkum reservoir according to the classification of Yu. M. 

Matarzin et al. (1977). It should be attributed to flat, semi-desert reservoirs of the valley type. The reservoir was 

created on the Syrdarya River, fills in the spring, and has daily flow control. The reservoir has a simple, 

elongated shape along the riverbed. The length is 55 km, the maximum width in the middle part is 15 km, and in 

the upper reaches it is 20 km. The total volume at the normal retaining level is 4.2 km
3
, the area is 520 km

2
, the 

average depth is 8 m, the maximum is 25. The average slope is about 2.50. The main power source of the 

Kairakkum reservoir is the Syrdarya River. In spring, water also flows through the channels of periodically 

operating Sais (temporary streams) from the left and right banks. During the year, water flows from the channels 

of the collector-drainage network located on the left bank. Water intake from the Kairakkum reservoir is carried 

out through a dam, and its flow rate is regulated by the dispatching schedule of the HPP. The Kairakkum 

reservoir was studied by the Central Asian State Geographical Institute Expedition in 1959.  

Keywords: river, reservoir, lakes, temperature, soil, phytoplankton, zooplankton, phyto mass, 

macrophytes, eutrophication, transparency, length, width, area, morphology, morphometry, hydrology. 

 
ØìĆ÷ÿøúþ ðìü íúüìô øÿì÷÷ôĀ: Ì÷ôíúñîì Øÿùìîìü Øìüìĕôøúîùì - Ôùýþôþÿþô óúú÷úïôċ îì 
ûìüìóôþú÷úïôċô íì ùúøô Ñ.Ù. Ûìî÷úîýöôõ, Ìöìðñøôċô øô÷÷ôô ô÷øĕúô ÞúĔôöôýþúù, ùúøóìðô 
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Cʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʝ: ɸʣʠʙaʝʚʘ ʄʫʥʘʚʘʨ ʄʘʨʘˁʠʤʦʚʥʘ - ʀʥʩʪʠʪʫʪ ʟʦʦʣʦʛʠʠ ʠ ʧʘʨʘʟʠʪʦʣʦʛʠʠ ʠʤʝʥʠ 
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ʈʆʃʔ ʊʆʇʆ-ɻʀɼʈʆʃʆɻʀʏɽʉʂʀʍ ʌɸʂʊʆʈʆɺ ɺ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆʁ 

ʃʆʂɸʃʀɿɸʎʀʀ ʆʇʆʃɿʅɽɺʓʍ ʗɺʃɽʅʀʁ ʊɸɼɾʀʂʀʉʊɸʅɸ 

 

ʌʘʡʟʫʣʣʦʝʚ ʐ.ɸ. 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ, ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʝʡʩʤʦʣʦʛʠʠ ʅɸʅ ʊʘʜʞʠʢʠʩʪʘʥʘ 

 

ʆʧʦʣʟʥʠ ʜʣʷ ʯʝʣʦʚʝʢʘ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʜʘʣʝʢʦ ʥʝ ʧʦʣʥʦʩʪʴʶ ʠʟʫʯʝʥʥʳʡ ʬʝʥʦʤʝʥ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʢʦʥʢʨʝʪʠʟʘʮʠʷ ʦʙʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʟʚʠʪʠʷ ʦʧʦʣʟʥʝʚʳʭ 

ʷʚʣʝʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩʪʠʤʫʣʠʨʫʝʪ ʥʘʩ ʢ ʧʦʟʥʘʥʠʶ ʧʨʠʨʦʜʳ ʦʧʦʣʟʥʝʚʳʭ 

ʷʚʣʝʥʠʡ. ɼʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʳʭ ʟʦʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʦʣʟʥʝʚʳʭ ʷʚʣʝʥʠʡ 

ʥʝʦʙʭʦʜʠʤʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚʳʷʚʠʪʴ ʫʩʣʦʚʠʷ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʡ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʦʣʟʥʝʚʳʭ ʷʚʣʝʥʠʡ ʜʦʣʞʥʦ ʧʨʦʠʟʚʦʜʠʪʩɹʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʧʦʣʟʥʝʚʳʭ ʷʚʣʝʥʠʡ [9; 11]. 

ʊʦʧʦ-ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʚʣʘʞʥʦʩʪʠ (TWI) ʠ 

ʠʥʜʝʢʩ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ (SPI), ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ ʦʧʦʣʟʥʝʦʙʨʘʟʦʚʘʥʠʷ, ʷʚʣʷʶʪʩʷ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʦʮʝʥʢʠ ʦʧʦʣʟʥʝʚʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʧʦʣʟʥʝʡ. ʆʥʠ ʧʨʠʦʙʨʝʪʘʶʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʚ ʛʦʨʥʳʭ ʩʪʨʘʥʘʭ, ʛʜʝ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʟʥʘʯʠʤʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʥʘʢʦʧʣʝʥʠʷ ʚʣʘʛʠ ʠ ʠʟʤʝʥʝʥʠʡ ʵʨʦʟʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ [4; 

10]. 

ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʷʚʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ ʠ ʧʣʦʱʘʜʠ ʚʦʜʦʩʙʦʨʥʦʛʦ 

ʙʘʩʩʝʡʥʘ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʦʧʦ-ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʫʩʠʣʠʚʘʝʪʩʷ ʚ ʛʦʨʥʳʭ 

ʩʪʨʘʥʘʭ, ʦʩʦʙʝʥʥʦ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ, ʛʜʝ 93% ʪʝʨʨʠʪʦʨʠʠ ʟʘʥʠʤʘʶʪ ʛʦʨʳ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʦʡ ʢʘʨʪʳ ʦʧʦʣʟʥʝʚʦʡ ʦʧʘʩʥʦʩʪʠ ʩ ʚʳʩʦʢʦʡ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʚʣʘʞʥʦʩʪʠ ʠ ʠʥʜʝʢʩ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ ʩ ʜʨʫʛʠʤʠ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʤʠ, 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʠʤʝʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʤʠ, ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʩʦʟʜʘʸʪ ʧʨʦʯʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʜʝʡʩʪʚʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʨʠʩʢʘ ʠ ʟʘʱʠʪʝ 

ʥʘʩʝʣʝʥʠʷ ʚ ʩʣʦʞʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʛʦʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ [4; 11]. 

ʊʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʚʣʘʞʥʦʩʪʠ ʠ ʠʥʜʝʢʩ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʢ 

ʠʥʩʪʨʫʤʝʥʪʳ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʫʯʘʩʪʢʦʚ ʠ 

ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʚʣʘʛʠ. ɺʦ ʚʩʝʭ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪʘʭ ʘʚʪʦʨʳ ʚʳʨʘʞʘʶʪ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʵʪʠʤ ʬʘʢʪʦʨʘʤ. ʈʦʣʴ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʚʣʘʞʥʦʩʪʠ ʠ 

ʠʥʜʝʢʩʘ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ, ʢʘʢ ʦʪʜʝʣʴʥʦ, ʪʘʢ ʠ ʚ ʩʦʩʪʘʚʝ ʜʨʫʛʠʭ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ, 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʦʧʦʣʟʥʝʦʙʨʘʟʦʚʘʥʠʷ ð ʦʯʝʥʴ ʚʝʣʠʢʘ. ɺ ʪʦʡ ʞʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ ʧʦʩʪʨʦʝʥʳ ʢʘʨʪʳ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʟʦʥʳ ʦʪ 

ʥʘʠʤʝʥʴʰʝʡ ʜʦ ʥʘʠʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʦʣʟʥʝʡ. ɸʥʘʣʦʛʠʯʥʦ, ʦʥʠ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʦʣʟʥʝʚʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʛʦʨʦʜʦʚ ʠ ʨʝʛʠʦʥʦʚ ʚ ʩʪʨʘʥʘʭ 

ɸʟʠʠ. ɺʥʝʜʨʝʥʠʝ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʚʣʘʞʥʦʩʪʠ ʠ ʠʥʜʝʢʩʘ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ ʚ ʧʨʘʢʪʠʢʫ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʦʣʟʥʝʚʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚʦ ʤʥʦʛʦʤ ʨʝʰʠʣʦ ʚʦʧʨʦʩʳ ʫʯʸʪʘ ʚʣʠʷʥʠʷ 

ʚʣʘʞʥʦʩʪʠ ʠ ʵʨʦʟʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ 

ʚʣʘʞʥʦʩʪʠ ʩʦʚʧʘʜʘʶʪ ʩ ʟʦʥʘʤʠ ʥʘʠʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʪʦʛʜʘ ʢʘʢ 

ʠʥʜʝʢʩ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ ʢʦʨʨʝʣʠʨʫʝʪʩʷ ʩ ʚʳʩʦʢʦʡ ʵʨʦʟʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʤʦʱʥʳʭ ʧʦʪʦʢʦʚ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʧʷʪʴ ʣʝʪ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʦʧʦʣʟʥʝʚʳʭ ʷʚʣʝʥʠʡ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ ɺʘʭʰʘ, ʆʙʠʭʠʥʛʦʚʘ, ɻʫʥʪʘ, 

ɿʝʨʘʬʰʘʥʘ ʠ ʉʫʨʭʦʙʘ, ʛʜʝ ʦʩʦʙʝʥʥʦ ʪʱʘʪʝʣʴʥʦ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ 

ʚʣʘʞʥʦʩʪʠ ʠ ʠʥʜʝʢʩʘ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ. ʍʦʪʷ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʠ ʠ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʘʚʥʦ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʧʦʣʟʥʝʚʳʭ ʷʚʣʝʥʠʡ ʧʦ 

ʧʦʢʘʟʘʪʝʣʷʤ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʚʣʘʞʥʦʩʪʠ ʠ ʠʥʜʝʢʩ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ ʧʦʟʚʦʣʠʣʠ ʩʦʟʜʘʪʴ 

ʢʘʨʪʳ ʩ ʧʨʠʝʤʣʝʤʳʤʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 
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ʀʥʜʝʢʩ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ (Stream power index, SPI) ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʪʦʧʦ-

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʦʪʨʘʞʘʝʪ ʵʥʝʨʛʠʶ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʚʦʜʥʦʛʦ ʩʪʦʢʘ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘ ʨʳʭʣʳʝ ʛʦʨʥʳʝ 

ʦʪʣʦʞʝʥʠʷ ʠ ʨʝʣʴʝʬ. ʊʘʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʦʜʥʦʛʦ ʩʪʦʢʘ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ ʵʨʦʟʠʠ ʠ ʧʦʜʨʳʚʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʢʣʦʥʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʦʧʦʣʟʥʝʡ [4]. ʕʪʦʪ ʠʥʜʝʢʩ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʧʣʦʱʘʜʠ ʚʦʜʦʩʙʦʨʘ, ʩʪʝʢʘʶʱʝʡ ʢ 

ʦʧʨʝʜʝʣʸʥʥʦʡ ʪʦʯʢʝ ʨʝʣʴʝʬʘ, ʥʘ ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʩʢʣʦʥʘ, ʪʦ ʝʩʪʴ ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʦʡ [10; 11]: 

)*( btgALnSPI s=      (1) 

ʛʜʝ Ln ï ʥʘʪʫʨʘʣʴʥʳʡ ʣʦʛʘʨʠʬʤ, As ï ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ, ʘ ɓ ïʢʨʫʪʠʟʥʘ. 

ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʙʦʣʴʰʦʡ ʵʥʝʨʛʠʠ 

ʚʦʜʷʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʥʦʤʫ ʠʟʥʦʩʫ, ʚʳʤʳʚʘʥʠʶ ʠ ʧʦʜʤʳʚʫ 

ʛʨʫʥʪʦʚʳʭ ʤʘʩʩ. ɺʣʠʷʥʠʝ ʠʥʜʝʢʩʘ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ ʥʘ ʨʘʟʚʠʪʠʝ ʦʧʦʣʟʥʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ: ʠʥʪʝʥʩʠʚʥʳʡ ʠ ʩʠʣʴʥʳʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʪʦʢ, ʦʙʣʘʜʘʶʱʠʡ ʦʛʨʦʤʥʦʡ ʩʠʣʦʡ, 

ʩʧʦʩʦʙʝʥ ʨʘʟʨʫʰʘʪʴ ʩʮʝʧʣʝʥʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʛʨʫʥʪʘ, ʚʳʤʳʚʘʪʴ ʤʝʣʢʠʝ ʬʨʘʢʮʠʠ ʠ 

ʦʩʣʘʙʣʷʪʴ ʩʪʨʫʢʪʫʨʫ ʧʦʨʦʜ, ʩʥʠʞʘʷ ʠʭ ʧʨʦʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʛʦʨʥʳʭ ʩʢʣʦʥʦʚ. ʅʘ ʩʢʣʦʥʘʭ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʫʟʢʦʝ ʠ ʢʨʫʪʦʝ ʧʘʜʝʥʠʝ, ʪʘʢʦʝ ʚʣʠʷʥʠʝ ʠʥʜʝʢʩʘ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ ʦʩʦʙʝʥʥʦ 

ʟʥʘʯʠʤʦ, ʧʦʩʢʦʣʴʢʫ ʚ ʪʘʢʠʭ ʤʝʩʪʘʭ ʧʦʪʦʢ ʚʦʜʳ ʧʨʠʦʙʨʝʪʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʥʦʡ ʵʨʦʟʠʠ ʦʩʥʦʚʘʥʠʷ ʩʢʣʦʥʦʚ ʠ ʩʦʟʜʘʸʪ ʪʦʧʦ-ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ 

ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʫʛʣʫʙʣʝʥʠʝ ʣʦʪʢʦʚ ʠ 

ʦʚʨʘʛʦʚ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʙʫʩʣʦʚʣʝʥʳ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʦʜʥʦʛʦ ʩʪʦʢʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʢʣʶʯʝʥʠʝ ʠʥʜʝʢʩʘ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ ʚ ʩʦʩʪʘʚ ʦʙʷʟʘʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ 

ʦʧʦʣʟʥʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʢʘʟʘʪʝʣʠ ʢʦʪʦʨʦʛʦ ʠʣʣʶʩʪʨʠʨʫʶʪ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʩʢʣʦʥʦʚ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʚʦʜʳ, ʧʦʚʳʰʝʥʠʶ ʚʣʘʞʥʦʩʪʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʫʩʫʛʫʙʣʝʥʠʶ ʩʢʣʦʥʥʦʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʵʢʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʥʜʝʢʩ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʨʫʛʠʤʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʤʦʜʝʣʝʡ ʦʧʦʣʟʥʝʚʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ ʦʮʝʥʢʠ 

ʵʨʦʟʠʦʥʥʦʡ ʦʧʘʩʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ. ɺʳʯʠʩʣʝʥʠʝ SPI ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ 

ʨʝʣʴʝʬʘ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʫʯʘʩʪʢʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ 

ʧʦʪʦʢʘ ʠ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʨʘʟʚʠʪʠʷ ʨʘʟʨʫʰʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʠʥʪʝʛʨʘʮʠʠ ʩ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʤ ʠʥʜʝʢʩʦʤ ʚʣʘʞʥʦʩʪʠ, ʫʛʣʦʤ ʥʘʢʣʦʥʘ, ʣʠʪʦʣʦʛʠʝʡ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʣʠʤʘʪʘ, SPI 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʢʘʨʪʠʨʦʚʘʥʠʷ ʟʦʥ ʧʦʚʳʰʝʥʥʦʛʦ ʨʠʩʢʘ 

ʦʧʦʣʟʥʝʡ. 

ʊʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʚʣʘʞʥʦʩʪʠ (Topographic Wetness Index, TWI) ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʦʮʝʥʢʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʛʨʫʥʪʦʚ ʠ ʧʦʯʚ, ʯʪʦ 

ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ [12]. ʕʪʦʪ 

ʠʥʜʝʢʩ ʩʣʫʞʠʪ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʥʘʢʦʧʣʝʥʠʷ ʠ ʟʘʜʝʨʞʢʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ 

ʧʦʜʧʦʯʚʝʥʥʳʭ ʚʦʜ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʯʘʩʪʢʘʭ ʨʝʣʴʝʬʘ ʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ 

[10]:  
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ʛʜʝ TWI ï ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʚʣʘʞʥʦʩʪʠ, a ï ʣʦʢʘʣʴʥʘʷ ʧʣʦʱʘʜʴ ʩʢʣʦʥʘ, ʩʪʝʢʘʶʱʘʷ ʯʝʨʝʟ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʪʦʯʢʫ, ʠ b ï ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʢʣʦʥʘ ʚ ʨʘʜʠʘʥʘʭ [10]. 
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ʈʠʩʫʥʦʢ. 1. ʂʘʨʪʘ ʠʥʜʝʢʩʘ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ (ʌʘʡʟʫʣʣʦʝʚ ʐ.ɸ.) 

Fig. 1. Stream power index map (Faizulloev Sh.A.) 

 
ɿʥʘʯʝʥʠʷ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʚʣʘʞʥʦʩʪʠ ʟʘʚʠʩʷʪ ʦʪ ʬʦʨʤʳ ʨʝʣʴʝʬʘ. ʋʚʝʣʠʯʝʥʠʝ 

ʧʣʦʱʘʜʠ ʚʦʜʦʩʙʦʨʘ ʠ ʫʤʝʥʴʰʝʥʠʝ ʢʨʫʪʠʟʥʳ ʩʢʣʦʥʘ ʩʦʟʜʘʸʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʥʘʢʦʧʣʝʥʠʷ ʚʣʘʛʠ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ. ɺ ʪʘʢʠʭ ʤʝʩʪʘʭ ʚʦʜʘ ʟʘʜʝʨʞʠʚʘʝʪʩʷ, ʥʘʩʳʱʘʷ ʛʨʫʥʪ ʠ 

ʩʦʟʜʘʚʘʷ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ 

ʩʥʠʞʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʩʢʣʦʥʦʚ. ɺʣʠʷʥʠʝ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʚʣʘʞʥʦʩʪʠ ʥʘ 

ʨʘʟʚʠʪʠʝ ʦʧʦʣʟʥʝʡ ʩʚʷʟʘʥʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʪʝʤ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʛʨʫʥʪʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʧʦʨʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʦʨʘʭ ʧʦʨʦʜ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʜʘʚʣʝʥʠʝ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʨʫʥʪʘ ʩʜʚʠʛʫ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʩʮʝʧʣʝʥʠʷ 

ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʛʨʫʥʪʘ, ʘ ʪʘʢʞʝ ʨʦʩʪ ʚʝʩʘ ʩʢʣʦʥʘ ʟʘ ʩʯʸʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʘʩʩʳ ʚʦʜʳ, ʯʪʦ 

ʩʦʚʤʝʩʪʥʦ ʩʥʠʞʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʢʣʦʥʦʚ ʠ ʧʦʚʳʰʘʝʪ ʨʠʩʢ ʦʧʦʣʟʥʝʚʳʭ ʩʜʚʠʛʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʟʦʥʳ ʩ ʚʳʩʦʢʠʤ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʤ ʠʥʜʝʢʩʦʤ ʚʣʘʞʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʩʠʣʝʥʥʳʤ 

ʭʠʤʠʯʝʩʢʠʤ ʠ ʬʠʟʠʯʝʩʢʠʤ ʚʳʚʝʪʨʠʚʘʥʠʝʤ ʧʦʨʦʜ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʩʪʦʷʥʥʦʡ ʚʣʘʞʥʦʩʪʠ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʨʫʰʝʥʠʶ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʧʨʝʚʨʘʱʝʥʠʶ ʠʭ ʚ ʙʦʣʝʝ ʨʳʭʣʳʝ ʠ ʣʝʛʢʦ 

ʧʝʨʝʤʝʱʘʶʱʠʝʩʷ ʤʘʩʩʳ. ɺ ʛʦʨʥʳʭ ʨʝʛʠʦʥʘʭ, ʛʜʝ ʨʝʣʴʝʬ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ 

ʚʘʨʠʘʪʠʚʥʦʩʪʴʶ ʬʦʨʤ, ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʚʣʘʞʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʧʦʥʠʞʝʥʥʳʝ, 

ʚʦʛʥʫʪʳʝ ʫʯʘʩʪʢʠ ʩʢʣʦʥʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʙʳʯʥʦ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ 

ʧʦʜʧʦʯʚʝʥʥʳʭ ʚʦʜ, ʩʦʟʜʘʚʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʯʘʛʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʦʧʦʣʟʥʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʅʘʦʙʦʨʦʪ, ʫʯʘʩʪʢʠ ʩ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʚʣʘʞʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ 

ʛʨʝʙʥʠ, ʚʝʨʰʠʥʳ ʠ ʚʳʧʫʢʣʳʝ ʩʢʣʦʥʳ, ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʳʩʪʨʳʤ ʦʪʪʦʢʦʤ ʚʦʜʳ ʠ 

ʥʠʟʢʦʡ ʚʣʘʞʥʦʩʪʴʶ ʛʨʫʥʪʘ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʥʳʤʠ ʦʧʦʣʟʥʷʤ [10; 14]. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʦʣʟʥʝʚʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʚʣʘʞʥʦʩʪʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ ð ʫʛʣʦʤ ʥʘʢʣʦʥʘ, ʣʠʪʦʣʦʛʠʝʡ, ʩʪʨʫʢʪʫʨʥʳʤʠ ʨʘʟʣʦʤʘʤʠ, ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʦʩʘʜʢʘʤʠ ð ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʤʦʜʝʣʝʡ ʨʠʩʢʘ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʪʳ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʚʣʘʞʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʩ ʨʘʟʥʳʤ 
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ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʝʪʘʣʴʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʟʦʥ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʚʣʘʞʥʦʩʪʴʶ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʤʘʩʰʪʘʙʥʳʝ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ ʦʮʝʥʢʠ. ɺʢʣʶʯʝʥʠʝ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʚʣʘʞʥʦʩʪʠ ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜ ʩʦʦʪʥʦʰʝʥʠʷ 

ʯʘʩʪʦʪʥʦʩʪʠ, ʣʦʛʠʩʪʠʯʝʩʢʫʶ ʨʝʛʨʝʩʩʠʶ) ʠ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (ʩʣʫʯʘʡʥʳʡ ʣʝʩ, 

ʦʧʦʨʥʳʝ ʚʝʢʪʦʨʳ) ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʠ ʥʘʜʸʞʥʦʩʪʴ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʦʧʦʣʟʥʝʚʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʚ ʨʝʛʠʦʥʘʭ ʩ ʨʳʭʣʳʤʠ ʛʦʨʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʠ 

ʛʦʨʥʳʤ ʨʝʣʴʝʬʦʤ. ɸʥʘʣʠʟ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʨʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʦʥʳ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʚʣʘʞʥʦʩʪʠ ʩʦʚʧʘʜʘʶʪ ʩ ʪʝʨʨʠʪʦʨʠʷʤʠ ʯʘʩʪʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʦʧʦʣʟʥʝʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʝʨʨʠʪʦʨʠʡ ʩ ʮʝʣʴʶ ʚʦʟʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ 

[10]. 

 

ʈʠʩʫʥʦʢ. 2. ʂʘʨʪʘ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʚʣʘʞʥʦʩʪʠ (ʌʘʡʟʫʣʣʦʝʚ ʐ.ɸ.) 

Figure. 2. Topographic wetness index map (Faizulloev Sh.A.) 

 
ɺʳʚʦʜʳ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ 

ʚʣʘʞʥʦʩʪʠ ʠ ʠʥʜʝʢʩʘ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʣʦʢʘʣʠʟʘʮʠʠ ʦʧʦʣʟʥʝʡ, ʚʳʷʚʣʷʪʴ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʳʝ ʫʷʟʚʠʤʳʝ ʫʯʘʩʪʢʠ ʠ 

ʩʣʫʞʠʪ ʥʘʫʯʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʥʞʝʥʝʨʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʮʝʣʴʶ 

ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʨʠʟʥʘʥ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʨʠʩʢʦʚ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʠʥʞʝʥʝʨʥʳʭ ʧʨʦʝʢʪʘʭ ʠ 

ʫʧʨʘʚʣʝʥʠʠ ʧʨʠʨʦʜʥʳʤʠ ʢʘʪʘʩʪʨʦʬʘʤʠ. ɼʣʷ ʪʝʨʨʠʪʦʨʠʠ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʛʜʝ 93 ʧʨʦʮʝʥʪʘ 

ʧʣʦʱʘʜʠ ʟʘʥʠʤʘʶʪ ʛʦʨʳ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʢʣʶʯʝʥʠʷ ʠʥʜʝʢʩʘ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ ʠ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʚʣʘʞʥʦʩʪʠ ʫʩʠʣʠʚʘʝʪʩʷ. ʇʦʩʢʦʣʴʢʫ ʚ ʛʦʨʥʦʤ ʣʘʥʜʰʘʬʪʝ 

ʦʙʥʘʨʫʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʠ ʤʠʥʠʤʘʣʴʥʳʭ ʚʦʜʥʳʭ ʧʦʪʦʢʦʚ ʠ ʚʣʘʞʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠʤʝʝʪ 

ʦʛʨʦʤʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʟʦʥʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʧʦ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʠ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʦʣʟʥʝʡ. 
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ôøöúùôċþô ÷ìĎòôĄô øìýýìô Ĕôùýĕúô öĘĕĒ ìĀóúôĄ øñČíìð. äìüúôþô þìíôĒ ðìü ÞúĔôöôýþúù ¬ 
ùôĄñíôĕúô Ąìðôð, üñ÷ñĀô āñ÷ñ Ąôöìýþì, ïÿùúïÿùĄìö÷ôô ÷ôþú÷úïĒ îì ĀìĆú÷ùúöôô ýñõøôöĒ ¬ 
þìĆýôüô úøô÷ĕúô þúûúïôðüú÷úïôüú íì ðìüìĔìô Āìîėÿ÷úðì øÿĕôø þìíðô÷ øñðôĕìð. Þìĕ÷ô÷ô 
øìĆ÷ÿøúþô ïñúôùĀúüøìþýôúùĒ ùôĄúù ðúð, öô öúùýñùþüìþýôċô ìýúýôô ċüăĕú ðìü ùôĄñíôĕúô óôČðì 
ìó 20¸, øôùþìėìĕúô üĘ íì Ąôøú÷ îì Ąìüė, ôùăÿùôù ùìóðôöôô ðìüČĕú îì ĔĘõíúüĕú øÿĄúĕôðì 
øñĄìîìð. Ðìü óìøôùìô Ĕôùýĕúô ùìüø îì ïô÷Ē þìĆýôüô üìîìùðĕúô ïôðüúìööÿøÿ÷ċþôîĒ íñĄþìü íì 
ùìóìü øñüìýìð, öô íúôýô ìĀóúôĄô ĀôĄúüô ûúüĒ îì ûìýþĄìîôô øÿėúîôøìþô ðúāô÷Ē øñïìüðìð. Íú 
ùìóìüðúĄþô ôù ðìü øìėú÷ì þìĆýôüô ôùðñöýô ėÿîîìô ĔìüìČù (SPI) îì ôùðñöýô ùìøùúöôô þúûúïüìĀĒ 
(TWI) íì ĔúõïôüĄìîôô Āìóúôô üìîìùðĕúô ÷ìĎòôĄ þìĕ÷ô÷ Ąÿðììýþ. Íìüúô ĕôýúí ùìøÿðìùô ôù 
ôùðñöýĕú øìĆ÷ÿøúþô øúðñ÷ô üìėìøôô üñ÷ñĀ ôýþôĀúðì ïìüðôð. ÙìþôĔìĕú ùôĄúù øñðôĕìùð, öô 
ìöýìüô óÿĕÿüúþĕúô ċüăĒ ðìü øôùþìėìĕúñ íì ùìóìü øñüìýìùð, öô ìüóôĄĕúô ôùðñöýô ėÿîîìô ĔìüìČù îì 
ôùðñöýô ùìøùúöôô þúûúïüìĀôô íì÷ìùð ðúüìùð, öô ĔìøĆĄìîôô ùìøĒ îì Ąôððìþô ĔìüìČùĕúô 
ïôðüú÷úïôüú ôùĆôöúý øñöÿùìùð. Ôù üúíôþìĕú øñþìîúùìùð ìýúý íìüúô íìĕúðôĕôô ĉĕýúýôċþô 
÷ìĎòôĄ îì ûñĄïĘôô üìîìùðô āìþìüùúöô ïñúðôùìøôöĒ Ąìîìùð. 
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ĀìóúĒ, úøô÷ĕúô þúûú-ïôðüú÷úïĒ. 
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ʆʇʆʃɿʅɽɺʓʍ ʗɺʃɽʅʀʁ ʊɸɼɾʀʂʀʉʊɸʅɸ 

ʊʦʧʦ-ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʚʳʩʪʫʧʘʶʪ ʦʜʥʠʤ ʠʟ ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʤʝʭʘʥʠʟʤʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʦʥʠ ʟʘʜʘʶʪ ʨʝʞʠʤ ʥʘʢʦʧʣʝʥʠʷ 

ʚʣʘʛʠ, ʢʦʥʪʨʦʣʠʨʫʶʪ ʧʨʦʮʝʩʩʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʠ ʧʦʜʟʝʤʥʦʛʦ ʩʪʦʢʘ, ʘ ʪʘʢʞʝ ʚʣʠʷʶʪ ʥʘ ʫʨʦʚʝʥʴ 

ʧʦʨʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʩʢʣʦʥʦʚʳʭ ʤʘʩʩʠʚʘʭ. ɺ ʫʩʣʦʚʠʷʭ ʛʦʨʥʳʭ ʨʘʡʦʥʦʚ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʛʜʝ ʨʝʣʴʝʬ 

ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʨʘʩʯʣʝʥʸʥʥʦʩʪʴʶ, ʧʦʨʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ 

ʧʝʩʪʨʦʪʦʡ, ʘ ʩʝʡʩʤʠʯʥʦʩʪʴ ʦʩʪʘʸʪʩʷ ʢʨʘʡʥʝ ʚʳʩʦʢʦʡ, ʚʣʠʷʥʠʝ ʪʦʧʦ-ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʧʨʦʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ ʦʪʯʸʪʣʠʚʦ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ 

ʨʝʣʴʝʬʘ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ: ʥʘʠʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʧʦʣʟʥʝʚʳʭ 

ʜʝʬʦʨʤʘʮʠʡ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ ʩʢʣʦʥʘʭ ʢʨʫʪʠʟʥʦʡ ʙʦʣʝʝ 20Á, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʝʚʝʨʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ 

ʵʢʩʧʦʟʠʮʠʠ, ʘ ʪʘʢʞʝ ʥʘ ʫʯʘʩʪʢʘʭ, ʧʨʠʙʣʠʞʸʥʥʳʭ ʢ ʨʝʯʥʳʤ ʜʦʣʠʥʘʤ ʠ ʚʨʝʤʝʥʥʳʤ ʚʦʜʦʪʦʢʘʤ. ʆʩʦʙʫʶ 

ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʣʸʩʩʦʚʳʝ ʠ ʛʣʠʥʠʩʪʳʝ ʪʦʣʱʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩʳ ʛʠʜʨʦ-ʘʢʢʫʤʫʣʷʮʠʠ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʦʩʪʫ ʧʦʨʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʩʥʠʞʝʥʠʶ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ, ʯʪʦ ʚ ʠʪʦʛʝ 

ʘʢʪʠʚʠʟʠʨʫʝʪ ʤʘʩʩʦʚʳʝ ʩʤʝʱʝʥʠʷ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʵʪʦ ʚ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ 

ʠʥʜʝʢʩʘ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ (SPI) ʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʚʣʘʞʥʦʩʪʠ (TWI) ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʣʦʢʘʣʠʟʘʮʠʶ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʜʣʷ ʨʘʩʯʝʪʘ 

ʫʢʘʟʘʥʥʳʭ ʠʥʜʝʢʩʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʦʧʦʣʟʥʝʚʳʭ ʷʚʣʝʥʠʡ 

ʧʨʠʫʨʦʯʝʥʦ ʢ ʟʦʥʘʤ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʚʣʘʞʥʦʩʪʠ ʠ ʠʥʜʝʢʩʘ ʤʦʱʥʦʩʪʠ 

ʧʦʪʦʢʘ, ʦʪʨʘʞʘʶʱʠʤʠ ʥʘʢʦʧʣʝʥʠʝ ʚʣʘʛʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ. ɺʳʷʚʣʝʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʦʮʝʥʢʠ ʦʧʦʣʟʥʝʚʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ ʧʨʦʛʥʦʟʘ ʦʧʘʩʥʳʭ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʦʣʟʥʠ, ʠʥʜʝʢʩ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ (SPI), ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʚʣʘʞʥʦʩʪʠ 

(TWI), ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ 

 

THE ROLE OF TOPO -HYDROLOGICAL FACTORS IN SPATIAL LOCALIZATION OF 

LANDSLIDE PHENOMENON OF TAJIKISTAN  

Topo-hydrological factors represent one of the most decisive determinants in the spatial localization of 

landslides, as they regulate the accumulation, infiltration, and redistribution of surface and subsurface water, 

thereby exerting a direct influence on slope stability. In the mountainous regions of Tajikistan, where steep 

slopes, highly dissected relief, lithological variability, and pronounced seismic activity coexist, the role of topo-

hydrological conditions becomes especially critical. Remote sensing data combined with digital terrain models 

reveal that the highest concentration of landslides is observed on slopes steeper than 20
ʦ
 degrees, primarily with 

north- and east-facing aspects, and in close proximity to river valleys and ephemeral streams. Loess and clay-

rich formations are particularly susceptible to hydro-accumulative processes, which increase pore-water 

pressure, reduce shear strength, and accelerate slope failure. This study analyzes the impact of the stream power 

index (SPI) and the topographic wetness index (TWI) on the spatial localization of landslide processes. Digital 

Elevation Model data were used to calculate these indices. The results indicate that most landslides occur in 

areas with high topographic wetness index and stream power index values, reflecting moisture accumulation and 

the intensity of hydrological flows. These relationships can be applied for landslide susceptibility assessment 

and the prediction of hazardous geodynamic processes. 
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Keywords: landslides, stream power Index, topographic wetness Index, spatial localization, topo-

hydrological factors. 
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ɻʘʥʠʝʚ ʀ.ʅ., ɸʰʫʨʦʚ ʂ.ʍ., ʆʢʠʣʦʚ ʐ.ʐ., ɻʫʣʦʚ ʉ.ʉ. 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠʤ. ɺ.ʀ. ʅʠʢʠʪʠʥʘ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʊʘʜʞʠʢʠʩʪʘʥʘ, 

ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʭ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʉ. ʆʩʠʤʠ 

 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʩʧʣʘʚʦʚ ʘʣʶʤʠʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʬʝʨʘʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ɸʣʶʤʠʥʠʡ ʥʘʭʦʜʠʪ ʩʘʤʦʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ ʠ ʨʘʜʠʦʪʝʭʥʠʢʝ. ɽʛʦ ʩʧʣʘʚʳ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ 

ʧʨʦʯʥʦʩʪʴʶ ʠ ʣʝʛʢʦʩʪʴʶ, ʥʝʟʘʤʝʥʠʤʳ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. ɹʣʘʛʦʜʘʨʷ ʘʣʶʤʠʥʠʶ ʥʘʯʘʣʠ ʙʫʨʥʦ 

ʨʘʟʚʠʚʘʪʴʩʷ ʘʚʠʘʮʠʦʥʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʩʫʜʦʩʪʨʦʝʥʠʝ. ɸʣʶʤʠʥʠʡ ʠ ʝʛʦ ʩʧʣʘʚʳ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʘʞʝ ʚ ʧʠʱʝʚʦʡ ʦʪʨʘʩʣʠ: ʠʟ ʵʪʦʛʦ ʤʝʪʘʣʣʘ ʜʝʣʘʶʪ ʬʦʣʴʛʫ, ʚ ʢʦʪʦʨʫʶ 

ʫʧʘʢʦʚʳʚʘʶʪ ʧʠʱʝʚʳʝ ʧʨʦʜʫʢʪʳ [19; 8]. 

ɸʣʶʤʠʥʠʝʚʳʡ ʧʨʦʚʦʜʥʠʢ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʷʚʣʷʝʪʩʷ ʯʝʪʚʝʨʪʳʤ ʧʦ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʝʪʘʣʣʦʤ ʧʦʩʣʝ ʩʝʨʝʙʨʘ, ʤʝʜʠ ʠ ʟʦʣʦʪʘ; ʚ ʵʪʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʄʥʦʛʠʝ ʩʧʣʘʚʳ ʘʣʶʤʠʥʠʷ ʠʤʝʶʪ ʨʘʟʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ [2; 1]. 

ʉʧʣʘʚʳ ʘʣʶʤʠʥʠʷ, ʧʦʚʳʰʘʶʱʠʝ ʝʛʦ ʧʨʦʯʥʦʩʪʴ ʠ ʫʣʫʯʰʘʶʱʠʝ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ, 

ʧʦʣʫʯʘʶʪ ʚʚʝʜʝʥʠʝʤ ʚ ʥʝʛʦ ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ, ʪʘʢʠʭ, ʢʘʢ ʤʝʜʴ, ʢʨʝʤʥʠʡ, ʤʘʛʥʠʡ, ʮʠʥʢ, 

ʤʘʨʛʘʥʝʮ, ʮʠʨʢʦʥʠʡ. ʇʨʠ ʜʦʙʘʚʢʝ ʮʠʨʢʦʥʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʧʦʣʫʯʝʥʳ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫ ʨʘʟʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʧʦʩʦʙʦʤ ʝʛʦ ʚʚʝʜʝʥʠʷ ʚ ʨʘʩʧʣʘʚʝ ʠ ʚʠʜʦʤ ʤʦʜʠʬʠʮʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ 

ʩʣʦʞʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʝʛʦ ʩ ʦʩʥʦʚʦʡ ʩʧʣʘʚʘ ʠ ʣʝʛʠʨʫʶʱʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ɸʚʪʦʨʘʤʠ [11] ʧʨʦʚʝʜʝʥʳ ʦʙʰʠʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʚʳʷʩʥʝʥʠʶ ʨʦʣʠ ʮʠʨʢʦʥʠʷ (0,03-1,2%) 

ʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʯʠʩʪʦʛʦ ʘʣʶʤʠʥʠʷ. ʆʧʳʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʮʠʨʢʦʥʠʷ ʚ ʩʣʠʪʢʘʭ ʧʦʣʫʯʘʝʪʩʷ ʤʝʣʢʦʝ ʟʝʨʥʦ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʣʴʯʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʮʠʨʢʦʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʛʦʨʘʟʜʦ ʤʝʥʴʰʠʭ, ʯʝʤ ʛʨʘʥʠʮʘ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʮʠʨʢʦʥʠʷ ʚ 

ʘʣʶʤʠʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʝʨʠʪʝʢʪʠʢʠ (0,11%). 

ʕʪʠ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝʤ [3], ʛʜʝ ʚʣʠʷʥʠʝ ʚʘʥʘʜʠʷ (0,03-0,28%) ʥʘ 

ʨʘʟʤʝʨ ʟʝʨʥʘ ʘʣʶʤʠʥʠʷ (ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ 10-4%) ʧʨʠ ʧʦʜʘʚʣʝʥʠʠ ʣʠʢʚʘʮʠʠ ʢʨʠʩʪʘʣʣʦʚ 

VAl 3 ʧʦʩʪʦʷʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ. 

ɺ ʨʘʙʦʪʝ [10] ʧʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʚʘʥʘʜʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʘʣʶʤʠʥʠʷ 

ʤʘʨʢʠ ɸ99 ʠ ʩʧʣʘʚʦʚ ɸʄʮ, ɼ16 ʠ ʜʨ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʝʝ ʠʟʤʝʣʴʯʝʥʠʝ ʟʝʨʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʙʦʣʴʰʠʭ ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʡ (ι 

0,1%), ʢʦʛʜʘ ʚ ʨʘʩʧʣʘʚʘʭ ʧʦʷʚʣʷʶʪʩʷ ʯʘʩʪʠʮʳ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ɺʘʥʘʜʠʡ ʚʚʦʜʷʪ ʚ ʩʧʣʘʚʳ ʩ ʧʦʤʦʱʴʶ ʣʠʛʘʪʫʨ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ: ʩʧʣʘʚʣʝʥʠʝʤ ʯʠʩʪʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʣʝʛʠʨʫʶʱʝʛʦ ʤʝʪʘʣʣʘ ʠʟ ʝʛʦ 

ʩʦʝʜʠʥʝʥʠʡ [3]. ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʪʁʩʷ ʩʚʝʜʝʥʠʷ ʦ ʚʣʠʷʥʠʠ ʜʦʙʘʚʢʠ ʚʘʥʘʜʠʷ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʩʚʦʡʩʪʚʘ ʘʣʶʤʠʥʠʷ. ɺ ʩʧʨʘʚʦʯʥʠʢʝ [10] ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʫʜʝʣʴʥʦʛʦ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʙʣʘʩʪʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚʘʥʘʜʠʷ ʚ ʘʣʶʤʠʥʠʠ, ʧʨʠʯʝʤ ʧʨʠʨʦʩʪ 

ʩʦʩʪʘʚʣʷʝʪ 0,4 0,5Ͻ 10
-8
ʆʤ Ͻʤ ʦʪ ʢʘʞʜʦʛʦ ʚʚʦʜʠʤʦʛʦ 0,1 ʤʘʩ. % V. ʆʧʠʩʘʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʧʨʠ ʜʦʙʘʚʢʝ ʚ ʩʧʣʘʚʝ 

ʘʣʶʤʠʥʠʷ ρ,0 ʤʘʩ. % V ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 15%. ɼʦʙʘʚʢʘ ʚʘʥʘʜʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʧʦʚʳʰʘʝʪ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʧʨʠʨʦʩʪ ʧʨʦʯʥʦʩʪʠ ʦʪ ʤʘʣʳʭ ʧʨʠʩʘʜʦʢ 

ʚʘʥʘʜʠʷ, ʚʝʨʦʷʪʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ. ʇʦʚʳʰʝʥʠʝ ʞʘʨʦʧʨʦʯʥʦʩʪʠ ʦʙʲʷʩʥʷʝʪʩʷ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʧʨʠʩʫʪʩʪʚʠʝʤ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʡ ʦʢʠʩʠ. ʂʘʞʜʳʡ ʚʚʦʜʠʤʳʡ 1.0 ʤʘʩ. % V ʫʚʝʣʠʯʠʚʘʝʪ 

ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʥʘ 2250 ʄʅ/ʥ
2
. ɺʘʥʘʜʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʶʤʠʥʠʷ. ʋʧʨʦʯʥʷʶʱʝʝ ʩʪʘʨʝʥʠʝ ʧʝʨʝʩʳʱʝʥʥʳʭ ʩʧʣʘʚʦʚ Al-V 
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(ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʟʘʢʘʣʢʠ ʠʟ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ) ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ [10]. 

