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ʄɸʊɽʄɸʊʀʂɸ 

 

ʋɼʂ: 517.956.45 

ʆ ʈɽʐɽʅʀʀ ɿɸɼɸʏʀ ʂʆʐʀ ɼʃʗ ʋʈɸɺʅɽʅʀʁ ʕʁʃɽʈɸïʇʋɸʉʉʆʅɸïɼɸʈɹʋ 

(ʕʇɼ) ɻʀʇɽʈɹʆʃʀʏɽʉʂʆɻʆ ʊʀʇɸ ʅɸ ʇʃʆʉʂʆʉʊʀ  
1ɼʞʫʨʘʟʦʜʘ ʍ.ʐ., 2ʅʦʜʠʨʘʠ ɻʫʬʨʦʥʠ 

1ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  
1 ʍʫʜʞʘʥʜʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʅɸʅ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ  

ɺʚʝʜʝʥʠʝ. ʈʝʰʝʥʠʝ ʤʥʦʛʠʭ ʟʘʜʘʯ ʧʨʠʢʣʘʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʪʘʢʠʝ ʢʘʢ ʟʘʜʘʯʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʧʦ ʣʠʥʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʚ ʘʥʠʟʦʪʨʦʧʥʳʭ ʦʜʥʦʨʦʜʥʳʭ ʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜʘʭ, 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʣʷʭ, ʠʟʙʳʪʦʯʥʳʭ ʟʚʫʢʦʚʳʭ ʧʦʪʦʢʘʭ ʚʦʢʨʫʛ ʪʝʣ, ʨʝʰʝʥʠʝ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʠ ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʘ ʪʘʢʞʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ, ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʜʘʯ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʰʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʠ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʕʇɼ (ʩʤ., ʥʘʧʨʠʤʝʨ [1-

6]). 

ʄʥʦʛʠʝ ʫʯʝʥʳʝ ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʕʇɼ [7-

10]. ɺ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʨʝʰʝʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʦʪʢʨʳʪʠʶ ʥʝʩʢʦʣʴʢʠʭ ʨʝʰʝʥʠʡ 

ʫʨʘʚʥʝʥʠʷ ʕʇɼ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʠʩʩʣʝʜʦʚʘʣʠ ʨʷʜ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʠ ʧʨʝʜʩʪʘʚʠʣʠ ʤʝʪʦʜ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʛʨʘʥʠʯʥʳʤ ʵʣʝʤʝʥʪʘʤ. ʕʪʦʪ ʧʦʜʭʦʜ ʙʳʣ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʚ ʫʧʨʦʱʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʠ ʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ. ʀʩʩʣʝʜʦʚʘʪʝʣʴ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʩʚʦʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʪʦʯʥʦ ʚʳʯʠʩʣʷʪʴ ʫʨʘʚʥʝʥʠʷ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ 

ʪʦʯʥʦ ʠʟʤʝʨʷʪʴ ʜʝʬʦʨʤʘʮʠʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʧʨʷʞʝʥʠʷ ʜʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ 

ʦʩʦʙʝʥʥʦʩʪʝʡ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʪʝʤʝ "ʄʦʜʝʣʴʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʠ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʥʘʯʘʣʴʥʳʭ ʠ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʜʣʷ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʕʇɼ ʠ ʠʭ ʧʨʠʣʦʞʝʥʠʷ". ɺ ʨʘʙʦʪʝ [11] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʟʘʜʘʯʠ 

ʂʦʰʠ ʜʣʷ ʦʜʥʦʤʝʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʕʇɼ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʪʠʧ, ʤʝʪʦʜʦʤ ʨʝʛʫʣʷʨʠʟʘʮʠʠ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʰʝʥʠʷ. ʀʩʧʦʣʴʟʫʷ ʠʥʪʝʛʨʘʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʠ ʦʛʨʘʥʠʯʝʥʠʷ 

ʟʘʜʘʯʠ ʂʦʰʠ, ʤʳ ʨʘʟʨʘʙʦʪʘʣʠ ʫʥʠʢʘʣʴʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʪʘʢʦʛʦ ʪʠʧʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʬʦʨʤʫʣʫ ʨʝʰʝʥʠʷ ʜʦ ʣʶʙʦʛʦ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ɛ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʨʝʰʝʥʠʶ ʠ ʧʦʚʳʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ɺ ʵʪʦʡ ʟʘʤʝʪʢʝ ʤʳ ʠʟʫʯʘʝʤ ʟʘʜʘʯʫ ʂʦʰʠ ʚ ʜʚʫʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʛʨʘʥʠʮʝʡ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʣʠʥʠʷ ʩʠʥʛʫʣʷʨʥʦʩʪʠ. ʄʳ ʠʩʩʣʝʜʫʝʤ ʫʨʘʚʥʝʥʠʷ, ʧʨʠʙʣʠʞʘʶʱʠʝʩʷ ʢ 

ʩʠʥʛʫʣʷʨʥʦʩʪʠ, ʠ ʠʩʧʦʣʴʟʫʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʳ [1]. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʈʘʩʩʤʦʪʨʠʤ ʩʪʘʥʜʘʨʪʥʦʝ ʜʚʫʤʝʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʕʇɼ, 

ʚʳʨʘʞʝʥʥʦʝ ʚ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʬʦʨʤʝ. ɽʛʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ:  

,                                                           (1) 

ʛʜʝ , -ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʝʱʝʩʪʚʝʥʥʳʭ ʯʠʩʝʣ (ʦʩʠ ʆʭ ʠ Oy, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), t ïʚʨʝʤʷ, ʘ  ʠʟʚʝʩʪʥʦʝ ʯʠʩʣʦ. ʆʧʝʨʘʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʚʣʠʷʝʪ ʥʘ 

ʧʝʨʝʤʝʥʥʫʶ t ʚ ʫʨʘʚʥʝʥʠʠ (1), ʷʚʣʷʝʪʩʷ ʦʧʝʨʘʪʦʨ ɹʝʩʩʝʣʷ: . ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, 

ʯʪʦ ʥʘʯʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʛʥʘʣʘ (ʠʣʠ ʯʘʩʪʠʮ) ʧʦ ʚʩʝʡ ʧʣʦʩʢʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ 

ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʝʡ:  
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,                               (2) 

ʛʜʝ  ʠ  ʟʘʜʘʥʥʦʡ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʘʷ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʩʢʦʩʪʠ 

. 

 ɽʩʣʠ ʩʪʘʥʝʪ ʜʦʩʪʫʧʥʦ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʷʭ ʟʘʜʘʯ (1) ʠ (2), 

ʚʦʟʤʦʞʥʦ, ʩʤʦʞʝʤ ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, 

ʧʨʠʚʝʜʫʪ ʢ ʞʝʣʘʝʤʦʤʫ ʨʝʟʫʣʴʪʘʪʫ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠʶ ʵʪʠʭ 

ʧʨʦʙʣʝʤ ʠ ʠʭ ʘʥʘʣʠʟʫ, ʠ ʦʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ, ʷʚʣʷʝʪʩʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʫʶ ʤʦʜʝʣʴ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

(1), ʢʦʪʦʨʘʷ ʫʩʪʦʡʯʠʚʘ ʢ ʥʝʙʦʣʴʰʠʤ ʠʟʤʝʥʝʥʠʷʤ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ (2) ʠ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ 

ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʘ. 

 ʆʩʥʦʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʟʘʜʘʯʠ, ʦʙʩʫʞʜʘʝʤʦʡ ʚ ʵʪʦʡ ʩʪʘʪʴʝ, ʷʚʣʷʶʪʩʷ: ʇʫʩʪʴ K - 

ʥʘʙʦʨ ʜʘʥʥʳʭ ʂʦʰʠ  ʠ , ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʷʤ: 

   - ʧʨʠʚʝʜʝʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʝʰʝʥʠʠ; 

   - ʚʩʝ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʝ ʬʫʥʢʮʠʠ  ʠ  ʙʝʩʢʦʥʝʯʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳ;  

   - ʧʨʦʠʟʚʦʜʥʳʝ  ʠ  (k=0,1,2, ...) ʜʣʷ ʢʘʞʜʦʛʦ ʘʨʛʫʤʝʥʪʘ 

ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʥʫʣʶ ʩʦ ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʝʡ ʩʢʦʨʦʩʪʴʶ. 

 ʏʝʨʝʟ  ʦʧʨʝʜʝʣʷʝʤ ʥʘʙʦʨ ʨʝʰʝʥʠʡ , ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ 

ʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʷʤ: 

 1) ʌʫʥʢʮʠʠ 

ʠʥʪʝʛʨʠʨʫʝʤʳ ʧʦ ʢʘʞʜʦʡ ʧʝʨʝʤʝʥʥʦʡ ʥʘ ʚʩʝʡ ʧʣʦʩʢʦʩʪʠ ʧʨʠ ʣʶʙʦʤ ʟʥʘʯʝʥʠʠ ;  

2) ʌʫʥʢʮʠʠ  ʠʤʝʶʪ ʚʝʨʭʥʶʶ ʛʨʘʥʠʮʫ , ʢʦʪʦʨʘʷ ʦʛʨʘʥʠʯʝʥʘ 

ʣʶʙʳʤ ʢʦʥʝʯʥʳʤ ʠʥʪʝʨʚʘʣʦʤ . 

 ʊʦʛʜʘ, ʨʝʰʝʥʠʝ ʧʨʝʜʩʪʘʚʠʤʦ ʚ ʚʠʜʝ 

,                          (3) 

ʛʜʝ , 

, 

, 

ʘ  ʠ  ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʬʫʥʢʮʠʡ  ʠ   ʪʘʢʞʝ 

ʩʭʦʜʷʪʩʷ. ʕʪʦ ʤʦʞʥʦ ʣʝʛʢʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʟʥʘʢʘ ɼʘʣʘʤʙʝʨʘ. 

 ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ, ʦʧʠʩʘʥʥʳʡ ʚ (3), ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʙʣʠʞʝʥʥʦ ʨʝʰʘʪʴ ʟʘʜʘʯʠ (1) ʠ (2), ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ ʵʪʦʤ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ (2). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʤʦʜʝʣʠ ʤʦʛʫʪ ʪʦʯʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʨʝʰʝʥʠʝ ʜʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʙʦʣʴʰʦʡ ʦʰʠʙʢʠ ʚ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʂʨʦʤʝ ʪʦʛʦ, ʝʩʣʠ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ  ʠʟʚʝʩʪʥʘ 

ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʨʝʰʝʥʠʷ, ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʦʰʠʙʢʫ ʚ ʧʨʠʙʣʠʞʝʥʥʦʤ ʨʝʰʝʥʠʠ. 
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 ɺ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʠʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʣʫʯʘʶʪʩʷ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʡ. ʕʪʦ 

ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ  

.                               (4) 

ʇʨʦʮʝʩʩ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʙʣʠʞʝʥʠʷʭ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʯʥʳʤʠ 

 ʠ , ʘ ʩʢʦʨʝʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʤʠ  ʠ . ʕʪʦ ʚʠʜʥʦ ʠʟ  

 .                           (5) 

 ɽʩʣʠ ʠ , ʠ  ʷʚʣʷʶʪʩʷ ʙʝʩʢʦʥʝʯʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʤʠ ʠ 

ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʥʘ ʤʥʦʞʝʩʪʚʝ K, ʪʦ ʤʳ ʤʦʞʝʤ ʨʘʟʨʘʙʦʪʘʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ (1) ʠ (2). ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ 

ʚʦʟʤʦʞʥʳʤ ʟʘʜʘʪʴ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 
 
ʠ , ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ 

ʩʚʦʡʩʪʚʦʤ ʙʝʩʢʦʥʝʯʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʩʪʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʳ ʤʦʞʝʤ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʠʩʭʦʜʥʳʝ ʬʫʥʢʮʠʠ ʩ ʧʦʤʦʱʴʶ ʧʦʣʠʛʦʥʘʣʴʥʳʭ ʛʨʘʬʠʢʦʚ. ʕʪʦ 

ʧʨʠʙʣʠʞʝʥʠʝ ʤʦʞʝʪ ʥʝ ʜʘʪʴ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (1)-(2), ʥʦ ʦʥʦ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ ʧʨʠ ʧʨʠʙʣʠʞʝʥʥʦʤ ʥʘʯʘʣʴʥʦʤ ʫʩʣʦʚʠʠ. 

 ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ (1)-(2) ʤʦʞʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʠʣʠ ʙʳʪʴ ʥʝʫʩʪʦʡʯʠʚʳʤ ʢ ʥʝʙʦʣʴʰʠʤ 

ʠʟʤʝʥʝʥʠʷʤ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʘ ʪʘʢʞʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʥʝʙʦʣʴʰʠʤ ʚʦʟʤʫʱʝʥʠʷʤ ʚ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʪʝʯʝʥʠʝ ʣʶʙʦʛʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʚʨʝʤʝʥʠ . ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ 

ʧʨʦʙʣʝʤ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ [12-15], ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʚʦʟʤʫʱʝʥʥʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʕʪʘ ʤʦʜʝʣʴ ʤʦʞʝʪ ʧʦʤʦʯʴ ʨʝʰʠʪʴ ʟʘʜʘʯʫ (1)-(2), 

ʧʨʝʜʦʩʪʘʚʣʷʷ ʙʦʣʝʝ ʥʘʜʝʞʥʦʝ ʠ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʫʩʣʦʚʠʷ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʝʰʝʥʠʷ ʠ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʘ ʨʝʛʫʣʷʨʠʟʘʮʠʠ [15]. 

 ʇʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʘʚʘʡʪʝ ʨʘʩʩʤʦʪʨʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʮʝʣʠ: 

     ,                                           (6) 

,                               (7) 

     ,                                           (8) 

,                               (9) 

ʛʜʝ . 

 ʄʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʠʜʝʶ ʢʨʠʪʝʨʠʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʤʦʜʠʬʠʢʘʮʠʶ ʧʘʨʘʤʝʪʨʘ 

ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʜʣʷ ʟʘʜʘʯʠ (1)-(2). ʏʪʦʙʳ ʜʦʩʪʠʯʴ ʵʪʦʛʦ, ʤʳ ʟʘʤʝʥʠʤ ʠʩʭʦʜʥʫʶ ʟʘʜʘʯʫ (1)-

(2) ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʚʝʨʩʠʝʡ (6)-(9). 

 ʆʧʨʝʜʝʣʝʥʠʝ 1: ʉʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʟʘʜʘʯ (1) ʠ (2) - ʵʪʦ ʟʘʜʘʯʘ (6) ʠ 

(7), ʘ ʥʘʩʪʨʘʠʚʘʝʤʳʡ ʘʣʛʦʨʠʪʤ - ʵʪʦ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʬʫʥʢʮʠʶ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʫʶ ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ:  

, 

ʜʣʷ ʣʶʙʦʛʦ  ʠ ,  ʧʨʠ , 

ʜʣʷ ʚʩʝʭ  ʠ . 

 ʆʧʨʝʜʝʣʝʥʠʝ 2. ʈʝʰʝʥʠʝ ʟʘʜʘʯ (8) ʠ (9) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʥʘʜʝʞʥʳʡ ʧʦʜʭʦʜ 

ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ (1) ʠ (2) ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 
 
ʦʩʫʱʝʩʪʚʠʤʳʡ ʘʣʛʦʨʠʪʤʦʤ ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʬʫʥʢʮʠʷ,  ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʷʤ:  
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ʜʣʷ ʣʶʙʦʛʦ   ʠ , , 

 ʧʨʠ  ʜʣʷ ʢʘʞʜʦʛʦ  ʠ . 

 ʆʩʥʦʚʥʳʝ ʚʳʚʦʜʳ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʘʩʩʫʞʜʝʥʠʷʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ [11], ʤʳ 

ʤʦʞʝʤ ʟʘʢʣʶʯʠʪʴ: 

ʠʣʠ  

, 

ʛʜʝ  

, 

. 

 ɼʣʷ ʢʘʞʜʦʡ  ʬʫʥʢʮʠʠ  ʠʟ ʤʥʦʞʝʩʪʚʘ S, ʢʘʢ ʦʧʠʩʘʥʦ ʚ [16] ʠ 

[17], ʤʳ ʤʦʞʝʤ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʦʤ ʤʥʦʞʝʩʪʚ K, K' ʠ K". ʕʪʦ ʩʚʷʟʘʥʦ 

ʩ ʪʝʤ, ʯʪʦ, ʩʦʛʣʘʩʥʦ ʛʠʧʦʪʝʟʝ, ʩʫʱʝʩʪʚʫʶʪ ʙʝʩʢʦʥʝʯʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʝ ʬʫʥʢʮʠʠ ʚ K, 

ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ S, ʤʥʦʞʝʩʪʚʘ ʚʩʝʭ ʬʫʥʢʮʠʡ. ɹʦʣʝʝ ʪʦʛʦ, ʙʳʣʦ ʜʦʢʘʟʘʥʦ, 

ʯʪʦ ʢʘʞʜʘʷ ʬʫʥʢʮʠʷ ʚ S ʧʨʠʥʘʜʣʝʞʠʪ K', K" ʠ K"', ʢʘʢ ʫʢʘʟʘʥʦ ʚ [17]. 

 ʀʩʧʦʣʴʟʫʷ ʩʚʦʡʩʪʚʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ [18] ʠ [19], ʤʳ ʪʘʢʞʝ 

ʤʦʞʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʡ ʤʥʦʞʝʩʪʚʦ K' ʠ K", ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ 

ʦʪ  ʠ . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥʠ ʚʢʣʶʯʝʥʳ ʚ S, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʢʘʢ ʬʫʥʢʮʠʠ K' 

(ʬʫʥʢʮʠʠ ʦʪ  ), ʪʘʢ ʠ ʬʫʥʢʮʠʠ K" (ʬʫʥʢʮʠʠ ʦʪ ) ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ 

ʟʥʘʯʝʥʠʡ  

) ʠ .  

ʆʙʨʘʪʥʦʝ ʠʥʪʝʛʨʘʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʦʪ  ʝʩʪʴ ʦʙʳʯʥʘʷ 

ʬʫʥʢʮʠʷ, ʚʳʨʘʞʘʝʤʘʷ ʚ ʚʠʜʝ 

 .      (10) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʫʥʢʮʠʷ ʚʠʜʘ (10) ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʜʣʷ ʣʶʙʦʛʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ) ʠ , ʠ ʵʪʘ ʬʫʥʢʮʠʷ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯ (6) ʠ (7), ʢʘʢ ʚ 

ʢʣʘʩʩʝ S. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʦʧʝʨʘʪʦʨʳ ʌʫʨʴʝ F ʠ F 1 (ʩʤ. [17] ʠ [19]) ʫʥʠʢʘʣʴʥʳʤ 

ʦʙʨʘʟʦʤ ʧʨʝʦʙʨʘʟʫʝʪ ʧʨʦʩʪʨʘʥʩʪʚʦ S ʚ ʩʘʤʦ ʩʝʙʷ. 

ɽʩʣʠ ʬʫʥʢʮʠʠ  ʠ  ʙʝʩʢʦʥʝʯʥʦ ʛʣʘʜʢʠʝ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʝ ʠ ʩʫʱʝʩʪʚʫʶʪ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ K, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ [17] ʠ [19], ʪʦ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ (6) ʠ (7) ʩʫʱʝʩʪʚʫʝʪ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʦ ʢʘʢ ʚ ʫʨʘʚʥʝʥʠʠ (10). 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʰʝʥʠʷ. 

ʅʘʜʸʞʥʦʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʝʸ ʨʘʟʨʝʰʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ. ʀʩʧʦʣʴʟʫʷ ʨʘʩʩʫʞʜʝʥʠʷ, ʠʟʣʦʞʝʥʥʳʝ ʚ [15], ʤʳ ʧʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʵʪʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʨʘʟʨʝʰʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ (10): 
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              (11) 

ʛʜʝ  

,       (12) 

.        (13)  

 ʌʫʥʢʮʠʷ , ʦʧʨʝʜʝʣʸʥʥʘʷ ʩ ʧʦʤʦʱʴʶ (11), ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʧʦʯʪʠ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (1)-(2). 

 ʈʘʩʩʤʦʪʨʠʤ ʤʦʜʫʣʴ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʜʚʫʤʷ ʨʝʰʝʥʠʷʤʠ: 

, 

ʛʜʝ ð ʨʝʰʝʥʠʝ ʟʘʜʘʯ (1) ʠ (2), ʚʳʨʘʞʝʥʥʦʝ ʬʦʨʤʫʣʘʤʠ (3), ʘ ð 

ʨʝʰʝʥʠʝ ʟʘʜʘʯ (6) ʠ (7), ʢʦʪʦʨʦʝ ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ (11). ʀʩʭʦʜʷ ʠʟ ʫʨʘʚʥʝʥʠʷ (11), 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ: 

 

 
ʄʦʜʫʣʴ ʥʝʧʨʝʨʳʚʥʦʩʪ ʬʫʥʢʮʠʠ  ʠ 

 
ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

. 

ɿʜʝʩʴ  ʠ  ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʝʤ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʬʫʥʢʮʠʠ  ʠ 

.   

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʳ ʠʤʝʝʤ: 

. 

ʇʦʩʢʦʣʴʢʫ  ʠ 
 
ʷʚʣʷʶʪʩʷ ʵʣʝʤʝʥʪʘʤʠ ʤʥʦʞʝʩʪʚʘ , ʠʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, 

ʯʪʦ 

 

ʕʪʦ ʜʦʢʘʟʳʚʘʝʪ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʪʝʦʨʝʤʳ. 

ʊʝʦʨʝʤʘ 1. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʟʘʜʘʯʠ (1) ʠ (2) ʠʤʝʶʪ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ (3). ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʚʳʧʦʣʥʷʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʥʝʨʘʚʝʥʩʪʚʦ: 

 ,                          (14) 

ʛʜʝ  -ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (6)-(7) ʚʠʜʘ (10) ((11)),  -ʧʘʨʘʤʝʪʨ ʨʝʛʫʣʷʨʠʟʘʮʠʠ, 

 . 

 ʉʣʝʜʩʪʚʠʝ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ (6) ʠ (7) ʚʘʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯ (1) ʠ (2), 

ʪʦ ʝʩʪʴ  ʧʨʠ . ʕʪʦ ʚʠʜʥʦ ʠʟ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ  

ʧʨʠ , ʛʜʝ  -ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (1)-(2). 
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 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʤʦʞʝʤ ʧʦʜʪʚʝʨʜʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʢʨʠʪʝʨʠʝʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʜʣʷ 

ʟʘʜʘʯ (1)-(2). 

 ʂʨʦʤʝ ʪʦʛʦ, ʚʤʝʩʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʫʥʢʮʠʠ  ʠ  ʤʳ ʤʦʞʝʤ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʝʝ ʩ ʧʦʤʦʱʴʶ  ʠ  ʠʟ ʢʣʘʩʩʦʚ ,  ʠʣʠ 

ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʥʝʨʘʚʝʥʩʪʚʘʤ (5) ʠʣʠ  

.                           (15)  

 ʀʩʧʦʣʴʟʫʷ ʧʨʠʚʝʜʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʚʳʚʦʜʠʤ ʨʝʰʝʥʠʝ ʟʘʜʘʯ (8) ʠ (9) ʚ ʚʠʜʝ  

              (16) 

ʈʘʩʩʤʦʪʨʠʤ ʤʦʜʫʣʴ ʨʘʟʥʦʩʪʠ . ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʰʝʥʠʷʭ ʟʘʜʘʯ (6-7) ʠ 

(8-9), ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʚʠʜʝ (11) ʠ (16), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʳ ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ 

ʚʳʚʦʜ: 

 

 ʇʨʠʤʝʥʷʷ ʠʥʪʝʛʨʘʣʴʥʫʶ ʬʦʨʤʫ ʥʝʨʘʚʝʥʩʪʚʘ ʂʦʰʠ-ɹʫʥʷʢʦʚʩʢʦʛʦ ʠ ʠʩʧʦʣʴʟʫʷ 

ʪʝʦʨʝʤʫ ʇʣʘʥʰʝʨʝʣʷ (ʩʤ. [19]), ʘ ʪʘʢʞʝ ʚʳʯʠʩʣʷʷ ʠʥʪʝʛʨʘʣʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ (12) ʠ (13), 

ʤʳ ʧʦʣʫʯʘʝʤ:  

, 

  ʛʜʝ  ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ Ŭ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ 

ʩʪʨʝʤʠʪʩʷ ʢ , a ʧʨʠ  ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʥʫʣʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʜʦʢʘʟʘʣʠ 

ʩʣʝʜʫʶʱʫʶ ʪʝʦʨʝʤʫ: 

 ʊʝʦʨʝʤʘ 2. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ 
 
ʝʩʪʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (8)-(9). ʊʦʛʜʘ 

ʩʫʱʝʩʪʚʫʝʪ ʦʮʝʥʢʘ:  

,                             (17) 

ʛʜʝ  

, 

 

ʏʪʦʙʳ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʧʘʨʘʤʝʪʨ ʨʝʛʫʣʷʨʠʟʘʮʠʠ Ŭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʛʨʝʰʥʦʩʪʠ ŭ, ʚʘʞʥʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʝʝ  

 

ʧʨʠ  

 ʇʦʩʢʦʣʴʢʫ  

,   
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ʪʦ ʠʟ ʥʝʨʘʚʝʥʩʪʚ (14) ʠ (17) ʤʳ ʤʦʞʝʤ ʚʳʚʝʩʪʠ ʩʣʝʜʫʶʱʝʝ ʥʝʨʘʚʝʥʩʪʚʦ:  

.                         (18) 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ: 

.                     (19) 

ʀ ʟʘʪʝʤ ʠʟ (19) ʦʧʨʝʜʝʣʷʝʤ ʧʘʨʘʤʝʪʨ .  

ʊʦʛʜʘ ʠʟ ʩʣʝʜʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ  

, 

ʠʤʝʝʤ  

.                                    (20) 

 ʂʨʦʤʝ ʪʦʛʦ, ʠʩʭʦʜʷ ʠʟ ʟʥʘʯʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (19) ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʫʥʢʮʠʠ 

, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

,                                                     (21) 

ʛʜʝ  -ʢʦʨʝʥʴ ʫʨʘʚʥʝʥʠʷ (19). 

 ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʫʨʘʚʥʝʥʠʠ (18) ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʤʦʜʫʣʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ (20) ʠ (21) ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ  

. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʦʪ ʧʨʦʮʝʩʩ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ: 

.                                          (22) 

 ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʘʨʘʤʝʪʨ ʨʝʛʫʣʷʨʠʟʘʮʠʠ Ŭ ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʦ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʦʰʠʙʢʝ d ʚ ʟʘʜʘʯʘʭ (1) ʠ (2). 

 ʊʝʦʨʝʤʘ 3. ɽʩʣʠ ʫʨʘʚʥʝʥʠʝ (19) ʠʤʝʝʪ ʨʝʰʝʥʠʝ , ʪʦ ʩʭʦʜʠʤʦʩʪʴ 

ʫʨʘʚʥʝʥʠʷ (22) ʛʘʨʘʥʪʠʨʦʚʘʥʘ. 

ʈʝʮʝʥʟʝʥʪ: ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ,  

ʜʦʮʝʥʪ ʄʠʨʟʦʝʚ ʐ.ɸ. 
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ØÌÝæÌ×ÌÔ ÖÚäÔ ÍÌÜÚÔ ØßÚÐÔ×ÌÔ éÕ×ÑÜ-ÛßÌÝÝÚÙ-ÐÌÜÍß (éÛÐ) ÙÌØßÐÔ 

ÏÔÛÑÜÍÚ×ÔÖ ÐÌÜ ÇÌØÎÚÜÄ 

Ðìü øìץú÷ì ÿýÿ÷ô ýúāþìùô øúðñ÷ô øìþñøìþôö íìüüìý öìüðì øñĄìîìð, öô íì ״ì÷÷ô þì״÷ô÷ôô 
øìýĆì÷ìô ÖúĄô íìüúô øÿúðô÷ì״úô éõ÷ñü-Ûÿìýýúù-Ðìüíÿ, öô ùìøÿðô ïôûñüíú÷ôö îì ðìü ðÿ ăñùìö ֹוúõ 

ðúüìùð, ôøöúù øñðô״ìð. ׳ìðìĀ״úô ìýúýôô ôù þìðץôץúþ, öô ýúāþúüô öúüüú øÿìõċù øñöÿùìùð, ĉֹוúðô 
óìøôùìô øìþñøìþôö íìüúô ״ì÷÷ô þìāøôùôô øìýĆì÷ìô ÖúĄô íìüúô øÿúðô÷ìô ïôûñüíú÷ôöôô éÛÐ ðìü 
ðÿăñùìöì íú ôýþôĀúðì ìó ÿýÿ÷ô þìùóôøöÿù øñíúĄìùð. Ôù ôó״úüúþ íì úù ìýúý ČĀþììýþ, öô ùìøúôĄô 

øúðñ÷ôô ״ì÷÷ô þì״÷ô÷ôô øÿúðô÷ìô ïôûñüíú÷ôöôô éÛÐ ðìü ״ìøîúü ìó þìüóô ÿýþÿîúüô øìýĆì÷ì״úô 
ùúÿýþÿîúü íú üú״ô îúüôð öìüðìùô ûìüìøñþü״úô þìùóôøöÿù ״ìøăÿù ûìüìøñþü״úô øìþñøìþôöôô ýìùֹוôĄ 
ôýþôĀúðì øñíìüìð. Øìץýìðô ÿýÿ÷ ìó úù ôíúüìþ ìýþ, öô øìýĆì÷ìô ôíþôðúôüú íú øìýĆì÷ìô úĄÿíĒ, 

ûñĄïôüôöÿùìùðì íú üú״ô ČĀþìùô ״ì÷÷ô ÿøÿøôô þì״÷ô÷, öô íì ״ì÷÷ô øìýĆì÷ìô íñúĄÿí ùìóðôö ìýþ, ċĆùñ 
íì øìýĆì÷ìô ôíþôðúôô ÖúĄô íìüúô øÿúðô÷ìô éÛÐ ôîìó öÿùìð. äìüþ״ú íìüúô øÿץúôýìô ûìüìøñþüô 

þìùóôøöÿù íú āìþúĒ þìýðôץ öìüðì Ąÿðìùð. Ìó ùìþôֹוì״úô íìðìýþúøìðì øñþìîúù āÿ÷úýì öìüð, öô 
ì÷ïúüôþøô þìץüôíìù ýúāþìĄÿðì íì þìסʡôüČíôô āÿüðô øìĆ÷ÿøúþô ôíþôðú þúíúîìü ìýþ îì íú ùìóðôö 
íÿðìùô ״ì÷÷ô øÿúðô÷ìô úĄÿíôô éÛÐ íì ״ì÷÷ô øÿúðô÷ìô āìĄøïôùô éÛÐ þìýîôü öìüðì øñĄìîìð. 

Öì÷ôðîúòìĕú: øìýĆì÷ìô ÖúĄô, øÿúðô÷ì״úô éÛÐ, úĄÿí, ĎìõüôúĄÿí, ûìüìøñþüô þìùóôø, 
ÿýþÿîúü, āìþú, øúðñ÷ îì ðìýþïú״ô øìþñøìþôö. 

 
ʆ ʈɽʐɽʅʀɽ ɿɸɼɸʏʀ ʂʆʐʀ ɼʃʗ ʋʈɸɺʅɽʅʀʁ ʕʁʃɽʈɸïʇʋɸʉʉʆʅɸïɼɸʈɹʋ (ʕʇɼ) 

ɻʀʇɽʈɹʆʃʀʏɽʉʂʆɻʆ ʊʀʇɸ ʅɸ ʇʃʆʉʂʆʉʊʀ  

ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ ʤʝʪʦʜ ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʙʘʟʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʘʥʘʣʠʪʠʯʝʩʢʠ ʨʝʰʘʪʴ 

ʟʘʜʘʯʫ ʂʦʰʠ ʜʣʷ ʫʨʘʚʥʝʥʠʡ ʕʡʣʝʨʘ-ʇʫʘʩʩʦʥʘ-ɼʘʨʙʫ (ʕʇɼ), ʢʦʪʦʨʳʝ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʦʟʥʠʢʘʶʪ ʚ ʜʚʫʭ 

ʠʟʤʝʨʝʥʠʷʭ ʠ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʷʚʣʷʶʪʩʷ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʤʠ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʜʣʷ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʚʦʧʨʦʩʘ ʂʦʰʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʚ ʜʚʫʭ ʠʟʤʝʨʝʥʠʷʭ. ʕʪʦʪ ʧʦʜʭʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʚʝʜʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʷ ʕʇɼ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʧʨʝʚʨʘʱʘʷ ʠʩʭʦʜʥʫʶ ʟʘʜʘʯʫ ʚ ʙʦʣʝʝ ʫʧʨʘʚʣʷʝʤʫʶ. ʎʝʣʴ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ 

ʥʘʡʪʠ ʫʩʪʦʡʯʠʚʦʝ ʨʝʰʝʥʠʝ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʝ ʟʘʜʘʯʫ ʂʦʰʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʪʦʯʥʳʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ 

ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʩʣʦʞʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʂʨʠʪʝʨʠʠ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʦʩʥʦʚʘʥʳ ʥʘ 

ʧʦʛʨʝʰʥʦʩʪʠ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢ ʥʝʙʦʣʴʰʠʤ ʠʟʤʝʥʝʥʠʷʤ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʭʦʜʩʪʚʦʤ ʨʝʰʝʥʠʡ ʜʣʷ ʚʦʟʤʫʱʝʥʥʦʛʦ ʠ ʠʩʭʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʡ. 

ʂʣʁ ʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʜʘʯʘ ʂʦʰʠ, ʫʨʘʚʥʝʥʠʷ ʕʇɼ, ʚʦʟʤʫʱʸʥʥʳʝ, ʥʝʚʦʟʤʫʱʸʥʥʳʝ, ʧʘʨʘʤʝʪʨ 

ʨʝʛʫʣʷʨʠʟʘʮʠʠ, ʩʪʘʙʠʣʴʥʦʩʪʴ, ʧʦʛʨʝʰʥʦʩʪʴ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ ʘʧʧʘʨʘʪ.  

 

THE CAUCHY PROBLEM FOR EULER ïPOISSONïDARBOUX EQUATIONS (EPD) OF HYPERBOLIC 

TYPE ON THE PLANE  

The article explores a method for developing a mathematical framework that makes it possible to analytically 

solve the Cauchy problem for Euler-Poisson-Darboux (EPD) equations, which naturally arise in two dimensions and 

are inherently hyperbolic. The main purpose of this study is to create a mathematical basis for an approximate solution 

of the Cauchy hyperbolic question using the regularization method in two dimensions. This approach involves the 

introduction of regularization parameters as mathematical variables to represent the analytical solution of the EPD 

equation on a plane, turning the original problem into a more manageable one. The goal is to find a stable solution 

approximating the Cauchy problem, providing an accurate and efficient approach to solving complex mathematical 

problems. The criteria for selecting the regularization parameters are based on error, which guarantees the stability of 

the developed approximation method to small changes in the input data. This is confirmed by the similarity of the 

solutions for the perturbed and initial equations. 

Keywords: Cauchy problem, EPD equations, perturbed, undisturbed, regularization parameter, stability, 

error, mathematical model and apparatus. 

 
ØìĆ÷ÿøúþ ðìü íúüìô øÿì÷÷ôĀúù: ÆĘüìóúðì áìõüÿ÷÷úĕ äìüúĀ ¬ ÐúùôĄïúĕô øô÷÷ôô ÞúĔôöôýþúù, 

ðúöþúüô ô÷øĕúô ĀôóôöìĊ øìþñøìþôöì, ûüúĀñýýúüô öìĀñðüìô øúĄôùĕúô ĕôýúííìüúü, ýôýþñøìĕú îì 
Ąìíìöìĕú. ÝÿüúĎì: 734025, Ą. ÐÿĄìùíñ, ÞúĔôöôýþúù, āôČíúùô ÜĘðìöĒ, 17. Þñ÷ñĀúù: (+992) 917-30-70-60. 
E-mail: hayrullo_58@mail.ru.  

 Ùúðôüìô ÀÿĀüúùĒ - Øìüöìóô ô÷øôô áÿֹוìùðô ÌØÔÞ, ðúöþúüìùþô PhD. ÝÿüúĎì: 735777, Ą. 
áÿֹוìùð, ּתÿø״ÿüôô Þúֹוôöôýþúù, öăìô ÝôüðìüČ, 26. Þñ÷ñĀúù: (9923422) 5-78-16. E-mail: 

barotimurodjon@gmai.com 
 

ʉʚʝʜʝʥʠʝ ʦʙ ʘʚʪʦʨʘʭ: ɼʞʫʨʘʟʦʜʘ ʍʘʡʨʫʣʣʦʭ ʐʘʨʦʬ ï ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ, ʩʠʩʪʝʤ ʠ ʩʝʪʝʡ. ɸʜʨʝʩ: 

734025, ʛ. ɼʫʰʘʥʙʝ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ, ʧʨʦʩʧʝʢʪ ʈʫʜʘʢʠ, 17. ʊʝʣʝʬʦʥ: (+992) 917-30-70-60.E-mail: 

hayrullo_58@mail.ru. 

mailto:barotimurodjon@gmai.com
mailto:hayrullo_58@mail.ru


14 

 

  ʅʦʜʠʨʘʠ ɻʫʬʨʦʥʠ ï ʍʫʜʞʘʥʜʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʅɸʅʊ, ʜʦʢʪʦʨʘʥʪ PhD. ɸʜʨʝʩ: 735777, ʛ. 

ʍʫʜʞʘʥʜ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ, ʫʣ. ʉʠʨʜʘʨʸ, 26. ʊʝʣʝʬʦʥ: (9923422) 5-78-16. E-mail: 

barotimurodjon@gmai.com  

 

Information about the authors: Jurazoda Khayrulloh Sharof ï Tajik National University, Doctor of 

Physical and Mathematical Sciences, Head of the Department of Computing Machines, Systems and Networks of 

Address: 734025, Dushanbe, Republic of Tajikistan, Rudaki Avenue, 17. Phone: (+992) 917-30-70-60. E-mail: 

hayrullo_58@mail.ru.  

 Nodirai Gufroni ïKhujand research Center of the National Academy of Sciences of the Republic of 

Tajikistan. PhD student at the Address: 735777, Khujand city, Republic of Tajikistan, 26, Sirdaryo Street. Phone: 

(9923422) 5-78-16. E-mail: barotimurodjon@gmai.com 

 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 17.05.2025 

ʆʜʦʙʨʝʥʘ ʧʦʩʣʝ ʨʝʮʝʥʟʠʨʦʚʘʥʠʷ 16.08.2025 

                                                                                                                             ʇʨʠʥʷʪʘ ʢ ʧʫʙʣʠʢʘʮʠʠ 04.10.2025 

 

  

mailto:barotimurodjon@gmai.com
mailto:barotimurodjon@gmai.com


15 

 

ʊɼʋ: 519.6:504.6(072)                                                                      

ʄʆɼɽʃʀ ʄɸʊɽʄɸʊʀʂʀʀ ʇɸ׳ʅʐɸɺʀʀ ɻɸɿ׳ʆʀ ɻʋʃʍʆʅɸ  ɸɿ 

ʅɽʈʋɻʆ׳׳ʆʀ ɹɸʈפʀ ɻɸʈʄʀɼʀ׳  ɹɸ ׳ɸɺʆʀ ɸʊʄʆʉʌɽʈɸ  

 .ʫʨʙʦʥʦʚʘ ʅ.ʄפ

ɼʦʥʠʰʛʦ״ʠ ʤʠʣʣʠʠ ʊʦֹוʠʢʠʩʪʦʥ 

ʄʫץʘʜʜʠʤʘ. ʄʦʥʠʪʦʨʠʥʛʠ ʵʢʦʣʦʛ  ʠʥ ʩʠʩʪʝʤʘʠ ʤʫʰʦ״ʠʜʘʚ , ʘʨʟʸʙ  ʚʘ ʧʝʰʛ ʠʠ 

 ʘʚʦʠ״ ʦ, ʜʘʨ ʙʦʨʘʠ ʠʬʣʦʩʰʘʚʠʠ״ʦʠʩʘʚʠʠ ʜʦʜʘץʣʠʣʠ ʤʫ״ʠʪʠ ʪʘʙʠʘʪ ʤʝʙʦʰʘʜ. ʊʘ״ʦʣʘʪʠ ʤʫ״

ʢʫʨʘʠ ɿʘʤʠʥ ʥʠʰʦʥ ʤʝʜʠ״ʘʜ, ʢʠ ʜʘʨ ʩʦʣ״ʦʠ ʦʭʠʨ ʘʬʟʦʠʰʠ ʧʫʨʰʠʜʜʘʪʠ ״ʘֹוʤʠ ʧʘʨʪʦʚ״ʦʠ ʘʟ 

ʢʦʨʭʦʥʘ״ʦʠ ʩʘʥʦʘʪ , ʥʝʨʫʛʦ״״ʦʠ ʙʘʨץʠ ʛʘʨʤʠʜʠ״  ʚʘ ʥʘץʣʠʸʪʠ ʘʚʪʦʤʦʙʠʣ  ʙʘ ״ʘʚʦʠ 

ʘʪʤʦʩʬʝʨʘ ʙʦʠʩʠ ʥʦʤʫʪʘʥʦʩʠʙʠʠ ״ʦʣʘʪʠ ʵʢʦʣʦʛ  ʛʘʨʜʠʜʘʘʩʪ. ʀʥ ʨʘʚʘʥʜ, ʤʘʭʩʫʩʘʥ, ʜʘʨ 

ʢʠʰʚʘʨ״ʦʝ ʜʠʜʘ ʤʝʰʘʚʘʜ, ʢʠ ʩʘʥʦʘʪʠ ʦʥ״ʦ ʙʦ ʩʫʨʲʘʪʠ ʥʘʟʘʨʨʘʩ ʨʫʰʜ ʢʘʨʜʘ ʠʩʪʦʜʘʘʩʪ.  

 ɿʘʭʠʨʘ״ʦʠ ʪʘʙʠĒ ʚʘ ʵʥʝʨʛʠʷ״ʦʠ ʘʟ ʦʥ״ʦ ״ʦʩʠʣʰʘʚʘʥʜʘ ʩʘʙʘʙʠ ʧʝʰʨʘʚʠʠ ʪʘʤʘʜʜʫʥʠ 
ʤʫʦʩʠʨ ʤʝʛʘʨʜʘʜ. ɼʘʨ ֹוʘ״ʦʥʠ ʤʫʦʩʠʨ ʧʝʰʨʘʬʪʠ ʜʘʚʣʘʪ״ʦʝ ʜʠʜʘ ʤʝʰʘʚʘʥʜ, ʢʠ ʩʦ״ʘʠ 

ʵʥʝʨʛʝʪʠʢʘʠ ʦʥ״ʦ ʨʫʰʜ ʸʬʪʘʘʩʪ, ʜʘʨ ״ʦʣʘʪʠ ʘʢʩ, ʷʲʥʝ ʥʘʨʘʩʠʜʘʥʠ ץʫʚʚʘʠ ʙʘʨץ ʩʘʙʘʙʠ ʧʘʩʪ 

ʰʫʜʘʥʠ ʰʘʨʦʠʪʠ ʠֹוʪʠʤʦʠʠ ʟʠʥʜʘʛʠʠ ʤʘʨʜʫʤ ʤʝʛʘʨʜʘʜ. ʊʘץʨʠʙʘʥ ʥʘʚʘʜ ʬʦʠʟʠ ʵʥʝʨʛʠʷʠ 

ʠʩʪʝ״ʩʦʣʰʘʚʘʥʜʘʠ ʪʘʤʦʤʠ ʜʘʚʣʘʪ״ʦʠ ʜʫʥʸʨʦ ʥʘʚʲ״ʦʠ ʛʫʥʦʛʫʥʠ ʥʝʨʫʛʦ״״ʦ ʪʘʰʢʠʣ ʤʝʜʠ״ʘʜ. 

ɸʤʤʦ, ʜʘʨ ʙʘʨʦʙʘʨʠ ʪʘʚʣʠʜʠ ʥʝʨʫʠ ʙʘʨץʠ ʙʠʩʸʨ ʥʝʨʫʛʦ״״ʦʠ ʛʘʨʤʠʜʠ״ , ʦʙ  ʚʘ ʘʪʦʤ  ʙʘ 

ʤʫ״ʠʪʠ ʟʠʩʪ ʪʘʲʩʠʨʠ ʤʘʥʬʠʠ ʥʘʟʘʨʨʘʩʠ ʭʫʜʨʦ ʤʝʨʘʩʦʥʘʥʜ. ɸʟ ʠʥ ʣʠ״ʦʟ, ʤʘץʦʣʘ ʙʘ ʦʤ ʟʠʰ, 

ʪʘ״ʣʠʣ ʚʘ ״ʠʩʦʙʢʫʥʠʠ ʧʘʨʪʦʚʠ ʛʘʟ״ʦʠ ʛʫʣʭʦʥʘ  ʘʟ ʥʝʨʫʛʦ״״ʦʠ ʙʘʨץʠ ʛʘʨʤʠʜʠ״  ʙʘʭʰʠʜʘ 

ʤʝʰʘʚʘʜ. ʅʝʨʫʛʦ״״ʦʠ ʙʘʨץʠ ʛʘʨʤʠʜʠ״  ʙʦ ʩʝ ʥʘʤʫʜʠ ʩ ʟʠʰʚʦʨ : ʛʘʟ, ʤʘʟʫʪ ʚʘ ʘʥʛʠʰʪʩʘʥʛ 

ʢʦʨ ʤʝʢʫʥʘʜ ʚʘ ʘʟ ״ʘʤʘ ʥʝʨʫʛʦ״ʝ, ʢʠ ʙʘ ״ʘʚʦʠ ʘʪʤʦʩʬʝʨʘ ʛʘʟ״ʦʠ ʛʫʣʭʦʥʘ  ʚʘ ʭʦʢʠʩʪʘʨʨʦ ʧʦʰ 

ʤʝʜʠ״ʘʜ, ʠʥ ʥʝʨʫʛʦ״ʠ ʙʘʨץʠʠ ʙʦ ʘʥʛʠʰʪʩʘʥʛ ʢʦʨʫ ʬʘʲʦʣʠʷʪ ʤʝʢʘʨʜʘʛ  ʤʝʙʦʰʘʜ [1]. 

ʊʘץ״ʠץ ʚʘ ʦʤ ʟʠʰ  ʨʘʚʘʥʜ״ʦʠ ʜʠʬʬʫʟʠʦʥ ʘʥʛʦʤʠ ʠʩʪʠʬʦʜʘʠ ʩ״ , ʟʠʰʚʦʨʠ״ʦʠ 

ʙʦʣʦʟʠʢʨ ʜʘʨ ʥʝʨʫʛʦ״״ʦʠ ʙʘʨץʠ ʛʘʨʤʠʜʠ״  ʷʢʝ ʘʟ ʤʘʩʲʘʣʘ״ʦʠ ʤʫ״ʠʤ ʙʘ ״ʠʩʦʙ ʨʘʬʪʘ, 

 ʘʥʛʦʤʠ ʩĘʭʪʘʥʠ׳ .ʤʘʪʪʘʣʘʙ ʤʝʙʦʰʘʜ״ʦ ʭʝʣʝ ʤʫʰʢʠʣ ʚʘ ʟʘ״ʠʩʦʙʢʫʥʠʠ ʧʘʨʪʦʚʠ ʠʥʛʫʥʘ ʛʘʟ״
ʩ ʟʠʰʚʦʨʠ״ʦʠ ʜʘʨʙʦʣʦץʘʡʜʰʫʜʘ ʚʘ ʙʘ ʘʤʘʣ ʦʤʘʜʘʥʠ ʨʘʚʘʥʜʠ ʜʠʬʬʫʟʠʦʥ  ʵʣʝʤʝʥʪ״ʦʠ 

ʟʘʨʘʨʦʚʘʨ  ʟʝʨʠʥ ʩʘʞʘ, ʜʫʦʢʩʠʜʠ ʩʫʣʬʫʨ, ʦʢʩʠʜ״ʦʠ ʥʠʪʨʦʛʝʥ, ʦʢʩʠʜ״ʦʠ ʢʘʨʙʦʥ, ʘʟ ֹוʫʤʣʘ 

ʦʢʩʠʜʠ ʢʘʨʙʦʥ (ὅὕ), ʧʘʡʚʘʩʪʘʛʠ״ʦʠ ʤʝʪʘʣʣ״ʦʠ ʚʘʟʥʠʥ ʚʘ ʤʦʜʜʘ״ʦʠ ʢʘʥʩʝʥʪʨʦʛʝʥ  ʙʘ 

ʤʦʥʘʥʜʠ ʙʝʥʟʦʧʠʨʝʥ (ὅὕὌ  ʦʟʠʨʘʟʘʤʦʥ ʜʘʨ ʷʢ״ ʠʠץʦʠ ʙʘʨ״״ʦʩʠʣ ʤʝʛʘʨʜʘʜ. ʅʝʨʫʛʦ״ (

ʰʘʙʦʥʘʨ ʟ ʟʠʸʜʘ ʘʟ 20 ״ʘʟʦʨ ʪʦʥ ʘʥʛʠʰʪ ʩʘʨʬ ʢʘʨʜʘ, ʤʫʚʦʬʠץ ʙʘ ʦʥ, ʙʘ ʘʪʤʦʩʬʝʨʘ ʤʠėʜʦʨʠ 
ʟʠʸʜʠ ʤʦʜʜʘ״ʦʠ ʠʬʣʦʩʢʫʥʘʥʜʘ ʚʘ ʟʘʨʘʨʦʚʘʨʘʥʜʘʨʦ ʧʦʰ ʤʝʜʠ״ʘʥʜ [1-2]. 

ʉʘʨʯʘʰʤʘ״ʦ ʥʠʰʦʥ ʤʝʜʠ״ʘʥʜ, ʢʠ ״ʘʥʛʦʤʠ ʩĘʭʪʘʥʠ ʘʥʛʠʰʩʘʥʛ ץʘʨʠʙ 46% ʛʘʟʠ ʩʫʣʬʫʨ 

(Ὓὕ) ֹוʫʜʦ ʰʫʜʘ ʚʘ 25% ʭʦʢʠʩʪʘʨʠ ʦʥ ʙʘ ״ʘʚʦʠ ʘʪʤʦʩʬʝʨʘ ʧʦʰ ʤʝʛʘʨʜʘʜ. ɸʬʟʦʠʰʠ ʟʠʸʜʠ 
ʛʘʟ״ʦʠ ʠʬʣʦʩʢʫʥʘʥʜʘ ʚʘ ʢʦʥʩʝʥʪʨʘʪʩʠʷʠ ʜʠʩʧʝʨʩʠʷ״ʦʠ ʭʫʨʜʠ ʟʘʨʘʨʦʚʘʨ ʙʘ ʘʪʤʦʩʬʝʨʘ ʙʦʠʩʠ 

ʥʝʩʪʰʘʚʠʠ ʦʣʘʤʠ ʥʘʙʦʪʦʪʫ ĕʘʡʚʦʥʦʪ ʙʘ ʛʘʨʤʰʘʚʠʠ ʠץʣʠʤʠ ʩʘʡy ʨʘ ʰʫʜʘ ʤʝʪʘʚʦʥʘʜ. 

ʄʫʰʦ״ʠʜʘ״ʦ ʥʠʰʦʥ ʤʝʜʠ״ʘʥʜ, ʢʠ ʤʘ״ʟ ʠʬʣʦʩʰʘʚʠʠ ʘʪʤʦʩʬʝʨʘ ʙʘ ʢʪʦ״ʫʤʨ  ʚʘ ʤʫʨʜʘʥʠ 

ʤʠʣʣʠʦʥ ʰʘ״ʨʚʘʥʜʦʥʠ ʩʘʡʸʨʘ ʦʚʘʨʜʘ ʠʩʪʦʜʘʘʩʪ. ɼʘʨ ʥʘʪʠֹוʘʠ ״ʦʩʠʣ ʚʘ ʧʘʨʪʦʚ ʰʫʜʘʥʠ ʠʥ 

ʛʫʥʘ ʛʘʟ״ʦ ʜʘʨ ץʘʙʘʪʠ ʦʟʦʥʠʠ ʘʪʤʦʩʬʝʨʘ ʧʘʨʜʘʠ ʦʟʦʥ  ʧʘʡʜʦ ʛʘʨʜʠʜʘ, ʜʘʨ ʩʘʜ ʩʦʣʠ ʦʭʠʨ 

ʩʘʙʘʙʠ 1,5 ʜʘʨʘֹוʘ ʙʦʣʦ ʨʘʬʪʘʥʠ ʛʘʨʤʠʠ ʩʘʡʸʨʘʠ ʟʘʤʠʥ ʰʫʜʘʘʩʪ. 

 ɼʘʨ ʨʘʩʤʠ 1 ʨʘʚʘʥʜʠ ʧʘʨʪʦʚʠ ʛʘʟ״ʦʠ ʛʫʣʭʦʥʘ  ʚʘ ʪʘʛʰʠʥ ʰʫʜʘʥʠ ʭʦʢʠʩʪʘʨʠ ʘʥʛʠʰʩʘʥʛ 

״ʦʠ ʛʘʨʤʠʜʠ״״ʘʥʛʦʤʠ ʢʦʨʠ ʥʝʨʫʛʦ״  ʙʘ ʘʪʤʦʩʬʝʨʘ ʥʠʰʦʥ ʜʦʜʘ ʰʫʜʘʘʩʪ. 
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Figure 1. Waste sedimentation during NBG operation 

ʆʤ ʟʠʰʠ ʨʘʚʘʥʜ״ʦʠ ʭʠʤʠʷʚ   ʘʥʛʦʤʠ ýĘāþìùô ïìó îì øìóÿþ״ 

Úöýôðúô ùôþüúïñù íìüúô øÿôþô ʟʠʩʪ ʷʢʝ ʘʟ ʛʘʟ״ʦʠ ʟʘ״ʨʦʣʫʜʪʘʨʨʠʥ ʜʘʨ ״ʘʚʦʠ 
ʘʪʤʦʩʬʝʨʘ ʙʘ ״ʠʩʦʙ ʤʝʨʘʚʘʜ. ɸʟ ʠʥ ʣʠ״ʦʟ, ʤʘʩʲʘʣʘʠ ʢʘʤ ʢʘʨʜʘʥʠ ʠʥ ʛʘʟ״ʦʠ ʟʘʨʘʨʦʚʘʨ ʙʘʨʦʠ 

ʠʤ ʚʘ ʟʘʨʫʨ״ʠʪʠ ʘʪʨʦʬ ʭʝʣʝ ʤʫ״ʘʸʪʠ ʠʥʩʦʥ ʚʘ ʤʫ״  ʤʝʙʦʰʘʜ. ׳ʘʥʛʦʤʠ ʜʘʨ ʦʪʘʰʠ ʧʝʯʠ ʜʝʛ 

ʩ ʭʪʘʥʠ ʛʘʟʠ ʪʘʙʠĒ ʚʘ ʤʘʟʫʪ ʦʢʩʠʜ״ʦʠ ʛʫʥʦʛʫʥʠ ʥʠʪʨʦʛʝʥ (ὔὕ ʙʘ ʚʫֹוʫʜ ʦʤʘʜʘ, 

ʧʘʡʚʘʩʪʘʛʠ״ʦʠ ʛʫʥʦʛʫʥʠ ʥʠʪʨʦʛʝʥ ʙʘ ʤʦʥʘʥʜʠ: ʦʢʩʠʛʝʥ ὕȠ ʛʝʤʠʦʢʩʠʜ  ὔὕ; ʦʢʩʠʜ  ὔὕ; 
ʘʥʛʠʜʨʠʜʠ ʘʟʦʪ  ὔὕ; ʜʠʦʢʩʠʜ  ὔὕ; ʪʝʪʨʘʦʢʩʠʜʠ ʜʠʘʟʦʪ  ὔὕ; ʚʘʥʛʠʜʨʠʜʠ ʘʟʦʪ  ὔὕ 

 ʦʠ ʢʠʤʠʸʚʠʠ״ʠʪʠ ʘʪʨʦʬ ʜʘʨ ʙʘʡʥʠ ʧʘʡʚʘʩʪʘʛʠ״ʦʩʠʣ ʤʝʰʘʚʘʜ. ɹʘʨʦʠ ʠʥʩʦʥ ʚʘ ʤʫ״

ʦʚʘʨʜʘʰʫʜʘ ʭʘʪʘʨʥʦʢʪʘʨʠʥʘʰ ʦʢʩʠʜʠ ʥʠʪʨʦʛʝʥ ὔὕ ʚʘ ʜʠʦʢʩʠʜʠ ʥʠʪʨʦʛʝʥ ὔὕ  ʙʘ ״ʠʩʦʙ 

ʤʝʨʘʚʘʜ. ɼʘʨ ʠʜʦʤʘ ʛʘʟ״ʦʠ ʘʟ ʜʫʜ ʧʘʡʜʦʰʫʜʘʨʦ ʙʦ ὔὕ  ʠʰʦʨʘ ʤʝʢʫʥʝʤ. ɼʠʛʘʨ ʦʢʩʠʜ״ʦʠ 

ʥʠʪʨʦʛʝʥ ʙʘ ״ʦʜʠʩʘ״ʦʠ ʢʠʤʠʸʚ  ʪʦʙʦʚʘʨ ʥʘʙʫʜʘ, ʢʦʥʩʝʥʪʨʘʪʩʠʷʠ ʦʥ״ʦ ʜʘʨ ʘʪʤʦʩʬʝʨʘ ʢʘʤ 

ʙʘ ʥʘʟʘʨ ʤʝʨʘʩʘʜ [2-4]. 

ʘʥʛʦʤʠ ʩ׳  ʭʪʘʥʠ ʛʘʟʠ ʪʘʙʠ  ʚʘ ʤʘʟʫʪ ʜʘʨ ʦʪʘʰʜʦʥʠ ʥʝʨʫʛʦ״ʠ ʙʘʨץ  ʠʩʩʘʠ ʜʠʦʢʩʠʜʠ״ 

ʘʟʦʪʠ ὔὕ ʘʟ ς υϷ ʙʘ ʤʠץʜʦʨʠ ʫʤʫʤʠʠ ʦʢʩʠʜʠ ʘʟʦʪ  ὔ̨  ʙʘʨʦʙʘʨ ʘʩʪ. ʆʢʩʠʜ״ʦʠ ʥʠʪʨʦʛʝʥ 

ʜʘʨ ʥʘʪʠֹוʘʠ ʦʢʩʠʜʰʘʚʠʠ ʥʠʪʨʦʛʝʥʠ ʘʪʤʦʩʬʝʨʘʠ ʤʦʣʝʢʫʣʘʚ  ʜʘʨ ״ʘʚʦ ʙʘ ʚʫֹוʫʜ ʦʤʘʜʘ, 

ʘʥʛʦʤʠ ʩ״ ʘʤʯʫʥ ʦʢʩʠʜʢʫʥʘʥʜʘ״ ʟʠʰ ״ʦʩʠʣ ʤʝʛʘʨʜʘʜ. ׳ʘʥʛʦʤʠ ʩ ʭʪʘʥʠ ʛʘʟʠ ʪʘʙʠ  ʚʘ ʤʘʟʫʪ 

ʜʘʨ ״ʘʨʦʨʘʪʠ ʙʘʣʘʥʜ  Ὕ  1800 ʂ ʪʘʥ״ʦ ʦʢʩʠʜ״ʦʠ ʥʠʪʨʦʛʝʥʠʠ ʪʝʨʤʠʢ  ʸ ʙʘ ʪʘʚʨʠ ʬʘʚʨ  

ʦʢʩʠʜʠ ʥʠʪʨʦʛʝʥ ʠ ʥʘʟʘʨʠʷʠ ʗ. ɹ. ɿʝʣʜʦʚʠʯ ʦʢʩʠʜʰʘʚץʦʩʠʣ ʤʝʰʘʚʘʜ. ʊʠʙ״   ʥʠʪʨʦʛʝʥʠ 

ʤʦʣʝʢʫʣʘʚʠʠ ״ʘʚʦ ʘʟ ʨ ʠ ʘʣʛʦʨʠʪʤʠ ʟʝʨʠʥ ʠֹוʨʦ ʤʝʛʘʨʜʘʜ [2-4]: 

ὔ  ὕ P  ὔὕ  ὔ                              ρ   

ὔ  ὕ ᴾ ὔὕ  ὕ                              (2)  
ὔ  ̨ ˚P  ὔὕ  ̊ȟ                            σ 

ʜʘʨ ʠʥ ֹוʦ ὕȟὕὌȟὌ- ʦʢʩʠʛʝʥʠ ʘʪʦʤ , ʛʠʜʨʦʢʩʠʣ ʚʘ ʛʠʜʨʦʛʝʥʠ ʘʪʦʤ  ʪʘʥʘʟʟʫʣʠ ʛʘʨʤʠʠ 

ʩ ʟʠʰʚʦʨʠʠ ʦʨʛʘʥʠʢ  ʤʝʙʦʰʘʜ.  

  ɸʢʥʫʥ ʨʘʚʘʥʜʠ ʪʘʰʘʢʢʫʣʸʙʠʠ ὔὕ ïʨʦ ״ʘʥʛʦʤʠ ʠʩʪʠʬʦʜʘʠ ʤʘʟʫʪ ʜʘʨ ʦʪʘʰʜʦʥ״ʦ ʚʘ 

ʦʠ ʭʠʤʠʷʚ״ʘʥʛʦʤʠ ʙʘ ʘʤʘʣ ʦʤʘʜʘʥʠ ʨʝʘʢʩʠʷ״  ʜʠʜʘ ʤʝʙʘʨʦʝʤ [3-5]: 

˞  ̊  ὔς  ̊˞ ̊  ὔȟ                    τ 
˚˞ ̊  ̨  ὔὕ  ȣȟ                   υ 

ʜʘʨ ʠʥ ֹוʦ ὅὌ - ʨʘʜʠʢʘʣʠ ʢʘʨʙʦʛʠʜʨʦʛʝʥ ʤʝʙʦʰʘʜ, ʢʠ ʪʘʥ״ʦ ʜʘʨ ʠʙʪʠʜʦʠ ʩʘʨʰʘʚʠʠ ʩ ʟʠʰ 

ʤʘʚֹוʫʜ ʙʫʜʘ, ʜʘʨ ʠʜʦʤʘ ʙʦ ʥʠʪʨʦʛʝʥʠ ʤʦʣʝʢʫʣʘʚʠʠ ὔ  ʙʘ ʨʝʘʢʩʠʷ ״ʘʤʨʦ״ ʤʝʰʘʚʘʜ. 

 ʆʢʩʠʜ״ʦʠ ʩ ʟʠʰʚʦʨʠʠ ʘʟʦʪ ״ʘʥʛʦʤʠ ʩ ʟʦʥʜʘʥʠ ʛʘʟʠ ʪʘʙʠ ʙʘ ʚʫֹוʫʜ ʥʘʤʝʦʷʥʜ, ʟʝʨʦ 

ʦʥ״ʦ ʙʘ ʘʟʦʪ ʧʘʡʚʘʩʪʰʘʚ  ʥʘʜʦʨʘʜ, ʘʤʤʦ ״ʘʥʛʦʤʠ ʩĘʭʪʘʥʠ ʤʘʟʫʪ ʚʘ ʜʠʛʘʨ ʥʘʤʫʜ״ʦʠ 

ʩ ʟʠʰʚʦʨʠʠ ʩʘʭʪ, ʙʘ ʤʦʥʘʥʜʠ ʪʦʨʬ ʚʘ ʘʥʛʠʰʪʩʘʥʛʠ ץʘ״ʚʘʨʘʥʛ ״ʠʩʩʘʠ ὔὕ ʙʘ ץʘʜʨʠ ʢʦʬ  

ʢʘʣʦʥ ʤʝʙʦʰʘʜ. 
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 ɼʘʨ ʙʘʨʦʤʘʜʠ ʢʦʪʝʣ״ʦʠ ʥʝʨʫʛʦ״ʠ ʙʘʨץ ʘʥʛʦʤʠ ʩ״  ʭʪʘʥʠ ʛʘʟʫ ʤʘʟʫʪ ʚʘ ʙʘ ʘʤʘʣ ʦʤʜʘʥʠ 

ʨʝʘʢʩʠʷ״ʦʠ ʭʠʤʠʷʚ  ʵʣʝʤʝʥʪ״ʦʠ ʟʘ״ʨʦʣʫʜʢʫʥʘʥʜʘʠ ʦʢʩʠʜʠ ʥʠʪʨʦʛʝʥ ὔὕ ʚʘ ʜʠʦʢʩʠʜʠ 
ʥʠʪʨʦʛʝʥ ὔὕ ״ʦʩʠʣ ʤʝʛʘʨʜʘʥʜ. ʉʝ ʤʘʚʨʠʜʠ ʠʤʢʦʥʧʘʟʠʨʠ ʧʘʡʚʘʩʪʰʘʚʠʠ ʨʝʘʢʩʠʷ״ʦʠ 

ʭʠʤʠʷʚʠʠ ὔὕ ʚʘ ʜʠʦʢʩʠʜʠ ʥʠʪʨʦʛʝʥ ὔὕ  ʚʫֹוʫʜ ʜʦʨʘʥʜ [4-6]: 

ὔὕ ˛ ᴼὔὕ ˛ȟ                         φ  
ςὔὕ ˛ ᴼςὔὕ ȟ                              χ  
ὔὕ Ὑ̨ ᴼὔὕ Ὑ̨ Ȣ                     ψ 

 ɼʘʨ ʬʦʨʤʫʣʘ״ʦʠ (6), (7) ʚʘ (8)    ὕ  ʦʟʦʥ, ὙὕȟὙ̨  ʛʘʟ״ʦʠ ʩʝʘʪʦʤʘ ʤʝʙʦʰʘʥʜ. 

 ɹʦʷʜ ץʘʡʜ ʢʘʨʜ, ʢʠ ʠʩʪʠʬʦʜʘʠ ʠʥʛʫʥʘ ʩ ʟʠʰʚʦʨʠ״ʦ ʜʘʨ ʦʪʘʰʜʦʥ״ʦʠ ʥʝʨ ʛʦ״״ʦʠ ʙʘʨץ  

 ʘʙʘʪʠ ʧʦʸʥʠʠ ʘʪʤʦʩʬʝʨʘץ ʦʠ ʜʫʜ ʜʘʨ״ʘʨʘʢʘʪʠ ʛʘʟ״ ʘʨʨʘʨʠʠץʘʥʛʦʤ ʰʘʨʦʠʪʠ ʤʫ״

ʦʢʩʠʜʰʘʚʠʠ ʦʢʩʠʜʠ ʘʟʦʪ ὔὕ ʚʘ ʦʟʦʥ     ὕ  ʟʠʸʜʪʘʨ ʤʝʛʘʨʜʘʜ. 

 ɼʘʨ ʘʩʦʩʠ ʧʘʡʚʘʩʪʘʛʠ״ʦʠ ʭʠʤʠʷʚʠʠʠ ״ʦʩʠʣʰʫʜʘ ʤʦ ʠʤʢʦʥ ʧʘʡʜʦ ʤʝʢʫʥʝʤ, ʢʠ ʙʘʨʦʠ 

ʦʠ ʤʘʪʝʘʪʠʢ״ʦ ʘʤʩʠʣʘ״ʤʠ ʦʥוʘֹ״ ʠʩʦʙ ʥʘʤʫʜʘʥʠ״  ʩʦʟʝʤ.  

ɸʤʩʠʣʘʠ ʤʘʪʝʤʘʪʠʢ 

 ɹʘʨʦʠ ʩʦʭʪʘʥʠ ʘʤʩʠʣʘʠ  ʤʘʪʝʤʘʪʠʢʠʠ ʙʘʨʦʠ ʛʘʟʠ ʟʘ״ʨʦʣʫʜʢʫʥʘʥʜʘʠ ʜʠʦʢʩʠʜʠ 

ʥʠʪʨʦʛʝʥ ὔὕ ʜʘʨ ʬʘʟʦʠ ʩʝʯʝʥʘʢʘ ʤʫʦʜʠʣʘʠ ʠʥʪʠץʦʣʠ ʚʘʟʥʨʦ ʠʩʪʠʬʦʜʘ ʤʝʙʘʨʝʤ [7]: 
‬ὅ

‬ὸ
ό
‬ὅ

‬ὼ
‮
‬ὅ

‬ώ

‬

‬ὼ
‘
‬ὅ

‬ὼ

‬

‬ώ
‘
‬ὅ

‬ώ
ὗ ὼ‏ ὼ ‏ώ ώ    ω 

 ɼʘʨ ʤʫʦʜʠʣʘʠ (9) ʙʘ ֹוʦʠ ὅ ʛʘʟʠ ʜʠʦʢʩʠʜʠ ʥʠʪʨʦʛʝʥ ὔὕ ʛʫʟʦʰʪʘ  ʤʫʦʜʠʣʘʠ ʥʘʚʙʘʪʠʨʦ 

 :ʦʩʠʣ ʤʝʢʫʥʝʤ[ 7-9]״
‬ὔὕ 

‬ὸ
ό
‬ὔὕ 

‬ὼ
‮
‬ὔὕ 

‬ώ
‬

‬ὼ
‘
‬ὔὕ 

‬ὼ

‬

‬ώ
‘
‬ὔὕ 

‬ώ
ὗ ὼ‏ ὼ  ‏ώ ώ  ρπȟ 

 

ðìü ôù ú ὔὕ  öúùýñùþüìþýôċô ïìóô ðôúöýôðô ùôþüúïñù  ὔὕ, ό ýÿüĆìþ íú üìîôĄô þôüô 
ὼ, ‮  ýÿüĆìþ íú üìîôĄô þôüô ώ, ‘ ‘ȟ ‘ öúĉĀĀôþýñùþô ðôĀĀÿóôċô þÿüíì÷ñùþ 

ðìü þôüô ώȟ ὗ ̙̉̅̅́̓̉ ̐́̑̓̏̃ ́  ̛̈̍́̎̂́   ὔὕ , ‏ὼ ὼ ‏ώ ώ ðñ÷þì 

Āÿùöýôċô Ðôüìö øñíúĄìð. 

ʊʘʲʨʠʬ: ɼʝʣʪʘ ʬʫʥʢʩʠʷ ɼʠʨʘʢ ‏ὼ ʬʫʥʢʩʠʷʠ ʫʤʫʤʠʢʘʨʜʘʰʫʜʘ ʙʫʜʘ, ʰʘʨʪ״ʦʠ ʟʝʨʠʥʨʦ 

 :ʘʥʦʘʪ ʤʝʢʫʥʦʥʘʜ [10]ץ

ὼ‏
Њȟ   ὼ πȟ

πȟ     ὼ πȟ        
 

ὼὨὼ‏ ρȢ 

ɸʟ ʙʘʨʦʙʘʨʠʠ ʥʘʚʙʘʪ  ʙʘʨʤʝʦʷʜ, ʢʠ ʦʥ ʭʦʩʠʷʪʠ ʧʦʢʢʫʥʘʥʜʘʠ (ʬʠʣʪʨʦʤ) ʜʝʣʪʘ 

ʬʫʥʢʩʠʷʠ ɼʠʨʘʢ ʤʝʙʦʰʘʜ. 

ὼ‏ ώὪὼὨὼ ὪώȢ           ρρ 
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ʌʫʥʢʩʠʷʠ ʠʙʪʠʜʦʠʠ ʜʝʣʪʘïɼʠʨʘʢ, 

ʬʫʥʢʩʠʷʠ ʍʝʚʠʩʘʡʜ ʤʝʙʦʰʘʜ. 

—ὼ
πȟ      ὼ πȟ
ρȟ      ὼ πȢ

 

 

 
ʀʥ ʬʫʥʢʩʠʷ ʙʘʨʦʠ ʪʘʚʩʠʬʠ ץʠʤʘʪʠ ʬʠʟʠʢʠʠ ʟʠʯʠʠ ʬʘʟʦ ʜʘʨ ʷʢ ʥʫץʪʘ ʭʠʟʤʘʪ ʤʝʢʫʥʘʜ. 

   ʄʫʦʜʠʣʘʠ (10) ʤʫʦʜʠʣʘʠ ʜʠʬʬʝʨʝʥʩʠʘʣ  ʙʦ ״ʦʩʠʣʘʠ ʭʫʩʫʩ  ʙʫʜʘ ʪʘסʡʠʨʸʙʠʠ 

ʢʦʥʩʝʥʪʨʘʪʩʠʷʠ ὔὕ -ʨʦ ʚʦʙʘʩʪʘ ʘʟ ʤʘʥʙʘʲ ʚʘ ʨʘʚʘʥʜʠ ʜʠʬʬʫʟʠʦʥ  ʤʫʘʡʷʥ ʤʝʢʫʥʘʜ. ׳ʘʤʠʥ 

ʪʘʚʨ ʙʘʨʦʠ ʤʫʦʜʠʣʘʠ (10)-ʨʦ ʘʧʨʦʢʩʠʤʘʪʩʠʷ ʥʘʤʫʜʘʥ ʠʰʦʨʘ״ʦʠ ʟʝʨʠʥʨʦ ʚʦʨʠʜ ʤʝʢʫʥʝʤ 

ὔὕ ὼȟώȟὸ ὅȟ. ʇʘʩ ʩʭʝʤʘʠ ʬʘʨץʠʠʠ ʤʫʦʜʠʣʘʠ (10) ʥʘʤʫʜʠ ʟʝʨʠʥʨʦ ʤʝʛʠʨʘʜ[11-13]: 

 

ὅȟ ὅȟ Ўὸ ό
ὅ ȟ ὅȟ

Ўὼ
‮
ὅȟ ὅȟ

Ўώ

ρ

Ўὼ
‘ ὼ ȟώ

ὅ ȟ ὅȟ

Ўὼ
‘ ὼ ȟώ

ὅȟ ὅ ȟ

Ўὼ

ρ

Ўώ
‘ ὼȟώ

ὅȟ ὅȟ

Ўώ

‘ ὼȟώ
ὅȟ ὅȟ

Ўώ
                                                       ρς 

Üìîìùðô ôþþñüìþýôúù ̃ ́ ̓̆ íì úāôü øñüìýìð, öô ìïìü Ąìüþô óñüôù ô̑̏ ̄ ́̑̅́̅ [13-
15]: 

ᶫ ᶫ ‐ȟ 

ðìü ôù ú ʟ  ôøìþô ùìîô ̉̒̏̂̋̔̎̉̉ ̉̓̓̆̑́̓̒̉̏̎, ᶫ  ôøìþô ìîîì÷ì îì ‐ íúĄìð 

ċïúù ôøìþô āÿüð øñíúĄìð. 
ʉʭʝʤʘʠ ʬʘʨץʠʠ (12) ʠʤʢʦʥ ʤʝʜʠ״ʘʜ, ʢʠ ʤʫʦʜʠʣʘʠ (10) ״ʠʩʦʙ ʢʘʨʜʘ ʰʘʚʘʜ. ɹʘʨʦʠ 

ʤʫʘʡʷʥ ʥʘʤʫʜʘʥʠ ʢʦʵʬʬʠʪʩʝʥʪʠ ʨʘʚʘʥʜ״ʦʠ ʜʠʬʬʫʟʠʦʥ  ‘ ,  ‘ ʚʦʙʘʩʪʘ ʘʟ ʤʘʥʙʘʠ 

ʠʬʣʦʩʢʫʥʘʥʜʘ ὗ  ̅́̑ óìíúùô íìüùúøìýúóôô Python íìýþìô ùìüøìĀóúüñ þìüþôí ðúðì 

Ąÿðììýþ, öô îìóùô öúùýñùþüìþýôċô øúððìúô óìüìùúöô ïìóô ὔὕ ðìü þÿüô ìùðúóìĄúù 
25x25ø. ̉̒̏̂ ̍ ̆̋̔̎́̅. 

ɹʘʩʪʘʠ ʥʘʨʤʘʬʟʦʨ ʙʘʨʦʠ ״ʠʩʦʙ ʥʘʤʫʜʘʥʠ ʢʦʥʩʝʥʪʨʘʪʩʠʷ ʛʘʟʠ ὔὕ 
ɹʘʨʦʠ ʜʘʨ ʘʤʘʣ ʪʘʪʙʠץ ʥʘʤʫʜʘʥʠ ʘʤʩʠʣʘʠ ʤʘʪʝʤʘʪʠʢʠʠ (10) ʚʘ ʙʘ״ʦʜʠ״ʠʠ ʜʠʥʘʤʠʢʘʠ 

ʧʘʨʪʦʚʠ ʜʠʦʢʩʠʜʠ ʘʟʦʪ ʙʘ ״ʘʚʦʠ ʘʪʤʦʩʬʝʨʘ ʙʦ ʠʩʪʠʬʦʜʘ ʘʟ ʟʘʙʦʥʠ ʙʘʨʥʦʤʘʩʦʟʠʠ ʉ++ 

Builder ʙʘʨʥʦʤʘ ʩʦʭʪʘ ʰʫʜʘ, ʥʘʪʠֹוʘʠ ״ʠʩʦʙʢʫʥʠ״ʦ ʜʘʨ ʰʘʢʣʠ ֹוʘʜʚʘʣ  ʚʘ ʛʨʘʬʠʢ  ʦʚʘʨʜʘ 

ʰʫʜʘʘʥʜ. 

ɹʘʩʪʘʠ ʥʘʨʤʘʬʟʦʨ ʙʘʨʦʠ ʙʘ״ʦʜʠ״ʠʠ ʧʘʨʪʦʚʠ ʛʘʟ  ὔὕ ʙʘ ʘʪʤʦʩʬʝʨʘ: 
import numpy as np 

import matplotlib. pyplot as plt 

from matplotlib. animation import Func Animation 

from tkinter import * 

Window = Tk () 
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Window.title("ɹʘʨʥʦʤʘʠ ʭʠʩʦʙʢʫʥʠʠ ʛʘʟʭʦʠ ʛʫʣʭʦʥʘʠ ʘʟ ʅɹɻ ") 

Window.geometry('400x250') 

Window["bg"] = "darkgrey" 

Menuitem = Menu (Window) 

Window.config(menu=Menuitem) 

Filemenu = Menu (Menuitem) 

Menuitem.add_cascade (label="ʌʘʡʣ", menu=Filemenu) 

Filemenu.add_command(label="ʂʫʰʦʜʘʥ") 

Filemenu.add_command (label="ʉʘʙʪ ʢʘʨʜʘʥ") 

Filemenu.add_command(label="ɹʘʨʦʤʘʜ") 

Helpmenu = Menu (Menuitem) 

Menuitem.add_cascade (label="ʄʘʲʣʫʤʦʪʥʦʤʘ", menu=Helpmenu) 

Helpmenu.add_command (label="ɼʘʨ ʙʦʨʘʠ ʠʩʪʠʬʦʜʘʠ ʙʘʨʥʦʤʘ") 

Display = Label (Window, font= ("Arial Bold", 14), text="ʍʘʯʤʠ ʛʘʟʠ ʜʠʦʢʩʠʜʠ 

ʥʠʪʨʦʛʝʥ") 

Button1 = Button (Window, font= ("Arial Bold", 14), text="ʅʘʪʠʯʘ") 

Button2 = Button (Window, font= ("Arial Bold", 14), text="ʊʦʟʘʢʫʥʠ") 

Button1.place(x=270, y=500) 

Button2.place(x=450, y=500) 

Box = Listbox (Window, font= ("Arial Bold", 14),) 

Box.place(x=270, y=40, width=272, height=450) 

Display.place(x=270, y=10) 

Window.mainloop() 

Nx, Ny = 10, 10 

Lx, Ly = 1.0, 1.0 

dx, dy = Lx / (Nx - 1), Ly / (Ny - 1) 

dt = 0.001 

T = 0.1 

Nt = int (T / dt) 

u = 1.0 

v = 1.0   

x = np. line (0, Lx, Nx) 

y = np. line (0, Ly, Ny) 

X, Y = np. meshgrid (x, y, indexing="i j") 

def mu_x (x, y): 

    return 0.01 + 0.005 * np.sin (np.pi * x) 

def mu_y (x, y): 

    return 0.01 + 0.005 * np.cos (np.pi * y) 

C = np.exp (-100 * ((X - Lx/2) **2 + (Y - Ly/2) **2)) 

solution = [C. copy ()] 

for n in range (Nt): 

    C_new = C. copy () 

        for i in range (1, Nx-1): 

        for j in range (1, Ny-1): 

            adv_x = -u * (C [i+1, j] - C [i, j]) / dx 

            adv_y = -v * (C [i, j+1] - C [i, j]) / dy 

            mu_x_plus = mu_x(x[i+0.5], y[j]) 

            mu_x_minus = mu_x(x[i-0.5], y[j])  

diff_x = (1/dx) * (mu_x_plus * (C [i+1, j] - C [i, j]) / dx -                          mu_x_minus 

* (C [i, j] - C [i-1, j]) / dx) 
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           mu_y_plus = mu_y(x[i], y[j+0.5]) 

            mu_y_minus = mu_y(x[i], y[j-0.5]) 

            diff_y = (1/dy) * ( 

mu_y_plus * (C [i, j+1] - C [i, j]) / dy - mu_y_minus * (C [i, j] - C [i, j -1]) / dy) 

            C_new [i, j] = C [i, j] + dt * (adv_x + adv_y + diff_x + diff_y) 

   C = C_new. copy () 

    if n % 10 == 0: 

        solution. append (C. copy ()) 

fig, ax = plt.subplots () 

cmap = plt.get_cmap('viridis') 

img = ax.imshow (solution [0], origin='lower', extent=[0, Lx, 0, Ly], cmap=cmap) 

plt.colorbar(img, ax=ax) 

ax.set_title("ʂʦʥʩʝʥʪʨʘʪʩʠ"̫) 

def animate(i): 

    img.set_data(solution[i]) 

    ax.set_title (f "ʐʘʛ ʚʨʝʤʝʥʠ: {i*10}")  

    return [img] 

ani = FuncAnimation (fig, animate, frames=len(solution), interval=100, blit=True) 

plt. show () 

ɹʦ ʚʦʨʠʜ ʥʘʤʫʜʘʥʠ ץʠʤʘʪ״ʦʠ ʘʚʚʘʣʘ ʚʘ ʧʘʭʰ ʥʘʤʫʜʘʥʠ ʪʫʛʤʘʠ ñʅʘʪʠֹוʘò 

ʦ ʜʘʨ ʵʢʨʘʥ ʧʘʡʜʦ ʤʝʛʘʨʜʘʥʜ. ʈʘʚʟʘʥʘʠ ʘʩʦʩ״ʠʩʦʙʢʫʥʠ״  ʚʘ ʥʘʪʠֹוʘ״ʦʠ ״ʦʩʠʣʰʫʜʘ ʜʘʨ 

ʨʘʩʤ״ʦʠ 1-3 ʦʚʘʨʜʘ ʰʫʜʘʘʥʜ. 

  
ʈʘʩʤʠ 1. ʈʘʚʟʘʥʘʠ ʘʩʦʩʠʠ ʙʘʨʥʦʤʘ ʚʘ 

ʬʝϲʨʠʩʪʠ ʌʘʡʣ 

Figure 1. The main program window and the 

File menu 

ʈʘʩʤʠ 2.ʅʘʪʠṉʘʠ ϲʠʩʦʙʢʫʥʠʠ ʘʜʘʜʠʠ 

ʙʘʨʥʦʤʘ 

Figure 2. Result of numerical calculation of 

the program 
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ʈʘʩʤʠ 3. ʅʘʪʠṉʘʠ ʙʘʨʥʦʤʘ ʙʘʨʦʠ 

ϲʠʩʦʙʢʫʥʠʠ ʧʘʨʪʦʚʠ  ʛʘʟṯ ὔὕ 
Figure 3. Program output for calculating NO 

gas emissions 

ʈʘʩʤʠ 4.ʄʠʥʪʘϨʘʠ ʬʘʨʦʛʠʨʠʠ ʛʘʟʠ ὔὕ 
ϲʘʥʛʦʤʠ ʢʦʨʠ ʥʝʨʫʛʦϲʠ ʙʘʨϨṯ 

Figure 4. NO gas coverage area during power 

plant operation 

ʅʘʪʠֹוʘ״ʦʠ ʙʘʜʘʩʪʦʤʘʜʘ ʥʠʰʦʥ ʤʝʜʠ״ʘʥʜ, ʢʠ ʧʘʨʪʦʚʠ ʛʘʟʠ øúððìúô óìüìùúöô ïìóô 

ὔὕ ʜʘʨ ʄʘʨʢʘʟʠ ʙʘʨץʠʠ ʛʘʨʤʠʜʠ״ʠʠ ʰ.ɼʫʰʘʥʙʝ-2 ʭʝʣʝ ʥʦʯʠʟ ʙʫʜʘ ʟʘʨʘʨʠ ʦʥ ʙʘ ʤʫ״ʠʪʠ 

ʟʠʩʪ ʢʘʤ ʘʩʪ. ɼʘʩʪʘ ʙʘʨʥʦʤʘʠ ʟʝʨʠʥʨʦ ʤʝʪʘʚʦʥ ʙʘʨʦʠ ʜʠʣʭʦ״ ʤʘʨʢʘʟ״ʦʠ ʙʘʨץʠʠ ʛʘʨʤʠʜʠ״ , 

ʢʠ ʙʦ ʛʘʟ ʚʘ ʤʘʟʫʪ ʢʦʨ ʤʝʢʫʥʘʥʜ ʠʩʪʠʬʦʜʘ ʙʫʨʜ. 

ʊʘʚʩʠʷ״ʦ ʙʘʨʦʠ ʢʘʤ ʥʘʤʫʜʘʥʠ ʧʘʨʪʦʚʠ ʛʘʟ״ʦ ʘʟ ʅɹɻ 

Çʘʨʯʘʥʜ  ʠʤʨ ʟ ʜʘʨ ʧʝʰʨʘʚʠʠ ״ʘʨ ʷʢ ʩʦ״ʘ ʩʘ״ʤʠ ʥʝʨʫʛʦ״״ʦʠ ʙʘʨץ  ʥʘʟʘʨʨʘʩ ʘʩʪ, ʘʤʤʦ 

ʙʦʟ ʤʫ״ʠʤʪʘʨ ʠʥ ʘʩʪ, ʢʠ ʨʦ״״ʦʠ ʧʘʩʪ ʥʘʤʫʜʘʥʠ ʧʘʨʪʦʚʠ ʤʦʜʜʘ״ʦʠ ʟʘʨʘʨʦʚʘʨʠ ʠʥ ʤʘʥʙʘʲ״ʦʨʦ 

ʪʘ״ʪʠ ʦʤ ʟʠʰ ʚʘ ʪʘ״ʣʠʣ ץʘʨʦʨ ʜʠ״ʝʤ. ɸʟ ʪʘץ״ʠץʦʪʠ ʜʘʨ ʙʦʣʦ ʦʚʘʨʜʘʰʫʜʘ ʤʫʘʡʷʥ ʤʝʛʘʨʜʘʜ, 

ʢʠ ״ʘʥʛʦʤʠ ʢʦʨʠ ʅɹɻ ʧʘʨʪʦʚʠ ʛʘʟ״ʦʠ ὅὕ, ʦʢʩʠʜ״ʦʠ ʘʟʦʪ  (ὔὕ), ὅὕ ʚʘ ʟʘʨʨʘ״ʦʠ ʜʠʛʘʨʠ 

ʟʘʨʘʨʦʚʘʨ ʤʫʰʢʠʣʦʪʠ ֹוʠʜʜʠʠ ʵʢʦʣʦʛ  ʙʘ ʤʠʸʥ ʤʝʦʨʘʜ. ɸʤʤʦ ʷʢʯʘʥʜ ʨʦ״ʝ ʚʫֹוʫʜ ʜʦʨʘʜ, ʢʠ 

ʤʦ ʤʝʪʘʚʦʥʝʤ ʧʘʨʪʦʚʠ ʠʥ ʛʫʥʘ ʛʘʟ״ʦ ʚʘ ʤʦʜʜʘ״ʦʠ ʟʘʨʘʨʦʚʘʨʨʦ ʢʘʤ ʢʫʥʝʤ.  

1. ʗʢʝ ʘʟ ʨʦ״״ʦʠ ʩʘʤʘʨʘʙʘʭʰʠ ʢʘʤ ʢʘʨʜʘʥʠ ʧʘʨʪʦʚ״ʦʠ ʛʘʟ ʘʟ ʥʝʨʫʛʦ״״ʦʠ ʙʘʨץ , ʠʥ 

ʠʩʪʠʬʦʜʘʠ ʩʠʬʘʪʠ ʭʫʙʠ ʩ ʟʠʰʚʦʨʠ״ʦ ʚʘ ʙʘʣʘʥʜ ʙʘʨʜʦʰʪʘʥʠ ʩʘʤʘʨʘʥʦʢʠʠ ʩ ʟʠʰ ʤʝʙʦʰʘʜ. 

ʉʘʤʘʨʘʥʦʢʠʠ ʩ ʟʠʰ ʙʝʚʦʩʠʪʘ ʙʘ ʤʠץʜʦʨʠ ʠʬʣʦʩʢʫʥʘʥʜʘ״ʦʠ ʭʦʨʠֹוʰʘʚʘʥʜʘ ʪʘʲʩʠʨ 

ʤʝʨʘʩʦʥʘʜ, ʟʝʨʦ ʧʫʨʨʘʪʘʨ ʩ ʭʪʘʥʠ ʩ ʟʠʰʚʦʨ  ʙʦʠʩʠ ʢʘʤ ʰʫʜʘʥʠ ʛʘʟʠ ʢʘʨʙʦʥ, ʦʢʩʠʜ״ʦʠ 

ʥʠʪʨʦʛʝʥ ʚʘ ʜʠʛʘʨ ʤʦʜʜʘ״ʦʠ ʟʘʨʘʨʦʚʘʨ ʤʝʛʘʨʜʘʜ. ʀʥʨʦ ʤʝʪʘʚʦʥ ʪʘʚʘʩʩʫʪʠ ʠʩʪʠʬʦʜʘʠ 

ʩʠʩʪʝʤʘ״ʦʠ ʤʫʦʩʠʨ ʙʘ ʤʦʥʘʥʜʠ ʜʝʛ״ʦʠ ʧʘʨʪʦʚ״ʦʷʰʦʥ ʢʘʤ ʙʘ ʜʘʩʪ ʦʚʘʨʜ. ʀʥ ʛʫʥʘ ʜʝʛ״ʦ 

ʙʘʨʦʠ ʢʘʤ ʢʘʨʜʘʥʠ ʤʠץʜʦʨʠ ʧʘʨʪʦʚ״ʦʠ ʟʘʨʘʨʦʚʘʨ ʙʘ ʘʪʤʦʩʬʝʨʘ ״ʘʥʛʦʤʠ ʠʩʪʠʬʦʜʘʠ 

ʩ ʟʠʰʚʦʨʠ״ʦʠ ʛʘʟ, ʤʘʟʫʪ ʚʘ ʘʥʛʠʰʪʩʘʥʛ ʜʘʨ ʘʩʦʩʠ ʪʝʭʥʦʣʦʛʠʷ״ʦʠ ʟʘʤʦʥʘʚ  ʪʘʨ״ʨʝʟ  

ʰʫʜʘʘʥʜ. 

2. ʋʩʫʣʠ ʜʠʛʘʨʠ ʤʫ״ʠʤʤʠ ʢʘʤ ʢʘʨʜʘʥʠ ʧʘʨʪʦʚ״ʦʠ ʟʘʨʘʨʦʚʘʨ ʘʟ ʥʝʨʫʛʦ״״ʦʠ ʙʘʨץ  ʥʘʩʙ 

ʥʘʤʫʜʘʥʠ ʩʠʩʪʝʤʘʠ ʪʦʟʘʢʫʥʠʠ (ʬʠʣʪʨ״ʦ) ʧʘʨʪʦʚ״ʦ ʤʝʙʦʰʘʜ. ʀʤʨ ʟ ʙʦ ʠʩʪʠʬʦʜʘ ʘʟ 

ʪʝʭʥʦʣʦʛʠʷ״ʦʠ ʤʘʲʤʫʣʪʘʨʠʥʠ ʩʠʩʪʝʤʘʠ ʪʦʟʘʢʫʥ  ʤʝʭʘʥʠʢ  ʸ ʵʣʝʢʪʨʦʩʪʘʪʠʢ  ʩʦʭʪʘ 

ʰʫʜʘʘʩʪ, ʢʠ ʠʤʢʦʥʠ ֹוʘʤʲʦʚʘʨʠʠ ʯʘʥʛʠ ʭʦʢʠʩʪʘʨ ʚʘ ʜʠʛʘʨ ʤʦʜʜʘ״ʦʠ ʟʘʨʨʘʨʦʚʘʨʨʦ ʜʦʨʦ 

ʤʝʙʦʰʘʜ. ɸʟ ʠʥ ʣʠ״ʦʟ ʜʘʨ ʅɹɻ- ״ʦ ʥʘʩʙʠ ʥʘʤʫʜʘʥʠ ʯʫʥʠʥ ʩʠʩʪʝʤʘʠ ʪʦʟʘʢʫʥ  (ʬʠʣʪʨ״ʦ) 

ʘʪʤ״  ʤʝʙʦʰʘʜ. 

3. ʈʦ״ʠ ״ʘʣʣʠ ʦʧʪʠʤʘʣ  ʚʘ ʜʘʨʦʟʤʫʜʜʘʪʠ ʙʘʨʪʘʨʘʬ ʥʘʤʫʜʘʥʠ ʤʫʰʢʠʣʦʪʠ ʧʘʨʪʦʚʠ 

ʛʘʟ״ʦʠ ʛʫʣʭʦʥʘ  ʚʘ ʜʠʛʘʨ ʤʦʜʜʘ״ʦʠ ʠʬʣʦʩʢʫʥʘʥʜʘ ʘʟ ʅɹɻ ʠʥ ʛʫʟʘʨʠʰ ʙʘ ʤʘʥʙʘʲ״ʦʠ 

ʘʣʪʝʨʥʘʪʠʚʠʠ ʵʥʝʨʛʠʷ ʘʟ ץʘʙʠʣʠ ʥʝʨʫʠ ʦʬʪʦʙ, ʰʘʤʦʣ ʚʘ ʦʙ ʤʝʙʦʰʘʜ, ʟʝʨʦ ʦʥ״ʦ ʘʟ ֹוʠ״ʘʪʠ 

ʵʢʦʣʦʛ  ʪʦʟʘ ʚʘ ʫʩʪʫʚʦʨʘʥʜ. 

ʂʘʤ ʢʘʨʜʘʥʠ ʧʘʨʪʦʚ״ʦ ʘʟ ʤʘʨʢʘʟ״ʦʠ ʛʘʨʤʠʜʠ״  (ʅɹɻ) ʢʦʨʠ ʤʫʨʘʢʢʘʙ ʙʫʜʘ, 

ʤʫʥʦʩʠʙʘʪʪʠ ֹוʠʜʜʠʨʦ ʘʟ ʤʦ ʪʘʣʘʙ ʤʝʢʫʥʘʜ. ɹʘʨʦʠ ״ʠʩʦʙʢʫʥʠʠ ʧʘʨʪʦʚʠ ʛʘʟ״ʦʠ ʛʫʣʭʦʥʘ  
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ʩʦʭʪʘʥʠ ʥʘʨʤʘʬʟʦʨʝ ʣʦʟʠʤ ʘʩʪ, ʢʠ ״ʘʣ״ʦʠ ʘʜʘʜʠʠ ʦʥ ʸʬʪʘ ʰʫʜʘ, ʙʦ ʛʫʟʘʨʦʥʠʜʘʥʠ ʪʘֹוʨʠʙʘ״ʦ 

ʠʬʣʦʩʰʘʚʠʠ ״ʘʚʦʠ ʘʪʤʦʩʬʝʨʘʠ ʘʪʨʦʬʠ ʅɹɻ ʙʘ״ʦʜʠ״  ʚʘ ʧʝʰʛ ʠ ʢʘʨʜʘ ʰʘʚʘʜ. ׳ʘʥʛʦʤʠ 

ʩʦʭʪʘʥʠ ʥʘʨʤʘʬʟʦʨ ʦʤʠʣ״ʦʠ ʟʝʨʠʥ: ʩʫʨʲʘʪʠ ʰʘʤʦʣ, ״ʘʨʦʨʘʪʠ ״ʘʚʦ, ʥʘʤ  ʚʘ ʧʘʨʘʤʝʪʨ״ʦʠ 

ʤʝʪʝʨʦʣʦʛ  ʙʦʷʜ ʙʘ ʠʥʦʙʘʪ ʛʠʨʠʬʪʘ ʰʘʚʘʥʜ. 

ʄʫėʘʨʨʠʟ: ʜʦʢʪʦʨʠ ʠʣʤĕʦʠ ʬʠʟʠʢìĊ ʤʘʪʝʤʘʪʠʢĒ, 

ʧʨʦʬʝʩʩʦʨ ʆʜʠʥʘʝʚ ʈ.ʅ. 
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ʄʆɼɽʃʀ ʄɸʊɽʄɸʊʀʂʀʀ ʇɸ׳ʅʐɸɺʀʀ ɻɸɿ׳ʆʀ ɻʋʃʍʆʅɸ  ɸɿ ʅɽʈʋɻʆ׳׳ʆʀ 

 ɹɸʈפÄ-ɻɸʈʄʀɼʀ׳  ɹɸ ׳ɸɺʆʀ ɸʊʄʆʉʌɽʈɸ  

ʄʘץʦʣʘ ʙʘ ʤʘʩʲʘʣʘʠ ʪʘ״ʠʷ ʚʘ ʪʘʜץʠץʠ ʧʘʨʪʦʚʠ ʤʦʜʜʘ״ʦʠ ʟʘʨʘʨʥʦʢ  ʘʟ ʥʝʨʫʛʦ״״ʦʠ ʙʘʨץ  ʛʘʨʤʠʜʠ״  ʚʘ 

ʧʝʰʙʠʥʠʠ ״ʦʣʘʪʠ ʵʢʦʣʦʛʠʠ ʘʪʤʦʩʬʝʨʘʠ ʤʠʥʪʘץʘʠ  ֹוʦʡʛʠʨʰʫʜʘʠ ʥʝʨʫʛʦ״״ʦ  ʙʘʭʰʠʜʘ ʰʫʜʘʘʩʪ. ɸʪʤʦʩʬʝʨʘʠ 

ʟʘʤʠʥ ʩʠʩʪʝʤʘʠ ʭʝʣʝ ʤʫʨʘʢʢʘʙ ʙʫʜʘ, ʜʘʨ ʷʢ ʤʘʚʨʠʜ ʙʘ ʦʥ ʷʢ ץʘʪʦʨ ʨʘʚʘʥʜ״ʦʠ ʬʠʟʠʢ  ʚʘ ʢʠʤʠʸʚ  ʚʦʨʠʜ 

ʤʝʰʘʚʘʥʜ, ʢʠ ʦʤ ʭʪʘʥʠ ʦʥ ʭʝʣʝ ʤʫʰʢʠʣ ʤʝʛʘʨʜʘʜ. ʊʘ״ʣʠʣ״ʦ ʥʠʰʦʥ ʤʝʜʠ״ʘʥʜ, ʢʠ ʩʦʣ״ʦʠ ʦʭʠʨ ʨʫʰʜʠ ʩʦ״ʘʠ 

ʩʘʥʦʘʪ ʜʘʨ ʜʘʚʣʘʪ״ʦʠ ʧʝʰʨʘʬʪʘ, ʙʘ ʤʦʥʘʥʜʠ ʏʠʥ, ɸʤʨʠʢʦ, ׳ʠʥʜʫʩʪʦʥ, ʈʦʩʩʠʷ, ʌʘʨʦʥʩʘ, ּתʦʧʦʥ ʩʘʙʘʙʠ ʙʘ 

ʘʪʤʦʩʬʝʨʘ ʘʟ ״ʘʜ ʟʠʸʜ ʧʦʰ ʭĘʨʜʘʥʠ ʤʦʜʜʘ״ʦʠ ʟʘʨʘʨʦʚʘʨ ʛʘʨʜʠʜʘ ʠʩʪʦʜʘʘʩʪ. ʀʥ ʙʦʰʘʜ, ʙʘ ʚʘʡʨʦʥ ʛʘʨʜʠʜʘʥʠ 

ʤʝʲʸʨ״ʦʠ ʤʫץʘʨʨʘʨʛʘʨʜʠʜʘʠ ʩʘʥʠʪʘʨ  ʦʚʘʨʜʘ ʤʝʨʘʩʦʥʘʜ. ʄʘʩʲʘʣʘʠ ʦʤ ʟʠʰʠ ʤʦʥʠʪʦʨʠʥʛ, ʧʝʰʛĒ ʚʘ 
ʙʘ״ʦʜʠ״ʠʠ ʠʬʣʦʩʰʘʚʠʠ ״ʘʚʦ ʜʘʨ ״ʘʤʘ ʤʘʤʣʘʢʘʪ״ʦ ʷʢʝ ʘʟ ʤʘʩʲʘʣʘ״ʦʠ ʤʫʙʨʘʤ ʙʘ ״ʠʩʦʙ ʤʝʨʘʚʘʜ. ɼʘʨ ʤʘץʦʣʘ 

ʤʘʲʣʫʤʦʪ ʜʘʨ ʙʦʨʘʠ ʤʦʜʜʘ״ʦʠ ʟʘʨʘʨʥʦʢ, ״ʘʥʛʦʤʠ ʠʩʪʠʬʦʜʘʠ ʩ ʟʠʰʚʦʨʠ״ʦʠ ʛʘʟ, ʤʘʟʫʪ ʚʘ ʘʥʛʠʰʪʩʘʥʛ ʚʘ ʙʘ 

ʘʤʘʣ ʦʤʘʜʘʥʠ ʨʘʚʘʥʜ״ʦʠ ʜʠʬʬʫʟʠʦʥ  ʜʘʨ ʥʝʨʫʛʦ״״ʦʠ ʙʘʨץ  ʛʘʨʤʜʠ״  ʦʚʘʨʜʘ ʰʫʜʘʘʩʪ. ʍʫʩʫʩʘʥ, ʙʘ ʤʠʸʥ 

ʦʤʘʜʘʥʠ ʨʝʘʢʩʠʷ״ʦʠ ʭʠʤʠʷʚ  ʚʘ ʨʘʚʘʥʜʠ ʜʠʬʬʫʟʠʦʥ  ʠʣʤʘʥ ʘʩʦʩʥʦʢ ʢʘʨʜʘ ʰʫʜʘ, ʜʘʨ ʘʩʦʩʠ ʤʫʦʜʠʣʘʠ 

ʜʠʬʬʝʨʝʥʩʠʘʣʠʠ ʠʥʪʠץʦʣ, ʩʭʝʤʘʠ ʬʘʨץ  ʩʦʭʪʘ ʰʫʜʘʘʩʪ. ʉʭʝʤʘʠ ʬʘʨץʠʠ ʩʦʭʪʘʰʫʜʘʨʦ ʠʩʪʠʬʦʜʘ ʥʘʤʫʜʘ, ʙʘʨʦʠ 

 ʘʠוʦʠ ʧʘʨʪʦʚʰʫʜʘ ʜʘʨ ʟʘʙʦʥʠ ʙʘʨʥʦʤʘʩʦʟʠʠ Phyton ʙʘʨʥʦʤʘ ʥʘʚʠʰʪʘ ʰʫʜʘʘʩʪ. ʅʘʪʠֹ״ʠʩʦʙʠ ʤʘʩʩʘʠ ʛʘʟ״

 ʘʚʦʠ״ ʡʠʨʸʙʠʠ ʠʥʜʝʢʩʠ ʢʦʤʧʣʝʢʩʠʠ ʠʬʣʦʩʰʘʚʠʠסʘʥʜ, ʢʠ ʪʘ״ʘʜʚʘʣ ʚʘ ʛʨʘʬʠʢʠʠ ʙʘʨʥʦʤʘ ʠʤʢʦʥ ʤʝʜʠוֹ
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ʘʪʤʦʩʬʝʨʘʠ ʤʠʥʪʘץʘʠ ֹוʦʡʛʠʨʰʫʜʘʠ ʥʝʨʫʛʦ״ ʧʝʰʛ  ʢʘʨʜʘʰʫʜʘ ʚʘ ʙʘʨʦʠ ʙʘʨʪʘʨʘʬ ʢʘʨʜʘʥʠ ʦʥ ʯʦʨʘ״ʦ 

ʘʥʜʝʰʠʜʘ ʰʘʚʘʜ. 

ʂʘʣʠʜʚʦʞʘ״ʦ: ʤʦʥʠʪʦʨʠʥʛ, ʨʘʚʘʥʜ״ʦʠ ʜʠʬʬʫʟʠʦʥ , ʛʘʟ״ʦʠ ʛʫʣʭʦʥʘ , ʥʝʨʫʛʦ״״ʦʠ ʙʘʨץʠʠ ʛʘʨʤʠʜʠ״ , 

ʤʫʦʜʠʣʘʠ ʠʥʪʠץʦʣ, ʩʭʝʤʘʠ ʬʘʨץ , ʦʢʩʠʜ״ʦʠ ʥʠʪʨʦʛʝʥ, ʢʦʵʬʬʠʪʩʝʥʪʠ ʜʠʬʬʫʟʠʷ, ʘʤʩʠʣʘʠ ʤʘʪʝʤʘʪʠʢ , 

ʥʘʨʤʘʬʟʦʨ, ʟʘʙʦʥʠ ʙʘʨʥʦʤʘʩʦʟ . 

 

ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀʗ ʇɸʈʅʀʂʆɺʓʍ ɻɸɿʆɺ ʆʊ 

ʊɽʇʃʆʕʃɽʂʊʈʆʉʊɸʅʎʀʁ ɺ ɸʊʄʆʉʌɽʈʋ 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʦʪ 

ʪʝʧʣʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʳ ʚ ʨʘʡʦʥʝ ʨʘʟʤʝʱʝʥʠʷ ʩʪʘʥʮʠʠ. 

ɸʪʤʦʩʬʝʨʘ ɿʝʤʣʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʯʝʥʴ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ, ʥʘ ʢʦʪʦʨʫʶ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʣʠʷʶʪ ʮʝʣʳʡ ʨʷʜ 

ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʝʸ ʠʟʫʯʝʥʠʝ ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ. ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʟʚʠʪʠʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʝʢʪʦʨʘ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ, ʪʘʢʠʭ ʢʘʢ ʂʠʪʘʡ, ʉʐɸ, ʀʥʜʠʷ, 

ʈʦʩʩʠʷ, ʌʨʘʥʮʠʷ, ʗʧʦʥʠʷ, ʧʨʠʚʦʜʠʪ ʢ ʯʨʝʟʤʝʨʥʦʤʫ ʚʳʙʨʦʩʫ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ. ʕʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩʘʥʠʪʘʨʥʳʭ ʥʦʨʤ. ʀʟʫʯʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʘ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʠ ʦʮʝʥʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʚʦ ʚʩʝʭ ʩʪʨʘʥʘʭ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ 

ʩʚʝʜʝʥʠʷ ʦ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚʘʭ, ʚʳʜʝʣʷʶʱʠʭʩʷ ʧʨʠ ʩʞʠʛʘʥʠʠ ʛʘʟʘ, ʤʘʟʫʪʘ ʠ ʫʛʣʷ ʥʘ ʪʝʧʣʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʧʨʦʮʝʩʩʫ ʜʠʬʬʫʟʠʠ, ʢʦʪʦʨʳʝ ʦʙʦʩʥʦʚʘʥʳ ʩ 

ʥʘʫʯʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ʧʦʩʪʨʦʝʥʘ ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʡ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘ ʷʟʳʢʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʜʣʷ ʨʘʩʯʸʪʘ ʤʘʩʩʳ ʚʳʙʨʦʰʝʥʥʳʭ ʛʘʟʦʚ. ʊʘʙʣʠʯʥʳʝ ʠ ʛʨʘʬʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʥʜʝʢʩʘ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʚ ʨʘʡʦʥʝ 

ʨʘʟʤʝʱʝʥʠʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠ ʧʨʠʥʠʤʘʪʴ ʤʝʨʳ ʧʦ ʝʛʦ ʩʥʠʞʝʥʠʶ. 
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MATHEMATICAL MODEL OF THE DISPERSION OF GREENHOUSE GASES FROM THERMAL 

POWER PLANTS INTO THE ATMOSPHERIC AIR  

 This article is considered to the issue of modeling and studying the emission of harmful substances from 

Thermal Power Plants and predicting the ecological state of the atmosphere in the regions where these plants are 

located. The Earth's atmosphere is a highly complex system, influenced by a number of physical and chemical 

processes that make its study quite challenging. Analyses show that in recent years, the development of the industrial 

sector in advanced countries such as China, the United States, India, Russia, France, and Japan has led to excessive 

emissions of harmful substances into the atmosphere. This has resulted in the violation of established sanitary norms. 

