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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 ʌʦʪʝʭ 

ɸʙʜʫʚʘʢʠʣʦʚʠʯ 

ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʢʘʬʝʜʨʳ ʛʝʦʣʦʛʠʠ ʠ 

ʛʦʨʥʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʊʘʜʞʠʢʩʢʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

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 ʢʘʬʝʜʨʳ ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʠ 

ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʣʦʛʠʠ 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 ʢʘʬʝʜʨʳ 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 

ʊʘʜʞʠʢʠʩʪʘʥ, ʛ.ɼʫʰʘʥʙʝ, ʧʨʦʩʧʝʢʪ ʈʫʜʘʢʠ, 17. 

E-mail: vestnik-tnu@mail.ru 

ʊʝʣ.: (+992 37) 227-74-41 

ʅʘʫʢʘ ʠ ʠʥʥʦʚʘʮʠʷ 

ʉʝʨʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

ɾʫʨʥʘʣ ʚʢʣʶʯʝʥ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʈʦʩʩʠʡʩʢʦʛʦ ʠʥʜʝʢʩʘ 
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ɻ ɽ ʆ ʃ ʆ ɻ ʀ ʗ 

ʋɼʂ: 551.332.56: 551.435.4 

ɺʃʀʗʅʀɽ ʂʃʀʄɸʊʀʏɽʉʂʀʍ ʌɸʂʊʆʈʆɺ ʀ ʆʉʆɹɽʅʅʆʉʊʀ 

ʉɽʃɽʌʆʈʄʀʈʆɺɸʅʀʗ ʅɸ ʊɽʈʈʀʊʆʈʀʀ ɻʆʈʅʆ- ɹɸɼɸʍʐɸʅʉʂʆʁ 

ɸɺʊʆʅʆʄʅʆʁ ʆɹʃɸʉʊʀ ʈɽʉʇʋɹʃʀʂʀ ʊɸɼɾʀʂʀʉʊɸʅ (ʅɸ ʇʈʀʄɽʈɽ 

ɹɸʈʉɽʄɼɸʈʓ, ʇʈɸɺʆɻʆ ʇʈʀʊʆʂɸ ʈɽʂʀ ɻʋʅʊ) 

 

ʐʘʬʠʝʚ ɻ.ɺ., ɸʤʠʨʦʚ ʋ.ɸ., ɻʘʨʠʙʤʘʭʤʘʜʦʚʘ ʉ.ʅ., ɸʰʫʨʤʘʤʘʜʦʚʘ ɹ.ʍ.  

ʎʝʥʪʨ ʠʟʫʯʝʥʠʷ ʣʝʜʥʠʢʦʚ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ, 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɺʚʝʜʝʥʠʝ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʢʨʘʪʢʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʙʳʪʠʷ ʦʪʜʘʣʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʫʛʨʦʟ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʩʝʣʝʡ ʛʣʷʮʠʘʣʴʥʦʛʦ ʪʠʧʘ ʥʘ ʧʨʠʤʝʨʝ ʩʝʣʝʚʦʛʦ ʨʫʩʣʘ 

ɹʘʨʩʝʤʜʘʨʳ, ʧʨʘʚʦʛʦ ʧʨʠʪʦʢʘ ʨ.ɻʫʥʪ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʚʳʩʦʛʦʨʥʳʭ 

ʨʘʡʦʥʦʚ ʛʦʨʥʦʛʦ ɹʘʜʘʭʰʘʥʘ [11].  

ʉʦʛʣʘʩʥʦ ʠʩʪʦʨʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʧʨʦʷʚʣʝʥʠʷ ʪʘʢʠʭ ʩʝʣʝʡ ʚ 

ʮʝʣʦʤ ʥʘ ʇʘʤʠʨʝ ʩʦʩʪʘʚʣʷʝʪ 15-20 ʣʝʪ. ʆʥʠ ʩʚʷʟʘʥʳ ʩ ʘʥʦʤʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ (ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʳʧʘʜʝʥʠʝ 

ʘʥʦʤʘʣʴʥʳʭ ʦʩʘʜʢʦʚ ʚ ʚʠʜʝ ʜʦʞʜʷ ʠ ʩʥʝʛʘ ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʝʝ ʚʨʝʤʷ, ʥʝ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʜʘʥʥʦʡ 

ʤʝʩʪʥʦʩʪʠ). ɼʘʥʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʘʢʪʠʚʠʟʘʮʠʠ ʩʢʣʦʥʥʦ-ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʠ 

ʢʨʠʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʛʣʷʮʠʘʣʴʥʳʭ ʩʝʣʝʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠʤʝʥʷʣʠʩʴ ʢʘʢ ʤʝʪʦʜʳ ʧʝʰʠʭ ʤʘʨʰʨʫʪʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʠ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. 

ʇʨʠ ʧʝʰʝ ʤʘʨʰʨʫʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ ʦʢʦʥʪʫʨʦʚʘʥʳ 

ʣʝʜʥʠʢʦʚʳʝ ʪʝʣʘ ʫʨʦʯʠʱʘ ɹʘʨʩʝʤʜʘʨʳ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʝ ʫʯʘʩʪʢʠ, ʛʜʝ ʚʝʨʦʷʪʥʦʩʪʴ 

ʩʝʣʝʚʦʛʦ ʟʘʪʦʨʘ ʚʳʩʦʢʘ, ʪʘʢʞʝ ʦʢʦʥʪʫʨʦʚʘʥʳ ʧʣʦʱʘʜʠ ʪʚʝʨʜʦʩʦʩʪʘʚʣʷʶʝɦʛʦ ʩʝʣʝʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʩʣʫʯʘʝ ʟʘʨʦʞʜʝʥʠ ̫ʛʣʷʮʠʘʣʴʥʳʭ ʩʝʣʝʡ. 

ʅʘ ʢʘʤʝʨʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʩʮʝʥʘʨʠʝʚ ʚʦʟʤʦʞʥʳʭ ʩʝʣʝʚʳʭ ʧʘʚʦʜʢʦʚ 

ʧʨʠ ʧʨʦʨʳʚʝ ʣʝʜʥʠʢʦʚʳʭ ʠ ʤʦʨʝʥʥʳʭ ʦʟʝʨ, ʪʘʢʞʝ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʧʫʪʴ ʠ ʜʘʣʴʥʦʩʪʴ 

ʧʨʦʭʦʞʜʝʥʠʷ ʩʝʣʝʚʦʛʦ ʧʦʪʦʢʘ ʚʧʣʦʪʴ ʜʦ ʩʣʠʷʥʠʷ ʧʨʠʪʦʢʘ ʨ.ɻʫʥʪ. 

ʆʧʨʝʜʝʣʷʣʠʩʴ ʦʙʲʝʤ ʠ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʙʚʘʣʴʥʦ-ʦʧʘʩʥʳʭ ʫʯʘʩʪʢʦʚ, ʙʳʣʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʠ ʦʢʦʥʪʫʨʝʥʳ ʧʣʦʱʘʜʠ ʫʯʘʩʪʢʦʚ ʚʦʟʤʦʞʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʩʝʣʝʤ ʚ ʭʦʜʝ ʝʛʦ 

ʧʨʦʜʚʠʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʟʘʪʦʧʣʝʥʠʷ ʚ ʩʣʫʯʘʝ ʜʦʩʪʠʞʝʥʠʷ ʩʝʣʝʚʳʤ ʧʦʪʦʢʦʤ ʨ.ɻʫʥʪ. 

ʇʨʦʚʦʜʠʣʠʩʴ ʪʘʢʞʝ ʚʠʟʫʘʣʴʥʳʝ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʣʝʜʥʠʢʦʚ, ʠʟʫʯʘʣʠʩʴ ʦʙʲʝʤʳ ʠ ʩʦʩʪʘʚ 

ʤʦʨʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʪʝʢʘʥʠʷ 

ʪʝʨʤʦʢʘʨʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʭʘʨʘʢʪʝʨ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ ʥʘ ʜʝʛʨʘʜʠʨʦʚʘʥʥʳʭ ʣʝʜʥʠʢʦʚʳʭ 

ʪʝʣʘʭ. 

ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʘʥʘʣʠʟʫ ʠʟʤʝʥʝʥʠʷ ʦʟʝʨʥʦ-ʤʦʨʝʥʥʦ-ʣʝʜʥʠʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʳʩʢʘʪʝʣʴʥʳʭ ʨʘʙʦʪ. ɻʝʦʛʨʘʬʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ 

ʤʝʩʪʥʦʩʪʠ.  

ɹʘʩʩʝʡʥ ʨ.ɻʫʥʪ ʟʘʥʠʤʘʝʪ ʦʙʠhʨʥʫʶ ʪʝʨʨʠʪʦʨʠʶ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʇʘʤʠʨʘ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ 

ʙʘʩʩʝʡʥʘ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ 220 ʢʤ, ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ ʚ ʟʘʧʘʜʥʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 90ʢʤ ʠ ʥʘ 

ʚʦʩʪʦʢʝ 50ʢʤ. 

ɻʨʘʥʠʮʝʡ ʙʘʩʩʝʡʥʘ ʩ ʩʝʚʝʨʘ ʩʣʫʞʘʪ ʈʫʰʘʥʩʢʠʡ ʠ ʉʝʚʝʨʦ-ɸʣʠʯʫʨʩʢʠʡ ʭʨʝʙʪʳ, ʥʘ ʶʛʝ 

ʐʦʭʜʘʨʠʥʩʢʠʡ ʠ ʖʞʥʦ-ɸʣʠʯʫʨʩʢʠʝ ʭʨʝʙʪʳ.  

ɼʦʣʠʥʘ ʨʝʢʠ ɻʫʥʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʳʭ ʧʨʠʪʦʢʦʚ ʨ.ʇʷʥʜʞ, ʧʨʦʪʷʥʫʚʰʘʷʩʷ ʚ 

ʰʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʧʫʩʪʳʥʥʳʭ ʧʣʦʩʢʦʛʦʨʠʡ ɺʦʩʪʦʯʥʦʛʦ ʇʘʤʠʨʘ ʜʦ ʛʣʫʙʦʢʦʛʦ 

ʩʢʘʣʠʩʪʦʛʦ ʫʝɦʣʴʷ ʨ.ʇʷʥʜʞ [3,ʩ.26]. 
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ʀʩʪʦʢ ʨ.ɻʫʥʪ ʙʝʨʝʪ ʩʚʦʝ ʥʘʯʘʣʦ ʦʪ ʥʝʙʦʣʴʰʠʭ ʣʝʜʥʠʢʦʚ ʩʝʚʝʨʥʦʛʦ ʩʢʣʦʥʘ ʖʞʥʦ-

ɸʣʠʯʫʨʩʢʦʛʦ ʭʨʝʙʪʘ ʠ ʪʝʯʝʪ ʥʘ ʩʝʚʝʨ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʨ.ɻʫʨʫʤʜʘʨʘ. ɼʘʣʝʝ ʨ.ɻʫʨʫʤʜʘʨʘ, ʩʣʠʚʘʷʩ ɹ

ʩ ʣʝʚʳʤ ʧʨʠʪʦʢʦʤ ʨ.ɹʘʰʛʫʤʙʝʟ, ʥʘʟrʚʘʝʪʩʷ ɸʣʠʯʫʨ [15]. 

ʐʠʨʦʢʘʷ ɸʣʠʯʫʨʩʢʘʷ ʜʦʣʠʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʚʳʩʦʪʘʭ 3800-4000ʤ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʪʠʧʠʯʥʳʡ ʣʘʥʜʰʘʬʪ ɺʦʩʪʦʯʥʦʛʦ ʇʘʤʠʨʘ. ʉʢʣʦʥʳ ʜʦʣʠʥʳ ʩʫʭʠʝ, ʢʘʤʝʥʠʩʪʳʝ ʰʠʨʠʥʦʡ 4-7ʢʤ. 

ʅʠʞʥʷʷ ʯʘʩʪ ɹ ʜʦʣʠʥr  ʟʘʥʷʪʘ ʚʳʩʦʛʦʨʥʳʤ ʦʟʝʨʦʤ ʗʰʠʣʢʫʣ [3,ʩ.27; 1]. ʆʟʝʨʦ ʟʘʚʘʣʴʥʦ-

ʤʦʨʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʚʳʩʦʪʝ 3734ʤ. ʇʣʦʱʘʜ ɹʟʝʨʢʘʣʘ ʦʟʝʨʘ 35.6ʢʤ
2
, 

ʛʣʫʙʠʥʘ 40ʤ. ɼʣʠʥʘ ʧʝʨʠʤʝʪʨʘ ʦʟʝʨʘ ʩʦʩʪʘʚʣʷʝʪ 57.4ʢʤ. ʅʠʞʝ ʦʟʝʨʘ ʨʝʢʘ ʥʘʟʚrʘʝʪʩʷ ɻʫʥʪ. 

ʉʨʝʜʥʝʛʦʜʦʚʦʡ ʨʘʩʭʦʜ ʚʦʜʳ ʧʨʠ ʚʧʘʜʝʥʠʠ ʚ ʨ.ʇʷʥʜʞ ʩʦʩʪʘʚʣʷʝʪ 105ʤ
3
 ʚ ʩʝʢʫʥʜʫ. ɹʦʣʴʰʘʷ 

ʘʙʩʦʣʶʪʥʘʷ ʚʳʩʦʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʨ.ɻʫʥʪ ʢ ʨʝʢʘʤ ʩʥʝʞʥʦ-ʣʝʜʥʠʢʦʚʦʛʦ ʧʠʪʘʥʠʷ 

ʩ ʜʣʠʪʝʣʴʥʳʤ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʤ ʧʦʣʦʚʦʜʠʝʤ, ʢʦʪʦʨʦʝ ʧʨʦʜʦʣʞʘʝʪʩʷ ʩ ʩʝʨʝʜʠʥʳ ʤʘʷ ʜʦ ʩʝʨʝʜʠʥʳ 

ʩʝʥʪʷʙʨʷ. ʊʘʣʳʝ ʚʦʜʳ ʩʥʝʛʦʚ ʠ ʣʝʜʥʠʢʦʚ ʩʦʩʪʘʚʣʷʶʪ 25-35% ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʨ. ɻʫʥʪ. 

 

ʈʠʩ. 1. ʆʨʦʛʨʘʬʠʯʝʩʢʠʡ ʦʙʟʦʨ ʙʘʩʩʝʡʥʘ ʨ. ɻʫʥʜ. (ʢʘʪʘʣʦʛ ʣʝʜʥʠʢʦʚ ʉʉʉʈ ʟʘ 1980 ʛ.) 

Fig. 1. Orographic overview of the Gund River basin. (USSR glacier catalog for 1980) 

 
 

ɹʘʩʩʝʡʥʫ ʨ.ɻʫʥʪ ʧʨʠʥʘʜʣʝʞʘʪ ʩʢʣʦʥʳ ʚʳʩʦʛʦʨʥʳʭ ʭʨʝʙʪʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʣʝʜʝʥʝʥʠʝ. ʇʨʘʚʳʡ ʧʨʠʪʦʢ ʙʘʩʩʝʡʥʘ ʨ.ɻʫʥʪ ʥʘʜʝʣʝʥ ʤʥʦʛʦʯʠʩʣʝʥʥr ʤʠ 

ʙʦʢʦʚʳʤʠ ʧʨʠʪʦʢʘʤʠ, ʢʦʪʦʨʳʝ ʧʠʪʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʣʝʜʥʠʢʘʤʠ (ʇʘʪʭʫʨʜʘʨʘ, 

ʐʘʟʫʜʜʘʨʘ, ɼʝʙʘʩʪʘʜʘʨʘ, ʄʫʥʜʘʨʘ, ʊʘʥʛʜʘʨʘ, ɹʘʨʩʝʤʜʘʨʘ, ɹʠʜʫʨʜʜʘʨʘ ʠ ʪ. ʜ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʪʝʨʨʠʪʦʨʠʷ ʧʨʘʚʦʛʦ ʧʨʠʪʦʢʘ ʚʝʣʠʢʘ ʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʣʦʚʠʡ ʢʣʠʤʘʪʘ ʠ ʨʝʣʴʝʬʘ, ʭʘʨʘʢʪʝʨ 

ʨʘʟʤʝʱʝʥʠ ̫ʣʝʜʥʠʢʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ [2,ʩ.41; 3]. 

ʇʣʦʱʘʜʴ ʩʫʙʙʘʩʝʡʥʘ ʨʫʩʣʘ ɹʘʨʩʝʤʜʘʨʠɹ ʩʦʩʪʘʚʣʷʝʪ 35ʢʤ
2
, ʧʨʠ ʜʣʠʥʝ ʩʝʣʝʚʦʛʦ ʨʫʩʣʘ 3.46 

ï 3.5ʢʤ (ʫʯʘʩʪʦʢ ʩʣʠʷʥʠ ̫ʩʢʘʣʠʩʪʳʭ ʩʘʝʚ ʥʘ ʘʙʩʦʣʶʪʥʦʡ ʦʪʤʝʪʢʝ 3465ʤ). 

ʅʘ ʵʪʦʤ ʦʪʨʝʟʢʝ ʦʩʥʦʚʥʦʝ ʩʝʣʝʚʦʝ ʨʫʩʣʦ ʨʘʟʚʝʪʚʣʷʝʪʩʷ ʥʘ 8 ʙʦʢʦʚʳʭ ʙʝʟʤrʷʥʥʳʭ, 

ʩʢʘʣʠʩʪrʭ ʣʝʜʥʠʢʦʩʦʜʝʨʞʘʱʠʭ ʫʱʝʣʠʡ, 4 ʠʟ ʢʦʪʦʨʳʭ ʟʘʥʝʩʝʥʳ ʚ ʢʘʪʘʣʦʛ ʣʝʜʥʠʢʦʚ ʉʉʉʈ ʟʘ 

1979ʛ. (ʯʘʩʪʴ 15, ʙʘʩʩʝʡʥ ʨʝʢʠ ɻʫʥʪ) ʧʦʜ ʥʫʤʝʨʘʮʠʷʤʠ 1, 2, 3, 4. ʇʣʦʱʘʜʴ ʣʝʜʥʠʢʦʚ ʩʦʛʣʘʩʥʦ 

ʢʘʪʘʣʦʛʫ 0.1, 0.2, 0.2, 0.1 ʢʤ
2
. ʃʝʜʥʠʢʠ ʢʘʨʦʚʦʛʦ, ʢʘʨʦʚʦ-ʜʦʣʠʥʥʦʛʦ ʪʠʧʘ, ʚʦʩʪʦʯʥʦʡ, ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʩ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 0.6ʢʤ
2
. 

 

ʈʠʩ.2. ʆʙʟʦʨ ʩʝʣʝʚʦʛʦ ʩʘʷ ɹʘʨʩʝʤʜʘʨʘ. ʎʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠ ̫

ʣʝʜʥʠʢʦʚ 

Fig. 2. Overview of the Barsemdar mudflow. Numbers indicate the locations of glaciers 

 
(ʀʩʧʦʣʴʟʦʚʘʥ ʩʧʫʪʥʠʢʦʚʳʡ ʩʥʠʤʦʢ ʩ ʩʝʨʚʠʩʘ Google Earth 2022 ʛ.) 
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ʂʨʘʪʢʠʡ ʦʙʟʦʨ ʣʝʜʥʠʢʦʚ ʩʫʙʙʘʩʝʡʥʘ ɹʘʨʩʝʤʜʘʨʘ. ʆʙʱʠʡ ʚʠʜ ʩʘʷ ɹʘʨʩʝʤʜʘʨʘ 

ʧʦʜʢʦʚʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ, ʶʛʦ-ʶʛʦ-ʟʘʧʘʜʥʦʡ ʵʢʩʧʦʟʠʮʠʠ. ʅʠʞʥʝʡ ʪʦʯʢʦʡ ʷʚʣʷʝʪʩʷ ʩʣʠʷʥʠʝ ʨʝʢʠ 

ɻʫʥʪ ʥʘ ʘʙʩʦʣʶʪʥʳʭ ʦʪʤʝʪʢʘʭ 2346ʤ, ʚʝʨʭʥʝʡ 4930ʤ - ʙʝʟʳʤʷʥʥʘʷ ʛʦʨʥʘʷ ʩʢʘʣʘ (ʫʩʣʦʚʥʦ 

ʚʝʨʭʥʷʷ ʪʦʯʢʘ ʚʦʜʦʨʘʟʜʝʣʘ ʣʝʜʥʠʢʘ 7). 

ʆʙʱʘʷ ʧʣʦʱʘʜʴ 35.8ʢʤ
2
 ʧʨʠ ʜʣʠʥʝ ʦʪ ʩʣʠʷʥʠʷ ʨ.ɻʫʥʪ ʜʦ ʚʝʨʭʥʝʡ ʪʦʯʢʠ 10.8ʢʤ. ʂʨʫʪʠʟʥʘ 

ʜʥʠʱʘ ʨʫʩʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʤʝʩʪʥʦʩʪʠ ʤʝʥʷʝʪʩʷ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʚʘʨʴʠʨʫʝʪ ʦʪ 8-

10
0
 ʜʦ 15-25

0 
ʚ ʩʨʝʜʥʝʡ ʠ ʚʝʨʭʥʝʡ ʯʘʩʪʷʭ [9]. ʅʘ ʫʯʘʩʪʢʘʭ ʩʣʠʷʥʠʷ ʩ ʙʝʟʳʤʷʥʥʳʤʠ ʩʢʘʣʠʩʪʳʤʠ 

ʩʘʷʤʠ ʢʨʫʪʠʟʥʘ ʜʥʠʱʘ ʩʝʣʝʚʦʛʦ ʨʫʩʣʘ ʤʝʥʷʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ. 

ɼʥʠʱʝ ʨʫʩʣʘ ʩʣʝʛʢʘ ʠʟʚʠʣʠʩʪʦʝ. ɺ ʨʘʡʦʥʝ ʩʣʠʷʥʠʷ ʚʝʨʭʦʚʴʷ ʩʝʣʝʚʦʛʦ ʨʫʩʣʘ ʨʘʟʚʝʪʚʣʷʶʪʩʷ 

ʥʘ 8 ʙʝʟʳʤʷʥʥʳʭ ʩʢʘʣʠʩʪʳʭ ʫʱʝʣʠʡ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʥʝʙʦʣʴʰʠʝ ʧʦ ʧʣʦʱʘʜʠ ʣʝʜʥʠʢʠ. 

ʀʟ-ʟʘ ʤʘʣʦʡ ʧʣʦʱʘʜʠ ʯʘʩʪʴ ʣʝʜʥʠʢʦʚ ʥʝ ʟʘʥʝʩʝʥʳ ʚ ʢʘʪʘʣʦʛ ʣʝʜʥʠʢʦʚ ʉʉʉʈ (1979ʛ.) [2]. ɺ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʪʨʦʝʥʠʝ ʩʝʣʝʚʦʛʦ ʨʫʩʣʘ ʫʟʢʦʝ, ʧʨʠ ʢʨʫʪʠʟʥʝ ʩʢʣʦʥʦʚ 45-70
0
, ʤʝʩʪʘʤʠ ʦʪʚʝʩʥʦʝ, ʚ 

ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʚ ʨʘʡʦʥʝ ʩʣʠʷʥʠʷ ʙʝʟʳʤʷʥʥʳʭ ʩʘʝʚ ʨʘʩʰʠʨʷʝʪʩʷ ʜʦ 180ʤ. 

ʃʝʜʥʠʢ 1. ʈʘʩʧʦʣʦʞʝʥ ʧʦ ʧʨʘʚʦʤʫ ʙʦʨʪʫ ɹʘʨʩʝʤʜʘʨ r ʧʦ ʙʝʟʳʤʷʥʥʦʤʫ ʩʢʘʣʠʩʪʦʤʫ 

ʫʱʝʣʴʶ. ʃʝʜʥʠʢ ʢʘʨʦʚʦʛʦ ʪʠʧʘ - ʚʦʩʪʦʯʥʦʡ, ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʵʢʩʧʦʟʠʮʠʠ, ʚʝʨʭʥʷʷ ʪʦʯʢʘ 

ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʘʙʩʦʣʶʪʥʦʡ ʦʪʤʝʪʢʝ 4150 ʤ., ʥʠʞʥʷʷ ʥʘ ʘʙʩʦʣʶʪʥʳʭ ʦʪʤʝʪʢʘʭ 3650-3700ʤ. ʧʨʠ 

ʜʣʠʥʝ 710-720ʤ ʠ ʧʨʠ ʩʨʝʜʥʝʤ ʫʢʣʦʥʝ ʧʦʚʝʨʭʥʦʩʪʠ 48%. ʇʣʦʱʘʜʴ ʣʝʜʥʠʢʘ (Google Earth Pro 

(2022)) ʩʦʩʪʘʚʣʷʝʪ 0.05ʢʤ
2
. ɿʦʥʘ ʘʢʢʤʫʣʷʮʠʠ ʣʝʜʥʠʢʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʚʳʩʦʪʝ 4440ʤ, 

ʧʨʠʚʦʜʦʨʘʟʜʝʣʴʥʘʷ ʯʘʩʪʴ ʢʨʫʪʦʛʦ ʩʢʘʣʠʩʪʦʛʦ ʩʢʣʦʥʘ. ʗʟʳʢʦʚʘʷ ʯʘʩʪʴ ʧʦʢʨʳʪʘ ʦʙʣʦʤʦʯʥʦ-

ʦʩʳʧʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ɺ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʜʥʠʢʦʚʦʛʦ ʪʝʣʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚʨʝʟ 

ʣʦʞʙʠʥʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ, ʚʳʪʷʥʫʪʳʡ ʚ ʩʪʦʨʦʥʫ ʢʦʥʝʯʥʦʤʦʨʝʥʥʦʛʦ ʚʘʣʘ. ʅʠʞʝ ʣʝʜʥʠʢʘ ʟʘʣʝʛʘʝʪ 

ʢʦʥʝʯʥʘʷ ʤʦʨʝʥʘ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʦʚʘʣʘ ʢʨʫʪʦʡ ʭʦʣʤʦʦʙʨʘʟʥʳʡ ʫʩʪʫʧ ʚʳʩʦʪʦʶ 240-250ʤ, 

ʩʣʦʞʝʥʥʳʡ ʦʙʣʦʤʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʩʪʦʷʥʠʝ ʣʝʜʥʠʢʘ ʩʪʘʙʠʣʴʥʦʝ, 

ʧʨʠʟʥʘʢʠ ʜʝʛʨʘʜʘʮʠʠ ʥʝ ʦʙʥʘʨʫʞʝʥʳ. 

ʃʝʜʥʠʢ 2. ʈʘʩʧʦʣʦʞʝʥ ʧʦ ʧʨʘʚʦʤʫ ʙʦʨʪʫ ɹʘʨʩʝʤʜʘʨʘ ʧʦ ʙʝʟʳʤʷʥʥʦʤʫ ʩʢʘʣʠʩʪʦʤʫ 

ʫʱʝʣʴʶ. ʃʝʜʥʠʢ ʢʘʨʦʚʦʛʦ ʪʠʧʘ, ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʵʢʩʧʦʟʠʮʠʠ, ʚʝʨʭʥʷʷ ʪʦʯʢʘ ʪʝʣʘ ʣʝʜʥʠʢʘ 

ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʘʙʩʦʣʶʪʥʦʡ ʦʪʤʝʪʢʝ 4470ʤ, ʥʠʞʥʷʷ ʷʟʳʢʦʚʘʷ ʯʘʩʪʴ ʥʘ ʦʪʤʝʪʢʝ 3800ʤ ʧʨʠ 

ʜʣʠʥʝ 1670ʤ ʠ ʢʨʫʪʠʟʥʝ ʧʨʦʬʠʣʷ ʪʝʣʘ 32%. ʇʣʦʱʘʜʴ ʣʝʜʥʠʢʘ, ʩʦʛʣʘʩʥʦ Google Earth Pro (2023) 

ʩʦʩʪʘʚʣʷʝʪ 0.2ʢʤ
2
. ʉʨʝʜʥʷʷ ʯʘʩʪʴ ʪʝʣʘ ʣʝʜʥʠʢʘ ʚʳʨʦʚʥʝʥʘ ʠ ʦʙʨʘʟʫʝʪ ʩʪʫʧʝʥʯʘʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʚ ʚʠʜʝ ʫʩʪʫʧʦʚ, ʧʦʢʨʳʪʘ ʦʩʳʧʥʳʤ ʠ ʦʙʣʦʤʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ɺʳʩʦʪʘ ʫʩʪʫʧʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛ ʜʨʫʛʘ ʦʪ 3 ʜʦ 6ʤ. ʗʟʳʢʦʚʘʷ ʯʘʩʪʴ ʪʘʢʞʝ ʧʦʢʨʳʪʘ ʦʩʳʧʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʚʳʨʘʞʝʥʘ ʚ ʚʠʜʝ 

ʚʳʪʷʥʫʪʦʡ ʛʨʷʜʳ, ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚʧʣʦʪʴ ʜʦ ʪʳʣʦʚʦʡ ʯʘʩʪʠ ʢʦʥʝʯʥʦʡ ʤʦʨʝʥʳ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʩʦʩʪʦʷʥʠʝ ʣʝʜʥʠʢʘ ʩʪʘʙʠʣʴʥʦʝ.  

ʃʝʜʥʠʢ 3. ʈʘʩʧʦʣʦʞʝʥ ʧʦ ʧʨʘʚʦʤʫ ʙʦʨʪʫ ɹʘʨʩʝʤʜʘʨ r ʧʦ ʙʝʟʳʤʷʥʥʦʤʫ ʩʢʘʣʠʩʪʦʤʫ 

ʫʱʝʣʴʶ. ʃʝʜʥʠʢ ʢʘʨʦʚʦ-ʜʦʣʠʥʥʦʛʦ ʪʠʧʘ, ʚʦʩʪʦʯʥʦʡ, ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʵʢʩʧʦʟʠʮʠʠ. ɺʝʨʭʥʷʷ ʪʦʯʢʘ 

ʣʝʜʥʠʢʘ, ʷʚʣʷʶʱʘʷʩʷ ʟʦʥʦʡ ʘʢʢʫʤʫʣʷʮʠʠ, ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʘʙʩʦʣʶʪʥʦʡ ʦʪʤʝʪʢʝ 4880ʤ, ʧʦʢʨʳʪʘ 

ʩʥʝʞʥʳʤ ʧʦʢʨʦʚʦʤ. ʅʠʞʥʷʷ ʯʘʩʪʴ ʷʟʳʢʦʚʦʛʦ ʪʝʣʘ ʣʝʜʥʠʢʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʘ ʦʪʤʝʪʢʘʭ 4250-

4300ʤ. ʇʣʦʱʘʜʴ ʣʝʜʥʠʢʘ (Google Earth Pro (2017)) 0.27ʢʤ
2
, ʧʨʠ ʜʣʠʥʝ ʧʦʚʝʨʭʥʦʩʪʠ 910 ʤ. 

ʂʨʫʪʠʟʥʘ ʧʨʦʬʠʣʷ ʣʝʜʥʠʢʦʚʦʛʦ ʪʝʣʘ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 35%. ɺ ʚʝʨʭʫ, ʚ ʨʘʡʦʥʝ 

ʩʢʘʣʠʩʪʦʛʦ ʤʘʩʩʠʚʘ ʧʦʚʝʨʭʥʦʩʪʴ ʣʝʜʥʠʢʘ ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʩʷʯʠʡ ʭʘʨʘʢʪʝʨ ʧʨʠ ʢʨʫʪʠʟʥʝ ʧʨʦʦʬʠʣʷ 

78%. ʌʨʦʥʪʘʣʴʥʘʷ ʷʟʳʢʦʚʘʷ ʯʘʩʪʴ, ʛʜʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʘʙʣʷʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʦʛʨʝʙʝʥʘ 

ʧʦʜ ʦʙʣʦʤʦʯʥʦ-ʦʩʳʧʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʣʝʜʥʠʢʦʚʦʛʦ ʪʝʣʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʧʝʨʝʯʥʘʷ ʪʨʝʱʠʥʘ ʦʪʨʳʚʘ, ʧʨʦʩʪʠʨʘʶʱʘʷʩʷ ʥʘ ʩʝʚʝʨ, ʩʝʚʝʨʦ-ʟʘʧʘʜ. ʊʨʝʱʠʥʘ ʚ ʧʣʘʥʝ 

ʜʫʛʦʦʨʘʟʥʦʡ ʬʦʨʤʳ ʧʨʠ ʜʣʠʥʝ 485ʤ. ʇʦ ʜʘʥʥʦʡ ʪʨʝʱʠʥʝ ʧʨʦʠʟʦʰʝʣ ʨʘʟʨʳʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʣʝʜʥʠʢʘ ʦʪ ʦʩʥʦʚʥʦʛʦ ʤʘʩʩʠʚʘ. ɺ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʣʝʜʥʠʢʦʚʦʛʦ ʪʝʣʘ ʥʘʙʣʶʜʘʶʪʩʷ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʘʨʘʣʣʝʣʥɹʳʝ ʪʨʝʱʠʥʳ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʦʚʘʣʠ ʧʨʦʩʝʚʠhʝ ʦʪʥʦʩʠʪʝʣʥɹʦ ʜʨʫʛ 

ʜʨʫʛʘ ʫʩʪʫʧʳ.  

ɼʘʥʥʳʝ ʧʨʦʩʝʚʰʠʝ ʪʨʝʱʠʥʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʪ 

ʘʢʪʠʚʥʘʷ ʩʪʘʜʠʷ ʜʝʛʨʘʜʘʮʠʠ ʣʝʜʥʠʢʦʚʦʛʦ ʪʝʣʘ. 

ʃʝʜʥʠʢ 4. ʈʘʩʧʦʣʦʞʝʥ ʧʦ ʧʨʘʚʦʤʫ ʙʦʨʪʫ ɹʘʨʩʝʤʜʘʨʳ ʧʦ ʙʝʟʳʤʷʥʥʦʤʫ ʩʢʘʣʠʩʪʦʤʫ 

ʫʱʝʣʴʶ. 

ʃʝʜʥʠʢ ʢʘʨʦʚʦ-ʜʦʣʠʥʥʦʛʦ ʪʠʧʘ, ʚʦʩʪʦʯʥʦʡ, ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʵʢʩʧʦʟʠʮʠʠ, ʚʝʨʭʥʷʷ ʪʦʯʢʘ 

ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʘʙʩʦʣʶʪʥʦʡ ʦʪʤʝʪʢʝ 4810ʤ, ʥʠʞʥʷʷ ʥʘ ʦʪʤʝʪʢʝ 4250ʤ, ʧʨʠ ʜʣʠʥʝ 900ʤ ʠ   
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ʈʠʩ. 3. ʆʙʟʦʨ ʣʝʜʥʠʢʦʚʳʭ ʪʨʝʱʠʥ ʥʘ ʪʝʣʝ ʣʝʜʥʠʢʘ 3, ʧʨʘʚʳʡ ʙʦʨʪ ʨʫʩʣʘ ɹʘʨʩʝʤʜʘʨ r 

Fig. 3. Overview of glacial crevasses on the body of glacier 3, right side of the Barsemdara 

riverbed  

 
(ʀʩʧʦʣʴʟʦʚʘʥ ʩʧʫʪʥʠʢʦʚʳʡ ʩʥʠʤʦʢ ʩ ʩʝʨʚʠʩʘ Google Earth 2020 ʛ.) 

 

ʩʨʝʜʥʝʤ ʫʢʣʦʥʝ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʜʥʠʢʘ 31%. ʇʣʦʱʘʜʴ ʣʝʜʥʠʢʘ, ʩʦʛʣʘʩʥʦ Google Earth Pro (2022) 

ʩʦʩʪʘʚʣʷʝʪ 0.19ʢʤ
2
. ʅʠʞʥʷʷ ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʜʥʠʢʘ ʯʘʩʪʠʯʥʦ ʧʦʛʨʝʙʝʥʘ ʦʩʳʧʥʳʤ ʠ 

ʦʙʣʦʤʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʅʠʞʝ ʣʝʜʥʠʢʘ ʟʘʣʝʛʘʶʪ ʤʦʨʝʥʥʦ-ʦʩʳʧʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʩʣʦʞʝʥʥʳʝ 

ʦʙʣʦʤʦʯʥʦ ï ʛʣʳʙʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ. 

ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʣʝʜʥʠʢʦʚʦʛʦ ʪʝʣʘ, ʙʣʠʞʝ ʢ ʩʢʘʣʠʩʪʦʡ ʩʪʝʥʢʝ ʦʪʤʝʯʝʥʘ ʣʝʜʥʠʢʦʚʘʷ 

ʪʨʝʱʠʥʘ, ʧʦ ʢʦʪʦʨʦʡ ʧʨʦʠʟʦʰʝʣ ʦʪʢʦʣ ʦʪ ʩʢʘʣʴʥʦʛʦ ʤʘʩʩʠʚʘ. ɺ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʧʦ ʣʝʚʦʤʫ ʙʦʨʪʫ 

ʣʝʜʥʠʢʦʚʦʛʦ ʪʝʣʘ ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʭʘʦʪʠʯʥʳʝ ʣʝʜʥʠʢʦʚʳʝ ʪʨʝʱʠʥʳ, ʢʦʪʦʨʳʝ 

ʩʦʟʜʘʶʪ ʧʨʝʜʧʦʩʳʣʢʫ ʜʝʛʨʘʜʘʮʠʠ ʮʝʣʦʩʪʥʦʩʪʠ ʣʝʜʥʠʢʦʚʦʛʦ ʪʝʣʘ.  

ʃʝʜʥʠʢ 5. ʈʘʩʧʦʣʦʞʝʥ ʥʘ ʣʝʚʦʤ ʙʦʨʪʫ ɹʘʨʩʝʤʜʘʨ rʧʦ ʙʝʟʳʤʷʥʥʦʤʫ ʩʢʘʣʠʩʪʦʤʫ ʩʘʶ. 

ʃʝʜʥʠʢ ʢʘʨʦʚʦ-ʜʦʣʠʥʥʦʛʦ ʪʠʧʘ, ʚ ʧʨʦʬʠʣʝ ʣʝʜʥʠʢʦʚʦʝ ʪʝʣʦ ʚʳʨʘʞʝʥʦ 2 ʫʩʪʫʧʘʤʠ.  

ɺʝʨʭʥʠʡ ʩʢʘʣʴʥʳʡ ʫʩʪʫʧ ʚʦʩʪʦʯʥʦʡ, ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʵʢʩʧʦʟʠʮʠʠ, ʚʝʨʭʥʷʷ ʪʦʯʢʘ 

ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʘʙʩʦʣʶʪʥʦʡ ʦʪʤʝʪʢʝ 4840ʤ, ʥʠʞʥʷʷ ʥʘ ʦʪʤʝʪʢʝ 4650ʤ, ʷʚʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʥʠʞʥʝʛʦ ʩʢʘʣʠʩʪʦʛʦ ʫʩʪʫʧʘ.  

ʇʦʚʝʨʭʥʦʩʪʴ ʣʝʜʥʠʢʦʚʦʛʦ ʪʝʣʘ ʚʳʨʘʞʝʥʘ ʧʨʦʩʝʚʰʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, ʚʳʪʷʥʫʪʳʤʠ 

ʧʨʦʤʦʠʥʘʤʠ ʣʦʞʙʠʥʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʥʘ ʚʦʩʪʦʢ, 

ʩʝʚʝʨʦ-ʚʦʩʪʦʢ, ʧʨʠ ʩʨʝʜʥʝʡ ʜʣʠʥʝ 160-180ʤ.  
 

ʈʠʩ. 4. ɹʝʟʳʤʷʥʥʳʡ ʣʝʜʥʠʢ 4. ʆʙʟʦʨ ʣʝʜʥʠʢʦʚʳʭ ʪʨʝʱʠʥ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʠʟʦʰʝʣ ʦʪʢʦʣ 

ʦʪ ʩʢʘʣʴʥʦʛʦ ʤʘʩʩʠʚʘ 

Fig. 4. Nameless glacier 4. Overview of the glacial cracks along which the breakaway from the 

rock massif occurred 

 
 

ʅʠʞʥʠʡ ʫʩʪʫʧ ʩʢʘʣʠʩʪʳʡ, ʧʨʦʩʝʚʰʝʡ ʧʦʜʢʦʚʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ, ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʚʦʩʪʦʢ, 

ʶʛʦïʚʦʩʪʦʢ. ʉʪʝʥʢʘ ʫʩʪʫʧʘ ʩʢʘʣʠʩʪʘʷ ʧʨʠ ʚʳʩʦʪʝ ʙʦʣʝʝ 100ʤ, ʤʝʩʪʘʤʠ ʧʦʢʨʳʪʘ ʦʩʪʘʪʢʘʤʠ 

ʩʦʭʨʘʥʠʚʰʝʛʦʩʷ ʣʝʜʥʠʢʦʚʦʛʦ ʪʝʣʘ ʚ ʚʠʜʝ ʥʝʙʦʣʴʰʠʭ ʣʠʥʟ ʚʠʩʷʯʝʛʦ ʧʨʦʬʠʣʷ. ʂʨʫʪʠʟʥʘ ʧʨʦʬʠʣʷ 

ʩʢʘʣʴʥʦʛʦ ʫʩʪʫʧʘ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 89%, ʧʨʠ ʜʣʠʥʝ ʫʩʪʫʧʘ ʧʦ ʧʦʜʦʰʚʝ - 1200ʤ. ʇʦʜʦʰʚʘ 

ʫʩʪʫʧʘ ʧʦʢʨʳʪʘ ʤʝʣʢʦʦʙʣʦʤʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʅʠʞʝ ʫʩʪʫʧʘ ʣʝʜʥʠʢʦʚʦʝ ʪʝʣʦ ʧʦʛʨʝʙʝʥʦ 

ʦʙʣʦʤʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʅʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʪʝʣʦ ʣʝʜʥʠʢʘ ʧʨʠʦʙʨʝʪʘʝʪ ʵʣʣʠʧʩʦʚʠʜʥʫʶ ʬʦʨʤʫ 

ʧʨʠ ʧʣʦʱʘʜʠ 0.04ʢʚ
2
. ʅʠʞʝ ʣʝʜʥʠʢʘ ʧʦ ʣʝʚʦʤʫ ʬʣʘʥʛʫ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʙʦʢʦʚʘʷ ʤʦʨʝʥʘ, ʢʦʪʦʨʘʷ 

ʧʝʨʝʢʨʳʣʘ ʷʟʳʢʦʚʫʶ ʯʘʩʪʴ ʣʝʜʥʠʢʦʚʦʛʦ ʪʝʣʘ ʦʙʣʦʤʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ [8]. 

ʃʝʜʥʠʢ 6. ʂʘʨʦʚʦ-ʜʦʣʠʥʥʦʛʦ ʪʠʧʘ, ʚʦʩʪʦʯʥʦʡ, ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʵʢʩʧʦʟʠʮʠʠ, ʨʘʩʧʦʣʦʞʝʥ ʧʦ 

ʧʨʘʚʦʤʫ ʙʦʨʪʫ ɹʘʨʩʝʤʜʘʨ r ʧʦ ʙʝʟʳʤʷʥʥʦʤʫ ʩʢʘʣʠʩʪʦʤʫ ʩʘʶ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʩʢʘʣʴʥʳʡ 
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ʫʯʘʩʪʦʢ, ʛʜʝ ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʣʝʜʥʠʢʦʚʦʝ ʪʝʣʦ, ʚ ʧʣʘʥʝ ʠʤʝʝʪ ʚʳʪʷʥʫʪʫʶ ʢʦʨʳʪʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ 

ʚʦʩʪʦʯʥʦʡ, ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʵʢʩʧʦʟʠʮʠʠ. ʆʩʥʦʚʥʦʝ ʪʝʣʦ ʣʝʜʥʠʢʘ ʟʘʥʠʤʘʝʪ ʧʨʘʚʫʶ ʠ 

ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʩʢʘʣʴʥʦʛʦ ʤʘʩʩʠʚʘ. ʇʦʚʝʨʭʥʦʩʪʴ ʣʝʜʥʠʢʦʚʦʛʦ ʪʝʣʘ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʘ ʚ ʚʠʜʝ 

ʤʦʥʦʢʣʠʥʘʣʴʥʳʭ ʩʢʣʘʜʦʢ. ɺʝʨʭʥʷʷ ʪʦʯʢʘ ʣʝʜʥʠʢʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʘʙʩʦʣʶʪʥʦʡ ʦʪʤʝʪʢʝ 4630ʤ, 

ʥʠʞʥʷʷ ʥʘ ʘʙʩʦʣʶʪʥʦʡ ʦʪʤʝʪʢʝ 4520ʤ. ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʜʥʠʢʦʚʦʛʦ ʪʝʣʘ ʩʦʩʪʘʚʣʷʝʪ 0.06 

ʢʤ
2
, ʧʨʠ ʜʣʠʥʝ 43 ʤ ʠ ʢʨʫʪʠʟʥʦʡ ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ 32%. ʅʠʞʥʷʷ ʷʟʳʢʦʚʘʷ ʯʘʩʪʴ ʧʦʛʨʝʙʝʥʘ 

ʩʢʘʣʠʩʪʦ-ʦʙʣʦʤʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʣʝʜʥʠʢ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʙʠʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. 

 

ʈʠʩ.5. ɹʝʟʳʤʷʥʥʳʡ ʣʝʜʥʠʢ-6. ʇʨʘʚʳʡ ʙʦʨʪ ɹʘʨʩʝʤʜʘʨ.r ʇʦʚʝʨʭʥʦʩʪʴ ʪʝʣʘ ʣʝʜʥʠʢʘ 

ʩʢʣʘʜʯʘʪʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ. ʃʝʚʳʡ ʬʣʘʥʛ ʣʝʜʥʠʢʦʚʦʛʦ ʪʝʣʘ ʧʦʢʨʳʪ ʦʙʣʦʤʦʯʥʦ-ʦʩʳʧʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ  

Fig. 5. Nameless Glacier-6. The right side of Barsemdara. The surface of the glacier body is 

folded. The left flank of the glacier body is covered with debris and scree  

 
(ʀʩʧʦʣʴʟʦʚʘʥ ʩʧʫʪʥʠʢʦʚʳʡ ʩʥʠʤʦʢ ʩ ʩʝʨʚʠʩʘ Google Earth 2020 ʛ.) 

 

ʃʝʜʥʠʢ 7. ʂʘʨʦʚʦ-ʜʦʣʠʥʥʦʛʦ ʪʠʧʘ, ʚʦʩʪʦʯʥʦʡ, ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʵʢʩʧʦʟʠʮʠʠ, ʨʘʩʧʦʣʦʞʝʥ ʧʦ 

ʧʨʘʚʦʤʫ ʙʦʨʪʫ ɹʘʨʩʝʤʜʘʨ rʧʦ ʙʝʟʳʤʷʥʥʦʤʫ ʩʢʘʣʠʩʪʦʤʫ ʫʱʝʣʴʶ. ʉʢʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʚ ʧʣʘʥʝ 

ʠʤʝʝʪ ʩʪʫʧʝʥʯʘʪʫʶ ʬʦʨʤʫ ʠ ʫʩʣʦʚʥʦ ʜʝʣʠʪʩʷ ʥʘ 2 ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʦʚʥʷ, ʢʘʞʜʦʤʫ ʠʟ 

ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʦʯʝʨʪʘʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʤʝʩʪʥʦʩʪʠ ʠ ʬʦʨʤʳ 

ʨʝʣʴʝʬʘ.  

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʚʝʨʭʥʠʡ ʩʢʘʣʴʥʳʡ ʫʯʘʩʪʦʢ, ʛʜʝ ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʥʝʙʦʣʴʰʦʝ ʣʝʜʥʠʢʦʚʦʝ 

ʪʝʣʦ ʚ ʧʣʘʥʝ ʠʤʝʝʪ ʥʠʰʝʦʙʨʘʟʥʫʶ ʬʦʨʤʫ. ʃʝʚʳʡ ʬʣʘʥʛ ʩʢʘʣʴʥʦʛʦ ʤʘʩʩʠʚʘ ʠʤʝʝʪ ʢʨʫʪʠʟʥʫ 70-

80
0
, ʧʨʘʚʳʡ ʬʣʘʥʛ ʧʨʠʦʙʨʝʪʘʝʪ ʙʦʣʝʝ ʧʦʣʦʛʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠ ʢʨʫʪʠʟʥʝ 7-12

0
.  

ɹʣʠʞʝ ʢ ʤʝʩʪʥʦʤʫ ʚʦʜʦʨʘʟʜʝʣʫ ʣʝʚʳʡ ʬʣʘʥʛ ʩʛʣʘʞʠʚʘʝʪʩʷ ʠ ʧʦʢʨʳʪ ʵʣʶʚʠʘʣʴʥʳʤ 

ʧʦʢʨʦʚʦʤ. ɺʝʨʭʥʷʷ ʪʦʯʢʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʚʳʩʦʪʝ 4930ʤ (ʧʨʠʚʦʜʦ ʨʘʟʜʝʣʴʥʘʷ ʯʘʩʪʴ). 

ʇʦʚʝʨʭʥʦʩʪʴ ʧʣʦʱʘʜʠ ʣʝʜʥʠʢʦʚʦʛʦ ʪʝʣʘ ʩʦʩʪʘʚʣʷʝʪ 0.08ʢʤ
2
. ʅʠʞʥʷʷ ʬʨʦʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʣʝʜʥʠʢʦʚʦʛʦ ʪʝʣʘ ʧʦʢʨʳʪʘ ʦʙʣʦʤʦʯʥʦ-ʛʣʳʙʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ. ɼʣʠʥʘ ʣʝʜʥʠʢʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʘʚʦʛʦ ʩʢʘʣʠʩʪʦ-ʦʩʳʧʥʦʛʦ ʩʢʣʦʥʘ 370ʤ ʧʨʠ ʢʨʫʪʠʟʥʝ ʧʦʚʝʨʭʥʦʩʪʠ 13%. ʅʠʞʥʷʷ ʪʦʯʢʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʷʟʳʢʦʚʦʡ ʯʘʩʪʠ ʧʦʛʨʝʙʝʥʥʦʛʦ ʣʝʜʥʠʢʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʚʳʩʦʪʝ 4650ʤ [9]. 

ʅʠʞʥʠʡ ʫʨʦʚʝʥʴ. ɿʘʥʠʤʘʝʪ ʦʙʰʠʨʥʫʶ ʪʝʨʨʠʪʦʨʠʶ. ʇʦʚʝʨʭʥʦʩʪʴ ʚʳʣʦʞʝʥʘ ʦʪʜʝʣʴʥʳʤʠ 

ʣʝʜʥʠʢʦʚʦ-ʤʦʨʝʥʥʳʤʠ ʚʘʣʘʤʠ. ʃʝʜʥʠʢʦʚʦʝ ʪʝʣʦ ʟʘʥʠʤʘʝʪ ʩʣʝʛʢʘ ʥʘʢʣʦʥʥʫʶ ʚʦʜʦʨʘʟʜʝʣʴʥʫʶ 

ʯʘʩʪʴ ʦʙʨʳʚʠʩʪʦʛʦ ʩʢʘʣʴʥʦʛʦ ʤʘʩʩʠʚʘ ʤʝʩʪʥʦʛʦ ʩʢʣʦʥʘ. ʃʝʜʥʠʢ ʚʦʩʪʦʯʥʦʡ - ʶʛʦ-ʚʦʩʪʦʯʥʦʡ 

ʵʢʩʧʦʟʠʮʠʠ ʧʨʠ ʢʨʫʪʠʟʥʝ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʣʝʜʥʠʢʘ 11%. ʗʟʳʢʦʚʘʷ ʯʘʩʪʴ ʣʝʜʥʠʢʘ ʚ ʨʘʡʦʥʝ 

ʩʢʘʣʴʥʦʛʦ ʫʩʪʫʧʘ ʧʨʘʚʦʛʦ ʬʣʘʥʛʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʠʩʷʯʝʛʦ ʭʘʨʘʢʪʝʨʘ. ʇʦʚʝʨʭʥʦʩʪʴ ʪʝʣʘ 

ʣʝʜʥʠʢʘ ʩʛʣʘʞʝʥʘ, ʤʝʩʪʘʤʠ ʧʦʨʘʞʝʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʭʘʦʪʠʯʥʳʤʠ ʣʝʜʥʠʢʦʚʳʤʠ 

ʧʨʦʤʦʠʥʘʤʠ ʠ ʣʦʞʙʠʥʘʤʠ. ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʜʥʠʢʦʚʦʛʦ ʪʝʣʘ ʩʦʩʪʘʚʣʷʝʪ 0.03ʢʤ
2
.  

ʃʝʜʥʠʢ 8. ʈʘʩʧʦʣʦʞʝʥ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʣʝʚʦʛʦ ʙʦʨʪʘ ʩʝʣʝʚʦʛʦ ʨʫʩʣʘ ɹʘʨʩʝʤʜʘʨ,r ʚ 

ʩʢʘʣʠʩʪʦʤ ʫʱʝʣʴʝ. ʋʱʝʣʴʝ ʚʳʪʷʥʫʪʦʡ ʶʞʥʦʡ ʵʢʩʧʦʟʠʮʠʠ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʫʱʝʣʴʷ ʚ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ ʠʤʝʝʪ ʢʦʨʳʪʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ, ʶʞʥʦʡ ʵʢʩʧʦʟʠʮʠʠ, ʦʢʦʥʪʫʨʦʚʘʥʥʦʡ ʩʦ 

ʚʩʝʭ ʩʪʦʨʦʥ ʢʨʫʪʦʧʘʜʘʶʱʠʤʠ ʩʢʘʣʠʩʪʳʤʠ ʩʢʣʦʥʘʤʠ. ɺʝʨʭʥʷʷ ʪʦʯʢʘ ʫʱʝʣʴʷ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ 

ʘʙʩʦʣʶʪʥʳʭ ʦʪʤʝʪʢʘʭ 4930-4950ʤ. 
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ʉʦʛʣʘʩʥʦ ʧʨʦʬʠʣʶ ʩʪʨʦʝʥʠʷ, ʚ ʜʘʥʥʦʡ ʜʦʣʠʥʝ ʚʳʜʝʣʷʶʪʩʷ 3 ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʦʚʥʷ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺʝʨʭʥʠʡ ʫʨʦʚʝʥʴ. ʈʘʩʧʦʣʦʞʝʥ ʥʘ ʚʳʩʦʪʘʭ 4670-4680ʤ. ʇʦʚʝʨʭʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʨʦʚʥʘʷ. ʉʦʛʣʘʩʥʦ ʘʥʘʣʠʟʫ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ ʠ ʪʦʧʦʢʘʨʪʘʤ ʤʘʩʰʪʘʙʘ 1:100000 (J-42-96 (ʠʟʜ. 

1971ʛ.)), ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʫʩʪʘʥʦʚʣʝʥʦ ʦʟʝʨʦ ʣʝʜʥʠʢʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʆʟʝʨʦ 

ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʘʙʩʦʣʶʪʥʦʡ ʦʪʤʝʪʢʝ 4670ʤ, ʚ ʧʣʘʥʝ ʠʤʝʝʪ ʛʨʫʰʝʚʠʜʥʫʶ ʬʦʨʤʫ, ʦʨʠʝʥʪʠʨʦʚʘʥʦ 

ʚ ʶʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ 0,02 ʢʤ
2
, ʧʨʠ ʜʣʠʥʝ 197-200ʤ. ʇʦʚʝʨʭʥʦʩʪʴ 

ʟʝʨʢʘʣʘ ʦʟʝʨʘ ʥʘ 80% ʧʦʢʨʳʪʘ ʣʝʜʷʥʳʤ ʧʘʥʮʠʨʝʤ. ʉʙʨʦʩ ʚʦʜʳ ʠʟ ʦʟʝʨʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʨʘʚʦʤʫ 

ʬʣʘʥʛʫ, ʧʦ ʤʦʨʝʥʥʳʤ ʧʦʨʘʤ ʚʥʫʪʨʠ ʪʨʝʱʠʥ.  

 

ʈʠʩ.6. ʆʙʟʦʨ ʦʟʝʨʘ ʣʝʜʥʠʢʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ɿʝʨʢʘʣʦ ʦʟʝʨʘ ʧʦʢʨʳʪʦ ʣʝʜʷʥʳʤ 

ʧʘʥʮʠʨʝʤ 

Fig. 6. Overview of a glacial lake. The lake's surface is covered with an ice cap 

 
 

ʅʠʞʝ ʣʝʜʥʠʢʦʚʦʛʦ ʷʟʳʢʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʩʢʘʣʴʥʳʡ ʫʩʪʫʧ ʚʳʩʦʪʦʶ 150-160ʤ, 

ʧʝʨʝʨʘʙʦʪʘʥʥʳʡ ʧʨʦʮʝʩʩʘʤʠ ʬʠʟʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ. 

ʉʨʝʜʥʠʡ ʫʨʦʚʝʥʴ. ɼʦʣʠʥʘ ʥʘ ʵʪʦʤ ʫʨʦʚʥʝ ʩʛʣʘʞʝʥʥʘʷ, ʦʙʨʘʟʫʝʪ ʩʣʝʛʢʘ ʫʛʣʫʙʣʸʥʥʫʶ 

ʯʘʰʝʦʙʨʘʟʥʫʶ ʬʦʨʤʫ ʨʝʣʴʝʬʘ. ʉ ʚʦʩʪʦʢʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʢʘʣʴʥʳʤ ʢʨʫʪʳʤ ʩʢʣʦʥʦʤ, ʩ ʟʘʧʘʜʘ ʠ 

ʶʛʦ-ʟʘʧʘʜʘ ʢʦʥʝʯʥʦʡ ʤʦʨʝʥʦʡ. ʊʳʣʦʚʘʷ ʯʘʩʪʴ ʢʦʥʝʯʥʦʡ ʤʦʨʝʥʳ ʩʛʣʘʞʝʥʘ ʠ ʚʳʨʘʞʝʥʘ 2 ʦʟʝʨʘʤʠ 

ʣʝʜʥʠʢʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ʆʟʝʨʘ ʙʣʶʜʮʝʚʠʜʥʦʡ ʬʦʨʤʳ, ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʘʙʩʦʣʶʪʥʳʭ ʦʪʤʝʪʢʘʭ 4540-4535ʤ. ʇʠʪʘʥʠʝ 

ʦʟʝʨ ʩʥʝʞʥʦ-ʣʝʜʥʠʢʦʚʦʝ. (Google Earth (0.8.2017)). ʆʟʝʨʘ ʥʘʭʦʜʷʪʩʷ ʚ ʩʪʘʙʠʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʅʠʞʥʠʡ ʫʨʦʚʝʥʴ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʯʠʩʪʦ ʤʦʨʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘ ʘʙʩʦʣʶʪʥʳʭ ʦʪʤʝʪʢʘʭ 

4435-4375ʤ, ʚʳʜʝʣʝʥʳ 2 ʦʟʝʨʮʘʤʠ ʤʦʨʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʇʠʪʘʥʠʝ ʩʥʝʞʥʦ-ʜʦʞʜʝʚʦʝ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʛʨʦʟʫ ʧʨʦʨʳʚʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ. 

 

ʈʠʩ. 7. ʃʝʜʥʠʢ-8. ʂʦʥʪʫʨʦʤ ʚʳʜʝʣʝʥʳ ʦʟʝʨʘ ʣʝʜʥʠʢʦʚʦʛʦ ʠ ʤʦʨʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

Fig. 7. Glacier-8. Lakes of glacial and moraine origin are outlined 

 
(ʀʩʧʦʣʴʟʦʚʘʥ ʩʧʫʪʥʠʢʦʚʳʡ ʩʥʠʤʦʢ ʩ ʩʝʨʚʠʩʘ Google Earth 2020 ʛ.) 
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ʊʘʙʣʠʮʘ 1. ʆʙʟʦʨ ʣʝʜʥʠʢʦʚ ʙʘʩʩʝʡʥʘ ɹʘʨʩʝʤʜʘʨ r

Table 1. Overview of glaciers in the Barsemdara basin 

 
 

ɺʣʠʷʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʟʘʨʦʞʜʝʥʠʝ ʛʣʷʮʠʘʣʴʥʳʭ ʩʝʣʝʡ. 

ʂʣʠʤʘʪ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʇʘʤʠʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʧʦʣʦʞʝʥʠʝʤ ʠ 

ʩʣʦʞʥʳʤ ʨʝʣʴʝʬʦʤ.  

ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚʳʩʦʢʦʛʦʨʥʳʡ ɺʦʩʪʦʯʥʳʡ 

ʇʘʤʠʨ ʠ ɿʘʧʘʜʥʳʡ ʇʘʤʠʨ.  

ɿʘʧʘʜʥʳʡ ʇʘʤʠʨ ʟʥʘʯʠʪʝʣʴʥʦ ʪʝʧʣʝʝ ɺʦʩʪʦʯʥʦʛʦ. ʆʥ ʠʤʝʝʪ ʧʝʨʝʜʥʝ-ʘʟʠʘʪʩʢʠʡ ʭʘʨʘʢʪʝʨ 

ʢʣʠʤʘʪʘ ʩ ʜʣʠʪʝʣʴʥʦʡ ʣʝʪʥʝʡ ʟʘʩʫʭʦʡ ʠ ʤʘʢʩʠʤʫʤʦʤ ʦʩʘʜʢʦʚ ʚ ʟʠʤʥʝ-ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ. ɿʠʤʘ ʜʦ 

ʚʳʩʦʪ 2000ʤ ʫʤʝʨʝʥʥʦ ʤʷʛʢʘʷ, ʚ ʷʥʚʘʨʝ ʩʨʝʜʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʠʥʫʩʦʚʘʷ, 5-8Áʉ ʤʦʨʦʟʘ. 

ɺ ʚʳʩʦʢʦʛʦʨʴʷʭ (ʩʚʳʰʝ 3500 ʤ) ʩʨʝʜʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʷʥʚʘʨʷ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ - 15-

20Áʉ. ʆʜʥʘʢʦ ʚ ʦʯʝʥʴ ʭʦʣʦʜʥʳʝ ʛʦʜʳ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʟʠʤʦʡ ʚ ʦʪʜʝʣʴʥʳʝ ʜʥʠ ʤʦʞʝʪ 

ʜʦʩʪʠʯʴ -30Áʉ ʠ ʥʠʞʝ ʜʦ -48Áʉ. ʃʝʪʦʤ ʩʨʝʜʥʠʝ ʤʝʩʷʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ɿʘʧʘʜʥʦʤ ʇʘʤʠʨʝ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ. ʅʘ ʚʳʩʦʪʝ 2000ʤ ʩʦʩʪʘʚʣʷʶʪ 23Áʉ, ʥʘ ʚʳʩʦʪʘʭ ʦʪ 2000 ʜʦ 3000ʤ 18-20Áʉ, 

ʚʳʰʝ 3000ʤ ʠʶʣʴʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʦʧʫʩʢʘʶʪʩʷ ʥʠʞʝ 12Áʉ. ɺʳʰʝ 3500-4000ʤ 

ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʜʘʶʪ ʜʦ -2 -3Áʉ. [2]. ʅʠʞʝ ʧʨʠʚʦʜʷʪʩʷ ʪʘʙʣʠʮʳ ʩʨʝʜʥʝʛʦʜʦʚʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʳʧʘʜʝʥʠʝ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ (ʉʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʚ ʛ. ʍʦʨʦʛʝ).  

 

ʈʠʩ. 8. ɼʠʘʛʨʘʤʤʘ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʚʳʧʘʜʝʥʠ ̫ʦʩʘʜʢʦʚ ʧʦ ʛ. ʍʦʨʦʛʫ 

Fig. 8. Diagram of average annual precipitation in Khorog 

 
 

ɻʦʜʦʚʦʡ ʭʦʜ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʘʢʞʝ ʤʘʢʩʠʤʫʤʦʤ ʚ ʠʶʣʝ ʠ ʘʚʛʫʩʪʝ. ɺ 

ʵʪʦʪ ʧʝʨʠʦʜ ʪʝʨʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʨʘʚʝʥ 28Áʉ. 
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ʕʢʩʧʦʟʠʮʠʷ ʩʢʣʦʥʦʚ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʧʦʯʚʳ. 

ʅʘ ʶʞʥʳʭ ʩʢʣʦʥʘʭ ʪʝʤʧʝʨʘʪʫʨʘ ʚʝʨʭʥʠʭ ʩʣʦʝʚ ʧʦʯʚʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ 0,5-1Áʉ ʚʳʰʝ, ʯʝʤ ʥʘ 

ʩʝʚʝʨʥʳʭ [7,c.24]. 

ɻʨʘʬʠʢʠ ʩʝʟʦʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʘʜʢʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ, ʠʟ ʢʦʪʦʨʦʡ ʚʠʜʥʦ, ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʚʳʧʘʜʘʝʪ ʚ ʟʠʤʥʝ-ʚʝʩʝʥʥʠʝ ʤʝʩʷʮʳ [9]. 

ɺʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʥʘ ɿʘʧʘʜʥʦʤ ʇʘʤʠʨʝ ʦʯʝʥʴ ʥʠʟʢʘʷ ʠ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʤʝʥʷʝʪʩʷ ʚ 

ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʟʠʤʦʡ, ʤʠʥʠʤʘʣʴʥʳʝ - ʣʝʪʦʤ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʣʝʪʦʤ ʚ ʍʦʨʦʛʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʧʘʜʘʝʪ ʜʦ 43%. 

ʍʦʨʦʛ ʚʭʦʜʠʪ ʚ ʟʦʥʫ ʩʫʭʦʛʦ ʩʝʤʠʘʨʠʜʥʦʛʦ ʢʣʠʤʘʪʘ ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪ. ɺ ʪʝʯʝʥʠʝ ʛʦʜʘ 

ʚʳʧʘʜʘʝʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ [5].  

 

ʊʘʙʣʠʮʘ 2. ʇʝʨʠʦʜʳ ʩʝʣʝʬʦʨʤʠʨʦʚʘʥʠʷ 

Table 2. Mudflow formation periods 

ʂʣʠʤʘʪ ʍʦʨʦʛʘ 

ʇʦʢʘʟʘʪʝʣʴ ʗʥʚ. ʌʝʚ. ʄʘʨʪ ɸʧʨ. ʄʘʡ ʀʶʥʴ ʀʶʣʴ ɸʚʛ. ʉʝʥ. ʆʢʪ. ʅʦʷʙ. ɼʝʢ. ɻʦʜ 

ʉʨʝʜʥʠʡ 

ʩʫʪʦʯʥʳʡ 

ʤʘʢʩʠʤʫʤ, 

ÁC 

ī1 0,7 6,8 15,3 20,8 26,1 29,9 30,2 25,9 18,1 9,5 2,3 15,4 

ʉʨʝʜʥʷʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, 

ÁC 

ī6,2 ī4,2 2,6 10,1 14,6 18,9 22,4 22,6 17,8 11,0 4,3 ī2,1 9,3 

ʉʨʝʜʥʠʡ 

ʩʫʪʦʯʥʳʡ 

ʤʠʥʠʤʫʤ, ÁC 

ī11,3 ī9,1 ī1,6 4,9 8,5 11,8 14,9 15,0 9,8 4,0 ī0,9 ī6,4 3,3 

ʅʦʨʤʘ 

ʦʩʘʜʢʦʚ, ʤʤ 
30 36 52 45 35 9 3 0 1 14 17 34 276 

ʀʩʪʦʯʥʠʢ: Climate-data.org 
 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʝʨʠʦʜʘ 

ʩʝʣʝʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʩʫʙʙʘʩʩʝʡʥʝ ɹʘʨʩʝʤʜʘʨʳ. ɺʦ ʚʨʝʤʷ ʚʝʩʝʥʥʝïʣʝʪʥʝʛʦ ʧʝʨʠʦʜʘ (ʘʧʨʝʣʴ-

ʠʶʥʴ) ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʝʣʝʡ ʩʚʷʟʘʥʳ ʩ ʥʘʯʘʣʦʤ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʥʝʛʦʪʘʷʥʠʷ, ʩʭʦʜʘ ʩʥʝʞʥʳʭ 

ʣʘʚʠʥ, ʚʳʧʘʜʝʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʚ ʚʠʜʝ ʟʘʪʷʞʥʳʭ ʜʦʞʜʝʡ ʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʣʠʚʥʝʡ, 

ʢʦʛʜʘ ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʘʣʦʤʦʱʥʳʭ ʩʝʣʝʚʳʭ ʧʦʪʦʢʦʚ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʥʝʩʚʷʟʘʥʥʳʭ ʩʝʣʝʡ [7,c.25]. ɻʣʘʚʥʳʤʠ ʪʚʝʨʜʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʦʯʘʛʘʤʠ ʷʚʣʷʝʪʩʷ ʢʘʤʝʥʥʦ-

ʦʩʳʧʥʦʡ ʤʘʪʝʨʠʘʣ, ʚʳʥʝʩʝʥʥʳʡ ʚ ʜʥʠʱʝ ʠ ʧʦ ʙʦʢʘʤ ʜʥʠʱʘ ʩʝʣʝʚʦʛʦ ʨʫʩʣʘ. ʆʩʥʦʚʥʦʡ ʦʙʲʸʤ 

ʩʝʣʝʚʦʛʦ ʪʚʝʨʜʦʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʩʪʘʝʪʩʷ ʚ ʟʦʥʝ ʪʨʘʥʟʠʪʘ, ʪʘʢ 

ʢʘʢ ʜʘʥʥʳʝ ʩʝʣʠ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ ʤʘʣʳʭ [10; 4,ʩ.75]. ɼʨʫʛʦʡ ʧʨʠʯʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʝʣʝʚʳʭ ʧʦʪʦʢʦʚ ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʨ ʨʝʟʢʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʥʘʯʠʥʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʝ ʪʘʷʥʠʝ ʩʥʝʛʘ [9]. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʪʘʣʳʝ ʚʦʜʳ ʧʨʦʨʳʚʘʶʪ ʧʦʛʨʝʙʝʥʥʳʝ 

ʣʘʚʠʥʳ ʚ ʙʦʢʦʚʳʭ ʧʨʠʪʦʢʘʭ ʧʨʠʣʘʛʘʶʱʠʭʩʷ ʩʢʣʦʥʦʚ ʩʝʣʝʚʦʛʦ ʨʫʩʣʘ ɹʘʨʩʝʤʜʘʨ.r ɺ ʘʥʦʤʘʣʴʥʳʝ 

ʛʦʜʳ, ʨʘʟ ʚ 10-15 ʣʝʪ, ʣʝʪʦʤ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʝʣʝʡ ʪʘʢʞʝ ʩʚʷʟʘʥʦ ʩ ʚʳʧʘʜʝʥʠʝʤ ʞʠʜʢʠʭ ʦʩʘʜʢʦʚ 

ʚ ʧʝʨʠʦʜ ʪʘʷʥʠʷ ʩʝʟʦʥʥʦ ʪʘʣʦʛʦ ʩʣʦʷ ʥʘʠʙʦʣʴʰʝʡ ʪʦʣʱʠʥʳ. ʕʪʦʪ ʧʝʨʠʦʜ ʜʣʠʪʩʷ ʩ ʠʶʣʷ ʧʦ 

ʘʚʛʫʩʪ, ʛʜʝ ʧʦ ʜʘʥʥʳʤ ʤʝʪʝʦʩʪʘʥʮʠʠ ʛ.ʍʦʨʦʛʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʧʨʦʛʨʝʚʘʝʪʩʷ ʜʦ 28-30
0
 

ʜʥʝʤ ʠ 17-18
0
 ʥʦʯʴʶ (ʪʘʙʣʠʮʘ ʧʨʠʣʘʛʘʝʪʩʷ). ʅʘ ʧʨʠʤʝʨʝ ʩʝʣʝʚʦʛʦ ʩʦʙʳʪʠʷ ʚ ʘʚʛʫʩʪʝ 2015ʛ. ʧʦ 

ʚʝʨʭʦʚʴʷʤ ʩʝʣʝʚʦʛʦ ʨʫʩʣʘ ɹʘʨʩʝʤʜʘʨʳ ʩʝʣʝʚʳʝ ʧʘʚʦʜʢʠ ʟʘʨʦʞʜʘʣʠʩʴ ʥʘ ʚʳʩʦʪʘʭ 4100-4130ʤ ʚ 

ʨʘʡʦʥʝ ʣʝʜʥʠʢʘ-3 ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʏʘʨʤʠʪʘʨʤʘ [12]. ʉʘʡ ʶʞʥʦʡ, ʶʛʦ-ʟʘʧʘʜʥʦʡ ʵʢʩʧʦʟʠʮʠʠ 

ʣʘʚʠʥʦʦʧʘʩʥʳʡ. ʉʦ ʩʣʦʚ ʦʯʝʚʠʜʮʝʚ, ʚ ʜʦʣʠʥʝ ʨʫʩʣʘ ɹʘʨʩʝʤʜʘʨʴʠ ʝʞʝʛʦʜʥʦ ʚ ʘʧʨʝʣʝ-ʤʘʝ ʩʭʦʜʷʪ 

ʩʥʝʞʥʳʝ ʣʘʚʠʥʳ ʤʦʢʨʦʛʦ ʪʠʧʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʦʜʥʦʩʦʩʪʘʚʣʷʶʱʠʤ ʦʯʘʛʦʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʝʣʝʚʳʭ ʧʦʪʦʢʦʚ. ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʩʝʣʝʬʦʨʤʠʨʦʚʘʥʠʷ ʙʳʣʘ ʞʘʨʢʘʷ ʧʦʛʦʜʘ, 

ʩʧʨʦʚʦʮʠʨʦʚʘʚʰʘʷ ʙʫʨʥʦʝ ʩʥʝʛʦʪʘʷʥʠʝ ʚ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʜʝʢʘʜʘʭ ʠʶʣʷ 2015ʛ. ɽʩʣʠ 

ʩʦʧʦʩʪʘʚʠʪʴ ʜʘʥʥʳʝ ʤʝʪʝʦʩʪʘʥʮʠʠ ʛ.ʍʦʨʦʛ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ 15ʢʤ ʦʪ ʩʝʣʝʚʦʛʦ ʦʯʘʛʘ ʥʘ ʚʳʩʦʪʝ 

2077ʤ, ʧʦ ʩʨʝʜʥʝʤʫ ʛʨʘʜʠʝʥʪʫ ʪʝʤʧʝʨʘʪʫʨʳ (0,6ÁC ʥʘ 100ʤ), ʪʦ ʚ ʜʘʥʥʦʤ ʫʱʝʣʴʝ ʚ ʦʙʣʘʩʪʠ 

https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D0%BC%D0%B8%D0%B0%D1%80%D0%B8%D0%B4%D0%BD%D1%8B%D0%B9_%D0%BA%D0%BB%D0%B8%D0%BC%D0%B0%D1%82
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BB%D0%BB%D0%B8%D0%BC%D0%B5%D1%82%D1%80
https://ru.climate-data.org/%D0%B0%D0%B7%D0%B8%D1%8F/%D1%82%D0%B0%D0%B4%D0%B6%D0%B8%D0%BA%D0%B8%D1%81%D1%82%D0%B0%D0%BD/%D0%B3%D0%BE%D1%80%D0%BD%D0%BE-%D0%B1%D0%B0%D0%B4%D0%B0%D1%85%D1%88%D0%B0%D0%BD%D1%81%D0%BA%D0%B0%D1%8F-%D0%B0%D0%B2%D1%82%D0%BE%D0%BD%D0%BE%D0%BC%D0%BD%D0%B0%D1%8F-%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D1%8C/%D1%85%D0%BE%D1%80%D0%BE%D0%B3-3393/
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ʩʝʣʝʚʦʛʦ ʦʯʘʛʘ ʥʘ ʚʳʩʦʪʘʭ ʚʳʰʝ 4100ʤ ʧʝʨʝʭʦʜ ʥʦʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ 

ʧʨʦʠʟʦʰʸʣ 1 ʠʶʣʷ 2015ʛ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʙʳʣʦ ʦʯʝʥʴ ʨʝʟʢʠʤ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʙʫʨʥʦʤʫ ʩʥʝʛʦʪʘʷʥʠʶ. ʅʘʢʘʥʫʥʝ ʩʦʙʳʪʠʷ ʜʥʝʚʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʚʥʷʣʘʩʴ +21Áʉ, ʘ ʥʦʯʥʘʷ +8Áʉ. 

ʀʥʪʝʥʩʠʚʥʳʡ ʧʨʦʮʝʩʩ ʩʥʝʛʦʪʘʷʥʠʷ ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʥʘʩʳʱʝʥʠʝʤ ʚʦʜʦʡ ʚʥʫʪʨʠʣʝʜʥʠʢʦʚʳʭ 

ʧʦʣʦʩʪʝʡ ʠ ʤʘʩʩʠʚʘ ʤʦʨʝʥʳ [6; 8]. 

ɺʳʧʘʜʝʥʠʝ ʞʠʜʢʠʭ ʦʩʘʜʢʦʚ ʩʣʫʞʠʪ ʪʨʠʛʛʝʨʦʤ ʩʭʦʜʘ ʩʝʣʝʡ [15]. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ 

ʫʚʣʘʞʥʝʥʠʝ ʛʨʫʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʮʝʩʩʝ ʦʪʪʘʠʚʘʥʠʷ ʩʝʟʦʥʥʦʛʦ ʪʘʣʦʛʦ ʩʣʦʷ, ʪʘʷʥʠʷ 

ʧʦʟʜʥʝʣʝʪʥʠʭ ʩʥʝʞʥʠʢʦʚ ʠ ʚʦʜʦʦʪʜʘʯʠ ʩ ʣʝʜʥʠʢʦʚ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʬʦʨʤʠʨʫʶʪʩʷ ʢʨʫʧʥʳʝ 

ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʝ ʩʝʣʝʚʳʝ ʧʦʪʦʢʠ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʦʙʲʸʤʳ ʩʝʣʝʡ ʤʦʛʫʪ ʧʨʝʚʳʰʘʪʴ 200 ʪʳʩ.ʤ
3
. 

ʊʚʝʨʜʦʩʦʩʪʘʚʣʷʶʱʠʤʠ ʦʯʘʛʘʤʠ ʚ ʜʘʥʥʦʤ ʙʘʩʩʝʡʥʝ ʷʚʣʷʶʪʩʷ ʤʦʨʝʥʥʳʝ ʧʦʢʨʳʪʠʷ ʠ ʦʩʳʧʥʳʝ 

ʦʪʣʦʞʝʥʠʷ. 

 

ʈʠʩ. 9. ʆʙʣʘʩʪʴ ʟʘʨʦʞʜʝʥʠʷ ʛʣʷʮʠʘʣʴʥʦʛʦ ʩʝʣʷ ʧʦ ʩʘʶ ʏʘʨʤʠʪʘʨʤʘ ʩʝʣʝʚʦʛʦ ʙʘʩʩʝʡʥʘ 

ɹʘʨʩʝʤʜʘʨ r

Fig. 9. The area of origin of the glacial mudflow along the Charmitarma mudflow of the 

Barsemdara mudflow basin 

 
(ʀʩʧʦʣʴʟʦʚʘʥ ʩʧʫʪʥʠʢʦʚʳʡ ʩʥʠʤʦʢ ʩ ʩʝʨʚʠʩʘ Google Earth (08.2015ʛ) 

 

ʉʦ ʩʣʦʚ ʦʯʝʚʠʜʮʝʚ, ʧʨʠ ʚʳʭʦʜʝ ʚ ʫʩʪʴʝʚʦʡ ʯʘʩʪʠ ʢʦʥʫʩʘ ɹʘʨʩʝʤʜʘʨʳ ʩʢʦʨʦʩʪʴ ʩʝʣʝʚʦʛʦ 

ʧʦʪʦʢʘ ʩʦʩʪʘʚʠʣʘ 6-8 ʤ/cʝʢ ʧʨʠ ʚʳʩʦʪʝ ʬʨʦʥʪʘ ʩʝʣʝʚʦʛʦ ʚʘʣʘ ʜʦ 3ʤ. ʇʫʪʴ ʪʨʘʥʟʠʪʘ ʩʝʣʝʚʦʛʦ 

ʧʦʪʦʢʘ ʦʪ ʦʙʣʘʩʪʠ ʟʘʨʦʞʜʝʥʠʷ ʜʦ ʩʣʠʷʥʠʷ ʨʝʢʠ ɻʫʥʪ ʩʦʩʪʘʚʠʣ 7,3 ʢʤ ʧʨʠ ʩʨʝʜʥʝʤ ʫʢʣʦʥʝ 

ʩʝʣʝʚʦʛʦ ʨʫʩʣʘ ʦʪ 13 ʜʦ 23%. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʝʣʝʚʦʛʦ ʧʘʚʦʜʢʘ ʧʦ ʨʫʩʣʫ 

ʘʢʪʠʚʠʟʠʨʦʚʘʣʠʩʴ ʧʨʦʮʝʩʩʳ ʧʦʧʷʪʥʦʡ ʵʨʦʟʠʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʛʣʫʙʦʢʦʛʦ 

ʩʝʣʝʚʦʛʦ ʚʨʝʟʘ, cʦ ʩʨʝʜʥʝʡ ʛʣʫʙʠʥʦʡ 60-100ʤ ʠ ʰʠʨʠʥʦʡ 40-70ʤ. ɿʦʥʘ ʨʘʟʛʨʫʟʢʠ ʩʝʣʝʚʦʛʦ 

ʧʦʪʦʢʘ ʚ ʨʘʡʦʥʝ ʩʣʠʷʥʠʷ ʨʫʯʴʷ ɹʘʨʩʝʤʜʘʨʘ ʩ ʨʝʢʦʡ ɻʫʥʪ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʳʩʦʪʝ ʦʢʦʣʦ 2370ʤ. 

ʋʩʪʴʝʚʫʶ ʯʘʩʪʴ ʨʫʯʴʷ ɹʘʨʩʝʤʜʘʨʘ ʠ ʶʞʥʫʶ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʩʝʣʘ ɹʘʨʩʝʤ ʧʦʣʥʦʩʪʴʶ 

ʟʘʥʷʣ ʩʝʣʝʚʦʡ ʢʦʥʫʩ ʚʳʥʦʩʘ. ʇʣʦʱʘʜʴ ʥʦʚʳʭ ʩʝʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʢʦʥʫʩʝ ʩʦʩʪʘʚʠʣʘ 

308ʪʳʩ.ʤ
2
. ɺ ʩʦʩʪʘʚʝ ʦʪʣʦʞʝʥʠʡ ʧʨʝʦʙʣʘʜʘʶʪ ʦʙʣʦʤʢʠ ʛʨʘʥʠʪʦʚ ʠ ʛʥʝʡʩʦʚ. ʈʫʩʣʦ ɻʫʥʪʘ ʙʳʣʦ 

ʩʤʝʱʝʥʦ ʢ ʝʸ ʣʝʚʦʤʫ ʙʝʨʝʛʫ ʠ ʧʝʨʝʢʨʳʪʦ ʩʝʣʝʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʚʳʩʦʪʦʶ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 21ʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʢʨʳʪʠʷ ʦʙʨʘʟʦʚʘʣʦʩʴ ʦʟʝʨʦ ʦʙʲʝʤʦʤ ʚʦʜʳ ʜʦ 2.5ʤʣʥ.ʤ
3
, ʥʘʟʚʘʥʥʦʝ ɹʘʨʩʝʤʢʫʣ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʩʝʣʝʚʳʤ ʢʦʥʫʩʦʤ ʦʩʪʘʣʦʩʴ 11 ʭʦʟʷʡʩʪʚ. ʆʙʨʘʟʦʚʘʚʰʠʤʩʷ ʦʟʝʨʦʤ 

ʙʳʣʠ ʟʘʪʦʧʣʝʥʳ ʦʢʦʣʦ 70 ʭʦʟʷʡʩʪʚ, ʙʦʣʝʝ 2-ʭ ʢʤ ʘʚʪʦʜʦʨʦʛʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʊʘʜʞʠʢʠʩʪʘʥ ʩ 

ʂʠʪʘʝʤ ʠ ʂʠʨʛʠʟʠʝʡ, 5 ʤʦʩʪʦʚ (ʠʟ ʥʠʭ 3 ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʠ 2 ʧʝʰʝʭʦʜʥʳʭ), ʤʝʜʠʮʠʥʩʢʠʡ ʧʫʥʢʪ, 

ʰʢʦʣʘ, ʪʦʨʛʦʚʳʝ ʪʦʯʢʠ, ʩʘʜʳ ʠ ʧʣʦʜʦʨʦʜʥʳʝ ʟʝʤʣʠ, ʢʣʘʜʙʠʱʘ, ʜʝʩʷʪʢʠ ʢʠʣʦʤʝʪʨʦʚ 

ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʝʪʝʡ. ʊʘʢʞʝ ʙʳʣʘ ʨʘʟʨʫʰʝʥʘ ʦʩʥʦʚʥʘʷ ʚʳʩʦʢʦʚʦʣʴʪʥʘʷ ʣʠʥʠʷ ʧʦʜʘʯʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ɻʕʉ ʇʘʤʠʨ-1 [6]. 

ʇʨʠʤʝʯʘʥʠʝ. ʉʦʛʣʘʩʥʦ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʚ ʧʨʝʜʝʣʘʭ ʪʝʨʨʠʪʦʨʠʠ ʛ.ʍʦʨʦʛʘ ʚ 

ʠʶʣʝ 2015ʛ. ʢʦʣʠʯʝʩʪʚʦ ʚʳʧʘʚʰʠʭ ʦʩʘʜʢʦʚ ʩʦʩʪʘʚʠʣʦ 7ʤʤ. 
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ʈʠʩ. 10. ʆʙʟʦʨ ʩʝʣʝʚʦʛʦ ʢʦʥʫʩʘ ɹʘʨʩʝʤʜʘʨʘ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʛʣʷʮʠʘʣʴʥʦʛʦ ʩʝʣʷ ʚ ʠʶʣʝ 

2015 ʛʦʜʘ  

Fig. 10. Overview of the Barsemdar mudflow cone after the glacial mudflow in July 2015 

 
(ʀʩʧʦʣʴʟʦʚʘʥ ʩʧʫʪʥʠʢʦʚʳʡ ʩʥʠʤʦʢ ʩ ʩʝʨʚʠʩʘ Google Earth (08.2015ʛ.) 

 

ɺʳʚʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦ ʤʝʨʝ 

ʦʩʚʦʝʥʠʷ ʛʦʨʥʳʭ ʨʘʡʦʥʦʚ, ʩʪʠʭʠʡʥʳʝ ʧʨʠʨʦʜʥʳʝ ʷʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʧʘʩʥʦʩʪʴ ʜʣʷ 

ʯʝʣʦʚʝʢʘ ʠ ʦʙʲʝʢʪʦʚ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ [1]. 

ɹʘʩʩʝʡʥ ʨʝʢʠ ɻʫʥʪ ʨʘʩʧʦʣʦʞʝʥ ʚ ʟʦʥʝ ʚʳʩʦʢʦʛʦ ʨʠʩʢʘ ʦʪ ʧʨʠʨʦʜʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʛʨʦʟ. 

ɺ ʙʘʩʩʝʡʥʝ ʨ.ɻʫʥʪ ʨʘʩʧʦʣʦʞʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʙʦʢʦʚʳʝ ʧʨʠʪʦʢʠ, ʢʦʪʦʨʳʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʠʟʫʯʝʥʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʚʝʨʭʦʚʴʷʭ ʙʦʢʦʚʳʭ ʧʨʠʪʦʢʦʚ ʧʨʦʠʩʭʦʜʠʪ ʪʝʥʜʝʥʮʠʷ 

ʠʩʯʝʟʥʦʚʝʥʠʷ ʠ ʜʝʛʨʘʜʘʮʠʠ ʤʘʣʳʭ ʣʝʜʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʞʝʥʳ ʬʘʢʪʦʨʘʤ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ.  

ʅʘ ʧʨʠʤʝʨʝ ɹʘʨʩʝʤʜʘʨʳ ʛʣʘʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʝʣʝʚʳʭ ʷʚʣʝʥʠʡ ʷʚʣʷʣʠʩʴ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ.  

ɺ ʚʝʨʭʦʚʴʷʭ ʩʝʣʝʚʦʛʦ ʨʫʩʣʘ ɹʘʨʩʝʤʜʘʨʳ ʨʘʩʧʦʣʦʞʝʥʳ 8 ʩʢʘʣʠʩʪʳʭ ʫʱʝʣʠʡ, ʚ ʢʦʪʦʨʳʭ 

ʨʘʩʧʦʣʦʞʝʥʳ ʣʝʜʥʠʢʠ ʢʘʨʦʚʦʛʦ- ʠ ʢʘʨʦʚʦ-ʜʦʣʠʥʥʦʛʦ ʪʠʧʘ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʢʘʪʝʛʦʨʠʷʤ ʤʘʣʳʭ 

ʣʝʜʥʠʢʦʚ [8]. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʢʦʩʤʦʩʥʠʤʢʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʚʝʨʭʦʚʴʷʭ ʩʝʣʝʚʦʛʦ ʨʫʩʣʘ ʠʟ 8 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʣʝʜʥʠʢʦʚ, 4 ʥʘʭʦʜʷʪʩʷ ʚ ʩʪʘʜʠʠ ʜʝʛʨʘʜʘʮʠʠ ʠ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʤʦʛʫʪ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʫʛʨʦʞʘʪʴ ʥʠʞʝʨʘʩʧʦʣʦʞʝʥʥʳʤ ʧʨʠʫʩʪʴʝʚʳʤ ʥʘʩʝʣʝʥʥʳʤ ʧʫʥʢʪʘʤ, 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘʤ, ʣʠʥʠʷʤ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʩʦʮʠʘʣʴʥʳʤ ʦʙʲʝʢʪʘʤ. 

ɻʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʩʝʣʝʚʳʭ ʧʘʚʦʜʢʦʚ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʨʝʟʢʦʝ ʘʥʦʤʘʣʴʥʦʝ 

ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (ʩʧʨʦʚʦʮʠʨʦʚʘʥʠʷ ʜʝʛʨʘʜʘʮʠʠ ʣʝʜʦʩʦʜʝʨʞʘʱʠʭ ʧʦʣʦʩʪʝʡ, ʢʦʪʦʨʳʝ 

ʧʦʢʨʳʪʳ ʤʘʣʦʤʦʱʥʳʤ ʦʙʣʦʤʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʫʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʘʙʣʷʮʠʠ ʚ ʥʠʞʥʝʡ 

ʷʟʳʢʦʚʦʡ ʟʦʥʝ ʣʝʜʥʠʢʘ), ʘ ʪʘʢʞʝ ʥʝʧʨʝʜʚʠʜʝʥʥʳʝ ʧʨʠʨʦʜʥʳʝ ʷʚʣʝʥʠ ̫ʚ ʚʠʜʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʨʫʰʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʩʪʨʦʝʥʠʷ ʣʝʜʥʠʢʦʚʳʭ ʪʝʣ, ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʨʪʚʦʛʦ ʣʴʜʘ, 

ʣʝʜʥʠʢʦʚʳʭ ʦʟʝʨ ʠ ʪʝʨʤʦʢʘʨʩʪʦʚ [6]. 

ʉʦʛʣʘʩʥʦ ʠʩʪʦʨʠʯʝʩʢʦʤʫ ʧʨʦʬʠʣʠʨʦʚʘʥʠʶ, ʯʘʩʪʦʪʘ ʧʨʦʷʚʣʝʥʠʷ ʪʘʢʠʭ ʩʝʣʝʡ ʚ ʙʘʩʩʝʡʥʝ 

ʨʝʢʠ ɻʫʥʪ ʚ ʮʝʣʦʤ ʩʦʩʪʘʚʣʷʝʪ 15-20ʣʝʪ. ʉʝʣʠ ʧʦ ʤʘʩʰʪʘʙʫ ʧʨʦʷʚʣʝʥʠʡ ʨʘʟʥʳʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ, ʵʢʩʧʦʟʠʮʠʠ, ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʣʴʝʬʘ ʠ 

ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʫʩʣʦʚʠʷ ʤʝʩʪʥʦʩʪʠ. ʉʦʛʣʘʩʥʦ ʦʪʯʝʪʘʤ ʠ ʠʤʝʶʱʠʤʩʷ ʤʘʪʝʨʠʘʣʘʤ 

ʌʠʣʠʘʣʘ ʘʛʝʥʪʩʪʚʘ ɸʛʘ ʍʘʥʘ ʧʦ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ (ʨʘʥʝʝ ʤʝʞʜʫʥʘʨʦʜʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʌʆʂʋʉ (ʉʐɸ) ʥʘ ʧʝʨʠʦʜ 2003-2024ʛʛ.), ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ 

ʛʣʷʮʠʘʣʴʥʳʝ ʩʝʣʠ ʧʦ ʜʦʣʠʥʝ ʨ.ɻʫʥʪ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʘʥʦʤʘʣʴʥʳʤ ʚʳʧʘʜʝʥʠʝʤ ʦʩʘʜʢʦʚ ʚ ʚʠʜʝ ʟʘʪʷʞʥʳʭ ʠ 

ʣʠʚʥʝʚʳʭ ʜʦʞʜʝʡ, ʢʦʪʦʨʳʝ ʥʝʧʨʠʝʤʣʝʤʳ ʜʣʷ ʫʩʣʦʚʠʡ ʚʳʩʦʢʦʛʦʨʥʦʡ ʤʝʩʪʥʦʩʪʠ. 

ʍʘʨʘʢʪʝʨʥʳʝ ʩʝʣʠ ʛʣʷʮʠʘʣʴʥʦʛʦ ʪʠʧʘ ʚ ʮʝʣʦʤ ʧʦ ʙʘʩʩʝʡʥʫ ʨ.ɻʫʥʪ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦ 

ʙʦʢʦʚʳʤ ʧʨʠʪʦʢʘʤ ɹʘʨʩʝʤʜʘʨʳ, ɹʦʛʝʚʜʘʨʳ, ʈʦʞʜʘʨr, ʐʘʨʠʧʜʘʨʳ, ʊʘʥʛʜʘʨʳ, ɼʝʙʘʩʪʘʜʘʨʳ, 

ɺʫʞʜʘʨʳ, ʇʘʪʭʫʨʜʘʨʳ, ʐʘʟʫʜʜʘʨʳ, ɺʝʟʜʘʨʳ, ɼʫʟʘʭʜʘʨʳ ʠ ʪʘʢ ʜʘʣʝʝ [14,ʩ.60; 13,ʩ.72]. 
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ɺ ʩʚʷʟʠ ʩ ʫʯʘʩʪʠʚʰʠʤʠʩʷ ʧʨʝʜʧʦʩʳʣʢʘʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʠʨʦʜʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʫʜʘʣʝʥʥʳʭ ʫʛʨʦʟ ʧʦʜ ʚʣʠʷʥʠʝʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʥʠʞʝʩʣʝʜʫʶʱʝʝ:  

¶ ɽʞʝʛʦʜʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʣʝʜʥʠʢʘʤʠ ʚʝʨʭʦʚʠʡ ʩʝʣʝʚʦʛʦ ʨʫʩʣʘ 

ɹʘʨʩʝʤʜʘʨʳ ʧʝʰʠʤʠ ʤʘʨʰʨʫʪʘʤʠ ʠ ʘʵʨʦʚʠʟʫʘʣʴʥʳʤʠ ʙʝʩʧʠʣʦʪʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ; 

¶ ʋʩʪʘʥʦʚʢʘ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʷ ʬʦʪʦʢʘʤʝʨʘʤʠ ʥʘ ʚʳʷʚʣʝʥʥʳʭ 

ʜʝʛʨʘʜʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʘʭ ʣʝʜʥʠʢʘ; 

¶ ʋʩʪʘʥʦʚʢʘ ʨʝʧʝʨʦʚ ʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʩ ʮʝʣʴʶ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʜʠʥʘʤʠʢʦʡ 

ʨʘʟʚʠʪʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʜʥʠʢʦʚʳʭ ʪʝʣ, ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʨʠʨʦʜʥʦ - ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʜʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ; 

¶ ʅʘʙʣʶʜʝʥʠʝ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʧʨʠʣʝʜʥʠʢʦʚʳʭ ʧʘʩʪʙʠʱʘʭ ʩ ʮʝʣʴʶ ʟʘʱʠʪʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʦʢʨʦʚʘ ʦʪ ʧʦʣʥʦʛʦ ʫʥʠʯʪʦʞʝʥʠʷ.  

ʇʨʠʤʝʯʘʥʠʝ: ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʙʘʟʝ ʧʨʦʝʢʪʦʚ: ʧʨʦʝʢʪ COSE-1. (ʉʦʟʜʘʥʠʝ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʚ ʙʝʟʦʧʘʩʥʦʡ ʩʨʝʜʝ. ʇʦʜʜʝʨʞʢʘ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ ʠ ʫʩʪʦʡʯʠʚʳʭ ʩʦʦʙʱʝʩʪʚ). 

(ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʌʆʂʋʉ (Cʐɸ) ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ.(2014-2015ʛʛ.) 

ʇʨʦʝʢʪ Core Fund. ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ AKAH (Cʐɸ) ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ. ʆʪʯʝʪ 

çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʦʨʳʚʦʚ ʦʟʝʨʘ ɹʘʨʩʝʤʢʫʣʴ ʚ ʐʫʛʥʘʥʩʢʦʤ ʨʘʡʦʥʝ ʠ ʦʟʝʨ 

ɼʫʨʫʤʢʫʣʴ ʠ ɿʘʨʜʠʚʢʫʣʴ ʚ ʈʦʰʪʢʘʣʠʥʩʢʦʤ ʨʘʡʦʥʝ ɻɹɸʆè. ʄʦʩʢʚʘ: ʀʟʜʘʪʝʣʴʩʪʚʦ ʄɻʋ, 2016.  
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ôù óñüĕìîóì úîìüðì Ąÿðììýþ. Úøô÷ĕúô ôė÷ôøĒ, öô íì þìĄìööÿ÷ô ùìøìö þìĆýôüô ùìóìüüìý øñüìýúùìùð, ùôó 
øÿìõċù öìüðì Ąÿðììùð. Ðìü íúüìô óìüÿüìþô øúùôþúüôùïô ýú÷úùìô íú÷úúíô ĕìîóìô Íìüýñøðìüì îì ùìýíô 
ýôýþñøìĕúô úïúĕöÿùôô íìüîìėþ íìüúô úïúĕôô ýìüôîìėþĒ ìó þìĕðôðĕúô ĉĕþôøú÷Ē îì ûñĄïôüôô úėôíìþĕúô 
ĀúĔôìíúüô ýñ÷ āÿ÷úýì íìüúîìüðì Ąÿð. 

Öì÷ôðîúòìĕú: Íìüýñøðìüì, ĕìîóìô úí, ûôüċāĕú, þìùìóóÿ÷, þìĎõôüČíôô ôė÷ôø, íì÷ìùðĄìîôô ĕìüúüìþ, 
ýñ÷ô ûôüċāĒ. 

 

ɺʃʀʗʅʀɽ ʂʃʀʄɸʊʀʏɽʉʂʀʍ ʌɸʂʊʆʈʆɺ ʀ ʆʉʆɹɽʅʅʆʉʊʀ ʉɽʃɽʌʆʈʄʀʈʆɺɸʅʀʗ ʅɸ 

ʊɽʈʈʀʊʆʈʀʀ ɻʆʈʅʆ- ɹɸɼɸʍʐɸʅʉʂʆʁ ɸɺʊʆʅʆʄʅʆʁ ʆɹʃɸʉʊʀ ʈɽʉʇʋɹʃʀʂʀ 

ʊɸɼɾʀʂʀʉʊɸʅ (ʅɸ ʇʈʀʄɽʈɽ ɹɸʈʉɽʄɼɸʈʓ, ʇʈɸɺʆɻʆ ʇʈʀʊʆʂɸ ʈɽʂʀ ɻʋʅʊ) 

ɺ ʩʪʘʪʴʝ ʘʚʪʦʨʦʤʠ ʧʦʣʥʦʩʪʴʶ ʨʘʩʢʨʳʚʘʝʪʩʷ ʭʘʨʘʢʪʝʨ ʩʪʨʦʝʥʠ ̫ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʩʝʣʝʚʦʛʦ ʨʫʩʣʘ 

ɹʘʨʩʝʤʜʘʨʳ, ʧʨʘʚʦʛʦ ʧʨʠʪʦʢʘ ʨ. ɻʫʥʪ (ʖʛʦ-ɿʘʧʘʜʥʦʛʦ ʇʘʤʠʨʘ), ʧʦʣʫʯʝʥʥʳʡ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʟʘ ʧʝʨʠʦʜ 2003-2022ʛ.ʛ. ʩʦ ʩʪʦʨʦʥʳ ʌʠʣʠʘʣʘ ɸʛʝʥʪʩʪʚʘ ɸʛʘ ʍʘʥʘ ʧʦ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ, ʘ ʪʘʢʞʝ 

ʤʘʪʝʨʠʘʣʘʤ ʙʘʪʠʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ɹʘʨʩʝʤʢʫʣ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʄɻʋ (ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ) ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʟʘ 2015 ʠ 2020ʛʛ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʛʝʦʣʦʛʦ - ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ ʦ ʪʠʧʘʭ ʠ ʭʘʨʘʢʪʝʨʝ 

ʩʪʨʦʝʥʠ ̫ʤʠʢʨʦʨʝʣʴʝʬʘ ʵʨʦʟʠʦʥʥʦ-ʩʝʣʝʚʦʛʦ ʩʘʷ, ʢʨʘʪʢʠʝ ʦʙʟʦʨʥʝr ʩʚʝʜʝʥʠ ̫ʦ ʩʦʩʪʦʷʥʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʣʝʜʥʠʢʦʚ 

ʠ ʧʨʠʣʝʛʘʶɦʠʭ ʢ ʥʠʤ ʩʢʣʦʥʦʚ ʜʘʥʥʦʛʦ ʩʫʙʙʘʩʩʝʡʥʘ. ʋʩʪʘʥʦʚʣʝʥʳ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʶʱʠʝ ʥʘ ʩʦʣʝʦʙʨʘʟʦʚʘʥʠʝ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʝʞʝʛʦʜʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʝʨʭʦʚʴʝʚ ʙʘʩʩʝʡʥʘ 

ɹʘʨʩʝʤʜʘʨ,r ʫʩʪʘʥʦʚʢʠ ʩʠʩʪʝʤ ʨʘʥʥʝʛʦ ʦʧʦʚʝʱʝʥʠʷ ʩ ʮʝʣʴʶ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʧʦʚʝʱʝʥʠ ̫ʚʦʟʤʦʞʥʳʭ ʫʛʨʦʟ ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʩʝʣʝʚʳʭ ʧʘʚʦʜʢʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɹʘʨʩʝʤʜʘʨʳ, ʚʦʜʦʩʙʦʨʥʳʡ ʙʘʩʩʝʡʥ, ʣʝʜʥʠʢʠ, ʜʝʛʨʘʜʘʮʠʷ, ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ, ʧʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʣʝʜʥʠʢʦʚʘʷ ʵʚʦʣʶʮʠʷ. 

 

INFLUENCE OF CLIMATIC FACTORS  AND FEATURES OF MUDFLOW FORMATION IN THE 

TERRITORY OF THE GORNO BADAKHSHAN AUTONOMOS REGION OF THE REPUBLIC OF 

TAJIKISTAN(ON THE EXAMPLE OF BARSEMLARY, A RIGHT TRIBUTOR OF THE GUNT RIVER  

In the article the author fully discloses the characteristics of the catchment basin of the channel of the mudflow 

Barsemdar right tributary of the Gund River, obtained from the materials of field studies for the period 2003-2022 on the 

part of the Branch of the Aga Khan Environmental Agency in Tajikistan, as well as the materials of bathymetric survey 

Barsemkul by specialists from Moscow State University (Faculty of Geography) of the Russian Federation for 2020. The 

article provides geological and morphological information about types and character of microrelief structure of erosion-

mudflow water shed, brief overview of the state of existing glaciers. Climatic factors significantly affecting salt formation 

were identified. The conclusion was made about the necessity of annual monitoring of the upper reaches of the Barsemdar 

basin, installation of early warning systems for timely notification of possible threats and prevention of catastrophic 

consequences of mudflow floods. 

Keywords: Barsemdary, watershed, glaciers, degradation, climate change, temperature rise, glacial sel. 
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ʋɼʂ: 551.582.1+556.51 (575.3)  

ʆʉʆɹɽʅʅʆʉʊʀ ɼʀʅɸʄʀʂʀ ʄɽʊɽʆʈʆʃʆɻʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ 

ʊɸɼɾʀʂʉʂʆɻʆ ʉɽɻʄɽʅʊɸ ɹɸʉʉɽʁʅɸ ʈɽʂʀ ʇʗʅɼɾ ɿɸ ʇɽʈʀʆɼ 1950-2024 ɻɻ. 

 

ʂʫʨʙʦʥ ʅ.ɹ., ʄʠʨʟʦʭʦʥʟʦʜʘ ʉ.ʆ., ʅʠʷʟʦʚ ɼʞ.ɹ., ʍʘʤʠʜʟʦʜʘ ɸ.ɹ. 

ʀʥʩʪʠʪʫʪ ʚʦʜʥʳʭ ʧʨʦʙʣʝʤ, ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʵʢʦʣʦʛʠʠ ʅɸʅ ʊʘʜʞʠʢʠʩʪʘʥʘ, 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɺʚʝʜʝʥʠʝ. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ [8,ʩ.8; 9,ʩ.84; 10,ʩ.24; 11,ʩ.77], ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʩʚʷʟʠ ʩ 

ʛʣʦʙʘʣʴʥʳʤ ʧʦʪʝʧʣʝʥʠʝʤ ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʣ ʚʦʧʨʦʩ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʠʭ ʟʘʧʘʩʦʚ 

ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ. ɸ ʩʪʨʘʥʳ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʟʝʤʥʦʛʦ ʰʘʨʘ ʚʩʸ 

ʙʦʣʴʰʝ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ ʚʦʜʳ, ʧʦʪʦʤʫ ʯʪʦ ʚʦʜʳ ʢʨʫʧʥʝʡʰʠʭ ʨʝʢ ʢʦʥʪʠʥʝʥʪʘ 

ʜʝʣʷʪʩʷ ʤʝʞʜʫ ʤʥʦʛʠʤʠ ʩʦʩʝʜʥʠʤʠ ʛʦʩʫʜʘʨʩʪʚʘʤʠ. ʊʘʢʠʝ ʨʝʢʠ ʠ ʚ ʎʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʤ 

ʨʝʛʠʦʥʝ ʠʤʝʶʪʩʷ ï ʵʪʦ ʨʝʢʠ ʉʳʨʜʘʨʴʷ ʠ ɸʤʫʜʘʨʴʷ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʚ ʛʦʨʥʦʡ ʤʝʩʪʥʦʩʪʠ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʆʩʥʦʚʥʦʡ ʩʪʦʢ ʉʳʨʜʘʨʴʠ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʳʨʛʳʟʩʪʘʥʘ, ʘ 

ɸʤʫʜʘʨʴʠ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʘʜʞʠʢʠʩʪʘʥʘ ʚ ʛʦʨʥʦʡ ʯʘʩʪʠ ʇʘʤʠʨʩʢʦʛʦ ʪʨʘʢʪʘ. 

ʇʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɸ.ʀ. ɺʦʝʡʢʦʚʘ [3,ʩ.21] ʠ ɺ.ʃ. ʐʫʣʴʮʘ [22,ʩ.17], ʨʝʢʘ ɸʤʫʜʘʨʴ ̫

ʦʪʥʦʩʠʪʩʷ ʢ ʜʦʣʠʥʥʦ-ʚʳʩʦʢʦʛʦʨʥʦʡ ʟʦʥʝ ʠ ʠʤʝʝʪ ʩʤʝʰʘʥʥʦʝ ʧʠʪʘʥʠʝ ʦʪ ʩʝʟʦʥʥʳʭ ʦʩʘʜʢʦʚ ʜʦ 

ʩʥʝʞʥʦ-ʣʝʜʥʠʢʦʚʦʛʦ ʧʠʪʘʥʠ.̫ ɼʣʷ ʠʟʫʯʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʯʥʦʛʦ 

ʩʪʦʢʘ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, 

ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ, ʨʝʞʠʤʘ ʨʝʯʥʦʛʦ ʥʘʥʦʩʘ, ʪʝʧʣʦʚʦʛʦ ʠ ʣʝʜʦʚʦʛʦ ʨʝʞʠʤʘ, ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʪ.ʜ. ɺ ʘʩʧʝʢʪʝ ʩ ʛʣʦʙʘʣʴʥʳʤ ʧʦʪʝʧʣʝʥʠʝʤ ʤʝʥʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʠ ʮʠʢʣʠʯʥʦʩʪʴ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʦʛʣʘʩʥʦ [13,ʩ.11], ʙʘʩʩʝʡʥ ʨʝʢʠ ʇʷʥʜʞ ʨʘʩʧʦʣʦʞʝʥ ʚ ʩʘʤʦʡ 

ʚʳʩʦʢʦʛʦʨʥʦʡ ʯʘʩʪʠ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʠ ʝʸ ʧʨʠʪʦʢʠ, ʚʢʣʶʯʘʶʱʠʝ 

ʩʫʙʙʘʩʩʝʡʥʳ ʨʨ. ɻʫʥʪ, ɹʘʨʪʘʥʛ, ʗʟʛʫʣʷʤ, ɺʘʥʯ, ʉʫʨʭʦʙ (ʖʞʥʳʡ) ʠ ʤʥʦʞʝʩʪʚʦ ʤʘʣʳʭ ʨʝʢ, 

ʟʘʥʠʤʘʶʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʇʘʤʠʨʘ ʠ ʶʞʥʦʡ ʯʘʩʪʠ ʊʘʜʞʠʢʠʩʪʘʥʘ.  

ʊʘʜʞʠʢʩʢʠʡ ʩʝʛʤʝʥʪ ʙʘʩʩʝʡʥʘ ʨ. ʇʷʥʜʞ ʦʭʚʘʪʳʚʘʝʪ ʧʦʯʪʠ ʚʩʶ ʝʛʦ ʪʝʨʨʠʪʦʨʠʶ (95%), ʩ 

ʚʦʜʦʩʙʦʨʦʤ ʥʘ ʚʳʩʦʪʘʭ ʩʚʳʰʝ 6000 ʤ [1,ʩ.92; 6,ʩ.95; 15,ʩ.38; 18,ʩ.75]. ʅʘ ʶʛʝ ʚʦʜʦʨʘʟʜʝʣʦʤ 

ʩʣʫʞʠʪ ɺʘʭʘʥʩʢʠʡ ʭʨʝʙʝʪ, ʜʦʩʪʠʛʘʶʱʠʡ 5000-7000 ʤ, ʩ ʦʙʰʠʨʥʳʤʠ ʧʦʣʷʤʠ ʚʝʯʥʳʭ ʩʥʝʛʦʚ ʠ 

ʤʥʦʞʝʩʪʚʦʤ ʢʨʫʧʥʳʭ ʣʝʜʥʠʢʦʚ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ. ʉʦʪʥʠ ʣʝʜʥʠʢʦʚ ʧʠʪʘʶʪ ʇʷʥʜʞ ʠ ʝʛʦ 

ʦʩʥʦʚʥʳʝ ʧʨʠʪʦʢʠ, ʦʧʨʝʜʝʣʷʷ ʠʭ ʣʝʜʥʠʢʦʚʦ-ʩʥʝʛʦʚʦʡ ʨʝʞʠʤ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʙʘʩʩʝʡʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʫʚʣʘʞʥʝʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʥʠʞʝʥʥʦʡ 

ʫʜʝʣʴʥʦʡ ʚʦʜʦʥʦʩʥʦʩʪʴʶ ʠʟ-ʟʘ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ, ʚʳʧʘʜʘʶʱʠʭ ʥʘ ʥʝʢʦʪʦʨʳʭ 

ʪʝʨʨʠʪʦʨʠʷʭ ɺʦʩʪʦʯʥʦʛʦ ʇʘʤʠʨʘ [13,ʩ.19; 15,ʩ.39]. 

ɻʣʘʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʥʦʛʦʣʝʪʥʝʡ ʜʠʥʘʤʠʢʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʠ ʢʣʠʤʘʪʘ ʚ ʜʘʥʥʦʤ 

ʨʝʛʠʦʥʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʣʠʷʥʠʝʤ ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʶʛʦ- ʟʘʧʘʜʥʦʛʦ ʠ ʟʘʧʘʜʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʫʩʩʦʥʦʚ, ʧʨʦʥʠʢʘʶʱʠʭ ʩʦ ʩʪʦʨʦʥʳ ɻʠʥʜʫʢʫʰʩʢʦʡ ʛʦʨʥʦʡ ʩʠʩʪʝʤʳ. 

ʂʨʦʤʝ ʟʦʥʘʣʴʥʳʭ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʢʣʠʤʘʪʦʦʙʨʘʟʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʣʠʤʘʪ ʪʘʜʞʠʢʩʢʦʛʦ 

ʩʝʛʤʝʥʪʘ ʙʘʩʩʝʡʥʘ ʨ. ʇʷʥʜʞ ʥʘʭʦʜʠʪʩʷ ʚ ʩʫʱʝʩʪʚʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʦʥʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ï 

ʚʳʨʘʞʝʥʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʨʝʣʴʝʬʘ [5,ʩ.44; 18,ʩ.76].  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣ̫ʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʥʦʛʦʣʝʪʥʝʡ 

ʜʠʥʘʤʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʘʜʢʦʚ ʥʘ ʧʝʨʠʦʜ 1950-2024 ʛʛ., ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʠ ʭʘʨʘʢʪʝʨʘ 

ʚʣʠʷʥʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʦʦʙʨʘʟʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʟʦʥʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʙʘʩʩʝʡʥʘ ʨ. ʇʷʥʜʞ. ɸʚʪʦʨʳ ʩʪʘʪʴʠ ʩʪʘʚʷʪ ʧʝʨʝʜ ʩʦʙʦʡ ʮʝʣʴ 

ʦʮʝʥʠʪʴ, ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʚʦʜʥʳʡ ʨʝʞʠʤ ʨʝʢ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʇʷʥʜʞ. 

ʌʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ʂʣʠʤʘʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʇʷʥʜʞ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʦʩʘʜʢʘʭ, ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʇʷʥʜʞ ʚʳʜʝʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʟʦʥ: 

ʇʝʨʚʘʷ ʟʦʥʘ ï ʚʳʩʦʢʦʛʦʨʥʦʝ ʧʣʘʪʦ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʦʩʘʜʢʦʚ ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʛʜʝ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʤʝʩʷʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 12 ʜʦ 16 ʤʤ. ʕʪʘ ʟʦʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ 

ʟʘʩʫʰʣʠʚʦʩʪʴʶ, ʚʢʣʶʯʘʝʪ ʤʝʪʝʦʩʪʘʥʮʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʚʳʩʦʪʝ ʙʦʣʝʝ 3000 ʤʝʪʨʦʚ ʥʘ 

ɺʦʩʪʦʯʥʦʤ ʇʘʤʠʨʝ. ʆʥʠ ʚ ʦʩʥʦʚʥʦʤ ʧʠʪʘʶʪ ʨ. ɹʘʨʪʘʥʛ ʩ ʝʝ ʧʨʠʪʦʢʘʤʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʘʥʥʳʭ 
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ʤʝʪʝʦʩʪʘʥʮʠʠ ʍʦʚʘʨʢʫʣʴ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʙʘʩʩʝʡʥʫ ʦʜʥʦʠʤʝʥʥʦʛʦ ʦʟʝʨʘ, ʥʦ ʦʪʨʘʞʘʶʱʝʡ ʦʙʱʫʶ 

ʢʘʨʪʠʥʫ ʦʩʘʜʢʦʚ ʚ ʛʦʨʥʦʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ ʨ. ɹʘʨʪʘʥʛ [16,ʩ.141].  
 

ʈʠʩʫʥʦʢ 1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʇʷʥʜʞ, ʧʦ 

ʜʘʥʥʳʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

Figure 1. Location of hydrometeorological stations in the Panj River basin, according to 

currently used data 

 
 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ [1,ʩ.95; 4,ʩ.86; 7,ʩ.79; 13,ʩ.121], ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʙʘʩʩʝʡʥʘ, ʢʦʪʦʨʳʡ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʤʥʦʛʦʣʝʪʥʠʤ ʥʘʙʣʶʜʝʥʠʷʤ ʙʣʠʟʣʝʞʘʱʠʭ ʤʝʪʝʦʩʪʘʥʮʠʡ 

(ʊʘʭʪʘʤʳʰ, ʍʦʚʘʨʢʫʣʴ, ʄʫʨʛʘʙ, ʐʘʡʤʘʢ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʣʝʙʘʥʠʷʤʠ ʦʪ -18Áʉ ʟʠʤʦʡ ʜʦ 

+13Áʉ ʣʝʪʦʤ, ʩ ʛʦʜʦʚʦʡ ʘʤʧʣʠʪʫʜʦʡ ʚ 31Áʉ, ʯʪʦ ʦʪʥʦʩʠʪ ʤʝʩʪʥʦʩʪʴ ʢ ʩʫʨʦʚʦ-ʭʦʣʦʜʥʦʡ ʟʦʥʝ. 

ɸʙʩʦʣʶʪʥʳʡ ʤʠʥʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨʳ ʟʠʤʦʡ ʩʦʩʪʘʚʣʷʝʪ ʦʪ -42.4Áʉ ʜʦ -54.2Áʉ, ʣʝʪʦʤ - ʦʪ -4.7Áʉ 

ʜʦ -7.9Áʉ. ɸʙʩʦʣʶʪʥʳʡ ʤʘʢʩʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨʳ ʟʠʤʦʡ ʢʦʣʝʙʣʝʪʩʷ ʦʪ -1.3Áʉ ʜʦ +3.0Áʉ, ʘ ʣʝʪʦʤ - 

ʦʪ +23.5Áʉ ʜʦ +29.8Áʉ. 

ɺʪʦʨʘʷ ʟʦʥʘ ï ʵʪʦ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʇʘʤʠʨʩʢʦʛʦ ʪʨʘʢʪʘ, ʛʜʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʩʘʜʢʦʚ ʚʳʧʘʜʘʝʪ ʚ ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ ʛʦʜʘ, ʩ ʧʠʢʦʤ ʚ ʤʘʨʪʝ-ʘʧʨʝʣʝ  

(16-33 ʤʤ). ʄʝʪʝʦʩʪʘʥʮʠʠ ʚ ʵʪʦʡ ʤʝʩʪʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʚʳʩʦʪʝ ʦʪ 2500 ʜʦ 3500 ʤ. ʊʚʸʨʜʳʝ 

ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʠ ʪʘʷʥʠʝ ʣʝʜʥʠʢʦʚ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʛʦʜʘ ʧʠʪʘʶʪ ʛʣʘʚʥʳʝ 

ʧʨʠʪʦʢʠ ʨʝʢʠ ʇʷʥʜʞ (ʨʨ. ɻʫʥʪ, ʐʦʭʜʘʨʘ, ɹʘʨʪʘʥʛ ʠ ʜʨʫʛʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ 

ʧʨʠʪʦʢʠ [1,ʩ.98; 4,ʩ.87; 7,ʩ.80; 14,ʩ.27; 16,ʩ.142; 17,ʩ.87]. 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʪʘʜʞʠʢʩʢʦʛʦ ʩʝʛʤʝʥʪʘ ʙʘʩʩʝʡʥʘ ʨ. ʇʷʥʜʞ 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ -24,6Áʉ ʟʠʤʦʡ ʜʦ +20Áʉ ʣʝʪʦʤ, ʘ ʛʦʜʦʚʘʷ ʘʤʧʣʠʪʫʜʘ ʩʦʩʪʘʚʣʷʝʪ 44,6Áʉ. ʇʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʜʘʥʥʘ ̫ʤʝʩʪʥʦʩʪʴ ʦʪʥʦʩʠʪʩʷ ʢ ʭʦʣʦʜʥʦʡ ʟʦʥʝ ʩ ʤʷʛʢʠʤ ʣʝʪʦʤ. 

ʇʦ ʜʘʥʥʳʤ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʘʙʩʦʣʶʪʥʦ ʤʠʥʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʟʠʤʦʡ ʤʦʞʝʪ ʦʧʫʩʢʘʪɹʩʷ ʦʪ ï 23,6Áʉ ʜʦ -55,6Áʉ, ʘ ʣʝʪʦʤ ʦʪ +6,6Áʉ ʜʦ -4,8Áʉ., ʘʙʩʦʣʶʪʥʦ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʠʤʦʡ ʧʦʚʳʰʘʝʪʩʷ ʦʪ -4,8Áʉ ʜʦ +6,6Áʉ, ʘ ʣʝʪʦʤ ʦʪ +26,5Áʉ ʜʦ 

36,0Áʉ.  

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʫʤʤʘ ʦʩʘʜʢʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʚʦʩʪʦʯʥʦʡ ʠ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʚʝʨʭʦʚʴʝʚ ʙʘʩʩʝʡʥʘ ʨ. ʇʷʥʜʞ (ʪʘʜʞʠʢʩʢʠʡ ʩʝʛʤʝʥʪ) ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ 

ʦʨʦʛʨʘʬʠʠ ʠ ʧʨʦʥʠʢʥʦʚʝʥʠ ̫ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʩ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʩʦ ʩʪʦʨʦʥʳ ʂʘʩʧʠʡʩʢʦʛʦ 

ʤʦʨ̫, ʘ ʪʘʢʞʝ ʶʞʥʳʭ ʤʫʩʩʦʥʦʚ ʩʦ ʩʪʦʨʦʥʳ ɻʠʥʜʠʢʫʰʩʢʦʡ ʛʦʨʥʦʡ ʩʠʩʪʝʤʳ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʘ 

ʪʝʨʨʠʪʦʨʠʶ ʚʦʩʪʦʯʥʦʛʦ ʇʘʤʠʨʘ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚʣʘʛʦʥʝʩʫʰʘʷ ʤʘʩʩʘ ʧʦʯʪʠ ʥʝ ʧʨʦʥʠʢʘʝʪ, ʘ 

ʚʝʩʥʦʡ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʚʥʫʪʨʠʤʘʩʩʦʚʳʭ ʧʦʪʦʢʦʚ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʚʦʟʨʘʩʪʘʝʪ [18,ʩ.78].  
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ɺ ʪʨʝʪʴʝʡ ʟʦʥʝ ʙʘʩʩʝʡʥʘ, ʦʭʚʘʪʳʚʘʶʱʝʡ ʦʪʨʦʛʠ ɿʘʧʘʜʥʦʛʦ ʇʘʤʠʨʘ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʫʤʤʘ 

ʤʝʩʷʯʥʳʭ ʦʩʘʜʢʦʚ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 38 ʜʦ 103 ʤʤ. ɺʳʩʦʪʘ ʤʝʪʝʦʩʪʘʥʮʠʡ ʟʜʝʩʴ ʩʦʩʪʘʚʣʷʝʪ 1000-

2500 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ [13,ʩ.119]. ʆʩʘʜʢʠ, ʬʠʢʩʠʨʫʝʤʳʝ ʵʪʠʤʠ ʩʪʘʥʮʠʷʤʠ, ʧʠʪʘʶʪ ʨʝʢʫ 

ʇʷʥʜʞ ʠ ʝʸ ʢʨʫʧʥʳʝ ʧʨʠʪʦʢʠ (ʨʨ. ɺʘʥʯ, ʗʟʛʫʣʷʤ, ɻʫʥʪ, ɹʘʨʪʘʥʛ) ʠ ʜʨʫʛʠʝ ʤʘʣʳʝ ʧʨʠʪʦʢʠ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʦʩʘʜʢʦʚ ʚʳʧʘʜʘʝʪ ʥʘ ʥʘʚʝʪʨʝʥʥʳʭ ʩʢʣʦʥʘʭ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʪʘʜʞʠʢʩʢʦʛʦ ʩʝʛʤʝʥʪʘ ʙʘʩʩʝʡʥʘ ʨ. ʇʷʥʜʞ ʢʦʣʝʙʣʝʪʩʷ ʦʪ -10,8Áʉ ʟʠʤʦʡ ʜʦ +26,0Áʉ ʣʝʪʦʤ, ʩ 

ʛʦʜʦʚʦʡ ʘʤʧʣʠʪʫʜʦʡ 36,8Áʉ. ʇʦʵʪʦʤʫ ʜʘʥʥʘʷ ʤʝʩʪʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʷʛʢʦ-ʭʦʣʦʜʥʳʤ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ, ʛʜʝ ʘʙʩʦʣʶʪʥʳʡ ʤʠʥʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨʳ ʟʠʤʦʡ ʢʦʣʝʙʣʝʪʩʷ ʦʪ -16,4Áʉ 

ʜʦ -27,1Áʉ, ʘ ʣʝʪʦʤ ʦʪ +4,6Áʉ ʜʦ +10,3Áʉ. ɸ ʪʘʢʞʝ ʘʙʩʦʣʶʪʥʳʡ ʤʘʢʩʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʜʦʩʪʠʛʘʝʪ +4,6Áʉ +11,7Áʉ ʟʠʤʦʡ ʠ +33,5Áʉ +42,2Áʉ ʣʝʪʦʤ. 

ʏʝʪʚʝʨʪʘʷ ʟʦʥʘ ï ʵʪʦ ʜʦʣʠʥʥʘʷ ʯʘʩʪʴ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʇʷʥʜʞ ʠ ʝʛʦ ʦʩʘʜʢʠ ʧʠʪʘʶʪ ʧʨʠʪʦʢʠ 

ʨʨ. ʉʫʨʭʦʙ, ʊʦʭʠʨʦʙ, ʗʭʦʙ [11,ʩ.100]. ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʜʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ 

ʚʳʧʘʜʝʪ ʚ ʦʩʥʦʚʥʦʤ ʚ ʤʘʨʪʝ ʤʝʩʷʮʝ, ʤʝʩʷʯʥʘʷ ʩʫʤʤʘ ʦʩʘʜʢʦʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 126 ʜʦ 185 ʤʤ. ɸ 

ʚʳʩʦʪʥʦʩʪʴ ʤʝʪʝʦʩʪʘʥʮʠʡ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 500 ʜʦ 1500 ʤʝʪʨʦʚ, ʘ ʤʝʩʪʥʦʩʪʠ ʜʦ 2000 ʤʝʪʨʦʚ ʥʘʜ 

ʫʨʦʚʥʝʤ ʤʦʨ.̫  

ɺ ʜʦʣʠʥʝ ʨ. ʇʷʥʜʞ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʧʨʝʦʙʣʘʜʘʝʪ 

ʪʝʧʣʳʡ ʢʣʠʤʘʪ, ʛʜʝ ʟʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ -1,5Áʉ ʜʦ +1,9Áʉ, ʣʝʪʦʤ ï ʦʪ 24,2Áʉ ʜʦ 

29,1Áʉ. ʉʦʛʣʘʩʥʦ ʤʥʦʛʦʣʝʪʥʠʤ ʤʝʪʝʦʜʘʥʥʳʤ, ʘʙʩʦʣʶʪʥʳʡ ʤʠʥʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨʳ ʟʠʤʦʡ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ -27Áʉ ï -22,5Áʉ, ʘ ʣʝʪʦʤ ï 8,1Áʉ ï 15,1Áʉ. ɺ ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ, ʧʨʠ ʶʞʥʳʭ ʚʪʦʨʞʝʥʠʷʭ, 

ʘʙʩʦʣʶʪʥʳʡ ʤʘʢʩʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨʳ ʟʠʤʦʡ ʤʦʞʝʪ ʧʦʚʳʰʘʪʴʩʷ ʜʦ 18,3Áʉ ï 23,9Áʉ, ʘ ʣʝʪʦʤ ï ʜʦ 

38,0Áʉ ï 45.6Áʉ.  

ʇʷʪʘʷ ʟʦʥʘ ʦʭʚʘʪʳʚʘʝʪ ʶʞʥʫ  ʁ ʯʘʩʪ ɹ ʊʘʜʞʠʢʠʩʪʘʥʘ ʚʜʦʣʴ ʨʝʢʠ ʇʷʥʜʞ, ʚʢʣʶʯʘʷ 

ʤʝʪʝʦʩʪʘʥʮʠʠ ʍʘʤʘʜʦʥʠ, ʌʘʨʭʦʨ, ʇʷʥʜʞ ʠ ʅʠʞʥʠʡ ʇʷʥʜʞ [13,ʩ.127]. ʀ ʟʜʝʩʴ ʤʘʢʩʠʤʫʤ 

ʦʩʘʜʢʦʚ ʚʳʧʘʜʘʝʪ ʚ ʤʘʨʪʝ (44-110 ʤʤ), ʘ ʚʳʩʦʪʘ ʤʝʩʪʥʦʩʪʠ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 300 ʜʦ 1000 ʤʝʪʨʦʚ. 

ɼʣʷ ʜʦʣʠʥʳ ʚʜʦʣʴ ʨ. ʇʷʥʜʞ ʭʘʨʘʢʪʝʨʥʳ ʪʝʧʣʳʝ ʟʠʤʳ ʠ ʞʘʨʢʦʝ ʣʝʪʦ. ɿʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʙʳʯʥʦ ʥʝ ʦʧʫʩʢʘʝʪʩʷ ʥʠʞʝ 2,3Áʉ, ʣʝʪʦʤ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 28,2Áʉ ʜʦ 31,2Áʉ. ʆʜʥʘʢʦ, ʧʦ 

ʤʥʦʛʦʣʝʪʥʠʤ ʤʝʪʝʦʥʘʙʣʶʜʝʥʠʷʤ, ʧʨʠ ʚʪʦʨʞʝʥʠʠ ʩʝʚʝʨʥʳʭ ʮʠʢʣʦʥʦʚ ʟʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝʪ 

ʧʘʜʘʪʴ ʜʦ -27,6Áʉé-22,5Áʉ, ʘ ʣʝʪʦʤ ï ʜʦ 12,3Áʉé14,0Áʉ. ʇʨʠ ʶʞʥʳʭ ʚʪʦʨʞʝʥʠʷʭ ʪʝʧʣʳʭ 

ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʘʙʩʦʣʶʪʥʳʝ ʤʘʢʩʠʤʫʤʳ ʪʝʤʧʝʨʘʪʫʨʳ ʟʠʤʦʡ ʜʦʩʪʠʛʘʶʪ 20,7Áʉé24,2Áʉ, ʘ 

ʣʝʪʦʤ ï 45,0Áʉé47,4Áʉ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʫʤʤʘ ʦʩʘʜʢʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʮʝʥʪʨʘʣʴʥʦʡ ʠ 

ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʚʝʨʭʦʚʴʝʚ ʙʘʩʩʝʡʥʘ ʨ. ʇʷʥʜʞ (ʪʘʜʞʠʢʩʢʠʡ ʩʝʛʤʝʥʪ), ʘ ʪʘʢʞʝ ʜʦʣʠʥʥʘʷ ʯʘʩʪʴ 

ʙʘʩʩʝʡʥʘ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʠ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʘʢʩʠʤʫʤ ʦʩʘʜʢʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ, ʘ 

ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʦʨʦʛʨʘʬʠʠ ʠ ʧʨʦʥʠʢʥʦʚʝʥʠ ̫ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʛʦʜʦʚʦʛʦ ʭʦʜʘ ʪʝʤʧʝʨʘʪʫʨʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʸ ʭʦʜʘ ʠʜʝʥʪʠʯʥʘ ʧʦ ʚʩʝʤʫ ʙʘʩʩʝʡʥʫ, ʥʦ ʧʦ 

ʚʳʩʦʪʝ ʦʥʘ ʦʧʫʩʢʘʝʪʩʷ ʦʪ 0,5 ʜʦ 0.6Áʉ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʠʟʦʰʝʜʰʠʭ ʠʟʤʝʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʜʘʥʥʳʝ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʘʥʥʳʭ ʤʝʪʝʦʩʪʘʥʮʠʡ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʨʝʛʠʦʥʝ. ɼʘʥʥʳʡ ʙʘʩʩʝʡʥ ʚʳʙʨʘʥ, ʧʦʩʢʦʣʴʢʫ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʚ ʥʝʤ ʟʘ 

1950-2024 ʛʛ. ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘʤʠ ʚ ʨʘʙʦʪʘʭ [19,ʩ.75]. ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʪʨʝʥʜʦʚʳʡ ʤʝʪʦʜ ʜʣʷ ʦʪʨʘʞʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʤʝʥʝʥʠʷ ʨʷʜʘ ʟʘ ʥʝʢʦʪʦʨʳʡ ʧʨʦʤʝʞʫʪʦʢ 

ʚʨʝʤʝʥʠ ʠ ʵʪʠ ʜʘʥʥʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʝ ʜʦʧʫʩʢʘʶʪ ʦʪ ʩʣʫʯʘʡʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʀʟʤʝʥʝʥʠʝ 

ʫʨʘʚʥʝʥʠʷ ʪʨʝʥʜʘ ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ ʧʦ ʚʳʙʦʨʫ ʚʠʜʘ ʫʨʘʚʥʝʥʠʷ, ʚ ʤʝʪʦʜʘʭ ʧʦʩʪʨʦʝʥʠʷ, ʚ ʦʮʝʥʢʝ 

ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʜʝ ʠ ʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ. 

ʃʠʥʝʡʥʳʡ ʪʨʝʥʜ y=ax+b ï ʧʦʜʭʦʜʠʪ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʪʝʥʜʝʥʮʠʠ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦʤʝʨʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʫʨʦʚʥʝʡ: ʨʘʚʥʳʭ ʚ ʩʨʝʜʥʝʤ ʘʙʩʦʣʶʪʥʳʭ ʧʨʠʨʦʩʪʦʚ ʠʣʠ ʘʙʩʦʣʶʪʥʳʭ ʩʦʢʨʘʱʝʥʠʡ 

ʫʨʦʚʥʝʡ ʟʘ ʨʘʚʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʣʠʥʝʡʥʦʛʦ ʪʨʝʥʜʘ (ʧʨʷʤʘʷ ʣʠʥʠʷ), ʧʦʣʠʥʦʤ ʩʦʟʜʘʝʪ ʠʟʦʛʥʫʪʫʶ ʣʠʥʠʶ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʚʦʟʨʘʩʪʘʥʠʝ, ʫʙʳʚʘʥʠʝ ʠ ʩʥʦʚʘ ʚʦʟʨʘʩʪʘʥʠʝ. 

ʇʦʣʠʥʦʤʠʘʣʴʥʳʡ ʪʨʝʥʜ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ y=ax
2
+bx+c ï ʦʧʠʩʳʚʘʝʪ ʩʣʦʞʥʳʝ, ʥʝʣʠʥʝʡʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʚ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʷ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʧʦʣʠʥʦʤʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʠʟʛʠʙʘʪʴʩʷ, ʯʪʦʙʳ ʣʫʯʰʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʜʘʥʥʳʤ. 



21 

 

ʀʟʤʝʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʦʮʝʥʠʚʘʣʠʩʴ ʣʠʥʝʡʥʳʤʠ ʠ ʥʝʣʠʥʝʡʥʳʤʠ 

ʧʨʠʙʣʠʞʝʥʠʷʤʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ʅʝʙʦʣʴʰʠʝ ʚʘʨʠʘʮʠʠ ʧʝʨʠʦʜʦʚ, ʟʘ 

ʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʨʠʙʣʠʞʝʥʠʷ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʮʝʥʢʠ ʪʨʝʥʜʦʚ ʦʢʘʟʘʣʠʩʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʢʨʘʝʚʳʤ ʟʥʘʯʝʥʠʷʤ, ʥʘ ʢʦʪʦʨʳʝ ʚʣʠʷʝʪ ʤʝʞʛʦʜʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ. ʇʦʵʪʦʤʫ ʙʳʣʦ ʨʝʰʝʥʦ 

ʦʮʝʥʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʇʊɺ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʝʛʠʦʥʘ ʩ ʧʦʤʦʱʴʶ ʨʘʟʥʦʩʪʝʡ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʟʘ 30-

ʣʝʪʥʠʝ ʧʝʨʠʦʜʳ. ʀʟ-ʟʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʧʝʨʠʦʜʘ ʫʩʨʝʜʥʝʥʠʷ ʵʪʦʪ ʤʝʪʦʜ ʤʝʥʝʝ 

ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʤʝʞʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 

[20,ʩ.336]. 

ɼʣ̫ ʚʳʷʚʣʝʥʠʷ ʢʦʨʨʝʣʷʮʠʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʇʠʨʩʦʥʘ. ʂʦʨʨʝʣʷʮʠʷ ʇʠʨʩʦʥʘ 

ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ ʧʫʥʢʪʘʤʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥʘʤ ʚ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʩʝʪʷʭ ʠ ʦʨʦʛʨʘʬʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ɼʘʥʥʳʝ ʦ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚʦʟʜʫʭʘ ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʘʭ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʇʠʨʩʦʥʘ ʚ MS Excel, ʘ ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʘ Pydroid 3. 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ ʦʧʠʩʳʚʘʝʪ ʩʪʘʪʠʩʪʠʢʫ, ʢʦʪʦʨʘʷ ʩʫʤʤʠʨʫʝʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʳʭ. ʇʦ ʩʫʪʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ ʦʙʲʷʩʥʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʠ 

ʩʠʣʫ ʣʠʥʝʡʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʜʚʫʤʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ [23]. 

ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ: 

ὶ
ὲВὼώ Вὼ Вώ

ὲВὼ Вὼ ὲВώ Вώ

 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʝʛʦ 

ʚʳʭʦʜʥʳʝ ʚʝʣʠʯʠʥʳ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. ɺʝʣʠʯʠʥʘ ʠ ʩʠʣʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ 

Table 1. Magnitude and strength of the Pearson correlation coefficient 
ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ (r) ʉʠʣʘ ʅʘʧʨʘʚʣʝʥʠʝ 

ɹʦʣʝʝ >0,5 ʉʠʣʴʥʘʷ ʇʦʣʦʞʠʪʝʣʴʥʘʷ 

ʆʪ Ó0,3 ʜʦ Ò0,5 ʋʤʝʨʝʥʥʘʷ ʇʦʣʦʞʠʪʝʣʴʥʘʷ 

ʆʪ Ó0 ʜʦ Ò0,3 ʉʣʘʙʘʷ ʇʦʣʦʞʠʪʝʣʴʥʘʷ 

0 ʅʝʪ ʅʝʪ 

ʆʪ Ó0 ʜʦ -0,3 ʉʣʘʙʘʷ ʆʪʨʠʮʘʪʝʣʴʥʘʷ 

ʆʪ Ó-0,3 ʜʦ Ò-0,5 ʋʤʝʨʝʥʥʘʷ ʆʪʨʠʮʘʪʝʣʴʥʘʷ 

ʅʠʞʝ <-0,5 ʉʠʣʴʥʘʷ ʆʪʨʠʮʘʪʝʣʴʥʘʷ 

 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ. ɼʣʷ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʷ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʠ 

ʚʳʙʨʘʥ rʜʘʥʥʳʝ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʫʤʤʳ ʛʦʜʦʚʳʭ ʦʩʘʜʢʦʚ ʟʘ ʧʝʨʠʦʜ ʩ 1950 ʧʦ 2024 

ʛʛ. ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʯʘʩʪʠʯʥʦ ʧʦʣʫʯʝʥʘ ʩ ʩʘʡʪʘ 

http://www.pogodaiklimat.ru ʠ ɽʞʝʤʝʩʷʯʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [21]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʨʘʡʦʥʦʚ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʇʷʥʜʞ, ʤʦʞʥʦ 

ʩʢʘʟʘʪʴ, ʯʪʦ ʧʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʣʝʙʘʥʠʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠ 

ʦʪʤʝʯʘʝʪʩʷ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʜʦʣʠʥʝ ʵʪʦʪ ʨʦʩʪ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2,1Áʉ ʜʦ 2,8Áʉ, ʘ ʚ ʚʳʩʦʢʦʛʦʨʴʝ 

ʥʘ ʚʳʩʦʪʝ ʩʚʳʰʝ 3500 ʤ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʝʪ 1,45Áʉ. ʅʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʦʪʤʝʯʘʝʪʩʷ 

ʚ ʨʘʡʦʥʝ ʈʫʰʘʥʘ ʥʘ 0,95Áʉ. ɺ ʩʨʝʜʥʝʤ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʚʩʝʤʫ ʙʘʩʩʝʡʥʫ ʩʦʩʪʘʚʣʷʝʪ 1,62Áʉ. 

ʇʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʙʘʩʩʝʡʥʘ ʧʦ ʣʠʥʝʡʥʦʤʫ ʪʨʝʥʜʫ ʚ ʦʩʥʦʚʥʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʜʫʭʘ ʦʪ 0,95Áʉ ʜʦ 2,81Áʉ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠ ̫ʧʦ ʚʳʩʦʪʘʤ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.  

ɿʘ ʵʪʦʪ ʧʝʨʠʦʜ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʦʪ 9 ʜʦ 17%, ʘ ʠʭ ʨʦʩʪ 

ʦʪʤʝʯʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʫʰʘʥʘ ʥʘ 14% ʠ ʀʰʢʘʰʠʤʘ ʥʘ 16%. ɺ ʩʨʝʜʥʝʤ ʧʦ ʚʩʝʤʫ 

ʙʘʩʩʝʡʥʫ ʩʫʤʤʘ ʛʦʜʦʚʳʭ ʦʩʘʜʢʦʚ ʦʧʫʩʢʘʝʪʩʷ ʥʘ 6%. ʇʦ ʚʩʝʤ ʚʳʩʦʪʘʤ ʙʘʩʩʝʡʥʘ ʦʪʤʝʯʘʝʪʩʷ 

ʩʦʢʨʘʱʝʥʠʝ ʩʫʤʤʳ ʦʩʘʜʢʦʚ (ʪʘʙʣ. 2). 
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ʊʘʙʣʠʮʘ 2. ʀʟʤʝʥʝʥʠʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʇʷʥʜʞ ʟʘ ʧʝʨʠʦʜ ʩ 1950-

2024 ʛʛ. ʧʦ ʚʳʩʦʪʘʤ 

Table 2. Changes in meteorological parameters of the Panj River basin for the period from 1950 

to 2024 by altitude 

ɻʨʘʜʘʮʠʷ ʚʳʩʦʪʳ 

ʤʝʩʪʥʦʩʪʠ 
ʄʝʪʝʦʩʪʘʥʮʠʷ ɺʳʩʦʪʘ, ʤ 

ʊʨʝʥʜ 

ʪʝʤʧʝʨʘʪʫʨʳ 

ʊʨʝʥʜ 

ʦʩʘʜʢʦʚ, % 

ʜʦ 500 ʤ ʇʷʥʜʞ 361 2,14 -9 

ʩ 500 ʜʦ 1000 ʤ ɼʘʥʛʘʨʘ 660  2,81 -17 

ʩ 1000 ʤ ʜʦ 1500 ʂʘʣʘʡʭʫʤʙ 1288 1,26 -15 

ʩ 1500 ʤ ʜʦ 2000 ʤ ʈʫʰʘʥ 1981 0,95 14 

ʩ 2500 ʤ ʜʦ 3000 ʤ ʍʦʨʦʛ 2075 1,31 -11 

ʩ 2500 ʤ ʜʦ 3000 ʤ ʀʰʢʦʰʠʤ 2524 1,59 16 

ʩ 3000 ʤ ʜʦ 3500 ʤ ʀʨʭʪʝ 3276 1,41 -14 

ʩ 3500 ʤ ʜʦ 4000 ʤ ʄʫʨʛʦʙ 3576 1,45 -11 

ʉʨʝʜʥʠʡ   1968 1,62 -5,8 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʥʦʛʦʣʝʪʥʷʷ ʜʠʥʘʤʠʢʘ ʩʨʝʜʥʠʭ ʟʘ ʛʦʜ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʜʫʭʘ ʥʘ ʩʪʘʥʮʠʷʭ ʚ ʨʝʛʠʦʥʝ ʙʘʩʩʝʡʥʘ, ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʠʥʦʤʠʘʣʴʥʳʝ ʪʨʝʥʜʳ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʥʘʛʣʷʜʥʦ ʦʮʝʥʠʪʴ ʦʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʯʠʚʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

 

ʈʠʩʫʥʦʢ 2. ʄʦʥʠʪʦʨʠʥʛ ʤʥʦʛʦʣʝʪʥʝʡ ʜʠʥʘʤʠʢʠ ʩʨʝʜʥʝʡ ʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘ 

ʩʪʘʥʮʠʷʭ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʇʷʥʜʞ ʟʘ ʧʝʨʠʦʜ 1950-2024 ʛʛ.  

Figure 2. Monitoring the long-term dynamics of the average annual air temperature at 

stations in the Panj River basin for the period 1950-2024 
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ʂʘʢ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 2 ʜʘʥʥʳʭ ʤʥʦʛʦʣʝʪʥʝʡ ʜʠʥʘʤʠʢʠ ʩʨʝʜʥʝʛʦʜʦʚʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʘʜʞʠʢʩʢʦʤ ʩʝʛʤʝʥʪʝ ʙʘʩʩʝʡʥʘ ʨ. ʇʷʥʜʞ ʚʠʜʥʦ, ʯʪʦ ʨʘʟʤʘʭ ʚʝʣʠʯʠʥʳ ʢʦʣʝʙʣʝʪʩʷ 

ʦʪ 2,6Áʉ ʚ ʈʫʰʘʥʝ ʜʦ 4,2Áʉ ɼʘʨʚʦʟʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʄʫʨʛʘʙʘ, ʛʜʝ ʨʘʟʤʘʭ ʚʝʣʠʯʠʥʳ ʩʦʩʪʘʚʣʷʝʪ 

7,4Áʉ.  

ʇʦ ʧʦʣʠʥʦʤʠʥʘʣʴʥʦʤʫ ʪʨʝʥʜʫ ʦʪʤʝʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩ 1990 ʛʦʜʦʚ 

ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠ ̫ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʤʝʪʝʦʩʪʘʥʮʠʠ ʄʫʨʛʘʙ ʠ ʈʫʰʦʥ ʚ ʜʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʦʪʤʝʯʘʝʪʩʷ ʚ ʥʘʯʘʣʝ XXI-ʛʦ ʩʪʦʣʝʪʠ ̫(ʩ 2000 ʛʛ.).  

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʘʢ ʪʝʥʜʝʥʮʠʷ ʧʦʣʠʥʦʤʠʥʘʣʴʥʦʛʦ ʪʨʝʥʜʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʩʪʘʥʮʠʡ ʄʫʨʛʘʙ ʠ ʈʫʰʦʥ ʚ ʧʝʨʠʦʜ ʩ 1970-2000 ʦʪʤʝʯʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʧʦʥʠʞʝʥʠʝ. ɸ ʜʣʷ ʦʪʩʪʘʣʴʥʳʭ ʩʪʘʥʮʠʡ ʜʘʥʥʦʛʦ ʙʘʩʩʝʡʥʘ ʩ ʥʘʯʘʣʘ 1950 ʧʦ 2024 ʛʛ. ʦʪʤʝʯʘʝʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʜʦ 1990 ʛʛ. 
 

ʈʠʩʫʥʦʢ 3. ʄʦʥʠʪʦʨʠʥʛ ʩʫʤʤʳ ʛʦʜʦʚʳʭ ʦʩʘʜʢʦʚ ʥʘ ʩʪʘʥʮʠʷʭ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʇʷʥʜʞ ʟʘ 

ʧʝʨʠʦʜ 1950-2024 ʛʛ. 

Figure 3. Monitoring of the amount of annual precipitation at stations of the Panj River basin 

for the period 1950-2024 

  



24 

 

  

  

  
 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʥʠʪʦʨʠʥʛʘ ʩʫʤʤʳ ʛʦʜʦʚʳʭ ʦʩʘʜʢʦʚ ʟʘ ʧʝʨʠʦʜ ʩ 1950 ʧʦ 2024 ʛʛ., 

ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3, ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʠʭ ʚʝʣʠʯʠʥ ʩʦʩʪʘʚʣʷʝʪ ʩ 169 ʜʦ 821 

ʤʤ, ʘ ʨʘʟʤʘʭ ʜʘʥʥʳʭ ʠʭ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠ ̫ʜʣʷ ʚʩʝʛʦ ʙʘʩʩʝʡʥʘ ʩʦʩʪʘʚʣʷʝʪ 401 ʤʤ.  

ʇʦ ʧʦʣʠʥʦʤʠʥʘʣʴʥʦʤʫ ʪʨʝʥʜʫ ʦʪʤʝʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʥʠʞʝʥʠʝ ʟʘ ʧʝʨʠʦʜ 1950-1975 

ʛʛ. ʧʦ ʤʝʪʝʦʩʪʘʥʮʠʷʤ ʄʫʨʛʘʙ, ɼʘʨʚʦʟ ʠ ʇʷʥʜʞ, ʘ ʜʣʷ ʤʝʪʝʦʩʪʘʥʮʠʡ ʀʰʢʘʰʠʤ, ʈʫʰʦʥ ʠ ʍʦʨʦʛ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʭ ʧʦʥʠʞʝʥʠʝ.  

ʈʦʩʪ ʛʦʜʦʚʦʡ ʩʫʤʤʳ ʦʩʘʜʢʦʚ ʧʦ ʧʦʣʠʥʦʤʠʥʘʣʴʥʦʤʫ ʪʨʝʥʜʫ ʦʪʤʝʯʘʝʪʩʷ ʩ 1975 ʧʦ 2005 ʛʛ. 

ʜʣʷ ʤʝʪʝʦʩʪʘʥʮʠʡ ɼʘʨʚʦʟ, ʇʷʥʜʞ, ʀʰʢʘʰʠʤ, ʍʦʨʦʛ ʠ ʈʫʰʘʥ, ʘ ʟʘʪʝʤ ʦʧʷʪʴ ʠʭ ʩʦʢʨʘʱʝʥʠʝ ʜʦ 

2024 ʛ. ɼʣʷ ʤʝʪʝʦʩʪʘʥʮʠʡ ɼʘʥʛʘʨʘ ʠ ʀʨʭʪ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʘʷ ʢʘʨʪʠʥʘ, ʩ 1950 ʛ. ʦʪʤʝʯʘʝʪʩʷ ʨʦʩʪ 

ʩʫʤʤʳ ʦʩʘʜʢʦʚ, ʘ ʩʦʢʨʘʱʝʥʠʝ ʜʣʷ ʵʪʠʭ ʩʪʘʥʮʠʡ ʦʪʣʠʯʘʝʪʩʷ ʚ ʀʨʭʪʝ, ʥʘʯʠʥʘʝʪʩʷ ʩ 1975 ʛ., ʘ ʚ 

ɼʘʥʛʘʨʝ ʩ 1990 ʛ.  
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ʈʠʩʫʥʦʢ 4. ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʦʟʜʫʭʘ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʝʦʩʪʘʥʮʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʘʩʩʝʡʥʝ ʨʝʢʠ 

ʇʷʥʜʞ 

Figure 4. Correlation between air 

temperatures of different meteorological 

stations in the Panj River basin 

ʈʠʩʫʥʦʢ 5. ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʚʝʣʠʯʠʥ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʝʦʩʪʘʥʮʠʷʤʠ ʙʘʩʩʝʡʥʘ 

ʨʝʢʠ ʇʷʥʜʞ 

Figure 5. Correlation dependence of 

atmospheric precipitation values between 

different meteorological stations of the Panj 

River basin 
 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ (ʨʠʩ. 4), ʧʦʣʫʯʝʥʥʳʤ ʤʝʪʦʜʦʤ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʠʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʤʝʪʝʦʩʪʘʥʮʠʷʤʠ ʈʫʰʘʥ ʠ ʀʨʭʪ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ 

ʨʘʚʥʦ 0,89. ɼʘʣʝʝ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʤʝʪʝʦʩʪʘʥʮʠʷʤʠ ʀʨʭʪïʍʦʨʦʛ ʠ ʍʦʨʦʛïʈʫʰʘʥ, ʪʘʢʞʝ 

ʦʪʤʝʯʘʝʪʩʷ ʚʳʩʦʢʘʷ ʢʦʨʨʝʣʷʮʠʷ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ 0,88. ʉʘʤʘʷ ʩʣʘʙʘʷ ʢʦʨʨʝʣʷʮʠʷ 

ʤʝʞʜʫ ʤʝʪʝʦʩʪʘʥʮʠʝʡ ɼʘʨʚʦʟ ʠ ʜʨʫʛʠʤʠ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʤʝʪʝʦʩʪʘʥʮʠʷʤʠ, ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ 

ʢʦʪʦʨʦʡ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʤʝʪʝʦʩʪʘʥʮʠʶ ɼʘʥʛʘʨʘ, ʨʘʚʥʦʝ 0,34. ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩ ʤʝʪʝʦʩʪʘʥʮʠʠ ʍʦʨʦʛ, ʨʘʚʥʦʝ 0,06, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ 

ʦʪʩʫʪʩʪʚʠʝ ʢʦʨʨʝʣʷʮʠʠ. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʨʠʩ. 5, ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʢʦʨʨʝʣʷʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʞʜʫ ʤʝʪʝʦʩʪʘʥʮʠʷʤʠ ʈʫʰʘʥïʍʦʨʦʛ ʠ ɼʘʨʚʦʟïʈʫʰʘʥ, ʨʘʚʥʳʝ 0,72 ʠ 

0,74, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʤʝʪʝʦʩʪʘʥʮʠʝʡ ʄʫʨʛʘʙ ʠ ʜʨʫʛʠʤʠ ʤʝʪʝʦʩʪʘʥʮʠʷʤʠ 

ʢʨʘʡʥʝ ʩʣʘʙʘʷ. ʇʦʢʘʟʘʪʝʣʴ ʤʝʞʜʫ ʤʝʪʝʦʩʪʘʥʮʠʷʤʠ ʄʫʨʛʘʙ ʠ ɼʘʥʛʘʨʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʫʢʘʟʘʥʥʳʤʠ ʤʝʪʝʦʩʪʘʥʮʠʷʤʠ ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʚʩʝ, ʝʝ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦ 0. ʊʘʢʞʝ 

ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʤʝʞʜʫ ʤʝʪʝʦʩʪʘʥʮʠʷʤʠ 

ʄʫʨʛʘʙïʀʰʢʘʰʠʤ, ʄʫʨʛʘʙïʍʦʨʦʛ ʠ ʄʫʨʛʘʙïʈʫʰʘʥ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ 

ʦʪʩʫʪʩʪʚʠʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʥʠʤʠ. 

ʅʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮʳ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʤʝʪʝʦʩʪʘʥʮʠʝʡ ʪʘʜʞʠʢʩʢʦʛʦ 

ʩʝʛʤʝʥʪʘ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʇʷʥʜʞ ʠ ʜʨʫʛʠʤʠ ʤʝʪʝʦʩʪʘʥʮʠʷʤʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ 

(ʨʠʩ. 4 ʠ 5). ʕʪʦʪ ʧʨʦʮʝʩʩ ʩʫʱʝʩʪʚʫʝʪ ʤʝʞʜʫ ʤʝʪʝʦʩʪʘʥʮʠʝʡ ɼʘʥʛʘʨʘ ʠ ʜʨʫʛʠʤʠ ʩʪʘʥʮʠʷʤʠ, ʥʦ 

ʢʦʨʨʝʣʷʮʠʷ ʩ ʩʝʪʴʶ ʀʰʢʘʰʠʤ ʩʥʠʞʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʚʦʣʥ. 

ʆʙʩʫʞʜʝʥʠʝ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʤʝʪʝʦʚʝʣʠʯʠʥ ʪʘʜʞʠʢʩʢʦʛʦ ʩʝʛʤʝʥʪʘ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʇʷʥʜʞ 

ʦʩʥʦʚʳʚʘʣʩʷ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʝʩʪʥʦʩʪʠ ʚ ʙʘʟʝ ʜʘʥʥʳʭ [21] ʠʟ ʙʘʥʢʘ ʜʘʥʥʳʭ ɸʛʝʥʩʪʚʘ ʧʦ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʠ ʠ ʩ ʩʘʡʪʘ [12]. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʘʙʦʪʘʭ [13,ʩ.31; 15,ʩ.39], ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʥʦʨʤ ʠʟʤʝʥʝʥʠʷ ʤʝʪʝʦʜʘʥʥʳʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʤʥʦʛʦʣʝʪʥʠʭ ʜʘʥʥʳʭ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʟʦʥʘʭ ʙʘʩʩʝʡʥʘ ʨ. ʇʷʥʜʞ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʝʩʪʥʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʝ 

ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ [1,ʩ.99; 2,ʩ.1855; 6,ʩ.95; 13,ʩ.90; 15,ʩ.41], ʘ 

ʪʘʢʞʝ ʦʪ ʚʣʠʷʥʠʷ ʭʦʣʦʜʥʳʭ ʠʣʠ ʪʝʧʣʳʭ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʛʦʜʦʚʳʝ 

ʢʦʣʝʙʘʥʠ ̫ʪʝʤʧʝʨʘʪʫʨ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʚʠʟʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʦʚ, ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʠ 

ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʦʚ ʚ ʦʩʥʦʚʥʦʤ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ [5,ʩ.46]. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʘʢʞʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʜʣʷ ʙʦʣʝʝ ʫʛʣʫʙʣʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʠʭ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʩʤʦʪʨʝʪʴ ʤʥʦʛʦʣʝʪʥʶʶ ʜʠʥʘʤʠʢʫ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʧʝʨʠʦʜʘʤ ʚ 

ʭʘʨʘʢʪʝʨʥʳʭ ʨʘʡʦʥʘʭ ʪʘʜʞʠʢʩʢʦʛʦ ʩʝʛʤʝʥʪʘ ʙʘʩʩʝʡʥʘ ʨ. ʇʷʥʜʞ [13,ʩ.89; 15,ʩ.40]. ɸ ʪʘʢʞʝ, ʧʦ 

ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ [5,ʩ.56], ʟʘ ʙʘʟʦʚʳʡ ʧʝʨʠʦʜ ʚ ʚʳʩʦʢʦʛʦʨʥʳʭ ʨʝʛʠʦʥʘʭ ʪʘʜʞʠʢʩʢʦʛʦ ʩʝʛʤʝʥʪʘ 

ʙʘʩʩʝʡʥʘ ʨ. ʇʷʥʜʞ ʚ ʦʩʥʦʚʥʦʤ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʥʦ ʧʦ ʧʦʣʫʯʝʥʥʳʤ 

ʨʝʟʫʣʴʪʘʪʘʤ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʚ ʜʘʥʥʦʤ ʙʘʩʩʝʡʥʝ ʦʪʤʝʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʣʠʥʦʤʠʥʘʣʴʥʦʛʦ ʪʨʝʥʜʘ [5,ʩ.59; 20,ʩ.337; 23] ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ ʧʨʦʚʝʣʠ 

ʚʧʝʨʚʳʝ ʘʥʘʣʠʟ ʧʦʣʠʥʦʤʠʥʘʣʴʥʦʛʦ ʪʨʝʥʜʘ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʫʤʤʳ ʦʩʘʜʢʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ. 

1. ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʤʝʪʝʦʥʘʙʣʶʜʝʥʠʡ ʪʘʜʞʠʢʩʢʦʛʦ ʩʝʛʤʝʥʪʘ 

ʙʘʩʩʝʡʥ ʨʝʢʠ ʇʷʥʜʞ ʙʳʣ ʨʘʟʜʝʣʝʥ ʥʘ 5 ʟʦʥ. ʇʝʨʚʘʷ ʟʦʥʘ ï ʚʳʩʦʢʦʛʦʨʥʦʝ ʧʣʘʪʦ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʦʩʘʜʢʦʚ ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʩ ʩʘʤʳʤ ʩʫʭʠʤ ʠ ʩʫʨʦʚʦ ʭʦʣʦʜʥʳʤ ʢʣʠʤʘʪʦʤ. ɺʪʦʨʘʷ ʟʦʥʘ ï 

ʵʪʦ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʇʘʤʠʨʩʢʦʛʦ ʪʨʘʢʪʘ, ʛʜʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʚʳʧʘʜʘʝʪ ʚ 

ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ ʛʦʜʘ, ʩ ʧʠʢʦʤ ʚ ʤʘʨʪʝ-ʘʧʨʝʣʝ ʠ ʥʠʟʢʠʤʠ ʟʠʤʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʢʣʠʤʘʪ 

ʤʝʩʪʥʦʩʪʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʫʚʣʘʞʥʸʥʥʳʡ ʠ ʩ ʭʦʣʦʜʥʳʤ ʢʣʠʤʘʪʦʤ. ʊʨʝʪʴʷ ʟʦʥʘ - ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ 

ʇʘʤʠʨʩʢʦʛʦ ʪʨʘʢʪʘ, ʩ ʫʚʣʘʞʥʸʥʥʳʤ ʠ ʫʤʝʨʝʥʦ ʭʦʣʦʜʥʳʤ ʢʣʠʤʘʪʦʤ. ʏʝʪʚʝʨʪʘʷ ʟʦʥʘ ï ʵʪʦ 

ʜʦʣʠʥʥʘʷ ʟʦʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʇʷʥʜʞ, ʤʝʩʪʥʦʩʪ ɹ ʦʪʥʦʩʠʪʩʷ ʢ 

ʤʘʣʦʫʚʣʘʞʥʸʥʥʦʤʫ ʠ ʪʝʧʣʦʤʫ ʢʣʠʤʘʪʫ. ʇʷʪʘʷ ʟʦʥʘ ʦʭʚʘʪʳʚʘʝʪ ʶʛ ʩʪʨʘʥʳ ʚʜʦʣʴ ʨʝʢʠ ʇʷʥʜʞ, 

ʢʣʠʤʘʪ ʩʫʭʦʡ ʠ ʞʘʨʢʠʡ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʟʠʤʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ.  

2. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʨʘʚʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʫʤʤʳ ʦʩʘʜʢʦʚ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʇʷʥʜʞ 

ʧʠʢ ʨʘʩʭʦʜʘ ʚ ʦʩʥʦʚʥʦʤ ʟʘʚʠʩʠʪ ʦʪ ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ, ʤʘʢʩʠʤʫʤ ʨʘʩʭʦʜʘ ʚ ʨʝʢʝ ʦʪʤʝʯʘʝʪʩʷ ʚ 

ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨ rʠ ʫʩʢʦʨʝʥʠʠ ʪʘʷʥʠʝ ʪʚʸʨʜʳʭ ʦʩʘʜʢʦʚ. 

3. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ ʪʨʝʥʜʘ ʤʝʪʝʦʚʝʣʠʯʠʥ (ʩʨʝʜʥʝʛʦʜʦʚʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʫʤʤʳ ʛʦʜʦʚʳʭ ʦʩʘʜʢʦʚ) ʟʘ ʧʝʨʠʦʜ ʩ 1950 ʧʦ 2024 ʛʛ. ʦʪʤʝʯʘʝʪʩʷ ʨʦʩʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʦʣʠʥʝ ʦʪ 2,8Áʉ ʜʦ 1,41Áʉ ʚ ʚʳʩʦʢʦʛʦʨʴʝ. ʇʦ ʚʩʝʤʫ ʙʘʩʩʝʡʥʫ ʦʪʤʝʯʘʝʪʩʷ ʨʦʩʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 1,62Áʉ. 

4. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʣʠʥʦʤʠʥʘʣʴʥʦʛʦ ʪʨʝʥʜʘ ʪʝʤʧʝʨʘʪʫʨ rʚʩʝʛʦ ʙʘʩʩʝʡʥʘ, ʩ ʥʘʯʘʣʘ 

1950 ʧʦ 2024 ʛʛ. ʦʪʤʝʯʘʝʪʩʷ ʝʝ ʨʦʩʪ. ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʪʘʥʮʠʡ ʄʫʨʛʘʙ ʠ ʈʫʰʦʥ, ʩ 1970-2000 

ʦʪʤʝʯʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʥʠʞʝʥʠʝ ʧʦʣʠʥʦʤʠʥʘʣʴʥʦʛʦ ʪʨʝʥʜʘ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʧʦʣʠʥʦʤʠʥʘʣʴʥʦʛʦ ʪʨʝʥʜʘ ʦʩʘʜʢʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʧʝʨʠʦʜʘ ʩʦʢʨʘʱʝʥʠʝ ʦʩʘʜʢʦʚ: 1950-

1975 ʛʛ. ʠ 2005-2024 ʛʛ. ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʨʦʩʪʦʤ ʚ ʧʝʨʠʦʜ 1975-2005 ʛʛ., ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʤʝʪʝʦʩʪʘʥʮʠʠ ɼʘʥʛʘʨʘ ʠ ʀʨʭʪ, ʩ 1950 ʛʛ., ʦʪʤʝʯʘʝʪʩʷ ʨʦʩʪ ʩʫʤʤʳ ʦʩʘʜʢʦʚ, ʘ ʩʦʢʨʘʱʝʥʠʝ ʩ 1990 

ʛʛ. 

5. ʇʦ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ, ʧʦʣʫʯʝʥʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʦʪ ʦʨʦʛʨʘʬʠʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠ ʚʳʩʦʪʥʦʩʪʠ. ʊʘʢʞʝ ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʤʝʞʜʫ ʤʝʪʝʦʩʪʘʥʮʠʝʡ ʜʣʷ ʦʩʘʜʢʦʚ ʇʷʥʜʞ ʠ ʜʨʫʛʠʤʠ ʤʝʪʝʦʩʪʘʥʮʠʷʤʠ ʩʝʪʷʤʠ ʚʟʘʠʤʦʩʚʷʟʴ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʳʩʦʪʳ, ʘ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʵʪʘ ʢʦʨʨʝʣʷʮʠʷ ʩʣʘʙʦʚʘʪʘ.  

ʉʪʘʪʴʷ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʩʦʚʤʝʩʪʥʦʡ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʃʘʙʦʨʘʪʦʨʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʀʥʩʪʠʪʫʪʘ ʚʦʜʥʳʭ ʧʨʦʙʣʝʤ, ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʠ 

ʵʢʦʣʦʛʠʠ ʅɸʅ ʊʘʜʞʠʢʠʩʪʘʥʘ ʠ ʢʘʬʝʜʨʳ ʤʝʪʝʦʨʦʣʦʛʠʠ ʠ ʢʣʠʤʘʪʦʣʦʛʠʠ ʬʠʟʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 
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áßÝßÝÔëÞÇÚÔ ÐÔÙÌØÔÖÌÔ ÍßÓßÜÏÔÇÚÔ ØÑÞÑÚÜÚ×ÚÏÔÔ ÉÔÝØÌÞÔ ÞÚÆÔÖÔÝÞÚÙÔÔ 

ÇÌÎÓÌÔ ÐÌÜ¾Ô ÛÌÙÆ ÍÌÜÚÔ ÐÌÎÜÌÔ ÝÚ×ÇÚÔ 1950-2024 
ÞìĄìööÿ÷ô øìĔüú ðìü ĕìîóìô ðìüČô ÛìùĔ ìó úíĄìîôô íìüĀĕúô øìîýôøĒ, øôùþìėìĕúô íìüĀôô 

íì÷ìùðöĘĕ îì ûôüċāĕú øÿìõċù øñĄìîìð, öô ðôùìøôöìô úùĕú íì üìîìùðĕúô ïìüðôĄô ĕìîúĒ ðìü øôėČýô îìýñĆ 
îúíìýþì ìýþ. ÜñĔìô íôýČüýú÷ìô ôė÷ôøôô øôùþìėì óñüô þìĆýôüô îúüôðĄìîôô øìýýìĕúô ĕìîúôô Ďìüí îì Ĕìùÿíÿ 
Ďìüí (ĀìĆú÷ôċþô ýôö÷úùĒ) îì ôùăÿùôù, óñüô þìĆýôüô ðñûüñýýôċô þñüøôöĒ îì ĔìüìČùĕúô øÿýýúùĒ ìó þìüìĀô 
ýôýþñøìô öĘĕôô ÇôùðÿöÿĄ þìĄööÿ÷ øñČíìð. Ðìü Ąìüúôþô þìĎõôüČíôô ôė÷ôøô ï÷úíì÷Ē ðìü ĕìîóì þìĎõôüČíôô 
(þüìùýĀúüøìþýôċô) üñĔìĕúô øñþñúüú÷úïĒ îì ïôðüú÷úïĒ øÿĄúĕôðì øñĄìîìð. Íôùúíìü ôù, øìėýìðô öúüô 
øìóöÿü øÿìõċù ùìøÿðìùô ėúùÿùôċþĕúô øôùþìėìîôô ðôùìøôöìô íôýČüýú÷ìô ĕìüúüìþ îì íúüôĄúþ ðìü ýú÷ĕúô 
1950-2024 îì ôùăÿùôù, ìüóČíôô øôėðúüôô þìĆýôüô úøô÷ĕúô ïÿùúïÿùô þìĄìööÿ÷ðôĕìùðìô ôė÷ôø íì üñĔìô 
ĕìüúüìþôô ėôýøìþô þúĔôöôýþúùôô ĕìîóìô ðìüČô ÛìùĔ øñíúĄìð. Ðìü ìýúýô þìĕ÷ô÷ô øìĆ÷ÿøúþĕúô 
øñþñúüú÷úïĒ ėôýøìþô þúĔôöôýþúùôô ĕìîóìô ðìüČô ÛìùĔ íì ûìùĔ øôùþìėìô ôė÷ôøĒ Ĕÿðú öìüðì Ąÿðììýþ: 1) 
ûÿĄþìöĘĕĕúô íì÷ìùð ¬ íú ôė÷ôøô ýìüðÿ öúùþôùñùþì÷Ē íú øìöýôøÿøô íúüôĄúþ ðìü íìĕúüÿ þúíôýþúù; 2) 
ėôýøìþô øìüóôô Ûúøôü ¬ øôùþìėìô ýìüð íú ùúüìýúôô ùìøĒ îì øôėðúüô óôČðþìüôùô íúüôĄúþ ðìü øúĕĕúô 
øìüþ-ìûüñ÷; 3) ėôýøìþô Ďìüíôô Ûúøôü ¬ íú ôė÷ôøô ýìüðô øÿĆþìðô÷ îì ùôýíìþìù ùìøùúö; 4) øôùþìėìô 
îúðôïôô Ąôøú÷ÿ ĎìüíĒ ¬ íú ôė÷ôøô ïìüø îì ùúüìýúôô ùìøùúöôô øÿĆþìðô÷; 5) øôùþìėìô Ĕìùÿíôô 

http://www.pogodaiklimat.ru/history.php?id=tj
https://meteo.tj/ru/services/366
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ùìóðôýìüĕìðĒ (ėìð-ėìðô ðìüČô ÛìùĔ) ¬ íú øôùþìėìô āÿĄöÿ ïìüø îì ĕìüúüìþô øÿýíìþô ÿýþÿîúü ðìü ðìîüìô 
óôøôýþúù þìîýôĀ øñĄìîìùð. Ðìü ìýúýô ùìþôĔìĕúô þìĕ÷ô÷ô āìþþĒ øÿìõċù öìüðì Ąÿð, öô ėôøìþô øôČùìô 
ýú÷úùìô ĕìüúüìþ ðìü ðìîüô 1950 þú 2024 þìøúĊ÷ô óôČðĄìîôô ìó 2,8¸Ý ðìü îúðĒ þú 1,41¸Ý ðìü íì÷ìùðöĘĕĕúüú 
ðúüìð. ÆìøĆô íúüôĄúþô ýú÷úùì íúĄìð, íú ĕôýúíô øôČùì 6% öìø Ąÿðì, ìó -17% þú +16% þìĎõôü ČĀþììýþ. 
Ôùăÿùôù, þìĕ÷ô÷ô þìøúĊ÷ô ûú÷ôùúøôì÷Ē ùôĄúù ðúð, öô ėôøìþô øôČùìô ĕìüúüìþ ðìü ĕìîóìô øìóöÿü ðìü 
ýú÷ĕúô 1950-2024 þìøúĊ÷ô ÿýþÿîúüô ìĀóúôĄ ðúüìð. Ðìü ðôùìøôöìô íúüôĄúþ ðìîüìĕúô öúĕôĄČíĒ (ýú÷ĕúô 
1950-1975 îì 2005-2024) îì ìĀóúôĄô ùúăôó (ýú÷ĕúô 1975-2005)-üú Ĕÿðú öìüðìù øÿøöôù ìýþ. Íúüô ùìāÿýþ íìüúô 
ĕìîóìô þìðėôėúþĒ öúñĀĀôýôñùþô öúüüñ÷ċþýôċô Ûôüýúù ĕôýúí öìüðì Ąÿðì, îúíìýþìïôô øôėðúüôô íÿóÿüïôĕúô 
øñþñúüú÷úïĒ ìó Ąìüúôþĕúô úüúïüìĀĒ îì íì÷ìùðôô øÿþ÷ìė øÿėìüüìü öìüðì Ąÿðììýþ. Øÿìõċù öìüðì Ąÿð, öô 
íìüúô íúüôĄúþ, öúüüñ÷ċþýôċô íìõùô ûúõïúĕĕúô øñþñúüú÷úïôô ÛìùĔ îì ðôïìü ùÿėþìĕúô øÿĄúĕôðìîĒ íú 
íì÷ìùð Ąÿðìù ìó ýìþĕô íìĕü ûìõîìýþì öúĕôĄ øñČíìð. Ìøøú, íìüúô ĕìüúüìþ, öúüüñ÷ċþýôċ íì þìîüô ùìóìüüìý 
óìôĀþìü ìýþ, öô ìó ïÿùúïÿùôô Āìóúôô íì÷ìùðô øìõðúùô ĕìüúüìþ ðìü üñ÷ñĀô øÿüìööìí Ąìĕúðìþ øñðôĕìð. 

Öì÷ôðîúòìĕú: þìĎõôüČíôô ôė÷ôø, øôùþìėìĕúô ôė÷ôøĒ, íÿóÿüïôĕúô øñþñúüú÷úïĒ, ĕìüúüìþ, íúüôĄúþ, 
öúüüñ÷ċþýôċ, þìøúĊ÷, ĕìîóìô ðìüČô ÛìùĔ, Ûúøôü, ėôýøô þúĔôöôýþúùĒ.  

 

ʆʉʆɹɽʅʅʆʉʊʀ ɼʀʅɸʄʀʂʀ ʄɽʊɽʆʈʆʃʆɻʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ ʊɸɼɾʀʂʉʂʆɻʆ ʉɽɻʄɽʅʊɸ 

ɹɸʉʉɽʁʅɸ ʈɽʂʀ ʇʗʅɼɾ ɿɸ ʇɽʈʀʆɼ 1950-2024 ɻɻ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʪʦʢʘ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʇʷʥʜʞ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʷʥʠʝʤ ʩʝʟʦʥʥʳʭ ʩʥʝʛʦʚ, ʚʳʩʦʢʦʛʦʨʥʳʭ 

ʩʥʝʞʥʠʢʦʚ ʠ ʣʝʜʥʠʢʦʚ, ʜʠʥʘʤʠʢʘ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʄʥʦʛʦʣʝʪʥʠʡ ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʨʝʛʠʦʥʘ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʟʘʧʘʜʥʦʛʦ ʠ ʶʛʦ-ʟʘʧʘʜʥʦʛʦ ʧʝʨʝʥʦʩʘ 

ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ (ʮʠʢʣʦʥʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ), ʘ ʪʘʢʞʝ ʧʦʜ ʚʣʠʷʥʠʝʤ ʪʝʨʤʠʯʝʩʢʠʭ ʜʝʧʨʝʩʩʠʡ ʠ ʤʫʩʩʦʥʥʳʭ 

ʧʦʪʦʢʦʚ ʩʦ ʩʪʦʨʦʥʳ ʛʦʨʥʦʡ ʩʠʩʪʝʤʳ ɻʠʥʜʫʢʫʰ. ʅʘ ʬʦʥʝ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʙʘʩʩʝʡʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʦʚ. ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʨʝʛʠʦʥʘʣʴʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʤʥʦʛʦʣʝʪʥʝʡ ʜʠʥʘʤʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʘʜʢʦʚ ʟʘ ʧʝʨʠʦʜ 

1950-2024 ʛʛ., ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʦʦʙʨʘʟʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʪʝʨʤʠʯʝʩʢʠʡ 

ʨʝʞʠʤ ʪʘʜʞʠʢʩʢʦʛʦ ʩʝʛʤʝʥʪʘ ʟʦʥʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʇʷʥʜʞ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʪʘʜʞʠʢʩʢʦʛʦ ʩʝʛʤʝʥʪʘ ʙʘʩʩʝʡʥ ʨʝʢʠ ʇʷʥʜʞ ʙʳʣ ʨʘʟʜʝʣʝʥ ʥʘ ʧʷʪʴ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ: 1) ʚʳʩʦʢʦʛʦʨʥʦʝ 

ʧʣʘʪʦ ï ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʫʨʦʚʳʤ ʨʝʟʢʦʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʢʣʠʤʘʪʦʤ ʩ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʤ ʤʘʢʩʠʤʫʤʦʤ ʦʩʘʜʢʦʚ; 2) 

ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʇʘʤʠʨʩʢʦʛʦ ʪʨʘʢʪʘ ï ʭʦʣʦʜʥʘʷ ʟʦʥʘ ʩ ʜʝʬʠʮʠʪʦʤ ʫʚʣʘʞʥʝʥʠʷ ʠ ʧʠʢʦʤ ʦʩʘʜʢʦʚ ʚ ʤʘʨʪʝ-ʘʧʨʝʣʝ; 

3) ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ʇʘʤʠʨʩʢʦʛʦ ʪʨʘʢʪʘ ï ʦʪʣʠʯʘʝʪʩʷ ʫʤʝʨʝʥʥʦ ʭʦʣʦʜʥʳʤ ʠ ʙʦʣʝʝ ʚʣʘʞʥʳʤ ʢʣʠʤʘʪʦʤ; 4) ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʘʷ ʜʦʣʠʥʥʘʷ ʟʦʥʘ ï ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʧʣʳʤ ʢʣʠʤʘʪʦʤ ʩ ʫʤʝʨʝʥʥʳʤ ʜʝʬʠʮʠʪʦʤ ʫʚʣʘʞʥʝʥʠʷ; 5) ʶʞʥʘʷ 

ʧʨʠʛʨʘʥʠʯʥʘʷ ʟʦʥʘ (ʚʜʦʣʴ ʨʝʢʠ ʇʷʥʜʞ) ï ʟʘʩʫʰʣʠʚʘʷ ʠ ʞʘʨʢʘʷ ʦʙʣʘʩʪʴ ʩ ʫʩʪʦʡʯʠʚʳʤʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ 

ʧʝʨʠʦʜ ʩ 1950 ʧʦ 2024 ʛʛ. ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʨʦʩʪʘ ʦʪ 2,8Áʉ ʚ ʜʦʣʠʥʝ ʜʦ 1,41Áʉ ʚ ʚʳʩʦʢʦʛʦʨʴʝ. ɸ ʩʫʤʤʘ ʛʦʜʦʚʳʭ 

ʦʩʘʜʢʦʚ ʚ ʩʨʝʜʥʝʤ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 6% ʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ -17% ʜʦ +16%. ʊʘʢʞʝ ʘʥʘʣʠʟ ʧʦʣʠʥʦʤʠʘʣʴʥʦʛʦ ʪʨʝʥʜʘ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʜʘʥʥʦʤ ʙʘʩʩʝʡʥʝ ʟʘ ʧʝʨʠʦʜ 1950-2024 ʛʛ. ʠʤʝʝʪ ʫʩʪʦʡʯʠʚʫʶ ʪʝʥʜʝʥʮʠʶ ʢ ʨʦʩʪʫ. 

ɺ ʜʠʥʘʤʠʢʝ ʦʩʘʜʢʦʚ ʚʳʜʝʣʷʶʪʩʷ ʧʝʨʠʦʜʳ ʩʦʢʨʘʱʝʥʠʷ (1950-1975 ʛʛ. ʠ 2005-2024 ʛʛ.) ʠ ʵʪʘʧ ʠʭ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ (1975-2005 ʛʛ.). ɺʧʝʨʚʳʝ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʙʘʩʩʝʡʥʘ ʨʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ ʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʦʪ ʦʨʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʘʙʩʦʣʶʪʥʦʡ 

ʚʳʩʦʪʳ ʤʝʩʪʥʦʩʪʠ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʪʝʩʥʦʪʘ ʩʚʷʟʠ ʤʝʞʜʫ ʤʝʪʝʦʩʪʘʥʮʠʝʡ ʇʷʥʜʞ ʠ ʜʨʫʛʠʤʠ 

ʧʫʥʢʪʘʤʠ ʥʘʙʣʶʜʘʪʝʣʴʥʦʡ ʩʝʪʠ ʟʘʢʦʥʦʤʝʨʥʦ ʩʥʠʞʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʘʙʝʝ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʢʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʛʦ ʨʝʣʴʝʬʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʟʦʥʳ, ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʪʝʤʧʝʨʘʪʫʨʘ, 

ʦʩʘʜʢʠ, ʢʦʨʨʝʣʷʮʠʷ, ʪʨʝʥʜ, ʙʘʩʩʝʡʥ ʨʝʢʠ ʇʷʥʜʞ, ʇʘʤʠʨ, ʪʘʜʞʠʢʩʢʠʡ ʩʝʛʤʝʥʪ.  

 

FEATURES OF THE DYNAMICS OF METEOROLOGICAL PARAMETERS OF THE TAJIK SEGME NT OF 

THE PANJ RIVER BASIN FOR THE PERIOD 1950-2024 

The formation of runoff in the Panj River basin is determined by the melting of seasonal snow, high-altitude 

snowfields, and glaciers, the dynamics of which depend on large-scale circulation processes. The region's long-term climate 

is shaped by the influence of western and southwestern air mass transport (cyclonic activity), as well as by thermal 

depressions and monsoon flows from the Hindu Kush Mountain range. In the context of global climate change, the basin is 

undergoing a transformation of its meteorological and hydrological regimes. Therefore, the aim of this study is to establish 

regional patterns in long-term temperature and precipitation dynamics for the period 1950-2024, as well as to quantify the 

influence of various climate-forming factors on the thermal regime of the Tajik segment of the Panj River basin. Based on 

an analysis of meteorological data the Tajik segment of the Panj River basin was divided into five climatic zones: 1) high-

altitude plateau ï characterized by a harsh, sharply continental climate with maximum precipitation in spring and summer; 

2) central part of the Pamir tract ï a cold zone with a moisture deficit and peak precipitation in March-April; 3) western 

part of the Pamir tract ï characterized by a moderately cold and more humid climate; 4) the northwestern valley zone ï 

characterized by a warm climate with a moderate moisture deficit; 5) the southern border zone (along the Panj River) ï an 

arid and hot region with consistently positive temperatures in winter. Linear analysis demonstrates that the average annual 

temperature for the period from 1950 to 2024 tends to increase from 2.8ÁC in the valley to 1.41ÁC in the highlands. 