ʅʝʙʦʣʴʰʠʝ ʜʦʙʘʚʢʠ ʚʘʥʘʜʠʷ ʢ ʘʣʶʤʠʥʠʶ (0.1 ʤʘʩ. %) ʩʜʚʠʛʘʶʪ ʩʪʘʮʠʦʥʘʨʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʘʣʶʤʠʥʠʷ ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ ʥʘ 250 ʤɺ. ʇʦʪʝʥʮʠʘʣʳ ʨʝʧʧʘʩʠʚʘʮʠʠ ɽʨʝʧ. ʠ 

ʧʠʪʪʠʥʛʦʦʙʨʘʟʦʚʘʥʠʝ ɽʧ.ʦ. ʥʝ ʤʝʥʷʪʁʩʷ ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʚʘʥʘʜʠʝʤ. ʇʨʠ ʜʦʙʘʚʢʝ ʜʦ 3%V 

ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʝʪʩ ̫ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʢʦʨʨʦʟʠʠ ʠ ʣʠʰʴ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʦʙʘʚʢʝ 5.0 ʤʘʩ. % V 

ʪʦʢ ʢʦʨʨʦʟʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ʟʥʘʯʝʥʠʷ 0.007 ɸ/ʤ
2
 [6]. 

ʂʘʣʴʮʠʡ ʦʙʨʘʟʫʝʪ ʩ ʘʣʶʤʠʥʠʝʤ ʧʨʦʯʥʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʝ ʬʘʟʳ (ʥʘʧʨʠʤʝʨ CaAl2), 

ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ ʠ ʩʪʨʫʢʪʫʨʫ ʟʝʨʥʘ. ɼʦʙʘʚʣʝʥʠʝ 

ʢʘʣʴʮʠʷ ʦʪ 0,01 ʜʦ 0,1 ʤʘʩ. % ʤʦʞʝʪ ʧʦʚʳʰʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʣʶʤʠʥʠʷ ʢ ʢʦʨʨʦʟʠʠ, ʦʩʦʙʝʥʥʦ ʚ 

ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ. ʂʘʣʴʮʠʡ ʩʥʠʞʘʝʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʘʣʶʤʠʥʠʷ, ʧʦʵʪʦʤʫ ʚ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʧʣʘʚʘʭ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʩʪʨʦʛʦ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ [9; 18]. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʩʦʦʙʱʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʠʷʥʠʠ ʜʦʙʘʚʢʠ ʢʘʣʴʮʠʷ ʥʘ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʚʦʜʥʠʢʦʚʦʛʦ 

ʩʧʣʘʚʘ AlV 0.1. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʩʧʣʘʚʦʚ. ʆʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʨʘʚʥʝʥʠʠ ʢʨʠʚʳʭ ʦʭʣʘʞʜʝʥʠʡ ʜʚʫʭ ʦʙʨʘʟʮʦʚ, ʦʜʠʥ ʠʟ 

ʢʦʪʦʨʳʭ ʩʣʫʞʠʪ ʵʪʘʣʦʥʦʤ ʩ ʠʟʚʝʩʪʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʴʶ [7; 13]. 

ɼʦʧʫʩʢʘʷ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ‌ ʫ ʦʙʦʠʭ ʦʙʨʘʟʮʦʚ ʦʜʠʥʘʢʦʚ, ʪʝʧʣʦʝʤʢʦʩʪʴ ʠʟʤʝʨʷʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʥʘʡʪʠ ʧʦ ʬʦʨʤʫʣʝ: 

ὅ ὅɻ ʵ ʵ

ʭ
 ȟ   (1) 

ʛʜʝ ὅɻ - ʪʝʧʣʦʝʤʢʦʩʪʴ ʵʪʘʣʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; ά  ʠ άɻ -ʤʘʩʩʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʠ ʵʪʘʣʦʥʥʦʛʦ 

ʦʙʨʘʟʮʦʚ; † ʠ †ɻ- ʠʟʤʝʨʝʥʥʦʝ ʚʨʝʤʷ ʪʝʧʣʦʚʦʡ ʨʝʣʘʢʩʘʮʠʠ ʜʣʷ ʵʪʠʭ ʦʙʨʘʟʮʦʚ: †ɻ  ὨὝȾ
Ὠ† ʠ † ὨὝȾὨ†Ȣ 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʜʦʧʫʩʢʘʝʪ:  

ð ʧʦʩʪʦʷʥʩʪʚʦ ὅ, ὅɻ ʠ ‌ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ;  

ð ʦʭʣʘʞʜʝʥʠʝ ʚ ʙʝʩʢʦʥʝʯʥʦʡ ʩʨʝʜʝ; 

ð ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʠʟʣʫʯʝʥʠʝʤ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠ ʢʦʥʚʝʢʮʠʝʡ [7; 13]. 

ʈʘʟʙʠʚ ʪʝʨʤʦʛʨʘʤʤʫ ʥʘ ʫʟʢʠʝ ʠʥʪʝʨʚʘʣʳ ʪʝʤʧʝʨʘʪʫʨ, ʚ ʢʦʪʦʨʳʭ ʫʢʘʟʘʥʳ ʪʝʧʣʦʝʤʢʦʩʪʴ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ὅ, ʠ ὅɻ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʢʘʞʜʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʥʘʭʦʜʷʪ ʩʚʦʠ ʧʘʨʘʤʝʪʨʳ ʪʝʧʣʦʚʦʡ ʨʝʣʘʢʩʘʮʠʠ † Ὕ ʠ †ɻ Ὕ, ʢʦʪʦʨʳʝ 
ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ὅ Ὕ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʝʥʳ ʩʨʝʜʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʦ ʚʩʝʤʫ ʠʟʤʝʨʷʝʤʦʤʫ ʠʥʪʝʨʚʘʣʫ 

ʪʝʤʧʝʨʘʪʫʨ. ɼʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ‌ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ. 

ɼʘʣʝʝ ʩʪʨʦʷʪ ʢʨʠʚʳʝ ʦʭʣʘʞʜʝʥʠʷ ʵʪʘʣʦʥʘ ʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ † ʠ †ɻ. ʂʨʠʚʘʷ ʦʭʣʘʞʜʝʥʠʷ, ʪ.ʝ. ʪʝʨʤʦʛʨʘʤʤʘ, 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʝʛʦ ʦʭʣʘʞʜʝʥʠʠ ʚ 

ʥʝʧʦʜʚʠʞʥʦʤ ʚʦʟʜʫʭʝ. 

ʀʟʤʝʨʝʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʘʭ [12; 17]. ʉʭʝʤʘ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʸʤʢʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. ʆʥʘ ʚʢʣʶʯʘʝʪ ʵʣʝʢʪʨʦʧʝʯʴ 3, 

ʢʦʪʦʨʘʷ ʩʤʦʥʪʠʨʦʚʘʥʘ ʥʘ ʩʪʦʡʢʝ 6 ʠ ʤʦʞʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚʚʝʨʭ ʠ ʚʥʠʟ (ʩʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ). ʆʙʨʘʟʝʮ 4 ʠ ʵʪʘʣʦʥ 5 (ʢʦʪʦʨʳʝ ʪʦʞʝ ʤʦʛʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ) 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʮʠʣʠʥʜʨʳ ʜʣʠʥʦʡ 30 ʤʤ ʜʠʘʤʝʪʨʦʤ 16 ʤʤ. ʉ ʦʜʥʦʛʦ ʢʦʥʮʘ ʦʙʨʘʟʮʦʚ 

ʚʳʩʚʝʨʣʝʥʳ ʢʘʥʘʣʳ, ʚ ʢʦʪʦʨʳʝ ʚʩʪʘʚʣʷʶʪʩʷ ʪʝʨʤʦʧʘʨʳ. ʂ ʮʠʬʨʦʚʳʤ ʤʥʦʛʦʢʘʥʘʣʴʥʳʤ 

ʪʝʨʤʦʤʝʪʨʘʤ 7, 8, 9 ʧʦʜʩʦʝʜʠʥʸʥʥʳʤ ʢ ʢʦʤʧʴʶʪʝʨʫ 10, ʧʦʜʚʝʜʝʥʳ ʢʦʥʮʳ ʪʝʨʤʦʧʘʨ. 

ʊʝʧʣʦʸʤʢʦʩʪʴ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʩʧʣʘʚʘ AlV 0.1 ʩ ʢʘʣʴʮʠʝʤ ʠʟʤʝʨʷʣʠ ʚ ʨʝʞʠʤʝ 

çʦʭʣʘʞʜʝʥʠʷè. ɺ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʘʣʶʤʠʥʠʡ ʦʩʦʙʦʡ ʩʪʝʧʝʥʠ ʯʠʩʪʦʪʳ ʤʘʨʢʠ 

ɸ5N (99,999% Al), ʧʦʣʫʯʝʥʥʳʡ ʟʦʥʥʦʡ ʦʯʠʩʪʢʦʡ. ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ ʠ ʦʙʨʘʙʦʪʢʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ çMS Excelè ʠ çSigmaPlotè. 

ɺʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʩʦʩʪʘʚʠʣʘ Rʢʦʨʨ.=0,9999. ɺʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʬʠʢʩʘʮʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʙʨʘʥ 10 ʩ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 
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40 ʜʦ 400 Áʉ ʩʦʩʪʘʚʣʷʣʘ Ñ 1%, ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (>400 Áʉ) Ñ 2,5%. ɺ ʥʘʰʝʤ 

ʩʣʫʯʘʝ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʣʘ 1,5%.  

 

ʈʠʩ. 1. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʪʚʝʨʜʳʭ ʪʝʣ ʚ ʨʝʞʠʤʝ 

çʦʭʣʘʞʜʝʥʠʷè 

Fig. 1. Diagram of the installation for determining the heat capacity of solids in the "cooling" 

mode 

 
 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʊʨʦʡʥʳʝ ʩʧʣʘʚʳ, ʪ.ʝ. ʘʣʶʤʠʥʠʝʚʳʡ 

ʧʨʦʚʦʜʥʠʢʦʚʳʡ ʩʧʣʘʚ AlV 0.1 ʩ ʢʘʣʴʮʠʝʤ ʧʦʣʫʯʘʣʠ ʚ ʰʘʭʪʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʝʯʠ, 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʠʧʘ ʉʐʆʃ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 750-800 
0
ʉ. ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʚ ʩʧʣʘʚʘʭ 

ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ 0.01-1.0 ʤʘʩ.%. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʩʧʣʘʚʦʚ ʦʪʣʠʚʘʣʠʩʴ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ 

ʦʙʨʘʟʮʳ ʜʠʘʤʝʪʨʦʤ 16 ʤʤ, ʜʣʠʥʦʡ 30 ʤʤ, ʚ ʛʨʘʬʠʪʦʚʫʶ ʠʟʣʦʞʥʠʮʫ ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ, ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ. ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʚʘʥʘʜʠʡ ʚʚʦʜʠʣʩʷ ʚ ʘʣʶʤʠʥʠʝʚʳʡ ʨʘʩʧʣʘʚ ʩ 

ʧʦʤʦʱʴʶ ʣʠʛʘʪʫʨʳ Al+1.0 ʤʘʩ. %V ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʘʣʶʤʠʥʠʷ ʤʘʨʢʠ ɸ5 99,5% (ɻʆʉʊ 11069), 

ʚʘʥʘʜʠʷ ʤʘʨʢʠ 99,9% ɺʥʄ-1 (26473.13-85) ʠ ʢʘʣʴʮʠʷ ʤʘʨʢʠ Ca 99,8% (ʊʋ 95-824-88). 

ʇʦʣʫʯʝʥʥʳʝ ʩʧʣʘʚʳ, ʧʦʜʚʝʨʛʘʣʠʩʴ ʭʠʤʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʟʘʚʦʜʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 

ʊʘʜʞʠʢʩʢʦʡ ʘʣʶʤʠʥʠʝʚʦʡ ʢʦʤʧʘʥʠʠ ʆɸʆ çʊɸʣʂʦè (ʛ. ʊʫʨʩʫʥʟʘʜʝ, ʈʝʩʧ. ʊʘʜʞʠʢʠʩʪʘʥ). 

ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʚ ʩʧʣʘʚʘʭ ʦʧʨʝʜʝʣʷʣʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ 

ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʪʦʛʨʘʬʠʷ ʦʙʨʘʟʮʘ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʚʦʜʥʠʢʦʚʦʛʦ AlV0.1. 

 

ʈʠʩ. 2. ʆʙʨʘʟʝʮ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʩʧʣʘʚʘ AlV0.1 

Fig. 2. Sample of aluminum conductor alloy AlV0.1 

 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʢʨʠʚʳʝ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ 

ʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʩʧʣʘʚʘ AlV 0.1, ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʢʘʣʴʮʠʝʤ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.3ʘ. ʀʥʪʝʨʚʘʣ 

ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʣ 0,1ʂ. ʂʨʠʚʳʝ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʫʢʘʟʘʥʥʳʭ ʩʧʣʘʚʦʚ, 
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ʦʧʠʩʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʚʠʜʘ:  

,peae
kb

ʊ
tt --

+=  (2) 

ʛʜʝ a, b, p, k - ʧʦʩʪʦʷʥʥʳʝ ʜʣʷ ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ, Ű ɀ ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ. 

ɺʩʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ ʧʨʦʛʨʘʤʤʝ MS Excel ʠ ʛʨʘʬʠʢʠ ʩʪʨʦʠʣʠʩʴ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ SigmaPlot. 

ɼʠʬʬʝʨʝʥʮʠʨʫʷ (2) ʧʦ Ű, ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ 

ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʦʚ 

.tt

t
kb pkeabe

d

dT -- --=
 (3) 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a, b, p, k, ab, pk ʚ ʫʨʘʚʥʝʥʠʠ (3) ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ 

ʦʙʨʘʟʮʦʚ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʩʧʣʘʚʘ AlV 0.1, ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʢʘʣʴʮʠʝʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.3 ʙ. 

 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʚʨʝʤʝʥʠ ʦʭʣʘʞʜʝʥʠʷ (ʘ) ʠ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ (ʙ) ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʩʧʣʘʚʘ AlV 0.1, ʩ 

ʢʘʣʴʮʠʝʤ ʠ ʵʪʘʣʦʥʘ (Al ʤʘʨʢʠ A5N) 

Fig. 3. Temperature dependences on cooling time (a) and cooling rate on temperature (b) for 

samples made of aluminum conductor alloy AlV0.1, with calcium and reference (Al grade A5N) 

  
 

ɼʘʣʝʝ ʧʦ ʨʘʩʩʯʠʪʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʚʝʣʠʯʠʥ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʡ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʦʚ ʧʦ 

ʫʨʘʚʥʝʥʠʶ (1) ʙʳʣʘ ʚʳʯʠʩʣʝʥʘ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʩʧʣʘʚʘ 

AlV0.1 ʩ ʢʘʣʴʮʠʝʤ. 

ʇʦʣʫʯʝʥʦ ʩʣʝʜʫʶʱʝʝ ʦʙʱʝʝ ʫʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʜʣʷ ʩʧʣʘʚʦʚ ʠ ʵʪʘʣʦʥʘ (Al ʤʘʨʢʠ A5N) 

.320 dTcTbTaʉP +++=  (4) 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʳ (4) ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʩʧʣʘʚʘ AlV 0.1, ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʢʘʣʴʮʠʝʤ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 

2. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʉʨ
0 
ʜʣʷ ʩʧʣʘʚʦʚ ʧʦ ʬʦʨʤʫʣʘʤ (1) ʠ (4) ʯʝʨʝʟ 100 ʂ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 3. 
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ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʠ (3) ʜʣʷ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʚʦʜʥʠʢʦʚʦʛʦ 

ʩʧʣʘʚʘ AlV 0.1 ʩ ʢʘʣʴʮʠʝʤ ʠ ɻʪʘʣʦʥʘ (Al ʤʘʨʢʠ A5N) 

Table 1. Values of coefficients in equation (3) for aluminum conductor alloy AlV0.1 with calcium 

and reference (Al grade A5N) 
ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʚ 

ʩʧʣʘʚʝ AlV 0.1, ʤʘʩ. % 
a, K 

bȚ10
-2
, 

c
-1
 

p, K 
kȚ10

-4
, 

c
-1 

abȚ10
-1
, 

Kc
-1 

pkȚ10
-3
, 

Kc
-1 

AlV 0.1 512.0542 4.82 314.4388 2.97 2,47 9,35 

0.01 512.0554 4.82 315,9373 2.96 2,47 9,35 

0.1 512.0562 4.82 316,9363 2.95 2,47 9,35 

0.5 512.0564 4.82 317,1362 2.95 2,47 9,35 

1.0 512.0572 4.82 318,2351 2.94 2,47 9,35 

ʕʪʘʣʦʥ 512,0525 4,82 312,4408 2,99 2,47 9,36 

 

ʊʘʙʣʠʮʘ 2. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a, b, c, d, ʫʨʘʚʥʝʥʠʠ (4) ʜʣʷ ʘʣʶʤʠʥʠʝʚʦʛʦ 

ʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʩʧʣʘʚʘ AlV 0.1, ʩ ʢʘʣʴʮʠʝʤ ʠ ʵʪʘʣʦʥʘ (Al ʤʘʨʢʠ A5N) 

Table 2. Values of coefficients a, b, c, d, equation (4) for aluminum conductor alloy AlV0.1, with 

calcium and reference (Al grade A5N) 
ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ 

ʚ ʩʧʣʘʚʝ AlV 0.1, ʤʘʩ. 

% 

ʘ, 

ɼʞ/(ʢʛĀʂ) 

b, 

ɼʞ/(ʢʛĀʂ
2
) 

cĀ10
-3
, 

ɼʞ/(ʢʛĀʂ
3
) 

dȚ10
-6
, 

ɼʞ/(ʢʛĀʂ
4
)
 
ʂʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ 

R
2 

AlV 0.1 689.3892 1.0119 -1,2702 0,91245 0.9999 

0.01 689.3944 1.0117 -1,2698 0,91220 0.9999 

0.1 689.4833 1.0097 -1,2660 0,90992 0.9999 

0.5 689.8568 1.0010 -1,2495 0,89978 0.9999 

1.0 690.3632 0.9900 -1,2289 0,88712 0.9999 

ʕʪʘʣʦʥ 690.3491 1.010 -1,2700 0,91300 1.000 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 3 ʠ ʨʠʩ. 4ʘ, ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʝʤʢʦʩʪʴ ʘʣʶʤʠʥʠʝʚʦʛʦ 

ʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʩʧʣʘʚʘ AlV 0.1 ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʴʮʠʷ ʫʤʝʥʴʰʘʝʪʩʷ. 

 

ʊʘʙʣʠʮʘ 3. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ (ɼʞ/(ʢʛĿʂ)) 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʩʧʣʘʚʘ AlV 0.1 ʩ ʢʘʣʴʮʠʝʤ ʠ ʵʪʘʣʦʥʘ (Al ʤʘʨʢʠ A5N) 

Table 3. Temperature dependence of specific heat (J/(kgĿK)) aluminum conductor alloy AlV0.1 

with calcium and reference (Al grade A5N) 
ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʚ 

ʩʧʣʘʚʝ AlV 0.1, ʤʘʩ. % 

ʊ.ʂ 

300 400 500 600 700 800 

AlV 0.1 903,2774 949,3140 991,8455 1036,346 1088,292 1153,156 

0.01 903,2518 949,2872 991,8194 1036,322 1088,267 1153,129 

0.1 903,0211 949,0382 991,5733 1036,086 1088,036 1152,882 

0.5 901,9959 947,9227 990,4543 1034,989 1086,926 1151,664 

1.0 900,7144 946,5149 989,0282 1033,577 1085,484 1150,073 

ʕʪʘʣʦʥ 903,7001 949,5811 991,9741 1036,357 1088,208 1153,005 

 

ɺʳʯʠʩʣʝʥʥʳʝ ʧʦ ʫʨʘʚʥʝʥʠʶ (5) ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʩʧʣʘʚʘ AlV0.1 ʩ 

ʢʘʣʴʮʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4ʙ  

( )
,

0

0

STT

d

dT
mPC

-
= ta (5) 

ʛʜʝ: T ʠ T0 - ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʮʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, S, m ïʧʣʦɦʘʜɹ  ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʤʘʩʩʘ 

ʦʙʨʘʟʮʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʪ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʩʧʣʘʚʦʚ ʨʘʩʪʸʪ, ʘ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʴʮʠʷ ʫʤʝʥʴʰʘʝʪʩʷ.  
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ʈʠʩ. 4. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ (ʘ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʦʪʜʘʯʠ (ʙ) ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʩʧʣʘʚʘ AlV 0.1, ʩ ʢʘʣʴʮʠʝʤ ʠ ʵʪʘʣʦʥʘ (Al 

ʤʘʨʢʠ A5N) 

Fig. 4. Temperature dependence of specific heat capacity (a) and heat transfer coefficient (b) of 

aluminum conductor alloy AlV0.1, with calcium and reference (Al grade A5N) 

  
 

ɼʣʷ ʨʘʩʯʸʪʘ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʩʧʣʘʚʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ 

ʬʦʨʤʫʣʘʤ (6) ï (8) ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʪʝʛʨʘʣʳ ʦʪ ʪʝʧʣʦʸʤʢʦʩʪʠ ʧʦ ʫʨʘʚʥʝʥʠʶ (4): 

() ( ) ( ) ( ) ( )0 0 2 2 3 3 4 4
0 0 0 0 0( )

2 3 4
b c d

H T H T a T T T T T T T T- = - + - + - + -, (6) 

() ( ) ( ) ( )0 0 2 2 3 3
0 0 0 0

0

( ) ln
2 3

T c d
S T S T a b T T T T T T

T
- = + - + - + -, (7) 

() () ()0 0 0 0 0 0
0 0 0( ) = ( ) ( ) ,G T G T H T H T T S T S Tè ø è ø è ø- - - -ê ú ê ú ê ú (8) 

ʛʜʝ 0T  = 298,15 ʂ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʘʣʶʤʠʥʠʝʚʦʛʦ 

ʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʩʧʣʘʚʘ AlV 0.1, ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʢʘʣʴʮʠʝʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣ. 4, 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʣʝʛʠʨʫʶʱʠʡ ʢʦʤʧʦʥʝʥʪ ʚ ʠʟʫʯʝʥʥʦʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤ ʠʥʪʝʨʚʘʣʝ (0,01-1,0 

ʤʘʩ. %) ʫʤʝʥʴʰʘʝʪ ʪʝʧʣʦʸʤʢʦʩʪʴ, ʵʥʪʘʣʴʧʠʶ ʠ ʵʥʪʨʦʧʠʶ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ ʠ ʥʝʩʢʦʣʴʢʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʣʠʯʠʥʫ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ. ʆʪʤʝʯʝʥ ʨʦʩʪ ʪʝʧʣʦʝʤʢʦʩʪʠ, ʵʥʪʘʣʴʧʠʠ ʠ ʵʥʪʨʦʧʠʠ 

ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ.  

 

ʊʘʙʣʠʮʘ 4. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʩʧʣʘʚʘ AlV 0.1 ʩ ʢʘʣʴʮʠʝʤ ʠ ɻʪʘʣʦʥʘ (Al ʤʘʨʢʠ A5N) 

Table 4. Temperature dependence of changes in thermodynamic functions of aluminum 

conductor alloy AlV0.1 with calcium and reference (Al grade A5N) 

ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʚ 

ʩʧʣʘʚʝ AlV 0.1, ʤʘʩ.% 

Ὄ Ὕ Ὄ Ὕᶻ ȟʢɼʞȾʢʛ ʜʣʷ ʩʧʣʘʚʦʚ 

ʊ.ʂ 

300 400 500 600 700 800 

AlV 0.1 1,670213 94,35180 191,4162 292,7865 398,9336 510,8755 

0.01 1,670166 94,34911 191,4108 292,7787 398,9233 510,8626 

0.1 1,66974 94,32447 191,3613 292,705 398,8264 510,7421 

0.5 1,667846 94,21456 191,1392 292,3722 398,3838 510,1842 

1.0 1,665479 94,07652 190,8589 291,95 397,8196 509,4696 

ʕʪʘʣʦʥ 1,670998 94,38695 191,4710 292,8481 398,9913 510,9213 

Ὓ Ὕ Ὓ Ὕ ȟʢɼʞȾʢʛʂ ʜʣʷ ʩʧʣʘʚʦʚ 

AlV 0.1 0,005585 0,271896 0,488313 0,67301 0,836534 0,985915 

0.01 0,005584 0,271888 0,488299 0,672992 0,836512 0,98589 



78 

 

0.1 0,005583 0,271817 0,488173 0,672821 0,836306 0,985652 

0.5 0,005577 0,271501 0,487606 0,672053 0,835368 0,98456 

1.0 0,005569 0,271104 0,486891 0,671079 0,834175 0,983167 

ʕʪʘʣʦʥ 0,005587 0,271999 0,48846 0,67317 0,836688 0,986053 

Ὃ Ὕ Ὃ Ὕ ȟʢɼʞȾʢʛ ʜʣʷ ʩʧʣʘʚʦʚ 

AlV 0.1 -0,00517 -14,4066 -52,7403 -111,020 -186,640 -277,857 

0.01 -0,00517 -14,4062 -52,7388 -111,016 -186,635 -277,849 

0.1 -0,00517 -14,4025 -52,7251 -110,988 -186,588 -277,780 

0.5 -0,00516 -14,3858 -52,6638 -110,859 -186,374 -277,464 

1.0 -0,00516 -14,3649 -52,5867 -110,697 -186,103 -277,064 

ʕʪʘʣʦʥ -0,00517 -14,4125 -52,759 -111,054 -186,69 -277,922 

 

ɺʳʚʦʜʳ. ɺ ʨʝʞʠʤʝ çʦʭʣʘʞʜʝʥʠʷè ʧʦ ʠʟʚʝʩʪʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʵʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ ʠʟ 

ʘʣʶʤʠʥʠʷ ʤʘʨʢʠ A5N ʦʧʨʝʜʝʣʝʥʘ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʚʦʜʥʠʢʦʚʦʛʦ 

ʩʧʣʘʚʘ AlV 0.1 ʩ ʢʘʣʴʮʠʝʤ ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʣʠʥʦʤʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʝʛʦ ʠʟʤʝʥʝʥʠʷ. ʀʩʧʦʣʴʟʫʷ 

ʠʥʪʝʛʨʘʣʳ ʦʪ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ, ʧʦʣʫʯʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ʵʥʪʘʣʴʧʠʠ, ʵʥʪʨʦʧʠʠ ʩʧʣʘʚʦʚ ʠ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ. ʉ ʧʦʤʦʱʴʶ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʣʴʮʠʷ ʪʝʧʣʦʸʤʢʦʩʪʴ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ, ʵʥʪʘʣʴʧʠʷ ʠ ʵʥʪʨʦʧʠʷ ʩʧʣʘʚʦʚ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ 

ɻʠʙʙʩʘ ʨʘʩʪʸʪ. 
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ÞÌæÝÔÜÔ ÖÌ×ÝÔÕ ÍÌ ÎÚÍÌÝÞÌÏÔÔ ÇÌÜÚÜÌÞÔ áÚÝÔëÞÇÚÔ ÞÑÜØÚàÔÓÔÖÄ ÎÌ 
àßÙÖÝÔëÇÚÔ ÞÑÜØÚÐÔÙÌØÔÖÔÔ áÊ×ÌÔ ÙÚÉÔ×ÔÔ Ì×êØÔÙÔÕÔ AlV0.1 
Ðìü øìėú÷ì ùìþôĔìĕúô þìĕėôėúþô þìĔüôíìîôô îúíìýþìïôô ĕìüúüìþ ìó āúýôċþĕúô þñüøúĀôóôöĒ 

îì Āÿùöýôċĕúô þñüøúðôùìøôöôô āĘ÷ìô ùúėô÷ô ì÷Ċøôùôõ AlV0,1 íú ô÷úîìô öì÷ýôõ ĔìøĆíìýþ öìüðì 
Ąÿðììùð. Ôėþôðúüô ïìüøôô āĘ÷ìô ùúėô÷ô ì÷Ċøôùôõô AlV0.1 ðìü üñĔìô "ýìüðĄìîĒ" íú ôýþôĀúðì ìó 
ôėþôðúüô ïìüøôô øìĆ÷ÿøô ùìøÿùìô ôýþôùúð ìó ì÷Ċøôùôõô ùìîĆô A5N øÿìõċù öìüðì Ąÿð. Íú ôù 
øìėýìð ûú÷ôùúøĕú, öô ýÿüĆìþô ýìüðĄìîôô ùìøÿùìĕúô āĘ÷ìô ùúėô÷ô ì÷Ċøôùôõô AlV0.1 íú öì÷ýôõ 
îì ùìøÿùìô ôýþôùúðüú þìîýôĀ øñöÿùìùð, þìîìýýÿþô öúüöìüðô āìþĕúô ýÿüĆìþô āÿùÿööÿùôô ôù 
ùìøÿùìĕú ïôüôĀþì Ąÿðìùð. Íú ôýþôĀúðì ìó ýÿüĆìþô āÿùÿöĄìîôô ùìøÿùìĕúô āĘ÷ìĕúô úøĘāþìĄÿðì, 
ùìøÿùìô ôýþôùúð îì øìýýìĕúô úùĕú, øú ôėþôðúüô āúýô ïìüøĒ îì Āÿùöýôċĕúô þñüøúðôùìøôöôô 
āĘ÷ìô ùúėô÷Ē AlV0.1-üú íú öì÷ýôõ ĕôýúí öìüðñø. ÙôĄúù ðúðì Ąÿðììýþ, öô ðìü íìüúíìüô íì÷ìùð 
Ąÿðìùô ĕìüúüìþ ėúíô÷ôċþô ïìüøĒ, ĉùþì÷ûôċ îì ĉùþüúûôċô āĘ÷ìô ì÷Ċøôùôõ AlV0,1 óôČð Ąÿðì, 
ĉùñüïôċô úóúðô Ïôííý öìø øñĄìîìð. Ôù ûìüìøñþüĕú íì þìüöôíô öì÷ýôõ íìüĆìöý ì÷úėìøìùðìùð. 

Öì÷ôðîúòìĕú: ì÷Ċøôùôõô ùúėô÷ôô AlV0.1, öì÷ýôõ, ïìüøôĎÿùĔúôĄ, öúĉĀĀôþýôñùþô 
ïìüøôðôĕĒ, ĉùþì÷ûôċ, ĉùþüúûôċ îì ĉùñüïôċô Ïôííý. 

 

ɺʃʀʗʅʀɽ ʂɸʃʔʎʀʗ ʅɸ ʊɽʄʇɽʈɸʊʋʈʅʋʖ ɿɸɺʀʉʀʄʆʉʊʔ ʊɽʇʃʆʌʀɿʀʏɽʉʂʀʍ 

ʉɺʆʁʉʊɺ ʀ ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʀʍ ʌʋʅʂʎʀʁ ɸʃʖʄʀʅʀɽɺʆɻʆ ʇʈʆɺʆɼʅʀʂʆɺʆɻʆ 

ʉʇʃɸɺɸ AlV 0.1 

ɺ ʩʪʘʪʴʝ ʦʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʩʧʣʘʚʘ AlV0.1 

ʩ ʜʦʙʘʚʢʦʡ ʢʘʣʴʮʠʷ. ʊʝʧʣʦʝʤʢʦʩʪʴ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʩʧʣʘʚʘ AlV0.1 ʦʧʨʝʜʝʣʷʣʘʩʴ ʚ ʨʝʞʠʤʝ 

çʦʭʣʘʞʜʝʥʠʷè, ʧʦ ʠʟʚʝʩʪʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʵʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ ʠʟ ʘʣʶʤʠʥʠʷ ʤʘʨʢʠ ɸ5N. ɼʣʷ ʯʝʛʦ 

ʦʙʨʘʙʦʪʢʦʡ ʢʨʠʚʳʭ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʡ ʦʙʨʘʟʮʦʚ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʩʧʣʘʚʘ AlV0.1 ʩ 

ʢʘʣʴʮʠʝʤ ʠ ʵʪʘʣʦʥʘ ʧʦʣʫʯʝʥʳ ʧʦʣʠʥʦʤʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʠʭ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ. ʀʩʧʦʣʴʟʫʷ ʚʝʣʠʯʠʥʳ 

ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʡ ʦʙʨʘʟʮʦʚ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ, ʵʪʘʣʦʥʘ ʠ ʠʭ ʤʘʩʩʳ, ʨʘʩʩʯʠʪʘʣʠ ʫʜʝʣʴʥʫʶ 

ʪʝʧʣʦʸʤʢʦʩʪʴ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʩʧʣʘʚʘ AlV0.1 ʩ ʢʘʣʴʮʠʝʤ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʸʤʢʦʩʪʴ, ʵʥʪʘʣʴʧʠʷ ʠ ʵʥʪʨʦʧʠʷ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ AlV0.1 

ʨʘʩʪʫʪ, ʘ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʫʤʝʥʴʰʘʝʪʩʷ. ʆʪ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʴʮʠʷ ʫʢʘʟʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʤʝʶʪ 

ʦʙʨʘʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʶʤʠʥʠʝʚʳʡ ʧʨʦʚʦʜʥʠʢʦʚʳʡ ʩʧʣʘʚ AlV 0.1, ʢʘʣʴʮʠʡ, ʪʝʧʣʦʸʤʢʦʩʪʴ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ, ʵʥʪʘʣʴʧʠʷ, ʵʥʪʨʦʧʠʷ, ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ. 

 

EFFECT OF CALCIUM ON THE TEMPERATURE DEPENDENCE OF THERMOPHYSICAL 

PROPERTIES AND THERMODYNAMIC FUNCTIONS OF ALUMINUM CONDUCTOR ALLOY 

AlV0.1 

The article summarizes the results of experimental studies of the temperature dependence of the 

thermophysical properties and thermodynamic functions of aluminum conductor alloy AlV0.1 with added 

calcium. The heat capacity of the aluminum conductor alloy AlV0.1 was determined in the "cooling" mode, 

based on the known heat capacity of a reference sample of aluminum grade A5N. For this purpose, by 

processing the curves of cooling rates of samples made of aluminum conductor alloy AlV0.1 with calcium and a 

reference, polynomials describing their cooling rates were obtained. Using the cooling rates of the samples from 

the studied alloys, the reference and their mass, the specific heat capacity and thermodynamic functions of the 
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aluminum conductor alloy AlV0.1 with calcium were calculated as a function of temperature. It is shown that as 

the temperature increases, the heat capacity, enthalpy, and entropy of aluminum alloy AlV0.1 increase, while 

the Gibbs energy decreases. These parameters have an inverse relationship to the calcium content. 

Keywords: aluminum conductor alloy AlV0.1, calcium, heat capacity, heat transfer coefficient, enthalpy, 

entropy, Gibbs energy. 
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ʋɼʂ: 62-868 

ʆ ɼʀʅɸʄʀʂɽ ɺʈɸʑɽʅʀʗ ʉʓʈʎʆɺʆɻʆ ɺɸʃʀʂɸ ʀ ʂʆʈʈʀɻʀʈʆɺɸʅʀʀ ʆɹʒɽʄɸ 

ʈɸɹʆʏɽʁ ʂɸʄɽʈʓ  

 

ʉʘʠʜ ɸ.ʍ.  

ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʉ. ʆʩʠʤʠ 

 

ɺʚʝʜʝʥʠʝ. ɺ ʭʣʦʧʢʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʦʩʥʦʚʥʦʤ ʩʣʦʞʠʣʘʩʴ ʧʨʘʢʪʠʢʘ ʧʨʠʤʝʥʝʥʠʷ 

ʞʝʩʪʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ï ʦʥʘ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʘʥʘ ʠʤʝʥʥʦ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʣʠʥʠʷ. ʊʘʢʦʡ ʞʝ ʧʦʜʭʦʜ ʠʤʝʝʪʩʷ ʠ ʚ ʦʪʥʦʰʝʥʠʠ ʤʘʰʠʥ ï ʬʦʨʤʘ ʨʘʙʦʯʝʡ 

ʢʘʤʝʨʳ ʜʞʠʥʘ ʧʦ ʰʘʙʣʦʥʫ, ʚʩʝ ʨʘʟʚʦʜʢʠ, ʨʘʟʤʝʨʳ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʯʠʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʠ 

ʥʝ ʧʦʜʣʝʞʘʪ ʠʟʤʝʥʝʥʠʶ (ʟʘʟʦʨʳ ʤʝʞʜʫ ʧʠʣʘʤʠ, ʤʝʞʜʫ ʢʦʣʦʩʥʠʢʘʤʠ, ʨʘʟʤʝʨʳ ʟʫʙʴʝʚ ʠ ʪ.ʜ.). 

ɼʘʞʝ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʫʟʘʢʦʥʠʚʘʶʪʩʷ ɻʆʉʊʦʤ ʠ ʪ.ʜ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʭʣʦʧʢʘ, ʚʦʣʦʢʥʘ ʟʘʤʝʪʥʦ ʤʝʥʷʶʪʩʷ ʧʦ ʝʛʦ ʩʦʨʪʘʤ, ʦʥʠ ʜʘʞʝ ʤʝʥʷʶʪʩʷ 

ʚʥʫʪʨʠ ʩʦʨʪʘ. ɺ ʧʨʦʮʝʩʩʝ ʜʞʠʥʠʨʦʚʘʥʠʷ ʵʪʦ ʦʪʨʘʞʘʝʪʩʷ ʠ ʥʘ ʨʝʞʠʤʝ ʤʝʭʘʥʠʢʠ ʜʚʠʞʝʥʠʷ. 

ʕʪʠ ʠ ʜʨʫʛʠʝ ʬʘʢʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʪʢʘʟʘ ʦʪ ʞʝʩʪʢʦʛʦ ʨʝʞʠʤʘ 

ʤʝʭʘʥʠʢʠ ʜʚʠʞʝʥʠʷ ʠ ʧʝʨʝʭʦʜʘ ʥʘ ʙʦʣʝʝ ʤʛ̫ʢʠʡ ʨʝʞʠʤ ʪʝʭʥʦʣʦʛʠʠ ʤʝʭʘʥʠʢʠ ʜʚʠʞʝʥʠʷ, 

ʢʦʪʦʨʳʡ ʫʯʝʣ ʙʳ ʦʩʦʙʝʥʥʦʩʪʠ ʭʣʦʧʢʘ ʠ ʚʦʣʦʢʥʘ ʧʨʠ ʠʭ ʧʝʨʝʨʘʙʦʪʢʝ. ʕʪʫ ʪʝʭʥʦʣʦʛʠʶ ʥʘʟʦʚʝʤ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ ʠ ʵʪʘ ʤʳʩʣʴ ʦʪʥʦʩʠʪʩʷ ʦʪ ʥʘʯʘʣʘ ʜʦ ʢʦʥʮʘ ʢ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʪ.ʝ. 

ʤʝʭʘʥʠʢʘ ʜʚʠʞʝʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʛʠʙʢʦʡ, ʤʷʛʢʦʡ - ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ ï ʩ ʧʝʨʝʤʝʥʥʦʡ 

ʢʘʤʝʨʦʡ ʧʦ ʦʙʲʝʤʫ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ. ʆʙʨʘʟʦʚʘʥʠʶ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʤʥʦʛʠʭ 

ʘʚʪʦʨʦʚ. ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʶʪ ʨʘʙʦʪʳ ʧʨʦʬʝʩʩʦʨʦʚ ɺ.ʉ.ʌʝʜʦʨʦʚʘ, ɹ.ɸ.ʃʝʚʢʦʚʠʯʘ ʠ 

ʜʨ. ʀʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʧʨʠʨʦʜʳ ʦʙʨʘʟʦʚʘʥʠʷ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ ʵʪʦʪ ʚʦʧʨʦʩ ʥʝ ʩʥʠʤʘʝʪʩʷ ʩ 

ʧʦʚʝʩʪʢʠ ʜʥʷ ʫʯʝʥʳʭ ʠ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʅʘʰʠ ʚʠʟʫʘʣʴʥʳʝ, ʘ ʟʘʪʝʤ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʥʘʙʜʶʜʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚ ʧʦʣʴʟʫ ʜʚʠʞʝʥʠʷ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ ʧʦ ʫʩʣʦʚʥʳʤ ʩʣʦʷʤ ʠ ʚ 

ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʣʦʠ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʜʨʫʛʠʤʠ ʩʣʦʷʤʠ 

ʩʦʚʝʨʰʘʶʪ ʤʛʥʦʚʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʠ ʚ ʧʣʘʥʝʪʘʨʥʦʤ ʨʝʞʠʤʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʛʣʘʩʥʦ ʥʘʰʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʩʳʨʮʦʚʳʡ ʚʘʣʠʢ ʦʙʨʘʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ʇʝʨʚʳʤ ʜʦʣʛʦʤ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʙʦʯʘʷ ʢʘʤʝʨʘ ʟʘʧʦʣʥʷʝʪʩʷ ʩʚʝʞʝʡ 

ʧʦʨʮʠʝʡ ʭʣʦʧʢʘ-ʩʳʨʮʘ, ʧʨʠ ʵʪʦʤ ʩʳʨʮʦʚʳʡ ʚʘʣʠʢ ʝʱʝ ʥʝ ʦʙʨʘʟʦʚʘʣʩʷ, ʥʦ ʟʘʥʠʤʘʝʪ ʪʘʢʫʶ ʞʝ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʠ ʦʙʲʝʤ, ʦʥ ʦʜʥʦʨʦʜʝʥ - ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʠʟ ʣʝʪʫʯʝʢ ʚ ʥʝʪʨʦʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ, ʪ.ʝ. 