The study of monitoring, forecasting, and assessing air pollution is considered one of the most pressing issues in all 

countries. The article provides information about harmful substances emitted during the combustion of gas, fuel oil, 

and coal in Thermal Power Plants. The occurrence of chemical reactions and the diffusion process are scientifically 

substantiated, and based on the differential equation of transport, a finite difference scheme has been constructed. 

Using the developed finite difference scheme, a software program was written in the Python programming language 

to calculate the mass of emitted gases. The tabular and graphical results of the program allow for the prediction of 

changes in the complex air pollution index of the atmosphere in the region where the power plant is located, enabling 

the development of measures to mitigate it. 

Keywords: monitoring, diffusion processes, greenhouse gases, thermal power plants (TPPs), transport 

equation, finite difference scheme, nitrogen oxides, diffusion coefficient, mathematical model, software, python 

programming language. 
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ʏʀʉʃɽʅʅʓɽ ʄɽʊʆɼʓ ɺ ʀʉʉʃɽɼʆɺɸʅʀʀ ʆʇʊʀʄʀɿɸʎʀʀ ɿɸʑʀʊʓ 

ʈɸʉʊɽʅʀʁ ʉ ɺʆɿʈɸʉʊʅʆʁ ʉʊʈʋʂʊʋʈʆʁ ʇʆʇʋʃʗʎʀʀ ʅɸʉɽʂʆʄʓʍ 

ʅʘʨʟʫʣʣʦʝʚ ʇ.ʃ. 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɺʝʜʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʵʬʬʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʦʪ ʚʨʝʜʠʪʝʣʝʡ, ʯʪʦ ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʩʣʦʞʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʚʢʣʶʯʘʷ ʜʠʥʘʤʠʢʫ ʧʦʧʫʣʷʮʠʡ ʥʘʩʝʢʦʤʳʭ. ʆʜʠʥ ʠʟ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʘʟʚʠʪʠʝ ʧʦʧʫʣʷʮʠʠ ʚʨʝʜʠʪʝʣʝʡ, ð ʵʪʦ ʚʦʟʨʘʩʪʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʪʘʢ ʢʘʢ ʥʘ 

ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʦʥʠ ʧʦ-ʨʘʟʥʦʤʫ ʚʦʩʧʨʠʠʤʯʠʚʳ ʢ ʧʝʩʪʠʮʠʜʘʤ ʠ ʦʙʣʘʜʘʶʪ 

ʨʘʟʣʠʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʚʨʝʞʜʘʪʴ ʧʦʩʝʚʳ. ʈʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʟʘʱʠʪʳ 

ʨʘʩʪʝʥʠʡ ʩ ʫʯʸʪʦʤ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʨʝʜʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʨʝʰʝʥʠʝ 

ʢʦʪʦʨʦʡ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʠʩʩʣʝʜʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʧʦʧʫʣʷʮʠʡ, 

ʦʮʝʥʠʚʘʪʴ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʙʨʘʙʦʪʢʝ ʠ ʦʧʨʝʜʝʣʷʪʴ ʥʘʠʣʫʯʰʠʝ 

ʩʭʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʫʯʠʪʳʚʘʪʴ ʥʝʣʠʥʝʡʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʠ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʩʪʴ ʟʘʜʘʯʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ 

ʧʨʠ ʨʘʙʦʪʝ ʩ ʨʝʘʣʴʥʳʤʠ ʘʛʨʦʵʢʦʩʠʩʪʝʤʘʤʠ. 

ʈʦʩʪ ʠʥʪʝʨʝʩʘ ʢ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʘʤ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʦʙʫʩʣʦʚʣʝʥ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʪʦʯʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʯʪʦ ʩʪʘʣʦ ʘʢʪʫʘʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʀʩʪʦʨʠʯʝʩʢʠ ʨʘʟʚʠʪʠʝ 

ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʥʘʯʘʣʦʩʴ ʝʱʸ ʚ XVIII ʚʝʢʝ, ʢʦʛʜʘ ʃʝʦʥʘʨʜ ʕʡʣʝʨ [1] ʧʨʝʜʩʪʘʚʠʣ ʩʚʦʡ 

ʠʟʚʝʩʪʥʳʡ ʤʝʪʦʜ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʩʪʘʚʰʠʡ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʰʘʛʦʚ ʚ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʧʠʨʘʣʩʷ ʥʘ ʵʣʝʤʝʥʪʘʨʥʫʶ ʣʠʥʝʡʥʫʶ 

ʘʧʧʨʦʢʩʠʤʘʮʠʶ, ʦʥ ʩʪʘʣ ʚʘʞʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʟʚʠʪʠʷ ʯʠʩʣʝʥʥʳʭ ʧʦʜʭʦʜʦʚ. 

ɺ XIX ʚʝʢʝ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʨʦʛʨʝʩʩ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʙʣʘʛʦʜʘʨʷ ʨʘʙʦʪʘʤ ɼʞʦʥʘ ʂʦʫʯʘ ɸʜʘʤʩʘ 

[2], ʨʘʟʨʘʙʦʪʘʚʰʝʛʦ ʩʝʤʝʡʩʪʚʦ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʣʠ ʪʦʯʥʦʩʪʴ 

ʚʳʯʠʩʣʝʥʠʡ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʝʜʳʜʫʱʠʭ ʟʥʘʯʝʥʠʷʭ ʨʝʰʝʥʠʷ. ʕʪʠ 

ʤʝʪʦʜʳ, ʦʭʚʘʪʳʚʘʶʱʠʝ ʢʘʢ ʷʚʥʳʝ, ʪʘʢ ʠ ʥʝʷʚʥʳʝ ʩʭʝʤʳ, ʧʦ-ʧʨʝʞʥʝʤʫ ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ, ʥʝ ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ. 

ɺ ʩʝʨʝʜʠʥʝ XX ʚʝʢʘ ʨʘʟʚʠʪʠʝ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʠʣʦ ʤʦʱʥʳʡ ʠʤʧʫʣʴʩ 

ʙʣʘʛʦʜʘʨʷ ʩʪʨʝʤʠʪʝʣʴʥʦʤʫ ʧʨʦʛʨʝʩʩʫ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʙʳʣʠ 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʠ ʦʙʦʩʥʦʚʘʥʳ ʢʣʶʯʝʚʳʝ ʧʦʜʭʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʤʝʪʦʜʳ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ, 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʘʜʘʧʪʠʚʥʳʝ ʩʭʝʤʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ɿʥʘʯʠʪʝʣʴʥʳʡ 

ʚʢʣʘʜ ʚ ʵʪʦʪ ʧʨʦʮʝʩʩ ʚʥʝʩʣʠ ʨʘʙʦʪʳ ɼʞʦʥʘ ʬʦʥ ʅʝʡʤʘʥʘ [3] ʠ ʝʛʦ ʩʦʘʚʪʦʨʦʚ, ʢʦʪʦʨʳʝ 

ʟʘʣʦʞʠʣʠ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʙʘʟʫ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

ɺ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʣʘʛʦʜʘʨʷ ʠʟʫʯʝʥʠʶ ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʡ. ʇʝʨʚʳʝ ʨʘʙʦʪʳ ʈʦʙʝʨʪʘ ʄʵʷ 

[4], ʧʦʩʚʷʱʸʥʥʳʝ ʥʝʣʠʥʝʡʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʷʤ, ʘ ʪʘʢʞʝ ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʃʦʪʢʠ ʠ ɺʦʣʴʪʝʨʨʳ [5,6], ʦʧʠʩʳʚʘʶʱʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʭʠʱʥʠʢʦʚ ʠ ʞʝʨʪʚ, 

ʧʦʩʣʫʞʠʣʠ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʘʥʘʣʠʟʘ ʩʣʦʞʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʭ ʛʣʫʙʦʢʦʡ 

ʠʥʪʝʛʨʘʮʠʝʡ ʚ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʫʯʝʪʫ 

ʥʝʣʦʢʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʧʦʧʫʣʷʮʠʦʥʥʳʭ ʤʦʜʝʣʷʭ, ʯʪʦ ʥʘʰʣʦ ʦʪʨʘʞʝʥʠʝ ʚ ʨʘʙʦʪʘʭ ʧʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʜʠʥʘʤʠʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʩ ʫʯʝʪʦʤ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʥʝʣʠʥʝʡʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ [7]. ɺʘʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʷʟʘʥʦ 
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ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʘʤʠ, 

ʦʧʠʩʳʚʘʝʤʳʤʠ ʥʘʛʨʫʞʝʥʥʳʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ [8]. 

ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠʥʮʠʧ ʤʘʢʩʠʤʫʤʘ 

ʇʦʥʪʨʷʛʠʥʘ [9], ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʶʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʧʨʠʥʮʠʧʦʚ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʨʝʰʝʥʠʷ 

ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʩʧʝʰʥʦʝ 

ʦʙʲʝʜʠʥʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʩ ʧʝʨʝʜʦʚʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ, ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [10-15]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ 

ʩ ʫʯʝʪʦʤ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʧʫʣʷʮʠʠ ʥʘʩʝʢʦʤʳʭ. ʀʩʩʣʝʜʫʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʜʠʥʘʤʠʢʫ ʚʨʝʜʠʪʝʣʝʡ, ʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʯʠʩʣʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʫʱʝʨʙʘ ʧʨʠ 

ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʤʝʪʦʜʘʤ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʨʘʟʥʦʩʪʥʳʤ ʩʭʝʤʘʤ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʘʣʛʦʨʠʪʤʘʤ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʵʬʬʝʢʪʠʚʥʦ ʥʘʭʦʜʠʪʴ ʨʝʰʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʠ 

ʥʝʣʠʥʝʡʥʦʩʪʠ ʤʦʜʝʣʠ. 

ʎʝʣʴ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʟʘʱʠʪʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʫʯʠʪʳʚʘʶʱʝʡ ʜʠʥʘʤʠʢʫ 

ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʧʫʣʷʮʠʡ ʢʘʢ ʚʨʝʜʥʳʭ, ʪʘʢ ʠ ʧʦʣʝʟʥʳʭ ʚʠʜʦʚ ʥʘʩʝʢʦʤʳʭ. ɺ ʨʘʙʦʪʝ 

ʧʦʣʫʯʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ, ʚʢʣʶʯʘʷ ʢʨʠʪʝʨʠʠ ʤʠʥʠʤʠʟʘʮʠʠ ʫʱʝʨʙʘ.   

ʇʫʩʪʴ ʟʘʜʘʥ ʬʫʥʢʮʠʦʥʘʣ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʦʚʦʢʫʧʥʳʡ ʫʱʝʨʙ ʦʪ ʚʨʝʜʠʪʝʣʝʡ ʠ 

ʟʘʪʨʘʪʳ ʥʘ ʟʘʱʠʪʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ. ʊʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʪʘʢʦʝ ʜʦʧʫʩʪʠʤʦʝ ʫʧʨʘʚʣʝʥʠʝ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʜʘʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʜʦʩʪʠʛʘʝʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ ʟʘʜʘʥʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ ʜʠʥʘʤʠʢʫ ʧʦʧʫʣʷʮʠʡ. 
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Ὅό ὅὔ ὸ ὅὖὔ ὸ ὅ꜠꜠ὸ ὗὨὸ ὅὔ ὸ  

ὅὖὔ ὸ ὅ꜠꜠ὸ ὗ  

ʇʨʠʥʮʠʧ ʤʘʢʩʠʤʫʤʘ ʇʦʥʪʨʷʛʠʥʘ 
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ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʱʠʪʳ 

ʨʘʩʪʝʥʠʡ ʩ ʫʯʝʪʦʤ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʧʫʣʷʮʠʡ ʥʘʩʝʢʦʤʳʭ. ʅʘ ʛʨʘʬʠʢʘʭ ʦʪʦʙʨʘʞʝʥʘ 

ʜʠʥʘʤʠʢʘ ʯʠʩʣʝʥʥʦʩʪʠ ʚʨʝʜʥʳʭ ʠ ʧʦʣʝʟʥʳʭ ʚʠʜʦʚ ʧʦ ʚʦʟʨʘʩʪʥʳʤ ʛʨʫʧʧʘʤ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 
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ʩʪʨʘʪʝʛʠʷʭ ʫʧʨʘʚʣʝʥʠʷ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠʤʝʥʝʥʠʷ ʟʘʱʠʪʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ, ʚʢʣʶʯʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʦʙʨʘʙʦʪʦʢ. ʈʝʟʫʣʴʪʘʪʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʧʦʟʚʦʣʷʶʪ ʩʨʘʚʥʠʪʴ ʚʣʠʷʥʠʝ 

ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʥʘ ʩʦʩʪʦʷʥʠʝ ʘʛʨʦʵʢʦʩʠʩʪʝʤʳ. ʏʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʩʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠ ʝʛʦ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ. 

ʈʠʩʫʥʦʢ 1. ʉʢʨʠʥʰʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʛʨʘʤʤʳ çʆʧʪʠʤʠʟʘʮʠʠ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʩ 

ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦʧʫʣʷʮʠʠ ʥʘʩʝʢʦʤʳʭè. 

Figure.1. Screenshot of the results of the program "Optimizing plant protection with the 

age structure of the insect population". 

 
ʈʠʩʫʥʦʢ 2. ʉʢʨʠʥʰʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʛʨʘʤʤʳ çʆʧʪʠʤʠʟʘʮʠʠ ʟʘʱʠʪʳ 

ʨʘʩʪʝʥʠʡ ʩ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦʧʫʣʷʮʠʠ ʥʘʩʝʢʦʤʳʭè  

Figure 2. Screenshot of the results of the program "Optimizing plant protection with 

the age structure of the insect population" 
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ʈʠʩʫʥʦʢ 3. ʉʢʨʠʥʰʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʛʨʘʤʤʳ çʆʧʪʠʤʠʟʘʮʠʠ ʟʘʱʠʪʳ 

ʨʘʩʪʝʥʠʡ ʩ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦʧʫʣʷʮʠʠ ʥʘʩʝʢʦʤʳʭè 
Figure 3. Screenshot of the results of the program "Optimizing plant protection with 

the age structure of the insect population"  

 
ʈʠʩʫʥʦʢ 4. ʉʢʨʠʥʰʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʛʨʘʤʤʳ çʆʧʪʠʤʠʟʘʮʠʠ ʟʘʱʠʪʳ 

ʨʘʩʪʝʥʠʡ ʩ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦʧʫʣʷʮʠʠ ʥʘʩʝʢʦʤʳʭè 

Figure 4. Screenshot of the results of the program "Optimizing plant protection with 

the age structure of the insect population" 
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ʈʠʩʫʥʦʢ 5. ʉʢʨʠʥʰʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʛʨʘʤʤʳ çʆʧʪʠʤʠʟʘʮʠʠ ʟʘʱʠʪʳ 

ʨʘʩʪʝʥʠʡ ʩ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦʧʫʣʷʮʠʠ ʥʘʩʝʢʦʤʳʭè 

Figure 5. Screenshot of the results of the program "Optimizing plant protection with 

the age structure of the insect population" 
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ʋʉʋʃ׳ʆʀ ɸɼɸɼ  ɼɸʈ ʊɸɼפʀפʀ ʆʇʊʀʄʀɿɸʊʉʀʗʀ ʄʋ׳ʆʌʀɿɸʊʀ ʈɸʉʊɸʅʀ׳ʆ ɹʆ 

ʉʆʍʊʆʈʀ ʉʀʅʅʋ ʉʆʃʀ ʇʆʇʋʃʗʊʉʀʗʀ ׳ɸʐɸʈʆʊ 

ɼʘʨ ʤʘץʦʣʘ ʤʘʩʲʘʣʘʠ ʦʧʪʠʤʠʟʘʪʩʠʷʠ ʤʫ״ʦʬʠʟʘʪʠ ʨʘʩʪʘʥʠ״ʦ ʙʦ ʥʘʟʘʨʜʦʰʪʠ ʩʦʭʪʦʨʠ ʩʠʥʥʫ ʩʦʣʠ 

ʧʦʧʫʣʷʪʩʠʷʠ ״ʘʰʘʨʦʪʠ ʟʘʨʘʨʨʘʩʦʥ ʪʘʜץʠץ ʢʘʨʜʘ ʤʝʰʘʚʘʜ. ʄʦʜʝʣʠ ʤʘʪʝʤʘʪʠʢ  ʧʝʰʥʠ״ʦʜ ʰʫʜʘʘʩʪ, ʢʠ 

ʜʠʥʘʤʠʢʘʠ ʰʫʤʦʨʘʠ ʧʦʧʫʣʷʪʩʠʷʨʦ ʜʘʨ ʤʘʨ״ʠʣʘ״ʦʠ ʛʫʥʦʛʫʥʠ ʨʫʰʜ, ʠʥʯʫʥʠʥ ʪʘʲʩʠʨʠ ʫʩʫʣ״ʦʠ ʘʛʨʦʪʝʭʥʠʢ  ʚʘ 

ʭʠʤʠʷʚʠʠ ʤʫ״ʦʬʠʟʘʪʨʦ ʪʘʩʚʠʨ ʤʝʢʫʥʘʜ. ɹʘʨʦʠ ״ʘʣʣʠ ʘʜʘʜʠʠ ʩʠʩʪʝʤʘʠ ʤʫʦʜʠʣʘ״ʦʠ ʜʠʬʬʝʨʝʥʩʠʘʣ , ʢʠ ʘʩʦʩʠ 

ʤʦʜʝʣʨʦ ʪʘʰʢʠʣ ʤʝʜʠ״ʘʜ, ʫʩʫʣʠ ʕʡʣʝʨ ʚʘ ʫʩʫʣʠ ɸʜʘʤʩ ʜʘʨʘֹוʘʠ ʜʫʶʤ ʠʩʪʠʬʦʜʘ ʤʝʰʘʚʘʥʜ, ʢʠ ʪʘʚʦʟʫʥʠ ʙʘʡʥʠ 

ʜʘץʠץ  ʚʘ ʩʘʤʘʨʘʥʦʢʠʠ ״ʠʩʦʙʢʫʥʠʨʦ ʪʘʲʤʠʥ ʤʝʢʫʥʘʥʜ. ʊʘ״ʣʠʣʠ ʫʩʪʫʚʦʨʠʠ ʩʭʝʤʘ״ʦʠ ʘʜʘʜ  ʛʫʟʘʨʦʥʠʜʘ ʰʫʜʘ, 

ʪʘʪʙʠץʠ ʦʥ״ʦ ʜʘʨ ʰʘʨʦʠʪʠ ʚʘʨʠʘʥʪ״ʦʠ ʛʫʥʦʛʫʥʠ ʢʦʨʢʘʨʜʠ ʨʘʩʪʘʥʠ״ʦ ʘʨʟʝʙ  ʢʘʨʜʘ ʰʫʜ ʘʩʪ. ɼʘʨ ʘʩʦʩʠ 

ʪʘֹוʨʠʙʘ״ʦʠ ״ʠʩʦʙʙʘʨʦʨ  ʩʪʨʘʪʝʛʠʷ״ʦʠ ʦʧʪʠʤʘʣʠʠ ʠʩʪʠʬʦʜʘʠ ʚʦʩʠʪʘ״ʦʠ ʤʫ״ʦʬʠʟʘʪ  ʤʫʘʡʷʥ ʢʘʨʜʘ ʰʫʜʘʘʥʜ, 

ʢʠ ʟʘʨʘʨʠ ʠץʪʠʩʦʜʠʨʦ ״ʘʥʛʦʤʠ ʤʘ״ʜʫʜʠʷʪ״ʦʠ ʤʫʘʡʷʥʠ ʵʢʦʣʦʛ  ʢʘʤ ʤʝʢʫʥʘʥʜ. ɹʦ ʥʘʟʘʨʜʦʰʪʠ ʩʦʭʪʦʨʠ ʩʠʥʥʫ 

ʩʦʣʠ ʧʦʧʫʣʷʪʩʠʷ ʥʠʰʦʥ ʜʦʜʘ ʰʫʜʘʘʩʪ, ʢʠ ʩʘʤʘʨʘʥʦʢʠʠ ʠʜʦʨʘʢʫʥʠʠ ʟʘʨʘʨʨʘʩʦʥ״ʦʨʦ ʜʘʨ ʤʫץʦʠʩʘ ʙʦ ʨʘʚʠʰ״ʦʠ 

ʘʥʲʘʥʘʚ  ʙʘ ʪʘʚʨʠ ʥʘʟʘʨʨʘʩ ʙʘʣʘʥʜ ʤʝʙʘʨʜʦʨʘʜ. ʅʘʪʠֹוʘ״ʦʠ ʙʘʜʘʩʪʦʤʘʜʘ ʤʝʪʘʚʦʥʘʥʜ ʜʘʨ ʭʦֹוʘʛʠʠ ץʠʰʣʦץ 

ʠʩʪʠʬʦʜʘ ʰʘʚʘʥʜ, ʢʠ ʠʩʪʠʬʦʜʘʠ ʦץʠʣʦʥʘʠ ʧʝʩʪʠʪʩʠʜ״ʦʨʦ ʙʦ ʥʘʟʘʨʜʦʰʪʠ ʭʫʩʫʩʠʷʪ״ʦʠ ʙʠʦʣʦʛʠʠ ʥʘʤʫʜ״ʦʠ 

ʤʘץʩʘʜʥʦʢ ʪʘʲʤʠʥ ʤʝʢʫʥʘʥʜ. 

ʂʘʣʠʜʚʦʞʘĕʦ: ״ʠʬʟʠ ʨʘʩʪʘʥʠ״ʦ, ʩʦʭʪʦʨʠ ʩʠʥʥʫ ʩʦʣʠ ʧʦʧʫʣʷʪʩʠʷ, ʦʧʪʠʤʠʟʘʪʩʠʷ, ʫʩʫʣ״ʦʠ ʘʜʘʜ , 

ʫʩʫʣʠ ʕʡʣʝʨ, ʫʩʫʣʠ ɸʜʘʤʩ, ʤʦʜʝʣʠ ʤʘʪʝʤʘʪʠʢ . 

 

ʏʀʉʃɽʅʅʓɽ ʄɽʊʆɼʓ ɺ ʀʉʉʃɽɼʆɺɸʅʀʀ ʆʇʊʀʄʀɿɸʎʀʀ ɿɸʑʀʊʓ ʈɸʉʊɽʅʀʁ ʉ 

ɺʆɿʈɸʉʊʅʆʁ ʉʊʈʋʂʊʋʈʆʁ ʇʆʇʋʃʗʎʀʀ ʅɸʉɽʂʆʄʓʍ 

ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʩ ʫʯʝʪʦʤ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʦʧʫʣʷʮʠʠ ʥʘʩʝʢʦʤʳʭ-ʚʨʝʜʠʪʝʣʝʡ. ʇʨʝʜʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʜʠʥʘʤʠʢʫ 

ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʟʘʱʠʪʳ. ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʣʝʞʘʱʝʡ ʚ ʦʩʥʦʚʝ ʤʦʜʝʣʠ, 

ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʕʡʣʝʨʘ ʠ ʤʝʪʦʜʳ ɸʜʘʤʩʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʙʘʣʘʥʩ ʤʝʞʜʫ ʪʦʯʥʦʩʪʴʶ ʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʯʠʩʣʝʥʥʳʭ ʩʭʝʤ, ʦʮʝʥʝʥʘ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʴ 

ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʝʥʠʡ. ʅʘ ʦʩʥʦʚʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʧʨʝʜʝʣʝʥʳ 

ʦʧʪʠʤʘʣʴʥʳʝ ʩʪʨʘʪʝʛʠʠ ʧʨʠʤʝʥʝʥʠʷ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ, ʤʠʥʠʤʠʟʠʨʫʶʱʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ ʧʨʠ ʟʘʜʘʥʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʷʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʯʝʪ ʚʦʟʨʘʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʧʫʣʷʮʠʠ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʚʨʝʜʠʪʝʣʷʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʦʜʭʦʜʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʩ ʮʝʣʴʶ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʝʩʪʠʮʠʜʦʚʠ 

ʩ ʫʯʝʪʦʤ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʮʝʣʝʚʳʭ ʚʠʜʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʱʠʪʘ ʨʘʩʪʝʥʠʡ, ʚʦʟʨʘʩʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʧʫʣʷʮʠʠ, ʦʧʪʠʤʠʟʘʮʠʷ, ʯʠʩʣʝʥʥʳʝ 

ʤʝʪʦʜʳ, ʤʝʪʦʜ ʕʡʣʝʨʘ, ʤʝʪʦʜ ɸʜʘʤʩʘ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

 

NUMERICAL METHODS IN THE STUDY OF OPTIMIZING PLANT PROTECTION WITH 

THE AGE STRUCTURE OF THE INSECT POPULATION  

The article examines the problem of optimizing plant protection, taking into account the age structure of the 

insect pest population. A mathematical model is proposed that describes the dynamics of the population at different 

stages of development, as well as the impact of agrotechnical and chemical methods of protection. To numerically 

solve the system of differential equations underlying the model, the Euler and Adams methods of the second order are 

used, providing a balance between accuracy and computational efficiency. The stability of numerical schemes is 

analyzed, and their applicability in various scenarios of plant treatment is evaluated. Based on computational 

experiments, optimal strategies for the use of protective equipment have been determined, minimizing economic 

damage under specified environmental restrictions. It is shown that taking into account the age structure of the 

population can significantly improve the effectiveness of pest management compared with traditional approaches. The 

results obtained can be used in agriculture, ensuring the rational use of pesticides, taking into account the biological 

characteristics of the target species. 

Key words: plant protection, age structure of the population, optimization, numerical methods, Euler method, 

Adams method, mathematical modeling 
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ʌʀɿʀʂɸ 

ʋɼʂ: 523.6 

ɺʃʀʗʅʀɽ ɺʓɹʈʆʉɸ ʂʆʈʆʅɸʃʔʅʆʁ ʄɸʉʉʓ ʉʆʃʅʎɸ ʅɸ ʏɸʉʊʀʎʓ 

ʍɺʆʉʊɸ ʂʆʄɽʊʓ ʉ/2020 F3 NEOWISE 

ʉʘʬʘʨʦʚ ɸ.ɻ., ʍʠʢʤʘʪʫʣʣʦʝʚ ʉ. ɼʞ. 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʈʦʩʩʠʡʩʢʠʡ ï ʊʘʜʞʠʢʩʢʠʡ ʩʣʘʚʷʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɺʚʝʜʝʥʠʝ. ɺ ʧʦʩʣʝʜʥʝʝ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʝʪ ʩʪʘʥʦʚʠʪʩʷ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ, 

ʦʩʦʙʝʥʥʦ ʧʦʩʣʝ ʤʠʩʩʠʠ ʈʦʟʝʪʪʘ [1]. ʍʦʪʷ ʢʦʤʝʪʳ ʥʝ ʠʤʝʶʪ ʙʦʣʴʰʠʭ ʷʜʝʨ, ʠʭ ʷʜʨʘ 

ʦʮʝʥʠʚʘʶʪʩʷ ʦʪ 0,1 ʜʦ 10 ʢʤ [2]. 

ʅʦ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʤʝʪʘʭ ʷʚʣʷʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʭʚʦʩʪʦʚ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʭʚʦʩʪʳ ʢʦʤʝʪ ʷʚʣʷʶʪʩʷ ʧʳʣʝʚʳʤʠ ʠ ʛʘʟʦʚʳʤʠ (ʠʭ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ 

ʧʣʘʟʤʝʥʥʳʤʠ). ʊʝʦʨʠʷ ʜʚʠʞʝʥʠʷ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʜʘʥʘ ʚ ʨʘʙʦʪʝ Fulle [3-5]. 

ʂʦʤʝʪʥʳʝ ʧʳʣʝʚʳʝ ʯʘʩʪʠʮʳ ʧʦʩʣʝ ʩʫʙʣʠʤʘʮʠʠ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʜʘʚʣʝʥʠʷ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʦʙʨʘʟʫʷ ʧʳʣʝʚʳʝ ʭʚʦʩʪʳ, ʢʦʪʦʨʳʝ ʦʪʩʪʘʶʪ ʦʪ ʜʚʠʞʝʥʠʷ ʷʜʨʘ ʧʦ ʝʛʦ 

ʦʨʙʠʪʝ, ʢʨʦʤʝ ʯʘʩʪʠʮ ʘʥʦʤʘʣʴʥʦʛʦ ʭʚʦʩʪʘ [6, 7]. ʆʩʦʙʝʥʥʦʩʪʠ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʪʘʢʠʭ 

ʭʚʦʩʪʘʭ, ʚʢʣʶʯʘʶʪ ʩʠʥʭʨʦʥʥʳʝ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ 

ʣʠʥʝʡʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʦʚʤʝʱʝʥʥʳʝ ʩ ʧʦʣʦʞʝʥʠʝʤ ʷʜʨʘ ʢʦʤʝʪʳ, ʠ ʦʪʜʝʣʴʥʳʝ ʧʦʣʦʩʳ [4, 

8].  

ʉʠʥʭʨʦʥʳ ʠ ʢʦʥʮʝʚʳʝ ʩʠʥʭʨʦʥʳ (ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʢʦʥʮʝ ʚʪʦʨʦʛʦ ʪʠʧʘ ʧʳʣʝʚʦʛʦ 

ʭʚʦʩʪʘ) ʥʘʙʣʶʜʘʣʠʩʴ ʫ ʥʝʩʢʦʣʴʢʠʭ ʷʨʢʠʭ ʢʦʤʝʪ ʧʨʦʰʣʦʛʦ ʠ ʪʝʢʫʰʝʛʦ ʩʪʦʣʝʪʠʷ, ʚʢʣʶʯʘʷ 

C/1957 P1 Mrkos, C/1962 C1 Seki-Lines, C/1975 V1 West, C/1996 O1 Hale-Bopp, C/2006 P1 

McNaught, C/2011 L4 Pan-STARRS ʠ C/2020 F3 NEOWISE [4, 5, 8], ʦʙʟʦʨ ʠ ʩʦʚʨʝʤʝʥʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʠʥʭʨʦʥʝ ʠ ʩʠʥʜʠʥʘʤʝ ʜʘʥʳ ʚ ʨʘʙʦʪʘʭ ʇʨʘʡʩ ʩ ʢʦʣʣʝʛʘʤʠ [4, 5]. 

ʅʘ ʯʘʩʪʠʮʳ ʢʦʤʝʪʳ ʧʦʩʣʝ ʩʫʙʣʠʤʘʮʠʠ (ʠʣʠ ʚʳʙʨʦʩʘ) ʜʝʡʩʪʚʫʶʪ ʚ ʦʩʥʦʚʥʦʤ ʜʚʝ 

ʩʠʣʳ: ʨʘʜʠʘʮʠʦʥʥʦʝ ʜʘʚʣʝʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʛʨʘʚʠʪʘʮʠʠ [4, 5]. ɽʩʣʠ ʨʘʟʤʝʨʳ 

ʯʘʩʪʠʮʳ ʙʦʣʝʝ 10-2ʩʤ, ʪʦ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʩʠʣʦʡ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ [6, 7]. ʅʘ ʦʩʥʦʚʝ 

ʨʘʙʦʪʳ Fulle [4], ʩʠʣʘ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʨʘʚʥʘ: 

Ὂ
̒

ṩ ȟ                                                   (1) 

ʠ, ʩʠʣʘ ʛʨʘʚʠʪʘʮʠʠ ʨʘʚʥʘ: 

Ὂ ṩ
.                                                        (2) 

ɺ ʬʦʨʤʫʣʘʭ 1 ʠ 2 ʧʨʠʚʝʜʝʥʳ ὗ  ï ɻ ʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ 

ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ, ʬʦʨʤʳ ʠ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʳʣʠʥʢʠ, Ὁṩ ï ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ, 

d ï ʜʠʘʤʝʪʨ ʯʘʩʪʠʮʳ, rd ï ʧʣʦʪʥʦʩʪʴ ʯʘʩʪʠʮʳ,  ï ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʩʪʦʷʥʥʳʝ, ṩ ï ʤʘʩʩʘ 

ʉʦʣʥʮʝ, ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ.  

ʇʦʩʣʝ ʚʳʙʨʦʩʘ ʥʘ ʯʘʩʪʠʮʫ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ʃʦʨʝʥʮʘ. ʉʠʣʘ ʃʦʨʝʥʮʘ - ʵʪʦ ʩʦʚʦʢʫʧʥʘʷ 

ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʟʘʨʷʞʝʥʥʫʶ ʯʘʩʪʠʮʫ, ʚʳʟʚʘʥʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠ ʤʘʛʥʠʪʥʳʤ 

ʧʦʣʷʤʠ, ʢʦʪʦʨʳʝ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʤʝʩʪʝ. ɽʩʣʠ 

ʯʘʩʪʠʮʘ ʟʘʨʷʜʘ q ʜʚʠʞʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ V ʧʨʠ ʥʘʣʠʯʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ B, ʪʦ ʥʘ ʥʝʝ ʙʫʜʝʪ 

ʜʝʡʩʪʚʦʚʘʪʴ ʩʠʣʘ [8]: 

Ὂ ήὠ ꜞ , 

ʛʜʝ ή τ“‐‰Ὠςϳ . 

ɼʣʷ ʜʚʠʞʝʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʚ ʢʦʤʝʪʝ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʚʣʠʷʥʠʝ 

ʩʠʣʳ ʃʦʨʝʥʮʘ, ʧʦ ʦʮʝʥʢʝ [4, 8]: 

Ὂ ‍ ꜞὠ                                            (3) 

ʚ ʬʦʨʤʫʣʝ 3 ʧʨʠʚʝʜʝʥ ‐- 8,55³10-12 ʌ/ʤ, ꜞ - ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʢʦʤʝʪʳ, ʢʦʪʦʨʳʡ ʧʦ Price ʩ 

ʢʦʣʣʝʛʘʤʠ [4] ʨʘʚʥʦ 5 ʥʊ, ὠ  ï ʩʢʦʨʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʜʣʷ ʤʦʤʝʥʪʘ ʥʘʙʣʶʜʝʥʠʷ. 

 ʉʦʦʪʥʦʰʝʥʠʝ ʩʠʣʳ ʃʦʨʝʥʮʘ ʠ ʩʠʣʳ ʉʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʨʘʚʥʦ: 
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ͯ
ȿȿȿꜞȿ

ṩ
.                                                  (4) 

 ʅʘʙʣʶʜʝʥʠʷ ʢʦʤʝʪʳ. ʅʦʚʘʷ ʢʦʤʝʪʘ ʉ/2020 F3 NEOWISE ʙʳʣʘ ʦʪʢʨʳʪʘ Near-Earth 

Object Wide-field Infrared Survey Explorer (ʜʘʣʝʝ NEOWISE) ʥʘ ʨʘʩʩʪʦʷʥʠʠ r = 2,1 ʘ.ʝ. ʦʪ 

ʉʦʣʥʮʘ [9]. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʢʦʤʝʪʘ 3 ʠʶʣʷ 2020 ʛʦʜʘ ʧʨʦʰʣʘ ʪʦʯʢʫ ʧʝʨʠʛʝʣʠʷ ʦʨʙʠʪʳ ʥʘ 
ʨʘʩʩʪʦʷʥʠʠ 0,29 ʘ.ʝ., ʦʥʘ ʩʪʘʣʘ ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʥʘʙʣʶʜʘʪʝʣʝʡ ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʜʣʷ ʞʠʪʝʣʝʡ ʊʘʜʞʠʢʠʩʪʘʥʘ [10].  

 
ʈʠʩʫʥʦʢ 1. ʆʨʙʠʪʘ ʢʦʤʝʪʳ ʉ/2020 F3 NEOWISE ʥʘ ʧʣʦʩʢʦʩʪʠ ʵʢʣʠʧʪʠʢʠ, ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʦʨʙʠʪʳ ʄʝʨʢʫʨʠʷ, ɺʝʥʝʨʳ, ɿʝʤʣʷ ʠ ʄʘʨʩʘ 

Figure 1. Orbit of comet C/2020 F3 NEOWISE on the ecliptic plane; the orbits of Mercury, 

Venus, Earth and Mars are shown for comparison 

ɺ ʊʘʜʞʠʢʠʩʪʘʥʝ ʢʦʤʝʪʫ ʥʘʙʣʶʜʘʣʠ ʩ ɻʠʩʩʘʨʩʢʦʡ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ 

ʀʥʩʪʠʪʫʪʘ ʘʩʪʨʦʬʠʟʠʢʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. ɺ ʪʦʪ ʧʝʨʠʦʜ ʢʦʤʝʪʘ ʩʪʘʣʦ ʷʨʢʦʡ ʠ 

ʙʳʣʘ ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʩʨʝʜʥʠʭ ʪʝʣʝʩʢʦʧʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʘ ʪʝʣʝʩʢʦʧʝ ɸɿʊ-8 ʥʘʯʘʣʦʩʴ 

ʥʘʙʣʶʜʝʥʠʝ ʢʦʤʝʪʳ ʉ/2020 F3 NEOWISE (ʩʤʦʪʨʠʪʝ ʪʘʙʣʠʮʫ 1). Öúøñþÿ ʩ 23 ʠʶʣʷ ʧʦ 14 

ʘʚʛʫʩʪʘ 2020 ʛʦʜʘ ʥʘʙʣʶʜʘʣ ʉʘʬʘʨʦʚ ɸ.ɻ. ʅʘʙʣʶʜʝʥʠʝ ʢʦʤʝʪʳ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʪʝʣʝʩʢʦʧʘ ɸɿʊ-8, ʛʜʝ ʥʘ ʬʦʢʫʩʝ ʅʴʶʪʦʥʘ ʪʝʣʝʩʢʦʧʘ ɸɿʊ-8 ʫʩʪʘʥʦʚʣʝʥʘ ʇɿʉ-ʢʘʤʝʨʘ ʪʠʧʘ 

FLI PROLINE 9000. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʧʳʣʝʚʦʛʦ ʭʚʦʩʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ 

ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʬʠʣʴʪʨʳ ʩʠʩʪʝʤʳ ɼʞʦʥʩʦʥʘ-ʂʦʟʠʥʩʘ ï BVRI. ʈʘʟʤʝʨ ʠ ʧʦʣʝ ʟʨʝʥʠʷ ʇɿʉ-

ʢʘʤʝʨʳ ʥʘ ɸɿʊ-8 ʩʦʩʪʘʚʣʷʝʪ 3053³3056 ʧʠʢʩʝʣʝʡ ʠ 44,7³44,7 ʤʠʥʫʪʥʦʡ ʜʫʛʠ. ʇɿʉ-ʢʘʤʝʨʘ 

ʙʳʣʘ ʦʭʣʘʞʜʝʥʘ ʜʦ ï 20 ʉ̄ ʠ ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ ʧʨʦʜʣʝʥʦ ʜʦ 120 ʩʝʢʫʥʜ. ɺ ʦʩʥʦʚʥʦʤ 

ʮʠʬʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʤʝʪʳ ʧʦʣʫʯʝʥʳ ʥʘ ʬʠʣʴʪʨʘʭ RI [10]. ɼʘʥʥʳʝ ʦ ʥʘʙʣʶʜʝʥʠʠ 

ʢʦʤʝʪʳ ʠ ʢʦʦʨʜʠʥʘʪʳ ɿʝʤʣʠ ʠ ʉʦʣʥʮʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1. ʅʘʙʣʶʜʘʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʦʤʝʪʳ ʉ/2020 F3 NEOWISE 

 Table 1. Observational parameters of comet ʉ/2020 F3 NEOWISE  

 

ɺʨʝʤʷ 

ʥʘʙʣʶʜʝʥʠʷ 

r, 

ʘ.ʝ. 
r, 
ʘ.ʝ. 

R,  

ʘ.ʝ. 

Lƿ,  

ʛʨʘʜʫʩ 
LÄ,  

ʛʨʘʜʫʩ 

23.07.2020 0,635 0,692 1,015909 121,185 301,185 

25.07.2020 0,680 0,697 1,015712 123,095 303,095 

26.07.2020 0,702 0,704 1,015605 124,051 304,051 

27.07.2020 0,724 0,714 1,015494 125,013 305,013 

28.07.2020 0,746 0,725 1,015376 125,346 305,346 
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ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ: ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʷ, r ï ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʦʝ ʠ r ï 
ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʢʦʤʝʪʳ ʦʪ ʉʦʣʥʮʘ ʠ ɿʝʤʣʠ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʟ ʥʘʙʣʶʜʝʥʠʡ, R ï 

ʠʩʪʠʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ɿʝʤʣʠ ʦʪ ʉʦʣʥʮʘ, L  ˅ï ʜʦʣʛʦʪʘ ʉʦʣʥʮʘ ʠ LÄ ï ʜʦʣʛʦʪʘ ɿʝʤʣʠ ʚʦ ʚʨʝʤʷ 

ʥʘʙʣʶʜʝʥʠʷ ʢʦʤʝʪʳ. ʀʩʪʠʥʥʦʝ ʨʘʩʩʪʦʷʥʠʷ ɿʝʤʣʠ ʦʪ ʉʦʣʥʮʘ ʠ ʢʦʦʨʜʠʥʘʪʳ ʉʦʣʥʮʘ ʠ ɿʝʤʣʠ 

ʙʳʣʠ ʟʘʠʤʩʪʚʦʚʘʥʳ ʠʟ [11]. 

ʂʦʨʦʥʘʣʴʥʳʝ ʚʳʙʨʦʩʳ ʤʘʩʩʳ. ʂʦʨʦʥʘʣʴʥʳʝ ʚʳʙʨʦʩʳ ʤʘʩʩʳ (ʜʘʣʝʝ CME, Coronal 

Mass Ejection) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʨʫʧʥʳʝ ʥʘʤʘʛʥʠʯʝʥʥʳʝ ʧʣʘʟʤʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ, 

ʢʦʪʦʨʳʝ ʚʳʙʨʘʩʳʚʘʶʪʩʷ ʉʦʣʥʮʝʤ ʚ ʢʦʨʦʥʫ ʠ ʛʝʣʠʦʩʬʝʨʫ. ʇʦʥʠʤʘʥʠʝ ʪʨʘʝʢʪʦʨʠʠ CME 

ʯʝʨʝʟ ʛʝʣʠʦʩʬʝʨʫ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʠʤ ʩʦʣʥʝʯʥʳʤ ʚʝʪʨʦʤ ʧʦʤʦʛʘʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ɿʝʤʣʶ. ɼʣʷ ʵʪʦʛʦ, ʧʦ ʩʫʪʠ, ʪʨʝʙʫʶʪʩʷ ʤʥʦʛʦʪʦʯʝʯʥʳʝ 

ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ CME [12].  

ʂʦʤʝʪʘ C/2020 F3 (NEOWISE) ʚʦ ʚʨʝʤʷ ʝʝ ʪʨʘʥʟʠʪʘ ʯʝʨʝʟ ʢʦʨʦʥʦʛʨʘʬ C3 SOHO 

(Solar and Heliospheric Observatory), NASA/ESA ʩ 22.4 ʧʦ 28.0 ʠʶʥʷ 2020 ʛʦʜʘ ʧʨʦʭʦʜʠʣʘ ʦʪ 

ʉʦʣʥʮʘ ʥʘ ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ 0,45 ʜʦ 0,34 ʘ.ʝ. ʜʦ ʤʦʤʝʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ 

ʧʝʨʠʛʝʣʠʷ ʢʦʤʝʪʳ 3.7 ʠʶʣʷ 2020 ʛʦʜʘ [13]. ʂʦʤʝʪʘ NEOWISE ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʪʠʧʠʯʥʳʝ 

ʢʦʤʝʪʥʳʝ ʯʝʨʪʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʦʷʚʣʝʥʠʷ. ʎʝʥʪʨʘʣʴʥʘʷ ʢʦʥʜʝʥʩʘʮʠʷ ʙʳʣʘ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟʤʳʪʦʡ ʠ ʩʣʝʛʢʘ ʚʳʪʷʥʫʪʦʡ, ʠ ʥʝ ʧʦʢʘʟʳʚʘʣʘ ʥʠʢʘʢʠʭ ʧʨʠʟʥʘʢʦʚ ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ 

ʚʳʪʷʥʫʪʦʩʪʠ, ʢʦʪʦʨʘʷ ʯʘʩʪʦ ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩ ʥʘʨʫʰʝʥʠʝʤ ʥʘ ʤʘʣʳʭ ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʠʭ 

ʨʘʩʩʪʦʷʥʠʷʭ [14].  

 
ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʠ ʛʝʦʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʪʦʥʦʚ, ʩʦʣʥʝʯʥʳʡ 

ʚʝʪʝʨ ʠ ʧʣʦʪʥʦʩʪʴ ʯʘʩʪʠʮ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʦʪ ʤʦʤʝʥʪʘ ʥʘʙʣʶʜʝʥʠʡ 

Figure 2. Dependences of geomagnetic data, proton temperature, solar wind and solar wind 

particle density on the time of observation. 

29.07.2020 0,768 0,739 1,015259 126,917 306,917 

30.07.2020 0,789 0,755 1,015135 127,872 307,872 

04.08.2020 0,896 0,861 1,014571 132,653 312,653 

05.08.2020 0,917 0,885 1,014330 133,612 313,612 

06.08.2020 0,938 0,911 1,042860 134,576 314,576 

07.08.2020 0,958 0,938 1,014038 135,526 315,526 

10.08.2020 1,020 1,023 1,013576 138,402 318,402 

11.08.2020 1,040 1,052 1,013415 139,361 319,361 

12.08.2020 1,060 1,082 1,013249 140,321 320,321 

14.08.2020 1,100 1,142 1,012907 142,241 322,241 
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ɺ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ ~48 ʯʘʩʦʚ ʥʘʙʣʶʜʝʥʠʷ ʙʳʣ ʟʘʤʝʯʝʥ ʦʜʠʥʦʯʥʳʡ ʧʳʣʝʚʦʡ ʭʚʦʩʪ 

ʜʣʠʥʦʡ ~1 ʛʨʘʜʫʩ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʨʘʜʠʘʣʴʥʦ ʦʪ ʉʦʣʥʮʘ, ʭʦʪʷ ʠ ʩʤʝʱʝʥʥʳʡ ʥʝʤʥʦʛʦ ʥʘ ʶʛʦ-

ʚʦʩʪʦʢ (ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ) ʦʪ ʣʠʥʠʠ ʉʦʣʥʮʝ-ʢʦʤʝʪʘ. ʅʘʯʠʥʘʷ ʩ ʢʦʥʮʘ 24 ʠʶʥʷ ʚʪʦʨʦʡ, 

ʙʦʣʝʝ ʢʦʨʦʪʢʠʡ ʠ ʙʦʣʝʝ ʨʘʟʤʳʪʳʡ ʭʚʦʩʪ ʩʪʘʣ ʚʩʝ ʙʦʣʝʝ ʟʘʤʝʪʥʳʤ ʠ ʙʳʣ ʩʤʝʱʝʥ ʝʱʝ ʜʘʣʴʰʝ 

ʥʘ ʶʛʦ-ʚʦʩʪʦʢ. 25.3, ʠʶʥʷ ʧʝʨʚʳʡ ʭʚʦʩʪ ʙʳʣ ʯʫʪʴ ʙʦʣʝʝ 1 ʛʨʘʜʫʩʘ ʚ ʜʣʠʥʫ ʠ ʩʤʝʱʝʥ ʦʪ 

ʣʠʥʠʠ ʉʦʣʥʮʝ-ʢʦʤʝʪʘ ʥʘ ~15 ʛʨʘʜʫʩʦʚ.  

ʊʘʙʣʠʮʘ 2. ʅʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ ʚʳʙʨʦʩʘ ʢʦʨʦʥʘʣʴʥʦʡ ʤʘʩʩʳ 

 Table 2. Some parameters of coronal mass ejection  

ʨʝʤʷ ʧʦʷʚʣʝʥʠʷ ʉʄɽ ʚ 

SOHO/LASCO ʉ2 

ʈ, 

ʛʨʘʜ. 

L, 

ʛʨʘʜ. 

VL, 

ʢʤ/ʩ 

V2, 

ʢʤ/ʩ 

VRS, 

ʢʤ/ʩ 

a, 

ʤ/ʩ2 

m, 

ʛ 

EK, 
ʵʨʛ 

ɼʘʪʘ ɺʨʝʤʷ 

2020.07.23 12:48:05 60 10 269 469 1613 106,9   

2020.07.23 19:24:05 87 17 139 121 0 -5,0   

2020.07.24 14:12:05 260 33 124 277 291 3,7 1.7³1015 1.3³1029 

2020.07.26 04:24:05 261 16 263 277 305 1,4   

2020.07.26 06:48:06 260 22 128 192 418 7,3 4.1³1013 3.4³1027 

2020.07.26 18:24:05 58 16 295 432 1021 42,2   

2020.07.27 15:38:15 245 13 127 193 757 24,0   

2020.07.28 08:36:05 78 15 105 138 252 2,6   

2020.07.29 01:25:42 79 47 141 85 0 -25,8 1.4³1013 1.4³1027 

2020.07.29 15:37:34 84 76 163 372 319 4,4 4.3³1015 5.7³1029 

2020.07.30 13:48:05 88 16 290 392 841 31,6   

2020.07.30 14:24:05 95 52 293 398 514 9,4 5.4³1013 2.3³1028 

2020.07.30 21:12:09 94 12 177 218 512 10,4   

2020.07.30 23:12:11 142 9 418 647 2768 320,1   

2020.07.31 01:25:41 5 18 251 230 0 -8,5   

2020.07.31 06:12:11 6 10 806 1187 3477 532,1   

2020.07.31 07:12:05 262 60 258 291 659 16,0 1.6³1013 5.2³1027 

2020.07.31 08:48:25 91 13 315 339 439 4,9   

2020.07.31 16:36:05 88 80 202 371 318 4,0 3.8³1015 7.7³1029 

2020.07.31 21:12:10 242 8 395 421 756 18,5   

2020.07.31 21:36:06 95 10 277 301 334 2,2   

2020.07.31 23:36:05 263 55 172 164 0 -2,0 3.8³1013 5.6³1027 

2020.08.01 16:12:05 72 13 170 163 125 -0,6   

2020.08.02 00:48:05 256 55 182 134 0 -17,4 8.6³1012 1.4³1027 

2020.08.03 01:48:05 257 38 107 92 0 -4,0 1.0³1013 5.9³1026 

2020.08.03 22:24:05 84 46 141 118 0 -3,2 9.3³1013 9.2³1027 

2020.08.04 00:00:05 263 48 261 397 509 10,0 6.1³1014 2.1³1029 

2020.08.04 20:00:05 265 42 269 251 0 -5,3 2.9³1013 1.0³1028 

2020.08.05 14:24:05 80 39 121 193 495 10,1 1.4³1014 1.0³1028 

2020.08.06 02:24:05 86 40 164 77 0 -25,2 5.2³1013 6.9³1027 

2020.08.06 02:48:05 266 34 283 382 884 31,5 1.7³1013 6.8³1027 

2020.08.06 12:12:05 41 152 156 115 0 -4,6 1.7³1014 2.1³1028  

2020.08.07 10:48:05 72 22 266 131 0 -39,6 9.0³1012 3.2³1027 

2020.08.09 04:00:06 86 33 142 107 0 -7,6 8.0³1013 8.1³1027 

2020.08.09 07:00:05 250 50 112 127 270 2,9 6.5³1013 4.1³1027 

2020.08.09 17:36:05 253 48 57 60 91 0,2 5.3³1014 8.6³1027 

2020.08.10 08:12:06 249 45 178 215 234 1,7 3.2³1014 5.0³1028 

2020.08.12 04:00:05 79 35 146 101 0 -24,9 1.2³1013 1.3³1027 
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2020.08.13 10:36:05 269 39 146 116 0 -9,3 1.4³1013 1.5³1027 

2020.08.13 17:24:05 78 43 249 253 313 1,6 2.4³1013 7.4³1027 

2020.08.14 04:17:42 108 27 161 138 0 -10,1 1.1³1014 1.4³1028 

2020.08.14 06:36:05 111 23 136 165 352 4.7 3.5³1014 3.2³1028 

2020.08.14 11:24:05 76 24 190 223 571 12.3 8.0³1012 1.5³1027 

ʅʘ ʪʦʤ ʞʝ ʠʟʦʙʨʘʞʝʥʠʠ ʚʪʦʨʦʡ ʭʚʦʩʪ ʙʳʣ ʜʣʠʥʦʡ ~0,5 ʛʨʘʜʫʩʘ ʠ ʩʤʝʱʝʥ ʥʘ ~45 

ʛʨʘʜʫʩʦʚ ʦʪ ʣʠʥʠʠ ʢʦʤʝʪʘ-ʉʦʣʥʮʝ, ʦʙʨʘʟʫʷ ʫʛʦʣ ~30 ʛʨʘʜʫʩʦʚ ʤʝʞʜʫ ʜʚʫʤʷ ʭʚʦʩʪʘʤʠ. 

ɺʪʦʨʦʡ ʭʚʦʩʪ ʙʳʣ ʚ ʮʝʣʦʤ ʥʘʤʥʦʛʦ ʩʣʘʙʝʝ ʠ ʙʦʣʝʝ ʨʘʟʤʳʪʳʤ, ʯʝʤ ʧʝʨʚʳʡ. 

ʇʝʨʚʳʝ ʪʨʠ ʩʪʦʣʙʮʘ ʚ ʪʘʙʣʠʮʝ 2 ʩʣʫʞʘʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ ʜʣʷ ʢʘʞʜʦʛʦ CME, ʪ.ʝ. 

ʢʦʨʦʥʘʣʴʥʦʛʦ ʚʳʙʨʦʩʘ ʤʘʩʩʳ: ʜʘʪʘ ʠ ʚʨʝʤʷ ʧʝʨʚʦʛʦ ʧʦʷʚʣʝʥʠʷ ʚ ʧʦʣʝ ʟʨʝʥʠʷ 

ʰʠʨʦʢʦʫʛʦʣʴʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʨʦʥʦʛʨʘʬʘ (Large Angle and Spectrometric 

Coronagraph, ʜʘʣʝʝ LASCO) C2 (ʚʪʦʨʦʡ ʪʝʣʝʩʢʦʧ ʥʘ ʙʦʨʪʫ ʢʦʩʤʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ) ʠ 

ʮʝʥʪʨʘʣʴʥʳʡ ʧʦʟʠʮʠʦʥʥʳʡ ʫʛʦʣ, ʠʟʤʝʨʷʝʤʳʝ ʚ ʛʨʘʜʫʩʘʭ, ʚ ʯʝʪʚʝʨʪʦʤ ʩʪʦʣʙʠʢʝ ʧʨʠʚʝʜʝʥʘ 

ʰʠʨʠʥʘ CME ʚ ʧʣʦʩʢʦʩʪʠ ʥʝʙʘ, ʢʦʪʦʨʘʷ ʦʙʳʯʥʦ ʠʟʤʝʨʷʝʪʩʷ ʚ ʧʦʣʝ ʟʨʝʥʠʷ C2 ʧʦʩʣʝ ʪʦʛʦ, 

ʢʘʢ ʰʠʨʠʥʘ ʩʪʘʥʦʚʠʪʩʷ ʩʪʘʙʠʣʴʥʦʡ (ʚʥʘʯʘʣʝ ʰʠʨʠʥʘ ʯʘʩʪʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ) ʚʳʩʦʪʘ CME, 

ʥʘʯʠʥʘʷ ʦʪ ʢʨʘʷ ʜʠʩʢʘ ʉʦʣʥʮʝ [15]. ɺ ʩʣʝʜʫʶʱʝʤ ʪʨʝʭ ʩʪʦʣʙʠʢʦʚ ʧʨʠʚʝʜʝʥʘ ʟʥʘʯʝʥʠʷ 

ʩʢʦʨʦʩʪʝʡ ʨʘʩʰʠʨʝʥʠʷ CME (VL, V2, VRS). ʂʘʞʜʳʡ ʚʳʙʨʦʩ ʢʦʨʦʥʘʣʴʥʦʡ ʤʘʩʩʳ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʨʝʤʷ ʩʢʦʨʦʩʪʷʤʠ: VL - ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ, ʧʦʣʫʯʝʥʥʘʷ ʧʫʪʝʤ ʧʦʜʛʦʥʢʠ 

ʧʨʷʤʦʡ ʣʠʥʠʠ ʢ ʠʟʤʝʨʝʥʠʷʤ ʚʳʩʦʪʳ-ʚʨʝʤʝʥʠ, V2 - ʢʚʘʜʨʘʪʠʯʥʘʷ ʩʢʦʨʦʩʪʴ, ʧʦʣʫʯʝʥʥʘʷ 

ʧʫʪʝʤ ʧʦʜʛʦʥʢʠ ʧʘʨʘʙʦʣʳ ʢ ʠʟʤʝʨʝʥʠʷʤ ʚʳʩʦʪʳ-ʚʨʝʤʝʥʠ ʠ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʚʦ ʚʨʝʤʷ 

ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ (ʧʦʩʣʝʜʥʝʛʦ ʚʦʟʤʦʞʥʦʛʦ) ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪʳ, ʠ VRS - ʩʢʦʨʦʩʪʴ, ʧʦʣʫʯʝʥʥʘʷ 

ʢʘʢ ʚ V2, ʥʦ ʦʮʝʥʝʥʥʘʷ, ʢʦʛʜʘ ʚʳʙʨʦʩ ʢʦʨʦʥʘʣʴʥʦʡ ʤʘʩʩʳ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʳʩʦʪʝ 20 ʩʦʣʥʝʯʥʳʭ 

ʨʘʜʠʫʩʦʚ. ʇʦʩʢʦʣʴʢʫ ʚʨʝʤʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪʳ ʤʝʥʷʝʪʩʷ ʦʪ ʩʦʙʳʪʠʷ ʢ 

ʩʦʙʳʪʠʶ, ʩʢʦʨʦʩʪʴ ʚ 20 ʩʦʣʥʝʯʥʳʭ ʨʘʜʠʫʩʦʚ ʧʦʣʝʟʥʘ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʝʡ. 

ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʷʚʣʷʪʴ ʦʩʪʦʨʦʞʥʦʩʪʴ ʧʨʠ ʨʘʙʦʪʝ ʩ ʚʳʙʨʦʩʘʤʠ ʢʦʨʦʥʘʣʴʥʦʡ ʤʘʩʩʳ, ʢʦʪʦʨʳʝ 

ʟʘʪʫʭʘʶʪ ʜʦ ʜʦʩʪʠʞʝʥʠʷ 20 ʩʦʣʥʝʯʥʳʭ ʨʘʜʠʫʩʦʚ. ɺ ʩʣʝʜʫʶʱʝʤ ʩʪʦʣʙʠʢʝ ʧʨʠʚʝʜʝʥʘ 

ʫʩʢʦʨʝʥʠʷ ʚʳʙʨʦʩʘ CME, ʟʥʘʯʝʥʠʝ ʫʩʢʦʨʝʥʠʡ ʚ CME ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʠʣʠ ʙʣʠʟʢʠʤ ʢ ʥʫʣʶ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ CME ʫʩʢʦʨʷʶʪʩʷ, ʜʚʠʞʫʪʩʷ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠʣʠ ʟʘʤʝʜʣʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʷ ʟʨʝʥʠʷ LASCO. ɼʣʷ ʦʮʝʥʢʠ 

ʫʩʢʦʨʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʤʠʥʠʤʫʤ ʪʨʠ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪʳ ʠ ʚʨʝʤʝʥʠ, ʥʦ ʪʦʯʥʦʩʪʴ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʠʟʤʝʨʝʥʠʡ. ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʜʚʫʭ ʩʪʦʣʙʠʢʘʭ 

ʧʨʠʚʝʜʝʥʘ ʤʘʩʩʘ ʠ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ CME. ʆʮʝʥʢʘ ʤʘʩʩʳ CME ʚʢʣʶʯʘʝʪ ʨʷʜ 
ʜʦʧʫʱʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʙʦʣʴʰʠʥʩʪʚʦ CME ʧʦʢʘʟʳʚʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ, ʢʦʛʜʘ ʦʥʠ 

ʧʝʨʝʩʝʢʘʶʪ ʧʝʨʚʳʝ ʥʝʩʢʦʣʴʢʦ ʩʦʣʥʝʯʥʳʭ ʨʘʜʠʫʩʦʚ, ʘ ʟʘʪʝʤ ʤʘʩʩʘ ʜʦʩʪʠʛʘʝʪ 

ʢʚʘʟʠʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʕʪʦ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʤʘʩʩʳ. ʅʝʢʦʪʦʨʳʝ CME ʟʘʪʫʭʘʶʪ ʚ ʧʨʝʜʝʣʘʭ ʧʝʨʚʳʭ ʥʝʩʢʦʣʴʢʠʭ 

ʩʦʣʥʝʯʥʳʭ ʨʘʜʠʫʩʦʚ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʤʘʩʩʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʨʝʤʝʥʠ ʧʦʩʣʝʜʥʝʛʦ ʠʟʤʝʨʝʥʠʷ. 

ʆʮʝʥʢʠ ʤʘʩʩʳ ʛʘʣʦ CME ʪʘʢʞʝ ʦʯʝʥʴ ʥʝʦʧʨʝʜʝʣʝʥʥʳ. ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʦʣʫʯʘʝʪʩʷ ʠʟ 

ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʤʘʩʩʳ [15].  

ɺʳʯʠʩʣʝʥʠʝ ʠ ʦʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ  
ʅʘ ʦʩʥʦʚʝ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʪʘʙʣʠʮʝ 1, ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ 

ʩʠʣʳ ʨʘʜʠʘʮʠʦʥʥʦʛʦ Frad ʜʘʚʣʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ (1), ʩʠʣʳ ʛʨʘʚʠʪʘʮʠʠ 

Fgrav ʧʦ ʬʦʨʤʫʣʝ (2), ʩʠʣʘ ʃʦʨʝʥʮʘ FL ʧʦ ʬʦʨʤʫʣʝ (3), ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʣʳ ʃʦʨʝʥʮʘ ʠ ʩʠʣʳ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ FL/FFad, ʧʦ ʬʦʨʤʫʣʝ (4), ʵʬʬʝʢʪʠʚʥʦʝ ʫʩʢʦʨʝʥʠʷ b, ʪ.ʝ. ʩʦʦʪʥʦʰʝʥʠʝ 
ʩʠʣʳ ʨʘʜʠʘʮʠʠ ʢ ʩʠʣʝ ʛʨʘʚʠʪʘʮʠʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʭʚʦʩʪʘ ʩʫʱʝʩʪʚʫʶʪ 

ʥʝʢʦʪʦʨʳʝ ʧʦʩʪʦʷʥʥʳʝ, ʢʦʪʦʨʳʝ ʚʦ ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʝʥʠʷ ʙʳʣʠ ʧʨʠʥʷʪʳ ʚʦ ʚʥʠʤʘʥʠʷ. ʂ 

ʪʘʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʚʭʦʜʠʪ  ï ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʩʪʦʷʥʥʳʝ, ʢʦʪʦʨʳʡ ʨʘʚʥʦ 6,67³10-11 

ʅ³ʤ2/ʢʛ2, ṩ ï ʤʘʩʩʘ ʉʦʣʥʮʝ, ʨʘʚʥʦʝ 1,99³1030 ʢʛ, ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ 300 000 ʢʤ/ʩ, Ὁṩ ï 

ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ, ʢʦʪʦʨʳʡ ʨʘʚʥʘ 3,93³1026 ɺʘʪʪ, d ï ʜʠʘʤʝʪʨ ʯʘʩʪʠʮʳ (10-5 ʤ), rd ï 

ʧʣʦʪʥʦʩʪʴ ʯʘʩʪʠʮʳ - 0,7 ʢʛ/ʤ3, Qpr - ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ 

ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ, ʬʦʨʤʳ ʠ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʳʣʠʥʢʠ, ʙʳʣʘ ʚʟʷʪʘ 2. ʊʘʢʞʝ 
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ʵʣʝʢʪʨʠʯʝʩʢʦʷ ʧʦʩʪʦʷʥʥʘʷ ‐- 8,85³10-12 ʌ/ʤ, ꜞ - ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʘʚʥʘ 5 ʥʊ, 

ʧʦʪʝʥʮʠʘʣ j = 30 ɺ.  

ʊʝʤʧʝʨʘʪʫʨʘ CME ʚʦ ʚʨʝʤʷ ʚʳʙʨʦʩʘ ʨʘʟʦʛʨʝʚʘʝʪ ʚʝʱʝʩʪʚʦ ʜʦ 107 ʂ, ʧʨʠ ʪʘʢʦʤ 

ʥʘʛʨʝʚʝ ʠʩʧʫʩʢʘʶʪʩʷ ʙʦʣʴʰʠʝ ʧʦʪʦʢʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠ ʨʝʥʪʛʝʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʊʘʢʠʝ 

ʚʩʧʳʰʢʠ ʚʳʙʨʘʩʳʚʘʶʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʣʘʟʤʳ ʩʦ ʩʢʦʨʦʩʪʴʶ ʤʠʥʠʤʫʤ 1000 ʢʤ/ʩ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2, ʩʢʦʨʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʥʘʯʠʥʘʷ ʦʪ 2 ʘʚʛʫʩʪʘ, ʙʳʩʪʨʳʤ 

ʪʝʤʧʦʤ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʜʦʩʪʠʛʘʷ ʙʦʣʝʝ 700 ʢʤ/ʩ. ʀʤʝʥʥʦ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʨʦʪʦʥʦʚ ʠ ʟʥʘʯʝʥʠʝ ʧʣʘʥʝʪʘʨʥʳʭ ʠʥʜʝʢʩʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʳʙʨʦʩʘ ʢʦʨʦʥʘʣʴʥʦʡ ʤʘʩʩʳ, ʩ ʛʦʨʷʯʝʡ ʧʣʘʟʤʳ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 3. ɿʥʘʯʝʥʠʝ ʩʠʣʳ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʛʨʘʚʠʪʘʮʠʠ, ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʫʩʢʦʨʝʥʠʷ, ʩʠʣʳ ʃʦʨʝʥʮʘ ʜʣʷ ʢʦʤʝʪʳ ʉ/2020 F3 NEOWISE 

Table 3. The value of the Force of Solar Radiation and Gravity, effective acceleration and 

Force of Lorentz of comet C/2020 F3 NEOWISE 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʷ ʪʘʙʣʠʮʳ 3 ʠ ʛʠʩʪʦʛʨʘʤʤʘ ʛʝʦʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʪʦʥʦʚ, ʩʦʣʥʝʯʥʳʡ ʚʝʪʝʨ ʠ ʧʣʦʪʥʦʩʪʴ ʯʘʩʪʠʮ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, 

ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʨʠʩʫʥʢʝ 2, ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʦʨʠʝʥʪʘʮʠʠ ʠʟʤʝʥʝʥʠʷ ʭʚʦʩʪʘ ʢʦʤʝʪʳ ʉ/2020 

F3 NEOWISE ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʠʪ ʦʪ ʢʦʨʧʫʩʢʫʣʷʨʥʦʛʦ ʧʦʪʦʢʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠʤʝʝʪ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʩʚʷʟʘʥʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʨʦʪʦʥʦʚ, ʘ 

ʪʘʢʞʝ ʟʥʘʯʝʥʠʝ ʛʝʦʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ. ʇʣʦʪʥʦʩʪʴ ʯʘʩʪʠʮ ʚ ʢʦʨʧʫʩʢʫʣʷʨʥʦʤ ʧʦʪʦʢʝ ʥʝ 

ʢʦʨʨʝʣʠʨʫʝʪʩʷ ʩ ʜʨʫʛʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺʳʙʨʦʰʝʥʥʘʷ ʤʘʩʩʘ CME 

(ʩʤʦʪʨʠʪʝ ʜʝʚʷʪʳʡ ʩʪʦʣʙʠʢ ʪʘʙʣʠʮʳ 2) ʚʦ ʚʨʝʤʷ ʚʩʧʳʰʢʠ, ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ SOHO 

LASCO/C2 ʜʦʩʪʠʛʘʝʪ 1.7³1015 ï 24 ʠʶʣʷ, 4.3³1015 ï 29 ʠʶʣʷ ʠ 3.8³1015 ï 31 ʠʶʣʷ. ɺ ʵʪʠʭ 

ʜʥʷʭ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1,3 ʜʦ 7,7 ³1029 ʵʨʛ. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʦʪ 23 ʠʶʣʷ ʧʦ 14 ʘʚʛʫʩʪʘ (ʩʤʦʪʨʠʪʝ ʪʘʙʣʠʮʫ 1) 

ʧʨʦʠʟʦʰʣʦ 50 CME. ʕʪʠ ʜʘʥʥʳʝ ʧʦʣʥʦʩʪʴʶ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2 ʠ ʟʘʠʤʩʪʚʦʚʘʥʳ ʠʟ 

ʘʨʭʠʚʦʚ ʢʦʩʤʠʯʝʩʢʠʤ ʪʝʣʝʩʢʦʧʦʤ SOHO LASCO/C2 [15].  

ʋʜʘʨʳ ʢʦʨʦʥʘʣʴʥʦʛʦ ʚʳʙʨʦʩʘ ʤʘʩʩʳ (CME) ʧʦ ʜʨʫʛʠʤ ʢʦʤʝʪʘʤ ʥʘʙʣʶʜʘʣʠʩʴ 

ʪʦʣʴʢʦ ʫʜʘʣʝʥʥʦ. ɺʦ ʚʨʝʤʷ ʪʘʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʤʦʞʥʦ ʙʳʣʦ ʥʘʙʣʶʜʘʪʴ ʪʦʣʴʢʦ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʤʘʭ ʠ ʭʚʦʩʪʘʭ ʢʦʤʝʪ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʡ. ɼʞʦʥʩ ʠ ɹʨʘʥʜʪ [16] ʥʘʙʣʶʜʘʣʠ, ʢʘʢ ʢʦʨʦʥʘʣʴʥʳʡ ʚʳʙʨʦʩ ʤʘʩʩʳ (CME) 

ɺʨʝʤʷ  

ʥʘʙʣʶʜʝʥʠʷ 

Frad Fgrav FL FL/Frad b 

23.07.2020 406100,81 121195032 2,28685³1055 0,0004³10-7 0,00335 

25.07.2020 35413062,3 105685265 2,66422³1055 6,327³10-7 0,33508 

26.07.2020 33228220,6 99164914,8 3,08688³1055 7,800³10-5 0,33508 

27.07.2020 312395507,3 93229882,1 2,74724³1055 7,395³10-7 3,35081 

28.07.2020 29424131,56 27812150,4 3,03404³1055 8,671³10-6 1,05796 

29.07.2020 27762518,99 82853303,1 2,44535³1055 7,408³10-6 0,33508 

30.07.2020 26304333,51 78501555,2 2,61139³1055 8,349³10-5 2,88280 

04.08.2020 20396952,73 60871814,5 5,25297³1055 2,165³10-5 0,33508 

05.08.2020 19473488,23 58115716,4 4,11332³1055 1,776³10-5 0,33508 

06.08.2020 18611253,81 55542649,2 3,74350³1055 1,691³10-5 0,03350 

07.08.2020 17842277,54 53247748,5 3,56236³1055 1,679³10-5 0,33508 

10.08.2020 15739138,79 46971229,0 2,70196³1055 1,443³10-5 0,33508 

11.08.2020 15139607,99 45182014,3 2,23402³1055 1,241³10-5 0,33508 

12.08.2020 14573691,76 43493117,4 2,23402³1055 1,289³10-5 0,33508 

14.08.2020 13533057,85 40387493,1 2,23402³1055 1,454³10-5 0,33508 
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ʩʪʘʣʢʠʚʘʣʩʷ ʩ ʢʦʤʝʪʦʡ 153P/ʀʢʝʷïʏʞʘʥʘ, ʠ ʩʤʦʛʣʠ ʠʟʫʯʠʪʴ, ʢʘʢ ʭʚʦʩʪ ʢʦʤʝʪʳ ʚʳʛʣʷʜʝʣ 

ʬʝʩʪʦʥʯʘʪʳʤ, ʢʦʛʜʘ ʠʟʤʝʥʷʶʱʝʝʩʷ ʤʝʞʧʣʘʥʝʪʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʦʢʫʪʘʣʦ ʢʦʤʝʪʫ.  

 
ʈʠʩʫʥʦʢ 3. ʇʦʣʦʞʝʥʠʝ ʢʦʤʝʪʳ ʉ/2020 F3 NEOWISE ʚʦ ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʦʣʥʮʝ ʠ ʦʨʙʠʪʫ ɿʝʤʣʠ 

Figure 3. The position of comet C/2020 F3 NEOWISE during observation relative to the 

Sun and Earth's orbit 

ʅʘʰʠ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʜʦʧʦʣʥʷʶʪ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʥʳʭ Manzini ʩ ʢʦʣʣʝʛʘʤʠ 

[17]. ʆʥʠ ʥʘʙʣʶʜʘʣʠ ʢʦʤʝʪʫ ʉ/2020 F3 NEOWISE ʩ 10 ʧʦ 20 ʠʶʣʷ 2020 ʛʦʜʘ, ʢʦʛʜʘ ʢʦʤʝʪʘ 

ʥʘʭʦʜʠʣʘʩʴ ʤʝʞʜʫ 0,35 ʠ 0,55 ʘ.ʝ. ʦʪ ʉʦʣʥʮʘ (ʩ 10 ʧʦ 20 ʠʶʣʷ 2020 ʛ.)  

ɹʦʙʦʝʚ [18], ʠʩʩʣʝʜʫʷ ʵʬʬʝʢʪʠʚʥʦʝ ʫʩʢʦʨʝʥʠʝ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʭʚʦʩʪʘ ʢʦʤʝʪʳ ʉ/2020 

F3 NEOWISE ʦʪ 23 ʜʦ 27 ʠʶʣʷ 2020 ʛ., ʚʳʷʚʠʣ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 

ʦʪ 0,01 ʜʦ 0,6. ʈʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʨʘʟʥʦʦʙʨʘʟʥʦʩʪʠ ʩʦʩʪʘʚʘ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ. ɸʚʪʦʨ ʩ ʧʦʤʦʱʴʶ ʜʠʘʛʨʘʤʤʳ ʌʠʥʩʦʥʘ-

ʇʨʦʙʰʪʝʡʥʘ ʩʦʟʜʘʣ ʪʦʯʥʫʶ ʬʦʨʤʫ ʩʠʥʭʨʦʥʘ ʠ ʩʠʥʜʠʥʘʤʳ ʜʣʷ 23, 25, 26 ʠ 27 ʠʶʣʷ 2020 

ʛʦʜʘ.  ɹʦʙʦʝʚʳʤ [18] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʳʣʝʚʳʝ ʯʘʩʪʠʮʳ ʠʟ ʷʜʨʘ ʢʦʤʝʪʳ ʚʳʙʨʘʩʳʚʘʣʠʩʴ ʦʪ 

3,7 ʜʦ 4,3 ʩʫʪʦʢ ʜʦ ʤʦʤʝʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ ʢʦʤʝʪʳ ʪʦʯʢʠ ʧʝʨʠʛʝʣʠʷ ʦʨʙʠʪʳ. ʈʘʥʝʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʦʜʠʤʦʝ ʘʚʪʦʨʘʤʠ [10], ʫʩʪʘʥʦʚʠʣʦ, ʯʪʦ ʧʨʠ ʙʦʤʙʘʨʜʠʨʦʚʢʝ 

ʢʦʨʧʫʩʢʫʣʷʨʥʦʛʦ ʧʦʪʦʢʘ ʩʢʦʨʦʩʪʴ ʩʫʙʣʠʤʘʮʠʠ (ʛʘʟʦ ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ) ʩʦʩʪʘʚʣʷʝʪ ʦʪ 

5,49 ʜʦ 6,12³1029 ʤʦʣʝʢʫʣʘ ʚ ʩʝʢʫʥʜʘʭ. ɿʥʘʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʜʣʷ ʛʨʘʬʠʪʦʚʳʭ 

ʯʘʩʪʠʮ (ʯʘʩʪʠʮʳ ʩ ʧʣʦʪʥʦʩʪʴʶ 2,5 ʛ/ʩʤ3) ʜʦʩʪʠʛʘʝʪ b = 2,2. ʇʨʠ ʙʦʤʙʘʨʜʠʨʦʚʢʝ 
ʢʦʨʧʫʩʢʫʣʷʨʥʳʭ ʧʦʪʦʢʦʚ, ʧʨʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ, ʨʘʚʥʦʡ 

4³1033 ʵʨʛ/ʩ, ʩʪʨʫʢʪʫʨʳ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʠʮ ʪʝʨʷʶʪ ʩʚʦʶ ʬʦʨʤʫ ʠ ʨʘʟʨʫʰʘʶʪʩʷ. ʆʙʳʯʥʦ 

ʪʘʢʦʡ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʠʣʴʥʦʡ ʙʦʤʙʘʨʜʠʨʦʚʢʝ ʧʨʦʪʦʥʦʚ ʚʳʙʨʦʩʘ ʢʦʨʦʥʘʣʴʥʦʡ 

ʤʘʩʩʳ. ʈʝʟʫʣʴʪʘʪʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2 ʠ 3, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʦʮʝʩʩʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʦʣʴʢʦ ʪʫʛʦʧʣʘʚʢʠʝ ʯʘʩʪʠʮʳ ʧʦʩʣʝ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʝʪʘʶʪ ʥʦʚʫʶ ʞʠʟʥʴ, ʤʝʥʷʷ ʩʚʦʸ ʧʦʣʦʞʝʥʠʝ ʥʘ ʦʢʦʣʦ ʷʜʝʨʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʦʤʝʪʳ.  

ʆʩʥʦʚʥʳʝ ʚʳʚʦʜʳ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʷʜʨʝ 

ʢʦʤʝʪʳ, ʚ ʦʩʥʦʚʥʦʤ ʟʘʚʠʩʷʪ ʦʪ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺ ʛʦʜʳ ʤʘʢʩʠʤʫʤʘ ʘʢʪʠʚʥʦʩʪʠ 

ʉʦʣʥʮʘ, ʢʦʨʦʥʘʣʴʥʳʝ ʚʳʙʨʦʩʳ ʧʨʦʠʩʭʦʜʷʪ ʯʘʰʝ, ʠʥʦʛʜʘ ʜʦ 10 ʉʄɽ ʚ ʩʫʪʢʘʭ. ɹʣʘʛʦʜʘʨʷ 

ʢʦʩʤʠʯʝʩʢʠʤ ʪʝʣʝʩʢʦʧʘʤ ʫʜʘʣʦʩʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʪʘʢʦʝ ʩʦʙʳʪʠʝ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, 

ʯʪʦ ʢʦʤʝʪʘ ʉ/2020 F3 NEOWISE ʧʨʦʭʦʜʠʣʘ ʙʣʠʟʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʉʦʣʥʮʘ ʧʨʠʪʦʢ 
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ʢʦʨʧʫʩʢʫʣʷʨʥʦʛʦ ʧʦʪʦʢʘ ʩʠʣʴʥʦ ʚʣʠʷʣ ʥʘ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʢʦʤʝʪʳ. ʇʦʪʦʢ ʟʘʨʷʞʝʥʥʳʭ 

ʯʘʩʪʠʮ ʠ ʛʦʨʷʯʝʡ ʧʣʘʟʤʳ, ʠʥʦʛʜʘ ʜʦʩʪʠʛʘʷ ʜʦ 800 ʢʤ/ʩ, ʙʦʤʙʘʨʜʠʨʫʷ ʢʦʤʝʪʫ, ʩʠʣʴʥʦ 

ʠʦʥʠʟʠʨʦʚʘʣ ʤʦʣʝʢʫʣʳ ʘʪʤʦʩʬʝʨʳ ʢʦʤʝʪʳ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʚʳʙʨʦʩʳ ʉʄɽ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʥʠ ʩʠʣʴʥʦ ʚʣʠʷʣʠ ʥʝ ʪʦʣʴʢʦ ʥʘ ʘʪʤʦʩʬʝʨʫ ʢʦʤʝʪʳ ʉ/2020 F3 NEOWISE, ʘ 

ʪʘʢʞʝ ʥʘ ʦʨʠʝʥʪʘʮʠʶ ʭʚʦʩʪʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 31 ʠʶʣʷ ʧʨʦʠʟʦʰʣʦ ʚʦʩʝʤʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʉʄɽ, ʢʦʪʦʨʳʝ ʨʝʛʠʩʪʨʠʨʦʚʘʥʳ SOHO/LASCO ʉ2. ʕʥʝʨʛʠʷ 

ʚʳʙʨʦʩʘ ʉʄɽ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 5,2³1027 ʜʦ 7,7³1029 ʵʨʛʦʚ. ʉʢʦʨʦʩʪʴ ʚʳʙʨʦʩʘ ʜʦʩʪʠʛʣʘ ʙʦʣʝʝ 

800 ʢʤ/ʩ. ʋʛʦʣ ʚʳʙʨʦʩʘ ʙʳʣ ʥʘʩʪʦʣʴʢʦ ʨʘʩʰʠʨʝʥ, ʯʪʦ ʦʭʚʘʪʠʣ ʜʦ 263.̄ ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʢʦʨʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠʤʝʝʪ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʩʚʷʟʘʥʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʧʨʦʪʦʥʦʚ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʝʤ ʛʝʦʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ. ʇʨʦʤʝʞʫʪʦʢ ʚʳʙʨʦʩʦʚ ʤʝʞʜʫ ʉʄɽ 

ʠʥʦʛʜʘ ʙʳʣ ʤʠʥʠʤʘʣʴʥʳʤ ʠ ʜʦʩʪʠʛʘʣ ʜʦ 24 ʤʠʥʫʪ. ɺ ʜʨʫʛʠʝ ʜʥʠʭ ʧʨʦʤʝʞʫʪʦʢ ʩʦʩʪʘʚʣʷʣ ʥʝ 

ʤʝʥʴʰʝ 4 ʯʘʩʦʚ. ʏʘʩʪʦʪʘ ʚʳʙʨʦʩʘ ʉʄɽ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʚ ʦʜʠʥʠ ʩʫʪʢʠ.  

ɺ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʷ ʢʦʤʝʪʳ ʉ/2020 F3 NEOWISE ʚ ɻʠʩʩʘʨʩʢʦʛʦʡ 

ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ, ʦʪ 23 ʠʶʣʷ ʜʦ 14 ʘʚʛʫʩʪʘ, ʧʨʦʠʟʦʰʣʦ ʥʝ ʤʝʥʝʝ 50 ʉʄɽ. ɺ 

ʥʝʢʦʪʦʨʳʝ ʜʥʠ ʚʩʧʳʰʢʘ ʉʄɽ ʙʳʣʘ ʤʘʢʩʠʤʘʣʴʥʦʡ, ʥʘʧʨʠʤʝʨ, ʚʩʧʳʰʢʠ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ 

SOHO LASCO/C2 ʜʦʩʪʠʛʘʶʪ 1.7³1015 ï 24 ʠʶʣʷ; 4.3³1015 ï 29 ʠʶʣʷ ʠ 3.8³1015 ï 31 ʠʶʣʷ. 

ɿʥʘʯʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʵʪʠ ʜʥʠ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 1,3 ʜʦ 7,7 ³1029 ɻ ʨʛʦʚ. ʇʦʩʪʨʦʝʥʥʳʝ 

ʛʨʘʬʠʢʠ (ʨʠʩʫʥʦʢ 2) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʪʦʥʦʚ ʠ ʩʢʦʨʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʚ 

ʥʘʯʘʣʝ ʘʚʛʫʩʪʘ ʤʘʢʩʠʤʘʣʴʥʳ ʠ ʜʦʩʪʠʛʘʝʪ ʜʦ 800 ʢʤ/ʩ. ʋ ʢʦʤʝʪʳ ʉ/2020 F3 NEOWISE ʙʳʣʘ 

ʚʳʷʚʣʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʢʦʥʮʝʚʳʝ ʩʠʥʭʨʦʥʳ. ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʦʛʦ ʷʚʣʝʥʠʷ ʚ 

ʧʳʣʝʚʳʭ ʭʚʦʩʪʘʭ ʥʝ ʦʙʳʯʥʦʝ ʩʣʫʯʘʡ. ʊʘʢʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʷʚʣʷʝʪʩʷ ʦʙʳʯʥʦ ʫ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʦʚʳʭ ʷʨʢʠʭ ʢʦʤʝʪ, ʧʨʠʭʦʜʷʱʠʭ ʠʟ ʧʝʨʠʬʝʨʠʠ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. ʈʘʥʝʝ 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʛʘʟʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʘʚʪʦʨʘʤʠ [10], ʩʦʩʪʘʚʣʷʶʪ ʦʪ 

5,49 ʜʦ 6,12³1029 ʤʦʣʝʢʫʣ ʚ ʩʝʢʫʥʜʘʭ. ʊʘʢʦʡ ʨʦʩʪ ʚʳʙʨʦʩʘ ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ 

ʦ ʚʣʠʷʥʠʠ ʉʄɽ ʥʘ ʢʦʤʝʪʫ ʉ/2020 F3 NEOWISE. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʢʦʤʝʪʳ ʉ/2020 F3 NEOWISE Manzini ʠ ʢʦʣʣʝʛ [17] ʩʣʫʞʘʪ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʥʘʰʠʭ ʚʳʚʦʜʦʚ.  
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ʊɸʒʉʀʈʀ ʀʍʈʆÆʀ ʄɸʉʉɸ׳ʆʀ ʊʆÆÔ ʆʌʊʆɹ  ɹɸ ʏɸʅɻ׳ʆʀ ɼʋʄʀ 

 ʂʆʄɽʊɸʀ C/2020 F3 NEOWISE 

ɼʘʨ ʤʘץʦʣʘ ʪʘʲʩʠʨʠ ʠʭʨʦĔʠ ʤʘʩʩʘʠ ʪʦĔʠ ʦʬʪʦʙʠʨʦ ʙʘ ʯʘʥʛ״ʦʠ ʜʫʤʠ ʢʦʤʝʪʘʠ C/2020 F3 NEOWISE 

ʜʠʜʘ ʙʘʨʦʤʘʜʝʤ. ʂʦʤʝʪʘʠ C/2020 F3 NEOWISE ʘʟ 23 ʠʶʣ ʪʦ 14 ʘʚʛʫʩʪʠ ʩʦʣʠ 2020 ʘʟ ֹוʦʥʠʙʠ ʉʘʬʘʨʦʚ ɸ.ɻ. 

ʤʫʰʦ״ʠʜʘ ʢʘʨʜʘ ʰʫʜʘʘʩʪ. ɸʩʦʩʘʥ ʪʘʩʚʠʨ״ʦʠ ʨʘץʘʤʠʠ ʢʦʤʝʪʘ ʙʦ ʠʩʪʠʬʦʜʘ ʘʟ ʬʠʣʪʨ״ʦʠ RI ʛʠʨʠʬʪʘ ʰʫʜʘʘʥʜ. 

 ʦʠ ʘʟ 0,635 ʚ.ʘ. ʪʦ 1,1 ʚ.ʘ. ʘʟ ʆʬʪʦʙ Ĕʦʡʛʠʨ ʙʫʜʘʘʩʪ. ɹʘ ʤʫʘʣʣʠʬʦʥ״ʠʜʘ ʢʦʤʝʪʘ ʜʘʨ ʤʘʩʦʬʘ״ʘʥʛʦʤʠ ʤʫʰʦ׳
ʤʫʷʩʩʘʨ ʛʘʨʜʠʜ, ʢʠ ʚʦʙʘʩʪʘʛʠʠ ʪʘʲʩʠʨʠ ʤʘʩʩʘʠ ʪʦĔʠ ʦʬʪʦʙʠʨʦ ʙʘ ʯʘʥʛ״ʦʠ ʜʫʤʠ ʢʦʤʝʪʘ ʦʰʢʦʨ ʥʘʤʦʷʥʜ. 

ʄʫėʘʨʨʘʨ ʢʘʨʜʘ ʰʫʜ, ʢʠ ʜʘʨ ʥʘʪʠֹוʘʠ ʠʭʨʦֹוʠ ʤʘʩʩʘʠ ʪʦĔʠ ʦʬʪʦʙĒ ėʫʚʚʘʠ ʘʬʢʘʥʠʰʦʪʠ ʦʬʪʦʙĒ Fʨʘʜ, ץʫʚʚʘʠ 

ʫʚʚʘʠ ʘʬʢʘʥʠʰʦʪʠ ʦʬʪʦʙץ ʫʚʚʘʠ ʃʦʨʝʥʩ ʙʘץ ʦʟʠʙʘ Fʛʨʘʚ, ʪʘʥʦʩʫʙʠוֹ  FL/Fʛʨʘʚ ʚʘ ʰʠʪʦʙʠ ʙʦʩʘʤʘʨ b ʜʘʨ ʨ ʟ״ʦʠ 

ʤʫʘʡʷʥ ʘʟ ʟʘʨʨʘ״ʦʠ ʟʘʨʷʜʥʦʢʠ ʩʝʣʠ ʢʦʨʧʫʩʢʫʣʘʚʠʠ ʤʦʜʜʘĕʦʠ ʠʭʨʦĔh ʫʜʘʠ ʤʘʩʩʘʠ ʪʦĔʠ ʦʬʪʦʙĒ ʩʘʭʪ 
ʚʦʙʘʩʪʘʘʥʜ. ʄʫėʘʨʨʘʨ ʢʘʨʜʘ ʰʫʜ, ʢʠ ʜʘʨ ʜʘʚʨʘʠ ʤʫʰʦ״ʠʜʘʠ ʢʦʤʝʪʘ ʟʠʸʜʘ ʘʟ 50 ʤʘʨʦʪʠʙʘ ʪʘʨʢʠʰʠ ʠʭʨʦĔʠ 

ʤʘʩʩʘʠ ʪʦĔʠ ʦʬʪʦʙĒ ʙʘ ʘʤʘʣ ʦʤʘʜʘʘʩʪ. ʄʫėʘʨʨʘʨ ʢʘʨʜʘ ʰʫʜ, ʢʠ ʜʘʨ ʥʘʪʠĔʘʠ ʠʭʨʦĔh ʫʜʘʠ ʤʘʩʩʘʠ ʪʦĔʠ ʦʬʪʦʙĒ 
ėʠʤʤʘʪʠ ʵʥʝʨʛʠʷʠ ʢʠʥʝʪʠʢĒ ʘʟ 1,3 ʪʦ 7,7 x 1029 ɻ ʨʛ ʙʘʨʦʙʘʨ ʘʩʪ. ʄʫėʘʨʨʘʨ ʢʘʨʜʘ ʰʫʜ, ʢʠ 8 ʠʭʨʦĔh ʫʜʘʠ ʤʘʩʩʘʠ 

ʪʦĔʠ ʦʬʪʦʙôô ʨ ʟʠ 31 ʠʶʣ ʨʫʭ ʜʦʜʘ, ʘʟ ֹוʦʥʠʙʠ SOHO/LASCO C2 ʙʘ ץʘʡʜ ʛʠʨʠʬʪʘ ʰʫʜʘ, ʵʥʝʨʛʠʷʠ ʢʠʥʝʪʠʢʠʠ 

ʦʥĕʦ ʜʘʨ ĕʫʜʫʜʠ ʘʟ 5,2 Ĭ 1027 ʪʦ 7,7 Ĭ 1029 ʤʝʭʦʙʘʜ. ʉʫʨʲʘʪʠ ʠʭʨʦĔh ʫʜʘʠ ʤʘʩʩʘʠ ʪʦĔʠ ʦʬʪʦʙĒ ʟʠʸʜʘ ʘʟ 800 
ʢʤ/ʩ ʨʘʩʠʜ. ɹʦ ʥʘʟʘʨʜʦʨʰʪʠ ʦʥ ʢʠ ʢʦʤʝʪʘʠ C/2020 F3 NEOWISE ʘʟ ʥʘʟʜʠ ʆʬʪʦʙ ʛʫʟʘʰʪ, ʩʝʣʠ ʢʦʨʧʫʩʢʫʣʘʚʠ 

ʙʘ ʨʘʬʪʦʨʠ ʤʠʥʙʘʲʜʘʠ ʦʥ ʪʘʲʩʠʨʠ ʩʘʭʪ ʨʘʩʦʥʜ. ʄʫėʘʨʨʘʨ ʢʘʨʜʘ ʰʫʜ, ʢʠ ʩʝʣʠ ʧʣʘʟʤʘʠ ʪʘʬʩʦʥʠ ʟʘʨʷʜʥʦʢ, ʢʠ 
ʙʘʲʟʘʥ ʩʫʨʲʘʪʠ ʦʥ ʙʘ 800 ʢʤ/ʩ ʤʝʨʘʩʠʜ, ʢʦʤʝʪʘʨʦ ʙʦʤʙʘʙʦʨʦʥ ʥʘʤʫʜʘ, ʤʦʣʝʢʫʣʘ״ʦʠ ʘʪʤʦʩʬʝʨʘʠ ʦʥʨʦ ʩʘʭʪ 

ʠʦʥʠʰ ʜʦʜʘʥʜ. Çʘʥʛʦʤʠ ʙʦʤʙʘʙʦʨʦʥ ʢʘʨʜʘʥʠ ʩʝʣʠ ʢʦʨʧʫʩʢʫʣʘʚʠʠ ʵʥʝʨʛʠʷʠ ʘʬʢʘʥʠʰʦʪʘʰ ʙʘ 4Ĭ1033 ʵʨʛ/ʩ 

ʙʘʨʦʙʘʨ ʙʫʜʘʥ, ʩʦʭʪʦʨʠ ʙʘʲʟʝ ʟʘʨʨʘ״ʦ ʰʘʢʣʠ ʭʫʜʨʦ ʛʫʤ ʢʘʨʜʘ, ʚʘʡʨʦʥ ʤʝʰʘʚʘʥʜ. ʆʜʘʪʘʥ, ʠʥ ʨʘʚʘʥʜ ĕʘʥʛʦʤʠ 

ʩʘʭʪ ʙʦʤʙʘʙʦʨʦʥ ʥʘʤʫʜʘʥʠ ʧʨʦʪʦʥĕʦʠ ʤʦʜʜʘĕʦʠ ʠʭʨʦĔh ʫʜʘʠ ʤʘʩʩʘʠ ʦʬʪʦʙĒ ʨʫʭ ʤʝʜʠĕʘʜ. ʅʘʪʠĔʘĕʦʠ ʜʘʨ 
 ʦʠ ʤʫʰʢʠʣʛĘʜʦʟ״ʦ ʟʘʨʨʘ״ʦʠ 2 ʚʘ 3 ʦʚʘʨʜʘʰʫʜʘ ʛʫʚʦĕĒ ʯʫʥʠʥ ʨʘʚʘʥʜ ʤʝʙʦʰʘʥʜ. ʄʘʲʣʫʤ ʘʩʪ, ʢʠ ʪʘʥ״ʘʜʚʘʣוֹ
ʙʘʲʜʠ ʯʫʥʠʥ ʨʘʚʘʥʜʨʦ ʛʫʟʘʰʪʘʥ, ʢʫʣʣʘʥ ʪʘĎʡʠʨ ʸʬʪʘ, ʤʘʚץʝʠ ʭʫʜʨʦ ʜʘʨ ʬʘʟʦʠʥʘʟʜʠ ĕʘʩʪʘʠ ʢʦʤʝʪʘ ʉ/2020 F3 
NEOWISE ʠʚʘʟ ʤʝʢʫʥʘʥʜ. 

ʂʘʣʠʜʚʦʞʘ״ʦ: ʆʬʪʦʙ, ʪʝʣʝʩʢʦʧ״ʦʠ ʢʘʡ״ʦʥ , ʈʘʩʘʜʭʦʥʘʠ ʘʩʪʨʦʥʦʤʠʠ ׳ʠʩʦʨ, ʢʦʤʝʪʘʠ ʉ/2020 F3 

NEOWISE, ʠʭʨʦĔʠ ʤʘʩʩʘʠ ʪʦĔô úĀþúíĒ, ʩʝʣʠ ʢʦʨʧʫʩʢʫʣʘʚĒ, ״ʘʩʪʘ, ʜʫʤʠ ʯʘʥʛʠʥ, ץʫʚʚʘʠ ʬʠʰʦʨʠ ʘʬʢʘʥʠʰʦʪ, 
ʫʚʚʘʠ ʃʦʨʝʥʩ, ʰʘʤʦʣʠ ʦʬʪʦʙץ ,ʦʟʠʙʘוֹ ʫʚʚʘʠץ , ʥʠʰʦʥʜʠĕʘʥʜʘĕʦʠ ʛʝʦʤʘʛʥʠʪĒ. 

 

ɺʃʀʗʅʀɽ ɺʓɹʈʆʉɸ ʂʆʈʆʅɸʃʔʅʆʁ ʄɸʉʉʓ ʉʆʃʅʎɸ ʅɸ ʏɸʉʊʀʎʓ ʍɺʆʉʊɸ 

 ʂʆʄɽʊʓ ʉ/2020 F3 NEOWISE 

ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʣʦʩʴ ʚʣʠʷʥʠʝ ʚʳʙʨʦʩʘ ʢʦʨʦʥʘʣʴʥʦʡ ʤʘʩʩʳ (CME) ʥʘ ʯʘʩʪʠʮʳ ʭʚʦʩʪʘ ʢʦʤʝʪʳ ʉ/2020 

F3 NEOWISE. ʂʦʤʝʪʫ ʉ/2020 F3 NEOWISE ʩ 23 ʠʶʣʷ ʧʦ 14 ʘʚʛʫʩʪʘ 2020 ʛʦʜʘ ʥʘʙʣʶʜʘʣ ʉʘʬʘʨʦʚ ɸ.ɻ. ɺ 

ʦʩʥʦʚʥʦʤ ʮʠʬʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʤʝʪʳ ʧʦʣʫʯʝʥʳ ʥʘ ʬʠʣʴʪʨʘʭ RI. ɺ ʤʦʤʝʥʪ ʥʘʙʣʶʜʝʥʠʡ ʢʦʤʝʪʘ ʥʘʭʦʜʠʣʘʩʴ 

ʥʘ ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 0,635 ʘ.ʝ. ʜʦ 1,1 ʘ.ʝ. ʦʪ ʉʦʣʥʮʘ. ɸʚʪʦʨʘʤʠ ʫʜʘʣʦʩʴ ʚʳʷʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʣʠʷʥʠʷ ʢʦʨʦʥʘʣʴʥʦʛʦ ʚʳʙʨʦʩʘ ʤʘʩʩʳ ʥʘ ʯʘʩʪʠʮʳ ʭʚʦʩʪʘ ʢʦʤʝʪʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʙʨʦʩʘ CME 

ʩʠʣʳ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ Frad, ʩʠʣʳ ʛʨʘʚʠʪʘʮʠʠ Fgrav, ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʣʳ ʃʦʨʝʥʮʘ ʠ ʩʠʣʳ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ FL/FFad ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʫʩʢʦʨʝʥʠʝ b ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʥʠ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ 

ʢʦʨʧʫʩʢʫʣʷʨʥʦʛʦ ʧʦʪʦʢʘ ʚʳʙʨʦʩʦʚ CME. ɸ ʪʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʷ ʢʦʤʝʪʳ 

ʧʨʦʠʟʦʰʣʦ ʙʦʣʝʝ 50 ʚʳʙʨʦʩʦʚ CME. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʩʧʳʰʢʠ CME ʟʥʘʯʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʩʦʩʪʘʚʣʷʣʦ ʦʪ ʦʪ 1,3 ʜʦ 7,7 ³1029 ʵʨʛʦʚ. ʄʦʞʥʦ ʦʪʤʝʪʠʪ, ʯʪʦ 31 ʠʶʣʷ ʧʨʦʠʟʦʰʝʣ ʚʦʩʝʤʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʉʄɽ, ʢʦʪʦʨʳʡ ʨʝʛʠʩʪʨʠʨʦʚʘʥʳ SOHO/LASCO ʉ2. ʕʥʝʨʛʠʷ ʚʳʙʨʦʩʘ ʉʄɽ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 5,2³1027 ʜʦ 7,7³1029 ʵʨʛʦʚ. ʉʢʦʨʦʩʪʴ ʚʳʙʨʦʩʘ ʜʦʩʪʠʛʣʘ ʙʦʣʝʝ 800 ʢʤ/ʩ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, 

ʯʪʦ ʢʦʤʝʪʘ ʉ/2020 F3 NEOWISE ʧʨʦʭʦʜʠʣ ʙʣʠʟʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʉʦʣʥʮʘ ʧʨʠʪʦʢ ʢʦʨʧʫʩʢʫʣʷʨʥʦʛʦ ʧʦʪʦʢʘ 

ʩʠʣʴʥʦ ʚʣʠʷʣʦ ʥʘ ʜʘʣʴʥʝʡʰʫʶ ʨʘʟʚʠʪʠʶ ʢʦʤʝʪʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠ 

ʛʦʨʷʯʝʡ ʧʣʘʟʤʳ, ʠʥʦʛʜʘ ʜʦʩʪʠʛʘʷ ʜʦ 800 ʢʤ/ʩ, ʙʦʤʙʘʨʜʠʨʫʷ ʢʦʤʝʪʫ, ʩʠʣʴʥʦ ʠʦʥʠʟʠʨʦʚʘʣ ʤʦʣʝʢʫʣʳ ʘʪʤʦʩʬʝʨʳ 

ʢʦʤʝʪʳ ʉ/2020 F3 NEOWISE. ɺʦ ʚʨʝʤʷ ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʢʦʨʧʫʩʢʫʣʷʨʥʳʭ ʧʦʪʦʢʦʚ, ʧʨʠ ʵʥʝʨʛʠʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʨʘʚʥʦʡ 4³1033 ʵʨʛ/ʩ, ʩʪʨʫʢʪʫʨʳ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʠʮ ʪʝʨʷʶʪ ʩʚʦʶ ʬʦʨʤʫ 

ʠ ʨʘʟʨʫʰʘʶʪʩʷ. ʆʙʳʯʥʦ ʪʘʢʦʡ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʠʣʴʥʦʡ ʙʦʤʙʘʨʜʠʨʦʚʢʝ ʧʨʦʪʦʥʦʚ ʚʳʙʨʦʩ 

ʢʦʨʦʥʘʣʴʥʦʡ ʤʘʩʩʳ. ʈʝʟʫʣʴʪʘʪʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2 ʠ 3, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʷʱʠʭ 

ʧʨʦʮʝʩʩʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʦʣʴʢʦ ʪʫʛʦʧʣʘʚʢʠʝ ʯʘʩʪʠʮʳ ʧʦʩʣʝ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʝʪʘʶʪ ʥʦʚʫʶ 

ʞʠʟʥʴ, ʤʝʥʷʷ ʩʚʦʸ ʧʦʣʦʞʝʥʠʝ ʥʘ ʦʢʦʣʦʷʜʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʦʤʝʪʳ ʉ/2020 F3 NEOWISE. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʦʣʥʮʝ, ʢʦʩʤʠʯʝʩʢʠʝ ʪʝʣʝʩʢʦʧʳ, ɻʠʩʩʘʨʩʢʘʷ ʘʩʪʨʦʥʦʤʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ, 

ʢʦʤʝʪʘ ʉ/2020 F3 NEOWISE, ʢʦʨʦʥʘʣʴʥʳʡ ʚʳʙʨʦʩ ʤʘʩʩʳ, ʢʦʨʧʫʩʢʫʣʷʨʥʳʡ ʧʦʪʦʢ, ʷʜʨʦ, ʧʳʣʝʚʦʡ ʭʚʦʩʪ, ʩʠʣʘ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʩʠʣʘ ʛʨʘʚʠʪʘʮʠʠ, ʩʠʣʘ ʃʦʨʝʥʮʘ, ʩʦʣʥʝʯʥʳʡ ʚʝʪʝʨ, ʛʝʦʤʘʛʥʠʪʥʳʝ ʠʥʜʝʢʩʳ. 
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INFLUENCE OF A CORONAL MASS EJECTION ON THE TAIL PARTICLES OF  

 COMET C/2020 F3 (NEOWISE) 

This study examines the influence of a coronal mass ejection (CME) on the dust particles in the tail of comet 

C/2020 F3 (NEOWISE). Observations of the comet were conducted by A.Gh. Safarov between July 23 and August 

14, 2020. The majority of the digital imagery was acquired using RI-band filters. During the observation period, the 

cometôs heliocentric distance ranged from 0.635 AU to 1.1 AU from the Sun. The authors have succeeded in 

identifying the dependencies of coronal mass ejection (CME) effects on a cometôs tail particle. It has been established 

that, as a result of the CME, the radiation pressure force (Frad), gravitational force (Fgrav), the ratio of the Lorentz force 

to the solar radiation force (FL/Frad), and the effective acceleration (b) on specific days are significantly influenced by 

the charged particles of the CME plasma flow. It was also established that more than 50 coronal mass ejections (CMEs) 

occurred during the observation period of the comet. It was found that, as a result of CME events, the kinetic energy 

ranged from 1.3 to 7.7 Ĭ 10Į  ergs. Notably, on July 31, eight consecutive CMEs were recorded by SOHO/LASCO 

C2. The energy of these CMEs varied from 5.2 Ĭ 10Į  to 7.7 Ĭ 10Į  ergs, with ejection velocities exceeding 800 km/s. 

Considering that comet C/2020 F3 (NEOWISE) passed at a relatively close distance to the Sun, the influx of the CME 

plasma flow had a significant impact on the cometôs subsequent evolution. It was determined that the velocity of the 

stream of charged and hot plasma occasionally reached up to 800 km/s, bombarding the comet and causing strong 

ionization of the molecules in the atmosphere of comet C/2020 F3 (NEOWISE). It was also established that more than 

50 coronal mass ejections (CMEs) occurred during the observation period of the comet. It was found that, as a result 

of CME events, the kinetic energy ranged from 1.3 to 7.7 Ĭ 10Į  ergs. Notably, on July 31, eight consecutive CMEs 

were recorded by SOHO/LASCO C2. The energy of these CMEs varied from 5.2 Ĭ 10Į  to 7.7 Ĭ 10Į  ergs, with 

ejection velocities exceeding 800 km/s. Considering that comet C/2020 F3 (NEOWISE) passed at a relatively close 

distance to the Sun, the influx of the CME plasma flow had a significant impact on the cometôs subsequent evolution. 

It was determined that the velocity of the stream of charged and hot plasma occasionally reached up to 800 km/s, 

bombarding the comet and causing strong ionization of the molecules in the atmosphere of comet C/2020 F3 

(NEOWISE). During bombardment by corpuscular streams, when the energy of the Sunôs electromagnetic radiation 

reaches 4Ĭ10įį erg/s, the structure of certain particles loses its form and disintegrates. Typically, such a process occurs 

during intense proton bombardment associated with coronal mass ejection. The results presented in Tables 2 and 3 

provide evidence of the outcomes of such processes. It is known that only refractory particles, after undergoing such 

a process, gain a new lease on life by changing their position within the near-nuclear space of comet C/2020 F3 

(NEOWISE). 

Keywords: Sun, space telescopes, Hissar Astronomical Observatory, comet C/2020 F3 (NEOWISE), coronal 

mass ejection, corpuscular stream, nucleus, dust tail, radiation pressure force, gravitational force, Lorentz force, solar 

wind, geomagnetic indices. 
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ʋɼʂ: 523.6 

ʆʇʈɽɼɽʃɽʅʀɽ ʌʀɿʀʂʆ-ɼʀʅɸʄʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ 

ʂʆʈʆʊʂʆʇɽʈʀʆɼʀʏɽʉʂʆʁ ʂʆʄɽʊʓ 103P/HARTLEY 2 ʇʆ ʅɸɹʃʖɼɽʅʀʗʄ 

ɺ ʄɽɾɼʋʅɸʈʆɼʅʆʁ ɸʉʊʈʆʅʆʄʀʏɽʉʂʆʁ ʆɹʉɽʈɺɸʊʆʈʀʀ ʉɸʅɻʃʆʍ 
ɸʩʦʝʚ ʍ.ɻ., ɹʦʙʦʝʚ ʐ.ʉ., ɿʫʭʫʨʦʚ ʄ.ʍ. 

ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ɺʚʝʜʝʥʠʝ. ʂʦʤʝʪʘ 103P/Hartley 2 (ʜʘʣʝʝ 103ʈ) ʦʪʢʨʳʪʘ ʘʤʝʨʠʢʘʥʩʢʠʤ ʘʩʪʨʦʥʦʤʦʤ 

ʄʘʣʢʦʣʤʦʤ ʍʘʨʪʣʠ (Malcolm Hartley) 15 ʤʘʨʪʘ 1986 ʛ. ʚ ʦʙʩʝʨʚʘʪʦʨʠʠ ʉʘʡʜʠʥʛ-ʉʧʨʠʥʛ ʚ 

ɸʚʩʪʨʘʣʠʠ. ɸʚʪʦʨ ʦʧʠʩʘʣ ʠʤ ʦʪʢʨʳʪʫʶ ʢʦʤʝʪʫ ʜʠʬʬʫʟʥʳʡ ʦʙʲʝʢʪ ʢʘʢ 17m, ʩ ʢʦʨʦʪʢʠʤ 

ʭʚʦʩʪʦʤ [1]. ʂʦʤʝʪʘ ʧʨʦʭʦʜʠʣʘ ʩʚʦʝʡ ʧʝʨʠʛʝʣʠʡ 4 ʠʶʥʷ 1985 ʛ. ʠ ʠʟ - ʟʘ ʩʣʠʰʢʦʤ ʤʘʣʦʡ 

ʵʣʦʥʛʘʮʠʷ ʥʝ ʥʘʙʣʶʜʘʣʘʩʴ ʚʙʣʠʟʠ ʧʝʨʠʛʝʣʠʷ [2]. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, 

ʧʨʦʚʦʜʠʤʦʝ Daniel Green ʠʟ ʎʝʥʪʨʘʣʴʥʦʛʦ ʙʶʨʦ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʪʝʣʝʛʨʘʤʤ [3] ʠ 

ʉʝʢʘʥʠʥʳ (ʉʤʠʪʩʦʥʠʘʥʩʢʠʡ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ), ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʤʝʪʘ ʧʨʦʰʣʘ 

ʧʝʨʠʛʝʣʠʡ (ʥʘʠʤʝʥʴʰʫʶ ʪʦʯʢʫ ʦʨʙʠʪʳ ʦʪ ʉʦʣʥʮʘ) 5 ʠʶʥʷ 1985 ʛʦʜʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0.961 

ʘ.ʝ.  

 
ʈʠʩʫʥʦʢ 3. ʀʟʦʙʨʘʞʝʥʠʝ ʢʦʤʝʪʳ 103P ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʚ ʄɸʆʉ ʚ 2023 ʛ. 

Figure 3. Image of comet 103P as observed by MAOS in 2023. 

ʇʦ ʤʥʝʥʠʶ ʉʝʢʘʥʠʥʳ [3], ʩʣʠʰʢʦʤ ʤʘʣʝʥʴʢʦʝ ʫʛʣʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʢʦʤʝʪʳ 103ʈ ʦʪ 

ʉʦʣʥʮʘ ʥʝ ʤʦʛʣʦ ʧʦʟʚʦʣʠʪʴ ʥʘʙʣʶʜʘʪʴ ʢʦʤʝʪʫ ʚ 1985 ʛʦʜʫ. ʉʝʢʘʥʠʥʘ [3] ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʚ 

1982 ʛʦʜʫ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʧʨʦʠʟʦʰʣʦ ʪʝʩʥʦʝ ʩʙʣʠʞʝʥʠʝ ʢʦʤʝʪʳ 103ʈ ʩ ʖʧʠʪʝʨʦʤ. 

ʉʝʡʯʘʩ [4] ʩʪʘʣʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʤʝʪʘ 103ʈ ʧʨʦʰʣʘ ʧʝʨʠʛʝʣʠʡ 4 ʠʶʥʷ ʩ ʧʝʨʠʦʜʦʤ 

ʦʙʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʉʦʣʥʮʘ 6.26 ʛʦʜʘ. 2 ʥʦʷʙʨʷ 1982 ʛʦʜʘ ʢʦʤʝʪʘ ʧʨʦʰʣʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0.33 

ʘ.ʝ. ʦʪ ʖʧʠʪʝʨʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʨʘʩʩʪʦʷʥʠʝ ʧʝʨʠʛʝʣʠʷ ʦʨʙʠʪʳ ʢʦʤʝʪʳ 103ʈ ʫʚʝʣʠʯʠʣʦʩʴ 

ʩ 0.90 ʘ.ʝ. ʜʦ 0.95 ʘ.ʝ., ʠ ʧʝʨʠʦʜ ʩ 6.12 ʜʦ 6.26 ʛʦʜʘ. ɽʱʸ ʦʜʠʥ ʫʜʠʚʠʪʝʣʴʥʳʡ ʬʘʢʪ [4], ʯʪʦ 28 

ʘʧʨʝʣʷ 1971 ʛʦʜʘ ʢʦʤʝʪʘ ʧʨʦʰʣʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0.085 ʘ.ʝ. ʦʪ ʖʧʠʪʝʨʘ, ʯʪʦ ʧʦʚʣʝʢʣʦ ʟʘ ʩʦʙʦʡ 

ʫʤʝʥʴʰʝʥʠʝ ʧʝʨʠʛʝʣʠʷ ʩ 1.62 ʘ.ʝ. ʜʦ 0.90 ʘ.ʝ., ʠ ʧʝʨʠʦʜʘ ʩ 7.92 ʜʦ 6.12 ʛʦʜʘ. 

ʊʘʙʣʠʮʘ 1. ʕʣʝʤʝʥʪʳ ʦʨʙʠʪ ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʦʡ ʢʦʤʝʪʳ 103ʈ 

Table 1. Orbital elements of the short-period comet 103P 

 ̄ ʊ q, 

ʘ.ʝ. 

e P, 

ʣʝʪ 

ɤ, 

ʛʨʘʜ. 

ɋ, 

ʛʨʘʜ. 

i, 

ʛʨʘʜ. 

1 1985, June 4.75 [5] 0.958617 0.716 6,21 174.69 226.45 9.20 

2 1991, Sept. 11.65 [5] 0.953297 0.719 6,26 174.89 226.78 9.25 

3 1997, Dec. 22.01 [6, 7] 1.031647 0.700 6,39 180.72 219.95 13.6 

4 2004, May 17.94 [8] 1.036727 0.699 6,40 180.80 219.89 13.60 
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ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʤʦʤʝʥʪʳ ʧʨʦʭʦʞʜʝʥʠʷ ʢʦʤʝʪʦʡ ʪʦʯʢʠ ʧʝʨʠʛʝʣʠʷ ʦʨʙʠʪʳ ʩ 

1985 ʜʦ 2023 ʛʛ., ʧʝʨʠʛʝʡʥʦʝ ʨʘʩʩʪʦʷʥʠʝ q, ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʦʨʙʠʪʳ e, ʧʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ 

ʚʦʢʨʫʛ ʉʦʣʥʮʘ P, ʘʨʛʫʤʝʥʪ ʧʝʨʠʛʝʣʠʷ ʦʨʙʠʪʳ ɤ, ʜʦʣʛʦʪʘ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ ɋ ʠ ʥʘʢʣʦʥʝʥʠʝ 

ʦʨʙʠʪʳ ʢ ʧʣʦʩʢʦʩʪʠ ʵʢʣʠʧʪʠʢʠ i. ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʩ ʤʦʤʝʥʪʘ ʧʝʨʚʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʜʦ 

ʧʦʩʣʝʜʥʝʛʦ ʙʦʣʴʰʠʥʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʳ ʢʦʤʝʪʳ ʤʝʥʷʶʪʩʷ: Dq = 0.113 ʘ.ʝ., De = 0.026, 

DP = 0.27 ʛʦʜ, Di = 4̄ .41, ʪʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʣʠʷʥʠʷ 

ʖʧʠʪʝʨʘ. 

ʂʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʘʷ ʢʦʤʝʪʘ 103ʈ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʚʦʟʚʨʘʱʝʥʠʷʭ ʢ 

ʉʦʣʥʮʫ ʚ 1991, 1997, 2004, 2010, 2017 ʠ 2023 ʛʦʜʳ. ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʚʦʟʚʨʘʱʝʥʠʷʭ ʢ ʉʦʣʥʮʫ 

ʷʨʢʦʩʪʴ ʢʦʤʝʪʳ ʚʦʢʨʫʛ ʧʝʨʠʛʝʣʠʷ ʦʨʙʠʪʳ ʜʦʩʪʠʛʣʘ ʧʦʨʷʜʢʘ 8m. ɺ 2010 ʛʦʜʫ ʢʦʤʝʪʫ 103ʈ 

ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʣ ʢʦʩʤʠʯʝʩʢʠʡ ʟʦʥʜ EPOXI (ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʅɸʉɸ) [8]. ʗʜʨʦ 

ʢʦʤʝʪʳ, ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʤʠʩʩʠʠ EPOXI [8], ʦʮʝʥʠʚʘʝʪʩʷ 2.25³0.57 ʢʤ. ʇʝʨʠʦʜ 

ʚʨʘʱʝʥʠʷ ʢʦʤʝʪʳ 103ʈ ʚʦʢʨʫʛ ʷʜʨʘ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 18 ʯʘʩʦʚ. ʇʝʨʝʜ ʪʝʤ ʢʘʢ ʜʦʩʪʠʯʴ ʢʦʤʝʪʫ 

103ʈ EPOXI (ʨʘʥʝʝ Deep Impact) ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʪʨʠ ʢʨʫʛʘ ʚʦʢʨʫʛ ʉʦʣʥʮʘ. EPOXI 

ʧʨʠʙʣʠʟʠʣʩʷ ʢ ʢʦʤʝʪʳ 103ʈ ʚ ʥʦʷʙʨʝ 2010 ʛʦʜʘ, ʩʪʨʝʤʷʩʴ ʫʟʥʘʪʴ ʙʦʣʴʰʝ ʦ ʚʥʫʪʨʝʥʥʝʤ 

ʩʪʨʦʝʥʠʠ ʢʦʤʝʪʳ. ʆʥ ʧʨʦʰʝʣ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʚʩʝʛʦ 694 ʢʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʝʪʳ. EPOXI 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣ ʚʳʙʨʦʩʳ ʛʘʟʘ, ʠʩʭʦʜʷʱʠʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʝʪʳ 103ʈ, ʩ ʮʝʣʴʶ 

ʦʙʥʦʨʫʚʦʜʷʥʦʡ ʣʝʜ ʥʘ ʢʦʤʝʪʝ. 

ʅʘʙʣʶʜʝʥʠʷ ʢʦʤʝʪʳ 103ʈ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ. ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʬʠʟʠʯʝʩʢʦ-

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʝʪʳ ʍ.ɻ. ɸʩʦʝʚʳʤ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘʙʣʶʜʝʥʠʝ 

ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʦʡ ʢʦʤʝʪʳ 103ʈ ʜʦ ʧʨʦʭʦʞʜʝʥʠʷ ʧʝʨʠʛʝʣʠʷ ʦʨʙʠʪʳ, ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ 

ʩʫʪʦʢ (ʩ 22 ʧʦ 24 ʘʚʛʫʩʪʘ 2023 ʛ.). ʅʘʙʣʶʜʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʉʘʥʛʣʦʭʘ ʀʥʩʪʠʪʫʪʘ ʘʩʪʨʦʬʠʟʠʢʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ɸʢʘʜʝʤʠʠ 

ʥʘʫʢ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʩ ʧʦʤʦʱʴʶ ʪʝʣʝʩʢʦʧʘ ʎʝʡʩʩ-600, ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʙʦʣʝʝ 400 

ʠʟʦʙʨʘʞʝʥʠʡ ʢʦʤʝʪʳ ʩ ʵʢʩʧʦʟʠʮʠʷʤʠ ʦʪ 10 ʩ ʜʦ 60 ʩ. ʉ ʮʝʣʴʶ ʬʦʪʦʤʝʪʨʠʠ ʢʦʤʝʪ, 

ʥʘʙʣʶʜʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʨʦʛʨʘʤʤʝ MaxIm Del.5, ʚ ʩʫʤʝʨʢʘʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ FLAT ʥʘ 

ʚʩʝʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʬʠʣʴʪʨʘʭ. ʇʦʩʢʦʣʴʢʫ ʫ ʬʠʣʴʪʨʘ B ʥʠʟʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʧʝʨʚʳʝ 

FLAT-ʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʤʝʥʥʦ ʥʘ ʵʪʦʤ ʬʠʣʴʪʨʝ, ʧʦʪʦʤ ʧʦʩʣʝʜʫʶʱʝʝ (R ʠ I ʧʦʩʣʝʜʥʠʡ). ɺ 

ʧʝʨʚʳʡ ʥʦʯʴ ʥʘʙʣʶʜʝʥʠʝ ʩ ʮʝʣʴʶ ʦʟʥʘʢʦʤʣʝʥʠʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʮʠʬʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʢʦʤʝʪʳ ʩ ʵʢʩʧʦʟʠʮʠʝʡ ʦʪ 10 ʜʦ 60 ʩʝʢʫʥʜʘʭ, ʩ ʨʘʟʥʠʮʝʡ 10 ʩʝʢʫʥʜʦʡ. ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʥʦʯʝʡ 

ʠʟʦʙʨʘʞʝʥʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʵʢʩʧʦʟʠʮʠʝʡ 60 ʩʝʢʫʥʜ. 

ʊʘʙʣʠʮʘ 2. ʉʚʦʜʢʘ ʥʘʙʣʶʜʝʥʠʝ ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʦʡ ʢʦʤʝʪʳ 103ʈ 

Table 2. Summary of observations of the short-period comet 103P 

T r, 
͊Φ͔Φ 

D,  
͊Φ͔Φ 

ph, 
͎ͪ͊͒ͯ

 ͫ

͙̅͡Έͭͪ· t, 
͔ͫͯͤ͒͊͟ B V R I 

2023, Aug. 22 1.27
3 

0.513 49.55 10 10 40 25 10·60 

2023, Aug. 23 1.26
6 

0.505 50.01 25 20 20 20 60 

2023, Aug. 24 1.25
9 

0.498 50.52 30 35 35 30 60 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥ ʜʘʪʘ ʥʘʙʣʶʜʝʥʠʡ (ʊ), ʛʝʣʠʦ (r) ʠ ʛʝʦ (ȹ) ʨʘʩʩʪʦʷʥʠʷ ʢʦʤʝʪʳ ʦʪ 

ʉʦʣʥʮʘ ʠ ɿʝʤʣʠ, ʬʘʟʦʚʳʡ ʫʛʦʣ (ph) ʢʦʤʝʪʳ, ʢʦʣʠʯʝʩʪʚʦ ʩʥʠʤʢʦʚ ʥʘ ʬʠʣʴʪʨʘʭ ʠ ʚʨʝʤʷ 

ʵʢʩʧʦʟʠʮʠʠ (t). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʦʡ ʢʦʤʝʪʳ 103ʈ. ʅʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʦʨʙʠʪʳ ʚ 2023 ʛʦʜʫ, ʘʥʘʣʠʟ 

5 2010, Oct. 28.29 [9] 1.061421 0.694 6.47 181.30 219.75 13.61 

6 2017, Apr. 20.49 [9] 1.066947 0.693 6.48 181.30 219.70 13.59 

7 2023, Oct. 12.51 [10] 1.064092 0.694 6.48 181.30 219.75 13.61 
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ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʨʦʛʨʘʤʤʳ Tycho Tracker [11], ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ 

ʵʢʚʘʪʦʨʠʘʣʴʥʳʡ ʢʦʦʨʜʠʥʘʪʳ ʠ ʚʠʟʫʘʣʴʥʳʡ ʙʣʝʩʢ (ʚʠʜʠʤʘʷ ʟʚʝʟʜʥʘʷ ʚʝʣʠʯʠʥʘ) ʥʘ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʬʠʣʴʪʨʘʭ  

ʊʘʙʣʠʮʘ 3. ʕʢʚʘʪʦʨʠʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʥʘ ʵʧʦʭʫ J2000.0 ʠ ʚʠʜʠʤʳʝ ʟʚʝʟʜʥʳʝ 

ʚʝʣʠʯʠʥʳ ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʦʡ ʢʦʤʝʪʳ 103P 

Table 3. Equatorial coordinates at epoch J2000.0 and apparent magnitudes of short-period 

comet 103P 

T,  UT Ŭ, 

h, m, s 

ŭ, 

 ̄ ¡  ± 

m,  

ʟʚʝʟʜʥʘʷ 

ʚʝʣʠʯʠʥʘ  ɼʘʪʘ h, m, s 

22.08.2023 

22 16 33.024 01 44 11.99 +39 42 44,4 16.9 

22 22 49.728 01 44 13.40 +39 42 51,1 16.6 

21 10 09.120 01 43 56.43 +39 41 37,5 16.2 

21 11 37.248 01 43 56.83 +39 41 39,0 16.7 

21 17 29.760 01 43 58.14 +39 41 45,3 17.2 

23.08.2023 

20 39 26.208 01 49 39.53 +40 04 34,5 17.9 

20 48 31.392 01 49 41.74 +40 04 43,6 17.9 

20 53 04.416 01 49 42.85 +40 04 48,3 17.9 

20 57 35.712 01 49 43.97 +40 04 52,5 17.7 

21 02 08.736 01 49 44.98 +40 04 57,0 17.8 

24.08.2023 

20 01 50.304 01 55 30.66 +40 26 29,9 16.9 

20 06 23.328 01 55 31.82 +40 26 35,0 17.1 

20 19 59.808 01 55 35.18 +40 26 47,1 16.7 

20 29 04.992 01 55 37.52 +40 26 56,4 17.2 

20 01 50.304 01 55 30.66 +40 26 29,9 16.9 

 

ɺ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥ ʜʘʪʘ ʥʘʙʣʶʜʝʥʠʡ, ʚʨʝʤʷ, ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʢʦʤʝʪʳ 

ʠ ʚʠʜʠʤʘʷ ʟʚʝʟʜʥʘʷ ʚʝʣʠʯʠʥʘ. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ ʚʳʯʠʪʘʣʠʩʴ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʘʜʨʦʚ DARK 

ï ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʡ ʪʝʤʥʦʚʦʡ ʢʘʜʨ ʚ ʭʦʜʝ ʥʘʙʣʶʜʝʥʠʡ. ʊʘʢʞʝ, ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʩʠʩʪʝʤʥʳʭ ʦʰʠʙʦʢ ʫʯʠʪʳʚʘʣʦʩʴ ʢʘʜʨʳ BIAS. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʢʦʦʨʜʠʥʘʪ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʨʝʥʠʡ ʠ ʚʳʷʚʣʝʥʠʡ ʘʩʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʦʰʠʙʦʢ. ʉ ʵʪʦʡ 

ʮʝʣʴʶ ʧʨʦʚʦʜʠʣʦʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʘ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ ʕʧʦʩ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʰʠʙʢʘ ʚʳʯʠʩʣʝʥʥʳʝ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʢʘʪʘʣʦʛʦʚ. 

ɺʳʯʠʩʣʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʭʦʜʝ ʥʘʙʣʶʜʝʥʠʡ ʩʯʠʪʘʶʪʩʷ - ʥʘʙʣʶʜʘʪʝʣʴʥʳʤʠ (observation, 

ʦʙʦʟʥʘʯʘʶʪʩʷ ʢʘʢ ʆ), ʘ, ʜʘʥʥʳʝ ʢʘʪʘʣʦʛʠ ʩʯʠʪʘʶʪʩʷ ʚʳʯʠʩʣʝʥʥʳʤʠ (calculation, 

ʦʙʦʟʥʘʯʘʶʪʩʷ ʢʘʢ ʉ). ʇʦʵʪʦʤʫ, ʧʨʦʚʦʜʠʣʦʩʴ ʨʘʩʯʝʪʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʡ ʟʥʘʯʝʥʠʡ 

ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ: O-C ʜʣʷ ʧʨʷʤʦʛʦ ʚʦʟʭʦʞʜʝʥʠʷ (a) ʠ O-C ʜʣʷ 

ʩʢʣʦʥʝʥʠʷ (d). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʧʨʝʜʝʣʝʥ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ (s) ʜʣʷ ʦʙʦʠʭ 

ʢʦʦʨʜʠʥʘʪ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʠ ʠʭ ʦʰʠʙʦʢ ʧʨʠʩʪʘʚʣʝʥ ʥʘ 

ʪʘʙʣʠʮʝ 4. 

ʊʘʙʣʠʮʘ 4. ʈʝʟʫʣʴʪʘʪʳ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʠ ʠʭ ʦʰʠʙʦʢ ʜʣʷ ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʢʦʤʝʪʳ 103ʈ 

Table 4. Results of the measurement accuracy and their errors for the short-period comet 

103P 

 ́ -˻˿ ͒͡Ύ a, 
͔ͫ͟Φ͎͒ͯ͊ 

sa, 
͔ͫ͟Φ͎͒ͯ͊ 

-˻˿ ͒͡Ύ d, 
͔ͫ͟Φ͎͒ͯ͊ 

sd, 
͔ͫ͟Φ͎͒ͯ͊ 

2023, Aug. 22 0.531 °0.099 0.419 °0.078 

2023, Aug. 23 0.330 °0.038 0.368 °0.042 
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2023, Aug. 24 0.323 °0.036 0.427 °0.048 
 ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʥʳʡ ʚ ʪʘʙʣʠʮʝ 4 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ 

ʧʦ ʧʨʷʤʦʛʦ ʚʦʩʭʦʞʜʝʥʠʶ ʥʝ ʧʨʝʚʳʰʘʝʪ 0.±04 ʘ, ʧʦ ʩʢʣʦʥʝʥʠʶ 0.±05, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. 

ʌʦʪʦʤʝʪʨʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʡ ʧʨʦʮʝʜʫʨʦʡ ʜʣʷ ʚʳʷʚʣʝʥʠʝ 

ʥʝʢʦʪʦʨʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʝʪ. ʅʘʤʠ ʜʣʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚʳʙʨʘʥ 

ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ ɸʇɽʂʉ-II [12] ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʨʫʩʩʢʠʤʠ ʘʩʪʨʦʥʦʤʘʤʠ ʠ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʨʝʜʠ ʘʩʪʨʦʥʦʤʦʚ [13, 14]. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʟʚʝʟʜ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʪʘʣʦʛ APASS, 

ʧʨʠ ʵʪʦʤ ʪʦʯʥʦʩʪʴ ʟʚʝʟʜʥʦʡ ʚʝʣʠʯʠʥʳ ʨʘʚʥʦ 0.m03 [15]. ʂʘʞʜʳʡ ʬʠʣʴʪʨ ʠʤʝʝʪ ʦʩʦʙʳʡ 

ʥʘʟʥʘʯʝʥʠʡ, ʜʣʠʥʘ ʠʭ ʚʦʣʥʳ ʣʝʞʘʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: B ~ 440 ʥʤ, V ~ 550 ʥʤ, R ~ 640 ʥʤ, 

I ~ 790 ʥʤ. ʈʝʟʫʣʴʪʘʪʳ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʨʘʙʦʪʦʢ ʜʣʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʬʠʣʴʪʨʦʚ ʥʠʞʝ, 

ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 5. ɺ ʪʘʙʣʠʮʝ 5 ʧʨʠʚʝʜʝʥ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʚʠʜʠʤʳʭ ʟʚʝʟʜʥʳʭ ʚʝʣʠʯʠʥ 

ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʦʡ ʢʦʤʝʪʳ 103ʈ ʚ ʬʠʣʴʪʨʘʭ BVRI ʩ ʦʰʠʙʢʘʤʠ. 

ʊʘʙʣʠʮʘ 5. ɺʠʜʠʤʳʝ ʟʚʝʟʜʥʳʝ ʚʝʣʠʯʠʥʳ ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʦʡ ʢʦʤʝʪʳ 103P 

Table 5. Apparent magnitudes of short-period comet 103P 

ʊ,  

Aug. 2023 

ʌʠʣʴʪʨ 

B V R I  

22.06973 17.64Ñ0.03 16.89Ñ0.09 16.43Ñ0.03 15.99Ñ0.03 

23.04313 17.59Ñ0.03 16.86Ñ0.03 16.40Ñ0.04 15.95Ñ0.02  

24.07128 17.55Ñ0.03 16.79Ñ0.02 16.33Ñ0.02 15.90Ñ0.02 

 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʥʳʡ ʚ ʪʘʙʣʠʮʝ 5 ʧʦʢʘʟʳʚʘʝʪ ʧʦʩʪʝʧʝʥʥʦʡ ʫʚʝʣʠʯʝʥʠʝ ʷʨʢʦʩʪʠ ʩ 

ʧʨʠʙʣʠʞʝʥʠʝʤ ʢ ʪʦʯʢʝ ʧʝʨʠʛʝʣʠʷ ʦʨʙʠʪʳ. ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦ ʚʩʝʭ ʬʠʣʴʪʨʘʭ. ʅʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʭ (ʪʘʙʣʠʮʘ 5) ʧʦʩʪʨʦʝʥʳ ʢʨʠʚʳʝ ʙʣʝʩʢʘ ʚʠʜʠʤʳʝ ʟʚʸʟʜʥʳʝ ʚʝʣʠʯʠʥʳ ʢʦʤʝʪʳ 

103P ʦʪ ʚʨʝʤʝʥʠ, ʛʜʝ ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ʦʪʣʦʞʝʥʳ ʚʠʜʠʤʳʝ ʟʚʝʟʜʥʳʝ ʚʝʣʠʯʠʥʳ m ʠ ʧʦ ʦʩʠ 

ʘʙʩʮʠʩʩ ï ʜʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʚ ʶʣʠʘʥʩʢʠʭ ʜʥʷʭ.  

ɺ ʪʝʯʝʥʠʝ ʥʘʙʣʶʜʝʥʠʷ ʚʠʜʠʤʳʡ ʟʚʝʟʜʥʳʡ ʙʣʝʩʢ ʚ ʬʠʣʴʪʨʳ BVRI ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʠʟʤʝʥʷʝʪʩʷ: B = 0m.09, V = 0m.1, R = 0m.1, I = 0m.09, ʪʘʢʦʡ ʧʨʦʮʝʩʩ ʫʚʝʣʠʯʝʥʠʷ ʷʨʢʦʩʪʠ 

ʧʨʦʠʩʭʦʜʠʪ, ʧʦʪʦʤʫ ʯʪʦ ʢʦʤʝʪʘ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʉʦʣʥʮʫ ʠ ʧʨʠʪʦʢ ʢʦʨʧʫʩʢʫʣʷʨʥʦʛʦ ʧʦʪʦʢʘ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʫʚʝʣʠʯʠʚʘʝʪʩʷ.  

ɺ ʢʦʤʝʪʥʦʡ ʘʩʪʨʦʥʦʤʠʠ ʜʣʷ ʪʦʯʥʦʛʦ ʘʥʘʣʠʟʘ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪ ʘʙʩʦʣʶʪʥʫʶ ʟʚʸʟʜʥʫʶ ʚʝʣʠʯʠʥʫ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʝ ʘʙʩʦʣʶʪʥʦʡ ʟʚʸʟʜʥʦʡ 

ʚʝʣʠʯʠʥʳ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫʣʫ [16]: 

                   
( ) ( ) ba-D-= rmm

aa
log50,1,1

,                       

ʛʜʝ, ma(1,1,0) ï ʘʙʩʦʣʶʪʥʘʷ ʟʚʸʟʜʥʘʷ ʚʝʣʠʯʠʥʘ ʥʘ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʪʦʯʢʝ, ʢʦʪʦʨʳʡ ʢʦʤʝʪʘ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʝʜʠʥʠʯʥʦʤ ʛʝʣʠʦ ʠ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʤ ʨʘʩʩʪʦʷʥʠʝ ʩ ʬʘʟʦʚʳʤ ʫʛʣʦʤ ph=0 ,̄ ma ï 

ʚʠʜʠʤʘʷ ʟʚʝʟʜʥʘʷ ʚʝʣʠʯʠʥʘ ʦʧʨʝʜʝʣʷʝʤʦʡ ʠʟ ʥʘʙʣʶʜʝʥʠʡ, r ʠ æ ï ʛʝʣʠʦ- ʠ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʝ 

ʨʘʩʩʪʦʷʥʠʷ ʢʦʤʝʪʳ ʚ ʘ.ʝ., Ŭ ï ʬʘʟʦʚʳʡ ʫʛʦʣ (ph) ʚ ʛʨʘʜ., ɓ ï ʬʘʟʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, 

ʠʟʤʝʨʷʝʤʳʡ ʚ ʟʚʝʟʜʥʦʡ ʚʝʣʠʯʠʥʝ ʥʘ ʛʨʘʜʫʩ, ʠʥʜʝʢʩ, ʘ ʦʟʥʘʯʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʠʣʴʪʨ. 
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ʈʠʩʫʥʦʢ 5. ʉʨʝʜʥʷʷ ʟʥʘʯʝʥʠʷ ʚʠʟʫʘʣʴʥʦʛʦ ʟʚʝʟʜʥʦʛʦ ʚʝʣʠʯʠʥʘ 

ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʦʡ ʢʦʤʝʪʳ 103P/Hartley 2 ʚ ʬʠʣʴʪʨʘʭ BVRI  

Figure 5. Mean visual magnitude of short-period comet 103P/Hartley 2 in BVRI filters 

ɼʣʷ ʬʘʟʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʦ ʦʙʱʝʧʨʠʥʷʪʦʝ ʟʥʘʯʝʥʠʝ ɓ=0.035 m/ .̄ 

[17]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʙʩʦʣʶʪʥʘʷ ʟʚʸʟʜʥʘʷ ʚʝʣʠʯʠʥʘ ʦʧʨʝʜʝʣʝʥ ʥʘ ʚʩʝʭ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʬʠʣʴʪʨʘʭ ʜʣʷ ʪʨʝʭ ʜʘʪ ʥʘʙʣʶʜʝʥʠʡ. ʈʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠʚʝʜʝʥ ʥʘ ʪʘʙʣʠʮʝ 6. ʅʘ 

ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʚʝʜʸʥʥʳʝ ʥʘ ʪʘʙʣʠʮʝ 6 ʧʦʩʪʨʦʠʣʠ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 

ʘʙʩʦʣʶʪʥʦʡ ʟʚʝʟʜʥʦʡ ʚʝʣʠʯʠʥʳ ʜʣʷ ʚʩʝʭ ʬʠʣʴʪʨʦʚ ʦʪ ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʝʥʠʡ. 

 

ʊʘʙʣʠʮʘ 6. ɿʥʘʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦʡ ʟʚʝʟʜʥʦʡ ʚʝʣʠʯʠʥʳ ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʦʡ ʢʦʤʝʪʳ 

103P 

Table 6. Absolute magnitude values of short-period comet 103P 

 

ʊ,  

Aug. 2023 

ʌʠʣʴʪʨ  

B V R I  

22.06973 16.84Ñ0.03 16.09Ñ0.09 15.63Ñ0.03 15.19Ñ0.03 

23.04313 16.82Ñ0.04 16.08Ñ0.03 15.62Ñ0.04 15.18Ñ0.02  

24.07128 16.80Ñ0.02 16.05Ñ0.02 15.58Ñ0.02 15.15Ñ0.02 

 
 ʅʘ ʛʨʘʬʠʢʝ (ʨʠʩʫʥʦʢ 6) ʜʘʪʘ ʥʘʙʣʶʜʝʥʠʡ ʧʨʠʚʝʜʸʥ ʚ ʶʣʠʘʥʩʢʠʭ ʜʥʷʭ. ɿʥʘʯʝʥʠʝ 

ʘʙʩʦʣʶʪʥʦʛʦ ʟʚʸʟʜʥʦʛʦ ʚʝʣʠʯʠʥʘ ʥʠ ʩʠʣʴʥʦ ʤʝʥʷʝʪʩʷ ʚ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ. 

ʅʘʰʠ ʠʟʤʝʨʝʥʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʙʣʝʩʢʘ ʢʦʤʝʪʳ ʚ ʬʠʣʴʪʨʝ BVRI ʪʘʢʦʚʳ: ʚ ʬʠʣʴʪʨʝ B ʚ 

ʜʠʘʧʘʟʦʥʝ 16m.80·16m.84, ʚ ʬʠʣʴʪʨʝ V ʚ ʜʠʘʧʘʟʦʥʝ 16m.05·16m.09 ʚ ʬʠʣʴʪʨʝ R ʚ ʜʠʘʧʘʟʦʥʝ 

15m.58·15m.63, ʚ ʬʠʣʴʪʨʝ V ʚ ʜʠʘʧʘʟʦʥʝ 16m.05·16m.09 ʠ ʚ ʬʠʣʴʪʨʝ I ʚ ʜʠʘʧʘʟʦʥʝ 

15m.15·15m.19. ʀʟʤʝʥʝʥʠʝ ʘʙʩʦʣʶʪʥʦʛʦ ʙʣʝʩʢʘ ʢʦʤʝʪʳ ʚʦ ʚʩʝʭ ʬʠʣʴʪʨʘʭ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0m.4 

ʜʦ 0m.5. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʬʠʣʴʪʨʘʭ B ʠ V ʦʙʳʯʥʦ ʚʳʷʚʣʷʶʪʩʷ ʠʦʥʠʟʠʨʦʚʘʥʥʳʝ ʛʘʟʳ ʧʦʜ 

ʜʝʡʩʪʚʠʝ ʢʦʨʧʫʩʢʫʣʷʨʥʦʛʦ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʘ ʚ ʜʨʫʛʠʭ ʬʠʣʴʪʨʘʭ (R, I) ʧʳʣʠ. 

ʇʦʵʪʦʤʫ ʚʠʜʥʦ ʪʘʢʦʡ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʚ ʢʘʞʜʦʤ ʬʠʣʴʪʨʝ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʠʥʘ ʚʦʣʥʳ ʥʘ 

ʢʘʞʜʦʤ ʬʠʣʴʪʨʝ ʦʪʣʠʯʘʶʪʩʷ [13].  

ʆʙʳʯʥʦ, ʜʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʦʙ ʘʢʪʠʚʥʦʩʪʠ ʪʦʡ ʠʣʠ ʠʥʦʡ ʢʦʤʝʪʳ ʦʧʨʝʜʝʣʷʶʪ ʩʪʝʧʝʥʴ 

ʛʘʟʦ ʠʣʠ ʧʳʣʝʦʙʨʘʟʦʚʘʥʠʠ ʚ ʢʦʤʝʪʘʭ. ɺʧʝʨʚʳʝ AôHearn [18] ʩʦ ʩʚʦʠʤʠ ʢʦʣʣʝʛʘʤʠ 
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ʧʨʠʤʝʥʷʣʠ ʩʧʝʮʠʘʣʴʥʫʶ ʬʦʨʤʫʣʫ, ʢʦʪʦʨʳʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʣʠʦ ʠ ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʦʛʦ 

ʨʘʩʩʪʦʷʥʠʷ, ʘʣʴʙʝʜʦ ʠ ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʤʝʪʨʦʚ ʘʧʝʨʪʫʨʳ ʤʦʞʥʦ ʦʮʝʥʠʪ ʩʪʝʧʝʥ ʢʦʤʝʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʥʠʤʘʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʚʠʜʠʤʳʡ ʟʚʝʟʜʥʦʡ ʚʝʣʠʯʠʥʳ ʉʦʣʥʮʘ. 

ʌʦʨʤʫʣʘ ʜʣʷ ʚʳʷʚʣʝʥʠʝ ʩʪʝʧʝʥ ʧʳʣʝʦʙʨʘʟʦʚʘʥʠʡ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ:  

ὃὪ”
τὶЎϽρπȢ

”
ȟ 

ʛʜʝ A - ʘʣʴʙʝʜʦ, f - ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʘʧʝʨʪʫʨʳ ʧʦʣʷ ʟʨʝʥʠʷ, ɟ - ʧʨʦʝʢʮʠʷ ʨʘʜʠʫʩʘ 

ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʡ ʘʧʝʨʪʫʨʳ ʥʘ ʥʝʙʝʩʥʫʶ ʩʬʝʨʫ ʚ ʩʤ, mӟ ʠ ma - ʚʠʜʠʤʳʝ ʟʚʸʟʜʥʳʝ ʚʝʣʠʯʠʥʳ 

ʉʦʣʥʮʘ ʠ ʢʦʤʝʪʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʬʠʣʴʪʨʝ, r - ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʚ ʘ.ʝ., ȹ - ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʚ ʩʤ.  

 
ʈʠʩʫʥʦʢ 6. ɿʘʚʠʩʠʤʦʩʪʴ ʘʙʩʦʣʶʪʥʦʛʦ ʟʚʝʟʜʥʦʛʦ ʚʝʣʠʯʠʥʘ H 

ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʦʡ ʢʦʤʝʪʳ 103P ʚ ʬʠʣʴʪʨʘʭ BVRI ʦʪ ʚʨʝʤʝʥʠ 

Figure 6. Dependence of the absolute stellar magnitude H of the short-period comet 

103P in BVRI filters on time 

ɼʣʷ ʥʘʰʝʛʦ ʩʣʫʯʘʷ ʧʘʨʘʤʝʪʨ Afɟ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʧʦ ʠʟʦʙʨʘʞʝʥʠʷʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ 

ʬʠʣʴʪʨʝ V, ʩ ʨʘʜʠʫʩʦʤ ʧʨʦʝʢʮʠʠ ʘʧʝʨʪʫʨʳ ɟ = 5710.96 ʢʤ (4±). ʇʦ ʥʘʰʠʤ ʨʘʩʯʝʪʘʤ, 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʝʜʝʣ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ Afɟ ʜʣʷ ʢʦʤʝʪʳ ʩʦʩʪʘʚʣʷʝʪ 11.52Ñ1.3 ʩʤ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʠʟʢʦʤ ʧʳʣʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 1.266 ʘ.ʝ. ʜʦ 1.252 

ʘ.ʝ., ʧʨʠʙʣʠʞʘʷ ʢ ʉʦʣʥʮʫ. ʇʘʨʘʤʝʪʨ Afɟ, ʜʣʷ ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʦʡ ʢʦʤʝʪʳ 103ʈ/ʍʘʨʪʣʠ 2 

ʨʘʥʝʝ ʘʚʪʦʨʘ [6] ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʚ ʧʝʨʠʛʝʣʠʡ ʦʨʙʠʪʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1.058 ʘ.ʝ. ʇʦʣʫʯʝʥʥʳʡ 

ʘʚʪʦʨʘʤ [619 ʟʥʘʯʝʥʠʡ ʥʘ ʪʘʢʦʤ ʨʘʩʩʪʦʷʥʠʠ, ʠʟʤʝʨʝʥʥʘʷ ʚ ʢʨʫʛʣʦʡ ʘʧʝʨʪʫʨʝ ~4700 ʢʤ, 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ ~60 ʩʤ ʚ ʩʠʥʝʤ ʮʚʝʪʝ ʜʦ ~110 ʩʤ ʚ ʢʨʘʩʥʦʤ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʱʝʝ ʠʟʤʝʥʝʥʠʝ 

ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʳʣʠʥʦʢ. ɼʨʫʛʠʝ ʘʚʪʦʨʳ [20] ʚ ʬʘʟʦʚʦʤ ʫʛʣʝ Ò300 ʜʦ ʧʝʨʠʛʝʣʠʷ ʥʘ 

ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʦʤ ʨʘʩʩʪʦʷʥʠʠ 1.744ï1.274 ʘ.ʝ. ʦʧʨʝʜʝʣʠʣʠ ʟʥʘʯʝʥʠʝ Afɟ ʚ ʩʨʝʜʥʝʤ ʥʘ 

16.4Ñ2.7 ʩʤ ʠ ʧʦʩʣʝ ʧʝʨʠʛʝʣʠʷ ʥʘ ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʦʤ ʨʘʩʩʪʦʷʥʠʠ 1.061 ʘ.ʝ. ʥʘ ʪʘʢʦʤ 

ʬʘʟʦʚʦʤ ʫʛʣʝ 65Ñ13 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.    

ʈʘʟʤʝʨ ʢʦʤʝʪʳ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʜʘʥʥʦʝ 

ʨʘʙʦʪʝ ʜʣʷ ʦʮʝʥʢʠ ʨʘʟʤʝʨʘ ʷʜʨʘ ʢʦʤʝʪʳ ʥʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦʡ ʟʚʝʟʜʥʦʡ ʚʝʣʠʯʠʥʳ 

ʢʦʤʝʪʳ ʚ ʬʠʣʴʪʨʝ V ʠʩʧʦʣʴʟʦʚʘʥʦ ʵʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ [21]: 
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,1010238.2
))0,1,1((4.022222 vmm

N
rrA

-ÃDÖ=              (2) 

ʛʜʝ A ï ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʘʣʴʙʝʜʦ ʠ m  = - 26.76 ʚʠʜʠʤʘʷ ʟʚʝʟʜʥʘʷ ʚʝʣʠʯʠʥʘ ʉʦʣʥʮʘ [15], 

ʧʨʠʯʝʤ ʦʙʝ ʚʝʣʠʯʠʥʳ ʚ ʬʠʣʴʪʨʝ V, rN ï ʵʬʬʝʢʪʠʚʥʘʷ ʨʘʜʠʫʩ ʷʜʨʘ ʢʦʤʝʪʳ ʚ ʤʝʪʨʘʭ, r ʠ D 

ʛʝʣʠʦ ʠ ʛʝʦʮʝʥʪʨʠʯʝʩʢʘʷ ʨʘʩʩʪʦʷʥʠʝ ʢʦʤʝʪʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦ ʥʘʰʝʤ ʦʮʝʥʢʘʤ ʧʨʠ 

ʘʣʴʙʝʜʦ 0.04 ʜʠʘʤʝʪʨ ʷʜʨʘ ʢʦʤʝʪʳ ʚ ʚʝʨʭʥʠʭ ʧʨʝʜʝʣʘʭ ʩʦʩʪʘʚʣʷʝʪ 4.57Ñ0.1 ʢʤ. 

 

ʊʘʙʣʠʮʘ 7. ʉʪʝʧʝʥʴ ʧʳʣʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʨʘʟʤʝʨʳ ʷʜʨʘ ʢʦʤʝʪʳ 103ʈ 

Table 7. Dust productivity and size of the nucleus of comet 103P 

ɼʘʪʘ Afɟ, ʩʤ D, ʢʤ 

2023, Aug. 22.06973 11.05Ñ1.2 4.04Ñ0.1 

2023, Aug. 23.04313 11.09Ñ1.1 4.57Ñ0.1 

2023, Aug. 24.07128 11.52Ñ1.3 4.12Ñ0.1 

 
ʈʘʥʝʝ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʦʡ ʢʦʤʝʪʳ 103ʈ ʩ ʧʦʤʦʱʴʶ ʠʥʬʨʘʢʨʘʩʥʦʡ 

ʢʘʤʝʨʳ ʢʦʩʤʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ISOCAM, ʧʦʢʘʟʘʣ, ʯʪʦ ʚʙʣʠʟʠ ʧʝʨʠʛʝʣʠʷ ʘʢʪʠʚʥʘʷ ʜʦʣʷ 

ʢʦʤʝʪʳ ʩʦʩʪʘʚʣʷʝʪ 1% ʠ ʧʦʩʣʝ ʧʝʨʠʛʝʣʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 1.11 ʘ.ʝ. 0,30Ñ0,11% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦ ʨʘʩʯʝʪʘʤ ʨʘʜʠʫʩ ʢʦʤʝʪʳ ʧʨʠ ʘʣʴʙʝʜʦ 0.04 ʩʦʩʪʘʚʠʣ 0,71Ñ0,13 ʢʤ [10]. 

ʇʨʦʚʝʜʝʥʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ ʩʦ ʩʧʫʪʥʠʢʘ Spitzer ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʙʦʣʴʰʦʡ ʵʬʬʝʢʪʠʚʥʳʡ 

ʨʘʜʠʫʩ ʷʜʨʘ 0,57Ñ0,08 ʢʤ ʠ ʥʠʟʢʦʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʘʣʴʙʝʜʦ 0,028 Ñ 0,009 [22]. ʇʦ ʜʘʥʥʳʤ 

[16] ʧʨʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʤ ʘʣʴʙʝʜʦ 0.04 ʨʘʜʠʫʩ ʷʜʨʘ ʧʦʣʫʯʠʣʦʩʴ Ò1 ʢʤ. ɸʥʘʣʦʛʠʯʥʳʝ ʜʘʥʥʳʝ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʤʠʩʩʠʠ ʈʦʟʝʪʪʘ [23]. 

ɺʳʚʦʜʳ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʧʦʷʚʣʝʥʠʝ ʢʦʤʝʪʳ ʧʝʨʠʛʝʣʠʡʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 

(q), ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʦʨʙʠʪʳ (e), ʥʘʢʣʦʥ ʦʨʙʠʪʳ(i) ʠ ʧʝʨʠʦʜ ʦʙʨʘʱʝʥʠʝ (P) ʢʦʤʝʪʳ ʨʝʟʢʦ 

ʠʟʤʝʥʷʣʠʩʴ. ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʧʨʠʯʠʥʘ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʳ ʷʚʣʷʝʪʩʷ ʩʙʣʠʞʝʥʠʝ 

ʢʦʤʝʪʳ ʩ ʖʧʠʪʝʨʘ ʥʘ ʤʠʥʠʤʘʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʡ 0.374 ʘ.ʝ. ʚ 19 ʜʝʢʘʙʨʷ 1993 ʛ. ɸʙʩʦʣʶʪʥʘʷ 

ʟʚʝʟʜʥʘʷ ʚʝʣʠʯʠʥʘ ʢʦʤʝʪʳ ʫʤʝʥʴʰʘʣʩʷ ʥʘ 2m.52 ʟʚʝʟʜʥʦʡ ʚʝʣʠʯʠʥʳ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʪʦʤ, ʯʪʦ ʢʦʤʝʪʘ ʛʦʜ ʟʘ ʛʦʜʦʤ ʪʝʨʷʝʪ ʩʚʦʶ ʘʢʪʠʚʥʦʩʪʴ. ɺʳʧʦʣʥʝʥʳ ʦʧʪʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ 

ʜʦʣʛʦʧʝʨʠʦʜʠʯʝʩʢʦʡ ʢʦʤʝʪʳ 103P ʚ ʄɸʆʉ ʚ ʧʝʨʠʦʜ 6 ï ʦʡ ʝʝ ʧʦʷʚʣʝʥʠʷ ʚ ʘʚʛʫʩʪʝ 2023 ʛ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʩʪʨʦʤʝʪʨʠʯʝʩʢʦʡ ʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʦʧʨʝʜʝʣʝʥʳ 

ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ, ʛʝʦʮʝʥʪʨʠʯʝʩʢʘʷ ʪʨʘʝʢʪʦʨʠʷ ʠ ʦʨʙʠʪʘ ʢʦʤʝʪʳ. ɺ ʧʝʨʠʦʜ 

ʥʘʙʣʶʜʝʥʠʡ ʧʦʩʪʨʦʝʥʳ ʢʨʠʚʳʝ ʚʠʜʠʤʳʡ ʠ ʘʙʩʦʣʶʪʥʳʡ ʟʚʝʟʜʥʦʡ ʚʝʣʠʯʠʥʳ ʢʦʤʝʪʳ ʚ 

ʬʠʣʴʪʨʘʭ BVRI. ɺ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʚʠʜʠʤʳʡ ʙʣʝʩʢ ʢʦʤʝʪʳ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʪʴʩʷ, ʘ 

ʘʙʩʦʣʶʪʥʳʡ ʙʣʝʩʢ ʢʦʤʝʪʳ ʥʝ ʠʟʤʝʥʷʣʩʷ. ʄʝʥʴʰʘʷ ʚʝʣʠʯʠʥʘ ʧʳʣʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʷʜʨʘ 

ʢʦʤʝʪʳ (Afɟ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʘʢʪʠʚʥʦʩʪʠ ʢʦʤʝʪʳ ʚ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʪʦ 22 ï 24.08.2023 ʛ. 

ʇʦ ʥʘʰʠʤ ʥʘʙʣʶʜʝʥʠʷʤ ʩʨʝʜʥʷʷ ʦʮʝʥʢʘ ʜʠʘʤʝʪʨʘ ʷʜʨʘ ʢʦʤʝʪʳ ʧʨʠ ʘʣʴʙʝʜʦ 0,04 ʩʦʩʪʘʚʠʣʘ 

4.24Ñ0.1 ʢʤ 

ʈʝʮʝʥʟʝʥʪ: ɼʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ ʄʘʭʩʫʜ ɹ.ʀ. 
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ØßÌÕëÙ ÖÌÜÐÌÙÔ ÛÌÜÌØÑÞÜÚÔ àÔÓÔÖ˕  ˫ÐÔÙÌØÔÖÔÔ ÖÚØÑÞÌÔ ÖÊÞÚÇÐÌÎÜÔ 

103P/HARTLEY 2 ÌÓ ÜÊÕÔ ØßäÚÇÔÐÌÚÔ ÜÌÝÌÐáÚÙÌÔ ÌÝÞÜÚÙÚØÔÔ 
ÍÌÕÙÌ×ØÔ×Ì×ÔÔ ÝÌÙÏ×Úá 

Ðìü ìýúýô øÿĄúĕôðìĕúñ, öô ðìü Üìýìðāúùìô ìýþüúùúøôô íìõùì÷øô÷ì÷ôô Ýìùï÷úāô Ôùýþôþÿþô 

ìýþüúĀôóôöìô Ìöìðñøôċô øô÷÷ôô ô÷øúô ÞúĔôöôýþúù ïÿóìüúùôðì Ąÿð, öúüöìüðô ìýþüúøñþü ̃ ́

Āúþúøñþüôô þìýîôüúô üìėìø ìùúø ðúðì, öúúüðôùìþìúô ĉöîìþúüôì÷, ôùăÿùôù, þüìñöþúüôċô 
ïñúýñùþüôö îì øìðúüô öúøñþì øÿìõċù öìüðì Ąÿð. Ðìü ðìîüìô øÿĄúôðì āìþþô öìô íÿóÿüïôô ùìøúČù îì 

øÿþ÷ìėô öúøñþì ðìü Āô÷þüúô BVRI ýúāþì Ąÿðìùð. Ðìü ðìîüìô øÿĄúôðì üìîĄìùôô ùìøúČùô öúøñþì 

þìðüôìù óôČð Ąÿðì, üìîĄìùôô øÿþ÷ìô öúøñþì íñþìõôü øúùð. ̉̍́̓̉ ûìýþô ăìùïúýô÷öÿùôô ċðüúô 

öúøñþì (Afʍ) íñĀìĆú÷ôċþôô öúøñþìüú ðìü ðìîüìô øÿĄúôðì ìó 22 þú 24 ìîïÿýþô ýú÷ô 2023 ùôĄúù 

øñðôìð. ØÿîúĀôô øÿĄúôðìú, íìúðôôô øôČùìô ðôìøñþüô ċðüúô öúøñþ íú ì÷íñðúô 0,04 íì 4,24¹0,1 
öø íìüúíìü Ąÿð. Øÿìõċù öìüðì Ąÿð, öô íìĆð ìó öìĄĀô öúøñþì øìýúĀìô ûñüôïñ÷ôõ (q), ĉöýñùþüôýôþñþô 

øìðúü (ñ), øúô÷ôô øìðúü (ô) îì ðìîüô ïìüðôĄô öúøñþì (Ü) íì öÿ÷÷ þì̊ü̉ ČĀþììýþ. ØìĆ÷ÿø Ąÿð, öô 

ýìíìíô þìõôü ČĀþìùô ûìüìøñþüúô øìðúü 19 ðñöìíüô ýú÷ô 1993 íì øìýúĀìô øôùôøì÷ôô 0,374 î.ì. ùìóðôö 

Ąÿðìùô öúøñþì íì ØÿĄþìü øñíúĄìð. Ôù ìó úù Ąìúðìþ øñðôìð, öô öúøñþì ýú÷ þú ýú÷ ĀìĆú÷ôċþô āÿðüú 

ïÿø øñöÿùìð. ØÿĄúôðìúô úûþôöôô öúøñþìô öþúðìîüô 103P ðìü ÜÌÍÝ ìùïúøô ûìõðúôĄô 6-ÿøô úù 

ðìü øúô ìîïÿýþô ýú÷ô 2023 ïÿóìüúùôðì Ąÿðìùð. 

https://iopscience.iop.org/journal/2041-8205
https://iopscience.iop.org/journal/2041-8205
https://iopscience.iop.org/volume/2041-8205/734
https://cdsarc.cds.unistra.fr/viz-bin/cat/II/336#/seealso
https://cdsarc.cds.unistra.fr/viz-bin/cat/II/336#/seealso
https://ui.adsabs.harvard.edu/search/q=author:%22Lisse%2C+C.+M.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/search/q=author:%22Fernandez%2C+Y.+R.%22&sort=date%20desc,%20bibcode%20desc
https://ui.adsabs.harvard.edu/search/q=author:%22Fernandez%2C+Y.+R.%22&sort=date%20desc,%20bibcode%20desc
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Öì÷ôðîúòìú: öúøñþìô 103Ü, öúúüðôùìþìúô ĉöîìþúü, íÿóÿüï̉̉ ̒̉̓̏̑́̄, þüìñöþúüôċ, 

ĉ÷ñøñùþúô øìðúü, Āúþúøñþüôċ, ċðüú, ̘́̎̄ ̏̒̉̌̋̔̎. 
 

ʆʇʈɽɼɽʃɽʅʀɽ ʌʀɿʀʂʆ-ɼʀʅɸʄʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ ʂʆʈʆʊʂʆʇɽʈʀʆɼʀʏɽʉʂʆʁ 

ʂʆʄɽʊʓ 103P/HARTLEY 2 ʇʆ ʅɸɹʃʖɼɽʅʀʗʄ ɺ ʄɽɾɼʋʅɸʈʆɼʅʆʁ ɸʉʊʈʆʅʆʄʀʏɽʉʂʆʁ 

ʆɹʉɽʈɺɸʊʆʈʀʀ ʉɸʅɻʃʆʍ 

ʅʘ ʦʩʥʦʚʝ ʥʘʙʣʶʜʝʥʠʡ ʧʨʦʚʦʜʠʤʦʡ ʚ ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʤ ʦʙʩʝʨʚʘʪʦʨʠʠ ʉʘʥʛʣʦʭ 

ʀʥʩʪʠʪʫʪʘ ʘʩʪʨʦʬʠʟʠʢʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʊʘʜʞʠʢʠʩʪʘʥʘ ʧʨʦʚʝʜʝʥ ʘʩʪʨʦʤʝʪʨʠʯʝʩʢʘʷ ʠ 

ʬʦʪʦʤʝʪʨʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʠ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʳ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ, ʧʦʣʫʯʝʥʘ 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʘʷ ʪʨʘʝʢʪʦʨʠʷ ʠ ʦʨʙʠʪʘ ʢʦʤʝʪʳ. ɺ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʧʦʩʪʨʦʝʥʳ ʢʨʠʚʳʝ ʚʠʜʠʤʳʡ ʠ 

ʘʙʩʦʣʶʪʥʳʡ ʟʚʝʟʜʥʦʡ ʚʝʣʠʯʠʥʳ ʢʦʤʝʪʳ ʚ ʬʠʣʴʪʨʘʭ BVRI. ɺ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʚʠʜʠʤʳʡ ʙʣʝʩʢ ʢʦʤʝʪʳ 

ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʪʴʩʷ, ʘ ʘʙʩʦʣʶʪʥʳʡ ʙʣʝʩʢ ʢʦʤʝʪʳ ʥʝ ʠʟʤʝʥʷʣʩʷ. ʄʝʥʴʰʘʷ ʚʝʣʠʯʠʥʘ 

ʧʳʣʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʷʜʨʘ ʢʦʤʝʪʳ (Afɟ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʘʢʪʠʚʥʦʩʪʠ ʢʦʤʝʪʳ ʚ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʪʦ 22 ï 

24.08.2023 ʛ. ʇʦ ʥʘʰʠʤ ʥʘʙʣʶʜʝʥʠʷʤ ʩʨʝʜʥʷʷ ʦʮʝʥʢʘ ʜʠʘʤʝʪʨʘ ʷʜʨʘ ʢʦʤʝʪʳ ʧʨʠ ʘʣʴʙʝʜʦ 0,04 ʩʦʩʪʘʚʠʣʘ 

4.24Ñ0.1 ʢʤ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʧʦʷʚʣʝʥʠʝ ʢʦʤʝʪʳ ʧʝʨʠʛʝʣʠʡʥʦʝ ʨʘʩʩʪʦʷʥʠʝ (q), ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ 

ʦʨʙʠʪʳ (e), ʥʘʢʣʦʥ ʦʨʙʠʪʳ(i) ʠ ʧʝʨʠʦʜ ʦʙʨʘʱʝʥʠʝ (P) ʢʦʤʝʪʳ ʨʝʟʢʦ ʠʟʤʝʥʷʣʠʩʴ. ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʧʨʠʯʠʥʘ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʳ ʷʚʣʷʝʪʩʷ ʩʙʣʠʞʝʥʠʝ ʢʦʤʝʪʳ ʩ ʖʧʠʪʝʨʘ ʥʘ ʤʠʥʠʤʘʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʡ 0.374 ʘ.ʝ. 

ʚ 19 ʜʝʢʘʙʨʷ 1993 ʛ. ɸʙʩʦʣʶʪʥʘʷ ʟʚʝʟʜʥʘʷ ʚʝʣʠʯʠʥʘ ʢʦʤʝʪʳ ʫʤʝʥʴʰʘʣʩʷ ʥʘ 2m.52 ʟʚʝʟʜʥʦʡ ʚʝʣʠʯʠʥʳ. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʢʦʤʝʪʘ ʛʦʜ ʟʘ ʛʦʜʦʤ ʪʝʨʷʝʪ ʩʚʦʶ ʘʢʪʠʚʥʦʩʪʴ. ɺʳʧʦʣʥʝʥʳ ʦʧʪʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ 

ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʦʡ ʢʦʤʝʪʳ 103P ʚ ʄɸʆʉ ʚ ʧʝʨʠʦʜ 6 ï ʦʡ ʝʝ ʧʦʷʚʣʝʥʠʷ ʚ ʘʚʛʫʩʪʝ 2023 ʛ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʝʪʘ 103ʈ, ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ, ʟʚʝʟʜʥʘʷ ʚʝʣʠʯʠʥʘ, ʪʨʘʝʢʪʦʨʠʷ, 

ʵʣʝʤʝʥʪʳ ʦʨʙʠʪ, ʬʦʪʦʤʝʪʨʠʷ, ʷʜʨʦ, ʧʳʣʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

 

DETERMINATION OF PHYSICAL AND DYNAMIC PARAMETERS OF THE SHORT -PERIOD COMET 

103P/HARTLEY 2 BASED ON OBSERVATIONS AT THE SANGLOCH INTERNATIONAL 

ASTRONOMICAL OBSERVATORY  

Based on observations carried out at the Sanglokh International Astronomical Observatory of the Institute 

of Astrophysics of the National Academy of Sciences of Tajikistan, astrometric and photometric processing of digital 

images was carried out, equatorial coordinates were determined, and the geocentric trajectory and orbit of the comet 

were obtained. During the observation period, the curves of the comet's apparent and absolute magnitude in BVRI 

filters were constructed. During the observation period, the comet's apparent brightness gradually increased, and the 

absolute brightness of the comet did not change. A lower value of the comet's nucleus dust productivity (Afɟ) indicates 

that the comet was inactive during the observation period from August 22 to 24, 2023. According to our observations, 

the average estimate of the comet's nucleus diameter at an albedo of 0.04 was 4.24 Ñ 0.1 km. It was found that after 

the first appearance of the comet, the perihelion distance (q), orbital eccentricity (e), orbital inclination (i) and 

revolution period (P) of the comet changed dramatically. It turned out that the reason for the change in the orbital 

parameters is the approach of the comet to Jupiter at a minimum distance of 0.374 AU on December 19, 1993. The 

absolute stellar magnitude of the comet decreased by 2m.52 stellar magnitude. This indicates that the comet is losing 

its activity year after year. Optical observations of the short-period comet 103P in MAOS were carried out during its 

6th appearance in August 2023. 

Key words: comet 103P, equatorial coordinates, stellar magnitude, trajectory, orbital elements, 

photometry, nucleus, dust productivity. 
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ʋɼʂ: 539.23:537.39:661.6 

ɼʀʕʃɽʂʊʈʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʇʃɽʅʆʂ ʊʀʊɸʅɸʊɸ ɹɸʈʀʗ ʀ ʊʀʊɸʅɸʊɸ 

ʉʊʈʆʅʎʀʗ, ʉʌʆʈʄʀʈʆɺɸʅʅʓʍ ɿʆʃʔ-ɻɽʃʔ ʄɽʊʆɼʆʄ 

ʍʦʣʦʚ ʇ.ɸ.*, ɻʘʧʦʥʝʥʢʦ ʅ.ɺ.**, ɼʞʘʙʘʨʦʚ ɸ.ɻ.*, ʍʦʣʦʚ ɸ.*, 

ʇʠʣʠʧʝʥʢʦ ɺ.ɸ.***, ʈʘʜʶʰ ʖ.ɺ.****, ʀʜʠʙʝʛʟʦʜʘ ʍ.ʀ.* 

*ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʉ. ʋ. ʋʤʘʨʦʚʘ ʅɸʅʊ, 

** ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ, 

*** ʆɸʆ çʀʅʊɽɻʈɸʃè ï ʫʧʨʘʚʣʷʶʱʘʷ ʢʦʤʧʘʥʠʷ ʭʦʣʜʠʥʛʘ çʀʅʊɽɻʈɸʃè 

****ʅʇʎ ʅɸʅ ɹʝʣʘʨʫʩʠ ʧʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʶ 

ɺʚʝʜʝʥʠʝ. ʇʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʝ ʦʢʩʠʜʳ, ʦʙʣʘʜʘʶʱʠʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢʠʝ ʢʘʢ ʧʣʝʥʢʠ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ (BaTiO3) ʠʣʠ ʪʠʪʘʥʘʪʘ ʩʪʨʦʥʮʠʷ (SrTiO3) ʘʢʪʠʚʥʦ 

ʠʩʩʣʝʜʫʶʪʩʷ ʤʥʦʛʠʤʠ ʛʨʫʧʧʘʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʚʘʨʠʩʪʦʨʦʚ, ʤʝʤʨʠʩʪʦʨʦʚ, ʨʘʟʣʠʯʥʳʭ ʜʘʪʯʠʢʦʚ ʠ ʜʨʫʛʠʭ 

ʫʩʪʨʦʡʩʪʚ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʂʦʥʜʝʥʩʘʪʦʨʥʳʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʦʡ ʤʥʦʛʠʭ ʩʦʚʨʝʤʝʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʠʟʚʝʩʪʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʠʥʪʝʨʝʩ ʢ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ 

ʧʦʜʭʦʜʦʚ ʚ ʧʦʣʫʯʝʥʠʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʠʣʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʛʨʫʧʧʳ 

ʧʝʨʦʚʩʢʠʪʦʚ ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʪʝʪ. ʀʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʥʪʝʨʝʩʫʶʪ ʥʦʚʳʝ ʵʣʝʤʝʥʪʳ ʚʟʘʠʤʦʩʚʷʟʠ 

ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ, ʩʚʦʡʩʪʚʘ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʥʦʚʳʝ ʦʙʣʘʩʪʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ [1-

6].  ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʠʝ ʧʣʝʥʢʠ, ʦʙʣʘʜʘʶʱʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʤʝʩʪʝ ʩ ʦʢʩʠʜʦʤ ʢʨʝʤʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʜʥʦʤʝʨʥʳʭ 

ʬʦʪʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠ ʦʧʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʟʘʚʠʩʷʪ ʦʪ 

ʩʧʦʩʦʙʦʚ ʠ ʨʝʞʠʤʦʚ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ. ɿʦʣʴ-ʛʝʣʴ ʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʧʣʝʥʦʢ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ 

ʠ ʪʠʪʘʥʘʪʘ ʩʪʨʦʥʮʠʷ ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ ʠ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʚʘʨʴʠʨʦʚʘʪʴ ʩʦʩʪʘʚ 

ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʧʣʝʥʢʠ ʢʩʝʨʦʛʝʣʷ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʧʨʝʢʫʨʩʦʨʦʚ, ʣʝʛʠʨʫʶʱʠʭ ʧʨʠʤʝʩʝʡ ʠ 

ʨʝʞʠʤʦʚ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ [7-8]. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʥʜʝʥʩʘʪʦʨʳ, 

ʚ ʢʦʪʦʨʳʭ ʩʣʦʡ ʢʩʝʨʦʛʝʣʷ ʧʦʤʝʱʸʥ ʤʝʞʜʫ ʜʚʫʤʷ ʢʦʥʪʘʢʪʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ. ʋʤʝʩʪʥʦ ʦʙʨʘʪʠʪʴ 

ʚʥʠʤʘʥʠʝ ʥʘ ʚʳʩʦʢʫʶ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʩʠʥʪʝʟʘ ʧʦ ʟʦʣʴ-ʛʝʣʴ ʪʝʭʥʦʣʦʛʠʠ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʤʘʪʝʨʠʘʣʦʚ. ʅʘʧʨʠʤʝʨ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠʟ ʖʞʥʦʡ ʂʦʨʝʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʟʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʚʘʨʮʝʚʦʡ ʰʠʭʪʳ ʧʦʚʳʰʝʥʥʦʡ ʯʠʩʪʦʪʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʚʘʨʮʝʚʳʭ ʠʟʜʝʣʠʡ ʠ 

ʪʠʛʣʝʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʦʮʝʩʩʘʭ [9]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (Ů) ʠ 

ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (tgŭ) ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʣʝʥʦʢ 

ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʠ ʪʠʪʘʥʘʪʘ ʩʪʨʦʥʮʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ. ɿʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ ʙʳʣʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʧʣʸʥʢʠ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʠ ʪʠʪʘʥʘʪʘ ʩʪʨʦʥʮʠʷ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ ʥʘ ʧʦʜʣʦʞʢʘʭ 

Si/TiOx/Pt ʩ ʦʜʠʥʘʢʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʟʦʣʝʡ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ [1]. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ ʪʠʪʘʥʘʪʘ ʩʪʨʦʥʮʠʷ ʠʩʭʦʜʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʟʦʣʝʡ ʷʚʣʷʣʠʩʴ ʘʮʝʪʘʪ ʛʠʜʨʘʪ 

ʩʪʨʦʥʮʠʷ (Sr(CH3COO)2Ŀ1/2H2O) ʠ ʪʝʪʨʘʠʟʦʧʨʦʧʦʢʩʠʜ ʪʠʪʘʥʘ (Ti(OCH(CH3)2)4). ɺ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʢʩʫʩʥʫʶ ʢʠʩʣʦʪʫ ʠ ʤʦʥʦʤʝʪʠʣʦʚʳʡ ʵʬʠʨ ʵʪʠʣʝʥʛʣʠʢʦʣʷ, ʚ 

ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʜʦʙʘʚʣʷʣʩʷ ʘʮʝʪʦʥ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʝʥʦʢ BaTiO3 ʠʩʭʦʜʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʟʦʣʝʡ ʷʚʣʷʣʠʩʴ ʪʝʪʨʘʠʟʦʧʨʦʧʦʢʩʠʜ ʪʠʪʘʥʘ (Ti(OCH(CH3)2)4) ʩ ʯʠʩʪʦʪʦʡ 98%, 

ʘʮʝʪʘʪ ʙʘʨʠʷ (Ba(CH3COO)2) ʩ ʯʠʩʪʦʪʦʡ 98%, ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ (CH3COOH) ʠ ʘʮʝʪʠʣʘʮʝʪʦʥ 

(ʉʅ3-ʉʆ-ʉʅ2-ʉʆ-ʉʅ3). ʂʦʣʠʯʝʩʪʚʦ ʠʟʦʧʨʦʧʦʢʩʠʜʘ ʪʠʪʘʥʘ, ʘʮʝʪʘʪʘ ʙʘʨʠʷ ʠ ʘʮʝʪʘʪ ʩʪʨʦʥʮʠʷ 

ʙʳʣʦ ʚʳʙʨʘʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʦʦʪʥʦʰʝʥʠʝ Ti/Ba, Ti/Sr ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʠ ʪʠʪʘʥʘʪʘ ʩʪʨʦʥʮʠʷ ʚ ʧʣʝʥʢʘʭ (ʪ. ʝ. Ti:Ba=1:1, 

Ti:Sr=1:1). ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠe ʯʘʩʘ ʥʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʤʝʰʘʣʢʝ ʜʦ ʧʦʣʥʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʷ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʫʩʪʦʡʯʠʚʳʡ 

ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʡ ʟʦʣʴ. ɼʣʷ ʦʙʦʠʭ ʟʦʣʝʡ ʙʳʣʘ ʚʳʙʨʘʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ 55 ʤʛ/ʤʣ. ʇʝʨʝʜ 

ʥʘʥʝʩʝʥʠʝʤ ʟʦʣʷ ʧʦʜʣʦʞʢʠ ʧʦʜʚʝʨʛʘʣʘʩʴ ʭʠʤʠʯʝʩʢʦʡ ʦʯʠʩʪʢʝ ʠ ʩʫʰʢʝ. ɼʘʣʝʝ ʚ ʮʝʥʪʨʠʬʫʛʝ 

(ʩʢʦʨʦʩʪʴ 2700 ʦʙ/ʤʠʥ, ʚʨʝʤʷ 30 ʩ) ʟʦʣʴ ʥʘʥʦʩʠʣʩʷ ʥʘ ʧʦʜʣʦʞʢʠ Si/TiOx/Pt. ʂʘʞʜʳʡ ʩʣʦʡ 

ʧʦʜʚʝʨʛʘʣʩʷ ʩʫʰʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200ʦʉ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʧʣʸʥʢʠ 
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ʟʘʚʝʨʰʘʣʩʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 750ʦʉ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ. ɺʝʨʭʥʠʝ ʵʣʝʢʪʨʦʜʳ 

ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 300 ʤʢʤ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʠʟ ʥʠʢʝʣʷ ʯʝʨʝʟ ʤʘʩʢʫ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʘʩʪʨʦʚʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧ S-4800 (Hitachi, ʗʧʦʥʠʷ). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʠʬʨʘʢʪʦʤʝʪʨ ɼʈʆʅ-3 ʩ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʤ CuKŬ-ʠʟʣʫʯʝʥʠʝʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 

1.54051 ¡. ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʤʝʨʠʪʝʣʷ ʠʤʤʠʪʘʥʩʘ ɽ7-

20, ʧʦʟʚʦʣʷʶʱʠʤ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʧʘʨʳ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʯʘʩʪʦʪʘʭ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 25 ɻʮ ʜʦ 1ʄɻʮ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʜʣʷ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟʤʝʨʷʣʠʩʴ ʧʘʨʘ: 

ʸʤʢʦʩʪʴ (ʉ) ʠ ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (tg ŭ). ɿʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ (Ů) ʧʣʝʥʦʢ ʢʩʝʨʦʛʝʣʝʡ ʦʧʨʝʜʝʣʷʣʠʩʴ, ʠʩʭʦʜʷ ʠʟ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʝʤʢʦʩʪʠ 

ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ: 

‐  
Љ
 
 
     (1) 

ʛʜʝ: l ï ʪʦʣʱʠʥʘ ʧʣʸʥʢʠ, s ï ʧʣʦʱʘʜʴ ʥʠʢʝʣʝʚʦʛʦ ʵʣʝʢʪʨʦʜʘ, Ů0 ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʘʢʫʫʤʘ, ʉ ï ʠʟʤʝʨʝʥʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʸʤʢʦʩʪʴ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ. 

ʀʟʤʝʨʝʥʠʷ ʝʤʢʦʩʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 11 ʪʦʯʢʘʭ ʜʣʷ ʧʣʝʥʦʢ BaTiO3, ʘ ʜʣʷ ʧʣʝʥʦʢ SrTiO3 ʚ 15 

ʪʦʯʢʘʭ, ʜʘʣʝʝ ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʝʥʥʳʭ ʚʝʣʠʯʠʥ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʝʤʢʦʩʪʠ (ʉ), ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (tgŭ) ʠ 

ʚʳʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů ʜʣʷ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʢʦʥʜʝʥʩʘʪʦʨʥʦʡ 

ʩʪʨʫʢʪʫʨʳ (Si/TiOx/Pt/BaTiO3/Ni, Si/TiOx/Pt/SrTiO3/Ni) ʦʪ ʯʘʩʪʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1 ʠ 2. 

ʊʘʙʣʠʮʘ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʩʪʨʫʢʪʫʨʳ ʜʣʷ 

ʧʣʝʥʦʢ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ (Si/TiOx/Pt/BaTiO3/Ni). 

Table 1 ï Characteristics of the obtained capacitor structures for barium titanate 

films (Si/TiOx/Pt/BaTiO3/Ni).  

ʏʘʩʪʦʪʘ, 

ɻʮ 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʸʤʢʦʩʪʠ, ʧʌ 

 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʪʘʥʛʝʥʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʦʪʝʨʴ, tgŭ 

 

ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ, Ů 

25 862,3636 0,04545 303,42941 

50 848,3636 0,03809 298,5034 

60 840,9091 0,03709 295,88046 

100 833 0,03345 293,09759 

120 830,3636 0,03073 292,16996 

200 821,5455 0,02955 289,06722 

500 806,4545 0,024 283,75736 

1000 795,8182 0,02443 280,01487 

2000 787 0,02218 276,91213 

5000 777,2727 0,02282 273,48951 

10000 771,0909 0,02482 271,31439 

20000 749,8182 0,02 266,82941 

50000 753,1091 0,01664 264,98735 

100000 737,0909 0,02818 259,35122 

200000 729,0909 0,03045 256,53636 

500000 729,2727 0,08909 256,60033 

1000000 729,5455 0,14909 256,69629 

ʊʘʙʣʠʮʘ 2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʩʪʨʫʢʪʫʨʳ ʜʣʷ 

ʧʣʝʥʦʢ ʪʠʪʘʥʘʪʘ ʩʪʨʦʥʮʠʷ (Si/TiOx/Pt/SrTiO 3/Ni).  
Table 2 ï Characteristics of the obtained capacitor structures for strontium titanate 

films (Si/TiOx/Pt/SrTiO3/Ni).  
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ʏʘʩʪʦʪʘ, 

ɻʮ 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʸʤʢʦʩʪʠ, ʧʌ 

 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʪʘʥʛʝʥʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʦʪʝʨʴ, tgŭ 

 

ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ, Ů 

25 407,364 0,03836 195,45588 

50 403,886 0,05326 193,78686 

60 401,1 0,03279 192,45025 

100 396,947 0,0279 190,45768 

120 395,697 0,02837 189,85792 

200 392,637 0,02552 188,38971 

500 387,514 0,02269 185,93173 

1000 383,795 0,02104 184,1472 

2000 380,746 0,0197 182,68415 

5000 376,079 0,01926 180,44483 

10000 372,894 0,01796 178,91665 

20000 370,906 0,01931 177,96286 

50000 366,318 0,01889 175,76157 

100000 362,869 0,02139 174,10659 

200000 360,256 0,02264 172,85324 

500000 360,421 0,06367 172,93241 

1000000 361,943 0,16022 173,66242 

 

ɺ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 100 ɻʮ ʜʦ 200 ʢɻʮ ʠʩʩʣʝʜʫʝʤʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʧʣʝʥʢʘʤʠ 

ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʠ ʪʠʪʘʥʘʪʘ ʩʪʨʦʥʮʠʷ ʧʦʣʫʯʝʥʥʦʡ ʠʟ ʟʦʣʷ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 55 ʤʛ/ʤʣ ʧʨʠ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ 750Áʉ/60 ʤʠʥ ʧʨʦʷʚʣʷʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʘʥʛʝʥʩʘ 

ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (ʧʨʠʤʝʨʥʦ 2Ĭ10-2) ʠ ʦʙʣʘʜʘʶʪ ʩʣʘʙʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ 

ʯʘʩʪʦʪʳ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ tgŭ ʠ ʫʩʠʣʝʥʠʝ ʝʛʦ ʯʘʩʪʦʪʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʫ ʦʙʝʠʭ ʩʪʨʫʢʪʫʨ, ʩʦʜʝʨʞʘʱʠʭ ʧʣʝʥʢʠ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʠ ʩʪʨʦʥʮʠʷ 

(Si/TiOʭ/Pt/BaTiO3/Ni, Si/TiOʭ/Pt/SrTiO3/Ni). 

ʅʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʣʝʥʦʢ 

ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ (BaTiOϝ) ʠ ʪʠʪʘʥʘʪʘ ʩʪʨʦʥʮʠʷ (SrTiOϝ), ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʜʣʦʞʢʝ 
ʠʟ ʢʨʝʤʥʠʷ ʩʦ ʩʣʦʷʤʠ ʧʣʘʪʠʥʳ ʠ TiO . ʅʘ ʩʧʝʢʪʨʘʭ ʦʪʤʝʯʝʥʳ ʣʠʥʠʠ ʦʪ ʩʣʦʸʚ ʧʦʜʣʦʞʝʢ 

Pt ʠ Si, ʘ ʪʘʢʞʝ ʣʠʥʠʠ ʧʝʨʦʚʩʢʠʪʥʳʭ ʪʠʪʘʥʘʪʦʚ ʙʘʨʠʷ ʠ ʩʪʨʦʥʮʠʷ. ʃʠʥʠʠ ʧʝʨʦʚʩʢʠʪʘ 

ʨʘʟʤʳʪʳ ʠ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʩʠʥʛʦʥʠʶ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʸʪʢʠ. ʊʘʢʦʝ ʨʘʟʤʳʪʠʝ ʣʠʥʠʡ ʠ ʠʭ ʩʣʘʙʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʳ 

ʤʘʣʦʡ ʪʦʣʱʠʥʦʡ ʩʣʦʷ, ʥʝʙʦʣʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ ʢʨʠʩʪʘʣʣʠʪʦʚ ʠ ʥʠʟʢʦʡ ʨʘʩʩʝʠʚʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʣʦʷ. 
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ʈʠʩ.1.  ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʧʷʪʠʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ BaTiO3 ʥʘ ʧʦʜʣʦʞʢʝ Si/TiOx/Pt 

ʠʟ ʟʦʣʷ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 55 ʤʛ/ʤʣ ʧʦʩʣʝ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʦʪʞʠʛʘ  

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 750Áʉ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥ. 

Fig.1. X-ray diffraction pattern of a five-layer BaTiO3 film on a 

silicon/titanium/platinum structure from sol with a concentration of 55 mg/ml after the final 

heat treatment at a temperature of 750ÁC for 60 min 

 

 
 

ʈʠʩ.2. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʰʝʩʪʠʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ SrTiO3 ʥʘ ʧʦʜʣʦʞʢʝ 

Si/TiOx/Pt ʠʟ ʟʦʣʷ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 55 ʤʛ/ʤʣ ʧʦʩʣʝ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʦʪʞʠʛʘ  

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 750Áʉ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥ.   

Fig.2. X-ray diffraction pattern of a six-layer SrTiO3 film on a 

silicon/titanium/platinum structure from sol with a concentration of 55 mg/ml after the final 

heat treatment at a temperature of 750ÁC for 60 min 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʩʢʦʣʦʚ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʩʪʨʫʢʪʫʨ, 

ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʈʕʄ). ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ 

ʪʦʣʱʠʥʘ ʧʷʪʠʩʣʦʡʥʦʡ ʧʣʝʥʢʠ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʦʢʦʣʦ 220 ʥʤ (ʘ), ʘ ʰʝʩʪʠʩʣʦʡʥʦʡ ʧʣʝʥʢʠ 
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ʪʠʪʘʥʘʪʘ ʩʪʨʦʥʮʠʷ ï ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 300 ʥʤ (ʙ). ɺʠʜʥʦ, ʯʪʦ ʨʘʟʤʝʨʳ ʟʸʨʝʥ ʧʣʝʥʦʢ ʢʘʢ 

ʢʩʝʨʦʛʝʣʷ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ, ʪʘʢ ʠ ʪʠʪʘʥʘʪʘ ʩʪʨʦʥʮʠʷ ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 20 ʜʦ 150 ʥʤ, ʯʪʦ 

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʘʥʘʣʠʟʘ ʧʣʝʥʦʢ ʪʠʪʘʥʘʪʘ ʩʪʨʦʥʮʠʷ ʩ ʨʘʟʤʝʨʘʤʠ ʟʝʨʥʘ ʦʪ 10 

ʜʦ 300 ʥʤ Katsumata ʠ ʜʨ. [10].  

 

 
ʘ 

 
ʙ 

ʈʠʩ.3. ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʩʨʝʟʦʚ ʧʣʝʥʦʢ ʢʩʝʨʦʛʝʣʷ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ (ʘ) ʠ ʪʠʪʘʥʘʪʘ 

ʩʪʨʦʥʮʠʷ (ʙ) ʥʘ ʩʪʨʫʢʪʫʨʝ Si/TiOʭ/Pt, ʧʦʣʫʯʝʥʥʳʭ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 750Áʉ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥ 

Fig.3. SEM images of barium titanate (a) and strontium titanate (b) xerogel films on 

a Si/TiOʭ/Pt structure obtained by the sol-gel method after annealing at 750oC for 60min 

ɼʘʣʝʝ ʠʟ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʢʦʥʜʝʥʩʘʪʦʨʳ, ʠʩʧʦʣʴʟʫʷ ʥʘʧʳʣʝʥʠʝ ʥʘ 

ʧʣʝʥʢʠ ʢʩʝʨʦʛʝʣʝʡ ʯʝʨʝʟ ʤʘʩʢʫ ʢʨʫʛʣʦʡ ʬʦʨʤʳ ʵʣʝʢʪʨʦʜʦʚ ʠʟ Ni ʤʝʪʦʜʦʤ ʠʦʥʥʦ-ʣʫʯʝʚʦʛʦ 

ʠʩʧʘʨʝʥʠʷ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 4ʘ (ʈʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ) ʜʠʘʤʝʪʨ ʵʣʝʢʪʨʦʜʦʚ ʠʟ Ni 

ʩʦʩʪʘʚʣʷʣ ʦʢʦʣʦ 300 ʤʢʤ. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʦʥʜʦʚ ʜʣʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 4ʙ. 
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ʈʠʩ.4. ʈʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʧʣʸʥʢʠ ʩ ʢʦʥʪʘʢʪʘʤʠ ʠʟ ʥʠʢʝʣʷ (ʘ) ʠ ʩʭʝʤʘʪʠʯʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ Si/TiOʭ/Pt/(BaTiO3), (SrTiO 3)/Ni (ʙ) 

Fig.4. SEM image of film and nickel contacts (a) and schematic representation of the 

structure of Si/TiOʭ/Pt/(BaTiO3), (SrTiO3)/Ni (b) 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (Ů) ʠ ʠʟʤʝʨʝʥʠʡ 

ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (tgŭ) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʯʘʩʪʦʪʘʭ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 25 ɻʮ ʜʦ 1 ʄɻʮ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5ʘ, 

ʙ. ɺʠʜʥʦ, ʯʪʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʪʘʥʛʝʥʩ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʠʥʠʤʫʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʢʦʥʜʝʥʩʘʪʦʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʧʣʝʥʢʦʡ BaTiO3 ʪʦʣʱʠʥʦʡ 220 ʥʤ 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 304 ʜʦ 

257, ʘ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (tgŭ) ï ʦʪ 0.04 ʜʦ 0.15. ɼʣʷ ʩʪʨʫʢʪʫʨʳ ʩ 

ʧʣʝʥʢʦʡ SrTiO3 ʪʦʣʱʠʥʦʡ 300 ʥʤ ʠʟʤʝʥʝʥʠʝ Ů ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 195ï173, ʘ tgŭ 

ï ʦʪ 0.03 ʜʦ 0.16.  
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ʈʠʩ.5. ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʘ) ʠ ʪʘʥʛʝʥʩʘ 

ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (ʙ) ʧʣʝʥʦʢ BaTiO 3 ʠ SrTiO3 

Fig.5. Frequency dependence of the permittivity (a) and the tangent of the dielectric 

loss angle (b) of the BaTiO3 and SrTiO3 films  

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʪʦʣʱʠʥʝ ʧʣʝʥʦʢ ʢʘʢ BaTiO3 ʪʘʢ ʠ SrTiO3 ʤʝʥʝʝ 100 ʥʤ 

ʪʦʥʢʦʧʣʝʥʦʯʥʳʡ ʢʦʥʜʝʥʩʘʪʦʨ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝ ʚʩʝʛʜʘ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʢʨʠʪʠʯʝʩʢʠ ʤʘʣʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ (ʰʫʥʪʠʨʦʚʘʥʠʷ). ʊʘʢʦʝ 

ʰʫʥʪʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʦʞʝʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʰʠʧʦʚ ʧʣʘʪʠʥʳ ʠʟ 

ʥʠʞʥʝʛʦ ʵʣʝʢʪʨʦʜʘ [11]. ʆʜʥʘʢʦ ʥʘ ʈʕʄ-ʩʥʠʤʢʘʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʰʠʧʦʚ 

ʧʣʘʪʠʥʳ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. 

ɼʨʫʛʠʤ ʚʝʨʦʷʪʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʳʟʳʚʘʶʱʠʤ ʰʫʥʪʠʨʦʚʘʥʠʝ, ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ ʪʠʪʘʥʘʪʘ ʩʪʨʦʥʮʠʷ ʧʨʦʚʦʜʷʱʠʭ ʬʘʟ ʪʠʧʘ Sr2Ti6O13 ʠʣʠ 

SrTi11O20 [12 - 15]. ʅʘʣʠʯʠʝ ʬʘʟʳ SrTi11O20 ʥʘʤʠ ʨʘʥʝʝ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʪʝʨʙʠʝʤ ʪʠʪʘʥʘʪʘ ʩʪʨʦʥʮʠʷ ʚ ʧʦʨʠʩʪʦʤ ʘʥʦʜʥʦʤ 

ʦʢʩʠʜʝ ʘʣʶʤʠʥʠʷ [16], ʠ ʭʦʪʷ ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘʤʠ ʥʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 
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ʥʘʣʠʯʠʷ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʥʘʣʠʯʠʝ ʪʘʢʠʭ 

ʧʨʦʚʦʜʷʱʠʭ ʬʘʟ ʤʳ ʥʝ ʤʦʞʝʤ ʠʩʢʣʶʯʠʪʴ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʟʫʯʝʥʠʶ ʧʨʦʚʦʜʷʱʠʭ ʬʘʟ ʚ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʧʝʨʦʚʩʢʠʪʘʭ ʩʣʝʜʫʝʪ ʫʜʝʣʠʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ, ʪʘʢ ʢʘʢ ʠʭ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʩ ʫʯʝʪʦʤ ʚʳʩʦʢʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʪʠʪʘʥʘʪʘ ʩʪʨʦʥʮʠʷ ʦʪʢʨʳʚʘʝʪ 

ʧʝʨʩʧʝʢʪʠʚʫ ʢ ʧʦʣʫʯʝʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʟʨʘʯʥʳʭ ʧʨʦʚʦʜʷʱʠʭ ʧʦʢʨʳʪʠʡ ʠʟ ʥʦʚʳʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʦʣʦʛʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʩʝʨʦʛʝʣʝʡ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʠ ʪʠʪʘʥʘʪʘ 

ʩʪʨʦʥʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʣʝʥʦʯʥʳʭ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 

ʦʪ 25 ɻʮ ʜʦ 1 ʄɻʮ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʠʟʤʝʥʷʝʪʩʷ 

ʥʝʤʦʥʦʪʦʥʥʦ ʠ ʠʤʝʝʪ ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 102ð105 ɻʮ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠ ʪʦʣʱʠʥʝ ʧʣʝʥʢʠ ʤʝʥʝʝ 100 ʥʤ ʢʦʥʜʝʥʩʘʪʦʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʥʠʞʥʠʤ ʵʣʝʢʪʨʦʜʦʤ ʠʟ 

ʧʣʘʪʠʥʳ ʥʝ ʚʩʝʛʜʘ ʬʦʨʤʠʨʫʝʪʩʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʢʘʢ ʰʫʥʪʠʨʦʚʘʥʠʝʤ 

ʩʪʨʫʢʪʫʨʳ ʰʠʧʘʤʠ ʧʣʘʪʠʥʳ, ʪʘʢ ʠ ʥʘʣʠʯʠʝʤ ʧʨʦʚʦʜʷʱʠʭ ʬʘʟ ʚ ʩʦʩʪʘʚʝ ʢʩʝʨʦʛʝʣʝʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʜʦʛʦʚʦʨʘ ɹʈʌʌʀ ˉʊ23ʈʅʌ-147 

ʠ ʟʘʜʘʥʠʷ 3.5 ɻʇʅʀ çʌʦʪʦʥʠʢʘ ʠ ʵʣʝʢʪʨʦʥʠʢʘ ʜʣʷ ʠʥʥʦʚʘʮʠʡè.  

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ɼ.ɺ. ɾʠʛʫʣʠʥʫ ʟʘ ʈʕʄ-ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ. 
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ʍʋʉʋʉʀʗʊ׳ʆʀ ɼʀʕʃɽʂʊʈʀʂʀʀ ʇɸʈɼɸ׳ʆʀ ʊʀʊɸʅɸʊʀ ɹɸʈʀʁ ɺɸ ʊʀʊɸʅɸʊʀ 

ʉʊʈʆʅCʀʁʀ ɹʆ ʋʉʋʃʀ ɿʆʃ-ɻɽʃ ʊɸʐʂʀʃʐʋɼɸ 

ʄʘץʦʣʘ ʙʘ ʪʘץ״ʠץʠ ʥʫʬʫʟʧʘʟʠʨʠʠ ʜʠʵʣʝʢʪʨ ʚʘ ʪʘʥʛʝʥʩʠ ʢʫʥֹוʠ ʪʘʣʘʬʠ ʜʠʵʣʝʢʪʨʠʠ ʧʘʨʜʘ״ʦʠ BaTiO3 ʚʘ 

SrTiO3 ʜʘʨ ʩʦʭʪʦʨʠ ʢʦʥʜʝʥʩʘʪʦʨ, ʢʠ ʙʦ ʫʩʫʣʠ ʟʦʣ-ʛʝʣ ʜʘʨ ʪʘʛʤʦʥʘʢʠ Si/TiOx/Pt ״ʦʩʠʣ ʛʘʰʪʘʘʩʪ, ʙʘʭʰʠʜʘ ʰʫʜʘʘʩʪ. 

ʇʦʷʠ ʠʥ ʩʦʭʪʦʨʠ ʢʦʥʜʝʥʩʘʪʦʨ ʘʟ ʧʘʨʜʘʠ ʧʘʥֹץוʘʙʘʪʘʠ ʢʩʝʨʦʛʝʣʠʠ ʪʠʪʘʥʘʪʠ ʙʘʨʠʡ ʙʦ סʘʬʩʠʠ 220 ʥʤ ʚʘ ʧʘʨʜʘʠ 

ʰʘʰץʘʙʘʪʘʠ ʩʪʨʦʥʩʠʡ ʙʦ סʘʬʩʠʠ ʪʘץʨʠʙʘʥ 300 ʥʤ ʠʙʦʨʘʪ ʘʩʪ. ʇʘʨʜʘ״ʦ ʙʦ ʠʩʪʠʬʦʜʘ ʘʟ ʫʩʫʣʠ ʟʦʣ-ʛʝʣ ʜʘʨ ״ʘʨʦʨʘʪʠ 

ʥʠ״ʦʠʠ ʛʘʨʤʢʫʥʠʠ 750ÁC ʜʘʨ ʜʘʚʦʤʠ 60 ʜʘץʠץʘ ʩʠʥʪʝʟ ʢʘʨʜʘ ʰʫʜʘʥʜ. ɺʘʟʠʬʘ״ʦʠ ʤʘʨʙʫʪ ʙʘ ʪʘ״ʠʷʠ ʫʩʫʣʠ ʪʘʰʘʢʢʫʣʠ 

ʩʦʭʪʦʨ״ʦʠ ʢʦʥʜʝʥʩʘʪʦʨʠ ʙʠʩʸʨץʘʙʘʪʘ, ʦʤ ʟʠʰʠ ʪʘʨʢʠʙʠ ʤʦʨʬʦʣʦʛ  ʚʘ ʬʘʟʘʚʠʠ ʧʘʨʜʘ״ʦʠ BaTiO3 ʚʘ SrTiO3, ʠʥʯʫʥʠʥ 

ʤʫʘʡʷʥ ʢʘʨʜʘʥʠ ʥʫʬʫʟʧʘʟʠʨʠʠ ʜʠʵʣʝʢʪʨ  ʚʘ ʪʘʥʛʝʥʩʠ ʢʫʥֹוʠ ʪʘʣʘʬʠ ʜʠʵʣʝʢʪʨ  ʜʘʨ ʙʘʩʦʤʘʜ״ʦʠ ʘʟ 25׳ʩ ʪʦ 1 ʄ׳ʩ-ʨʦ 

ʜʘʨ ʙʘʨ ʤʝʛʠʨʠʬʪʘʥʜ. פʠʤʘʪ״ʦʠ ʤʠʸʥʘʠ ʥʫʬʫʟʧʘʟʠʨʠʠ ʜʠʵʣʝʢʪʨ  ʚʘ ʪʘʥʛʝʥʩʠ ʢʫʥֹוʠ ʪʘʣʘʬʠ ʜʠʵʣʝʢʪʨʢ ʙʘʨʦʠ 

ʧʘʨʜʘ״ʦʠ ʧʝʨʦʚʩʢʠʪ ʙʘ ʪʘʚʨʠ ʟʝʨʠʥ ʪʘסʡʠʨ ʤʝʸʙʘʜ: ʙʘʨʦʠ ʧʘʨʜʘ״ʦʠ BaTiO3 ʜʘʨ ʙʘʩʦʤʘʜ״ʦʠ ʘʟ 25׳ʩ ʪʦ 1ʄ׳ʩ, Ů ʜʘʨ 

 ʦʠ״ʫʜʫʜ״ ʦʠ 195 ï 173 ʚʘ tgŭ ʜʘʨ״ʫʜʫʜ״ ʦʠ  SrTiO3  Ů ʜʘʨ״ʫʜʫʜʠ 0,04ï0,15, ʚʘ ʙʘʨʦʠ ʧʘʨʜʘ״ ʫʜʫʜʠ 304-257 ʚʘ tgŭ ʜʘʨ״

0,03 ʪʦ 0,16 ʪʘסʡʠʨ ʤʝʸʙʘʥʜ. ʄʘʲʣʫʤʦʪʠ ʙʘʜʘʩʪʦʤʘʜʘʠ ʚʦʙʘʩʪʘʛʠʠ ʙʘʩʦʤʘʜʠʠ ʥʫʬʫʟʧʘʟʠʨʠʠ ʜʠʵʣʝʢʪʨʠʠ ʧʘʨʜʘ״ʦʠ 

BaTiO3 ʚʘ SrTiO3 ʥʠʰʦʥ ʤʝʜʠ״ʘʥʜ, ʢʠ ʙʦ ʘʬʟʦʠʰʠ ʙʘʩʦʤʘʜ ʚʘ ʚʦʙʘʩʪʘʛʠʠ סʘʡʨʠʤʦʥʦʪʦʥʠʢʠʠ tgŭ ʥʫʬʫʟʧʘʟʠʨʠʠ 

ʜʠʵʣʝʢʪʨʠʢ  ʢʘʤ ʤʝʰʘʚʘʜ. ʄʫʘʡʷʥ ʢʘʨʜʘ ʰʫʜ, ʢʠ ״ʘʥʛʦʤʠ ʘʟ 100 ʥʤ ʢʘʤʪʘʨ ʙʫʜʘʥʠ סʘʬʩʠʠ ʧʘʨʜʘ״ʦʠ BaTiO3 ʚʘ SrTiO3 

ʢʦʥʜʝʥʩʘʪʦʨʠ ʪʫʥʫʢ ʙʦ ʵʣʝʢʪʨʦʜʠ ʧʦʸʥʠʠ ʧʣʘʪʠʥʘ ʥʘ ״ʘʤʝʰʘ ʪʘʰʘʢʢʫʣ ʤʝʸʙʘʜ, ʢʠ ʠʥ ʵ״ʪʠʤʦʣʘʥ ʘʟ ʰʫʥʪʠ ʩʦʭʪʦʨ ʙʘ 

ʚʫֹוʫʜ ʦʤʘʜʘʘʩʪ.  

ʂʘʣʠʜʚʦʞʘ״ʦ: ʫʩʫʣʠ ʟʦʣ-ʛʝʣ, ĎʫʥĔʦʰʠ ʢʦʥʜʝʥʩʘʪʦʨʠ ʧʣʸʥʢʘʚ, ʪʘʥʛʝʥʩʠ ʢʫʥֹוʠ ʪʘʣʘʬʠ ʜʠʵʣʝʢʪʨʢ, 

ʥʫʬʫʟʧʘʟʠʨʠʠ ʜʠʵʣʝʢʪʨʠʢʠʠ ʧʣʸʥʢʘʭʦ, ʪʠʪʘʥʘʪʠ ʙʘʨʠʡ, ʪʠʪʘʥʘʪʠ ʩʪʨʦʥʩʠʡ, ʢʦʥʜʝʥʩʘʪʦʨ, ʤʠʢʨʦʩʢʦʧʠ 

ʵʣʝʢʪʨʦʥʠʠ ʩʢʘʥʢʫʥʘʥʜʘ. 
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ɼʀʕʃɽʂʊʈʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʇʃɽʅʆʂ ʊʀʊɸʅɸʊɸ ɹɸʈʀʗ ʀ ʊʀʊɸʅɸʊɸ 

ʉʊʈʆʅʎʀʗ, ʉʌʆʈʄʀʈʆɺɸʅʅʓʍ ɿʆʃʔ-ɻɽʃʔ ʄɽʊʆɼʆʄ  

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ 

ʧʣʝʥʦʢ ʧʝʨʦʚʩʢʠʪʦʚ BaTiO3 ʠ SrTiO3 ʚ ʢʦʥʜʝʥʩʘʪʦʨʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ ʥʘ ʧʦʜʣʦʞʢʝ 

Si/TiOx/Pt. ʆʩʥʦʚʘ ʜʘʥʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʷʪʠʩʣʦʡʥʫʶ ʧʣʝʥʢʫ ʢʩʝʨʦʛʝʣʷ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ 

ʪʦʣʱʠʥʦʡ 220 ʥʤ ʠ ʰʝʩʪʠʩʣʦʡʥʦʡ ʪʠʪʘʥʘʪ ʩʪʨʦʥʮʠʷ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 300 ʥʤ. ʇʣʝʥʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʟʦʣʴ-ʛʝʣʴ 

ʤʝʪʦʜʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʦʪʞʠʛʘ 750ʦʉ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ. ɹʳʣʠ ʨʝʰʝʥʳ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʨʘʟʨʘʙʦʪʢʦʡ ʤʝʪʦʜʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʠ 

ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʣʝʥʢʠ BaTiO3 ʠ SrTiO3, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 25 ɻʮ ï 1ʄɻʮ. ɿʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʠʟʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʜʣʷ ʧʣʝʥʦʢ BaTiO3 ʧʨʠ ʯʘʩʪʦʪʘʭ ʦʪ 25 ɻʮ ʜʦ 1 ʄɻʮ 

ʠʟʤʝʥʝʥʠʝ Ů ʩʦʩʪʘʚʣʷʝʪ 304ï257, ʠ tgŭ ï 0.04ï0.15, ʘ ʜʣʷ ʧʣʝʥʦʢ SrTiO3  Ů ʠʟʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 195 ï 173 ʠ tgŭ  ʦʪ 

0.03 ʜʦ 0.16. ʇʦʣʫʯʝʥʥʳʝ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʣʸʥʦʢ BaTiO3 ʠ SrTiO3 

ʧʦʢʘʟʳʚʘʶʪ ʩʥʠʞʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʠ ʥʝʤʦʥʦʪʦʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʪʦʣʱʠʥʝ ʧʣʝʥʢʠ BaTiO3 ʠ SrTiO3 ʤʝʥʝʝ 100 ʥʤ 

ʪʦʥʢʦʧʣʝʥʦʯʥʳʡ ʢʦʥʜʝʥʩʘʪʦʨ ʩ ʥʠʞʥʠʤ ʵʣʝʢʪʨʦʜʦʤ ʠʟ ʧʣʘʪʠʥʳ ʥʝ ʚʩʝʛʜʘ ʬʦʨʤʠʨʫʝʪʩʷ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʚʳʟʚʘʥʦ 

ʰʫʥʪʠʨʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ, ʝʤʢʦʩʪʴ ʧʣʝʥʦʯʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʣʝʥʦʢ, ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʪʠʪʘʥʘʪ ʙʘʨʠʷ, ʪʠʪʘʥʘʪ ʩʪʨʦʥʮʠʷ, ʢʦʥʜʝʥʩʘʪʦʨ, 

ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧ (ʈʕʄ). 

 

DIELECTRIC PROPERTIES OF BARIUM TI TANATE AND STRONTIUM TITANATE FILMS 

FORMED BY THE SOL -GEL METHOD FOR CAPACITOR STRUCTURES  

This article examines the permittivity and dielectric loss tangent of BaTiO3 and SrTiO3 perovskite films in a 

capacitor structure formed by the sol-gel method on a Si/TiOx/Pt substrate. The capacitor core is a five-layer barium 

titanate xerogel film with a thickness of 220 nm and a six-layer strontium titanate film with a thickness of 

approximately 300 nm. The films were synthesized by the sol-gel method with a final annealing temperature of 750ÁC 

for 60 minutes. The tasks related to the development of a method for the formation of multilayer capacitor structures, 

the study of the morphological and phase composition of the BaTiO3 and SrTiO3 films, as well as the values of 

permittivity and dielectric loss tangent in the frequency range of 25 Hz ï 1 MHz were solved. The values of 

permittivity and dielectric loss tangent change as follows: for BaTiO3 films at frequencies from 25 Hz to 1 MHz, the 

change in Ů is 304ï257, and tgŭ is 0.04ï0.15, and for SrTiO3 films, Ů varies in the range of 195ï173 and tgŭ from 0.03 

to 0.16. The obtained frequency dependences of the permittivity of BaTiO3 and SrTiO3 films show a decrease in 

permittivity with increasing frequency and a non-monotonic dependence of the dielectric loss tangent. It was found 

that at a BaTiO3 and SrTiO3 film thickness of less than 100 nm, a thin-film capacitor with a platinum lower electrode 

does not always form, which is probably caused by shunting of the structure. 

Key words: sol-gel method, film capacitor capacitance, dielectric permeability of the films, dielectric loss 

tangent, barium titanate, titanate strontia, capacitor, scanning electron microscope (SEM). 
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ʋɼʂ: 551.583(575.3) 

ʊɽʄʇɽʈɸʊʋʈɸ ɺʆɿɼʋʍɸ ʀ ʆʉɸɼʂʀ ɺ ʇʋʉʊʓʅɽ ɸʁɺɸɼɾɸ ɿɸ ʇɽʈʀʆɼ 

1945-2024ɻɻ. 

ʈʘʭʤʦʥ  ʉ.ʈ., ɸʙʜʫʣʣʦʟʦʜʘ ʉ.ʌ. 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ.ʉ.ʋ.ʋʤʘʨʦʚʘ ʅʘʮʠʦʥʘʣʴʥʦʡ  

ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʊʘʜʞʠʢʠʩʪʘʥʘ 

ʇʦʣʫʟʘʩʫʰʣʠʚʳʝ ʨʝʛʠʦʥʳ ʦʭʚʘʪʳʚʘʶʪ ʦʢʦʣʦ 15 % ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠ ʚ 2000 ʛʦʜʫ 

ʙʳʣʠ ʜʦʤʦʤ ʜʣʷ 14,4 % ʥʘʩʝʣʝʥʠʷ ʧʣʘʥʝʪʳ [1;2]. ʕʢʦʩʠʩʪʝʤʳ ʵʪʠʭ ʪʝʨʨʠʪʦʨʠʡ ʦʪʣʠʯʘʶʪʩʷ 

ʚʳʩʦʢʦʡ ʫʷʟʚʠʤʦʩʪʴʶ, ʧʦʩʢʦʣʴʢʫ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʩʠʣʴʥʳʤ ʚʣʠʷʥʠʝʤ ʢʘʢ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ, ʪʘʢ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ [3ï7]. ʆʩʥʦʚʥʦʝ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʟʜʝʩʴ 

ʩʚʷʟʘʥʦ ʩ ʩʝʣʴʩʢʠʤ ʭʦʟʷʡʩʪʚʦʤ. ʆʩʚʦʝʥʠʝ ʪʘʢʠʭ ʟʝʤʝʣʴ, ʠʟʥʘʯʘʣʴʥʦ ʤʘʣʦʧʨʠʛʦʜʥʳʭ ʜʣʷ 

ʟʝʤʣʝʜʝʣʠʷ, ʯʘʩʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ, ʚʢʣʶʯʘʷ ʨʦʩʪ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʧʨʦʜʦʚʦʣʴʩʪʚʠʠ, ʩʥʠʞʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʝʣʴʭʦʟʫʛʦʜʠʡ ʠ 

ʩʪʨʝʤʣʝʥʠʝ ʢ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʚʳʛʦʜʝ [8]. 

ɾʠʪʝʣʠ ʧʦʣʫʟʘʩʫʰʣʠʚʳʭ ʨʘʡʦʥʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʥʝʦʨʦʰʘʝʤʦʛʦ 

ʟʝʤʣʝʜʝʣʠʷ, ʧʦʵʪʦʤʫ ʢʦʣʝʙʘʥʠʷ ʦʩʘʜʢʦʚ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʜʦʩʪʫʧ ʢ ʚʦʜʥʳʤ ʨʝʩʫʨʩʘʤ, 

ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʧʦʣʠʚʘ [9ï10]. ɼʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʦʩʘʜʢʘʭ ʠʣʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʤʦʛʫʪ ʠʤʝʪʴ ʩʝʨʴʸʟʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʤʥʦʛʠʝ ʟʘʩʫʰʣʠʚʳʝ ʠ 

ʧʦʣʫʟʘʩʫʰʣʠʚʳʝ ʟʝʤʣʠ ʧʦʜʚʝʨʛʣʠʩʴ ʤʘʩʰʪʘʙʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʠʟ-ʟʘ ʫʨʙʘʥʠʟʘʮʠʠ ʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ [11ï17]. ʕʪʦ ʜʝʣʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤ ʜʝʪʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʵʪʠʭ ʨʝʛʠʦʥʘʭ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʘʪʝʛʠʡ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. ʊʨʝʥʜ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʦʩʦʙʝʥʥʦ ʷʨʢʦ ʧʨʦʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʚ 

ʧʦʣʫʟʘʩʫʰʣʠʚʳʭ ʟʦʥʘʭ [18]. ɺ ʨʘʙʦʪʝ [2] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʣʫʟʘʩʫʰʣʠʚʳʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ ʟʘ ʧʝʨʠʦʜ 1948ï2008 ʛʛ. 

ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʧʣʦʱʘʜʴ ʵʪʠʭ ʪʝʨʨʠʪʦʨʠʡ ʚ ʧʦʩʣʝʜʥʠʝ 15 ʣʝʪ (1990ï2004 ʛʛ.) ʫʚʝʣʠʯʠʣʘʩʴ 

ʥʘ 7 %, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʳʤʠ 15 ʛʦʜʘʤʠ (1948ï1962 ʛʛ.), ʧʨʠ ʵʪʦʤ ʨʘʩʰʠʨʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 

0,4 Ĭ 10ϑ ʢʤĮ ʚ ɸʤʝʨʠʢʝ ʠ 1,2 Ĭ 10ϑ ʢʤĮ ʚ ɺʦʩʪʦʯʥʦʤ ʧʦʣʫʰʘʨʠʠ. 

ʇʫʩʪʳʥʠ ʧʳʣʝʚʦʛʦ ʧʦʷʩʘ (ʚ ʯʘʩʪʥʦʩʪʠ, ʉʘʭʘʨʘ, ɸʨʘʚʠʡʩʢʘʷ ʧʫʩʪʳʥʷ ʠ ʜʨʫʛʠʝ ʟʦʥʳ 

ʘʨʠʜʥʦʛʦ ʢʣʠʤʘʪʘ ʚ ʨʘʡʦʥʝ 15ï35Á ʩʝʚʝʨʥʦʡ ʠ ʶʞʥʦʡ ʰʠʨʦʪʳ) ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʛʣʦʙʘʣʴʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. ʕʪʠ ʨʝʛʠʦʥʳ, ʪʨʘʜʠʮʠʦʥʥʦ ʦʪʣʠʯʘʶʱʠʝʩʷ 

ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʘʨʠʜʥʦʩʪʴʶ ʠ ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ 

ʧʨʝʪʝʨʧʝʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ. ʇʳʣʝʚʦʡ ʧʦʷʩ ɿʝʤʣʠ ʦʭʚʘʪʳʚʘʝʪ 

ʦʙʰʠʨʥʳʝ ʘʨʠʜʥʳʝ ʠ ʧʦʣʫʘʨʠʜʥʳʝ ʨʝʛʠʦʥʳ ʚ ʩʫʙʪʨʦʧʠʢʘʭ, ʛʜʝ ʬʦʨʤʠʨʫʶʪʩʷ ʢʨʫʧʥʝʡʰʠʝ 

ʧʫʩʪʳʥʠ ʤʠʨʘ - ʉʘʭʘʨʘ, ʂʘʨʘʢʫʤʳ, ɻʦʙʠ ʠ ʜʨ. ʕʪʠ ʪʝʨʨʠʪʦʨʠʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʘʪʤʦʩʬʝʨʥʦʡ ʧʳʣʠ, ʚʣʠʷʶʱʝʡ ʥʘ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʢʨʫʛʦʚʦʨʦʪ ʫʛʣʝʨʦʜʘ ʠ 

ʨʘʜʠʘʮʠʦʥʥʳʡ ʙʘʣʘʥʩ ʧʣʘʥʝʪʳ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʫʯʝʥʳʝ ʬʠʢʩʠʨʫʶʪ 

ʫʩʠʣʠʚʘʶʱʝʝʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʛʣʦʙʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʥʘ ʧʫʩʪʳʥʠ ʧʳʣʝʚʦʛʦ ʧʦʷʩʘ. 

