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ɸʙʫʥʠʥ ɸ.ɸ., ɸʙʫʥʠʥʘ ʄ.ɸ., ɹʝʣʦʚ ɸ.ɺ., ɼʠʜʝʥʢʦ ʂ.ɸ., ʄʘʫʨʯʝʚ ɽ.ɸ., ʐʣʳʢ ʅ.ʉ. 

ʀɿʄʀʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʛ. ʊʨʦʠʮʢ, ʈʦʩʩʠʷ 

abunin@izmiran.ru  

 

ʉ 2006 ʛ. ʀɿʄʀʈɸʅ ʧʨʠʚʣʝʯʝʥ ʢ ʨʘʙʦʪʘʤ ʧʦ ʩʦʟʜʘʥʠʶ, ʧʨʠ ʛʦʣʦʚʥʦʡ 

ʨʦʣʠ ɸʆ çʎʅʀʀʤʘʰè, ʦʪʨʘʩʣʝʚʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦʙ ʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʷʭ ʚ ʦʢʦʣʦʟʝʤʥʦʤ ʢʦʩʤʠʯʝʩʢʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ (ɸʉʇʆʉ ʆʂʇ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʳʭ ʨʘʙʦʪ ʥʘ ʙʘʟʝ 

ʎʝʥʪʨʘ ʧʨʦʛʥʦʟʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʀɿʄʀʈɸʅ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʥʠʡ ʛʦʣʦʚʥʦʛʦ ʟʘʢʘʟʯʠʢʘ, ʩʦʟʜʘʥ ʠ 

ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʉʝʛʤʝʥʪ ʧʦ ʨʘʩʯʝʪʫ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʡ ʠ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ (ʉʝʛʤʝʥʪ ʈʇʉɻɸ) ɸʉʇʆʉ ʆʂʇ. 

 ʉʝʛʤʝʥʪ ʈʇʉɻɸ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚ ʠʥʪʝʨʝʩʘʭ ɸʉʇʆʉ ʆʂʇ ʚʳʧʦʣʥʝʥʠʝ 

ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʩʤʠʯʝʩʢʦʡ 

ʧʦʛʦʜʝ, ʘ ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʡ ʠ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ (ʩʦʩʪʦʷʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ) ʥʘ ʟʘʜʘʥʥʳʝ ʠʥʪʝʨʚʘʣʳ 

ʚʨʝʤʝʥʥʦʛʦ ʫʧʨʝʞʜʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʳʜʘʯʫ ʧʨʝʜʫʧʨʝʞʜʝʥʠʡ ʦ ʨʝʟʢʠʭ 

ʠʟʤʝʥʝʥʠʷʭ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ.  

ɺ 2015 ʛ. ʟʘʚʝʨʰʝʥʦ ʩʦʟʜʘʥʠʝ ʚʪʦʨʦʡ ʦʯʝʨʝʜʠ ʩʠʩʪʝʤʳ ɸʉʇʆʉ ʆʂʇ, 

ʢʦʪʦʨʘʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʳʭ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ) ʠʩʧʳʪʘʥʠʡ 

ʧʨʠʥʷʪʘ ʚ ʦʧʳʪʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ. ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ, ʚ ʨʘʤʢʘʭ ʩʦʟʜʘʥʠʷ 

ʪʨʝʪʴʝʡ ʦʯʝʨʝʜʠ ɸʉʇʆʉ ʆʂʇ ʠ ʥʘ ʦʩʥʦʚʝ ʩʦʟʜʘʥʥʦʛʦ ʨʘʥʝʝ ʉʝʛʤʝʥʪʘ 

ʈʇʉɻɸ, ʩʦʟʜʘʥ ʠ ʧʨʦʚʦʜʷʪʩʷ ʠʩʧʳʪʘʥʠʷ ʫʞʝ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʩʝʛʤʝʥʪʘ 

ʧʦ ʨʘʩʯʝʪʫ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʡ ʠ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʉʝʛʤʝʥʪʘ 

ʈʇʉɻɸ-ʄ). ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʧʨʦʚʦʜʷʪʩʷ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ. ɺʚʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʘʟʥʘʯʝʥ ʥʘ ʥʦʷʙʨʴ 2025 ʛʦʜʘ. 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤʳ ʠ ʤʝʪʦʜʠʢʠ, ʟʘʣʦʞʝʥʥʳʝ ʚ ʉʝʛʤʝʥʪ 

ʈʇʉɻɸ-ʄ. 
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ɸʙʨʘʤʝʥʢʦ ɺ.ʀ., ʉʫʣʝʡʤʘʥʦʚʘ ʈ.ɸ. 
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vabramenko@gmail.com  

 

ɿʘʤʘʛʥʠʯʝʥʥʘʷ ʧʣʘʟʤʘ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʳ ʨʘʟʚʠʚʘʝʪʩʷ ʢʘʢ ʣʶʙʘʷ 

ʥʝʣʠʥʝʡʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʜʠʩʩʠʧʘʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʩ ʧʨʠʩʫʱʠʤʠ ʝʡ 

ʩʚʦʡʩʪʚʘʤʠ: ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʪʫʨʙʫʣʠʟʘʮʠʠ, ʧʝʨʝʤʝʞʘʝʤʦʩʪʴ ʠ ʩʢʣʦʥʥʦʩʪʴ ʢ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ï ʩʧʦʩʦʙʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʪʴ ʢʦʛʝʨʝʥʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚʩʝʭ 

ʤʘʩʰʪʘʙʦʚ ʠʟ ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʛʦ ʭʘʦʩʘ. ʉʠʩʪʝʤʳ ʩ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʝʡ (self-

organization, SO) ʚʢʣʶʯʘʶʪ ʦʯʝʥʴ ʚʘʞʥʳʡ ʧʦʜʢʣʘʩʩ ï ʩʠʩʪʝʤʳ ʩ 

ʩʘʤʦʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʢʨʠʪʠʯʥʦʩʪʴʶ (Self-organized criticality, SOC). ɺ SOC-

ʩʠʩʪʝʤʘʭ ʩʧʦʥʪʘʥʥʦ ʩʣʫʯʘʶʪʩʷ ʵʧʠʟʦʜʳ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʣʶʙʦʛʦ ʤʘʩʰʪʘʙʘ, 

ʚʧʣʦʪʴ ʜʦ ʤʘʩʰʪʘʙʘ ʚʩʝʡ ʩʠʩʪʝʤʳ. ɺʦʟʤʦʞʥʳʝ ʧʝʨʝʭʦʜʳ ʩʠʩʪʝʤʳ ʠʟ SO ʚ 

SOC (ʠ ʥʘʦʙʦʨʦʪ) ʚʝʩʴʤʘ ʩʣʘʙʦ ʠʟʫʯʝʥʳ. ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ï ʵʪʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʨʤʳ ʠ ʧʦʚʝʜʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ. ʉʯʠʪʘʝʪʩʷ 

ʦʙʱʝʧʨʠʥʷʪʳʤ [1], ʯʪʦ ʚ ʩʦʩʪʦʷʥʠʠ SOC ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ ʩʪʝʧʝʥʥʦʡ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʝʡ (ʩʪʝʧʝʥʥʦʡ ʩʧʝʢʪʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ 

ʚʜrʝʣʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ). ʅʘʧʨʦʪʠʚ, ʚ ʩʦʩʪʦʷʥʠʠ SO ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ 

ʬʫʥʢʮʠʷ ʠʤʝʝʪ ʫʯʘʩʪʢʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʝʨʝʛʠʙʳ ʠ 

ʙʫʛʨʳ. ʅʘʣʠʯʠʝ ʧʦʩʣʝʜʥʠʭ ʦʟʥʘʯʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʬʦʨʤʠʨʦʚʘʪʴ  

ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʚ ʦʪʜʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʤʘʩʰʪʘʙʦʚ. 

ɺ ʨʘʙʦʪʝ [2] ʤʳ ʩʨʘʚʥʠʣʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʜʣʷ ʚʦʩʴʤʠ 

ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ (ɸʆ) ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʩʪʠ ʠ ʚʩʧʳʰʝʯʥʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʣʷ ʚʩʝʭ ɸʆ 

ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʨʘʜʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʝ 

ʧʦʜʯʠʥʷʝʪʩʷ ʩʪʝʧʝʥʥʦʤʫ ʟʘʢʦʥʫ, ʘ ʥʘ ʤʘʩʰʪʘʙʘʭ ʤʝʥʝʝ 40 ʄʤ ʚʳʧʦʣʥʷʝʪʩʷ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʟʘʢʦʥ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʩʪʦʷʥʠʝ SOC ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʠʤʝʝʪ ʤʝʩʪʦ ʩʦʩʪʦʷʥʠʝ SO.  ɺʩʪʘʣ ʚʦʧʨʦʩ ʦ 

ʪʦʤ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ɸʆ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʧʦ ʤʝʨʝ ʥʘʨʘʩʪʘʥʠʷ ʝʝ ʚʩʧʳʰʝʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ.  ʄʳ 

ʧʨʦʚʝʣʠ ʪʘʢʦʡ ʘʥʘʣʠʟ ʜʣʷ ɸʆ NOAA 13354, ʦʪʩʣʝʜʠʚ ʝʝ ʨʘʟʚʠʪʠʝ ʧʦ ʤʝʨʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʧʦ ʜʠʩʢʫ ʦʪ ʤʦʤʝʥʪʘ ʚʩʧʣʳʪʠʷ ʜʦ ʤʫʣʴʪʠʧʦʣʷʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʠ ʧʝʨʚʳʭ ʤʦʱʥʳʭ ʚʩʧʳʰʝʢ ʄ3.8 ʠ ʍ1.1. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʝʸ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ 

ʬʫʥʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʳʷʚʣʷʝʪ ʫʩʪʦʡʯʠʚʳʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʫʯʘʩʪʦʢ 

ʥʘ ʤʘʩʰʪʘʙʘʭ ʤʝʥʝʝ 35 ʄʤ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʦʢʘʟʳʚʘʝʪ ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʥʘ ʙɧʣʴʰʠʭ ʤʘʩʰʪʘʙʘʭ (ʩʤ. ʈʠʩ.1). ɸ ʠʤʝʥʥʦ, ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ 

ʦʙʣʘʩʪʠ ʨʘʩʪʫʪ ʜʣʠʥʥʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ. 
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ʈʠʩ.1 ʀʟʤʝʥʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɸʆ NOAA 13354 ʚ 

ʪʝʯʝʥʠʝ 5-ʪʠ ʜʥʝʡ ʥʘʙʣʶʜʝʥʠʡ. ʍʦʨʦʰʦ ʟʘʤʝʪʥʦ ʥʘʨʘʩʪʘʥʠʝ ʜʣʠʥʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʩʚʷʟʝʡ, ʦʩʦʙʝʥʥʦ ʚ ʠʥʪʝʨʚʘʣ ʦʪ ʧʝʨʚʦʡ ʤʦʱʥʦʡ ʚʩʧʳʰʢʠ ʄ3.8 29.06/14:00 UT ʢ ʤʦʤʝʥʪʫ 

ʩʘʤʦʡ ʤʦʱʥʦʡ ʚʩʧʳʰʢʠ ʍ1.1 02.07/22:54 UT   

   

ɺ ʢʘʯʝʩʪʚʝ ʚʳʚʦʜʘ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʜʚʘ ʤʦʤʝʥʪʘ. ʇʝʨʚʦʝ, ʚ ʪʝʦʨʠʠ 

ʧʝʨʢʦʣʷʮʠʠ ʫʩʠʣʝʥʠʝ ʜʣʠʥʥʳʭ ʢʦʨʨʝʣʷʮʠʡ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʳʤ 

ʧʨʠʟʥʘʢʦʤ ʧʨʠʙʣʠʞʝʥʠʷ ʩʦʩʪʦʷʥʠʷ SOC (ʩʦʩʪʦʷʥʠʷ ʧʨʦʪʝʢʘʥʠʷ). ɼʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʫʩʪʨʦʠʪʴ, ʥʘʧʨʠʤʝʨ, ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʡ ʧʦʞʘʨ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʜʞʝʯʴ 

ʦʜʥʦ ʜʝʨʝʚʦ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʝʩʧʝʯʠʪʴ ʜʣʠʥʥʳʡ ʩʚʷʟʥʳʡ 

ʢʣʘʩʪʝʨ ʜʝʨʝʚʴʝʚ, ʩʧʦʩʦʙʥʳʡ ʧʝʨʝʜʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʙʳʩʪʨʦ ʠ ʥʘ ʙʦʣʴʰʠʝ 

ʨʘʩʩʪʦʷʥʠʷ. ɺ ʵʪʦʤ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʨʦʣʴ ʜʣʠʥʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʚ 

ʫʩʪʘʥʦʚʣʝʥʠʠ SOC. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʪʨʠʛʛʝʨ ʚʩʧʳʰʢʠ (ʢʘʢ ʧʦʜʞʝʛ 

ʝʜʠʥʠʯʥʦʛʦ ʜʝʨʝʚʘ) ʛʜʝ-ʪʦ ʚ ʢʦʨʦʥʝ (ʢʦʪʦʨʘʷ, ʥʝʩʦʤʥʝʥʥʦ, ʥʘʭʦʜʠʪʩʷ ʚ 

ʩʦʩʪʦʷʥʠʠ SOC), ʘ ʚʦʪ ʚ ʨʝʘʣʠʟʘʮʠʠ ʜʣʠʥʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ, 

ʦʢʘʟʳʚʘʝʪʩʷ, ʫʯʘʩʪʚʫʝʪ ʠ ʬʦʪʦʩʬʝʨʘ. ʀ ʚʪʦʨʦʝ: ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʜʣʷ 

ʧʦʣʥʦʮʝʥʥʦʛʦ ʧʨʦʛʥʦʟʘ ʚʩʧʳʰʝʢ, ʥʘʨʷʜʫ ʩ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤʠ ʧʦʜʭʦʜʘʤʠ 

ʘʥʘʣʠʟʘ ʩʠʣʴʥʳʭ ʛʨʘʜʠʝʥʪʦʚ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʥʘ ʤʘʣʳʭ ʤʘʩʰʪʘʙʘʭ, 

ʥʝʦʙʭʦʜʠʤ ʫʯʝʪ ʠʟʤʝʥʝʥʠʡ ʥʘ ʙʦʣʴʰʠʭ ʤʘʩʰʪʘʙʘʭ. ʀ ʚʦʟʤʦʞʥʦ, ʥʝ ʪʦʣʴʢʦ ʚ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʜʣʠʥʝ. ʀʤʝʥʥʦ ʧʨʦʮʝʩʩʳ ʥʘ ʙʦʣʴʰʠʭ ʤʘʩʰʪʘʙʘʭ ʚ 

ʩʦʩʪʦʷʥʠʠ ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝʥʦʩ ʪʝʭ ʦʙʲʝʤʦʚ ʵʥʝʨʛʠʠ ʚ ʢʦʨʦʥʫ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʚʩʧʳʰʝʢ.  

 

 

ʃʠʪʝʨʘʪʫʨʘ 
1. Watkins N.W., Pruessner G., Chapman S., Crosby N. B., Jensen H. J. 25 Years of Self-

organized Criticality: Concepts and Controversies // Sp. Sci. Res. V. 198. P. 3-44. 2016. 

2. Abramenko V.I., Suleymanova R.A. Correlation functions of photospheric magnetic fields 

in solar active regions // Solar Phys. V. 299.  P. 299-330. 2024. 
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1
, ɻʝʨʰʙʝʨʛ ʈ.ɽ.2

 
1
 ɻɸʀʐ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2
 ʂʨɸʆ ʈɸʅ, ʅʘʫʯʥʳʡ, ʂʨʳʤ, ʈʦʩʩʠʷ 
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ɺ ʤʠʥʫʚʰʝʤ ʛʦʜʫ ʦʪʤʝʯʘʣʦʩʴ ʩʪʦʣʝʪʠʝ ʩʦ ʜʥʷ ʦʪʢʨʳʪʠʷ ʕʡʥʘʨʦʤ 

ɻʝʨʮʰʧʨʫʥʛʦʤ ʚʩʧʳʭʠʚʘʶʱʠʭ ʢʨʘʩʥʳʭ ʢʘʨʣʠʢʦʚʳʭ ʟʚʸʟʜ ʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʙʦʣʴʰʘʷ ʤʦʥʦʛʨʘʬʠʷ ɻʝʨʰʙʝʨʛʘ ʠ ʜʨ. 

(2024) [1], ʚ ʢʦʪʦʨʦʡ ʜʝʪʘʣʴʥʦ ʠʟʣʦʞʝʥʘ ʠʩʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʬʠʟʠʢʠ ʟʚʸʟʜ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʩʦʣʥʝʯʥʦʛʦ ʪʠʧʘ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʝʱʸ ʥʝʨʝʰʸʥʥʳʝ 

ʚʦʧʨʦʩʳ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʘʩʪʨʦʬʠʟʠʢʠ. ʄʳ ʦʛʨʘʥʠʯʠʤʩʷ ʟʘʜʘʯʘʤʠ, 

ʢʘʩʘʶʱʠʤʠʩʷ ʟʚʸʟʜʥʳʭ ʧʷʪʝʥ, ʚʩʧʳʰʝʢ, ʮʠʢʣʠʯʥʦʩʪʠ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʤʘʛʥʝʪʠʟʤʘ.  