ʚʩʷ ʤʘʩʩʘ ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ ʧʦʯʪʠ ʦʜʥʦʡ ʬʨʘʢʮʠʠ ʣʝʪʫʯʝʢ. ʇʫʩʢʘʶʪ ʚ ʭʦʜ ʧʠʣʴʥʳʡ ʮʠʣʠʥʜʨ 

ʜʞʠʥʘ ʚ ʧʦʜʥʷʪʦʤ ʩʦʩʪʦʷʥʠʠ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ. ʇʦʩʪʝʧʝʥʥʦ ʢʘʤʝʨʫ ʦʧʫʩʢʘʶʪ ʠ ʧʦʜʥʠʤʘʶʪ, 

ʯʪʦʙʳ ʤʘʩʩʘ ʭʣʦʧʢʘ ʚʨʘʱʘʣʘʩʴ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʡ ʥʦʤʠʥʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʠ ʢʦʛʜʘ ʵʪʦ 

ʜʦʩʪʠʛʘʝʪʩʷ, ʢʘʤʝʨʫ ʦʧʫʩʢʘʶʪ ʜʦ ʢʦʥʮʘ. ʍʦʪʷ ʨʘʙʦʯʠʡ ʚʘʣʠʢ ʦʙʨʘʟʦʚʘʣʩʷ ʠ ʚʨʘʱʘʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʦ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʦʪʜʝʣʝʥʠʷ ʩʝʤʷʥ ʦʪ ʢʘʤʝʨʳ. ɺʳʜʝʣʝʥʠʶ ʩʝʤʷʥ 

ʧʨʝʜʰʝʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ ʧʦ ʫʩʣʦʚʥʳʤ ʩʣʦʷʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʨʘʢʮʠʠ 

(ʤʘʩʩʳ) ʚʘʣʠʢʘ, ʪʦ ʝʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʛʦʣʝʥʥʳʭ ʩʝʤʷʥ ʙʣʘʛʦʜʘʨʷ ʟʘʢʦʥʘʤ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ 

ʙʫʜʫʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʧʝʨʚʦʡ ʟʦʥʝ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ, ʪʦ ʝʩʪʴ ʦʙʨʘʟʫʶʪ ʩʝʤʝʥʥʦʡ ʚʘʣʠʢ ʚ 

ʮʝʥʪʨʝ, ʢ ʪʦʤʫ ʚʨʝʤʝʥʠ ʩʚʝʞʘʷ ʧʦʨʮʠʷ ʭʣʦʧʢʘ, ʧʦʩʪʦʷʥʥʦ ʧʦʩʪʫʧʘʶʱʘʷ ʚ ʢʘʤʝʨʫ, ʦʙʨʘʟʫʝʪ 

ʩʪʘʙʠʣʴʥʳʡ ʧʝʨʠʬʝʨʠʡʥʳʡ ʪʨʝʪʠʡ ʩʣʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʨʘʢʮʠʠ ï ʥʝʪʨʦʥʫʪʳʡ 

ʭʣʦʧʦʢ. ɿʘʢʦʥʦʤʝʨʥʦ, ʯʪʦ ʤʝʞʜʫ ʜʚʫʤʷ ʵʪʠʤʠ ʩʣʦʷʤʠ ï ʩʣʦʝʤ ʩʝʤʝʥʥʦʛʦ ʚʘʣʠʢʘ ʠ ʩʣʦʝʤ 

ʭʣʦʧʢʦʚʦʛʦ ʚʘʣʠʢʘ ʦʙʨʘʟʫʝʪʩʷ ʩʨʝʜʥʠʡ ʩʣʦʡ ï ʚʪʦʨʦʡ ʩʣʦʡ, ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪ 

ʜʚʫʭ ʜʨʫʛʠʭ ʩʣʦʝʚ, ʪʦ ʝʩʪʴ ʵʪʦʪ ʩʣʦʡ ʢ ʧʠʣʘʤ ʫʞʝ ʠʤʝʣ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝ, ʦʪʜʘʣ ʯʘʩʪʴ ʚʦʣʦʢʥʘ, 

ʥʦ ʩʝʤʝʥʘ ʥʝ ʦʛʦʣʝʥʥʳʝ. ɺ ʦʙʱʝʤ ʚʪʦʨʦʡ ʩʣʦʡ ï ʵʪʦ ʧʦ ʩʚʦʠʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ 

ʠ ʩʪʝʧʝʥʠ ʦʛʦʣʝʥʠʷ ʩʝʤʷʥ ʦʪ ʚʦʣʦʢʥʘ ʟʘʥʠʤʘʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʨʝʜʥʝʝ ʧʦʣʦʞʝʥʠʝ ʠ ʝʛʦ 

ʥʘʟʳʚʘʶʪ ʩʤʝʰʘʥʥʳʤ ʩʣʦʝʤ. 

ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʘʤ ʤʝʭʘʥʠʢʠ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʦʜʠʥʘʢʦʚʳʭ ʫʩʠʣʠʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ 

ʪʝʣʘ ʩ ʨʘʟʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʢʦʤʧʦʥʝʥʪʝ ʝʩʪʝʩʪʚʝʥʥʦ 

ʩʦʚʝʨʰʘʶʪ ʜʚʠʞʝʥʠʷ ʧʦ ʨʘʟʣʠʯʥʳʤ ʟʘʢʦʥʘʤ. ʉʳʨʮʦʚʳʡ ʚʘʣʠʢ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʪʘʢʦʚʳʤ ʠ 

ʢʘʞʜʳʡ ʩʣʦʡ ʤʦʞʝʪ ʩʦʚʝʨʰʘʪʴ ʜʚʠʞʝʥʠʝ ʧʦ ʧʨʠʩʫʱʠʝʤʫ ʟʘʢʦʥʘʤ ʜʚʠʞʝʥʠʷ ʠ ʤʦʞʝʪ ʜʦʧʫʩʢʘʪʴ 



82 

 

ʦʪʩʪʘʚʘʥʠʝ ʦʜʥʦʛʦ ʩʣʦʷ ʦʪ ʜʨʫʛʦʛʦ ʠʣʠ ʥʘʦʙʦʨʦʪ. ʕʪʦ ʠ ʜʨʫʛʦʝ ʤʦʞʝʪ ʜʦʚʝʩʪʠ ʜʝʣʦ ʜʦ ʪʦʛʦ, ʯʪʦ 

ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʨʥʦʡ ʤʘʩʩʳ ʥʘʧʦʜʦʙʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʩʪʝʨʞʥʝʡ -ʨʦʣʠʢʦʚ. ʕʪʠ ʷʚʣʝʥʠʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʧʦʚʝʜʝʥʠʝ ʜʚʠʞʝʥʠʷ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ ʚ ʮʝʣʦʤ. ʇʦʵʪʦʤʫ 

ʨʘʩʤʦʪʨʠʤ ʜʚʠʞʝʥʠʝ ʩʣʦʝʚ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ ʚ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ. 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʜʚʠʞʝʥʠʷ ʩʣʦʝʚ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ ʚ ʧʣʘʥʝʪʘʨʥʦʤ (ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ) 

ʨʝʞʠʤʝ ʙʫʜʝʤ ʚʝʩʪʠ ʧʦ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ ʚ ʦʙʱʝʤ ʚʠʜʝ ʠ ʢʦʥʢʨʝʪʥʦ. ɼʣʷ ʙʦʣʝʝ ʦʙʱʝʛʦ ʩʣʫʯʘʷ, 

ʢʦʛʜʘ ʩʳʨʮʦʚʳʡ ʚʘʣʠʢ (ʪʨʝʪʠʡ ʩʣʦʡ) ï ʢʦʣʴʮʦ ʠ ʩʝʤʝʥʥʦʡ ʚʘʣʠʠʢ (ʧʝʨʚʳʡ ʩʣʦʡ) ʚʨʘʱʘʶʪʩʷ ʩ 

ʧʝʨʝʤʝʥʥʳʤʠ (ʦʪʩʪʘʶʱʠʤʠ ʠʣʠ ʦʧʝʨʝʞʘʶʱʠʤʠ)ʫʛʣʦʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ɤ3 ʠ ɤ1, ʘ ʩʤʝʰʘʥʥʳʝ 

ʨʦʣʠʢʠ (ʚʪʦʨʦʡ ʩʣʦʡ) ʚʨʘʱʘʶʪʩʷ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ɤ2. ɹʝʟʫʩʣʦʚʥʦ ʩʘʤʠ 

ʨʦʣʠʢʠ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʜʦʧʫʩʢʘʶʪ ʜʚʠʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ. ʕʪʦ ʧʦʢʘ 

ʦʪʜʝʣʴʥʳʡ ʚʦʧʨʦʩ. ʈʝʰʘʷ ʩʦʚʤʝʩʪʥʦ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʦʧʨʝʜʝʣʷʷ ʥʦʨʤʘʣʴʥʳʝ ʨʝʘʢʮʠʠ, ʚ 

ʢʦʪʦʨʦʤ ʦʥʠ ʷʚʣʷʶʪʩʷ ʫʩʣʦʚʠʝʤ ʢʦʥʪʘʢʪʘ ʨʦʣʠʢʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʭʣʦʧʢʦʚʦʛʦ (ʪʨʝʪʴʝʛʦ) ʩʣʦʷ. 

ʏʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ʢʦʥʪʘʢʪ ʨʦʣʠʢʘ ʩ ʜʨʫʛʠʤʠ ʩʣʦʷʤʠ ʚ ʤʦʤʝʥʪ ʜʚʠʞʝʥʠʷ ʩʣʦʝʚ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʪʴ ʚ ʩʳʨʮʦʚʦʤ ʨʦʣʠʢʝ ʫʧʨʫʛʦʝ ʫʩʠʣʠʝ ʈ.. ʢʦʪʦʨʦʝ ʙʳʣʦ ʙʳ ʙʦʣʴʰʝ ʠʣʠ ʨʘʚʥʦ 

ʥʘʠʙʦʣʴʰʝʡ ʠʟ ʤʘʢʩʠʤʘʣʴʥʳʭ ʚʝʣʠʯʠʥ ʈ3 ʠ ʈ1. ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʨʘʞʝʥʠʷ ʫʩʣʦʚʠʝ ʚʨʘʱʝʥʠʷ 

ʨʦʣʠʢʘ (ʚʪʦʨʦʛʦ ʩʣʦʷ) ʙʝʟ ʫʯʝʪʘ ʪʨʝʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʭʣʦʧʢʦʚʦʛʦ ʪʨʝʪʴʝʛʦ ʩʣʦʷ ʠʤʝʝʪ ʚʠʜ: 

ὖ
Ͻ Ͻ Ͻ Ͻ

Ͻ
 (1) 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ, ʝʩʣʠ ʥʝʨʘʚʝʥʩʪʚʦ ʚʳʧʦʣʥʠʪʩʷ ʠʩʭʦʜʷ ʠʟ ʜʦʧʫʱʝʥʠʷ, ʯʪʦ 

ʢʘʯʝʥʠʝ ʨʦʣʠʢʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʪʴʝʛʦ ʠ ʧʝʨʚʦʛʦ ʩʣʦʝʚ ʦʩʫʱʝʩʪʚʣʷʪʩʷ ʙʝʟ ʩʢʦʣʴʞʝʥʠʷ, ʪʦ 

ʩʳʨʮʦʚʳʡ ʚʘʣʠʢ ʩʦ ʩʚʦʠʤʠ ʫʩʣʦʚʥʳʤʠ ʩʣʦʷʤʠ ʠ ʨʦʣʠʢʦʤ ʤʦʞʥʦ ʫʧʦʜʦʙʠʪʴ ʬʨʠʢʮʠʦʥʥʦʤʫ 

ʜʠʬʬʝʨʝʥʮʠʘʣʫ. ʇʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʷ N3 ʠ N1 ʚ ʫʨʘʚʥʝʥʠʝ, ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ ʧʨʠʚʝʜʝʥʥʳʡ 

ʢ ʪʨʝʪʴʝʤʫ ʩʣʦʶ ʤʦʤʝʥʪ ʪʨʝʥʠʷ ʦʜʥʦʛʦ ʭʣʦʧʢʦʚʦʛʦ ʨʦʣʠʢʘ ʚʪʦʨʦʛʦ ʩʣʦʷ. ɺʦ ʚʪʦʨʦʤ ʩʣʦʝ 

ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ ʭʣʦʧʢʦʚʳʭ ʨʦʣʠʢʦʚ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ, ʭʦʪʷ ʧʦʩʯʠʪʘʪʴ ʠʭ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. 

ʉ ʫʯʝʪʦʤ ʤʦʤʝʥʪʘ ʩʠʣr ʪʨʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʢ ʪʨʝʪʴʝʤʫ ʩʣʦʶ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ ʚ ʦʙʱʝʤ ʚʠʜʝ 

ʜʚʠʞʝʥʠʷ, ʤʛʥʦʚʝʥʥʘʷ ʤʦʱʥʦʩʪʴ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʪʨʝʥʠʝ ʠ ʧʨʠʚʝʜʝʥʥʘʷ ʢ ʪʨʝʪʴʝʤʫ ʩʣʦʶ, 

ʙʫʜʝʪ ʨʘʚʥʘ: 

NT = n Ŀ (
ẕ

+ r + l) Ŀ [ɛ1 ĿP + m Ŀ l Ŀ (ɛ2 ẗ‫ ‘ẗ‐) ]Ŀ (ɤ3 ï ɤ1) , (2) 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʬʦʨʤʫʣ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʤʦʱʥʦʩʪʴ ʦʪ ʪʨʝʥʠʷ ʤʦʞʥʦ 

ʫʤʝʥʴʰʠʪʴ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ ʤʝʞʜʫ ʩʣʦʷʤʠ ʩʳʨʮʦʚʦʛʦ 

ʚʘʣʠʢʘ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʭʣʦʧʦʢ ʜʦʣʞʝʥ ʙʳʪʴ ʩʫʭʠʤ, ʥʝ ʠʤʝʪʴ ʟʘʩʦʨʝʥʥʦʩʪʝʡ, ʜʦʣʞʝʥ ʙʳʪʴ 

ʦʜʥʦʨʦʜʥʳʤ ʧʦ ʩʦʨʪʘʤ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʭʣʦʧʦʢ ʥʝʦʜʥʦʨʦʜʥʳʡ ʠ ʦʪʩʶʜʘ ʠ ʠʟʤʝʥʝʥʠʷ ʤʦʱʥʦʩʪʠ 

ʚ ʚʘʣʠʢʝ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʚʨʘʱʝʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʳʚʢʘʤʠ, ʫʜʘʨʘʤʠ ʚʦ 

ʚʨʘʱʝʥʠʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʘʜʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚʦʣʦʢʥʘ ʠ 

ʩʝʤʷʥ, ʠʟʣʠʰʥʠʤ ʨʘʩʭʦʜʘʤ ʵʥʝʨʛʠʠ ʠ ʪ.ʜ. ʌʦʨʤʫʣʘ ʜʝʡʩʪʚʫʝʪ ʧʨʠ ʫʩʣʦʚʠʠ ɤ3 ï ɤ1 Í 0, ʢʦʛʜʘ 

ʩʫʱʝʩʪʚʫʝʪ ʧʦʩʣʦʡʥʦʝ ʜʚʠʞʝʥʠʝ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ.  

ʇʨʠ ɤ3 ï ɤ1 = 0 ʦʪʩʫʪʩʪʚʫʝʪ ʚʥʫʪʨʝʥʥʝʝ ʪʨʝʥʠʝ ʠ ʩʳʨʮʦʚʳʡ ʚʘʣʠʢ ʩʪʘʥʦʚʠʪʩʷ ʝʜʠʥʳʤ ʙʝʟ 

ʩʣʦʝʚ. 

ʊʘʢʞʝ ʞʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʜʠʘʤʝʪʨ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʨʦʣʠʢʦʚ ʚ ʩʳʨʮʦʚʦʤ ʚʘʣʠʢʝ ʜʦʣʞʝʥ 

ʙʳʪʴ ʧʦ ʤʝʨʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʣʝʥʴʢʠʤ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʭʦʨʦʰʠʤ ʢʘʯʝʩʪʚʦʤ ʭʣʦʧʢʘ ʠ 

ʜʦʙʨʦʩʦʚʝʩʪʥʦʡ ʨʘʙʦʪʦʡ ʤʝʭʘʥʠʟʤʘ ʧʠʪʘʥʠʷ ʠʤʧʫʣʴʩʥʳʭ ʚʘʨʠʘʪʦʨʦʚ. ʀʤʧʫʣʴʩʥʳʝ ʚʘʨʠʘʪʦʨʳ 

ʜʦʣʞʥʳ ʨʘʙʦʪʘʪʴ ʥʘʧʦʜʦʙʠʝ ʢʘʢ ʫ ʣʠʥʪʝʨʦʚ, ʪʦʛʜʘ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʜʘʯʠ ʭʣʦʧʢʘ ʧʦʚʳʩʠʪʩʷ ʠ 

ʨʘʜʠʫʩʳ ʨʦʣʠʢʦʚ ʫʤʝʥʴʰʘʪʴʩʷ. ʕʪʦ ʚʳʟʳʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʷʚʣʝʥʠʷ ʪʨʝʥʠʷ, ʫʜʘʨʘ ʠ ʪ.ʜ. 

ʄʘʩʩʘ ʢʘʞʜʦʡ ʧʦʜʘʚʘʝʤʦʡ ʧʦʨʮʠʠ ʜʦʣʞʥʘ ʙʳʪʴ ʤʘʣʝʥʴʢʦʡ, ʨʘʟʥʦʩʪʴ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ 

ʩʣʦʝʚ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ (ɤ3 ï ɤ1) ʜʦʜʞʥʘ ʙʳʪʴ ʜʦʚʝʜʝʥʘ ʜʦ ʤʠʥʠʤʫʤʘ ʝʩʪʝʩʪʚʝʥʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ (ʨʝʛʫʣʠʨʫʝʤʳʤ ʧʠʪʘʪʝʣʝʤ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʢʘʤʝʨʳ ʩ ʧʝʨʝʤʝʥʥʳʤ ʦʙʲʝʤʦʤ ʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʧʦʩʨʝʜʩʪʚʦʤ ʪʠʧʘ ʠʤʧʫʣʴʩʥʳʭ ʚʘʨʠʘʪʦʨʦʚ ʩ ʛʠʙʢʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 

ʨʝʛʫʣʠʨʦʚʢʦʡ ʧʠʪʘʥʠʷ ʠ ʪ.ʜ.). 
 

ʈʘʩʩʤʦʪʨʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 

ʚʨʘʱʝʥʠʷ. ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ ʧʨʠ ʥʘʤʘʪʳʚʘʥʠʠ ʧʝʨʚʦʛʦ ʩʣʦʷ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

ʢʘʢ: 
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J1 = J01 + Jg1    (3) 
ʛʜʝ J01 ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʝʤʝʥʥʦʛʦ ʚʘʣʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ ʦʩʠ ʚʨʘʱʝʥʠʷ; 

Jg1 ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʯʘʩʪʠ ʧʦʣʦʩʳ ʧʝʨʚʦʛʦ ʥʘʨʫʞʥʦʛʦ ʩʣʦʷ ʥʘ ʜʫʛʝ ʦʪ 0 ʜʦ ű; 

ʇʨʠ ʥʘʤʘʪʳʚʘʥʠʠ ʩʣʦʷ ʭʣʦʧʢʘ ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ ʜʣʷ n-

ʛʦ ʩʣʦʷ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ű ʠ ʠʤʝʝʪ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ. ʇʦʩʣʝ 

ʧʝʨʝʩʪʘʥʦʚʢʠ ʠ ʠʩʧʦʣʴʟʫʷ ʪʝʦʨʝʤʫ ʐʪʝʡʥʝʨʘ, ʬʦʨʤʫʣʫ ʜʣʷ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʩʳʨʮʦʚʦʛʦ 

ʚʘʣʠʢʘ, ʧʦʜʩʪʘʚʠʚ ʚʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ, ʪʦ ʧʦʣʫʯʘʝʤ  

Jsn = { J01 +  Ŀ(Rn-1
*4

 ï R0
4
)} + (Rn

3
Ŀh Ŀ b Ŀɟ) Ŀű ï 

- { m0 + ˊĿ[( R0 + (n-1) Ŀ h)
2
n-1 ï R

2
0] Ŀ b Ŀɟ ï 

- (Rn Ŀh Ŀ b Ŀɟ) Ŀű Ŀ 4Ŀ R
2
n / (ɡ ï ű) Ŀsin

2ű
,   (4) 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʷ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ 

ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ ʧʦ ʩʣʦʷʤ ʠ, ʚ ʮʝʣʦʤ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ, 

ʪ.ʢ. ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʤʥʦʛʦʬʘʢʪʦʨʥʳʤ ʬʫʥʢʮʠʷʤ. ʅʦ ʟʘʢʣʶʯʝʥʠʷ 

ʨʝʘʣʴʥʳʝ, ʪʦ ʝʩʪʴ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ ʟʘʚʠʩʠʪ ʦʪ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʩʝʤʝʥʥʦʛʦ 

ʚʘʣʠʢʘ, ʨʘʜʠʫʩʘ ʩʣʦʷ ʭʣʦʧʢʘ, ʪʦʣʱʠʥʳ ʩʣʦʷ, ʰʠʨʠʥʳ ʩʣʦʷ, ʧʣʦʪʥʦʩʪʠ ʩʣʦʷ ʭʣʦʧʢʘ, ʫʛʣʘ 

ʥʘʤʦʪʢʠ, ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʥʘʩʪʠʣʘ ʩʣʦʷ ʭʣʦʧʢʘ, ʯʠʩʣʘ ʩʣʦʝʚ ʠ ʪ.ʜ.  

ʈʘʩʩʤʦʪʨʠʤ ʠ ʦʙʦʩʥʫʝʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʨʨʝʛʠʨʦʚʘʥʠʷ ʦʙʲʝʤʘ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʝʭʘʥʠʢʠ ʜʚʠʞʝʥʠʷ ʭʣʦʧʢʘ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʧʦ ʚʩʝʤʫ ʧʝʨʠʤʝʪʨʫ 

ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʫʜʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ (ʧʣʦʪʥʦʩʪʴ) ʦʪ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʦʩʪʘʚʘʣʦʩʴ 

ʧʦʩʪʦʷʥʥʳʤ, ʭʦʪʷ ʙʳ ʧʨʠʙʣʠʟʠʣʦʩʴ ʢ ʵʪʦʤʫ, ʪ.ʢ. ʦʪ ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʟʘʚʠʩʠʪ 

ʚʝʣʠʯʠʥʘ ʩʠʣʳ ʪʨʝʥʠʷ (ʟʘʢʦʥ ʂʫʣʦʥʘ): 

Ὂ Ὢẗὔʫʜȟ 

ʉʪʘʙʠʣʴʥʦʝ ʜʞʠʥʠʨʦʚʘʥʠʝ (ʤʝʭʘʥʠʢʘ ʜʚʠʞʝʥʠʷ) ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʦʤʠʥʘʣʴʥʳʭ ʩʢʦʨʦʩʪʷʭ 

ʠ ʧʨʠ ʤʘʣʳʭ ʢʦʣʝʙʘʥʠʷʭ ʚʦ ʚʨʝʤʝʥʠ ʪ.ʝ. ʧʨʠ ʧʦʩʪʦʷʥʩʪʚʝ ʩʢʦʨʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʠʪʴʩʷ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʭʣʦʧʦʢ ʜʦʣʞʝʥ ʙʳʪʴ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪ.ʝ. ʩ ʧʦʩʪʦʷʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ, 

ʫʜʝʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ, ʫʜʝʣʴʥʳʤ ʚʝʩʦʤ, ʥʘʩʳʧʥʳʤ ʚʝʩʦʤ ʠ ʪ.ʜ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʨʪʘ ʠ ʚʥʫʪʨʠ ʩʦʨʪʘ, ʢʘʢ ʫʞʝ ʛʦʚʦʨʠʣʠ, ʤʝʥʷʪʁʩʷ ʚ ʙʦʣʴʰʠʭ ʜʠʘʧʘʟʦʥʘʭ, 

ʜʝʩʪʘʙʠʣʠʟʠʨʫʪʁʩʷ. ʀʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʥʦ ʚʝʩʪʠ ʜʚʫʤʷ 

ʧʫʪʷʤʠ: ʠʟʤʝʥʝʥʠʝʤ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠ ʧʫʪʸʤ ʧʨʦʜʦʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʢʘʤʝʨʳ. 

I. ʇʝʨʚʳʡ ʧʫʪʴ. ʈʘʩʩʤʦʪʨʠʤ ʢʦʨʨʠʛʠʨʦʚʘʥʠʝ ʦʙʲʝʤʘ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʚ ʧʣʦʩʢʦʩʪʠ ʝʛʦ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʩʤʦʪʨʠʤ ʷʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʢʦʥʘʤʠ ʤʝʭʘʥʠʢʠ, ʩʦʛʣʘʩʥʦ 

ʨʠʩʫʥʢʘ 1. ʅʘ ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ ʩʣʦʷ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ, ʠʤʝʶʱʝʛʦ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝ ʩ 

ʫʯʘʩʪʢʦʤ ʬʘʨʪʫʢʘ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ, ʜʝʡʩʪʚʫʶʪ ʫʩʠʣʠʷ: 

ɺ ʚʠʜʫ ʤʘʣʦʩʪʠ ʟʥʘʯʝʥʠʡ ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʯʘʩʪʠʮʳ ʚʘʣʠʢʘ ʩʦʚʤʝʩʪʠʤ ʩ ʥʘʯʘʣʦʤ ʩʠʩʪʝʤʳ 

ʜʝʢʘʨʪʦʚʳʭ ʦʩʝʡ ʍ ï Y. 

sin 0,X P F m g a= - + Ö Ö =ä    (2.1) 

sin 0,ʧʣ ʮY P ʈ N m ga= + - - Ö Ö =ä   (2.2) 

ʛʜʝ: ʈ ï ʜʚʠʞʫʱʘʷ ʩʠʣʘ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ (ʦʪ ʧʠʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ); 

ʈʧʣ ï ʉʠʣʘ ʫʜʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʧʣʦʪʥʦʩʪʠ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ); 

ʈ ï ʎʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʯʘʩʪʠʮʳ; 

F ï ʉʠʣʘ ʪʨʝʥʠʷ; 

N ï ʅʦʨʤʘʣʴʥʘʷ ʨʝʘʢʮʠʷ; 

m ï ʄʘʩʩʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʯʘʩʪʠ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ; 

g ï 9,81 ʧʦʩʪʦʷʥʥʘʷ ʚʝʣʠʯʠʥʘ; 

Ŭ ï ʫʛʦʣ ʤʝʞʜʫ ʦʩʴʶ ʩʠʩʪʝʤʳ ɼʝʢʘʨʪʘ ʠ ʚʝʢʪʦʨʦʤ ʤʘʩʩʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʯʘʩʪʠ 

ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ; 

f ï ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʭʣʦʧʢʘ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʬʘʨʪʫʢʘ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ. 
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ʈʠʩ.1. ʂ ʤʝʭʘʥʠʢʝ ʜʚʠʞʝʥʠʷ ʧʨʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʤ ʦʙʲʝʤʝ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʜʞʠʥʘ 

Fig. 1. On the mechanics of motion with a differentiated volume of the gin working chamber 

 
  

ʉ ʫʯʝʪʦʤ ʧʝʨʝʩʪʘʥʦʚʢʠ ʚʳʨʘʞʝʥʠ ̫ (2.3) ʦʧʨʝʜʝʣʠʤ ʨʘʜʠʫʩ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ, ʚ 

ʟʥʘʤʝʥʘʪʝʣʝ f ʚʳʚʦʜʠʤ ʟʘ ʩʢʦʙʢʠ ʠ ʪʦʛʜʘ ʧʦʣʫʯʠʤ: 

Ὑ
ẗẗ

ẗʧʣ ẗẗẗ

ẗ

ʧʣ ẗẗ

ȟ (2.3) 

ʛʜʝ Vb - ʩʢʦʨʦʩʪʴ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ. 

ʀʟ ʚʳʨʘʞʝʥʠʷ (2.3) ʚʳʪʝʢʘʝʪ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʤʝʭʘʥʠʢʠ ʜʚʠʞʝʥʠʷ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ 

ʫʩʣʦʚʠʷʭ ʢʘʢ ʦʩʥʦʚʥʦʡ ʧʦʢʘʟʘʪʝʣʴ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʪ.ʝ. ʧʣʦʪʥʦʩʪʠ ʩʳʨʮʦʚʦʛʦ 

ʚʘʣʠʢʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʙʦʣʴʰʝ ʩ ʩʚʦʡʩʪʚʘʤʠ ʭʣʦʧʢʘ-ʩʳʨʮʘ) ʜʦʣʞʥʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʟʤʝʥʷʪʴʩʷ 

ʠ ʟʥʘʯʝʥʠʷ ʨʘʜʠʫʩʘ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ, ʧʨʠʯʝʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʚʘʣʠʢʘ ʨʘʜʠʫʩ ʨʘʙʦʯʝʡ 

ʢʘʤʝʨʳ ʜʦʣʞʝʥ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ʊʘʢʫʶ ʞʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʜʘʝʪ ʠ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ï 

ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ ʜʦʣʞʥʦ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ 

ʨʘʜʠʫʩʘ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ ï ʚʝʨʥʝʝ, ʨʘʜʠʫʩʘ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʠ ʪ.ʜ. ɹʝʟʫʩʣʦʚʥʦ, ʥʘ ʚʝʣʠʯʠʥʫ 

ʨʘʜʠʫʩʘ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʚʣʠʷʝʪ ʢʦʩʚʝʥʥʦ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ (ʵʪʦ ʩʣʝʜʩʪʚʠʝ ʧʣʦʪʥʦʩʪʠ 

ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ), ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʠ ʫʛʦʣ Ŭ. 

ɸ ʯʪʦ ʢʘʩʘʝʪʩʷ ʭʣʦʧʢʘ ʜʨʫʛʦʛʦ ʩʦʨʪʘ, ʪʦ ʵʪʦʪ ʞʝ ʠʤʝʝʪ ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ, 

ʢʦʪʦʨʦʤʫ ʧʨʠʩʫʱʝ ʟʘʤʝʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʨʘʜʠʫʩʘ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝʦʙʭʦʜʠʤʦ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʠ ʪ.ʜ., ʪ.ʝ. ʜʣʷ ʦʜʥʦʛʦ ʩʦʨʪʘ:  

R = const,   (2.4) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʠʟʣʦʞʝʥʥʦʛʦ ʚʳʰʝ ʠ ʚʳʨʘʞʝʥʠʷ (2.3) ʚʳʪʝʢʘʝʪ, ʯʪʦ ʧʦʧʝʨʝʯʥʦʝ 

ʩʝʯʝʥʠʝ ʢʘʤʝʨʳ ʧʦ ʨʘʜʠʫʩʫ ʜʦʣʞʥʦ ʙʳʪʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ ʪʦʣʴʢʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʨʪʘ 

ʠ ʩʝʣʝʢʮʠʠ ʭʣʦʧʢʘ, ʪ.ʝ. ʧʦ ʩʦʨʪʘʤ: 

R = var,   (2.5) 

ɺ ʧʨʘʢʪʠʢʝ ʠʟʤʝʥʝʥʠʷ ʨʘʜʠʫʩʘ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʩʚʷʟʘʥʳ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ, ʥʦ 

ʥʘʰʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤʠ ʩʪʝʥʜʘʤʠ ʠ ʧʝʨʝʜʝʣʢʘ ʣʠʥʪʝʨʘ ʧʦʜ ʜʞʠʥ (ʙʝʟ 

ʚʦʨʦʰʠʪʝʣʷ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʨʘʜʠʫʩʘ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ (ʦʙʲʝʤʘ) ʚ 

ʜʠʘʧʘʟʦʥʝ ʩʦʨʪʘ ʠ ʩʝʣʝʢʮʠʠ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʭʣʦʧʢʘ. ʇʨʠʯʝʤ ʚʳʩʰʝʤʫ ʩʦʨʪʫ ʭʣʦʧʢʘ 
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ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʦʝ, ʘ ʥʠʟʢʦʤʫ ʩʦʨʪʫ ʭʣʦʧʢʘ ʤʘʣʦʝ ʟʥʘʯʝʥʠʝ ʨʘʜʠʫʩʘ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ 

(ʙʝʟʫʩʣʦʚʥʦ, ʥʝ ʩʣʫʯʘʡʥʦ ʜʣʷ ʩʝʤʷʥ ʣʠʥʪʝʨ ʟʘʢʦʥʦʤʝʨʥʦ ʠʤʝʝʪ ʩʘʤʳʡ ʤʘʣʳʡ ʨʘʜʠʫʩ ʢʘʤʝʨʳ). 

ʀʟʤʝʥʝʥʠʝ ʨʘʜʠʫʩʘ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʚʥʫʪʨʠ ʩʦʨʪʘ ʥʝʚʦʟʤʦʞʥʦ ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʥʫʪʨʠ ʩʦʨʪʘ ʭʣʦʧʢʘ ʥʝʚʝʣʠʢʘ. ɸ ʪʘʢʞʝ ʝʩʣʠ ʭʦʪʷ ʙʳ 

ʜʦʧʫʩʪʠʪʴ ʪʘʢʦʝ ʠʟʤʝʥʝʥʠʝ, ʪʦ ʦʥʦ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʢʠʥʝʤʘʪʠʢʠ ʠ ʜʠʥʘʤʠʢʠ ʩʳʨʮʦʚʦʛʦ 

ʚʘʣʠʢʘ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʫʪ ʢ ʦʙʨʘʪʥʳʤ ʷʚʣʝʥʠʷʤ, ʪ.ʝ. ʩʦʟʜʘʝʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʦ ʠʤʧʫʣʴʩʥʳʡ 

ʨʝʞʠʤ ʚ ʨʘʙʦʪʝ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ. 

II . ɺʪʦʨʦʡ ʧʫʪʴ. ʈʘʩʩʤʦʪʨʠʤ ʢʦʨʨʠʛʠʨʦʚʘʥʠʝ ʦʙʲʝʤʘ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʚ ʝʛʦ ʧʨʦʜʦʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʨʨʠʛʠʨʦʚʘʥʠʷ ʦʙʲʝʤʘ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ 

ʚʥʫʪʨʠ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʦʨʪʘ ʭʣʦʧʢʘ. ɿʘʧʠʰʝʤ ʦʙʲʝʤ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʢʘʢ 
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ɿʜʝʩʴ ǎ - ʜʣʠʥʘ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ, ʦʥʘ ʨʘʚʥʘ 

2
,

V

Rp
=
Ö

      (3.2) 

ɺʳʨʘʟʠʤ 

,ʩʚm g G V d¡Ö = = Ö      (3.3) 
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ʛʜʝ V' ï ʦʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʤʘʩʩʳ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ (ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ); 

ŭʩʚ ï ʫʜʝʣʴʥʳʡ ʚʝʩ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʯʘʩʪʠʮʳ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ; 

V ï ʦʙʲʝʤ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʜʞʠʥʘ; 

Vb - ʩʢʦʨʦʩʪʴ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ. 

ɽʩʣʠ ʠʟ ʚʳʨʘʞʝʥʠʷ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ, ʪʦ ʬʦʨʤʫʣʫ (1.4) ʣʝʛʯʝ 

ʙʫʜʝʪ ʧʦʥʷʪʴ: 
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ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʦʜʥʦʛʦ ʩʦʨʪʘ ʢʠʥʝʤʘʪʠʢʘ ʠ ʜʠʥʘʤʠʢʘ ʤʝʭʘʥʠʢʠ ʜʚʠʞʝʥʠʷ 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʩʪʦʷʥʥʳʤʠ, ʪʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʢʦʥʩʪʨʫʢʮʠʷ, ʠ ʢʘʤʝʨʳ ʧʦ ʩʝʯʝʥʠʶ ʜʦʣʞʥʳ 

ʙʳʪʴ ʧʦʩʪʦʷʥʥʳʤʠ, ʧʦʵʪʦʤʫ ʧʨʠ ʧʦʩʪʦʷʥʩʪʚʝ ʧʣʦʪʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ 

ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚ ʩʚʷʟʠ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ ʢʘʢ ʢʦʤʧʣʝʢʩʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʩʚʦʡʩʪʚ ʭʣʦʧʢʘ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ ʠʟ ʨʘʩʯʝʪʘ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʤʥʦʛʠʝ ʬʘʢʪʦʨʳ ʤʝʭʘʥʠʢʠ ʜʚʠʞʝʥʠʷ, ʧʦʵʪʦʤʫ ʬʦʨʤʫʣʫ (1.4) ʘʥʘʣʠʟʠʨʫʝʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʢʘʢ ʤʥʦʛʦʬʘʢʪʦʨʥʳʡ ʧʦʢʘʟʘʪʝʣʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʬʦʨʤʫʣʳ (3.4) ʚʠʜʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʪʦʠʪ ʚ ʟʥʘʤʝʥʘʪʝʣʝ ʠ ʚ 

ʯʠʩʣʠʪʝʣʝ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ 

ʚʳʟʳʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ. ʊʘʢ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʝʥʠʷ ʚʳʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʜʞʠʥʘ ʠ ʥʘʦʙʦʨʦʪ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʠʤʝʥʝʥʠʝ ʜʣʠʥʳ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʚ ʙʦʣʴʰʠʭ ʜʠʘʧʘʟʦʥʘʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʠ ʤʘʰʠʥ ʟʘʪʨʫʜʥʝʥʦ, ʪʦ ʵʪʫ ʟʘʜʘʯʫ ʧʦ ʩʦʨʪʘʤ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʢʘʢ ʚʳʰʝ ʫʢʘʟʘʣʠ 

ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʨʘʜʠʫʩʘ ʨʘʙʦʯʝʛʦ ʚʘʣʠʢʘ.  

ɼʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʦʙʲʝʤʘ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʟʘ ʩʯʝʪ ʝʛʦ ʜʣʠʥʳ ʤʦʞʥʦ 

ʨʝʰʠʪʴ ʚʦʧʨʦʩ ʩʪʘʙʠʣʠʟʘʮʠʠ ï ʧʦʜʜʝʨʞʘʥʠʝ ʧʣʦʪʥʦʩʪʠ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʩʦʨʪʘ. 
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ɺʝʜʴ ʢʘʢ ʫʢʘʟʘʣʠ ʚʳʰʝ, ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʩʦʨʪʘ ʥʝʚʦʟʤʦʞʥʦ ʤʝʥʷʪʴ ʨʘʜʠʫʩ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʪʦʨʥʳʤ ʥʘʨʫʰʝʥʠʷʤ ʤʝʭʘʥʠʢʠ ʜʚʠʞʝʥʠʷ ï ʤʦʞʝʪ ʦʪʢʘʟʘʪʴ ʚʨʘʱʝʥʠʝ ʚʘʣʠʢʘ ʠ 

ʪ.ʜ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʩʦʨʪʘ ʥʝʦʙʭʦʜʠʤʫʶ ʧʣʦʪʥʦʩʪʴ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ ʧʨʠ 

ʤʝʭʘʥʠʢʝ ʜʚʠʞʝʥʠʷ ʤʦʞʥʦ ʜʦʩʪʠʛʘʪʴ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (3.4) ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʦʙʱʝʡ ʜʣʠʥʳ 

ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ, ʧʨʠʯʝʤ ʧʨʠ ʧʘʜʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʥʘʜʦ ʜʣʠʥʫ ʚʘʣʠʢʘ ʫʢʦʨʦʪʠʪʴ, ʘ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʜʣʠʥʫ ʚʘʣʠʢʘ ʫʚʝʣʠʯʠʪʴ. 

ʉʢʘʟʘʥʥʦʝ ʪʝʭʥʠʯʝʩʢʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʚʥʫʪʨʠ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʜʚʫʭ ʠʣʠ 

ʦʜʥʦʡ ʧʦʜʚʠʞʥʦʡ ʙʦʢʦʚʠʥʳ ʥʘ ʧʦʜʚʠʞʥʳʭ ʥʘʧʨʘʚʠʪʝʣʷʭ ʠ ʪʘʨʠʨʦʚʘʥʥʳʭ ʧʨʫʞʠʥʘʭ. 

ʉʣʝʜʫʝʪ ʫʢʘʟʘʪʴ, ʯʪʦ ʙʦʣʝʝ ʤʝʣʢʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩʳʨʮʦʚʦʛʦ 

ʚʘʣʠʢʘ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ ʠʤʧʫʣʴʩʥʳʭ ʚʘʨʠʘʪʦʨʦʚ ʩ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʢʦʪʦʨʳʝ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʟʜʝʣʘʭ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. 

ɼʣʷ ʵʪʦʛʦ ʚʘʨʠʘʪʦʨ ʜʦʣʞʝʥ ʙʳʪʴ ʩʥʘʙʞʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʣʘʧʘʥʦʤ ʧʣʦʪʥʦʩʪʠ ï ʣʠʙʦ 

ʥʘʧʦʜʦʙʠʝ ʣʠʥʪʝʨʘ ʠʣʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʙʦʢʦʚʳʝ ʧʦʜʚʠʞʥʳʝ ʩʪʝʥʢʠ 

ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ. 

ʉʧʦʩʦʙ ʧʠʣʴʥʦʛʦ ʜʞʠʥʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʤʝʪʦʜʦʤ ʢʦʨʨʠʛʠʨʦʚʘʥʠʷ ʦʙʲʝʤʘ ʨʘʙʦʯʝʡ 

ʢʘʤʝʨʳ ʤʦʞʥʦ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʥʘ ʨʠʩ. 2. ʆʪʤʝʪʠʤ, ʯʪʦ ʠʟʫʯʝʥʠʶ ʨʘʙʦʪʳ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ 

ʧʦʩʚʷʱʝʥʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʘʙʦʪʳ, ʥʦ ʚ ʥʠʭ ʨʘʩʩʤʦʪʨʝʥʳ ʚʘʨʠʘʥʪʳ ʣʠʙʦ ʙʦʣʴʰʦʡ ʢʘʤʝʨʳ, ʣʠʙʦ 

ʚ ʜʨʫʛʦʤ ʩʣʫʯʘʝ, ʥʘʦʙʦʨʦʪ, ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʤʘʣʘʷ ʢʘʤʝʨʘ, ʘ ʨʝʛʫʣʠʨʫʶʱʠʝʩʷ ʢʘʤʝʨ,r ʦʩʦʙʝʥʥʦ ʚ 

ʦʙʲʝʤʝ, ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ.  