Meanwhile, annual precipitation has decreased by an average of 6%, fluctuating between -17% and +16%. A polynomial 

trend analysis revealed a steady upward trend in the average air temperature in the basin for the period 1950-2024. 
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Precipitation dynamics exhibited periods of decline (1950-1975 and 2005-2024) and a period of slight increase (1975-

2005). For the first time for the studied basin, Pearson's correlation coefficients were calculated and quantitative 

dependencies of meteorological variables on orographic conditions and absolute altitude were established. It was found that 

for atmospheric precipitation, the closeness of the relationship between the Panj weather station and other observation 

network points decreases regularly with increasing altitude. At the same time, for air temperature, the correlation 

relationship is much weaker, which indicates a high spatial heterogeneity of the temperature field in complex terrain 

conditions. 

Keywords: climate change, climate zones, meteorological parameters, temperature, precipitation, correlation, trend, 

Panj River basin, Pamir, Tajik segment. 
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ʀɿʆʄʆʈʌʅɸʗ ʂʃɸʉʉʀʌʀʂɸʎʀʗ ɼʀɸʉʉʆʎʀɸʊʀɺʅʓʍ ʂɺɸɿʀɻʈʋʇʇ ʄɸʃʆɻʆ 

ʇʆʈʗɼʂɸ  

 

ʆʜʠʣʟʦʜʘ ʆ.ʆ. 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɺʚʝʜʝʥʠʝ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʧʦʥʷʪʠʝ ʠʟʦʤʦʨʬʠʟʤʘ ʚʦʟʥʠʢʣʦ ʠʤʝʥʥʦ ʚ ʪʝʦʨʠʠ ʛʨʫʧʧ, ʛʜʝ 

ʚʧʝʨʚʳʝ ʙʳʣ ʧʦʥʷʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʜʚʝ ʩʠʩʪʝʤʳ ʦʙʲʝʢʪʦʚ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʦʪʥʦʰʝʥʠʠ 

ʠʟʦʤʦʨʬʠʟʤʘ, ʦʙʣʘʜʘʶʪ ʦʜʠʥʘʢʦʚʦʡ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʦʡ; ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦ ʩʫʱʝʩʪʚʫ ʩʚʦʜʠʪʩʷ ʢ ʠʟʫʯʝʥʠʶ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ. 

ɸʣʛʝʙʨʳ ʨʘʟʥʦʛʦ ʪʠʧʘ, ʦʯʝʚʠʜʥʦ, ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʦʝ ʩʪʨʦʝʥʠʝ. ʇʨʦʙʣʝʤʘ 

ʠʟʦʤʦʨʬʠʟʤʘ ʧʦʟʚʦʣʷʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʠʟʫʯʘʪʴ ʠʭ ʩ ʪʦʯʥʦʩʪʴʶ 

ʜʦ ʚʥʫʪʨʝʥʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʥʝ ʩʧʦʩʦʙʘ ʟʘʧʠʩʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ï ʚ 

ʢʨʠʧʪʦʛʨʘʬʠʠ, ʪʝʦʨʠʠ ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʢʦʤʙʠʥʘʪʦʨʠʢʝ. 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʨʘʙʦʪʘʤʠ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʷʚʣʷʶʪʩʷ ʩʪʘʪʴʠ ɽ.ɸʨʪʠʥʘ [1; 2], 

ʛʜʝ ʜʣʷ ʢʦʥʝʯʥʳʭ ʧʦʣʝʡ ʜʘʥ  rʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʥʝʠʟʦʤʦʨʬʥʦʩʪʠ, ʨʘʙʦʪʳ ɸ. ɹʦʨʝʣʘ ʠ ɼʞ.ʊʠʪʩʘ 

[5], ʚ ʢʦʪʦʨʳʭ ʙʳʣʠ ʠʟʫʯʝʥʳ ʘʙʩʪʨʘʢʪʥʳʝ ʛʦʤʦʤʦʨʬʠʟʤʳ ʧʨʦʩʪʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʛʨʫʧʧ, ʪʘʢʞʝ 

ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʳ ʂ.ʐʫʢʠʥʘ [15] ʠ ɺ.ʀʟʙʘʰʘ [7] ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʦʪʦʧʠʯʝʩʢʠʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʢʚʘʟʠʛʨʫʧʧ ʢʦʥʝʯʥʳʭ ʧʦʨʷʜʢʦʚ.  

ʇʨʠʚʦʜʠʤ ʥʝʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʩʚʝʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʟʚʝʩʪʥʳ ʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʨʘʙʦʪʝ. 

ʆʧʨʝʜʝʣʝʥʠʝ 1 [6]. ʇʫʩʪʴ ʜʘʥʳ ʜʚʝ ʛʨʫʧʧʳ ὋȟϽ ʠ ὋȟÁȢ ɹʠʝʢʮʠʷ Ὢȡ ὋᴼὋ ʥʘʟʳʚʘʝʪʩʷ 

ʠʟʦʤʦʨʬʠʟʤʦʤ, ʝʩʣʠ ʜʣʷ ʣʶʙʳʭ ὥȟὦɴ Ὃ ʚʳʧʦʣʥʷʝʪʩʷ ὪὥϽὦ ὪὥÁὪὦȢ 
ʇʦʥʷʪʠʝ ʠʟʦʤʦʨʬʠʟʤʘ ʦʪʥʦʩʠʪʩʷ ʢ ʩʠʩʪʝʤʘʤ ʦʙʲʝʢʪʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʚ ʥʠʭ ʦʧʝʨʘʮʠʷʤʠ ʠʣʠ 

ʦʪʥʦʰʝʥʠʷʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʩʪʦʛʦ ʧʨʠʤʝʨʘ ʜʚʫʭ ʠʟʦʤʦʨʬʥʳʭ ʩʠʩʪʝʤ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʤʥʦʞʝʩʪʚʦ Ὑ ʚʩʝʭ ʚʝʱʝʩʪʚʝʥʥʳʭ ʯʠʩʝʣ ʩ ʦʧʨʝʜʝʣʸʥʥʦʡ ʥʘ ʥʝʤ ʦʧʝʨʘʮʠʝʡ ʩʣʦʞʝʥʠʷ ʠ 

ʤʥʦʞʝʩʪʚʦ Ὑ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚʝʥʥʳʭ ʯʠʩʝʣ ʩ ʟʘʜʘʥʥʦʡ ʥʘ ʥʝʤ ʦʧʝʨʘʮʠʝʡ ʫʤʥʦʞʝʥʠʷ.  

ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʦʧʨʝʜʝʣʝʥʠʡ ʠ ʧʨʠʤʝʨʦʚ ʠʟʦʤʦʨʬʥʳʭ ʛʨʫʧʧ, ʨʘʩʩʤʦʪʨʠʤ ʦʧʨʝʜʝʣʝʥʠʷ 

ʠʟʦʤʦʨʬʠʟʤʘ ʢʚʘʟʠʛʨʫʧʧ. 

ʆʧʨʝʜʝʣʝʥʠʝ 2. ɻʨʫʧʧʦʠʜ ὗȟz  ʥʘʟʳʚʘʝʪʩʷ ʢʚʘʟʠʛʨʫʧʧʦʡ, ʝʩʣʠ ʜʣʷ ʣʶʙʳʭ ὥȟὦ ɴ ὗ 

ʫʨʘʚʥʝʥʠʷ 

ὥz ὼ ὦȟώz ὥ ὦ (1) 
ʚʩʝʛʜʘ ʨʘʟʨʝʰʠʤʳ, ʧʨʠʯʸʤ ʦʜʥʦʟʥʘʯʥʦ [3]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʛʨʫʧʧʳ, ʢʚʘʟʠʛʨʫʧʧʳ ʥʝ ʦʙʷʟʘʥʳ ʙʳʪʴ ʘʩʩʦʮʠʘʪʠʚʥʳʤʠ [4]. 

ʕʪʦ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʪʘʙʣʠʮʳ ʂʵʣʠ ʛʨʫʧʧʦʠʜʘ ὗȟz, ʛʜʝ ʚʩʝ ʵʣʝʤʝʥʪʳ ʚ 
ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʠ ʚ ʢʘʞʜʦʤ ʩʪʦʣʙʮʝ ʨʘʟʣʠʯʥʳ (ʪʘʙʣ.1): 

 

ʊʘʙʣʠʮʘ 1. ʂʚʘʟʠʛʨʫʧʧʘ 4-ʛʦ ʧʦʨʷʜʢʘ 

Table 1. Quasigroup of ʦrder 4 

 
ʕʣʝʤʝʥʪʘʤʠ ʢʚʘʟʠʛʨʫʧʧʳ ὗ ʷʚʣʷʶʪʩʷ ὼ1, .., ὼὲ , ʢʘʞʜʘʷ ʟʘʧʠʩʴ ὥὭὮ ʦʙʦʟʥʘʯʘʝʪ ʧʨʦʠʟʚʝʜʝʥʠʝ 

ὼὭὼὮ ʚ ʢʚʘʟʠʛʨʫʧʧʝ ὗ. 



31 

 

ʇʦ ʪʘʙʣʠʮʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʙʠʥʘʨʥʳʝ ʦʧʝʨʘʮʠʠ ʚ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʪʘʢʞʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʸ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʚʘʟʠʛʨʫʧʧ ʤʘʣʦʛʦ ʧʦʨʷʜʢʘ ʧʦ ʪʦʞʜʝʩʪʚʘʤ ʠ 

ʧʦ ʥʘʣʠʯʠʠ ʢʦʥʛʨʫʵʥʮʠʠ. ʊʘʢ ʢʘʢ ʚʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʪʘʙʣʠʮʳ ʂʵʣʠ ʷʚʣʷʝʪʩʷ ʣʘʪʠʥʩʢʠʤ 

ʢʚʘʜʨʘʪʦʤ, ʪʦ ʚʘʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʪʨʝʙʫʝʤʳʝ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʚʘʟʠʛʨʫʧʧ ʠʟ ʠʭ 

ʣʘʪʠʥʩʢʠʭ ʢʚʘʜʨʘʪʦʚ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʢʘʞʜʘʷ ʢʚʘʟʠʛʨʫʧʧʘ (ὗ,Ŀ) ʦʧʨʝʜʝʣʷʝʪ ʥʘ ʤʥʦʞʝʩʪʚʝ ὗ ʪʨʠ ʪʠʧʘ 

ʧʝʨʝʩʪʘʥʦʚʦʢ: ʣʝʚʘʷ ʪʨʘʥʩʣʷʮʠʷ ὒx(ώ) = ὼώ, ʧʨʘʚʘʷ ʪʨʘʥʩʣʷʮʠʷ Ὑx(ώ) = ώὼ, ʩʨʝʜʥʷʷ ʪʨʘʥʩʣʷʮʠʷ 
ὐ ʠ ʦʙʨʘʪʥʘʷ ʢ ʥʝʡ  ὐ , ʦʧʨʝʜʝʣʷʝʤʳʝ ʬʦʨʤʫʣʘʤʠ ὼὐὼ  ὥȟ ὐ  ώώ  ὥȟὼȟώ ɴ  ὗȟὼώ 
 ὥȢ 

ɺ ʣʘʪʠʥʩʢʦʤ ʢʚʘʜʨʘʪʝ ʧʝʨʝʥʫʤʝʨʦʚʘʥʳ ʩʪʦʣʙʮʳ ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʠ ʩʪʨʦʢʠ ʩʚʝʨʭʫ ʚʥʠʟ 

ʮʠʬʨʘʤʠ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʧʦʨʷʜʢʝ. ʇʦ ʪʨʘʜʠʮʠʠ ʩʪʨʦʢʠ ʦʙʦʟʥʘʯʝʥʳ ὒ, ʘ ʩʪʦʣʙʮʳ ʦʙʦʟʥʘʯʝʥʳ Ὑ ʠ 

ʚʚʝʜʝʥʘ ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ (ʪʘʙʣʠʮʘ 2): 

ʆʧʨʝʜʝʣʝʥʠʝ 3. [14] ʂʚʘʟʠʛʨʫʧʧʘ 1ȟ ʥʘʟʳʚʘʝʪʩʷ ʜʠʘʩʩʦʮʠʘʪʠʚʥʦʡ ʩʪʝʧʝʥʠ ËÌ, ʝʩʣʠ ʚ 
ʥʝʡ ʚʳʧʦʣʥʷʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʦʞʜʝʩʪʚʘ (2) ʠ (3) : 

xyyyxyx

ʨʘʟk

k ==

-

)()'& )...))((...(],[ , (2) 

xxyyyxy

ʨʘʟl

l ==

-

)...))((...(},{ )()'&  . (3) 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ. ʇʨʦʙʣʝʤʘ ʠʟʦʤʦʨʬʠʟʤʘ ʜʚʫʭ ʛʨʫʧʧ ʩʚʦʜʠʪʩʷ ʪʘʢʞʝ ʢ ʦʪʳʩʢʘʥʠʶ 

ʘʣʛʦʨʠʪʤʘ, ʢʦʪʦʨʳʡ ʟʘ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʰʘʛʦʚ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʠʟʦʤʦʨʬʠʟʤ ʵʪʠʭ ʛʨʫʧʧ. 

ɼʣʷ ʢʦʥʝʯʥʳʭ ʛʨʫʧʧʘ ʵʪʦ ʧʨʦʙʣʝʤʘ ʨʘʟʨʝʰʠʤʘ. ɻʨʫʧʧʘ ʦʙʣʘʜʘʝʪ ʘʩʩʦʮʠʘʪʠʚʥʦʩʪʴʶ, 

ʥʝʡʪʨʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʦʙʨʘʪʠʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʇʦʵʪʦʤʫ ʠʟʦʤʦʨʬʠʟʤ ʛʨʫʧʧ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʧʝʨʝʚʦʜʠʪ ʥʝʡʪʨʘʣʴʥʳʡ ʵʣʝʤʝʥʪ ʚ ʥʝʡʪʨʘʣʴʥʳʡ, ʧʝʨʝʚʦʜʠʪ ʦʙʨʘʪʥʳʝ ʵʣʝʤʝʥʪʳ ʚ ʦʙʨʘʪʥʳʝ ʠ 

ʩʦʭʨʘʥʷʝʪ ʚʩʶ ʘʣʛʝʙʨʘʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. ʆʜʥʘʢʦ ʚ ʢʚʘʟʠʛʨʫʧʧʘʭ ʚʦʟʤʦʞʥʳ ʨʘʟʣʠʯʥʳʝ 

ʚʘʨʠʘʥʪʳ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʳ ʚ ʛʨʫʧʧʘʭ. ʂʚʘʟʠʛʨʫʧʧʳ ʥʝ ʦʙʷʟʘʥʳ ʙʳʪʴ ʘʩʩʦʮʠʘʪʠʚʥʳʤʠ, 

ʤʦʛʫʪ ʥʝ ʠʤʝʪʴ ʥʝʡʪʨʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʠ ʥʝ ʦʙʷʟʘʥʳ ʙʳʪʴ ʛʨʫʧʧʦʡ. ʇʦʵʪʦʤʫ ʠʟʦʤʦʨʬʠʟʤ 

ʢʚʘʟʠʛʨʫʧʧ ʩʦʭʨʘʥʷʝʪ ʪʦʣʴʢʦ ʙʠʥʘʨʥʫʶ ʦʧʝʨʘʮʠʶ, ʥʦ ʥʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ 

ʥʫʞʥʦ ʩʦʭʨʘʥʷʪʴ.  

ɼʣʷ ʢʚʘʟʠʛʨʫʧʧ ʟʘʜʘʯʘ ʩʫʱʝʩʪʚʝʥʥʦ ʩʣʦʞʥʝʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʚʦʟʤʦʞʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʦʪʩʫʪʩʪʚʠʝʤ ʨʘʟʚʠʪʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʪʝʦʨʝʤ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʝʦʨʠʠ ʛʨʫʧʧ) ʠ ʚʳʩʦʢʦʡ 

ʩʣʦʞʥʦʩʪʴʶ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʩʨʘʚʥʝʥʠʷ. ʇʦʵʪʦʤʫ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʢʚʘʟʠʛʨʫʧʧ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʣʦʞʥʝʝ, ʯʝʤ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʛʨʫʧʧ. ʆʜʥʘʢʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʙʠʥʘʪʦʨʥʳʭ ʠ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʵʪʘ ʟʘʜʘʯʘ ʨʘʟʨʝʰʠʤʘ ʜʣʷ ʢʚʘʟʠʛʨʫʧʧ ʤʘʣʳʭ ʧʦʨʷʜʢʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʠʩʩʣʝʜʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʪʠʧʳ ʢʚʘʟʠʛʨʫʧʧ ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʟʘ ʠʭ ʣʘʪʠʥʩʢʠʭ 

ʢʚʘʜʨʘʪʦʚ, ʪʦ ʝʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʘʙʣʠʮ ʂʵʣʠ. 

ʈʘʥʝʝ ʚ ʨʘʙʦʪʘʭ [8; 11] ʙʳʣ ʠʟʫʯʝʥ ʢʣʘʩʩ ʜʠʘʩʩʦʮʠʘʪʠʚʥʳʭ ʢʚʘʟʠʛʨʫʧʧ ʤʘʣʦʛʦ ʧʦʨʷʜʢʘ, 

ʪʘʢʞʝ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤ ʠ ʢʦʤʙʠʥʘʪʦʨʥʳʤ ʤʝʪʦʜʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʵʪʠʭ 

ʢʣʘʩʩʦʚ ʢʚʘʟʠʛʨʫʧʧ. 

ʉ ʧʦʤʦʱʴʶ ʥʝʩʣʦʞʥʦʡ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤ r ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʩʝ 

ʧʨʘʚʦʜʠʘʩʩʦʮʠʘʪʠʚʥʳʝ (ʣʝʚʦʜʠʘʩʩʦʮʠʘʪʠʚʥʳʝ) ʢʚʘʟʠʛʨʫʧʧʳ 4-ʛʦ ʠ 5-ʛʦ ʧʦʨʷʜʢʦʚ (ʪʘʙʣ.2). 

 

ʊʘʙʣʠʮʘ 2. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʜʠʘʩʩʦʮʠʘʪʠʚʥʳʭ ʢʚʘʟʠʛʨʫʧʧ  

Table 2. Classification of diassociative quasigroups 
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ɺ ʩʣʝʜʫʶʱʠʭ ʪʘʙʣʠʮʘʭ (ʪʘʙʣ.3 ʠ ʪʘʙʣ.4) ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʥʘʡʜʝʥʥʳʭ ʜʠʘʩʩʦʮʠʘʪʠʚʥʳʭ 

ʢʚʘʟʠʛʨʫʧʧ 4 - ʛʦ ʠ 5 - ʛʦ ʧʦʨʷʜʢʦʚ ʠʟ ʪʘʙʣ.2 ʚ ʚʠʜʝ ʣʘʪʠʥʩʢʦʛʦ ʢʚʘʜʨʘʪʘ.  

 

ʊʘʙʣʠʮʘ 3. ʇʨʠʤʝʨʳ ʜʠʘʩʩʦʮʠʘʪʠʚʥʳʭ ʢʚʘʟʠʛʨʫʧʧ 4 - ʛʦ ʧʦʨʷʜʢʘ 

Table 3. Examples of 4th order diassociative quasigroups 

 
 

ʊʘʙʣʠʮʘ 4. ʇʨʠʤʝʨʳ ʜʠʘʩʩʦʮʠʘʪʠʚʥʳʭ ʢʚʘʟʠʛʨʫʧʧ 5 ï ʛʦ ʧʦʨʷʜʢʘ 

Table 4. Examples of diassociative quasigroups of the 5th order 

 
 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʠʟʦʤʦʨʬʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʜʠʘʩʩʦʮʠʘʪʠʚʥʳʭ ʢʚʘʟʠʛʨʫʧʧ ʤʘʣʦʛʦ ʧʦʨʷʜʢʘ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʢʚʘʟʠʛʨʫʧʧ ʤʘʣʦʛʦ 

ʧʦʨʷʜʢʘ ʠʟʦʤʦʨʬʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʟʥʘʯʘʝʪ ʨʘʟʙʠʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʚʩʝʭ ʪʘʢʠʭ ʢʚʘʟʠʛʨʫʧʧ ʥʘ 

ʢʣʘʩʩʳ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʧʦ ʠʟʦʤʦʨʬʠʟʤʫ [10].  

ʄʝʪʦʜʳ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʢʦʤʙʠʥʘʪʦʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʝ ʧʦʩʪʨʦʝʥʠʝ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʪʘʙʣʠʮ 

ʫʤʥʦʞʝʥʠʷ ʜʠʘʩʩʦʮʠʘʪʠʚʥʳʭ ʢʚʘʟʠʛʨʫʧʧ ʤʘʣʦʛʦ ʧʦʨʷʜʢʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʜʝʣʝʥʠʝʤ ʧʦʧʘʨʥʦ 

ʥʝʠʟʦʤʦʨʬʥʳʭ ʩʪʨʫʢʪʫʨ. ɸʣʛʦʨʠʪʤʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʠʟʦʤʦʨʬʠʟʤʘ 

ʤʝʞʜʫ ʢʚʘʟʠʛʨʫʧʧʘʤʠ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʝʡ ʠʭ ʪʘʙʣʠʮ. ʈʘʥʝʝ ʚ ʨʘʙʦʪʝ ʘʚʪʦʨʘ [12] 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʤ ʧʦʜʭʦʜʦʤ ʙʳʣʠ ʥʘʡʜʝʥʳ ʚʩʝ ʧʝʨʝʩʪʘʥʦʚʢʠ „ ʤʥʦʞʝʩʪʚʘ ὥȟὦȟὧȟὨȟὪ , ʜʣʷ 

ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʢʚʘʟʠʧʦʣʥʦʪʳ ʜʣʷ ʜʠʘʩʩʦʮʠʘʪʠʚʥʳʭ ʢʚʘʟʠʛʨʫʧʧ 5-ʛʦ ʧʦʨʷʜʢʘ, 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʨʘʟʥʳʝ ʢʚʘʟʠʛʨʫʧʧʳ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʢʚʘʟʠʧʦʣʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ. ʊʘʢʞʝ ʚ 

ʨʘʙʦʪʝ ʘʚʪʦʨʘʤʠ ʙr ʣ ʩʦʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʠ ʨʘʟʨʘʙʦʪʘʥ ʢʦʜ ʧʨʦʛʨʘʤʤʳ ʥʘ ʷʟʳʢʝ C++ ʜʣʷ ʧʦʠʩʢʘ 

ʢʚʘʟʠʧʦʣʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ ʜʠʘʩʩʦʮʠʘʪʠʚʥʳʭ ʢʚʘʟʠʛʨʫʧʧ 5-ʛʦ ʧʦʨʷʜʢʘ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʡ 

ʧʨʦʛʨʘʤʤʳ ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʨʘʟʥʳʝ ʢʚʘʟʠʛʨʫʧʧʳ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʢʚʘʟʠʧʦʣʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ ʠ 

ʪʘʢʞʝ ʠʟʫʯʠʪʴ ʠʭ ʩʠʤʤʝʪʨʠʯʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʈʝʟʫʣʴʪʘʪʳ. ɼʘʣʝʝ ʘʚʪʦʨʦʤ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʚʘʟʠʛʨʫʧʧ ʩ ʪʦʯʥʦʩʪʴʶ 

ʜʦ ʠʟʦʤʦʨʬʠʟʤʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʧʨʦʮʝʜʫʨʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʠʭ ʪʘʙʣʠʮ ʚ ʚʠʜʝ 

ʣʘʪʠʥʩʢʠʭ ʢʚʘʜʨʘʪʦʚ. ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ (ʢʘʞʜʘʷ ʢʚʘʟʠʛʨʫʧʧʘ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ 

ʫʤʥʦʞʝʥʠʷ) ʩʯʠʪʳʚʘʶʪʩʷ ʠʟ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ ʬʦʨʤʘʪʘ .txt. ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʚʘʟʠʛʨʫʧʧ ʚʢʣʶʯʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʘ ʧʨʦʚʝʨʢʠ ʠʟʦʤʦʨʬʠʟʤʘ ʠ ʨʝʘʣʠʟʘʮʠʶ 

ʤʝʭʘʥʠʟʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʣʘʪʠʥʩʢʠʭ ʢʚʘʜʨʘʪʦʚ. 

ɸʣʛʦʨʠʪʤ ʧʨʦʚʝʨʢʠ ʠʟʦʤʦʨʬʠʟʤʘ ʜʚʫʭ ʢʚʘʟʠʛʨʫʧʧ 5-ʛʦ ʧʦʨʷʜʢʘ 

1. ʅʘʯʘʣʦ 
o ʆʪʢʨʳʚʘʝʤ ʬʘʡʣ 55.txt. 

o ɺ ʬʘʡʣʝ 10 ʩʪʨʦʢ (ʧʦ 5 ʩʪʨʦʢ ʥʘ ʢʘʞʜʫʶ ʢʚʘʟʠʛʨʫʧʧʫ). 

2. ʏʪʝʥʠʝ ʢʚʘʟʠʛʨʫʧʧ 
o ʉʯʠʪʳʚʘʝʤ ʚʩʝ ʩʪʨʦʢʠ. 

o ʈʘʟʜʝʣʷʝʤ ʠʭ ʥʘ ʜʚʝ ʤʘʪʨʠʮʳ 5Ĭ5: q1 ʠ q2. 

3. ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʧʝʨʝʩʪʘʥʦʚʦʢ 
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o ʉʦʟʜʘʸʤ ʩʧʠʩʦʢ ʚʩʝʭ ʧʝʨʝʩʪʘʥʦʚʦʢ ʵʣʝʤʝʥʪʦʚ {1,2,3,4,5} . 

4. ʇʨʦʚʝʨʢʘ ʢʘʞʜʦʡ ʧʝʨʝʩʪʘʥʦʚʢʠ ů 
ɼʣʷ ʢʘʞʜʦʡ ʧʝʨʝʩʪʘʥʦʚʢʠ perm: 

o ʌʦʨʤʠʨʫʝʤ ʦʪʦʙʨʘʞʝʥʠʝ ů: i -> perm[i-1] ʜʣʷ ʵʣʝʤʝʥʪʦʚ 1..5. 

o ʇʨʦʚʝʨʷʝʤ ʫʩʣʦʚʠʝ ʠʟʦʤʦʨʬʠʟʤʘ: 

 ʜʣʷ ʚʩʝʭ i, j ʠʟ {0..4}:  

sigma[A[i][j]] = B[sigma[i+1]-1][sigma[j+1]-1] 

o ɽʩʣʠ ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ï ʩʦʭʨʘʥʷʝʤ ʵʪʫ ʧʝʨʝʩʪʘʥʦʚʢʫ ʚ ʩʧʠʩʦʢ sigmas. 

5. ʈʝʟʫʣʴʪʘʪ ʧʨʦʚʝʨʢʠ 
o ɽʩʣʠ ʩʧʠʩʦʢ sigmas ʥʝ ʧʫʩʪʦʡ Ÿ ʢʚʘʟʠʛʨʫʧʧʳ ʠʟʦʤʦʨʬʥʳ. 

Á ɺʳʚʦʜʠʤ ʩʦʦʙʱʝʥʠʝ: "ʂʚʘʟʠʛʨʫʧʧʳ 1 ʠ 2 ʀɿʆʄʆʈʌʅʓ". 

Á ɺʳʚʦʜʠʤ ʚʩʝ ʧʝʨʝʩʪʘʥʦʚʢʠ ů ʚ ʚʠʜʝ f1 = [..], f2 = [..] ʠ ʪ.ʜ. 

o ɽʩʣʠ ʩʧʠʩʦʢ sigmas ʧʫʩʪʦʡ Ÿ ʢʚʘʟʠʛʨʫʧʧʳ ʥʝ ʠʟʦʤʦʨʬʥʳ. 

Á ɺʳʚʦʜʠʤ ʩʦʦʙʱʝʥʠʝ: "ʂʚʘʟʠʛʨʫʧʧʳ 1 ʠ 2 ʅɽ ʠʟʦʤʦʨʬʥʳ". 

6. ʂʦʥʝʮ 
ɸʣʛʦʨʠʪʤ ʟʘʚʝʨʰʸʥ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ 

ʂ ʦʩʦʙʝʥʥʦʩʪʷʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʪʥʦʩʷʪʩʷ: 

¶ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʚʘʟʠʛʨʫʧʧ ʚ ʚʠʜʝ ʣʘʪʠʥʩʢʠʭ ʢʚʘʜʨʘʪʦʚ ʧʦʨʷʜʢʘ 5Ĭ5;  

¶ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ ʚʩʝʭ ʧʝʨʝʩʪʘʥʦʚʦʢ ʵʣʝʤʝʥʪʦʚ;  

¶ ʥʘʭʦʞʜʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʬʘʢʪʘ ʠʟʦʤʦʨʬʠʟʤʘ, ʥʦ ʠ ʚʩʝʭ ʦʪʦʙʨʘʞʝʥʠʡ ů, ʟʘʜʘʶʱʠʭ 

ʠʟʦʤʦʨʬʠʟʤ;  

¶ ʧʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ ʠ ʥʘʛʣʷʜʥʦʩʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

ɸʣʛʦʨʠʪʤ ʷʚʣʷʝʪʩʷ ʪʦʯʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʧʨʦʚʝʨʷʝʪ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʙʠʝʢʪʠʚʥʳʝ ʦʪʦʙʨʘʞʝʥʠʷ 

ʤʥʦʞʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ.  

ʂʦʜ ʧʨʦʛʨʘʤʤʳ ʥʘ ʷʟʳʢʝ Python 

import itertools 

def read_two_quasigroups(filename): // ʩʦʟʜʘʥʠʝ ʬʫʥʢʮʠʠ 

 with open(filename) as f: 

 lines = [line.split() for line in f if line.strip()] 

 q1 = [list(map(int, lines[i])) for i in range(5)] 

 q2 = [list(map(int, lines[i])) for i in range(5,10)] 

 return q1, q2 

 

def all_isomorphisms(A, B): // ʩʦʟʜʘʥʠʝ ʬʫʥʢʮʠʠ 

 sigmas = [] 

 for perm in itertools.permutations([1,2,3,4,5]): 

 sigma = {i+1: perm[i] for i in range(5)} 

 if all(sigma[A[i][j]] = B[sigma[i+1]-1][sigma[j+1]-1] for i in range(5) for j in range(5)): 

 sigmas.append(perm) 

 return sigmas 

q1, q2 = read_two_quasigroups("55.txt") 

sigmas = all_isomorphisms(q1, q2) 

if sigmas: 

 print(f"ʂʚʘʟʠʛʨʫʧʧʳ 1 ʠ 2 ʀɿʆʄʆʈʌʅʓ. ʅʘʡʜʝʥʦ {len(sigmas)} ʧʝʨʝʩʪʘʥʦʚʦʢ ů:") 

 for idx, s in enumerate(sigmas, 1): 

 print(f"f{idx} = [{' '.join(map(str, s))}]")  

else: 

 print("ʂʚʘʟʠʛʨʫʧʧʳ 1 ʠ 2 ʅɽ ʠʟʦʤʦʨʬʥʳ")  

ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʷʟʳʢ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python. ɺʳʙʦʨ ʜʘʥʥʦʛʦ ʷʟʳʢʘ ʦʙʫʩʣʦʚʣʝʥ ʝʛʦ ʧʨʦʩʪʦʪʦʡ, ʫʜʦʙʩʪʚʦʤ ʨʘʙʦʪʳ 

ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʜʘʥʥʳʭ ʠ ʥʘʣʠʯʠʝʤ ʚʩʪʨʦʝʥʥʳʭ ʙʠʙʣʠʦʪʝʢ ʜʣʷ ʢʦʤʙʠʥʘʪʦʨʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. 
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ɺ ʧʨʦʛʨʘʤʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʫʣʴ itertools, ʩʦʜʝʨʞʘʱʠʡ ʬʫʥʢʮʠʶ permutations(), 

ʧʦʟʚʦʣʷʶʱʫʶ ʛʝʥʝʨʠʨʦʚʘʪʴ ʚʩʝ ʧʝʨʝʩʪʘʥʦʚʢʠ ʵʣʝʤʝʥʪʦʚ ʤʥʦʞʝʩʪʚʘ. ʄʦʜʫʣʴ itertools ʷʚʣʷʝʪʩʷ 

ʚʩʪʨʦʝʥʥʳʤ ʤʦʜʫʣʝʤ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʠʪʝʨʘʪʦʨʘʤʠ ʠ ʢʦʤʙʠʥʘʪʦʨʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ɼʘʥʥʳʡ ʤʦʜʫʣʴ ʩʦʜʝʨʞʠʪ ʥʘʙʦʨ ʵʬʬʝʢʪʠʚʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʧʝʨʝʩʪʘʥʦʚʦʢ, ʩʦʯʝʪʘʥʠʡ ʠ ʜʝʢʘʨʪʦʚʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ. ʄʦʜʫʣʴ 

itertools ʷʟʳʢʘ Python ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʚʩʝʭ ʧʝʨʝʩʪʘʥʦʚʦʢ ʵʣʝʤʝʥʪʦʚ ʤʥʦʞʝʩʪʚʘ. ɺ 

ʧʨʦʛʨʘʤʤʝ ʬʫʥʢʮʠʷ permutations() ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʣʫʯʠʪʴ ʚʩʝ 120 ʧʝʨʝʩʪʘʥʦʚʦʢ 

ʤʥʦʞʝʩʪʚʘ {1,2,3,4,5} ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʦʚʝʨʢʠ ʠʟʦʤʦʨʬʠʟʤʘ ʢʚʘʟʠʛʨʫʧʧ. 

ʇʨʦʛʨʘʤʤʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ: 

1. read_two_quasigroups() ï ʩʯʠʪʳʚʘʝʪ ʜʚʝ ʢʚʘʟʠʛʨʫʧʧʳ ʠʟ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ ʠ 

ʬʦʨʤʠʨʫʝʪ ʜʚʝ ʤʘʪʨʠʮʳ ʧʦʨʷʜʢʘ 5Ĭ5;  

2. all_isomorphisms() ï ʚʳʧʦʣʥʷʝʪ ʧʦʣʥʳʡ ʧʝʨʝʙʦʨ ʧʝʨʝʩʪʘʥʦʚʦʢ ʠ ʧʨʦʚʝʨʷʝʪ 

ʫʩʣʦʚʠʝ ʠʟʦʤʦʨʬʠʟʤʘ.  

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ ʚʳʚʦʜ ʩʦʦʙʱʝʥʠʷ ʦ ʪʦʤ, ʷʚʣʷʶʪʩʷ ʣʠ 

ʢʚʘʟʠʛʨʫʧʧʳ ʠʟʦʤʦʨʬʥʳʤʠ, ʘ ʪʘʢʞʝ ʦʪʦʙʨʘʞʝʥʠʝ ʚʩʝʭ ʥʘʡʜʝʥʥʳʭ ʧʝʨʝʩʪʘʥʦʚʦʢ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʨʦʛʨʘʤʤʳ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: 

¶ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʚʝʨʢʠ ʠʟʦʤʦʨʬʠʟʤʘ;  

¶ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ;  

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʚʩʝʭ ʠʟʦʤʦʨʬʠʟʤʦʚ;  

¶ ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʥʝʯʥʳʭ ʢʚʘʟʠʛʨʫʧʧ;  

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʡ ʤʦʜʠʬʠʢʘʮʠʠ ʜʣʷ ʢʚʘʟʠʛʨʫʧʧ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʠ ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʩʣʝʜʦʚʘʪʴ 

ʠʟʦʤʦʨʬʠʟʤ ʢʦʥʝʯʥʳʭ ʢʚʘʟʠʛʨʫʧʧ 5-ʛʦ ʧʦʨʷʜʢʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʥʦʛʦ ʧʝʨʝʙʦʨʘ ʧʝʨʝʩʪʘʥʦʚʦʢ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʜʝʣʘʝʪ ʧʨʦʛʨʘʤʤʫ ʫʜʦʙʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʪʝʦʨʠʠ ʢʚʘʟʠʛʨʫʧʧ. 

ʇʨʠʤʝʨ 1. ʇʫʩʪʴ ὗȟ ï ʜʠʘʩʩʦʮʠʘʪʠʚʥʘʷ ʢʚʘʟʠʛʨʫʧʧʘ 5-ʛʦ ʧʦʨʷʜʢʘ ʠ ʧʫʩʪʴ ʪʘʙʣʠʮʘ ʂʵʣʠ 

ʜʣʷ ʵʪʦʡ ʢʚʘʟʠʛʨʫʧʧʳ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ (ʪʘʙʣ.5): 

 

ʊʘʙʣʠʮʘ 5. ɼʠʘʩʩʦʮʠʘʪʠʚʥʘʷ ʢʚʘʟʠʛʨʫʧʧʘ 5-ʛʦ ʧʦʨʷʜʢʘ 

Table 5. Dissociative quasigroup of order 5 

 
ɺ ʜʘʥʥʦʡ ʪʘʙʣʠʮʝ ʥʫʤʝʨʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʚʳʙʨʘʥʘ ʜʣʷ ʫʜʦʙʩʪʚʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ ʠʟʦʤʦʨʬʠʟʤʦʚ. ʊʘʢʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ʥʝ ʚʣʠʷʝʪ ʥʘ ʘʣʛʝʙʨʘʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ.  

ɼʘʣʝʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʨʦʚʦʜʠʤ ʧʦʧʘʨʥʫʶ ʧʨʦʚʝʨʢʫ 

ʢʚʘʟʠʛʨʫʧʧ ʥʘ ʠʟʦʤʦʨʬʠʟʤ. ɼʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ὗȟὗ ȟʛʜʝ ρ ὭȟὮ σπ ʦʩʫʱʝʩʪʚʣʷʝʤ ʧʝʨʝʙʦʨ 

ʧʝʨʝʩʪʘʥʦʚʦʢ ʤʥʦʞʝʩʪʚʘ {1,é,5} ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʙʠʝʢʪʠʚʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ, ʩʦʭʨʘʥʷʶʱʠʭ 

ʦʧʝʨʘʮʠʶ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʧʝʨʚʦʡ ʢʚʘʟʠʛʨʫʧʧʳ ὗ ʥʘʭʦʜʠʤ ʚʩʝ ʧʝʨʝʩʪʘʥʦʚʢʠ, ʨʝʘʣʠʟʫʶʱʠʝ 

ʠʟʦʤʦʨʬʠʟʤ ʩ ʢʘʞʜʦʡ ʠʟ ʦʩʪʘʣʴʥʳʭ 29 ʢʚʘʟʠʛʨʫʧʧ (ʪʘʙʣ.6). 
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ʊʘʙʣʠʮʘ 6. ʇʝʨʝʩʪʘʥʦʚʢʠ, ʨʝʘʣʠʟʫʶʱʠʝ ʠʟʦʤʦʨʬʠʟʤ 

Table 6. Permutations realizing isomorphism 
 

 ὗ ḙὗ, 

ʛʜʝ ρ Ὥ σπ 
  

ů1 = (1, 2, 3, 5, 4) 

ů2 = (1, 3, 2, 4, 5) 

ů3 = (1, 4, 5, 2, 3) 

ů4 = (1, 5, 4, 3, 2) 

ὗ  

ů1 = (1, 2, 4, 3, 5) 

ů2 = (1, 3, 5, 4, 2) 

ů3 = (1, 4, 2, 5, 3) 

ů4 = (1, 5, 3, 2, 4) 

ὗ  

ů1 = (1, 2, 4, 5, 3) 

ů2 = (1, 3, 5, 2, 4) 

ů3 = (1, 4, 2, 3, 5) 

ů4 = (1, 5, 3, 4, 2) 

ὗ  

ů1= (1, 2, 5, 3, 4) 

ů2 = (1, 3, 4, 5, 2) 

ů3 = (1, 4, 3, 2, 5) 

ů4 = (1, 5, 2, 4, 3) 

ὗ  

ů1 = (1, 2, 5, 4, 3) 

ů2 = (1, 3, 4, 2, 5) 

ů3 = (1, 4, 3, 5, 2) 

ů4 = (1, 5, 2, 3, 4) 

ὗ  

ů1 = (5, 1, 4, 2, 3) 

ů2 = (5, 2, 3, 4, 1) 

ů3 = (5, 3, 2, 1, 4) 

ů4 = (5, 4, 1, 3, 2) 

ὗ  

ů1 = (4, 1, 5, 2, 3) 

ů2 = (4, 2, 3, 5, 1) 

ů3 = (4, 3, 2, 1, 5) 

ů4 = (4, 5, 1, 3, 2) 

ὗ  

ů1 = (4, 1, 3, 2, 5) 

ů2 = (4, 2, 5, 3, 1) 

ů3 = (4, 3, 1, 5, 2) 

ů4 = (4, 5, 2, 1, 3) 

ὗ  

ů1 = (3, 1, 4, 2, 5) 

ů2 = (3, 2, 5, 4, 1) 

ů3 = (3, 4, 1, 5, 2) 

ů4 = (3, 5, 2, 1, 4) 

ὗ  

ů1 = (5, 1, 3, 2, 4) 

ů2 = (5, 2, 4, 3, 1) 

ů3 = (5, 3, 1, 4, 2) 

ů4 = (5, 4, 2, 1, 3) 

ὗ  

ů1 = (3, 1, 5, 2, 4) 

ů2 = (3, 2, 4, 5, 1) 

ů3 = (3, 4, 2, 1, 5) 

ů4 = (3, 5, 1, 4, 2) 

ὗ  

ů1 = (4, 1, 5, 3, 2) 

ů2 = (4, 2, 3, 1, 5) 

ů3 = (4, 3, 2, 5, 1) 

ů4 = (4, 5, 1, 2, 3) 

ὗ  

ů1 = (5, 1, 4, 3, 2) 

ů2 = (5, 2, 3, 1, 4) 

ů3 = (5, 3, 2, 4, 1) 

ů4 = (5, 4, 1, 2, 3) 

ὗ  

ů1 = (2, 1, 4, 3, 5) 

ů2 = (2, 3, 5, 4, 1) 

ů3 = (2, 4, 1, 5, 3) 

ů4 = (2, 5, 3, 1, 4) 

ὗ  

ů1 = (4, 1, 2, 3, 5) 

ů2 = (4, 2, 1, 5, 3) 

ů3 = (4, 3, 5, 2, 1) 

ů4 = (4, 5, 3, 1, 2) 

ὗ  

ů1 = (2, 1, 5, 3, 4) 

ů2 = (2, 3, 4, 5, 1) 

ů3 = (2, 4, 3, 1, 5) 

ů4 = (2, 5, 1, 4, 3) 

ὗ  

ů1 = (5, 1, 2, 3, 4) 

ů2 = (5, 2, 1, 4, 3) 

ů3 = (5, 3, 4, 2, 1) 

ů4 = (5, 4, 3, 1, 2) 

ὗ  

ů1 = (5, 1, 3, 4, 2) 

ů2 = (5, 2, 4, 1, 3) 

ů3 = (5, 3, 1, 2, 4) 

ů4 = (5, 4, 2, 3, 1) 

ὗ  

ů1 = (3, 1, 5, 4, 2) 

ů2 = (3, 2, 4, 1, 5) 

ů3 = (3, 4, 2, 5, 1) 

ů4 = (3, 5, 1, 2, 4) 

ὗ  

ů1 = (2, 1, 3, 4, 5) 

ů2 = (2, 3, 1, 5, 4) 

ů3 = (2, 4, 5, 3, 1) 

ů4 = (2, 5, 4, 1, 3) 

ὗ  

ů1 = (3, 1, 2, 4, 5) 

ů2 = (3, 2, 1, 5, 4) 

ů3 = (3, 4, 5, 2, 1) 

ů4 = (3, 5, 4, 1, 2) 

ὗ  

ů1 = (2, 1, 5, 4, 3) 

ů2 = (2, 3, 4, 1, 5) 

ů3 = (2, 4, 3, 5, 1) 

ů4 = (2, 5, 1, 3, 4) 

ὗ  

ů1 = (5, 1, 2, 4, 3) 

ů2 = (5, 2, 1, 3, 4) 

ů3 = (5, 3, 4, 1, 2) 

ů4 = (5, 4, 3, 2, 1) 

ὗ  

ů1 = (4, 1, 3, 5, 2) 

ů2 = (4, 2, 5, 1, 3) 

ů3 = (4, 3, 1, 2, 5) 

ů4 = (4, 5, 2, 3, 1) 

ὗ  

ů1 = (3, 1, 4, 5, 2) 

ů2 = (3, 2, 5, 1, 4) 

ů3 = (3, 4, 1, 2, 5) 

ů4 = (3, 5, 2, 4, 1) 

ὗ  

ů1 = (2, 1, 3, 5, 4) 

ů2 = (2, 3, 1, 4, 5) 

ů3 = (2, 4, 5, 1, 3) 

ů4 = (2, 5, 4, 3, 1) 

ὗ  

ů1 = (3, 1, 2, 5, 4) 

ů2 = (3, 2, 1, 4, 5) 

ů3 = (3, 4, 5, 1, 2) 

ů4 = (3, 5, 4, 2, 1) 

ὗ  

ů1 = (2, 1, 4, 5, 3) 

ů2 = (2, 3, 5, 1, 4) 

ů3 = (2, 4, 1, 3, 5) 

ů4 = (2, 5, 3, 4, 1) 

ὗ  

ů1 = (4, 1, 2, 5, 3) 

ů2 = (4, 2, 1, 3, 5) 

ů3 = (4, 3, 5, 1, 2) 

ů4 = (4, 5, 3, 2, 1) 

ὗ  

 

ʉʣʝʜʩʪʚʠʝ 1. ʀʟ ʪʘʙʣʠʮʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʝʩʣʠ ʧʝʨʚʘʷ ʢʚʘʟʠʛʨʫʧʧʘ ὗ ʠʟʦʤʦʨʬʥʘ ʢʘʞʜʦʡ ʠʟ 

ʦʩʪʘʣʴʥʳʭ ὗȟȣȟὗ , ʪʦ ʚʩʝ 30 ʢʚʘʟʠʛʨʫʧʧ ʧʦʧʘʜʘʶʪ ʚ ʦʜʠʥ ʢʣʘʩʩ ʠʟʦʤʦʨʬʠʟʤʘ, ʪʦ ʝʩʪʴ ʦʥʠ 

ʧʦʧʘʨʥʦ ʠʟʦʤʦʨʬʥʳ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʫʩʪʴ ʜʣʷ ʣʶʙʦʛʦ É ςȟȣȟσπ ʩʫʱʝʩʪʚʫʝʪ ʠʟʦʤʦʨʬʠʟʤ: •Ḋὗ ᴼὗ . 

ɺʦʟʴʤʸʤ ʜʚʝ ʧʨʦʠʟʚʦʣʴʥʳʝ ʢʚʘʟʠʛʨʫʧʧʳ ὗʠ ὗ. ʊʘʢ ʢʘʢ ὗ ḙὗ ʠ ὗ ḙὗ, ʪʦ ʩʫʱʝʩʪʚʫʝʪ:  

•Ḋὗ ᴼὗ, • Ḋὗ ᴼὗ. 

ʊʦʛʜʘ ʦʪʦʙʨʘʞʝʥʠʝ ‪ • •ʐ ȡ ὗᴼὗ  ʷʚʣʷʝʪʩʷ ʠʟʦʤʦʨʬʠʟʤʦʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ὗḙὗ. 

ʇʨʝʜʣʦʞʝʥʠʝ 1. ʇʫʩʪʴ ʜʘʥʘ ʩʦʚʦʢʫʧʥʦʩʪʴ ʠʟ 30 ʜʠʘʩʩʦʮʠʘʪʠʚʥʳʭ ʢʚʘʟʠʛʨʫʧʧ ʧʦʨʷʜʢʘ 5 (ʚ 

ʚʠʜʝ ʣʘʪʠʥʩʢʦʛʦ ʢʚʘʜʨʘʪʘ). ʊʦʛʜʘ ʜʣʷ ʣʶʙʳʭ ʜʚʫʭ ʢʚʘʟʠʛʨʫʧʧ ʠʟ ʵʪʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʫʱʝʩʪʚʫʝʪ 

ʧʝʨʝʩʪʘʥʦʚʢʘ „ ʤʥʦʞʝʩʪʚʘ ρȟςȟσȟτȟυȟ ʪʘʢʘʷ ʯʪʦ „ ʷʚʣʷʝʪʩʷ ʠʟʦʤʦʨʬʠʟʤʦʤ ʤʝʞʜʫ ʥʠʤʠ, ʪʦ ʝʩʪʴ: 

„ὥẗὦ „ὥ „ʐὦȟᶅὥȟὦɴ ρȟςȟσȟτȟυ. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʩʝ ʵʪʠ ʢʚʘʟʠʛʨʫʧʧʳ ʦʙʨʘʟʫʶʪ ʦʜʠʥ ʢʣʘʩʩ ʠʟʦʤʦʨʬʠʟʤʘ 

ʜʠʘʩʩʦʮʠʘʪʠʚʥʳʭ ʢʚʘʟʠʛʨʫʧʧ ʧʦʨʷʜʢʘ 5. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʂʦʤʧʴʶʪʝʨʥʳʤ ʧʝʨʝʙʦʨʦʤ ʚʩʝʭ 120 ʧʝʨʝʩʪʘʥʦʚʦʢ „ ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʠʟ 

30 ʢʚʘʟʠʛʨʫʧʧ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʡ ʧʘʨʳ ʩʫʱʝʩʪʚʫʝʪ ʭʦʪʷ ʙʳ ʦʜʥʘ „, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ 
ʫʩʣʦʚʠʶ ʠʟʦʤʦʨʬʠʟʤʘ. ʊʘʢ ʢʘʢ ʠʟʦʤʦʨʬʠʟʤ ï ʪʨʘʥʟʠʪʠʚʥʦʝ ʦʪʥʦʰʝʥʠʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʩʝ 30 

ʢʚʘʟʠʛʨʫʧʧ ʧʨʠʥʘʜʣʝʞʘʪ ʦʜʥʦʤʫ ʢʣʘʩʩʫ ʠʟʦʤʦʨʬʠʟʤʘ. 

ʊʘʢʞʝ ʜʣʷ ʜʠʘʩʩʦʮʠʘʪʠʚʥʳʭ ʢʚʘʟʠʛʨʫʧʧ 4-ʛʦ ʧʦʨʷʜʢʘ ʩʪʝʧʝʥʠ Ὧȟὰ σ ʩ ʧʦʤʦʱʴʶ 

ʚʳʰʝʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦʧʘʨʥʘʷ ʧʨʦʚʝʨʢʘ ʢʚʘʟʠʛʨʫʧʧ ʥʘ ʠʟʦʤʦʨʬʠʟʤ, ʠ 

ʥʘʡʜʝʥʳ ʢʣʘʩʩʳ ʠʟʦʤʦʨʬʥʳʭ ʢʚʘʟʠʛʨʫʧʧ (ʪʘʙʣ.7): 
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ʊʘʙʣʠʮʘ 7. ʀʟʦʤʦʨʬʥʳʝ ʢʣʘʩʩʳ ʜʠʘʩʩʦʮʠʘʪʠʚʥʳʭ ʢʚʘʟʠʛʨʫʧʧ 4-ʛʦ ʧʦʨʷʜʢʘ 

Table 7. Isomorphic classes of diassociative quasigroups of order 4 

 
 

ʉʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʧʦʨʷʜʢʘ 5 ʠʟʫʯʘʝʤʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʬʦʨʤʠʨʫʝʪ ʝʜʠʥʩʪʚʝʥʥʳʡ ʢʣʘʩʩ 

ʠʟʦʤʦʨʬʠʟʤʘ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʜʠʘʩʩʦʮʠʘʪʠʚʥʳʭ ʢʚʘʟʠʛʨʫʧʧ 4-ʛʦ ʧʦʨʷʜʢʘ ʩʫʱʝʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ 

ʢʣʘʩʩʦʚ ʠʟʦʤʦʨʬʠʟʤʘ, ʠ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʠʟʦʤʦʨʬʥʳʭ ʩʪʨʫʢʪʫʨ ʜʘʞʝ ʩʨʝʜʠ 

ʢʣʘʩʩʘ ʜʠʘʩʩʦʮʠʘʪʠʚʥʳʭ ʢʚʘʟʠʛʨʫʧʧ ʦʜʠʥʘʢʦʚʦʛʦ ʧʦʨʷʜʢʘ. ʊʦ ʝʩʪʴ ʢʚʘʟʠʛʨʫʧʧʳ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʦʜʥʦʤʫ ʪʦʞʜʝʩʪʚʫ, ʥʦ ʠʭ ʪʘʙʣʠʮʳ ʫʤʥʦʞʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʪʨʫʢʪʫʨʥʦ ʨʘʟʥʳʝ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʢʣʘʩʩʦʚ ʦʪ ʧʦʨʷʜʢʘ ʢʚʘʟʠʨʨʫʧʧ.  

ɺʳʚʦʜʳ. ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʩʝ ʜʠʘʩʩʦʮʠʘʪʠʚʥʳʝ 

ʢʚʘʟʠʛʨʫʧʧʳ 5-ʛʦ ʧʦʨʷʜʢʘ ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʥʦʤ ʠʟʦʤʦʨʬʥʦʤ ʢʣʘʩʩʝ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʡ 

ʧʘʨʳ ʪʘʢʠʭ ʢʚʘʟʠʛʨʫʧʧ ʩʫʱʝʩʪʚʫʝʪ ʧʝʨʝʩʪʘʥʦʚʢʘ ʵʣʝʤʝʥʪʦʚ ʤʥʦʞʝʩʪʚʘ, ʢʦʪʦʨʘʷ ʧʨʝʚʨʘʱʘʝʪ 

ʦʜʥʫ ʢʚʘʟʠʛʨʫʧʧʫ ʚ ʜʨʫʛʫʶ, ʩʦʭʨʘʥʷʷ ʦʧʝʨʘʮʠʶ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʠ ʩʠʤʤʝʪʨʠʠ ʠ ʩʪʨʫʢʪʫʨʳ ʜʠʘʩʩʦʮʠʘʪʠʚʥʳʭ ʢʚʘʟʠʛʨʫʧʧ 5-ʛʦ ʧʦʨʷʜʢʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, 

ʜʣʷ ʢʚʘʟʠʛʨʫʧʧ 4-ʛʦ ʧʦʨʷʜʢʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥʠ ʜʝʣʷʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʦʚ 

ʠʟʦʤʦʨʬʠʟʤʘ. ɼʣʷ ʢʘʞʜʦʡ ʢʚʘʟʠʛʨʫʧʧʳ 4-ʛʦ ʧʦʨʷʜʢʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʦʥʢʨʝʪʥʳʝ 

ʧʝʨʝʩʪʘʥʦʚʢʠ ʵʣʝʤʝʥʪʦʚ ʤʥʦʞʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʟʦʤʦʨʬʠʟʤ ʩ ʜʨʫʛʠʤʠ 

ʢʚʘʟʠʛʨʫʧʧʘʤʠ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʠ ʛʨʫʧʧʠʨʦʚʘʪʴ ʢʚʘʟʠʛʨʫʧʧʳ 

ʧʦ ʠʭ ʩʪʨʫʢʪʫʨʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ, ʯʪʦ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʟʥʘʥʠʝ ʠʟʦʤʦʨʬʠʟʤʦʚ ʠ ʠʭ ʨʝʘʣʠʟʫʶʱʠʭ ʧʝʨʝʩʪʘʥʦʚʦʢ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʭʝʰ-ʬʫʥʢʮʠʡ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʢʚʘʟʠʛʨʫʧʧ. 

ʉʪʘʪʴʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʡ ʪʝʤʳ ʢʘʬʝʜʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ çʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʘʩʧʝʢʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʚʦʧʨʦʩʘʭ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʨʷʜʢʝ (ʧʨʦʪʦʢʦʣ ˉ 6 

ʦʪ 6 ʷʥʚʘʨʷ 2026 ʛ.) ˉ0122TJ1417. 
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Öñõ÷ô üìîìùðô ýìùĔôĄô ôóúøúüĀôóøüú íì þìîüô ùìóìüüìý ýúðì øñöÿùìð. ÙìþôĔìĕúô íìðìýþúîìüðìüú 
øñþìîúù ðìü þìĕôċô ýúāþúüĕúô ì÷ïñíüìîôô ìó Ĕôĕìþô öüôûþúïüìĀĒ íñāìþìü, öô íì öîìóôïüÿûûìĕú ìýúý 
ČĀþììùð, ôýþôĀúðì íÿüð. 

Öì÷ôðîúòìĕú: öîìóôïÿüĘĕ, ïÿüĘĕ, ïüÿûûúôð, íôñöýôċ, öîìóôïÿüĘĕô ðôìýýúcôìþôîĒ, ôóúøúüĀôóø, 
Ĕìðîì÷ô Öñõ÷Ē, öîìðüìþô ÷úþôùĒ, ì÷ïúüôþø, ïÿóúüôĄĕú, öüôûþúïüìĀôċ, ĉöîôîì÷ñùþĒ, ýúāþúüĕúô āĉĄ, 
þìýùôĀúþô Ĕìðîì÷, þìĕôċô Ĕìðîì÷. 
 

ʀɿʆʄʆʈʌʅɸʗ ʂʃɸʉʉʀʌʀʂɸʎʀʗ ɼʀɸʉʉʆʎʀɸʊʀɺʅʓʍ ʂɺɸɿʀɻʈʋʇʇ ʄɸʃʆɻʆ ʇʆʈʗɼʂɸ  

ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʶʪʩʷ ʠʟʦʤʦʨʬʠʟʤʳ ʜʠʘʩʩʦʮʠʘʪʠʚʥʳʭ ʢʚʘʟʠʛʨʫʧʧ 4-ʛʦ ʠ 5-ʛʦ ʧʦʨʷʜʢʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʢʦʤʙʠʥʘʪʦʨʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʚ ʚʠʜʝ ʣʘʪʠʥʩʢʦʛʦ ʢʚʘʜʨʘʪʘ (ʠ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ ʂʵʣʠ). ʉʬʦʨʤʫʣʠʨʦʚʘʥʦ ʧʨʝʜʣʦʞʝʥʠʝ 

ʦʙ ʠʟʦʤʦʨʬʠʟʤʝ ʜʠʘʩʩʦʮʠʘʪʠʚʥʳʭ ʢʚʘʟʠʛʨʫʧʧ 5-ʛʦ ʧʦʨʷʜʢʘ. ʇʨʠʚʝʜʝʥʳ ʢʣʘʩʩʳ ʠʟʦʤʦʨʬʥʳʭ ʢʚʘʟʠʛʨʫʧʧ 5-ʛʦ ʠ 4-ʛʦ 

ʧʦʨʷʜʢʦʚ. ɺ ʨʘʙʦʪʝ ʘʚʪʦʨʦʤ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʚʘʟʠʛʨʫʧʧ ʧʦ ʦʪʥʦʰʝʥʠʶ ʠʟʦʤʦʨʬʠʟʤʘ ʤʝʞʜʫ 

ʢʚʘʟʠʛʨʫʧʧʘʤʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʠʭ ʪʘʙʣʠʮ ʂʵʣʠ ʚ ʬʦʨʤʝ ʣʘʪʠʥʩʢʠʭ ʢʚʘʜʨʘʪʦʚ. 

ʀʩʭʦʜʥʳʝ ʪʘʙʣʠʮʳ ʦʧʝʨʘʮʠʡ ʟʘʛʨʫʞʘʶʪʩʷ ʠʟ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ (.txt) ʩ ʧʦʤʦʱʴʶ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʠʪʴ ʩʪʨʦʛʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʚʘʟʠʛʨʫʧʧ ʧʦ ʢʣʘʩʩʘʤ 

ʠʟʦʤʦʨʬʠʟʤʘ ʠ ʚʳʷʚʠʪʴ ʠʭ ʩʪʨʫʢʪʫʨʥʫʶ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ. ʕʪʦ ʩʦʟʜʘʸʪ ʦʩʥʦʚʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʠ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʥʢʨʝʪʥʳʭ ʧʝʨʝʩʪʘʥʦʚʢʘʭ, ʨʝʘʣʠʟʫʶʱʠʭ ʠʟʦʤʦʨʬʠʟʤʳ, 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʚʘʟʠʛʨʫʧʧʦʚʳʭ ʭʝʰ-ʢʦʥʩʪʨʫʢʮʠʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʪʘʙʣʠʮ ʂʵʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʧʨʦʚʝʨʢʠ ʠʟʦʤʦʨʬʠʟʤʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʦʩʥʦʚʝ ʢʚʘʟʠʛʨʫʧʧ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʚʘʟʠʛʨʫʧʧʘ, ʛʨʫʧʧʘ, ʛʨʫʧʧʦʠʜ, ʙʠʝʢʮʠʷ, ʜʠʘʩʩʦʮʠʘʪʠʚʥʘʷ ʢʚʘʟʠʛʨʫʧʧʘ, ʠʟʦʤʦʨʬʠʟʤ, 

ʪʘʙʣʠʮʘ ʂʵʣʠ, ʣʘʪʠʥʩʢʠʡ ʢʚʘʜʨʘʪ, ʘʣʛʦʨʠʪʤ, ʧʝʨʝʩʪʘʥʦʚʢʘ, ʢʨʠʧʪʦʛʨʘʬʠʷ, ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ, ʭʝʰ-ʢʦʥʩʪʨʫʢʮʠʠ, 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʘʙʣʠʮ, ʛʝʥʝʨʘʮʠʷ ʪʘʙʣʠʮ. 

 

ISOMORPHIC CLASSIFICATION OF DIASSOCIATIVE QU ASIGROUPS OF SMALL ORDER 

This paper examines isomorphisms of diassociative quasigroups of orders 4 and 5, which are combinatorial 

constructions in the form of a Latin square (and in the form of a Cayley table). A proposition on the isomorphism of 

diassociative quasigroups of order 5 is formulated. Classes of isomorphic quasigroups of orders 5 and 4 are presented. In 

this paper, the author proposes an algorithm for classifying quasigroups based on the isomorphism relation between them 

and also develops a method for automatically generating their Cayley tables in the form of Latin squares. The initial 

operation tables are loaded from a text file (.txt) using a programming language. The obtained results enable a rigorous 

classification of the quasigroups under consideration by isomorphism classes and the identification of their structural 

equivalence. This creates a basis for further algebraic and cryptographic analysis. In particular, information about specific 

permutations that implement isomorphisms can be used in the construction and study of quasigroup hash constructions. 

Additionally, the computational complexity of the proposed classification algorithm was analyzed. It was shown that the 

use of automatic Cayley table generation significantly simplifies the isomorphism checking process. The obtained results 

can be used in the development of cryptographically secure algebraic constructions based on quasigroups. 

Keywords: quasigroup, group, groupoid, bijection, dissociative quasigroup, isomorphism, Cayley table, Latin 

square, algorithm, permutation, cryptography, equivalence, hash constructions, table classification, table generation. 
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ʋɼʂ: 677.21 (575.3) 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀɽ ʌɸʂʊʆʈɸ ɺʈɽʄɽʅʀ ʀ ʊɽʄʇɽʈɸʊʋʈʓ ʅɸ 

ʂʆʕʌʌʀʎʀɽʅʊ ɸɼʉʆʈɹʎʀʀ ʆɹʈɸɿʎɸ ʅɽʊʂɸʅʆɻʆ ʇʆʃʆʊʅɸ  

 

ʄʘʭʤʘʜʫʣʣʦʝʚ ɼ.ɿ. 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

 

ɺʚʝʜʝʥʠʝ. ʉʪʘʪʴʷ ʦʪʥʦʩʠʪʩʷ ʢ ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʘ ʚʨʝʤʝʥʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʘʜʩʦʨʙʮʠʠ ʦʙʨʘʟʮʘ 

ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʛʦ ʥʝʪʢʘʥʦʛʦ ʧʦʣʦʪʥʘ.  

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʦ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʛʦ ʥʝʪʢʘʥʦʛʦ ʧʦʣʦʪʥʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʭʣʦʧʢʦʚʦʛʦ ʧʫʭʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʤʦʢʨʳʤ ʩʧʦʩʦʙʦʤ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʭʦʣʩʪʦʦʙʨʘʟʦʚʘʥʠ ̫ ʠ ʠʟʛʦʪʦʚʣʝʥʠ ̫ ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ 

ʠʛʣʦʧʨʦʰʠʚʥʳʤ ʩʧʦʩʦʙʦʤ.  

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʈʫʟʠʙʦʝʚʘ ʍ.ɻ. ʨʘʟʨʘʙʦʪʘʥ ʤʦʢʨʳʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʭʦʜʘ ʭʣʦʧʢʦʚʦʛʦ 

ʧʫʭʘ ʠ ʙʝʟʦʪʭʦʜʥʦʡ ʦʯʠʩʪʢʠ ʮʠʢʣʦʥʥʦʛʦ ʤʫʩʦʨʘ, ʦʩʥʦʚʦʡ ʷʚʣʷʝʪʩʷ ʮʠʢʣʦʥʥʳʡ ʤʫʩʦʨ 

ʭʣʦʧʢʦʦʯʠʩʪʠʪʝʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʢʦʤʧʣʝʢʩʥʦ-ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʭʣʦʧʢʘ-ʩʳʨʮʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʢʨʘʥʥʦʡ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʦʵʪʘʧʥʦʡ ʦʯʠʩʪʢʝ [13].  

ʅʝʪʢʘʥʦʝ ʧʦʣʦʪʥʦ-ʤʘʪʝʨʠʘʣ ʠʟ ʚʦʣʦʢʦʥ ʠʣʠ ʥʠʪʝʡ ʠ ʛʠʙʢʠʝ ʧʨʦʯʥʳʝ ʧʦʣʦʪʥʘ, 

ʦʙʨʘʟʦʚʘʥʥʳʝ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʝʚ ʤʘʪʝʨʠʘʣʘ (ʭʦʣʩʪʦʚ) ʠʣʠ ʦʜʥʦʛʦ ʠ ʩʦʝʜʠʥʸʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 

ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʥʠʪʝʡ ʦʩʥʦʚ ʠ ʫʪʢʦʚ [10]. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʝʨʝʨʘʙʦʪʢʘ ʚʦʣʦʢʥʠʩʪʳʭ ʦʪʭʦʜʦʚ ʭʣʦʧʢʦʦʯʠʩʪʠʪʝʣʴʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʊʘʜʞʠʢʠʩʪʘʥʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʘʢʘʟʘʪʝʣʝʡ ʥʝʪʢʘʥʥʦʛʦ ʧʦʣʦʪʥʘ 

ʜʦʣʞʥ r ʩʪʘʪʴ ʥʝ ʪʦʣʴʢʦ ʦʩʥʦʚʦʡ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ, ʥʦ ʠ 

ʬʘʢʪʦʨʦʤ ʨʘʩʰʠʨʝʥʠʷ ʤʠʨʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʨʝʩʧʫʙʣʠʢʠ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʤʳʰʣʝʥʥʫ  ʁ ʧʝʨʝʨʘʙʦʪʢʫ 

ʚʦʣʦʢʥʠʩʪʳʭ ʦʪʭʦʜʦʚ, ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʮʠʡ ʜʣʷ ʵʢʩʧʦʨʪʘ, ʜʣʷ ʯʝʛʦ ʚ ʨʝʩʧʫʙʣʠʢʝ ʠʤʝʶʪʩʷ ʚʩʝ 

ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʘ 

ʭʣʦʧʢʦʦʯʠʩʪʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʨʝʛʠʦʥʘ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʥʠʞʝʥʠʷ 

ʧʦʪʝʨʴ ʠ ʦʪʭʦʜʦʚ ʧʨʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʚʦʣʦʢʥʠʩʪʳʭ ʦʪʭʦʜʦʚ, ʩʦʢʨʘʱʝʥʠʷ 

ʪʨʫʜʦʝʤʢʦʩʪʠ ʠ ʨʝʩʫʨʩʦʝʤʢʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ [5].  

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʧʨʦʙʣʝʤʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠ ̫ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʚʦʣʦʢʥʠʩʪʳʭ ʦʪʭʦʜʦʚ, 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʪʢʘʥʦʛʦ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʛʦ ʧʦʣʦʪʥʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʬʘʢʪʦʨʘ ʚʨʝʤʝʥʠ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʘʜʩʦʨʙʮʠʠ ʦʙʨʘʟʮʘ ʥʝʪʢʘʥʦʛʦ ʧʦʣʦʪʥʘ, ʩʪʘʣʘ ʥʘʩʫʱʥʦʡ, 

ʧʨʠʦʨʠʪʝʪʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ [6].  

ʄʝʪʦʜʳ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʜʩʦʨʙʮʠʠ (ὑὨ ʠʣʠ ὑὥὨί) ʦʩʥʦʚʘʥʦ ʥʘ ʠʟʤʝʨʝʥʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʱʝʩʪʚʘ ʤʝʞʜʫ ʪʚʝʨʜʦʡ (ʘʜʩʦʨʙʝʥʪ) ʠ ʞʠʜʢʦʡ/ʛʘʟʦʚʦʡ (ʘʜʩʦʨʙʘʪ) ʬʘʟʘʤʠ ʧʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ. ʄʝʪʦʜ ʚʢʣʶʯʘʝʪ ʩʤʝʰʠʚʘʥʠʝ ʦʙʨʘʟʮʘ ʩ ʨʘʩʪʚʦʨʦʤ, ʚʳʜʝʨʞʢʫ ʜʦ 

ʨʘʚʥʦʚʝʩʠʷ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ/ʬʠʣʴʪʨʘʮʠʶ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ ʚ ʬʘʟʘʭ, 

ʛʜʝ ὑὨ = ὅί/ὅὰ. 
ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʜʩʦʨʙʮʠʠ: 
1. ʇʦʜʛʦʪʦʚʢʘ: ʇʦʜʛʦʪʦʚʢʘ ʘʜʩʦʨʙʝʥʪʘ (ʧʦʣʦʪʥʘ, ʧʦʯʚʘ, ʦʩʘʜʢʠ) ʠ ʨʘʩʪʚʦʨʘ ʚʝʱʝʩʪʚʘ 

(ʧʦ ɻʆʉʊ 32630-2014). 

2. ɼʦʩʪʠʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ: ʇʝʨʝʤʝʰʠʚʘʥʠʝ ʘʜʩʦʨʙʝʥʪʘ ʩ ʨʘʩʪʚʦʨʦʤ ʠʟʚʝʩʪʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. 

3. ʈʘʟʜʝʣʝʥʠʝ ʬʘʟ: ʎʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ʠʣʠ ʬʠʣʴʪʨʘʮʠʷ ʩʤʝʩʠ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʞʠʜʢʦʡ 

ʬʘʟʳ ʦʪ ʪʚʝʨʜʦʡ. 

4. ɸʥʘʣʠʟ: ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ ʚ ʞʠʜʢʦʡ ʬʘʟʝ (ὅὰ) ʩ ʧʦʤʦʱʴʶ 
ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ (ʥʘʧʨʠʤʝʨ, ɺʕɾʍ). 
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5. ʈʘʩʯʝʪ: ɺʳʯʠʩʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ (ὅί) ʧʦ ʨʘʟʥʠʮʝ ʤʝʞʜʫ ʥʘʯʘʣʴʥʦʡ ʠ 
ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʚ ʨʘʩʪʚʦʨʝ ʠ ʚʳʯʠʩʣʝʥʠʝ ὑὨ [8; 2]. 

ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ: 
¶ ʉʪʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ: ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ, ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʚʝʜʝʥʠʠ ʩʠʩʪʝʤʳ ʚ 

ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

¶ ɼʠʥʘʤʠʯʝʩʢʠʡ ʤʝʪʦʜ: ʇʨʦʧʫʩʢʘʥʠʝ ʚʝʱʝʩʪʚʘ ʯʝʨʝʟ ʩʣʦʡ ʘʜʩʦʨʙʝʥʪʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʘʜʩʦʨʙʮʠʠ (ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ) ʭʣʦʧʢʦʚʦʡ ʧʨʦʜʫʢʮʠʠ (ʚʦʣʦʢʥʦ, 

ʧʨʷʞʘ, ʪʢʘʥʴ) ʦʩʥʦʚʘʥʦ ʥʘ ʠʟʤʝʨʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʧʦʛʣʦʱʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʚʣʘʛʠ, ʢʨʘʩʠʪʝʣʷ, 

ʤʘʩʝʣ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʧʦʨʘʭ ʤʘʪʝʨʠʘʣʘ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʩʪʘʪʠʯʝʩʢʦʡ ʩʦʨʙʮʠʠ 

(ʚʟʚʝʰʠʚʘʥʠʝ ʜʦ/ʧʦʩʣʝ) [4].  

ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʘʜʩʦʨʙʮʠʠ ʭʣʦʧʢʦʚʦʡ ʧʨʦʜʫʢʮʠʠ: 

¶ ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ (ʤʝʪʦʜ ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʷ): ʍʣʦʧʦʢ ʚʟʚʝʰʠʚʘʶʪ ʚ ʩʫʭʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʚʳʜʝʨʞʠʚʘʶʪ ʚ ʵʢʩʠʢʘʪʦʨʝ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʴʶ, ʟʘʪʝʤ ʩʥʦʚʘ 

ʚʟʚʝʰʠʚʘʶʪ. ʈʘʟʥʠʮʘ ʤʘʩʩ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʦʨʙʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʘʨʦʚ ʚʦʜʳ, ʫʪʦʯʥʷʝʪ 

ʂʠʙʝʨʃʝʥʠʥʢʘ. 

¶ ʄʝʪʦʜ ʘʜʩʦʨʙʮʠʠ ʠʟ ʨʘʩʪʚʦʨʦʚ: ʆʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ 

(ʥʘʧʨʠʤʝʨ, ʢʨʘʩʠʪʝʣʷ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ - ʇɸɺ) ʠʟ ʨʘʩʪʚʦʨʘ ʠʟʚʝʩʪʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʯʠʩʪʦʪʳ ʠ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʠ 7universum. 

¶ ɼʟʝʪʘ-ʧʦʪʝʥʮʠʘʣ (ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ): ʄʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʪʝʧʝʥʠ 

ʘʜʩʦʨʙʮʠʠ ʩʤʷʛʯʠʪʝʣʝʡ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʭʣʦʧʢʦʚʦʡ ʪʢʘʥʠ. 

¶ ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʘʜʩʦʨʙʮʠʷ-ʜʝʩʦʨʙʮʠʷ ʘʟʦʪʘ (ʤʝʪʦʜ ɹʕʊ): ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʲʝʤʘ ʧʦʨ ʠ ʧʦʨʠʩʪʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʭʣʦʧʢʦʚʦʛʦ ʚʦʣʦʢʥʘ 

[9; 3]. 

ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʘʜʩʦʨʙʮʠʠ: 

1. ʉʪʨʫʢʪʫʨʘ ʚʦʣʦʢʥʘ: ʇʦʨʠʩʪʦʩʪʴ ʠ ʚʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ. 

2. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ: ʆʩʥʦʚʥʦʡ ʬʘʢʪʦʨ ʧʨʠ ʩʦʨʙʮʠʠ ʚʦʜʷʥʳʭ ʧʘʨʦʚ. 

3. ʊʝʤʧʝʨʘʪʫʨʘ: ɺʣʠʷʝʪ ʥʘ ʢʠʥʝʪʠʢʫ ʘʜʩʦʨʙʮʠʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʭʣʦʧʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ 

ʬʦʨʤʫʣʫ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʨʘʟʥʠʮʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʣʠ ʤʘʩʩ, ʛʜʝ ʚʝʣʠʯʠʥʘ ʘʜʩʦʨʙʮʠʠ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʢʦʣʠʯʝʩʪʚʘ ʩʦʨʙʝʥʪʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʈɻʇʋ ʠʤ. ɸ.ʀ. ɻʝʨʮʝʥʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʭʣʦʧʢʦʚʦʡ ʧʨʦʜʫʢʮʠʠ (ʚʦʣʦʢʥʦ, ʚʘʪʘ, ʪʢʘʥʠ) ʧʨʦʚʦʜʠʪʩʷ 

ʤʝʪʦʜʘʤʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ (ʧʦ ɻʆʉʊ 7076-99) ʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʟʦʥʜʘ (ɻʆʉʊ 30256-94). ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʨʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʘ ʯʝʨʝʟ ʦʙʨʘʟʝʮ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʧʝʨʝʧʘʜʝ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʜʚʫʤʷ ʧʣʠʪʘʤʠ [9]. 

ʆʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ ʤʝʪʦʜʘ: 
¶ ʇʨʠʥʮʠʧ: ʉʦʟʜʘʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ (10 

0
ʉ) ʥʘ ʧʣʦʩʢʦʤ ʦʙʨʘʟʮʝ 

ʠ ʠʟʤʝʨʝʥʠʝ ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ. 

¶ ʀʟʤʝʨʝʥʠʝ: ʆʙʨʘʟʝʮ ʧʦʤʝʱʘʶʪ ʤʝʞʜʫ ʜʚʫʤʷ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʤʠ (ʛʦʨʷʯʠʤ ʠ ʭʦʣʦʜʥʳʤ), 

ʩʦʟʜʘʚʘʷ ʪʝʤʧʝʨʘʪʫʨʳ.  

¶ ʈʝʟʫʣʴʪʘʪ: ʇʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʨʝʞʠʤʘ (ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ) ʧʨʠʙʦʨ 

ʨʘʩʩʯʠʪʳʚʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʜʣʷ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʭʣʦʧʦʢ, 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʣʦʪʥʦʩʪʴ ʫʧʘʢʦʚʢʠ ʚʦʣʦʢʦʥ [11]. 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʘʯʝʩʪʚʘ ʥʝʪʢʘʥʦʛʦ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʛʦ ʧʦʣʦʪʥʘ ʚʢʣʶʯʘʝʪ ʢʦʤʧʣʝʢʩ 

ʤʝʪʦʜʦʚ: ʚʠʟʫʘʣʴʥʳʡ ʦʩʤʦʪʨ (ʦʜʥʦʨʦʜʥʦʩʪʴ, ʜʝʬʝʢʪʳ), ʪʘʢʪʠʣʴʥʫʶ ʧʨʦʚʝʨʢʫ (ʤʷʛʢʦʩʪʴ, 

ʪʝʧʣʦʪʘ), ʘ ʪʘʢʞʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ ʥʘ 

ʨʘʟʨʳʚ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʫʩʘʜʢʝ, ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʝ ɻʆʉʊ 3811-72 ʠ ɻʆʉʊ 29298-2005.  

ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

1. ʃʘʙʦʨʘʪʦʨʥʳʝ ʤʝʪʦʜʳ (ɻʆʉʊ): 
¶ ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ (ʤʘʩʩʳ): ʀʟʤʝʨʝʥʠʝ ʚʝʩʘ ʦʜʥʦʛʦ ʢʚʘʜʨʘʪʥʦʛʦ 

ʤʝʪʨʘ ʧʦʣʦʪʥʘ. ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʯʘʩʪʦ ʛʦʚʦʨʠʪ ʦ ʙʦʣʴʰʝʡ ʧʨʦʯʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ, 

ʥʦ ʜʣʷ ʥʝʪʢʘʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘʚʠʩʠʪ ʦʪ ʥʘʟʥʘʯʝʥʠʷ. 

https://7universum.com/ru/tech/archive/item/7352
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¶ ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʯʥʦʩʪʠ (ʨʘʟʨʳʚʥʦʡ ʥʘʛʨʫʟʢʠ): ʊʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, 

ʦʧʨʝʜʝʣʷʶʱʝʝ, ʢʘʢʫʶ ʥʘʛʨʫʟʢʫ ʚʳʜʝʨʞʠʚʘʝʪ ʧʦʣʦʪʥʦ ʧʝʨʝʜ ʨʘʟʨʳʚʦʤ. 

¶ ɻʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ (ʚʧʠʪʳʚʘʝʤʦʩʪʴ): ʍʣʦʧʯʘʪʦʙʫʤʘʞʥʦʝ ʧʦʣʦʪʥʦ ʜʦʣʞʥʦ ʦʙʣʘʜʘʪʴ 

ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʧʠʪʳʚʘʪʴ ʚʣʘʛʫ. 

¶ ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʫʩʘʜʢʝ ʠ ʜʝʬʦʨʤʘʮʠʠ: ʀʟʤʝʨʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ 

ʦʙʨʘʟʮʘ ʜʦ ʠ ʧʦʩʣʝ ʤʦʢʨʦʡ ʦʙʨʘʙʦʪʢʠ [13]. 

2. ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ): 
¶ ʊʘʢʪʠʣʴʥʘʷ ʦʮʝʥʢʘ: ʅʘʪʫʨʘʣʴʥʳʡ ʭʣʦʧʦʢ ʧʨʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʠ ʩ ʢʦʞʝʡ ʢʘʞʝʪʩʷ 

çʪʝʧʣʳʤè ʠ ʤʷʛʢʠʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʠʥʪʝʪʠʢʘ ï ʙʦʣʝʝ ʭʦʣʦʜʥʘʷ, ʛʣʘʜʢʘʷ ʠ ʧʣʦʪʥʘʷ. 

¶ ɺʠʟʫʘʣʴʥʳʡ ʦʩʤʦʪʨ: ʆʮʝʥʢʘ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ, ʦʪʩʫʪʩʪʚʠʝ ʫʟʣʦʚ, ʧʨʦʧʣʝʰʠʥ 

(ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʪʦʣʱʠʥʳ) ʠ ʧʦʩʪʦʨʦʥʥʠʭ ʚʢʣʶʯʝʥʠʡ. 

¶ ʇʨʦʚʝʨʢʘ ʧʠʣʣʠʥʛʫʝʤʦʩʪʠ (ʢʘʪʳʰʢʦʚ): ʂʘʯʝʩʪʚʝʥʥʦʝ ʧʦʣʦʪʥʦ ʥʝ ʜʦʣʞʥʦ ʙʳʩʪʨʦ 

ʩʢʘʪʳʚʘʪʴʩʷ.  

3. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ: 
¶ ʄʝʪʦʜ ʛʦʨʝʥʠʷ: ʍʣʦʧʯʘʪʦʙʫʤʘʞʥʦʝ ʚʦʣʦʢʥʦ ʛʦʨʠʪ ʙʳʩʪʨʦ, ʙʝʟ ʟʘʧʘʭʘ ʩʠʥʪʝʪʠʢʠ, 

ʦʩʪʘʚʣʷʷ ʩʝʨʳʡ ʧʝʧʝʣ. ʉʠʥʪʝʪʠʢʘ ʧʣʘʚʠʪʩʷ, ʦʙʨʘʟʫʷ ʪʚʝʨʜʳʡ ʰʘʨʠʢ. 

ʂʣʶʯʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʣʷ ʥʝʪʢʘʥʦʛʦ ʧʦʣʦʪʥʘ: 
¶ ʃʠʥʝʡʥʘʷ ʠ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ. 

¶ ɻʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ. 

¶ ɺʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʴ. 

¶ ʇʨʦʯʥʦʩʪʴ (ʨʘʟʨʳʚʥʘʷ ʥʘʛʨʫʟʢʘ). 

ɼʣʷ ʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʧʨʠʙʦʨʳ (ʨʘʟʨʳʚʥʳʝ ʤʘʰʠʥʳ, ʚʝʩʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ) [14]. 

ʈʝʟʫʣʴʪʘʪʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʜʩʦʨʙʮʠʠ ʦʙʨʘʟʮʘ ʥʝʪʢʘʥʦʛʦ ʧʦʣʦʪʥʘ ʦʪ 

ʚʨʝʤʝʥʠ (5-25 ʤʠʥʫʪ) ʠ ʪʝʤʧʝʨʘʪʫʨʳ (314-359)ʂ, ʧʨʦʚʝʜʝʥʳ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʣʘʙʦʨʘʪʦʨʠʠ 

ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ɺʘʨʠʘʥʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʳʝ ʥʝʪʢʘʥʳʝ ʧʦʣʦʪʥʘ ʩ 

ʰʣʠʭʪʦʚʘʥʠʝʤ ʠ ʙʝʟ ʰʣʠʭʪʦʚʘʥʠʷ [15].  

 

ʈʠʩʫʥʦʢ 1. ʆʙʨʘʟʮʳ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʳʭ ʥʝʪʢʘʥʳʭ ʧʦʣʦʪʝʥ 

Figure 1. Samples of cotton non-woven fabrics 
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ʘ) ʥʝʦʰʣʠʭʪʦʚʘʥʥʦʝ ʥʝʪʢʘʥʦʝ ʧʦʣʦʪʥʦ, ʩʳʨʴʸ ʠʟʛʦʪʦʚʣʝʥʦ ʤʦʢʨʳʤ ʩʧʦʩʦʙʦʤ; ʙ) ʦʰʣʠʭʪʦʚʘʥʥʦʝ ʥʝʪʢʘʥʦʝ ʧʦʣʦʪʥʦ, 

ʩʳʨʴʸ ʠʟʛʦʪʦʚʣʝʥʦ ʤʦʢʨʳʤ ʩʧʦʩʦʙʦʤ; ʚ) ʥʝʦʰʣʠʭʪʦʚʘʥʥʦʝ ʥʝʪʢʘʥʦʝ ʧʦʣʦʪʥʦ, ʩʳʨʴʸ ʠʟʛʦʪʦʚʣʝʥʦ ʩʫʭʠʤ ʩʧʦʩʦʙʦʤ; 

ʛ) ʦʰʣʠʭʪʦʚʘʥʥʦʝ ʥʝʪʢʘʥʦʝ ʧʦʣʦʪʥʦ, ʩʳʨʴʸ ʠʟʛʦʪʦʚʣʝʥʦ ʩʫʭʠʤ ʩʧʦʩʦʙʦʤ.  

 

ɽʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʪʝʨʠʘʣʘ ʠʣʠ ʥʝʧʦʜʚʠʞʥʦʡ ʞʠʜʢʦʩʪʠ ʥʝʦʜʠʥʘʢʦʚʘ, ʪʦ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʝʧʣʦʪʳ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʦʪ ʪʦʯʝʢ ʩ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢ ʪʦʯʢʘʤ ʩ 

ʥʠʟʢʦʡ [16]. 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʜʩʦʨʙʮʠʠ ʥʝʪʢʘʥʦʛʦ ʧʦʣʦʪʥʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʤʦʢʨʳʤ ʠ 

ʩʫʭʠʤ ʩʧʦʩʦʙʘʤʠ, ʩ ʰʣʠʭʪʦʚʘʥʠʝʤ ʠ ʙʝʟ ʰʣʠʭʪʦʚʘʥʠʷ, ʧʨʠʤʝʥʷʣʦʩʴ ʫʨʘʚʥʝʥʠʝ:  

ɻ = 
Ў ᶻ

ᶻ ᶻ
 = 

ᶻ

ᶻ ᶻ
, 
ʤʦʣ

ʢʛ
 (1) 

ʛʜʝ: Í  ï ʤʘʩʩʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʩʫʭʦʤ ʚʠʜʝ (ʛʨ, ʢʛ); Í  ï ʤʘʩʩʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ 

ʚʦ ʚʣʘʞʥʦʤ ʚʠʜʝ (ʛʨʘʤʤ (ʛʨ) ʠ ʢʠʣʦʛʨʘʤʤ (ʢʛ)); ɛ ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʚʦʜʳ (18*10
-3

).  

ɺʘʨʠʘʥʪ ˉ1 (ʥʝʦʰʣʠʭʪʦʚʘʥʥʦʝ ʥʝʪʢʘʥʦʝ ʧʦʣʦʪʥʦ). ʇʦ ʧʝʨʚʦʤʫ ʚʘʨʠʘʥʪʫ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʘʞʥʦʩʪʠ ʧʨʠʤʝʥʷʣʦʩʴ (5-ʩʣʦʝʚ) ʯʠʩʪʦʛʦ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʛʦ ʥʝʪʢʘʥʦʛʦ 

ʧʦʣʦʪʥʘ, 0,14ʛʨ ʤʘʩʩʘ ʦʙʨʘʟʮʘ, ʧʨʠ ʢʦʤʥʘʪʥʦʤ ʪʝʤʧʝʨʘʪʫʨʝ 298ʂ, ʚʣʘʛʘ ʚʥʫʪʨʠ ʠʟʤʝʨʠʪʝʣʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʀʊ-ʃ-400 ʩʦʩʪʘʚʠʣʘ W =22%. 

 

ʊʘʙʣʠʮʘ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʜʩʦʨʙʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʦʪ ʚʨʝʤʝʥʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ (314 - 359)ʂ 

Table 1. Dependence of the adsorption coefficient of the studied samples on time and 

temperature (314 - 359)K 

†ȟʤʠʥʫʪ 
 

ʊȟʂ 
314 319 324 329 334 339 344 349 354 359 

5 0,14 0,147 0,156 0,164 0,172 0,181 0,192 0,202 0,213 0,224 
10 0,144 0,149 0,158 0,167 0,173 0,183 0,195 0,205 0,218 0,225 
15 0,145 0,152 0,161 0,169 0,177 0,186 0,197 0,209 0,221 0,226 
20 0,146 0,153 0,162 0,17 0,179 0,189 0,201 0,211 0,222 0,226 
25 0,146 0,153 0,162 0,17 0,179 0,189 0,201 0,211 0,222 0,226 

  

 ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʪʝʧʣʦʦʪʜʘʯʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ (ʨʠʩ 2). 

 

ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʜʩʦʨʙʮʠʠ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 

Figure 2. Dependence of the change in the adsorption coefficient on time at different 

temperatures 

 
 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ (ʪʘʙʣ.1 ʠ ʨʠʩ.2) ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʘʜʩʦʨʙʮʠʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʠʜʘ: 
ɻ

ɻ
 = f       (2) 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠ ʚʳʧʦʣʥʠʤʦʩʪʴ ʫʨʘʚʥʝʥʠʷ (2) ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 2 ʠ 

ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʊʘʙʣʠʮʘ 2. ʂʦʵʬʬʠʮʠʝʥʪ ʘʜʩʦʨʙʮʠʠ ʦʙʨʘʟʮʘ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʛʦ ʥʝʪʢʘʥʦʛʦ ʧʦʣʦʪʥʘ ʦʪ 

ʚʨʝʤʝʥʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ (314 - 359)ʂ 

Table 2. Adsorption coefficient of a cotton non-woven fabric sample depending on time and 

temperature (314 - 359)K 

†ȟʚʨʝʤʷ 
 

ʊ,ʂ 
314 319 324 329 334 339 344 349 354 359 

ɻ/ɻ1 t/t1 
0,94 0,96 0,97 0,97 0,97 0,97 0,97 0,97 0,97 0,96 0,99 
0,97 0,99 0,98 0,98 0,99 0,98 0,98 0,99 0,98 0,97 0,99 

1 1 1 1 1 1 1 1 1 1 1 
1,03 1,007 1,006 1,006 1,006 1,01 1,02 1,02 1,009 1,004 1 
1,06 1,007 1,006 1,006 1,006 1,01 1,02 1,02 1,009 1,004 1 
 

ʈʝʟʫʣʴʪʘʪ ʪʘʙʣʠʮ r2 ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʚ ʨʠʩʫʥʢʝ 3. 

 

ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʜʩʦʨʙʮʠʠ ʦʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

Figure 3. Dependence of the change in the relative adsorption coefficient on the relative time at 

different temperatures 

 
 

ʊʘʙʣʠʮʘ 3. ʊʦʯʢʠ ʧʦʢʘʟʘʪʝʣʷ ʛʨʘʬʠʢʘ 

Table 3. Points of the graph indicator 
0,94 0,97 
0,97 0,98 

1 1 
1,03 1,01 
1,06 1,01 

 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠ ʚʳʧʦʣʥʠʤʦʩʪʴ ʫʨʘʚʥʝʥʠʷ (2) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 
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ʈʠʩʫʥʦʢ 4. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʜʩʦʨʙʮʠʠ (
ɻ

ɻ
 ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ 
◄

◄
 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

Figure 4. Dependence of the relative adsorption coefficient (G/G_1) on the relative time (t/t_1) at 

room temperature 

 
 

ʇʦʣʠʥʦʤʘʣʴʥʘʷ ʣʠʥʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 4 ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ 

(ʫʨʘʚʥʝʥʠʝ 3). 

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʢʨʠʚʳʝ ʫʨʘʚʥʝʥʠʷ. 

ʋʨʘʚʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʨʝʤʝʥʠ 
◄

◄
 ʠʤʝʝʪ ʚʠʜ: 

ɻ

ɻ
 = -2,381  + 5,1286  - 1,7493 (3) 

ʉ ʧʦʤʦʱʠ ʫʨʘʚʥʝʥʠ ̫ (3) ʨʘʩʩʯʠʪʳʚʘʝʤ ʟʘʚʠʩʠʤʦʩʪʠ ʢʘʞʜʦʡ ʤʘʩʩ r ʦʙʲʝʢʪʘ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ: 

1) ɻ = -2,381(0,94)
2
 + 5,1286(0,94) ï 1,7493 = 0,6997 

ŭ = 

ɻ

ɻʨʘʩʯʸʪ
 
ɻ

ɻ  ɻʢʩʧʝʨʠʤʝʥʪ
ɻ

ɻʨʘʩʯʸʪ

 *100% 

ŭ = 
  ȟ

 *100% = 1% 

 

ʊʘʙʣʠʮʘ 4 
t/t1 ɻ/ɻ1,ʨʘʩʯʸʪ ɻ/ɻ1,ʵʢʩʧʝʨʠʤʝʥʪ ŭ, % 

ŭȟϷ 

0,94 0,97 0,97 0  

 

 
0,3 

0,97 0,98 0,98 0 
1 1 0,99 1 

1,03 1,01 1,007 0,3 
1,06 1,01 1,01 0 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʘʛʠ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʛʦ ʥʝʪʢʘʥʦʛʦ ʧʦʣʦʪʥʘ (5-ʩʣʦʝʚ) ʯʠʩʪʳʭ  

ɹʝʟ ʢʣʝ:̫ 0,14ʛʨ ʤʘʩʩʘ ʦʙʲʝʢʪʘ; 0,226ʛʨ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ (W =12%)  

 

ʊʘʙʣʠʮʘ 5 
t,ʚʨʝʤʷ 2 4 6 8 10 12 14 16 18 20 

ɻ1*10
-3
, 

ʤʦʣ/ʢʛ 
0,145 0,152 0,161 0,169 0,177 0,186 0,197 0,209 0,221 0,226 

 

ʈʝʟʫʣʴʪʘʪ ʪʘʙʣʠʮʳ 5 ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 5. 

y = -2,381x2 + 5,1286x - 1,7493 
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ʈʠʩʫʥʦʢ 5. ɿʘʚʠʩʠʤʦʩʪʴ ɻ1 ʦʪ ʚʨʝʤʝʥʠ (t) ʦʙʨʘʟʮʘ 

Figure 5. Dependence of G1 on time (t) of the sample 

 
 

ɻ1 = 5*10
-5
Ű

2
 + 0,0036Ű + 0,1371 (4) 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʫʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ: 

 ɻ1 = f(ʊ) (5) 

ʛʜʝ ɻ1 ï ʂʦʵʬʬʠʮʠʝʥʪ ʘʜʩʦʨʙʮʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ (ɻ1*10
-3
 ʤʦʣ/ʢʛ) ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (ʊ,ʂ) . 

 

ʊʘʙʣʠʮʘ 6. ɿʘʚʠʩʠʤʦʩʪʴ ɻ1 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʊ,ʂ 

Table 6. Dependence of G1 on temperature T,K 
ʊ,ʂ 314 319 324 329 334 339 344 349 354 359 

ɻ1*10
-3
, 

ʤʦʣ/ʢʛ 

0,14 0,15 0,16 0,17 0,17 0,18 0,19 0,2 0,22 0,22 

 

ɺʳʧʦʣʥʠʤʦʩʪʴ (3) ʠ (ʪʘʙ.6.) ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 6. 

 

ʈʠʩʫʥʦʢ 6. ɿʘʚʠʩʠʤʦʩʪʴ ɻ1 ʦʪ ʪʝʤʧʝʨʘʪʫʨ r(ʊ,ʂ) ʦʙʨʘʟʮʘ 

Figure 6. Dependence of G1 on the temperature (T, K) of the sample 

 
 

ʇʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʵʪʦʡ ʢʨʠʚʦʡ (ʨʠʩʫʥʦʢ 6) ʠʤʝʝʪ ʚʠʜ: 

ɻ1= 9*10
-6
ʊ

2 
- 0,0043ʊ + 0,6038 , ʤʦʣ/ʢʛ (6) 

ɸ ʪʝʧʝʨʴ ʠʟ ʫʨʘʚʥʝʥʠʷ 3, ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʷ 5, ʧʦʣʫʯʠʤ: 

y = 5E-05x2 + 0,0036x + 0,1371 
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ɻ

ɻ
 = -2,381  + 5,1286  - 1,7493* ωz ρπʊ  πȟππτσʊɀπȟφπσψȟ ʤʦʣ/ʢʛ (7) 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʘʩʯʸʪʘ ʠʣʠ ʘʥʘʣʠʟʘ ʨʠʩʫʥʢʘ 6, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʥʘʭʦʜʷʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʚʳʙʨʘʥʥʦʛʦ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʩʳ ʦʙʲʝʢʪʘ.  

ʋʨʘʚʥʝʥʠʝ ʵʪʠʭ ʢʨʠʚʳʭ (ʟʘʚʠʩʠʤʦʩʪʠ ɻ1
 
ʦʪ f(m)) ʠʤʝʝʪ ʚʠʜ  

ɻ1 = f(Íʅʆ) (8) 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʳ ʚʳʙʨʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʫʪʦʯʥʠʪ ɹ

ʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʠʟʤʝʥʝʥʠʝ ʚʨʝʤʝʥʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʙʨʘʟʮʘʭ ʜʣʷ ʩʠʩʪʝʤʳ çʧʘʨ ʠ ʥʝʪʢʘʥʦʝ 

ʧʦʣʦʪʥʦè [17].  

  

ʊʘʙʣʠʮʘ 7. ɿʘʚʠʩʠʤʦʩʪʴ ɻ1 ʦʪ ʤʘʩʩʳ ʦʙʨʘʟʮʘ (314-359)ʂ 

Table 7. Dependence of G1 on sample mass (314-359)K 

m,ʢʛ 0,028 0,056 0,084 0,11 0,14 

ɻ1*10
-3
,ʤʦʣ/ʢʛ 0,145 0,161 0,186 0,209 0,226 

 

ʈʝʟʫʣʴʪʘʪʳ ʤʘʩʩʳ ʦʙʨʘʟʮʘ (ɻ1*10
- 3
ʤʦʣ/ʢʛ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʩʳ ʦʙʲʝʢʪʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ (314-359)ʂ, (ʨʠʩ.7). 

 

ʈʠʩʫʥʦʢ 7. ɿʘʚʠʩʠʤʦʩʪʴ ɻ1 ʦʪ ʤʘʩʩʳ ʦʙʨʘʟʮʘ 

Figure 7. Dependence of G1 on sample mass 

 
 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʠʩʫʥʢʘ 7, ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʤʘʩʩʳ ʦʙʲʝʢʪʘ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘ. 

ɻ1 = - 0,18(m)
2 
+0, 7848(m) + 0,1213, ʤʦʣ/ʢʛ (9) 

ʋʨʘʚʥʝʥʠʝ (3) ʠ (9) ʚ ʦʙʱʝʤ ʚʠʜʝ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (10): 

ɻ = ςȟσψρ  υȟςχρω ρȟχτωσzɻ (10) 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʵʪʦ ʥʝʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ (10) ʠ (9) ʧʠʰʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

ɻ= ςȟσψρ  υȟςχρω ρȟχτωσ ᶻ πȟρψά πȟχψτχÍ   πȟρςρσȟ ʤʦʣ/ʢʛ (11) 

ʉʦʛʣʘʩʥʦ ʠʟʫʯʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʨʘʙʦʪ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʚʳʨʘʞʝʥʠʝ (9) ʩ ʫʯʝʪʦʤ (11) 

ʧʦʟʚʦʣʷʝʪ ʩ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʜʦ 95 % ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʘʜʩʦʨʙʮʠʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʤʝʥʝʝ 5% [18].  

ɺʘʨʠʘʥʪ ˉ2 (ʦʰʣʠʭʪʦʚʘʥʥʦʝ ʥʝʪʢʘʥʦʝ ʧʦʣʦʪʥʦ), 0,14 ʛʨ ʤʘʩʩʘ ʦʙʨʘʟʮʘ, 0,392ʛʨ ʧʦʩʣʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ (W =35% ʫʩʪ ʣʘʙ.) (5-ʩʣʦʡʥr ʡ ʦʙʨʘʟʝʮ ʦʪ ʥʝʪʢʘʥʦʛʦ ʧʦʣʦʪʥʘ). 
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ʊʘʙʣʠʮʘ 8. ʂʦʵʬʬʠʮʠʝʥʪ ʘʜʩʦʨʙʮʠʠ ʦʙʨʘʟʮʘ (ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʝ ʥʝʪʢʘʥʦʝ ʧʦʣʦʪʥʦ) ʦʪ 

ʚʨʝʤʝʥʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ (314 - 359)ʂ 

Table 8. Adsorption coefficient of the sample (cotton non-woven fabric) depending on time and 

temperature (314 - 359)K 

†ȟʚʨʝʤʷ 
 

ʊȟʂ 
314 317 322 327 332 337 342 347 352 357 

5 0,221 0,252 0,263 0,278 0,289 0,306 0,322 0,339 0,363 0,382 
10 0,225 0,253 0,265 0,281 0,294 0,309 0,325 0,342 0,367 0,384 
15 0,229 0,255 0,268 0,284 0,298 0,312 0,329 0,348 0,371 0,387 
20 0,232 0,257 0,273 0,285 0,301 0,316 0,333 0,353 0,376 0,391 
25 0,242 0,259 0,275 0,286 0,303 0,318 0,335 0,359 0,379 0,392 
30 0,251 0,261 0,276 0,287 0,304 0,319 0,337 0,361 0,381 0,392 
35 0,251 0,261 0,276 0,287 0,304 0,319 0,337 0,361 0,381 0,392 

 

ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 295ʂ, ʚʣʘʛʘ ʚʥʫʪʨʠ ʫʩʪʘʥʦʚʢʠ 35%, ʨʝʰʝʥʠʷ ʤʘʩʩ rʦʙʲʝʢʪʘ 

ʧʨʠ ʥʘʙʨʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 314ʂ ʜʦ 357 ʂ: 

ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʪʝʧʣʦʦʪʜʘʯʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ (ʨʠʩ 8). 

 

ʈʠʩʫʥʦʢ 8. ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʜʩʦʨʙʮʠʠ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 

Figure 8. Dependence of the change in the adsorption coefficient on time at different 

temperatures 

 
 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ (ʪʘʙʣ.9 ʠ ʨʠʩ.8) ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʘʜʩʦʨʙʮʠʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ (2):  

 

ʊʘʙʣʠʮʘ 9. ʂʦʵʬʬʠʮʠʝʥʪ ʘʜʩʦʨʙʮʠʠ ʦʙʨʘʟʮʘ (ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʝ ʥʝʪʢʘʥʦʝ ʧʦʣʦʪʥʦ) ʦʪ 

ʚʨʝʤʝʥʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ (314-359)ʂ 

Table 9. Adsorption coefficient of the sample (cotton non-woven fabric) depending on time and 

temperature (314-359)K 

†ȟʚʨʝʤʷ 
 

ʊȟʂ 

314 317 322 327 332 337 342 347 352 357 

0,25 0,97 0,98 0,96 0,97 0,96 0,97 0,97 0,96 0,96 0,98 

0,5 0,97 0,98 0,97 0,98 0,98 0,98 0,97 0,97 0,98 0,98 

0,75 0,99 0,99 0,98 0,99 0,99 0,99 0,99 0,98 0,99 0,99 

1 1 1 1 1 1 1 1 1 1 1 

1,25 1,04 1,008 1,007 1,003 1,007 1,006 1,006 1,02 1,008 1,002 

1,5 1,08 1,01 1,01 1,007 1,01 1,009 1,01 1,02 1,01 1,002 

1,75 1,08 1,01 1,01 1,007 1,01 1,009 1,01 1,02 1,01 1,002 

 

ʈʝʟʫʣʴʪʘʪ ʪʘʙʣʠʮ r9 ʧʨʝʜʩʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 9. 
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ʈʠʩʫʥʦʢ 9. ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʜʩʦʨʙʮʠʠ ʦʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

Figure 9. Dependence of the change in the relative adsorption coefficient on the relative time at 

different temperatures 

 
 

ʈʠʩʫʥʦʢ 10. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʜʩʦʨʙʮʠʠ (
ɻ

ɻ
 ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ 
◄

◄
 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

Figure 10. Dependence of the relative adsorption coefficient (G/G_1) on the relative time (t/t_1) 

at room temperature 

 
 

ʇʦʣʠʥʦʤʘʣʴʥʘʷ ʣʠʥʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 10, ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʰʠʤ ʫʨʘʚʥʝʥʠʝʤ 

(ʫʨʘʚʥʝʥʠʝ 1). ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʦʙʲʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʢʨʠʚʳʝ ʫʨʘʚʥʝʥʠʷ. 

ʋʨʘʚʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʨʝʤʝʥʠ 
◄

◄
 ʠʤʝʝʪ ʚʠʜ : 

ɻ

ɻ
 = -0,0229  + 0,0829  + 0,9371 (1) 

ʉ ʧʦʤʦʱʴ  ʁʫʨʘʚʥʝʥʠ ̫(1) ʨʘʩʩʯʠʪʳʚʘʝʤ ʟʘʚʠʩʠʤʦʩʪʠ ʢʘʞʜʦʡ ʤʘʩʩ rʦʙʲʝʢʪʘ (ʆʙʲʝʢʪ ˉ2), 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ: 

ʇʨʦʚʝʨʢʘ ʧʦʛʨʝʰʥʦʩʪʠ 

2) ɻ = -0,0229(0,25)
2
 + 0,0829(0,25) + 0,9371 = 0,6997 

ŭ = 

ɻ

ɻʨʘʩʯʸʪ
 
ɻ

ɻ  ɻʢʩʧʝʨʠʤʝʥʪ
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ʊʘʙʣʠʮʘ 10 
t/t1 ɻ/ɻ1,ʨʘʩʯʸʪ ɻ/ɻ1,ʵʢʩʧʝʨʠʤʝʥʪ ŭ, % 

ŭȟϷ 

0,25 0,96 0,95 1  

 

 
0,3 

0,5 0,97 0,97 0 
0,75 0,98 0,99 -1 

1 1  0,3 

1,25 1,01   

1,5 1,01    

1,75 1,01    

 

ʊʘʙʣʠʮʘ 11 

†ȟʚʨʝʤʷ 2 4 6 8 10 12 14 16 18 20 

ɻ1*10
-3
 ʤʦʣ/ʢʛ 0,229 0,255 0,268 0,284 0,298 0,312 0,329 0,348 0,371 0,387 

  

ʈʝʟʫʣʴʪʘʪ ʪʘʙʣʠʮ r11 ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 11. 

 

ʈʠʩʫʥʦʢ 11. ɿʘʚʠʩʠʤʦʩʪʴ ɻ1 ʦʪ ʚʨʝʤʝʥʠ (t) ʦʙʨʘʟʮʘ 

Figure 11. Dependence of G1 on time (t) of the sample 

 
 

ɻ1 = 0,0002Ű
2
 + 0,0147Ű + 0,2197 (2) 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʫʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ: (ʫʨʘʚ.5) 

 

ʊʘʙʣʠʮʘ 12. ɿʘʚʠʩʠʤʦʩʪʴ ɻ1 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʊ,ʂ 

Table 12. Dependence of G1 on temperature T,K 
ʊ,ʂ 313 317 322 327 332 337 342 347 352 357 

ɻ1*10
-3,

 

ʤʦʣ/ʢʛ 
0,229 0,255 0,268 0,284 0,298 0,312 0,329 0,348 0,371 0,387 

 

ʈʝʟʫʣʴʪʘʪ ʪʘʙʣʠʮ r12 ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 12. 

ʇʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʵʪʦʡ ʢʨʠʚʦʡ (ʨʠʩʫʥʦʢ 12), ʠʤʝʝʪ ʚʠʜ: 

ɻ1= -7*10
-6
ʊ

2 
+ 0,0046ʊ - 0,605 , ʤʦʣ/ʢʛ (3) 

ɸ ʪʝʧʝʨʴ ʠʟ ʫʨʘʚʥʝʥʠʷ 1, ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʷ 3, ʧʦʣʫʯʠʤ: 
ɻ

ɻ
 = -0,0229  + 0,0829  - 0,9371* χz ρπʊ πȟππτφʊɀπȟφπυȟ ʤʦʣ/ʢʛ (4) 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʘʩʯʸʪʘ ʠʣʠ ʘʥʘʣʠʟʘ ʨʠʩʫʥʢʘ 4, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʥʘʭʦʜʷʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʚʳʙʨʘʥʥʦʛʦ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʩʳ ʦʙʲʝʢʪʘ. ʋʨʘʚʥʝʥʠʝ 

ʵʪʠʭ ʢʨʠʚʳʭ (ʟʘʚʠʩʠʤʦʩʪʠ ɻ1
 
ʦʪ f(m)) ʠʤʝʝʪ ʚʠʜ: 

ɻ1 = f(Íʅʆ) (5) 

  

y = 0,0002x2 + 0,0147x + 0,2197 
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ʈʠʩʫʥʦʢ 12. ɿʘʚʠʩʠʤʦʩʪʴ ɻ1 ʦʪ ʪʝʤʧʝʨʘʪʫʨʘ (ʊ,ʂ) ʦʙʨʘʟʮʘ 

Figure 12. Dependence of G1 on the temperature (T, K) of the sample 

 
  

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʙʨʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʫʪʦʯʥʠʪ ɹ

ʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʠʟʤʝʥʝʥʠʝ ʚʨʝʤʝʥʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʛʘʰʸʥʦʡ ʠʟʚʝʩʪʠ ʜʣʷ ʩʠʩʪʝʤʳ ʧʘʨʘ ʠ 

ʧʦʨʦʰʢʘ [19].  

  

ʊʘʙʣʠʮʘ 13. ɿʘʚʠʩʠʤʦʩʪʴ ɻ1 ʦʪ ʤʘʩʩʳ ʦʙʨʘʟʮʘ (314-357)ʂ 

Table 13. Dependence of G1 on sample mass (314-357)K 

m,ʢʛ 0,028 0,056 0,084 0,11 0,14 

ɻ1*10
-3
,ʤʦʣ/ʢʛ 0,229 0,268 0,298 0,329 0,371 

 

ʈʝʟʫʣʴʪʘʪ ʪʘʙʣʠʮ r13 ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 13. 

 

ʈʠʩʫʥʦʢ 13. ɿʘʚʠʩʠʤʦʩʪʴ ɻ1 ʦʪ ʤʘʩʩʳ ʦʙʨʘʟʮʘ 

Figure 13. Dependence of G1 on sample mass 

 
 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʠʩʫʥʢʘ 13, ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʤʘʩʩʳ ʦʙʲʝʢʪʘ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘ. 

ɻ1 = - 0,4373(m)
2 
+1,1683(m) + 0,1976, ʤʦʣ/ʢʛ (6) 

ʋʨʘʚʥʝʥʠʝ (8) ʠ (2.8) ʚ ʦʙʱʝʤ ʚʠʜʝ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (2.8): 

ɻ = ςȟσψρ  υȟςχρω ρȟχτωσzɻ (7) 

y = -7E-06x2 + 0,0046x - 0,605 
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ɺ ʦʙʱʝʤ ʚʠʜʝ ʵʪʦ ʥʝʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ (7) ʠ (6) ʧʠʰʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ɻ = πȟπςςω πȟπψςω πȟωσχρ ᶻπȟτσχσά ρȟρφψσÍ   πȟρωχφȟ ʤʦʣ/ʢʛ 

(8) 

ʉʦʛʣʘʩʥʦ ʠʟʫʯʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʨʘʙʦʪ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʚʳʨʘʞʝʥʠʝ (6) ʩ ʫʯʝʪʦʤ (8) 

ʧʦʟʚʦʣʷʝʪ ʩ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʜʦ 95% ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʘʜʩʦʨʙʮʠʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʤʝʥʝʝ 2% [12]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʳʨʴʸ, ʠʟʛʦʪʦʚʣʝʥʥʦʝ ʤʦʢʨʳʤ ʠ 

ʩʫʭʠʤ ʩʧʦʩʦʙʘʤʠ ʠ ʧʨʠʤʝʥʷʝʤʦʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʳʭ ʥʝʪʢʘʥʳʭ ʧʦʣʦʪʝʥ, ʩ 

ʰʣʠʭʪʦʚʘʥʠʝʤ ʠ ʙʝʟ ʰʣʠʭʪʦʚʘʥʠʷ, ʚ ʯʘʩʪʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʦʣʦʪʝʥ ʠʤʝʝʪ 

ʥʝʦʪʣʠʯʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʘ [19].  

ʉʪʘʪʴʷ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʡ ʪʝʤʳ ʢʘʬʝʜʨʳ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ çʊʝʭʥʦʣʦʛʠʷ ʠ 

ʧʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʳʨʴʷ ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠè, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʨʷʜʢʝ (ʧʨʦʪʦʢʦʣ ˉ3 ʦʪ 23 ʦʢʪʷʙʨʷ 2025 ʛ.). 
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ÙÌØßÙÌÔ ØÌÞÚÔ ÍÑÍÚàÞ 
Øìėú÷ì íì ýúĕìô ýìùúìþô ùìýýúĔĒ þìì÷÷ÿė ðúĄþì, íì þìĕėôėô þìĆýôüô úøô÷ĕúô îìėþ îì ĕìüúüìþ íì 

öúĉĀĀôþýôñùþô ìðýúüíýôċô ùìøÿùìô øìþúô ûìāþìïôô íñíúĀþ íìāĄôðì Ąÿðììýþ. Ðìü Ąìüúôþô øÿúýôü 
ôýþñĕýú÷ô øìþúô ûìāþìïôô íñíúĀþ íú ôýþôĀúðì ìó ûìĄøô ûìāþì, öô íú ÿýÿ÷ô þìü úøúðì øñïìüðìð, ðìü 
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øìüĕô÷ìĕúô úøúðìýúóôô ôýþñĕýú÷úþ, þìĄìööÿ÷ô ėìíìþô ùìāĒ îì ôýþñĕýú÷ô øìĕýÿ÷úþô ùôĕúĒ íú ÿýÿ÷ô 
ýĘóìùðĘóĒ (ôï÷úûüúĄôîùúõ) ìùĔúø ðúðì øñĄìîìð. Þìĕėôėô öúĉĀĀôþýôñùþô ìðýúüíýôċô ùìøÿùìô øìþúô 
íñíúĀþ îúíìýþì íì îìėþ (5¬25 ðìėôėì) îì ĕìüúüìþ (314¬359 Ö) ðìü úóøúôĄïúĕô ô÷øĒ-þñāùôöôô ðúùôĄïúĕ 
ïÿóìüúùôðì Ąÿð. Îìüôìùþĕúô þìĕėôė øìþúĆĕúô ûìāþìïôô íñíúĀþ íú Ą÷ôāþìöÿùĒ îì íñ Ą÷ôāþìöÿùĒ íÿðìùð. 
Ðìü îìüôìùþô ìîîì÷ íìüúô þìĕėôėô ùìøùúöĒ øìþúô ûìāþìïôô íñíúĀþ (5-ėìíìþìô þúóì) ôýþôĀúðì ïìüðôðì, 
øìýýìô ùìøÿùì 0,14 ï íÿðì, ðìü ĕìüúüìþô āúùìïĒ 298 Ö ùìøùúöĒ ðìü ðúāô÷ô ìýíúíô ăñùöÿùôô ïÿóìüúùìùðìïôô 
ïìüøĒ ÔÞ-×-400 íìüúíìüô W = 22% øÿìõċù öìüðì Ąÿð. Ðìü øìėú÷ì îúíìýþìïôô öúĉĀĀôþýôñùþô ìðýúüíýôċô 
ùìøÿùìĕúô þìĕėôėĄìîìùðì ìó îìėþ îì ĕìüúüìþ (314¬359 Ö) úøĘāþì Ąÿðììýþ. Ôùăÿùôù îúíìýþìïôô þìĎõôüČíôô 
öúĉĀĀôþýôñùþô ìðýúüíýôċ ìó îìėþ ðìü ĕìüúüìþĕúô ïÿùúïÿù, îúíìýþìïôô öúĉĀĀôþýôñùþô ùôýíôô ìðýúüíýôċ ìó 
îìėþô ùôýíĒ ðìü ĕìüúüìþô āúùìïĒ, ôùăÿùôù îúíìýþìïôô ïÿóìüúùìùðìïôô ïìüøĒ ìó îìėþ, ĕìüúüìþ îì øìýýìô 
ùìøÿùìô øìþúô ûìāþìïôô íñíúĀþ þìĕėôė ïìüðôðììýþ. ØÿîúĀôėô úøĘóôĄ îì þìĕ÷ô÷ô öúüĕúô íôýČü 
øÿĕìėėôėúù, ôĀúðìô (6) íú ðìüùìóìüðúĄþô (8) ôøöúù øñðôĕìð, öô íú ĉĕþôøú÷ôċþô ĉĆþôøúðùúöôô þú 95% 
öúĉĀĀôþýôñùþô ìðýúüíýôċô ùìøÿùìĕúô þìĕėôėĄìîìùðì ðìü ĕìüúüìþĕúô ïÿùúïÿù íú āìþúïôô öìøþìü ìó 2% 
øÿìõċù öìüðì Ąìîìð. Çìøôù þìîü, ùìþôĔìĕúô þìĕėôėúþ ùôĄúù øñðôĕìùð, öô ìĄČô āúø, öô íú ÿýÿ÷ĕúô þìü îì 
āÿĄö ôýþñĕýú÷ Ąÿðì, íìüúô ôýþñĕýú÷ô øìþúĆĕúô ûìāþìïôô íñíúĀþ íú Ą÷ôāþìöÿùĒ îì íñ Ą÷ôāþìöÿùĒ ôýþôĀúðì 
øñïìüðìùð, ìó üĘô ùôĄúùðôĕìùðìĕúô ïÿóìüúùìùðìïôô ïìüøĒ Āìüėôċþô ùìóìüüìý ùìðúüìùð îì íì þì÷ìíúþô 
ýþìùðìüþ øÿþúíôėìþ øñùìøúċùð. 

Öì÷ôðîúòìĕú: ùìýýúĔĒ, ýìùúìþ, úøô÷, îìėþ, ĕìüúüìþ, öúĉĀĀôþýôñùþ, ìðýúüíýôċ, ùìøÿùì, ûìāþìïôù, 
øìþúô ùúíúĀþì, ûìþ, þìü, þìüó, ĉĕþôøú÷ôċþ, ĄñüñĄāÿüðì, íñ ĄñüñĄ.  

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀɽ ʌɸʂʊʆʈɸ ɺʈɽʄɽʅʀ ʀ ʊɽʄʇɽʈɸʊʋʈʓ ʅɸ ʂʆʕʌʌʀʎʀɽʅʊ 

ɸɼʉʆʈɹʎʀʀ ʆɹʈɸɿʎɸ ʅɽʊʂɸʅʆɻʆ ʇʆʃʆʊʅɸ  

ʉʪʘʪʴʷ ʦʪʥʦʩʠʪʩʷ ʢ ʪʝʢʩʪʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʠʤʝʥʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ 

ʬʘʢʪʦʨʘ ʚʨʝʤʝʥʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʘʜʩʦʨʙʮʠʠ ʦʙʨʘʟʮʘ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʛʦ ʥʝʪʢʘʥʦʛʦ ʧʦʣʦʪʥʘ. ɺ 

ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʦ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʛʦ ʥʝʪʢʘʥʦʛʦ ʧʦʣʦʪʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʭʣʦʧʢʦʚʦʛʦ ʧʫʭʘ, 

ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʤʦʢʨʳʤ ʩʧʦʩʦʙʦʤ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʭʦʣʩʪʦʦʙʨʘʟʦʚʘʥʠ ̫ʠ 

ʠʟʛʦʪʦʚʣʝʥʠ ̫ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠʛʣʦʧʨʦʰʠʚʥʳʤ ʩʧʦʩʦʙʦʤ. ʀʩʩʣʝʜʦʚʘʥʠ ̫ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʜʩʦʨʙʮʠʠ ʦʙʨʘʟʮʘ 

ʥʝʪʢʘʥʦʛʦ ʧʦʣʦʪʥʘ ʦʪ ʚʨʝʤʝʥʠ (5-25 ʤʠʥʫʪ) ʠ ʪʝʤʧʝʨʘʪʫʨʳ (314-359)ʂ ʧʨʦʚʝʜʝʥʳ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ ʫʥʠʚʝʨʩʠʪʝʪʘ. ɺʘʨʠʘʥʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʳʝ ʥʝʪʢʘʥʳʝ ʧʦʣʦʪʥʘ ʩ 

ʰʣʠʭʪʦʚʘʥʠʝʤ ʠ ʙʝʟ ʰʣʠʭʪʦʚʘʥʠʷ. ʇʦ ʧʝʨʚʦʤʫ ʚʘʨʠʘʥʪʫ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʘʞʥʦʩʪʠ ʧʨʠʤʝʥʷʣʦʩʴ (5-ʩʣʦʥʦʝ) ʯʠʩʪʦʝ 

ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʝ ʥʝʪʢʘʥʦʝ ʧʦʣʦʪʥʦ, 0,14ʛʨ ʤʘʩʩʘ ʦʙʨʘʟʮʘ, ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 298ʂ, ʚʣʘʛʘ ʚʥʫʪʨʠ 

ʠʟʤʝʨʠʪʝʣʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʀʊ-ʃ-400 ʩʦʩʪʘʚʠʣʘ W =22%. ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʘʜʩʦʨʙʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʦʪ ʚʨʝʤʝʥʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ (314 - 359)ʂ. ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʜʩʦʨʙʮʠʠ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʜʩʦʨʙʮʠʠ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʦʪ ʚʨʝʤʝʥʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʛʦ ʥʝʪʢʘʥʦʛʦ ʧʦʣʦʪʥʘ. ʉʦʛʣʘʩʥʦ ʘʥʘʣʠʟʫ ʨʘʙʦʪ 

ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʚʳʨʘʞʝʥʠʝ (6) ʩ ʫʯʝʪʦʤ (8) ʧʦʟʚʦʣʷʝʪ ʩ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʜʦ 95% ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪ ʘʜʩʦʨʙʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʤʝʥʝʝ 2%. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʳʨʴʸ, ʠʟʛʦʪʦʚʣʝʥʥʦʝ ʤʦʢʨʳʤ ʠ ʩʫʭʠʤ ʩʧʦʩʦʙʘʤʠ ʠ ʧʨʠʤʝʥʷʝʤʦʝ 

ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʳʭ ʥʝʪʢʘʥʳʭ ʧʦʣʦʪʝʥ, ʩ ʰʣʠʭʪʦʚʘʥʠʝʤ ʠ ʙʝʟ ʰʣʠʭʪʦʚʘʥʠʷ, ʚ ʯʘʩʪʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʦʣʦʪʝʥ ʠʤʝʝʪ ʥʝʦʪʣʠʯʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ʩʪʘʥʜʘʨʪʘ.  
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ʰʣʠʭʪʦʚʘʥʠʷ. 

 

INVESTIGATION OF THE INFLUENCE OF  TIME AND TEMPERATURE FACTORS ON THE ADSORPTION 

COEFFICIENT OF A NONWOVEN FABRIC SAMPLE  

The article relates to the textile industry, specifically to study the effect of time and temperature factors on the 

adsorption coefficient of a cotton nonwoven fabric sample. In modern conditions, the production of cotton non-woven 

fabric using cotton fluff produced by the wet method is carried out during the preparation of production, the formation of 

canvas and the manufacture of end products by needle stitching. Investigation of the adsorption coefficient of a nonwoven 

fabric sample on time (5-25 minutes) and temperature (314-359)K, conducted in the scientific and technical laboratory of 

the university. The study options were cotton nonwoven fabrics with and without dressing. According to the first variant, a 

(5-layer) pure cotton nonwoven fabric was used in the moisture study, 0.14 g weight of the sample, at room temperature 

298 K, the moisture inside the ʀT-L-400 thermal conductivity meter was W =22%. The article examines the dependence of 

the adsorption coefficient of the studied samples on time and temperature (314-359)K. The article examines the 

dependence of the change in the adsorption coefficient on time at different temperatures and the dependence of the relative 

coefficient of adsorption on relative time at room temperature, the dependence of thermal conductivity on time and 

temperature and the mass of a sample of cotton nonwoven fabric. According to the study and analysis of the work of many 

researchers, expression (6), taking into account (8), allows with a confidence probability of up to 95%, it is possible to 

determine the adsorption coefficient of the studied samples at various temperatures with an error of less than 2%. Thus, the 

result of the study shows that the raw materials produced by wet and dry methods and used for the production of cotton 
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nonwoven fabrics, with and without dressing, in terms of thermal conductivity of the above-mentioned fabrics have non-

distinctive characteristics and meet the requirements of the standard. 

Keywords: textiles, industry, factor, time, temperature, coefficient, adsorption, sample, cotton, nonwoven, down, 

wet, method, probability, with dressing, without dressing. 
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ʊɽʆʈʀʗ ʀ ʀʉʉʃɽɼʆɺɸʅʀʗ ʈɽɾʀʄʆɺ ɼɺʀɾɽʅʀʗ ʈɽɸʃʔʅʆʁ ɾʀɼʂʆʉʊʀ 

 

ʐʘʨʠʧʦʚ ʂ.ʀ., ʂʘʨʠʝʚʘ ʌ.ɸ., ʉʦʭʠʙʥʘʟʘʨʦʚ ʄ.ʈ., ʄʫʤʠʥʦʚ ʉ.ʐ. 

ʀʥʩʪʠʪʫʪ ʚʦʜʥʳʭ ʧʨʦʙʣʝʤ, ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʵʢʦʣʦʛʠʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

ʊʘʜʞʠʢʠʩʪʘʥʘ 

 

ɺʚʝʜʝʥʠʝ: ʉʫʱʝʩʪʚʫʝʪ ʚ ʧʨʠʨʦʜʝ ʜʚʘ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ. ʃʘʤʠʥʘʨʥʳʡ ʠ 

ʪʫʨʙʫʣʝʥʪʥʳʡ ʨʝʞʠʤʳ ʜʚʠʞʝʥʠʷ ʚʦʜʳ. ʆʥʠ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ. ɼʣʷ ʣʘʤʠʥʘʨʥʦʛʦ 

ʪʝʯʝʥʠʷ ʭʘʨʘʢʪʝʨʥʦ ʧʦʩʣʦʡʥʦʝ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ, ʪʦ ʝʩʪʴ ʝʛʦ ʯʘʩʪʠʮʳ ʥʝ ʧʝʨʝʤʝʰʠʚʘʶʪʩʷ. 

ʇʦʪʝʨʠ ʵʥʝʨʛʠʠ ʠʣʠ ʧʦʪʝʨʠ ʥʘʧʦʨʘ ʧʨʠ ʣʘʤʠʥʘʨʥʦʤ ʪʝʯʝʥʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʩʢʦʨʦʩʪʠ ʚ 

ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ. ʉʪʨʫʡʯʠʚʦʩʪʴ ʧʦʪʦʢʘ ʥʘʨʫʰʘʝʪʩʷ ʜʣʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʢ 

ʪʦʤʫ ʞʝ ʦʧʠʩʳʚʘʶʪ ʩʣʦʞʥʫʶ ʪʨʘʝʢʪʦʨʠʶ ʯʘʩʪʠʮʳ ʞʠʜʢʦʩʪʠ. ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ 

ʢʦʣʝʙʣʝʪʩʷ, ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʨʘʟʥʫʶ ʩʪʦʨʦʥʫ [2]. ɺ ʣʶʙʦʡ ʪʦʯʢʝ ʧʦʪʦʢʘ ʢʘʞʜʦʝ 

ʤʛʥʦʚʝʥʠʝ ʤʝʥʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʝ ʚʦʜʳ. ʇʦʪʝʨʠ ʵʥʝʨʛʠʠ ʠʣʠ ʧʦʪʝʨʠ ʥʘʧʦʨʘ ʧʨʠ 

ʪʫʨʙʫʣʝʥʪʥʦʤ ʪʝʯʝʥʠʠ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʪ ʠ ʩʪʘʥʦʚʷʪʩʷ ʨʘʚʥʳʤʠ ʩʢʦʨʦʩʪʠ ʚ ʢʚʘʜʨʘʪʝ. ʈʫʩʩʢʠʡ 

ʫʯʸʥʳʡ ʄʝʥʜʝʣʝʝʚ ʚ ʢʦʥʮʝ ʜʝʚʷʪʥʘʜʮʘʪʦʛʦ ʚʝʢʘ ʚʧʝʨʚʳʝ ʚʳʩʢʘʟʘʣ ʤʥʝʥʠʝ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ 

ʜʚʫʭ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ʚʦʜʳ. ɸʥʛʣʠʡʩʢʠʡ ʬʠʟʠʢ ʆʩʙʦʨʠ ʈʝʡʥʦʣʴʜʩ ʩʧʫʩʪʷ ʪʨʠ ʛʦʜʘ 

ʦʧʫʙʣʠʢʦʚʘʣ ʨʝʟʫʣʴʪʘʪʳ ʩʚʦʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʠʣ ʨʷʜ 

ʟʘʚʠʩʠʤʦʩʪʝʡ, ʠʤʝʶʱʠʭ ʢʦʣʦʩʩʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʛʠʜʨʘʚʣʠʢʝ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʧʦʟʥʘʥʠʝ, ʠʟʫʯʝʥʠʝ ʠ ʚʳʷʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʘ 

ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʨʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ. ɺ ʦʩʦʙʝʥʥʦʩʪʠ ʜʚʠʞʝʥʠ ̫ʚʦʜʳ ʚ ʧʨʦʟʨʘʯʥʦʡ ʩʪʝʢʣʷʥʥʦʡ 

ʪʨʫʙʝ. ʂ ʪʦʤʫ ʞʝ, ʧʦ ʜʦʩʪʠʛʥʫʪʳʤ ʦʧʳʪʥʳʤ ʜʘʥʥʳʤ, ʚʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ Re 

ʠ ʧʦ ʥʠʤ ʫʩʪʘʥʦʚʣʝʥʠʝ ʛʨʘʥʠʮʳ ʫʩʪʦʡʯʠʚʳʭ ʣʘʤʠʥʘʨʥʳʭ ʠ ʪʫʨʙʫʣʝʥʪʥʳʭ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ 

ʚʦʜʳ.  

ʄʝʪʦʜʳ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʷʣʠʩʴ ʢʦʤʧʣʝʢʩʥʳʝ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ, ʩʠʩʪʝʤʥʳʝ 

ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʘʥʘʣʠʟʳ ʦʩʥʦʚʥʳʭ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ, ʥʘʪʫʨʥʳʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʳ: ʨʘʥʥʠʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʠ ʩʦʙʩʪʚʝʥʥʳʝ 

ʤʘʪʝʨʠʘʣ rʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʈʝʟʫʣʴʪʘʪʳ. ɺ ʦʪʜʝʣʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʚʦʜʦʩʙʝʨʝʞʝʥʠ ̫ ʦʙʩʫʞʜʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦ ʜʦʩʪʠʛʥʫʪʳʤ ʦʧʳʪʥʳʤ ʜʘʥʥʳʤ ʟʘʤʝʨʝʥʥʳʭ ʚʝʣʠʯʠʥ: ʦʙʲʸʤʘ ʚʦʜʳ ʚ ʣʠʪʨʘʭ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʧʳʪʘ ʚ ʩʝʢʫʥʜʘʭ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ 
0
ʉ, ʧʦʵʪʘʧʥʦ ʧʨʦʚʝʜʝʥʳ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ. ɺʩʝ ʨʘʩʯʸʪʳ ʧʨʦʰʣʠ ʢʘʤʝʨʘʣʴʥʳʝ ʦʙʨʘʙʦʪʢʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʨʘʩʯʝʪʥʳʭ, ʢʘʤʝʨʘʣʴʥʳʭ ʦʙʨʘʙʦʪʦʢ ʩʦʩʪʘʚʣʝʥʳ ʪʘʙʣʠʮʳ. ɻʨʘʥʠʮʘ ʤʝʞʜʫ ʣʘʤʠʥʘʨʥʳʤ ʠ 

ʪʫʨʙʫʣʝʥʪʥʳʤ ʨʝʞʠʤʦʤ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʘ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʩʪʠʛʥʫʪʘ. 

ʋʩʪʘʥʦʚʠʚʰʝʝʩʷ ʠ ʥʝʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ. ʉʢʦʨʦʩʪʴ ʡʦʜʞʘʢ ʚ ‮ 

ʜʘʥʥʦʡ ʪʦʯʢʝ ʪʨʸʭʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʨʠ ʥʝʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʜʚʠʞʝʥʠʠ, ʥʘʧʨʠʤʝʨ, ʚ ʪʦʯʢʝ 

1, ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ, ʪ.ʝ. ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʝʝ: ʧʨʠʙʣʠʞʘʷʩʴ 

ʯʘʩʪʠʮʘ ʄ
I
 ʢ ʪʦʯʢʝ 1 ʪʨʸʭʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t

I
 ʚ ʵʪʦʡ ʪʦʯʢʝ, ʠʤʝʝʪ 

ʩʢʦʨʦʩʪʴ ‮ 
I
; ʧʨʠʙʣʠʞʘʷʩʴ ʯʘʩʪʠʮʘ ʄ

II 
ʢ ʪʦʡ ʞʝ ʪʦʯʢʝ 1 ʪʨʸʭʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʜʨʫʛʦʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t
II
 ʚ ʵʪʦʡ ʪʦʯʢʝ, ʠʤʝʝʪ ʜʨʫʛʫʶ ʩʢʦʨʦʩʪʴ ‮ 

II
 ʠ ʪ.ʜ. 

ɺ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʪʦʯʢʝ 2 ʧʦʣʫʯʘʝʪʩʷ ʢʘʨʪʠʥʘ ʘʥʘʣʦʛʠʯʥʘʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʣʫʯʘʝ 

ʥʝʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʜʚʠʞʝʥʠʷ 

‮ f1(ʭ,ʫ,z,t)   (1) 

ʇʨʠ ʩʪʘʮʠʦʥʘʨʥʦʤ, ʠʣʠ ʠʥʘʯʝ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ, ʜʚʠʞʝʥʠʠ ʢʘʞʜʘʷ ʪʦʯʢʘ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʧʨʝʜʝʣʸʥʥʦʡ [2], ʥʝ ʠʟʤʝʥʷʶʱʝʡʩʷ ʚ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ ʩʢʦʨʦʩʪʴʶ ;‮ 

ʯʘʩʪʠʮʳ ʄ
 I
ʠ M

II
, ʧʨʠʙʣʠʞʘʷʩʴ ʢ ʪʦʯʢʝ 1, ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʚ ʵʪʦʡ ʪʦʯʢʝ ʙʫʜʫʪ 

ʠʤʝʪʴ ʘʥʘʣʦʛʠʯʥʫʶ ʩʢʦʨʦʩʪʴ .ʶʠʥʝʣʚʘʨʧʘʥ ʦʧ ʠ ʝʥʠʯʠʣʝʚ ʦʧ ʶʫʥʥʷʦʪʩʦʧ ‮ 

ʇʨʠ ʩʪʘʮʠʦʥʘʨʥʦʤ ʜʚʠʞʝʥʠʠ 

(2)   (z,ʫ,ʭ)1f ‮ 

ʇʝʨʝʤʝʰʠʚʘʶʱʝʝʩ ̫ʜʚʠʞʝʥʠʝ. ʈʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʟʘʢʦʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ 

ʪʨʫʙʝ ʩʚʷʟʘʥʦ ʩ ʪʝʤʫ ʞʝ ʧʝʨʝʭʦʜʦʤ ʣʘʤʠʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʪʫʨʙʫʣʝʥʪʥʦʝ ʪʝʯʝʥʠʝ. ʇʨʦʚʝʜʝʥʳ 

ʥʦʚʝʡʰʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʜʣʷ ʚʳʷʚʣʝʥʠ ̫ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠ ̫ʞʠʜʢʦʩʪʠ. ɺ 
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ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʥʘʨʫʞʝʥ ʧʝʨʝʭʦʜ ʣʘʤʠʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʪʫʨʙʫʣʝʥʪʥʦʝ ʪʝʯʝʥʠʝ. ʆʥʦ 

ʥʦʩʠʪ ʧʝʨʝʤʝʞʘʶʱʠʡʩʷ ʭʘʨʘʢʪʝʨ: ʪʝʯʝʥʠʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ, ʪ.ʝ. ʚ ʥʝʢʦʪʦʨʳʭ 

ʧʨʦʤʝʞʫʪʢʘʭ, ʷʚʣʷʝʪʩʷ ʣʘʤʠʥʘʨʥʳʤ, ʚ ʥʝʢʦʪʦʨʳʭ ʧʨʦʤʝʞʫʪʢʘʭ ï ʪʫʨʙʫʣʝʥʪʥʳʤ. 

ʇʦʩʨʝʜʩʪʚʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʤʝʱʘʝʤʦʩʪʠ ɔ, ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʬʠʟʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ 

ʪʘʢʦʛʦ ʧʝʨʝʤʝʞʘʶʱʝʛʦʩʷ ʪʝʯʝʥʠʷ, ʫʢʘʟʳʚʘʶʱʝʛʦ, ʥʘ ʢʘʢʫʶ ʜʦʣʶ ʥʝʢʦʪʦʨʦʛʦ ʧʨʦʤʝʞʫʪʢʘ 

ʚʨʝʤʝʥʠ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ ʤʝʩʪʝ ʪʨʫʙʳ ʩʫʱʝʩʪʚʫʝʪ ʪʫʨʙʫʣʝʥʪʥʦʝ ʪʝʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢʦʵʬʬʠʮʠʝʥʪ ɔ= 1, ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʝʯʝʥʠʝ ʚʩʸ ʚʨʝʤʷ ʪʫʨʙʫʣʝʥʪʥʦ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ɔ= 0, ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʪʝʯʝʥʠʝ ʚʩʸ ʚʨʝʤʷ ʣʘʤʠʥʘʨʥʦ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʤʝʱʘʝʤʦʩʪʠ ʥʝʧʨʝʨʳʚʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʯʠʩʣʝ ʈʝʡʥʦʣʴʜʩʘ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʚʭʦʜʘ ʚ ʪʨʫʙʫ.  

ʋʩʪʘʥʦʚʠʚʰʝʝʩʷ ʜʚʠʞʝʥʠʝ ʤʝʞʜʫ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʛʨʘʥʠʮʘʤʠ. ʈʘʩʩʤʦʪʨʝʥʠʝ 

ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʣʘʤʠʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ z ʙʣʠʟʢʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʧʦʟʚʦʣʠʪ ʩʜʝʣʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʧʨʦʱʝʥʠʷ 

ʦʩʥʦʚʥʳʭ ʫʨʘʚʥʝʥʠʡ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ. ʊʘʢ ʢʘʢ ʣʦʢʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʧʦ 

ʢʘʞʜʦʤʫ ʢʦʦʨʜʠʥʘʪʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʚʥʦ ʥʫʣʶ. ɸʥʘʣʠʟ ʵʪʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʜʘʸʪ ʚʝʩʴʤʘ 

ʚʘʞʥʳʡ ʚʳʚʦʜ; ʜʘʚʣʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʦ ʧʦ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʥʦʨʤʘʣʴʥʦʤ ʢ ʛʨʘʥʠʮʘʤ ʦʯʢʝ; ʛʨʘʜʠʝʥʪ ʚʝʣʠʯʠʥʳ (ʨ ‎) ʜʦʣʞʝʥ ʙʳʪʴ ʦʜʠʥʘʢʦʚʳʤ ʚ ʢʘʞʜʦʡ 

ʧʣʦʩʢʦʩʪʠ, ʧʘʨʘʣʣʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʥʠʮ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ 

ʢʘʨʪʠʥʘ ʣʠʥʠʡ ʪʦʢʘ ʚ ʧʣʦʩʢʦʩʪʠ ʭʫ ʥʝ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʧʦʧʝʨʸʢ ʧʦʪʦʢʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʧʦ ʚʝʣʠʯʠʥʝ ʩʘʤʦʡ ʩʢʦʨʦʩʪʠ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʦʧ ʝʥ ʦʥ ,ʝʥʠʯʠʣʝʚ ʦʧ z ʪʦ ɹʪʝʩʠʚʘʟ ʪʝʜʫʙ ‮ 

ʥʘʧʨʘʚʣʝʥʠʶ [10,ʩ.240-242]. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʥʝʰʥʠʭ ʧʦʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ. ʄʳ ʠʤʝʝʤ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʝ ʥʘʧʦʨʥʦʝ ʜʚʠʞʝʥʠʝ, ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʟʘʢʨʳʪʦʤʫ ʚʦʜʦʚʦʜʫ ʠ ʢʦʛʜʘ ʞʠʜʢʦʩʪʴ 

ʟʘʧʦʣʥʷʝʪ ʚʦʜʦʚʦʜ. ʇʦʪʦʢ ʞʠʜʢʦʩʪʠ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ ʦʛʨʘʥʠʯʝʥ ʪʚʸʨʜʳʤʠ 

ʩʪʝʥʢʘʤʠ ʚʦʜʦʚʦʜʘ, ʪʦ ʝʩʪʴ, ʪʨʫʙʦʧʨʦʚʦʜʘ, ʥʘʧʦʨʥʦʛʦ ʪʫʥʥʝʣʷ ʠ ʪʦʤʫ ʧʦʜʦʙʥʦʝ. ʆʙʳʯʥʦ ʚ ʥʸʤ 

ʜʘʚʣʝʥʠʝ ʣʠʙʦ ʙʦʣʴʰʝ, ʣʠʙʦ ʤʝʥʴʰʝ ʘʪʤʦʩʬʝʨʥʦʛʦ. ɽʩʣʠ ʧʦʪʦʢ ʞʠʜʢʦʩʪʠ ʜʚʠʞʝʪʩʷ ʧʦ 

ʦʪʢʨʳʪʦʤʫ ʚʦʜʦʚʦʜʫ, ʢʘʥʘʣʫ, ʦʪʢʨʳʪʦʤʫ ʨʫʩʣʫ ʠʣʠ ʧʦ ʨʝʢʝ, ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʤʝʩʪʦ 

ʜʚʠʞʝʥʠʝ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʠʥʦʛʜʘ ʥʘʟʳʚʘʝʤʦʝ ʙʝʟʥʘʧʦʨʥʳʤ ʜʚʠʞʝʥʠʝʤ. ʇʨʠ ʪʘʢʦʡ 

ʦʙʩʪʘʥʦʚʢʝ, ʜʚʠʞʝʥʠʝ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʚʥʦʩʠʣʴʥʦ ʘʪʤʦʩʬʝʨʥʦʤʫ ʜʘʚʣʝʥʠ.ʁ ɽʩʣʠ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʜʘʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʥʘʧʦʨʥʦʝ ʜʚʠʞʝʥʠʝ ʧʦ ʟʘʧʦʣʥʝʥʥʦʤʫ, ʟʘʤʢʥʫʪʦʤʫ, 

ʟʘʢʨʳʪʦʤʫ ʚʦʜʦʚʦʜʫ, ʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʜʚʠʞʝʥʠʝ ʩʦ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʚ ʦʪʢʨʳʪʳʭ ʨʫʩʣʘʭ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʢʘʞʜʦʝ ʚʝʱʝʩʪʚʦ 

ʟʘʥʠʤʘʝʪ ʥʝʢʦʪʦʨʫ  ʁʯʘʩʪ ɹʪʨʸʭʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɽʩʣʠ ʦʥʘ ʛʘʟʦʦʙʨʘʟʥʦʛʦ, ʞʠʜʢʦʛʦ ʠʣʠ 

ʪʚʸʨʜʦʛʦ ʚʝʱʝʩʪʚʘ. ʊʨʸʭʤʝʨʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʧʨʠʥʠʤʘʶʪ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʬʦʨʤʳ ʠ ʦʙʲʝʤʘ ʚʝʱʝʩʪʚʘ. ʇʦ ʧʨʦʠʟʚʦʣʴʥʳʤ ʣʠʥʝʡʥʳʤ ʤʘʩʰʪʘʙʦʤ ʧʨʦʚʦʜʷʪ ʣʠʥʝʡʥʦʝ 

ʠʟʤʝʨʝʥʠʝ, ʧʦ ʫʩʣʦʚʥʳʤ ʣʠʥʝʡʥʳʤ ʤʘʩʰʪʘʙʘʤ. ʃʠʥʝʡʥʳʤ ʤʘʩʰʪʘʙʦʤ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʧʦʣʦʞʝʥʠʝ ʚʝʱʝʩʪʚ, ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʪʝʣ. ɺ ʪʨʸʭʤʝʨʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʪʝʣ ʷʚʣʷʪʁʩʷ ʯʠʩʪʦ ʣʠʥʝʡʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. ɾʠʜʢʦʩʪʠ ʠ ʛʘʟʳ ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʥʦʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʩʚʦʡʩʪʚʝʥʥʳʝ ʞʠʜʢʦʩʪʷʤ ʠ ʛʘʟʘʤ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, 

ʞʠʜʢʦʩʪʷʤ ʠ ʛʘʟʘʤ ʩʚʦʡʩʪʚʝʥʥʘ ʘʥʘʣʦʛʠʯʥʘʷ ʚʷʟʢʦʩʪʴ. ɸʥʘʣʦʛʠʯʥʘ ʪʚʸʨʜʳʤ ʪʝʣʘʤ, ʞʠʜʢʦʩʪʴ 

ʦʙʣʘʜʘʝʪ ʤʘʣʦʡ ʩʞʠʤʘʝʤʦʩʪʴʶ ʠ ʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʴʶ. ɾʠʜʢʦʩʪʴ ʩʦʭʨʘʥʷʝʪ ʦʧʨʝʜʝʣʸʥʥʫʶ 

ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ ʠ ʩʚʦʡ ʦʙʲʸʤ. ʇʦʜʦʙʥʦ ʛʘʟʫ, ʞʠʜʢʦʩʪʴ ʥʝ ʦʙʣʘʜʘʝʪ ʫʧʨʫʛʦʡ ʬʦʨʤʦʡ. ʆʥʘ 

ʧʨʠʥʠʤʘʝʪ ʬʦʨʤʫ ʩʦʩʫʜʘ, ʚ ʢʦʪʦʨʦʤ ʦʥʦ ʨʘʩʧʦʣʦʞʝʥʦ. ʊʝʢʫʯʝʩʪʴ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʞʠʜʢʦʩʪʠ. ʆʥʘ ʦʙʫʩʣʦʚʣʝʥʘ ʩʪʘʪʠʯʝʩʢʠʤ, ʪʝʧʣʦʚʳʤ ʧʝʨʝʩʢʦʢʦʤ ʤʦʣʝʢʫʣ ʠʟ 

ʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠ ̫ ʚ ʜʨʫʛʦʝ. ɽʸ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʘ, ʟʘʚʠʩʷʪ ʦʪ ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʳ, ʦʙʨʘʟʫʶʱʠʭ ʝʸ ʯʘʩʪʠʮ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʠʭ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʵʪʠʤʠ ʯʘʩʪʠʮʘʤʠ [16,ʩ.19]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʪʦʢ ʢʘʢ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʠʣʝʛʘʶʱʠʭ ʜʨʫʛ ʢ ʜʨʫʛʫ ʩʪʨʫʝʢ ʷʚʣʷʝʪʩʷ ʩʪʨʫʡʯʘʪʦʡ ʤʦʜʝʣʁɹ ʜʚʠʞʝʥʠ ̫

ʞʠʜʢʦʩʪʠ. ɺ ʞʠʚʦʤ ʩʝʯʝʥʠʠ ʧʦʪʦʢʘ  ʨʘʩʧʦʣʦʞʝʥʦ ʩʫʤʤʘʨʥʦʝ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʩʪʨʫʝʢ ‫‬. ɺ 
ʢʘʞʜʦʤ ʩʝʯʝʥʠʠ ʩʪʨʫʝʢ ʤʝʩʪʥʘʷ ʩʢʦʨʦʩʪʴ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʤʝʩʪʥʳʭ ʩʢʦʨʦʩʪʝʡ ʦʩʪʘʣʴʥʳʭ ʩʪʨʫʝʢ. 

ʈʘʩʭʦʜ ʧʦʪʦʢʘ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʝʣʴʯʘʡʰʠʭ ʨʘʩʭʦʜʦʚ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʩʪʨʫʝʢ ʦʧʠʩʳʚʘʝʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ:  
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— ᷿ όὨ(3)   ‫ 

ʇʦʜ ʠʥʪʝʛʨʘʣʦʤ ʠʥʜʝʢʩ ɤ ʧʦʢʘʟʳʚʘʝʪ, ʥʘʩʢʦʣʴʢʦ ʥʘ ʚʩʶ ʧʣʦʱʘʜʴ ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ, ʠʟʚʝʩʪʥʦ ʪʘʢʞʝ, ʯʪʦ  

‮
᷿   

 
  (4) 

ʛʜʝ ʡʝʪʩʦʨʦʢʩ ʭʠʥʜʝʨʩ ʘʥʠʯʠʣʝʚ ʝʢʦʪʦʧ ɺ .ʠʠʥʝʯʝʩ ʚ ʴʪʩʦʨʦʢʩ ʷʷʥʜʝʨʩ ï ‮ 

ʦʙʨʘʪʥʦʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʣʦʱʘʜʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʞʠʚʳʭ ʩʝʯʝʥʠʡ. ʊʦ ʝʩʪʴ: 

  (5) 

ʈʘʩʩʤʘʪʨʠʚʘʝʤ ʞʠʚʦʝ ʩʝʯʝʥʠʝ ‫  ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʧʦʪʦʢʘ, ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʢʦʪʦʨʦʛʦ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ ʫʩʣʦʚʠʝ ʤʝʜʣʝʥʥʦʡ ʠʟʤʝʥʷʝʤʦʩʪʠ ʜʚʠʞʝʥʠʷ. ɹʝʨʸʤ ʚ ʧʦʪʦʢʝ ʤʝʣʴʯʘʡʰʫʶ 

ʩʪʨʫʡʢʫ, ʧʝʨʝʩʝʢʘʶʱʫʶ ʥʘʰʝ ʚʦʦʙʨʘʞʘʝʤʦʝ ʩʝʯʝʥʠʝ ʚ ʪʦʯʢʝ ɸ ʩ ʦʪʤʝʪʢʦʡ z, ʤʝʩʪʥʦʡ 

ʦʩʨʝʜʥʸʥʥʦʡ ʧʦ ʚʨʝʤʝʥʠ ʩʢʦʨʦʩʪʴʶ ʚ ʠʢʡʫʨʪʩ ʡʦʪʵ ʷʠʥʝʯʝʩ ʴʜʘʱʦʣʧ ʴʪʩʫʇ Ȣʨ ʤʝʠʥʝʣʚʘʜ ,‮ 
ʪʦʯʢʝ ɸ, ʙʫʜʝʪ ‬. ɽʩʣʠ ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʵʪʦʡ ʩʪʨʫʡʢʠ ʙʫʜʝʪ ʨʘʚʥʘ  

e ᾀ  
ʨ
    (6) 

ʂ ʪʦʤʫ ʞʝ ʵʣʝʤʝʥʪʘʨʥʳʡ ʚʝʩʦʚʦʡ ʨʘʩʭʦʜ: 

dG ‎dQ ‎(7)   ‫Ὠ‮ 

ʊʦʣʴʢʦ ʧʨʠ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʚʦʟʤʫʱʝʥʠʶ ʦʪ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ, ʪʝʯʝʥʠʝ 

ʬʠʟʠʯʝʩʢʠ ʤʦʞʝʪ ʙʳʪʴ ʥʝʫʩʪʦʡʯʠʚʳʤ. ʕʪʦ ʧʝʨʝʜʘʯʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʫʯʘʩʪʠʝʤ 

ʥʝʣʠʥʝʡʥʳʭ ʯʣʝʥʦʚ ʚ ʫʨʘʚʥʝʥʠʷʭ ʜʚʠʞʝʥʠ.̫ ʇʦʪʦʤʫ ʯʪʦ ʚʩʝ ʚʦʟʤʫʱʝʥʠ ̫ ʧʦʜʚʝʨʞʝʥʳ 

ʚʷʟʢʦʩʪʥʦʡ ʜʠʩʩʠʧʘʮʠʠ,. ɺ ʨʝʘʣʴʥʦʩʪʠ, ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʷʟʢʦʡ ʜʠʩʩʠʧʘʮʠʠ 

ʚʦʟʤʫʱʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʟʘʚʠʩʠʪ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʧʦʪʦʢʘ [13,ʩ.100-104; 9].  

ɺʧʝʨʚʳʝ ʚ 1839 ʛʦʜʫ ʍʘʛʝʥʦʤ ʙʳʣʘ ʫʧʦʤʷʥʫʪʘ ʚ ʧʝʯʘʪʥʳʭ ʠʟʜʘʥʠʷʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʨʝʘʣʴʥʳʭ ʧʦʪʦʢʦʚ. ʆʥʘ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʤ ʞʝ ʚ 1854 

ʛʦʜʫ, ʘ ʟʘʪʝʤ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʝʛʦ ʈʝʡʥʦʣʴʜʩʦʤ ʚ 1883 ʛʦʜʫ. ʉʧʫʩʪʷ ʯʝʪʳʨʝ ʛʦʜʘ, ʂʝʣʴʚʠʥ 

ʨʘʩʩʤʦʪʨʝʣ ʟʘʜʘʯʫ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʣʦʩʢʦʛʦ ʧʦʪʦʢʘ ʂʫʵʪʪʘ ʠ ʧʣʦʩʢʦʛʦ ʧʦʪʦʢʘ ʇʫʘʟʝʡʣʷ. ʂʝʣʴʚʠʥ 

ʜʦʢʘʟʘʣ, ʯʪʦ ʦʙʘ ʧʦʪʦʢʘ ʫʩʪʦʡʯʠʚʳ ʢ ʤʘʣʳʤ ʚʦʟʤʫʱʝʥʠʷʤ. ʈʝʣʝʡ ʧʦʟʜʥʝʝ ʧʦʜʚʝʨʛ ʩʦʤʥʝʥʠʶ 

ʝʛʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ. 

ʉʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʂʝʣʴʚʠʥ ʧʝʨʚʳʤ ʠʩʧʦʣʴʟʦʚʘʣ ʤʝʪʦʜ ʤʘʣʳʭ ʚʦʟʤʫʱʝʥʠʡ ʜʣʷ 

ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʊʝʤ ʩʘʤʳʤ, ʦʥ ʜʘʣ ʥʘʯʘʣʴʥʳʡ ʪʦʣʯʦʢ ʢ ʠʟʫʯʝʥʠʶ ʵʪʠʭ ʪʨʫʜʥʳʭ ʧʨʦʙʣʝʤ. 

ɺ ʜʝʚʷʪʥʘʜʮʘʪʦʤ ʩʪʦʣʝʪʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʚʦʜʷʪʩʷ ʢ 

ʨʘʙʦʪʘʤ ʈʝʡʥʦʣʴʜʩʘ, ʂʝʣʴʚʠʥʘ ʠ ʈʝʣʝʷ. ɺ ʜʚʘʜʮʘʪʦʤ ʩʪʦʣʝʪʠʠ ʦʥʠ ʩʪʘʥʦʚʷʪʩʷ ʩʪʦʣʴ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʇʦʢʘ ʝʱʝ 

ʠʩʩʣʝʜʦʚʘʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠ ʣʠʰʴ ʥʘʯʘʣʴʥʘʷ ʩʪʘʜʠʷ ʧʝʨʝʭʦʜʘ ʦʪ ʣʘʤʠʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʢ 

ʪʫʨʙʫʣʝʥʪʥʦʤʫ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʢ ʵʪʦʤʫ ʚʦʧʨʦʩʫ. ʍʦʨʦʰʦ ʧʦʜʪʚʝʨʞʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʣʷ ʧʦʪʦʢʦʚ ʚ ʪʨʫʙʘʭ ʠ ʢʘʥʘʣʘʭ, ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʝ ʟʘʢʦʥʳ. ʇʦʣʦʞʝʥʠʝ 

ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʜʣʷ ʪʝʯʝʥʠʷ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ. ʇʨʷʤʳʝ ʣʠʥʠʠ ʵʧʶʨ 

ʩʢʦʨʦʩʪʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʥʫʪʨʝʥʥʠʤ ʟʘʢʦʥʘʤ, ʧʦʩʪʨʦʝʥʥʳʤ ʚ ʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. 

ʅʝʨʝʜʢʦ ʧʦʭʦʜʠʣʠ ʥʘ ʢʘʩʘʪʝʣʴʥʳʝ ʢ ʢʨʠʚʳʤ, ʧʦʩʪʨʦʝʥʥʳʤ ʚ ʦʙʳʯʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ.  

ʋʥʠʢʘʣʴʥʳʝ ʪʝʦʨʝʤʳ 

1. ɹʝʟʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ ʥʝʚʦʟʤʦʞʥʦ ʚ ʦʜʥʦʩʚʷʟʥʦʡ ʦʙʣʘʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʥʝʧʦʜʚʠʞʥʳʤʠ ʩʪʝʥʢʘʤʠ. 

2. ɽʩʣʠ ʛʨʘʥʠʮʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʘʜʘʥʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ, ʪʦ ʙʝʟʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ 

ʚʥʫʪʨʠ ʥʠʭ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʫʶ ʬʦʨʤʫ. 

3. ɹʝʟʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ ʥʝʚʦʟʤʦʞʥʦ ʚ ʞʠʜʢʦʩʪʠ, ʛʜʝ ʩʢʦʨʦʩʪʴ ʠʩʯʝʟʘʝʪ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, 

ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʩ ʙʳʩʪʨʦʪʦʡ, ʦʙʨʘʪʥʦʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʢʚʘʜʨʘʪʫ ʨʘʩʩʪʦʷʥʠʷ, ʝʩʣʠ 

ʚʥʫʪʨʝʥʥʠʝ ʛʨʘʥʠʮʳ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ. 

4. ɽʩʣʠ ʞʠʜʢʦʩʪʴ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʪʦʛʜʘ ʙʝʟʚʠʭʨʝʚʦʝ 

ʜʚʠʞʝʥʠʝ, ʚʳʟʚʘʥʥʦʝ ʟʘʜʘʥʥʳʤ ʜʚʠʞʝʥʠʝʤ ʚʥʫʪʨʝʥʥʝʡ ʛʨʘʥʠʮʳ, ʝʜʠʥʩʪʚʝʥʥʦ. 

5. ɽʩʣʠ ʞʠʜʢʦʩʪʴ ʜʚʠʞʝʪʩʷ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʩ ʨʘʚʥʦʤʝʨʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʪʦʛʜʘ ʙʝʟʚʠʭʨʝʚʦʝ 

ʜʚʠʞʝʥʠʝ, ʚʳʟʚʘʥʥʦʝ ʟʘʜʘʥʥʳʤ ʜʚʠʞʝʥʠʝʤ ʚʥʫʪʨʝʥʥʝʡ ʛʨʘʥʠʮʳ, ʝʜʠʥʩʪʚʝʥʥʦ [7,ʩ.165-172]. 
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ʇʫʣʴʩʘʮʠʠ ʩʢʦʨʦʩʪʠ ʤʦʞʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦ ʠʭ ʩʧʝʢʪʨʘʤ, ʥʘʨʷʜʫ ʩ 

ʢʦʨʨʝʣʷʮʠʷʤʠ ʠʣʠ ʦʩʨʝʜʥʸʥʥʳʤʠ ʧʨʦʠʟʚʝʜʝʥʠʷʤʠ, ʫʧʦʪʨʝʙʣʷʚʰʠʤʠʩʷ ʜʦ ʩʝʡ ʧʦʨʳ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʧʦʣʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʘ. ʆʥʠ ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʣʫʯ ʩʚʝʪʘ ʜʝʣʷʪ ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ. ɺʳʰʝʫʧʦʤʷʥʫʪʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʪʝʭʥʠʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʵʡʣʝʨʦʚʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

ʩʢʦʨʦʩʪʠ ʚ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʝ ʢʘʢ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ. ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʪʝʭʥʠʢʘ ʚʧʝʨʚʳʝ ʙʳʣʘ 

ʧʨʝʜʣʦʞʝʥʘ ʊʝʡʣʦʨʦʤ ʚʤʝʩʪʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ f(r). ʇʨʠʤʝʥʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʬʫʥʢʮʠʠ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʠʟʦʪʨʦʧʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ. ʌʘʢʪʠʯʝʩʢʠ, ʜʣʷ ʥʝʝ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ 

ʨʘʚʝʥʩʪʚʦ ʥʫʣʶ ʦʩʨʝʜʥʸʥʥʦʡ ʩʢʦʨʦʩʪʠ, ʯʪʦ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝʧʨʝʤʝʥʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʠʩʪʠʥʥʦʡ 

ʠʟʦʪʨʦʧʥʦʩʪʠ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʡ ʦʜʥʦʤʝʨʥʳʡ ʩʧʝʢʪʨ ʊʝʡʣʦʨʘ ʧʦʟʜʥʝʝ ʙʳʣ ʩʚʝʜʝʥ 

ɻʝʡʟʝʥʙʝʨʛʦʤ ʢ ʪʨʝʭʤʝʨʥʦʤʫ. ʅʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʂʘʤʧʦ ʜʝ ʌʫʨʴʝ ʠ ɹʘʪʯʝʨʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʱʠʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʪʝʥʟʦʨ. ʇʦʩʣʝʜʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳ, ʥʦ ʦʥʠ ʚʦ 

ʤʥʦʛʠʭ ʚʘʞʥʳʭ ʜʝʪʘʣʷʭ ʩʭʦʜʥʳ ʩ ʦʜʥʦʤʝʨʥʳʤ ʩʧʝʢʪʨʦʤ. ʀʟʫʯʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʤʦʞʝʪ 

ʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʠʭ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ. ʇʝʨʝʭʦʜ ʣʘʤʠʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʪʫʨʙʫʣʝʥʪʥʦʝ ʪʝʯʝʥʠʝ 

ʚʳʟʳʚʘʝʪʩʷ ʥʘʨʘʩʪʘʥʠʝʤ ʥʝʫʩʪʦʡʯʠʚʳʭ ʜʚʫʤʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʘʤʧʣʠʪʫʜʘ 

ʚʦʣʥ ʜʦʩʪʠʛʘʝʪ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʟʥʘʯʝʥʠʷ [3,ʩ.12; 14], ʥʘʯʠʥʘʝʪʩʷ ʩʠʣʴʥʦʝ ʥʝʣʠʥʝʡʥʦʝ ʥʘʨʘʩʪʘʥʠʝ 

ʚʦʟʤʫʱʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʠʩʢʘʞʝʥʠʶ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʜʚʫʤʝʨʥʦʛʦ ʦʩʥʦʚʥʦʛʦ ʪʝʯʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʫʰʝʥʠʝ 

ʣʘʤʠʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʝʜʩʪʚʠʝ 

ʪʨʸʭʤʝʨʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʝʫʩʪʦʡʯʠʚʳʭ ʚʦʟʤʫʱʝʥʠʡ. ʊʝʤ ʩʘʤʳʤ ʚʦʟʥʠʢʘʶʪ ʚʠʭʨʠ ʩ ʧʨʦʜʦʣʴʥʦ 

ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʦʩʷʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʯʘʩʪʠʯʥʦ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ. 

ɺ ʨʝʰʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʟʘʜʘʯ ʪʝʦʨʠʷ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʥʘʭʦʜʠʪ ʦʛʨʘʥʠʯʝʥʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ. ʕʪʘ ʪʝʦʨʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠ ̫ʞʠʜʢʦʩʪʠ 

ʚʜʦʣʴ ʩʪʝʥʦʢ ʚʦʜʦʚʦʜʘ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʞʠʜʢʦʩʪʷʭ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʣʠʧʘʥʠʝ ʞʠʜʢʦʩʪʠ ʢ 

ʩʪʝʥʢʘʤ ʚʦʜʦʚʦʜʘ. ʉʦʛʣʘʩʥʦ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʪʨʘʢʪʘʪʘʤ, ʪʝʦʨʠʷ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʥʝ ʤʦʞʝʪ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʶ ʧʨʠʣʠʧʘʥʠʷ ʞʠʜʢʦʩʪʠ ʥʘ ʪʚʸʨʜʳʭ ʩʪʝʥʢʘʭ. ʕʪʘ ʪʝʦʨʠʷ ʚ ʢʦʨʥʝ, 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʝʰʝʥʠ ̫ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʧʦʣʫʯʘʝʤʳʭ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ, 

ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʤʘʣʦʡ ʚʷʟʢʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʪʦʥʢʦʛʦ ʫʜʦʙʥʦ ʦʙʪʝʢʘʝʤʦʛʦ ʪʝʣʘ, ʪʝʦʨʠʷ ʠʜʝʘʣʴʥʦʡ 

ʞʠʜʢʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʨʝʰʝʥʠʷʤ, ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʶʱʠʤ ʩ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʴʶ. ʅʘʠʙʦʣʴʰʝʝ 

ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʪʝʦʨʠʝʡ ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʧʦʣʫʯʘʝʪʩʷ ʚ ʨʝʰʝʥʠʷʭ 

ʧʨʦʙʣʝʤʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɺ ʨʘʚʥʦʤʝʨʥʦʤ ʜʚʠʞʝʥʠʠ ʣʶʙʦʛʦ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʦʪʩʫʪʩʪʚʫʝʪ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʩʠʣʘ. ʃʦʙʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʧʨʠʨʘʚʥʷʝʪʩʷ ʥʫʣʶ. ɺ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʢʣʘʩʩʦʚ ʞʠʜʢʦʩʪʝʡ ʩʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʜʨʫʛʠʝ ʢʣʘʩʩʳ 

ʞʠʜʢʦʩʪʝʡ. ʅʫʞʥʦ ʦʪʤʝʪʠʪʴ ʠʟʦʪʨʦʧʥʡr ʠ ʥʴʶʪʦʥʦʚʩʢʠʡ ʢʣʘʩʩ.r ɺ ʠʟʦʪʨʦʧʥʦʤ ʢʣʘʩʩʝ ʩʚʷʟʴ 

ʤʝʞʜʫ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʥʘʧʨʷʞʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʩʢʦʨʦʩʪʠ ʦʜʠʥʘʢʦʚʘ ʚʦ ʚʩʝʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ. ɺ ʥʴʶʪʦʥʦʚʩʢʦʤ ʢʣʘʩʩʝ ʫʢʘʟʘʥʥʘʷ ʩʚʷʟʴ ʣʠʥʝʡʥʘ ʠ ʞʠʜʢʦʩʪʴ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ 

ʪʨʝʥʠʷ ʉʪʦʢʩʘ [5,ʩ.37-46]. ɺ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʧʨʠʭʦʜʠʪʩʷ ʨʘʩʩʯʠʪʳʚʘʪʴ ʪʦʣʴʢʦ ʧʘʨʘʤʝʪʨʳ 

ʪʝʯʝʥʠʷ ʨʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ. ʀʜʝʘʣʴʥʳʝ, ʠʣʠ ʦʙʳʯʥʳʝ, ʞʠʜʢʦʩʪʠ ʧʨʝʥʝʙʨʝʛʘʶʪʩʷ. ʅʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʧʦʪʝʨʠ ʥʘʧʦʨʘ ʪʨʝʥʠʝʤ ʦ ʩʪʝʥʢʠ ʠʣʠ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʤʝʩʪʥʳʭ ʩʫʞʝʥʠʷʭ, 

ʧʦʚʦʨʦʪʘʭ ʠ ʪ.ʜ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ. ʅʘʤʥʦʛʦ 

ʧʨʦʱʝ ʚʚʝʩʪʠ ʚ ʫʨʘʚʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. ɺʚʝʜʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ 

ʨʝʘʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. ʕʪʦ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʨʘʩʯʸʪʘʭ. 

ʇʨʠʥʮʠʧʳ ʠʟʫʯʝʥʠʷ ʞʠʜʢʦʩʪʝʡ ʩ ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʀʟʚʝʩʪʥʦ ʜʚʘ 

ʦʩʥʦʚʥʦʛʦ ʧʨʠʥʮʠʧʘ ʧʦʣʫʯʝʥʠʷ ʞʠʜʢʦʩʪʝʡ ʩ ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʠʤʝʥʥʦ: 

1. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷʟʠ ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʜʚʠʛʘ. 

ʇʦʩʨʝʜʩʪʚʦʤ ʧʨʠʣʦʞʝʥʠ ̫ ʦʙʨʘʟʮʘ ʦʜʥʦʨʦʜʥʦʛʦ ʩʜʚʠʛʘ ʚ ʩʧʝʮʠʘʣʴʥʳʡ, ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʡ 

ʧʨʠʙʦʨ. ʀʟʤʝʨʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ. ʕʪʦʪ ʧʨʠʥʮʠʧ ʠʩʧʦʣʴʟʫʶʪ 

ʚʠʩʢʦʟʠʤʝʪʨʳ. ʕʪʠ ʧʨʠʙʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʳʯʥʦ ʨʦʪʘʮʠʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʚʠʜʝ 

ʩʦʦʩʥʳʭ ʮʠʣʠʥʜʨʦʚ ʠʣʠ ʢʦʥʫʩʘ ʠ ʧʣʘʩʪʠʥʳ. 

2. ʋʩʪʘʥʦʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʩʢʦʨʦʩʪʴʶ ʩʜʚʠʛʘ ʢʦʩʚʝʥʥʳʤ 

ʩʧʦʩʦʙʦʤ. ʍʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʟʤʝʨʝʥʠʝʤ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʡ ʠ ʨʘʩʭʦʜʘ ʞʠʜʢʦʩʪʠ ʚ 

ʧʨʷʤʦʣʠʥʝʡʥʦʤ ʢʘʥʘʣʝ, ʠʣʠ ʚʠʩʢʦʟʠʤʝʪʨʘʭ ʩ ʢʘʧʠʣʣʷʨʥʦʡ ʪʨʫʙʢʦʡ. ɺ ʪʘʢʠʭ ʧʨʠʙʦʨʘʭ ʩʢʦʨʦʩʪʴ 

ʩʜʚʠʛʘ ʥʝʧʦʩʪʦʷʥʥʘ ʧʦʧʝʨʸʢ ʢʘʥʘʣʘ. ʆʥʦ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʥʫʣʷ ʥʘ ʦʩʠ ʪʨʫʙʳ ʜʦ ʤʘʢʩʠʤʫʤʘ ʥʘ 

ʩʪʝʥʢʝ. ɺʷʟʢʦʩʪʴ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʤʦʞʥʦ ʚ ʧʨʠʥʮʠʧʝ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʦʜʥʦʢʨʘʪʥʦʛʦ 
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ʦʧʳʪʘ. ʇʦʩʣʝʜʫʶʱʠʝ ʦʧʳʪʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʷʭ ʩʣʫʞʘʪ ʪʦʣʴʢʦ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʦʧʳʪʘ. ɼʣʷ ʪʠʧʘ ʧʩʝʚʜʦʧʣʘʩʪʠʯʥʳʭ ʠ ʜʠʣʘʪʘʥʪʥʳʭ ʞʠʜʢʦʩʪʝʡ ʜʨʫʛʘʷ 

ʢʘʨʪʠʥʘ ʨʝʘʣʴʥʦʩʪʠ. ʋ ʥʠʭ ʩʢʦʨʦʩʪʴ ʩʜʚʠʛʘ ʬʘʢʪʠʯʝʩʢʠ ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʦʡ ʚʦ ʚʩʸʤ ʦʙʲʸʤʝ 

ʠʩʧʳʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʨʘʜʠʫʩʳ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʥʘʨʫʞʥʦʛʦ ʮʠʣʠʥʜʨʦʚ 

ʦʪʣʠʯʘʶʪʩʷ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 5%, ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ ʙʫʜʫʪ ʩʦʩʪʘʚʣʷʪʴ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 10% (ʫ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ) [12,ʩ.4]. ʎʝʣʴ ʁ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʨʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ. ʇʦʜʢʨʘʩʠʤ ʮʝʥʪʨʘʣʴʥʫʶ ʩʪʨʫʡʢʫ 

ʧʦʪʦʢʘ ʨʘʩʪʚʦʨʦʤ ʢʨʘʩʢʠ. ʉʪʨʫʡʢʘ ʠʤʝʝʪ ʠʜʝʘʣʴʥʳʡ ʚʝʩ, ʙʣʠʟʢʠʡ ʢ ʫʜʝʣʴʥʦʤʫ ʚʝʩʫ 

ʧʨʦʪʝʢʘʶʱʝʡ ʚʦʜʳ. ʇʨʦʚʝʜʸʤ ʧʦʪʦʢ ʞʠʜʢʦʩʪʠ ʧʦ ʧʨʦʟʨʘʯʥʦʡ ʪʨʫʙʝ. ʇʨʦʩʣʝʜʠʤ ʟʘ ʭʘʨʘʢʪʝʨʦʤ 

ʪʝʯʝʥʠʷ ʚʦʜʳ.  

ʄʝʜʣʝʥʥʦ ʧʨʦʪʝʢʘʝʪ ʧʦʪʦʢ ʞʠʜʢʦʩʪʠ. ʇʦʜʢʨʘʰʝʥʥʘʷ ʩʪʨʫʡʢʘ ʯʸʪʢʦ ʚʳʜʝʣʷʝʪʩʷ ʩʨʝʜʠ 

ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʧʦʪʦʢʘ ʚ ʚʠʜʝ ʧʨʦʜʦʣʴʥʦʡ ʯʘʩʪʠ. ɺʩʝ ʯʘʩʪʠʮʳ ʞʠʜʢʦʩʪʠ ʜʚʠʞʫʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ 

ʜʨʫʛ ʜʨʫʛʫ, ʥʝ ʩʤʝʰʠʚʘʷʩʴ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʪʨʫʙʳ. ʕʪʦʪ ʚʠʜ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʥʘʟʳʚʘʝʪʩʷ 

ʣʘʤʠʥʘʨʥʳʤ, ʠʣʠ ʧʘʨʘʣʣʝʣʴʥʦ ʫʩʪʦʡʯʠʚʳʤ. ʄʳ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʤ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ 

ʚʦʜʳ. ɼʦʩʪʠʛʥʝʤ ʥʝʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʠ. ʇʨʦʠʟʦʡʜʸʪ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʪʝʯʝʥʠʷ ʧʦʜʢʨʘʰʝʥʥʦʡ 

ʩʪʨʫʡʢʠ. ʇʨʷʤʦʣʠʥʝʡʥʘʷ ʧʦʜʢʨʘʰʝʥʥʘʷ ʩʪʨʫʡʢʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʚʦʣʥʠʩʪʫ  ʁ ʩʪʨʫ.ʁ ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʯʘʣʝ ʧʝʨʝʭʦʜʘ ʢ ʜʨʫʛʦʤʫ ʚʠʜʫ ʜʚʠʞʝʥʠʷ ʚʦʜʳ. ʄʳ ʜʦʩʪʠʛʣʠ ʟʦʥ r

ʧʝʨʝʭʦʜʘ.  

ʇʨʦʜʦʣʞʘʝʤ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʧʦʜʢʨʘʰʝʥʥʦʡ ʩʪʨʫʡʢʠ. ʇʨʠ 

ʵʪʦʤ ʧʦʷʚʣʷʶʪʩʷ ʨʘʟʨʳʚʳ. ʉʪʨʫʡʢʘ ʪʝʨʷʝʪ ʩʚʦʶ ʦʪʯʸʪʣʠʚʫʶ ʬʦʨʤʫ. ɺ ʠʪʦʛʝ, ʧʨʠ ʢʘʢʦʤ-ʪʦ 

ʟʥʘʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʩʪʨʫʡʢʘ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʳʚʘʝʪʩʷ. ʎʝʣʠʢʦʤ ʨʘʟʤʳʚʘʷʩʴ ʚʦʜʦʡ. ʊʘʢʦʡ ʚʠʜ 

ʜʚʠʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩ ̫ʧʦʣʥʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʩʪʨʫʡ, ʥʘʟʳʚʘʝʪʩʷ ʪʫʨʙʫʣʝʥʪʥʳʤ. 

 ʅʘ ʧʝʨʚʦʡ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʪʝʯʝʥʠʷ ʚʦʜʳ  

 

ʈʠʩ 1. ʉʭʝʤʘ ʪʝʯʝʥʠʷ ʚʦʜʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ 

Fig. 1. Water flow diagram at different Reynolds numbers 
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ʂʨʦʤʝ ʚʝʣʠʯʠʥʳ ʥʘʙʣʶʜʘʝʤʦʡ ʩʢʦʨʦʩʪʠ, ʥʘ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ ʚʦʜʳ ʚʣʠʷʶʪ ʝʸ ʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ. ɺ ʦʩʦʙʝʥʥʦʩʪʠ, ʚʷʟʢʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ ʠ ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ. ɼʣʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʚʦʜʳ ʫʜʦʙʥʦ ʧʨʠʥʠʤʘʪʴ ʙʝʟʨʘʟʤʝʨʥʫʶ ʚʝʣʠʯʠʥʫ, 

ʥʘʟʳʚʘʝʤʫ  ʁʯʠʩʣʦʤ ʈʝʡʥʦʣʴʜʩʘ: 

Ὑ
ϽϽ

   (1) 

ʛʜʝ ” ï ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ; 

;ʠʪʩʦʢʜʠʞ ʷʠʥʝʯʝʪ ʴʪʩʦʨʦʢʩ ʷʷʥʜʝʨʩ ï ‮ 

Ὢ ï ʣʠʥʝʡʥʳʡ ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ ʧʦʪʦʢʘ; 

‘ ï ʜʠʥʘʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʩʪʠ; 

ɼʣʷ ʥʘʧʦʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ [11,ʩ.41-44] ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʠ ʙʝʟʥʘʧʦʨʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʚ ʦʪʢʨʳʪʳʭ ʨʫʩʣʘʭ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ:  

 Ὑ
Ͻ

   (2) 

ʛʜʝ ’ ï ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʩʪʠ, ʢʦʪʦʨʳʡ ʩ ʚʝʣʠʯʠʥʘʤʠ ” ʠ ‘ ʩʚʷʟʘʥ 

ʟʘʚʠʩʠʤʦʩʪʴʶ: 
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’    (3) 

ɺʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʵʬʬʠʮʠʝʥʪ ’ 
ʙʳʩʪʨʦ ʫʤʝʥʴʰʘʝʪʩʷ. 

ɺ ʧʝʨʚʦʡ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʚʷʟʢʦʩʪʠ ʜʣʷ ʚʦʜʳ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 

ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʷʟʢʦʩʪʠ ʜʣʷ ʚʦʜʳ [1] 

Table 1. Values of the kinematic viscosity coefficient for water 
ʊʝʤʧʝʨʘʪʫʨʘ 

ʊ
0
ʉ 

ɺʝʣʠʯʠʥʘ ʊʝʤʧʝʨʘʪʫʨʘ 

ʊ
0
ʉ 

ɺʝʣʠʯʠʥʘ 

ʩʤʩϳ ʤ ʩϳ ʩʤʩϳ ʤ ʩϳ 

0 0,0179 ρȟχωϽρπ  11 0,0127 ρȟςχϽρπ  

5 0,0152 ρȟυςϽρπ  12 0,0124 ρȟςτϽρπ  

6 0,0147 ρȟτχϽρπ  13 0,0121 ρȟςρϽρπ  

7 0,0143 ρȟτσϽρπ  14 0,0118 ρȟρψϽρπ  

8 0,0139 ρȟσωϽρπ  15 0,0115 ρȟρυϽρπ  

9 0,013ʣ ρȟσυϽρπ  20 0,0101 ρȟπρϽρπ  

10 0,0131 ρȟσρϽρπ  25 0,009 πȟωϽρπ  

 

ʃʘʤʠʥʘʨʥʳʡ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʤʘʣʳʭ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ. ʅʘʨʫʰʝʥʠʝ 

ʣʘʤʤʠʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʦʟʥʠʢʘʝʪ ʥʦʚʳʡ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ ï ʪʫʨʙʫʣʝʥʪʥʳʡ.  

ɺʟʘʠʤʥʳʝ ʧʝʨʝʭʦʜʳ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ʚʦʜʳ ʥʝ ʷʚʣʷʶʪʩʷ ʧʦʣʥʦʩʪʴʶ ʦʙʨʘʪʠʤʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʫʩʪʘʥʦʚʣʝʥ ʨʘʥʝʝ ʧʨʦʚʝʜʸʥʥʳʤʠ ʦʧʳʪʘʤʠ. 

çʇʨʠ ʙʦʣʴʰʠʭ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʣʘʤʠʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ 

ʚʦʜʳ ʚ ʪʫʨʙʫʣʝʥʪʥʳʡ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷè [15,ʩ.238-244]. 

ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ, ʚʳʨʘʞʝʥʥʳʝ ʯʝʨʝʟ ʜʠʘʤʝʪʨʳ 

ʪʨʫʙ: ʚʝʨʭʥʝʝ ʢʨʠʪʠʯʝʩʢʦʝ ὙȢʢʨȢʚ ρσψππʤ ʥʠʞʥʝʝ ʢʨʠʪʠʯʝʩʢʦʝ ὙȢʢʨȢʥ ςσςπȢ çʅʠʞʥʠʤ ʠ 

ʚʝʨʭʥʠʤ ʢʨʠʪʠʯʝʩʢʠʤʠ ʯʠʩʣʘʤʠ ʈʝʡʥʦʣʴʜʩʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʝʨʝʭʦʜʥʘʷ ʟʦʥʘ, ʚ ʧʨʝʜʝʣʘʭ 

ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʳ ʦʙʘ ʨʝʞʠʤʘ ʜʘʚʣʝʥʠʷè [1]. ʇʨʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʸʪʘʭ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʦʙʳʯʥʦ ʠʩʭʦʜʷʪ ʪʦʣʴʢʦ ʠʟ ʦʜʥʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ, ʧʨʠʥʠʤʘʷ ʝʛʦ ʟʘ 

ὙȢʢʨ ςσςπ, ʩʯʠʪʘʷ ʯʪʦ ʧʨʠ ὙȢʢʨ ςσςπ ʩʫʱʝʩʪʚʫʝʪ ʣʘʤʠʥʘʨʥʳʡ, ʘ ʧʨʠ ὙȢʢʨ ςσςπ 

ʪʫʨʙʫʣʝʥʪʥʳʡ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ. çɺ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʝ ʧʨʠʥʠʤʘʶʪ ʪʫʨʙʫʣʝʥʪʥʳʡ ʨʝʞʠʤ 

ʜʚʠʞʝʥʠʷ, ʪʘʢ ʢʘʢ ʣʘʤʠʥʘʨʥʳʡ ʨʝʞʠʤ ʪʘʤ ʥʝʫʩʪʦʡʯʠʚè. ʆʧʨʝʜʝʣʝʥʠʝ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʚʦʜʳ 

ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʨʘʩʯʸʪʘʭ, ʪʘʢ ʢʘʢ ʧʦʪʝʨʠ ʥʘʧʦʨʘ ʚ ʥʘʧʦʨʥʳʭ 

ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʠ ʦʪʢʨʳʪʳʭ ʨʫʩʣʘʭ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʷʪ ʦʪ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʚʦʜʳ. 

ʃʘʤʠʥʘʨʥʳʡ ʨʝʞʠʤ ʚʩʪʨʝʯʘʝʪʩʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʦʜʳ ʚ ʧʦʨʘʭ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʛʨʫʥʪʘ ʠ 

ʧʝʩʢʘʭ, ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʜʣʷ ʦʯʝʥʴ ʚʷʟʢʠʭ ʚʦʜ ʠ ʣʠʥʠʷʭ ʩ ʦʯʝʥʴ ʤʘʣʳʤʠ ʜʠʘʤʝʪʨʘʤʠ ʪʨʫʙ 

(ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʤʝʪʨʦʚ). çʇʨʠ ʚʦʟʚʝʜʝʥʠʠ ʧʣʦʪʠʥʳ ʚ ʨʫʩʣʝ ʨʝʢʠ ɺʘʭʰ ʚʦʜʦʦʪʚʦʜ 

ʩʪʨʦʠʣʠ ʚ ʦʙʭʦʜ ʢʦʪʣʦʚʘʥʘ ʧʦ ʪʫʥʥʝʣʷʤ ʪʨʸʭ ʷʨʫʩʦʚ (ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ 103 ʤ
2
)è [6,c.116]. 

ʊʘʢʞʝ ʦʥʦ ʚʩʪʨʝʯʘʝʪʩʷ ʧʨʠ ʦʯʝʥʴ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ ʧʦʪʦʢʘ ʚ ʤʘʩʣʦʧʨʦʚʦʜʘʭ ʤʘʰʠʥ, 

ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʠ ʦʭʣʘʞʜʘʶʱʠʭ ʣʠʥʠʷʭ ʭʠʤʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʧʠʪʘʪʝʣʴʥʳʭ ʣʠʥʠʷʭ 

ʤʝʜʣʝʥʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʨʝʩʩʦʚ ʠ ʪ.ʜ. ʅʘ ʚʪʦʨʦʡ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ 

ʦʧʳʪʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʆʧʳʪʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ: 

1. ʅʘʧʦʨʥʳʡ ʙʘʢ; 

2. ɺʦʜʦʧʨʦʚʦʜʷʱʘʷ ʪʨʫʙʘ; 

3. ʂʨʘʥ ʚʦʜʦʧʨʦʚʦʜʷʱʝʡ ʪʨʫʙʳ; 

4. ɺʦʜʦʩʣʠʚʥʘʷ ʪʨʫʙʘ; 

5. ʉʪʝʢʣʷʥʥʘʷ ʪʨʫʙʘ; 

6. ʂʨʘʥ ʩʪʝʢʣʷʥʥʦʡ ʪʨʫʙʳ; 

7. ʄʝʨʥʳʡ ʙʘʢ; 

8. ʉʦʩʫʜ, ʧʨʠʢʨʝʧʣʸʥʥʳʡ ʢ ʥʘʧʦʨʥʦʤʫ ʙʘʢʫ; 
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9. ɺʦʜʦʧʨʦʚʦʜʷʱʘʷ ʪʨʫʙʘ ʩʦʩʫʜʘ; 

10. ʂʨʘʥ ʚʦʜʦʧʨʦʚʦʜʷʱʝʡ ʪʨʫʙʳ ʩʦʩʫʜʘ; 

11. ʊʝʨʤʦʤʝʪʨ ʧʨʠʢʨʝʧʣʸʥʥʳʡ ʢ ʥʘʧʦʨʥʦʤʫ ʙʘʢʫ. 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʦʧʳʪʥʦʡ ʫʩʪʘʥʦʚʢʠ 

Fig. 2. Experimental setup diagram 

 
 

ʅʘʯʥʸʤ ʦʧʳʪ r ʥʘ ʦʧʳʪʥʦʡ ʫʩʪʘʥʦʚʢʝ. ʏʪʦʙʳ ʜʦʩʪʠʯʴ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʧʦʣʫʯʠʪ ɹʜʦʩʪʦʚʝʨʥʳʝ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠ ̫ʦʪ ʟʘʤʝʨʝʥʥʳʭ ʚʝʣʠʯʠʥ, ʩʝʤʴ ʨʘʟ ʧʦʚʪʦʨʷʝʤ ʦʧʳʪ.r 

ʇʨʦʮʝʜʫʨʳ ʧʨʦʚʝʜʝʥʠʷ ʢʘʞʜʳʭ ʦʧʳʪʦʚ ʦʜʥʦʟʥʘʯʥʦ ʧʦʚʪʦʨʷʶʪʩʷ. ʆʪʢʨʳʚʘʝʤ ʢʨʘʥ ʩʪʝʢʣʷʥʥʦʡ 

ʪʨʫʙʳ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʤʝʜʣʝʥʥʦʝ ʪʝʯʝʥʠʝ. ʆʪʢʨʳʚ ʢʨʘʥ ʚʦʜʦʧʨʦʚʦʜʷʱʝʡ ʪʨʫʙʳ ʩʦʩʫʜʘ, 

ʧʨʦʧʫʩʪʠʤ ʧʦ ʩʪʝʢʣʷʥʥʦʡ ʪʨʫʙʝ, ʧʦʜʢʨʘʰʝʥʥʦʡ ʨʘʩʪʚʦʨʦʤ ʢʨʘʩʢʠ, ʧʨʦʪʝʢʘʶʱʫ  ʁʚʦʜʫ. ʇʨʠ 

ʵʪʦʤ ʧʨʦʩʣʝʜʠʤ ʟʘ ʪʝʤ, ʯʪʦʙʳ ʩʢʦʨʦʩʪʴ ʧʦʜʢʨʘʰʝʥʥʦʡ ʩʪʨʫʡʢʠ ʥʘ ʚʳʭʦʜʝ ʩʪʝʢʣʷʥʥʦʡ ʪʨʫʙʳ 

ʙʳʣʘ ʦʜʠʥʘʢʦʚʦʡ ʩʦ ʩʢʦʨʦʩʪʴʶ ʪʝʯʝʥʠʷ ʚʦʜʳ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ [4,ʩ.51-54]. ʉ ʧʦʤʦʱʴʶ ʢʨʘʥʘ 

ʚʦʜʦʧʨʦʚʦʜʷʱʝʡ ʪʨʫʙʳ ʩʦʩʫʜʘ ʨʝʛʫʣʠʨʫʝʤ ʧʨʦʜʚʠʞʝʥʠʝ ʧʦʜʢʨʘʰʝʥʥʦʡ ʩʪʨʫʠ, ʯʪʦʙʳ 

ʧʦʜʢʨʘʰʝʥʥʘʷ ʩʪʨʫʡʢʘ ʚʳʪʝʢʘʣʘ ʧʨʷʤʦʣʠʥʝʡʥʦ.  

ʆʪʢʨʳʚʘʝʤ ʢʨʘʥ ʩʪʝʢʣʷʥʥʦʡ ʪʨʫʙʳ, ʥʘʯʠʥʘʷ ʩ ʩʘʤʦʛʦ ʤʘʣʦʛʦ ʦʪʢʨʳʪʠʷ, ʟʘʚʝʨʰʘʷ ʧʦʣʥʳʤ 

ʦʪʢʨʳʪʠʝʤ. ʅʘʧʦʣʥʷʝʤ ʚʦʜʦʡ ʤʝʨʥʳʡ ʙʘʢ ʠ ʦʧʨʝʜʝʣʷʝʤ ʚʨʝʤʷ ʝʛʦ ʥʘʧʦʣʥʝʥʠʷ ʧʦ ʩʝʢʫʥʜʦʤʝʨʫ. 

ʇʨʠ ʨʘʟʨʳʚʝ ʧʦʜʢʨʘʰʝʥʥʦʡ ʚʦʜʥʦʡ ʩʪʨʫʠ, ʣʘʤʠʥʘʨʥʳʡ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ ʚʦʜʳ ʧʝʨʝʭʦʜʠʪ ʚ 

ʪʫʨʙʫʣʝʥʪʥʳʡ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ.  

ɺʦ ʚʨʝʤʷ ʦʧʳʪʦʚ ʧʨʦʩʣʝʜʠʤ ʟʘ ʪʝʤ, ʯʪʦʙʳ ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ ʥʘʧʦʨʥʦʤ ʙʘʢʝ ʦʩʪʘʚʘʣʩʷ 

ʧʦʩʪʦʷʥʥʳʤ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦ ʨʘʙʦʪʘʣ ʩʣʠʚ ʧʦ ʚʦʜʦʩʣʠʚʥʦʡ ʪʨʫʙʝ. ʇʦ ʪʝʨʤʦʤʝʪʨʫ ʠʟʤʝʨʷʝʤ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʳ. ɿʘʚʝʨʰʘʝʤ ʦʧʳʪʳ. ɿʘʥʝʩʸʤ ʚʦ ʚʪʦʨʫ  ʁ ʪʘʙʣʠʮʫ, ʦʧʳʪʥʳʝ, ʯʠʩʣʝʥʥʳʝ, 

ʟʘʤʝʨʝʥʥʳʝ ʚʝʣʠʯʠʥ r[8,ʩ.37-38]  

 

ʊʘʙʣʠʮʘ 2.ʆʧʳʪʥʳʝ ʟʥʘʯʝʥʠʝ ʟʘʤʝʨʝʥʥʳʭ ʚʝʣʠʯʠʥ 

Table 2. Experimental values of measured quantities 
 ̄

ʆʧʳʪʘ 

ʍʘʨʘʢʪʝʨ ʨʝʞʠʤʘ ʆʙʲʸʤ ʚʦʜʳ 

ʚ ʤʝʨʥʳʡ ʙʘʢ 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʦʧʳʪʘ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʦʜʳ 

   

 

  

10ʃʠʪʨ 

ʉʝʢʫʥʜʘ 
 

 

  

 

 
 

15  

1 ʇʨʷʤʦʣʠʥʝʡʥʳʡ 400 

2 ʇʨʷʤʦʣʠʥʝʡʥʳʡ 225 

3 ʇʨʷʤʦʣʠʥʝʡʥʦ-ʚʦʣʥʠʩʪʳʡ 

(ʧʝʨʝʭʦʜʥʘʷ ʟʦʥʘ) 

100 

 4 ɺʦʣʥʠʩʪʳʡ 54 

5 ɺʦʣʥʠʩʪʳʡ 50 

6 ɹʫʨʥʳʡ 24 

7 ɹʫʨʥʳʡ 20 
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 ɺʳʯʠʩʣʝʥʠʝ ʧʨʠʚʦʜʠʤ ʧʦ ʩʣʝʜʫʶʱʝʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ:  

1. ʈʘʩʭʦʜ ʚʦʜʳ ʧʦ ʩʪʝʢʣʷʥʥʦʡ ʪʨʫʙʝ ὗ   (4)  

2. ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʜʳ ‮   (5)  

3. ʇʨʠʥʠʤʘʝʤ ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʩʪʠ ʧʦ ʧʝʨʚʦʡ ʪʘʙʣʠʮʝ 

4. ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ Ὑ
Ͻ

  (6)  

 ʀʩʭʦʜʥʳʝ ʚʝʣʠʯʠʥʳ  

ʘ) ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʩʪʝʢʣʷʥʥʦʡ ʪʨʫʙʳ Ὠ υʩʤ  

ʙ) ʧʣʦʰʘʪʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʪʨʫʙʳ Ὢ ςπ ʩʤ  
ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʪʨʫʙʳ ʚʳʯʠʩʣʝʥʘ ʧʦ ʬʦʨʤʫʣʝ 

Ὢ    (7) 

ʠ ʟʘʜʘʥʦ ʦʢʨʫʛʣʝʥʠʝʤ ʜʦ ʮʝʣʦʛʦ ʯʠʩʣʘ. 

ʇʨʠʩʪʫʧʘʝʤ ʢ ʚʳʯʠʩʣʝʥʠʷʤ. 

 ʆʇʓʊ 1 

ὗ
ὡ

ὸ

ρπʣ

τππʩ
πȟπςυʣʩϳȠ ὗ πȟπςυʣʩϳȠ 

‮
ὗ

Ὢ

πȟπςυϽρπππʩʤʩϳ

ςπ ʩʤ
ρȟςυʩʤʩϳ 

Ὑ
ὨϽ‮

’

ρȟςυʩʤʩϽυʩʤϳ

πȟπρρυʩʤʩϳ
υτσ 

 Ὑ υτσ 
υτσςσςπ ï ʣʘʤʠʥʘʨʥʳʡ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ 

 ʆʇʓʊ 2 

ὗ
ὡ

ὸ

ρπʣ

ςςυʩ
πȟπτʣʩϳȠ ὗ πȟπτʣʩϳȠ 

‮
ὗ

Ὢ

πȟπςυϽρπππʩʤʩϳ

ςπ ʩʤ
ςʩʤʩϳ ‮ ςʩʤʩϳ 

Ὑ
ὨϽ‮

’

ςʩʤʩϽυʩʤϳ

πȟπρρυʩʤʩϳ
ψφω 

 Ὑ ψφω 
ψφωςσςπ ï ʣʘʤʠʥʘʨʥʳʡ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ 

 ʆʇʓʊ 3 

ὗ
ὡ

ὸ

ρπʣ

ρππʩ
πȟρʣʩϳȠ ὗ πȟρʣʩϳȠ  

‮
ὗ

Ὢ

πȟρϽρπππʩʤʩϳ

ςπ ʩʤ
υʩʤʩϳ ‮ υʩʤʩϳ 

Ὑ
ὨϽ‮

’

υʩʤʩϽυʩʤϳ

πȟπρρυʩʤʩϳ
ςρχσ 

 Ὑ ςρχσ (ʧʝʨʝʭʦʜʥʘʷ ʟʦʥʘ) 

ςρχσςσςπ ï ʩʦʛʣʘʩʥʦ ʦʩʥʦʚʥʳʤ ʧʦʣʦʞʝʥʠʷʤ ʚ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʝ ʣʘʤʠʥʘʨʥʳʡ ʨʝʞʠʤ 

ʥʝʫʩʪʦʡʯʠʚ. 

ʇʦʵʪʦʤʫ ʧʨʠʥʠʤʘʝʪʩʷ ʪʫʨʙʫʣʝʥʪʥʳʡ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ. 

 ʆʇʓʊ 4 

ὗ
ὡ

ὸ

ρπʣ

υτʩ
πȟρψυʣʩϳȠ ὗ πȟρψυʣʩϳȠ  

‮
ȟ  Ͻ ʩʤʩϳ

 ʩʤ
ωȟςυʩʤʩϳ ‮ ωȟςυʩʤʩϳ  

Ὑ
Ͻ ȟ ʩʤʩϽʩʤϳ

ȟ ʩʤʩϳ
τπςρȟχ  

 Ὑ τπςρȟχ 
τπςρȟχ ςσςπ ï ʪʫʨʙʫʣʝʥʥʳʡ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ 
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 ʆʇʓʊ 5 

ὗ
ὡ

ὸ

ρπʣ

υπʩ
πȟςʣʩϳȠ ὗ πȟςʣʩϳȠ  

‮
ȟ Ͻ ʩʤʩϳ

 ʩʤ
ρπʩʤʩϳ ‮ ρπʩʤʩϳ  

Ὑ
Ͻ ʩʤʩϽʩʤϳ

ȟ ʩʤʩϳ
τστχȟψ  

 Ὑ τστχȟψ 
τστχȟψ ςσςπ ʪʫʨʙʫʣʝʥʪʥʳʡ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ 
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Ὑ
Ͻ ʩʤʩϽʩʤϳ

ȟ ʩʤʩϳ
ωρσπȟτ  

 Ὑ ωρσπȟτ 
ωρσπȟτ ςσςπ ï ʪʫʨʙʫʣʝʥʪʥʳʡ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ 
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ὗ
ὡ

ὸ

ρπʣ

ςπʩ
πȟυʣʩϳȠ ὗ πȟυʣʩϳȠ  

‮
ȟϽ ʩʤʩϳ

 ʩʤ
ςυʩʤʩϳ ‮ ςυʩʤʩϳ  

Ὑ
Ͻ ʩʤʩϽʩʤϳ

ȟ ʩʤʩϳ
ρπψφωȟυȠ  

 Ὑ ρπψφωȟυ 
ρπψφωςσςπ ï ʪʫʨʙʫʣʝʥʪʥʳʡ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʟʘʥʦʩʠʤ ʚ ʪʘʙʣʠʮʫ 3  

 

ʊʘʙʣʠʮʘ 3. ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠ ̫ʦʧʳʪʥʳʭ ʟʘʤʝʨʝʥʥʳʭ ʚʝʣʠʯʠʥ 

Table 3. Results of calculation of experimental measured Values 
 ̄

ʦʧʳʪʘ 

ʈʘʩʭʦʜ 

ὗ 

ʉʨʝʜʥʷʷ 

ʩʢʦʨʦʩʪʴ 

ʪʝʯʝʥʠʷ ‮ 

ʂʠʥʝʤʘʪʠʯʝʩʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ’ 
ʏʠʩʣʦ 

ʈʝʡʥʦʣʴʜʩʘ 

Ὑ 

ʈʝʞʠʤ ʜʚʠʞʝʥʠʷ, 

ʦʧʨʝʜʝʣʸʥʥʳʡ ʧʦ ʯʠʩʣʫ, 

Ὑ 

- ʣʩϳ ʩʤʩϳ ʩʤʩϳ ʤ ʩϳ - - 

1 0,025 1,25   543 ʃʘʤʠʥʘʨʥʳʡ 

2 0,04 2   869 ʃʘʤʠʥʘʨʥʳʡ 

3 0,10 5 0,0115 ρȟρυϽρπ  2173 ʊʫʨʙʫʣʝʥʪʥʳʡ 

(ʧʝʨʝʭʦʜʥʘʷ ʟʦʥʘ) 

4 0,185 9,25   4021,7 ʊʫʨʙʫʣʝʥʪʥʳʡ 

5 0,2 10   4347,8 ʊʫʨʙʫʣʝʥʪʥʳʡ 

6 0,42 21   9130,4 ʊʫʨʙʫʣʝʥʪʥʳʡ 

7 0,5 25   10869,5 ʊʫʨʙʫʣʝʥʥʳʡ 

 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʢʦʥʮʝ ʥʫʞʥʦ ʫʢʘʟʘʪʴ, ʯʪʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʧʦʟʥʘʥʠʝ, ʠʟʫʯʝʥʠʝ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ʨʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ʚʦʜʳ, 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. ʕʪʦ ʟʘʤʝʯʘʪʝʣʴʥʦʝ ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʚʝʱʝʩʪʚʦ ʙʝʩʧʨʝʨʳʚʥʦ ʩʦʚʝʨʰʘʝʪ 

ʢʨʫʛʦʦʙʦʨʦʪ ʚ ʧʨʠʨʦʜʝ. ɽʞʝʛʦʜʥʦ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʝʤʦʚ, ʦʢʝʘʥʦʚ ʠ ʤʦʨʝʡ, ʨʝʢ ʠ ʦʟʝʨ 

ʠʩʧʘʨʷʝʪʩʷ ʧʦʯʪʠ 500 ʪʳʩʷʯ ʢʫʙʠʯʝʩʢʠʭ ʢʠʣʦʤʝʪʨʦʚ ʚʦʜʳ, ʦʙʦʛʘʱʘʷ ʚʣʘʛʦʡ ʟʝʤʥʫʶ ʘʪʤʦʩʬʝʨʫ. 

ʇʦʜʥʠʤʘʷʩʴ ʚʚʝʨʭ, ʧʘʨʦʦʙʨʘʟʥʘʷ ʚʦʜʘ ʦʭʣʘʞʜʘʝʪʩʷ ʠ, ʧʨʝʚʨʘʱʘʷʩʴ ʚ ʜʦʞʜʴ, ʛʨʘʜ ʠʣʠ ʩʥʝʛ, 

ʩʥʦʚʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ʥʘ ʥʘʰʫ ʧʣʘʥʝʪʫ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʟʘʧʘʩʳ ʧʨʝʩʥʦʡ ʚʦʜʳ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʨʘʟʥʳʤ ʨʝʛʠʦʥʘʤ ʧʣʘʥʝʪʳ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʊʘʢ, ʩ ʨʦʩʪʦʤ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʦʙʱʝʝ 

ʧʦʪʨʝʙʣʝʥʠʝ ʚʦʜʳ ʫʚʝʣʠʯʠʣʦʩʴ ʚʦ ʤʥʦʛʦ ʨʘʟ, ʧʦʵʪʦʤʫ ʩʪʘʥʝʪ ʧʦʥʷʪʥʦ, ʯʪʦ ʯʝʣʦʚʝʯʝʩʪʚʦ 

ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʛʣʦʙʘʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʦʡ. ʉʚʳʰʝ ʜʚʫʭ ʤʠʣʣʠʘʨʜʦʚ ʣʶʜʝʡ ʚ ʩʪʨʘʥʘʭ 



63 

 

ɸʟʠʘʪʩʢʦʛʦ ʠ ɸʬʨʠʢʘʥʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ, ʃʘʪʠʥʩʢʦʡ ɸʤʝʨʠʢʠ ʠʩʧʳʪʳʚʘʝʪ ʥʝʭʚʘʪʢʫ ʧʠʪʴʝʚʦʡ 

ʚʦʜʳ. 

ʄʠʨʦʚʦʤʫ ʩʦʦʙʱʝʩʪʚʫ ʧʨʝʜʩʪʦʠʪ ʨʘʟʨʝʰʝʥʠʝ ʦʩʪʨʳʭ ʧʨʦʙʣʝʤ ʚʦʜʦʩʙʝʨʝʞʝʥʠ,̫ 

ʚʦʜʦʧʦʣʴʟʦʚʘʥʠ,̫ ʚʦʜʦʩʥʘʙʞʝʥʠ ̫ ʠ ʦʨʦʰʝʥʠ.̫ ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʫʩʠʣʠʪʴ ʤʝʨ r ʧʦ 

ʩʦʭʨʘʥʥʦʩʪʠ ʯʠʩʪʳʭ ʚʦʜ, ʙʦʨʴʙʝ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʦʚ ʠ ʙʘʩʩʝʡʥʦʚ, 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠ ʨʘʮʠʦʥʘʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʊʨʘʛʝʜʠʷ ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ, ʩʥʠʞʝʥʠʝ ʢʘʯʝʩʪʚʚ ʚʦʜʳ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ï ʚʩʝ ʵʪʦ ʥʝ ʤʦʞʝʪ ʥʝ ʚʳʟʳʚʘʪʴ ʪʨʝʚʦʛʠ. ʆʥʘ ʚʳʟʚʘʥʘ ʠ 

ʪʝʤ, ʯʪʦ ʛʦʨʥʦʤʫ ʊʘʜʞʠʢʠʩʪʘʥʫ ʩʫʜʴʙʦʡ ʚʳʧʘʣʦ ʙʳʪʴ ʠʩʪʦʯʥʠʢʦʤ ʧʨʝʩʥʦʡ ʚʦʜʳ ʜʣʷ ʚʩʝʛʦ 

ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʤʫ ʠ 

ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ɼʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʛʠʜʨʦʪʝʭʥʠʢʘʤ, 

ʘʛʨʦʥʦʤʘʤ ʠ ʩʝʣʴʭʦʟʨʘʙʦʪʥʠʢʘʤ ʧʦ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʈʘʙʦʪʘ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʩʪʫʜʝʥʪʘʤ, ʤʘʛʠʩʪʨʘʥʪʘʤ ʠ ʘʩʧʠʨʘʥʪʘʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʬʠʣʝʡ. 

ʉʪʘʪʴʷ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʡ ʪʝʤʳ ʦʪʜʝʣʘ ʋʧʨʘʚʣʝʥʠ ̫ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʚʦʜʦʩʙʝʨʝʞʝʥʠ ̫ çʆʧʪʠʤʠʟʘʮʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʚʦʜʳ, ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ, ʵʥʝʨʛʠʠ ʠ ʵʢʦʣʦʛʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ɺʘʭʰè, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʤ 

ʧʦʨʷʜʢʝ (ʇʨʦʪʦʢʦʣ ˉ 1 ʦʪ 6 ʤʘʨʪʘ 2026 ʛ.). 
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ÙÌÓÌÜÔë ÎÌ ÞÌÇÉÔÉÚÞÔ ÜÑÆÌÇÚÔ ÇÌÜÌÖÌÞÔ ØÚÑÔ ÜÑÌ×Ä 

Úí, Č øúñô ìý÷ôñ, öô ĕìøăÿù íúüôĄúþ øñüñóìð, ôĀ÷úý ùñýþ: ðìü ðìĕĕú ÷ôþü úíô íúüúù þìėüôíìù ýñċöô 
ċö ïüìøø øúððìô āÿĄö øìîĔÿð ìýþ. Ìøøú úí ðìü ðìîúøô ýìČĕìþô øôùíìĆðììĄ, āÿýÿýìù þìîìýýÿþô ėìíìþĕúô 
ăÿėÿüô ėôĄüô óìøôù, ìó ïìóĕú ýñü øñĄìîìð, íú íôýČü ûìõîìýþìïôĕúô øôùñüì÷Ē îì úüïìùôöĒ ĎìùĒ øñïìüðìð îì 
ĕìøăÿù ăìĄøìô ĄôĀúíìāĄ íì ýìþĕô íú÷úô óìøôù íìüúøìðì, íì ĕìðċô íñíìĕúô þìíôìþ þìíðô÷ øñČíìð. ÝìüĀô 
ùìóìü ìó úù, öô íìü āô÷úĀô ðôïìü óìāôüìĕúô þìíôĒ, úí ðìü üìîìùðô ïìüðôĄô āÿð ðìü üĘô óìøôù 
íìüėìüúüĄìîìùðì øñíúĄìð, ĕìü ýú÷ ùúüìýúôô úí ðìü Ąìö÷ô þúóì îì úĄúøôðìùĒ Ąìðôðþìü ĉĕýúý øñïìüðìð. 
Ìó óìāôüìĕúô ìóôøô úíô öÿüìô óìøôù þìùĕú ċö Āúôóô úí íìüúô úĄúøôðìù øÿîúĀôė ìýþ. Úí ėìüôí 80 Āúôóô 
îìóùô íìðìùô ôùýúùüú þìĄöô÷ øñðôĕìð îì ĕìøì üìîìùðĕúô ĕìČþìù øÿĕôøøô øÿíúðô÷ìô øúððìĕú íì úí 
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îúíìýþì ìýþ. áÿðô ĕìČþ ðìü úí þìîì÷÷ÿð Ąÿðììýþ, ìó úí ûìõðú Ąÿðììýþ. Úí ðìü ĕìėôėìþ øÿĆĔôóìô þìíôìþ ìýþ 
îì ýìóúîúüô úù ïìüðôð, öô ĕìøăÿù øñĆČü ėìíÿ÷ öìüðì Ąìîìð. Ðìü øìėú÷ìô øìóöÿü āÿýÿýôċþĕú îì üñĔìĕúô 
ĕìüìöìþô øúñô üñì÷Ē øÿìõċù öìüðì Ąÿðììýþ. Íú ôýþôĀúðì ìó øìĆ÷ÿøúþĕúô þìĔüôíìîĒ ĕôýúíĕúô ïôðüìî÷ôöĒ 
ìùĔúø ðúðì øñĄìîìùð. Ðìü ĕôýúíĕúô ïôðüìî÷ôöĒ øúðÿ÷öÿùúùĒ ùôĄúù ðúðì Ąÿðììýþ. Ôù ìýìü íì ôýþôĀúðìô 
øìėýìðùúö îì úėô÷úùìô óìāôüìĕúô úíĒ ùôïìüúùôðì Ąÿðììýþ. ÔýþôĀúðìô ùìþôĔìĕúô þìĕėôėúþ íìüúô 
ìóāÿðùìøúĒ îì úíČüôô óìøôùĕúô íúð÷ñý ïìüðôðì, øÿîúĀôėô øìėýìð øñíúĄìð. Øìėú÷ìô øìóöÿü ðìü ìýúýô 
ĕìøíìýþìïôô þìĀìöÿüô ùìóìüôċîĒ îì þìĕėôėúþô ĉöýûüôøñùþì÷ôô üñĔìĕúô ĕìüìöìþô ÷ìøôùìüĒ îì þÿüíÿ÷ñùþôô 
úí þìĕôċ ïìüðôðììýþ. áÿýÿýôċþĕú îì üñĔìĕúô øúñô üñì÷Ē, øÿìõċù ïìüðôðììùð. Ìýìüô øìóöÿü íìüúô ôýþôĀúðì 
ðìü üìîìùðô þìĆ÷ôø íì ðúùôĄĔĘČù, øìïôýþüìùþĕú îì ìýûôüìùúþô ýúĕìĕúô ðìā÷ðúü þìîýôċ ðúðì øñĄìîìð.  

Öì÷ôðîúòìĕú: üñĔìô ÷ìøôùìüĒ, üñĔìô þÿüíÿ÷ñùþĒ, ĕôýúíô ïôðüìî÷ôöĒ, úíČüôô øìõðúùĕú, 
øúðÿ÷öÿùúùôô ĕôýúíĕúô ïôðüìî÷ôöĒ, þìĕėôėúþô ĕìüìöìþô øúñĆ, øúñĆ, úí.  

 

ʊɽʆʈʀʗ ʀ ʀʉʉʃɽɼʆɺɸʅʀʗ ʈɽɾʀʄʆɺ ɼɺʀɾɽʅʀʗ ʈɽɸʃʔʅʆʁ ɾʀɼʂʆʉʊʀ 

ɺʦʜʘ, ʣʠʙʦ ʨʝʘʣʴʥʘʷ ʞʠʜʢʦʩʪʴ, ʚʳʧʘʜʘʶʱʘʷ ʚ ʚʠʜʝ ʦʩʘʜʢʦʚ, ʙʝʜʥʘ ʧʨʠʤʝʩʷʤʠ: ʚ ʜʝʩʷʪʢʘʭ ʣʠʪʨʦʚ ʜʦʞʜʝʚʦʡ 

ʚʣʘʛʠ ʚʩʝʛʦ ʣʠʰʴ ʦʢʦʣʦ ʦʜʥʦʡ ʪʨʝʪʠ ʛʨʘʤʤʘ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ. ʅʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʩʚʦʝʤ ʧʫʪʝʰʝʩʪʚʠʠ, ʦʩʦʙʝʥʥʦ ʚ 

ʛʣʫʙʦʢʠʭ ʩʣʦʷʭ ʟʝʤʥʦʡ ʢʦʨʳ, ʦʥʘ ʥʘʩʳʱʘʝʪʩʷ ʛʘʟʘʤʠ, ʦʙʦʛʘʱʘʝʪʩʷ ʤʥʦʛʠʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ, ʚʳʭʦʜʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʮʝʣʝʙʥʳʤ ʠʩʪʦʯʥʠʢʦʤ, ʩʪʘʥʦʚʠʪʩʷ ʙʝʩʮʝʥʥʳʤ ʧʨʠʨʦʜʥʳʤ ʜʘʨʦʤ. ʅʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʚʦʜʘ ʚʦʟʦʙʥʦʚʣʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʝʸ ʢʨʫʛʦʚʦʨʦʪʘ ʥʘ 

ʟʝʤʣʝ, ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʚʩʝ ʦʩʪʨʝʝ ʦʱʫʱʘʝʪʩʷ ʜʝʬʠʮʠʪ ʝʸ ʚ ʯʠʩʪʦʤ ʠ ʧʨʝʩʥʦʤ ʚʠʜʝ. ʀʟ ʛʨʦʤʘʜʥʳʭ ʟʘʧʘʩʦʚ ʚʦʜʳ ʥʘ 

ʟʝʤʥʦʤ ʰʘʨʝ ʪʦʣʴʢʦ ʦʜʠʥ ʧʨʦʮʝʥʪ ʛʦʜʠʪʩʷ ʜʣʷ ʧʠʪʴʷ. ɺʦʜʘ ʩʦʩʪʘʚʣʷʝʪ ʧʦʯʪʠ 80 ʧʨʦʮʝʥʪʦʚ ʚʝʩʘ ʪʝʣʘ ʯʝʣʦʚʝʢʘ, ʠ ʦʪ 

ʥʝʝ ʟʘʚʠʩʠʪ ʧʨʦʪʝʢʘʥʠʝ ʚʩʝʭ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ. ʉʘʤʘ ʞʠʟʥʴ ʟʘʨʦʜʠʣʘʩʴ ʚ ʚʦʜʝ, ʚʳʰʣʘ 

ʠʟ ʚʦʜʳ. ɺʦʜʘ - ʧʦʠʩʪʠʥʝ ʯʫʜʦ ʧʨʠʨʦʜʳ ʠ ʟʘʩʣʫʞʠʣʘ, ʯʪʦʙʳ ʩʪʘʪʴ ʵʪʘʣʦʥʦʤ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ, ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʦʩʥʦʚʝ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʦʟʥʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʣʘʤʠʥʘʨʥʦʡ ʠ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ 

ʚʦʜʳ. ɺ ʜʘʥʥʦʤ ʪʨʘʢʪʘʪʝ ʦʧʨʝʜʝʣʝʥʳ ʭʘʨʘʢʪʝʨ ʠ ʨʝʞʠʤʳ ʜʚʠʞʝʥʠʷ ʨʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ; ʧʦ ʦʧʳʪʥʳʤ ʜʘʥʥʳʤ 

ʧʨʦʚʝʜʝʥʳ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ; ʧʦʢʘʟʘʥʦ ʤʦʜʫʣʠʨʦʚʘʥʠʝ ʚ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʨʘʩʯʸʪʘʭ. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ 

ʧʦʩʚʷʱʝʥʘ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʤʫ ʠ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʩʚʦʝʥʠʠ ʠ ʦʨʦʰʝʥʠʠ ʧʦʡʤʝʥʥʳʭ ʟʝʤʝʣ.ɹ ʈʘʙʦʪʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʩʪʫʜʝʥʪʘʤʠ, ʤʘʛʠʩʪʨʘʥʪʘʤʠ ʠ ʘʩʧʠʨʘʥʪʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʬʠʣʝʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʘʤʠʥʘʨʥʳʡ ʨʝʞʠʤ, ʪʫʨʙʫʣʝʥʪʥʳʡ ʨʝʞʠʤ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘʩʯʸʪ, ʦʨʦʰʝʥʠʝ ʧʣʦʰʘʜʝʡ, 

ʤʦʜʫʣʠʨʦʚʘʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʞʠʜʢʦʩʪʴ, ʚʦʜʘ.  

 

THEORY AND RESEARCH OF REAL FLUID FLOW REGIMES  

Water, or a real liquid falling out in the form of precipitation, is poor in impurities: tens of liters of rainwater contain 

only about one third of a gram of dry matter. But during its further journey, especially in the deep layers of the earth's crust, 

it becomes saturated with gases, enriched with many mineral and organic compounds and, coming to the surface with a 

healing spring, becomes an invaluable natural gift. But, despite the fact that, unlike other natural resources, water is 

renewed during its circulation on earth, its shortage in pure and fresh form is becoming more acute every year. Of the vast 

reserves of water on the globe, only one percent is suitable for drinking. Water makes up almost 80 percent of the human 

body weight and all vital metabolic processes depend on it. Life itself originated in the water, came out of the water. Water 

is truly a miracle of nature and deserves to become a benchmark. This article has been developed on the basis of a 

combination of theoretical knowledge and experimental research, laminar and turbulent movement of real fluids. Hydraulic 

calculations are performed using Water movement regimes. This treatise defines the nature and modes of experimental 

data. Modulation in hydraulic calculations is demonstrated. This work is devoted to the targeted and rational use of water 

resources. The research results can be applied to the development and irrigation of floodplains. This work is recommended 

for use in the educational process by undergraduate, graduate, and postgraduate students in relevant fields. 

Keywords: laminar regime, turbulent regime, hydraulic calculation, area irrigation, modulation of hydraulic 

calculations, study of fluid movement, liquid, water. 
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ʋɼʂ: 681.3+004.21 

ɻʀɹʈʀɼʅʓʁ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓʁ ɸʅɸʃʀɿ ʊɽʂʉʊʆɺʓʍ ɼɸʅʅʓʍ: 

ʀʅʊɽɻʈɸʎʀʗ ʈɽɻʋʃʗʈʅʓʍ ɺʓʈɸɾɽʅʀʁ, ʊʈɸʅʉʌʆʈʄɽʈʆɺ ʀ RAG-ʇʆɼʍʆɼɸ 

 

ʄʠʨʟʦʝʚʘ ʊ.ʉ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʄʀʉʀʉ ʚ ʛ. ɼʫʰʘʥʙʝ 

 

ɺʚʝʜʝʥʠʝ. ʎʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʨʠʚʝʣʘ ʢ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʧʨʠʨʦʜʳ ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ. ɽʩʣʠ ʝʱʝ ʥʝʜʘʚʥʦ ʦʩʥʦʚʥʳʤ ʦʙʲʝʢʪʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʙʳʣʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʢʦʨʦʪʢʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʩʦʦʙʱʝʥʠʷ ʠ 

ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʟʘʧʠʩʠ, ʪʦ ʩʝʛʦʜʥʷ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʙʦʪʘʶʪ ʩ 

ʧʦʪʦʢʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʝʨʝʧʠʩʢʠ, ʩʣʫʞʝʙʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ, ʥʘʫʯʥʳʤʠ ʧʫʙʣʠʢʘʮʠʷʤʠ, 

ʯʘʪʘʤʠ, ʦʙʨʘʱʝʥʠʷʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʤʝʜʠʮʠʥʩʢʠʤʠ ʦʪʯʸʪʘʤʠ, ʶʨʠʜʠʯʝʩʢʠʤʠ ʪʝʢʩʪʘʤʠ ʠ 

ʤʘʰʠʥʥʦ-ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʤ ʢʦʥʪʝʥʪʦʤ [20]. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʝʞʥʷʷ ʤʦʜʝʣʴ ʘʥʘʣʠʟʘ, 

ʦʩʥʦʚʘʥʥʘʷ ʪʦʣʴʢʦ ʥʘ ʧʦʠʩʢʝ ʰʘʙʣʦʥʦʚ ʠʣʠ ʪʦʣʴʢʦ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, 

ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʫʙʣʠʢʘʮʠʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʣʘʥʜʰʘʬʪ NLP ʧʦʩʣʝ 

ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ ʠʟʤʝʥʠʣʩʷ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ, 

ʥʦ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠ: ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʰʣʠ ʟʘʜʘʯʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ, ʦʙʲʷʩʥʠʤʦʩʪʠ, 

ʠʩʪʦʯʥʠʢʦʚʦʡ ʚʝʨʠʬʠʢʘʮʠʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʦʰʠʙʢʘʤ ʛʝʥʝʨʘʮʠʠ [8]. 

ɺ ʨʘʥʥʠʭ ʧʨʠʢʣʘʜʥʳʭ ʩʠʩʪʝʤʘʭ ʨʝʛʫʣʷʨʥʳʝ ʚʳʨʘʞʝʥʠʷ ʚʳʧʦʣʥʷʣʠ ʬʫʥʢʮʠʶ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ: ʩ ʠʭ ʧʦʤʦʱʴʶ ʚʘʣʠʜʠʨʦʚʘʣʠ ʵʣʝʢʪʨʦʥʥʳʝ ʘʜʨʝʩʘ ʠ ʪʝʣʝʬʦʥʳ, 

ʚʳʜʝʣʷʣʠ ʬʨʘʛʤʝʥʪʳ ʧʦ ʟʘʜʘʥʥʳʤ ʰʘʙʣʦʥʘʤ, ʦʯʠʱʘʣʠ ʪʝʢʩʪ ʦʪ ʰʫʤʦʚ, ʩʝʛʤʝʥʪʠʨʦʚʘʣʠ 

ʧʨʝʜʣʦʞʝʥʠʷ, ʠʩʢʘʣʠ ʩʩʳʣʢʠ ʠ ʬʦʨʤʠʨʦʚʘʣʠ ʯʘʩʪʦʪʥʳʝ ʩʣʦʚʘʨʠ. ʕʪʠ ʟʘʜʘʯʠ ʦʩʪʘʶʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʚ 2026 ʛʦʜʫ, ʦʩʦʙʝʥʥʦ ʚ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ 

ʤʛʥʦʚʝʥʥʘʷ ʧʨʦʚʝʨʢʘ ʧʨʝʜʠʢʘʪʦʚ ʠ ʩʪʨʦʛʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʘ. ʆʜʥʘʢʦ ʩʝʤʘʥʪʠʯʝʩʢʘʷ 

ʩʣʦʞʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʢʩʪʦʚ, ʥʘʣʠʯʠʝ ʢʦʥʪʝʢʩʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʷʟʳʢʦʚʳʭ 

ʬʦʨʤ ʠ ʨʦʩʪ ʦʙʲʝʤʘ ʤʫʣʴʪʠʷʟʳʯʥʦʛʦ ʢʦʥʪʝʥʪʘ ʜʝʣʘʶʪ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʦʜʥʦʛʦ ʬʦʨʤʘʣʴʥʦʛʦ 

ʦʧʠʩʘʥʠʷ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʪʝʢʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʤʝʱʘʶʪʩʷ ʦʪ 

ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʝʥʠʷ rule-based ʠ neural-ʧʦʜʭʦʜʦʚ ʢ ʠʭ ʦʩʤʳʩʣʝʥʥʦʡ ʠʥʪʝʛʨʘʮʠʠ [11; 12]. 

ɼʣʷ ʟʘʜʘʯ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʩʫʤʤʘʨʠʟʘʮʠʠ ʠ ʠʟʚʣʝʯʝʥʠʷ ʟʥʘʥʠʡ ʦʜʥʠ ʪʦʣʴʢʦ ʧʨʘʚʠʣʘ 

ʦʢʘʟʳʚʘʶʪʩʷ ʩʣʠʰʢʦʤ ʭʨʫʧʢʠʤʠ: ʦʥʠ ʧʣʦʭʦ ʧʝʨʝʥʦʩʷʪ ʧʝʨʝʥʦʩ ʩʤʳʩʣʘ, ʧʘʨʘʬʨʘʟʳ, ʩʢʨʳʪʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʜʦʤʝʥʥʫʶ ʚʘʨʠʘʪʠʚʥʦʩʪʴ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʝʡʨʦʩʝʪʝʚʳʝ ʨʝʰʝʥʠʷ, 

ʦʩʦʙʝʥʥʦ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʛʝʥʝʨʘʪʠʚʥʳʭ ʤʦʜʝʣʷʭ, ʥʝʨʝʜʢʦ ʩʪʨʘʜʘʶʪ ʦʪ ʛʘʣʣʶʮʠʥʘʮʠʡ, 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʬʦʨʤʘʪʘ ʦʪʚʝʪʘ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʧʨʦʤʧʪʫ ʠ ʟʘʪʨʫʜʥʝʥʥʦʡ ʪʨʘʩʩʠʨʫʝʤʦʩʪʠ 

ʧʨʠʥʷʪʦʛʦ ʨʝʰʝʥʠʷ. ʃʠʪʝʨʘʪʫʨʘ ʧʦ RAG, ʤʝʜʠʮʠʥʩʢʦʤʫ NLP, ʜʝʪʝʢʮʠʠ ʤʘʰʠʥʥʦ-

ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʪʝʢʩʪʦʚ ʠ ʧʨʠʢʣʘʜʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʥʘʠʣʫʯʰʠʡ ʵʬʬʝʢʪ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʣʦʝʚ ʢʦʥʪʨʦʣʷ: ʬʦʨʤʘʣʴʥʦʡ ʥʦʨʤʘʣʠʟʘʮʠʠ, 

ʬʠʣʴʪʨʘʮʠʠ, ʠʟʚʣʝʯʝʥʠʷ ʦʧʦʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʚʝʨʠʬʠʢʘʮʠʠ ʦʪʚʝʪʘ ʤʦʜʝʣʠ [4; 2]. 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ, ʧʦʩʪʨʦʝʥʘ ʚʦʢʨʫʛ ʨʝʛʫʣʷʨʥʳʭ ʚʳʨʘʞʝʥʠʡ ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʘʙʦʪʳ 

ʩ ʪʝʢʩʪʦʤ. ɺ ʥʘʩʪʦʷʱʝʡ ʧʝʨʝʨʘʙʦʪʘʥʥʦʡ ʚʝʨʩʠʠ ʵʪʘ ʣʦʛʠʢʘ ʩʦʭʨʘʥʝʥʘ, ʥʦ ʨʘʜʠʢʘʣʴʥʦ 

ʨʘʩʰʠʨʝʥʘ: ʨʝʛʫʣʷʨʥʳʝ ʚʳʨʘʞʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʦʙʷʟʘʪʝʣʴʥʳʡ, ʥʦ ʪʦʣʴʢʦ ʥʘʯʘʣʴʥʳʡ 

ʩʣʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʢʦʥʚʝʡʝʨʘ. ʊʘʢʦʡ ʧʦʚʦʨʦʪ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʚʝʩʪʠ ʪʝʤʫ ʠʟ ʧʣʦʩʢʦʩʪʠ 

ʣʦʢʘʣʴʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʪʝʭʥʠʢʠ ʚ ʧʣʦʩʢʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʯʥʦʡ ʜʠʩʢʫʩʩʠʠ ʦʙ ʘʨʭʠʪʝʢʪʫʨʝ 

ʛʠʙʨʠʜʥʳʭ NLP-ʩʠʩʪʝʤ, ʩʦʯʝʪʘʶʱʠʭ ʬʦʨʤʘʣʴʥʳʝ ʤʝʪʦʜʳ, ʪʨʘʥʩʬʦʨʤʝʨʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, 

ʚʥʝʰʥʠʝ ʙʘʟʳ ʟʥʘʥʠʡ ʠ ʛʝʥʝʨʘʪʠʚʥʳʝ ʤʦʜʝʣʠ [20; 18; 4; 7]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʠ ʤʝʪʦʜʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʛʠʙʨʠʜʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʣʘ ʙʳ ʩʦʯʝʪʘʥʠʝ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʠ, ʪʦʯʥʦʩʪʠ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʠʩʢʘʞʝʥʠʷʤ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 1) ʦʧʨʝʜʝʣʠʪʴ ʦʛʨʘʥʠʯʝʥʠʷ 

ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʨʝʛʫʣʷʨʥʳʭ ʚʳʨʘʞʝʥʠʡ; 2) ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʢʩʪʘ; 3) ʧʨʝʜʣʦʞʠʪʴ ʘʨʭʠʪʝʢʪʫʨʫ 

ʛʠʙʨʠʜʥʦʛʦ ʢʦʥʚʝʡʝʨʘ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʧʨʘʚʠʣʘ, ʪʨʘʥʩʬʦʨʤʝʨʳ ʠ retrieval-augmented generation; 

4) ʦʧʠʩʘʪʴ ʩʮʝʥʘʨʠʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʠ ʩʠʩʪʝʤʫ ʤʝʪʨʠʢ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺ ʵʪʦʤ 
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ʠ ʩʦʩʪʦʠʪ ʟʘʷʚʣʝʥʥʘʷ ʠʥʥʦʚʘʮʠʷ ʨʘʙʦʪʳ: ʥʝ ʚ ʦʪʢʘʟʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʬʦʨʤʘʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʘ ʚ 

ʠʭ ʚʩʪʨʘʠʚʘʥʠʠ ʚ ʩʦʚʨʝʤʝʥʥʫʶ ʫʧʨʘʚʣʷʝʤʫʶ AI-ʘʨʭʠʪʝʢʪʫʨʫ [18; 19]. 

1. ʉʦʚʨʝʤʝʥʥʝr ʠʩʩʣʝʜʦʚʘʥʠ ̫ʚ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ. ʇʫʙʣʠʢʘʮʠʠ 

2024-2026 ʛʦʜʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʢʩʪʘ ʨʘʟʚʠʚʘʝʪʩʷ ʩʨʘʟʫ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʇʝʨʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʵʚʦʣʶʮʠʝʡ ʩʘʤʠʭ 

ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ. ɺ ʦʙʟʦʨʥʳʭ ʨʘʙʦʪʘʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ LLM-ʧʣʘʪʬʦʨʤʳ 

ʩʪʘʣʠ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʩʫʤʤʘʨʠʟʘʮʠʠ, ʠʟʚʣʝʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʧʝʨʝʬʨʘʟʠʨʦʚʘʥʠʷ ʠ ʚʦʧʨʦʩʥʦ-ʦʪʚʝʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [20; 8]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʜʘʞʝ ʢʨʫʧʥʝʡʰʠʝ ʦʙʟʦʨʳ ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ LLM ʥʝ ʫʩʪʨʘʥʷʝʪ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʦʥʚʝʡʝʨʘʭ ʜʘʥʥʳʭ: ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʧʦʣʫʯʘʪʴ ʦʯʠʱʝʥʥʳʡ 

ʚʭʦʜ, ʦʛʨʘʥʠʯʝʥʥʳʡ ʢʦʥʪʝʢʩʪ ʠ ʧʨʦʚʝʨʷʝʤʳʡ ʚʳʭʦʜ [3; 8]. 

ɺʪʦʨʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʢʘʩʘʝʪʩʷ ʪʝʢʩʪʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʞʝ 

ʥʝ ʩʚʦʜʷʪ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʢ ʚʳʙʦʨʫ ʤʝʞʜʫ TF-IDF, CNN, RNN ʠʣʠ BERT. ʅʘ ʧʝʨʚʳʡ ʧʣʘʥ 

ʚʳʚʝʜʝʥʳ ʛʝʥʝʨʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʨʘʩʰʠʨʝʥʠʷ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ, few-shot ʠ zero-shot 

ʩʮʝʥʘʨʠʠ, ʘ ʪʘʢʞʝ ʚʦʧʨʦʩʳ ʩʪʦʠʤʦʩʪʠ ʠʥʬʝʨʝʥʩʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʜʝʣʝʡ ʢ ʜʠʩʙʘʣʘʥʩʫ 

ʢʣʘʩʩʦʚ. ɺ ʨʘʙʦʪʝ P. Trust ʠ R. Minghim ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʧʦʭʘ LLM ʤʝʥʷʝʪ ʩʘʤʫ ʧʦʩʪʘʥʦʚʢʫ 

ʟʘʜʘʯʠ ʪʝʢʩʪʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ: ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʧʨʦʩʪʦ ʬʫʥʢʮʠʝʡ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ çʪʝʢʩʪ-ʢʣʘʩʩè, ʘ ʯʘʩʪʴʶ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠʟʚʣʝʯʝʥʠʷ ʟʥʘʥʠʡ [18]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ H. Zhao ʠ ʩʦʘʚʪʦʨʦʚ ʜʦʧʦʣʥʷʝʪ ʵʪʦʪ ʚʳʚʦʜ, ʜʝʤʦʥʩʪʨʠʨʫʷ, ʯʪʦ LLM-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʘʫʛʤʝʥʪʘʮʠʷ ʜʘʥʥʳʭ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʪʴ ʢʘʯʝʩʪʚʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, 

ʥʦ ʪʦʣʴʢʦ ʧʨʠ ʢʦʨʨʝʢʪʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʧʨʦʮʝʜʫʨʳ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʠʤʝʨʦʚ 

[11]. 

ʊʨʝʪʴʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʠʟʚʣʝʯʝʥʠʝʤ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ 

ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʪʝʢʩʪʘ. ʀʤʝʥʥʦ ʟʜʝʩʴ ʥʘʠʙʦʣʝʝ ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʷʝʪʩʷ ʮʝʥʥʦʩʪʴ 

ʛʠʙʨʠʜʥʳʭ ʨʝʰʝʥʠʡ. ɺ ʩʪʘʪʴʷʭ ʧʦ ʤʝʜʠʮʠʥʩʢʦʡ ʠʥʬʦʨʤʘʪʠʢʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ zero-shot ʠ fine-

tuned LLM-ʤʦʜʝʣʠ ʩʧʦʩʦʙʥʳ ʜʦʩʪʠʛʘʪʴ ʵʢʩʧʝʨʪʥʦʛʦ ʫʨʦʚʥʷ ʚ ʠʟʚʣʝʯʝʥʠʠ ʧʨʠʟʥʘʢʦʚ ʠʟ 

ʧʘʪʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʪʯʝʪʦʚ, ʢʣʠʥʠʯʝʩʢʠʭ ʟʘʤʝʪʦʢ, ʚʳʧʠʩʦʢ ʠ ʥʝʡʨʦʚʠʟʫʘʣʠʟʘʮʠʦʥʥʳʭ 

ʧʫʙʣʠʢʘʮʠʡ [16; 14]. ʆʜʥʘʢʦ ʚʩʝ ʵʪʠ ʨʘʙʦʪʳ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʬʦʨʤʝ ʚʚʦʜʷʪ ʦʛʨʘʥʠʯʝʥʠʷ ʬʦʨʤʘʪʘ, 

ʚʥʝʰʥʠʝ ʩʣʦʚʘʨʠ, ʰʘʙʣʦʥʳ ʧʦʣʝʡ, ʧʨʘʚʠʣʘ ʦʪʙʨʘʢʦʚʢʠ ʠʣʠ ʧʦʩʪʦʙʨʘʙʦʪʢʠ, ʠʥʘʯʝ ʩʠʩʪʝʤʘ 

ʥʘʯʠʥʘʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʥʝʚʘʣʠʜʥʳʝ ʠʣʠ ʩʣʘʙʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ [16; 7]. ʕʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʙʱʠʡ ʪʝʟʠʩ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ: ʩʦʚʨʝʤʝʥʥʳʝ ʛʝʥʝʨʘʪʠʚʥʳʝ ʤʦʜʝʣʠ ʵʬʬʝʢʪʠʚʥʳ 

ʥʝ ʚʤʝʩʪʦ ʬʦʨʤʘʣʴʥʳʭ ʧʨʦʮʝʜʫʨ, ʘ ʚʤʝʩʪʝ ʩ ʥʠʤʠ. 

ʏʝʪʚʝʨʪʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʦʭʚʘʪʳʚʘʝʪ ʟʘʜʘʯʠ ʦʙʥʘʨʫʞʝʥʠʷ AI-ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʪʝʢʩʪʘ, 

ʧʣʘʛʠʘʪʘ ʠ ʥʘʫʯʥʦʡ ʥʝʜʦʙʨʦʩʦʚʝʩʪʥʦʩʪʠ. ɺ ʫʩʣʦʚʠʷʭ ʤʘʩʩʦʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʝʥʝʨʘʪʠʚʥʳʭ 

ʤʦʜʝʣʝʡ ʘʥʘʣʠʟ ʪʝʢʩʪʘ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʟʘʜʘʯʝʡ ʧʦʥʠʤʘʥʠʷ ʪʝʢʩʪʘ; ʦʥ ʩʪʘʥʦʚʠʪʩʷ ʪʘʢʞʝ 

ʟʘʜʘʯʝʡ ʨʘʟʣʠʯʝʥʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʪʝʢʩʪʘ, ʧʨʦʚʝʨʢʠ ʠʩʪʦʯʥʠʢʦʚʦʡ ʙʘʟʳ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʮʝʧʦʯʢʠ ʩʦʟʜʘʥʠʷ ʜʦʢʫʤʝʥʪʘ. ʉʪʘʪʴʠ 2024-2025 ʛʦʜʦʚ ʧʦ ʤʘʰʠʥʥʦʤʫ ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʥʘʫʯʥʳʭ 

ʪʝʢʩʪʦʚ, ʩʦʟʜʘʥʥʳʭ LLM, ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʠʡ ʠʥʪʝʨʝʩ ʢ ʤʝʪʦʜʘʤ ʦʙʥʘʨʫʞʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʦʩʥʦʚʝ ʪʨʘʥʩʬʦʨʤʝʨʦʚ ʠ ʘʥʩʘʤʙʣʝʡ ʧʨʠʟʥʘʢʦʚ [10; 9; 2]. ʇʨʠ 

ʵʪʦʤ ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʯʠʩʪʦ ʩʪʠʣʠʩʪʠʯʝʩʢʘʷ ʜʝʪʝʢʮʠʷ ʥʝʜʦʩʪʘʪʦʯʥʘ: ʥʝʦʙʭʦʜʠʤʳ 

ʢʦʥʪʝʥʪʥʳʝ ʧʨʠʟʥʘʢʠ, ʠʩʪʦʯʥʠʢʦʚʘʷ ʩʚʝʨʢʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʝʨʝʬʨʘʟʠʨʦʚʘʥʠʶ [10; 4; 2]. 

ʇʷʪʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʢʘʩʘʝʪʩʷ retrieval-augmented generation. ɽʩʣʠ ʢʣʘʩʩʠʯʝʩʢʠʝ LLM 

ʦʧʠʨʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ, ʪʦ RAG-ʩʠʩʪʝʤʳ ʧʨʠʚʣʝʢʘʶʪ ʚʥʝʰʥʠʝ 

ʜʦʢʫʤʝʥʪʳ, ʚʝʢʪʦʨʥʳʝ ʙʘʟʳ ʠ ʧʦʠʩʢʦʚʳʝ ʠʥʜʝʢʩʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʪʴ 

ʬʘʢʪʦʣʦʛʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ ʚ ʟʘʜʘʯʘʭ ʚʦʧʨʦʩʥʦ-ʦʪʚʝʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘʥʘʣʠʪʠʢʠ 

ʜʦʢʫʤʝʥʪʦʚ ʠ ʧʦʠʩʢʘ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ [4; 5; 12]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʠ ʜʦʤʝʥʥʦʛʦ question answering ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʦʯʝʪʘʥʠʝ fine-tuning ʠ RAG 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʣʫʯʰʠʡ ʙʘʣʘʥʩ ʤʝʞʜʫ ʷʟʳʢʦʚʦʡ ʛʠʙʢʦʩʪʴʶ ʠ ʧʨʝʜʤʝʪʥʦʡ ʥʘʜʝʞʥʦʩʪʴʶ [4; 5; 

6]. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʩʦʚʨʝʤʝʥʥʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʪʝʢʩʪʘ ʚʩʝ ʯʘʱʝ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʢʘʢ 

ʩʠʩʪʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʥʝ ʢʘʢ ʤʦʥʦʣʠʪʥʘʷ ʤʦʜʝʣʴ. 

ʅʘʢʦʥʝʮ, ʚʘʞʥʳʤ ʪʨʝʥʜʦʤ ʦʩʪʘʝʪʩʷ ʨʝʛʠʦʥʘʣʴʥʳʡ ʠ ʦʪʨʘʩʣʝʚʦʡ ʢʦʥʪʝʢʩʪ ʚʥʝʜʨʝʥʠʷ NLP. 

ʈʦʩʩʠʡʩʢʠʝ ʠ ʨʫʩʩʢʦʷʟʳʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʘʢʮʝʥʪʠʨʫʶʪ ʚʥʠʤʘʥʠʝ ʥʘ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ, ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʘʩʧʝʢʪʘʭ ʠʥʪʝʛʨʘʮʠʠ ʀʀ ʚ ʨʘʙʦʪʫ ʩ ʪʝʢʩʪʦʤ. 
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ʆʥʠ ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ ʜʦʤʝʥʥʦʝ ʢʘʯʝʩʪʚʦ ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʘʨʭʠʪʝʢʪʫʨʦʡ 

ʤʦʜʝʣʠ, ʥʦ ʠ ʢʘʯʝʩʪʚʦʤ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʨʘʟʤʝʪʢʠ, ʧʨʦʜʫʤʘʥʥʦʩʪʴʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʩʧʝʮʠʬʠʢʦʡ ʷʟʳʢʘ, ʵʪʠʯʝʩʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʧʨʦʟʨʘʯʥʦʩʪʠ. 

ʆʩʦʙʝʥʥʦ ʚʘʞʝʥ ʵʪʦʪ ʚʳʚʦʜ ʜʣʷ ʥʠʟʢʦʨʝʩʫʨʩʥʳʭ ʠ ʤʥʦʛʦʷʟʳʯʥʳʭ ʩʨʝʜ, ʛʜʝ çʫʥʠʚʝʨʩʘʣʴʥʘʷè 

ʘʥʛʣʦʷʟʳʯʥʘʷ ʤʦʜʝʣʴ ʙʝʟ ʘʜʘʧʪʘʮʠʦʥʥʦʛʦ ʩʣʦʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʘʤʝʪʥʦʝ ʩʥʠʞʝʥʠʝ ʢʘʯʝʩʪʚʘ [5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʩʪʦʷʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʚʳʚʦʜʘ. 

ɺʦ-ʧʝʨʚʳʭ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʢʩʪʘ ʩʤʝʱʘʝʪʩʷ ʦʪ ʦʜʥʦʰʘʛʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʢ 

ʤʥʦʛʦʫʨʦʚʥʝʚʳʤ ʛʠʙʨʠʜʥʳʤ ʢʦʥʚʝʡʝʨʘʤ. ɺʦ-ʚʪʦʨʳʭ, ʬʦʨʤʘʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʚʢʣʶʯʘʷ 

ʨʝʛʫʣʷʨʥʳʝ ʚʳʨʘʞʝʥʠʷ, ʥʝ ʪʝʨʷʶʪ ʟʥʘʯʝʥʠʝ, ʘ ʧʝʨʝʭʦʜʷʪ ʚ ʢʘʪʝʛʦʨʠʶ ʙʘʟʦʚʳʭ ʤʦʜʫʣʝʡ 

ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʜʘʥʥʳʭ. ʀʤʝʥʥʦ ʵʪʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʩʥʦʚʘʥʠʝ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʣʝʝ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʘʚʪʦʨʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ [2; 19]. 

ʄʝʪʦʜʳ. ʈʝʛʫʣʷʨʥʳʝ ʚʳʨʘʞʝʥʠʷ ʦʩʪʘʶʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ 

ʦʧʠʩʘʥʠʷ ʬʦʨʤʘʣʴʥʳʭ ʧʘʪʪʝʨʥʦʚ ʪʝʢʩʪʘ. ʆʥʠ ʥʝʟʘʤʝʥʠʤʳ ʪʘʤ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʛʦʝ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʬʦʨʤʘʪʫ: ʧʨʠ ʚʘʣʠʜʘʮʠʠ ʣʦʛʠʥʦʚ, ʧʘʨʦʣʝʡ, ʘʜʨʝʩʦʚ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ, 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʜʦʢʫʤʝʥʪʦʚ, ʘʨʪʠʢʫʣʦʚ, ʰʘʙʣʦʥʦʚ URL, ʜʘʪ, ʥʦʤʝʨʦʚ ʜʦʛʦʚʦʨʦʚ ʠ ʜʨʫʛʠʭ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʪʨʦʢ. ʆʥʠ ʞʝ ʧʦʣʝʟʥʳ ʧʨʠ ʦʯʠʩʪʢʝ ʪʝʢʩʪʘ: ʫʜʘʣʝʥʠʠ ʧʦʚʪʦʨʥʳʭ ʧʨʦʙʝʣʦʚ, 

ʫʥʠʬʠʢʘʮʠʠ ʟʥʘʢʦʚ ʧʨʝʧʠʥʘʥʠʷ, ʚʳʜʝʣʝʥʠʠ ʩʩʳʣʦʢ, ʪʦʢʝʥʠʟʘʮʠʠ, ʤʘʨʢʠʨʦʚʢʝ ʩʣʫʞʝʙʥʳʭ 

ʚʩʪʘʚʦʢ, ʦʪʜʝʣʝʥʠʠ ʤʝʪʘʜʘʥʥʳʭ ʦʪ ʦʩʥʦʚʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ. ɺ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʵʪʦ ʜʝʣʘʝʪ 

ʨʝʛʫʣʷʨʥʳʝ ʚʳʨʘʞʝʥʠʷ ʧʝʨʚʳʤ ʠ ʩʘʤʳʤ ʜʝʰʝʚʳʤ ʫʨʦʚʥʝʤ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ 

[2]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ ʥʘʫʯʥʘʷ ʧʨʦʙʣʝʤʘ ʥʘʯʠʥʘʝʪʩʷ ʪʘʤ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʬʦʨʤʳ ʢ 

ʩʤʳʩʣʫ. ʈʝʛʫʣʷʨʥʦʝ ʚʳʨʘʞʝʥʠʝ ʩʧʦʩʦʙʥʦ ʦʙʥʘʨʫʞʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʠʤʚʦʣʦʚ, ʥʦ ʥʝ 

ʫʤʝʝʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʩʢʨʳʪʫʶ ʠʥʪʝʥʮʠʶ ʘʚʪʦʨʘ, ʧʨʘʛʤʘʪʠʢʫ ʚʳʩʢʘʟʳʚʘʥʠʷ, ʠʨʦʥʠʶ, 

ʠʤʧʣʠʮʠʪʥʳʝ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʠʣʠ ʢʦʥʪʝʢʩʪʫʘʣʴʥʫʶ ʧʦʣʠʩʝʤʠʶ. ʅʘʧʨʠʤʝʨ, 

ʧʘʪʪʝʨʥ ʣʝʛʢʦ ʥʘʡʜʝʪ ʢʦʥʩʪʨʫʢʮʠʶ ʚʠʜʘ çʥʦʤʝʨ ʩʯʝʪʘè, ʥʦ ʥʝ ʨʘʟʣʠʯʠʪ, ʠʜʝʪ ʣʠ ʨʝʯʴ ʦ 

ʬʠʥʘʥʩʦʚʦʡ ʦʧʝʨʘʮʠʠ, ʫʯʝʙʥʦʤ ʧʨʠʤʝʨʝ, ʤʦʰʝʥʥʠʯʝʩʢʦʤ ʩʦʦʙʱʝʥʠʠ ʠʣʠ ʶʨʠʜʠʯʝʩʢʦʤ ʩʧʦʨʝ. 

ʇʨʠ ʨʦʩʪʝ ʦʙʲʝʤʘ ʪʝʢʩʪʘ ʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʪʠʣʝʡ ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʩʪʘʥʦʚʠʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ: 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʘʚʠʣ ʨʘʩʪʝʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʘʷ ʮʝʥʥʦʩʪʴ ʩʠʩʪʝʤʳ [20; 18]. 

ɺʪʦʨʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʭʨʫʧʢʦʩʪʴʶ ʧʨʠ ʷʟʳʢʦʚʦʡ ʚʘʨʠʘʪʠʚʥʦʩʪʠ. ʆʜʥʦ ʠ ʪʦ ʞʝ 

ʟʥʘʯʝʥʠʝ ʤʦʞʝʪ ʚʳʨʘʞʘʪʴʩʷ ʯʝʨʝʟ ʨʘʟʥʳʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʬʦʨʤʳ, ʩʠʥʦʥʠʤʳ, ʩʦʢʨʘʱʝʥʠʷ, 

ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʳ ʠ ʦʨʬʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ. ɼʣʷ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ʠ ʪʝʤ ʙʦʣʝʝ ʜʣʷ 

ʤʥʦʛʦʷʟʳʯʥʳʭ ʢʦʨʧʫʩʦʚ ʵʪʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ. ʇʦʜʜʝʨʞʠʚʘʪʴ ʧʦʣʥʳʡ ʥʘʙʦʨ ʚʳʨʘʞʝʥʠʡ ʜʣʷ 

ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʩʪʘʥʦʚʠʪʩʷ ʪʨʫʜʦʝʤʢʦ ʠ ʜʦʨʦʛʦ, ʘ ʚʥʝʩʝʥʠʝ ʥʦʚʳʭ ʧʨʘʚʠʣ ʧʦʨʦʞʜʘʝʪ ʢʦʥʬʣʠʢʪ ʩ 

ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʰʘʙʣʦʥʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʩʪʝʤʘ ʧʦʩʪʝʧʝʥʥʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʪʨʫʜʥʦ 

ʩʦʧʨʦʚʦʞʜʘʝʤʳʡ ʥʘʙʦʨ ʠʩʢʣʶʯʝʥʠʡ, ʛʜʝ ʢʘʞʜʘʷ ʜʦʨʘʙʦʪʢʘ ʧʦʚʳʰʘʝʪ ʨʠʩʢ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ 

[2]. 

ʊʨʝʪʴʝ ʦʛʨʘʥʠʯʝʥʠʝ ʩʦʩʪʦʠʪ ʚ ʩʣʘʙʦʡ ʧʝʨʝʥʦʩʠʤʦʩʪʠ ʥʘ ʥʦʚʳʝ ʜʦʤʝʥʳ. ʈʝʛʫʣʷʨʥʳʝ 

ʚʳʨʘʞʝʥʠʷ, ʦʪʣʠʯʥʦ ʨʘʙʦʪʘʶʱʠʝ ʚ ʙʘʥʢʦʚʩʢʠʭ ʬʦʨʤʘʭ, ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʧʦʯʪʠ ʙʝʩʧʦʣʝʟʥʳʤʠ 

ʜʣʷ ʥʘʫʯʥʳʭ ʘʥʥʦʪʘʮʠʡ, ʢʣʠʥʠʯʝʩʢʠʭ ʟʘʧʠʩʝʡ, ʢʠʙʝʨʫʛʨʦʟʦʚʳʭ ʦʪʯʝʪʦʚ ʠʣʠ ʦʪʟʳʚʦʚ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʘʚʠʣʘ ʬʠʢʩʠʨʫʶʪ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʘ ʥʝ 

ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʚʣʝʯʝʥʠʶ 

ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʧʘʪʦʣʦʛʦʘʥʘʪʦʤʠʯʝʩʢʠʭ ʦʪʯʝʪʦʚ, ʢʣʠʥʠʯʝʩʢʠʭ ʟʘʤʝʪʦʢ ʠ ʘʢʘʜʝʤʠʯʝʩʢʠʭ 

ʧʫʙʣʠʢʘʮʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʬʦʨʤʘʣʴʥʳʝ ʬʠʣʴʪʨʳ ʧʦʣʝʟʥʳ ʣʠʰʴ ʢʘʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʙʘʨʴʝʨ; 

ʦʩʥʦʚʥʦʡ ʩʤʳʩʣʦʚʦʡ ʚʳʠʛʨʳʰ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʤʦʜʝʣʝʡ ʢʦʥʪʝʢʩʪʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʛʝʥʝʨʘʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ [15; 14]. 

ʏʝʪʚʝʨʪʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʚʳʨʘʞʘʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʤʝʭʘʥʠʟʤʘ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʠʬʠʢʘʮʠʠ. 

ʈʝʛʫʣʷʨʥʳʝ ʚʳʨʘʞʝʥʠʷ ʣʠʙʦ ʥʘʭʦʜʷʪ ʩʦʚʧʘʜʝʥʠʝ, ʣʠʙʦ ʥʝ ʥʘʭʦʜʷʪ ʝʛʦ. ʅʦ ʚ ʧʨʠʢʣʘʜʥʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʦʯʥʦ: ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʚʘʪʴ ʩʪʝʧʝʥʴ ʫʚʝʨʝʥʥʦʩʪʠ, 

ʩʦʧʦʩʪʘʚʣʷʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʛʠʧʦʪʝʟʳ, ʦʙʲʷʩʥʷʪʴ ʨʝʰʝʥʠʝ ʠ ʫʯʠʪʳʚʘʪʴ ʚʥʝʰʥʠʝ ʠʩʪʦʯʥʠʢʠ. 

ʀʟʦʣʠʨʦʚʘʥʥʦʝ rule-based ʨʝʰʝʥʠʝ ʥʝ ʫʤʝʝʪ ʦʪʚʝʯʘʪʴ ʥʘ ʚʦʧʨʦʩʳ ʚʠʜʘ: çʧʦʯʝʤʫ ʜʦʢʫʤʝʥʪ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥ ʠʤʝʥʥʦ ʪʘʢ?è, çʢʘʢʠʝ ʬʨʘʛʤʝʥʪʳ ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʚʳʚʦʜʘ?è, 

çʦʪʢʫʜʘ ʚʟʷʪʦ ʠʪʦʛʦʚʦʝ ʫʪʚʝʨʞʜʝʥʠʝ?è. ʄʝʞʜʫ ʪʝʤ ʩʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʘʜʝʞʥʦʤʫ AI 

ʚʢʣʶʯʘʶʪ ʠʤʝʥʥʦ ʧʨʦʚʝʨʷʝʤʦʩʪʴ ʠ ʪʨʘʩʩʠʨʫʝʤʦʩʪʴ ʨʝʰʝʥʠʡ [9; 5; 2]. 
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ʇʷʪʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʟʘʜʘʯʘʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʛʝʥʝʨʘʮʠʷ ʠʣʠ ʩʠʥʪʝʟ. 

ʈʝʛʫʣʷʨʥʳʝ ʚʳʨʘʞʝʥʠʷ ʭʦʨʦʰʦ ʨʘʙʦʪʘʶʪ ʥʘ ʵʪʘʧʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʥʦ 

ʥʝʧʨʠʛʦʜʥʳ ʜʣʷ ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʩʫʤʤʘʨʠʟʘʮʠʠ, ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ, ʛʝʥʝʨʘʮʠʠ ʩʧʨʘʚʢʠ, 

ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ ʠʣʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʢʨʳʪʦʛʦ ʩʤʳʩʣʘ ʜʦʢʫʤʝʥʪʘ. ɼʘʞʝ ʪʘʤ, ʛʜʝ ʧʨʘʚʠʣʘ 

ʫʯʘʩʪʚʫʶʪ ʚ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʳʭ, ʬʠʥʘʣʴʥʘʷ ʢʦʛʥʠʪʠʚʥʘʷ ʦʧʝʨʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʣʠʙʦ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʤ, ʣʠʙʦ ʛʝʥʝʨʘʪʠʚʥʦʡ ʤʦʜʝʣʴʶ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ 

ʘʥʘʣʠʪʠʢʠ ʜʦʢʫʤʝʥʪʦʚ, ʛʜʝ ʧʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʧʦʣʝʡ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʧʦʩʪʘʚʠʪʴ ʠʭ ʩ 

ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʦʡ, ʚʥʝʰʥʠʤʠ ʩʪʘʪʴʷʤʠ, ʧʦʣʠʪʠʢʘʤʠ ʜʦʩʪʫʧʘ ʠʣʠ ʵʢʩʧʝʨʪʥʳʤʠ ʢʦʤʤʝʥʪʘʨʠʷʤʠ 

[4; 7; 2]. 

 

ʈʠʩʫʥʦʢ 1. ʇʨʠʢʣʘʜʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʝʢʪʦʨʥʦʡ ʤʦʜʝʣʠ RAG 

Figure 1. Practical application of the RAG vector model 

 
2. ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʢʦʥʮʝʧʮʠʷ ʫʧʨʘʚʣʷʝʤʦʡ ʛʠʙʨʠʜʠʟʘʮʠʠ. ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʪʘʪʴʠ ʩʦʩʪʦʠʪ ʚ ʧʝʨʝʥʦʩʝ ʬʦʢʫʩʘ ʩ ʦʪʜʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʘ ʥʘ 

ʘʨʭʠʪʝʢʪʫʨʫ ʚʝʨʠʬʠʮʠʨʫʝʤʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʥʚʝʡʝʨʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʦʜʭʦʜʦʚ, ʛʜʝ ʣʠʙʦ 

ʘʙʩʦʣʶʪʠʟʠʨʫʶʪʩʷ ʬʦʨʤʘʣʴʥʳʝ ʧʨʘʚʠʣʘ, ʣʠʙʦ, ʥʘʧʨʦʪʠʚ, ʜʝʢʣʘʨʠʨʫʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ 

ʙʦʣʴʰʠʭ ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʥʮʠʧ ʫʧʨʘʚʣʷʝʤʦʡ ʛʠʙʨʠʜʠʟʘʮʠʠ. ɽʛʦ ʩʫʱʥʦʩʪʴ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʢʘʞʜʘʷ ʧʦʩʣʝʜʫʶʱʘʷ ʩʪʘʜʠʷ ʘʥʘʣʠʟʘ ʦʧʠʨʘʝʪʩʷ ʥʝ ʥʘ çʩʳʨʦʝè ʪʝʢʩʪʦʚʦʝ 

ʧʦʣʝ, ʘ ʥʘ ʨʝʟʫʣʴʪʘʪ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʳʜʫʱʝʛʦ ʵʪʘʧʘ. ʊʝʤ ʩʘʤʳʤ 

ʜʦʩʪʠʛʘʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʠ ʠ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ [20; 8; 4; 7]. 

ʇʝʨʚʳʡ ʧʨʠʥʮʠʧ ʪʘʢʦʡ ʛʠʙʨʠʜʠʟʘʮʠʠ - ʧʨʠʦʨʠʪʝʪ ʧʨʦʚʝʨʷʝʤʦʛʦ ʚʭʦʜʘ. ʃʶʙʦʝ ʩʣʦʞʥʦʝ 

ʩʤʳʩʣʦʚʦʝ ʨʝʰʝʥʠʝ ʜʦʣʞʥʦ ʦʧʠʨʘʪʴʩʷ ʥʘ ʪʝʢʩʪ, ʧʨʦʰʝʜʰʠʡ ʬʦʨʤʘʣʴʥʫʶ ʥʦʨʤʘʣʠʟʘʮʠʶ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʯʠʩʪʢʫ ʦʪ ʣʠʰʥʠʭ ʧʨʦʙʝʣʦʚ, ʩʢʨʳʪʳʭ ʩʠʤʚʦʣʦʚ, ʜʫʙʣʠʨʫʶʱʠʭ 

ʩʩʳʣʦʢ, ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʪʦʢ, OCR-ʘʨʪʝʬʘʢʪʦʚ ʠ ʦʯʝʚʠʜʥʳʭ ʬʦʨʤʘʪʥʳʭ ʦʰʠʙʦʢ. ʈʝʛʫʣʷʨʥʳʝ 

ʚʳʨʘʞʝʥʠʷ ʠ ʢʦʥʝʯʥʳʝ ʘʚʪʦʤʘʪʳ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʚʳʩʪʫʧʘʶʪ ʥʝ ʘʣʴʪʝʨʥʘʪʠʚʦʡ AI, ʘ ʛʘʨʘʥʪʠʝʡ 

ʪʦʛʦ, ʯʪʦ ʚʝʢʪʦʨʥʘʷ ʠʣʠ ʛʝʥʝʨʘʪʠʚʥʘʷ ʤʦʜʝʣʴ ʧʦʣʫʯʘʝʪ ʪʝʢʩʪ ʚ ʧʨʝʜʩʢʘʟʫʝʤʦʤ ʩʦʩʪʦʷʥʠʠ [2]. 

ɺʪʦʨʦʡ ʧʨʠʥʮʠʧ - ʨʘʟʜʝʣʝʥʠʝ ʟʘʜʘʯ ʧʦ ʫʨʦʚʥʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ɾʝʩʪʢʦ ʬʦʨʤʘʣʠʟʫʝʤʳʝ 

ʦʧʝʨʘʮʠʠ ʜʦʣʞʥʳ ʦʩʪʘʚʘʪʴʩʷ ʥʘ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʤ ʫʨʦʚʥʝ, ʘ ʦʧʝʨʘʮʠʠ ʩ ʚʳʩʦʢʦʡ ʢʦʥʪʝʢʩʪʥʦʡ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ʧʝʨʝʜʘʚʘʪʴʩʷ ʪʨʘʥʩʬʦʨʤʝʨʥʳʤ ʠ ʛʝʥʝʨʘʪʠʚʥʳʤ ʤʦʜʝʣʷʤ. ʅʘʧʨʠʤʝʨ, 

ʧʨʦʚʝʨʢʘ ʥʦʤʝʨʘ ʜʦʛʦʚʦʨʘ, ʚʳʜʝʣʝʥʠʝ ʩʩʳʣʢʠ ʠʣʠ ʥʦʨʤʘʣʠʟʘʮʠʷ ʧʫʥʢʪʫʘʮʠʠ - ʵʪʦ ʟʘʜʘʯʠ 

ʧʨʘʚʠʣ. ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʤʳ ʜʦʢʫʤʝʥʪʘ, ʠʟʚʣʝʯʝʥʠʝ ʩʢʨʳʪʳʭ ʦʪʥʦʰʝʥʠʡ, ʨʘʟʨʝʰʝʥʠʝ 

ʢʦʨʝʬʝʨʝʥʮʠʠ ʠ ʩʫʤʤʘʨʠʟʘʮʠʷ - ʟʘʜʘʯʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ. ʊʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ 

ʩʥʠʞʘʝʪ ʩʪʦʠʤʦʩʪʴ ʩʠʩʪʝʤʳ, ʫʤʝʥʴʰʘʝʪ ʣʘʪʝʥʪʥʦʩʪʴ ʠ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʦʰʠʙʢʘʤ [18; 

11; 16; 19]. 

ʊʨʝʪʠʡ ʧʨʠʥʮʠʧ - ʦʙʷʟʘʪʝʣʴʥʘʷ ʚʥʝʰʥʷʷ ʦʧʦʨʘ ʜʣʷ ʬʘʢʪʦʝʤʢʠʭ ʚʳʚʦʜʦʚ. ɹʦʣʴʰʠʝ 

ʷʟʳʢʦʚʳʝ ʤʦʜʝʣʠ ʭʦʨʦʰʦ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪ ʪʝʢʩʪ ʠ ʬʦʨʤʠʨʫʶʪ ʩʚʷʟʥʳʝ ʦʪʚʝʪʳ, ʥʦ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʠʭ ʦʧʦʨ ʩʢʣʦʥʥʳ ʢ ʛʘʣʣʶʮʠʥʘʮʠʷʤ. ʇʦʵʪʦʤʫ ʚʩʝ ʚʳʚʦʜʳ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ 
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ʨʝʰʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʣʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ, ʜʦʣʞʥʳ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʩʣʦʡ retrieval. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʩʠʩʪʝʤʘ ʥʝ ʪʦʣʴʢʦ çʧʦʥʠʤʘʝʪè ʪʝʢʩʪ, ʥʦ ʠ ʠʟʚʣʝʢʘʝʪ ʨʝʣʝʚʘʥʪʥʳʝ ʜʦʢʫʤʝʥʪʳ, 

ʬʨʘʛʤʝʥʪʳ ʨʝʛʣʘʤʝʥʪʦʚ, ʩʣʦʚʘʨʠ ʩʫʱʥʦʩʪʝʡ ʠʣʠ ʦʙʫʯʘʶʱʠʝ ʧʨʠʤʝʨʳ, ʥʘ ʢʦʪʦʨʳʭ ʟʘʪʝʤ 

ʩʪʨʦʠʪʩʷ ʦʪʚʝʪ [9; 10; 17]. 

ʏʝʪʚʝʨʪʳʡ ʧʨʠʥʮʠʧ - ʧʦʩʪʛʝʥʝʨʘʮʠʦʥʥʘʷ ʚʝʨʠʬʠʢʘʮʠʷ. ɼʘʞʝ ʝʩʣʠ ʠʪʦʛʦʚʳʡ ʦʪʚʝʪ 

ʧʦʩʪʨʦʝʥ LLM, ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʦʚʝʨʝʥ ʦʪʜʝʣʴʥʳʤ ʤʦʜʫʣʝʤ: ʯʝʨʝʟ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ 

ʠʟʚʣʝʯʝʥʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ, ʬʦʨʤʘʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʠʥʳ ʠ ʬʦʨʤʘʪʘ, ʢʦʥʪʨʦʣʴ ʦʙʷʟʘʪʝʣʴʥʳʭ 

ʧʦʣʝʡ, ʧʨʦʚʝʨʢʫ ʩʩʳʣʦʢ ʥʘ ʠʩʪʦʯʥʠʢʠ, ʘ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ - ʧʦʚʪʦʨʥʦʝ ʨʘʥʞʠʨʦʚʘʥʠʝ 

ʘʣʴʪʝʨʥʘʪʠʚ. ʊʘʢʘʷ ʩʭʝʤʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ çʯʝʨʥʦʛʦ ʷʱʠʢʘè, ʧʦʩʢʦʣʴʢʫ ʢʘʞʜʦʝ 

ʨʝʰʝʥʠʝ ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʟʨʘʯʥʳʭ ʰʘʛʦʚ [10; 5; 2]. 

ʇʷʪʳʡ ʧʨʠʥʮʠʧ - ʧʨʝʜʤʝʪʥʦ-ʷʟʳʢʦʚʘʷ ʘʜʘʧʪʘʮʠʷ. ɼʣʷ ʨʫʩʩʢʦʷʟʳʯʥʳʭ, ʪʘʜʞʠʢʦʷʟʳʯʥʳʭ ʠ 

ʩʤʝʰʘʥʥʳʭ ʢʦʨʧʫʩʦʚ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʤʦʨʬʦʣʦʛʠʯʝʩʢʫʶ ʩʣʦʞʥʦʩʪʴ, 

ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʪʨʘʥʩʣʠʪʝʨʘʮʠʠ, ʦʪʨʘʩʣʝʚʳʝ ʩʦʢʨʘʱʝʥʠʷ ʠ ʤʝʩʪʥʳʝ ʜʦʢʫʤʝʥʪʥʳʝ ʰʘʙʣʦʥʳ. ɺ 

ʵʪʦʤ ʩʤʳʩʣʝ ʛʠʙʨʠʜʥʘʷ ʩʠʩʪʝʤʘ ʫʜʦʙʥʝʝ ʯʠʩʪʦʡ LLM-ʘʨʭʠʪʝʢʪʫʨʳ: ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʩʣʦʡ 

ʧʦʟʚʦʣʷʝʪ ʟʘʢʨʝʧʠʪʴ ʣʦʢʘʣʴʥʳʝ ʥʦʨʤʳ, ʘ ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʩʣʦʡ ʨʘʙʦʪʘʝʪ ʩ ʚʘʨʠʘʪʠʚʥʦʩʪʴʶ 

ʩʦʜʝʨʞʘʥʠʷ. ʊʘʢʘʷ ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʴ ʦʩʦʙʝʥʥʦ ʚʘʞʥʘ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʠ 

ʥʘʫʯʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʩʪʩʦʚʝʪʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ [5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʥʦʚʘʮʠʦʥʥʦʩʪʴ ʩʪʘʪʴʠ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʚ ʧʨʝʜʣʦʞʝʥʠʠ ʝʱʝ ʦʜʥʦʡ 

ʯʘʩʪʥʦʡ ʤʦʜʝʣʠ, ʘ ʚ ʬʦʨʤʫʣʠʨʦʚʘʥʠʠ ʦʙʱʝʡ ʠʥʞʝʥʝʨʥʦ-ʥʘʫʯʥʦʡ ʨʘʤʢʠ, ʚ ʢʦʪʦʨʦʡ ʨʝʛʫʣʷʨʥʳʝ 

ʚʳʨʘʞʝʥʠʷ, ʪʨʘʥʩʬʦʨʤʝʨʳ ʠ RAG ʦʙʨʘʟʫʶʪ ʥʝ ʢʦʥʢʫʨʠʨʫʶʱʠʝ, ʘ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʝ ʩʣʦʠ. 

ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʫʨʦʚʥʝʡ ʨʝʰʘʝʪ ʩʦʙʩʪʚʝʥʥʳʡ ʢʣʘʩʩ ʟʘʜʘʯ: ʨʝʛʫʣʷʨʥʳʝ ʚʳʨʘʞʝʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʦʯʥʦʝ ʚʳʷʚʣʝʥʠʝ ʬʦʨʤʘʣʠʟʫʝʤʳʭ ʪʝʢʩʪʦʚʳʭ ʧʘʪʪʝʨʥʦʚ, ʪʨʘʥʩʬʦʨʤʝʨʳ 

ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʩʣʦʞʥʳʝ ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʢʦʥʪʝʢʩʪʫʘʣʴʥʳʝ ʩʚʷʟʠ, ʘ RAG-

ʤʝʭʘʥʠʟʤʳ ʨʘʩʰʠʨʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʟʘ ʩʯʸʪ ʧʨʠʚʣʝʯʝʥʠʷ ʨʝʣʝʚʘʥʪʥʳʭ ʚʥʝʰʥʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʟʥʘʥʠʡ ʠ ʧʦʚʳʰʝʥʠʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʠʪʦʛʦʚʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ʕʪʘ ʨʘʤʢʘ 

ʧʨʠʤʝʥʠʤʘ ʢ ʰʠʨʦʢʦʤʫ ʢʣʘʩʩʫ ʟʘʜʘʯ ʪʝʢʩʪʦʚʦʡ ʘʥʘʣʠʪʠʢʠ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʪʚʝʯʘʝʪ 

ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʥʘʜʝʞʥʦʩʪʠ, ʦʙʲʷʩʥʠʤʦʩʪʠ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ [20; 2]. 

3. ʇʨʝʜʣʘʛʘʝʤʘʷ ʛʠʙʨʠʜʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʢʩʪʘ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʚʢʣʶʯʘʝʪ ʯʝʪʳʨʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʥʪʫʨʘ: ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ, 

ʩʝʤʘʥʪʠʯʝʩʢʠʡ, retrieval-ʛʝʥʝʨʘʪʠʚʥʳʡ ʠ ʚʝʨʠʬʠʢʘʮʠʦʥʥʳʡ. ʀʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʞʥʦ ʦʧʠʩʘʪʴ 

ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʪʘʧʦʚ, ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ ʩʣʝʜʫʶʱʠʡ ʤʦʜʫʣʴ ʧʦʣʫʯʘʝʪ ʥʝ ʧʨʦʩʪʦ 

ʠʩʭʦʜʥʳʡ ʪʝʢʩʪ, ʘ ʪʝʢʩʪ, ʫʞʝ ʜʦʧʦʣʥʝʥʥʳʡ ʩʪʨʫʢʪʫʨʦʡ, ʤʝʪʢʘʤʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. 

ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʢʦʥʪʫʨ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʝʪʩʷ ʬʦʨʤʘʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ 

ʜʘʥʥʳʭ. ʉʶʜʘ ʚʭʦʜʷʪ ʥʦʨʤʘʣʠʟʘʮʠʷ ʧʨʦʙʝʣʦʚ ʠ ʧʫʥʢʪʫʘʮʠʠ, ʫʜʘʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʰʫʤʘ, 

ʚʳʜʝʣʝʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ ʩʫʱʥʦʩʪʝʡ ʧʦ ʰʘʙʣʦʥʘʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʩʝʛʤʝʥʪʘʮʠʷ, ʤʘʨʢʠʨʦʚʢʘ 

ʜʦʤʝʥʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʠ ʦʮʝʥʢʘ ʬʦʨʤʘʣʴʥʦʡ ʢʦʨʨʝʢʪʥʦʩʪʠ ʬʨʘʛʤʝʥʪʦʚ. ʈʝʛʫʣʷʨʥʳʝ 

ʚʳʨʘʞʝʥʠʷ ʟʜʝʩʴ ʜʘʶʪ ʪʨʠ ʢʣʶʯʝʚʳʭ ʵʬʬʝʢʪʘ: ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ, ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ 

ʚʳʯʠʩʣʝʥʠʡ ʠ ʧʦʣʥʫʶ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ. ʀʤʝʥʥʦ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʫʜʦʙʥʦ ʚʳʷʚʣʷʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʝ ʩʩʳʣʢʠ, ʧʨʠʟʥʘʢʠ ʩʧʘʤʘ, ʥʦʤʝʨʘ ʟʘʷʚʦʢ, ʘʜʨʝʩʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ, 

ʩʩʳʣʢʠ ʥʘ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʢʦʜʳ ʦʰʠʙʦʢ, ʨʝʢʚʠʟʠʪʳ ʠ ʠʥʳʝ ʩʠʛʥʘʣʳ, ʚʘʞʥʳʝ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ [12]. 

ʉʝʤʘʥʪʠʯʝʩʢʠʡ ʢʦʥʪʫʨ. ʇʦʩʣʝ ʦʯʠʩʪʢʠ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʪʝʢʩʪ ʧʦʩʪʫʧʘʝʪ ʚ 

ʪʨʘʥʩʬʦʨʤʝʨʥʳʡ ʤʦʜʫʣʴ. ɽʛʦ ʟʘʜʘʯʘ - ʧʝʨʝʡʪʠ ʦʪ ʬʦʨʤʳ ʢ ʩʤʳʩʣʫ: ʠʟʚʣʝʯʴ ʵʤʙʝʜʜʠʥʛʠ, 

ʦʧʨʝʜʝʣʠʪʴ ʪʝʤʘʪʠʯʝʩʢʠʡ ʢʣʘʩʩ, ʚʳʷʚʠʪʴ ʠʤʝʥʦʚʘʥʥʳʝ ʩʫʱʥʦʩʪʠ, ʨʘʟʨʝʰʠʪʴ ʩʚʷʟʠ ʤʝʞʜʫ 

ʬʨʘʛʤʝʥʪʘʤʠ, ʧʦʩʪʨʦʠʪʴ ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʦʜʝʨʞʘʥʠʠ ʜʦʢʫʤʝʥʪʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʨʠʢʣʘʜʥʦʡ ʦʙʣʘʩʪʠ ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ ʤʦʜʝʣʠ ʩʝʤʝʡʩʪʚʘ BERT, RoBERTa, multilingual encoders 

ʠʣʠ ʜʦʤʝʥʥʦ-ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ LLM-ʢʦʤʧʦʥʝʥʪʳ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʠʤʝʥʥʦ ʵʪʦʪ ʩʣʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʢʘʯʦʢ ʪʘʤ, ʛʜʝ ʰʘʙʣʦʥʳ ʧʝʨʝʩʪʘʶʪ ʨʘʙʦʪʘʪʴ: ʧʨʠ 

ʧʘʨʘʬʨʘʟʘʭ, ʩʢʨʳʪʳʭ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʩʚʷʟʷʭ, ʨʘʟʤʳʪʳʭ ʛʨʘʥʠʮʘʭ ʢʣʘʩʩʦʚ ʠ ʤʥʦʛʦʟʥʘʯʥʦʩʪʠ 

ʪʝʨʤʠʥʦʚ [18; 11; 9; 15; 19]. 

Retrieval-ʛʝʥʝʨʘʪʠʚʥʳʡ ʢʦʥʪʫʨ. ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʟʘʧʫʩʢʘʝʪʩʷ ʩʣʦʡ ʠʟʚʣʝʯʝʥʠʷ ʚʥʝʰʥʠʭ 

ʟʥʘʥʠʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʜʳʜʫʱʠʭ ʰʘʛʦʚ ʩʠʩʪʝʤʘ ʬʦʨʤʠʨʫʝʪ ʧʦʠʩʢʦʚʳʡ ʟʘʧʨʦʩ, ʦʙʨʘʱʘʝʪʩʷ 

ʢ ʠʥʜʝʢʩʠʨʦʚʘʥʥʦʡ ʙʘʟʝ ʜʦʢʫʤʝʥʪʦʚ, ʠʟʚʣʝʢʘʝʪ ʨʝʣʝʚʘʥʪʥʳʝ ʬʨʘʛʤʝʥʪʳ ʠ ʚʢʣʶʯʘʝʪ ʠʭ ʚ 
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ʢʦʥʪʝʢʩʪ ʛʝʥʝʨʘʪʠʚʥʦʡ ʤʦʜʝʣʠ. ʕʪʘ ʣʦʛʠʢʘ ʦʩʦʙʝʥʥʦ ʚʘʞʥʘ ʚ ʩʠʩʪʝʤʘʭ, ʛʜʝ ʥʫʞʥʦ ʥʝ ʧʨʦʩʪʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʪʝʢʩʪ, ʘ ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʪʚʝʪ: ʧʦʜʛʦʪʦʚʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʩʧʨʘʚʢʫ, 

ʦʙʲʷʩʥʠʪʴ ʨʝʰʝʥʠʝ, ʩʚʝʩʪʠ ʚʦʝʜʠʥʦ ʜʘʥʥʳʝ ʠʟ ʨʘʟʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʩʦʧʦʩʪʘʚʠʪʴ ʩʦʦʙʱʝʥʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʧʦʣʠʪʠʢʦʡ ʠʣʠ ʜʘʪʴ ʚʳʜʝʨʞʢʫ ʠʟ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ. RAG-

ʧʦʜʭʦʜ ʩʥʠʞʘʝʪ ʨʠʩʢ ʛʘʣʣʶʮʠʥʘʮʠʡ ʠ ʜʝʣʘʝʪ ʦʪʚʝʪ ʩʚʷʟʘʥʥʳʤ ʩ ʬʘʢʪʠʯʝʩʢʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ [4; 

5; 6]. 

ɺʝʨʠʬʠʢʘʮʠʦʥʥʳʡ ʢʦʥʪʫʨ. ʌʠʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʧʨʦʚʝʨʷʝʪ ʢʘʯʝʩʪʚʦ ʠ ʜʦʧʫʩʪʠʤʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʘ. ɽʩʣʠ ʤʦʜʝʣʴ ʩʛʝʥʝʨʠʨʦʚʘʣʘ ʢʣʘʩʩʠʬʠʢʘʮʠʶ, ʦʥʘ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʠʩʭʦʜʥʳʤʠ 

ʦʧʦʨʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ; ʝʩʣʠ ʙʳʣʘ ʧʦʜʛʦʪʦʚʣʝʥʘ ʩʫʤʤʘʨʠʟʘʮʠʷ, ʧʨʦʚʝʨʷʝʪʩʷ ʩʦʭʨʘʥʥʦʩʪʴ 

ʢʣʶʯʝʚʳʭ ʩʫʱʥʦʩʪʝʡ ʠ ʯʠʩʣʦʚʳʭ ʜʘʥʥʳʭ; ʝʩʣʠ ʠʟʚʣʝʯʝʥʳ ʧʦʣʷ ʜʦʢʫʤʝʥʪʘ, ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ 

ʦʙʷʟʘʪʝʣʴʥʳʝ ʘʪʨʠʙʫʪʳ ʠ ʜʦʧʫʩʪʠʤʳʝ ʬʦʨʤʘʪʳ. ʅʘ ʵʪʦʤ ʞʝ ʫʨʦʚʥʝ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʙʣʦʢ 

ʜʝʪʝʢʮʠʠ AI-ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʙʣʦʢ ʘʥʪʠʩʧʘʤ-ʢʦʥʪʨʦʣʷ, ʧʨʦʚʝʨʢʫ ʩʩʳʣʦʯʥʦʡ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʠ 

human-in-the-loop ʧʨʦʮʝʜʫʨʫ ʜʣʷ ʩʧʦʨʥʳʭ ʢʝʡʩʦʚ [10; 5; 2]. 

ʉʠʩʪʝʤʥʳʡ ʵʬʬʝʢʪ ʪʘʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩʦʩʪʦʠʪ ʚ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʟʘʜʘʯ ʤʝʞʜʫ ʩʣʦʷʤʠ. 

ʇʨʘʚʠʣʘ ʧʝʨʝʩʪʘʶʪ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʤʦʜʝʣʷʤʠ ʠ ʥʘʯʠʥʘʶʪ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʶ çʬʦʨʤʘʣʴʥʦʡ 

ʰʠʥʳ ʜʦʚʝʨʠʷè. ʊʨʘʥʩʬʦʨʤʝʨʥʳʡ ʩʣʦʡ ʙʝʨʝʪ ʥʘ ʩʝʙʷ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʢʦʥʪʝʢʩʪʘ. RAG-ʤʦʜʫʣʴ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʷʟʴ ʩ ʚʥʝʰʥʠʤʠ ʟʥʘʥʠʷʤʠ. ɺʝʨʠʬʠʢʘʪʦʨ ʧʨʝʚʨʘʱʘʝʪ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʚʳʚʦʜ ʚ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʨʝʟʫʣʴʪʘʪ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʪʦ ʜʘʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʝʠʤʫʱʝʩʪʚ. 

ɺʦ-ʧʝʨʚʳʭ, ʧʦʚʳʰʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʰʫʤʫ. ʅʝʢʘʯʝʩʪʚʝʥʥʳʡ ʪʝʢʩʪ ʙʦʣʴʰʝ ʥʝ 

ʨʘʟʨʫʰʘʝʪ ʨʘʙʦʪʫ ʤʦʜʝʣʠ, ʧʦʩʢʦʣʴʢʫ ʩʥʘʯʘʣʘ ʧʨʦʭʦʜʠʪ ʩʣʦʡ ʦʯʠʩʪʢʠ ʠ ʥʦʨʤʘʣʠʟʘʮʠʠ. ɺʦ-

ʚʪʦʨʳʭ, ʫʣʫʯʰʘʝʪʩʷ ʦʙʲʷʩʥʠʤʦʩʪʴ: ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʢʘʢʠʝ ʰʘʙʣʦʥʳ ʩʨʘʙʦʪʘʣʠ, ʢʘʢʠʝ ʩʫʱʥʦʩʪʠ 

ʙʳʣʠ ʠʟʚʣʝʯʝʥʳ, ʢʘʢʠʝ ʜʦʢʫʤʝʥʪʳ ʙʳʣʠ ʧʦʜʥʷʪʳ ʠʟ ʙʘʟʳ ʠ ʢʘʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠʤʝʥʷʣʠʩʴ ʥʘ 

ʬʠʥʘʣʴʥʦʤ ʵʪʘʧʝ. ɺ-ʪʨʝʪʴʠʭ, ʩʥʠʞʘʝʪʩʷ ʩʪʦʠʤʦʩʪʴ ʠʥʬʝʨʝʥʩʘ: ʯʘʩʪʴ ʧʨʦʩʪʳʭ ʩʣʫʯʘʝʚ 

ʟʘʢʨʳʚʘʝʪʩʷ ʧʨʘʚʠʣʘʤʠ ʠ ʣʝʛʢʦʚʝʩʥʳʤʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘʤʠ ʙʝʟ ʦʙʨʘʱʝʥʠʷ ʢ ʪʷʞʝʣʦʡ 

ʛʝʥʝʨʘʪʠʚʥʦʡ ʤʦʜʝʣʠ. ɺ-ʯʝʪʚʝʨʪʳʭ, ʩʠʩʪʝʤʘ ʣʝʛʯʝ ʘʜʘʧʪʠʨʫʝʪʩʷ ʢ ʜʦʤʝʥʫ: ʤʦʞʥʦ ʦʙʥʦʚʣʷʪʴ 

ʩʣʦʚʘʨʠ, ʧʨʘʚʠʣʘ ʠ ʧʦʠʩʢʦʚʫʶ ʙʘʟʫ ʙʝʟ ʧʦʣʥʦʛʦ ʧʝʨʝʦʙʫʯʝʥʠʷ ʚʩʝʡ ʤʦʜʝʣʠ [18; 4; 16; 14]. 

ʂʦʥʮʝʧʪʫʘʣʴʥʦ ʢʘʯʝʩʪʚʦ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʬʫʥʢʮʠʦʥʘʣʘ: Q = 

ŬA + ɓR + ɔE + ŭT - ɚC - ɛH, ʛʜʝ A - ʪʦʯʥʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ, R - ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʰʫʤʫ, E - ʦʙʲʷʩʥʠʤʦʩʪʴ, T - ʪʨʘʩʩʠʨʫʝʤʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ, C - ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ, H - 

ʨʠʩʢ ʛʘʣʣʶʮʠʥʘʮʠʡ, ʘ Ŭ, ɓ, ɔ, ŭ, ɚ, ɛ - ʚʝʩʘ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʨʠʢʣʘʜʥʳʤ ʩʮʝʥʘʨʠʝʤ. ɺ ʩʠʩʪʝʤʘʭ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʚʝʩʘ ʧʦʣʫʯʘʶʪ E ʠ T; ʚ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʝʨʚʠʩʘʭ - A ʠ C; ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʠ ʥʘʫʯʥʦʡ ʘʥʘʣʠʪʠʢʝ - ʧʨʝʞʜʝ ʚʩʝʛʦ H ʠ T 

[4; 2]. 

ʆʩʦʙʫʶ ʮʝʥʥʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʠ ʨʘʙʦʪʝ ʩʦ ʩʤʝʰʘʥʥʳʤʠ ʪʝʢʩʪʦʚʳʤʠ 

ʧʦʪʦʢʘʤʠ: ʢʦʛʜʘ ʚ ʦʜʥʦʡ ʩʠʩʪʝʤʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʬʦʨʤʘʣʴʥʳʝ ʜʦʢʫʤʝʥʪʳ, 

ʩʚʦʙʦʜʥʳʝ ʩʦʦʙʱʝʥʠʷ ʠ AI-ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʦʪʚʝʪʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʟʦʣʠʨʦʚʘʥʥʦʝ ʧʨʘʚʠʣʦ ʥʝ 

ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʚʘʨʠʘʪʠʚʥʦʩʪʴʶ, ʘ çʯʠʩʪʘʷè LLM ʙʝʟ ʚʥʝʰʥʝʡ ʚʝʨʠʬʠʢʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ 

ʨʠʩʢʦʚʘʥʥʦʡ. ɻʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ ʫʩʪʨʘʥʷʝʪ ʦʙʘ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʧʦʵʪʦʤʫ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ 

ʢʘʢ ʧʨʘʢʪʠʯʝʩʢʠʡ ʩʪʘʥʜʘʨʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʪʝʢʩʪʦʚʦʡ ʘʥʘʣʠʪʠʢʠ [20; 5]. 

4. ʇʨʘʢʪʠʯʝʩʢʠʝ ʩʮʝʥʘʨʠʠ ʚʥʝʜʨʝʥʠʷ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʠʤʝʥʠʤʘ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʢʨʫʧʥʳʭ ʢʣʘʩʩʘʭ ʟʘʜʘʯ. 

ʇʝʨʚʳʡ ʢʣʘʩʩ - ʮʠʬʨʦʚʦʡ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ ʠ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. 

ɿʜʝʩʴ ʛʠʙʨʠʜʥʳʡ ʘʥʘʣʠʟ ʪʝʢʩʪʘ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʧʦʟʥʘʚʘʪʴ ʪʠʧ ʜʦʢʫʤʝʥʪʘ, ʚʳʜʝʣʷʪʴ 

ʨʝʢʚʠʟʠʪʳ, ʥʘʭʦʜʠʪʴ ʥʘʨʫʰʝʥʠʷ ʰʘʙʣʦʥʘ, ʠʟʚʣʝʢʘʪʴ ʧʦʨʫʯʝʥʠʷ, ʦʧʨʝʜʝʣʷʪʴ ʜʝʜʣʘʡʥʳ, 

ʧʨʦʚʝʨʷʪʴ ʥʘʣʠʯʠʝ ʦʙʷʟʘʪʝʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʢʨʘʪʢʠʝ ʨʝʟʶʤʝ ʜʣʷ 

ʨʫʢʦʚʦʜʠʪʝʣʷ. ʈʝʛʫʣʷʨʥʳʝ ʚʳʨʘʞʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʟʚʣʝʯʝʥʠʝ ʬʦʨʤʘʣʴʥʳʭ ʧʦʣʝʡ, 

ʪʨʘʥʩʬʦʨʤʝʨʥʳʡ ʤʦʜʫʣʴ - ʪʝʤʘʪʠʯʝʩʢʫʶ ʠ ʩʤʳʩʣʦʚʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ, ʘ RAG - ʧʨʠʚʷʟʢʫ ʢ 

ʚʥʫʪʨʝʥʥʠʤ ʨʝʛʣʘʤʝʥʪʘʤ. ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʡ ʵʪʦ ʦʟʥʘʯʘʝʪ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ ʧʝʨʚʠʯʥʫʶ 

ʦʙʨʘʙʦʪʢʫ ʚʭʦʜʷʱʠʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʧʦʚʳʰʝʥʠʝ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ [18; 4; 

5]. 

ɺʪʦʨʦʡ ʢʣʘʩʩ - ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʘʥʪʠʬʠʰʠʥʛʦʚʘʷ ʘʥʘʣʠʪʠʢʘ. ʊʝʢʩʪʦʚʳʝ ʜʘʥʥʳʝ ʚ ʵʪʦʡ 

ʩʬʝʨʝ ʚʢʣʶʯʘʶʪ ʧʠʩʴʤʘ, ʦʧʠʩʘʥʠʷ ʠʥʮʠʜʝʥʪʦʚ, ʞʫʨʥʘʣʳ ʩʦʙʳʪʠʡ, ʪʠʢʝʪʳ SOC, ʦʪʯʝʪʳ ʦʙ 

ʫʛʨʦʟʘʭ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʦʙʨʘʱʝʥʠʷ. ʅʘ ʧʝʨʚʦʤ ʫʨʦʚʥʝ ʧʨʘʚʠʣʘ ʧʦʟʚʦʣʷʶʪ ʤʛʥʦʚʝʥʥʦ 
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ʚʳʜʝʣʷʪʴ ʠʥʜʠʢʘʪʦʨʳ ʢʦʤʧʨʦʤʝʪʘʮʠʠ: IP-ʘʜʨʝʩʘ, ʜʦʤʝʥʳ, URL, ʭʵʰʠ, ʰʘʙʣʦʥʳ 

ʧʦʜʦʟʨʠʪʝʣʴʥʳʭ ʧʠʩʝʤ, ʘʥʦʤʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʠ ʩʦʯʝʪʘʥʠʷ ʢʦʤʘʥʜ. ʅʘ ʚʪʦʨʦʤ ʫʨʦʚʥʝ 

ʩʝʤʘʥʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʧʨʝʜʝʣʷʝʪ ʪʠʧ ʫʛʨʦʟʳ, ʥʘʤʝʨʝʥʠʝ ʘʚʪʦʨʘ ʠ ʧʨʠʦʨʠʪʝʪ ʠʥʮʠʜʝʥʪʘ. ʅʘ 

ʪʨʝʪʴʝʤ ʫʨʦʚʥʝ RAG ʤʦʞʝʪ ʧʦʜʪʷʛʠʚʘʪʴ ʨʘʥʝʝ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʢʝʡʩʳ, ʙʘʟʳ IOC, ʧʦʣʠʪʠʢʠ 

ʨʝʘʛʠʨʦʚʘʥʠʷ ʠ ʬʨʘʛʤʝʥʪʳ playbook-ʜʦʢʫʤʝʥʪʘʮʠʠ. ʊʘʢʘʷ ʩʭʝʤʘ ʜʝʣʘʝʪ ʘʥʘʣʠʟ ʩʦʦʙʱʝʥʠʡ ʥʝ 

ʪʦʣʴʢʦ ʙʳʩʪʨʳʤ, ʥʦ ʠ ʢʦʥʪʝʢʩʪʥʦ ʦʙʦʩʥʦʚʘʥʥʳʤ [2]. 

 

ʊʘʙʣʠʮʘ 2. ʉʪʨʫʢʪʫʨʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʛʠʙʨʠʜʥʦʛʦ ʢʦʥʚʝʡʝʨʘ 

Table 2. Structure of the proposed hybrid conveyor 

ʕʪʘʧ ɺʭʦʜ ʆʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ ɺʳʭʦʜ 
ʂʦʥʪʨʦʣʴ 

ʢʘʯʝʩʪʚʘ 

1. 

ʅʦʨʤʘʣʠʟʘʮʠʷ 
ʉʳʨʦʡ ʪʝʢʩʪ 

Regex, ʫʜʘʣʝʥʠʝ 

ʰʫʤʘ, ʪʦʢʝʥʠʟʘʮʠʷ, 

ʧʨʦʚʝʨʢʘ ʬʦʨʤʘʪʘ 

ʆʯʠʱʝʥʥʳʡ ʪʝʢʩʪ ʠ 

ʬʦʨʤʘʣʴʥʳʝ ʤʝʪʢʠ 

ɼʦʣʷ ʠʩʧʨʘʚʣʝʥʠʡ, 

ʧʦʣʥʦʪʘ 

ʠʟʚʣʝʯʝʥʠʷ 

2. ʉʝʤʘʥʪʠʢʘ 
ʆʯʠʱʝʥʥʳʡ 

ʪʝʢʩʪ 

ʕʤʙʝʜʜʠʥʛʠ, 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ, 

NER, relation 

extraction 

ʉʤʳʩʣʦʚʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ 

ʢʣʘʩʩʳ 

Accuracy, F1, 

macro-F1 

3. Retrieval 

ɿʘʧʨʦʩ ʠ 

ʩʤʳʩʣʦʚʳʝ 

ʧʨʠʟʥʘʢʠ 

ʇʦʠʩʢ ʬʨʘʛʤʝʥʪʦʚ, 

ʨʘʥʞʠʨʦʚʘʥʠʝ, 

ʢʦʥʪʝʢʩʪʥʦʝ 

ʦʙʦʛʘʱʝʥʠʝ 

ʅʘʙʦʨ 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ 

ʜʦʢʫʤʝʥʪʦʚ 

Recall@k, nDCG, 

MRR 

4. ɻʝʥʝʨʘʮʠʷ 

ʂʦʥʪʝʢʩʪ + 

retrieved-

ʬʨʘʛʤʝʥʪʳ 

ʉʫʤʤʘʨʠʟʘʮʠʷ, QA, 

ʦʙʲʷʩʥʝʥʠʝ 

ʏʝʨʥʦʚʦʡ 

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʦʪʚʝʪ 

ʌʘʢʪʠʯʝʩʢʘʷ 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ 

5. ɺʝʨʠʬʠʢʘʮʠʷ 
ʏʝʨʥʦʚʦʡ 

ʦʪʚʝʪ 

ʇʨʦʚʝʨʢʘ ʬʦʨʤʘʪʘ, 

ʩʩʳʣʦʢ, ʩʫʱʥʦʩʪʝʡ, 

ʩʧʦʨʥʳʭ ʤʝʩʪ 

ɻʦʪʦʚʳʡ ʚʳʚʦʜ ʠʣʠ 

ʵʩʢʘʣʘʮʠʷ ʵʢʩʧʝʨʪʫ 

Hallucination rate, 

audit trail 

 

ʊʨʝʪʠʡ ʢʣʘʩʩ - ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʠ ʥʘʫʯʥʳʝ ʩʠʩʪʝʤʳ. ɺ ʫʥʠʚʝʨʩʠʪʝʪʩʢʦʡ ʩʨʝʜʝ ʨʘʩʪʝʪ 

ʯʠʩʣʦ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʥʘʨʫʞʝʥʠʝʤ ʤʘʰʠʥʥʦ-ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʧʨʦʚʝʨʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʫʯʝʙʥʳʭ ʨʘʙʦʪ, ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʨʘʪʢʠʭ ʨʝʮʝʥʟʠʡ, ʧʦʠʩʢʦʤ ʧʣʘʛʠʘʪʥʳʭ ʩʦʚʧʘʜʝʥʠʡ 

ʠ ʦʮʝʥʢʦʡ ʢʦʨʨʝʢʪʥʦʩʪʠ ʩʩʳʣʦʢ. ʀʟʦʣʠʨʦʚʘʥʥʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ AI-ʪʝʢʩʪʘ ʧʦ ʩʪʠʣʠʩʪʠʯʝʩʢʠʤ 

ʧʨʠʟʥʘʢʘʤ ʫʞʝ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʩʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ ʫʤʝʶʪ ʚʘʨʴʠʨʦʚʘʪʴ 

ʪʦʥ, ʜʣʠʥʫ ʠ ʩʪʨʫʢʪʫʨʫ ʦʪʚʝʪʘ. ʇʦʵʪʦʤʫ ʵʬʬʝʢʪʠʚʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʛʦʩʣʦʡʥʫʶ ʩʭʝʤʫ: 

ʧʨʘʚʠʣʘ ʢʦʥʪʨʦʣʠʨʫʶʪ ʬʦʨʤʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʙʦʪʝ, ʚʝʢʪʦʨʥʳʝ ʤʦʜʝʣʠ ʩʨʘʚʥʠʚʘʶʪ 

ʩʤʳʩʣʦʚʫʶ ʙʣʠʟʦʩʪʴ, ʘ retrieval-ʩʣʦʡ ʩʦʧʦʩʪʘʚʣʷʝʪ ʘʨʛʫʤʝʥʪʳ ʩ ʨʝʘʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ. ʕʪʦ 

ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʯʝʩʪʥʦʩʪʠ ʠ ʧʦʜʜʝʨʞʢʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʘ ʥʝ 

ʜʣʷ ʤʝʭʘʥʠʩʪʠʯʝʩʢʦʛʦ çʧʦʠʩʢʘ ʚʠʥʦʚʥʦʛʦè [10; 9; 2]. 

ʏʝʪʚʝʨʪʳʡ ʢʣʘʩʩ - ʤʝʜʠʮʠʥʩʢʘʷ ʠʥʬʦʨʤʘʪʠʢʘ. ɺ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʥʥʦ 

ʤʝʜʠʮʠʥʩʢʠʝ ʢʝʡʩʳ ʥʘʠʙʦʣʝʝ ʫʙʝʜʠʪʝʣʴʥʦ ʧʦʢʘʟʳʚʘʶʪ ʧʨʠʢʣʘʜʥʫʶ ʮʝʥʥʦʩʪʴ ʛʠʙʨʠʜʥʳʭ NLP-

ʩʠʩʪʝʤ. ʀʟʚʣʝʯʝʥʠʝ ʧʨʠʟʥʘʢʦʚ ʠʟ ʢʣʠʥʠʯʝʩʢʠʭ ʟʘʧʠʩʝʡ, ʚʳʧʠʩʦʢ, ʧʘʪʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʪʯʝʪʦʚ 

ʠ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʪʨʝʙʫʝʪ ʪʦʯʥʦʩʪʠ, ʬʦʨʤʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʚʝʨʠʬʠʢʘʮʠʠ. 

ʆʰʠʙʢʘ ʚ ʥʘʟʚʘʥʠʠ ʧʨʝʧʘʨʘʪʘ, ʜʦʟʠʨʦʚʢʝ, ʜʠʘʛʥʦʟʝ ʠʣʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʧʘʨʘʤʝʪʨʝ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʩʝʨʴʝʟʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ʇʦʵʪʦʤʫ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʦʯʝʪʘʶʪ rule-based ʬʠʣʴʪʨʘʮʠʶ, 

ʠʟʚʣʝʯʝʥʠʝ ʩʫʱʥʦʩʪʝʡ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ ʠ ʩʪʨʦʛʠʝ ʧʨʦʮʝʜʫʨʳ ʧʦʩʪʧʨʦʚʝʨʢʠ [15; 

14]. ʆʧʳʪ ʤʝʜʠʮʠʥʩʢʦʛʦ NLP ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʨʠʝʥʪʠʨʦʤ ʜʣʷ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ, ʛʜʝ ʮʝʥʘ 

ʦʰʠʙʢʠ ʚʳʩʦʢʘ. 

ʇʷʪʳʡ ʢʣʘʩʩ - ʘʥʘʣʠʪʠʢʘ ʢʣʠʝʥʪʩʢʦʛʦ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʢʦʥʪʝʥʪʘ. ʆʪʟʳʚʳ, ʦʙʨʘʱʝʥʠʷ ʚ 

ʧʦʜʜʝʨʞʢʫ, ʩʦʦʙʱʝʥʠʷ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ, ʢʦʤʤʝʥʪʘʨʠʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʦʩʦʚ ʥʝʩʫʪ ʙʦʛʘʪʫʶ 

ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʥʦ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʰʫʤʥʦʩʪʴʶ. ɺ ʪʘʢʦʤ ʩʮʝʥʘʨʠʠ 

ʨʝʛʫʣʷʨʥʳʝ ʚʳʨʘʞʝʥʠʷ ʦʯʠʱʘʶʪ ʧʦʪʦʢ ʦʪ ʤʫʩʦʨʘ, ʩʩʳʣʦʢ, ʧʦʚʪʦʨʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʘʨʪʝʬʘʢʪʦʚ, 

ʘ ʪʨʘʥʩʬʦʨʤʝʨʥʳʝ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʷʶʪ ʪʝʤʘʪʠʢʫ, ʪʦʥʘʣʴʥʦʩʪʴ, ʵʤʦʮʠʠ, ʥʘʤʝʨʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʠ ʨʠʩʢ ʵʩʢʘʣʘʮʠʠ. ɻʝʥʝʨʘʪʠʚʥʳʡ ʤʦʜʫʣʴ ʥʘ ʦʩʥʦʚʝ RAG ʤʦʞʝʪ ʟʘʪʝʤ ʧʦʜʛʦʪʦʚʠʪʴ ʢʨʘʪʢʫʶ 
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ʩʧʨʘʚʢʫ ʜʣʷ ʦʧʝʨʘʪʦʨʘ, ʦʙʲʷʩʥʠʪʴ ʚʝʨʦʷʪʥʫʶ ʧʨʠʯʠʥʫ ʞʘʣʦʙʳ ʠʣʠ ʧʨʝʜʣʦʞʠʪʴ ʰʘʙʣʦʥ ʦʪʚʝʪʘ, 

ʦʧʠʨʘʷʩʴ ʥʘ ʙʘʟʫ ʟʥʘʥʠʡ ʦʨʛʘʥʠʟʘʮʠʠ [4; 6; 8]. 

ʐʝʩʪʦʡ ʢʣʘʩʩ - ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʠ ʧʘʪʝʥʪʥʘʷ ʘʥʘʣʠʪʠʢʘ. ɺ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯʘʭ ʪʨʝʙʫʝʪʩʷ 

ʙʳʩʪʨʦ ʩʦʧʦʩʪʘʚʣʷʪʴ ʥʦʚʳʝ ʜʦʢʫʤʝʥʪʳ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʧʫʙʣʠʢʘʮʠʷʤʠ, ʚʳʜʝʣʷʪʴ ʢʣʶʯʝʚʳʝ 

ʪʝʨʤʠʥʳ, ʬʠʢʩʠʨʦʚʘʪʴ ʪʝʤʘʪʠʯʝʩʢʠʝ ʪʨʝʥʜʳ, ʬʦʨʤʠʨʦʚʘʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʦʙʟʦʨʳ ʠ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʩʤʳʩʣʦʚʳʝ ʜʫʙʣʠʢʘʪʳ. RAG ʠ LLM ʟʜʝʩʴ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʳ, ʥʦ ʪʦʣʴʢʦ ʧʨʠ 

ʥʘʣʠʯʠʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʥʦʨʤʘʣʠʟʘʮʠʠ. ʀʥʘʯʝ 

ʜʘʞʝ ʭʦʨʦʰʠʡ ʛʝʥʝʨʘʪʠʚʥʳʡ ʦʪʚʝʪ ʙʫʜʝʪ ʦʧʠʨʘʪʴʩʷ ʥʘ ʥʝʨʝʣʝʚʘʥʪʥʳʡ ʢʦʥʪʝʢʩʪ. ʇʦʵʪʦʤʫ 

ʬʦʨʤʘʣʴʥʳʡ ʠ ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʩʣʦʠ ʦʩʪʘʶʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʜʦʩʪʦʚʝʨʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʟʫʣʴʪʘʪʘ [20; 8; 2]. 

ɺʦ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʩʮʝʥʘʨʠʷʭ ʜʝʡʩʪʚʫʝʪ ʝʜʠʥʘʷ ʣʦʛʠʢʘ: ʯʝʤ ʚʳʰʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʥʘʜʝʞʥʦʩʪʠ, ʪʝʤ ʚʘʞʥʝʝ ʩʦʭʨʘʥʝʥʠʝ ʬʦʨʤʘʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʠ ʨʘʟʜʝʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʵʪʘʧʦʚ 

çʦʯʠʩʪʢʘ - ʧʦʥʠʤʘʥʠʝ - ʠʟʚʣʝʯʝʥʠʝ ʟʥʘʥʠʡ - ʚʝʨʠʬʠʢʘʮʠʷè. ʀʤʝʥʥʦ ʵʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʧʨʝʚʨʘʱʘʝʪ ʪʝʢʩʪʦʚʫʶ ʦʙʨʘʙʦʪʢʫ ʠʟ ʥʘʙʦʨʘ ʯʘʩʪʥʳʭ ʵʚʨʠʩʪʠʢ ʚ ʫʧʨʘʚʣʷʝʤʫʶ ʩʠʩʪʝʤʫ 

ʮʠʬʨʦʚʦʡ ʘʥʘʣʠʪʠʢʠ [4; 2]. 

 

ʊʘʙʣʠʮʘ 3. ʇʨʠʢʣʘʜʥʳʝ ʵʬʬʝʢʪʳ ʚʥʝʜʨʝʥʠʷ 

Table 3. Applied effects of implementation 

ʉʬʝʨʘ 
ʂʘʢʠʝ ʪʝʢʩʪʳ 

ʘʥʘʣʠʟʠʨʫʶʪʩʷ 
ʂʣʶʯʝʚʦʡ ʵʬʬʝʢʪ 

ʇʦʯʝʤʫ ʥʫʞʝʥ 

ʛʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ 

ɼʦʢʫʤʝʥʪʦʦʙʦʨʦʪ 

ʇʠʩʴʤʘ, ʧʨʠʢʘʟʳ, 

ʟʘʷʚʢʠ, ʩʣʫʞʝʙʥʳʝ 

ʟʘʧʠʩʢʠ 

ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ 

ʤʘʨʰʨʫʪʠʟʘʮʠʷ ʠ 

ʠʟʚʣʝʯʝʥʠʝ ʨʝʢʚʠʟʠʪʦʚ 

ʅʫʞʥʳ ʠ ʧʨʘʚʠʣʘ, ʠ 

ʢʦʥʪʝʢʩʪ 

ʂʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ 

ʌʠʰʠʥʛʦʚʳʝ ʧʠʩʴʤʘ, 

ʪʠʢʝʪʳ SOC, threat 

reports 

ʋʩʢʦʨʝʥʠʝ triage ʠ 

ʩʥʠʞʝʥʠʝ ʧʨʦʧʫʩʢʦʚ 

ʊʨʝʙʫʶʪʩʷ IOC-

ʰʘʙʣʦʥʳ ʠ ʩʤʳʩʣʦʚʘʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʆʙʨʘʟʦʚʘʥʠʝ ʠ ʥʘʫʢʘ 
ʂʫʨʩʦʚʳʝ, ʩʪʘʪʴʠ, 

ʨʝʮʝʥʟʠʠ, ʘʥʥʦʪʘʮʠʠ 

ʇʦʜʜʝʨʞʢʘ 

ʘʢʘʜʝʤʠʯʝʩʢʦʡ 

ʯʝʩʪʥʦʩʪʠ ʠ 

ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʠ 

ʅʫʞʥʳ ʬʦʨʤʘʣʴʥʳʝ 

ʧʨʦʚʝʨʢʠ ʠ 

ʠʩʪʦʯʥʠʢʦʚʘʷ ʩʚʝʨʢʘ 

ʄʝʜʠʮʠʥʘ 
ɺʳʧʠʩʢʠ, ʦʪʯʝʪʳ, 

ʧʫʙʣʠʢʘʮʠʠ 

ʀʟʚʣʝʯʝʥʠʝ ʧʨʠʟʥʘʢʦʚ 

ʠ ʧʦʜʜʝʨʞʢʘ ʵʢʩʧʝʨʪʘ 

ʎʝʥʘ ʦʰʠʙʢʠ ʪʨʝʙʫʝʪ 

ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ 

ʧʨʦʚʝʨʢʠ 

ʂʣʠʝʥʪʩʢʘʷ ʘʥʘʣʠʪʠʢʘ 
ʆʪʟʳʚʳ, ʦʙʨʘʱʝʥʠʷ, 

ʢʦʤʤʝʥʪʘʨʠʠ 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ 

ʧʨʦʙʣʝʤ ʠ 

ʩʫʤʤʘʨʠʟʘʮʠʷ ʞʘʣʦʙ 

ʐʫʤ ʪʨʝʙʫʝʪ ʦʯʠʩʪʢʠ, 

ʘ ʩʤʳʩʣ - 

ʪʨʘʥʩʬʦʨʤʝʨʦʚ ʠ RAG 

 

5. ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʨʠʢʣʘʜʥʦʡ ʮʝʥʥʦʩʪʠ. ɼʣʷ 

ʦʮʝʥʢʠ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʡ ʤʝʪʨʠʢʠ ʪʦʯʥʦʩʪʠ. ɽʩʣʠ ʘʥʘʣʠʟ ʪʝʢʩʪʦʚ 

ʩʪʨʦʠʪʩʷ ʢʘʢ ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ ʧʨʦʮʝʩʩ, ʪʦ ʠ ʩʠʩʪʝʤʘ ʦʮʝʥʢʠ ʜʦʣʞʥʘ ʙʳʪʴ ʤʥʦʛʦʤʝʨʥʦʡ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʷʪʴ ʛʨʫʧʧ ʤʝʪʨʠʢ. 

ʇʝʨʚʘʷ ʛʨʫʧʧʘ - ʤʝʪʨʠʢʠ ʬʦʨʤʘʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ ʚʭʦʜʘ. ʆʥʠ ʧʦʢʘʟʳʚʘʶʪ, ʥʘʩʢʦʣʴʢʦ 

ʵʬʬʝʢʪʠʚʥʦ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʩʣʦʡ ʥʦʨʤʘʣʠʟʫʝʪ ʪʝʢʩʪ ʠ ʫʩʪʨʘʥʷʝʪ ʰʫʤ. ɿʜʝʩʴ ʦʮʝʥʠʚʘʶʪʩʷ 

ʜʦʣʷ ʫʩʧʝʰʥʦ ʧʨʠʚʝʜʝʥʥʳʭ ʢ ʬʦʨʤʘʪʫ ʩʫʱʥʦʩʪʝʡ, ʧʨʦʮʝʥʪ ʠʩʧʨʘʚʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʜʝʬʝʢʪʦʚ, ʯʠʩʣʦ ʦʙʥʘʨʫʞʝʥʥʳʭ ʜʫʙʣʠʢʘʪʦʚ, ʧʦʣʥʦʪʘ ʫʜʘʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʚʩʪʘʚʦʢ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ OCR-ʦʰʠʙʢʘʤ. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʚʘʞʥʘ ʥʝ ʪʦʣʴʢʦ ʘʙʩʦʣʶʪʥʘʷ ʜʦʣʷ 

ʠʩʧʨʘʚʣʝʥʠʡ, ʥʦ ʠ ʦʪʩʫʪʩʪʚʠʝ ʧʦʙʦʯʥʦʛʦ ʠʩʢʘʞʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ. 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ - ʤʝʪʨʠʢʠ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ. ɼʣʷ ʟʘʜʘʯ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, NER ʠ 

relation extraction ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʶʪʩʷ accuracy, precision, recall, F1-score, macro-F1 ʠ 

micro-F1. ʆʜʥʘʢʦ ʚ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʝ ʩʣʝʜʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʯʠʪʳʚʘʪʴ ʚʢʣʘʜ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʦʣʝʟʥʦ ʠʟʤʝʨʷʪʴ ʥʝ ʧʨʦʩʪʦ F1 ʤʦʜʝʣʠ, ʘ ʜʝʣʴʪʫ 

ʢʘʯʝʩʪʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʘʨʠʘʥʪʘ ʙʝʟ rule-based ʥʦʨʤʘʣʠʟʘʮʠʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʢʪʠʚʥʦ 

ʦʮʝʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʬʦʨʤʘʣʴʥʳʡ ʢʦʥʪʫʨ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʨʘʙʦʪʫ ʪʨʘʥʩʬʦʨʤʝʨʥʦʛʦ ʩʣʦʷ 

[18; 11; 9; 16; 19]. 
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ʊʨʝʪʴʷ ʛʨʫʧʧʘ - ʤʝʪʨʠʢʠ retrieval-ʢʘʯʝʩʪʚʘ. ɼʣʷ RAG-ʧʘʡʧʣʘʡʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʳ ʧʦʣʥʦʪʘ 

ʠ ʨʝʣʝʚʘʥʪʥʦʩʪʴ ʠʟʚʣʝʯʝʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ: Recall@k, Precision@k, MRR, nDCG, ʜʦʣʷ ʦʪʚʝʪʦʚ ʩ 

ʢʦʨʨʝʢʪʥʦʡ ʠʩʪʦʯʥʠʢʦʚʦʡ ʦʧʦʨʦʡ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʪʝʣʴ ʢʦʥʪʝʢʩʪʥʦʡ ʜʦʩʪʘʪʦʯʥʦʩʪʠ. ɽʩʣʠ 

retrieval-ʩʣʦʡ ʧʦʜʥʠʤʘʝʪ ʥʝʨʝʣʝʚʘʥʪʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʛʝʥʝʨʘʪʠʚʥʘʷ ʤʦʜʝʣʴ ʥʘʯʠʥʘʝʪ ʫʚʝʨʝʥʥʦ 

ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʥʝʪʦʯʥʳʝ ʚʳʚʦʜʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʮʝʥʢʘ ʧʦʠʩʢʘ ʷʚʣʷʝʪʩʷ ʥʝ ʤʝʥʝʝ ʚʘʞʥʦʡ, 

ʯʝʤ ʦʮʝʥʢʘ ʩʘʤʦʛʦ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʦʪʚʝʪʘ [4; 5; 6]. 

ʏʝʪʚʝʨʪʘʷ ʛʨʫʧʧʘ - ʤʝʪʨʠʢʠ ʛʝʥʝʨʘʪʠʚʥʦʡ ʥʘʜʝʞʥʦʩʪʠ. ɼʣʷ ʩʫʤʤʘʨʠʟʘʮʠʠ ʠ ʦʪʚʝʪʦʚ ʥʘ 

ʚʦʧʨʦʩʳ ʩʣʝʜʫʝʪ ʠʟʤʝʨʷʪʴ ʬʘʢʪʠʯʝʩʢʫʶ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ, ʩʦʭʨʘʥʥʦʩʪʴ ʢʣʶʯʝʚʳʭ ʩʫʱʥʦʩʪʝʡ, 

ʜʦʣʶ ʯʠʩʣʦʚʳʭ ʠ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʠʭ ʦʰʠʙʦʢ, ʫʨʦʚʝʥʴ ʛʘʣʣʶʮʠʥʘʮʠʡ ʠ ʩʪʝʧʝʥʴ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʦʪʚʝʪʘ ʧʨʠ ʧʦʚʪʦʨʥʳʭ ʟʘʧʫʩʢʘʭ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ ʥʝʨʝʜʢʦ 

ʧʦʣʝʟʥʝʝ ʤʝʥʝʝ çʢʨʘʩʠʚʳʡè, ʥʦ ʙʦʣʝʝ ʚʝʨʠʬʠʮʠʨʫʝʤʳʡ ʦʪʚʝʪ. ʇʦʵʪʦʤʫ ʚʤʝʩʪʝ ʩ ROUGE, 

BERTScore ʠʣʠ ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʦʡ ʥʫʞʥʦ ʚʚʦʜʠʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʩʳʣʦʯʥʦʡ 

ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʠ ʧʨʠʛʦʜʥʦʩʪʠ ʦʪʚʝʪʘ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ. 

ʇʷʪʘʷ ʛʨʫʧʧʘ - ʤʝʪʨʠʢʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʮʝʥʥʦʩʪʠ. ʆʥʠ ʬʠʢʩʠʨʫʶʪ ʨʝʘʣʴʥʳʡ ʵʬʬʝʢʪ ʦʪ 

ʚʥʝʜʨʝʥʠʷ: ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʜʦʢʫʤʝʥʪʘ, ʩʥʠʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʦʧʝʨʘʪʦʨʦʚ, 

ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʦʰʠʙʦʯʥʳʭ ʤʘʨʰʨʫʪʠʟʘʮʠʡ, ʫʩʢʦʨʝʥʠʝ ʧʦʠʩʢʘ ʧʨʝʮʝʜʝʥʪʦʚ, ʨʦʩʪ ʜʦʣʠ 

ʢʦʨʨʝʢʪʥʦ ʨʘʩʧʦʟʥʘʥʥʳʭ ʠʥʮʠʜʝʥʪʦʚ, ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʝʜʠʥʠʮʳ ʘʥʘʣʠʟʘ. ʀʤʝʥʥʦ ʵʪʠ 

ʧʦʢʘʟʘʪʝʣʠ ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ ʚ ʧʨʠʢʣʘʜʥʫʶ ʠ 

ʧʦʢʘʟʘʪʴ, ʯʪʦ ʛʠʙʨʠʜʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʚʘʞʥʘ ʥʝ ʩʘʤʘ ʧʦ ʩʝʙʝ, ʘ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʫʣʫʯʰʝʥʠʷ 

ʮʠʬʨʦʚʳʭ ʧʨʦʮʝʩʩʦʚ [16; 2]. 

ʉ ʤʝʪʦʜʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʮʝʥʢʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʪʨʦʠʪʴ ʚ ʚʠʜʝ ʧʦʵʪʘʧʥʦʛʦ A/B-ʪʝʩʪʘ: 

1) ʙʘʟʦʚʳʡ ʚʘʨʠʘʥʪ ʥʘ ʦʜʥʠʭ ʨʝʛʫʣʷʨʥʳʭ ʚʳʨʘʞʝʥʠʷʭ; 2) ʥʝʡʨʦʩʝʪʝʚʦʡ ʚʘʨʠʘʥʪ ʙʝʟ ʬʦʨʤʘʣʴʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ; 3) ʛʠʙʨʠʜʥʳʡ ʚʘʨʠʘʥʪ çʧʨʘʚʠʣʘ + ʪʨʘʥʩʬʦʨʤʝʨè; 4) ʧʦʣʥʳʡ ʚʘʨʠʘʥʪ çʧʨʘʚʠʣʘ + 

ʪʨʘʥʩʬʦʨʤʝʨ + RAG + ʚʝʨʠʬʠʢʘʮʠʷè. ʉʨʘʚʥʝʥʠʝ ʠʤʝʥʥʦ ʵʪʠʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʧʦʟʚʦʣʷʝʪ ʫʚʠʜʝʪʴ, 

ʛʜʝ ʚʦʟʥʠʢʘʝʪ ʜʦʙʘʚʣʝʥʥʘʷ ʩʪʦʠʤʦʩʪʴ ʢʘʞʜʦʛʦ ʩʣʦʷ. ɺ ʨʷʜʝ ʧʨʠʢʣʘʜʥʳʭ ʨʘʙʦʪ ʢʦʩʚʝʥʥʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʩʪʠʛʘʶʪʩʷ ʢʘʢ ʨʘʟ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʩʮʝʥʘʨʠʷʭ, ʛʜʝ ʬʦʨʤʘʣʴʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʠ ʚʥʝʰʥʷʷ ʦʧʦʨʘ ʥʝ ʠʩʢʣʶʯʘʶʪʩʷ, ʘ ʫʩʠʣʠʚʘʶʪ ʤʦʜʝʣʴ 

[5; 12; 14]. 

ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʦʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʘʪʘʢʫʶʱʠʤ ʠʣʠ ʰʫʤʦʚʳʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ. ɼʣʷ ʩʠʩʪʝʤ ʘʥʘʣʠʟʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠ ʧʫʙʣʠʯʥʳʭ ʪʝʢʩʪʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʨʷʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʧʝʨʝʬʨʘʟʠʨʦʚʘʥʠʶ, ʚʩʪʘʚʢʝ ʣʦʞʥʳʭ ʩʩʳʣʦʢ, ʨʘʟʙʠʝʥʠʶ ʩʣʦʚ, 

ʩʣʫʯʘʡʥʳʤ ʦʧʝʯʘʪʢʘʤ, ʩʤʝʰʝʥʠʶ ʢʠʨʠʣʣʠʮʳ ʠ ʣʘʪʠʥʠʮʳ, ʘ ʪʘʢʞʝ ʢ ʧʨʦʤʧʪ-ʠʥʲʝʢʮʠʷʤ ʚ 

retrieval-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ. ɹʝʟ ʪʘʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʘʞʝ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʥʘ 

çʯʠʩʪʦʤè ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʙʫʜʝʪ ʤʘʣʦ ʯʪʦ ʛʦʚʦʨʠʪʴ ʦ ʨʝʘʣʴʥʦʡ ʧʨʠʛʦʜʥʦʩʪʠ ʩʠʩʪʝʤʳ [9; 2]. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʛʠʙʨʠʜʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʢʩʪʘ ʜʦʣʞʥʘ ʙʳʪʴ 

ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʪʦʣʴʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʦʙʲʝʢʪʠʚʥʦ ʩʨʘʚʥʠʚʘʪʴ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ. ʆʜʥʦʤʝʨʥʘʷ ʤʝʪʨʠʢʘ ʪʦʯʥʦʩʪʠ ʭʦʨʦʰʘ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʥʦ ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʩʠʩʪʝʤ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, 

ʦʙʫʯʝʥʠʷ, ʘʥʘʣʠʪʠʢʠ ʠʥʮʠʜʝʥʪʦʚ ʠʣʠ ʧʦʜʜʝʨʞʢʠ ʵʢʩʧʝʨʪʘ [18; 4; 2]. 

6. ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ, ʧʨʘʚʦʚʳʝ ʠ ʵʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ. ʈʘʩʰʠʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʘʥʘʣʠʟʘ ʪʝʢʩʪʘ ʟʘ ʩʯʝʪ LLM ʠ RAG ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʩʠʣʠʚʘʝʪ ʠ ʨʠʩʢʠ. ɺʦ-ʧʝʨʚʳʭ, ʚʦʟʥʠʢʘʝʪ 

ʧʨʦʙʣʝʤʘ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ. ɽʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ, ʥʘʫʯʥʳʝ ʠʣʠ ʤʝʜʠʮʠʥʩʢʠʝ ʪʝʢʩʪʳ 

ʧʝʨʝʜʘʶʪʩʷ ʚʦ ʚʥʝʰʥʠʡ ʦʙʣʘʯʥʳʡ ʩʝʨʚʠʩ ʙʝʟ ʥʘʜʣʝʞʘʱʝʡ ʘʥʦʥʠʤʠʟʘʮʠʠ, ʩʠʩʪʝʤʘ ʤʦʞʝʪ 

ʥʘʨʫʰʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʟʘʱʠʪʳ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʢʦʤʤʝʨʯʝʩʢʦʡ ʪʘʡʥʳ. ʇʦʵʪʦʤʫ ʚ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʜʦʤʝʥʘʭ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ ʣʦʢʘʣʴʥʳʝ ʤʦʜʝʣʠ, ʟʘʢʨʳʪʳʝ ʢʦʥʪʫʨʳ ʠʥʬʝʨʝʥʩʘ ʠ 

ʤʠʥʠʤʠʟʘʮʠʷ ʦʙʲʝʤʘ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢʦʥʪʝʢʩʪʘ [17; 14]. 

ɺʦ-ʚʪʦʨʳʭ, ʩʫʱʝʩʪʚʫʝʪ ʨʠʩʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʝʜʦʩʪʦʚʝʨʥʦʩʪʠ. ɻʝʥʝʨʘʪʠʚʥʘʷ ʤʦʜʝʣʴ 

ʩʧʦʩʦʙʥʘ ʧʨʦʠʟʚʦʜʠʪʴ ʣʦʛʠʯʝʩʢʠ ʩʚʷʟʥʳʡ, ʥʦ ʬʘʢʪʦʣʦʛʠʯʝʩʢʠ ʥʝʚʝʨʥʳʡ ʪʝʢʩʪ. ɺ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʠ ʥʘʫʯʥʦʡ ʩʬʝʨʝ ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʬʘʙʨʠʢʘʮʠʠ ʩʩʳʣʦʢ, ʧʩʝʚʜʦʮʠʪʠʨʦʚʘʥʠʠ ʠ 

ʬʦʨʤʘʣʴʥʦ ʢʦʨʨʝʢʪʥʳʭ, ʥʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦ ʧʫʩʪʳʭ ʬʨʘʛʤʝʥʪʘʭ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʜʝʪʝʢʮʠʷ AI-

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʠʩʪʦʯʥʠʢʦʚʘʷ ʚʝʨʠʬʠʢʘʮʠʷ ʩʪʘʥʦʚʷʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʡ 

ʪʝʢʩʪʦʚʦʡ ʘʥʘʣʠʪʠʢʠ, ʘ ʥʝ ʦʪʜʝʣʴʥʳʤ ʬʘʢʫʣʴʪʘʪʠʚʥʳʤ ʤʦʜʫʣʝʤ [10; 9; 2]. 
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ɺ-ʪʨʝʪʴʠʭ, ʚʘʞʝʥ ʚʦʧʨʦʩ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. ɽʩʣʠ ʠʪʦʛʦʚʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʚʣʠʷʝʪ ʥʘ 

ʤʘʨʰʨʫʪʠʟʘʮʠʶ ʜʦʢʫʤʝʥʪʘ, ʧʨʠʩʚʦʝʥʠʝ ʨʠʩʢʘ, ʚʳʩʪʘʚʣʝʥʠʝ ʩʪʘʪʫʩʘ ʠʥʮʠʜʝʥʪʘ ʠʣʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʢʣʠʥʠʯʝʩʢʦʡ ʟʘʧʠʩʠ, ʥʝʦʙʭʦʜʠʤʦ ʪʦʯʥʦ ʧʦʥʠʤʘʪʴ, ʢʘʢʦʡ ʢʦʤʧʦʥʝʥʪ 

ʦʪʚʝʪʩʪʚʝʥʝʥ ʟʘ ʚʳʚʦʜ. ɻʠʙʨʠʜʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʚ ʵʪʦʤ ʩʤʳʩʣʝ ʚʳʛʦʜʥʝʝ ʤʦʥʦʣʠʪʥʦʡ ʥʝʡʨʦʩʝʪʠ: 

ʤʦʞʥʦ ʦʪʜʝʣʠʪʴ ʧʨʘʚʠʣʦ, ʧʦʠʩʢ, ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʠ ʛʝʥʝʨʘʪʦʨ, ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʚʢʣʘʜ ʢʘʞʜʦʛʦ ʠʟ 

ʥʠʭ ʠ ʦʨʛʘʥʠʟʦʚʘʪʴ human-in-the-loop ʜʣʷ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʫʯʘʝʚ [4; 12; 17; 14]. 

ɺ-ʯʝʪʚʝʨʪʳʭ, ʪʨʝʙʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʷʟʳʢʦʚʫʶ ʠ ʢʫʣʴʪʫʨʥʫʶ ʘʩʠʤʤʝʪʨʠʶ. ʄʥʦʛʠʝ 

ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʤʦʜʝʣʠ ʦʙʫʯʘʣʠʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʘʥʛʣʦʷʟʳʯʥʳʭ ʢʦʨʧʫʩʘʭ, ʘ ʧʦʪʦʤʫ 

ʤʦʛʫʪ ʤʝʥʝʝ ʢʦʨʨʝʢʪʥʦ ʨʘʙʦʪʘʪʴ ʩ ʨʫʩʩʢʦʷʟʳʯʥʳʤʠ, ʩʤʝʰʘʥʥʳʤʠ ʠ ʥʠʟʢʦʨʝʩʫʨʩʥʳʤʠ 

ʢʦʨʧʫʩʘʤʠ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʨʝʯʴ ʠʜʝʪ ʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʞʘʨʛʦʥʘʭ, ʨʝʛʠʦʥʘʣʴʥʦʡ ʥʦʨʤʘʪʠʚʥʦʡ 

ʪʝʨʤʠʥʦʣʦʛʠʠ ʠʣʠ ʫʯʝʙʥʦ-ʥʘʫʯʥʳʭ ʩʪʠʣʷʭ. 

ɺ-ʧʷʪʳʭ, ʥʝʣʴʟʷ ʠʛʥʦʨʠʨʦʚʘʪʴ ʚʦʧʨʦʩ ʜʦʚʝʨʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɼʣʷ ʵʢʩʧʝʨʪʘ, ʧʨʝʧʦʜʘʚʘʪʝʣʷ, 

ʚʨʘʯʘ, ʘʥʘʣʠʪʠʢʘ SOC ʠʣʠ ʩʦʪʨʫʜʥʠʢʘ ʢʘʥʮʝʣʷʨʠʠ ʚʘʞʥʦ ʥʝ ʪʦʣʴʢʦ ʧʦʣʫʯʠʪʴ ʦʪʚʝʪ, ʥʦ ʠ 

ʧʦʥʷʪʴ, ʧʦʯʝʤʫ ʩʠʩʪʝʤʘ ʧʨʠʰʣʘ ʢ ʪʘʢʦʤʫ ʚʳʚʦʜʫ. ʇʦʵʪʦʤʫ ʠʥʪʝʨʬʝʡʩ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ 

ʜʦʣʞʝʥ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʦʙʲʷʩʥʝʥʠʝ: ʢʘʢʠʝ ʧʨʠʟʥʘʢʠ ʙʳʣʠ ʥʘʡʜʝʥʳ ʧʨʘʚʠʣʘʤʠ, ʢʘʢʠʝ ʩʫʱʥʦʩʪʠ 

ʦʧʨʝʜʝʣʠʣ ʢʣʘʩʩʠʬʠʢʘʪʦʨ, ʢʘʢʠʝ ʜʦʢʫʤʝʥʪʳ ʙʳʣʠ ʠʟʚʣʝʯʝʥʳ retrieval-ʩʣʦʝʤ ʠ ʢʘʢʠʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠʤʝʥʠʣ ʚʝʨʠʬʠʢʘʪʦʨ. ʆʙʲʷʩʥʠʤʦʩʪʴ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʧʨʦʩʪʦ çʫʜʦʙʥʘʷ 

ʦʧʮʠʷè, ʘ ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ ʧʨʠʥʷʪʠʷ ʨʝʟʫʣʴʪʘʪʘ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʨʝʜʝ [20; 3; 4; 2]. 

ʅʘʢʦʥʝʮ, ʩʣʝʜʫʝʪ ʨʘʟʣʠʯʘʪʴ ʧʦʜʜʝʨʞʢʫ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʝʝ ʧʦʜʤʝʥʫ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʢʩʪʘ ʜʦʣʞʝʥ ʫʩʠʣʠʚʘʪʴ ʵʢʩʧʝʨʪʘ, ʘ ʥʝ ʚʳʪʝʩʥʷʪʴ ʝʛʦ ʠʟ ʮʝʧʦʯʢʠ 

ʧʨʠʥʷʪʠʷ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚ ʥʘʫʯʥʦʡ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʘʢʪʠʢʝ 

ʢʦʨʨʝʢʪʥʝʝ ʛʦʚʦʨʠʪʴ ʦ çʩʠʩʪʝʤʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʧʦʤʦʱʠè, ʘ ʥʝ ʦʙ çʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʘʚʪʦʨʝè. 

ʊʘʢʘʷ ʧʦʟʠʮʠʷ ʩʥʠʞʘʝʪ ʨʠʩʢ ʥʝʜʦʙʨʦʩʦʚʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʥʝʨʘʪʠʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ 

ʣʫʯʰʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʜʘʯʘʤ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʢʫʣʴʪʫʨʳ. 

ʈʝʟʫʣʴʪʘʪʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ ʠ ʵʪʠʯʝʩʢʠ ʟʨʝʣʘʷ ʩʠʩʪʝʤʘ ʘʥʘʣʠʟʘ ʪʝʢʩʪʘ - 

ʵʪʦ ʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʨʘʚʥʦʚʝʰʝʥʘ ʢʦʥʪʨʦʣʝʤ ʜʦʩʪʫʧʘ, 

ʠʩʪʦʯʥʠʢʦʚʦʡ ʧʨʦʚʝʨʢʦʡ, ʣʦʛʠʨʦʚʘʥʠʝʤ ʜʝʡʩʪʚʠʡ ʤʦʜʝʣʠ ʠ ʩʦʭʨʘʥʝʥʠʝʤ ʨʦʣʠ ʯʝʣʦʚʝʢʘ ʢʘʢ 

ʬʠʥʘʣʴʥʦʛʦ ʩʫʙʲʝʢʪʘ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʜʘʞʝ ʪʦʯʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʩʪʘʪʴ 

ʠʩʪʦʯʥʠʢʦʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʠ ʫʪʨʘʪʳ ʜʦʚʝʨʠʷ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʪʘʢʠʭ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʵʪʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʠʪʝʣʝʡ ʜʘʞʝ ʚʳʩʦʢʦʪʦʯʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʩʪʘʪʴ 

ʠʩʪʦʯʥʠʢʦʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ, ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʪʠʨʘʞʠʨʦʚʘʥʠʷ ʠʩʢʘʞʝʥʠʡ, 

ʩʥʠʞʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ ʠ, ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ, ʫʪʨʘʪʳ ʜʦʚʝʨʠʷ ʩʦ 

ʩʪʦʨʦʥʳ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʩʦʚʨʝʤʝʥʥʳʡ 

ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʩʠʩʪʝʤ ʪʝʢʩʪʦʚʦʡ ʘʥʘʣʠʪʠʢʠ ʪʨʝʙʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʦʧʨʦʩʳ 

ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʙʲʷʩʥʠʤʦʩʪʠ ʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʢ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʝʜʠʥʦʡ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ [10; 5; 2]. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

I . ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʮʝʧʮʠʠ ʫʧʨʘʚʣʷʝʤʦʡ ʛʠʙʨʠʜʠʟʘʮʠʠ, 

ʦʙʲʝʜʠʥʷʶʱʝʡ ʨʝʛʫʣʷʨʥʳʝ ʚʳʨʘʞʝʥʠʷ, ʪʨʘʥʩʬʦʨʤʝʨʥʳʝ ʤʦʜʝʣʠ ʠ retrieval-augmented 

generation ʚ ʝʜʠʥʦʤ ʚʝʨʠʬʠʮʠʨʫʝʤʦʤ ʪʝʢʩʪʦʚʦʤ ʢʦʥʚʝʡʝʨʝ [20; 19]. 

II . ʇʨʝʜʣʘʛʘʝʪʩʷ ʪʨʘʢʪʦʚʘʪʴ ʨʝʛʫʣʷʨʥʳʝ ʚʳʨʘʞʝʥʠʷ ʢʘʢ ʙʘʟʦʚʳʡ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ 

ʢʦʥʪʫʨ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʥʝ ʢʘʢ ʘʚʪʦʥʦʤʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʘ [12]. 

III . ɺʚʦʜʠʪʩʷ ʧʨʠʥʮʠʧ ʧʦʩʪʛʝʥʝʨʘʮʠʦʥʥʦʡ ʚʝʨʠʬʠʢʘʮʠʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʣʶʙʦʡ LLM-

ʚʳʚʦʜ ʜʦʣʞʝʥ ʧʨʦʚʝʨʷʪʴʩʷ ʧʦ ʬʦʨʤʘʣʴʥʳʤ ʦʛʨʘʥʠʯʝʥʠʷʤ, ʠʟʚʣʝʯʝʥʥʳʤ ʧʨʠʟʥʘʢʘʤ ʠ ʚʥʝʰʥʠʤ 

ʠʩʪʦʯʥʠʢʘʤ [9; 5; 2]. 

IV . ʆʙʦʩʥʦʚʘʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ ʧʦʜʭʦʜʘ ʢ ʤʥʦʛʦʷʟʳʯʥʳʤ ʠ low-resource ʢʦʨʧʫʩʘʤ, ʚʢʣʶʯʘʷ 

ʨʫʩʩʢʦʷʟʳʯʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ, ʥʘʫʯʥʳʝ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʪʝʢʩʪʳ [5]. 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʦʚʝʜʝʥʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʠʩʭʦʜʥʦʡ ʩʪʘʪʴʠ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʙʦʣʝʝ 

ʰʠʨʦʢʠʡ ʥʘʫʯʥʳʡ ʚʳʚʦʜ: ʨʝʛʫʣʷʨʥʳʝ ʚʳʨʘʞʝʥʠʷ ʥʝ ʫʪʨʘʪʠʣʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʵʧʦʭʫ ʙʦʣʴʰʠʭ 

ʷʟʳʢʦʚʳʭ ʤʦʜʝʣʝʡ, ʥʦ ʠʭ ʨʦʣʴ ʠʟʤʝʥʠʣʘʩʴ. ʉʝʛʦʜʥʷ ʦʥʠ ʚʳʩʪʫʧʘʶʪ ʥʝ ʢʦʥʝʯʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʘʥʘʣʠʟʘ, ʘ ʧʝʨʚʳʤ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤ ʢʦʥʪʫʨʦʤ ʩʣʦʞʥʦʡ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ 

ʬʦʨʤʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʩʝʤʘʥʪʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ, ʚʥʝʰʥʷʷ ʠʩʪʦʯʥʠʢʦʚʘʷ ʦʧʦʨʘ ʠ 

ʧʦʩʪʛʝʥʝʨʘʮʠʦʥʥʘʷ ʚʝʨʠʬʠʢʘʮʠʷ ʦʙʨʘʟʫʶʪ ʝʜʠʥʳʡ ʫʧʨʘʚʣʷʝʤʳʡ ʢʦʥʚʝʡʝʨ. 
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ʊʘʙʣʠʮʘ 4. ʉʨʘʚʥʝʥʠʝ ʧʦʜʭʦʜʦʚ ʢ ʘʥʘʣʠʟʫ ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ 

Table 4. Comparison of approaches to text data analysis 

ʇʦʜʭʦʜ ʉʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʆʛʨʘʥʠʯʝʥʠʷ 
ʊʠʧʦʚʳʝ 

ʟʘʜʘʯʠ 

ʈʦʣʴ ʚ ʛʠʙʨʠʜʥʦʡ 

ʩʠʩʪʝʤʝ 

ʈʝʛʫʣʷʨʥʳʝ 

ʚʳʨʘʞʝʥʠʷ 

ʉʢʦʨʦʩʪʴ, 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ, 

ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ 

ʅʝʪ ʛʣʫʙʦʢʦʛʦ 

ʧʦʥʠʤʘʥʠʷ 

ʢʦʥʪʝʢʩʪʘ 

ɺʘʣʠʜʘʮʠʷ, 

ʦʯʠʩʪʢʘ, 

ʠʟʚʣʝʯʝʥʠʝ 

ʰʘʙʣʦʥʦʚ 

ʇʝʨʚʳʡ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ 

ʢʦʥʪʫʨ 

ʂʣʘʩʩʠʯʝʩʢʠʝ 

ML-ʤʦʜʝʣʠ 

ʍʦʨʦʰʠ ʥʘ 

ʦʛʨʘʥʠʯʝʥʥʳʭ 

ʨʘʟʤʝʯʝʥʥʳʭ 

ʚʳʙʦʨʢʘʭ 

ʉʣʘʙʦ ʨʘʙʦʪʘʶʪ 

ʩ ʜʣʠʥʥʳʤ 

ʢʦʥʪʝʢʩʪʦʤ 

ɹʘʟʦʚʘʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ, 

ʨʘʥʞʠʨʦʚʘʥʠʝ 

ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʡ 

ʩʣʦʡ 

ʊʨʘʥʩʬʦʨʤʝʨʳ 
ʂʦʥʪʝʢʩʪ, ʩʝʤʘʥʪʠʢʘ, 

ʠʟʚʣʝʯʝʥʠʝ ʩʫʱʥʦʩʪʝʡ 

ʊʨʝʙʫʶʪ 

ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʜʘʥʥʳʭ ʠ 

ʚʳʯʠʩʣʝʥʠʡ 

NER, 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ, 

ʩʫʤʤʘʨʠʟʘʮʠʷ 

ʉʝʤʘʥʪʠʯʝʩʢʠʡ 

ʢʦʥʪʫʨ 

LLM  
ɻʠʙʢʦʩʪʴ, ʛʝʥʝʨʘʮʠʷ, 

reasoning 

ɻʘʣʣʶʮʠʥʘʮʠʠ, 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ 

ʬʦʨʤʘʪʘ 

QA, 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʩʚʦʜʢʠ, ʜʠʘʣʦʛ 

ɻʝʥʝʨʘʪʠʚʥʳʡ ʢʦʥʪʫʨ 

RAG + 

ʚʝʨʠʬʠʢʘʮʠʷ 

ʉʚʷʟʴ ʩ ʠʩʪʦʯʥʠʢʘʤʠ, 

ʩʥʠʞʝʥʠʝ 

ʛʘʣʣʶʮʠʥʘʮʠʡ 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʢʘʯʝʩʪʚʘ ʧʦʠʩʢʘ 

ʕʢʩʧʝʨʪʥʳʝ 

ʩʧʨʘʚʢʠ, 

ʥʦʨʤʘʪʠʚʥʳʝ 

ʦʪʚʝʪʳ 

ʂʦʥʪʫʨ ʠʩʪʦʯʥʠʢʦʚʦʡ 

ʦʧʦʨʳ ʠ ʧʨʦʚʝʨʢʠ 

 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʚ ʨʘʙʦʪʝ ʘʨʭʠʪʝʢʪʫʨʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʚ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤ ʘʥʘʣʠʟʝ ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ ʜʦʩʪʠʛʘʝʪʩʷ ʥʝ ʧʨʠ ʚʳʙʦʨʝ ʤʝʞʜʫ rules ʠ AI, ʘ ʧʨʠ 

ʠʭ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʤ ʦʙʲʝʜʠʥʝʥʠʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʰʫʤʫ, ʩʥʠʞʝʥʠʝ ʨʠʩʢʘ ʛʘʣʣʶʮʠʥʘʮʠʡ, ʣʫʯʰʫʶ 

ʧʝʨʝʥʦʩʠʤʦʩʪʴ ʥʘ ʜʦʤʝʥʥʳʝ ʜʘʥʥʳʝ ʠ ʙʦʣʴʰʠʡ ʧʨʠʢʣʘʜʥʦʡ ʵʬʬʝʢʪ ʜʣʷ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, 

ʦʙʨʘʟʦʚʘʥʠʷ, ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, ʤʝʜʠʮʠʥʩʢʦʡ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʥʘʫʯʥʦʡ ʘʥʘʣʠʪʠʢʠ. 

ʉʪʘʪʴʷ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʡ ʪʝʤʳ ʢʘʬʝʜʨʳ ʀʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʡ, ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʄʀʉʀʉ 

ʚ ʛʦʨʦʜʝ ɼʫʰʘʥʙʝ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʨʷʜʢʝ (ʧʨʦʪʦʢʦʣ ˉ 2 ʦʪ 17 ʘʧʨʝʣʷ 

2026 ʛ.). 
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ÖÌäÔÐÌÙÔ ØÌÞÙÔ ÏÔÍÜÔÐÄ: ÔÙÞÑÏÜÌÞÝÔëÔ ÔàÚÐÌÇÚÔ ØßÉÌÜÜÌÜÄ, ÞÜÌÙÝàÚÜØÑÜÇÚ 

ÎÌ ÜÌàÞÔ RAG 
Ôù øìėú÷ì öúùýñûýôċô îìýñĆĄÿðìüú íìüúô ôýþôāüúĔô øìþù ûñĄùôĕúð øñöÿùìð, öô ðìü úù ôĀúðìĕúô 

øÿėìüüìüôô ö÷ìýýôöĒ ùì ĕìøăÿù îúýôþìô øÿýþìėô÷, íì÷öô ĕìøăÿù ĕì÷ėìô ìîîì÷ôùô ðñþñüøôùôýþôô ýôýþñøìô 
óñĕùô ýÿùĆôô ïôíüôðĒ íìüüìýĒ øñĄìîìùð. Íìü āô÷úĀô üìîôĄô ìùĆìùìîĒ, öô íú þìýðôė îì øÿîúĀôėìþô ùìøÿùì 
øìĕðÿð ìýþ, øñĆøúüôô ûñĄùôĕúðĄÿðì ăúü ėìíìþüú øÿþþìĕôð øñöÿùìð: øñĆČüôöÿùúùôô øìþùô üìýøĒ, þìĕ÷ô÷ô 
ýñøìùþôöôô þüìùýĀúüøìþúü, ùìý÷ô þìöøô÷ČĀþìô ĔÿýþÿĔĘ íìüúô öúü íú ðúùôĄô íñüÿùì îì ĕì÷ėìô þìýðôėô ûìý 
ìó ùìý÷. Ôù þìüöôí ôøöúù øñðôĕìð, öô ĕìøóìøúù þúóìöÿùĒ îì ýþìùðìüþôóìþýôċô øìþù, ôýþôāüúĔô øìîĔÿðúþ îì 
øÿùúýôíìþĕú, þìýùôĀúþô øìîóÿĒ, ĔìøĆíìýþ, úĄöúü öìüðìùô øÿùðìüôĔìô ìó Ĕúùôíô øúĄôù þìî÷ôðĄÿðì îì 
ðìýþïôüôô ėìüúü ėìíÿ÷ öìüðì Ąìîìð. Ùìîúîìüôô ô÷øôô ôù öúü ðìü ìýúýùúööÿùôô ïôíüôðôóìþýôċô 
ùìóúüìþĄìîìùðìô ėúôðìĕú îì øúðñ÷ĕúô þìî÷ôðĄìîìùðì, ôùăÿùôù ðìü þìĕôċô ûüôùýôûô ÷Ę÷ìô øìþùô 
þìýðôėĄìîìùðì, öô ðìü úù ĕìü ċö ėìüúüô ýñøìùþôöĒ íì āÿýÿýôċþĕúô ùìóúüìþĄìîìùðì, öô ðìü øìüĕô÷ìĕúô 
ėìí÷Ē ôýþôāüúĔ Ąÿðììùð, ìýúý ČĀþììýþ. Ìĕìøøôċþô ìøì÷ôô þìĕėôėúþ ðìü þìþíôėô ĉĕþôøú÷ôô ăìĕúüăĘíìô 
ûñĄùôĕúðĄÿðì ðìü ôðúüìöÿùôô ĕÿĔĔìþĕúô üìėìøĒ, øìúüôĀ, ìøùôċþô öôíñüĒ, ôùĀúüøìþôöìô þôííĒ îì 
þìĕ÷ô÷ô øÿùðìüôĔìô ìó Ĕúùôíô öúüíìüúù þìî÷ôðĄÿðì øñíúĄìð. ÙôĄúù ðúðì Ąÿðììýþ, öô ċöĔúċĄìîôô 
ôĀúðìĕúô øÿėìüüìüĒ, øúðñ÷ĕúô BERT/LLM îì øñāìùôóøĕúô RAG ðìü øÿėúôýì íú ôýþôĀúðìô Ĕÿðúïúùìô 
ėúôðìĕú Č øúðñ÷ĕúô Ąìíìöìô ìýìíĒ þìĀýôüûìóôüôô íì÷ìùðþìü, ÿýþÿîúüĒ îì ìüóôĄô ìøì÷ôüú þìĆøôù 
øñöÿùìùð. 

Öì÷ôðîúòìĕú: ôýþôāüúĔô øìþù, ôĀúðìĕúô øÿėìüüìüĒ, øúðñ÷ĕúô óìíúùô öì÷úù, þüìùýĀúüøìþúüĕú, 
RAG, þìýùôĀúþô øìþù, ôýþôāüúĔô ôþþô÷úúþ, úĄöúüöÿùôô øìþùô óñĕùô ýÿùĆĒ, ùúüøì÷ôóìþýôċô øìþù, 
ýôýþñøìĕúô ïôíüôðĒ. 

 

ɻʀɹʈʀɼʅʓʁ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓʁ ɸʅɸʃʀɿ ʊɽʂʉʊʆɺʓʍ ɼɸʅʅʓʍ: ʀʅʊɽɻʈɸʎʀʗ 

ʈɽɻʋʃʗʈʅʓʍ ɺʓʈɸɾɽʅʀʁ, ʊʈɸʅʉʌʆʈʄɽʈʆɺ ʀ RAG-ʇʆɼʍʆɼɸ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʘ ʨʘʩʰʠʨʝʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʦʡ 

ʢʣʘʩʩʠʯʝʩʢʠʝ ʨʝʛʫʣʷʨʥʳʝ ʚʳʨʘʞʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʘ ʢʘʢ ʧʝʨʚʳʡ, 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʢʦʥʪʫʨ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ, 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʟʘʜʘʯʘʤʠ ʚʘʣʠʜʘʮʠʠ ʠ ʰʘʙʣʦʥʥʦʛʦ ʧʦʠʩʢʘ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʦʙʲʝʜʠʥʷʝʪ ʯʝʪʳʨʝ ʫʨʦʚʥʷ: 

ʬʦʨʤʘʣʴʥʫʶ ʥʦʨʤʘʣʠʟʘʮʠʶ ʪʝʢʩʪʘ, ʪʨʘʥʩʬʦʨʤʝʨʥʳʡ ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, retrieval-augmented generation ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʚʥʝʰʥʠʤʠ ʟʥʘʥʠʷʤʠ ʠ ʢʦʥʪʫʨ ʧʦʩʪʛʝʥʝʨʘʮʠʦʥʥʦʡ ʚʝʨʠʬʠʢʘʮʠʠ. ʊʘʢʘʷ ʢʦʤʧʦʟʠʮʠʷ ʧʦʟʚʦʣʷʝʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʦʯʠʩʪʢʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʪʝʢʩʪʦʚ, ʠʟʚʣʝʯʝʥʠʷ ʩʫʱʥʦʩʪʝʡ ʠ ʦʪʥʦʰʝʥʠʡ, 

ʪʝʤʘʪʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʩʫʤʤʘʨʠʟʘʮʠʠ, ʦʙʥʘʨʫʞʝʥʠʷ ʤʘʰʠʥʥʦ-ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʝʥʪʘ ʠ ʧʦʜʜʝʨʞʢʠ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʦʙʦʩʥʦʚʘʥʠʠ ʫʧʨʘʚʣʷʝʤʦʡ ʛʠʙʨʠʜʠʟʘʮʠʠ ʧʨʘʚʠʣ ʠ 

ʛʝʥʝʨʘʪʠʚʥʳʭ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʞʝ ʚ ʬʦʨʤʫʣʠʨʦʚʘʥʠʠ ʧʨʠʥʮʠʧʘ ʚʝʨʠʬʠʮʠʨʫʝʤʦʛʦ ʪʝʢʩʪʦʚʦʛʦ ʢʦʥʚʝʡʝʨʘ, ʛʜʝ ʢʘʞʜʦʝ 

ʩʝʤʘʥʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʦʧʠʨʘʝʪʩʷ ʥʘ ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʧʨʠʟʥʘʢʠ, ʠʟʚʣʝʯʝʥʥʳʝ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʘʭ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʭʝʤʳ ʚ ʮʠʬʨʦʚʦʤ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʝ, ʦʙʨʘʟʦʚʘʥʠʠ, ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, ʤʝʜʠʮʠʥʩʢʦʡ ʠʥʬʦʨʤʘʪʠʢʝ ʠ ʘʥʘʣʠʪʠʢʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʢʦʥʪʝʥʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʯʝʪʘʥʠʝ ʨʝʛʫʣʷʨʥʳʭ ʚʳʨʘʞʝʥʠʡ, ʤʦʜʝʣʝʡ ʩʝʤʝʡʩʪʚʘ BERT/LLM ʠ RAG-ʤʝʭʘʥʠʟʤʦʚ 
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ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʧʨʠʢʣʘʜʥʫʶ ʮʝʥʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʧʨʘʚʠʣ ʠʣʠ ʪʦʣʴʢʦ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʢʩʪʘ, ʨʝʛʫʣʷʨʥʳʝ ʚʳʨʘʞʝʥʠʷ, ʙʦʣʴʰʠʝ ʷʟʳʢʦʚʳʝ ʤʦʜʝʣʠ, 

ʪʨʘʥʩʬʦʨʤʝʨʳ, RAG, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʝʢʩʪʘ, ʠʟʚʣʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʜʝʪʝʢʮʠʷ AI-ʪʝʢʩʪʘ, ʥʦʨʤʘʣʠʟʘʮʠʷ ʪʝʢʩʪʘ, 

ʛʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ. 

 

HYBRID TEXT MINING: INTEGRATION OF REGULAR EXPRESSIONS, TRANSFORMERS, AND THE RAG 

APPROACH 

This paper proposes an expanded concept for text mining, in which classical regular expressions are considered not 

as a standalone tool, but as the first, deterministic layer of a hybrid artificial intelligence system. Unlike the traditional 

approach, which is limited to validation and pattern matching, the proposed architecture integrates four layers: formal text 

normalization, transformer semantic analysis, retrieval-augmented generation for working with external knowledge, and a 

post-generation verification layer. This composition enables simultaneous solution of text cleaning and standardization, 

entity and relationship extraction, thematic classification, summarization, detection of machine-generated content, and 

decision support. The scientific novelty of this work lies in the justification of the controlled hybridization of rules and 

generative models, as well as the formulation of the principle of a verifiable text pipeline, where each semantic decision is 

based on controlled features extracted in previous stages. The practical significance of the study lies in the potential 

application of the proposed framework in digital document management, education, cybersecurity, medical informatics, 

and user-generated content analytics. It is shown that the combination of regular expressions, BERT/LLM models, and 

RAG mechanisms provides greater interpretability, robustness, and practical value compared to the isolated use of rules or 

neural network models alone. 

Keywords: text mining, regular expressions, large-scale language models, transformers, RAG, text classification, 

information extraction, AI text detection, text normalization, hybrid systems. 
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ʋɼʂ: 330.43:004.8 

ʄɸʐʀʅʅʆɽ ʆɹʋʏɽʅʀɽ ɺ ʉʀʉʊɽʄɽ ʅɸʎʀʆʅɸʃʔʅʆʁ ʕʂʆʅʆʄʀʂʀ 

 

ʋʩʤʦʥʦʚ ɸ.ɸ. 

ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʊʘʜʞʠʢʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ 

ʄ.ʉ. ʆʩʠʤʠ ʛ. ʍʫʜʞʘʥʜ 

 

ɺʚʝʜʝʥʠʝ. ʎʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʵʢʦʥʦʤʠʢʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʟʤʝʥʠʣʘ ʭʘʨʘʢʪʝʨ 

ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ: ʚʦʟʨʘʩʪʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʢʦʨʦʩʪʠ ʘʥʘʣʠʟʘ, ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ 

ʧʨʦʛʥʦʟʦʚ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʚʥʝʰʥʠʤ ʰʦʢʘʤ. ʅʘ 

ʧʨʘʢʪʠʢʝ ʵʪʦ ʦʟʥʘʯʘʝʪ ʧʝʨʝʭʦʜ ʦʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʝʘʢʪʠʚʥʳʭ ʤʝʨ ʢ ʧʨʝʜʠʢʪʠʚʥʳʤ, 

ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʜʘʥʥʳʭ ʠ ʤʦʜʝʣʷʭ. 

ɼʣʷ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʫʩʠʣʠʚʘʝʪʩʷ ʩʧʝʮʠʬʠʢʦʡ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ: ʚʳʩʦʢʦʡ ʦʪʢʨʳʪʦʩʪʴʶ, ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʚʥʝʰʥʠʭ ʨʳʥʢʦʚ ʪʨʫʜʘ ʠ 

ʜʝʥʝʞʥʳʭ ʧʝʨʝʚʦʜʦʚ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʢʦʣʝʙʘʥʠʷʤ ʮʝʥ ʥʘ ʠʤʧʦʨʪʠʨʫʝʤʳʝ ʪʦʚʘʨʳ ʠ 

ʢʫʨʩʦʚʦʡ ʜʠʥʘʤʠʢʝ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʠʩʢʘʣʴʥʦʡ ʠ 

ʬʠʥʘʥʩʦʚʦʡ ʧʦʣʠʪʠʢʠ ʪʨʝʙʫʶʪ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʪʠʢʠ. 

ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ (Machine Learning, ML) ʢʘʢ ʯʘʩʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʤʦʜʝʣʠ, ʩʧʦʩʦʙʥʳʝ ʚʳʷʚʣʷʪʴ ʥʝʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ɼʣʷ ʧʨʘʢʪʠʢʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ML ʧʝʨʩʧʝʢʪʠʚʥʦ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ:  

(ʘ) ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ɺɺʇ, ʠʥʬʣʷʮʠʠ, ʟʘʥʷʪʦʩʪʠ;  

(ʙ) ʤʦʥʠʪʦʨʠʥʛʘ ʙʶʜʞʝʪʥʳʭ ʨʠʩʢʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʛʨʘʤʤ;  

(ʚ) ʧʦʚʳʰʝʥʠʷ ʬʠʥʘʥʩʦʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʘʥʪʠʬʨʦʜ, ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʦʪʤʳʚʘʥʠʶ 

ʩʨʝʜʩʪʚ);  

(ʛ) ʘʜʨʝʩʥʦʡ ʩʦʮʠʘʣʴʥʦʡ ʧʦʣʠʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʩʝʛʤʝʥʪʘʮʠʠ ʠ ʚʳʷʚʣʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʘʪʴ ʨʘʩʰʠʨʝʥʥʫʶ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʧʨʠʤʝʥʝʥʠʷ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʝ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʠ ʧʨʝʜʣʦʞʠʪʴ 

ʠʥʩʪʨʫʤʝʥʪʳ (ʵʤʧʠʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ɺɺʇ ʠ ʠʥʜʝʢʩ ʀɼʋʕ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʠʟʤʝʨʠʤʦʩʪʴ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ: 1) 

ʚʳʧʦʣʥʠʪʴ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 2019-2025 ʛʛ.; 2) ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ML 

ʚ ʢʣʶʯʝʚʳʭ ʢʦʥʪʫʨʘʭ ʵʢʦʥʦʤʠʢʠ; 3) ʦʧʠʩʘʪʴ ʤʝʪʦʜʠʢʫ ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ɺɺʇ; 4) 

ʨʘʟʨʘʙʦʪʘʪʴ ʀɼʋʕ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʳʝ ʧʨʘʚʠʣʘ; 5) ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʨʠʢʣʘʜʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʧʦ ʚʥʝʜʨʝʥʠʶ ML ʚ ʛʦʩʫʧʨʘʚʣʝʥʠʠ. 

1. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʵʢʦʥʦʤʠʢʝ. ɺ ʧʝʨʠʦʜ 

2019-2025 ʛʛ. ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʪʦʡʯʠʚʳʡ ʨʦʩʪ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ML ʚ ʵʢʦʥʦʤʠʢʝ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʧʨʘʚʣʝʥʠʠ. ɺ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʙʟʦʨʘʭ 

ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʜʦʤʠʥʠʨʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʷ:  

(1) ʧʨʝʜʠʢʪʠʚʥʘʷ ʘʥʘʣʠʪʠʢʘ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ;  

(2) ʘʥʘʣʠʟ ʬʠʥʘʥʩʦʚʳʭ ʨʠʩʢʦʚ ʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʤʦʰʝʥʥʠʯʝʩʪʚʫ;  

(3) GovTech ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʦʩʥʦʚʝ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ [19; 

20]. 

ɼʣʷ ʤʘʢʨʦʵʢʦʥʦʤʠʢʠ ʭʘʨʘʢʪʝʨʥʦ ʫʩʠʣʝʥʠʝ ʠʥʪʝʨʝʩʘ ʢ ʘʥʩʘʤʙʣʝʚʳʤ ʤʝʪʦʜʘʤ 

(ʛʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ, ʩʣʫʯʘʡʥʳʡ ʣʝʩ) ʠ ʥʝʡʨʦʩʝʪʝʚʳʤ ʤʦʜʝʣʷʤ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ 

(LSTM/GRU), ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʫʯʠʪʳʚʘʪʴ ʥʝʣʠʥʝʡʥʳʝ ʵʬʬʝʢʪʳ, ʩʝʟʦʥʥʦʩʪʴ ʠ ʩʪʨʫʢʪʫʨʥʳʝ 

ʨʘʟʨʳʚʳ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ ML-ʧʦʜʭʦʜʳ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʳ, ʢʦʛʜʘ ʜʦʩʪʫʧʝʥ 

ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʦʙʲʷʩʥʷʶʱʠʭ ʧʨʠʟʥʘʢʦʚ: ʠʥʜʠʢʘʪʦʨʳ ʚʥʝʰʥʝʡ ʪʦʨʛʦʚʣʠ, ʨʳʥʢʦʚ ʪʨʫʜʘ, 

ʬʠʥʘʥʩʦʚʦʛʦ ʩʝʢʪʦʨʘ, ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʥʘʩʪʨʦʝʥʠʡ ʠ ʮʠʬʨʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ [16]. 

ʌʠʥʘʥʩʦʚʳʡ ʩʝʢʪʦʨ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ çʙʦʛʘʪʳʭ ʜʘʥʥʳʤʠè ʩʝʛʤʝʥʪʦʚ 

ʵʢʦʥʦʤʠʢʠ, ʯʪʦ ʦʙʫʩʣʦʚʠʣʦ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ML ʜʣʷ ʩʢʦʨʠʥʛʘ, ʘʥʪʠʬʨʦʜʘ, ʚʳʷʚʣʝʥʠʷ 

ʘʥʦʤʘʣʠʡ ʚ ʪʨʘʥʟʘʢʮʠʷʭ ʠ ʦʮʝʥʢʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʨʠʩʢʦʚ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ 
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ʢʘʯʝʩʪʚʦ ʜʘʥʥʳʭ, ʙʦʨʴʙʘ ʩ ʜʠʩʙʘʣʘʥʩʦʤ ʢʣʘʩʩʦʚ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ ʤʦʜʝʣʝʡ (XAI) ʷʚʣʷʶʪʩʷ 

ʢʣʶʯʝʚʳʤʠ ʫʩʣʦʚʠʷʤʠ ʚʥʝʜʨʝʥʠʷ ʧʦʜʦʙʥʳʭ ʨʝʰʝʥʠʡ ʚ ʨʝʛʫʣʠʨʫʝʤʳʭ ʩʨʝʜʘʭ. 