 

ʃʠʪʝʨʘʪʫʨʘ 
1. Gershberg R., Kleeorin N., Pustilnik L., Airapetian V., Shlyapnikov A. ï ñPhysics of 

mid- and low-mass stars with solar-type activity and their impact on exoplanetary 

environmentsò// Simferopolô: ñFormaò, 764PP, 2024. 
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ɿʘ ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʜʝʩʷʪʠʣʝʪʠʷ ʥʝʧʨʝʨʳʚʥʳʝ ʛʝʣʠʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʝ 

ʥʘʙʣʶʜʝʥʠʷ ʉʦʣʥʮʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʣʠ ʥʘʰʝ ʧʦʥʠʤʘʥʠʝ ʦʩʥʦʚʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ [1]. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʚʨʘʱʝʥʠʷ ʉʦʣʥʮʘ ʤʝʪʦʜʘʤʠ ʛʣʦʙʘʣʴʥʦʡ ʛʝʣʠʦʩʝʡʩʤʦʣʦʛʠʠ, ʠ ʚ 

ʯʘʩʪʥʦʩʪʠ, ʠʟʫʯʝʥʠʝ ʤʠʛʨʠʨʫʶʱʠʭ ʟʦʥʘʣʴʥʳʭ ʧʦʪʦʢʦʚ, ʠʟʚʝʩʪʥʳʭ ʢʘʢ 

ʢʨʫʪʠʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʧʨʝʜʩʪʘʚʠʣʠ ʚʘʞʥʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʚʦʣʥ ʜʠʥʘʤʦ, ʚʦʟʥʠʢʘʶʱʠʭ ʫ ʦʩʥʦʚʘʥʠʷ ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʳ ʉʦʣʥʮʘ (ʨʠʩ.1) 

[2,3]. ʕʪʠ ʚʦʣʥʳ ʜʠʥʘʤʦ, ʧʨʝʜʩʢʘʟʘʥʥʳʝ ʪʝʦʨʠʝʡ ʇʘʨʢʝʨʘ, ʤʠʛʨʠʨʫʶʪ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʛʝʥʝʨʠʨʫʷ ʤʘʛʥʠʪʥʳʝ ʘʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ ʚ ʩʨʝʜʥʠʭ ʠ ʥʠʟʢʠʭ 

ʰʠʨʦʪʘʭ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʷ ʩʤʝʥʝ ʧʦʣʷʨʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʧʦʣʷʨʥʳʭ ʨʝʛʠʦʥʘʭ. ʊʘʢʞʝ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʣʥʳʡ ʮʠʢʣ ʢʨʫʪʠʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 22-ʣʝʪʥʠʡ çʨʘʩʰʠʨʝʥʥʳʡè ʮʠʢʣ ʉʦʣʥʮʘ, ʨʘʥʝʝ 

ʠʟʚʝʩʪʥʳʡ ʠʟ ʥʘʙʣʶʜʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʠ 

ʢʦʨʦʥʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ [4].  

ɻʝʣʠʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʚʳʷʚʠʣʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʩ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʝʡ ʜʠʥʘʤʦ ɹʵʙʢʦʢʘïʃʝʡʪʦʥʘ [5] ʠ ʧʦʜʪʚʝʨʜʠʣʠ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʄɻɼ ʤʦʜʝʣʠ ʜʠʥʘʤʦ, ʢʦʪʦʨʘʷ 

ʦʙʲʷʩʥʷʝʪ 22-ʣʝʪʥʠʡ çʨʘʩʰʠʨʝʥʥʳʡè ʮʠʢʣ ʉʦʣʥʮʘ [6]. ʕʪʦʪ ʮʠʢʣ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʘʨʠʘʮʠʷʤʠ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʚ 

ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʣʦʢʘʣʴʥʦʡ 

ʛʝʣʠʦʩʝʡʩʤʦʣʦʛʠʠ [7].  

ɼʝʪʘʣʴʥʳʝ ʢʘʨʪʳ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʯʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʵʪʠʤ 

ʤʝʪʦʜʦʤ, ʧʦʢʘʟʳʚʘʶʪ ʧʨʷʤʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʝʡ ʜʠʥʘʤʠʢʦʡ ʉʦʣʥʮʘ ʠ 

ʚʥʝʰʥʠʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʪʘʢʠʤʠ ʢʘʢ ʩʦʣʥʝʯʥʳʝ ʧʷʪʥʘ 

ʠ ʩʦʣʥʝʯʥʳʝ ʚʩʧʳʰʢʠ [8]. ʂʨʦʤʝ ʪʦʛʦ, ʛʝʣʠʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ 

ʧʨʝʜʦʩʪʘʚʠʣʠ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʝʭʘʥʠʟʤʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʵʚʦʣʶʮʠʠ 

ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʚ ʥʝʜʨʘʭ ʉʦʣʥʮʘ, ʫʢʘʟʳʚʘʷ ʥʘ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ 

ʜʠʥʘʤʠʢʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʪʦʥʢʦʛʦ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ï çʣʝʧʪʦʢʣʠʥʘè [9].   

ʊʝʢʫʱʠʝ ʥʘʙʣʶʜʝʥʠʷ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʩʝ ʙʦʣʝʝ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʜʘʥʥʳʝ ʦ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʝ ʉʦʣʥʮʘ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʜʦʩʪʠʞʝʥʠʷ, ʤʥʦʛʦ ʧʨʦʙʣʝʤ ʦʩʪʘʶʪʩʷ ʥʝʨʝʰʝʥʥʳʤʠ, ʦʩʦʙʝʥʥʦ ʚ ʯʘʩʪʠ 

ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ, ʘ ʪʘʢʞʝ 

ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʛʣʦʙʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. 
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ʈʠʩ.1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʢʦʨʝʥʠʷ ʟʦʥʘʣʴʥʳʭ ʪʝʯʝʥʠʡ ʚ ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʝ: a) ʚʦ ʚʨʝʤʷ 

ʩʦʣʥʝʯʥʦʛʦ ʤʠʥʠʤʫʤʘ ʚ 2019 ʛ., b) ʚʦ ʚʨʝʤʷ ʩʦʣʥʝʯʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʚ 2024 ʛ., ʠ c) 

ʵʚʦʣʶʮʠʷ ʨʘʜʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦ ʚʨʝʤʷ ʩʦʣʥʝʯʥʳʭ ʮʠʢʣʦʚ 23-25. ɿʦʥʳ ʟʘʤʝʜʣʝʥʠʷ 

(ʧʦʢʘʟʘʥʥʳʝ ʩʠʥʠʤ ʠ ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʐʪʨʠʭʦʚʘʷ ʣʠʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʥʠʞʥʶʶ ʛʨʘʥʠʮʫ ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʳ.     
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ʅʘʙʣʶʜʝʥʠʷ ʩ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʜʘʶʪ ʚʩʝ ʙʦʣʝʝ ʜʝʪʘʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʉʦʣʥʮʝ ʷʚʣʝʥʠʷʭ ʠ ʧʨʦʮʝʩʩʘʭ, ʩʪʠʤʫʣʠʨʫʷ 

ʧʦʩʪʨʦʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩʦʣʥʝʯʥʳʭ ʷʚʣʝʥʠʡ ʠ ʜʘʚʘʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ 

ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʢʘʢ ʫʩʪʨʦʝʥʦ ʠ ʢʘʢ ʨʘʙʦʪʘʝʪ ʉʦʣʥʮʝ.  

ʉʦʚʨʝʤʝʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʩʦʣʥʝʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʤʠʩʩʠʡ ʚʢʣʶʯʘʝʪ 

ʥʘʙʣʶʜʝʥʠʷ ʉʦʣʥʮʘ ʩ ʙʣʠʟʢʠʭ ʨʘʩʩʪʦʷʥʠʡ, ʥʘʙʣʶʜʝʥʠʷ ʠʟ ʚʥʝʵʢʣʠʧʪʠʯʝʩʢʠʭ 

ʧʦʣʦʞʝʥʠʡ, ʥʘʙʣʶʜʝʥʠʷ ʩ ʦʢʦʣʦʟʝʤʥʳʭ ʦʨʙʠʪ ʩ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʚʥʝʘʪʤʦʩʬʝʨʥʳʝ  ʨʘʢʝʪʥʳʝ ʥʘʙʣʶʜʝʥʠʷ. ɺ ʨʘʤʢʘʭ ʵʪʦʡ 

ʢʦʥʮʝʧʮʠʠ ʨʝʘʣʠʟʦʚʘʥʥʳʝ, ʜʝʡʩʪʚʫʶʱʠʝ ʠ ʥʝʜʘʚʥʦ ʟʘʧʫʰʝʥʥʳʝ ʩʦʣʥʝʯʥʳʝ 

ʢʦʩʤʠʯʝʩʢʠʝ ʤʠʩʩʠʠ (TRACE, RHESSI, SOHO, SDO, STEREO, Hinide, Parker 

Solar Probe, Solar Orbiter, ASO-S, Aditya-L1, Proba-3 ʠ ʜʨ.) ʧʨʠʟʚʘʥʳ 

ʦʙʝʩʧʝʯʠʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʘʤʳʤʠ ʣʫʯʰʠʤʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʘʥʥʳʤʠ 

ʜʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʬʠʟʠʢʠ ʉʦʣʥʮʘ ʢʘʢ ʤʝʭʘʥʠʟʤʳ 

ʥʘʛʨʝʚʘ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ ʠ ʫʩʢʦʨʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʪʦʥʢʘʷ ʠ 

ʩʚʝʨʭʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʜʠʥʘʤʠʢʘ ʩʦʣʥʝʯʥʦʡ  ʘʪʤʦʩʬʝʨʳ ʠ ʪʨʠʛʛʝʨʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ - ʚʩʧʳʰʝʢ ʠ 

ʢʦʨʦʥʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʤʘʩʩʳ, ʫʩʢʦʨʝʥʠʝ ʯʘʩʪʠʮ ʠ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ 

ʢʦʨʦʥʝ ʠ ʛʝʣʠʦʩʬʝʨʝ, ʩʪʨʫʢʪʫʨʘ ʠ ʜʠʥʘʤʠʢʘ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ  ʚ 

ʧʨʠʧʦʣʷʨʥʳʭ ʦʙʣʘʩʪʷʭ ʉʦʣʥʮʘ, ʤʝʭʘʥʠʟʤ ʜʠʥʘʤʦ ʠ ʩʦʣʥʝʯʥʳʡ ʮʠʢʣ, 

ʩʚʦʡʩʪʚʘ ʧʣʘʟʤʝʥʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠ ʜʨ. 

ɺ ʜʦʢʣʘʜʝ ʜʘʝʪʩʷ ʦʙʟʦʨ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʉʦʣʥʮʘ [1], 

ʧʦʣʫʯʝʥʥʳʭ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩ ʧʦʤʦʱʴʶ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. ʕʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʦʭʚʘʪʳʚʘʶʪ ʚʩʝ ʩʣʦʠ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʳ ʦʪ ʢʦʥʚʝʢʪʠʚʥʦʡ  

ʟʦʥʳ ʠ ʬʦʪʦʩʬʝʨʳ ʜʦ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ ʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ɼʘʝʪʩʷ ʪʘʢʞʝ 

ʦʙʟʦʨ ʥʦʚʳʭ ʩʦʣʥʝʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʤʠʩʩʠʡ.   

 

ʃʠʪʝʨʘʪʫʨʘ 

1.ʂʫʟʥʝʮʦʚ ɺ.ɼ,. ʂʦʩʤʠʯʝʩʢʠʝ ʠ ʚʥʝʘʪʤʦʩʬʝʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʉʦʣʥʮʘ // 

ʋʩʧʝʭʠ ʬʠʟʠʯʝʩʢʠʭ ʥʘʫʢ ʪ.195, 858-874, 2025. 
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ʂʦʩʤʠʯʝʩʢʠʡ ʢʣʠʤʘʪ ï ʧʨʦʙʣʝʤʘ, ʧʦʣʫʯʠʚʰʘʷ ʩʚʦʝ ʥʘʟʚʘʥʠʝ ʜʚʘ ʜʝʩʷʪʢʘ 

ʣʝʪ ʥʘʟʘʜ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʛʦʨʘʟʜʦ 

çʩʪʘʨʰʝè. 

ʈʘʙʦʯʠʤʠ ʦʧʨʝʜʝʣʝʥʠʷʤʠ ʧʨʦʙʣʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʩʣʝʜʫʶʱʠʝ. ʕʪʦ: 

ï ʜʦʣʛʦʧʝʨʠʦʜʠʯʝʩʢʠʝ ʪʝʥʜʝʥʮʠʠ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ. 

ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ ʩʚʷʟʝʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʜʣʠʪʝʣʴʥʳʭ 

ʚʨʝʤʝʥʘʭ.  

ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʥʝʰʥʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʟʝʤʥʦʡ 

ʢʣʠʤʘʪ. 

ʎʝʣʷʤʠ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ: 

ï ʇʦʣʫʯʝʥʠʝ ʬʠʟʠʯʝʩʢʠ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʜʘʥʥʳʭ ʦ 

ʜʠʥʘʤʠʢʝ ʩʦʣʥʝʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʤʝʞʧʣʘʥʝʪʥʦʛʦ 

ʧʦʣʷ) ʥʘ ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ. 

ï ʂʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʵʚʦʣʶʮʠʠ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʨʝʢʦʥʩʪʨʫʢʮʠʡ ʧʦʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ ʥʘ ʜʣʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʘʭ. 

ï ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʷʟʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʢʣʠʤʘʪʘ ɿʝʤʣʠ. 

ʉʦʣʥʝʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ (ʉɸ) ï ʵʪʦ ʤʘʛʥʠʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʉʦʣʥʮʘ, 

ʠʤʝʶʱʘʷ ʮʠʢʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ɻʣʦʙʘʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʉʦʣʥʮʘ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪ: ʧʦʣʦʠʜʘʣʴʥʦʡ (ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʚ 

ʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ), ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ, 

ʠ ʪʦʨʦʠʜʘʣʴʥʦʡ (ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʚ ʜʦʣʛʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ). ʊʦʨʦʠʜʘʣʴʥʫʶ 

ʢʦʤʧʦʥʝʥʪʫ ʧʨʝʜʩʪʘʚʣʷʶʪ ʘʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ ʠ ʩʦʣʥʝʯʥʳʝ ʧʷʪʥʘ ï ʦʙʣʘʩʪʠ 

ʥʘʠʙʦʣʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʊʝʦʨʠʷ ʜʠʥʘʤʦ ʉʦʣʥʮʘ ʨʘʟʚʠʚʘʝʪʩʷ ʙʦʣʝʝ 60 ʣʝʪ ʠ ʦʙʲʷʩʥʷʝʪ 11-ʣʝʪʥʶʶ 

ʮʠʢʣʠʯʥʦʩʪʴ ʚ ʨʘʤʢʘʭ ʘʣʴʬʘ- ʠ ʦʤʝʛʘ-ʵʬʬʝʢʪʦʚ. ʇʦʩʪʨʦʝʥʠʝ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʪʝʦʨʠʠ ʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʉʦʣʥʮʘ ï ʚʘʞʥʝʡʰʘʷ 

ʧʨʦʙʣʝʤʘ. ʄʘʛʥʠʪʥʳʝ ʧʷʪʥʘ ʠ ʮʠʢʣʳ ʦʙʥʘʨʫʞʝʥʳ ʪʘʢʞʝ ʠ ʥʘ ʜʨʫʛʠʭ ʟʚʝʟʜʘʭ. 

11-ʣʝʪʥʠʝ ʮʠʢʣʳ ʠʟʤʝʥʷʶʪʩʷ ʧʦ ʤʦʱʥʦʩʪʠ, ʠʤʝʝʪ ʤʝʩʪʦ ʚʝʢʦʚʦʡ 

(ʩʝʢʫʣʷʨʥʳʡ) ʮʠʢʣ. ɺ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʜʠʥʘʤʦ ʩʝʢʫʣʷʨʥʳʝ ʮʠʢʣʳ ʧʦʢʘ ï 

ʧʨʦʙʣʝʤʘ. ʀʭ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʩʣʘʙʦ. ɸ ʦʥʠ 

ʠʛʨʘʶʪ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʨʘʥʜʠʦʟʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʠ 

ʤʠʥʠʤʫʤʦʚ ʉɸ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʦʣʥʝʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʮʝʣʳʡ ʨʷʜ 

ʟʝʤʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʠʥʦʛʜʘ ï ʥʝʛʘʪʠʚʥʦʝ (ʥʘʧʨʘʚʣʝʥʠʝ ï ʢʦʩʤʠʯʝʩʢʘʷ ʧʦʛʦʜʘ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤ ʥʫʞʝʥ ʤʦʥʠʪʦʨʠʥʛ ʪʝʢʫʱʠʭ ʠʟʤʝʥʝʥʠʡ ʉɸ. ʉʦʣʥʝʯʥʦ-
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ʟʝʤʥʳʝ ʩʚʷʟʠ ʥʘʜʝʞʥʦ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʜʣʷ ʢʦʨʦʪʢʦʡ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʳ 

(ʠʟʤʝʥʝʥʠʷ ʚ ʛʝʣʠʦʩʬʝʨʝ, ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ) ʠ ʠʥʪʝʥʩʠʚʥʦ ʠʟʫʯʘʶʪʩʷ. 

ʇʦʩʢʦʣʴʢʫ 11-ʣʝʪʥʠʝ ʮʠʢʣʳ ʠʟʤʝʥʷʶʪʩʷ ʧʦ ʤʦʱʥʦʩʪʠ, ʦʙʨʘʟʫʷ 

ʩʝʢʫʣʷʨʥʳʝ ʮʠʢʣʳ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ: ʤʦʞʝʪ ʣʠ ʩʦʣʥʝʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʜʣʠʪʝʣʴʥʳʝ ʟʝʤʥʳʝ ʧʨʦʮʝʩʩʳ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ï ʥʘ 

ʢʣʠʤʘʪ, ʪ.ʝ. ʙʳʪʴ ʦʜʥʠʤ ʠʟ ʢʣʠʤʘʪʦʦʙʨʘʟʫʶʱʠʭ ʬʘʢʪʦʨʦʚ? ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʘʤ ʥʫʞʥʳ ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʦ ʜʣʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʉɸ. 

ɽʩʣʠ ʥʘʤ ʥʫʞʥʳ ʟʥʘʥʠʷ ʦ ʜʣʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʉɸ, ʪʦ ʥʘʩʢʦʣʴʢʦ 

ʘʜʝʢʚʘʪʥʦ ʤʳ ʩʝʡʯʘʩ ʦʧʠʩʳʚʘʝʤ ʝʝ ʥʘ çʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭè, ʙʘʟʦʚʳʭ, 

ʚʨʝʤʝʥʘʭ? ʇʨʠʥʷʪʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʦʧʠʩʘʥʠʷ ʉɸ ï ʠʥʜʝʢʩʳ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ï ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʧʪʠʤʘʣʴʥʳ? ɽʩʣʠ ʤʳ ʠʤʝʝʤ ʚ ʩʚʦʝʤ 

ʨʘʩʧʦʨʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʳʭ ʠʥʜʝʢʩʦʚ, ʪʦ ʢʘʢʦʡ ʠʟ ʥʠʭ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ 

ʩ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʤʝʶʱʠʭʩʷ ʦʧʦʨʥʳʭ ʚʨʝʤʝʥʥʳʭ 

ʨʷʜʦʚ? 

ʅʘʩʢʦʣʴʢʦ ʤʳ ʤʦʞʝʤ ʜʦʚʝʨʷʪʴ ʢʦʩʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʜʘʥʥʳʭ ʦ ʉɸ ʚ 

ʧʨʦʰʣʦʤ ï ʪ.ʥ. çproxiesè? ʂʘʢ ʧʨʠʚʝʩʪʠ ʢʦʩʚʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʰʢʘʣʳ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʥʜʝʢʩʦʚ? ʅʘʩʢʦʣʴʢʦ ʥʘʜʝʞʥʦ ʤʳ ʩʝʡʯʘʩ ʧʨʝʜʩʪʘʚʣʷʝʤ 

ʠʟʤʝʥʝʥʠʷ ʉɸ ʥʘ ʜʣʠʪʝʣʴʥʦʡ ʰʢʘʣʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʬʘʢʪʦʚ?  

ʆʪʚʝʪʳ ʥʘ ʚʩʝ ʵʪʠ ʧʦʩʪʘʚʣʝʥʥʳʝ ʚʦʧʨʦʩʳ ʥʫʞʥʳ ʢʘʢ ʜʣʷ ʧʦʥʠʤʘʥʠʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩʦʣʥʝʯʥʦʡ ʮʠʢʣʠʯʥʦʩʪʠ, ʪʘʢ ʠ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʨʝʘʣʴʥʦʩʪʠ ʩʦʣʥʝʯʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ. ʆʪʜʝʣʴʥʳʝ ʦʪʚʝʪʳ ʥʘ ʥʠʭ ʫʞʝ 

ʠʤʝʶʪʩʷ, ʠ ʠʤ ʧʦʩʚʷʱʝʥ ʜʦʢʣʘʜ. 
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˙̘̠́̄̎̉̓̏̄̉̅̑̏̅̉̎́̍̉̆̒̋́ ̠̒̆̊̒̍̏̌̏̄̉ ̜̋̏̑̏̎ ˞̗̏̌̎́ 
 

ʅʘʢʘʨʷʢʦʚ ɺ.ʄ. 
ʉɸʆ ʈɸʅ, ʅʠʞʥʠʡ ɸʨʭʳʟ, ʈʦʩʩʠʷ 

vnakariakov@googlemail.com  

 

ʄʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʚʦʣʥʦʚʳʝ ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʷʚʣʝʥʠʷ, ʧʦʚʩʝʤʝʩʪʥʦ 

ʦʙʥʘʨʫʞʠʚʘʝʤʳʝ ʚ ʧʣʘʟʤʝ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ, ʫʚʝʨʝʥʥʦ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ 

ʢʘʢ ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ (ʄɻɼ) ʚʦʣʥʳ. ɺ ʥʘʙʣʶʜʝʥʠʷʭ ʦʪʯʸʪʣʠʚʦ 

ʨʘʟʣʠʯʘʶʪʩʷ ʙʳʩʪʨʳʝ ʠ ʤʝʜʣʝʥʥʳʝ ʤʘʛʥʠʪʦʘʢʫʩʪʠʯʝʩʢʠʝ ʚʦʣʥʳ. ʉʚʦʡʩʪʚʘ 

ʄɻɼ-ʚʦʣʥ ʦʧʨʝʜʝʣʷʶʪʩʷ ʣʦʢʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʣʘʟʤʳ, ʚʢʣʶʯʘʷ 

ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʢʦʨʦʥʳ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʴ ʚʜʦʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʯʪʦ 

ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʣʘʟʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʢʦʨʦʥʳ 

ʤʝʪʦʜʦʤ ʄɻɼ-ʩʝʡʩʤʦʣʦʛʠʠ. ʅʘʙʣʶʜʘʪʝʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʪʝʦʨʠʝʡ ʄɻɼ-ʚʦʣʥ 

ʩʦʟʜʘʶʪ ʫʩʣʦʚʠʷ ʜʣʷ ʫʚʝʨʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ. ʅʘʧʨʠʤʝʨ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʤʝʜʣʝʥʥʳʝ 

ʚʦʣʥʳ ʫʢʘʟʳʚʘʶʪ ʣʦʢʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʉʪʦʷʯʠʝ, 

çʧʣʝʩʢʘʶʱʠʝʩʷè (çsloshingè) ʠ ʙʝʛʫʱʠʝ ʤʝʜʣʝʥʥʳʝ ʚʦʣʥʳ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʬʫʥʢʮʠʠ ʥʘʛʨʝʚʘ ʠ ʧʦʣʠʪʨʦʧʠʯʝʩʢʦʛʦ 

ʠʥʜʝʢʩʘ. ʀʟʛʠʙʥʳʝ ʢʦʣʝʙʘʥʠʷ ʢʦʨʦʥʘʣʴʥʳʭ ʧʣʘʟʤʝʥʥʳʭ ʧʝʪʝʣʴ ʧʦʟʚʦʣʷʶʪ 

ʦʮʝʥʠʪʴ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʦʩʮʠʣʣʠʨʫʶʱʠʭ ʧʝʪʣʷʭ, 

ʦʧʨʝʜʝʣʠʪʴ ʤʘʩʰʪʘʙ ʧʦʧʝʨʝʯʥʦʛʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʧʣʘʟʤʳ, ʘ ʪʘʢʞʝ ʚʳʷʚʠʪʴ 

ʢʘʥʘʣʳ, ʧʦ ʢʦʪʦʨʳʤ ʵʥʝʨʛʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʥʘʛʨʝʚʘ, ʧʦʩʪʫʧʘʝʪ ʚ ʢʦʨʦʥʫ. 
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˞̘̠̏̌̎̆̎́ ̗̘̝̉̋̌̉̎̏̒̓ȡ ̜́̋̓̕ ̉ ̜̐̑̏̂̌̆̍ 
 

ʆʙʨʠʜʢʦ ɺ.ʅ., ʅʘʛʦʚʠʮʳʥ ʖ.ɸ. 
ʀɿʄʀʈɸʅ, ʊʨʦʠʮʢ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

obridko@izmiran.ru, nag-yury@yandex.ru  

 

ʎʠʢʣ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ï ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ, ʚ ʦʩʥʦʚʝ 

ʢʦʪʦʨʦʛʦ ʣʝʞʘʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠ ʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʉʦʣʥʝʯʥʳʝ ʧʷʪʥʘ ï ʦʜʥʦ ʠʟ ʧʨʦʷʚʣʝʥʠʡ ʵʪʦʛʦ ʮʠʢʣʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʩʪʫʧʥʦʝ 

ʜʣʷ ʥʘʙʣʶʜʝʥʠʡ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʢʣʘʩʩʠʯʝʩʢʠʝ ʟʘʢʦʥʳ ʠ çʧʨʘʚʠʣʘè ʮʠʢʣʠʯʥʦʩʪʠ, 

ʩʦʚʨʝʤʝʥʥʳʡ ʩʪʘʪʫʩ ʢʦʪʦʨʳʭ ʝʱʝ ʥʫʞʥʦ ʧʦʥʷʪʴ ʠ ʚʩʪʨʦʠʪʴ ʚ ʬʠʟʠʯʝʩʢʫʶ 

ʢʘʨʪʠʥʫ. 

ʄʝʭʘʥʠʟʤ ʜʠʥʘʤʦ ï ʦʩʥʦʚʘ ʩʦʣʥʝʯʥʦʡ ʮʠʢʣʠʯʥʦʩʪʠ. ɼʦʩʪʫʧʥʳ 

ʦʩʥʦʚʥʳʤ ʨʘʩʯʝʪʘʤ ʚʘʨʠʘʮʠʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʧʦʣʷ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʶʪ 

ʪʨʠ ʚʦʣʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɼʚʝ ʠʟ ʥʠʭ ʜʨʝʡʬʫʶʪ ʢ ʧʦʣʶʩʫ, ʥʦ ʩʤʝʱʝʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʚʨʝʤʝʥʠ. ʊʨʝʪʴʷ ʚʦʣʥʘ ʜʨʝʡʬʫʝʪ ʦʪ ʩʨʝʜʥʠʭ ʰʠʨʦʪ ʢ 

ʵʢʚʘʪʦʨʫ. ʉʦʙʩʪʚʝʥʥʦ ʠʤʝʥʥʦ ʦʥʘ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ ʦʩʥʦʚʥʘʷ ʚʦʣʥʘ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʉʦʣʥʝʯʥʳʡ ʮʠʢʣ ï ʵʪʦ ʚ ʦʩʥʦʚʥʦʤ ʵʥʜʦʛʝʥʥʳʡ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʛʝʥʝʨʘʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʟʘ ʩʯʝʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʚʨʘʱʝʥʠʷ. ʇʨʠʨʦʜʘ ʨʘʟʣʠʯʠʷ ʮʠʢʣʦʚ ʧʦ ʚʳʩʦʪʝ ʧʦʢʘ ʥʝʷʩʥʘ, ʭʦʪʷ ʥʝʢʦʪʦʨʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʧʣʘʥʝʪʥʦʡ ʩʠʩʪʝʤʳ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʥʝʣʴʟʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʩʫʱʝʩʪʚʫʝʪ ʤʘʣʦʠʩʩʣʝʜʦʚʘʥʥʳʡ ʵʬʬʝʢʪ ʘʥʪʠʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʚʳʩʦʪʦʡ 

ʮʠʢʣʘ ʠ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʉʦʣʥʮʘ. 

ʆʙʩʫʞʜʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʮʠʢʣʘ ʦʪ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ 

ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ. ɺ ʮʝʣʦʤ 11-ʣʝʪʥʠʡ ʮʠʢʣ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠʥʘʤʦ 

ʩʨʝʜʥʝʛʦ ʧʦʣʷ. ʅʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʘʢʪʠʚʥʦʩʪʴ, ʚʳʨʘʞʘʝʤʘʷ ʚ ʩʦʣʥʝʯʥʳʭ 

ʧʷʪʥʘʭ ʠ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʷʭ, ʬʦʨʤʠʨʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʚ 

ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ (ʣʝʧʪʦʢʣʠʥʘ). ʈʝʰʘʶʱʠʤ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʣʘʟʤʳ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ 

ʞʛʫʪʦʚʦ-ʚʦʣʦʢʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ. 

ʆʪʜʝʣʴʥʦ ʦʙʩʫʞʜʘʝʪʩʷ ʘʩʠʤʤʝʪʨʠʷ. ɽʩʪʴ ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʦʥʘ 

ʚʦʟʥʠʢʘʝʪ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʟʘ ʩʯʝʪ 

ʤʘʣʦʤʘʩʰʪʘʙʥʳʭ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʠ ʧʦ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʦʚ. 

ʊʘʢʞʝ ʦʪʜʝʣʴʥʳʡ ʚʦʧʨʦʩ ï ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʚʫʭ ʧʦʧʫʣʷʮʠʡ ʛʨʫʧʧ 

ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ï ʤʝʣʢʠʭ ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ SSG ʠ ʢʨʫʧʥʳʭ ʜʦʣʛʦʞʠʚʫʱʠʭ 

LLG ï ʠ ʦʪʥʦʰʝʥʠʝ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʢ ʮʠʢʣʫ ʠ ʝʛʦ ʧʦʥʠʤʘʥʠʶ.  

ʇʣʦʱʘʜʠ ʛʨʫʧʧ ʧʷʪʝʥ ʨʘʩʧʨʝʜʝʣʝʥʳ ʙʠʣʦʛʥʦʨʤʘʣʴʥʦ. ʃʦʛʥʦʨʤʘʣʴʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʜʨʦʙʣʝʥʠʝʤ ʩʨʝʜʥʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʢʦʥʚʝʢʪʠʚʥʳʤʠ ʜʚʠʞʝʥʠʷʤʠ, ʢʘʢ ʵʪʦ ʩʣʝʜʫʝʪ ʠʟ ʪʝʦʨʝʤʳ 

ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚʘ.  

ʇʦʧʫʣʷʮʠʠ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ, ʧʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ 

ʚʨʘʱʝʥʠʶ, ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʠ ʜʦʣʛʦʪʥʳʭ ʜʚʠʞʝʥʠʡ, ʧʦ 
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ʜʠʘʧʘʟʦʥʫ ʰʠʨʦʪ çʙʘʙʦʯʝʢè, ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʧʣʦʱʘʜʝʡ ʪʝʥʠ ʠ ʧʦʣʫʪʝʥʠ 

ʧʷʪʝʥ. ɺ ʪʝʯʝʥʠʝ ʮʠʢʣʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʛʨʫʧʧ ʧʦʧʫʣʷʮʠʡ. 

ʉʨʝʜʥʠʝ ʟʘ 11-ʣʝʪʥʠʡ ʮʠʢʣ ʧʣʦʱʘʜʠ ʛʨʫʧʧ ʧʷʪʝʥ ʠʩʧʳʪʳʚʘʶʪ ʜʣʠʪʝʣʴʥʳʝ 

ʚʘʨʠʘʮʠʠ ʥʘ ʚʨʝʤʝʥʘʭ 30-50 ʣʝʪ ʠ ʜʨʘʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʠʭ 

ʟʥʘʯʝʥʠʡ: ʜʣʷ SSG ï ʦʪ 5 ʜʦ 30 ʤʜʧ, ʜʣʷ LLG ï ʦʪ 100 ʜʦ 350 ʤʜʧ.    

ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʛʠʧʦʪʝʟʳ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʛʨʫʧʧ LLG ʧʦʧʫʣʷʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʚ ʪʘʭʦʢʣʠʥʝ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʫʧʝʨʛʨʘʥʫʣʷʮʠʠ ʧʨʠʦʙʨʝʪʘʝʪ ʣʦʛʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ 

ʪʠʧʠʯʥʳʤʠ ʩʫʧʝʨʛʨʘʥʫʣʷʮʠʦʥʥʳʤʠ ʨʘʟʤʝʨʘʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, SSG 

ʧʦʧʫʣʷʮʠʷ ʦʙʨʘʟʫʝʪʩʷ ʚ ʣʝʧʪʦʢʣʠʥʝ, ʠ ʨʘʟʤʝʨʳ ʝʝ ʛʨʫʧʧ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʤʝʟʦʛʨʘʥʫʣʷʮʠʠ. ʕʪʘ ʛʠʧʦʪʝʟʘ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʥʘʙʣʶʜʘʪʝʣʴʥʳʤ ʬʘʢʪʘʤ. 
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˞̘̏̌̎̆̎̏̆ ̅̉̎́̍̏ ɀ ̒ ̜̏̃̑̆̍̆̎̎̆ ̜̐̑̏̂̌̆̍ ̉ ̜̐̆̑̒̐̆̋̓̉̃ 
 

ʉʦʢʦʣʦʚ ɼ.ɼ. 
ʄɻʋ ʠ ʀɿʄʀʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
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ʇʦ-ʚʠʜʠʤʦʤʫ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʘʷ ʪʝʦʨʠʷ 

ʩʦʣʥʝʯʥʦʛʦ ʜʠʥʘʤʦ, ʧʦʜʜʝʨʞʘʥʥʘʷ ʜʘʥʥʳʤʠ ʥʘʙʣʶʜʘʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ 

ʉʦʣʥʮʘ, ʜʦʩʪʠʞʝʥʠʷʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʷʚʣʝʥʠʷ ʜʠʥʘʤʦ ʠ 

ʜʨʫʛʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ, ʫʩʧʝʰʥʦ ʩʧʨʘʚʣʷʝʪʩʷ ʩ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝʤ ʦʩʥʦʚʥʳʭ ʯʝʨʪ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʐʚʘʙʝ. ʂʘʢ 

ʚʩʝʛʜʘ, ʵʪʦ ʥʝ ʟʥʘʯʠʪ, ʯʪʦ ʚʳʷʩʥʝʥʳ ʚʩʝ ʠʥʪʝʨʝʩʥʳʝ ʚ ʵʪʦʡ ʩʚʷʟʠ ʚʦʧʨʦʩʳ, ʠʭ 

ʠʟʫʯʝʥʠʝ ʙʫʜʝʪ, ʢʦʥʝʯʥʦ, ʧʨʦʜʦʣʞʘʪʴʩʷ ʚ ʦʙʦʟʨʠʤʦʤ ʙʫʜʫʱʝʤ, ʥʦ 

ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʤʝʪʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʵʪʘʧʘ ʧʦʥʠʤʘʥʠʷ ʧʨʠʨʦʜʳ ʤʘʛʥʝʪʠʟʤʘ ʉʦʣʥʮʘ. ʎʝʣʴ ʜʦʢʣʘʜʘ ï 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ   ʚʦʟʤʦʞʥʳʡ ʚʟʛʣʷʜ ʥʘ ʵʪʠ ʧʝʨʩʧʝʢʪʠʚʳ. ʂʘʢ ʢʘʞʝʪʩʷ 

ʜʦʢʣʘʜʯʠʢʫ, ʩʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʧʦʥʠʤʘʥʠʝ ʤʝʩʪʘ ʩʦʣʥʝʯʥʦʛʦ 

ʤʘʛʥʝʪʠʟʤʘ ʩʨʝʜʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʤʘʛʥʝʪʠʟʤʘ ʟʚʝʟʜ ʧʦʟʜʥʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʢʣʘʩʩʦʚ, ʨʘʟʨʘʙʦʪʢʠ ʩʚʷʟʠ ʤʦʜʝʣʝʡ ʩʦʣʥʝʯʥʦʛʦ ʜʠʥʘʤʦ ʩ ʠʟʫʯʝʥʠʝʤ ʧʨʠʨʦʜʳ 

ʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʡ ʚ ʦʢʦʣʦʩʦʣʥʝʯʥʦʡ ʩʨʝʜʝ ʠ ʧʦʛʨʫʞʝʥʠʝ ʠʟʫʯʝʥʠʷ ʠʩʪʦʨʠʠ 

ʩʦʣʥʝʯʥʦʛʦ ʤʘʛʥʝʪʠʟʤʘ ʚ  ʢʦʥʪʝʢʩʪ ʥʘʫʢ ʦ ʛʝʦʣʦʛʠʯʝʩʢʡ ʠʩʪʦʨʠʠ ɿʝʤʣʠ.  
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˞̗̠̆̋̉ ρȢ 
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˜̠̜̏̌̑̎̆ ̜̏̓̏̒̆̑̎̆̕̕ ̉ ̝̜̋̏̑̏̎́̌̎̆ ̜̍́̄̎̉̓̎̆ ̠̐̏̌ ˞̗̏̌̎́ 
 

ɹʠʣʝʥʢʦ ʀ.ɸ. 
ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʇ.ʂ. ʐʪʝʨʥʙʝʨʛʘ, 

ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
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ʇʦʩʪʦʷʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʩʦʣʥʝʯʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘʯʘʣʠʩʴ ʚ ʰʝʩʪʠʜʝʩʷʪʳʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ʉ ʧʝʨʚʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʩʪʘʣʠ ʧʦʥʷʪʥʳ ʩʣʦʞʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʡ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʧʦʣʷʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ʀʟ-ʟʘ ʥʘʢʣʦʥʘ ʦʩʠ ʚʨʘʱʝʥʠʷ ʉʦʣʥʮʘ ʢ ʧʣʦʩʢʦʩʪʠ 

ʵʢʣʠʧʪʠʢʠ ʥʘ 7.25Ü ʧʦʣʷʨʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʩʝʚʝʨʥʦʛʦ ʠ ʶʞʥʦʛʦ 

ʧʦʣʫʰʘʨʠʡ ʥʠʢʦʛʜʘ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʌʘʢʪʠʯʝʩʢʠ ʤʦʞʥʦ 

ʛʦʚʦʨʠʪʴ ʪʦʣʴʢʦ ʦ ʥʘʙʣʶʜʝʥʠʷʭ ʧʨʠʧʦʣʷʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ʇʨʠ ʵʪʦʤ 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʠʟ-ʟʘ ʰʘʨʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʉʦʣʥʮʘ ʩ ʦʨʙʠʪʳ ɿʝʤʣʠ 

ʨʝʘʣʴʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʠʟʤʝʨʷʝʪʩʷ ʥʝ ʨʘʜʠʘʣʴʥʘʷ, ʘ ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ 

ʢʦʤʧʦʥʝʥʪʘ ʧʦʣʷʨʥʳʭ ʠ ʧʨʠʧʦʣʷʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ʋʞʝ ʧʝʨʚʳʝ 

ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʭʦʜʝ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʚ ʤʘʢʩʠʤʫʤʝ ʧʷʪʝʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʟʥʘʢʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʣʶʩʘʭ ʉʦʣʥʮʘ. ʅʘ 

ʦʩʥʦʚʝ ʵʪʠʭ ʥʘʙʣʶʜʝʥʠʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʮʠʢʣʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʠ ʧʦʣʷʨʥʳʭ 

ʟʦʥ [1, 7], ʢʦʪʦʨʘʷ ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ.     