 

ʈʠʩ. 2. ʂ ʩʧʦʩʦʙʫ ʧʠʣʴʥʦʛʦ ʜʞʠʥʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʭʣʦʧʢʘ ʤʝʪʦʜʦʤ ʢʦʨʨʝʢʮʠʠ ʦʙʲʝʤʘ 

ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ 

Fig. 2. To the method of saw ginning the movement of cotton by adjusting the volume of the 

working chamber 

 
ʊʘʢʞʝ ʤʥʦʛʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʩʳʨʮʦʚʦʛʦ 

ʚʘʣʠʢʘ ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʝʞʠʤʘ ʜʞʠʥʠʨʦʚʘʥʠʷ, ʥʦ ʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʤʘʣʦ 

ʩʜʚʠʛʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ʄʳ ʨʘʩʩʤʦʪʨʝʣʠ ʚʦʧʨʦʩ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʤʝʭʘʥʠʢʠ ʜʚʠʞʝʥʠʷ ʥʝʩʢʦʣʴʢʦ ʚ ʠʥʦʤ ʘʩʧʝʢʪʝ. ʅʦ 

ʦʧʳʪʳ ʩʪʝʥʜʦʚʦʛʦ ʠ ʟʘʚʦʜʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʦʙʥʘʜʝʞʠʚʘʶʪ ʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʰʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʚʳʚʦʜʳ ʠ ʧʨʝʜʧʦʩʳʣʢʠ (ʩʤʦʪʨʠ ʪʘʙʣʠʮʳ 1 ʠ 2). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ. ɸʥʘʣʠʟ ʦʧʳʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʦʧʳʪʦʚ (ʪʘʙʣ. 1 ʠ 2) 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʥʘʰʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʚʳʚʦʜʦʚ, ʘ ʠʤʝʥʥʦ ʥʘʠʤʝʥʴʰʘʷ ʩʫʤʤʘ 

ʧʦʨʦʢʦʚ ʜʣʷ ʧʝʨʚʦʛʦ ʩʦʨʪʘ ʭʣʦʧʢʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʥʦʤ ʨʘʜʠʫʩʝ ʢʘʤʝʨʳ, ʘ ʜʣʷ 
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ʯʝʪʚʝʨʪʦʛʦ ʩʦʨʪʘ ʧʨʠ ʫʤʝʥʴʰʝʥʥʦʤ ʨʘʜʠʫʩʝ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ. ʊʘʢʠʝ ʞʝ ʪʝʥʜʝʥʮʠʠ ʩʦʭʨʘʥʷʶʪʩʷ 

ʠ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ ʜʣʠʥʳ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ, ʘ ʠʤʝʥʥʦ: ʜʣʷ ʧʝʨʚʦʛʦ ʩʦʨʪʘ 

ʥʠʟʢʘʷ ʩʫʤʤʘ ʧʦʨʦʢʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʜʣʠʥʥʦʡ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ, ʠ ʥʘʦʙʦʨʦʪ ï ʜʣʷ ʯʝʪʚʝʨʪʦʛʦ 

ʩʦʨʪʘ ʭʣʦʧʢʘ. 

ʊʘʙʣʠʮʘ 1. 
ʉʦʨʪ ʭʣʦʧʢʘ ʩʳʨʮʘ ʉʫʤʤʘ ʧʦʨʦʢʦʚ ʚʦʣʦʢʥʘ ʚ % ʧʨʠ ʢʘʤʝʨʝ ʩ ʨʘʜʠʫʩʦʤ 

ʫʚʝʣʠʯʝʥʥʦʤ ʩʨʝʜʥʝʤ ʫʤʝʥʴʰʝʥʥʦʤ 

ɯ 1,90 2,30 3,05 

ɯV 8,40 6,07 4,46 

ʇʦʜʙʦʨ 5,00 4,75 6,50 

 

ʊʘʙʣʠʮʘ 2 
ʉʦʨʪ ʭʣʦʧʢʘ ʩʳʨʮʘ ʉʫʤʤʘ ʧʦʨʦʢʦʚ ʚʦʣʦʢʥʘ ʚ % ʧʨʠ ʜʣʠʥʝ ʢʘʤʝʨʳ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʨʝʜʥʷ ̫ ʢʦʨʦʪʢʘʷ 

ɯ 1,85 2,05 2,90 

ɯV 8,96 7,60 4,50 

ʇʦʜʙʦʨ 5,20 4,50 7,00 

 

ʋʩʨʝʜʥʸʥʥʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚʦʣʦʢʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʨʘʜʠʫʩʘ 

ʢʘʤʝʨʳ (ʧʦ ʦʧʳʪʥʳʤ ʜʘʥʥʳʤ) ʧʨʠʚʦʜʷʪʩʷ ʚ ʪʘʙʣʠʮʝ 1. 

ʋʩʨʝʜʥʸʥʥʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚʦʣʦʢʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ 

ʢʘʤʝʨʳ (ʧʦ ʦʧʳʪʥʳʤ ʜʘʥʥʳʤ ʣʘʙʦʨʘʪʦʨʠʠ) ʧʨʠʚʦʜʷʪʩʷ ʚ ʪʘʙʣʠʮʝ 2. 

ɺʳʚʦʜʳ. ɺʳʧʦʣʥʝʥʥʘʷ ʨʘʙʦʪʘ ʧʦ ʥʘʩʪʦʷʱʝʡ ʯʘʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʧʨʦʮʝʩʩ 

ʤʝʭʘʥʠʢʠ ʜʚʠʞʝʥʠʷ ʤʦʞʥʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʟʘ ʩʯʝʪ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʦʙʲʝʤʘ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʭʣʦʧʢʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʦʜʥʦʛʦ 

ʩʦʨʪʘ ʪʘʢʞʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʟʤʝʥʠʪʴ ʦʙʲʝʤ ʢʘʤʝʨʳ. ʈʘʩʩʤʦʪʨʝʥʠʝ ʪʝʦʨʠʠ ʤʝʭʘʥʠʢʠ ʜʚʠʞʝʥʠʷ ʚ 

ʤʦʜʝʣʠ ʢʦʨʨʠʛʠʨʦʚʘʥʠʷ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʧʦ ʦʙʲʝʤʫ ʟʘ ʩʯʝʪ ʨʘʜʠʫʩʘ ʢʘʤʝʨʳ ʠʣʠ ʧʦ ʝʝ ʜʣʠʥʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʪʝʦʨʠʠ ʤʝʭʘʥʠʢʠ ʜʚʠʞʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʚʦʣʦʢʥʘ, ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʤʝʭʘʥʠʢʠ ʜʚʠʞʝʥʠʷ ʠ ʫʟʣʦʚ ʜʞʠʥʘ. ʇʨʠʤʝʥʝʥʠʝ ʨʘʙʦʯʝʡ 

ʢʘʤʝʨʳ ʩ ʧʝʨʝʤʝʥʥʳʤ ʦʙʲʝʤʦʤ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʤʝʭʘʥʠʢʫ ʜʚʠʞʝʥʠʷ ʠ 

ñʪʷʞʝʣʦʛʦò ʭʣʦʧʢʘ ʚ ʨʝʞʠʤʝ ʣʠʥʠʠ ʙʝʟʦʪʭʦʜʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʈʘʩʩʤʦʪʨʝʚ ʚʨʘʱʝʥʠʝ ʩʣʦʝʚ 

ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ ʚ ʨʝʞʠʤʝ ʧʝʨʝʤʝʥʥʦʡ ʤʘʩʩʳ, ʤʳ ʦʧʨʝʜʝʣʠʣʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ 

ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʜʣʷ n-ʛʦ ʩʣʦʷ ʠ ʧʦʩʣʝ ʨʘʟʚʝʨʥʫʪʦʡ 

ʬʦʨʤʫʣʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ ʟʘʚʠʩʠʪ ʦʪ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ 

ʩʝʤʝʥʥʦʛʦ ʚʘʣʠʢʘ, ʨʘʜʠʫʩʘ ʩʣʦʷ ʭʣʦʧʢʘ, ʪʦʣʱʠʥʳ ʩʣʦʷ, ʰʠʨʠʥʳ ʩʣʦʷ, ʧʣʦʪʥʦʩʪʠ ʩʣʦʷ, ʫʛʣʘ 

ʥʘʤʦʪʢʠ ʩʣʦʷ ʠ ʯʠʩʣʘ ʩʣʦʝʚ. 
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ÐÌÜ ÍÚÜÌÔ ÐÔÙÌØÔÖÌÔ ÙÌÎÌÜÐãÌÔ ÇÌÜÌÖÌÞÚÎÌÜÔ áÚØ ÎÌ ÝÌÇÑÇÔ ÇÌÆØÔ 

ÖÌØÑÜÌÔ ÖÚÜÄ  
Ðìü øìėú÷ì ðìü íúüìô ĕìüìöìþĕúô ðôùìøôöìô ĕìüìöìþúîìüô āúø ìó üĘõô ėìíìþĕúô ĄìüþĒ îì 

ðìü üñĔìô ôøûÿ÷ýĒ, ôùăÿùôù íìĆóñ ėìíìþĕúô øúíìõùĒ ðìü ĕú÷ìþô öúøû÷ñöýĒ ôĔüú öìüðì øñĄìîìùð, 
ôùăÿùôù ìýúýĕúô óìüÿüìþô þìýĕñĕô ĕìĔøô öìøñüìô öúüĒ íìüüìýĒ öìüðì øñĄìîìð. ØÿîúĀôėô 
ėúùÿùĕúô øñāìùôöì ĕìùïúøô íì öúü ìùðúāþìùô ėÿîîìĕúô ċöāñ÷ìô ėôýøĕúô íôýČüöúøûúùñùþìô ðúüúô 
āúýôċþĕúô ĀôóôöôĊ øñāìùôöôô ïÿùúïÿù ĕìùïúøô öúøûúùñùþĕúô ċöāñ÷ì íÿðìù, ĕìüìöìþüú íú 
ėúùÿùĕúô ïÿùúïÿù ôĔüú øñöÿùìùð. Ùìîìüðăìô ĕìüìöìþúîìüô āúø ùôó ăÿùôù ìýþ îì ĕìü ċö ėìíìþ 
øñþìîúùìð ėúùÿùô íì āÿð āúýô ĕìüìöìþ ðúĄþì íúĄìð îì ôøöúù ðôĕìð, öô ċö ėìíìþ ìó ėìíìþô ðôïìü 
ėìĀú ùìøúùìð Č íìüĆìöý. Ôù ûìðôðìĕú øñþìîúùìùð íì üìĀþúüô ĕìüìöìþô ùìîìüðăìô ĕìüìöìþúîìüô 
āúø ðìü øìĔøÿĆ þìĆýôü üìýúùìùð. Ìó ôù üĘ, øìėú÷ì ĕìüìöìþô ėìíìþĕúô ùìîìüðăìô ĕìüìöìþúîìüô 
āúøüú ðìü üñòôøĕúô ïÿùúïÿù íìüüìýĒ øñöÿùìð. Íìüúô þìĆøôùô ÿýþÿîúüôô øñāìùôöìô ĕìüìöìþô 
ûìāþì óìüÿü ìýþ, öô ðìü þìøúøô ûñüôøñþüô öìøñüìô öúüĒ ĀôĄúüô (óôăôô) āúýô ùìîìüðăìô 
ĕìüìöìþúîìüô āúø ðìü ĕìü îìėþ ðúôøĒ íúėĒ øúùìð, ìėì÷ìù íì ôù ùìóðôö Ąìîìð, óñüú íÿóÿüïôô 
ėÿîîìô ýúôĄ ìó ìüóôĄô ĀôĄúüô øÿĄìāāìý îúíìýþì ìýþ. Ûìāþìþúóìöÿùôô ÿýþÿîúü (øñāìùôöìô 
ĕìüìöìþ) íú ýÿüĆìþô ùúøôùì÷Ē îì íú þìĎõôüČíôô āÿüð íú øÿüÿüô óìøúù íì ìøì÷ øñúċð, ċĆùñ ðìü 
ýÿüĆìþô ðúôøĒ ÷úóôø ìýþ ÿýþÿîúüôô ôĔüúôĄüú ùúô÷ Ąÿðìù. Íìüúô ôù, íúċð ûìāþì āúýôċþĕúô 
ðúôøôô ĀôóôöĒ, øñāìùôöĒ îì þñāùú÷úïĒ ðúĄþì íúĄìð, ċĆùñ íú öúĉĀĀôþýôñùþô ðúôøôô ýúôĄ, 
ĀôĄúüô āúý, îìóùô āúý, óôăôô øìýýì îì Ďìõüì. Ðìü ĕìėôėìþ ôù ùôĄúùðôĕìùðìĕú îúíìýþì íì ùìîĆ îì 
ðìü ðúāô÷ô ùìîĆ ðìü ðúôüìô îìýñĆ þìĎõôü ČĀþì, ùúÿýþÿîúü øñĄìîìùð. ÞìĎõôü ðúðìùô ĕìĔøô 
öìøñüìô öúüôüú ðìü ùìîíìþô āÿð, íú ðÿ üúĕ íì ìøì÷ íìüúîìüðìù øÿøöôù ìýþ: íú üúĕô þìĎõôü 
ðúðìùô ėôþĆìô íÿüôĄ îì þìĎõôü ðúðìùô ìùðúóìô ðìüúóôô öìøñüì. ÙìþôĔìĕúô þìĔüôíì ðÿüÿýþ 
íÿðìùô āÿ÷úýìĕúô ùìóìüôċîôüú þìýðôė øñöÿùìùð, ċĆùñ íìüúô ùìîĆô ċöÿøô ûìāþì øôėðúüô 
öìøþìüôùô ùÿėýúùĕú íú üìðôÿýô öìøñüìô óôČð îì íìüúô ùìîĆô ăúüÿø íú öìø Ąÿðìùô üìðôÿýô 
öìøñüìô öúüĒ íì ðìýþ úîìüðì øñĄìîìð. Üìîìùðô øñāìùôöìô ĕìüìöìþüú íú üúĕô ðôĀĀñüñùýôìþýôċ 
öìüðìùô ĕìĔøô öìøñüìô öúüĒ îúíìýþì íì āúýôċþĕúô ĀôóôöôĊ øñāìùôöôô ûìāþì ÿýþÿîúü öìüðìù 
øÿøöôù ìýþ. Ìó Ĕÿø÷ì, ĕìùïúøô öúüöìüðô ċö ùìîĆ ĕìĔøô öìøñüìüú þìĎõôü ðúðìù ùôó øÿîúĀôėô 
øìėýìð ìýþ. Íìüüìýôô ùìóìüôċô øñāìùôöìô ĕìüìöìþ ðìü øúðñ÷ô ôý÷úĕô öìøñüìô öúüôô ĕìĔø ìó 
ĕôýúíô üìðôÿýô öìøñüì Č ėìð-ėìðô úù íì ôùöôĄúĀô øôùíìĆðìô ùìóìüôċô øñāìùôöìô ĕìüìöìþ îì 
íñĕþìü Ąÿðìùô ýôĀìþô ùìā, íì÷ìùð Ąÿðìùô ĉĆþôøúðùúöôô øñāìùôöìô ĕìüìöìþ îì ìïüñïìþĕúô 
ûìāþìăôù øÿýúôðìþ øñöÿùìð. ÔýþôĀúðìô öìøñüìô öúüôô ðúüúô ĕìĔøô þìĎõôüČíìùðì ôøöúù 
øñðôĕìð, öô øñāìùôöúùôðìùô ĕìüìöìþ îì ûìāþìô µîìóùôù½ ðìü üñòôøô āìþþô ôýþñĕýú÷ô íñíúóïìĄþ 
āÿĄýôĀìþ ôĔüú öìüðì Ąìîìð. 

Öì÷ôðîúòìĕú: øñāìùôöìô ĕìüìöìþ, ùìîìüðăìô ĕìüìöìþúîìüô āúø, óôăĒ, îìóùô þìĎõôüČíìùðì, 
øìýýìô ĉ÷ñøñùþìüĒ, ùìā, øúøñùþ, ìøì÷ôČþô þñāùú÷úïĒ, öìøñüìô öúüĒ, ûìāþìô-āúø. 

 

ʆ ɼʀʅɸʄʀʂɽ ɺʈɸʑɽʅʀʗ ʉʓʈʎʆɺʆɻʆ ɺɸʃʀʂɸ ʀ ʂʆʈʈɽɻʀʈʆɺɸʅʀʀ ʆɹʒɽʄɸ 

ʈɸɹʆʏɽʁ ʂɸʄɽʈʓ  

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʠʞʝʥʠʷ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ ʧʦ ʫʩʣʦʚʥʳʤ ʩʣʦʷʤ ʠ ʚ ʠʤʧʫʣʴʩʥʦʤ 

ʨʝʞʠʤʝ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʣʦʠ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʜʨʫʛʠʤʠ ʩʣʦʷʤʠ ʩʦʚʝʨʰʘʶʪ ʤʛʥʦʚʝʥʥʦʝ 

ʜʚʠʞʝʥʠʝ ʠ ʚ ʧʣʘʥʝʪʘʨʥʦʤ ʨʝʞʠʤʝ, ʘ ʪʘʢʞʝ ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʨʨʠʛʠʨʦʚʘʥʠʷ ʦʙʲʝʤʘ 

ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ. ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʘʤ ʤʝʭʘʥʠʢʠ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʦʜʠʥʘʢʦʚʳʭ ʫʩʠʣʠʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ 

ʪʝʣʘ ʩ ʨʘʟʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʢʦʤʧʦʥʝʥʪʝ ʝʩʪʝʩʪʚʝʥʥʦ ʩʦʚʝʨʰʘʶʪ 

ʜʚʠʞʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʢʦʥʘʤʠ. ʉʳʨʮʦʚʳʡ ʚʘʣʠʢ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʪʘʢʦʚʳʤ ʠ ʢʘʞʜʳʡ ʩʣʦʡ ʤʦʞʝʪ 
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ʠʤʝʪʴ ʧʨʠ ʩʝʙʝ ʧʨʠʩʫʱʠʡ ʟʘʢʦʥ ʜʚʠʞʝʥʠʷ ʠ ʤʦʞʝʪ ʜʦʧʫʩʢʘʪʴ ʦʪʩʪʘʚʘʥʠʝ ʦʜʥʦʛʦ ʩʣʦʷ ʦʪ ʜʨʫʛʦʛʦ ʠʣʠ 

ʥʘʦʙʦʨʦʪ. ʕʪʦ ʠ ʜʨʫʛʦʝ ʤʦʞʝʪ ʜʦʚʝʩʪʠ ʜʝʣʦ ʜʦ ʪʦʛʦ, ʯʪʦ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʨʥʦʡ ʤʘʩʩʦʡ ʥʘʧʦʜʦʙʠʠ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʩʪʝʨʞʥʝʡ -ʨʦʣʠʢʦʚ. ʕʪʠ ʷʚʣʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʧʦʚʝʜʝʥʠʝ ʜʚʠʞʝʥʠʷ 

ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ ʚ ʮʝʣʦʤ. ʇʦʵʪʦʤʫ ʚ ʩʪʘʪʴʝ ʨʘʩʤʦʪʨʠʚʘʝʪʩʷ ʜʚʠʞʝʥʠʝ ʩʣʦʝʚ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ ʚ ʨʘʟʥʳʭ 

ʨʝʞʠʤʘʭ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʝʭʘʥʠʢʠ ʜʚʠʞʝʥʠʷ ʭʣʦʧʢʘ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʧʦ ʚʩʝʤʫ 

ʧʝʨʠʤʝʪʨʫ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʫʜʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ (ʧʣʦʪʥʦʩʪʴ) ʦʪ ʩʳʨʮʦʚʦʛʦ ʚʘʣʠʢʘ ʚ ʣʶʙʦʝ ʚʨʝʤʷ 

ʦʩʪʘʚʘʣʦʩʴ ʧʦʩʪʦʷʥʥʳʤ, ʭʦʪʷ ʙʳ ʧʨʠʙʣʠʟʠʣʦʩʴ ʢ ʵʪʦʤʫ, ʪ.ʢ. ʦʪ ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʟʘʚʠʩʠʪ 

ʚʝʣʠʯʠʥʘ ʩʠʣʳ ʪʨʝʥʠʷ. ʉʪʘʙʠʣʴʥʦʝ ʜʞʠʥʠʨʦʚʘʥʠʝ (ʤʝʭʘʥʠʢʘ ʜʚʠʞʝʥʠʷ) ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʦʤʠʥʘʣʴʥʳʭ 

ʩʢʦʨʦʩʪʷʭ ʠ ʧʨʠ ʤʘʣʳʭ ʢʦʣʝʙʘʥʠʷʭ ʚʦ ʚʨʝʤʝʥʠ, ʪ.ʝ. ʧʨʠ ʧʦʩʪʦʷʥʩʪʚʝ ʩʢʦʨʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʠʪʴʩʷ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʭʣʦʧʦʢ ʜʦʣʞʝʥ ʙʳʪʴ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪ.ʝ. ʩ ʧʦʩʪʦʷʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ, ʫʜʝʣʴʥʳʤ 

ʜʘʚʣʝʥʠʝʤ, ʫʜʝʣʴʥʳʤ ʚʝʩʦʤ, ʥʘʩʳʧʥʳʤ ʚʝʩʦʤ ʠ ʪ.ʜ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʨʪʘ ʠ ʚʥʫʪʨʠ ʩʦʨʪʘ ʤʝʥʷʶʪʩʷ ʚ ʙʦʣʴʰʠʭ ʜʠʘʧʘʟʦʥʘʭ, ʜʝʩʪʘʙʠʣʠʟʠʨʫʪʁʩʷ. ʀʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʨʘʙʦʯʝʡ 

ʢʘʤʝʨʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʥʦ ʚʝʩʪʠ ʜʚʫʤʷ ʧʫʪʷʤʠ: ʠʟʤʝʥʝʥʠʝʤ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠ ʧʫʪʸʤ 

ʧʨʦʜʦʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʢʘʤʝʨʳ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʚʳʚʦʜʦʚ, ʘ 

ʠʤʝʥʥʦ: ʥʘʠʤʝʥʴʰʘʷ ʩʫʤʤʘ ʧʦʨʦʢʦʚ ʜʣʷ ʧʝʨʚʦʛʦ ʩʦʨʪʘ ʭʣʦʧʢʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʥʦʤ ʨʘʜʠʫʩʝ 

ʢʘʤʝʨʳ, ʘ ʜʣʷ ʯʝʪʚʝʨʪʦʛʦ ʩʦʨʪʘ ʧʨʠ ʫʤʝʥʴʰʝʥʥʦʤ ʨʘʜʠʫʩʝ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ. ʇʨʦʮʝʩʩ ʤʝʭʘʥʠʢʠ ʜʚʠʞʝʥʠʷ 

ʤʦʞʥʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʟʘ ʩʯʝʪ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʦʙʲʝʤʘ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʭʣʦʧʢʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʦʜʥʦʛʦ ʩʦʨʪʘ ʪʘʢʞʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʟʤʝʥʠʪʴ ʦʙʲʝʤ ʢʘʤʝʨʳ. ʈʘʩʩʤʦʪʨʝʥʠʝ ʪʝʦʨʠʠ ʤʝʭʘʥʠʢʠ ʜʚʠʞʝʥʠʷ ʚ ʤʦʜʝʣʠ ʢʦʨʨʠʛʠʨʦʚʘʥʠʷ ʨʘʙʦʯʝʡ 

ʢʘʤʝʨʳ ʧʦ ʦʙʲʝʤʫ ʟʘ ʩʯʝʪ ʨʘʜʠʫʩʘ ʢʘʤʝʨʳ ʠʣʠ ʧʦ ʝʝ ʜʣʠʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʪʝʦʨʠʠ 

ʤʝʭʘʥʠʢʠ ʜʚʠʞʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚʦʣʦʢʥʘ, ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʤʝʭʘʥʠʢʠ ʜʚʠʞʝʥʠʷ ʠ 

ʫʟʣʦʚ ʜʞʠʥʘ. ʇʨʠʤʝʥʝʥʠʝ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʩ ʧʝʨʝʤʝʥʥʳʤ ʦʙʲʝʤʦʤ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ 

ʤʝʭʘʥʠʢʫ ʜʚʠʞʝʥʠʷ ʠ ñʪʷʞʝʣʦʛʦò ʭʣʦʧʢʘ ʚ ʨʝʞʠʤʝ ʣʠʥʠʠ ʙʝʟʦʪʭʦʜʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʭʘʥʠʢʘ ʜʚʠʞʝʥʠʷ, ʩʳʨʮʦʚʳʡ ʚʘʣʠʢ, ʧʣʦʪʥʦʩʪʴ, ʧʝʨʝʤʝʥʥʘʷ ʤʘʩʩʘ, 

ʵʣʝʤʝʥʪʘʨʥʘʷ ʤʘʩʩʘ, ʚʦʣʦʢʥʦ, ʤʦʤʝʥʪ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʦʧʝʨʘʮʠʷ, ʨʘʙʦʯʘʷ ʢʘʤʝʨʘ, ʭʣʦʧʦʢ ï ʩʳʨʝʮ. 

 

ON THE DYNAMICS OF ROTATION OF THE RA W ROLLER AND CORRECTION OF THE 

VOLUME OF THE WORKING CHAMBER  

This and other things can lead to the fact that between the elementary mass like cylindrical rods - rollers. 

These phenomena can significantly affect the behavior of the movement of the raw roller as a whole. Therefore, 

the article examines the movement of layers of the raw roller in different modes. To ensure stability of the 

mechanics of cotton movement, it is necessary that the specific pressure (density) from the raw roller remains 

constant at all times along the entire perimeter of the working chamber, or at least approaches this, since the 

magnitude of the friction force depends on the value of the specific pressure. Stable ginning (mechanics of 

movement) occurs at nominal speeds and with small fluctuations in time, i.e. with constant speed it is necessary 

to achieve stability of productivity. For this, cotton must have constant physical, mechanical and technological 

properties, i.e. with a constant coefficient of friction, specific pressure, specific gravity, bulk density, etc. In 

fact, these indicators, depending on the variety and within the variety, change in large ranges and are 

destabilized. The change in the volume of the working chamber can be carried out in two ways: by changing the 

cross-section and by changing the longitudinal size of the chamber. The results of the experiments confirm the 

correctness of the theoretical conclusions, namely, the smallest amount of defects for the first grade of cotton is 

achieved with an increased radius of the chamber, and for the fourth grade with a reduced radius of the working 

chamber. The process of motion mechanics can be stabilized by differentiating the volume of the working 

chamber depending on the physical and mechanical properties of cotton. In particular, when processing one 

variety, it is also advisable to change the volume of the chamber. Consideration of the theory of motion 

mechanics in the model of correction of the working chamber by volume due to the radius of the chamber or by 

its length contributes to the further development of the theory of motion mechanics and improvement of the 

fiber quality, increase in the reliability of motion mechanics and gin knots. The use of a variable volume 

working chamber allows for high-quality movement mechanics of ñheavyò cotton in a waste-free production 

line mode. 

Keywords: motion mechanics, raw roller, density, variable mass, elementary mass, fiber, moment, 

technological operation, working chamber, cotton - raw material. 
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ʅɸʍʆɾɼɽʅʀɽ ʆʇʊʀʄɸʃʔʅʓʍ ʋʉʃʆɺʀʁ ʆʇʈɽɼɽʃɽʅʀʗ ʉʊʈʆʅʎʀʗ ɺ ɺʆɼʅʆ-

ʉʇʀʈʊʆɺʓʍ ʈɸʉʊɺʆʈɸʍ 

 

ɿʫʭʫʨʦʚʘ ʄ.ɸ. 

ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʉ. ʆʩʠʤʠ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʪʨʦʥʮʠʡ ʠʛʨʘʝʪ ʦʧʨʝʜʝʣʸʥʥʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʨʦʣʴ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʠ 

ʞʠʚʦʪʥʳʭ [9]. ɺ ʨʷʜʝ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʣʫʯʘʠ ʵʥʜʝʤʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, 

ʦʙʲʝʜʠʥʸʥʥʳʭ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʫʨʦʚʩʢʘʷ ʙʦʣʝʟʥʴ, ʚʦʟʥʠʢʘʶʱʠʭ ʠʟ-ʟʘ ʠʟʙʳʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʩʪʨʦʥʮʠʷ ʥʘ ʬʦʥʝ ʜʝʬʠʮʠʪʘ ʢʘʣʴʮʠʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʯʪʦ ʚʝʜʸʪ ʢ ʧʘʪʦʣʦʛʠʷʤ ʢʦʩʪʥʦʡ 

ʩʠʩʪʝʤʳ ʫ ʞʠʚʳʭ ʩʫʱʝʩʪʚ [2; 8]. 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʪʨʦʥʮʠʷ ʚ ɿʝʤʥʦʡ ʢʦʨʝ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ (4,0ï4,5)Ŀ10 Į% [9]. 

ʉʫʱʝʩʪʚʝʥʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʩʦʜʝʨʞʘʪʩʷ ʚ ʤʦʨʩʢʦʡ ʠ ʧʨʝʩʥʦʡ ʚʦʜʝ, ʘ ʪʘʢʞʝ ʚ 

ʤʠʥʝʨʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʘʭ. ɺ ʧʦʯʚʘʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʪʨʦʥʮʠʷ ʚ ʩʨʝʜʥʝʤ ʜʦʩʪʠʛʘʝʪ 3Ŀ10 Į%, 

ʦʜʥʘʢʦ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʧʦʯʚʳ. ʉʪʨʦʥʮʠʡ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʦʨʛʘʥʠʟʤʘʭ 

ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʷʭ, ʝʛʦ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʙʠʦʤʘʩʩʝ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0,002%. ʄʦʨʩʢʠʝ 

ʚʦʜʦʨʦʩʣʠ ʠ ʞʠʚʦʪʥʳʝ ʩʧʦʩʦʙʥʳ ʥʘʢʘʧʣʠʚʘʪʴ ʩʪʨʦʥʮʠʡ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʧʦ ʨʘʩʯʝʪʫ ʥʘ 

ʟʦʣʝ ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ ʦʪ 0,05 ʜʦ 15%. 

ɹʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʨʦʥʮʠʷ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

1961ï1963 ʛʛ. ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɺ.ɺ. ʂʦʚʘʣʴʩʢʦʛʦ ʠ ʉ.ʄ. ɹʘʩʠʪʦʚʦʡ [9]. ɹʳʣʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 1200 ʧʨʦʙ ʧʦʯʚ, ʨʘʩʪʝʥʠʡ ʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ ʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʆʙʨʘʟʮʳ ʩʦʙʠʨʘʣʠʩʴ ʚ ʖʞʥʦʤ ʠ ʉʝʚʝʨʥʦʤ ʊʘʜʞʠʢʠʩʪʘʥʝ, ʢʘʢ ʚ ʧʨʝʜʝʣʘʭ 

ʮʝʣʝʩʪʠʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʦʙʦʛʘʱʸʥʥʳʝ ʟʦʥʳ), ʪʘʢ ʠ ʟʘ ʠʭ ʧʨʝʜʝʣʘʤʠ (ʢʦʥʪʨʦʣʴʥʳʝ ʟʦʥʳ). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʩʪʨʦʥʮʠʷ ʚ ʧʦʯʚʘʭ ʶʞʥʳʭ ʨʘʡʦʥʦʚ ʜʦʩʪʠʛʘʝʪ 0,30%, ʚ 

ʩʝʚʝʨʥʳʭ ï 0,16%, ʯʪʦ ʚ 5ï10 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʢʣʘʨʢʦʚʦʝ ʟʥʘʯʝʥʠʝ ʠ ʚ 2ï5 ʨʘʟ ï ʛʝʦʭʠʤʠʯʝʩʢʠʡ 

ʬʦʥ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʘʣʴʮʠʷ ʦʩʪʘʚʘʣʘʩʴ ʚʳʩʦʢʦʡ ð ʜʦ 10%. ɺ ʨʘʩʪʝʥʠʷʭ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ 

ʦʙʦʛʘʱʸʥʥʳʭ ʧʦʯʚʘʭ, ʩʦʜʝʨʞʘʥʠʝ SrĮ  ʜʦʩʪʠʛʘʣʦ 0,075%, ʯʪʦ ʚ 3ï4 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ 

ʢʦʥʪʨʦʣʴʥʳʭ ʟʦʥʘʭ. ʊʘʢʦʝ ʥʘʢʦʧʣʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Sr ʠ Ca ʚ ʩʘʤʠʭ 

ʧʦʯʚʘʭ. ʉʦʦʪʥʦʰʝʥʠʝ ʉʘ/Sr ʚ ʦʙʦʛʘʱʸʥʥʦʡ ʟʦʥʝ ʩʠʣʴʥʦ ʥʘʨʫʰʝʥʦ: ʦʥʦ ʨʘʚʥʦ ʚ ʶʞʥʳʭ ʨʘʡʦʥʦʚ 

15, ʘ ʚ ʩʝʚʝʨʥʳʭ ï62, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʙʳʯʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚ ʩʝʨʦʟʸʤʘʭï126. ɸʚʪʦʨʳ ʦʙʨʘʱʘʣʠ 

ʚʥʠʤʘʥʠʝ ʚʨʘʯʝʡ ʠ ʚʝʪʝʨʠʥʘʨʦʚ ʥʘ ʠʟʫʯʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʦʚ ʯʝʣʦʚʝʢʘ ʠ 

ʞʠʚʦʪʥʳʭ ʥʘ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Sr ʚ ʩʨʝʜʝ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Sr, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʧʦʯʚʘʭ ʠ ʨʘʩʪʝʥʠʷʭ ʖʛʘ ʠ ʉʝʚʝʨʘ 

ʊʘʜʞʠʢʠʩʪʘʥʘ, ʥʘʚʦʜʷʪ ʥʘ ʤʳʩʣʴ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʦʚʳʰʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠ ̫

ʩʪʨʦʥʮʠʷ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʵʪʦʛʦ ʨʝʛʠʦʥʘ. ʇʦʵʪʦʤʫ ʧʝʨʝʜ ʥʘʤʠ ʚʩʪʘʣʘ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʧʦʣʷʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ Sr ʚ ʚʦʜʘʭ ʠ ʧʨʦʚʝʜʝʥʠ ̫ ʧʨʦʙʥʳʭ 

ʘʥʘʣʠʟʦʚ. 

ʉʦʦʪʥʦʰʝʥʠʝ Ca/Sr ʚ ʦʙʦʛʘʱʸʥʥʳʭ ʨʘʡʦʥʘʭ ʦʢʘʟʘʣʦʩʴ ʥʘʨʫʰʝʥʥʳʤ: 15 ʜʣʷ ʶʛʘ ʠ 62 ʜʣʷ 

ʩʝʚʝʨʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʦʨʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʝʨʦʟʸʤʦʚ ð ʦʢʦʣʦ 126. ɸʚʪʦʨʳ ʧʦʜʯʸʨʢʠʚʘʣʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʧʦʚʳʰʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʪʨʦʥʮʠʷ ʥʘ ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ ʠ 

ʞʠʚʦʪʥʳʭ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʧʨʠʨʦʜʥʳʝ ʚʦʜʳ 

ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ ʪʘʢʞʝ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʨʦʥʮʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʤʝʪʦʜʘ ʧʦʣʷʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

Sr ʚ ʚʦʜʘʭ ʠ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʙʥʳʭ ʘʥʘʣʠʟʦʚ.  

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʥʘ ʨʪʫʪʥʦ-ʢʘʧʘʶʱʝʤ ʵʣʝʢʪʨʦʜʝ ʚ ʚʦʜʥʦ-

ʩʧʠʨʪʦʚʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠʤʝʥʷʣʩʷ ʢʣʘʩʩʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʦʣʷʨʦʛʨʘʬʠʠ [7; 1]. 

ʇʨʝʜʝʣ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʠʦʥʫ SrĮ  ʩʦʩʪʘʚʣʷʝʪ 1Ŀ10  ʄ ʠʣʠ 1,58 ʤʢʛ/ʤʣ, ʧʨʠ ʵʪʦʤ 

ʜʠʘʧʘʟʦʥ ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 10  ʜʦ 10 Į ʄ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʩʣʦʚʠʷ ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʨʦʥʮʠʷ ʥʘ ʈʂʕ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʴ, ʢʘʢ 
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ʨʘʟʣʠʯʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 10% ʜʦ 70% ʚʣʠʷʶʪ ʥʘ ʚʳʩʦʪʫ ʚʦʣʥʳ 

ʜʣʷ 8Ŀ10  M ʨʘʩʪʚʦʨʘ SrĮ  ʠ ʥʘ ʧʦʪʝʥʮʠʘʣ ʝʛʦ ʧʦʣʫʚʦʣʥʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 5Ŀ10 į M ʡʦʜʠʜʘ 

ʪʝʪʨʘʵʪʠʣʘʤʤʦʥʠʷ. ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʧʦʣʷʨʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʦʧʨʝʜʝʣʷʣʠʩʴ ʟʥʘʯʝʥʠʷ 

pH ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʩʪʚʦʨʦʚ. 

ʈʝʛʠʩʪʨʘʮʠʷ ʧʦʣʷʨʦʛʨʘʤʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʦʥʦʚ SrĮ  ʥʘ ʨʪʫʪʥʦ-ʢʘʧʝʣʴʥʦʤ ʵʣʝʢʪʨʦʜʝ 

ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʥʘʯʘʣʴʥʦʤ ʧʦʪʝʥʮʠʘʣʝ Eʥʘʯ = ï1,5 ɺ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ ʠʟʤʝʥʝʥʠʝʤ ʜʦ ï3,0...ï

3,2 ɺ ʧʨʠ ʩʢʦʨʦʩʪʠ 10 ʤɺ/ʩ ʠ ʧʨʠ ʜʠʘʧʘʟʦʥʝ ʪʦʢʘ dT =40 ʤʢɸ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1,6 ʤʢɸ ʥʘ 1 

ʩʤ. 

ʅʘ ʨʠʩʫʥʢʝ 1, ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʷʨʦʛʨʘʤʤʳ SrĮ  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʜʝʨʞʘʥʠʷʭ ʩʧʠʨʪʘ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ, ʚʦʣʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ SrĮ  ʚ ʦʪʩʫʪʩʪʚʠʠ ʩʧʠʨʪʘ ʥʘ ʬʦʥʝ ʪʝʪʨʘʵʪʠʣʘʤʤʦʥʠʷ 

ʡʦʜʠʩʪʦʛʦ ʥʦʩʠʪ ʦʙʨʘʪʠʤʳʡ ʭʘʨʘʢʪʝʨ. 

ʋʛʦʣ ʥʘʢʣʦʥʘ ʚʦʣʥʳ, ʛʨʘʬʠʯʝʩʢʠ ʦʧʨʝʜʝʣʸʥʥʳʡ ʢʘʢ 0,056 ɺ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʫʨʘʚʥʝʥʠʷʤʠ ʅʝʨʥʩʪʘ ʠ ɻʝʡʨʦʚʩʢʦʛʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʪʠʤʳʡ ʭʘʨʘʢʪʝʨ ʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ 

(ʨʠʩ. 1. ʢʨʠʚʘʷ 1). ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʦʪ 10 ʜʦ 60%, ʢʘʢ ʚʠʜʥʦ ʠʟ 

ʨʠʩʫʥʢʘ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘʢʣʦʥ ʧʦʣʷʨʦʛʨʘʤʤʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʩʠʣʠʚʘʝʪʩʷ ʥʝʦʙʨʘʪʠʤʳʡ 

ʭʘʨʘʢʪʝʨ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Sr
2+

 (ʨʠʩ. 1. ʢʨʠʚʘʷ 2- 6). 

 

ʈʠʩ. 1. ʇʦʣʷʨʦʛʨʘʤʤʳ ʠʦʥʦʚ SrĮ  ʥʘ ʬʦʥʝ 8Ŀ10 į ʄ ʊʕɸʁ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (CSrĮ  = 8Ŀ10 į ʄ, dT = 40, Eʥʘʯ. = ï1,5 ɺ, Eʢʦʥ. = ï3,0 ɺ) 

Fig. 1. Polarograms of SrĮ  ions against the background of 8Å10 į M TEAI at different 

concentrations of ethyl alcohol (CSrĮ  = 8Å10 į M, dT = 40, Einit. = ï1.5 V, Efin. = ï3.0 V) 

 
ʀʟ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʧʠʨʪʘ ʚ 6 ʨʘʟ ʚʝʣʠʯʠʥʘ ʩʪʝʧʝʥʠ 

ʥʝʦʙʨʘʪʠʤʦʩʪʠ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʯʪʠ ʚ 4 ʨʘʟʘ ʦʪ 0,05 ʜʦ 0,18 ɺ. ʊʘʢʦʝ ʷʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ 

ʟʘʤʝʜʣʝʥʠʝʤ ʜʠʬʬʫʟʠʠ ʠʦʥʦʚ Sr
2+

 ʢ ʵʣʝʢʪʨʦʜʫ. 

ʀʟʚʝʩʪʥʦ [5], ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʚʦʜʳ ʢ ʩʧʠʨʪʘʤ ʥʦʨʤʘʣʴʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʠʟʤʝʥʷʶʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʦʣʴʰʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʚ ʧʦʪʝʥʮʠʘʣʘʭ ʧʦʣʫʚʦʣʥ ʜʣʷ ʧʨʦʩʪʳʭ 

ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʥʝ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ. ʕʪʦ ʧʦʣʦʞʝʥʠʝ ʥʘʰʣʦ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʥʘʤʠ 

ʚʣʠʷʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʥʘ ʧʦʪʝʥʮʠʘʣ ʧʦʣʫʚʦʣʥʳ Sr
2+
. ɺʝʣʠʯʠʥʘ ʧʦʪʝʥʮʠʘʣʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʘʩʴ:  

E1/2 = ï 0,2 ï 0,3 ɺ. 