ʆʪʜʝʣʴʥʘʷ ʛʨʫʧʧʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʘʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʧʨʠʤʝʥʝʥʠʷ ʀʀ. ɼʦʢʫʤʝʥʪʳ ʧʦ ʵʪʠʢʝ ʠ ʨʠʩʢ-ʤʝʥʝʜʞʤʝʥʪʫ ʚ ʀʀ (ʚʢʣʶʯʘʷ 

ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʩʪʘʥʜʘʨʪʳ) ʧʦʜʯʝʨʢʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʟʨʘʯʥʦʩʪʠ, ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʯʝʩʪʚʘ 

ʤʦʜʝʣʝʡ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʢʦʥʪʫʨʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɼʣʷ ʩʪʨʘʥ ʩ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʮʠʬʨʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ (ʚʢʣʶʯʘʷ ʛʦʩʫʜʘʨʩʪʚʘ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ) ʣʠʪʝʨʘʪʫʨʦʡ ʦʪʤʝʯʘʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ: ʬʨʘʛʤʝʥʪʘʮʠʷ ʜʘʥʥʳʭ, 

ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʦʡ ʠʥʪʝʛʨʘʮʠʠ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʙʘʟʘ, ʜʝʬʠʮʠʪ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʜʘʥʥʳʭ ʚʦ ʚʨʝʤʝʥʠ (ʠʟʤʝʥʝʥʠʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ, ʤʝʪʦʜʠʢ 

ʫʯʝʪʘ, ʥʝʧʦʣʥʦʪʘ ʨʷʜʦʚ). ʇʦʵʪʦʤʫ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʘʢʮʝʥʪʠʨʫʝʪʩʷ ʧʦʵʪʘʧʥʦʝ 

ʚʥʝʜʨʝʥʠʝ: ʦʪ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʜʘʥʥʳʭ ʠ ʧʠʣʦʪʥʳʭ ʧʨʦʝʢʪʦʚ ʢ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ 

ʠ ʧʨʝʜʠʢʪʠʚʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ. 

2. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʚʥʝʜʨʝʥʠʷ ML. ʉ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ML ʚ ʵʢʦʥʦʤʠʢʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʬʦʨʤʘʣʠʟʘʮʠʶ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʟʘʜʘʯʠ ʢʘʢ ʟʘʜʘʯʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ (ʨʝʛʨʝʩʩʠʠ), ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʣʠ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. ɺʳʙʦʨ ʧʦʩʪʘʥʦʚʢʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʨʦʜʦʡ ʮʝʣʝʚʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠ ʜʦʩʪʫʧʥʦʩʪʴʶ ʜʘʥʥʳʭ. ɼʣʷ 

ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʠʧʠʯʥʳ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʧʦʩʪʘʥʦʚʢʠ, ʛʜʝ ʮʝʣʝʚʦʡ 

ʧʝʨʝʤʝʥʥʦʡ ʚʳʩʪʫʧʘʝʪ, ʥʘʧʨʠʤʝʨ, ɺɺʇ ʠʣʠ ʪʝʤʧʳ ʨʦʩʪʘ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ, ʥʘʣʠʯʠʝʤ ʧʨʦʧʫʩʢʦʚ ʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʤʝʪʦʜʠʢ ʫʯʝʪʘ. ʇʦʵʪʦʤʫ ʙʘʟʦʚʳʤ ʧʨʠʥʮʠʧʦʤ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʢʦʥʚʝʡʝʨʘ 

ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ: ʦʯʠʩʪʢʘ, ʫʩʪʨʘʥʝʥʠʝ ʚʳʙʨʦʩʦʚ, ʥʦʨʤʘʣʠʟʘʮʠʷ, ʩʦʟʜʘʥʠʝ ʣʘʛʦʚʳʭ ʧʨʠʟʥʘʢʦʚ, 

ʧʨʦʚʝʨʢʘ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʧʝʨʝʭʦʜ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʚ 

ʪʝʤʧʘʭ ʨʦʩʪʘ/ʣʦʛʘʨʠʬʤʘʭ [1; 22; 21]. 

ɺʘʞʥʳʤ ʢʨʠʪʝʨʠʝʤ ʚʥʝʜʨʝʥʠʷ ML ʚ ʛʦʩʫʧʨʘʚʣʝʥʠʠ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ. ɺ ʨʷʜʝ 

ʟʘʜʘʯ (ʙʶʜʞʝʪʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʩʦʮʠʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ) ʪʨʝʙʫʝʪʩʷ ʧʦʥʠʤʘʥʠʝ ʬʘʢʪʦʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʛʥʦʟ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʦʙʲʷʩʥʠʤʦʩʪʠ: feature importance, SHAP-

ʟʥʘʯʝʥʠʷ ʠ ʯʘʩʪʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ. ʀʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ ʧʦʚʳʰʘʝʪ ʜʦʚʝʨʠʝ ʢ ʤʦʜʝʣʠ ʠ 

ʩʥʠʞʘʝʪ ʨʝʛʫʣʷʪʦʨʥʳʝ ʨʠʩʢʠ. 

ɼʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʜʝʣʝʡ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʩʝʢʪʦʨʝ ʥʝʦʙʭʦʜʠʤʳ ʧʨʘʢʪʠʢʠ MLOps: 

ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ, ʤʦʥʠʪʦʨʠʥʛ ʜʨʝʡʬʘ ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʨʝʛʫʣʷʨʥʦʝ ʧʝʨʝʦʙʫʯʝʥʠʝ, 

ʞʫʨʥʘʣʠʨʦʚʘʥʠʝ ʚʝʨʩʠʡ ʤʦʜʝʣʠ ʠ ʘʫʜʠʪ. ɼʘʥʥʳʝ ʧʨʘʢʪʠʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʀʀ. 

3. ʂʦʥʪʝʢʩʪ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ: ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ ML. ʇʨʠʤʝʥʝʥʠʝ ML ʚ 

ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʝ ʊʘʜʞʠʢʠʩʪʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʧʦ ʢʦʥʪʫʨʘʤ: 

ʤʘʢʨʦʵʢʦʥʦʤʠʢʘ (ʧʨʦʛʥʦʟ ɺɺʇ ʠ ʠʥʬʣʷʮʠʠ), ʬʠʥʘʥʩʳ (ʘʥʪʠʬʨʦʜ, ʩʢʦʨʠʥʛ, ʚʘʣʶʪʥʳʝ ʨʠʩʢʠ), 

ʬʠʩʢʘʣʴʥʘʷ ʩʠʩʪʝʤʘ (ʧʨʦʛʥʦʟ ʜʦʭʦʜʦʚ ʙʶʜʞʝʪʘ, ʢʦʥʪʨʦʣʴ ʟʘʢʫʧʦʢ), ʩʦʮʠʘʣʴʥʘʷ ʧʦʣʠʪʠʢʘ 

(ʘʜʨʝʩʥʘʷ ʧʦʤʦʱʴ, ʧʨʦʛʥʦʟ ʙʝʟʨʘʙʦʪʠʮʳ), ʦʪʨʘʩʣʝʚʳʝ ʧʦʣʠʪʠʢʠ (ʵʥʝʨʛʝʪʠʢʘ, ʘʛʨʦʩʝʢʪʦʨ, 

ʣʦʛʠʩʪʠʢʘ) [16; 12]. 

ʆʩʦʙʫʶ ʩʧʝʮʠʬʠʢʫ ʟʘʜʘʝʪ ʚʳʩʦʢʘʷ ʨʦʣʴ ʜʝʥʝʞʥʳʭ ʧʝʨʝʚʦʜʦʚ ʠ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ. 

ɼʘʥʥʳʡ ʬʘʢʪʦʨ ʚʣʠʷʝʪ ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ ʜʦʤʦʭʦʟʷʡʩʪʚ, ʚʘʣʶʪʥʳʡ ʨʳʥʦʢ ʠ ʜʠʥʘʤʠʢʫ ʦʪʜʝʣʴʥʳʭ 

ʦʪʨʘʩʣʝʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʧʨʦʛʥʦʟʦʚ ʤʘʢʨʦʧʦʢʘʟʘʪʝʣʝʡ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ 

ʠʥʜʠʢʘʪʦʨʳ ʚʥʝʰʥʠʭ ʨʳʥʢʦʚ ʪʨʫʜʘ ʠ ʜʠʥʘʤʠʢʫ ʧʝʨʝʚʦʜʦʚ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʜʨʘʡʚʝʨʦʤ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʧʣʘʪʝʞʝʡ ʠ ʮʠʬʨʦʚʳʭ 

ʩʝʨʚʠʩʦʚ: ʵʪʦ ʩʦʟʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʪʨʘʥʟʘʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʠ ʚʥʝʜʨʝʥʠʷ 

ʘʥʘʣʠʪʠʢʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʚʳʰʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʟʘʱʠʪʝ ʜʘʥʥʳʭ ʠ 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. 

4. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʨʦʛʥʦʟ ɺɺʇ ʊʘʜʞʠʢʠʩʪʘʥʘ (2025ï2028). ʕʤʧʠʨʠʯʝʩʢʠʡ 

ʨʘʟʜʝʣ ʚʢʣʶʯʘʝʪ:  

1. ʦʧʠʩʘʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ ʠ ʧʦʜʛʦʪʦʚʢʫ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ;  

1. ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠʟʥʘʢʦʚ ʠ ʚʳʙʦʨ ʤʦʜʝʣʝʡ;  

2. ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʤʝʪʨʠʢ MAE ʠ RMSE;  
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3. ʧʦʩʪʨʦʝʥʠʝ ʧʨʦʛʥʦʟʘ ʥʘ ʛʦʨʠʟʦʥʪʝ 2025-2028 ʛʛ.;  

4. ʦʙʩʫʞʜʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʩʮʝʥʘʨʠʝʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʨʷʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ ɺɺʇ (GDP, current US$) ʧʦ ʜʘʥʥʳʤ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ. ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʜʠʥʘʤʠʢʠ ʠ ʧʦʩʪʨʦʝʥʠʷ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʛʦ ʩʮʝʥʘʨʠʷ ʧʨʠʚʦʜʷʪʩʷ ʟʥʘʯʝʥʠʷ ʟʘ 2021-2024 ʛʛ. (ʪʘʙʣ. 1) [8; 4; 7; 5; 1]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʦʤʠʥʘʣʴʥʳʡ ɺɺʇ ʚ ʜʦʣʣʘʨʘʭ ʉʐɸ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʨʝʘʣʴʥʦʛʦ 

ʨʦʩʪʘ, ʥʦ ʠ ʦʪ ʠʥʬʣʷʮʠʠ ʠ ʚʘʣʶʪʥʦʛʦ ʢʫʨʩʘ; ʧʦʵʪʦʤʫ ʨʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʢʘʢ 

ʩʮʝʥʘʨʥʳʝ ʦʮʝʥʢʠ. 

 

ʊʘʙʣʠʮʘ 1. ɼʠʥʘʤʠʢʘ ɺɺʇ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ (2021-2024 ʛʛ.) 

Table 1. Dynamics of GDP of the Republic of Tajikistan (2021-2024) 
ɻʦʜ ɺɺʇ, ʤʣʨʜ ʜʦʣʣ. ʉʐɸ ʇʨʠʨʦʩʪ, ʤʣʨʜ ʜʦʣʣ. ʉʐɸ ʊʝʤʧ ʨʦʩʪʘ, % 

2021 8,94 ð ð 

2022 10,71 1,77 19,8 

2023 12,06 1,35 12,6 

2024 14,20 2,14 17,7 

 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʘ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʢʣʘʩʩʘ ʤʦʜʝʣʝʡ: (ʘ) ʢʣʘʩʩʠʯʝʩʢʠʝ ʚʨʝʤʝʥʥʳʝ 

ʤʦʜʝʣʠ (ʙʘʟʦʚʘʷ ʘʚʪʦʨʝʛʨʝʩʩʠʷ ʩ ʪʨʝʥʜʦʤ, ARIMA ʢʘʢ ʵʪʘʣʦʥ) ʠ (ʙ) ʘʥʩʘʤʙʣʝʚʳʝ ʤʦʜʝʣʠ ʥʘ 

ʦʩʥʦʚʝ ʜʝʨʝʚʴʝʚ ʨʝʰʝʥʠʡ (ʛʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ), ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ ʧʨʠ ʥʘʣʠʯʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ. ɺ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʤ ʩʮʝʥʘʨʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʠʟʥʘʢʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʘʛʠ ɺɺʇ ʠ ʪʝʤʧʳ ʨʦʩʪʘ; ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʤʦʜʝʣʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʚʢʣʶʯʘʪʴ ʠʥʬʣʷʮʠʶ, ʢʫʨʩ, ʠʥʚʝʩʪʠʮʠʠ, ʵʢʩʧʦʨʪ/ʠʤʧʦʨʪ, ʜʝʥʝʞʥʳʝ ʧʝʨʝʚʦʜʳ ʠ ʧʦʢʘʟʘʪʝʣʠ 

ʮʠʬʨʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ (rolling-origin), ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʤʠʪʠʨʦʚʘʪʴ ʨʝʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʢʦʛʜʘ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʜʦʩʪʫʧʥʘ ʣʠʰʴ 

ʠʥʬʦʨʤʘʮʠʷ ʧʨʦʰʣʦʛʦ ʧʝʨʠʦʜʘ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʨʠʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʨʝʜʥʷʷ ʘʙʩʦʣʶʪʥʘʷ ʦʰʠʙʢʘ 

(MAE) ʠ ʢʦʨʝʥʴ ʠʟ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʦʰʠʙʢʠ (RMSE). ɼʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʚʦʜʦʚ ʪʘʢʞʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʥʪʝʨʚʘʣʴʥʳʝ ʦʮʝʥʢʠ ʠ ʘʥʘʣʠʟ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʦʚ ʨʦʩʪʘ. 

 

ʊʘʙʣʠʮʘ 2. ʇʨʠʤʝʨ ʩʨʘʚʥʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ (ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʡ ʨʘʩʯʝʪ) 

Table 2. Example of comparison of forecasting accuracy (demonstration calculation) 
ʄʦʜʝʣ ɹ MAE RMSE 

ARIMA (ʵʪʘʣʦʥ) 0,62 0,88 

ɻʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ (ʩ ʣʘʛʘʤʠ) 0,41 0,6 

 

ʅʘ ʦʩʥʦʚʝ ʪʝʤʧʦʚ ʨʦʩʪʘ 2021ï2024 ʛʛ. ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʩʪʨʦʝʥ ʩʮʝʥʘʨʠʡ ʵʢʩʪʨʘʧʦʣʷʮʠʠ 

ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʪʝʤʧʘ ʨʦʩʪʘ (CAGR) [14]. ʊʘʢʦʡ ʩʮʝʥʘʨʠʡ ʥʝ ʷʚʣʷʝʪʩʷ ʦʬʠʮʠʘʣʴʥʳʤ ʧʨʦʛʥʦʟʦʤ, 

ʥʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʫʶ ʦʮʝʥʢʫ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ɺɺʇ ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʪʝʢʫʱʠʭ ʪʨʝʥʜʦʚ. 

 

ʊʘʙʣʠʮʘ 3. ʉʮʝʥʘʨʥʳʡ ʧʨʦʛʥʦʟ ɺɺʇ ʥʘ 2025ï2028 ʛʛ. (CAGR 2021ï2024) 

Table 3. Scenario GDP forecast for 2025ï2028 (CAGR 2021ï2024) 
ɻʦʜ ʉʮʝʥʘʨʥʳʡ ʧʨʦʛʥʦʟ ɺɺʇ, ʤʣʨʜ ʜʦʣʣ. ʉʐɸ 

2025 16,57 

2026 19,33 

2027 22,55 

2028 26,32 

 

ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʛʥʦʟ ʩʣʝʜʫʝʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʩ ʫʯʝʪʦʤ ʨʷʜʘ ʦʛʨʘʥʠʯʝʥʠʡ. ɺʦ-ʧʝʨʚʳʭ, 

ʨʷʜ ɺɺʇ ʚ ʪʝʢʫʱʠʭ ʜʦʣʣʘʨʘʭ ʉʐɸ ʧʦʜʚʝʨʞʝʥ ʚʣʠʷʥʠʶ ʚʘʣʶʪʥʦʛʦ ʢʫʨʩʘ, ʯʪʦ ʤʦʞʝʪ ʫʩʠʣʠʚʘʪʴ 

ʠʣʠ ʩʥʠʞʘʪʴ ʥʦʤʠʥʘʣʴʥʳʡ ʨʦʩʪ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʝʘʣʴʥʦʛʦ ʚʳʧʫʩʢʘ. ɺʦ-ʚʪʦʨʳʭ, ʢʦʨʦʪʢʠʡ 

ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʣʦʞʥʳʭ ʤʦʜʝʣʝʡ ʠ ʪʨʝʙʫʝʪ ʘʢʢʫʨʘʪʥʦʡ 

ʨʝʛʫʣʷʨʠʟʘʮʠʠ. ɺ-ʪʨʝʪʴʠʭ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʬʘʢʪʦʨʥʳʤ ʤʦʜʝʣʷʤ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 
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ʩʦʛʣʘʩʦʚʘʥʠʝ ʯʘʩʪʦʪʳ ʜʘʥʥʳʭ (ʛʦʜʦʚʳʝ/ʢʚʘʨʪʘʣʴʥʳʝ), ʯʪʦ ʪʨʝʙʫʝʪ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʢʩʠ-

ʠʥʜʠʢʘʪʦʨʦʚ (ʥʘʧʨʠʤʝʨ, ʠʥʜʝʢʩ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʙʦʨʦʪʳ ʧʣʘʪʝʞʝʡ, ʠʤʧʦʨʪ) 

[17]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʛʨʘʥʠʯʝʥʠʷ, ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʡ ʨʘʩʯʝʪ ʧʦʢʘʟʳʚʘʝʪ ʧʨʠʢʣʘʜʥʫʶ ʮʝʥʥʦʩʪʴ 

ʧʦʜʭʦʜʘ: ʧʨʠ ʥʘʣʠʯʠʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʨʘʩʰʠʨʝʥʥʦʛʦ ʥʘʙʦʨʘ ʧʨʠʟʥʘʢʦʚ ʘʥʩʘʤʙʣʝʚʳʝ 

ʤʝʪʦʜʳ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʚʨʝʤʝʥʥʳʤʠ ʤʦʜʝʣʷʤʠ, ʘ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ 

ʩʨʝʜʩʪʚʘʤʠ XAI. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʢʦʤʝʥʜʘʮʠʷ ʜʣʷ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠʥʩʪʠʪʫʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ 

çʚʠʪʨʠʥʳ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭè ʩ ʝʜʠʥʳʤʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ ʠ ʨʝʛʫʣʷʨʥʳʤ 

ʦʙʥʦʚʣʝʥʠʝʤ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʝʨʝʡʪʠ ʦʪ ʩʮʝʥʘʨʥʦʡ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʢ ʧʦʣʥʦʮʝʥʥʳʤ ʧʨʝʜʠʢʪʠʚʥʳʤ 

ʤʦʜʝʣʷʤ, ʦʙʥʦʚʣʷʝʤʳʤ ʝʞʝʢʚʘʨʪʘʣʴʥʦ ʠʣʠ ʝʞʝʤʝʩʷʯʥʦ. 

5. ɸʚʪʦʨʩʢʠʡ ʠʥʜʝʢʩ ʮʠʬʨʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʢʦʥʦʤʠʢʠ (ʀɼʋʕ). ɼʣʷ ʦʮʝʥʢʠ 

ʛʦʪʦʚʥʦʩʪʠ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ ʢ ʚʥʝʜʨʝʥʠʶ ML ʧʨʝʜʣʦʞʝʥ ʘʚʪʦʨʩʢʠʡ ʠʥʜʝʢʩ ʮʠʬʨʦʚʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʢʦʥʦʤʠʢʠ (ʀɼʋʕ). ʇʦʜ ʮʠʬʨʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʧʦʥʠʤʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʠʥʩʪʠʪʫʪʦʚ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝʧʨʝʨʳʚʥʦʝ ʠ ʙʝʟʦʧʘʩʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʩʝʨʚʠʩʦʚ, ʜʘʥʥʳʭ ʠ 

ʦʙʫʯʘʝʤʳʭ ʤʦʜʝʣʝʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ, ʚʢʣʶʯʘʷ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʰʦʢʠ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ [15]. 

ʀɼʋʕ ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ ʚʟʚʝʰʝʥʥʘʷ ʩʫʤʤʘ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪ: ʀɼʋʕ = ŬĿDSI + 

ɓĿBDI + ɔĿGLI, ʛʜʝ DSI (Digital Services Index) ʦʪʨʘʞʘʝʪ ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʮʠʬʨʦʚʳʭ 

ʫʩʣʫʛ; BDI (Big Data Integration Index) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʠʥʪʝʛʨʘʮʠʠ ʜʘʥʥʳʭ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ; GLI (Government Learning Indicator) ʦʮʝʥʠʚʘʝʪ ʟʨʝʣʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʦʙʫʯʘʝʤʳʭ ʤʦʜʝʣʝʡ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʧʨʘʚʣʝʥʠʠ (ʥʘʣʠʯʠʝ ʨʝʛʣʘʤʝʥʪʦʚ, MLOps, 

ʘʫʜʠʪʘ ʠ ʧʨʘʢʪʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʥʦʟʦʚ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ). 

ɺ ʢʘʯʝʩʪʚʝ ʠʟʤʝʨʠʪʝʣʝʡ DSI ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ: ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʠʥʪʝʨʥʝʪʘ ʠ 

ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ, ʜʦʣʷ ʥʘʩʝʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʮʠʬʨʦʚʳʝ ʛʦʩʫʩʣʫʛʠ, ʜʦʣʷ ʙʝʟʥʘʣʠʯʥʳʭ 

ʧʣʘʪʝʞʝʡ. BDI ʤʦʞʝʪ ʠʟʤʝʨʷʪʴʩʷ ʧʦ ʥʘʣʠʯʠʶ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʳʭ ʚʠʪʨʠʥ ʜʘʥʥʳʭ, ʩʪʘʥʜʘʨʪʦʚ 

ʢʘʯʝʩʪʚʘ ʠ ʯʘʩʪʦʪʝ ʦʙʥʦʚʣʝʥʠʷ ʨʝʝʩʪʨʦʚ. GLI ʤʦʞʝʪ ʠʟʤʝʨʷʪʴʩʷ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʚʥʝʜʨʝʥʥʳʭ 

ʧʨʦʝʢʪʦʚ ʀʀ/ML ʚ ʚʝʜʦʤʩʪʚʘʭ, ʥʘʣʠʯʠʶ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʘʥʘʣʠʪʠʢʠ, ʫʪʚʝʨʞʜʝʥʥʳʤ 

ʨʝʛʣʘʤʝʥʪʘʤ ʤʦʥʠʪʦʨʠʥʛʘ ʤʦʜʝʣʝʡ ʠ ʧʨʘʢʪʠʢʝ ʦʙʷʟʘʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ [18]. 

ʀʥʜʝʢʩ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʥʘ ʥʘʮʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ (ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʨʦʛʨʝʩʩʘ 

ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ), ʪʘʢ ʠ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ (ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʜʠʩʧʨʦʧʦʨʮʠʡ ʤʝʞʜʫ 

ʦʙʣʘʩʪʷʤʠ ʠ ʩʝʢʪʦʨʘʤʠ). ɺ ʧʨʠʢʣʘʜʥʦʤ ʧʣʘʥʝ ʀɼʋʕ ʫʜʦʙʝʥ ʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʚʷʟʘʪʴ 

çʮʠʬʨʦʚʫʶ ʧʦʚʝʩʪʢʫè (ʠʥʪʝʨʥʝʪ, ʩʝʨʚʠʩʳ, ʙʘʟʳ ʜʘʥʥʳʭ) ʩ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʟʨʝʣʦʩʪʴʶ 

ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʝʡ [13]. 

 

ʊʘʙʣʠʮʘ 4. ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʀɼʋʕ (ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʘʷ ʦʮʝʥʢʘ): ʀɼʋʕ = 0,44 

Table 4. Example of calculating the IDU (demonstration assessment): IDU = 0.44 
ʂʦʤʧʦʥʝʥʪʘ ʆʧʠʩʘʥʠʝ ɿʥʘʯʝʥʠʝ (0ï1) ɺʝʩ 

DSI ʎʠʬʨʦʚʳʝ ʩʝʨʚʠʩʳ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʢʘʥʘʣʦʚ 0,57 0,4 

BDI ʀʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ ʠ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 0,41 0,35 

GLI ɿʨʝʣʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ML ʚ ʛʦʩʫʧʨʘʚʣʝʥʠʠ 0,28 0,25 

 

ʇʨʠ ʟʥʘʯʝʥʠʠ ʀɼʋʕ ʦʢʦʣʦ 0,45 ʵʢʦʥʦʤʠʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʤʝʨʝʥʥʳʤ ʫʨʦʚʥʝʤ 

ʮʠʬʨʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ: ʮʠʬʨʦʚʳʝ ʩʝʨʚʠʩʳ ʨʘʟʚʠʚʘʶʪʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ ʠʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ ʠ 

ʠʥʩʪʠʪʫʮʠʦʥʘʣʠʟʘʮʠʷ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʝʡ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʧʨʠʦʨʠʪʝʪ ʧʦʣʠʪʠʢʠ: ʫʩʢʦʨʝʥʠʝ 

ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʜʘʥʥʳʭ (BDI) ʠ ʩʦʟʜʘʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʢʦʥʪʫʨʘ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʤʦʜʝʣʝʡ (GLI) [2; 3; 6; 11]. 

6. ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʥʝʜʨʝʥʠʶ ML ʠ ʨʘʟʚʠʪʠʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ. 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʩ ʫʯʝʪʦʤ ʧʨʘʢʪʠʢ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʫʧʨʘʚʣʝʥʠʶ ʨʠʩʢʘʤʠ ʀʀ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʥʝʜʨʝʥʠʝ ML ʢʘʢ ʧʨʦʛʨʘʤʤʫ, 

ʚʢʣʶʯʘʶʱʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʠ ʧʨʘʚʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ. 

6.1. ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ. ʅʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʥʘʮʠʦʥʘʣʴʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʜʘʥʥʳʭ:  
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(ʘ) ʩʪʘʥʜʘʨʪʳ ʤʝʪʘʜʘʥʥʳʭ ʠ ʢʘʯʝʩʪʚʘ;  

(ʙ) ʝʜʠʥʳʝ ʩʧʨʘʚʦʯʥʠʢʠ ʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ (ʦʨʛʘʥʠʟʘʮʠʠ, ʪʝʨʨʠʪʦʨʠʠ, ʚʠʜʳ 

ʜʝʷʪʝʣʴʥʦʩʪʠ);  

(ʚ) ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʳʝ ʚʠʪʨʠʥʳ ʜʘʥʥʳʭ ʜʣʷ ʤʘʢʨʦʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʙʶʜʞʝʪʘ ʠ 

ʩʦʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ;  

(ʛ) ʤʝʭʘʥʠʟʤʳ ʙʝʟʦʧʘʩʥʦʛʦ ʦʙʤʝʥʘ ʠ ʘʥʦʥʠʤʠʟʘʮʠʠ.  

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʧʦʵʪʘʧʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ: ʩʪʘʪʠʩʪʠʢʘ Ÿ ʙʶʜʞʝʪ/ʥʘʣʦʛʠ Ÿ 

ʬʠʥʘʥʩʦʚʳʝ ʪʨʘʥʟʘʢʮʠʠ (ʚ ʦʙʝʟʣʠʯʝʥʥʦʤ ʚʠʜʝ) Ÿ ʦʪʨʘʩʣʝʚʳʝ ʩʠʩʪʝʤʳ. 

6.2. ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʧʣʘʪʬʦʨʤʘ ʠ MLOps. ɼʣʷ ʫʩʪʦʡʯʠʚʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʜʝʣʝʡ ʪʨʝʙʫʝʪʩʷ 

ʧʣʘʪʬʦʨʤʘ, ʧʦʜʜʝʨʞʠʚʘʶʱʘʷ: ʢʦʥʪʨʦʣʴ ʚʝʨʩʠʡ ʜʘʥʥʳʭ ʠ ʤʦʜʝʣʝʡ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʧʘʡʧʣʘʡʥʳ ʦʙʫʯʝʥʠʷ, ʤʦʥʠʪʦʨʠʥʛ ʜʨʝʡʬʘ, ʩʠʩʪʝʤʫ ʘʣʝʨʪʦʚ ʠ ʨʝʛʣʘʤʝʥʪ ʧʝʨʝʦʙʫʯʝʥʠʷ. ʕʪʦ 

ʩʥʠʞʘʝʪ ʨʠʩʢ ʜʝʛʨʘʜʘʮʠʠ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʨʝʜʳ. 

6.3. ʇʨʠʦʨʠʪʝʪʥʳʝ ʢʝʡʩʳ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʥʘʯʘʪʴ ʩ ʟʘʜʘʯ, ʛʜʝ ʵʬʬʝʢʪ ʠʟʤʝʨʠʤ ʠ ʜʘʥʥʳʝ 

ʜʦʩʪʫʧʥʳ:  

1. ʧʨʦʛʥʦʟ ʥʘʣʦʛʦʚʳʭ ʧʦʩʪʫʧʣʝʥʠʡ ʠ ʢʘʩʩʦʚʳʭ ʨʘʟʨʳʚʦʚ;  

2. ʤʦʥʠʪʦʨʠʥʛ ʛʦʩʟʘʢʫʧʦʢ ʠ ʚʳʷʚʣʝʥʠʝ ʘʥʦʤʘʣʠʡ;  

3. ʘʥʪʠʬʨʦʜ ʚ ʮʠʬʨʦʚʳʭ ʧʣʘʪʝʞʘʭ;  

4. ʧʨʦʛʥʦʟ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʩʦʮʠʘʣʴʥʦʡ ʧʦʜʜʝʨʞʢʝ;  

5. ʧʨʦʛʥʦʟ ʧʦ ʢʣʶʯʝʚʳʤ ʤʘʢʨʦʧʦʢʘʟʘʪʝʣʷʤ ʥʘ ʢʚʘʨʪʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ. 

6.4. ʂʘʜʨʦʚʘʷ ʧʦʣʠʪʠʢʘ. ʉʣʝʜʫʝʪ ʨʘʟʚʠʚʘʪʴ ʧʨʦʛʨʘʤʤʳ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ 

ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ ʠ ML ʚ ʚʫʟʘʭ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʫ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʜʣʷ ʩʦʪʨʫʜʥʠʢʦʚ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ. ʇʨʘʢʪʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦ 

ʮʝʥʪʨʘ ʢʦʤʧʝʪʝʥʮʠʡ (ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ), ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴ ʧʠʣʦʪʥʳʝ 

ʧʨʦʝʢʪʳ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʝʨʝʥʦʩ ʟʥʘʥʠʡ. 

6.5. ʇʨʘʚʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ ʵʪʠʢʘ. ʅʝʦʙʭʦʜʠʤʦ ʟʘʢʨʝʧʠʪʴ ʧʨʠʥʮʠʧʳ: ʟʘʢʦʥʥʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʤʠʥʠʤʠʟʘʮʠʷ ʜʘʥʥʳʭ, ʟʘʱʠʪʘ ʧʝʨʩʦʥʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʦʟʨʘʯʥʦʩʪʴ 

ʘʣʛʦʨʠʪʤʦʚ, ʥʝʜʠʩʢʨʠʤʠʥʘʮʠʷ. ɼʣʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʨʝʰʝʥʠʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʦʜʝʣʠ ʩ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʠ ʧʨʦʚʦʜʠʪʴ ʨʝʛʫʣʷʨʥʳʝ ʘʫʜʠʪʳ. 

6.6. ʂʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ. ɺʥʝʜʨʝʥʠʝ ML ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʘʪʘʢʠ: ʪʨʝʙʫʝʪʩʷ ʟʘʱʠʪʘ 

ʜʘʥʥʳʭ, ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ, ʞʫʨʥʘʣʠʨʦʚʘʥʠʝ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʪʘʢʘʤ ʥʘ ʤʦʜʝʣʠ 

(adversarial) ʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

 

ʊʘʙʣʠʮʘ 5. ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʜʦʨʦʞʥʘʷ ʢʘʨʪʘ ʚʥʝʜʨʝʥʠʷ ML ʚ ʛʦʩʫʧʨʘʚʣʝʥʠʝ 

Table 5. Recommended roadmap for ML implementation in public administration 
ʕʪʘʧ ʇʝʨʠʦʜ ʂʣʶʯʝʚʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʆʞʠʜʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ 

I 2026ï2027 ʀʥʚʝʥʪʘʨʠʟʘʮʠʷ ʜʘʥʥʳʭ; ʩʪʘʥʜʘʨʪʳ; 3ï5 

ʧʠʣʦʪʥʳʭ ʧʨʦʝʢʪʦʚ; ʙʘʟʦʚʘʷ ʚʠʪʨʠʥʘ 

ʤʘʢʨʦʜʘʥʥʳʭ 

ʇʨʦʚʝʨʢʘ ʵʬʬʝʢʪʘ, 

ʧʦʜʛʦʪʦʚʢʘ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ 

II  2027ï2029 ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʘʷ ʠʥʪʝʛʨʘʮʠʷ; ʘʥʘʣʠʪʠʯʝʩʢʘʷ 

ʧʣʘʪʬʦʨʤʘ; MLOps; ʦʙʫʯʝʥʠʝ ʢʘʜʨʦʚ 

ʉʪʘʙʠʣʴʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ 

ʤʦʜʝʣʝʡ ʚ ʚʝʜʦʤʩʪʚʘʭ 

III  2029ï2040 ʇʨʝʜʠʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ; ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ 

ʦʪʨʘʩʣʝʡ; ʨʘʩʰʠʨʝʥʠʝ GovTech 

ʈʦʩʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʦʣʠʪʠʢʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʵʢʦʥʦʤʠʢʠ 

 

7. ʆʛʨʘʥʠʯʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʙʦʪ. ʆʛʨʘʥʠʯʝʥʠʷ 

ʪʝʢʫʱʝʡ ʨʘʙʦʪʳ ʩʚʷʟʘʥʳ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʜʦʩʪʫʧʥʦʩʪʴʶ ʠ ʜʣʠʥʦʡ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʜʣʷ 

ʜʝʤʦʥʩʪʨʘʮʠʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʳ ʙʦʣʝʝ 

ʜʣʠʥʥʳʝ ʨʷʜʳ ʠ ʢʚʘʨʪʘʣʴʥʘʷ/ʤʝʩʷʯʥʘʷ ʜʝʪʘʣʠʟʘʮʠʷ, ʘ ʪʘʢʞʝ ʥʘʙʦʨ ʬʘʢʪʦʨʥʳʭ ʧʨʠʟʥʘʢʦʚ 

(ʠʥʬʣʷʮʠʷ, ʢʫʨʩ, ʚʥʝʰʥʷʷ ʪʦʨʛʦʚʣʷ, ʠʥʚʝʩʪʠʮʠʠ, ʧʝʨʝʚʦʜʳ). 

ɺʪʦʨʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ɺɺʇ ʚ ʜʦʣʣʘʨʘʭ ʉʐɸ. ɼʣʷ ʮʝʣʝʡ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʝʘʣʴʥʳʡ ɺɺʇ ʚ ʧʦʩʪʦʷʥʥʳʭ ʮʝʥʘʭ 

ʠ ʩʪʨʦʠʪʴ ʤʦʜʝʣʠ ʠʥʬʣʷʮʠʠ ʦʪʜʝʣʴʥʦ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘʧʨʘʚʠʪʴ ʥʘ:  
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1. ʨʘʟʨʘʙʦʪʢʫ ʬʘʢʪʦʨʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ;  

2. ʧʦʩʪʨʦʝʥʠʝ ʨʝʛʠʦʥʘʣʴʥʳʭ ʤʦʜʝʣʝʡ (ʦʙʣʘʩʪʥʦʡ ʫʨʦʚʝʥʴ) ʜʣʷ ʘʜʨʝʩʥʳʭ ʧʦʣʠʪʠʢ;  

3. ʵʤʧʠʨʠʯʝʩʢʫʶ ʧʨʦʚʝʨʢʫ ʩʚʷʟʠ ʀɼʋʕ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʨʦʩʪʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ;  

4. ʨʘʟʨʘʙʦʪʢʫ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʪʦʪʠʧʦʚ GovTech-ʨʝʰʝʥʠʡ ʠ ʦʮʝʥʢʫ ʵʬʬʝʢʪʘ 

ʚʥʝʜʨʝʥʠʷ. 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʟʥʘʯʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʤʦʜʝʨʥʠʟʘʮʠʠ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ. 

ɺʳʧʦʣʥʝʥʥʳʡ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 2019ï2025 ʛʛ. ʧʦʜʪʚʝʨʞʜʘʝʪ ʫʩʪʦʡʯʠʚʳʡ ʥʘʫʯʥʳʡ ʢʦʥʩʝʥʩʫʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ML ʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ, ʫʧʨʘʚʣʝʥʠʠ ʨʠʩʢʘʤʠ ʠ ʮʠʬʨʦʚʦʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʧʨʠ ʫʩʣʦʚʠʠ ʥʘʣʠʯʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʜʝʣʝʡ. 

ʕʤʧʠʨʠʯʝʩʢʘʷ ʯʘʩʪʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʦʩʧʨʦʠʟʚʦʜʠʤʫʶ ʤʝʪʦʜʠʢʫ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ɺɺʇ ʠ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʘʥʩʘʤʙʣʝʚʳʝ ʤʝʪʦʜʳ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʚʨʝʤʝʥʥʳʤʠ ʤʦʜʝʣʷʤʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ ʠ 

ʬʘʢʪʦʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʠʥʜʝʢʩ ʀɼʋʕ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʮʠʬʨʦʚʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʚʳʜʝʣʷʪʴ ʧʨʠʦʨʠʪʝʪʳ ʧʦʣʠʪʠʢʠ: ʠʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ ʠ ʟʨʝʣʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʦʜʝʣʝʡ ʚ ʚʝʜʦʤʩʪʚʘʭ. 

ʈʝʢʦʤʝʥʜʘʮʠʠ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʚ ʩʪʘʪʴʝ, ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʧʦʵʪʘʧʥʦʝ ʚʥʝʜʨʝʥʠʝ ML: 

ʦʪ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʜʘʥʥʳʭ ʠ ʧʠʣʦʪʥʳʭ ʧʨʦʝʢʪʦʚ ʢ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ ʠ ʧʝʨʝʭʦʜʫ ʢ 

ʧʨʝʜʠʢʪʠʚʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ. ʈʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʨ ʩʧʦʩʦʙʥʘ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ, ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʠ ʫʢʨʝʧʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʈʝʩʧʫʙʣʠʢʠ 

ʊʘʜʞʠʢʠʩʪʘʥ. 

ʉʪʘʪʴʷ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʡ ʪʝʤʳ ʢʘʬʝʜʨʳ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ çʄʘʰʠʥʥʦʝ 

ʦʙʫʯʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠè, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʨʷʜʢʝ 

(ʧʨʦʪʦʢʦʣ ˉ 2 ʦʪ 24 ʩʝʥʪʷʙʨʷ 2025 ʛ.). 
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MACHINE LEARNING IN THE SYSTEM OF THE NATIONAL ECONOMY  

The article examines the theoretical, methodological, and applied aspects of implementing machine learning 

methods in the system of the national economy of the Republic of Tajikistan. A review of contemporary literature (2019ï

2025) on the application of artificial intelligence in macroeconomics, the financial sector, and public administration is 

conducted, highlighting the main approaches to data-driven forecasting and risk management. An empirical methodology 

for forecasting Tajikistanôs Gross Domestic Product (GDP) for the period 2025ï2028 is developed, with a comparison of 

classical time-series models and ensemble machine learning methods. The author proposes a Digital Economic Resilience 

Index (DERI), integrating components of digital services, data integration, and the maturity of learning model usage in 

public governance. Recommendations are formulated for establishing a national data infrastructure, implementing MLOps 

practices, ensuring cybersecurity, and developing human capital, aligned with the strategic priorities of the countryôs digital 

transformation. 

Keywords: machine learning, national economy, digitalization, Republic of Tajikistan, GDP forecasting, big data, 

economic security, GovTech, digital resilience index. 
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ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʉ. ʆʩʠʤʠ 

 

ɺʚʝʜʝʥʠʝ. ɿʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʙʣʝʤ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʨʘ. ʀʥʪʝʥʩʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ, ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʦʩʪ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʝʨʴʝʟʥʦʛʦ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ, ʦʩʦʙʝʥʥʦ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʝʛʨʘʜʘʮʠʠ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, ʩʦʟʜʘʚʘʷ ʫʛʨʦʟʫ ʜʣʷ ʟʜʦʨʦʚʴʷ 

ʥʘʩʝʣʝʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ [2; 15]. 

ɺ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʥʘʰʝʡ ʨʝʩʧʫʙʣʠʢʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʘʢʪʠʚʥʦʝ ʩʪʘʥʦʚʣʝʥʠʝ ʠ ʨʘʩʰʠʨʝʥʠʝ ʪʘʢʠʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʘʢ ʭʠʤʠʯʝʩʢʘʷ, 

ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʘʷ, ʥʝʬʪʝʭʠʤʠʯʝʩʢʘʷ ʠ ʪʝʢʩʪʠʣʴʥʘʷ [21]. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʜʥʦʡ ʠʟ 

ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʬʝʥʦʣʴʥʦʛʦ ʨʷʜʘ, ʢʘʢ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ, ʪʘʢ ʠ ʚ 

ʚʦʜʥʦʡ ʩʨʝʜʝ. 

ʇʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ, ʬʝʥʦʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʫʤʫʣʷʪʠʚʥʳʤʠ ʠ ʢʘʥʮʝʨʦʛʝʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ: ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʦʨʛʘʥʠʟʤ ʦʥʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʪʢʘʥʷʭ, ʯʪʦ ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʚʳʟʳʚʘʪʴ ʧʦʨʘʞʝʥʠʝ ʧʝʯʝʥʠ, 

ʧʦʯʝʢ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ [18].  

ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʝʣʝʢʪʠʚʥʘʷ ʤʝʪʦʜʠʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʝʥʦʣʘ ʚ ʨʘʟʣʠʯʥʳʭ ʚʦʜʥʳʭ ʩʨʝʜʘʭ. ʊʘʢ ʢʘʢ ʥʘʣʠʯʠʝ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʧʨʠʨʦʜʥʳʭ ʠ ʧʠʪʴʝʚʳʭ ʚʦʜʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʚʣʠʷʥʠʝʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʟʘʛʨʷʟʥʝʥʠʷ.  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘʤʠ ʫʜʝʣʝʥʦ ʠʟʫʯʝʥʠʶ ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ 

ʤʝʪʦʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ ʚ ʢʘʯʝʩʪʚʝ ʮʚʝʪʦʦʙʨʘʟʫʶʱʝʛʦ ʨʝʘʛʝʥʪʘ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʥʘʜʸʞʥʦʩʪʴ ʘʥʘʣʠʟʘ. 

ɺ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʠʤʝʝʪʩʷ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʦʝ 

ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʘʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ: 

ʭʠʤʠʯʝʩʢʦʡ, ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʡ, ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ, ʪʝʢʩʪʠʣʴʥʦʡ ʠ ʜʨ. [7]. 

ʉʧʦʩʦʙʥʦʩʪʴ ʬʝʥʦʣʦʚ ʜʘʞʝ ʧʨʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʫʭʫʜʰʘʪʴ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʚʦʜʳ (ʧʨʠʜʘʚʘʪʴ ʝʡ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʚʢʫʩ ʠ ʟʘʧʘʭ) ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʪʨʦʛʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʠʪʴʝʚʦʡ ʚʦʜʝ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʉʘʥʇʠʅ 1.2.3685-21, 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʝʥʦʣʘ ʚ ʧʠʪʴʝʚʦʡ ʚʦʜʝ ʩʦʩʪʘʚʣʷʝʪ 0,001 ʤʛ/ʜʤį. 

ɼʣʷ ʦʮʝʥʢʠ ʩʦʜʝʨʞʘʥʠʷ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ çʌʝʥʦʣʴʥʳʡ 

ʠʥʜʝʢʩè, ʢʦʪʦʨʳʡ, ʩʦʛʣʘʩʥʦ ɻʆʉʊ 30813-2002, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʤʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʬʝʥʦʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʶ ʩ 4-ʘʤʠʥʦʘʥʪʠʧʠʨʠʥʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʨʘʰʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʂ ʪʘʢʠʤ ʚʝʱʝʩʪʚʘʤ ʦʪʥʦʩʠʪʩʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʝʪʫʯʠʭ, 

ʬʝʥʦʣʦʚ. ʇʨʠ ʵʪʦʤ ʬʘʢʪʠʯʝʩʢʘʷ ʩʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʝʥʦʣʦʚ ʚ ʧʨʦʙʝ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 

ʟʥʘʯʝʥʠʝ ʬʝʥʦʣʴʥʦʛʦ ʠʥʜʝʢʩʘ ʚ ʜʚʘ ʠ ʙʦʣʝʝ ʨʘʟʘ. 

ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʝʥʦʣʦʚ ʜʣʷ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʚʦʜʦʸʤʦʚ ʠ 

ʩʪʦʯʥʳʭ ʚʦʜ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʪʦʤ ʞʝ ʫʨʦʚʥʝ - 0,001 ʤʛ/ʜʤį. ʆʜʥʘʢʦ ʧʨʠʨʦʜʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʭʘʨʘʢʪʝʨʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʨʝʛʠʦʥʦʚ ʩʨʝʜʥʝʡ ʧʦʣʦʩʳ ʈʦʩʩʠʠ [21]. 

ʆʙʫʩʣʘʚʣʠʚʘʶʪ ʥʘʣʠʯʠʝ ʧʦʚʳʰʝʥʥʦʛʦ ʬʦʥʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʬʝʥʦʣʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʜʘʭ, ʥʝʨʝʜʢʦ ʜʦʩʪʠʛʘʶʱʝʛʦ 0,0025 ʤʛ/ʜʤį ʠ ʚʳʰʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʨʘʟʣʦʞʝʥʠʷ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ 

ʟʘʙʦʣʦʯʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

ʇʨʠʩʫʪʩʪʚʠʝ ʬʝʥʦʣʦʚ ʚ ʚʦʜʝ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʝʸ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʧʨʦʷʚʣʷʶʱʝʤʫʩʷ ʚ ʧʦʷʚʣʝʥʠʠ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ çʘʧʪʝʯʥʦʛʦè ʟʘʧʘʭʘ ʠ ʥʝʧʨʠʷʪʥʦʛʦ ʧʨʠʚʢʫʩʘ. 

ʆʜʥʘʢʦ ʠʭ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʚʢʫʩʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 



88 

 

ɺʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʳʤ ʪʦʢʩʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ 

ʠ ʩʧʦʩʦʙʥʳ ʚʳʟʳʚʘʪʴ ʭʠʤʠʯʝʩʢʠʝ ʦʞʦʛʠ ʧʨʠ ʢʦʥʪʘʢʪʝ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʠʭ ʥʘʣʠʯʠʝ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚʦʟʤʦʞʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʢʘ ʢʠʩʣʦʨʦʜʘ ʠ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʅʘʠʤʝʥʴʰʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʧʨʦʷʚʣʷʝʪ ʬʝʥʦʣ, ʪʦʛʜʘ ʢʘʢ ʝʛʦ ʘʣʢʠʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʝʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ. ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʣʝʪʫʯʠʭ ʬʝʥʦʣʦʚ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ, 

ʚʳʨʘʞʝʥʥʘʷ ʚ ʧʝʨʝʩʯʸʪʝ ʥʘ ʬʝʥʦʣ, ʩʦʩʪʘʚʣʷʝʪ 1 ʤʢʛ/ʜʤį. ʌʝʥʦʣʳ ʦʪʥʦʩʷʪʩʷ ʢ ʚʝʱʝʩʪʚʘʤ 4-ʛʦ 

ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʬʝʥʦʣʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʧʦʜʚʝʨʞʝʥʘ ʩʝʟʦʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ. ɺ 

ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʩʦʜʝʨʞʘʥʠʝ ʬʝʥʦʣʦʚ ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʧʘʜʘʝʪ, ʚʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʠʭ ʨʘʩʧʘʜʘ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʪʠʧʘ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ: ʵʪʦ ʧʝʪʨʦʛʝʥʥʳʝ ʠ ʧʠʨʦʛʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ. 

ʇʝʪʨʦʛʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʚʢʣʶʯʘʶʪ ʩʳʨʫʶ ʥʝʬʪʴ ʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝʬʪʷʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʇʠʨʦʛʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʝʧʦʣʥʦʛʦ ʩʛʦʨʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʥʝʬʪʴ, ʜʝʨʝʚʦ, ʫʛʦʣʴ ʢʘʤʝʥʥʳʡ ʠ ʪ.ʜ. [18]. 

ʌʝʥʦʣʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ. 

ʉʙʨʦʩ ʬʝʥʦʣʴʥʳʭ ʚʦʜ ʚ ʚʦʜʦʝʤʳ ʠ ʚʦʜʦʪʦʢʠ ʨʝʟʢʦ ʫʭʫʜʰʘʝʪ ʠʭ ʦʙʱʝʝ ʩʘʥʠʪʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʧʦʩʢʦʣʴʢʫ, ʚʦ-ʧʝʨʚʳʭ, ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʪʦʢʩʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʦʥʠ 

ʠʥʪʝʥʩʠʚʥʦ ʧʦʛʣʦʱʘʶʪ ʨʘʩʪʚʦʨʝʥʥʳʡ ʚ ʚʦʜʝ ʢʠʩʣʦʨʦʜ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʤʦʚ ʚʦʜʦʝʤʦʚ [18]. 

C6H5OH + 7ʆ2 Ÿ 6ʉʆ2 + 3ʅ2ʆ. 

ʇʨʦʠʩʭʦʜʷʱʝʝ ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʦʝʤʝ ʧʨʠʚʦʜʠʪ ʢ ʛʠʙʝʣʠ 

ʥʘʩʝʣʷʶʱʠʭ ʝʛʦ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʇʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʬʝʥʦʣʴʥʳʝ ʩʪʦʯʥʳʝ 

ʚʦʜʳ ʧʦʜʣʝʞʘʪ ʦʙʷʟʘʪʝʣʴʥʦʡ ʦʯʠʩʪʢʝ ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ ʢʦʥʪʨʦʣʶ ʥʘ ʩʦʜʝʨʞʘʥʠʝ [7; 22] 

C6H5OH  

ʈʘʟʣʠʯʥʳʝ ʩʝʨʴʝʟʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʝ, ʩʝʨʜʝʯʥʳʝ, 

ʨʝʩʧʠʨʘʪʦʨʥʳʝ, ʧʦʯʝʯʥʳʝ ʠ ʧʠʱʝʚʘʨʠʪʝʣʴʥʳʝ) ʚʳʟʚʘʥʳ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʬʝʥʦʣʘ ʚ 

ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʠʟ-ʟʘ ʥʝʧʦʣʥʦʡ ʦʯʠʩʪʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʢʦʚ, ʩʙʨʘʩʳʚʘʝʤʳʭ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʇʦʵʪʦʤʫ ʧʨʦʩʪʦʡ ʠ ʙʳʩʪʨʳʡ ʘʥʘʣʠʟ ʬʝʥʦʣʘ ʧʦ-ʧʨʝʞʥʝʤʫ ʩʯʠʪʘʝʪʩʷ ʚʘʞʥʳʤ, ʧʦʩʢʦʣʴʢʫ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ ʵʪʦʛʦ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʢʘʭ 

ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ. ɼʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʬʝʥʦʣʘ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʞʠʜʢʦʩʪʥʦʡ ʠʣʠ ʛʘʟʦʚʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ [20; 4; 5]. ɼʘʞʝ ʝʩʣʠ ʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʯʝʥʴ ʭʦʨʦʰʠ (ʥʠʟʢʠʡ ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ, ʚʳʩʦʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ 

ʠ ʪ. ʜ.), ʦʥʠ ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʘʥʘʣʠʟʘ ʬʝʥʦʣʘ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʠ ʘʥʘʣʠʟʦʚ, ʤʥʦʛʦʵʪʘʧʥʳʭ ʠ ʪʨʫʜʦʝʤʢʠʭ ʧʨʦʮʝʜʫʨ ʦʪʙʦʨʘ ʧʨʦʙ, ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʨʘʙʦʪʳ, ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪ.ʜ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ, ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʙʦʣʴʰʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʩʪʦʛʦ, ʙʳʩʪʨʦʛʦ ʠ ʥʝʜʦʨʦʛʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʬʝʥʦʣʘ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ [9]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʦʙʨʘʟʦʚʘʥʠʠ ʦʢʨʘʰʝʥʥʦʛʦ ʬʝʥʦʣʴʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ, ʧʦʛʣʦʱʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʝ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʧʨʦʩʪʦʪʝ, ʢʦʨʦʪʢʦʤʫ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ, ʘʜʘʧʪʠʚʥʦʩʪʠ ʢ ʨʘʟʣʠʯʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʫʩʣʦʚʠʷʤ, ʪʦʯʥʦʩʪʠ, ʥʝʜʦʨʦʛʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ ʠ ʪ. ʜ., ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʙʦʣʴʰʝ 

ʧʦʜʭʦʜʷʪ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ [14; 6]. ʆʜʥʘʢʦ ʚʩʝ ʵʪʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩʧʨʘʚʝʜʣʠʚʳ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʮʚʝʪʥʦʡ ʨʝʘʛʝʥʪ (ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʢʨʘʰʝʥʥʦʛʦ ʬʝʥʦʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ) ʪʘʢʞʝ 

ʜʝʰʝʚ ʠ ʩʪʘʙʠʣʝʥ ʚʦ ʚʨʝʤʝʥʠ [4]. ɽʩʣʠ ʮʚʝʪʥʦʡ ʨʝʘʛʝʥʪ ʜʦʨʦʛʦʡ ʠ ʠʤʝʝʪ ʥʠʟʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʨʳ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ [10; 11; 12]. ɺ 

ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣ ʠʟʫʯʝʥ ʧʨʦʩʪʦʡ ʠ ʙʳʩʪʨʳʡ ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʝʥʦʣʘ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ ʚ ʢʘʯʝʩʪʚʝ ʮʚʝʪʥʦʛʦ 

ʨʝʘʛʝʥʪʘ. ɺʳʙʦʨ ʮʚʝʪʥʦʛʦ ʨʝʘʛʝʥʪʘ ʙʳʣ ʩʜʝʣʘʥ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʥʘʙʣʶʜʝʥʠʡ. 
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ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʄʝʰʘʶʱʠʝ ʚʣʠʷʥʠʷ, ʚʳʟʚʘʥʥʳʝ 

ʤʝʪʘʥʦʣʦʤ, ʵʪʘʥʦʣʦʤ, ʘʮʝʪʦʥʦʤ ʠ ʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ, ʙʳʣʠ ʦʮʝʥʝʥʳ ʥʘ ʦʩʥʦʚʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ. ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʧʨʠʛʦʜʥʦʩʪʠ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʬʝʥʦʣʘ ʚʳʧʦʣʥʝʥʦ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʥʘ ʠʟʚʣʝʯʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ. 

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

2.1. ʄʘʪʝʨʠʘʣʳ. ɺʩʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ (ʬʝʥʦʣ, FeCl , ʤʝʪʘʥʦʣ, ʵʪʘʥʦʣ, ʘʮʝʪʦʥ, 

ʵʪʠʣʦʚʳʡ ʵʬʠʨ), ʠʩʧʦʣʴʟʦʚʘʚʰʠʝʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʠʤʝʣʠ ʩʪʝʧʝʥʴ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʯʠʩʪʦʪʳ ʯ.ʜ.ʘ. ʠ ʧʨʠʤʝʥʷʣʠʩʴ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. ʀʩʭʦʜʥʳʡ ʨʘʩʪʚʦʨ ʬʝʥʦʣʘ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ (10 ĭʤʦʣʴĿʣ ĭ) ʛʦʪʦʚʠʣʠ ʧʫʪʝʤ ʨʘʩʪʚʦʨʝʥʠʷ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʚʝʨʜʦʛʦ 

ʬʝʥʦʣʘ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ. ʈʘʙʦʯʠʝ ʨʘʩʪʚʦʨʳ ʛʦʪʦʚʠʣʠ ʨʘʟʙʘʚʣʝʥʠʝʤ ʠʩʭʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʈʘʩʪʚʦʨ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (III) ʧʦʣʫʯʘʣʠ ʨʘʩʪʚʦʨʝʥʠʝʤ 1,61 ʛ 

ʪʚʝʨʜʦʛʦ FeCl3 ʚ 100 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ʂ ʨʘʩʪʚʦʨʫ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (III), ʧʝʨʝʜ 

ʨʘʟʙʘʚʣʝʥʠʝʤ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʙʲʸʤʘ, ʜʦʙʘʚʣʷʣʠ ʦʜʥʫ ʢʘʧʣʶ ʨʘʩʪʚʦʨʘ HCl (36%) ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ. ʌʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʂʌʂ-3 ʚ ʩʪʝʢʣʷʥʥʳʭ ʢʶʚʝʪʘʭ ʩ ʪʦʣʱʠʥʦʡ ʦʧʪʠʯʝʩʢʦʛʦ ʩʣʦʷ 1,0 ʩʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

2.2. ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʧʨʦʮʝʜʫʨʘ. ʆʙʲʝʤʳ ʨʘʩʪʚʦʨʘ ʬʝʥʦʣʘ ʦʪ 0,5 ʜʦ 4,0 ʤʣ (9,41 ʤʛĿʤʣ
-1

) 

ʧʝʨʝʥʦʩʠʣʠ ʚ ʤʝʨʥʳʝ ʢʦʣʙʳ ʦʙʲʝʤʦʤ 25 ʤʣ. ʈʘʩʪʚʦʨ ʜʦʙʘʚʣʷʣʠ 1,0 ʤʣ ʨʘʩʪʚʦʨʘ FeCl3 ʧʨʠʤʝʨʥʦ 

10 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, ʠ ʧʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʠʟʤʝʨʝʥʠʝ. ʈʘʩʪʚʦʨʳ 

ʨʘʟʙʘʚʣʷʣʠ ʜʦ ʤʝʪʢʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ. ʇʦʛʣʦʱʝʥʠʝ ʢʘʞʜʦʛʦ ʨʘʩʪʚʦʨʘ 

ʠʟʤʝʨʷʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʦʪ 470 ʜʦ 700 ʥʤ ʭʦʣʦʩʪʦʡ ʧʨʦʙʦʡ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. 

ʂʦʥʮʝʥʪʨʘʮʠʶ ʬʝʥʦʣʘ ʚ ʥʝʠʟʚʝʩʪʥʳʭ ʦʙʨʘʟʮʘʭ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ 

ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʛʨʘʬʠʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʫʪʝʤ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ 

(ʠʟʤʝʨʝʥʥʦʛʦ ʧʨʠ 540 ʥʤ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʝʥʦʣʘ ʚ ʵʪʘʣʦʥʥʳʭ ʨʘʩʪʚʦʨʘʭ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʬʝʥʦʣʘ ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʰʘʶʱʝʛʦ ʚʝʱʝʩʪʚʘ, ʚʳʟʳʚʘʶʱʝʛʦ ʧʷʪʠʧʨʦʮʝʥʪʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʵʪʘʣʦʥʥʦʤ ʨʘʩʪʚʦʨʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʙʨʘʟʮʘʭ 

ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ, ʚ ʢʦʪʦʨʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʝʥʦʣʘ ʙʳʣʘ ʜʦʚʝʜʝʥʘ ʜʦ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

3.1. ʆʧʨʝʜʝʣʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʝʥʦʣʦʚ ʚ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʪʦʥʢʦʡ ʧʣʸʥʢʠ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʝʡ ʥʦʨʤʘʣʴʥʦʤʫ ʛʘʟʦʦʙʤʝʥʫ ʤʝʞʜʫ ʚʦʜʦʡ ʠ ʘʪʤʦʩʬʝʨʦʡ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʚʳʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʛʠʜʨʦʙʠʦʥʪʘʭ ʠ ʥʘʨʫʰʘʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ [1; 3]. 

ʇʨʦʤʳʰʣʝʥʥʳʝ ʩʪʦʢʠ ʧʨʠʟʥʘʥʳ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [8]. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʤʦʥʠʪʦʨʠʥʛ ʩʦʜʝʨʞʘʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʵʪʠʭ 

ʩʪʦʢʘʭ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʦʯʠʩʪʢʠ ʧʝʨʝʜ ʩʙʨʦʩʦʤ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʆʜʥʘʢʦ ʢʦʥʪʨʦʣʴ ʩʦʩʪʘʚʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʩʪʳʭ, ʦʧʝʨʘʪʠʚʥʳʭ ʠ ʵʢʦʥʦʤʠʯʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ, ʜʘʞʝ ʝʩʣʠ ʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ ʚʩʝʛʜʘ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ [11]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʨʘʟʨʘʙʦʪʢʘ 

ʧʦʜʦʙʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʥʘʫʯʥʫʶ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ.  

ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʬʝʥʦʣʘ ʦʩʥʦʚʘʥ ʥʘ ʨʝʘʢʮʠʠ ʬʝʥʦʣʘ ʩ ʭʣʦʨʠʜʦʤ ʞʝʣʝʟʘ ʚ 

ʚʦʜʥʦʡ ʩʨʝʜʝ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʙʨʘʟʫʝʪʩʷ ʨʘʩʪʚʦʨʠʤʳʡ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʬʠʦʣʝʪʦʚʦʛʦ ʮʚʝʪʘ ʧʦ 

ʫʨʘʚʥʝʥʠʶ: 

 
ʕʪʘ ʨʝʘʢʮʠʷ ʙʳʣʘ ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʬʝʥʦʣʘ, ʯʪʦ 

ʬʠʦʣʝʪʦʚʘʷ ʦʢʨʘʩʢʘ ʧʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʫ ʬʝʥʦʣʘ, ʪʦʛʜʘ ʢʘʢ ʢʨʝʟʦʣʳ ʜʘʶʪ ʠʥʫʶ ʦʢʨʘʩʢʫ [19; 5]. 

ʈʘʟʣʠʯʥʘʷ ʦʢʨʘʩʢʘ ʩʦʝʜʠʥʝʥʠʡ ʬʝʥʦʣʴʥʦʛʦ ʨʷʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ FeCl3 ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʦʟʤʦʞʥʫʶ 
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ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʠ ʧʦʩʣʫʞʠʣʦ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʚʳʙʦʨʘ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʝʥʦʣʘ ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣ ʠʟʫʯʝʥ ʨʘʟʥʳʡ ʜʠʘʧʘʟʦʥ ʜʣʠʥ rʚʦʣʥʳ, ʥʘʯʠʥʘʷ ʦʪ 400 ʥʤ ʜʦ 

700 ʥʤ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʝʥʦʣʘ. ʈʠʩ.1 ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʘ ʬʝʥʦʣʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,09ʤʣ/ʤʣ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʦʩʪʘʚʘʣʠʩʴ ʥʠʟʢʠʤʠ ʚʦ ʚʩʸʤ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ 

ʜʣʠʥʦʡ ʚʦʣʥʳ: 450, 500, 550, 600, 650 ʠ 700 ʥʤ (ʨʠʩ. 1). ʆʜʥʘʢʦ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʤʳ ʥʘʙʣʶʜʘʣʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʧʦʛʣʦʱʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʜʣʠʥ rʚʦʣʥʳ ʦʪ 625 ʜʦ 700 ʥʤ ʧʨʠ 

ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠ ̫0,05. ɼʘʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʥʘ ʨʠʩ. 1 ʘ) ʦʙʦʟʥʘʯʝʥʘ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ. 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʤʠ ʙʳʣʘ ʠʟʤʝʥʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʬʝʥʦʣʘ ʥʘ 0,37 ʤʛ/ʤʣ ʠ ʚʦ ʚʩʸʤ 

ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ rʚʦʣʥʳ 450-700 ʥʤ ʥʘʙʣʶʜʘʣʠ ʜʨʫʛʦʡ ʨʝʟʫʣʴʪʘʪ. ʇʨʠ ʠʥʪʝʨʚʘʣʝ 

450-530 ʥʤ ʟʥʘʯʝʥʠʷ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʦʩʪʘʚʘʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤʠ. ʉʘʤʦʝ ʚʳʩʦʢʦʝ 

ʩʚʝʪʦʧʦʛʣʦɦ ʝʥʠʝ ʚ ʜʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʝʥʦʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪ 540 ʥʤ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʥʘʙʣʶʜʝʥʠʠ ʦʪ 580-700 ʥʤ ʫʨʦʚʝʥʴ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʩʥʠʞʘʝʪʩʷ (ʨʠʩ. 1. b). 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʠʟʫʯʝʥʠʠ ʥʘʰʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʙʣʶʜʘʣʠ ʩʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝʥʠ:̫ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʝʥʦʣʘ 0,75ʤʛ/ʤʣ ʠʟʤʝʥʷʣʠʩʴ ʠ ʟʥʘʯʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠ ʨʘʟʥʦʤ 

ʫʨʦʚʥʝ ʜʣʠʥ rʚʦʣʥʳ. ʇʦ ʥʘʰʠʤ ʥʘʙʣʶʜʝʥʠʷʤ, ʦʪ ʜʣʠʥ rʚʦʣʥʳ 450-530 ʥʤ ʥʘʯʠʥʘʝʪ ʨʘʩʪʠ 

ʟʥʘʯʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʜʝʨʞʠʪʩʷ ʥʘ ʚʳʩʦʢʦʤ ʦʧʪʠʯʝʩʢʦʤ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʠ ʜʦ 540-

570 ʥʤ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʘʙʣʶʜʝʥʠʠ ʥʘʯʠʥʘʝʪ ʩʥʠʞʘʪʴʩʷ ʜʦ 700 ʥʤ. (ʨʠʩ.1, ʩ). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʝʥʦʣʘ 

1,13 ʤʛ/ʤʣ ʟʥʘʯʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ. ɺ ʜʠʘʧʘʟʦʥʝ 450-480 ʥʤ 

ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠ ̫ ʫʨʦʚʥ ̫ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠ.̫ ʅʘʯʠʥʘʷ ʦʪ ʪʦʯʢʠ 480- 560 ʥʤ. 

ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠ.̫ ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʥʳ ʚʦʣʥʳ 

ʦʪʤʝʯʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚʧʣʦʪʴ ʜʦ 700 ʥʤ (ʨʠʩ. 1, d). 

 

ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʜʣʷ ʬʠʦʣʝʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʬʝʥʦʣʦʤ ʠ ʭʣʦʨʠʜʦʤ ʞʝʣʝʟʘ, ʭʦʣʦʩʪʦʡ ʧʨʦʙʦʡ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ 

Fig. 1. Absorption spectra recorded for the violet complex formed by phenol and iron chloride 

using a blank sample of distilled water 

ɚʥʤ 
((a): 0,09 ʤʛĿʤʣ; (b): 0,37 ʤʛĿʤʣ; (c): 0,75 ʤʛĿʤʣ; (d): 1,13 ʤʛĿʤʣ). 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʠʦʣʝʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ 

ʬʝʥʦʣʦʤ ʠ FeCl3, ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʂʌʂ-3 ʚ ʜʠʘʧʘʟʦʥʝ 470 - 700 ʥʤ 

ʭʦʣʦʩʪʦʡ ʧʨʦʙʳ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʬʝʥʦʣʘ, ʠ ʦʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. ʀʩʭʦʜʷ ʠʟ ʚʩʝʛʦ ʵʪʦʛʦ, ʥʘ ʨʠʩ. 1 ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʬʠʦʣʝʪʦʚʳʡ 

ʢʦʤʧʣʝʢʩ ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 540 ʥʤ ʜʣʷ ʚʩʝʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʬʝʥʦʣʘ, ʠ ʵʪʦ 

ʟʥʘʯʝʥʠʝ ʧʨʠʥʠʤʘʣʦʩʴ ʟʘ ɚmax ʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, 

ʟʥʘʯʝʥʠʷ ʜʨʫʛʠʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʩʧʝʢʪʨʘʣʴʥʘʷ ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ (ȹɚ1/2) ʠ 

ʤʦʣʷʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ (ắ) ʪʘʢʞʝ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʝʥʦʣʘ ʚ ʨʘʩʪʚʦʨʝ, ʠ 

ʠʭ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ȹɚ1/2 =186 ʥʤ ʠ ắ=1,19x10
3
 ʣĿʤʦʣʴ

-1
Ŀʩʤ

-1
. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʮʚʝʪʥʘʷ ʨʝʘʢʮʠʷ ʤʝʞʜʫ ʬʝʥʦʣʦʤ ʠ ʭʣʦʨʠʜʦʤ ʞʝʣʝʟʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʚʩʝʤ ʫʩʣʦʚʠʷʤ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʬʝʥʦʣʘ 

ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [16; 17]. 

ɸ 
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3.2. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʬʝʥʦʣʘ. ʇʨʠ ʧʨʦʚʝʨʢʝ ʧʨʠʤʝʥʠʤʦʩʪʠ ʜʘʥʥʦʡ ʮʚʝʪʥʦʡ 

ʨʝʘʢʮʠʠ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʬʝʥʦʣʘ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ 

ʢʘʣʠʙʨʦʚʦʯʥʘʷ ʢʨʠʚʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʤʠ ʵʪʘʣʦʥʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ. ɼʣʷ ʢʘʞʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠʟʤʝʨʷʣʠ ʧʦʛʣʦʱʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 540 ʥʤ (ʩʯʠʪʘʶʱʝʡʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ 

ʧʦʛʣʦʱʝʥʠʷ). ʇʦʣʫʯʝʥʥʘʷ ʢʘʣʠʙʨʦʚʦʯʥʘʷ ʢʨʠʚʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.2. 

 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪ ɹʦʧʪʠʯʝʩʢʦʡ ʧʣʘʪʥʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʝʥʦʣʘ 

Fig. 2. Optical density dependence on phenol concentration 

 
ʂʘʢ ʚʠʜʥʦ, ʟʘʚʠʩʠʤʦʩʪ ɹʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʝʥʦʣʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦʡ, ʵʪʠ ʚʘʞʥʝʡʰʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʬʝʥʦʣʘ ʩ ʭʣʦʨʠʜʦʤ ʞʝʣʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1, ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʬʝʥʦʣʘ ʩ FeCl3 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʨʠʝʤʣʝʤʳʤ ʣʠʥʝʡʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʪʦʯʥʦʩʪʴʶ, ʘ 

ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʥʝʙʦʣʴʰʦʛʦ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ. ɺʩʝ ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʣʘʶʪ ʜʘʥʥʳʡ ʤʝʪʦʜ 

ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ. ɺʣʠʷʥʠʝ ʚʦʟʤʦʞʥʳʭ 

ʤʝʰʘʶʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʮʝʥʠʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

(Ŭʬʝʥʦʣ, j), ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʝʥʦʣʘ (Cʬʝʥʦʣ,ʤʛĿʤʣ
-1
) ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʝʰʘʶʱʝʛʦ ʩʦʝʜʠʥʝʥʠʷ (Cj,ʤʛĿʤʣ
-1
), ʚʳʟʳʚʘʶʱʠʭ ʠʟʤʝʥʝʥʠʝ ʠʟʤʝʨʷʝʤʦʡ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʚ ʧʷʪɹ ʧʨʦʮʝʥʪʦʚ ʚ ʨʘʩʪʚʦʨʝ ʩʨʘʚʥʝʥʠʷ. 

 

ʊʘʙʣʠʮʘ 1. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʬʝʥʦʣʘ ʩ 

FeCl3 

Table 1. Quantitative parameters of photocolorimetric determination of phenol with FeCl3 

ʇʘʨʘʤʝʪʨ ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ɚmax, [ʥʤ] 540 

ɺʨʝʤʷ ʧʦʷʚʣʝʥʠʷ ʦʢʨʘʩʢʠ, [ʤʠʥ] 1-2 

ʃʠʥʝʡʥʳʡ ʜʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʡ, [ʤʛĿʤʣ
-1
] 0,09ï2,30 

ʂʦʵʬʬʠʮʠʝʥʪ ʨʝʛʨʝʩʩʠʠ 0,9969 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʘʣʠʙʨʦʚʢʠ, [ʤʣĿʤʛ
-1
]  0,121 

ʇʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ, [ʤʛĿʤʣ
-1
] 0,060 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, [%] 1,16 

 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʘ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʘʩʪʚʦʨ ʬʝʥʦʣʘ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,37 ʤʛ/ʤʣ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʤʝʰʘʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʤʝʪʘʥʦʣ, ʵʪʘʥʦʣ, ʘʮʝʪʦʥ ʠ 

ʵʪʠʣʦʚʳʡ ʵʬʠʨ. ɺʳʙʦʨ ʤʝʰʘʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʩʷ ʩ ʫʯʸʪʦʤ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʭʦʜʩʪʚʘ ʩ 

ʬʝʥʦʣʦʤ ʠ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʢʘʭ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ 

ʢʘʞʜʦʛʦ ʠʟ ʫʢʘʟʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3, ʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʝʣʝʢʪʠʚʥʦʩʪʠ, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʦʙʦʙʱʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʝʥʦʣʫ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʷʜʘ ʜʨʫʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʢʘʭ. ʊʘʢ, ʢʦʥʮʝʥʪʨʘʮʠʷ 



92 

 

ʤʝʪʘʥʦʣʘ ʠ ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʤʦʞʝʪ ʚ 100 ʨʘʟ ʧʨʝʚʳʰʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʬʝʥʦʣʘ, ʧʨʠʚʦʜʷ ʢ 

ʠʟʤʝʥʝʥʠʶ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ 5%.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʤʝʰʘʶʪ ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʤʫ 

ʦʧʨʝʜʝʣʝʥʠʶ ʬʝʥʦʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ ʚ ʢʘʯʝʩʪʚʝ ʮʚʝʪʥʦʛʦ ʨʝʘʛʝʥʪʘ. ɼʣʷ 

ʘʮʝʪʦʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʜʦ ʢʦʪʦʨʦʡ ʠʟʤʝʥʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 5%, 

ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʬʝʥʦʣʘ ʜʦ 10 ʨʘʟ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʘʥʦʣʘ ʜʦ 1,25 ʨʘʟʘ ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʬʝʥʦʣʘ ʧʨʝʜʣʘʛʘʝʤʳʤ ʤʝʪʦʜʦʤ.  

ʆʜʥʘʢʦ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʢʘʭ, ʧʦʤʠʤʦ ʥʝʢʦʪʦʨʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʪʘʢʠʭ ʢʘʢ 

ʤʝʪʘʥʦʣ, ʵʪʘʥʦʣ, ʘʮʝʪʦʥ ʠʣʠ ʵʪʠʣʦʚʳʡ ʵʬʠʨ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʩʪʫʧʘʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʚʦʜʳ (ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʘʥʠʦʥʳ ʠ ʢʘʪʠʦʥʳ, ʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ ʠ ʪ. ʜ.). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʵʪʠʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ 

ʚ ʨʝʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʚʦʜʳ, ʥʘ ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʬʝʥʦʣʘ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ. 

ʕʪʦ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʳʪʘʥʠʡ ʥʘ ʠʟʚʣʝʯʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʦʧʨʦʚʦʜʥʦʡ 

ʚʦʜʳ ʠʟ ʣʘʙʦʨʘʪʦʨʠʡ ʥʘʰʝʛʦ ʬʘʢʫʣʴʪʝʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 10 ʤʣ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ ʙʳʣʠ 

ʧʦʤʝʱʝʥʳ ʚ ʨʷʜ ʤʝʨʥʳʭ ʢʦʣʙ ʦʙʲʝʤʦʤ 25 ʤʣ ʠ ʥʝʤʝʜʣʝʥʥʦ ʜʦʙʘʚʣʝʥʳ 0,5, 1,0, 1,5 ʠ 2,0 ʤʣ 

ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʬʝʥʦʣʘ. ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ 1,0 ʤʣ ʨʘʩʪʚʦʨʘ FeCl3, ʩʦʜʝʨʞʠʤʦʝ ʤʝʨʥʳʭ ʢʦʣʙ 

ʙʳʣʦ ʨʘʟʙʘʚʣʝʥʦ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ ʤʝʪʢʠ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʩʦʛʣʘʩʥʦ ʧʨʦʮʝʜʫʨʝ, 

ʦʧʠʩʘʥʥʦʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ. 

 

ʈʠʩ. 3. ʀʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʰʘʶʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ: ʘ ï ʤʝʪʘʥʦʣ; ʙ ï ʵʪʘʥʦʣ; ʚ ï ʘʮʝʪʦʥ; ʛ ï ʵʪʠʣʦʚʳʡ ʵʬʠʨ 

Fig. 3. Measured absorption values for different concentrations of interfering compounds: a ï 

methanol; b ï ethanol; c ï acetone; d ï ethyl ether 

 
 

ʊʘʙʣʠʮʘ 2. ʂʦʵʬʬʠʮʠʝʥʪʳ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

Table 2. Selectivity coefficients 

ʄʝʰʘʶʱʠʝ ʩʦʝʜʠʥʝʥʠʷ 
ʉʬʝʥʦʣ, ʤʛ¶ ʤʣ

-1
 log aʬʝʥʦʣ, 

j  
 

ʄʝʪʘʥʦʣ 0,009 -2,046 

ʕʪʘʥʦʣ 0,158 -0,801 

ɸʮʝʪʦʥ 0,079 -1,102 

ʕʪʠʣʦʚʳʡ ʵʬʠʨ 0,007 -2,115 
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ʂʦʥʮʝʥʪʨʘʮʠʶ ʬʝʥʦʣʘ ʚ ʢʘʞʜʦʤ ʦʙʨʘʟʮʝ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ 

ʧʦʩʪʨʦʝʥʥʦʛʦ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʛʨʘʬʠʢʘ. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʨʦʮʝʥʪʘ ʠʟʚʣʝʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ 

ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʝʥʦʣʘ, ʜʦʙʘʚʣʝʥʥʦʛʦ ʚ ʦʙʨʘʟʮʳ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ, ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 3. ɼʣʷ ʚʩʝʭ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʬʝʥʦʣʘ, ʜʦʙʘʚʣʝʥʥʦʛʦ ʚ ʚʦʜʦʧʨʦʚʦʜʥʫʶ ʚʦʜʫ, ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ, 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʢʘʣʠʙʨʦʚʦʯʥʦʤʫ ʛʨʘʬʠʢʫ. 
 

ʊʘʙʣʠʮʘ 3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʪʝʧʝʥʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠ ̫

Table 3. Experimental values of recovery tests 

ˉ 

ʧ/

ʧ 

V, 

ʚʦʜʦʧʨʦʚʦʜʥʘʷ 

ʚʦʜʘ 

ʉ, 

ʜʦʙʘʚʣʝʥʥʦʛʦ 

ʬʝʥʦʣʘ, ʤʛ¶ʤʣ
-1
 

ʉ, 

ʦʙʥʘʨʫʞʝʥʥʦʛʦ 

ʬʝʥʦʣʘ 

ɺʦʩʩʪʘʥʦʚʣʝʥʦ

, 

% 

1. 10.0 0.189 0.184 97.35 

2. 10.0 0.376 0.368 97.87 

3. 10.0 0.565 0.559 98.94 

4. 10.0 0.753 0.768 101.99 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʩʪʘʪʴ ʭʦʨʦʰʝʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʦʧʨʝʜʝʣʝʥʠʶ 

ʬʝʥʦʣʘ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ ʠ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʝ, ʙʳʩʪʨʦʪʝ ʠ ʜʝʰʝʚʠʟʥʝ, ʤʦʞʝʪ ʥʘʡʪʠ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ. 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʝʥʦʣʘ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ (III), ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʳʤ, 

ʩʝʣʝʢʪʠʚʥʳʤ ʠ ʪʦʯʥʳʤ, ʘ ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʥʝʙʦʣʴʰʦʛʦ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ. ʌʠʦʣʝʪʦʚʳʡ ʧʨʦʜʫʢʪ 

ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʥʝʤʝʜʣʝʥʥʦ, ʥʝ ʪʨʝʙʫʝʪ ʢʦʨʨʝʢʪʠʨʦʚʢʠ pH ʨʘʩʪʚʦʨʘ, ʘ ʝʛʦ ʦʧʪʠʯʝʩʢʘʷ 

ʧʣʦʪʥʦʩʪʴ (ʠʟʤʝʨʝʥʥʘʷ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 540 ʥʤ ʭʦʣʦʩʪʦʡ ʧʨʦʙʦʡ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ) 

ʦʩʪʘʝʪʩʷ ʩʪʘʙʠʣʴʥʦʡ ʥʝ ʤʝʥʝʝ 10 ʯʘʩʦʚ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʬʝʥʦʣ ʚ ʜʠʘʧʘʟʦʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ 0,09ï2,30 ʤʛĿʤʣ
-1

 ʩ ʤʦʣʷʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʛʣʦʱʝʥʠʷ 1,19Ŀ103 ʣĿʤʦʣʴ
-1
Ŀʩʤ

-1
 

ʠ ʧʨʝʜʝʣʦʤ ʦʙʥʘʨʫʞʝʥʠʷ 0,06 ʤʛĿʤʣ
-1
. ʀʟ ʪʘʙʣʠʮʳ 2 ʚʠʜʥʦ, ʯʪʦ ʥʘʠʤʝʥʴʰʝʝ ʤʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ 

ʦʢʘʟʳʚʘʝʪ ʵʪʠʣʦʚʳʡ ʵʬʠʨ (log a = ī2,115), ʩʦʧʦʩʪʘʚʠʤʦʝ ʩ ʤʝʪʘʥʦʣʦʤ (ī2,046), ʪʦʛʜʘ ʢʘʢ ʘʮʝʪʦʥ 

(ī1,102) ʧʨʦʷʚʣʷʝʪ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʝ ʚʣʠʷʥʠʝ, ʘ ʵʪʘʥʦʣ (ī0,801) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʙʦʣʴʰʠʤ 

ʠʥʪʝʨʬʝʨʠʨʫʶʱʠʤ ʵʬʬʝʢʪʦʤ ʩʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʍʦʨʦʰʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʢ ʬʝʥʦʣʫ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʢʦʪʦʨʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʤʝʪʘʥʦʣʘ, 

ʵʪʘʥʦʣʘ, ʘʮʝʪʦʥʘ ʠ ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ), ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʘʣʴʥʳʭ ʚʦʜʥʳʭ 

ʦʙʨʘʟʮʦʚ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʝʥʦʣʘ ʚ 

ʚʦʜʥʳʭ ʩʨʝʜʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʝ, ʙʳʩʪʨʦʪʝ ʠ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ, ʵʪʦʪ ʤʝʪʦʜ 

ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ.  

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʪʝʤʳ ʢʘʬʝʜʨʳ 

ʧʝʨʝʨʘʙʦʪʢʠ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ ʠ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʩʝʨʚʠʩʘ ʊʘʜʞʠʢʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ (ʊʊʋ) - çʆʧʨʝʜʝʣʝʥʠʝ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʨʠʨʦʜʥʦʡ ʠ ʧʠʪʴʝʚʦʡ ʚʦʜʝè, (ʥʦʤʝʨ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ˉ ʧʨʦʪ.2. ʨʝʰʝʥʠʝ 5/3).  
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ØßÌÕëÙ ÖÌÜÐÌÙÔ ØÚÐÐÌÇÚÔ ÓÌÜÌÜÙÚÖ ÐÌÜ ÚÍÇÚÔ ÞÌÍÔÄ ÎÌ ÙßäÚÖÄ 

Ðìü øìėú÷ìô øìóöÿü üìîìùðô þìĕėôėúþ öúüöìüðô ÿýÿ÷ô ýñ÷ñöþôîôô øÿìõċù öìüðìùô øôėðúüôô Āñùú÷ 
ðìü øÿĕôþĕúô ïÿùúïÿùô úíĒ öúüöìüð öìüðì Ąÿðììùð. ÞìîìĔĔÿĕô øìāýÿý íì úøĘóôĄô íú ÿýÿ÷ô 
Āúþúöú÷úüôøñþüĒ, öô íì ýôĀìþô üñìïñùþô üìùïĕúýô÷öÿùìùðì ā÷úüôðô úĕìù ôýþôĀúðì öìüðì Ąÿðììýþ, öô 
ùôýíìþô Āñùú÷ ĉĆþôøúðùúöĒ, ĕìýýúýôċþô íì÷ìùð ðúüìð. Üñìöýôċô Āñùú÷ íú ā÷úüôðô úĕìùô (III) ðìü øÿĕôþô 
úíĒ óÿð (ðìü ðìîúøô 1-2 ðìėôėì) øñïÿóìüìð îì íì þìùóôøô ô÷úîìïôô pH-ô øìĕ÷ÿ÷ ùôČó ùìðúüìð. Ýûñöþüĕúô 
ùìøúČùô öúøû÷ñöýô íÿùìĀĄ ĕìððô ùÿüĀÿüĘíìüĒ ðìü ðìüúóôô øìîĔô 540 ùø ùôĄúù øñðôĕìùð îì ûìõîìýþô 
ĕúýô÷ïìĄþì ðìü øÿððìþô 10 ýúìþ ÿýþÿîúü íúėĒ øñøúùìð. Ôù ÿýÿ÷ ôøöúù øñðôĕìð, öô Āñùú÷ ðìü øÿĕôþĕúô úíĒ 
ðìü ĕÿðÿðô ùôýíìþìù îìýñô öúùýñùþüìþýôċ (0,09¬2,30 øï ø÷ĭ) íú øìĕðÿðôċþĕúô ėúíô÷ô ėìíÿ÷ô úĄöúüöÿùĒ 
øÿìõċù öìüðì Ąìîìð. ÞìĆýôüô øúððìĕúô āì÷ì÷ðúüöÿùìùðì íì øúùìùðô øñþìùú÷, ĉþìùú÷, ìþýñþúù îì ĉĀôüô 
ĉþô÷Ē, ðìü ĕÿðÿðô öúĉĀĀôþýôñùþĕúô ýñ÷ñöþôîùúöĒ øÿìõċù öìüðì Ąÿðìùð. éĆþôøúðùúöôô ÿýÿ÷ô 
ûñĄùôĕúðĄÿðì ðìü ìýúýô þìĕėôėúþô þìĔüôíìîĒ úôð íì Ĕÿðúöÿùôô Āñùú÷ ìó ùìøÿùìĕúô úíô úóøúôĄôô ìüóČíĒ 
öìüðì Ąÿð. ÙìþôĔìĕúô þìĔüôíìîĒ ùôĄúù øñðôĕìùð, öô ÿýÿ÷ô ûñĄùôĕúðĄÿðì ôøöúù øñðôĕìð, öô Āñùú÷ ðìü 
øÿĕôþĕúô úíĒ øôėðúüô úù óÿð îì ýúðì øÿìõċù öìüðì Ąìîìð îì úùüú íìüúô ýìùĔôĄô ýôĀìþô úíĕúô ûìüþúîô 
ýìùúìþĒ ôýþôĀúðì íÿüðìù øÿøöôù ìýþ. 

Öì÷ôðîúòìĕú: Āñùú÷, ā÷úüôðô úĕìù, ÿýÿ÷ô Āúþúöú÷úüôøñþüĒ, öúøû÷ñöýô íÿùìĀĄ, øìĕ÷ÿ÷ô úíĒ, ĕÿðÿðô 
öúùýñùþüìþýôċ, ĕìýýúýôċþ îì ĉĆþôøúðùúöĒ. 

 

ʆʇʈɽɼɽʃɽʅʀɽ ɺʈɽɼʅʓʍ ɺɽʑɽʉʊɺ ɺ ʇʈʀʈʆɼʅʆʁ ʀ ʇʀʊʔɽɺʆʁ ɺʆɼɽ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʝʣʝʢʪʠʚʥʳʝ ʤʝʪʦʜʠʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʬʝʥʦʣʘ ʚ ʨʘʟʣʠʯʥʳʭ 

ʚʦʜʥʳʭ ʩʨʝʜʘʭ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ ʚ ʢʘʯʝʩʪʚʝ ʮʚʝʪʦʦʙʨʘʟʫʶʱʝʛʦ ʨʝʘʛʝʥʪʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ 

ʥʘʜʸʞʥʦʩʪʴ ʘʥʘʣʠʟʘ. ʈʝʘʢʮʠʷ ʬʝʥʦʣʘ ʩ ʭʣʦʨʠʜʦʤ ʞʝʣʝʟʘ (III) ʧʨʦʪʝʢʘʝʪ ʙʳʩʪʨʦ (ʚ ʪʝʯʝʥʠʝ 1ï2 ʤʠʥʫʪ) ʚ ʚʦʜʥʦʡ 

ʩʨʝʜʝ ʠ ʥʝ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʝʛʫʣʠʨʦʚʢʠ pH ʨʘʩʪʚʦʨʘ. ɺʠʜʠʤʳʝ ʩʧʝʢʪʨʳ ʬʠʦʣʝʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʦʢʘʟʳʚʘʶʪ ʤʘʢʩʠʤʫʤ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 540 ʥʤ, ʘ ʧʦʛʣʦʱʝʥʠʝ ʦʩʪʘʸʪʩʷ ʩʪʘʙʠʣʴʥʳʤ ʥʝ ʤʝʥʝʝ 10 ʯʘʩʦʚ. ʕʪʦʪ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʬʝʥʦʣ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ (0,09ï2,30 

https://www.researchgate.net/publication/401500150_Evaluation_of_Physicochemical_Optical_Morphological_and_Photocatalytic_Properties_of_Metal_Oxide_Nanostructures_Derived_From_Metal_Organic_Hybrids?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InNpZ251cCIsInBhZ2UiOiJwcm9maWxlIiwicHJldmlvdXNQYWdlIjoicHVibGljYXRpb24ifX0
https://www.researchgate.net/publication/401500150_Evaluation_of_Physicochemical_Optical_Morphological_and_Photocatalytic_Properties_of_Metal_Oxide_Nanostructures_Derived_From_Metal_Organic_Hybrids?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InNpZ251cCIsInBhZ2UiOiJwcm9maWxlIiwicHJldmlvdXNQYWdlIjoicHVibGljYXRpb24ifX0
https://wwwn.cdc.gov/TSP/ToxProfiles/ToxProfiles.aspx?id=148&tid=27
https://www.ncbi.nlm.nih.gov/books/NBK599448/#_ncbi_dlg_cpyrght_NBK599448
https://www.atsdr.cdc.gov/toxprofiledocs/index.html


95 

 

ʤʛĿʤʣ ĭ) ʩ ʧʨʠʝʤʣʝʤʳʤʠ ʧʨʝʜʝʣʘʤʠ ʦʙʥʘʨʫʞʝʥʠʷ. ʄʝʰʘʶʱʠʝ ʚʣʠʷʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʤʝʪʘʥʦʣʦʤ, ʵʪʘʥʦʣʦʤ, ʘʮʝʪʦʥʦʤ 

ʠ ʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ, ʦʮʝʥʠʚʘʣʠ ʥʘ ʦʩʥʦʚʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʝʣʝʢʪʠʚʥʦʩʪʠ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ 

ʦʮʝʥʠʚʘʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʚʣʝʯʝʥʠʶ ʬʝʥʦʣʘ ʠʟ ʦʙʨʘʟʮʦʚ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠ ʧʨʦʩʪʦ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʬʝʥʦʣʘ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʨʦʚʝʨʢʠ ʢʘʯʝʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʢʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʝʥʦʣ, ʭʣʦʨʠʜ ʞʝʣʝʟʘ, ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʬʠʦʣʝʪʦʚʳʡ ʢʦʤʧʣʝʢʩ, ʚʦʜʥʳʡ 

ʨʘʩʪʚʦʨ, ʜʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʥʘʜʸʞʥʦʩʪʴ. 

 

DETERMINATION OF HARMFUL SUBSTANCES IN NATURAL AND DRINKING WATER  

This study developed selective methods for the quantitative determination of phenol in various aqueous media. 

Particular attention was paid to the study of a photocolorimetric method based on the use of ferric chloride as a color-

forming reagent, which increased the sensitivity and reliability of the analysis. The reaction between phenol and FeCl3 

occurs rapidly (1-2 min), without the need for pH adjustment. The visible spectra of the violet complex show an absorption 

maximum at 540 nm, and the absorption remains stable for at least 10 hours. This method enables the determination of 

phenol in aqueous media over a relatively wide concentration range (0,09ï2,30 mg ml ĭ) with acceptable detection limits. 

Interferences caused by methanol, ethanol, acetone, and ethyl ether were assessed using selectivity coefficients. The 

validity of the proposed method was assessed using experimental studies on phenol extraction from tap water samples. The 

experimental results demonstrate that the proposed method enables rapid and simple quantitative determination of phenol 

in aqueous media and can be used to test the quality of industrial wastewater. 

Keywords: phenol, ferric chloride, photocolorimetric method, violet complex, aqueous solution, concentration 

range, sensitivity and reliability. 
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ɸʅɸʃʀɿ ɻɽʅɽʈɸʎʀʀ ʕʃɽʂʊʈʆʕʅɽʈɻʀʀ ʉʆʃʅɽʏʅʓʄʀ ɸɻʈɽɻɸʊɸʄʀ ʉ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʄɸʊɽʄɸʊʀʏɽʉʂʆɻʆ ʆɾʀɼɸʅʀʗ ʉʆʃʅɽʏʅʆɻʆ 

ʀɿʃʋʏɽʅʀʗ 

 

ʀʩʣʦʤʦʚ ʀ.ʀ.  

ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʊʘʜʞʠʢʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ.ʄ.ʆʩʠʤʠ ʚ 

ʛʦʨʦʜʝ ʍʫʜʞʘʥʜʝ 

 

ɺʚʝʜʝʥʠʝ. ʇʝʨʝʭʦʜ ʥʘ ʩʦʣʥʝʯʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʷʚʣʷʝʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʚ ʨʘʟʚʠʪʠʠ ʟʝʣʸʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ. ɼʠʥʘʤʠʢʘ ʛʝʥʝʨʘʮʠʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʦʩʥʦʚʝ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʠ ʩʥʠʞʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʢʦʧʘʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʥʦ ʠ ʦʪʢʨʳʚʘʝʪ 

ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʦʣʥʝʯʥʳʝ ʫʩʪʘʥʦʚʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ï ʧʦʚʳʰʝʥʠʝʤ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ, ʦʧʪʠʤʠʟʘʮʠʝʡ ʩʠʩʪʝʤ 

ʥʘʢʦʧʣʝʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʚʥʝʜʨʝʥʠʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʫʧʨʘʚʣʝʥʠʷ. ɺʩʸ ʵʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʦʩʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʘʜʸʞʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʩʦʣʥʝʯʥʦʡ 

ʛʝʥʝʨʘʮʠʠ, ʧʨʝʚʨʘʱʘʷ ʝʸ ʚ ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ [13; 2; 3; 4; 5; 8; 6]. 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ, ʢʦʪʦʨʫʶ ʚʳʨʘʙʘʪʳʚʘʝʪ ʩʦʣʥʝʯʥʘʷ ʧʘʥʝʣʴ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʬʠʟʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ. ɺ ʦʩʥʦʚʝ ʧʨʦʮʝʩʩʘ ʣʝʞʠʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʟʘ ʩʯʸʪ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ. ʏʝʤ ʙʦʣʴʰʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʧʘʜʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʘʥʝʣʠ, ʪʝʤ ʚʳʰʝ ʝʸ ʚʳʭʦʜʥʘʷ 

ʤʦʱʥʦʩʪʴ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʤʦʱʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ: ʧʨʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʧʳʪʘʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʩʚʝʱʸʥʥʦʩʪʴ ʚ 1000 ɺʪ/ʤĮ. ɽʩʣʠ ʧʦʪʦʢ ʵʥʝʨʛʠʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʠʟ-ʟʘ ʦʙʣʘʯʥʦʩʪʠ ʠʣʠ ʟʘʪʝʥʝʥʠʷ, ʪʦ ʠ ʚʳʨʘʙʦʪʢʘ ʩʥʠʞʘʝʪʩʷ. ɺʪʦʨʳʤ ʚʘʞʥʳʤ 

ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʧʣʦʱʘʜʴ ʧʘʥʝʣʠ: ʯʝʤ ʙʦʣʴʰʝ ʧʣʦʱʘʜʴ ʬʦʪʦʵʣʝʤʝʥʪʦʚ, ʪʝʤ ʙʦʣʴʰʝ ʩʚʝʪʘ ʦʥʠ 

ʩʧʦʩʦʙʥʳ ʫʣʘʚʣʠʚʘʪʴ. ʆʜʥʘʢʦ ʥʝ ʚʩʷ ʵʥʝʨʛʠʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ ʧʘʥʝʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʸ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʘʥʝʣʠ 

ʠʤʝʶʪ ʂʇɼ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 15 ʜʦ 23 ʧʨʦʮʝʥʪʦʚ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʦʣʴʢʦ ʯʘʩʪʴ ʧʘʜʘʶʱʝʡ 

ʵʥʝʨʛʠʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ [16; 15]. 

ʊʝʤʧʝʨʘʪʫʨʘ ʪʘʢʞʝ ʠʛʨʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ: ʧʨʠ ʥʘʛʨʝʚʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ, ʠ 

ʢʘʞʜʳʝ ʜʝʩʷʪʴ ʛʨʘʜʫʩʦʚ ʩʚʝʨʭ ʥʦʨʤʳ ʫʤʝʥʴʰʘʶʪ ʤʦʱʥʦʩʪʴ ʧʨʠʤʝʨʥʦ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʦʨʠʝʥʪʘʮʠʷ ʠ ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʘʥʝʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʣʥʮʘ. ʇʨʠ 

ʧʨʘʚʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʢʦʛʜʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʘ ʢ ʩʦʣʥʮʫ ʧʦʜ ʦʧʪʠʤʘʣʴʥʳʤ ʫʛʣʦʤ, 

ʚʳʨʘʙʦʪʢʘ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʤʦʱʥʦʩʪʴ ʚʣʠʷʶʪ ʚʥʝʰʥʠʝ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ: ʥʘʣʠʯʠʝ ʧʳʣʠ, ʛʨʷʟʠ 

ʠʣʠ ʣʠʩʪʴʝʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʤʫ ʟʘʪʝʥʝʥʠʶ ʠ ʩʥʠʞʝʥʠʶ ʚʳʭʦʜʘ. ʉ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ ʧʘʥʝʣʠ ʧʦʩʪʝʧʝʥʥʦ ʪʝʨʷʶʪ ʯʘʩʪʴ ʩʚʦʝʡ ʤʦʱʥʦʩʪʠ ʠʟ-ʟʘ ʝʩʪʝʩʪʚʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ 

ʤʘʪʝʨʠʘʣʦʚ, ʝʞʝʛʦʜʥʘʷ ʧʦʪʝʨʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ ʦʜʥʦʛʦ ʧʨʦʮʝʥʪʘ. 

ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ. ɼʣʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʩʦʣʥʝʯʥʳʭ 

ʧʘʥʝʣʷʭ ʧʨʠʥʷʪʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʬʦʪʦʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ. ʈʘʟʤʝʨʳ 

ʧʘʥʝʣʠ ʩʦʩʪʘʚʣʷʶʪ 1,80Ĭ1,10 ʤ, ʯʪʦ ʜʘʸʪ ʦʙʱʫʶ ʧʣʦʱʘʜʴ ʦʢʦʣʦ 1,98 ʤĮ. ʅʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 

ʧʘʥʝʣʠ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 500-600 ɺʪ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʂʇɼ) ʩʦʩʪʘʚʣʷʝʪ 

21-23 %. ʊʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʠ ʷʚʣʷʶʪʩʷ ʙʘʟʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʸʪʦʚ ʚʳʨʘʙʦʪʢʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩ ʫʯʸʪʦʤ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ [1; 8; 6]. 

ʉʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʳʭ ʯʘʩʦʚ ʚ ʛʦʨʦʜʝ ʍʫʜʞʘʥʜʝ ʢʦʣʝʙʣʝʪʩʷ ʦʪ ʧʨʠʤʝʨʥʦ 120-140 

ʯʘʩʦʚ ʚ ʟʠʤʥʠʝ ʤʝʩʷʮʳ (ʜʝʢʘʙʨʴ ʠ ʷʥʚʘʨʴ) ʜʦ 300-320 ʯʘʩʦʚ ʚ ʠʶʣʝ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʩʦʣʷʮʠʠ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. ʆʙʦʙʱʸʥʥʦʝ ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʳʭ ʯʘʩʦʚ 

ʧʦ ʤʝʩʷʮʘʤ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 210-220 ʯʘʩʦʚ. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ 
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ʟʥʘʯʝʥʠʷ ʜʣʷ ʨʘʩʯʸʪʘ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʳʤʠ ʧʘʥʝʣʷʤʠ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ʍʫʜʞʘʥʜʘ ʠ ʚ ʮʝʣʦʤ ʧʦ ʉʦʛʜʠʡʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ [9; 10; 11]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ ʟʘʚʠʩʠʪ ʦʪ ʩʦʣʥʝʯʥʦʛʦ 

ʨʝʩʫʨʩʘ, ʧʣʦʱʘʜʠ ʠ ʢʘʯʝʩʪʚʘ ʩʘʤʦʡ ʧʘʥʝʣʠ, ʝʸ ʦʨʠʝʥʪʘʮʠʠ ʠ ʩʦʩʪʦʷʥʠʷ, ʘ ʪʘʢʞʝ ʦʪ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʪʠ ʬʘʢʪʦʨʳ ʦʧʨʝʜʝʣʷʶʪ, 

ʩʢʦʣʴʢʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʘʥʝʣʴ ʩʧʦʩʦʙʥʘ ʚʳʨʘʙʘʪʳʚʘʪʴ ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ [13; 14]. 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ, ʢʦʪʦʨʫʶ ʧʘʥʝʣʴ ʚʳʨʘʙʘʪʳʚʘʝʪ.  

ὖ –ϽὋϽὃ 
ʛʜʝ ɖ ʂʇɼ ʧʘʥʝʣʠ (ʜʦʣʷ, ʥʘʧʨʠʤʝʨ 0.20 ʜʣʷ 20%),  

G ï ʩʦʣʥʝʯʥʘʷ ʦʩʚʝʱʸʥʥʦʩʪʴ ʥʘ ʧʣʦʩʢʦʩʪʴ ʧʘʥʝʣʠ, ɺʪ/ʤ
2
 (ʧʨʠ STC, G=1000 ɺʪ/ʤ

2
)  

A ï ʘʢʪʠʚʥʘʷ ʧʣʦʱʘʜʴ ʧʘʥʝʣʠ, ʤ
2
. 

ʌʦʨʤʫʣʘ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʷʯʝʡʢʠ: 

Ὕ Ὕ
ὔὕὅὝςπ

πȟψ
 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʧʦʧʨʘʚʢʘ ʢ ʤʦʱʥʦʩʪʠ: 

ὖ ὖ  Ͻρ ‎ϽὝ ςυᶼὅ 
ɺʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʝʸ ʨʘʙʦʯʠʭ ʷʯʝʝʢ. ʅʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʧʘʥʝʣʠ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ 

ʠʩʧʳʪʘʥʠʡ ὖὛὝὅ ʫʢʘʟʳʚʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʝ 25 ÁC, ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ 1000 ɺʪ/ʤĮ ʠ ʩʧʝʢʪʨʫ. ʆʜʥʘʢʦ ʚ ʨʝʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʘ ʷʯʝʡʢʠ ὝὧὩὰὰ 
ʦʙʳʯʥʦ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ὝὥὭὶ ʠʟ ʟʘ ʥʘʛʨʝʚʘ ʧʘʥʝʣʠ ʩʦʣʥʝʯʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤ. ɼʣʷ ʦʮʝʥʢʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʘʨʘʤʝʪʨ ʥʦʤʠʥʘʣʴʥʦʡ ʨʘʙʦʯʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʥʝʣʠ ὔὕὅὝ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ, ʜʦ ʢʘʢʦʛʦ ʫʨʦʚʥʷ ʥʘʛʨʝʚʘʝʪʩʷ ʧʘʥʝʣʴ ʧʨʠ 
ʨʘʜʠʘʮʠʠ 800 ɺʪ/ʤĮ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ 20 ÁC; ʦʙʳʯʥʦ ʵʪʦ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 45-48 ÁC.  

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ‎ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʷʯʝʡʢʠ ʦʪ ʵʪʘʣʦʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 25 ÁC. 

ʇʦʩʢʦʣʴʢʫ ‎ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ (ʥʘʧʨʠʤʝʨ, ī0,004, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ 

ʤʦʱʥʦʩʪʠ ʥʘ 0,4 % ʧʨʠ ʢʘʞʜʦʤ ʛʨʘʜʫʩʝ ʥʘʛʨʝʚʘ), ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʷʯʝʡʢʠ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʧʘʥʝʣʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʧʘʥʝʣʠ ὖὝ ʚʩʝʛʜʘ 
ʥʠʞʝ ʧʘʩʧʦʨʪʥʦʡ ʤʦʱʥʦʩʪʠ ὖὛὝὅ, ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʷʯʝʡʢʠ ʧʨʝʚʳʰʘʝʪ ʩʪʘʥʜʘʨʪʥʳʝ 25 ÁC, ʠ 

ʥʘʦʙʦʨʦʪ, ʤʦʞʝʪ ʙʳʪʴ ʚʳʰʝ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɺʟʘʠʤʦʩʚʷʟʴ ʧʘʨʘʤʝʪʨʦʚ ʪʘʢʦʚʘ: ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ὝὥὭὶ ʠ ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ 

ʦʧʨʝʜʝʣʷʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʷʯʝʡʢʠ ὝὧὩὰὰ, ʢʦʪʦʨʘʷ ʯʝʨʝʟ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ‎ ʚʣʠʷʝʪ ʥʘ 
ʚʳʭʦʜʥʫʶ ʤʦʱʥʦʩʪʴ ὖὝ. ʇʘʨʘʤʝʪʨ ὔὕὅὝ ʩʣʫʞʠʪ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʚʦʟʜʫʭʘ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʷʯʝʡʢʠ, ʧʦʟʚʦʣʷʷ ʦʮʝʥʠʪʴ ʨʘʙʦʯʠʝ ʫʩʣʦʚʠʷ ʧʘʥʝʣʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʤʦʱʥʦʩʪʴ ʧʘʥʝʣʠ ʚ ʨʝʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʝʸ ʩʥʠʞʝʥʠʝ ʧʨʠ ʥʘʛʨʝʚʝ ʦʪʨʘʞʘʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, STC ï ʵʪʦ ʣʘʙʦʨʘʪʦʨʥʳʡ ʵʪʘʣʦʥ, ʘ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʠʩʧʦʣʴʟʫʶʪ 

ʪʘʢʞʝ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ, ʥʘʧʨʠʤʝʨ NOCT (Normal Operating Cell Temperature), ʢʦʪʦʨʳʝ ʙʣʠʞʝ ʢ 

ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʨʘʩʯʸʪ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ, ʦʩʦʙʝʥʥʦ 

ʥʘ ʦʩʥʦʚʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʣʥʝʯʥʳʭ 

ʷʯʝʝʢ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʧʘʥʝʣʠ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʦʙʫʩʣʦʚʣʝʥ 

ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʤ ʤʘʪʝʨʠʘʣʝ ʠ ʟʘʚʠʩʠʪ ʦʪ ʧʦʚʳʰʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ (Vʭ.ʭ), ʠ ʧʨʠ ʵʪʦʤ ʪʦʢ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ (Iʢ.ʟ) ʚʦʟʨʘʩʪʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʱʘʷ ʤʦʱʥʦʩʪʴ, 

ʦʧʨʝʜʝʣʷʝʤʘʷ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʩʪʨʝʤʠʪʩʷ ʢ ʫʤʝʥʴʰʝʥʠʶ [4; 5; 16; 17]. 

ʇʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ (STC): 

ὖ  ςπϽρππϽρȟχψ συφ ɺʪ 
ʋʪʦʯʥʝʥʠʝ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ (ʜʣʷ ʨʝʘʣʴʥʦʡ ʨʘʙʦʪʳ), ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʧʦʧʨʘʚʢʘ ʢ ʤʦʱʥʦʩʪʠ: 

ὖ  συφϽρ πȟππτϽυυςυ συφϽρ πȟρς σρσ ɺʪ 
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ʈʠʩʫʥʦʢ 1. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʨʘʙʦʪʢʠ ʤʦʱʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʷʯʝʝʢ ʩʦʣʥʝʯʥʳʭ 

ʧʘʥʝʣʠ 

Figure 1. Graph of the dependence of power generation on the temperature of solar panel cells 

 
 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʧʘʥʝʣʠ ὖ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ –, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ ʜʦʣʶ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʚ 
ʵʣʝʢʪʨʠʯʝʩʢʫʶ (ʦʙʳʯʥʦ 16ï23 %, ʥʘʧʨʠʤʝʨ –=0,20), ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ Ὃ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ 
ʧʦʪʦʢ ʵʥʝʨʛʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʘʥʝʣʠ (ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʧʳʪʘʥʠʡ ʧʨʠʥʠʤʘʝʪʩʷ 

Ὃ=1000 ɺʪ/ʤĮ), ʠ ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʠ ʧʘʥʝʣʠ ὃ, ʪʦ ʝʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠʥʠʤʘʶʱʝʡ ʩʦʣʥʝʯʥʳʡ 
ʩʚʝʪ; ʨʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʷʝʪʩʷ ʚ ʚʘʪʪʘʭ (ɺʪ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʫʣʘ ʩʚʷʟʳʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ –, ʠʥʪʝʥʩʠʚʥʦʩʪʴ 
ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ Ὃ ʠ ʧʣʦʱʘʜʴ ʧʘʥʝʣʠ ὃ ʚ ʝʜʠʥʫʶ ʚʝʣʠʯʠʥʫ - ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʤʦʱʥʦʩʪʴ ὖ. 

 

ʈʠʩʫʥʦʢ 2. ɻʨʘʬʠʢ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʜʥʦʡ ʩʦʣʥʝʯʥʦʡʦ ʧʘʥʝʣʠ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ 

Figure 2. Graph of electricity generation from one solar panel over the course of a year 

 
 

ʈʠʩʫʥʦʢ 3. ɻʨʘʬʠʢ ʚʳʨʘʙʦʪʢʠ ʤʦʱʥʦʩʪʠ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ 

Figure 3. Graph of solar panel power generation throughout the year 
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ʂʘʢ ʠʟʚʝʩʪʥʦ, ʛʝʥʝʨʘʮʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʷʭ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ 

ʧʝʨʝʤʝʥʥʦʡ ʠ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʧʦʛʦʜʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʕʪʠ ʧʦʛʦʜʥʳʝ ʬʘʢʪʦʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʝʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠ ʪʨʝʙʫʶʪ ʧʨʦʚʝʜʝʥʠʷ ʫʛʣʫʙʣʸʥʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʘ 

ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʫʯʠʪʳʚʘʪʴ 

ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ [3; 6]. 

ɻʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ (ʨʠʩʫʥʢʠ 1-3), ʦʪʨʘʞʘʶʪ ʢʣʶʯʝʚʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʙʦʯʠʭ ʷʯʝʝʢ. 

ɼʘʥʥʳʝ ʛʨʘʬʠʢʠ ʦʩʥʦʚʘʥʳ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʩʯʸʪʘʭ ʩ ʫʯʸʪʦʤ ʥʦʤʠʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ, ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʛʦʨʦʜʘ ʍʫʜʞʘʥʜ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʪʝʨʴ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʷʯʝʝʢ. ʉʦʛʣʘʩʥʦ ʨʘʩʯʸʪʥʳʤ ʜʘʥʥʳʤ, ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʧʘʥʝʣʠ ʧʨʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʧʳʪʘʥʠʡ (STC), ʧʨʠ ʦʩʚʝʱʸʥʥʦʩʪʠ 1000 ɺʪ/ʤĮ ʠ ʂʇɼ ʦʢʦʣʦ 20ï21%, 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 356 ɺʪ. ʆʜʥʘʢʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʷʯʝʡʢʠ ʜʦ 55 ÁC ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʤʦʱʥʦʩʪʠ ʜʦ 313 ɺʪ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʧʨʠʤʝʨʥʦ ʥʘ 

12%, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʤʦʱʥʦʩʪʠ ɔ = -0,004 (-0,4 %/ÁC). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʨʘʬʠʢ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʣʠʥʝʡʥʦ-ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ: ʢʘʞʜʳʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 10 ÁC ʥʘʛʨʝʚʘ ʧʨʠʚʦʜʷʪ ʢ ʧʦʪʝʨʝ ʦʢʦʣʦ 4% ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʪʠʧʠʯʥʳʤ ʜʣʷ ʢʨʝʤʥʠʝʚʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ. 

ʈʠʩʫʥʦʢ 2 ʦʪʨʘʞʘʝʪ ʩʝʟʦʥʥʫʶ ʜʠʥʘʤʠʢʫ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʜʥʦʡ ʩʦʣʥʝʯʥʦʡ 

ʧʘʥʝʣʠ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʩʦʣʥʝʯʥʦʛʦ ʩʠʷʥʠʷ, ʢʦʪʦʨʘʷ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʘ ʍʫʜʞʘʥʜ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 120-140 ʯʘʩʦʚ ʚ ʟʠʤʥʠʡ 

ʧʝʨʠʦʜ ʜʦ 300-320 ʯʘʩʦʚ ʚ ʣʝʪʥʠʝ ʤʝʩʷʮʳ. ʉʨʝʜʥʝʛʦʜʦʚʦʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 210-220 

ʩʦʣʥʝʯʥʳʭ ʯʘʩʦʚ ʚ ʤʝʩʷʮ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʝʥʝʨʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ, 

ʛʜʝ ʩʫʪʦʯʥʘʷ ʚʳʨʘʙʦʪʢʘ ʜʦʩʪʠʛʘʝʪ ʥʘʠʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ, ʪʦʛʜʘ ʢʘʢ ʟʠʤʦʡ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʧʦʯʪʠ ʚ 2ï2,5 ʨʘʟʘ. ʉʨʝʜʥʷʷ ʜʥʝʚʥʘʷ ʚʳʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʨʘʩʯʸʪʘʤ 

ʩʦʩʪʘʚʣʷʝʪ 23,27 ʢɺʪĿʯ ʚ ʤʝʩʷʮ ʥʘ ʦʜʥʫ ʧʘʥʝʣʴ ʚ ʵʢʚʠʚʘʣʝʥʪʝ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʛʝʥʝʨʘʮʠʠ, ʘ 

ʩʫʤʤʘʨʥʘʷ ʤʝʩʷʯʥʘʷ ʚʳʨʘʙʦʪʢʘ ʜʦʩʪʠʛʘʝʪ 837,86 ʢɺʪĿʯ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʈʠʩʫʥʦʢ 3 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʟʤʝʥʝʥʠʝ ʤʦʱʥʦʩʪʠ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʩ ʫʯʸʪʦʤ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʂʣʶʯʝʚʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʟʜʝʩʴ ʷʚʣʷʶʪʩʷ ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʜʥʷ. ʇʨʠ ʩʨʝʜʥʝʡ ʠʥʩʦʣʷʮʠʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ ʦʢʦʣʦ 22,2 ÁC ʜʥʸʤ ʠ 13,1ÁC ʥʦʯʴʶ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʘʙʠʣʴʥʘʷ ʨʘʙʦʪʘ 

ʩʠʩʪʝʤʳ ʚ ʜʠʘʧʘʟʦʥʝ, ʙʣʠʟʢʦʤ ʢ ʥʦʤʠʥʘʣʴʥʦʤʫ. ʆʜʥʘʢʦ ʚ ʣʝʪʥʠʝ ʤʝʩʷʮʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʦʩʪ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʷʯʝʝʢ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʘʥʝʣʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʧʨʠʨʦʩʪʘ ʛʝʥʝʨʘʮʠʠ. ɺ ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʥʘʧʨʦʪʠʚ, ʙʦʣʝʝ 

ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʳʰʘʝʪ ʂʇɼ, ʥʦ ʦʛʨʘʥʠʯʝʥʥʘʷ ʠʥʩʦʣʷʮʠʷ ʩʥʠʞʘʝʪ ʦʙʱʠʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʭʦʜ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʛʨʘʬʠʢʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʬʘʢʪʦʨ ʠʟʤʝʥʝʥʠʷ ʛʝʥʝʨʘʮʠʠ ס 

ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʥʦ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʪʝʨʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʜʦʩʪʠʛʘʪʴ 10ï15% ʚ ʞʘʨʢʠʡ ʧʝʨʠʦʜ. ʇʨʠ ʵʪʦʤ ʩʦʚʦʢʫʧʥʦʝ ʚʣʠʷʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ 

ʬʦʨʤʠʨʫʝʪ ʥʝʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ ʚʦ ʚʨʝʤʝʥʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʛʨʘʬʠʢʠ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʨʝʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʦʤ ʧʘʨʘʤʝʪʨʦʚ: ʫʨʦʚʥʝʤ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ (G å 

1000 ɺʪ/ʤĮ ʚ STC), ʧʣʦʱʘʜʴʶ ʧʘʥʝʣʠ (1,78ï1,98 ʤĮ), ʂʇɼ (21ï23%), ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʚʳʩʦʢʦʤ 

ʩʦʣʥʝʯʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʨʝʛʠʦʥʘ ʉʦʛʜʠʡʩʢʦʡ ʦʙʣʘʩʪʠ ʬʘʢʪʠʯʝʩʢʘʷ ʚʳʨʘʙʦʪʢʘ ʵʥʝʨʛʠʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʘʨʴʠʨʫʝʪʩʷ ʧʦ ʩʝʟʦʥʘʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ɼʣʷ ʨʘʩʯʸʪʘ ʪʦʯʥʦʛʦ ʠ ʜʦʩʪʦʚʝʨʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʦʣʥʝʯʥʳʭ 

ʧʘʥʝʣʷʭ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʢʦʤʧʣʝʢʩʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʦʣʠʯʝʩʪʚʘ 

ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʥʝʨʛʠʠ ʚ ʢʦʥʢʨʝʪʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ 
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ʥʘʜʸʞʥʫʶ ʦʮʝʥʢʫ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʢ ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʤʝʩʪʥʦʛʦ ʢʣʠʤʘʪʘ [16; 15]. 

ʉʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ:  

ὼ
ρ

ὲ
ὼ 

ʛʜʝ xi ï ʦʪʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʳʙʦʨʢʠ; 

n ï ʢʦʣʠʯʝʩʪʚʦ ʥʘʙʣʶʜʝʥʠʡ. 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ: 

„
ρ

ὲ
ὼ ὼ  

ʛʜʝ x ï ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ; 

(xiīx)
2
 ï ʢʚʘʜʨʘʪ ʦʪʢʣʦʥʝʥʠʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʦʪ ʩʨʝʜʥʝʛʦ. 

ɼʠʩʧʝʨʩʠʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ: 

Ὀ
ρ

ὲ
ὼ ὼ  

ὓὢ ὼ ὴ 

ʛʜʝ xi ï ʚʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ; 

pi ï ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʟʥʘʯʝʥʠʷ xi. 

ʅʝʚʟʚʝʰʝʥʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʚʨʝʤʝʥʠ ʟʘʨʷʜʢʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʩ ʫʯʸʪʦʤ 

ʚʝʨʦʷʪʥʦʩʪʠ ʚʨʝʤʝʥʠ ʜʣʷ ʤʝʩʷʮʝʚ [11; 13; 14]: 

ὉὝ
ρ

ὲ
Ὕ 

ɺʟʚʝʰʝʥʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʚʨʝʤʝʥʠ ʟʘʨʷʜʢʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʩ ʫʯʸʪʦʤ 

ʯʠʩʣʘ ʜʥʝʡ ʚ ʢʘʞʜʦʤ ʤʝʩʷʮʝ [10; 7; 15]: 

ὉὝ
В ὝϽὨ

В Ὠ
 

ʛʜʝ Ὁ[Ὕ] ð ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ). 

ὲ ð ʢʦʣʠʯʝʩʪʚʦ ʤʝʩʷʮʝʚ (ʚ ʛʦʜʫ ὲ=12). 

× ð ʟʥʘʢ ʩʫʤʤʳ, ʦʟʥʘʯʘʝʪ ʩʣʦʞʝʥʠʝ ʚʩʝʭ ʟʥʘʯʝʥʠʡ. 

Ὥ ð ʠʥʜʝʢʩ ʤʝʩʷʮʘ (ʦʪ 1 ʜʦ 12). 

ὝὭ ð ʚʨʝʤʷ ʨʘʙʦʪʳ ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ ʚ  

Ὥ-ʤ ʤʝʩʷʮʝ (ʥʘʧʨʠʤʝʨ, ʚ ʷʥʚʘʨʝ 4.33 ʯ, ʚ ʬʝʚʨʘʣʝ 4.67 ʯ ʠ ʪ.ʜ.). 

 

ʊʘʙʣʠʮʘ 1. ʀʪʦʛʦʚʦʝ ʟʥʘʯʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ 

ʦʩʥʦʚʝ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ 

Table 1. Summary of statistical calculations for solar power generation 
ʇʦʢʘʟʘʪʝʣʴ ʀʪʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ 

ʉʨʝʜʥʷʷ ʜʥʝʚʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (ÁC) 22,20 

ʉʨʝʜʥʷʷ ʥʦʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (ÁC) 13,13 

ʉʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʳʭ ʯʘʩʦʚ ʚ ʤʝʩʷʮ 205,00 

ʉʨʝʜʥʷʷ ʚʳʨʘʙʦʪʢʘ ʵʥʝʨʛʠʠ ʚ ʜʝʥʴ (ʢɺʪĿʯ) 23.27 

ʉʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʳʭ ʯʘʩʦʚ 2460,00 

ʉʫʤʤʘʨʥʘʷ ʚʳʨʘʙʦʪʢʘ ʵʥʝʨʛʠʠ ʚ ʤʝʩʷʮ (ʢɺʪĿʯ) 837,86 

 

ʊʘʙʣʠʮʘ 1 ʩʦʜʝʨʞʠʪ ʠʪʦʛʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ ʛʝʥʝʨʘʮʠʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʦʩʥʦʚʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛ. 
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ʍʫʜʞʘʥʜʝ (ʉʦʛʜʠʡʩʢʘʷ ʦʙʣʘʩʪʴ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ). ʇʨʠʚʝʜʸʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʣʫʯʝʥʳ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʤʥʦʛʦʣʝʪʥʠʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʬʦʨʤʫʣ ʬʦʪʦʵʥʝʨʛʝʪʠʢʠ. 

ɺʳʚʦʜ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1, ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʨʘʟʚʸʨʪʳʚʘʥʠʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʛ. ʍʫʜʞʘʥʜ ʠ 

ʉʦʛʜʠʡʩʢʦʡ ʦʙʣʘʩʪʠ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʚʳʩʦʢʦʡ ʠʥʩʦʣʷʮʠʠ (2 460 ʯ/ʛʦʜ), ʧʨʠʝʤʣʝʤʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʠ ʨʘʩʯʸʪʥʦʡ ʩʫʪʦʯʥʦʡ ʚʳʨʘʙʦʪʢʠ (23,27 ʢɺʪĿʯ/ʩʫʪ) ʬʦʨʤʠʨʫʝʪ 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ 

ʚ ʨʝʛʠʦʥʘʣʴʥʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʝ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʚʨʝʤʝʥʠ ʟʘʨʷʜʢʠ ʥʘ ʦʜʠʥ ʜʝʥʴ ʩʦʩʪʘʚʣʷʝʪ 6,42 ʯʘʩʘ, ʚʨʝʤʷ 

ʟʘʨʷʜʢʠ ʢʘʞʜʳʡ ʜʝʥʴ ʚ ʛʦʜ ʩʦʩʪʘʚʣʷʝʪ 6,43 ʯʘʩʘ. ɼʘʥʥʦʝ ʚʨʝʤʷ ʟʘʨʷʜʢʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ 

ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʚʨʝʤʝʥʝʤ ʜʣʷ ʩʪʘʙʠʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠ ̫ ʞʠʣʳʭ ʧʦʤʝʝɦʥʠʠ ʩʦ 

ʩʨʝʜʥʝʡ ʥʘʛʨʫʟʢʦʡ 4,2 ʢɺʪ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʨʘʩʯʸʪʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʝʥʝʨʘʮʠʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʳʤʠ ʧʘʥʝʣʷʤʠ ʩʚʷʟʘʥʳ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ ʪʦʯʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʨʝʘʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʫʩʣʦʚʠʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʛʠʦʥʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʚʳʭʦʜʥʫʶ ʤʦʱʥʦʩʪʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʥʘ ʦʩʥʦʚʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʣʦʱʘʜʠ ʧʘʥʝʣʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʧʦʧʨʘʚʦʢ, ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʸʪʦʚ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʨʘʙʦʪʢʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʟʤʝʥʷʝʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʥʦʞʝʩʪʚʘ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ, ʠʤʝʶʱʠʭ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. 

ʂ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʬʘʢʪʦʨʦʚ ʦʪʥʦʩʷʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʷʯʝʝʢ, ʦʙʣʘʯʥʦʩʪʴ, ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʩʢʦʨʦʩʪʴ 

ʚʝʪʨʘ, ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʜʫʣʝʡ, ʘ ʪʘʢʞʝ 

ʜʝʛʨʘʜʘʮʠʷ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʂʘʞʜʳʡ ʠʟ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʠ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʷʜʦʚ ʥʘʙʣʶʜʝʥʠʡ, ʩʦʙʨʘʥʥʳʭ ʟʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʙʰʠʨʥʫʶ ʙʘʟʫ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʚʳʙʨʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʘʢʘʷ ʙʘʟʘ ʜʦʣʞʥʘ 

ʩʦʜʝʨʞʘʪʴ ʧʦʯʘʩʦʚʳʝ ʠʣʠ ʩʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʳ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʩʠʷʥʠʷ ʠ ʜʨʫʛʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ 

ʜʘʥʥʳʭ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʚʢʣʶʯʘʷ ʚʳʯʠʩʣʝʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ, ʜʠʩʧʝʨʩʠʠ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʢʦʨʨʝʣʷʮʠʠ ʠ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʚʳʷʚʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʝʞʜʫ ʧʦʛʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʬʘʢʪʠʯʝʩʢʦʡ ʚʳʨʘʙʦʪʢʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʆʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʠʤʝʥʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʪʘʢʠʭ ʢʘʢ ʊʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʄʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ ʠ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ 

ʧʦʜʭʦʜʦʚ ʧʦʟʚʦʣʠʪ ʫʯʠʪʳʚʘʪʴ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʜʠʘʧʘʟʦʥʳ ʛʝʥʝʨʘʮʠʠ ʵʥʝʨʛʠʠ ʩ ʟʘʜʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʪʦʣʴʢʦ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʚʳʨʘʙʦʪʢʠ, ʥʦ ʠ ʚʝʨʦʷʪʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝʬʠʮʠʪʘ ʠʣʠ ʠʟʙʳʪʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʨʘʟʣʠʯʥʳʝ ʧʝʨʠʦʜʳ ʛʦʜʘ. 

ʉʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʦʡ ʢʘʨʪʳ ʧʝʨʩʧʝʢʪʠʚ 

ʛʝʥʝʨʘʮʠʠ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʨʘʡʦʥʦʚ, ʛʦʨʦʜʦʚ ʠ ʦʙʣʘʩʪʝʡ. ʊʘʢʘʷ ʢʘʨʪʘ ʜʦʣʞʥʘ 

ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʦʙʲʝʜʠʥʷʪʴ ʜʘʥʥʳʝ ʦ ʩʦʣʥʝʯʥʦʤ 

ʧʦʪʝʥʮʠʘʣʝ, ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ, ʨʝʣʴʝʬʝ ʤʝʩʪʥʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ɼʣʷ 

ʍʫʜʞʘʥʜ ʠ ʚʩʝʡ ʉʦʛʜʠʡʩʢʘʷ ʦʙʣʘʩʪʴ ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʦʙʥʦʡ ʢʘʨʪʳ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʝ ʟʦʥʳ ʨʘʟʤʝʱʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʦʮʝʥʠʪʴ ʦʞʠʜʘʝʤʫʶ ʛʦʜʦʚʫʶ 

ʛʝʥʝʨʘʮʠʶ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘʧʨʘʚʠʪʴ ʥʘ ʠʥʪʝʛʨʘʮʠʶ ʩʦʣʥʝʯʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʩ ʩʠʩʪʝʤʘʤʠ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʛʠʙʨʠʜʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, 

ʚʢʣʶʯʘʶʱʠʤʠ ʙʠʦʛʘʟʦʚʳʝ ʫʩʪʘʥʦʚʢʠ, ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʛʝʥʝʨʘʮʠʶ 
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ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʥʦ ʠ ʧʨʦʮʝʩʩʳ ʥʘʢʦʧʣʝʥʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʚʦ ʚʨʝʤʝʥʠ. ʕʪʦ ʩʦʟʜʘʸʪ ʦʩʥʦʚʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʧʦʪʦʢʘʤʠ ʠ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʘʚʪʦʥʦʤʥʦʩʪʠ ʞʠʣʳʭ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʟʥʘʯʠʪʝʣʴʥʳʡ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʳʨʘʙʦʪʢʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʅʘ ʦʩʥʦʚʝ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʧʦʛʦʜʝ ʠ ʬʘʢʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʚʦʟʤʦʞʥʦ 

ʧʦʩʪʨʦʝʥʠʝ ʩʘʤʦʦʙʫʯʘʶʱʠʭʩʷ ʤʦʜʝʣʝʡ, ʩʧʦʩʦʙʥʳʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʷʚʣʷʪʴ ʩʣʦʞʥʳʝ 

ʥʝʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʚʳʩʦʢʦʪʦʯʥʳʝ ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʠ ʜʦʣʛʦʩʨʦʯʥʳʝ 

ʧʨʦʛʥʦʟʳ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʩʯʸʪʦʚ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʤʦʜʝʣʠ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʣʞʥʦ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʙʦʨ ʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʤʥʦʛʦʣʝʪʥʠʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʨʠʤʝʥʝʥʠʝ 

ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʠ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʩʦʟʜʘʥʠʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʢʘʨʪ 

ʩʦʣʥʝʯʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʨʘʟʨʘʙʦʪʢʫ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʚʥʝʜʨʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʈʝʘʣʠʟʘʮʠʷ ʫʢʘʟʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʟʚʦʣʠʪ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʝʥʝʨʘʮʠʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʳʤʠ ʧʘʥʝʣʷʤʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʨʝʛʠʦʥʘ. 
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Ðìü øìėú÷ì þìĕ÷ô÷ô ïñùñüìþýôċô ĉùñüïôċôô íìüė þìîìýýÿþô øúðÿ÷ĕúô Āúþúĉ÷ñöþüôöôô úĀþúíôô 

ýìøìüìùúöôô íì÷ìùð íú ôýþôĀúðì ìó ÿýÿ÷ĕúô ôùþôóúüô øìþñøìþôöĒ îì öúüöìüðô úøúüôô Ąôððìþô 
ĄÿúĆìĀöìùôô úĀþúí ûñĄùôĕúð ïìüðôðììýþ. Ûìùñ÷ĕúô øìýúĕìþìĄúù 1,98 øĮ íú öúĉĀĀôþýôñùþô ĀúôðìíìāĄôô 
21¬23% îì ôėþôðúüô ùúøôùì÷ôô 500¬600 Îþ ðìü Ąìüúôþô Ąìĕüô áÿĔìùð íì ĕôýúíô øôČùì ðìü ċö ĄìíúùìüĘó 
23,27 öÎþ¼ýúìþ ĉùñüïôċ ĕúýô÷ øñùìøúċùð îì ĕìĔøô ÿøÿøôô ïñùñüìþýôċô øúĕúùì íì 837,86 öÎþ¼ýúìþ øñüìýìð. 
Øôėðúüô øôČùìô ýúìþĕúô úĀþúíĒ ìó 120¬140 ýúìþ ðìü Āìý÷ô óôøôýþúù þú 300¬320 ýúìþ ðìü Āìý÷ô þúíôýþúù 
þìĎõôü ČĀþì, ùôĄúùðôĕìùðìô øôČùìô ýú÷úùì þìėüôíìù 210¬220 ýúìþüú þìĄöô÷ øñðôĕìð. Ôý÷úĕúþô ĕìüúüìþôô 
ôėþôðúü íìüúô ÿùýÿüô ðúüúô NOCT 45¬48 ¸C ôėþôðúüô íìüúøìðüú ìó 356 Îþ ðìü Ąìüúôþô ýþìùðìüþĒ þú 313 
Îþ ðìü Ąìüúôþô îúėñĒ öúĕôĄ øñðôĕìð. Þìĕ÷ô÷ô ùôĄúùðôĕìùðìĕúô úøúüĒ, ìó Ĕÿø÷ì ėôøìþĕúô øôČùìô 
ĄìíúùìüĘóĒ, ðôýûñüýôċ îì ôùþôóúüô øìþñøìþôöĒ íìüúô îìėþô øôČùìô ûÿüöÿùĒ (6,42¬6,43 ýúìþ ðìü ċö 
ĄìíúùìüĘó), ôøöúù øñðôĕìð ĀìĆú÷ôċþô úûþôøì÷ôô ýôýþñøìĕúô úĀþúíĒ ìüóČíĒ ïìüðôðì, þìĆøôùúþô íìüėô 
øìĕì÷÷Ē íú ðìüùìóìüðúĄþô ôė÷ôøô øôùþìėìîĒ íìùìėĄìïôüĒ öìüðì Ąìîìð. 
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ɸʅɸʃʀɿ ɻɽʅɽʈɸʎʀʀ ʕʃɽʂʊʈʆʕʅɽʈɻʀʀ ʉʆʃʅɽʏʅʓʄʀ ɸɻʈɽɻɸʊɸʄʀ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɻʆ ʆɾʀɼɸʅʀʗ ʉʆʃʅɽʏʅʆɻʆ ʀɿʃʋʏɽʅʀʗ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤʠ ʩʦʣʥʝʯʥʳʤʠ 

ʬʦʪʦʛʘʣʴʚʘʥʠʯʝʩʢʠʤʠ ʤʦʜʫʣʷʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʘʥʝʣʠ ʧʣʦʱʘʜʴʶ 1,98 ʤĮ ʩ ʂʇɼ 21ï23% ʠ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ 500ï600 ɺʪ 

ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʘ ʍʫʜʞʘʥʜʘ ʚʳʨʘʙʘʪʳʚʘʶʪ ʩʨʝʜʥʶʶ ʜʥʝʚʥʫʶ ʵʥʝʨʛʠʶ 23,27 ʢɺʪĿʯ, ʘ ʩʫʤʤʘʨʥʘʷ ʤʝʩʷʯʥʘʷ 

ʛʝʥʝʨʘʮʠʷ ʜʦʩʪʠʛʘʝʪ 837,86 ʢɺʪĿʯ. ʉʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʳʭ ʯʘʩʦʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 120ï140 ʟʠʤʦʡ ʜʦ 300ï320 

ʣʝʪʦʤ, ʧʨʠ ʩʨʝʜʥʝʤ ʧʦ ʛʦʜʫ ʦʢʦʣʦ 210ï220 ʯʘʩʦʚ. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʢʦʨʨʝʢʮʠʷ ʤʦʱʥʦʩʪʠ ʜʣʷ ʷʯʝʡʢʠ ʩ NOCT 45ï

48 ÁC ʩʥʠʞʘʝʪ ʚʳʭʦʜʥʫʶ ʤʦʱʥʦʩʪʴ ʩ 356 ɺʪ (STC) ʜʦ 313 ɺʪ ʧʨʠ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ɸʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʚʢʣʶʯʘʷ ʩʨʝʜʥʝʜʥʝʚʥʳʝ ʟʥʘʯʝʥʠʷ, ʜʠʩʧʝʨʩʠʶ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʚʨʝʤʝʥʠ ʟʘʨʷʜʢʠ (6,42ï6,43 

ʯ/ʩʫʪʢʠ), ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʦʣʥʝʯʥʳʭ ʩʠʩʪʝʤ ʠ ʧʣʘʥʠʨʦʚʘʪʴ ʣʦʢʘʣʴʥʦʝ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʩ ʫʯʸʪʦʤ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ, ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʦʜʫʣʠ, ʛʝʥʝʨʘʮʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʩʦʣʥʝʯʥʳʝ ʯʘʩʳ, 

ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʢʦʨʨʝʢʮʠʷ, ʚʳʨʘʙʦʪʢʘ ʵʥʝʨʛʠʠ, ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

 

ANALYSIS OF ELECTRICITY GENERATION BY SOLAR UNITS USING THE MATHEMATICAL 

EXPECTATION OF SOLAR IRRADIANCE  

This paper presents an analysis of electricity generation using high-efficiency photovoltaic modules based on 

statistical methods and the mathematical expectation of solar irradiance. Panels with an area of 1.98 mĮ, efficiency of 21ï

23%, and nominal power of 500ï600 W in Khujand produce an average daily energy of 23.27 kWh and a total monthly 

generation of 837.86 kWh. The average number of sunshine hours ranges from 120ï140 in winter to 300ï320 in summer, 

with an annual mean of approximately 210ï220 hours. Temperature correction for cells with NOCT 45ï48 ÁC reduces the 

output power from 356 W (STC) to 313 W under real operating conditions. Statistical analysis, including mean values, 

variance, and expected charging time (6.42ï6.43 h/day), allows for an assessment of optimal solar system performance and 

planning of local electricity supply considering regional climatic conditions. 

Keywords: Solar energy, photovoltaic modules, electricity generation, mathematical statistics, mathematical 

expectation, photovoltaic efficiency, sunshine hours, temperature correction, energy output, photovoltaic effect 

 
ØìĆ÷ÿøúþ ðìü íúüìô øÿì÷÷ôĀ: Ôý÷úøúî Ô÷ČýāúĔì ÔöüúøāúĔìñîôă ¬ ÐúùôĄöìðìô ûú÷ôþñāùôöôô ÐúùôĄïúĕô 
þñāùôöôô ÞúĔôöôýþúù íì ùúøô ìöìðñøôö Ø.Ý.ÚýôøĒ, ùúøóìðô ô÷øĕúô þñāùôöĒ, ô.î. ðúþýñùþô öìĀñðüìô 
þìĆøôùúþô íìüė îì ìîþúøìþôöì. ÝÿüúĎì: 735700, Ą. áÿĔìùð, Æÿøĕÿüôô ÞúĔôöôýþúù, āôČíúùô Ôýøúô÷ô 
ÝúøúùĒ, 226. E-mail: ilyoskhoja86@gmail.com. Þñ÷ñĀúù: (+992) 92-810-82-02 

 

ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʝ: ʀʩʣʦʤʦʚ ʀʣʴʸʩʭʦʜʞʘ ʀʢʨʦʤʭʦʜʞʘʝʚʠʯ ï ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʊʘʜʞʠʢʩʢʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ.ʄ.ʆʩʠʤʠ ʚ ʛʦʨʦʜʝ ʍʫʜʞʘʥʜʝ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʠʩʧʦʣʥʷʶʱʠʡ 



104 

 

ʦʙʷʟʘʥʥʦʩʪʠ ʜʦʮʝʥʪʘ ʢʘʬʝʜʨʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʘʚʪʦʤʘʪʠʢʠ. ɸʜʨʝʩ: 735700, ʛ. ʍʫʜʞʘʥʜ, ʈʝʩʧʫʙʣʠʢʘ 

ʊʘʜʞʠʢʠʩʪʘʥ, ʧʨʦʩʧʝʢʪ ʀʩʤʦʠʣʠ ʉʦʤʦʥʠ, 226. E-mail: ilyoskhoja86@gmail.com. ʊʝʣʝʬʦʥ: (+992) 92-810-82-02 

 

Information about the author: Islomov Ilyoskhoja Ikromkhojaevich ï Polytechnic Institute of the Tajik Technical 

University named after M. Osimi in Khujand, Candidate of Technical Sciences, Acting Associate Professor of the 

Department of Power Supply and Automation. Address: 735700, Khujand, Republic of Tajikistan, Ismoili Somoni 

Avenue, 226. E-mail: ilyoskhoja86@gmail.com. Phone: (+992) 92-810-82-02 

 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ: 24.02.2026 

ʆʜʦʙʨʝʥʘ ʧʦʩʣʝ ʨʝʮʝʥʟʠʨʦʚʘʥʠʷ: 28.03.2026 

ʇʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ: 18.05.2026 

  

mailto:ilyoskhoja86@gmail.com
mailto:ilyoskhoja86@gmail.com


105 

 

ʋɼʂ: 504.5:628.5:711.4 

ʂɸʏɽʉʊɺʆ ɺʆɿɼʋʍɸ ʂɸʂ ʄɸʂʈʆʕʂʆʅʆʄʀʏɽʉʂʀʁ ʈʀʉʂ: ʆʎɽʅʂʀ ʇʆʊɽʈʔ ʀ 

ʉʊʈɸʊɽɻʀʗ ʉʅʀɾɽʅʀʗ ʋʑɽʈɹɸ ɺ ʈɽʉʇʋɹʃʀʂɽ ʊɸɼɾʀʂʀʉʊɸʅ 

 

ʄʘʤʘʜʦʚ ʀ.ɸ.
 

ɻʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʊʘʜʞʠʢʠʩʪʘʥʘ 

 

ɺʚʝʜʝʥʠʝ. ɺʦʧʨʦʩʳ ʨʝʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʚʳʟʦʚʦʚ ʠ 

ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʧʝʨʝʥʦʩʘ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʪʨʝʙʫʶʪ ʫʩʠʣʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ. ɺʘʞʥʦʩʪʴ ʵʪʦʛʦ ʘʩʧʝʢʪʘ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʜʯʝʨʢʠʚʘʣʘʩʴ ʚ ʚʳʩʪʫʧʣʝʥʠʷʭ ʠ 

ʧʦʩʣʘʥʠʷʭ ʆʩʥʦʚʘʪʝʣʷ ʤʠʨʘ ʠ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʝʜʠʥʩʪʚʘ ï ʃʠʜʝʨʘ ʥʘʮʠʠ, ʇʨʝʟʠʜʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ 

ʊʘʜʞʠʢʠʩʪʘʥ, ʫʚʘʞʘʝʤʦʛʦ ʕʤʦʤʘʣʠ ʈʘʭʤʦʥʘ [3]. ɻʣʘʚʘ ʛʦʩʫʜʘʨʩʪʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʧʨʦʜʚʠʛʘʝʪ ʥʘ ʛʣʦʙʘʣʴʥʦʡ ʘʨʝʥʝ ʠʥʠʮʠʘʪʠʚʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʝʰʝʥʠʝ ʚʦʜʥʳʭ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʳ ʩ ʢʘʯʝʩʪʚʦʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʠʥʠʮʠʘʪʠʚʳ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʪʘʢʠʝ ʢʘʢ ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʜʝʩʷʪʠʣʝʪʠʝ 

ʜʝʡʩʪʚʠʡ çɺʦʜʘ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷè (2018ï2028 ʛʛ.) ʠ ʧʨʦʚʦʟʛʣʘʰʝʥʠʝ 2025 ʛʦʜʘ 

çʄʝʞʜʫʥʘʨʦʜʥʳʤ ʛʦʜʦʤ ʩʦʭʨʘʥʝʥʠʷ ʣʝʜʥʠʢʦʚè [3], ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʤʠʨʦʚʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ ʢ ʧʨʦʙʣʝʤʝ ʫʩʢʦʨʝʥʥʦʛʦ ʪʘʷʥʠʷ ʣʝʜʥʠʢʦʚ. ʕʪʦʪ ʧʨʦʮʝʩʩ, ʚʳʟʚʘʥʥʳʡ ʠʟʤʝʥʝʥʠʝʤ 

ʢʣʠʤʘʪʘ, ʫʩʫʛʫʙʣʷʝʪ ʨʠʩʢʠ ʟʘʩʫʭ ʠ ʦʧʫʩʪʳʥʠʚʘʥʠʷ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʯʪʦ ʥʘʧʨʷʤʫʶ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʯʘʩʪʦʪʳ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʳʣʝʚʳʭ ʠ ʧʝʩʯʘʥʳʭ ʙʫʨʴ (SDS) ï ʦʜʥʦʛʦ 

ʠʟ ʢʣʶʯʝʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʨʝʛʠʦʥʝ. 

ʎʝʥʪʨʘʣʴʥʘʷ ɸʟʠʷ (ʎɸ) ʚ ʮʝʣʦʤ ʦʩʪʘʸʪʩʷ ʦʜʥʠʤ ʠʟ ʨʝʛʠʦʥʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ PM2.5 ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʩʦʯʝʪʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʩʞʠʛʘʥʠʝ ʪʚʸʨʜʦʛʦ ʪʦʧʣʠʚʘ ʚ ʙʳʪʦʚʦʤ ʠ 

ʢʦʤʤʫʥʘʣʴʥʦʤ ʩʝʢʪʦʨʝ, ʫʩʪʘʨʝʚʰʠʝ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ, ʘʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʝʢʘʯʝʩʪʚʝʥʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʩʪʘʨʦʛʦ ʘʚʪʦʧʘʨʢʘ, ʠʟʥʦʰʝʥʥʳʡ ʧʨʦʤʳʰʣʝʥʥʳʡ 

ʧʨʦʬʠʣʴ ʦʧʨʝʜʝʣʸʥʥʳʭ ʛʦʨʦʜʦʚ, ʩʪʨʦʠʪʝʣʴʥʫʶ ʠ ʜʦʨʦʞʥʫʶ ʧʳʣʴ, ʘ ʪʘʢʞʝ ʫʧʦʤʷʥʫʪʳʝ ʚʳʰʝ 

ʧʳʣʝʚʳʝ ʠ ʧʝʩʯʘʥʳʝ ʙʫʨʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʧʫʙʣʠʢʦʚʘʥʥʦʛʦ ʦʪʯʝʪʘ World Air Quality Report ʟʘ 

2024 ʛʦʜ, ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ PM2.5 ʚ ʩʪʨʘʥʘʭ ʎɸ ʧʨʝʚʳʰʘʣʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʡ 

ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʟʜʨʘʚʦʭʨʘʥʝʥʠʷ (ɺʆɿ) ʧʦʢʘʟʘʪʝʣʴ 5 ʤʢʛ/ʤį ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʚ 

ʯʘʩʪʥʦʩʪʠ: ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʘ ʫʨʦʚʥʝ 46,3 ʤʢʛ/ʤį, ʚ ʋʟʙʝʢʠʩʪʘʥʝ 31,4 ʤʢʛ/ʤį, ʚ 

ʊʫʨʢʤʝʥʠʩʪʘʥʝ 26,5 ʤʢʛ/ʤį, ʚ ʂʳʨʛʳʟʩʪʘʥʝ 21,1 ʤʢʛ/ʤį, ʠ ʚ ʂʘʟʘʭʩʪʘʥʝ 15,1 ʤʢʛ/ʤį [12]. ɺ ʦʪʯʝʪʝ 

ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʟʘʛʨʷʟʥʝʥʠʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʫʶ 

ʩʝʟʦʥʥʦʩʪʴ. ɿʠʤʥʠʝ ʧʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʦʪʦʧʣʝʥʠʝʤ ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʤʝʪʝʦʫʩʣʦʚʠʷʭ, ʘ ʚ ʪʸʧʣʳʡ ʧʝʨʠʦʜ ʚʦʟʨʘʩʪʘʝʪ ʚʢʣʘʜ ʧʳʣʠ ʠ ʚʪʦʨʠʯʥʳʭ ʘʵʨʦʟʦʣʝʡ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʨʝʛʠʦʥʘʣʴʥʘʷ ʦʮʝʥʢʘ ɺʩʝʤʠʨʥʦʛʦ ʙʘʥʢʘ (ɺɹ), ʧʨʦʚʝʜʸʥʥʘʷ ʚ 2025 ʛʦʜʫ, ʬʠʢʩʠʨʫʝʪ 

ʝʞʝʛʦʜʥʳʝ ʟʜʦʨʦʚʴʝʩʙʝʨʝʛʘʶʱʠʝ ʧʦʪʝʨʠ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʩʝʢʪʦʨʳ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 15,2ï21,7 ʤʣʨʜ ʜʦʣʣ. ʉʐɸ [23]. ɼʣʷ 

ʫʟ̫ʚʠʤʳʭ ʛʨʫʧʧ ʣʶʜʝʡ, ʚʢʣʶʯʘʷ ʜʝʪʝʡ, ʙʝʨʝʤʝʥʥʳʭ ʞʝʥʱʠʥ ʠ ʧʦʞʠʣʳʭ, ʧʦʩʣʝʜʩʪʚʠʷ ʷʚʣʷʶʪʩʷ 

ʦʩʦʙʝʥʥʦ ʟʥʘʯʠʤʳʤʠ. ʇʦ ʜʘʥʥʳʤ UNICEF, ʚ ɽʚʨʦʧʝ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʢʘʞʜʘʷ ʧʷʪʘʷ ʩʤʝʨʪʴ 

ʫ ʤʣʘʜʝʥʮʝʚ ʩʚʷʟʘʥʘ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʟʘʛʨʷʟʥʸʥʥʦʛʦ ʚʦʟʜʫʭʘ [18]. 

ɸʢʪʠʚʥʘʷ ʧʦʟʠʮʠʷ ʆʩʥʦʚʘʪʝʣʷ ʤʠʨʘ ʠ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʝʜʠʥʩʪʚʘ ï ʃʠʜʝʨʘ ʥʘʮʠʠ, 

ʇʨʝʟʠʜʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ, ʫʚʘʞʘʝʤʦʛʦ ʕʤʦʤʘʣʠ ʈʘʭʤʦʥʘ ʚ ʚʦʧʨʦʩʘʭ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʧʦʚʝʩʪʢʠ ʠ çʟʝʣʸʥʦʡè ʵʢʦʥʦʤʠʢʠ [5] ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʢʨʝʧʣʝʥʠʶ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʡ ʦʩʥʦʚʳ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʚʦʟʜʫʭʘ ʠ ʠʥʪʝʛʨʘʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʦʨʠʪʝʪʦʚ ʚ ʥʘʮʠʦʥʘʣʴʥʳʝ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʜʦʢʫʤʝʥʪʳ. ʂʘʢ ʨʝʟʫʣʴʪʘʪ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘ ʫʨʦʚʥʝ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ 

ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʤʠʪʠʛʘʮʠʦʥʥʳʝ ʤʝʨʳ ʧʦ ʠʥʪʝʛʨʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʚʦʟʜʫʭʘ ʚ 

ʧʨʦʮʝʩʩ ʛʦʨʦʜʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʤʢʘʭ ʇʣʘʥʘ ʜʝʡʩʪʚʠʡ çɿʝʣʸʥʳʡ 

ʛʦʨʦʜè (GCAP) [9]. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʠ ʥʘʫʯʥʦʡ ʧʨʠʤʝʥʠʤʦʩʪʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʦʯʥʳʭ ʦʪʯʝʪʦʚ ʧʦ ʚʦʧʨʦʩʘʤ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʫʨʦʚʥʝ 

ʛʦʨʦʜʦʚ ʠ ʩʪʨʘʥ, ʜʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʬʦʨʤʝ ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ ʩ ʮʝʣʝʚʦʡ 

ʚʨʝʤʝʥʥʦʡ ʨʘʤʢʦʡ 2023ï2025 ʛʦʜʦʚ. ʀʩʪʦʯʥʠʢʘʤʠ ʧʦʩʣʫʞʠʣʠ ʨʝʮʝʥʟʠʨʫʝʤʳʝ ʩʪʘʪʴʠ, 
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ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʠ ʥʘʮʠʦʥʘʣʴʥʳʝ ʦʪʯʸʪʳ, ʘ ʪʘʢʞʝ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʝ ʩʚʦʜʢʠ. ʇʦʠʩʢʦʚʘʷ 

ʩʪʨʘʪʝʛʠʷ: ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ ʥʘ ʨʫʩʩʢʦʤ ʠ ʘʥʛʣʠʡʩʢʦʤ ñCentral Asia air qualityò, ñTajikistan 

Dushanbe PM2.5ò, ñsource apportionmentò, ñSDS-WAS Central Asiaò, ñUNICEF ECA air pollutionò, 

ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʬʠʣʴʪʨʘʤʠ ʧʦ ʜʘʪʝ ʧʫʙʣʠʢʘʮʠʠ. ɺ ʩʪʘʪʴʶ ʚʢʣʶʯʝʥʳ: ʨʝʛʠʦʥʘʣʴʥʳʡ ʦʪʯʸʪ ɺɹ ʧʦ 

ʎɸ [23], ʦʪʯʸʪʳ ʧʦ ʦʪʜʝʣʴʥʳʤ ʛʦʨʦʜʘʤ [22; 16], ʝʞʝʛʦʜʥʳʡ ʛʣʦʙʘʣʴʥʳʡ ʦʙʟʦʨ ʢʘʯʝʩʪʚʘ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ IQAir ʟʘ 2024 ʛʦʜ [21], ʨʝʛʠʦʥʘʣʴʥʳʡ ʦʪʯʸʪ HEI/State of Global Air (2025) 

[11], ʨʝʛʠʦʥʘʣʴʥʳʡ ʦʪʯʸʪ OpenAQ ʟʘ 2024 ʛʦʜ [14], ʧʫʙʣʠʢʘʮʠʠ ʧʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʶ ʥʘ ʙʘʟʝ 

ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ [15], ʜʦʢʫʤʝʥʪʳ WMO/SDS-WAS [21], ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʳ ʧʦ 

ʛʦʨʦʜʩʢʦʤʫ ʧʣʘʥʠʨʦʚʘʥʠʶ (EBRD GCAP ʠ ʩʤʝʞʥʳʝ ʠʩʪʦʯʥʠʢʠ) [9]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʉʨʘʚʥʝʥʠʝ ʜʦʩʪʫʧʥʳʭ ʜʘʥʥʳʭ ʧʦ ʢʘʯʝʩʪʚʫ ʚʦʟʜʫʭʘ ʥʘ ʫʨʦʚʥʝ 

ʩʪʨʘʥ ʎɸ ʧʦʜʪʚʝʨʞʜʘʝʪ ʫʩʪʦʡʯʠʚʦ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ PM2.5, ʩ 

ʥʘʠʙʦʣʴʰʠʤʠ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚ ʈʝʩʧʫʙʣʠʢʝ ʊʘʜʞʠʢʠʩʪʘʥ ʠ ʚ ʈʝʩʧʫʙʣʠʢʝ 

ʋʟʙʝʢʠʩʪʘʥ ʧʦ ʠʪʦʛʘʤ 2024 ʛʦʜʘ [12]. ʋʨʦʚʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʨʝʚʳʰʘʶʪ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʥʦʨʤʳ ɺʆɿ. ʉʦʛʣʘʩʥʦ ʦʪʯʝʪʫ ɺɹ 2025 ʛʦʜʘ, ʚ ʎɸ 

ʥʘ ʜʦʣʶ PM2.5 ʧʨʠʭʦʜʠʪʩʷ ʩʚʳʰʝ 65 ʪʳʩʷʯ ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʭ ʩʤʝʨʪʝʡ ʚ ʛʦʜ, ʘ 

ʟʜʦʨʦʚʴʝʩʙʝʨʝʛʘʶʱʠʝ ʧʦʪʝʨʠ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 4% ɺɺʇ ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ [23]. 

ɼʣʷ ʊʘʜʞʠʢʠʩʪʘʥʘ ʩʦʧʦʩʪʘʚʠʤʳʝ ʦʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʦʚʦʢʫʧʥʳʝ ʨʘʩʭʦʜʳ ʟʜʦʨʦʚʴʷ ʠ 

ʧʦʪʝʨʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʵʢʚʠʚʘʣʝʥʪʥʳ ʧʨʠʤʝʨʥʦ 4% ʥʘʮʠʦʥʘʣʴʥʦʛʦ ɺɺʇ; ʠʩʭʦʜʷ ʠʟ 

ʧʦʩʣʝʜʥʠʭ ʜʘʥʥʳʭ ɺɹ ʧʦ ʦʙʲʸʤʫ ɺɺʇ ʟʘ 2024 ʛʦʜ (~14,2 ʤʣʨʜ ʜʦʣʣ. ʉʐɸ), ʵʪʦ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ 

0,57 ʤʣʨʜ ʜʦʣʣ. ʉʐɸ ʝʞʝʛʦʜʥʦ, ʪʦ ʝʩʪʴ ʟʥʘʯʠʤʳʡ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʠʩʢ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʢʩʠʨʫʶʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʫʶ ʨʦʣʴ ʦʟʦʥʘ ʠ NO , ʦʜʥʘʢʦ ʜʦʤʠʥʠʨʫʶʱʠʤ 

ʠʥʜʠʢʘʪʦʨʦʤ ʨʠʩʢʦʚ ʦʩʪʘʶʪʩʷ ʯʘʩʪʠʮʳ PM2.5, ʧʨʠʯʸʤ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʠʟʜʝʨʞʢʠ ʧʨʦʷʚʣʷʶʪʩʷ 

ʯʝʨʝʟ ʧʨʷʤʳʝ ʨʘʩʭʦʜʳ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʫʪʨʘʯʝʥʥʳʝ ʯʝʣʦʚʝʢʦ-ʯʘʩʳ ʪʨʫʜʘ, ʩʥʠʞʝʥʠʝ ʫʯʝʙʥʦʡ 

ʫʩʧʝʚʘʝʤʦʩʪʠ ʠ ʥʝʧʨʷʤʳʝ ʵʬʬʝʢʪʳ ʜʣʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʵʥʝʨʛʝʪʠʢʠ [11] (ʨʠʩ.1). 

 

ʈʠʩʫʥʦʢ 1. ʉʨʝʜʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ PM2.5 ʚ ʩʪʨʘʥʘʭ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, 2024 (ʧʦ IQAir) [3] 

Figure 1. Average PM2.5 concentrations in Central Asian countries, 2024 (according to IQAir)  

 
ʇʦ ʦʮʝʥʢʝ ɺɹ ʜʣʷ ʊʘʜʞʠʢʠʩʪʘʥʘ ʩʦʚʦʢʫʧʥʳʝ ʠʟʜʝʨʞʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ 

(ʧʨʝʞʜʝ ʚʩʝʛʦ PM2.5) ʜʦʩʪʠʛʘʶʪ ʦʢʦʣʦ 4% ɺɺʇ ï ʵʪʦ ʚʢʣʶʯʘʝʪ ʩʪʦʠʤʦʩʪʴ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʡ 

ʩʤʝʨʪʥʦʩʪʠ (VSL), ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ, ʛʦʩʧʠʪʘʣʠʟʘʮʠʡ ʠ ʫʪʨʘʯʝʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ. 

ʅʘ ʫʨʦʚʥʝ ʜʦʤʦʭʦʟʷʡʩʪʚ ʠ ʬʠʨʤ ʵʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʨʦʩʪʝ ʨʘʩʭʦʜʦʚ ʥʘ ʣʝʯʝʥʠʝ, ʧʨʦʧʫʩʢʘʭ ʨʘʙʦʪʳ 

ʠ ʧʦʚʳʰʝʥʥʦʡ ʫʷʟʚʠʤʦʩʪʠ ʥʠʟʢʦʜʦʭʦʜʥʳʭ ʛʨʫʧʧ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʩʜʝʨʞʠʚʘʝʪ ʨʦʩʪ ɺɺʇ ʠ 

ʥʘʣʦʛʦʚʫʶ ʙʘʟʫ. 

ɺɹ ʦʪʜʝʣʴʥʦ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʨʦʧʦʩʬʝʨʥʳʡ ʦʟʦʥ ʩʚʷʟʘʥ ʩʦ ʩʥʠʞʝʥʠʝʤ ʫʨʦʞʘʡʥʦʩʪʠ 

ʩʝʣʴʭʦʟʢʫʣʴʪʫʨ; ʵʪʠ ʧʦʪʝʨʠ ʟʥʘʯʠʤʳ ʜʣʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʩʧʦʨʪʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʘʛʨʦʩʝʢʪʦʨʘ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʫʩʠʣʠʚʘʷ ʮʝʥʦʚʫʶ ʚʦʣʘʪʠʣʴʥʦʩʪʴ ʠ ʠʤʧʦʨʪʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ. ɺ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʠʨʨʠʛʘʮʠʷ ʠ ʫʨʦʞʘʡʥʦʩʪʴ ʫʞʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 
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ʬʘʢʪʦʨʦʚ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʦʪ ʦʟʦʥʘ ʫʩʠʣʠʚʘʶʪ ʩʪʨʫʢʪʫʨʥʳʝ ʨʠʩʢʠ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ 

ʠ ʧʝʨʝʨʘʙʦʪʢʝ. 

ʏʸʨʥʳʡ ʫʛʣʝʨʦʜ, ʷʚʣʷʷʩʴ ʢʦʤʧʦʥʝʥʪʦʤ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʘʵʨʦʟʦʣʷ, ʫʩʢʦʨʷʝʪ ʪʘʷʥʠʝ 

ʣʝʜʥʠʢʦʚ, ʯʪʦ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʧʦʜʨʳʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʠʨʨʠʛʘʮʠʠ. ʃʶʙʘʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʘʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʚʣʝʯʸʪ ʨʠʩʢʠ ʚʳʥʫʞʜʝʥʥʦʛʦ 

ʵʥʝʨʛʦʨʘʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʩʨʳʚʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʫʩʣʫʛʘʭ; ʥʝʜʘʚʥʠʝ ʵʧʠʟʦʜʳ ʦʛʨʘʥʠʯʝʥʠʷ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʟʘʪʨʘʛʠʚʘʣʠ ʩʝʢʪʦʨʘ, ʬʦʨʤʠʨʫʶʱʠʝ ʧʦʨʷʜʢʘ ʦʜʥʦʡ ʧʷʪʦʡ ɺɺʇ, ʯʪʦ 

ʠʣʣʶʩʪʨʠʨʫʝʪ ʤʘʩʰʪʘʙʳ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʦʩʚʝʥʥʳʭ ʧʦʪʝʨʴ. 

ɻʦʨʦʜʩʢʘʷ ʵʢʦʥʦʤʠʢʘ ʠ ʠʥʚʝʩʪʠʮʠʠ. ɼʣʷ ʛʦʨʦʜʘ ɼʫʰʘʥʙʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʘʩʯʸʪʳ 

ʪʨʝʙʫʝʤʳʭ ʢʘʧʠʪʘʣʴʥʳʭ ʤʝʨ ʧʦ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʦʮʝʥʠʚʘʶʪʩʷ ʚ ʨʘʡʦʥʝ ʩʦʪʝʥ 

ʤʠʣʣʠʦʥʦʚ ʜʦʣʣʘʨʦʚ ʉʐɸ (ʚʢʣʶʯʘʷ ʤʦʜʝʨʥʠʟʘʮʠʶ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ, ʪʨʘʥʩʧʦʨʪ ʠ ʫʧʨʘʚʣʝʥʠʝ 

ʦʪʭʦʜʘʤʠ), ʯʪʦ ʦʪʨʘʞʘʝʪ ʤʘʩʰʪʘʙ ʥʝʜʦʠʥʚʝʩʪʠʨʦʚʘʥʥʦʩʪʠ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʵʬʬʝʢʪ ʦʪ 

ʩʦʢʨʘʱʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ PM2.5 ʚ ʪʝʨʤʠʥʘʭ ʵʢʦʥʦʤʠʠ ʥʘ ʠʟʜʝʨʞʢʘʭ ʟʜʦʨʦʚʴʷ ʠ ʨʦʩʪʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʕʪʠ ʠʥʚʝʩʪʠʮʠʠ ʩʣʫʞʘʪ çʩʪʨʘʭʦʚʢʦʡè ʦʪ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, 

ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ. 

ʇʦ ʜʘʥʥʳʤ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʪʯʸʪʘ ɺɹ ʧʦ ʎɸ çʋʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ ʚʦʟʫʜʘ ʚ ʎʝʥʪʨʘʣʴʥʦʡ 

ɸʟʠʠ/Air Quality Management in Central Asiaè, ʦʧʫʙʣʠʢʦʚʘʥʥʦʛʦ ʚ ʠʶʥʝ 2025 ʛʦʜʘ, 

ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ PM2.5 ʚ ʛʦʨʦʜʝ ɼʫʰʘʥʙʝ ʦʮʝʥʝʥʘ ʥʘ ʫʨʦʚʥʝ 54,6 ʤʢʛ/ʤį [3]. ɺ 

ʦʪʯʝʪʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʚʢʣʘʜʦʚ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ ʚ ɼʫʰʘʥʙʝ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. ʅʘʠʙʦʣʴʰʘʷ ʜʦʣʷ, 42%, 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʙʳʪʦʚʦʝ ʠ ʢʦʤʤʫʥʘʣʴʥʦʝ ʩʞʠʛʘʥʠʝ ʪʚʸʨʜʦʛʦ ʪʦʧʣʠʚʘ. ɺʢʣʘʜ ʪʨʘʥʩʧʦʨʪʘ 

ʩʦʩʪʘʚʣʷʝʪ 15%, ʘ ʤʫʥʠʮʠʧʘʣʴʥʳʝ ʦʪʭʦʜʳ ʬʦʨʤʠʨʫʶʪ 12% ʟʘʛʨʷʟʥʝʥʠʷ. ʆʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʘ ʤʝʞʜʫ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʚʳʙʨʦʩʘʤʠ ʠ ʧʨʠʨʦʜʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

ʧʳʣʝʚʳʝ ʙʫʨʠ ʠ ʪʨʘʥʩʛʨʘʥʠʯʥʳʡ ʧʝʨʝʥʦʩ ʘʵʨʦʟʦʣʝʡ [23]. ʕʪʠ ʦʮʝʥʢʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʣʦʢʘʣʴʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ʦ ʟʠʤʥʝ-ʚʝʩʝʥʥʝʡ ʩʝʟʦʥʥʦʩʪʠ ʠ ʵʧʠʟʦʜʘʭ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʤʝʪʝʦʫʩʣʦʚʠʷʭ. 

ʆʪʯʸʪ ɺʩʝʤʠʨʥʦʛʦ ʙʘʥʢʘ ʧʦ ʊʘʜʞʠʢʠʩʪʘʥʫ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʡ ʚ 2023 ʛʦʜʫ, ʠ ʧʦʩʣʝʜʫʶʱʠʝ 

ʧʫʙʣʠʢʘʮʠʠ, ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʤʥʦʛʦʬʘʢʪʦʨʥʫʶ ʧʨʠʨʦʜʫ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ 

ʛ. ɼʫʰʘʥʙʝ, ʩ ʚʢʣʘʜʘʤʠ ʙʳʪʦʚʦʛʦ ʠ ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʦʪʦʧʣʝʥʠʷ (ʚʢʣʶʯʘʷ ʫʛʦʣʴ), ʪʨʘʥʩʧʦʨʪʘ, 

ʵʥʝʨʛʝʪʠʢʠ ʠ ʮʝʤʝʥʪʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʳʣʝʚʳʭ ʙʫʨʴ [24]. ʇʨʦʚʝʜʝʥʥʳʡ ʚ ʨʘʤʢʘʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ɺʩʝʤʠʨʥʦʛʦ ʙʘʥʢʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ PM2.5 ʜʣʷ ʛ.ɼʫʰʘʥʙʝ 

ʧʦʢʘʟʘʣʦ ʩʫʱʝʩʪʚʝʥʥʳʝ ʜʦʣʠ ʫʛʦʣʴʥʦʛʦ ʠ ʙʠʦʤʘʩʩʥʦʛʦ ʩʞʠʛʘʥʠʷ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʟʥʘʯʠʤʳʡ 

ʚʢʣʘʜ ʪʨʘʥʩʧʦʨʪʘ ʚ ʪʸʧʣʳʡ ʩʝʟʦʥ ʠ ʨʦʣʴ ʧʦʯʚʝʥʥʦʡ ʧʳʣʠ ʠ ʚʪʦʨʠʯʥʳʭ ʩʫʣʴʬʘʪʦʚ [15]. ʕʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʨʝʛʠʦʥʘʣʴʥʳʤ ʘʥʘʣʠʟʦʤ ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʢʨʫʧʥʳʤ ʛʦʨʦʜʘʤ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ (GAINS-ʠʥʚʝʥʪʘʨʴ ʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ) [23]. 

ɼʦʩʪʫʧʥʦʩʪʴ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʚʦʧʨʦʩʳ ʤʦʥʠʪʦʨʠʥʛʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʫʙʣʠʢʘʮʠʶ ʨʷʜʘ 

ʦʪʯʝʪʦʚ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʥʘʮʠʦʥʘʣʴʥʦʤ ʠ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʷʭ, ʢʣʶʯʝʚʦʡ 

ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʩʠʪʫʘʮʠʠ ʠ/ʠʣʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʡ ʥʘʫʯʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʛʦʨʦʜʘʭ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʸʪʩʷ ʬʨʘʛʤʝʥʪʘʨʥʦʩʪʴ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ, ʘ ʪʘʢʞʝ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʩʠʩʪʝʤʘʤʠ ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʯʝʩʪʚʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. 

ʈʝʛʠʦʥʘʣʴʥʳʝ ʦʙʟʦʨʳ ʠ ʦʪʯʝʪʳ OpenAQ, IQAir ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʬʠʢʩʠʨʫʶʪ ʧʨʦʛʨʝʩʩ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʜʦʩʪʫʧʥʦʩʪʴʶ ʠ ʦʪʢʨʳʪʦʩʪʴʶ ʜʘʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʣʠʯʠʝ ʨʝʛʫʣʷʨʥʳʭ ʜʘʥʥʳʭ ʚ 

ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʜʣʷ ʛʦʨʦʜʦʚ ʊʘʜʞʠʢʠʩʪʘʥʘ ʩ ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ ʚ ʬʠʟʠʯʝʩʢʠʭ ʝʜʠʥʠʮʘʭ [21]. 

ʆʜʥʘʢʦ ʢʘʯʝʩʪʚʦ ʠ ʧʦʣʥʦʪʘ ʜʘʥʥʳʭ ʧʦ ʢʘʯʝʩʪʚʫ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʈʝʩʧʫʙʣʠʢʝ 

ʊʘʜʞʠʢʠʩʪʘʥ, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ɼʫʰʘʥʙʝ, ʦʩʪʘʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʜʣʷ ʢʦʨʨʝʢʪʥʳʭ 

ʩʦʧʦʩʪʘʚʣʝʥʠʡ, ʨʘʥʞʠʨʦʚʘʥʠʡ ʠ ʦʮʝʥʢʠ ʜʠʥʘʤʠʢʠ. ʆʙʟʦʨ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ (ʆʈʕɼ) 4 ɽʕʂ ʆʆʅ ʟʘ 2025 ʛʦʜ [17] ʠ ʧʫʙʣʠʢʘʮʠʷ Multidisciplinary Digital 

Publishing Institute (ʄʥʦʛʦʧʨʦʬʠʣʴʥʳʡ ʠʥʩʪʠʪʫʪ ʮʠʬʨʦʚʳʭ ʧʫʙʣʠʢʘʮʠʡ) 2025 ʛʦʜʘ [13] 

ʬʠʢʩʠʨʫʶʪ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʝ ʠ ʥʦʨʤʘʪʠʚʥʳʝ ʧʨʦʙʝʣʳ, ʚʢʣʶʯʘʷ ʨʘʟʨʦʟʥʝʥʥʦʩʪʴ ʠ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʜʘʥʥʳʭ, ʥʝʜʦʩʪʘʪʦʢ ʪʨʘʥʩʧʘʨʝʥʪʥʦʩʪʠ ʦʪʯʸʪʥʦʩʪʠ ʠ ʥʝʜʦʩʪʘʪʦʢ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʩʠʩʪʝʤʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʩʪʘʥʜʘʨʪʘʤ. 
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ʆʪʝʯʝʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʝʨʴʝʟʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʟʘʛʨʷʟʥʝʥʠʷ 

ʘʪʤʦʩʬʝʨʳ ʚ ʨʝʩʧʫʙʣʠʢʝ, ʩʚʷʟʳʚʘʷ ʝʝ ʢʘʢ ʩ ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ (ʪʨʘʥʩʧʦʨʪ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ), ʪʘʢ 

ʠ ʩ ʧʨʠʨʦʜʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʠ ʧʦʜʯʝʨʢʠʚʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʠʣʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ [6]. ɺ ʪʦʤ ʯʠʩʣʝ, ʦʪʤʝʯʘʝʪʩʷ ʚʘʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ 

[2]. 

ʀʥʩʪʠʪʫʮʠʦʥʘʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ (ʂɺ) ʚ ʈʝʩʧʫʙʣʠʢʝ 

ʊʘʜʞʠʢʠʩʪʘʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʝʡʩʪʚʫʶʱʠʭ ʧʦʩʪʦʚ. ʇʦ ʜʘʥʥʳʤ 

ɺʩʝʤʠʨʥʦʛʦ ʙʘʥʢʘ, ʚ ʧʝʨʠʦʜ ʩ 2019 ʧʦ 2021 ʛʛ. ʚ ʩʪʨʘʥʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʣʘ ʣʠʰʴ ʦʜʥʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʪʘʥʮʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʧʣʦʱʘʜʢʝ ɸʛʝʥʪʩʪʚʘ ʧʦ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʠ ʧʨʠ 

ʇʨʘʚʠʪʝʣʴʩʪʚʝ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ, ʜʦʧʦʣʥʝʥʥʘʷ ʧʷʪʴʶ ʨʫʯʥʳʤʠ ʧʦʩʪʘʤʠ ʚ ʛ. ɼʫʰʘʥʙʝ 

[24]. 

ɽʜʠʥʩʪʚʝʥʥʘʷ ʠʥʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʪʘʥʮʠʷ ʚ ʩʪʦʣʠʮʝ, ʜʘʥʥʳʝ ʩ ʢʦʪʦʨʦʡ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʬʦʨʤʠʨʦʚʘʣʠ ʩʚʦʜʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʧʣʘʪʬʦʨʤʘʭ (ʧʨʝʞʜʝ ʚʩʝʛʦ, IQAir/AirVisual ʠ WAQI), ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʇʦʩʦʣʴʩʪʚʘ 

ʉʐɸ ʚ ɼʫʰʘʥʙʝ [2]. ʕʪʦʪ ʤʦʥʠʪʦʨ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʛʣʦʙʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʜʝʧʘʨʪʘʤʝʥʪʘ ʉʐɸ DOSAir, ʨʝʘʣʠʟʫʝʤʦʡ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʀʥʠʮʠʘʪʠʚʦʡ ʧʦ ʵʢʦʣʦʛʠʟʘʮʠʠ 

ʜʠʧʣʦʤʘʪʠʠ (GDI). ʆʛʨʘʥʠʯʝʥʥʦʩʪʴ ʩʝʪʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʚʦʜʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʢ ʜʦʩʪʫʧʥʦʩʪʠ 

ʜʘʥʥʳʭ ʵʪʦʛʦ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ. 

ɼʘʥʥʘʷ ʩʪʘʥʮʠʷ ʩ 2019 ʛ. ʦʬʠʮʠʘʣʴʥʦ 

ʨʘʟʤʝʱʝʥʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʇʦʩʦʣʴʩʪʚʘ ʉʐɸ ʚ 

ʨʘʡʦʥʝ ɿʘʨʘʬʰʦʥ, ʧʨʦʩʧʝʢʪ ʀʩʤʦʠʣʠ ʉʦʤʦʥʠ 

109-ɸ. ʆʧʫʙʣʠʢʦʚʘʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʩʪʘʥʮʠʠ 

(38.579812, 68.712749) ʠ ʊʕʎ-2 çDushanbe-2è 

(38.610301, 68.772791) ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʧʨʠʤʝʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 6 ʢʤ ʤʝʞʜʫ ʵʪʠʤʠ 

ʪʦʯʢʘʤʠ. ʇʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʠʚʝʜʝʥʥʳʝ 

ʥʘ ʨʠʩ.2. ʫʢʘʟʳʚʘʶʪ ʯʪʦ ʤʘʨʢʝʨ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʩʪʘʥʮʠʠ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʫʩʪʘʥʦʚʣʝʥ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʊʕʎ, ʘ ʥʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʇʦʩʦʣʴʩʪʚʘ ʉʐɸ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʜʘʥʥʳʡ 

ʬʘʢʪʦʨ ʥʝ ʜʦʢʘʟʳʚʘʝʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ 

ʚʣʠʷʥʠʝ ʚʳʙʨʦʩʦʚ ʊʕʎ ʥʘ ʧʦʢʘʟʘʥʠʷ ʩʪʘʥʮʠʠ, 

ʪʘʢ ʢʘʢ ʚʢʣʘʜ ʟʘʚʠʩʠʪ ʦʪ ʨʦʟʳ ʚʝʪʨʦʚ ʠ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ, ʠ ʪʘʢʦʝ ʨʘʩʩʪʦʷʥʠʝ 

ʧʦʜʯʸʨʢʠʚʘʝʪ, ʯʪʦ ʧʨʠ ʤʘʣʦʤ ʯʠʩʣʝ ʧʫʥʢʪʦʚ 

ʥʘʙʣʶʜʝʥʠʡ ʛʦʨʦʜʩʢʘʷ ʩʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʩʤʝʱʝʥʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʬʘʢʪʦʨʦʤ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʚʳʩʪʫʧʘʪʁ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ. ɺ 2024 ʛʦʜʫ 

ʣʦʢʘʣʴʥʳʝ ʉʄʀ ʧʨʷʤʦ ʬʠʢʩʠʨʦʚʘʣʠ ʧʦʟʠʮʠʶ ʦ ʪʦʤ, ʯʪʦ ʜʝʬʠʮʠʪ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʜʘʥʥʳʭ 

ʧʦʨʦʞʜʘʝʪ çʥʝʜʦʩʪʦʚʝʨʥʳʝ ʨʝʡʪʠʥʛʠè [7]. ɺ 2025 ʛ. ʩʠʪʫʘʮʠʷ ʦʩʣʦʞʥʠʣʘʩʴ ʪʝʤ, ʯʪʦ 

ɻʦʩʜʝʧʘʨʪʘʤʝʥʪ ʉʐɸ ʦʙʲʷʚʠʣ ʦ ʧʨʝʢʨʘʱʝʥʠʠ ʛʣʦʙʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʪʨʘʥʩʣʷʮʠʠ ʜʘʥʥʳʭ 

ʩʪʘʥʮʠʡ ʯʝʨʝʟ AirNow, ʯʪʦ ʧʦʩʪʘʚʠʣʦ ʧʦʜ ʚʦʧʨʦʩ ʥʝʧʨʝʨʳʚʥʦʩʪʴ çʨʝʬʝʨʝʥʩʥʦʛʦè ʨʷʜʘ ʜʣʷ 

ʩʪʨʘʥ, ʧʦʣʘʛʘʚʰʠʭʩʷ ʥʘ ʵʪʠ ʜʘʥʥʳʝ [8]. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʠ ʟʘʷʚʣʝʥʠʷ, ʜʘʥʥʳʝ ʚʩʝ ʝʱʝ ʜʦʩʪʫʧʥʳ 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 1 ʥʦʷʙʨʷ 2025 ʛʦʜʘ). ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ, ʠʤʝʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʣʦʞʥʦʩʪʠ ʧʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʠ ʪʘʢʠʭ ʜʘʥʥʳʭ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ, 

ʯʪʦ ʩʪʘʚʠʪ ʧʦʜ ʚʦʧʨʦʩ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʳʚʦʜʦʚ ʠ ʨʝʡʪʠʥʛʦʚ ʩ ʥʘʫʯʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʛʜʝ 

ʥʝʦʙʭʦʜʠʤʳ ʪʦʯʥʳʝ ʜʘʥʥʳʝ ʠ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ ʧʦ ʩʝʟʦʥʘʤ ʛʦʜʘ, ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʤʫ ʦʭʚʘʪʫ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʨʦʢʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʥʘʣʠʯʠʷ ʝʜʠʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʫʩʪʦʡʯʠʚʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʧʦ ʚʦʧʨʦʩʘʤ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʥʝʜʨʠʪʴ ʝʜʠʥʳʝ ʧʨʦʪʦʢʦʣʳ ʢʘʯʝʩʪʚʘ (QA/QC ï çQA - Quality Assurance 

(ʆʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ) ʠ QC - Quality Control (ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ)è), ʢʘʣʠʙʨʦʚʢʫ ʩʝʥʩʦʨʥʳʭ 

ʈʠʩʫʥʦʢ 2. ʄʘʨʢʝʨ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʘʥʮʠʠ ʇʦʩʦʣʴʩʪʚʘ ʉʐɸ 

ʚ ɼʫʰʘʥʙʝ 
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ʠʣʠ ʠʥʜʠʢʘʪʠʚʥʳʭ ʜʘʪʯʠʢʦʚ ʥʘ ʵʪʘʣʦʥʥʳʝ ʘʥʘʣʠʟʘʪʦʨʳ, ʘ ʪʘʢʞʝ ʧʫʙʣʠʯʥʳʝ API (Application 

Programming Interface - ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʪʝʨʬʝʡʩ ʧʨʠʣʦʞʝʥʠʷ) ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʘʥʝʣʠ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʈʘʩʰʠʨʝʥʠʝ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʘʮʠʷ ʤʦʥʠʪʦʨʠʥʛʘ. ʉ ʫʯʸʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʘ ʠʤʝʥʥʦ: IQAir ʘʛʨʝʛʠʨʫʝʪ ʜʘʥʥʳʝ ʨʘʟʥʦʨʦʜʥʦʛʦ ʢʘʯʝʩʪʚʘ; 

ɺʩʝʤʠʨʥʳʡ ʙʘʥʢ ʚ ʩʚʦʠʭ ʨʘʩʯʝʪʘʭ ʦʧʠʨʘʝʪʩʷ ʥʘ ʤʦʜʝʣʠ GAINS; SOGA ʠʩʧʦʣʴʟʫʝʪ ʢʦʤʙʠʥʘʮʠʶ 

ʩʧʫʪʥʠʢʦʚʳʭ ʦʮʝʥʦʢ, ʥʘʟʝʤʥʳʭ ʧʦʩʪʦʚ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; ʘ ʩʪʘʥʮʠʠ ʂʦʤʠʪʝʪʘ ʦʭʨʘʥʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ ʇʨʘʚʠʪʝʣʴʩʪʚʝ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʥʝ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʩʠʩʪʝʤʳ, ʧʨʠʚʝʜʸʥʥʳʝ ʚʝʣʠʯʠʥʳ ʩʣʝʜʫʝʪ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʦʮʝʥʦʯʥʳʝ ʠ 

ʦʛʨʘʥʠʯʝʥʥʦ ʩʦʧʦʩʪʘʚʠʤʳʝ ʤʝʞʜʫ ʛʦʨʦʜʘʤʠ.  