ʆʜʥʠʤ ʠʟ ʣʫʯʰʠʭ ʪʨʘʩʩʝʨʦʚ ʜʠʥʘʤʠʢʠ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʣʷ (ɻʄʇ) 

ʷʚʣʷʶʪʩʷ ʢʦʨʦʥʘʣʴʥʳʝ ʜʳʨʳ (ʂɼ). ʈʷʜ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʂɼ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʮʠʢʣʠʯʝʩʢʫʶ ʜʠʥʘʤʠʢʫ, ʢʦʪʦʨʘʷ ʚ ʢʦʨʥʝ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʮʠʢʣʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ ʩʤʝʱʝʥʠʝ ʟʦʥ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʂɼ ʦʪ ʦʜʥʦʛʦ ʧʦʣʶʩʘ ʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤʫ [2, 3, 5]. 

ɸʥʘʣʦʛʠʯʥʳʝ ʤʝʨʠʜʠʦʥʘʣʴʥʳʝ ʧʦʪʦʢʠ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʠ ʜʣʷ 

ʬʦʪʦʩʬʝʨʥʳʭ, ʠ ʜʣʷ ʢʦʨʦʥʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʩʨʝʜʥʝʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

[4].    

ʇʦʣʷʨʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʠ ʚ ʬʠʟʠʢʝ ʉʦʣʥʮʘ, ʠ ʚ 

ʧʨʦʮʝʩʩʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜʳ. ʇʘʨʘʤʝʪʨʳ ʧʦʣʷʨʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʤʦʜʝʣʷʭ ʢʦʩʤʠʯʝʩʢʦʡ 

ʧʦʛʦʜʳ. ʅʘ ʬʘʟʘʭ ʤʠʥʠʤʫʤʘ, ʧʦʟʜʥʠʭ ʬʘʟʘʭ ʩʧʘʜʘ ʠ ʚ ʥʘʯʘʣʝ ʬʘʟ ʨʦʩʪʘ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʝʞʧʣʘʥʝʪʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʷʨʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ. ɺ ʵʪʠ ʧʝʨʠʦʜʳ ʚ 

ʧʦʣʷʨʥʳʭ ʦʙʣʘʩʪʷʭ ʜʦʤʠʥʠʨʫʝʪ ʦʪʢʨʳʪʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠ 

ʬʦʨʤʠʨʫʶʪʩʷ ʫʩʪʦʡʯʠʚʳʝ ʂɼ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʧʦʪʦʢʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʚʣʠʷʶʱʠʭ ʥʘ ʩʦʩʪʦʷʥʠʝ 

ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ.  

ʈʘʟʣʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʷʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʧʦʩʣʝʜʫʶʱʠʭ ʮʠʢʣʦʚ [6, 8, 9]. ʇʦʩʢʦʣʴʢʫ ʧʦʣʷʨʥʳʝ 

ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʷʚʣʷʶʪʩʷ ʚʠʜʠʤʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʮʠʢʣʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ 
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ʧʦʣʦʠʜʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ɻʄʇ, ʧʦʥʠʤʘʥʠʝ ʧʨʠʨʦʜʳ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʵʚʦʣʶʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʩʦʣʥʝʯʥʦʛʦ ʜʠʥʘʤʦ. ɺʩʝ ʵʪʦ 

ʛʦʚʦʨʠʪ ʦ ʚʘʞʥʦʩʪʠ ʠʟʫʯʝʥʠʷ ʧʦʣʷʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʠ ʠʭ ʚʘʨʠʘʮʠʡ ʚ 

ʮʠʢʣʘʭ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

        ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʜʝʪʘʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʮʠʢʣʠʯʝʩʢʠʭ ʚʘʨʠʘʮʠʡ ʧʦʣʷʨʥʳʭ ʠ 

ʧʨʠʧʦʣʷʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ 21-24 ʠ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ 25 ʮʠʢʣʘ ʥʘ 

ʦʩʥʦʚʝ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʜʘʥʥʳʝ ʢʘʢ ʥʘʟʝʤʥʳʭ, ʪʘʢ ʠ ʢʦʩʤʠʯʝʩʢʠʭ 

ʦʙʩʝʨʚʘʪʦʨʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʣʷʨʥʳʭ ʧʦʣʝʡ ʠ ʚ ʧʨʦʮʝʩʩʝ ʩʤʝʥʳ ʟʥʘʢʘ ʧʦʣʷʨʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʛʨʘʶʪ ʪʨʘʥʩ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ, ʧʨʦʪʠʚʦʬʘʟʥʳʝ, ʠʜʫʱʠʝ ʦʪ 

ʦʜʥʦʛʦ ʧʦʣʶʩʘ ʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤʫ, ʤʝʨʠʜʠʦʥʘʣʴʥʳʝ ʧʦʪʦʢʠ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʜʥʦʟʥʘʯʥʦ 

ʪʨʘʩʩʠʨʫʶʪʩʷ ʥʘʙʣʶʜʘʝʤʦʡ ʜʠʥʘʤʠʢʦʡ ʂɼ. 
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ʄʝʨʠʜʠʦʥʘʣʴʥʘʷ ʮʠʨʢʫʣʷʮʠʷ ʚʙʣʠʟʠ ʩʦʣʥʝʯʥʳʭ ʧʦʣʶʩʦʚ ʠʟʫʯʝʥʘ ʭʫʞʝ, 

ʯʝʤ ʥʘ ʦʩʪʘʣʴʥʳʭ ʰʠʨʦʪʘʭ. ʇʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʢʘʢ ʫʩʪʨʦʝʥʘ ʤʝʨʠʜʠʦʥʘʣʴʥʘʷ 

ʮʠʨʢʫʣʷʮʠʷ ʥʘ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ, ʧʦʟʚʦʣʠʣʦ ʙʳ ʫʪʦʯʥʠʪʴ ʤʦʜʝʣʠ ʩʦʣʥʝʯʥʦʛʦ 

ʜʠʥʘʤʦ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʙʳ ʧʨʦʛʥʦʟʫ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ [1]. ʈʘʙʦʪʘ [2] 

ʜʘʝʪ ʦʮʝʥʢʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʚʘʨʠʘʮʠʠ ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʚʳʩʦʢʠʭ 

ʰʠʨʦʪʘʭ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʩʪʘʥʮʠʠ Debrecen. ʄʳ ʧʨʝʜʣʘʛʘʝʤ ʥʦʚʳʡ ʤʝʪʦʜ 

ʦʮʝʥʢʠ ʘʤʧʣʠʪʫʜʳ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʚʘʨʠʘʮʠʠ ʩʢʦʨʦʩʪʠ ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ 

ʧʦʪʦʢʘ ʚʙʣʠʟʠ ʧʦʣʶʩʦʚ, ʩ ʚʨʝʤʝʥʘʤʠ ʧʦʨʷʜʢʘ ʦʪ 22 ʣʝʪ ʜʦ ʮʠʢʣʘ ɻʣʘʡʩʙʝʨʛʘ, 

ʥʘ ʦʩʥʦʚʝ ʥʘʨʫʰʝʥʠʡ ʬʘʟʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʝʞʜʫ ʧʦʣʷʨʥʳʤʠ ʬʘʢʝʣʘʤʠ ʠ 

ʩʦʣʥʝʯʥʳʤʠ ʧʷʪʥʘʤʠ ʚʙʣʠʟʠ ʵʢʚʘʪʦʨʘ. ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ ʧʦʣʷʨʥʳʭ 

ʬʘʢʝʣʦʚ ʇʫʣʢʦʚʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ, ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʳʝ ʚ ʜʥʝʚʥʳʝ ʨʷʜʳ ʠ 

ʜʥʝʚʥʳʝ ʜʘʥʥʳʝ ʧʣʦʱʘʜʝʡ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ [3], ʠʟ ʢʦʪʦʨʳʭ ʧʦʣʫʯʘʣʠ 

ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʬʘʟ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ ʧʨʠ ʧʦʤʦʱʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. ʈʠʩ. 1 ʧʦʢʘʟʳʚʘʝʪ ʵʚʦʣʶʮʠʶ ʨʘʟʥʦʩʪʠ ʬʘʟ ʌ. 

ʇʦʣʷʨʥʳʝ ʠ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʩʝʨʠʠ ʚ ʦʜʥʦʡ ʧʦʣʫʩʬʝʨʝ ʪʠʧʠʯʝʩʢʠ ʥʘʭʦʜʷʪʩʷ ʚ 

ʘʥʪʠ-ʢʦʨʨʝʣʷʮʠʠ, ʟʘʭʦʞʜʝʥʠʝ ʠʟ ʨʘʟʥʦʩʪʠ ʬʘʟ ʟʘ “Ⱦς (ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ 
ʧʫʥʢʪʠʨ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʝʩʠʥʭʨʦʥʠʟʘʮʠʠ ʪʠʧʘ ʵʢʩʢʫʨʩʠʠ. ʕʢʩʢʫʨʩʠʠ 

ʠʤʝʶʪ 22-ʣʝʪʥʠʡ ʮʠʢʣ. ɸʥʘʣʦʛʠʯʥʦ, ʝʜʠʥʩʪʚʝʥʥʘʷ ʵʢʩʢʫʨʩʠʷ ʤʝʞʜʫ 

ʧʦʣʷʨʥʳʤʠ ʩʝʨʠʷʤʠ ʦʪʨʘʞʘʝʪ ʮʠʢʣ ɻʣʘʡʩʙʝʨʛʘ. ʄʳ ʧʦʩʪʨʦʠʣʠ ʤʦʜʝʣʴ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʦʣʥʝʯʥʳʭ ʨʷʜʦʚ ʧʨʠ ʧʦʤʦʱʠ ʮʝʧʦʯʢʠ ʠʟ ʯʝʪʳʨʝʭ 

ʂʫʨʘʤʦʪʦʚʩʢʠʭ ʦʩʮʠʣʣʷʪʦʨʦʚ (ʈʠʩ. 2), ʚ ʢʦʪʦʨʦʡ ʢʨʘʡʥʠʝ ʦʩʮʠʣʣʷʪʦʨʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʷʨʥʳʤ ʦʙʣʘʩʪʷʤ, ʘ ʩʨʝʜʥʠʝ ï ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ 

ʚ ʩʝʚʝʨʥʦʡ ʠ ʶʞʥʦʡ ʧʦʣʫʩʬʝʨʘʭ. ʄʦʜʝʣʴ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʚ ʩʨʝʜʥʝʤ, 

ʩʠʤʤʝʪʨʠʯʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʢʚʘʪʦʨʘ ʠ ʠʤʝʝʪ ʜʚʘ ʧʦʩʪʦʷʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʚʷʟʠ K1 ʠ K2. ɺʘʨʠʘʮʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ, ʩʠʤʫʣʠʨʫʶʱʠʭ ʩʢʦʨʦʩʪʠ 

ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʧʦʪʦʢʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ 22-ʣʝʪʥʠʤ ʮʠʢʣʦʤ, ʩʠʤʤʝʪʨʠʯʥʳʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʢʚʘʪʦʨʘ ʠ ʮʠʢʣʦʤ ɻʣʘʡʩʙʝʨʛʘ, ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʳʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʢʚʘʪʦʨʘ. ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʵʢʩʢʫʨʩʠʠ ʚʦʟʥʠʢʘʶʪ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʩʮʠʣʣʷʮʠʡ ʝʩʪʝʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ, ʤʳ ʦʮʝʥʠʣʠ ʩʨʝʜʥʠʝ ʧʘʨʘʤʝʪʨʳ 

ʤʦʜʝʣʠ ʠ ʜʣʠʥʫ ʮʠʢʣʘ ɻʣʘʡʩʙʝʨʛʘ ʠʟ ʵʚʦʣʶʮʠʠ ʨʘʟʥʦʩʪʝʡ ʬʘʟ. ɿʥʘʯʝʥʠʝ 

ʢʨʦʩʩ-ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʩʚʷʟʠ K 2=0.55 ʙʳʣʦ ʚʟʷʪʦ ʠʟ [4]. ʇʨʦʚʝʜʷ ʧʨʷʤʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʤʳ ʦʧʨʝʜʝʣʠʣʠ, ʧʨʠ ʢʘʢʠʭ ʟʥʘʯʝʥʠʷʭ ʘʤʧʣʠʪʫʜ ɸʈ (22-

ʣʝʪʥʝʛʦ ʮʠʢʣʘ) ʠ ʘʈ (ʮʠʢʣʘ ɻʣʘʡʩʙʝʨʛʘ) ʥʘ ʧʦʣʶʩʘʭ, ʚ ʪʝʯʝʥʠʝ 120 ʣʝʪ ʤʦʛʫʪ 

ʨʝʘʣʠʟʦʚʘʪʴʩʷ ʵʢʩʢʫʨʩʠʠ, ʧʦʜʦʙʥʳʝ ʩʦʣʥʝʯʥʳʤ. ʈʠʩ. 3 ʧʦʢʘʟʳʚʘʝʪ 

ʧʦʣʫʯʝʥʥʫʶ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ ʘʤʧʣʠʪʫʜ (ʟʝʣʝʥʳʤ), ʚ ʢʦʪʦʨʦʡ ʤʦʛʫʪ 

ʚʦʟʥʠʢʘʪʴ ʩʦʣʥʝʯʥʳʝ ʵʢʩʢʫʨʩʠʠ. ʄʳ ʧʦʣʫʯʠʣʠ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʮʠʢʣʘ 

mailto:ablanter@hotmail.com


˞˞˔ˡ ɀ ςπςυȡ ˞̂̏̑̎̉̋ ̓̆̈̉̒̏̃ 
˞̗̠̆̋̉ 1. x ̉̋̌ ̘̒̏̌̎̆̎̏̊ ́̋̓̉̃̎̏̒̓̉ȡ ̟̝̜̎́̂̌̅́̓̆̌̎̊ ̉ ̘̓̆̏̑̆̓̉̆̒̋̉̊ ̜́̒̐̆̋̓ 

 

 

28 

ɻʣʘʡʩʙʝʨʛʘ ʧʨʠʤʝʨʥʦ ʚ 5-6 ʨʘʟ ʤʝʥʴʰʝ ʘʤʧʣʠʪʫʜʳ 22-ʣʝʪʥʝʛʦ ʮʠʢʣʘ ʥʘ 

ʧʦʣʶʩʝ ʠ ʘʤʧʣʠʪʫʜʳ ʮʠʢʣʘ ɻʣʘʡʩʙʝʨʛʘ ʥʘ ʵʢʚʘʪʦʨʝ. 

ʈʠʩʫʥʦʢ 1. ʕʚʦʣʶʮʠʷ ʨʘʟʥʠʮʳ ʬʘʟ ʤʝʞʜʫ ʵʢʚʘʪʦʨʦʤ ʠ ʧʦʣʶʩʦʤ ʚ ʦʜʥʦʡ 

ʧʦʣʫʩʬʝʨʝ (ʩʣʝʚʘ: ʩʝʚʝʨʥʘʷ ʧʦʣʫʩʬʝʨʘ ï ʩʠʥʠʤ, ʶʞʥʘʷ - 

ʢʨʘʩʥʳʤ) ʠ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʣʫʩʬʝʨʘʤʠ (ʩʧʨʘʚʘ: ʵʢʚʘʪʦʨ ï 

ʩʠʥʠʤ, ʧʦʣʶʩʘ ï ʢʨʘʩʥʳʤ). 

ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʤʦʜʝʣʠ ʩʠʤʤʝʪʨʠʯʥʦʡ ʮʝʧʦʯʢʠ 

ʂʫʨʘʤʦʪʦ, ʦʧʠʩʳʚʘʶʱʝʡ ʩʦʣʥʝʯʥʫʶ ʩʠʥʭʨʦʥʠʟʘʮʠʶ. 

ʇʫʥʢʪʠʨʦʤ ʠʟʦʙʨʘʞʝʥ ʵʢʚʘʪʦʨ. 

ʈʠʩʫʥʦʢ 3. ʆʙʣʘʩʪʴ ɸ (ʩʣʝʚʘ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʦʥʝ 

ʩʦʣʥʝʯʥʳʭ ʵʢʩʢʫʨʩʠʡ. ʉʧʨʘʚʘ ʦʥʘ ʞʝ ʚ ʫʚʝʣʠʯʝʥʥʦʤ 

ʚʠʜʝ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʮʠʢʣʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʢʘʨʪ ʬʦʪʦʩʬʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʟʘ ʧʝʨʠʦʜ 1978-2016 ʛʛ. (NSO Kitt  Peak). ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʚʢʣʘʜʘ ʩʣʘʙʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʧʦʨʦʛ ʥʘʩʳʱʝʥʠʷ ʜʣʷ ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʢʘʨʪ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ 

ʥʘ ʫʨʦʚʥʝ 5 ɻʩ. ʅʘ ʦʩʥʦʚʝ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʢʘʨʪ ʙʳʣʘ 

ʧʦʩʪʨʦʝʥʘ ʜʠʘʛʨʘʤʤʘ ʰʠʨʦʪʘ-ʚʨʝʤʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʜʠʩʙʘʣʘʥʩʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ʇʨʦʷʚʣʝʥʠʝʤ 

ʜʠʩʙʘʣʘʥʩʘ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʷʚʣʷʶʪʩʷ ʧʦʪʦʢʠ Rush-to-the-Poles (RTTP), 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʟʥʘʢ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʚʧʘʜʘʶʱʠʡ ʩʦ ʟʥʘʢʦʤ ʭʚʦʩʪʦʚʳʭ 

ʧʷʪʝʥ. ʕʪʠ ʧʦʪʦʢʠ ʜʨʝʡʬʫʶʪ ʦʪ ʰʠʨʦʪʳ 30Á ʚ ʢʘʞʜʦʤ ʧʦʣʫʰʘʨʠʠ ʜʦ ʧʦʣʶʩʘ 

ʠ ʧʨʠʚʦʜʷʪ ʢ ʧʝʨʝʧʦʣʶʩʦʚʢʝ ʧʦʣʷʨʥʦʛʦ ʧʦʣʷ.  