ɺ ʪʘʙʣʠʮʝ 1 ʜʘʥʳ ʚʝʣʠʯʠʥʳ E1/2, ʚʳʩʦʪʳ ʚʦʣʥʳ Sr
2+
, ʨʅ ʨʘʩʪʚʦʨʘ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ 

ʩʪʝʧʝʥʠ ʥʝʦʙʨʘʪʠʤʦʩʪʠ ʧʦʣʷʨʦʛʨʘʬʠʯʝʩʢʦʡ ʚʦʣʥʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʘʥʦʣʘ.  
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ʊʘʙʣʠʮʘ 1.ɿʘʚʠʩʠʤʦʩʪʠ ʚʳʩʦʪʳ ʚʦʣʥʳ, ʧʦʪʝʥʮʠʘʣʘ ʧʦʣʫʚʦʣʥʳ ʩʪʨʦʥʮʠʷ, ʩʨʝʜʘ ʨʘʩʪʚʦʨʘ 

(ʨʅ), ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʠ ʩʪʝʧʝʥʠ ʥʝʦʙʨʘʪʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ 

Table 1. Dependences of wave height, half-wave potential of strontium, solution environment 

(pH), solution conductivity and degree of irreversibility on the concentration of ethyl alcohol 

ʉSr2+=8Ŀ10
-4
ʄ; ʉʊʕɸʁ=8Ŀ10

-3
ʄ; V=10 ʤɺ/ʩ, Eʥʘʯ.= ï1,5ɺ; Eʢʦʥ.= ï3,0ɺ 

N 

ʧ/ʧ  

ʂʦʥʮ. 

ʩʧʠʨʪʘ

,% 

 

ʨʅ 

Þ,  

ÕʉʤĿʩʤ
-1
. 

 

dʊ 

 

E1/2, ɺ 

 

h, 

ʤʤ 

 

I, 

ʤʢɸ 

ʉʪʝʧʝʥʴ 

ʥʝʦʙʨʘʪʠʤʦʩʪʠ 

ʧʨʦʮʝʩʩʘ, ɺ 

1 ʌʦʥ: 

ʊʕɸʀ+ʉ2ʅ5ʆʅ 

10 6.7 358 20 - - - - 

2 Sr
2+

 + ʅ2ʆ - 6,4 67 20 - - - - 

3 Sr
2+

 + ʊʕɸʁ - 6,3 493 20 -2,20 86,5 6,92 0,05 

4 Sr
2+

 + ʊʕɸʁ + 10 6,5 393 20 -2,20 75,0 5,70 0,14 

5 Sr
2+

 + ʊʕɸʁ + 20 6,7 309 20 -2,26 55,5 4,44 0,16 

6 Sr
2+

 + ʊʕɸʁ + 40 6,8 216 20 -2,20 40,0 3,20 0,17 

7 Sr
2+

 + ʊʕɸʁ + 50 7,2 197 40 -2,20 15,0 2,41 0,18 

8 Sr
2+

 + ʊʕɸʁ + 60 7,4 182 40 -2,30 13,0 2,08 0,18 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ, ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣʳ ʪʦʢʘ 

(ʨʠʩ. 2. ʢʨʠʚʘʷ 1), ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ (ʨʠʩ. 2. ʢʨʠʚʘʷ 2), ʨʅ ʨʘʩʪʚʦʨʘ (ʨʠʩ. 3) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. 

 

ʈʠʩʫʥʦʢ 2. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣʳ ʪʦʢʘ Sr
2+

 (ʢʨʠʚʘʷ 1) ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘʩʪʚʦʨʘ 

(ʢʨʠʚʘʷ 2) ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʘʥʦʣʘ 

Figure 2. Graph of the dependence of Sr2+ current (curve 1) and solution conductivity (curve 2) 

on ethanol concentration 

 
ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ʨʅ ʨʘʩʪʚʦʨʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʧʠʨʪʘ 

Figure 3. Change in solution pH with alcohol concentration 

 
ɿʥʘʯʝʥʠʝ ʨʅ ʨʘʩʪʚʦʨʦʚ ʠʟʤʝʥʷʣʦʩʴ ʧʨʠ ʨʦʩʪʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʦʪ ʚʝʣʠʯʠʥʘ 

6,3 ʨʅ ʜʦ 7,4. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʩʧʠʨʪʦʚ ʠʤʝʝʪ ʥʝʡʪʨʘʣʴʥʫʶ ʩʨʝʜʫ, ʪʘʢ ʢʘʢ ʦʥʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʜʠʩʩʦʮʠʠʨʫʶʪ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʥʠ ʧʦ ʢʠʩʣʦʪʥʦʤʫ, ʥʠ ʧʦ ʦʩʥʦʚʥʦʤʫ ʪʠʧʫ. 
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ʇʦʪʝʥʮʠʘʣ ʧʦʣʫʚʦʣʥʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Sr
2+ 
ʥʝ ʠʟʤʝʥʠʣʩʷ, ʪʦ ʝʩʪʴ ʷʚʣʷʝʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ 

ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Sr
2+

 ʜʦ Sr
0 
ʥʘ ʨʪʫʪʥʦ-ʢʘʧʘʶʱʠʤ ʵʣʝʢʪʨʦʜʝ. 

ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʚʦʜʥʦ ï ʵʪʘʥʦʣʴʥʦʡ ʩʨʝʜʝ ʚʳʩʦʪʘ ʚʦʣʥʳ ʩʪʨʦʥʮʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʧʠʨʪʘ. ʅʘ ʬʦʥʝ 8Ŀ10
-3
ʄ ʨʘʩʪʚʦʨʘ ʪʝʪʨʘʵʪʠʣʘʤʤʦʥʠʷ ʡʦʜʠʩʪʦʛʦ ʩʠʣʘ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʪʦʢʘ 8Ŀ10
-4
ʄ Sr

2+ 
ʩʦʩʪʘʚʣʷʝʪ 6,92 ʤʢɸ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ 10%-ʥʦʛʦ ʵʪʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ ʪʦʢ ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʥʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʧʠʨʪʘ ʜʦ 

20%, 30%, 40%, 50% ʠ 60% ʚʝʣʠʯʠʥʘ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʪʦʢʘ ʧʘʜʘʝʪ. ʇʨʠ ʉʉ2ʅ5ʆʅ=60% ʩʠʣʘ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʪʦʢʘ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 3 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʣʠʯʠʥʦʡ ʪʦʢʘ ʚ ʦʪʩʫʪʩʪʚʠʠ ʩʧʠʨʪʘ.  

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʩʦʪʳ ʚʦʣʥʳ Sr
2+ 
ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʫʨʘʚʥʝʥʠʝ ʀʣʴʢʦʚʠʯʘ.  

Ǭʜʠʬ.= 605 n Ŀ D
1/2 
Ŀm

2/3
Ŀt

1/6
Ŀʉ   (1), 

ʛʜʝ Ǭʜʠʬ.-ʩʨʝʜʥʠʡ ʜʠʬʬʫʟʠʦʥʥʳʡ ʪʦʢ, ʤʢɸ, nïʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ, Dï

ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ, ʩʤ
2 
Ŀʩ

-1
, mïʩʢʦʨʦʩʪʴ ʚʳʪʝʢʘʥʠʷ ʨʪʫʪʠ, ʤʛĿʩ

-1
, tïʧʝʨʠʦʜ 

ʢʘʧʣʝʦʙʨʘʟʦʚʘʥʠʷ, ʩ, ʉïʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʤʠʣʣʠʤʦʣʷʭ ʥʘ 1 ʣ. 

ɿʘʤʝʥʘ ʚʦʜʳ ʜʨʫʛʠʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ (ʩʧʠʨʪʦʤ) ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʢʘʢ ʘʢʪʠʚʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦʩʷ ʚʝʱʝʩʪʚʘ çʉè, ʪʘʢ ʠ ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ n, D, Ű, 

m, ʥʝ ʟʘʚʠʩʷʱʠʭ ʦʪ ʧʨʠʨʦʜʳ ʨʘʩʪʚʦʨʠʪʝʣʷ; çŰè ï ʦʙʳʯʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʠʪʝʣʷʤ, ʥʦ ʥʘ ʚʝʣʠʯʠʥʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʪʦʢʘ ʵʪʦ ʧʦʯʪʠ ʥʝ ʦʪʨʘʞʘʝʪʩʷ, ʪʘʢ 

ʢʘʢ çŰè ʚʭʦʜʠʪ ʚ ʫʨʘʚʥʝʥʠʝ ʚ ʩʪʝʧʝʥʠ 1/6, çDè ʠʟʤʝʥʷʝʪʩʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʚʷʟʢʦʩʪʠ ʩʨʝʜʳ ʠ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʩʦʣʴʚʘʪʘʮʠʠ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʚʝʱʝʩʪʚʘ. 

ɺʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩʧʦʩʦʙʥʘ ʚʣʠʷʪʴ ʥʘ ʦʧʨʝʜʝʣʸʥʥʳʝ ʚʝʱʝʩʪʚʘ, ʥʘʧʨʠʤʝʨ, ʥʘ 

ʥʝʡʪʨʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ ʠʣʠ ʙʦʣʴʰʠʝ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʩʦʣʴʚʘʪʠʨʦʚʘʥʥʳʝ ʠʦʥʳ, ʢʦʪʦʨʳʝ ʥʝ 

ʚʩʪʫʧʘʶʪ ʚ ʭʠʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʩ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʠʣʠ ʬʦʥʦʤ, ʥʝ ʤʝʥʷʷ ʩʚʦʝʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʩʨʝʜʳ ʠ ʝʸ pH. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʚʠʜʠʤʦ, ʠʟʤʝʥʝʥʠʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʪʦʢʘ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦʩʷ ʚʝʱʝʩʪʚʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ. 

ʇʦ ʫʨʘʚʥʝʥʠʶ ʉʪʦʢʩʘ [9-10], ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʥʦʡ ʬʫʥʢʮʠʝʡ 

ʚʷʟʢʦʩʪʠ ʩʨʝʜʳ:  

rʂ

Rʊ
D

ph6

1
Ö=    (2) 

ʛʜʝ Dïʢʦʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ, ʩʤ
2
.ʩ

-1
, ʊïʪʝʤʧʝʨʘʪʫʨʘ, 

0
ʉ, 298

0
ɸ (25

0
), ʂïʯʠʩʣʦ ɸʚʦʛʘʜʨʦ, 

ʨʘʚʥʘʷ 6,03Ŀ10
23
, ɖ ïʚʷʟʢʦʩʪʴ, R-ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʨʘʚʥʘʷ 8,314Ŀ10

7
 ʵʨʛ.ʛʨʘʜ

-1
, 

rïʨʘʜʠʫʩ ʠʦʥʦʚ. 

ʇʦʜʩʪʘʚʠʚ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʚ ʫʨʘʚʥʝʥʠʝ ʀʣʴʢʦʚʠʯʘ (1) ʠ ʦʙʦʟʥʘʯʠʚ  

605ĿnĿm
2/3 
Ŀt

1/6 
ʉ ʂ ʯʝʨʝʟ const, ʧʦʣʫʯʠʤ Iʜʠʬ.=ʂĿD

1/2
, ʪ.ʢ.  

D=ʂ
h

1
, ʪʦ Iʜʠʬ. = 

( )2/1
1h

ʩʦʧst
 ʠʣʠ IʜʠʬĿh= const   (3) 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʧʨʠ 

ʧʦʣʷʨʦʛʨʘʬʠʨʦʚʘʥʠʠ Sr
2+ 
ʥʘ ʬʦʥʝ 8Ŀ10

-3
ʄ ʊʕɸʀ ʚ ʩʧʠʨʪʦïʚʦʜʥʦʡ ʩʨʝʜʝ. ʄʠʥʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʪʦʢʘ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʥʘʠʙʦʣʴʰʝʡ ʚʝʣʠʯʠʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʚʷʟʢʦʩʪʠ. ɺʝʣʠʯʠʥʘ ʚʷʟʢʦʩʪʠ ʠʟʤʝʨʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʢʣʷʥʥʦʛʦ ʢʘʧʠʣʣʷʨʥʦʛʦ 

ʚʠʩʢʦʟʠʤʝʪʨʘ ʤʘʨʢʠ ɺʇɾï1. ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʚʝʣʠʯʠʥʳ ʚʨʝʤʝʥʠ ʠʩʪʝʯʝʥʠʷ ʠʟʫʯʘʝʤʳʭ 

ʨʘʩʪʚʦʨʦʚ, ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠ ʫʜʝʣʴʥʦʡ ʚʷʟʢʦʩʪʠ, ʚʳʯʠʩʣʝʥʥʳʭ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ: 

ɖʦʪʥ.=
0

1

t

t
    (4), 

ʛʜʝ t0 ï ʚʨʝʤʷ ʠʩʪʝʯʝʥʠʷ ʯʠʩʪʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʩʝʢ, t1 ï ʚʨʝʤʷ ʠʩʪʝʯʝʥʠʷ ʨʘʩʪʚʦʨʘ, ʩʝʢ, ɖʦʪʥ.ï

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʷʟʢʦʩʪʴ, 

ɖʫʜ=ɖʦʪʠ-1=
0

01

t

tt -
,    (5) 

ɖʫʜ ï ʫʜʝʣʴʥʘʷ ʚʷʟʢʦʩʪʴ.  
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ʊʘʙʣʠʮʘ 2. ɿʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ʚʨʝʤʝʥʠ ʠʩʪʝʯʝʥʠʷ ʨʘʩʪʚʦʨʘ ʠ ʚʷʟʢʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʉ Sr
2+
=5Ŀ10

-4
ʄ; ʉʊʕɸʁ=5Ŀ10

-3
ʄ 

Table 2. Values of the solution flow time and viscosity from the concentration of ethyl alcohol C 

Sr2+=5Å10-4M; STEI=5Å10-3M 
N 

n/

n ʉʉ2ʅ5ʆʅ, % 
Iʜʠʬ., 

ʤʢɸ 

Þ, 

ɛʉʤ/ʩʤ ʏ
ʠ
ʩ
ʣ
ʦ

 

ʠ
ʟ
ʤ
ʝ
ʨ
ʝ
ʥ
ʠ
ʠ

 

t1, 

ʩ 

tʩʨʝʜ, 

ʩ 
ɖʦʪʥ.=

0

1

t

t
  

ɖʫʜ. ʉ

ʫʜh
 

1 ʌʦʥ:10%ʉ2ʅ5ʆʅ 

+5Ŀ10
-4
ʄ ʊʕɸʁ 

 

- 

 

358 

1 

2 

3 

5,0 

5,0 

5,0 

 

5,0 

 -  

2  

10* 

 

5,70 

 

398 

1 

2 

3 

5,0 

5,0 

5,0 

 

5,0 

 

1,0 

 

0 

 

3  

20 

 

4,44 

 

309 

1 

2 

3 

6,0 

6,0 

6,0 

 

6,0 

 

1,2 

 

0,2 01,0
20

2,0
=  

4  

30 

 

3,82 

 

249 

1 

2 

3 

7,0 

7,0 

7,0 

 

7,0 

 

1,4 

 

0,2 013,0
3

4,0
=  

5  

40 

 

3,20 

 

216 

1 

2 

3 

7,5 

7,5 

7,5 

 

7,5 

 

1,5 

 

0,5 0125,0
40

5,0
=  

6  

50 

 

 

2,40 

 

 

197 

1 

2 

3 

8,0 

8,0 

8,0 

 

 

8,0 

 

 

1,6 

 

 

0,6 

012,0
50

6,0
=  

7  

60 

 

2,087 

 

182 

1 

2 

3 

9,0 

9,0 

9,0 

 

9,0 

 

1,8 

 

0,8 013,0
60

8,0
=  

*ʩʦ 2 ʥʦʤʝʨʘ ʧʦ 7 ʚ ʨʘʩʪʚʦʨʝ ʩʦʜʝʨʞʠʪʩʷ 5Ŀ10
-4
ʄ Sr

2+ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʷʟʢʦʩʪʠ 

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʧʠʨʪʘ (ʨʠʩ. 4 ʢʨʠʚʘʷ 2). ɻʨʘʬʠʢ ʥʦʩʠʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʥʘʯʝʥʠʡ ʚʷʟʢʦʩʪʠ ʨʘʩʩʯʠʪʘʥʘ ʚʝʣʠʯʠʥʘ Iʜʠʬ.Ŀh (ʠʟ 

ʫʨʘʚʥʝʥʠʷ 3). ʊʝʦʨʝʪʠʯʝʩʢʠ ʵʪʘ ʚʝʣʠʯʠʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʦʡ const, ʪ.ʝ. ʙʳʪʴ ʧʦʩʪʦʷʥʥʦʡ. 

ʆʜʥʘʢʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʦʚʝʜʝʥʠʷ Sr
2+ 
ʥʘ ʬʦʥʝ ʪʝʪʨʘʵʪʠʣʘʤʤʦʥʠʷ ʡʦʜʠʩʪʦʛʦ ʠ ʨʘʟʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʵʪʘ ʚʝʣʠʯʠʥʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 2 ʠ ʨʠʩ. 4 

ʢʨʠʚʘʷ 1. 

ʈʠʩ.4. 1-ɿʘʚʠʩʠʤʦʩʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʦʢʘ IʜʠʬĿh ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ; 2-

ʀʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. 
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ʌʦʨʤʘ ʢʨʠʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʪʦʢʘ Iʜʠʬ.Ŀh ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʧʠʨʪʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʠʦʥʦʚ ʩʪʨʦʥʮʠʷ,
 
ʢʨʦʤʝ ʠʟʤʝʥʝʥʠʷ ʚʷʟʢʦʩʪʠ ʩʨʝʜʳ ʥʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ, ʦʧʨʝʜʝʣʸʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʪʘʢʞʝ ʠ ʧʨʦʮʝʩʩ ʩʦʣʴʚʘʪʘʮʠʷ. 

ʉʦʛʣʘʩʥʦ ʨʠʩʫʥʦʢ 2, ʧʨʠ ʨʦʩʪʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʧʠʨʪʘ ʚʳʩʦʪʘ ʚʦʣʥʳ ʠʦʥʦʚ ʩʪʨʦʥʮʠʷ
 
ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʫʤʝʥʴʰʘʶʪʩʷ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ SrĮ  ʚ ʠʦʥʥʦʡ ʬʦʨʤʝ ʥʘ ʨʪʫʪʥʦ-ʢʘʧʝʣʴʥʦʤ ʵʣʝʢʪʨʦʜʝ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ 

ʜʠʩʩʦʮʠʘʮʠʠ, ʠ ʝʸ ʧʦʥʠʞʝʥʠʝ ʚ ʩʧʠʨʪʦʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʡʩʷ ʬʦʨʤʳ, ʯʪʦ, ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ ʀʣʴʢʦʚʠʯʘ, ʫʤʝʥʴʰʘʝʪ ʚʳʩʦʪʫ ʚʦʣʥʳ. 

 

ʊʘʙʣʠʮʘ 3. ɺʝʣʠʯʠʥʳ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʪʦʢʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ 

Table 3. Values of diffusion current and the corresponding diffusion coefficient 
N 

n/n 

ɺʷʟʢʦʩʪʴ 

ɖʦʪʥ 

ʉʉ2ʅ5ʆʅ, 

% 
Iʜʠʬ.h Iʜʠʬh=const 

ʂ=
ʉ

Jʜʠʬ
 D=

h

ʂ
 

1 1,0 10 5,70.  5,70 0,57 1,0 

2 1,2 20 4,44. 2,1  4,86 0,22 0,83 

3 1,5 40 3,20.   3,92 0,08 0,67 

4 1,6 50 2,40. 6,1   3,04 0,05 0,63 

5 1,8 60 2,08. 8,1  2,79 0,04 0,56 

ɹʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʢʦʥʩʪʘʥʪʘ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʪʦʢʘ ʨʘʚʥʘʷ ʂ=
ʉ

Jʜʠʬ
 ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʠʬʬʫʟʠʠ ʧʦ ʬʦʨʤʫʣʝ D=
h

1
. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 3, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʧʠʨʪʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʢʘʢ ʢʦʥʩʪʘʥʪʳ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʪʦʢʘ, ʪʘʢ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ, ʯʪʦ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʫʤʝʥʴʰʝʥʠʝʤ ʩʪʝʧʝʥʠ ʜʠʩʩʦʮʠʘʮʠʠ SrCl . 

ɺʣʠʷʥʠʝ ʩʪʝʧʝʥʠ ʜʠʩʩʦʮʠʘʮʠʠ ʥʘ Iʜʠʬ. ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ, ʧʨʠʤʝʥʷʷ ʨʘʟʣʠʯʥʳʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʧʦʣʷʨʦʛʨʘʬʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʪʴ ʚʝʱʝʩʪʚʘ ʚ ʩʤʝʩʠ ʜʘʞʝ ʚ ʪʦʤ ʩʣʫʯʘʝ, 

ʝʩʣʠ ʦʥʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʨʠ ʦʜʥʦʤ ʧʦʪʝʥʮʠʘʣʝ, ʥʦ ʜʠʩʩʦʮʠʘʮʠʷ ʦʜʥʦʛʦ ʠʟ ʥʠʭ ʧʦʜʘʚʣʷʝʪʩʷ 

ʚ ʜʘʥʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ. 

ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʚʦʜʥʦïɻ ʪʘʥʦʣʴʥʦʡ ʩʨʝʜʝ ʚʳʩʦʪʘ ʚʦʣʥʳ ʩʪʨʦʥʮʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʧʠʨʪʘ ʠ ʩʘʤʦʡ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʧʠʨʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʦʥʮʠʷ 

10%-ʥʦʛʦ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥ ʜʠʘʧʘʟʦʥ 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʦʥʦʚ SrĮ  ʥʘ ʈʂʕ ʦʪ 1Ŀ10  ʜʦ 1Ŀ10 Į ʄ (1,58 ʤʢʛ/ʤʣ ï 1,58 ʤʛ/ʤʣ) 

ʚ 10%-ʥʦʤ ʨʘʩʪʚʦʨʝ ʵʪʘʥʦʣʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʜʣʷ ʘʥʘʣʠʟʘ ʥʝ 

ʪʦʣʴʢʦ ʧʨʠʨʦʜʥʳʭ ʚʦʜ, ʥʦ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ - ʧʦʯʚ, ʨʘʩʪʝʥʠʡ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ - ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʪʨʦʥʮʠʷ. 
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ØßÌÕëÙ ÙÌØßÐÌÙÔ äÌÜÚÔÞÔ ÚÛÞÔØÌ×ÔÔ ÝÞÜÚÙÝÔÕ ÐÌÜ ØÌÇ×ß×Ô ÚÍÔê 

ÝÛÔÜÞÄ 
Ðìü øìėú÷ìô øìóöÿü ùìþôĔìĕúô þìĕėôėúþ úôð íì øÿìõċù ùìøÿðìùô Ąìüúôþô úûþôøì÷ôô 

þìĕ÷ô÷ô ýþüúùýôõ íú ÿýÿ÷ô ûú÷ċüúïüìĀĒ îì þìĆýôüô öúùýñùþüìþýôċĕúô ïÿùúïÿùô ýûôüþô ĉþô÷Ē íì 
üìîìùðĕúô ĉ÷ñöþüúöôøČîĒ ûñĄùôĕúð ïìüðôðììùð. Þôíėô øìĆ÷ÿøúþô íìðìýþúøìðì, ðìü 
öúùýñùþüìþýôċô 10% ýûôüþô ĉþô÷Ē ėÿîîìô ĔìüìČùô ðôĀĀÿóôúùĒ þìĎõôüúþô ùìóìüüìýñ ùôĄúù 
ùìøñðôĕìð. Îì÷ñ íú óôČð Ąÿðìùô öúùýñùþüìþýôċô ýûôüþ ìó 20%, 30%, 40%, 50% îì 60%, öìøĄìîôô 
ùìóìüüìýô ėÿîîìô ĔìüìČù øÿĄúĕôðì øñïìüðìð. Ôù ĕú÷ìþ íì ýÿýþĄìîôô ýÿüĆìþô ðôĀĀÿóôċô ôúùĕúô 
SrĮ íì ýĘô ĉ÷ñöþüúð îúíìýþì ìýþ. Ðìü ùìþôĔìô þìĕėôėúþ øÿìõċù öìüðì Ąÿð, öô ðìü øÿĕôþô úíĒ-
ĉþìùú÷Ē íì÷ìùðôô øìîĔô ûú÷ċüúïüìĀĒ îúíìýþì íì öúùýñùþüìþýôċô ýûôüþ þìĎõôü ČĀþì, 
öúùýñùþüìþýôċô úûþôøì÷ôô ýûôüþô ĉþô÷ íìüúô øÿìõċù ùìøÿðìùô ýþüúùýôõ 10% øñíúĄìð. Þìĕėôėúþ 
ùôĄúù ðúð, öô ðìü øÿĕôþô 10%-ô ýûôüþô ĉþô÷Ē íú ôýþôĀúðì ìó ĉ÷ñöþüúðô ýôøúíôô ėìþüìïĒ, ôúùĕúô 
SrĮ ðìü öúùýñùþüìþýôċô ìó 1¼10 þú 1¼10Į M (ìó 1,58 øöï/ø÷ þú 1,58 øï/ø÷) øÿìõċù öìüðì øñĄìîìùð. 
Ðìü ìýúýô ôù øìĆ÷ÿøúþô ô÷øĒ, ÿýÿ÷ô ûñĄùôĕúðĄÿðì øñþìîúùìð ùì þìùĕú íìüúô øÿìõċù ùìøÿðìùô 
ôúùô ýþüúùýôõ ðìü úíĕúô þìíôĒ, íì÷öô íìüúô úøĘóôĄô ðôïìü úíĆñöþĕúô þìíôôĊ þñāùôöĒ, ìó 
ėìíô÷ô āúö, üìýþìùôĕú îì øìîúðĕúô ýìùúìþĒ íú øôėðúüô ïÿùúïÿùô ýþüúùýôõ, ýìøìüìùúö ôýþôĀúðì 
íÿüðì Ąìîìð. 

Öì÷ôðîúòìĕú: ýþüúùýôõ, ûú÷ċüúïüìøøì, ėÿîîìô ĔìüìČù, íìüėìüúüĄìîĒ, ýûôüþô ĉþô÷, øìĕ÷ÿ÷, 
ĉ÷ñöþüúðô ėìþüìïôô ýôøúíĒ, öúùýñùþüìþýôċ, ĉ÷ñöþüïÿóìüúùôô øìĕ÷ÿ÷, öúĉĀĀôýôñùþ ðôĀĀÿóôċ, 
ûúþñùýôì÷ô ùôøô øìîĔ, āúýôċþô íìüïìüðìùðìïĒ, ðôĀĀÿóôċô ôúùĕú, úí, āúö. 

 

ʅɸʍʆɾɼɽʅʀɽ ʆʇʊʀʄɸʃʔʅʓʍ ʋʉʃʆɺʀʁ ʆʇʈɽɼɽʃɽʅʀʗ ʉʊʈʆʅʎʀʗ ɺ ɺʆɼʅʆ-

ʉʇʀʈʊʆɺʓʍ ʈɸʉʊɺʆʈɸʍ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʩʚʝʜʝʥʠʷ ʦʙ ʦʧʨʝʜʝʣʝʥʠʠ ʦʧʪʠʤʘʣʥʳʭ ʫʩʣʦʚʠʡ ʘʥʘʣʠʟʘ ʩʪʨʦʥʮʠʷ 

ʧʦʣʷʨʦʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʦ ʚʣʠʷʥʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ 

10%-ʥʦʛʦ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʪʦʢ ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʦʜʥʘʢʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʧʠʨʪʘ ʜʦ 20%, 30%, 40%, 50% ʠ 60% ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʚʝʣʠʯʠʥʳ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʪʦʢʘ. ʕʪʦ ʷʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʟʘʤʝʜʣʝʥʠʝʤ ʜʠʬʬʫʟʠʠ ʠʦʥʦʚ Sr
2+

 ʢ ʵʣʝʢʪʨʦʜʫ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʚʦʜʥʦï

ʵʪʘʥʦʣʴʥʦʡ ʩʨʝʜʝ ʚʳʩʦʪʘ ʚʦʣʥʳ ʩʪʨʦʥʮʠʷ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʧʠʨʪʘ, ʧʨʠ ʵʪʦʤ ʦʧʪʠʤʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʦʥʮʠʷ ʷʚʣʷʝʪʩʷ 10%. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥ ʜʠʘʧʘʟʦʥ ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʦʥʦʚ SrĮ  ʥʘ ʨʪʫʪʥʦ-

ʢʘʧʝʣʴʥʦʤ ʵʣʝʢʪʨʦʜʝ (ʈʂʕ) ʦʪ 1Ŀ10  ʜʦ 1Ŀ10 Į ʄ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʜʝʨʞʘʥʠʶ ʦʪ 1,58 ʤʢʛ/ʤʣ ʜʦ 1,58 

ʤʛ/ʤʣ ʚ 10%-ʥʦʤ ʨʘʩʪʚʦʨʝ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʘʥʘʣʠʟʘ ʥʝ ʪʦʣʴʢʦ ʧʨʠʨʦʜʥʳʭ ʚʦʜ, ʥʦ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ ð ʧʦʯʚ, 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ð ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʪʨʦʥʮʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʦʥʮʠʡ, ʧʦʣʷʨʦʛʨʘʤʤʘ, ʩʠʣʘ ʪʦʢʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ, ʨʘʩʪʚʦʨ, 

ʨʪʫʪʥʦ-ʢʘʧʘʶʱʠʡ ʵʣʝʢʪʨʦʜ, ʢʦʥʮʝʥʪʨʘʮʠʷ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʨʘʩʪʚʦʨʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ, 

ʧʦʪʝʥʮʠʘʣ ʧʦʣʫʚʦʣʥʳ, ʦʙʨʘʪʠʤʳʡ ʭʘʨʘʢʪʝʨ, ʜʠʬʬʫʟʠʷ ʠʦʥʦʚ, ʚʦʜʘ, ʧʦʯʚʳ. 

 

FINDING OPTIMAL CONDITIONS FOR DETERMINING STRONTIUM IN AQUEOUS -

ALCOHOLIC SOLUTIONS  

This article provides information on determining optimal conditions for strontium analysis using the 

polarographic method and the effect of different concentrations of ethyl alcohol. In the presence of 10% ethyl 

alcohol, the current changes insignificantly, but with a further increase in the alcohol concentration to 20%, 

30%, 40%, 50% and 60%, a decrease in the diffusion current is observed. This phenomenon is associated with a 
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slowdown in the diffusion of Sr2+ ions to the electrode. It was found that in an aqueous-ethanol medium, the 

height of the strontium wave depends on the concentration of alcohol, while the optimal concentration of ethyl 

alcohol for determining strontium is 10%. Based on the experimental data, the range of detectable 

concentrations of SrĮ  ions on a mercury-drip electrode (MDE) was established from 1 10  to 1 10 Į M, which 

corresponds to a content of 1.58 ɛg/ml to 1.58 mg/ml in a 10% ethyl alcohol solution. This confirms the 

possibility of using the proposed method for analyzing not only natural waters, but also other objects ð soils, 

plant samples and technical materials ð with different strontium content. 

Keywords: strontium, polarogram, current strength, reduction, ethyl alcohol, solution, mercury-drip 

electrode, concentration, solution conductivity, diffusion coefficient, half-wave potential, reversible nature, ion 

diffusion, water, soil. 
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ʂʈʀʊɽʈʀʀ ʇʆɼʆɹʀʗ ʂɸʂ ʈɽɿʋʃʔʊɸʊ ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ 

ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁ ɼʃʗ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʉʊʈʆʀʊɽʃʔʅʓʍ 

ʂʆʅʉʊʈʋʂʎʀʁ 

 

ʂʘʣʘʥʜʘʨʟʦʜʘ ʀ.ʀ. 
 

ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʘʢʘʜʝʤʠʢʘ ʄ.ʉ.ʆʩʠʤʠ  

 

ɺʚʝʜʝʥʠʝ. ʌʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʪʝʦʨʠʷ ʧʦʜʦʙʠʷ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ [1-4; 6-8; 13]. ʇʦʜʦʙʠʝ ï ʵʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʤʦʜʝʣʠ ʥʘ ʦʨʠʛʠʥʘʣ. ʊʝʦʨʠʷ ʧʦʜʦʙʠʷ ʧʦʟʚʦʣʷʝʪ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʘʝʤʳʭ ʥʘ ʤʦʜʝʣʷʭ, ʧʝʨʝʥʦʩʠʪʴ ʥʘ ʨʝʘʣʴʥʳʝ ʦʙʲʝʢʪʳ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ 

ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʘʥʘʣʠʟʦʤ ʨʘʟʤʝʨʥʦʩʪʝʡ ʠʣʠ ʘʥʘʣʠʟʦʤ ʫʨʘʚʥʝʥʠʡ. ɿʜʝʩʴ 

ʤʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʪʦʨʦʡ ʩʧʦʩʦʙ, ʛʜʝ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ, 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʧʨʠʚʦʜʷʪʩʷ ʢ ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʚʠʜʫ. ʇʦʜʦʙʥʳʝ ʦʙʲʝʢʪʳ 

ʦʧʠʩʳʚʘʶʪʩʷ ʦʜʥʦʡ ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʠʤʝʶʪ ʧʦʜʦʙʥʳʝ ʫʩʣʦʚʠʷ 

ʦʜʥʦʟʥʘʯʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʦʜʦʙʠʝ, ʚʨʝʤʝʥʥʦʝ ʧʦʜʦʙʠʝ, 

ʧʦʜʦʙʠʝ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʧʦʜʦʙʠʝ ʥʘʯʘʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. 

ʕʢʩʧʝʨʠʤʝʥʪ, ʧʨʦʠʟʚʦʜʠʤʳʡ ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ʅʘʧʨʠʤʝʨ, ʬʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ, ʛʜʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʩ 

ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʠʭ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ. ɺ ʦʩʥʦʚʫ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʣʝʞʘʪ ʪʝʦʨʠʷ 

ʧʦʜʦʙʠʷ ʠ ʘʥʘʣʠʟ ʨʘʟʤʝʨʥʦʩʪʝʡ. ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ, ʚʨʝʤʝʥʥʦʝ ʠ ʬʠʟʠʯʝʩʢʦʝ ʧʦʜʦʙʠʷ, ʘ ʪʘʢʞʝ ʧʦʜʦʙʠʝ ʥʘʯʘʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ ʤʦʜʝʣʠ ʠ ʥʘʪʫʨʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ, 

ʛʜʝ ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʦʨʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ. ʌʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʥʝʡ, ʘʥʘʣʦʛʠʯʥʳ ʪʝʤ ʧʨʦʮʝʩʩʘʤ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʚ ʥʘʪʫʨʝ 

(ʦʙʲʝʢʪʝ-ʦʨʠʛʠʥʘʣʝ).  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʜʦʙʥʘ ʦʨʠʛʠʥʘʣʫ, ʪʦ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʯʝʨʝʟ ʢʦʥʩʪʘʥʪʳ ʧʦʜʦʙʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʩʯʠʪʘʥʳ ʥʘ ʥʘʪʫʨʫ. ɹʝʟʨʘʟʤʝʨʥʳʝ ʢʦʥʩʪʘʥʪʳ ʧʦʜʦʙʠʷ, 

ʚʳʨʘʞʘʶʱʠʝ ʦʪʥʦʰʝʥʠʝ ʦʜʥʦʠʤʝʥʥʳʭ ʚʝʣʠʯʠʥ ʚ ʥʘʪʫʨʝ ʠ ʤʦʜʝʣʠ, ʠʟʤʝʥʷʶʪʩʷ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ 

ʨʘʟʤʝʨʦʚ ʥʘʪʫʨʳ ʠ ʤʦʜʝʣʠ. ʇʨʦʚʝʜʝʥʠʝ ʤʦʜʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʧʨʘʚʠʣʴʥʦ ʦʮʝʥʠʪʴ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʫʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʚʥʝʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  

ʉʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʘʷ ʠʩʩʣʝʜʫʝʤʳʡ ʧʨʦʮʝʩʩ, ʚʤʝʩʪʝ ʩ 

ʥʘʯʘʣʴʥʳʤʠ ʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʦʙʨʘʟʫʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ 

ʢʘʢ ʜʣʷ ʥʘʪʫʨʳ, ʪʘʢ ʠ ʜʣʷ ʝʛʦ ʤʦʜʝʣʠ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ - ʵʪʦ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳʡ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʦʡ ʠ 

ʥʝʨʝʜʢʦ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʡ ʧʫʪʴ ʠʟʫʯʝʥʠʷ ʷʚʣʝʥʠʡ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ - ʵʪʦ 

ʧʨʠʙʣʠʞʸʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʥʝʢʦʪʦʨʦʛʦ ʢʣʘʩʩʘ ʦʙʲʝʢʪʦʚ ʠʣʠ 

ʷʚʣʝʥʠʡ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ, ʚʳʨʘʞʝʥʥʦʝ ʚ ʚʠʜʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ-ʘʥʘʣʦʛʦʚ ʠ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʝ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʪʝʨʤʠʥʘʭ ʠ ʩʠʤʚʦʣʘʭ [4; 9; 10; 12; 14]. ʌʠʟʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʪʝʦʨʠʷ ʧʦʜʦʙʠʷ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ʕʢʩʧʝʨʠʤʝʥʪ, 

ʧʨʦʠʟʚʦʜʠʤʳʡ ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʉʠʩʪʝʤʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʫʯʸʪʦʤ ʥʘʯʘʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʧʨʠʚʝʜʸʥʥʳʭ ʢ 

ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʚʠʜʫ, ʦʙʨʘʟʫʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʬʦʨʤʫʣʠʨʦʚʢʫ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʢʘʢ ʜʣʷ 
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ʥʘʪʫʨ,r ʪʘʢ ʠ ʜʣʷ ʤʦʜʝʣʠ. ʊʝʦʨʠʷ ʧʦʜʦʙʠʷ ʧʦʟʚʦʣʷʝʪ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʘʝʤʳʝ ʥʘ ʤʦʜʝʣʷʭ, ʧʝʨʝʥʦʩʠʪʴ ʥʘ ʥʘʪʫʨʫ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʤʦʞʥʦ 

ʦʩʫʱʝʩʪʚʠʪʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʘʥʘʣʠʟʦʤ ʨʘʟʤʝʨʥʦʩʪʝʡ ʠʣʠ ʘʥʘʣʠʟʦʤ ʫʨʘʚʥʝʥʠʡ. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ. ɺ ʪʝʦʨʠʠ 

ʧʦʜʦʙʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʥʘʯʘʣʴʥʳʭ ʠ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʢ ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʚʠʜʫ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʕʪʦʪ 

ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʘʢʞʝ ʥʘʟʳʚʘʝʪʩʷ ʥʦʨʤʘʣʠʟʘʮʠʝʡ ʬʠʟʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ [1; 6].  

ʀʩʭʦʜʷ ʠʟ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʵʣʝʤʝʥʪʘ [3], ʟʘʧʠʰʝʤ: 
2 2

2 2
( , ) 0

M w w
m c q x t

x t t

µ µ µ
- - + =

µ µ µ
   (1) 

2

2

( , )w M x t

x EI

µ
=-

µ
      (2) 

ʋʨʘʚʥʝʥʠʷ (1) ʠ (2) ʧʨʝʜʩʪʘʚʠʤ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ. ɼʣʷ ʵʪʦʛʦ ʚʳʙʝʨʝʤ ʭʘʨʘʢʪʝʨʥʳʝ 

ʟʥʘʯʝʥʠʷ ʜʣʷ ʘʨʛʫʤʝʥʪʦʚ ,x t, ʬʫʥʢʮʠʡ ,w M  ʠ ʧʘʨʘʤʝʪʨʦʚ 
0, , ,m c EI q. ɼʣʷ ʘʨʛʫʤʝʥʪʦʚ ,x t  ʚ 

ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʥʳʭ ʟʥʘʯʝʥʠʡ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʠʥʫ ʧʨʦʣʸʪʘ ʠ ʦʩʥʦʚʥʦʡ 

ʧʝʨʠʦʜ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʰʘʨʥʠʨʥʦ ʦʧʸʨʪʦʡ ʙʘʣʢʠ 
1( , )L T . ɼʣʷ ,w M  ʤʦʞʥʦ ʚʳʙʨʘʪʴ 

ʩʪʘʪʠʯʝʩʢʠʝ ʧʨʦʛʠʙ ʠ ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʸʪʘ 
0 0( , )w M . ʆʙʦʟʥʘʯʠʚ 

ʙʝʟʨʘʟʤʝʨʥʳʝ ʚʝʣʠʯʠʥʳ ʪʝʤʠ ʞʝ ʙʫʢʚʘʤʠ, ʯʪʦ ʠ ʨʘʟʤʝʨʥʳʝ, ʥʦ ʩ ʯʸʨʪʦʯʢʦʡ, ʧʨʦʠʟʚʝʜʸʤ 

ʩʣʝʜʫʶʱʫʶ ʟʘʤʝʥʫ: 

1 0 0, , , ,x Lx t T t w w w M M M= = = =  

0 , , , 1x t w M¢ ¢,  

0 0 0 0 0, , , ,EI EI EI m m m c c c q q q q qq= = = = =,    (3) 

ʛʜʝ ,t x-ʙʝʟʨʘʟʤʝʨʥʳʝ ʥʝʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ, ,w M-ʙʝʟʨʘʟʤʝʨʥʳʝ ʟʘʚʠʩʠʤʳʝ 

ʧʝʨʝʤʝʥʥʳʝ, 
0 0 0 0, , ,EI m c q-ʠʟʛʠʙʥʘʷ ʞʸʩʪʢʦʩʪʴ, ʧʦʛʦʥʥʘʷ ʤʘʩʩʘ, ʧʘʨʘʤʝʪʨ ʟʘʪʫʭʘʥʠʷ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʛʨʫʟʢʠ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʩʝʯʝʥʠʠ ʙʘʣʢʠ, 0 0 10,8 0,8 2 /Tq w p= = ³ - ʢʨʫʛʦʚʘʷ 

ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʚʠʙʨʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ, 
1T -ʦʩʥʦʚʥʦʡ ʧʝʨʠʦʜ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʧʨʦʩʪʦʡ ʙʘʣʢʠ ʩ ʧʦʛʦʥʥʦʡ ʤʘʩʩʦʡ 0m  ʠ ʠʟʛʠʙʥʦʡ ʞʸʩʪʢʦʩʪʴʶ 
0EI . ɺʥʦʩʷ (3) ʚ (1) ʠ (2), 

ʧʦʣʫʯʘʝʤ 

( )
2 2

0 0 0 0
0 0 0 12 2 2 2

1 1

sin
M M m w w w w

m c c q q T t
L x T t T t

qq
µ µ µ

- - =-
µ µ µ

,  (4) 

2

0 0

2 2

0

w w M M

L x EI EI

µ
=-

µ
.       (5) 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʨʘʟʜʝʣʠʤ ʦʙʝ ʯʘʩʪʠ (4) ʠ (5), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ 
2

0 /M L  ʠ 
2

0 /w L , ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ  

( )
2 2

1 2 4 52 2

2

32

sin ,

0.