ɺ ʵʪʦʤ ʢʣʶʯʝ, ʧʨʘʢʪʠʯʝʩʢʠʤ ʚʳʚʦʜʦʤ ʠ ʨʝʢʦʤʝʥʜʘʮʠʝʡ ʷʚʣʷʝʪʩʷ ʫʩʢʦʨʝʥʥʦʝ ʨʘʩʰʠʨʝʥʠʝ 

ʩʠʩʪʝʤ ʠ ʩʝʪʠ ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʯʝʩʪʚʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚʦ ʚʩʝʭ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ 

ʨʝʩʧʫʙʣʠʢʠ: ʧʝʨʚʦʝ - ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʵʪʘʣʦʥʥʳʭ ʧʦʩʪʦʚ ʠ ʠʭ ʧʨʠʚʷʟʢʘ ʢ ʢʣʶʯʝʚʳʤ 

ʤʠʢʨʦʩʨʝʜʘʤ; ʚʪʦʨʦʝ - ʨʘʟʚʸʨʪʳʚʘʥʠʝ ʢʘʣʠʙʨʦʚʘʥʥʳʭ ʥʠʟʢʦʟʘʪʨʘʪʥʳʭ ʩʝʥʩʦʨʦʚ ʩ ʧʨʦʮʝʜʫʨʘʤʠ 

ʢʦʣʣʦʢʘʮʠʠ ʠ ʨʝʛʫʣʷʨʥʦʡ ʧʦʚʝʨʢʦʡ; ʪʨʝʪʴʝ - ʧʦʜʢʣʶʯʘʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʢ 

ʛʣʦʙʘʣʴʥʳʤ ʧʣʘʪʬʦʨʤʘʤ (HEI/SOGA, OpenAQ) ʜʣʷ ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʠ ʥʝʟʘʚʠʩʠʤʦʡ ʚʘʣʠʜʘʮʠʠ 

[9, 17] ʠ ʫʥʠʬʠʢʘʮʠʷ QA/QC. 

ʇʳʣʝʚʳʝ ʙʫʨʠ ʠ ʣʦʢʘʣʴʥʘʷ ʩʧʝʮʠʬʠʢʘ. ʊʨʘʥʩʛʨʘʥʠʯʥʳʡ ʧʝʨʝʥʦʩ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʧʝʩʯʘʥʳʭ ʠ ʧʳʣʝʚʳʭ ʙʫʨʴ (Sand and Dust Storms, 

SDS), ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʳʭ ʩʣʫʞʘʪ ʧʫʩʪʳʥʥʳʝ ʠ ʜʝʛʨʘʜʠʨʦʚʘʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʚʢʣʶʯʘʷ ʨʘʡʦʥ 

ʚʳʩʦʭʰʝʛʦ ʜʥʘ ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ. ʉʠʩʪʝʤʘ WMO SDS WAS ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʫʯʥʦ-ʦʧʝʨʘʮʠʦʥʥʫʶ 

ʧʦʜʜʝʨʞʢʫ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ SDS ʠ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ [21]. ʀʩʩʣʝʜʦʚʘʥʠʷ 2024 ʛʦʜʘ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʟʦʥʳ ʚʳʩʦʢʦʛʦ ʨʠʩʢʘ SDS ʚ ʘʨʠʜʥʦʡ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʧʦ ʧʝʨʠʬʝʨʠʠ 

ʦʘʟʠʩʦʚ ʠ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʳ ʚʝʩʥʦʡ ʠ ʣʝʪʦʤ, ʠʥʦʛʜʘ ʦʩʝʥʴʶ [5]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʘʜʞʠʢʩʢʠʭ 

ʫʯʝʥʳʭ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʷʤʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ, ʜʝʛʨʘʜʘʮʠʝʡ ʣʝʜʥʠʢʦʚ ʠ 

ʨʦʩʪʦʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ ʚ ʛʦʨʥʳʭ ʨʝʛʠʦʥʘʭ, ʯʪʦ ʢʦʩʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʧʳʣʝʚʦʡ 

ʥʘʛʨʫʟʢʠ [25]. ɼʨʫʛʠʝ ʨʘʙʦʪʳ ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʚʷʟʴ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʩ ʧʨʦʮʝʩʩʘʤʠ 

ʦʧʫʩʪʳʥʠʚʘʥʠʷ ʚ ʨʝʛʠʦʥʝ, ʢʦʪʦʨʳʝ ʥʘʧʨʷʤʫʶ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʚʝʣʠʯʝʥʠʶ ʯʘʩʪʦʪʳ ʧʳʣʝʚʳʭ ʙʫʨʴ 

[1]. 

ʇʨʠ ʵʪʦʤ ʚʥʫʪʨʠʩʪʨʘʥʦʚʘʷ ʵʤʧʠʨʠʢʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʦʚʝʜʝʥʠʷ 

ʤʦʥʠʪʦʨʠʥʛʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʍʫʜʞʘʥʜʫ ʜʦʧʦʣʥʷʝʪ ʜʦʢʘʟʘʪʝʣʴʥʫʶ ʙʘʟʫ ʜʣʷ ʛʦʨʦʜʦʚ 

ʊʘʜʞʠʢʠʩʪʘʥʘ, ʧʦʢʘʟʳʚʘʷ ʤʝʞʩʝʟʦʥʥʳʝ ʨʘʟʣʠʯʠʷ ʠ ʚʢʣʘʜ ʙʳʪʦʚʦʛʦ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ, 

ʪʨʘʥʩʧʦʨʪʘ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʣʦʱʘʜʦʢ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ PM2.5, ʘ ʪʘʢʞʝ ʨʦʣʴ ʤʝʪʝʦʬʘʢʪʦʨʦʚ ʠ 

ʨʝʣʴʝʬʘ [5]. 

ʀʥʪʝʛʨʘʮʠʷ ʚʦʧʨʦʩʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚ 

ʛʦʨʦʜʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʨʝʰʝʥʠʝʤ. ɺ ʛʦʨʦʜʝ ɼʫʰʘʥʙʝ ʜʘʥʥʳʝ ʤʝʨʳ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʚ ʇʣʘʥʝ ɼʝʡʩʪʚʠʡ çɿʝʣʸʥʳʡ ʛʦʨʦʜè, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʧʨʠʦʨʠʪʝʪʳ ʧʦ 

ʪʨʘʥʩʧʦʨʪʫ, ʪʝʧʣʫ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʶ, ʦʪʭʦʜʘʤ ʠ ʚʦʜʝ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʩʮʝʥʘʨʠʠ ʦʪʢʘʟʘ ʦʪ ʫʛʣʷ ʚ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʢʦʪʝʣʴʥʳʭ ʠ ʤʦʜʝʨʥʠʟʘʮʠʶ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ [9]. ʂʦʨʨʝʩʧʦʥʜʠʨʫʶʱʠʝ ʠʥʠʮʠʘʪʠʚʳ ʦʪʤʝʯʝʥʳ ʠ ʚ ʩʦʩʝʜʥʠʭ 

ʩʪʨʘʥʘʭ - ʥʘʧʨʠʤʝʨ, ʢʦʤʧʣʝʢʩ ʯʠʩʪʦʛʦ ʦʪʦʧʣʝʥʠʷ ʠ ʨʝʬʦʨʤʳ ʋʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʚʦʟʜʫʭʘ 

(AQM) ʚ ɹʠʰʢʝʢʝ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʆʆʅ ʠ ɺʩʝʤʠʨʥʦʛʦ ʙʘʥʢʘ [16; 25]. 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʥʘʙʣʶʜʝʥʠʷ, ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʘʷ ʩʨʝʜʘ ʚ ʛʦʨʦʜʘʭ ʩʪʨʘʥ ʎɸ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʝʪʩʷ. ʆʈʕɼ 4 (UNECE, 2024/2025) [15] ʦʪʤʝʯʘʝʪ ʨʘʟʚʠʪʠʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʨʘʤʦʢ - 

ʅʘʮʠʦʥʘʣʴʥʘʷ ʩʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘ (ʅʉʈ-2030), 

ʉʪʨʘʪʝʛʠʷ çɿʝʣʸʥʦʡ ʵʢʦʥʦʤʠʢʠè (2023ï2037). ɻʦʜʦʚʦʡ ʦʪʯʝʪ ʆʆʅ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʟʘ 2024 ʛʦʜ 

[19] ʬʠʢʩʠʨʫʝʪ ʧʨʦʛʨʝʩʩ ʧʦ çʀʥʪʝʛʨʠʨʦʚʘʥʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʨʠʩʢʘʤʠè, ʚʢʣʶʯʘʷ ʧʦʜʜʝʨʞʢʫ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʯʝʨʝʟ ʧʨʦʛʨʘʤʤʫ EW4All 

ʆʬʠʩʘ ʇʈʆʆʅ [20]. ʉʪʨʘʪʝʛʠʷ ɽɹʈʈ ʧʦ ʊʘʜʞʠʢʠʩʪʘʥʫ ʥʘ 2025ï2030 ʛʦʜʳ ʧʦʜʯʸʨʢʠʚʘʝʪ 

ʧʨʠʦʨʠʪʝʪ çʟʝʣʸʥʦʡè ʠ ʫʩʪʦʡʯʠʚʦʡ ʵʥʝʨʛʝʪʠʢʠ [10]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʘʢʪʠʚʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʚ 2023ï2025 ʛʦʜʘʭ, ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʴ 

ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʨʷʜʦʚ ʜʣʷ ʨʷʜʘ ʛʦʨʦʜʦʚ ʦʩʪʘʸʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʡ, ʘ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʜʘʥʥʳʭ 

ʟʘʪʨʫʜʥʝʥʘ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʡ ʚ ʤʝʪʦʜʠʢʘʭ, ʢʘʣʠʙʨʦʚʢʝ ʠ QA/QC. ɹʦʣʝʝ ʪʦʛʦ, ʦʪʜʝʣʴʥʳʝ ʣʦʢʘʣʴʥʳʝ 
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ʩʦʦʙʱʝʥʠʷ ʩʦʜʝʨʞʘʪ ʥʝʢʦʨʨʝʢʪʥʳʝ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʠʣʠ ʘʛʨʝʛʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʙʝʟ 

ʨʘʩʢʨʳʪʠʷ ʤʝʪʦʜʦʣʦʛʠʠ. ɼʣʷ ʥʘʜʸʞʥʦʡ ʚʘʣʠʜʘʮʠʠ ʧʦʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʪʨʝʙʫʝʪʩʷ 

ʨʘʩʰʠʨʝʥʠʝ ʩʝʪʠ ʤʦʥʠʪʦʨʠʥʛʘ, ʫʛʣʫʙʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ PM ʠ ʨʝʛʫʣʷʨʥʦʝ 

ʧʨʦʚʝʜʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʩ ʦʪʢʨʳʪʦʡ ʧʫʙʣʠʢʘʮʠʝʡ ʜʘʥʥʳʭ ʠ ʢʦʜʦʚ. 

ʅʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘʷ ʙʘʟʘ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ. ʋʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʜʦʣʞʥʦ ʙʳʪʴ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦ ʚʩʪʨʦʝʥʦ ʚ ʛʦʨʦʜʩʢʠʝ ʠ ʥʘʮʠʦʥʘʣʴʥʳʝ 

ʩʪʨʘʪʝʛʠʠ ʠ ʧʨʦʛʨʘʤʤʳ, ʘ ʪʘʢʞʝ ʬʠʥʘʥʩʦʚʦ ʦʙʝʩʧʝʯʝʥʦ. ɺʦ-ʧʝʨʚʳʭ, ʥʝʦʙʭʦʜʠʤʘ ʦʪʢʨʳʪʘʷ 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ: ʩʤʝʰʘʥʥʳʝ ʩʝʪʠ ʤʦʥʠʪʦʨʠʥʛʘ (ʵʪʘʣʦʥʥʳʝ ʘʥʘʣʠʟʘʪʦʨʳ ʠ 

ʢʘʣʠʙʨʦʚʘʥʥʳʝ ʥʝʜʦʨʦʛʠʝ ʩʝʥʩʦʨʳ), ʝʜʠʥʳʝ ʧʨʦʪʦʢʦʣʳ QA/QC, ʧʫʙʣʠʯʥʳʝ API ʠ ʨʝʛʫʣʷʨʥʳʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʦʪʯʸʪʳ. ɺʦ-ʚʪʦʨʳʭ, ʩʣʝʜʫʝʪ ʨʘʟʚʠʚʘʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

(ʛʦʨʦʜʩʢʠʝ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʤʦʜʝʣʠ, ʨʝʛʠʦʥʘʣʴʥʳʝ ʭʠʤʠʢʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʤʦʜʝʣʠ; ʘʩʩʠʤʠʣʷʮʠʷ 

ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ), ʯʪʦʙʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʧʝʨʘʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ 

ʥʘʩʝʣʝʥʠʷ. ɺ-ʪʨʝʪʴʠʭ, ʢʨʠʪʠʯʥʳ ʩʝʢʪʦʨʥʳʝ ʚʤʝʰʘʪʝʣʴʩʪʚʘ: ʧʦʵʪʘʧʥʳʡ ʦʪʢʘʟ ʦʪ ʫʛʣʷ ʠ 

ʤʦʜʝʨʥʠʟʘʮʠʷ ʪʝʧʣʦʚʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʜʘʥʠʡ, ʩʪʘʥʜʘʨʪʳ ʪʦʧʣʠʚʘ ʠ 

ʪʨʘʥʩʧʦʨʪʘ, ʫʩʢʦʨʝʥʥʘʷ ʵʣʝʢʪʨʠʬʠʢʘʮʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʨʝʛʣʘʤʝʥʪʳ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʧʳʣʠ ʠ ʢʦʥʪʨʦʣʴ ʦʪʢʨʳʪʦʛʦ ʩʞʠʛʘʥʠʷ ʦʪʭʦʜʦʚ. ɺ-ʯʝʪʚʸʨʪʳʭ, ʧʨʠʨʦʜʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ 

ʨʝʰʝʥʠʷ, ʛʦʨʦʜʩʢʠʝ ʣʝʩʘ ʠ ʟʝʣʸʥʳʝ ʢʦʨʠʜʦʨʳ, ʚʝʨʪʠʢʘʣʴʥʦʝ ʦʟʝʣʝʥʝʥʠʝ, ʙʫʬʝʨʥʳʝ ʧʦʣʦʩʳ - 

ʧʦʚʳʰʘʶʪ ʢʣʠʤʘʪʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʣʦʢʘʣʴʥʦ ʩʥʠʞʘʶʪ ʧʳʣʝʚʫʶ ʥʘʛʨʫʟʢʫ. ɺ-ʧʷʪʳʭ, 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʜʦʣʞʥʦ ʦʧʠʨʘʪʴʩʷ ʥʘ ʢʦʤʙʠʥʘʮʠʠ ʙʶʜʞʝʪʥʳʭ ʩʨʝʜʩʪʚ, çʟʝʣʸʥʳʭè ʦʙʣʠʛʘʮʠʡ, 

ʢʦʥʚʝʨʪʠʨʫʝʤʳʭ ʛʨʘʥʪʦʚ ʠ ʛʘʨʘʥʪʠʡ, ʤʝʭʘʥʠʟʤʦʚ ʩ ʦʧʣʘʪʦʡ ʨʝʟʫʣʴʪʘʪʘ ʠ ʯʘʩʪʥʦ-

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʘʨʪʥʸʨʩʪʚ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʘʢʪʠʢʦʡ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʙʘʥʢʦʚ ʨʘʟʚʠʪʠʷ 

[8]. ʅʘʢʦʥʝʮ, ʥʝʦʙʭʦʜʠʤʘ ʨʝʛʠʦʥʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʧʦ ʜʘʥʥʳʤ, ʤʦʜʝʣʷʤ ʠ ʩʦʚʤʝʩʪʥʳʤ ʤʝʨʘʤ 

ʧʨʦʪʠʚ ʧʳʣʠ ʠ ʚʪʦʨʠʯʥʳʭ ʘʵʨʦʟʦʣʝʡ (WMO SDS WAS; ʩʦʚʤʝʩʪʥʳʝ ʩʮʝʥʘʨʠʠ ʩʦʢʨʘʱʝʥʠʷ 

NH /NOx/SO ; ʦʙʤʝʥ ʦʧʳʪʦʤ ʧʦ ʯʠʩʪʦʤʫ ʦʪʦʧʣʝʥʠʶ) [21; 24; 13]. 

ɿʘʢʣʶʯʝʥʠʝ. ʉʪʨʘʥʳ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʚʩʪʫʧʘʶʪ ʚ ʵʪʘʧ ʩʠʩʪʝʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʢʘʯʝʩʪʚʦʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʫʪʦʯʥʝʥʳ ʤʘʩʰʪʘʙ ʠ 

ʩʪʨʫʢʪʫʨʘ ʧʨʦʙʣʝʤʳ, ʦʧʨʝʜʝʣʝʥʳ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠʟʜʝʨʞʢʠ ʠ ʧʨʠʦʨʠʪʝʪʳ ʚʤʝʰʘʪʝʣʴʩʪʚ. 

ɼʣʷ ʛ. ɼʫʰʘʥʙʝ ʠ ʜʨʫʛʠʭ ʛʦʨʦʜʦʚ ʨʝʛʠʦʥʘ ʧʝʨʚʦʦʯʝʨʝʜʥʳʤʠ ʟʘʜʘʯʘʤʠ ʷʚʣʷʶʪʩʷ 

ʫʢʨʝʧʣʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ, ʨʘʟʚʠʪʠʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʵʪʘʧʥʳʡ ʦʪʢʘʟ 

ʦʪ ʫʛʣʷ ʚ ʪʝʧʣʦʩʥʘʙʞʝʥʠʠ, ʚʥʝʜʨʝʥʠʝ ʯʠʩʪʦʛʦ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʨʘʟʨʘʙʦʪʢʘ 

ʨʝʛʣʘʤʝʥʪʦʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʳʣʠ ʠ ʧʨʠʨʦʜʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ. 

ʉʚʷʟʳʚʘʥʠʝ ʧʦʚʝʩʪʢʠ ʯʠʩʪʦʛʦ ʚʦʟʜʫʭʘ ʩ ʢʣʠʤʘʪʦʤ ʠ ʫʩʪʦʡʯʠʚʳʤ ʛʦʨʦʜʩʢʠʤ ʨʘʟʚʠʪʠʝʤ, ʘ 

ʪʘʢʞʝ ʘʢʪʠʚʠʟʘʮʠʷ ʨʝʛʠʦʥʘʣʴʥʦʡ ʢʦʦʧʝʨʘʮʠʠ, ʷʚʣʷʶʪʩʷ ʢʣʶʯʦʤ ʢ ʜʦʩʪʠʞʝʥʠʶ ʫʩʪʦʡʯʠʚʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʛʦʨʠʟʦʥʪʝ ʙʣʠʞʘʡʰʠʭ 3-7 ʣʝʪ. 

ʉʪʘʪʴʷ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʡ ʪʝʤʳ ʢʘʬʝʜʨʳ ʵʢʦʣʦʛʠʠ çʆʮʝʥʢʘ ʩʪʝʧʝʥʠ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʉʦʛʜʠʡʩʢʦʡ ʦʙʣʘʩʪʠè, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ 

ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʨʷʜʢʝ (ʧʨʦʪʦʢʦʣ ˉ 7 ʦʪ 26 ʬʝʚʨʘʣʷ 2021 ʛ). 
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ÝÔàÌÞÔ ÇÌÎÚ ÇÌØãßÙ áÌÞÌÜÔ ØÌÖÜÚÔÉÞÔÝÚÐÄ: ÌÜÓ¾ÍÔÔ ÞÌ×ÌàÚÞ ÎÌ ÐßÜÙÌØÚÔ 

ÖÚÇÔä ÐÚÐÌÙÔ ÓÌÜÌÜÔ ÚÙ ÐÌÜ ÆßØÇßÜÔÔ ÞÚÆÔÖÔÝÞÚÙ 
Ìó ýú÷ô 2023 øìĔøÿô ùìóìüüìýô öúüĕúô ùìîô ô÷øĒ îì ïÿóúüôĄĕúô ýúóøúùĕúô íìõùì÷øô÷ì÷Ē úôð íì 

ôĀ÷úýĄìîôô ĕìîúô ìþøúýĀñüĒ ðìü ÚýôČô ØìüöìóĒ, ìó Ĕÿø÷ì Íúùöô ÆìĕúùĒ, HEI/State of Global Air, 
UNICEF, IQAir îì Ďìõüì, ùìĄü Ąÿðìùð. Øìėú÷ìô øìóöÿü øìĆ÷ÿøúþ îì þìĔüôíìĕúô øÿúýôüüú íìüúô ûìùĔ 
öôĄîìüô øôùþìėì, íú þìîìĔĔÿĕ íì Æÿøĕÿüôô ÞúĔôöôýþúù îì Ąìĕüô ÐÿĄìùíñ, íú þìöċ íì øìùíìĆĕú îì øìîúðô 
ðìýþüìý ĔìøĆíìýþ øñùìøúċð. Ðìü ìýúýô þìĕ÷ô÷ô øÿėúôýìîôô øìĆ÷ÿøúþô ĔìøĆúîìüðìĄÿðì íìüúô ýú÷ĕúô 2023-
2025, øìĔøÿô þìðíôüĕú íìüüìýĒ øñĄìîìùð, öô ôðúüìöÿùôô øìĆ÷ÿøúþ úôð íì ýôĀìþô ĕìîúô ìþøúýĀñüì 
(ýþìùðìüþĕúô íìõùì÷øô÷ì÷Ē, üìýøôČþô QA/QC îì öì÷ôíüúîöìô þìĔĕôóúþ), üÿĄðô þñāùú÷úïôċĕúô øúùôþúüôùï 
îì ûñĄïĘĒ, ôùăÿùôù ôùýþôþÿþýôúùì÷ôóìþýôċô ôðúüìöÿùôô ýôĀìþô ĕìîúüú ðìü ýþüìþñïôċĕúô ĄìĕüĒ 
(þìĆøôùúþô ïìüøĒ, ùìė÷ôČþ, ýúāþøúù îì ôðúüìöÿùôô ûìüþúîĕú) ðìü íìü øñïôüìùð îì íú üúĕô ĕì÷ĕúô íì þìíôìþ 
ùôïìüúùôðìĄÿðì îì øñāìùôóøĕúô ÿýþÿîúüô øìí÷ìĎïÿóúüĒ ûÿüüì øñïìüðìùð. Ðìü ĕôýúíúþô íìĕúðôĕôô 
øôùþìėìîôô Íúùöô ÆìĕúùĒ ðìü ċö ýú÷ óôČðì ìó 65 ĕìóúü øìüïô íìüøìĕì÷ îì þì÷ìĀúþô ôėþôýúðôô øìüíÿþ íì 
ýì÷úøìþĒ ðìü ÚýôČô ØìüöìóĒ íì øìí÷ìĎô 15,2-21,7 ø÷üð ðú÷÷ìüô ÔØÌ-üú ùôĄúù øñðôĕìð. Íú 
ðìüùìóìüðúĄþô øìĕðÿðôċþĕúô Ąìíìöìô øÿĄúĕôðìîĒ îì øÿėúôýìûìóôüôô øìĆ÷ÿøúþ, ìó Ĕÿø÷ì îúíìýþìïôô 
úøúüô ðìýþüìýô ÿøÿø ìó ċö ôýþïúĕô ìîþúøìþĒ ðìü ÐÿĄìùíñ, óìüÿüìþô ìîîì÷ôùðìüìĔìô ïÿýþìüôĄ îì öìýíĒ 
ùìøÿðìùô øúùôþúüôùï îì øÿíúðô÷ìô úóúðô øìĆ÷ÿøúþ ìýúýùúö öìüðì øñĄìîìð. Íìüúô Ąìĕüô ÐÿĄìùíñ 

https://cabar.asia/en/air-in-tajikistan-lack-of-data-generates-unreliable-ratings
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ùìþôĔìĕúô íìĕúðôĕôô úāôüôù úôð íì þìüöôíô öôøôČîĒ îì þìėýôøúþô øìùíìĆĕúô PM2.5 ĔìøĆíìýþ Ąÿðììùð, öô 
ýìĕøô ïìüøôðôĕôô øìôĄĒ îì öúøøÿùì÷Ē, ùìė÷ôČþ, ýìùúìþ îì þĘĀúùĕúô ăìùïÿ Ďÿíúüüú þìýðôė øñöÿùìùð. Üúĕô 
ĕì÷ĕú îì þìîýôċĕúô ûñĄùôĕúðĄÿðì íú ĕìðìĀĕúô ýôČýìþô ôė÷ôø îì üÿĄðô ÿýþÿîúüô ĄìĕüĒ, öô ðìü ĕÿĔĔìþĕúô 
ýþüìþñïôô Æÿøĕÿüôô ÞúĔôöôýþúù ýìíþ Ąÿðììùð, øÿîúĀôėìþ øñöÿùìùð. 

Öì÷ôðîúòìĕú: PM2.5, ÚýôČô ØìüöìóĒ, øúùôþúüôùïô ýôĀìþô ĕìîú, ûñĄïĘĒ, øìùíìĆĕúô ôĀ÷úýĄìîĒ, 
íìùìöĄìïôüôô ĄìĕüĒ, üúĕĕì÷ĕúô íì þìíôìþ ùôïìüúùôðìĄÿðì, ĕìøöúüôô øôùþìėìîĒ. 

 

ʂɸʏɽʉʊɺʆ ɺʆɿɼʋʍɸ ʂɸʂ ʄɸʂʈʆʕʂʆʅʆʄʀʏɽʉʂʀʁ ʈʀʉʂ: ʆʎɽʅʂʀ ʇʆʊɽʈʔ ʀ ʉʊʈɸʊɽɻʀʗ 

ʉʅʀɾɽʅʀʗ ʋʑɽʈɹɸ ɺ ʈɽʉʇʋɹʃʀʂɽ ʊɸɼɾʀʂʀʉʊɸʅ 
ʉ 2023 ʛʦʜʘ ʦʧʫʙʣʠʢʦʚʘʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʤʘʩʩʠʚ ʥʦʚʳʭ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʠ ʜʦʢʣʘʜʦʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ ʧʦ ʟʘʛʨʷʟʥʝʥʠʶ ʚʦʟʜʫʭʘ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʚʢʣʶʯʘʷ ɺʩʝʤʠʨʥʳʡ ʙʘʥʢ, HEI/State of Global Air, 

UNICEF, IQAir ʠ ʜʨ. ʅʘʩʪʦʷʱʘʷ ʩʪʘʪʴʷ ʩʠʩʪʝʤʘʪʠʟʠʨʫʝʪ ʘʢʪʫʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠ ʧʨʘʢʪʠʢʠ ʜʣʷ ʧʷʪʠ ʩʪʨʘʥ ʨʝʛʠʦʥʘ ʩ 

ʘʢʮʝʥʪʦʤ ʥʘ ʈʝʩʧʫʙʣʠʢʫ ʊʘʜʞʠʢʠʩʪʘʥ ʠ ʛʦʨʦʜ ɼʫʰʘʥʙʝ, ʠʩʭʦʜʷ ʠʟ ʜʦʩʪʫʧʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ. ʅʘ 

ʦʩʥʦʚʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ ʟʘ 2023-2025 ʛʦʜʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩ ʤʝʨ, 

ʦʙʲʝʜʠʥʷʶʱʠʡ ʫʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠ ʧʦ ʢʘʯʝʩʪʚʫ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ (ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʩʪʘʥʜʘʨʪʳ, ʧʨʦʮʝʜʫʨʳ 

QA/QC ʠ ʢʘʣʠʙʨʦʚʢʠ ʧʨʠʙʦʨʦʚ), ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʠʥʩʪʠʪʫʮʠʦʥʘʣʠʟʘʮʠʶ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʚʦʟʜʫʭʘ ʚ ʛʦʨʦʜʩʢʠʭ ʩʪʨʘʪʝʛʠʷʭ (ʪʝʧʣʦʩʥʘʙʞʝʥʠʝ, ʪʨʘʥʩʧʦʨʪ, 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʫʧʨʘʚʣʝʥʠʝ ʦʪʭʦʜʘʤʠ), ʜʦʧʦʣʥʝʥʥʳʭ ʧʨʠʨʦʜʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʠ ʫʩʪʦʡʯʠʚʳʤʠ 

ʤʝʭʘʥʠʟʤʘʤʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ. ʈʝʛʠʦʥʘʣʴʥʳʝ ʦʮʝʥʢʠ ɺʩʝʤʠʨʥʦʛʦ ʙʘʥʢʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʙʦʣʝʝ ʯʝʤ 65 ʪʳʩ. 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʭ ʩʤʝʨʪʝʡ ʝʞʝʛʦʜʥʦ ʠ ʟʜʦʨʦʚʴʝʩʙʝʨʝʛʘʶʱʠʭ ʧʦʪʝʨʷʭ ʚ ʨʘʟʤʝʨʝ 15,2-21,7 ʤʣʨʜ ʜʦʣʣ. ʉʐɸ ʚ ʛʦʜ 

ʜʣʷ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʉ ʫʯʸʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘʙʣʶʜʘʪʝʣʴʥʦʡ ʩʝʪʠ ʠ ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʜʘʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʫʙʣʠʯʥʳʭ ʨʷʜʦʚ ʦʪ ʦʜʥʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʚ ɼʫʰʘʥʙʝ, ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʧʝʨʚʦʦʯʝʨʝʜʥʘʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʘʮʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʪʢʨʳʪʦʛʦ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ. ɼʣʷ ɼʫʰʘʥʙʝ 

ʩʫʤʤʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʝʜʘʚʥʠʭ ʦʮʝʥʦʢ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʠʩʪʦʯʥʠʢʦʚʦʛʦ ʨʘʟʣʦʞʝʥʠʷ PM2.5, 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʚʢʣʘʜ ʙʳʪʦʚʦʛʦ ʠ ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʦʪʦʧʣʝʥʠʷ, ʪʨʘʥʩʧʦʨʪʘ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʧʳʣʝʚʳʭ ʙʫʨʴ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʨʝʰʝʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʩʦʛʣʘʩʦʚʘʥʳ ʩ ʮʝʣʷʤʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʠ ʫʩʪʦʡʯʠʚʦʛʦ 

ʛʦʨʦʜʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʟʘʢʨʝʧʣʸʥʥʳʤʠ ʚ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʘʭ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: PM2.5, ʎʝʥʪʨʘʣʴʥʘʷ ɸʟʠʷ, ʤʦʥʠʪʦʨʠʥʛ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʠʩʪʦʯʥʠʢʠ 

ʟʘʛʨʷʟʥʝʥʠʷ, ʛʦʨʦʜʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʧʨʠʨʦʜʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ, ʨʝʛʠʦʥʘʣʴʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ. 

 

AIR QUALITY AS A MACROECONOMIC RISK: LOSS ESTIMATES AND DAMAGE MITIGATION 

STRATEGY IN THE REPUBLIC OF TAJIKISTAN  
Since 2023, a substantial body of new peer-reviewed studies and reports by international organizations on air 

pollution in Central Asia has emerged, including work by the World Bank, HEI/State of Global Air, UNICEF, IQAir, and 

others. This article systematizes the latest evidence and practices for the five countries of the region, with a focus on the 

Republic of Tajikistan and the city of Dushanbe, subject to data availability. Based on a comparative assessment of sources 

for 2023-2025, we examine a comprehensive package of actions that combines air-quality data governance (international 

standards, QA/QC procedures and instrument calibration), advances in monitoring and forecasting technologies, and the 

institutionalization of air-quality management within urban strategies (heat supply, transport, construction and waste 

management), complemented by nature-based solutions and sustainable financing mechanisms. World Bank regional 

assessments indicate more than 65,000 premature deaths annually and health-related economic losses of US$15.2-21.7 

billion per year across Central Asia. In light of monitoring network limitations and data comparability-including the 

reliance of public time series on a single automatic site in Dushanbe-we substantiate the need to expand and professionalize 

monitoring and to ensure open data sharing. For Dushanbe, we summarize recent assessments of PM2.5 chemical 

composition and source apportionment, which confirm contributions from household and municipal heating, transport, 

industry, and dust storms. The proposed measures and recommendations are aligned with Tajikistanôs climate policy 

objectives and sustainable urban development priorities set out in national strategic documents. 

Keywords: PM2.5, Central Asia, air quality monitoring, forecasting, source apportionment, urban planning, nature-

based solutions, regional cooperation. 
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ʋɼʂ: 621.3 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʊɽʍʅʀʂʆ-ʕʂʆʅʆʄʀʏɽʉʂʀʍ ɺʆɿʄʆɾʅʆʉʊɽʁ 

ʀʉʇʆʃʔɿʆɺɸʅʀʗ ɻɽʆʊɽʈʄɸʃʔʅʆʁ ʕʅɽʈɻʀʀ ɺ ʈɽʉʇʋɹʃʀʂɽ ʊɸɼɾʀʂʀʉʊɸʅ 

 

ɸʙʜʫʣʣʦʝʚ ʍ.ɺ., ʀʩʦʟʦʜʘ ɼ.ʊ., ʈʘʫʧʦʚ ʅ.ʄ., ʄʫʩʪʘʬʦʠ ɼ. 

ʀʥʩʪʠʪʫʪ ʵʥʝʨʛʝʪʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ 

 

ɺʚʝʜʝʥʠʝ. ɻʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ, 

ʥʘʜʸʞʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʬʦʨʤ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʆʥʘ ʦʩʥʦʚʘʥʘ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʪʝʧʣʘ ɿʝʤʣʠ, ʢʦʪʦʨʦʝ ʦʙʨʘʟʫʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʨʘʜʠʦʘʢʪʠʚʥʦʤʫ 

ʨʘʩʧʘʜʫ ʤʠʥʝʨʘʣʦʚ, ʚʳʩʦʢʦʤʫ ʜʘʚʣʝʥʠʶ ʚ ʥʝʜʨʘʭ ʠ ʦʩʪʘʪʦʯʥʦʡ ʪʝʧʣʦʪʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʥʝʪʳ. 

ʅʘʯʠʥʘʷ ʩ ʛʣʫʙʠʥʳ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʤʝʪʨʦʚ ʠ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦʤʝʪʨʦʚ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʧʦʚʳʰʘʝʪʩʷ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʝʸ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʪʝʧʣʦʚʫʶ ʠʣʠ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ. ɺ ʨʷʜʝ ʩʪʨʘʥ - ʀʩʣʘʥʜʠʠ, ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ, ʌʠʣʠʧʧʠʥʘʭ, ʉʐɸ, ʀʪʘʣʠʠ 

- ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʪʘʣʘ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʮʠʦʥʘʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ. 

ɻʝʦʪʝʨʤʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʮʠʨʢʫʣʷʮʠʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ ʧʘʨʦʚ ʚ 

ʨʘʟʣʦʤʘʭ ʟʝʤʥʦʡ ʢʦʨʳ, ʘ ʪʘʢʞʝ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʦʪ ʛʣʫʙʠʥʥʳʭ ʩʣʦʸʚ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ ʫʯʘʩʪʢʘʭ 

ʘʢʪʠʚʥʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʛʜʝ ʣʠʪʦʩʬʝʨʘ ʪʦʥʢʘʷ ʠʣʠ ʨʘʟʦʛʨʝʪʘʷ, ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ 

ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ: ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʩ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, 

ʩʠʩʪʝʤ ʧʨʠʨʦʜʥʦʛʦ ʧʘʨʘ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʟʦʥ. ɼʣʷ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʫʨʷʪʩʷ ʩʢʚʘʞʠʥʳ 

ʛʣʫʙʠʥʦʡ ʦʪ 1 ʜʦ 3 ʢʤ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʛʦʨʷʯʘʷ ʚʦʜʘ ʠʣʠ ʧʘʨ ʧʦʜʥʠʤʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʨʠʤʝʥʷʶʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʛʝʦʪʝʨʤʘʣʴʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʦʟʜʘʥʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜʳ ʚ ʛʣʫʙʦʢʠʭ ʛʦʨʷʯʠʭ 

ʧʦʨʦʜʘʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʦʤ ʨʝʛʠʦʥʝ ʩ 

ʧʦʜʭʦʜʷʱʠʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [1,ʩ.25]. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʦʪʝʨʤʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʧʨʷʤʦʝ ʪʝʧʣʦʩʥʘʙʞʝʥʠʝ. ɻʦʨʷʯʠʝ ʚʦʜʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 40-120ÁC ʧʨʠʤʝʥʷʶʪʩʷ 

ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʟʜʘʥʠʡ, ʩʦʦʨʫʞʝʥʠʡ, ʪʝʧʣʠʮ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʙʦʛʨʝʚʘ 

ʜʦʨʦʛ, ʪʨʦʪʫʘʨʦʚ ʠ ʦʪʢʨʳʪʳʭ ʧʣʦʱʘʜʦʢ ʚ ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ. ɺ ʀʩʣʘʥʜʠʠ, ʥʘʧʨʠʤʝʨ, 

ʙʦʣʝʝ 90% ʜʦʤʦʚ ʦʪʘʧʣʠʚʘʶʪʩʷ ʟʘ ʩʯʸʪ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʨʘʥʳ ʦʪ ʠʩʢʦʧʘʝʤʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʧʨʷʤʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʩʦʢʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʤʠʥʠʤʘʣʴʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʟʘʪʨʘʪʘʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʤ ʩʨʦʢʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ 

ʪʝʭʥʦʣʦʛʠʡ ʨʝʠʥʞʝʢʮʠʠ - ʚʦʟʚʨʘʪʘ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʚʦʜʳ ʦʙʨʘʪʥʦ ʚ ʧʦʜʟʝʤʥʳʡ ʧʣʘʩʪ [13,ʩ.234]. 

ʅʘ ʧʘʨʦʚʳʭ ʩʪʘʥʮʠʷʭ ʧʨʠʨʦʜʥʳʡ ʧʘʨ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜʘʸʪʩʷ ʥʘ ʪʫʨʙʠʥʫ. ʅʘ ʚʦʜʦ-

ʧʘʨʦʚʳʭ ʩʪʘʥʮʠʷʭ ʧʝʨʝʛʨʝʪʘʷ ʚʦʜʘ çʤʛʥʦʚʝʥʥʦè ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʧʘʨ ʠ ʜʘʣʝʝ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ 

ʪʫʨʙʦʛʝʥʝʨʘʪʦʨ. ɹʠʥʘʨʥʳʝ ʩʪʘʥʮʠʠ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʞʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʚʦʜʳ 

(80-100ÁC), ʥʘʛʨʝʚʘʷ ʩʧʝʮʠʘʣʴʥʫʶ ʨʘʙʦʯʫʶ ʞʠʜʢʦʩʪʴ ʩ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ. ʕʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪ ʩʧʝʢʪʨ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʮʝʣʝʡ 

[4,ʩ.82]. 

ʉ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ 

ʙʝʟʦʧʘʩʥʳʭ. ɻʝʦʪʝʨʤʘʣʴʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʚʳʜʝʣʷʶʪ ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʤʝʥʴʰʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʧʣʦʚʳʤʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤʠ. ʆʥʠ ʥʝ ʪʨʝʙʫʶʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʣʦʪʠʥ, ʙʦʣʴʰʠʭ 

ʧʣʦʱʘʜʝʡ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ [10,ʩ.134]. ɽʜʠʥʩʪʚʝʥʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʨʠʩʢʘʤʠ ʷʚʣʷʶʪʩʷ ʚʳʜʝʣʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʛʘʟʦʚ (ʥʘʧʨʠʤʝʨ, ʩʝʨʦʚʦʜʦʨʦʜʘ) ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʧʨʦʩʘʜʢʘ ʛʨʫʥʪʘ ʧʨʠ ʯʨʝʟʤʝʨʥʦʤ ʠʟʚʣʝʯʝʥʠʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ʆʜʥʘʢʦ 

ʩʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʨʝʠʥʞʝʢʮʠʠ, ʤʦʥʠʪʦʨʠʥʛʘ ʜʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʥʠʚʝʣʠʨʫʶʪ ʵʪʠ ʨʠʩʢʠ. 

ʇʦʪʝʥʮʠʘʣ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʤʠʨʝ ʦʛʨʦʤʝʥ. ʇʦ ʦʮʝʥʢʘʤ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʣʠʰʴ ʥʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʜʦʩʪʫʧʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʝʩʫʨʩʘ ɿʝʤʣʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʝʣʦʚʝʢʦʤ. ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʙʫʨʝʥʠʷ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤ EGS ʠ 
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ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʜʘʞʝ ʚ ʨʝʛʠʦʥʘʭ, ʨʘʥʝʝ ʩʯʠʪʘʚʰʠʭʩʷ 

ʥʝʧʝʨʩʧʝʢʪʠʚʥʳʤʠ [9,ʩ.110]. ɺ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʤʦʞʝʪ ʩʪʘʪʴ 

ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʩʥʠʞʝʥʠʷ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʤʥʦʛʠʭ ʩʪʨʘʥ. 

ɼʣʷ ʛʦʩʫʜʘʨʩʪʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʟʦʥʘʭ, ʪʘʢʠʭ ʢʘʢ ʊʘʜʞʠʢʠʩʪʘʥ, 

ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ ʠʤʝʶʪʩʷ 

ʜʝʩʷʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʦʤʤʫʥʘʣʴʥʦʤ 

ʭʦʟʷʡʩʪʚʝ, ʪʝʧʣʠʯʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ - ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ. ɼʘʣʴʥʝʡʰʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʛʣʫʙʠʥʳ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʝʙʠʪʘ ʤʦʛʫʪ 

ʦʪʢʨʳʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʩʦʟʜʘʥʠʷ ʣʦʢʘʣʴʥʳʭ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ ʠ ʜʘʞʝ ʥʝʙʦʣʴʰʠʭ 

ʙʠʥʘʨʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʙʳ ʩʥʠʞʝʥʠʶ ʥʘʛʨʫʟʢʠ ʥʘ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʵʥʝʨʛʦʨʝʩʫʨʩʳ, ʧʦʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʚ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʠ ʫʤʝʥʴʰʝʥʠʶ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ. ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤʠ ʧʨʠʨʦʜʥʦ-

ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʟʣʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʩʦʢʦʛʦʨʥʳʤ 

ʨʝʣʴʝʬʦʤ, ʤʦʣʦʜʳʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʠ ʘʢʪʠʚʥʳʤʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʪʠ ʬʘʢʪʦʨʳ ʬʦʨʤʠʨʫʶʪ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ ʟʝʤʥʳʭ 

ʥʝʜʨ, ʢʦʪʦʨʳʡ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʧʣʦʚʦʡ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

ʇʦ ʜʘʥʥʳʤ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʘʜʞʠʢʠʩʪʘʥʘ ʚʳʷʚʣʝʥʦ 

ʙʦʣʝʝ 250 ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʡ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʨʘʡʦʥʳ 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ɻʦʨʥʦʤ ɹʘʜʘʭʰʘʥʝ, ʈʘʰʪʩʢʦʡ ʜʦʣʠʥʝ, ʍʘʪʣʦʥʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʚ ʦʪʜʝʣʴʥʳʭ 

ʫʯʘʩʪʢʘʭ ʉʦʛʜʠʡʩʢʦʛʦ ʨʝʛʠʦʥʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʜʟʝʤʥʳʭ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʚ ʵʪʠʭ ʨʘʡʦʥʘʭ 

ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 40-50 ÁC ʜʦ 90-100 ÁC, ʘ ʚ ʦʪʜʝʣʴʥʳʭ ʛʣʫʙʠʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 

120 ÁC ʠ ʚʳʰʝ. ʊʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʝʣʘʶʪ ʚʦʟʤʦʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʢʘʢ ʜʣʷ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʥʠʟʢʦ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʛʝʥʝʨʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʥʘʧʨʠʤʝʨ ʙʠʥʘʨʥʳʭ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ [7,ʩ.100]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʊʘʜʞʠʢʠʩʪʘʥ ʠʩʧʦʣʴʟʫʝʪ ʪʝʨʤʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʣʝʯʝʙʥʦ-ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʭ ʮʝʣʷʭ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʥʝʙʦʣʴʰʠʭ ʦʙʲʝʢʪʦʚ, 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʪʝʧʣʠʮ ʠ ʙʳʪʦʚʳʭ ʥʫʞʜ. ʆʜʥʘʢʦ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʝʢʪʦʨʝ ʧʦʢʘ ʦʩʪʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʥʘʣʠʯʠʝ ʦʙʲʝʢʪʠʚʥʳʭ ʧʨʝʜʧʦʩʳʣʦʢ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʢʘʧʠʪʘʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ, ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʛʣʫʙʦʢʦʛʦ ʙʫʨʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʭ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ 

ʧʦʜʪʚʝʨʜʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʢʦʥʢʨʝʪʥʳʭ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʧʨʦʝʢʪʦʚ. 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʩʪʨʘʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʛʦʨʥʳʤ ʨʝʣʴʝʬʦʤ ʠ 

ʫʜʘʣʸʥʥʦʩʪʴʶ ʦʪʜʝʣʴʥʳʭ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚ ʦʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʵʥʝʨʛʦʩʝʪʝʡ, ʜʝʣʘʝʪ 

ʛʝʦʪʝʨʤʘʣʴʥʫʶ ʵʥʝʨʛʝʪʠʢʫ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʩʪʥʳʭ ʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ 

ʜʝʡʩʪʚʫʶʱʫʶ ʛʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʚ ʦʩʝʥʥʝ-ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʜʝʬʠʮʠʪ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʫʜʘʣʸʥʥʳʭ ʛʦʨʥʳʭ 

ʨʘʡʦʥʦʚ. ʆʩʦʙʝʥʥʦ ʟʥʘʯʠʤʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʤʘʣʦʡ 

ʤʦʱʥʦʩʪʠ ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʩʦʮʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ: ʰʢʦʣ, ʤʝʜʠʮʠʥʩʢʠʭ ʮʝʥʪʨʦʚ, 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʟʜʘʥʠʡ ʠ ʞʠʣʳʭ ʤʘʩʩʠʚʦʚ. 

ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʪʘʢʞʝ ʩʚʷʟʘʥʘ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʥʪʝʛʨʘʮʠʠ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ ʩ 

ʩʦʣʥʝʯʥʳʤʠ ʢʦʣʣʝʢʪʦʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʊʘʢʦʝ ʩʦʯʝʪʘʥʠʝ ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʝʧʣʦʚʳʝ 

ʥʘʛʨʫʟʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʝʟʦʥʥʦʩʪʠ ʠ ʫʤʝʥʴʰʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ. ʂʨʦʤʝ ʪʦʛʦ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʥʘʨʥʳʭ ʮʠʢʣʦʚ (ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʈʝʥʢʠʥʘ) ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ 
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ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʜʘʞʝ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʯʪʦ 

ʦʪʚʝʯʘʝʪ ʧʘʨʘʤʝʪʨʘʤ ʙʦʣʴʰʠʥʩʪʚʘ ʪʘʜʞʠʢʠʩʪʘʥʩʢʠʭ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ. 

ɺ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʚʥʝʜʨʝʥʠʝ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʤʦʞʝʪ ʩʳʛʨʘʪʴ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʨʘʥʳ. ʊʘʜʞʠʢʠʩʪʘʥ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥ ʚ ʜʠʚʝʨʩʠʬʠʢʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʠ ʩʦʢʨʘʱʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʩʝʟʦʥʥʦʩʪʠ. ɻʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ, ʷʚʣʷʷʩʴ ʢʨʫʛʣʦʛʦʜʠʯʥʦ ʜʦʩʪʫʧʥʳʤ 

ʨʝʩʫʨʩʦʤ ʥʝʟʘʚʠʩʷʱʠʤ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʩʧʦʩʦʙʥʘ ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʴʥʳʡ 

ʪʝʧʣʦʚʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʦʢ, ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʷ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʯʠʩʪʦʪʫ ʠ ʤʠʥʠʤʘʣʴʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʋʯʠʪʳʚʘʷ ʨʘʩʪʫʱʠʡ ʩʧʨʦʩ ʥʘ ʵʥʝʨʛʠʶ, ʫʩʠʣʝʥʠʝ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʦʚ, ʛʝʦʪʝʨʤʘʣʴʥʳʡ ʩʝʢʪʦʨ ʤʦʞʝʪ 

ʩʪʘʪʴ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ ʨʘʩʧʦʣʘʛʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʦʜʥʘʢʦ ʜʣʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʩʚʦʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ 

ʩʦʚʨʝʤʝʥʥʳʝ ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ ʪʝʧʣʦʬʣʶʠʜʥʳʭ ʟʦʥ, 

ʘʥʘʣʠʟ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ, ʤʦʜʝʨʥʠʟʘʮʠʷ ʙʫʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʠʚʣʝʯʝʥʠʝ 

ʠʥʚʝʩʪʠʮʠʡ. ʈʝʘʣʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʤʦʞʝʪ 

ʩʪʘʪʴ ʚʘʞʥʳʤ ʰʘʛʦʤ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʦʡ, ʙʝʟʦʧʘʩʥʦʡ ʠ ʜʠʚʝʨʩʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʪʨʘʥʳ. 

ʊʝʨʤʘʣʴʥʳʝ ʚʦʜʳ ʊʘʜʞʠʢʠʩʪʘʥʘ ʠʟʜʘʚʥʘ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʣʝʯʝʙʥʦ-ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʭ ʮʝʣʷʭ. 

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʝ ʠʩʪʦʯʥʠʢʠ - ʍʦʜʞʘ-ʆʙʠʛʘʨʤ, ʆʙʠʛʘʨʤ, ɻʘʨʤʯʘʰʤʘ, ʐʘʘʤʙʘʨʳ ʠ ʍʘʚʘʪʘʛ - 

ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳ ʥʝ ʪʦʣʴʢʦ ʚʥʫʪʨʠ ʩʪʨʘʥʳ, ʥʦ ʠ ʟʘ ʝʸ ʧʨʝʜʝʣʘʤʠ. ʅʘ ʠʭ ʙʘʟʝ ʬʫʥʢʮʠʦʥʠʨʫʶʪ 

ʢʫʨʦʨʪʥʦ-ʣʝʯʝʙʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʜʦʣʛʫʶ ʠʩʪʦʨʠʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʤʝʜʠʮʠʥʝ [1,ʩ.22]. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʇʘʤʠʨʩʢʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʅɸʅ ʈʊ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ. ɺ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦʨʴʷ ʧʨʦʚʦʜʠʣʠʩʴ ʦʧʳʪʳ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ, 

ʨʝʜʢʠʭ ʠ ʠʩʯʝʟʘʶʱʠʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢʞʝ ʚʦʜʦʨʦʩʣʝʡ ʚ ʧʣʸʥʦʯʥʳʭ ʪʝʧʣʠʮʘʭ. ɽʩʣʠ ʚ 

ʦʪʢʨʳʪʦʤ ʛʨʫʥʪʝ ʞʠʪʝʣʠ ʇʘʤʠʨʘ ʤʦʛʫʪ ʚʦʟʜʝʣʳʚʘʪʴ ʦʚʦʱʠ ʣʠʰʴ 3-4 ʤʝʩʷʮʘ ʚ ʛʦʜʫ, ʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʪʝʧʣʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʜʣʠʪʴ ʧʝʨʠʦʜ ʚʳʨʘʱʠʚʘʥʠʷ ʜʦ 10 ʤʝʩʷʮʝʚ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʨʝʛʠʦʥʘ. 

ɸʥʘʣʠʟ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʟ 128 ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʝʨʤʦʤʠʥʝʨʘʣʴʥʳʭ ʚʦʜ ʪʦʣʴʢʦ 15 ʦʙʣʘʜʘʶʪ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʧʦʟʚʦʣʷʶʱʠʤʠ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʪʝʧʣʠʯʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʦʪʦʧʣʝʥʠʷ ʥʘʩʝʣʸʥʥʳʭ 

ʧʫʥʢʪʦʚ ʠ ʢʫʨʦʨʪʥʳʭ ʟʦʥ. ʕʪʠ ʠʩʪʦʯʥʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʦʩʪʫʧʥʦʩʪʴʶ, ʩʪʘʙʠʣʴʥʳʤ 

ʩʘʤʦʠʟʣʠʚʦʤ ʠ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʜʝʙʝʪʦʚʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʇʦʜʨʦʙʥʳʝ ʩʚʝʜʝʥʠʷ ʦʙ 

ʠʭ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʚʢʣʶʯʘʷ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ, ʜʝʙʠʪʳ ʠ ʚʳʩʦʪʳ ʥʘʜ ʫʨʦʚʥʝʤ 

ʤʦʨʷ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʢʘʞʜʦʛʦ 

ʠʩʪʦʯʥʠʢʘ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʊʄɺ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʚʳʩʦʢʦʛʦʨʥʳʭ ʨʘʡʦʥʘʭ - ʆʙʠʩʘʬʝʜ, 

ɻʘʨʤʯʘʰʤʘ, ʃʷʥʛʘʨ, ʊʘʤʜʳʢʫʣʴ, ɼʞʘʨʪʳʛʫʤʙʝʟ, ʕʣʣʠʩʫ, ʗʤʯʠʥ, ʍʦʜʞʘ-ʆʙʠʛʘʨʤ, ʆʙʠʛʘʨʤ ʠ 

ɼʞʠʣʘʥʜʳ. ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ ʚ ʪʘʢʠʝ ʪʝʨʨʠʪʦʨʠʠ ʪʨʝʙʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ, ʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʦʧʨʘʚʜʘʥʥʦ ʠʟ-ʟʘ 

ʩʣʘʙʦʡ ʦʩʚʦʝʥʥʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʷ ʢʨʫʧʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʝʩʪʥʳʭ ʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ [3,ʩ.66]. 

ɻʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʊʄɺ ʊʘʜʞʠʢʠʩʪʘʥʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ. ɺʩʝ ʠʩʪʦʯʥʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʨʪʝʟʠʘʥʩʢʠʝ ʩʘʤʦʠʟʣʠʚʘʶʱʠʝʩʷ ʩʠʩʪʝʤʳ, 

ʚʳʭʦʜʷʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʠʨʦʜʥʦʛʦ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ. ɿʦʥʳ 

ʨʘʟʛʨʫʟʢʠ ʦʙʳʯʥʦ ʩʚʷʟʘʥʳ ʩ ʣʦʢʘʣʴʥʳʤʠ ʠ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʙʘʟʘʤʠ ʜʨʝʥʘʞʘ ð ʨʝʢʘʤʠ, ʦʟʸʨʘʤʠ 

ʠ ʧʦʥʠʞʝʥʠʷʤʠ ʨʝʣʴʝʬʘ. ʋʩʪʘʥʦʚʠʚʰʠʡʩʷ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʭʨʘʥʝʥʠʝ 

ʩʪʘʙʠʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʝʙʠʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʪʝʨʤʘʣʴʥʳʝ ʚʦʜʳ ʥʝ ʦʙʣʘʜʘʶʪ 

ʘʛʨʝʩʩʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʪʘʣʣʘʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʳʟʳʚʘʶʪ ʩʦʣʝʦʪʣʦʞʝʥʠʷ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʧʨʦʩʪʝʡʰʠʭ ʩʠʩʪʝʤʘʭ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʠ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ 
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ʙʝʟ ʢʨʫʧʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʩʥʘʱʝʥʠʷ. ʇʦʩʣʝ ʩʥʷʪʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪʨʘʙʦʪʘʥʥʳʝ ʚʦʜʳ 

ʤʦʛʫʪ ʩʙʨʘʩʳʚʘʪʴʩʷ ʩʘʤʦʪʸʢʦʤ ʚ ʨʝʯʥʳʝ ʠʣʠ ʦʚʨʘʞʥʳʝ ʩʠʩʪʝʤʳ. 

ʆʙʩʫʞʜʝʥʠʝ. ʉʨʝʜʠ ʧʘʤʷʪʥʳʭ ʧʨʠʤʝʨʦʚ ʠʩʪʦʯʥʠʢʦʚ ʇʘʤʠʨʘ ʚʳʜʝʣʷʝʪʩʷ ɻʘʨʤʯʘʰʤʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘ ʚʳʩʦʪʝ 2770 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʜʦʩʪʠʛʘʝʪ 60 ÁC, ʘ 

ʩʫʤʤʘʨʥʳʡ ʜʝʙʠʪ ʩʦʩʪʘʚʣʷʝʪ 518,4 ʤį/ʩʫʪʢʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʩʪʦʯʥʠʢ ʚʳʩʦʢʦʧʝʨʩʧʝʢʪʠʚʥʳʤ ʢʘʢ ʜʣʷ 

ʪʝʧʣʠʯʥʦʛʦ, ʪʘʢ ʠ ʜʣʷ ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ [8,ʩ.50]. 

ʉʦʛʣʘʩʥʦ ʦʙʦʙʱʸʥʥʳʤ ʜʘʥʥʳʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1, ʩʫʤʤʘʨʥʳʡ ʜʝʙʠʪ 33 

ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʭ ʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʪʨʘʥʳ ʩʦʩʪʘʚʣʷʝʪ 174,25 ʣ/ʩ, ʠʟ ʢʦʪʦʨʳʭ 60,63 ʣ/ʩ 

ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʇʘʤʠʨʩʢʠʡ ʨʝʛʠʦʥ. ʕʪʠ ʩʚʝʜʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʩʧʦʩʦʙʥʦʡ ʵʬʬʝʢʪʠʚʥʦ ʦʙʝʩʧʝʯʠʪʴ ʤʝʩʪʥʳʝ 

ʥʫʞʜʳ ʠ ʧʦʜʜʝʨʞʘʪʴ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʚʳʩʦʢʦʛʦʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ [2,ʩ.30]. 

 

ʊʘʙʣʠʮʘ 1. ʊʝʨʤʘʣʴʥʳʝ ʚʦʜʳ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ 

Table 1. Thermal waters of the Republic of Tajikistan 

ˉ ɻʠʜʨʦʛʝʦʣʦʛʠʯʝ

ʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 
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 ʉʦʚʨʝʤʝʥʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

1 ɸʣʘʡ-

ʂʦʢʰʘʣʴʩʢʘʷ 

ʆʙʠʩʘʬʝʪ 2600 1036 40-51 7.1 0.5 ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

2 ɸʣʘʡ-

ʂʦʢʰʘʣʴʩʢʘʷ 

ʊʘʤʜʳʢʫʣʴ 2198 1266 75-88 7.2 0.8 ʄʝʩʪʥʘʷ 

ʚʦʜʦʣʝʯʝʙʥʠʮʘ ʥʘ 

2 ʙʘʩʩʝʥʘ (4 ʤʝʩ.) 

3 ʌʝʨʛʘʥʩʢʘʷ ʍʘʚʘʪʘʛ, ʩʢʚ.4ʨ 600 432 41 7.4 4.2 ʄʝʩʪʥʳʡ 

ʩʘʥʘʪʦʨʠʡ ʥʘ 150 

ʤʝʩʪ (6 ʤʝʩ.), 

ʟʘʚʦʜ ʨʦʟʣʠʚʘ 

4 ʖʞʥʦ-

ɻʠʩʩʘʨʩʢʘʷ 

ʆʙʠʛʘʨʤ, ʩʢʚ.19ʨ 1400 198 52 7.3 1 ʉʘʥʘʪʦʨʠʡ-

ʧʨʦʬʠʣʘʢʪʦʨʠʡ 

çʈʦʛʫʥè ʥʘ 50 ʤʝʩʪ 

(ʢʨʫʛʣʦʛʦʜʠʯʥʦ) 

5 ʖʞʥʦ-

ɻʠʩʩʘʨʩʢʘʷ 

ɼʞʘʚʦʥʠ 1520 86.4 39.5 ï 0.5 ʄʝʩʪʥʘʷ 

ʚʦʜʦʣʝʯʝʙʥʠʮʘ ʥʘ 

3 ʙʘʩʩʝʥʘ (6 ʤʝʩ.) 

6 ʖʞʥʦ-

ɻʠʩʩʘʨʩʢʘʷ 

ʆʙʠʛʘʨʤ, 

ʩʢʚ.4ʙʠʩ+9ʙʠʩ 

1400 613.4 40 7.3 0.5 ʈʝʩʧʫʙ. ʩʘʥʘʪʦʨʠʡ 

ʆʙʠʛʘʨʤ ʥʘ 150 

ʤʝʩʪ (6 ʤʝʩ.) 

7 ʖʞʥʦ-

ɻʠʩʩʘʨʩʢʘʷ 

ʍʦʜʞʘ-ʆʙʠʛʘʨʤ, 

ʢʫʩʪ 1 

1870 378.4 93 8.3 0.6 ʂʫʨʦʨʪ ʍʦʜʞʘ-

ʆʙʠʛʘʨʤ ʥʘ 450 

ʤʝʩʪ 

(ʢʨʫʛʣʦʛʦʜʠʯʥʦ) 

8 ʖʞʥʦ-

ɻʠʩʩʘʨʩʢʘʷ 

ʍʦʜʞʘ-ʆʙʠʛʘʨʤ, 

ʢʫʩʪ 2 

1870 185.8 93 8.2 0.5 ʂʫʨʦʨʪ ʍʦʜʞʘ-

ʆʙʠʛʘʨʤ ʥʘ 450 

ʤʝʩʪ 

(ʢʨʫʛʣʦʛʦʜʠʯʥʦ) 

9 ʖʞʥʦ-

ɻʠʩʩʘʨʩʢʘʷ 

ʗʚʨʦʟ, ʩʢʚ.9 1140 95.04 42 7.2 2.3 ʄʝʩʪʥʘʷ 

ʚʦʜʦʣʝʯʝʙʥʠʮʘ ʥʘ 

64 ʤʝʩʪʘ (210 ʜʥ.) 

10 ɸʬʛʘʥʦ-

ʊʘʜʞʠʢʩʢʘʷ 

ɸʣʤʘʩʳ, ʩʢʚ.1ʭ 922 432 42.8 ï 14.3 ʈʘʡʦʥʥʘʷ 

ʚʦʜʦʣʝʯʝʙʥʠʮʘ 

11 ɸʬʛʘʥʦ-

ʊʘʜʞʠʢʩʢʘʷ 

ʈʝʥʛʘʥ, ʩʢʚ.714 535 1209 42 ï 4 ʄʝʩʪʥʘʷ 

ʚʦʜʦʣʝʯʝʙʥʠʮʘ 

12 ɸʬʛʘʥʦ-

ʊʘʜʞʠʢʩʢʘʷ 

ɼʞʝʪʠʤʪʘʫ, 

ʩʢʚ.146 

550 1918 39 7.8 72.9 ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

13 ɸʬʛʘʥʦ-

ʊʘʜʞʠʢʩʢʘʷ 

ʂʦʤʩʦʤʦʣʴʩʢʦʝ, 

ʩʢʚ.87 

1184 112 41 7.4 128 ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 
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14 ɸʬʛʘʥʦ-

ʊʘʜʞʠʢʩʢʘʷ 

ʂʠʯʠʢʙʝʣʴ, ʩʢʚ.52 1200 130 46 7 19.4 ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

15 ɸʬʛʘʥʦ-

ʊʘʜʞʠʢʩʢʘʷ 

ʆʨʜʞʦʥʠʢʠʜʟʝʘʙʘ

ʜ, ʩʢʚ.1ʦ 

1530 276.5 44 7 28.4 ʄʝʩʪʥʘʷ 

ʚʦʜʦʣʝʯʝʙʥʠʮʘ ʥʘ 

2 ʙʘʩʩʝʥʘ (6 ʤʝʩ.) 

16 ɸʬʛʘʥʦ-

ʊʘʜʞʠʢʩʢʘʷ 

ʂʳʟʳʣʩʫ, ʩʢʚ.1ʢʩ 704 86.4 42.5 ï 120 ʄʝʩʪʥʘʷ 

ʚʦʜʦʣʝʯʝʙʥʠʮʘ ʥʘ 

100 ʤʝʩʪ (5 ʤʝʩ.) 

17 ɸʬʛʘʥʦ-

ʊʘʜʞʠʢʩʢʘʷ 

ʐʘʘʤʙʘʨʳ, ʩʢʚ.3 1090 86.4 38 7.1 17.4 ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

18 ɸʬʛʘʥʦ-

ʊʘʜʞʠʢʩʢʘʷ 

ɻʫʤʙʫʣʘʢ, ʩʢʚ.70 1230 121 40 7.2 12.9 ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

19 ɸʬʛʘʥʦ-

ʊʘʜʞʠʢʩʢʘʷ 

ʂʦʤʩʦʤʦʣʴʩʢʦʝ, 

ʩʢʚ.2ʣ 

885 699.8 39 7.6 15.5 ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

20 ɸʬʛʘʥʦ-

ʊʘʜʞʠʢʩʢʘ ̫

ʊʘʥʘʧʯʠ, ʩʢʚ.1ʪ 816 432 41.9 ï 126 ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

21 ʉʝʚʝʨʦ-

ʇʘʤʠʨʩʢʘʷ 

ɼʞʘʡʣʷʫ 4000 2592 <15 ï 1.1 ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

22 ʖʞʥʦ-

ʇʘʤʠʨʩʢʘʷ 

ʂʳʟʳʣʨʘʙʘʪ 3810 103.7 40 6.7 1.2 ʂʨʳʪʳʡ ʙʘʩʩʝʡʥ 

(2.1 ʢʫʙ.ʤ) 

23 ʖʞʥʦ-

ʇʘʤʠʨʩʢʘʷ 

ɻʘʨʤʯʘʰʤʘ 2770 518.4 60 7.4 3.4 ʆʙʣʘʩʪʥʦʡ 

ʩʘʥʘʪʦʨʠʡ ʥʘ 150 

ʤʝʩʪ 

24 ʖʞʥʦ-

ʇʘʤʠʨʩʢʘʷ 

ɼʞʘʨʪʳʛʫʤ-ʙʝʟ 4180 125.3 63 7 1.7 ʇʨʠʤʠʪʠʚʥʳʡ 

ʢʘʧʪʘʞ 

25 ʖʞʥʦ-

ʇʘʤʠʨʩʢʘʷ 

ɼʞʠʣʘʥʜʳ 3500 557.3 66.5 6.9 0.4 ʂʨʳʪʳʡ ʙʘʩʩʝʡʥ 

(24 ʢʫʙ.ʤ), 

ʪʝʧʣʠʯʥʦʝ 

ʭʦʟʷʡʩʪʚʦ 

26 ʖʞʥʦ-

ʇʘʤʠʨʩʢʘʷ 

ʂʘʫʢ 4200 393.1 76 7.1 0.8 ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

27 ʖʞʥʦ-

ʇʘʤʠʨʩʢʘʷ 

ʃʷʥʛʘʨ 3020 267.8 53.2 ï 2.6 ʂʨʳʪʳʝ ʙʘʩʩʝʡʥʳ 

(4 ʠ 10.9 ʢʫʙ.ʤ) 

28 ʖʞʥʦ-

ʇʘʤʠʨʩʢʘʷ 

ʉʫʤʤʘ 3740 51.84 46 1.3 ï ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

29 ʖʞʥʦ-

ʇʘʤʠʨʩʢʘʷ 

ʊʦʢʫʟʙʫʣʘʢ 3500 212.5 62 0.4 ï ɹʘʩʩʝʡʥʳ (2ʭ8.75 

ʢʫʙ.ʤ) 

30 ʖʞʥʦ-

ʇʘʤʠʨʩʢʘʷ 

ʕʣʠʩʫ 3700 125.3 63.5 1.1 ï 3 ʙʘʩʩʝʡʥʘ 

31 ʖʞʥʦ-

ʇʘʤʠʨʩʢʘʷ 

ʗʤʯʠʥ 3300 216 44 0.8 ï ɹʘʩʩʝʡʥ (3 ʢʫʙ.ʤ) 

32 ʖʞʥʦ-

ʇʘʤʠʨʩʢʘʷ 

ʗʰʠʣʴʢʫʣʴ 3900 25.92 69 0.8 ï ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

33 ʖʞʥʦ-

ʇʘʤʠʨʩʢʘʷ 

ɹʘʭʤʳʨ 4060 72.6 38.5 ï 3.7 ʉʝʟʦʥʥʘʷ 

ʚʦʜʦʣʝʯʝʙʥʠʮʘ. 

ʇʨʠʤʠʪʠʚʥʳʡ 

ʢʘʧʪʘʞ 

 

ɸʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʈʝʩʧʫʙʣʠʢʘ 

ʊʘʜʞʠʢʠʩʪʘʥ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʰʴ ʯʘʩʪʠʯʥʦ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʨʤʘʣʴʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʩʘʤʦʠʟʣʠʚʘʶʱʠʤʠʩʷ, ʩʦʟʜʘʸʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ 

ʜʣʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʵʥʝʨʛʝʪʠʢʝ, ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʠ ʢʦʤʤʫʥʘʣʴʥʦʤ ʩʝʢʪʦʨʝ. 

ɻʝʦʪʝʨʤʘʣʴʥʳʝ ʚʦʜʳ ʊʘʜʞʠʢʠʩʪʘʥʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʪʘʙʠʣʴʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʦʪʩʫʪʩʪʚʠʝʤ ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʪʘʣʣʘʤ, ʩʣʘʙʦʡ ʩʢʣʦʥʥʦʩʪʴʶ ʢ 

ʩʦʣʝʦʪʣʦʞʝʥʠʷʤ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʝʟ ʩʣʦʞʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ. 



118 

 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʠ ʚʳʩʦʢʦʛʦʨʥʳʭ ʨʝʛʠʦʥʦʚ, ʛʜʝ ʜʦʩʪʘʚʢʘ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ ʟʘʪʨʫʜʥʝʥʘ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʝʩʪʥʳʭ ʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʦʪʜʘʣʸʥʥʳʭ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʧʨʦʚʝʜʸʥʥʳʝ ʇʘʤʠʨʩʢʠʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʅɸʅ 

ʈʊ, ʜʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʪʝʧʣʘ ʜʣʷ ʢʨʫʛʣʦʛʦʜʠʯʥʦʛʦ 

ʪʝʧʣʠʯʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚʳʨʘʱʠʚʘʥʠʷ ʨʝʜʢʠʭ ʨʘʩʪʝʥʠʡ ʠ ʨʘʟʚʠʪʠʷ ʘʢʚʘʢʫʣʴʪʫʨʳ. ʇʨʦʜʣʝʥʠʝ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʜʦ 10 ʤʝʩʷʮʝʚ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʚʳʩʦʢʦʛʦʨʥʳʭ ʨʘʡʦʥʦʚ [12,ʩ.210]. 

ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ, ʚʢʣʶʯʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʨʤʘʣʴʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʧʨʠʚʝʜʸʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1, ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʤʦʛʫʪ ʩʪʘʪʴ 

ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʩʪʨʘʥʳ, ʦʩʦʙʝʥʥʦ ʚ ʨʝʛʠʦʥʘʭ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ. ʀʭ ʛʨʘʤʦʪʥʦʝ ʦʩʚʦʝʥʠʝ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʯʠʩʪʦʝ, ʫʩʪʦʡʯʠʚʦʝ ʠ ʜʦʩʪʫʧʥʦʝ ʪʝʧʣʦʩʥʘʙʞʝʥʠʝ, ʨʘʩʰʠʨʠʪʴ ʣʝʯʝʙʥʦ-ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʡ ʪʫʨʠʟʤ 

ʠ ʩʦʟʜʘʪʴ ʥʦʚʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ɺr ʚʦʜʳ: 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʧʨʦʛʨʘʤʤʫ ʧʦ ʠʟʫʯʝʥʠʶ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʛʝʦʪʝʨʤʘʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ, ʚʢʣʶʯʘʶʱʫʶ ʢʦʤʧʣʝʢʩʥʳʝ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʦʥʠʪʦʨʠʥʛ ʜʝʙʠʪʦʚ ʠ 

ʪʝʤʧʝʨʘʪʫʨ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʫ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

2. ʉʦʟʜʘʪʴ ʧʠʣʦʪʥʳʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʧʨʦʝʢʪʳ ʪʝʧʣʠʯʥʳʭ ʭʦʟʷʡʩʪʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ 

ʛʝʦʪʝʨʤʘʣʴʥʦʤ ʪʝʧʣʝ, ʦʩʦʙʝʥʥʦ ʚ ʚʳʩʦʢʦʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʇʘʤʠʨʘ ʠ ʈʘʰʪʩʢʦʡ ʟʦʥʳ, ʛʜʝ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʵʥʝʨʛʦʨʝʩʫʨʩʳ ʜʦʩʪʫʧʥʳ ʦʛʨʘʥʠʯʝʥʥʦ. 

3. ʈʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʪʝʨʤʦʤʠʥʝʨʘʣʴʥʳʝ ʚʦʜʳ ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʰʢʦʣ, ʙʦʣʴʥʠʮ, ʜʦʤʦʭʦʟʷʡʩʪʚ ʠ 

ʦʙʲʝʢʪʦʚ ʪʫʨʠʩʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

4. ʈʘʟʨʘʙʦʪʘʪʴ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʜʦʢʫʤʝʥʪʳ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ. 

5. ʇʨʠʚʣʝʯʴ ʠʥʚʝʩʪʠʮʠʠ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʛʨʘʥʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʟʚʠʪʠʝ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʚʢʣʶʯʘʷ ʧʨʦʝʢʪʳ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʢʫʨʦʨʪʦʚ (ʍʦʜʞʘ-ʆʙʠʛʘʨʤ, 

ɻʘʨʤʯʘʰʤʘ ʠ ʜʨ.) ʟʘ ʩʯʸʪ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ. 

6. ʈʘʩʰʠʨʠʪʴ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠ,̫ ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʨʨʦʟʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʝʡ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʠ ʤʝʪʦʜʘʤʠ ʫʪʠʣʠʟʘʮʠʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʚʦʜ. 

7. ʇʦʚʳʩʠʪʴ ʢʚʘʣʠʬʠʢʘʮʠʶ ʠʥʞʝʥʝʨʥʳʭ ʢʘʜʨʦʚ, ʚʥʝʜʨʷʷ ʫʯʝʙʥʳʝ ʢʫʨʩʳ ʠ ʧʨʦʛʨʘʤʤʳ 

ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʥʘ ʙʘʟʝ ʚʫʟʦʚ ʩʪʨʘʥʳ. 

8. ʉʦʟʜʘʪʴ ʝʜʠʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʚʢʣʶʯʘʶʱʫʶ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘʥʘʣʦʛʠʯʥʫʶ 

ʜʘʥʥʳʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 1, ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ. 
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ÞÌÇÉÔÉÔ ÔØÖÚÙÔëÞÇÚÔ ÞÑáÙÔÖÄ ÎÌ ÔÉÞÔÝÚÐÔÔ ÔÝÞÔàÚÐÌÔ éÙÑÜÏÔëÔ 

ÏÑÚÞÑÜØÌ×Ä ÐÌÜ ÆßØÇßÜÔÔ ÞÚÆÔÖÔÝÞÚÙ 

Ðìü øìץú÷ì ôøöúùôċþ״úô þñāùôö-ôץþôýúðôô ôýþôĀúðìô ĉùñüïôċô ïñúþñüøì÷ ðìü ּתÿø״ÿüôô 

Þúֹוôöôýþúù øìîüôðô þìץ״ôץĘ íìüüìý ėìüúü ïôüôĀþììùð. áÿýÿýôċþ״úô ïñúþñüøì÷, øìùíìĆ״úô þìíôôô ïìüø, 
øñāìùôóø״úô þìĄìööÿ÷ô úù״ú îì ûìüìøñþü״úô ״ìüúüìþ þì״÷ô÷ öìüðì øñĄìîìùð. Íì ôøöúùôċþ״úô þìþíôץô 
ïìüøôðô״ôô øÿýþìץôø, ôýþôĀúðìô úù ðìü āúֹוìïôô ץôĄ÷úץ, ïìüøāúùìĕú îì ôùĄúúþô ôֹוþôøú, ôùăÿùôù íì 

óìüÿüìþô üÿĄðô ùôóúøô ðñýñùþüì÷ôóìþýôċô (øìüöìóúùôðìĄÿðìô) þìĆøôùúþô ĉùñüïôċ ðìü øôùþìץì״úô ö״ 
þìîìֹוֹוÿ״ô øìāýÿý óú״ôü øñïìüðìð. ÔýþôĀúðìô þñāùú÷úïôċ״úô øÿúýôüô ïñúþñüøì÷, ìó ֹוÿø÷ì ýôýþñøì״úô 
íôùìü, öô ôøöúù øñðô״ìùð ìó øìùíìĆ״úô öìø״ìüúüìþô úí״úô óñüôóìøôù ėÿîîìô íìüץ ôýþñ״ýú÷ öìüðì Ąìîìð, 

 úô ĉùñüïñþôöôô״ôø ìüóČí øñïìüðìð. Ðìü ìýúýô øìĆ÷ÿøúþô ïôðüúïñú÷úï ôøöúùôċþ״ìøăÿù ýìøþô øÿ״
ýìüăìĄøì״úô ìýúýôô úí״úô þñüøì÷, ìó ֹוÿø÷ì ðñíôþ, ״ìüúüìþ, øôùñüì÷ôóìþýôċ îì ýìþ״ô ôýþôĀúðìô úù״ú 
þì״÷ô÷ øñïìüðìùð. Ùìþôֹוì״ú ùôĄúù øñðô״ìùð, öô íú ֹוì÷íô ýìüøúċïÿóúü, þìöøô÷ô þñāùú÷úïôċ״úô öúüöìüðô 

óìøôù îì ïÿóìüúùôðìùô ìüóČíô״úô þñāùôöĒ-ôץþôýúð, ĉùñüïñþôöìô ïñúþñüøì÷ øñþìîúùìð ċöñ ìó üú״״úô 
ýþüìþñïôô üÿĄðô ĉùñüïñþôöìô ÿýþÿîúüô Þúֹוôöôýþúù ïìüðìð. 

Öì÷ôðîúòì״ú: ĉùñüïñþôöìô ïñúþñüøì÷, úí״úô þñüøì÷, øìùíìĆ״úô íìüץìüúüĄìîìùðì, ýþìùýôċ״úô 
íôùìü, ôėþôðúüô ïìüø, Þúֹוôöôýþúù, óìāôüì״úô ïôðüúïñú÷úï, þìĆøôùúþô ïìüø, ýôýþñøì״úô 
øìüöìóúùôðìĄÿðì, ýìüăìĄøì״úô þìíôôô ïìüø. 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʊɽʍʅʀʂʆ-ʕʂʆʅʆʄʀʏɽʉʂʀʍ ɺʆɿʄʆɾʅʆʉʊɽʁ ʀʉʇʆʃʔɿʆɺɸʅʀʗ 

ɻɽʆʊɽʈʄɸʃʔʅʆʁ ʕʅɽʈɻʀʀ ɺ ʈɽʉʇʋɹʃʀʂɽ ʊɸɼɾʀʂʀʉʊɸʅ  

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚ ʈʝʩʧʫʙʣʠʢʝ ʊʘʜʞʠʢʠʩʪʘʥ. ʇʨʠʚʦʜʠʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠʨʦʜʥʳʭ ʛʝʦʪʝʨʤʘʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʚʦʟʤʦʞʥʳʝ ʦʙʣʘʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʧʝʨʩʧʝʢʪʠʚʘʤ ʚʥʝʜʨʝʥʠʷ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʪʝʧʣʦʩʥʘʙʞʝʥʠʠ, 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʠ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʛʦʨʥʳʭ ʨʘʡʦʥʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʙʠʥʘʨʥʳʭ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ. ʅʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦʮʝʥʠʚʘʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʢʣʶʯʝʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ, ʧʨʠʚʦʜʷʪʩʷ ʩʚʝʜʝʥʠʷ ʦʙ ʠʭ ʜʝʙʠʪʝ, ʪʝʤʧʝʨʘʪʫʨʝ, ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʪʝʢʫʱʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʠʥʚʝʩʪʠʮʠʡ, ʤʦʜʝʨʥʠʟʘʮʠʠ ʙʫʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʤʦʞʝʪ ʩʪʘʪʴ ʦʜʥʠʤ ʠʟ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʧʦʣʠʪʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ, ʩʥʠʞʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʝʟʦʥʥʦʡ ʛʠʜʨʦʣʦʛʠʠ ʠ 

ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʘʥʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ, ʪʝʨʤʘʣʴʥʳʝ ʚʦʜʳ, ʙʠʥʘʨʥʳʝ ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʩʪʘʥʮʠʠ, 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʊʘʜʞʠʢʠʩʪʘʥ, ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ, ʪʝʧʣʦʩʥʘʙʞʝʥʠʝ, ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ 

ʵʥʝʨʛʝʪʠʢʘ, ʪʝʨʤʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʨʝʩʫʨʩʳ. 

 

STUDY OF TECHNICAL AND ECONOMIC POSSIBILITIES OF USING GEOTHERMAL ENERGY IN THE 

REPUBLIC OF TAJIKISTAN  

Abstract: This article examines the technical and economic feasibility of using geothermal energy in the Republic of 

Tajikistan. It describes natural geothermal resources, analyzes their formation, thermal parameters, and potential 

applications. Particular attention is paid to the prospects for implementing geothermal technologies in heat supply, 

agriculture, and decentralized energy systems in mountainous regions. The potential for using binary geothermal systems 

with low-temperature thermal waters is examined. Based on hydrogeological data, the energy potential of key thermal 

water deposits is assessed, and information on their flow rate, temperature, mineralization, and current use is provided. It 

has been shown that with investment, modernization of drilling technologies, and feasibility studies, geothermal energy 

could become one of the strategic areas of Tajikistan's energy policy, ensuring sustainable development, reducing 

dependence on seasonal hydrology, and increasing the country's energy security. 

Keywords: geothermal energy, thermal waters, binary geothermal power plants, energy potential, Tajikistan, 

hydrogeological resources, heat supply, decentralized energy, thermal sources, renewable resources. 
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I. INTRODUCTION . Digital information and communication systems (DICS) ï including 

cloud platforms, corporate networks, mobile infrastructures, Internet of Things (IoT), and industrial 

environments ï are now foundational for service delivery and critical processes. The scale and 

distribution of modern architectures (e.g., microservices, hybrid clouds) increase telemetry volume and 

complicate the interaction patterns among users, devices, and services. As a consequence, the attack 

surface expands and it becomes difficult to build a unified security view from Security Information 

and Event Management (SIEM) events, network flows, endpoint logs, application logs, and cloud audit 

trails. 

In parallel, adversaries increasingly use machine learning (ML) to automate reconnaissance, 

accelerate exploitation, generate persuasive phishing content, and evade detection. The growing 

asymmetry between attacker automation and defender operational capacity creates a need for adaptive, 

data-driven security controls beyond rigid signatures and static rule sets. 

A. Research problem and questions 
This work addresses the following problem: How can heterogeneous security telemetry and 

interaction topology be fused into a single, adaptive platform for detection and prevention that 

remains explainable, robust, and operationally deployable?  

The corresponding research questions are: 

1) How should security telemetry be normalized and enriched to support both vector-based 

learning and graph-based reasoning?  

2) Which hybrid ML schemes best combine supervised, unsupervised, and graph learning 

to detect multi-stage attacks while keeping false positives at an acceptable level for Security 

Operations Centers (SOCs)?  

3) How can response decisions be optimized to reduce risk while respecting business 

constraints (availability, cost of disruption, and policy compliance)?  

B. Hypothesis, objective, and key argument 

Hypothesis: combining ML-based detectors with graph analytics and continuous learning 

improves detection of complex threats (e.g., lateral movement) and enables more consistent prevention 

decisions under operational constraints.  

Objective: to propose an integrated platform architecture and a formal methodology for hybrid 

detection and risk-aware prevention, including an evaluation protocol suitable for reproducible 

benchmarking.  

Key argument: security events rarely provide enough context in isolation. Representing entities 

and their interactions as a graph, then extracting graph-derived features (and, where appropriate, graph 

neural network (GNN) embeddings), makes multi-stage attacker behavior observable even when 

individual events appear benign.  

C. Methodology overview and contributions 

The study is design- and methodology-oriented. It contributes: 

- a five-layer reference architecture (Fig.1) and a concise mapping from layers to functions and 

technologies (Table I); 

- a formal model for joint detection and response, including hybrid risk scoring and graph 

updates; 

- a reinforcement learning (RL) formulation for response optimization under risk/cost 

constraints; 

- deployment considerations for federated learning (FL), adversarial robustness, and 

explainability; and 
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- a reproducible evaluation protocol and an implementation roadmap (Table II). The conceptual 

basis of the study also develops the authorôs earlier results on AI-based data analysis, information 

security of communication systems, and digital transformation security [15; 16; 17; 18; 19; 20]. 

II. LITERATURE REVIEW . Research on ML for cybersecurity has produced a broad set of 

methods for intrusion detection and anomaly analysis, ranging from classical ML to deep learning. 

Surveys emphasize both the promise of deep models and practical risks such as concept drift, 

operational false positives, and explainability challenges [1; 2]. Deep learning architectures ï such as 

autoencoders, recurrent networks, and transformer-based models ï can capture nonlinear dependencies 

in traffic and log data, but their performance is sensitive to data representativeness and operational 

drift. 

A key limitation of many approaches is that they treat events as independent records. Graph-

based modeling addresses this limitation by capturing relationships among entities (users, hosts, 

processes, services) and enabling detection of anomalous paths, communities, and interaction motifs. 

GNNs have become a major direction for intrusion detection due to their ability to learn from network 

structure and attributes [3; 14]. At the same time, graph learning poses challenges related to streaming 

updates, scalability, and interpretability. 

Confidentiality and regulatory requirements motivate the use of FL to train models across 

organizations without sharing raw telemetry [4; 5]. However, FL introduces new security challenges 

such as poisoning and backdoor attacks, and it requires robust aggregation and auditable model 

lifecycle management. 

Finally, RL has been investigated for response optimization (e.g., selecting containment actions), 

yet real-world adoption is limited by safety constraints: response policies must be explainable, 

reversible, and aligned with operational playbooks, and they must avoid unacceptable availability 

impact [8]. 

A. Identified gaps 

The literature reveals several gaps that motivate this work: 

-  Context fusion gap: insufficient integration of heterogeneous telemetry and interaction 

topology in a unified learning pipeline. 

-  Operationalization gap: limited end-to-end linkage between detection signals and 

enforceable, risk-aware response actions integrated with Security Orchestration, Automation and 

Response (SOAR) and Software-Defined Networking (SDN). 

-  Trust gap: fragmented guidance on explainability, adversarial robustness, and compliance-

friendly learning (e.g., FL) within a single architectural framework. 

III. METHODOLOGY . This section specifies the formal model, the proposed multi-layer 

platform, the hybrid detection method, and the response optimization approach. 

A. Data model and notation 

Let Ὑ denote the set of raw security events. For time ὸ, an event ὶὸ  ɴὙ is mapped to a 

normalized feature vector ὼὸ = ( ) ɴ  . Interactions are represented by a time-dependent graph Ὃὸ = (ὠὸ, 
Ὁὸ, ὃὸ) where ὠὸ are entities (users, hosts, services), Ὁὸ are interactions (connections, authentications, 

resource access), and ὃὸ are attributes (time, volume, protocol, operation). Where labels exist, ώὸ  ɴ{0, 

1, é , ὑ} denotes the class (0 = benign, 1..K = attack types). The platform state ίὸ aggregates risk 

scores, context, and model diagnostics; the response at is selected from a finite set of actions A (e.g., 

isolate host, block account, trigger multi-factor authentication). 

B. Detection as a supervised/unsupervised/graph learning task 

Attack detection is defined as learning a mapping 

█ⱣḊ ●◄ȟ╖◄ȟ╬◄ ᵐ ļ◄   (1) 

where ct is context (asset criticality, time, business process). The supervised component minimizes 

expected loss: 

 □░▪Ᵽ╔ ●◄ȟ╖◄ȟ╬◄ ͯ ╓ █Ᵽ●◄ȟ╖◄ȟ◐◄  ȟ   (2) 

C. Hybrid risk scoring 

Let fsup(xt,Gt) [ɴ0,1] denote a supervised probability of attack and funsup(xt,Gt) Rɴ+ an anomaly 

score from an unsupervised detector. A normalized anomaly score is: 
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╪◄ Ɑ ♫ẗ█◊▪▼◊ ● ◄ȟ╖◄ ȟ♫ ȟ   (3) 

and the hybrid risk score is: 

▼◄ ♪█▼◊▬ὀἼȟἑἼ ἩἼȟᶰ ȟ Ȣ   (4) 

An alert is triggered when stÓ r, where tau is tuned to the target false-positive rate (FPR). 

Feedback from incident triage can update Ŭ, ɓ, and r (e.g., periodic re-optimization using offline 

replay). 

D. Graph updates and GNN embeddings 

Upon receiving r t, the interaction graph is updated: 

╖◄  ╖◄ ṥЎ╖◄►◄ȟ    (5) 

where ṥ denotes insertion/refresh of nodes and edges. Node embeddings may be updated using a 

message-passing GNN layer: 

 ▐○
■

Ɑ ╦ ■▐○
■

╬○◊
◊ɴ ╝○

╦╝
■
▐○
■
 φ 

where N(v) is the neighborhood and cvu is a normalization factor. Graph-derived features include 

degree/centrality measures, community assignments, and path-based indicators (e.g., unusual access 

chains), which are especially relevant for lateral movement and distributed attack patterns. 

E. Response optimization via reinforcement learning 

Response is modeled as an RL policy ɗ́ (a| s) maximizing discounted reward: 

 ╙Ᵽ ╔ ♬◄
˟

̓

 ╡▼◄ȟ╪◄ ȟχ 

where ɔɴ(0,1) is the discount factor. A risk-oriented reward can be defined as: 

╡▼◄ȟ╪◄ ◌  ║▄▪▄█░◄◄ ◌  ╒▫▼◄◄ ╪◄ ◌ ╕╟ͅ╟▄▪╪■◄◐◄ȟ    (8) 

where Benefitt approximates prevented loss, Costt (at) captures operational impact (e.g., service 

disruption), and FP_Penaltyt penalizes unnecessary interventions. For discrete actions, Q-learning 

updates can be used: 

╠◄ ▼◄ȟ╪◄ ᴺ   Ɫ╠◄▼◄ȟ╪◄ Ɫ ►◄ ♬ □╪●╪╠◄▼◄ ȟ╪ᴂ   (9) 

where ɖ is the learning rate. 

 

Table I. Platform layers: purpose, functions, and example technologies 
ˉ ML models Trai ning and 

lifecycle 

management 

Classification, anomaly 

detection, model versioning 

Gradient boosting machines 

(GBM), deep neural networks 

(DNN), autoencoders, 

isolation forest 

1 Graph Correlation and 

relationship analysis 

Graph construction, community 

detection, attack chain 

discovery 

Graph database (Graph DB), 

GNN, community detection 

2 Decisions Response automation 

and orchestration 

Policy selection, automated 

response 

RL agents, SOAR, multi-agent 

systems 

3 MLOps Continuous learning 

and monitoring 

Model CI/CD, monitoring, 

retraining, drift detection 

MLflow, Kubeflow, CI/CD, 

drift detection 

 

F. Federated learning for confidentiality 

In confidentiality-constrained environments, FL enables joint training without sharing raw 

telemetry. On global round t, participants locally train 

◌▓
◄

ἘἷἫἩἴἢἺἩἱἶ ◌◄ȟ╓▓Ȣρπ 

and the server aggregates (FedAvg): 

 ἿἼ   
▪▓
╝

╚

▓

╦▓
◄ ȟ╝  ▪▓

╚

▓

 ρρ 
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In practice, secure transport, auditable provenance of updates, and robust aggregation are needed 

to mitigate adversarial clients. 

G. Adversarial robustness and explainability 

Robustness can be expressed as a min--max objective: 

ἵἱἶἏ ●ȟ◐ ͯ ╓ ἵἩὀ♯ɴЎ █Ᵽ● ♯ȟ◐ ȟ ȟ   (12) 

where ȹ bounds input perturbations, and ɋ(ɗ) regularizes complexity. Explainability should cover (I) 

feature attribution for vector models (e.g., SHAP/LIME), (II) sequence attribution for temporal models 

(e.g., integrated gradients), and (III) subgraph explanations for GNNs (e.g., GNNExplainer-type 

methods), providing SOC analysts with actionable factors and an interpretable reconstruction of the 

triggering chain. 

H. Evaluation protocol 

To enable reproducibility, the protocol specifies: (I) datasets, (II) graph construction rules, (III) 

splits and hyperparameters, (IV) metrics, and (V) drift/robustness tests. Metrics include Precision, 

Recall, F1-score, receiver operating characteristic area under the curve (ROC-AUC), and detection 

latency. Baselines include logistic regression, random forest, gradient boosting, sequence models such 

as Long Short-Term Memory (LSTM) and transformers, and autoencoder-based anomaly detectors. 

Public datasets may include CIC-ToN-IoT, NF-ToN-IoT, and RT-IoT 2022, supplemented by 

synthetic scenarios with controlled noise and class imbalance. 

IV. RESULTS AND DISCUSSION. Because the work is methodological and architectural in 

nature, the results are presented in the form of validated design documents and an implementation 

plan, rather than new, proprietary measurements. This choice stems from the understanding that true 

value lies not in abstract concepts, but in their effective application. Methodological elaboration 

ensures that all steps are undertaken in accordance with best practices and with risk mitigation. 

Architectural integrity ensures that the system is not only functional but also flexible, capable of 

adapting to future changes and needs. 

A. Multi -layer platform architecture 

Figure 1 depicts the proposed five-layer architecture:  

1) data ingestion and normalization;  

2) ML model factory;  

3) graph analytics and correlation;  

4) intelligent decision-making (including RL agents) and orchestration;  

5) MLOps for continuous learning. 

 

Fig. 1. Multi -layer architecture of an AI-enabled cybersecurity platform (adapted from the 

source manuscript) 
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Table I summarizes layer functions and representative technologies, and it clarifies how 

detection, response, and lifecycle management are separated into operationally meaningful 

components. 

B. Hybrid detection workflow. The hybrid detection workflow combines supervised and 

unsupervised signals with graph-derived context and includes feedback-driven tuning of Ŭ, ɓ, and r. 

The robustness and adaptability of this workflow are significantly enhanced by incorporating context 

derived from graphs. Graph-based data representations allow us to model complex relationships and 

dependencies between different entities or events. By analyzing the structure and properties of a graph, 

we can identify anomalous patterns that would not be apparent when examining individual data points. 

For example, unusual paths, isolated clusters, or atypical network topologies may indicate coordinated 

attacks, fraudulent schemes, or system failures that would otherwise go undetected [12]. 

 

Fig. 2. Hybrid attack detection workflow (adapted from the source manuscript) 

 
 

Operationally, this design supports stable alerting by controlling false positives while remaining 

sensitive to novel or evolving threats. Graph features are particularly valuable for behaviors that 

manifest as abnormal sequences or paths, rather than isolated outliers. 

C. Decision-making and response learning. For response optimization, RL is positioned as a 

policy recommender and (in constrained cases) an automated action selector. In production, a staged 

automation model is recommended: from analyst recommendations (human-in-the-loop) to fully 

automated actions for low-risk scenarios, with rollback mechanisms and time-bounded enforcement. 

Figure 3 illustrates a Deep Q-Network (DQN) training loop as a reference implementation. 

The training loop iterates through episodes, where the agent explores the environment, collects 

experience (state, action, reward, next state tuples), and updates its Q-function approximation. This 

update is typically performed using a neural network, hence the "Deep" in Deep Q-Network. The 

network is trained to predict the Q-values for each action given a state, and the training objective is to 

minimize the difference between predicted Q-values and target Q-values, calculated based on the 

observed rewards and estimated future rewards. 

Crucially, DQN employs techniques like experience replay and target networks to stabilize the 

training process. Experience replay involves storing the agent's past experiences in a replay buffer and 

sampling from this buffer to train the network. This helps to break correlations between consecutive 



126 

 

experiences and reduce variance in the training signal. Target networks are periodically updated copies 

of the main Q-network, used to calculate the target Q-values. This helps to prevent oscillations and 

improve convergence [9]. 

In the context of response optimization, the "environment" could represent user interactions, 

marketing campaigns, or other dynamic systems. The "actions" could be different response strategies, 

pricing adjustments, or content variations. The "reward" would be a metric that quantifies the 

effectiveness of the response, such as conversion rates, customer satisfaction, or revenue.  

 

Fig. 3. DQN-based learning for response policy optimization (adapted from the source 

manuscript) 

 
 

By training a DQN agent to learn optimal response policies, organizations can automate and 

personalize their interactions with users, leading to improved outcomes. The staged approach, 

beginning with human-in-the-loop analysis and progressing to full automation for low-risk cases, 

allows for a gradual and controlled introduction of RL into production environments, minimizing 

potential risks and maximizing the benefits of data-driven decision-making. This allows businesses to 

harness the full potential of data-driven optimization, leading to stronger customer relationships and 

superior business outcomes in an increasingly competitive digital landscape. 

D. Robustness, federated deployment, and continuous learning. Figure 4 summarizes an 

adversarial training scheme to improve robustness of learning-based detectors against evasion [6]. 

Figure 5 illustrates a continuous learning loop (MLOps) that monitors quality and drift, supports safe 

deployment (e.g., canary testing), and triggers retraining when needed. 

The continuous learning loop incorporates safe deployment strategies, such as canary testing, 

which mitigates potential risks associated with deploying a retrained model. Canary testing involves 

deploying the new model to a small subset of users or inputs before fully replacing the existing model. 

This allows for careful observation of the new model's behavior in a real-world setting, identifying any 

unforeseen issues before widespread deployment. 

The MLOps loop includes mechanisms to trigger retraining when performance degradation or 

drift is detected. This retraining process typically involves incorporating new data, adjusting model 

hyperparameters, or even exploring alternative model architectures. The continuous cycle of 

monitoring, deployment, and retraining ensures that the detector remains robust and effective over 

time, adapting to the ever-changing landscape of adversarial attacks and evolving data distributions. 

ʊhe successful deployment of detectors trained with adversarial techniques and managed through 

MLOps hinges on a holistic approach that encompasses model development, data management, and 

operational oversight. By embracing this comprehensive approach, organizations can effectively 
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defend against sophisticated adversarial attacks and maintain the integrity of their systems in an ever-

evolving threat landscape [7]. 

 

Fig. 4. Simplified adversarial training scheme and loss formulation (adapted from the source 

manuscript) 

 
 

This method is particularly relevant for tasks requiring high resilience to malicious influences, 

such as autonomous driving, medical diagnostics, and security systems. Its ease of implementation and 

computational efficiency make it an attractive solution for a wide range of practical applications. 

 

Fig. 5. Continuous learning loop (MLOps) for AI in cybersecurity (adapted from the source 

manuscript) 

 
Federated learning is suitable for cross-organization training under confidentiality constraints, 

but it requires robust aggregation, anomaly detection for client updates, and strong auditability to 

mitigate poisoning and backdoor risks [4; 5; 11ï13]. These measures should be embedded into the 

MLOps controls.  

On the aggregation side, simple FedAvg is often insufficient in adversarial settings. Robust 

strategies (e.g., trimmed mean / coordinate-wise median, adaptive clipping, reputation-weighted or 

outlier-resistant aggregation) reduce the impact of malicious or low-quality updates, especially when 

combined with per-client norm bounds and privacy-preserving secure aggregation so the server can 
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aggregate without learning individual gradients. The trade-off is that stronger privacy can reduce 

observability, so anomaly detection must rely on metadata and statistical fingerprints rather than raw 

update inspection. Done well, federated learning becomes not just ñprivacy-friendly training,ò but a 

controlled multi-party system with the same rigor applied to supply-chain securityðonly here the 

supply chain is gradients, and the release artifact is the global model. 

E. Implementation roadmap 

A phased deployment roadmap supports operational adoption: start with an audit and a target 

architecture, then build data infrastructure and pilot models, integrate with SOC/SIEM/SOAR 

processes, and scale across organizations using FL; at the standardization stage, controls should be 

aligned with ISO/IEC 27001:2022 requirements [10]. 

 

Table II. Phased implementation roadmap 
Data and infrastructure Deploy connectors, event storage, and a 

feature layer  

Unified telemetry store / "data 

factory"  

1. Pilot models Train and test intrusion detection system 

(IDS) / User and Entity Behavior Analytics 

(UEBA) models on historical data 

Pilot models with TPR/FPR 

evaluation 

2. SOC/SIEM/SOAR 

integration 

Embed models into monitoring and response 

workflows 

Automated response playbooks 

3. Scaling and FL Connect subsidiaries/partners via FL Joint models under confidentiality 

constraints 

4. Standardization Update policies; incorporate AI components 

into the Information Security Management 

System (ISMS) 

Alignment with ISO/IEC 27001-

type controls 

 

The implemented system remains a valuable and dynamic asset that supports long-term strategic 

goals and drives continuous improvement. 

F. Limitations and future work. The approach is constrained by (I) representativeness of public 

datasets compared to real enterprise environments, (II) incomplete or noisy telemetry, (III) operational 

cost of constructing and maintaining graphs at scale, and (IV) safety constraints for automated 

response. Future work should focus on streaming GNNs, improved explainability for dynamic graphs, 

robust federated aggregation under adversarial clients, and controlled evaluation of response policies 

in safe testbeds or digital twins prior to production deployment. 

V. Conclusion. This paper proposes an integrated AI-enabled cybersecurity platform model that 

goes beyond pure signature-based mechanisms to a hybrid, risk-based detection and prevention 

approach in modern DICS systems. The central idea is to fuse ML-based detectors with graph analytics 

to capture interaction structure and thereby improve detection of multi-stage attacks. Continuous 

learning (MLOps) operationalizes model lifecycle management under drift, while RL provides a 

principled basis for selecting response actions that balance prevented loss, operational cost, false-

positive penalties, and service availability constraints. Federated learning and adversarial training were 

discussed as complementary techniques to address confidentiality and robustness requirements. 

To make this concept actionable, the platform can be expressed as a layered reference 

architecture aligned with control-plane / data-plane separation. At the data plane, heterogeneous 

telemetry (network flows, protocol traces, PLC/RTU logs, host events, process variables, and 

maintenance records) is normalized into a time-synchronized event fabric. 
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ßÝß×Ô ÓÑÇÙÄ ÎÌ ÛÑäÏÔÜÔÔ ÇÌØ×ÌÇÚ ÐÌÜ ÝÔÝÞÑØÌÇÚÔ ÔÞÞÔ×ÚÚÞÔê ÔÜÞÔÍÚÞÄ ÐÌÜ 

ÌÝÚÝÔ ÚØÊÓÔäÔ ØÚäÔÙÄ ÎÌ ÞÌÇ×Ô×Ô ÏÜÌàÄ 
Ýôýþñøìĕúô üìėìøôô ôþþô÷úúþôĊ ôüþôíúþĒ (āôðøìþĕúô ìíüĒ, Ąìíìöìĕúô öúüāúùì îì øúíô÷Ē, 

ôùþñüùñþô ìĄČ îì øÿĕôþĕúô ýìùúìþĒ) ĕìĔøô óôČðô þñ÷ñøñþüôċô ïÿùúïÿùùĔíĕìüú þìî÷ôð øñöÿùìùð îì 
þúûú÷úïôċĕúô øÿþìėúíô÷ìô øÿüìööìíþìüüú ùôĄúù øñðôĕìùð. Ôù þìøúĊ÷ĕú ýìþĕô ĕìø÷ìüú îìýñĆ øñöÿùìùð îì 
ýìøìüìùúöôô ìøì÷ôô øÿðúĀôìĕúô öúøô÷ìù ôøóúĄÿðìüú öúĕôĄ øñðôĕìùð. Ðìü ìõùô óìøúù, ðÿĄøìùúù ìó 
úøĘóôĄô øúĄôùĒ íìüúô ìîþúøìþôöÿùúùôô öìĄĀôČþ, ĉĔúðô øÿùðìüôĔìô øÿĕìùðôýôô ôĔþôøúĒ îì 
øÿþúíôėĄìîĒ ìó úĄöúüöÿùĒ ôýþôĀúðì øñíìüìùð. Ôù øìėú÷ì öúùýñûýôċô û÷ìþĀúüøìô óñĕùôüú íìüúô úĄöúü 
îì ûñĄïôüôô ĕìø÷ì ûñĄùôĕúð øñöÿùìð, öô ĔìüìČùĕúô üĘõðúðĕúô ìøùôċþôüú íú ùìøÿùìĕúô øÿúĄôüìþ 
øÿþþìĕôð øñöÿùìð. Óìøôùì ìó øñĆøúüôô ûìùĔėìíìþì ôíúüìþ ìýþ: 

1) îúüôðöÿùôô øìĆ÷ÿøúþ, íì ĉĆþôðú÷ úîìüðìù îì ĎìùĒ ïìüðúùôðìùô øìĆ÷ÿøúþ; 
2) öúüöìüðô ìøýô÷ìô ÚØ íìüúô ðñþñöþúüĕúô ùìóúüìþĄìîìùðì îì íñùìóúüìþ; 
3) þìĕ÷ô÷ô ïüìĀôöĒ íìüúô ìøýô÷ìýúóôô ýÿíĆñöþĕú îì þìĆýôüô øÿþìėúíô÷ì; 
4) øúðÿ÷ô ôùþñ÷÷ñöþÿì÷ôô ėìüúü îì þìĄöô÷ô ýôýþñøì, öô íìüúô ĕìøïôüúĒ íú þìþíôėô ýôČýìþô SOAR 

îì SDN þìüĕüñóĒ Ąÿðììýþ; 
5) ĕì÷ėìô ÚØÚ íìüúô ùìóúüìþô ðúôøĒ îì íúóúøĘóĒ. 
ßýÿ÷ô úĄöúüöÿùôô ïôíüôðĒ ĉĕþôøú÷ôċþĕúô ùìóúüìþĄìîìùðì, āú÷ĕúô Āìîėÿ÷úðìô íñùìóúüìþ îì 

āÿýÿýôċþĕúô ìó ïüìĀôö ïôüôĀþìĄÿðì (øìüöìóĒ, Ĕìøúìþĕú îì ùôĄúùðôĕìùðìĕúô üúĕ)-üú øÿþþìĕôð øñöÿùìð, 
øñþìîúùìð íú Ĕúõïôüöÿùôô Ąìíìöìô ìýìíôô ïüìĀôöĒ íìüúô úĄöúü öìüðìùô îúíìýþìïôĕúô ûôùĕúù îì 
óìùĔôüĕúô ĕìø÷ìô íôýČüøìüĕô÷ìĒ, íì øúùìùðô ĕìüìöìþô ûìĕ÷ÿĒ îì üìððô þìėýôøĄÿðìô āôðøìþüìýúùĒ 
(DDoS) îìýñĆ öìüðì Ąìîìð. Íìüúô ûñĄïôüôô āìþìüĕú, ÿýÿ÷ô úøĘóôĄô þìėîôċþĒ íú øìėýìðô þìöøô÷ ðúðìùô 
ìøì÷ĕúô îúöÿùôĄ ðìü Ąìüúôþô øìĕðÿðôċþô āìüúĔúþ, ùôĄúùðôĕìùðìĕúô øÿýíìþô íìüðÿüĘĎ îì øìĕðÿðôċþĕúô 
ðìýþüìýĒ þìĕôċ Ąÿðììýþ. Ðìü øìėú÷ì ôùăÿùôù ĄìüĕðôĕĒ, ÿýþÿîúüôô øÿėúíô÷ îì úøĘóôĄô ĀñðñüìþôîĒ íìüúô 
Ĕúõïôüöÿùôô øìāĀôċþ øìĕðÿð íìüüìýĒ øñĄìîìð îì ûüúþúöú÷ô ìüóČíôô þìöüúüĄìîìùðìüú ðìü øìĔøÿô 
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ðúðìĕúô þüìĀôöô ĔìøĆôċþĒ íú ôýþôĀúðì ìó Precision/Recall/F1, øôùþìėìô āúýô ìøì÷ôČþôô ėìíÿ÷öÿùìùðì ðìü 
óñüô öìĔ (ROC-AUC) îì þìĆāôüô úĄöúüöÿùĒ øÿìõċù øñöÿùìð. 

Öì÷ôðîúòìĕú: úøĘóôĄô øúĄôùĒ, þìĕ÷ô÷ô ïüìĀôöĒ, Ąìíìöìĕúô ìýìíôô ïüìĀôöĒ, úĄöúüöÿùôô ðìāú÷ìþ, 
ûñĄïôüôô ĕìø÷ì, øìüöìóô ìøì÷ôČþô ìøùôċþĒ, MLOps, úøĘóôĄô ĀñðñüìþôîĒ, úøĘóôĄô øúĄôùôô øÿėúíô÷, 
úøĘóôĄô þìėîôċþĒ. 

 

ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓʁ ʄɽʊʆɼ ʆɹʅɸʈʋɾɽʅʀʗ ʀ ʇʈɽɼʆʊɺʈɸʑɽʅʀʗ ɸʊɸʂ ɺ 

ʀʅʌʆʈʄɸʎʀʆʅʅʆ-ʂʆʄʄʋʅʀʂɸʎʀʆʅʅʓʍ ʉʀʉʊɽʄɸʍ ʅɸ ʆʉʅʆɺɽ ʄɸʐʀʅʅʆɻʆ ʆɹʋʏɽʅʀʗ 

ʀ ɻʈɸʌʅʆʁ ɸʅɸʃʀʊʀʂʀ 

ʎʠʬʨʦʚʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ʦʙʣʘʯʥʳʝ ʩʝʨʚʠʩʳ, ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʠ ʤʦʙʠʣʴʥʳʝ 

ʩʝʪʠ, ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʩʨʝʜʳ) ʛʝʥʝʨʠʨʫʶʪ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʛʝʪʝʨʦʛʝʥʥʦʡ ʪʝʣʝʤʝʪʨʠʠ ʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʩʝ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʪʦʧʦʣʦʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʕʪʠ ʪʝʥʜʝʥʮʠʠ ʨʘʩʰʠʨʷʶʪ ʧʦʚʝʨʭʥʦʩʪʴ ʘʪʘʢʠ ʠ 

ʩʥʠʞʘʶʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʱʠʪʳ, ʦʩʥʦʚʘʥʥʦʡ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʩʠʛʥʘʪʫʨʘʭ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʠ ʠʩʧʦʣʴʟʫʶʪ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʟʚʝʜʢʠ, ʩʦʟʜʘʥʠʷ ʢʦʥʪʝʥʪʘ ʜʣʷ ʩʦʮʠʘʣʴʥʦʡ 

ʠʥʞʝʥʝʨʠʠ ʠ ʘʜʘʧʪʠʚʥʦʛʦ ʠʟʙʝʛʘʥʠʷ ʦʙʥʘʨʫʞʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʪʘʢ, ʢʦʪʦʨʘʷ ʦʙʲʝʜʠʥʷʝʪ ʧʦʪʦʢʠ ʩʦʙʳʪʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤʠ ʤʦʜʝʣʷʤʠ. ʇʣʘʪʬʦʨʤʘ ʠʩʧʦʣʴʟʫʝʪ ʧʷʪʠʫʨʦʚʥʝʚʫʶ ʘʨʭʠʪʝʢʪʫʨʫ: 

1) ʩʙʦʨ, ʥʦʨʤʘʣʠʟʘʮʠʷ ʠ ʦʙʦʛʘʱʝʥʠʝ ʜʘʥʥʳʭ; 

2) ʬʘʙʨʠʢʘ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʠ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʜʝʪʝʢʪʦʨʦʚ; 

3) ʛʨʘʬʦʚʘʷ ʘʥʘʣʠʪʠʢʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʫʱʥʦʩʪʝʡ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ; 

4) ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʤʦʜʫʣʴ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʦʨʢʝʩʪʨʦʚʢʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʩ SOAR ʠ 
SDN ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʙʣʶʜʝʥʠʷ ʧʦʣʠʪʠʢ; 

5) ʮʠʢʣ MLOps ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʝʨʝʦʙʫʯʝʥʠʷ. 

ɻʠʙʨʠʜʥʳʡ ʤʝʪʦʜ ʦʙʥʘʨʫʞʝʥʠʷ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʚʝʨʦʷʪʥʦʩʪʠ, ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʦʮʝʥʢʠ 

ʘʥʦʤʘʣʠʡ ʠ ʛʨʘʬʦʚʳʝ ʧʨʠʟʥʘʢʠ (ʮʝʥʪʨʘʣʴʥʦʩʪʴ, ʩʦʦʙʱʝʩʪʚʘ ʠ ʠʥʜʠʢʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʧʫʪʝʡ), ʦʥ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʰʠʨʝʥ ʩ ʧʦʤʦʱʴʶ ʚʩʪʨʘʠʚʘʥʠʷ ʛʨʘʬʦʚʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʢʨʳʪʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ 

ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ ʮʝʧʦʯʝʢ ʘʪʘʢ, ʪʘʢʠʭ ʢʘʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʘʪʘʢʠ ʪʠʧʘ çʦʪʢʘʟ ʚ 

ʦʙʩʣʫʞʠʚʘʥʠʠè (DDoS). ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʫʯʝʥʠʝ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʦʪʚʝʪʥʳʭ 

ʜʝʡʩʪʚʠʡ ʩ ʫʯʸʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʩʪʦʠʤʦʩʪʠ, ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʠ ʜʦʩʪʫʧʥʦʩʪʠ. ɺ ʩʪʘʪʴʝ ʪʘʢʞʝ 

ʦʙʩʫʞʜʘʶʪʩʷ ʦʙʲʷʩʥʠʤʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʪʘʢʘʤ ʠ ʬʝʜʝʨʘʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ ʜʣʷ ʨʘʟʚʸʨʪʳʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʡ ʧʨʦʪʦʢʦʣ ʦʮʝʥʢʠ ʥʘ ʦʙʱʝʜʦʩʪʫʧʥʳʭ 

ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ ʦ ʪʨʘʬʠʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʢʘʟʘʪʝʣʝʡ ʪʦʯʥʦʩʪʠ/ʧʦʣʥʦʪʳ/F1, ʧʣʦʱʘʜʠ ʧʦʜ ʢʨʠʚʦʡ ʨʘʙʦʯʝʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʝʤʥʠʢʘ (ROC-AUC) ʠ ʟʘʜʝʨʞʢʠ ʦʙʥʘʨʫʞʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʛʨʘʬʦʚʘʷ ʘʥʘʣʠʪʠʢʘ, ʛʨʘʬʦʚʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʦʙʥʘʨʫʞʝʥʠʝ 

ʚʪʦʨʞʝʥʠʡ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʘʪʘʢ, ʮʝʥʪʨ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, MLOps, ʬʝʜʝʨʘʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ, 

ʩʦʩʪʷʟʘʪʝʣʴʥʦʝ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʦʙʫʯʝʥʠʝ ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ. 

 

INTELLIGENT METHOD FOR DETECTING AND PREVENTING ATTACKS IN INFORMATION AND 

COMMUNICATION SYSTEMS  BASED ON MACHINE LEARNING AND GRAPH ANALYTICS  

Digital information and communication systems (cloud services, enterprise and mobile networks, Internet of Things, 

and industrial environments) generate large volumes of heterogeneous telemetry and exhibit increasingly complex 

interaction topologies. These trends expand the attack surface and reduce the practical effectiveness of purely signature-

based defenses. At the same time, adversaries leverage machine learning to automate reconnaissance, craft social-

engineering content, and adaptively evade detection. This paper proposes an intelligent platform concept for attack 

detection and prevention that fuses security-event streams with communication patterns. The platform adopts a five-layer 

architecture: 

1) data ingestion, normalization, and enrichment;  

2) an ML model factory for supervised and unsupervised detectors;  

3) graph analytics to model entities and interactions;  

4) an intelligent decision-and-orchestration module designed to integrate with SOAR and SDN policy enforcement, 

and;  

5) an MLOps loop for continuous monitoring and retraining.  

A hybrid detection method combines supervised probabilities, unsupervised anomaly scores, and graph-derived 

features (centrality, communities, and path-based indicators), can be extended with graph neural network embeddings to 

reveal hidden dependencies and multi-stage attack chains such as lateral movement, and distributed denial-of-service 

(DDoS). For prevention, reinforcement learning is formulated to optimize response actions under cost, false-positive, and 

availability constraints. The paper also discusses explainability, adversarial robustness, and federated learning for 

confidentiality-constrained deployments, and defines a reproducible evaluation protocol on public traffic datasets using 

Precision/Recall/F1, receiver operating characteristic area under the curve (ROC-AUC), and detection latency. 

Keywords: machine learning, graph analytics, graph neural networks, intrusion detection, attack prevention, 

security operations center, MLOps, federated learning, adversarial machine learning, reinforcement learning. 
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ÙÌÉäÔ ÉÌÜÚÜÇÚÔ ÖÚÙÝÞÜßÖÞÔÎÄ ÐÌÜ ÞÌæØÔÙÔ ÏÌÜØÔØßÇÚàÔÓÄ ÎÌ 

ÖÚÇÔä ÐÚÐÌÙÔ ÔÝÞÑæØÚ×Ô éÙÑÜÏÔëÔ ÍÔÙÚÇÚ 
 

Ôýøìþÿ÷÷úóúðì Æ.Ô., Ýìôð Û.Ý., áú÷øÿüìþúî Þ.Ü., ÌíðÿĎìùôñî Ì.Ø. 
ÐúùôĄïúĕô þñāùôöôô ÞúĔôöôýþúù íì ùúøô ìöìðñøôö Ø. Ý. ÚýôøĒ 

 
Øÿėìððôøì. Ðìü Ąìüúôþô üÿĄðô íúýÿüĆìþô ĄìĕüýúóĒ îì ìĀóúôĄô þì÷ìíúþ íì 

óìāôüìĕúô ĉùñüïñþôöĒ, øìýĆì÷ìô íì÷ìùð íìüðúĄþìùô ĉùñüïúýìøìüìùúöôô íôùúĕú 
ìĕìøøôċþô øìāýÿý ûìõðú øñöÿùìð. Ðìü øôėČýô ĔìĕúùĒ, ýúĕìô ýúāþøúù ċöñ ìó 
ôýþñĆøú÷öÿùìùðìïúùô ìýúýôô ĉùñüïôċ íì Ąÿøúü üìĀþì, þôíėô øìĆ÷ÿøúþô International 
Energy Agency, íôùúĕú ĕôýýìô ùìóìüüìýô ôýþñĆøú÷ô ÿøÿøôô ĉùñüïôċ îì ûìüþúîĕúô ïìóĕúô 
ïÿ÷āúùìôüú þìĄöô÷ øñðôĕìùð. Ìó ôù üĘ, þìþíôėô ėìüúüĕúô öúùýþüÿöþôîôô ýìøìüìùúö ðìü 
÷úôĕìöìĄĒ îì ýúāþøúùô íôùúĕú øñþìîúùìð ðìü öúĕôĄ ðúðìùô þì÷ìĀúþô ïìüøĒ, ûìýþ 
ùìøÿðìùô ôýþñĆøú÷ô ĉùñüïôċ îì íñĕþìü ùìøÿðìùô Ąìüúôþô óôýþ ùìėĄô öì÷ôðĒ íúóìð. 

Éìíìþĕúô ïìüøôøÿĕúĀôóĒ ċöñ ìó ùôĄúùðôĕìùðìĕúô øÿĕôøøô ýôĀìþô íôùú íì ĕôýúí 
øñüìîìð, öô íì ÿýþÿîúüôô ĕìüúüìþô øÿĕôþô ðúāô÷Ē, ýìüĀìô óìāôüìĕúô ĉùñüïñþôöĒ îì 
öúĕôĄô āìüúĔúþô ôýþôĀúðì þìĆýôü øñüìýúùìð. Éìüúüĕúô öúùýþüÿöþôîĒ, ìó ėìíô÷ô 
ôùþôāúíô ðÿüÿýþô øìîúðĕúô ýúāþøúùĒ, þìüĕô ðñîúüĕú, ĀìüĄ îì ýìėĀ, ùìýíô þôüñóìĕúô 
úôùìíìùðôô ăìùð ėìíìþì îì ôýþôĀúðìô þñāùú÷úïôċĕúô øÿúýôüô øìýú÷ñĕĕúô 
ïìüøôøÿĕúĀôóĒ, ôøöúù øñðôĕìùð, öô ýìþĕô þì÷ìĀúþô ïìüøĒ íì ĕìððô ìėì÷ üìýúùôðì Ąìîìð. 

Þìĕėôėô øìîóÿĆ ôøöúù øñðôĕìð, öô üúĕĕúô þìöøô÷ô ÷úôĕìöìĄĒ, íì÷ìùð íìüðúĄþìùô 
ýìøìüìùúöôô ĉùñüïñþôöĒ îì þìĆøôùô üÿĄðô ÿýþÿîúüô øÿĕôþô óôýþ øÿìõċù öìüðì Ąìîìùð [5; 
1,ý.122-124; 10,ý.224-231]. 

Øìėýìðô øìėú÷ì - øìėýìðô ìýúýôô øìėú÷ì þìĕėôė îì ìüóČíôô ùìėĄô ėìüúüĕúô 
öúùýþüÿöþôîĒ ðìü þìĆøôùô ïìüøôøÿĕúĀôóôô íôùúĕú îì öúĕôĄ ðúðìùô ôýþñĆøú÷ô ĉùñüïôċ 
øñíúĄìð. Ðìü ðúôüìô øìėýìð, þìĕ÷ô÷ ùìøÿðìùô þìĆýôüô öúùýþüÿöýôċĕúô ôĕúþìöÿùìùðì, 
øìāýÿýìù øôùþìėìĕúô öìùúüĒ (öÿùĔĕú, ûìõîìýþĕú, öìùúüĕúô þôüñóìĕú), íì þì÷ìĀúþô ïìüøĒ 
îì ùôĄúùðôĕìùðìĕúô ĉùñüïúýìøìüìùúöôô íôùú ûñĄíôùĒ Ąÿðììýþ. Çìøăÿùôù, øìėú÷ì íì 
øÿìõċù ùìøÿðìùô üúĕĕúô þìöøô÷ô ĕì÷÷ô öúùýþüÿöþôîĒ íìüúô íì÷ìùð íìüðúĄþìùô 
ýìøìüìùúöôô ĉùñüïñþôöĒ îì öìø ùìøÿðìùô ýìüĀô ĉùñüïôċ ðìü øìüĕô÷ìĕúô ÷úôĕìöìĄĒ îì 
ôýþôĀúðìô íôùú üìîúùì Ąÿðììýþ. 

ØìĀĕÿø îì ìĕìøøôċþô ïìüøôøÿĕúĀôóĒ ðìü ýúāþøúù. Ìó ôù ÷ôĕúó, íìüúô 
ĉùñüïúýìøìüìùúöôô íôùú, üñĔìô ĕìüúüìþĒ-ùìøùúöôô öúùýþüÿöýôċĕúô ôĕúþìîĒ, øìāýÿýìù 
ðìü øôùþìėìĕúô öìùúüĒ (öÿùĔĕú, Ĕúõĕúô ûìõîìýþ, ùôĄñíôĕúô þôüñóì) ìĕìøøôċþô øìāýÿý 
ðúüìð. 

Þìĕ÷ô÷ô ìðìíôČþ ùôĄúù øñðôĕìð, öô ðìü ìõùô óìøúù ÿýÿ÷ĕúô ðìėôėô ĕôýúíöÿùôô ôù 
øôùþìėìĕú îÿĔÿð ùìðúüìùð, öô ôù íì öìø íìĕúïÿóúüĒ Ąÿðìùô þì÷ìĀúþô ïìüøĒ îì óôČð 
ùôĄúù ðúðìùô ôýþñĆøú÷ô ĉùñüïôċ úîìüðì øñüìýúùìð. Ðìü öúüô øìóöÿü ìüóČíôô øôėðúüôô 
þìĆýôüô øôùþìėìĕúô öìùúüĒ íì ĕôĀóô ïìüøĒ îì ôýþñĆøú÷ô ýú÷úùìô ĉùñüïôċô íôùú íú 
ôýþôĀúðì ìó ėìüúüĕúô ïÿùúïÿùô öúùýþüÿöþôîôô öúùýþüÿöýôċĕúô ôĕúþìîĒ ôĔüú Ąÿðììýþ. 

Øìîúðĕú îì ÿýÿ÷ĕú. Ðìü þìĕôċô öúùýñûýôċô ĉùñüïñþôöôô ÷úôĕìöìĄôô íôùúĕú 
Íúïúý÷úîýöôõ Î.Ù., Þìíÿùąôöúî ê.Ì., Ýìîôù Î.Ö., Ø. îì ðôïìü øÿĕìėėôėúù ýìĕøô 
ùìóìüüìý ïÿóúĄþììùð. éùñüïúýìøìüìùúöôô íôùúĕú ðìü ìýúýô ôýþñĆøú÷ô āúýô ĉùñüïôċ 
øÿìõċù öìüðì øñĄìîìð; ðìü ôù ĕú÷ìþ ìüóôĄô ĕôýúíĄÿðì íú ìüóôĄô øñĆČüĒ øÿėúôýì 
ïìüðôðì, þìĆøôùĄÿðì ĕôýúíôðì øñĄìîìð, ìïìü úù ìó øñĆČüô øÿėìüüìüĄÿðì óôČð ùìíúĄìð. 

QĕôýúíĒ Ò qøñĆČü.  (1) 
Ðìü ôù Ĕú qdesq îì qreq ¬ øÿþìùúýôíìù ôýþñĆøú÷ô āúýô ĕôýúíĄÿðì îì øñĆČüôô ĉùñüïôċô 

íôùú øñíúĄìùð. Çìü ėìðìü ėôøìþô qdesq, öô íì Ąìüþô (1) ĔìîúíïĘ íÿðì öìøþìü íúĄìð, ĕìøúù 
ėìðìü ĉùñüïúýìøìüìùúöôô íôùú íì÷ìùðþìü øñïìüðìð [18,ý.167-177; 11,ý.203-206]. 

Þìĕ÷ô÷ô ÿýÿ÷ĕúô øìîĔÿðìô ĕôýúí ùôĄúù ðúð, öô íìüúô ìüóČíôô ĉùñüïúýìøìüìùúöôô 
ôýþôĀúðìô ùôĄúùðôĕìùðìô øìĔøÿĒ ¬ øìýüìĀô āúýô ĉùñüïôċ q, ØÆ/(øį¼ýú÷), íìüúô 
ôýþôĀúðìô íôùú ðìü ðìîüìô ïìüøôðôĕĒ øÿîúĀôė øñíúĄìð. Ôù ùôĄúùðôĕìùðì ìó üĘô 
Āúüøÿ÷ìô óñüôù ĕôýúí öìüðì øñĄìîìð: 



133 

 

q = 
̔̍̔̍̉

 

ðìü ôù Ĕú: ὗ̔ ̍̔̍̉ ¬ ôýþñĆøú÷ô ÿøÿøôô ýú÷úùìô ĉùñüïôċô íôùú îì 6 - ĕìĔøô ïìüøĄìîìùðìô 

íôùú øñíúĄìð. 

ØìýüìĀô āúýô ĉùñüïôċô ïìüøĒ íìüúô ïìüøôðôĕĒ ή  ðìü ìýúýô øÿîúóôùìþô ïìüøôô 
íôùú ðìü ðìîüìô ïìüøôðôĕĒ íú Āúüøÿ÷ìô óñüôù øÿìõċù öìüðì øñĄìîìð: 

ή
ὗ ὗ ὗ ὗ

ὠ
 

ðìü ôù Ĕú: ὗ  ­ þì÷ìĀúþô ïìüøĒ þìîìýýÿþô öúùýþüÿöýôċĕúô ýìþĕô ĕìøîúüô ôĕúþìîĒ ÏÆ;  
ὗ ­ þì÷ìĀúþô ô÷úîìïĒ þìîìýýÿþô øôùþìėìĕúô öìùúüĒ; ÏÆ;  

ὗ  ­ ĕôýìô ïìüøôô ðúāô÷Ē ìó ĕôýúíô þìĔĕôóúþ îì úðìøúù ÏÆ;  

ὗ  ­ ĕôýìô ïìüøôñ, öô ìó ùÿüĕúô úĀþúí íì ðìýþ úøìðììýþ, ÏÆ;  
ὠ ­ ĕìĔøô ïìüøĄìîìùðìô íôùú, øį. 
Íìüúô íôùú íú m öúùýþüÿöýôċĕúô ôĕúþìîĒ (m Ó 1) þì÷ìĀúþô āúýô ïìüøôô 

þüìùýøôýýôúùĒ qtr ìó üĘô Āúüøÿ÷ì ĕôýúí öìüðì øñĄìîìð: 

ή
В

ὃ
ὃ Ͻ Ўὸ Ͻ ᾀ  Ͻςτ

ὠ
 

ðìü ôù Ĕú: ὃ - øìõðúùô i-ÿø öúùýþüÿöýôċ îì øÿėúîôøìþô úù íì ïÿóìüôĄô ïìüøĒ;  
ȹt - Āìüėôċþô ĕìüúüìþô ðúāô÷Ē îì íñüÿùĒ; 

 ᾀ  - ðìîüìô ïìüøôðôĕĒ;  

ὠ - ĕôýìô ĕìĔøô ïìüøĄìîìùðìô íôùú. 
Íìüúô ĕôýúíĕúô ìøì÷Ē, íìüúô øÿìõċù öìüðìùô þì÷ìĀúþô ÿøÿøôô ïÿóìüôĄô ïìüøĒ 

þìîìýýÿþô öúùýþüÿöýôċô ôĕúþìîĒ ðìü ðìîüìô ïìüøôðôĕĒ ôýþôĀúðìô Āúüøÿ÷ìô óñüôù 
øÿîúĀôė ìýþ: 

ὗ  Ͻ Ўὸ Ͻ ᾀ  Ͻςτ (2) 

ðìü ôù Ĕú; A - øìýúĕìþô öúùýþüÿöýôċô ôĕúþìîĒ (ðñîúü, íú÷úûĘĄ, ĀìüĄ, þôüñóì îì Ď.), øĮ;  
R - øÿėúîôøìþ íì ïÿóìüôĄô ïìüøĒ, øĮ¼¸Ý/Îþ; 

ᾀ  - ðìîúøùúöôô ðìîüìô ïìüøôðôĕĒ, ĄìíúùìüĘó. 

1. ßýÿ÷ô ûñĄùôĕúðĄÿðì ôøöúù øñðôĕìð, öô þìĆýôüô øôùþìėìĕúô öìùúüĒ (öÿùĔĒ) 
íì þì÷ìĀúþô ïìüøôô öúùýþüÿöýôċĕúô ôĕúþìîôô íôùú íì ùìóìü ïôüôĀþì Ąìîìð. Íìü āô÷úĀô 
ÿýÿ÷ĕúñ, öô íì ìüóČíôô ôùþñïüì÷ôô āúýôċþĕúô ïìüøôøÿĕúĀôóìþĒ íñ Ĕÿðú öìüðìùô ÿùýÿüĕúô 
ì÷úĕôðì ìýúý ČĀþììýþ, ôù üìîôĄ ôøöúù øñðôĕìð þì÷ìĀúþô ïìüøôô ĕìü ċö öúùýþüÿöýôċ 
ì÷úĕôðì ĕôýúí öìüðì Ąÿðì, ýìĕøô ĕìü ċö øôùþìėìô öìùúüĒ ðìü þì÷ìĀúþô ÿøÿøĒ øÿìõċù 
öìüðì Ąìîìð [20,ý.283-290; 13,ý.122-126]. 

Þì÷ìĀúþô āúýô ïìüøĒ þìîìýýÿþô îñùþô÷ċþýôċ îì ôùĀô÷þüìþýôċô ĕìîú ή  ìó üĘô 
Āúüøÿ÷ìô óñüôù ĕôýúí öìüðì øñĄìîìùð: 

ή= 0,33 Ͻ ό Ͻ Ўὸ †Ͻ ᾀ  
ðìü ôù Ĕú; ό  ­ íôýČüóôùìïôô øÿíúðô÷ìô ĕìîú (ăĭ);  

ȹt ­ Āìüėô íìõùô ĕìüúüìþô ðúāô÷Ē îì íñüÿùĒ (¸Ý); 

ᾀ  ­ðìîúøùúöôô ðìîüìô ïìüøôðôĕĒ (ĄìíúùìüĘó). 
Çôýúíöÿùôô þì÷ìĀúþô āúýô ïìüøĒ íìüúô ċö øñþüô øÿüìííìĆ (Îþ/øĮ) ή  ìó üĘô 

Āúüøÿ÷ìô óñüôù ĕôýúí öìüðì øñĄìîìùð: 

ή  = 
В ȢϽ  Ͻ 

 

ðìü ôù Ĕú: ή Ȣ ­ ėÿîîìô øôČùìô ïìüøôô ċö øìùíìô ïìüøôô ðúāô÷Ē; 

öÎþ; ὔ  ­ Ąÿøúüìô øìùíìĆĕúô ùìîĆô k; 

Ὧ ­ öúĉĀĀôþýôñùþô ôýþôĀúðìô ĉùñüïôċô ïìüøĒ;  
ὠ ­ ĕìĔøô þìĆøôùô ïìüøôô íôùú, øį. 

Þì÷ìĀúþ Č îúüôðĄìîôô āúýô ïìüøĒ ìó ĄÿĆ÷ììĀöìùôô úĀþúí ή  ĕìøăÿù øìĔøÿô 
ĉùñüïôċô ïìüøôñ ĕôýúí öìüðì øñĄìîìùð, öô ĕìü ċö öúùýþüÿöýôċô ôĕúþìîĒ íú 
ðìüùìóìüðúĄþô øìýúĕìþô ýìþĕ îì öúĉĀĀôþýôñùþô ôýþôĀúðìô ïìüøôô úĀþúíüú ėìíÿ÷ 
øñöÿùìð îì úù íì ĕìĔøô þìĆøôùô ïìüøôô íôùú ùôýíìþ ðúðì øñĄìîìð. 
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ή= 
В Ͻ  Ͻ  

 

ðìü ôù Ĕú; Ὃ ­ ĄÿĆ÷ìûúĄôô ĉùñüïôċô úĀþúíĒ íì ýìþĕô öúùýþüÿöýôċô i-ÿø; 

Ὂ ­ øìýúĕìþô ĕìøôù ýìþĕ;  

Ὧ ­ öúĉĀĀôþýôñùþô ôýþôĀúðìô ïìüøôô úĀþúí;  

ὠ ­ ĕìĔø íú þìĆøôùô ïìüøôô íôùú. 
Ðìü ìýúýô øìĆ÷ÿøúþô íôýČüýú÷ìô ôė÷ôøĒ úôð íì ĄÿĆ÷ììĀöìùôô ÿøÿøôô úĀþúíĒ ðìü 

Ąìüúôþô øôČùìô ìíüùúöĒ, íú ôýþôĀúðì ìó ÿýÿ÷ô öîìðüìþĕúô āÿüðþìüôù îì þìĔüôíìĕúô 
ùôĕúôô àÿüñ, ùìþôĔìĕúñ íì ðìýþ úîìüðì Ąÿðììùð, öô ôøöúù øñðôĕìùð îúüôðĄìîôô ïìüøôô 
ĉùñüïôċô úĀþúí íìüúô ðìîúøùúöôô ïÿùúïÿùô ðìîüìô ïìüøôðôĕĒ ìüóČíĒ öìüðì Ąìîìð. 

ÝìüĀô āúýô ĉùñüïôċô ïìüøĒ íìüúô þìĆøôùúþô úíô ïìüøô íôùú qhw ìó üĘô Āúüøÿ÷ìô 
óñüôù øÿìõċù öìüðì øñĄìîìð: 

ή  = 
  Ͻ  Ͻ   

 

ðìü ôù Ĕú; Ὧ   Ò 1 ¬ öúĉĀĀôþýôñùþô ôýþôĀúðìô íúüôĄô ĕôýúíôô úíô ïìüø;  
cw, ɟw ¬ øÿþìùúýôíìù þìüìĀô āúýô ïìüøĒ îì óôăôô úí;  

ή   ¬ øñĆČüô ôýþñĆøú÷ô úíô ïìüø ðìü ĄìíúùìüĘóô øôČùì;  

ὔ  ¬ Ąÿøúüìô ôýþñĆøú÷öÿùìùðìïúùô úíô ïìüø; 

ὸ , ὸ  ¬ øÿþìùúýôíìù ĕìüúüìþô úíô ïìüø îì ýìüð ðìü ðìîüìô ïìüøôðôĕĒ. 

Íìüúô øÿìõċù ùìøÿðìùô ýìüĀô āúýô ĉùñüïôċô íìüė ή̆ ìó üĘô Āúüøÿ÷ìô óñüôù 
ôýþôĀúðì øñĄìîìùð:  

ή̆ = 
̔̍̔̍̉

 

ðìü ôù Ĕú: ▲̆ ­ ýìüĀô āúýô ĉùñüïôċô íìüė, ØÆ/(øį¼ýú÷); 

╠̔ ̍̔̍̉ ­ ôýþñĆøú÷ô ýú÷úùìô ÿøÿøôô ĉùñüïôċô íìüėôô íôùú, ØÆ; 

ἤ▐ ­ĕìĔøô þìĆøôùô ïìüøĒ Č ôýþôĀúðìĄìîìùðìô íôùú, øį. 
ßýÿ÷ô ĕôýúí öìüðìùô ùôĄúùðôĕìùðìĕúô ĉùñüïñþôöĒ ðìü íìüùúøìô öúøûĊþñüĒ 

µäôùúýùúøìô ĉùñüïñþôöôô íôùú½ ìøì÷Ē Ąÿðììýþ. Ôù íìüùúøì ôøöúù øñðôĕìð, öô ýìüĀô 
ĉùñüïôċ íìüúô ôýþôĀúðìô íôùú ðìü ðìîüìô ïìüøôðôĕĒ ìüóČíĒ öìüðì Ąìîìð, ìó Ĕÿø÷ì íìüúô 
ïìüøôðôĕĒ, þìĆøôùúþô úíô ïìüø îì þìĆøôùúþô íìüė (üìýø. 1). 

Çìùïúøô ýìüĀô ĉùñüïôċ íìüúô ïìüøôðôĕĒ íì ùìóìü øñïôüìùð: 

½ þì÷ìĀúþô ïìüøĒ þìîìýýÿþô öúùýþüÿöýôċô ôĕúþìîôô íôùú íú Ĕÿðú öìüðìùô 
øôùþìėìĕúô öìùúüĒ; 

½ þì÷ìĀúþ ìó îñùþô÷ċþýôċ îì ôùĀô÷þüìþýôċô ĕìîú; 

½ îúüôðĄìîôô ïìüøôô ðúāô÷ôô øìôĄĒ; 

½ îúüôðĄìîôô ïìüøĒ ìó ĄÿĆ÷ììĀöìùôô úĀþúí. 
ÌĀóì÷ôċþĕúô ìýúýôô íìüùúøì: 

½ ôøöúùôċþô ìüóČíôô ĉùñüïúýìøìüìùúöôô íôùú ðìü øìüĕô÷ìô ÷úôĕìöìĄĒ; 

½ íì ùìóìü ïôüôĀþìùô ĕìøìô ĔÿóĆĕúô ôýþñĆøú÷ô ĉùñüïôċ ðìü ðìîüìô ïìüøôðôĕĒ; 

½ ĕôýúí öìüðìùô ýúāþúüô þì÷ìĀúþô ôùþôėú÷Ąìîìùðìô ïìüøô þìîìýýÿþô 
øôùþìėìĕúô öìùúüôô (öÿùĔĕúô öúùýþüÿöýôċô ôĕúþìîĒ) öúùýþüÿöýôċĕúô ôĕúþìîĒ; 

½ ôùþñüĀñõýô öúüíìüíìüúĕìþ, ìøì÷Ē Ąÿðì ðìü Delphi; 

½ ùôïúĕðúüĒ îì ĔìøĆúîìüôô øìĆ÷ÿøúþ ðìü ûúõïúĕô ðúðìĕú; 

½ ùìþôĔìïôüĒ îì ûñĄùôĕúðô øìĆ÷ÿøúþ íì Ąìö÷ô øÿîúĀôė íìüúô öúüíìü. 
ÙìþôĔìĕú. ÞìĆýôüô ėìüúüĕúô öúùýþüÿöþôîĒ íì öúĕôĄ ðúðìùô ôýþñĆøú÷ô ĉùñüïôċ. Ðìü 

ìýúýô ÿýÿ÷ô ûñĄùôĕúðĄÿðì ìüóČíôô øôėðúüĒ úôð íì þìĆýôüô øôùþìėìĕúô öìùúüôô 
öúùýþüÿöýôċĕúô ôĕúþìîĒ íì þì÷ìĀúþô ïìüøĒ îì ôýþñĆøú÷ô ĉùñüïôċ ðìü íôùú ìùĔúø ðúðì 
Ąÿð [14,ý.122-127; 3,ý.2-6; 12,ý.140-144]. 

ÍìüüìýĒ øñĄìîìð ċö íôùúô ôýþôėúøìþôô ýñúĄČùìô íôýČüāúùì, öô ðìü ùìėĄì Ąìö÷ô 
üúýþöÿùĔì ðúüìð îì ìùðúóìĕúô úù 14Ĭ12 ø øñíúĄìùð. ÚíĆñöþô ýúāþøúùĒ ðìü Ąìüúôþô 
ôė÷ôøôô Ąìĕüìöô ÜìĄþ ûñĄùôĕúð ïìĄþììýþ. 

Íôùú þôíėô ýāñøìô öúùýþüÿöýôċô ýôùĔô íú ôýþôĀúðì ìó ýôùĔôô øúùú÷ôþôô íñþúùôô 
úĕìùôù ÷úôĕì Ąÿðììýþ. Öúùýþüÿöýôċĕúô íñüÿùôô ôĕúþìöÿùìùðì ìó āôĄþô ûÿāþì íÿðì, 
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ðúüúô ýúāþúüô ýñėìíìþì øñíúĄìð, öô ėìíìþô ĉùñüïúýìøìüìùúöôô ïìüøôøÿĕúĀôóĒ ðúüìùð; 
ðñîúüĕú ėìíìþ íì ėìíìþ íì úĄČùìĕú þìöċ øñöÿùìùð. 

 
Üìýø 1. Ýāñøìô ûüôùýôûôì÷ôô í÷úö íìüúô ì÷ïúüôþøô ĕôýúí öìüðìùô ùôĄúùðôĕìùðìĕúô 

ĉùñüïñþôöĒ ðìü íìüùúøìô öúøûĊþñüôô µéÙÛÌÝ½ 
Figure 1. Schematic diagram of the block diagram for the algorithm for calculating energy 

indicators in the computer program "ENPAS" 

 
Öúùýþüÿöýôċĕúô üĘĄùúôðúü íú āúùìĕúô üìîĄìù îì ðìüĕúô ðìĕ÷ñóô íú ĄôĄìûìöñþĕúô 

ðÿöìøñüĒ ðìü ăìĕúüăĘíìĕúô ăĘíĒ ùìøúôĄ ðúðì Ąÿðììùð. Éìíìþĕú, ĄôĀþĕúô øìùóô÷ô ïìüø 
îì ĄôĀþĕúô íú÷úô óìøôùĕúô þñāùôöĒ íú øìýú÷ñĕô øÿúýôüô ïìüøôøÿĕúĀôóĒ øÿĔìĕĕìóúùôðì 
Ąÿðììùð. 

Íôùú íú ýôýþñøìĕúô øÿĕìùðôýôô íôùú, ýôýþñøìô ïìüøôþìĆøôùöÿùôô ìîþúùúøĒ îì 
ýôýþñøìô îñùþô÷ċþýôċô þìíôĒ ûñĄíôùĒ öìüðì Ąÿðììýþ. 

ÙìėĄô ėìüúüĕúô öúùýþüÿöþôîĒ ðìü þìĆøôùô ïìüøôøÿĕúĀôóĒ. 
ÙôĄúùðúðĕú íìüúô ĕôýúí. 

1. ØìĆ÷ÿøúþô ôíþôðúĒ; t int= 20 0C, tht = -6 0C, zht = 147 ýÿþ/ïúð, ὠ = 2016 ø3, ὺ= 
0,4 ă-1, qint = 2,3 ØÆ/ø3¼ïúð, qs = 1,6 ØÆ/ø3¼ïúð, qhwo = 115, ÷/üĘó¼ñð, Nhw = N e = 140, qeo = 1,0 , 
öÎþ/ñð. = 0,0036 ÏÆ. kR = kven = khw = 1, ke = 0,75  

2. Ðìîúøùúöôô ðìîüìô ïìüøôðôĕĒ; zht = 147 Ͻ 24 = 3528, ýúìþ. Ўt = 20 - ( -6,1) = 
26,10C 

3. Þì÷ìĀúþô ïìüøĒ þìîìýýÿþô îñùþô÷ċþýôċ; Qven = 0,335 Ͻvven Vh Ͻ Ў t Ͻzht 

4. Qven = 0,335 Ͻ 0,4 Ͻ 1450 Ͻ26,1 Ͻ3528. Qven= 17,9 ØÎþ¼ýúìþ ïÿóìüôĄ íì ÏÆ: 17,9 Ͻ 
3,6 = 64,4 ÏÆ/ýú÷ 

5. ÎúüôðĄìîôô ïìüøĒ ìó ðúāô÷ îì ĄÿĆ÷ììĀöìùôô (üìðôìþýôċ) úĀþúí. Qint = 2,3 Ͻ 
1450 = 3335, ØÆ = 3,34 ÏÆ. Qs = 1,6 Ͻ 1450 = 2320, ØÆ = 2,32 ÏÆ. Qgain = 3,34 + 2,32 = 5,66 , 
ÏÆ/ýú÷ 
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6. Ùôüÿô óìüÿüôô ïìüøĒ íìüúô ïìüøôðôĕĒ. Qheat = 37,368 ÏÆ/ ýú÷ å37,4ÏÆ/ýú÷ 
ÞìĆøôùô úíô ïìüø (ÞÚÏ) 

7. ÔýþñĆøú÷ô ýú÷úùìô úí: Vw = 115 Ͻ140 Ͻρτχ ̑̔ ̈= 2362650 ÷/ýú÷ Č 2363 øį/ýú÷ = 
494 ÏÆ/ýú÷ 

8. ÏìüøĒ íìüúô ïìüøöÿùĒ (ȹt å 50̧ Ý):  Qhw = 2363 ø3 Ͻτȟρψφ
˙˹

̌
 Ͻ 50. Qhw 494 ÏÆ 

/ ýú÷ ôù íì 15,7 öÎþ¼ă íìüúíìü ìýþ 
éùñüïôċô íìüė 

9. Éÿîîìô ùìýíĄÿðì: P = 1,0 Ͻ 140 = 140, öÎþ 

10. Íú ðìüùìóìüðúĄþô öúĉĀĀôþýôñùþô ôýþôĀúðì: Peff = 140 Ͻ 0,75 = 105 öÎþ 

11. ÔýþñĆøú÷ô ýú÷úùì (ðìü ðìîüìô ïìüøôðôĕĒ): Qe = 105 Ͻ 3528 = 370,440, 
öÎþ/ýúìþ 

12. Ðìü ÏÆ: 370,4 Ͻ 3,6 = 1333,6 ÏÆ/ýú÷ 
13. ÝìüĀô ýú÷úùìô ÿøÿøôô ĉùñüïôċ 

 
Æìðîì÷ô 1. Ùìøÿð îì øìýüìĀô ýôýþñøìĕú 
Table 1. Types and consumption of systems 

Ýôýþñøì ÏÆ/ýú÷ 

ÏìüøôðôĕĒ 58,7 
ÞÚÏ (þìĆøôùô úíô ïìüø) 494 

éùñüïôċô íìüė 1333 

 
Ûìýþ öìüðìùô ĕìüúüìþô øôČùìô ðìîüìô ïìüøôðôĕĒ ìó ī4,4¸Ý þú ī6,1¸Ý ùôČóô 

ïìüøôðôĕôüú ìĀóÿù ùìøÿð: 54,8 ÏÆ 

½ ïìüðôð: 58,7 ÏÆ 

½ ìĀóÿð å +7% 
Ýìĕøô íôýČüô ôýþñĆøú÷ô ĉùñüïôċ ĕìøúùú íì þìĆøôùúþô úíô ïìüø (ÞÚÏ) îì ĉùñüïôċô 

íìüė üúýþ øñúċð. Ìó ôù ÷ôĕúó, øñþìîúùñø ô÷úîìþìù ĕôýúí ùìøúñø: ýìüĀô āúýô ĉùñüïôċ 
(öÎþ¼ýúìþ/øį¼ýú÷); ðìüìĔìô ĄìíúùìüĘóôô ĕìüúüìþ ðìü ðìîüìô ïìüøôðôĕĒ; ýôùĀô 
ýìøìüìùúöôô ĉùñüïñþôöôô íôùú. 

Çôýúíüú íú ĕìøúù ÿýÿ÷ (þìîúóÿùô ýú÷úùìô ïìüøĒ) ôĔüú øñöÿùñø. 
Íì þìîüô ĄìüþĒ ėìíìþô ôĕúþìöÿùìùðìô íôùúüú íì öúùýþüÿöýôċĕúô ôĕúþìöÿùìùðì Ĕÿðú 

øñöÿùñø (m = 6): 

½ ðñîúüĕúô íñüÿùĒ ( A1 = 144 øĮ, Rh1 con = 1,06 øĮ¼¸Ý/Îþ)  

½ ĕúùìĕú îì ðìüĕúô íì÷öúù ( A2 = 8 øĮ, Rh2 con = 0,58 øĮ¼¸Ý/Îþ)  

½ ðìüĕúô îúüôðĄìîĒ ( A3 = 4,5 øĮ, Rh3 con = 0,25 øĮ¼¸Ý/Îþ)  

½ íú÷úûĘĄô ċöĔúċĄÿðì ( A4 = 5,2 øĮ, Rh4 con = 1,22 øĮ¼¸Ý/Îþ)  

½ ĄôĀþĕúô øìùóô÷ô ïìüø / ĄôĀþĕúô íú÷úô ăñüðìöô ïìüø 
ÍìüüìýĒ íú ýñ îìüôìùþ ĕôýúí öìüðìùô þì÷ìĀúþô ïìüøĒ þìîìýýÿþô øôùþìėìĕúô öìùúüĒ: 

Îìüôìùþô 0 (ìýúýĒ) ¬ íñ ðìüùìóìüðúĄþô øôùþìėìĕúô öìùúüĒ; Îìüôìùþĕúô 1 îì 2 ¬ íú ĕì÷÷ô 
öúùýþüÿöþôîôô ïÿùúïÿù íìüúô øôùþìėìĕúô öìùúüĒ. 

Øôùþìėìĕúô öìùúüĒ ðìü ðñîúüĕúô íñüÿùĒ Ĕÿðú öìüðì Ąÿðììùð (ïÿüĘĕĕú, ûìõîìýþĕú íì 
ðñîúüĕúô ðúāô÷Ē îì ĄôĀþĕú, ûìüðìô þôüñóìĕú, ðúāô÷ô ïìüøôô ôùþôėú÷ðôĕìùðì) îì ðìü 
í÷úöĕúô þôüñóì (ûìõîìýþĄìîôô ĄôĄìûìöñþ íú ĔÿóĆô þôüñóì îì ăìĕúüăĘíìô úù íú ðñîúüô 
íñüÿùĒ) [15,ý.194; 10,ý.224-231; 19,ý.109-118]. 

Îìüôìùþô 1 ûñĄíôùĒ øñöÿùìð: 

½ ĕìùïúøô ùìíÿðìùô ėìíìþô ïìüøôøÿĕúĀôóĒ, îúüôðĄìîĒ ðìü öÿùĔĕú îì 
ûìõîìýþĕú; 

½ øìîĔÿðôċþô ðúāô÷ô ýìāþô ïìüøĒ; 

½ ăìĕúüăĘíìô þôüñóìô þìùï. 
Íì îìüôìùþô 2 ðúāô÷ øñĄìîìð: 

½ ĕìùïúøô îúüôðĄìîôô ėìíìþô ïìüøôøÿĕúĀôóĒ ðìü öÿùĔĕú îì ûìõîìýþĕú; 

½ öúùùñöþúüĕúô û÷ìýþôöôô öìøïÿóìüôĄô ïìüøĒ; 

½ ăìĕúüăĘíìô þôüñóìô îìýñĆ. 
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Íìüúô ĕìøìô îìüôìùþĕú ĕì÷÷ô öúùýþüÿöþôîôô øôùþìėìĕúô öìùúüôô ĄôĀþĕú îì 
íú÷úûĘĄĕú øÿîúĀôėô øìĆ÷ÿøúþô ÷úôĕì øñíúĄìð. 

Þì÷ìĀúþô ïìüøôô ô÷úîìïĒ ɣij - ìó üĘô ÿýÿ÷ô óôöüĄÿðì ûñĄþìü ĕôýúí öìüðì Ąÿðììùð îì 
ùìþôĔìĕú ðìü Ĕìðîì÷ĕúô 1 îì 2 ûñĄùôĕúð Ąÿðììùð. 

Ðìü Ĕìðîì÷ô 1 øôýú÷ô þìüþôíô íìüúô þì÷ìĀúþô ïìüøôô ô÷úîìïôô āúýô øôùþìėìĕúô 
öÿùĔô íìüúô îìüôìùþô 1 úîìüðì Ąÿðììýþ. Éôøìþĕúô ɣ îì L ìó íôùúô þìĕ÷ô÷ ïìĄþì, 
ûñĄùôĕúð öìüðì Ąÿðììýþ. 

 
Æìðîì÷ô 2. Þì÷ìĀúþô ïìüøôô ô÷úîìïĒ āúýô øôùþìėìĕúô öìùúüĒ 

Table 2. Additional heat losses typical of peripheral areas 

Ĝ 
Öúùýþüÿöýôċĕú
ô ôĕúþìîĒ 

øôùþìėì 
ðìüúóĒ 
L, ø 

ɣ, 
Îþ/(ø¼¸Ý) 

ÖúĉĀôþýôñùþĕúô 
ô÷úîìïĒ, Îþ/¸Ý 

1 Ðñîúüô íñüÿùì ÖÿùĔ 12 0,20 2,4 

2 Ðñîúüô íñüÿùì 
ÛìõîìýþĄìîĒ íú ðñîúüĕúô 

ðúāô÷Ē 
20 0,20 4,0 

3 Ðñîúüô íñüÿùì ÛìõîìýþĄìîĒ íì ĄôĀþĕú 48 0,25 12,0 

4 Ðñîúüô íñüÿùì 
Ûìüðìô þôüñóìĕú / 
Öìùúüĕúô þôüñóì 

16 0,08 1,28 

5 Ðñîúüô íñüÿùì 

ÉìĀìýô ýìāþĒ (ėìþüúùĕúô 
ýìāþ) ðìü āôĄþăôùĒ / 

ėìîýĕúô øÿýþìĕöìøöÿùìùðì 
ðìü āôĄþăôùĒ 

10 0,15 1,5 

6 Þôüñóìô þìĕ÷ñó 
ÛìõîìýþĄìîôô ĄôĄìûìöñþ 
íú ĔÿóĆô þôüñóì (ýþîúüöì) 

8 0,05 0,4 

7 Þôüñóìô þìĕ÷ñó ãìĕúüăĘíìô þÿùÿöô þôüñóì 8 0,06 0,48 
ßøÿøĒ ¬ ¬ 122 ¬ 21,96 Îþ/¸Ý 
äìüĕ / Þìîóñĕ: L  ­ðìüúóôô ÿøÿøôô ĕìü ċö øôùþìėìô öìùúüĒ. ɣ ­ öúĉĀĀôþýôñùþô āìþþô ïÿóìüôĄô ïìüøĒ, öô 
µûÿ÷ô ýìüð½ (µøúýþôö āú÷úðì½) - üú ùôĄúù øñðôĕìð. Þì÷ìĀúþô ïìüøôô ô÷úîìïĒ = ɣ Ĭ L, Îþ/¸Ý. 

 

Þì÷ìĀúþô ïìüøôô ô÷úîìïôô ýú÷úùì þìîìýýÿþô ôù øôùþìėìĕúô öìùúüĒ ìó üĘô Āúüøÿ÷ìô 
óñüôù ĕôýúí öìüðì øñĄìîìùð: 

ὗ  = В ὒ  Ͻ ЎὸϽᾀ  ϽςτϽρπ ÏÐò 
 

Æìðîì÷ô 3. Øÿìõċù öìüðìùô þì÷ìĀúþô āúýô þüìùýøôýýôúùĒ 
Table 3. Determination of specific transmission losses 

Ĝ 
Öúùýþÿöýôċô 
ôĕúþìîĒ 

Øôùþìėì 
ÐìüúóĒ L, 
ø 

ɣ, Îþ/(ø¼¸Ý) 
ÖúĉĀôþýôñùþĕúô 
ô÷úîìïĒ, Îþ/¸Ý 

1 Ðñîúüô íñüÿùì öÿùĔĕú 12 0,08 0,96 

2 Ðñîúüô íñüÿùì 
ÛìõîìýþĄìîĒ íì 
ðñîúüĕúô ðúāô÷Ē 

20 0,08 1,6 

3 Ðñîúüô íñüÿùì 
ÛìõîìýþĄìîĒ íì 
ĄôĀþĕú 

48 0,10 4,8 

4 Ðñîúüô íñüÿùì 
Öìùúüĕúô þôüñóì / 
ûìüðìô þôüñóì 

16 0,03 0,48 

5 Ðñîúüô íñüÿùì 

Éìîýĕúô 
øÿýþìĕöìøöÿùìùðìô 

āôĄþăôùĒ 
(öúùùñöþúüĕúô 
û÷ìýþôöĒ) 

10 0,05 0,5 

6 Þôüñóìô þìĕ÷ñó 
ÛìõîìýþĄìîôô 

ĄôĄìûìöñþ íú ĔÿóĆô 
þôüñóì (þôüñóìăì) 

8 0,02 0,16 

7 Þôüñóìô þìĕ÷ñó 
ãìĕúüăĘíìô îìýñô 

þôüñóì 
8 0,03 0,24 

Ðìü 
ÿøÿø 

¬ ¬ 122 ¬ 8,74 Îþ/¸Ý 

äìüĕ / Þìîóñĕ: Ðìü îìüôìùþô 2 öúĉĀĀôþýôñùþĕúô āìþþô ïÿóìüôĄô ïìüøĒ (ɣ) íì þìîüô ùìóìüüìý öìøþìüìùð, öô 
ôù íì øôùþìėìĕúô ôóú÷ċþýôċĄÿðì îì ÿùýÿüĕúô öìøïÿóìüôĄô ïìüøĒ îúíìýþì ìýþ. 
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Ðìü óñü øôýú÷ô þìüþôíô Ĕìðîì÷ 2 íìüúô þì÷ìĀúþô ïìüøôô ô÷úîìïĒ āúýô øôùþìėìĕúô 
öìùúüĒ íìüúô îìüôìùþô 2 íú þìöøô÷ĕúô öúùýþüÿöþôîĒ (îúüôðĄìîôô ôóú÷ċþýôċô ïìüøĒ, 
öúùùñöþúüĕúô û÷ìýþôöĒ, ăìĕúüăĘíìô îìýñô þôüñóì) úîìüðì Ąÿðììýþ. Éôøìþĕúô ɣ ùôýíìþ íì 
îìüôìùþô 1 öìø öìüðì Ąÿðììùð. 

Þì÷ìĀúþô ïìüøôô ô÷úîìïôô ýú÷úùì þìîìýýÿþô øôùþìėìĕúô öìùúüĒ ìó üĘô Āúüøÿ÷ìô 
óñüôù ĕôýúí öìüðì øñĄìîìùð: 

ὗ  = В ὒ  Ͻ ЎὸϽᾀ  ϽςτϽρπ  0,74 ¬ 0,90 ÏÆ 
Ôù þìėüôíìù 4¬5% ìĀóúôĄ íì þì÷ìĀúþô ïìüøôô ìýúýĒ (îìüôìùþô 0) øñíúĄìð. 
ØìĆ÷ÿøúþô Ĕìðîì÷ô 3 íìüúô øÿìõċù öìüðìùô þì÷ìĀúþô āúýô þüìùýøôýýôúùĒ 

þìîìýýÿþô ėìíìþô ôĕúþìöÿùìùðìô íôùú ôýþôĀúðì Ąÿðììùð. 
ÙìþôĔìĕúô ĕôýúí ùôĄúùðôĕìùðìĕúô āúýô ĉùñüïñþôöôô íôùú ðìü ðìîüìô ïìüøôðôĕĒ 

ðìü Ĕìðîì÷ô 4 øÿìüüôĀĒ Ąÿðììùð. 
 
Æìðîì÷ 4. ÙôĄúùðôĕìùðìĕúô āúýô ĉùñüïñþôöôô íôùú ðìü ðìîüìô ïìüøôðôĕĒ 

Table 4. Typical energy performance indicators of the building during the heating period 

Îìüôìùþ 
Þì÷ìĀúþô 

þüìùýøôýýôúùĒ 
Qtr, ÏÆ 

Þì÷ìĀúþô 
ô÷úîìïĒ Qɣ, 
ÏÆ 

Þì÷ìĀúþô ÿøÿøôô 
þüìùýøôýýôúùĒ 

Qenv, ÏÆ 

Þì÷ìĀúþô 
ïìüøôô āúý qenv, 
ØÆ/(øį¼ýú÷) 

0 (ìýúýĒ) 15,77 ¬ 15,77 10,87 
1(íñ îúüôðĄìîôô 
ôóú÷ċþýôċô 
ïìüøĒ) 

15,77 1,76 17,53 12,08 

2 (íú 
îúüôðĄìîôô 
ôóú÷ċþýôċô 
ïìüøĒ) 

15,77 0,87 16,64 11,47 

äìüĕ íì Ĕìðîì÷: 1. Qtr - þì÷ìĀúþ þìîìýýÿþô ÿùýÿüĕúô û÷úýĒ-ô ėìíìþô ôĕúþìöÿùìùðì (ðñîúüĕú, āúùìĕú, 
ĄôĀþĕú). 2. Qɣ - þì÷ìĀúþô ô÷úîìïĒ þìîìýýÿþô øôùþìėìĕúô öìùúüĒ (öÿùĔĕú, ûìõîìýþĕú, öìùúüĕúô þôüñóì). 3. 

Qenv = Qtr + Qɣ - þì÷ìĀúþô ÿøÿøôô þüìùýøôýýôúùĒ. 4. qenv = Qenv /Vh - þì÷ìĀúþô ïìüøôô āúýô ïìüøôðôĕĒ, 

ØÆ/(øį¼ýú÷), öô ðìü úù Vh=1450ø3 Vh = 1450 øį Vh=1450ø3 øñíúĄìð. 
 

Þìĕ÷ô÷ô øìĆ÷ÿøúþô íì ðìýþ úøìðì ùôĄúù øñðôĕìð, öô ðúāô÷ öìüðìùô øôùþìėìĕúô 
öìùúüĒ íìü ìýúýô îìüôìùþô 1 íúôýô ìĀóúôĄô þì÷ìĀúþô þüìùýøôýýôúùĒ þìîìýýÿþô ėìíìþô 
ôĕúþìöÿùìùðìô íôùú þú 37% øñïìüðìð (ùôïìüñð íì üìýø 2). Ðìü ĕìøôù ĕú÷, ôýþñĆøú÷ô 
ĉùñüïôċô ïìüøĒ íìüúô ïìüøôðôĕĒ 32% ìĀóúôĄ øñČíìð îì ôýþñĆøú÷ô ÿøÿøôô ĉùñüïôċô 
ïìüøĒ îì íìüė 13% óôČð øñĄìîìð. 

Çìøôù þìüôė, üñĔìô ĕìüúüìþĒ îì ùìøùúöĒ ðìü øôùþìėìĕúô öìùúüôô öúùýþüÿöýôċĕúô 
ôĕúþìöÿùìùðì þìĆýôüô ùìóìüüìý íì ĉùñüïúýìøìüìùúöôô ÿøÿøôô íôùú ðúüìð. Ôù ùôĄúù 
øñðôĕìð, öô øôùþìėìĕúô öÿùĔĒ (öìùúüĒ) íúċð ĕìùïúøô ÷úôĕìöìĄĒ îì ĕôýúíúþĕú íì ùìóìü 
ïôüôĀþì Ąìîìùð, þú ìüóČíôô ðÿüÿýþô ôýþñĆøú÷ô ĉùñüïôċ þìĆøôù ïìüðôðì, íñĕýúóôô 
ôýþñĆøú÷ô üñĔìô ïìüøôô ĕÿĔüìĕú ùôĄúù ðúðì Ąìîìð [2,ý.7-9; 15,ý.194; 21,ý.283-285]. 

Ì ¬ þì÷ìĀúþô ïìüøĒ þìîìýýÿþô ėìíìþô ôĕúþìöÿùìùðì: ùôĄúù øñðôĕìð ĕôýýìô þì÷ìĀúþô 
ïìüøôñ, öô íì öúùýþüÿöýôċĕúô ôĕúþìöÿùìùðì, ìó Ĕÿø÷ì øôùþìėìĕúô öìùúüĒ üúýþ øñúċð. 

Í ¬ ôýþñĆøú÷ô ĉùñüïôċô ïìüøĒ íìüúô ïìüøôðôĕôô íôùú: þìĆýôüô ìĀóúôĄô þì÷ìĀúþô 
þüìùýøôýýôúùĒ íì ïìüøôðôĕôô ĕÿĔüìĕúüú ùôĄúù øñðôĕìð. 

Î ¬ ôýþñĆøú÷ô ÿøÿøôô ĉùñüïôċô ïìüøĒ îì íìüė: þìĎõôüô ùôČóô ÿøÿøôô íôùú íì 
ĉùñüïôċüú íú ðìüùìóìüðúĄþô ïìüøôðôĕĒ, þìĆøôùúþô úíô ïìüø îì ĉùñüïôċô íìüė øÿìüüôĀĒ 
øñöÿùìð. 

éóúĕ: ðìü îìüôìùþô 1, íú ýìíìíô ùìíÿðìùô îúüôðĄìîôô ôóú÷ċþýôċô ïìüøĒ ðìü 
øôùþìėìĕúô öìùúüĒ, ĕôýýìô þì÷ìĀúþô ïìüøĒ þìîìýýÿþô ėìíìþ îì ôýþñĆøú÷ô ĉùñüïôċô ïìüøĒ 
íì÷ìùðþìü ìýþ ùôýíìþ íì îìüôìùþô 2, öô ðìü úù ûúõïúĕĕúô ôóú÷ċþýôċĄÿðì îì ÿùýÿüĕúô 
öìøïÿóìüôĄô ïìüøĒ ôýþôĀúðì Ąÿðììùð. 

áÿ÷úýì 
1. Þìĕ÷ô÷ô ùôĄúùðôĕìùðìĕúô ĉùñüïñþôöôô íôùú ùôĄúù ðúð, öô øôùþìėìĕúô 

öìùúüôô öúùýþüÿöýôċĕúô ôĕúþìöÿùìùðì þìĆýôüô ùìóìüüìý íì þì÷ìĀúþô ïìüøĒ ðúüìùð. Íì 
ùìóìü ïôüôĀþìùô øôùþìėìĕúô öìùúüĒ íñ ôóú÷ċþýôċô ïìüøĒ (îìüôìùþô 1) íúôýô ìĀóúôĄô 
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þì÷ìĀúþô þüìùýøôýýôúùĒ 37%, ôýþñĆøú÷ô ĉùñüïôċô ïìüøĒ íìüúô ïìüøôðôĕĒ 32% îì 
ôýþñĆøú÷ô ÿøÿøôô ĉùñüïôċô ïìüøĒ îì íìüė 13% øñïìüðìð. 

 
Üìýø 2. Ýúāþúüô ùôĄúùðôĕìùðìĕúô āúýô ĉùñüïñþôöôô íôùú (%) ðìü ðìîüìô ïìüøôðôĕĒ íìü 

ìýúýô îìüôìùþĕúô ĕôýúí (1 îì 2) 
Figure 2. Structure of specific energy indicators of the building (%) in the heating period based on 

calculation options (1 and 2) 

 
 
2. Þìöøô÷ ðúðìùô ĕì÷÷ô öúùýþüÿöþôîôô øôùþìėìĕúô öìùúüĒ (îìüôìùþô 2) ôøöúù 

øñðôĕìð, öô þì÷ìĀúþô ïìüøĒ þìîìýýÿþô ėìíìþ 29% öìø, ôýþñĆøú÷ô ĉùñüïôċô ïìüøĒ íìüúô 
ïìüøôðôĕĒ 25% öìø îì ôýþñĆøú÷ô ÿøÿøôô ĉùñüïôċ 10% öìø Ąìîìð. 

3. Ýìĕøô ìýúýôô ôýþñĆøú÷ô ĉùñüïôċ ðìü íôùú íì þìĆøôùúþô úíô ïìüø îì 
ĉùñüïôċô íìüė üúýþ øñúċð, îì÷ñ öìø öìüðìùô þì÷ìĀúþô ïìüøĒ þìîìýýÿþô øôùþìėìĕúô 
öìùúüĒ üìöìþ îì øìĕðÿðĄìîôô ùÿėþìĕúô ýìüðüú öúĕôĄ øñðôĕìð, öô íìüúô ùôïúĕ ðúĄþìùô 
üñòôøô øñĆČüôô ĕìüúüìþĒ îì ùìøùúöĒ øÿĕôø ìýþ. 

4. Øÿėúôýì íú ðôïìü ăúüìĕúô íì÷ìùð íìüðúĄþìùô ýìøìüìùúöôô ĉùñüïñþôöĒ 
úîìüðìĄÿðì, ðìü ÝÞÚ 17532043¬001¬2005, ùôĄúù øñðôĕìð, öô þìöøô÷ ðúðìùô øôùþìėìĕúô 
öìùúüôô öúùýþüÿöýôċĕúô ôĕúþìöÿùìùðì ôėþôðúüô íì÷ìùð íìüúô ôėþôýúðô ĉùñüïôċ ðúüìð. 

Øìėú÷ì ðìü ðúôüìô øìîóÿô ô÷øôô öìĀñðüìô þìĆøôùô ïìóÿ ïìüøĒ îì ĕìîúþúóìöÿùôô 
ÐúùôĄïúĕô þñāùôöôô ÞúĔôöôýþúù íì ùúøô ìöìðñøôö Ø.Ý. ÚýôøĒ µÞñāùú÷úïôċô íì÷ìùð 
íìüðúĄþìùô ýìøìüìùúöôô ĉùñüïñþôöôô íôùúĕú ðìü ìýúýô ôýþôĀúðìô ĉùñüïôċô úĀþúí îì 
ðñïĕúô ýĘóôĄîúüôô ýìāþ, öô ðìü ìýúýô ýĘóôĄîúüôô øìĕì÷÷Ē þìĕôċ Ąÿðììùð½, öô þôíėô 
þìüþôíô øÿėìüüìüĄÿðì íì ėìõð ïôüôĀþì Ąÿðììýþ (ûüúþúöú÷ô Ĝ3 ìó 12.10.2023), þìĕôċ 
ïìüðôðììýþ. 
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ÔÝÞÑæØÚ×Ô éÙÑÜÏÔëÔ ÍÔÙÚÇÚ 
Ðìü øìėú÷ì þìĆýôüô ėìüúüĕúô öúùýþüÿöþôîôô öúùýþüÿöýôċĕúô ôĕúþìîôô íôùúĕú íú þìĆøôùô ĕôĀóô 

ïìüøĒ îì öúĕôĄ ðúðìùô ôýþñĆøú÷ô ĉùñüïôċô íôùúĕú íú ðìüùìóìüðúĄþô üñĔìô ĕìüúüìþĒ-ùìøùúöôô 
øôùþìėìĕúô öìùúüĒ (öÿùĔĕú, ûìõîìýþĕú, ùôĄñíôĕúô þôüñóì îì Ĕúõĕúô ĕìøĄìĀìþ) íìüüìýĒ øñïìüðìð. Éìõð 
öìüðì øñĄìîìð, öô ÿýÿ÷ĕúô ìùĆìùìîôô ĕôýúíöÿùôô ĉùñüïúýìøìüìùúöôô þì÷ìĀúþô ô÷úîìïôô ïìüøôüú 
þìîìýýÿþô ðúāô÷Ąìîôĕúô āìþþô ïìüøôïÿóìüúùìùðì íì þìîüô öúĀĒ íì ĕôýúí ùìøñïôüìùð, öô ôù íúôýô öìø 
ùôĄúù ðúðìùô þì÷ìĀúþô ĕôýúíô ïìüøĒ îì þìĕüôĀ ČĀþìùô ùôĄúùðôĕìùðìĕúô ôýþñĆøú÷ô āúýô ĉùñüïôċ 
øñïìüðìð. Íìü ìýúýô ėúùÿùĕúô þñüøúĀôóôöìô ýúāþøúù, öô ìó Ĕúùôíô Íúïúý÷úîýöôõ Î.Ù., ÞìíÿùĄôöúî ê.Ì., 
Ýìîôù Î.Ö., Ýÿ÷ñõøìùúî Ì.Ì., Öúíÿ÷÷ôñî Ó. îì ðôïìü øÿĕìėėôėúù þìĕôċ Ąÿðììùð, ÿýÿ÷ íìüúô ìüóČíôô 
öúøû÷ñöýôô ùôĄúùðôĕìùðìĕúô ĉùñüïñþôöôô íôùú ðìü ðìîüìô ïìüøôðôĕĒ íú ðìüùìóìüðúĄþô ĕôýýìô 
øôùþìėìĕúô öÿùĔĒ ûñĄùôĕúð Ąÿðììýþ. Çôýúíĕú ðìü íìüùúøìô öúøûĊþñüôô µäìĕúðìþùúøìô ĉùñüïñþôöôô 
íôùú½ ìøì÷Ē ïìüðôðììýþ. Ðìü ôù íìüùúøì þì÷ìĀúþô ïìüøôñ, öô þìîìýýÿþô öúùýþüÿöýôċĕúô ôĕúþìîĒ, 
îúüôðĄìîôô ïìüøĒ, øìýüìĀô āúýô ĉùñüïôċ íìüúô ïìüøôðôĕĒ, þìĆøôùúþô úíô ïìüø îì þìĆøôùúþô íìüė øÿìõċù 
øñöÿùìð. ÌüóČíôô øôėðúüĒ íìüúô íôùúô ôýþôėúøìþôô ýñúĄČùì ðìü Ąìĕüô ÜìĄþ íú îìüôìùþĕúô ïÿùúïÿùô 
ĕì÷÷ô öúùýþüÿöþôîôô øôùþìėìĕúô öìùúüĒ ôĔüú ïìüðôð. Øÿìõċù öìüðì Ąÿð, öô ùìíÿðìùô ėìíìþĕúô 
ïìüøôøÿĕúĀôóĒ îì øìîĔÿðôċþô ðúāô÷Ąìîôĕúô ïìüøôïÿóìüúùìùðì þì÷ìĀúþô þüìùýøôýýôúùôô ïìüøôüú þú 37%, 
øìýüìĀô ĉùñüïôċô ïìüøôðôĕôüú þú 32% îì ôýþñĆøú÷ô ÿøÿøôô ĉùñüïôċüú þú 13% óôČð øñùìøúċð. ÔýþôĀúðìô 
ïôüñĕĕúô ïìüøôðôĕôĄÿðì îì ÿùýÿüĕúô öìøïìüøôïÿóìüúùìùðì þì÷ìĀúþô ô÷úîìïôüú þú 29% öúĕôĄ ðúðì, íì 
íì÷ìùð ïìüðôðìùô ĉùñüïúýìøìüìùúöôô ÿøÿøôô íôùú øÿýúôðìþ øñöÿùìð. ÙìþôĔìĕúô íìðìýþúøìðì óìüÿüìþô 
ĕìþøôô íì ĕôýúí ïôüôĀþìùô øôùþìėìĕúô öìùúüôüú ĕìùïúøô ÷úôĕìöìĄĒ îì ĕôýúíöÿùôô ĕôĀóô ïìüøĒ þìýðôė 
øñùìøúċùð. Þìöøô÷ðôĕôô ėìüúüĕúô öúùýþüÿöþôîôô öúùýþüÿöýôċĕúô ôĕúþìîĒ ĕìøăÿù ýìøþô øÿĕôøøô íì÷ìùð 
íìüðúĄþìùô ĉùñüïúýìøìüìùúöĒ îì þìĆøôùô øôöüúôė÷ôøô øñĆČüôô ðúāô÷ô íôùú ìüóČíĒ øñïìüðìð. 
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ʈʆʃʔ ʂʆʅʉʊʈʋʂʊʀɺʅʓʍ ʈɽʐɽʅʀʁ ʆɹɽʉʇɽʏɽʅʀʗ ʊɽʇʃʆɿɸʑʀʊʓ ʀ ʉʅʀɾɽʅʀʗ 

ʕʅɽʈɻʆʇʆʊʈɽɹʃɽʅʀʗ ɿɼɸʅʀʁ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ 

ʪʝʧʣʦʟʘʱʠʪʳ ʠ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʟʜʘʥʠʡ ʩ ʫʯʝʪʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʢʨʘʝʚʳʭ ʟʦʥ 

(ʫʛʣʦʚ, ʩʦʧʨʷʞʝʥʠʡ, ʦʢʦʥʥʳʭ ʦʪʢʦʩʦʚ ʠ ʧʨʠʤʳʢʘʥʠʡ). ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʫʯʠʪʳʚʘʶʪ ʜʦʙʘʚʦʯʥʳʝ ʪʝʧʣʦʧʦʪʝʨʠ ʯʝʨʝʟ ʣʠʥʝʡʥʳʝ ʪʝʧʣʦʧʨʦʚʦʜʥʳʝ 

ʚʢʣʶʯʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʥʠʞʝʥʠʶ ʨʘʩʯʝʪʥʳʭ ʪʝʧʣʦʧʦʪʝʨʴ ʠ ʠʩʢʘʞʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʫʜʝʣʴʥʦʛʦ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʦʞʝʥʠʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʧʣʦʬʠʟʠʢʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ɺ.ʅ. ɹʦʛʦʩʣʦʚʩʢʠʤ, ʖ.ɸ. 

ʊʘʙʫʥʱʠʢʦʚʳʤ, ɺ.ʂ. ʉʘʚʠʥʳʤ ʠ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʟʜʘʥʠʷ ʟʘ ʦʪʦʧʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʩ ʚʳʜʝʣʝʥʠʝʤ ʚʢʣʘʜʘ ʢʨʘʝʚʳʭ ʟʦʥ. ʈʘʩʯʝʪ ʨʝʘʣʠʟʦʚʘʥ 

ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʝ çʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʘʩʧʦʨʪ ʟʜʘʥʠʷ (ʕʅʇɸʉ)è, ʧʦʟʚʦʣʷʶʱʝʡ ʦʧʨʝʜʝʣʠʪʴ ʩʪʨʫʢʪʫʨʫ 

ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʭ ʧʦʪʝʨʴ, ʪʝʧʣʦʧʦʩʪʫʧʣʝʥʠʡ ʠ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʥʘ ʦʪʦʧʣʝʥʠʝ, ʛʦʨʷʯʝʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʠ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ. ɺʳʧʦʣʥʝʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʜʣʷ ʪʨʝʭʵʪʘʞʥʦʛʦ ʞʠʣʦʛʦ ʟʜʘʥʠʷ ʚ ʛ. ʈʘʰʪʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʚʘʨʠʘʥʪʘʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʢʨʘʝʚʳʭ ʟʦʥ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʚʩʪʘʚʦʢ ʠ 

ʥʘʣʠʯʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪ ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʝ ʪʝʧʣʦʧʦʪʝʨʠ ʯʝʨʝʟ ʦʙʦʣʦʯʢʫ ʟʜʘʥʠʷ ʜʦ 37%, 

ʨʘʩʭʦʜ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʥʘ ʦʪʦʧʣʝʥʠʝ - ʜʦ 32%, ʘ ʩʫʤʤʘʨʥʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ - ʜʦ 13%. ʇʨʠʤʝʥʝʥʠʝ 

ʫʪʝʧʣʝʥʥʳʭ ʫʟʣʦʚ ʠ ʤʘʣʦʪʝʧʣʦʧʨʦʚʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʥʠʞʘʝʪ ʜʦʙʘʚʦʯʥʳʝ ʧʦʪʝʨʠ ʥʘ 29% ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʚʳʰʝʥʠʶ ʦʙʱʝʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʜʘʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʫʯʝʪʘ ʢʨʘʝʚʳʭ ʟʦʥ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʨʘʩʯʝʪʝ ʪʝʧʣʦʟʘʱʠʪʳ. ʆʧʪʠʤʠʟʘʮʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʨʝʰʝʥʠʡ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʥʦʨʤʘʪʠʚʥʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ ʧʦʤʝʱʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʝʨʪʠʬʠʢʘʪ ʟʜʘʥʠʷ, ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʷ, 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʦʪʦʧʣʝʥʠʝ, ʪʝʧʣʦʬʠʟʠʢʘ ʟʜʘʥʠʡ. 