ʇʦ ʜʘʥʥʳʤ ɺʩʝʤʠʨʥʦʡ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʚ ʧʫʩʪʳʥʥʳʭ ʨʝʛʠʦʥʘʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʢʦʨʝʥʥʦʝ ʧʦʪʝʧʣʝʥʠʝ. ʅʘʧʨʠʤʝʨ, ʚ ʉʘʭʘʨʝ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ 

ʧʦʩʣʝʜʥʠʝ 50 ʣʝʪ ʚʳʨʦʩʣʘ ʙʦʣʝʝ ʯʝʤ ʥʘ 1,5 ÁC, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʛʣʦʙʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ [19-

20].ʄʥʦʛʠʝ ʧʫʩʪʳʥʥʳʝ ʨʝʛʠʦʥʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʣʠʙʦ ʨʦʩʪ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʣʠʚʥʝʡ, ʣʠʙʦ 

ʜʘʣʴʥʝʡʰʝʝ ʠʩʩʫʰʝʥʠʝ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʮʠʨʢʫʣʷʮʠʠ ʚʦʟʜʫʰʥʳʭ 

ʤʘʩʩ ʠ ʩʜʚʠʛʦʤ ʤʝʞʪʨʦʧʠʯʝʩʢʦʡ ʟʦʥʳ ʢʦʥʚʝʨʛʝʥʮʠʠ. ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʜʝʛʨʘʜʘʮʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʚʝʜʫʪ ʢ ʙʦʣʝʝ ʯʘʩʪʳʤ ʠ ʠʥʪʝʥʩʠʚʥʳʤ ʧʳʣʝʚʳʤ ʙʫʨʷʤ. 

ʕʪʦ ʥʘʙʣʶʜʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʩʪʨʘʥʘʭ ʉʘʭʝʣʷ ʠ ʥʘ ɹʣʠʞʥʝʤ ɺʦʩʪʦʢʝ[21-27]. ɻʣʘʚʥʳʤ 

ʬʘʢʪʦʨʦʤ ʩʯʠʪʘʝʪʩʷ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ð ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʨʥʠʢʦʚʳʭ 

ʛʘʟʦʚ, ʠʟʤʝʥʷʶʱʠʭ ʪʝʧʣʦʚʦʡ ʙʘʣʘʥʩ ʘʪʤʦʩʬʝʨʳ. ʏʝʣʦʚʝʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ (ʧʝʨʝʚʳʧʘʩ, 

ʠʨʨʠʛʘʮʠʷ, ʚʳʨʫʙʢʘ) ʫʩʫʛʫʙʣʷʝʪ ʫʷʟʚʠʤʦʩʪʴ ʵʢʦʩʠʩʪʝʤ, ʫʩʢʦʨʷʷ ʧʨʦʮʝʩʩʳ ʦʧʫʩʪʳʥʠʚʘʥʠʷ. 

ʇʳʣʝʚʳʝ ʯʘʩʪʠʮʳ ʩʘʤʠ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʢʣʠʤʘʪ, ʠʟʤʝʥʷʷ ʦʪʨʘʞʘʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʘʪʤʦʩʬʝʨʳ ʠ ʧʦʚʝʨʭʥʦʩʪʴ ʦʢʝʘʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʧʦʩʦʙʩʪʚʫʷ ʠʟʤʝʥʝʥʠʶ ʤʦʨʩʢʦʡ 

ʮʠʨʢʫʣʷʮʠʠ. ʇʦʚʳʰʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʵʨʦʟʦʣʝʡ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʨʝʩʧʠʨʘʪʦʨʥʳʭ ʠ 
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ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʉʥʠʞʝʥʠʝ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ ʠ ʫʚʝʣʠʯʝʥʠʝ ʧʳʣʴʥʳʭ 

ʙʫʨʴ ʟʘʪʨʫʜʥʷʶʪ ʟʝʤʣʝʜʝʣʠʝ ʚ ʟʘʩʫʰʣʠʚʳʭ ʧʨʠʛʨʘʥʠʯʥʳʭ ʨʝʛʠʦʥʘʭ. ɺ ʨʝʛʠʦʥʘʭ ʉʘʭʝʣʷ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʫʩʫʛʫʙʣʷʶʪ ʢʦʥʢʫʨʝʥʮʠʶ ʟʘ ʨʝʩʫʨʩʳ, ʚʳʟʳʚʘʷ ʤʠʛʨʘʮʠʠ ʠ 

ʢʦʥʬʣʠʢʪʳ. 

ʉʨʝʜʥʝʤʝʩʷʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʧʫʩʪʳʥʠ ɸʡʚʘʜʞʘ ʟʘ 80 ʣʝʪ ʚ ʧʝʨʠʦʜ 

1945-2024ʛʛ.(ʨʠʩ.1). ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʠʶʥʝ, 

ʠʶʣʝ ʠ ʘʚʛʫʩʪʝ, ʢʘʢ ʚʠʜʥʦ ʟʘ 1936-1945ʛʛ., ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ ʠʶʣʴ 

ʜʦʩʠʪʠʛʘʣʠ ʟʥʘʯʝʥʠʷ  

 

 
ʈʠʩ.1. ʉʨʝʜʥʝʤʝʩʷʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʧʫʩʪʳʥʝ ɸʡʚʘʜʞʘ ʟʘ 80 

ʣʝʪ ʚ ʧʝʨʠʦʜ 1945-2024ʛʛ 

Fig. 1. Average monthly temperature changes for the Aywaja desert over 80 years in 

the period 1945-2024 

33,52ʦʉ, ʟʘ 2015-2024ʛʛ.,- 31,78ʦʉ  ʠ ʟʘ 2005-2014ʛʛ., -30,41ʦʉ ʟʘ 2015-2024ʛʛ. ʗʥʚʘʨʴ, 

ʬʝʚʨʘʣʴ ʠ ʜʝʢʘʙʨʴ  ʦʢʘʟʘʣʩʷ ʩʘʤʳʤʠ ʭʦʣʦʜʥʳʤʠ ʤʝʩʷʮʘʤʠ, ʩʨʝʜʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ 

ʷʥʚʘʨʝ ʜʦʩʠʪʠʛʘʣʘ ʟʥʘʯʝʥʠʷ 2,31ʦʉ, ʟʘ 1965-1974ʛʛ., ʟʘ 1945-1954ʛʛ., -3,08ʦʉ., ʟʘ 1975-

1984ʛʛ.,- 3,35ʦʉ.  

ʉʨʝʜʥʝʜʝʢʘʜʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʧʫʩʪʳʥʠ ɸʡʚʘʜʞʘ ʟʘ ʧʝʨʠʦʜ 1945-

2024ʛʛ., (ʨʠʩ.2.)., ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ  ʩʨʝʜʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʚʝ ʜʝʢʘʜʳ (ʟʘ 

2005-2014ʛʛ., ʠ ʟʘ 2015-2024ʛʛ.) ʚʳʰʝ ʥʘ 1ʦʉ, ʯʝʤ  ʟʘ ʯʝʪʳʨʝ ʧʝʨʚʳʭ ʜʝʢʘʜʠ. ʄʝʞʜʫ 1-ʦʡ ʠ 

8-ʦʡ ʜʝʢʘʜʦʡ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʠʥʪʝʨʝʩʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ- ʩʪʫʧʝʯʘʪʘʷ, ʧʨʠ ʵʪʦʤ ʜʚʝ 

ʙʣʠʞʘʡʰʠʝ ʜʝʢʘʜʳ ʨʘʟʥʦʩʪʴ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʝ 00ʉ-0,60ʉ, ʟʘʤʝʪʥʳʡ ʨʦʩʪ ʩ 6 ʧʦ 8 ʜʝʢʘʜʫ. 
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ʈʠʩ.2. ʉʨʝʜʥʝʜʝʢʘʜʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʧʫʩʪʳʥʠ ɸʡʚʘʜʞʘ ʟʘ 80 

ʣʝʪ ʚ ʧʝʨʠʦʜ 1945-2024ʛʛ. 

Fig. 2. Average decadal temperature changes for the Ayvaja desert over 80 years in 

the period 1945-2024. 

ʉʨʝʜʥʝʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʧʫʩʪʳʥʠ ɸʡʚʘʜʞʘ ʟʘ ʧʝʨʠʦʜ 1945-

2024ʛʛ.(ʨʠʩ.3). ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʨʝʜʥʝʣʝʪʥʠʡ ʧʝʨʠʦʜ ʠʟʤʝʥʷʝʪʩʷ ʥʘ 1,7ʦʉ ʦʪ 29,9ʦʉ ʜʦ 

31,6ʦʉ, ʩʨʝʜʥʝʟʠʤʥʠʡ ʧʝʨʠʦʜ ʠʟʤʝʥʷʝʪʩʷ ʥʘ 3,6ʦʉ ʦʪ 4,3ʦʉ ʜʦ 7,9ʦʉ, ʩʨʝʜʥʝʦʩʝʥʥʠʡ ʧʝʨʠʦʜ 

ʠʟʤʝʥʷʝʪʩʷ ʥʘ 1,6ʦʉ ʦʪ 16,1ʦʉ ʜʦ 17,7ʦʉ, ʩʨʝʜʥʝʚʝʩʝʥʠʡ ʧʝʨʠʦʜ ʠʟʤʝʥʷʝʪʩʷ ʥʘ 1,9ʦʉ ʦʪ 

17,7ʦʉ ʜʦ 19,6ʦʉ. ɺʢʣʘʜ ʩʝʟʦʥʦʚ ʚ ʧʦʪʝʧʣʝʥʠʷ ʩʝʜʤʦʡ ʠ ʚʦʩʴʤʦʡ ʜʝʢʘʜʳ ʩʣʝʜʫʶʱʠʡ: ʟʠʤʘ 

> ʚʝʩʥʘ > ʣʝʪʦ > ʦʩʝʥʴ (3,6ʦʉ>1,9ʦʉ>1,7ʦʉ>1,6ʦʉ). ʄʝʥʴʰʠʡ ʚʢʣʘʜ ʣʝʪʥʝ-ʦʩʝʥʥʝʛʦ ʩʝʟʦʥʘ ʚ 

ʧʦʪʝʧʣʝʥʠʝ ʩʝʜʴʤʦʡ ʠ ʚʦʩʴʤʦʡ ʜʝʢʘʜʳ, ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥ ʩ ʫʩʠʣʝʥʠʝʤ ʧʳʣʝʚʳʭ ʚʪʦʨʞʝʥʠʡ 

ʚ ʵʪʠʭ ʩʝʟʦʥʘʭ. ʂʘʢ ʦʙʳʯʥʦ, ʤʘʢʩʠʤʫʤ ʧʳʣʝʚʳʭ ʚʪʦʨʞʝʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʣʝʪʥʝ-ʦʩʝʥʥʠʡ 

ʧʝʨʠʦʜ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʜʥʝʚʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʜ ʧʫʩʪʳʥʝʡ ɸʡʚʘʜʞʘ.  

 
ʈʠʩ.3. ʉʨʝʜʥʝʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʧʫʩʪʳʥʠ ɸʡʚʘʜʞʘ ʟʘ 80 

ʣʝʪ ʚ ʧʝʨʠʦʜ 1945-2024ʛʛ. 

16,88

17,28 17,25

17,62
17,56

18,16 18,16

18,55

16

16,5

17

17,5

18

18,5

19

<t>

1945-1954 1955-1964 1965-1974 1975-1984 1985-1994 1995-2004 2005-2014 2015-2024

4,5 5,0 4,3 4,7 5,6 6,5
7,9

6,1

17,9 18,1 18,0 18,6 17,7 18,5 19,6 19,4

29,9 29,9 30,0 30,4 30,3 30,2 30,6 31,6

16,3 16,1 16,7 16,7 16,7 17,5 17,7 17,6

0,5

5,5

10,5

15,5

20,5

25,5

30,5

35,5

1945-1954 1955-1964 1965-1974 1975-1984 1985-1994 1995-2004 2005-2014 2015-2024

͙ͣ͊͘ ͍ ͔ͫͤ͊͡ ͔͔ͭͦͦͫͤΈ



72 

 

Fig. 3. Average seasonal temperature changes for the Aywaja desert over 80 years in 

the period 1945-2024. 

ʄʝʞʛʦʜʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʧʫʩʪʳʥʠ ɸʡʚʘʜʞʘ ʟʘ 80 ʣʝʪ ʚ ʧʝʨʠʦʜ 1945-

2024ʛʛ.(ʨʠʩ.4). ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʘʤʳʝ ʪʝʧʣʳʝ ʛʦʜʳ 1947(18,2ʦʉ), 1963(18,5ʦʉ), 

2001(19,5ʦʉ), 2017(19,8ʦʉ) ʠ 2023(19,5ʦʉ), ʯʪʦ ʚʳʰʝ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʛʦ ʟʥʘʯʝʥʠʷ ʟʘ 80 ʣʝʪ 

(17,7ʦʉ), ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʩʨʝʜʥʝʡ ʛʣʦʙʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʘʪʤʦʩʬʝʨʳ ʧʣʘʥʝʪʳ ɿʝʤʣʷ 

(14,98ʦʉ). ʉʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʡ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʧʫʩʪʳʥʝ ɸʡʚʘʜʞʘ ʟʘ 80 ʣʝʪ 

(17,7ʦʉ), ʙʦʣʴʰʝ ʯʝʤ, ʛʣʦʙʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʥʝʪʳ ʥʘ 2,72ʦʉ. 

 
ʈʠʩ.4. ʄʝʞʛʦʜʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʧʫʩʪʳʥʠ ɸʡʚʘʜʞʘ  

ʟʘ 80 ʣʝʪ ʚ ʧʝʨʠʦʜ 1945-2024ʛʛ. 

Fig. 4. Interannual temperature changes for the Aywaja Desert 

over 80 years from 1945 to 2024. 

ɺʘʨʠʘʮʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʠ ʤʠʥʠʤʫʤʘ ʠ ʘʤʧʣʠʪʫʜʘ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʧʫʩʪʳʥʠ ɸʡʚʘʜʞʘ ʟʘ 80 ʣʝʪ ʚ ʧʝʨʠʦʜ 1945-2024ʛʛ.(ʨʠʩ.5). ʧʦ ʤʝʩʷʮʘʤ 

ʧʦʢʘʟʳʚʘʝʪ,ʯʪʦ ʘʙʩʦʣʶʪʥʳʡ ʤʘʢʩʠʤʫʤ ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʝ 8,1 ʦʉ ʜʦ 34,9 ʦʉ ʠ ʘʙʩʦʣʶʪʥʳʡ 

ʤʠʥʤʫʤ ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʝ -6,4ʦʉ ʜʦ 29,4ʦʉ.  
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ʈʠʩ.5. ɺʘʨʠʘʮʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʠ ʤʠʥʠʤʫʤʘ ʠ ʘʤʧʣʠʪʫʜʘ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʧʫʩʪʳʥʝ ɸʡʚʘʜʞʘ ʟʘ 80 ʣʝʪ ʚ ʧʝʨʠʦʜ 1945-2024ʛʛ. 

Fig. 5. Variation of absolute maximum and minimum and the amplitude of 

temperature change for the Aywaja desert over 80 years in the period 1945-2024. 

ʉʫʤʤʘʨʥʳʝ ʤʝʩʷʯʥʳʝ ʦʩʘʜʢʠ ʜʣʷ ʧʫʩʪʳʥʠ ɸʡʚʘʜʞʘ ʟʘ 80 ʣʝʪ ʚ ʧʝʨʠʦʜ 1945-

2024ʛʛ.(ʨʠʩ.6) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʷ ʦʩʘʜʢʦʚ ʚ ʠʶʣʝ, ʘʚʛʫʩʪʝ ʠ ʩʝʥʪʷʙʨʝ.   

 
ʈʠʩ.6. ʉʫʤʤʘʨʥʘʷ ʤʝʩʷʯʥʳʝ ʦʩʘʜʢʠ ʜʣʷ ʧʫʩʪʳʥʠ ɸʡʚʘʜʞʘ ʟʘ 80 ʣʝʪ ʚ ʧʝʨʠʦʜ 

1945-2024ʛʛ. 

Fig. 6. Total monthly precipitation for the Ayvaja desert for 80 years in the period 

1945-2024. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʫʤʤʘ ʦʩʘʜʢʦʚ ʟʘ 80 ʣʝʪ ʦʙʥʘʨʫʞʝʥʘ ʚ ʥʦʷʙʨʝ (63,7ʤʤ) ʚ ʯʝʪʚʝʨʪʦʡ 

ʜʝʢʘʜʝ 1975-1984ʛʛ., ʠ ʤʠʥʠʤʘʣʴʥʘʷ ʚ ʠʶʣʝ (1ʤʤ) ʪʦʡ ʞʝ ʜʝʢʘʜʳ. 

ʅʘ ʨʠʩ.7 ʧʨʠʚʝʜʝʥʘ ʩʫʤʤʘ ʩʨʝʜʥʝʜʝʢʘʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʩʘʜʢʦʚ ʜʣʷ ʧʫʩʪʳʥʠ ɸʡʚʘʜʞʘ. 

ʉʘʤʳʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʦʩʘʜʢʦʚ ʚʳʷʚʣʝʥʳ ʚ ʯʝʪʚʸʨʪʦʡ (192,7ʤʤ) ʠ ʚʦʩʴʤʦʡ ʜʝʢʘʜʝ 

(256ʤʤ) ʉʘʤʳʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʩʫʤʤʳ ʦʩʘʜʢʦʚ ʦʙʥʘʨʫʞʝʥʳ ʚ ʰʝʩʪʦʡ (162,7ʤʤ) ʠ ʩʝʜʴʤʦʡ 

ʜʝʢʘʜʝ (154,7ʤʤ) 
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ʈʠʩ.7. ʉʫʤʤʘ ʩʨʝʜʥʝʜʝʢʘʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʩʘʜʢʦʚ ʜʣʷ ʧʫʩʪʳʥʠ ɸʡʚʘʜʞʘ ʟʘ 80 

ʣʝʪ. 

Fig. 7. The sum of the average ten-day precipitation values for the Ayvaja desert 

over 80 years. 

 
ʈʠʩ.8. ʉʨʝʜʥʝʩʝʟʦʥʥʳʝ ʩʫʤʤʳ ʦʩʘʜʢʦʚ ʚ ɸʡʚʘʜʞʝ ʟʘ 80ʣʝʪ. 

Fig. 8. Average seasonal precipitation amounts in Ayvaj for 80 years. 

ɺʘʨʠʘʮʠʷ ʩʨʝʜʥʝʩʝʟʦʥʥʦʡ ʩʫʤʤʳ ʦʩʘʜʢʦʚ (ʨʠʩ.8) ʩʦʩʪʘʚʠʣʘ ʜʣʷ ʚʝʩʥʳ 11,8ʤʤ, ʧʨʠ 

ʟʥʘʯʝʥʠʷ 19,0ʤʤ ʜʦ 30,8ʤʤ, ʜʣʷ ʟʠʤʳ 6,9ʤʤ  ʧʨʠ ʟʥʘʯʝʥʠʠ 21,1 ʜʦ 28ʤʤ, ʜʣʷ ʦʩʝʥʳ 2,6ʤʤ,  

ʧʨʠ 5,4 ʜʦ 8,0ʤʤ, ʜʣʷ ʣʝʪʦ 2,4ʤʤ  ʧʨʠ 0,3 ʜʦ 2,7ʤʤ. ʇʦ ʫʨʦʚʥʶ ʦʩʘʜʢʦʚ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ 

ʚʝʩʥʘ >ʟʠʤʘ>ʦʩʝʥʴ> ʣʝʪʘ (11,8ʤʤ> 6,9ʤʤ>  2,6ʤʤ> 2,4ʤʤ). 

ʄʝʞʛʦʜʦʚʘʷ ʚʘʨʠʘʮʠʷ ʩʫʤʤʳ ʦʩʘʜʢʦʚ (ʨʠʩ.9) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʚ ʛʦʜʳ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʫʤʤʦʡ ʦʩʘʜʢʦʚ 2006ʛ(311ʤʤ),1968ʛ(253ʤʤ) 2020(313,5ʤʤ) ʠ ʚ 

1960ʛ(247ʤʤ) 2022(630ʤʤ) 
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ʈʠʩ.9. ʄʝʞʛʦʜʦʚʘʷ ʚʘʨʠʘʮʠʷ ʩʫʤʤʳ ʦʩʘʜʢʦʚ ʜʣʷ ʧʫʩʪʳʥʠ ɸʡʚʘʜʞʘ ʟʘ 80ʣʝʪ. 

Fig. 9. Interannual variation of precipitation for the Aywaja desert over 80 years. 

ʄʠʥʠʤʘʣʴʥʳʝ ʩʫʤʤʳ ʦʩʘʜʢʦʚ ʦʙʥʘʨʫʞʝʥʳ ʚ 1947ʛ.(102,3ʤʤ), 1971ʛ. (94,4ʤʤ) ʠ ʚ 1974ʛ. 

(90ʤʤ) ʠ ʚ 2000ʛ. (76ʤʤ). ʕʪʠ ʛʦʜʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʛʦʜʘʤʠ ʟʘʩʫʭʠ ʚ ɸʡʚʘʜʞʝ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʫʩʪʳʥʝ ɸʡʚʘʜʞʘ ʠʤʝʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʠʯʠʥʳ:  

-ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʠʟʤʝʥʷʝʪ ʪʝʧʣʦʚʦʡ ʙʘʣʘʥʩ, ʦʩʦʙʝʥʥʦ 

ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʟʝʤʥʦʛʦ ʦʟʦʥʘ;  

-ʥʘʜ ʧʫʩʪʳʥʝʡ, ʛʜʝ ʦʙʣʘʯʥʦʩʪʴ ʤʠʥʠʤʘʣʴʥʘ, ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʜʦʩʪʠʛʘʝʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʤʘʢʩʠʤʘʣʴʥʦʤ ʦʙʲʸʤʝ, ʚʳʟʳʚʘʷ ʧʝʨʝʛʨʝʚ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʫʭʦʩʪʴ 

ʚʦʟʜʫʭʘ ʧʨʠʚʦʜʠʪ ʢ ʤʝʥʴʰʝʤʫ ʪʝʧʣʦʸʤʢʦʤʫ ʧʦʛʣʦʱʝʥʠʶ, ʯʪʦ ʫʩʠʣʠʚʘʝʪ ʩʫʪʦʯʥʳʝ 

ʘʤʧʣʠʪʫʜʳ ʪʝʤʧʝʨʘʪʫʨ. 

-ʧʫʩʪʳʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʘʣʴʙʝʜʦ, ʦʪʨʘʞʘʷ ʜʦ 35ï45% ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʆʜʥʘʢʦ ʧʨʠ ʨʦʩʪʝ ʧʳʣʝʚʳʭ ʚʳʙʨʦʩʦʚ ʯʘʩʪʴ ʠʟʣʫʯʝʥʠʷ ʧʦʛʣʦʱʘʝʪʩʷ ʘʵʨʦʟʦʣʷʤʠ ʚ 

ʘʪʤʦʩʬʝʨʝ, ʥʘʛʨʝʚʘʷ ʚʦʟʜʫʰʥʳʝ ʤʘʩʩʳ ʠ ʠʟʤʝʥʷʷ ʚʝʨʪʠʢʘʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦʬʠʣʴ. 

ʕʪʦ ʤʦʞʝʪ ʫʩʠʣʠʚʘʪʴ ʠʥʚʝʨʩʠʦʥʥʳʝ ʩʣʦʠ ʠ ʧʦʜʘʚʣʷʪʴ ʚʝʨʪʠʢʘʣʴʥʳʝ ʢʦʥʚʝʢʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ. 

-ʧʫʩʪʳʥʠ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʫʩʪʦʡʯʠʚʳʭ ʩʫʙʪʨʦʧʠʯʝʩʢʠʭ ʘʥʪʠʮʠʢʣʦʥʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʷʯʝʡʢʘʤʠ ʍʵʜʣʠ. ʀʟʤʝʥʝʥʠʷ ʚ ʰʠʨʦʪʥʦʤ ʧʦʣʦʞʝʥʠʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʪʠʭ 

ʩʠʩʪʝʤ ʚʳʟʳʚʘʶʪ ʩʜʚʠʛʠ ʚ ʟʦʥʘʭ ʟʘʩʫʭ ʠ ʦʩʘʜʢʦʚ. 

-ʦʢʝʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʕʣʴ-ʅʠʥʴʦ ï ʖʞʥʦʝ ʢʦʣʝʙʘʥʠʝ (ENSO), 

ʉʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʦʝ ʢʦʣʝʙʘʥʠʝ (NAO) ʠ ʀʥʜʠʡʩʢʦʝ ʜʠʧʦʣʴʥʦʝ ʢʦʣʝʙʘʥʠʝ (IOD), ʚʣʠʷʶʪ 

ʥʘ ʜʚʠʞʝʥʠʝ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʠ ʦʩʘʜʦʯʥʳʝ ʨʝʞʠʤʳ ʚ ʧʫʩʪʳʥʝ. ʅʘʧʨʠʤʝʨ, ʚ ʛʦʜʳ ʩʠʣʴʥʦʛʦ 

ʕʣʴ-ʅʠʥʴʦ ʦʪʤʝʯʘʝʪʩʷ ʨʦʩʪ ʦʩʘʜʢʦʚ ʚ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʷʭ ʉʘʭʘʨʳ ʠ ʟʘʩʫʭʘ ʚ ʎʝʥʪʨʘʣʴʥʦʡ 

ɸʟʠʠ. 

-ʧʳʣʝʚʳʝ ʙʫʨʠ ʚʪʦʨʛʘʶʱʠʝʩʷ ʚ ʟʦʥʝ ɸʡʚʘʜʞʘ, ʥʝ ʪʦʣʴʢʦ ʩʣʝʜʩʪʚʠʝ, ʥʦ ʠ ʬʘʢʪʦʨ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. ʏʘʩʪʠʮʳ ʧʳʣʠ ʤʦʛʫʪ: 

¶ ʵʢʨʘʥʠʨʦʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ, ʫʤʝʥʴʰʘʷ ʧʨʠʪʦʢ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ; 

¶ ʩʣʫʞʠʪʴ ʷʜʨʘʤʠ ʢʦʥʜʝʥʩʘʮʠʠ, ʚʣʠʷʷ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʦʙʣʘʢʦʚ; 

¶ ʠʟʤʝʥʷʪʴ ʘʣʴʙʝʜʦ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ, ʫʩʢʦʨʷʷ ʪʘʷʥʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʳʣʴʥʳʝ ʚʳʙʨʦʩʳ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ. 

ʈʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʫʩʠʣʠʚʘʝʪ ʠʩʧʘʨʝʥʠʝ ʠ ʠʩʧʘʨʷʝʤʦʩʪʴ, ʫʤʝʥʴʰʘʷ ʚʦʜʥʳʝ ʟʘʧʘʩʳ 

ʜʘʞʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʸʤʝ ʦʩʘʜʢʦʚ. ʋʤʝʥʴʰʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ 

ʵʨʦʟʠʶ, ʩʥʠʞʝʥʠʝ ʚʣʘʛʦʫʜʝʨʞʘʥʠʷ ʧʦʯʚ ʠ ʜʘʣʴʥʝʡʰʝʝ ʫʩʠʣʝʥʠʝ ʘʨʠʜʠʟʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʧʫʩʪʳʥʝ ɸʡʚʘʜʞʘ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʜʠʘʮʠʠ, ʘʪʤʦʩʬʝʨʥʦʡ 

ʜʠʥʘʤʠʢʠ ʠ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ, ʪʘʢʠʭ ʢʘʢ ʧʳʣʝʚʳʝ ʙʫʨʠ. ʇʦʥʠʤʘʥʠʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʙʫʜʫʱʠʭ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ ʚ ʘʨʠʜʥʳʭ ʟʦʥʘʭ ʠ 

y = 0,0278x2 - 1,6939x + 189,13

RĮ = 0,0677
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ʚʳʨʘʙʦʪʢʠ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʩʪʨʘʪʝʛʠʡ. ʇʫʩʪʳʥʠð ʚʘʞʥʝʡʰʠʝ ʠʥʜʠʢʘʪʦʨʳ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ. ʋʯʠʪʳʚʘʷ ʠʭ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʛʣʦʙʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʥʝʦʙʭʦʜʠʤʳ 

ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʫʩʠʣʠʷ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ, ʘʜʘʧʪʘʮʠʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʧʦʩʣʝʜʩʪʚʠʡ 

ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʚ ʵʪʠʭ ʨʝʛʠʦʥʘʭ. 

ʈʝʮʝʥʟʝʥʪ: ʧʨʦʬʝʩʩʦʨ, ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ,  

ʅʦʨʤʘʪʦʚ ʀ.ʐ.  
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  תɸɺʆ ɺɸ ɹʆʈʀʐʆʊ ɼɸʈ ɹʀɪɹʆʅʀ ɸʁɺɸּ׳ ɸʈʆʈɸʊʀ׳

ɼɸʈ ʉʆʃ׳ʆʀ 1945ð2024 

ɼʘʨ ʤʘץʦʣʘ ʥʘʪʠֹוʘ״ʦʠ ʪʘ״ʣʠʣʠ ʪʘסʡʠʨʦʪʠ ʚʘץʪʠʠ ״ʘʨʦʨʘʪʠ ״ʘʚʦ ʚʘ ʙʦʨʠʰʦʪ ʜʘʨ ʙʠʸʙʦʥʠ ɸʡʚʘֹו ʜʘʨ 

ʜʘʚʨʘʠ ʩʦʣ״ʦʠ 1945-2024 ʦʚʘʨʜʘ ʰʫʜʘʘʩʪ. ɹʘʣʘʥʜʰʘʚʠʠ ״ʘʨʦʨʘʪ ʜʘʨ ʙʠʸʙʦʥʠ ɸʡʚʘֹו ʩʘʙʘʙ״ʦʠ ʟʠʸʜ ʜʦʨʘʜ: - 

ʘʬʟʦʷʥʜʘʠ ʢʦʥʩʝʥʪʨʘʪʩʠʷʠ ʛʘʟ״ʦʠ ʛʫʣʭʦʥʘ  ʪʘʚʦʟʫʥʠ ʛʘʨʤʠʨʦ ʪʘסʡʠʨ ʤʝʜʠ״ʘʜ, ʤʘʭʩʫʩʘʥ ʟʠʸʜʰʘʚʠʠ ʦʟʦʥ ʜʘʨ 

ʩʘʪ״ʠ ʟʘʤʠʥ; - ʜʘʨ ʙʦʣʦʠ ʙʠʸʙʦʥ, ʢʠ ʘʙʨʥʦʢ  ʢʘʤʪʘʨ ʘʩʪ, ʨʘʜʠʘʪʩʠʷʠ ʦʬʪʦʙ ʙʘ ʩʘʪ״ʠ ʤʘʢʩʠʤʘʣ  ʤʝʨʘʩʘʜ ʚʘ 

ʙʦʠʩʠ ʘʟ ״ʘʜ ʟʠʸʜ ʛʘʨʤ ʰʫʜʘʥʠ ʩʘʪ״ʠ ʨ ʟʦʥʘ ʤʝʛʘʨʜʘʜ. ׳ʘʚʦʠ ʭʫʰʢ ʙʦʠʩʠ ʧʘʩʪ ʰʫʜʘʥʠ ֹוʘʙʠʜʘʥʠ ʛʘʨʤ  

ʤʝʛʘʨʜʘʜ, ʢʠ ʘʤʧʣʠʪʫʜʘ״ʦʠ ״ʘʨʨ ʟʘʠ ״ʘʨʦʨʘʪʨʦ ʟʠʸʜ ʤʝʢʫʥʘʜ; ɹʘʣʘʥʜʰʘʚʠʠ ״ʘʨʦʨʘʪ ʙʫʭʦʨʰʘʚ  ʦʙʨʦ ʟʠʸʜ 

ʢʘʨʜʘ, ״ʘʪʪʦ ״ʘʥʛʦʤʠ ʙʦʨʠʰʦʪʠ ʜʦʠʤ  ʟʘʭʠʨʘʠ ʦʙʨʦ ʢʘʤ ʤʝʢʫʥʘʜ. ʂʦ״ʠʰ ʸʬʪʘʥʠ ʨʫʰʜʠ ʨʘʩʪʘʥ  ʨʘʚʘʥʜʠ 

ʵʨʦʟʠʷʨʦ ʩʫʨʲʘʪ ʙʘʭʰʠʜʘ, ץʦʙʠʣʠʷʪʠ ʥʠʛʦ״ʜʦʨʠʠ ʥʘʤʠʠ ʭʦʢʨʦ ʧʘʩʪ ʤʝʥʘʤʦʷʜ ʚʘ ʤʠʥʙʘʲʜ  ʙʦʠʩʠ ʟʠʸʜ ʰʫʜʘʥʠ 

ʭʫʰʢ  ʤʝʛʘʨʜʘʜ. ʈʘʚʘʥʜ״ʦʠ ʬʠʟʠʢʠʠ ʪʘסʡʠʨʸʙʠʠ ʠץʣʠʤ ʜʘʨ ʙʠʸʙʦʥʠ ɸʡʚʘֹו ʠʥ ʥʘʪʠֹוʘʠ ʪʘʲʩʠʨʠ ʤʫʪʘץʦʙʠʣʘʠ 

ʤʫʨʘʢʢʘʙʠ ʨʘʜʠʘʪʩʠʦʥ , ʜʠʥʘʤʠʢʘʠ ʘʪʤʦʩʬʝʨʘ ʚʘ ʪʫʬʦʥ״ʦʠ ʯʘʥʛ  ʤʝʙʦʰʘʥʜ. ʌʘ״ʤʠʜʘʥʠ ʠʥ ʨʘʚʘʥʜ״ʦ ʙʘʨʦʠ 

ʧʝʰʛ ʠʠ ʪʘסʡʠʨʸʙʠʠ ʠץʣʠʤ ʜʘʨ ʤʠʥʪʘץʘ״ʦʠ ʭʫʰʢ ʚʘ ʪʘ״ʠʷʠ ʩʪʨʘʪʝʛʠʷ״ʦʠ ʤʫʪʦʙʠץʰʘʚ  ʤʫ״ʠʤ ʘʩʪ. ɹʠʸʙʦʥ״ʦ 

ʤʫ״ʠʤʪʘʨʠʥ ʥʠʰʦʥʜʠ״ʘʥʜʘʠ ʪʘסʡʠʨʸʙʠʠ ʠץʣʠʤ ʤʝʙʦʰʘʥʜ. ɹʦ ʥʘʟʘʨʜʦʰʪʠ ʪʘʲʩʠʨʠ ʥʘʟʘʨʨʘʩʠ ʦʥ״ʦ ʙʘ 

ʨʘʚʘʥʜ״ʦʠ ʛʣʦʙʘʣ , ʢ ʰʠʰ״ʦʠ ʙʘʡʥʘʣʤʠʣʘʣ  ʙʘʨʦʠ ʥʘʟʦʨʘʪ, ʤʫʪʦʙʠץʩʦʟ  ʚʘ ʧʝʰʛʠʨʠʠ ʪʘʲʩʠʨʠ ʪʘסʡʠʨʸʙʠʠ 

ʠץʣʠʤ ʜʘʨ ʠʥ ʤʠʥʪʘץʘ״ʦ ʟʘʨʫʨʘʥʜ. 
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ʂʘʣʠʜʚʦʞʘĕʦ: ״ʘʨʦʨʘʪʠ ״ʘʚʦ, ʙʦʨʠʰʦʪ, ʙʠʸʙʦʥʠ ɸʡʚʘֹ״ ,וʘʨʦʨʘʪʠ ʤʠʸʥʘʠ ʤʦ״ʦʥʘ, ״ʘʨʦʨʘʪʠ ʤʠʸʥʘʠ 

ʩʦʣʦʥʘ, ״ʘʨʦʨʘʪʠ ʤʠʸʥʘʠ ״ʘʚʦ. ʤʠʥʪʘץʘ״ʦʠ ʥʠʤʭʫʰʢ,ʙʠʸʙʦʥʠ ʉʘʭʘʨʘ, ʙʠʸʙʦʥʠ ɸʨʘʙ, ʙʠʸʙʦʥʠ Éʘʨʦėʫʤ, 
ʙʠʸʙʦʥʠ ɻʦʙʠ, ʪʘסʡʠʨʸʙʠʠ ʠץʣʠʤ. 

 

ʊɽʄʇɽʈɸʊʋʈɸ ɺʆɿɼʋʍɸ ʀ ʆʉɸɼʂʀ ɺ ʇʋʉʊʓʅɽ ɸʁɺɸɼɾɸ  

ɿɸ ʇɽʈʀʆɼ 1945-2024ʛʛ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ 

ʦʩʘʜʢʦʚ ʚ ʧʫʩʪʳʥʝ ɸʡʚʘʜʞ ʟʘ 80 ʣʝʪ (ʧʝʨʠʦʜ 1945-2024ʛʛ.). ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʫʩʪʳʥʝ ɸʡʚʘʜʞʘ 

ʠʤʝʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʠʯʠʥʳ: -ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʠʟʤʝʥʷʝʪ ʪʝʧʣʦʚʦʡ ʙʘʣʘʥʩ, 

ʦʩʦʙʝʥʥʦ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʟʝʤʥʦʛʦ ʦʟʦʥʘ; -ʥʘʜ ʧʫʩʪʳʥʝʡ, ʛʜʝ ʦʙʣʘʯʥʦʩʪʴ ʤʠʥʠʤʘʣʴʥʘ, ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ 

ʜʦʩʪʠʛʘʝʪ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʤʘʢʩʠʤʘʣʴʥʦʤ ʦʙʲʸʤʝ, ʚʳʟʳʚʘʷ ʧʝʨʝʛʨʝʚ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʫʭʦʩʪʴ ʚʦʟʜʫʭʘ 

ʧʨʠʚʦʜʠʪ ʢ ʤʝʥʴʰʝʤʫ ʪʝʧʣʦʸʤʢʦʤʫ ʧʦʛʣʦʱʝʥʠʶ, ʯʪʦ ʫʩʠʣʠʚʘʝʪ ʩʫʪʦʯʥʳʝ ʘʤʧʣʠʪʫʜʳ ʪʝʤʧʝʨʘʪʫʨ. ʈʦʩʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʫʩʠʣʠʚʘʝʪ ʠʩʧʘʨʝʥʠʝ ʠ ʠʩʧʘʨʷʝʤʦʩʪʴ, ʫʤʝʥʴʰʘʷ ʚʦʜʥʳʝ ʟʘʧʘʩʳ ʜʘʞʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʸʤʝ 

ʦʩʘʜʢʦʚ. ʋʤʝʥʴʰʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʵʨʦʟʠʶ, ʩʥʠʞʝʥʠʝ ʚʣʘʛʦʫʜʝʨʞʘʥʠʷ ʧʦʯʚ ʠ 

ʜʘʣʴʥʝʡʰʝʝ ʫʩʠʣʝʥʠʝ ʘʨʠʜʠʟʘʮʠʠ.ʆʙʨʘʟʮʦʤ ʬʠʟʠʯʝʩʢʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʧʫʩʪʳʥʝ ɸʡʚʘʜʞʘ 

ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʜʠʘʮʠʠ, ʘʪʤʦʩʬʝʨʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ, ʪʘʢʠʭ ʢʘʢ 

ʧʳʣʝʚʳʝ ʙʫʨʠ. ʇʦʥʠʤʘʥʠʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʙʫʜʫʱʠʭ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ 

ʚ ʘʨʠʜʥʳʭ ʟʦʥʘʭ ʠ ʚʳʨʘʙʦʪʢʠ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʩʪʨʘʪʝʛʠʡ. ʇʫʩʪʳʥʠð ʚʘʞʥʝʡʰʠʝ ʠʥʜʠʢʘʪʦʨʳ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ. ʋʯʠʪʳʚʘʷ ʠʭ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʛʣʦʙʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʥʝʦʙʭʦʜʠʤʳ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʫʩʠʣʠʷ 

ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ, ʘʜʘʧʪʘʮʠʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʧʦʩʣʝʜʩʪʚʠʡ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʚ ʵʪʠʭ ʨʝʛʠʦʥʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʦʩʘʜʢʠ, ʧʫʩʪʳʥʷ ɸʡʚʘʜʞ, ʩʨʝʜʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ. ʧʦʣʫʟʘʩʫʰʣʠʚʳʝ ʨʝʛʠʦʥʳ, ʧʫʩʪʳʥʷ ʉʘʭʘʨʘ, 

ɸʨʘʚʠʡʩʢʘʷ ʧʫʩʪʳʥʷ, ʧʫʩʪʳʥʷ ʂʘʨʘʢʫʤʳ, ʧʫʩʪʳʥʷ ɻʦʙʠ, ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ. 

 

AIR TEMPERATURE AND PRECI PITATION IN THE AIVADZH DESERT  

PERIOD FOR THE 1945-2024 

The paper presents the results of the analysis of time changes in air temperature and precipitation in the 

Aivadzh desert for the period 1945-2024. The rising temperature in the Aywaja Desert has numerous causes:- rising 

greenhouse gas concentrations alter the heat balance, particularly the increase in ground-level ozone;- over the desert, 

where cloud cover is minimal, solar radiation reaches the surface at its maximum, causing overheating of the daytime 

surface. Dry air leads to lower heat absorption, which increases diurnal temperature variations. Rising temperatures 

increase evaporation and transpiration, reducing water reserves even with constant precipitation. Reduced vegetation 

leads to erosion, reduced soil moisture retention, and further increased aridization. The complex interaction of 

radiation, atmospheric dynamics, and feedbacks such as dust storms exemplifies physical climate change in the 

Aywaja Desert. Understanding these processes is critical for predicting future climate change in arid zones and 

developing adaptation strategies. Deserts are key indicators of climate change. Given their significant impact on global 

processes, international efforts are needed to monitor, adapt and prevent the consequences of climate change in these 

regions. 

Keywords: Air temperature, precipitation, Aywaj Desert, average monthly temperature, average annual 

temperature, average air temperature. Semi-arid regions, Sahara Desert, Arabian Desert, Karakum Desert, Gobi 

Desert, climate change. 
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ʋɼʂ: 538.91+669.017.11 

ʈɸʉʏɽʊ ʉʊɽʇɽʅʀ ɺʃʀʗʅʀʗ ʕʃɽʄɽʅʊʆɺ IIIA  ɻʈʋʇʇʓ ʇɽʈʀʆɼʀʏɽʉʂʆʁ 

ʊɸɹʃʀʎʓ ʅɸ ɸʂʊʀɺʅʆʉʊʔ ʂɸʃʔʎʀʗ ɺ ɾʀɼʂʆʄ ɸʃʖʄʀʅʀʀ 
1ʄʫʨʦʜʦʚ ʉ.ʀ., 2ɼʞʫʨʘʝʚ ʊ.ɼ., 2ʈʘʭʠʤʦʚ ʌ.ʂ., 2ɻʘʟʠʟʦʚʘ ʕ.ʈ. 

1ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
2ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʉ. ʆʩʠʤʠ 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʨʝʘʣʴʥʳʭ ʨʘʩʧʣʘʚʘʭ, ʟʘʯʘʩʪʫʶ ʧʨʠʤʝʥʷʶʪ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʚʳʚʝʜʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʣʷ ʠʜʝʘʣʴʥʳʭ 

ʠ ʨʝʛʫʣʷʨʥʳʭ ʨʘʩʪʚʦʨʦʚ. ɿʜʝʩʴ ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʢʦʪʦʨʫʶ 

ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʥʘ ʘʢʪʠʚʥʦʩʪʴ. ʂʦʵʬʬʠʮʠʝʥʪʦʤ ʘʢʪʠʚʥʦʩʪʠ, ʚʳʧʦʣʥʷʶʱʠʤ ʬʫʥʢʮʠʶ 

ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ ʦʪʢʣʦʥʝʥʠʷ ʨʝʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʪ ʠʜʝʘʣʴʥʦʛʦ, ʥʘʟʳʚʘʶʪ ʦʪʥʦʰʝʥʠʝ 

ʘʢʪʠʚʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʘʩʪʚʦʨʘ ʢ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ [1-5]. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʨʘʩʪʚʦʨ 

ʧʨʝʜʝʣʴʥʦ ʨʘʟʙʘʚʣʝʥ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʯʠʩʪʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʨʘʚʥʘ ʝʜʠʥʠʮʝ, ʪʦ ʪʘʢʦʡ ʨʘʩʪʚʦʨ 

ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʳʤ. 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢʘʣʴʮʠʷ, ʢʘʢ 

ʦʩʥʦʚʥʦʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʦʪʝʢʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʘʪʝʨʠʘʣʦʚʝʜʘʤʠ, ʬʠʟʠʢʘʤʠ, ʭʠʤʠʢʘʤʠ, ʤʝʪʘʣʣʫʨʛʘʤʠ. ʅʘʧʨʠʤʝʨ, ʚ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ Al-

Ca-ʈɿʄ ʚʝʣʠʯʠʥʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʘʣʴʮʠʷ ʧʨʠ ʝʸ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʪʨʝʪʴʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʦʙʱʫʶ 

ʢʘʨʪʠʥʫ ʩʧʣʘʚʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʳʙʦʨ ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʘʭ ʚ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ʚʝʣʠʯʠʥ ʬʫʥʢʮʠʡ ʤʦʛʫʪ ʩʪʘʪʴ ʠʟʫʯʝʥʥʳʝ ʜʚʦʡʥʳʝ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ (ɼʉ). 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʪʘʢʦʚʳʤʠ ʷʚʣʷʶʪʩʷ ɼʉ ʘʣʶʤʠʥʠʷ ʩ ʈɿʄ [6-9].   

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ 
ɺ ʨʷʜʝ ʨʘʙʦʪ [10-18] ʫʩʪʘʥʦʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʝʤ 

ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʧʦʣʦʞʝʥʠʝʤ ʣʠʥʠʠ ʣʠʢʚʠʜʫʩʘ ʚʙʣʠʟʠ ʪʦʯʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʷʱʝʛʦʩʷ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ:  

                       [µ 2ʊ/dʍ2
2]ʤʘʭ= -ʊʧʣ /[DHʧʣ(1-ʍ2)(µm2/µX2

2)ʤʘʭ]                   (1) 

ʛʜʝ ʍ2 ʠ m ï ʘʪʦʤʥʘʷ ʜʦʣʷ ʠ ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʞʠʜʢʦʡ 

ʬʘʟʝ; DHʧʣ ʠ ʊʧʣ ï ʪʝʧʣʦʪʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʩʫʙʨʝʛʫʣʷʨʥʳʭ ʨʘʩʪʚʦʨʦʚ ʟʘʚʠʩʠʤʦʩʪʴ ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʤʝʝʪ ʚʠʜ:                                                           

           m1=mʦ1+ RTlʧʭ1+(Q1+Q2) (1-X1)
2 + (2Q2+2Q3) (1+X1)

3+3Q(1-X1)
4        (2) 

 m2=mʦ1+RTlʧʭ2+(Q1+2Q2+3Q3) (1-X2)
2-(2Q2+6Q3) (1-X2)

3+3Q(1-X2)
4 ,(3) 

ʛʜʝ, Q1, Q2 ʠ Q3 ï ʢʦʥʩʪʘʥʪʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʵʥʝʨʛʠʶ ʤʝʞʘʪʦʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

(ʵʥʝʨʛʠʷ ʩʤʝʰʝʥʠʷ).  

ɼʠʬʬʝʨʝʥʮʠʨʫʷ ʨʘʚʝʥʩʪʚʘ (1) ʠ (2) ʧʦ ʍ2 ʠ ʧʦʜʩʪʘʚʣʷʷ ʧʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʚ (3), 

ʧʦʣʫʯʠʤ: 

[µ 2T/µ X2
2] max = (-RT2 DHX2(1-X2))+ (2T(Q1+2Q2+3Q3)/DH-6T(Q2-Q3)          

                                (1-X2)/ DH+12TQ1(I-X2)
2/ DH).                                  (4) 

ɽʩʣʠ ʚ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʝ ʦʙʨʘʟʫʝʪʩʷ ʦʜʥʦ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʪʦ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ Q1 ʠ Q2 ʨʘʚʥʳʤʠ ʥʫʣʶ. ʊʘʢ, ʜʣʷ ʜʚʦʡʥʦʡ ʩʠʩʪʝʤʳ Ca-Al  ʠʤʝʝʪ ʤʝʩʪʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʫʩʪʦʡʯʠʚʦʛʦ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ 

                Q12(µ 2T/µ X2
2) max = DH/2T+RT/2X2(1-X2)                   (5) 

ʄʥʦʞʠʪʝʣʴ (µ2T/µX2
2)max ʦʧʨʝʜʝʣʷʶʪ ʠʟ ʫʨʘʚʥʝʥʠʷ ʣʠʥʠʠ ʣʠʢʚʠʜʫʩʘ ʜʣʷ 

ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʷʚʣʷʶʱʝʛʦʩʷ ʫʨʘʚʥʝʥʠʝʤ ʧʘʨʘʙʦʣʳ:  

                           T = To+b(X-Xmax)
2+ʩ(X-Xmax)

3 ,                                                  (6) 

ʛʜʝ b ʠ ʩ ï ʧʦʩʪʦʷʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʨʘʬʠʯʝʩʢʠʤ ʠʣʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʪʝʧʣʦʪ ʧʣʘʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʘʚʝʥʩʪʚʦ  



81 

 

                               DH = (mDS1+nDS1)/(m+n),                                 (7) 

ʛʜʝ DS1 ʠ DS2 ï ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ ʧʣʘʚʣʝʥʠʷ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, m ʠ n ï 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ CaAl2. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʦʚ ʟʥʘʯʝʥʠʡ Q12 (1 - Al , 2 - ʉʘ) ʜʣʷ ʩʠʩʪʝʤʳ Al-Ca ʠʟ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʧʦ 

ʫʨʘʚʥʝʥʠʶ 5 ʧʨʠʚʦʜʷʪʩʷ ʚ ʪʘʙʣʠʮʝ 1.  

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʟʥʘʯʝʥʠʡ Q12 

Table 1. Results of calculations of Q12 values 

ʉʠ

ʩʪʝʤʘ 

ʉʦʝʜʠʥ

ʝʥʠʝ 

t

ʧʣ, ʂ 

ʅʧʣ, 
ʢɼʞ/ʛ-ʘʪ. 

(µ2T/µ

X2
2) max 

Q12, 

ʢɼʞ/ʛ-ʘʪ. 

Al-

Ca 
CaAl2 

1

352 
13.63 10000 -56 

ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʫʧʦʤʷʥʫʪʳʭ ʩʠʩʪʝʤ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʡ 

                 RTln ¥1 = (1-X1)
2 Q12                                                            (8) 

RTln ¥2 = (1-X2)
2 Q12 

ʇʦʩʢʦʣʴʢʫ ʘʢʪʠʚʥʦʩʪʴ a = fĀX, ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʘʢʪʠʚʥʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ ʜʣʷ ʩʠʩʪʝʤʳ Al-Ca 

                                                 lga = lg f - 2.16(1-X)2.                             (9) 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ Al ʠ ʉʘ ʚ ʜʚʦʡʥʳʭ ʩʠʩʪʝʤʘʭ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ 

ʩʤʝʰʝʥʠʠ ʘʣʶʤʠʥʠʷ ʩ ʢʘʣʴʮʠʝʤ ʙʫʜʝʪ ʚʳʜʝʣʷʪʴʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʯʪʦ ʠ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ.  

ɺ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʟʥʘʯʝʥʠʡ ʜʣʷ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ 

ʢʘʣʴʮʠʷ ʟʥʘʯʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʥʘʜʝʞʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʜʠʘʛʨʘʤʤ 

ʩʦʩʪʦʷʥʠʷ ʤʳ ʚ ʨʘʩʯʝʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʦʙʤʝʥʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ 

ɻʠʣʴʜʝʙʨʘʥʜʫ ʠ ʄʦʪʪʫ ʠʟ ʩʚʦʡʩʪʚ ʯʠʩʪʳʭ ʢʦʤʧʦʥʝʥʪʦʚ.  

ʈʘʩʩʯʠʪʘʥʥʳʝ ʥʘʤʠ ʧʦ ʫʨʘʚʥʝʥʠʶ ɻʠʣʴʜʝʙʨʘʥʜʘ ʠ ʄʦʪʪʘ ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʠʠ 

ʚʟʘʠʤʦʦʙʤʝʥʘ ʢʘʣʴʮʠʷ ʠ ʘʣʶʤʠʥʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ 

ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩʦ ʟʥʘʯʝʥʠʷʤʠ, ʥʘʡʜʝʥʥʳʤʠ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʧʦ ʜʠʘʛʨʘʤʤʘʤ ʩʦʩʪʦʷʥʠʷ. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʦ ʠʟʚʝʩʪʥʳʤ ʚʝʣʠʯʠʥʘʤ ʵʥʝʨʛʠʠ ʩʤʝʰʝʥʠʷ ʚ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ 

ʩʠʩʪʝʤʘʭ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʪʨʝʪʴʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʘʢʪʠʚʥʦʩʪʴ 

ʦʩʪʘʣʴʥʳʭ. 

ʊʘʢ, ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʢʪʠʚʥʦʩʪʠ ʢʘʣʴʮʠʷ ʨʘʩʯʝʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʚʠʜ: 

                    RTlnf2=X1
2Q12+ X3

2Q23+X1X3(Q23-Q13-Q12),                        (10) 

ʛʜʝ Q12, Q13, Q23 ï ʵʥʝʨʛʠʠ ʩʤʝʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʘʨʥʦʤ ʩʦʯʝʪʘʥʠʠ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʜʚʦʡʥʦʛʦ ʩʧʣʘʚʘ ʩ ʈɿʄ ʠʤʝʝʤ: 

                                       RTlnf2
*=(1-X2)

2Q12.                                         (11) 

ɺʳʯʠʪʘʥʠʝ ʜʚʫʭ ʨʘʚʝʥʩʪʚ ʜʘʝʪ ʚʝʣʠʯʠʥʫ, ʫʢʘʟʳʚʘʶʱʫʶ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʪʨʝʪʴʝʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʢʘʣʴʮʠʷ ʚ ʨʘʩʧʣʘʚʝ ʘʣʶʤʠʥʠʷ: 
                                         RTDlnf2

3=RT1lnf2- RT1lnf2
* = RT1n¥2/¥3

* .                                 (12) 

ɺ ʪʘʙʣʠʮʝ 2 ʠ ʥʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʟʘʚʠʩʠʤʦʩʪʠ, ʩ ʫʯʝʪʦʤ 

ʘ = ¥Ŀʍ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʢʪʠʚʥʦʩʪʠ ʢʘʣʴʮʠʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʚ 

ʪʨʦʡʥʦʤ ʨʘʩʧʣʘʚʝ ʘʣʶʤʠʥʠʷ ʧʨʠ 1000ʂ.  

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʟʘʢʣʶʯʝʥʠʝ  

ʄʦʞʥʦ ʚʠʜʝʪʴ (ʨʠʩ. 1), ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʘʢʪʠʚʥʦʩʪʠ ʢʘʣʴʮʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʝʚʨʦʧʠʷ 

ʠ ʠʪʪʝʨʙʠʷ ʨʝʟʢʦ ʧʦʥʠʞʘʝʪʩʷ. ʊʘʢʠʝ ʵʣʝʤʝʥʪʳ, ʢʘʢ ʛʘʜʦʣʠʥʠʡ, ʩʘʤʘʨʠʡ, ʠʪʪʨʠʡ ʠ ʩʢʘʥʜʠʡ, 

ʭʦʪʴ ʠ ʧʦʥʠʞʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪ ʘʢʪʠʚʥʦʩʪʠ ʢʘʣʴʮʠʷ ʚ ʨʘʩʧʣʘʚʝ ʘʣʶʤʠʥʠʷ, ʦʜʥʘʢʦ ʩʠʣʴʥʦʛʦ 

ʚʣʠʷʥʠʷ ʥʝ ʦʢʘʟʳʚʘʶʪ ʥʘ ʝʸ ʠʟʤʝʥʝʥʠʝ.  

ʊʘʙʣʠʮʘ 2. ʂ ʨʘʩʯʝʪʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʢʪʠʚʥʦʩʪʠ ʢʘʣʴʮʠʷ ʚ ʩʠʩʪʝʤʘʭ Al-Ca-

ʵʣʝʤʝʥʪ III  A ʛʨʫʧʧʳ (ʣʘʥʪʘʥʦʠʜʳ) ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ 
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Table 2. To the calculation of calcium activity coefficients in the systems Al-Ca-

element of group III A (lanthanides) of the periodic table 

ʉʠʩʪʝʤʘ 

Al-Ca-Me 

Q13 Q23 

ʋʨʘʚʥʝʥʠʝ ʢɼʞ/ʛ-

ʘʪ. 

Al-Ca-Sc - 173.3 -41.6 
lg f

Sc

ʉʘ = -8.656xSc ï 2.442xSc
2 

Al-Ca-Y 77.2 -31.5 
lg f

Y

ʉʘ=  4.805xY  ï 1.852xY
2 

Al-Ca-La 63.8 -50.0 
lg f

La

ʉʘ= 5.092xLa ï 2.936xLa
2 

Al-Ca-Ce 56.0 -54.6 
lg f

Ce

ʉʘ = 4.915xCe ï 3.206xCe
2 

Al -Ca-Pr 51.6 -46.0 
lg f

Pr

ʉʘ = 4.186xPr ï 2.702xPr
2 

Al -Ca-Nd 23.7 -3.40 
lg f

Nd

ʉʘ = 0.237xNd ï 0.200xNd
2 

Al -Ca-Pm -8.7 35.3 
lg f

Pm

Ñà  = -2.891xPm + 1.138xPm
2
 

Al-Ca-Sm -9.7 37.9 
lg f

Sm

ʉʘ = -3.948xSm + 2.227xSm
2 

Al -Ca-Eu -4.7 103.1 
lg f

Eu

ʉʘ = -7.319xEu + 6.052xEu
2 

Al -Ca-Gd -7.7 33.2 
lg f

Gd

ʉʘ = -3.572xGd + 1.950xGd
2 

Al -Ca-Tb 22.4 -5.2 
lg f

Tb

ʉʘ =  0.267xTb ï 0.308xTb
2 

Al -Ca-Dy 22.2 -5.50 
lg f

Dy

ʉʘ =  0.272xDy ï 0.323 xDy
2 

Al -Ca-Ho 30.2 -11.7 
lg f

Ho

ʉʘ = 1.062xHo ï 0.685xHo
2 

Al -Ca-Er 21.8 -6.2 
lg f

Er

ʉʘ = 0.283xEr ï 0.361xEr
2 

Al -Ca-Tm 4.3 9.50 
lg f

Tm

ʉʘ = -1.570xTm+ 0.557xTm
2 

Al -Ca-Yb -4.8 77.3 
lg f

Yb

ʉʘ = -5.883xYb + 4.540xYb
2 

Al -Ca-Lu 38.0 -17.8 
lg f

Lu

ʉʘ =  1.842xLu ï 1.048xLu
2 

ʇʨʠʤʝʯʘʥʠʝ: ʟʜʝʩʴ Q12 = - 22.9 ʢɼʞ/ʛ-ʘʪ. 
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ʈʠʩʫʥʦʢ 1. ɺʣʠʷʥʠʝ ʵʣʝʤʝʥʪʦʚ III  A ʛʨʫʧʧʳ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ ʥʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʘʢʪʠʚʥʦʩʪʠ ʢʘʣʴʮʠʷ ʚ ʞʠʜʢʦʤ ʘʣʶʤʠʥʠʠ ʧʨʠ 1000 ʂ 

Figure 1. Influence of elements of group III A of the periodic table on the activity 

coefficient of calcium in liquid aluminum at 1000 K 

ɼʨʫʛʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʝʪʘʣʣʳ, ʧʦʚʳʰʘʷ ʢʦʵʬʬʠʮʠʝʥʪ ʘʢʪʠʚʥʦʩʪʠ ʢʘʣʴʮʠʷ ʚ 

ʘʣʶʤʠʥʠʠ, ʤʦʛʫʪ ʚ ʨʘʩʧʣʘʚʝ ʧʦʢʘʟʘʪʴ ʭʦʨʦʰʫʶ ʣʝʛʠʨʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʕʪʦ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʙʦʣʴʰʠʤ ʩʨʦʜʩʪʚʦʤ ʈɿʄ ʢ ʘʣʶʤʠʥʠʶ, ʯʝʤ ʢ ʢʘʣʴʮʠʶ. ʆʩʪʘʣʴʥʳʝ ʈɿʄ ʦʙʨʘʟʫʶʪ 

ʩ ʘʣʶʤʠʥʠʝʤ ʨʘʩʩʣʘʠʚʘʶʱʠʝʩʷ ʩʠʩʪʝʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʘʢʪʠʚʥʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʠʘʛʨʘʤʤʘʤʠ ʬʘʟʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʘʣʶʤʠʥʠʷ ʠ 

ʢʘʣʴʮʠʷ ʩ ʈɿʄ.  

ʇʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʩ ʫʯʘʩʪʠʝʤ ʘʣʶʤʠʥʠʷ ʠ 

ʢʘʣʴʮʠʷ ʪʘʢʞʝ ʧʦʨʦʞʜʘʝʪ ʥʘʜʦʙʥʦʩʪʴ ʚ ʠʟʫʯʝʥʠʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʢʘʣʴʮʠʡ ʚʳʜʝʣʷʝʪʩʷ ʠʟ ʘʣʶʤʠʥʠʷ, ʧʨʠ ʵʪʦʤ ʧʦʥʠʞʘʝʪʩʷ ʝʛʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠʟ-ʟʘ ʜʦʙʘʚʦʢ 

ʪʨʝʪʴʝʛʦ ʢʦʤʧʦʥʝʥʪʘ [12-14]. ʇʦʢʘʟʘʪʝʣʴ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʬʘʟʘʭ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʘʞʥʳʭ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢ ʯʠʩʣʫ 

ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʨʘʬʠʥʠʨʦʚʘʥʠʝ, ʵʢʩʪʨʘʢʮʠʶ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʠ ʜʨ. ʇʦʵʪʦʤʫ ʤʳ 
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ʧʦʩʯʠʪʘʣʠ ʥʝ ʣʠʰʥʠʤ ʠʟʫʯʠʪʴ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʘʣʴʮʠʷ ʚ ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʘʣʶʤʠʥʠʠ, 

ʩʦʜʝʨʞʘʱʝʤ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʝʪʘʣʣʳ.   

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪ [12-14] ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʥʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʧʦʚʳʰʝʥʠʝ ʠ ʧʦʥʠʞʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʪʨʦʥʮʠʷ ʠ ʙʘʨʠʷ ʚ 

ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʘʣʶʤʠʥʠʠ ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʪʨʝʪʴʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʠ ʫʩʪʘʥʦʚʣʝʥʘ ʦʙʨʘʪʥʘʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʵʪʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ (ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʠ ʠʟʤʝʥʝʥʠʝʤ 

ʘʢʪʠʚʥʦʩʪʠ).   

ʇʦʜʦʙʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʦʨʠʠ ʨʝʛʫʣʷʨʥʳʭ 

ʨʘʩʪʚʦʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʤʝʪʘʣʣʦʚ ʣʘʥʪʘʥʦʠʜʥʦʛʦ ʨʷʜʘ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ 

ʨʘʩʪʚʦʨʷʪʴʩʷ ʢʘʣʴʮʠʶ ʚ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ, ʪʘʢʞʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʨʘʙʦʪʝ. ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʩʪʘʣʠ ʧʦʣʫʯʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ (ʩʤ. ʪʘʙʣ. 3), ʧʦ ʢʦʪʦʨʳʤ 

ʧʨʦʠʟʚʦʜʠʣʩʷ ʨʘʩʯʸʪ ʚʣʠʷʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʘʣʴʮʠʷ ʚ 

ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʘʣʶʤʠʥʠʠ.  

ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʨʘʥʝʝ [12-14] ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 

ʠʟʤʝʥʝʥʠʷʤʠ ʘʢʪʠʚʥʦʩʪʠ ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʥʘ 

ʨʠʩʫʥʢʘʭ 1 ʠ 2. ʅʘʧʨʠʤʝʨ, ʜʦʙʘʚʢʠ Eu ʠ Yb ʚ ʩʧʣʘʚ ʩʠʩʪʝʤʳ Al-Ca ʤʦʛʫʪ ʧʦʥʠʞʘʪʴ 

ʘʢʪʠʚʥʦʩʪʴ ʢʘʣʴʮʠʷ, ʧʨʠ ʵʪʦʤ ʧʦʚʳʰʘʶʪ ʝʛʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʘʣʶʤʠʥʠʠ.      

ʊʘʙʣʠʮʘ 3. ʂ ʨʘʩʯʝʪʫ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʘʣʴʮʠʷ ʚ ʩʠʩʪʝʤʘʭ Al-Ca-ʵʣʝʤʝʥʪ III  A ʛʨʫʧʧʳ 

(ʣʘʥʪʘʥʦʠʜʳ) ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ 

Table 3. To the calculation of calcium solubility in the systems Al-Ca-element of group 

III A (lanthanides) of the periodic table 

ʉʠʩʪʝʤʘ 

Al-Ca-Me 

Q13 Q

23 ʋʨʘʚʥʝʥʠʝ 

ʢɼʞ/ʛ-ʘʪ. 

Al-Ca-Sc - 173.3 -41.6 xSc
2+ 3.716xSc(1-xCa)ï0.55(1-xCa)

2ï0.41lgxCa ï 0.045 = 0 

Al-Ca-Y 77.2 -31.5 xY
2 ï 2.72xY(1-xCa)ï0.725(1-xCa)

2ï 0.54lgxCa  ï 0.039 = 0 

Al-Ca-La 63.8 -50.0 xLa
2ï 1.818xLa(1-xCa)ï0.457(1-xCa)

2ï0.341lgxCa ï 0.039 = 0 

Al-Ca-Ce 56.0 -54.6 xʉe
2
 ï 1.607xCe(1-xCa)ï0.419(1-xCa)

2 ï 0.312lgxCa ï 0.036 = 0 

Al-Ca-Pr 51.6 -46.0 xPr
2ï1.624xPr(1-xCa)ï0.497(1-xCa)

2ï 0.37lgxCa ï 0.042 = 0 

Al-Ca-Nd 23.7 -3.40 xNd
2ï1.243xNd(1-xCa)ï6.710(1-xCa)

2ï4.996lgxCa ï 0.572 = 0 

Al-Ca-Pm -8.7 35.3 xPm
2ï1.736xPm(1-xCa)+0.498(1-xCa)

2+ 0.359lgxCa + 0.025 = 0 

Al-Ca-Sm -9.7 37.9 xSm
2ï1.858xSm(1-xCa)+0.603(1-xCa)

2+ 0.449lgxCa + 0.051 = 0 

Al-Ca-Eu -4.7 103.1 xEu
2
 ï1.268xEu(1-xCa)+0.222(1-xCa)

2+0.165lgxCa + 0.019 = 0 

Al-Ca-Gd -7.7 33.2 xGd
2ï 1.92xGd(1-xCa)+0.689(1-xCa)

2+0.513lgxCa + 0.059 = 0 

Al-Ca-Tb 22.4 -5.2 xTb
2
 ï0.911xTb(1-xCa) ï4.365(1-xCa)

2 ï 3.25lgxCa ï 0.372 = 0 

Al-Ca-Dy 22.2 -5.50 xDy
2
 ï0.882xDy(1-xCa)ï4.158(1-xCa)

2ï3.096lgxCa ï 0.355 = 0 

Al-Ca-Ho 30.2 -11.7 xHo
2ï1.627xHo(1-xCa)ï1.962(1-xCa)

2ï1.461lgxCa ï 0.167 = 0 

Al-Ca-Er 21.8 -6.2 xEr
2ï0.819xEr(1-xCa)ï 3.716(1-xCa) 

2ï2.767lgxCa ï 0.317 = 0 

Al-Ca-Tm 4.3 9.50 xTm
2ï2.954xTm(1-xCa)+2.41(1-xCa)

2+1.794lgxCa +0.205 = 0 

Al-Ca-Yb -4.8 -77.3 xYb
2ï1.358xYb(1-xCa)+0.296(1-xCa)

2+ 0.22lgxCa+0.025 = 0 

Al-Ca-Lu 38.0 -17.8 xLu
2ï1.85xLu(1-xCa)ï1.287(1-xCa)

2ï 0.958lgxCa ï 0.011 = 0 

ʇʨʠʤʝʯʘʥʠʝ: ʟʜʝʩʴ Q12 = - 22.9 ʢɼʞ/ʛ-ʘʪ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʩʪʘʪʴʝ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʪʨʝʪʴʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʠ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚʪʦʨʦʛʦ ʥʦʩʷʪ ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʘʨʘʢʪʝʨʳ, ʪ.ʢ. ʦʥʠ ʧʦʟʚʦʣʷʶʪ 

ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʦ ʨʘʩʪʦʣʢʦʚʘʪʴ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ 

ʫʧʨʦʯʥʷʶʱʠʭ ʜʦʙʘʚʦʢ, ʧʦʚʳʰʘʶʱʠʭ ʢʦʥʮʝʥʪʨʘʮʠʶ ʢʘʣʴʮʠʷ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ ʥʘ ʦʩʥʦʚʝ 

ʘʣʶʤʠʥʠʷ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘʞʝʥʠʶ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ [12].  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʛʫʪ ʧʦʩʣʫʞʠʪʴ ʨʝʢʦʤʝʥʜʘʮʠʝʡ ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʣʝʢʩʥʳʭ 

ʣʠʛʘʪʫʨ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʠ ʣʝʛʠʨʦʚʘʥʠʷ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, 

ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʠʭ ʥʦʚʳʭ ʩʦʩʪʘʚʦʚ ʠʣʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʧʣʘʚʢʠ ʠ ʣʠʪʴʷ.  
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ʈʠʩʫʥʦʢ 2. ɺʣʠʷʥʠʝ ʵʣʝʤʝʥʪʦʚ III  A ʛʨʫʧʧʳ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ ʥʘ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʘʣʴʮʠʷ ʚ ʞʠʜʢʦʤ ʘʣʶʤʠʥʠʠ ʧʨʠ 1000 ʂ 

Figure 2. Influence of elements of group III A of the periodic table on the solubility of 

calcium in liquid aluminum at 1000 K 

ʈʝʮʝʥʟʝʥʪ: ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ,  

ʜʦʮʝʥʪ ʐʘʨʠʬʠ ɼʞ.ɻ. 
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ʆʀ ɻʋʈÊÇʀ III׳ɸʀ ʊɸʒʉʀʈʀ ʕʃɽʄɽʅʊתʀʉʆɹ ʂɸʈɼɸʅʀ ɼɸʈɸּ׳ ɸ ּתɸɼɺɸʃʀ ɼɸɺʈ  

ɹɸ ʌɸʒʆʃʀʗʊʀ ʂɸʃʊʉʀʁ ɼɸʈ ɸʃʖʄʀʅʀʀ ʄʆɽʒ 

ôøìþúô øìĆ÷ÿøô ĀìĆú÷ôċþô þñüøúðôùìøôö íìüúô ìüóČíôô úíô÷ôċþô ĉ÷ñøñùþúô ýñĊø 

Ĕôĕìþô þìĆýôü üìýúùôðìù íì ì÷Ąìîìùðìïôô ÿóĆúô ðÿĊø ðìü ýôýþñøìúô ýñïúùì îì øÿüìööìíþìü 

ôýþôĀúðì øñĄìîìùð. Íìüúô ýôýþñøìúô ïÿùúïÿùô ðÿÿóĆì, ýñðÿÿóĆì îì íôýČüðÿÿóĆì, öô íì ì÷Ċøôùôõ 
ìýúý ČĀþììýþ, ðúùôýþìùô ìüóôĄô ĀìĆú÷ôċþ îì îúíìýþìïôô úù ìó þìüöôí óìüÿü ìýþ, óñüú ôù íì øú ôøöúù 

øñðôìð, öô ðìüììô þìĆýôüô öì÷ýôõ îì øñþì÷÷úô ùúðôüóìøôùüú (ØÙÓ) íì ýúāþúü îì āúýôċþúô 

ì÷Ċøôùôõô øúñĆ Ąìü ðôñø. Ðìü øìú÷ì ùìþôìúô ôýúíô öúĉĀĀôþýôñùþô ĀìĆú÷ùúöôô öì÷ýôõ ðìü 

ì÷Ċøôùôõô øúñĆ ìùïúøô ÷ñïôüúùôðìùô ā÷ìú íú øñþì÷÷úô ùúðôüóìøôù úîìüðì Ąÿðììýþ. ÞìĆýôüô 

úùú íì íÿóÿüïôô öúĉĀĀôþýôñùþô ĀìĆú÷ùúöôô öì÷ýôõ þì÷ô÷ öìüðì Ąÿð îì øìĆ÷ÿø öìüðì Ąÿð, öô Gd, 

Sm, Y îì Sc öúĉĀĀôýôñùþô ĀìĆú÷ùúöôô öì÷ýôõ ðìü ïÿðúāþìô ì÷Ċøôùôõ öúôĄ øñðôìùð. Ðôïìü 

øñþì÷÷úô ùúðôüóìøôù öúĉĀĀôþýôñùþô ĀìĆú÷ùúöôô öì÷ýôõüú íì÷ìùð øñùìøúċùð îì øñþìîúùìùð ðìü 

ïÿðúāþìô ì÷Ċøôùôõ úíô÷ôċþô āÿíô ÷ñïôüúùôüú ùôĄúù ðôìùð. Ðìü üìĀþô þìðôėúþ øìĆ÷ÿøúþú ìó 

ðôìïüìøøìúô Āìóìúô íôùìü ôýþôĀúðì íÿüðì Ąÿðìùð, óñüú ðìü ìðìíôČþ ðìü íúüìô íôýĈČü āúýôċþúô 

þñüøúāôøôċîôô öì÷ýôõ ðìü ā÷ìúô ì÷Ċøôùôõ íú øñþì÷÷úô öìøČĀþ øìĆ÷ÿøúþ øìîÿð ùìíÿðìùð. 

ôýúíú ðìü ìýúýô ûüôùýôûúô ùìóìüôċô ì÷÷ô øì÷ÿ÷úô óñüüñïÿ÷ċü, öô îúíìýþìïôô ûúþñùýôì÷ô 

āôøôċî íì öúùýñùþüìþýôċô ÿóĆú ìýúý ČĀþììùð, ïÿóìüúùôðì Ąÿðììùð. 
ʂʘʣʠʜʚʦʞʘ״ʦ: ʢʘʣʩʠʡ, ʘʣʶʤʠʥʠʡ, ʤʝʪʘʣʣ״ʦʠ ʥʦʜʠʨʟʘʤʠʥ, ʧʘʡʚʘʩʪʘʛʠ״ʦʠ ʙʘʡʥʠʤʝʪʘʣʣ , 

ʢʦʥʪʩʝʥʪʨʘʪʩʠʷ, ʬʘʲʦʣʠʷʪʠ ʪʝʨʤʦʜʠʥʘʤʠʢ , ʢʦʵʬʬʠʪʩʠʝʥʪʠ ʬʘʲʦʣʥʦʢ . 

 

ʈɸʉʏɽʊ ʉʊɽʇɽʅʀ ɺʃʀʗʅʀʗ ʕʃɽʄɽʅʊʆɺ IIIA  ɻʈʋʇʇʓ ʇɽʈʀʆɼʀʏɽʉʂʆʁ 

ʊɸɹʃʀʎʓ ʅɸ ɸʂʊʀɺʅʆʉʊʔ ʂɸʃʔʎʀʗ ɺ ɾʀɼʂʆʄ ɸʃʖʄʀʅʀʀ 

ʀʟʚʝʩʪʥʳʝ ʚʝʣʠʯʠʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʦʮʝʥʢʝ ʩʧʦʩʦʙʥʦʩʪʠ ʚʣʠʷʥʠʷ 

ʪʨʝʪʴʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚʪʦʨʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʪʨʦʡʥʳʭ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ. ɼʣʷ ʪʦʛʦ 

ʯʪʦʙʳ ʦʙʲʷʩʥʠʪʴ ʫʨʦʚʝʥʴ ʚʣʠʷʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (ʈɿʄ) ʠ ʢʘʣʴʮʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʠ ʩʪʨʫʢʪʫʨʫ 

ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʘʣʶʤʠʥʠʷ ʚ ʜʚʫʭ-, ʪʨʝʭ- ʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʝʛʦ ʫʯʘʩʪʠʝʤ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʧʦʢʘʟʘʪʝʣʴ ʘʢʪʠʚʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ. ɺ ʩʪʘʪʴʝ ʦʪʨʘʞʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʘʢʪʠʚʥʦʩʪʠ ʢʘʣʴʮʠʷ ʚ ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʘʣʶʤʠʥʠʠ, ʩʦʜʝʨʞʘʱʝʤ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʝʪʘʣʣʳ. ɸʥʘʣʠʟ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʘʢʠʝ ʈɿʄ, ʢʘʢ ʛʘʜʦʣʠʥʠʡ, ʩʘʤʘʨʠʡ, ʠʪʪʨʠʡ 

ʠ ʩʢʘʥʜʠʡ, ʩʥʠʞʘʶʪ ʚʝʣʠʯʠʥʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʢʪʠʚʥʦʩʪʠ ʢʘʣʴʮʠʷ ʚ ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʘʣʶʤʠʥʠʠ. ɺʣʠʷʥʠʝ 

ʜʨʫʛʠʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʦʢʘʟʘʣʦʩʴ ʠʥʳʤ, ʪ.ʢ. ʦʥʠ, ʧʦʚʳʰʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʘʣʴʮʠʷ, ʩʪʘʥʦʚʷʪʩʷ 

ʧʨʝʪʝʥʜʝʥʪʘʤʠ ʥʘ ʨʦʣʴ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʚ ʩʧʣʘʚʘʭ ʘʣʶʤʠʥʠʷ. ɼʚʦʡʥʳʝ ʜʠʘʛʨʘʤʤʳ 

ʩʦʩʪʦʷʥʠʷ ʠʟʫʯʘʝʤʳʭ ʩʠʩʪʝʤ ʩʪʘʣʠ ʜʣʷ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʪʦʯʥʠʢʦʤ ʥʝʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʪ.ʢ. 

ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʧʨʘʚʦʯʥʠʢʘʭ ʥʝ ʥʘʰʣʦʩʴ ʩʚʝʜʝʥʠʡ ʦ ʤʥʦʛʠʭ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʢʘʣʴʮʠʷ ʚ ʩʧʣʘʚʘʭ 

ʘʣʶʤʠʥʠʷ ʩ ʈɿʄ. ɺ ʦʩʥʦʚʝ ʨʘʩʯʝʪʦʚ ʧʨʠʤʝʥʝʥʳ ʧʦʣʦʞʝʥʠʷ ʪʝʦʨʠʠ ʩʫʙʨʝʛʫʣʷʨʥʳʭ ʨʘʩʪʚʦʨʦʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʣʴʮʠʡ, ʘʣʶʤʠʥʠʡ, ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʤʝʪʘʣʣʳ, ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ, ʢʦʥʮʝʥʪʨʘʮʠʷ, 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʘʢʪʠʚʥʦʩʪʠ. 

 

CALCULATION OF THE DEGREE OF INFLUENCE OF ELEMENTS OF GROUP IIIA OF THE 

PERIODIC TABLE ON THE ACTIVITY OF CALCIUM IN LIQUID ALUMINUM  

Known values of thermodynamic activity are used to assess the ability of third elements to influence the 

solubility of second components in ternary and more complex systems. For various binary, ternary and 

multicomponent systems based on aluminum, it is necessary to know the activity value and its dependence on the 

composition, since this allows us to explain the degree of influence of calcium and rare earth metals on the structure 

and properties of liquid aluminum. The paper presents the results of calculating the calcium activity coefficient in 

liquid aluminum when alloyed with rare earth metals (REM). Their influence on the values of the calcium activity 

coefficient is analyzed and it is established that Gd, Sm, Y and Sc reduce the calcium activity coefficient in aluminum 

melt. Other REEs, increasing the activity coefficient of calcium in aluminum, can show good alloying ability in the 

melt. In the course of the study, data from binary state diagrams were used, due to the fact that there is no information 

in the literature on many thermochemical properties of calcium in aluminum alloys with REEs. The calculations are 
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based on the provisions of the theory of subregular solutions of the dependence of chemical potential on the 

concentration of components.  

Key words: calcium, aluminum, rare earth metals, intermetallics, concentration, thermodynamic activity, 

activity coefficient. 
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ʊɼʋ: 538.9 

ʊɸנʁʀʈɪɹʀʀ ʇɸʈɸʄɽʊʈ׳ʆʀ ɸʊʄʆʉʌɽʈ  ɼɸʈ ʐɸ׳ʈʀ ɼʋʐɸʅɹɽ ɼɸʈ 

ʉʆʃ׳ʆʀ 2010-2023 

ʍʘʤʝʜʦʚ ʈ.ɸ., ɸʙʜʫʣʣʦʟʦʜʘ ʉ.ʌ. 

ɸʢʘʜʝʤʠʷʠ ʤʠʣʣʠʠ ʠʣʤ״ʦʠ ʊʦֹוʠʢʠʩʪʦʥ 

ɸʕʈʆʅɽʊ  ʰʘʙʘʢʘ״ʦʠ ʘʵʨʦʟʦʣ  ʙʘ ʰʫʤʦʨ ʤʝʨʘʚʘʜ. ɼʘʨ ʦʥ ʪʘסʡʠʨʸʙʠʠ ʧʘʨʘʤʝʪʨ״ʦʠ 

ʘʪʤʦʩʬʝʨ  ʜʘʨ ʰʘ״ʨʠ ɼʫʰʘʥʙʝ ʜʘʨ ʩʦʣ״ʦʠ 2010-2023: ʧʘʨʘʤʝʪʨʠ ɸʥʛʩʪʨʦʤ, סʘʬʩʠʠ 

ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣ ʚʘ ʙʫסʠ ʦʙ ʤʫʘʡʷʥ ʢʘʨʜʘ ʰʫʜʘʘʩʪ. ʆʤ ʟʠʰʠ ʜʠʥʘʤʠʢʘʠ ʪʘסʡʠʨʸʙʠʠ 

ʪʘʨʢʠʙʠ ʙʫסʠ ʦʙ ʚʘ ʧʘʨʘʤʝʪʨʠ ɸʥʛʩʪʨʦʤ ʙʘʨʦʠ ʘʨʟʝʙ  ʚʘ ʪʘʚʩʠʬʠ ʪʘסʡʠʨʸʙʠʠ ʠץʣʠʤ ʭʝʣʝ 

ʤʫ״ʠʤ ʘʩʪ. ʏʫʥʠʥ ʪʘʜץʠץʦʪ״ʦ ʘʣʣʘʢʘʡ ʧʝʰʪʘʨ [1-3] ʛʫʟʘʨʦʥʠʜʘ ʰʫʜʘ ʙʫʜʘʥʜ, ʘʤʤʦ 

ʤʘʲʣʫʤʦʪ ʜʘʨ ʙʦʨʘʠ ʤʠʥʪʘץʘʠ ʭʫʰʢ ʭʝʣʝ ʤʘ״ʜʫʜ ʘʩʪ. 

ʋʩʫʣʠ ʩʧʝʢʪʨʦʩʢʦʧʠʢ  (ʸ ʫʩʫʣʠ ʛʠʛʨʦʤʝʪʨʠʷʠ ʦʧʪʠʢ ) ʚʘץʪ״ʦʠ ʦʭʠʨ ״ʘʤʯʫʥ ʷʢʝ ʘʟ 

ʫʩʫʣ״ʦʠ ʘʩʦʩ ʘʥʛʦʤʠ ʦʤ״  ʟʠʰʠ ʪʘʨʢʠʙ ʚʘ ʭʫʩʫʩʠʷʪ״ʦʠ ʦʧʪʠʢʠʠ ʘʪʤʦʩʬʝʨʘ, ʘʟ ֹוʫʤʣʘ 

 .ʢʘʨʜʘ ʰʫʜʘʘʩʪ ץʠ ʦʙ ʜʘʨ ʘʪʤʦʩʬʝʨʘ ʪʘʩʜʠסʜʦʨʠ ʠʥʪʝʛʨʘʣʠʠ ʙʫץʘʥʛʦʤʠ ʤʫʘʡʷʥ ʢʘʨʜʘʥʠ ʤʠ״

ʋʩʫʣʠ ʯʝʥʢʫʥʠʠ ʤʠץʜʦʨʠ ʙʫסʠ ʦʙʨʦ ʘʟ ʨ ʠ ʤʘʲʣʫʤʦʪʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʢ  ʙʦʨʠ ʘʚʚʘʣ 

ʌʦʫʣ ʪʘ״ʠʷ ʚʘ ʙʦ ʤʫʚʘʬʬʘץʠʷʪ ʠʩʪʠʬʦʜʘ ʙʫʨʜ [1, 2]. ʉʠʧʘʩ ʫʩʫʣʠ ʪʘץ״ʠץʠ ʤʠץʜʦʨʠ ʙʫסʠ ʦʙ 

ʜʘʨ ʘʪʤʦʩʬʝʨʘ ʜʘʨ ʙʠʩʸʨ ʤʘץʦʣʘ״ʦ, ʤʘʩʘʣʘʥ ʜʘʨ [3-6] ʪʘ״ʠʷ ʢʘʨʜʘ ʰʫʜ. ʋʩʫʣ״ʦʠ 

ʬʦʪʦʤʝʪʨʠʷʠ ʨʘʜʠʘʪʩʠʷʠ ʤʫʩʪʘץʠʤ ʚʘ ʧʘʨʦʢʘʥʜʘʠ ʦʬʪʦʙ ʷʢʝ ʘʟ ʨʦ״״ʦʠ ʩʘʤʘʨʘʥʦʢʠ ʤʫʘʡʷʥ 

ʢʘʨʜʘʥʠ ʭʫʩʫʩʠʷʪ״ʦʠ ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣʠ ʘʪʤʦʩʬʝʨʘ ʤʝʙʦʰʘʥʜ. ɼʘʨ ʘʡʥʠ ʟʘʤʦʥ, ʩʠʩʪʝʤʘʠ ʘʟ 

ʪʘʠ ʥʘʟʘʨʠ ʘʚʪʦʤʘʪʠʢʫʥʦʥʠʠ ʯʝʥʢʫʥץʘʤʘ ʧʝʰʨʘʬʪʘ, ʘʟ ʥʫ״ , ʩʫʨʲʘʪʠ ʛʠʨʠʬʪʘʥʠ ʤʘʲʣʫʤʦʪ 

ʚʘ ʬʘʨʦʛʠʨʠʠ ʛʣʦʙʘʣ , ʰʘʙʘʢʘʠ ʤʫʰʦ״ʠʜʘ״ʦʠ ʘʵʨʦʟʦʣʠʠ AERONET ʤʝʙʦʰʘʜ [7-13]. 

ɼʘʨ ʰʘ״ʨʠ ɼʫʰʘʥʙʝ ʪʘץ״ʠץʦʪʠ ʭʫʩʫʩʠʷʪ״ʦʠ ʦʧʪʠʢ  ʚʘ ʤʠʢʨʦʬʠʟʠʢʠʠ ʘʵʨʦʟʦʣʠ 

ʘʪʤʦʩʬʝʨʘ ʘʟ ʤʦ״ʠ ʠʶʣʠ ʩʦʣʠ 2010 ʜʘʨ ״ʦʣʘʪʠ ʯʝʥʢʫʥʠʠ ʤʫʥʪʘʟʘʤ ʙʦ ʰʘʨʦʬʘʪʠ ʣʦʠ״ʘʠ 

ʄʅʊʎ ʊ-1688 ʙʦ ʜʘʩʪʛʠʨʠʠ ʢʦʣʣʘʙʦʨʘʪʦʨ״ʦ ʘʟ ʌʘʨʦʥʩʘ, ʀʄɸ, ʇʦʨʪʫʛʘʣʠʷ ʦסʦʟ ʸʬʪʘ ʙʫʜ, 

ʢʠ ʬʝʲʣʘʥ ʠʜʦʤʘ ʜʦʨʘʜ. ʌʦʪʦʤʝʪʨʠ ʉɽ-318 ʰʘʙʘʢʘʠ AERONET ʥʘʩʙ ʢʘʨʜʘ ʰʫʜʘ ʚʘ 

ʪʘץ״ʠץʦʪʠ ʘʵʨʦʟʦʣʠ ʘʪʤʦʩʬʝʨʘ ʜʘʨ ʤʠʥʪʘץʘʠ ʥʠʤʭʫʰʢʠ ʊʦֹוʠʢʠʩʪʦʥ ʦסʦʟ ʸʬʪʘ ʙʫʜ. 

ʄʠץʜʦʨʠ ʙʫסʠ ʦʙ ʘʟ ʛʘʨʜʠʰʠ ʬʫʥʢʩʠʷʠ ʛʫʟʘʨʠʰʠ P=I/I0 ʤʫʘʡʷʥ ʢʘʨʜʘ ʤʝʰʘʚʘʜ, ʢʠ ʦʥʨʦ ʙʦ 

ʸʨʠʠ ʬʦʪʦʤʝʪʨ ʜʘʨ ʤʠʥʪʘץʘʠ ʥʘʟʜʠʢʠ ʠʥʬʨʘʩʫʨʭ ʜʘʨ ʜʘʨʦʟʠʠ ʤʘʚֹוʠ ɚ =0.94 ʤʢʤ ʧʘʡʜʦ 

ʤʝʢʫʥʘʥʜ, ʢʠ ʜʘʨ ʦʥ I0 ʚʘ I ʠʥʪʝʥʩʠʚʥʦʢʠʠ ʨʘʜʠʘʪʩʠʷʠ ʘʬʪʦʜʘ ʚʘ ʘʟ סʘʬʩʠʠ ʘʪʤʦʩʬʝʨʘ 

ʛʫʟʘʰʪʘ ʤʫʚʦʬʠץʘʪʘʥ ʘʩʪ. ɼʘʨ ʰʘʙʘʢʘʠ AERONET ʯʝʥʢʫʥ  ʜʘʨ ʜʫ ʙʘʩʦʤʘʜʠ ״ʘʩʩʦʩ ʙʘ ʙʫסʠ 

ʦʙ 0.72 ʤʢʤ ʛʫʟʘʨʦʥʠʜʘ ʤʝʰʘʚʘʜ.  

ʅʘʪʠֹוʘ״ʦʠ ʯʝʥʢʫʥ  ʙʘʨʦʠ ʙʘʨץʘʨʦʨ ʢʘʨʜʘʥʠ ʭʫʩʫʩʠʷʪ״ʦʠ ʦʧʪʠʢʠʶ ʤʠʢʨʦʬʠʟʠʢʠʠ 

ʘʵʨʦʟʦʣ, ʢʠ ʜʘʨ ʪʘʤʦʤʠ סʘʬʩʠʠ ʘʪʤʦʩʬʝʨʘ ʙʘ ״ʠʩʦʙʠ ʤʠʸʥʘ ʛʠʨʠʬʪʘ ʰʫʜʘʘʥʜ, ʠʩʪʠʬʦʜʘ 

ʤʝʰʘʚʘʥʜ: סʘʬʩʠʠ ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣ  ʜʦʨʠ ʠʥʪʝʛʨʘʣʠʠץʧʘʨʘʤʝʪʨʠ ɸʥʛʩʪʨʦʤ; ʤʠ ;(ʆɸנ) 

ʙʫסʠ ʦʙ ʜʘʨ ʩʫʪʫʥʠ ʘʤʫʜʠʠ ʘʪʤʦʩʬʝʨʘ; ʚʘʟʠʬʘ״ʦʠ ʪʘץʩʠʤʦʪʠ ʟʘʨʨʘ״ʦʠ ʘʵʨʦʟʦʣ  ʘʟ ʨ ʠ 

ʘʥʜʦʟʘ; ʥʠʰʦʥʜʠ״ʘʥʜʘʠ ʢʦʤʧʣʝʢʩʠʠ ʰʠʢʘʩʪʠ ʨʫʰʥʦ  ʘʟ ʤʦʜʜʘ״ʦʠ ʟʘʨʨʘ״ʦʠ ʘʵʨʦʟʦʣ  ʚʘ  

ʧʘʨʦʢʘʥʜʘʰʘʚʠʠ ʷʢʢʘʨʘʪʘ ʤʝʙʦʰʘʜ. ʂʘʤʰʘʚʠʠ ʤʫʰʦ״ʠʜʘʰʫʜʘʠ נʆɸ ʙʦ ʟʠʸʜ ʰʫʜʘʥʠ 

ʜʘʨʦʟʠʠ ʤʘʚֹו ʥʠʰʦʥ ʤʝʜʠ״ʘʜ: ʘʵʨʦʟʦʣ ʜʘʨ ʤʠʥʪʘץʘʠ ʠʥʬʨʘʩʫʨʭ ʥʠʩʙʘʪ ʙʘ ʤʠʥʪʘץʘʠ ʥʘʤʦʸʥ 

ʰʘʬʬʦʬʪʘʨ ʘʩʪ. ɸʪʤʦʩʬʝʨʘʠ ɼʫʰʘʥʙʝ ʜʘʨ ʪʦʙʠʩʪʦʥ ʚʘ ʪʠʨʘʤʦ״ ʙʝʰʪʘʨ ʠʬʣʦʩ ʰʫʜʘʘʩʪ, ʢʠ 

ʠʥ ʙʦ ʚʦʨʠʜʰʘʚʠʠ ʯʘʥʛʫ סʫʙʦʨ ʜʘʨ ʤʠʥʪʘץʘ ʜʘʨ ʠʥ ʜʘʚʨʘ ʘʣʦץʘʤʘʥʜ ʘʩʪ. ʄʫʰʦ״ʠʜʘ ʰʫʜʘʘʩʪ, 

ʢʠ ʩʘʪ״ʠ ʠʬʣʦʩʰʘʚʠʠ ʘʪʤʦʩʬʝʨʘ ʩʦʣ ʘʟ ʩʦʣ ʟʠʸʜ ʰʫʜʘ ʠʩʪʦʜʘʘʩʪ.  

ɸʵʨʦʟʦʣ ʜʘʨ ʪʘʰʘʢʢʫʣ ʚʘ ʪʘסʡʠʨʸʙʠʠ ʠץʣʠʤ ״ʘʤ ʜʘʨ ʤʠץʸʩʠ ʤʠʥʪʘץʘʚ  ʚʘ ״ʘʤ ʜʘʨ 

ʤʠץʸʩʠ ֹוʘ״ʦʥ  ʥʘץʰʠ ʤʫ״ʠʤ ʤʝʙʦʟʘʜ. ɼʘʨ ʘʪʤʦʩʬʝʨʘʠ ʤʠʥʪʘץʘʠ ʭʫʰʢ, ʘʵʨʦʟʦʣ ʘʢʩʘʨʠ ʚʘץʪ 

ʘʟ ʪ ʬʦʥʠ ʯʘʥʛʫ ʭʦʢ ʙʘ ʚʫֹוʫʜ ʤʝʦʷʜ ʚʘ ʘʩʦʩʘʥ ʘʟ ʟʘʨʨʘ״ʦʠ ʭʦʢʠ ʤʠʥʝʨʘʣ  ʠʙʦʨʘʪ ʘʩʪ.  

ʅʘʪʠֹוʘ״ʦʠ ʪʘץ״ʠץ 

ʄʫʚʦʬʠץʠ ʪʘʩʥʠʬʦʪʠ ʪʘסʡʠʨʸʙʠʠ ʧʘʨʘʤʝʪʨ״ʦʠ ʘʪʤʦʩʬʝʨ  ʜʘʨ ʰʘ״ʨʠ ɼʫʰʘʥʙʝ - 

  .ʦʠ 2010-2023 ʜʘʨ ʨʘʩʤʠ 1 ʦʚʘʨʜʘ ʰʫʜʘʘʩʪ״ʦʥʘ ʜʘʨ ʩʦʣ״ʘʬʩʠʠ ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣʠ ʤʠʸʥʘʠ ʤʦס

ʏʠ ʪʘʚʨʝ, ʘʟ ʨʘʩʤ ʤʫʰʦ״ʠʜʘ ʤʝʰʘʚʘʜ, סʘʬʩʠʠ ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣ ʜʘʨ ʤʦ״ʠ  ʠʶʣ ʘʟ 

 ʠ ʘʚʛʫʩʪ ʚʘ״ʘʬʩʠʠ ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣʠ ʤʠʸʥʘ ʟʠʸʜ ʙʘ ʥʘʟʘʨ ʤʝʨʘʩʘʜ. ʀʣʦʚʘ ʙʘʨʠʥ ʜʘʨ ʤʦס

ʤʦ״ʠ ʩʝʥʪʷʙʨ ʥʠʟ ʯʫʥʠʥ ʥʠʰʦʥʜʠ״ʘʥʜʘʠ ʟʠʸʜʰʘʚ  ʙʘ ʥʘʟʘʨ ʤʝʨʘʩʘʜ. ɼʘʨ ʤʦ״״ʦʠ ʬʝʚʨʘʣ, 

ʘʧʨʝʣ ʚʘ ʤʘʡ סʘʬʩʠʠ ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣ (0,19-0,23-0,20) ʥʠʩʙʘʪ ʙʘ סʘʬʩʠʠ ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣʠ 

ʤʠʸʥʘ ʢʘʤ ʙʘ ʥʘʟʘʨ ʤʝʨʘʩʘʜ. ɸʟ ʨ ʠ ʪʘ״ʣʠʣ״ʦ ʯʫʥʠʥ ʭʫʣʦʩʘ ʙʘʨʤʝʦʷʜ, ʢʠ ʤʦ״״ʦʠ ʠʶʣ, ʘʚʛʫʩʪ 
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ʚʘ ʩʝʥʪʷʙʨ ʠʬʣʦʩʰʘʚʠʠ ״ʘʚʦ ʜʘʨ ʰʘ״ʨʠ ɼʫʰʘʥʙʝ ʟʠʸʜʪʘʨ ʤʝʙʦʰʘʜ ʢʠ ʦʥ ʘʟ ʚʦʨʠʜʰʘʚʠʠ 

ʯʘʥʛʫ סʫʙʦʨ ʰʘ״ʦʜʘʪ ʤʝʜʠ״ʘʜ. 

 
ʈʘʩʤʠ 1.ʊʘסʡʠʨʸʙʠʠ ץʠʤʘʪʠ ʤʠʸʥʘʠ ʤʦ״ʦʥʘʠ סʘʬʩʠʠ ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣ ʜʘʨ 

ʰʘ״ʨʠ ɼʫʰʘʥʙʝ ʜʘʨ ʩʦʣ״ʦʠ 2010-2023 

Figure 1. Changes in the average monthly value of aerosol optical thickness in 

Dushanbe city in 2010-2023 

ɼʘʨ ʨʘʩʤʠ 2 ʪʘסʡʠʨʸʙʠʠ ץʠʤʘʪʠ ʤʘʚʩʠʤʠʠ ʤʠʸʥʘʠ סʘʬʩʠʠ ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣ ʜʘʨ 

ʰʘ״ʨʠ ɼʫʰʘʥʙʝ ʜʘʨ ʩʦʣ״ʦʠ 2010-2023 ʪʘʩʚʠʨ ʸʬʪʘʘʩʪ. 

 
ʈʘʩʤʠ 2 .ʊʘסʡʠʨʸʙʠʠ ץʠʤʘʪʠ ʤʠʸʥʘʠ ʤʘʚʩʠʤʠʠ סʘʬʩʠʠ ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣ ʜʘʨ 

ʰʘ״ʨʠ ɼʫʰʘʥʙʝ ʜʘʨ ʩʦʣ״ʦʠ 2010-2023 

Figure 2. Changes in the seasonal average value of aerosol optical thickness in 

Dushanbe city in 2010-2023 
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 ,ʦʨ-0.21״ʦʠ ʩʦʣ: ʟʠʤʠʩʪʦʥ-0.24, ʙʘ״ʘʬʩʠʠ ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣʠ ʬʘʩʣס ʠʤʘʪʠ ʤʠʸʥʘʠפ

ʪʦʙʠʩʪʦʥ-0.33 ʚʘ ʪʠʨʘʤʦ0.29-״ ʙʘ ץʘʡʜ ʛʠʨʠʬʪʘ ʰʫʜʘʘʩʪ. 

ʏʠ ʪʘʚʨʝ, ʢʠ ʜʘʨ ʨʘʩʤ ʤʫʰʦ״ʠʜʘ ʤʝʰʘʚʘʜ, סʘʬʩʠʠ ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣ ʜʘʨ ʬʘʩʣʠ 

ʟʠʤʠʩʪʦʥʠ ʩʦʣ״ʦʠ 2010 (0,32), 2017 (0,33) ʚʘ 2023 (0.42) ʟʠʸʜ ʙʘ ʥʘʟʘʨ ʤʝʨʘʩʘʜ. ɼʘʨ ʩʦʣ״ʦʠ 

2012 (0,22), 2013 (0,19), 2014 (0,17), 2015 (0,18), 2016 (0,16), 2019 (0,19), 2021 (0,21), 2022 

(0,18) ʢʘʤ ʤʫʰʦ״ʠʜʘ ʤʝʰʘʚʘʜ. נʘʬʩʠʠ ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣ ʜʘʨ ʬʘʩʣʠ ʙʘ״ʦʨʠ ʩʦʣ״ʦʠ 

2011(0,23), 2018 (0,37) ʚʘ 2023 (0.31) ʟʠʸʜ ʘʩʪ. ɼʘʨ ʩʦʣ״ʦʠ 2012 (0,18), 2013(0,18), 2014(0,14), 

2015(0,15), 2019(0,20), 2020 (0.17) ʢʘʤ ʘʩʪ. . נʘʬʩʠʠ ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣ ʜʘʨ ʬʘʩʣʠ ʪʦʙʠʩʪʦʥʠ 

ʩʦʣ״ʦʠ 2010 (0,37), 2011(0,36), 2015 (0,35), 2016 (0,35), 2021(0,34), 2023 (0,54) ʟʠʸʜ ʤʝʙʦʰʘʜ. 

ɼʘʨ ʩʦʣ״ʦʠ 2012 (0,27), 2013 (0,29), 2014 (0,32), 2017 (0,30), 2019 (0,31), 2020 (0,25), 2022 

(0,30) ʢʘʤ ʤʝʙʦʰʘʜ. נʘʬʩʠʠ ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣ ʜʘʨ ʬʘʩʣʠ ʪʠʨʘʤʦ״ʠ ʩʦʣ״ʦʠ 2014 (0,33), 

2016(0,30), 2017(0,37), 2019 (0,39), 2021(0,31) ʟʠʸʜ ʙʘ ʥʘʟʘʨ ʤʝʨʘʩʘʜ. ɼʘʨ ʩʦʣ״ʦʠ 2011(0,27), 

2012(0,18), 2013(0,26), 2015(0,22), 2020(0,28), 2022 (0.25) ʢʘʤ ʤʫʰʦ״ʠʜʘ ʤʝʰʘʚʘʜ. ɸʟ ʨ ʠ 

ʪʘ״ʣʠʣ״ʦ ʯʫʥʠʥ ʭʫʣʦʩʘ ʙʘʨʤʝʦʷʜ, ʢʠ ʪʘסʡʠʨʸʙʠʠ סʘʬʩʠʠ ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣ ʜʘʨ ʰʘ״ʨʠ 

ɼʫʰʘʥʙʝ ʙʘʡʥʠ ʤʠʸʥʘʠ ʬʘʩʣ״ʦ ʜʘʨ ʩʦʣ״ʦʠ 2010-2023: ʩʦʣʠ 2023 ʬʘʩʣʠ ʟʠʤʠʩʪʦʥ, ʩʦʣʠ 2018 

ʬʘʩʣʠ ʙʘ״ʦʨ, ʩʦʣʠ 2023 ʬʘʩʣʠ ʪʦʙʠʩʪʦʥ ʚʘ ʩʦʣʠ 2019 ʬʘʩʣʠ ʪʠʨʘʤʦ״ ʠʬʣʦʩʰʘʚʠʠ ״ʘʚʦ 

ʟʠʸʜʪʘʨ ʙʘ ץʘʡʜ ʛʠʨʠʬʪʘ ʰʫʜʘʘʩʪ. 

 
ʈʘʩʤʠ 3.ʊʘסʡʠʨʸʙʠʠ ץʠʤʘʪʠ ʤʠʸʥʘʠ ʤʦ״ʦʥʘʠ ʙʫסʠ ʦʙ ʜʘʨ ʘʪʤʦʩʬʝʨʘʠ ʰ. 

ɼʫʰʘʥʙʝ ʜʘʨ ʩʦʣ״ʦʠ 2010-2023. 

Figure 3. Changes in the average monthly value of water vapor in the atmosphere of 

Dushanbe in 2010-2023. 

ʏʠ ʪʘʚʨʝ, ʢʠ ʜʘʨ ʨʘʩʤ ʤʫʰʦ״ʠʜʘ ʤʝʰʘʚʘʜ, ʙʫסʠ ʦʙ ʜʘʨ ʤʦ״ʠ ʬʝʚʨʘʣʠ ʩʦʣ״ʦʠ 2010-

2023 0.47 ʩʤ, ʤʦ״ʠ ʷʥʚʘʨ 0.44 ʩʤ, ʤʦ״ʠ ʥʦʷʙʨ 0.38 ʩʤ ʚʘ ʤʦ״ʠ ʜʝʢʘʙʨ 0.41 ʩʤ  ʟʠʸʜ ʙʘ ʥʘʟʘʨ 

ʤʝʨʘʩʘʜ. ɹʫסʠ ʦʙ ʜʘʨ ʤʦ״ʠ ʘʚʛʫʩʪʠ ʩʦʣ״ʦʠ 2010-2023 0.39 ʩʤ, ʤʦ״ʠ ʠʶʥ 0.32 ʩʤ, ʤʦ״ʠ 0.34 

ʩʤ ʢʘʤ ʙʘ ʥʘʟʘʨ ʤʝʨʘʩʘʜ. ɸʟ ʨ ʠ ʪʘ״ʣʠʣ״ʦ ʤʦ״״ʦʠ ʬʝʚʨʘʣ, ʷʥʚʘʨ ʥʦʷʙʨ ʚʘ ʜʝʢʘʙʨ ʘʟ ״ʠʩʦʙʠ 

ʟʠʸʜ ʙʫʜʘʥʠ ʙʫסʠ ʦʙ ʙʦʨʠʰʦʪ ʟʠʸʜʪʘʨ ʙʘ ʥʘʟʘʨ ʤʝʨʘʩʘʜ. 
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ʈʘʩʤʠ 4.ʊʘסʡʠʨʸʙʠʠ ץʠʤʘʪʠ ʤʠʸʥʘʠ ʤʘʚʩʠʤʠʠ ʙʫסʠ ʦʙ ʜʘʨ ʘʪʤʦʩʬʝʨʘʠ ʰ. 

ɼʫʰʘʥʙʝ ʜʘʨ ʩʦʣ״ʦʠ 2010-2023. 

Figure 4. Changes in the average seasonal value of water vapor in the atmosphere of 

Dushanbe in 2010-2023. 

 ʦʠ ʩʦʣ: ʟʠʤʠʩʪʦʥ 0.55״ʠ ʦʙ ʜʘʨ ʘʪʤʦʩʬʝʨʘʠ ʰ.ɼʫʰʘʥʙʝ ʜʘʨ ʬʘʩʣסʠʤʘʪʠ ʤʠʸʥʘʠ ʙʫפ

ʩʤ , ʙʘ״ʦʨ 1.17 ʩʤ, ʪʦʙʠʩʪʦʥ 1,65 ʩʤ ʚʘ ʪʠʨʘʤʦ1.01 ״ ʩʤ ʙʘ ץʘʡʜ ʛʠʨʠʬʪʘ ʰʫʜʘʘʩʪ. 