M w w
m c q t

x t t

w M

x EI

p p p pq

p

ûµ µ µ
- - =- îîµ µ µ

ü
µ î+ =

îµ ý

     (6) 

ɿʜʝʩʴ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ 
jp  ʧʨʠʦʙʨʝʪʘʶʪ ʚʠʜ: 

2 22 2

0 0 0 0 0 0
1 2 3 4 5 0 12

0 1 0 1 0 0 0

, , , , .
m w L c w M q LL L

T
M T M T w EI M

p p p p p q= = = = =  (7) 

ʅʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ: 
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0, 0, 0,x w M= = = 

1, 0, 0,x w M= = = 

0, 0, / 0.t w w t= = µ µ = 

ɺ ʫʨʘʚʥʝʥʠʷʭ (6) ʧʘʨʘʤʝʪʨʳ 
jp ʠ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʝʨʝʤʝʥʥʳʝ /x x L=  ʠ 

1/t t T=  

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʧʨʝʜʝʣʷʶʱʠʝ ʢʨʠʪʝʨʠʠ ʧʦʜʦʙʠʷ, ʘ 
0/w w w=  ʠ 

0/M M M=  - 

ʦʧʨʝʜʝʣʷʝʤʳʝ ʢʨʠʪʝʨʠʠ ʧʦʜʦʙʠʷ. ɺʳʙʨʘʚ ʤʘʩʰʪʘʙ ʚʥʝʰʥʠʭ ʩʠʣ ʚ ʚʠʜʝ 
2

0 0 /q M L= , ʧʦʣʫʯʠʤ 

4 1.p= ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʜʣʷ 

ʥʘʪʫʨʳ ʙʫʜʝʪ ʨʘʚʥʷʪʴʩʷ 
2

0, 0, /n n nq M L= . 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʜʣʷ ʙʘʣʢʠ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʙʝʟʨʘʟʤʝʨʥʳʝ ʤʘʩʩʘ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʥʘʛʨʫʟʢʘ ʠ ʞʸʩʪʢʦʩʪʴ ʙʫʜʫʪ ʨʘʚʥʳ ʝʜʠʥʠʮʝ 

0 0 0 0

1, 1, 1, 1,
m m c q EI EI

m c q EI
m m c q EI EI
= = = = = = = = = =    (8) 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (6) ʩ ʫʯʸʪʦʤ (8) ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ  

( )
2 2

1 2 52 2

2

32

sin ,

0.

M w w
t

x t t

w
M

x

p p pq

p

ûµ µ µ
- - =- îîµ µ µ

ü
µ î+ =

îµ ý

      (9) 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (9) ʠʤʝʝʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʚʠʜ, ʢʘʢ ʜʣʷ ʤʦʜʝʣʠm- , ʪʘʢ ʠ ʜʣʷ ʥʘʪʫʨʳ.n-  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ (7) ʜʣʷ ʤʦʜʝʣʠ ʠ ʥʘʪʫʨʳ ʙʫʜʫʪ 

ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ʀʟ ʨʘʚʝʥʩʪʚ 
, ,j m j np p=  ʧʦʣʫʯʠʤ ʧʘʨʘʤʝʪʨʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʘʪʫʨʝ. 

ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʙʘʣʢʘ ʚ ʤʦʜʝʣʠ ʠ ʚ ʥʘʪʫʨʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ a b³  

ʠ hʘʨʥʠʨʥʦ ʦʧʸʨʪʘʷ,  

ʛʜʝ  
3

0, 0,, /12,m m m m m m mm a b I a bg= =  

ʪʦ ʦʩʥʦʚʥʳʝ ʧʝʨʠʦʜʳ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʫʜʫʪ ʨʘʚʥʳ 
2 2 2

0
1 1, 1,

0

2 2 12 2 12
, , .m m n n

m n

m m n n

L m L L
T T T

EI b E b E

g g

p p p
= ­ = =  

ʆʪʥʦʰʝʥʠʝ ʵʪʠʭ ʧʝʨʠʦʜʦʚ ʜʘʸʪ ʥʘʤ ʬʦʨʤʫʣʫ ʜʣʷ ʧʝʨʝʭʦʜʘ ʠʟ ʤʦʜʝʣʠ ʚ ʥʘʪʫʨʫ  
2 2

1, 1,

1, 1 22 2

1, 1 2

, , , ,m mm n m n m n m n
n

n n m n m n m n m

T TL b E L b E
T k k

T L b E k k L b E

g g

g g
= ­ = = =  (10) 

 

ʛʜʝ 1 2,k k -ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ. 

ʀʩʭʦʜʷ ʠʟ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ, ʤʦʞʥʦ ʧʨʠʥʷʪʴ, ʯʪʦ 

/ , / , / , 1,m n m n m nL L k a a k b b k k= = = ¢ 

ʛʜʝ k-ʦʪʥʦʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʩʭʦʜʩʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʦʜʝʣʠ ʠ ʚ ʥʘʪʫʨʝ (ʤʘʩʰʪʘʙ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ), ʪʦʛʜʘ ʠʟ (10) ʧʦʣʫʯʠʤ 
2 2 2

1 2 2
,m n n n

n m n n

L b L k b
k k

L b L kb
= = = 

ɽʩʣʠ ʤʦʜʝʣʴ ʠ ʥʘʪʫʨʘ ʠʟ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʤʘʪʝʨʠʘʣʘ, ʪʦ 2 1k =, ʠ ʦʩʥʦʚʥʦʡ ʧʝʨʠʦʜ ʩʚʦʙʦʜʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʥʘʪʫʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 
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1, 1, 1, 1,/ , /n m m nT T k T T k= =, 

ʛʜʝ 
1,mT -ʧʝʨʠʦʜ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʤʦʜʝʣʠ. 

ʀʩʭʦʜʷ ʠʟ ʨʘʚʝʥʩʪʚʘ ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ, ʧʦʣʫʯʠʤ  
22 2 2

0, 0, 0, 0, 0, 0, 1, 0, 0,2

2 2 2 2

0, 1, 0, 1, 0, 0, 1, 0, 0,

, ,m m n n n m n m mm n m

m m n n n m m n n m

m w m w w w T m wL L L
k

M T M T M M T m L M
= ­ = =  

2 2 2
0, 0, 0, 0, 0, 0,

2 2

0, 0, 0, 0, 0, 0, 0, 0,

1
, ,m n n m n mm n m

m m n n n m m n m

M M M M EI ML L L

w EI w EI w w EI L k w
= ­ = =  

2 2 2
0, 0, 0, 0, 0, 0, 1,

0, 0, 2

0, 1, 0, 1, 0, 0, 1,

,m m m n n n m n nm
n m

m m n n n n m m

L c w L c w w M TL
c c

M T M T L w M T
= ­ = ,                          

0, 1, 0, 1, 0, 0,,m m n n n mT T kq q q q= ­ = . 

ɽʩʣʠ ʚʤʝʩʪʦ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ, ʥʘ ʙʘʣʢʫ ʙʫʜʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʸʥʥʳʡ ʤʛʥʦʚʝʥʥʳʡ 

ʠʤʧʫʣʴʩ, ʪʦ ʧʨʘʚʘʷ ʯʘʩʪʴ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ (9) ʦʙʨʘʪʠʪʩʷ ʚ ʥʦʣʴ ʠ ʥʘʯʘʣʴʥʦʝ ʫʩʣʦʚʠʝ ʟʘʜʘʯʠ 

ʩ ʫʯʸʪʦʤ (3) ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ: 

6 6 6 1 0 0 00, 0, / , .t w w t S m TS w mp p p= = µ µ = = =  

ʛʜʝ 
0S -ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʛʥʦʚʝʥʥʦʛʦ ʠʤʧʫʣʴʩʘ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʩʝʯʝʥʠʠ ʙʘʣʢʠ. ʀʟ ʨʘʚʝʥʩʪʚʘ 

ʢʨʠʪʝʨʠʝʚ ʧʦʣʫʯʠʤ  

1, 0, 1, 0, 1, 0, 0,

0, 0,

0, 0, 0, 0, 1, 0, 0,

n n m m m n n

n m

n n m m n m m

T S T S T w m
S S

w m w m T w m
= ­ = . 

ɺʨʝʤʝʥʥʦʝ ʧʦʜʦʙʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʜʠʥʘʢʦʚʳʝ ʦʪʥʦʰʝʥʠ ̫ ʧʨʦʤʝʞʫʪʢʦʚ ʚʨʝʤʝʥʠ, ʟʘ 

ʢʦʪʦʨʳʝ ʚ ʥʘʪʫʨʝ ʠ ʤʦʜʝʣʠ ʩʦʚʝʨʰʘʶʪʩʷ ʦʜʠʥʘʢʦʚʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ (ʨʠʩ.1). 

 

ʈʠʩ.1. ɺʨʝʤʝʥʥʦʝ ʧʦʜʦʙʠʝ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʥʘʪʫʨʝ (ʙ) ʠ ʚ ʤʦʜʝʣʠ (ʘ) ʠ 

ʩʭʦʜʩʪʚʝʥʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ 

Fig. 1. Temporal similarity of the oscillatory process in nature (b) and in the model (a) and 

similar moments in time 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʚʝʥʩʪʚʘ ʙʝʟʨʘʟʤʝʨʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʜʦʙʠʷ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ 

ʥʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʪʫʨʳ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʸʪ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʲʝʢʪʘ.  

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ ʧʦʣʫʯʝʥʠʷ ʙʝʟʨʘʟʤʝʨʥʳʭ ʫʨʘʚʥʝʥʠʡ [2], ʛʜʝ ʘʨʛʫʤʝʥʪʳ 

,x t, ʠʩʢʦʤʳʝ ʬʫʥʢʮʠʠ ʠ ʥʘʛʨʫʟʢʘ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ:  

1 0 0 0, ( , ) , ( , ) , ( , )x xL t t T w x t w w M x t MM q x t qq= = = = =,  (11) 

ʛʜʝ 
4 2

0 0 0 0 0, .w q L EI M q L= =  

ɺʥʦʩʷ (11) ʚ (1) ʠ (2), ʧʦʣʫʯʘʝʤ 
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( )
2 2 4 2 4

0 0 0
0 0 12 2 2 2

0 1 0 1

sin 0,
q L M q L w q L w

m c qq T t
L x EI T t EI T t

qq
µ µ µ

- - + =
µ µ µ

 

4 2 2

0 0

2 2

0

,
q L w Mq L

EI L x EI

µ
=-

µ
 

ʦʪʢʫʜʘ  
2 2

2 2

2

2

0,

,

M w w
m c q

x t t

w
M

x
g

ûµ µ µ
- - + =îîµ µ µ

ü
µ î=-

îµ ý

     (12) 

ʛʜʝ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ 
4 4 2

0 0
12

0 1 0 1 0

2
( ) , ( ) , , , 1

( )

L L EI L m
m m x c c x T q

EI T EI T EI x EI
g

p
= = = = =. 

ɹʝʟʨʘʟʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (12) ʦʧʠʩʳʚʘʝʪ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʢʘʢ ʚ ʤʦʜʝʣʠ, ʪʘʢ 

ʠ ʚ ʥʘʪʫʨʝ. ʀʟ ʨʘʚʝʥʩʪʚʘ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʩ ʫʯʸʪʦʤ ʤʘʩʰʪʘʙʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʧʦʜʦʙʠʷ k, ʧʦʣʫʯʠʤ  
24 4 4

0, 1,

2 2 4 2 2

0, 1, 0, 1, 0, 1,

, ,n nm m n n m m
n m

m m n n m n m

EI Tm L m L L m
m m

EI T EI T EI L T k
= ­ = =  

4 4 4
0, 1,

4

0, 1, 0, 1, 0, 1,

, n nm m n n m m
n m

m m n n m n m

EI Tc L c L L c
c c

EI T EI T EI L T k
= ­ = =, 

                 1, 1, /n mT T k= . 

 
1, 1, /n mT T k= . 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʙʘʣʢʠ 

ʇʨʠʤʝʨ. ʀʟʛʠʙ ʧʨʦʩʪʦʡ ʙʘʣʢʠ ʦʪ ʜʝʡʩʪʚʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ (ʨʠʩ.2). 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʠʟʛʠʙʘ ʙʘʣʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ [5] 
2

2

( )
,

w M x

x EI

µ
=-

µ
    (13) 

ʛʜʝ , ,w M EI-ʧʨʦʛʠʙ, ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʠ ʠʟʛʠʙʥʘʷ ʞʝʩʪʢʦʩʪʴ ʙʘʣʢʠ.  

 

ʈʠʩ.2. ʀʟʦʛʥʫʪʘʷ ʦʩʴ ʙʘʣʢʠ 

Fig. 2. Curved beam axis 

 
ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʧʦʜʦʙʥʳʭ ʦʙʲʝʢʪʘ ï ʤʦʜʝʣʴ m ʠ ʥʘʪʫʨʘ .n  ɼʣʷ ʘʨʛʫʤʝʥʪʘ 

,x  ʬʫʥʢʮʠʠ ( ),w x  ʧʘʨʘʤʝʪʨʦʚ , ,I E M  ʚʚʦʜʠʤ ʭʘʨʘʢʪʝʨʥʳʝ ʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ: 

0 0 0 0 0, , , ,l w I E M . ʊʦʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʙʝʟʨʘʟʤʝʨʥʳʝ ʚʝʣʠʯʠʥʳ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ 

0 0 0 0 0/ , / , / , / , / .x x l w w w I I I E E E M M M= = = = =    (14) 

ʋʨʘʚʥʝʥʠʝ (13) ʩ ʫʯʝʪʦʤ (14) ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ 
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2 2

0 0

2 2 2

0 0 0

, ,
w w w M M M

x l x EI E I EI

µ µ
= =

µ µ
 

2 2

0 0

2

0 0 0

, ,
w M M l

x EI w E I
p p

µ
=- =

µ
    (15) 

ʛʜʝ ʦʙʦʟʥʘʯʝʥʠʝ ʙʫʢʚʦʡ çʧʠè ʦʪ ʛʨʝʯʝʩʢʦʛʦ ʪʝʨʤʠʥʘ çʧʘʨʘʤʝʪʨè. ɽʩʣʠ ʟʘ ʭʘʨʘʢʪʝʨʥʳʝ 

ʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ:  

0 0 0 0 0, , , , ,l w M I E  

ʇʨʠʥʷʪʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ,  

0 0 0 0 0, , , , ,al L w w M PL I I E E= = = = = 

ʪʦ ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ ʧʦʜʦʙʠʷ p ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ: 
3 31

, .a

a

PL PL
c w

w EI c EI
p= = Ý =     (16) 

ʀʟ (16) ʩʣʝʜʫʝʪ ʯʪʦ, ʙʝʟ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʡ [11]  

ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ c ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʦʛʠʙʘ ʦʪ 

ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ. ʌʦʨʤʫʣʘ (16) ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ. ɼʣʷ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʨʦʛʠʙʘ 
aw  ʩʣʝʜʫʝʪ ʨʝʰʠʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ (13).   

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʝʟʨʘʟʤʝʨʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ (15) ʠʤʝʝʪ ʦʜʠʥ ʠ ʪʦʪ 

ʞʝ ʚʠʜ, ʢʘʢ ʜʣʷ ʤʦʜʝʣʠ ,m  ʪʘʢ ʠ ʜʣʷ ʥʘʪʫʨʳ .n  ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʥʘʧʠʩʘʪʴ 

3 3

,m n

a am n

PL PL

w EI w EI
p p

å õ å õ
= ­ = ­æ ö æ ö

ç ÷ ç ÷
 

( )( )
( )( )

3 3

,

,

/ /
.

/ /

m n m na m

a n m n m n

P P L Lw

w E E I I
=      (17) 

ɽʩʣʠ ʚʚʝʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʜʦʙʠʷ (ʤʘʩʰʪʘʙʳ) 

,

,

, , , , ,a m m m m m
s s s s s

a n n n n n

w L P I E
w L P I E

w L P I E
= = = = =   (18) 

ʪʦ ʠʟ (17) ʧʦʣʫʯʠʤ 
3

,

,

.a m s s
s

a n s s

w PL
w

w E I
= =       (19) 

ʀʟ (19) ʩʣʝʜʫʝʪ ʯʪʦ, ʝʩʣʠ ʤʳ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʤʦʜʝʣʠ ʧʦʣʫʯʘʝʤ 
,a mw  (ʨʠʩ.2), ʪʦ 

ʧʨʦʛʥʦʟʠʨʫʝʤʘʷ ʚʝʣʠʯʠʥʘ ʧʨʦʛʠʙʘ ʚ ʥʘʪʫʨʝ ʙʫʜʝʪ ʨʘʚʥʷʪʴʩʷ 
, , .a n a m sw w w=   

ɺʳʚʦʜ. ʈʘʚʝʥʩʪʚʘ ʙʝʟʨʘʟʤʝʨʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʜʦʙʠʷ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʥʝʢʦʪʦʨʳʝ 

ʧʘʨʘʤʝʪʨʳ ʥʘʪʫʨʳ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ, ʠʩʧʦʣʴʟʫʷ ʠʭ, ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʸʪ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʲʝʢʪʘ, ʘ ʧʦʪʦʤ ʩʨʘʚʥʠʪʴ ʠʭ ʩ ʜʘʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʨʦʚʦʜʠʤʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ ʤʦʜʝʣʠ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʥʘʪʫʨʝ.  
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ØÑæ¾Ü׳ÚÔ ØÚÙÌÙÐÄ ׳ÌØãßÙ ÙÌÞÔÆÌÔ ÞÌÍÐÔ×Ô ØßÚÐÔ×Ì׳ÚÔ àÌÜÉÄ ÍÌÜÚÔ 

ØÚÐÑ×ÝÚÓÔÔ ÖÚÙÝÞÜßÖÝÔë׳ÚÔ ÝÚáÞØÚÙÄ 

Øìץú÷ì íì íìðìýþúîìüôô øñĆČü״úô øúùìùð (ûüôùýôû״úô Ąìíñ״) íìüúô øìýĆì÷ì״úô 
øúðñ÷ýúóôô ýúāþøúù ìýúýìù íìü þìíðô÷ô øÿúðô÷ì״úô Āìüץ íìāĄôðì Ąÿðììýþ. ÙôĄúù ðúðì 
øñĄìîìð, öô üìîìùðô úîìüðìùô øÿúðô÷ì״ú íì Ąìö÷ô íñìùðúóì (ùúüøì÷ôóìþýôċ) ôøöúù øñðô״ìð, öô 
ûìüìøñþü״úô øÿüìööìíô øÿìõċùöÿùìùðìô üìĀþúüô ðôùìøôöôô ýôýþñøìĄìöĆĀ öÿùñø. Ðìü ùìþôֹוìô 
þìíðô÷ðô״, ýôýþñøìô ôíþôðúôô øÿúðô÷ì״úô Āìüץôô ðìüìֹוìô ðÿĊø íú Ąìüúôþô ôíþôðú îì 
ýìü״ìð íì Ąìö÷ô íñìùðúóìñ, öô íìüúô ùìþÿü îì øúðñ÷Ĉ ċïúùì ìýþ, öìø øñĄìîìð. Ôù ôýíúþ øñöÿùìð, 
öô íìüúíìüôô ûìüìøñþü״úô íñìùðúóìô íìðìýþúøìðì (øñĆČü״úô øúùìùð) Ąìüþô óìüÿü îì öúĀ 
íìüúô øúùìùðôô Āôóôöôô üìîìùð״ú øñíúĄìð. Ðìü øôýú÷ô íú÷״úñ, öô ðìü óñüô þìĆýôüô ùìøÿð״úô 
ïÿùúïÿùô íúü ץìüúü ðúüìð, ùôĄúù ðúðì Ąÿðììýþ, öô ăô þìîü ýôýþñøìô øÿúðô÷ì״úô íñìùðúóìô 
þìüþôíðúðìĄÿðì üìîìùðô ðôùìøôöôüú ðìü úíĆñöþô îúץñ îì øúðñ÷ô úù íì þìîüô ðÿüÿýþ þìîýôĀ 
øñùìøúċð. ׳ìøôù þìîü, øñĆČü״úô øúùìùð ״ìøăÿù ùìþôֹוìô íñîúýôþìô þìíðô÷úþô ìùì÷ôþôöôô 
øÿúðô÷ì״úô Āìüץôô ôíþôðú ûñĄùô״úð öìüðì øñĄìîìùð. 

Öì÷ôðîúòìĕú: øúðñ÷öÿùúùôô øìþñøìþôö, ùìóìüôċô øúùìùð, øÿúðô÷ì״úô ðôĀĀñüñùýôì÷, 
÷ìûûôĄ״úô úóúð, øñČüô øúùìùð, āìøĄìî, øúøñùþô āìøöÿùìùðì, ðìîüô ÷ìûûôĄ. 

 

ʂʈʀʊɽʈʀʀ ʇʆɼʆɹʀʗ ʂɸʂ ʈɽɿʋʃʔʊɸʊ ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ 

ʋʈɸɺʅɽʅʀʁ ɼʃʗ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʉʊʈʆʀʊɽʃʔʅʓʍ ʂʆʅʉʊʈʋʂʎʀʁ 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʦʣʫʯʝʥʠʶ ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ ʜʣʷ ʟʘʜʘʯ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʦʩʥʦʚʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ 

ʧʨʠʚʝʜʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʚ ʙʝʟʨʘʟʤʝʨʥʫʶ ʬʦʨʤʫ (ʥʦʨʤʘʣʠʟʘʮʠʷ) ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʢʦʤʧʣʝʢʩʥʳʝ 

ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʩʭʦʜʥʘʷ 

ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʥʘʯʘʣʴʥʳʤʠ ʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʩʚʦʜʠʪʩʷ ʢ ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʚʠʜʫ, ʝʜʠʥʦʤʫ ʢʘʢ ʜʣʷ ʥʘʪʫʨʳ, ʪʘʢ ʠ ʜʣʷ ʤʦʜʝʣʠ. ʕʪʦ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʨʘʚʝʥʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ) ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʠ 

ʜʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʝʤ ʬʠʟʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ ʧʨʦʮʝʩʩʦʚ. ʅʘ ʧʨʠʤʝʨʝ ʙʘʣʢʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʥʘʛʨʫʟʦʢ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʢʘʢ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʙʝʟʨʘʟʤʝʨʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʝʪ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚ ʨʝʘʣʴʥʦʤ ʦʙʲʝʢʪʝ ʠ ʝʛʦ ʤʦʜʝʣʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʨʠʪʝʨʠʠ ʧʦʜʦʙʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʧʨʷʤʦʡ ʨʝʟʫʣʴʪʘʪ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʠʩʭʦʜʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 

ʫʨʘʚʥʝʥʠʷ, ʩʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʢʨʠʪʝʨʠʠ ʧʦʜʦʙʠʷ, ʧʨʦʛʠʙ, ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ, ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʷ. 

 

SIMILARITY CRITER IA AS A RESULT OF TRANSFORMING DIFFERENTIAL EQUATIONS FOR 

MODELING BUILDING STRUCTURES  

The article is devoted to obtaining similarity criteria for the problems of modeling building structures 

based on the transformation of differential equations. It is shown that the process of converting equations to a 
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dimensionless form (normalization) allows for the identification of complex parameters that determine the 

dynamic behavior of the system. As a result of the transformation, the original system of second-order 

differential equations with initial and boundary conditions is reduced to a dimensionless form, which is unified 

for both the full-scale structure (prototype) and its model. This proves that the equality of the obtained 

dimensionless parameters (similarity criteria) is a necessary and sufficient condition for the physical similarity 

of the processes. Using the example of a beam under various types of loads, it is demonstrated how the 

formulated system of dimensionless equations adequately describes the dynamic process in both the real object 

and its model. Thus, the similarity criteria are presented as a direct result of the analytical transformation of the 

original differential equations. 

Keywords: mathematical modeling, similarity theories, differential equations, free vibrations, similarity 

criteria, deflection, bending moment, period of vibration. 

 

ØìĆ÷ÿøúþ ðìü íúüìô øÿì÷÷ôĀ: ϧì÷ìùðìüóúðì ÔĀþôāúü ÔøúøČü ¬ ÐúùôĄïú״ô þñāùôöôô Þúֹוôöôýþúù 
íì ùúøô ìöìðñøôö Ø.Ý. Úýôø, ùúøóìðô ô÷ø״úô þñāùôö, ðúþýñùþ, ðñöìùô Āìöÿ÷þñþô øÿĄþìüìöô 

øÿ״ìùðôýôĊ þñāùôöôô ÐØÞÍ. ÝÿüúĎì: 734042, Ą. ÐÿĄìùíñ, ּתÿø״ÿüôô Þúֹוôöôýþúù, öĘăìô 
ìöìðñøôöĕú Üìֹוìíúîĕú, 10. Þñ÷ñĀúù: (+992) 887-79-00-04. E-mail: iftikhor791@mail.ru 

 

ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʝ: ʂʘʣʘʥʜʘʨʟʦʜʘ ʀʬʪʠʭʦʨ ʀʤʦʤʸʨ ï ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. 

ʘʢʘʜ. ʄ.ʉ. ʆʩʠʤʠ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʢʩʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʝʢʘʥ ʩʦʚʤʝʩʪʥʦʛʦ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ɹʅʊʋ. ɸʜʨʝʩ: 734042, ʛ ɼʫʰʘʥʙʝ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ, ʫʣʠʮʘ ʘʢʘʜʝʤʠʢʦʚ ʈʘʜʞʘʙʦʚʳʭ, 

10. ʊʝʣʝʬʦʥ: (+992) 887-79-00-04. E-mail: iftikhor 791@mail.ru  

 

Information about the author: Kalandarzoda Iftikhor Imomer ï Tajik Technical University named after 

academician M.S. Osimi, candidate of technical sciences, associate professor, dean of the joint engineering and 

technical faculty of BNTU. Address: 734042, Dushanbe, Republic of Tajikistan, Academician Radjabov Street, 

10. Phone: (+992) 887-79-00-04. E-mail: iftikhor791@mail.ru  

 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʷ: 02.06.2025 

ʆʜʦʙʨʝʥʘ ʧʦʩʣʝ ʨʝʮʝʥʟʠʨʦʚʘʥʠʷ: 28.08.2025 

ʇʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ: 04.10.2025 

 

 

  

mailto:iftikhor791@mail.ru


107 

 

ʋɼʂ: 550.3+626/627 

ɸʅɸʃʀɿ ʈɸɹʆʊʓ ɻʀɼʈʆʊɽʍʅʀʏɽʉʂʀʍ ʉʊʈʆʀʊɽʃʔʅʓʍ ʊʋʅʅɽʃɽʁ 

ʈʆɻʋʅʉʂʆʁ ɻʕʉ ɺ ʇɽʈʀʆɼ ʕʂʉʇʃʋɸʊɸʎʀʀ 1989-1992 ɻɻ. 

 

ʏʘʢʘʣʦʚʘ ɹ., ɹʦʙʦʭʦʥʦʚ ʌ.ʐ. 

ʀʥʩʪʠʪʫʪ ʚʦʜʥʳʭ ʧʨʦʙʣʝʤ, ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʵʢʦʣʦʛʠʠ ʅɸʅʊ 

 

ɺʦʟʚʝʜʝʥʠʝ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ (ʧʣʦʪʠʥʳ, ʜʘʤʙʳ, ʚʦʜʦʟʘʙʦʨʳ) ʠʟʤʝʥʷʝʪ 

ʨʝʞʠʤ ʨʝʯʥʳʭ ʥʘʥʦʩʦʚ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʟʳʚʘʶʪ ʟʘʪʨʫʜʥʝʥʠʷ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʪʠʭ ʩʦʦʨʫʞʝʥʠʡ [14; 8].  

ʉʦʟʜʘʥʠʝ ʚʦʜʦʧʦʜʧʦʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʨʝʛʫʣʠʨʫʶʱʠʭ ʩʪʦʢ ʚʦʜʦʭʨʘʥʠʣʠʱ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʟʘʜʝʨʞʘʥʠʶ ʥʘʥʦʩʦʚ, ʧʨʠʥʦʩʠʤ rʨʝʢʦʡ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʠ ʧʦʩʪʝʧʝʥʥʦ ʟʘʧʦʣʥʷʶʱʠʭ ʝʤʢʦʩʪʴ 

ʚʝʨʭʥʝʛʦ ʙʴʝʬʘ [13; 12].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʧʨʠʯʠʥ ʨʘʟʨʫʰʝʥʠʷ ʪʫʥʥʝʣʷ I ʠ II ʷʨʫʩʦʚ, 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʪʫʥʥʝʣʷʭ ʩ ʫʯʝʪʦʤ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ, ʨʘʟʨʘʙʦʪʢʘ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʚʦʟʤʦʞʥʘ ʜʘʣʴʥʝʡʰʘʷ ʧʦʣʥʘʷ ʠʣʠ ʯʘʩʪʠʯʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʪʫʥʥʝʣʝʡ.  

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʟʘ ʧʦʩʣʫʞʠʣʠ: ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ ʀʥʩʪʠʪʫʪʘ 

ʉɸʆ ñɻʠʜʨʦʧʨʦʝʢʪñ ʧʦ ʩʪʨʦʠʪʝʣʴʥʳʤ ʪʫʥʥʝʣʷʤ; ʜʘʥʥʳʝ ʦ ʩʦʚʨʝʤʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʪʫʥʥʝʣʝʡ I ʠ II ʷʨʫʩʦʚ ʧʦʩʣʝ ʘʚʘʨʠʠ 1993 ʛʦʜʘ; ʩʚʝʜʝʥʠʷ ʦʙ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʪʫʥʥʝʣʝʡ: ʛʦʪʦʚʥʦʩʪʠ ʩʦʦʨʫʞʝʥʠʡ ʧʦ ʛʦʜʘʤ, ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ, 

ʚʝʣʠʯʠʥʝ ʩʙʨʦʩʥʦʛʦ ʨʘʩʭʦʜʘ ʠ ʪ.ʜ.; ʜʘʥʥʳʝ ʦ ʚʝʣʠʯʠʥʝ ʪʚʝʨʜʦʛʦ ʩʪʦʢʘ ʨ. ɺʘʭʰ ʚ ʩʪʚʦʨʝ 

ʛʠʜʨʦʫʟʣʘ, ʝʛʦ ʬʨʘʢʮʠʦʥʥʦʤ ʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ.  

ɺʨʝʤʝʥʥʳʝ ʚʦʜʦʩʙʨʦʩʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʩʣʫʞʘʱʠʝ ʜʣʷ ʧʨʦʧʫʩʢʘ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʚ ʧʝʨʠʦʜ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʯʘʩʪʦ ʩʪʨʝʤʷʪʩʷ ʩʦʚʤʝʱʘʪʴ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩ ʪʝʤʠ ʠʣʠ ʠʥʳʤʠ 

ʧʦʩʪʦʷʥʥʳʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ.  

ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ, ʚʳʟʳʚʘʶʱʠʤʠ ʨʘʟʨʫʰʝʥʠʝ ʙʝʪʦʥʥʳʭ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʦʜʦʩʙʨʦʩʥʳʭ ʪʨʘʢʪʦʚ ʚʳʩʦʢʦʥʘʧʦʨʥʳʭ ʛʠʜʨʦʫʟʣʦʚ, ʷʚʣʷʶʪʩʷ ʢʘʚʠʪʘʮʠʷ, 

ʠʩʪʠʨʘʥʠʝ ʥʘʥʦʩʘʤʠ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ. ʊʘʢʞʝ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʧʦʜʟʝʤʥʳʭ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʪʫʥʥʝʣʝʡ ʚ ʱʘʜʷʱʝʤ ʨʝʞʠʤʝ, ʛʜʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʪʝʯʝʥʠʷ ʪʚʸʨʜʦʛʦ ʩʪʦʢʘ ʛʝʥʝʨʠʨʫʪʁʩʷ ʤʝʭʘʥʠʯʝʩʢʠʝ ʚʠʙʨʘʮʠʠ 

(ʫʜʘʨʥʳʝ ʚʦʟʜʝʡʩʪʚʠ)̫, ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʦʙʲʸʤʥʳʝ ʟʦʥʳ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʧʝʩʯʘʥʳʭ ʧʦʨʦʜʘʭ [2; 15], ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʫʩʠʣʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʨʝʣʘʢʩʘʮʠʠ ʩʘʤʦʥʘʧʨʷʞʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʘʣʝʚʨʦʣʠʪʦʚʳʭ ʤʘʩʩʠʚʘʭ [1; 16]. 

ʅʘʢʦʧʣʝʥʥʳʡ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʪʫʥʥʝʣʝʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʧʨʦʧʫʩʢʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʜʦ ʥʘʯʘʣʘ ʥʘʧʦʣʥʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠʟʥʦʩ ʧʨʦʠʩʭʦʜʠʣ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʭ ʧʦʪʦʢʦʤ ʚʣʝʢʦʤʳʭ ʠ ʚʟʚʝʰʝʥʥʳʭ 

ʥʘʥʦʩʦʚ. ʉʪʝʧʝʥʴ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʦʩʘ ʦʙʜʝʣʦʢ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʣʠʯʝʩʪʚʫ ʥʘʥʦʩʦʚ, 

ʧʨʦʰʝʜʰʠʭ ʯʝʨʝʟ ʪʫʥʥʝʣʴ.  

ʆʙʱʠʤʠ ʜʣʷ ʚʩʝʭ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʪʫʥʥʝʣʝʡ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʳ.  

ʃʦʪʢʠ ʠ ʥʠʞʥʠʝ ʯʘʩʪʠ ʩʪʝʥ ʪʫʥʥʝʣʝʡ ʥʘ ʚʳʩʦʪʫ 1,0-1,5 ʤ ʥʝʨʘʚʥʦʤʝʨʥʦ ʠ ʠʥʪʝʥʩʠʚʥʦ 

ʠʩʪʠʨʘʶʪʩʷ ʚʣʝʢʦʤʳʤʠ ʥʘʥʦʩʘʤʠ ʩ ʦʙʥʘʞʝʥʠʝʤ ʢʨʫʧʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʙʝʪʦʥʘ ʠ ʘʨʤʘʪʫʨʳ. ɺ 

ʦʪʜʝʣʴʥʳʭ ʤʝʩʪʘʭ ʠʩʪʠʨʘʥʠʝ ʙʝʪʦʥʘ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʥʘʚʦʦʙʨʘʟʥʳʭ, ʚʳʪʷʥʫʪʳʭ 

ʧʦ ʪʝʯʝʥʠʶ ʠʣʠ ʷʤʦʦʙʨʘʟʥʳʭ ʫʛʣʫʙʣʝʥʠʡ ʛʣʫʙʠʥʦʡ ʜʦ 1,8 ʤ. ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʠʩʪʠʨʘʥʠʷ ʯʘʩʪʠ 

ʦʙʜʝʣʢʠ ʙʳʣʘ ʚʳʟʚʘʥʘ ʥʘʣʠʯʠʝʤ ʧʦʚʦʨʦʪʦʚ ʚ ʪʫʥʥʝʣʝ, ʨʘʟʣʠʯʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʙʝʪʦʥʘ ʚ ʙʣʦʢʘʭ 

ʧʦ ʜʣʠʥʝ ʪʫʥʥʝʣʷ, ʥʝʦʜʠʥʘʢʦʚʳʤ ʚʦʟʨʘʩʪʦʤ ʙʝʪʦʥʘ ʢʦ ʚʨʝʤʝʥʠ ʧʫʩʢʘ ʚʦʜʳ ʧʦ ʪʫʥʥʝʣʶ, 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʨʘʙʦʪʢʦʡ ʙʝʪʦʥʘ ʚ ʦʪʜʝʣʴʥʳʭ ʤʝʩʪʘʭ.  

ɺ ʤʝʩʪʘʭ, ʛʜʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʪʠʨʘʥʠʷ ʙʳʣ ʩʦʜʨʘʥ ʟʘʱʠʪʥʳʡ ʩʣʦʡ ʙʝʪʦʥʘ, ʘʨʤʘʪʫʨʘ 

ʦʢʘʟʘʣʘʩʴ ʨʘʟʦʨʚʘʥʥʦʡ, ʧʨʦʛʥʫʪʦʡ ʠ ʠʩʪʦʥʯʝʥʥʦʡ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ 

ʚʳʢʣʶʯʝʥʘ ʠʟ ʨʘʙʦʪʳ ʢʦʥʩʪʨʫʢʮʠʠ.  

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʩʪʠʨʘʥʠʝ ʣʦʪʢʘ ʪʫʥʥʝʣʝʡ ʥʘʙʣʶʜʘʣʦʩʴ ʚʙʣʠʟʠ ʢʘʤʝʨ ʟʘʪʚʦʨʦʚ, 

ʚʜʦʣʴ ʩʪʝʥ ʚ ʪʫʥʥʝʣʷʭ ʢʦʨʳʪʦʦʙʨʘʟʥʦʛʦ ʩʝʯʝʥʠʷ ʠ ʥʘ ʦʩʠ ʣʦʪʢʘ ʚ ʪʫʥʥʝʣʝ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ.  
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ʇʨʠ ʧʦʚʦʨʦʪʝ ʪʫʥʥʝʣʷ ʚ ʧʣʘʥʝ ʟʦʥʘ ʥʘʠʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʨʘʟʤʳʚʦʚ ʩʤʝʱʘʣʘʩʴ ʢ ʚʳʧʫʢʣʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʳ ʪʫʥʥʝʣʷ.  

ʅʘ ʩʪʝʥʘʭ ʠ ʩʚʦʜʝ ʪʫʥʥʝʣʝʡ ʚʳʰʝ 1,0-1,5 ʤ ʥʘʜ ʣʦʪʢʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʨʘʟʨʫʰʝʥʠʡ 

ʦʙʜʝʣʢʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ɺ ʵʪʦʡ ʟʦʥʝ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʯʪʠ ʨʘʚʥʦʤʝʨʥʦʝ ʠʩʪʠʨʘʥʠʝ ʙʝʪʦʥʘ 

ʚʟʚʝʰʝʥʥʳʤʠ ʥʘʥʦʩʘʤʠ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 3-5 ʩʤ ʚ ʧʨʝʜʝʣʘʭ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʩ ʦʙʥʘʞʝʥʠʝʤ 

ʢʨʫʧʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ. ɻʣʫʙʠʥʘ ʠʩʪʠʨʘʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʚʝʨʭ, ʢ ʩʚʦʜʫ.  

ʇʦ ʩʪʨʦʠʪʝʣʴʥʳʤ ʰʚʘʤ ʩʚʦʜʘ ʠ ʩʪʝʥ, ʘ ʠʥʦʛʜʘ ʯʝʨʝʟ ʮʝʤʝʥʪʘʮʠʦʥʥʳʝ ʩʢʚʘʞʠʥʳ ʠʤʝʣʠ 

ʤʝʩʪʦ ʚʳʭʦʜʳ ʚ ʪʫʥʥʝʣʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ [3; 9].  

ʉʭʝʤʘ ʧʨʦʧʫʩʢʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʯʝʨʝʟ ʈʦʛʫʥʩʢʠʡ ʛʠʜʨʦʫʟʝʣ ʚ ʢʘʯʝʩʪʚʝ 

ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʫʩʣʦʚʠʷ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘ ʛʦʪʦʚʥʦʩʪʴ ʦʙʦʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʪʫʥʥʝʣʝʡ ʢ ʧʨʦʧʫʩʢʫ ʣʶʙʦʛʦ ʧʘʚʦʜʢʘ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʨʘʩʯʝʪʥʳʝ ʨʘʩʭʦʜʳ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʧʝʨʠʦʜʘ Q5%=3 230 ʤ
3
/ʩ ʠ Q3%=3 420 ʤ

3
/ʩ.  

ʇʝʨʝʢʣʶʯʝʥʠʝ ʨʘʩʭʦʜʦʚ ʨʝʢʠ ʩ ʨʫʩʣʘ ʥʘ ʪʫʥʥʝʣʴ I ʷʨʫʩʘ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʚ ʜʝʢʘʙʨʝ 1987 

ʛʦʜʘ ʧʨʠ ʨʘʩʭʦʜʝ ʚʦʜʳ ʚ ʨʝʢʝ 215 ʤ
3
/ʩ. ʊʦʣʴʢʦ ʚ 1991 ʛʦʜʫ ʙʳʣʠ ʩʤʦʥʪʠʨʦʚʘʥʳ ʨʝʤʦʥʪʥʳʝ 

ʟʘʪʚʦʨʳ, ʠ ʥʘ ʩʧʘʜʝ ʧʘʚʦʜʢʘ ʥʘʤʝʯʘʣʦʩʴ ʦʪʢʣʶʯʠʪʴ ʪʫʥʥʝʣʴ ʜʣʷ ʦʩʤʦʪʨʘ ʝʛʦ ʢʘʤʝʨʳ ʠ 

ʦʪʚʦʜʷʱʝʛʦ ʫʯʘʩʪʢʘ. ʂ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʪʫʥʥʝʣʴ ʧʨʦʨʘʙʦʪʘʣ ʥʝʧʨʝʨʳʚʥʦ ʦʢʦʣʦ ʯʝʪʳʨʝʭ ʣʝʪ ʙʝʟ 

ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ ʢ ʟʘʪʚʦʨʥʦʡ ʢʘʤʝʨʝ ʠ ʧʘʟʘʤ-ʘʵʨʘʪʦʨʘʤ.  

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʨʘʩʭʦʜʘʭ ʚʦʜʳ ʨʝʢʠ ɺʘʭʰ ʟʘ ʚʩʝ ʛʦʜʳ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʪʫʥʥʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʙʣʶʜʝʥʠʡ ʚ ʩʪʚʦʨʝ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʩʪʘ ʂʠʰʨʦʛ ʩ ʜʦʧʦʣʥʝʥʠʝʤ ʧʨʦʧʫʱʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ (ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ) 

ʧʦ ʩʚʷʟʠ ʩ ʨʘʩʭʦʜʘʤʠ ʚʦʜʳ ʥʘ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʂʦʤʩʦʤʦʣʘʙʘʜ.  