 

THE ROLE OF STRUCTURAL DESIGN SOLUTIONS IN ENSURING THERMAL PROTECTION AND 

REDUCING BUILDING ENERGY CONSUMPTION  

The article examines the influence of structural design solutions of building envelope systems on ensuring thermal 

protection and reducing building energy consumption, taking into account the temperature and humidity conditions of edge 

zones (corners, junctions, window reveals, and connection points). It is noted that traditional methods for calculating 

energy efficiency do not sufficiently account for additional heat losses through linear thermal bridges, which leads to an 

underestimation of calculated heat losses and distortion of specific energy consumption indicators. Based on the principles 

of building physics, a methodology for the comprehensive assessment of building energy performance during the heating 

period is proposed, with separate consideration of the contribution of edge zones. The calculations were implemented in the 

computer program ñEnergy Passport of the Building (ENPAS),ò which makes it possible to determine the structure of 

transmission heat losses, heat gains, and specific energy consumption for heating, domestic hot water supply, and 

electricity use. A quantitative assessment was carried out for a three-story residential building in the city of Rasht under 

different structural design options for edge zones. It was established that the absence of thermal insulation inserts and the 

presence of thermally conductive inclusions increase transmission heat losses through the building envelope by up to 37%, 

heating energy consumption by up to 32%, and total energy consumption by up to 13%. The use of insulated joints and 

low-conductivity elements reduces additional losses by up to 29% and contributes to improving the overall energy 

efficiency of the building. The obtained results confirm the necessity of mandatory consideration of edge zones in the 

design and calculation of thermal protection. Optimization of structural solutions for building envelopes is regarded as an 

effective approach to improving energy efficiency and ensuring a ʥʦʨʤʘʪʠʚʝ indoor microclimate. 

Keywords: building energy certificate, building envelope, energy efficiency, heating, building thermophysics. 
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ÞÐß: 621.311 
ÚÛÞÔØÔÓÌÞÝÔëÔ ÝÔÝÞÑØÌÔ ÞÌæØÔÙÚÞÔ ÍÌÜÉÔ ÖÚÜáÚÙÌÇÚÔ ÝÌÙÚÌÞÄ 

ÍÚ ÆßÍÜÚÙÖßÙÌÖÇÚÔ ÝÞÌÞÔÖÔÔ ÞÔÜÔÝÞÚÜÄ 
 

Üìĕôøúî Ú.Ý., Üìĕôøóúðì Ô.Ü. 
ÐúùôĄöìðìô ûú÷ôþñāùôöôô ÐúùôĄïúĕô þñāùôöôô ÞúĔôöôýþúù íì ùúøô ìöìðñøôö Ø.Ý 

ÚýôøĒ ðìü Ą. áÿĔìùð 
 

Øÿėìððôøì. Øìėýìðô þìĕėôėúþ, ôù þìĕėôėô ùìóìüôċ îì ìøì÷ôċô úûþôøôóìþýôċô 
ýôýþñøìô þìĆøôùúþô íìüėô öúüāúùìĕúô ýìùúìþĒ íú Ĕÿíüúùöÿùìöĕúô ýþìþôöôô þôüôýþúüĒ 
øñíúĄìð. Øÿìøøúô ìýúýĒ - ôù øìýĆì÷ìô āñ÷ñ ðÿĄîúü íì ĕôýúí üìĀþìùô úûþôøôóìþýôċô 
ýôýþñøìô þìĆøôùúþô íìüėô öúüāúùìĕúô ýìùúìþĒ øñíúĄìð, öô úùüú íú ċö ÿýÿ÷ Č íú ċö 
øñĆČü, ĕì÷÷ÿ Āìý÷ ùìøÿðìù Ďìõüôôøöúù ìýþ. ÔýþôĀúðìô Ĕÿíüúùöÿùìöĕúô ýþìþôöôô 
þôüôýþúüĒ øñþìîúùìð ÿýþÿîúüôô Ąôððìþ îì ýôĀìþô íì÷ìùðô ĉùñüïôċô ĉ÷ñöþüôöôüú þìĆøôù 
ùìøúċð. 

Ðìü øìėú÷ì ĕìøăÿù úíĆñöþô þìĕėôėúþ ¬ Ĕÿíüúùöÿùìöĕúô ôėþôðúüô üñìöþôîĒ øìîüôðô 
þìĕėôėúþ ėìüúü ðúðì Ąÿðììýþ. Ûüñðøñþô þìĕėôėúþ íì þìĕėôėÿ þìĕ÷ô÷ô üúĕĕúô ùìîô 
ÿýþÿîúüöÿùôô Ąôððìþ îì Ĕÿíüúùöÿùôô ôėþôðúüô üñìöþôîĒ ðìü ýôýþñøìô þìĆøôùúþô íìüėô 
öúüāúùìĕúô ýìùúìþĒ üìîúùì Ąÿðììýþ. 

Ùìóìüôċô úûþôøôóìþýôċô ýôýþñøìĕúô þìĆøôùúþô íìüė (ÝÞÍ) íú úøĘóôĄÿ þìĕ÷ô÷ô 
øìýĆì÷ìĕúô ðÿĄîúü úôð íì ÿýÿ÷ĕú îì øñĆČüĕúô úûþôøôóìþýôċô ĉ÷ñöþüúĉùñüïñþôöì þìĄöô÷ 
øñČíìð. Øÿìõċùöÿùôô üñĔìô öúüô úûþôøì÷ôô ÝÞÍ ¬ ôù øìĔøÿô ìøì÷ĕú íìüúô þìĄöô÷ÿ 
þìĆøôùô îìüôìùþô íñĕþìüôùô öúüĒ ðìü ÝÞÍ øñíúĄìð. 

Íì øìýĆì÷ìĕúô úûþôøôóìþýôċô ÝÞÍ ðúāô÷ øñĄìîìùð: 
- ôùþôāúíô ìó ĕìøì íñĕþìüôùô øìėúøÿ øìöúùô Ąìíìöìĕúô íìüė, øôý÷ô Ąÿøúüì îì 

Ĕúõô ùìýíô þìĔĕôóúþô íìüėĒ íú øìėýìðô øôùôøôóìþýôċô þì÷ìĀô ùñüÿô íìüė îì 
íì÷ìùðöÿùôô ÿýþÿîúüôô Ąôððìþ ðìü ÝÞÍ; 

- þìėýôøúþô ýìüíúüĒ íìõùô øìùíìĆĕúô ùñüÿô íìüė (ïñùñüìþúüĕú, øìùíìĕúô 
íìüėìüúüĄìîìùðìô ĉùñüïôċ) íú øìėýìðô þìĆøôùô øÿîúóôùìþô ýôýþñøì, ĕôøúċ ìó óôČðíúüĒ 
îì þìĆøôùô öúüô ĉĆþôøúðùúöô ÝÞÍ; 

- þìöøô÷ô ôýþôĀúðìô óìāôüìĕúô ĉùñüïñþôöĒ (öúĕôĄðôĕôô þì÷ìĀĕú, íì÷ìùðöÿùôô 
ýìøìüìô ĉùñüïñþôöĒ îì ÿýþÿîúüôô ÝÞÍ). 

- øÿìõċùöÿùôô ýþüìþñïôċô úûþôøì÷ôô üÿĄðô ÝÞÍ (ôùþôāúíô íñĕþìüôùô 
þñāùú÷úïôċĕúô ôýþñĕýú÷ô ùñüÿô íìüė, ôøöúùôċþô þìĔðôðô øôùíìĆðìô ÝÞÍ îì Ďìõüìĕú). 

Øìîúðĕú îì ÿýÿ÷ĕú. Íìüúô úûþôøôóìþýôċô ÝÞÍ ăÿùôù ÿýÿ÷ĕúô þìĕėôėúþüú ôýþôĀúðì 
íÿüðìù øÿøöôù ìýþ: 

- ÿýÿ÷ĕúô øìþñøìþôöĒ, øôýú÷ íìüùúøìüñóôô ĎìõüôāìþþĒ; 
- øúðñ÷ôüúùôô ĄìíúĕìþĒ, ôøöúùô þìĕ÷ô÷ô üñĔìĕúô öúüôô ÝÞÍ ðìü Ąìüúôþĕúô 

ïÿùúïÿùô ôýþôĀúðíìüĒ; 
- þìĕ÷ô÷ô øìĆ÷ÿøúþ îì þìĆ÷ôøô øúĄôùĒ, íìüúô þìĕ÷ô÷ô üñĔìĕúô öúüôô 

þüìùýĀúüøìþúüĕú îì úûþôøôóìþýôċô öúøøÿþìþýôċô úùĕú ôýþôĀúðì øñĄìîìð. 
Øúðúøô úûþôøôóìþýôċô ÝÞÍ ċöăìùð ĕìðìĀĕú íì ùìóìü ïôüôĀþì øñĄìîìð, íì øôýú÷ô: 
- ĉĆþôøúðùúöĒ; 
- ăìùðôüĒ; 
- ôýþôĀúðìíìüôô úýúù; 
- öìøāìüĔĒ. 
Íú ôù øìėýìð ăÿùôù øñĆČüĕúô úûþôøôóìþýôċô ÝÞÍ-üú ôýþôĀúðì øñíìüìùð: 

- þì÷ìĀĕúô øôùôøì÷ôô Ąôððìþ ðìü ĉ÷ñøñùþĕúô ÝÞÍ; 

- þì÷ìĀĕúô øôùôøì÷ôô ôėþôðúüô ìöþôîĒ ðìü ĉ÷ñøñùþĕúô ÝÞÍ; 

- ýìüĀô øôùôøì÷ôô øñþì÷÷ĕúô üìùïì îì øìýú÷ñĕĕú; 

- øôùôøô÷ôïìüðúùôô íÿóÿüïôĕúô ìùðúóì îì ìüóôĄô āìþĕúô ôùþôėú÷ô íìüė (áÔÍ), 
óñüôýþïúĕĕúô þüìùýĀúüøìþúüĒ, ùúėô÷ĕúô ĔìüìČùïÿóìüô ĄôððìþìĄúù þú1000 Î îì Ďìõüìĕú; 

- āìüúĔúþô øôùôøì÷ôô ýú÷úùì íìüúô ýìüĀĕúô ĕìüýú÷ìô ôýþôĀúðìíìüĒ îì þìĆøôüĕú 
ðìü ĉ÷ñøñùþĕúô ýôýþñøì; 
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- øÿìõċùöÿùôô íÿóÿüïôĕúô úûþôøì÷ôô ÝÞÍ, íì øúùìùðô öúĉĀĀôþýôñùþô ôėþôðúü, 
þì÷ìĀĕú îì Ďìõüìĕú; 

- ðìüìĔìô ýìøìüìùúöôô ôýþôĀúðìô ùñüÿô íìüė; 

- ýìþĕô ôýþôĀúðìô øìùíìĆĕúô íìüėìüúüĄìîìùðìô ùñüÿô íìüė ðìü öúüāúùìĕúô 
ýìùúìþĒ. 

ÐÿĄîúüôô ìýúýôô úûþôøôóìþýôċô ÝÞÍ ðìü úù ìýþ, öô íú ċö øñĆČü Č íú ċö ÿýÿ÷ 
úûþôøôóìþýôċô ûÿüüìüú íì ðìýþ úîìüðìù Ďìõüôôøöúù ìýþ, ċĆùñ øìĔøÿô ûüúí÷ñøìĕú íúċð 
óñüô þìĕ÷ô÷ ėìüúü ðúðì Ąìîìð. Ðìü íìüúíìüô ôù, ôýþôĀúðìô øìĔøÿô ÿýÿ÷ĕú îì øñĆČüĕú 
ðÿĄîúüĒ ðìü þìĕėôėúþ îì ýìüĀô îìėþô öì÷úùüú þì÷ìí øñùìøúċð [8; 3; 17].  

Ðìü øìėú÷ìô øìóöÿü íú øìėýìðô úûþôøôóìþýôċô ÝÞÍ, ýìøþô ìýúýôô öúü íì 
íñĕþìüöÿùôô öúĉĀĀôþýôñùþô ôėþôðúü ðìü ÝÞÍ-ô öúüāúùìô ýìùúìþĒ üìîúùì ïìüðôðììýþ. 

Ðìü óìøúùô øÿúýôü ýôýþñøìĕúô ĉ÷ñöþüúĉùñüïñþôöĒ íú ăÿùôù āÿýÿýôċþ þìîýôĀ ðúðì 
øñĄìîìùð: 

- üñĔìĕúô öúüôô ðôùìøôöĒ; 

- îúüôðĄìîôô Ąÿøúüìô óôČðô íúüĕúô ĎìõüôāìþþĒ; 

- íì÷ìùð Ąÿðìùô þì÷ìíúþ íì ýôĀìþô ùñüÿô íìüė. 
ÔøüĘó íìüúô ĕì÷ ùìøÿðìùô ûüúí÷ñøìĕúô ðìü íú÷ú óôöüĄÿðì ìó þìĔĕôóúþô ùìîĆĕúô 

FACTS (Flexible AC Transmission Systems) ôýþôĀúðì øñíìüìùð. Úùĕú ìýúýìù íìüúô íì÷ìùð 
ùìøÿðìùô ÿýþÿîúüôô Ąôððìþ, Ĕÿíüúùöÿùôô ôėþôðúüô üñìöþôîĒ îì āúøĘĄ ùìøÿðìùô 
÷ìûûôĄĕú ôýþôĀúðì íÿüðì øñĄìîìùð. ëöñ ìó þìĔĕôóúþô ûìĕùĄÿðìô ăÿùôù ýôýþñøìĕú, ôù 
Ĕÿíüúùöÿùìöĕúô ýþìþôöôô þôüôýþúüĒ (ÆÝÞ), öô ðìü āúüôĔì íú ôýþô÷úĕô SVC (Static Var 
Compensator) øñðúùìùð, íì ĕôýúí øñüìîìð [7]. 

ÆÝÞ þìĔĕôóúþô ėÿîîìïôô ôðúüìĄìîìùðì íÿðì, íìüúô óÿð îì øÿùþìóìø þìùóôøô 
ôėþôðúüô üñìöþôîĒ ðìü ÝÞÍ ĄôððìþìĄúù ìó 35 þú 750 öÎ āôóøìþ øñöÿùìð. ÆÝÞ íú 
ôýþôĀúðì ìó þôüôýþúüĕú óÿðìøì÷ôô āÿðüú ðìü ĕÿðÿðô 10-30 øý þìĆøôù øñöÿùìð. Ôù 
ùôĄúùðúð ìõùô óìøúù ÆÝÞ-üú íìüúô ÿýþÿîúüöÿùôô Ąôððìþ îì Ĕÿíüúùöÿùôô ôėþôðúüô 
üñìöþôîĒ ĕìøăÿù ĉ÷ñøñùþô øÿĕôøÿ ôîìóùìĄìîìùðì þìíðô÷ øñðôĕìð [9; 4; 5; 15]. 

Ðìü üìýøô 1 ýāñøìô ċöāìþþìô ÆÝÞ úîìüðì Ąÿðììýþ. 
 
Üìýøô 1. Ýāñøìô ċöāìþþìô Ĕÿíüúùöÿùìöô ýþìþôöôô ôėþôðúüô üñìöþôîĒ îì í÷úöýāñøìô 

ýôýþñøìô ôðúüìöÿùĒ 
Figure 1. Single-line diagram of the static reactive power compensator and block diagram of the 

control system 

 
 
Þìüöôíô ùìøÿùìîôô ÆÝÞ (üìýøô 1) ìó ăÿùôù ėôýøĕú þìüöôí øñČíìð: 
- üñìöþúü (TCR), ĉ÷ñøñùþô ôùðÿöþôîôô þìùóôøĄìîìùðì íìüúô ĀÿüĘíìüôô ôėþôðúüô 

üñìöþôîĒ āôóøìþ øñöÿùìð; 
- íìþìüñċĕúô öúùðñùýìþúüĒ (TSC), íìüúô ïñùñüìþýôċô ôėþôðúüô üñìöþôîĒ āôóøìþ 

øñöÿùìð; 
- þôüôýþúüĕú, íìüúô ôðúüìô ĉ÷ñöþüúùôô ĔìüìČù āôóøìþ øñöÿùìð; 



145 

 

- Āô÷þüĕúô ïìüøúùôöìĕú, íìüúô ûìýþöÿùôô þìĕüôĀĕú ìó ôðúüìô Āìóìĕú; 
- þüìùýĀúüøìþúüô ì÷úėì, ûìõîìýþ íì Ąìíìöì, ïôüñĕöÿĄúôô ïì÷îìùôöĒ; 
- ýôýþñøìô ôðúüìöÿùĒ, ăñùöÿùĒ, þìĕ÷ô÷ îì þìùóôøô öÿùĔĕúô Ŭ îì ɓ; 
- ýôýþñøìô ýìüðöÿùĒ, ýìüðöÿùôô ĕìîúĒ Č øúñĆïôô þôüôýþúüĕú; 
- ýôýþñøìô ĕôøúċ îì ìîþúøìþôöì, ĕôøúċ ìó ýñüĄôððìþĒ, óôČðíúüĒ, ùñýôøøñþüôċô 

Āìóìĕú îì Ďìõüìĕú. 
Øúĕôċþô öúüô ÆÝÞ ìýúýìù íì ôðúüìô ĔìüìČùô üñìöþôîĒ íú Čüôô þôüôýþúüĕú ìýúý 

Ąÿðì, úù ûìüì÷÷ñ÷ìù íì Ąìíìöì îìý÷ öìüðì øñĄìîìð. Ðìü ÆÝÞ Ąúāìĕúô þìùóôøĄìîìùðìô 
ôùðÿöþôîĒ îì ĎÿùĔúôĄĒ íú øúðÿ÷ĕúô þôüôýþúüĒ öúøøÿþìþýôċĄìîìùðì øìîĔÿð ìýþ [12; 14]. 

ÎìóôĀìô ìýúýôô ÆÝÞ íì þìĆøôùô ÿýþÿîúüôô Ąôððìþ îì øÿîúóôùìþôô ôėþôðúüô 
üñìöþôîĒ ðìü ïôüñĕĕúô ĉùñüïúýôýþñøìĕú üìîúùì Ąÿðììýþ, íì øúùìùðô: 

- Ĕÿíüúùöÿùôô ìîþúøìþôô ôėþôðúüô üñìöþôîĒ; 
- íì÷ìùðöÿùôô öúĉĀĀôþýôñùþô ôėþôðúü; 
- ûìýþöÿùôô þì÷ìĀô ĉùñüïôċô ĉ÷ñöþüôöĒ; 
- ÿýþÿîúüïìüðúùôô Ąôððìþ øúðúøô óÿð-óÿð þìĎõôüČíôô ýìüíúüĒ; 
- ûìýþöÿùôô ÷ìûûôĄĕúô Ąôððìþ îì Ā÷ôöñü; 
- øìĕðÿðöÿùôô ïìüøúùôöìĕú. 
ÆÝÞ-ô øÿúýôü íú öúùþüú÷÷ñüĕúô üìėìøĒ (DSP, PLC) Ĕôĕúóúùôðì øñĄìîìð, öô íú 

ýôýþñøìô SCADA ôùþñïüìþýôċ Ąÿðì, ûüúþúöú÷ĕúô IEC 61850 / Modbus TCP ôýþôĀúðì 
øñíìüìùð. 

Ðìü üìýøô 2 āìüìöþñüôýþôöìô Îú÷þ-ìøûñüôô Ĕÿíüúùöÿùìö úîìüðì Ąÿðììýþ. 
 

Üìýøô 2. áìüìöþñüôýþôöìô îú÷þ-ìøûñüĒ ðìü üñĔìô þìùóôøô Ąôððìþ 
Figure 2. Volt-ampere characteristic in voltage regulation mode 

 
 
ØÿîúĀôėô üìýøô 2, ÆÝÞ ĕÿðÿðô øÿìõċùô þìùóôøöÿùôô Ąôððìþüú ðúüú øñíúĄìð. Ðìü 

ÆÝÞ ăÿùôù ýāñøìĕú ðôðì øñĄìîìð [6]: 
1. TCR (Thyristor Controlled Reactor) ¬ üñìöþúüô ôðúüìĄìîìùðì. Ðìü TCR þôüôýþúüĕú 

øÿùþìóìø öÿùĔô ùúėô÷ôċþô Ŭ þìùóôø ùìøÿðì, ôėþôðúüô üñìöþôîôô ôùðÿöþôîôüú þìĎõôü 
øñðôĕìð. Çìùïúøô Ŭ = 90¸ íÿðìù, üñìöþúü ûÿüüì ðìü ĕú÷ìþô öúüĒ íÿðì, øúðúøô Ŭ = 180¸ 
íúĄìð ¬ üñìöþúü āúøĘĄ øñíúĄìð. 

2. TSC (Thyristor Switched Capacitor) ¬ öúüìùðúóôô óôùìïôô íìþìüñċĕúô öúùðñùýìþúüĒ. 
Ðìü TSC þôüôýþúüĕú îúíìýþì ìó Ąôððìþô Ąìíìöì ïÿüĘĕô öúùðñùýìþúüĕúüú îìý÷ Č ėìþĆ 
øñöÿùìð. 

3. Ýāñøìô úøñāþì (TCR + TSC) ¬ þìùóôøô ýôøøñþüôô ôėþôðúüô üñìöþôîĒ. Ðìü ăÿùôù 
ýāñøì ïñùñüìþýôċ íú üñĔìô ĎÿùĔúôĄĒ îì ôýþñĆøú÷öÿùĒ íú üñĔìô ôùðÿöþôîĒ ôĔüú øñĄìîìð. 

ÙìþôĔìĕú. ÆÝÞ îìýñĆ ôýþôĀúðì øñĄìîìùð: 
- ðìü óñüôýþïúĕĕúô íìüėôô 110 ¬ 500 öÎ íìüúô ÿýþÿîúüöÿùôô Ąôððìþ; 
- ðìü Ąìíìöìĕúô øìïôýþüì÷ôô 220 ¬ 750 öÎ íìüúô øÿîúóôùìô ýñ÷ĕúô üñìöþôîĒ; 
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- ðìü öúüāúùìĕúô ýìùúìþĒ (øñþì÷÷ÿüïôċ, øúĄôùýúóĒ, îì Ďìõüì); 
- ðìü ĉùñüïúýôýþñøìô ùìė÷ôČþ (üúĕô úĕìù, ùìė÷ôČþô ĄìĕüĒ îì Ďìõüì); 
- ðìü ĉùñüïúýôýþñøì íú øìùíìĆĕúô íìüėìüúüĄìîìùðìô ĉùñüïôċ (ØÍé) (ùñüÿïúĕĕúô 

íìüėôô íúðĒ îì úĀþúíĒ) íìüúô ûìýþöÿùôô ÷ìûûôĄĕúô Ąôððìþ. 
Íì íñĕíÿðôĕúô ìýúýôô ÆÝÞ ðúāô÷ øñĄìîìùð: 
- ĉĆþôøúðùúöôô íì÷ìùð îì øÿýþìĕöìøôô öì÷úù; 
- þìùóôøô øÿùþìóìøô ôėþôðúüô üñìöþôîĒ; 
- ÿýþÿîúüöÿùôô Ąôððìþ ðìü îìėþô öĘþúĕ; 
- íñĕþìüöÿùôô øÿîúĀôėìþô ĉ÷ñöþüúøìïùôþĒ; 
- ûìõîìýþĄìîôô úýúù íì Ąìíìöìĕúô øìîĔÿð íÿðì. 
Íì öìøíÿðôĕúô ÆÝÞ ðúāô÷ øñĄìîìùð: 
- ïñùñüìþýôċô ïìüøúùôöìĕú (Āô÷þüĕú óìüÿü øñĄìîìùð); 
- ĕìĔøÿ ìùðúóìô öì÷úùô þìĔĕôóúþ; 
- Ďìõüôôøöúù íÿðìùô öúü øúðúøô ìĀþôĄô Ąôððìþ. 
ÞìøúĊ÷ô øÿúýôüô ÆÝÞ ìýúý øñČíìð íì: 
1. Æÿíüúùöÿùìöĕúô ïôíüôðĒ (SVC Light). 
2. Ôðúüìô üìėìøĒ. 
3. Ôùþñïüìþýôċ ðìü Smart Grid. 
4. ÔðúüìöÿùĒ ðìü üñĔìô úù÷ìõù. 
áìþúïôĕúô ùìøÿùìîĒ ðìü îìėþô ÷úôĕìöìĄĒ îì ôýþôĀúðìíìüôô ÆÝÞ Ąÿðì øñþìîúùìùð: 
- öìøìĕìøøôċþðôĕĒ íì ĔìüìČùĕúô ïìüøúùôöĒ, öô íì ïìüøĄìîôô üñìöþúüĕú úîìüðì 

øñüìýúùìð; 
- ôùþôāúíô ùúðÿüÿýþô öÿùĔô ôðúüìöÿùôô Ŭ, öô üñóúùìùý íú Ąìíìöì ûìõðú øñöÿùìð; 
- øìîĔÿð ùìíÿðìùô Āô÷þüìþýôċô ïìüøúùôöìĕúô íì÷ìùð; 
- Ĕÿüýúóôô ùúðÿüÿýþô ýôýþñøìô ôðúüì îì ĕôøúċ. 
Øôýú÷ĕúô þìþíôė îì ôýþôĀúðìô ÆÝÞ ðìü ìøì÷: 
- ÆÝÞ 3Ĭ200 ØÎÌü ðìü óñüôýþïúĕĕúô íìüėôô µÍñýöÿðùôöúîú½ ô µÝñîñüùìċ½ 

(àñðñüìþýôċô Üúýýôċ); 
- ÆÝÞ Siemens SVC PLUS 300 ØÎÌü ðìü óñüôýþïúĕô íìüėôô 400 öÎ (Çôùðÿýþúù); 
- ÆÝÞ ABB SVC 250 ØÎÌü ðìü óñüôýþïúĕô íìüėôô 330 öÎ (àôù÷ċùðôċ); 
- ÆÝÞ NR Electric íìüúô öúüāúùìĕúô ýìùúìþĒ îì Ąìíìöìĕúô 220 öÎ (áôþúõ); 
- ÆÝÞ 95 ØÎÌü ðìü öúüāúùìô ûĘ÷úðïÿðúóôô TY Steel Co. Ltd, Þìõ÷ìùð; 
- ÆÝÞ 140 ØÎÌü íú þôüôýþúüĕúô 66 öÎ ðìü óñüôýþïúĕô ÐúùïìùĄìù ðìü îô÷úċþô 

×ċúùôùô áôþúõ. 
Ðìü ðìî÷ìþĕúô üÿĄðöìüðìô ýìùúìþĒ íì Ĕÿíüúùöÿùôô ôėþôðúüô üñìöþôîĒ (ÆÔÜ) 

ìĕìøøôċþô öì÷úù øñðôĕìùð, óñüú úù ýìøìüìùúöôô öì÷úù ðúüìð. ØìýĆì÷ìù, ðìü Ú÷øúù îì 
àìüúùýì ôėþôðúüô Ĕÿíüúùöÿùìöĕúô öúùðñùýìþúüĒ 35% ìó ôėþôðúüô ìöþôîôô øìöýôøì÷Ē 
þìĄöô÷ øñöÿùìùð [1; 12; 2; 16]. Ðìü ÔØÌ îì Æúûúù íúĄìð, ôù ėôøìþ íì 70% íìüúíìü íÿðì, 
öúĉĀĀôþýôñùþô ôėþôðúüô üñìöþôîĒ tgű ðìü üñĔìô íúüĕúô øìöýôøì÷Ē ðìü ýìþĕô tgű=0,2 - 0,4 
ùôïúĕ ðúĄþì øñĄìîìð. Ôù ėôøìþ íì öúĉĀĀôþýôñùþô ôėþôðúüô ìöþôîôô ýosű=0,98-0,92 
øÿîúĀôė øñíúĄìð. 

Þìþíôėô ìøì÷ôô ÆÝÞ-üú ðìü øôýú÷ô óñüôýþïúĕô ÐúùïìùĄìù (îô÷úċþô ×ċúùôùô 
áôþúõ) ðôðì øñíìüúñø. Óñüôýþïúĕ øìāýÿý íìüúô öúüāúùìĕúô ýìùúìþĒ ĉùñüïôċô ĉ÷ñöþüôöĒ 
þìĆøôù øñùìøúċð. Ôù óñüôýþïúĕ íì Ąôüöìþô State Grid Corporation of China (SGCC) ðìü 
áôþúõ øìùýÿí íÿðì, ýìüíúüôô ìýúýôô úù öúüāúùìĕúô ýìùúìþĒ øñíúĄìð [13; 10]. Ðìü 
óñüôýþïúĕ ôėþôðúüô ôýþñĆøú÷öÿùìùðìô öúüāúùìĕúô ýìùúìþĒ ðìü ðìîúøô üĘó þìĎõôüČíìùðì 
íÿðì, ÷ìûûôĄĕúô öì÷úùô Ąôððìþüú íì îÿĔÿð øñúüìùð. àìüėôċþ íìõùô ÷ìûûôĄĕúô Ąôððìþ 
10% ìó Ąôððìþô ùúøôùì÷ôüú ðìüíìü øñïôüìð, öô ûüúí÷ñøìĕúüú ðìü ðôïìü 
ôýþñĆøú÷öÿùìùðìïúùô Ąìíìöì ĉĔúð øñöÿùìð. Íìüúô ĕì÷÷ô ûüúí÷ñøì ÆÝÞ ìó Ąôüöìþô 
RXPE ôùþôāúí îì ùìýí öìüðì Ąÿð. Øÿĕìùðôýúùô ôù Ąôüöìþ ÆÝÞ 66 öÎ íú îìý÷ô øÿýþìėôø 
ûñĄùôĕúð ùìøÿðìùð, öô úù ýúāþô ùúðôüô ôùþñïüìþýôċĄÿðìô TCR, FC îì MSC ðúĄþì, íú 
ýôýþñøìô C&P ùìóúüìþ öìüðì øñĄìîìð. Ùìøÿðô óúĕôüôô í÷úöĕúô ÆÝÞ ðìü üìýøô 3 úîìüðì 
Ąÿðììùð [17]. 
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Üìýøô 3. Ùìøÿðô óúĕôüôô í÷úöĕúô ÆÝÞ 140 ØÎÌü íú þôüôýþúüĕúô 66 öÎ ìó Ąôüöìþô RXPE 
Figure 3. Appearance of 140 MVAr transformer blocks with 66 kV thyristors from RXPE 

 
 

Øÿĕúöôøì. Ðìü àñðñüìþýôċô Üúýýôċ þìîýôċĕú úôð íì öúĉĀĀôþýôñùþô ôėþôðúüĕúô 
ìöþôîĒ îì üñìöþôîĒ ăÿùôù ĔìüìČù ðúüìð (Ĕìðîì÷ô 1) [8]. 

 
Æìðîì÷ô 1. Éôøìþĕúô þìîýôċîôô öúĉĀĀôþýôñùþĕúô ôėþôðúüô ìöþôîĒ îì üñìöþôîĒ 

Table 1. Recommended values for active and reactive power coefficients 
äôððìþô ùúøôùì÷ôô óñüôýþïúĕĕúô íìüėĒ, öÎ ýosű tgű 

10 (6) 0,93 0,40 
35 0,90 0,49 

110 0,88 0,54 
220 0,86 0,59 

 
áÿýÿýôċþô āúýô ôùþôėú÷ îì þìėýôøúþô ĉùñüïôċô ĉ÷ñöþüôöĒ ôøöúù øñðôĕìð, öô 

îìóôĀìĕúô ìýúýôô úíĆñöþĕúô ýôýþñøìô þìĆøôùúþô íìüė ĕìø íú þìùóôøöÿùôô Ąôððìþ îì ĕìø 
íú þìùóôøöÿùôô ôėþôðúüô üñìöþôîĒ íú ýìøìü ôĔüú öìüðì Ąìîìð. Ôù ôøöúùôċþ ðìü ùìþôĔìô 
ìĀóÿùĄìîôô íúü ðìü Ąìíìöìĕúô þìĆøôùúþô íìüė íú ôėþôðúüô ìöþôîĒ îì üñìöþôîĒ, öô íì 
þì÷ìĀĕúô ðúāô÷Ē ðìü îìėþô ôùþôėú÷ô ĉùñüïôċô ĉ÷ñöþüôöĒ íì îÿĔÿð øñúċð, øÿìõċù öìüðì 
øñĄìîìð. ÐôïìüĄìîôô ėôøìþô ôėþôðúüô ìöþôîĒ þìùĕú íú ìùîúĆĕúô öúüôô 
ôýþñĆøú÷öÿùìùðìĕúô ùñüÿô íìüė øÿìõċù øñïìüðìùð. Íú ôù îìýô÷ì þìĎõôüðôĕôô íÿóÿüïôô 
ôėþôðúüĕúô üñìöþôîĒ ðìü ýôýþñøìô þìĆøôùúþô íìüė íú Čüôô Ĕÿíüúùöÿùìöĕú, óìøôùìô 
øÿĕôø íìüúô ĔúüĒ ùìøÿðìùô þñāùú÷úïôċĕúô ýìøìüìùúö øñïìüðìð. Æÿíüúùöÿùìöĕú ôøöúùô 
øÿîúóôùìþĒ îì úûþôøì÷ôïìüðúùôô ôýþñĕýú÷ÿ ôýþñĆøú÷ô ùñüÿô íìüėüú ðìü ýôýþñøì ðúüìùð.  

Æÿíüúùöÿùìöĕú ôýþñĆøú÷ô øôėðúüôô ôėþôðúüô üñìöþôîôüú āÿüð öìüðì, íì öìøĄìîôô 
þì÷ìĀúþô ĉùñüïôċ úîìüðì øñüìýúùìð. Ðìü ùìþôĔì óìāôüìô ÿýþÿîúüôô ýþìþôöôô ėôýøĕúô 
ýôýþñøìô þìĆøôùúþô íìüė óôČð øñĄìîìð. Ôù ìĀóì÷ôċþ íú ôøöúùôċþô ïÿóìüúùìùðìïôô 
ôùėþôðúüô ìöþôîĒ íì ðìýþ úîìüðì øñĄìîìð îì íú ôù îìýô÷ì ĉĆþôøúðùúöôô þìĆøôùô íìüė 
ùôó öì÷úù āúĕìð Ąÿð. Ôù ùôĄúùìĕú ýìíìí øñïìüðìùð, þú öô øìýĆì÷ìô Ĕÿíüúùöÿùôô 
ôėþôðúüô üñìöþôîĒ ðìü ĉ÷ñøñùþĕúô ýôýþñøìô þìĆøôùô íìüė ċöñ ìó üúĕĕúô ðÿüùìøúðúĄþì 
íìüúô ìĀóÿùöÿùôô ĉùñüïúýìøìüìùúöĒ ėìíÿ÷ öìüðì Ąìîìð. 

Àúċô ìýúýôô Smart Grid íìüúô þìĆøôùô ĉĆþôøúðùúöĒ, ðìýþüìýĒ îì ýìøìüìùúöôô 
āìüúĔúþ ðìü ýúĕìô ĉùñüïñþôöì üìîúùì Ąÿðììýþ [5]. Îì÷ñ, íú ðìüùìóìüðúĄþô Āìüėôċþĕúô 
ùìóìüüìý ðìü ýúāþúü, ðìü ýāñøìô Āÿùöýôúùì÷Ē îì íÿóÿüïôĕú íìüúô ĕìü ċö ėôýøô ýôýþñøìô 
þìĆøôùô íìüė, ìĀóì÷ôċþĕú íìüúô ĔúüĒ ùìøÿðìùô þñāùú÷úïôċĕúô ýìøìüìùúö āñ÷ñ ìó ĕìø 
Āìüė øñöÿùìùð.  
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Ýôýþñøìĕúô ôùþôėú÷ÿ þìėýôøúþô ĉùñüïôċô ĉ÷ñöþüôöĒ íì Ąìíìöìĕúô øìïôýþüì÷Ē îì 
þìėýôøúþĒ Ĕÿðú öìüðì øñĄìîìùð. äìíìöìĕúô øìïôýþüì÷Ē íìüúô Ąôððìþĕúô 330 öÎ, 500 öÎ 
îì 750 öÎ üìîúùì øñĄìîìùð. Úùĕú ùñüÿïúĕĕúô íìüėĒ îì óñüôýþïúĕĕúô íìüėôô 
öì÷úùôėþôðúüüú ûìõîìýþ ùìøÿðì, íìüúô ôùþôėú÷ô ôėþôðúüĕúô öì÷úùô ĉùñüïôċô ĉ÷ñöþüôöĒ 
āôóøìþ øñöÿùìùð.  

Íú îúýôþìô Ąìíìöìĕúô þìėýôøúþĒ, ĉùñüïôċô ĉ÷ñöþüôöĒ ìó óñüôýþïúĕĕúô Ąìíìöìô 
øìïôýþüì÷Ē íì óñüôýþïúĕĕúô íìüėôô Ąìĕüĕúîÿ ðñĕúþ îì öúüāúùìĕúô ýìùúìþĒ ôùþôėú÷ ðúðì 
øñĄìîìùð. Ðìü ðìîüìô ìîîì÷, ôùþôėú÷ íú Ąìíìöìĕúô þìėýôøúþôô ĄôððìþìĄúù 220 öÎ, 110 
öÎ îì 35 öÎ ôĔüú øñĄìîìð. Ðìü ðìîüìô ðÿĊø, Ąìíìöìĕúô ĄôððìþìĄúù 10 öÎ, 6 öÎ îì 0,4 öÎ 
ôýþôĀúðì íÿüðì øñĄìîìùð [7]. Íì þìøúøô ôùĄúúþĕúô ĉùñüïñþôöĒ îì ėôýøĕúô úù þì÷ìíúþô 
øÿìõċù íì ĉĆþôøúðùúöĒ, ýôĀìþô ùñüÿô íìüė îì ýìøìüìùúöôô ĉùñüïñþôöĒ ïÿóúĄþì 
øñĄìîìùð. Ôù þì÷ìíúþô ìýúýĒ íì þìĕôċô øñĆČüĕú íìüúô þìĄöô÷ô ôùþôėú÷ÿ þìėýôøúþô 
ĉùñüïôċô ĉ÷ñöþüôöĒ ôýþôĀúðì āúĕìùð Ąÿð. Çìøìïÿùì þì÷ìíúþô ĉĆþôøúðùúöĒ íú ĕÿĔĔìþĕúô 
øñĆČüĒ, ðìýþÿüÿ þìîýôċĕúô ýúĕìîĒ øÿìõċù öìüðì øñĄìîìùð îì üôúċô úùĕú úðìþìù ėìþĆĒ 
øñíúĄìùð. Îì÷ñ ìïìü íì þì÷ìíúþô ýôĀìþ îì ýìøìüìùúöĒ ùôïúĕ ìùðúóñø, úù ïúĕ íìüúô ĕìü ċö 
ýôùĀô Ąôððìþ øñĆČüĕúô Āìüėÿùìùðì íì ùìóìü øñüìýìð. 

Ðìü ùìþôĔì, Ąôððìþô öúüôô íì÷ìùðþìüôù (íú %, ìó ėôøìþô ùúøôùì÷Ē) íìüúô ýôùĀĕúô 
Ąôððìþĕúô ïÿùúïÿù ăÿùôù ėìíÿ÷ Ąÿðììùð: 

- íìüúô Ąìíìöìĕúô ôùþôėú÷ô öì÷úù ìó 500 öÎ, ùìíúċð ìó 5% óôČð ïìüðìð; 

- íìüúô Ąìíìöìĕúô 220 öÎ îì 330 öÎ, ùìíúċð ìó 10% óôČð ïìüðìð; 

- íìüúô Ąìíìöìĕúô 35 öÎ îì 110 öÎ, ùìíúċð ìó 15% óôČð ïìüðìð;  

- íìüúô Ąìíìöìĕúô 6 öÎ îì 10 öÎ, ùìíúċð ìó 20% óôČð ïìüðìð. 
Éôøìþô öì÷úùþìüôùô ôĔúóìþĄÿðìô ýìþĕô Ďìõüôýôùÿýú÷Ē (TDH) ăÿùôù ėìíÿ÷ Ąÿðììýþ:  

- íìüúô Ąìíìöìĕúô öì÷úù ìó 110 öÎ, ùì íúċð ìó 2% óôČð íúĄìð; 

- íìüúô Ąìíìöìĕúô 110 öÎ îì 35 öÎ, ùì íúċð ìó 4% óôČð íúĄìð;  

- íìüúô Ąìíìöìĕúô 10 öÎ îì 6 öÎ, ùì íúċð ìó 5% óôČð íúĄìð. 
Íú ĕìøôù þìüó āÿ÷úýì íìüúîìüðìù øÿøöôù ìýþ, öô íìüúô Ąìíìöìĕúô íì÷ìùðĄôððìþô 

ìó 35 öÎ þú 1150 öÎ, ùôýíìþ íì Ąìíìöìĕúô þìėýôøúþôô ìó 0,4 öÎ þú 10 öÎ, íì ýôĀìþô ùñüÿô 
íìüė þì÷ìíúþô ĔôððĒ ïÿóúĄþì øñĄìîìùð. Ôù îúėñôċþ ôýþôĀúðìô þñāùú÷úïôċĕúô øÿîúĀôėüú 
ðìü þìùóôøô üñĔìĕúô öúüôô Ąìíìöì, ðìü ėôøìþĕúô øìöýôøì÷Ē îì øôùôøì÷ôô ôėþôðúü 
þì÷ìí øñöÿùìð.  

Ìõùô óìøúù, ô÷úîìþìù íì ôĔüúô þì÷ìíúþô óôöüĄÿðì íìüúô ýôĀìþô ùñüÿô íìüė, 
ôùăÿùôù, íúċð þì÷ìíúþô ìýúýôô ôðúüìô íìüùúøìîĒ ðìü ýìøþô úûþôøì÷ôïìüðúùĒ øÿîúĀôėô 
øñĆČüô þì÷ìĀúþô øôùôøì÷ôô ôėþôðúüô ìöþôîĒ ðìü îìėþô þìĎõôüČíôô øìîýôøĒ îì ĕìüüĘóìô 
øôėðúüô ôýþñĆøú÷ô ùñüÿô íìüė þìĕôċ öìüðì Ąìîìùð [15]. Þì÷ìĀúþô ôėþôðúüô ìöþôîĒ 
úðìþìù íú þì÷ìĀĕúô íúüôô ôėþôðúüô ìöþôîĒ, þì÷ìĀĕúô ĄìüþĒ - ðúôøôô ôėþôðúüô ìöþôîĒ, 
þì÷ìĀĕúô ôėþôðúüô ìöþôîĒ ìó ýìíìíô öúüúùì îì ôėþôðúüô óìüċðĕú ðìü āìþĕúô ôùþôėú÷ô 
íìüėô íì÷ìùðĄôððìþ øÿìõċù öìüðì øñĄìîìùð. 

Úøô÷ĕúô ìýúýôô íì þì÷ìĀĕúô ôėþôðúüô ìöþôîĒ þìĆýôüöÿùìùðì ôùĕú øñíúĄìùð: 

- íÿóÿüïôô Ąôððìþô þìĆøôùúþ; 

- íÿóÿüïôô ÿøÿøôô ôėþôðúüô ôýþñĆøú÷Ąÿðì; 

- íÿóÿüïôô øÿėúîôøìþô ĀìĆú÷ô ėôýøĕúô ýôýþñøìô þìĆøôùô íìüė; 

- Ĕìðîì÷ô öúüô ôýþñĆøú÷öÿùìùðìïúùô ùñüÿô íìüė; 

- øìîýôøĒ îì Ąìüúôþô úíÿ ĕìîú. 
Úðìþìù, ėôøìþô þì÷ìĀô íúü ìó þì÷ìĀô ĉùñüïôċô ĉ÷ñöþüôöĒ öì÷úùþìü ìýþ, ìó ôù ýìíìí, 

íìüúô íì÷ìùðöÿùôô øôėðúüô ýìüĀìô ĉùñüïôċ, öĘĄôĄ øñöÿùìùð, þú öô Ąôððìþ ðìü ėôýøĕúô 
ôùþôėú÷ðôĕôô ĉùñüïôċô ĉ÷ñöþüĒ ðìü ýìþĕô ôĔúóìþðúðìĄÿðì ùôïúĕ ðúĄþì Ąìîìð. 

ÔýþôĀúðìô ðìýþïúĕĕúô øÿúýôüô ýþìþôöôô íôýČüĀÿùöýôúùì÷Ē (øúùìùðô STATCOM) 
øÿĄöô÷úþô øñĆČüôô öìøöÿùôô þì÷ìĀĕúô ìöþôîôô ĉùñüïôċô ĉ÷ñöþüôöôüú íú úýúùĒ ĕì÷ 
øñöÿùìð. Îì÷ñ āìüúĔúþô ùìóìüüìýô øúððĒ ðìü ăÿùôù ðìýþïúĕĕú ðôðì øñĄìîìùð. Ìó ôù 
ýìíìí, íú ùôïúĕ íì ýúāþô öúùýþüÿöþôîĒ, ôýþôĀúðìô ðìýþïúĕĕúô ýþìþôöôô Āÿùöýôċĕúô 
úøñāþìĄÿðì ðúĄþì - Ĕÿíüúùöÿùìöĕúô ýþìþôöĒ, þìùóôøïìüúùô ĔìüìČùô ĉ÷ñöþüôöĒ îì 
þìùóôøïìüúùô Ąôððìþô þüìùýĀúüøìþúü - þôüôýþúü íú Ĕÿíüúùô ôėþôðúüô üñìöþôîĒ þìîýôċ 
ðúðì øñĄìîìð.  
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áÿ÷úýì. Ìó þìĕėôėúþ íìü øñúċð, öô ÆÝÞ îúýôþìô ĉĆþôøúðùúö îì ýìøìüìùúöô 
Ĕÿíüúùöÿùôô ðôùìøôöôô ôėþôðúüô üñìöþôîĒ íÿðì, ÿýþÿîúüĒ îì ýôĀìþô íì÷ìùðô Ąôððìþüú 
ðìü ÝÞÍ þìĆøôù øñùìøúċð. ÔøüĘó ìó ĕôýúíô ôøöúùô ôùþñïüìþýôċ íú ýôýþñøìĕúô ôðúüìô 
üìėìøĒ, ýÿüĆìþô íì÷ìùðô ìöýÿ÷ìøì÷ĕú îì ôøöúùô þìùóôøô øÿùþìóìøô ôėþôðúüô üñìöþôîĒ 
ÆÝÞ íì ċöñ ìó ĉ÷ñøñùþĕúô ìýúýĒ îì óìøôùìîôô FACTS ¬ þñāùú÷úïôċĕú þìíðô÷ ČĀþììýþ. 

Ìó ĕôýúíô ăÿùôù ùôĄúùðúðĕú ýìøìüìô þñāùôöĒ-ôėþôýúðĒ íú ĔúüĒ ùìøÿðìùô ÆÝÞ íì 
ðìýþ úîìüðìù øÿøöôù ìýþ: 

- öìøĄìîôô āìüúĔúþô øìí÷ìĎ íìüúô ûìüðúāþ ôėþôðúüô üñìöþôîĒ, öô úðìþìù ĕôýýìô 
ûìüðúāþô úù ìó 12% þú 50%-ô ûìüðúāþô ÿøÿøôüú þìĄöô÷ øñöÿùìð; 

- øÿĕ÷ìþô āìüúĔúþíìüïìüðúùôô Ĕÿíüúùöÿùìöĕúô ôėþôðúüô üñìöþôîĒ þú ċö ýú÷üú 
þìĄöô÷ øñðôĕìùð; 

- öúĕôĄČíôô þì÷ìĀĕúô ùñüÿô íìüė ðìü āìþĕúô öìíñ÷Ē ìó ĕôýúíô ûìýþĄìîôô ėôøìþô 
ĔìüìČùĕúô ĀìóìïĒ. 

Ýú÷ĕúô ùìóðôö ðìü ùìóìü ìýþ, öô Ąìö÷ĕúô ïôíüôðôô Ĕÿíüúùöÿùìöĕúô 
SVC+STATCOM íì îÿĔÿð úċð. Ðìü ăÿùôù Ĕÿíüúùöÿùìöĕú íñĕíÿðôô ĕìü ðÿ ýôýþñøì 
ôùĆôöúý Ąÿðì, ĔúüĒ ïìĄþìùô ýôýþñøìĕúô ôùþñ÷÷ñöþÿì÷Ē îì ôðúüìô ìîþúøìþôô ýôĀìþô 
ùñüÿô íìüė ûñĄíôùĒ øñĄìîìð. 

Þìĕėôėúþô øìóöÿü ðìü ìýúýô ùìėĄìô öúüĕúô ô÷øĒ-þìĕėôėúþôô öìĀñðüìô þìĆøôùúþô 
íìüė îì ìîþúøìþôöìô ÐúùôĄöìðìô ûú÷ôþñāùôöôô ÐúùôĄïúĕô þñāùôöôô ÞúĔôöôýþúù íì ùúøô 
ìöìðñøôö Ø.Ý. ÚýôøĒ ðìü Ąìĕüô áÿĔìùð íìüúô ýú÷ĕúô 2025¬2029 þìĕþô ÿùîúùô 
µéùñüïúýìüĀì îì þìþíôėô øìùíìĆĕúô ĎìõüôìùĆìùìîôô ĉùñüïôċ ðìü öúøû÷ñöýĕúô ĉ÷ñöþüôöĒ½ 
ïÿóìüúùôðì Ąÿðììýþ. 
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ÚÛÞÔØÔÓÌÞÝÔëÔ ÝÔÝÞÑØÌÔ ÞÌæØÔÙÚÞÔ ÍÌÜÉÔ ÖÚÜáÚÙÌÇÚÔ ÝÌÙÚÌÞÄ ÍÚ 

ÆßÍÜÚÙÖßÙÌÖÇÚÔ ÝÞÌÞÔÖÔÔ ÞÔÜÔÝÞÚÜÄ 
ÔøüĘó ðìü ðìî÷ìþĕúô ûñĄüìĀþìô Ĕìĕúù, íìüúô íì÷ìùð ùìøÿðìùô ÿýþÿîúüôô Ąôððìþ ðìü ýôýþñøìĕúô 

þìĆøôùúþô íìüė, Ĕÿíüúùöÿùôô ôėþôðúüô üñìöþôîĒ îì āúøĘĄ ùìøÿðìùô ÷ìûûôĄĕú, þìĔĕôóúþô øÿúýôüô 
þñāùôöĒ ìó ùìîĆĕúô FACTS (Flexible AC Transmission Systems) ôýþôĀúðì øñíìüìùð. ëöñ ìó øôýú÷ô úùĕú 
Ĕÿíüúùöÿùìöĕúô ýþìþôöôô þôüôýþúüĒ (ÆÝÞ) íì ĕôýúí øñüìîìð, öô úùüú ðìü āúüôĔì ĕìøăÿù SVC (Static Var 
Compensator) øñðúùìùð. Ýôýþñøìĕúô þìĆøôùúþô íìüėô øÿúýôüô öúüāúùìĕúô ýìùúìþĒ íú üñĔìĕúô öúüôô 
ðôùìøôöĒ, íú îìý÷ô ýìüíúüôĕúô ĎìõüôāìþþĒ îì øÿüìööìíÿ ĔôððĒ Ąÿðìùô þì÷ìíúþ íì ýôĀìþô ĉùñüïôċô 
ĉ÷ñöþüôöĒ Ąìüĕ ðúðìù øÿøöôù ìýþ. Ðìü øìėú÷ì ûüôùýôûô öúü, ýúāþ îì ôøöúùôċþô ÆÝÞ, øôýú÷ĕúô þìþíôėô úù 
ĕìø ðìü ýôýþñøìô þìĆøôùúþô íìüėô öúüāúùìĕúô ýìùúìþĒ îì ĕìø íìüúô ìĕú÷Ē þìĕėôėúþ ïÿóìüúùôðì Ąÿðììýþ. 
áÿýÿýôċþô Āìüėöÿùìùðìô ôù Ĕÿíüúùöÿùìö ðìü úù ìýþ, öô ôýþôĀúðìô þôüôýþúüĕú óÿðìøì÷ôüú þìĆøôù ùìøÿðì, 
ÆÝÞ-üú ĕìøăÿù ĉ÷ñøñùþô øÿĕôøøô ýôýþñøì íìüúô ÿýþÿîúüôô Ąôððìþ îì íñĕþìüöÿùôô øÿîúĀôėìþô 
ĉ÷ñöþüúøìïùôþĒ øÿìüüôĀĒ øñùìøúċð. ÙìþôĔìĕúô þìĕėôėúþ ùôĄúù øñðôĕìùð, öô þìþíôėô ÆÝÞ ðìü Ąìíìöìĕúô 
íìüėô ýìùúìþĒ íì þìîüô ùìóìüüìý ýìþĕô ýôĀìþô ĉùñüïôċô ĉ÷ñöþüôöôüú íì÷ìùð íìüðúĄþì, þì÷ìĀúþô ùñüÿô 
íìüėüú öìø øñùìøúċð. ÔýþôĀúðìô îìýñô ôù þìĔĕôóúþ ðìü Ąìüúôþô Æÿøĕÿüôô ÞúĔôöôýþúù ýÿðøìùð íÿðì, 
øñþìîúùìð íì íì÷ìùð íìüðúĄþìùô ÿýþÿîúüôô öúüô ýôýþñøìĕúô þìĆøôùúþô íìüė øÿýúôðìþ ùìøúċð. 

Öì÷ôðîúòìĕú: ýôýþñøìô þìĆøôùúþô íìüė, Ĕÿíüúùöÿùìöô ôėþôðúüô üñìöþôîĒ, Ĕÿíüúùöÿùìöô ýþìþôöôô 
þôüôýþúüĒ, úûþôøôóìþýôċ, öúĉĀĀôþýôñùþô ôėþôðúü, ÿýþÿîúüôô Ąôððìþ, ýñüĄôððìþĒ. 

 

ʆʇʊʀʄʀɿɸʎʀʀ ʉʀʉʊɽʄʓ ʕʃɽʂʊʈʆʉʅɸɹɾɽʅʀʗ ʇʈʆʄʓʐʃɽʅʅʓʍ ʇʈɽɼʇʈʀʗʊʀʁ ʉʆ 

ʉʊɸʊʀʏɽʉʂʀʄʀ ʊʀʈʀʉʊʆʈʅʓʄʀ ʂʆʄʇɽʅʉɸʊʆʈɸʄʀ 

ʉʝʛʦʜʥʷ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, 

ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʧʦʜʘʚʣʝʥʠʷ ʩʢʘʯʢʦʚ ʥʘʧʨʷʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʚʨʝʤʝʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʪʠʧʘ FACTS (Flexible AC Transmission Systems). ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʯʝʩʢʠʝ 

ʪʠʨʠʩʪʦʨʥʳʝ ʢʦʤʧʝʥʩʘʪʦʨʳ (ʉʊʂ), ʠʟʚʝʩʪʥʳʝ ʟʘ ʨʫʙʝʞʦʤ ʢʘʢ SVC (Static Var Compensator). ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ, 

ʥʝʣʠʥʝʡʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ ʠ ʩʣʦʞʥʳʤʠ, ʩʝʨʴʝʟʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʢʘʯʝʩʪʚʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɺ ʩʪʘʪʴʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ, ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʉʊʂ, ʧʨʠʤʝʨʳ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʢʘʢ ʚ ʩʠʩʪʝʤʘʭ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʪʘʢ ʠ ʜʣʷ ʥʘʩʝʣʝʥʠʷ. ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʜʘʥʥʦʛʦ 

ʢʦʤʧʝʥʩʘʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʪʠʨʠʩʪʦʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʧʦʟʠʮʠʦʥʠʨʫʷ ʉʊʂ ʢʘʢ 

ʢʣʶʯʝʚʦʡ ʵʣʝʤʝʥʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩʠʩʪʝʤʳ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʉʊʂ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ 

ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʩʥʠʞʘʝʪ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʐʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʷʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʢʦʤʧʝʥʩʘʪʦʨ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʩʪʘʪʠʯʝʩʢʠʡ 

ʪʠʨʠʩʪʦʨʥʳʡ ʢʦʤʧʝʥʩʘʪʦʨ, ʦʧʪʠʤʠʟʘʮʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ, ʧʝʨʝʥʘʧʨʷʞʝʥʠʝ. 

 

OPTIMIZATION OF POWER SUPPLY SYSTEMS OF INDUSTRIAL ENTERPRISES WITH STATIC VAR 

COMPENSATORS 

Today, developed countries utilize state-of-the-art equipment such as FACTS (Flexible AC Transmission Systems) 

to improve voltage stability in power supply systems, compensate for reactive power, and suppress voltage surges. One 

example is static thyristor compensators (SVC), known internationally as Static Var Compensators (SVC). Modern 

industrial power supply systems are characterized by dynamic operating modes, nonlinear loads, and complex, stringent 

power quality requirements. This article discusses the operating principle, design, and capabilities of SVCs, as well as 

examples of their application in both industrial and residential power supply systems. The distinctive feature of this 

compensator is that thyristors ensure high response speed, positioning the SVC as a key element for voltage stabilization 

and electromagnetic compatibility of the system. The research results demonstrate that the application of SVC in industrial 

power networks significantly improves the quality of electrical energy and reduces power losses. The widespread use of 
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this equipment in the conditions of the Republic of Tajikistan is advisable and can contribute to enhancing the operational 

stability of power supply systems. 

Keywords: Power supply system, reactive power compensator, static Var compensator, optimization, power factor, 

voltage stability, overvoltage. 
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ÞÐß: 628.8 
ØÔÖÜÚÔÉ×ÔØÔ ÍÔÙÚ ÎÌ ÔÙäÚÚÞ ¬ ÚØÔ×ÇÚÔ ÌÝÚÝÔÔ ØßÇÔÞÔ ÍÌÜÚÇÌÞ 

 
Ýìôðúîì Ø.Ý. 

ÐúùôĄïúĕô þñāùôöôô ÞúĔôöôýþúù íì ùúøô ìöìðñøôö Ø.Ý. ÚýôøĒ 
 

Øÿėìððôøì. Øÿĕôþô íìüúĕìþ ðìü íôùú îì ôùĄúúþ ùì þìùĕú íì ĉĕýúýô ėìùúìþøìùðĒ îì 
þìýì÷÷úô ôýþôĀúðìíìüìùðìïúù þìĆýôü øñüìýúùìð, íì÷öô íñîúýôþì íì ýì÷úøìþĒ, 
ýìøìüìùúöôô öúüô ôùýúù îì ôýþñĆøú÷ô ĉùñüïôċ ì÷úėìøìùð ìýþ. Ðìü óìøúùô øÿúýôü, íôùúĕú 
ĕìøñĄì íú ýôýþñøìĕúô ïìüøôðôĕĒ, āÿùÿööÿùĒ îì îñùþô÷ċþýôċ øÿĔìĕĕìó øñĄìîìùð, öô ôù 
øÿĕôþô ðúāô÷ôüú íì ċöñ ìó úøô÷ĕúô ìýúýôô íìüúĕìþ îì ýìøìüìùúöĒ þìíðô÷ øñðôĕìð. 

Øôöüúôė÷ôøô íôùúĕú îì ôùĄúúþ ċö ĔÿóĆô øÿĕôøøô þìĄìööÿ÷ô øÿĕôþô ðúāô÷ôô 
íìüúĕìþ îì íñāìþìü øñíúĄìð. Ðìü ìðìíôČþô ô÷øĒ ôù øìýĆì÷ì îìýñĆ ðìü ðúôüìô Āôóôöìô 
ýúāþøúùĒ, ïôïôñùì îì ýôýþñøìĕúô øÿĕìùðôýôô íôùúĕú øìîüôðô íìüüìýĒ ėìüúü øñïôüìð. 
Þìĕėôėúþĕú ùôĄúù øñðôĕìùð, öô ûìüìøñþüĕúô øôöüúôė÷ôø íì ýì÷úøìþôô ôùýúù, 
ýìøìüìùúöôô öúüô Ę îì ĕú÷ìþô ÿøÿøôô ĉĕýúýôô Ę þìĆýôüô øÿýþìėôø ðúüìùð [1; 6,ý.122-124; 
15,ý.224-231]. 

Þôíėô ìýìüĕúô þìĕėôėúþïìüúùñ øúùìùðô P.O. Fanger, ĔÿóĆô ìýúýôô øôöüúôė÷ôø 
íìüúĕìþôô ïìüøĒ øñíúĄìð. Ðìü ùìóìüôċô Ę ėìõð Ąÿðììýþ, öô Ąìüúôþô úûþôøì÷Ē ĕìùïúøô 
øÿþìùúýôí úøñāþì Ąÿðìùô ĕìüúüìþ, ùìøùúöĒ, ýÿüĆìþô ĕìüìöìþô ĕìîú îì øÿíúðô÷ìô ïìüøôô 
ôùýúù íú øÿĕôþô ìþüúĀ íì ðìýþ úîìüðì øñĄìîìð. Ûìüìøñþüĕúô ûñĄùôĕúðĄÿðìô Ę PMV 
(Predicted Mean Vote) îì PPD (Predicted Percentage of Dissatisfied) îìýñĆ íìüúô ìüóČíôô 
ýìþĕô íìüúĕìþĒ ðìü ÿþúėĕú ôýþôĀúðì øñĄìîìùð. 

äìüĕô ìðìíôČþ. Þìĕėôėúþĕúô øÿúýôü ùôĄúù øñðôĕìùð, öô íìüúĕìþôô ïìüøĒ ĕìøăÿù 
ĔÿóĆô ìýúýôô øôöüúôė÷ôø íì þìîúóÿùô ïìüøôô íìõùô úüïìùôóøô ôùýúù îì øÿĕôþô ìþüúĀ 
îúíìýþì øñíúĄìð. Íìüúô ìüóČíôô ôù ĕú÷ìþ ùôĄúùðôĕìùðìĕúô PMV (Predicted Mean Vote) 
îì PPD (Predicted Percentage of Dissatisfied) îìýñĆ ôýþôĀúðì øñĄìîìùð. 

Þôíėô øìĆ÷ÿøúþô þìĄöô÷úþĕúô íìõùì÷øô÷ì÷Ē, ýôĀìþô ĕìîúô ðúāô÷Ē ùìėĄô øÿĕôø 
ðìü ûñĄïôüôô íñøúüôĕú ðúüìð. Íì÷ìùð Ąÿðìùô öúùýñùþüìþýôċô ðôúöýôðô öìüíúù (CO) îì 
ðôïìü ôĀ÷úýöÿùìùðìĕú øñþìîúùìð íì ûìõðúôĄô ýôùðüúøô µíôùúô íñøúü½ úîìüðì üìýúùìð. 

Ôùăÿùôù, ðìü ìðìíôČþô ô÷øĒ þìĆöôð øñïìüðìð, öô ýôýþñøìĕúô îñùþô÷ċþýôċ îì 
öúùðôþýôúùñüöÿùôô ĕìîú îúýôþìô ìýúýôô þìĆøôùô øÿĕôþô ýú÷ôø íì ĕôýúí øñüìîìùð. Ô÷úîì 
íìü ôù, ôýþôĀúðìô üìîĄìùôðôĕôô þìíôĒ íì íñĕþìü Ąÿðìùô ĕú÷ìþô üìîúùĒ îì íì÷ìùð 
Ąÿðìùô ýìøìüìùúöôô ĀìĆú÷ôċþô ôùýúù øÿýúôðìþ øñöÿùìð. 

Þìĕėôėúþĕúô World Health Organization þìĆöôð øñöÿùìùð, öô ýôĀìþô ĕìîú ðìü ðúāô÷ô 
íôùúĕú ùìėĄô ĕì÷öÿùìùðì ðìü ûñĄïôüôô íñøúüôĕú ðúüìð. Ú÷ÿðìïôô ĕìîú ðìü ðúāô÷ô 
íôùúĕú øñþìîúùìð ìó ĔìøĆĄìîôô ðôúöýôðô öìüíúù, ûìõîìýþĕúô úüïìùôöôô ïÿùúïÿù îì 
ôĀ÷úýöÿùìùðìïúùô íôú÷úïĒ íì îÿĔÿð úċð. Ôù øñþìîúùìð íì µýôùðüúøô íôùúô íñøúü½ 
úîìüðì üìýúùìð, öô íú íìð Ąÿðìùô ĉĕýúýúþô øìüðÿø ĕìøüúĕ ìýþ. 

Ðìü ìýìüĕúô øÿþìāìýýôýúùô Āôóôöìô ýúāþøúùĒ ìĕìøøôċþô îñùþô÷ċþýôċ ĕìøăÿù 
îúýôþìô ìýúýôô þìĆøôùô øôöüúôė÷ôøô íìüúĕìþ þìĆöôð öìüðì Ąÿðììýþ. Þìĕėôėúþĕúô 
øÿúýôü ùôĄúù øñðôĕìùð, öô ýôýþñøìĕúô ýìøìüìùúöô îñùþô÷ċþýôċ îì öúùðôþýôúùñü öìüðìùô 
ĕìîú ùì þìùĕú ýôĀìþô ĕìîúüú íñĕþìü øñöÿùìùð, íì÷öô ýìøìüìùúöôô ĉùñüïôċô íôùúĕúüú ùôó 
íì÷ìùð øñíìüðúüìùð. Ðìü ôù óìøôùì ðôėėìþô øìāýÿý íì ôýþôĀúðìô þñāùú÷úïôċĕúô 
ýìüĀìöúüúùìô ĉùñüïôċ îì ýôýþñøìĕúô ìîþúøìþĒ íìüúô ôðúüìöÿùôô øôöüúôė÷ôø ðúðì 
øñĄìîìð. 

Ô÷úîì íìü ôù, ðìü ìðìíôČþô ô÷øĒ þìĆýôüô üìîĄìùĒ íì ĕú÷ìþô üìîúùôô ôùýúù þìĆöôð 
Ąÿðììýþ. ÜìîĄìùôô þìíôĒ íì íì÷ìùð Ąÿðìùô ðôėėìþ, íñĕþìü Ąÿðìùô öìõĀôċþ îì öúĕôĄô 
ýìþĕô ýþüñýý øÿýúôðìþ øñöÿùìð. Éìüúüĕúô øñĆøúüĒ, öô íì ôýþôĀúðìô øìöýôøì÷ôô ùÿüô üĘó 
üìîúùì Ąÿðììùð, ĕìøăÿù úøô÷ĕúô øÿĕôøøô þìĄìööÿ÷ô øÿĕôþô íìüúĕìþ íìüüìýĒ 
øñïìüðìùð. 

Ìó ôù üĘ, þìĕ÷ô÷ô øìùíìĆĕúô ô÷øĒ ùôĄúù øñðôĕìð, öô øôöüúôė÷ôøô íôùúĕú îì 
ôùĄúúþ ċö úøô÷ñýþ, öô ĔÿóĆĕúô ïÿùúïÿùüú ðìü íìü øñïôüìð: üñòôøô ĕìüúüìþĒ, ùìøùúöĒ, 
ýôĀìþĒ îì ĕìüìöìþô ĕìîú, ĕìøăÿùôù, üìîĄìùĒ. ÚøñóôĄô úûþôøì÷ôô ôù úøô÷ĕú ùì þìùĕú 
íìüúĕìþôüú þìĆøôù øñöÿùìð, íì÷öô ýì÷úøìþôô ôùýúùüú ùôó ĕôĀó øñöÿùìð, öô ôù øìîóÿĆüú 
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íìüúô þìĕėôėúþô øÿúýôü ðìü ýúĕìô øñĆøúüĒ îì ýúāþøúù øÿĕôø îì ìöþÿì÷Ē øñïìüðúùìð 
[12,ý.167-177; 9,ý.203-206]. 

Øìėýìðô øìėú÷ì - øÿìõċù ùìøÿðìùô ìĕìøøôċþ îì þìĆýôüô øôöüúôė÷ôøô íôùú îì 
ôùĄúúþ íì øÿĕôþô ðúāô÷Ē, ôùăÿùôù ìüóČíôô ùìėĄô úù ðìü þìĆøôù ùìøÿðìùô ĕôýýô 
íìüúĕìþ, ýì÷úøìþĒ îì ýìøìüìùúöôô ĀìĆú÷ôċþô ôýþôĀúðìíìüìùðìïúù øñíúĄìð. Çìøóìøúù, 
øìėú÷ì íì þìĕ÷ô÷ô úøô÷ĕúô ìýúýôô øôöüúôė÷ôø (ĕìüúüìþ, ùìøùúöĒ, ïìüðôĄô ĕìîú îì 
ýôĀìþô ĕìîú) îì ûñĄùôĕúðô þìðíôüĕúô øÿĕìùðôýĒ îì øñĆøúüĒ íìüúô íñĕþìü ùìøÿðìùô 
Ąìüúôþô ðúāô÷ôô íôùú üìîúùì Ąÿðììýþ. 

Øìîúðĕú îì ÿýÿ÷ĕú. Ðìü þìĕėôėúþô øìóöÿü úøô÷ĕúô ìýúýôô øôöüúôė÷ôø ĕìøăÿù 
øìĔøÿô Ąìüúôþô ðúāô÷ôô ĕìîú, ĕìüúüìþ, ùìøùúöĒ îì ïìüðôĄô ĕìîú ðìü ðúāô÷ô íôùú 
øÿìõċù öìüðì øñĄìîìð. Úù íú ĀìĆú÷ôċþô Āôóôú÷úïĒ îì ûýôāú÷úïôô ôùýúù ì÷úėìøìùð ìýþ 
îì íì ĕôýýô íìüúĕìþ, ýì÷úøìþĒ îì ýìøìüìùúöôô öúü þìĆýôü øñüìýúùìð. ÚøĘóôĄô 
øôöüúôė÷ôø ôøöúù øñðôĕìð, öô øÿĕôþô ðúāô÷ôô íôùú ĕìø ĉýþñþôöĒ îì ĕìø íìüúĕìþ íúĄìð, 
ôùăÿùôù ôýþñĆøú÷ô ĉùñüïôċüú öìø öìüðì, ýìøìüìùúöôô íôùúĕúüú ìĀóúôĄ ðôĕìð. 

ëöñ ìó úøô÷ĕúô ìýúýôô øÿĕôþô íìüúĕìþ ðìü íôùúĕú, öô íì ýì÷úøìþĒ îì ĀìĆú÷ôċþô 
ôùýúù þìĆýôü øñüìýúùìð, ĕìüúüìþ îì ùìøùúöĒ øñíúĄìð. Çìüúüìþô úûþôøì÷Ē íìüúô 
ĀìĆú÷ôċþô üĘóøìüüì îì ĕôýýô íìüúĕìþ úðìþìù ðìü ðôìûìóúùô 18-25̧ Ý ùôïúĕ ðúĄþì 
øñĄìîìð. Çìüúüìþñ, öô ìó ôù øñĆČü öìø Č óôČð íúĄìð, øñþìîúùìð íì āìýþìïĒ, ýþüñýý îì ûìýþ 
Ąÿðìùô ýìøìüìùúöôô öúü úîìüðì üìýúùìð. 

Ùìøùúöôô úûþôøì÷Ē íúĄìð, úðìþìù ðìü 40-60% ùôïúĕ ðúĄþì øñĄìîìð, þú ùìĀìýöìĄĒ 
úýúù íúĄìð îì ûĘýþ āÿĄö ùìĄÿðì, ôùăÿùôù ùìøùúöôô íì÷ìùð íì ûìõðúôĄô ėú÷ìí îì 
íìöþñüôċĕú üúĕ ùìðôĕìð. ÏìüðôĄô ĕìîú ùôó ùìėĄô øÿĕôø øñíúóìð. Çìîúô þúóì îì ïìüðôĄô 
øÿùþìóìø ìó ĔìøĆĄìîôô ïìóĕúô óìüìüùúö, ìó ėìíô÷ô CO , îì ôĀ÷úýöÿùìùðìĕú ûñĄïôüĒ 
øñöÿùìð. Ðìü íôùúĕúô øÿúýôü ýôýþñøìô îñùþô÷ċþýôċ íìüúô þìùóôøô ïìüðôĄô ĕìîú îì 
þìĆøôùô þúóìïĒ ôýþôĀúðì øñĄìîìð, öô ôù íì íì÷ìùð íìüðúĄþìùô ýìøìüìùúöôô öúü îì 
íñĕíÿðôô ĕôýýô ôýþôĀúðìíìüìùðìïúù øÿýúôðìþ øñöÿùìð [12,ý.167-177; 3,ý.203-206]. 

Çìøóìøúù, üìîĄìùĒ îì ôýþôĀúðìô ùÿüĕúô þìíôĒ ùôó íì ĕôýýô íìüúĕìþ þìĆýôü 
øñüìýúùìùð. Çìüăìùð üìîĄìùĒ íì øôöüúôė÷ôø íì þìîüô øÿýþìėôø ì÷úėìøìùð ùñýþ, úù íì 
ĀìĆú÷ôċþô Āôóôú÷úïĒ îì ûýôāú÷úïĒ, ìó Ĕÿø÷ì íì ýìøìüìùúöôô öúü, öúùýñùþüìþýôċ îì 
ÿýþÿîúüôô üìîúùĒ þìĆýôü øñüìýúùìð. Øìýì÷ìù, ĕÿĔüìĕúñ, öô üĘĄùúôô þìíôĒ ðúüìùð, ĕôýýô 
íìüúĕìþüú ìĀóúôĄ øñðôĕìùð îì āìýþìïĒ îì ýþüñýýüú öúĕôĄ øñðôĕìùð. 

Íìüúô Āìĕøôðìùô ìĕìøøôċþô øôöüúôė÷ôø ðìü øÿĕôþô íìüúĕìþ, øñþìîúù ċö øôýú÷ô 
ìøì÷Ē úîìüð. Ðìü ċö íôùúô öúüĒ, öô ĕìüúüìþ 28̧ Ý îì ùìøùúöĒ 70% íÿð, 
ôýþôĀúðìíìüìùðìïúù āìýþìïĒ îì ùúüúĕìþĒ ĕôý øñöìüðìùð. Ûìý ìó ùìýíô ýôýþñøìô 
îñùþô÷ċþýôċ îì þìùóôøô ïìüøôðôĕĒ, ĕìüúüìþ íì 22̧ Ý îì ùìøùúöĒ íì 50% üìýúùôðì Ąÿð. 
ÙìþôĔì úù ïìüðôð, öô ĕôýýô íìüúĕìþ îì ýìøìüìùúöôô öúüĒ íì þìîüô ùìóìüüìý íñĕþìü Ąÿð. 
Ôù øôýú÷ ùôĄúù øñðôĕìð, öô øôöüúôė÷ôø ùì þìùĕú íì ĉĕýúýô íìüúĕìþ, íì÷öô íì 
ýìøìüìùúöôô ĀìĆú÷ôċþô ôùýúù îì ýì÷úøìþĒ ùôó þìĆýôü øñüìýúùìð. 

Çìøôù þìîü, þìĕ÷ô÷ô øôöüúôė÷ôø îì úøô÷ĕúô þìĆýôüüìýúù íì úù íìüúô þìüĕüñóĒ îì 
ôðúüìöÿùôô íôùúĕú ìĕìøøôċþô íÿóÿüï ðúüìð. Øÿĕìùðôýúù îì øñĆøúüúù íúċð ðìü ĕìøì 
øìüĕô÷ìĕúô ýúāþøúù îì ôýþôĀúðìô íôùúĕú íì ĕìüúüìþ, ùìøùúöĒ, ïìüðôĄô ĕìîú îì üìîĄìùĒ 
ðôėėìþô ĔôððĒ ðôĕìùð. Íú ôù ìøì÷, øÿĕôþô ðúāô÷ôô íôùú ĕìø íìüúô ôýþôĀúðìíìüìùðìïúù 
íìüúĕìþ øñĄìîìð îì ĕìø ÿýþÿîúüĒ îì ýìøìüìùúöôô þñāùôöĒ þìĆøôù øñïìüðìð. 

Ðìü øìĔøÿĆ, øôöüúôė÷ôø ĕìøăÿù ċöñ ìó úøô÷ĕúô ìýúýôô øÿĕôþô íìüúĕìþ ùìėĄô 
øÿĕôø îì ýñüĔìùíì ðúüìð. ÚøĘóôĄô úù îì þìþíôėô þìðíôüĕúô øÿĕìùðôýĒ îì øñĆøúüĒ íìüúô 
ùôïúĕ ðúĄþìùô øÿĕôþô íìüúĕìþ îì íñĕþìü öìüðìùô ýôĀìþô óôùðìïôô ôýþôĀúðìíìüìùðìïúù 
óìüÿü ìýþ. Øÿĕôþô ðúāô÷ôô íôùú íúċð ĕìøñĄì ĕìøăÿù ĔÿóĆô ĕìČþìù øÿĕôø íìüúô ýì÷úøìþĒ, 
ýìøìüìùúöĒ îì ÿýþÿîúüôô íôùú íì ùìóìü ïôüôĀþì Ąìîìð. 

Øôöüúôė÷ôø ĕìøăÿù øìĔøÿô ûìüìøñþüĕúô Āôóôöôô øÿĕôþô ðúāô÷ôô íôùú, ìó Ĕÿø÷ì 
ĕìüúüìþ, ùìøùúöôô ùôýíĒ, ýÿüĆìþô ĕìüìöìþô ĕìîú îì ýôĀìþô þìüöôíô ïìóôô úù øÿìõċù 
öìüðì øñĄìîìð. Ôù úøô÷ĕú íì ĀìĆú÷ôċþô Āôóôú÷úïĒ îì üìîúùôô ôùýúù þìĆýôüô íñîúýôþì 
üìýúùôðì, ýìþĕô íìüúĕìþĒ, ýì÷úøìþĒ îì ýìøìüìùúöôô øñĕùìþüú øÿìõċù øñöÿùìùð. 

ëöñ ìó ùôĄúùðôĕìùðìĕúô ìýúýôô øôöüúôė÷ôø ĕìüúüìþ íì ĕôýúí øñüìîìð. Þìĕėôėúþĕú 
ùôĄúù øñðôĕìùð, öô ðôìûìóúùô úûþôøì÷ôô ĕìüúüìþ íìüúô ìöýìüô íôùúĕúô ôýþôėúøìþĒ îì 
øìĆøÿüĒ ðìü ĕÿðÿðô 18¬25¸Ý ėìüúü ðúüìð. Çìùïúøô ìó ôù øñĆČü āúüôĔ Ąÿðìùô ĕìüúüìþ, 
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ĀìĆú÷ôċþô úüïìùôóø āì÷ì÷ðúü ïìüðôðì, ùôĄúùìĕúñ ăÿù āìýþìïĒ, ûìýþĄìîôô ðôėėìþ îì 
ùúėÿ÷ìõôô ÿøÿøĒ íì îÿĔÿð øñúċùð. 

Ùìøùúöôô ĕìîú ùôó ìĕìøøôċþô öì÷úù ðúüìð. Ýìþĕô úûþôøì÷ôô úù úðìþìù ðìü ĕÿðÿðô 
40¬60% ùôïúĕ ðúĄþì øñĄìîìð. Ùìøùúöôô ûìýþ øñþìîúùìð íì āÿĄöĄìîôô ûĘýþ îì 
÷ÿúíûìüðìĕú úîìüðì üìýúùìð, ðìü ĕú÷ñ öô ùìøùúöôô íì÷ìùð Ąìüúôþô øÿýúôð íìüúô üÿĄðô 
ėú÷ìí îì øôöüúúüïìùôóøĕúüú Āìüúĕìø øñúüìð. 

Úøô÷ô øÿĕôøøô ðôïìü ¬ ïìüðôĄô ĕìîú øñíúĄìð. Øÿíúðô÷ìô øÿùþìóìøô ĕìîú íìüúô 
āúüôĔ ùìøÿðìùô ïìóĕúô óìüìüùúö, ìó Ĕÿø÷ì ðôúöýôðô öìüíúù (CO) îì îúüôð ùìøÿðìùô 
ĕìîúô þúóì óìüÿü ìýþ. Ðìü ĕú÷ìþô ùúöôĀúċ íÿðìùô îñùþô÷ċþýôċ, ýôĀìþô ĕìîú ûìýþ Ąÿðì, íì 
ýì÷úøìþĒ îì ėúíô÷ôċþô öúüôô ôùýúù þìĆýôüô øìùĀĒ øñüìýúùìð. 

Ô÷úîì íìü ôù, ýôĀìþô ĕìîúô ðúāô÷Ē ĕìøăÿù ùôĄúùðôĕìùðìô øÿĕôø ìüóČíĒ øñïìüðìð. 
Íì÷ìùð Ąÿðìùô ýìþĕô CO óôČðì ìó 1000 ppm øñþìîúùìð íúôýô ýìüðìüð, āìýþìïĒ îì öúĕôĄô 
ĀìĆú÷ôċþô óñĕùĒ ïìüðìð. Ìó ôù üĘ, þìĆøôùô îñùþô÷ċþýôċô ýìøìüìùúö îì ôýþôĀúðìô 
ýôýþñøìĕúô þúóìöÿùôô ĕìîú óìüÿü øñíúĄìð. 

Çìüăìùð üìîĄìùĒ íì øôöüúôė÷ôø íñîúýôþì ðúāô÷ ùìøñĄìîìð, þìĆýôüô úù íì ĕú÷ìþô 
üìîúùôô ôùýúù ùìóìüüìý ìýþ. ÔýþôĀúðìô ùÿüô þìíôĒ íì íì÷ìùð Ąÿðìùô ėúíô÷ôċþô 
öúùýñùþüìþýôċ, íñĕþìü Ąÿðìùô öìõĀôċþ îì öúĕôĄô ýþüñýý øÿýúôðìþ øñùìøúċð. 

Çìüúüìþ ¬ ċöñ ìó ĔÿóĆĕúô ìýúýôô øôöüúôė÷ôø øñíúĄìð. Çìüúüìþ íì ĀìĆú÷ôċþô Ĕôýø 
îì ìė÷ þìĆýôü øñüìýúùìð. Çìüúüìþô øÿĆþìðô÷ íì ôùýúù ôøöúù øñðôĕìð, öô āÿðüú íìüúĕìþ 
ĕôý öÿùìð, ýþüñýý öìø Ąìîìð îì öúüÿ ĀìĆú÷ôċþô ĕìüüĘóì ýìøìüìùúö íúĄìð. Çìüúüìþñ, öô ìó 
ðôìûìóúùô úûþôøì÷Ē (úðìþìù 18¬25¸Ý) öìø Č óôČð íúĄìð, øñþìîúùìð íì āìýþìïĒ, 
üĘĕìĀþúðìïĒ îì ûìýþ Ąÿðìùô öúùýñùþüìþýôċ úîìüðì üìýúùìð. 

ÙìøùúöĒ ¬ ðìüìĔìô ùìøùúöôô ĕìîú íì ùìĀìýöìĄĒ îì ýì÷úøìþôô ûĘýþ ì÷úėìøìùð ìýþ. 
Ùìøùúöôô ùôýíôô úûþôøì÷Ē (40¬60%) íì úðìø ôøöúù øñðôĕìð, öô ùìĀìýöìĄĒ úýúù íúĄìð 
îì ûĘýþ āÿĄö ùìĄÿðì, ĕìøóìøúù, ùìøùúöôô íì÷ìùð íì ûìõðúôĄô ėú÷ìí îì íìöþñüôċĕú üúĕ 
ùìðôĕìð. Íôùúĕúñ, öô ùìøùúöĒ ðìü úùĕú ùúøÿîúĀôė ìýþ, øñþìîúùìùð íì ĕú÷ìþô ýì÷úøìþôô 
ôýþôĀúðìíìüìùðìïúù þìĆýôüô øìùĀĒ üìýúùìùð, ìó Ĕÿø÷ì íñøúüôĕúô üúĕĕúô ùìĀìý 
[13,ý.167-177; 3,ý.203-206]. 

ÏìüðôĄô ĕìîú ¬ øÿíúðô÷ìô øÿùþìóìøô ĕìîú ìó ĔìøĆĄìîôô ïìóĕúô óìüìüùúö îì 
ôĀ÷úýöÿùìùðìĕúüú ûñĄïôüĒ øñöÿùìð. Ýôýþñøìĕúô îñùþô÷ċýôċ îì öÿĄúðìùô þôüñóìĕú íìüúô 
þìĆøôùô ïìüðôĄô ĕìîú îì ùôïúĕ ðúĄþìùô ĕìîúô þúóì óìüÿüìùð. ÏìüðôĄô ùúðÿüÿýþ 
øñþìîúùìð ýìþĕô úöýôïñùüú öìø öÿùìð îì íì āìýþìïĒ, ýìüðìüð îì ûìýþ Ąÿðìùô ýìøìüìùúöôô 
öúü úîìüðì üìýúùìð. 

ÝôĀìþô ĕìîú ¬ øôėðúüô úöýôïñù îì ùìíÿðìùô ïìóĕúô óìüìüùúö (øìýì÷ìù, CO îì ðôïìü 
ôĀ÷úýöÿùìùðìĕú) íì ĕôýýô íìüúĕìþ îì ýì÷úøìþôô ôùýúù þìĆýôü øñüìýúùìð. Çìîúô þúóì 
ĕôýýô āìýþìïĒ îì ýþüñýýüú öúĕôĄ øñðôĕìð îì íì ĀìĆú÷ôċþô ìė÷Ē øÿýúôðìþ øñöÿùìð. 

Çìøôù þìüôė, øôöüúôė÷ôø ĕìøăÿù ùôóúøô øÿüìööìíô úøô÷ĕúô íì ĕìø îúíìýþì 
íìüúøìð ùìøÿðì, þìĆøôùô ĕú÷ìþô úûþôøì÷ôô úù Ąìüþô øÿĕôøøô Āìüúĕìø úîìüðìùô 
øÿĕôþô íìüúĕìþ îì ýú÷ôø ðìü íôùúĕú øñíúĄìð. 

Ìĕìøøôċþô øôöüúôė÷ôø ðìü úù ìýþ, öô úù Ąìüúôþô øÿĕôþô ðúāô÷ôüú íìüúô 
ôýþôĀúðìíìüìùðìïúù îì ĀìĆú÷ôċþô þñāùôöĒ øÿýúôð øñïìüðúùìð. Øôöüúôė÷ôø øìĔøÿô 
úøô÷ĕúô ĀôóôöĒ, ìó Ĕÿø÷ì ĕìüúüìþ, ùìøùúöôô ĕìîú, ýÿüĆìþô ĕìüìöìþô ĕìîú îì þìüöôíô 
ïìóôô úùüú ðìü íìü øñïôüìð. Ôù úøô÷ĕú íì ýì÷úøìþôô ôùýúù, ĕôýýô íìüúĕìþĒ îì ėúíô÷ôċþô 
öúüôô Ę þìĆýôüô øÿýþìėôø øñüìýúùìùð. Ìó ôù üĘ, þìĆøôùô øôöüúôė÷ôøô úûþôøì÷Ē ċöñ ìó 
îìóôĀìĕúô øÿĕôøøô ÷úôĕìöìĄĒ îì ôýþôĀúðìô íôùúĕú íì ĕôýúí øñüìîìð. 

Øôýú÷ĕú ùôĄúù øñðôĕìùð, öô íôùúĕúñ, öô øôöüúôė÷ôøô ùúøÿîúĀôė ðúüìùð, ĕìüúüìþ 
āñ÷ñ íì÷ìùð Č ûìýþ, ùìøùúöĒ āñ÷ñ öìø Č óôČð, ïìüðôĄô ĕìîú ùúöôĀúċ ¬ øñþìîúùìùð íì 
ýþüñýý, āìýþìïĒ îì ĕìþþú íñøúüôĕúô üúĕĕúô ùìĀìý úîìüðì üìýúùìùð. Ðìü ăÿùôù Ąìüúôþ 
ėúíô÷ôċþô ĀôöüüúùĒ îì ðôėėìþô ôùýúù ûìýþ øñĄìîìð, öô ôù íì ýìøìüìùúöôô øñĕùìþ 
þìĆýôüô øìùĀĒ øñüìýúùìð. Ô÷úîì íìü ôù, øÿĕôþô ùúøÿîúĀôė øñþìîúùìð íì ûìõðúôĄô 
ėú÷ìí, óìùïóìùĒ îì îìõüúùĄìîôô øìýú÷ñĕô ýúāþøúùĒ úîìüðì üìýúùìð, öô ÿýþÿîúüôô 
íôùúĕúüú öúĕôĄ øñðôĕìð. 

Ôù øìýĆì÷ì þìùĕú íì ĕôýýô íìüúĕìþ øìĕðÿð ùìøñĄìîìð, íì÷öô íì ýìøìüìùúöôô öúü îì 
ÿýþÿîúüôô íôùú ùôó þìĆýôü øñüìýúùìð. Ðìü øÿĕôþô ýìùúìþĒ, øìýì÷ìù, þìĎõôüČíôô ĕìüúüìþ 
îì ùìøùúöĒ øñþìîúùìð íì öúüô þìĔĕôóúþ þìĆýôü üìýúùìð îì íúôýô ûìýþ Ąÿðìùô ýôĀìþô 
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øìĕýÿ÷úþ ïìüðìð. Ðìü øÿìýýôýìĕúô þôííĒ îì þìĆ÷ôøĒ íúĄìð, øôöüúôė÷ôøô ðÿüÿýþ íìüúô 
ùôïúĕ ðúĄþìùô ýì÷úøìþôô úðìøúù îì Āìüúĕìø úîìüðìùô Ąìüúôþô øÿýúôðô ĀìĆú÷ôċþ 
ìĕìøøôċþô øìāýÿý ðúüìð [5,ý.283-290; 10,ý.122-126]. 

Íìüúô ùôĄúù ðúðìùô ìĕìøøôċþô øôöüúôė÷ôø, øñþìîúù øôýú÷ô úðĒ úîìüð. Ðìü ċö 
ĕÿĔüìô öúüĒ, öô ĕìüúüìþ 28¸Ý îì ùìøùúöĒ 70% íÿð, ôýþôĀúðìíìüìùðìïúù ùôýíìþ íì ĕú÷ìþô 
ûñĄþìüì āìýþìïĒ îì ùúüúĕìþĒ ĕôý øñöìüðìùð. Çìîú îìóùôù îì ùìĀìýöìĄĒ ðÿĄîúü øñïìüðôð. 
Ûìý ìó ùìýíô ýôýþñøìô îñùþô÷ċþýôċ îì þìùóôøô ïìüøôðôĕĒ, ĕìüúüìþ íì 22¸Ý îì ùìøùúöĒ íì 
50% üìýúùôðì Ąÿð. Ðìü ùìþôĔì, øÿĕôþô ðúāô÷Ē íì øñĆČüĕúô íìüúĕìþĒ øÿþúíôė ïìüðôðì, 
ĕôýýô íìüúĕìþ îì ýìøìüìùúöôô öúüĒ íì þìîüô ùìóìüüìý íñĕþìü ïìüðôð. 

Àìõü ìó ôù, øôöüúôė÷ôø íì ýìüĀô ĉùñüïôċ ùôó þìĆýôü øñüìýúùìð. Ìïìü ýôýþñøìĕúô 
ïìüøôðôĕĒ îì îñùþô÷ċþýôċ ðÿüÿýþ þìùóôø ùìĄìîìùð, øñþìîúùìð þì÷ìĀúþô óôČðô ĉùñüïôċ íì 
ìøì÷ úċð. Íú ôýþôĀúðì ìó þñāùú÷úïôċĕúô øÿúýôü, ìó Ĕÿø÷ì ýôýþñøìĕúô ìîþúøìþôöôô 
ôðúüìöÿùôô ôė÷ôø, ôøöúù ìýþ, öô ùì þìùĕú Ąìüúôþô íìüúĕìþ þìĆøôù öìüðì Ąìîìð, íì÷öô 
ôýþñĆøú÷ô ĉùñüïôċ ùôó öìø öìüðì Ąìîìð. 

Çìøôù þìüôė, øôöüúôė÷ôø ċöñ ìó úøô÷ĕúô ìýúýôñ øñíúĄìð, öô íìüúĕìþôô óôùðìïĒ, 
ýì÷úøìþôô ôùýúù, ýìøìüìùúöôô öúü îì ÿýþÿîúüôô íôùúĕúüú øÿìõċù øñöÿùìð. ÞìĆøôùô 
ùôĄúùðôĕìùðìĕúô úûþôøì÷ôô úù íúċð ĕìøăÿù îìóôĀìô øÿĕôøøô øÿĕìùðôýĒ îì øñĆøúüĒ 
íìüüìýĒ ïìüðìð. 

ØìýĆì÷ìĕú, øñĆČü îì þì÷ìíúþĕúô øôöüúôė÷ôø. Çìøôù þìîü, øôöüúôė÷ôø ĕìøăÿù ċöñ ìó 
úøô÷ĕúô ìýúýôô øÿĕôþô íìüúĕìþ ìĕìøøôċþô íÿóÿüï ðúüìð. ÚøĘóôĄô úù îì þìþíôėô 
þìðíôüĕúô øÿĕìùðôýĒ îì øñĆøúüĒ íìüúô íñĕþìü ùìøÿðìùô øÿĕôþô ðúāô÷ô íôùú îì þìĆøôù 
ùìøÿðìùô ýì÷úøìþĒ îì ýìøìüìùúöôô ôýþôĀúðìíìüìùðìïúù óìüÿü ìýþ. 

Øôýú÷: Ðìü ċö íôùúô öúüĒ, ĕìüúüìþ 28¸Ý îì ùìøùúöĒ 70% íÿð. ÔýþôĀúðìíìüìùðìïúù 
āìýþìïĒ îì ùúüúĕìþĒ ĕôý øñöìüðìùð. Íú ùìýíô ýôýþñøìô îñùþô÷ċþýôċô øÿúýôü îì þìùóôøô 
ïìüøôðôĕĒ íì 22¸Ý îì ùìøùúöôô 50%, ĕôýýô íìüúĕìþ îì ýìøìüìùúöôô öúüĒ íì þìîüô 
ùìóìüüìý íñĕþìü Ąÿð. 

 
Æìðîì÷ô 1. ØñĆČüĕú îì ùôĄúùðôĕìùðìĕúô øôöüúôė÷ôø 

Table 1. Microclimate criteria and indicators 
Úøô÷ Ðôìûìóúù úûþôøì÷Ē ÞìĆýôü ðìü ýÿüìþô ùúøÿîúĀôė 

Çìüúüìþ 18¬25¸Ý áìýþìïĒ, ýþüñýý, öìø Ąÿðìùô ýìøìüìùúöĒ 
ÙìøùúöĒ 40¬60% áÿĄöĄìîôô ûĘýþ Č öìĀôðìùô ðñîúüĕú, ûìõðúôĄô ėú÷ìí 

ÏìüðôĄô ĕìîú 0,1¬0,3 ø/ý Çìîúô Ďìüė, ĔìøĆĄìîôô ïìóĕúô óìüìüùúö 

ÝôĀìþô ĕìîú CO  Ò 1000 ppm Þìüóô ùìĀìýöìĄĒ āì÷ì÷ðúü, āìýþìïĒ 

ÜìîĄìùĒ 300¬500 lx Ýþüñýý, ûìýþ Ąÿðìùô öúùýñùþüìþýôċ 

 
Æìðîì÷ 2. ßýÿ÷ĕú îì îúýôþìĕúô þìùóôøô øôöüúôė÷ôø 
Table 2. Methods and means of regulating microclimate 

Ýôýþñøìĕú îì þìðíôüĕúô 
úùĕú 

Îúýôþì îì ÿýÿ÷ ØìùĀôìþ íìüúô ôýþôĀúðìíìüìùðìïúù 

ÏìüøôðôĕĒ îì 
āÿùÿööÿùĒ 

ÏìüøôøÿĕúĀôó, 
øÿĆþìðô÷ýúóôô ĕìîú, 
ýôýþñøìĕúô ïìüøôðôĕĒ 

Çìüúüìþ ðìü ĕÿðÿðô úûþôøì÷Ē, ĕôýýô 
íìüúĕìþ, ýìøìüìùúöôô öúü 

Îñùþô÷ċþýôċ 
Þôüñóìĕú, Ąìāþĕúô ĕìîú, 

ĕìîúïìüðúù 

ÞìĆøôùô ĕìîúô þúóì, öúĕôĄô ïìóĕúô 
óìüìüùúö, íì÷ìùð Ąÿðìùô 

öúùýñùþüìþýôċ 

Ùìóúüìþ îì þìùóôøô 
ùìøùúöĒ 

Ùìøùúööÿùìùðìĕú, 
āÿĄööÿùìùðìĕú 

Ùìøùúöôô úûþôøì÷Ē, ûñĄïôüôô 
íñøúüôĕúô üúĕô ùìĀìý îì ûìõðúôĄô 

ėú÷ìí 

Ùÿü îì üĘĄùúĒ Ùÿüĕúô þìíôĒ îì ýÿùĆĒ 
Çôýýô íìüúĕìþ, öúĕôĄô āìýþìïĒ, 
íì÷ìùð Ąÿðìùô ýìøìüìùúöĒ 

 
ÏìüðôĄô ýìøìüìùúöô ĕìîú îì þìĆøôùô ĕìîúô þúóì ċöñ ìó Ąìüþĕúô ìýúýôô þìĄìööÿ÷ô 

øôöüúôė÷ôøô ýú÷ôø ðìü íôùúĕú íì ĕôýúí øñüìîìð. Ôù üìîìùð þìîìýýÿþô ýôýþñøìĕúô þìíôĒ 
Č øñāìùôöôô îñùþô÷ċþýôċ þìĆøôù öìüðì Ąÿðì, íìüúô ùôïúĕ ðúĄþìùô ýôĀìþô øÿĆþìðô÷ô 
øÿĕôþô ðúāô÷Ē ìĕìøøôċþô öì÷úù ðúüìð. Ðìü Ąìüúôþô øÿúýôüô ýúāþøúù, öô íôùúĕú íñĄþìü 
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ïñüøñþôöĒ îì öìøùìĀìý øñĄìîìùð, øìýĆì÷ìô øÿíúðô÷ìô ĕìîú ìĕìøøôċþô íúó ĕìø íñĄþìü 
ûìõðú øñöÿùìð. 

Çìîúô þúóì íì öúĕôĄô ĔìøĆĄìîôô ïìóĕúô óìüìüùúö, ìó ėìíô÷ô ðôúöýôðô öìüíúù 
(CO ), úöýôðĕúô ùôþüúïñù, øúððìĕúô āôøôċîôô íÿāúüĄìîìùðì (VOC), ôùăÿùôù íìöþñüôċĕú, 
îôüÿýĕú îì ðôïìü ôĀ÷úýöÿùìùðìĕúô ĕìîúĒ øÿýúôðìþ øñùìøúċð. Ðìü ĕú÷ìþô ùúöôĀúċ íÿðìùô 
ïìüðôĄô ĕìîú, öúùýñùþüìþýôċô ôù øúððìĕú þìðüôĔìù óôČð Ąÿðì, ýôĀìþô øÿĕôþô ðúāô÷ôüú 
ûìýþ øñöÿùìð. Ôù ĕú÷ìþ øñþìîúùìð íì öúĕôĄô ėúíô÷ôċþô öúüĒ, āìýþìïôô óÿð, ðìüðô ýìü îì 
ûìýþĄìîôô ýìþĕô ðôėėìþ úîìüðì üìýúùìð. 

Ìó ùÿėþìô ùìóìüô Āôóôú÷úïĒ, ôùýúù íì ĕìîúñ ĉĕþôČĔ ðúüìð, öô ðúüúô øôėðúüô öúĀôô 
úöýôïñù îì ýìþĕô ûìýþô ôĀ÷úýöÿùìùðìĕú íúĄìð. Çìùïúøô ùúüìýúôô ĕìîúô þúóì, øÿíúðô÷ìô 
ïìóĕú ðìü úüïìùôóøô ôùýúù āì÷ì÷ðúü ïìüðôðì, ýôýþñøìô ùìĀìýöìĄĒ îì ðô÷ÿ üìïĕú óñüô 
þìĆýôüô øìùĀĒ ėìüúü øñïôüìùð. Ìó ôù üĘ, þìĆøôù ùìøÿðìùô îñùþô÷ċþýôċô ýìøìüìùúö ċöñ 
ìó þì÷ìíúþô ìýúýôô ïôïôñùìô øÿĕôþô óôýþ íì Ąÿøúü øñüìîìð. 

ÝôĀìþô íì÷ìùðô ĕìîúô ðúāô÷Ē ùì þìùĕú íì ýì÷úøìþôô ôùýúù þìĆýôü øñüìýúùìð, íì÷öô 
íì ĕú÷ìþô üìîúùĒ îì ĕôýýô íìüúĕìþôô Ę ùôó üúíôþìô øÿýþìėôø ðúüìð. Þìĕėôėúþĕúô ô÷øĒ 
ùôĄúù øñðôĕìùð, öô ðìü øÿĕôþĕúô ðúüúô ĕìîúô þúóì ýìþĕô ýþüñýý ûìýþ Ąÿðì, ėúíô÷ôċþô 
öúùýñùþüìþýôċ îì ýìøìüìùúöôô óñĕùĒ íì÷ìùð øñïìüðìð. ÍìüĆìöý, øÿĕôþô íú ĕìîúô ôĀ÷úý îì 
öìøĕìüìöìþ íúôýô ĉĕýúýô ùúüúĕìþĒ, āìýþìïôô üìîúùĒ îì öúĕôĄô ĀìĆú÷ôċþô öúüĒ øñïìüðìð. 

ÙìþôĔìĕú. ÙìþôĔìĕúô þìĕėôėúþ ùôĄúù øñðôĕìùð, öô øôöüúôė÷ôøô íôùú ĕìøăÿù 
ùôóúøô øÿüìööìíô íôýČüûìüìøñþüĒ ìó þìĆýôüô øÿþìėúíô÷ìô ĕìüúüìþ, ùìøùúöĒ, ýÿüĆìþô 
ĕìüìöìþô ĕìîú îì ýôĀìþô þìüöôíô ïìóôô úù îúíìýþì øñíúĄìð. Þìĕ÷ô÷ĕúô øÿėúôýìîĒ ùôĄúù 
ðúðìùð, öô ùôïúĕ ðúĄþìùô ûìüìøñþüĕúô úûþôøì÷Ē ðìü øÿĕôþô ðúāô÷Ē Ąìüþô ìýúýôô 
þìĆøôùô íìüúĕìþôô ïìüøĒ îì ýì÷úøìþôô ôýþôĀúðìíìüìùðìïúù øñíúĄìð. 

Þôíėô øúðñ÷ĕúô íìĕúðôĕôô íìüúĕìþôô ïìüøĒ, ìó Ĕÿø÷ì ùôĄúùðôĕìùðìĕúô PMV îì 
PPD, ûñĄùôĕúðùìøÿðìô àìùïñü, ĕú÷ìþô úûþôøì÷ôô øÿĕôþô ðúāô÷Ē ðìü ĕú÷ìþñ íì ðìýþ 
øñúċð, öô þìîúóÿùô ïìüøôô íìõùô úüïìùôóøô ôùýúù îì øÿĕôþô ìþüúĀ þìĆøôù ïìüðìð. Ðìü 
ĕú÷ìþô ìó ĕìð óôČð íì÷ìùð Ąÿðìùô ĕìüúüìþ (óôČðì ìó 26-28¸Ý) îì ùìøùúöôô ùôýíĒ (óôČðì ìó 
60%), ìüóôĄô PMV íì ýìøþô øÿýíìþ þìĎõôü ČĀþì, ĕôýýô ïìüøôô óôČðìþĒ îì ùúėÿ÷ìõĒ íì 
îÿĔÿð øñúċð. ÍìüĆìöý, ðìü ðôìûìóúùô ĕìüúüìþô 20-23¸Ý îì ùìøùúöôô 40¬55%, 
ùôĄúùðôĕìùðìĕúô PMV íì ìüóôĄô ùìóðôö íì ýôĀü øñüìýìùð, öô ôù ĕú÷ìþô íìüúĕìþôô 
úûþôøì÷ôüú ôùĆôöúý øñùìøúċð. 

Ô÷úîì íìü ôù, þìĕ÷ô÷ĕú ùôĄúù øñðôĕìùð, öô ýôĀìþô ĕìîúô ðúāô÷Ē ĕìøăÿù ċöñ ìó 
úøô÷ĕúô öì÷ôðĒ ðìü þìĄìööÿ÷ô øÿĕôþô ýú÷ôø íìüúøìð øñöÿùìð. ØÿîúĀôėô þìîýôċĕúô 
ýúóøúùĕúô íìõùì÷øô÷ì÷Ē, ìó Ĕÿø÷ì Ýúóøúùô ÿøÿøôĔìĕúùôô þìùðÿüÿýþĒ, ýìþĕô 
öúùýñùþüìþýôċô ðôúöýôðô öìüíúù (CO ) ðìü ÿþúėĕú ùìíúċð ìó 1000 ppm óôČð íúĄìð. Íì÷ìùð 
Ąÿðìùô ôù ùôĄúùðôĕìùðì íúôýô öúĕôĄô ėúíô÷ôċþô óñĕùĒ, ìĀóúôĄô āìýþìïĒ îì ûìýþ 
Ąÿðìùô ýìøìüìùúöôô ĀìĆú÷ôċþô ôùýúù øñïìüðìð. Ôù ĕú÷ìþ øìāýÿýìù ðìü íôùúĕúô ðúüúô 
îñùþô÷ċþýôċô ùúöôĀúċ îì ðìüìĔìô íì÷ìùðô ïñüøñþôöĒ íñĄþìü øÿĄúĕôðì øñĄìîìð. 

ÙìþôĔìĕúô þìĕėôėúþ ôùăÿùôù ìĕìøøôċþô ýôýþñøìĕúô øÿĕìùðôýôô øÿúýôüüú ðìü 
ôðúüìöÿùôô øôöüúôė÷ôø þìýðôė øñùìøúċùð. Ýôýþñøìĕúô ïìüøôðôĕĒ, îñùþô÷ċþýôċ îì 
öúùðôþýôúùñüöÿùĒ (HVAC) ðìü ĕú÷ìþô ôýþôĀúðìô þñāùú÷úïôċĕúô ìîþúøìþôöúùĒ ôøöúù 
øñðôĕìùð, öô ûìüìøñþüĕúô øÿĕôþô ðúāô÷Ē íì þìîüô ðúôøĒ øúùôþúüôùï îì þìùóôø öìüðì 
Ąìîìùð. Þìþíôėô ýñùýúüĕúô ôùþñ÷÷ñöþÿì÷Ē íìüúô ăñùöÿùôô ĕìüúüìþ, ùìøùúöĒ îì ýôĀìþô 
ĕìîú ôøöúù øñðôĕìð, öô üñòôøĕúô öúüôô ýôýþñøìĕú íì Ąìüúôþô îúėñĒ øÿþúíôė ïìüðúùôðì 
Ąÿðì, ĕìøóìøúù, ôýþñĆøú÷ô ĉùñüïôċ öúĕôĄ ðúðì Ąìîìð [11; 3; 5]. 

Ìó ùÿėþìô ùìóìüô øñĆøúüĒ, þìĕėôėúþĕú ùôĄúù øñðôĕìùð, öô þìüĕüñóôô ðÿüÿýþô íôùú 
øñþìîúùìð íì íñĕþìü ïìüðôðìùô ùôĄúùðôĕìùðìĕúô øôöüúôė÷ôø þìĆýôüô ùìóìüüìý üìýúùìð. 
ÔýþôĀúðìô ýìøìüìùúöô üìîĄìùôðôĕôô þìíôĒ, ôùþôāúíô ðÿüÿýþô øìîúðĕúô ïìüøôøÿĕúĀôó 
îì íì ùìóìü ïôüôĀþìùô ýìøþô Ąìøú÷ îì úĀþúí ĕìùïúøô þìüĕüñóĒ, ôøöúù øñðôĕìùð, öô 
øÿĕôþô ðúāô÷Ē íì þìîüô þìíôĒ þìùóôø ïìüðìð. Ôù þìðíôüĕú ùì þìùĕú íì íì÷ìùð 
íìüðúĄþìùô íìüúĕìþôô ôýþôĀúðìíìüìùðìïúù øÿýúôðìþ øñöÿùìùð, íì÷öô íì öìø ùìøÿðìùô 
ýìüĀô ĉùñüïôċ ùôó þìĆýôüô øÿýíìþ øñüìýúùìùð. 

Ðìü øìĔøÿĆ, ùìþôĔìĕúô íìðìýþúøìðì ùôĄúù øñðôĕìùð, öô øôöüúôė÷ôø ĕìøăÿù ċöñ ìó 
úøô÷ĕúô ìýúýôô øÿĕôþô íìüúĕìþ íúċð ðìü ĕìøìô øìüĕô÷ìĕúô ĕìČþôô íôùú ¬ ìó ÷úôĕìöìĄĒ 
þú ôýþôĀúðì ¬ íì þìîüô öúøû÷ñöýĒ íìüüìýĒ ïìüðìð. Þìùĕú ðìü ĕú÷ìþô ôýþôĀúðìô 
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ĕìøóìøúùìô þìðíôüĕúô øÿĕìùðôýĒ, øñĆøúüĒ îì þñāùú÷úïĒ øñþìîúù íì þìĆøôùô Ąìüúôþô 
úûþôøì÷Ē, íì÷ìùð íìüðúĄþìùô ýìøìüìùúöôô ĉùñüïñþôöĒ îì ĕôĀóô ýì÷úøìþôô 
ôýþôĀúðìíìüìùðìïúù ùúô÷ ïìüðôð [4; 5; 8;ý.140-144]. 

Øÿĕúöôøì. Íú þìþíôėô îúýôþìĕúô øÿĕìùðôýĒ îì øñĆøúüĒ, ìó ėìíô÷ô ôýþôĀúðìô 
ôóú÷ċþýôċô ïìüøĒ, ýôýþñøìĕúô øÿúýôüô ïìüøôðôĕĒ îì āÿùÿööÿùĒ, îñùþô÷ċþýôċ, þìùóôøô 
ùìøùúöĒ îì ôýþôĀúðìô ýìøìüìùúöô üĘĄùúôô þìíôĒ, øñþìîúù Ąìüúôþô úûþôøì÷ôô 
øôöüúôė÷ôøüú þìĆøôù ùìøÿð. Øìýì÷ìù, ôóú÷ċþýôċô ðÿüÿýþ þì÷ìĀúþô ïìüøôüú öìø ùìøÿðì, 
íì ùôïúĕ ðúĄþìùô ĕìüúüìþô øÿĆþìðô÷ øÿýúôðìþ øñöÿùìð. Ýôýþñøìĕúô îñùþô÷ċþýôċ 
íúĄìùð, îúüôðĄìîôô ĕìîúô þúóì îì āúüôĔĄìîôô ĕìîúô ôĀ÷úýüú þìĆøôù øñùìøúċùð. Ô÷úîì 
íìü ôù, ôýþôĀúðìô üĘĄùúôô þìíôĒ ùì þìùĕú ýìüĀô ĉùñüïôċüú öìø øñöÿùìð, íì÷öô íì 
ĕú÷ìþô üìîúùôô ôùýúù ùôó þìĆýôüô øÿýíìþ øñüìýúùìð. 

Øôýú÷ĕúô ìøì÷Ē ùôĄúù øñðôĕìùð, öô íôùúĕúñ, öô øôöüúôė÷ôøô úûþôøì÷Ē ðúüìùð, 
ĕôýýô íìüúĕìþ îì öúùýñùþüìþýôċô ôýþôĀúðìíìüìùðìïúùüú ìĀóúôĄ øñðôĕìùð. Ðìü ăÿùôù 
øÿĕôþ úðìøúù öìøþìü āìýþì øñĄìîìùð, ėúíô÷ôċþô öúüôô úùĕú íì÷ìùð øñïìüðìð îì āìþìüô 
íñøúüôĕúô ïÿùúïÿù öúĕôĄ øñČíìð. Øìýì÷ìù, ðìü ôðúüìĕúñ, öô ýôýþñøìĕúô øÿúýôüô 
îñùþô÷ċþýôċ îì þìùóôøô ĕìüúüìþ ôýþôĀúðì øñĄìîìùð, ýìøìüìùúöôô øñĕùìþ ùôýíìþ íì 
ôðúüìĕúô ðúüúô Ąìüúôþô ùúøÿîúĀôė āñ÷ñ íì÷ìùðþìü ìýþ. 

Àìõü ìó ôù, øôöüúôė÷ôø íì ÿýþÿîúüôô íôùú îì ýìøìüìùúöôô ôýþôĀúðìô ĉùñüïôċ ùôó 
þìĆýôüô ùìóìüüìý øñüìýúùìð. Ìïìü ĕìüúüìþ îì ùìøùúöĒ ðìü ðúāô÷ô íôùú ðÿüÿýþ þìùóôø 
öìüðì ùìĄìîìùð, øñþìîúùìð íì ûìõðúôĄô ùìøùúöĒ, ėú÷ìí îì îìõüúùĄìîôô öúùýþüÿöýôċĕú 
úîìüðì üìýúùìð. Ôù ĕú÷ìþ ùì þìùĕú íì ýì÷úøìþôô ôùýúù, íì÷öô íì ðìîúøùúöôô āôóøìþô 
íôùú ùôó þìĆýôüô øìùĀĒ øñüìýúùìð. Ìó þìüìĀô ðôïìü, ôýþôĀúðìô þñāùú÷úïôċĕúô øÿúýôü 
íìüúô ôðúüìöÿùôô øôöüúôė÷ôø ôøöúù øñðôĕìð, öô ýìüĀô ĉùñüïôċ öúĕôĄ ČĀþì, 
ýìøìüìùúöôô ÿøÿøôô íôùú íì÷ìùð ïìüðìð. 

Ðìü øìĔøÿĆ, øôöüúôė÷ôø ùì þìùĕú íì ĉĕýúýô íìüúĕìþ îì ėìùúìþøìùðôô 
ôýþôĀúðìíìüìùðìïúù øÿýúôðìþ øñöÿùìð, íì÷öô íì ÿýþÿîúüôô íôùú, ýìøìüìùúöôô ĉùñüïôċ îì 
ýôĀìþô øÿĕôþô ðúāô÷Ē ùôó þìĆýôüô øÿĕôøñ ðúüìð. ÚøĘóôĄô øôöüúôė÷ôø îì þìþíôėô 
þìðíôüĕúô ðìā÷ðúü íúċð ĕìøñĄì ðìü øìüĕô÷ìĕúô þìüĕüñóĒ, ýúāþøúù îì ôýþôĀúðìô íôùúĕú 
íì ùìóìü ïôüôĀþì Ąìîìð. 

Ðìü ìýúýô ùìþôĔìĕúô íìðìýþúøìðì þìîýôċĕúô óñüôù ûñĄùôĕúð øñïìüðìùð: 
¶ ùôïúĕ ðúĄþìùô ĕìüúüìþ ðìü ĕÿðÿðô 20¬23¸Ý;  
¶ þìĆøôùô ùìøùúöôô ùôýíĒ ðìü ýìþĕô 40¬60%;  
¶ ôýþôĀúðìô ýôýþñøìĕúô ýìøìüìùúöô îñùþô÷ċþýôċ;  
¶ ùìóúüìþô ðúôøôô ýìþĕô CO;  
¶ ôýþôĀúðìô üìîĄìùôðôĕôô þìíôĒ îì þñāùú÷úïôċĕúô ýìüĀìöúüúùìô ĉùñüïôċ. 
áÿ÷úýì. Øôöüúôė÷ôøô íôùú îì ôùĄúúþ ċöñ ìó úøô÷ĕúô ìýúýôô øÿĕôþô íìüúĕìþ îì 

ýú÷ôø íì ĕôýúí øñüìîìð. Úù øìĔøÿô Ąìüúôþô ðúāô÷ôô ĕìîú, ìó Ĕÿø÷ì ĕìüúüìþ, ùìøùúöĒ, 
ïìüðôĄô ĕìîú îì ýôĀìþô ĕìîúüú ðìü íìü øñïôüìð îì íñîúýôþì íì ýì÷úøìþĒ, ĕôýýô íìüúĕìþ 
îì ýìøìüìùúöôô ĀìĆú÷ôċþô ôýþôĀúðìíìüìùðìïúù þìĆýôü øñüìýúùìð. Çìüúüìþ îì ùìøùúöôô 
úûþôøì÷Ē (18¬25̧ Ý îì 40¬60%) íì ĕôýýô íìüúĕìþ, öúĕôĄô ýþüñýý îì āìýþìïĒ, ôùăÿùôù íì 
íñĕþìü Ąÿðìùô öúùýñùþüìþýôċ îì ýìøìüìùúöôô öúü øÿýúôðìþ øñöÿùìùð. 

Ô÷úîì íìü ôù, ïìüðôĄô ýìøìüìùúöô ĕìîú îì þìĆøôùô ĕìîúô þúóì íì öúĕôĄô ýìþĕô 
ôĀ÷úýĄìîôô ĕìîú îì ûñĄïôüôô íñøúüôĕú øÿýúôðìþ øñùìøúċð. Íú ôýþôĀúðì ìó ýôýþñøìĕúô 
øÿúýôüô øÿĕìùðôýĒ îì øñĆøúüĒ, ôøöúù ìýþ, öô Ąìüúôþô íñĕþìüôùô øôöüúôė÷ôø þìĆøôù 
öìüðì Ąìîìð. Ìó ôù üĘ, íì øìýĆì÷ìô øôöüúôė÷ôø íúċð ĕìøăÿù ċöñ ìó ýìøþĕúô ìýúýôô 
íì÷ìùð íìüðúĄþìùô ýôĀìþô óôùðìïĒ îì ĀìĆú÷ôċþô ôùýúù ðôėėìþô ĔôððĒ ðúðì Ąìîìð. 

Øìėú÷ì ðìü ðúôüìô øìîóÿô ô÷øôô öìĀñðüìô þìĆøôùô ïìóÿ ïìüøĒ îì ĕìîúþúóìöÿùôô 
ÐúùôĄïúĕô þñāùôöôô ÞúĔôöôýþúù íì ùúøô ìöìðñøôö Ø.Ý. ÚýôøĒ µÞñāùú÷úïôċô íì÷ìùð 
íìüðúĄþìùô ýìøìüìùúöôô ĉùñüïñþôöôô íôùúĕú ðìü ìýúýô ôýþôĀúðìô ĉùñüïôċô úĀþúí îì 
ðñïĕúô ýĘóôĄîúüôô ýìāþ, öô ðìü ìýúýô ýĘóôĄîúüôô øìĕì÷÷Ē þìĕôċ Ąÿðììùð½, öô þôíėô 
þìüþôíô øÿėìüüìüĄÿðì íì ėìõð ïôüôĀþì Ąÿðììýþ (ûüúþúöú÷ô Ĝ3 ìó 12.10.2023), þìĕôċ 
ïìüðôðììýþ. 
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14. ʍʫʞʘʝʚ ʇ.ʉ. ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʩʪʝʥʦʚʳʝ ʦʛʨʘʞʜʝʥʠʷ ʟʜʘʥʠʡ ʩ ʚʳʩʦʢʠʤʠ ʪʝʧʣʦʟʘʱʠʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 
/ ʇ.ʉ. ʍʫʞʘʝʚ, ɼʞ.ʀ. ʀʩʤʘʪʫʣʣʦʟʦʜʘ, ʌ.ʅ. ʍʘʩʘʥʦʚ // ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ çɺʦʜʥʳʝ ʨʝʩʫʨʩʳ, ʵʥʝʨʛʝʪʠʢʘ ʠ 
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ØÔÖÜÚÔÉ×ÔØÔ ÍÔÙÚ ÎÌ ÔÙäÚÚÞ ¬ ÚØÔ×ÇÚÔ ÌÝÚÝÔÔ ØßÇÔÞÔ ÍÌÜÚÇÌÞ 

Øìėú÷ì þìĕþô ÿùîúùô µØôöüúôė÷ôøô íôùú îì ôùĄúúþ ¬ ċöñ ìó úøô÷ĕúô ìýúýôô øÿĕôþô íìüúĕìþ½ 
øìîüôðô þìĕėôė ėìüúü ïôüôĀþììýþ. Øìėýìð ìó þìĕôċô øìėú÷ì øÿìõċù öìüðìùô ìĕìøøôċþ îì þìĆýôüô 
øôöüúôė÷ôø íì øÿĕôþô ðúāô÷ôô íôùú îì ĕôýýô íìüúĕìþ îì ýì÷úøìþôô ôýþôĀúðìíìüìùðìïúù øñíúĄìð. 
Øôöüúôė÷ôø ĕìøăÿù øìĔøÿô Ąìüúôþô ðúāô÷ôô ĕìîú, ìó Ĕÿø÷ì ĕìüúüìþ, ùìøùúöĒ, ïìüðôĄô ĕìîú îì ýôĀìþô 
ĕìîú øÿìüüôĀĒ ïìüðôðì, íì ĀìĆú÷ôċþô Āôóôú÷úïĒ îì ûýôāú÷úïĒ þìĆýôüô íñîúýôþì øñüìýúùìð. Ðìü øìėú÷ì 
úøô÷ĕúô ìýúýôô þìĆýôüüìýúù íì øôöüúôė÷ôø þìĕ÷ô÷ Ąÿðììùð. Çìüúüìþ îì ùìøùúöôô úûþôøì÷Ē (18-25̧ Ý îì 
40-60%) íì ĕôýýô íìüúĕìþ îì ýìøìüìùúöôô öúü þìĆýôü øñüìýúùìùð. ÏìüðôĄô ýìøìüìùúöô ĕìîú îì ýôĀìþô 
þúóìô úù ìó ĔìøĆĄìîôô ïìóĕúô óìüìüùúö îì íìöþñüôċĕú ûñĄïôüĒ øñöÿùìð. Çìøóìøúù, üìîĄìùĒ îì ôýþôĀúðìô 
ùÿüĕúô þìíôĒ íì öúùýñùþüìþýôċ îì ĕôýýô ėìùúìþøìùðĒ þìĆýôüïÿóúü øñíúĄìùð. Øìėú÷ì íì îúýôþìô øôýú÷ĕú 
îì Ĕìðîì÷ĕúô ìøì÷Ē ùôĄúù øñðôĕìð, öô øôöüúôė÷ôøô ùúøÿîúĀôė øñþìîúùìð íì ýþüñýý, āìýþìïĒ îì ûìýþ 
Ąÿðìùô ýìøìüìùúöôô öúü úîìüðì üìýúùìð. Çìøăÿùôù, þìðíôüĕúô øÿĕìùðôýĒ îì øñĆøúüĒ íìüúô íñĕþìü 
öìüðìùô øôöüúôė÷ôø ûñĄùôĕúð Ąÿðììùð: þìùóôøô ïìüøôðôĕĒ îì āÿùÿööÿùĒ, îñùþô÷ċþýôċ, ùìóúüìþ îì 
þìùóôøô ùìøùúöĒ îì ôýþôĀúðìô üĘĄùúôô þìíôĒ. 

Öì÷ôðîúòìĕú: øôöüúôė÷ôøô íôùú, øÿĕôþô íìüúĕìþ, øÿĕôþô ðúāô÷Ē, ĕìüúüìþô ĕìîú, ùìøĒ, îñùþô÷ċþýôċ, 
ýìøìüìùúöôô ĉùñüïñþôöôô íôùúĕú. 
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ʄʀʂʈʆʂʃʀʄɸʊ ɿɼɸʅʀʁ ʀ ʉʆʆʈʋɾɽʅʀʁ ï ʆʉʅʆɺʅʓʍ ʌɸʂʊʆʈʆɺ ʂʆʄʌʆʈʊʅʆʁ ʉʈɽɼʓ 

ʉʪʘʪʴʷ, ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʄʠʢʨʦʢʣʠʤʘʪ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ï ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʢʦʤʬʦʨʪʥʦʡ 

ʩʨʝʜʳè - ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʜʘʥʥʦʡ ʪʝʤʳ. ʎʝʣʴ ʩʪʘʪʴʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʟʥʘʯʝʥʠʷ ʠ ʚʣʠʷʥʠʷ 

ʤʠʢʨʦʢʣʠʤʘʪʘ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʩʨʝʜʫ ʟʜʘʥʠʷ, ʘ ʪʘʢʞʝ ʥʘ ʦʱʫʱʝʥʠʝ ʢʦʤʬʦʨʪʘ ʠ ʟʜʦʨʦʚʴʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʄʠʢʨʦʢʣʠʤʘʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʥʫʪʨʝʥʥʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʭʘ, ʚʢʣʶʯʘʷ ʪʝʤʧʝʨʘʪʫʨʫ, 

ʚʣʘʞʥʦʩʪʴ, ʜʚʠʞʝʥʠʝ ʠ ʢʘʯʝʩʪʚʦ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʠ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʯʝʣʦʚʝʢʘ. ɺ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʤʠʢʨʦʢʣʠʤʘʪ. 

ʆʧʪʠʤʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ (18ï25Áʉ ʠ 40ï60%) ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʱʫʱʝʥʠʶ ʢʦʤʬʦʨʪʘ ʠ 

ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʫʜʘ. ʕʬʬʝʢʪʠʚʥʘʷ ʮʠʨʢʫʣʷʮʠʷ ʚʦʟʜʫʭʘ ʠ ʝʛʦ ʯʠʩʪʦʪʘ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʥʘʢʦʧʣʝʥʠʝ 

ʚʨʝʜʥʳʭ ʛʘʟʦʚ ʠ ʙʘʢʪʝʨʠʡ. ʊʘʢʞʝ ʦʩʚʝʱʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʥʠʤʘʥʠʷ ʠ ʯʫʚʩʪʚʦ ʫʜʦʚʣʝʪʚʦʨʸʥʥʦʩʪʠ. ʉ ʧʦʤʦʱʴʶ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʨʦʚ ʠ ʪʘʙʣʠʮ ʚ ʩʪʘʪʴʝ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʡ ʤʠʢʨʦʢʣʠʤʘʪ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʪʨʝʩʩʫ, ʫʪʦʤʣʷʝʤʦʩʪʠ ʠ ʩʥʠʞʝʥʠʶ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʣʦʞʝʥʳ ʠʥʞʝʥʝʨʥʳʝ ʠ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʤʝʨʳ ʧʦ ʫʣʫʯʰʝʥʠʶ ʤʠʢʨʦʢʣʠʤʘʪʘ: 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʦʪʦʧʣʝʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ, ʚʝʥʪʠʣʷʮʠʷ, ʢʦʥʪʨʦʣʴ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚʣʘʞʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʢʨʦʢʣʠʤʘʪ ʟʜʘʥʠʡ, ʢʦʤʬʦʨʪʥʘʷ ʩʨʝʜʘ, ʚʥʫʪʨʝʥʥʷʷ ʩʨʝʜʘ ʧʦʤʝʱʝʥʠʡ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ, ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʚʝʥʪʠʣʷʮʠʷ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʜʘʥʠʡ . 

 

MICROCLIMATE OF BUILDINGS AND STRUCTURES ï THE MAIN FACTORS OF A COMFORTABLE 

ENVIRONMENT  

The article entitled ñMicroclimate of Buildings and Structures ï One of the Main Factors of a Comfortable 

Environmentò is devoted to the study of this topic. The purpose of the article is to determine the significance and impact of 

the microclimate on the indoor environment of a building, as well as on the comfort and health of its occupants. The 

microclimate is considered as a set of indoor air parameters, including temperature, humidity, air movement, and air 

quality, which have a direct impact on the physiological and psychological condition of a person. The article analyzes the 

main factors influencing the microclimate. Optimal temperature and humidity levels (18ï25ÁC and 40ï60%) contribute to a 

sense of comfort and increase work efficiency. Effective air circulation and cleanliness prevent the accumulation of 

harmful gases and bacteria. In addition, lighting and the use of natural light influence concentration and a sense of 

satisfaction. Using practical examples and tables, the article demonstrates that an unfavorable microclimate can lead to 

stress, fatigue, and decreased performance. Furthermore, engineering and architectural measures to improve the 

microclimate are proposed, including the regulation of heating and cooling, ventilation, humidity control and regulation, as 

well as the use of natural lighting. 

Keywords: building microclimate, comfortable environment, indoor environment, air temperature, air humidity, 

ventilation, energy efficiency of buildings. 
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Øìĕøÿðúîì à.Ø.  
ÐúùôĄöìðìô ûú÷ôþñāùôöôô ÐúùôĄïúĕô þñāùôöôô ÞúĔôöôýþúù íì ùúøô ìöìðñøôö 

Ø.Ý.ÚýôøĒ ðìü Ąìĕüô áÿĔìùð 
 

Øÿėìððôøì. Øìėú÷ìô øìóöÿü íì øìýĆì÷ìô íìĕúðôĕôô øúĄôùüúùĒ ðìü íì÷ìùðöĘĕĕú îì 
ĕìüìöìþ ðìü üúĕĕúô öĘĕôô Æÿøĕÿüôô ÞúĔôöôýþúù íìāĄôðì Ąÿðììýþ. Ðìü øìėú÷ì ĕìüìöìþ 
ðìü ýñüûìùþôùĕú îì úøô÷ĕúô þìĆýôü üìýúùìùðì öúüöìüð Ąÿðììýþ. Øìėýìðô þìĕėôėúþ íìüúô 
ýúāþøúùô üúĕĕúô ìîþúøúíô÷ïìüð ðìü Ąìüúôþô öĘĕĒ ôùĄúúþô øÿĕìùðôýĒ îìýñĆ ôýþôĀúðì 
íÿüðì øñĄìîìùð, öô ôùĕú öĘûüÿöĕú, ùìíėĕú, ĉýþìöìðìĕú îì ýñüûìùþôùĕúüú þìĄöô÷ 
øñðôĕìùð.  

Ôýþô÷úĕô ýñüûñùþôù ìó öì÷ôøìô Āìüúùýìîôô serpentin îì ìó ÷úþôùĒ serpens, serpentis - 
"øúü", ċĆùñ üúĕô ûñă ðìü ûñă, öô ėôýøìþĕúô úùüú ïìüðôĄĕú îì ĕì÷ėìĕúô ùôĄñíĒ þìĄöô÷ 
øñðôĕìùð, öô íì øúùìùðô ÷ñùþì ìýþ.  

Ýúāþøúùô üúĕĕúô ìîþúøúíô÷ïìüð ðìü øôùþìėìĕúô öĘĕĒ, öô üñ÷ñĀô āñ÷ñ ðÿĄîúüüú ðìü 
íìü øñïôüìð, üúĕĕú íú ċö ùìøÿðô øìāýÿýôô öìĔĒ - ýñüûìùþôùĕúô ýôøøñþüĒ íú öÿùĔĕúô 
öì÷úùô ïìüðôĄĕú, öÿùĔĕúô ïÿóìüôĄüú þìĄöô÷ øñðôĕìùð.  

Ôù āìþĕú íìüúô úýúù öìüðìùô íú÷úüìîĒ îì ĀÿüÿðúĒ ðìü ùôĄñíôĕú îì íìüúøìðìù íì 
ėôþĆìô ìýúýôô üúĕ āôóøìþ øñöÿùìùð, öô ăÿùôù öÿùĔôĕúîÿ ïìüðôĄĕúô ûìõðìüûìõüú 
ýñüûìùþôùĕú øñùúøìùð. Ìýìíìíô úù, öô öÿùĔô ïìüðôĄô ýñüûìùþôùĕú āñ÷ñ öì÷úù ìýþ, öìĔĒ 
ùì ðìü ðúāô÷ô öÿùĔ, íì÷öô íñüÿù ìó úù Ĕúõïôü öìüðì øñĄìîìð. Çìùïúøô ïÿóìĄþìùô 
Ąúĕüúĕĕú ðìü øôùþìėìĕúô öĘĕôô ðúüúô üñ÷ñĀô āñ÷ñ ðÿĄîúüô ïÿùúïÿù, üúĕĕú íú ċö ùìøÿðô 
øìāýÿýô öìĔôĕú - ýñüûìùþôùĕúô ýôøøñþüĒ öô ðúüúô öÿùĔĕúô öì÷úùô ïìüðôĄĕúċùð, öÿùĔĕúô 
ïÿóìüôĄ íúĄìð, íìüúô íú÷úüìîôô ùôĄñíĒ îì Āìüúøìðìùô ėôþĆìô öì÷úù ûñĄíôùĒ Ąÿðììýþ, 
öô ăÿùôù öÿùĔĕúüú ýñüûìùþôùĕú øñùúøìùð (ùôï íì üìýøô 1) [10; 8]. 

Ìó ýìíìíô úù, öô öÿùĔô ïìüðôĄô ýñüûìùþôùĕú āñ÷ñ öì÷úù ìýþ, öìĔĒ ùì ðìü ðúāô÷ô 
öÿùĔ, íì÷öô íñüÿù ìó úù Ĕúõïôü öìüðì øñĄìîìð. 

Ôðúüìöÿùôô ìîþúøúíô÷ ðìü öĘĕýúü ùôó āÿýÿýôċþô íì āÿð āúýüú ðúüìð. 
 

Üìýøô 1. Ýñüûìùþôùĕú-ùìøÿðô ÿøÿøĒ 
Figure 1. Serpentines - common type 
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Üìýøô 2. ÖÿùĔĕúô ïìüðôĄô üúĕĕúô ìîþúøúíô÷ïìüð 
Figure 2. Road turning angles 

 
 

Üìýøô 3. Ýñüûìùþôùĕú îì ïìüðôĄĕúô āìþìüùúö 
Figure 3. Dangerous serpentines and turns 

 
 
ÎìóôĀìô ìýúýôô üúùìùðìïúùô ìîþúøúíô÷ĕú ôù üôúċô ėúôðìĕúô íñāìþìüĒ øñíúĄìð. 

àì÷úöìþĕúô øìĆøÿ÷þìüôù ðìü üúĕĕúô öĘĕĒ ôùĕúċùð [15]: 
-ìó üúĕ íìüúøìðìù; 
-íìüāĘüĒ ĕìùïúøô ûñĄïÿóìüĒ; 
-ìó ĕìð óôČð íì÷ìùð Ąÿðìùô ýÿüĆìþ ĕìùïúøô Āìüúøìðìù ìó ùôĄñíĒ; 
-íìüāĘüðìùĕúüú þìĄöô÷ øñðôĕìùð. 
Øìėýìðô øìėú÷ì - ėúôðìĕúô ìýúýĒ ôù ûìýþöÿùôô ýÿüĆìþô ĕìüìöìþ øñíúĄìð. Ìïìü 

ýñüûìùþôù íì ėìðüô öúĀĒ íì÷ìùð íúĄìð, öìøĄìîôô úöýôïñù øñþìîúùìð íì ðìüöô ýÿüĆìþ îì 
øìýúĀì þìĆýôü üìýúùìð îì āìČ÷ĕúô ïÿùúïÿùüú íì îÿĔÿð úüìð. Ìïìü üúùìùðì þìĔüôíìô öúĀĒ 
ðìü øôùþìėìĕúô öĘĕĒ ùìðúĄþì íúĄìð, íñĕþìü ìýþ, öô ðìü ûñĄïÿóìüĒ ìó ðôïìü ùìė÷ôČþô 
ĕìüìöìþöÿùìùðì āÿððúüĒ öÿùìð, ăÿùöô āñ÷ñ āìþìüùúö ìýþ.  

Ûìýþ öìüðìùô ýÿüĆìþô ĕìüìöìþ ùôó óìüÿü ìýþ, óñüú ïìüðôĄĕúô öĘĕĒ úðìþìù āñ÷ñ 
ùôĄñíìùð. Ìïìü ðôðñð, öô øúùðì Ąÿðñð, ìó íú÷úüìîĒ āÿððúüĒ öÿùñð, ĕìüìöìþüú íìý 
ùìøÿðì, öĘĄôĄ öÿùñð, öô øúùðìïôüú íìüþìüìĀ ýúóñð. ÇìøñĄì ðìü Āÿüúøìðìùô ùôĄñíĒ 
þìîìėėÿĀ öÿùñð îì øôėðúüô íú÷úüìîĒ Č Āìüúøìðìù ìĕìøøôċþ ùìðúüìð [1]. 

ÛñĄìöĒ íìüúô þìîìėėÿĀĕú üúùìùðì íúċð ĕìøüúĕô āÿð ăìüāĕúô ĉĕþôČþĒ, øìîúð íìüúô 
íúóðúüĒ (íìĄøìöĕú) Č íìüúô íúóðúüĒ øúñô íúóðúüĒ îì ìùþôĀüôó óìāôüì íúċð ùìøÿð. Ðìü 
üúĕĕúô öĘĕýúü þñó-þñó þúüøúó ìó öúü øñíìüúċð îì úíĕú øñĔĘĄìùð. Ôù øìāýÿýìù ðìü ïìüøôô 
þúíôýþúù øÿĕôø ìýþ. 

Çìüìöìþ ðìü öĘĕýúü íúċð øÿüìþþìí îì ĉĕþôČþöúüúùì cap Ąìîìð. ÝÿüĆìþô ĕìüìöìþ ðìü 
ìýúýô Ąìüúôþ ôùþôāúí öìüðì øñĄìîìð, ìøøú ùìíúċð ìó 50 öø / ýúìþ óôČð íúĄìð. ØÿîúĀôėô 
úù ðìü Ąìüúôþô íúüúùÿ þÿøìù, íúüôðìùô íìüĀ îì ðôïìü Ąìüúôþô ùúøÿýúôð ýÿüĆìþô 
ĕìüìöìþô ûìýþ þì÷ìí öìüðì øñĄìîìð [2]. 

 

https://www.autoshcool.ru/uploads/posts/2011-03/1301485612_pravila_ezdy_po_gornym_dorogam_na_avtomobile.jpg
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Üìýøô 4. ÔîìóĄìîôô íúðÿ ĕìîú ðìü øôùþìėìĕúô öĘĕýúü-üúĕĕúô ÷ìĎòúùìö 
Figure 4. Wind and weather changes in mountainous areas - slippery roads 

 
 

Úėôíìþĕúô îìóùôùñ, öô íúôýô āÿüðþìüôù îìõüúù öìüðìùô ėúôðìĕúô ĕìüìöìþ øñïìüðìð, 
íúċð Āìĕøôð. Üúĕĕúô øôùþìėìĕúô öĘĕýúü, ăÿù ėúôðì, ðìü ċö þìüìĀ, öĘĕĕúô 
ýìüíìĀì÷ìööìĄôðì íúĄìð, þìüìĀô ðôïìüüú Ĕìüôĕú þìĄöô÷ øñðôĕìùð. Íì üñ÷ñĀô öĘĕôýþúù 
ùôó ċöíúüì þìĎõôü ČĀþìùô ĕìüúüìþ îì ĕúðôýìĕúô ìþøúýĀñüĒ āúý ìýþ, öô ìöýìüìù íúôýô 
þÿøìùô ĎìĀýô ðìüúóøÿððìþ îì ċāíìùðôô üúĕĕú øñïìüðìð (ùôï. íì üìýøĕúô 3 îì 4) [3; 4].  

Çú÷ìþĕúô óñüôùüú íì ùìóìü ïôüôĀþìù ÷úóôø ìýþ, öô ðìü íì÷ìùðôô íì÷ìùð ĀôĄúüô 
ìþøúýĀñüì ûìýþ øñĄìîìð, öô ôù ùôýíìþ íì Ąìüúôþô øÿĆþìðô÷ 20-25% öìø Ąÿðìùô ôėþôðúüô 
øÿĕìüüôö øñïìüðìð.  

Ðìü üúĕĕúô öĘĕĒ øìîĔÿðôċþô öÿþì÷ĕúô þÿ÷úùĒ îì ùôĄñíôĕúô þñó, ïìüðôĄĕúô 
ĕìüìöìþùúöô üúĕ- ïÿóìüôĄĕú (ýñüûìùþôùĕú), ėôýøô øúĄôùïìüðô þìùïĄìîìùðì, íúüúùô ýñ÷ 
îì ìĀþôĄô ýìùïûúüìĕú îì þìüøìĕú āúý ìýþ [5]. 

Ðìü íìüúíìüô íú÷úüìîĒ ìó ýìþĕô íìĕü íú ýìíìíô ûìýþĄìîôô ĀôĄúüô ìþøúýĀñüì öúüô 
øÿĕìüüôö Č þìîúùúôô úù öúĕôĄ ČĀþì, úíô ðìü ýôýþñøì øìîĔÿð íÿðì, ĕìþþú ðìü ĕìüúüìþô 
öìøþìüôù ĕìø íì ĔĘĄ øñðìüúċð, öô ûìýþĄìîôô ĉĆþôøúðùúöôô öúüô ĕìüìöìþúîìüô íúóðúüĕú 
(þúüøúóĕú) úîìüðì øñüìýúùìð [6; 7].  

Ðìü íì÷ìùðöĘĕĕú ùìĀìýöìĄôô üúùìùðì ðÿĄîúü ïìĄþì, ðìüðô ýìü, ýĘóôĄô ăìĄøĕú 
ûìõðú øñĄìîìùð. Çìøìô ôù üúùìùðìüú îìóôĀìðúü øñöÿùìð, öô ĉĕþôČþöúüôüú ûñĄì öÿùìð. 
Ðìü öÿþì÷ĕúô þÿ÷úùĒ îì ùôĄñíìĕú øìýúĀìô íìõùô ìîþúøúíô÷ĕú ìó ĕú÷ìþô øÿėìüüìüĒ 
óôČðþìü íúċð íúĄìð. 

Ðìü üúĕĕúô ÷ìĎòúùìö, úĎúóô ĕìüìöìþ ðìü öÿþì÷ĕúô āìþìüùúö, þú úù ðìøñ ìîþúøúíô÷ô 
ðìü ûñĄ ĕìüìöìþöÿùìùðì íì ùÿėþìô ùôĕúĒ ùúüìýôðì, āìîĀùúö øñíúĄìð. Ðìü öÿþì÷ĕú íúċð 
íú þñóĒ ýÿüĆìþô ôùþôėú÷ôô ÷úóôøôüú ûìõîìýþ ùìøÿðìù óìüÿü ìýþ. Ðìü ùôĄñíôĕúô ùì úù 
ėìðìü þñó Āìėìþ ðüúýýñ÷üú ûĘĄúùôðìù öôĀúċïĒ øñöÿùìð, öô ìîþúøúíô÷ ċöíúüì ýÿüĆìþìĄüú 
íì÷ìùð ùìöÿùìð. Ðìü ùôĄñíôĕúô þñóô øìýúĀììĄ öĘþúĕ íúóðúüĒ íú íìùðôĄô 
ûìõîìýþùúöìüðì ýÿüìþ øñïôüìð. Ðìü ùôĄñíìĕúô øìýúĀììĄ ðìüúó íúóðúüĒ íú Čüúôô 
øÿĕìüüôö āñ÷ñ øÿĕôø ìýþ, óñüú ôýþôĀúðìô ðÿüìùðìüúóô íúóðúüĒ āĘüðìĄìîôô óôČðô 
þìýûú÷ìöĕúüú íì îÿĔÿð úîìüðì, öì÷úðöì îì öìýėúùĕúüú (íìüìíìù)-üú øñþìĀýúùìð [9]. 

Øìîúðĕú îì ÿýÿ÷ĕú. Ðìü ùôĄñíôô þñóô ðÿüÿðìüúó, āÿýÿýìù üúĕĕúô ÷ìĎòúùìö íìüúô 
íì÷ìùð öìüðìùô Āúôðìùúöôô íúóðúüĕú íúċð ùìė÷ô III Č II ûìõîìýþ ùìøÿðìù ÷úóôø ìýþ. 
Çìùïúøô ĕìüìöìþ íì íú÷ú ðìü øÿĕìüüôö øúøñùþô ðìîüóìùôüú ðìü ĕú÷ìþô øìöýôøì÷Ē ùôïúĕ 
íúċð ðúĄþ îì ċöíúüì íì ùìė÷ô ûìýþ ïÿóìĄþ, óñüú ùúîúíìýþì ìó ĀôĄúüô ïìóô øúñĆ ôėþôðúüô 
øÿĕìüüôö íì ûìýþĄìîĒ ĄÿüÿĆ øñöÿùìð. Çìùïúøô ĕìüìöìþ íì íì÷ìùðĒ ċöíúüì ùì ùìė÷ô I íñ 
þìîìėėÿĀ ûìõîìýþ ùìøÿðì, (úðìþìù ðÿĊø Č ýñĊø) ðìü üúĕĕúô ýñüûñùþôùĒ, öô íú÷úüìîĒ íú 
ïìüðôĄĕúô þñó ĕìøüúĕ øñĄìîìð, íñĕþìü ìýþ íú øìėýìðô íñāìþìüĒ ĀôĄìùïô ìîîì÷üú 
ôýþôĀúðì íúċð íÿüð.  

Ðìü ìîþúøúíô÷ĕúô ùúėô÷ėÿþþôĕúċĄúù ìîþúøìþĒ þìîýôċ ðúðì øñĄìîìð, öô ÿýÿ÷ĕúô 
øìāýÿýô öúüôüú ôýþôĀúðì íìüìùð: 1, 2, 3, D2, D3, öô ĀôĄìùïô øìĕðÿðöÿùìùðì ĕìùïúøô 
ýÿüĆìþĀôóú (üìóïúù) ìùĔúø ðúðì øñĄìîìð, øìĕðÿð øñöÿùìð. 
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Üìýøô 5. ÞÿøìùĀìüúĒ 
Figure 5. Fog 

 
Ðìü ùôĄñíôĕú þñó ĕìüìöìþ öìüðìù íú øÿĕìüüôöĕúô āúøĘĄöìüðìĄÿðì îì ýúôĄíìùð Č 

ùúėô÷ėÿþþôô ûìõîìýþùìïìüðôðì øìùĆ ìýþ. Ðìü üúĕĕúô ïìüðôĄô þñóðúĄþì ĕìüìöìþ íú 
ýÿüĆìþô íì÷ìùð íì ċö þìüìĀ íÿüðìù Č öô ăìûûìĄìîôô ìîþúøúíô÷üú ðìü óñüô þìĆýôüô 
ėÿîîìĕúô øìüöìóïÿüñó Č ðôïìü ėÿîîìĕúô ûìĕ÷ÿĒ, ĕìùïúøô ýìøþô ĕìüìöìþüú þñó ðôïìü 
ùìøÿðìù, íì îÿĔÿð øñúüìð [11; 14].  

Üúùìùðìïúùô îúýôþìô ùìė÷ôČþ, ĕìùïúøô ùìóðôöĄìîĒ íì ïìüðôĄĕúô üúĕô öĘĕĒ, íúċð 
ĕìþøìù íì ėôýøô öìùúüô üúýþ Ĕúõïôü Ąÿðì, ðìü øìĕì÷ĕúô íñüÿù ìó øìĕì÷ĕúô ìĕú÷ôùôĄôù 
ýôïùì÷ô úîúóĒ íúċð ðúð. 

Ðìü üúĕĕúô öĘĕĒ, öìĄú÷ì öìüðì íÿüðìùô îúýôþìô ùìė÷ôČþ íú þìùúíô ăìùðôü, ĕìùïúøô 
ċāíìùðĒ, ĕìþþú íú þìùúíô ýìāþ ĕìø ôĔúóìþ ðúðì ùìøñĄìîìð, øìùĆ ìýþ. Ôùăÿùôù, ðìü üúĕĕúô 
öĘĕĒ øôùþìėìĕúô ýìíėìþ øìùĆ ìýþ, þúíāĘüĒ îì þìîìėėÿĀ øìùĆ ìýþ. 

Ðìü üúĕĕĕúô öĘĕôô ðìüúóôìĄúù ìó 400 ø óôČðþìü íú ðÿ ïìüðôĄĕúô þìùïþìüôù íúċð 
üúùìùðì ìøì÷ĕúô ĉĕþôČþöúüôüú ôýþôĀúðì ùìøÿðìùìĄ óìüÿü ìýþ [12]. 

Íú ùìóìüðúĄþô ĕìüìöìþ ðìü üúĕĕúô öĘĕĒ, íúċð ĕú÷ìþĕúô ìýúýôô íìüúøìðìù íì öĘĕ 
üôúċ Ąìîìð, öô ôùĕú íìĆðô ïÿóìüôĄĕúô þìùïô ïìüðôĄðúü, öô 180Ü ðìüíìü øñïôüìð îì 
ĕìùïúøô ìó ùôĄñíĒ Āìüúøìðìù ïìüðôĄĕúô ýñüûìùþôùüú íì ĕôýúí ïôüôĀþìù óìüÿü ìýþ.  

Ðìü üúĕĕúô öĘĕĒ üúùìùðìïúùñüú îúāĘüðìù øÿøöôù ìýþ, öô íú ýÿüĆìþô ìó ĕìð óôČðô 
íì÷ìùð ìîþúøúíô÷üú ôùþôėú÷ øñðôĕìùð, íìüúô öÿþì÷üú ïÿóìĄþìù ĕìüìöìþ øñùìøúċð.  

Çìùïúøô ĕìüìöìþô ìîþúøúíô÷ ðìü Ąìüúôþô öĘĕĒ îúíìýþì ìó ĕú÷ìþô þñāùôöĒ ìîîì÷ 
ì÷úøìþô ûìõðúĄìîôô úîúóüú ðìü øÿĕìüüôö, íìĆð ïìüøĄìîĒ îì ĔĘĄôðìùô úí ðìü 
üìðôìþúüüú íú úýúùĒ ûìõ íÿüðìù øÿøöôù ìýþ, öô íú ýìíìíĕúô øñāìùôöĒ îì ĀôóôöìîĒ ìó öúü 
øñøúùìð. 

Ðìü öÿþì÷ĕú íúċð ýÿüĆìþô ùìė÷ô ĕìüìöìþô ûìýþþìüüú ûìõîìýþ öÿùìð, öô ýÿüĆìþô 
ĕìüìöìþ ûìýþþìü Ąìîìð. ÔĔüúôĄô íìüîìėþþìüô ôù ìøì÷ ėúíô÷ô ėìõð îì íñĕþìü ìýþ. Óñüú 
øÿĕìüüôö íú ýìüíúüôô óôČð öúü øñöÿùìð, íìüúô úù, öô ðìü üúĕĕúô öĘĕĒ þìîúùúôô óôČð 
÷úóôø ìýþ, þìîúùúôô íì÷ìùð þìùĕú ðìü ĕú÷ìþô ýÿüĆìþìĀóúôô óúùÿîìüð ôøöúùûìóôü 
øñïìüðìð. 

àúýô÷ìô úûþôøì÷ôô óÿððôô ðìîüóìùĒ, öô ėÿîîìô öìĄôĄô āÿíþìüôùüú þìĆøôù 
øñùìøúċð, ðìü 2/3 ĕôýýìô ýÿüĆìþô ùôĕúôô ôùþôėú÷ô ðúðìĄÿðì øìîĔÿð øñíúĄìð. Ìïìü 
ýÿüĆìþ ìó ĕôýúíô ĕìüìöìþ ðìü öÿþì÷ ûìýþ Ąìîìð, íúċð íì ôùþôėú÷ô ýÿüĆìþô ûìýþþìü ûìõîìýþ 
ùìøÿðìù ĕìþøôýþ [13]. 

Ìöýìüôċþ ăÿùôù ìėôðìô āìþú ðúüìùð, öô ïĘČ óÿððôô ðìîüóìùôô íì÷ìùðô óúùÿîìüð íì 
øÿĕìüüôö þìĆýôü üìýúùôðì, ĕìùïúøô ĕìüìöìþ íì ïìüøĄìîĒ úîìüðì øñüìýúùìð. Ðìü ìý÷ 
íúĄìð, íìüĆìöý.  

Ì÷íìþþì, ĕìùïúøô íì öÿþì÷ĕú íìüúøìðìù íú ýìüĀìô óôČðô ýĘóôĄîúüĒ îì óôððô 
ïìüðôĄô íì÷ìùð øÿøöôù ùñýþ. Íúċð þìĆøôùô ýĘóôĄîúüĒ ìó Ĳ ĕôýýìô ôùþôėú÷ðôĕôüú ðìü 
íìü ïôüìð. Ðìü ôù ĕú÷ìþĕúô Ďìõüôôùþôóúü óìāôüìô öìøþìüôù íì îÿĔÿð øñúċð, ìïìü 
ìîþúøúíô÷ øÿùþìóìø ýÿüĆìþüú öúĕôĄ ðôĕìð, íúċð ùìė÷ô ûìýþüú ûìõîìýþ öìüð. 
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Íìüúô ýÿüĆìþüú þìĎõôü ðúðìù ýìüĀì ùìöìüðì, íúċð íì ùìė÷ô ûìýþ ûìõîìýþöÿùôüú 
øìĄė ùìøÿðìù ÷úóôø ìýþ. ØìĄėĕúüú þìùĕú ðìü üúĕĕúô ùôýíìþìù ĕìøîúü ôĔüú ùìøÿðìù 
óìüÿü ìýþ.  

ÏìüðôĄĕúô āìþìüùúö ðìü Ąìüúôþô öĘĕĒ. Çìùïúøô þú 50ø íì ïìüðôĄ ùìóðôö Ąÿðìù, 
íúċð ìïìü ĕìüìöìþ ðìü ùìė÷ô ýñĊø íúĄìð, íì ùìė÷ô ðÿĊø, ìïìü íú ðÿĊø íúĄìð, íì ċöÿø 
ûìõîìýþ öÿùñð. ãÿùöô ùìė÷ô ûìýþþìü ĕìþøìù óìüÿü ìýþ. 

àìüó öìüðñø, öô ïìüðôĄ íì þìüìĀô üúýþ íúĄìð, ĕìüìöìþô ðÿüÿýþ úù ìýþ, öô íú þìüìĀô 
üúýþ ôðúøì ðìðìùô ĕìüìöìþ, ĕìþþú ėÿîîìô óôČð íìüúô üúùìùðì þì÷ìí ùìøúċð ĕìø, 
ôðúüìöÿùôô ăìøíìüìö ĕìþøôýþ. Ðìü ùÿėþìô ïìüðôĄ ĕìþøìù ìó ėôýøìþô üúýþô üúĕĕú 
ĕìüìöìþ íúċð ùìøÿð îì ôù ðìü ĕìøúù ĕú÷ìþ ôøöúùûìóôü ìýþ, öô ùìė÷ô ýÿüìþô ûìýþ ûìõîìýþ 
íúĄìð îì ìîþúøúíô÷ ýÿýþ ĕìüìöìþ öÿùìð, ìøøú ėÿîîìô öìĄôĄ óôČð íúĄìð.  

Ðìü öÿþì÷ íúĄìð, þìĆøôùô ýĘóôĄîúüĒ íúċð íìüúíìü íúĄìð. Ìïìü ìîþúøúíô÷ ðìü 
ùôĄñíĒ ĕìüìöìþ öÿùìð, ðìü ėôýøô öìĔôô üúĕ íúóðúüôô ìîþúøúíô÷ øìùĆ ìýþ. Ðìü ĕú÷ìþô 
øìĆøÿ÷Ē ïìüðôĄ (ìïìü ĕìüìöìþô øÿėúíô÷ íìüúô îúýôþìô ùìė÷ôČþ ùìíúĄìð) íì þìüìĀô üúýþ 
ăÿùôù íúċð ôĔüú Ąìîìð: 

-ðìü ìîîì÷ ĕìüìöìþ íú þìüìĀô ăìû úĎúó ČĀþì, íìĆð ùÿėþìô ðúāô÷ô öìĔôüú ïÿóìĄþì íú 
ėôýøìþô ðúāô÷ôô þìüìĀô üúýþ ôðúøì ðúðìù ÷úóôø ìýþ; 

-ùìė÷ô íì÷ìùðô ýÿüĆìþô ĕìüìöìþ ûìõîìýþ öìüðì Ąìîìð.  
ÏìüðôĄ íì þìüìĀô ăìû. Üúùìùðìñ, öô íú āìþĕúô öìùðìĄÿðìô ðìü üúĕ ùôĄúùðúðìĄÿðì 

ĕìüìöìþ ùìøúċð, ôù ùúðÿüÿýþ ìýþ, óñüú üúĕô ùìė÷ôČþô ðìü øÿėúíô÷ ĕìüìöìþöÿùìùðìüú íìùð 
öìüðì, ðìü úāôüô ïìüðôĄ íú ėôýøìþô íñüÿùôô öìùúüô üúĕ ðìü ĕìüìöìþ ĄÿðìùìĄ øÿøöôù 
ìýþ. Ðìü ôù ĕú÷ìþô Āìîėÿ÷úðì îìõ íúċð íúóôýþìð îì íúóûìý ĕìüìöìþüú úĎúó ùìøÿðì, ðìîúø 
øñðôĕìð.  

Ðìü ïìüðôĄĕúô ăìûô üúĕ, öô ïÿóìĄþìùìĄ ùôýíìþìù úýúùþìü ìýþ, ìó ýìíìíô üìðôÿýô 
öì÷úùô ĔúõïôüĄìîôô üúĕ, íúċð íú ýÿüĆìþô ýÿýþĄìîìùðì ĕìüìöìþ öÿùìð, íúóðúüĒ 
ôùþôėú÷ðôĕôô ýÿüĆìþô ûìýþ, íúó íúóðúüĒ þú úù ðìøñ, öô üúýþāìþþì íì þìüìĀô öìùúü 
ĕìüìöìþ öÿùìð. 

Ðìü ĕìøìô öìĔôĕúô üúĕ íúċð íú ýÿüĆìþô ýÿýþ ĕìüìöìþ ùìøÿð. Ìïìü íì íú÷ú, ðìü 
ôùþôėú÷ðôĕôô ýÿüĆìþô ûìýþ îì íú þìĆøôùô ûÿüüìô ýĘóôĄîúüĒ, ìîþúøúíô÷ ĕìøìîìėþ ðìü 
óñüô ùìóúüìþ øñíúĄìð. ÇñĔ ïúĕ ĕìùïúøô ïìüðôĄ öìüðìù íúóðúüôô ìîþúøúíô÷üú ôĔüú 
ùìíúċð öìüð, óñüú ìïìü þìüóô ðÿüÿýþô ĕìüìöìþ ðìü üúĕĕúô öĘĕôüú ăô āñ÷ñ, öô ðìü íú÷ú 
úîìüðì Ąÿð, ĕìüìöìþüú íú íúîìüôô öì÷úù ôðúøì ðôĕñð îì ĕìþþú ĕìüìöìþ ðìü ïÿóìüïúĕĕúô 
þñó āñ÷ñ úýúùþìü øñĄìîìð.  

 
Üìýøô 6. ÏìüðôĄĕú ðìü üúĕĕúô öĘĕĒ 

Figure 6. Turns on mountain roads 

 
 

Ðìü ĕìü ċö íì÷ìùðĒ üúĕ íì ûúČù íì ûìýþĒ üìîúùì øñĄìîìð. Ìóíìýöô ìîþúøúíô÷ ìó 
íú÷úô öĘĕ ùôýíìþ íì íìüúøìðìù íì öĘĕ íú ýÿüĆìþô þñóþìü ĕìüìöìþ øñöÿùìð, íúċð íúóðúüìð. 
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Úðìþìù íú Čüôô øÿĕìüüôö íúóðúĄþìùüú üúùìùðìïúù ùìøñûôýìùðìùð, ìøøú ðìü ùôĄñíôĕúô 
þñóô öĘĕô íúóðúüôüú ĕìþøìù íú Čüôô øÿĕìüüôö ôĔüú ùìøÿðìù óìüÿü ìýþ.  

Íúóðúüôĕúüú (þúüøúó) íúċð ĉĕþôČþ öìüð, ăÿùöô ðìü ĕú÷ìþĕúô óìüÿüĒ, üúĕĕúô ïìüðôĄ 
þìĎõôüðôĕôô ùìė÷ íìüúô íúóðúüĒ ðìü Ąìüúôþĕúô Āìîėÿ÷úðì óìüÿü ìýþ. 

Öìýñ, öô íú üúĕĕúô öĘĕĒ ĕìüìöìþ öÿùìð, íúîìüôìĄ ùìøñúċð, öô ăÿùôù üúĕĕú ùôýíìþô 
üúĕĕúô ĕìøîúü ûÿüìýüúü øñíúĄìð. Þìüý ĕìùïúøô íì öĘĕ ĕìüìöìþ ùìøÿðìù íñìýúý ìýþ. 

 
Üìýøô 6.ì) Üúĕĕúô öĘĕĒ 

Figure 6.a) Mountain roads 

 
 

Üìýøô 6. í) ÝìüĄìîôô íì÷ìùðôĕú 
Figure 6. b) Beginning of the heights 

 
  
Øÿĕúöôøì. Üúĕĕúô öĘĕĒ íú øìîĔÿðôċþô ïÿóìüôĄĕú, öÿþì÷ĕú îì ùôĄñíôĕúô þñóô 

þÿ÷öìĄôìĄúù þú 10-20 öø, ïìüðôĄĕúô āìþìüùúöôô ðôðìĄìîìùðìïôô ùúöôĀúċïôô 
þìöüúüĄìîìùðì, ìöýìüìù ùìíÿðìùô øôùþìėìĕúô ĕìøîúüô üúýþ āúý ìýþ. ÙôĄñíôô üúĕô öĘĕôô 
üĘõûĘĄùìĄÿðì (ìýĀì÷þ) ĉĕþôøú÷ ìó øñĆČüô øÿìõċùĄÿðì óôČð íúĄìð. Ìó ôù ýìíìí ĕìøì 
îìėþ ðìü ôùþôāúíô ýÿüĆìþ íúċð íñāìþìüôüú íì ùìóìü ïôüôĀþì, ĉĕþôČþöúüĒ ðìü ôðúüìöÿùôô 
ìîþúøúíô÷ ĕìùïúøô ĕìüìöìþ ùôĕúċþ øìėýìðùúö øñíúĄìð.  

ÐÿĄîúüôô øìùČîüöÿùôô ìîþúøúíô÷ ðìü üúĕĕúô öĘĕĒ íôýČüþìü øôùþìėìĕúô 
ċāûĘĄĄÿðì íì ÷ìĎòôðìùô ìîþúøúíô÷ āìþìü ĉĔúð øñöÿùìð. Éôýøô øúĄôùïìüðô 
ċāíìýþìĄÿðì āÿýÿýìù ðìü íÿüüôĄĕú, ïìüðôĄĕúô ùúùìøúČùô āìþþô ïìüðôĄìĄ āÿüð ðìüìĔìô 
āìîĀùúöôüú øÿìõċù øñöÿùìð. Çìüìöìþô ðÿĄîúüïÿóìü ðìü Āìý÷ô þôüìøúĕÿ óôøôýþúù ìó 
ýìíìíô íúüúù íìüĀ îì þÿøìù íì ìøì÷ øñúċð. Íì Ďìõü ìó ôù, ìó āúþôü ùìíúċð íìüúîìüð, öô íú 
íìüúíìüô íì÷ìùðìĄîĒ ìó ýìþĕô íìĕü íì öúĕôĄ ČĀþìùô þìîúùúïôô øÿĕìüüôö úîìüðì 
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øñüìýúùìð. Çìü ċö ìîþúøúíô÷ô ðìü üúĕĕúô öĘĕĒ ôýþôĀúðìĄìîìùðì, íú þìĔĕôóúþô óôððô 
÷ìĎòôĄ (íìĄøìö) íú øìėýìðô ûñĄïôüôô ÷ìĎòôĄ, ĎñĔôĄ ðìü ĕú÷ìþô íúóðúĄþìù îì 
ùôĄñíôĕú ðúĄþìùìĄúù óìüÿü ìýþ. Çìøăÿùôù, þìĔĕôóúþô íúóðúüìùðìô ăìüāĕú ðìü ĕú÷ìþô 
íúóôýþĒ (öüôýþìîôùìô ïôðüúîô÷öì) Āìüĕúô óôððôþÿøìùĒ, ăìùðôüĕúô öìĄú÷ìöÿùĒ, 
óìùĔôüĕúô óôððô÷ìĎòôĄ, Ąôùìĕúô ðìùðúùìðúü ôýþôĀúðì íÿüðìù øìĕýÿ÷ùúöþìü øñíúĄìð. 

Ðìü üúĕĕúô öĘĕĒ ôýþôĀúðìô þìùĕú ýôýþñøìô íúóðúüĒ íìüúô íúóðúĄþ öìøþìü íì öúü 
øñíìüìùð, íúóðúüôô Āìîüôüú ôýþôĀúðì íÿüðìù ėìþĆôċù øìùĆ ìýþ. Öúüíìüôô úù ðìü 
ùôĄñíìĕúô þñó íì ĎñĔôĄô ìîþúøúíô÷ úîìüðì øñüìýúùìð, ĕìþþú ðìü ýìþĕô āÿĄöôô üúĕ ĕìø 
íì îÿĔÿð øñúüìð. Ðìü ýìþĕô üúĕô ùìøùúö ðìü ôù ĕú÷ìþĕú ìó üúĕíìüúĒ îì ăìûûìĄìîôô 
ìîþúøúíô÷ üÿā ðúðìù øÿøöôù ìýþ. 

Ìó üúĕíìüúôô ìîþúøúíô÷ ìïìü üÿā ðôĕìð, íú ÿýÿ÷ĕúô øìĆøÿ÷ íìüþìüìĀ öìüðì 
øñĄìîìð. Íúóðúüôô ìýúýĒ íú ÿýÿ÷ĕúô úøñāþì - íú øÿĕìüüôö îì íúóðúüôô öúüôüú íú ùìîíìþ 
úĕôýþì ôĔüú öìüðìù óìüÿü ìýþ. Çìüìöìþ íú Ĕÿðúöÿùôô ùúėô÷ėÿþþĒ øÿøöôù ùñýþ íì Āì÷úöìþ 
úîìüðì øñüìýúùìð. Íì Ďìõü ìó ôù, ôýþôĀúðìô íúóðúüôô ðìýþĒ, Ĕÿðúöÿùôô íìùðôĄ îì 
øÿĕìüüôö øÿøöôù ùñýþ. Ðìü ìøì÷ ĕìüìöìþô ìîþúøúíô÷ ðìü üúĕĕúô öĘĕĒ öúüöìüð öìüðì 
Ąÿðì, ýÿüĆìþô þñāùôöĒ ûñĄùôĕúð Ąÿðììýþ.  

Ðìü øôùþìėìĕúô üúĕô üúýþāìþþì íú ýìþĕô ûĘĄúùôðìĄÿðìô āÿĄö, ðôðìĄìîìùðìïôô 
āÿí- ùì óôČðì ìó 35öø/ýúìþ íìüúô ìîþúøúíô÷ô íúüöìĄúù, 40öø/ýúìþ íìüúô ìîþúøúíô÷ĕúô 
ýìíÿöüìî þìĆôù Ąÿðììýþ. Çìùïúøô ĕìüìöìþ ðìü ĕìøôùïÿùì øôùþìėìĕúô üúĕ, ÷ñöôù íñ 
øÿøĀìüĄ ðìü ĕú÷ìþô ăìùïÿ Ďÿíúü Č ôù öô þÿøìù ýÿüĆìþô ĕìüìöìþ ðìü ėìþúüìĕú þìðüôĔìù 
öìø öìüðì øñĄìîìð. Ôùþôāúíô ýÿüĆìþ íú ðìüìĔìô ðôðìĄìîìùðìïôô ìîþúøúíô÷ ðìü ûñĄ 
íÿðì ýÿüĆìþ øñïôüìð. Ðìü ôù ĕú÷ìþ Āìüìĕúô óôððôþÿøìùĒ üìîĄìù öìüðì Ąÿðì, Āúöÿýĕúô 
ìùðúóìîĒ îì ôĄúüìîôô ėìĀú ĀìĆú÷ ïìüðúùôðì øñĄìîìð. Çìùïúøô íúüöìĄúùĒ ìïìü íúüĕú 
öì÷úùĕìĔø íúĄìð, ìó íúüþô ėìĀú Č öô íú íñüÿù íìüúøìðì, öô íú ċðìö öìĄú÷ìöÿùìùðìĕú 
ôùþôėú÷ ðúðì, íú Āúùÿýĕú ýÿüā ôĄúüì öìüðì øñĄìîìð.  

ÝÿüĆìþô ĕìüìöìþ ðìü ôù îìėþ þú úù ðìüìĔì ûìýþ öìüðì øñĄìîìð, öô íúóðúüôô 
ìîþúøúíô÷ îúíìýþì ìó Ąìüúôþô ðôðìĄìîìùðìïĒ ôøöúùûìóôü ïìüðìð. Çìùïúøô 
ðôðìĄìîìùðìïôô øìĕðÿð íú ýìíìíô þÿøìù, íúüúùüñóĒ Č ôù öô íìüĀüñóôô ýìāþ ĕìüìöìþ øìùĆ 
öìüðì øñĄìîìð. Ìïìü ýìþĕô üúĕ ÷ìĎòúùìö (ċāíìùðĒ, ÷úõ îì Ďìõüìĕú) íúĄìð, ýÿüĆìþô 
ĕìüìöìþ îúíìýþì íì øôùþìėìĕúô ì÷úĕôðì ôùþôāúí øñĄìîìùð. Ðìü øôùþìėìĕúô āìþþô üúýþ 
íúċð ýÿüĆìþ íú ĕú÷ìþô ĕìøîúüô ýìþĕô üúĕ ðìü ðôïìü øôùþìėìĕú îúíìýþì ìó ìùðúóìĕúô 
þñāùôöĒ ôùþôāúí øñĄìîìùð. Úðìþìù ýÿüĆìþô ĕìüìöìþ ðìü öÿþì÷ĕú 10öø/ýúìþ îì ðìü 
ùôĄñíìĕú ìó 20 öø/ýúìþ óôČð ôĔúóìþ ðúðì ùìøñĄìîìð. 

Çìüìöìþô ïÿóìüôĄĕú ðìü ĕú÷ìþĕúô ïÿùúïÿùô üúĕ íú ûìõîìýþô ôùþôėú÷ðôĕôô ýÿüĆìþñ, 
öô íñāìþìüôüú öìĀú÷ìþ øñðôĕìð ìøì÷Ē öìüðì Ąÿðì, íú íìüúíìüô óôČð öìüðìùô óÿððô 
ïìüðôĄô óúùÿîìüðô øÿĕìüüôö ðìü öÿþì÷ĕú îì ýÿýþ öìüðìù ðìü ïìüðôĄĕú ÿýþÿîúüôô 
ìîþúøúíô÷ ùôïúĕ ðúĄþì øñĄìîìð. Ôùþôāúíô ýÿüĆìþô ôùþôėú÷ðôĕĒ ðìü ïÿóìüôĄĕú Č 
øìüĕô÷ìô íúóðúüĒ, Č öô Ĕúõô þìîìėėÿĀ þìĎõôü ðúðì ùìøñĄìîìð Č ôù þú úāôüô ïÿóìüôĄ 
ùôïúĕ ðúĄþì øñĄìîìð.  

Ìïìü ðìü üúĕ øôùþìėìô ûìõô ĕìø þìöüúüĄìîìôô öĘþúĕ øìîĔÿð íúĄìð, ĕìüìöìþ íú 
ĕìøúù ýÿüĆìþô ċöāñ÷ìô ûñĄìöĒ ôùþôāúíĄÿðì ôðúøì ðúðì øñĄìîìð. Ðìü öÿþì÷ĕú îì 
ùôĄñíôĕú íúóðúüĒ îì þìîìėÿĀô ìîþúøúíô÷ ðìü Ĕúõĕúô øìāýÿýô øÿìõċùĄÿðì ôĔüú 
øñĄìîìð. Ðìü ĕú÷ìþô íúóðúüôô øìĔíÿüĒ, íúóðúüôô þìîìėėÿĀĒ ôýþôĀúðì Ąÿðì, þìĔĕôóúþô 
óôððô ĎñĔôĄ, ûìõîìýþöÿùôô ĕìüìöìþ íì ėìĀú Č ôù öô ùìė÷ô ċöÿø ôĔüú øñĄìîìð. Öÿþì÷ĕúô 
öĘþúĕ îì þñó ìîþúøíô÷ĕú íú ùìîíìþ þìõ öìüðìùìĄúù ÷úóôø ìýþ, þú úù îìėþñ öô ìîþúøúíô÷ô 
ðìü ûñĄ íÿðì, íì ėÿ÷÷ìô íì÷ìùðþìüôù ùìíìüúċð. Ìîþúøúíô÷ô ðìü ûìý ĕìüìöìþ öìüðì 
ôýþúðì, ùìíúċð íì÷ìùðôüú ïÿóìüìð. Çìùïúøô ùìóðôöĄìîĒ íì ėÿ÷÷ìô íì÷ìùð üìîĄìù 
ùìøÿðìùô Āìüìĕúô ðÿüùìøú Č ôù öô óôððôþÿøìùĒ ìó ýìíìíô āôüì ùìöìüðìùô íôùôĄô 
üúùìùðìô îúýôþìô ùìė÷ôČþô øÿėúíô÷ĕìüìöìþöÿùìùðì øÿøöôù ùñýþ.  

Çìüìöìþô ðìîúøðúðì íú ûìõîìýþô ôùþôėú÷ðôĕôô ýÿüĆìþô ûìýþ îì ĀôĄúüô ûìýþô 
ìþøúýĀñüĒ íì úù úîìüðì øñüìýúùìð, öô ìîþúøúíô÷ô íúóðúüô ýôýþñøììĄ ĕìîúĒ ðìü 
íì÷ìùðôô 4000ø ĀôĄúüô íì÷úùĕúô ĕìîúĒ þú 4,5 öïý/ýø2 ûìýþ øñĄìîìð. Ýôþñøìô íúóðúüĒ 
ðìü ôù ĕú÷ìþ öìĀú÷ìþùúöôô íúóðúüôüú þìĆøôù öìüðì ùìøñþìîúùìð. Ìó ĕìøôù ýìíìí, 
ĕìùïúøô ĕìüìöìþ ðìü üúĕĕúô öĘĕĒ íúċð øÿùþìóìø ĀôĄúüô ĕìîúüú ðìü íì÷úùĕú þìĕþô 
ùìóúüìþ ïôüôĀþìù ÷úóôø ìýþ. 
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Ìó öúüøúùôô öúüô ėÿîîìþĀôóúô ôðúüìöÿùôô üÿ÷ôô ìîþúøúíô÷, āìþìüô óôČðüú íì øôČù 
øñúüìð. Íìüúô ûñĄïôüôô ăÿùôù ĕú÷ìþ ûñĄ ìó íìüúøìðìù ðìü üúĕĕúô öĘĕĒ üúùìùðì íúċð íú 
øìýĆÿ÷ôċþô íì÷ìùð íì ĕú÷ìþô ĀôĄúüô ăìüāĕúô ìîþúøúíô÷ ìĕìøøôċþô Ĕôððô ðôĕìð. 
àôĄúüô ûìýþô ìþøúýĀñüĒ, āÿýÿýìù ðìü Āìý÷ô þúíôýþúù íì ĔĘĄôðìùô úí ðìü üìðôìþúüĕú 
úîìüðì øñüìýúùìð (úí ðìü íì÷ìùðôô 3000-4000ø ðìü ĕìüúüìþô 87-900 øñĔĘĄìð).  

áÿùÿööÿùôô øÿĕìüüôö ðìü Ĕúõĕúô øìāýÿýô ĄÿýþÿĄĘõ ôĔüú öìüðì øñĄìîìð. Çìüìöìþ 
ðìü ùôĄñíìô üúĕĕúô öĘĕĒ ùôýíìþ íì öÿþì÷ĕú ðôðì āìþìüùúöþìü øñíúĄìð. Ìó ôù ýìíìí, ìó 
ĕìü üúùìùðì øìĕúüìþÿ øì÷ìöìô óôČð, íúðôėėìþĒ îì øìýĆÿ÷ôċþĄôùúýĒ þì÷ìí öìüðì 
øñĄìîìð. ãô ėìðìüñ, öô ùôĄñíĒ þñó íúĄìð, ĕìøúù ėìðìü ùìė÷ô ýÿüĆìþ ûìýþ öìüðì Ąìîìð. 
Ìėì÷ìù ýÿüĆìþ ùì íúċð ìó ýÿüĆìþô íì íì÷ìùðô íìüúøìðìù óôČð íúĄìð, ðìü ĕú÷ìþô ýìþĕô üúĕ 
āÿĄö íúĄìð, ðìü üúĕĕúô ÷ìĎòúùìö îì ùôĄñíôĕú ýÿüĆìþ îúíìýþì íì ìùðúóìô ùôĄñíĒ îì 
Ąìüúôþô üĘõûĘĄô üúĕ ôùþôāúí øñĄìîìð. ÏìüðôĄĕú ðìü üúĕĕô öĘĕĒ üìðôÿýô öìøþìü, 
ðôðìĄìîìùðìïôô ùúöôĀúċ Č öô þìøúøìù ðôðìùìĄìîìùðì, ôùăÿùôù øìîĔÿð ùìíÿðìùô öìùúüô 
üúĕ îúėñĆ øñíúĄìð. ÙúïÿĀþì ùìøúùìð, öô üôúċô øìýúĀìô íìõùô ìîþúøúíô÷ĕúô 
ĕìüìöìþöÿùìùðì ðìü ùôĄñíìô üúĕĕúô öĘĕĒ ĕìþøôýþ.  

Çìüìöìþô ìîþúøúíô÷ ðìü öĘĕýúü ĕìùïúøô þÿøìùĀìüúĒ ìó üĘõô øÿüìööìíôô íìõùô 
íúüúùô ýñ÷ îì íìüĀüñóĒ āÿýÿýôċþô āúýô āÿðüú ðúüìð. Þÿøìù ðôðìĄìîìùðìïôüú íì ýôĀü 
íìüúíìü øñöÿùìð, ċĆùñ ĕñĔ ăôó ðôðì ùìøñĄìîìð, íì Ďìõü ìó íú÷úûĘĄô ìîþúøúíô÷. Þÿøìù 
ðìü íôýČü ĕú÷ìþĕú Āôüñí Č öô ĕôýýôČþĕúô Ďìõüôîúėñôüú íì îÿĔÿð øñúüìð - ùÿü îì úîúóĕúüú 
ĀÿüĘ øñíìüìð. Úîúóüú þìĎõôü ðúðì, ýìðúô ìó ðÿü íÿðìüú ùìóðôö îì ùìóðôö íÿðìüú ðÿüþìü 
ôùĆôöúý øñùìøúċð. áÿýÿýìù þÿøìùĕúô ýìĕìüĒ, Ďìõüôôùþôóúü ðìü øôùþìėìĕúô öĘ÷ îì Č ðìüČ 
íÿðì, āìþìüùúöþìü ìýþ. Çìùïúøô íì þÿøìù ùìóðôö Ąÿðìù, ýÿüĆìþô ìîþúøúíô÷üú þú íì ýôĀü 
ûìýþþìü ùìøÿðìù ÷úóôø ìýþ, óñüú ðìüöô øìýúĀì îì óôăôô þÿøìù ùúìČù ìýþ. ÍìĆóñ 
øÿþìāìýýôýúù öÿĄúðìùô úôùì îì ðúðìùô ýôïùì÷ô úîúóôô ðÿüÿðìüúóüú ûñĄùôĕúð 
øñùìøúċùð. Þÿøìù ĕú÷ìþô þÿ÷úùĒ ùìíúĄìð ĕìø, ùôĕúċþ āìîĀùúö ìýþ. Çìü ýú÷ ýìðìøìĕúô 
ðìĕĄìþùúö ùì þìùĕú ðìü üúĕĕúô öĘĕôô îìþìùĒ, íì÷öô ðìĕĕú îì ýìðĕú ĕúðôýìĕúô ùìė÷ôČþôüú 
ðìü āúüôĔô öôĄîìü øÿĄúĕôðì ùìøÿðìù øÿøöôù ìýþ. Þìùóôøöÿùôô íúýôĀìþô Āìüìĕú þìîýôċ 
ðúðì øñĄìîìð. 

Çìüìöìþô Ąìíúùì ĕìùïúøô þÿøìù ðìü üúĕĕúô öĘĕĒ ĀúĔôìô îìóùôù íìüúô üúùìùðì íì 
ĕôýúí üìĀþì, āÿýÿýìù ðìü üúĕĕúô öĘĕĒ øôùþìėìĕúñ ĕìýþìùð, öô üìîĄìùùúöĒ øìîĔÿð ùñýþ- 
āìþìüùúöĒ ĉĔúð øñöÿùìð. Íú ùìóìüðúĄþô úù, öô Ąìíúùì ôùþñùýôîùúöĒ ðìĕĕú øìüúþôíì öìø 
íúĄìð ĕìø, ĉĕþôøú÷ôċþô ýìðìøìùúöĒ øñìĀóúċð. 

Ðôėėìþô üúùìùðì öúĕôĄ øñČíìð, üñĔìô úðôô ôýþôüúĕìþ îì íìüėìüúüĄìîĒ îìõüúù 
øñĄìîìð, öô ôù íì ýÿýþ Ąÿðìùô þììýÿü (üñìöýôċ) úîìüðì øñüìýúùìð. áìþìüĕúô ìýúýôô 
ĕìüìöìþô Ąìíúùì, ôùĕú øñíúĄìùð: 

-üìîĄìùùúöôô ùúöôĀúċ; 
-ìó ĕìð óôČð øúùðìĄìîĒ îì āìýþìĄìîĒ; 
-ĉĕþôøú÷ô ðìü ăìùíìüìöô üÿ÷ āúíüìîĒ; 
-āôüìĄìîôô ăìĄøĕú ìó ùìė÷ôČþô ðìü øÿėúíô÷ îì ĕìøýìøþ ĕìüìöìþöÿùìùðì; 
-þìĕ÷ô÷ îì íìĕúðôĕôô ùúðÿüÿýþô øìöúùĕú, üìùï îì ýúāþúüô øìîóñĆĕú. 
Çìüìöìþĕúô Ąìíúùì ėúùÿù îì øìĕðÿðôċþô āÿðüú ðúüìð. Çìøì îìėþ ýÿüĆìþô ĕìüìöìþô 

ìîþúøúíô÷üú þú øôùôøì÷Ē ûìýþ ùôïúĕ ðúĄþìù óìüÿü ìýþ, āÿýÿýìù ðìü Āìý÷ô óôøôýþúù. Ðìü 
üúĕĕúô ùúĄôùúý ùìóúüì íì Āìüìĕúô ùìė÷ôČþô ìó øÿėúíô÷ ĕìüìöìþöÿùìùðì øìùĆ ìýþ! 

Çìùïúøô ċöíúüì ûìõðúĄìîôô ùÿüô üìîĄìùôöÿùìùðì ìó øÿėúíô÷, ýÿüĆìþô ĕìüìöìþüú 
öúĕôĄ ðúðì, úĕôýþì íúċð íúóôýþúð, ýìøþüú þìĎõôü ùìðúðì íúðôėėìþ öìùúüô üúĕüú íúċð 
ùìóúüì ùìøÿð, óñüú ôøöúùôċþ ûìõðú øñĄìîìð, öô ìó þÿøìù ùìíìüúøìðì, óÿð îì ýìüôîìėþ 
ìîþúøúíô÷ îì ûôČðìïìüðô ðìü ýìüô üúĕ íÿðìüú ûìõ íÿüð. Ìïìü ìîþúøúíô÷ô ìó øÿėúíô÷ 
ĕìüìöìþöÿùìùðì ăìĄøüú āôüì öÿùìð, ìó Āìüìĕúô ðÿüùìøú ôýþôĀúðì íÿüðì, íú ăìĄøìöóìùĒ 
íúċð úïúĕúùôð. Ìîþúøúíô÷ô øÿėúíô÷ ĕìüìöìþöÿùìùðì ùôó íú ăÿùôù ìøì÷ íúċð Ĕìîúí 
ðôĕìð. 