ʅʦʚʦʝ ʷʚʣʝʥʠʝ, ʧʦʣʫʯʠʚʰʝʝ ʥʘʟʚʘʥʠʝ çripplesè, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ 

ʨʘʙʦʪʘʭ [1,2], ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʩʷ ʜʠʩʙʘʣʘʥʩ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʚʠʜʝ ʨʷʜʘ 

ʫʟʢʠʭ ʧʦʪʦʢʦʚ ʩ ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʟʥʘʢʘʤʠ ʧʦʣʷ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʦʣʷʨʥʦʩʪʴ ʵʪʠʭ ʧʦʪʦʢʦʚ ʠʟʤʝʥʷʝʪʩʷ ʩ ʧʝʨʠʦʜʦʤ ʧʦʨʷʜʢʘ ʜʚʫʭ ʣʝʪ ʧʦʜʦʙʥʦ 

ʢʚʘʟʠʜʚʫʭʣʝʪʥʠʤ ʚʘʨʠʘʮʠʷʤ. 

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ [3] ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩʚʦʡʩʪʚʘ ʧʦʪʦʢʦʚ ripples, ʧʨʠʯʝʤ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʪʝʨʚʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ ripples, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʤʝʞʜʫ ʜʚʫʤʷ 

ʦʙʣʘʩʪʷʤʠ RTTP ï ʧʦ 3 ʠʥʪʝʨʚʘʣʘ ʚ ʢʘʞʜʦʤ ʧʦʣʫʰʘʨʠʠ. 

ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʥʘʙʦʨʘ ʰʠʨʦʪ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʦʪ ʵʢʚʘʪʦʨʘ ʜʦ  

50Á ʢʘʞʜʦʛʦ ʧʦʣʫʰʘʨʠʷ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʯʝʪʳʨʝʭ ʩʦʣʥʝʯʥʳʭ ʮʠʢʣʦʚ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʚ ʢʘʞʜʦʤ ʠʟ ʧʦʣʫʰʘʨʠʡ ʪʨʠ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘ, ʢʦʪʦʨʳʝ 

ʚʢʣʶʯʘʶʪ ʩʧʘʜ, ʤʠʥʠʤʫʤ ʠ ʧʦʜʲʝʤ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʳʭ 

ʥʘʙʣʶʜʘʣʠʩʴ ripples. ɼʣʷ ʰʠʨʦʪ ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ ʠʥʪʝʨʚʘʣʳ ʧʦʣʫʯʠʣʠ 

ʥʘʟʚʘʥʠʷ N1, N2, N3, ʜʣʷ ʰʠʨʦʪ ʶʞʥʦʛʦ ʧʦʣʫʰʘʨʠʷ - S1, S2, S3. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ripples ʧʦʢʘʟʘʣʦ ʧʦʧʝʨʝʤʝʥʥʦʝ 

ʯʝʨʝʜʦʚʘʥʠʝ ʧʦʪʦʢʦʚ ʨʘʟʥʦʡ ʧʦʣʷʨʥʦʩʪʠ, ʠʟʤʝʥʷʶʱʝʡʩʷ ʘʥʘʣʦʛʠʯʥʦ 

ʢʚʘʟʠʜʚʫʭʣʝʪʥʠʤ ʚʘʨʠʘʮʠʷʤ. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʛʠʩʪʦʛʨʘʤʤʘ ʧʝʨʠʦʜʦʚ ʛʘʨʤʦʥʠʢ ʌʫʨʴʝ ʜʣʷ ʚʩʝʭ 

ʟʥʘʯʝʥʠʡ ʧʝʨʠʦʜʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʨʘʟʥʳʭ ʰʠʨʦʪ. ɼʠʘʧʘʟʦʥ 

ʧʝʨʠʦʜʦʚ ʣʝʞʘʣ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0.5 ʜʦ 4 ʣʝʪ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ 1.2 ʛ. ʠ ʩʦ 

ʩʨʝʜʥʠʤ  ʧʝʨʠʦʜʦʤ, ʨʘʚʥʳʤ ʊ=1.48 ʛ. ɻʨʫʧʧʫ ripples ʩ ʧʝʨʠʦʜʦʤ ʙʦʣʴʰʝ 2.5 

ʣʝʪ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʢ ʩʣʫʯʘʡʥʳʤ ʚʳʙʨʦʩʘʤ. ʇʨʠ ʠʩʢʣʶʯʝʥʠʠ 

ʵʪʦʡ ʛʨʫʧʧʳ (8 ʩʣʫʯʘʝʚ ʠʟ 72) ʩʨʝʜʥʠʡ  ʧʝʨʠʦʜ ʨʘʚʝʥ ʊ=1.30 Ñ 0.06 ʛʦʜʘ. 

 

 

mailto:d.baranov@bk.ru


˞˞˔ˡ ɀ ςπςυȡ ˞̂̏̑̎̉̋ ̓̆̈̉̒̏̃ 
˞̗̠̆̋̉ 1. x ̉̋̌ ̘̒̏̌̎̆̎̏̊ ́̋̓̉̃̎̏̒̓̉ȡ ̟̝̜̎́̂̌̅́̓̆̌̎̊ ̉ ̘̓̆̏̑̆̓̉̆̒̋̉̊ ̜́̒̐̆̋̓ 

 

 

30 

                  ʈʠʩ. 1                                                         ʈʠʩ. 2             

 

ʄʝʞʜʫ ʜʚʫʤʷ RTTP ʟʥʘʢ ʧʦʣʷʨʥʦʛʦ ʧʦʣʷ ʚ ʢʘʞʜʦʤ ʧʦʣʫʰʘʨʠʠ 

ʩʦʭʨʘʥʷʝʪʩʷ. ʅʘ ʨʠʩ. 2 ʜʘʥʘ ʛʠʩʪʦʛʨʘʤʤʘ ʩʫʤʤʘʨʥʳʭ ʘʤʧʣʠʪʫʜ ʜʣʷ ʢʘʞʜʦʛʦ 

ʠʟ ʠʥʪʝʨʚʘʣʦʚ N ʠʣʠ S. ʇʝʨʠʦʜ, ʦʙʦʟʥʘʯʝʥʥʳʡ N1, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʢʫ 

ʧʦʣʷʨʥʦʛʦ ʧʦʣʷ ç-è, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ S1 ï ʟʥʘʢʫ ç+è. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ 6 

ʠʥʪʝʨʚʘʣʦʚ ʫʢʘʟʘʥ ʟʥʘʢ ʧʦʣʷʨʥʦʛʦ ʧʦʣʷ ʚ ʵʪʦʪ ʧʝʨʠʦʜ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʘʤʧʣʠʪʫʜʘ ripples ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʜʣʷ ʪʝʭ ʠʥʪʝʨʚʘʣʦʚ, ʫ ʢʦʪʦʨʳʭ ʧʦʣʷʨʥʦʝ 

ʧʦʣʝ ʠʤʝʣʦ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʥʘʢ (ʨʠʩ. 2). ʉʫʤʤʘ ʚʩʝʭ ʟʥʘʯʝʥʠʡ ʘʤʧʣʠʪʫʜʳ ʟʘ 

ʠʥʪʝʨʚʘʣʳ ʩ ʧʦʣʷʨʥʳʤ ʧʦʣʝʤ ç+è ʚ 3 ʨʘʟʘ ʙʦʣʴʰʝ ʩʫʤʤʳ ʚʩʝʭ ʟʥʘʯʝʥʠʡ 

ʘʤʧʣʠʪʫʜʳ ʜʣʷ ʠʥʪʝʨʚʘʣʦʚ ʩʦ ʟʥʘʢʦʤ ʧʦʣʷ ç-è. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʚʷʟʴ 

ʘʤʧʣʠʪʫʜʳ ʚʘʨʠʘʮʠʡ ʪʠʧʘ QBO (ripples) ʩ ʧʦʣʷʨʥʦʩʪʴʶ 22-ʣʝʪʥʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʮʠʢʣʘ (ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʚʘ 

ʪʠʧʘ ʷʚʣʝʥʠʡ ï RTTP ʠ ripples ʦʢʘʟʳʚʘʶʪʩʷ ʚ ʪʝʩʥʦʡ ʩʚʷʟʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʢʘʢ 

ʚʦ ʚʨʝʤʝʥʠ, ʪʘʢ ʠ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʉʦʣʥʮʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
1. Vecchio A. et al. The dynamics of the solar magnetic field: polarity reversals, butterfly 

diagram, and quasi-biennial oscillations // Astrophys. J. V. 749. Art No 27. 2012.  

2. Ulrich R.K., Tran T. The global solar magnetic field ï identification of traveling, long-lived 

ripples // Astrophys. J. V. 768. Art No 189. 2013. 

3. Vernova E.S., Tyasto M.I., Baranov D.G. Ripples and Rush-to-the-Poles in the Photospheric 

Magnetic Field // Sol. Phys. V. 298. I. 5. Art No 69. 2023. 
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ʀʟʫʯʝʥʠʝ ʩʚʷʟʠ ʦʩʥʦʚʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ 

ʠʛʨʘʝʪ ʚ ʬʠʟʠʢʝ ʉʦʣʥʮʘ ʚʘʞʥʫʶ ʨʦʣʴ. ʊʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ 

ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʷʪʥʘ (ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʮʝʥʪʨʝ 

ʧʷʪʥʘ ʠ ʥʘ ʝʛʦ ʛʨʘʥʠʮʝ) ʠ ʷʨʢʦʩʪʴ ʧʷʪʥʘ ʚʥʫʪʨʠ ʝʛʦ ʪʝʥʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʷʨʢʦʩʪʠ ʜʣʷ 

ʪʝʤʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʉʦʣʥʮʝ ʨʘʟʣʠʯʥʦʛʦ ʤʘʩʰʪʘʙʘ (ʩʦʣʥʝʯʥʳʝ ʧʷʪʥʘ, ʧʦʨʳ). ɺ 

ʢʘʯʝʩʪʚʝ ʥʘʙʣʶʜʘʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʘ 

HMI (Helioseismic and Magnetic Imager) [1], ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʙʦʨʪʫ SDO 

(Solar Dynamics Observatory) [2] ʠ HINODE. ʇʨʝʠʤʫʱʝʩʪʚʦ ʵʪʠʭ ʜʘʥʥʳʭ ʚ 

ʪʦʤ, ʯʪʦ ʦʥʠ ʜʘʶʪ ʦʜʥʦʚʨʝʤʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʷʨʢʦʩʪʠ ʠ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʩ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʠ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʧʝʨʝʤʝʰʠʚʘʶʱʘʷ (overturning) ʢʦʥʚʝʢʮʠʷ ʧʣʘʟʤʳ ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʝʪʩʷ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʠ ʧʦʪʦʤʫ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʥʘ 

ʉʦʣʥʮʝ ʤʳ ʥʘʙʣʶʜʘʝʤ ʦʙʨʘʟʦʚʘʥʠʝ ʪʝʤʥʳʭ ʠ ʭʦʣʦʜʥʳʭ ʩʪʨʫʢʪʫʨ (ʧʦʨ, 

ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ).  

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʷʨʢʦʩʪʠ ʚ ʢʦʥʪʠʥʫʫʤʝ ʦʪ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ (ʨʠʩʫʥʦʢ 1). ʆʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪ ʧʦʜʘʚʣʝʥʠʷ ʢʦʥʚʝʢʮʠʠ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ: ʩ ʨʦʩʪʦʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʧʦʣʷ ʷʨʢʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʚʳʟʚʘʥʦ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ʧʦʜʘʚʣʝʥʠʝʤ 

ʢʦʥʚʝʢʮʠʠ. ʇʦʜʪʚʝʨʞʜʝʥ ʵʬʬʝʢʪ ʥʘʩʳʱʝʥʠʷ: ʧʨʠ ʪʝʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, 

ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʦʣʥʝʯʥʳʭ ʧʷʪʥʘʭ, ʩ ʜʘʣʴʥʝʡʰʠʤ ʨʦʩʪʦʤ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʙʦʣʴʰʝ 2600 ɻʩ) ʷʨʢʦʩʪʴ ʪʝʥʠ ʫʞʝ ʥʝ ʧʘʜʘʝʪ, ʘ ʦʩʪʘʝʪʩʷ ʥʘ 

ʥʝʢʦʪʦʨʦʤ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ, ʪ.ʝ. ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦʝ ʚʝʨʪʠʢʘʣʴʥʦʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʦʣʥʦʩʪʴʶ ʧʦʜʘʚʣʷʝʪ ʢʦʥʚʝʢʪʠʚʥʳʡ ʧʝʨʝʥʦʩ ʪʝʧʣʘ ʚ ʦʙʣʘʩʪʠ 

ʪʝʥʠ ʧʷʪʥʘ, ʯʪʦ ʧʦʣʥʦʩʪʴʶ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʟʚʝʩʪʥʫʶ ʠʜʝʶ ɹʠʨʤʘʥʘ [3]. 

ʕʬʬʝʢʪ ʥʘʩʳʱʝʥʠʷ ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʩʠʣʴʥʳʭ, ʥʦ ʠ ʩʣʘʙʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ (ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ʤʝʥʴʰʝ 500 ɻʩ), ʢʦʛʜʘ ʫʤʝʥʴʰʝʥʠʝ 

ʧʦʣʷ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʤʝʪʥʳʤ ʠʟʤʝʥʝʥʠʝ ʷʨʢʦʩʪʠ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʝʛʣʫʙʦʢʦʛʦ ʧʷʪʥʘ 

[4, 5], ʠʤʝʥʥʦ ʩʦʣʥʝʯʥʳʝ ʧʷʪʥʘ ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʦʢʦʣʦ 2600 ɻʩ ʥʘʠʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳ, ʠ ʧʝʨʠʦʜ ʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʠʥʠʤʘʣʝʥ (10-12 ʯʘʩʦʚ), 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʙʣʶʜʝʥʠʷʤʠ [6]. 
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ʈʠʩʫʥʦʢ 1.ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. ʇʦ 

ʚʝʨʪʠʢʘʣʠ ʦʪʣʦʞʝʥʳ ʠʟʤʝʨʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʢʦʥʪʠʥʫʫʤʝ (ʟʥʘʯʝʥʠʷ 

ʥʦʨʤʠʨʦʚʘʥʳ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʧʦʢʦʡʥʦʛʦ ʉʦʣʥʮʘ). ʇʦ ʛʦʨʠʟʦʥʪʘʣʠ ï 

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ɻʩ. 
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ʉʦʣʥʝʯʥʳʝ ʘʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ (ɸʆ) ʤʦʛʫʪ ʥʝʩʪʠ ʦʪʧʝʯʘʪʦʢ ʛʣʫʙʠʥʥʳʭ 

ʧʦʜʬʦʪʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʩʦʙʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ɸʆ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʶʪ ʠʭ ʚʩʧʳʰʝʯʥʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʴ ʩʠʣʴʥʳʝ ʛʝʦʵʬʬʝʢʪʠʚʥʳʝ ʩʦʙʳʪʠʷ. ɼʣʷ 

ʫʧʦʨʷʜʦʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʘʛʥʠʪʥʦʤ ʩʪʨʦʝʥʠʠ ɸʆ, ʦʧʠʩʘʥʠʷ ʵʪʘʧʦʚ ʠʭ 

ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʪʁ ʙʦʣʝʝ ʯʝʤ 

ʩʪʦʣʝʪʥʶʶ ʠʩʪʦʨʠʶ.  

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʝ ʠʟ ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʜʣʷ ʛʨʫʧʧ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ: ʢʣʘʩʩʠʬʠʢʘʮʠʷ McIntosh (ʤʦʜʠʬʠʢʘʮʠʷ 

ʙʦʣʝʝ ʨʘʥʥʝʡ ʩʠʩʪʝʤʳ Zurich), ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʥʘʙʣʶʜʝʥʠʷʭ ʚ ʙʝʣʦʤ ʩʚʝʪʝ [1], 

ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ Mount Wilson Observatory (MWO ʠʣʠ Hale-class), 

ʠʩʧʦʣʴʟʫʶʱʘʷ ʜʘʥʥʳʝ ʦ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ɸʆ [2]. ɺ ʧʨʝʜʳʜʫʱʠʭ ʜʦʢʣʘʜʘʭ [3], 

[4] ʨʘʩʩʤʦʪʨʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʠʭ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ, ʤʝʥʝʝ 

ʠʟʚʝʩʪʥʳʭ, ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʦʧʨʝʜʝʣʝʥʳ ʠʭ ʜʦʩʪʦʠʥʩʪʚʘ ʠ 

ʦʛʨʘʥʠʯʝʥʠʷ.  

ʉʨʝʜʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚʘʞʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ 

ʩʣʝʜʫʶʱʠʝ. ɺʦ-ʧʝʨʚʳʭ, ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʥʘʙʣʶʜʝʥʠʷʭ ʚ ʙʝʣʦʤ ʩʚʝʪʝ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʚʦʟʤʦʞʥʦ ʦʪʦʞʜʝʩʪʚʣʝʥʠʝ 

ʩʫɦʝʩʪʚʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ɸʆ: ʤʥʦʛʦʧʦʣʷʨʥʦʛʦ ʭʘʨʘʢʪʝʨʘ 

ʩʣʦʞʥʳʭ ʛʨʫʧʧ, ʜʝʣʴʪʘ-ʩʪʨʫʢʪʫʨ (ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʷʜʝʨ ʨʘʟʥʦʡ 

ʧʦʣʷʨʥʦʩʪʠ ʚ ʦʙʱʝʡ ʧʦʣʫʪʝʥʠ, ʯʪʦ ʬʦʨʤʠʨʫʝʪ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʚʝʜʫʱʫʶ ʢ 

ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʚʩʧʳʰʝʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʦʜʦʙʥʳʭ ɸʆ [5]), ʘʥʪʠ-

ʍʝʡʣʦʚʩʢʠʭ ʛʨʫʧʧ ʠ ʪ.ʧ. ʀʟʙʳʪʦʯʥʦʩʪʴ, ʧʝʨʝʩʝʯʝʥʠʝ ʢʣʘʩʩʦʚ ʠ ʥʝʢʦʪʦʨʳʝ 

ʜʨʫʛʠʝ ʥʝʜʦʩʪʘʪʢʠ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʫʢʘʟʘʥʳ ʚ ʤʦʥʦʛʨʘʬʠʠ [6]. ɺʦ-ʚʪʦʨʳʭ, 

ʜʣʷ ʩʘʤʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʤʘʛʥʠʪʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ MWO ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʩʢʦʣʴʢʦ ʥʝ ʚʧʦʣʥʝ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʦʧʠʩʘʥʠʡ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ ɼ.ʕ.ʍʝʡʣʘ (ʦʨʠʛʠʥʘʣʴʥʳʡ Hale-class). 