ɸʟ ʨʘʩʤʠ 4 ʤʫʰʦ״ʠʜʘ ʤʫʰʦ״ʠʜʘ ʢʘʨʜʘʥ ʤʫʤʢʠʥ ʘʩʪ, ʢʠ ʙʫסʠ ʦʙ ʜʘʨ ʬʘʩʣʠ ʟʠʤʠʩʪʦʥ 

ʩʦʣ״ʦʠ 2010 (0,51 ʩʤ), 2012(0,50 ʩʤ), 2014(0,48 ʩʤ), 2021(0,49 ʩʤ) ʘʟ ץʠʤʘʪʠ ʤʠʸʥʘʠ ʙʫסʠ ʦʙ 

ʜʘʨ ʜʘʚʨʘʠ ʦʤʫʟʠʰ ʢʘʤ ʙʘ ץʘʡʜ ʛʠʨʠʬʪʘ ʰʫʜʘʘʩʪ. ʉʦʣ״ʦʠ 2013 (0,69 ʩʤ), 2017(0,58 ʩʤ), 2018 

(0,60 ʩʤ) ʘʟ ץʠʤʘʪʠ ʤʠʸʥʘʠ ʙʫסʠ ʦʙ ʜʘʨ ʜʘʚʨʘʠ ʦʤʫʟʠʰ ʟʠʸʜ ʙʘ ʥʘʟʘʨ ʤʝʨʘʩʘʜ. ɹʫסʠ ʦʙ ʜʘʨ 

ʬʘʩʣʠ ʙʘ״ʦʨ ʩʦʣ״ʦʠ 2011(0,75 ʩʤ), 2015 (0,94 ʩʤ), 2018 (1,15 ʩʤ) ʘʟ ץʠʤʘʪʠ ʤʠʸʥʘʠ ʙʫסʠ ʦʙ 

ʜʘʨ ʬʘʩʣ״ʦʠ ʠʥ ʜʘʚʨʘ ʢʘʤ ʙʘ ץʘʡʜ ʛʠʨʠʬʪʘ ʰʫʜʘʘʩʪ. ʉʦʣ״ʦʠ 2012(1,24 ʩʤ), 2013(1,24 ʩʤ), 

2016 (1,36 ʩʤ), 2017(1,67 ʩʤ), 2019(1,26 ʩʤ), 2022(1,21 ʩʤ) ʘʟ ץʠʤʘʪʠ ʤʠʸʥʘʠ ʙʫסʠ ʦʙ ʜʘʨ 

ʫʤʫʤ ʟʠʸʜ ʙʘ ץʘʡʜ ʛʠʨʠʬʪʘ ʰʫʜʘʘʩʪ. ɹʫסʠ ʦʙ ʜʘʨ ʬʘʩʣʠ ʪʦʙʠʩʪʦʥʠ ʩʦʣ״ʦʠ 2014 (1,49 

ʩʤ),2020 (1,62 ʩʤ), 2021(1,56 ʩʤ), 2022(1,52 ʩʤ),2023(1,62 ʩʤ) ʘʟ ץʠʤʘʪʠ ʤʠʸʥʘʠ ʙʫסʠ ʦʙ ʜʘʨ 

ʜʘʚʨʘʠ ʪʘ״ʣʠʣ ʟʠʸʜ ʙʘ ץʘʡʜ ʛʠʨʠʬʪʘ ʰʫʜʘʘʩʪ. ʉʦʣ״ʦʠ 2011-2012 (1,81 ʩʤ), 2013(1,75 ʩʤ), 

2017(1,67 ʩʤ) ʘʟ ץʠʤʘʪʠ ʤʠʸʥʘʠ ʙʫסʠ ʦʙ ʜʘʨ ʪʘʤʦʤʠ ʜʘʚʨʘʠ ʦʤʫʟʠʰ ʟʠʸʜ ʙʘ ץʘʡʜ ʛʠʨʠʬʪʘ 

ʰʫʜʘʘʩʪ. ɹʫסʠ ʦʙ ʜʘʨ ʬʘʩʣʠ ʪʠʨʘʤʦ״ ʩʦʣ״ʦʠ 2012 (0,84 ʩʤ), 2013(0,97 ʩʤ), 2020 (0,83 

ʩʤ),2021(0,90 ʩʤ), 2022 (0,98 ʩʤ) ʘʟ ץʠʤʘʪʠ ʤʠʸʥʘʠ ʙʫסʠ ʦʙ ʬʘʩʣ״ʦʠ ʩʦʣ ʢʘʤ ʙʘ ץʘʡʜ ʛʠʨʠʬʪʘ 

ʰʫʜʘʘʩʪ. ʉʦʣ״ʦʠ 2010 (1,14 ʩʤ), 2011 (1,21 ʩʤ), 2014 (1,04 ʩʤ),2015(1,05 ʩʤ), 2019 (1,09 ʩʤ) 

ʘʟ ץʠʤʘʪʠ ʤʠʸʥʘʠ ʙʫסʠ ʦʙ ʜʘʨ ʪʘʤʦʤʠ ʜʘʚʨʘʠ ʦʤʫʟʠʰ ʟʠʸʜ ʙʘ ץʘʡʜ ʛʠʨʠʬʪʘ ʰʫʜʘʘʩʪ. 
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ʈʘʩʤʠ 5.ʊʘסʡʠʨʸʙʠʠ ץʠʤʘʪʠ ʤʠʸʥʘʠ ʤʦ״ʦʥʘʠ ʧʘʨʘʤʝʪʨʠ ɸʥʛʩʪʨʦʤ ʜʘʨ 

ʘʪʤʦʩʬʝʨʘʠ ʰ. ɼʫʰʘʥʙʝ ʜʘʨ ʩʦʣ״ʦʠ 2010-2023. 

Figure 5. Changes in the average monthly value of the Angstrom parameter in the 

atmosphere of Dushanbe in 2010-2023. 

ʏʠ ʪʘʚʨʝ ʘʟ ʨʘʩʤʠ 5 ʤʫʰʦ״ʠʜʘ ʤʝʰʘʚʘʜ, ץʠʤʘʪʠ ʤʠʸʥʘʠ ʤʦ״ʦʥʘʠ ʧʘʨʘʤʝʪʨʠ 

ɸʥʛʩʪʨʦʤ 0,87 ʙʘ ʥʘʟʘʨ ʤʝʨʘʩʘʜ. ɼʘʨ ʤʦ״״ʦʠ ʷʥʚʘʨ (1,31), ʬʝʚʨʘʣ (1,34), ʥʦʷʙʨ (1,25) ʚʘ 

ʜʝʢʘʙʨ (1,28) ʥʠʩʙʘʪ ʙʘ ץʠʤʘʪʠ ʤʠʸʥʘ ʟʠʸʜʪʘʨ ʤʝʙʦʰʘʜ. ʄʦ״״ʦʠ ʠʶʥ (0,55), ʠʶʣ (0,53) ʚʘ 

ʘʚʛʫʩʪ (0,48) ʥʠʩʙʘʪ ʙʘ ץʠʤʘʪʠ ʤʠʸʥʘ ʢʘʤʪʘʨ ʤʫʰʦ״ʠʜʘ ʤʝʰʘʚʘʜ. ʀʥ ʪʘʤʦʶʣʠ ʪʘʲסʠʨʸʙʠʠ 

 ʠ ʤʘʨʪ ʪʦ״ʘʤʘʩʦʣʘ ʘʟ ʤʦ״ ʦʥʘʠ ʧʘʨʘʤʝʪʨʠ ɸʥʛʩʪʨʦʤ ʠʩʙʦʪʠ ʦʥ ʘʩʪ, ʢʠ״ʠʤʘʪʠ ʤʠʸʥʘʠ ʤʦץ

ʦʭʠʨʠ ʦʢʪʷʙʨ ʙʘ ʬʘʟʦʠ ʰ.ɼʫʰʘʥʙʝ ʚʦʨʠʜʰʘʚʠʠ ʯʘʥʛʫ סʫʙʦʨ ʘʟ ñʪʘʩʤʘʠ ʯʘʥʛʫ סʫʙʦʨʠ 

ʛʣʦʙʘʣ ò ʙʘ ץʘʡʜ ʛʠʨʠʬʪʘ ʤʝʰʘʚʘʜ ʢʠ ʜʦʨʦʠ ʟʘʨʨʘ״ʦʠ ʢʘʣʦʥʘʥʜʦʟʘʘʥʜ. 

 
ʈʘʩʤʠ 6 .ʊʘסʡʠʨʸʙʠʠ ץʠʤʘʪʠ ʤʠʸʥʘʠ ʤʘʚʩʠʤʠʠ ʧʘʨʘʤʝʪʨʠ ɸʥʛʩʪʨʦʤ ʜʘʨ 

ʘʪʤʦʩʬʝʨʘʠ ʰ. ɼʫʰʘʥʙʝ ʜʘʨ ʩʦʣ״ʦʠ 2010-2023. 

Figure 6. Changes in the average seasonal value of the Angstrom parameter in the 

atmosphere of Dushanbe in 2010-2023. 

 ʦʠ 2010-2023 ʯʫʥʠʥ״ʦ ʜʘʨ ʩʦʣ״ʠʤʘʪʠ ʤʠʸʥʘʠ ʧʘʨʘʤʝʪʨʠ ɸʥʛʩʪʨʦʤ ʙʘʡʥʠ ʬʘʩʣפ

ʤʝʙʦʰʘʜ: ʟʠʤʠʩʪʦʥ 1,27, ʙʘ״ʦʨ 0,80, ʪʦʙʠʩʪʦʥ 0,52 ʚʘ ʪʠʨʘʤʦ0,85 ״ ʘʩʪ.  

ɸʟ ʨʘʩʤ ʤʫʰʦ״ʠʜʘ ʤʝʰʘʚʘʜ, ʢʠ ʧʘʨʘʤʝʪʨʠ ɸʥʛʩʪʨʦʤ ʜʘʨ ʤʘʚʩʠʤ״ʦʠ ʛʘʨʤ ʭʫʩʫʩʘʥ 

ʪʦʙʠʩʪʦʥ ʘʟ ״ʘʤʘ ʢʘʤʪʘʨʠʥ ʚʘ ʜʘʨ ʤʘʚʩʠʤʠ ʭʫʥʫʢ ʘʟ ״ʘʤʘ ʟʠʸʜʪʘʨʠʥ ʘʩʪ. ʉʘʙʘʙʠ ʢʘʤʰʘʚʠʠ 

 ʫʙʦʨס ʦʠ ʛʘʨʤ ʙʘ ʚʦʨʠʜʰʘʚʠʠ ʯʘʥʛʫ״ʠʤʘʪʠ ʤʠʸʥʘʠ ʧʘʨʘʤʝʪʨʠ ɸʥʛʩʪʨʦʤ ʜʘʨ ʬʘʩʣץ

ʘʣʦץʘʤʘʥʜ ʙʫʜʘ ʟʠʸʜʰʘʚʠʠ ʠ ץʠʤʘʪ ʜʘʨ ʟʠʤʠʩʪʦʥ ʘʟ ʧʘʨʪʦʚ״ʦʠ ʟʠʸʜ ʜʘʨ ʥʘʪʠֹוʘʠ ʩʫʭʪʘʥʠ 

ʘʥʛʠʰʪ ʜʘʨ ʤʫʘʩʩʠʩʘ״ʦʠ ʩʘʥʦʘʪ , ʤʘʨʢʘʟ״ʦʠ ʛʘʨʤʠʜʠ״ʠʠ ʰʘ״ʨʠ ʚʘ ʥʘץʣʠʸʪ ʚʦʙʘʩʪʘ ʘʩʪ. 
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ʈʘʩʤʠ 7. ʊʘʤʦʶʣʠ ʤʠʸʥʘʠ סʘʬʩʠʠ ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣ, ʙʫסʠ ʦʙ ʚʘ ʧʘʨʘʤʝʪʨʠ 

ɸʥʛʩʪʨʦʤ ʜʘʨ ʩʦʣ״ʦʠ 2010-2023 

Figure 7. Average trend of aerosol optical thickness, water vapor, and Angstrom 

parameter in 2010-2023 

 ,ʦʠ 2010 (0,32)״ʘʬʩʠʠ ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣ 0,29 ʤʝʙʦʰʘʜ. ʉʦʣס ʠʤʘʪʠ ʤʠʸʥʘʠפ

2011(0,31) ʚʘ 2023(0,44) ʟʠʸʜʰʘʚʠʠ סʘʬʩʠʠ ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣʨʦ ʤʫʰʦ״ʠʜʘ ʥʘʤʫʜʘʥ ʤʫʤʢʠʥ 

ʘʩʪ. ɼʘʨ ʩʦʣ״ʦʠ 2010 (0,03), 2011(0,02), ʚʘ 2023 (0,15) ʬʘʨץʠʷʪʠ ʟʠʸʜʰʘʚʠʠ סʘʬʩʠʠ ʦʧʪʠʢʠʠ 

ʘʵʨʦʟʦʣʨʦ ʤʫʰʦ״ʠʜʘ ʥʘʤʫʜʘʥ ʤʫʤʢʠʥ ʘʩʪ. ʉʦʣ״ʦʠ 2013 (0,24), 2015 (0,23) ʚʘ 2022  (0,27) 

ʢʘʤʰʘʚʠʠ סʘʬʩʠʠ ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣʨʦ ʤʫʰʦ״ʠʜʘ ʢʘʨʜʘʥ ʤʫʤʢʠʥ ʘʩʪ. ɼʘʨ ʩʦʣ״ʦʠ 2013 (-

0,05), 2015 (-0,06) ʚʘ 2022(-0,02) ʬʘʨץʠʷʪʠ ʢʘʤʰʘʚʠʠ סʘʬʩʠʠ ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣʨʦ ʤʫʰʦ״ʠʜʘ 

ʢʘʨʜʘʥ ʤʫʤʢʠʥ ʘʩʪ. 

 ʦʠ 2012 (0,90), 2018 (1,02) ʚʘ 2019״ʠʤʘʪʠ ʤʠʸʥʘʠ ʧʘʨʘʤʝʪʨʠ ɸʥʛʩʪʨʦʤ 0,78 ʘʩʪ. ʉʦʣפ

(0,95) ʟʠʸʜʰʘʚʠʠ ʧʘʨʘʤʝʪʨʠ ɸʥʛʩʪʨʦʤʨʦ ʤʫʰʦ״ʠʜʘ ʢʘʨʜʘʥ ʤʫʤʢʠʥ ʘʩʪ. ɼʘʨ ʩʦʣ״ʦʠ 2012 

(0,12), 2018 (0,24) ʚʘ 2019 (0,17) ʬʘʨץʠʷʪʠ ʟʠʸʜʰʘʚʠʠ ʧʘʨʘʤʝʪʨʠ ɸʥʛʩʪʨʦʤʨʦ ʤʫʰʦ״ʠʜʘ 

ʢʘʨʜʘʥ ʤʫʤʢʠʥ ʘʩʪ. ʉʦʣ״ʦʠ 2010 (0,69), 2017 (0,65) ʚʘ 2023 (0,59) ʢʘʤʰʘʚʠʠ ʧʘʨʘʤʝʪʨʠ 

ɸʥʛʩʪʨʦʤʨʦ ʤʫʰʦ״ʠʜʘ ʢʘʨʜʘʥ ʤʫʤʢʠʥ ʘʩʪ.  ɼʘʨ ʩʦʣ״ʦʠ 2010 (-0,09), 2017             (-0,13) ʚʘ 

2023 (-0,19) ʬʘʨץʠʷʪʠ ʢʘʤʰʘʚʠʠ ʧʘʨʘʤʝʪʨʠ ɸʥʛʩʪʨʦʤʨʦ ʤʫʰʦ״ʠʜʘ ʢʘʨʜʘʥ ʤʫʤʢʠʥ ʘʩʪ.   

 ʦʠ 2012 (1,37 ʩʤ), 2017 (1,30 ʩʤ) ʚʘ״ʠ ʦʙ 1,20 ʩʤ ʤʝʙʦʰʘʜ. ʉʦʣסʠʤʘʪʠ ʤʠʸʥʘʠ ʙʫפ

2023 (1,35 ʩʤ) ʟʠʸʜʰʘʚʠʠ ʙʫסʠ ʦʙʨʦ ʤʫʰʦ״ʠʜʘ ʢʘʨʜʘʥ ʤʫʤʢʠʥ ʘʩʪ.       

 ɼʘʨ ʩʦʣ״ʦʠ 2012 (0,17 ʩʤ),2017 (0,1ʩʤ) ʚʘ 2023 (0,15ʩʤ) ʬʘʨץʠʷʪʠ  ʟʠʸʜʰʘʚʠʠ ʙʫסʠ 

ʦʙʨʦ ʤʫʰʦ״ʠʜʘ ʢʘʨʜʘʥ ʤʫʤʢʠʥ ʘʩʪ. ʉʦʣ״ʦʠ 2014 (1,10 ʩʤ), 2018 (0,82 ʩʤ) ʚʘ 2022 (1,18 ʩʤ) 

ʢʘʤʰʘʚʠʠ ʙʫסʠ ʦʙʨʦ ʤʫʰʦ״ʠʜʘ ʢʘʨʜʘʥ ʤʫʤʢʠʥ ʘʩʪ. ɼʘʨ ʩʦʣ״ʦʠ 2014 (-0,1ʩʤ),2018 (-0,38 ʩʤ) 

ʚʘ 2022 (-0,02 ʩʤ) ʬʘʨץʠʷʪʠ ʢʘʤʰʘʚʠʠ ʙʫסʠ ʦʙʨʦ ʤʫʰʦ״ʠʜʘ ʢʘʨʜʘʥ ʤʫʤʢʠʥ ʘʩʪ.    

 ʦʠ 2010 (0,32), 2011(0,31) ʚʘ״ʦ ʯʫʥʠʥ ʙʘʨʤʝʦʷʜ, ʢʠ ʩʦʣ״ʣʠʣ״ʘʟ ʪʘ ץʘʤʠʥ ʪʘʨʠ׳

2023(0,44) ʟʠʸʜʰʘʚʠʠ סʘʬʩʠʠ ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣʨʦ ʤʫʰʦ״ʠʜʘ ʥʘʤʫʜʘʥ ʤʫʤʢʠʥ ʘʩʪ. ʀʥ ʯʫʥʠʥ 

ʤʘʲʥʦ ʜʦʨʘʜ, ʠʬʣʦʩʰʘʚʠʠ ״ʘʚʦ ʜʘʨ ʰʘ״ʨʠ ɼʫʰʘʥʙʝ ʜʘʨ ״ʘʤʠʥ ʩʦʣ״ʦ ʟʠʸʜʪʘʨ ʤʝʙʦʰʘʜ. 

ʉʦʣ״ʦʠ 2012 (0,90), 2018 (1,02) ʚʘ 2019 (0,95) ʟʠʸʜʰʘʚʠʠ ʧʘʨʘʤʝʪʨʠ ɸʥʛʩʪʨʦʤʨʦ ʤʫʰʦ״ʠʜʘ 

ʢʘʨʜʘʥ ʤʫʤʢʠʥ ʘʩʪ. ʉʦʣ״ʦʠ 2012 (1,37 ʩʤ), 2017 (1,30 ʩʤ) ʚʘ 2023 (1,35 ʩʤ) ʟʠʸʜʰʘʚʠʠ ʙʫסʠ 

ʦʙʨʦ ʤʫʰʦ״ʠʜʘ ʢʘʨʜʘʥ ʤʫʤʢʠʥ ʘʩʪ. ʀʥ ʘʟ ״ʠʩʦʙʠ ʟʠʸʜ ʙʫʜʘʥʠ ʙʫסʠ ʦʙ ʙʦʨʠʰʦʪ ʟʠʸʜʪʘʨ ʙʘ 

ʥʘʟʘʨ ʤʝʨʘʩʘʜ. 

ʅʘʪʠֹוʘ״ʦʠ ʯʝʥʢʫʥ  ʙʘʨʦʠ ʙʘʨץʘʨʦʨ ʢʘʨʜʘʥʠ ʭʫʩʫʩʠʷʪ״ʦʠ ʦʧʪʠʢʠʶ ʤʠʢʨʦʬʠʟʠʢʠʠ 

ʘʵʨʦʟʦʣ, ʢʠ ʜʘʨ ʪʘʤʦʤʠ סʘʬʩʠʠ ʘʪʤʦʩʬʝʨʘ ʙʘ ״ʠʩʦʙʠ ʤʠʸʥʘ ʛʠʨʠʬʪʘ ʰʫʜʘʘʥʜ, ʠʩʪʠʬʦʜʘ 
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ʤʝʰʘʚʘʥʜ: סʘʬʩʠʠ ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣ  ʜʦʨʠ ʠʥʪʝʛʨʘʣʠʠץʧʘʨʘʤʝʪʨʠ ɸʥʛʩʪʨʦʤ; ʤʠ ;(ʆɸנ) 

ʙʫסʠ ʦʙ ʜʘʨ ʩʫʪʫʥʠ ʘʤʫʜʠʠ ʘʪʤʦʩʬʝʨʘ; ʚʘʟʠʬʘ״ʦʠ ʪʘץʩʠʤʦʪʠ ʟʘʨʨʘ״ʦʠ ʘʵʨʦʟʦʣ  ʘʟ ʨ ʠ 

ʘʥʜʦʟʘ; ʥʠʰʦʥʜʠ״ʘʥʜʘʠ ʢʦʤʧʣʝʢʩʠʠ ʰʠʢʘʩʪʠ ʨʫʰʥʦ  ʘʟ ʤʦʜʜʘ״ʦʠ ʟʘʨʨʘ״ʦʠ ʘʵʨʦʟʦʣ  ʚʘ  

ʧʘʨʦʢʘʥʜʘʰʘʚʠʠ ʷʢʢʘʨʘʪʘ ʤʝʙʦʰʘʜ. ʂʘʤʰʘʚʠʠ ʤʫʰʦ״ʠʜʘʰʫʜʘʠ נʆɸ ʙʦ ʟʠʸʜ ʰʫʜʘʥʠ 

ʜʘʨʦʟʠʠ ʤʘʚֹו ʥʠʰʦʥ ʤʝʜʠ״ʘʜ: ʘʵʨʦʟʦʣ ʜʘʨ ʤʠʥʪʘץʘʠ ʠʥʬʨʘʩʫʨʭ ʥʠʩʙʘʪ ʙʘ ʤʠʥʪʘץʘʠ ʥʘʤʦʸʥ 

ʰʘʬʬʦʬʪʘʨ ʘʩʪ. ɸʪʤʦʩʬʝʨʘʠ ɼʫʰʘʥʙʝ ʜʘʨ ʪʦʙʠʩʪʦʥ ʚʘ ʪʠʨʘʤʦ״ ʙʝʰʪʘʨ ʠʬʣʦʩ ʰʫʜʘʘʩʪ, ʢʠ 

ʠʥ ʙʦ ʚʦʨʠʜʰʘʚʠʠ ʯʘʥʛʫ סʫʙʦʨ ʜʘʨ ʤʠʥʪʘץʘ ʜʘʨ ʠʥ ʜʘʚʨʘ ʘʣʦץʘʤʘʥʜ ʘʩʪ. ʄʫʰʦ״ʠʜʘ ʰʫʜʘʘʩʪ, 

ʢʠ ʩʘʪ״ʠ ʠʬʣʦʩʰʘʚʠʠ ʘʪʤʦʩʬʝʨʘ ʩʦʣ ʘʟ ʩʦʣ ʟʠʸʜ ʰʫʜʘ ʠʩʪʦʜʘʘʩʪ.  

ɸʵʨʦʟʦʣ ʜʘʨ ʪʘʰʘʢʢʫʣ ʚʘ ʪʘʡסʠʨʸʙʠʠ ʠץʣʠʤ ״ʘʤ ʜʘʨ ʤʠץʸʩʠ ʤʠʥʪʘץʘʚ  ʚʘ ״ʘʤ ʜʘʨ 

ʤʠץʸʩʠ ֹוʘ״ʦʥ  ʥʘץʰʠ ʤʫ״ʠʤ ʤʝʙʦʟʘʜ. ɼʘʨ ʘʪʤʦʩʬʝʨʘʠ ʤʠʥʪʘץʘʠ ʭʫʰʢ, ʘʵʨʦʟʦʣ ʘʢʩʘʨʠ ʚʘץʪ 

ʘʟ ʪ ʬʦʥʠ ʯʘʥʛʫ ʭʦʢ ʙʘ ʚʫֹוʫʜ ʤʝʦʷʜ ʚʘ ʘʩʦʩʘʥ ʘʟ ʟʘʨʨʘ״ʦʠ ʭʦʢʠ ʤʠʥʝʨʘʣ  ʠʙʦʨʘʪ ʘʩʪ. 

ʄʫėʘʨʨʠʟ: ɼʦʢʪʦʨʠ ʠʣʤĕʦʠ ʭʠʤʠʷ, ʧʨʦʬʝʩʩʦʨ  

ʅʦʨʤʘʪʦʚ ʀ.ʐ. 
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ʊɸנʁʀʈɪɹʀʀ ʇɸʈɸʄɽʊʈ׳ʆʀ ɸʊʄʆʉʌɽʈ  ɼɸʈ ʐɸ׳ʈʀ 

ɼʋʐɸʅɹɽ ɼɸʈ ʉʆʃ׳ʆʀ 2010-2023 

ɼʘʨ ʤʘץʦʣʘ ʥʘʪʠֹוʘʠ ʪʘץ״ʠץʦʪʠ ʪʘסʡʠʨʸʙʠʠ ʧʘʨʘʤʝʪʨ״ʦʠ ʘʪʤʦʩʬʝʨʘ (סʘʬʩʠʠ ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣ, ʙʫסʠ ʦʙ 

ʚʘ ʧʘʨʘʤʝʪʨʠ ɸʥʛʩʪʨʦʤ) ʜʘʨ ʰʘ״ʨʠ ɼʫʰʘʥʙʝ ʜʘʨ ʜʘʚʨʘʠ ʩʦʣ״ʦʠ 2010-2023 ʧʝʰʥʠ״ʦʜ ʛʘʨʜʠʜʘʘʩʪ. ɼʘʨ ʠʥ ʜʘʚʨʘ 

ʜʘʨ ״ʘʨ ʩʦʣʠ ʟʠʢʨʰʫʜʘ ʪʘסʡʠʨʦʪʠ ʥʘʟʘʨʨʘʩ ʤʫʰʦ״ʠʜʘ ʤʝʰʘʚʘʜ. פʠʤʘʪʠ ʤʠʸʥʘʠ סʘʬʩʠʠ ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣ ʜʘʨ 

ʠʥ ʜʘʚʨʘ 0,29 ʙʫʜʘʘʩʪ. ʉʦʣ״ʦʠ 2010 (0,32), 2011(0,31) ʚʘ 2023(0,44) ʟʠʸʜʰʘʚʠʠ סʘʬʩʠʠ ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣ 

ʤʫʰʦ״ʠʜʘ ʰʫʜʘʘʩʪ ʢʠ ʠʥ ʘʟ ʠʬʣʦʩʰʘʚʠʠ ʬʘʟʦʠ ʰ.ɼʫʰʘʥʙʝ ʰʘ״ʦʜʘʪ ʤʝʜʠ״ʘʜ. ʉʦʣ״ʦʠ 2013 (0,24), 2015 (0,23) 

ʚʘ 2022 (0,27) ʢʘʤʰʘʚʠʠ סʘʬʩʠʠ ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣ ʙʘ ץʘʡʜ ʛʠʨʠʬʪʘ ʰʫʜʘʘʩʪ, ʢʠ ʠʥ ʘʟ ʥʠʩʙʘʪʘʥ ʪʦʟʘ ʙʫʜʘʥʠ 

ʘʪʤʦʩʬʝʨʘʠ ʰ. ɼʫʰʘʥʙʝ ʜʘʨʘʢ ʤʝʜʠ״ʘʜ. פʠʤʘʪʠ ʤʠʸʥʘʠ ʧʘʨʘʤʝʪʨʠ ɸʥʛʩʪʨʦʤ ʜʘʨ ʪʘʤʦʤʠ ʜʘʚʨʘʠ ʦʤĘʟʠʰ 0,78 
ʘʩʪ. ʉʦʣ״ʦʠ 2012 (0,90), 2018 (1,02) ʚʘ 2019 (0,95) ʟʠʸʜʰʘʚʠʠ ʧʘʨʘʤʝʪʨʠ ɸʥʛʩʪʨʦʤʨʦ ʤʫʰʦ״ʠʜʘ ʢʘʨʜʘʥ ʤʫʤʢʠʥ 

ʘʩʪ. ʉʦʣ״ʦʠ 2010 (0,69), 2017(0,65) ʚʘ 2023 (0,59) ʢʘʤʰʘʚʠʠ ʧʘʨʘʤʝʪʨʠ ɸʥʛʩʪʨʦʤ ʤʫʰʦ״ʠʜʘ ʤʝʰʘʚʘʜ. 

ʂʘʤʰʘʚʠʠ ʧʘʨʘʤʝʪʨʠ ɸʥʛʩʪʨʦʤ ʙʘ ʟʘʨʨʘ״ʦʠ ʢʘʣʦʥʘʥʜʦʟʘ ʚʘ ʟʠʸʜʰʘʚʠʠ ʦʥ ʙʘ ʘʬʟʫʜʘʥʠ ʟʘʨʨʘ״ʦʠ ʭʫʨʜʘʥʜʦʟʘ 

ʜʘʨ ʘʪʤʦʩʬʝʨʘ ʚʦʙʘʩʪʘ ʘʩʪ. ɼʘʨ ʜʘʚʨʘʠ ʦʤĘʟʠʰ ץʠʤʘʪʠ ʤʠʸʥʘʠ ʙʫסʠ ʦʙ ʜʘʨ ʘʪʤʦʩʬʝʨʘ 1,20 ʩʤ ʤʝʙʦʰʘʜ. 
ʉʦʣ״ʦʠ 2012 (1,37 ʩʤ), 2017 (1,30 ʩʤ) ʚʘ 2023 (1,35 ʩʤ) ʟʠʸʜʰʘʚʠʠ ʙʫסʠ ʦʙʨʦ ʤʫʰʦ״ʠʜʘ ʢʘʨʜʘʥ ʤʫʤʢʠʥ ʘʩʪ. 

ʉʦʣ״ʦʠ 2014 (1,10 ʩʤ), 2018 (0,82 ʩʤ) ʚʘ 2022 (1,18 ʩʤ) ʢʘʤʰʘʚʠʠ ʙʫסʠ ʦʙ ʜʘʨ ʬʘʟʦʠ ʰ.ɼʫʰʘʥʙʝ ʙʘ ʥʘʟʘʨ 

ʤʝʨʘʩʘʜ.    

ʂʘʣʠʜʚʦʞʘĕʦ: ʘʪʤʦʩʬʝʨʘʠ ʰ.ɼʫʰʘʥʙʝ, סʘʬʩʠʠ ʦʧʪʠʢʠʠ ʘʵʨʦʟʦʣ, ʙʫסʠ ʦʙ, ʧʘʨʘʤʝʪʨʠ ɸʥʛʩʪʨʦʤ, 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʢ, ʟʘʨʨʘ״ʦ, ʠץʣʠʤ, ʪʘץ״ʠץʦʪ, ʟʠʤʠʩʪʦʥ, ʙʘ״ʦʨ, ʪʦʙʠʩʪʦʥ, ʪʠʨʘʤʦ״. 

 

ʀɿʄɽʅɽʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ɸʊʄʆʉʌɽʈʓ ɺ ɻʆʈʆɼɽ ɼʋʐɸʅɹɽ ɺ 2010-2023 ɻɻ. 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʘʪʤʦʩʬʝʨʳ (ʦʧʪʠʯʝʩʢʦʡ 

ʪʦʣʱʠʥʳ ʘʵʨʦʟʦʣʷ, ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʠ ʧʘʨʘʤʝʪʨʘ ɸʥʛʩʪʨʝʤʘ) ʚ ʛʦʨʦʜʝ ɼʫʰʘʥʙʝ ʟʘ ʧʝʨʠʦʜ 2010-2023 ʛʛ. ɺ ʵʪʦʪ 

ʧʝʨʠʦʜ ʚ ʢʘʞʜʦʤ ʠʟ ʫʢʘʟʘʥʥʳʭ ʣʝʪ ʥʘʙʣʶʜʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ 

ʪʦʣʱʠʥʳ ʘʵʨʦʟʦʣʷ ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ ʩʦʩʪʘʚʠʣʦ 0,29. ʋʚʝʣʠʯʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ ʘʵʨʦʟʦʣʷ ʥʘʙʣʶʜʘʣʦʩʴ ʚ 

2010 (0,32), 2011 (0,31) ʠ 2023 ʛʦʜʘʭ (0,44), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʘʛʨʷʟʥʝʥʠʠ ʚʦʟʜʫʭʘ ʚ ʛ. ɼʫʰʘʥʙʝ. 

ʋʤʝʥʴʰʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ ʘʵʨʦʟʦʣʷ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ 2013 (0,24), 2015 (0,23) ʠ 2022 ʛʦʜʘʭ (0,27), 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʠʩʪʦʡ ʘʪʤʦʩʬʝʨʝ ʚ ʛ. ɼʫʰʘʥʙʝ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ɸʥʛʩʪʨʝʤʘ 

ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 0,78. ʋʚʝʣʠʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ɸʥʛʩʪʨʝʤʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 2012 (0,90), 

2018 (1,02) ʠ 2019 ʛʦʜʘʭ (0,95). ʋʤʝʥʴʰʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ɸʥʛʩʪʨʝʤʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 2010 (0,69), 2017 (0,65) ʠ 

2023 ʛʦʜʘʭ (0,59). ʋʤʝʥʴʰʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ɸʥʛʩʪʨʦʤʘ ʦʙʫʩʣʦʚʣʝʥʦ ʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʘ ʝʛʦ 

ʫʚʝʣʠʯʝʥʠʝ ð ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʚ ʘʪʤʦʩʬʝʨʝ. ɺ ʠʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʚ ʘʪʤʦʩʬʝʨʝ ʩʦʩʪʘʚʣʷʝʪ 1,20 ʩʤ. ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ 

ʦʙʥʘʨʫʞʝʥʦ ʚ 2012 ʛʦʜʫ (1,37 ʩʤ), 2017 ʛʦʜʫ (1,30 ʩʤ) ʠ 2023 ʛʦʜʫ (1,35 ʩʤ). ʋʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʷʥʦʛʦ 

ʧʘʨʘ ʚ ʘʪʤʦʩʬʝʨʝ ɼʫʰʘʥʙʝ ʥʘʙʣʶʜʘʣʦʩʴ ʚ 2014 ʛʦʜʫ (1,10 ʩʤ), 2018 ʛʦʜʫ (0,82 ʩʤ) ʠ 2022 ʛʦʜʫ (1,18 ʩʤ). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʪʤʦʩʬʝʨʘ ɼʫʰʘʥʙʝ, ʦʧʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ ʘʵʨʦʟʦʣʷ, ʚʦʜʷʥʦʡ ʧʘʨ, ʧʘʨʘʤʝʪʨ 

ɸʥʛʩʪʨʝʤʘ, ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ, ʯʘʩʪʠʮʳ, ʢʣʠʤʘʪ, ʠʩʩʣʝʜʦʚʘʥʠʷ, ʟʠʤʘ, ʚʝʩʥʘ, ʣʝʪʦ, ʦʩʝʥʴ. 

         

CHANGE OF ATMOSPHERIC PARAMETERS IN DUSHANBE CITY IN 2010 -2023. 

The article presents the results of the study of changes in atmospheric parameters (aerosol optical thickness, 

water vapor and Angstrom parameter) in the city of Dushanbe for the period 2010-2023. During this period in each 

of the years mentioned significant changes are observed. The average value of the optical thicknessof aerosol for this 

period was 0.29. An increase in aerosol optical thickness was observed in 2010 (0.32), 2011 (0.31) and 2023 (0.44), 

which indicates the about air pollution in Dushanbe city. Decrease in aerosol optical thickness was  recorded in 2013 

(0.24), 2015 (0.23) and 2022 (0.27), which indicates a relatively clean atmosphere in Dushanbe city. Average value 

of Angstrom parameter for the whole period of the study is 0.78. Increase in Angstrom parameter is observed in 2012 

(0.90), 2018 (1.02) and 2019 (0.95). A decrease in Angstrom's parameter is observed in 2010 (0.69), 2017 (0.65) and 

2023 years (0.59). The decrease in the Angstrom parameter is due to larger particles, and its increase is due to an 

increase in the number of small particles in the atmosphere. During the study period, the average value of the water 

vapor content in the atmosphere is 1.20 cm. The increase in water vapor content is found in 2012 (1.37 cm), 2017 

(1.30 cm) and 2023 (1.35 cm). Decrease in the content of water vapor in the atmosphere of Dushanbe was observed 

in 2014 (1.10 cm), 2018 (0.82 cm) and 2022 (1.18 cm). 

Keywords: Dushanbe atmosphere, aerosol optical thickness, water vapour, Angstrom parameter, 

spectrophotometry, particles, climate, research, winter, spring, summer, autumn. 
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ɺɸʈʀɸʎʀʀ ʊɽʄʇɽʈɸʊʋʈʓ ɺʆɿɼʋʍɸ ʅɸɼ ɸʊʄʆʉʌɽʈʆʁ ʃɽɼʅʀʂɸ 

ʄɽɻɼʆʈ (ʈʋʉʉʂʆɻʆ ɻɽʆɻʈɸʌʀʏɽʉʂʆɻʆ ʆɹʑɽʉʊɺɸ) ɺ ʇɽʈʀʆɼ  

1982-2021ɻɻ. 

ʐʝʨʘʣʠʟʦʜʘ ʅ.ʐ., ɸʙʜʫʣʣʦʝʚʘ ʄ.ʂ., ɸʙʜʫʣʣʦʟʦʜʘ ʉ.ʌ. 

ʎʝʥʪʨ ʠʟʫʯʝʥʠʷ ʣʝʜʥʠʢʦʚ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʊʘʜʞʠʢʠʩʪʘʥʘ 

ʃʝʜʥʠʢʠ ʇʘʤʠʨʘ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʃʝʜʥʠʢ ʄʝʛʜʦʨ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʭ ʚ ʨʝʛʠʦʥʝ ʠ 

ʩʣʫʞʠʪ ʠʥʜʠʢʘʪʦʨʦʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ 

ʚʳʷʚʣʝʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʪʝʥʜʝʥʮʠʡ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʦʩʪʦʷʥʠʝ ʣʝʜʥʠʢʘ, ʘ ʪʘʢʞʝ 

ʘʥʘʣʠʟ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʯʠʥ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʵʪʠ ʠʟʤʝʥʝʥʠʷ. 

ʈʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ [1-3] ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʩʦʢʨʘʱʝʥʠʠ ʣʝʜʥʠʢʦʚ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦ ʜʘʥʥʳʤ [4], ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʩʨʝʜʥʸʥʥʦʝ ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʣʝʜʥʠʢʦʚ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʥʘ 0,5ï1,2 ʤ ʚ ʛʦʜ ʚ ʵʢʚʠʚʘʣʝʥʪʝ 

ʚʦʜʥʦʛʦ ʩʣʦʷ. ʃʝʜʥʠʢ ʄʝʛʜʦʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʭʦʞʫʶ ʜʠʥʘʤʠʢʫ [5], ʧʨʠ ʵʪʦʤ ʪʘʷʥʠʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʘʣʴʙʝʜʦ ʠ ʨʦʩʪʦʤ ʧʦʛʣʦʱʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ [6-8], ʣʝʜʥʠʢʠ ʇʘʤʠʨʘ ʠ ʊʷʥʴ-ʐʘʥʷ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʨʘʞʝʥʥʫʶ ʪʝʥʜʝʥʮʠʶ ʢ ʩʦʢʨʘʱʝʥʠʶ ʧʣʦʱʘʜʠ ʠ ʤʘʩʩʳ. ʃʝʜʥʠʢ 

ʄʝʛʜʦʨ, ʢʘʢ ʦʜʠʥ ʠʟ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ, ʪʘʢʞʝ ʧʦʜʚʝʨʞʝʥ ʵʪʠʤ ʧʨʦʮʝʩʩʘʤ. 

ʈʘʙʦʪʘ [9] ʧʦʜʯʸʨʢʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʨʘʡʦʥʝ ʣʝʜʥʠʢʘ ʥʘ 1,2ï1,5ÁC 

ʟʘ ʧʦʩʣʝʜʥʠʝ 40 ʣʝʪ, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʪʦʣʱʠʥʳ ʣʝʜʥʠʢʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ [10-12] ʫʢʘʟʳʚʘʶʪ ʥʘ ʫʩʠʣʝʥʠʝ ʩʝʟʦʥʥʦʡ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ, ʠʟʤʝʥʝʥʠʝ ʨʝʞʠʤʘ ʪʘʷʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝ ʩʨʦʢʦʚ 

ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ. ʃʦʢʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [13] ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʫʨʦʚʝʥʴ ʜʝʛʨʘʜʘʮʠʠ 

ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ ʚʳʰʝ ʚ ʥʠʟʢʦʛʦʨʥʦʡ ʟʦʥʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 

ʢ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʘʥʦʤʘʣʠʷʤ. 

ʃʝʜʥʠʢ ʄʝʛʜʦʨ (ʈʫʩʩʢʦʛʦ ɻʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʆʙʱʝʩʪʚʘ), ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ 

ʎʝʥʪʨʘʣʴʥʦʤ ʇʘʤʠʨʝ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ, ʚ ʚʝʨʭʦʚʴʷʭ ʨʝʢʠ ɺʘʥʯ, ʥʘ ʩʪʳʢʝ ʭʨʝʙʪʘ ɸʢʘʜʝʤʠʠ 

ʅʘʫʢ ʠ ɼʘʨʚʘʟʩʢʦʛʦ ʭʨʝʙʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʣʝʜʥʠʢʦʚ ʨʝʛʠʦʥʘ ʠ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʦʙʲʝʢʪʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. 

 ʆʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʣʝʜʥʠʢʦʚ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʩ ʧʣʦʱʘʜʴʶ ʦʢʦʣʦ 64,4 

ʢʤ2. ʃʝʜʥʠʢ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʣʠʷʥʠʷ ʜʚʫʭ ʧʦʪʦʢʦʚ ʥʘ ʩʢʣʦʥʘʭ ʧʠʢʘ ɻʘʨʤʦ, ʥʘ 

ʚʳʩʦʪʘʭ ʦʪ 5000 ʜʦ 6590 ʤ. ʌʠʨʥʦʚʘʷ ʣʠʥʠʷ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʳʩʦʪʝ 4200 ʤ, ʘ ʷʟʳʢ ʣʝʜʥʠʢʘ 

ʩʧʫʩʢʘʝʪʩʷ ʜʦ 2580 ʤ. (ʨʠʩ.1).  

 

 

ʈʠʩʫʥʦʢ 1. ʃʝʜʥʠʢ ʄɽɻɼʆʈ 

Figure 1. MEGDOR glacier 
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ʃʝʜʥʠʢ ʄʝʛʜʦʨ ʙʳʣ ʦʪʢʨʳʪ ʚ 1882 ʛʦʜʫ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʇ.ɽ. ʂʦʩʪʝʥʢʦʚʳʤ ʠ 

ʇ.ʀ. ɹʝʩʝʜʠʥʳʤ. ɺ 1928 ʛʦʜʫ ʥʘʟʚʘʥʠʝ çɻʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘè ʙʳʣʦ ʧʨʠʩʚʦʝʥʦ 

ʀʚʘʥʦʤ ɼʦʨʦʬʝʝʚʳʤ, ʩʦʨʘʪʥʠʢʦʤ ʅʠʢʦʣʘʷ ʂʨʳʣʝʥʢʦ. ʉʦʛʣʘʩʥʦ ʧʦʩʪʦʥʦʚʣʝʥʠʝʤ 

ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʦʪ 31 ʠʶʣʷ 2023ʛ, ˉ 348 ʣʝʜʥʠʢ ʙʳʣʦ 

ʧʝʨʝʠʤʝʥʦʚʘʥʦ ʥʘ çʄʝʛʜʦʨè. ʃʝʪʦʤ 1948 ʛʦʜʘ ʣʝʜʥʠʢ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʵʢʩʧʝʜʠʮʠʝʡ 

ɻʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʈ. ɼ. ɿʘʙʠʨʦʚʘ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʣʝʜʥʠʢ ʦʪʩʪʫʧʘʝʪ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʢʣʠʤʘʪʘ ʠ ʛʣʦʙʘʣʴʥʳʤ ʧʦʪʝʧʣʝʥʠʝʤ.  

ʃʝʜʥʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥʘ, ʚʢʣʶʯʘʷ ʣʝʜʥʠʢ ʄʝʛʜʦʨ, ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʚʦʜʦʩʥʘʙʞʝʥʠʠ ʨʝʛʠʦʥʘ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʧʦʪʝʧʣʝʥʠʷ ʢʣʠʤʘʪʘ, ʙʦʣʝʝ 1000 ʣʝʜʥʠʢʦʚ ʩʪʨʘʥʳ 

ʧʦʣʥʦʩʪʴʶ ʨʘʩʪʘʷʣʠ. ɽʩʣʠ ʵʪʘ ʪʝʥʜʝʥʮʠʷ ʩʦʭʨʘʥʠʪʩʷ, ʢ 2050 ʛʦʜʫ ʤʥʦʛʠʝ ʣʝʜʥʠʢʠ 

ʧʣʦʱʘʜʴʶ ʜʦ 1 ʢʤ-2 ʤʦʛʫʪ ʠʩʯʝʟʥʫʪʴ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʧʣʦʱʘʜʠ ʧʦʜʦ ʣʴʜʦʤ ʜʦ 

20ï25% ʚ ʥʝʢʦʪʦʨʳʭ ʨʝʛʠʦʥʘʭ ʩʪʨʘʥʳ.  

ɼʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ ʠ ʝʛʦ ʠʟʤʝʥʝʥʠʡ ʚ 

ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʨʷʜʦʤ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʠ 

ʤʘʪʝʨʠʘʣʦʚ [14-18]. ɸʚʪʦʨʳ [14] ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʧʫʣʴʩʘʮʠʶ ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ, ʩʚʷʟʳʚʘʷ 

ʝʸ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʦʩʘʜʢʦʚ. ɺ [14] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʨʝʤʝʥʥʦʡ 

ʧʝʨʠʦʜ ʩ 1977 ʧʦ 2019 ʛʦʜʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʷʟʳʢ 

ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ ʟʘ ʧʝʨʠʦʜ 1977-1992 ʛʦʜʫ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ ʧʦʜʚʠʞʢʠ. ʆʪʥʦʩʠʪʝʣʴʥʦ 

1977 ʛʦʜʘ ʷʟʳʢʦʚʘʷ ʯʘʩʪʴ ʵʪʦʛʦ ʣʝʜʥʠʢʘ ʦʪʩʪʫʧʠʣʘ ʥʘ 118 ʤ ʚ 1992 ʛ, ʘ ʚ 2018 ʛ. ʥʘ 793 ʤ. 

ɺ 2019 ʛ. ʣʝʜʥʠʢ ʄʝʛʜʦʨ ʦʪʩʪʫʧʠʣ ʥʘ 9 ʤʝʪʨʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 2018 ʛʦʜʘ. ɺ 2009 ʛ., 2011 

ʛ., 2013 ʛ., 2016 ʛ., 2018 ʛ. ʠ 2019 ʛ. ʝʛʦ ʷʟʳʢ ʘʢʪʠʚʥʦ ʥʘʩʪʫʧʘʣ.  

ʀʟ-ʟʘ ʯʝʛʦ ʨʝʢʘ ʧʦʤʝʥʷʣʘ ʩʚʦʸ ʨʫʩʣʦ ʚ ʜʦʣʠʥʝ. ʇʫʣʴʩʘʮʠʷ ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ 

ʦʙʲʷʩʥʷʝʪʩʷ ʜʠʥʘʤʠʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʥʘʢʦʧʣʝʥʠʝʤ ʚʝʩʘ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠʣʠ ʪʘʷʥʠʠ ʩʥʝʞʥʠʢʦʚ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʜʘʥʥʳʤʠ, ʧʦʢʘʟʳʚʘʶʱʠʤʠ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ 

ʫʤʝʥʴʰʠʣʦʩʴ ʥʘ 14 %, ʘ ʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʧʦʚʳʩʠʣʘʩʴ ʥʘ 0,8Áʉ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʚʘʨʠʘʮʠʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʪʤʦʩʬʝʨʳ ʥʘʜ ʣʝʜʥʠʢʦʤ 

ʄʝʛʜʦʨ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʙʘʟʘ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʘ ʅɸʉɸ (POWER) 

[15].  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʘʪʤʦʩʬʝʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʦʜʝʣʠ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʝʨʝʥʦʩʘ ʠ ʨʘʩʩʝʷʥʠʷ [16-22]. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ 

ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ (ɺʄ) [19] ʧʦʟʚʦʣʷʝʪ ʧʦ ʪʦʯʢʝ ʥʘʙʣʶʜʝʥʠʷ ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʘʨʘʤʝʪʨʳ 

ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʜʣʷ ʟʘʜʘʥʥʳʭ ʧʝʨʠʦʜʦʚ ʚʨʝʤʝʥʠ ʠ ʦʮʝʥʠʪʴ ʨʘʩʧʦʣʦʞʝʥʠʝ 



101 

 

ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ, ʦʜʥʘʢʦ ʵʪʠ ʤʦʜʝʣʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʜʥʦʟʥʘʯʥʦ ʠʭ 

ʫʢʘʟʘʪʴ. ʇʦʜ ʪʨʘʝʢʪʦʨʠʝʡ ʧʦʥʠʤʘʶʪ ʥʘʙʦʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʦʣʦʞʝʥʠʡ ɺʄ ʟʘ 

ʥʝʢʦʪʦʨʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ. ʇʦʩʪʨʦʝʥʠʝ ʦʙʨʘʪʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ɺʄ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ, ʦʪʢʫʜʘ ʟʘʥʝʩʝʥʳ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ (ɿɺ) ʚ ʠʩʩʣʝʜʫʝʤʳʡ ʨʝʛʠʦʥ. ɼʣʷ 

ʵʪʦʛʦ ʪʨʘʝʢʪʦʨʠʷ ʦʪʢʣʘʜʳʚʘʝʪʩʷ ʦʪ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ ʧʨʦʪʠʚ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ (ʩʧʦʩʦʙ 

ʦʙʨʘʪʥʦʛʦ ʧʝʨʝʥʦʩʘ) [20]. ʆʙʨʘʪʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ɺʄ, ʚʳʯʠʩʣʷʝʤʘʷ ʧʦ ʤʦʜʝʣʠ HYSPLIT 

(Hybrid single-particle lagrangian Integrated trajectory - ʛʠʙʨʠʜʥʘʷ ʦʜʥʦʯʘʩʪʠʯʥʘʷ 

ʃʘʛʨʘʥʞʝʚʘ ʠʥʪʝʛʨʘʣʴʥʘʷ ʪʨʘʝʢʪʦʨʠʷ), ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʫʪʝʡ ʧʝʨʝʥʦʩʘ 

ʘʵʨʦʟʦʣʷ (ʚ ʪʦʤ ʯʠʩʣʝ, ʯʘʩʪʠʮ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ) ʢ ʤʝʩʪʘʤ ʥʘʙʣʶʜʝʥʠʡ. ʄʦʜʝʣʴ 

HYSPLIT ï ʵʪʦ ʩʠʩʪʝʤʘ ʨʘʩʯʸʪʘ ʪʨʘʝʢʪʦʨʠʡ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʝʨʝʥʦʩʘ, ʜʠʩʧʝʨʩʠʠ, ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʘʵʨʦʟʦʣʷ [22]. ʄʦʜʝʣʠ ʪʨʘʝʢʪʦʨʠʡ ʠʩʧʦʣʴʟʫʶʪ ʥʘʙʦʨ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠʟ 

ʦʙʣʘʩʪʠ ʚʣʠʷʥʠʷ, ʘ ʤʦʜʝʣʠ ʜʠʩʧʝʨʩʠʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʰʘʛʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʝʣʷʤʠ 

ʪʨʘʝʢʪʦʨʠʡ, ʚ ʢʦʪʦʨʳʭ ʫʯʠʪʳʚʘʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ʄʦʜʝʣʴ HYSPLIT, 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ɺʄ (National Oceanic and Atmospheric Administration ï 

NOAA), ʉʐɸ ʠ ʚ ɸʚʩʪʨʘʣʠʡʩʢʦʤ ʙʶʨʦ ʤʝʪʝʦʨʦʣʦʛʠʠ, ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʙʣʘʢʘ ʚʦʟʜʫʰʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ 

ʦʪ ʟʘʜʘʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠ ʦʙʲʝʜʠʥʷʝʪ ʜʚʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʦʜʭʦʜʘ ï ʣʘʛʨʘʥʞʝʚʦ ʠ ʵʡʣʝʨʦʚʦ 

(ʫʨʘʚʥʝʥʠʷ ʘʜʚʝʢʮʠʠ ʜʠʬʬʫʟʠʠ ʨʝʰʘʶʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʚ ʣʘʛʨʘʥʞʝʚʦʡ ʧʦʩʪʘʥʦʚʢʝ, ʘ 

ʨʘʩʯʝʪʳ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʨʘʤʢʘʭ ʵʡʣʝʨʦʚʘ ʧʦʜʭʦʜʘ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʝʪʢʝ). ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʙʨʘʪʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʟʘʜʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ 

ʠʩʩʣʝʜʫʝʤʦʡ ʤʝʩʪʥʦʩʪʠ. ʉ ʧʦʤʦʱʴʶ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʠ ʪʨʘʝʢʪʦʨʥʦʡ ʤʦʜʝʣʝʡ HYSPLIT 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʠʞʝʥʠʝ ɺʄ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʡʦʥʘʭ. ʄʦʜʝʣʴ HYSPLIT ʙʦʣʝʝ 40 ʣʝʪ 

ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʘʪʤʦʩʬʝʨʳ, ʤʝʪʝʦʨʦʣʦʛʠʠ ʠ ʪ.ʜ. 

ʉʨʝʜʥʝʜʥʝʚʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ ʣʝʜʥʠʢʦʤ ʄʝʛʜʦʨ ʟʘ 4 

ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʧʝʨʠʦʜ 1982-2021ʛʛ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʩʨʝʜʥʝʜʥʝʚʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʟʘ ʧʝʨʠʦʜ 1982-

2021ʛʛ. ʥʘʜ ʘʪʤʦʩʬʝʨʦʡ ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ (ʧʦʣʫʯʝʥʥʳʝ ʠʟ 17233 ʜʘʥʥʳʭ) ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 11,610ʉ (31.07.1983ʛ.), ʤʠʥʠʤʘʣʴʥʦʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ -

32,200ʉ (20.01.2008ʛ). ɿʘ 40 ʣʝʪ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʄʝʛʜʦʨ ʩʦʩʪʘʚʠʣʦ -

6,720ʉ. 

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʦʙʨʘʪʥʫʶ ʪʨʘʝʢʪʦʨʠʶ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

11,610ʉ (31.07.1983ʛ.) ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ -32,200ʉ (20.01.2008ʛ) ʥʘʜ 

ʣʝʜʥʠʢʦʤ ʄʝʛʜʦʨ ʨʘʩʯʝʪ ʦʙʨʘʪʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʨʦʚʝʜʝʥ ʧʦ ʤʦʜʝʣʠ Hysplit [19]. 

ʈʘʩʩʯʠʪʘʥʳ ʜʣʷ ʚʳʩʦʪ 500,1500 ʠ 2500ʤ ʠ ʘʥʩʘʤʙʣʴ ʠʟ 27 ʪʨʘʝʢʪʦʨʠʡ ʥʘʜ ʣʝʜʥʠʢʦʤ ʄʝʛʜʦʨ 

ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʩʣʫʯʘʝʚ ʥʘ ʨʠʩ. 2 ʠ ʨʠʩ.3. 

ʊʘʙʣʠʮʘ 1. ʂʦʦʨʜʠʥʘʪʳ ʠʩʪʦʯʥʠʢʦʚ  

 ʥʘʯʘʣʘ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʜʣʷ 31.07.1983 ʥʘʜ ʣʝʜʥʠʢʦʤ ʄʝʛʜʦʨ 

Table 1. Coordinates of the sources of the air flow on 31.07.1983 over the 

Megdor glacier 

ɺʳʩʦʪʘ, 

ʤ ʥ. ʫʨ. 

ʟ. 

ʐʠʨʦʪʘ,(ʩ. 

.h) ɼʦʣʛʦʪʘ,(ʚ. ʜ) ʅʘʯʘʣʘ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ 

500 30,339 52,238 ʗʩʫʜʞ (ʀʨʘʥ) 

1500 43,234 18,484 ʉʘʨʘʝʚʦ (ɹʦʩʥʠʠ ʠ ɻʝʨʮʝʛʦʚʠʥʳ) 

2500 31,076 47,983 ʖʛʦ-ʟʘʧʘʜ ʀʨʘʢʘ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ.1, ʦʙʨʘʪʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʜʣʷ ʚʳʩʦʪ 500,1500 ʠ 

2500ʤ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʗʩʫʜʞʝ (ʀʨʘʥ), ʉʘʨʘʝʚʦ (ɹʦʩʥʠʠ ʠ ɻʝʨʮʝʛʦʚʠʥʳ) ʠ ʶʛʦ-ʟʘʧʘʜʝ 
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ʀʨʘʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 11,610ʉ (31.07.1983ʛ.). ɺʢʣʘʜ ʧʫʩʪʳʥʴ 

ʧʳʣʝʚʦʛʦ ʧʦʷʩʘ ʜʦʤʠʥʠʨʫʝʪ ʜʣʷ ʨʦʩʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʜ ʣʝʜʥʠʢʦʤ. 

ʈʠʩʫʥʦʢ 2. ʆʙʨʘʪʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʜʣʷ ʪʨʝʭ ʚʳʩʦʪ 500,1500 ʠ 

2500ʤ ʥʘʜ ʣʝʜʥʠʢʦʤ ʄʝʛʜʦʨ ʠ ʘʥʩʘʤʙʣʴ ʠʟ 27 ʪʨʘʝʢʪʦʨʠʡ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ 31.07.1983ʛ ʟʘ 7 ʩʫʪʦʢ. 

Figure 2. Back trajectories of air masses for three heights of 500, 1500 and 2500 m 

above the Megdor glacier and an ensemble of 27 trajectories for the maximum temperature 

on July 31, 1983 for 7 days. 

 
 

ʈʘʩʯʝʪ ʦʙʨʘʪʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʜʣʷ ʪʨʝʭ ʚʳʩʦʪ 500,1500 ʠ 2500ʤ ʥʘʜ 

ʣʝʜʥʠʢʦʤ ʄʝʛʜʦʨ ʠ ʘʥʩʘʤʙʣʴ ʠʟ 27 ʪʨʘʝʢʪʦʨʠʡ ʜʣʷ ʤʠʥʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

20.01.2008ʛ. ʟʘ 7 ʩʫʪʦʢ(ʨʠʩ.3) ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʯʘʣʦ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʚʳʩʦʪ 500,1500 

ʠ 2500ʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʩʦʩʝʜʥʠʭ ʩʪʨʘʥʘʭ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ - ʋʟʙʝʢʠʩʪʘʥʝ ʠ 

ʊʫʨʢʤʝʥʠʩʪʘʥʝ (ʪʘʙʣ.2.). 

 ʊʘʙʣʠʮʘ 2. ʂʦʦʨʜʠʥʘʪʳ ʠʩʪʦʯʥʠʢʦʚ  ʥʘʯʘʣʘ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʜʣʷ 

20.01.2008ʛ. ʥʘʜ ʣʝʜʥʠʢʦʤ ʄʝʛʜʦʨ 

Table 2. Coordinates of the sources of the beginning of the air flow for 

20.01.2008 over the Megdor glacier 

ɺʳʩʦʪʘ, 

ʤ.ʥ.ʫʨ.ʟ. 

ʐʠʨʦʪʘ,(ʩ. 

)h. 

ɼʦʣʛʦʪʘ,(ʚ. 

ʜ). ʅʘʯʘʣʘ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ 

500 40,942 65,527 ʅʘʚʦʠ (ʋʟʙʝʢʠʩʪʘʥ) 

1500 42,927 60,584 ʅʫʢʫʩ (ʋʟʙʝʢʠʩʪʘʥ) 

2500 40,479 58,420 ɼʘʨʚʘʟʘ (ʊʫʨʢʤʝʥʠʩʪʘʥ) 

 

 ʈʠʩʫʥʦʢ 3. ʆʙʨʘʪʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʜʣʷ ʪʨʝʭ ʚʳʩʦʪ 

500,1500 ʠ 2500ʤ ʥʘʜ ʣʝʜʥʠʢʦʤ ʄʝʛʜʦʨ ʠ ʘʥʩʘʤʙʣʴ ʠʟ 27 ʪʨʘʝʢʪʦʨʠʡ ʜʣʷ 

ʤʠʥʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 20.01.2008ʛ. ʟʘ 7 ʩʫʪʦʢ. 
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Figure 3. Back trajectories of air masses for three heights of 500, 1500 and 2500 m 

above the Megdor glacier and an ensemble of 27 trajectories for the minimum temperature 

on 20.01.2008 for 7 days. 

 

 
 

ʉʨʝʜʥʝʤʝʩʷʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ ʣʝʜʥʠʢʦʤ ʄʝʛʜʦʨ ʟʘ 4 

ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʧʝʨʠʦʜ 1982-2021ʛʛ. 

ʅʘ ʨʠʩ.4. ʧʨʝʜʩʪʘʚʣʝʥ rʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ 

ʣʝʜʥʠʢʦʤ ʄʝʛʜʦʨ ʟʘ 4 ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʧʝʨʠʦʜ 1982-2021ʛʛ. ʂʘʢ ʚʠʜʥʦ, ʩʘʤʳʝ ʤʠʥʠʤʘʣʴʥʳʝ 

ʤʝʩʷʯʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ ʷʥʚʘʨʝ ʧʝʨʚʦʛʦ ʜʝʩʷʪʠʣʝʪʠʷ (1982-1991ʛ.ʛ.) ʠ 

ʩʘʤʳʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ ʘʪʤʦʩʬʝʨʦʡ ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ ʠʶʥʝ ʪʨʝʪʴʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ 2002-2011ʛʛ. ʉʨʝʜʥʝʤʝʩʷʯʥʳʝ ʟʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ ʘʪʤʦʩʬʝʨʦʡ ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ ʚ ʧʝʨʠʦʜ ʠʶʥʴ-ʘʚʛʫʩʪ  ʚʦ ʚʩʝʭ 

ʜʝʩʷʪʠʣʝʪʠʷʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚʳʰʝ ʥʫʣʶ (ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ), ʘ ʜʣʷ 

ʦʩʪʘʣʴʥʳʭ ʤʝʩʷʮʝʚ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʞʝ ʥʫʣʷ ʫʩʪʘʥʦʚʣʝʥʳ, ʚ ʜʝʢʘʙʨʝ ï ʬʝʚʨʘʣʝ 

ʢʦʪʦʨʳʝ ̫ ʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʭʦʣʦʜʥʳʤʠ.  

 

ʈʠʩʫʥʦʢ 4. ʉʨʝʜʥʝʤʝʩʷʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ ʣʝʜʥʠʢʦʤ 

ʄʝʛʜʦʨ ʟʘ 4 ʜʝʩʷʪʠʣʝʪʠʷ (1982-2021ʛʛ) 

Figure 4. Average monthly changes in air temperature over the Megdor glacier 

over 4 decades (1982-2021) 
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ʉʨʝʜʥʝʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ ʣʝʜʥʠʢʦʤ ʄʝʛʜʦʨ ʟʘ 4 

ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʧʝʨʠʦʜ 1982-2021ʛʛ. 

ʅʘ ʨʠʩ.5. ʧʨʝʜʩʪʘʚʣʝʥ rʩʨʝʜʥʝʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ 

ʣʝʜʥʠʢʦʤ ʄʝʛʜʦʨ ʟʘ 4 ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʧʝʨʠʦʜ 1982-2021ʛʛ.ʂʘʢ ʚʠʜʥʦ, ʩʘʤʳʝ ʤʠʥʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʟʠʤʦʡ (-18,90ʉ) ʧʝʨʚʦʛʦ ʜʝʩʷʪʠʣʝʪʠʷ (1982-1991ʛ.ʛ.) ʠ 

ʩʘʤʳʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ ʘʪʤʦʩʬʝʨʦʡ ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʣʝʪʦʤ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ (3,50ʉ). ʉʨʝʜʥʝʩʝʟʦʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ ʘʪʤʦʩʬʝʨʦʡ ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ ʚ ʧʝʨʠʦʜ ʣʝʪʘ ʚʦ ʚʩʝʭ 

ʜʝʩʷʪʠʣʝʪʠʷʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚʳʰʝ ʥʫʣʶ (ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ), ʘ ʜʣʷ 

ʦʩʪʘʣʴʥʳʭ ʤʝʩʷʮʝʚ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʞʝ ʥʫʣʷ ʚ ʩʘʤʳʝ ʭʦʣʦʜʥʳʡ ʩʝʟʦʥ, ʝʩʪʝʩʪʚʝʥʥʦ 

ʟʠʤʦʡ. ʅʘʙʣʶʜʘʝʪʩʷ ʤʝʜʣʝʥʥʳʡ ʩʧʘʜ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʝʥʴʶ ʜʦ 10ʉ ʟʘ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʘ ʩʧʘʜ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ (0,70ʉ). ʆʙʥʘʨʫʞʝʥʦ ʧʦʪʝʧʣʝʥʠʝ ʚ ʟʠʤʥʠʡ ʠ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʥʘ 

1,80ʉ. 

ʈʠʩʫʥʦʢ 5. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʩʝʟʦʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ 

ʘʪʤʦʩʬʝʨʦʡ ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ ʟʘ ʯʝʪʳʨʝ ʜʝʩʷʪʠʣʝʪʠʷ(1982-2021ʛʛ). 

Figure 5. Dynamics of changes in the average seasonal air temperature above the 

atmosphere of the Megdor glacier over four decades (1982-2021). 
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ɺ ʟʠʤʥʠʡ ʩʝʟʦʥ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦʪʝʧʣʝʥʠʝ ʚʦ ʚʪʦʨʦʤ ʜʝʩʷʪʠʣʝʪʠʡ ʥʘ 0,90ʉ, ʙʦʣʴʰʝ  

ʯʝʤ ʚ ʧʝʨʚʦʤ ʜʝʩʷʪʠʣʝʪʠʠ, ʘ ʚ ʪʨʝʪʴʝʤ ʜʝʩʷʪʠʣʝʪʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʪʦʨʦʛʦ - ʥʘ 3,10ʉ, ʟʘʪʝʤ 

ʚ ʯʝʪʚʝʨʪʦʤ ʜʝʩʷʪʠʣʝʪʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʭʦʣʦʜʘʥʠʝ -2,40ʉ, ʚʝʩʥʦʡ ʵʪʦʪ ʵʬʬʝʢʪ ʩʦʩʪʘʚʣʷʝʪ -

0,20ʉ; +2,6 ʠ -0,80ʉ, ʜʣʷ ʣʝʪʘ ʠ ʦʩʝʥʠ ʵʪʦ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʜʝʩʷʪʠʣʝʪʠʷʤʠ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʝʜʝʣʝ 0,5-0,70ʉ. ʆʙʥʘʨʫʞʝʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪ:ɹ ʚ ʟʠʤʥʝ - ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ ʧʨʦʠʩʭʦʜʠʪ 

ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ, ʯʝʤ ʚ ʣʝʪʥʝ - ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʜʦʤʠʥʠʨʫʶʱʝʡ ʨʦʣʴʶ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʠʟ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʧʫʩʪʳʥʴ 

çʧʳʣʝʚʦʛʦ ʧʦʷʩʘè (ʨʠʩ.3). 

ʉʨʝʜʥʝʜʝʩʷʪʠʣʝʪʥʠʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ ʣʝʜʥʠʢʦʤ ʄʝʛʜʦʨ ʟʘ 

4 ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʧʝʨʠʦʜ 1982-2021ʛʛ. 

ʅʘ ʨʠʩ.6. ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʝʜʝʩʷʪʠʣʝʪʥʠʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ 

ʣʝʜʥʠʢʦʤ ʄʝʛʜʦʨ ʟʘ 4 ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʧʝʨʠʦʜ 1982-2021ʛʛ. ʂʘʢ ʚʠʜʥʦ, ʩʘʤʳʝ ʤʠʥʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ (-7,40ʉ) ʧʝʨʚʦʛʦ ʜʝʩʷʪʠʣʝʪʠʷ (1982-1991ʛ.ʛ.) ʠ ʩʘʤʳʝ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ ʘʪʤʦʩʬʝʨʦʡ ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʟʘ ʪʨʝʪʴʝ ʜʝʩʷʪʠʣʝʪʠʝ (-5,80ʉ), ʯʪʦ ʥʘ 0,90ʉ ʚʳʰʝ, ʯʝʤ 

ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ 

ʧʦʩʪʝʧʝʥʥʳʡ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʜʦ ʪʨʝʪʴʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘ 1,40ʉ, ʟʘʪʝʤ ʩʧʘʜ ʥʘ 

1,20ʉ ʚ ʯʝʪʚʸʨʪʦʝ ʜʝʩʷʪʠʣʝʪʠʝ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʜʣʷ ʣʝʜʥʠʢʘ 

ʄʝʛʜʦʨ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʧʦʭʦʣʦʜʘʥʠʷ, ʩʚʷʟʘʥʥʳʡ ʩ ʨʦʩʪʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʣʝʜʥʠʢʘ ʟʘ ʩʯʝʪ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʠ ʩʘʞʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪ ʘʣʴʙʝʜʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʣʝʜʥʠʢʘ. 

ʈʠʩʫʥʦʢ 6. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʜʝʩʷʪʠʣʝʪʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ 

ʥʘʜ ʘʪʤʦʩʬʝʨʦʡ ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ ʟʘ ʯʝʪʳʨʝ ʜʝʩʷʪʠʣʝʪʠʷ(1982-2021ʛʛ). 

Figure 6. Dynamics of changes in the average ten-year air temperature above the 

atmosphere of the Megdor glacier over four decades (1982-2021). 
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ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ 

ʘʪʤʦʩʬʝʨʦʡ ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ ʟʘ 40 ʣʝʪ (1982-2021ʛʛ) 

ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ 

ʘʪʤʦʩʬʝʨʦʡ ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ (ʨʠʩ.7) ʟʘ 40 ʣʝʪ (1982-2021ʛʛ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʦʙʥʘʨʫʞʝʥʠʠ ʭʦʣʦʜʥʳʭ: 1982(-8,20ʉ), 1987(-7,80ʉ), 1989(-8,60ʉ), 1992(-7,90ʉ) ʠ 

2000(-7,90ʉ) ʠ ʪʝʧʣʳʭ 2008(-4,80ʉ), 2009(-5,10ʉ), 2010(-4,40ʉ), 2011(-4,60ʉ) ʠ 

2017(-5,00ʉ) ʛʦʜʦʚ. ʉʘʤʳʡ ʭʦʣʦʜʥʳʡ ʛʦʜ 1989ʛ(-8,60ʉ), ʩʘʤʳʡ ʪʝʧʣʳʡ 2010(-4,40ʉ) 

ʛʦʜʳ. 

 

ʈʠʩʫʥʦʢ 7. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ 

ʥʘʜ ʘʪʤʦʩʬʝʨʦʡ ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ ʟʘ 40 ʣʝʪ(1982-2021ʛʛ). 

Figure 7. Dynamics of changes in the average long-term air temperature above 

the atmosphere of the Megdor glacier over 40 years (1982-2021). 
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ʊʨʝʥʜ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʡ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ ʘʪʤʦʩʬʝʨʦʡ 

ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ ʟʘ 40 ʣʝʪ ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʦʥʦʪʦʥʥʳʡ ʨʦʩʪ ʩ 1981ʛʦʜʘ ʜʦ 2013ʛʦʜ, ʟʘʪʝʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʳʝ ʟʥʘʯʝʥʠʷ. 

ʃʝʜʥʠʢ ʄʝʛʜʦʨ ʦʪʥʦʩʠʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ "ʧʫʣʴʩʠʨʫʶʱʠʭ" ʣʝʜʥʠʢʦʚ, ʢʦʪʦʨʳʝ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʩʧʳʪʳʚʘʶʪ ʧʦʜʚʠʞʢʠ: ʥʘʩʪʫʧʘʶʪ ʠ ʦʪʩʪʫʧʘʶʪ. ʊʘʢʠʝ ʧʫʣʴʩʘʮʠʠ ʩʚʷʟʘʥʳ 

ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʤʘʩʩʫ ʠ ʜʠʥʘʤʠʢʫ ʣʝʜʥʠʢʘ. ʆʙʨʘʟʦʚʘʥʠʝ ʣʝʜʥʠʢʦʚʳʭ ʦʟʸʨ. ɺ 2018 ʛʦʜʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʦʟʝʨʦ ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ ʦʢʦʣʦ 200 ʤʝʪʨʦʚ. ʕʪʦ ʷʚʣʝʥʠʝ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʘʷʥʠʝʤ ʣʴʜʘ ʠ ʥʘʢʦʧʣʝʥʠʝʤ ʪʘʣʦʡ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʜʥʠʢʘ. 

ʊʘʢʠʝ ʦʟʸʨʘ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʫʛʨʦʟʫ, ʝʩʣʠ ʧʨʦʠʟʦʡʜʸʪ ʠʭ ʧʨʦʨʳʚ, ʯʪʦ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʪʦʧʣʝʥʠʶ ʥʠʞʝʣʝʞʘʱʠʭ ʨʘʡʦʥʦʚ. 

ʈʠʩʫʥʦʢ 8. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʡ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʜʫʭʘ ʥʘʜ ʘʪʤʦʩʬʝʨʦʡ ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ ʟʘ 40 ʣʝʪ(1982-2021ʛʛ). 

Figure 8. Dynamics of changes in the average long-term normalized air temperature 

above the atmosphere of the Megdor glacier over 40 years (1982-2021). 

 
 ʈʠʩ.8. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʡ ʥʦʨʤʠʨʦʚʘʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ ʘʪʤʦʩʬʝʨʦʡ ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ ʟʘ 40 ʣʝʪ(1982-2021ʛʛ). 

ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʣʝʜʥʠʢ ʄʝʛʜʦʨ ʦʪʩʪʫʧʘʝʪ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʤʘʩʩʦʚʦʤ ʙʘʣʘʥʩʝ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʪʝʨʠ ʤʘʩʩʳ ʠʟ-ʟʘ ʪʘʷʥʠʷ 

ʧʨʝʚʳʰʘʶʪ ʥʘʢʦʧʣʝʥʠʝ ʩʥʝʛʘ ʠ ʣʴʜʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʜʫʭʘ ʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʦʩʘʜʢʘʭ. ʊʘʷʥʠʝ ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ ʚʣʠʷʝʪ ʥʘ ʚʦʜʥʳʡ ʨʝʞʠʤ ʨʝʢʠ 

ɺʘʥʯ, ʦʩʦʙʝʥʥʦ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. ʋʚʝʣʠʯʝʥʠʝ ʩʪʦʢʘ ʤʦʞʝʪ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ ʧʦʚʳʩʠʪʴ 

ʚʦʜʦʩʥʘʙʞʝʥʠʝ, ʥʦ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʚʝʜʸʪ ʢ ʩʥʠʞʝʥʠʶ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʯʪʦ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʠ ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʥʘʩʝʣʝʥʠʷ. 

ɺʳʚʦʜʳ 

1. ʉʨʝʜʥʝʜʥʝʚʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʟʘ ʧʝʨʠʦʜ 1982-2021ʛʛ. ʥʘʜ ʘʪʤʦʩʬʝʨʦʡ 

ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ ʠʟ 17233 ʜʘʥʥʳʭ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 11,610ʉ 

(31.06.1983ʛ.), ʤʠʥʠʤʘʣʴʥʦʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ -32,200ʉ (20.01.2008ʛ). ɿʘ 40 ʣʝʪ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʠʣʦ -6,720ʉ. 

2. ʉʘʤʳʝ ʤʠʥʠʤʘʣʴʥʳʝ ʤʝʩʷʯʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ ʷʥʚʘʨʝ ʧʝʨʚʦʛʦ 

ʜʝʩʷʪʠʣʝʪʠʷ (1982-1991ʛ.ʛ.) ʠ ʩʘʤʳʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ 

ʘʪʤʦʩʬʝʨʦʡ ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ ʠʶʥʝ ʪʨʝʪʴʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ 2002-2011ʛʛ. 

3. ʉʘʤʳʝ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ (-7,40ʉ) ʧʝʨʚʦʛʦ ʜʝʩʷʪʠʣʝʪʠʷ 

(1982-1991ʛ.ʛ.) ʠ ʩʘʤʳʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ ʘʪʤʦʩʬʝʨʦʡ 

ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʟʘ ʪʨʝʪʴʝ ʜʝʩʷʪʠʣʝʪʠʝ (-5,80ʉ), ʯʪʦ ʥʘ 0,90ʉ ʚʳʰʝ, ʯʝʤ 

ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ 

y = -0,0003x2 + 0,0222x + 0,1495

RĮ = 0,3664
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ʧʦʩʪʝʧʝʥʥʳʡ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʜʦ ʪʨʝʪʴʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘ 1,60ʉ, ʟʘʪʝʤ ʩʧʘʜ ʥʘ 

1,20ʉ ʚ ʯʝʪʚʸʨʪʦʝ ʜʝʩʷʪʠʣʝʪʠʝ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʜʣʷ 

ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʧʦʭʦʣʦʜʘʥʠʷ. 

4. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ 

ʘʪʤʦʩʬʝʨʦʡ ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ ʟʘ 40 ʣʝʪ (1982-2021ʛʛ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʙʥʘʨʫʞʝʥʠʠ 

ʭʦʣʦʜʥʳʭ: 1982(-8,20ʉ), 1987(-7,80ʉ), 1989(-8,60ʉ), 1992(-7,90ʉ) ʠ 2000(-7,90ʉ) 

ʠ ʪʝʧʣʳʭ 2008(-4,80ʉ), 2009(-5,10ʉ), 2010(-4,40ʉ), 2011(-4,60ʉ) ʠ 2017(-5,00ʉ) 

ʛʦʜʦʚ. ʉʘʤʳʡ ʭʦʣʦʜʥʳʡ ʛʦʜ 1989ʛ(-8,60ʉ), ʩʘʤʳʡ ʪʝʧʣʳʡ 2010(-4,40ʉ) ʛʦʜʳ. 

5.ʃʝʜʥʠʢ ʄʝʛʜʦʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʷʚʥʳʝ ʧʨʠʟʥʘʢʠ ʜʝʛʨʘʜʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʫʩʠʣʠʚʘʶʱʝʛʦʩʷ ʧʦʪʝʧʣʝʥʠʷ ʢʣʠʤʘʪʘ. ʕʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʚʦʜʥʦʤ 

ʨʝʞʠʤʝ ʨʝʛʠʦʥʘ ʠ ʧʦʚʳʰʘʝʪ ʨʠʩʢ ʚʦʜʥʦʛʦ ʜʝʬʠʮʠʪʘ ʚ ʪʸʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ. ʅʝʦʙʭʦʜʠʤʳ 

ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʤʝʨʳ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ ʠ ʘʜʘʧʪʘʮʠʠ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠʤ 

ʠʟʤʝʥʝʥʠʷʤ. 

ʈʝʮʝʥʟʝʥʪ: ʧʨʦʬʝʩʩʦʨ ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ,  

ʅʦʨʤʘʪʦʚ ʀ.ʐ.   
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Þìðòôöôýþìù½ ÐÿĄìùíñ 15.12.2023- Ôóð. µÐúùôĄ½ 2023. ¬ 165 ý. 
17. Ýíúüùôö øìþñüôì÷úî Øñòðÿùìüúðùúõ ùìÿăùúõ öúùĀñüñùĂôô, ûúýîċąČùùúõ Øñòðÿùìüúðùúøÿ 

ïúðÿ ýúāüìùñùôċ ÷ñðùôöúî, îö÷Ċăìñþ ôýý÷ñðúîìùôċ ûú ýúýþúċùôĊ ÷ñðùôöúî ô îúðùćā üñýÿüýúî î 

https://wgms.ch/
https://doi.org/


109 

 

âñùþüì÷Ĉùúõ Ìóôô. Ýúāüìùñùôñ ÷ñðùôöúî ô ĉĀĀñöþôîùúñ ôýûú÷Ĉóúîìùôñ îúðùćā üñýÿüýúî 

âñùþüì÷Ĉùúõ Ìóôô. ÐÿĄìùíñ: ÐúùôĄ. - 2024. - 189 ý. 

18. Ôùþñüùñþ - üñýÿüý https://power.larc.nasa.gov/data-access-viewer/- [Ðìþì úíüìąñùôċ 20 

ċùîìüċ 2025 ï.] 

19. Ôùþñüùñþ-üñýÿüý:https://www.ready.noaa.gov/hypubbin/trajtype.pl?runtype=archive- [ 

Ðìþì úíüìąñùôċ 20 ċùîìüċ 2025 ï.] 

20. Draxler, R.R. Horizontal dispersion parameters for long-range transport modeling / R.R. Draxler 

, A.D. Taylor// Journal of Applied Meteorology. - 1982. - Pü.367-372.  

21. Draxler R.R. Description úf the HYSPLIT-4 Modeling System / R.R. Draxler, G.D. Hess // 

Silver Spring: Air resources Laboratory, NOAA Technical Memorandum ERL ARL  -224 /-1997- Pü.1-

22.  

22. Draxler, R.R. The accuracy of trajectories during ANATEX calculated using dynamic model 

analyses versus rawinsonde observations / R.R. Draxler //Journal of Applied Meteorology. -1991 -Pü. 

1446-1467. 

23. Hurley, P.  PARTPUFF - A Lagrangian particle-puff approach for plume dispersion modeling 

applications / P. Hurley // Journal of Applied Meteorology. - 1994. - Pü. 285- 294.  

24. Moody, J.L. The use of atmospheric transport pattern recognition techniques in understanding 

variation in precipitation chemistry / J. L.Moody, J.A. Galusky, J.N.Galloway //Atmospheric Deposition. 

IAHS  Publ. -1989. - No. 179. - Pü. 119-125.    

25. https://ready.arl.noaa.gov/index.php - [Ðìþì úíüìąñùôñ 16.10.2019].  

26. Stein, Ì. et al. NOAA¨s HYSPLIT atmospheric transport and dispersion modeling system / Ì. 

Stein et al. // Bull. Am. Meteorol. - V.96. -2015. - Pü. 2059¬2077. 

27. Myagkov S.V. et al. Modeling the Runoff of Mountain Rivers in the Ferghana Valley based on the 

Multivariate Regression Equation/ S.V.Myagkov et al. // Nature and Science. - 2022. ¬ N7. - Pü.1-

4.- Marsland Press, 310 W 18th Street, New York, NY 10011, USA. 718-404-5362, 347-321-7172 ISSN 

1545-0740 (print); ISSN 2375-7167 (online). 

 

REFERENCES 

1. Aliev, R.T. Modern changes in Pamir glaciers / R.T. Aliev, A.A. Abdurakhmanov, R.K. Khakimov // 
Geography and natural resources. -2018. -No. 3. -WITH. ï ʈʨ.33ï41. 

2. Khafizov, A.Sh. Analysis of temperature trends in the mountainous regions of Tajikistan / A.Sh. Khafizov, 

B.K. Karimov // Climate and ecology. -2020. -No. 2.- Pʨ. 25ï30. 
3. Usubaliev, R. Monitoring Central Asian glaciers using remote sensing / R. Usubaliev, V. Aizen, V. 

Kuzmichenok // Remote Sensing. - 2021. -V. 13(9). - Pʨ. 1823. 
4. WGMS (World Glacier Monitoring Service). - Fluctuations of Glaciers Database. -2022.- URL: https:// 

wgms.ch / 
5. Kayumov, A. Glacier changes in the Pamirs, Tajikistan, 1961ï2017. / A.Kayumov, V.Novikov, W.Hagg / 

Journal of Glaciology. -2019. -V. 65(252). - Pʨ. 785ï800. 
6. Medvedev, I.V. et al. Dynamics of glaciers in Central Asia. / Medvedev I.V. et al.// Geography and natural 

resources, 1995. ï Vol.3. - Pʨ.45ï52. 
7. Aizen, V.B. Glacier changes in Central and Southern Asia. / Aizen, V.B., Aizen, E.M., and Melack, J.M.// 

Hydrological Processes-2006. ïV.20. - Pʨ.3347ï3365. 
8. Shahgedanova, M. et al. The response of glaciers in the eastern Pamirs to climate variability. / M. 

Shahgedanova et al. // The Cryosphere. - 2012.-V. 6.-Pʨ. 985ï998. 
9. Mavlyanov, N.S. et al. Climate trends on the MEGDOR glacier. / N.S. Mavlyanov et al. // Materials of 

glaciological studies. - 2010. -V.108. - Pʨ.56ï64. 
10. Sorg, A. et al. Climate change impacts on glaciers and runoff in Central Asia. / A.Sorg et al. // Nature Climate 

Change, 2012.- V.2. ï Pʨ. 725ï731. 
11. 11.Farinotti, D. et al. Substantial glacier mass loss in the Tien Shan over the past 50 years. / D. Farinotti et 

al. // Nature Geoscience. 2012.-V. 8.- Pʨ. 716ï722. 
12. 12.Barandun, M. et al. Past and future glacier evolution in the PamirïAlay region. / M. Barandun et al. // 

The Cryosphere. -2020ï V.14.- Pʨ. 3317ï3335. 
13. Batov, Sh.A. et al. Current state of the MEGDOR glacier. / Sh.A. Batov et al. // Herald of Climatology. ï 

2018 - Vol. 1. ï Pʨ.12ï20. 
14. Vosidov, F.K. Remote monitoring of the glacier movement of the Russian Geographical Society in the 

context of climate change / F.K.Vosidov, N.B. N.B.Kurbonov, A.V.Mitusov, A.M.Khalimov // Proceedings of the 

VIII International Scientific Conference; Regional Problems of Remote Sensing of the Earth electronic scientific 

publication. Scientific editor E.A. Vaganov, ed. responsible G.M. Tsibulsky. Krasnoyarsk, Publisher: Siberian 

Federal University (Krasnoyarsk). - 2021. - Pʨ.155-161. 

 

https://power.larc.nasa.gov/data-access-viewer/-
https://www.ready.noaa.gov/hypubbin/trajtype.pl?runtype=archive-


110 

 

15. Petrov, G.N. Degradation of glaciers in Tajikistan and its impact on river runoff / G.N. Petrov //"Energy: 
Economics, Technology, Ecology" - 2022. - Issue No. 1. - Pʨ.40-45. SDI: 007.001.0233-3619.2022.000.011.6 DOI: 
https://doi.org/10.7868/S0233361922110064 

16. Conference on the theme "The Impact of Climate Change on the State of Glaciers of the Republic of 

Tajikistan" Dushanbe 12/15/2023 - Donish Publishing House 2023.- 165 p. 
17. Collection of materials of the International scientific conference dedicated to the International Year of Glacier 

Conservation, includes studies on the state of glaciers and water resources in Central Asia. Conservation of glaciers 

and efficient use of water resources in Central Asia. Dushanbe: Donish. - 2024. - 189 p. 
18. Internet -resource https://power.larc.nasa.gov/data-access-viewer/- [Accessed on January 20, 2025] 
19. Internet- resource: https://www.ready.noaa.gov/ hypubbin/trajtype .pl?runtype =archive- [Accessed on 

January 20, 2025] 
20. Draxler, R.R. Horizontal dispersion parameters for long-range transport modeling / R.R. Draxler , A.D. 

Taylor // Journal of Applied Meteorology. - 1982. - Pʨ.367-372. 
21. Draxler R.R. Description of the HYSPLIT-4 Modeling System / R.R. Draxler, G.D. Hess // Silver Spring: 

Air resources Laboratory, NOAA Technical Memorandum ERL ARL -224 /-1997.- Pʨ.1-22. 
22. Draxler, R.R. The accuracy of trajectories during ANATEX calculated using dynamic model analyzes versus 

rawinsonde observations / R.R. Draxler // Journal of Applied Meteorology. -1991. -Pʨ. 1446-1467. 
23. Hurley, P. PARTPUFF - A Lagrangian particle-puff approach for plume dispersion modeling applications 

/P. Hurley // Journal of Applied Meteorology. - 1994. - Pʨ. 285-294. 
24. Moody, J.L. The use of atmospheric transport pattern recognition techniques in understanding variation in 

precipitation chemistry /J. L.Moody, J.A. Galusky, J.N. Galloway //Atmospheric Deposition. IAHS Publ. -1989. - 
No. 179. - Pʨ. 119-125. 

25. https://ready.arl.noaa.gov/index.php - [Date accessed 10/16/2019]. 
26. Stein, A. et al. NOAAôs HYSPLIT atmospheric transport and dispersion modeling system / A. Stein et al. // 

Bull. Am. Meteorol. - V.96. -2015. - Pʨ. 2059ï2077. 
27. Myagkov S.V. et al. Modeling the Runoff of Mountain Rivers in the Ferghana Valley based on the 

Multivariate Regression Equation / S.V.Myagkov et al. // Nature and Science. - 2022. ï N7. - Pʨ.1-4.- Marsland 

Press, 310 W 18th Street, New York, NY 10011, USA. 718-404-5362, 347-321-7172 ISSN 1545-0740 (print); ISSN 

2375-7167 (online). 
 

ʊɸנʁʀʈɪɹʀʀ ׳ɸʈʆʈɸʊʀ ׳ɸɺʆ ɼɸʈ ɸʊʄʆʉʌɽʈɸʀ ʇʀʈʗʍʀ ʄɽɻɼʆʈ (ּתɸʄʒʀʗʊʀ 

ɻɽʆɻʈɸʌʀʀ ʈʋʉʀʗ) ɼɸʈ ʉʆʃ׳ʆʀ 1982-2021 

Ðìü øìú÷ì ùìþôìúô úøóôĄô þìõôüČíôô ìüúüìþô ìîú ðìü íú÷úô ìþøúýĀñüìô ûôüċāô 

Øñïðúü (ìøĆôċþô ÿüúĀôô Üÿýôċ) íìüúô ýú÷úô 1982-2021 íú ôýþôĀúðì ìó ûúõïúô ðúðìúô POWER 

(NASA) úîìüðì Ąÿðììýþ. ìüúüìþô øôČùìô Ąìíúùìüóôô ìîú ðìü ðìîüìô ýú÷úô 1982-2021 ðìü 
ìþøúýĀñüìô ûôüċāô Øñïðúü (ìó øìĆ÷ÿøúþô 17233 ïôüôĀþì Ąÿðììýþ) ôøìþô øìöýôøì÷ôô íì ìõð 

ïôüôĀþìĄÿðì 11,610Ý (31.07.1983), øôùôøì÷ôô íì ìõð ïôüôĀþìĄÿðì -32.200Ý (20.01.2008) íÿð. Ðìü þÿ÷ô 

40 ýú÷ ìüúüìþô øôČùìô Øñïðúü -6,720Ý íÿð. Íìüúô øÿìõċù öìüðìùô þüìñöþúüôċô íìüĆìöýô ìüìČùô ìîú 

íì ìððô øìöýôøì÷ îì ìüúüìþô ìððô ìì÷ ðìü íú÷úô ûôüċāô Øñïðúü ôýúí öìüðìùô þüìñöþúüôċô 

íìüĆìöý íú ôýþôĀúðì ìó øúðñ÷ô Hysplit îì øìýôüô íìüĆìöýô ìîú ðìü íì÷ìùðôúô 500ø, 1500 îì 2500 ø îì 

ìùýìøí÷ô 27 ìîú ìó íú÷úô ûôüċāô Øñïðúü úü øñĄìîìð øÿìõċù öìüðì Ąÿðììýþ. Øÿìõċù öìüðì Ąÿð, öô 

ìüúüìþô øìöýôøì÷ôô íú÷úô ûôüċā íú ìüìČùô ìîú, öô ðìü íôČíúùúô µöìøìüăìô ăìùï½ þìĄìööÿ÷ 

øñČíìð, ì÷úìøìùð ìýþ. ôøìþô ûìýþþìüôùô øúúùì ðìü øúô ċùîìüô ðìýú÷ìô ìîîì÷ (1982-1991) îì 
íì÷ìùðþìüôù ðìüììô ìüúüìþô ìîú ðìü ìþøúýĀñüìô ûôüċāô Øñïðúü ðìü øúô ôĊùô ðìýú÷ìô ýñĊøô 

ýú÷úô 2002-2011 íì ìõð ïôüôĀþì Ąÿðììýþ. Øôėðúüô øôùôøì÷ ðìü óôøôýþúù (-18,90Ý) ðìü ðìĕìô ċöÿø 

(1982­1991) îì øìöýôøì÷ôô ĕìüúüìþô ĕìîú ðìü ìþøúýĀñüìô ûôüċāô Øñïðúü ðìü þúíôýþúùô ðìýú÷ìô 

ðÿĊø îì ýñĊø (3,50Ý) íì ėìõð ïôüôĀþì Ąÿðììýþ. ôøìþúô øôČùìô øìîýôøôô ìüúüìþô ìîú íú÷úþìü ìó 

ìþøúýĀñüìô ûôüċāô Øñïðúü ðìü þúíôýþúù ðìü þìøúøô ðìýú÷ìú íú÷úþìü ìó ýôĀü (ìüúüìþúô øÿýíìþ) 

íì ìõð ïôüôĀþì Ąÿðììùð îì ðìü øúúô íúôøúùðì ôøìþúô ìüúüìþ āÿüð ìó ýôĀü øñíúĄìùð, þìíôìþìù 

ýìüðþìüôù Āìý÷ óôøôýþúù ìýþ. Ðìü ðìîüìô þìðôúþ ĕìüúüìþ ðìü þôüìøúĕ þú 10Ý, ðìü ðìîüìô þúíôýþúù 

(0,70Ý) ûìýþ øñĄìîìð. Ðìü Āìý÷ô óôøôýþúù îì þôüìøú 1,80 ðìüìì ïìüøĄìî øÿĄúôðì Ąÿð. ÞìõôüČíôô 

øôČùìô ðìýú÷ìô ìüúüìþô ìîú ðìü íú÷úô ûôüċāô Øñïðúü ðìü þÿ÷ô 4 ðìýú÷ì ðìü ðìîüìô ýú÷úô 1982-

2021 ùôĄúù øñðôĕìùð, öô ðìüìăìô ûìýþþìüôù (-7,40Ý) ðìü ðììô ìîîì÷ (1982­1991) îì íì÷ìùðþìüôù 

ðìüììô ìüúüìþô ìîú ðìü ìþøúýĀñüìô ûôüċāô Øñïðúü ðìü ðììô ýñĊø (-5,80Ý) íì ėìõð ïôüôĀþì 
Ąÿðììýþ, öô ôù ìó ìüúüìþô øôČùìô ăìùðôùýú÷ì 0,90Ý óôČð ìýþ. Ðôùìøôöìô þìĎõôüúþ þú ðìĕýú÷ìô ýñĊø 
þìðüôĔìù 1,40Ý íì÷ìùð Ąÿðìùô ĕìüúüìþô ĕìîú îì íìĆðìù ðìü ðìĕýú÷ìô ăúüÿø 1,20Ý ûìýþĄìîôüú ùôĄúù 

øñðôĕìð. Øÿìõċù öìüðì Ąÿð, öô ðìü ðìýú÷ìô úāôü ðìü ûôüċāô Øñïðúü üìîìùðô āÿùÿöĄìî íú óôČð 

Ąÿðìùô ôĀ÷úýĄìîôô ýìþô ûôüċā ìó ôýúíô þìöĄôùĄìîôô óìüüìúô ăìùïÿ ÿíúü ýÿüìþ øñïôüìð, öô 

ì÷íñðúô ýìþô ûôüċāúüú íì þìîüô ùìóìüüìý þìõôü øñðôìð îì ôù øÿððìþ ðìü ðìîüìô ýôö÷ô 24-ÿøô 

úĀþúí üúýþ øñúċð öô öúôĄô ĀìĆú÷ôċþô úĀþúí ùìóìüüìý ìýþ. 
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ʂʘʣʠʜʚʦʞʘĕʦ: ʇʠʨʷʭʠ ʄʝʛʜʦʨ, ״ʘʨʦʨʘʪʠ ״ʘʚʦ, ʧʦʡʛʦ״ʠ ʜʦʜʘ״ʦʠ POWER(NASA), ʤʘʩʠʨʠ ʙʘʨʲʘʢʩʠ 

ʤʘʩʩʘ״ʦʠ ״ʘʚʦ, ʤʦʜʝʣʠ HYSPLIT,ʪʘʤʦʶʣʠ ״ʘʨʦʨʘʪ, ״ʘʨʦʨʘʪʠ ʤʠʸʥʘʠ ʤʦ״ʦʥʘ,״ʘʨʦʨʘʪʠ ʤʠʸʥʘʠ ʤʘʚʩʠʤĒ, 

 .ʘʨʦʨʘʪʠ ʥʦʨʤʠʨʦʥʠʜʘʰʫʜʘ״,ʘʨʦʨʘʪ״ ʠʤʘʪʠ ʤʘʢʩʠʤʘʣʠʠץ ,ʘʨʦʨʘʪʠ ʤʠʸʥʘʠ ʩʦʣʦʥʘ״
 

ʀɿʄɽʅɽʅʀɽ ʊɽʄʇɽʈɸʊʋʈʓ ɺʆɿɼʋʍɸ ʅɸɼ ɸʊʄʆʉʌɽʈʆʁ ʃɽɼʅʀʂɸ ʄɽɻɼʆʈ 

(ʈʆʉʉʀʁʉʂɸʗ ɻɽʆɻʈɸʌʀʏɽʉʂɸʗ ʆɹʑɽʉʊɺʆ) ɺ ʇɽʈʀʆɼ 1982-2021 ɻɻ. 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ ʘʪʤʦʩʬʝʨʦʡ 

ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ (ʈɻʆ) ʟʘ ʧʝʨʠʦʜ 1982-2021 ʛʛ. ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʳ ʜʘʥʥʳʭ POWER (NASA). 

ʉʨʝʜʥʝʩʫʪʦʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʟʘ ʧʝʨʠʦʜ 1982-2021 ʛʛ. ʥʘʜ ʘʪʤʦʩʬʝʨʦʡ ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ (ʧʦʣʫʯʝʥʘ ʧʦ 

17233 ʜʘʥʥʳʤ): ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 11,61ÁC (31.07.1983), ʤʠʥʠʤʘʣʴʥʦʝ -

32,20ÁC (20.01.2008). ɿʘ 40 ʣʝʪ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʄʝʛʜʦʨʝ ʩʦʩʪʘʚʠʣʘ -6,72ÁC. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʨʘʪʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʜ ʣʝʜʥʠʢʦʤ ʄʝʛʜʦʨ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʦʙʨʘʪʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ Hysplit ʠ ʚʳʷʚʣʝʥʳ ʦʙʨʘʪʥʳʝ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʥʘ ʚʳʩʦʪʝ 500, 1500 ʠ 2500 ʤ ʠ ʘʥʩʘʤʙʣʴ ʠʟ 27 ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʥʘʜ ʣʝʜʥʠʢʦʤ ʄʝʛʜʦʨ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʜ ʣʝʜʥʠʢʦʤ ʩʚʷʟʘʥʘ ʩ ʧʦʪʦʢʘʤʠ ʚʦʟʜʫʭʘ, ʦʙʨʘʟʫʶʱʠʤʠ 

çʧʳʣʝʚʦʡ ʧʦʷʩè ʚ ʧʫʩʪʳʥʷʭ. ʅʘʠʤʝʥʴʰʠʝ ʤʝʩʷʯʥʳʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʷʥʚʘʨʝ ʧʝʨʚʦʡ ʜʝʢʘʜʳ 

(1982-1991 ʛʛ.), ʘ ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ ʘʪʤʦʩʬʝʨʦʡ ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ ï ʚ ʠʶʥʝ 

ʪʨʝʪʴʝʡ ʜʝʢʘʜʳ (2002-2011 ʛʛ.). ʄʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʟʠʤʦʡ (-18,90ʉ) ʧʝʨʚʦʡ ʜʝʢʘʜʳ (1982-

1991 ʛʛ.), ʘ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ ʘʪʤʦʩʬʝʨʦʡ ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ ʣʝʪʦʤ ʚʪʦʨʦʡ ʠ 

ʪʨʝʪʴʝʡ ʜʝʢʘʜʳ (3,50ʉ). ʉʨʝʜʥʠʝ ʩʝʟʦʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ ʘʪʤʦʩʬʝʨʦʡ ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ 

ʣʝʪʦʤ ʚʦ ʚʩʝ ʜʝʢʘʜʳ ʦʪʤʝʯʘʶʪʩʷ ʚʳʰʝ ʥʫʣʷ (ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ), ʘ ʚ ʦʩʪʘʣʴʥʳʝ ʤʝʩʷʮʳ ʟʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʨʠʮʘʪʝʣʴʥʳʝ, ʥʘʠʙʦʣʝʝ ʭʦʣʦʜʥʳʡ ʩʝʟʦʥ, ʝʩʪʝʩʪʚʝʥʥʦ, ʟʠʤʘ. ɿʘ ʠʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ 

ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʜʣʝʥʥʦʝ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʝʥʴʶ ʜʦ 10ʉ, ʘ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ - ʧʦʥʠʞʝʥʠʝ (0,70ʉ). 

ɺʳʷʚʣʝʥʦ ʧʦʪʝʧʣʝʥʠʝ ʟʠʤʦʡ ʠ ʦʩʝʥʴʶ ʥʘ 1,80ʉ. ʉʨʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʥʝʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ 

ʣʝʜʥʠʢʦʤ ʄʝʛʜʦʨ ʟʘ 4 ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʧʝʨʠʦʜ 1982-2021 ʛʛ. ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʘʤʳʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ (-7,40ʉ) 

ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ ʧʝʨʚʦʤ ʜʝʩʷʪʠʣʝʪʠʠ (1982-1991 ʛʛ.), ʘ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ 

ʥʘʜ ʘʪʤʦʩʬʝʨʦʡ ʣʝʜʥʠʢʘ ʄʝʛʜʦʨ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ ʪʨʝʪʴʝʤ ʜʝʩʷʪʠʣʝʪʠʠ (-5,80ʉ), ʯʪʦ ʥʘ 0,90ʉ ʚʳʰʝ 

ʩʨʝʜʥʝʡ ʤʥʦʛʦʣʝʪʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʧʦʩʪʝʧʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʜʫʭʘ ʥʘ 1,40ʉ ʢ ʪʨʝʪʴʝʤʫ ʜʝʩʷʪʠʣʝʪʠʶ, ʟʘʪʝʤ ʩʥʠʞʝʥʠʝ ʥʘ 1,20ʉ ʚ ʯʝʪʚʝʨʪʦʤ ʜʝʩʷʪʠʣʝʪʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʣʝʜʥʠʢ ʄʝʛʜʦʨ ʠʩʧʳʪʳʚʘʝʪ ʧʨʦʮʝʩʩ ʦʭʣʘʞʜʝʥʠʷ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʟʘʛʨʷʟʥʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʜʥʠʢʘ ʧʳʣʝʚʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠ ʩʘʞʝʡ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪ ʘʣʴʙʝʜʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʜʥʠʢʘ ʠ ʩʥʠʞʝʥʠʝʤ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 24-ʤ ʩʦʣʥʝʯʥʦʤ ʮʠʢʣʝ.  
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VARIATIONS AIR TEMPERATURE ABOVE THE ATMOSPHERE OF THE MEGDOR (RUSSIAN 

GEOGRAPHICAL SOCIETY GLACIER ) IN THE PERIOD 1982-2021 

The article presents the results of a study of air temperature variations above the atmosphere of the Megdor 

glacier (Russian Geographical Society) for the period 1982-2021, using the POWER (NASA) database. The average 

daily air temperature for the period 1982-2021 above the atmosphere of the Megdor glacier (obtained from 17233 

data) the maximum value recorded was 11.610C (07.31.1983), the minimum recorded was -32.200C (01.20.2008). 
Over 40 years, the average temperature in Megdor was -6.720C. In order to determine the reverse trajectory of the air 

flow for the maximum and minimum temperature over the Megdor glacier, the calculation of the back trajectory was 

carried out using the Hysplit model and back trajectories of air flows were identified at an altitude of 500, 1500 and 

2500 m and an ensemble of 27 air flows over the Megdor glacier. It was found that the maximum temperature over 

the glacier is associated with air flows forming a ñdust beltò in the deserts. The lowest monthly values were recorded 

in January of the first decade (1982-1991) and the highest values of air temperature over the atmosphere of the Megdor 

glacier were recorded in June of the third decade 2002-2011. The minimum values were recorded in winter (-18.90C) 
of the first decade (1982-1991) and the maximum values of air temperature above the atmosphere of the Megdor 

glacier were recorded in the summer of the second and third decades (3.50C). The average seasonal values of air 

temperature above the atmosphere of the Megdor glacier in the summer in all decades are recorded above zero 

(positive temperatures), and for the remaining months the temperature values are below zero, the coldest season is 

naturally winter. A slow decrease in temperature in autumn to 10C is observed during the study period, and a decrease 

in the summer period (0.70C). Warming in winter and autumn by 1.80C was detected. The average ten-year change in 

air temperature above the Megdor glacier for 4 decades in the period 1982-2021., indicate that the lowest values were 

recorded (-7.40C) in the first decade (1982-1991) and the highest values of air temperature above the atmosphere of 

the Megdor glacier were recorded in the third decade (-5.80C), which is 0.90C higher than the average long-term 

temperature. The dynamics of change shows a gradual increase in air temperature by 1.40C up to the third decade, 

then a decrease by 1.20C in the fourth decades. It was found that in the last decade, the Megdor glacier has been 
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experiencing a cooling process associated with increased pollution of the glacier surface due to dust particles and soot, 

which significantly changes the albedo of the glacier surface and a decrease in solar activity in the 24-th solar cycle. 

Key words: Megdor Glacier, air temperature, POWER (NASA) database, reverse air mass flow, HYSPLIT 

model, temperature trend, average monthly temperature, average seasonal temperature, average annual temperature, 

maximum temperature value, normalized temperature. 
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ʍʀʄʀʗ 

 
ʋɼʂ 541.49.538.214 

ʊɸפ׳ʀפʀ ʇʈʆʊʆʃʀʊʀʀ ɹɸʒɿɽ ɸʄʀʅʆʂʀʉʃʆʊɸ׳ʆʀ ɸʈʆʄɸʊ  ɼɸʈ 

ʄɸ׳ʃʋʃ׳ʆʀ ʆɹ       

 .ʫʣʟʦʜʘ ʄ.ʄ., ʉʘʤʘʜʟʦʜʘ ɸ.ʉ., ʌʘʡʟʫʣʣʦʟʦʜʘ ʕ.ʌץʅ., ʅʘʨʟʠ.תּ ʘʢʠʤʟʦʜʘ׳

ɼʦʥʠhʛʦ״ʠ ʤʠʣʣʠʠ ʊʦֹוʠʢʠʩʪʦʥ 

ʄʫץʘʜʜʠʤʘ.ɸʤʠʥʦʢʠʩʣʦʪʘ״ʦ ʤʦʜʜʘ״ʦʠ ʬʘʲʦʣʠ ʙʠʦʭʠʤʠʷʚʠʝ ʤʝʙʦʰʘʥʜ, ʢʠ ʙʘʨʦʠ 

 ʠʩʦʙ ʤʝʨʘʚʘʥʜ. ɼʘʨ״ ʦ ʜʘʨ ʦʨʛʘʥʠʟʤ ʙʘ״ʘʸʪʠ ʟʠʥʜʘ ʟʘʨʫʨ ʚʘ ʘʩʦʩʠ ʪʘʰʢʠʣʰʘʚʠʠ ʩʘʬʝʜʘ״

ʦʨʛʘʥʠʟʤ ʦʥ ץʘʨʠʙ ʥʠʩʬʠ ʟʘʨʫʨʠʠ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦʠ ʣʦʟʠʤ  ʩʠʥʪʝʟ ʤʝʰʘʚʘʥʜ ʚʘ 

ʙʦץʠʤʦʥʜʘʨʦ ʦʨʛʘʥʠʟʤ ʪʘʚʚʘʩʫʪʠ ʭ ʨʦʢ, ʢʠ ״ʘʤʯʫʥ ʘʤʠʥʦʢʩʠʣʦʪʘ״ʦʠ ʠʚʘʟʥʘʰʘʚʘʥʜʘ 

ʤʘʲʣʫʤʘʥʜ, ֹוʘʙʙʠʜʘ ʤʝʛʠʨʘʜ [1]. ɸʟ 20 Ŭ -ʘʤʠʥʦʢʠʩʣʦʪʘʝ, ʢʠ ʜʘʨ ʪʘʰʢʠʣʰʘʚʠʠ ʙʠʥʦʠ 

ʩʘʬʝʜʘ״ʦ ʠʰʪʠʨʦʢ ʤʝʢʫʥʘʥʜ, ״ʘʨ ʷʢʝ ʬʫʥʢʩʠʷʠ ʤʫʘʡʷʥ ʜʦʨʘʜ, ʘʣʘʣʭʫʩʫʩ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦʠ 

ʘʨʦʤʘʪ  ʙʘ ʤʦʥʘʥʜʠ ʬʝʥʠʣʘʣʘʥʠʥ (Phe), ʪʠʨʦʟʠʥ (Tyr) ʚʘ ʪʨʠʧʪʦʬʘʥ (Trp) ʤʘʭʩʫʩʠʷʪ״ʦʠ 

ʭʫʜʨʦ ʜʦʨʘʥʜ. ʀʥ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦ ʙʘ ״ʘʤʜʠʛʘʨ ʤʦʥʘʥʜ  ʜʦʰʪʘ, ʪʘʥ״ʦ ʘʟ ʨ ʡʠ ʨʘʜʠʢʘʣ״ʦʠ 

ʧʘ״ʣ ʠʠ ʙʘ ʤʦʣʝʢʫʣʘʠ ʘʣʘʥʠʥ ʧʘʡʚʘʩʪʰʫʜʘ ʬʘʨץ ʤʝʢʫʥʘʥʜ. 