Ìïìü ïÿĀþìĕúô ðìü íú÷ú ùúøíìüĄÿðì íñ Ĕìîúí øúùìð, ûìý üúùìùðìô 
øÿėúíô÷ĕìüìöìþöÿùìùðì ûìõ ùìíÿüðììýþ Č ùìĀìĕøôðììýþ. Ýñ ĕú÷ìþô ôý÷úĕöÿùìùðìô ôù 
îìóĆôċþ ìüóô îÿĔÿð ðúüìð, öô ôùĕú: 

- íúċð, öô íúóôýþúð; 
- íúċð, öô üúĕ ðúð; 
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- ôðúøìðôĕôô ĕìüìöìþ íú Āìüìô ùìóðôöíôù; 
- ôðúøìðôĕôô ĕìüìöìþ íú Āìüìô ðÿüíôù íñ āúøĘĄöÿùĒ. 
äìíúùì íñ ùôĄúùìĕúô ùìóìüüìýôìĄúù íì÷ìùð, öìĔôô üúĕüú íìĕú ðúðìù Ďìõüôôøöúù 

øñíúĄìð, íìüúô ôù þìîìööì÷ öìüðìù Ąìüþ ùñýþ. Þìĕ÷ô÷ĕúô ðÿüÿðìüúóô ĕìüìöìþ ðìü üúĕĕúô 
öĘĕĒ ùôĄúù ðúð, öô Āúýô÷ìô (ýúìþô) āìþìüùúöþìüôù íìüúô üúùìùðìðìĕú ðìü ôù øôùþìėìĕú 
ýúìþô 4-ô ýìĕìü íÿðì, ċïúù Ĕúô úüúøüú ôùþôāúí ùìøÿðì, ùôø ýúìþ āúí üìĀþìù, íìüúô 
íìüėìüúüĄìîôô ùñüÿ ìøì÷ô āÿí ìýþ.  

Éúôðìĕúô ýìíėìþ ðìü üúĕĕúô öĘĕĒ. Çìùïúøô ĕìüìöìþ ðìü üúĕô öĘĕĒ ìó ýìíėìþöÿùĒ 
íúċð āÿððúüĒ ùìøÿð. Ìïìü óìüÿüìþô ýìíėìþ íúĄìð, ôùþôāúíô ùôĄñíĒ, íì÷ìùðĒ îì 
øôùþìėìĕúô öĘþúĕ úôð íì ýìüôîìėþ ĔúõïôüĄìîìôô ìîþúøúíô÷ íì āìþþô ìîîîì÷ì ìĕìøøôċþô 
ĔôððĒ íúċð ðúð, óñüú ôù øôùþìėìĕú ìýúýô ĉĔúðô āìþìü ìýþ. Ìó ôù üĘ, ûñĄ ìó úù öô ýìíėìþ 
ùìøúñð, ėúíô÷ôċþô ìîþúøúíô÷ô āÿðüú úėô÷úùì ìüóČíĒ öÿùñð. Ýìíėìþ ðìü ĕìøìïÿùì 
ïÿóìüôĄĕú øìùĆ öìüðì Ąÿðììýþ. 

Íì ìėôðìô ú÷ôøúù Ùÿýÿûúî é.Ý. îì Þÿüýÿùúî Ì.Ì. ĕìùïúøô Āìüúøìðìù ìó ùôĄñíôĕú, 
ïìüðôĄĕúô óôČð ðìü üìðôÿýĕúô āÿüðô ïìüðôĄðôĕĒ ïìüøĄìîôô Ąìðôðô øñāìùôóøĕúô 
þúüøúóðôĕĒ íì ìøì÷ øñúċð, öô ôù ùì þìùĕú ýìøìüìùúöôô ýôýþñøìô þúüøúóôüú ûìýþ øñöÿùìð, 
íì÷öô ìöýìü îìėþ íúôýô ûÿüüìô ìó öúü íìüúøìðìùô úù øñïìüðìð. Çìøìô ôù íúôýô ċöíúüì 
ûìýþ Ąÿðìùô ýÿüĆìþô öìĄôĄ, āúýôċþĕúô ýìøìüìùúöôô ìîþúøúíô÷ĕú, íì÷ìùð Ąÿðìùô 
ìüóôĄô ìý÷ôô íúüöìĄúùĒ ðìü Ąìüúôþô öĘĕýúü øñïìüðìð. áÿýÿýìù øôùþìėìĕúô Ąôøú÷Ē îì 
Ĕìùÿíÿ Ąìüėôô ĔÿøĕÿüĒ, öô ìó úù Ĕú Ąúĕüúĕĕúô ìýúýĒ øñïÿóìüìùð, þìîìĔĔÿĕ āúýýì ðúüìð. 
äúĕüúĕĕúô ìîþúøúíô÷ïìüð, öô ĕìüìöìþô ìýúýôô íúü ðìü Ąìüúôþô öĘĕôýþúùôô öúüô 
îúýôþìĕúô ùìė÷ôČþ ýÿüìþ øñïôüìð: ÐÿĄìùíñ ¬ áÿĔìùð, ÐÿĄìùíñ ¬ áúüÿĎ îì Ą ¬ áúüÿĎ 
øñíúĄìð. 

Üúĕô øúĄôùïìüðô Ą¬áúüÿĎ ċöñ ìó íì÷ìùðþìüôù Ąúĕüúĕĕúô öĘĕĒ ðìü Ĕìĕúù íì 
Ąÿøúü øñüìîìð. Ðìüúóôô ôù üúĕ 728 öô÷úøñþü íÿðì, ðìü øìýúĀìô 526 öô÷úøñþü ĕñĔ ïúĕ ìó 
3000 øñþü ûúČù ùìøñĀÿüúċð: ìó ĕìĄþ ìĎíì øñïÿóìüìð, öô ìó ĕìøì íì÷ìùðþìüôùìĄ - ìĎíìô Úė-
Íìõþì÷ ðìü íì÷ìùðôô 4800 øñþü ìó ýìþĕô íìĕü îúėñĆ ìýþ. àôĄúüô øôČùìô íìüúøñþüĒ 430 
øø. ýÿþÿùăìô ýôøúíĒ (øø.üþ.ýþ.) 56,5%-ô øñĆČüüú þìĄöô÷ øñðôĕìð. Öúüô øúĄôùĕú ðìü 
ÞúĔôöôýþúù ðìü Ąìüúôþô Ąìðôðô öĘĕĒ, ðìü Ąìüúôþô íì÷ìùðöÿĕ îì ðìü ċöĔúċïĒ íú ôė÷ôøô 
ïìüøô āÿĄö ýÿüìþ øñïôüìð.  

Ìïìü þúüøúóĕú öúüùúĄúċø Ąìîìùð. Ðìü üúĕĕúô öĘĕĒ ìïìü ìîþúøúíô÷ öúüĄúċø 
íúĄìð ĕìø, ýôýþñøìô íúóðúüĒ (þúüøúó) ìó ýìíìíô ìó ĕìð óôČð ïìüø ĄÿðìùìĄ ìó öúü 
øñøúùìð. Ìîîì÷ìù, öú÷úðöìĕúô þúüøúóĒ ïìüø øñĄìîìð, ýôûìý, ýô÷ôùðüĕúô öúüĒ îì ðìü 
ôùþôĕú, øúñô þúüøúóĒ ĔĘĄ øñóìùìð. Ìó ýìíìíô ûìõðúôĄô ûÿĀìöăìĕúô íÿĎĒ, ôùþôėú÷ô 
ĀôĄúüô ÷úóôøĒ ðúðì ùìøñĄìîìð îì öúü ûñðì÷ô þúüøúó ėìþĆ øñïìüðìð Č ýúðì öìüðì ïĘñø, 
"øñìĀþìð". Ðìü ăÿùôù îìóĆôċþ, íúċð āñ÷ñ óÿð ėìüúüô ðÿüÿýþ ėìíÿ÷ öìüðì Ąìîìð. Íìüúô 
Ĕì÷íô þìîìĔĔÿĕô ðôïìüúù íì øÿĄöô÷úþñ, öô íì øôČù úøìðììýþ, ăìüúĎĕúô āìþìüüú ĀÿüĘóúù 
íúċð öìüð.  

Ìó þúüøúóô ðìýþĒ íìüúô þúüøúóðôĕĒ ûÿüüìþìü ôýþôĀúðì íÿüðì Ąìîìð. Ìïìü 
ìîþúøúíô÷ ĕìüìöìþ öìüðìùüú íñ íúóðúüĒ ôðúøì ðôĕìð, úùüú íì þìüìĀô öĘĕûúüìô ûìĕ÷ÿĒ 
üìîúùì ùìøÿðì, ĔìĀý öÿùñð îì öĘĄôĄ íì āìüĔ ðúð, öô ĕìüìöìþ ýÿýþ Ąìîìð. Ðìü ăÿùôù 
÷ìĕóìĕú, ùìíúċð Āôöü ðìü íúüìô þìĆøôü Ąìîìð, ăôóô ìýúýĒ ùìĔúþ ðúðìùô ĕìČþ îì 
ýì÷úøìþôýþ! 

Ìïìü ôøöúùûìóôü íúĄìð, ċö øìùČîüô ðÿĄîúü íì øúùìùðô íúóôýþúðìù íú Čüôô 
ìîþúøúíô÷ô îìóùôùô ðìü ýìĀ ĕìüìöìþöÿùìùðìüú ôýþôĀúðì íÿüðìù øÿøöôù ìýþ. Üúùìùðìô 
íúþìĔüôíì íú ìîþúøúíô÷ô āÿð ûñĄ ïÿóìĄþì ìîþúøúíô÷ô āÿðüú ûñĄ ïÿóúĄþì, Ĕúõôîìó 
øñöÿùìð, þúüøúóìĄüú ôýþôĀúðì íÿüðì þìøúøô ėìþúüô ìîþúøúíô÷ĕúüú íúóøñðúüìð. 
Çìùïúøô þìîìėėÿĀ öìüðìùô ìîþúøúíô÷ ïÿóúĄþìùô ýìùïûúüìĕúüú íì ăìüāô ìîþúøúíô÷ 
øìāýÿý íúċð ĀìüúøĘĄ ùìöìüð. 

Çìùïúøô ùìóðôöĄìîĒ íì ïìüðôĄĕúô üÿýþ ýôïùì÷ô úîúóĒ ðúðì øñĄìîìð, Ąìíúùì 
íúĄìð Č öô ðìü ĕú÷ìþô ðôðìĄìîìùðìïôô ðÿĄîúü, ýôïùì÷ĕúô íúþìĔĕôóúþô üìîĄìùöÿùìùðì 
ôîìó öìüðìù óìüÿü ìýþ. Ðìü ôù îìėþ ýÿüĆìþ íúċð ýÿýþ öìüðì Ąÿðì, íì þìüìĀô üúýþ Ĕúõïôü 
Ąÿðì, Āìüìĕúô óôððôþÿøìùĒ îì ðÿüíôùüú ĀÿüĘóúù íúċð ùìøÿð.  

Ôùăÿùôù, ðìü Ąìüúôþô íì÷ìùðĒ, íúó ċö ėìþúü øÿĄöô÷úþô óôČðñ ĕìýþ, öô ăìùðñ ìó úùĕú 
ôùĕúċùð: 
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- ĉ÷ñöþüú÷ôþ ìó íìþìüñċ þñóþìü íÿāúü øñĄìîìð, öô þìîìĔĔÿĕô ðúôøôüú þì÷ìí øñöÿùìð; 
- ĀôĄúüô ðúāô÷Ē ðìü Ąôùìĕú øñìĀóúċð îì ìó ôù üĘ, öúüöìüðô øÿýþìĕöìøôô ăìüāĕú 

ïÿø øñĄìîìð; 
- ýôýþñøìĕúô ïìĄþô ìîþúøúíô÷, íúóðúüĒ (þúüøúó) îì ăìüāĕú þñóþìü Āìüýÿðì 

øñĄìîìùð; 
- øÿėúîôøìþô ĉ÷ñöþüôöôô ôóú÷ċþýôċô ùúėô÷ĕú öúĕôĄ øñČíìð, ùúėô÷ĕúô öĘþúĕ îì 

Ąôöìýþìùô úù ôøöúùûìóôü øñïìüðìð, āÿýÿýìù öúùðñùýìþúüĕú; 
- ìó ĕìð óôČð ïìüøĄìîôô ðúôøĒ îì ùìóìüüìýô øÿĕìüüôö; 
- íì÷ìùðöÿùìùðìô þúüøúóô îìöÿÿøĒ íì öúüô ùúðÿüÿýþ úĎúó øñöÿùìð, öô íúċð ĉĕþôČþ 

Ąÿð! 
Üìýøô 7. ÏìüðôĄĕúô āìþìüùúö ðìü öĘĕýúü 
Figure 7. Dangerous turns in the mountains 

 
 

ÙìþôĔìĕú. Øìý÷ôĕìþĕúô øÿĀôð íìüúô ôĄþôüúöăôČùô ĕìüìöìþ ðìü üúĕĕúô öĘĕĒ. 
Çìüìöìþ ðìü öĘĕĕú öúùýñùþüìþýôċô öúøô÷ îì ùôïúĕÿíôùô øìāýÿýüú þì÷ìí øñöÿùìð, ìó ôù 
üĘ: 

1. Çìùïúøô ėìí÷ìù óôČðì ìó ýìð öô÷úøñþü øìýúĀìüú þìõ ùìøÿðìù, íñĕþìü ìýþ, ûñĄ ìó 
îúüôð Ąÿðìù íì öĘĕĕú ðìø íúċð ïôüôĀþ. Ôù āÿýÿýìù ðìü Ąúø ðÿüÿýþ ìýþ. Ðìü ĕìėôėìþ, ðìü 
öĘĕĕú āñ÷ñ óÿð þúüôö øñĄìîìð îì üúùðìùô ìîþúøúíô÷ ðìü ăÿùôù Ąìüúôþ āìþìüùúö ìýþ. 

2. Çìùïúøô ĕìüìöìþô ìîþúøúíô÷ ðìü öĘĕĕú íúċð íì þìĎõôüúþô ĎìõüôăìĄøðúĄþ ðìü 
îìóĆô ĕìüìöìþ úøúðì íúċð íÿð. Íñĕþìü ìýþ, öô ýìøþĕúô ûñĄïôüôô āìþìüô ùúïìĕúùĒ ûñĄìöĒ 
øÿìõċù öìüðì Ąìîìð, óñüú ðìü üúĕĕúô öĘĕĒ öìùúü (úíúăôùì) îÿĔÿð ùìðúüìð Č ėìüôí öô ùñýþ. 
Ðìü ăÿùôù Ąìüúôþ üúùìùðì øÿĕôþô ìþüúĀüú ðôïìü āñ÷ ėìíÿ÷ øñöÿùìð. ÖĘĕĕú øìýúĀì îì 
ĕìĔøüú öìøñ þìĕüôĀ øñöÿùìùð îì óñíúôô þìíôôô úùĕú øñþìîúùìð íì þìîüô ĔôððĒ þìîìĔĔÿĕô 
üúùìùðìüú ûìüñĄúù öÿùìð. 

3. Çìùïúøô ôðúüì îì üúùðìùô ìîþúøúíô÷ ÷úóôø ìýþ, öô ì÷úøìþĕú îì ì÷úøìþĕúô üúĕüú 
íúðôėėìþ ùìóúüìþ ùìøÿð, úùĕú ðìü íúüìô øúùñìĕúô ðìü ûñĄôýþúðì íôýČü øìĆ÷ÿøúþô øÿĀôð 
ðúüìùð îì Ďìõüì. äÿøúüìô ÿíÿü íúċð íì ĕìððô ìėì÷ üìýúùôðì Ąÿðì, āñ÷ñ íúðôėėìþ ôĔüú 
öìüðì Ąìîìð. 

4. Ðìü ùôĄñíôĕúô ùôĕúċþ ùôĄñí, íúċð øìýúĀì þú ìîþúøúíô÷ô ðìü ûñĄ ôýþúðìüú 
íúðôėėìþ ùìóúüìþ ùìøÿð. Ðìü ăÿùôù Ąìüúôþ āúøĘĄ öìüðìùô ýÿüĆìþ ėìþĆôċù øìùĆ ìýþ. 
Úāôü, íú øÿĕìüüôö þúüøúó ðúðì øñĄìîìð. 

5. Ýôýþñøìô ýþìùðìüþôô þúüøúó íúċð þú ĕìððô ôøöúù öìøþìü ôýþôĀúðì Ąìîìð. Ðì÷ñ÷ 
ôù ìýþ, öô ĕìùïúøô ĕìüìöìþ ðìü üúĕĕúô öĘĕĒ ìó ĕìð óôČð ïìüø Ąÿðìùô öú÷úðöìĕúô þúüøúóĒ 
îì ĔĘĄôðìùô øúñô þúüøúóĒ -ċö ĕúðôýìô øìĆøÿ÷ôýþ. Ìïìü ôù þìîü Ąìîìð, ûìý ĕìüăô óÿðþìü 
íú øÿĕìüüôö þúüøúó ðúðìù, ÷úóôø ìýþ. Ðìü ôù ĕú÷ìþ, ĀìĆú÷ öìüðìùô "ĕú÷ìþô Āìîėÿ÷úððì, 
ìîìüôõöì"-üú ùìíúċð ĀìüúøĘĄ öìüð. 

6. Ìîþúøúíô÷ĕúñ, öô ðúüúô ùúėô÷ėÿþþôĕúô ìîþúøìþôìùð (ÖÛÛ) ðìü ùôĄñíôô ùôĄñí 
þì÷ìíúþô øìāýÿý ïÿóúĄþì øñĄìîìð. Ðìü ĕìėôėìþ, ðìü ăÿùôù öúùýþüÿöýôċô ìîþúøúíô÷ĕú 
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íìõùô øÿĕìüüôö îì ùúėô÷ėÿþþôĕú ċïúù üúíôþìô ėìþĆĒ îÿĔÿð ùìðúüìð, ôù ôøöúùô þúüøúóô 
øÿĕìüüôöüú ôýþôýùú øñöÿùìð. 

 
Üìýøô 8. Øìùóìüìĕúô ðô÷Āôüñíô üúĕĕúô öĘĕĒ 
Figure 8. Breathtaking views of mountain roads 

 
 
áÿ÷úýì: Ýôýþñøìô þúüøúóôô ìîþúøúíô÷ĕú íúċð ùôýíìþ íì ýôýþñøìô øÿėìüüìüĒ āñ÷ñ 

íúĉĆþôøúðþìü íúĄìð. Çìùïúøô þúüøúóðôĕĒ, ùìíúċð ôĔúóìþ ðúð, öô ăìüāĕú ìó üĘõô 
üĘõûĘĄĕúô ïÿùúïÿù Ĕúõïôü Ąìîìùð, óñüú ôù íúôýô ÷ìĎòôĄ øñïìüðìð. 

Ìïìü ðìü öĘĕĕú íúüúù ýìü Ąìîìð, ðìü ăÿùôù Ąìüúôþ þú íì úāôü üìýôðìùô íúüúù 
ċöăìùð ýúìþ ôùþôóúü íÿðìù íñĕþìü ìýþ. Ðì÷ñ÷ ðìü úù ìýþ, öô ðìü öĘĕĕú ìöýìü îìėþ óìüüìĕúô 
÷úõ îì ïô÷Ē ðìü üúĕ ĕìùïúøô þìü Ąÿðìùô úùĕú ûìõîìýþìïôô ăìüāĕúüú íì üúĕ ċöíúüì íìðþìü 
øñöÿùìùð. Ô÷úîì íìü ôù, ĀÿüĘ üìĀþìù îì þìùï Ąÿðìùô ýìþĕô üúĕ ûìý ìó íúüúù ĕìøñĄì 
ôøöúùûìóôü ìýþ. 

Çìùïúøô øúĄôù üúùðìù, þú ĕìððô ôøöúù íì üúĕ öúùýñùþüìþýôċüú íì÷ìùð öÿùñð îì 
óôüìö íúĄñð, ìó øìùóìüìĕúô óñíú ûìüñĄúù ùìĄìîñð! Íìüúô þìøúĄúô øìùóìüìĕúô üúĕô öĘĕĒ 
íñĕþìü ìýþ, öô ðìü ýìĕùô øìāýÿýô øÿĄúĕôðì íúċð ôýþúð. 

ÜìĀþìù íì íì÷ìùðöĘĕĕú, ĕìþþú ðìü þúíôýþúù ĕìøüúĕô āÿð ÷ôíúýô ïìüø íúċð ïôüôĀþ. 
äìøú÷ĕúô ýìāþ, Ąìðôð îì ĕìþþú íìüĀüú ôùþôóúü Ąÿðìù øÿøöôù ìýþ. 

Çìùïúøô ĕìüìöìþ ðìü ïìüðôĄô ûĘĄôðì, ĕñĔ ïúĕ íì āìþþô øÿėúíô÷ ĕìüìöìþ ùìöÿùñð. 
Çìùïúøô ûìýþ öìüðìùô ĕìüìöìþ, ĕìøñĄì íì ĕìüìöìþô ùìė÷ôČþĒ úøúðì íúċð íÿð. 

Ìó ýìíìíô ùìíÿðìùô öìùúüô üúĕ ðìü üúĕĕúô öĘĕĒ, þìùĕú ðìü Ĕúõĕúô øìāýÿýô 
þìĆôùĄÿðì íúċð ôýþúð. 

ÇñĔ ïúĕ öĘĄôĄ ùìíúċð öìüð, öô ûñĄ ìó öÿùĔô ûĘĄôðì ìó öìýñ ûñĄ ïÿóìĄþ! Ôù āñ÷ñ 
āìþìüùúö ìýþ! 

Þìĕėôėúþô øìóöÿü þôíėô ùìėĄìô öúüĕúô ô÷øĒ-þìĕėôėúþôô öìĀñðüìô ìîþúøúíô÷ĕú îì 
ôðúüìöÿùĒ ðìü ùìė÷ôČþô ÐúùôĄöìðìô ûú÷ôþñāùôöôô ÐúùôĄïúĕô þñāùôöôô ÞúĔôöôýþúù íì 
ùúøô ìöìðñøôö Ø. ÚýôøĒ ðìü Ąìĕüô áÿĔìùð íìüúô ýú÷ĕúô 2026 þìĕþô ÿùîúùô µÔðúüìöÿùôô 
ĉĆþôøúðùúöĒ ôýþôĀúðìíìüôô ìîþúøúíô÷ĕú ðìü Ąìüúôþô öĘĕĒ½, öô íú ýÿüìþĔì÷ìýìô 
ìîþúøúíô÷ĕú îì ôðúüìöÿùĒ ðìü ùìė÷ôČþ ìó 28.11.2025, Ĝ4 þìýðôė Ąÿðììýþ, ìøì÷Ē öìüðì 
øñĄìîìð.  
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ɼɺʀɾɽʅʀɽ ʇʆ ɻʆʈʅʓʄ ɼʆʈʆɻɸʄ, ɺʆɼʀʊɽʃʀ ɺ ɺʓʉʆʂʆɻʆʈʔɽ ʀ ʆʉʅʆɺʅʓɽ ʆʉʆɹɽʅʅʆʉʊʀ 

ɼɺʀɾɽʅʀʗ ʇʆ ɻʆʈʅʓʄ ɼʆʈʆɻɸʄ 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʫ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʚʦʜʠʪʝʣʝʡ ʚ ʚʳʩʦʢʦʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʠ 

ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʦ ʛʦʨʥʳʤ ʜʦʨʦʛʘʤ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʠʞʝʥʠʝ ʧʦ ʩʝʨʧʘʥʪʠʥʘʤ ʠ 

ʚʣʠʷʶʱʠʝ ʥʘ ʥʝʛʦ ʬʘʢʪʦʨʳ. ʎʝʣʷʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʉʦʭʪʤʦʥʠ ʈʦʭʦʡʩʢʦʛʦ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʩʘʜʘ ʚ ʛʦʨʥʳʭ ʫʩʣʦʚʠʷʭ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʤʦʩʪʳ, ʥʘʩʳʧʠ, ʜʘʤʙʳ ʠ ʩʝʨʧʘʥʪʠʥʳ. ʊʝʨʤʠʥ 

çʩʝʨʧʘʥʪʠʥè ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʬʨʘʥʮʫʟʩʢʦʛʦ ʩʣʦʚʘ serpentine ʠ ʦʪ ʣʘʪʠʥʩʢʦʛʦ serpentis, serpentis - çʟʤʝʷè, ʪʦ ʝʩʪʴ 

ʠʟʚʠʣʠʩʪʘʷ ʜʦʨʦʛʘ, ʫʯʘʩʪʢʠ ʢʦʪʦʨʦʡ ʦʙʨʘʟʦʚʘʥʳ ʧʦʚʦʨʦʪʘʤʠ ʠ ʢʨʫʪʳʤʠ ʧʝʪʣʷʤʠ, ʥʘʧʦʤʠʥʘʶʱʠʤʠ ʣʝʥʪʫ. 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʜʦʨʦʛ ʚ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ, ʚʢʣʶʯʘʶʱʠʭ ʦʯʝʥʴ ʩʣʦʞʥʳʡ ʨʝʣʴʝʬ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʩʦʙʦʛʦ ʪʠʧʘ ʢʨʠʚʳʭ ï ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʝʨʧʘʥʪʠʥʦʚ ʩ ʙʦʣʴʰʠʤʠ ʫʛʣʘʤʠ ʧʦʚʦʨʦʪʘ, ʦʙʨʘʟʫʶʱʠʤʠ ʧʝʨʝʭʦʜʥʳʝ ʫʛʣʳ. 

ʃʠʥʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʝʦʜʦʣʝʚʘʪʴ ʧʦʜʲʝʤʳ ʠ ʩʧʫʩʢʠ, ʥʘʟʳʚʘʶʪʩʷ ʩʝʨʧʘʥʪʠʥʘʤʠ. ʇʦʩʢʦʣʴʢʫ ʫʛʦʣ ʧʦʚʦʨʦʪʘ 

ʩʝʨʧʘʥʪʠʥʘ ʦʯʝʥʴ ʚʝʣʠʢ, ʠʟʛʠʙ ʥʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʥʫʪʨʠ ʧʦʚʦʨʦʪʘ, ʘ ʙʘʣʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʥʘʨʫʞʠ. ʇʨʠ ʧʨʦʝʟʜʝ 

ʘʚʪʦʤʘʛʠʩʪʨʘʣʝʡ ʚ ʛʦʨʥʦʡ ʤʝʩʪʥʦʩʪʠ ʜʦʨʦʛʘ ʯʘʩʪʦ ʠʤʝʝʪ ʠʟʛʠʙʳ, ʙʘʣʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʥʘʨʫʞʠ, ʠʤʝʶʪ ʙʦʣʴʰʦʡ 

ʫʛʦʣ ʧʦʚʦʨʦʪʘ, ʘ ʧʝʨʝʭʦʜʥʳʡ ʫʛʦʣ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʜʲʝʤʦʚ ʠ ʩʧʫʩʢʦʚ, ʪʘʢʠʝ ʫʛʣʳ ʥʘʟʳʚʘʶʪʩʷ ʩʝʨʧʘʥʪʠʥʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʦʙʠʣʴ, ʜʦʨʦʞʥʘʷ ʩʝʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʩʝʣʴʩʢʘʷ 

ʤʝʩʪʥʦʩʪʴ, ʥʘʚʳʢʠ ʚʦʜʠʪʝʣʷ, ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. 

 

TRAFFIC ON MOUNTAIN ROADS, DRIVERS AT HIGHLANDS AND THE MAIN FEATURES OF TRAFFIC 

ON MOUNTAIN ROADS  

This article is devoted to the issue of assessing the performance of drivers in highlands and movement on mountain 

roads of the Republic of Tajikistan. The article deals with movement on serpentines and influencing factors. Research 

Objectives of the Sokhtmoni Rokhoi avtomobilgard in mountainous conditions is the use of engineering structures, which 

are bridges, embankments, embankments and serpentine roads. The term serpentine comes from the French word 
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serpentine and from the Latin serpentis, serpentis - ñsnakeò, that is, a winding road, the parts of which are formed by turns 

and steep loops, resembling a ribbon. The construction of highways in mountainous areas, which includes very difficult 

terrain, is carried out with a special type of curve - symmetrical serpentines with large angles of turn, forming transition 

angles. The lines allow for the ascent and descent of the slope in order to overcome the large slope, such angles are called 

serpentines. Since the angle of turn of the serpentines is very large, the curve is not placed inside the corner, but the beams 

are placed outside it. When passing highways in mountainous areas, the road is often curved, the road is curved, the beams 

are placed outside it. have a large angle of turn, and the transition angle is intended for the ascent and descent of the slope, 

such angles are called serpentines. 

Keywords: car, road network, efficiency, traffic intensity, rural composition, driver skill, environment. 
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ÐúùôĄöìðìô ûú÷ôþñāùôöôô ÐúùôĄïúĕô þñāùôöôô ÞúĔôöôýþúù íì ùúøô ìöìðñøôö Ø.Ý. 

ÚýôøĒ ðìü Ąìĕüô áÿĔìùð 
 
Øÿėìððôøì. Øìĕýÿ÷úþô ýìĀú÷Ē, ìó Ĕÿø÷ì āôĄþ îì ðôïìü øìýú÷ñĕô ýúāþøúùôô ýìĀú÷Ē, 

ĕìøăÿù ìĄČô úþìĄþúíúîìü îì íúĉĆþôøúð ĕìóúüýú÷ìĕú íúó ôýþôĀúðì øñĄìîìùð. 
áÿýÿýôċþĕúô øÿýíìþô ôù øìýú÷ñĕ øÿýþìĕöìøôô íì÷ìùð, ėúíô÷ôċþô þúíúîìüĒ ðìü ĕìøì ïÿùì 
ĕìüúüìþ îì þúóìïôô ĉöú÷úïôô úùüĕúüú ðìü íìü øñïôüìùð. Øìýú÷ñĕĕúô ýìĀú÷ôüú ìó ïô÷ íú 
ô÷úîìĕúô ïÿùúïÿù þìõČü öìüðì, íìüúô øÿýþìĕöìø Ąÿðìù øñûìóìùð. Øìĕýÿ÷úþô ýìĀú÷ôô 
øÿúýôü î āôĄþĕúüú ðìü ĕìüúüìþô ìó 700¸C þú 1000¸C îì íìĆóñ ùìøÿðĕúô ðôïìüô øìýú÷ñĕüú 
þú 1200¸C øñûìóìùð. Çìüúüìþô íì÷ìùðô öúüöìüð íì ýìĀú÷ øÿėúîôøìþô úþìĄþúíúîìüĒ 
íìāĄôðì, ôýþôĀúðìô îìýñô úùüú ðìü ýúĕìĕúô ïÿùúïÿùô ýúāþøúù îì āúĔìïĒ āì÷ė þìĆøôù 
øñùìøúċð. Ôù øìýú÷ñĕ āúýôċþĕúô āÿíô øñāìùôöĒ, íìðñĒ, ĉýþñþôöĒ îì ĀôóôöôĊ āôøôċîĒ 
ðúüìð, öô úùüú ìó íôýČü øìýú÷ñĕô ðôïìü Āìüė øñöÿùúùìùð.  

Íì÷ìùð íìüðúĄþìùô øÿýþìĕöìøôô ýìĀú÷ĕúô ýúāþøúùĒ, öìø öìüðìùô ìüóôĄô úùĕú îì 
ðìü ìýúýô úùĕú, îìýñĆ öìüðìùô ûúõïúĕô ìĄČô āúø íìüúô øìĕýÿ÷úþô ýìĀú÷Ē øñíúĄìð. Üúĕô 
ôøöúùûìóôüô îìýñĆ öìüðìùô ûúõïúĕô ìĄČô āúø íìüúô ýìĀú÷ĕúô ðñîúüĒ ôýþôĀúðìô 
āôĄþĕúô ýìĀú÷Ē ôùăÿùôù āúöĕúô íñùþúùôþĒ øñíúĄìð, öô ðìü ÚýôČô ØìüöìóĒ ÿøÿøìù îì 
øìāýÿýìù ðìü ÞúĔôöôýþúù îìýñĆ ûìĕù Ąÿðììýþ. ÇìðìĀô þìĕėôėúþô øìėú÷ìô øìóöÿü ìó 
ìüóČíôô āÿýÿýôċþĕúô øÿýþìĕöìøôô þìüöôíĕúô ïÿùúïÿùô øìýú÷ñĕĕúô ýìĀú÷Ē ðìü ìýúýô 
úøñāþìô āúöĕú ðìü Ąìüúôþô ïÿùúïÿùô ĕìüúüìþ ôíúüìþ ìýþ. Ôùăÿùôù ðìü úù ôøöúùôċþô 
ôýþôĀúðìô āúöĕúô íñùþúùôþĒ ĕìøăÿù ĔÿóĆô úøñāþìĕú íìüúô íì ðìýþ úîìüðìùô øìĕýÿ÷úþô 
ýìĀú÷ôô ýúāþøúùôô íì÷ìùðýôĀìþ øìîüôðô úøĘóôĄô ėìüúü ïôüôĀþììýþ.  

äìüĕô ìðìíôČþ. Þìĕėôėúþ úôð íì āúöĕúô íñùþúùôþĒ ðìü úóøúôĄïúĕĕúô ÐúùôĄöìðìô 
ô÷øĒ-þìĕėôėúþôô āúöĄôùúýĒ (ÐÿĄìùíñ, ÞúĔôöôýþúù), ÐúùôĄöìðìô ûú÷ôþñāùôöôô 
ÐúùôĄïúĕô þñāùôöôô ÞúĔôöôýþúù ðìü Ąìĕüô áÿĔìùð îì ÐúùôĄïúĕô ðìî÷ìþôô ô÷øĒ 
þìĕėôėúþô ýúāþøúùĒ Ąìĕüô Øúýöîì (ÙÔ ØÏÝß, Üÿýôċ) þìĕėôėúþ úôð íì ìüóČíôô 
øÿîúĀôėìþô āúöĕúô íñùþúùôþ ïÿóìüúùôðì Ąÿð. Ðìü øìüĕô÷ìô ìîîì÷, āúýôċþĕú îì þìüöôíô 
úøñāþìĕúô ýìĀú÷Ē (ïô÷āúö îì āúöô íñùþúùôþ) úøĘāþì Ąÿðìùð. Ðìü øìüĕô÷ìô ðÿĊø, 
ùìøÿùìĕú ėú÷ìííìùðĒ Č Ąìö÷ðôĕĒ îì ûÿāþìùô úùĕú. Ðìü øìüĕô÷ìô ýñĊø, āúýôċþô øñāìùôöĒ 
ċĆùñ øÿýþìĕöìøôô ùìøÿùìĕú îì þìĕ÷ô÷ô ùìþôĔìĕú øÿìõċù öìüðì Ąÿðìùð. Þìüöôíô āôøôċîĒ 
îì øôùñüú÷úïôô úøñāþìĕúô ïô÷āúö îì āúöô íñùþúùôþ ìó þìĕ÷ô÷ô ðôĀĀñüñùýôì÷ôô ïìüøĒ îì 
ðôĀüìöýôċô üñùþïñùĒ øÿìõċù öìüðì Ąÿðìùð [7; 6; 13]. 

 
Æìðîì÷ô 1. Þìüöôíô āôøôċîôô ïô÷āúö 
Table 1. Chemical composition of alumina 

Ùúøô öúùô āúö  
 

Çôýýìô øìýýìô øúððìĕú íú %  

SiO2 Ìl2O3 Fe2O3 ÝìÚ MgO K  2O Nì2O SÚ3 û.û.û. % 
Öúùô ïô÷āúöĒ áôþúõ  
(ÙÔÔÝØ, ï.ÐÿĄìùíñ) 

51,22 13,4 4,2 11,5 Ó,0 Ó,2 0,9 0,82 I2,26 

 
Þôíėô øìĆ÷ÿøúþĕúô ïñú÷úïĒ, ðìü ėì÷ìøüìîô Æÿøĕÿüôô ÞúĔôöôýþúù óôČðì ìó 280-300 

öúùĕúô ïô÷āúö îì āúöô íñùþúùôþ øìîĔÿðìùð. ÌüóČíĒ îì úøĘóôĄô þìüöôíô ïô÷āúö îì āúöĕúô 
íñùþúùôþôô öúùĕúô äìü-äìü, Þìûöúö, ÉìüìþúĎ-1, ÉìüìþúĎ-2, ÐìĄþôíñð, Ìýöôùôþ, 
ÐìĄþôøôüúù îì áôþúõ ùôĄúù ðúðìùð, öô úùĕú ìó ûúüìĕúô úĕìö (CaCO3), ïôûý 
(CaSO4¼2H2O), óìüüìĕúô öüñøùôõ îì ì÷Ċøôùôõ (üñïô öîìüý îì úöýôðô ì÷Ċøôùôõ), 
úöýôðĕúô úĕìù (Fe2O3), úöýôðô ùìþüôõ (Na2O ċöîì÷ñùþì), úöýôðô øìïùôõ (MgO), úöýôðô 
þñ÷÷ÿü (TiO2), ýÿ÷Āÿü (S) îì ýñúöýôðô ýÿ÷Āÿü (SO3) ôíúüìþìùð. Ìó üĘô øôėðúüô Āüìöýôċô 
øìõðì (öìøþìü ìó 0,005 øø þú 10,8-11,9%), úùĕú íì ïÿüĘĕô ìĄČô āúøô ïô÷āúö þìì÷÷ÿė 
ðúüìùð [2; 9]. Çìùïúøô ûÿāþìùô ýìùïô úĕìö íì ïìóô öìüíúù îì úöýôðô öì÷ýôõ (úĕìö) þìĔóôċ 
øñĄìîìùð. Öúùýñùþüìþýôċô íì÷ìùðô úĕìöýìùï(CaO) øÿýþìĕöìøôô Ĕôýøĕúô ýìĀú÷ôüú 
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öúĕôĄ øñðôĕìð, íì ûìõðúôĄô ĕÿíúíăìĕú øÿýúôðìþ îì ĕìùïúøô ôýþôĀúðì íì ûìõðúôĄô 
ïÿ÷úíĒ ðìü āôĄþăôùĒ øÿýúôðìþ øñöÿùìð.  

Þôíėô ôþþô÷úô ÐúùôĄöìðìô ô÷øĒ-þìĕėôėúþôô āúöĄôùúýĒ (ÐÿĄìùíñ, ÞúĔôöôýþúù), 
ïô÷āúö ìó öúùô áôþúõ, öô ðìü ðñĕìô Æ. Üìýÿ÷úî ðìü ùìóðôöôô øìüóô ÞúĔôöôýþúù îì 
ÉôüĎôóôýþúù Ĕúõïôü ìýþ, íì ïÿüĘĕô ïô÷ĕú þìì÷÷ÿė ðúüìð, öô ýìþĕô öìüíúù îì ėÿøô ýĘüúāô 
ðìĎì÷ îì ýĘüúāôô ûìýþ þú øôČùì ðúüìùð. Íú ùìóìüðúĄþô øìîĔÿðôċþô Āüìöýôċĕúô 
øìõðìðúùì (öìøþìü ìó 0,005 øø ¬ 10,92-11,9%), úù ĕìøăÿù ïô÷ĕúô ðìĎì÷ þìýùôĀ öìüðì 
øñĄìîìð. Íú ùìóìüðúĄþô û÷ìýþôöĒ (øôČùì 6-8), úù ĕìøăÿù ïô÷ĕúô øôČùì û÷ìýþôöĒ îì ûìý 
û÷ìýþôöĒ þìýùôĀ öìüðì øñĄìîìð. 

Ïô÷āúöô öúùô áôþúõ íú øìîĔÿðôċþô øôėðúüô óôČðô öìüíúùìþĕú, øôėðúüô öìøô öîìüý 
îì øôėðúüô öìøô Ąûìþĕúô Āñ÷ðýûìþ îì þìüöôí ėìüôí ċöāñ÷ìô øôùñüì÷ĕúô ïôðüúøôùñüì÷Ē 
þìîýôĀ øñĄìîìð. Øôėðúüô øôČùìô ùìøô ïô÷ 1,96%, óôăôô øôČùì 1,51 þ/ø3 îì 
öúĉĀĀôþýôñùþô ùìüøĄìîĒ ìó 1,09 þú 1,15 íìüúíìü ìýþ. Þìüöôíĕúô āôøôċîĒ îì øôùñüú÷úïĒ 
îì ïüìùÿ÷úøñþüĒ øÿìõċù öìüðì Ąÿðìùð îì āúýôċþĕúô þñāùú÷úïĒ îì ĕìüúüìþô ûÿāþìùô 
ïô÷āúö îì āúöô íñùþúùôþ úøĘāþì Ąÿðìùð. ÌĄČô āúøô ïô÷āúö øÿîúĀôėô ÏÚÝÞ 9169-2021 
úøĘāþì Ąÿð. Þìüöôíô āôøôċîôô öúùô ïô÷āúöô áôþúõ ðìü Ĕìðîì÷ô 1 îì þìüöôíô āúöô 
íñùþúùôþ ðìü Ĕìðîì÷ô 2 úîìüðì Ąÿðììýþ [12; 15]. 

 
Æìðîì÷ô 2. Þìüöôíô āôøôċîôô āúöô íñùþúùôþ 
Table 2. Chemical composition of bentonite clay 

Ùúøô öúùĕúô āúöô íñùþúùôþ 
Þìüöôíô āôøôċîôô āúöô íñùþúùôþ 

SiO2 Ìl2O3 Fe2O3 ÝìÚ MgO K  2O Nì2O S TiO2 

äìü-Ąìü, Þìûöúö îì 
ÔýĀìüì  

52,30 16,55 5,2 5,49 3,03 0,92 1,92 0,82 0,95 

 
Ûÿāþìù øìüĕô÷ìô ùôĕúôô üìîìùðô öúü ìýþ îì ðìü ùìþôĔì, øìîúð āúýôċþĕúô ýþìùðìüþĒ, 

ìó Ĕÿø÷ì āÿýÿýôċþĕúô øÿýþìĕöìøôüú íì ðìýþ øñúüìð. Üìîìùðô ûÿāþìùüú íì ċöăìùð 
üìîìùðĕúô ûìõðìüûìõô Āúýô÷ìĕúô ĕìüúüìþĒ þìėýôø øñöÿùñø [4; 11]. Íú ìĀóúôĄô ĕìüúüìþ 
ðìü þìùĘü þú ĕìüúüìþô 100-130¸C, íúėôøúùðìô úí íÿāúü øñĄìîìð. Ðìü ĕìüúüìþô 200¸C, 
ėôýøô úüïìùôöôô úøñāþì (ô÷úîìĕú) ûÿāþìù øñïôüìùð îì íìĆóñ ýĘüúāôĕúô ûÿāþìĄÿðì íì 
ìøì÷ øñúċùð. Ðìü ĕìüúüìþô 200...600 ÜC, þìüöôíô āôøôċîôô ûìõîìýþĄÿðì Ĕÿðú øñĄìîìð îì 
ðìü 500...600ÜC, þìüöôíô öüôýþì÷÷ôô øôùñüì÷ĕú úøñāþì øñĄìîìùð. Üìîìùðô ûÿāþìù íúôýô 
ûìýþ Ąÿðìùô āúýôċþĕúô û÷ìýþôöôô øìýú÷ñĕĕúô ýìĀú÷Ē øñïìüðìð.  

Ùìøÿðô øìýú÷ñĕĕúô ýìĀú÷ôô ûÿāþìĄÿðì îì ùìøÿùìĕúô āúýôċþĕúô úù ìó þìüöôíô 
ïô÷āúö îì āúöô íñùþúùôþ, ĕìüúüìþ ðìü þìùĘü îúíìýþì ìýþ. Íúċð ėìõð öìüð, öô ĕìùïúøô 
ûÿāþìùô āúöĕú ėìüôí öô óìüċð íì îÿĔÿð ùìøñúċð îì öîìüýô ìøúüĀôô úóúð íú ìĀóúôĄô 
ĕìüúüìþ íì öüôýþúíì÷ôþ þìíðô÷ øñČíìð. ÞìĄìööÿ÷ô öüôýþúíì÷ôþ āúýôċþĕúô ĀôóôöĒ îì 
øñāìùôöôô øìĕýÿ÷úþô ýìĀú÷ôüú öúĕôĄ øñðôĕìð. Ô÷úîìĕúô þìüöôíĕúô ïÿùúïÿù íì ïô÷āúö, 
íì øúùìùðô ýôñùôþô ùñĀñ÷ôù, ýôĀìþô øìîúðüú íú üúĕô ûìüúöìùðì öìüðìùô ėôýøìù 
öüôýþúíì÷ôþ ðìü Āìóìô øúñĆ Č íú þìĎõôü ðúðìùô āúýôċþĕúô üñú÷úïôô úíĄìîôô Āìóì íñĕþìü 
øñöÿùìùð [7; 2]. 

Ðìü ùìþôĔìô ûÿāþìùô øìýú÷ñĕĕúô ýìĀú÷Ē íú ô÷úîì öìüðìùô āúöô íñùþúùôþ íì ïô÷āúö 
úøñāþìô ÿýþÿîúü íì îÿĔÿð øñúċð, öô ìó öîìüý îì Āñ÷ðûìüþĕú ôíúüìþ øñíúĄìð. ÔýþôĀúðìô 
āúöô íñùþúùôþ ðìü ôýþñĕýú÷ô øìýú÷ñĕĕúô ýìĀú÷Ē ĕìøăÿù ô÷úîìô øÿýþìĕöìøöÿùìðì ðìü 
þìüöôíô ïô÷āúö, öô øìĕýÿ÷úþô ýìĀú÷Ē íì þì÷ìíúþô øÿúýôüô ýúāþøúùĒ ĔìîúíïĘ øñíúĄìùð 
îì ôýþôĀúðìô āúöô íñùþúùôþ íì ýôĀìþô ô÷úîìĕúô þñāùú÷úïĒ ðìü ôýþñĕýú÷ô øìýú÷ñĕĕúô 
ýìĀú÷Ē øÿýúôðìþ øñöÿùìð. 

ÙìþôĔìô þìĕėôėúþ. Øÿìøøúĕúô ìýúýôô íôùúĕúô ôýþôėúøìþĒ, øìĆøÿüĒ îì ĔìĆøôċþĒ 
íì÷ìùð íÿðìùô ïìüøôïÿóìüúùôô øìýú÷ñĕĕúô ýìĀú÷Ē îì ûìýþ íÿðìùô øÿýþìĕöìøôô āôĄþĕú 
øñíúĄìð. Íìüúô ùúô÷ Ąÿðìù íì ùìþôĔìĕúô óìüÿüĒ ðìü þìĕėôėúþĕú ĕìùïúøô ýúāþøúùô 
íôùúĕúô ôýþôėúøìþĒ, ĄìĕüîìùðĒ îì ĔìøĆôċþĒ ìó øìýú÷ñĕĕúô ýìøìüìíìāĄ, øÿýþìĕöìø, 
úþìĄþúíúîìü îì ïìüøô ĕôøúċöÿùìùðì íìüúô ðñîúüĕú îìýñ ôýþôĀúðì øñíìüñø. 

ÔýþôĀúðìíìüĒ ðìü þìõČü öìüðìùô øìýú÷ñĕĕúô ýìĀú÷Ē îì ô÷úîìĕúô úüïìùôöĒ, ìó 
ėìíô÷ô ăĘíĕú, þúüĀĕú îì Ďìõüì, öô ĕìùïúøô ýĘóúùôðìù îì ûìüþúĀþìùô ïìóĕú ýĘüúāôĕúô 
ìùðúóì îì öúùĀôïÿüìþýôċĕúô ïÿùúïÿùüú íì îÿĔÿð øñúüìùð, øñþìîúùìùð óôăôô øìýú÷ñĕĕúô 
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ýìĀú÷ôüú íì þìîüô ùìóìüüìý öúĕôĄ øñðôĕìùð. ÔýþôĀúðìô ùìøÿðĕú îì øôėðúüô ïÿùúïÿùô 
ô÷úîìĕú ĕìùïúøô ûÿāþìù íì āúýôċþĕúô øìýú÷ñĕô ýúāþøúùĒ íú üúĕĕúô øÿāþì÷ôĀ þìĆýôü 
øñüìýúùìð [4; 11].  

Ôù ÿýÿ÷ ìó Ĕôĕìþô þñāùú÷úïĒ ûñĄüìĀþì íÿðì, þìĕôċô þìĔĕôóúþô ûüôùýôûìù ùìîüú 
þì÷ìí ùìøñöÿùìð îì ôøöúù øñðôĕìð, öô óôăôô øôČùì ðìėôė øÿìõċù öìüðì Ąìîìð. Çìùïúøô 
ėú÷ìíô øìĕýÿ÷úþ öìøþìü úí úøñāþì öìüðìù ÷úóôø ìýþ, îìėþô āÿĄöĄìîĒ îì ĕìĔøô ìĄČô āúø 
öìø øñĄìîìð îì ĕìùïúøô ûÿāþìù ðìü úøñāþì øôöüúöüìöĕú ûìõðú øñĄìîìùð, öô øÿėúîôøìþô 
ïìüøôô øìĕýÿ÷úþüú óôČð øñöÿùìùð. Àìõü ìó úù, ïìóĕúñ, öô ĕìùïúøô ýĘóúùôðìù āúüôĔ 
øñĄìîìùð, íì þìĄìööÿ÷ô øÿĕôþô öúĕôĄČíìùðì øÿýúôðìþ øñöÿùìùð îì ýôùþñüìþýôċô 
ûìüðìüú øñþñóúùìùð. Íì øìýú÷ñĕĕúô ýìĀú÷Ē îúüôð ùìøÿðìùô ô÷úîìĕúô ðúüúô ðôýûìùýñüìô 
íì÷ìùðýôĀìþ (ïô÷ĕúô øìüøìü, āúöôýþìüô ðúüúô öì÷þýôõ îì ðôïìü ûìüþúîĕúô ýìùúìþĒ Č āúöô 
íñùþúùôþ) ùôó ôýþôĀúðìô ìøì÷Ē ûìõðú øñöÿùìð. Øúĕôċþô ÿýÿ÷ ìó úù ôíúüìþ ìýþ, öô ðìü 
ĔìüìČùô úþìĄþúíúîìüĒ ðìü ĕìüúüìþô 800-900¸C, ėôýøĕúô öìüíúùìþôô þìüöôíô ïô÷āúö íú 
āúüôĔĄìîôô ïìóô öìüíúù ûìüþúĀþì (Ĕÿðú) øñĄìîìùð, öô ôù øñþìîúùìð íúôýô þìüėôĄô 
ûúüìĕúô ýìĀú÷Ē ïìüðìð. Ðìü ìõùô óìøúù, øìĕýÿ÷úþ þìĔóôċô öìüíúùìþĕú øñþìîúùìùð íìĆðìù 
íú ûìõîìýþìïôĕúô ìøúüĀôóìþýôċĄÿðìô Ąôāþì (óìüċð) îúüôð íì üñìöýô Ąÿðì, øÿýþìĕöìøôüú 
óôČð ùìøúċùð [8; 9; 10].  

Çìùïúøô ýĘóúùôðìùô āúöĕúô ðúüúô þìüöôíô øúùþøúüô÷÷úùôþ (āúöĕúô íñùþúùôþĒ), 
Āìóìô öüôýþúíì÷ôþ íì îÿĔÿð øñúċð. ÞìĔüôíìĕúô øÿýþìėôø íú ô÷úîì öìüðìùô öîìüý ùôĄúù 
ðúðìùð, öô öüôýþúíì÷ôþ ìó ĕôýúíô öîìüý þìĄìööÿ÷ ùìøñČíìð. ÍìüĆìöý, ĕìùïúøô íì ïô÷āúö 
ô÷úîì öìüðìùô öîìüý, ĕìĔøô Āìóìô öîìüýĒ øñìĀóúċð. Öüôýþúíì÷ôþñ, öô ðìü úøñāþìô āúöĕúô 
öîìüýðúü ûìõðú øñĄìîìð, íì øúùìùðô ýô÷ôöìþô ìøúüĀĒ ìøì÷ øñöÿùìð ĕìùïúøô 
úøñāþìĄìîĒ íì öüôýþúíì÷ôþ øÿíìððì÷ øñïìüðìð. Ô÷úîì öìüðìùô öîìüýô öüôýþì÷÷Ē 
Āúýô÷ìô ýôùþñóĄìîôô āúöĕúüú āñ÷ñ îìýñĆ ùìøÿðì, ðìü ĕìüúüìþô øÿìõċù (þìėüôíìù 1200¸C) 
üìîìùðüú ĀìĆú÷ øñýúóìð. Ðìü ĕìüúüìþĕúô ûìýþô ûÿāþìùô øìýú÷ñĕĕúô ýìĀú÷Ē (þú 1000¸C), 
öîìüý þìùĕú āúýôċþĕúô ùìüøöÿùìùðìô āÿðüú ùôïúĕ øñðúüìð. Öüôýþúíì÷ôþ ôùăÿùôù, 
ĕìùïúøô ýĘóúùôðìùô āúöĕúô ïôðüúøôöì-öìú÷ôùôþĒ, öìú÷ôùôþ-øúùþøúüô÷÷úùôþĒ îì Ďìõüì 
íì îÿĔÿð øñúċð. ÞìĆýôüô ýÿýþöÿùìùðìô öüôýþúíì÷ôþüú þìîìýýÿþô îúüôð öìüðìùô ô÷úîìĕú, 
ìó Ĕÿø÷ì ýôñùôþô ùñĀñ÷ôùôô öĘíĄÿðì (öô ðìü þìĔüôíìĕú øìĆøÿ÷ ìýþ) üìĀĆ öìüðìù øÿøöôù 
ìýþ. Øìėýìð ìó ĔúüĒ öìüðìùô ôù ô÷úîìĕú íì÷ìùð íìüðúĄþìùô øÿýþìĕöìøôô øìĕýÿ÷úþ 
øñíúĄìð. Þñüøúïüìøøìô āúöĕúô ïôðüúøôþôöĒ ùôĄúù øñðôĕìð, öô ðìü øÿĕôþô 
íìüėìüúüöÿùìùðì (öìøöÿùìùðì) ùôýíìþ íì øÿĕôþô úöýôðöÿùìùðì, þìĎõôüČíôô üñìöýôċĕúô 
ĉöóúþñüøĒ þìėüôíìù 100-120¸C ûìýþþìü íì ìøì÷ øñúċð. Ðìü ôù Ĕú Āìóìô øúñĆ, öô ðìü 
āúöĕúô ïôðüúøôþôöĒ íì îÿĔÿð øñúċð, þìĆýôüô øÿýíìþ øñüìýúùìð. Ðìîüìô øÿĕôøøô 
ĕìüúüìþĒ ðìü ĔìüìČùô úþìĄþúíúîìüôô øìĕýÿ÷úþ 500-650¸Ý íì ĕôýúí øñüìîìð. Çìùïúøô 
ýĘóúùôðìù ðìü øÿĕôþô úöýôïñù, ĕìüúüìþô ûÿāþìùô ýìĀú÷ĕúô ýúāþøúùôô ìó āúöĕúô 
ïôðüúøôþôöĒ þìõČüĄÿðì þú 800¸Ý îì āúöĕúô öìüíúùìþĒ-ïôðüúøôöìïĒ þú 900¸Ý ûìýþ 
øñĄìîìð [1; 10; 14].  

ÞìĆýôüô ôýþôĀúðìô üìîìùðô ðôýýúþýôìþýôċô öìüíúùìþĕú ðìü āúöĕú íìüúô ýúāþúüô 
óìüüìĕú ĕìùïúøô ôýþñĕýú÷ô øìýú÷ñĕô ýìĀú÷Ē ðìü ìýúýô ïô÷āúö îì āúöô íñùþúùôþ, öô ðúüúô 
öìüíúùìþĕúô ðúāô÷Ē øñíúĄìùð, āñ÷ñ ùìóìüüìý ìýþ. ÆúüĒ ùìøÿðìùô øìýú÷ñĕô ýìĀú÷ôô 
øÿýþìĕöìø (ïüìùÿ÷ìþô ĄôĄìô öìĀöðúü, øôöüúýĀñüìĕúô öúîúö, ðúùìăìĕúô ûñü÷ôþ îì 
îñüøôöÿ÷ôþ îì Ď.) ðìü þñāùú÷úïôċ ðìü ìýúýô ÿýÿ÷ô ûÿüöÿùôô ĕìĔøĒ ýÿüìþ øñïôüìð [8; 14; 16; 
17].  

áÿýÿýôċþĕúô øñāìùôöôô ùìøÿùìĕú íú ôýþôĀúðì ìó ûüñýýô ÛÏØ-ØÏ4 (üìýøô 1 îì 2), öô 
íú ûüñýýô ĉ÷ñöþüôöĒ îì ðìýþïúĕô ăñùöÿùôô Ąôððìþ íú ýÿüĆìþô íúüöÿùĒ øÿîúĀôėô ÿýÿ÷ĕúô 
ýþìùðìüþĒ øÿĔìĕĕìó Ąÿðììýþ, ĕôýúí öìüðì Ąÿðìùð. Ôðúüìöÿùôô ìîþúøìþôô ýÿüĆìþô 
ĀôĄúüðôĕĒ ìó Ĕúùôíô øôöüúûüúþýñýýúü þìĆøôù öìüðì øñĄìîìð. Îúíìýþì ìó ÿýÿ÷ô ýìùĔôĄ, 
üìîìùðô ĀôĄúüðôĕôüú íú îúĕôðĕúô ïÿùúïÿù øÿėìüüìü öìüðìù øÿøöôù ìýþ: ØÛì/ý, öÙ/ý îì 
øø/ðìė. Ôðúüìöÿùôô öúøûĊþñüĒ ôùăÿùôù íìüúô øÿìõċù öìüðìùô ĕìððô øÿýþìĕöìøúþô 
øìîúð ĕìùïúøô úóøúôĄĕúô ĉ÷ñöþüúøñāìùôöĒ (íúüöÿùôô íìüėĒ) îì íú ùìóìüðúĄþô úøô÷ô 
øôėČý þìþíôė øñïìüðìð. 

ØìĆ÷ÿøúþô ôíþôðúĒ (ùìîĆô øìîúð, ĕìĔøô ùìøÿùì, ýÿüĆìþô ĀôĄúüðôĕĒ) ìó ûìùñ÷ô 
ôðúüìöÿùĒ íì þìîüô ôùþñüìöþôîĒ ìùĔúø ðúðì øñĄìîìð. ÙìþôĔìĕúô ýìùĔôĄ ðìü ðôýû÷ñõô 
ïüìĀôöĒ ùôĄúù ðúðì øñĄìîìùð îì ĕìøóìøúù, íúõïúùĒ öìüðì øñĄìîìùð. Ýìùì îì îìėþô 
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ăñùöÿùĒ ýìíþ öìüðì øñĄìîìùð îì øìĆ÷ÿøúþ íìüúô ĕÿĔĔìþïÿóúüôô øôùíìĆðì íì ýñüîñü 
ôùþôėú÷ ðúðì øñĄìîìð. 

 
Üìýøô 1. Ûüñýýôô ÿùîñüýì÷Ē ÛÏØ-ØÏ4 

Figure 1. Universal press PGM-MG4 

 
 

Øìĕýÿ÷úþô ýìĀú÷Ē ìó úøñāþìĕú, öô ðìü ìýúýô āúöĕúô ðìü íú÷ú óôöüĄÿðì ýúāþì 
Ąÿðììùð, íìüúô þìĔüôíìïÿóìüúùĒ ûñĄíôùĒ øñĄìîìùð. Øôėðúüô āúöô íñùþúùôþ ðìü úøñāþì 
ìó 10 þú 40% øñĄìîìð. Ìùðúóìô ùìøÿùìĕú 40x40x40 øø (øìýúĕìþô ýìþĕô 1600 øø2) íÿð. 
Ùìøÿùìĕú āÿĄö öìüðì þú ùìøĒ 1-2% āÿĄö öìüðì Ąÿðìùð. Ûÿāþìù ðìü öĘüìô āôĄþûìóĒ íì 
øÿððìþô 2 üĘó ðìü ĕìüúüìþô íì÷ìùð 1000-1200¸C ìùĔúø ðúðì Ąÿð. Éÿîîìô ĀôĄÿüðìĄìîĒ 
(ØÛì) ĕìøăÿù þìùúýÿíô ýìüíúüĒ (N) íì øìýúĕìþô þìþíôėô úù (16 ýø2) øÿìõċù öìüðì Ąÿð. 

 
Üìýøô 2. Ìó ýìùĔôĄ ïÿóìüúùôðìùô ùìøÿùìĕú ðìü ÷ìíúüìþúüôċô öìĀñðüìô ýúāþøúù 

Figure 2. Testing samples in the laboratory of the construction department 

 
 
Ðìü ùìþôĔìô ûÿāþìùô ùìøÿùìĕúô þìüöôí, 90% ïô÷āúö îì 10% āúöô íñùþúùôþ íì ðìýþ 

úîìüðì Ąÿð, öô ðúüúô: Ąûìþĕúô öîìüýôô SiO2; ðôúûýôð îì ïñøìþôþ ĕìùïúøô þìĔóôċô ā÷úüôþ 
îì ðú÷úøôþ, ïñ÷ñùôþ, öô ĕìùïúøô þìĔóôċô øÿýöúîôþ îì öì÷ýôþ íì îÿĔÿð øñúċð. 
Öüôýþúíì÷ôþñ, öô ìó ĕôýúíô ô÷úîìĕúô ïô÷āúö îì āúöô íñùþúùôþĒ íì îÿĔÿð øñúċð, íì 
ýúāþúüô øìîúð þìĆýôü øñüìýúùìùð. Øÿìõċù öìüðì Ąÿð, öô ĕìððô øÿýþìĕöìøôô 
ĀôĄÿüðìĄìîôô ùìøÿùìĕúô ûÿāþìĄÿðì ðìü ìýúýô úøñāþìô āúöĕú íì 16-18 ØÛì íìüúíìü ìýþ 
(üìýøô 3). Øÿýþìĕöìøôô ùìøÿùìĕú íú îúüôð öìüðìùô ô÷úîìô íñùþúùôþĒ (ðìü Ąìüúôþô 
ċöāñ÷ìô ûÿāþìù) ìó øôėðúüô ôù ô÷úîì îúíìýþì ìýþ îì ìó 10 þú 26 ØÛì íú þìĎõôüČíôô 
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øôėðúüô ô÷úîì ìó 40 þú 20% Āìüė øñöÿùìð (üìýøô 4). Øôėðúüô úûþôøì÷ôô āúöô íñùþúùôþ 
ðìü ĕÿðÿðô 15-25% ìýþ. 

 
Üìýøô 3. Ðôìïüìøøìô øÿýþìĕöìøô ùìøÿùìô úøñāþìĕúô ïô÷āúö 90% îì āúöô íñùþúùôþ 10% 

Figure 3. Strength diagram of a sample of mixtures of 90% alumina and 10% bentonite clay 

  
 

Üìýøô 4. Ðôìïüìøøìô øÿýþìĕöìøôô ùìøÿùìô úøñāþìĕúô ïô÷āúö 70% îì āúöô íñùþúùôþ 30% 
Figure 4. Strength diagram of a sample of mixtures of 70% alumina and 30% bentonite clay 

 
 
Ðìü ùìþôĔìô ýìùĔôðìùô ùìøÿùìĕú ðìü ìýúýô ïô÷āúö îì āúöĕúô íñùþúùôþ (ðìü Ąìö÷ô 

ýô÷ôöìþô ìøúüĀĒ), ûúüìĕúô ýìĀú÷Ē íì ðìýþ úîìüðì Ąÿð. (Üìýøô 4-5), öô ðúüúô: öîìüýô SiO2; 
Ąûìþĕúô Āñ÷ðýûìþ, ì÷íôþ (Na2O¼Al2O3¼6SiO2); ðôúûýôð (CaO¼MgO¼2SiO2) îì ïñøìþôþô Fe2O3 
øñíúĄìùð, öô ĕìùïúøô þìĔóôċô ā÷úüôþ îì ðú÷úøôþ íì îÿĔÿð úøìðììùð. Þìüöôíô øìîúðô 
ûÿāþìĄÿðì ĉ÷÷ñùôþ (2CaO¼Al2O3¼SiO2)-üú ðìü íìü øñïôüìð, öô ĕìùïúøô þìĔóôċô øÿýöúîôþ îì 
öì÷ýôþ íì îÿĔÿð úøìðììýþ. ØìîĔÿðôċþô öîìüý (SiO2), ì÷Ċøúýô÷ôöìþô ùìþüôõ 
(Na2O¼Al2O3¼6SiO2), ì÷Ċøúýô÷ôöìþô öì÷ôõ (K2O¼Al2O3¼6SiO2), ûìõîìýþìïôĕúô ýñïúùìô 
CaO¼MgO¼2SiO2 îì 2CaO¼Al2O3¼SiO2, ïñ÷ñùôþ (Ca2Al 2SiO7), öüôýþúíì÷ôþ (ôóúøúüĀô SiO2) îì 
ïñøìþôþ (Fe2O3). 
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Üìýøô 5. Ðôìïüìøøìô øÿýþìĕöìøôô ùìøÿùìô úøñāþìĕúô ïô÷āúö 80% îì āúöô íñùþúùôþ 20% 
Figure 5. Strength diagram of a sample of mixtures of 80% alumina and 20% bentonite clay 

 
ÞìĔüôíìĕúô ïÿóìüúùôðìĄÿðì ôøöúù ðúðìùð, öô ċö ėìþúü øìýĆì÷ìĕúô øÿĕôøøô ô÷øĒ 

ðìü ýìøþô ýúāþô øìýú÷ñĕô ýìĀú÷Ē ĕì÷ öìüðì Ąìîìùð. Ôù øìýĆì÷ìĕú íì þìĆýôüô þìüöôíô 
āôøôċîôô āúöĕúô ïô÷āúö, āúöô íñùþúùôþĒ îì øìĕýÿ÷úþô öúüöìüðô þñāùú÷úïôô úùĕú íì 
āúýôċþĕúô øìýÿ÷úþô ùôĕúĒ ì÷úėìøìùðìùð. Þìĕėôėúþĕú ùôĄúù ðúðìù, öô ôýþôĀúðìô āúöô 
íñùþúùôþĒ ĕìøăÿù ô÷úîì îì ýìøìüìùúöôô øìýú÷ñĕô ýìĀú÷ôüú íì÷ìùð íìüðúĄþì, 
øÿýþìĕöìøôô úùĕúüú ėìüôí ðÿ øìüúþôíì óôČð øñùìøúċð. Ðìü üìîìùðô öúü øñĆČüĕúô 
úûþôøì÷ôô ôýþôĀúðìô āúöô íñùþúùôþĒ ðìü þìüöôíô úøñāþì øÿìõċù öìüðì Ąÿðìùð. 
Þìþėôėúþĕúô øôùíìĆðì øñþìîúùìùð úøĘóôĄô ĕìøìĔúùôíìô þìĎõôüČíôô ýúāþúüô úøñāþìĕúô 
ýìĀú÷ôô ðúüúô āúöô íñùþúùôþôüú ðìü íìü ïôüìùð. Ôùăÿùôù, ĕì÷÷ô øìýĆì÷ìĕúô þñāùú÷úïĒ 
íú ôøöúùô þìþíôėô ÿýÿ÷ô ûÿāþìùô ùôøāÿĄöô öìøĉùñüïôċ (öô íìüúô øôùþìėìĕúô ÚýôČô 
ØìüöìóĒ ÿøñðíìāĄ ìýþ) ðìü ôýþñĕýú÷ô ýìĀú÷ĕúô ýúāþøúùĒ, ìó Ĕÿø÷ì āôĄþĕúô ýìĀú÷Ē (ìó 
Ĕÿø÷ì ýĘüúāðúü) îì ýìĀú÷ìöĕú, øÿĕôø íì ĕôýúí øñüìîìð [3; 5]. 

Ðìü ùìþôĔìô úøñāþì öìüðìùô ïô÷āúö 80% îì āúöô íñùþúùôþ 20% øìýú÷ñĕô ýìĀú÷Ē 
øÿýþìĕöìø íì îÿĔÿð úøìð, öô þìüöôíìĄ öîìüý îì Ąûìþĕúô íú Āìóìô øúñĆ ûìõîìýþĄÿðì 
øñíúĄìð. Çìùïúøô ôýþôĀúðìô ïô÷āúöô öúùô áôþúõ ûìüðìô ýìĀú÷Ē ôùăÿùôù ìó öîìüý îì 
Ąûìþĕú, ì÷Ċøúýô÷ôöìþĕú îì øìïùñýô÷ôöìþĕúô öì÷ýôõ ôíúüìþ øñíúĄìð. Ðìü ùìþôĔìô 
ûÿāþìùô ùìøÿùìĕúô íú ô÷úîì öìüðìùô āúöô íñùþúùôþ íì ïô÷āúö ýìĀú÷ĕúô ÿýþÿîúü íì îÿĔÿð 
øñúċð, öô ìó öîìüýĕú îì Āñ÷ðûìüþĕú ôíúüìþ øñíúĄìùð.  

áÿ÷úýì. ÎìýñĆ öìüðìùô ûúõïúĕô ìĄČô āúø íìüúô ôýþñĕýú÷ô ýìĀú÷ĕúô ýúāþøúùĒ 
ėìðìøô óìüÿüĒ íìüúô þìĆøôùô üÿĄðô ôýþñĕýú÷ô ìĄČô āúø, ôù þìøúĊ÷ô þñāùú÷úïĒ 
øñíúĄìð. ÔýþôĀúðìô ìĄČô āúøô øìĕì÷÷ôô ðúüúô āúö, ìó Ĕÿø÷ì ïô÷āúö îì āúöĕúô íñùþúùôþ 
íìüúô ôýþñĕýú÷ô øìýú÷ñĕĕúô ýìĀú÷Ē ðìü Æÿøĕÿüôô ÞúĔôöôýþúù ÿøñðíìāĄ øñíúĄìð. 

Þìĕėôėúþ ôøöúùôċþô ôýþôĀúðìô āúöô íñùþúùôþüú íìüúô ôýþñĕýú÷ô øìýú÷ñĕĕúô 
ýìĀú÷ĕúô ýúāþøúùĒ øÿĀôð øñíúĄìð. Øÿìõċù öìüðì Ąÿð, öô ėÿîîìô ĀôĄÿüðìĄìîôô 
ùìøÿùìĕúô ûÿāþìĄÿðì íú ô÷úîìĕúô íñùþúùôþ (ðìü ĕìøúù Ąìüúôþô ûÿāþìù) ìó øôėðúüô 
íñùþúùôþ îúíìýþì íÿðì, ìó 10 þú 26 ØÛì íú øôėðúüô ô÷úîìïôô 40 þú 20% Āìüė øñöÿùìð. 
Øôėðúüô úûþôøì÷ôô āúöô íñùþúùôþ ðìü úøñāþìĕú íì 85-75% ïô÷āúö îì āúöô íñùþúùôþ 15-
25% íúĄìð. 

Þìĕėôėúþ ðìü ýúĕìô øìýú÷ñĕĕúô ýúāþøúùĒ íì øúùìùðô þìĎõôüô ĕìøìĔúùôíìô 
úøñāþìĕúô ýìĀú÷Ē, öô āúöô íñùþúùôþ ðúüìùð îì þìĕôċô þñāùú÷úïôċô ûüñýýöÿùôô ùôøāÿĄöĒ 
ôù úøñāþìĕú, öô íìüúô øôùþìėìĕúô ÚýôČô ØìüöìóĒ úċùðìðúü øñíúĄìð. Þìĕėôėúþĕú ùôĄúù 
ðúðìùð, öô ôýþôĀúðìô āúöô íñùþúùôþ ĕìøăÿù ô÷úîì íì øìýú÷ñĕĕúô ýìĀú÷ôüú ýìøìüìùúö 
öìüð, öô ėìüôí ðÿ øìüúþôíì øÿýþìĕöìøĒ óôČð Ąÿð. ØñĆČüĕúô úûþôøì÷ôô ôýþôĀúðìô āúöô 
íñùþúùôþüú ðìü þìüöôíô úøñāþì øÿìõċù öìüðì Ąÿð. Þìþėôėúþĕúô øôùíìĆðì øñþìîúùìùð 
þìĕėôėúþ ðìü íúüìô þìĎõôü ðúðìùô ĕìøìĔúùôíìô úøñāþìĕúô øìýú÷ñĕĕúô ýìĀú÷Ē, öô āúöô 
íñùþúùôþ ðúüìùð, ôùăÿùôù ĕì÷÷ô øìýĆì÷ìĕúô þñāùú÷úïĒ íú ôøöúùôċþô ôýþôĀúðìô 
þñāùú÷úïôċô ùôøāÿĄö öìøþìü ĉùñüïôċþì÷ìí (íìüúô øôùþìėìĕúô ÚýôČô ØìüöìóĒ 
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ÿøñðíìāĄ), öô ðìü ôýþñĕýú÷ô ýìĀú÷ĕúô ýúāþøúùĒ þìþíôė øñĄìîìð, ðìü íìü ïôüìùð: 
āôĄþĕúô ýìĀú÷Ē (ìó Ĕÿø÷ì ýĘüúāðúü) îì ýìĀú÷ìöĕúô ýìĀú÷Ē. Ðìü ùìþôĔìô úøñāþì öìüðìùô 
ïô÷āúö 80% îì āúöô íñùþúù 20% øìýú÷ñĕô ýìĀú÷Ē øÿýþìĕöìø íì îÿĔÿð úøìð, öô þìüöôíìĄ 
öîìüý îì Ąûìþĕú øñíúĄìð. Çìùïúøô ôýþôĀúðìô ïô÷āúöô öúùô áôþúõ ûìüðìô ýìĀú÷Ē 
ôùăÿùôù ìó öîìüý îì Ąûìþĕú, ì÷Ċøúýô÷ôöìþĕú îì øìïùñýô÷ôöìþĕúô öì÷ýôõ ôíúüìþ 
øñíúĄìð. Ðìü ùìþôĔìô ûÿāþìùô ùìøÿùìĕúô íú ô÷úîì öìüðìùô āúöô íñùþúùôþ íì ïô÷āúö 
ýìĀú÷ĕúô ÿýþÿîúü íì îÿĔÿð øñúċð, öô ìó öîìüýĕú îì Āñ÷ðûìüþĕú ôíúüìþ øñíúĄìùð.  

Þìĕėôėúþô øìóöÿü þôíėô ùìėĄìô öúüĕúô ô÷øĒ-þìĕėôėúþôô öìĀñðüìô ýúāþøúùô 
ÐúùôĄöìðìô ûú÷ôþñāùôöôô ÐúùôĄïúĕô þñāùôöôô ÞúĔôöôýþúù íì ùúøô ìöìðñøôö Ø. ÚýôøĒ 
ðìü Ąìĕüô áÿĔìùð íìüúô ýú÷ĕúô 2025-2029 þìĕþô ÿùîúùô µÚøĘóôĄô øìýú÷ñĕúô ýúāþøúùôô 
øìĕì÷÷Ē îì ìüóČíôô úùĕú ìó ùôïúĕô ĉöú÷úïĒ îì ïìüøôðôĕĒ½, öô íú ýÿüìþĔì÷ìýìô öìĀñðüìô 
ýúāþøúù ìó 17.12.2024, Ĝ5 þìýðôė Ąÿðììýþ, ìøì÷Ē öìüðì øñĄìîìð.  
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ÔÝÞÔàÚÐÌÔ áÚÖÔ ÍÑÙÞÚÙÔÞ ÍÌÜÚÔ ÔÝÞÑÇÝÚ×Ô ØÌÝÚ×ÑÇÇÚÔ ÝÌàÚ×ÔÔ ÐÑÎÚÜÄ 
Þìĕėôėúþ úôð íì āúöĕúô íñùþúùôþĒ ðìü úóøúôĄïúĕô ÐúùôĄöìðìô ô÷øĒ-þìĕėôėúþôô āúöĄôùúýĒ 

(ÐÿĄìùíñ, ÞúĔôöôýþúù), ÐúùôĄöìðìô ûú÷ôþñāùôöôô ÐúùôĄïúĕô þñāùôöôô ÞúĔôöôýþúù ðìü Ąìĕüô áÿĔìùð îì 
ÐúùôĄïúĕô ðìî÷ìþôô ô÷øĒ þìĕėôėúþô ýúāþøúùĒ Ąìĕüô Øìýöìî (ÙÔ ØÏÝß, Üÿýôċ) ïÿóìüúùôðì Ąÿð. Ðìü 
øìüĕô÷ìô ìîîì÷, úøĘóôĄô āúýôċþĕú îì þìüöôíô ĔÿóĆĕúô úøñāþìĕúô ýìĀú÷Ē: ïô÷āúö, āúöĕúô íñùþúùôþ; ðìü 
øìüĕô÷ìô ðÿĊø, Ąìö÷ðôĕĒ îì ûÿāþìùô ùìøÿùìĕú îì ðìü øìüĕô÷ìô ýñĊø, øÿìõċù öìüðìùô āúýôċþĕúô 
øÿýþìĕöìøĒ ùìøÿùìĕú îì ìüóČíôô ùìþôĔìĕúüú ðìü íìü øñïôüìð. Þìüöôíô āôøôċîĒ îì øôùñüú÷úïôô øìîúðĕúô 
ýìüăìĄøìô þìĕėôėúþô ô÷øĒ ùìî íú ôýþôĀúðì ìó þìĕ÷ô÷ô ðôĀĀñüñùýôì÷ôô ïìüøĒ îì ðôĀüìöĂôċô üñùþïñùĒ 
øÿìõċù öìüðì øñĄìîìð. ÝìùĔôĄĕúô øÿýþìĕöìøĒ íú ôýþôĀúðì ìó ûüñýýô ôðúüìĄìîìùðìô øôöüúûüúþýñýýúü 
ÛÏØ-ØÏ4 íú ùìøúôĄô üìėìøôô øìĆ÷ÿøúþ ïÿóìüúùôðì Ąÿðìùð. ÙìþôĔìĕúô ðìü ðìîúøô ýìùĔôĄĕú íì ðìýþ 
úøìðìüú íì þìîüô āÿðöúü íúõïúùĒ öìüðì øñĄìîìð îì íìüúô ĕÿĔĔìþïÿóúüôô øôùíìĆðì íì öúøûĊþñü ôùþôėú÷ 
ðúðì øñĄìîìð. Øÿìõċù öìüðì Ąÿð, öô ėÿîîìô ĀôĄÿüðìĄìîôô ùìøÿùìĕúô ûÿāþìĄÿðì ðìü ìýúýô úøñāþìô āúöĕú 
16-18 Øûì íìüúíìü ìýþ. Þúíúîìüôô ùìøÿùìĕú íú îúüôð öìüðìùô ô÷úîìô āúöô íñùþúùôþ (ðìü Ąìüúôþô ċöāñ÷ìô 
ûÿāþìĄÿðì) ìó øôėðúüô ôù ô÷úîì îúíìýþì ìýþ, öô íì 10 þú 26 ØÛì íú þìĎõôüČíôô øôėðúüô ô÷úîì ìó 40 þú 20% 
Āìüė øñöÿùìð. Øôėðúüô úûþôøì÷ôô āúöô íñùþúùôþ ðìü þìüöôíô úøñāþìĕú íì 20-25% íìüúíìü øñĄìîìð. 
Þìüöôíô úøñāþìĕúô ùìî îì þìĆýôüô úù íì āÿýÿýôċþĕúô øÿýþìĕöìøôô ėú÷ìíĕúô ýìĀú÷ôô ûÿāþìĄÿðì øÿìõċù 
öìüðì øñĄìîìð. Øôėðúüô úûþôøì÷ôô āúöô íñùþúùôþ ðìü úøñāþì íì15-25% íìüúíìüøñíúĄìð. 

Öì÷ôðîúòìĕú: ýìĀú÷ĕúô ýúāþøúùĒ, āúöô íñùþúùôþĒ, ÷úõ, ïô÷, ûúüìĕúô ýìĀú÷Ē, ûÿāþìù. 
 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɹɽʅʊʆʅʀʊʆɺʆʁ ɻʈʋʅʊʓ ɼʃʗ ʇʈʆʀɿɺʆɼʉʊɺɸ ʂɽʈɸʄʀʏɽʉʂʀʍ ʉʊɽʅʆɺʓʍ 

ʄɸʊɽʈʀɸʃʆɺ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʠʟʫʯʝʥʠʶ ʧʨʠʛʦʜʥʦʩʪʠ ʙʝʥʪʦʥʠʪʦʚʳʭ ʛʨʫʥʪʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʅʀʀʉʄ 

(ɼʫʰʘʥʙʝ, ʊʘʜʞʠʢʠʩʪʘʥ) ʍʫʜʞʘʥʜʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʊʘʜʞʠʢʠʩʪʘʥ) ʠ ʅʀʋ ʄɻʉʋ (ʈʦʩʩʠʷ). ʅʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʟʫʯʘʣʠʩʴ ʩʚʦʡʩʪʚʘ ʠ ʩʦʩʪʘʚ ʢʦʤʧʦʥʝʥʪʦʚ ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʤʝʩʝʡ: ʛʣʠʥ, ʩʫʛʣʠʥʢʦʚ, ʙʝʥʪʦʥʠʪʦʚʦʛʦ 

ʛʨʫʥʪʘ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʦʩʴ ʬʦʨʤʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʠ ʦʙʞʠʛ ʠʟʜʝʣʠʡ. ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʠ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʍʠʤʠʯʝʩʢʠʡ ʠ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʦʧʨʝʜʝʣʷʣʩʷ ʤʝʪʦʜʘʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-

ʪʝʨʤʠʯʝʩʢʦʛʦ ʠ ʨʝʥʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 

ʧʨʝʩʩʘ ʇɻʄ-ʄɻ4 ʩ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʤ ʫʧʨʘʚʣʝʥʠʝʤ ʠ ʮʠʬʨʦʚʳʤ ʦʪʨʘʞʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʩʧʳʪʘʥʠʡ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʘʨʭʠʚʠʨʦʚʘʣʠʩʴ ʠ ʧʝʨʝʜʘʚʘʣʠʩʴ ʥʘ ʢʦʤʧʴʶʪʝʨ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʜʘʣʴʥʝʡʰʝʛʦ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ ʦʙʦʞʞʸʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʦʩʥʦʚʝ ʩʤʝʩʠ 

ʩʫʛʣʠʥʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 16-18 ʄʇʘ. ʇʨʦʯʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʩ ʚʚʝʜʝʥʠʝʤ ʙʝʥʪʦʥʠʪʦʚʦʡ ʜʦʙʘʚʢʠ ʟʘʚʠʩʠʪ (ʧʨʠ 

ʦʜʠʥʘʢʦʚʳʭ ʨʝʞʠʤʘʭ ʦʙʞʠʛʘ) ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʵʪʦʡ ʜʦʙʘʚʢʠ ʠ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 10 ʜʦ 26 ʄʇʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʜʦʙʘʚʢʠ ʦʪ 40 ʜʦ 20%. ʆʧʪʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʝʥʪʦʥʠʪʦʚʦʛʦ ʛʨʫʥʪʘ ʚ ʩʦʩʪʘʚʝ ʬʦʨʤʦʚʦʯʥʳʭ ʩʤʝʩʝʡ 

ʜʦʣʞʥʦ ʥʘʭʦʜʠʪʴʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 20-25%. ʋʩʪʘʥʦʚʣʝʥ ʩʦʩʪʘʚ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʠ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʦʞʞʸʥʥʦʛʦ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʯʝʨʝʧʢʘ. ʆʧʪʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʝʥʪʦʥʠʪʦʚʦʛʦ ʛʨʫʥʪʘ ʚ ʩʤʝʩʠ 

ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 15-25%. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʦʠʪʝʣʴʥʘʷ ʢʝʨʘʤʠʢʘ, ʙʝʥʪʦʥʠʪʦʚʳʡ ʛʨʫʥʪ, ʩʫʛʣʠʥʦʢ, ʛʣʠʥʘ, ʢʝʨʘʤʠʯʝʩʢʠʡ ʯʝʨʝʧʦʢ, 

ʦʙʞʠʛ. 

 

USE OF BENTONITE SOIL FOR THE PRODUCTION OF CERAMIC WALL MATERIALS  

A study on the suitability of bentonite soils was conducted in the laboratories of the National Research Institute of 

Agricultural Sciences (Dushanbe, Tajikistan), Khujand Polytechnic Institute (Tajikistan) and the National Research 

University MGSU (Russia). At the first stage, the properties and composition of the components of ceramic mixtures were 

studied: clays, loams, bentonite soil. At the second stage, the samples were molded and the products were fired. At the third 

stage, the strength properties of the samples were determined and the research results were evaluated. The chemical and 

mineralogical composition of the initial materials of the neoplasms was carried out using differential thermal and X-ray 

phase analysis methods. Studies of the strength characteristics were carried out using the PGM-MG4 press with 

microprocessor control and digital reflection of the results. The results obtained during the tests were automatically 

archived and transmitted to the computer with the possibility of further documentation. It was established that the strength 

when compressing burned samples based on a mixture of loams is 16-18 MPa. The strength of the samples with the 

introduction of a bentonite supplement depends (with the same firing modes) on the content of this additive and changes 

from 10 to 26 MPa when the content of the additive changes from 40 to 20%. The optimal content of bentonite soil in 

molding mixtures should be in the range of 20-25%. The composition of the neoplasms and its impact on the strength 

characteristics of the burned ceramic cramm is established. The optimal content of bentonite soil in the mixture. 

Keywords: construction ceramics, bentonite soil, loam, clay, ceramic skull, firing. 
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ÆÌÙÍÌÇÚÔ ÞÑáÙÚ×ÚÏÔÔ ÀÌÙÔÏÌÜÐÚÙÔÔ ÚÜÐÔ ÏÌÙÐßØ ÍÚ áÚÖÌÔ 

ÜÌÝÞÌÙÔÏÄ 
 

Öúøô÷úîì Ð.Ì. 
ÐúùôĄöìðìô ûú÷ôþñāùôöôô ÐúùôĄïúĕô þñāùôöôô ÞúĔôöôýþúù íì ùúøô ìöìðñøôö Ø.Ý. 

ÚýôøĒ ðìü Ąìĕüô áÿĔìùð 
 

Øÿėìððôøì. Úüðô ïìùðÿøôù ċöñ ìó øìĕýÿ÷úþô íôýČüôýþñĆøú÷Ąìîìùðìô āĘüúöì ðìü 
ðìî÷ìþĕúô ÚýôČô ØôČùì îì ðôïìü ðìî÷ìþĕúô Ĕìĕúù íì ĕôýúí øñüìîìð, öô ìĕìøøôċþô 
ýþüìþñïôô úùüú ðìü þìĄìööÿ÷ô ĕú÷ìþô ùÿþüôþôîôô ìĕú÷Ē øÿìõċù øñùìøúċð. Þìėîôċþô 
üìîìùðĕúô öúüöìüðô ïìùðÿø, öô íìüúô ôýþñĕýú÷ô úüðô íì÷ìùðüìĀôùìþýôċöìüðì üìîúùì 
Ąÿðììýþ, íì þì÷ìĀúþô ùìóìüüìýô îôþìøôùĕúô ïÿüĘĕô Î, øúððìĕúô øôùñüì÷Ē, þúüĕúô ĎôóúĒ 
îì Āôþúùÿþüôñùþĕú øñúüìð. Þì÷ìĀúþô øôöüúùÿþüôñùþĕúô ì÷úĕôðì þú 65-90%-üú þìĄöô÷ 
ðúðì øñþìîúùìùð, öô øìĕýÿ÷úþô ùôĕúôüú íñĄþìü íì øìùíìô ĉùñüïôċ þìíðô÷ øñðôĕìð, ùì ôù 
öô íì Ďôóúô ìó Ĕôĕìþô Āôóôú÷úïĒ ìüóôĄøìùð [7,c.13; 15,ý.72]. Ðìü Ąìüúôþñ, öô øìĕýÿ÷úþô 
ùúùĒ ðìü îúċô ĎôóúïôüĒ íñĄþìü ðôðì øñĄìîìð, óìüÿüìþô ìùðñĄôðìùô ăúüìĕú ùôýíìþ íì 
íñĕþìü öìüðìùô þìüöôíô úù íì øôČù øñúċð. Íìüúô ĕì÷÷ô ôù øÿìøøú ĀúüþôĀôöìþýôċ üúĕô 
ĕì÷ ĕôýúíôðì Ąÿðì, ìĕìøøôċþô øìāýÿý ðúüìð.  

ÌðìíôČþô øÿúýôüô ô÷øĒ îì þìĔüôíìô öì÷úùô íìõùì÷āì÷ėĒ þìýðôė øñöÿùìð, öô íúõ 
öìüðìùô úüðô ïìùðÿøôù íú øôöüú- îì øìöüúùÿþüôñùþĕú íì øúùìùðô úĕìù, üÿĕ, öôý÷úþìô 
Āú÷Ē îì îôþìøôùĕúô ïÿüĘĕô Î þìðíôüô ýìøìüìùúö îì ìó Ĕôĕìþô ôėþôýúðĒ ìýúýùúö øñíúĄìð, 
öô íìüúô ûñĄïôüĒ öìüðìùô íñøúüôĕúô öìøāÿùĒ, íì øñĆČü úîìüðìùô ùôĄúùðôĕìùðìĕúô 
ïñøìþú÷úïĒ îì ûìýþ öìüðìùô āìþìüô ùÿėýúùĕúô øúðìüóúðĒ øÿýúôðìþ øñöÿùìð. Ðìýþüìýôô 
ăÿùôù ÿýÿ÷ íú ìüóôĄô ûìýþô ô÷úîìĕú îì ÿýþÿîúüôô ìöýìüôċþô øìöüú- îì øôöüúĉ÷ñøñùþĕú 
íì öúüöìüðô þñāùú÷úïĒ ðìü Ąìüúôþô ôýþñĕýú÷Ē îúíìýþì ìýþ. ÔýþôĀúðìô ĀúüþôĀôöìþýôċ 
øìāýÿýìù íì ïÿüĘĕĕúô ôĔþôøúôô úýñíûìóôüô ìĕú÷Ē ¬ öĘðìöúù, óìùĕúô ĕúøô÷ìðúü îì óìùĕúô 
ýôùùô üñûüúðÿöþôîĒ øÿĕôø øñíúĄìð [3,ý.31; 1,ý.14].  

Ðìü íìüúíìüô ôù, ùúüìýúïôô øôöüúĉ÷ñøñùþĕúô ĕìČþìù øÿĕôø, ċĆùñ øôöüúùÿþüôñùþĕú, 
ðìü îúċô Ďôóúïôüôô ìĕú÷ôô øÿúýôü þìùĕú íú ùúüìýúïôô úĕìù îì Āú÷ìþĕú øìĕðÿð 
ùìøñĄìîìð. Ðôėėìþô øìāýÿý øÿìø øúô ùúüìýúïôô õúð, íñĄþìü ðìü øôùþìėìĕúñ, öô ðìü 
þìüöôíô úí îì āúö ôù ĉ÷ñøñùþ öìø ðôðì øñĄìîìð, ûìõðú öìüðì ôýþúðììùð. Ùúüìýúïôô õúð 
ýìíìíô íñøúüôĕúô ïÿùúïÿù øñïìüðìð, ìó ÷ôĕúóô ĔúĎìüô ĉùðñøôöĒ þú îìõüúùĄìîôô 
ėúíô÷ôċþô óñĕùĒ ðìü öĘðìöúù îì ðÿĄîúüôĕúô ĕúøô÷ìðúüĒ. Íú îÿĔÿðô ûìĕù ïìĄþìùô 
ùìøìöô õúðùúöĄÿðì, ìøøú ðìüìĔìô îúėñôô ôýþñĆøú÷ô õúð ìó þìüìĀô ìĕú÷ôô ìöýìü 
ðìî÷ìþĕúô Ĕìĕúù ĕìùĘó ùúöôĀúċ øñíúĄìð, ìó ýìíìíô ùúÿýþÿîúüôô õúð ĕìùïúøô ùôïúĕðúüĒ 
îì þìĆýôüô ĕìüúüìþ [2,ý.5]. Ðìü ôù óìøôùì îúüôð ùìøÿðìùô ô÷úîìĕúñ, öô øôėðúüô óôČðô õúð 
ðúüìùð, íì þìüöôíô úüðô ïìùðÿøôù ĕìøăÿù þìðíôüô ýìøìüìùúö íìüüìýĒ öìüðì øñĄìîìð, 
óñüú úù ôøöúùôċþô þìĆøôù ùìøÿðìùô ùúüìýúïôô þìíôĒ îì øÿýþìĕöìø ùìøÿðìùô ýì÷úøìþôô 
ìĕú÷ôüú ìó ĕôýúíô øÿùþìóìø îì ÿýþÿîúü îúüôð Ąÿðìùô õúð íì úüïìùôóø øñðôĕìð [1,c.14].  

Ðìü íìüúíìüô íúõ ïìüðúùôðìù íú øôöüúùÿþüôñùþĕú ôùăÿùôù ðôėėìþô øìāýÿý ðìü 
Ĕúøñìô ô÷øĒ þìĔüôíìô Ďìùôïìüðúùôô úüð íú ìĄČĕúô üìýþìùôïĒ íì øúùìùðô ¬ āúöìô 
ýìíóìîúþĕú, øñîìĕú, íÿþþìøñîìĕú, þÿāøĒ, üñĄìĕú îì óôüúìþĕúô íìüïĒ ðúðì øñĄìîìð. 
ÔýþôĀúðìô ăÿùôù öúøûúùñùþĕú ôøöúùôċþô îìýñĆ öìüðìùô þìüöôíô øúððìĕúô ĀìĆú÷ô 
íôú÷úïôüú ðìü úüð îì øìĕýÿ÷úþô ìó úù þìõČüĄìîìùðìüú øñðôĕìð. Ô÷úîìô āúöìô öìðÿ, 
ýìíóĒ, ÷ìí÷ìíÿ, ôýûìùúė, Ċùÿăėì, ìùïìþ, ĉöýþüìöþĕúô íÿþþìøñîì îì ðôïìü øìĕýÿ÷úþô 
üìýþìùôïĒ øôėðúüô þúüĕúô ĎôóúĒ, öìüúþôùúôðĕú, ûú÷ôĀñùú÷ĕú, ìùþôúöýôðìùþĕúô þìíôĒ, 
ýìĀñðìĕúô üìýþìùôïĒ, öôý÷úþìĕúô úüïìùôöĒ îì ûìõîìýþìïôĕúô øôùñüì÷ôüú óôČð øñöÿùìùð. 
Ôù ùì þìùĕú ìüóôĄô íôú÷úïôô úüðüú íì÷ìùð øñöÿùìð, ôùăÿùôù íìüúô þìĄìööÿ÷Číôô 
āúýôċþĕúô Āÿùöýôúùì÷Ē ùôó øÿýúôðìþ øñöÿùìð ¬ ĀìĆú÷ùúöôô ìùþôúöýôðìùþĒ, íñĕþìü 
Ąÿðìùô ĕìóøĄìîĒ, ûìýþ Ąÿðìùô ôùðñöýô ï÷ôöñøĒ, íì÷ìùðĄìîôô óôăôô ĎôóúùúöĒ [10,ý.116; 
13,ý.160].  

Þìĕėôėúþĕúô ô÷øĒ ùôĄúù øñðôĕìùð, öô ôýþôĀúðìô ìĄČô üìýþìùôïĒ íìüúô íñĕþìü 
Ąÿðìùô þìüöôíô ìøôùúöôý÷úþìĕú, óôČð Ąÿðìùô øôėðúüô üÿĕô þìíôĒ îì îôþìøôùô Ì, 
ôùăÿùôù íìüúô ėôýøìù íìüėìüúüĄìîôô þìüöôíô øôùñüì÷Ē, öô ĕìùïúøô öúüöìüðô Ďì÷÷ì 
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þì÷ìĀ øñĄìîìð, øÿýúôðìþ øñùìøúċð. Àìõü ìó ôù, öúøûúùñùþĕúô üìýþìùôïĒ ėúíô÷ôċþô 
íñĕþìü öìüðìùô āúýôċþĕúô þñāùú÷úïôô āìøôü, ýúāþô øìĎóô ùúù îì þìîýôĀúþô 
úüïìùú÷ñûþôöôô øìĕýÿ÷úþô þìõČüüú ðúüìùð, öô Ĕú÷ôíôċþô øú÷ôô øìĕýÿ÷úþüú íì÷ìùð 
øñöÿùìð [5,ý.66].  

Îúüôð öìüðìùô ìĄČĕúô üìýþìùôïĒ, öúüöìüð îì ýþìùðìüþôóìþýôċô ðìýþÿüìøì÷, ôùăÿùôù 
þìĕėôėúþĕúô ô÷úîìïĒ úôðô úøĘóôĄô þìĆýôüô úùĕú íú öúøûúùñùþĕúô úüðô ïìùðÿøôùüú 
þì÷ìí øñöÿùìð. Ðìü ýìþĕô ýôČýìþô ðìî÷ìþĒ þìĕôċô ĕÿĔĔìþĕúô øñĆČüĒ-þñāùôöĒ, öô úù 
þìüöôíô øúððìĕúô ĎôóúĒ, ÿýÿ÷ô ùìóúüìþô ýôĀìþ îì øìýĆÿ÷ôċþô ôýþñĕýú÷öÿùìùðìüú þìùóôø 
øñöÿùìð, óìüÿü ìýþ.  

Øìėýìðô øìėú÷ì. Øìėýìðô ô÷øôô ùÿėþìô ùìóìüô øìóöÿü ðìü úù ìýþ, öô ô÷úîìĕúô 
îôþìøôùĒ-øôùñüì÷Ē íú öúøûúùñùþĕúô üìýþìùôïôô Āÿùöýôúùì÷Ē ċöĔúċ ôýþôĀúðì Ąÿðì, 
øìĕýÿ÷úþ ĕìø íìüúô ûñĄïôüĒ îì ĕìø íìüúô íñĕþìü öìüðìùô ýì÷úøìþĒ öúüöìüð øñĄìîìð. 
ãÿùôù ÿýÿ÷ íìüúô úù ðìî÷ìþĕúñ, öô Ďôóúô ïÿùúïÿù ùìðúüìùð îì ùúüìýúïôô øúððìĕúô ĎôóúĒ, 
ìó Ĕÿø÷ì õúð, óôČð ìýþ, āñ÷ñ øÿĕôø øñíúĄìð.  

Àìùôïìüðúùôðìùô úüðô ïìùðÿøôù íú āÿð ýþüìþñïôċô øÿĕôøøô ýì÷úøìþôô ĔìøĆôċþôüú 
þìĄöô÷ øñðôĕìð, öô íìüúô ûñĄïôüôô ùúüìýúïôô øôöüúùÿþüôñùþĕú, íñĕþìü öìüðìùô 
þìüöôíô Ďôóúô ûìüĕñóĒ îì ôýþñĕýú÷ô øìĕýÿ÷úþô āĘüúöìô Āÿùöýôúùì÷Ē üìîúùì Ąÿðììýþ. Íú 
ùìóìüðúĄþô ìĕìøøôċþô íì÷ìùðô úüð ðìü îúċô ĄìíúùìüĘóô ìĕú÷Ē ĕìøïôüúôô õúð îì 
öúøûúùñùþĕúô üìýþìùôïĒ ðìü íìüùúøìô ĀúüþôĀôöìþýôċ øÿĕôøøôċþô øìāýÿýüú ûìõðú 
øñöÿùìð. Þìĕėôėúþĕúô úċùðì íúċð íì íñĕþìü öìüðìùô þìüöôíô ûñüøôöýĕú, íìĕúðôĕôô 
íôúìóāÿðĄìîôô øúððìĕúô ô÷úîìĄìîìùðì, úøĘóôĄô þìĆýôüô øìĕýÿ÷úþô Ďìùôïìüðúùôðì íì 
ýì÷úøìþôô ïÿüĘĕĕúô ïÿùúïÿùô ìĕú÷Ē îì öúüöìüðô øúðñ÷ĕúô ÿýþÿîúüô îúüôð öìüðìùô 
ĀúüþôĀôöìþýôċ ðìü ýìþĕô ùôóúøĕúô øô÷÷ôô úóÿėìîúüĒ üìîúùì Ąìîìùð.  

Øìîúðĕú îì ÿýÿ÷ĕú. Íìüúô ĕì÷÷ô øìýĆì÷ìô øìóöÿü íì þìüöôíô úüðô ïìùðÿøôù íú 
øìėýìðô ĀúüþôĀôöìþýôċ āúöìô üìýþìùôïĒ ìó ýôČĕì÷ìĀ [9,ý.1; 6,ý.115; 8,ý.25] ô÷úîì öìüðì 
Ąÿð. ÔýþôĀúðìô āúöìô üìýþìùôïĒ ìó ýôČĕì÷ìĀ (Allium rosenbachianum) íì þìüöôíô úüðô 
ïìùðÿøôù ýìøþô úċùðìðúü ðìü öúüöìüðô øìĕýÿ÷úþĕúô þìĆôùúþô Āÿùöýôúùì÷Ē ðúĄþì, úù 
ėúíô÷ôċþô íñĕþìü öìüðìùô ôėþôðúüô ùÿþüôþôîĒ îì íôú÷úïôô øìĕýÿ÷úþô úøøì 
ôýþñĆøú÷öÿùìùðìüú ðúüìð.  

áúöìô üìýþìùôïĒ ìó ýôČĕì÷ìĀ íì þìüöôíô úüðô ïìùðÿøôù íú îúċĕúô 0,10%, 0,30%, 
0,50%, 1,0% îì 3% íì îìóùô úüð ĕìøüúĕ öìüðì Ąÿðì, þìĆýôüô úù íì ýôĀìþ îì āúýôċþĕúô 
üñú÷ïôô āìøôü íú Čüôô ìýíúíĕúô Mixolab 2 îì Alveolab øÿìõċù öìüðì Ąÿðìùð. Ìýíúíô 
Mixolab 2 ôøöúùôċþô úøĘóôĄô øìĔøÿô āúýôċþĕúô ýìĀñðì îì öüìāøì÷üú ðìü Ąìüúôþô 
ùìóðôö íì ôýþñĕýú÷úþ øñðôĕìðÿ, ìýíúíô Alveolab íúĄìð, ôøöúùôċþô øôėðúüìù þìîýôĀ 
öìüðìùô üìĀþúüô üñú÷úïôô āìøôüüú ĕìùïúøô þìĆýôüô öìĄôĄ îì ĀôĄúüô ðúāô÷Ē øñðôĕìð 
[11,ý.10; 12,ý.8]. 

ÙìþôĔìĕú. ÝôČĕì÷ìĀ üìýþìùôô ÿùôöô÷Ē íú þìüöôíô āôøôċîôô íúõ øñíúĄìð. 
ÔýþôĀúðìô úù ðìü ôýþñĕýú÷ô øìĕýÿ÷úþô āĘüúöì íú øìėýìðô Ďìùôïìüðúùôðìùô þìüöôí îì 
ôýþñĕýú÷ô øìĕýÿ÷úþô ðúüúô āúýôċþĕúô Āÿùöýôúùì÷Ē ýìøþô ìĀóì÷ôċþùúö îì úċùðìðúü 
øñíúĄìð.  

ÔýþôĀúðìô āúöìô üìýþìùôïĒ ìó ýôČĕì÷ìĀ, öô íú üñĔìô þñāùú÷úïôô øÿ÷úôø íú ÿýÿ÷ô 
öúùîñöýôúùĒ óñüô ĕìüúüìþô 40-50¸Ý āÿĄö öìüðì Ąÿðììýþ, ðìü ĀúüþôĀôöìþýôċô úüðô 
ïìùðÿøôù ôøöúùûìóôü øñíúĄìð. Ðìü ùìþôĔì ìüóôĄô íôú÷úïôô øìĕýÿ÷úþ óôČð ïìüðôðì, 
āúýôċþĕúô Āÿùöýôúùì÷ôô øìĕýÿ÷úþô þìõČü îìýñĆ öìüðì øñĄìîìð. ÔýþôĀúðìô ôù āúöì ðìü 
þìüöôíô úüðô ïìùðÿøôù ĕìøăÿù ýìøþô ìĀóì÷ôċþùúö ðìü öúüöìüðô øìĕýÿ÷úþĕúô 
Āÿùöýôúùì÷ôô Ďìùôïìüðúùôðì ĕôýúíôðì øñĄìîìð, öô íìüúô ûñĄïôüôô ùúüìýúïôô 
øôöüúùÿþüôñùþĒ îì óôČð öìüðìùô ùúøïĘô øìĕýÿ÷úþ íú ìüóôĄô íì÷ìùðô íôú÷úïĒ üìîúùì 
öìüðì Ąÿðììýþ.  

Øÿĕúöôøì. ÝôČĕì÷ìĀ ùìøúċùðìô úô÷ìô Allium íÿðì, ýúĕôíô þìüöôíô āôøôċîôô 
ÿùôöì÷Ē øñíúĄìð. Ðìü þìüöôíô ýôČĕì÷ìĀ ûìõîìýþìïôĕúô úüïìùôöôô ýÿ÷Āÿüðúü, 
Ā÷ìîúùúôðĕú, ûú÷ôĀñùú÷ĕú, îôþìøôùĕú, øìöüú- îì øôöüúĉ÷ñøñùþĕú øìîĔÿð íÿðì, 
ĀìĆú÷ôċþô íì÷ìùðô ìùþôúöýôðìùþĒ, óôððôøôöüúíĒ îì ôøøÿùúøúðÿ÷ċþúüôô úùüú øÿìõċù 
øñöÿùìð [14,ý.87; 4,ý.109]. Ô÷úîìô āúöìô üìýþìùôïĒ ìó ýôČĕì÷ìĀ íì þìüöôíô úüðô ïìùðÿøôù 
ôøöúùôċþô óôČð ùìøÿðìùô øôėðúüô øúððìĕúô ĀìĆú÷ô íôú÷úïĒ, ôùăÿùôù îìýñĆ öìüðìùô 
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āúýôċþĕúô Āÿùöýôúùì÷ôô øìĕýÿ÷úþô þìõČüüú íú íìüúíìüô ùôïúĕðúüôô ðìýþüìýĒ îì 
öúüĄúċøôô þñāùú÷úïôô úù ðìü ôýþñĕýú÷úþô úøøìîĒ øñðôĕìð.  

ßýÿ÷ô āÿĄööÿùôô öúùîñöýôúùĒ íìüúô íìðìýþúüôô āúöìô üìýþìùôïĒ ìó ýôČĕì÷ìĀ 
ôýþôĀúðì öìüðì Ąÿð. Çìüúüìþô āÿĄööÿùôô ýôČĕì÷ìĀ 40-50¸Ý, ðìîúøùúöĒ 2,5-3 ýúìþ [9,ý.1; 
6,ý.115; 8,ý.25]. 

Þìĕ÷ô÷ô āôøôċîôô þìüöôíô ýôČĕì÷ìĀ, öô ðìü Ąìüúôþô ÷ìíúüìþúüôċĕúô ÐúùôĄïúĕô 
Ìïüìüôô Öüìöúî, Æÿøĕÿüôô Ûú÷Ąì ïÿóìüúùôðì Ąÿðììýþ, ìó úù Ąìĕúðìþ øñðôĕìð, öô 
øôėðúüô ăÿùôù ĉ÷øñùþĕú íì øúùìùðô öì÷ôõ, õúð, øìùïìù îì ĀúýĀúü îúíìýþì ìó ðìüìĔìô 
ýìíóôĄ îì îìėþô Ďÿùÿăÿùô ĕúýô÷, ôùăÿùôù üñĔìĕúô ôùþôāúíĄÿðìô āÿĄööÿùĒ þìøúĊ÷ô 
ìĀóúôĄüú ðúüìð. Ðìü íìüúíìüô ôù, øôėðúüô ì÷Ċøôùôõ, öì÷ýôõ îì øìïùôõ öìø Ąÿðì, 
øôėðúüô úĕìù îì ùìþüôõ þìĎõôü ùìøñČíìð. Ôù ìó úù Ąìĕúðìþ øñðôĕìð, öô üìîìùðô 
āÿĄööÿùĒ íì ýôĀìþô āúöì þìĆýôüô øìùĀĒ ùìøñüìýúùìð. Çìùïúøô āÿĄööÿùĒ öúøûúùñùþĕúô 
ûÿüìüóôĄô üìýþìùôïĒ ùôïúĕ ðúĄþì øñĄìîìùð, öô ôù ôøöúùôċþô îìýñĆ íìüúô ôýþôĀúðìô 
āúöì íì ýôĀìþô ô÷úîìô ĎôóúĒ ðìü ĀúüþôĀôöìþýôċô úüðô ïìùðÿøôù øñðôĕìð [6,ý.115; 8,ý.25].  

Íú øìėýìðô ĎìùôïìüðúùĒ íì þìüöôíô úüðô ïìùðÿøôù āúöìô üìýþìùôïĒ ìó ýôČĕì÷ìĀ íì 
øôöðúüô 0,10%, 0,30%, 0,50%, 1,0% îì 3% íì îìóùô úüð ĕìøüúĕ öìüðì Ąÿð. Þìĕ÷ô÷ĕúô 
þìĆýôüô āúöìô ìó ýôČĕì÷ìĀ íì ýôĀìþô úüðô ïìùðÿøôù ðìü Ąìüúôþô úóøúôĄïúĕĕúô ÆÐØØ 
©àìüúîúùª, îô÷úċþô ÝÿĎð, Æÿøĕÿüôô ÞúĔôöôýþúù ïÿóìüúùôðì Ąÿðìùð. Íìüúô 
ïÿóìüúùôðìùô þìĕ÷ô÷ ìýíúíĕúô Mixolab 2 îì Alveolab (ôýþñĕýú÷öÿùìùðì CHOPIN 
Technologies, àüìùýôċ) ôýþôĀúðì öìüðì Ąÿðìùð [11,ý.10; 12,ý.8]. 

ÔýþôĀúðìô ìýíúíô Mixolab 2 ðìü íìĕúðôĕôô ýôĀìþô úüðô ïìùðÿøôù ċöñ ìó ÿýÿ÷ĕúô 
ôþþô÷úúþôô øÿúýôüô öúüöìüðô Ďì÷÷ì øñíúĄìð, óñüú úù ċöíúüì ôøöúùôċþô úøĘóôĄô 
øìĔøÿô āúýôċþĕúô ýìĀñðì îì öüìāøì÷üú ðìü Ąìüúôþô ùìóðôö íì ôýþñĕýú÷úþ øñðôĕìð. ßýÿ÷ 
ðìü ýìíþô þìĎõôüČíôô îìėþô ïìüðôĄ ðìü üìîìùðô úøñāþìöÿùĒ, ïìüøöÿùĒ îì āÿùÿööÿùôô 
āìøôü ìýúý ČĀþì, úù ôøöúù øñðôĕìð, öô āÿýÿýôċþĕúô ÿøÿøôô üñú÷úïôô úù øÿìõċù öìüðì 
Ąìîìùð. Mixolab 2 ôøöúùôċþô øÿìõċù öìüðìùô ėúíô÷ôċþô úíĔìííìùðìïôô úüð, ėÿîîì îì 
þúíúîìüôô ö÷ñõöúîôùì íì ïìüøĒ, ĕìüúüìþ îì Ąôððìþùúöôô ö÷ñõýþñüôóìþýôċô öüìāøì÷, 
ĀìĆú÷ùúöôô Āñüøñùþìþôîôô Ŭ ¬ ìøô÷ìóì, ôùăÿùôù ðìüìĔìô üñþüúïüìðìþýôċô öüìāøì÷üú, öô 
íú ĄìāĄìîôô ùúù îúíìýþì ìýþ, øñðôĕìð. ÙìþôĔìĕúô íìðìýþúøìðì ôøöúùôċþô ûñĄïĘôô 
āúýôċþĕúô ùúùîúôïôô ìĄČ, íìĕúðôĕôô ÿýþÿîúüôô üìîìùðô þñāùú÷úïĒ îì óìüÿüìþô îúüôð 
öìüðìùô ôý÷úĕúþ íì ðìýþÿüìøì÷üú øñðôĕìùð. Íì ĄìüúĀìþô ïÿóìüúùôðìùô þìĄāôýô 
öúøû÷ñöýĒ îì ðìėôėôċþô íì÷ìùð, Mixolab 2 ðìü þìĕėôėúþĕúô Ďìùôïìüðúùôô úüð, ùìøÿðĕúô 
ùìîô ìĄČô āúøô üìýþìùôïĒ îì ôùïüñðôñùþĕúô Āÿùöýôúùì÷Ē îìýñĆ ôýþôĀúðì øñĄìîìð, öô úù 
ôøöúùôċþô íì þìîüô îúėñĒ íìĕúðôĕôô þìĆýôüô úùĕú íì ýúāþô āìøôü îì ýôĀìþô øìĕýÿ÷úþô 
þìõČüüú øñðôĕìð [12,ý.8]. 

ßýÿ÷ô ì÷îñúïüìĀĒ øìîėñô öì÷ôðôüú ðìü íìĕúðôĕôô āúýôċþĕúô ùúùîúôô úüðô 
ïìùðÿøôù ðúüìð, óñüú úù ôøöúùôċþô øôėðúüìù þìîýôĀ öìüðìùô üìĀþúüô üñú÷úïôô āìøôüüú 
ĕìùïúøô þìĆýôüô öìĄôĄ îì ĀôĄúüô ðúāô÷Ē øñðôĕìð. Ûüôùýôûô þìĕ÷ô÷ ðìü ăñù öìüðìùô 
øÿėúîôøìþô ðôýöô āìøôü íì îìüìø öìüðìù íú ĕìîú, þú ÷ìĕóìñ, öô úù öìùðì øñĄìîìð ìýúý 
ČĀþììýþ, öô úù øÿþìîúóôùìþ íìõùô ăìùðôüĒ, û÷ìýþôöĒ îì öìĄôĄûìóôüôô öìüöìýô 
ö÷ñõöúîôùìüú ôùĆôöúý øñöÿùìð. ÙôĄúðôĕìùðìĕúô ìýúýôô ì÷îñúïüìĀ - W (ėÿîîìô 
ðñĀúüøìþýôċ), P (ăìùðôüĒ) îì L (öìĄôĄûìóôüĒ) ¬ ýôĀìþô öúøû÷ñöýôô ï÷Ċþñùüú ùôĄúù 
ðúðì, ôøöúùôċþô ûñĄïĘĒ öìüðìùô öúüĄúċøôô þñāùú÷úïôô úüð íìüúô þìõČü öìüðìùô ùúøïĘô 
ïÿùúïÿùô ùúù îì øìĕýÿ÷úþô øìöìüúùôüú øñðôĕìð. ØìĆùôô öì÷úùô W íì ö÷ñõöúîôùìô 
íúėÿîîìþ íú ėúíô÷ôċþô āÿíô ïìóðúüĒ ôĄúüì øñöÿùìð, ðìü ĕú÷ñ, öô øÿþìùúýôíô P/L 
øÿîúóôùìþô íìõùô āúýôċþĕúô ăìùðôüĒ îì û÷ìýþôöôô āìøôüüú ôĀúðì øñöÿùìùð. Alveolab 
íñĄþìü îìýñĆ íìüúô íìĕúðôĕôô øÿėúôýìîôô ùìîĆĕúô ïìùðÿø, ýþìùðìüþôóìþýôċô úüð îì 
þìĕėôėúþô þìĆýôüô ôùïüñðôñùþĕúô Āÿùöýôúùì÷Ē íì ýúāþô āìøôü ôýþôĀúðì øñĄìîìð, öô úù 
øìĆ÷ÿøúþĕúô úíĆñöþôîĒ íìüúô íñĕþìüýúóôô ðìýþÿüìøì÷ĕú îì üìîìùðĕúô þñāùú÷úïôüú 
þìĆøôù øñöÿùìð [11,ý.10]. 

ÙìþôĔìĕúô øÿìõċùöÿùôô þìĆýôüô āúöìô üìýþìùôïĒ ìó ýôČĕì÷ìĀ íì ýôĀìþô úüðô 
ïìùðÿøôù ðìü îúċĕúô ïÿùúïÿù ðìü Ĕìðîì÷ô 1 úîìüðì Ąÿðììýþ. 
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Æìðîì÷ô 1. ÙìþôĔìĕúô øÿìõċùöÿùôô þìĆýôüô āúöìô üìýþìùôïĒ ìó ýôČĕì÷ìĀ íì ýôĀìþô úüðô 
ïìùðÿøôù ðìü îúċĕúô ïÿùúïÿù 

Table 1. Results of determining the effect of plant powder from Allium rosenbachianum on the 
quality of wheat flour at different dosage levels 

ÙúøïĘô ùìøÿùì ÝìĀñðĒ (íñ÷ôóùì) ÙìøùúöĒ, % Ìðìðô ìĀþôĄ FFN 

ÙìóúüìþĒ 61 13 330 123 

0,10% 60,1 13 334 138 
0,30% 55,2 12,9 327 167 
0,5% 51 12,9 323 225 

1,0% 33,5 14,5 321 161 

3,0% 9,7 14,3 282 210 

  
ØìĆ÷ÿøúþĕúô ðìü Ĕìðîì÷ úîìüðì ìó úù Ąìĕúðìþ øñðôĕìùð, öô ô÷úîìô āúöìô üìýþìùôïĒ 

ìó ýôČĕì÷ìĀ þìĆýôüô øÿþúíôė íì ùôĄúùðôĕìùðìĕúô ýôĀìþô úüðô ïìùðÿøôù øñüìýúùìð. Íú 
óôČð öìüðìùô îúċô ô÷úîì ûìýþ Ąÿðìùô ùôĄúùðôĕìùðìô ýìĀñðĒ íì ùìóìü øñüìýìð, öô íú 
üìùïô þìíôôô āúöìô üìýþìùôïĒ îúíìýþì íÿðì, úôðô ûìýþ Ąÿðìùô ìüóôĄô þñāùú÷úïôô úüð 
Ąìĕúðìþ ùìøñðôĕìð. ÙìøùúöĒ ðìü ĕìøìô ùìøÿùìĕú ÿýþÿîúü íÿðì, íì þì÷ìíúþĕúô øñĆČüĒ 
ĔìîúíïĘ øñíúĄìð, öô ôù úôðô ùìíÿðìùô þìĆýôüô øìùĀôô ô÷úîì íì Ąìüúôþô ùôïúĕðúüĒ îì 
ÿýþÿîúüôô øìĕýÿ÷úþüú þìýðôė øñöÿùìð.  

ÙôĄúùðôĕìùðìô ìðìðô ìĀþôĄ øôėðúüô ùúăôó þìĎõôü ČĀþì, ðìü ĕÿðÿðô íìüúô úüð íú 
ĀìĆú÷ùúöôô Āñüøñùþìþôîôô øÿĆþìðô÷ íúėĒ øñøúùìð, öô ùôïúĕðúüôô āúýôċþĕúô ùúùîúôô 
úùüú Ąìĕúðìþ øñðôĕìð.  

Íì÷ìùð Ąÿðìùô øìĆùôô FFN ĕìùïúøô óôČð öìüðìùô îúċô ô÷úîì íì þìėîôċþô 
ĀìĆú÷ùúöôô ĀñüøñùþìþôîĒ ôĄúüì öìüðì, øñþìîúùìð íìüúô íúó Ąôððìþùúö ïÿóìĄþìùô 
üìîìùðĕúô íôúāôøôċĒ ĕìùïúøô þìõČü ùìøÿðìùô āìøôü øÿúýôðìþ öÿùìð.  

Ô÷úîìô āúöì ìó ýôČĕì÷ìĀ íì øôėðúüô þú 0,50% íì ûìýþĄìîôô ùôĄúùðôĕìùðìĕúô 
ìýúýôô ýôĀìþô úüðô ïìùðÿøôù ùìøñúüìð. Úüð íú ô÷úîì āúýôċþĕúô þñāùú÷úïôô 
ėìùúìþíìāĄüú ùôïúĕ ðúĄþì, øñþìîúùìð íìüúô ôýþôĀúðìô øôùíìĆðì ðìü ôýþñĕýú÷ô 
øìĕýÿ÷úþô ùúùĒ îì Āÿùöýôúùì÷Ē íú Ďìùôïìüðúùôô üìýþìùôïĒ þìîýôċ ðúðì Ąìîìð. Ìøøú 
ô÷úîìô āúöìô üìýþìùôïĒ ìó ýôČĕì÷ì íì þìüöôíô úüðô ïìùðÿøôù íú îúċô 1,0-3,0% íì öúĕôĄô 
ýìĀñðĒ îì þìĎõôüúþô ùìóìüüìýô íìĆóñ ùôĄúùðôĕìùðìĕú øñúüìð, öô øìĕðÿðôċþô ôýþôĀúðìô 
úù ðìü ôýþñĕýú÷úþüú ôĄúüì øñöÿùìð.  

Íìüúô ïÿóìüúùôðìùô þìĕ÷ô÷ô ýôĀìþô úüð ðìü ìýíúíô Alveolab üñĔìĕúô óñüôù îúüôð 
öìüðì Ąÿðìùð, ùìøùúöôô ĕìîú 50% (ðìü ðúāô÷ô öìøñüìô ăñùöÿùôô þìĔĕôóúþ), ùìøùúöôô 
ðúðìĄÿðìô úüð 12%, ïôðüúþìþýôċ 50% (øÿþìùúýôíô øôėðúüô úí íì îìóùô úüð), ùìøùúöôô 
íìóôýôô āìøôü 15%, øôėðúüô úíô ô÷úîìĄìîìùðì 138,24 ø÷ îì îìóùô úüð 250 ï. 

ÙìþôĔìĕúô þìĕ÷ô÷ô þìĆýôüô āúöìô üìýþìùôïĒ ìó ýôČĕì÷ìĀ íì ýôĀìþô úüðô ïìùðÿøôù 
ðìü ìýíúíô Alveolab ðìü Ĕìðîì÷ô 2 úîìüðì Ąÿðììýþ.  

 
Æìðîì÷ô 2. ÙìþôĔìĕúô þìĕ÷ô÷ô þìĆýôüô āúöìô üìýþìùôïĒ ìó ýôČĕì÷ìĀ íì ýôĀìþô úüðô 

ïìùðÿøôù ðìü ìýíúíô Alveolab 
Table 2. Results of the analysis of the effect of plant powder from Allium rosenbachianum on the 

quality of wheat flour using the Alveolab instrument. 
ÙúøïĘô ùìøÿùì P, mmÙ2Ú  L, mm  G  W  P/L  l.e., % 

ÙìóúüìþĒ 95 183 30 571 0,52 63,1 
0,10% 86 162 28,3 471 0,53 62,4 
0,30% 88 189 30,5 494 0,47 57,4 

0,5% 86 175 29,4 450 0,49 57,8 
1,0% 70 169 28,9 273 0,41 45,9 

3,0% 73 103 22,5 149 0,71 29,4 

 
Ðìü ôù Ĕú Ü ¬ ăìùðôüôô āìøôü, L ¬ öìĄôĄûìóôüôô āìøôü, G ¬ ĕìĔøô ðìøöÿùôô 

āìøôü, W ¬ ėÿîîìô ùúùîúôô āìøôü, P/L ¬ øÿþìùúýôíô ăìùðôüĒ íìü öìĄôĄûìóôüĒ îì l.e. ¬ 
ôùðñöýô ĉ÷ìýþôöĒ (ýýô÷öì íì öôþúíô ì÷îñú÷ìí) [11,ý.10].  
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Ìó üĘô ùìþôĔìĕúô þìĕėôėúþ, öô ðìü ìýíúíô Alveolab ïÿóìüúùôðì Ąÿð, øÿìõċù ïìüðôð, 
öô ô÷úîìô āúöìô üìýþìùôïĒ ìó ýôČĕì÷ìĀ þìĆýôüô ùìóìüüìý íì āúýôċþĕúô üñú÷úïôô āìøôü ìó 
úüðô ïìùðÿøôù øñüìýúùìð.  

Íú óôČð öìüðìùô îúċô ô÷úîì ûìýþĄìîôô ùôĄúùðôĕìùðìĕúô ăìùðôüôô āìøôü (Ü) ùìóìü 
íì ùìøÿùìô ùìóúüìþĒ íì ùìóìü øñüìýìð, öô úôðô ýÿýþĄìîôô öìüöìýô ö÷ñõöúîôùìïĒ Ąìĕúðìþ 
øñðôĕìð. Ðìü íìüúíìüô ôù, öìĄôĄûìóôüôô āìøôü (L) ùúíìüúíìü þìĎõôü øñČíìð: ĕìùïúøô 
îúċô 0,30% óôČðĄìîôô úù ùôýíìþ íì ùìøÿùìô ùìóúüìþĒ ėìõð öìüðì øñĄìîìð, öô íì íì÷ìùð 
Ąÿðìùô û÷ìýþôöôô āìøôü ôĄúüì øñöÿùìð. Çìøóìøúù, ĕìùïúøô ô÷úîìô 0,10% îì 0,5% 
ìüóôĄĕúô ùôĄúùðôĕìùðì ùìóðôö íì ôíþôðúĒ øñøúùìð Č ĕìþþú öìøþìü ûìýþ øñĄìîìð.  

ÙôĄúùðôĕìùðìô ĕìĔøô ðìøöÿùôô āìøôü (G) ðìü îúċô 0,10%-1% ðìü ðìüìĔìô ùìóðôö 
íì ùìøÿùìô ùìóúüìþĒ ùôïúĕ ðúĄþì øñĄìîìð, öô úôðô ėúíô÷ôċþô öôĀúô ïìóðúüôô āìøôü 
Ąìĕúðìþ øñðôĕìð. Îì÷ñ ĕìùïúøô îúċô 3% ôù ùôĄúùðôĕìùðì ċöíúüì ûìýþ øñĄìîìð. 
Çìøóìøúù, ėÿîîìô ùúùîúĒ (W) íú óôČðĄìîôô ô÷úîì ûìýþ øñĄìîìð, öô íú úøñāþìĄìîôô 
ýìĀñðìĕúô ö÷ñõöúîôùì îì ėôýøìù îìõüúù Ąÿðìùô ýúāþô āìøôü ìó ĕôýúíô öúøûúùñùþĕúô 
üìýþìùôïĒ îúíìýþì øñíúĄìð.  

Øÿþìùúýôíô P/L ĕìùïúøô îúċô 0,1%-0,5% ðìü ĕÿðÿðô āúý íìüúô āìøôüô øÿþìîúóôù ìó 
üĘô ăìùðôüĒ îì öìĄôĄûìóôüĒ íúėĒ øñøúùìð, íñ þìĎõôüúþô öÿ÷÷Ē íì ýìøþô ýìāþôô 
íìüóôČðìþĒ Č úėôðìùôô ìó øñĆČü óôČð. Îì÷ñ, ĕìùïúøô óôČð öìüðìùô îúċ ìó 1,0% þú 3,0% ôù 
ùôĄúùðôĕìùðì ôùăÿùôù ċöíúüì ûìýþ Ąÿðì úėôðìùôô ìó øñĆČü óôČðüú ùôĄúù øñðôĕìð. 
Ôùðñöýô ĉ÷ìýþôöĒ (l.e.) ĕìùïúøô îúüôð öìüðìùô ô÷úîì íì þìüöôíô úüðô ïìùðÿøôù öìøñ ûìýþ 
øñĄìîìð, øìāýÿýìù ðìü îúċô 0,30-3,0%, öô þìøúĊ÷ô ýÿýþĄìîôô āúýôċþĕúô ăìùðôüĒ-
ĉ÷ìýþôöôüú þìýðôė øñöÿùìð.  

Ðìü ÿøÿø, āÿ÷úýì ùìøÿðìù øÿøöôù ìýþ, öô ô÷úîìô āúöìô üìýþìùôïĒ ìó ýôČĕì÷ìĀ íì 
þìüöôíô úüðô ïìùðÿøôù þú 0,50% íì ûìýþĄìîôô øÿĆþìðô÷ô ėÿîîìô ùúùîúĒ îì ĉ÷ìýþôöôô 
āìøôü øñúüìð, ìøøú āÿýÿýôċþĕúô ìýúýôô üñú÷ïĒ ðìü ýìþĕô ėìùúìþíìāĄ ùôïúĕ ðúĄþì 
øñĄìîìùð. ÍñĄþìü ùìþôĔìĕúô øÿþìîúóôù ðìü îúċô 0,30% ėìõð öìüðì øñĄìîìð, öô úù 
ôøöúùôċþô þìîýôĀ öìüðìùô öúùýñùþüìþôýôċô øìóöÿüüú ĕìøăÿù ìó Ĕôĕìþô þñāùú÷úïĒ 
ìýúýùúö öìüðì íìüúô íìðìýþúüôô úüðô ïìùðÿøôùô Āÿùöýôúùì÷Ē íú Ďìùôïìüðúùôô 
üìýþìùôïĒ íñ ûìýþĄìîôô ùìóìüüìýô āúýôċþĕúô ùúùôô úù øñðôĕìð. Îì÷ñ îúċô āúöì íì 
øôėðúüô 1%-3% íì ûìýþĄìîôô ĕìøìô ùôĄúùðôĕìùðìĕúô ýôĀìþô úüð øñúüìð, öô ôýþôĀúðìô 
āúöìüú ðìü ôù îúċĕú íìüúô ĀúüþôĀôöìþýôċô úüð îì ôýþñĕýú÷ô øìĕýÿ÷úþ ìó úùüú 
öúüùúĄúċø øñùìøúċð, ïìüăìùðñ ìó üĘô þìüöôíô āôøôċîĒ ăÿùôù ùìøÿðô úüð þìüöôíô 
ùôýíìþìù íúõüú ýúĕôí øñïìüðìð.  

Ýôûìý, ðìü ìýíúíô Mixolab 2 íìĕúðôĕôô öúøû÷ñöýôô āúýôċþĕúô üñú÷úïôô āìøôü 
ĕìùïúøô úøñāþìöÿùĒ îì ïìüøöÿùĒ ïÿóìüúùôðì Ąÿð. Ðìü ìýíúíô øìóöÿü ĄìĄ 
ùôĄúùðôĕìùðìĕúô ýôĀìþ øÿìõċù öìüðì Ąÿðìùð, íì øúùìùðô, ėúíô÷ôċþô úíĔìííìùðìïĒ, 
úøñāþìöÿùĒ, ï÷Ċþñù +, ăìýûìöĒ, ìøô÷ìóì îì üñþüúïüìðìþýôċ. Éôøìþĕú ðìü ôù ìýíúí ìó 0 þú 
9-üú ôĀúðì øñöÿùìùð. ãô ìùðúóìñ, öô ùôĄúùðôĕìùðì íì÷ìùð íúĄìð, ĕìøúù ìùðúóì úüð úíüú 
íñĄþìü øñĔìííìð, ÿýþÿîúüôô úüð ĕìùïúøô úøñāþìöÿùĒ íì÷ìùðþìü øñĄìîìð, þúíúîìüôô 
ï÷Ċþñù íì ïìüøĒ óôČðþìü øñïìüðìð, ăìýûìöôô āìøôü ĕìùïúøô ïìüøöÿùĒ íì÷ìùðþìü 
øñĄìîìð, ĀìĆú÷ùúöôô ìøô÷ìóì ûìýþþìü Ąÿðì, øÿĕ÷ìþô ùôïúĕðúüôô øìĕýÿ÷úþ öĘþúĕ 
øñĄìîìð. ÙìþôĔìĕúô þìĕ÷ô÷ô øìóöÿü ðìü üìýøô 1 ðúðì Ąÿðììýþ.  

Ìó üĘô ùìþôĔìĕúô þìĕ÷ô÷ ðìü ìýíúíô Mixolab 2, øÿìõċù öìüðì Ąÿð, öô îúüôð öìüðìùô 
āúöìô üìýþìùôïĒ ìó ýôČĕì÷ìĀ þìĆýôüô öúøû÷ñöýĒ íì āúýôċþĕúô þñüøúøñāìùôöôô āìøôü 
øñüìýúùìð.  

Éúíô÷ôċþô úíĔìííìðùðìïĒ, ėìüôí ðìü ĕìøìô ùìøÿùìĕú ðìü ýìþĕô ùìóúüìþĒ íúėĒ 
øñøúùìð, öô úôðô ùìíÿðìùô þìĆýôüô ùìóìüüìýô ô÷úîì íì ėúíô÷ôċþô úüð íìüúô ûìõîìýþ 
ùìøÿðìùô úí îì þìĄìööÿ÷ô āìøôü íú öúùýôýþñùýôċô ýþìùðìüþĒ Ąìĕúðìþ øñðôĕìð.  

ÙôĄúùðôĕìùðìô ©úøñāþìöÿùĒª ĕìùïúøô îúüôð ùìøÿðìùô 0,10%-1,0% ô÷úîì, ùìóìü íì 
ùìøÿùìô ùìóúüìþĒ øñìĀóúċð, ùôĄúùðúðô øìöýôøì÷Ē ĕìùïúøô îúċô 0,30% ėìõð öìüðì 
øñĄìîìð. Ôù ùìþôĔì úôðô íì÷ìùðĄìîôô øÿýþìĕöìøôô āìøôü íì þìĆýôüô øñāìùôöĒ îì 
íñĕþìü Ąÿðìùô ÿýþÿîúüôô úù ðìü üìîìùðô úøñāþìöÿùĒ ôĄúüì øñöÿùìð. Çìùïúøô ô÷úîìô 3% 
āúöì, ûìýþĄìîĒ ùôýíìþ íì ĕìøìô ùìøÿùìĕú ėìõð öìüðì øñĄìîìð, öô úôðô ùúÿýþÿîúüĒ ðìü 
üìîìùðô þìĆýôüô øñāìùôöĒ øìĆ÷ÿøúþ ðúðì, ðìü ùìþôĔì āìøôü öìĄú÷ìĄìîìùðì îì ăìýûìö 
øñïìüðìð.  
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Üìýøô 1. ÛüúĀô÷úïüìøøìô ùìþôĔìĕúô þìĕ÷ô÷ô þìĆýôüô āúöìô üìýþìùôïĒ ìó ýôČĕì÷ìĀ íì 
ýôĀìþô úüðô ïìùðÿøôù ðìü ìýíúíô Mixolab 2 

Figure 1. Profilogram of the results of the analysis of the effect of plant powder from Allium 
rosenbachianum on the quality of wheat flour using the Mixolab 2 instrument 

 
ÙôĄúùðôĕìùðìô ©ï÷Ċþñù +ª, öô ÿýþÿîúüôô öìüöìýô ýìĀñðìïôüú íì ĕìüúüìþ øÿìõċù 

øñöÿùìð, ĕìùïúøô îúüôð öìüðìùô ô÷úîì íì øôėðúüô 0,10%-0,50% öìøñ ûìýþ øñöÿùìð, öô 
úôðô ėôýøìù ýÿýþĄìîôô ýúāþô ö÷ñõöúîôùì ðìü ùìþôĔìô ôĄþôüúöô öúøûúùñùþĕúô üìýþìùôïĒ 
Ąìĕúðìþ øñðôĕìð. Ôù þìĎõôüúþĕú āÿýÿýôċþô øÿĆþìðô÷ ðúĄþì, íìüúô üìîìùðô þñāùú÷úïĒ 
āìþìüùúö ùñýþ. Îì÷ñ ĕìùïúøô îúüôð öìüðìùô ô÷úîì íì øôėðúüô 1%-3% ôù ùôĄúùðôĕìùðì 
ðìüĕú÷ ûìýþ øñĄìîìð îì āÿýÿýôċþô āìþìüùúö íì üìîìùðô þñāùú÷úïĒ ðúüìð, ċĆùñ āìøôü íú 
öúùýôýþñùýôċô ÷úóôøì íìüúô ïÿóìüúùôðìùô ìøì÷ôČþĕúô úċùðìô þñāùú÷úïĒ íìðìýþ úîìüðì 
ùìøñĄìîìð.  

ãìýûìöôô āìøôü ĕìùïúøô ïìüøöÿùĒ ðìü ùìøÿùìĕú íú ô÷úîìô āúöì öìøñ íì÷ìùðþìü 
ùìóìü íì ùìøÿùìô ùìóúüìþĒ øñíúĄìð, öô úù øñþìîúùìð íì øìîĔÿðôċþô þúüĕúô ĎôóúĒ îì 
ðôïìü øúððìĕúô ýúāþĕúýô÷öÿùìùðìô āúöì îúíìýþì íúĄìð. Ôù øúððìĕú íìüúô íì÷ìùð 
Ąÿðìùô øÿėúîôøìþô āìøôü ĕìùïúøô öúüöìüðô ĕìüúüìþĒ øÿýúôðìþ øñùìøúċùð.  

ÙôĄúùðôĕìùðìô ©ìøô÷ìóìª ĕìùïúøô îúċô 0,30%-1,0% óôČð øñĄìîìð, öô íì ûìýþĄìîôô 
ĀìĆú÷ùúöôô Ŭ-ìøô÷ìóì ôĄúüì øñöÿùìð, ðìü ùìþôĔì, ĕìùïúøô ïìüøöÿùĒ üìĀþúüô öüìāøì÷ 
ùôýíìþìù ÿýþÿîúüþìü øñíúĄìð. Ðìü îúċĕúô 0,10% îì 3,0% ôù ùôĄúùðôĕìùðì íì øìĆùôô 
ùìøÿùìô ùìóúüìþĒ íìüúíìü øñíúĄìð. 

Üñþüúïüìðìþýôċ ĕìùïúøô îúċô 0,10% ûìýþ øñĄìîìð, öô úôðô ýÿýþ Ąÿðìùô ïÿóìüôĄô 
üìîìùðô öÿĕùìĄìîôô øìĕýÿ÷úþ (ĄìāĄìîĒ) ôĄúüì øñùìøúċð. Ìøøú ĕìùïúøô îúċĕúô 0,50% - 
3,0% íì÷ìùðĄìîôô ôù ùôĄúùðôĕìùðì íì ùìóìü øñüìýìð, ċĆùñ îúċĕúô íì÷ìùðô āúöì øÿĕ÷ìþô 
ùôïúĕðúüĒ îì þìüÿþúóìïôô øìĕýÿ÷úþô þìõČüüú öĘþúĕ øñùìøúċð.  

Îúüôð öìüðìùô āúöìô üìýþìùôïĒ ìó ýôČĕì÷ìĀ íì øôėðúüô þú 0,50% þìĆýôüô øìùĀĒ íì 
āÿýÿýôċþĕúô ìýúýôô üñú÷úïôô āìøôü ùìøñüìýúùìð.  

ÙìþôĔìĕúô íñĕþìüô ùôĄúùðôĕìùðìĕú ĕìùïúøô îúċô 0,30%-0,50% íì ùìóìü øñüìýìùð. 
Ðìü ôù îúċ ÿýþÿîúüôô āìøôü ĕìùïúøô ïìüøöÿùĒ íñĕþìü Ąÿðì, ýôĀìþô ýìĀñðìĕú îì 
ĀìĆú÷ôċþô Āñüøñùþĕú ðìü ðìüìĔìô āÿí ùôïúĕ ðúĄþì øñĄìîìð. Ôù ôøöúù øñðôĕìð, öô 
ăÿùôù öúùýñùþüìýôċ ìó Ĕôĕìþô þñāùú÷úïĒ íìüúô ĀúüþôĀôöìþýôċô úüðô ïìùðÿøôù íú 
öúøûúùñùþô üìýþìùôïĒ ìýúýùúö ĕôýúíôðì Ąìîìð. Çìùïúøô îúüôð öìüðìùô āúöì íì øôėðúüô 
1,0%-3,0% ìöýìüôċþô ùôĄúùðôĕìùðìĕúô ýôĀìþ ûìýþ øñĄìîìùð, öô ïÿóìüúùôðìùô üìîìùðĕúô 
úċùðìüú ôøöúùùúûìóôü øñùìøúċð. ÔýþôĀúðìô îúċô íì÷ìùðô ô÷úîì íúôýô ýÿýþĄìîôô 
ýúāþúüô āìøôü îì ûìýþ Ąÿðìùô ýôĀìþô þñāùú÷ïĒ øñïìüðìð.  
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áÿ÷úýì. Þìĕėôėúþĕúô ïÿóìüúùôðì, ýìøìüìùúöôô ôýþôĀúðìô āúöìô üìýþìùôïĒ ìó 
ýôČĕì÷ìĀüú ðìü þñāùú÷úïôċô ĀúüþôĀôöìþýôċô úüðô ïìùðÿøôù þìýðôė øñöÿùìð. Þìĕ÷ô÷ô 
āôøôċîĒ ùôĄúù ðúð, öô āúöìô íìðìýþúîìüðì ðìü þìüöôíìĄ øôėðúüô óôČðô øìöüú ¬ îì 
øôöüúĉ÷ñøñùþĕúô ìó ùÿėþìô ùìóìüô íôú÷úïĒ øÿĕôø ðúüìð, ìó Ĕÿø÷ì öì÷ôõ, ĀúýĀúü, úĕìù, 
õúð. Ðìü íìüúíìüô ôù, ĕìùïúøô āÿĄööÿùôô øÿ÷úôøô öúùîñöýôúùĒ óñüô ĕìüúüìþô 40-50¸Ý 
ÿýþÿîúüôô ôù øúððìĕú ùôïúĕ ðúĄþì øñĄìîìð. ÙìþôĔìĕúô þìĕ÷ô÷ ùôĄúù ðúðìùð, öô 
ùúîúíìýþì ìó úù öô þìüöôíô øôùñüì÷ôô üìýþìùĒ ìó îìėþô ĔìøĆúîìüĒ îì üñĔìĕúô öúüöìüð 
þìĎõôü Číìùð ĕìø, ìøøú ÿýÿ÷ô āÿĄööÿùôô ôùþôāúíùìøÿðì íì ýôĀìþô ìĄČ þìĆýôüĒ øìùĀĒ 
ùìüìýúùôðì, ôýþôĀúðìô úùüú ĕìøăÿù öúøûúùñùþô Āÿùöýôúùì÷Ē þìýðôė øñöÿùìð.  

Þìĕėôėúþĕú ùôĄúù ðúðìùð, öô ô÷úîìô āúöìô üìýþìùôïĒ ìó ýôČĕì÷ìĀ íì þìüöôíô úüðô 
ïìùðÿøôù íú îúċô 0,10%-0,50% ìó Ĕôĕìþô þñāùú÷úïĒ ôøöúùûìóôü íÿðì, ùôĄúùðôĕìùðìĕúô 
ìýúýôô ýôĀìþô úù ûìýþ ùìøñĄìîìùð. ÙìþôĔìĕúô þìĕ÷ô÷ ùôĄúù øñðôĕìùð, öô ĕìùïúøô îúċô 
þú 0,50% āúýôċþĕúô ėìùúìþíìāĄô üñú÷úïôô āìøôü, ìó Ĕÿø÷ì āúýôċþĕúô úíĔìííìùðìïĒ, 
öìĄôĄûìóôüĒ, ėÿîîìô ùúùîúĒ îì ĕìüúüìþþúíúîìüôô öìüöìýô ýìĀñðìïĒ ùôïúĕ ðúĄþì 
øñĄìîìùð. Ðìü îúċô 0,3%-0,5% øÿþúíôėìþô íñĕþìüôùô ÿýþÿîúüôô þñāùú÷úïĒ îì ìüóôĄô 
Āÿùöýôúùì÷ôô øìĕýÿ÷úþ þìĆøôù öìüðì øñĄìîìð.  

ÙìþôĔìĕúô þìĕėôėúþüú ĔìøĆíìýþ ùìøÿðì, āÿ÷úýì öìüðìù øÿøöôù ìýþ, öô āúöìô 
üìýþìùôïĒ ìó ýôČĕì÷ìĀüú ðìü ĀúüþôĀôöìþýôċô úüðô ïìùðÿøôù ôýþôĀúðì ùìøÿðìù 
ôøöúùûìóôü øñíúĄìð, öô ðìü ùìþôĔì ìüóôĄô íôú÷úïôô øìĕýÿ÷úþ óôČð ïìüðôðì, āúýôċþĕúô 
Āÿùöýôúùì÷ôô øìĕýÿ÷úþô þìõČü îìýñĆ öìüðì øñĄìîìð. ÔýþôĀúðìô ôù āúöì ðìü þìüöôíô 
úüðô ïìùðÿøôù ĕìøăÿù ýìøþô ìĀóì÷ôċþùúö ðìü öúüöìüðô øìĕýÿ÷úþĕúô Āÿùöýôúùì÷ôô 
Ďìùôïìüðúùôðì ĕôýúíôðì øñĄìîìð, öô íìüúô ûñĄïôüôô ùúüìýúïôô øôöüúùÿþüôñùþĒ îì óôČð 
öìüðìùô ùúøïĘô øìĕýÿ÷úþ íú ìüóôĄô íì÷ìùðô íôú÷úïĒ üìîúùì öìüðì Ąÿðììýþ.  

Þìĕėôėúþô øìóöÿü þôíėô ùìėĄìô öúüĕúô ô÷øĒ¬þìĕėôėúþôô öìĀñðüìô þñāùú÷úïôċô 
øìĕýÿ÷úþô āĘüúöì Āìöÿ÷þñþô øÿĕìùðôýĒ-þñāùú÷úïôô ÐúùôĄöìðìô ûú÷ôþñāùôöôô ÐúùôĄïúĕô 
þñāùôöôô ÞúĔôöôýþúù íì ùúøô ìöìðñøôö Ø.Ý.ÚýôøĒ ðìü Ąìĕüô áÿĔìùð íìüúô ýú÷ĕúô 2025-
2029 þìĕþô ÿùîúùô µÖúüöìüð îì ôýþñĕýú÷ô øìĕýÿ÷úþô āĘüúöìô Āÿùöýôúùì÷Ē íú ôýþôĀúðì ìó 
ìĄČô āúøô øìĕì÷÷Ē½, öô íú ýÿüìþĔì÷ìýìô öìĀñðüìô ìó 27.12.2024, Ĝ5 þìýðôė ïìüðôðììýþ, 
ìøì÷Ē öìüðì Ąÿðììýþ. 
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ÆÌÙÍÌÇÚÔ ÞÑáÙÚ×ÚÏÔÔ ÀÌÙÔÏÌÜÐÚÙÔÔ ÚÜÐÔ ÏÌÙÐßØ ÍÚ áÚÖÌÔ ÜÌÝÞÌÙÔÏÄ 
Ðìü øìėú÷ìô øìóöÿü ôøöúùôċþô ôýþôĀúðìô āúöìô üìýþìùôïĒ ìó ýôČĕì÷ìĀ íìüúô Ďìùôïìüðúùôðìùô 

þìüöôíô úüðô ïìùðÿøôù íìüüìýĒ öìüðì Ąÿðììýþ. ØìĆ÷ÿøúþĕúô þìĕėôėúþô ïÿóìüúùôðìù ùôĄúù ðúðìùð, öô 
āúöìô üìýþìùôïĒ ìó ýôČĕì÷ìĀ ðúüúô þìüöôíô íúõô øôöüú- îì øìöüúĉ÷ñøñùþĕúô øÿĕôø íÿðì, íú íìüúíìüô 
ïÿóìüúùôðìùô üìîìùðô āÿĄööÿùôô öúùîñöýôúùĒ ôù öúøûúùñùþĕú ùôïúĕ ðúĄþì øñĄìîìùð. Þìĕėôėúþĕúô 
ïÿóìüúùôðì (Mixolab 2 îì Alveolab) þìýðôė öìüðìùð, öô îúċĕúô 0,10% ¬ 0,50% íì āúýôċþĕúô ìýúýôô āìøôü 
þìĆýôüô øìùĀĒ ùìðúĄþì, îúċô íñĕþìüôù ðìü ĕÿðÿðô 0,30% ¬ 0,50% ėìüúü ðúüìð. Ðìü îúċĕúô íì÷ìùð 1,0% - 
3,0% ýôĀìþô āìøôü îì āúýôċþĕúô ùúùôô úù ûìý øñĄìîìð. Ðìü ÿøÿø, ėìõð öìüðì Ąÿð, öô ôýþôĀúðìô āúöìô 
üìýþìùôïĒ ìó ýôČĕì÷ìĀ, ĕìøăÿù öúøûúùñùþô Āÿùöýôúùì÷Ē íìüúô ĀúüþôĀôöìþýôċô úüðô ïìùðÿøôù ýìøþô 
ìĀóì÷ôċþùúö îì úċùðìðúü øñíúĄìð.  

Öì÷ôðîúòìĕú: ĀúüþôĀôöìþýôċ, úüðô ïìùðÿøôù, āúöìô üìýþìùôïĒ, ýôČĕì÷ìĀ, ìüóôĄô íôú÷úïĒ, ùúù, 
þìĆôùúþô Āÿùöýôúùì÷Ē. 

 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ ɸʉʇɽʂʊʓ ʆɹʆɻɸʑɽʅʀʗ ʇʐɽʅʀʏʅʆʁ ʄʋʂʀ ʈɸʉʊʀʊɽʃʔʅʓʄ 

ʇʆʈʆʐʂʆʄ 
ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʠʟ ʣʫʢʘ 

ʈʦʟʝʥʙʘʭʘ ʜʣʷ ʬʦʨʪʠʬʠʢʘʮʠʠ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʨʦʰʦʢ ʠʟ ʣʫʢʘ ʈʦʟʝʥʙʘʭʘ ʠʤʝʝʪ ʙʦʛʘʪʳʡ ʩʦʩʪʘʚ ʚʘʞʥʳʭ ʤʠʢʨʦ ï ʠ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ 

ʩʦʭʨʘʥʷʶʪʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʥʚʝʢʮʠʦʥʥʦʡ ʩʫʰʢʠ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (Mixolab 2 ʠ Alveolab) 

ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʜʦʟʠʨʦʚʢʘ ʧʦʨʦʰʢʘ 0,10%-0,50% ʥʝ ʚʣʠʷʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦ ʥʘ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʪʝʩʪʘ, ʧʨʠ ʵʪʦʤ 

ʜʦʟʠʨʦʚʢʘ 0,3%-0,5% ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ. ʇʨʠ ʜʦʟʠʨʦʚʢʝ 1,0%-3,0% ʢʘʯʝʩʪʚʦ ʪʝʩʪʘ ʠ ʭʣʝʙʦʧʝʢʘʨʥʳʝ ʩʚʦʡʩʪʚʘ 

ʤʫʢʠ ʫʭʫʜʰʘʶʪʩʷ. ɺ ʮʝʣʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʠʟ ʣʫʢʘ ʈʦʟʝʥʙʘʭʘ, ʚ ʢʘʯʝʩʪʚʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʜʣʷ ʬʦʨʪʠʬʠʢʘʮʠʠ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ, ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʧʨʠʦʨʠʪʝʪʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʦʨʪʠʬʠʢʘʮʠʷ, ʧʰʝʥʠʯʥʘʷ ʤʫʢʘ, ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʨʦʰʦʢ, ʣʫʢ ʈʦʟʝʥʙʘʭʘ (ʩʠʸʭʘʣʘʬ), 

ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ, ʭʣʝʙ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ. 

 

TECHNOLOGICAL ASPECT S OF WHEAT FLOUR ENRICHMENT WITH PLANT P OWDER 

In the present article, the possibility of using plant powder from Rosenbachôs onion (Allium rosenbachianum) for 

the fortification of wheat flour is considered. The results of the conducted studies showed that the plant powder from 

Rosenbachôs onion has a rich composition of important micro- and macroelements, which are preserved during convective 

drying. The conducted studies (Mixolab 2 and Alveolab) confirmed that a powder dosage of 0.10%ï0.50% does not have a 

negative effect on the main dough properties, while a dosage of 0.3%ï0.5% is considered optimal. At a dosage of 1.0%ï

3.0%, the dough quality and baking properties of the flour deteriorate. In general, it has been established that the use of 

plant powder from Rosenbachôs onion as a functional component for wheat flour fortification is a promising and priority 

direction. 

Keywords: fortification, wheat flour, plant powder, Rosenbachôs onion (siʸxalaf), biological value, bread, 

functional purpose. 
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ÞúĕôüĒ Þ.Ô. 
ÐúùôĄöìðìô ûú÷ôþñāùôöôô ÐúùôĄïúĕô þñāùôöôô ÞúĔôöôýþúù íì ùúøô ìöìðñøôö Ø.Ý. 

ÚýôøĒ ðìü Ąìĕüô áÿĔìùð 
 

Øÿėìððôøì. Íñĕþìüïìüðúùôô þìĄöô÷ô ĀìĆú÷ôċþô ýþìùýôċĕúô āôóøìþüìýúùôô 
þñāùôöôô ìîþúøúíô÷ĕú (ÝáÞÌ) ðìü ùôóúøô ùìė÷ôČþôô øôùþìėìîĒ þìùĕú øìýĆì÷ìô ðúāô÷ôô 
øÿìýýôýì ùìíÿðì, íú ÿýþÿîúüôô ĕìüìöìþô ùìė÷ôČþ, íñāìþìüôô üúĕ îì ýìøìüìùúöôô 
ôėþôýúðôô øôùþìėì üúíôþìô øÿýþìėôø ðúüìð. Ðìü øôùþìėìĕúñ, öô øìýúĀìô íìõùô 
øìĕì÷ĕúô ìĕú÷ôùôĄôù óôČð, üúĕĕú ýñüíúü îì ôýþôĀúðìô ìîþúøúíô÷ĕú Ąìðôð ìýþ, ĕìü ïÿùì 
þìĆāôü ðìü þìĄāôý Č þìĆøôü øñþìîúùìð íúôýô ìĀóúôĄô āìüúĔúþô ýúĕôíúùô îúýôþìĕúô 
ùìė÷ôČþ, öìø Ąÿðìùô ĉĆþôøúðô øôóúĔúù îì ýÿýþ ïìüðôðìùô ĀìĆú÷ôċþô íúüöìĄúùĒ Č 
øÿýúĀôüöìĄúùĒ ïìüðìð. 

Øúĕôċþô ĀìĆú÷ôċþô ÝáÞÌ þìùĕú íú íìüþìüìĀ ùìøÿðìùô ùÿėýúùĕú øìĕðÿð 
ùìøñĄìîìð [1; 2]. Ôù øìüöìóĕú ĕú÷ìþô þñāùôöôô ìîþúøúíô÷üú øñýìùĔìùð, ĀìüýÿðìĄìîôô 
ėôýøĕúüú ûñĄïôüĒ øñöÿùìùð, ùôïúĕðúüôô ðìîüĒ øñïÿóìüúùìùð îì ėúíô÷ôċþô ôýþôĀúðìô 
íñāìþìüôô îúýôþìô ùìė÷ôČþüú þìĆøôù øñùìøúċùð. Ìó Ĕÿø÷ì, þìĄāôýô øÿĕìüüôö, ùôóúøô 
þúüøúó, þìĔĕôóúþô íìüėĒ, ăìüāĕú îì ðôïìü ÿùýÿüĕúô øÿĕôøøô ìîþúøúíô÷ íìüúô ûìýþ 
öìüðìùô āìþìüô îìõüúùĄìîĒ ðìü üúĕ ìĕìøøôċþô ĔôððĒ ðúüìð. Çìü ėìðìü ýìþĕô þìĄāôý 
ðìėôė íúĄìð, ĕìøúù ėìðìü îìėþô þìĆøôü öìø Ąÿðì, ýôĀìþô āôóøìþüìýúùĒ íú÷ú øñüìîìð. 

Ýìøþô ìýúýôô þìöøô÷ô ĀìĆú÷ôċþô ÝáÞÌ, íúċð ìó þìĄöô÷ô óìùĔôüô ċïúùìô 
āôóøìþüìýúùĒ úĎúó ïìüðìð. Éìíÿ÷ô ĀìüøúôĄ, þìĄāôýô þñāùôöĒ, þìėýôøúþô îìóôĀìĕú, 
þìĆøôù ùìøÿðìù íú ėôýøĕúô ĉĕþôČþĒ, ôĔüúô þìĆøôü îì ùìóúüìþô ýôĀìþ íúċð ĕìøăÿù 
üìîìùðô íì ĕìø ûìõîìýþ ôðúüì Ąìîìùð [3; 4]. Ðìü ăÿùôù ĕú÷ìþ îìėþô íñöúüôýþôô ìîþúøúíô÷ 
öúĕôĄ ČĀþì, ôėþôðúüô ôýþñĕýú÷ôô ÝáÞÌ ýìøìüìùúöþìü ôýþôĀúðì øñïìüðìð. ÆúüĒ 
ùìøÿðìùô íìĕôýúíïôüôô üìėìøĒ, ùìóúüìþô øÿĕ÷ìþô ôĔüú îì þìĕ÷ô÷ô øÿüúĔôìþĕúô þìöüúüĒ 
ùôó ôøöúù øñðôĕìð, öô ùÿėþìĕúô ýÿýþô þìĄöô÷Ē ýìüô îìėþ úĄöúü îì ôý÷úĕ öìüðì Ąìîìùð. 

Ìýúýùúööÿùôô ĕôýúíô ôėþôðúüô ôýþñĕýú÷ôô ÝáÞÌ ðìü Ąìĕüÿ ùúĕôċĕúô îô÷úċþô ÝÿĎð. 
Çìùïúøô ĕôýúíô ýìüíúüôô ĉĕþôøú÷ôô ÝáÞÌ ùì ĕìøìô ûìüöô ìîþúøúíô÷ĕú, íì÷öô þìùĕú úù 
ėôýøñ íì ùìóìü ïôüôĀþì øñĄìîìð, öô îúėñìù øñþìîúùìð íì ùôóúøô øÿþìĄìööô÷ô 
āôóøìþüìýúùôô þñāùôöĒ Ĕì÷í öìüðì Ąìîìð. Ìó ôù üĘ, ðìü þìĕėôėúþ ùôĄúùðôĕìùðìô NÝáÞÌ 
ôýþôĀúðì øñĄìîìð, öô Ąÿøúüìô ĕôýúíôô ìîþúøúíô÷ĕúô ĉĕþôøú÷ìù ðìü ÝáÞÌ 
āôóøìþüìýúùôĄìîìùðìüú ôĀúðì øñöÿùìð. ÌüóôĄô ôù ùôĄúùðôĕìùðì ìó Ąÿøúüìô ìĕú÷Ē A 
îì ýìþĕô ìîþúøúíô÷ôöÿùúùĒ n, ċĆùñ Ąÿøúüìô ìîþúøúíô÷ĕú íì ĕìü 1000 ùìĀìü ìĕú÷Ē 
îúíìýþì øñíúĄìð [5; 8].  

Ýúĕôíúùô ìîþúøúíô÷ĕú øñþìîúùìùð íì ÝáÞÌ-ĕúô ðôïìü øÿüúĔôìþ ùìøúċùð, ėôýøô 
öúüĕúüú øÿýþìėô÷úùì ôĔüú öÿùìùð, Č ìó āôóøìþüìýúùôô ÿýþúĕúô āÿýÿýĒ ôýþôĀúðì íìüìùð. 
Ìó ôù ýìíìí, ðìü ĕôýúí óìüôíĕúô ôý÷úĕöÿùìùðì îúüôð öìüðì øñĄìîìùð. 

Óìüôíô kM  ĕôýýìô ìîþúøúíô÷ĕúñüú íì ùìóìü øñïôüìð, öô øñþìîúùìùð ðìü ÝáÞÌ-ô 
íìüüìýôĄìîìùðì āôóøìþüìýúùĒ Ąìîìùð. ÌüóôĄô úù ìó ĔúõïôüĄìîôô ÝáÞÌ, ðìýþüìýôô 
ĕÿðÿðĒ, ýìþĕô üÿĄðô ôùĀüìýúāþúüô āôóøìþüìýúùĒ îì ôøöúùôċþĕúô ôýþñĕýú÷ôô öúüāúùì 
îúíìýþì ìýþ [6; 7]. Óìüôíô kN ĕôýýìô ĕìĔøô ÿøÿøôô öúüĕúô āôóøìþüìýúùôô þñāùôöĒ îì 
þìĆøôüüú, öô íì ÝáÞÌ-ô ÷úôĕìĄìîìùðì üúýþ øñúċð, ôĀúðì øñöÿùìð. Íì ôù óìüôí ôėþôðúüô 
ýþìùýôċ, Ąÿøúüìô ÝáÞÌ-ĕúô üìėôí, ýìþĕô þìĔĕôóúùôðìĄìîĒ, þìāìýýÿýô öúüøìùðúù îì 
ùúøïĘõô öúüĕúô ôĔüúĄìîìùðì þìĆýôü øñüìýúùìùð. Óìüôíô kC íúĄìð, ĕôýýìô ýúĕôíúùô 
ìîþúøúíô÷ĕúñüú ùôĄúù øñðôĕìð, öô îúėñìù ìó āôóøìþüìýúùôô ÝáÞÌ-ĕúô øÿþìĄìööô÷ 
ôýþôĀúðì øñíìüìùð, úù ìó ýìþĕô ðìüúøìðô ìĕú÷Ē, ìüóôĄô āôóøìþüìýúùĒ, ĉĆþôøúð íì 
ýþìùýôċĕúô øìāýÿýïìüðúùôðìĄÿðì îì ûìĕù íÿðìùô þìĆøôüô øÿýþìėô÷úùì îúíìýþì øñíúĄìð. 

Íú ðìüùìóìüðúĄþô úøô÷ĕúô óôöüĄÿðì, Ąÿøúüìô ĕôýúíô ìîþúøúíô÷ĕúñ, öô ðìü 
ýþìùýôċô āôóøìþüìýúùôô þñāùôöĒ āôóøìþüìýúùĒ øñĄìîìùð, íú Āúüøÿ÷ìô óñüôù øÿìõċù 
øñïìüðìð [8]:  
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ὔ˞ ˢ˟ˍ
Ͻ̱
ϽὯ ϽὯ ϽὯȟ (1) 

ÌüóôĄĕúô kM , kN îì kC íú ÿýÿ÷ô þìĀüôėìîĒ ôùþôāúí öìüðì Ąÿðìùð, óñüú Ąìĕüÿ 
ùúĕôċĕúô îô÷úċþô ÝÿĎð ìó üĘõô Ąÿøúüìô ìĕú÷Ē, ýìþĕô ìîþúøúíô÷ôöÿùúùĒ, óôăôô 
ĔúõïôüĄìîôô ìĕú÷Ē, Ąôððìþô ĔìüìČùô ùìė÷ôČþ îì ðìýþüìýôô ÝáÞÌ ìó ĕìø Āìüė øñöÿùìùð.  

Íìüúô ĕÿðÿðĕúô öì÷úù îì ðúüúô ĀìĆú÷ôċþô íì÷ìùðô ùìė÷ôČþĒ, ìó Ĕÿø÷ì ùúĕôċô Í. 
ÀìĀÿüúî, Ąìĕüô áÿĔìùð îì Ąìĕüô ÔýþìüìîĄìù ėôøìþĕúô íì÷ìùðþìüô óìüôíĕú ėìíÿ÷ 
ïìüðôðìùð.  

Íìüúô ĕÿðÿðĕúô ðúüúô ĀìĆú÷ôċþô øôČùìô ùìė÷ôČþĒ, ìó Ĕÿø÷ì ùúĕôċô ÌĄþ, Ąìĕüĕúô 
ÔýĀìüì, Öúùôíúðúø îì ÛìùĔìöñùþ ėôøìþĕúô øôČùì ôýþôĀúðì Ąÿðìùð.  

Ðìü ùúĕôċĕúô öìøìĕú÷Ē îì öĘĕĒ, ìó Ĕÿø÷ì ÖĘĕôýþúùô Øìýþăúĕ, ÌõùĒ îì äìĕüôýþúù 
ėôøìþĕúô ĕìððô ìėì÷ Č ùìóðôö íì úùĕú ėìíÿ÷ ïìüðôðìùð, óñüú ðìü ôù øôùþìėìĕú óôăôô 
ûìüöô ìîþúøúíô÷Ē ûìýþþìü, ĕìĔøô ĉĕþôøú÷ôô öúüĕúô āôóøìþüìýúùĒ öìøþìü îì ðìýþüìýôô 
ôùĀüìýúāþúüô āôóøìþüìýúùĒ øìĕðÿðþìü øñíúĄìð. 

Çìøôù þìîü, óìüôíĕúô ėìíÿ÷Ąÿðì þìùĕú þìėýôøúþô üìýøôô ùôĄúùðôĕìùðìĕú ùìíÿðì, 
øìĔøÿô úøô÷ĕúô ðñøúïüìĀĒ, ĕÿðÿðĒ îì ùìė÷ôČþôĊ ôėþôýúðôüú ôùĆôöúý øñöÿùìùð. ãÿùôù 
üìîôĄ ôøöúù øñðôĕìð, öô Ąÿøúüìô ìîþúøúíô÷ĕúô ĉĕþôøú÷ìù íú āôóøìþüìýúùôô ÝáÞÌ 
ĀìüúïôüôĀþìĄìîìùðì ðìü Ąìĕüÿ ùúĕôċĕúô îô÷úċþô ÝÿĎð îúėñôíôùþìü ìüóČíĒ öìüðì Ąìîìð 
(Ĕìðîì÷ô 1). 

 
Æìðîì÷ô 1. Çôýúíô Ąÿøúüìô ìîþúøúíô÷ĕúñ, öô ðìü ÝáÞÌ-ô Ąìĕüÿ ùúĕôċĕúô îô÷úċþô ÝÿĎð 

āôóøìþüìýúùĒ øñĄìîìùð 
Table 1. Estimated number of vehicles serviced in the traffic police of cities and districts of Sughd 

region 
Çÿðÿð Ì, ĕìóúü ùìĀìü n, ìîþúøúíô÷ kM  kN kC NÝáÞÌ, ìîþúøúíô÷ 

ùúĕôċô ÌõùĒ 95,2 37 0,60 0,25 0,40 211 

ùúĕôċô ÌĄþ 184,9 62 0,70 0,35 0,55 1545 
ùúĕôċô Í. ÀìĀÿüúî 406,3 115 0,80 0,60 0,70 15699 
Ą. ÍĘýþúù 40,3 88 0,70 0,40 0,60 596 

Ą. Ïÿ÷ôýþúù 52,0 72 0,70 0,40 0,60 629 
ùúĕôċô ÐñîìĄþôă 194,2 34 0,60 0,25 0,40 396 
ùúĕôċô ÓìĀìüúíúð 82,9 56 0,65 0,30 0,45 407 
Ą. Ôýþôė÷ú÷ 19,3 75 0,65 0,30 0,50 141 

Ą. ÔýþìüìîĄìù 305,6 63 0,75 0,50 0,65 4693 
Ą. ÔýĀìüì 293,3 57 0,70 0,45 0,60 3160 
Ą. Öúùôíúðúø 225,6 63 0,70 0,45 0,60 2686 
ùúĕôċô ÖĘĕôýþúùô Øìýþăúĕ 25,6 26 0,60 0,20 0,35 28 

ùúĕôċô Øìýþăúĕ 141,6 41 0,60 0,25 0,40 348 
Ą. ÛìùĔìöñùþ 333,1 32 0,70 0,40 0,55 1642 
ùúĕôċô Ýûôþìøñù 158,2 40 0,65 0,30 0,45 555 
Ą. áÿĔìùð 206,5 135 0,80 0,60 0,75 10036 

ùúĕôċô Æ. Üìýÿ÷úî 151,4 75 0,70 0,40 0,60 1908 
ùúĕôċô äìĕüôýþúù 50,0 59 0,60 0,25 0,40 177 
ÝìüăìĄøì: ÔýþôĀúðì ìó ìðìíôČþô [15] ĕôýúí öìüðì Ąÿðììýþ. 

 

Çìùïúøô íìĕúðôĕôô ôėþôðúüô îúėñôô ÝáÞÌ, þìùĕú øÿìõċù ùìøÿðìùô Ąÿøúüìô 
ìîþúøúíô÷ĕúñ, öô ĉĕþôøú÷ìù íì āôóøìþüìýúùĒ Ĕì÷í øñïìüðìùð, ùìþôĔìô ûÿüüì ùìøñðôĕìð. 
Ôù ùôĄúùðôĕìùðì, ĕìüăìùð íìüúô øìüĕô÷ìô ìîîì÷ óìüÿü ìýþ, ĕìùĘó ùôĄúù ùìøñðôĕìð, öô 
ÝáÞÌ ðìü ðìîúøô ýú÷ íú ăĒ øôėðúü ýìüíúüôô ôýþñĕýú÷Ē üĘ íì üĘ øñĄìîìð. Ìó ôù üĘ, ðìü 
íìüúíìüô øÿìõċù öìüðìùô Ąÿøúüìô ĕôýúíôô ìîþúøúíô÷ĕú, óìüÿüìþô ĕôýúí ùìøÿðìùô 
ĕìĔøô ýú÷úùìô öúüĕúô āôóøìþüìýúùôô þñāùôöĒ îì þìĆøôü Þ íì øôČù øñúċð [9; 10]. Øìĕó 
ĕìøôù ùôĄúùðôĕìùðì ôøöúù øñðôĕìð, öô ôėþôðúüô óìüÿüôô ÝáÞÌ, Ąÿøúüìô ûúýþĕúô 
öúüĒ, þì÷ìíúþ íì ĕìõìþô ôýþñĕýú÷Ē, øìýúĕìþô øìõðúùĕúô ôýþñĕýú÷Ē îì ôøöúùôċþô ÿøÿøôô 
āôóøìþüìýúùôô ÝáÞÌ íú ìýúýùúöôô íñĄþìü øÿìõċù öìüðì Ąìîìùð.  

Ðìü ðúôüìô þìĕėôėúþô øìóöÿü íìüúô ôĀúðìô ĕìĔøô ýú÷úùìô öúüĕúô āôóøìþüìýúùôô 
þñāùôöĒ îì þìĆøôü ùôĄúùðôĕìùðìô T ôýþôĀúðì øñïìüðìð. Ôù ùôĄúùðôĕìùðì øìĔøÿô 
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øñĕùìþô óìüÿüôüú íìüúô ôĔüúô öúüĕúô āôóøìþüìýúùôô þñāùôöĒ îì þìĆøôüô ĔúüĒ ðìü 
ðìîúøô ċö ýú÷ ùôĄúù øñðôĕìð. ÌüóôĄô úù, ûñĄ ìó ĕìøì, íì ýñ úøô÷ô ìýúýĒ þìöċ øñöÿùìð, 
öô ôù Ąÿøúüìô ìîþúøúíô÷ĕúô ĉĕþôøú÷ìù ðìü ÝáÞÌ āôóøìþüìýúùôĄìîìùðì NÝáÞÌ, ïìĄþô 
ýú÷úùìô ìîþúøúíô÷ Lýú÷ îì øñĕùìþþì÷ìíôô ùôýíôô öúüĕúô āôóøìþüìýúùôô þñāùôöĒ îì 
þìĆøôü t. Íì ôíúüìô ðôïìü, ìïìü Ąÿøúüìô ìîþúøúíô÷ĕú þì÷ìíúþô ĉĕþôøú÷ôüú ùôĄúù 
ðôĕìð, ûìý ïìĄþô ýú÷úùì îì øñĕùìþþì÷ìíĒ āÿýÿýôċþô ôýþôĀúðì îì ĕìĔøô îúėñôô öúüĕúô 
þñāùôöôüú øÿìõċù øñöÿùìùð [11].  

ÏìĄþô ýú÷úùìô ìîþúøúíô÷ĕú Lýú÷ íìüúô ĕìøìô Ąìĕüÿ ùúĕôċĕú ċöāñ÷ì ėìíÿ÷ öìüðì 
ùìøñĄìîìð. ãÿùôù øÿùúýôíìþ ìó úù íìüøñúċð, öô ôýþôĀúðìô ìîþúøúíô÷ ðìü ĕÿðÿðĕúô 
ïÿùúïÿù āÿýÿýôċþô ċöāñ÷ì ùìðúüìð. Íì úù Ąÿøúüìô ìĕú÷Ē, ýìþĕô ìîþúøúíô÷ôöÿùúùĒ, 
øìîėñô ĔÿĎüúĀôô øôùþìėì, ĕú÷ìþô üúĕĕú, āÿýÿýôċþô ĄìĕüĒ Č öĘĕĒ íÿðìùô ĕÿðÿð, ôùăÿùôù 
ĀìĆú÷ùúöôô ĕìüìöìþô ðúāô÷ôĄìĕüĒ, ùìóðôĄìĕüĒ îì íìõùôùúĕôċîĒ þìĆýôü øñüìýúùìùð. 
Þìíôôýþ, öô ðìü øìüöìóĕúô ìĕú÷ôùôĄôùô ðúüúô üúíôþìĕúô ĀìĆú÷ô ùìė÷ôČþĒ ìîþúøúíô÷ĕú 
íñĄþìü ôýþôĀúðì øñĄìîìùð [12]. ÍìüĆìöý, ðìü ùúĕôċĕúô öìøìĕú÷Ē, ðÿüðìýþ Č öĘĕĒ ĕìüìöìþô 
øÿùþìóìøô ìîþúøúíô÷ĕú ùôýíìþìù øìĕðÿð íÿðì, ïìĄþô ýú÷úùì íì ýìþĕô ûìýþþìü ùìóðôö 
øñĄìîìð. 

Øñĕùìþþì÷ìíôô ùôýíôô öúüĕúô āôóøìþüìýúùôô þñāùôöĒ îì þìĆøôü t ùôó ĕìøăÿù 
ùôĄúùðôĕìùðìô ðúôøĒ îì íìüúô ĕìøìô ĕÿðÿðĕú íìüúíìü ėìíÿ÷ öìüðì ùìøñĄìîìð [8; 13]. 
Ðìü Ąìüúôþô îúėñôô ôýþôĀúðìíìüĒ íì ôù ùôĄúùðôĕìùðì ċö ėìþúü úøô÷ĕú þìĆýôü 
øñüìýúùìùð, öô ýôùĀô ìîþúøúíô÷ĕú, ĕú÷ìþô üúĕĕú, üñ÷ñĀô øôùþìėì, ôė÷ôø, ýôùùÿ ýú÷ô 
ûìüöô ìîþúøúíô÷Ē, ðìüìĔìô ĀìüýÿðìĄìîôô ìïüñïìþĕú îì ĕìþþú ýìþĕô þìĄöô÷ô 
āôóøìþüìýúùôô þñāùôöĒ.  

Ìó ôù ÷ôĕúó, ôýþôĀúðìô ċö ėôøìþô ċïúùì íìüúô ĕìøìô Ąìĕüÿ ùúĕôċĕú øñþìîúùìð 
ùìþôĔìüú ìó îúėñôċþ ðÿü ýúóìð. Ðìü ìðìíôČþô ýúĕìîĒ, ìó Ĕÿø÷ì ðìü öúüĕúô Ø. Ì. Øìýÿñî 
[8], øñĕùìþþì÷ìíôô þìĆøôüô ĔúüĒ íìüúô ìîþúøúíô÷ĕúô ýìíÿöüìî îúíìýþì íì ýôùĀô úùĕú 
úîìüðì Ąÿðì, ĕìøóìøúù, óìüÿüìþô ôý÷úĕô ôù øñĆČüĕú íú ðìüùìóìüðúĄþô Ąìüúôþô 
ôýþôĀúðìíìüĒ îì úøô÷ĕúô ôė÷ôøĒ þìĆöôð øñïìüðìð. 

Íú ùìóìüðúĄþô ôù úøô÷ĕú ĕìĔøô ýú÷úùìô öúüĕúô āôóøìþüìýúùôô þñāùôöĒ îì þìĆøôü 
ðìü ÝáÞÌ ìó üĘõô ôĀúðìô óñüôù ĕôýúí öìüðì øñĄìîìð [8]:  

Ὕ ˞ˢ˟Ͻ̱̒ ̏Ͻ̌ȟ (2) 

Ðìü ôù Āúüøÿ÷ì NÝáÞÌ ĕìøăÿù óìøôùìô þì÷ìíúþô ĉĕþôøú÷Ē íì āôóøìþüìýúùĒ íìüúøìð 
øñöÿùìð, Lýú÷ ðìüìĔìô ôýþôĀúðìô ìîþúøúíô÷ĕúüú ðìü øÿĕôþô øÿìõċùô ĕÿðÿðĒ ôùĆôöúý 
øñùìøúċð, t íúĄìð, øôėðúüô øñĕùìþô óìüÿüôüú íìüúô ôĔüúô öúüĕúô þñāùôöĒ ùôýíìþ íì 
îúĕôðô ïìĄþ ùôĄúù øñðôĕìð [14]. Çìøôù ûìõîìýþĄìîôô ýñ ùôĄúùðôĕìùðì ôøöúù øñðôĕìð, 
öô ýìüíúüôô ôýþñĕýú÷ôô ÝáÞÌ ùì þìùĕú ìó üĘõô Ąÿøúüìô ìîþúøúíô÷ĕú, íì÷öô ìó üĘõô 
Ąôððìþô îúėñôô ôýþôĀúðì îì Ąìüúôþô þñāùôöôô ôýþôĀúðìíìüôô úùĕú ùôó íìĕúïÿóúüĒ 
öìüðì Ąìîìð. ÙìþôĔìĕúô ĕôýúí ðìü Ĕìðîì÷ô 2 úîìüðì Ąÿðììùð. 

 
Æìðîì÷ô 2. Çôýúíô ĕìĔøô ýú÷úùìô öúüĕúô āôóøìþüìýúùôô þñāùôöĒ îì þìĆøôü 

Table 2. Estimated annual volume of maintenance and repair work 
Çÿðÿð Lýú÷, öø t, úðìø-ýúìþ T, úðìø-ýúìþ 

ùúĕôċô ÌõùĒ 6200 2,2 2878 
ùúĕôċô ÌĄþ 7600 2,0 23484 
ùúĕôċô Í. ÀìĀÿüúî 10000 2,1 329679 

Ą. ÍĘýþúù 7000 1,9 7929 
Ą. Ïÿ÷ôýþúù 7200 1,9 8604 
ùúĕôċô ÐñîìĄþôă 6300 2,1 5238 

ùúĕôċô ÓìĀìüúíúð 6400 2,0 5210 
Ą. Ôýþôė÷ú÷ 6300 1,9 1688 
Ą. ÔýþìüìîĄìù 8700 2,1 85737 
Ą. ÔýĀìüì 8300 2,0 52456 

Ą. Öúùôíúðúø 8100 2,0 43513 
ùúĕôċô ÖĘĕôýþúùô Øìýþăúĕ 6000 2,3 386 
ùúĕôċô Øìýþăúĕ 6200 2,1 4531 
Ą. ÛìùĔìöñùþ 7600 2,1 26211 
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ùúĕôċô Ýûôþìøñù 6800 2,0 7548 
Ą. áÿĔìùð 9500 1,9 181150 
ùúĕôċô Æ. Üìýÿ÷úî 7800 2,0 29765 

ùúĕôċô äìĕüôýþúù 6000 2,2 2336 
ÝìüăìĄøì: ÔýþôĀúðì ìó ìðìíôČþô [15] ĕôýúí öìüðì Ąÿðììýþ. 

 

Ðìü þìĕėôėúþô Ù.Ý. Óìāìüúî îì Ñ.Ý. Öúóôù þìĆöôð øñïìüðìð, öô ĕìùïúøô ÷úôĕìöìĄĒ Č 
ùìîýúóôô ÝáÞÌ, þìùĕú ôýþôĀúðìô ĕôýúíĕúô ìùĆìùìîôô þñāùú÷úïĒ öúĀĒ ùñýþ. Øÿì÷÷ôĀúù 
ùôĄúù øñðôĕìùð, öô ùôĄúùðôĕìùðìĕúô þñāùôöôô ÝáÞÌ, íúċð íú ùôĄúùðôĕìùðìĕúô 
ôėþôýúðĒ, ĕìĔøô ýìüøúċïÿóúüĒ, Āúôðì, ýìüíúüôô ôýþñĕýú÷Ē îì øìĕðÿðôċþĕúô ôíþôðúôô 
ÝáÞÌ ì÷úėìøìùð öìüðì Ąìîìùð. Ìó ôù üĘ, ôýþôĀúðìô ÿýÿ÷ĕúô íñĕþìüïìüðúùĒ, ìó Ĕÿø÷ì 
ì÷ïúüôþøĕúô ïñùñþôöĒ ôøöúù øñðôĕìð, öô íìüúô ÝáÞÌ îìüôìùþĕúô ýìøìüìùúöô Ąÿøúüìô 
ìîþúøúíô÷ĕúô āôóøìþüìýúùôĄìîìùðì, üñĔìô öúü, ðìîúøùúöôô íìýþ îì ìüóôĄô ùúüøú-ýúìþ 
øÿìõċù öìüðì Ąìîìùð [4]. 

Øìüĕô÷ìô ùìîíìþĒ ĕôýúíô Ąÿøúüìô ûúýþĕúô öúüôô ÝáÞÌ. Ðìü ĕôýúí íúċð øìĕó úù 
ėôýøô öúüĕú Ĕÿðú öìüðì Ąìîìð, öô íñîúýôþì ðìü ùìóðô ìîþúøúíô÷, ċĆùñ ðìü ûúýþĕúô 
ôýþñĕýú÷Ē X ôĔüú øñïìüðìð. äÿøúüìô ûúýþĕú ìó ĕìĔøô ýú÷úùìô öúüĕúô ûúýþĒ TÛ, üñĔìô 
öúüô ÝáÞÌ îì ðìüìĔìô ôýþôĀúðìô îúėñôô îìėþô öúüĒ îúíìýþì øñíúĄìð.  

Íì Ąÿøúüìô ûúýþĕúô öúüĒ ċöăìùð úøô÷ þìĆýôü øñüìýúùìùð. ÛñĄ ìó ĕìøì, ôùĕú 
Ąÿøúüìô üĘóĕúô öúüô ýþìùýôċ ðìü ċö ýú÷ Dýú÷, ðìîúøùúöôô ċö íìýþô öúüĒ Týø, Ąÿøúüìô 
íìýþĕú C, Ąÿøúüìô öúüïìüúùô ĕìøóìøúù ðìü ċö ûúýþ öúü öÿùìùðì PÛ, ôùăÿùôù óìüôíĕúô 
ôýþôĀúðìô îìėþô öúüĒ, þìĔĕôóúþ îì øìîýôøôċþ øñíúĄìùð. Óìüôíô ű ùúíìüúíìüôô 
îúüôðĄìîôô ìîþúøúíô÷ĕúüú íì āôóøìþüìýúùĒ íì ùìóìü øñïôüìð. Óìüôíô ɖî ýìþĕô 
ôýþôĀúðìô îìėþô öúüôô ûúýþ, ɖÚ ðìüìĔìô ôýþôĀúðìô þìĔĕôóúþ îì ɖý þìĎõôüČíôô øìîýôøôô 
þì÷ìíúþ íì āôóøìþüìýúùôüú ôùĆôöúý øñöÿùìð. 

Íú ðìüùìóìüðúĄþô úøô÷ĕúô óôöüĄÿðì, Ąÿøúüìô ĕôýúíô ûúýþĕúô öúüôô ÝáÞÌ íú 
Āúüøÿ÷ìô óñüôù øÿìõċù øñïìüðìð [8]: 

ὢ
Ͻ̃

̒̏Ͻ̌̒ Ͻ̍Ͻ Ͻ̃ Ͻ̃ Ͻ̏̒
ȟ (3) 

Ìó ĕìĔøô ÿøÿøôô øñĕùìþþì÷ìíôô öúüĕúô āôóøìþüìýúùôô þñāùôöĒ îì þìĆøôüô ĔúüĒ T 
þìėüôíìù 85% íì öúüĕúô ûúýþĒ TÛ üúýþ øñúċð, óñüú ėôýøô ìýúýôô ìøì÷ôČþĕúô 
āôóøìþüìýúùĒ îì þìĆøôü íñîúýôþì ðìü ùìóðô ìîþúøúíô÷, ðìü ûúýþĕúô ôýþñĕýú÷Ē X, ôĔüú 
öìüðì øñĄìîìð. ÙìþôĔìĕúô ĕôýúí ðìü Ĕìðîì÷ô 3 úîìüðì øñĄìîìùð. 