ɺ-ʪʨʝʪʴʠʭ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʚʦʟʤʦʞʥʦʩʪʴ 

ʤʥʦʛʠʭ ʦʰʠʙʦʢ ʦʧʨʝʜʝʣʝʥʘ ʩʘʤʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʠʟʥʘʯʘʣʴʥʦʛʦ ʢʦʜʘ. 

ʅʝʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʠʜʝʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚʳʜʝʣʝʥʠʷ ɸʆ 

ʦʙʩʫʞʜʘʣʘʩʴ ʚ ʨʘʙʦʪʝ [7]. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʙʲʝʢʪʠʚʥʦʩʪʴ ʧʦʜʭʦʜʘ ʥʘʙʣʶʜʘʪʝʣʷ 

(ʠʣʠ ʛʨʫʧʧʳ ʥʘʙʣʶʜʘʪʝʣʝʡ, ʚʥʦʩʷʱʠʭ ʩʚʦʝ ʧʨʦʯʪʝʥʠʝ ʚ ʦʙʱʝʧʨʠʥʷʪʳʝ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʜʣʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʠʩʪʝʤʳ ʧʨʘʚʠʣʘ) ʪʘʢʞʝ ʠʤʝʝʪ ʤʝʩʪʦ, ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʰʝ ʦʞʠʜʘʝʤʦʡ. 
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ɺʩʝ ʵʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ: ʚʦʟʤʦʞʥʳ 

ʥʘʨʫʰʝʥʠʷ ʦʜʥʦʨʦʜʥʦʩʪʠ ʢʦʥʢʨʝʪʥʳʭ ʨʷʜʦʚ, ʟʘʪʨʫʜʥʝʥʦ ʩʦʝʜʠʥʝʥʠʝ ʠ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʨʘʟʥʳʭ ʨʷʜʦʚ ʤʝʞʜʫ ʩʦʙʦʡ.  

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʝʡ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʨʫʧʧ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʧʦ ʩʠʩʪʝʤʘʤ 

MWO, McIntoch ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʩʘʡʪʦʚ 

Helioviewer.org, SolarMonitor.org ʠ ʜʣʠʪʝʣʴʥʦʛʦ ʨʷʜʘ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʩʘʡʪʝ 

Solarcyclescience.com. ʇʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʜʘʥʥʭr, ʧʨʠʚʝʜʝʥʥʳʭ ʜʣʷ 

ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ɸʆ ʚ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʘʭ. ʆʙʩʫʞʜʘʶʪʩʷ ʩʣʫʯʘʠ 

ʥʘʨʫʰʝʥʠʷ ʧʨʠʥʮʠʧʦʚ, ʟʘʣʦʞʝʥʥʳʭ ʚ ʦʩʥʦʚʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʦʰʠʙʢʠ ʚ ʜʝʡʩʪʚʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ 

ʘʣʛʦʨʠʪʤʦʚ. ʇʨʦʚʦʜʠʪʩʷ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʚʳʰʝʫʧʦʤʷʥʫʪʳʤ 

ʩʭʝʤʘʤ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʨʫʧʧ 

ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʥʝʜʘʚʥʦ [8, 9] ʤʘʛʥʠʪʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɸʆ ʂʨʳʤʩʢʦʡ ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ.  

ɼʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʪʱʘʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʠ ʧʦʜʛʦʪʦʚʢʠ 

ʜʘʥʥʳʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʷʜʦʚ ʥʘʙʣʶʜʝʥʠʡ ʢʘʢ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ɸʆ, ʪʘʢ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʥʘʠʙʦʣʴʰʝʡ ʤʝʨʝ ʵʪʦ ʢʘʩʘʝʪʩʷ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ ʙʘʟʘʤʠ 

ʜʘʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 
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ʉʦʣʥʝʯʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʚ ʇʘʨʠʞʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʚ ʧʝʨʠʦʜ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʳ ʩʝʤʥʘʜʮʘʪʦʛʦ ʚʝʢʘ ʬʦʨʤʠʨʫʶʪ ʩʘʤʳʡ ʢʨʫʧʥʳʡ ʘʨʭʠʚ ʧʨʷʤʳʭ 

ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʧʷʪʥʦʦʙʨʘʟʦʚʘʥʠʠ ʚ ʧʝʨʠʦʜ ʤʠʥʠʤʫʤʘ ʄʘʫʥʜʝʨʘ. 

ʅʘʙʣʶʜʝʥʠʷ ɾʘʥʘ ʇʠʢʘʨʘ, ʦʪʮʘ ʠ ʩʳʥʘ ʣʘ ʀʨ, ʩʝʤʴʠ ʂʘʩʩʠʥʠ ʠ ʠʭ ʫʯʝʥʠʢʦʚ 

ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʝ [1]. ʕʣʠʟʘʙʝʪ ʅʝʤ-ʈʠʙ ʚʦʩʩʪʘʥʦʚʠʣʘ ʯʠʩʣʦ ʧʷʪʝʥ 

(ʟʜʝʩʴ ʵʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʯʠʩʣʫ ʛʨʫʧʧ), ʰʠʨʦʪʥʦ-ʚʨʝʤʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʷʪʝʥ, ʚʘʨʠʘʮʠʠ ʩʦʣʥʝʯʥʦʛʦ ʜʠʘʤʝʪʨʘ, ʰʠʨʦʪʥʳʡ ʧʨʦʬʠʣʴ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʧʦ ʧʷʪʥʘʤ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʘʢʪʠʚʥʳʝ 

ʜʦʣʛʦʪʳ, ʠ ʜʨ. ʂ ʩʦʞʘʣʝʥʠʶ, ʚʩʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʠ ʤʘʪʝʨʠʘʣʳ ʨʘʙʦʪ 

ʕʣʠʟʘʙʝʪ ʅʝʤ-ʈʠʙ ʙʳʣʠ ʫʪʝʨʷʥʳ. 

ɺʚʠʜʫ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʠ ʩʦʣʥʝʯʥʳʭ ʜʘʥʥʳʭ ʚ ʧʝʨʠʦʜ ʤʠʥʠʤʫʤʘ 

ʄʘʫʥʜʝʨʘ ʩʝʛʦʜʥʷ ʧʨʠʭʦʜʠʪʩʷ ʟʘʥʦʚʦ ʚʳʧʦʣʥʷʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʧʘʨʠʞʩʢʠʤ ʥʘʙʣʶʜʝʥʠʷʤ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ 

ʧʨʝʜʩʪʘʚʣʷʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʣʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ ʧʷʪʥʘ ʠ 

ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʧʷʪʝʥ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘʙʣʶʜʝʥʠʷ 

ʌʠʣʠʧʧʘ ʜʝ ʣʘ ʀʨʘ ʩ 1684 ʧʦ 1702 ʛ. ʠ ʚʦʩʩʪʘʥʦʚʠʣʠ ʰʠʨʦʪʳ, ʜʦʣʛʦʪʳ ʠ 

ʧʣʦʱʘʜʠ (ʪʝʥʠ ʠ ʧʦʣʫʪʝʥʠ) ʜʣʷ ʢʘʞʜʦʛʦ ʧʷʪʥʘ. ʊʘʢʦʡ ʞʝ ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ 

ʙʳʣ ʧʦʣʫʯʝʥ ʠ ʜʣʷ ʛʨʫʧʧ ʧʷʪʝʥ. 

ʀʟʤʝʨʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʧʷʪʝʥ, ʦʙʳʯʥʦ ʵʪʦ ʥʘʠʙʦʣʴʰʝʝ ʧʷʪʥʦ ʚ ʛʨʫʧʧʝ, 

ʠʣʠ ʜʘʥʦ ʫʢʘʟʘʥʠʝ ʧʦʣʦʞʝʥʠʝ ʢʘʢʦʛʦ ʧʷʪʥʘ ʠʟʤʝʨʝʥʦ, ʦʙʳʯʥʦ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʧʦʣʜʝʥʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʣʝʥʴʢʦʛʦ 3-ʬʫʪʦʚʦʛʦ ʪʝʣʝʩʢʦʧʘ. ʀʥʦʛʜʘ ʚ 

ʫʪʨʝʥʥʠʝ ʠʣʠ ʚʝʯʝʨʥʠʝ ʯʘʩʳ ʣʘ ʀʨ ʠʩʧʦʣʴʟʦʚʘʣ ʪʝʣʝʩʢʦʧ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ 

ʜʣʷ ʟʘʨʠʩʦʚʢʠ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʛʨʫʧʧʳ ʧʷʪʝʥ. ʆʙʩʝʨʚʘʪʦʨʠʷ ʚ ʄʝʜʦʥʝ ʙʳʣʘ 

ʦʙʦʨʫʜʦʚʘʥʘ ʥʝʩʢʦʣʴʢʠʤʠ ʪʝʣʝʩʢʦʧʘʤʠ. ʅʘʠʙʦʣʴʰʠʡ ʠʟ ʫʧʦʤʠʥʘʝʤʳʭ 

ʜʦʩʪʠʛʘʣ 45 ʬʫʪʦʚ. 

ʄʳ ʚʦʩʩʪʘʥʦʚʠʣʠ ʛʝʣʠʦ-ʢʦʦʨʜʠʥʘʪʳ ʠʟʤʝʨʝʥʥʳʭ ʧʦʣʦʞʝʥʠʡ ʧʷʪʝʥ ʚ 

ʧʦʣʜʝʥʴ ʠ ʚʳʯʠʩʣʠʣʠ ʠʭ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʥʘʤ 

ʨʘʩʩʯʠʪʘʪʴ ʢʦʦʨʜʠʥʘʪʳ ʢʘʞʜʦʛʦ ʧʷʪʥʘ ʚ ʫʪʨʝʥʥʠʝ ʯʘʩʳ, ʢʦʛʜʘ ʙʳʣʠ ʩʜʝʣʘʥʳ 

ʟʘʨʠʩʦʚʢʠ. 

ʇʦʣʫʯʝʥʥʦʝ ʰʠʨʦʪʥʦ-ʚʨʝʤʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʷʪʝʥ ʙʳʣʦ ʩʨʘʚʥʝʥʦ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʷʪʝʥ ʠʟ ʨʘʙʦʪʳ ʐʧʸʨʝʨʘ [2] ʠ ʅʝʤ-ʈʠʙ [1]. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʐʧʸʨʝʨ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣ ʰʠʨʦʪʳ ʧʷʪʝʥ, ʥʦ ʩʦʙʨʘʣ ʰʠʨʦʪʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʣʘ ʀʨʦʤ, ʦʪʮʦʤ ʠ ʩʳʥʦʤ ʂʘʩʩʠʥʠ ʚ ʠʭ ʦʨʠʛʠʥʘʣʴʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ. 

ʉʨʘʚʥʝʥʠʝ ʩ ʥʘʰʝʡ ʨʝʢʦʥʩʪʨʫʢʮʠʝʡ ʧʦʢʘʟʘʣʦ ʚʳʩʦʢʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ 

ʰʠʨʦʪʘʤʠ ʠʟ [2], ʥʦ ʨʷʜ ʨʘʩʭʦʞʜʝʥʠʡ ʩ [1]. ɺʦʟʤʦʞʥʦʡ ʧʨʠʯʠʥʦʡ ʧʦʩʣʝʜʥʝʛʦ 
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ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʦʣʥʳʡ ʥʘʙʦʨ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʘʨʭʠʚʦʚ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʥʘʤʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ. 

ʊʘʢʞʝ ʤʳ ʚʦʩʩʪʘʥʦʚʠʣʠ ʰʠʨʦʪʥʳʡ ʧʨʦʬʠʣʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʚʨʘʱʝʥʠʷ ʠ ʩʨʘʚʥʠʣʠ ʝʛʦ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ [1] ʠ ʛʨʠʥʚʠʯʩʢʠʤ ʧʨʦʬʠʣʝʤ ʜʣʷ 

ʨʝʛʫʣʷʨʥʳʭ ʧʷʪʝʥ. ʅʘʢʦʥʝʮ, ʤʳ ʦʮʝʥʠʣʠ ʜʦʣʶ ʛʨʫʧʧ ʧʷʪʝʥ ʧʦʜʯʠʥʷʶʱʠʭʩʷ 

ʠ ʥʘʨʫʰʘʶʱʠʭ ʟʘʢʦʥ ɼʞʦʷ. ɺʩʝ ʘʥʥʦʪʠʨʦʚʘʥʥʳʝ ʟʘʨʠʩʦʚʢʠ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʚʳʣʦʞʝʥʳ ʥʘ ʩʘʡʪʝ https://geo.phys.spbu.ru/~ned/History.html. 
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ʉʦʣʥʝʯʥʳʝ ʘʢʪʠʚʥʳʝ ʜʦʣʛʦʪʳ (ɸɼ) ð ʵʪʦ ʜʦʣʛʦʪʥʳʝ ʜʠʘʧʘʟʦʥʳ, 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʢʦʪʦʨʳʭ ʧʦʚʳʰʝʥʘ ʚ ʪʝʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ɸɼ ʠʤʝʶʪ ʜʣʠʥʥʫʶ ʠʩʪʦʨʠʶ, ʢʦʪʦʨʘʷ ʚʦʩʭʦʜʠʪ, ʢʘʢ ʤʠʥʠʤʫʤ, 

ʢ ʥʘʯʘʣʫ XX ʚʝʢʘ (ʩʤ. ʦʙʟʦʨ ʨʘʥʥʠʭ ʨʘʙʦʪ ʚ [1]). ɼʣʷ ʵʪʦʛʦ ʠʟʫʯʘʶʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʢ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ, ʪʘʢ ʠ ʚʩʧʳʰʝʢ [2], ʢʦʨʦʥʘʣʴʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ [3], ʬʘʢʝʣʦʚ ʠ ʷʨʢʠʭ ʪʦʯʝʢ [4], ʠ ʪ.ʜ. ɼʠʘʧʘʟʦʥ ʚʨʝʤʸʥ ʞʠʟʥʠ 

ɸɼ, ʢʦʪʦʨʳʡ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʪʘʢʞʝ ʚʝʩʴʤʘ ʰʠʨʦʢ ð ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʣʥʝʯʥʳʭ ʦʙʦʨʦʪʦʚ ʜʦ ʜʝʩʷʪʠʣʝʪʠʡ ʠ ʙʦʣʝʝ. ɼʦʩʪʘʪʦʯʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʪʦʯʢʘ ʟʨʝʥʠʷ (ʩʤ., ʥʘʧʨʠʤʝʨ, [4, 5]), ʯʪʦ ʥʝʢʦʪʦʨʳʝ ɸɼ ʞʠʚʫʪ 

ʥʘ ʉʦʣʥʮʝ ʙʦʣʝʝ ʚʝʢʘ. 

ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʜʦʣʛʦʪʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʘʤʦ ʧʦ 

ʩʝʙʝ ʝʱʸ ʥʝ ʛʦʚʦʨʠʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ɸɼ. ʊʨʝʙʫʝʪʩʷ ʧʦʢʘʟʘʪʴ ʟʥʘʯʠʤʦʩʪʴ 

ʵʪʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʠ ʜʘʥʥʳʡ ʜʦʢʣʘʜ ʧʦʩʚʷʱʸʥ ʘʥʘʣʠʟʫ ʵʪʦʛʦ ʘʩʧʝʢʪʘ 

ʧʨʦʙʣʝʤʳ. 