ɸʤʠʥʦʢʠʩʣʦʪʘʠ ʬʝʥʠʣʘʣʘʥʠʥ ʷʢʝ ʘʟ ʢʦʤʧʦʥʝʥʪ״ʦʠ ʘʩʦʩʠʠ ʩʘʬʝʜʘ ʙʘ ״ʠʩʦʙ ʨʘʬʪʘ, ʜʘʨ 

ʦʨʛʘʥʠʟʤ ʪʘʚʘʩʩʫʪʠ ʤʘʥʙʘʲ״ʦʠ סʠʟʦ ʚʘ ʸ ʠʣʦʚʘ״ʦ ʘʟ ץʘʙʠʣʠ ʛʘʥʜʫʤ, ֹוʘʚ, ʤʘ״ʩʫʣʦʪʠ ʰʠʨ  ʚʘ 

ʛ ʰʪ  ʚʦʨʠʜ ʤʝʛʘʨʜʘʜ. ʌʝʥʠʣʘʣʘʥʠʥ ʙʘʨʦʠ ʤʫʲʪʘʜʠʣ ʥʠʛʦ״ ʜʦʰʪʘʥʠ ʬʘʲʦʣʠʷʪʠ ʩʠʩʪʝʤʘʠ 

ʤʘʨʢʘʟʠʠ ʘʩʘʙ ʙʘ ʤʦʥʘʥʜʠ ʜʘʨʜʠ ʜʫʨʫ ʜʘʨʦʟ (ʭʨʦʥʠʯʝʩʢʘʷ), ʜʝʧʨʝʩʩʠʷ ʚʘ ʜʠʛʘʨ ʙʝʤʦʨʠ״ʦ, 

ʢʠ ʙʘ ʥʦʤʫʲʪʘʜʠʣʠʠ (ʚʘʡʨʦʥʰʘʚ ) ʘʩʘʙ ʘʣʦץʘʤʘʥʜʘʥʜ, ʤʫ״ʠʤ ʘʩʪ [2-4]. ʌʝʥʠʣʘʣʘʥʠʥʨʦ ʜʘʨ 

ʠʰʪʠʨʦʢʠ ʢʘʪʘʣʠʪʟʘʪʦʨʠ ʬʝʥʠʣʘʣʘʥʠʥʛʠʜʨʦʢʩʠʣʘʟʘ (ʌɸɻ) ʙʘ ʪʠʨʦʟʠʥ ʪʘʙʜʠʣ ʜʦʜʘʥ 

ʤʫʤʢʠʥ ʘʩʪ, ʚʘʣʝ ʨʘʚʘʥʜʠ ʙʘʨʲʘʢʩʠ ʠʥ ʨʝʘʢʩʠʷ סʘʡʨʠʠʤʢʦʥ ʤʝʙʦʰʘʜ. ʊʠʨʦʟʠʥ ʤʘʚʦʜʠ 

ʘʩʦʩʠʠ ʠʙʪʠʜʦ  ʜʘʨ ʩʠʥʪʝʟʠ ʘʜʨʝʥʘʣʠʥ, ʥʦʨʘʜʨʝʥʘʣʠʥ, ʜʦʬʘʤʠʥ ʚʘ ʤʘʚʦʜʠ ʘʩʦʩ  ʙʘ ״ʠʩʦʙ 

ʨʘʬʪʘ, ״ʘʤʯʫʥ ʥʝʡʨʦʪʨʘʥʩʤʠʪʪʝʨ״ʦ ʸ ʛʦʨʤʦʥ״ʦ ʙʘʨʦʠ ״ʘʡʚʦʥʦʪ ʚʘ ʦʜʘʤʦʥ ʘʤʘʣ ʤʝʢʫʥʘʜ [2, 

5]. ɼʘʨ ʙʘʡʥʠ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦʠ ʨʘʤʟʠʠ ʪʘʙʠ  ʪʨʠʧʪʦʬʘʥ ʘʟ ʥʫץʪʘʠ ʥʘʟʘʨʠ ʭʦʩʠʷʪ״ʦʠ 

ʬʠʟʠʢ  ï ʭʠʤʠʷʚʠʠ ʭʫʜ ʙʝʥʘʟʠʨ ʘʩʪ. ʆʥ ״ʘʤʯʫʥ ʙʦץʠʤʦʥʜʘʠ ʘʤʠʥʦʢʠʩʣʦʪʘʠ ʘʨʦʤʘʪ  ʙʘ 

ʤʦʥʘʥʜʠ ʬʝʥʠʣʘʣʘʥʠʥ ʚʘ ʪʠʨʦʟʠʥ ״ʠʩʦʙʠʜʘ ʰʫʜʘ, ʷʛʦʥʘ ʘʤʠʥʦʢʠʩʣʦʪʘʝ ʤʝʙʦʰʘʜ, ʢʠ ʜʘʨ 

ʟʘʥֹוʠʨʠ ʧʘ״ʣʫʠʠ ʭʫʜ ʜʫ ״ʘʣץʘ ʜʦʨʘʜ, ʷʲʥʝ ץʠʩʤʠ ʠʥʜʦʣ , ʢʠ ʘʟ ״ʘʣץʘʠ ʙʝʥʟʦʣ  ʙʦ ʧʠʨʨʦʣ  

(ʥʘץʰʘʠ 1) ʪʘʰʢʠʣ ʰʫʜʘʘʩʪ, ʦʥʨʦ ʙʫʟʫʨʛʪʘʨʠʥ ʘʤʠʥʦʢʠʩʣʦʪʘʠ ʨʘʤʟ  ʜʘʨ ץʘʪʦʨʠ 

ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦʠ ʪʘʙʠ  ʛʘʨʜʦʥʠʜʘʘʩʪ [6].   

ʆʤʝʟʠʰʠ ʛʫʨ ʦʠ ʘʩʦʩʠʠ ʘʤʠʥ״״  ʚʘ ʢʠʩʣʦʪʘʛʠʠ ʢʘʨʙʦʢʩʠʣ  ʜʘʨ ʤʦʣʝʢʫʣʘʠ 

ʘʤʠʥʦʢʩʠʣʦʪʘ״ʦ ʙʘ ʷʢ ץʘʪʦʨ ʭʦʩʠʷʪ״ʦʠ ʙʝʥʘʟʠʨ ʚʘ ʨʝʘʢʩʠʷ״ʦʠ ʤʫ״ʠʤ ʦʚʘʨʜʘ ʤʝʨʘʩʦʥʘʜ. 

ɿʘʥֹוʠʨʠ ʧʘ״ʣ  ʜʘʨ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦ, ʢʠ ʜʦʨʦʠ ʛʫʨ ʦʠ ʬʫʥʢʩʠʦʥʘʣʠʠ ʠʣʦʚʘʛ״״  ʤʝʙʦʰʘʥʜ 

(ʬʝʥʠʣ , ʛʠʜʨʦʢʩʠʬʝʥʠʣ , ʠʥʜʦʣ  ʚʘ ס.) ʙʘ ʦʥ״ʦ ʭʦʩʠʷʪ״ʦʠ ʤʫ״ʠʤ ʚʘ ʨʝʘʢʩʠʷ״ʦʠ ʤʘʭʩʫʩ 

ʤʝʙʘʭʰʘʥʜ. ɼʘʨ ʘʩʦʩʠ ʭʦʩʠʷʪ״ʦʠ ʢʠʩʣʦʪʘʛïʘʩʦʩ  ʢʦʥʩʪʘʥʪʘʠ ʛʫʨ  ʦʠ״״

ʧʨʦʪʦʥʠʟʘʪʩʠʷʰʫʜʘʠ ʢʘʨʙʦʢʩʠʣ  (ïCOOH) ʚʘ ʘʤʠʥ  (ïNH3
+) ʤʫʘʡʷʥ ʢʘʨʜʘ ʤʝʰʘʚʘʜ. 

ʦʠ ʧʨʦʪʦʥʠʟʘʪʩʠʷ (ʤʘʢʨʦʩʢʦʧ״ʠʤʘʪʠ ʢʦʥʩʪʘʥʪʘפ  ʚʘ ʤʠʢʨʦʩʢʦʧ )-ʠ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦ ʙʘʨʦʠ 

 .ʨʅ ʣʦʟʠʤ ʤʝʦʷʜ ״ʦʠ ʠʦʥʠʟʘʪʩʠʷʰʫʜʘ ʜʘʨ ʜʠʣʭʦ״ʘʨ ʷʢʝ ʘʟ ʟʘʨʨʘ״ ʠʩʦʙʠ ʢʦʥʩʝʥʪʨʘʪʩʠʷʠ״

ʄʫʘʡʷʥ ʥʘʤʫʜʘʥʠ ʦʥ ʜʘʨ ʭʠʤʠʷʠ ʤʘ״ʣʫʣ״ʦ ʙʠʩʸʨ ʤʘʩʲʘʣʘʠ ʥʦʟʫʢ ʙʘ ״ʠʩʦʙ ʤʝʨʘʚʘʜ,  ʢʠ ʜʘʨ 

ʩʠʩʪʝʤʘ״ʦʠ ʙʠʦʣʦʛ  ʘ״ʘʤʠʷʪʠ ʭʦʩʘ ʜʦʨʘʥʜ  [7, 8]. 

ɺʦʙʘʩʪʘ ʙʘ ʧʘʡʜʦʠʰʠ ʨʘʜʠʢʘʣ״ʦʠ ʧʘ״ʣʫʠʠ ʜʦʨʦʠ ʘʪʦʤ״ʦ y  ʛʫʨ ʦʠ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨ״״  

 ʦ״ʫʜʠʷʪʠ ʦʥוʦʠ ʤʘʚֹ״ʫʜʫʜʠ ʰʘʢʣ״ ʦ ʚʘ״ʦʠ ʧʨʦʪʦʥʦʟʘʪʩʠʷʠ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʠʤʘʪʠ ʢʦʥʩʪʘʥʪʘץ

ʚʦʙʘʩʪʘ ʙʘ ʨʅ-ʠ ʩʠʩʪʝʤʘ ʪʘסʡʠʨ ʤʝʸʙʘʜ. ʍʦʩʠʷʪ״ʦʠ ʢʠʩʣʦʪʘʛïʘʩʦʩʠʠ ʬʝʥʠʣʘʣʘʥʠʥ (Phe), 

ʪʠʨʦʟʠʥ (Tyr) ʚʘ ʪʨʠʧʪʦʬʘʥ (Trp) ʜʘʨ ʢʦʨ״ʦʠ [9-12] ʦʤ ʭʪʘ ʰʫʜʘʘʥʜ, ʘʤʤʦ ʤʘʲʣʫʤʦʪ״ʦ 

ʥʠʰʦʥ ʤʝʜʠ״ʘʥʜ, ʢʠ ʜʘʨ ʦʥ״ʦ ʚʦʙʘʩʪʘ ʙʘ ʪʘסʡʠʨʸʙʠʠ ʵʬʬʝʢʪʠ ʵʣʝʢʪʨʦʥʠʠ ʨʘʜʠʢʘʣʠ ʧʘ״ʣʫ  

ʩʠʩʪʝʤʘʙʘʥʜʠʠ ʭʦʩ ʤʘʚֹוʫʜ ʥʝʩʪ. ɸʟ ʠʥ ʨ , ʜʘʨ ʢʦʨʠ ʤʘʟʢʫʨ ʟʘʨʫʨʘʪʠ ʜʠʛʘʨʙʦʨʘ ʦʤ ʭʪʘʥʠ 

ʭʦʩʠʷʪ״ʦʠ ʢʠʩʣʦʪʘʛ-ʘʩʦʩʠʠ ʠʥ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦ ʟʘʨʫʨ ʰʫʤʦʨʠʜʘ ʰʫʜ. ʄʘץʩʘʜʠ ʘʩʦʩʠʠ 

ʢʦʨʠ ʤʘʟʢʫʨ ʠʥ ʤʘʲʣʫʤʦʪ ʜʦʜʘʥ ʦʠʜʠ ʪʘʲʩʠʨʠ ʨʘʜʠʢʘʣʠ ʠʣʦʚʘʰʫʜʘ ʜʘʨ ʤʦʣʝʢʫʣʘʠ 

ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦ ʙʘ ʢʦʥʩʪʘʥʪʘ״ʦʠ ʧʨʦʪʦʥʠʟʘʪʩʠʷʠ ʦʥ ʤʝʙʦʰʘʜ. 

 ʈʀɹɸɺתʀʉʄɸʊʀ ʊɸּפ
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ʦʠ ʘʥʘʣʠʪʠʢ״ʘʨ ʩʝ ʘʤʠʥʦʢʠʩʣʦʪʘʝ, ʢʠ ʜʘʨ ʢʦʨʠ ʤʘʟʢʫʨ ʠʩʪʠʬʦʜʘ ʰʫʜʘʘʥʜ, ʨʝʘʢʪʠʚ׳  

ʙʘ ״ʠʩʦʙ ʤʝʨʘʚʘʥʜ. L ï ʬʝʥʠʣʘʣʘʥʠʥ (Phe, ʪʦʟʘʛ  > 99%), L ï ʪʠʨʦʟʠʥ (Tyr, ʪʦʟʘʛ  > 99%) 

ʚʘ L ï ʪʨʠʧʪʦʬʘʥ (Trp, ʪʦʟʘʛ  > 99%)  ʘʟ ʰʠʨʢʘʪʠ Reanal Finechemical Private Ltd ɹʫʜʘʧʝʰʪ, 

ɺʝʥʛʨʠʷ ʙʫʜʘ, ʙʠʜʫʥʠ ʪʦʟʘʢʫʥʠʠ ʠʣʦʚʘʛ  ʠʩʪʠʬʦʜʘ ʛʘʨʜʠʜʘʘʥʜ. ʄʘ״ʣʫʣ״ʦʠ ʢʠʩʣʦʪʘʠ 

ʭʣʦʨʠʜ ʚʘ ʠʰץʦʨʠ ʢʘʣʠʡ ״ʘʥʛʦʤʠ ʩʝʨʦʙʢʫʥʠʠ ʘʤʧʫʣʘ״ʦʠ ʩʪʘʥʜʘʨʪ  (ʬʠʢʩʘʥʘʣ״ʦ) ʦʤʦʜʘ 

ʰʫʜʘʘʥʜ. ɼʘʨ ʨʘʚʘʥʜʠ ʛʫʟʘʨʦʥʠʜʘʥʠ ʪʘֹוʨʠʙʘ״ʦ ״ʘʤʯʫʥ ʬʦʥʠ ʵʣʝʢʪʨʦʣʠʪ  ʙʘʨʦʠ ʜʦʠʤ  

ʥʠʛʦ״ ʜʦʰʪʘʥʠ ץʫʚʚʘʠ ʠʦʥ , ʙʘ ʩʠʬʘʪʠ ʥʘʤʘʢʠ ʠʥʜʝʬʝʨʝʥʪ   ʥʠʪʨʘʪʠ ʥʘʪʨʠʡ (ʈɽɸʍʀʄ, 

ʈʦʩʩʠʷ, ʪʦʟʘʛ  > 99%)-ʨʦ ʠʩʪʠʬʦʜʘ ʥʘʤʫʜʝʤ. ʊʘʡy ʨʢʫʥʠʠ ʤʘ״ʣʫʣ״ʦʠ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦʠ 

ʥʦʤʙʫʨʜʘʰʫʜʘ ʪʘʚʘʩʩʫʪʠ ʙʘʨʢʘʰʠʜʘʥ ʜʘʨ ʪʘʨʦʟʫ״ʦʠ ʘʥʘʣʠʪʠʢ  ʠֹוʨʦ ʢʘʨʜʘ ʰʫʜ. 

ɼʘʨ ʨʘʚʘʥʜʠ ʛʫʟʘʨʦʥʠʜʘʥʠ ʪʘֹוʨʠʙʘ״ʦ ʘʩʙʦʙʠ ʨʅïʤʝʪʨ çʕʂʉʇɽʈʊï001è (ʘʟ ʰʠʨʢʘʪʠ 

ʕʢʦʥʠʢʩ ʕʢʩʧʝʨʪ, ʌʈ-2023) ʠʩʪʠʬʦʜʘ ʛʘʨʜʠʜ. ɹʘ ʘʩʙʦʙʠ ʨʅïʤʝʪʨ ʵʣʝʢʪʨʦʜʠ ʰʠʰʘʛʠʠ 

ʢʦʤʙʠʥʘʪʩʠʦʥʠʠ ʪʘʤסʘʘʰ çʕʉʂ-10603/7è ʙʘʨʦʠ ʯʝʥʢʫʥʠʠ ʤʫ״ʠʪʠ ʤʘ״ʣʫʣ ʚʘʩʣ ʢʘʨʜʘ ʰʫʜ. 

ɸʩʙʦʙʠ ʨʅïʤʝʪʨ ʙʦ ʵʣʝʢʪʨʦʜʠ ʢʦʤʙʠʥʘʪʩʠʦʥ  ʧʝʰ ʘʟ ״ʘʨ ʷʢ ʩʠʣʩʠʣʘʠ ʪʠʪʨʢʫʥ  ʙʦ 

ʤʘ״ʣʫʣ״ʦʠ ʩʪʘʥʜʘʨʪʠʝ, ʢʠ ʨʅ-ʠ ʦʥ״ʦ ʙʘ 1.68, 6.86  ʚʘ 9.18 ʜʘʨ ״ʘʨʦʨʘʪʠ 25 Áʉ ʙʘʨʦʙʘʨ 

ʙʫʜʘʥʜ, ʢʘʣʠʙʨʦʚʢʘ ʢʘʨʜʘ ʤʝʰʫʜ, ʪʦ ʢʠ ʥʘ ʬʘʲʦʣʠʷʪʠ ʠʦʥ״ʦʠ ʛʠʜʨʦʛʝʥ, ʙʘʣʢʠ 

ʢʦʥʩʝʥʪʨʘʪʩʠʷʠ ʦʥ ʯʝʥ ʢʘʨʜʘ ʰʘʚʘʜ. ׳ʘʨʦʨʘʪʠ ʩʠʩʪʝʤʘ ʜʘʨ ʨʘʚʘʥʜʠ ʪʠʪʨʦʥʠʜʘʥ ʙʦ ʠʩʪʠʬʦʜʘ 

ʘʟ ʷʯʝʡʢʘʠ ʪʝʨʤʦʩʪʘʪ  ʪʦ ʜʘʨʘֹוʘʠ 25.0 Ñ 0.2 Áʉ  ʥʠʛʦ״ ʜʦʰʪʘ ʤʝʰʫʜ. 

ɼʘʨ ʷʯʝʡʢʘʠ ʵʣʝʢʪʨʦʭʠʤʠʷʚ ʤʠ ʫʤʫʤוʘֹ״)   = 50 ʤʣ) ʦʤʝʭʪʘʠ ʵʢʚʠʤʦʣʷʨʠʠ 

ʤʘ״ʣʫʣ״ʦʠ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦ ʙʦ ʢʠʩʣʦʪʘʠ ʭʣʦʨʠʜ ʙʘ ʤʠץʜʦʨʠ 0.0100 ʤʦʣĀʣï1 HCl+0.0100 

ʤʦʣĀʣï1 ʘʤʠʥʦʢʠʩʣʦʪʘ ʧʨʦʪʦʥʠʟʘʪʩʠʷ ʢʘʨʜʘ ʰʫʜʘ, ʙʘʲʜʘʥ ʙʦ ʤʘ״ʣʫʣʠ 0.2000 ʤʦʣĀʣï1 KOH 

ʪʠʪʨ ʢʘʨʜʘ ʰʫʜʘʘʥʜ. ɹʘʨʦʠ ʢʘʤ ʢʘʨʜʘʥʠ ʭʘʪʦʛʠ״ʦʠ ʩʠʩʪʝʤʘʪʠʢ , ʜʘʨ ״ʘʨ ʷʢ ʢʦʥʩʝʥʪʨʘʪʩʠʷʠ 

ʘʤʠʥʦʢʠʩʣʦʪʘ ʥʘ ʢʘʤ ʘʟ ʩʝ ʤʘʨʦʪʠʙʘ ʪʠʪʨʦʥʠ״ʦ ʥʦʚʦʙʘʩʪʘ ʘʟ ʷʢʜʠʛʘʨ ʛʫʟʘʨʦʥʠʜʘ ʰʫʜʘʥʜ. 

ʘʨ ʷʢ ʩʠʣʩʠʣʘʠ ʪʠʪʨʢʫʥ״ ʘʥʛʦʤʠ׳ ʫʚʚʘʠ ʠʦʥץ   ʙʘ 0.1 ʤʦʣĀʣï1 KNO3 ʥʠʛʦ״ ʜʦʰʪʘ ʰʫʜ ʚʘ 

ʯʝʥʢʫʥʠʠ ʨʅ, ʧʘʩ ʘʟ ʚʘץʪʠ ʤʫʚʦʬʠץ (ʦʜʘʪʘʥ 2-3 ʜʘץʠץʘ) ʛʠʨʠʬʪʘ ʤʝʰʫʜ, ʪʦ ʤʫʚʦʟʠʥʘʪ 

ʙʘʨץʘʨʦʨ ʛʘʨʜʘʜ. ׳ʘʤʘʠ ״ʠʩʦʙ״ʦʠ ʢʦʥʩʪʘʥʪʘ״ʦʠ ʧʨʦʪʦʥʠʟʘʪʩʠʷʠ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦʠ 

ʬʝʥʠʣʘʣʘʥʠʥ (Phe), ʪʠʨʦʟʠʥ (Tyr), ʪʨʠʧʪʦʬʘʥ (Trp)  ʚʘ ʪʘʩʚʠʨʠ ʛʨʘʬʠʢ״ʦ ʜʘʨ ʘʩʦʩʠ ʪʘ״ʣʠʣʠ 

ʦʠ ʪʠʪʨʦʥ״ʠʤʘʪץ  ʙʦ ʠʩʪʠʬʦʜʘ ʘʟ ʙʘʨʥʦʤʘ״ʦʠ ʢʦʤʧʶʪʝʨ  ʘʟ ץʘʙʠʣʠ MS Excel 2016 ʚʘ 

OriginLab Corporation ʛʫʟʘʨʦʥʠʜʘ ʰʫʜʘʥʜ. ʀʥʯʫʥʠʥ ״ʘʤʘʠ ʬʦʨʤʫʣʘ״ʦʠ ʤʘʪʝʤʘʪʠʢ  ʚʘ 

ʪʘʩʚʠʨʠ ʤʦʣʝʢʫʣʘʠ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦ ʤʫʚʦʬʠץʘʥ ʙʦ ʸʨʠʠ ʙʘʨʥʦʤʘ״ʦʠ MathType 7.4.8.0 ʚʘ 

ChemSketch 2021 2.1 ʩʦʭʪʘ ʰʫʜʘʘʥʜ.  

 ʌʦʨʤʫʣʘ״ʦʠ ʩʪʨʫʢʪʫʨʠʠ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦʠ ʘʨʦʤʘʪʠʝ, ʢʠ ʜʘʨ ʢʦʨʠ ʤʘʟʢʫʨ ʤʘʚʨʠʜʠ 

ʪʘץ״ʠץ ץʘʨʦʨ ʛʠʨʠʬʪʘʘʥʜ, ʜʘʨ ʥʘץʰʘʠ 1 ʦʚʘʨʜʘ ʰʫʜʘʘʩʪ: 

CH2

CH NH2

C
OHO

CH2

CH NH2

C
OHO

OH

CH2

CH NH2

C
OHO

NH

Lïʌʝʥʠʣʘʣʘʥʠʥ (Phe)      Lïʊʠʨʦʟʠʥ (Tyr)          Lïʊʨʠʧʪʦʬʘʥ (Trp)

ʅʘhץʘʠ 1

 
 ʦ ʪʘʚʘʩʩʫʪʠ״ʦʠ ʧʨʦʪʦʥʠʜʘʥʠ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʠ ʢʦʥʩʪʘʥʪʘץʠץʠʤʘʪʠ ʜʘץ ʠʩʦʙʠ׳

ʤʫʦʜʠʣʘ״ʦʠ ʢʘֹוʭʘʪʘʠ ʪʠʪʨʦʥʠʜʘʥʠ ʢʠʩʣʦʪʘ״ʦʠ ʟʘʠʬʠ ʜʫ ʚʘ ʩʝʘʩʦʩʘ ʜʘʨ ʢʦʨĕʦʠ [13-16] 

ʠץʪʠʙʦʩ ʛʘʨʜʠʜʘʘʥʜ (ʤʫʦʜʠʣʘʠ 1), ״ʠʩʦʙ ʢʘʨʜʘ ʰʫʜ [16].  

https://chemsketch.ru.malavida.com/
https://chemsketch.ru.malavida.com/
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(1) 

ɼʘʨ ʠʥֹוʦ: Vi ï ״ʘֹוʤʠ ʠʣʦʚʘʰʫʜʘʠ ʠʰץʦʨ, V0 ï ״ʘֹוʤʠ ʫʤʫʤʠʠ ʤʘ״ʣʫʣʠ 

ʪʘץ״ʠץʰʘʚʘʥʜʘ, Vʝ ï ״ʘֹוʤʠ ʵʢʚʠʚʘʣʝʥʪʠʠ ʠʰץʦʨ, Ŭʅ
+ ï ʬʘʲʦʣʥʦʢʠʠ ʠʦʥ״ʦʠ ʛʠʜʨʦʛʝʥ, ɔ ï 

ʢʦʵʬʬʠʪʩʠʝʥʪʠ ʬʘʲʦʣʥʦʢʠʠ ʛʠʜʨʦʛʝʥ, ʉb ï ʢʦʥʩʝʥʪʨʘʪʩʠʷʠ ʠʰץʦʨ, ʂ1, ʂ2 ʚʘ ʂ3ï ץʠʤʘʪ״ʦʠ 

ʢʦʥʩʪʘʥʪʘ״ʦʠ ʠʦʥʠʟʘʪʩʠʷ, ʂW ï ״ʦʩʠʣʠ ʟʘʨʙʠ ʠʦʥ״ʦʠ ʦʙ (ʘʟ ʢʦʨʠ [17] ʛʠʨʠʬʪʘ ʰʫʜʘʘʩʪ). 

ɹʦ ʠʩʪʠʬʦʜʘ ʘʟ ʤʫʦʜʠʣʘ״ʦʠ ʤʘʟʢʫʨ ץʠʤʤʘʪʠ ʢʦʥʩʪʘʥʪʘ״ʦʠ ״ʠʩʦʙ  ʙʘ ʢʘֹוʭʘʪʪʘʝ, ʢʠ 

ʪʘʚʘʩʩʫʪʠ ʠʥ ʤʫʦʜʠʣʘ״ʦ ʩʦʭʪʘ ʤʝʰʘʚʘʜ, ʙʦ ʫʩʫʣʠ ʠʪʪʝʨʘʪʩʠʷ (ʥʘʟʜʠʢʰʘʚ ) ʚʘ ʫʩʫʣʠ 

ʢʚʘʜʨʘʪ״ʦʠ ʭʫʨʜʪʘʨʠʥ ʥʘʟʜʠʢ ʦʚʘʨʜʘ, ʛʠʨʠʬʪʘ ʰʫʜʘʥʜ. ʍʘʪʦʠ״ʦʠ ʢʦʥʩʪʘʥʪʘ״ʦʠ ʠʦʥʠʟʘʪʩʠʷ 

ʜʘʨ ʩʠʣʩʠʣʘ״ʦʠ ʛʫʥʦʛʫʥʠ ʪʠʪʨʦʥʠʜʘʥ ʜʘʨ ʬʦʩʠʣʘʠ ʙʦʚʘʨʠʥʦʢ (P = 0.95) ʙʘ ʜʘʩʪ ʦʤʘʜʘʘʥʜ. 

ʄʋ׳ʆʂʀʄɸʀ ʅɸʊʀּתɸ׳ʆ 

ʄʫʘʡʷʥ ʥʘʤʫʜʘʥʠ ʢʦʥʩʪʘʥʪʘʠ ʧʨʦʪʦʥʠʜʘʥ ʙʘʨʦʠ ʤʦʣʝʢʫʣʘ״ʦʝ, ʢʠ ʨʘʬʪʦʨʠ ʩʚʠʪʪʝʨ-

ʠʦʥ  ʜʦʨʘʥʜ, ʙʘ ʤʦʥʘʥʜʠ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦ, ʙʠʩʸʨ ʤʫ״ʠʤ ʘʩʪ. ʗʢʝ ʘʟ ʫʩʫʣ״ʦʠ ʙʠʩʸʨ ʜʘץʠץ ʚʘ 

ʦʩʦʥʯʝʥʢʫʥʘʥʜʘʠ ʢʦʥʩʪʘʥʪʘʠ ʧʨʦʪʦʥʠʜʘʥ ʠʥ ʫʩʫʣʠ ʨʅ-ʤʝʪʨ  ʸ ʧʦʪʝʥʩʠʦʤʝʪʨ  ʤʝʙʦʰʘʜ. 

ɹʘʨʦʠ ʠʥ ʩʘʨʘʚʚʘʣ ʧʝʰ ʘʟ ʪʠʪʨʦʥʠʜʘʥ ʤʠץʜʦʨʠ ʤʫʘʡʷʥʠ ʘʤʠʥʦʢʠʩʣʦʪʘ ʙʦ ʤʠץʜʦʨʠ 

ʵʢʚʠʤʦʣʠʷʨʠʠ ʢʠʩʣʦʪʘʠ ʭʣʦʨʠʜ ʷʢֹוʦʷ ʢʘʨʜʘ ʰʫʜʘ, ʙʘʲʜʘʥ ʙʘ ʚʦʩʠʪʘʠ ʪʠʪʨʘʥʪ (ʛʠʜʨʦʢʩʠʜʠ 

ʢʘʣʠʡ) ʪʠʪʨʦʥʠʜʘ ʤʝʰʘʚʘʜ. ʅʘץʰʘʠ ʫʤʫʤʠʠ ʨʘʚʘʥʜʠ ʧʨʦʪʦʣʠʪʠʠ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦʠ 

ʘʨʦʤʘʪʠʠ ʬʝʥʠʣʘʘʣʘʥʠʥ (Phe), ʪʠʨʦʟʠʥ (Tyr) ʚʘ ʪʨʠʧʪʦʬʘʥ (Trp)  ʤʫʚʦʬʠץʘʥ ʜʘʨ ʟʝʨ 

(ʅʘץʰʘʠ 2) ʦʚʘʨʜʘ ʰʫʜʘʘʩʪ: 
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 ʦʠ ʛʫʥʦʛʫʥʠ ʦʥ ʜʘʨ״ʫʜʠʷʪʠ ʰʘʢʣוʘʣ ʥʘʤʫʜʘʥʠ ʘʤʠʥʦʢʠʩʣʦʪʘ ʜʘʨ ʦʙ ʤʘʚֹ״ ʘʥʛʦʤʠ׳

ʤʘ״ʣʫʣ ʜʘʨ ʷʢ ʚʘץʪ ʠʤʢʦʥʧʘʟʠʨ ʘʩʪ. ɸʟ ʠʥ ʨ , ʜʘץʠץʘʥ ʛʫʬʪʘ ʥʘʤʝʪʘʚʦʥʝʤ, ʢʠ ״ʘʥʛʦʤʠ 

ʧʨʦʪʦʥʠʟʘʪʩʠʷ ʰʫʜʘʥʠ ʘʤʠʥʦʢʠʩʣʦʪʘ ʛʠʜʨʦʛʝʥʠ ʢʠʩʣʦʪʘʠ ץʘʚ  ʙʘ ʢʘʜʦʤʝ ʘʟ ʛʫʨ  ʦʠ ʬʘʲʦʣ״״

ʧʘʡʚʘʩʪ ʤʝʰʘʚʘʜ, ʘʤʤʦ ʙʘʲʜ ʘʟ ʠʣʦʚʘ ʰʫʜʘʥʠ ʤʠץʜʦʨʠ ʵʢʚʠʤʦʣʷʨʠʠ ʢʠʩʣʦʪʘʠ ץʘʚ  ʜʘʨ 

ʘʤʠʥʦʢʠʩʣʦʪʘ ״ʘʤʘʠ ʛʫʨ ʦ ʙʘ ʛʫʨ״״ ʦʠ ʢʠʩʣʦʪʘʛ״״  ʪʘʙʜʠʣ ʤʝʸʙʘʥʜ ʚʘ ʠʥ ʜʘʨ ץʠʩʤʘʪ״ʦʠ 

ʘʚʚʘʣʠ ʨʝʘʢʩʠʷ״ʦʠ ʜʘʨ ʥʘץʰʘʠ 2 ʦʚʘʨʜʘʰʫʜʘ, ʤʫʰʦ״ʠʜʘ ʤʝʛʘʨʜʘʜ. ɸʟ ʠʥ ʥʘץʰʘ ʜʠʜʘ 

ʤʝʰʘʚʘʜ, ʢʠ ״ʘʥʛʦʤʠ ʪʠʪʨʢʫʥ  ʙʦ ʠʰץʦʨʠ ץʘʚ  ʙʘʨʪʘʨʠʷʪ ʜʘʨ ʢʘʥʜʘʥʠ ʘʪʦʤʠ ʛʠʜʨʦʛʝʥ ʘʟ 

ʛʫʨ  .ʘʥ ʙʦ ʂ1 ʠʬʦʜʘ ʢʘʨʜʘ ʰʫʜʘʘʩʪץʠ ʢʘʨʙʦʢʩʠʣʠʠ ʘʤʠʥʦʢʠʩʣʦʪʘ ʜʦʜʘ ʰʫʜʘʘʩʪ, ʢʠ ʤʫʚʦʬʠ״

ʀʜʦʤʘʠ ʪʠʪʨʥʘʤʦ  ʙʘʲʜʠ ʷʢ ״ʘֹוʤʠ ʵʢʚʠʚʘʣʝʥʪ  ʙʘ ʢʘʥʜʘʰʘʚʠʠ ʘʪʦʤʠ ʛʠʜʨʦʛʝʥʠ ʛʫʨ  ʠ ʙʘ״

ʢʠʩʣʦʪʘ ʪʘʙʜʠʣʸʬʪʘʠ ʘʤʠʥ  ʦʚʘʨʜʘ ʤʝʨʘʩʦʥʘʜ, ʢʠ ʙʦ ʂ2 ʠʰʦʨʘ ʰʫʜʘʘʩʪ. ɼʘʨ ״ʫʜʫʜʠ 

ʤʫ״ʠʪ״ʦʠ ʠʰץʦʨʠʠ ʙʘʣʘʥʜ ʵ״ʪʠʤʦʣʠ ʢʘʥʜʘʰʘʚʠʠ ʘʪʦʤʠ ʛʠʜʨʦʛʝʥʠ ʛʫʨ  ʠ ʛʠʜʨʦʢʩʠʣʠʠ״

ʪʠʨʦʟʠʥ ʙʘ ʘʤʘʣ ʤʝʦʷʜ, ʢʠ ʙʦ ʂ3 ʠʬʦʜʘ ʸʬʪʘʘʩʪ. ɹʘʨʦʠ ʤʦʣʝʢʫʣʘʠ ʪʨʠʧʪʦʬʘʥ ʥʠʟ ʯʫʥʠʥ 

ʠʰʦʨʘ״ʦ ʦʚʘʨʜʘ ʰʫʜʘʘʩʪ ʚʘ ʜʘʨ ʥʘץʰʘʠ ʤʫʚʦʟʠʥʘʪʠʠ ʦʥ ʟʠʥʘʠ ʩʝʶʤʠ ʢʘʥʜʘʰʘʚʠʠ ʧʨʦʪʦʥ 

ʘʟ ʥʠʪʨʦʛʝʥʠ ʤʦʣʝʢʫʣʘʠ ʠʥʜʦʣ  ʙʦ ʭʘʪʠ ʯʦʨʢʫʥֹוʘ ʠʰʦʨʘ ʰʫʜʘʘʩʪ, ʦʥ ʥʠʰʦʥ ʤʝʜʠ״ʘʜ, ʢʠ ʙʘ 

ʘʤʘʣ ʦʤʘʜʘʥʠ ʛʫʟʘʨʠʰʠ ʠʥ ʨʘʚʘʥʜ ʪʘʭʤʠʥ  ʘʩʪ, ʰʦʷʜ ʠʥ ʨʘʚʘʥʜ ʘʟ ״ʠʩʦʙʠ ʪʘʲʩʠʨʠ ʵʬʬʝʢʪʠ 

ʠʥʜʫʢʪʠʚʠʠ ʛʫʨ ʠ ʢʘʨʙʦʢʩʠʣ״  ʙʘ ״ʘʣץʘʠ ʠʥʜʦʣ  ʙʘ ʘʤʘʣ ʥʘʦʷʜ ʚʘ ʢʦʥʩʪʘʥʪʘʠ 

 ʙʫʜʘ ʥʘʤʝʪʘʚʦʥʘʜ. ʈʘʚʘʥʜʠ ץʠץʪʠʤʦʣʘʥ ʧʫʨʨʘ ʜʘ״ʠʩʦʙʥʘʤʫʜʘʠ ʤʦ ʜʘʨ ʠʥ ʨʘʚʘʥʜ ʵ״

ʪʠʨʦʥʠʜʘʥʠ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦʠ ʘʨʦʤʘʪʠʠ ʙʦʣʦʟʠʢʨ ʙʦ ʠʰץʦʨʠ ץʘʚ  ʜʘʨ ʨʘʩʤʠ 1 ʦʚʘʨʜʘ 

ʰʫʜʘʘʩʪ: 

  

 
           ʈʘʩʤʠ 1. ʂʘֹוʭʘʪʪʘʠ ʪʠʪʨʦʥ . ɺʦʙʘʩʪʘʛʠʠ ʨʅ-ʠ ʤʘ״ʣʫʣ ʘʟ ״ʘֹוʤʠ ʛʠʜʨʦʢʩʠʜʠ ʢʘʣʠʡ 

(V i, ʣ ʂʆʅ) ״ʘʥʛʦʤʠ 298.2 ʂ ʚʘ I = 0.1 ʄ NaNO3:  ʘ ï ʬʝʥʠʣʘʣʘʥʠʥ (Phe); b ï ʪʠʨʦʟʠʥ 

(Tyr) (ʢʘֹוʭʘʪʪʘʠ ʪʠʪʨʦʥʠʜʘʥʠ HCl ʙʦ ʂʆʅ (1) ʚʘ ʦʤʝʭʪʘʠ HCl + Tyr ʙʦ ʂʆʅ (2)); c ï 

ʪʨʠʧʪʦʬʘʥ (Trp). ʅʫץʪʘ״ʦ ï ʤʘʲʣʫʤʦʪ״ʦʠ ʪʘֹוʨʠʙʘʚ , ʭʘʪ״ʦ ï ʤʘʲʣʫʤʦʪ״ʦʠ ״ʠʩʦʙ . 

          ʈʠʩʫʥʦʢ 1. ʂʨʠʚʘʷ ʪʠʪʨʦʚʘʥʠʷ. ɿʘʚʠʩʠʤʦʩʪʴ pH ʨʘʩʪʚʦʨʘ ʦʪ ʦʙʲʸʤʘ ʛʠʜʨʦʢʩʠʜʘ 

ʢʘʣʠʷ (Vi, ʣ KOH) ʧʨʠ 298.2 ʂ ʠ I = 0.1 ʄ NaNO3: ʘ ï ʬʝʥʠʣʘʣʘʥʠʥ (Phe); ʙ ï ʪʠʨʦʟʠʥ 
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(Tyr) (ʢʨʠʚʘʷ ʪʠʪʨʦʚʘʥʠʷ HCl ʩ KOH (1) ʠ ʩʤʝʩʴʶ HCl + Tyr ʩ KOH (2)); ʚ ï ʪʨʠʧʪʦʬʘʥ 

(Trp ). ʊʦʯʢʠ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʣʠʥʠʠ ï ʨʘʩʯʸʪʥʳʝ ʜʘʥʥʳʝ. 

         Figure 1: Titration curve. Dependence of solution pH on the volume of potassium 

hydroxide (Vi, l KOH) at 298.2 K and I = 0.1 M NaNO3: a - phenylalanine (Phe); b - tyrosine 

(Tyr) (titration curve of HCl with KOH (1) and mixture of HCl + Tyr with KOH (2)); c - 

tryptophan (Trp) . Dots - experimental data, lines - calculated data. 

ʏʠ ʛʫʥʘʝ, ʢʠ ʘʟ ʢʘֹוʭʘʪʪʘ״ʦʠ ʜʘʨ ʨʘʩʤʠ 1 ʦʚʘʨʜʘʰʫʜʘ ʜʠʜʘ ʤʝʰʘʚʘʜ, ʨʅ-ʠ ʠʙʪʠʜʦʠʠ 

ʨʘʚʘʥʜʠ ʪʠʪʨʦʥʠʜʘʥ ʘʟ ʥʘʟʜʠʢʠ״ʦʠ ʨʅ-2 ʦסʦʟ ʤʝʛʘʨʜʘʜ, ʢʠ ʜʘʨ ʠʥ ״ʫʜʫʜ״ʦ ʚʘ ʧʦʸʥ ʘʟ ʦʥ 

ʘʤʘʠ ʛʫʨ״ ʦʠ ʬʫʥʢʩʠʦʥʘʣ״״  ʧʨʦʪʦʥʟʘʪʩʠʷ ʰʫʜʘʘʩʪ, ʘʟ ʠʥ ʨ, ʤʦʣʝʢʫʣʘʠ ʠʥ 

ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦ ʜʦʨʦʠ ʟʘʨʷʜʠ ʤʫʪʣʘץʦ ʤʫʩʙʘʪ ʤʝʛʘʨʜʘʥʜ. ɼʘʨ ʨʅ-״ʦʠ ʘʟ 10 ʙʦʣʦ ʛʫʨ  ʠ״

ʘʤʠʥ  ʜʘʨ ʥʘʤʫʜʠ ʘʩʦʩʠ ʥʝʡʪʨʘʣ  ʚʘ ʛʫʨ  ʘʤʘʥʜץʘʤʯʫʥ ʘʩʦʩʠ ʘʣʦ״ ʠ ʢʘʨʙʦʢʩʠʣ ʙʦʰʘʜ״

ʤʘʚֹוʫʜ ʘʩʪ, ʜʘʨ ʠʥ ʤʘʚʨʠʜ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦʠ ʤʘʟʢʫʨ ʟʘʨʷʜʠ ʤʘʥʬ  ʟʦ״ʠʨ ʤʝʥʘʤʦʷʥʜ. ɼʘʨ 

 ʪʘʠץʠʤʘʪʠ ʭʦʩʠ ʨʅ, ʢʠ ʥʫץ ʦʠ ʨʅ ʢʦʥʩʝʥʪʨʘʪʩʠʷʠ ʩʚʠʪʪʝʨ ʤʝʘʬʟʦʷʜ ʚʘ ʜʘʨ״ʫʜʫʜʠ ʤʠʸʥʘ״

ʠʟʦʵʣʝʢʪʨʠʢ  ʥʦʤ ʜʦʨʘʜ, ʰʘʢʣ״ʦʠ ʤʦʣʝʢʫʣʠʠ ʤʘʥʬ  ʚʘ ʤʫʩʙʘʪ ʟʘʨʷʜʥʦʢʠ ʦʥ״ʦ ʜʘʨ 

ʢʦʥʩʝʥʪʨʘʪʩʠʷ״ʦʠ ʙʘʨʦʙʘʨ ʤʘʚֹוʫʜʘʥʜ. ʊʘʚʨʝ, ʢʠ ʘʟ ʢʘֹוʭʘʪʪʘ״ʦʠ ʜʘʨ ʨʘʩʤʠ 1 ʙʫʜʘ ʜʠʜʘ 

ʤʝʰʘʚʘʜ, ʙʘʨʦʠ ʬʝʥʠʣʘʣʘʥʠʥ (a) ʜʫ ֹוʘ״ʠʰʠ ʪʘסʡʠʨʸʙʠʠ ץʠʤʘʪʠ ʨʅ ʚʘ ʙʘʨʦʠ ʪʠʨʦʟʠʥ (b) ʚʘ 

ʪʨʠʧʪʦʬʘʥ(c) ʩʝ ֹוʘ״ʠʰ״ʦ ʜʠʜʘ ʤʝʰʘʚʘʥʜ,  ʢʠ ʷʢʝ ʘʟ ʦʥ״ʦ ʙʘ ʛʫʨ ʠ ʢʠʩʣʦʪʘʛʠʠ ʢʘʨʙʦʢʩʠʣ״ , 

ʜʫʶʤ ʙʘ ʛʫʨ ʠ ʘʤʠʥ״  ʨʘʙʪ ʜʦʰʪʘ ʪʘסʡʠʨʸʙʠ״ʦʠ ʭʫʨʜʠ ʩʝʶʤ ʙʦʰʘʜ ʤʫʚʦʬʠץʘʥ ʙʘ ʛʫʨ  ʦʠ״״

ʟʘʠʬʪʘʨʠʥʠ ʢʠʩʣʦʪʘʛʠʠ (ïʆʅ) ʚʘ (ïNH3
+) ʜʘʭʣ ʜʦʨʘʥʜ. 

ɼʘʨ ʨʘʩʤʠ 1 ʢʘֹוʭʘʪʪʘ״ʦ ʜʦʨʦʠ ʥʫץʪʘ״ʦ (ʤʘʲʣʫʤʦʪ״ʦʠ ʪʘֹוʨʠʙʘʚ ) ʚʘ ʭʘʪ״ʦ 

(ʤʘʲʣʫʤʦʪʠ ״ʠʩʦʙ ) ʙʫʜʘ, ʙʦʣʦʠ ʷʢʜʠʛʘʨ ʙʘ ʪʘʚʨʠ ʤʘʢʩʠʤʘʣ  ʭʫʙ ʭʦʙʠʜʘʘʥʜ, ʢʠ ʘʟ ʨʘʬʪʠ 

ʜʫʨʫʩʪʠ ʛʫʟʘʨʦʥʠʜʘʥʠ ʪʘֹוʨʠʙʘ״ʦ ʜʘʨʘʢ ʤʝʜʠ״ʘʜ. ʂʘֹוʭʘʪʪʘ״ʦʠ ʤʘʟʢʫʨ ʙʦ ʬʦʨʤʫʣʘ״ʦʠ 

ʙʦʣʦʟʠʢʨ ʩʦʭʪʘ ʰʫʜʘ ʜʘʨ ʘʩʦʩʠ ʦʥ״ʦ ʢʦʥʩʪʘʥʪʘ״ʦʠ ʠʦʥʠʟʘʪʩʠʷʠ ʨʘʚʘʥʜ״ʦʠ ʤʫʭʪʘʣʠʬ ״ʠʩʦʙ 

ʢʘʨʜʘ ʰʫʜʘʘʥʜ. ʂʦʥʩʪʘʥʪʘ״ʦʠ ʨʘʚʘʥʜʠ ʠʦʥʠʟʘʪʩʠʷʠ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦʠ ʜʦʨʦʠ ʩʝ ʛʫʨ  ʠ״

ʬʫʥʢʩʠʦʥʘʣʠʜʦʰʪʘ, ʙʘ ʤʦʥʘʥʜʠ ʪʠʨʦʟʠʥ ʚʘ ʪʨʠʧʪʦʬʘʥʨʦ ʙʘ ʪʘʚʨʠ ʟʘʡʣ ״ʠʩʦʙ ʤʝʥʘʤʦʷʥʜ: 
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ɹʘʨʦʠ ʙʘ״ʦ ʜʦʜʘʥʠ ʭʦʩʠʷʪ״ʦʠ ʧʨʦʪʦʣʠʪʠʠ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦʠ ʪʘץ״ץʠץʛʘʨʜʠʜʘ ʚʘ 

ʤʫʘʡʷʥʢʫʥʠʠ ץʦʥʫʥʠʷʪʠ ʤʫʘʡʷʥ ʦʠʜʠ ʙʘʨʪʘʨʠʠ ץʫʚʚʘ״ʦʠ ʢʠʩʣʦʪʘʥʦʢ  ʚʘ ʘʩʦʩʥʦʢʠʠ 

ʬʝʥʠʣʘʣʘʥʠʥ, ʪʠʨʦʟʠʥ ʚʘ ʪʨʠʧʪʦʬʘʥ ʜʘʨ ʥʘץʰʘʠ 3 ʪʘʲʩʠʨʠ ʵʣʝʢʪʨʦʥ  (ʵʬʬʝʢʪʠ ʠʥʜʫʢʪʠʚ )-

ʠ ʨʘʜʠʢʘʣʠ ʧʘ״ʣʫʠʠ ʙʘ ʘʤʠʥʦʢʠʩʣʦʪʘ ʠʣʦʚʘʰʫʜʘ ʪʘʩʚʠʨ ʸʪʘʘʩʪ. 
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ʏʠ ʪʘʚʨʝ ʤʘʲʣʫʤ ʘʩʪ, ʛʫʟʘʨʠʰʠ ʟʠʯʠʠ ʘʙʨʠ ʵʣʝʢʪʨʦʥʠʠ ֹוʦʥʠʰʠʥ ʜʘʨ ʟʘʥֹוʠʨʠ ů-

ʙʘʥʜ״ʦ ʵʬʬʝʢʪʠ ʠʥʜʫʢʪʠʚ  ʚʘ ʛʫʟʘʨʠʰʠ ʟʠʯʠʠ ʘʙʨʠ ʵʣʝʢʪʨʦʥ  ʜʘʨ -́ʙʘʥʜ״ʦ ʵʬʬʝʢʪʠ 

ʤʝʟʦʤʝʨ  ʥʦʤ ʜʦʨʘʥʜ. ʈʘʜʠʢʘʣʝ, ʢʠ ʟʠʯʠʠ ʘʙʨʠ ʵʣʝʢʪʨʦʥʠʨʦ ʙʘ ʪʘʨʘʬʠ ʭʫʜ ʤʝʢʘʰʘʜ, 

ʨʘʜʠʢʘʣʠ ʵʣʝʢʪʨʦʥʦʘʢʩʝʧʪʦʨ  (ïI) ʚʘ ʨʘʜʠʢʘʣʝ, ʢʠ ʟʠʯʠʠ ʘʙʨʠ ʵʣʝʢʪʨʦʥʠʨʦ ʙʘ ʪʘʨʘʬʠ 

ʟʘʥֹוʠʨʠ ʢʘʨʙʦʛʠʜʨʦʛʝʥ  ʨʘʚʦʥʘ ʤʝʩʦʟʘʜ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨ (+I) ʥʦʤʠʜʘ ʤʝʰʘʚʘʜ. ɸʟ ʩʘʙʘʙʝ, 

ʢʠ ʜʘʨ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦʠ ʪʘץ״ʠץʰʘʚʘʥʜʘ ֹוʦʥʠʰʠʥ״ʦʠ ʛʫʥʦʛʫʥ ʧʘʡʚʘʩʪ ʰʫʜʘʘʥʜ, ʧʘʩ, 

ʤʝʪʘʚʦʥ ʪʘסʡʠʨ ʸʬʪʘʥʠ ʭʦʩʠʷʪʠ ʢʠʩʣʦʪʘʛ  ʸ ʘʩʦʩʠʠ ʦʥ״ʦʨʦ ʜʘʨ ʪʘʙʠʘʪʠ ʪʘʲʩʠʨʠ ʤʘ״ʟ ״ʘʤʠʥ 

וֹ ʦ״ʦʥʠʰʠʥוֹ ʸ ʰʫʜ. ׳ʘʥʛʦʤʠ ʙʘ ʤʦʣʝʢʫʣʘʠ ʢʠʩʣʦʪʘʠ ʧʨʦʧʠʦʥʘʪ (ʥʘץʰʘʠ 3 a) ʧʘʡʚʘʩʪ 

ʰʫʜʘʥʠ ʛʫʨ ʠ ʘʤʠʥ״  (b) ʭʦʩʠʷʪʠ ʢʠʩʣʦʪʘʛʠʠ ʦʥʨʦ ʙʘ ʤʘʨʦʪʠʙ ʟʠʸʜ ʤʝʢʫʥʘʜ. ʀʥ ʘʟ ʦʥ 

ʰʘ״ʦʜʘʪ ʤʝʜʠ״ʘʜ, ʢʠ ʛʫʨ ʠ ʘʤʠʥ״  (ïNH2) ʭʦʩʠʷʪʠ ʵʣʝʢʪʨʦʥʦʘʢʩʝʧʪʦʨ  (ïI)-ʨʦ ʟʦ״ʠʨ 

ʥʘʤʫʜʘ, ʟʠʯʠʠ ʘʙʨʠ ʵʣʝʢʪʨʦʥʠʠ ʙʘʡʥʠ ʦʢʩʠʛʝʥʫ ʛʠʜʨʦʛʝʥʨʦ ʟʘʠʬ ʤʝʛʘʨʜʦʥʘʜ, ʜʘʨ ʥʘʪʠֹוʘ 

ʫʜʦ ʛʘʨʜʠʜʘʥʠ ʠʦʥʠ ʛʠʜʨʦʛʝʥ (ʅ+)-ʠ ʛʫʨוֹ  ʠ ʢʘʨʙʦʢʩʠʣʠʠ ʘʣʘʥʠʥ ʥʠʩʙʘʪ ʙʘ ʢʠʩʣʦʪʘʠ״

ʧʨʦʧʠʦʥʘʪ ʦʩʦʥ ʤʝʛʘʨʜʘʜ. ɸʛʘʨ ʘʣʘʥʠʥʨʦ ʙʦ ʛʣʠʪʩʠʥ ʤʫץʦʠʩʘ ʥʘʤʦʝʤ, ʧʘʩ ʨʘʜʠʢʘʣʠ ʤʝʪʠʣ 

(ïʉʅ3) ץʦʙʠʣʠʷʪʠ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʠʨʦ ʟʦ״ʠʨ ʥʘʤʫʜʘ, ʭʦʩʠʷʪʠ ʢʠʩʣʦʪʘʛʠʠ ʘʣʘʥʠʥʨʦ ʥʠʩʙʘʪ 

ʙʘ ʛʣʠʪʩʠʥ ʢʘʤ ʤʝʛʘʨʜʦʥʘʜ [18-20]. 

ɼʘʨ ʤʦʣʝʢʫʣʘʠ ʬʝʥʠʣʘʣʘʥʠʥ ʙʦ ʤʘʚֹוʫʜ ʙʫʜʘʥʠ ʨʘʜʠʢʘʣʠ ״ʘʣץʘʠ ʙʝʥʟʦʣ , ʢʠ 

 ʭʦʩʠʷʪʠ ʢʠʩʣʦʪʘʛʠʠ ,(ʦʥʠʰʠʥʠ ïʉʅ3וֹ ʙʘʨʲʘʢʩʠ) ʦʙʠʣʠʷʪʠ ʵʣʢʪʨʦʥʦʘʢʩʝʧʪʦʨʠʨʦ ʜʦʨʘʜץ

ʬʝʥʠʣʘʣʘʥʠʥʨʦ ʟʠʸʜ ʤʝʢʫʥʘʜ (ʥʠʛʘʨʝʜ ʙʘ ʥʘץʰʘʠ 3 c). ʏʫʥʠʥ ʭʦʩʠʷʪʨʦ ʜʘʨ ʨʘʜʠʢʘʣ״ʦʠ 

ʪʠʨʦʟʠʥ (ʛʠʜʨʦʢʩʠʬʝʥʠʣ ) ʚʘ ʪʨʠʧʪʦʬʘʥ (ʛʫʨ ʠ ʠʥʜʦʣ״ ) ʥʠʟ ʤʫʰʦ״ʠʜʘ ʥʘʤʫʜʘʥ ʤʫʤʢʠʥ 

ʘʩʪ. 

ʊʘʚʨʝ, ʢʠ ʘʟ ץʠʤʘʪ״ʦʠ ʢʦʥʩʪʘʥʪʘʠ ʠʦʥʠʟʘʪʩʠʷʠ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦʠ ʪʘץ״ʠץʛʘʨʜʠʜʘ 

ʤʘʲʣʫʤ ʘʩʪ, ץʦʙʠʣʠʷʪʠ ʵʣʝʢʪʨʦʥʦʘʢʩʝʧʪʦʨʠʠ ʛʫʨ ʦʠ ʛʠʜʨʦʢʩʠʬʝʥʠʣ״״  ʚʘ ʠʥʜʦʣ  ʙʦ ״ʘʤ 

ʥʘʟʜʠʢʘʥʜ ʚʘ ʛʫʟʦʰʪʘʥʠ ץʦʥʫʥʠʷʪʠ ʭʦʩ ʙʘʡʥʠ ʦ״ʦ ʜʫʰʚʦʨ ʘʩʪ. ׳ʘʤʠʥ ʪʘʨʠץ ʭʦʩʠʷʪʠ 

ʢʠʩʣʦʪʘʛʠʠ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦʠ ʪʘץ״ʠץʛʘʨʜʠʜʘ ʙʘ ʪʘʚʨʠ ʟʘʡʣ ʤʝʘʬʟʦʷʜ: Trp>Tyr>Phe>Ala. 

ʀʥʯʫʥʠʥ ʭʦʩʠʷʪ״ʦʠ ʘʩʦʩʥʦʢʠʠ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦʠ ʤʘʟʢʫʨ ״ʘʥʛʦʤʠ ʛʫʟʘʨʠʰ ʘʟ ʘʣʘʥʠʥ 

ʙʘ ʪʨʠʧʪʦʬʘʥ ʥʠʟ ʤʝʘʬʟʦʷʜ: Trp>Tyr>Phe>Ala. 

ʂʦʥʩʪʘʥʪʘ״ʦʠ ʠʦʥʠʟʘʪʩʠʷʠ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦʠ ʪʘץ״ʠץʛʘʨʜʠʜʘ, ʜʘʨ ʘʩʦʩʠ ʤʫʦʜʠʣʘ״ʦʠ 

ʙʦʣʦʟʠʢʨ ״ʠʩʦʙ ʛʘʨʜʠʜʘ, ʜʘʨ ֹוʘʜʚʘʣʠ 1 ʦʚʘʨʜʘ ʰʫʜʘʘʩʪ. 

 ʦʠ ʠʦʥʠʟʘʪʩʠʷʠ ʬʝʥʠʣʘʣʘʥʠʥ (Phe), ʪʠʨʦʟʠʥ (Tyr), ʊʨʠʧʪʦʬʘʥ״ʘʜʚʘʣʠ 1. ʂʦʥʩʪʘʥʪʘתּ

(Trp) ʜʘʨ ʤʘ״ʣʫʣʠ ʦʙ  ʘʥʛʦʤʠ 298.2 ʂ״ 

ʊʘʙʣʠʮʘ 1. ʂʦʥʩʪʘʥʪʳ ʠʦʥʠʟʘʮʠʠ ʬʝʥʠʣʘʣʘʥʠʥʘ (Phe), ʪʠʨʦʟʠʥʘ (Tyr) ʠ ʪʨʠʧʪʦʬʘʥʘ 

(Trp) ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ 298.2 ʂ. 

Table 1. Ionization constants of phenylalanine (Phe), tyrosine (Tyr) and tryptophan (Trp) 

in aqueous solution at 298.2 K. 

ʅʦʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘ )ï(
1

pKŬ COOH 
3
)ï(
+

2
pKŬ NH  )ï ,ï(

3
pKŬ OH NH 

ʌʝʥʠʣʘʘʣʘʥʠʥ (Phe) 2.20 Ñ 0.04 8.73 Ñ 0.05 ï 

ʊʠʨʦʟʠʥ (Tyr)   2.08 Ñ 0.06 8.92 Ñ 0.06 9.80 Ñ 0.20 

ʊʨʠʧʪʦʬʘʥ (Trp) 1.95 Ñ 0.10 9.25 Ñ 0.05 10.50 Ñ 0.10 
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ɼʘʨ ʘʩʦʩʠ ץʠʤʘʪ״ʦʠ ʢʦʥʩʪʘʥʪʘ״ʦʠ ʜʘʨ ֹוʘʜʚʘʣʠ 1 ʦʚʘʨʜʘʰʫʜʘ, ʜʘʨ ʨʘʩʤʠ 2 

ʜʠʘʛʨʘʤʤʘ״ʦʠ ʪʘץʩʠʤʰʘʚʠʠ ʰʘʢʣ״ʦʠ ʛʫʥʦʛʫʥʠ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦʠ ʪʘץ״ʠץʛʘʨʜʠʜʘ ʧʝʰʥʠ״ʦʜ 

ʰʫʜʘʘʩʪ. 

  
ʈʘʩʤʠ 2. ɼʠʘʛʨʘʤʤʘʠ ʪʘץʩʠʤʰʘʚʠʠ ʰʘʢʣ״ʦʠ ʤʘʚֹוʫʜʠʷʪʠ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦ ʜʘʨ ʤʘ״ʣʫʣʠ 

ʦʙ ʘʥʛʦʤʠ 298.2 ʂ ʚʘ I = 0.1 ʄ NaNO3: ʘ ï ʪʠʨʦʟʠʥ (Tyr״  ) ; b ï ʪʨʠʧʪʦʬʘʥ (Trp ) 

ʈʠʩʫʥʦʢ 2. ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ 298.2 ʂ ʠ 

I = 0.1 ʄ NaNO3: ʘ ï ʪʠʨʦʟʠʥ (Tyr ); ʙ ï ʪʨʠʧʪʦʬʘʥ (Trp ) 

Figure 2: Distribution diagram of amino acid forms in aqueous solution at 298.2 K and I = 0.1 

M NaNO3: a - tyrosine (Tyr) ; b - tryptophan (Trp)  

ʊʘʩʚʠʨʠ ʜʠʘʛʨʘʤʤʘʠ ʪʘץʩʠʤʰʘʚʠʠ ʰʘʢʣ״ʦʠ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦ ʚʘ ʪʘ״ʣʠʣʠ ʦʥ ʙʘʨʦʠ 

ʜʘʨʢʠ ʨʘʬʪʦʨʠ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦ ʜʘʨ ʤʘ״ʣʫʣ״ʦʠ ʦʙ  ʷʢʝ ʘʟ ʤʘʩʲʘʣʘ״ʦʠ ʤʫ״ʠʤ ʙʘ ״ʠʩʦʙ 

ʤʝʨʘʚʘʜ. ɹʘ ʚʦʩʠʪʘʠ ʜʠʘʛʨʘʤʤʘ״ʦʠ ʤʘʟʢʫʨ ʙʘʨʪʘʨʠʷʪʠ ʰʘʢʣ״ʦʠ ʤʘʚֹוʫʜʠʷʪʠ 

ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦ ʜʘʨ ʤʘ״ʣʫʣ״ʦʠ ʦʙ  ʙʘ״ʦ ʜʦʜʘ ʰʫʜʘ, ʦʥ״ʦ ʜʘʨ ʙʠʦʭʠʤʠʷ, ʭʠʤʠʷʠ ʪʘ״ʣʠʣ , 

ʪʠʙ ʚʘ ʜʦʨʫʩʦʟ  ʙʝʥʠ״ʦʷʪ ʟʘʨʫʨ ʤʝʙʦʰʘʥʜ. ɼʘʨ ʨʘʩʤʠ 2 ʜʠʘʛʨʘʤʤʘʠ ״ʠʩʩʘ״ʦʠ ʤʦʣʠʠ 

ʰʘʢʣ״ʦʠ ʤʘʚֹוʫʜʠʷʪʠ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦʠ ʪʠʨʦʟʠʥ ʚʘ ʪʨʠʧʪʦʬʘʥ ʚʦʙʘʩʪʘ ʘʟ ʨʅ-ʠ ʤʫ״ʠʪ ʦʚʘʨʜʘ 

ʰʫʜʘʘʩʪ.  ɹʘʨʦʠ ʙʘ ʪʘʚʨʠ ʥʘʟʘʨʨʘʩ ʥʘʤʦʸʥ ʛʘʨʜʠʜʘʥʠ ״ʘʤʘʠ ʰʘʢʣ״ʦʠ ʠʥ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦ 

ʜʘʨ ʤʘ״ʣʫʣʠ ʦʙ  ʜʘʨ ʜʠʘʛʨʘʤʤʘ ״ʠʩʩʘ״ʦʠ ʤʦʣʠʠ ʰʘʢʣ״ʦʠ ʛʫʥʦʛʫʥ ʙʘ ʪʘʚʨʠ ʣʦʛʘʨʠʬʤ  

ʦʚʘʨʜʘ ʰʫʜʘʘʩʪ. ʏʫʥʠʥ ʧʝʰʥʠ״ʦʜ ʥʘʤʫʜʘʥʠ ʜʠʘʛʨʘʤʤʘ ʘʟ ʩʘʙʘʙʝ ״ʘʩʪ, ʢʠ ʪʠʨʦʟʠʥ ʚʘ 

ʪʨʠʧʪʦʬʘʥ ʜʘʨ ʭʫʜ ʛʫʨ  ʦʷʪ ʢʘʤ״ʜʦʨʘʥʜ ʚʘ ʙʝʥʠ (ʦʠ 1 ʚʘ 2״ʰʘץïʆʅ, ïNH ʥʘ) ʦʠ ʩʝʶʤ״״

ʦ ʪʘʨʟʠ ʣʦʛʘʨʠʬʤ״ʦʩʠʣ ʤʝʛʘʨʜʘʥʜ ʚʘ ʙʘʨʦʠ ʥʠʰʦʥ ʜʦʜʘʥʠ ʦʥ״  ʙʘ ʤʘץʩʘʜ ʤʫʚʦʬʠץ ʘʩʪ. ʏʠ 

ʪʘʚʨʝ, ʢʠ ʘʟ ʜʠʘʛʨʘʤʤʘʠ ʤʘʟʢʫʨ ʜʠʜʘ ʤʝʰʘʚʘʜ, ʰʘʢʣʠ ʢʘʪʠʦʥʠ (H3L
+)-ʠ ʪʠʨʦʟʠʥ ʚʘ 

ʪʨʠʧʪʦʬʘʥ ʜʘʨ ʨʅ-״ʦʠ ʭʫʨʜ ʘʟ ʨʂ1 (ʨʅ Ò 2.08-ʪʠʨʦʟʠʥ ʚʘ ʨʅ Ò 1.95-ʪʨʠʧʪʦʬʘʥ (ֹוʘʜʚʘʣʠ 1)) 

ʙʘʨʪʘʨʠʠ ʤʘʚֹוʫʜʠʷʪ ʜʦʨʘʥʜ. ʐʘʢʣʠ ʩʚʠʪʪʝʨʠʦʥʠ (H2L
Ñ) ʙʘʨʦʠ ʠʥ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦ ʜʘʨ ʨʅ-

ʫʜ ʙʫʜʘ ʚʘ ʙʘ ʪʘʚʨʠ ʤʘʢʩʠʤʘʣוʨʠʙʘʥ ʘʟ 2 ʪʦ 9 ʤʘʚֹץʦʠ ʪʘ״  ʜʘʨ ʥʫץʪʘʠ ʠʟʦʵʣʝʢʪʨʠʢ  

-ʦʠ ʤʘʟʢʫʨ ʜʘʨ ʨʅ״ʫʢʫʤʬʘʨʤʦ ʤʝʛʘʨʜʘʜ. ʐʘʢʣʠ ʘʥʠʦʥʠʠ ʷʢʟʘʨʷʜʘʠ (HLï) ʘʤʠʥʦʢʠʩʣʦʪʘ״

 ʫʜʠʷʪʠוʦʠ ʢʘʣʦʥ ʘʟ ʨʂ2 (ʨʅ Ó 8.92-ʪʠʨʦʟʠʥ ʚʘ ʨʅ Ó 9.25-ʪʨʠʧʪʦʬʘʥ) ʙʘʨʪʘʨʠʷʪ ʜʦʨʘʥʜ. ʄʘʚֹ״

ʰʘʢʣʠ ʯʘ״ʦʨʫʤʠ ʠʥ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦ (L2ï) ʵ״ʪʠʤʦʣʠʷʪʠ ʢʘʤ ʜʦʨʘʥʜ, ʯʫʥ ʢʠ ʦʥ ʢʘʤ ״ʦʩʠʣ 

ʛʘʨʜʠʜʘ, ʜʘʨ ״ʫʜʫʜ״ʦʠ ʙʘʣʘʥʜʠ ʨʅ (ʨʅ > 10 ï 11) ʙʘʨʪʘʨʠʷʪ ʧʘʡʜʦ ʤʝʥʘʤʦʷʥʜ. 
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ʊɸפ׳ʀפʀ ʇʈʆʊʆʃʀʊʀʀ ɹɸʒɿɽ ɸʄʀʅʆʂʀʉʃʆʊɸ׳ʆʀ ɸʈʆʄɸʊ   

ɼɸʈ ʄɸ׳ʃʋʃ׳ʆʀ ʆɹ       

ɹʦ ʫʩʫʣʠ ʨʅ-ʤʝʪʨ  ʭʦʩʠʷʪ״ʦʠ ʧʨʦʪʦʣʠʪʠʠ ʙʘʲʟʝ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦʠ ʘʨʦʤʘʪ : ʬʝʥʠʣʘʣʘʥʠʥ (Phe), 

ʪʠʨʦʟʠʥ (Tyr) ʚʘ ʪʨʠʧʪʦʬʘʥ (Trp)  ʜʘʨ ʤʘ״ʣʫʣʠ ʦʙ  ʜʘʨ ʊ = 298.2 ʂ ʚʘ I = 0.1 ʤʦʣ/ʣ NaNO3 ʤʘʚʨʠʜʠ ʪʘץ״ʠץ 

 ʭʘʪʪʘʠוʦʠ ʢʘֹ״ʛʘʨʜʠʜʘ ʙʦ ʤʫʦʜʠʣʘץʠץ״ʦʠ ʪʘ״ʦʠ ʧʨʦʪʦʥʠʟʘʪʩʠʷʠ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʘʨʦʨ ʛʠʨʠʬʪʘʥʜ. ʂʦʥʩʪʘʥʪʘץ

ʪʠʪʨʦʥʠʜʘʥʠ ʢʠʩʣʦʪʘ״ʦʠ ʟʘʠʬʠ ʜʫ- ʚʘ ʩʝʘʩʦʩʘ ʙʦ ʠʰץʦʨʠ ץʘʚ  ʦ ʜʦʜʘʥʠ״ʠʩʦʙ ʢʘʨʜʘ ʰʫʜʘʥʜ. ɹʘʨʦʠ ʙʘ״ 

ʭʦʩʠʷʪ״ʦʠ ʢʠʩʣʦʪʘʛ-ʘʩʦʩʠʠ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦ ʚʘ ʤʫʘʡʷʥ ʥʘʤʫʜʘʥʠ ץʦʥʫʥʠʷʪʠ ʤʫʰʘʭʭʘʩ ʜʘʨ ʙʘʡʥʠ ʦʥ״ʦ 
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ʪʘʲʩʠʨʠ ʵʬʬʝʢʪʠ ʠʥʜʫʢʪʠʚʠʠ ״ʘʣץʘ״ʦʠ ʘʨʦʤʘʪʠʠ ʙʝʥʟʦʣ , ʬʝʥʦʣ  ʚʘ ʠʥʜʦʣʠʠ ʙʘ ʤʦʣʝʢʫʣʘʠ ʘʣʘʥʠʥ 

ʧʘʡʚʘʩʪʰʫʜʘ ʥʠʩʙʘʪ ʙʘ ʭʫʜʠ ʘʣʘʥʠʥ ʤʫץʦʠʩʘ ʰʫʜʘʘʥʜ. ʄʫץʘʨʨʘʨ ʢʘʨʜʘ ʰʫʜ, ʢʠ ʭʦʩʠʷʪ״ʦʠ ʢʠʩʣʦʪʘʛʠʠ 

ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦ ʜʘʨ ץʘʪʦʨʠ ʟʝʨʠʥ ʤʝʘʬʟʦʷʜ: Trp > Tyr > Phe > Ala. ʀʥʯʫʥʠʥ ʭʦʩʠʷʪ״ʦʠ ʘʩʦʩʥʦʢʠʠ 

ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦʠ ʤʘʟʢʫʨ ״ʘʥʛʦʤʠ ʛʫʟʘʨʠʰ ʘʟ ʘʣʘʥʠʥ ʙʘ ʪʨʠʧʪʦʬʘʥ ʥʠʟ ʤʝʘʬʟʦʷʜ: Trp>Tyr>Phe>Ala. ɸʟ ץʘʪʦʨʠ 

ʤʘʟʢʫʨ ʤʘʲʣʫʤ ʛʘʨʜʠʜ, ʢʠ ʭʦʩʠʷʪʠ ʢʠʩʣʦʪʘʛʠʠ ʘʤʠʥʦʢʠʩʣʦʪʘʠ ʪʨʠʧʪʦʬʘʥ ʘʟ ״ʘʤʘ ʙʘʣʘʥʜʪʘʨ ʘʩʪ. ʍʦʩʠʷʪʠ 

ʢʠʩʣʦʪʘʛʠʠ ʪʨʠʧʪʦʬʘʥ ʥʠʩʙʘʪ ʙʘ ʬʝʥʠʣʘʣʘʥʠʥ ~2 ʚʦ״ʠʜ ʘʬʟʫʜʘ, ʭʦʩʠʷʪʠ ʘʩʦʩʠʘʰ ʙʦʰʘʜ ~3.3 ʚʦ״ʠʜ ʥʠʟ 

ʤʝʘʬʟʦʷʜ. ׳ʘʤʟʘʤʦʥ ״ʫʜʫʜ״ʦʠ ״ʦʩʠʣʰʘʚʠʠ ʰʘʢʣ״ʦʠ ʛʫʥʦʛʫʥʠ ʘʤʠʥʦʢʠʩʣʦʪʘ״ʦʠ ʪʘץ״ʠץʛʘʨʜʠʜʘ ʙʘ ʚʦʩʠʪʘʠ 

ʜʠʘʛʨʘʤʤʘ״ʦʠ ʪʘץʩʠʤʰʘʚ  ʤʫʘʡʷʥ ʢʘʨʜʘ ʰʫʜʘʘʥʜ. 

ʂʘʣʠʜʚʦʞʘ״ʦ: pH ï ʤʝʪʨʠʷ, ʢʘֹוʭʘʪʘʠ ʪʠʪʨʦʥ , ʬʝʥʠʣʘʣʘʥʠʥ, ʪʠʨʦʟʠʥ, ʪʨʠʧʪʦʬʘʥ, ʢʦʥʩʪʘʥʪʘ״ʦʠ 

ʠʦʥʠʟʘʪʩʠʷ, ʵʬʬʝʢʪʠʚʠ ʠʥʜʫʢʪʠʚ , ʵʬʬʝʢʪʠ ʤʝʟʦʤʝʨ . 

 

ʇʈʆʊʆʃʀʊʀʏɽʉʂʆɽ ʀɿʋʏɽʅʀɽ ʅɽʂʆʊʆʈʓʍ ɸʈʆʄɸʊʀʏɽʉʂʀʍ  

ɸʄʀʅʆʂʀʉʃʆʊ ɺ ɺʆɼʅʓʍ ʈɸʉʊɺʆʈɸʍ 

ʨʅ-ʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʪʦʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʢʦʪʦʨʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʘʤʠʥʦʢʠʩʣʦʪ: ʬʝʥʠʣʘʣʘʥʠʥʘ (Phe), ʪʠʨʦʟʠʥʘ (Tyr)  ʠ ʪʨʠʧʪʦʬʘʥʘ (Trp)  ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

T = 298.2 K ʠ I = 0.1 ʤʦʣʴ/ʣ NaNO3. ʂʦʥʩʪʘʥʪʳ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ ʢʨʠʚʳʭ ʪʠʪʨʦʚʘʥʠʷ ʩʣʘʙʳʭ ʜʚʫʭ- ʠ ʪʨʸʭʦʩʥʦʚʥʳʭ ʢʠʩʣʦʪ ʩʠʣʴʥʳʤ ʦʩʥʦʚʘʥʠʝʤ. ɼʣʷ 

ʦʮʝʥʢʠ ʢʠʩʣʦʪʥʳʭ ʠ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʘʤʠʥʦʢʠʩʣʦʪ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʤʝʞʜʫ ʥʠʤʠ, ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʠʥʜʫʢʪʠʚʥʳʡ ʵʬʬʝʢʪ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʙʝʥʟʦʣʴʥʦʛʦ, ʬʝʥʦʣʴʥʦʛʦ ʠ ʠʥʜʦʣʴʥʦʛʦ 

ʢʦʣʝʮ, ʧʨʠʩʦʝʜʠʥʸʥʥʳʭ ʢ ʤʦʣʝʢʫʣʝ ʘʣʘʥʠʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʩʘʤʦʛʦ ʘʣʘʥʠʥʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʠʩʣʦʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʘʤʠʥʦʢʠʩʣʦʪ ʚʦʟʨʘʩʪʘʶʪ ʚ ʩʣʝʜʫʶʱʝʤ ʨʷʜʫ: Trp > Tyr > Phe > Ala. ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʜʘʥʥʳʭ 

ʘʤʠʥʦʢʠʩʣʦʪ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʘʣʘʥʠʥʘ ʢ ʪʨʠʧʪʦʬʘʥʫ ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʶʪ: Trp > Tyr > Phe > Ala. ʇʦ ʜʘʥʥʦʤʫ 

ʨʷʜʫ, ʚʳʷʩʥʝʥʦ, ʯʪʦ ʘʤʠʥʦʢʠʩʣʦʪʘ ʪʨʠʧʪʦʬʘʥ ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʠʤʠ ʢʠʩʣʦʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤ. ʂʠʩʣʦʪʥʦʩʪʴ 

ʪʨʠʧʪʦʬʘʥʘ ʚ ~2 ʨʘʟʘ ʚʳʰʝ, ʘ ʦʩʥʦʚʥʦʩʪʴ ʚ ~3.3 ʨʘʟʘ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʝʥʠʣʘʣʘʥʠʥʦʤ. ʊʘʢʞʝ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʠʩʩʣʝʜʫʝʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʩ ʧʦʤʦʱʴʶ ʜʠʘʛʨʘʤʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʅ-ʤʝʪʨʠʷ, ʢʨʠʚʘʷ ʪʠʪʨʦʚʘʥʠʷ, ʬʝʥʠʣʘʣʘʥʠʥ, ʪʠʨʦʟʠʥ, ʪʨʠʧʪʦʬʘʥ, ʢʦʥʩʪʘʥʪʳ 

ʠʦʥʠʟʘʮʠʠ, ʠʥʜʫʢʪʠʚʥʳʡ ʵʬʬʝʢʪ, ʤʝʟʦʤʝʨʥʳʡ ʵʬʬʝʢʪ. 

 

PROTOLITHIC STUDY OF CERTAIN AROMATIC AMINO ACIDS IN  

AQUEOUS SOLUTIONS 

The protolithic properties of some aromatic amino acids: phenylalanine (Phe), tyrosine (Tyr) and tryptophan 

(Trp) in aqueous solutions at a temperature of T = 298.2 K and I = 0.1 mol/l NaNOϝ were studied using the pH-metric 

method. The protonation constants of the amino acids under study were calculated based on the equations of titration 

curves of weak dibasic and tribasic acids with a strong base. To evaluate the acidic and basic properties of amino 

acids, as well as to identify specific patterns between them, the inductive effect of aromatic benzene, phenol and indole 

rings attached to the alanine molecule in relation to alanine itself was considered. It was found that the acidic properties 

of amino acids increase in the following order: Trp > Tyr > Phe > Ala. The basic properties of these amino acids also 

increase with the transition from alanine to tryptophan: Trp > Tyr > Phe > Ala. According to this series, it has been 

found that the amino acid tryptophan has the highest acidic properties. The acidity of tryptophan is ~2 times higher, 

and its basicity is ~3.3 times higher compared to phenylalanine. The regions of existence of various forms of the amino 

acids under study were also determined using distribution diagrams. 

Key words: pH-metry, titration curve, phenylalanine, tyrosine, tryptophan, ionization constant, inductive 

effect, mesomeric effect. 
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ßÐÖ: 547.426.1 

ʉʀʅʊɽɿ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ 1,3,2 -ɼʀʆʂʉʆʌʆʉʌʆʃɸʅʆɺ, ʉʆɼɽʈɾɸʑʀʍ 

ɹɽʅɿʆʂʉʀ- ɻʈʋʇʇʓ ɺ ʌʆʉʌʆʃɸʅʆɺʆʄ ʎʀʂʃɽ 
ÌĄÿüóúðì Ì. ê., Ôýøúô÷óúðì Ý. Ý., Üìðòìíóúðì Ý. Ô. 

Þìðòôöýöôõ ùìĂôúùì÷Ĉùćõ ÿùôîñüýôþñþ 
ɺ ʩʦʨʦʢʦʚʳʭ ʛʦʜʘʭ ʥʘʰʝʛʦ ʩʪʦʣʝʪʠʷ ʚ ʨʷʜʝ ʩʪʨʘʥ ʙʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ 

ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʩʠʣʴʥʳʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʥʝʤʝʮʢʠʡ ʭʠʤʠʢ ɻ. ʐʨʘʜʝʨ ʥʘʰʸʣ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʦʙʣʘʜʘʶʪ ʩʠʣʴʥʳʤ ʪʦʢʩʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ ʥʘ ʥʘʩʝʢʦʤʳʭ, ʪʦ ʝʩʪʴ ʷʚʣʷʶʪʩʷ ʠʥʩʝʢʪʠʮʠʜʘʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʠʥʩʝʢʪʠʮʠʜʦʚ ʜʘʣʠ ʤʦʱʥʳʡ ʪʦʣʯʦʢ 

ʨʘʟʚʠʪʠʶ ʭʠʤʠʠ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚʦʦʙʱʝ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʥʦʚʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

 ʉ ʮʝʣʴʶ ʨʘʩʰʠʨʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʚʩʝʩʪʦʨʦʥʥʝ ʠʟʫʯʘʣʠʩʴ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʤʝʭʘʥʠʟʤʳ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʧʨʝʚʨʘʱʝʥʠʷ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʠʦʙʨʝʣʠ ʙʦʣʝʝ ʛʣʫʙʦʢʠʡ ʩʤʳʩʣ ʚ ʩʚʷʟʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠ ʠʟʫʯʝʥʠʝʤ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʄʥʦʛʦʦʙʨʘʟʠʝ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʪʦʤʫ, ʯʪʦ ʭʠʤʠʷ ʬʦʩʬʦʨʘ ʙʳʩʪʨʦ ʚʳʰʣʘ 

ʟʘ ʨʘʤʢʠ ʪʦʣʴʢʦ ʠʥʩʝʢʪʠʮʠʜʦʚ ʠ ʦʭʚʘʪʠʣʘ ʩʘʤʳʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʦʨʴʙʝ 

ʩ ʚʨʝʜʠʪʝʣʷʤʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʢʘʢ ʬʦʪʦʨʝʘʛʝʥʪʳ, ʨʘʩʪʚʦʨʠʪʝʣʠ, ʧʣʘʩʪʠʬʠʢʘʪʦʨʳ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʝʛʦʨʶʯʠʭ ʧʣʘʩʪʤʘʩʩ, ʚ ʚʠʜʝ ʜʦʙʘʚʦʢ ʢ ʩʤʘʟʦʯʥʳʤ ʤʘʩʣʘʤ, ʚ ʤʝʜʠʮʠʥʝ ʜʣʷ 

ʣʝʯʝʥʠʷ ʛʣʘʫʢʦʤʳ ʠ ʦʧʫʭʦʣʝʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʪ.ʜ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʧʦʷʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʸʥʥʳʭ ʩʠʥʪʝʟʫ ʠ ʠʟʫʯʝʥʠʶ ʮʝʣʦʛʦ ʨʷʜʘ 

ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʢʨʦʤʝ ʬʦʩʬʦʨʘ ʘʟʦʪ, ʩʝʨʫ, ʩʝʣʝʥ, ʤʳʰʴʷʢ ʠ 

ʪ.ʜ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʧʨʦʠʟʚʦʜʥʳʝ, ʩʦʜʝʨʞʘʱʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʨʘʜʠʢʘʣʳ. ʉʨʝʜʠ 

ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʝʜʠʥʝʥʠʷ ʧʷʪʠʚʘʣʝʥʪʥʦʛʦ ʬʦʩʬʦʨʘ, 

ʩʦʜʝʨʞʘʱʠʝ ʩʝʨʫ. ʆʩʥʦʚʥʳʤ ʠʩʭʦʜʥʳʤ ʧʨʦʜʫʢʪʦʤ ʜʣʷ ʩʠʥʪʝʟʘ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʣʫʞʘʪ 

ʭʣʦʨ ʘʥʛʠʜʨʠʜʳ ʠ ʵʬʠʨʳ ʬʦʩʬʦʨʠʩʪʦʡ ʢʠʩʣʦʪʳ. ʅʘʠʤʝʥʝʝ ʠʟʫʯʝʥʥʳʤʠ ʩʨʝʜʠ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʮʠʢʣʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʥʳʝ, 

ʢʦʪʦʨʦʝ ʚ ʦʩʥʦʚʥʦʤ ʧʦʣʫʯʘʶʪʩʷ ʠʟ ʮʠʢʣʠʯʝʩʢʠʭ ʭʣʦʨ ʬʦʩʬʠʪʦʚ. 

   ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʩʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝʢʦʪʦʨʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʬʦʩʬʠʪʦʚ 

ʠ ʪʠʦʥʦʬʦʩʬʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʙʝʥʟʝʣʴʥʳʝ ʨʘʜʠʢʘʣʳ. 

 ʌʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. ɺʩʝ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʝ 

ʠʥʩʝʢʪʠʮʠʜʳ ʷʚʣʷʶʪʩʷ ʥʝʨʚʥʦ-ʧʘʨʘʣʠʪʠʯʝʩʢʠʤʠ ʷʜʘʤʠ. ʅʝʨʚʥʳʝ ʚʦʟʙʫʞʜʝʥʠʷ ʩʦʩʪʦʷʪ ʠʟ 

ʨʷʜʘ ʠʤʧʫʣʴʩʦʚ. ɺʘʞʥʝʡʰʠʤ ʤʝʜʠʘʪʦʨʦʤ (ʭʠʤʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʘ), ʚʳʜʝʣʷʶʱʝʝʩʷ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʥʝʨʚʥʦʛʦ ʠʤʧʫʣʴʩʘ ʥʘ ʦʢʦʥʯʘʥʠʝ ʥʝʨʚʥʦʛʦ ʚʦʣʦʢʥʘ ʥʝʨʚʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʘʮʝʪʠʣʭʦʣʠʥ:                                            

ʉʅ3ʉʆ-ʆ-ʉʅ2N
+(ʉʅ3)3CI-  

ʢʦʪʦʨʳʡ ʨʘʟʨʫʰʘʝʪʩʷ ʧʦʩʣʝ ʥʝʨʚʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʢʣʝʪʢʠ ʬʝʨʤʝʥʪʦʤ ʭʦʣʠʥʵʩʪʝʨʘʟʥʦʝ. 

ʌʆʉ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʜʝʟʘʢʪʠʚʠʨʦʚʘʪʴ ʬʝʨʤʝʥʪ ʭʦʣʠʥʵʩʪʝʨʘʟʥʫʶ. ʉʦʝʜʠʥʷʷʩʴ ʩ 

ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ ʵʪʦʛʦ ʬʝʨʤʝʥʪʘ, ʦʥʠ ʧʘʨʘʣʠʟʫʶʪ ʠʭ ʜʝʡʩʪʚʠʷ, ʪʝʤ ʩʘʤʳʤ 

ʚʳʟʳʚʘʷ ʨʘʩʩʪʨʦʡʩʪʚʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʠ ʩʤʝʨʪʴ ʦʨʛʘʥʠʟʤʘ [1]. 

      ʊʘʢ ʢʘʢ ʭʦʣʠʥʵʩʪʝʨʘʟʥʦʝ ʧʦʜʘʚʣʝʥʠʝ ʥʝʨʚʥʳʭ ʠʤʧʫʣʴʩʦʚ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʥʝʨʚʥʳʭ 

ʩʠʩʪʝʤ. ʪʝʧʣʦʢʨʦʚʥʳʭ ʞʠʚʦʪʥʳʭ, ʥʘʩʝʢʦʤʳʭ ʠ ʢʣʝʱʝʡ, ʪʦ ʜʝʡʩʪʚʠʝ ʌʆʉ ʚ ʢʘʢʦʡ - ʪʦ 

ʩʪʝʧʝʥʠ ʤʦʞʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʥʘ ʣʶʜʝʡ ʠ ʜʦʤʘʰʥʠʭ ʞʠʚʦʪʥʳʭ.  ʆʜʥʘʢʦ, 

ʜʝʡʩʪʚʠʝ ʌʆʉ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʷʚʣʷʝʪʩʷ ʠʟʙʠʨʘʪʝʣʴʥʳʤ ʜʣʷ ʥʘʩʝʢʦʤʳʭ ʠ 

ʪʝʧʣʦʢʨʦʚʥʳʭ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʠʯʠʥʘʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʟ - ʟʘ ʩʧʦʩʦʙʥʦʩʪʠ ʙʳʩʪʨʝʝ 

ʨʘʩʱʝʧʣʷʪʴʩʷ ʚ ʦʨʛʘʥʠʟʤʝ ʪʝʧʣʦʢʨʦʚʥʳʭ, ʯʝʤ ʚ ʦʨʛʘʥʠʟʤʝ ʥʘʩʝʢʦʤʳʭ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, 

ʧʫʪʠ ʠʟʳʩʢʘʥʠʷ ʥʦʚʳʭ ʠʟʙʠʨʘʪʝʣʴʥʳʭ ʬʦʩʬʦʨʦʨʛʝʥʠʯʝʩʢʠʭ ʠʥʩʝʢʪʠʮʠʜʦʚ ʚʩʝʛʜʘ ʜʦʣʞʥʳ 

ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʠʟʫʯʝʥʠʝʤ ʤʝʪʘʙʦʣʠʟʤʘ ʌʆʉ ʚ ʣʶʙʳʭ ʦʨʛʘʥʠʟʤʘʭ. 
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       ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʦ ʤʥʦʞʝʩʪʚʦ ʠʥʩʝʢʪʠʮʠʜʦʚ. ʂʦʪʦʨʳʝ ʚ ʦʩʥʦʚʥʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʭʝʤʝ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʐʨʘʜʝʨʦʤ [2]. 
R`

R``

O

Acyl

(S)

P

 
    ʛʜʝ RI ʠ RII ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʣʢʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ ʠʣʠ ʘʤʠʥʦʛʨʫʧʧʳ, ʘ ɸʩʫl ð ʦʩʪʘʪʦʢ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʢʠʩʣʦʪʳ. ɺ [3] ʅ.ʅ. ʄʝʣʴʥʠʢʦʚ ʧʨʠʚʦʜʠʪ ʧʝʨʝʯʝʥʴ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʭ 

ʠʥʩʝʢʪʠʮʠʜʦʚ, ʘʢʘʨʠʮʠʜʦʚ, ʥʝʤʘʪʦʮʠʜʦʚ, ʧʦʣʫʯʠʚʰʠʭ ʦʧʳʪʥʦʝ ʠ ʧʨʦʤʳʰʣʝʥʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥ ʧʦʩʣʝ 1960 ʛʦʜʘ. ɺʩʝ ʵʪʠ ʧʨʝʧʘʨʘʪʳ 

ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʩʝʨʫ, ʘʟʦʪ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ. 

       ɺ [4] ʊ. ʃ. ʄʘʩʪʨʶʢʦʚʘ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʧʦʣʫʯʠʣʠ ʠʥʩʝʢʪʠʮʠʜʳ ʢʦʥʪʘʢʪʥʦʛʦ ʠ 

ʩʠʩʪʝʤʥʦʛʦ ʜʝʡʩʪʚʠʷ ʦʙʱʝʡ ʬʦʨʤʫʣʳ:  

(RO)2PSC2H4SR1   ʛʜʝ  R ʠ R1=CH3 ʠʣʠ ʉ2ʅ5 ʤʘʣʦʪʦʢʩʠʯʥʳʡ ʜʣʷ ʪʝʧʣʦʢʨʦʚʥʳʭ. ɺ.ʉ. 

ɸʙʨʘʤʦʚ [5] ʧʨʠʚʦʜʠʪ ʩʭʝʤʫ ʜʣʷ ʩʠʥʪʝʟʘ ʥʝʢʦʪʦʨʳʭ ʚʝʱʝʩʪʚ, ʦʙʣʘʜʘʶʱʠʭ  ʩʚʦʡʩʪʚʘʤʠ: 

(RO)2 P

O

C

OH

R`

R``
 

ʛʜʝ R, RI ʠ RII- ɸʩʫl-ʛʫʧʧʠ. 

       ʄʥʦʛʠʝ ʌOC ʧʨʠʤʝʥʷʶʪʩʷ ʠ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʚ [6] 

ʧʨʠʚʦʜʠʪʩʷ ʨʷʜ ʌʆʉ ʦʙʱʝʡ ʬʦʨʤʫʣʳ: 

ArX P

S

y

NHR

 
     ʛʜʝ ʍ= 0, S ʠʣʠ Nʅ; R =Alk y=R, OR ʠʣʠ NHR, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʬʫʥʛʠʮʠʜʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ɺ ʨʘʙʦʪʝ [7] ʩʠʥʪʝʟʠʨʦʚʘʥ ʚʝʱʝʩʪʚʘ ʦʙʱʝʡ ʬʦʨʤʫʣʳ: 

C P
R1

R
N

X

yAr  
ʛʜʝ: R=Alk, Ar;  R1=H, Alk ;  X= 0, S; y= 0, N  ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʛʝʨʙʠʮʠʜʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.

        

ʉʠʥʪʝʟ ʪʠʦʥʬʦʩʬʘʪʦʚ. ʆʜʥʠʤ ʠʟ ʦʙʱʠʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʩʨʝʜʥʠʭ ʪʠʦʥʬʦʩʬʘʪʦʚ ʷʚʣʷʝʪʩʷ 

ʨʝʘʢʮʠʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʝʨʘ ʢ ʬʦʩʬʠʪʘʤ [8]: 

(RO)3 P + S Ÿ (RO)3 P = S 

     ʇʦʣʥʳʝ ʬʦʩʬʠʪʳ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʧʨʠʩʦʝʜʠʥʷʪʴʩʷ ʩʝʨʫ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʦʪʱʝʧʣʝʥʠʷ ʝʝ 

ʦʪ ʤʝʨʢʘʧʪʘʥʦʚ: 

 
    ʦʪʜʠʩʫʣʴʬʘʪʦʚ ʠ ʮʠʢʣʠʯʝʩʢʠʭ ʩʫʣʴʬʠʜʦʚ [9]:                              

    
ʘ ʪʘʢʞʝ ʦʪ ʪʠʦʪʨʠʭʣʦʨʠʜʘ ʬʦʩʬʦʨʘ [10]: 

 
     ʅʝʩʠʤʤʝʪʨʠʯʥʳʝ ʪʠʦʥʬʦʩʬʘʪʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʩʭʦʜʷ ʠʟ ʭʣʦʨʘʥʛʠʜʨʠʜʘ 

ʪʠʦʥʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʩʧʠʨʪʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʠ [11]: 
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      ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʵʪʦʡ ʨʝʘʢʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʘʢʞʝ 

ʪʨʝʪʠʯʥʳʝ ʘʤʠʥ - ʜʠʵʪʠʣʘʥʠʣʠʥ ʧʠʨʠʜʠʥ ʪʨʠʵʪʠʣʘʤʠʥ. ʕʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʤ 

ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʩʝʢʪʠʮʠʜʦʚ. ɺʪʦʨʘʷ ʩʪʘʜʠʷ ʧʨʦʮʝʩʩʘ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 1,1-

ʜʠʵʪʠʣʭʣʦʨʪʠʦʬʦʩʬʘʪʘ ʩ 2-ʥʠʪʨʦʬʝʥʦʣʷʪʦʤ ʥʘʪʨʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚ ʜʨʫʛʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ. 

      1,1-ʜʠʘʣʢʠʣʭʣʦʨʪʠʦʥʬʦʩʬʘʪʳ ʧʦʣʫʯʘʶʪ ʪʘʢʞʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʪʠʦʪʨʠʭʣʦʨʠʜʘ ʬʦʩʬʦʨʘ 

ʘʣʢʦʛʦʣʷʪʘʤʠ ʤʘʛʥʠʷ ʠʣʠ ʘʣʶʤʠʥʠʷ [12]: 

 

 
    ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʪʠʦʣʬʦʩʬʘʪʦʚ ʷʚʣʷʚʪʩʷ ʨʝʘʢʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʪʨʠʘʣʢʠʣʬʦʩʬʘʪʦʚ ʩ ʧʝʥʪʘʩʫʣʴʬʠʜʦʤ ʬʦʩʬʦʨʘ [13]: 

5(ArO)3P = O + P4S10 Ÿ (ArO)3P = S + P4O10 

  ʎʠʢʣʠʯʝʩʢʠʝ ʪʠʦʥʬʦʩʬʘʪʳ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʚʩʝʤʠ ʚʳʰʝʦʧʠʩʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʊʠʦʥʬʦʩʬʘʪʳ 1,3,2- ʜʠʦʢʩʘʬʦʩʬʦʣʘʥʦʚʦʛʦ ʨʷʜʘ ʚʧʝʨʚʳʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ɸ.ɽ. ɸʨʙʫʟʦʚʳʤ ʠ 

ʝʛʦ ʫʯʝʥʠʢʘʤʠ [14].  ʀʤʠ ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʪʠʦʥʬʦʩʬʘʪʦʚ ʦʙʱʝʡ 

ʬʦʨʤʫʣʳ ʧʫʪʝʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʝʨʳ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʬʦʩʬʠʪʘʤ: 

 
     ɺ ʨʘʙʦʪʘʭ ʪʠʦʥʬʦʩʬʘʪʳ 1,3,2-ʜʠʦʢʩʦʬʦʩʬʦʣʘʥʦʚʦʛʦ ʨʷʜʘ ʧʦʣʫʯʘʣʠʩʴ ʠʟ ʛʣʠʢʦʣʝʡ ʠ 

ʪʠʦʪʨʠʭʣʦʨʠʜʘ ʬʦʩʬʦʨʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʩʧʠʨʪʦʤ. ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʡ ʧʦ ʩʭʝʤʝ: 
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      ʅʘ ʢʘʬʝʜʨʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʊʅʋ ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 

 1,3,2 - ʜʠʦʢʩʘʬʦʩʬʣʘʥʦʚ [15] ʦʙʱʝʡ ʬʦʨʤʫʣʳ 

 
     ʉʠʥʪʝʟ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʦʩʥʦʚʝ ʘʣʢʦʢʩʠʧʨʦʠʟʟʦʜʥʳʭ ʛʣʠʮʝʨʠʥʘ, 

ʪʨʠʭʣʦʨʠʜʘ ʬʦʩʬʦʨʘ ʠ ʨʘʟʣʠʯʥʳʭ ʩʧʠʨʪʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʩʨʝʜʥʠʭ ʬʦʩʬʠʪʦʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʝʨʦʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 
     ʀʂ-ʩʧʝʢʪʨʳ ʩʥʠʤʘʣʠʩʴ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ        ɺɽG-40 ʚ ʦʙʣʘʩʪʠ ʧʨʠʟʤ: BaCI2 (2000-

700 ʩʤ-1) ʠ KBr (700-400 ʩʤ-1). ʉʧʝʢʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʩʥʠʤʘʣʠʩʴ ʚ ʚʠʜʝ 

ʪʘʙʣʝʪʦʢ ʧʦ ʤʝʪʦʜʠʢʝ ʧʨʝʩʩʦʚʘʥʠʷ ʩ KBr. ʂʦʥʮʝʥʪʨʘʮʠʷ -1,5/220 ʤʛ KBr. ʉʧʝʢʪʨʳ ʞʠʜʢʠʭ 

ʚʝʱʝʩʪʚ ʩʥʠʤʘʣʠʩʴ ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʩʣʦʝʚ, ʧʦʣʫʯʘʝʤʳʭ ʧʫʪʝʤ ʟʘʞʘʪʠʷ, ʢʘʧʣʠ ʞʠʜʢʦʩʪʠ 

ʤʝʞʜʫ ʧʣʘʩʪʠʥʢʘʤʠ ʠʟ KBr. ʊʦʣʱʠʥʘ ʩʣʦʷ 0,015 ʤʤ (15 ʤ). 

 ʋʩʣʦʚʠʷ ʨʘʙʦʪʳ ʭʨʦʤʦʪʦʛʨʘʬʘ: ʨʘʩʪʚʦʨʠʪʝʣʴ-ʜʝʡʪʝʨʠʨʦʚʘʥʥʳʡ ʭʣʦʨʦʬʦʨʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʘʣʦʥʘ ɻʄɼʉ ʧʨʠ 26 0ʉ. 

 ʘ) ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʪʦʥʢʦʩʣʦʡʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ. 

 ʊʦʥʢʦʩʣʦʡʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʧʨʦʚʝʜʝʥʘ ʜʣʷ ʧʨʦʚʝʨʢʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʠ ʯʠʩʪʦʪʳ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʢʦʥʪʨʦʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʏʠʩʪʦʪʫ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ ʥʘ ʩʠʩʪʝʤʘʭ: ʘ) 

ʭʣʦʨʦʬʦʨʤ: ʤʝʪʘʥʦʣ (60:13), ʙ) ʥ-ʙʫʪʘʥʦʣ-ʚʦʜʘ-ʤʝʪʘʥʦʣ (10:4:2)  ʚ) ʙʝʥʟʦʣ-ʘʮʝʪʦʥ-ʫʢʩʫʩʥʘʷ 

ʢʠʩʣʦʪʘ (8:2:1), ʛ) ʥ-ʙʫʪʘʥʦʣ-ʚʦʜʘ-ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ (4:1:1), ʜ)  ʙʝʥʟʦʣ- ʤʝʪʘʥʦʣ -ʭʣʦʨʦʬʦʨʤ 

(3:3:1).  

ʇʷʪʥʘ ʥʘ ʭʨʦʤʘʪʦʛʨʘʤʤʘʭ ʦʙʥʘʨʫʞʠʚʘʣʠ ʧʘʨʘʤʠ ʡʦʜʘ. ʊʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ 

ʠʟʤʝʨʝʥʳ ʥʘ ʤʠʢʨʦʥʘʛʨʝʚʘʪʝʣʴʥʦʤ ʩʪʦʣʠʢʝ Boetius. 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʘʢʪʠʚʳ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ: ʤʘʨʢʠ  çʭ.ʯ.è. ʕʧʠʭʣʦʨʛʠʜʨʠʥ (99,8 %), a-ʤʦʥʦʭʣʦʨʛʠʜʨʠʥ ʛʣʠʮʝʨʠʥʘ, a,g-

ʜʠʭʣʦʨʛʠʜʨʠʥ ʛʣʠʮʝʨʠʥʘ, ʘʮʝʪʦʥ, ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ, ʙʝʥʟʦʣ ʠ ʜʠʦʢʩʘʥ ʧʨʠʤʝʥʷʣʠʩʴ ʤʘʨʢʠ 

çʯ.ʜ.ʘ.è.  

ʉʠʥʪʝʟ Ŭ -ʤʦʥʦʭʣʦʨʛʠʜʨʠʥʘ ʛʣʠʮʝʨʠʥʘ 

         Î öüÿï÷úðúùùÿĊ öú÷íÿ (úíĆñø 3,5 ÷.) ýùìíòñùùÿĊ øñāìùôăñýöúõ øñĄì÷öúõ, 
úíüìþùćø āú÷úðô÷Ĉùôöúø ô þñüøúøñþüúø, ûúøñąì÷ô 750 ï (595,2 ø÷) þñāùôăñýöúïú 
ï÷ôĂñüôùì, 1750 ï (1483 ø÷) öúùĂñùþüôüúîìùùúõ ýú÷ċùúõ öôý÷úþć ô 60,1 ï ÷ñðċùúõ 
ÿöýÿýùúõ öôý÷úþć. 
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        ÜñìöĂôúùùÿĊ ýøñýĈ ùìïüñîì÷ô ûüô þñøûñüìþÿüñ 110 0Ý î þñăñùôñ 9 ăìýúî. Ùì 
ý÷ñðÿĊąôõ ðñùĈ î üñìöĂôúùùÿĊ ýøñýĈ ðúíìî÷ċ÷ô ñąñ 1483 ø÷ ýú÷ċùúõ öôý÷úþć ô 
ùìïüñîì÷ô ûüô 110 0Ý    î þñăñùôñ 10 ăìýúî. 
        ÜñìöĂôúùùìċ ýøñýĈ ûüôúíüñþì÷ì þñøùú ¬ öúüôăùñîćõ Ăîñþ. Óìþñø ôó üñìöĂôúùùúõ 
ýøñýô úþïúùċ÷ô ôóíćþúö ýú÷ċùúõ öôý÷úþć ô îúðÿ ûüô þñøûñüìþÿüñ 105-1150Ý. Úýþìþúö 
ûúðîñüïì÷ô îìöÿÿøùúõ üìóïúùöñ. Îćðñ÷ñùú 579,5 ï (75%) Ŭ- øúùúā÷úüïôðüôùì 

ï÷ôĂñüôùì. Þ öôû.= 110 -111(8 øø üþ.ýþ.), Rð20 = 1,4770,   d420 =1,3736. 

 
Ýôùþñó Ŭ -øúùúì÷öúöýô ĉĀôüúî ï÷ôĂñüôùì 

Î öüÿï÷úðúùùÿĊ öú÷íÿ, ýùìíòñùùÿĊ øñāìùôăñýöúõ øñĄì÷öúõ, úíüìþùćø 
āú÷úðô÷Ĉùôöúø ô öìûñ÷Ĉùúõ îúüúùöúõ, ûúøñąì÷ô ûüñðîìüôþñ÷Ĉùú ûú÷ÿăñùùúïú 

ì÷öúïú÷ċþì öì÷ôċ (ùìþüôċ) ûú øñþúðôöñ ô ö ùñøÿ ûú öìû÷ċø ðúíìî÷ċ÷ô 110,5 (1øú÷Ĉ) Ŭ-
øúùúā÷úüïôðüôù ï÷ôĂñüôùì. Ùìí÷Ċðì÷úýĈ úíô÷Ĉùúñ îćðñ÷ñùôñ ā÷úüôýþúïú öì÷ôċ. 
ÝøñýĈ ûñüñøñĄôîì÷ô î þñăñùôñ 2-2,5 ăìýì ûüô þñøûñüìþÿüñ öôûñùôċ ýûôüþì ô úýþìî÷ċ÷ô 
ùì ùúăĈ. Ùì ý÷ñðÿĊąôõ ðñùĈ ÿðì÷ċ÷ô ýú÷ĈĊ üìýþîúüôþñ÷Ĉ ûüúýþúõ ûñüñïúùöúõ. 
Úýþìþúö ûúðîñüïì÷ô îìöÿÿøùúõ üìóïúùöñ. Ûú þúõ òñ øñþúðôöñ ý āúüúĄôøô îćāúðìøô 
(60-70 %) íć÷ô ûú÷ÿăñùć Ŭ-øúùúì÷öúöýô ĉĀôüúî ï÷ôĂñüôùì 1-6 (þìí÷.1). 