 

ʊʘʙʣʠʮʘ 1. ʉʨʝʜʥʝʤʝʩʷʯʥʳʝ ʨʘʩʭʦʜʳ ʚʦʜʳ ʨ. ɺʘʭʰ ʥʘ ʫʯʘʩʪʢʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʈʦʛʫʥʩʢʦʡ 

ɻʕʉ, ʤ
3
/ʩ 

Table 1. Average monthly water flow of the Vakhsh River at the Rogun HPP construction site, 

m
3
/s 

ɻʦʜ  I  II  III  IV  V  VI  VII  VIII  IX  X  XI  XII  

1987  167  171  258  706  942  1 447 1 682 1 621 850  469  341  273  

1988  248  228  251  656  1 063 1 637 1 959 1 310 690  347  258  236  

1989  225  219  248  310  589  943  1 270 1 050 509  293  232  201  

1990  181  169  293  457  1 060 1 650 1 470 1 330 781  356  259  215  

1991  186  193  224  445  782  1 173 1 320 1 142 782  309  255  246  

1992  198  192  211  500  1 030 1 490 1 840 1 310 764  397  282  221  

1993  201  216  200  591  1 194 1 739 1 928 1 257 832  405  303  283  

 

ʌʘʢʪʠʯʝʩʢʠ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʶʜʝʥʥʳʝ ʨʘʩʭʦʜʳ ʩʦʩʪʘʚʠʣʠ:  

- ʚ 1988 ʛʦʜʫ ï 2 610 ʤ
3
/ʩ ʧʨʠ ʋɺɹ=1 013,65 ʤ;  

- ʚ 1989 ʛʦʜʫ ï 2 030 ʤ
3
/ʩ ʧʨʠ ʋɺɹ=1 010,55 ʤ;  

- ʚ 1990 ʛʦʜʫ ï 2 430 ʤ
3
/ʩ ʧʨʠ ʋɺɹ=1 013,35 ʤ;  

- ʚ 1991 ʛʦʜʫ ï 1 930 ʤ
3
/ʩ ʧʨʠ ʋɺɹ=1 009,45 ʤ;  

- ʚ 1992 ʛʦʜʫ ï 2 180 ʤ
3
/ʩ ʧʨʠ ʋɺɹ=1 024,70 ʤ.  

ʊʫʥʥʝʣʴ II ʷʨʫʩʘ ʢ ʧʨʦʧʫʩʢʫ ʧʘʚʦʜʢʘ ʧʦʜʢʣʶʯʘʣʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʠ ʫʨʦʚʥʝ ʚʦʜʳ ʚ 

ʚʝʨʭʥʝʤ ʙʴʝʬʝ ʚʳʰʝ ʚʭʦʜʥʦʛʦ ʧʦʨʦʛʘ ʵʪʦʛʦ ʪʫʥʥʝʣʷ. ʈʝʤʦʥʪʥʳʝ ʟʘʪʚʦʨʳ ʚ ʟʘʪʚʦʨʥʦʡ ʢʘʤʝʨʝ 

ʪʫʥʥʝʣʷ II ʷʨʫʩʘ ʪʘʢʞʝ ʥʝ ʙʳʣʠ ʩʤʦʥʪʠʨʦʚʘʥʳ. ʅʘ ʨʠʩ. 8 ʠ 9 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʪʫʥʥʝʣʝʡ I ʠ II ʷʨʫʩʦʚ ʧʦ ʩʦʩʪʦʷʥʠʶ ʛʦʪʦʚʥʦʩʪʠ ʪʦʛʦ ʚʨʝʤʝʥʠ. ɺʳʭʦʜʥʦʝ 

ʦʪʚʝʨʩʪʠʝ ʚ ʩʪʚʦʨʝ ʘʚʘʨʠʡʥʦ-ʨʝʤʦʥʪʥʳʭ ʟʘʪʚʦʨʦʚ ʨʘʚʥʦ 73,5 ʤ
2
. ʅʘ ʵʪʠʭ ʞʝ ʛʨʘʬʠʢʘʭ ʧʦʢʘʟʘʥʘ 

ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʫʥʥʝʣʝʡ ʧʨʠ ʟʘʢʨʳʪʠʠ ʦʜʥʦʛʦ ʠʣʠ ʜʚʫʭ ʦʪʚʝʨʩʪʠʡ ʨʝʤʦʥʪʥʳʭ 

ʟʘʪʚʦʨʦʚ, ʝʩʣʠ ʦʥʠ ʙʫʜʫʪ ʩʤʦʥʪʠʨʦʚʘʥʳ.  

ɺʝʩʴ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʳʡ ʪʫʥʥʝʣʴ I ʷʨʫʩʘ ʨʘʙʦʪʘʣ ʧʦ ʚʨʝʤʝʥʥʦʡ 

ñʜʶʢʝʨʥʦʡ ʩʭʝʤʝñ ʧʨʠ ʧʣʦʱʘʜʠ ʚʳʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ 108 ʤ
2
.  
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ɺ ʧʨʦʮʝʩʩʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʚʨʝʤʝʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʪʫʥʥʝʣʝʡ ʙʳʣʠ 

ʜʦʧʫʱʝʥʳ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ 

ʧʦʷʚʣʝʥʠʶ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ [16]:  

- ʨʝʤʦʥʪʥʳʝ ʟʘʪʚʦʨʳ ʚ ʪʫʥʥʝʣʷʭ ʥʝ ʙʳʣʠ ʩʤʦʥʪʠʨʦʚʘʥʳ ʜʦ ʥʘʯʘʣʘ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚ 
ʩʚʷʟʠ ʩ ʯʝʤ ʦʩʤʦʪʨ ʩʦʩʪʦʷʥʠʷ ʪʫʥʥʝʣʝʡ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʧʘʚʦʜʢʘ ʙʳʣ ʥʝʚʦʟʤʦʞʝʥ;  

- ʪʫʥʥʝʣʴ I ʷʨʫʩʘ ʧʦ ʩʣʦʞʥʦʡ ñʜʶʢʝʨʥʦʡ ʩʭʝʤʝò ʨʘʙʦʪʘʣ ʯʝʪʳʨʝ ʛʦʜʘ ʚʤʝʩʪʦ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʚʰʝʛʦʩʷ ʦʜʥʦʛʦ;  

- ʧʝʨʝʭʦʜ ʪʫʥʥʝʣʝʡ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʪʨʫʙʦʡ ʯʝʨʝʟ ʨʫʩʣʦ ʥʝ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʚ 

ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʩʨʦʢʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʪʫʥʥʝʣʠ ʨʘʙʦʪʘʣʠ ʩ ʥʝʜʦʧʫʩʪʠʤʳʤ ʧʦʜʧʦʨʦʤ ʩ ʥʠʟʦʚʦʡ 

ʩʪʦʨʦʥʳ, ʧʨʠ ʢʦʪʦʨʦʤ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʧʨʳʞʦʢ ʧʨʠʜʚʠʛʘʣʩʷ ʢ ʟʘʪʚʦʨʥʦʡ ʢʘʤʝʨʝ;  

- ʩʠʩʪʝʤʘ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ ʢ ʢʘʤʝʨʝ ʟʘʪʚʦʨʦʚ ʠ ʧʘʟʘʤ-ʘʵʨʘʪʦʨʘʤ ʠʟ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʪʫʥʥʝʣʷ 

ʥʝ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʩʤʝʥʘ ʨʝʞʠʤʦʚ ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʙʦʣʴʰʠʤʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ;  

- ʥʠʞʥʠʡ ʫʩʪʫʧ ʚ ʪʫʥʥʝʣʝ I ʷʨʫʩʘ ʥʘ ʫʯʘʩʪʢʝ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʟʣʦʤʘ ʙʳʣ ʥʝʜʦʨʘʙʦʪʘʥ ʩ 
ʫʩʪʨʦʡʩʪʚʦʤ ʚʨʝʤʝʥʥʦʛʦ ʙʝʪʦʥʥʦʛʦ ʣʦʪʢʘ ʪʦʣʱʠʥʦʡ 0,4 ʤ ʚʟʘʤʝʥ ʟʘʤʢʥʫʪʦʡ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ 

ʦʙʜʝʣʢʠ ʪʦʣʱʠʥʦʡ 1,8 ʤ;  

- ʧʨʦʧʫʩʢ ʧʘʚʦʜʢʘ 1990 ʛʦʜʘ ʥʘʤʝʯʘʣʩʷ ʧʨʠ ʧʦʜʧʦʨʝ ʥʘ ʚʝʨʭʦʚʦʡ ʧʝʨʝʤʳʯʢʝ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʚ ʚʝʨʭʥʝʤ ʙʴʝʬʝ ʦʙʨʘʟʫʝʪʩʷ ʝʤʢʦʩʪʴ ʦʢʦʣʦ 0,2 ʢʤ
3
, ʩʧʦʩʦʙʥʘʷ ʚ ʪʝʯʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ 

ʟʘʜʝʨʞʘʪʴ ʚʩʝ ʚʣʝʢʦʤʳʝ ʥʘʥʦʩʳ ʠ ʥʝ ʜʦʧʫʩʪʠʪʴ ʠʭ ʧʦʧʘʜʘʥʠʷ ʚ ʪʫʥʥʝʣʴ.  

ʍʨʦʥʠʯʝʩʢʦʝ ʦʪʩʪʘʚʘʥʠʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʥʝ 

ʧʦʟʚʦʣʠʣʦ ʚʳʧʦʣʥʷʪʴ ʧʨʦʝʢʪʥʳʝ ʩʨʦʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ɺ ʬʝʚʨʘʣʝ 1992 ʛ. ʧʝʨʝʜ ʚʭʦʜʥʳʤ ʧʦʨʪʘʣʦʤ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʪʫʥʥʝʣʷ I-ʛʦ ʷʨʫʩʘ ʙʳʣʘ 

ʦʪʩʳʧʘʥʘ ʦʛʨʘʞʜʘʶʱʘʷ ʜʘʤʙʘ ʠ ʧʦʜ ʝʝ ʧʨʠʢʨʳʪʠʝʤ ʧʨʦʚʝʜʝʥʦ ʦʙʩʣʝʜʦʚʘʥʠʝ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ 

ʪʫʥʥʝʣʷ ʦʪ ʚʭʦʜʥʦʛʦ ʧʦʨʪʘʣʘ ʜʦ ʥʠʟʦʚʦʛʦ ʩʦʧʨʷʛʘʶʱʝʛʦ ʫʯʘʩʪʢʘ ʠ ʦʪ ʚʭʦʜʥʦʛʦ ʧʦʨʪʘʣʘ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʪʫʥʥʝʣʷ ʜʦ ʦʪʚʦʜʷʱʝʛʦ ʪʫʥʥʝʣʷ ʩ ʦʙʜʝʣʢʦʡ ʪʠʧʘ 8 (ʟʦʥʘ ʨʘʟʣʦʤʘ). ʆʩʪʘʣʴʥʘʷ 

ʯʘʩʪʴ ʪʫʥʥʝʣʷ ʢ ʦʩʤʦʪʨʫ ʙʳʣʘ ʥʝʜʦʩʪʫʧʥʘ ʠʟ-ʟʘ ʦʪʣʦʞʠʚʰʠʭʩʷ ʥʘʥʦʩʦʚ ʠ ʬʠʣʴʪʨʫʶʱʝʡ ʚʦʜʳ. 

ʆʩʤʦʪʨ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʯʪʠ ʧʦ ʚʩʝʡ ʜʦʩʪʫʧʥʦʡ ʢ ʦʩʤʦʪʨʫ ʜʣʠʥʝ ʪʫʥʥʝʣʷ 

ʠʤʝʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʦʤʦʠʥʳ ʚ ʣʦʪʢʝ ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʙʝʪʦʥʘ ʠ ʦʙʥʘʞʝʥʠʝʤ ʧʦʨʦʜʳ. 

ʅʘʠʙʦʣʴʰʠʤ ʨʘʟʨʫʰʝʥʠʷʤ ʧʦʜʚʝʨʛʩʷ ʤʝʞʟʘʪʚʦʨʥʳʡ ʫʯʘʩʪʦʢ ʠ ʢʦʥʬʫʟʦʨ, ʦʩʦʙʝʥʥʦ ʧʨʘʚʳʡ 

ʧʨʦʣʝʪ. ʄʝʪʘʣʣʠʯʝʩʢʘʷ ʦʙʣʠʮʦʚʢʘ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʨʘʟʨʫʰʝʥʘ ʧʦʣʥʦʩʪʴʶ, ʧʨʦʤʦʠʥʳ ʣʦʪʢʘ 

ʜʦʩʪʠʛʘʶʪ ʛʣʫʙʠʥʳ 10-12 ʤ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʨʘʟʤʳʚʘ ʚ ʧʦʨʦʜʫ ʜʦ 6-8 ʤ. (ʨʠʩʫʥʦʢ 1). 

ʉʨʝʜʥʠʡ ʠ ʣʝʚʳʡ ʧʨʦʣʝʪʳ ʟʘʪʚʦʨʥʦʡ ʢʘʤʝʨʳ ʧʦʚʨʝʞʜʝʥʳ ʤʝʥʴʰʝ: ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʦʙʣʠʮʦʚʢʘ 

ʨʘʟʨʫʰʝʥʘ ʥʘ 60% ʠ ʩʦʩʪʦʠʪ ʠʟ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʨʦʤʦʠʥ ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʙʝʪʦʥʘ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 

1,5 ʤ. ɺ ʢʦʥʮʝ ʩʪʘʣʴʥʦʡ ʦʙʣʠʮʦʚʢʠ ʩ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʩʪʦʨʦʥʳ ʚ ʩʪʝʥʘʭ ʠʤʝʶʪʩʷ ʧʨʦʤʦʠʥʳ 

ʜʣʠʥʦʡ ʜʦ 20 ʤ ʩ ʟʘʛʣʫʙʣʝʥʠʝʤ ʚ ʧʦʨʦʜʫ ʥʘ 6-12 ʤ (ʨʠʩʫʥʦʢ 1).  

ɺ ʦʪʚʦʜʷʱʝʤ ʪʫʥʥʝʣʝ ʘʛʨʝʛʘʪʦʚ ɻʕʉ ˉ1-3 ʥʘ ʜʣʠʥʝ 65 ʤ (ʫʯʘʩʪʦʢ ʟʦʥʳ ʜʨʦʙʣʝʥʠʷ ʤʝʞʜʫ 

ʨʘʟʣʦʤʘʤʠ ˉ35 ʠ 111) ʨʘʟʨʫʰʝʥʳ ʥʘ ʜʚʝ ʪʨʝʪʠ ʦʙʜʝʣʢʠ ʪʠʧʦʚ 8 ʠ 9 ʩ ʨʘʟʤʳʚʦʤ ʥʘʨʫʰʝʥʥʳʭ 

ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʚ ʰʠʨʠʥʫ ʜʦ 20 ʤ ʠ ʚʳʩʦʪʦʡ ʢʫʧʦʣʘ ʜʦ 25 ʤ.  

  



 

 

 
ʈʠʩʫʥʦʢ 1. ʉʪʨʦʠʪʝʣʴʥʳʡ ʪʫʥʥʝʣʴ I-ʛʦ ʷʨʫʩʘ ʟʦʥʘ ʨʘʟʨʫʰʝʥʠʡ ʚ ʨʘʡʦʥʝ ʟʘʪʚʦʨʥʦʡ ʢʘʤʝʨʳ  
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ɺ ʪʫʥʥʝʣʝ ʧʨʦʷʚʠʣʠʩʴ ʚʩʝ ʚʠʜʳ ʨʘʟʨʫʰʝʥʠʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʙʣʠʮʦʚʢʠ, ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ 

ʦʙʜʝʣʢʠ ʠ ʩʢʘʣʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʯʝʪʳʨʝʭʣʝʪʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʘʙʨʘʟʠʚʥʳʡ ʤʘʪʝʨʠʘʣ. ʏʘʩʪʴ ʨʘʟʨʫʰʝʥʠʡ ʚʩʢʨʳʣʘʩʴ ʧʨʠ 

ʨʘʩʯʠʩʪʢʝ ʪʫʥʥʝʣʷ ʚ 2008 ʛʦʜʫ. ʊʘʢ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘ ʥʘʯʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʪʫʥʥʝʣʷ ʜʦ 

ʧʦʚʦʨʦʪʘ ʣʝʚʘʷ ʯʘʩʪʴ ʣʦʪʢʘ, ʚʢʣʶʯʘʷ ʜʦʥʥʫʶ ʧʣʠʪʫ ʚʭʦʜʥʦʛʦ ʧʦʨʪʘʣʘ, ʧʨʦʤʳʪʘ ʧʦʣʥʦʩʪʴʶ ʩ 

ʟʘʛʣʫʙʣʝʥʠʝʤ ʚ ʧʦʨʦʜʫ ʥʘ 6-12 ʤʝʪʨʦʚ. ʅʘ ʧʦʚʦʨʦʪʝ ʧʨʦʤʦʠʥʘ ʧʝʨʝʭʦʜʠʪ ʩ ʣʝʚʦʡ ʩʪʦʨʦʥʳ ʥʘ 

ʧʨʘʚʫʶ ʠ ʫʧʠʨʘʝʪʩʷ ʚ ʙʝʪʦʥ, ʫʣʦʞʝʥʥʳʡ ʧʝʨʝʜ ʧʘʚʦʜʢʦʤ 1992 ʛ. (ʨʠʩʫʥʦʢ 2 ʠ 3).  

ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʪʫʥʥʝʣʷ 1 ʷʨʫʩʘ ʠ ʧʦʜʛʦʪʦʚʢʠ ʝʛʦ ʢ ʧʫʩʢʫ ʧʘʚʦʜʢʘ 

1992 ʛ. ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʧʨʦʛʨʘʤʤʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʨʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʜʚʘ 

ʵʪʘʧʘ.  

 
ʈʠʩʫʥʦʢ 2. ʈʘʟʤʳʚ ʧʣʠʪʳ ʚʭʦʜʥʦʛʦ ʧʦʨʪʘʣʘ I-ʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʪʫʥʥʝʣʷ 

 

 
ʈʠʩʫʥʦʢ 3. ʈʘʟʤʳʚ ʣʦʪʢʘ I-ʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʪʫʥʥʝʣʷ 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʚʝʣʠʩʴ ʦʪ ʚʭʦʜʥʦʛʦ ʧʦʨʪʘʣʘ ʜʦ ʢʘʤʝʨʳ ʟʘʪʚʦʨʦʚ ʧʦʜ ʧʨʠʢʨʳʪʠʝʤ 

ʦʛʨʘʞʜʘʶʱʝʡ ʜʘʤʙʳ, ʥʘ ʚʪʦʨʦʤ - ʥʘ ʤʝʞʟʘʪʚʦʨʥʦʤ ʫʯʘʩʪʢʝ ʢʘʤʝʨʳ ʧʦʜ ʧʨʠʢʨʳʪʠʝʤ ʨʝʤʦʥʪʥʳʭ 
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ʟʘʪʚʦʨʦʚ. ʀʟ-ʟʘ ʢʨʘʡʥʝ ʩʞʘʪʳʭ ʩʨʦʢʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʦʜʛʦʪʦʚʢʦʡ ʢ ʧʨʦʧʫʩʢʫ ʥʘʨʘʩʪʘʶʱʠʭ 

ʧʘʚʦʜʢʦʚʳʭ ʨʘʩʭʦʜʦʚ, ʚ ʫʩʣʦʚʠʷʭ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʧʦʜʭʦʜʘʤʠ, ʥʝ ʧʦʟʚʦʣʷʶʱʠʤʠ ʧʨʠʤʝʥʠʪʴ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʫʶ ʪʝʭʥʠʢʫ, ʘ ʪʘʢʞʝ ʧʦʤʝʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʪʚʦʜʦʤ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʚʦʜ, 

ʨʝʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʤʠʥʠʤʘʣʴʥʦʤ ʦʙʲʝʤʝ.  

ʅʘ ʚʭʦʜʥʦʤ ʠ ʚʳʭʦʜʥʦʤ ʧʦʨʪʘʣʘʭ, ʚ ʢʘʤʝʨʝ ʟʘʪʚʦʨʦʚ, ʚʢʣʶʯʘʷ ʜʠʬʬʫʟʦʨ ʠ ʢʦʥʬʫʟʦʨ, 

ʟʘʙʝʪʦʥʠʨʦʚʘʥʳ ʧʨʦʤʦʠʥʳ ʚ ʣʦʪʢʝ, ʩʪʝʥʘʭ ʠ ʙʳʯʢʘʭ.  

ɺ ʩʚʷʟʠ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʚʳʚʘʣʘʤʠ ʠʟ ʨʘʟʣʦʤʘ ˉ35, ʚʦʩʩʪʘʥʦʚʠʪʴ ʨʘʟʨʫʰʝʥʥʫʶ ʦʙʜʝʣʢʫ ʚ 

ʦʪʚʦʜʷʱʝʤ ʪʫʥʥʝʣʝ ʥʝ ʫʜʘʣʦʩʴ, ʫʩʪʦʷʚʰʠʝ ʩʝʢʮʠʠ ʦʙʜʝʣʢʠ ʙʳʣʠ ʧʨʠʢʨʝʧʣʝʥʳ ʘʥʢʝʨʘʤʠ ʢ 

ʩʦʭʨʘʥʠʚʰʝʡʩʷ ʯʘʩʪʠ ʧʦʨʦʜʳ.  

ɺ ʪʘʢʦʤ ʚʠʜʝ ʪʫʥʥʝʣʴ ʙʳʣ ʧʦʜʛʦʪʦʚʣʝʥ ʢ ʧʨʦʧʫʩʢʫ ʧʘʚʦʜʢʦʚʳʭ ʨʘʩʭʦʜʦʚ 1992 ʛ.  

ʊʘʢ ʢʘʢ ʨʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ ʥʝ ʫʜʘʣʦʩʴ ʚʳʧʦʣʥʠʪʴ ʚ ʧʦʣʥʦʡ ʤʝʨʝ, ʜʣʷ ʪʫʥʥʝʣʷ I-ʛʦ ʷʨʫʩʘ 

ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʱʘʜʷʱʠʡ ʨʝʞʠʤ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʡ ʨʘʙʦʪʫ ʪʫʥʥʝʣʷ ʩ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʦ ʚʨʝʤʝʥʠ ʠ ʢʦʣʠʯʝʩʪʚʫ ʦʪʢʨʳʪʳʭ ʧʨʦʣʝʪʦʚ.  

ʇʨʦʧʫʩʢ ʧʘʚʦʜʢʘ 1992 ʛ. ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʩʭʦʜʦʤ 2 180 ʤ
3
/ʩ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʯʝʨʝʟ 

ʪʫʥʥʝʣʴ II-ʛʦ ʷʨʫʩʘ ʧʨʠ ʪʨʝʭ ʦʪʢʨʳʪʳʭ ʧʨʦʣʝʪʘʭ ʠ ʯʝʨʝʟ ʪʫʥʥʝʣʴ I-ʛʦ ʷʨʫʩʘ ʧʨʠ ʜʚʫʭ ʦʪʢʨʳʪʳʭ 

ʧʨʦʣʝʪʘʭ.  

ʈʘʩʭʦʜʳ 1993 ʛʦʜʘ ʯʝʨʝʟ ʩʪʨʦʠʪʝʣʴʥʳʡ ʪʫʥʥʝʣʴ I-ʛʦ ʷʨʫʩʘ ʥʝ ʧʨʦʧʫʩʢʘʣʠʩʴ.  

ɺ 2008 ʛʦʜʳ ʆɸʆ ñʈʦʛʫʥʩʢʘʷ ɻʕʉò ʦʩʫʱʝʩʪʚʠʣʦ ʨʘʩʯʠʩʪʢʫ ʩʪʨʦʠʪʝʣʴʥʦ-

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʪʫʥʥʝʣʷ I-ʛʦ ʷʨʫʩʘ, ʢʦʪʦʨʘʷ ʚʳʷʚʠʣʘ ʩʣʝʜʫʶʱʠʝ ʨʘʟʨʫʰʝʥʠʷ: ʨʘʟʤʳʚʳ 

ʙʝʪʦʥʘ ʠ ʦʩʥʦʚʘʥʠʷ ʦʪ ʚʭʦʜʥʦʛʦ ʧʦʨʪʘʣʘ ʜʦ ʟʘʪʚʦʨʥʦʡ ʢʘʤʝʨʳ; ʨʘʟʨʫʰʝʥʠʷ ʩʪʝʥ ʪʫʥʥʝʣʷ ʟʘ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʙʣʠʮʦʚʢʦʡ (ʙʝʪʦʥʥʘʷ ʦʙʣʠʮʦʚʢʘ ʙʳʣʘ ʚʦʩʩʪʘʥʦʚʣʝʥʘ ʧʝʨʝʜ ʧʘʚʦʜʢʦʤ 1992 

ʛʦʜʘ); ʨʘʟʨʫʰʝʥʠʝ ʙʝʪʦʥʘ ʠ ʩʢʘʣʴʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʪʫʥʥʝʣʷ.  

ɺʳʚʦʜʳ 
1. ɺ ʧʨʦʮʝʩʩʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʚʨʝʤʝʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʪʫʥʥʝʣʝʡ ʙʳʣʠ 

ʜʦʧʫʱʝʥʳ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ 

ʧʦʷʚʣʝʥʠʶ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ:  

- ʨʝʤʦʥʪʥʳʝ ʟʘʪʚʦʨʳ ʚ ʪʫʥʥʝʣʷʭ ʥʝ ʙʳʣʠ ʩʤʦʥʪʠʨʦʚʘʥʳ ʜʦ ʥʘʯʘʣʘ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚ 
ʩʚʷʟʠ ʩ ʯʝʤ ʦʩʤʦʪʨ ʩʦʩʪʦʷʥʠʷ ʪʫʥʥʝʣʝʡ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʧʘʚʦʜʢʘ ʙʳʣ ʥʝʚʦʟʤʦʞʝʥ;  

- ʪʫʥʥʝʣʴ I ʷʨʫʩʘ ʧʦ ʩʣʦʞʥʦʡ ñʜʶʢʝʨʥʦʡ ʩʭʝʤʝò ʨʘʙʦʪʘʣ ʯʝʪʳʨʝ ʛʦʜʘ ʚʤʝʩʪʦ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʚʰʝʛʦʩ ̫ʦʜʥʦʛʦ;  

- ʧʝʨʝʭʦʜ ʪʫʥʥʝʣʝʡ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʪʨʫʙʦʡ ʯʝʨʝʟ ʨʫʩʣʦ ʥʝ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʚ 

ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʩʨʦʢʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʪʫʥʥʝʣʠ ʨʘʙʦʪʘʣʠ ʩ ʥʝʜʦʧʫʩʪʠʤʳʤ ʧʦʜʧʦʨʦʤ ʩ ʥʠʟʦʚʦʡ 

ʩʪʦʨʦʥʳ, ʧʨʠ ʢʦʪʦʨʦʤ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʧʨʳʞʦʢ ʧʨʠʜʚʠʛʘʣʩʷ ʢ ʟʘʪʚʦʨʥʦʡ ʢʘʤʝʨʝ;  

- ʩʠʩʪʝʤʘ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ ʢ ʢʘʤʝʨʝ ʟʘʪʚʦʨʦʚ ʠ ʧʘʟʘʤ-ʘʵʨʘʪʦʨʘʤ ʠʟ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʪʫʥʥʝʣʷ 

ʥʝ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ, ʚ ʩʚʷʟʠ, ʩ ʯʝʤ ʩʤʝʥʘ ʨʝʞʠʤʦʚ ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʙʦʣʴʰʠʤʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ;  

- ʥʠʞʥʠʡ ʫʩʪʫʧ ʚ ʪʫʥʥʝʣʝ I ʷʨʫʩʘ ʥʘ ʫʯʘʩʪʢʝ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʟʣʦʤʘ ʙʳʣ ʥʝʜʦʨʘʙʦʪʘʥ ʩ 
ʫʩʪʨʦʡʩʪʚʦʤ ʚʨʝʤʝʥʥʦʛʦ ʙʝʪʦʥʥʦʛʦ ʣʦʪʢʘ ʪʦʣʱʠʥʦʡ 0,4 ʤ ʚʟʘʤʝʥ ʟʘʤʢʥʫʪʦʡ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ 

ʦʙʜʝʣʢʠ ʪʦʣʱʠʥʦʡ 1,8 ʤ;  

- ʧʨʦʧʫʩʢ ʧʘʚʦʜʢʘ 1990 ʛʦʜʘ ʥʘʤʝʯʘʣʩʷ ʧʨʠ ʧʦʜʧʦʨʝ ʥʘ ʚʝʨʭʦʚʦʡ ʧʝʨʝʤʳʯʢʝ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʚ ʚʝʨʭʥʝʤ ʙʴʝʬʝ ʦʙʨʘʟʫʝʪʩʷ ʝʤʢʦʩʪʴ ʦʢʦʣʦ 0,2 ʢʤ
3
, ʩʧʦʩʦʙʥʘʷ ʚ ʪʝʯʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ 

ʟʘʜʝʨʞʘʪʴ ʚʩʝ ʚʣʝʢʦʤʳʝ ʥʘʥʦʩʳ ʠ ʥʝ ʜʦʧʫʩʪʠʪʴ ʠʭ ʧʦʧʘʜʘʥʠʷ ʚ ʪʫʥʥʝʣʴ.  

2. ʍʨʦʥʠʯʝʩʢʦʝ ʦʪʩʪʘʚʘʥʠʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʥʝ 

ʧʦʟʚʦʣʠʣʦ ʚʳʧʦʣʥʠʪʴ ʧʨʦʝʢʪʥʳʝ ʩʨʦʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

3. ʌʘʢʪʦʨʘʤʠ, ʫʩʠʣʠʚʘʶʱʠʤʠ ʘʙʨʘʟʠʚʥʦʝ ʠʩʪʠʨʘʥʠʝ, ʷʚʣʷʶʪʩʷ: ʧʦʧʝʨʝʯʥʘʷ ʮʠʨʢʫʣʷʮʠʷ, 

ʚʦʟʥʠʢʘʶʱʘʷ ʥʘ ʧʦʚʦʨʦʪʘʭ ʪʨʘʩʩʳ ʪʫʥʥʝʣʝʡ; ʫʩʢʦʨʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʧʦʪʦʢʘ ʚ ʧʨʝʜʝʣʘʭ 

ʩʦʧʨʷʛʘʶʱʝʛʦ ʪʫʥʥʝʣʷ; ʚʘʣʴʮʳ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʨʳʞʢʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʚʟʚʝʰʠʚʘʥʠʶ 

ʜʦʥʥʳʭ ʥʘʥʦʩʦʚ ʩ ʠʭ ʧʦʩʣʝʜʫʶʱʠʤ ʫʜʘʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ.  
 

ʃʀʊɽʈɸʊʋʈɸ 

1. ɼʘʚʣʘʪʰʦʝʚ ʉ.ʂ. ɺʣʠʷʥʠʝ ʦʙʲʸʤʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ ʧʦʜʟʝʤʥʦʛʦ ʧʦʤʝʱʝʥʠʷ ʥʘ ʧʨʦʮʝʩʩ 
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ɸʅɸʃʀɿ ʈɸɹʆʊʓ ɻʀɼʈʆʊɽʍʅʀʏɽʉʂʀʍ ʉʊʈʆʀʊɽʃʔʅʓʍ ʊʋʅʅɽʃɽʁ ʈʆɻʋʅʉʂʆʁ ɻʕʉ 

ɺ ʇɽʈʀʆɼ ʕʂʉʇʃʋɸʊɸʎʀʀ 1989-1992 ɻɻ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʠ ʘʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʧʦʚʨʝʞʜʝʥʠʷ ʪʦʥʥʝʣʝʡ 
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ʫʯʝʪʦʤ ʘʙʨʘʟʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʚʦʜʳ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʚʚʝʩʪʠ ʪʦʥʥʝʣʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʠʟʤʝʥʷʶʪ ʨʝʞʠʤ ʨʝʯʥʳʭ ʥʘʥʦʩʦʚ, ʯʪʦ, 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʟʜʘʝʪ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʪʠʭ ʩʦʦʨʫʞʝʥʠʡ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, 



 

114 

 

ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʨʘʟʨʫʰʝʥʠʷ ʙʝʪʦʥʥʦʡ ʠʣʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʥʘʧʦʨʥʳʭ 

ʦʪʚʝʨʩʪʠʷʭ ʚʳʩʦʢʦʥʘʧʦʨʥʳʭ ʛʠʜʨʦʫʟʣʦʚ ʷʚʣʷʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʢʘʚʠʪʘʮʠʠ, ʠʩʪʠʨʘʥʠʝ ʥʘʥʦʩʘʤʠ ʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʯʥʳʝ ʥʘʥʦʩ,r ʢʘʚʠʪʘʮʠʷ, ʪʚʸʨʜʳʡ ʩʪʦʢ, ʛʠʜʨʦʫʟʝʣ, ʩʪʨʦʠʪʝʣʴʥʳʝ ʪʫʥʥʝʣʠ, 

ʛʠʜʨʦʧʦʩʪ, ʛʠʜʨʦʜʠʥʘʤʠʢʘ, ʵʢʩʧʣʫʘʪʘʮʠʷ, ʠʩʩʪʠʨʘʥʠʝ.  

 

ANALYSIS OF THE CONSTRUCTION OF TUNNELS OF THE ROGUN HPP DURI NG THE 

OPERATION PERIOD OF 1989-1992 

This article aims to study and analyze the factors that cause damage to the tunnels of the first and second 

lines, as well as to consider the hydraulic conditions in construction tunnels, taking into account the abrasive 

effect of water flow, and to develop the necessary structural changes that will allow for the further full or partial 

commissioning of the tunnels. The design and construction of hydraulic structures changes the flow regime of 

rivers, which in turn creates difficulties during the construction and operation of these structures. It is worth 

noting that the main causes of damage to the concrete or metal surface in the discharge holes of high-pressure 

hydraulic units are the effects of cavitation, water vaporization, and hydrodynamic loads. 

Keywords: river sediments, cavitation, solid waste, hydro node, construction tunnel, hydropost, 

hydrodynamics, exploitation, iron. 
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ʋɼʂ: 33+663.18 

ʀʅɾɽʅɽʈʅɸʗ ɿɸʑʀʊɸ ʕʃɽʄɽʅʊʆɺ ɻʀɼʈʆʉʆʆʈʋɾɽʅʀʁ ʅʋʈɽʂʉʂʆʁ ɻʕʉ ʆʊ 

ʈɸɿʈʋʐʀʊɽʃʔʅʓʍ ʇʆʉʃɽɼʉʊɺʀʁ ʂɸɺʀʊɸʎʀʀ 

 

ʐʘʨʠʧʦʚ ʂ.ʀ., ʈʘʫʬʠ ʂ.ɸ., ʂʫʨʙʘʥʦʚ ʄ.ʋ. ʇʠʨʤʘʜʦʚ ʄ.ɼ. 

ʀʥʩʪʠʪʫʪ ʚʦʜʥʳʭ ʧʨʦʙʣʝʤ, ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʵʢʦʣʦʛʠʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

ʊʘʜʞʠʢʠʩʪʘʥʘ 

 

ɺʚʝʜʝʥʠʝ. ʇʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠ ̫ʢʘʚʠʪʘʮʠʠ ʚʝʩʴʤʘ ʤʥʦʛʦʦʙʨʘʟʝʥ. ʂʘʚʠʪʘʮʠʷ ʧʦʷʚʣʷʝʪʩʷ ʚ 

ʥʝʧʦʜʚʠʞʥʦʡ ʞʠʜʢʦʩʪʠ, ʧʦʜʦʙʥʦ ʪʦʤʫ ʢʘʢ ʦʥʘ ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ ʚ ʪʝʢʫʱʝʡ ʞʠʜʢʦʩʪʠ, ʚ ʤʝʩʪʘʭ 

ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʜʦʚʦʜʘ. ʆʥʘ ʠʤʝʝʪ ʜʠʥʘʤʠʯʝʩʢʠʡ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ, 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʠ ʘʢʫʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ.  

ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʳʩʦʢʦʥʘʧʦʨʥʳʭ ʚʦʜʦʩʙʦʨʦʚ ʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʘʚʠʪʘʮʠʦʥʥʘʷ ʵʨʦʟʠʷ, ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʪʦʨʦʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 

ʧʦʪʦʢʘʭ, ʩ ʧʦʚʳʰʝʥʥʦʡ ʧʫʣʴʩʘʮʠʝʡ ʜʘʚʣʝʥʠʡ ʠ ʩʢʦʨʦʩʪʝʡ. ʆʜʥʦʡ ʠʟ ʩʣʦʞʥʝʡʰʝʡ ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʢʘʚʠʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʚʳʩʦʢʦʥʘʧʦʨʥʳʭ ʚʦʜʦʩʙʦʨʦʚ. ʇʨʠ 

ʵʪʦʤ, ʠʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʩʣʝʜʫʝʪ ʥʘʡʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ 

ʧʨʦʪʠʚʦʢʘʚʠʪʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ ʵʣʝʤʝʥʪʦʚ ʛʠʜʨʦʩʦʦʨʫʞʝʥʠʡ ʅʫʨʝʢʩʢʦʡ ɻʕʉ. ɼʣʷ ʨʘʟʨʝʰʝʥʠʷ 

ʵʪʠʭ ʧʨʦʙʣʝʤ ʧʨʝʜʣʘʛʘʝʤ ʥʝʢʦʪʦʨʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʤʝʨʳ ʢ ʠʟʙʝʛʘʥʠʶ ʢʘʚʠʪʘʮʠʦʥʥʦʡ ʵʨʦʟʠʠ. 

ʂʘʚʠʪʘʮʠʦʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʧʨʦʚʝʜʝʥʥʳʤʠ ʜʣʷ ʪʫʥʥʝʣʴʥʳʭ ʚʦʜʦʚʦʜʦʚ ʅʫʨʝʢʩʢʦʡ ɻʕʉ, 

ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʪʨʝʙʫʝʤʘʷ ʛʣʘʜʢʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʚʦʜʷʱʝʛʦ ʪʫʥʥʝʣʷ ï ʚʳʩʦʪʘ ʚʳʩʪʫʧʦʚ ʥʝ 

ʙʦʣʝʝ 7 ʤʤ ʧʨʠ ʧʦʣʦʞʝʥʠʠ ʠʭ ʩ ʫʢʣʦʥʦʤ 1:6. ʇʦʩʢʦʣʴʢʫ ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʝ ʧʦʟʚʦʣʠʣʠ ʧʦʣʥʦʩʪʴʶ ʦʩʫʱʝʩʪʚʠʪʴ ʵʪʠ ʪʨʝʙʦʚʘʥʠʷ, ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʟʘʱʠʪʘ 

ʪʦʨʢʨʝʪʦʤ ʣʦʪʢʦʚʦʡ ʯʘʩʪʠ ʪʫʥʥʝʣʷ ʠ ʝʛʦ ʙʦʢʦʚʳʭ ʩʪʝʥ [7].  

ʊʦʨʢʨʝʪʙʝʪʦʥʘ ʧʦʣʫʯʘʶʪ ʥʘʙʨʳʟʛʠʚʘʥʠʝʤ (ʪʦʨʢʨʝʪʠʨʦʚʘʥʠʝʤ) ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʠʣʠ ʚ ʬʦʨʤʫ ʧʨʠ ʧʦʤʦʱʠ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ. ʊʦʨʢʨʝʪʙʝʪʦʥ ʦʪʣʠʯʘʝʪʩʷ 

ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ (ʜʦ 70 ʄʅ/ʤ
2
), ʧʣʦʪʥʦʩʪʴʶ, ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʠ 

ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴʶ. ʈʘʟʣʠʯʘʶʪ ʩʦʙʩʪʚʝʥʥʦ ʪʦʨʢʨʝʪʙʝʪʦʥ (ʢʨʫʧʥʦʩʪʴ ʟʘʧʦʣʥʠʪʝʣʷ ʜʦ 10 ʤʤ) ʠ 

ʰʧʨʠʮ ʙʝʪʦʥ. ʊʦʨʢʨʝʪʙʝʪʦʥ ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʪʦʥʢʦʩʪʝʥʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ (ʦʙʦʣʦʯʝʢ ʨʝʟʝʨʚʫʘʨʦʚ ʠ ʪ.ʧ.), ʨʝʤʦʥʪʝ ʠ ʫʩʠʣʝʥʠʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʜʣʷ ʟʘʜʝʣʢʠ 

ʩʪʳʢʦʚ, ʫʩʪʨʦʡʩʪʚʘ ʧʦʢʨʳʪʠʡ ʠ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʳʭ ʦʙʜʝʣʦʢ ʚ ʪʦʥʥʝʣʷʭ ʠ ʪʦʤʫ ʧʦʜʦʙʥʦʝ [9]. ʉ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʫʥʥʝʣʷ ʚ ʧʨʝʜʝʣʘʭ ʫʯʘʩʪʢʘ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 120ʤ ʟʘ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 

ʦʙʣʠʮʦʚʢʘʤʠ, ʛʜʝ, ʧʦ ʜʘʥʥʳʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʪʦʢ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʠʝ ʧʨʠʜʦʥʥʳʝ 

ʩʢʦʨʦʩʪʠ ʠ ʧʦʚʳʰʝʥʥʫʶ ʧʫʣʴʩʘʮʠʦʥʥʦʩʪʴ, ʙʳʣʠ ʚʳʙʫʨʝʥʳ ʦʙʨʘʟʮʳ ʙʝʪʦʥʘ ʩ ʜʠʘʤʝʪʨʦʤ ʢʝʨʥʘ 

130 ʤʤ. ʀʩʧʳʪʘʥʠʷ ʚʳʙʫʨʝʥʥʳʭ ʢʝʨʥʦʚ ʚ ʚʦʟʨʘʩʪʝ 6 ʣʝʪ ʧʦʢʘʟʘʣʠ ʧʨʦʯʥʦʩʪʴ ʦʪ 300ʜʦ 500ʢʛʩ/ 

ʩʤ
2
(ʦʪ 30 ʜʦ 50 ʄʇʘ). ʇʨʦʚʝʜʝʥʥʳʝ ʢʘʚʠʪʘʮʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ 

ʢʘʚʠʪʘʮʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʙʝʪʦʥʘ ʦʙʜʝʣʦʢ ʠ ʚʳʷʚʠʣʠ ʫʯʘʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʛʜʝ ʧʦʪʨʝʙʦʚʘʣʦʩʴ 

ʠʭ ʫʢʨʝʧʣʝʥʠʝ [2]. 