ɼʘʥʥʳʝ ʠ ʤʝʪʦʜ. ʄʳ ʠʩʧʦʣʴʟʫʝʤ ʜʘʥʥʳʝ ʨʘʩʰʠʨʝʥʥʦʛʦ ɻʨʠʥʚʠʯʩʢʦʛʦ 

ʢʘʪʘʣʦʛʘ [6], ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʜʘʥʥʳʝ ʦ 41282 ʛʨʫʧʧʘʭ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʟʘ 

143 ʛʦʜʘ (1874ï2016). ʂʘʞʜʫʶ ʛʨʫʧʧʫ ʩʯʠʪʘʝʤ ʦʜʥʠʤ ʩʦʙʳʪʠʝʤ ʩ 

ʢʵʨʨʠʥʛʪʦʥʦʚʩʢʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʢʦʪʦʨʳʝ ʛʨʫʧʧʘ ʠʤʝʣʘ ʚ ʪʦʪ ʤʦʤʝʥʪ, 

ʢʦʛʜʘ ʝʸ ʧʣʦʱʘʜʴ ʙʳʣʘ ʤʘʢʩʠʤʘʣʴʥʦʡ. ʈʘʟʜʝʣʠʚ ʜʦʣʛʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʥʘ 9 

ʠʥʪʝʨʚʘʣʦʚ (ʙʠʥʦʚ) ʰʠʨʠʥʦʡ 40Á, ʤʳ ʩʪʨʦʠʤ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʛʨʫʧʧ ʧʦ ʙʠʥʘʤ ʟʘ ʚʩʸ ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʷ (çʧʦʣʥʘʷ ʛʠʩʪʦʛʨʘʤʤʘè) ʠʣʠ ʚ 

ʥʘʙʦʨʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʦʤʝʞʫʪʢʦʚ ʩ ʜʣʠʥʘʤʠ T (çʧʘʨʮʠʘʣʴʥʳʝ 

ʛʠʩʪʦʛʨʘʤʤʳè). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʣʥʘʷ ʛʠʩʪʦʛʨʘʤʤʘ ʨʘʚʥʘ ʩʫʤʤʝ 

ʧʘʨʮʠʘʣʴʥʳʭ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʠʤʦʩʪʠ ʜʦʣʛʦʪʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ɢ
2
ïʢʨʠʪʝʨʠʝʤ [7]. ɺʝʣʠʯʠʥʘ … В , ʛʜʝ Bi ʠ Ei ð 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʙʣʶʜʘʝʤʦʝ ʠ ʦʞʠʜʘʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʙʳʪʠʡ ʚ i-ʤ ʙʠʥʝ, 

ʨʘʩʧʨʝʜʝʣʝʥʘ ʢʘʢ ʭʠ-ʢʚʘʜʨʘʪ ʩ n ï 1 = 8 ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. ɽʩʣʠ ʧʨʠʥʷʪʴ ʟʘ 

ʥʫʣʴ-ʛʠʧʦʪʝʟʫ ʦʜʥʦʨʦʜʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʪʦ Ei =E = Q / 9, ʛʜʝ Q ð ʧʦʣʥʦʝ 

ʯʠʩʣʦ ʩʦʙʳʪʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ. ɼʣʷ ʧʦʣʥʦʡ ʛʠʩʪʦʛʨʘʤʤʳ ʛʨʫʧʧ ʧʷʪʝʥ ɢ
2 = 20.2, ʯʪʦ ʩʦ 

ʟʥʘʯʠʤʦʩʪʴʶ Ŭ = 0.01 ʧʦʜʪʚʝʨʞʜʘʣʦ ʙʳ ʥʘʣʠʯʠʝ ʜʦʣʛʦʞʠʚʫʱʝʡ ɸɼ, ʝʩʣʠ ʙʳ 

ʪʘʢʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʥʘ ʤʝʥʴʰʠʭ ʤʘʩʰʪʘʙʘʭ. ʇʦʵʪʦʤʫ 

ʩʪʘʚʠʤ ʚʦʧʨʦʩ ʪʘʢ: ʝʩʣʠ ʧʘʨʮʠʘʣʴʥʳʝ ʛʠʩʪʦʛʨʘʤʤʳ, ʥʘʢʘʧʣʠʚʘʝʤʳʝ ʟʘ ʚʨʝʤʷ 

T, ʥʝʦʜʥʦʨʦʜʥʳ, ʥʦ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʥʠʤʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʪʦ ʢʘʢʦʚʘ 

ʚʝʨʦʷʪʥʦʩʪʴ Ŭ ʪʦʛʦ, ʯʪʦ ʧʦʣʥʘʷ ʛʠʩʪʦʛʨʘʤʤʘ ʙʫʜʝʪ ʠʤʝʪʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʥʝ 

ʥʠʞʝ ʥʘʙʣʶʜʘʝʤʦʡ? ɼʣʷ ʦʮʝʥʢʠ Ŭ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ: 

ʙʫʜʝʤ ʤʥʦʛʦʢʨʘʪʥʦ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʧʝʨʝʤʝʰʠʚʘʪʴ ʟʥʘʯʝʥʠʷ ʚ ʙʠʥʘʭ Bi ʚ 
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ʢʘʞʜʦʡ ʠʟ ʛʦʜʦʚʳʭ ʧʘʨʮʠʘʣʴʥʳʭ ʛʠʩʪʦʛʨʘʤʤ (ʪʝʤ ʩʘʤʳʤ ʤʳ ʛʘʨʘʥʪʠʨʫʝʤ, 

ʯʪʦ ʨʝʘʣʴʥʳʝ ʜʦʣʛʦʪʥʳʝ ʨʝʛʫʣʷʨʥʦʩʪʠ ʥʘ ʚʨʝʤʝʥʘʭ ʙʦʣʴʰʝ T = 1
y
 

ʦʪʩʫʪʩʪʚʫʶʪ), ʘ ʟʘʪʝʤ ʩʦʝʜʠʥʷʪʴ ʠʭ ʚ ʧʦʣʥʫʶ. ʇʦʣʫʯʝʥʥʘʷ ʩʪʘʪʠʩʪʠʢʘ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʜʣʷ ʧʦʣʥʦʡ ʛʠʩʪʦʛʨʘʤʤʳ ɢ
2 Ó 20.2 

ʧʨʠʤʝʨʥʦ ʨʘʚʥʘ 0.4. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʥʘʙʣʶʜʘʝʤʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʣʥʦʡ 

ʛʠʩʪʦʛʨʘʤʤʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʨʦʜʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʦ ʟʥʘʯʠʤʦʩʪʴʶ 

Ŭ å 0.4, ʠ ʛʠʧʦʪʝʟʘ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ɸɼ ʩʦ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʦʢʦʣʦ ʧʦʣʫʪʦʨʘ 

ʚʝʢʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʦʪʚʝʨʛʥʫʪʘ. ɸʥʘʣʦʛʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ 

ʜʦʣʛʦʪʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʦ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʦʢʦʣʦ ʮʠʢʣʘ ʪʘʢʞʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʥʘʯʠʤʳ (Ŭ å 0.9). 

ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʢʵʨʨʠʥʛʪʦʥʦʚʩʢʦʡ 

ʩʠʩʪʝʤʦʡ ʦʪʩʯʸʪʘ (ʉʆ), ʘ ʠʱʫʪ ʪʘʢʫʶ ʩʢʦʨʦʩʪʴ ʝʸ ʚʨʘʱʝʥʠʷ, ʢʦʪʦʨʘʷ ʜʘʚʘʣʘ 

ʙʳ ʤʘʢʩʠʤʘʣʴʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʩʤ., 

ʥʘʧʨʠʤʝʨ, [5, 8, 9]). ɺʳʯʠʩʣʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ ʩʠʥʦʜʠʯʝʩʢʠʭ 

ʧʝʨʠʦʜʦʚ ʚʨʘʱʝʥʠʷ ʉʆ ʦʪ 20
d
 ʜʦ 34

d
 ʤʘʢʩʠʤʫʤ ʜʦʣʛʦʪʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʨʫʧʧ ʧʷʪʝʥ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʝʨʠʦʜʝ P =27.34
d
 ʠ ʩʦʩʪʘʚʣʷʝʪ 

ɢ
2 = 79.3. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ, ʘʥʘʣʦʛʠʯʥʳʡ ʧʨʠʤʝʥʸʥʥʦʤʫ ʚʳʰʝ ð 

ʨʘʥʜʦʤʠʟʠʨʫʷ ʧʘʨʮʠʘʣʴʥʳʝ ʛʠʩʪʦʛʨʘʤʤʳ, ʘ ʟʘʪʝʤ ʩʫʤʤʠʨʫʷ ʠʭ ʩ ʫʯʸʪʦʤ 

ʩʜʚʠʛʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʠʟ-ʟʘ ʦʪʣʠʯʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʉʆ ʦʪ 

ʢʵʨʨʠʥʛʪʦʥʦʚʩʢʦʡ ð ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʛʠʧʦʪʝʟʘ ʦ 

ʜʦʣʛʦʪʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʜʦʣʞʥʘ ʙʳʪʴ ʦʪʚʝʨʛʥʫʪʘ ʩʦ ʟʥʘʯʠʤʦʩʪʴʶ ʧʦʨʷʜʢʘ 

Ŭ ~ 0.25. 

ɺʳʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ʦ ʛʨʫʧʧʘʭ ʧʷʪʝʥ ʨʘʩʰʠʨʝʥʥʦʛʦ 

ɻʨʠʥʚʠʯʩʢʦʛʦ ʢʘʪʘʣʦʛʘ ʥʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʷ ɸɼ ʩʦ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ 

ʦʢʦʣʦ ʦʜʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ ʠʣʠ ʙʦʣʝʝ. ʅʘʙʣʶʜʘʝʤʳʝ ʜʦʣʛʦʪʥʳʝ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʥʘ ʵʪʠʭ ʚʨʝʤʝʥʘʭ ʥʝʟʥʘʯʠʤʳ ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʶʪʩʷ 

ʩʣʝʜʩʪʚʠʝʤ ʥʘʣʠʯʠʷ ɸɼ ʩʦ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ ʦʢʦʣʦ ʛʦʜʘ. 
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ʆʜʥʠʤ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʧʨʠ ʠʟʫʯʝʥʠʠ ʜʠʥʘʤʦ-ʤʦʜʝʣʝʡ ʠ ʠʭ 

ʩʦʛʣʘʩʦʚʘʥʠʠ ʩ ʥʘʙʣʶʜʘʪʝʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʘʣʴʬʘ-ʵʬʬʝʢʪʘ ï 

ʥʝʣʠʥʝʡʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʠʥʘʤʦ-ʫʨʘʚʥʝʥʠʷ, ʦʪʚʝʯʘʶʱʝʛʦ ʟʘ ʛʝʥʝʨʘʮʠʶ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ. ʆʩʥʦʚʥʘʷ ʪʨʫʜʥʦʩʪʴ ʩʦʩʪʦʠʪ ʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʘʚʣʝʥʠʶ 

ʜʠʥʘʤʦ.  ʆʙʳʯʥʦ, ʝe ʢʦʥʢʨʝʪʥʘʷ ʬʦʨʤʘ ʧʦʜʙʠʨʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʩʦʦʙʨʘʞʝʥʠʡ ʠ ʦʙʱʝʛʦ ʩʦʛʣʘʩʠʷ ʨʝʟʫʣʴʪʘʪʘ ʧʨʷʤʦʛʦ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʧʦʚʝʜʝʥʠʝʤ, ʦʞʠʜʘʝʤʳʤ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʤʢʘʭ ʩʦʣʥʝʯʥʦʛʦ 

ʮʠʢʣʠʯʥʦʩʪʠ. ʄʳ ʧʨʝʜʣʘʛʘʝʤ ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ, ʚʦ-ʧʝʨʚʳʭ, ʧʦʟʚʦʣʷʝʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʨʘʚʥʝʥʠʷ ʠ, 

ʚʦ-ʚʪʦʨʳʭ, ʦʮʝʥʠʚʘʪʴ ʩʪʝʧʝʥʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʠʭ ʟʥʘʯʝʥʠʷʭ. ʉʫʪʴ 

ʧʦʜʭʦʜʘ, ʠʟʚʝʩʪʥʦʛʦ ʢʘʢ ʥʝʡʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦ ʥʝʠʟʚʝʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʟʘʤʝʥʷʶʪʩʷ 

ʥʝʡʨʦʩʝʪʴʶ (ʠʣʠ, ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʩʝʤʝʡʩʪʚʦʤ ʬʫʥʢʮʠʡ), 

ʫʨʘʚʥʝʥʠʝ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʯʠʩʣʝʥʥʳʤ ʩʭʝʤʘʤ, ʨʝʰʝʥʠʝ 

ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʮʝʣʝʚʳʤ ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʛʨʘʜʠʝʥʪ ʦʪ ʧʦʣʫʯʘʝʤʦʡ ʦʰʠʙʢʠ ʧʦ 

ʧʘʨʘʤʝʪʨʘʤ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ɼʘʣʝʝ, ʤʝʪʦʜʦʤ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ ʥʘʭʦʜʷʪʩʷ 

ʧʘʨʘʤʝʪʨʳ, ʤʠʥʠʤʠʟʠʨʫʶʱʠʝ ʦʰʠʙʢʫ. ʅʘ ʧʨʠʤʝʨʝ ʧʨʦʩʪʝʡʰʝʡ ʦʜʥʦʤʝʨʥʦʡ 

ʤʦʜʝʣʠ ʘʣʴʬʘ-ʦʤʝʛʘ ʜʠʥʘʤʦ ʤʳ ʧʦʢʘʟʳʚʘʝʤ, ʢʘʢ ʵʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʦʮʝʥʠʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʘʣʴʬʘ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʜʠʥʘʤʦ ʯʠʩʣʦ ʠ ʥʘʯʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ. ʄʳ ʪʘʢʞʝ ʚʦʩʧʨʦʠʟʚʦʜʠʤ ʩʠʪʫʘʮʠʶ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʨʝʘʣʴʥʳʭ 

ʜʘʥʥʳʭ, ʢʦʛʜʘ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʘ ʪʦʣʴʢʦ 

ʯʘʩʪʴ, ʠ ʧʦʢʘʟʳʚʘʝʤ ʤʥʦʛʦʦʙʨʘʟʠʝ ʧʘʨʘʤʝʪʨʦʚ ʜʠʥʘʤʦ-ʤʦʜʝʣʠ, ʜʘʶʱʠʭ 

ʩʭʦʞʠʝ ʨʝʰʝʥʠʷ. ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʧʦʜʭʦʜʘ ʥʘ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʳ 

ʧʨʠʚʦʜʠʤ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʜʠʥʘʤʦ-ʤʦʜʝʣʠ, ʚʦʩʧʨʦʠʟʚʦʜʷʱʠʝ 

ʫʩʨʝʜʥʝʥʥʳʡ ʩʦʣʥʝʯʥʳʡ ʮʠʢʣ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ-21-72-20067-ʇ. 
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ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʭʦʜ ʨʘʟʚʠʪʠʷ ʪʝʢʫʱʝʛʦ 25 

ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʉɸ) ʧʦʩʣʝ ʧʷʪʠ ʩ ʧʦʣʦʚʠʥʦʡ ʣʝʪ ʵʚʦʣʶʮʠʠ, 

ʢʦʪʦʨʳʡ ʨʘʟʚʠʚʘʝʪʩʷ ʩʦʛʣʘʩʥʦ ʩʮʝʥʘʨʠʶ ʮʠʢʣʠʯʥʦʩʪʠ ʜʦʩʪʦʚʝʨʥʳʭ 

ʩʦʣʥʝʯʥʳʭ ʮʠʢʣʦʚ (ʉʎ). ʂʨʠʚʘʷ ʨʘʟʚʠʪʠʷ ʚ ʬʘʟʝ ʤʘʢʩʠʤʫʤʘ ʟʘ ʘʚʛʫʩʪ 2025 ʛ. 

ʦʪʥʦʩʠʪ ʪʝʢʫʱʠʡ ʮʠʢʣ ʢ ʩʨʝʜʥʠʤ ʧʦ ʚʝʣʠʯʠʥʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʯʠʩʝʣ 

ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʠ ʚ ʦʯʝʨʝʜʥʦʡ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʚʥʫʪʨʠ ʵʧʦʭ ʉɸ, 

ʥʘʙʣʶʜʘʪʝʣʴʥʳʝ ʧʨʘʚʠʣʘ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʦʪʜʝʣʴʥʳʭ ʉʎ 

ʥʝʫʢʣʦʥʥʦ ʚʳʧʦʣʥʷʶʪʩʷ. ɺ ʦʢʪʷʙʨʝ 2024 ʛ. ʉɸ ʧʨʦʰʣʘ ʪʦʯʢʫ ʤʘʢʩʠʤʫʤʘ ʠ 

ʧʦʜʪʚʝʨʜʠʣʘ, ʯʪʦ ʪʝʢʫʱʠʡ ʮʠʢʣ ʩʪʘʣ ʦʜʥʦʛʦʨʙʳʤ, ʢʘʢ ʠ ʚʩʝ ʠʟʚʝʩʪʥʳʝ 

ʜʦʩʪʦʚʝʨʥʳʝ ʮʠʢʣʳ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʳ ʢʨʦʤʝ ʧʝʨʝʭʦʜʥʦʛʦ ʉʎ23. 

ʇʝʨʝʧʦʣʶʩʦʚʢʘ ʥʘʯʘʣʘʩʴ ʩ ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ ʠ ʧʨʦʰʣʘ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ  ʩ 

ʠʶʣʷ 2023 ʛ. ʧʦ ʠʶʣʴ 2024 ʛ. ʅʘ ʠʶʥʴ 2025 ʛ. ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʯʠʤʳʭ 

(ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʢʣʘʩʩʘ ʄÓ1) ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʜʦʩʪʠʛʣʦ 1686, ʠʟ 

ʢʦʪʦʨʳʭ1457 ʙʳʣʠ ʩʨʝʜʥʠʭ ʢʣʘʩʩʦʚ (ʄ<5), 145 ï ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʢʣʘʩʩʦʚ ʄ5 ï 

ʄ9.9 ʠ 84 ʢʣʘʩʩʦʚ ʍ, ʪ.ʝ. ʪʝʢʫʱʠʡ ʮʠʢʣ ʦʙʦʰʝʣ ʧʨʝʜʳʜʫʱʠʡ ʥʠʟʢʠʡ ʉʎ24 ʠ 

ʧʝʨʝʭʦʜʥʦʡ ʤʝʞʜʫ ʵʧʦʭʘʤʠ ʉʎ23. 8% ʠʟ ʵʪʠʭ ʟʥʘʯʠʤʳʭ ʚʩʧʳʰʝʢ (139) 

ʦʩʫʱʝʩʪʚʠʣʦʩʴ ʚ ʤʘʝ 2024 ʛ., ʪʦʛʜʘ ʢʘʢ ʚ ʤʘʨʪʝ 1991 ʛ. ʠʭ ʙʳʣʦ 179 ʠ ʥʘ ʜʚʝ 

ʚʩʧʳʰʢʠ ʢʣʘʩʩʘ ʍ ʙʦʣʴʰʝ (23 ʧʨʦʪʠʚ 21). ʕʪʦ ʙʳʣ ʧʝʨʚʳʡ ʤʝʩʷʮ ʩ ʩʝʥʪʷʙʨʷ 

2005 ʛ., ʢʦʛʜʘ ʦʩʫʱʝʩʪʚʠʣʦʩʴ ʙʦʣʴʰʝ ʜʝʩʷʪʢʘ ʚʩʧʳʰʝʢ ʢʣʘʩʩʘ ʍ. ɺʪʦʨʳʤ  

ʚʩʧʳʰʝʯʥʦ-ʘʢʪʠʚʥʳʤ ʧʝʨʠʦʜʦʤ ʪʝʢʫʱʝʛʦ ʉʎ ʩʪʘʣ ʦʢʪʷʙʨʴ 2024 ʛ. (122 

ʚʩʧʳʰʢʠ M ʠ X-ʢʣʘʩʩʦʚ). ʊ. ʦ., 2024 ʛ. ʩʪʘʣ ʪʨʝʪʴʠʤ ʛʦʜʦʤ ʧʦ ʢʦʣʠʯʝʩʪʚʫ 

ʟʥʘʯʠʤʳʭ ʚʩʧʳʰʝʢ ʟʘ ʦʜʠʥ ʛʦʜ ʧʦʩʣʝ 1989 ʠ 1991 ʛʦʜʦʚ (922, 968 ʠ 979 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʥʦ ʥʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʛʦʜʘ ʦʪʥʦʩʷʪʩʷ ʢ ʉʎ 

ʧʦʚʳʰʝʥʥʦʡ ʉɸ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ: ʉʎ24 ʟʘ ʚʩʝ ʚʨʝʤʷ ʧʨʦʠʟʚʝʣ 1200 ʚʩʧʳʰʝʢ 

ʢʣʘʩʩʘ ʄ ʠ ʍ. ʉʘʤʳʤʠ ʠʥʪʝʥʩʠʚʥʳʤʠ ʚʩʧʳʰʢʘʤʠ ʚ ʪʝʢʫʱʝʤ ʮʠʢʣʝ ʙʳʣʠ 

ʚʩʧʳʰʢʘ X9.0 ʚ AR13842 3.10.2024 ʛ ʠ X8.7, ʚ AR13664 14.05.2024 ʛ., ʦʜʥʘʢʦ  

ʧʦ ʜʘʥʥʳʤ Solar Orbiter/STIX, ʚ ʧʝʨʝʩʯʸʪʝ ʥʘ ʩʠʩʪʝʤʫ GOES ʚ 2024 ʛ. ʙʳʣʠ 

ʦʪʤʝʯʝʥʳ ʚʩʧʳʰʢʠ ʢʣʘʩʩʦʚ X16 (20.05) ʠ X14 (22.07) [1].  