 
Æìðîì÷ô 3. Çôýúíô Ąÿøúüìô ûúýþĕúô öúüĒ 

Table 3. Calculation of the number of job positions 
Çÿðÿð T, úðìø-ýúìþ TÛ, úðìø-ýúìþ/ýú÷ X, ûúýþ X ėìíÿ÷Ąÿð, ûúýþĕú 

ùúĕôċô ÌõùĒ 2878 2449 0,42 1 
ùúĕôċô ÌĄþ 23484 19994 3,47 4 
ùúĕôċô Í. ÀìĀÿüúî 329679 280707 48,67 49 
Ą. ÍĘýþúù 7929 6752 1,17 2 

Ą. Ïÿ÷ôýþúù 8604 7325 1,27 2 
ùúĕôċô ÐñîìĄþôă 5238 4457 0,77 1 
ùúĕôċô ÓìĀìüúíúð 5210 4436 0,77 1 
Ą. Ôýþôė÷ú÷ 1688 1437 0,25 1 

Ą. ÔýþìüìîĄìù 85737 72959 12,66 13 
Ą. ÔýĀìüì 52456 44663 7,74 8 
Ą. Öúùôíúðúø 43513 37047 6,42 7 
ùúĕôċô ÖĘĕôýþúùô Øìýþăúĕ 386 329 0,06 1 

ùúĕôċô Øìýþăúĕ 4531 3857 0,67 1 
Ą. ÛìùĔìöñùþ 26211 22318 3,87 4 
ùúĕôċô Ýûôþìøñù 7548 6426 1,11 2 

Ą. áÿĔìùð 181150 154210 26,75 27 
ùúĕôċô Æ. Üìýÿ÷úî 29765 25340 4,39 5 
ùúĕôċô äìĕüôýþúù 2336 1989 0,34 1 
ÝìüăìĄøì: ÔýþôĀúðì ìó ìðìíôČþô [15] ĕôýúí öìüðì Ąÿðììýþ. 
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ØÿîúĀôėô ĕôýúíô Ĕìðîì÷ĕúô 1, 2 îì 3 þìĄöô÷ô ýìøìüìùúöô ÝáÞÌ íúċð ùì íú øñĆČüô 
ċïúùì íìüúô ĕìøìô øôùþìėìĕú, íì÷öô íú ùìóìüðúĄþô āÿýÿýôċþĕúô ðñøúïüìĀĒ, ôėþôýúðĒ îì 
ùìė÷ôČþôô ĕìü ċö ĕÿðÿð íì üúĕ øúùðì Ąìîìð. Ôù üìîôĄ íì öìø Ąÿðìùô îìėþô íñöúüôýþôô 
ìîþúøúíô÷ĕú, ôýþôĀúðìô íñĕþìüô ôėþôðúüô ôýþñĕýú÷Ē, ðÿüÿýþ øÿìõċù ùìøÿðìùô Ąÿøúüìô 
ûúýþĕúô öúüĒ îì íì÷ìùð ïìüðôðìùô ýôĀìþô āôóøìþüìýúùôô þñāùôöĒ øÿýúôðìþ øñöÿùìð. 

Ýìøìüìùúöôô ĀìĆú÷ôċþô ÝáÞÌ ðìü Ąìüúôþô îô÷úċþô ÝÿĎð. Þìöøô÷ô ýúāþúüô 
þìĄöô÷ôô ôðúüìöÿùôô ÝáÞÌ, ûñĄ ìó ĕìøì, ìó úù úĎúó øñČíìð, öô îìóôĀìĕú øôČùô óôùìĕúô 
ïÿùúïÿùô ôðúüìöÿùĒ îúóñĕ þìėýôø öìüðì Ąìîìùð. Îìėþñ ċö ìøì÷ôČþ ăìùð íúü þìöüúü 
øñïìüðìð, Č øìýĆÿ÷ô ôĔüúô úù ðìėôė øÿìõċù ùñýþ, þì÷ìĀô îìėþ, ùúüúóôïôô øôóúĔ îì 
ûìýþĄìîôô ĕúýô÷ùúöôô øñĕùìþ ùúïÿóôü øñĄìîìð. Ìó ôù üĘ, ðìü Ąìüúôþô ìĀóúôĄô þì÷ìíúþ 
íì āôóøìþüìýúùôô íúýôĀìþ, ÝáÞÌ íúċð þìðüôĔìù ìó þìüóô ôðúüìöÿùôô ýúðìô ÿýþúāúùìîĒ 
íì ùôóúøô øÿþìĄìööô÷ ïÿóìüìùð. Ðìü ăÿùôù ùôóúø ėìíÿ÷, þìĄāôý, þìĆøôü, þìĆøôùúþô 
ėôýøĕúô ĉĕþôČþĒ îì ùìóúüìþô ýôĀìþ ùì ĕìøăÿù ìøì÷ĕúô Ĕÿðúïúùì, íì÷öô ĕìøăÿù óìùĔôüìô 
ċïúùìô āôóøìþüìýúùĒ íìüüìýĒ øñĄìîìùð. 

ÆúüĒ ùìøÿðìùô ôðúüìöÿùôô ôù üìîìùð, ċöñ ìó üúĕĕúô øÿĕôøøô íì÷ìùð íìüðúĄþìùô 
ýìøìüìùúöôô ÝáÞÌ øñíúĄìð. ÌĀóì÷ôċþô ôù üìîôĄ ðìü úù ìýþ, öô ĕìüìöìþô ĀìüøúôĄ ìó 
÷ìĕóìô øÿüúĔôìþô øôóúĔ þú îìėþô ýÿûúüôðìùô ìîþúøúíô÷ üìîĄìù îì ùìóúüìþĄìîìùðì 
øñïìüðìð. Ðìü ôù óìøôùì, ôýþôĀúðìô îúýôþìĕúô üìėìøĒ íìüúô ýìíþô ĀìüøúôĄĕú, ùìóúüìþô 
øÿĕ÷ìþô ôĔüú, ĕôýúíöÿùôô āìüúĔúþ îì þìĕ÷ô÷ô øÿüúĔôìþÿ Ąôöúċþĕú ìĕìøøôċþô øìāýÿý 
ûìõðú øñöÿùìð. ãÿùôù ėìüúüĕú íì üúĕíìüôċþ ôøöúù øñðôĕìùð, öô ùì ìó üĘõô þìāøôù, íì÷öô 
ðìü ìýúýô øìĆ÷ÿøúþô îúėñĒ ìøì÷ ùìøúċð. Çìøóìøúù, þìöøô÷ô ýúāþúü íôðÿùô úøĘóôĄô 
øÿùþìóìøô öìðüĕú îì þìĆýôýô ùôóúøô ðúāô÷ôô ùìóúüìþô ýôĀìþ ùìþôĔìô ÿýþÿîúü ðúðì 
ùìøñþìîúùìð. Þìùĕú ðìü ôù ĕú÷ìþ ÝáÞÌ øñþìîúùìð ýÿüĆìþô āôóøìþüìýúùôüú óôČð öìüðì, 
ĉĆþôøúðô øÿĄþìüôČù îì øìîėñô üìėúíìþôô āÿðüú ðìü íúóúüô øôùþìėìîĒ øÿýþìĕöìø ýúóìð. 

Ôù ìùðñĄì íú ùìþôĔìĕúô þìĕėôėúþô Ý.Î. Íÿ÷ìþúî øÿîúĀôėìþ øñöÿùìð, öô ðìü úù 
þìāìýýÿýô öúüøìùðúùô ÝáÞÌ ĕìøăÿù ċöñ ìó úøô÷ĕúô ìýúýôô þìĆýôüüìýúù íì ýôĀìþô 
āôóøìþüìýúùôô þñāùôöĒ îì þìĆøôüô ìîþúøúíô÷ĕú íìüüìýĒ Ąÿðììýþ. Íì ùìóìüô øÿĕìėėôė, 
ýìþĕô öìýíôô öúüøìùðúù ùì þìùĕú íì ðÿüÿýþôô þìĄāôý îì ýôĀìþô ôĔüúô öúüĕúô þìĆøôüĒ, 
íì÷öô íì øÿĕ÷ìþô āôóøìþüìýúùĒ, ôýþôĀúðìô úėô÷úùìô þìĔĕôóúþ, öìø Ąÿðìùô āìüúĔúþô 
ĎìõüôăìĄøðúĄþ îì ėúùñĆ ïìüðúùôðìùô þì÷ìíúþô øôóúĔúù þìĆýôüô øÿýþìėôø øñüìýúùìð. 
Ìó ôù üĘ, ðìü Ąìüúôþô þìĄöô÷ô ĀìĆú÷ôċþô ÝáÞÌ-ô øôùþìėìîĒ íì÷ìùð íìüðúĄþìùô 
þìāìýýÿýô ĕìõìþô ôýþñĕýú÷Ē íúċð ĕìøăÿù ėôýøô ĔÿðúùìĄìîìùðìô ùôóúøô ôðúüìöÿùôô 
ýôĀìþ ìüóČíĒ öìüðì Ąìîìð [1]. 

Ýìøìüìùúöôô ÝáÞÌ íì úøô÷ĕúô þìĄöô÷Ē, þñāùôöĒ, ôėþôýúðĒ îì öìðüĒ îúíìýþì ìýþ. 
ÞìĔĕôóúþô øÿúýôüô þìĄāôýĒ íñ øÿþìāìýýôýô ýúĕôíþìĔüôíì ùìþôĔìô ûÿüüì ùìøñðôĕìð, 
ĕìøúù þìîüñ øì÷ìöìô ÿýþú íñ ðìýþüìýôô ėôýøĕúô ĉĕþôČþôô íúĉĆþôøúð îì þìùóôøô ðÿüÿýþô 
ùìîíìþ øìĕðÿð øñøúùìð. Øÿþìāìýýôýô öìýíĒ ùì þìùĕú ùÿėýúùô ùìøúČùüú íìüþìüìĀ 
øñöÿùìð, íì÷öô ýìíìíô ìý÷ôô îìõüúùĄìîôüú øñĔĘċð. Øìĕó ĕìøôù üìîôĄô þìĕ÷ô÷Ē ÝáÞÌ-
üú ìó ÿýþúāúùìô úðôô þìĆøôüĒ Āìüė øñöÿùìð. 

ÛñĄùôĕúðĕú úôð íì íñĕþìüïìüðúùôô þìĄöô÷ô ĀìĆú÷ôċþô ÝáÞÌ. Ðìü Ąìüúôþô 
îô÷úċþô ÝÿĎð, ÝáÞÌ íúċð ĀìĆú÷ôċþô āÿðüú íú þì÷ìíúþô îúėñôô ìĕú÷Ē îì ýúāþúüô ûìüöô 
ìîþúøúíô÷Ē øÿþúíôė ýúóìð. ÆúõïôüĄìîôô ėÿ÷ìõ ðìü ùìóðôöôô üúĕĕúô ìýúýĒ, øôùþìėìĕúô 
ýñüüìĀþÿúøìð Č øìüöìóĕúô ìĕú÷ôùôĄôù ôøöúùôċþô Ĕì÷íô øÿĄþìüôČùüú óôČð øñöÿùìð. 
Çìøóìøúù, ùìüāïÿóúüôô Āìĕøú, üôúċô øÿĕ÷ìþô îìĆðìĄÿðì, öìĀú÷ìþô öúüĕúô ôĔüúĄÿðì îì 
øÿùúýôíìþô øìýĆÿ÷úùì íì øôóúĔ ĉĆþôøúðüú þìėîôċþ øñðôĕìð. 

Ìó ôù üĘ, íñĕþìüïìüðúùôô ĀìĆú÷ôċþô ÝáÞÌ íúċð ĕìø øìĕýÿ÷ùúöôô ðúāô÷ôô ýþìùýôċ 
îì ĕìø üúíôþìô úùüú íú ùôóúøô ùìė÷ôČþôô øôùþìėì Āìüú ïôüìð. ÝáÞÌ ðìü ăÿùôù Ąìüúôþ 
þìùĕú Ĕúõô þìĆøôüô ìîþúøúíô÷ ùñýþ, íì÷öô ÿùýÿüô øÿĕôøøô ôùĀüìýúāþúüô ùìė÷ôČþĒ 
øñíúĄìð, öô íì íñāìþìüôô ĕìüìöìþ, ÿýþÿîúüôô āôóøìþüìýúùĒ, ðìüúøìðùúöôô ýúĕôíöúüĒ îì 
ûìõîìýþìïôô ôėþôýúðôô øôùþìėì þìĆýôü øñüìýúùìð. 

Íì ìùðñĄìô Ñ.Ý. Öúóôù îì Ì.Î. Øì÷ĈĄìöúî, ôðúüìöÿùôô ýìøìüìùúöô ýìüíúüôô 
øôùþìėìô ôýþñĕýú÷ôô ÝáÞÌ, ċöñ ìó úøô÷ĕúô ìýúýôô íì÷ìùð íìüðúĄþìùô ýôĀìþô 
āôóøìþüìýúùĒ îì ýìøìüìùúöôô ìøì÷ôČþĒ øñíúĄìð. Øÿì÷÷ôĀúù ùôĄúù øñðôĕìùð, öô 
þìėýôøúþô ìîþúøúíô÷ĕú íìõùô ûúýþĕúô āôóøìþüìýúùĒ íúċð íú ùìóìüðúĄþô ôāþôýúýô 
ûúýþĕú, ìĀóì÷ôċþô øôóúĔúù îì öìø öìüðìùô îìėþô ôùþôóúüĒ ìùĔúø ðúðì Ąìîìð. ãÿùôù 
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üìîôĄ ôøöúù øñðôĕìð, öô ýìüíúüôô ûúýþĕú øÿîúóôùìþ ČĀþì, îìėþô íñöúüôýþôô þìĔĕôóúþ 
öúĕôĄ Číìð îì ėúùñĆøìùðôô øÿĄþìüôČù íì÷ìùð ïìüðìð [6]. 

Íñĕþìüïìüðúùôô üìîìùðĕúô āôóøìþüìýúùĒ ðìü ÝáÞÌ íì þìùóôøô ðÿüÿýþô 
ûìõðìüĕìøôô ėìíÿ÷, þìĄāôý, þìĆøôü îì ýìùĔôĄô ùôĕúĒ îúíìýþì øñíúĄìð. Çìü ėìðìü ôù 
øìüĕô÷ìĕú íú ĕìø øÿîúĀôėþìü þìĄöô÷ Ąìîìùð, ĕìøúù ėìðìü íñöúüôýþôô þìĔĕôóúþ, 
ôùþôóúüôô øôóúĔúù îì āìüúĔúþô ôóúĀĒ öìø øñïìüðìð. Ìó ôù Ĕôĕìþ, íìùìėĄìïôüôô ûñĄìöôô 
ĕìĔøô öúü, øÿìõċù ùìøÿðìùô ìĀóì÷ôċþô ĀìüøúôĄĕú îì þìėýôøúþô úėô÷úùìô ýÿûúüôĄĕú 
ìĕìøøôċþô ìøì÷Ē ðúüìùð. àìüøúôĄñ, öô íì ėôýøĕúô ĉĕþôČþôô ðìýþüìý ùôČó ðúüìð, ùìíúċð 
íú ýìíìíô ùúøÿüìþþìíôô ùìîíìþ øÿððìþô óôČð íúóðúĄþì Ąìîìð. 

Þìėýôøúþô óìāôüìĕú íúċð íú ùìóìüðúĄþô ôāþôýúýô öúüøìùðúù, ĕú÷ìþô þìĔĕôóúþ, 
øìîĔÿðôċþô ėôýøĕúô ĉĕþôČþĒ îì ðìüìĔìô øÿüìööìíôô ùÿėýúù ìùĔúø ðúðì Ąìîìð. Ùôóúøô 
üìėìøôô ýìíþô ĀìüøúôĄĕú ðìü ăÿùôù Ąìüúôþ îúýôþìô øÿĕôøøô ôðúüìöÿùĒ Ąÿðì 
øñþìîúùìð, óñüú úù ýìüíúüôô ÿýþúĕú, øÿĕ÷ìþô þìāøôùôô þìĆøôü îì ĕìüìöìþô ĕìü ċö 
ĀìüøúôĄüú ùôĄúù øñðôĕìð. ÍìùìėĄìïôüôô öúüĕúô þìĆøôüĒ þìùĕú þìüþôí ðúðìùô Ĕìðîì÷ô 
îìėþ ùñýþ, úù ĕìøóìøúù îúýôþìô ùìóúüìþô āìüúĔúþ, ýôĀìþ îì øÿùúýôíìþ íú øôóúĔ øñíúĄìð. 
Ìó ôù üĘ, íñĕþìüïìüðúùĒ íúċð ĕìøăÿù ìøì÷ô ċöðìĀĆìôùì ùñ, íì÷öô ĕìøăÿù üìîìùðô ðúôøôô 
þìöøô÷ Āìĕøôðì Ąìîìð. 

ÙìþôĔìô ăúüìíôùôĕúô ôðúüìöÿùĒ, þìùĕú ðìü ĕú÷ìþñ ðÿüÿýþ øÿìõċù øñĄìîìð, öô 
ùôĄúùðôĕìùðìĕúô ûñĄ ìó ĔúüôýúóĒ îì íìĆð ìó úù øÿėúôýì öìüðì Ąìîìùð. Íñĕþìü Ąÿðìùô 
þìėýôøúþô öúü, üìėìøôýúóôô ýìíþô ĀìüøúôĄĕú Č ûÿüóĘü ùìøÿðìùô ùìóúüìþô ðúāô÷ôô 
ýôĀìþ øñþìîúùìð Ąÿøúüìô Ąôöúċþĕú îì āôóøìþüìýúùôĕúô þìöüúüôüú öìø ùìøúċð. Ôù 
íúĄìð, ùì þìùĕú āìüúĔúþô ô÷úîìïôüú öúĕôĄ øñðôĕìð, íì÷öô ĉĆþôøúðô øôóúĔúùüú ùôó 
íì÷ìùð øñíìüðúüìð. Ìó ôù üĘ, ýìøìüìùúöôô ôėþôýúðĒ ðìü ĀìĆú÷ôċþô ÝáÞÌ ĕìøăÿù 
þìùúýÿíô íìõùô ùìþôĔìô íìðìýþúøìðì îì óìāôüìĕúô ýìüĀĄÿðì Āìĕøôðì øñĄìîìð. Øìĕó 
ăÿùôù øÿùúýôíìþ ÿýþÿîúüôô øú÷ôċîĒ, ýôĀìþô āôóøìþüìýúùĒ îì üìėúíìþûìóôüôô ÝáÞÌ-üú 
ðìü íúóúüô øôùþìėìîĒ þìĆøôù øñùìøúċð. 

Þìĕėôėúþô øìóöÿü þôíėô ùìėĄìô öúüĕúô ô÷øĒ-þìĕėôėúþôô öìĀñðüìô ìîþúøúíô÷ĕú îì 
ôðúüìöÿùĒ ðìü ùìė÷ôČþô ÐúùôĄöìðìô ûú÷ôþñāùôöôô ÐúùôĄïúĕô þñāùôöôô ÞúĔôöôýþúù íì 
ùúøô ìöìðñøôö Ø. ÚýôøĒ ðìü Ąìĕüô áÿĔìùð íìüúô ýú÷ĕúô 2025-2029 þìĕþô ÿùîúùô 
©Íì÷ìùðíìüðúüôô ýìøìüìùúöĒ îì ýôĀìþô āôóøìþüìýúùôô ùìė÷ôČþĒ ðìü îô÷úċþô ÝÿĎðª, öô íú 
ýÿüìþĔì÷ìýìô ìîþúøúíô÷ĕú îì ôðúüìöÿùĒ ðìü ùìė÷ôČþ ìó 28.11.2024, Ĝ4 þìýðôė Ąÿðììýþ, 
ìøì÷Ē öìüðì øñĄìîìð. 
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ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʆʈɻɸʅʀɿɸʎʀʀ ɼɽʗʊɽʃʔʅʆʉʊʀ ʉʊɸʅʎʀʁ ʊɽʍʅʀʏɽʉʂʆɻʆ 

ʆɹʉʃʋɾʀɺɸʅʀʗ ɸɺʊʆʄʆɹʀʃɽʁ ɺ ʊʈɸʅʉʇʆʈʊʅʆʁ ʉʀʉʊɽʄɽ ʈɽɻʀʆʅɸ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʘʥʮʠʡ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ (ʉʊʆɸ) ʚ ʫʩʣʦʚʠʷʭ ʨʝʛʠʦʥʘʣʴʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ. ɸʚʪʦʨ ʧʦʢʘʟʳʚʘʝʪ ʨʦʣʴ 

ʉʊʆɸ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ, ʧʦʚʳʰʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, 

ʩʦʢʨʘʱʝʥʠʠ ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʨʦʩʪʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʠʦʥʘ. ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥ ʨʘʩʯʝʪʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʚʪʦʤʦʙʠʣʝʡ, ʧʦʜʣʝʞʘʱʠʭ 

ʦʙʩʣʫʞʠʚʘʥʠʶ, ʛʦʜʦʚʦʛʦ ʦʙʲʝʤʘ ʨʘʙʦʪ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ ʠ ʨʝʤʦʥʪʫ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʯʠʩʣʘ 

ʨʘʙʦʯʠʭ ʧʦʩʪʦʚ ʜʣʷ ʛʦʨʦʜʦʚ ʠ ʨʘʡʦʥʦʚ ʉʦʛʜʠʡʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʨʛʘʥʠʟʘʮʠʷ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʉʊʆɸ ʜʦʣʞʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʫʯʝʪʦʤ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ, ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʘʞʜʦʛʦ ʨʝʛʠʦʥʘ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚʥʝʜʨʝʥʠʷ ʧʨʦʮʝʩʩʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʮʠʬʨʦʚʦʛʦ ʫʯʝʪʘ, ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʟʘʧʘʩʥʳʤʠ ʯʘʩʪʷʤʠ ʠ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʨʩʦʥʘʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʥʮʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ, ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʠʩʪʝʤʘ ʨʝʛʠʦʥʘ, 

ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʨʝʤʦʥʪ ʘʚʪʦʤʦʙʠʣʝʡ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʤʦʱʥʦʩʪʴ, ʨʘʙʦʯʠʝ ʧʦʩʪʳ, ʉʦʛʜʠʡʩʢʘʷ 

ʦʙʣʘʩʪʴ, ʦʨʛʘʥʠʟʘʮʠʷ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʧʨʦʮʝʩʩʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

 

IMPROVING THE ORGANIZATION OF AUTOMOBILE SERVICE STATIONS IN THE REGIONAL 

TRANSPORT SYSTEM 

The article examines issues related to improving the organization of automobile service stations (ASS) within the 

regional transport system. The author highlights the role of automobile service stations in maintaining the technical 

condition of vehicles, improving road safety, reducing vehicle downtime, and increasing the economic efficiency of the 

region. The study applies a calculation-based method to determine the estimated number of vehicles requiring service, the 

annual volume of maintenance and repair work, as well as the required number of service bays for the cities and districts of 

Sughd Region. The results show that the organization of automobile service stations should be carried out with due regard 

to the demographic, territorial, economic, and transport characteristics of each region. Based on the analysis, the necessity 

of introducing process management, digital accounting, quality control, improved spare parts supply, and staff qualification 

development is substantiated. 

Keywords: automobile service stations, regional transport system, vehicle maintenance, automobile repair, 

production capacity, service bays, Sughd Region, service organization, process management, road safety. 
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ÞÐß: 656.025.4 
ÞÌäÖÔ×Ô ÇÌØ×ß ÙÌÉ×Ô ØÑÎÌÆÚÞ ÍÚ ßÝß×Ô ØÌÜÖÌÓÚÙÔÐÌäßÐÌ ÍÚ 

ØÔÓÚÆÚÙÔ äÌÇÜÔ áßÆÌÙÐ 
 

Ýì÷ôøúî Ô.Ô. 
ÐúùôĄöìðìô ûú÷ôþñāùôöôô ÐúùôĄïúĕô þñāùôöôô ÞúĔôöôýþúù íì ùúøô ìöìðñøôö 

Ø.Ý.ÚýôøĒ ðìü Ą.áÿĔìùð 
 

Øÿėìððôøì. ÞìĄöô÷ô ĕìø÷ÿ ùìė÷ô øñîìĔúþ íú ÿýÿ÷ô øìüöìóúùôðìĄÿðì íú øôóúĔúùô 
Ąìĕüô áÿĔìùð ċöñ ìó ýìøþĕúô øÿĕôøøô üÿĄðô ôùĀüìýúāþúüô ìïüìüĒ îì ÷úïôýþôöôô 
øôùþìėì íì Ąÿøúü øñüìîìð. Ðìü Ąìüúôþô ìĀóúôĄô ĕìĔøô ôýþñĕýú÷ô øñîì îì ýìíóìîúþ ðìü 
Ąìĕüÿ ùúĕôċĕúô îô÷úċþô ÝÿĎð, íìāÿýÿý ðìü ìþüúĀô Ąìĕüô áÿĔìùð, óìüÿüìþô íì÷ìùð 
íìüðúĄþìùô ýìøìüìùúöôô ĕìø÷ÿ ùìė÷ô øìĕýÿ÷úþô öôĄúîìüóĒ íì íúóúüĕúô ôýþñĆøú÷Ē îì 
ùÿėþìĕúô ĀÿüĘĄ øñìĀóúċð. äìĕüô áÿĔìùð ĕìøăÿù øìüöìóô íÿóÿüïô ôėþôýúðôô Ąôøú÷ô 
öôĄîìü ùì þìùĕú íì þì÷ìíúþô ìĕú÷ôô øìĕì÷÷Ē āôóøìþ øñüìýúùìð, íì÷öô ĕìøăÿù øìüöìóô 
ûìĕùöÿùìùðìô øìĕýÿ÷úþ íì øôùþìėìĕúô ðôïìü ùôó íìüúøìð øñöÿùìð. Ðìü ăÿùôù Ąìüúôþ, 
ïÿóìüôĄ íì ÿýÿ÷ô øìüöìóúùôðìĄÿðìô ĕìø÷ÿ ùìė÷ ôøöúùôċþ øñðôĕìð, öô üìîìùðô ôùþôėú÷ 
þìùóôø ČĀþì, îìėþô üìýúùôðìùô øìĕýÿ÷úþ öĘþúĕ îì þì÷ìĀúþô úù ĕìùïúøô ĕìø÷ÿ ùìė÷ öìø 
öìüðì Ąìîìð. 

ßýÿ÷ô øìüöìóúùôðìĄÿðì ðìü ĕìø÷ÿ ùìė÷ô øñîìĔúþ ôíúüìþ ìó úù ìýþ, öô ĔìüìČùô 
ĔìøĆúîìüĒ, ùôïúĕðúüĒ, íìýþìíìùðĒ îì ôùþôėú÷ô øìĕýÿ÷úþ ìó ðñĕėúùúù îì 
ôýþñĕýú÷öÿùìùðìïúùô āÿýÿýĒ íì øìüöìóĕúô øÿĄìāāìý ¬ øìüöìóĕúô ÷úïôýþôöĒ Č ùÿėþìĕúô 
ċïúùìô ĔìøĆúîìüĒ îì þìėýôøúþ øÿþìøìüöìó öìüðì øñĄìîìð.  

Øìėýìðô ìýúýôô þìĕėôėúþ ðìü þìĕôċô ûñĄùôĕúðĕúô ìøì÷Ē íìüúô þìĄöô÷ô ôùþôėú÷ô 
øÿþìøìüöìóô øñîìĕú íì íúóúü îì ôýþñĆøú÷ïìüúùô Ąìĕüô áÿĔìùð ôĀúðì øñČíìð. Ðìü 
üìîìùðô þìĕôċ, íì āÿýÿýôċþĕúô ôýþñĕýú÷úþô øìĕì÷÷Ē, þì÷ìíúþô øôóúĔúù, ôøöúùôċþĕúô 
ôùĀüìýúāþúüĒ îì ĕú÷ìþô ĀñĆ÷ôô Ąìíìöìô ùìė÷ôČþĒ ðôėėìþô øìāýÿý ðúðì øñĄìîìð. 
ÞìîìĔĔÿĕô ìýúýĒ íì úù üìîúùì Ąÿðììýþ, öô ăĒ ïÿùì øñþìîúù íú ôýþôĀúðì ìó óìāôüìĕúô 
øìîĔÿðì, þìĄöô÷úþô ĕìø÷ÿ ùìė÷üú ìó ùìî ýúóøúù ðúð îì ýìøìüìùúöôô úùüú íú÷ú íÿüð. 

ÚíĆñöþô þìĕėôėúþ ùôóúøô þìĄöô÷ô ĕìø÷ÿ ùìė÷ô øìĕýÿ÷úþô öôĄúîìüóĒ, íìāÿýÿý 
øñîìĔúþ, ðìü ðúôüìô þìĆøôùúþô íúóúü îì øôóúĔúùô Ąìĕüô áÿĔìùð íì Ąÿøúü øñüìîìð.  

Ûüñðøñþô þìĕėôėúþ üìîìùðĕú, ûüôùýôûĕú îì øñāìùôóøĕúô þìĄöô÷ô ĕìø÷ÿ ùìė÷ô 
øñîìĔúþ íú ôýþôĀúðì ìó ìøýô÷ìô øìüöìóúùôðìĄÿðì øñíúĄìùð. Ðìü ðúôüìô ûüñðøñþ, 
øìýĆì÷ìĕúô íìùìėĄìïôüĒ, ĕìøúĕìùïýúóĒ, ôýþôĀúðìô îúýôþìĕúô ùìė÷ôČþ, þìĆýôüô 
ôùĀüìýúāþúü îì ùìėĄô þñāùú÷úïôċô üìėìøĒ ðìü íñĕýúóôô ôùþôėú÷ øìîüôðô úøĘóôĄ ėìüúü 
øñïôüìùð. 

Ìýúýĕúô ùìóìüôċîôô þìĄöô÷ô ĕìø÷ÿ ùìė÷ô øñîìĔúþ íú ÿýÿ÷ô øìüöìóúùôðìĄÿðì. Çìø÷ÿ 
ùìė÷ô øìĕýÿ÷úþô öôĄúîìüóĒ þìîìýýÿþô ùìė÷ôČþô ìîþúøúíô÷Ē üìîìùðñýþ, öô ôùþôėú÷ô 
øìĕýÿ÷úþüú ìó Ĕúõô ôýþñĕýú÷ íì øìöúùô ôýþñĆøú÷ Č ĀÿüĘĄ íú ôýþôĀúðì ìó îúýôþìĕúô 
ùìė÷ôČþ Āìüú øñïôüìð. Ôù üìîìùð ĔÿóĆô øÿĕôøøô ùôóúøô þìĆøôùúþô úóÿėìîúüĒ íÿðì, ðìü 
þìĆøôùô ìøùôċþô úóÿėìîúüĒ, üÿĄðô ôėþôýúðô ðñĕúþ îì íì÷ìùð íìüðúĄþìùô ýìøìüìùúöôô 
ôýþñĕýú÷úþô ìïüìüĒ ùìėĄô öì÷ôðĒ øñíúóìð. Íú ðìüùìóìüðúĄþô āÿýÿýôċþô óÿðîìõüúùĄìîôô 
ìöýìüô øìĕýÿ÷úþô öôĄúîìüóĒ, þìĆøôùô üìýúùôðìùô íúýôĀìþ îì ýìüôîìėþôô úù ìĕìøøôċþô 
āúý ðúüìð. 

Þìîüñ Î.Ü. Ìöìñîì ðìü þìĕėôėúþô āÿð ùôĄúù ðúðììýþ, ýìøìüìùúöôô ĀìĆú÷ôċþô 
ùìė÷ôČþĒ ìó ýúāþúüô ôðúüìöÿùôô ÷úïôýþôöĒ îúíìýþì ìýþ [1]. Óìüÿüìþô þìĄöô÷ô 
ýìøìüìùúöôô ĕìø÷ÿ ùìė÷ô øìĕýÿ÷úþô öôĄúîìüóĒ íú ċö ėìþúü úøô÷ĕú ìýúýùúö øñĄìîìð. 
Ìîîì÷ìù, üÿĄðô ýúĕìô öôĄúîìüóĒ îì ìĀóúôĄô ĕìĔøô ôýþñĕýú÷úþ ôùþôėú÷ô Āìîüôô 
øìĕýÿ÷úþüú íì íúóúü þì÷ìí øñöÿùìð. ÐÿĊø, ìĀóúôĄô þì÷ìíúþô ôýþñĆøú÷öÿùìùðìïúù íì 
øìĕýÿ÷úþô þìüÿ þúóì îì íúýôĀìþ ùôČó íì ĕìø÷ÿ ùìė÷ô íúĉĆþôøúð îì ĉĕþôČþöúüúùìüú óôČð 
øñöÿùìð. ÝñĊø, öìø öìüðìùô þì÷ìĀúþ ĕìùïúøô ĕìø÷ÿ ùìė÷ ċöñ ìó üúĕĕúô øÿĕôøøô íì÷ìùð 
íìüðúĄþìùô ýìøìüìùúöôô ôėþôýúðôô ôýþñĕýú÷ îì ùôïúĕðúüôô øìĕýÿ÷úþô öôĄúîìüóĒ 
øñíúĄìð. 

ÞìĄöô÷ô ĕìø÷ÿ ùìė÷ô øìĕýÿ÷úþô öôĄúîìüóĒ þìîìýýÿþô ùìė÷ôČþô ìîþúøúíô÷Ē ìó 
āÿýÿýôċþĕúô øìĕýÿ÷úþ, Ąìüúôþô ôýþñĕýú÷ îì ýìþĕô ôùĀüìýúāþúü îúíìýþìïĒ ðúüìð [15]. 
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Øìĕýÿ÷úþô öôĄúîìüóĒ íì ċöăìùð ïÿüĘĕ þìėýôø øñĄìîìð, öô ĕìü öìðúø āÿýÿýôċþĕúô āúýô 
āÿðüú ðúüìùð. Øìýì÷ìù, øìĕýÿ÷úþô óÿðûÿýìùðì - øñîìĔúþ, ýìíóìîúþ, Ąôü îì øìĕýÿ÷úþô 
ĄôüĒ, ïĘĄþ îì øìĕýÿ÷úþô ïĘĄþĒ - üôúċô Ąìüþĕúô øìāýÿýô ùôïúĕðúüĒ îì ĕìø÷ÿ ùìė÷üú 
þì÷ìí øñöÿùìùð, ìó Ĕÿø÷ì ùìóúüìþô ĕìüúüìþ, ùìøùúöĒ îì ĕú÷ìþô ýìùôþìüôô îúýôþìô 
ùìė÷ôČþ. Ðìü ăÿùôù ĕú÷ìþĕú ôýþôĀúðìô ùìė÷ôČþô øìāýÿý, íì øôý÷ô ċāðúùĕúô ìîþúøúíô÷Ē 
îì ìîþúøúíô÷ĕúô ôóúþñüøôöĒ óìüÿü øñíúĄìð. 

Íì ïÿĀþô Ý.Û. Îìöÿ÷ñùöú, ùìėĄô ĕìøúĕìùïýúóôô øúðÿýĕúô ùìė÷ôČþĒ ðìü íúüöìĄúùĒ 
øñìĀóúċð [3]. Ýôýþñøìô ôðúüìöÿùĒ îì ĕìøúĕìùïýúóĒ ðìü þìĄöô÷ô ĕìø÷ÿ ùìė÷ ùìėĄô øÿĕôø 
øñíúóìð. Þìîìýýÿþô ùôóúøô ċïúùìô ÷úïôýþôöĒ îì ĕìøöúüôĕúô øÿîúĀôėĄÿðìô 
ôýþñĕýú÷öÿùìùðìïúù, öúüöìüðöÿùìùðìïúù îì þìĄöô÷úþĕúô ýìîðú, üìîìùðô ùìė÷ôČþ 
øÿüìþþìí îì øÿìýýôü øñïìüðìð. Ôù ĕìøúĕìùïýúóôüú íú ôýþôĀúðì ìó þñāùú÷úïôċĕúô 
ôþþô÷úúþĒ îì ùôóúøĕúô ìîþúøìþôô ôðúüìöÿùôô ìøì÷ôČþô ùìė÷ôČþĒ ìùĔúø ðúðìù øÿøöôù 
ìýþ. 

Øÿýþìĕöìø öìüðìùô ôùĀüìýúāþúü îì þìĆøôùô ðìýþüìýĒ íì üúĕĕúô íúýôĀìþ ðìü 
øôùþìėìĕúô ðñĕúþ ùôó ìĕìøøôċþô ìîîì÷ôùðìüìĔì ðúüìð [5,c.41-47]. Øìĕðÿðôċþĕúô 
ôùĀüìýúāþúüĒ - ùìíÿðìùô üúĕĕúô ìýĀì÷þûĘĄ, öÿĕùìĄìîôô þñāùôöìô ùìė÷ôČþĒ, ùúüìýúôô 
þìĔĕôóúþô øìāýÿý - íôýČü îìėþ íúôýô þì÷ìĀúþô óôČðô øìĕýÿ÷úþ îì ûìýþ Ąÿðìùô ýôĀìþô úù 
øñïìüðìùð. Ìó ôù üĘ, íìüúô íñĕþìü öìüðìùô îìóĆôċþ, óìüÿüìþô Ĕì÷íô ýìüøúċïÿóúüĒ íì 
ôùĀüìýúāþúüô ùìė÷ôČþ îì þìþíôėô ýþìùðìüþĕúô øô÷÷ôĊ íìõùì÷øô÷ì÷ôô ĕìø÷ÿ ùìė÷ô 
øìĕýÿ÷úþô öôĄúîìüóĒ øìîĔÿð ìýþ. 

Þìîüñ Ø.ê. ßăôüúîì óôöü øñùìøúċð, þìĄöô÷ô ôùþôėú÷ ðìü ìýúýô ÿýÿ÷ô ùôóúøĒ 
ýìøìüìùúöôô üìîìùðô ÷úïôýþôöôüú øñìĀóúċð [15]. Ðìü öôĄîìüĕúô üĘ íì üÿĄð, ìó Ĕÿø÷ì 
øôùþìėìĕúô ìïüìüôô ÞúĔôöôýþúù, ùìė÷ôČþ ìó ċö ėìþúü úøô÷ĕú îúíìýþì ìýþ: Ąìüúôþô 
ĔÿĎüúĀĒ, îìóĆô Ąìíìöìô üúĕĕú, øìîĔÿðôċþô þñāùôöì îì ĕú÷ìþô ôĔþôøúôĊ ôėþôýúðôô 
ìĕú÷ôô ðñĕúþ. ÏÿýþìüôĄô ĀìĆú÷ôċþô öôĄúîìüóĒ ðìü øôùþìėìĕúô öĘĕĒ îì ðÿüðìýþ ýúāþøúùô 
üúĕĕúô íúýôĀìþ îì þìĆøôùúþô þñāùôöìô øìāýÿýüú þì÷ìí øñöÿùìð. Çìùïúøô þìĕôċô 
öúùýñûýôċô ùìė÷ôČþĒ íúċð úøô÷ĕúô ĉöú÷úïĒ, Ąìüúôþô ôė÷ôø, øìîýôøôċþ îì ôøöúùôċþĕúô 
ôėþôýúðôô ôýþñĕýú÷öÿùìùðìïúùô øìĕì÷÷Ē ùôó íì ùìóìü ïôüôĀþì Ąìîìùð. 

Ìøýô÷ìĕú îì ûüôùýôûĕúô øìüöìóúùôðìĄÿðì ðìü ĕìø÷ÿ ùìė÷ô øìĕýÿ÷úþô öôĄúîìüóĒ. 
Ýôýþñøìô øìüöìóúùôðìĄÿðìô ĕìø÷ÿ ùìė÷ô øìĕýÿ÷úþô öôĄúîìüóĒ, öô íìü ûúċô ùìė÷ôČþô 
ìîþúøúíô÷Ē þìĄìööÿ÷ øñČíìð, ċöñ ìó üìîôĄĕúô øÿìýýôüô ôðúüìöÿùôô ÷úïôýþôöìô ìïüìüĒ 
øìĕýÿí øñČíìð. Ðìü ðúôüìô ôù ùôóúø, þìøúøô ìøì÷ôČþĕúô øìüíÿþ íì ôùþôėú÷ô øìĕýÿ÷úþ ¬ 
ìó íìùìėĄìïôüôô øìýôü þú ùìóúüìþ îì ĕìøúĕìùïýúóôô þìĕîô÷ ¬ ìó ċö øìüöìóô ċïúùì íì üúĕ 
øúùðì øñĄìîìùð. Ôù ÿýÿ÷ íì ôýþôĀúðìô øìėýìðùúöô óìāôüìĕú, öúĕôĄô āìüúĔúþ, öìø 
Ąÿðìùô þì÷ìĀúþô øìĕýÿ÷úþ îì íì÷ìùð ïìüðôðìùô ýìþĕô ðìýþüìýĒ íì øìĕýÿ÷úþô þìüÿ þúóì 
øÿýúôðìþ øñöÿùìð. 

Ðìü øìėú÷ìô Ø.Ì. ÓìăñĄôïüôîì îì Ô.Ú. Þñý÷ñùöú, øìýĆì÷ìĕúô þìĄöô÷ôô ÷úïôýþôöìô 
íúüĕúô óÿðîìõüúùĄìîìùðì ðìü Üÿýôċ íì þìîüô øÿĀìýýì÷ íìüüìýĒ Ąÿðììùð [5]. ØìĀĕÿøô 
©øìüöìóúùôðìĄÿðìª ðìü óìøôùìô ÷úïôýþôöì íì øÿþìøìüöìó ýúāþìùô ėìüúüĕú îì 
ôðúüìöÿùôô þìøúøô üìîìùðĕú ðìü ċö îúĕôðô ċïúùì ôĄúüì øñöÿùìð [14,c.35-43]. Íì îúýôþìô 
ăÿùôù þìüþôí, þìøúøô Ĕìùíìĕúô ôùþôėú÷ô øìĕýÿ÷úþ, ìó Ĕÿø÷ì ôùþôāúíô ýìøþĕú, üôúċô 
øÿĕ÷ìþô þìĕîô÷, øÿîúĀôėýúóôô ĕìøöúüĒ íú þìĆøôùöÿùìùðìïúù îì āìüôðúüúù, ôùăÿùôù 
ôðúüìöÿùôô óìāôüìĕúô þñāùôöĒ îì øúððĒ þìĕþô ùìóúüìþô øÿþìøìüöìó ėìüúü øñïôüìùð. Ðìü 
íìāĄô öôĄúîìüóĒ, öô íú þìĎõôüúþô øìîýôøĒ, Ąôöìùìùðìïôô øìĕýÿ÷úþ îì ûìüúöìùðìïôô 
ôýþñĕýú÷úþ ì÷úėìøìùð ìýþ, ôù üìîôĄ ùìėĄô øÿĕôø øñíúóìð. 

Ìøýô÷ìô øìóöÿü ôøöúù øñðôĕìð, öô íú øÿþþìĕôð öìüðìùô þìøúøô ôĄþôüúöăôČùô 
óìùĔôüìô ÷úïôýþôöĒ íì ùôóúøô ôþþô÷úúþôô ċïúùì, ôøöúùô ùìóúüìþô øÿĀìýýì÷ô üìîìùðĕú, 
ðìýþüìýôô ĀìîüĒ íì øìĆ÷ÿøúþ îì ėìíÿ÷ô ėìüúüĕúô úïúĕúùì þìĆøôù øñĄìîìð. Íìüúô 
ôùþôėú÷ô øìĕýÿ÷úþô þñóîìõüúùĄìîìùðì, öô íì øÿĕ÷ìþô öĘþúĕô þìĕîô÷ ĉĕþôČĔ ðúüìùð, 
ăÿùôù ĕìøúĕìùïĒ ìĕìøøôċþô ĕì÷öÿùìùðì ðúüìð. 

Þôíėô þìĕėôėúþô ë.Î. Üô÷Ċö, Ú.Ø. Ðċăöúîì îì Ô.Ì. ßýûñùýöôõ íúüöìĄúùôô 
øìĕýÿ÷úþô óÿðîìõüúùĄìîìùðì íú ùìė÷ôČþô ìîþúøúíô÷Ē āÿýÿýôċþĕúô þñāùôöĒ îì þìĄöô÷ôô 
āúý ðúüìð [11; 10]. ëöñ ìó Ĕôĕìþĕúô øÿĕôøøô ôù ùôóúø - ċïúùìýúóôô þì÷ìíúþ îì üìîìùðĕúô 
øìüíÿþ íì ĕìø÷ÿ ùìė÷ øñíúĄìð. Ôù íì þìþíôėô ûüúþúöú÷ĕúô ċïúùìô íìýþìíìùðĒ, øñĆČüĕúô 
ýìùôþìüôîÿ þñāùôöĒ îì Ąìüþùúøìĕúô ùìøÿùìîĒ îúíìýþìïĒ ðúüìð. Ôù ïÿùì ýþìùðìüþýúóĒ íì 
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ĕôĀóô ýôĀìþô øìĕýÿ÷úþ ĕìùïúøô ôùþôėú÷ øÿýúôðìþ ùìøÿðì, āìüúĔúþô ôóúĀĒ îì îìėþüú 
öúĕôĄ øñðôĕìð. 

Úøô÷ô ðôïìüñ, öô ðìü ýìøìüìùúöôô ôù üìîôĄ ùìėĄô øÿĕôø øñíúóìð, ĔúüĒ ùìøÿðìùô 
þñāùú÷úïôċô üìėìøĒ îì ýôýþñøìĕúô ìîþúøìþôöÿùúùôðìĄÿðì øñíúĄìð. Ôùĕú ùì þìùĕú 
íìüúô ùìóúüìþô îúýôþìĕúô ùìė÷ôČþ ðìü îìėþô îúėñĒ øÿýúôðìþ øñöÿùìùð, íì÷öô ôøöúùôċþ 
øñðôĕìùð, öô þìĕ÷ô÷ô āìîĀĕú ìùĔúø ðúðì, íì ĕú÷ìþĕúô ĎìõüôăìĄøðúĄþ Āìîüìù ûúýÿā ðúðì 
Ąìîìð.  

Çìøăÿùôù, ùôóúøô øìüöìóúùôðìĄÿðì þìėîôċþô ùôóúøô íìüïìüðúùôðìùô óìüĀĕú îì 
ðôïìü ÷ìîúóôøúþüú íì ôýþñĕýú÷öÿùìùðìïúù þìĆøôù øñùìøúċð, öô ôù íì öúĕôĄô þìĆýôüô 
øÿĕôþô óôýþ îì ýìüĀìô āìüúĔúþ øÿýúôðìþ øñöÿùìð [5]. 

Ìó ðôðïúĕô üÿĄðô ðìî÷ìþĒ, þìþíôėô ôù ìøýô÷ì íì þìðíôüĕúñ ùôČó ðúüìð, ìó ėìíô÷ô 
þìĆýôýô øìüöìóĕúô ÷úïôýþôöôô øôùþìėìîĒ, þìöøô÷ô ôùĀüìýúāþúüô ùìė÷ôČþĒ îì ðìýþïôüôô 
ðìî÷ìþĒ ðìü Ąìö÷ô ýÿíýôðôċĕú. Ðìü øôùþìėìĕúñ, öô ĕìĔøô ôýþñĕýú÷ô øìĕýÿ÷úþô 
öôĄúîìüóĒ íì÷ìùð ìýþ, þìĆýôýô ăÿùôù øìüöìóĕú Ąìüúôþ Āìüúĕìø øñúüìð, öô ôùþôėú÷ô 
øìĕýÿ÷úþ íì øìüöìóĕúô þìėýôøúþ Č ýúðôüúþ ìó ċö ùÿėþìô øÿþìøìüöìó ìøì÷Ē ïìüðìð. 

Ðìü øìėú÷ìô Ì.Ì. Ýûñöþúü üúĕĕúô þìöøô÷ô þìĄöô÷ îì ôðúüìöÿùôô ôùþôėú÷ô íúü íú 
îúýôþìô ùìė÷ôČþô ìîþúøúíô÷Ē øìîüôðô þìĕ÷ô÷ ėìüúü ïôüôĀþììùð [14]. Íìüúô þìþíôėô 
ýìøìüìùúöôô ôù üìîôĄ, ôùăÿùôù þìõČü ùìøÿðìùô øÿþìāìýýôýúù îì üÿĄðô øì÷ìöìĕúô öìýíĒ 
ðìü ýúĕìô ÷úïôýþôöìô öôĄúîìüóĒ óìüÿü ìýþ. Íìüúô öôĄîìüĕúô ðìü ĕú÷ô üÿĄð, öô íìāĄô 
öôĄúîìüóĒ ĕôýýìô ùìóìüüìýñ ðìü ôėþôýúðô øô÷÷Ē îì ĄÿĎ÷ô ìĕú÷Ē ðúüìð, îì÷ñ ÷úïôýþôöìô 
úù ĕìùĘó ùúûÿüüì üÿĄð ČĀþììýþ, ôù øìýĆì÷ì ðúüúô ìĕìøøôċþô îôòì øñíúĄìð. 

Ðìü ùìþôĔì, øñþìîúù āÿ÷úýì öìüð, öô ìøýô÷ìô øìüöìóúùôðìĄÿðìô ĕìø÷ÿ ùìė÷ô 
øìĕýÿ÷úþô öôĄúîìüóĒ íú ôýþôĀúðì ìó îúýôþìĕúô ùìė÷ôČþô ìîþúøúíô÷Ē, ĕìøăÿù îúýôþìô 
ýþüìþñïĒ íìüúô íì÷ìùð íìüðúĄþìùô ýìøìüìùúöĒ îì ÿýþÿîúüôô Ąìíìöìĕúô ÷úïôýþôöĒ ìøì÷ 
øñöÿùìð.  

Ðìü üôýú÷ìô ðúöþúüôô Î.Ì. Ðñøôù ÿýÿ÷ĕúô íìùìėĄìïôüĒ, þìĄöô÷ô ÷úïôýþôöì îì 
ôðúüìöÿùôô öúøû÷ñöýĕúô ìùíúüĒ ðìü ýôýþñøìô ùìė÷ôČþĒ þìĕėôė Ąÿðììùð [4]. ëöñ ìó 
íìüþìüôĕúô øÿĕôøøô ùôóúøô øìüöìóúùôðìĄÿðì ðìü úù ìýþ, öô þìøúøô óîñùúĕúô óìùĔôüô 
þìĆøôùúþ ðìü ðúôüìô ċö øìüöìó ôðúüì îì ĕìøúĕìùï öìüðì øñĄìîìùð. ÔĔüúô ăÿùôù ìøì÷ 
ôøöúù øñðôĕìð, öô øìĆ÷ÿøúþô ðìėôė îì îúėñĒ ðìü íúüìô ĕìĔø, ùìîĆ îì ĔúõïôüĄìîôô 
øìĕýÿ÷úþô öôĄúîìüóĒ ĔìøĆúîìüĒ îì þìĕ÷ô÷ Ąìîìð. Øÿþìøìüöìóýúóôô üìîìùðĕú Ąìüúôþô 
íñĕþìüüú íìüúô ùôïúĕðúüôô øìĕýÿ÷úþô óÿðîìõüúùĄìîìùðì, íì øôý÷ô øñîì îì ýìíóìîúþ 
Āìüúĕìø úîìüðì, þì÷ìĀúþô úùĕúüú öúĕôĄ øñðôĕìð îì ýôĀìþô ùôĕúôô øìĕýÿ÷úþüú ùôïúĕ 
øñðúüìð. 

Íìüúô ôýþñĕýú÷öÿùìùðìïúùô āÿüð îì āúĔìïôĕúô ðñĕúþ ùôó ăÿùôù ùôóúø Āúôðìúîìüþìü 
øñïìüðìð [3]. Úùĕú øñþìîúùìùð íôðÿùô āìüúĔúþô öì÷úù øìĕýÿ÷úþô āÿðüú íì øìüöìóĕúô 
ýìîðú üìýúùìùð îì þìîìýýÿþô Ąìíìöìĕúô ÷úïôýþôöĒ āìüôðúüúùüú ûìõðú ùìøúċùð.  

ÙìėĄô ôùĀüìýúāþúüô ùìė÷ôČþĒ ðìü þìĄöô÷ô ýìøìüìùúöô ôùþôėú÷ô øñîìĔúþ. 
ÔùĀüìýúāþúüô ùìė÷ôČþô ìîþúøúíô÷Ē ĕìøăÿù ĔÿóĆô öì÷ôðôô ùôóúøô ÷úïôýþôöĒ, ðìü 
þìĆøôùô ôùþôėú÷ô íúýôĀìþ îì ýìüôîìėþôô øìĕýÿ÷úþô öôĄúîìüóĒ, āÿýÿýìù øñîìĕúô 
óÿðîìõüúùĄìîìùðì, ìĕìøøôċþô āúýýì ðúüìð. áÿýÿýôċþĕúô ùúóÿöô íôú÷úïôô øñîìĕú, íì 
øúùìùðô ĕìýýúýôċþ íì ĕìüúüìþ îì úýñíûìóôüĒ ðìü ùìþôĔìô þìĆýôüô íñüÿùì, óìüÿüìþô 
þìĄöô÷ô ùôóúøô øÿìýýôüô ùìė÷ôČþôüú íì øôČù øñúüìùð. 

Þôíėô þìĕ÷ô÷ô Ù.Î. ÞôøúĄöúîì, þìĄìööÿ÷ô ìüóôĄô íúüöìĄúùĒ ðìü ĕìîóìô íìĕüôô 
Ąôøú÷ÿ ĎìüíĒ íì øìĔøÿô úøô÷ĕúô ôėþôýúðĒ îì ôùĀüìýúāþúüĒ îúíìýþì øñíúĄìð [6]. 
ÔùĀüìýúāþúüô øÿúýôüô ùìė÷ôČþĒ øìĔøÿô ÿùýÿüĕúô øÿĕìùðôýôîÿ þñāùôöĒ øñíúĄìð, öô íì 
úù üúĕĕú, ûÿ÷ĕú, ùìėíĕú, ôýþïúĕĕú îì úíĆñöþĕúô ðôïìü Ąúøô÷ìùð. Íì ýôĀìþô ôùþôėú÷, 
ìøùôċþô íúü îì ùôïúĕðúüôô āúýôċþĕúô øìĕýÿ÷úþ úøô÷ĕúñ ăÿù üĘõûĘĄô üúĕ, ì÷úøìþïÿóúüôô 
ðÿüÿýþ, üìîĄìùùìøúĒ îì ùÿėþìĕúô āôóøìþüìýúùôô þñāùôöĒ þìĆýôüô íñîúýôþì ðúüìùð. 
Íìüúô ùìîĆĕúô ùúóÿöô øñîìĕú, ìó ėìíô÷ô ìùïÿü Č ĄìĀþú÷ÿ, ôùĀüìýúāþúüô íúĉĆþôøúð îì 
ĔìîúíïĘ íì þì÷ìíúþô øÿúýôü øÿĕôøþìü øñïìüðìð. 

Ûìõîìýþ íÿðìùô üúĕĕúô øìĕì÷÷Ē íú ðú÷úùĕúô ìýúýôô ùìė÷ôČþĒ Ąìüúôþ Āìüúĕìø 
øñúüìð, þú ôùþôėú÷ íú āìüĔô öìøþìü îì ðìü øÿĕ÷ìþô öĘþúĕþìü ìùĔúø Číìð. Ôù ïÿùì 
ûìõîìýþĄìîĒ ùì þìùĕú ýÿüĆìþô üìýúùôðìùô íúüüú óôČð øñöÿùìð, íì÷öô āìîĀô þì÷ìĀúþô 
øìĕýÿ÷úþüú ùôó öúĕôĄ øñðôĕìð [9]. Ô÷úîì íìü ôù, þìĆýôýô øìüöìóĕúô ÷úïôýþôöĒ íú 
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þìĔĕôóúþô øÿĔìĕĕìó, ìó ėìíô÷ô ýôýþñøìô āÿùÿööÿùĒ îì íúüĀìüúüôô ìîþúøìþĒ, íìüúô 
ôùþôėú÷ô íñāìþìüôô øñîìĕú, íìāÿýÿý ðìü øìýôüĕúô ðÿü óìüÿü øñíúĄìð. 

Ùìė÷ôČþô øìāýÿý, ìó Ĕÿø÷ì ìîþúøúíô÷ĕúô āÿùÿööÿùìùðì (üñĀüôòñüìþúüĕú) îì 
Āÿüïúùĕúô ôóúþñüøĒ, ôøöúùôċþ øñðôĕìùð, öô ĕìüúüìþô óìüÿüĒ ĕìùïúøô ôùþôėú÷ ùôïúĕ 
ðúĄþì Ąìîìð [1]. Íú ôýþôĀúðì ìó þñāùú÷úïôċô üìėìøĒ, ùìóúüìþ îì þìùóôøô øÿĕôþô ðúāô÷ô 
îúýôþìô ùìė÷ôČþ íì þìîüô ĀìîüĒ îì ðìėôė ìùĔúø øñČíìð, öô ôù íì ÿýþÿîúüôô óìùĔôüìô 
þìĆøôùúþ øÿýúôðìþ øñöÿùìð. 

ÆúüĒ ùìøÿðìùô ėìüúüĕúô üìėìøĒ, ìîþúøìþôóìþýôċô ĕÿĔĔìþïÿóúüĒ îì ĕôýúíÿ 
íìùìėĄìïôüĒ, ĕìøăÿùôù, üÿĄðô û÷ìþĀúüøìĕúô ĕìøïôüú, ĕìøöúüôô øÿìýýôü øôČùô 
ôýþñĕýú÷öÿùìùðìïúù, Ąôüöìþĕúô ùìė÷ôČþĒ îì ùÿėþìĕúô ĀÿüĘĄüú þìĆøôù øñöÿùìùð [7]. Ôù 
üìîìùð ĄìĀĀúĀôċþ îì ĕìøúĕìùïôô óìùĔôüìô þìĆøôùúþüú þìėîôċþ øñíìāĄìð [7]. 

Îì÷ñ ċö ėìþúü øÿĄöô÷úþ íúėĒ øúùðììùð. Üúĕĕúô Āìüýÿðì, ùìíÿðìùô þìĔĕôóúþô öúĀôô 
āÿùÿööÿùĒ îì öìøíÿðô ôùĄúúþô ùôïúĕðúüĒ, øìāýÿýìù ðìü ðñĕúþ îì øìĕì÷ĕúô ðÿüðìýþ, 
üìîìùðô ôùþôėú÷üú ðÿĄîúü øñýúóìùð. Íúüñ, öô ðìü øìîýôøĕúô øÿìõċù ðìü ĕìĔøô óôČð 
îúüôð øñïìüðìð, íì Ąìíìöìô ùìė÷ôČþĒ ĀôĄúü øñúüìð îì ùôČó íì ăúüìĕúô Āìîüôüú íì øôČù 
øñúüìð. Ìó Ĕÿø÷ì, íÿùČðô ùÿėþìĕúô øÿîìėėìþôô íúüĀìüúüĒ îì óôČð öìüðìùô Ąÿøúüìô 
îúýôþìĕúô ùìė÷ôČþ óìüÿü øñïìüðìð. 

Çìøóìøúù, ôøöúùôċþĕúô óôČð íìüúô üÿĄðô ôùĀüìýúāþúüô ýúĕì îÿĔÿð ðúüìùð. 
Íìüùúøìĕúô ĕÿöÿøìþĒ úôð íì þìĆøôü îì ùìîýúóôô üúĕĕú, ðìýþïôüôô āìüôðô ìîþúøúíô÷ĕúô 
øìāýÿý îì þìĆýôýô øìüöìóĕúô ÷úïôýþôöĒ ðìü ùìóðô øôùþìėìĕúô ôýþñĕýú÷ôô öôĄúîìüóĒ 
øñþìîúùìð íì íì÷ìùð ïìüðôðìùô ýìþĕô āôóøìþüìýúùĒ îì üìėúíìþûìóôüôô øìĕýÿ÷úþô 
øìĕì÷÷Ē øÿýúôðìþ öÿùìð [2]. 

ØÿîúĀôėô þìĕ÷ô÷ô Ð.ê. Ýì÷öú îì Î.Î. Ùôöú÷ìñî, ĕôýúí îì þìĕ÷ô÷ô üìîìùðĕúô 
÷úïôýþôöĒ ðìü íúüöìĄúùôô íìĕüĒ íú ÿýÿ÷ĕúô óìøúùìîĒ ìýúýùúö Ąÿðììùð [13]. Øÿĕôø ìýþ, 
öô øìüöìóĕúô ÷úïôýþôöĒ ðìü ùìóðôöôô øôùþìėìĕúô ôýþñĕýú÷ôô øñîì îì ôùăÿùôù ðìü 
ùÿėþìĕúô ïÿøüÿöĒ îì ýìüĕìðĒ Ĕúõïôü Ąìîìùð. Ôù ôėðúø íì öìø Ąÿðìùô îìėþô ôùþôóúüĒ, 
öúĕôĄô āìüúĔúþô øìĆøÿüĒ îì ýÿüĆìþíìāĄôô ôùþôėú÷ øÿýúôðìþ āúĕìð öìüð.  

Ðìü øìĔøÿĆ, üÿĄðô ôùĀüìýúāþúüô ùìė÷ôČþô ìîþúøúíô÷Ē Ąìüþô øÿĕôøøô þìĆøôùô 
ôùþôėú÷ô íúýìøìüô øñîìĕú íì ĕôýúí øñüìîìð. Ùìîýúóôô þñāùôöĒ, îúüôð öìüðìùô 
þñāùú÷úïôċô üìėìøĒ îì ïÿýþìüôĄô ĕìøöúüĒ øôČùô ýúāþúüĕúô ðìî÷ìþĒ îì íìāĄô āÿýÿýĒ, 
ôøöúù øñðôĕìùð, öô ôùĀüìýúāþúü íì þì÷ìíúþô øÿúýôü øÿþúíôė ïìüðìð. Ôù þìĎõôüúþ 
øñþìîúùìð öìĀú÷ìþô ýôĀìþô íì÷ìùð îì ýìüôîìėþôô üìýúùôðìùô øìĕýÿ÷úþô öôĄúîìüóôüú 
Āìüúĕìø úüìð. 

Ðìü ÞúĔôöôýþúù ùôó íú ùìóìüðúĄþô ôėþôðúüô íÿóÿüïô ôýþñĕýú÷ô øñîìĔúþ, þìþíôėô 
ăÿùôù ÿýÿ÷ ìĕìøøôċþô āúýýì ðúüìð. Çìø÷ÿ ùìė÷ô øñîì ìó îô÷úċþĕúô ÝÿĎð, áìþ÷úù îì 
øôùþìėìĕúô öĘĕôô þúíñô ĔÿøĕÿüĒ íì Ąìĕüĕúô öì÷úùô öôĄîìü îì ĕìþþú íì āúüôĔô úù, íúċð 
þìîìýýÿþô ùôóúøô øìüöìóúùôðìĄÿðì íì üúĕ øúùðì Ąìîìð. Ðìü ôù óìøôùì, óìüÿüìþô 
þìĄöô÷ô øìüöìóĕúô ÷úïôýþôöôô øìĕì÷÷Ē, öô íú ùÿėþìĕúô ùôïúĕðúüĒ, þìĔĕôóúþô āÿùÿööÿùĒ 
îì îúýôþìĕúô ùìė÷ôČþôô øìāýÿý øÿĔìĕĕìóìùð, āñ÷ñ øÿĕôø øñíúĄìð.  

Çú÷ìþô ôýþñĕýú÷ô øñîìĔúþ ðìü Ąìĕüô áÿĔìùð. Ðìü Ąìĕüô áÿĔìùð îì ÿøÿøìù ðìü 
ĕÿðÿðô îô÷úċþô ÝÿĎð, ôýþñĕýú÷ô øñîìĔúþ ðìü ėìþúüô ýúĕìĕúô øÿĕôøøô ôėþôýúðĒ ėìüúü 
ðúüìð îì ðìü ýú÷ĕúô úāôü íì ċöñ ìó ýìøþĕúô ìĀóì÷ôċþùúöô üÿĄðô ðñĕúþ îì ýìùúìþô 
āĘüúöîúüĒ þìíðô÷ ČĀþììýþ. Íú ðìüùìóìüðúĄþô ôė÷ôøô øÿýúôðô øôùþìėì, öô Ąìüúôþô 
øÿùúýôíüú íìüúô ûìüîìüôĄô ìöýìüô ùìîĆĕúô øñîìĕú Āìüúĕìø øñúüìð, ôøöúùôċþĕúô îìýñô 
üÿĄðô íúĎðúüĒ îì ôýþñĕýú÷ô øñîìĕúô ïÿùúïÿù øÿĕìõČ ïìüðôðììýþ. Ìó Ĕÿø÷ì, ûìüîìüôĄô 
øñîìĕúô øìĆøÿ÷ñ ăÿù óìüðú÷ÿ, ýñí, ùúö îì ìùïÿü ðìü Ąìĕüô áÿĔìùð îì ðôïìü Ąìĕüÿ 
ùìîúĕôô îô÷úċþô ÝÿĎð ċöñ ìó îìýô÷ìĕúô ìýúýôô þìĆøôùô íúóúü íú øìĕýÿ÷úþô îìþìùĒ îì 
ýúðôüúþô úù íì ĕôýúí øñüìîìð. 

ØìĆ÷ÿøúþ úôð íì ôýþñĕýú÷ô øñîìĔúþ ðìü îô÷úċþô ÝÿĎð øÿîúĀôėô Ąìĕüÿ ùúĕôċĕúô 
íìüúô 5 ýú÷ô úāôü ðìü Ĕìðîì÷ô 1 úîìüðì Ąÿðììýþ. 

Ôù ôėþôðúü ùì þìùĕú ĉĕþôČĔúþô ðúāô÷ôô ìĕú÷ôüú ėúùñĆ øñýúóìð, íì÷öô Ąìüúôþô 
ýúðôüúþô øñîìĕúô þìüÿ þúóì îì āÿĄöüú íì öôĄîìüĕúô āúüôĔĒ, ìó Ĕÿø÷ì Üÿýôċ, Éìóúėôýþúù 
îì ÌĀĎúùôýþúù Āìüúĕìø øñúüìð [12]. Ôė÷ôøô ïìüøÿ úĀþúíôô Ąôøú÷ô ÞúĔôöôýþúù, āÿýÿýìù 
ðìü îúðôô àìüĎúùì, öô ėôýøô óôČðô îô÷úċþô ÝÿĎðüú ðìü íìü øñïôüìð, íìüúô üìýôðìùô 
íìüøìĕì÷ô øñîì îì ùôïúĕðúüôô ðìüúóøÿððìþô úù øÿýúôð ìýþ. 
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Æìðîì÷ô 1. ØìĆ÷ÿøúþ úôð íì ôýþñĕýú÷ô øñîìĔúþ ðìü Ąìĕüÿ ùúĕôċĕúô îô÷úċþô ÝÿĎð íìüúô 5 
ýú÷ô úāôü (þúùùì) 

Table 1. Data on fruit production in the cities and districts of Sughd region for the last 5 years (tons) 
Ĝ äìĕüÿ ùúĕôċĕú Ýú÷ĕú 

2020 2021 2022 2023 2024 
1.  Ìõùô  501 14404 2743 4153 5837 
2.  ÌĄþ 27918 7492 9877 58020 56822 

3.  Í.ÀìĀÿüúî 31563 15265 18395 3957 34171 
4.  ÍĘýþúù - 2 3 3 3 
5.  Ïÿ÷ôýþúù 21 10 11 10 11 
6.  ÐñîìĄþôă 7877 10887 12998 6995 10685 

7.  ÓìĀìüúíúð 1272 678 472 333 576 
8.  ÔýþìüìîĄìù 10017 10152 10524 12737 19147 
9.  Ôýþôė÷ú÷ 1 1 2 2 2 
10.  ÔýĀìüì 24351 13548 27494 43723 51082 

11.  Öúùôíúðúø 23740 17734 21838 41075 44946 
12.  ÖĘĕôýþúùô Øìýþăúĕ 3210 4305 5550 5775 6557 
13.  Øìýþăúĕ 1063 683 1375 1432 1921 
14.  ÛìùĔìöñùþ 2735 4957 5638 7442 10089 

15.  Ýûôþìøñù 1086 493 534 867 1403 
16.  áÿĔìùð 93 12 12 4 5 
17.  Æ. Üìýÿ÷úî 3844 3714 4338 5109 7085 
18.  äìĕüôýþúù  303 2012 2673 2884 3603 

 ÇìøìïĒ ðìü îô÷úċþ 139395 93349 124447 222521 253945 
ÝìüăìĄøì: Æìðîì÷ íú ôýþôĀúðì ìó ìðìíôČþô [9] þìüþôí ðúðì Ąÿðììýþ. 

 

Þìĕ÷ô÷ô óìüÿüìþô ïÿóìüôĄ íì ùôóúøô øìüöìóúùôðìĄÿðìô ĕìø÷ÿ ùìė÷. ÏÿóìüôĄ íì 
Ąìö÷ô øìüöìóúùôðìĄÿðìô ôùþôėú÷ô øñîìĕú íú îúýôþìĕúô ùìė÷ôČþô ìîþúøúíô÷Ē, ĕìøăÿù 
ċö ĔÿóĆô øÿĕôøøô ýôČýìþô üÿĄðô ôėþôýúðôČþô Æÿøĕÿüôô ÞúĔôöôýþúù, ìĕìøøôċþô 
ìĀóúċùðì ûìõðú øñöÿùìð. Ðìü óìøúùñ öô þì÷ìíúþ íì øìĕýÿ÷úþô þìüÿ þúóì íúýÿüĆìþ 
øñìĀóúċð, ýúāþúüô ûìüúöìùðìô öÿùÿùôô ĕìø÷ÿ ùìė÷ ėúíô÷ôċþô ĔìîúíïĘ íÿðìù íì ùôČóĕúô 
îúėñôô íúóúüüú ìó ðìýþ øñðôĕìð. Ôù ÿýÿ÷ ìýúýìù íì ĀìĆú÷ôċþô øÿýþìėô÷ô 
ôýþñĕýú÷öÿùìùðìïúù, þúĔôüúù îì ôùþôėú÷ðôĕìùðìïúùô āÿýÿýĒ þìöċ øñöÿùìð, öô ðìü ùìþôĔì 
ĕñĔ ïÿùì ĕìøúĕìùïýúóôô ċïúùì íì ùìóìü ùìøñüìýìð. ÔýþôĀúðìô ùìė÷ôČþô ĄìāýĒ îì ôĔúüì, 
öô íôðÿùô íìùìėĄìïôüôô øìüöìóĒ ìùĔúø ðúðì øñĄìîìð, ýìøìüìùúöôô ÿøÿøôô ùôóúøüú 
öúĕôĄ øñðôĕìð. 

Ðìü øÿėúôýì, ùôóúøô øÿþìøìüöìóô ĕìø÷ÿ ùìė÷ ôøöúùôċþ Āìüúĕìø øñúüìð, öô þìøúøô 
ĔìüìČùĕú ¬ ìó ĔìøĆúîìüôô øìĕýÿ÷úþ þú üìýúùôðìùô úù íì ùÿėþìĕúô ĀÿüĘĄ ¬ øÿþúíôėô 
ùìėĄì îì þìĕþô ùìóúüìþô ċïúùì ìøì÷Ē ïìüðìùð. Ðìü ôù ĕú÷ìþ, ôýþôĀúðìô ùìė÷ôČþ 
øÿîúĀôėô ĕìĔø îì āÿýÿýôċþô øìĕýÿ÷úþ íìùìėĄìïôüĒ Ąÿðì, ìó þñāùú÷úïôċĕúô øìāýÿý, ìó 
Ĕÿø÷ì ìîþúøúíô÷ĕúô ðúüúô öìøñüìĕúô āÿùÿööÿùìùðì, íìüúô ùôïúĕðúüôô ýôĀìþô øñîìĕú 
ôýþôĀúðì íÿüðì øñĄìîìð. Ôù þìðíôüĕú íì öúĕôĄô þì÷ìĀúþ îì íñĕþìü Ąÿðìùô ùìøÿðô 
óúĕôüôô øìĕýÿ÷úþ øÿýúôðìþ øñöÿùìùð. ëöñ ìó ýìíìíĕúô ìýúýôô þì÷ìĀúþô óôČð ¬ ùìíÿðìùô 
Ąìíìöìô ċïúùìô ôùĀüìýúāþúüĒ íìüúô íìùðÿíìýþ îì ùôïúĕðúüôô øìĕýÿ÷úþ øñíúĄìð. 
Øñîìĕú ìó øôùþìėìĕúô ïÿùúïÿù íú îúýôþìĕúô āÿýÿýĒ, öô ìöýìü îìėþ íñ Ąìüúôþô āÿùÿööÿùĒ 
îì øÿĕúĀôóìþ ôùþôėú÷ øñČíìùð, íì íúóúüĕúô ĄìĕüĒ üìýúùôðì øñĄìîìùð. Ôù îìóĆ þú 30%-ô 
øìĕýÿ÷úþüú þì÷ìĀ øñðôĕìð. 

ÏÿóìüôĄ íì ìøýô÷ìô øìüöìóúùôðìĄÿðì íúċð ùì þìùĕú ĕìøăÿù ôėðúøô ôėþôýúðôîÿ 
þñāùôöĒ, íì÷öô ĕìøăÿù ċö üúĕô üÿĄðô ÿýþÿîúüô öúøû÷ñöýô ìïüìüĒ-÷úïôýþôöĒ ìüóČíĒ 
ïìüðìð. 

ÛñĄùôĕúðĕú úôð íì íñĕýúóôô þìĆøôùúþô øìüöìóúùôðìĄÿðìô øñîìĕú. Þìþíôėô ìøýô÷ìô 
ùìîô ĕìø÷ÿ ùìė÷ô øìüöìóúùôðìĄÿðì ċöñ ìó øìýúô÷ô øÿĕôø îì ýìüôîìėþĒ ðìü üìîìùðô 
øúðñüùôóìþýôċ îì þìöøô÷ô ùôóúøô ĕìø÷ÿ ùìė÷ô ìîþúøúíô÷Ē øìĕýÿí øñČíìð, öô ìĕìøøôċþô 
úù ðìü ýìøìüìùúöôô ôðúüìöÿùôô ĔìüìČùĕúô íúüöìĄúùĒ, öìø ùìøÿðìùô āìüúĔúþô ôýþñĕýú÷Ē 
îì íì÷ìùð íìüðúĄþìùô ýôĀìþô āôóøìþüìýúùĒ íì øÿĄþìüôČù óÿĕÿü øñČíìð. Ðìü Ąìüúôþô 
üÿĄðô ôėþôýúðô íúóúüĒ îì üìėúíìþô ìĀóúċùðì ðìü íúóúüô ùìė÷ôČþ, óìüÿüìþô ïÿóìüôĄ ìó 
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ÿýÿ÷ĕúô ûìüúöìùðìô ĕìø÷ÿ ùìė÷ íì ýìøþïôüôô ùôóúøùúö îì øìüöìóúùôðìĄÿðì íì øôČù 
úøìðììýþ .  

Ìøýô÷ìô øìüöìóúùôðìĄÿðì, öô ĕìøăÿù ċö ùôóúøô ÷úïôýþôöôô ûìõîìýþì îì 
ĕìøúĕìùïýúó ìøì÷ øñöÿùìð, ôøöúùôċþ Āìüúĕìø øñúüìð, öô þìøúøô øìüĕô÷ìĕúô ĕìø÷ÿ ùìė÷ 
¬ ìó ėìíÿ÷ îì ùôïúĕðúüôô øìĆ÷ÿøúþ, íì ùìėĄì ïôüôĀþìùô øìýôü îì þìėýôøúþô îúýôþìĕúô 
ùìė÷ôČþĒ þú üìýúùôðìùô íúü íì øìöúùô þìĆôùĄÿðì ¬ þìîìýýÿþô ċö øìüöìóô ôðúüìöÿùĒ 
øÿþìøìüöìó ïìüðúùôðì Ąìîìùð. ØÿîúĀôėô Āúüøÿ÷ìô (1), øìĕýÿ÷ùúöôô ýú÷úùìô 
ìîþúøúíô÷ô íúüöìĄúù ĕìùïúøô þìĄöô÷ô ĕìø÷ÿ ùìė÷ô øñîìĔúþ íú ÿýÿ÷ô øìüöìóúùôðìĄÿðì 
íú øôóúĔúùô Ąìĕüô áÿĔìùð ĕôýúí öìüðì øñĄìîìð: 

ὡ̒ ̔̓
Ͻ̎̒ ϽϽ Ͻ˟˙

̆̄ Ͻ˟Ͻ̐ ̑
Ͻ‌̃ Ͻˑ̑ȟ̄ (1) 

ðìü ôù Ĕú qù - íúüíìüðúüôô ùúøôùì÷ôô ìîþúøúíô÷ô íúüöìĄúùô þìøĎìô Mercedes-Benz 
Atego 1224, þ; 

ɔý ¬ óìüôíô ôýþôĀúðìíìüôô íúüíìüðúüôô ìîþúøúíô÷ô íúüöìĄúùô þìøĎìô Mercedes-
Benz Atego 1224;  

ÞØ ¬ îìėþô öúüôô ìîþúøúíô÷ô íúüöìĄúùô þìøĎìô Mercedes-Benz Atego 1224 ðìü 
āìþýìõü, ýúìþ; 

Ŭî ¬ óìüôíô íìüúüôĄô ûìüöô ìîþúøúíô÷ĕúô íúüöìĄúùô þìøĎìô Mercedes-Benz Atego 
1224 íì āìþýìõü; 

Ðüï ¬ Ąÿøúüìô üĘóĕúô öúüôô ûìüöô ìîþúøúíô÷ĕúô íúüöìĄúùô þìøĎìô Mercedes-Benz 
Atego 1224 ðìü ċö ýú÷, üĘó.  

ὡ̒ ̏̌

χϽπȟψυϽπȟχϽςφϽχȟυ

ρς ςφϽπȟχϽπȟτ
ϽπȟψϽσπυ ρπςχω ̓ 

äÿøúüìô üĘõāìþô ûìüöô ìîþúøúíô÷ĕúô íúüöìĄúùô þìøĎìô Mercedes-Benz Atego 1224 
ĕìùïúøô þìĄöô÷ô ĕìø÷ÿ ùìė÷ô øñîìĔúþ íú ÿýÿ÷ô øìüöìóúùôðìĄÿðì íú øôóúĔúùô Ąìĕüô 
áÿĔìùð øÿîúĀôėô Āúüøÿ÷ìô (2) ĕôýúí öìüðì øñĄìîìð: 

ˍ̒ ̒

̒̏̌

̒̏̌
‌̃ȟ (2) 

Íìüúô ôùþôėú÷ô ĕìĔøô øÿìõċùô íúü ðìü ċö ýú÷, Ąÿøúüìô óìüÿüôô îúýôþìĕúô ùìė÷ôČþ 
ĕìùïúøô þìĄöô÷ô ĕìø÷ÿ ùìė÷ô øñîìĔúþ íú ÿýÿ÷ô øìüöìóúùôðìĄÿðì íú øôóúĔúùô Ąìĕüô 
áÿĔìùð íú Āúüøÿ÷ìô óñüôù øÿìõċù öìüðì øñĄìîìð: 

ˍ̒ ̒

ςπππππ
ρπςχω

πȟψ ςτ ́̃̓̏̍̏̂̉̌ 

Ðìü Ąìüúôþô Ĕÿøĕÿüôĕúô üĘ íì üÿĄð, ìó Ĕÿø÷ì ÞúĔôöôýþúù, þìþíôėô ìøýô÷ìô 
øìüöìóúùôðìĄÿðì øñþìîúùìð ċöñ ìó üúĕĕúô ýìøìüìùúöô íì÷ìùð íìüðúĄþìùô ýìøìüìùúöôô 
ùôóúøô ùìė÷ôČþĒ íúĄìð. Îúíìýþì íì Ąìüúôþô øìîĔÿðì, üÿĄðô ôùĀüìýúāþúüô üìėìøĒ, 
Āìüúĕìø úîìüðìùô óìøôùìô ĕÿėÿėĒ íìüúô ĕìøúĕìùïýúóôô íìõùô ýúāþúüĕú îì Āìüúĕìø 
ýúāþìùô ôøöúùôċþĕúô Ĕì÷íô ýìüøúċïÿóúüĒ íìüúô ùìîýúóôô ûìüöĕúô ùìė÷ôČþĒ îì 
þñāùú÷úïôċĕúô ÷úïôýþôöĒ ìĕìøøôċþô ìîîì÷ôùðìüìĔì ðúüìð.  

áÿ÷úýì. Þìþíôėô ìøýô÷ìô ùìîô ĕìø÷ÿ ùìė÷ô øìüöìóúùôðìĄÿðì ċö øìüĕì÷ìô øÿĕôø 
ðìü üÿĄðô ùôóúøô ùìė÷ôČþô ìîþúøúíô÷Ē øìĕýÿí ČĀþì, íì íì÷ìùð íìüðúĄþìùô ýìøìüìùúöôô 
ôðúüìöÿùôô ĔìüìČùĕúô íúüöìĄúùĒ, öìø öìüðìùô āìüúĔúþ îì íñĕþìüýúóôô āôóøìþüìýúùĒ íì 
øÿĄþìüôČù üìîúùì Ąÿðììýþ. Ôù ÿýÿ÷ ôýþôĀúðìô ĕìøúĕìùï îì øÿìýýôüô óìāôüìĕú, ìó Ĕÿø÷ì 
îúýôþìĕúô ùìė÷ôČþ, ôùĀüìýúāþúü îì ùñüÿô öúüôüú þìĆøôù øñùìøúċð. Ðìü ìýúýô ùìøÿùìô 
ìîþúøúíô÷ô íúüöìĄúùô Mercedes-Benz Atego 1224 ùôĄúù ðúðì øñĄìîìð, öô íú ôýþôĀúðì ìó 
ÿýÿ÷ĕúô ĕôýúííìüúüĒ, ôøöúùô øÿĄìāāìý ùìøÿðìùô øìĕýÿ÷ùúöôô ýú÷úùì îì Ąÿøúüìô 
óìüÿüôô îúýôþìĕúô ùìė÷ôČþ íìüúô ĕìø÷ÿ ùìė÷ô øÿìýýôü Āìüúĕìø ìýþ.  

Íñĕþìü ùìøÿðìùô þìĄöô÷ô þìĆøôùúþô øñîìĕú ðìü Æÿøĕÿüôô ÞúĔôöôýþúù íìüúô 
üÿĄðô ýúĕìô öôĄúîìüóĒ îì ôėþôýúðô øô÷÷Ē ìĕìøøôċþô öì÷ôðĒ ðúüìð. Íú ùìóìüðúĄþô 
ôė÷ôøô øÿýúôð îì ïÿùúïÿùôô øìĕýÿ÷úþô øñîìïĒ, óìüÿü ìýþ, öô ùôóúøô þìĆøôùúþ íú 
ðìüíìüïôüôô ÷úïôýþôöì, ùôïúĕðúüĒ, íìýþìíìùðĒ îì ôùþôėú÷ô ýìüôîìėþĒ íì þìîüô øÿìýýôü 
ýúóøúù ðúðì Ąìîìð.  
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Çìøúĕìùïýúóôô ýôýþñøìĕúô ÷úïôýþôöĒ îì þìĄöô÷ô þìĆøôùúþ íìüúô üÿĄðô ÿýþÿîúüô 
ôėþôýúðĒ îì íì÷ìùð íìüðúĄþìùô ýìøìüìùúöôô ĀìĆú÷ôċþô ôýþñĕýú÷ôîÿ āôóøìþüìýúùĒ 
ìĕìøøôċþô öì÷úù ðúüìð. Þìĕ÷ô÷ô ĀìĆú÷ôċþô ûìüöô ìîþúøúíô÷ĕúô Mercedes-Benz Atego 
1224 ùôĄúù øñðôĕìð, öô āìüúĔúþô ýú÷úùì íìüúô ôýþôĀúðì îì āôóøìþüìýúùĒ óôČðì ìó 7 
øô÷÷ôúù ýúøúùôüú þìĄöô÷ øñðôĕìð, öô íú ðìüúøìðô ÿøÿøôô íñĄ ìó 10,7 øô÷÷ôúù ýúøúùĒ 
øÿėúôýì øñĄìîìð. Çôýúíĕú ùôĄúù øñðôĕìùð, öô Āúôðìô ýúĀ 3,5 øô÷÷ôúù ýúøúùĒ íÿðì, 
øÿĕ÷ìþô íúóïìĄþô ýìüøúċïÿóúüĒ 2,3 ýú÷üú þìĄöô÷ øñðôĕìð. Íú ôýþôĀúðì ìó ýôýþñøìĕúô 
ôþþô÷úúþôô ċïúùì îì ĕìøöúüĒ øôČùô ĕìøìô ôĄþôüúöăôČùô óìùĔôüìô þìĆøôùúþ, øñþìîúù 
ôðúüìöÿùôô ýìøìüìùúöô ÷úïôýþôöì îì öúĕôĄô āìüúĔúþüú þìĆøôù ùìøÿð. Íìüúô ôù, 
þìþíôėô øñāìùôóøĕúô ĕìøöúüôô øÿìýýôü îì û÷ìþĀúüøìĕúô üìėìøôô øÿĄþìüìö óìüÿü ìýþ. 

Þìĕėôėúþô øìóöÿü þôíėô ùìėĄìô öúüĕúô ô÷øĒ-þìĕėôėúþôô öìĀñðüìô ìîþúøúíô÷ĕú îì 
ôðúüìöÿùĒ ðìü ùìė÷ôČþô ÐúùôĄöìðìô ûú÷ôþñāùôöôô ÐúùôĄïúĕô þñāùôöôô ÞúĔôöôýþúù íì 
ùúøô ìöìðñøôö Ø. ÚýôøĒ ðìü Ąìĕüô áÿĔìùð íìüúô ýú÷ĕúô 2025-2029 þìĕþô ÿùîúùô 
©Íì÷ìùðíìüðúüôô ýìøìüìùúöĒ îì ýôĀìþô āôóøìþüìýúùôô ùìė÷ôČþĒ ðìü îô÷úċþô ÝÿĎðª, öô íú 
ýÿüìþĔì÷ìýìô ìîþúøúíô÷ĕú îì ôðúüìöÿùĒ ðìü ùìė÷ôČþ ìó 28.11.2024, Ĝ4 þìýðôė Ąÿðììýþ, 
ìøì÷Ē öìüðì øñĄìîìð.  

 

ɸɼɸɹʀɪʊ 

1. ɸʢʘʝʚʘ, ɺ.ʈ. ɸʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ: ʋʯʝʙʥʠʢ / ɺ.ʈ. ɸʢʘʝʚʘ. ïʄ.: ʆʙʱʝʩʪʚʦ ʩ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ "ʀʟʜʘʪʝʣʴʩʪʚʦ "ʂʥʦʈʫʩ", 2024. -328 ʩ.  

2. ɹʘʰʠʢʦʚ, ʀ.ʊ. ʉʦʩʪʦʷʥʠʝ ʧʝʨʝʚʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʛʦʨʥʳʭ ʜʦʨʦʛ ʊʘʜʞʠʢʠʩʪʘʥʘ / ʀ.ʊ. ɹʘʰʠʢʦʚ, ɿ.ʀ. ɹʘʰʠʢʦʚ // 

ʅʘʫʢʘ ʠ ʠʥʥʦʚʘʮʠʷ. ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ. ʉʝʨʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ. ï 2025. 

-ˉ2. ïʉ.74-83, (ISSN-2664-1564)  

3. ɺʘʢʫʣʝʥʢʦ, ʉ.ʇ. ʊʨʘʥʩʧʦʨʪʥʦ-ʣʦʛʠʩʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʧʝʨʝʚʦʟʢʘʭ ʛʨʫʟʦʚ: 

ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʥʘʧʨʘʚʣʝʥʠʡ ʤʘʛʠʩʪʨʘʪʫʨʳ çʊʝʭʥʦʣʦʛʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʮʝʩʩʦʚè, çʅʘʟʝʤʥʳʝ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳè / ʉ.ʇ. ɺʘʢʫʣʝʥʢʦ, ʖ.ɺ. ʇʝʨʝʩʚʝʪʦʚ, ʅ.ʖ. ɽʚʨʝʝʥʦʚʘ. ïʄ.: 

ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʨʘʥʩʧʦʨʪʘ (ʄʀʀʊ), 2024. -113 ʩ.  

4. ɼʝʤʠʥ, ɺ.ɸ. ʄʝʪʦʜʦʣʦʛʠʷ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʦ-ʩʢʣʘʜʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʚ 

ʪʨʘʥʩʧʦʨʪʥʦʣʦʛʠʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ: ʜʠʩ. ... ʜʦʢ. ʪʝʭ. ʥʘʫʢ: 05.22.10 / ɺʘʩʠʣʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ɼʝʤʠʥ. ïʄ., 

2019. -306 ʩ.  

5. ɿʘʯʝʰʠʛʨʠʚʘ, ʄ.ɸ. ʇʨʦʙʣʝʤʳ ʣʦʛʠʩʪʠʢʠ ʧʝʨʝʚʦʟʢʠ ʩʢʦʨʦʧʦʨʪʷʱʠʭʩʷ ʛʨʫʟʦʚ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ / ʄ.ɸ. 
ɿʘʯʝʰʠʛʨʠʚʘ, ʀ.ʆ. ʊʝʩʣʝʥʢʦ // ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʚʦʧʨʦʩʳ ʪʨʘʥʩʧʦʨʪʘ. ï 2020. -ˉ1(1). -ʉ.41-47.  

6. Øôùþìėìĕúô Æÿøĕÿüôô ÞúĔôöôýþúù // Ìïñùþôô úøúüô ùìóðô Ûüñóôðñùþô Æÿøĕÿüôô ÞúĔôöôýþúù. ¬
ÐÿĄìùíñ, 2024. ¬329 ý. [Øìùíìô ĉ÷ñöþüúùĒ]. URL : https://www.stat.tj/ru/vypushen-statisticheskij-sbornik-
regiony-respubliki-tadzhikistan-2024/ (ýìùìô øÿüúĔôìþ: 15.05.2025). 

7. ʇʨʘʚʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʦʪʥʦʰʝʥʠʡ ʚ ʩʬʝʨʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʝʨʝʚʦʟʦʢ: ʂʦʣʣʝʢʪʠʚʥʘʷ ʤʦʥʦʛʨʘʬʠʷ / ʆ.ɺ. 
ɻʨʠʜʥʝʚʘ, ʉ.ɼ. ʃʝʚʠʥ, ɸ.ɸ. ʅʝʟʥʘʤʦʚʘ [ʠ ʜʨ.]. -ʈʷʟʘʥʴ: ʀʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴ ʂʦʥʷʭʠʥ ɸʣʝʢʩʘʥʜʨ 

ɺʠʢʪʦʨʦʚʠʯ, 2024. -154 ʩ.  

8. Üìĕôøúî, Ì.Ì. ØìĄĎÿ÷ôċþô ìøì÷Ē ĕìøăÿù ĉ÷ñøñùþô øÿĕôøøô øÿýþìĕöìø ùìøÿðìùô ðúùôĄĕú ìó Āìùĕúô 
þìíôĒ-ÜôČóĒ îì íú ÿýÿ÷ĕúô øÿúýôü þìĄöô÷ ùìøÿðìùô úùĕú ðìü ðúùôĄïúĕĕúô ú÷ôô þñāùôöĒ / Ì.Ì. Üìĕôøúî 
// ÛìČøô ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù. ¬ 2025. -No.1. -P.314-319. ¬ EDN ZMOFAR.  

9. Üìĕôøúî, Ì.Ì. ÔýþôĀúðìô ìøýô÷ìýúóôô öúøûĊþñüĒ íìüúô øÿìõċù öìüðìùô ùìøÿðĕúô āìþ ðìü ăñùìöĕúô 
ïÿùúïÿù ðìü üìîìùðô þìĆ÷ôøô Āìùùô øìþñøìþôöì / Ì.Ì. Üìĕôøúî // ÛìČøô ÐúùôĄïúĕô øô÷÷ôô 
ÞúĔôöôýþúù. ¬ 2024. -No.5. -P.237-244. ¬ EDN IEZLEU.  

10. Üìĕôøúî, Ì.Ì. ßýÿ÷ĕúô ïÿùúïÿùô þìĕ÷ô÷ô ìøýô÷ìýúóôô öúøûĊþñüĒ ĕìùïúøô úøĘóôĄô Āìý÷ĕúô 
øìþñøìþôöìô ú÷Ē îì ôùþôāúíô ðÿüÿýþô úùĕú ðìü üìîìùðô þìĆ÷ôø / Ì.Ì. Üìĕôøúî, Ý.Ö. Ôýøúô÷úîì // ÛìČøô 
ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù. ¬ 2025. -No.10. -P.358-365. ¬ EDN AFJZST.  

11. ʈʳʣʶʢ ʗ.ɺ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʝʨʝʚʦʟʢʠ ʩʢʦʨʦʧʦʨʪʷʱʠʭʩʷ ʛʨʫʟʦʚ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ / 

ʗ.ɺ. ʈʳʣʶʢ, ʆ.ʄ. ɼʴʷʯʢʦʚʘ // ɸʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ. ï 2023. -ˉ1. -ʉ.193-196.  

12. Ýì÷ôøúî, Ô.Ô. ÙìėĄ îì øìîėñô Āìùùô þìĄöô÷ô ĕìø÷ÿ ùìė÷ îì ôðúüìöÿùĒ ðìü ùìė÷ôČþô ìîþúøúíô÷Ē ðìü 
úøúðì ùìøÿðìùô øÿþìāìýýôýúù ìó üĘõô ýìøþô ùìė÷ôČþô ìîþúøúíô÷Ē / Ô.Ô. Ýì÷ôøúî, Ì.Ì. Üìĕôøúî, Ø.Ð. 
Íúíúñî // ÛìČøô ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù. ¬ 2024. -Ĝ10. ¬P.352-358. ¬ EDN HFWPBC  

13. ʉʘʣʴʢʦ, ɼ.ʖ. ʋʯʝʪ ʠ ʘʥʘʣʠʟ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ ʤʦʨʩʢʠʤ ʪʨʘʥʩʧʦʨʪʦʤ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / 

ɼ.ʖ. ʉʘʣʴʢʦ, ɺ.ɺ. ʅʠʢʦʣʘʝʚ. -ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ: ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, 2024. -41 ʩ.  

14. ʉʧʝʢʪʦʨ, ɸ.ɸ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚʳʤ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ / ɸ.ɸ. 

ʉʧʝʢʪʦʨ // ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ï 2024. -ˉ2(16). -ʉ.35-43.  

15. ʋʯʠʨʦʚʘ, ʄ.ʖ. ʆʨʛʘʥʠʟʘʮʠʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ / 
ʄ.ʖ. ʋʯʠʨʦʚʘ. ïʄ.: ʆʙʱʝʩʪʚʦ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ "ʈʫʩʘʡʥʩ", 2024. -88 ʩ.  

  

https://www.stat.tj/ru/vypushen-statisticheskij-sbornik-regiony-respubliki-tadzhikistan-2024/
https://www.stat.tj/ru/vypushen-statisticheskij-sbornik-regiony-respubliki-tadzhikistan-2024/


205 

 

ÞÌäÖÔ×Ô ÇÌØ×ß ÙÌÉ×Ô ØÑÎÌÆÚÞ ÍÚ ßÝß×Ô ØÌÜÖÌÓÚÙÔÐÌäßÐÌ ÍÌ ØÔÓÚÆÚÙÔ 
äÌÇÜÔ áßÆÌÙÐ 

Þìĕėôėúþ íì øìýĆì÷ìô þìĄöô÷ô ĕìø÷ÿ ùìė÷ô øñîìĔúþ íú ÿýÿ÷ô øìüöìóúùôðìĄÿðì íì øôóúĔúùô Ąìĕüô 
áÿĔìùð íìāĄôðì Ąÿðììýþ. Ðìü Ąìüúôþô ìĀóúôĄô ĕìĔøô ôýþñĕýú÷ô øñîì îì ýìíóìîúþ ðìü Ąìĕüÿ ùúĕôċĕúô 
îô÷úċþô ÝÿĎð, íìāÿýÿý ðìü ìþüúĀô Ąìĕüô áÿĔìùð, óìüÿüìþô íì÷ìùð íìüðúĄþìùô ýìøìüìùúöôô ĕìø÷ÿ ùìė÷ô 
øìĕýÿ÷úþô öôĄúîìüóĒ íì íúóúüĕúô ôýþñĆøú÷Ē îì ùÿėþìĕúô ĀÿüĘĄ øñìĀóúċð. äìĕüô áÿĔìùð ĕìøăÿù øìüöìóô 
íÿóÿüïô ôėþôýúðôô Ąôøú÷ô öôĄîìü ùì þìùĕú íì þì÷ìíúþô ìĕú÷ôô øìĕì÷÷Ē āôóøìþ øñüìýúùìð, íì÷öô ĕìøăÿù 
øìüöìóô ûìĕùöÿùìùðìô øìĕýÿ÷úþ íì øôùþìėìĕúô ðôïìü ùôó íìüúøìð øñöÿùìð. Ðìü øìėú÷ì øìýĆì÷ìĕúô ĕìø÷ÿ 
ùìė÷ô øìĕýÿ÷úþô öôĄúîìüóĒ þìîìýýÿþô ùìė÷ôČþô ìîþúøúíô÷Ē þìĕėôė öìüðì Ąÿðì, þìĄöô÷ô ĕìø÷ÿ ùìė÷ô 
øñîìĔúþ íú ÿýÿ÷ô øìüöìóúùôðì ûñĄùôĕúð Ąÿðììýþ. Ìøýô÷ìô øìüöìóúùôðìĄÿðì, öô ĕìøăÿù ċö ùôóúøô 
÷úïôýþôöôô ûìõîìýþì îì ĕìøúĕìùïýúó ìøì÷ øñöÿùìð, ôøöúùôċþ Āìüúĕìø øñúüìð, öô þìøúøô øìüĕô÷ìĕúô ĕìø÷ÿ 
ùìė÷ - ìó ėìíÿ÷ îì ùôïúĕðúüôô øìĆ÷ÿøúþ, íì ùìėĄì ïôüôĀþìùô øìýôü îì þìėýôøúþô îúýôþìĕúô ùìė÷ôČþĒ þú 
üìýúùôðìùô íúü íì øìöúùô þìĆôùĄÿðì -þìîìýýÿþô ċö øìüöìóô ôðúüìöÿùĒ øÿþìøìüöìó ïìüðúùôðì Ąìîìùð. 
Øñþúðú÷úïôċô þìĕėôėúþ ìýúýìù íìü ûúċô þìĕ÷ô÷ô ùôóúøĒ, øúðñ÷ýúóôô ùìė÷ôČþĒ, úøĘóôĄô øÿėúôýìîĒ îì 
þìĕėôėúþô úøúüĒ íÿùČð ČĀþììýþ. ÙìþôĔìĕúô þìĕėôė øñþìîúùìùð ĕìøăÿù ìýúý íìüúô ėìíÿ÷ô ėìüúüĕúô ìøì÷Ē 
ðìü ýúĕìô þìĄöô÷ô ýìøìüìùúöô ĕìø÷ÿ ùìė÷ô øìĕýÿ÷úþô öôĄúîìüóĒ ôýþôĀúðì Ąìîìð. Ôùăÿùôù øìėú÷ì íìüúô 
øìėúøúþĕúô øìĕì÷÷ôô ôĔüúôċ, øÿĕìùðôýúùô ùìė÷ôČþ îì ðôïìü øÿþìāìýýôýúùô ýúĕì ĕìøăÿù øìùíìô ôþþô÷úúþĒ 
îì ìøì÷ôô øÿĕôøøô þìĕėôėúþĒ āôóøìþ øñùìøúċð. 

Öì÷ôðîúòìĕú: ùìė÷ôČþ, ôùĀüìýúāþúüô ùìė÷ôČþĒ, íúüöìĄúùĒ, øÿýúĀôüöìĄúùĒ, þìĄöô÷ô ýìøìüìùúöô 
ĕìø÷ÿ ùìė÷, ĔìüìČùĕúô ùìė÷ôČþĒ, þñāùú÷úïôċĕúô üìėìøĒ, ĕìø÷ÿ ùìė÷ô øìüöìóúùôðìĄÿðì. 

 

ʆʈɻɸʅʀɿɸʎʀʗ ʎɽʅʊʈɸʃʀɿʆɺɸʅʅʆʁ ʊʈɸʅʉʇʆʈʊʀʈʆɺʂʀ ʌʈʋʂʊʆɺ ʇʆʂʋʇɸʊɽʃʗʄ ɻʆʈʆɼɸ 

ʍʋɼɾɸʅɼɸ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʚʦʧʨʦʩʫ ʦʨʛʘʥʠʟʘʮʠʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʬʨʫʢʪʦʚ ʧʦʪʨʝʙʠʪʝʣʷʤ ʚ 

ʛʦʨʦʜʝ ʍʫʜʞʘʥʜʝ. ɺ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʨʫʢʪʦʚ ʠ ʦʚʦʱʝʡ ʚ ʛʦʨʦʜʘʭ ʠ ʨʘʡʦʥʘʭ ʉʦʛʜʠʡʩʢʦʡ ʦʙʣʘʩʪʠ, 

ʦʩʦʙʝʥʥʦ ʚʦʢʨʫʛ ʛʦʨʦʜʘ ʍʫʜʞʘʥʜʝ, ʚʦʟʨʘʩʪʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʨʳʥʢʠ ʠ ʚ ʪʦʯʢʠ ʧʨʦʜʘʞ. ɻʦʨʦʜ ʍʫʜʞʘʥʜ, ʢʘʢ ʢʨʫʧʥʳʡ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʮʝʥʪʨ ʩʝʚʝʨʘ ʩʪʨʘʥʳ, ʦʙʩʣʫʞʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʪʨʝʙʥʦʩʪʠ ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʥʦ ʠ ʚʳʩʪʫʧʘʝʪ ʚ 

ʢʘʯʝʩʪʚʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ ʜʣʷ ʧʨʦʜʫʢʮʠʠ ʚ ʜʨʫʛʠʝ ʨʝʛʠʦʥʳ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʨʛʘʥʠʟʘʮʠʷ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʬʨʫʢʪʦʚ. ʎʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʤʦʜʝʣʴ, ʜʝʡʩʪʚʫʶʱʘʷ ʢʘʢ ʥʝʧʨʝʨʳʚʥʘʷ ʠ 

ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʘʷ ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʧʦʟʚʦʣʷʝʪ ʮʝʥʪʨʘʣʠʟʦʚʘʪʴ ʚʩʝ ʵʪʘʧʳ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ï ʦʪ ʧʦʣʫʯʝʥʠʷ ʠ 

ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʘʨʰʨʫʪʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʜʦ ʜʦʩʪʘʚʢʠ ʛʨʫʟʘ ʚ ʧʫʥʢʪ 

ʥʘʟʥʘʯʝʥʠʷ ï ʯʝʨʝʟ ʝʜʠʥʳʡ ʮʝʥʪʨ ʫʧʨʘʚʣʝʥʠʷ. ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʘʥʘ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʚʦʝʥʥʦʤ 

ʘʥʘʣʠʟʝ, ʪʨʘʥʩʧʦʨʪʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʧʨʠʥʷʪʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ 

ʦʙʣʘʩʪʠ ʵʬʬʝʢʪʠʚʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʉʪʘʪʴʷ ʪʘʢʞʝ ʩʣʫʞʠʪ 

ʚʘʞʥʳʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʦʨʛʘʥʦʚ ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ, 

ʠʥʞʝʥʝʨʦʚ-ʪʨʘʥʩʧʦʨʪʥʠʢʦʚ ʠ ʜʨʫʛʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʩʧʦʨʪ, ʪʨʘʥʩʧʦʨʪʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʛʨʫʟʦʧʝʨʝʚʦʟʢʠ, ʧʘʩʩʘʞʠʨʩʢʠʝ ʧʝʨʝʚʦʟʢʠ, 

ʵʬʬʝʢʪʠʚʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʦʪʦʢʠ, ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ 

ʧʝʨʝʚʦʟʢʠ. 

 

ORGANIZATION OF CENTRALIZED TRANSPORTATION OF FRUIT TO CUSTOMERS IN KHUJAND  

The study is devoted to the issue of organizing the transportation of fruits by a centralized method to customers in 

the city of Khujand. In the conditions of increasing fruit and vegetable production in the cities and districts of the Sughd 

region, especially around the city of Khujand, the need to increase the efficiency of transporting agricultural products to 

consumer markets and points of sale is growing. The city of Khujand, as a major economic center of the north of the 

country, serves not only the needs of the local population, but also acts as a distribution center for products to other regions. 

The article examines the issues of transporting agricultural products by road and presents the organization of transportation 

of fruits by a centralized method. The centralized model, which acts as a continuous and coordinated logistics system, 

allows all stages of transportation - from receiving and storing information, planning the route and distributing vehicles to 

delivering cargo to the destination - to be centralized through a single management center. The research methodology is 

based mainly on military analysis, transport modeling, comparative studies, and statistical research. The results of the study 

can be used as a basis for making practical decisions in the field of effective organization of transportation of agricultural 

products. The article also serves as an important information and practical research resource for local executive authorities, 

transport engineers and other specialists in the field. 

Keywords: transport, transport infrastructure, freight, passenger transportation, efficient organization of 

transportation, transport flows, digital technologies, centralized model. 

 
ØìĆ÷ÿøúþ ðìü íúüìô øÿì÷÷ôĀ: Ýì÷ôøúî Ôöüúø Ôý÷úøúîôă - ÐúùôĄöìðìô ûú÷ôþñāùôöôô ÐúùôĄïúĕô þñāùôöôô 
ÞúĔôöôýþúù íì ùúøô Ø.Ý.ÚýôøĒ ðìü Ąìĕüô áÿĔìùð, ùúøóìðô ô÷øĕúô þñāùôöĒ, ðúþýñùþô öìĀñðüìô 
ìîþúøúíô÷ĕú îì ôðúüìöÿùĒ ðìü ùìė÷ôČþô Āìöÿ÷þñþô ýúāþøúù îì ùìė÷ôČþ. ÝÿüúĎì: 735700, Ą.áÿĔìùð, 
Æÿøĕÿüôô ÞúĔôöôýþúù, āôČíúùô Ôýøúô÷ô ÝúøúùĒ, 226. E-mail: logistik65@mail.ru. Þñ÷ñĀúù: +992 927710145 

mailto:logistik65@mail.ru


206 

 

 

ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʝ: ʉʘʣʠʤʦʚ ʠʢʨʦʤ ʀʩʣʦʤʦʚʠʯ - ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʊʘʜʞʠʢʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʄ.ʉ. ʆʩʠʤʠ ʚ ʛ. ʍʫʜʞʘʥʜʝ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʘʚʪʦʤʦʙʠʣʝʡ ʠ 

ʫʧʨʘʚʣʝʥʠ ̫ ʥʘ ʪʨʘʥʩʧʦʨʪʝ ʬʘʢʫʣʴʪʝʪʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʪʨʘʥʩʧʦʨʪʘ. ɸʜʨʝʩ: 735700, ʛ.ʍʫʜʞʘʥʜ, ʈʝʩʧʫʙʣʠʢʘ 

ʊʘʜʞʠʢʠʩʪʘʥ, ʧʨʦʩʧʝʢʪ ʀʩʤʘʠʣʘ ʉʦʤʦʥʠ, 226. E-mail: logistik65@mail.ru. ʊʝʣʝʬʦʥ: +992927710145 

 

Information about the author: Salimov Ikrom Islomovich - Polytechnic Institute of the Tajik Technical University 

named after M.S. Osimi in Khujand, candidate of technical sciences, associate professor of the department of automobiles 

and transport management, faculty of construction and transport. Address: 735700, Khujand city, Republic of Tajikistan, 

Ismail Somoni Avenue, 226. E-mail: logistik65@mail.ru. ʊʝʣʝʬʦʥ: +992927710145 

 
Øìėú÷ì íì üñðìöýôċ îúüôð Ąÿð: 10.03.2026 

Ìó þìėüôó íìüïìĄþ: 13.04.2026 
Íì ăúû þìîýôċ Ąÿð: 18.05.2026 

 
  

mailto:logistik65@mail.ru
mailto:logistik65@mail.ru


207 

 

ÞÐß: 656.13.08: 65.012.12 
ÖÚÙÝÑÛÝÔëÔ ÇÌÜÌÖÌÞÔ ÜÚÇ ÎÌ ÝÔÝÞÑØÌÔ ©ÜÚÙÌÙÐÌ ¬ ÌÎÞÚØÚÍÔ× ¬ 

ÜÚÇ ¬ ØßÇÔÞÔ ÓÔÝÞª 
 

ÍìĄôöúî Ô.Þ.  
ÐúùôĄöìðìô ûú÷ôþñāùôöôô ÐúùôĄïúĕô þñāùôöôô ÞúĔôöôýþúù íì ùúøô Ø.Ý.ÚýôøĒ ðìü 

Ąìĕüô áÿĔìùð 
 

Øÿėìððôøì. áÿýÿýôċþĕú îì ûüúí÷ñøìĕúô ĕìüìöìþô üúĕüú, ûñĄ ìó ĕìøì, ýôýþñøìô 
µÜúùìùðì - ìîþúøúíô÷ - üúĕ - øÿĕôþô óôýþ½ øÿìõċù øñöÿùìð. Ôù ýôýþñøìüú øñþìîúù ĕìøăÿù 
ĔÿóĆĕúô íì ĕìø ì÷úėìøìùðô "Üúùìùðì ¬ Ìîþúøúíô÷ ¬ Üúĕ" øÿìüüôĀĒ öìüð, öô ðìü øÿĕôþô 
ĕìüìöìþ öúü øñöÿùìùð (üìýøô 1). 

 
Üìýøô 1. Ýôýþñøìô "Üúùìùðì ¬ Ìîþúøúíô÷ ¬ Üúĕ"  

Figure 1. The "Driver - Vehicle - Road" system 

 
 
Ôýþô÷úĕô øÿĕôþô ùìė÷ôČþ ûôČðìïìüðúù îì úøô÷ĕúô úíÿ ĕìîúüú ðìü íìü øñïôüìð. 
Ðìü üúíôþì íì üúùìùðì, ôù íì ĕú÷ìþô ýì÷úøìþĒ, ýìþĕô úøúðìïĒ, ðìüìĔìô āìýþìïĒ îì 

Ďìõüì ðìā÷ ðúüìð. 
Ðìü üúíôþì íì ìîþøúíô÷ øñþìîúù ïÿĀþ, öô íì íñāìþìüôô üúùìùðìïĒ ìùðúóìĕúô 

ïñúøñþüôô úù, āúýôċþĕúô öìĄôĄ îì íúóðúüĒ, üìîĄìùĒ, íìüúĕìþôô Ĕúô öúüô üúùìùðì îì 
Ďìõüì þìĆýôü øñüìýúùìð [1; 10]. 

Ðìü üúíôþì íì üúĕ, ôùĕú āÿýÿýôċþĕú íì øúùìùðô ûìĕùúô üúĕô üúĕ, öúĉĀĀôþýôñùþô 
ûìõîìýþĄìîĒ, ĕìøîúü íÿðìùô ýìþĕ, ûìüìøñþüĕúô ïñúøñþüĒ îì Ďìõüì øñíúĄìùð. 

Øìėýìðô øìėú÷ì ¬ øÿìõċù ùìøÿðìùô íñāìþìüôô üúĕ ìó ĉĆþôøúðùúöôô ĔÿóĆĕúô íì 
ýôýþñøìô ÜÌÜØ ðúāô÷Ąÿðì îúíìýþì ìýþ. 

Ùìíÿðìùô ýôýþñøìô ÜÌÜØ íúôýô îìõüúù Ąÿðìùô öúüô úù øñïìüðìð (íìùðĄìîôô 
ĕìüìöìþô ùìė÷ôČþ, îìõüúùĄìîôô îúýôþìĕúô ùìė÷ôČþ, îìõüúùĄìîôô üúĕ, ýìðìøìĕúô 
ùìė÷ôČþĒ) [4; 6; 10]. 

Ðìü ýúāþúüô ýôýþñøì óñüýôýþñøìĕúô óñüôùüú Ĕÿðú öìüðìù øÿøöôù ìýþ: ÌÐ, ÎÌ, ÎÐ, 
ÝÎ, ÝÌ, ÝÐ. 

ßùýÿüô ìýúýôô ýôýþñøìô ÜÌÜØ óñüýôýþñøìô üúùìùðì ¬ ìîþúøúíô÷ (ÜÌ) øñíúĄìð. 
Øìėýìðô óñüýôýþñøìô ÜÌ ïÿóìüôĄ ìó ùÿėþìô X íì ùÿėþìô Y øñíúĄìð. äìüúôþô üúùìùðìïĒ 
îìóôĀìĕúô øÿĄìāāìýñüú íì îÿĔÿð øñúüìð, öô üúùìùðì íúċð úùĕúüú ĕì÷ öÿùìð, öô úùĕú íì 
þìĎõôü ðúðìùô ýÿüĆìþ îì þüìñöþúüôċô ùìė÷ôČþ îúíìýþììùð. áÿýÿýôċþô Āìüėöÿùìùðìô 
óñüýôýþñøìô ÜÌ ðìü úù ìýþ, öô íìü āô÷úĀô øìĄôùôýþ îì ÷Čþăôö, āÿðô üúùìùðì ùìėĄìô 
ăúüìíôùôĕúüú þìüþôí øñðôĕìð îì ăÿùúù öô úøúü ùôĄúù øñðôĕìð, øìĕó ðìü ĕìøôù øìüĕô÷ì 
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85...90% āìþúïôĕúñ, öô íúôýô Āì÷úöìþ øñïìüðìùð, üÿā øñðôĕìùð îì íôùúíìü ôù, íñāìþìüôô 
üúĕ ùôýíìþ íì ùìė÷ôČþô üúĕô úĕìù îì ĕìîúô āñ÷ñ ûìýþ ìýþ [4; 6; 10; 16]. 

Ðôìïüìøøìô ýúāþúüôô ýôýþñøìô ÜÌ-üú ðôðì øñíìüúñø. 
Øìîúðĕú îì ÿýÿ÷ĕú. Ðìü ìýúýô úíĆñöþô ôðúüìöÿùĒ îì Ąìüúôþô üúùìùðìïĒ, üúùìùðì 

îìóôĀìüú þìüþôí øñðôĕìð, øìüĄüÿþüú ôùþôāúí øñöÿùìð îì ÿýÿ÷ô ĕì÷÷ô øìýĆì÷ìüú øÿìõċù 
øñöÿùìð (ýÿüĆìþô ĕìððô ìöýìü, ýìøìüìùúöôô øìöýôøì÷Ē, ĉĆþôøúðùúöôô øìöýôøì÷Ē). Íì 
þìĄìööÿ÷ô îìóôĀì ÿý÷ÿíô üúùìùðìïôô üúùìùðì (āìĄøïôù îì āÿðíúîìü, úüúø îì ðô÷ûÿü, 
ùúíúîìü) þìĆýôüô öì÷úù øñüìýúùìð. Øÿþúíôėô îìóôĀìô íì øôČù ïÿóúĄþìĄÿðì ùìėĄìĕúô 
ăúüìíôùôĕú úôð íì üÿĄðô ĕú÷ìþô ĕìüìöìþ ðìü üúĕ (ÇÜÙ) þìĕôċ öìüðì øñĄìîìùð: ýÿüĆìþô 
Va, øìýúĀì d îì Āúýô÷ìô è øÿìõċù öìüðì øñĄìîìùð. 

Íì ôùþôāúíô ùìėĄìô öúü øìĕúüìþô üúùìùðì, āÿýÿýôċþĕúô øìĄôùì, Ąìüúôþô üúĕ 
þìĆýôü øñüìýúùìð [10; 16].  

 
Üìýø. 2. Ýúāþúüô ýôýþñøìô üúùìùðì ¬ ìîþúøúíô÷ 

Fig. 2. Structure of the driver-vehicle system 

 
ÔĔüúô ùìėĄìô ăúüìíôùôĕú ðìü ĕìüìöìþô ôðúüìĕúô ùìė÷ôČþ ôĀúðì øñČíìð. Ðìü 

ùìþôĔìô ăÿùôù ĕìüìöìþĕú ûìüìøñþüĕúô ĕìüìöìþô îúýôþìĕúô ùìė÷ôČþ þìĎõôü øñČíìùð: 
Çìüìöìþô ûñðì÷ô ýÿüĆìþ Sn íúôýô þìĎõôüČíôô ėÿîîìô öìĄôĄ Pþ øñïìüðìð, öô ôù íúôýô 
þìĎõôü ČĀþìùô ýÿüĆìþô Vì ¬þôô øúĄôù øñïìüðìð. Çìüìöìþô ûñðì÷ô þúüøúóô Snþ ėÿîîìô 
þúüøúóô Pþü íì îÿĔÿð úîìüðì, íúôýô ýÿýþĄìîôô ĕìüìöìþ øñïìüðìð, öô ýÿüĆìþô ĕìüìöìþô 
øúĄôùüú þìĎõôü øñðôĕìð. ÏìüðĄìîôô ăìüāô üÿ÷Ĉ Ŭü íì ïìüðôĄô ăìüāĕúô ôðúüìĄìîìùðì 
íú öÿùĔô ɗ úîìüðì øñüìýúùìð, ċĆùñ ûìõðúôĄô jy Ąôþúíô ûìĕ÷ÿĒ øñïìüðìð, öô þüìñöþúüôċô 
ĕìüìöìþüú þìĎõôü øñðôĕìð. Ìïìü ùúÿýþÿîúüôô ýìøþ (÷ìĎòôĄ) Č āìþìüô ăìüā óìðìù íì îÿėÿĆ 
úċð, üúùìùðì íúċð íì þìîüô ô÷úîì ùúÿýþÿîúüôô øúĄôùüú øÿĆþìðô÷ ýúóìð. Ðìü ôù ýÿüìþ 
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îìóôĀìñ, öô ðìü ùìóðô üúùìùðì ôýþúðììýþ, ðÿĄîúüþìü Ąÿðì, ĉĆþôøúðùúöôô ôðúüìöÿùĒ ûìýþ 
øñĄìîìð [10; 16]. 

ÙìþôĔìĕú. ÙìþôĔìô þìùóôøô ûìüìøñþüĕúô ĕìüìöìþô îúýôþìĕúô ùìė÷ôČþ ðìü Ąìö÷ô 
ýÿüĆìþô ßa, øìýúĀìô d îì Āúýô÷ìô b ìó Ĕúùôíô üúùìùðì ðìüö öìüðì øñĄìîìð, ċĆùñ 
ôþþô÷úúþô ĀôöüĒ øñíúĄìð îì íú ùìėĄìô ăúüìíôùôĕú øÿėúôýì öìüðì øñĄìîìð. Ìïìü ðìü 
íìõùô ùìėĄì îì ùìþôĔì ùúøÿîúĀôėĒ øÿĄúĕôðì öìüðì Ąìîìð, üúùìùðì ûìüìøñþüĕúô 
ĕìüìöìþô ùìė÷ôČþüú øÿîúĀôė øñöÿùìð, þú öô ôāþô÷úĀúþ íìüþìüìĀ öìüðì Ąìîìð. Ìó Ĕÿø÷ì, 
üúùìùðì ìó þüìñöþúüôċô ôùþôāúíöìüðììĄ ðÿü üìĀþìùô øúĄôùüú ûìõ ðìü ûìõ ôý÷úĕ 
øñöÿùìð [10]. 

ÙìþôĔìô ôðúüìöÿùôô ùìė÷ôČþ ðìü Ąìö÷ô øìýúĀìù þìõöìüðìô Sa, îìėþô ýìĀìü tn, 
ýìüĀô ýĘóôĄîúüĒ gs îì ĉĆþôøúðùúöôô ôðúüìöÿùôô ìîþúøúíô÷ R ôùĀúüøìþýôċô Āôöüÿ 
ìėôðì øñíúĄìð, öô ðìü ìýúýô úù üúùìùðì ðìü íúüìô óìüÿüìþô îúüôð ùìøÿðìùô þìĎõôüúþ íì 
ýÿûúüôĄô ôðúüì ėìüúü ėìíÿ÷ øñöÿùìð. 

äìüúôþĕúô øìĕðÿðöÿùìùðìñ, öô ðìü úù ýôýþñøìô ÎÌ øñþìîúùìð íú ðìėôėôô óìüÿüĒ 
öúü öÿùìð, ìó üĘô āúýôċþĕúô Āÿùöýôúùì÷ôô îúýôþìô ùìė÷ôČþ øÿìõċù öìüðì øñĄìîìð: ýÿüĆìþ 
îì íúóðúüĒ, ÿýþÿîúüĒ. Úùĕú ìüóôĄĕúô øìöýôøì÷ôô Ąôþúíüú øÿìõċù øñöÿùìùð, öô ĕìùïúøô 
Ąôþúí, íúóðúüĒ îì ĕìüìöìþô öìĔ íì ðìýþ úîìüðìù øÿøöôù ìýþ. ÏÿüĘĕô ðôïìüô āúýôċþĕú, öô 
ĉüïúùúøôöĒ ùúøôðì øñĄìîìùð, úýúùôô üúùðìùô øúĄôùüú þìîýôĀ øñöÿùìùð îì íì 
ėúíô÷ôċþô ìøì÷Ē öìüðìùô āúýôċþĕúô Āÿùöýôúùì÷ôô úù þìĆýôü øñüìýúùìùð. ãô ėìðìüñ 
ĉüïúùúøôöìô øúĄôù íì÷ìùð íúĄìð, ôðúüìöÿùôô úù ðìü ĕú÷ìþĕúô îìóùôù ĕìøúù ėìðìü 
íúĉĆþôøúðþìü ìýþ [4; 6; 10; 15]. 

Ðìü ùìóìüô ìîîì÷, ăÿùôù íì ùìóìü øñüìýìð, öô ýúāþìùô øúĄôùĕúô ðúüúô āúýôċþĕúô 
íì÷ìùðô Āÿùöýôúùì÷Ē îì ĉüïúùúøôöĒ øÿĄöô÷úþô íñāìþìüôüú ĕì÷ øñöÿùìð. Ðìü ìý÷, ĕìøì 
ăôó øÿüìööìíþìü Ąÿð. Úüñ, øú íú üúĕô þìöøô÷ ðúðìùô øìĄôùì ýìüĕìðĕúô ÷ôøôþĕúñüú 
îìýñĆ øñöÿùñø, öô ðìü ðúôüìô úùĕú ÿýþÿîúüôô ôðúüìöÿùôô øúĄôùüú þìĆøôù öìüðì 
øñþìîúùñø. Ìøøú üúùìùðì ĕìøôù, öô îìýñĆ Ąÿðìùô ýìüĕìðĕúô íñāìþìüôüú ĕôý øñöÿùìð, îìõ 
ùìėĄìô ìøì÷ôČþô āÿðüú þìĎõôü ðúðì, íúó íì ýìüĕìðô ĕìüìöìþô øÿĆþìðô÷ ùìóðôö øñĄìîìð 
[1; 2; 10]. 

Úðìø ôù ýìüĕìðĕúüú öúøô÷ìù ðìėôė øÿìõċù öìüðì ùìøñþìîúùìð. Îìėþñ öô 
ûìüìøñþüĕúô ùìėĄìô ìøì÷ôČþ íì úùĕú ùìóðôöìùð, üúùìùðì íì úýúùĒ ìó ĕÿðÿðô íñāìþìüĒ 
íñüÿù øñüìîìð. Ìó ôù üĘ, ýìíìíô 85...90%-ô ýìðìøìĕúô ùìė÷ôČþĒ āìþúïôĕúô üúùìùðì 
ĕìùïúøô ôùþôāúíô üúĕô ĕìüìöìþ øñíúĄìð, ċĆùñ āìþúïôĕúô üúùìùðì íú ôùþôāúíô ùúðÿüÿýþô 
ýÿüĆìþ, øìýúĀì îì Āúýô÷ìô ĕìüìöìþ, ùúðÿüÿýþ íìĕú ðúðìùô ôøöúùôċþô ôîìó öìüðìùô āìþĕú, 
íì āìþþô øÿėúíô÷ô ĕìüìöìþ ðìüúøìðìùô øúĄôùĕú îúíìýþì ìýþ. Îì þìùĕú ðìü 10...15% 
ĕú÷ìþĕú ýìíìíô ýìðìøì ĕìþþú ðìü ôĔüúô øìùČîü íìüúô íìüúøìðìù ìó ĕú÷ìþô Āìîėÿ÷úððì 
(öüôþôöĒ) øñíúĄìð. Íìüúô íñāþìü ùìøÿðìùô íñāìþìüôô ĕìüìöìþ ðìü üúĕ üìĀþúüô 
ìöýìüôċþô üúùìùðìïúùüú þìĎõôü ðúðì, āìîĀô úùüú öìø öìüðìù ÷úóôø ìýþ [10; 16]. 

Øúùñì ðìü ôù üúĕ ûìĕù ùìĄÿðìùô øñĆČüĕúô øìĕúüìþô üúùðìùô øúĄôù øñíúĄìð. Çìü 
ċö ĄÿüÿĆöÿùìùðìïúù îì ėôýøô óôČðô üúùìùðìïúùô íúþìĔüôíì íúîìüĒ ðúüìùð, öô ċïúùì 
ùôĄúùðôĕìùðìô øìĕúüìþ ýÿüĆìþ ìýþ. 

ãÿùôù üúùìùðì ðìü ĕìü Āÿüýìþ ìó üĘô íìāúðôāôô āÿð ýÿüĆìþüú þú ĕìððô ôøöúù óôČð 
øñöÿùìð îì ìó ýìíìíô āìþúïôĕú ðìü íìĕúðôĕôô ýÿüĆìþô ôĔúóìþðúðìĄÿðì ìó øñĆČüĕúô 
íñāìþìüĒ øÿùþìóìø óôČð øñĄìîìð. ÙìþôĔìô ĕìøôù ìýþ, öô ìîþúøúíô÷ĕúô ýìíÿöüìî ùìóìü íì 
ìîþúíÿýĕú 2 íìüúíìü îì ùìóìü íì øúĄôùĕúô íúüöìĄ 1,5 íìüúíìü óôČð íì Āì÷úöìþ ðÿăúü 
øñĄìîìùð. Çìüìöìþô ìîþúøúíô÷ ùúíìüúíìü íÿðì, ýÿüĆìþ îì ýÿýþĄìîôô Ąôððìþùúö ðúüìð. 
Ðìü ìý÷, ùôĄúùðôĕìùðìô øìĕúüìþ ĕìøîúü íÿðìùô ĕìüìöìþ, ėúíô÷ôċþô üìýôðìù íì øìöúùô 
þìĆôùĄÿðì íú ýÿüĆìþô øôČùìô úûþôøì÷Ē íú ýìüĀô ĕìððô ìėì÷ô ýĘóôĄîúüĒ îì óìāôüìĕúô 
ùìė÷ôČþ øñíúĄìð [2; 10; 14; 16]. 

Éìíÿ÷ô ėìüúü ðìü íúüìô þìĄöô÷ô ĕìüìöìþô üúĕ, íì ùìėĄì ïôüôĀþìùô öúüô 
ýôýþñøìĕúô ùìė÷ôČþ, íìĕú ðúðìù íì ýìøìüìùúöôô öúüô Ąìíìöìô öĘăìĕú îì üúĕĕú þìùĕú ðìü 
ìýúýô úøĘāþìùô ûìüìøñþüĕúô ĕìüìöìþô ùìė÷ôČþ îì øÿùúýôíìþĕúô íìõùô úùĕú ðìü Ąìüúôþô 
øÿĄìāāìý ôøöúùûìóôü ìýþ. 

Øÿĕúöôøì. Ðôìïüìøøìô ăúüüúĕì ýìøþĕúô ĔìüìČùĕúô ùìė÷ôČþüú ùôĄúù øñðôĕìð îì 
íúċð íì ċö ùôĄúùìô ÿøÿøôĄìĕüĒ (øìýì÷ìù, ôýþïúĕô üúĕô úĕìù, þñüøôùì÷ô ðìüČĒ, 
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Āÿüÿðïúĕ) ûìõîìýþ öìüðì Ąìîìð. Ýìøþô Ąôøú÷ ùôó ùôĄúù ðúðì Ąÿðììýþ, öô úù ðìü öÿùĔô 
üúýþô íú÷úôô îìüìė Ĕúõïôü Ąÿðì, íì öìùúüô íú÷úôô úù ôĄúüì øñöÿùìð [10; 14; 16]. 

Çìøôù þìüôė, ĔìøĆúîìüĒ îì öúüöìüðô øìĆ÷ÿøúþ ðìü íúüìô üúíôþìô íìõùô 
āÿýÿýôċþĕúô ìýúýôô ĔìüìČùô ĕìüìöìþô ùìė÷ôČþ ¬ Ąôððìþ, óôăĒ îì ýÿüĆìþ ¬ ėôýøô øÿĕôøøô 
ĀìĆú÷ôċþô ôðúüìöÿùôô ĕìüìöìþô ùìė÷ôČþ øñíúĄìð. 

äôððìþô ĕìüìöìþ - ôù Ąÿøúüìô îúýôþìĕúô ùìė÷ôČþñýþ, öô ìó ċïúù ėôþĆì Č ėôýøìþô 
üúĕ ðìü ċö îúĕôðô îìėþ øñïÿóìüìùð. Ìöýìü îìėþ, ċö ýúìþ ĕìøăÿù Āúýô÷ìô îìėþ ïôüôĀþì 
øñĄìîìð îì øÿþìùúýôíìù, Ąôððìþùúöôô ĕìüìöìþ ĕìøăÿù îúýôþìĕúô ùìė÷ôČþ / ýúìþ øÿìõċù 
öìüðì øñĄìîìð. Çìùïúøô ĕì÷÷ô íìĆóñ øìýĆì÷ìĕú øìĆ÷ÿøúþ ðìü íúüìô Ąôððìþùúöôô 
ĕìüüĘóì îì øôČùìô ýú÷úùìô ĕìüìöìþ ôýþôĀúðì øñĄìîìð. 

ëöñ ìó āÿýÿýôċþĕúô ìýúýôô þìĎõôü ČĀþìùô ôùþñùýôîôô ĕìüìöìþ ĕìüìöìþô ùúíìüúíìü 
íÿðìùô úù ðìü îìėþ îì Āìóú øñíúĄìð. ÞìĎõôüČíôô Ąôððìþùúöôô ĕìüìöìþô ùìė÷ôČþ ðìü 
ðìîúøô üĘó, ûñĄ ìó ĕìøì, íú øìîĔÿðôċþô ýúìþĕúô ýñüþìĄîôĄô ûìïúĕĒ îì Ąúø þìîýôĀ 
øñĄìîìð. Ðìü ôù ðìîüìĕú ĕìüìöìþô óôČðô ùìė÷ôČþ íì øÿĄúĕôðì øñüìýìð, öô íìüúô 
ôýþôĀúðìíìüìùðìïúùô üúĕ øÿĄöô÷ôĕúô óôČð íì îÿĔÿð øñúüìð. Ðìü ýúìþĕúô ýñüöúü íúüô 
ùìė÷ôČþ öìüôí 15%-ô íúüô Ąìíúùìüÿóüú þìĄöô÷ øñðôĕìð. ÏüìĀôöìô øìĆøÿ÷ôô þìĎõôüČíôô 
Ąôððìþùúöôô ĕìüìöìþ ðìü ðìîúøô üĘó ðìü üìýøô 1 ùôĄúù ðúðì Ąÿðììýþ [1; 6; 10]. 

 
Üìýøô 3. ÞìĎõôüČíôô Ąôððìþùúöôô ĕìüìöìþ ìó üĘô ýúìþĕúô üĘó 

Figure 3. Changes in traffic intensity by time of day 

 
 
Íì Ďìõü ìó ăñù öìüðìùô Ąôððìþô ĕìüìöìþ, þìüöôíô ĕìüìöìþô ùìė÷ôČþüú øÿìõċù öìüðìù 

÷úóôø ìýþ, öô úù íú þìùúýÿíô ùìîĆĕúô ïÿùúïÿùô ùìė÷ôČþ ðìü úù āúý ìýþ. Þìüöôíô ĔìüìČùô 
ùìė÷ôČþ íì íìùðĄìîôô üúĕĕú ìó ýìíìíô Āìüėôċþô ìùðúóìĕúô ÿøÿøôô îúýôþìĕúô ùìė÷ôČþ îì 
þúóìöÿùôô ðôùìøôöĒ þìĆýôü øñüìýúùìð. 

Ìùðúóìô ðôùìøôöĒ ïÿĀþì ¬ íì ėôþĆìô ĕìððô ìėì÷ô üúĕ íìüúô ĕìüìöìþô íñāìþìü ðìü 
ĔìüìČùô ĕìüìöìþ ðìü ýÿüĆìþô øÿìõċùô ùìė÷ôČþ ðìā÷ ðúüìð, öô ðìüúóôô úù ðìüúóôô îúýôþìô 
ùìė÷ôČþ îì øìýúĀìô íñāìþìüôüú ðìü íìü øñïôüìð [6; 10]. 

 
Üìýøô 4. Ìùðúóìĕúô ðôùìøôöôô ìîþúøúíô÷ 
Figure 4. Dynamic dimensions of the vehicle 

 
Lð ¬ ìùðúóìĕúô ðôùìøôöôô îúýôþìô ùìė÷ôČþ; La ¬ ðìüúóôô îúýôþìô ùìė÷ôČþ; d ¬ øìýúĀìô íñāìþìüĒ. 
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ØìýúĀìô íñāìþìüôüú øñþìîúù ĕìøăÿù ĔìøĆô øìýúĀìô íúóðúüĒ îì Āúýô÷ìô íñāìþìüĒ 
(öô 2...3 ø ėìíÿ÷ öìüðì øñĄìîìð), øÿìõċù ùìøÿð. 

d = Sþ + 2¢3, ø 
ØìýúĀìô íúóðúüĒ íú Āúüøÿ÷ìô óñüôù øÿìõċù öìüðì øñĄìîìð: 

ðìü ôù Ĕú V - ýÿüĆìþ, öø/ýúìþ;  
 ű ¬ öúĉĀĀôþýôñùþô ûìõîìýþĄìîĒ Ąôùìô ìîþúøúíô÷ íú üúĕô ìîþúøúíô÷ïìüð;  
 g ¬ Ąôþúí ìó ýìíìíô îìóùôùĒ, g = 9,81 ø/ý2;  
 t1 ¬ îìėþô üñìöýôċô üúùìùðì, ìöýìü îìėþ ðìü ĕôýúíĕú 0,8 ý þìāøôù öìüðì øñĄìîìð;  
 t2 ¬ îìėþô îúöÿùôĄô þúüøúó ìýþ. 
äôððìþô ĕìüìöìþüú øñþìîúù íú îúĕôðĕúô ĀôóôöĒ Č öìøĄÿðì (ìîþ/ý Č îúĕôð/ýúìþ) ăñù 

öìüð [10; 13]. Íìüúô íì îúĕôðĕúô öìøĄÿðì þìíðô÷ ðúðìù öúĉĀĀôþýôñùþô öìøĄìîôô Kûü 
ôýþôĀúðì øñĄìîìð, öô úù ĕìøăÿù þìùúýÿíô ðìüúóôô ìîþúøúíô÷ô ðúðìĄÿðì íì ðìüúóôô 
ìîþúøúíô÷ô ýìíÿöüìî øÿìõċù öìüðì øñĄìîìð. Óìüÿüìþô þìíðô÷ ðúðìùô øúĄôùô ýìíÿöüìîô 
øÿėìüüìüĒ íú ĕì÷÷ô øìýĆì÷ìĕúô ìøì÷ôô ôðúüìöÿùôô ĕìüìöìþ ì÷úėìøìùð ìýþ îì ìó 
Āìüėôċþô ìùðúóìĕúô ðôùìøôöôô îúýôþìĕúô ùìė÷ôČþ íì îÿĔÿð úøìðììýþ. Þìîýôċ ðúðì 
øñĄìîìð, öô ìüóôĄĕúô óñüôùô Kûü ïôüôĀþì Ąìîìùð: 

Ìîþúøúíô÷ĕúô ýìíÿöüìî ¬ 1;  
Øúþúýôöĕúô ċööì ¬ 0,5, íú ċðìö ¬ 0,75;  
ØúĄôùĕúô íúüöìĄ (íñāþìü ìýþ, öô ėúíô÷ôċþô íúüíìüðúüôô øúĄôùĕú íì ùìóìü 

ïôüôĀþì Ąìîìð, îì÷ñ ìïìü îìóùôù íúĄìð, ìüóôĄô øôČùì ïôüôĀþì øñĄìîìð) - 2,5; 
Ìîþúíÿýĕú ¬ 2,5;  
þüú÷÷ñõíÿýĕú ¬ 3,0;  
Ìîþúíÿýĕúô ėÿĄì îì þüú÷÷ñõíÿýĕú ¬ 4,0; 
Éìþúüìô ĕìüìöìþöÿùìùðì (îúíìýþì íì ôėþôðúüô íúüöìĄĒ) Č ìüóôĄô øôČùìô 4,0 [1; 6; 

10; 14]. 
äôððìþô ċö ýìøþüú ðìü îúĕôðĕúô ðúðìĄÿðì ăÿùôù ĕôýúí öìüðìù øÿøöôù ìýþ: 

 
öô ðìü úù Ĕú: Ni  ¬ ôùþñùýôîôô ùìė÷ôČþô ôù ùìøÿð, ìîþ/ýúìþ; 

 Öûü ¬ öúĉĀĀôþýôñùþô öìøĄìîĒ íìüúô ïÿüĘĕô øÿìõċùô îúýôþìĕúô ùìė÷ôČþ; 
 n ¬ Ąÿøúüìô ùìîĆĕúô îúýôþìĕúô ùìė÷ôČþ. 
Çôýúí öìüðìùô Ąôððìþùúöôô ĕìüìöìþ ðìü îúĕôðĕúô ðúðìĄÿðì íú Āúüøÿ÷ìô óñüôù 

ìùĔúø ðúðì øñĄìîìð: 

 
öô ðìü úù: qnü ¬ Ąôððìþùúöôô ĕìüìöìþ ðìü îúĕôðĕúô ðúðìĄÿðì; 

qi ¬ ôùþñùýôîôô ĕìüìöìþô ùìė÷ôČþô þôûô i;  
Öûüi ¬ öúĉĀĀôþýôñùþô öìøĄìîôô ìîþúøúíô÷ĕúô ùìîĆô i øñíúĄìð. 
ÌĀóúôĄô ýñüúðìøô Ąìíìöì úðìþìù ðìü ėôýøìþô øìüöìóôô Ąìĕüĕú îì øôùþìėìĕúñ, öô 

ĔìüìČùô íúü îì øÿýúĀôüúù íì îÿĔÿð øñúċùð, üÿā øñðôĕìð. 
Þìüöôíô ĕìüìöìþô ùìė÷ôČþ íì Ąìüúôþ îì ÿýÿ÷ĕúô ĕìüìöìþô îúýôþìĕúô ùìė÷ôČþ āñ÷ñ 

þìĆýôü øñüìýúùìð [10; 9; 16]. 
Ôù ìó ýìíìíô Āìüėôċþô ýôĀìþĕúô ðôùìøôöĒ îì þúüøúóô ìîþúøúíô÷ĕúô ýìíÿöüìî îì 

íúüöìĄ íì ìøì÷ øñúċð. 
ÝÿüĆìþô öìøþìüô øúĄôùĕúô íúüöìĄ ðìü øÿėúôýì íú øúĄôùĕúô ýìíÿöüìî 

üúùìùðìïúùô øúĄôùĕúô ýìíÿöüìîüú øìĔíÿü øñöÿùìð, öô íìüúô ùôïúĕ ðúĄþìùô øìĕðÿðôċþô 
ėúíô÷ô ėìíÿ÷ô ýÿüĆìþ ûñĄ ïÿóìüìùð. ØìùČîü ðìü Ąìüúôþô øìĕðÿðô ðôðìù ĕìùïúøô ìó ûìýô 
øúĄôùô íúüöìĄ úøìðìùô øúĄôùô ýìíÿöüìî ìùĔúø ðúðì øñĄìîìð îì ôùăÿùôù āìþìüô íì 
ýìðìøì ðÿăúü Ąÿðìùüú óôČð øñöÿùìð. 
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Þìėýôøúþô ìüóôĄĕúô úøô÷ĕúô öúĕôĄðôĕĒ íì øÿėúôýìô ìùðúóìĕúô ðôùìøôöôô 
ùìøÿðĕúô ïÿùúïÿùô ùìė÷ôČþ ìýúý ČĀþììýþ [1; 2]. 

Ìĕìøøôċþô ôýþôĀúðìô úøô÷ĕúô öìøöÿùĒ ĕìùïúøô ĕì÷÷ô øìýĆì÷ìĕúô ìøì÷ôô 
ôðúüìöÿùôô ėìüìöìþ ðìü øôýú÷ô þìĕ÷ô÷ô ýìüíúüôô ùìė÷ôČþ ðìü ăúüüúĕìĕúô öĘăìĕúô ðúüúô 
þìüöôíĕúô ïÿùúïÿùô ĕìüìöìþô ùìė÷ôČþ üìîĄìù ìýþ. 

Óôăôô ĕìüìöìþô ùìė÷ôČþ ìó üĘô Ąÿøúüìô îúýôþìĕúô ùìė÷ôČþ íì 1 öô÷úøñþüô üúĕ 
øÿìõċù öìüðì øñĄìîìð. Îúĕôðô ăñùöÿùôô óôăôô ĕìüìöìþô ùìė÷ôČþ îúýôþìĕúô ùìė÷ôČþ/öø 
øñíúĄìð. Íìüúíìüô óôČð Ąÿðìùô óôăôô ĕìüìöìþ øìýúĀìô íìõùô øúĄôùĕú öìø Ąÿðì, 
ýÿüĆìþô ĕìüìöìþ öìø øñĄìîìð, öúüô üúùìùðìïúù øñìĀóúċð, Ąìüúôþô ĕìüìöìþô ùėö÷ôČþ íìð 
øñĄìîìð. Óôăôô øìöýôøì÷ôô ĔìüìČùô þüìĀôö ðìü ĕú÷ìþĕúô ýñüöúüĒ íì ðìýþ øñúċð. 
Éôøìþĕúô ìðìðôô óôăôô øìöýôøì÷Ē íú þìüöôíô ĔìüìČù øÿìõċù öìüðì øñĄìîìùð. Íìüúô 
ĕìüìöìþô úøñāþì þìėüôíìù 100 øúĄôù/öø, íìüúô øúĄôùĕúô ýìíÿöüìî þú 150 øúĄôù/öø [8]. 

Íìüúô Āìĕøôðìùô Ąìö÷ĕúô þìĎõôüČíôô ĕú÷ìþô ĕìüìöìþô ùìė÷ôČþ ĕìùïúøô þìĎõôüČíôô 
ýìüíúüôô ùìė÷ôČþ îì ôùþôāúíô úėô÷úùìô øúðñ÷ô üìĀþúü, ûñĄ ìó ĕìøì, Āìĕøôðìùô üúíôþìô 
íìõùô Ąôððìþ, óôă îì ýÿüĆìþ óìüÿü ìýþ. ßøÿøìù, øÿùúýôíìþô íìõùô Ąôððìþ, óôă îì ýÿüĆìþ 
íú øÿúðô÷ìô ìýúýôô ĔìüìČùô þüìĀôö þìîýôĀ öìüðì øñĄìîìð: 

q = kv,  
öô ðìü ôù Ĕú: q ¬ Ąôððìþùúöôô ĕìüìöìþ;  

 k ¬ óôăôô ĕìüìöìþô ùìė÷ôČþ;  
 v ¬ ýÿüĆìþô ĕìüìöìþô ùìė÷ôČþ ìýþ. 
ÏüìĀôöìô øÿùúýôíìþô íìõùô Ąôððìþ îì óôă úðìþìù ĕìøăÿù ðôìïüìøøìô ìýúýôô 

ĔìüìČùô þüìĀôö ùúøôðì øñĄìîìð. Ðìü ôù ïüìĀôö Ąìö÷ĕúô ìýúýôô þìĎõôüúþ ðìü ĕú÷ìþô 
ĕìüìöìþô ùìė÷ôČþ ùôĄúù ðúðì Ąÿðììùð. Ùÿėþìô ýìüĕìðô ìîîì÷ íì Ąôððìþ îì óôăôô ýôĀü 
øÿîúĀôėìþ øñöÿùìð îì Ąìüúôþô úóúðô ĕìüìöìþüú þìîýôĀ øñöÿùìð. Ðìü ìîîì÷, ìĀóúôĄô 
óôăĒ íúôýô ìĀóúôĄô ĕìüìöìþô ùìė÷ôČþ øñïìüðìð îì ôù üìîìùð þú üìýôðìù íì ėúíô÷ôċþô 
üúĕ ôðúøì øñČíìð. ÌĀóúôĄô øôùíìĆðìô óôăĒ íúôýô āñ÷ñ íìð Ąÿðìùô Ąìüúôþô ùìė÷ôČþ, íì 
îÿĔÿð úøìðìùô íìùð îì öìø Ąÿðìùô Ąôððìþô ĕìüìöìþ øñïìüðìð. Ùÿėþìô ýìüĕìðôô ðÿĊø íì 
ėìþĆô ûÿüüìô ĕìüìöìþ ðìü óôăôô øìöýôøì÷Ē îì Ąôððìþô ýôĀü øÿîúĀôėìþ øñöÿùìð [5; 7; 12]. 

áÿ÷úýì. Ðìü ìýúýô øÿúðô÷ìô ìýúýôô ĔìüìČùô þüìĀôö þìùïñùýô öÿùĔô þìøúô÷ô îñöþúüô 
üìðôÿý, öô ìó ôíþôðúô ðôìïüìøøìô ìýúýĒ íì ċïúù ùÿėþìô ïüìĀôö öìĄôðì Ąÿðììýþ (ðìü ôù 
øìîüôð ùÿėþìô 1) ýÿüĆìþô ĕìüìöìþüú íú Ąôððìþ îì óôăôô ðúðìĄÿðì ùôĄúù øñðôĕìð. Ðìü 
þìĄöô÷ô ĕìüìöìþô üúĕ îúíìýþì íì ÿýÿ÷ĕúô ìùðúóìïôüôĊ ĕôýúíöÿùĒ íìüúô þìîýôĀô ýÿüĆìþ 
ôýþô÷úĕúþô øÿìõċùñ öúü öìüðì íìüúøìðì Ąÿðììýþ. 

ÝÿüĆìþô ĀìîüĒ ¬ ýÿüĆìþô ĕìüìöìþô ùìė÷ôČþ ðìü ĕìü ċö ėôþĆìô üúĕ øñíúĄìð. Ìùðúóìô 
ýÿüĆìþô ĀìîüĒ ðÿĄîúü ùñýþ, óñüú ìýíúíĕúô ïÿùúïÿùô ăñùöÿùôüú ôýþôĀúðì øñíìüìùð: 
ýúùôċýìùĔ, öô ïÿóìüôĄô ėôþĆìô ăñùĄìîìùðìüú ýìíþ øñöÿùìð; öìøñüìô îôðñúĒ; üìðìü; 
ðñþñöþúüô ùìė÷ôČþ. Ô÷úîì íìü ôù, íìüúô íì ðìýþ úîìüðìùô ùìþôĔìĕúô íúĉĆþôøúð, ýÿüĆìþô 
íôýČü øúĄôùĕúüú ðìü ĔìüìČùô ĕìüìöìþ ăñù öìüðìù øÿøöôù ìýþ, ìó ôù üĘ ýÿüĆìþô ĀìîüĒ ðìü 
ăúüìíôùôĕúô ìøì÷ôô ôðúüìöÿùôô ĕìüìöìþ íñĄþìü ôýþôĀúðì øñĄìîìð [1; 10; 12]. 

ÝÿüĆìþô Āìîüôô øúĄôùĕú ðìü ėôþĆìô üúĕ þìîìýýÿþô ăñù öìüðìùô îìėþô íìüúô þìõ 
öìüðìùô øìýúĀìô øÿìõċùô ìýúýĒ íìüúô øúĄôù øÿìõċù öìüðì øñĄìîìð. ØìýúĀìô íìõùô 
þìöċĕúô üĘĄùúôô ĕìøýúċüú øñþìîúù ĕìøăÿù øìýúĀìô ìýúýĒ ėìíÿ÷ öìüð. Ìýíúíĕúô óìüÿüôô 
ăñùöÿùĒ ýúùôċýìùĔ îì ÷ñùþì íìüúô ăñù öìüðìùô øìýúĀìô ìýúýĒ øíúĄìùð. Ûüúþúöú÷ô 
ìùðúóìïôüĒ ðôìïüìøøì îì Ĕìðîì÷ô øìĆ÷ÿøúþüú ðìü íìü øñïôüìð. 

Þìĕėôėúþô øìóöÿü þôíėô ùìėĄìô öúüĕúô ô÷øĒ¬þìĕėôėúþôô öìĀñðüìô ìîþúøúíô÷ĕú îì 
ôðúüìöÿùĒ ðìü ùìė÷ôČþô Āìöÿ÷þñþô ýúāþøúù îì ùìė÷ôČþ ÐúùôĄöìðìô ûú÷ôþñāùôöôô 
ÐúùôĄïúĕô þñāùôöôô ÞúĔôöôýþúù íì ùúøô Ø.Ý. ÚýôøĒ ðìü Ąìĕüô áÿĔìùð íìüúô ýú÷ĕúô 2026-
2030 þìĕþô ÿùîúùô µÍì÷ìùð íìüðúĄþìùô ýìþĕô íñāìþìüôô ĕìüìöìþ ðìü āìþýìõüĕúô 
îô÷úċþô ÝÿĎð½, öô íú ýÿüìþĔì÷ìýìô öìĀñðüì ìó 26.09.2024, Ĝ 2 þìýðôė ïìüðôðììýþ, ìøì÷Ē 
öìüðì Ąÿðììýþ. 
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ʇʆʅʗʊʀɽ ʆ ɼʆʈʆɾʅʆʄ ɼɺʀɾɽʅʀʀ ʀ ʉʀʉʊɽʄɽ "ɺʆɼʀʊɽʃʔ ï ɸɺʊʆʄʆɹʃʔ ï ɼʆʈʆɻɸ ï 

ʉʈɽɼɸ" 

ɼʦʨʦʞʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʜʠʥʘʤʠʯʥʦʩʪʴʶ ʝʛʦ ʫʯʘʩʪʥʠʢʦʚ. 

ʊʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʦʩʥʘʱʝʥʳ ʜʚʠʛʘʪʝʣʷʤʠ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʛʦʥʷʪʴʩʷ ʠ 

ʨʘʟʚʠʚʘʪʴ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ. ʀʤʝʷ ʟʥʘʯʠʪʝʣʴʥʫʶ ʤʘʩʩʫ ʠ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʪʦʯʥʠʢ ʧʦʚʳʰʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ 

ʥʘʜʝʞʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʠʭ ʚʦʜʠʪʝʣʝʡ. ɼʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʡ ʭʘʨʘʢʪʝʨʥʦʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ 

ʤʦʙʠʣʴʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʛʦʨʦʜʦʚ. ɼʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ, ʪʘʢ ʠ ʧʝʰʠʡ ʩʧʦʩʦʙ. 

ʉʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʜʦʨʦʞʥʳʤ ʜʚʠʞʝʥʠʝʤ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʩʠʩʪʝʤʦʡ ʚʦʜʠʪʝʣʴ ï ʘʚʪʦʤʦʙʠʣʴ ï ʜʦʨʦʛʘ ï ʩʨʝʜʘ 

(ɺɸɼʉ). ʆʩʦʙʝʥʥʦʩʪʠ ʠ ʧʨʦʙʣʝʤʳ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʠʩʪʝʤʦʡ "ɺʦʜʠʪʝʣʴ - 

ʘʚʪʦʤʦʙʠʣʴ - ʜʦʨʦʛʘ - ʩʨʝʜʘ". ʕʪʫ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ "ɺʦʜʠʪʝʣʴ - 

ʘʚʪʦʤʦʙʠʣʴ - ʜʦʨʦʛʘ", ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ ʩʨʝʜʝ ʜʚʠʞʝʥʠʷ. ʊʝʨʤʠʥ ʩʨʝʜʘ ʜʚʠʞʝʥʠʷ ʦʭʚʘʪʳʚʘʝʪ ʧʝʰʝʭʦʜʦʚ ʠ 

ʧʦʛʦʜʥʦ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. ɺ ʩʪʨʫʢʪʫʨʝ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʦʜʩʠʩʪʝʤʳ ɸɼ, ɺɸ. ɺɼ, ʉɺ. ʉɸ, ʉɼ. 

ʆʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʳ ɺɸɼʉ ʷʚʣʷʝʪʩʷ ʧʦʜʩʠʩʪʝʤʘ ʚʦʜʠʪʝʣʴ-ʘʚʪʦʤʦʙʠʣʴ (ɺɸ). 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʠʪʝʣʴ, ʘʚʪʦʤʦʙʠʣʴ, ʜʦʨʦʛʘ, ʩʨʝʜʘ, ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʜʦʨʦʞʥʦʝ ʜʚʠʞʝʥʠʝ, 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ, ʩʠʩʪʝʤʘ, ʧʝʰʝʭʦʜ,r ʢʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ, ʨʦʚʥʦʩʪʴ ʧʦʢʨʳʪʠʷ, 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ.  

 

THE CONCEPT OF ROAD TRAFFIC AND THE "DRIVER -CAR-ROAD-ENVIRONMENT" SYSTEM  

Modern road traffic is characterized by a highly dynamic environment. Vehicles are equipped with high-power 

engines, enabling rapid acceleration and high speeds. Due to their significant weight and speed, vehicles pose a significant 

risk, which is why a number of requirements are placed on the safety of vehicles and their drivers. Modern cities are 

characterized by high mobility of their populations. Transportation is used both by transport and on foot. The traffic 

management system is usually called the driver-vehicle-road-environment system (DVRE). The characteristics and 

challenges of road traffic are primarily determined by the "Driver-Vehicle-Road-Environment" system. This system can be 

represented as interconnected "Driver-Vehicle-Road" components operating within a traffic environment. The term "traffic 

environment" encompasses pedestrians and weather and climate factors. The system structure can be divided into the 

following subsystems: AD, VA, VD, SV, SA, SD. The main element of the VADS system is the driver-vehicle (DV) 

subsystem. 

Keywords: driver, car, road, environment, motor transport, road traffic, speed, vehicle, system, pedestrians, 

adhesion coefficient, surface smoothness, geometric parameters.  
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Øÿüúðóúðì Ó.Ú., áú÷úî ä.¾., êùÿýúî Ù.Ô. 
ÐúùôĄïúĕô þñāùôöôô ÞúĔôöôýþúù íì ùúøô ìöìðñøôö Ø.Ý. ÚýôøĒ 

 
Øÿėìððôøì. Ôùþñïüìþýôċô þñāùú÷úïôċĕúô óñĕùô ýÿùĆĒ íì ýúĕìô øìúüôĀ ôøöúùôċþ 

Āìüúĕìø úîìüð, öô øúðñ÷ĕúô ûñĄïĘôô øÿîìĀĀìėôċþô ìöìðñøĒ þìĕôċ öìüðì Ąìîìùð. Íú 
îÿĔÿðô ôù, ìöýìüô üìîôĄĕúô øìîĔÿðì ìó Ĕôĕìþô þìĀýôüĄìîìùðìïĒ øìĕðÿð íÿðì, íìüúô 
ėìíÿ÷ô ėìüúüĕúô ìøì÷Ē þìîýôċĕúô øÿĄìāāìý ûñĄùôĕúð ùìøñöÿùìùð. Ðìü þìĕėôėúþô øìóöÿü 
ôù øìĕðÿðôċþĕú þìîìýýÿþô ôýþôĀúðìô øúðñ÷ĕúô úûþôøôóìþýôċĄÿðìô úøĘóôĄô øúĄôùĒ, 
øìāýÿýìù CatBoost îì Random Forest, íìüúô ûñĄïĘôô ýìþĕô øÿîìĀĀìėôċþô āúùìùðìïúù íú 
ðìüùìóìüðúĄþô úøô÷ĕúô ĔÿĎüúĀĒ, ôùýþôþÿþýôúùì÷Ē, ôĔþôøúôĊ ôėþôýúðĒ îì ìöìðñøĒ 
íìüþìüìĀ öìüðì øñĄìîìùð. Íìü āô÷úĀô þìĕėôėúþĕúô ėìí÷Ē, öô ìýúýìù þìùĕú íì ðìėôėôô 
øúðñ÷ĕú ðôėėìþ øñðúðìùð, ðìü ôù öúü ÿýÿ÷ĕúô þìĀýôüĄìîìùðìïôô øúðñ÷ĕú ðìü ìýúýô 
SHAP îì ùôóúøô ôùþñüìöþôîôô ðìýþïôüôô ėìíÿ÷ô ėìüúü íìüúô þìĕ÷ô÷ô þìĆýôüô 
þìĎõôüČíìùðìĕúô ïÿùúïÿù íì ùìþôĔìĕúô þìĆ÷ôø ôýþôĀúðì Ąÿðììùð. 

Øúðñ÷ô þìĕôċĄÿðìô þìĕėôėúþô øìóöÿü ðìü ìýúýô øìĔøÿô ðúðìĕúô ôíúüìþ ìó 50 000 
ýìíþô āúùìùðìïúù úøĘóúùôðì îì ýìùĔôðì Ąÿð, öô þìîìýýÿþô þìùóôøô ïôûñüûìüìøñþüĕú îì 
ýìùĔôĄô ýì÷ôíôô (cross-validation) úûþôøôóìþýôċ ïìüðôðììýþ. ÙìþôĔìĕú ùôĄúù øñðôĕìùð, 
öô øúðñ÷ô CatBoost íì ìüóôĄô R2=0.91 ùúô÷ ïìüðôðì, ìó üìîôĄĕúô ìùĆìùìîĒ íìüþìüĒ 
ùôĄúù øñðôĕìð îì āìþúô øôČùìô öîìðüìþĒ (MSE)-üú 15% öúĕôĄ øñðôĕìð. Þìĕ÷ô÷ô 
ìĕìøøôċþô āÿýÿýôċþĕú ùôĄúù øñðôĕìð, öô ûìùĔ þìĎõôüČíìùðì 72%-ô þìĎõôüûìóôüôô 
ùôĄúùðôĕìùðìĕúô øÿîìĀĀìėôċþüú Ąìüĕ øñðôĕìùð, öô ùìėĄô øÿĕôøøô Ąìüúôþô 
ôĔþôøúôĊ ôėþôýúðĒ, ôùĀüìýúāþúü îì þìùúýÿíô āúùìùðìïúù íì úøĘóïúüúùüú þìĆöôð 
øñùìøúċð.  

äìüĕô ìðìíôČþ. ÔýþôĀúðìô ÿýÿ÷ĕúô úøĘóôĄô øúĄôùĒ ðìü þìĕ÷ô÷ĕúô ýúĕìô øìúüôĀ 
üìîôĄô øÿìõċù ùìøÿðìùô ėúùÿùôċþĕúô øÿîìĀĀìėôċþô ìöìðñøĒ îì þìĕôċô ýþüìþñïôċĕúô 
ðìāú÷ìþüú íì þìîüô ùìóìüüìý þìĎõôü ðúðììýþ [13,ý.7]. Íú îÿĔÿðô ôù, ėôýøô óôČðô 
þìĕėôėúþĕúô ėìí÷Ē þìùĕú íú øúðñ÷ĕúô ûñĄïĘĒ øìĕðÿð ïìüðôðììùð, öô ĕìüăìùð ýìþĕô 
ėúíô÷ô ėìíÿ÷ôô ðìėôėôüú þìĆøôù øñùìøúċùð, îì÷ñ ìó Ĕôĕìþô þìĀýôüĄìîìùðìïĒ øìĕðÿð 
íÿðì, þìþíôėĄìîôô úùĕúüú ðìü Ąìüúôþô îúėñĒ íì ùìóìü ùìøñïôüìùð [14,ý.4]. Ôù Āúýô÷ì 
íìõùô ðìėôėôô ûñĄïĘĒ îì þìĀýôüĄìîìùðìïôô øúðñ÷ĕú ċöñ ìó øúùñìĕúô ìýúýĒ íìüúô 
þìþíôėô ăÿùôù ýôýþñøìĕú ðìü øÿĕôþô îúėñôô þìĆ÷ôøĒ íì ĕôýúí øñüìîìð, óñüú ėìüúüĕú íúċð 
íì øìĆ÷ÿøúþ ìýúý ČĀþì, íìüúô úøĘóïúüúù îì øìĆøÿüúù Āìĕøú îì ìýúýùúö íúĄìùð. 

Þìĕėôėúþĕúô ýú÷ĕúô úāôü ùôĄúù øñðôĕìùð, öô ĕìøïôüúôô øúðñ÷ĕúô íìü ìýúýô 
úøĘóôĄô øúĄôùĒ íú øìĆ÷ÿøúþô öúùþñöýþĒ ðìėôėôô ûñĄïĘôüú ùôýíìþ íì ÿýÿ÷ĕúô ìùĆìùìîĒ 
10¬15% íì÷ìùð øñíìüðúüìùð [15,ý.8]. 

ÆúüĒ ùìøÿðìùô ÿýÿ÷ĕúô Ąìüĕĕúô ìððôþôîôô äñû÷ô (SHAP), ôøöúù øñðôĕìð, öô 
þìĆýôüô ĕìü ċö þìĎõôüČíìùðì íì ùìþôĔìĕúô ûñĄïĘĒ þìĕ÷ô÷ öìüðì Ąìîìð îì ðìü íúüìô 
úøô÷ĕúô øÿìõċùöÿùìùðìô øÿîìĀĀìėôċþô ìöìðñøĒ þìýìîîÿüúþô øÿĀìýýì÷ ûñĄùôĕúð ïìüðìð 
[6,ý.40]. 

Ðìü Ąìüúôþô üìėìøôöÿùúùôô øìúüôĀ, ùôČó íì îúýôþìĕúô øÿìýýôüô øúùôþúüôùï îì 
íìĕúðôĕôô ýôĀìþô üìîìùðô þìĆ÷ôø øñìĀóúċð [7,ý.15]. Ðìü øìėú÷ìô øÿì÷÷ôĀúù [5,ý.25] ýÿāìù 
ðìü íúüìô úù øñüìîìð, öô üÿĄðô þñāùú÷úïôċĕúô ôþþô÷úúþĒ îì ðìü ôù óìøôùì, þìĄöô÷ 
ïìüðôðìùô øÿĕôþô ċïúùìô ôþþô÷úúþôô ýúĕìô øìúüôĀ óìüÿüìþô þìþíôėô íìüùúøìĕúô 
ĉ÷ñöþüúùôüú íì îÿĔÿð úîìüðììýþ.  

Ôùăÿùôù ðìü öúüô ô÷øôô ðôïìüô øÿì÷÷ôĀúù [8,ý.22; 12,ý.26] óìüÿüìþô þìþíôė 
ùìøÿðìùô þñāùú÷úïôċĕúô øÿúýôüô ôþþô÷úúþĒ íì üìîìùðô ûñðìïúïĒ íìüüìýĒ Ąÿðììýþ. 
ÞìĆýôüô øÿýíìþô ĔúüĒ ùìøÿðìùô þñāùú÷úïôċĕúô ôþþô÷úúþĒ ðìü üìîìùðô þìĆ÷ôø îì 
ôýþôĀúðìô óìāôüìĕúô ôùþñüùñþĒ þìîýôĀ Ąÿðììýþ. 

ÔýþôĀúðìô úøĘóôĄô øúĄôùĒ, þìĕ÷ô÷ô óñĕùôô ðúðìĕú îì öúüöìüðô óìíúùô þìíôĒ 
ôøöúù øñðôĕìð, öô þìĕ÷ô÷ÿ öúüöìüðô ìøôėô ôù ðúðìĕú ìùĔúø ðúðì Ąìîìð, þú ôù öô îìóĆô 
úøĘóôĄô āúùìùðìïúù, ýìþĕô üÿĄðô ėúíô÷ôċþô úùĕú îì ýìøìüìùúöôô ÿøÿøôô þìĆ÷ôø íì 
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þìîüô ðìėôė øÿìõċù ïìüðìð. Ôù øìýĆì÷ì ðúüúô ìĕìøøôċþô ùôĕúċþ øÿĕôøøô ô÷øĒ-
þìĕėôėúþĒ îì íìĕúô ìøì÷ôô íì÷ìùð øñíúĄìð [11,ý.165]. 

Ðìü þìĕėôėúþô øìóöÿü øìĕðÿðôċþĕúô óôöüĄÿðì þìîìýýÿþô ôýþôĀúðìô øúðñ÷ĕúô 
úûþôøôóìþýôċĄÿðìô úøĘóôĄô øúĄôùĒ, ìó Ĕÿø÷ì ì÷ïúüôþøĕúô CatBoost îì Random Forest, 
öô íìüúô ûñĄïĘôô ùìþôĔìĕúô ýÿûúüôðìùô ôøþôĕúùĕúô āúùìùðìïúù íú ðìüùìóìüðúĄþô 
øìĔøÿô úøô÷ĕúô ĔÿĎüúĀĒ, ôùýþôþÿþýôúùì÷Ē, ôĔþôøúôĊ ôėþôýúðĒ îì ìöìðñøĒ ûñĄíôùĒ 
Ąÿðììùð, íìüþìüìĀ öìüðì øñĄìîìùð [4,ý.19].  

Íôïÿóúü øìĔøÿô ì÷úøìþĕúô îÿüÿðôô āúùìùðì íú îñöþúüô óñüôù øÿìõċù öìüðì Ąìîìð: 

X= ὼȟὼȟȢȢȢȟὼ ȟ  
ðìü ôù Ĕú: ὼ - ùôĄúùðôĕìùðìô ûñĄüìĀþô þìĆ÷ôøĒ;  

ὼ - ðìîúøúþô āúùìùðì;  

ὼ  îìóĆô ôĔþôøúôĊ ôėþôýúðĒ; 

ὼ - ýìþĕô þìĆøôùùúöĒ íú ôùĀüìýúāþúüô þìĆ÷ôøĒ;  

ὼ - þìùúýÿíô Ąÿøúüìô āúùìùðìïúù îì úøĘóïúüúù;  

ὼ - ðôïìü ûìüìøñþüĕúô þìĆ÷ôøĒ. 
Úù ïúĕ øìýĆì÷ìô ûñĄïĘôô ûñĄüìĀþô þìĆ÷ôøĒ ĕìøăÿù ôùĆôöúýô óñüôù Āúüøì÷ôóìþýôċ 

öìüðì øñĄìîìð: 

f: X YO 
ðìü ôù Ĕú: X - Āìóúô ì÷úøìþĕúô îÿüÿðĒ;  

Y - ùìþôĔìô þìĆ÷ôøôô ûñĄïĘôĄìîìùðì.  
ÚøĘóôĄ îì úûþôøôóìþýôċô øúðñ÷ĕú. Øúðñ÷ô þìĕôċĄÿðì ðìü ìýúýô øìĔøÿô ðúðìĕú, öô 

óôČðì ìó 50 000 ýìíþô āúùìùðìïúùüú ðìü íìü øñïôüìð, úøĘóúùôðì îì ýìùĔôðì Ąÿð. Íìüúô 
íì÷ìùð íìüðúĄþìùô ýôĀìþô ûñĄïĘĒ ÿýÿ÷ĕúô úûþôøôóìþýôċô ïôûñüûìüìøñþüĕú îì ýìùĔôĄô 
ýì÷ôíĒ (cross-validation) ôýþôĀúðì ïìüðôðìùð. 

ÝôĀìþô øúðñ÷ íú ôýþôĀúðì ìó öúĉĀĀôþýôñùþô ðñþñüøôùìþýôċ ìüóČíĒ öìüðì Ąÿð: 

Ὑ  ρ ɀ 
В ώ ɀ ώ

В ώ ɀ ώ
 ȟ 

Ôùăÿùôù, āìþúïôô øôČùìô öîìðüìþĒ: 

MSE  В ώ  ώ , 

ðìü ôù Ĕú: ώ - ėôøìþô îúėñĒ;  

ώ - ėôøìþô ûñĄïĘôĄÿðì;  

ώ - ėôøìþô øôČùìô ôùþôāúí;  
N - Ąÿøúüìô øÿĄúĕôðìĕú. 
ÙìþôĔìĕúô þìĕėôėúþô þìĔüôíìîĒ ùôĄúù ðúðìùð, öô øúðñ÷ô CatBoost íì ėôøìþô (R2 = 

0.91) øñüìýìð, öô ôù ìó ùôĄúùðôĕìùðìĕúô ì÷ïúüôþøĕúô ìùĆìùìîôô úøĘóôĄô øúĄôùĒ 
íì÷ìùðþìü íÿðì, öúĕôĄ ČĀþìùô ėôøìþô MSE-üú þìėüôíìù íì ìùðúóìô 15% þìĆøôù 
øñùìøúċð. 

Øìîúð îì ÿýÿ÷ĕúô þìĕėôėúþ. ÙìėĄìô øñþúðú÷úïôô þìĕėôėúþ ċöăìùð øìüĕô÷ìĕúô íì 
ĕìø ì÷úėìøìùðüú ðìü íìü øñïôüìð, öô ðìü üìýøô 1 ùôĄúù ðúðì Ąÿðììùð. 

ìøăÿù øìĆ÷ÿøúþô ôíþôðú øìĆ÷ÿøúþô ìùöñþìî îì øìĆøÿüôô āúùìùðìïúùô 20 

øÿìýýôýìô þìýô÷úþô øôČùìô ÿøÿøôô Ąìüô ÐÿĄìùíñ ôýþôĀúðì ïìüðôðìùð. Øìøÿô 

ðúðìú ôùúüú ðìü íìü øñïôüìð: îñöþúüô íôýČüăñùìöìô ì÷úøìþú: 

ὢὭ ὼȟὼȟȢȢȢȟὼ ) 
ðìü ôù Ĕú: i - üìėìøô āúùìùðì;  

n - Ąÿøúüìô ì÷úøìþĕúô þìĕ÷ô÷Ąìîìùðì. 
ÆìøĆúîìüĒ îì öúüöìüðô ûñĄìöôô ðúðìĕú. Öúüô øìóöÿü íì ðúðìĕúô øìùíìĆĕúô üìýøĒ ¬ 

øìĆ÷ÿøúþô ìùöñþìîôô āúùìùðìïúùô 20 øìöþìíô øôČùìô ùìøÿðĕúô ïÿùúïÿùô Ąìĕüô 
ÐÿĄìùíñ ìýúý ČĀþììýþ, öô ýìíþĕúô øìĆøÿüĒ îì ùìþôĔìĕúô ìüóČíôĕúô ýþìùðìüþôüú øÿþþìĕôð 
øñùìøúċùð. ëöĔúċ ùìøÿðìùô ôù øìĔøÿìĕúô ðúðìĕú ôøöúù øñðôĕìð, öô ìüóČíôô 
ĕìøìĔúùôíìô úøô÷ĕúô ĔÿĎüúĀĒ îì üÿĄðô ÿýþÿîúü ĕìùïúøô ûñĄïĘôô ûñĄüìĀþô þìĆ÷ôøĒ 
ïÿóìüúùôðì Ąìîìð [9,ý.145]. 
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Üìýøô 1. Ìüāôþñöþÿüìô øÿöìøøì÷ô ýôýþñøìîĒ íìüúô ûñĄïĘôô ûñĄüìĀþô þìĆ÷ôøôô 
āúùìùðìïúù 

Figure 1. Complete system architecture for predicting student academic progress 

 
 

Çìü ċö ýìíþ ðìü øìĔøÿô ðúðìĕú íì āúùìùðìô ì÷úĕôðì øÿîúĀôėìþ ùìøÿðì, ċö ėìþúü 
ì÷úøìþĕúüú ðìü íìü øñïôüìð, öô üìîìùðô þìĕýô÷, ýìþĕô úøúðìïĒ îì Ąìüúôþô þìĆ÷ôøô Ęüú 
þìîýôĀ øñùìøúċùð. ÞìĎõôüČíìùðìĕúô ìýúýôô øìĔøÿô ðúðìĕú ðìü Ĕìðîì÷ô 1 úîìüðì 
Ąÿðììùð. 

 

Æìðîì÷ô 1. ÞìĎõôüČíìùðìĕúô ìýúýôô ðìþìýñþô þìĆ÷ôøĒ 
Table 1. Main variables of the educational dataset 

Ĝ Ì÷úøìþĕú ÞìĆôùúþ 

1.  ID_āúùìùðì  ÔðñùþôĀôöìþúüô ÿùôöì÷ôô āúùìùðì. 
2.  ÝôùĀ ÝôùĀô āúùìùðì. 
3.  Ùúĕôċ Ùúĕôċô Ąìĕüô ÐÿĄìùíñ, öô øÿìýýôýìô þìĆ÷ôøĒ ðìü úù 

Ĕúõïôü ìýþ. 

4.  Íì÷ô øôČùì Íì÷ô øôČùìô øÿîìĀĀìėôċþô āúùìùðì. 
5.  Ýúìþĕúô þìõČüĒ ðìü ĕìĀþì äÿøúüìô ýúìþĕúô úøúðìïĒ íì ðìüýĕú îì ôøþôĕúùĕú ðìü ċö 

ĕìĀþì. 
6.  ÇúóôüĄìîĒ %  àúôóô ðìîúøúþô ðìüýĕú. 

7.  éĆþôøúð íì āÿð Ýìþĕô íúîìüôô āúùìùðì íì ðúùôĄĕúô āÿð. 
8.  Ýìþĕô ĀôĄúü ûñĄ ìó 

ôøþôĕúù 
Ýìþĕô ýþüñýý Č ĀôĄúü ûñĄ ìó ôøþôĕúù. 

9.  ÜĘóĕúô Ďìõüôĕúóôü äÿøúüìô üĘóĕúô ðìüýôô ìóðìýþðúðìĄÿðì. 
10.  Ùìøÿðô øìöþìí  Ùìøÿðô øÿìýýôýìô þìĆ÷ôøĒ (øìýì÷ìù, øìöþìíô ÿøÿøĒ Č 

÷ôþýñõ/ïôøùìóôċ). 
11.  ÙìþôĔìô ôøþôĕúù ÙìþôĔìô ýÿûúüôðìùô ôøþôĕúù, öô ĕìøăÿù þìĎõôüČíìùðìô 

øìėýìðùúö ðìü øúðñ÷ ôýþôĀúðì øñĄìîìð. 
12.  Ôùðñöýô ýôĀìþô øìöþìí  ÙôĄúùðôĕìùðìô ôùþñïüì÷ôô ýôĀìþô øÿìýýôýìô þìĆ÷ôøĒ. 
13.  Ýÿíúþô ĕìõìþô øÿì÷÷ôøúù ÙôĄúùðôĕìùðìô ÿýþÿîúüôô ĕìõìþô úøĘóïúüúù. 

14.  ÐìýþüìýĒ íì øìùíìĆĕú  Ýìþĕô ðìýþüìýôô āúùìùðìïúù íì óìāôüìĕúô þìĆ÷ôøĒ. 
15.  Øÿĕôþô þìĆ÷ôøĒ  Ôùðñöýô ÿøÿøôô ýôĀìþô øÿĕôþô þìĆ÷ôøĒ. 
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Þìĕ÷ô÷ô ðúðìĕú. Ûìý ìó þìĄöô÷ô øìĔøÿô ðúðìĕú, þìĕ÷ô÷ô ôíþôðúôô ðúðìĕú (EDA) íú 
øìėýìðô úøĘóôĄô ýúāþúüô ðúðìĕú îì øÿìõċù ùìøÿðìùô üúíôþìĕúô ĉĕþôøú÷Ē íìõùô 
ì÷úøìþĕú ïÿóìüúùôðì Ąÿð. Øìüĕô÷ìô øìóöÿü ôøöúù øñðôĕìð, öô þìėýôøúþô 
þìĎõôüČíìùðìĕúô ìýúýĒ íñĕþìü Āìĕøôðì Ąÿðì, ôùăÿùôù úøô÷ĕúñ øÿìõċù öìüðì Ąìîìùð, öô 
øñþìîúùìùð íì ùìþôĔìĕúô ýÿûúüôðìùô ôøþôĕúùĕúô āúùìùðìïúù þìĆýôü üìýúùìùð. 
Þìėýôøúþô Āúôóôô āúùìùðìïúù ìó üĘô ùìøÿðĕúô øÿìýýôýìĕúô þìĆ÷ôøĒ, ìó Ĕÿø÷ì øìöþìíĕúô 
øôČùì, ÷ôþýñõĕú îì ïôøùìóôċĕú ăÿùôù ìýþ: 68,6% - Ąÿøúüìô āúùìùðìïúùô þìĕýô÷öÿùìùðì 
ðìü øìöþìíĕúô øôČùì îì 31,4% - Ąÿøúüìô āúùìùðìïúùô þìĕýô÷öÿùìùðì ðìü ïôøùìóôċĕú îì 
÷ôþýñõĕú. 

  
Üìýøô 2. àúôóô íúøÿîìĀĀìėôċþ ýÿûúüôðìùô ôøþôĕúùĕú ìó üĘô ùúĕôċĕú 

Figure 2. Pass rate by district 

 
 

Ðìü üìýøô 2 þìėýôøúþô ĕôýýìô āúùìùðìïúùñ ùôĄúù ðúðì Ąÿðììýþ, öô ôøþôĕúùüú 
îúíìýþì íì ùúĕôċô Ąìĕü íúøÿîìĀĀìėôċþ ýÿûúüôðììùð. ÏüìĀôö ôøöúù øñðôĕìð, öô 
ùìþôĔìĕú íìõùô ùúĕôċĕúô ïÿùúïÿù øÿėúôýì ïìüðôðì, Āìüėôċþĕúô ĉĕþôøú÷Ē ðìü 
ùôĄúùðôĕìùðìĕúô þìĆ÷ôøĒ øÿìõċù öìüðì Ąìîìùð.  

 

Üìýøô 3. Øìþüôþýìô öúüüñ÷ċþýôúùôô ì÷úøìþĕú 
Figure 3. Correlation matrix of signs 

 
 

Ðìü üìýøô 3 āìüôþìô ïìüøôô öúüüñ÷ċþýôċĕú íìõùô ì÷úøìþĕúô ìýúýôô øìĔøÿô ðúðìĕú 
ûñĄùôĕúð Ąÿðììýþ. Îôóÿì÷ôóìþýôċô øìóöÿü ôøöúù øñðôĕìð, öô ðìüìĔìô üúíôþìô íìõùô 
ùôĄúùðôĕìùðìĕúô ïÿùúïÿù øÿìõċù ïìüðôðì, úøô÷ĕúñ úĄöúü öìüðì Ąìîìùð, öô øñþìîúùìùð 
íì ùìþôĔìĕúô ýÿûúüôðìùô ôøþôĕúùĕúô āúùìùðìïúù þìĆýôü üìýúùìùð. 
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Üìýøô 4. Îúíìýþìïôô íìõùô ðìýþüìýĒ íì óìāôüìĕúô þìĆ÷ôøĒ îì ùìþôĔìĕúô ýÿûúüôðìùô 
ôøþôĕúùĕú 

Figure 4. Relationship between access to educational resources and exam results 

 
 
Ðìü ïüìĀôöô ðìü üìýøô 4 úîìüðìĄÿðì scatter-plot ûñĄùôĕúð Ąÿðììýþ, öô îúíìýþìïôô 

íìõùô ýìþĕô ðìýþüìýôô āúùìùðìïúù íì óìāôüìĕúô þìĆ÷ôøĒ îì ùìþôĔìĕúô ýÿûúüôðìùô 
ôøþôĕúùĕúüú ùôĄúù øñðôĕìð. Îôóÿì÷ôóìþýôċô øìóöÿü ôøöúù øñðôĕìð, öô üúíôþìô 
ĉĕþôøú÷ôô íìõùô ôù ðÿ ùôĄúùðôĕìùðì ìüóČíĒ öìüðì Ąìîìð. 

 
Üìýøô 5. ÞìĆýôüô úøô÷ĕú íì þìĎõôüČíìùðìô øìėýìðùúö (öúüüñ÷ċþýôċô Ýûôüøñù) 

Figure 5. The influence of factors on the target variable (Spearman correlation) 

 
 

Ðìü üìýøô 5 îôóÿì÷ôóìþýôċô öúĉĀĀôþýôñùþĕúô öúüüñ÷ċþýôċô Ýûôüøñù íìõùô 
ì÷úøìþĕúô ïÿùúïÿù îì þìĎõôüČíìùðìô øìėýìðùúö ­ ùìþôĔìĕúô ôøþôĕúùĕú ûñĄùôĕúð 
Ąÿðììýþ. ÏüìĀôö ĕìø þìĆýôüô øÿýíìþ îì ĕìø þìĆýôüô øìùĀôô úøô÷ĕúô ì÷úĕôðìüú íì 
ùìþôĔìĕúô þìĆ÷ôøôô āúùìùðìïúù ùôĄúù øñðôĕìð [1,ý.30; 2,ý.165]. 

Þìĕôċô øúðñ÷ĕú. Ûìý ìó ïÿóìüúùôðìùô þìĕ÷ô÷ô ôíþôðúôô ðúðìĕú, øìüĕô÷ìô ùìîíìþôô 
öúü ýúāþìùô øúðñ÷ĕúô úøĘóôĄô øúĄôùĒ íìüúô ûñĄïĘôô ùìþôĔìĕúô ôøþôĕúùĕúô 
āúùìùðìïúù ïìüðôð. ÇìðìĀô ìýúýôô ôù øìüĕô÷ì, ĉĔúðô øúðñ÷ĕúñ øñíúĄìð, öô ðìü ìýúýô 
ì÷úøìþĕúô øìîĔÿðì ĉĕþôøú÷ôċþô íúøÿîìĀĀìėôċþ ýÿûúüôðìùô ôøþôĕúùüú ûñĄïĘĒ öìüðì 
þìîúùìùð. 

Íìüúô íìĕúðôĕôô ýìøìüìùúöôô üìîôĄĕúô ïÿùúïÿù ðÿ øúðñ÷ ôýþôĀúðì Ąÿðìùð: øúðñ÷ô 
íìóìîĒ, öô ĕìøăÿù ùÿėþìô ôíþôðúĒ íìüúô øÿėúôýì āôóøìþ øñöÿùìð îì øúðñ÷ô øÿöìøøì÷þìü 
- ïüìðôñùþôô íÿýþôùïô CatBoost. ÔýþôĀúðìô ċöăìùð øúðñ÷ ôøöúù øñðôĕìð, öô øÿìõċù 
öìüðì Ąìîìð þú öìðúø ìùðúóì þìþíôėô ì÷ïúüôþøĕúô øÿüìööìíþìü ýôĀìþô ûñĄïĘôüú íñĕþìü 
øñùìøúċð [10,ý.4]. 