ʅʘ ʅʫʨʝʢʩʢʦʡ ɻʕʉ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʛʨʝʛʘʪ, ʩʦʚʤʝʱʘʶʱʠʡ ʦʧʝʨʘʮʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʩʛʣʘʞʠʚʘʥʠʷ ʥʝʨʦʚʥʦʩʪʝʡ ʤʝʪʦʜʦʤ ʙʫʯʘʨʜʠʨʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʰʣʠʬʦʚʢʦʡ ʦʙʨʘʙʦʪʘʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. ʅʦ ʠʟ-ʟʘ ʤʘʣʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ (ʚ ʩʤʝʥʫ ʫʜʘʚʘʣʦʩʴ ʦʙʨʘʙʦʪʘʪʴ ʥʝʙʦʣʴʰʠʝ 

ʧʣʦʱʘʜʠ ï ʤʝʥʝʝ 2-3 ʤ
2
) ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʛʨʝʛʘʪ ʥʝ ʧʦʣʫʯʠʣ. ʀʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ 

ʩʨʝʜʩʪʚ ʜʣʷ ʙʳʩʪʨʦʛʦ ʫʩʪʨʘʥʝʥʠʷ ʥʝʨʦʚʥʦʩʪʝʡ ʥʘ ʙʝʪʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʥʳʤʠ 

ʩʦʩʪʘʚʘʤʠ, ʠʟʛʦʪʦʚʣʷʝʤʳʤʠ ʥʘ ʙʘʟʝ ʵʧʦʢʩʠʜʥʳʭ ʩʤʦʣ ʠ ʜʨʫʛʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ʉʦʩʪʘʚʳ ʵʧʦʢʩʠʜʥʳʭ ʘʥʪʠʢʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʧʨʠʚʝʜʝʥ rʚ ʪʘʙʣʠʮʝ 1. ʆʜʥʘʢʦ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʩʦʩʪʘʚʦʚ ʚʩʪʨʝʪʠʣʦ ʟʘʪʨʫʜʥʝʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ, ʛʣʘʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʣʦʞʥʦʩʪʴ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠ ʥʘʥʝʩʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʩʦʩʪʘʚʦʚ, ʘ ʪʘʢʞʝ 

ʩʣʦʞʥʦʩʪʴ ʤʝʭʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ. ɹʳʩʪʨʦʝ ʦʪʚʝʨʜʝʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʩʦʩʪʘʚʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʝʝ ʦʙʳʯʥʦ ʚ ʪʝʯʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ (ʚ ʩʨʝʜʥʝʤ 2 ʯ), ʪʨʝʙʫʝʪ 

ʚʳʩʦʢʠʭ ʪʝʤʧʦʚ ʥʘʥʝʩʝʥʠʷ ʠʭ ʥʘ ʙʝʪʦʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʤʝʭʘʥʠʟʘʮʠʠ ʵʪʠʭ 

ʨʘʙʦʪ ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʥʫʪʴ ʪʨʝʙʫʝʤʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ 

[14]. (ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥ ʩʦʩʪʘʚ ʵʧʦʢʩʠʜʥʳʭ ʘʥʪʠʢʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ).  
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ʊʘʙʣʠʮʘ 1. ʉʦʩʪʘʚʳ ʵʧʦʢʩʠʜʥʳʭ ʘʥʪʠʢʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ (ʚ ʯʘʩʪʷʭ ʤʘʩʩʳ) [7] 

Table 1. Compositions of epoxy anti-cavitation coatings (in parts by weight) 
ʀʩʭʦʜʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ 

ʆʢʨʘʩʦʯʥʳʝ ʧʦʢʨʳʪʠʷ ʄʘʩʪʠʯʥʳʝ 

ʧʦʢʨʳʪʠʷ 

ʇʦʣʠʤʝʨ-ʨʘʩʪʚʦʨʥʳʝ 

ʧʦʢʨʳʪʠʷ 

1-ʡ 

ʩʣʦʡ 

2-ʡ 

ʩʣʦʡ 

3-ʡ 

ʩʣʦʡ 

ʄʇ-1 ʄʇ-2 ʇʇ-1 ʇʇ-2 

ʕʧʦʢʩʠʜʥʘʷ ʩʤʦʣʘ 

ʕɼ-20 

    100  100 

ʕʧʦʢʩʠʜʥʘʷ ʩʤʦʣʘ 

ʕɼ-6 

100  100 100 100  100 

ʇʦʣʠʵʬʠʨ ʄɻʌ-9 50  50 50 50   50  

ʊʠʦʢʦʣ ʅɺʊ-1        50 

ʇʦʣʠʵʪʠʣʝʥʦʧʦʣʠ

ʘʤʠʥ 

10 10 10 10 10 6 6 

ɸʮʝʪʦʥ 2ʦ 30 30     

ʂʚʘʨʮʝʚʳʡ ʧʝʩʦʢ      300 250 

ʕʣʝʢʪʨʦʢʦʨʫ-ʥʜ    100  100  

 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ ʚʪʦʨʦʤ 

ʩʪʨʦʠʪʝʣʴʥʦʤ ʪʫʥʥʝʣʝ ʅʫʨʝʢʩʢʦʡ ɻʕʉ. ʕʪʦʪ ʪʫʥʥʝʣʴ, ʠʤʝʶʱʠʡ ʧʣʦʱʘʜʴ. ʩʝʯʝʥʠʝ 102 ʤ
2
 ʠ 

ʰʠʨʠʥʫ 10 ʤ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʙʨʦʩʘ ʚʦʜʳ ʠʟ ʅʫʨʝʢʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʨʠ ʥʘʧʦʨʝ 110 ʤ. 

ʆʪʚʦʜʷʱʠʡ ʫʯʘʩʪʦʢ ʪʫʥʥʝʣʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʙʦʣʝʝ 1 ʢʤ ʨʘʙʦʪʘʝʪ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʚʦʜʳ ʙʦʣʝʝ 40 

ʤ/ʩ. ɺ ʧʝʨʚʳʝ ʛʦʜʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʪʫʥʥʝʣʴ ʨʘʙʦʪʘʣ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʥʘʧʦʨʘʭ, ʠ ʚ ʝʛʦ ʣʦʪʢʦʚʦʡ 

ʯʘʩʪʠ ʠ ʩʪʝʥʘʭ ʦʙʨʘʟʦʚʘʣʩʷ ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ. ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʪʫʥʥʝʣʷ ʢ ʨʘʙʦʪʝ ʩ ʧʦʣʥʳʤ 

ʥʘʧʦʨʦʤ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʤʦʥʪʠʨʦʚʘʣʠʩʴ. ʅʘ ʪʫʥʥʝʣʴʥʦʤ ʫʯʘʩʪʢʝ ʜʣʠʥʥʦʡ 70 ʤ ʩʪʝʥʳ 

ʚʳʧʦʣʥʝʥʳ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʙʣʠʮʦʚʢʦʡ ʠ ʟʘʱʠʱʝʥʳ ʧʦʣʠʤʝʨʥʳʤ ʧʦʢʨʳʪʠʷʤʠ [10]. ʇʨʠ 

ʚʦʟʚʝʜʝʥʠʠ ʧʣʦʪʠʥʳ ʚ ʨʫʩʣʝ ʨʝʢʠ ɺʘʭʰ ʚʦʜʦʦʪʚʦʜ ʩʪʨʦʠʣʠ ʚ ʦʙʭʦʜ ʢʦʪʣʦʚʘʥʘ ʧʦ ʪʫʥʥʝʣʷʤ ʪʨʝʭ 

ʷʨʫʩʦʚ (ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ 103 ʤ
2
). ɺʝʨʭʥʠʡ ʷʨʫʩ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʪʫʥʥʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʩʪʦʷʥʥʦʛʦ ʚʦʜʦʩʙʦʨʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ. ʆʥ ʠʤʝʝʪ ʟʘʛʣʫʙʣʝʥʥʳʡ ʧʦʜ ʫʨʦʚʝʥʴ ʤʝʨʪʚʦʛʦ 

ʦʙʲʝʤʘ ʚʭʦʜ ʚ ʚʠʜʝ ʧʦʨʪʘʣʘ. ʊʫʥʥʝʣʴ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʟʘʪʚʦʨʘʤʠ ʠʟ ʧʦʜʟʝʤʥʦʛʦ ʟʜʘʥʠʷ. ɺ ʵʪʦʪ ʞʝ 

ʪʫʥʥʝʣʴ ʠʤʝʝʪʩʷ ʩʙʨʦʩ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʦʛʦʣʦʚʢʘ ʜʨʫʛʦʛʦ ʚʦʜʦʩʙʦʨʘ. ɺ ʤʥʦʛʦʚʦʜʥʳʡ 1973 ʛ. 

ʯʝʨʝʟ ʪʫʥʥʝʣʴ ʅʫʨʝʢʩʢʦʡ ɻʕʉ ʧʨʦʧʫʩʢʘʣʩʷ ʨʘʩʭʦʜ 2200 ʤ3/ʩ ʠ ʫʜʝʣʴʥʳʝ ʨʘʩʭʦʜʳ ʚ ʪʫʥʥʝʣʝ 

ʧʨʝʚʳʰʘʣʠ 200 ʤ
3
/ʩ ʥʘ 1 ʤ ʝʛʦ ʰʠʨʠʥʳ. ɼʦ ʵʪʦʛʦ ʪʫʥʥʝʣʴ ʚ ʪʝʯʝʥʠʝ 8 ʤʝʩʷʮʝʚ ʵʢʩʧʣʫʘʪʠʨʦʚʘʣʩʷ 

ʧʨʠ ʥʘʧʦʨʘʭ 40-110 ʤ, ʦʩʤʦʪʨ ʪʫʥʥʝʣʷ ʧʦʟʚʦʣʠʣ ʥʝ ʧʨʦʠʟʚʦʜʠʪʴ ʚ ʥʝʤ ʨʝʤʦʥʪʥʦ- 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʥʘʢʘʥʫʥʝ ʤʥʦʛʦʚʦʜʥʦʛʦ ʧʘʚʦʜʢʘ, ʢʦʪʦʨʳʡ ʠʤʝʣ ʧʦ ʧʦʜʚʝʨʛʰʝʤʫʩʷ 

ʧʨʦʛʥʦʟʫ ʚ ʧʝʨʚʳʡ ʛʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʧʦʣʥʦʤ ʥʘʧʦʨʝ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ 0, 1%. ʇʨʠʥʷʪʳʝ ʤʝʨʳ 

ʦʙʝʩʧʝʯʠʣʠ ʩʦʭʨʘʥʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʫʥʥʝʣʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʪʷʞʸʣʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ. ʇʦʷʚʠʚʰʝʝʩʷ ʦʪʜʝʣʴʥʳʝ ʤʝʣʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʥʝ ʪʨʝʙʦʚʘʣʠ ʨʝʤʦʥʪʘ [6]. 

ɿʘ ʨʫʙʝʞʦʤ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʙʝʪʦʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ: ʨʘʟʜʝʣʴʥʘʷ ʫʢʣʘʜʢʘ ʙʝʪʦʥʘ ʧʨʠ ʨʝʤʦʥʪʝ ʙʦʣʴʰʦʛʦ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʫʯʘʩʪʢʘ. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʚʨʝʞʜʝʥʥʳʭ ʫʯʘʩʪʢʦʚ, ʢʦʛʜʘ ʙʝʪʦʥ ʤʦʞʥʦ ʫʣʦʞʠʪʴ ʥʘ ʛʣʫʙʠʥʫ ʥʝ ʤʝʥʝʝ 

ʙʝʪʦʥ 15 ʩʤ; ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʙʝʪʦʥʘ ʫʢʣʘʜʢʦʡ ʨʘʩʪʚʦʨʘ ʥʘ ʥʝʙʦʣʴʰʠʭ 

ʧʦʚʨʝʞʜʝʥʥʳʭ ʫʯʘʩʪʢʘʭ; ʧʨʠʤʝʥʝʥʠʝ ʵʧʦʢʩʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʂʦʛʜʘ ʦʪʩʫʪʩʪʚʫʶʪ ʫʩʣʦʚʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʜʣʠʪʝʣʴʥʦʝ ʚʳʜʝʨʞʠʚʘʥʠʝ ʙʝʪʦʥʘ, ʜʣʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʧʨʠʤʝʥʷʶʪʩʷ 

ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʝ ʧʣʘʩʪʤʘʩʩʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʘ ʪʘʢʞʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʳʭ ʩʤʦʣ ʠ 

ʪʦʥʢʦʟʝʨʥʠʩʪʦʛʦ ʧʝʩʢʘ. ɼʦ ʥʘʥʝʩʝʥʠʷ ʵʧʦʢʩʠʜʥʦʛʦ ʧʦʢʨʳʪʠʷ ʨʝʤʦʥʪʠʨʫʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʚʳʩʫʰʠʚʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20-25
0
ʉ. ʇʦ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʤʦʥʪʠʨʫʝʤʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʦʤʳʚʘʝʪʩʷ ʨʘʩʪʚʦʨʦʤ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʢʦʥʮʝʥʪʨʘʮʠʠ 1: 4 ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʨʦʤʳʚʢʦʡ ʯʠʩʪʦʡ ʚʦʜʳ ʠ ʚʳʩʫʰʠʚʘʥʠʝʤ [13]. (ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʨʝʢʦʤʝʥʜʫʝʤʳʝ 

ʨʘʩʪʚʦʨʧʦʣʠʤʝʨʥʳʝ ʩʦʩʪʘʚʳ). 
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ʊʘʙʣʠʮʘ. 2. ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʨʘʩʪʚʦʨʧʦʣʠʤʝʨʥʳʝ ʩʦʩʪʘʚʳ [7] 

Table 2. Recommended polymer solution compositions 
 ʂʦʤʧʦʥʝʥʪʳ ʩʦʩʪʘʚʘ ʉʦʩʪʘʚ ʙʝʪʦʥʧʦʣʠʤʝʨʘ ʢʛ/ʤ

3
,ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʚʝʣʠʯʝʥʠʷ ʢʘʚʠʪʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʮʝʤʝʥʪʥʳʤ 

5-ʢʨʘʪʥʦʝ 10-ʢʨʘʪʥʦʝ 50-ʢʨʘʪʥʦʝ 

ʇʦʨʪʣʘʥʜʮʝʤʝʥʪ ʤʘʨʢʠ 300  315  630  3150 

ʇʝʩʦʢ ʢʨʫʧʥʳʡ  630  1260  6300 

 ɺʦʜʘ  157,5  315  1575 

ʕʧʦʢʩʠʜʥʘʷ ʩʤʦʣʘ ʕɼ-5  29  58  290 

ʇʣʘʩʪʠʬʠʢʘʪʦʨ-ʧʦʣʠʵʬʠʨ ʄɻʌ-9  8,7  17,4  87 

ʈʘʩʪʚʦʨʠʪʝʣʴ ʜʠʵʪʠʣʝʥʛʣʠʢʦʣʴ ɼʕɻ-1  11,6  23,2  116 

ʆʪʚʝʨʜʠʪʝʣʴ ʧʦʣʠʵʪʠʣʝʥ-ʧʦʣʠʘʤʠʜ ʇʕʇɸ   4,35  8,7  43,5 

 

ɼʣʷ ʦʪʚʦʜʷʱʠʭ ʪʫʥʥʝʣʴʥʳʭ ʚʦʜʦʚʦʜʦʚ ʠ ʜʦʥʥʳʭ ʚʦʜʦʚʦʜʦʚ ʚʳʩʦʢʠʭ ʧʣʦʪʠʥ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʟʘ ʚʳʩʦʢʦʥʘʧʦʨʥʳʤʠ ʨʝʛʫʣʠʨʫʶʱʠʤʠ ʟʘʪʚʦʨʘʤʠ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʦʙʣʠʮʦʚʢʠ ʥʘ ʧʝʨʝʭʦʜʥʦʤ ʫʯʘʩʪʢʝ ʥʠʞʝ ʟʘʪʚʦʨʥʦʡ ʢʘʤʝʨʳ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ 

ʥʦʨʤʘʣʠʟʫʝʪʩʷ ʵʧʶʨʘ ʩʢʦʨʦʩʪʝʡ ʧʨʠ ʯʘʩʪʠʯʥʳʭ ʦʪʢʨʳʪʠʷʭ ʟʘʪʚʦʨʦʚ. ʈʝʢʦʤʝʥʜʫʝʤʳʝ 

ʨʘʩʪʚʦʨʧʦʣʠʤʝʨʥʳʝ ʩʦʩʪʘʚʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. ɼʣʷ ʪʫʥʥʝʣʷ ʅʫʨʝʢʩʢʦʡ ɻʕʉ, 

ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʥʘ ʧʨʦʧʫʩʢ ʨʘʩʭʦʜʘ 2200 ʤ
3
/ʩ ʧʨʠ ʥʘʧʦʨʝ ʥʘ ʟʘʪʚʦʨʘʭ 110 ʤ, ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʤʦʜʝʣʴʥʳʤʠ ʠʩʧʳʪʘʥʠʷʤʠ, ʪʨʝʙʫʝʤʘʷ ʜʣʠʥʘ ʫʯʘʩʪʢʘ, ʦʙʣʠʮʦʚʘʥʥʦʛʦ ʤʝʪʘʣʣʦʤ ʪʦʣʱʠʥʦʡ 40 

ʤʤ, ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʦʡ 70 ʤ. ʆʙʣʠʮʦʚʢʘ ʤʝʪʘʣʣʦʤ ʚ ʧʨʝʜʝʣʘʭ ʩʤʦʯʝʥʥʦʛʦ ʧʝʨʠʤʝʪʨʘ ʧʝʨʝʭʦʜʥʦʛʦ 

ʫʯʘʩʪʢʘ ʦʪʚʦʜʷʱʝʛʦ ʪʫʥʥʝʣʷ ʧʦʚʳʰʘʝʪ ʪʘʢʞʝ ʥʘʜʝʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘʤʝʨʦʡ ʩ ʜʚʫʤʷ ʠʣʠ 

ʙʦʣʝʝ ʟʘʪʚʦʨʘʤʠ. ʇʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʦʜʥʦʛʦ ʠʟ ʟʘʪʚʦʨʦʚ ʠʣʠ ʝʛʦ ʤʝʭʘʥʠʟʤʘ 

ʵʪʦʪ ʫʯʘʩʪʦʢ ʚʦʜʦʩʙʨʦʩʘ ʨʘʙʦʪʘʝʪ ʩ ʙʦʣʴʰʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʠ 

ʦʙʳʯʥʦ ʧʦʜʚʝʨʞʝʥ ʦʩʦʙʦ ʦʧʘʩʥʳʤ ʢʘʚʠʪʘʮʠʦʥʥʦʡ ʵʨʦʟʠʦʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʄʝʪʘʣʣʠʯʝʩʢʘʷ 

ʦʙʣʠʮʦʚʢʘ ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʦʡ ʟʘʱʠʪʦʡ ʚ ʫʩʣʦʚʠʷʭ ʙʫʨʥʦʛʦ ʧʦʪʦʢʘ [6].  

ʄʦʞʥʦ ʧʨʠʚʝʩʪʠ ʨʷʜ ʧʨʠʤʝʨʦʚ, ʯʪʦ ʠʥʞʝʥʝʨʘ ʚʩʣʝʜʩʪʚʠʝ ʥʝʫʯʸʪʘ ʢʘʚʠʪʘʮʠʠ ʧʦʜʚʝʨʛʘʣʠʩʴ 

ʦʩʣʦʞʥʝʥʠʶ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʦʩʙʦʨʦʚ. ʊʘʢʠʝ ʧʨʠʤʝʨʳ ʟʘʩʣʫʞʠʚʘʶʪ ʚʥʠʤʘʥʠʷ ʚʚʠʜʫ 

ʥʝʜʦʧʫʩʪʠʤʦʩʪʠ ʠʭ ʧʦʚʪʦʨʝʥʠʷ ʚ ʙʫʜʫʱʝʤ. ʆʙʦʩʥʦʚʘʥʠʝ ʬʦʨʤʳ ʵʣʝʤʝʥʪʦʚ ʚʦʜʦʩʙʨʦʩʦʚ ʣʠʰʴ 

ʥʘ ʦʩʥʦʚʝ ʧʦʢʘʟʘʥʠʡ ʧʴʝʟʦʤʝʪʨʦʚ ʧʨʠʚʝʣʦ ʢ ʩʠʣʴʥʦʤʫ ʢʘʚʠʪʘʮʠʦʥʥʦʤʫ ʧʦʚʨʝʞʜʝʥʠʶ 

ʩʦʦʨʫʞʝʥʠʡ. ʅʝʦʜʥʦʢʨʘʪʥʦ ʨʘʟʨʫʰʘʣʩʷ ʚʦʜʦʧʨʠʝʤʥʠʢ ʜʦʥʥʳʭ ʚʦʜʦʩʙʦʨʦʚ ʂʨʘʩʥʦʷʨʩʢʦʡ ɻʕʉ 

[5]. ʉʠʣʴʥʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʧʦʣʫʯʠʣʠ ʨʘʩʩʝʢʘʪʝʣʠ ʥʦʩʢʘ ʚʦʜʦʩʙʨʦʩʘ ʦʜʥʦʡ ʠʟ ʚʳʩʦʢʠʭ ʧʣʦʪʠʥ 

[11]. ʆʯʝʥʴ ʩʝʨʴʝʟʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʨʝʟʢʦʤ ʠʟʤʝʥʝʥʠʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʨʫʩʣʘ, 

ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʤʝʥʷʝʪʩʷ ʠ ʤʘʪʝʨʠʘʣ ʦʙʣʠʮʦʚʦʢ. ɺ ʏʘʨʚʘʢʩʢʦʤ ʛʠʜʨʦʫʟʣʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʪʩʪʫʧʣʝʥʠʷ ʦʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʣʘʙʦʨʘʪʦʨʠʠ ʧʦ ʜʣʠʥʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʙʣʠʮʦʚʦʢ ʟʘ ʢʘʤʝʨʘʤʠ 

ʟʘʪʚʦʨʦʚ ʚʦʟʥʠʢʣʠ ʩʝʨʴʝʟʥʳʝ ʢʘʚʠʪʘʮʠʦʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʦʪʚʦʜʷʱʝʛʦ ʨʫʩʣʘ. ʇʦʜʦʙʥʝr 

ʢʘʚʠʪʘʮʠʦʥʥʳʝ ʨʘʟʨʫʰʝʥʠ ̫ʥʘʙʣʶʜʘʣʠʩʴ ʥʘ ʦʪʚʦʜʷʱʝʤ ʣʦʪʢʝ ʟʘ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʨʝʧʣʝʥʠʝʤ 

ʟʘʪʚʦʨʥʦʡ ʢʘʤʝʨʳ ʧʣʦʩʢʦʛʦ ʟʘʪʚʦʨʘ ʧʣʦʪʠʥ r ʉʝʨ ï ʇʦʥʩʦʥ [15]. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʦʨʫʞʝʥʠʷ, ʥʝʜʦʫʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʘʚʠʪʘʮʠʠ, ʢʘʢ ʚʠʜʥʦ ʠʟ 

ʵʪʠʭ ʧʨʠʤʝʨʦʚ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʛʨʦʟʷʱʠʤ ʘʚʘʨʠʡʥʦʡ ʦʙʩʪʘʥʦʚʢʦʡ. 

ʆʧʘʩʥʘʷ ʚ ʢʘʚʠʪʘʮʠʦʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʦʙʩʪʘʥʦʚʢʘ ʤʦʛʣʘ ʚʦʟʥʠʢʥʫʪʴ ʚ ʪʫʥʥʝʣʝ ʅʫʨʝʢʩʢʦʡ 

ɻʕʉ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʘʚʘʨʠʡʥʳʤʠ ʠ ʨʘʙʦʯʠʤʠ ʟʘʪʚʦʨʘʤʠ ʧʨʠ ʦʧʫʩʢʘʥʠʠ ʘʚʘʨʠʡʥʦʛʦ 

ʟʘʪʚʦʨʘ ʚ ʫʩʣʦʚʠʷʭ ʟʘʚʠʩʘʥʠʷ ʨʘʙʦʯʠʭ ʟʘʪʚʦʨʦʚ. ɺ ʤʝʞʟʘʪʚʦʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʨʠ 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʦʪʥʦʰʝʥʠʷʭ ʦʪʢʨʳʪʠʷ ʦʪʚʝʨʩʪʠʡ, ʥʘʧʦʨ ʧʝʨʝʢʣʶʯʘʣʩʷ ʩ ʨʘʙʦʯʠʭ ʟʘʪʚʦʨʦʚ ʥʘ 

ʘʚʘʨʠʡʥʳʝ, ʠ ʚʩʣʝʜʩʪʚʠʝ ʵʞʝʢʪʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ ʪʨʘʥʟʠʪʥʦʡ ʩʪʨʫʥ ʤʝʞʜʫ ʥʠʤʠ ʦʙʨʘʟʦʚʘʣʩʷ 

ʧʦʣʥʳʡ ʚʘʢʫʫʤ ʠ ʧʦʷʚʣʷʣʘʩʴ ʦʧʘʩʥʦʩʪʴ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʢʦʥʩʪʨʫʢʮʠʠ [6]. 

ʇʨʦʚʝʜʝʥʥʳʝ ʦʧʳʪʥʦ ï ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʨʘʙʦʪʳ ʚ 1966-1971 ʥʘ ʩʦʦʨʫʞʝʥʠʷʭ ʅʫʨʝʢʩʢʦʡ 

ɻʕʉ ʧʦʜʪʚʝʨʜʠʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʩʦʩʪʘʚʦʚ. ɺ ʭʦʜʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʦʧʳʪʥʦ ï 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʘʙʦʪ ʙʳʣʘ ʦʪʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠ ʥʘʥʝʩʝʥʠʷ ʵʧʦʢʩʠʜʥʳʭ 

ʩʦʩʪʘʚʦʚ ʠ ʫʪʦʯʥʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʩʦʩʪʘʚʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʧʦʛʦʜʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ, ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʠ ʧʨʠʤʝʥʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 

ʤʝʭʘʥʠʟʦʚʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ [12]. 
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ɺ 1972-1974 ʛʛ. ʥʘ ʅʫʨʝʢʩʢʦʡ ɻʕʉ ʜʣʷ ʟʘʱʠʪʳ ʙʝʪʦʥʥʦʡ ʦʙʜʝʣʢʠ ʫʯʘʩʪʢʘ ʟʘ ʟʘʪʚʦʨʥʦʡ 

ʢʘʤʝʨʦʡ ʚ ʪʫʥʥʝʣʝ ʚʪʦʨʦʛʦ ʷʨʫʩʘ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʦʢʨʘʩʦʯʥʳʝ, ʤʘʩʪʠʯʥʳʝ ʠ 

ʧʦʣʠʤʝʨʨʘʩʪʚʦʨʥʳʝ ʵʧʦʢʩʠʜʥʳʝ ʧʦʢʨʳʪʠʷ ï ʚʩʝʛʦ ʦʢʦʣʦ 5000 ʤ
2
 ʧʣʦʱʘʜʠ (50% ʙʳʣʦ ʥʘʥʝʩʝʥʦ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʤ ʩʧʦʩʦʙʦʤ). ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʚʩʝʭ ʚʠʜʦʚ ʩʦʩʪʘʚʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʢʨʘʩʢʦ ï ʠ 

ʨʘʩʪʚʦʨʦʤʝʰʘʣʢʘʭ [7]. 

ɺ ʦʪʚʦʜʷʱʝʤ ʪʫʥʥʝʣʝ ʅʫʨʝʢʩʢʦʡ ɻʕʉ ʧʦʩʣʝ ʪʱʘʪʝʣʴʥʦʡ ʧʨʦʤʳʚʢʠ ʠ ʧʨʦʜʫʚʢʠ ʙʝʪʦʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʙʳʣ ʥʘʥʝʩʝʥ ʤʘʰʠʥʦʡ ɹʄ ï 60 ʪʦʨʢʨʝʪ ʩʣʦʝʤ 2-7 ʩʤ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʮʝʤʝʥʪʘ 

ʤʘʨʢʠ 400 ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧʝʩʢʘ ʢʨʫʧʥʦʩʪʴʶ ʜʦ 5 ʤʤ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1. ʇʨʠ ʦʩʤʦʪʨʝ 

ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʩʣʝ ʚʦʩʴʤʠʤʝʩʷʯʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʫʥʥʝʣʷ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʧʦʪʦʢʘ ʜʦ 

40 ʤ\ʩ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʣʦʱʘʜʴ ʧʦʚʨʝʞʜʝʥʠʡ ʠʟ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʪʦʨʢʪʨʝʪʠʨʦʚʘʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ 4600 ʤ
2
ʩʦʩʪʘʚʣʷʣʘ ʤʝʥʝʝ 1,5% [6]. ʊʱʘʪʝʣʴʥʳʝ ʢʘʚʠʪʘʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʨʘʥʥʠʡ ʧʝʨʠʦʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʩʦʭʨʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʚʦʜʦʩʙʨʦʩʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʠʭ ʟʘʱʠʪʫ ʦʪ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʨʘʟʨʫʰʝʥʠʡ ʠ ʫʩʪʨʘʥʷʶʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪ ɹ ʚʳʧʦʣʥʝʥʠʷ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʩʣʦʞʥʳʭ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ [3]. 

ɺʳʚʦʜʳ. ɺ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʛʠʜʨʦʫʟʣʦʚ ʫʯʠʪʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʢʨʠʪʝʨʠʠ: ʧʨʦʯʥʦʩʪʴ, ʥʘʜʸʞʥʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʩʘʤʦʦʢʫʧʘʝʤʦʩʪʴ ʩʦʦʨʫʞʝʥʠʡ. ʅʘ ʵʣʝʤʝʥʪ r

ʛʠʜʨʦʩʦʦʨʫʞʝʥʠʡ ʚʦʟʜʝʡʩʪʚʫʪʁ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ, ʚʝʪʨʦʚʘʷ 

ʥʘʛʨʫʟʢʘ, ʘ ʪʘʢʞʝ ʢʘʚʠʪʘʮʠʦʥʥʘʷ ʵʨʦʟʠʷ ʨʝʯʥʦʛʦ ʧʦʪʦʢʘ. ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ ʟʘʪʨʘʛʠʚʘʝʪ ʧʨʦʙʣʝʤ rʟʘʰʠʪʳ, ʵʣʝʤʝʥʪʦʚ ʛʠʜʨʦʩʦʦʨʫʞʝʥʠʡ ʅʫʨʝʢʩʢʦʡ 

ɻʕʉ ʦʪ ʨʘʟʨʫʰʠʪʝʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʢʘʚʠʪʘʮʠʠ. ɼʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʠʥʞʝʥʝʨʘʤ ʠ 

ʪʝʭʥʠʯʝʩʢʦʤʫ ʧʝʨʩʦʥʘʣʫ ʛʠʜʨʦʫʟʣʦʚ ʦ ʧʨʠʥʷʪʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʤʝʨ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʢʘʚʠʪʘʮʠʦʥʥʦʡ ʵʨʦʟʠʠ. 
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ÇÔàÓÔ ÔÙÒÑÙÑÜÔÔ é×ÑØÑÙÞÇÚÔ ÔÙäÚÚÞÇÚÔ ÏÔÐÜÚÞÑáÙÔÖÔÔ ÙÍÚ ÙÚÜÌÖ ÌÓ 
ÚÉÔÍÌÞÇÚÔ àÌ×ÚÖÌÞÚÎÌÜÔ ÖÌÎÔÞÌÞÝÔë 

Ðìü øìėú÷ìô øìóöÿü øìýĆì÷ìô úėôíìþĕúô Āì÷úöìþúîìüô ĉ÷ñøñùþĕúô ôùĄúúþĕú ðìü ÙÍÚ 
Ùúüìö, ìó íúð÷ñýô öìîôþìþýôúùĒ ùôĄúù ðúðì Ąÿðììýþ. ãúüìĕúô öúùýþüÿöþôîĒ íì úėôíìþĕúô 
ûñĄïĘôùìĄìîìùðìô öìîôþìþýôċ ûñĄùôĕúð ïìüðôðììýþ. Ìøì÷ôïìüðúùôô îúýôþìĕúô íú÷úûĘĄô 
óôððôöìîôþìþýôúùôô ìó ùÿėþìô ùìóìüô ôùòñùñüô íì÷ìùðýôĀìþ, ðìü íìĆóñ þÿùñ÷ĕú îì úíûìüþúîĕú, 
ðìü ôùĄúúþĕúô ïôðüúÿóñ÷ô Ùúüìö þìîýôċ ïìüðôðììýþ. Çìùïúøô ÷úôĕìöìĄĒ îì ýúāþìùô ôùĄúúþĕúô 
ïôðüúþñāùôöĒ øñĆČüĕúô óñüôù íì ùìóìü ïôüôĀþì øñĄìîìùð: øÿýþìĕöìøĒ, ĉĆþôøúðùúöĒ, ÿýþÿîúüĒ îì 
āÿðþìĆøôùöÿùôô öúùýþüÿöýôċ. Íì ÿùýÿüĕúô ôùĄúúþô ïôðüúþñāùôöĒ ĀôĄúüô ïôðüúðôùìøôöĒ îì 
ïôðüúýþìþôöĒ, ýìüíúüôô Ąìøú÷, ôùăÿùôù ĉüúóôċô öìîôþìþýôúùôô ĔìüìČùô ðìüČ þìĆýôü øñüìýúùìð. 
Ðìü ìýúýô úøô÷ĕúô íú÷ú ìýìüô ûñĄùôĕúðĄÿðì íì øÿĄöô÷úþô ìó þìĆýôüô āìüúíôúîìüô öìîôþìþýôċ 
øÿĕúĀôóìþ ùìøÿðìùô ĉ÷ñøñùþĕúô ôùĄúúþĕúô ïôðüúþñāùôöôô ÏéÝ-ô Ùúüìö ðìā÷ øñöÿùìð. Íì 
öúüöÿùúùô ôùòñùñü-þñāùôöôô ôùĄúúþĕúô ïôðüúþñāùôöĒ ðìü íúüìô ìùðñĄôðìùô þìðíôüĕúô 
öúùýþüÿöþôîôô ûñĄïôüĒ öìüðìùô ĉüúóôċô öìîôþìþýôúùĒ þìîýôċĕú ðúðì øñĄìîìùð. 

Öì÷ôðîúòìĕú: öìîôþìþýôċ, íúð÷ñýô öìîôþìþýôúùĒ, íú÷úûĘĄô óôððôöìîôþìþýôúùĒ, þÿùñ÷, 
úíûìüþú, ôùĄúúþô ïôðüúþñāùôöĒ, ÙÍ Ú, ïôðüúÿóñ÷. 
 

ʀʅɾɽʅɽʈʅɸʗ ɿɸʑʀʊɸ ʕʃɽʄɽʅʊʆɺ ɻʀɼʈʆʉʆʆʈʋɾɽʅʀʁ ʅʋʈɽʂʉʂʆʁ ɻʕʉ ʆʊ 

ʈɸɿʈʋʐʀʊɽʃʔʅʓʍ ʇʆʉʃɽɼʉʊɺʀʁ ʂɸɺʀʊɸʎʀʀ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʅʫʨʝʢʩʢʦʡ ɻʕʉ. ʇʨʝʜʣʘʛʘʶʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʤʝʨʳ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʥʠʞʝʥʠʝ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʢʘʚʠʪʘʮʠʠ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʦʪʠʚʦʢʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʚ ʥʝʢʦʪʦʨʳʭ ʪʦʥʥʝʣʷʭ ʠ ʚʦʜʦʚʳʧʫʩʢʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ 

ʅʫʨʝʢʩʢʦʡ ɻʕʉ. ɺ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʛʠʜʨʦʫʟʣʦʚ ʫʯʠʪʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ: 

ʧʨʦʯʥʦʩʪʴ, ʥʘʜʸʞʥʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʩʘʤʦʦʢʫʧʘʝʤʦʩʪʴ ʩʦʦʨʫʞʝʥʠʠ. ʅʘ ʵʣʝʤʝʥʪ rʛʠʜʨʦʩʦʦʨʫʞʝʥʠʡ 

ʚʦʟʜʝʡʩʪʚʫʪʁ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ, ʚʝʪʨʦʚʘʷ ʥʘʛʨʫʟʢʘ, ʘ ʪʘʢʞʝ 

ʢʘʚʠʪʘʮʠʦʥʥʘʷ ʵʨʦʟʠʷ ʨʝʯʥʦʛʦ ʧʦʪʦʢʘ. ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ 

ʟʘʪʨʘʛʠʚʘʝʪ ʧʨʦʙʣʝʤ r ʟʘʰʠʪʳ ʵʣʝʤʝʥʪʦʚ ʛʠʜʨʦʩʦʦʨʫʞʝʥʠʡ ʅʫʨʝʢʩʢʦʡ ɻʕʉ ʦʪ ʨʘʟʨʫʰʠʪʝʣʴʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ ʢʘʚʠʪʘʮʠʠ. ɼʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʠʥʞʝʥʝʨʘʤ ʠ ʪʝʭʥʠʯʝʩʢʦʤʫ ʧʝʨʩʦʥʘʣʫ ʛʠʜʨʦʫʟʣʦʚ ʦ 

ʧʨʠʥʷʪʠʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʤʝʨ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠ ̫ʢʘʚʠʪʘʮʠʦʥʥʦʡ ʵʨʦʟʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʚʠʪʘʮʠʷ. ʢʘʚʠʪʘʮʠʦʥʥʘʷ ʵʨʦʟʠʷ, ʘʥʪʠʢʘʚʠʪʘʮʠʦʥʥʳʝ ʧʦʢʨʳʪʠʷ, ʪʫʥʥʝʣʴ, 

ʚʦʜʦʩʙʨʦʩ, ʛʠʜʨʦʩʦʦʨʫʞʝʥʠʷ, ɻʕʉ, ʛʠʜʨʦʫʟʝʣ. 

 

ENGINEERING PROTECTION OF HYDRAULIC STRUCTURE ELEMENTS OF THE NUREK 

HYDROELECTRIC POWER STATION FROM DESTRUCTIVE CONSEQUENCES OF 

CAVITATION  

In this paper, the problems of destructive consequences from cavitation erosion of elements of hydraulic 

structures of the Nurek hydroelectric power station are shown. Structural measures to unpredictable 

consequences of cavitation are proposed. Engineering approaches are used - coatings, on some sections of 

tunnels and spillways of the Nurek hydroelectric power station. In the design and construction of hydraulic 

structures, the following criteria are taken into account: strength, reliability, durability and self-sufficiency of 

the structure. The elements of hydraulic structures are affected by hydrodynamic and hydrostatic pressure, wind 

load, as well as cavitation erosion of the river flow. Based on the above factors, the presented work touches on 

the problem of protection of the elements of the Nurek hydroelectric power station hydraulic structures from the 

destructive effects of cavitation. Recommendations are given to engineers and technical personnel of hydraulic 

structures on the adoption of constructive measures to prevent cavitation erosion. 

Keywords: cavities, cavitation erosion, anti-cavitation coatings, tunnel, spillway, hydraulic structures, 

hydroelectric power station, hydraulic structure. 
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IMPACT OF WIND LOAD ON POWER TRANSMISSION LINES  
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When ʘware of the wind and ice influences, power lines are approaching and are likely to get 

mixed up on stations that are not safe from the point of view of the insulation, which leads to massive 

and troubling disruptions outages of agricultural consumers, causing them significant economic losses. 

Many scientific works are devoted to theoretical and experimental research on wire convergence and 

the development of measures to limit it. This chapter presents a review of these works, arranging the 

materials in the following sequence. Observation of the convergence of overhead power line wires in 

production and experimental conditions, theoretical research and measures to limit wire convergence 

under wind loads. 

 

Üìýøô 1. ÞìĆýôüô Ąìøú÷ îì ċā íì āìþĕúô ôùþôėú÷ô íìüė 

Figure 1. Effects of wind and ice on power lines 

 
  

Convergence and entanglement of wires in the spans of power transmission lines are often 

observed and generally occur under the following conditions [1, 3, 20]: 

- in the case of uneven spacing of phase wires in the span under the influence of wind; 

- due to the movement of wires of different phases under the influence of electrodynamic forces 

during short-circuiting; 

- when wires jump due to falling wet snow and ice; 

- when low-frequency vibrations (dancing) of wires with large amplitude occur. 

Under the ʪhe influence of wind, the oscillations of wires are widespread and are observed at one 

point or another in the network all year round [9]. Studies conducted by the Ukrainian Agricultural 

Academy in 35 regions of the power system of Ukraine showed that 62.5% of sudden outages of 10 

kV power lines occurred due to dangerous proximity and breakage of wires under the influence of 

wind and ice loads. 
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Üìýøô 2. Öìùðì Ąÿðìùô ýôøĕú ðìü óñüô þìĆýôüô íúüô Ąìøú÷ îì ċā 

Figure 2. Wire breakage under wind and ice loads 

 
 

In a number of works it is noted that the voltage of wires of different phases and their load from 

ice and wind are not the same, while the vibration conditions of individual wires are different, which 

leads to uneven vibration and their mutual convergence in the gap. Analysis of the operation of the 10-

220 kV overhead line of the Kostanay region was carried out on the basis of observations at an 

experimental distance in the Siluga valley, at a distance of the 138 kV overhead line (USA). 

Information on the magnitude of the convergence of wires at experimental distances and power lines 

of different voltage levels is given in the works of R.M. Bekmeteva, L.B. Hartsman and 

U.Umurzokov, F.I. Chebotary, V.E. Buchinsky, I. Grant and J. Stewart, which can be mentioned. 

Of great interest is the distance between the wires when they are connected together depending 

on the wind speed. R.M. Bekmetev in his work notes that the conducted studies do not provide 

grounds for establishing a strict dependence between the studied quantities, and it is also more 

appropriate to talk about the limits of change in the convergence of the wires at different levels of wind 

speed, since, as we have already mentioned, the majority of damaged power lines occurs due to the 

wind, especially in areas with high flatness. It is shown that at a distance of 250 m with AC-95/16 

wires at a wind speed of 20 m/s (according to the M-12 recording device), the maximum decrease in 

two horizontally located wires did not exceed 0.4...0.5 m. Such data were obtained by employees of 

the Bonneville Energy Department at a distance of 270 m of the control length with two steel and 

aluminum wires with a cross section of 400 mm2.  

The relatively small values of wire similarity are clearly explained by the fact that the 

experiments were conducted in all cases with single-core wires and their absence of errors. 

Characteristics humidity and frequency of wires have significant impact, and their differences increase 

asynchronous jump of wires under wind load, which leads to their dangerous convergence and twisting 

on influence improperly installed wires on the character cross-sections when they brought close 

together by wind. 

  