 
Ýôùþñó 3-ûüúûúöýôøñþô÷-2-ā÷úü-1,3,2-ðôúöýìĀúýĀú÷ìùì 

 Î ăñþćüñāïúü÷úõ öú÷íñ, ýùìíòñùùÿĊ øñāìùôăñýöìċ øñĄì÷öúõ, úíüìþùćø 
āú÷úðô÷Ĉùôöúø, þñüøúøñþüúø ô öìûñ÷Ĉùúõ îúüúùöúõ, ûúøñĄì÷ô 51,3 ï PCl3 î 15 ø÷ 
ìíýú÷Ċþùúïú ĉĀôüì ô íćýþüú ûüôöìûćîì÷ô 50ï ì÷öúöýôĉĀôüì î 85 ø÷ ìíýú÷Ċþùúïú 
ĉĀôüì. Ôùþñùýôîùú ûñüñøñĄôîì÷ô ô ûúðñüòì÷ô þñøûñüìþÿüÿ üñìöĂôúùùúõ ýøñýô î 
ûüñðñ÷ñ 20-300Ý. Ûúý÷ñ ûüôíìî÷ñùôċ îýñïú ì÷öúöýôĉĀôüì ûñüñøñĄôîìùôñ ûüúðú÷òì÷ô 
ñąñ î þñăñùôñ 1 ăìýì (ð÷ċ ûú÷ùúþć üñìöĂôô), óìþñø úþýìýćîì÷ô úýþìþúö ÙCl ô ĉĀôü 
Ąöú÷Ĉùćø ùìýúýúø. Úýþìþúö ûúðîñüïì÷ô îìöÿÿøùúõ üìóïúùöñ. Îćðñ÷ñùú 49,5 ï (67%). 

Þ., öôû.= 79-80 0Ý (øø üþ.ýþ.).,  Rð20= 1,4662, d420= 1,2080. 
Ûú ĉþúõ øñþúðôöñ íć÷ô ûú÷ÿăñùć ýúñðôùñùôċ 7-12  (þìí.2.). 

 
Ýôùþñó 3-ûüúûúöýôöýôøñþô÷-2-íñùóô÷úöýô-1,3,2-ðôúöýìĀúýĀú÷ìùì 

Î öüÿï÷úðúùùÿĊ ăñþćüČāïúüíÿĊ öú÷íÿ ýùìíòñùùÿĊ øñāìùôăñýöúõ øñĄì÷öúõ, 
öìûñ÷Ĉùúõ îúüúùöúõ, úíüìþùćø āú÷úðô÷Ĉùôöúø ô þñüøñøñþüúø ûúøñąì÷ô 24 ï 4-
íÿþúöýôøñþô÷-2-ā÷úü-1,3,2- ðôúöýìĀúý-Āú÷ìùì î 200 ø÷ ìíý. ĉĀôüì. Ûüô ùìüÿòùúø 
úā÷ìòðñùôô üñìöĂôúùùúõ öú÷íć (ìĂñþúù +ýÿāúõ ÷ñð.) ðú þñøûñüìþÿüć -10 -150Ý  ô 
ĉùñüïôăùúø ûñüñøñĄôîìùôô ðúíìîô÷ô ûú öìû÷ċø 12,2 ï íñùóú÷úîúïú ýûôüþì î ýøñýô ý 
1164 ï þüôĉþô÷ìøôùì. Ùìí÷Ċðì÷úýĈ ôùþñùýôîùúñ îćûìðñùôñ ā÷úüôýþúîúðúüúðùúõ  
ýú÷ô þüôĉþô÷ìøôùì. Ûú úöúùăìùôô üñìöĂôô úā÷ìòðñùôċ ÿíôüì÷ô ô ûñüñøñĄôîìùôñ 
ûüúðú÷òì÷ô ðú öúøùìþùúõ þñøûñüìþÿüć. Úýþìþúö ûúðîñüïì÷ô îìöÿÿøùúõ üìóïúùöñ. 

             Îćðñ÷ñùú: 51,1 % Þ. öôû.= 190-191 0Ý; ØR͒  (îćă.) = 70,564 ; ØR͒  (ùìõð.) = 71,284; 
Ûð20= 1,4986; d420= 1,169. 
             Ìùì÷úïôăùćø úíüìóúø ûú÷ÿăñùć ýúñðôùñùôċ 13-16 (þìí÷.3).   
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Ýôùþñó 3-ì÷öúöýôøñþô÷-2-þôúùú-íñùóúöýô-1,3,2-ðôúöýìĀúýĀú÷ìùì 

          Î öüÿï÷úðúùùÿĊ öú÷íÿ, ýùìíòñùùÿĊ úíüìþùćø āú÷úðô÷Ĉùôöúø ô þñüøúøñþüúø 
ûúøñąì÷ô üìýýăôþìùùúñ öú÷ôăñýþîú 4-ì÷öúöýôøñþô÷-2- íñùóúöýô-1,3,2-
ðôúöýìĀúýĀú÷ìùì ô ùñíú÷ĈĄôøô ûúüĂôċøô ðúíìî÷ċ÷ô ĉöîôøú÷Ĉùúïú öú÷ôăñýþîú 
ăñüñùöúîúõ ýñüć, üìýþñüþúõ î ûúüúĄñ. Ûüôýúñðôùñùôñ ýñüć ûüúāúðô÷ú ĉöóúþñüøôăùú 
öú÷ôăñýþîñùùú. Þñøûñüìþÿüì üñìöĂôô ýìøúûüúôóîú÷Ĉùú ûúîćĄì÷úýĈ úþ 20 ðú 50 0Ý. 
Ð÷ċ ûú÷ùúþć üñìöĂôô ûúý÷ñ ûüôíìî÷ñùôċ îýñõ ýñüć, üñìöĂôúùùÿĊ øìýýÿ ùìïüñîì÷ô 
ûüô þñøûñüìþÿüñ 75-80 0Ý ñąñ î þñăñùôñ 0,5 ăìýì. Ûú ĉþúõ øñþúðôöñ ûú÷ÿăñùć 
ýúñðôùñùôċ 17-19 (þìí 4). 

 
ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʘʤʠ ʧʦʣʫʯʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʥʝʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 

4-ʘʣʢʦʢʩʠʤʝʪʠʣ-2-ʪʠʦʥʦ-2-ʙʝʥʟʦʢʩʠ- 1,3,2 ʜʠʦʢʩʦʬʦʩʬʦʣʘʥʦʚ. 

ɸʥʘʣʦʛʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʧʦʣʦʞʝʥʠʠ 2 ʬʦʩʬʦʣʘʥʦʚʦʛʦ ʮʠʢʣʘ 

ʘʣʢʦʢʩʠ ʟʘʤʝʩʪʠʪʝʣʠ ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ ʨʷʜʘ ʧʦʣʫʯʝʥʳ ʨʘʥʝʝ ʥʘ ʢʘʬʝʜʨʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠʩʧʳʪʘʥʳ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʢʦʤʧʣʝʢʩ ʦʙʨʘʟʦʚʘʥʠʶ ʠ ʥʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ 3-ʘʣʢʦʢʩʠʤʝʪʠʣ-2-ʪʠʦʥʦ-2- ʙʝʥʟʦʢʩʠ-1,3,2-

ʜʠʦʢʩʦʬʦʩʬʦʣʘʥʳ ʧʨʦʷʚʣʷʶʪ ʠʟʙʠʨʘʪʝʣʴʥʫʶ ʛʝʤʘʪʦʠʜʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʧʦʩʝʚʘʭ 

ʧʰʝʥʠʮʳ, ʘ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʤʠ ʵʣʝʤʝʥʪʘʤʠ-ʩʦʙʠʨʘʪʝʣʷʤʠ ʧʨʠ ʬʣʦʪʘʮʠʠ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ.       ʉʠʥʪʝʟ 3-ʘʣʢʦʢʩʠʤʝʪʠʣ-2-

ʪʠʦʥʦ-ʙʝʥʟʦʢʩʠ-1,3,2-ʜʠʦʢʩʦʬʦʩʬʦʣʘʥʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʵʪʠʭ ʚʝʱʝʩʪʚ, ʪ.ʢ. ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʨʘʜʠʢʘʣʦʚ ʚ ʣʶʙʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʦʝʜʠʥʝʥʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʫʩʣʦʚʠʷ ʝʛʦ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʚʚʝʜʝʥʠʝ ʙʝʥʟʦʢʩʠ ʛʨʫʧʧ ʚ ʬʦʩʬʦʣʘʥʦʚʦʝ ʢʦʣʴʮʦ ʧʦ ʥʘʰʠʤ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷʤ ʜʦʣʞʥʦ ʦʙʷʟʘʪʝʣʴʥʦ ʦʢʘʟʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ 1,3,2- 

ʜʠʦʢʩʦʬʦʩʬʦʣʘʥʦʚ. 

ʅʘʤʠ ʧʦʣʫʯʝʥʳ ʜʚʘ ʨʷʜʘ ʧʨʦʠʟʚʦʜʥʳʭ ʩʦʜʝʨʞʘʱʠʭ ʙʝʥʟʦʢʩʠʛʨʫʧʧʳ 4-

ʘʣʢʦʢʩʠʤʝʪʠʣ 2-ʙʝʥʟʦʢʩʠ ʠ 3-ʘʣʢʦʢʩʠʤʝʪʠʣ 2-ʪʠʦʥʦ-ʙʝʥʟʦʢʩʠ-1,3,2-ʜʠʦʢʩʦʬʦʩʬʦʣʘʥʳ 

ʩʦʜʝʨʞʘʱʠʝ ʪʨʝʭ ʠ ʧʷʪʠʚʘʣʝʥʪʥʠʡ ʘʪʦʤ ʬʦʩʬʦʨʘ. 

ʉʠʥʪʝʟ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ ʩʭʝʤʝ:  

 ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘʤʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ              

ʚʝʱʝʪʩʚʘ: Ŭ-ʤʦʥʦʭʣʦʨʛʠʜʨʠʥ ʠ ʘʣʢʦʢʩʠʵʬʠʨʳ ʛʣʠʮʝʨʠʥʘ, ʠ 3-ʘʣʢʦʢʩʠʤʝʪʠʣ-2-ʪʠʦʥʦ-
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ʙʝʥʟʦʢʩʠ-1,3,2-ʜʠʦʢʩʦʬʦʩʬʦʣʘʥ.  ʉʠʥʪʝʟ Ŭ-ʤʦʥʦʭʣʦʨʛʠʜʨʠʥʘ ʠʟ ʛʣʠʮʝʨʠʥʘ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʜʝʡʩʪʚʠʝʠʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʥʘ ʛʣʠʮʝʨʠʥ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʣʝʜʷʥʦʡ 

ʫʢʩʫʩʥʦʡ  ʢʠʩʣʦʪʳ, ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨ, ʧʦ ʤʝʪʦʜʠʢʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʠʥʩʪʠʪʫʪʝ ʆʨʛʘʥʠʯʝʩʢʦʡ 

ʠ ʌʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ʛ. ʂʘʟʘʥʠ. ɺʳʭʦʜ Ŭ-ʤʦʥʦʭʣʦʨʛʠʜʨʠʥʘ ʛʣʠʮʝʨʠʥʘ 

ʩʦʩʪʘʚʣʷʣ 75% ʪʝʦʨʠʠ. ʉʠʥʪʝʟ ʤʦʥʦʘʣʢʦʢʩʠʵʬʠʨʦʚ ʛʣʠʮʝʨʠʥʘ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ Ŭ-ʤʦʥʦʭʣʦʨʛʠʜʨʠʥʘ ʛʣʠʮʝʨʠʥʘ ʩ ʘʣʢʦʛʦʣʷʪʘʤʠ ʩʧʠʨʪʦʚ. ʂʦʣʠʯʝʩʪʚʦ 

ʩʧʠʨʪʘ, ʚʟʷʪʦʛʦ ʜʣʷ ʨʝʘʢʮʠʠ ʙʳʣʦ ʧʨʠʤʝʨʥʦ ʚ 8-10 ʨʘʟ ʙʦʣʴʰʝ ʵʢʚʠʤʦʣʴʥʦʛʦ, ʚʩʣʝʜʩʪʚʠʝ 

ʪʦ, ʯʪʦ ʦʥ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʣ ʬʫʥʢʮʠʶ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʦʣʫʯʝʥʠʝ ʤʦʥʦʘʣʢʦʢʩʠʵʬʠʨʦʚ 

ʛʣʠʮʝʨʠʥʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʦʩʘʜʢʘ ʭʣʦʨʠʩʪʦʛʦ ʢʘʣʠʷ, 

ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʧʣʦʭʦ ʬʠʣʪʨʫʝʪʩʷ ʯʝʨʝʟ ʦʙʳʯʥʳʝ ʬʠʣʴʪʨʳ. ʇʦʵʪʦʤʫ, ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ, 

ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʚ ʪʝʯʝʥʠʝ 0.5 - 1 ʯʘʩʘ ʥʘʛʨʝʚʘʣʘʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ ʩʧʠʨʪʘ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʙʦʣʴʰʝʡ ʢʦʘʛʫʣʷʮʠʠ ʦʩʘʜʢʘ ʩʦʣʠ ʠ ʦʙʣʝʛʯʘʣʦ ʦʪʜʝʣʝʥʠʝ ʝʝ ʦʪ ʬʠʣʴʪʨʘʪʘ. 

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʘʣʢʦʛʦʣʷʪʦʚ ʩʧʠʨʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʣʠʡ, ʢʦʪʦʨʳʡ ʨʝʘʛʠʨʦʚʘʣ ʩʦ 

ʩʧʠʨʪʘʤʠ ʨʘʚʥʦʤʝʨʥʦ. ɺʳʜʝʣʝʥʠʷ ʘʣʢʦʢʩʠʵʬʠʨʘ ʛʣʠʮʝʨʠʥʘ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʙʝʩʮʚʝʪʥʳʝ 

ʧʦʜʚʠʞʥʳʝ ʞʠʜʢʦʩʪʠ, ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ. 

3-ʘʣʢʦʢʩʠʤʝʪʠʣ-2-ʭʣʦʨ-1,3,2-ʜʠʦʢʩʦʬʦʩʬʦʣʘʥʦʚ ʧʦʣʫʯʘʣʠʩʴ ʜʝʡʩʪʚʠʝʤ 

ʤʦʥʦʘʣʢʦʢʩʠʵʬʠʨʦʚ ʛʣʠʮʝʨʠʥʘ ʥʘ ʪʨʠ ʭʣʦʨʠʜ ʬʦʩʬʦʨʘ ʧʦ ʤʝʪʦʜʠʢʝ. ʈʘʟʨʘʙʦʪʘʥʥʦʡ ʚ  

ʨʝʘʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 20-250ʉ ʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʇʦʣʥʦʪʫ ʚʳʜʝʣʝʥʠʷ HCI ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʠʥʜʠʢʘʪʦʨʥʦʡ ʙʫʤʘʛʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠʤʝʥʷʣʠ ʘʙʩʦʣʶʪʥʳʡ ʵʬʠʨ. 

ɺʳʜʝʣʝʥʥʳʝ 3-ʘʣʢʦʢʩʠʤʝʪʠʣ - 2 -ʭʣʦʨ-1,3,2-ʜʠʦʢʩʦʬʦʩʬʦʣʘʥʳ  ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ 

ʙʝʩʮʚʝʪʥʳʝ, ʧʦʜʚʠʞʥʳʝ ʞʠʜʢʦʩʪʠ, ʜʳʤʷʱʠʝ ʥʘ ʚʦʟʜʫʭʝ. ʊʘʢ ʢʘʢ ʵʪʠ ʚʝʱʝʩʪʚʘ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʨʘʥʝʝ  ʠʭ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʜʦʤʣʝʥʠʷ, 

ʧʣʦʪʥʦʩʪʠ ʠ ʨʘʩʯʝʪʦʤ MR ʢʦʪʦʨʳʷ ʙʳʣʳ ʠʜʝʥʪʠʯʥʳ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʦʥʦʘʣʢʦʢʩʠʵʬʠʨʦʚ ʛʣʠʮʝʨʠʥʘ ʠ 4 - 

ʘʣʢʦʢʩʠʤʝʪʠʣ-2-ʭʣʦʨ-1,3,2-ʜʠʦʢʩʦʬʦʩʬʦʣʘʥʦʚ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʘʭ 1 ʠ 2. 

4-ʘʣʢʦʢʩʠʤʝʪʠʣ-2-ʙʝʥʟʦʢʩʠ-1,3,2-ʜʠʦʢʩʦʬʦʩʬʦʣʘʥʳ ʧʦʣʫʯʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʩ 4-ʘʣʢʦʢʩʠʤʝʪʠʣ-2-ʭʣʦʨ-1,3,2- ʜʠʦʢʩʦʬʦʩʬʦʣʘʥʘʤʠ  ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

10-150ʉ  ʚ ʩʨʝʜʝ ʘʙʩʦʣʶʪʥʦʛʦ ʵʬʠʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʘʢʮʝʧʪʦʨʘ ʭʣʦʨʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʨʦʪʠʣʘʤʠ. ʇʦʣʥʦʪʫ ʨʝʘʢʮʠʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʧʫʪʝʤ ʚʟʚʝʰʠʚʘʥʠʷ 

ʭʣʦʨʠʩʪʦʚʦʜʦʨʦʜʥʦʡ ʩʦʣʠ ʪʨʠʵʪʠʣʘʤʠʥʘ. 

ɺʳʜʝʣʝʥʥʳʝ 3-ʘʣʢʦʢʩʠʤʝʪʠʣ-2-ʙʝʥʟʦʢʩʠ-1,2-ʜʠʦʢʩʦʬʦʩʬʦʣʘʥʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ 

ʙʝʩʮʚʝʪʥʳʝ ʧʦʜʚʠʞʥʳʝ ʞʠʜʢʦʩʪʠ ʩ ʪʠʧʠʯʥʳʤ ʟʘʧʘʭʦʤ ʬʦʩʬʠʪʦʚ. ɺʳʭʦʜ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʩʦʩʪʘʚʣʷʣ ʧʨʠʤʝʨʥʦ 49-57 % ʦʪ ʪʝʦʨʠʠ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʬʦʩʬʠʪʦʚ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 3. 

ʏʠʩʪʦʪʫ ʚʳʜʝʣʝʥʥʳ 3-ʘʣʢʦʢʩʠʤʝʪʠʣ-2-ʙʝʥʟʦʢʦʩʠ-1,2-ʜʠʦʢʩʦʬʦʩʬʦ-ʣʘʥʦʚ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʊʉʍ ʥʘ ʩʠʣʫʬʦʣʝʚʦʡ ʙʫʤʘʛʝ. ʕʣʣʶʝʥʪʦʤ ʩʣʫʞʠʣʘ ʩʧʠʨʪʦ-

ʙʝʥʟʦʣʴʥʘʷ ʩʤʝʩʴ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 4:9 ʧʨʦʷʚʠʪʝʣʝʤ ʧʘʨʠ ʡʦʜ. 

ʉʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 3-ʘʣʢʦʢʩʠʤʝʪʠʣ-2-ʙʝʥʟʦʢʦʩʠ-1,2-ʜʠʦʢʩʦʬʦʩʬʦʣʘʥʦʚ 

ʜʦʢʘʟʳʚʘʣʠ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ, ʨʘʩʯʝʪʦʤ ʄRɼ, ʠ ʩʥʷʪʠʝʤ ʠʭ ʀʂ-ʩʧʝʢʪʨʦʚ. 

ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ) ʥʘʙʣʶʜʘʣʠʩʴ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

950-1060 ʩʤ-1 ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʈʆ-ʉ ʩʚʷʟʠ ʬʦʩʬʦʣʘʥʦʚʦʛʦ ʮʠʢʣʘ  ʠ ʩʣʦʞʥʳʝ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 2800-3000 ʩʤ-1, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʘʣʝʥʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʉ-ʅ ʩʚʷʟʠ, 

ʚʢʣʶʯʘʶʱʠʤʠ ʚ ʩʝʙʷ ʩʠʤʤʝʪʨʠʯʥʳʝ ʠ ʘʩʠʤʤʝʪʨʠʯʥʳʝ ʢʦʣʝʙʘʥʠʷ ʛʨʫʧʧ ʉʅ3, ʉʅ2 ʠ ʉʅ.  

ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʚ ʦʙʣʘʩʪʠ 1460 ʩʤ-1 ʥʘʙʣʶʜʘʣʘʩʴ ʯʝʪʢʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ. 

4-ʘʣʢʦʢʩʠʤʝʪʠʣ-2-ʙʝʥʟʦʢʦʩʠ-1,3,2-ʜʠʦʢʩʦʬʦʩʬʦʣʘʥʘ ʧʦʣʫʯʘʣʠ ʜʝʡʩʪʚʠʝʤ ʩʝʨʳ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʦʩʬʠʪʳ. 

ʈʝʘʢʮʠʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʝʨʳ ʧʨʦʪʝʢʘʣʘ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠ, ʢʦʣʠʯʝʩʪʚʝʥʥʦ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʠʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʦʚʳʰʘʣʘʩʴ ʦʪ 20 ʜʦ 40-55 0ʉ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ. ʇʦ 

ʤʝʨʝ ʜʦʙʘʚʣʝʥʠʷ ʩʝʨʳ ʨʝʘʢʮʠʷ ʟʘʤʝʜʣʷʣʘʩʴ. ʇʦʣʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʩʝʨʳ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʩʣʝ 

ʥʘʛʨʝʚʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʪʝʯʝʥʠʝ 0,5-1 ʯʘʩʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 70-800ʉ. ʇʦʣʫʯʝʥʥʘʷ 
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ʤʘʩʩʘ ʙʳʣʘ ʧʦʜʚʝʨʛʥʫʪʘ ʨʘʟʛʦʥʢʝ ʚ ʚʘʢʫʫʤʝ. ʆʜʥʘʢʦ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʜʘʚʣʝʥʠʠ (90-1000ʉ) 3ʤʤ.ʨʪ.ʩʪ. ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʟʣʦʞʝʥʠʝ ʪʠʦʥʬʦʩʬʘʪʘ. 

ʆʯʝʚʠʜʥʦ, ʵʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʪʠʦʥʬʦʩʬʘʪʦʚ ʩʚʷʟʘʥʘ ʩ ʥʘʣʠʯʠʝʤ ʙʝʥʟʦʢʩʠʛʨʫʧʧ 

ʚ ʬʦʩʬʦʣʘʥʦʚʦʤ ʮʠʢʣʝ. ʆʙʳʯʥʦ ʪʠʦʥʬʦʩʬʘʪʳ ʩ ʨʘʜʠʢʘʣʘʤʠ ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ ʨʷʜʘ 

ʧʝʨʝʛʦʥʷʶʪʩʷ ʙʝʟ ʨʘʟʣʦʞʝʥʠʷ ʧʨʠ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (150-1800C) 3ʤʤ.ʨʪ.ʩʪ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʝʨʳ ʢ ʬʦʩʬʠʪʫ ʤʝʪʦʜʦʤ ʊʉʍ ʧʦʢʘʟʘʣʦè 

ʯʪʦ ʵʪʠ ʧʨʦʜʫʢʪʳ ʷʚʣʷʶʪʩʷ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠ ʯʠʩʪʳʤʠ. ʆʙ ʵʪʦʤ ʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʩʝʨʳ ʢ ʬʦʩʬʠʪʫ. 

ɺʩʣʝʜʩʪʚʠʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʪʠʦʬʦʩʬʘʪʳ ʧʦʣʫʯʝʥʥʳʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʩʝʨʳ ʢ 

ʬʦʩʬʠʪʘʤ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʨʘʟʛʦʥʢʠ. 

ʇʨʠ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʩʠʣʫʬʦʣʝʚʦʡ ʙʫʤʘʛʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʶʝʥʪʦʤ ʞʠʜʢʦʩʪʠ ʛʝʢʩʘʥ-ʘʮʝʪʦʥ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 2:1 ʧʨʦʜʫʢʪ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʝʨʳ ʢ ʬʦʩʬʠʪʫ ʜʘʚʘʣ ʦʜʥʦ ʧʷʪʥʦ. 

ɺʳʜʝʣʝʥʦ ʪʨʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷ 4-ʘʣʢʦʢʩʠʤʝʪʠʣ-2-ʪʠʦʥʦ-2-ʙʝʥʟʦʢʩʠ- 1,3,2 

ʜʠʦʢʩʦʬʦʩʬʦʣʘʥʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʝʩʮʚʝʪʥʳʝ ʧʦʜʚʠʞʥʳʝ ʞʠʜʢʦʩʪʠ ʩ 

ʨʝʟʢʠʤ ʟʘʧʘʭʦʤ. ɺʳʭʦʜ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 48-52 %. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʪʠʦʥʬʦʩʬʘʪʦʚ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 3.4. 

ʉʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʜʠʦʢʩʘʬʦʩʬʦʣʘʥʦʚ ʜʦʢʘʟʘʥʳ ʦʧʨʝʜʝʣʝʥʠʝʤ ʠʭ  

ʄRʜ , ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ ʠ ʩʥʷʪʠʝʤ ʠʭ ʀʂ-ʩʧʝʢʪʨʦʚ. ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʪʠʦʥʬʦʩʬʘʪʦʚ.ʅʘʨʷʜʫ ʩ ʧʦʣʦʩʘʤʠ ʧʦʛʣʦʱʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʈʆ-ʉ ʛʨʫʧʧʠʨʦʚʢʠ ʚ 

ʦʙʣʘʩʪʠ 950-1060 ʩʤ-1 ʧʨʠʩʫʪʩʪʚʦʚʘʣʘ ʯʝʪʢʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 750 ʩʤ-1, 

ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʈ=S ʩʚʷʟʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʘʪʣʘʩʝ 

ʀʂ-ʩʧʝʢʪʨʦʚ  ʜʣʷ ʪʘʢʦʛʦ ʪʠʧʘ ʩʦʝʜʠʥʝʥʠʡ. 

ʀʟ ʣʠʪʝʨʘʪʫʨʳ ʠʟʚʝʩʪʥʦ, ʯʪʦ 1,2-ʜʠʦʢʩʦʬʦʩʬʦʣʘʥʳ ʩʦʜʝʨʞʘʱʠʝ 4-ʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʘʪʦʤ ʬʦʩʬʦʨʘ, ʢʘʢ ʠ ʠʭ ʘʥʘʣʦʛʠ, ʩʦʜʝʨʞʘʱʠʝ ʘʪʦʤ ʬʦʩʬʦʨʘ 

(ʪʨʝʭʚʘʣʝʥʪʥʳʡ), ʩʫʱʝʩʪʚʫʶʪ ʚ ʚʠʜʝ ʮʠʩ-  ʠ ʪʨʘʥʩ- ʠʟʦʤʝʨʦʚ. 

  ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʥʘʣʠʯʠʷ ʮʠʩ ʠ ʪʨʘʥʩ ʠʟʦʤʝʨʦʚ ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ 

ʬʦʩʬʠʪʘʭ ʠ ʪʠʦʥʬʦʩʬʘʪʘʭ ʜʣʷ ʜʚʫʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ  ʦʜʥʦʤʫ ʠʟ 

ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ ʙʳʣʠ ʩʥʷʪʳ ʩʧʝʢʪʨʳ ʗʄʈ 31ʈ ʚ ʋʬʝ. ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 31ʈ 3-ʵʪʦʢʩʠʤʝʪʠʣ-2-

ʙʝʥʟʦʢʩʠ - 1,2-ʜʠʦʢʩʦʬʦʩʬʦʣʘʥʘ, ʭʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ ʩʠʛʥʘʣʘ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʚʠʜʝ ʜʚʫʭ ʧʠʢʦʚ ʚ ʦʙʣʘʩʪʠ 133,7 ʠ 138.1 ʤ.ʜ.,  ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʜʚʫʭ ʠʟʦʤʝʨʦʚ 

ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʪʘʢʦʛʦ ʪʠʧʘ ʮʠʢʣʠʯʝʩʢʠʭ ʬʦʩʬʠʪʦʚ. 

ɺʝʣʠʯʠʥʘ ʥʘʙʣʶʜʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʦ ʥʘʣʠʯʠʠ ʮʠʩ- ʠ ʪʨʘʥʩ- 

ʠʟʦʤʝʨʦʚ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʧʨʠʤʝʨʥʦ 1:3. 

ɺ ʩʧʝʢʪʨʘʭ ʗʄʈ 31ʈ  4-ʵʪʦʢʩʠʤʝʪʠʣ-2-ʪʠʦʥʦ-2-ʙʝʥʟʦʢʦʩʠ-1,3,2- ʜʠʦʢʩʘʬʦʩʬʦʣʘʥʦʚ,  

ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʦʜʠʥ ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʠʛʥʘʣ ʩ ʭʠʤʠʯʝʩʢʠʤ ʩʜʚʠʛʦʤ ʨʘʚʥʳʤ ʧʨʠʤʝʨʥʦ 8,2 ʤ.ʜ., 

ʯʪʦ ʢʘʟʘʣʦʩʴ ʙʳ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʪʦʤ, ʯʪʦ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʩʦʜʝʨʞʘʪ ʩʪʝʨʝʦʠʟʦʤʝʨʥʳʭ 

ʬʦʨʤ. ʆʜʥʘʢʦ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʪʘʢʦʛʦ ʪʠʧʘ ʩʦʝʜʠʥʝʥʠʷ ʪʘʢʞʝ ʢʘʢ ʠ 

ʫʧʦʤʷʥʫʪʳʝ ʚʳʰʝ ʬʦʩʬʠʪʳ ʩʫʱʝʩʪʚʫʶʪ ʚ ʚʠʜʝ ʮʠʩ- ʠ ʪʨʘʥʩ- ʠʟʦʤʝʨʦʚ.  

ʇʦ-ʚʠʜʠʤʦʤʫ, ʭʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʵʪʠʭ ʠʟʦʤʝʨʦʚ ʚ ʩʧʝʢʪʨʘʭ ʗʄʈ 31ʈ  ʙʣʠʟʢʠ ʠʭ 

ʟʥʘʯʝʥʠʶ ʠ ʚʠʟʫʘʣʴʥʦ ʪʨʫʜʥʦ ʨʘʟʣʠʯʠʤʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʠ 4-ʘʣʢʦʢʩʠʤʝʪʠʣ-2-ʙʝʥʟʦʢʩʠ ʠ 4-ʘʣʢʦʢʩʠʤʝʪʠʣ-2-ʪʠʦʥʦ-  2-ʙʝʥʟʦʢʦʩʠ-

1,3,2-ʜʠʦʢʩʦʬʦʩʬʦʣʘʥʳ ʧʝʨʝʜʘʥʳ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʧʣʝʢʩ ʦʙʨʘʟʦʚʘʥʠʶ. 

ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʝʨʳ ʢ ʬʦʩʬʠʪʘʤ ʠ ʜʨʫʛʠʤ ʩʦʝʜʠʥʝʥʠʷʤ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ 

ʬʦʩʬʦʨʘ ʷʚʣʷʝʪʩʷ ʤʘʣʦ ʠʟʫʯʝʥʥʳʤ. ʆʜʥʘʢʦ; ʚ ʢʥʠʛʝ ʍʘʜʩʦʥʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ 

ʬʦʩʬʠʪʦʚ ʩ ʩʝʨʦʡ ʧʨʦʪʝʢʘʝʪ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʚʢʣʶʯʘʝʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʦʪʱʝʧʣʝʥʠʝ ʩʝʨʳ ʧʦ ʩʭʝʤʝ: 

          (C6H5O)3P + S8 Ÿ (C6H5O)3P
+- S-S6-S

- 

          (C6H5O)3P
+ - S - S6 - S

- + (C6H5O)3P Ÿ  

           Ÿ (C6H5O)3P = S +(C6H5O)3P
+ - S ï S5 ï S

-  ʪ.ʜ.  
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     ʉʢʦʨʦʩʪʴ ʵʪʦʡ ʨʝʘʢʮʠʠ ʧʦ ʜʘʥʥʳʤ ʍʘʜʩʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʚʦʡ ʩʪʘʜʠʝʡ, ʚʢʣʶʯʘʶʱʝʡ 

ʦʙʨʘʟʦʚʘʥʠʝ ʛʨʫʧʧʳ ïS- ʦʪʱʝʧʣʷʶʱʝʡʩʷ ʩ ʪʨʫʜʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʪʫʧʝʥʷʤʠ 

ʩʠʥʪʝʟʘ ʪʠʦʥʬʦʩʬʘʪʘ:  

Þìí÷ôĂì 1. 
 
 

Îìòùñõąôñ Āôóôöú-āôøôăñýöôñ a-øúùú-ì÷öúöýô ĉĀôüúî ï÷ôĂñüôùì. 

ˉ 

ʉʦʝʜʠʥʝʥʠʝ 

R ɺʳʭʦʜ % ʊ.ʢʠʧ. 
0ʉ/ʤʤ.ʨʪ.ʩʪ. 

 

n20
D 

 

p4
20 

 

ʄRD     

ʥʘʡʜ/ʚʳʯ. 

 

1 ʉʅ3 67,8 71-73/2 1,4470 1,1118 25,84 

25,36 

2 ʉ2 ʅ5 61,6 120-121/7 1,4430 1,0628 29,7 

30,05 

3 ʥ-ʉ3 ʅ7 64,7 108-111/8 1,4428 1,0994 34,31 

34,60 

4 ʥ-ʉ4 ʅ9 65,6 126-128/8 1,4422 1,0065 38,97 

39,22 

5 i-ʉ4 ʅ9 67,3 132-133/8 1,4400 0,9979 39,12 

39,22 

6 ʥ-ʉ5 ʅ11 60,1 129-130/7 1,4460 0,9910 43,82 

43,84 
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 Þìí÷ôĂì 2. 
áìüìöþñüôýþôöì ûú÷ÿăñùùćā ā÷úüĀúýĀôþúî 

 
 

ʊʘʙʣʠʮʘ 3. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʣʫʯʝʥʥʳʭ ʬʦʩʬʠʪʦʚ                         

                                                                                                              

ˉ R ʊʢʠʧ 

Áʉ/ʈʤʤ.ʨʪ.ʩ

ʪ 

ɺʳʭʦʜ   

% 

nd
20 d4

20 ʬʦʨʤʫʣʘ MRD 

ʥʘʡʜʝʥʦ/ 

ʚʳʯʠʩʣʝʥʦ 

MRD, P % 

ʥʘʡʜʝʥʦ/ 

ʚʳʯʠʩʣʝʥʦ 

MRD, C % 

ʥʘʡʜʝʥʦ/ 

ʚʳʯʠʩʣʝʥʦ 

MRD, H % 

ʥʘʡʜʝʥʦ/ 

ʚʳʯʠʩʣʝʥʦ 

13 C2H5 154-155/6 57,4 1,5185 1,257

6 

ʉ12H17O4P 61,73 

61,328 

12.25 

12.1 

56.81 

56.25 

6.19 

6.64 

14 C3H7 177-178/10 52,3 1,5026 1,202

7 

ʉ13H19O4P 66,32 

65,95 

11.11 

11.48 

57.35 

57.7 

7.47 

7.04 

15 i-C3H7 174-175/9 48,6 1,5144 1,245

0 

ʉ13H19O4P 65,41 

65,94 

11.12 

11.48 

57.91 

57.7 

7.29 

7.04 

Ĝ 
Ýúñðôùñùôñ 

R Þöôû 

¸Ý/Üøø.üþ.ýþ 
Îćāúð   % nd20 d420 Āúüøÿ÷ì MR D 

îćăôý÷ñùú/ùìõðñùú 

7 CH3 83-84/10 70 1,4742 1,3012 Ý4H8O3PCl 36,78 
36,84 

8 C2H5 84-85/5 62,2 1,4736 1,2555 
 

Ý4H10O3PCl 41,395 
41,27 

9 C3H7 77,5-78/5 76,4 1,4662 1,2081 Ý4H12O3PCl 46,013 
45,52 

10 i-C3H7 72-74/5 65,3 1,4749 1,2208 Ý4H12O3PCl 46,013 
45,76 

11 C4H9 88,5-89,5/5 68,5 1,4660 1,1694 Ý4H14O3PCl 50,63 
50,32 

12 i-C5H11 117-118/7 53,6 1,4751 1,1837 Ý4H16O3PCl 54,35 
54,12 
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16 ʥ-C4H9 190-191/9 51,1 1,4986 1,174

8 

ʉ14H21O4P 70,93 

70,56 

10.48 

10.91 

58.82 

59.15 

7.06 

7.39 

 

ʊʘʙʣʠʮʘ.4. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʣʫʯʝʥʥʳʭ ʪʠʦʥʬʦʩʬʘʪʦʚ 

Ĝ R Îćāúð   % nd20 d420 Āúüøÿ÷ì MR D 

ùìõðñùú/ 
îćăôý÷ñùú 

MR D, P % 
ùìõðñùú/ 
îćăôý÷ñùú 

MR D, C % 
ùìõðñùú/ 
îćăôý÷ñùú 

MR D, H % 
ùìõðñùú/ 
îćăôý÷ñùú 

 

17 Ý2Ù5 52,1 1,5322 1,3023 C12H17O4PS 68.55 
67.74 

10.28 
10.80 

49.47 
50.0 

5.63 
5.90 

 
18 i-C3H7 48,3 1,5351 1,173 C12H17O4PS 71.44 

71.25 
9.85 
10.25 

49.71 
51.6 

6.66 
6.29 

 
19 ù-C4H9 47,8 1,5075 1,2378 C12H17O4PS        76.061 

79.98 
9.56 
9.81 

54.08 
54.43 

6.80 
6.64 
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ʃʘʙʦʨʘʪʦʨʠʷ çʍʠʤʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡè ʥʘ ʪʝʤʫ çʕʢʩʪʨʘʢʪ, 

ʨʘʟʜʝʣʝʥʠʝ, ʬʠʪʦʭʠʤʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʊʘʜʞʠʢʠʩʪʘʥʘ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ ʠʭ ʢʦʤʧʦʟʠʮʠʠ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʜʠʛʣʠʮʝʨʠʜʦʚè ʧʦʜ 

ʥʦʤʝʨʦʤ ʈɹˉ0125TJ1662 ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʀʥʩʪʠʪʫʪ ʊʘʜʞʠʢʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ 
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ÝÔÙÞÑÓÔ 1,3,2- ÐÔÚÖÝÚàÚÝàÚ×ÌÙ׳ÚÔ ÐÚÜÚÔ ÍÚÉÔØÚÙÐÌÔ ÏßÜ׳׳ÚÔ ÍÑÙÓÚÖÝÄ 
ÐÌÜ àÚÝàÚ×ÌÙÇÚÔ ÇÌ×ÉÌÏÄ 

Ðìü ìýúýô ùìþôĔìĕúô íìðìýþúøìðì  āÿ÷úýì íìüúîìüðìù  øÿøöôù ìýþ, öô ĉĀôüĕúô øÿöìøøì÷ô 
ĀúýĀúüô ýñîì÷ñùþĒ, ûñĄ ìó ĕìøì, þìîìýýÿþô üñìöýôċô ā÷úüôðĕúô öôý÷úþìô ĀúýĀúüĒ îì ìøôðĕú íú 
ýûôüþĕúô ïÿùúïÿù íì ðìýþ úîìüðì øñĄìîìùð. éĀôü״úô öôý÷úþìô ĀúýĀúü íìüúô ýôùþñóô ״úýô÷ì״úô 
ïÿùúïÿùô ĀúýĀúüôô ûìùֹוîì÷ñùþ, øìāýÿýìù þôúùúĀúýĀìþ״úô ýôö÷, öô ðìü ùìþôֹוìô þìĆýôüô ìïñùþ״úô 
ïÿùúïÿùô ýÿ÷Āÿüðúü íì ĀúýĀôþ״úô ýôö÷ íì ðìýþ øñúċùð, ״ìøăÿù øìîúðô ôíþôðú ôýþôĀúðì Ąÿðììýþ. 

äìĄ ĉĀôüô ì÷öúöýô ï÷ôýñüôù þìîìýýÿþô üñìöýôċô øúùúā÷úüïôðüôù ï÷ôþýñüôù íú ì÷öúöýôð״úô øñþì÷÷ 
íì ðìýþ úîìüðì Ąÿð. äìĄ ā÷úüúĀúýĀôþô ýô÷ýô÷ìô 1,2-ðôúöýìĀúýĀúùì÷ íú ôýþôĀúðì ìó ĉĀôü״úô 
ï÷ôþýñüôù øúùúì÷öúöýô íú þìĆýôüô þüôā÷úüôðô ĀúýĀúü þìîýôĀ öìüðì Ąÿðìùð. ãúü ùìøúċùðìô 4-
ì÷öúöýôøñþô÷-2-íñùóúöýô-1,2-ðôúöýìĀúýĀú÷ìù״ú, öô ץìí÷ìù ðìü ìðìíôČþ ùúøìĆ÷ÿø íÿðìùð, íú üú״ô 
öúüöìüðô ā÷úüúĀúýĀôþ״ú íú ýûôüþô íñùóô÷ íì ðìýþ úîìüðì Ąÿðìùð. Ýñ ûìõîìýþìô  4-ì÷öúöýôøñþô÷-2-

þôúùú-2-ì÷öúöýô-1,2-ðôúöýìĀúýĀú÷ìù״ú, öô ץìí÷ìù ðìü ìðìíôČþ úîìüðì ùìĄÿðì íÿðìùð, íú þìĆýôüô 
ýÿ÷Āÿü íì ĀúýĀôþ״úô ùñõþüì÷ íì ðìýþ úîìüðì Ąÿðìùð. Þìüöôí îì ýúāþô øúððìĕúô ùìîüú ÿýÿ÷ĕúô 
ĕúóôüìóìøúùô þìĕ÷ô÷: ÜØë, ÜØÛ, Ýûñöþúüô ÔÝ, þìĕ÷ô÷ô ĉ÷ñøñùþĒ þìýðôė öìüðìùð. 

Öì÷ôðîúòì״ú: ״ìüúüìþ, ýôùþñó, ï÷ôþýñüôù, øúùúā÷úüïôðüôù, ï÷ôþýñüôù, ðôā÷úüïôðüôù, ðôúöýìù, 

ĉĀôü, ýûôüþô íñùóô÷, öôý÷úþìô ýôüöú, 1-ì÷öúöýô-2,3-ûüúûìùðôú÷״ú, ðôĉĀôü״ú ʬʦʩʬʦʣʘʥĕʦ, 1,3,2 ï

ʜʠʦʢʩʦʬʦʩʬʦʣʘʥĕʦ. 
 

ʉʀʅʊɽɿ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ 1,3,2 -ɼʀʆʂʉʆʌʆʉʌʆʃɸʅʆɺ, ʉʆɼɽʈɾɸʑʀʍ ɹɽʅɿʆʂʉʀ- 

ɻʈʋʇʇʓ ɺ ʌʆʉʌʆʃɸʅʆɺʆʄ ʎʀʂʃɽ 
      ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʦʙʟʦʨʘ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʦʣʥʳʝ ʵʬʠʨʳ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʬʦʩʬʦʨʘ ʚ ʦʩʥʦʚʥʦʤ 

ʧʦʣʫʯʘʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʭʣʦʨʘʥʛʠʜʨʠʜʦʚ ʠ ʘʤʠʜʦʚ ʬʦʩʬʦʨʠʩʪʦʡ ʢʠʩʣʦʪʳ ʩ ʨʘʟʣʠʯʥʠʤʠ ʩʧʠʨʪʘʤʠ. ʕʬʠʨʳ 

ʬʦʩʬʦʨʠʩʪʦʡ ʢʠʩʣʦʪʳ ʩʣʫʞʘʪ ʠʩʭʦʜʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʷʪʠʚʘʣʝʥʪʥʦʛʦ 

ʬʦʩʬʦʨʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʮʠʢʣʠʯʝʩʢʠʭ ʪʠʦʥʬʦʩʬʘʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʘʛʝʥʪʦʚ ʥʘ ʮʠʢʣʠʯʝʩʢʠʝ ʬʦʩʬʠʪʳ. ÜñìöĂôñõ øúùúā÷úüïôðüôùì ï÷ôĂñüôùì 
ì÷öúïú÷ċþìøô øñþì÷÷úî ûú÷ÿăñùú 6 ì÷öúöýôĉĀôüúî ï÷ôĂñüôùì.  Ùì úýùúîñ øúùúì÷öúöýô ĉĀôüúî 
ï÷ôĂñüôùì ðñõýþîôñø þüôā÷úüôðì ĀúýĀúüì ô āìüìöþñüôóúîìùć 6 ā÷úüĀúýĀôþúî 1,2- 
ðôúöýìĀúýĀúùì÷úîúïú üċðì. Ðñõýþîôñø íñùóô÷úîúïú ýûôüþì ùì ā÷úüĀúýĀôþć ûú÷ÿăñùć 4 ûüñðýþìîôþñ÷ċ 
4-ì÷öúöýôøñþô÷-2-íñùóúöýô-1,2-ðôúöýìĀúýĀú÷ìùúî ùñúûôýìùùćā üìùññ î ÷ôþñüìþÿüñ. Ðñõýþîôñø ýñüć ùì 
ýüñðùôñ ĀúýĀôþć ûú÷ÿăñùć 3 ýúñðôùñùôċ 4- ì÷öúöýôøñþô÷-2-þôúùú-2-ì÷öúöýô-1,2-ðôúöýìĀúýĀú÷ìùúî, 
ùñúûôýìùùćā üìùññ î ÷ôþñüìþÿüñ. Ýúýþìî ô ýþüúñùôñ ùúîćā îñąñýþî ûúðþîñüòðñùć ýúîüñøñùùćøô 
ìùì÷ôþôăñýöôøô øñþúðìøô: ëØÜ, ÛØÜ, ÔÖ-ýûñöþüúýöúûôñõ, ĉ÷ñøñùþùćø ìùì÷ôóúø. 

Ö÷Ċăñîćñ ý÷úîì: þñøûñüìþÿüì, ýôùþñó, ï÷ôĂñüôù, øúùúā÷úüïôðüôù ï÷ôĂñüôù, ðôā÷úüïôðüôù, 
ðôúöýìù, ĉĀôü, íñùóô÷úîúõ ýûôüþ, ÿöýÿýùúõ öôý÷úþć, 1-ì÷öúöýô-2,3-ûüúûìùðôú÷úî, ðôĉĀôüć, 
ʬʦʩʬʦʣʘʥʦʚ, 1,3,2 ïʜʠʦʢʩʦʬʦʩʬʦʣʘʥʦʚ. 

 
SYNTHESIS AND STUDY OF 1,2 -DIOXOPHOSPHOLANES CONTAININ G BENZOXY 

GROUPS IN THE PHOSPHOLANE CYCLE  

Based on this review, it can be concluded that complete esters of trivalent phosphorus are mainly obtained 

by the reaction of phosphorous acid chlorides and amides with various alcohols. Phosphorous acid esters serve as 

starting materials for the synthesis of various pentavalent phosphorus derivatives, in particular, cyclic 

thionophosphates, which are obtained by the action of various sulfur-containing agents on cyclic phosphites. Six 

alkoxy esters of glycerol were obtained by the reaction of glycerol monochlorohydrin with metal alkoxides. Six 

chlorophosphites of the 1,3,2-dioxaphosphonal series were characterized using glycerol monoalkoxy esters by the 

action of phosphorus trichloride. Four representatives of 4-alkoxymethyl-2-benzoxy-1,3,2-dioxaphospholanes, 

previously unknown in the literature, were obtained by the action of benzyl alcohol on chlorophosphites. Three 4-

alkoxymethyl-2-thiono-2-alkoxy-1,3,2-dioxaphospholane compounds, previously unreported, were synthesized by 

the action of sulfur on medium phosphites. The composition and structure of the new substances were confirmed by 

modern methods of elemental and instrumental analysis.  

Key words: temperature, synthesis, glycerol, monochlorohydrin, glycerol, dichlorohydrin, dioxane, ether, 

benzyl alcohol, acetic acid, 1-alkoxy-2,3-propanediols, diesters, phospholanes, 1,3,2-dioxophospholanes. 
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ʊɼʋ: 536.12.34(06) 

ʊɸ׳ʃʀʃʀ ʅɸʊʀּתɸ׳ʆʀ ʊɸּתʈʀɹɸɺʀʀ ɻɸʈʄʀɻʋɿɸʈʆʅ  ɺɸ ɿʀʏʀʀ 

ʄɸ׳ʃʋʃ׳ʆʀ ʇʆʃʀʄɽʈʀʀ ɹɽʅɿʆʃ ɹʆ ʇʆʃʀʉʊʀʈʆʃ   

ɺʆɹɸʉʊɸ ɸɿ ׳ɸʈʆʈɸʊ 

ɼʘʚʣʘʪʦʚ ʈ. ּת. 

ɼʦʥʠʰʛʦ״ʠ ʜʘʚʣʘʪʠʠ ʦʤ ʟʛʦʨʠʠ ʊʦֹוʠʢʠʩʪʦʥ ʙʘ ʥʦʤʠ ʉʘʜʨʠʜʜʠʥ ɸʡʥ 

   Íú üÿĄðô ô÷øô ýôùþñó îì þìôċô ÿýÿ÷úô ùìîô úøúðìýúóôô ûìõîìýþìïôúô 

úüïìùôö, ú÷ôøúù þìîúùôýþìùð ýìðú ìóúü øúððìúô ýÿùĆôüú íì ðìýþ úüìùð, öô 

ìí÷ìù ðìü þìíôìþ îÿÿð ùìðúĄþìùð. Ôù üìîìùð ôøöúùôċþ øñðôìð, öô āúýôċþúô 

Āôóôö îì āôøôċîôô ôù øúððìú, ìó ÿø÷ì ì÷Ąìîìùðìï, ÿîîìúô íìõùôøú÷ñöÿ÷ îì 

öúùýþìùþìúô Āôóôöô-āôøôċîôô úùú ûÿüüì úøāþì Ąìîìùð. ÚøóôĄô ôù ûìüìøñþüú 

íìüúô ûñĄï îì þìùóôøô üñìöýôċúô āôøôċî ììøôċþô öì÷úù ðúüìð, óñüú úùú íì 

ýìøìüìùúö, ÿýþÿîúü îì úýô÷ô ùôúôô øúððì þìĆýôüô øÿýþìôø øñüìýúùìùð[1¬3]. 

       ìøóìøúù, þìðôúþúô øÿúýôü ðìü āôøôċô úüïìùôö íú ðôïìü ýúìúô ô÷ø, ìó 

ìíô÷ô íôúāôøôċ, Āôóôöìô øú÷ñöÿ÷ìî, ùìùúþñāùú÷úïôċ îì ô÷øúô øìîúðĄôùúýô óôă 

ì÷úìøìùð Ąÿðììùð. Øìýì÷ìù, ðìü ìýúýô ðìýþúîìüðúô āôøôċô úüïìùôö ôøüó 

øìîúðô ùìîô ðúüÿýúó, öìþì÷ôóìþúüúô ýìøìüìùúö, ûú÷ôøñüúô ûñĄüìĀþì îì 

ýôýþñøìúô ôùþôú÷ô ĉùñüïôċ ýúāþì øñĄìîìùð. Ôù ìøïôüúôô ô÷øú íúôýô úù 

Ąÿðììýþ, öô āôøôċô úüïìùôö íì ċö ýìøþô ýþüìþñï ðìü üÿĄðô þñāùú÷úïôċô øÿúýôü 

þìíðô÷ Číìð, öô ùì þìùú āúýôċþúô øúððìúüú øñúøóìð, íì÷öô üúúô ôýþôĀúðìô 

úùúüú íìüúô ì÷÷ô øìýĆì÷ìúô ôþôýúð, ĉöú÷úï îì þôíí ùôĄúù øñðôìð.  ìøôù 

þìîü, āôøôċô úüïìùôö ùì þìùú ô÷øô þìôô ûìõîìýþìïôúô öìüíúùô ìýþ, íì÷öô ċö 

óìøôùìô ìýúý íìüúô üÿĄðô þìøúøô ýúìúô þñāùôöôĊ íôú÷úï îì ûñĄüìĀþô þìøìð-

ðÿùô ôùýúù øñíúĄìð [4-6]. 

       Ùìþôìúô þìüôíìî ùôĄúù ðúðìùð, öô ïìüøôïÿóìüúù îì óôăôô øì÷ÿ÷úô 

íñùóú÷ íú ô÷úîìô ûú÷ôýþôüú÷ íì þìîüô ùìóìüüìý ìó ìüúüìþ îì öúùýñùþüìþýôċô 
ûú÷ôøñü îúíìýþììùð [7, 8]. 
       Íú íì÷ìùðĄìîôô ìüúüìþ ìó 293K þú 513K, ùì÷ô ïìüø ðìü øì÷ÿ÷ú ìĀóúôĄ 

øñČíìð îì óôăôô úùāú  öìø øñĄìîìð, öô ôù íú ĀìĆú÷Ąìîôô ìüìöìþô øú÷ñöÿ÷ìúô 

ûú÷ôýþôüú÷ îì þìĆýôüô íìõùôìøðôïìüôô úùú íú øú÷ñöÿ÷ìúô íñùóú÷ ì÷úìøìùð ìýþ. 
ÌĀóúôĄô ïìüøôïÿóìüô ùôýíìþìù üìîĄìù ìýþ îì ðìü öúùýñùþüìþýôċô úûþôøì÷ôô 
ûú÷ôýþôüú÷ (þìüôíìù 0,4¬0,5ï/ð÷) íì÷ìùðþìüôù ìüóôĄüú ùôĄúù øñðôìð.  Ðìü 

öúùýñùþüìþýôċúô ûìýþ (0,1ï/ð÷), ïìüøôïÿóìüúù þìùú þú 3,58% øñìĀóúċð, ìøøú íú 
ìĀóúôĄô öúùýñùþüìþýôċ þú 0,5ï/ð÷ (ðìü T = 383K, P = 29,43ØÛì) ìĀóúôĄô 

ïìüøôïÿóìüúù þú 16,2% øÿĄúôðì øñĄìîìð. Ôù ùôĄúù øñðôìð, öô íú ìĀóúôĄô 

øôðúüô ûú÷ôýþôüú÷ ðìü øì÷ÿ÷, þìĆýôüô íìõùôøú÷ñöÿ÷ìî îì óôăôô ðúāô÷ôô ýôýþñøì 

íì÷ìùð Ąÿðì, ôùþôú÷ô ïìüø ýìøìüìùúöþìü øñïìüðìð. Óôăôô øì÷ÿ÷ ùôó íú 

íì÷ìùðĄìîôô ìüúüìþ öìø Ąÿðì îì íú ìĀóúôĄô öúùýñùþüìþýôċô ûú÷ôýþôüú÷ óôČð 

øñĄìîìð. ÌĀóúôĄô óôă ùôĄúù øñðôìð, öô øú÷ñöÿ÷ìúô ûú÷ôøñü ðìü øì÷ÿ÷ íú 

ìøðôïìü ċĆùñ íú øú÷ñöÿ÷ìúô íñùóú÷ óôăþìü úõïôü øñĄìîìùð, öô ôù þìĆýôü íì 

ÿýþÿîúüôô ðúāô÷ôô øì÷ÿ÷ îì āÿýÿýôċþúô Āôóôö, ìó ìíô÷ô ì÷÷ô ûú÷ôøñü îì 

ìüìöìþô ìüúüìþô, þìĆýôüô øÿôø ðúüìð. Ðìü ìýúýô øìĆ÷ÿøúþúô þìüôíìî, 

ûìüìøñþüúô þñüøúðôùìøôö, ìó ÿø÷ì ïìüøôïÿóìüúù îì óôă, ðìü ðúôüìô ìüúüìþúô 
ìó 293K þú 513K îì ĀôĄúüô ìó 0,101 þú 49,01ØÛì íú ô÷úîìô þú 1,0ï/ð÷ ûú÷ôýþôüú÷ 

ôýúí öìüðì Ąÿðìùð.   

ØÿîúĀôìþô ùìþôìúô þìüôíìî îì ôýúí úùú ùôĄúù øñðôìð, öô 

ûìüìøñþüúô þñüøúðôùìøôö øñþìîúùìùð íìüúô ûñĄïôô āúýôċþúô ïìüøú Āôóôöìîô 

ðìü ýôýþñøìô íñùóú÷-ûú÷ôýþôüú÷ íúĉĆþôøúð ôýþôĀúðì Ąìîìùð. áúýôċþúô ìýúýôô 

Āôóôöú-āôøôċîôô ì÷öÿùìùðìú ðìü ìðîì÷ô 1.1 ûñĄùôúð Ąÿðììùð, öô ðìü úù 

øìĆ÷ÿøúþ úôð íì ûìüìøñþüúô ú÷ìþô ôù ì÷öÿùìùðìú úîìüðì Ąÿðììýþ. ìðîì÷ ðúüúô 

ùôĄúùðôìùðìúñ øñíúĄìð, öô íìüúô ìüóČí îì øÿúôýìô āÿýÿýôċþúô ì÷öÿùìùðìú 
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øÿôø øñíúĄìùð, ìó ìíô÷ô ìüúüìþô ïÿðúāþìĄìî, ìüúüìþô ÿĄôĄ, ìüúüìþô 

öüôþôöô îì ðôïìü ûìüìøñþüúô þñüøúðôùìøôö. 

ØìĆ÷ÿøúþúô ûñĄùôúðĄÿðì íìüúô þì÷ô÷ô þìĆýôüô ìüúüìþ îì 

öúùýñùþüìþýôċô ì÷öÿùìùðìú íì üìîìùðô ì÷÷ô ûú÷ôøñüú, ïìüøôïÿóìüúù îì ðôïìü 

āúýôċþúô Āôóôö ôýþôĀúðì øñĄìîìð. Ôù øìĆ÷ÿøúþ ìøăÿùôù ìýúýô ôùþôāúíô 

ì÷öÿùìùðì íìüúô þìüôíì îì þì÷ô÷ô øúðñ÷úô ôýúí øñíúĄìð, óñüú āÿýÿýôċþúô 

ú÷ìþô ì÷öÿùìùðìú íì ÿýþÿîúüôô øì÷ÿ÷, ýìøìüìùúöôô ôùþôú÷ô ïìüø îì ýúāþúüô 

øú÷ñöÿ÷ìú ðìü ýôýþñøìúô ûú÷ôøñü ì÷úìøìùðìùð. ØìĆ÷ÿøúþô ìðîì÷ îì 

ûìüìøñþüúô ú÷ìþô ì÷öÿùìùðìú ðìü ìðìíôČþúô ô÷ø îì þìôúþô ûñĄôùì [9¬14] 

íì þìîüô øÿĀìýýì÷ úîìüðì Ąÿðììùð, öô ôøöúù øñðôìð þì÷ô÷ô ýôýþñøìî îì ûñĄïôô 

āúýôċþúô øì÷ÿ÷úô ûú÷ôøñü íúĉĆþôøúð ìùúø ðúðì Ąìîìð. ìõü ìó ôù, ôùþôāúíô 

ôù øúñĆúô úüïìùôö íú úù îúíìýþì ìýþ, öô úùú ðìü ýúìúô ïÿùúïÿùô þñāùôöì îì 

üìîìùðúô þñāùú÷úï, þôí, ûìüĀĊøñüôċ îì ðôïìü ýúìúô ýìùúìþ, ìøăÿù 

ā÷ìðúìïñùþú, ôùþôú÷ðôìùðìïúùô ïìüø, ô÷úîìú íì øìîúðúô ýóôĄîúü, üìîìù 

îì ìõüì îìýñĆ ôýþôĀúðì øñĄìîìùð. Øìýì÷ìù, íñùóú÷ íìüúô ýôùþñóô ûìõîìýþúô 

úüïìùôö, üìùïðôìùðìú, ûñýþôýôðú, úøúðìïôúô Āìüøìýñîþ, ìøăÿù 

øì÷ÿ÷öÿùìùðìô üìùïú, ÷ìöú îì ìõüì ôýþôĀúðì øñĄìîìð. Ðôā÷úüĉþìù ðìü ôýþñýú÷ô 

îôùô÷ā÷úüôð, þôúùú÷ú, þüôā÷úüĉþìù ôýþôĀúðì øñĄìîìð, ôùăÿùôù ìøăÿù 

øì÷ÿ÷öÿùìùðìô üìùïú, ÷ìöú  îì ìõüì ôýþôĀúðì øñĄìîìð. 

Öýô÷ú÷ ċöñ ìó ì÷öÿùìùðìô ÿùôîñüýôì÷ íì ôýúí øñüìîìð, öô ðìü ýìùúìþô öôøôČ 

îì ôýþñýú÷ô øúððìúô úüïìùôö îìýñĆ ôýþôĀúðì øñĄìîìð. Úù ìøăÿù ì÷öÿùìùðìô 

øìîúðúô üìùï îì ÷ìö íìüúô ýôùþñóô öôý÷úþìúô Āþì÷ñî îì þú÷ÿú÷ íì öúü íÿüðì 

øñĄìîìð, öô ðìü ôýþñýú÷ô û÷ìýþøìýýì îì øìýÿ÷úþô üìùïúüìùï ììøôċþô öì÷úù 

ðúüìùð. ìõü ìó ôù, öýô÷ú÷ ìøăÿù ô÷úîìô úöôýôðĄìîìùðìô íì÷ìùðýìøìü íìüúô 

íñùóôùúô ìîôìþýôúù ôýþôĀúðì øñĄìîìð, öô úíô÷ôċþô íì÷ìùð íìüðúĄþìùô 

ýìøìüìùúöôô ýóôĄîúü îì ÿýþÿîúüôô øÿìüüôöú þìĆøôù øñöÿùìð.  ÍüúøúĀúüø 

íúĄìð, ìøăÿù ì÷öÿùìùðìô øìāýÿý íìüúô øúððìúô üìîìù îì øÿøú Ąôùúāþì 

Ąÿðììýþ. Úù íì ýìíìíô úíô÷ôċþô āÿíô ì÷öÿùìùðìô āÿð ðìü ýìùúìþô þôíí ùôó 

ôýþôĀúðì øñĄìîìð. Øìýì÷ìù, íìüúô þìõČü öìüðìùô øì÷ÿ÷ú îì øìýÿ÷úþô 

Āìüøìýñîþ. ìüðÿ øúððì ¬ öýô÷ú÷ îì íüúøúĀúüø  ðúüúô āúýôċþúô Āôóôöú-āôøôċîôô 

ÿýþÿîúü øñíúĄìùð, öô úùúüú ðìü ýìùúìþ îì ÷ìíúüìþúüôċú āñ÷ñ ýìøìüìùúö ôýþôĀúðì 
øñíìüìùð. 

Ðìü üìîìùðô ùôïúðúü, ôùþôú÷ îì ôýþôĀúðì ôù øúñĆúô úüïìùôö, öô ĀìĆú÷ 

øñíúĄìùð, øñþìîúùìùð íú øìîúðô ûú÷ôøñü, øìāýÿýìù íú ûú÷ôýþôüú÷, ðìü þìøúý 
Ąìîìùð  [15-18]. 

ìðîì÷ô 1. áúýôċþúô ĀôóôöĒ-āôøôċîôô ì÷öÿùìùðìú 
Table 1. Physicochemical properties of solvents 
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Íñùóú÷ 66
Hʉ  78,11 278,68 353,2 553,0 48,6 2,275 

Ðôā÷úüĉþìù 23
CHClCH  98,96 176,45 330,5 522 50 10,86 

Öýô÷ú÷  106,17 247,8 417,5 632 36 2,226 

ÍüúøúĀúüø 3
CHBʯ 252,73 281,65 423,6 - - 4,49 
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Íìüúô ìøĆíìýþô øìĆ÷ÿøúþô þìüôíìî, øú îúíìýþìïôô Āÿùöýôúùì÷ôô óñüôùüú 
ôýþôĀúðì ùìøÿðñø: 

ö
ö

÷

õ

æ
æ

ç

å
=

11
T

T
f

l

l
,                                                               (1) 

ðìü ôù ú, ʇ îì ʇ1 ­ öúĉĀĀôýôñùþô ïìüøôïÿóìüúùôô ùìøÿùìúô þìôĄÿðì ðìü 

ìüúüìþúô ïÿùúïÿù Þ, Ö îì Þ1, Ö; Þ1 = 318 Ö. 

Ôù îúíìýþìï ðìü üìýøô 1 úîìüðì Ąÿðììýþ, öô ðìü úù ìøìô ùÿþìú ðìü ìþüúĀô 
ċö āìþ øñāúíìùð.  [11]. 

  
 Üìýøô 1. Éúíô÷ôċþô ïìüøôïÿóìüúùôô ùôýíôô (ʇ/ʇ1) ùìøÿùìúô ýìùôĄ îúíìýþì 

íì ìüúüìþô ùôýíô (T/T1) 

 Figure 1. Relative thermal conductivity (ʇ/ʇ1) of test samples as a function of relative 
temperature (T/T1) 
 Øÿúðô÷ìô āìþô üúýþñ, öô ðìü üìýøô 1 úîìüðì Ąÿðììýþ, ùìøÿðô óñüôù ðúüìð: 
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l

l
                                                      (2) 

 Ðìü ùìþôĔìô þìĕ÷ô÷ øìĆ÷ÿø Ąÿð, öô ʇ1 ìó öúùýñùþüìþýôċô ûú÷ôýþôüú÷ ðìü 
íñùóú÷ îúíìýþììùð (üìýøô 2). 

 

 
           Üìýøô 2. Îúíìýþìïôô ʇ1 ùìøÿùìú ìó öúùýñùþüìþýôċô ûú÷ôýþôüú÷ (n). 

Figure 2 - Dependence of ʇ1 of samples on polystyrene concentration (n). 
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 Ìó üìýøô 2 íìüøñúċð, öô ïìüøôïÿóìüúùôô øì÷ÿ÷ô ûú÷ôýþôüú÷ îúíìýþì ìó 

öúùýñùþüìþýôċ þìõôü ČĀþì, ðìü öúùýñùþüìþýôċô 0,4 ï/ð÷ ôøìþô øìöýôøì÷ôüú ùôĄúù 

øñðôìð. Ôù ûìðôðì øñþìîúùìð íú āÿýÿýôċþúô íìõùôìøþìĆýôüôô øú÷ñöÿ÷ìúô 

ûú÷ôøñü îì ì÷öÿùìùðì þìîóñ ðúðì Ąìîìð.   

ìùïúøô ïìüøöÿùôô øì÷ÿ÷, øú÷ñöÿ÷ìúô ûú÷ôýþôüú÷ íú øú÷ñöÿ÷ìúô íñùóú÷ 

ðìü øì÷ÿ÷ô ì÷Ąÿðì þìĆýôüô óôăô íìõùôøú÷ñöÿ÷ìîôüú ùôĄúù øñðôìùð. Ðìü ùìþôì, 

ýþüÿöþÿüìô ÿýþÿîúüô íìõùôøú÷ñöÿ÷ìî íì îÿÿð øñúċð, öô ôùþôú÷ô ïìüøôüú 

þìîìýýÿþô ýôýþñøì úýúù øñïìüðúùìð. Ðìü ìøôù öúùýñùþüìþýôċ (0,4 ï/ð÷) þìîúóÿùô 

íñþìüôùô íìõùô óôăôô øú÷ñöÿ÷ìî îì ìüìöìþô úóúðô úùú þìĆøôù øñĄìîìð, öô ôù 

íúôýô ìĀóúôĄô ïìüøôïÿóìüúù øñïìüðìð.  Ðìü öúùýñùþüìþýôċúô ìó ôù óôČð, ĉþôøú÷ìù 

óôČð Ąÿðìùô ăìýûìö îì øìðÿð Ąÿðìùô ìüìöìþô øú÷ñöÿ÷ìú øúùñìô ôùþôú÷ô ïìüø 

øñïìüðìð, öô øñþìîúùìð öúôĄô øôùíìĆðìô ïìüøôïÿóìüúùôüú íì íúü úüìð. Ìó ôù ü, 

öúùýñùþüìþýôċô 0,4 ï/ð÷ ùÿþìô úûþôøì÷ôô øÿîúóôùìþ øôČùô ýúāþúüô ðúāô÷ôô øì÷ÿ÷ 

îì úíô÷ôċþô ôùþôú÷ô ïìüø íì ôýúí øñüìîìð. 

 Øÿúðô÷ìô āìþô öì ðìü üìýøô 2 úîìüðì Ąÿðì, ăÿùôù ùìøÿð ðúüìð: 

( ) ( )ʂʤBmnn Ö++-= /,13,0064,006,0
2

1
l                                (3) 

 Øÿúðô÷ìô (2) íú ùìóìüðúĄþô (3) ăÿùôù ùìøÿð øñïôüìð: 
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Íìüúô ìøĆíìýþô øìĆ÷ÿøúþô þìüôíìî, øú îúíìýþìïôô Āÿùöýôúùì÷ôô óñüôùüú 
ôýþôĀúðì ùÿøÿðñø:  
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r
,                                                          (5.) 

ðìü ôù ú r îì 
1
r - óôăôô ùìøÿùìúô øì÷ÿ÷ô ûú÷ôøñü ðìü ìüúüìþúô ïÿùúïÿù T,K 

îì T1,K; Þ1=318Ö. 

 
Üìýøô 3. Îúíìýþìïôô óôăôô ùôýíĒ ( )

1
/ rr  ìó ĕìüúüìþô ùôýíô (Þ/Þ1) 

Figure 3. Dependence of relative density on relative ( )
1

/ rr  temperature (T/T1) 

 Øÿúðô÷ìô āìþô üúýþ ðìü üìýøô 3 úîìüðì Ąÿðì,  ăÿùôù ùìøÿð  ðúüìð: 
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ʊ
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(6) 

        Ìó þì÷ô÷ô ùìþôìú øìĆ÷ÿø ïìüðôð, öô ïìüøôïÿóìüúù îì āúýôċþúô ðôïìüô 

Āôóôöú-āôøôċîôô øì÷ÿ÷úô ýôýþñøìô íñùóú÷-ûú÷ôýþôüú÷ íì þìîüô øÿýþìôø íì 

öúùýñùþüìþýôċô ûú÷ôýþôüú÷ îúíìýþììùð. Íú ìĀóúôĄô øôðúüô ûú÷ôøñü ðìü øì÷ÿ÷, 

þìĆýôüô íìõùôøú÷ñöÿ÷ìî îì óôăôô ðúāô÷ôô ýôýþñøì íì÷ìùð Ąÿðì, ôùþôú÷ô ïìüø îì 

ÿýþÿîúüôô øì÷ÿ÷ íñþìü øñïìüðìð. Ôù øìĆùúô úùüú ðúüìð, öô öúùýñùþüìþýôċô 

ûú÷ôýþôüú÷ ċöñ ìó úøô÷úô ìýúýôô øÿìõċùöÿùìùðìô āúýôċþúô þñüøúðôùìøôö îì 

Āôóôö øñíúĄìð îì þì÷ô÷ô üìîìùðúô ïìüø îì øñāìùôöôô øì÷ÿ÷ú íúċð ìøñĄì íú 

ùìóìüðúĄþô øôðúüô ûú÷ôøñü ìùúø ðúðì Ąìîìð. ìõü ìó ôù, þìĆýôüô öúùýñùþüìþýôċ 

íì ùì÷ô ïìüø îì óôăôô øì÷ÿ÷ øñþìîúùìð íìüúô ûñĄïôô āúýôċþúô ýôýþñøì îì 

úûþôøôóìþýôċô üìîìùðúô ýôùþñó ôýþôĀúðì Ąìîìð: 

           ()nf=
1
r                                                            (7) 

 ÏüìĀôöô ôù îúíìýþìï  (7) ðìü üìýøô 4 úîìüðì Ąÿðììýþ: 
 

 
 Üìýøô  4. Îúíìýþìïôô óôă ìó öúùýñùþüìþýôċô øì÷ÿ÷  
 Figure 4.  Dependence of density on solution concentration 

 Ìó üìýøô 4 ðôðì øñĄìîìð, öô óôăôô øì÷ÿ÷úô ýôýþñøìô íñùóú÷ - ûú÷ôýþôüú÷ íú 

ìĀóúôĄô öúùýñùþüìþýôċô ûú÷ôýþôüú÷ óôČð øñĄìîìð. Ôù ìĀóúôĄ ùôĄúù øñðôìð, öô 

ìùïúøô øì÷ÿ÷Ąìîôô ûú÷ôýþôüú÷ ðìü íñùóú÷ øú÷ñöÿ÷ìúô ûú÷ôøñü íú ìøðôïìü îì 

íú ì÷öÿùìùðì óôăþìü úõïôü Ąÿðì, Āìóúô āú÷ôüú öìø øñöÿùìùð. 
Óôăôô íñĄþìü íì þìĆýôüô íìõùôøú÷ñöÿ÷ìîôô ûú÷ôýþôüú÷ îì ìðýúüíýôċ íì 

øú÷ñöÿ÷ìúô íñùóú÷ îúíìýþì ìýþ, öô íúôýô öúôĄô ìüìöìþô úóúðô øú÷ñöÿ÷ìú îì 

íñþìü Ąÿðìùô ûìõîìýþìïôúô ðúāô÷ôô øì÷ÿ÷ øñïìüðìð. ìøôù úøô÷ú ùôĄúù 

øñðôìùð, öô íú ìĀóúôĄô öúùýñùþüìþýôċ þìüöôíô øì÷ÿ÷ íì ìø ûñăôðì îì óôăþìü 

øñĄìîìð, öô ôù þìĆýôü øñþìîúùìð íì āúýôċþúô Āôóôö îì øñāìùôöôô ýôýþñøì, ìó 

ìíô÷ô ïìüøôïÿóìüúù îì ì÷÷ô ûú÷ôøñüú, þìĆýôüô øÿôø üìýúùìð. 

 Øÿúðô÷ìô āìþô öì ðìü üìýøô 4 úîìüðì Ąÿðì, ăÿùôù ùìøÿð ðúüìð: 

( )53.868146.16643,40
2

1
++= nnr

 , öï/ø3                                                         
 (8) 

 Íú ùìóìüðúĄþô øÿúðô÷ìúô (6) îì (8) ăÿùôù úýô÷ øñöÿùñø: 

( )53.868146.16643,404761,14763,0
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(9) 

      Íú Čüôô ôù øÿúðô÷ì øñþìîúù óôăôô øì÷ÿ÷úô ýôýþñøìô íñùóú÷ + ûú÷ôýþôüú÷üú íú 

ýìñôô āÿí ôýúí öìüð, öô āìþúïôô ûñĄï ùì íñĄþìü ìó 1,3% øñĄìîìð. Ôù ùôĄúù 

øñðôìð, öô øÿúðô÷ì ýìøìüìùúö îì ĉĆþôøúðùúö íÿðì, øñþìîúùìð ìøăÿù ìýúýô 

þñüøúðôùìøôö íìüúô ûñĄïôô āúýôċþúô Āôóôöú-āôøôċîôô øì÷ÿ÷úô ûú÷ôøñü ðìü 
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øÿôþô íñùóú÷ ôýþôĀúðì Ąìîìð.  ìøóìøúù, ăÿùôù øúðñ÷ ôøöúù øñðôìð, öô þìĆýôüô 

öúùýñùþüìþýôċô ûú÷ôýþôüú÷ îì þìõôüúþô ìüúüìþ íì óôă îì ðôïìü āúýôċþúô øì÷ÿ÷ 

íúĉĆþôøúð ìüóČí ïìüðìð. ÔýþôĀúðìô øÿúðô÷ì íìüúô þì÷ô÷ô þìüôíìî îì 

úûþôøôóìþýôċô üìîìùðúô ôýþñýú÷ îì ýôùþñó ðìü ÷ìíúüìþúüôċúô úüïìùôö îì 

ûú÷ôøñü ììøôċþô ìøì÷ ðúüìð. 

áÿ÷úýì. Ùìþôìúô þìôúþô þìüôíìîô îì āúýôċþúô ì÷Ąìîìùðìúô ýôýþñøìô 
íñùóú÷-ûú÷ôýþôüú÷ ùôĄúù ðúðìùð, öô ðìü ðúôüìô þìõôüúþô ìüúüìþ ìó 293 þú 513K 

ïìüøôïÿóìüúùôô ùìøÿùìú íì ôýúíô øôČùì þìüôíìù 20,3% óôČð øñĄìîìð. Ôù ìĀóúôĄ 

íì þìĆýôüô íìõùôøú÷ñöÿ÷ìîôô íìõùô øú÷ñöÿ÷ìúô ûú÷ôýþôüú÷ îì øú÷ñöÿ÷ìúô íñùóú÷ 

îúíìýþì ìýþ, öô ìùïúøô íì÷ìùð Ąÿðìùô ìüúüìþ ìüìöìþô øú÷ñöÿ÷÷ìú ĀìĆú÷ Ąÿðì, 

ôùþôú÷ô ïìüø ýìøìüìùúöþìü øñïìüðìð. Ô÷úîì íìü ôù, ìĀóúôĄô ïìüøôïÿóìüúù 

øñþìîúùìð íú þìõôüúþô ýúāþúüô ðúāô÷ôô øì÷ÿ÷ ì÷úìøìùð íúĄìð. Íú íì÷ìùðĄìîôô 

ìüúüìþ, øìýúĀìô íìõùô øú÷ñöÿ÷ìúô ûú÷ôýþôüú÷ ôýøìù óôČð Ąÿðì, Āìóúúô 

íìõùôøú÷ñöÿ÷ìîôüú ûÿü øñöÿùìùð, öô íúôýô íñþìü Ąÿðìùô ìøíìýþìïôô ðúāô÷ôô 

ýôýþñøì îì ýìøìüìùúöôô ôùþôú÷ô ïìüø øñïìüðìð.   Ôù øìĆ÷ÿøúþ ùôĄúù øñðôìð, öô 

ýôýþñøìô íñùóú÷+ûú÷ôýþôüú÷ āÿýÿýôċþúô þñüøúðôùìøôöô ðúüìð îì ìĀóúôĄô 

ïìüøôïÿóìüúù íú íì÷ìùðĄìîôô ìüúüìþ íì úøô÷úô ýúāþúü îì üìĀþúüô øú÷ñöÿ÷ìî, 

ìó ÿø÷ì íì þìĆýôüô Îìù-ðñü-Îì÷ý îì øÿîúóôùìþô óôăôô øú÷ñöÿ÷ìú, îúíìýþì øñíúĄìð. 

ìøôù þì÷ô÷ øñþìîúùìð íìüúô úûþôøôóìþýôċô üìîìùðúô ïìüø îì þìôċô øúðñ÷úô 

ûñĄïôô āúýôċþúô ûú÷ôøñüú ðìü ì÷öÿùìùðìúô ìüúøìþôö ììøôċþô ìøì÷ ðúĄþì 
íúĄìð.   

Ùìþôìúô þìüôíìî ùôĄúù ðúðìùð, öô ô÷úîì ùìøÿðìùô 0,1% ûú÷ôýþôüú÷ íì 

íñùóú÷ íúôýô ìĀóúôĄô öìøñ ðìü ïìüøôïÿóìüúù - þú 3,58% øñïìüðìð. Íú ìĀóúôĄô 
öúùýñùþüìýôċô ûú÷ôýþôüú÷ ðìü øì÷ÿ÷ ìó 0,1% þú 0,5% (ðìü ìüúüìþô 383K îì ĀôĄúüô 

29,43ØÛì) ïìüøôïÿóìüúùôô øì÷ÿ÷ þú 16,2% óôČð øñĄìîìð. Ôù ùôĄúù øñðôìð, öô 

þìĆýôüô ûú÷ôýþôüú÷ íì ôùþôú÷ô ïìüø îúóñ ìýþ îì íú ìĀóúôĄô öúùýñùþüìþýôċ 

ýìøìüìùúöôô ïìüøôïÿóìüúù íñþìü øñïìüðìð, öô íì þìĆýôüô íìõùôìøðôïìüôô 

øú÷ñöÿ÷ìúô ûú÷ôøñü îì ì÷öÿùìùðì ì÷úìøìùð ìýþ.  Íìü ìýúýô øìĆ÷ÿøúþô þìüôíìî 

ðìü íúüìô ïìüøôïÿóìüúù îì óôăôô ì÷Ąìîìùðìú, ûìüìøñþüúô þñüøúðôùìøôö, ìó 

ÿø÷ì  ïìüøôïÿóìüúùô, ĉùþüúûôċ îì úíô÷ôċþô ïìüøôô øì÷ÿ÷, íìüúô ýôýþñøìô 
íñùóú÷+ûú÷ôýþôüú÷ ðìü ðúôüìô þìõôüúþô ìüúüìþ ìó 293 þú 513K îì ĀôĄúü ìó 0,101 

þú 49,01ØÛì íú ô÷úîìô þú 1,0ï/ð÷ ûú÷ôýþôüú÷ ôýúí öìüðì Ąÿðìùð.   

ìøăÿùôù, þì÷ô÷ ùôĄúù ðúð, öô ùìþôìúô þìüôíìî îì ÿýÿ÷úô ôýúí íìüúô 

øÿìõċù öìüðìùô ïìüøôïÿóìüúù îì óôăôô øì÷ÿ÷ú íì ìø øÿîúĀôìþ ðúüìùð. Ôù 

øÿîúĀôìþ ùôĄôù øñðôìð, öô ÿýÿ÷úô þñüøúðôùìøôö îì ôýúíúô øú÷ñöÿ÷ìî 

øñþìîúùìð üìĀþúüô ûú÷ôøñüúüú ðìü øÿôþúô ïÿùúïÿù, øìāýÿýìù ì÷öÿùìùðìúô 

ìüúøìþôö, íú ĉĆþôøúðùúöôô āÿí Ąìü ðôìùð.  

Ùìþôìúô íìðìýþúøìðì ùôĄúù øñðôìùð, öô ôøìþúô ôýúíĄÿðìô 

ïìüøôïÿóìüúù íú øìĆ÷ÿøúþô þìüôíìî ìüôí ûÿüüì øÿîúĀôìþ øñùìøúċùð.  

Ôù ðì÷ñ÷ íì úù ôĄúüì øñöÿùìð, öô ÿýÿ÷úô ôýþôĀúðìĄÿðì þìîúùô ûñĄïôô 

þìõôüúþô ĉùñüïôċô ðúāô÷ îì ôùþôú÷ô ïìüøôüú ìùïúøô þìĆýôüô øÿþìúíô÷ìô 

íìõùô óìùôüúô ûú÷ôøñüô îì øú÷ñöÿ÷ìúô ì÷öÿùìùðì ðúüìùð.  

ìøôù þìîü, þìô ùôĄúù øñðôìð, öô øñāìùôóøúô ôùþôú÷ô ïìüø ìýúýìù ìó 

óôăôô íìýþìíìùðôô øú÷ñöÿ÷ìî, ðìüììô ìøöúü îì ÿîîìúô Îìù-ðñü-Îìì÷ý 

îúíìýþììùð, öô ðìü øúðñ÷ýúóôô þñüøúðôùìøôö íì þìîüô öúĀ ôùĆôöúý ČĀþììùð.  

Øÿúôýìô øìĆ÷ÿøúþô þìüôíìî îì ùìóìüôċî íìüúô óôă ùôó øÿîúĀôìþüú ùôĄúù 

øñðôìð. Ðìü óôăôô øì÷ÿ÷úô ûú÷ôøñü, þìõôüúþ îúíìýþì íì ìüúüìþ îì 

öúùýñùþüìþýôċô ûú÷ôøñü íú ðìô  ìó üô øúðñ÷úô ôýúí ûñĄíôù Ąÿðììýþ. Ôù 

ùìþôìú ôøöúù øñðôìùð, öô üìĀþúüô ýôýþñøìô ûú÷ôøñü ðìü Ąìüúôþô ïÿùúïÿùô 

þñāùú÷úï ûñĄìö ìüóČí ïìüðìð îì íì îúýôþìô ÿýÿ÷úô þñüøúðôùìøôö ýìøìüìùúö 
ôðúüì öìüðì Ąìîìð. 
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        Ôù ìøúìùïôô íìõùô þìüôíì îì ôýúí ììøôċþô ìøì÷ îì ùìóìüôċîôô öì÷úù 

ðúüìð. Ìó ċö þìüìĀ, úù ĉĆþôøúðùúöôô øúðñ÷úô þñüøúðôùìøôöôüú íìüúô ôýþôĀúðì ðìü 

þì÷ô÷ô üìîìùðúô ýìùúìþ, ìó ÿø÷ì üìîìùðúô ûú÷ôøñüôóìþýôċ, ì÷Ąìî îì 

þìĄìööÿ÷ô Āô÷øú þìýðô øñöÿùìð. Ìó úùôíô ðôïìü, úù íìüúô úûþôøôóìþýôċô 

ûìüìøñþüúô þñāùú÷úï ¬ øúùìùðô ìüúüìþ, ĀôĄúü, öúùýñùþüìþýôċ îì ùìîĆô 

ì÷öÿùìùðì ¬ óìøôùìô ÿýþÿîúüô ô÷ø Āìüúìø øñúüìð.  Ðìü øìøĆ, ăÿùôù øÿîúĀôìþ 

øôČùô øìĆ÷ÿøúþô þìüôíìî îì ôýúí ôøöúùôċþ øñðôìð, öô øúðñ÷ýúóôô 

þñüøúðôùìøôö ìøăÿù îúýôþìô íúĉĆþôøúð íìüúô þìôċô üìîìùðúô ùìîô ôýþñýú÷, 

ûñĄïôô āúýôċþúô ïìüøôô øúððìúô ûú÷ôøñü îì íì÷ìùð íìüðúĄþìùô ýìøìüìùúöôô 

þñāùú÷úïôċúô øÿúýôüô āôøôċî ôýþôĀúðì Ąìîìð. 

ʄʫėʘʨʨʠʟ: ʥʦʤʟʘʜʠ ʠʣʤĕ̏ ̉ āôøôċ,  

ðúþýñùþ Éʦʜʠʨʦʚ ʄ.ɿ. 
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ʊɸ׳ʃʀʃʀ ʅɸʊʀּתɸ׳ʆʀ ʊɸּתʈʀɹɸɺʀʀ ɻɸʈʄʀɻʋɿɸʈʆʅ ɺɸ ɿʀʏʀʀ ʄɸ׳ʃʋʃ׳ʆʀ 

ʇʆʃʀʄɽʈʀʀ ɹɽʅɿʆʃ ɹʆ ʇʆʃʀʉʊʀʈʆʃ ɺʆɹɸʉʊɸ ɹɸ ׳ɸʈʆʈɸʊ 

ɼʘʨ ʢʦʨʠ ʤʘʟʢʫʨ ʥʘʪʠֹוʘ״ʦʠ ʪʘֹוʨʠʙʘʚʠʠ ʛʘʨʤʠʛʫʟʘʨʦʥ  ʚʘ ʭʦʩʠʷʪ״ʦʠ ʬʠʟʠʢʦ-ʭʠʤʠʷʚʠʠ ʤʘ״ʣʫʣ״ʦʠ 

ʧʦʣʠʤʝʨʠʠ ʩʠʩʪʝʤʘʠ ʙʝʥʟʦʣ - ʧʦʣʠʩʪʠʨʦʣ ʙʘ ʪʘʚʨʠ ʤʫʬʘʩʩʘʣ ʦʚʘʨʜʘ ʰʫʜʘʘʥʜ. ʄʫʘʡʷʥ ʢʘʨʜʘ ʰʫʜ, ʢʠ 

ʛʘʨʤʠʛʫʟʘʨʦʥʠʠ ʤʘ״ʣʫʣ״ʦ ʚʦʙʘʩʪʘ ʙʘ ״ʘʨʦʨʘʪ ʪʘסʡʠʨ ʤʝʸʙʘʜ: ʙʦ ʙʘʣʘʥʜʰʘʚʠʠ ״ʘʨʦʨʘʪ ʛʘʨʤʠʛʫʟʘʨʦʥ  

ʥʠʩʙʘʪʘʥ ʢʘʤ ʤʝʰʘʚʘʜ. ʀʥ ʧʘʜʠʜʘ ʙʦ ʬʘʲʦʣʰʘʚʠʠ ״ʘʨʘʢʘʪʠ ʤʦʣʝʢʫʣʘ״ʦ ʚʘ ʪʘסʡʠʨʦʪʠ ʩʦʭʪʦʨʠ ʜʦʭʠʣʠʠ 

ʤʘ״ʣʫʣ, ʢʠ ʙʦ ʛʘʨʤ  ʘʣʦץʘʤʘʥʜ ʘʩʪ, ʰʘʨ״ ʜʦʜʘ ʤʝʰʘʚʘʜ.  ׳ʘʤʟʘʤʦʥ ʤʫʘʡʷʥ ʢʘʨʜʘ ʰʫʜ, ʢʠ ʭʦʩʠʷʪ״ʦʠ ʤʘ״ʣʫʣʠ 

ʩʠʩʪʝʤʘʠ ʙʝʥʟʦʣ ʚʘ ʧʦʣʠʩʪʠʨʦʣ, ʘʟ ֹוʫʤʣʘ ʛʘʨʤʠʛʫʟʘʨʦʥ , ʟʠʯ  ʚʘ ʩʘʤʘʨʘʥʦʢʠʠ ʠʥʪʠץʦʣʠ ʛʘʨʤ , ʙʘ ʚʘץʪʠ 

ʘʣʰʘʚ״ ʪʠץʘʣʰʘʚʠʠ ʧʦʣʠʩʪʠʨʦʣ ʜʘʨ ʙʝʥʟʦʣ ʙʝʚʦʩʠʪʘ ʚʦʙʘʩʪʘʘʥʜ. ɺʘ״ , ʢʠ ʜʘʨ ʜʘʚʦʤʠ ʪʘʡʸʨ ʢʘʨʜʘʥʠ ʤʘ״ʣʫʣ״ʦ 

ʘʟ 0 ʪʦ 350 ʨ ʟ ʪʘסʡʠʨ ʸʬʪ, ʙʘ ʤʫʪʪʘʩʠʣʠʠ ʜʦʭʠʣʠʠ ʧʦʣʠʤʝʨ ʚʘ ʪʘʲʩʠʨʠ ʙʘʡʥʠ״ʘʚʟʘʚʠʠ ʤʦʣʝʢʫʣʘ״ʦ ʪʘʲʩʠʨʠ 

ʥʘʟʘʨʨʘʩ ʤʝʨʘʩʦʥʘʜ. ɹʦ ʟʠʸʜ ʰʫʜʘʥʠ ʚʘץʪʠ ״ʘʣʰʘʚ  ʤʦʣʝʢʫʣʘ״ʦʠ ʧʦʣʠʩʪʠʨʦʣ ʙʘ ʪʘʚʨʠ ʫʩʪʫʚʦʨ ʜʘʨ ʤʫ״ʠʪʠ 

ʙʝʥʟʦʣ ʪʘץʩʠʤ ʰʫʜʘ, ʬʘʟʦʠ ʜʦʭʠʣʠʠ ʤʘ״ʣʫʣʨʦ ʧʫʨ ʤʝʢʫʥʘʥʜ, ʢʠ ʠʥ ʙʘ ʘʬʟʦʠʰʠ ʟʠʯ  ʚʘ ʙʝ״ʪʘʨ ʰʫʜʘʥʠ 

ʛʘʨʜʠʰʠ ʛʘʨʤ  ʤʫʩʦʠʜʘʪ ʤʝʥʘʤʦʷʜ.  ɼʘʨ ʥʘʪʠֹוʘ, ʪʘֹוʨʠʙʘ״ʦ ʥʠʰʦʥ ʜʦʜʘʥʜ, ʢʠ ʙʘʨʦʠ ʧʝʰʛ ʠʠ ʭʦʩʠʷʪ״ʦʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʷʚʠʠ ʤʘ״ʣʫʣ״ʦʠ ʙʝʥʟʦʣ - ʧʦʣʠʩʪʠʨʦʣ ʙʦʷʜ ״ʘʤ ʢʦʥʩʝʥʪʨʘʪʩʠʷʠ ʧʦʣʠʩʪʠʨʦʣ ʚʘ ״ʘʤ ʜʘʚʨʘʠ 

ʘʥʜ, ʢʠ ʩʘʤʘʨʘʥʦʢʠʠ ʛʘʨʤ״ʦ ʠʤʢʦʥ ʤʝʜʠ״ʘʣʰʘʚʠʠ ʦʥ ʙʘ ʥʘʟʘʨ ʛʠʨʠʬʪʘ ʰʘʚʘʥʜ. ʀʥ ʦʤʠʣ״ , ʫʩʪʫʚʦʨʠʠ ʤʘ״ʣʫʣ 

ʚʘ ʤʫʪʦʙʠץʘʪʠ ʦʥ ʙʦ ʪʘʣʘʙʦʪʠ ʨʘʚʘʥʜ״ʦʠ ʩʠʥʪʝʟ ʚʘ ʠʩʪʝ״ʩʦʣ ʜʘʨ ʣʘʙʦʨʘʪʦʨʠʷ ʚʘ ʩʘʥʦʘʪ ʙʘ ʪʘʚʨʠ ʦʧʪʠʤʘʣ  

ʤʫʘʡʷʥ ʢʘʨʜʘ ʰʘʚʘʥʜ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʜʨʦʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ 

ʧʦʣʠʤʝʨʦʚ ʩʠʩʪʝʤʳ ʙʝʥʟʦʣ + ʧʦʣʠʩʪʠʨʦʣ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʵʪʠʭ ʨʘʩʪʚʦʨʦʚ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʕʪʦ ʷʚʣʝʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʨʘʩʪʘʝʪ ʜʚʠʞʝʥʠʝ ʤʦʣʝʢʫʣ, ʫʤʝʥʴʰʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ 

ʧʦʣʠʤʝʨʘ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ.  ʂʨʦʤʝ ʪʦʛʦ, 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩʠʩʪʝʤʳ ʙʝʥʟʦʣ ï ʧʦʣʠʩʪʠʨʦʣ, ʘ ʪʘʢʞʝ ʢʘʯʝʩʪʚʦ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ ʨʘʩʪʚʦʨʝʥʠʷ ʧʦʣʠʩʪʠʨʦʣʘ ʚ ʙʝʥʟʦʣʝ. ɺʨʝʤʷ 

ʨʘʩʪʚʦʨʝʥʠʷ ʧʦʣʠʩʪʠʨʦʣʘ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʨʘʩʪʚʦʨʦʚ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ 0 ʜʦ 350 ʩʫʪʦʢ. ɹʦʣʝʝ ʜʣʠʪʝʣʴʥʦʝ 

ʚʨʝʤʷ ʨʘʩʪʚʦʨʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʦʣʠʩʪʠʨʦʣʘ ʚ ʨʘʩʪʚʦʨʝ, ʧʦʚʳʰʝʥʠʶ 

ʩʪʨʫʢʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʣʠʷʝʪ ʥʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʜʨʫʛʠʝ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʚʦʡʩʪʚ ʨʘʩʪʚʦʨʦʚ ʙʝʥʟʦʣ + ʧʦʣʠʩʪʠʨʦʣ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʝ 

ʪʦʣʴʢʦ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʦʣʠʩʪʠʨʦʣʘ, ʥʦ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʝʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʙʝʥʟʦʣʝ. ʕʪʠ ʜʘʥʥʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʘʩʪʚʦʨʦʚ ʧʦʣʠʤʝʨʦʚ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ, ʨʘʩʪʚʦʨ ʧʦʣʠʤʝʨʘ, ʧʦʣʠʩʪʠʨʦʣ, ʙʝʥʟʦʣ, 
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ʪʨʠʭʣʦʨʵʪʘʥ, ʢʩʠʣʦʣ, ʦʧʪʠʤʠʟʘʮʠʷ, ʙʨʦʤʦʬʦʨʤ. 

ANALYSIS OF EXPERIMENTAL RESULTS OF THERMAL CONDUCTIVIT Y AND DENSITY OF 

POLYMER SOLUTIONS OF BENZENE WITH POLYSTYRENE  

DEPENDING ON TEMPERATURE  

 This paper presents detailed experimental data on the thermal conductivity of polymer solutions in 
the benzene - polystyrene system. Research has shown that the thermal conductivity of these solutions decreases 
with increasing temperature. This phenomenon is explained by the fact that with increasing temperature, 
molecular motion increases, and the density and efficiency of heat transfer between polymer and solvent 
molecules decreases, which collectively leads to a decrease in thermal conductivity. Furthermore, it was found 
that the solubility of the benzene ¬ polystyrene system, as well as the quality and physicochemical properties of 
the studied solution, directly depend on the time of polystyrene dissolution in benzene. The polystyrene 
dissolution time during solution preparation ranged from 0 to 350 days. A longer dissolution time promotes a 
more uniform distribution of polystyrene in the solution, increasing the structural stability and density of the 
solution, which, in turn, affects the thermal conductivity and other physicochemical characteristics of the 
system. Thus, the experimental results demonstrate that to optimize the properties of benzene + polystyrene 
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solutions, it is necessary to consider not only the temperature and concentration of polystyrene, but also the 
duration of its dissolution in benzene. These data can be used to predict the thermodynamic and thermal 
characteristics of polymer solutions in practical and laboratory conditions, as well as to model heat exchange 
processes in polymer systems. 
 Key words: thermal conductivity, density, polymer solution, polystyrene, benzene, concentration, 
dissolution time, optimum, constant, catalyst, optimal concentration, thionols, trichloroethane, xylene, 
optimization, bromoform.  
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ʋɼʂ: 547.775 

ʆɹɿʆʈ ʇʆ ʄɽʊʆɼʀʂɽ ʉʀʅʊɽɿɸ ɹɽʅɿʆʌʋʈɸʅʆɺ ʀ ʀʍ 

ʇʈʆʀɿɺʆɼʅʓʍ 

ʄʫʭʪʦʨʦʚ ʃ. ɻ. 

ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʃ.ʅ. ʊʦʣʩʪʦʛʦ 

ɺʚʝʜʝʥʠʝ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʦʙʦʩʥʦʚʘʥʠʷ 

ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʥʦʨʤʘʪʠʚʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʫʜʘ ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ.[1] ɹʝʥʟʦʬʫʨʘʥ ð ʦʜʠʥ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʦʚ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ 

ʙʝʥʟʦʣʴʥʦʛʦ ʠ ʬʫʨʘʥʦʚʦʛʦ ʢʦʣʴʮʘ, ʦʙʣʘʜʘʶʱʠʡ ʤʦʱʥʳʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʪʘʢʠʤʠ ʢʘʢ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʝ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʝ, ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʝ, 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ, ʠ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ. ɿʘʤʝʱʝʥʥʳʝ ʙʝʥʟʦʬʫʨʘʥʳ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ, 

ʥʘʧʨʠʤʝʨ, ʚ ʢʘʯʝʩʪʚʝ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʩʝʥʩʦʨʦʚ, ʦʢʠʩʣʠʪʝʣʝʡ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʘ ʪʘʢʞʝ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʭʠʤʠʠ ʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʥʦ ʥʘʡʪʠ ʤʥʦʞʝʩʪʚʦ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʙʝʥʟʦʬʫʨʘʥʦʚ ʠ ʟʘʤʝʱʝʥʥʳʭ ʙʝʥʟʦʬʫʨʘʥʦʚ. ɸɻ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ ʟʘʤʝʱʝʥʥʳʭ ʙʝʥʟʦʬʫʨʘʥʦʚ ʵʪʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʦʙʩʫʞʜʘʶʪʩʷ ʟʜʝʩʴ. [2] ɹʝʥʟʦʬʫʨʘʥʳ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʟʘʥʠʤʘ 

ʶʪ ʦʜʥʦ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʤʝʩʪ ʚ ʭʠʤʠʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʧʦʩʣʝʜʥʝʝ 

ʜʝʩʷʪʠʣʝʪʠʝ ʦʥʠ ʧʨʠʚʣʝʢʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦ ʚʘʪʝʣʝʡ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʠ ʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ [3]. 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ. ʉʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ. ʉʠʥʪʝʟ 

ʙʝʥʟʦʬʫʨʘʥʘ ʩ ʧʦʤʦʱʴʶ ʢʘʪʘʣʠʟʘ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. 

ʇʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ ʠʤʝʶʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʢʘʪʘʣʠʟʘ 

ʨʷʜʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʠʥʪʝʟʫ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʆʥʠ ʪʘʢʞʝ ʧʨʠʜʘʣʠ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʩʦʟʜʘʥʠʶ ʙʝʥʟʦʬʫʨʘʥʦʚʦʛʦ ʷʜʨʘ. 

ʉʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʢʘʢ ʠʟʦʣʠʨʦʚʘʥʥʳʝ, ʪʘʢ ʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ʦʙʨʘʟʫʶʪ ʙʝʥʟʦʬʫʨʘʥʦʚʦʝ ʷʜʨʦ. ʕʪʘ ʢʘʪʝʛʦʨʠʷ ʚʢʣʶʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʩʦʣʝʡ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʩʠʥʪʝʟʘ 

ʙʝʥʟʦʬʫʨʘʥʘ. 

ʉʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ (2) ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ.  

 

 
ʉʭʝʤʘ 1. ʉʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ 2 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ʤʝʜʠ 

Scheme 1. Synthesis of benzofuran 2 derivatives using a copper-based catalyst 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʦʬʫʨʘʥʘ, ʩʦʜʝʨʞʘʱʠʝ ʪʠʦʬʝʥʦʚʦʝ ʢʦʣʴʮʦ, ʪ.ʝ. 

ʙʝʥʟʦʪʠʝʥʦ[3,2-b]ʙʝʥʟʦʪʠʦʬʝʥ (BTBT), ʠʛʨʘʶʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʩʦʟʜʘʥʠʠ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʆʥʠ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʝʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ [4]. ʅʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ BTBT ʚ ʨʘʤʢʘʭ ʵʪʠʭ ʦʧʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʪʠʦʬʝʥʟʘʤʝʱʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 
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ʙʝʥʟʦʬʫʨʘʥʘ, ʘ ʠʤʝʥʥʦ BTBF ʠ BFBF [5,6]. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪʘʭ 

ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, Ai ʠ ʩʦʘʚʪʦʨʳ [7]. ʚ 2021 ʛʦʜʫ ʧʨʦʚʝʣʠ ʨʝʘʢʮʠʶ ʩʚʷʟʳʚʘʥʠʷ OïH/CïH ʧʫʪʝʤ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʧʨʠʚʝʣʘ ʢ ʧʦʣʫʯʝʥʠʶ ʚʳʩʦʢʠʭ ʚʳʭʦʜʦʚ 

ʮʝʣʝʚʳʭ ʤʦʣʝʢʫʣ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʨʦʠʟʚʦʜʥʦʝ ʙʝʥʟʦʪʠʦʬʝʥʘ 1 ʧʦʜʚʝʨʛʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ 

ʤʝʜʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʨʙʦʥʘʪʘ ʮʝʟʠʷ (ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ) ʠ ʧʠʨʠʜʠʥʘ (ʚ 

ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ) (ʩʭʝʤʘ 1). ɹʳʣʦ ʧʨʝʜʣʦʞʝʥʦ, ʯʪʦʙʳ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʥʘʯʠʥʘʣʩʷ ʩ 

ʚʳʜʝʣʝʥʠʷ ʧʨʦʪʦʥʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʥʦʩʦʤ ʨʘʜʠʢʘʣʘ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʥʳʤ ʙʝʥʟʦʪʠʦʬʝʥʘ 

1 ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʤ Cu ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ B. ʇʦʣʫʯʝʥʥʳʡ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʣʠ ʮʠʢʣʠʟʘʮʠʠ, ʦʢʠʩʣʝʥʠʶ (ʩ ʧʦʤʦʱʴʶ ʘʮʝʪʘʪʘ 

ʤʝʜʠ) ʠ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʶ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʥʦʚʘʥʠʷ) ʜʣʷ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ 

ʙʝʥʟʦʬʫʨʘʥʘ 2 (ʩʭʝʤʘ 1). ʕʪʦʪ ʥʦʚʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʙʳʣ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʤʦʣʝʢʫʣ-ʤʠʰʝʥʝʡ ʚ ʛʨʘʤʤʘʭ. 

ʋʯʠʪʳʚʘʷ ʚʘʞʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ ʜʣʷ ʨʷʜʘ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ, Weng. ʪʘʢʞʝ ʧʨʝʜʣʦʞʠʣ ʥʦʚʫʶ ʤʝʪʦʜʦʣʦʛʠʶ ʧʦʣʫʯʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ 

ʙʝʥʟʦʬʫʨʘʥʘ, ʢʘʪʘʣʠʟʠʨʫʝʤʫʶ ʤʝʜʴʶ, ʧʫʪʝʤ ʠʭ ʩʠʥʪʝʟʘ ʚ ʛʨʘʤʤʦʚʦʤ ʤʘʩʰʪʘʙʝ [8]. ʆʥʠ 

ʦʙʨʘʙʦʪʘʣʠ ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʟʘʤʝʱʝʥʥʳʭ ʩʘʣʠʮʠʣʘʣʴʜʝʛʠʜʦʚ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ 8 ʠ 

ʟʘʤʝʱʝʥʥʳʝ ʘʣʢʝʥʳ 6, ʠʩʧʦʣʴʟʫʷ ʭʣʦʨʠʜ ʤʝʜʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ 1,8-

ʜʠʘʟʘʙʠʮʠʢʣʦ[5.4.0]ʫʥʜʝʢ-7-ʝʥ (DBU) ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ ʚ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʥʦʤ 

ʨʘʩʪʚʦʨʠʪʝʣʝ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʠʚ ʪʨʠʬʪʦʨʵʪʠʣʟʘʤʝʱʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʦʬʫʨʘʥʘ 

8 ʩ ʵʬʬʝʢʪʠʚʥʳʤʠ ʚʳʭʦʜʘʤʠ (45-93%) (ʩʭʝʤʘ 4). ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʝʜʠʥʝʥʠʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ɸ (ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 6 

ʦʩʥʦʚʘʥʠʝʤ) ʩ ʘʮʝʪʠʣʠʜʦʤ ʤʝʜʠ (ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʟʘʤʝʱʝʥʥʳʭ ʘʣʢʝʥʦʚ 7 CuCl) 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ɺ. ɿʘʪʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ ɺ ʧʦʜʚʝʨʛʘʣʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤʫ ʫʜʘʣʝʥʠʶ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʜʢʠʩʣʝʥʠʝʤ ʠ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʦʡ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ 8 (ʩʭʝʤʘ 5). 

ɹʫʜʫʯʠ ʫʙʝʞʜʝʥʥʳʤʠ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʨʘʙʦʪʘʤʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʫʯʝʥʳʝ 

2021 ʛʦʜʫ ʧʨʦʚʝʣʠ ʨʝʘʢʮʠʶ ʩʦʯʝʪʘʥʠʷ OīH/CīH ʧʫʪʝʤ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʚʳʩʦʢʠʤ ʚʳʭʦʜʘʤ ʮʝʣʝʚʳʭ ʤʦʣʝʢʫʣ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ 

ʧʨʦʠʟʚʦʜʥʦʝ ʙʝʥʟʦʪʠʦʬʝʥʘ 1 ʙʳʣʦ ʧʨʠʚʝʜʝʥʦ ʚ ʨʝʘʢʮʠʶ ʩ ʤʝʜʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʨʙʦʥʘʪʘ ʮʝʟʠʷ (ʜʝʡʩʪʚʫʶʱʝʛʦ ʢʘʢ ʦʩʥʦʚʘʥʠʝ) ʠ ʧʠʨʠʜʠʥʘ (ʢʘʢ ʨʘʩʪʚʦʨʠʪʝʣʴ) 

(ʩʭʝʤʘ 17). ɹʳʣʦ ʧʨʝʜʣʦʞʝʥʦ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʠʥʠʮʠʠʨʫʝʪʩʷ ʦʪʱʝʧʣʝʥʠʝʤ ʧʨʦʪʦʥʘ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʜʠʢʘʣʴʥʳʤ ʧʝʨʝʥʦʩʦʤ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʥʳʤ ʙʝʥʟʦʪʠʦʬʝʥʘ 1 ʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʤ Cu ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ B. 

 
ʉʭʝʤʘ 2. ʉʪʨʫʢʪʫʨʳ ʥʝʢʦʪʦʨʳʭ ʢʣʠʥʠʯʝʩʢʠ ʧʨʠʟʥʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʚ ʩʦʩʪʘʚ 

ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʙʝʥʟʦʬʫʨʘʥʦʚʦʝ ʷʜʨʦ 

Scheme 2. Structures of some clinically recognized drugs containing a benzofuran core 
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ʉʭʝʤʘ 3. ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ 2 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ 

Scheme 3. The proposed mechanism for the synthesis of benzofuran 2 derivatives using a 

copper-based catalyst 

 

 
ʉʭʝʤʘ 4. ʉʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ 9 ʙʝʥʟʦʬʫʨʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ʤʝʜʠ 

Scheme 4. Synthesis of 9 benzofuran derivatives using a copper-based catalyst 

 

 

 
ʉʭʝʤʘ 5. ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ 9 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ. 

Scheme 5. The proposed mechanism for the synthesis of benzofuran 9 derivatives using a 

copper-based catalyst. 

 

 
ʉʭʝʤʘ 6. ʉʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ 10 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ʤʝʜʠ. 

Scheme 6. Synthesis of benzofuran 10 derivatives using a copper-based catalyst. 
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ʉʭʝʤʘ 7. ʉʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ 10 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ʤʝʜʠ. 

Scheme 7. Synthesis of benzofuran 10 derivatives using a copper-based catalyst. 

ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ ʟʘʪʝʤ ʧʦʜʚʝʨʛʘʣʩʷ ʮʠʢʣʠʟʘʮʠʠ, ʦʢʠʩʣʝʥʠʶ 

(ʯʝʨʝʟ ʘʮʝʪʘʪ ʤʝʜʠ) ʠ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʶ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʥʦʚʘʥʠʷ) ʜʣʷ ʩʠʥʪʝʟʘ 

ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ 2 (ʩʭʝʤʘ 2). ʕʪʦʪ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʦʚʳʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʫʪʴ ʙʳʣ 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʠʥʪʝʟʘ ʮʝʣʝʚʳʭ ʤʦʣʝʢʫʣ ʚ ʛʨʘʤʤʦʚʦʤ ʤʘʩʰʪʘʙʝ. ɺ ʩʚʷʟʠ ʩʦ 

ʟʥʘʯʠʤʦʩʪʴʶ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ ʚ ʥʝʩʢʦʣʴʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʷʭ, 

ʭʠʤʠʢʠ ʪʘʢʞʝ ʧʨʝʜʣʦʞʠʣʠ ʥʦʚʫʶ ʢʘʪʘʣʠʟʠʨʫʝʤʫʶ ʤʝʜʴʶ ʤʝʪʦʜʦʣʦʛʠʶ ʧʦʣʫʯʝʥʠʷ 

ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ ʩ ʠʭ ʛʨʘʤʤʦʚʳʤ ʩʠʥʪʝʟʦʤ. ʆʥʠ ʦʙʨʘʙʦʪʘʣʠ ʟʘʤʝʱʝʥʥʳʝ 

ʩʘʣʠʮʠʣʘʣʴʜʝʛʠʜʥʳʝ ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ 3 (ʩʭʝʤʘ 2) ʠ ʟʘʤʝʱʝʥʥʳʝ ʘʣʢʝʥʳ 4, ʠʩʧʦʣʴʟʫʷ 

ʭʣʦʨʠʜ ʤʝʜʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ 1,8 ʜʠʘʟʘʙʠʮʠʢʣʦ[5.4.0]ʫʥʜʝʮ-7-ʝʥ (DBU) ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʘʥʠʷ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʠʚ 

ʪʨʠʬʪʦʨʵʪʠʣʟʘʤʝʱʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʦʬʫʨʘʥʘ 8 ʩ ʵʬʬʝʢʪʠʚʥʳʤʠ ʚʳʭʦʜʘʤʠ (45ī93%) 

(ʩʭʝʤʘ 4). ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʝʪ ʧʫʪʝʤ ʩʚʷʟʳʚʘʥʠʷ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ A (ʧʦʣʫʯʝʥʥʦʛʦ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ 6 ʦʩʥʦʚʘʥʠʝʤ) ʩ ʘʮʝʪʠʣʠʜʦʤ 

ʤʝʜʠ (ʜʦʩʪʠʛʥʫʪʳʤ ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʟʘʤʝʱʝʥʥʳʭ ʘʣʢʝʥʦʚ 7 CuCl) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ B. ɿʘʪʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ B ʧʦʜʚʝʨʛʘʣʩʷ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤʫ ʵʣʠʤʠʥʠʨʦʚʘʥʠʶ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʜʢʠʩʣʝʥʠʝʤ ʠ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʦʡ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ 8 (ʩʭʝʤʘ 5). 

 
ʉʭʝʤʘ 8. ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ. 

Scheme 8. The proposed mechanism for the synthesis of benzofuran derivatives using a 

copper-based catalyst. 

ɺʥʦʩʷ ʚʢʣʘʜ ʚ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʙʝʥʟʦʬʫʨʘʥʦʚʦʛʦ ʢʦʣʴʮʘ, 

ɸʙʪʘʭʠ ʠ ʊʘʚʘʢʦʣ ʩʦʦʙʱʠʣʠ ʦ ʟʝʣʝʥʦʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʤ ʧʦʜʭʦʜʝ. ʆʥʠ ʧʨʦʚʝʣʠ 

ʦʜʥʦʨʝʘʢʪʦʨʥʳʡ ʩʠʥʪʝʟ ʧʫʪʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʦ-ʛʠʜʨʦʢʩʠʘʣʴʜʝʛʠʜʦʚ 10, 

ʘʤʠʥʦʚ 11 ʠ ʨʘʟʥʦʦʙʨʘʟʥʦ ʟʘʤʝʱʝʥʥʳʭ ʘʣʢʠʥʦʚ 12 (ʩʭʝʤʘ 6) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʜʠʜʘ ʤʝʜʠ 

(ʜʝʡʩʪʚʫʶʱʝʛʦ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨ). ɹʦʣʝʝ ʪʦʛʦ, ʦʥʠ ʦʙʝʩʧʝʯʠʣʠ ʩʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ 

ʙʝʥʟʦʬʫʨʘʥʘ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʛʣʫʙʦʢʦʛʦ 

ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ (DES), ʪ. ʝ. ʭʣʦʨʠʜʘ ʭʦʣʠʥʘʵʪʠʣʝʥʛʣʠʢʦʣʷ (ChCl.EG) (ʩʭʝʤʘ 
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7). DES ʠʟʚʝʩʪʥʳ ʩʚʦʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʧʦʣʷʨʥʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʙʳʩʪʨʳʭ ʧʨʝʚʨʘʱʝʥʠʡ [9]. 

ʀʦʥ ʭʣʦʨʘ ʚ DES ʪʘʢʞʝ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʩʧʦʩʦʙʥʦʩʪʴ ʚʝʩʪʠ ʩʝʙʷ ʢʘʢ ʩʣʘʙʦʝ 

ʦʩʥʦʚʘʥʠʝ. ʈʷʜ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ ʫʩʣʦʚʠʡ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩ ʭʦʨʦʰʠʤʠ ʠ ʦʪʣʠʯʥʳʤʠ 

ʚʳʭʦʜʘʤʠ (70ī91%). ɹʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ ʮʝʣʝʚʳʭ ʤʦʣʝʢʫʣ ʜʦʩʪʠʛʘʶʪʩʷ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʟʘʤʝʱʝʥʥʳʭ ʩʘʣʠʮʠʣʘʣʴʜʝʛʠʜʦʚ, ʦʪʜʘʶʱʠʭ 

ʵʣʝʢʪʨʦʥʳ. ɹʳʣʦ ʧʨʝʜʣʦʞʝʥʦ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ 

ʠʤʠʥʠʝʚʦʛʦ ʠʦʥʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʘʪʘʢʦʡ ʘʮʝʪʠʣʠʜʘ ʤʝʜʠ A ʥʘ ʠʤʠʥʠʝʚʳʡ ʠʦʥ. ɿʘʪʝʤ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ A ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʚ ʧʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʦʬʫʨʘʥʘ 13 ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʢʣʠʟʘʮʠʠ ʠ ʠʟʦʤʝʨʠʟʘʮʠʠ. 

ɺ 2021 ʛʦʜʫ ʫʯʝʥʳʝ ʩʦʦʙʱʠʣ ʦ ʜʨʫʛʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʠ one-pot, ʜʘʶʱʝʡ 

ʧʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʦʬʫʨʘʥʘ 13 (ʩʭʝʤʘ 8) ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʟʘʤʝʱʝʥʥʳʭ ʘʤʠʥʦʚ 10, 

ʩʘʣʠʮʠʣʦʚʳʭ ʘʣʴʜʝʛʠʜʦʚ 9 ʠ ʢʘʨʙʠʜʘ ʢʘʣʴʮʠʷ (ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʣʢʠʥʦʚ). 

ʈʝʘʢʮʠʷ one-pot ʚʢʣʶʯʘʣʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʨʦʤʠʜʘ ʤʝʜʠ, ʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ, ʚʦʜʳ ʠ 

ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʤʠʥʦʟʘʤʝʱʝʥʥʳʭ ʙʝʥʟʦʬʫʨʘʥʦʚʳʭ ʩʢʝʣʝʪʦʚ 13 ʩ 

ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ (ʩʭʝʤʘ 8). ʕʪʦʪ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʨʦʪʦʢʦʣ ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ 

ʰʣʶʟʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʜʠʮʠʥʩʢʠʭ ʥʝʟʘʤʝʥʠʤʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ. ɺʝʨʦʷʪʥʳʡ 

ʧʫʪʴ ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʣ ʦʙʨʘʟʦʚʘʥʠʝ ʠʤʠʥʠʝʚʦʛʦ ʠʦʥʘ B, ʢʦʪʦʨʦʝ ʧʨʦʪʝʢʘʣʦ ʧʫʪʝʤ ʘʪʘʢʠ 

ʘʮʝʪʠʣʠʜʘ ʤʝʜʠ (ʢʦʪʦʨʳʡ ʙʳʣ ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʛʠʜʨʦʣʠʟʘ ʢʘʨʙʠʜʘ ʢʘʣʴʮʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʨʦʤʠʜʘ ʤʝʜʠ) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ C. ɿʘʪʝʤ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ C ʜʘʚʘʣʦ ʧʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʦʬʫʨʘʥʘ 12 (ʩʭʝʤʘ 8) ʧʦʩʨʝʜʩʪʚʦʤ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʠ ʠ ʠʟʦʤʝʨʠʟʘʮʠʠ [10]. 

ʉʠʥʪʝʟ ʙʝʥʟʦʬʫʨʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ 

ʧʘʣʣʘʜʠʷ.ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʧʘʣʣʘʜʠʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʩʠʥʪʝʟʘ ʨʘʟʣʠʯʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʠʟʚʦʜʥʳʭ. ʃʫʦ ʜʣʷ ʙʝʥʟʦʬʫʨʘʥʘ ʦʩʫʱʝʩʪʚʠʣ ʩʠʥʪʝʟ 

ʙʝʥʟʦʠʣʟʘʤʝʱʝʥʥʳʭ ʙʝʥʟʦʬʫʨʘʥʦʚʳʭ ʛʝʪʝʨʦʮʠʢʣʦʚ 17 ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʘʨʠʣʙʦʨʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ 15 2-(2-ʬʦʨʤʠʣʬʝʥʦʢʩʠ) ʘʮʝʪʦʥʠʪʨʠʣʘʤʠ 16 (ʩʭʝʤʘ 13) ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʢʮʠʠ, 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʘʮʝʪʘʪʦʤ ʧʘʣʣʘʜʠʷ [11]. ɼʣʷ ʘʥʘʣʠʟʘ ʩʫʙʩʪʨʘʪʥʦʛʦ ʦʭʚʘʪʘ ʵʪʦʡ ʥʦʚʦʡ 

ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʤʝʱʝʥʥʳʭ ʨʝʘʛʝʥʪʦʚ ʚ 

ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ [(Pd(OAc)2 (30 ʤʦʣ. %) ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, bpy ʚ 

ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ (30 ʤʦʣ. %), ʪʦʣʫʦʣ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʧʨʠ 90 ÁC]. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʟʘʤʝʱʝʥʥʳʭ ʙʝʥʟʦʬʫʨʘʥʦʚ 17 ʩ ʚʳʭʦʜʘʤʠ ʦʪ ʫʤʝʨʝʥʥʳʭ ʜʦ ʧʨʝʚʦʩʭʦʜʥʳʭ 

(58ï94%). ɹʳʣʦ ʧʨʝʜʣʦʞʝʥʦ, ʯʪʦʙʳ ʨʝʘʢʮʠʷ ʧʨʦʜʚʠʛʘʣʘʩʴ ʚʧʝʨʝʜ ʯʝʨʝʟ 

ʪʨʘʥʩʤʝʪʘʣʣʠʨʦʚʘʥʠʝ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ A, ʟʘ ʢʦʪʦʨʳʤ 

ʧʦʩʣʝʜʦʚʘʣʘ ʢʦʦʨʜʠʥʘʮʠʷ ʥʠʪʨʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʚʩʪʘʚʢʘ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ C. ɿʘʪʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ C ʧʦʜʚʝʨʛʘʣʦʩʴ 

ʧʦʩʣʝʜʫʶʱʝʤʫ ʛʠʜʨʦʣʠʟʫ ʠ ʘʣʴʜʦʣʴʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʠʟʚʦʜʥʳʭ 

ʙʝʥʟʦʬʫʨʘʥʘ 17 (ʩʭʝʤʘ 9). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ 

ʮʝʣʝʚʳʝ ʤʦʣʝʢʫʣʳ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, Pd-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ sp-sp2 - ʩʦʯʝʪʘʥʠʷ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤ ʘʥʥʝʣʠʨʦʚʘʥʠʝʤ [12,13]. 

ɼʨʫʛʦʡ ʧʨʠʤʝʨ ʩʠʥʪʝʟʘ ʛʝʪʝʨʦʮʠʢʣʦʚ ʙʝʥʟʦʬʫʨʘʥʘ ʩ ʫʯʘʩʪʠʝʤ ʧʘʣʣʘʜʠʷ 20 ʙʳʣ 

ʦʧʠʩʘʥ ʚ ʪʦʤ ʞʝ ʛʦʜʫ ʎʠ ʠ ʜʨ. ʆʥʠ ʦʩʫʱʝʩʪʚʠʣʠ ʩʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ ʙʝʟ 

ʣʠʛʘʥʜʦʚ 20 ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ 2-(ʬʝʥʠʣʵʪʠʥʠʣ) ʬʝʥʦʣʘ 19 ʠ N-(2-ʠʦʜʬʝʥʠʣ)-N-

ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʤʠʜʦʚ 18 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʧʘʣʣʘʜʠʡʪʝʪʨʘʢʠʩ(ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʷ ʪʨʝʪ-ʙʫʪʦʢʩʠʜʘ ʣʠʪʠʷ ʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʘʮʝʪʦʥʠʪʨʠʣʘ (ʩʭʝʤʘ 10). 
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ʉʭʝʤʘ 9. ʉʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ 16 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ʧʘʣʣʘʜʠʷ. 

Scheme 9. Synthesis of benzofuran 16 derivatives using a palladium-based catalyst. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʣʢʝʥʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʘʨʠʣʬʫʨʘʥʠʣʠʨʦʚʘʥʠʶ ʜʣʷ ʩʠʥʪʝʟʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ 19. ʀʭ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʫʪʴ ʚʢʣʶʯʘʣ ʦʢʠʩʣʠʪʝʣʴʥʦʝ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʮʝʩʩʦʤ ʮʠʢʣʠʟʘʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ 

ʨʝʘʢʮʠʠ ʍʝʢʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ B. ɿʘʪʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ 

B ʢʦʦʨʜʠʥʠʨʦʚʘʣʩʷ ʩ 18, ʪʝʤ ʩʘʤʳʤ ʜʘʚʘʷ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ C. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ C ʧʦʜʚʝʨʛʘʣʩʷ ʮʠʢʣʠʟʘʮʠʠ, ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʪʨʝʪ-ʙʫʪʦʢʩʠʜʦʤ 

ʣʠʪʠʷ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʙʝʥʟʦʬʫʨʘʥʦʚʳʭ ʩʪʨʫʢʪʫʨ 19 (ʩʭʝʤʘ 11). 

ɺ ʪʦʤ ʞʝ ʛʦʜʫ ʉʝʤʚʘʣ ʩʦ ʩʚʦʠʤʠ ʘʩʩʠʩʪʝʥʪʘʤʠ ʧʨʝʜʣʦʞʠʣʠ ʩʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ 

ʙʝʥʟʦʬʫʨʘʥʘ, ʧʨʦʚʦʮʠʨʫʝʤʳʡ ʧʘʣʣʘʜʠʝʤ, ʯʝʨʝʟ ʨʝʘʢʮʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʣʴʮʘ ʤʝʞʜʫ 

ʠʤʠʜʘʟʦ[1,2-a] ʧʠʨʠʜʠʥʘʤʠ 20 ʠ ʢʫʤʘʨʠʥʘʤʠ 21. 

 

 
ʉʭʝʤʘ 10. ʉʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ 19 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ʧʘʣʣʘʜʠʷ. 

Scheme 10. Synthesis of benzofuran 19 derivatives using a palladium-based catalyst. 
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ʉʭʝʤʘ 11. ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ 19 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʧʘʣʣʘʜʠʷ. 

Scheme 11. The proposed mechanism for the synthesis of benzofuran 19 derivatives using a 

palladium-based catalyst. 

ʆʥʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʢʫʤʘʨʠʥʳ ʠ ʠʤʠʜʘʟʦ[1,2-a] ʧʠʨʠʜʠʥʳ, ʠʩʧʦʣʴʟʫʷ ʘʮʝʪʘʪ ʧʘʣʣʘʜʠʷ 

ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, Cu(OTf)2ĿH2O ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ, ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ (ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʚʦʩʭʦʜʥʦʡ ʜʦʙʘʚʢʠ ʠ ʢʘʪʘʣʠʟʘʪʦʨʘ) ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ (ʧʫʪʝʤ ʫʜʘʣʝʥʠʷ CO) ʩ ʵʬʬʝʢʪʠʚʥʳʤʠ ʚʳʭʦʜʘʤʠ 

(ʩʭʝʤʘ 12) [14]. ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠʤʠʜʘʟʦʧʠʨʠʜʠʥʦʚ 20 ʠ 

ʢʫʤʘʨʠʥʦʚ 21. ɿʘ ʵʪʠʤ ʰʘʛʦʤ ʧʦʩʣʝʜʦʚʘʣʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ, ʚʚʝʜʝʥʠʝ 

ʧʘʣʣʘʜʠʷ ʠ ʫʜʘʣʝʥʠʝ ʢʘʨʙʦʥʠʣʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ D. ʇʦʟʜʥʝʝ 

ʦʢʠʩʣʝʥʠʝ ʧʘʣʣʘʜʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʠʬʣʘʪʘ ʤʝʜʠ (ʦʢʠʩʣʠʪʝʣʴ), ʟʘ 

ʢʦʪʦʨʳʤ ʧʦʩʣʝʜʦʚʘʣʦ ʵʣʝʢʪʨʦʬʠʣʴʥʦʝ ʧʘʣʣʘʜʠʨʦʚʘʥʠʝ CīH, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʝʣʦ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʙʝʥʟʦʬʫʨʘʥʘ 22 ʧʫʪʝʤ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ (ʩʭʝʤʘ 13). ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʦʬʫʨʘʥʘ ʧʨʦʷʚʣʷʶʪ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʚ ʜʠʘʧʘʟʦʥʝ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ. 

 

 
ʉʭʝʤʘ 12. ʉʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ 22 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ʧʘʣʣʘʜʠʷ. 

Scheme 12. Synthesis of benzofuran 22 derivatives using a palladium-based catalyst. 

ɸʢʪʠʚʠʨʦʚʘʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʷʭ ʠʟ-ʟʘ ʠʭ ʵʬʬʝʢʪʠʚʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʘʛʨʝʩʩʠʚʥʳʤ ʭʠʤʠʢʘʪʘʤ ʠ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʋʯʠʪʳʚʘʷ ʟʥʘʯʠʤʦʩʪʴ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 
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ʩʠʩʪʝʤʘʭ, ɺʘʥ ʩ ʝʛʦ ʘʩʩʠʩʪʝʥʪʘʤʠ ʩʦʦʙʱʠʣʠ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʚʷʟʘʥʥʳʭ ʧʘʣʣʘʜʠʝʤ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ 

ʙʝʥʟʦʬʫʨʘʥʘ 25. ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʠʪʨʦʘʨʝʥʳ 23 ʙʳʣʠ ʚʳʥʫʞʜʝʥʳ ʨʝʘʛʠʨʦʚʘʪʴ ʩ ʦ-

ʘʣʢʠʥʠʣʬʝʥʦʣʘʤʠ 24 ʚ ʛʝʪʝʨʦʛʝʥʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ (ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʫʛʣʝʨʦʜʥʳʝ 

ʚʦʣʦʢʥʘ ʧʦʜʜʝʨʞʠʚʘʣʠ ʧʘʣʣʘʜʠʡ) ʩ ʫʯʘʩʪʠʝʤ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ, 

ʛʝʢʩʘʢʘʨʙʦʥʠʣʘ ʤʦʣʠʙʜʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʩʪʠʪʝʣʷ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ, 

ʢʘʨʙʦʥʘʪʘ ʢʘʣʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ ʠ ʡʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʚ ʚʦʜʝ ʠ ʘʮʝʪʦʥʠʪʨʠʣʝ. 

 

 
ʉʭʝʤʘ 13. ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ 22 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʧʘʣʣʘʜʠʷ 

Scheme 13. The proposed mechanism for the synthesis of benzofuran 22 derivatives using a 

palladium-based catalyst 

ʕʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʬʝʥʠʣʴʥʦʤ ʢʦʣʴʮʝ ʩʥʠʞʘʣʠ ʚʳʭʦʜ ʧʨʦʠʟʚʦʜʥʳʭ 

ʙʝʥʟʦʬʫʨʘʥʘ ʠ ʥʘʦʙʦʨʦʪ (ʩʭʝʤʘ 13). ʉʪʨʘʪʝʛʠʷ ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʣʘ ʧʦʣʫʯʝʥʠʝ ʩʦʣʠ ʠʦʜʦʥʠʷ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʦʜʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ (ʦʧʦʩʨʝʜʦʚʘʥʥʳʤ 

ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʦʤ) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ C. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ 

ʚʩʪʘʚʢʘ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʝʦʙʨʘʟʦʚʘʣʘ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ C ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʡ 

ʧʨʦʜʫʢʪ D.   

 

 
ʉʭʝʤʘ 14. ʉʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ 25 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʧʘʣʣʘʜʠʷ. 

Scheme 14. Synthesis of benzofuran derivatives using a palladium-based catalyst. 
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ʉʭʝʤʘ 15. ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ 27 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʧʘʣʣʘʜʠʷ. 

Scheme 15. The proposed mechanism for the synthesis of benzofuran 27 derivatives using a 

palladium-based catalyst. 

ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ D ʜʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʣ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʠʪʨʦʘʨʝʥʦʚ 23 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʮʝʣʝʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 61 ʧʦʩʨʝʜʩʪʚʦʤ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʨʝʘʢʮʠʠ (ʩʭʝʤʘ 15) [15]. 

ɼʨʫʛʦʡ ʧʨʠʤʝʨ ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʧʘʣʣʘʜʠʝʤ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ ʙʳʣ 

ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʫʧʧʦʡ ʉʘʥʘ ʚ 2023 ʛʦʜʫ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʥʠ ʦʙʨʘʙʦʪʘʣʠ N-ʪʦʟʠʣʛʠʜʨʘʟʦʥʳ 26 

(ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʮʠʢʣʦʙʫʪʘʥʘ) ʠ ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ ʢ ʠʦʜʙʝʥʟʦʣʫ ʘʣʢʠʥʳ 27, ʠʩʧʦʣʴʟʫʷ ʚ 

ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ ʢʘʪʘʣʠʟʘʪʦʨ ʙʠʩ(ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ)ʧʘʣʣʘʜʠʡ(II)ʜʠʭʣʦʨʠʜ, PCy 3 

(ʪʨʠʮʠʢʣʦʛʝʢʩʠʣʬʦʩʬʠʥ), ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʘ ʮʝʟʠʷ ʠ ʪʦʣʫʦʣʘ (ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ) (ʩʭʝʤʘ 15). ʈʝʘʢʮʠʷ ʙʳʣʘ ʠʥʠʮʠʠʨʦʚʘʥʘ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ, 

ʧʨʦʜʦʣʞʝʥʥʳʤ ʢʘʨʙʦʧʘʣʣʘʜʠʨʦʚʘʥʠʝʤ ʩ ʠʦʜʙʝʥʟʦʣʘʤʠ 27 ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ. ɿʘʪʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ B ʙʳʣʦ ʧʦʜʚʝʨʛʥʫʪʦ ʨʝʘʢʮʠʠ ʩ 

ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʷʤʠ (ʧʦʣʫʯʝʥʥʳʤʠ ʧʫʪʝʤ ʨʘʟʣʦʞʝʥʠʷ N-ʪʦʟʠʣʛʠʜʨʘʟʦʥʦʚ 26 ʩ ʧʦʤʦʱʴʶ 

ʢʘʨʙʦʥʘʪʘ ʮʝʟʠʷ) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ C. ʇʦʣʫʯʝʥʥʦʝ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ C ʜʘʣʝʝ ʧʦʜʚʝʨʛʣʦʩʴ ʤʠʛʨʘʮʠʦʥʥʦʤʫ ʚʥʝʜʨʝʥʠʶ Pd-ʢʘʨʙʝʥʘ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤʠ ʨʝʘʢʮʠʷʤʠ ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ ɔ-ʛʠʜʨʠʜʘ ʠ ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʜʠʛʠʜʨʦʙʝʥʟʦʬʫʨʘʥʦʚ 28 (ʩʭʝʤʘ 17). 

 

 
ʉʭʝʤʘ 16. ʉʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ 28 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ʧʘʣʣʘʜʠʷ. 

Scheme 16. Synthesis of benzofuran derivatives 28 using a palladium-based catalyst. 
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ʉʭʝʤʘ 17. ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ 29 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʧʘʣʣʘʜʠʷ. 

Scheme 17. The proposed mechanism for the synthesis of benzofuran derivatives 29 using a 

palladium-based catalyst. 

ʉʠʥʪʝʟ ʙʝʥʟʦʬʫʨʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʧʘʣʣʘʜʠʷ ʠ 

ʤʝʜʠ. ʋʯʠʪʳʚʘʷ ʧʦʣʝʟʥʦʩʪʴ ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ Pd ʠ Cu ʩʠʥʪʝʟʘ ʛʝʪʝʨʦʮʠʢʣʦʚ ʙʝʥʟʦʬʫʨʘʥʘ, 

ʛʨʫʧʧʘ ʈʝʜʜʠ ʚ 2022 ʛʦʜʫ ʚʦʩʧʦʣʴʟʦʚʘʣʘʩʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢ ʧʘʣʣʘʜʠʷ, ʪʘʢ ʠ ʤʝʜʠ, 

ʧʨʠʤʝʥʠʚ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʝʘʢʮʠʠ ʩʦʯʝʪʘʥʠʷ ʉʦʥʦʛʘʰʠʨʳ ʤʝʞʜʫ 

ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʘʣʢʠʥʘʤʠ 30, 31 ʠ ʠʦʜʬʝʥʦʣʘʤʠ 29, ʢʦʪʦʨʘʷ ʧʨʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ 

ʮʠʢʣʠʟʘʮʠʠ ʧʨʠʚʝʣʘ ʢ ʩʠʥʪʝʟʫ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ. ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʧʦʜʭʦʜʝ ʠʦʜʠʜ 

ʤʝʜʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʦʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʢʘʪʘʣʠʟʘʪʦʨʦʤ (PPh3) PdCl2 ʚ ʪʨʠʵʪʠʣʘʤʠʥʝ 

(ʦʩʥʦʚʘʥʠʝ ʠ ʨʘʩʪʚʦʨʠʪʝʣʴ) [16]. ɹʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʮʝʣʝʚʳʝ ʤʦʣʝʢʫʣʳ ʥʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʧʨʠ ʧʨʦʜʦʣʞʝʥʠʠ ʨʝʘʢʮʠʠ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʩʦʢʘʪʘʣʠʟʘʪʦʨʘ, ʪ. ʝ. CuI. ʕʪʘ ʤʝʪʦʜʦʣʦʛʠʷ 

ʧʨʠʚʝʣʘ ʢ ʚʳʩʦʢʠʤ ʚʳʭʦʜʘʤ ʮʝʣʝʚʳʭ ʤʦʣʝʢʫʣ (84ī91%). ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʙʝʥʟʦʬʫʨʘʥʘ ʟʘʪʝʤ ʙʳʣʠ ʦʮʝʥʝʥʳ ʥʘ ʧʨʝʜʤʝʪ ʠʭ ʘʢʪʠʚʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʳʭ ʘʛʝʥʪʦʚ, ʪ. ʝ. ʠʥʛʠʙʠʪʦʨʦʚ ʭʦʨʠʟʤʘʪʤʫʪʘʟʳ (ʢʦʪʦʨʳʡ ʧʦʜʘʚʣʷʝʪ 

ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʭʦʨʠʟʤʘʪʤʫʪʘʟʳ ʚ ʙʘʢʪʝʨʠʘʣʴʥʦʤ ʜʝʡʩʪʚʠʠ). ʉʨʝʜʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʦʬʫʨʘʥʘ 35(aīc) ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʘʢʪʠʚʥʳʤʠ ʧʨʦʪʠʚ 

ʭʦʨʠʟʤʘʪʤʫʪʘʟʳ ʩ 64ī65% ʠʥʛʠʙʠʨʦʚʘʥʠʷ in vitro ʧʨʠ 30 ʤʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʠ ʘʢʪʠʚʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ 

ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʳʭ ʩʨʝʜʩʪʚ (ʩʭʝʤʘ 18). 

 

 
ʉʭʝʤʘ 18. ʉʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ 32 ʠ 33 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʥʘ ʦʩʥʦʚʝ Pd Cu. 

Scheme 18. Synthesis of benzofuran derivatives 32 and 33 using a Pd Cu-based catalyst. 
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ʉʠʥʪʝʟ ʙʝʥʟʦʬʫʨʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ. ɺ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʨʦʣʴ ʥʠʢʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʝʢʦʪʦʨʳʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʛʨʫʧʧʘʤʠ, ʪʝʤ ʩʘʤʳʤ ʨʘʩʰʠʨʷʷ ʩʠʥʪʝʟ ʛʝʪʝʨʦʮʠʢʣʦʚ ʙʝʥʟʦʬʫʨʘʥʘ, 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. ɺ 2021 ʛʦʜʫ ʏʞʫ ʩʦʦʙʱʠʣ ʦ ʥʦʚʦʡ ʠ 

ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʠʭ ʩʠʥʪʝʟʘ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʦʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʥʠʢʝʣʝʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʜʣʷ ʨʝʘʢʮʠʠ ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚʥʫʪʨʠ ʤʦʣʝʢʫʣʳ, ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʦʬʫʨʘʥʘ ʩ 

ʟʘʤʝʪʥʳʤʠ ʚʳʭʦʜʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ Ni(OTf)2 ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ ʠ ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠʚʝʣʦ ʢ ʚʳʩʦʢʠʤ ʚʳʭʦʜʘʤ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ. ʈʝʘʢʮʠʦʥʥʳʡ ʧʫʪʴ 

ʚʢʣʶʯʘʣ ʩʦʯʝʪʘʥʠʝ ʩʦʣʝʡ ʥʠʢʝʣʷ ʩ ʣʠʛʘʥʜʦʤ (1,10-Phen) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʩ ʧʦʤʦʱʴʶ ʮʠʥʢʦʚʦʛʦ ʧʦʨʦʰʢʘ ʠ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʥʠʢʝʣʷ A. ʆʙʨʘʟʦʚʘʥʥʳʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ A ʜʘʣʝʝ ʧʦʜʚʝʨʛʘʣʩʷ 

ʥʫʢʣʝʦʬʠʣʴʥʦʤʫ ʧʨʠʩʦʝʜʠʥʝʥʠʶ, ʪʨʘʥʩʤʝʪʘʣʣʠʨʦʚʘʥʠʶ ʠ, ʥʘʢʦʥʝʮ, ʧʦʩʣʝʜʫʶʱʝʤʫ 

ʫʜʘʣʝʥʠʶ ʤʝʪʘʣʣʘ ʠ ʚʦʜʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʮʝʣʝʚʳʭ ʤʦʣʝʢʫʣ 36 ʩ ʵʬʬʝʢʪʠʚʥʳʤ ʚʳʭʦʜʦʤ 

(23ī89%) (ʩʭʝʤʘ 19). 

 

 

 
ʉʭʝʤʘ 19. ʉʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ 36 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ 

ʦʩʥʦʚʝ Ni. 

Scheme 19. Synthesis of benzofuran 36 derivatives using a Ni-based catalyst. 

 

ʉʠʥʪʝʟ ʙʝʥʟʦʬʫʨʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʨʦʜʠʷ. ʉʨʝʜʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʠʥʪʝʟʦʚ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ 

ʨʦʜʠʷ ʧʨʠʦʙʨʝʣʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʝʩ [17,18]. ʅʝʜʘʚʥʦ ɻʣʦʨʠʫʩ ʦʩʫʱʝʩʪʚʠʣ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ ʩʠʥʪʝʟ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʢʘʪʘʣʠʟʠʨʫʝʤʳʡ ʨʦʜʠʝʤ. ɺ 2022 ʛʦʜʫ ʂʠʪʘʥʦ ʦʩʫʱʝʩʪʚʠʣ ʩʠʥʪʝʟ (C4) ʟʘʤʝʱʝʥʥʳʭ 

ʙʝʥʟʦʬʫʨʘʥʦʚ ʧʫʪʝʤ ʧʝʨʝʥʦʩʘ ʚʠʥʠʣʝʥʘ ʤʝʞʜʫ ʚʠʥʠʣʢʘʨʙʦʥʘʪʦʤ 37 ʠ ʧʨʦʠʟʚʦʜʥʳʤ 

ʤʝʪʘʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ 38, ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʨʦʜʠʝʤ. ʆʥʠ ʦʙʨʘʙʦʪʘʣʠ ʟʘʤʝʱʝʥʥʳʝ 

ʙʝʥʟʘʤʠʜʳ 38 ʚʠʥʠʣʝʥʢʘʨʙʦʥʘʪʦʤ 37 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ ʨʦʜʠʷ ʥʘ ʦʩʥʦʚʝ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʘ CpRh (ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ) ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʠʩʧʦʣʴʟʫʷ 
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ʪʝʪʨʘʭʣʦʨʵʪʘʥ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʰʠʨʦʢʦ ʟʘʤʝʱʝʥʥʳʝ 

ʙʝʥʟʦʬʫʨʘʥʦʚʳʝ ʛʝʪʝʨʦʮʠʢʣʳ 39 ʩ ʥʠʟʢʠʤʠ ʠʣʠ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ (30ī80%) (ʩʭʝʤʘ 20). 

ʉʠʥʪʝʪʠʯʝʩʢʠʡ ʧʫʪʴ ʙʳʣ ʟʘʚʝʨʰʝʥ ʩ ʯʝʪʳʨʴʤʷ ʦʩʥʦʚʥʳʤʠ ʵʪʘʧʘʤʠ, ʘ ʠʤʝʥʥʦ ʘʢʪʠʚʘʮʠʝʡ 

CīH, ʤʠʛʨʘʮʠʦʥʥʦʡ ʚʩʪʘʚʢʦʡ, ʥʫʢʣʝʦʬʠʣʴʥʳʤ ʟʘʤʝʱʝʥʠʝʤ ʠ ʫʩʪʨʘʥʝʥʠʝʤ ɓ-ʢʠʩʣʦʨʦʜʘ, 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʞʝʣʘʝʤʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ 38 (ʩʭʝʤʘ 20). 

 
ʉʭʝʤʘ 20. ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʩʠʥʪʝʟʘ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ 74 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ Rh. 

Scheme 20. The proposed mechanism for the synthesis of benzofuran 74 derivatives using a 

Rh-based catalyst. 

ɺ 2022 ʛʦʜʫ ʏʞʫ ʧʨʦʚʝʣ ʘʨʠʣʠʨʦʚʘʥʠʝ ʠ ʧʦʩʣʝʜʫʶʱʫʶ ʮʠʢʣʠʟʘʮʠʶ ʤʝʞʜʫ 

ʧʨʦʧʘʨʛʠʣʦʚʳʤʠ ʩʧʠʨʪʘʤʠ 41 ʠ ʟʘʤʝʱʝʥʥʳʤʠ ʘʨʠʣʙʦʨʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ 40 ʧʦʩʨʝʜʩʪʚʦʤ 

ʵʩʪʘʬʝʪʥʦʛʦ ʢʘʪʘʣʠʟʘ, ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʨʦʜʠʝʤ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʭʝʤʦʜʠʚʝʨʛʝʥʪʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʙʝʥʟʦʬʫʨʘʥʦʚʳʭ ʩʢʝʣʝʪʦʚ. ʀʭ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʫʪʴ ʙʳʣ ʦʙʨʘʙʦʪʘʥ ʩ ʫʯʘʩʪʠʝʤ 

ʪʦʣʫʦʣʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʘ/ʚʦʜʳ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ. ɹʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʫʙʩʪʨʘʪʳ ʩ ʵʣʝʢʪʨʦʥʥʦ-ʜʦʥʦʨʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ ʮʝʣʝʚʳʭ ʤʦʣʝʢʫʣ 42. ʉʠʥʪʝʪʠʯʝʩʢʠʡ ʧʫʪʴ ʚʢʣʶʯʘʣ ɓ-ʩʧʝʮʠʬʠʯʝʩʢʦʝ 

ʢʘʨʙʦʨʦʜʠʨʦʚʘʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʛʠʜʨʦʣʠʟʦʤ ʠ ʮʠʢʣʠʟʘʮʠʝʡ, ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʢʠʩʣʦʪʦʡ 

ɹʨʝʥʩʪʝʜʘ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʮʝʣʝʚʳʭ ʤʦʣʝʢʫʣ 42 (ʩʭʝʤʘ 21). ʃʝʛʢʦʝ ʠ ʧʨʷʤʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʚʷʟʝʡ CīH ʠ CīX ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʷʟʝʡ, 

ʦʧʦʩʨʝʜʦʚʘʥʥʦʤʫ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ ʩʦʧʨʦʚʦʞʜʘʝʤʦʤʫ ʥʘʧʨʘʚʣʷʶʱʝʡ ʛʨʫʧʧʦʡ 

[19]. ʉʫʱʝʩʪʚʫʝʪ ʦʯʝʥʴ ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʢʘʩʘʶʱʠʭʩʷ ʘʣʢʝʥʠʣʠʨʦʚʘʥʠʷ CīH 

ʠʣʠ (ʤʠʛʨʘʮʠʠ DG) ʩ 1,3-ʜʠʠʥʘʤʠ ʠʟ-ʟʘ ʪʨʫʜʥʦʛʦ ʜʦʩʪʠʞʝʥʠʷ ʩʪʝʨʝʦ- ʠ 

ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ. ɺ 2023 ʛʦʜʫ ɻʦʥʛ ʩʦʦʙʱʠʣ ʦ ʥʦʚʦʤ ʩʠʥʪʝʟʝ ʙʝʥʟʦʬʫʨʘʥʦʚʦʛʦ ʢʦʣʴʮʘ, 

ʢʘʪʘʣʠʟʠʨʫʝʤʦʤ ʨʦʜʠʝʤ, ʧʫʪʝʤ ʤʠʛʨʘʮʠʠ ʥʘʧʨʘʚʣʷʶʱʝʡ ʛʨʫʧʧʳ CīH ʤʝʞʜʫ 1,3-ʜʠʠʥʘʤʠ 

44 ʠ N-ʙʝʥʟʦʢʩʠʘʮʝʪʘʤʠʜʦʤ 43. ɹʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʨʦʜʠʝʤ 

ʘʥʥʝʣʠʨʦʚʘʥʠʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ NaOPivĿH2O (ʜʦʙʘʚʢʘ) ʠ ʜʠʭʣʦʨʤʝʪʘʥʘ (ʨʘʩʪʚʦʨʠʪʝʣʴ) ʜʘʣʦ 

ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ ʮʝʣʝʚʳʭ ʤʦʣʝʢʫʣ 45. ʇʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʦʬʫʨʘʥʘ 45 ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʧʫʪʝʤ ʘʢʪʠʚʘʮʠʠ CīH, ʤʠʛʨʘʮʠʦʥʥʦʡ ʚʩʪʘʚʢʠ, ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʟʘʤʝʱʝʥʠʷ (ʩʭʝʤʘ 22). 
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ʉʭʝʤʘ 21. ʉʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ 77 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ 

ʦʩʥʦʚʝ Rh. 

Scheme 21. Synthesis of benzofuran 77 derivatives using a Rh-based catalyst. 

 

 
ʉʭʝʤʘ 22. ʉʠʥʪʝʟ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʬʫʨʘʥʘ 80 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ 

ʦʩʥʦʚʝ Rh. 

Scheme 22. Synthesis of benzofuran 80 derivatives using a Rh-based catalyst. 
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ÌÐÌÍÔ¾Þ ÎÌ äÌÜÔ ÝÔÙÞÑÓÔ ÍÑÙÓÚàßÜÌÙÚ ÎÌ ÚÝÔ×ÌÚÔ ÚÙ Ú 

ÖôøôČô Āìüøìþýñîþ ðìü øìøÿô Āìùúô ô÷ø îì ìöìðñø, öô ìùíìúô ïÿùúïÿùô þìôúþô 

ðúüÿúüú ðìü íìü ïôüôĀþì, øìîñô ùìøúČùüú ôĄú÷ øñöÿùìð. ØÿîúĀôô āÿýÿýôċþô ìøì÷ôô ôù Āìùùô 

ðìėôė, ìðìĀô öÿüý úĄöúü îì ĉúðô ìüóČíôô ýôĀìþ îì ýþìùðìüþôóìþýôċô ðúüÿú ðìü ìýúýô ûüôùýôûúô 

ÿøÿøôô ô÷øúô āôøôċî, íôú÷úï îì þìþíôô øÿĄìāāìýô úùú øñíúĄìð. ØÿĄöô÷úþ ðìü āôøôċô 

Āìüøìýñîþ íú ôýþôĀúðì ìó ÿýÿ÷úô ö÷ìýýôöôô Āôóôö, öôøôČî îì ĀôóôöôĊ āôøôċî, öô ðìü þì÷ô÷ô 

ðúüÿú ôýþôĀúðì øñĄìîìùð, ì÷ öìüðì øñĄìîìð. ÝìüĀô ùìóìü ìó ðìýþüìýôô øìðÿðô öôþúíúô ðìüý îì 

ìðìíôČþô ô÷ø øÿĕìėėôėúù øñþìîúùìùð ýìþô íì÷ìùðô ðúùôĄô ùìóìüôċî îì ìøì÷ôüú íì ðìýþ úüìùùð îì 

ììøøôċþô ìúùôô þìôúþô øìîúðúô öúøûúóôþ ðìü ìýúýô ûìõîìýþìïôúô ýñ Č óôČðì ÿóî íú ċö Č 

ċöăìùð ïñþñüúìþúøúüú ùôĄúù ðôìùð. úýô÷ìúô íñùóôøôðìóú÷ îì íñùóúöýìóú÷ ĀìĆú÷ôċþô íì÷ìùðô 

íôú÷úï ìøăÿù ìïñùþúô óôððôîìüìø, óôððôîôüÿý, óôððôóìøíÿüÿ, ìùþôúöýôðìùþ, óôððô óìāø îì 

ìùþôïôýþìøôù ðúüìùð. Ìó ýìíìíô íúýÿüĆìþ îúüôð öìüðìùô íñùóúĀÿüìùú íì íúóúü, øÿìõċù îì øôðúüô 

öúùïñùñüúô ùìî íì ùìøÿùìúô íôú÷úï þú ú÷ ċöñ ìó øÿĄöô÷úþô íÿóÿüïñýþ, öô þúöýôöú÷úïúô þì÷ô÷, 

ö÷ôùôö îì ýÿð ðÿăúü øñúċùð. ÍñùóúĀÿüìùú øúððìñ, öô þú ú÷ þìùú ðìü Ąìüúô ì÷úôðìô 

àñðñüìþýôċô Üÿýôċ ûìõðú øñĄìîìð, ìøøú ôù ûìùĄìîôô øôùíìĆðìô ûúþñùýôì÷ôô úùüú ôýþôýùú 

ùìøñöÿùìð. Ðìü ùìþôìô öúüô ìùúøðúðìĄÿðì ċö ìþúü íñùóúĀÿüìùú îì Ā÷ìîúùúô îìýñĆ ôîìóĄÿðì 

ýôùþñó öìüðì Ąÿðìùð, öô 44 ûìõîìýþìïôô ùìîüú ðìü íìü øñïôüìùð. äÿøú ìüìöìþúô øìýÿ÷úþô 

øìýìðùúö ìó øôČùì þú íì÷ìùð Āìü øñöìüðìùð, ðìü ú÷ñ öô þìøúĊ÷ô öúôĄô íìüúøìð ìùïúøô 

ôýþôĀúðìô üñìïñùþúô ýþñüôöôô ðÿĄîúü íì ùìóìü øñüìýôð. ÌĀóì÷ôċþô öì÷ôðôô üñìöýôċô þìôċĄÿðì ôù 

ôîìóĄìîôô úù øñíúĄìð, öô ôøöúùôċþô ïôüôĀþìùô ðÿ øìüúþôíì ýôùĀúô Ąìāýôô ûìõîìýþĄÿðìüú þìĆøôù 
øñöÿùìð. 
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Öì÷ôðòúîìĕú: 2-R-8-R`-íñùóú[4,5]þôñùú[3,2-b]íñùóúĀÿüìù, ĀìĆú÷ôċþô íôú÷úï, ðüúùñðìüúù, 

ìøôúðìüúù, íñùóíüúøìüúù, āì÷öìúô íñùóúĀÿüìù, íñùóúþôñùú[3,2-b]íñùóúþôúĀñù, 1,8-
ðôìóìíôĂôö÷ú[5.4.0], ÿùðñö-7-ÿø, 2-(2-Āúüøô÷Āñùúöýô)ìĂñþúùôþüô÷, N-(2-ôúðĀñùô÷) N-
øñþô÷øñþìöüô÷ìøôð, ôøôðìóú[1,2-a]ûôüôðôù, N-þúóô÷ïôðüìóúù.  

 
ÚÍÓÚÜ ÛÚ ØÑÞÚÐÔÖÑ ÝÔÙÞÑÓÌ ÍÑÙÓÚàßÜÌÙÚÎ Ô Ôá ÛÜÚÔÓÎÚÐÙçá 

Î öúøû÷ñöýñ ùìÿăùćā ô ÿăñíùćā ðôýĂôû÷ôù, îö÷ĊăìĊąôā üìóùúúíüìóùćñ ýþúüúùć ôóÿăñùôċ 
÷ñöìüýþîñùùćā ýüñðýþî, îìòùúñ øñýþú ûüôùìð÷ñòôþ ĀìüøìĂñîþôăñýöúõ āôøôô. Î ýúúþîñþýþîôô ý 
ûüôö÷ìðùćø āìüìöþñüúø ĉþúõ ðôýĂôû÷ôùć Ăñ÷ĈĊ öÿüýì ċî÷ċñþýċ üìýöüćþôñ øñþúðú÷úïôô ýúóðìùôċ, 
úĂñùöô öìăñýþîì, ýþìùðìüþôóìĂôô ÷ñöìüýþîñùùćā ýüñðýþî ùì úýùúîñ úíąôā óìöúùúøñüùúýþñõ āôøôöú-
íôú÷úïôăñýöôā ùìÿö, ôā ăìýþùćā ûüúċî÷ñùôõ. Íìóúõ ĀìüøìĂñîþôăñýöúõ āôøôô ċî÷ċĊþýċ óìöúùúøñüùúýþô 
āôøôăñýöôā ùìÿö (íôúùñúüïìùôăñýöúõ, úüïìùôăñýöúõ, ìùì÷ôþôăñýöúõ, Āôóôăñýöúõ āôøôô), ì þìöòñ 
ùìîćöô ô ÿøñùôċ, öúþúüćøô ðú÷òùć î÷ìðñþĈ ýþÿðñùþć, ÿăñùćñ ûúý÷ñ ûüúāúòðñùôċ íìóôýùćā 
āôøôăñýöôā ûüñðøñþúî, þìö öìö óìðìăô, ýþúċąôñ ûñüñð ĀìüøìĂñîþôăñýöúõ āôøôñõ, üñĄìĊþýċ ý ûúøúąĈĊ 
ö÷ìýýôăñýöôā Āôóôăñýöôā, āôøôăñýöôā ô Āôóôöú-āôøôăñýöôā øñþúðúî, ôýûú÷Ĉóÿñøćā î ìùì÷ôóñ 
÷ñöìüýþîñùùćā îñąñýþî. Ùñýøúþüċ ùì ùì÷ôăôñ ùñöúþúüćā ÿăñíùôöúî ô ùìÿăùúõ ÷ôþñüìþÿüć ùìø ÿðì÷úýĈ 
ûüôúíüñýþô þñúüñþôăñýöôñ ô ûüìöþôăñýöôñ îćýúöôñ óùìùôċ ûúöìóìþĈ îýñøôüùÿĊ îìòùúýþĈ ôýý÷ñðúîìùôõ 
öúøûúóôĂôúùùćā øìþñüôì÷úî ùì úýùúîñ þüČā ¬ ô íú÷ññ ă÷ñùùćā ïñþñüúĂôö÷ôăñýöôā ý úðùôø ô íú÷ññ 
ïñþñüúìþúøúø. Ûüúôóîúðùćñ íñùóôøôðìóú÷ì ô íñùóúöýìóú÷ì úí÷ìðìĊþ îćýúöúõ íôú÷úïôăñýöúõ 
ìöþôîùúýþĈĊ öìö ûüúþôîúúûÿāú÷ñîćñ, ûüúþôîúîôüÿýùćñ, ûüúþôîúïüôíöúîćñ, ìùþôúöýôðìùþùćñ, 
ûüúþôîúċóîñùùćñ, ìùþôïôýþìøôùùćñ ýüñðýþîì. Ôó-óì íćýþüúïú þñøûì, ý öúþúüćø íñùóúĀÿüìùć îîúðċþýċ 
ùì üćùúö, ôðñùþôĀôöìĂôċ ô öú÷ôăñýþîñùùìċ úĂñùöì ùúîćā öúùïñùñüúî î íôú÷úïôăñýöôñ úíüìóĂć ûú-
ûüñòùñøÿ ċî÷ċĊþýċ úðùôøô ôó ýìøćā íú÷ĈĄôā ûüúí÷ñø, ý öúþúüćøô ýþì÷öôîìĊþýċ ìùì÷ôþôăñýöôñ, 
ö÷ôùôăñýöôñ ô ýÿðñíùćñ þúöýôöú÷úïô. ÍñùóúĀÿüìùć ¬ îñąñýþîú, öúþúüúñ úíùìüÿòôîìñþýċ ûúöì þú÷Ĉöú î 
úþðñ÷Ĉùćā ïúüúðìā Üúýýôõýöúõ àñðñüìĂôô, ùú ĉþú ùñ ôýö÷Ċăìñþ ñïú ðì÷ĈùñõĄñïú ûúþñùĂôì÷Ĉùúïú 
üìýûüúýþüìùñùôċ, ăþú ðñ÷ìñþ ìöþÿì÷Ĉùćø üìýûüúýþüìùñùôñ ôùĀúüøìĂôô ú ðìùùúø îñąñýþîñ. Î 
üñóÿ÷Ĉþìþñ ûüúðñ÷ìùùúõ üìíúþć íć÷ ýôùþñóôüúîìù úíĄôüùćõ üċð ûú÷ôóìøñąñùùćā íñùóúĀÿüìùúî ô 
Ā÷ìîúùúî, îö÷ĊăìĊąôõ 44 ùúîćā ýúñðôùñùôċ. Îć āúðć Ăñ÷ñîćā ûüúðÿöþúî îìüĈôüúîì÷ôýĈ úþ 
ÿøñüñùùćā ðú îćýúöôā, ûüô ĉþúø ùìí÷Ċðì÷ìýĈ þñùðñùĂôċ ö ýùôòñùôĊ îćāúðì ûüô ôýûú÷Ĉóúîìùôô 
ýþñüôăñýöôóìþüÿðùñùùćā üñìïñùþúî. Ö÷Ċăñîćø ûüñôøÿąñýþîúø üìóüìíúþìùùúõ üñìöĂôô ċî÷ċñþýċ ñČ 
ûñüñö÷ĊăìñøúýþĈ, úíñýûñăôîìĊąìċ îúóøúòùúýþĈ ûú÷ÿăñùôċ ðîÿā üìó ÷ôăùćā ö÷ìýýúî ýúñðôùñùôõ î 
óìîôýôøúýþô úþ îćíüìùùćā ÿý÷úîôõ ûüúîñðñùôċ üñìöĂôô.  

Ö÷Ċăñîćñ ý÷úîì: 2R-8R`-íñùóú[4,5]þôñùú[3,2-b]íñùóúĀÿüìù, íôú÷úïôăñýöìċ ìöþôîùúýþĈ, 
ðüúùñðìüúù, ìøôúðìüúù, íñùóíüúøìüúù, ûüúôóîúðùćñ íñùóúĀÿüìùì, íñùóúþôñùú[3,2-b]íñùóúþôúĀñù, 1,8-
ðôìóìíôĂôö÷ú[5.4.0], ÿùðñö-7-ñù, 2-(2-Āúüøô÷Āñùúöýô)ìĂñþúùôþüô÷, N-(2-ôúðĀñùô÷)-N-
øñþô÷øñþìöüô÷ìøôð, ôøôðìóú[1,2-ì]ûôüôðôù, N-þúóô÷ïôðüìóúù. 

 
REVIEW OF THE SYNTHESIS OF BENZOFURANS AND THEIR DERIVATIVES  

Pharmaceutical chemistry occupies a prominent place in the complex of scientific and academic 
disciplines encompassing various aspects of drug research. In accordance with the applied nature of this 
discipline, the goal of the course is to reveal the methodology for the creation, quality assessment, and 
standardization of drugs based on the general principles of the chemical and biological sciences and their specific 
applications. The foundation of pharmaceutical chemistry is the principles of chemical sciences (bioinorganic, 
organic, analytical, and physical chemistry), as well as the skills and abilities that students and scientists must 
possess after completing basic chemistry courses. The problems facing pharmaceutical chemistry are solved 
using classical physical, chemical, and physicochemical methods used in drug analysis. Despite the limited 
availability of textbooks and scientific literature, we were able to acquire a high level of theoretical and practical 
knowledge and demonstrate the global importance of research into composite materials based on three- or 
more-membered heterocyclic compounds with one or more heteroatoms. Benzimidazole and benzoxazole 
derivatives have high biological activity as antitumor, antiviral, antifungal, antioxidant, antiulcer, and 
antihistamine agents. Due to the rapid pace at which benzofurans are introduced to the market, the 
identification and quantification of new congeners in biological samples is still one of the biggest challenges 
faced by analytical, clinical, and forensic toxicologists. Benzofurans are a substance that has only been detected 
in a few cities in the Russian Federation, but this does not preclude its potential spread in the future, making it 
important to disseminate information about this substance. Because of the work done, an extensive series of 
poly-substituted benzofurans and flavones is synthesized, including new compounds. The yields of the target 
products ranged from moderate to high, with a tendency to decrease when using sterically hindered reagents. 
The key advantage of the developed reaction is its switchability, which allows for the production of two different 
classes of compounds.  

Keywords: 2R-8R`-benzo[4,5]thieno[3,2-b] benzofuran, biological activity, dronedarone, amiodarone, 
benzbromarone, benzofuran derivatives, benzothieno[3,2-b]benzothiophene, 1,8-diazabicyclo[5.4.0], undec-7-
en, 2-(2-formylphenoxy)acetonitrile, N-(2-iodophenyl)-N-methyl methacrylamide, imidazo[1,2-ì]pyridine, N-
tosylhydrazone. 
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ʋɼʂ: 616-006:615.277:582.28 

ʇʈʆʊʀɺʆʆʇʋʍʆʃɽɺʓʁ ʕʌʌɽʂʊ ɻʈʀɹɸ LENTINULA EDODES (ʆʙʟʦʨ) 

ʃʝʤʝʰʝʚʩʢʠʡ ɺ.ʆ.1,2, ʈʘʤʟʠʜʜʠʥʦʚ ɾ.ɾ.3, ɾʘʥʛʘʚʘʨʦʚ ɸ.ɾ.3, ʆʝʚ ʄ.ʉ.4 
1ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

2ɺʅʀʀ ʬʠʟʠʦʣʦʛʠʠ, ʙʠʦʭʠʤʠʠ ʠ ʧʠʪʘʥʠʷ ʞʠʚʦʪʥʳʭ ï ʬʠʣʠʘʣ ʌʀʎ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 

ï ɺʀɾ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʃ. ʂ. ʕʨʥʩʪʘ, 
3ʀʥʩʪʠʪʫʪ ʠʤʤʫʥʦʣʦʛʠʠ ʠ ʛʝʥʦʤʠʢʠ ʯʝʣʦʚʝʢʘ ɸʢʘʜʝʤʠʠ ʅʘʫʢ ʈʝʩʧʫʙʣʠʢʠ 

ʋʟʙʝʢʠʩʪʘʥ, 
4ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ɼ. ʉʘʭʘʨʦʚʘ 

ɹʝʣʦʨʫʩʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ɻʨʠʙ Lentinula edodes, ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʰʠʠʪʘʢʝ, ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤʠ ʜʝʡʩʪʚʠʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʝʛʦ ʙʠʦʘʢʪʠʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʪʘʢʠʤʠ 

ʢʘʢ ʧʦʣʠʩʘʭʘʨʠʜʳ ʠ ʬʝʥʦʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʆʩʥʦʚʥʳʤ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤ ʚʝʱʝʩʪʚʦʤ, 

ʠʟʚʣʝʢʘʝʤʳʤ ʠʟ L. edodes, ʷʚʣʷʝʪʩʷ ʣʝʥʪʠʥʘʥ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʠʧʠʯʥʳʡ ɓ-

ʛʣʶʢʘʥ. ʃʝʥʠʥʪʘʥ ʘʢʪʠʚʥʦ ʩʪʠʤʫʣʠʨʫʝʪ ʠʤʤʫʥʥʫʶ ʩʠʩʪʝʤʫ, ʧʦʚʳʰʘʷ ʫʨʦʚʝʥʴ 

ʠʥʪʝʨʣʝʡʢʠʥʘ-6 ʠ ʬʘʢʪʦʨʘ ʥʝʢʨʦʟʘ ʦʧʫʭʦʣʝʡ-Ŭ. ʆʥ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʤʘʢʨʦʬʘʛʠ, 

ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʘʢʪʠʚʘʮʠʠ ʠ ʫʣʫʯʰʝʥʠʶ ʩʧʦʩʦʙʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʢ ʙʦʨʴʙʝ ʩ 

ʦʧʫʭʦʣʝʚʳʤʠ ʢʣʝʪʢʘʤʠ [0]. 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ L. edodes ʩʠʥʪʝʟʠʨʫʝʪ ʨʷʜ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʷ ʧʦʣʠʩʘʭʘʨʠʜʳ, ʪʝʨʧʝʥʦʠʜʳ, ʩʪʝʨʠʥʳ ʠ ʣʠʧʠʜʳ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʧʘʪʦʣʦʛʠʡ ʠ 

ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʢʦʤʧʦʥʝʥʪʳ ʦʙʣʘʜʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʤʝʭʘʥʠʟʤʳ ʠ ʧʦʪʝʥʮʠʘʣ ʢʦʪʦʨʳʭ ʧʨʦʜʦʣʞʘʶʪ 

ʠʩʩʣʝʜʦʚʘʪʴʩʷ ʚ ʨʘʤʢʘʭ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʳʭ ʨʘʙʦʪ [0]. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʠʣʦʩʴ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʥʘʫʯʥʳʝ ʜʘʥʥʳʝ, 

ʧʦʩʚʷʱʸʥʥʳʝ ʠʟʫʯʝʥʠʶ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʩʚʦʡʩʪʚ ʛʨʠʙʘ Lentinula edodes. ʆʩʥʦʚʥʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʘʥʘʣʠʟʫ ʙʠʦʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʢʣʶʯʘʷ ʧʦʣʠʩʘʭʘʨʠʜʳ 

(ʣʝʥʪʠʥʘʥ), ʛʣʠʢʦʧʨʦʪʝʠʥʳ ʠ ʪʝʨʧʝʥʦʠʜʳ, ʠʭ ʨʦʣʠ ʚ ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʧʨʦʣʠʬʝʨʘʮʠʠ 

ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʤʦʜʫʣʷʮʠʠ ʠʤʤʫʥʥʳʭ ʨʝʘʢʮʠʡ ʠ ʫʩʠʣʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʣʶʯʝʚʳʝ ʤʝʭʘʥʠʟʤʳ ʜʝʡʩʪʚʠʷ, 

ʪʘʢʠʝ ʢʘʢ ʠʥʜʫʢʮʠʷ ʘʧʦʧʪʦʟʘ, ʧʦʜʘʚʣʝʥʠʝ ʘʥʛʠʦʛʝʥʝʟʘ, ʘʢʪʠʚʘʮʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʢʠʣʣʝʨʦʚ 

(NK-ʢʣʝʪʦʢ) ʠ ʩʠʥʝʨʛʠʷ ʩ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤʠ ʘʛʝʥʪʘʤʠ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʠʮʝʣʠʡ L. edodes ʩʣʫʞʠʪ ʠʩʪʦʯʥʠʢʦʤ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʷ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʤʠʮʝʣʠʘʣʴʥʳʡ 

ʵʢʩʪʨʘʢʪ (LEM) ʠ ʚʦʜʥʳʡ ʵʢʩʪʨʘʢʪ ʦʩʘʜʢʘ ʤʠʮʝʣʠʷ (LAP). ʆʙʘ ʵʢʩʪʨʘʢʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʚʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʛʘʣʘʢʪʦʟʘ, ʘʨʘʙʠʥʦʟʘ, ʢʩʠʣʦʟʘ, ʤʘʥʥʦʟʘ ʠ 

ʬʨʫʢʪʦʟʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʭ ʩʣʦʞʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ [0]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʩʫʙʩʪʘʥʮʠʠ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʦʡ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʫʩʣʦʚʠʷʭ in vivo. ʌʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ LEM ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʪʨʠ 

ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʘ: ʣʠʛʥʠʥ (80%), ʫʛʣʝʚʦʜʳ (10%) ʠ ʙʝʣʢʠ (10%), ʘ ʪʘʢʞʝ 

ʠʤʤʫʥʦʘʢʪʠʚʥʳʡ ʢʦʤʧʣʝʢʩ EP3, ʠʛʨʘʶʱʠʡ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʤʦʜʫʣʷʮʠʠ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ 

[0]. 

ɺ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʗʧʦʥʠʠ ɓ-ʛʣʶʢʘʥ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ 

ʚ ʢʘʯʝʩʪʚʝ ʠʤʤʫʥʦʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʧʨʠ ʪʝʨʘʧʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, 

ʥʘʯʠʥʘʷ ʩ 1980 ʛʦʜʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ɓ-ʛʣʢʁʘʥʳ 

ʧʨʦʷʚʣʷʶʪ ʪʝʨʘʧʝʚʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʘʣʣʦʛʝʥʥʳʭ, ʩʠʥʛʝʥʥʳʭ, ʘ ʪʘʢʞʝ 

ʘʫʪʦʭʪʦʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʠʭ ʰʠʨʦʢʠʡ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʡ 

ʧʦʪʝʥʮʠʘʣ [0]. 

ʀʤʤʫʥʦʤʦʜʫʣʷʮʠʷ ʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʝ ʵʬʬʝʢʪʳ L. edodes 

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʩʚʦʡʩʪʚ ʛʨʠʙʦʚ ʙʳʣʠ ʠʥʠʮʠʠʨʦʚʘʥʳ ʚ 

ʗʧʦʥʠʠ ʚ ʢʦʥʮʝ 1960-ʭ ʛʦʜʦʚ. ɹʠʦʭʠʤʠʯʝʩʢʠʝ ʘʥʘʣʠʟʳ ʤʘʢʨʦʛʨʠʙʦʚ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, 

ʯʪʦ ʵʢʩʪʨʘʢʪʳ ʠʭ ʧʣʦʜʦʚʳʭ ʪʝʣ ʠ ʤʠʮʝʣʠʷ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠʥʛʠʙʠʨʦʚʘʪʴ 
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ʧʨʦʣʠʬʝʨʘʮʠʶ ʨʘʟʣʠʯʥʳʭ ʣʠʥʠʡ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʢʣʝʪʦʢ [0, 0]. ʀʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʠʡ 

ʵʬʬʝʢʪ ʛʨʠʙʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠ ʦʙʫʩʣʦʚʣʝʥ 

ʘʢʪʠʚʘʮʠʝʡ ʤʦʥʦʮʠʪʦʚ, ʩʪʠʤʫʣʠʨʫʶʱʠʭ ʩʠʥʪʝʟ IL-1, [0, 0] ʘ ʪʘʢʞʝ ʨʝʛʫʣʷʮʠʝʡ ʵʢʩʧʨʝʩʩʠʠ 

ʮʠʪʦʢʠʥʦʚ. ʉʪʨʫʢʪʫʨʥʳʝ ʘʥʘʣʦʛʠ ʛʣʶʢʘʥʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʢ 

ʜʝʡʩʪʚʠʶ ʞʝʣʫʜʦʯʥʦʡ ʢʠʩʣʦʪʳ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʤʘʢʨʦʬʘʛʘʣʴʥʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ 

ʢʠʰʝʯʥʦʛʦ ʵʧʠʪʝʣʠʷ, ʚʢʣʶʯʘʷ ʜʝʢʪʠʥ-1, ʪʦʣʣ-ʧʦʜʦʙʥʳʡ ʨʝʮʝʧʪʦʨ 2 (TLR-2), ʫʯʘʩʪʚʫʶʱʠʡ 

ʚ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʧʘʪʦʛʝʥ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ, ʠ ʣʘʢʪʦʟʠʣʮʝʨʘʤʠʜʳ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ɓ-ʛʣʶʢʘʥʳ, ʙʣʘʛʦʜʘʨʷ ʩʪʨʫʢʪʫʨʥʦʤʫ ʧʦʣʠʤʦʨʬʠʟʤʫ, ʦʙʣʘʜʘʶʪ ʚʘʨʠʘʙʝʣʴʥʳʤ 

ʘʬʬʠʥʠʪʝʪʦʤ ʢ ʫʢʘʟʘʥʥʳʤ ʨʝʮʝʧʪʦʨʘʤ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʫʶ ʘʢʪʠʚʘʮʠʶ 

ʠʤʤʫʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʤʘʢʨʦʦʨʛʘʥʠʟʤʘ [0]. ʇʨʦʚʝʜʝʥʥʳʝ in vivo ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʚʚʝʜʝʥʠʝ ɓ-ʛʣʶʢʘʥʘ, ʚʳʜʝʣʝʥʥʦʛʦ ʠʟ L. edodes, ʠʥʜʫʮʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ 

ʫʨʦʚʥʝʡ ʤʈʅʂ IL-1Ŭ, IL-1ɓ, TNF-Ŭ ʠ IFN-ŭ, ʧʦʜʪʚʝʨʞʜʘʷ ʝʛʦ ʨʦʣʴ ʚ ʤʦʜʫʣʷʮʠʠ 

ʮʠʪʦʢʠʥʦʚʦʛʦ ʢʘʩʢʘʜʘ. 

ʆʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ L. edodes ̫ ʚʣʷʶʪʩʷ 

ʠʥʜʫʢʮʠʷ ʢʣʝʪʦʯʥʦʡ ʘʧʦʧʪʦʟʳ ʠ ʧʦʚʳʰʝʥʠʝ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ, 

ʧʨʦʚʝʜʝʥʥʦʤ Zhang et al., ʧʦʣʠʧʨʦʪʝʠʥ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʤʠʮʝʣʠʷ L. edodes, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʨʦʩʪʘ ʩʘʨʢʦʤʳ ʤʳʰʝʡ S180 ʢʘʢ in vitro, 

ʪʘʢ ʠ in vivo, ʧʨʦʜʣʝʚʘʷ ʩʨʦʢ ʞʠʟʥʠ ʤʳʰʝʡ ʩ ʜʘʥʥʳʤʠ ʦʧʫʭʦʣʷʤʠ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʤʥʦʛʦʦʙʝʱʘʶʱʫʶ ʨʦʣʴ L. edodes ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ ʣʝʯʝʥʠʷ ʨʘʢʘ [0]. 

ɺ ʨʘʙʦʪʝ Chen et al., [0] ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʩʪʨʘʪʝʛʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ɓ-ʛʣʶʢʘʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʜʦʩʪʘʚʢʠ ʥʘʥʦʯʘʩʪʠʮ, 

ʩʦʜʝʨʞʘʱʠʭ ʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ, ʢ ʦʧʫʭʦʣʝʚʳʤ ʦʯʘʛʘʤ ʚ ʪʦʣʩʪʦʡ ʢʠʰʢʝ. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʨʘʧʠʠ ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʢʣʝʪʢʠ. 

ʂʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ Hazama et al., [0] ʧʦʜʪʚʝʨʜʠʣʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʦʨʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʣʝʥʪʠʥʘʥʘ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʧʨʦʛʨʝʩʩʠʨʫʶʱʠʤ 

ʢʦʣʦʨʝʢʪʘʣʴʥʳʤ ʨʘʢʦʤ. ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ Shizimu et al., 

[0] ʚ ʛʨʫʧʧʝ ʙʦʣʴʥʳʭ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʨʘʢʦʤ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ, ʛʜʝ ʪʝʨʘʧʠʷ 

ʣʝʥʪʠʥʘʥʦʤ ʘʩʩʦʮʠʠʨʦʚʘʣʘʩʴ ʩ ʫʣʫʯʰʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʝʡ ʚʳʞʠʚʘʝʤʦʩʪʠ. ɺ ʨʘʤʢʘʭ 

ʤʥʦʛʦʮʝʥʪʨʦʚʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʪʘʢʞʝ ʙʳʣʘ ʠʟʫʯʝʥʘ ʨʦʣʴ ʣʝʥʪʠʥʘʥʘ ʚ ʣʝʯʝʥʠʠ 

ʛʝʧʘʪʦʮʝʣʣʶʣʷʨʥʦʡ ʢʘʨʮʠʥʦʤʳ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʚʰʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʤʝʜʠʘʥʳ ʚʳʞʠʚʘʝʤʦʩʪʠ ʧʘʮʠʝʥʪʦʚ [0, 0]. 

Yamaguchi et al., ʧʨʝʜʣʦʞʠʣʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʵʢʩʪʨʘʢʪʦʚ ʤʠʮʝʣʠʷ 

L. edodes ʩ ʭʠʤʠʦʪʝʨʘʧʠʝʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ 

ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʧʘʮʠʝʥʪʦʚ [0]. ɽʱʝ ʦʜʥʦ ʩʦʝʜʠʥʝʥʠʝ, ʚʳʜʝʣʝʥʥʦʝ ʠʟ ʵʢʩʪʨʘʢʪʘ 

L. edodes ï Active Hexose Correlated Compound (AHCC), ï ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ ʘʜʲʶʚʘʥʪʥʦʡ ʪʝʨʘʧʠʠ ʫ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʙʦʣʴʥʳʭ [0, 0]. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ Ritz et al., [0], ʧʝʨʦʨʘʣʴʥʳʡ ʧʨʠʝʤ AHCC ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʡ ʘʛʝʥʪ, ʧʦʪʝʥʮʠʨʫʶʱʠʡ ʬʫʥʢʮʠʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʠʩʘʭʘʨʠʜʳ, ʵʢʩʪʨʘʛʠʨʫʝʤʳʝ ʠʟ L. edodes, ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤʠ ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʠʭ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʤʫ ʵʬʬʝʢʪʫ. ʌʝʥʦʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʛʨʠʙʝ, ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʦʤʦʛʘʷ ʩʥʠʟʠʪʴ 

ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ ʚ ʦʨʛʘʥʠʟʤʝ, ʯʪʦ ʤʦʞʝʪ ʩʥʠʞʘʪʴ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʨʘʢʦʚʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʠʩʘʭʘʨʠʜʥʘʷ ʬʨʘʢʮʠʷ ʠʟ 

L. edodes ʥʝ ʪʦʣʴʢʦ ʦʙʣʘʜʘʝʪ ʧʨʦʪʠʚʦʨʘʢʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʦ ʪʘʢʞʝ ʠʤʤʫʥʦʤʦʜʫʣʠʨʫʝʪ 

ʠ ʦʙʣʘʜʘʝʪ ʘʥʪʠʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʚʘʞʥʳʤʠ ʜʣʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ 

ʧʨʠʤʝʥʝʥʠʡ [0]. 

ɓ-ʛʣʶʢʘʥ ʠ ʝʛʦ ʧʦʪʝʥʮʠʘʣʴʥʦ-ʚʦʟʤʦʞʥʳʝ ʨʝʮʝʧʪʦʨʳ ʜʣʷ ʙʦʨʴʙʳ ʩ ʨʘʢʦʚʳʤʠ 

ʢʣʝʪʢʘʤʠ 

ɓ-1,3/1,6-ʛʣʶʢʘʥʳ ï ʧʨʠʨʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʩʪʝʥʢʘʭ ʢʣʝʪʦʢ 

ʛʨʠʙʘ L. edodes. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ɓ-1,3/1,6-ʛʣʶʢʘʥʳ ʤʦʛʫʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʠ 
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ʘʢʪʠʚʠʨʦʚʘʪʴ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʡ ʠʤʤʫʥʠʪʝʪ. ɺ ʭʦʜʝ ʵʚʦʣʶʮʠʠ ʠʤʤʫʥʥʘʷ ʩʠʩʪʝʤʘ 

çʥʘʫʯʠʣʘʩʴè ʨʘʩʧʦʟʥʘʚʘʪʴ ʠʭ ʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʘʢ ʥʘʜʝʞʥʳʡ ʩʪʠʤʫʣʷʪʦʨ 

ʠʤʤʫʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɓ-1,3/1,6-ʛʣʶʢʘʥʳ ʚ ʦʯʠʱʝʥʥʦʡ ʬʦʨʤʝ ʷʚʣʷʶʪʩʷ ʩʠʛʥʘʣʦʤ ʜʣʷ 

ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, ʯʪʦ ʛʦʪʦʚʠʪ ʝʝ ʜʣʷ ʙʳʩʪʨʦʛʦ, ʘʜʝʢʚʘʪʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʦʧʫʭʦʣʷʤ [0, 0]. 

 

 
ʈʠʩʫʥʦʢ 1. ï ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ɓ-1,3/1,6 ʛʣʶʢʘʥʘ [0] 

Figure 1. ï Chemical formula of ɓ-1,3/1,6 glucan [29] 

ʃʝʡʢʦʮʠʪʳ ʦʙʣʘʜʘʶʪ ʨʝʮʝʧʪʦʨʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʩʧʝʮʠʬʠʯʝʩʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ɓ-1,3/1,6-ʛʣʶʢʘʥʘʤʠ. ʂʣʶʯʝʚʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʠʭ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʦʡ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʙʦʢʦʚʳʭ ʮʝʧʝʡ ʚ ʩʪʨʫʢʪʫʨʝ ɓ-1,3-ʛʣʶʢʘʥʘ, ʢʦʪʦʨʳʝ ʧʨʠʩʦʝʜʠʥʝʥʳ ʢ 

ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʧʦʩʨʝʜʩʪʚʦʤ ɓ-1,6-ʛʣʠʢʦʟʠʜʥʳʭ ʩʚʷʟʝʡ [0, 0]. 

ʉʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ɓ-1,3/1,6-ʛʣʶʢʘʥʦʚ, ʚʢʣʶʯʘʷ ʥʘʣʠʯʠʝ ʙʦʢʦʚʳʭ ʮʝʧʝʡ, 

ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʦʩʥʦʚʥʦʡ ʮʝʧʴʶ ʧʦʩʨʝʜʩʪʚʦʤ ɓ-1,6-ʛʣʠʢʦʟʠʜʥʳʭ ʩʚʷʟʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʭ 

ʩʝʣʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʨʝʮʝʧʪʦʨʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʣʝʡʢʦʮʠʪʦʚ, ʪʘʢʠʤʠ ʢʘʢ 

ʤʘʢʨʦʬʘʛʠ, ʛʨʘʥʫʣʦʮʠʪʳ ʠ NK-ʢʣʝʪʢʠ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʥʮʠʧʝ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘʥʘʣʦʛʠʯʥʦʛʦ ʤʝʭʘʥʠʟʤʫ çʢʣʶʯ-ʟʘʤʦʢè. 

ʀʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʜʣʠʥʦʡ ʙʦʢʦʚʳʭ 

ʦʪʚʝʪʚʣʝʥʠʡ: ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʩ ʨʝʮʝʧʪʦʨʘʤʠ ʙʝʣʳʭ ʢʨʦʚʷʥʳʭ ʢʣʝʪʦʢ ʙʦʢʦʚʳʝ 

ʮʝʧʠ ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʛʣʶʢʦʟʥʳʭ ʦʩʪʘʪʢʦʚ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ 

ʠʥʜʫʮʠʨʦʚʘʪʴ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ [0, 0, 0]. 

ʄʘʢʨʦʬʘʛʠ, ʢʘʢ ʢʣʶʯʝʚʳʝ ʢʣʝʪʦʯʥʳʝ ʵʣʝʤʝʥʪʳ ʚʨʦʞʜʝʥʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ, 

ʘʢʪʠʚʠʨʫʶʪʩʷ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ɓ-1,3/1,6-ʛʣʶʢʘʥʘ ʩ ʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʨʝʮʝʧʪʦʨʘʤʠ, ʯʪʦ 

ʫʩʠʣʠʚʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʡ ʠʤʤʫʥʥʦʡ ʧʦʜʩʠʩʪʝʤʳ. ɼʘʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʘʢʞʝ ʠʥʜʫʮʠʨʫʝʪ ʩʝʢʨʝʮʠʶ ʤʘʢʨʦʬʘʛʘʤʠ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ, 

ʚʳʧʦʣʥʷʶʱʠʭ ʨʦʣʴ ʩʠʛʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʘʜʘʧʪʠʚʥʦʛʦ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ, 

ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ɺ- ʠ ʊ-ʣʠʤʬʦʮʠʪʘʤʠ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ, ʚʢʣʶʯʘʷ ʫʩʠʣʝʥʠʝ ʩʠʥʪʝʟʘ 

ʘʥʪʠʪʝʣ ʟʘ ʩʯʝʪ ʠʥʜʫʢʮʠʠ ʧʨʦʜʫʢʮʠʠ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʦʚ [0, 0, 0]. 
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ʈʠʩʫʥʦʢ 2. ï ʄʝʭʘʥʠʟʤ ʩʦʝʜʠʥʝʥʠʝ ɓ-1,3/1,6-ʛʣʶʢʘʥʘ ʩ ʨʝʮʝʧʪʦʨʦʤ ʤʘʢʨʦʬʘʛʘ ʠ 

ʝʛʦ ʘʢʪʠʚʘʮʠʷ 

Figure 2. ï Mechanism of ɓ-1,3/1,6-glucan binding to the macrophage receptor and its 

activation 

ʀʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʨʘʟʤʝʨʘ ɓ-ʛʣʶʢʘʥʳ ʥʝ ʤʦʛʫʪ ʥʘʧʨʷʤʫʶ ʧʨʦʥʠʢʘʪʴ 

ʯʝʨʝʟ ʢʣʝʪʦʯʥʫʶ ʤʝʤʙʨʘʥʫ. ɹʫʜʫʯʠ ʧʘʪʦʛʝʥ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ 

ʧʘʪʪʝʨʥʘʤʠ (PAMPs), ɓ-ʛʣʶʢʘʥʳ ʨʘʩʧʦʟʥʘʶʪʩʷ ʯʝʨʝʟ ʨʝʮʝʧʪʦʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ 

ʚʨʦʞʜʸʥʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ, ʪʘʢʠʭ ʢʘʢ ʤʘʢʨʦʬʘʛʠ ʠ ʜʝʥʜʨʠʪʥʳʝ ʢʣʝʪʢʠ. ʆʩʥʦʚʥʳʤʠ 

ʨʝʮʝʧʪʦʨʘʤʠ ʜʣʷ ɓ-ʛʣʶʢʘʥʦʚ ʷʚʣʷʶʪʩʷ Dectin-1 ʠ ʪʦʣʣ-ʧʦʜʦʙʥʳʝ ʨʝʮʝʧʪʦʨʳ. ʂ ʜʨʫʛʠʤ 

ʨʝʮʝʧʪʦʨʘʤ ʦʪʥʦʩʷʪʩʷ ʢʦʤʧʣʝʤʝʥʪʥʳʡ ʨʝʮʝʧʪʦʨ 3 (CR3), ʩʢʵʚʝʥʜʞʝʨ-ʨʝʮʝʧʪʦʨʳ (SR) ʠ 

ʣʘʢʪʦʟʠʣʮʝʨʘʤʠʜ (LacCer), ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ [0, 0]. 

ʈʝʮʝʧʪʦʨ Dectin-1 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʝʢʪʠʥ, ʩʦʩʪʦʷʱʠʡ ʠʟ 244 ʘʤʠʥʦʢʠʩʣʦʪ ʠ 

ʚʢʣʶʯʘʶʱʠʡ ʯʝʪʳʨʝ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʘ: ʚʥʝʢʣʝʪʦʯʥʳʡ ʜʦʤʝʥ, ʩʪʝʙʝʣʴʢʦʚʳʡ ʫʯʘʩʪʦʢ, 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʫʯʘʩʪʦʢ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ ʭʚʦʩʪ. 

ʎʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ ʭʚʦʩʪ ʩʦʜʝʨʞʠʪ ITAM-ʧʦʜʦʙʥʳʡ ʤʦʪʠʚ (ʠʤʤʫʥʦʨʝʮʝʧʪʦʨʥʳʡ 

ʪʠʨʦʟʠʥ-ʩʦʜʝʨʞʘʱʠʡ ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʤʦʪʠʚ), ʢʦʪʦʨʳʡ ʘʢʪʠʚʠʨʫʝʪ ʪʠʨʦʟʠʥʢʠʥʘʟʳ. Dectin-1 

ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʤʠʝʣʦʠʜʥʳʭ ʢʣʝʪʢʘʭ, ʪʘʢʠʭ ʢʘʢ ʥʝʡʪʨʦʬʠʣʳ, 

ʜʝʥʜʨʠʪʥʳʝ ʢʣʝʪʢʠ ʠ ʤʘʢʨʦʬʘʛʠ. ɼʘʥʥʳʡ ʨʝʮʝʧʪʦʨ ʩʧʦʩʦʙʝʥ ʨʘʩʧʦʟʥʘʚʘʪʴ ɓ-(1-3) (1-6)-

ʛʣʶʢʘʥʳ ʙʘʢʪʝʨʠʡ, ʛʨʠʙʦʚ ʠ ʨʘʩʪʝʥʠʡ. ʉʚʷʟʳʚʘʥʠʝ ɓ-ʛʣʶʢʘʥʦʚ ʩ Dectin-1 ʘʢʪʠʚʠʨʫʝʪ 

ʥʝʩʢʦʣʴʢʦ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʚʢʣʶʯʘʷ PI3K/Akt, MAPK, NFAT ʠ NF-əB, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ (ɸʌʂ), ʬʘʛʦʮʠʪʦʟʫ ʠ ʩʝʢʨʝʮʠʠ ʮʠʪʦʢʠʥʦʚ [0, 0]. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʥʘ ʤʦʜʝʣʷʭ ʯʝʣʦʚʝʢʘ ʠ ʤʳʰʝʡ) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, 

ʯʪʦ ʙʦʣʝʝ ʩʠʣʴʥʫʶ ʩʪʠʤʫʣʷʮʠʶ ʨʝʮʝʧʪʦʨʘ Dectin-1 ʚʳʟʳʚʘʶʪ ʯʘʩʪʠʮʳ ɓ-ʛʣʶʢʘʥʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʨʘʩʪʚʦʨʠʤʳʤʠ ʬʦʨʤʘʤʠ. ʊʘʢ, ʯʘʩʪʠʮʳ ɓ-ʛʣʶʢʘʥʦʚ ʫʩʠʣʠʚʘʶʪ ʩʝʢʨʝʮʠʶ 

ʮʠʪʦʢʠʥʦʚ, ʨʝʩʧʠʨʘʪʦʨʥʳʡ ʚʟʨʳʚ ï ʦʙʨʘʟʦʚʘʥʠʝ ɸʌʂ ʠ ʬʘʛʦʮʠʪʦʟ. ʕʪʦ ʨʘʟʣʠʯʠʝ 

ʦʙʲʷʩʥʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʯʘʩʪʠʮ ɓ-ʛʣʶʢʘʥʦʚ ʠʥʜʫʮʠʨʦʚʘʪʴ ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʨʝʮʝʧʪʦʨʦʚ 

Dectin-1 ʠ ʚʳʪʝʩʥʝʥʠʝ ʥʝʛʘʪʠʚʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ, ʪʘʢʠʭ ʢʘʢ CD148 ʠ CD45 

[0]. ʆʜʥʘʢʦ ʵʪʦ ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʘʩʪʚʦʨʠʤʳʝ ɓ-ʛʣʶʢʘʥʳ ʥʝ ʩʧʦʩʦʙʥʳ ʩʚʷʟʳʚʘʪʴʩʷ ʩ 

ʨʝʮʝʧʪʦʨʦʤ Dectin-1. ʈʷʜ ʨʘʙʦʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʨʘʩʪʚʦʨʠʤʳʝ ɓ-ʛʣʶʢʘʥʳ 

ʤʦʛʫʪ ʘʢʪʠʚʠʨʦʚʘʪʴ ʤʘʢʨʦʬʘʛʠ ʧʦʩʨʝʜʩʪʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ Dectin-1, ʫʩʠʣʠʚʘʷ 

ʧʨʦʜʫʢʮʠʶ ʮʠʪʦʢʠʥʦʚ ʠ ɸʌʂ [0]. ʂʨʦʤʝ ʪʦʛʦ, ɓ-ʛʣʶʢʘʥʳ ʩʧʦʩʦʙʥʳ ʘʢʪʠʚʠʨʦʚʘʪʴ 

ʜʝʥʜʨʠʪʥʳʝ ʢʣʝʪʢʠ ʯʝʨʝʟ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ Dectin-1, ʩʧʦʩʦʙʩʪʚʫʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ 

ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʭ T-ʣʠʤʬʦʮʠʪʦʚ ʠ T-ʭʝʣʧʝʨʦʚ 1 ʪʠʧʘ (Th1), ʯʪʦ ʫʩʠʣʠʚʘʝʪ ʢʣʝʪʦʯʥʳʡ 

ʠʤʤʫʥʠʪʝʪ [0]. 
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ʊʦʣʣ-ʧʦʜʦʙʥʳʝ ʨʝʮʝʧʪʦʨʳ (TLR) ʦʪʥʦʩʷʪʩʷ ʢ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʤ ʨʝʮʝʧʪʦʨʘʤ I ʪʠʧʘ, 

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʤʩʷ ʥʘ ʤʘʢʨʦʬʘʛʘʭ, ʜʝʥʜʨʠʪʥʳʭ ʢʣʝʪʢʘʭ, B-ʣʠʤʬʦʮʠʪʘʭ, T-ʣʠʤʬʦʮʠʪʘʭ ʠ 

ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʢʘʭ. TLR ʩʧʦʩʦʙʥʳ ʨʘʩʧʦʟʥʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʘʪʦʛʝʥʳ, ʚʢʣʶʯʘʷ ʛʨʠʙʳ, 

ʙʘʢʪʝʨʠʠ, ʚʠʨʫʩʳ ʠ ʧʨʦʩʪʝʡʰʠʭ, ʯʝʨʝʟ ʠʭ ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ 

ʜʚʫʮʝʧʦʯʝʯʥʘʷ ʈʅʂ (dsRNA), ʣʠʧʦʧʦʣʠʩʘʭʘʨʠʜ (LPS) ʠ ʬʣʘʛʝʣʣʠʥ (ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʡ ʩ 

TLR5). ʉʚʷʟʳʚʘʥʠʝ ʣʠʛʘʥʜʦʚ ʩ TLR ʘʢʪʠʚʠʨʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʚʢʣʶʯʘʷ ʧʫʪʠ, 

ʦʧʦʩʨʝʜʦʚʘʥʥʳʝ ʘʜʘʧʪʝʨʥʳʤʠ ʙʝʣʢʘʤʠ MyD88 ʠ TRIF, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʧʫʩʢʫ ʢʘʩʢʘʜʦʚ 

NF-əB ʠ MAPK, ʬʦʨʤʠʨʫʷ ʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ [0, 0, 0]. 

TLR4 ʤʦʞʝʪ ʠʛʨʘʪʴ ʨʦʣʴ ʚ ʫʩʠʣʝʥʠʠ ʘʢʪʠʚʥʦʩʪʠ ʠʤʤʫʥʥʳʭ ʢʣʝʪʦʢ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ɓ-ʛʣʶʢʘʥʦʚ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ Sahasrabudhe et al., ʫʨʦʚʝʥʴ NF-əB ʧʦʚʳʰʘʣʩʷ ʧʦʩʣʝ 

ʩʪʠʤʫʣʷʮʠʠ ɓ-ʛʣʶʢʘʥʘʤʠ ʚ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ Dectin-1 ʠ TLR4. 

ʈʘʟʣʠʯʥʳʝ ɓ-ʛʣʶʢʘʥʳ ʩʧʦʩʦʙʥʳ ʩʚʷʟʳʚʘʪʴʩʷ ʩ TLR: ʥʘʧʨʠʤʝʨ, ʟʠʤʦʟʘʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

TLR2/4 ʤʘʢʨʦʬʘʛʦʚ, ʘʢʪʠʚʠʨʫʷ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ NF-əB ʠ ʠʥʜʫʮʠʨʫʷ ʧʨʦʜʫʢʮʠʶ 

ʮʠʪʦʢʠʥʦʚ, ʪʘʢʠʭ ʢʘʢ TNF-Ŭ ʠ IL-12 [0]. ʅʠʩʭʦʜʷʱʠʝ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ TLR ʠ Dectin-1 ʤʦʛʫʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʟʠʤʦʟʘʥ, ʩʚʷʟʳʚʘʷʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ Dectin-

1 ʠ TLR2, ʟʘʧʫʩʢʘʝʪ ʦʙʘ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ï Dectin-1/Syk ʠ TLR/MyD88 ï ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʪʨʘʥʩʣʦʢʘʮʠʠ ʩʫʙʲʝʜʠʥʠʮ NF-əB ʚ ʷʜʨʦ [0]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ɓ-ʛʣʶʢʘʥʦʚ ʩ TLR4 

ʦʙʣʘʜʘʝʪ ʨʝʛʫʣʷʪʦʨʥʦʡ ʬʫʥʢʮʠʝʡ. ʇʨʠ ʙʣʦʢʠʨʦʚʘʥʠʠ TLR4 ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʚʳʰʝʥʠʝ 

ʫʨʦʚʥʷ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ (IL-23, IL-4, IL-6 ʠ TNF-Ŭ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʦʣʴ ɓ-

ʛʣʶʢʘʥʦʚ ʢʘʢ ʠʤʤʫʥʦʨʝʛʫʣʷʪʦʨʥʳʭ ʣʠʛʘʥʜʦʚ ʜʣʷ TLR4 [0]. 

ʂʦʤʧʣʝʤʝʥʪʥʳʡ ʨʝʮʝʧʪʦʨ 3 (CR3) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ 

ʛʝʪʝʨʦʜʠʤʝʨʥʳʡ ʠʥʪʝʛʨʠʥ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʮʝʧʝʡ: CD11b (Ŭm) ʠ CD18 (ɓ2). CD11b 

ʩʦʜʝʨʞʠʪ ʩʘʡʪ ʩʚʷʟʳʚʘʥʠʷ ʜʣʷ ɓ-ʛʣʶʢʘʥʦʚ. CR3 ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ NK-

ʢʣʝʪʢʘʭ, ʤʦʥʦʮʠʪʘʭ ʠ ʥʝʡʪʨʦʬʠʣʘʭ. ʈʘʩʪʚʦʨʠʤʳʝ ʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ɓ-ʛʣʶʢʘʥʳ 

ʩʧʦʩʦʙʥʳ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʬʘʛʦʮʠʪʘʤʠ ʠ NK-ʢʣʝʪʢʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ CR3. ʕʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʫʩʠʣʠʚʘʝʪ ʬʘʛʦʮʠʪʦʟ ʠ ʫʥʠʯʪʦʞʝʥʠʝ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʦʧʩʦʥʠʟʠʨʦʚʘʥʥʳʭ ʯʝʨʝʟ 

ʠʥʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧʣʝʤʝʥʪʘ 3b (iC3b) [0]. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʩʚʷʟʳʚʘʥʠʝ ɓ-

ʛʣʶʢʘʥʦʚ ʩ C-ʢʦʥʮʝʚʳʤ ʣʝʢʪʠʥʦʚʳʤ ʜʦʤʝʥʦʤ CR3 ʫʚʝʣʠʯʠʚʘʝʪ ʘʜʛʝʟʠʶ ʢ ʤʠʢʨʦʙʥʳʤ 

ʢʣʝʪʢʘʤ ʠ ʘʢʪʠʚʠʨʫʝʪ ʧʫʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ iC3b, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ ʢʘʩʢʘʜʫ ʢʣʝʪʦʯʥʳʭ ʨʝʘʢʮʠʡ, ʚʢʣʶʯʘʷ ʘʜʛʝʟʠʶ, 

ʬʘʛʦʮʠʪʦʟ, ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʠ ʤʠʛʨʘʮʠʶ [0]. 

ʃʘʢʪʦʟʠʣʮʝʨʘʤʠʜ (LacCer) ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʥʘ ʥʝʡʪʨʦʬʠʣʘʭ ʠ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ 

ʢʣʝʪʢʘʭ. ɼʘʥʥʳʡ ʨʝʮʝʧʪʦʨ ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʢʘʢ ʨʝʮʝʧʪʦʨ ʜʣʷ ɓ-ʛʣʶʢʘʥʦʚ, ʩʧʦʩʦʙʥʳʡ 

ʨʘʩʧʦʟʥʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠ ʧʘʪʦʛʝʥʳ, ʚʢʣʶʯʘʷ ʛʨʠʙʳ. ʉʚʷʟʳʚʘʥʠʝ ɓ-

ʛʣʶʢʘʥʦʚ ʩ LacCer ʟʘʧʫʩʢʘʝʪ ʚ ʥʝʡʪʨʦʬʠʣʘʭ ʨʷʜ ʨʝʘʢʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʭʝʤʦʪʘʢʩʠʩ, ʘʢʪʠʚʘʮʠʷ 

NF-əB ʠ ʩʝʢʨʝʮʠʷ ʮʠʪʦʢʠʥʦʚ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʫʩʠʣʠʚʘʶʪ ʘʥʪʠʤʠʢʨʦʙʥʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʥʝʡʪʨʦʬʠʣʦʚ ʠ ʠʥʜʫʮʠʨʫʶʪ ʚʳʨʘʙʦʪʢʫ ʤʘʢʨʦʬʘʛʘʣʴʥʦʛʦ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʙʝʣʢʘ-2 (MIP-2) 

ʠ TNF-Ŭ ʯʝʨʝʟ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ NF-əB ʠ PKC [0, 0, 0]. 

ʉʢʵʚʝʥʜʞʝʨ-ʨʝʮʝʧʪʦʨʳ (SR) ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʵʧʠʪʝʣʠʘʣʴʥʳʭ, ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʠ 

ʤʠʝʣʦʠʜʥʳʭ ʢʣʝʪʢʘʭ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ SR ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʢʣʘʩʩʳ A, B ʠ C. 

SR-A ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʦʤʦʪʨʠʤʝʨʥʳʡ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʙʝʣʦʢ, ʩʦʜʝʨʞʘʱʠʡ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ N-ʢʦʥʝʮ, ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ ʭʚʦʩʪ, ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʫʯʘʩʪʦʢ ʠ 

ʩʧʝʡʩʝʨʥʳʡ ʫʯʘʩʪʦʢ. SR ʨʘʩʧʦʟʥʘʶʪ ʨʘʟʣʠʯʥʳʝ ʣʠʛʘʥʜʳ, ʚʢʣʶʯʘʷ ʃʇʅʇ, ʃʇɺʇ, 

ʧʦʣʠʘʥʠʦʥʥʳʝ ʤʦʣʝʢʫʣʳ, ʘ ʪʘʢʞʝ ɓ-ʛʣʶʢʘʥʳ [0, 0]. ʃʝʥʪʠʥʘʥ ʩʚʷʟʳʚʘʝʪʩʷ ʩ SR ʠ 

ʘʢʪʠʚʠʨʫʝʪ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ, ʪʘʢʠʝ ʢʘʢ ʢʠʥʘʟʘ Akt, PI3K ʠ MAPK [0]. 

ʍʦʪʷ ʩʚʷʟʳʚʘʥʠʝ ɓ-ʛʣʶʢʘʥʦʚ ʩ LacCer ʠʣʠ SR ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʡʢʦʮʠʪʦʚ ʫʞʝ 

ʦʧʠʩʘʥʦ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʵʪʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʠ ʠʭ ʚʣʠʷʥʠʝ 

ʥʘ ʠʤʤʫʥʥʳʝ ʨʝʘʢʮʠʠ ʦʩʪʘʶʪʩʷ ʥʝʷʩʥʳʤʠ ʠ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [0]. ʆʙʟʦʨ 

ʫʧʦʤʷʥʫʪʳʭ ʨʝʮʝʧʪʦʨʦʚ ɓ-ʛʣʶʢʘʥʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩʫʥʦʢ 3. ʉʚʷʟʳʚʘʥʠʝ ɓ-ʛʣʶʢʘʥʘ ʩ ʨʝʮʝʧʪʦʨʘʤʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ [0] 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʳʜʝʣʷʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʘ  

 

ʇʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʚʳʩʰʠʭ ʛʨʠʙʦʚ: ʠʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʠʡ, 

ʘʥʪʠʘʥʛʠʦʛʝʥʥʳʡ ʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʡ. ʂʘʢ ʫʧʦʤʷʥʫʪʦ ʚʳʰʝ, ʠʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʝʝ 

ʜʝʡʩʪʚʠʝ ɓ-ʛʣʶʢʘʥʦʚ ʦʧʦʩʨʝʜʫʝʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʯʝʨʝʟ ʘʢʪʠʚʘʮʠʶ ʩʠʩʪʝʤʳ 

ʚʨʦʞʜʝʥʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ, ʧʨʠʚʦʜʷʱʫʶ ʢ ʩʪʠʤʫʣʷʮʠʠ ʤʘʢʨʦʬʘʛʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ 

ʩʠʥʪʝʟʫ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʮʠʪʦʢʠʥʦʚ, ʩʦʟʨʝʚʘʥʠʶ ɼʂ, ʧʦʣʷʨʠʟʘʮʠʠ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʠ ʪ. 

ʜ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ɓ-ʛʣʶʢʘʥʳ ʥʝ ʦʢʘʟʳʚʘʶʪ ʧʨʷʤʦʛʦ 

ʧʦʜʘʚʣʝʥʠʷ ʨʦʩʪʘ ʦʧʫʭʦʣʝʡ ʫ ʠʤʤʫʥʦʜʝʬʠʮʠʪʥʳʭ ʤʳʰʝʡ ʣʠʥʠʠ çnudeè, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ 

ʟʘʚʠʩʠʤʦʩʪʴ ʠʭ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʪ ʊ-ʢʣʝʪʦʯʥʦʛʦ ʟʚʝʥʘ ʠʤʤʫʥʠʪʝʪʘ. 

ʆʩʥʦʚʥʦʡ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʛʨʠʙʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʩʚʷʟʘʥ ʩ ʠʥʜʫʢʮʠʝʡ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ 

ʮʠʪʦʣʠʟʘ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ CD8+ ʊ-ʣʠʤʬʦʮʠʪʘʤʠ. ʇʘʨʘʣʣʝʣʴʥʦ ʚʳʷʚʣʝʥʳ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʧʫʪʠ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ, ʚʢʣʶʯʘʶʱʠʝ ʘʢʪʠʚʘʮʠʶ ʥʘʪʫʨʘʣʴʥʳʭ ʢʠʣʣʝʨʦʚ ʠ 

ʢʦʤʧʣʝʤʝʥʪ-ʟʘʚʠʩʠʤʳʡ ʣʠʟʠʩ ʢʣʝʪʦʢ ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ ʩʠʩʪʝʤʳ ʢʦʤʧʣʝʤʝʥʪʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ɓ-ʛʣʶʢʘʥʳ ʫʩʠʣʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʦʥʦʢʣʦʥʘʣʴʥʳʭ ʘʥʪʠʪʝʣ (ʤ-ɸʪ), 

ʚʳʩʪʫʧʘʷ ʚ ʨʦʣʠ ʘʜʲʶʚʘʥʪʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʝʣʝʢʪʠʚʥʦʡ ʵʣʠʤʠʥʘʮʠʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʢʣʝʪʦʢ [0, 0, 0, 0]. 

ɺʦʜʥʳʝ ʵʢʩʪʨʘʢʪʳ L. edodes ʩʧʦʩʦʙʥʳ ʠʥʜʫʮʠʨʦʚʘʪʴ ʛʠʙʝʣʴ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʥʝ 

ʪʦʣʴʢʦ ʯʝʨʝʟ ʠʤʤʫʥʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʥʦ ʠ ʧʨʠ ʧʨʷʤʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ. ʀʭ ʮʠʪʦʩʪʘʪʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʘʢʪʠʚʘʮʠʠ ʘʧʦʧʪʦʟʘ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʜʘʚʣʝʥʠʝʤ 

ʘʥʪʠʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʙʝʣʢʦʚ Bcl-2, ʫʩʠʣʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʢʘʩʧʘʟʳ-3 ʠ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ 

ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ PI3K/Akt. ɼʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʦʙʫʩʣʦʚʣʝʥʳ ʜʝʡʩʪʚʠʝʤ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʙʠʦʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʩʦʩʪʘʚʝ ʥʝʦʯʠʱʝʥʥʳʭ ʕʢʩʪʨʘʢʪʦʚ, ï 

ʪʨʠʪʝʨʧʝʥʦʚ, ʩʪʝʨʦʣʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ. ʇʨʠ ʵʪʦʤ ɓ-D-ʛʣʶʢʘʥʳ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʫʢʘʟʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʝ ʧʨʦʷʚʣʷʶʪ ʧʨʷʤʦʡ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʠ. ʂʘʢ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

Wasser et al., ʚʳʩʦʢʦʦʯʠʱʝʥʥʳʝ ʛʨʠʙʥʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ ʥʝ ʚʣʠʷʶʪ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʪʝʣʦʤʝʨʘʟ, 
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͙͚͋ͫͦ͡ 

˨͔ͦͣͤ 

͍͙͔ͪ͊ͫͨͦͤ͊͊ͤ͘ 
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ʜʣʠʥʫ ʪʝʣʦʤʝʨ ʠʣʠ ʨʝʛʫʣʷʮʠʶ ʘʧʦʧʪʦʟʘ ʚ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ ʩʘʨʢʦʤʳ, ʢʘʨʮʠʥʦʤʳ ʠ 

ʙʣʘʩʪʦʤʳ [0, 0, 0, 0]. 

ɺ ʩʪʨʘʥʘʭ ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ (ʗʧʦʥʠʷ, ʂʠʪʘʡ, ʖʞʥʘʷ ʂʦʨʝʷ) ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʘʷ ʦʪʨʘʩʣʴ 

ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪ ɓ-ʛʣʶʢʘʥʳ ʠ ʧʦʣʠʩʘʭʘʨʠʜ-ʙʝʣʢʦʚʳʝ ʢʦʤʧʣʝʢʩʳ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ 

L. edodes, ʚ ʢʘʯʝʩʪʚʝ ʘʜʲʶʚʘʥʪʦʚ ʧʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʦʥʢʦʣʦʛʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ. ʕʪʠ 

ʧʨʝʧʘʨʘʪʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʫʩʠʣʝʥʠʷ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʦʩʥʦʚʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʣʝʯʝʥʠʷ ï ʭʠʨʫʨʛʠʯʝʩʢʠʤ ʚʤʝʰʘʪʝʣʴʩʪʚʦʤ, ʨʘʜʠʦʪʝʨʘʧʠʝʡ ʠ ʭʠʤʠʦʪʝʨʘʧʠʝʡ. ɺ 

ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʦʙʟʦʨʘ ʚʦʧʨʦʩʳ ʢʣʠʥʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɓ-ʛʣʶʢʘʥʦʚ ʩʦʟʥʘʪʝʣʴʥʦ 

ʠʩʢʣʶʯʝʥʳ ʠʟ ʘʥʘʣʠʟʘ, ʪʘʢ ʢʘʢ ʦʥʠ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʧʫʙʣʠʢʘʮʠʷʭ [0, 0]. 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʠʤʤʫʥʦʤʦʜʫʣʷʪʦʨʦʚ ʦʩʪʘʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ 

ʩʦʚʨʝʤʝʥʥʦʡ ʬʘʨʤʘʢʦʣʦʛʠʠ, ʫʯʠʪʳʚʘʷ ʦʛʨʘʥʠʯʝʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʚʳʨʘʞʝʥʥʳʝ 

ʧʦʙʦʯʥʳʝ ʨʝʘʢʮʠʠ ʤʥʦʛʠʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʝʧʘʨʘʪʦʚ. ʆʩʦʙʳʝ ʩʣʦʞʥʦʩʪʠ ʩʚʷʟʘʥʳ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʘʨʝʥʪʝʨʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʪʘʢʠʭ ʩʨʝʜʩʪʚ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ 

ɓ-ʛʣʶʢʘʥʳ ʚʳʩʰʠʭ ʙʘʟʠʜʠʦʤʠʮʝʪʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ ï ʦʥʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʧʨʠ ʧʝʨʦʨʘʣʴʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʠ ʤʠʥʠʤʘʣʴʥʫʶ 

ʪʦʢʩʠʯʥʦʩʪʴ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʪʝʨʘʧʝʚʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʨʠʙʥʳʭ ʵʢʩʪʨʘʢʪʦʚ 

ʟʘʯʘʩʪʫʶ ʦʙʫʩʣʦʚʣʝʥʘ ʩʠʥʝʨʛʠʝʡ ʢʦʤʧʦʥʝʥʪʦʚ: ʬʝʥʦʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʪʝʨʧʝʥʦʠʜʳ ʠ 

ʚʠʪʘʤʠʥʳ ʚ ʥʝʦʯʠʱʝʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ ʫʩʠʣʠʚʘʶʪ ʜʝʡʩʪʚʠʝ ɓ-ʛʣʶʢʘʥʦʚ. ʕʪʦ ʩʪʘʚʠʪ ʧʦʜ 

ʩʦʤʥʝʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʦʦʯʠʱʝʥʥʳʭ ʬʦʨʤ. 

ʆʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʡ: 1) 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʭ ʤʦʥʦ-ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʪʦʯʝʯʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ; 2) ʢʦʤʧʣʝʢʩʥʳʭ 

ʵʢʩʪʨʘʢʪʦʚ ʩ ʧʦʣʠʚʘʣʝʥʪʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʜʝʡʩʪʚʠʷ. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʵʬʬʝʢʪʦʚ ɓ-ʛʣʶʢʘʥʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʣʠʩʘʭʘʨʠʜ ɓ-ʛʣʶʢʘʥ ʦʢʘʟʳʚʘʝʪ 

ʠʥʛʠʙʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʪ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʚ ʦʨʛʘʥʠʟʤʝ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʩʧʦʩʦʙʝʥ 

ʤʦʜʫʣʠʨʦʚʘʪʴ ʵʢʩʧʨʝʩʩʠʶ ʨʷʜʘ ʛʝʥʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʨʘʢʦʚʳʤʠ ʢʣʝʪʢʘʤʠ, 

ʦʩʪʘʥʘʚʣʠʚʘʪʴ ʠʭ ʢʣʝʪʦʯʥʳʡ ʮʠʢʣ ʠ ʠʥʜʫʮʠʨʦʚʘʪʴ ʘʧʦʧʪʦʪʠʯʝʩʢʠʡ ʦʪʚʝʪ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʭʠʤʠʯʝʩʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ɓ-ʛʣʶʢʘʥʦʚ, ʪʘʢʠʝ ʢʘʢ ʛʠʜʨʦʢʩʠʤʝʪʠʣʠʨʦʚʘʥʠʝ, 

ʛʠʜʨʦʢʩʠʧʨʦʧʠʣʠʨʦʚʘʥʠʝ ʠ ʤʝʪʠʣʠʨʦʚʘʥʠʝ, ʤʦʛʫʪ ʧʦʚʳʰʘʪʴ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ ʠ 

ʫʩʠʣʠʚʘʪʴ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʆʜʥʘʢʦ ʜʣʷ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ɓ-ʛʣʶʢʘʥʦʚ 

ʚ ʪʝʨʘʧʠʠ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʧʘʪʦʣʦʛʠʡ ʥʝʦʙʭʦʜʠʤʳ 

ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʩʠʛʥʘʣʴʥʳʭ 

ʧʫʪʝʡ ʠ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɓ-ʛʣʶʢʘʥʦʚ ʩ ʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ 

ʨʝʮʝʧʪʦʨʘʤʠ. 

  ʈʝʮʝʥʟʝʥʪ: ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ,  

 ʧʨʦʬʝʩʩʦʨ ʐʘʭʘʙ ʉ.ʅ.  
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