ʇʝʨʚʦʝ ʩʦʣʥʝʯʥʦʝ ʧʨʦʪʦʥʥʦʝ ʩʦʙʳʪʠʝ (ʉʇʉ) ʩ ʵʥʝʨʛʠʷʤʠ Ó10 ʄʵɺ 

ʧʨʦʠʟʦʰʣʦ 29.05.2021 ʛ., (15 pfu). ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʩʫʱʝʩʪʚʠʣʦʩʴ ~40 

ʉʇʉ (Ó10 pfu), ʠʟ ʢʦʪʦʨʳʭ 2 ʙʳʣʠ ʢʣʘʩʩʘ S3 ʠ 11 ï S2. ʉʘʤʳʝ ʠʥʪʝʥʩʠʚʥʳʝ 
ʉʇʉ ʧʨʦʠʟʦʰʣʠ 8.06 ʠ 9ï10.10.2024 ʛ. (1030 pfu ʠ 1810 pfu). ʀʩʪʦʯʥʠʢʦʤ 
ʧʝʨʚʦʛʦ ʙʳʣʘ ʚʩʧʳʰʢʘ M9, ʚ AR13697 (2-ʡ ʦʙʦʨʦʪ 13664), ʚʪʦʨʦʛʦ ï 
ʚʩʧʳʰʢʠ X-ʢʣʘʩʩʘ AR13848. ʇʦ ʜʘʥʥʳʤ ʥʝʡʪʨʦʥʥʦʛʦ ʤʦʥʠʪʦʨʘ ʚ ʆʫʣʫ ʚ 

ʪʝʢʫʱʝʤ ʮʠʢʣʝ ʫʞʝ ʥʘʙʣʶʜʘʣʦʩʴ 4 ʜʦʚʦʣʴʥʦ ʩʣʘʙʳʭ GLE-ʩʦʙʳʪʠʷ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʦʩʪʦʤ ʯʠʩʣʘ ʥʝʡʪʨʦʥʦʚ ʦʪ 8% ʜʦ 17%. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, GLE, 
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ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʙʳʪʠʷʤʠ 14.07.2000 ʛ. ʠ ʦʢʪʷʙʨʷ 2003 ʛ., ʜʦʩʪʠʛʣʠ 58% ʠ 45% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʝʨʚʦʝ ʠʟ ʥʠʭ (#73) ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʉʇʉ ʦʪ ʚʩʧʳʰʢʠ X1.0 

28.10.2021 ʛ.ʩ ʧʠʢʦʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 29 pfu (Ó10 pfu). ɺʪʦʨʦʝ (ˉ 74), ï 
11.05.2024 ʛ. ʠ ʦʪ ʚʩʧʳʰʢʠ ʢʣʘʩʩʘ X5.8 ʚ AR13664. ɿʜʝʩʴ ʧʦʪʦʢ ʧʨʦʪʦʥʦʚ ʩ 

ɽ>10 ʄʵɺ ʜʦʩʪʠʛ ʟʥʘʯʝʥʠʷ 116 pfu. ɼʚʘ ʜʨʫʛʠʭ GLE ʧʨʦʠʟʦʰʣʠ 8.6.2024 ʛ. 

(AR13697) ʠ 21.11.2024 ʛ.  

ʉʛʣʘʞʝʥʥʳʡ ʩʫʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʢʦʨʦʥʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʚʝʱʝʩʪʚʘ (CME) 

ʜʦʩʪʠʛ (ʧʝʨʚʦʛʦ) ʤʘʢʩʠʤʫʤʘ ʚ 6,1 CME ʚ ʜʝʥʴ ʚ ʤʘʝ 2023 ʛ., ʪʦ ʝʩʪʴ ʯʝʨʝʟ 41 

ʤʝʩʷʮ ʧʦʩʣʝ ʝʛʦ ʤʠʥʠʤʫʤʘ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʧʨʝʚʳʰʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʧʨʝʜʳʜʫʱʠʝ ʩʦʣʥʝʯʥʳʝ ʮʠʢʣʳ 23 ʠ 24 

(ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 5,0 ʠ 5,9 CME ʚ ʜʝʥʴ). ɸʙʩʦʣʶʪʥʦʝ ʤʝʩʷʯʥʦʝ ʟʥʘʯʝʥʠʝ 

ʜʦʩʪʠʛʣʦ ʤʘʢʩʠʤʫʤʘ ʚ ʬʝʚʨʘʣʝ 2023 ʛʦʜʘ (7,8 CME ʚ ʜʝʥʴ), ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʩʘʤʳʤ ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʩ ʤʦʤʝʥʪʘ ʟʘʧʫʩʢʘ SOHO ʙʦʣʝʝ 25 ʣʝʪ ʥʘʟʘʜ.  

ʉʘʤʘʷ ʠʥʪʝʥʩʠʚʥʘʷ ʤʘʛʥʠʪʥʘʷ ʙʫʨʷ ʧʨʦʠʟʦʰʣʘ 10ï11.5.2024 ʛ. 

(ʵʢʩʪʨʝʤʘʣʴʥʘʷ, 7-ʝ ʤʝʩʪʦ ʩ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʠʟʤʝʨʝʥʠʡ Dst ʚ 1957 ʛ.), ʢʦʛʜʘ 

Kp-ʠʥʜʝʢʩ ʜʦʩʪʠʛ 9o ʚ ʥʝʩʢʦʣʴʢʠʭ ʠʥʪʝʨʚʘʣʘʭ ʥʘʙʣʶʜʝʥʠʡ. ʈʝʢʦʨʜʩʤʝʥʦʤ ʧʦ 

Dst-ʠʥʜʝʢʩʫ ʷʚʣʷʝʪʩʷ ʟʥʘʤʝʥʠʪʘʷ ʵʢʩʪʨʝʤʘʣʴʥʘʷ ʄɹ 13 14.03.1989 ʛ. ( 589 

ʥʊ). ɺʪʦʨʘʷ ʧʦ ʚʝʣʠʯʠʥʝ ʤʘʛʥʠʪʥʘʷ ʙʫʨʷ ʪʝʢʫʱʝʛʦ ʮʠʢʣʘ ʧʨʦʠʟʦʰʣʘ 10ï
11.10.2024 ʛ., ʜʦʩʪʠʛʥʫʚ ʫʨʦʚʥʷ ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ (Kp = 9-, Ap 

= 300 ʥʊʣ). ʉ ʤʦʤʝʥʪʘ ʚʚʝʜʝʥʠʷ Dst-ʠʥʜʝʢʩʘ ʚ 1957 ʛʦʜʫ ʠ ʜʦ ʩʝʥʪʷʙʨʷ 2025 

ʛ. ʙʳʣʦ 698 ʜʥʝʡ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʩ ʦʜʥʠʤ ʯʘʩʦʚʳʤ ʠʥʪʝʨʚʘʣʦʤ, ʢʦʛʜʘ Dst 

ʜʦʩʪʠʛʘʣ -100 ʥʊʣ ʠʣʠ ʥʠʞʝ ʠ ʚʩʝʛʦ 13 ʜʥʝʡ, ʢʦʛʜʘ ʦʪʤʝʯʝʥ Dst<-350 ʥʊʣ. 

ɹʦʣʴʰʠʝ ʤʘʛʥʠʪʥʳʝ ʙʫʨʠ ʧʨʦʠʟʦʰʣʠ 23ï24.03 (Dst = -163 ʥʊʣ), 23ï24.04 

(Dst = -213 ʥʊʣ), 5.11 2023 ʛ. (Dst = -163 ʥʊʣ), 12.08.2024 ʛ. (-188 ʥʊʣ) ʠ 10-

11.10. 2024 ʛ. (-333 ʥʊʣ).  

ʊʦʯʢʫ ʤʠʥʠʤʫʤʘ ʪʝʢʫʱʝʛʦ ʮʠʢʣʘ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ 

2031. ɿʘ ʨʘʟʚʠʪʠʝʤ ʪʝʢʫʱʝʛʦ ʉʎ ʤʦʞʥʦ ʩʣʝʜʠʪʴ ʥʘ ʩʪʨʘʥʠʮʝ 

http://www.izmiran.ru/saf, ʛʜʝ ʢʘʞʜʳʡ ʧʝʨʚʳʡ ʧʦʥʝʜʝʣʴʥʠʢ ʤʝʩʷʮʘ 

ʧʫʙʣʠʢʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʠʥʜʝʢʩʳ ʩʦʣʥʝʯʥʦʡ ʠ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʚʩʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʧʷʪʥʦʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʠ ʚʩʧʳʰʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʉʦʣʥʮʘ. 
ʊʝʢʫʱʠʡ ʉʎ ʫʥʠʢʘʣʝʥ ʩʚʦʠʤʠ ʥʘʙʣʶʜʘʪʝʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʤʠ ʢʦʩʤʠʯʝʩʢʠʤʠ ʧʨʦʝʢʪʘʤʠ, ʟʘʧʫʱʝʥʥʳʤʠ ʚʦ ʚʥʫʪʨʝʥʥʶʶ 

ʛʝʣʠʦʩʬʝʨʫ (Solar Orbiter, Parker Solar Probe, BepiColombo), ʚʧʝʨʚʳʝ 

ʧʨʝʜʦʩʪʘʚʣʷʷ ʦʪʣʠʯʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʢʪʠʚʥʳʭ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʛʝʦʵʬʬʝʢʪʠʚʥʳʭ, ʷʚʣʝʥʠʡ ʥʘ ʉʦʣʥʮʝ ʩ ʧʦʤʦʱʴʶ ʥʝʩʢʦʣʴʢʠʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʩʦʣʥʝʯʥʳʭ, 

ʛʝʣʠʦʩʬʝʨʥʳʭ ʠ ʥʘʟʝʤʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʘʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠ ʢʦʨʧʫʩʢʫʣʷʨʥʳʭ ʠʟʣʫʯʝʥʠʡ.  

 

ʃʠʪʝʨʘʪʫʨʘ 

Stiefel1, M.Z. , Matej Kuhar3 , Olivier Limousin, Using the STIX background 

detector as a proxy for GOES, A&A, 694, A138 (2025) 
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ʆʧʨʝʜʝʣʝʥʠʝ ʧʣʦʱʘʜʝʡ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʪʨʘʜʠʮʠʦʥʥʦ ʦʩʥʦʚʘʥʦ ʥʘ 

ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʷʭ. ʆʜʥʘʢʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʬʠʟʠʢʠ ʧʨʦʮʝʩʩʦʚ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʶʪ ʤʘʛʥʠʪʦʛʨʘʤʤʳ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʙʦʣʴʰʠʥʩʪʚʘ ʷʚʣʝʥʠʡ ʥʘ ʉʦʣʥʮʝ. 

ʇʦʪʦʢ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ B ʚ ʩʦʣʥʝʯʥʦʤ ʧʷʪʥʝ ʯʘʰʝ ʚʩʝʛʦ 

ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʢʦʤʧʦʥʝʥʪʝ ʧʦʣʷ ʚʜʦʣʴ ʣʫʯʘ ʟʨʝʥʠʷ Blos. ɺ ʢʘʯʝʩʪʚʝ ʤʝʨʳ 

ʧʣʦʱʘʜʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʚʘ ʧʦʜʭʦʜʘ: (1) ʝʚʢʣʠʜʦʚʘ ʧʣʦʱʘʜʴ ʦʜʥʦʩʚʷʟʥʦʡ 

ʦʙʣʘʩʪʠ, ʚʳʜʝʣʝʥʥʦʡ ʢʘʢ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ Au, ʛʜʝ ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʠʥʜʫʢʮʠʠ ʧʨʝʚʳʰʘʝʪ ʟʘʜʘʥʥʳʡ ʧʦʨʦʛ B>u; (2) ʧʨʦʝʢʮʠʦʥʥʘʷ ʧʣʦʱʘʜʴ ʧʷʪʥʘ 

ʚ ʬʦʪʦʩʬʝʨʝ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʥʘ ʤʘʛʥʠʪʦʛʨʘʤʤʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʨʘʜʠʮʠʦʥʥʳʭ (ʚ ʪʦʤ ʯʠʩʣʝ ʛʨʘʜʠʝʥʪʥʳʭ) ʤʝʪʦʜʦʚ ʩʝʛʤʝʥʪʘʮʠʠ. ʆʯʝʚʠʜʥʦ, 

ʯʪʦ ʦʙʘ ʧʦʜʭʦʜʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʚʳʙʦʨʘ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ 

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʠʣʠ ʛʨʘʥʠʯʥʦʡ ʠʟʦʬʦʪʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʤʦʛʫʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʪʨʦʛʦ ʢʦʨʨʝʢʪʥʳʝ ʤʝʨʳ [1]. 

ʇʨʠ ʨʘʙʦʪʝ ʩ ʮʠʬʨʦʚʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʧʦʜʭʦʜʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ 

ʦʧʠʩʘʥʠʝ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʦʤʘʩʰʪʘʙʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ [2] ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʠʨʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʣʦʱʘʜʝʡ ʠ ʤʘʛʥʠʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʷʪʝʥ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʜʘʥʥʳʝ SDO, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ 

ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʭ ʠ ʧʦʧʫʣʷʨʥʳʭ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ʄʳ ʦʙʩʫʞʜʘʝʤ ʦʮʝʥʢʫ ʧʣʦʱʘʜʠ ʥʘ ʤʘʛʥʠʪʦʛʨʘʤʤʝ, ʦʩʥʦʚʘʥʥʫʶ 

ʥʘ ʛʝʣʴʜʝʨʦʚʩʢʦʤ ʧʦʢʘʟʘʪʝʣʝ ʩʠʥʛʫʣʷʨʥʦʩʪʠ h(x) ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʨʝʛʫʣʷʨʥʦʡ ʠ 

ʣʦʢʘʣʴʥʦ ʢʦʥʝʯʥʦʡ ʤʝʨʳ ʈʘʜʦʥʘ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʥʘ ʢʦʥʝʯʥʦʡ ʝʚʢʣʠʜʦʚʦʡ ʦʙʣʘʩʪʠ ʩʦʣʥʝʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʷʚʣʷʶʱʝʡʩʷ 

ʝʸ ʥʦʩʠʪʝʣʝʤ. ʊʘʢʫʶ ʤʝʨʫ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ çʢʨʘʩʢʫè, ʥʘʥʝʩʸʥʥʫʶ ʥʘ 

ʦʙʣʘʩʪʴ ʪʦʯʢʘʤʠ, ʣʠʥʠʷʤʠ ʠʣʠ ʨʘʚʥʦʤʝʨʥʳʤʠ ʩʣʦʷʤʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʧʦʢʘʟʘʪʝʣʠ ʩʠʥʛʫʣʷʨʥʦʩʪʠ ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ h(x)=0, 1 ʠʣʠ n, ʛʜʝ ʜʣʷ 

ʦʜʥʦʛʦ ʨʘʚʥʦʤʝʨʥʦʛʦ ʩʣʦʷ n=2. ʕʪʦ ʦʧʠʩʘʥʠʝ ʫʯʠʪʳʚʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʟʥʘʯʝʥʠʡ ʧʦʣʷ ʥʘ ʮʠʬʨʦʚʳʭ ʤʘʛʥʠʪʦʛʨʘʤʤʘʭ, 

ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʷʞʝʣʳʤʠ ʭʚʦʩʪʘʤʠ ʠ ʚʳʩʦʢʠʤ ʢʫʨʪʦʟʠʩʦʤ. 

ɿʥʘʯʝʥʠʷ h(x) ʨʝʛʫʣʷʨʥʳ ʜʣʷ h(x)=0 ʠ h(x)=2; ʚʩʝ ʧʨʦʯʠʝ ʟʥʘʯʝʥʠʷ 

ʥʘʟʳʚʘʶʪʩʷ ʩʠʥʛʫʣʷʨʥʳʤʠ ï ʦʥʠ ʚʳʜʝʣʷʶʪ ʪʝʢʩʪʫʨʥʳʝ ʧʘʪʪʝʨʥʳ 

ʤʘʛʥʠʪʦʛʨʘʤʤʳ. ɼʣʷ ʯʠʩʣʝʥʥʦʡ ʦʮʝʥʢʠ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʭʥʠʢʫ ʸʤʢʦʩʪʝʡ 

ʐʦʢʝ [3]. 

ɸʥʘʣʠʟ ʚʳʙʦʨʢʠ ʧʘʨ çʠʟʦʙʨʘʞʝʥʠʝ ʧʷʪʥʘ ʚ ʢʦʥʪʠʥʫʫʤʝ ï ʝʛʦ 

ʤʘʛʥʠʪʦʛʨʘʤʤʘè ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʥʷʪʠʝ ʧʣʦʱʘʜʠ ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ ʩʤʳʩʣʝ 
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ʫʤʝʩʪʥʦ ʪʦʣʴʢʦ ʜʣʷ ʬʦʪʦʩʬʝʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ɼʣʷ ʤʘʛʥʠʪʦʛʨʘʤʤ 

çʦʙʳʯʥʘʷè ʧʣʦʱʘʜʴ (h(x)=2) ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 10% ʤʥʦʛʦʩʚʷʟʥʦʡ 

ʪʝʢʩʪʫʨʥʦʡ ʢʘʨʪʝ ʚʩʝʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʕʪʦ ʩʪʘʚʠʪ ʚʘʞʥʳʡ ʚʦʧʨʦʩ: ʢʘʢʠʤ 

ʦʙʨʘʟʦʤ ʢʦʨʨʝʢʪʥʦ ʦʧʨʝʜʝʣʷʪʴ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʜʣʷ ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʬʦʨʤ? 
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ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʦʡ ʠ ʚʳʩʦʢʦʘʤʧʣʠʪʫʜʥʦʡ ʚʘʨʠʘʮʠʝʡ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 11-ʣʝʪʥʠʡ ʮʠʢʣ, ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʦʛʦ ʦʧʠʩʳʚʘʝʪ ʪʝʦʨʠʷ 

ʜʠʥʘʤʦ ʩʨʝʜʥʝʛʦ ʧʦʣʷ.  ʅʘ ʬʦʥʝ 11-ʣʝʪʥʝʛʦ ʮʠʢʣʘ ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʝʝ 

ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʠʝ ʚʘʨʠʘʮʠʠ ʩ ʥʝʫʩʪʦʡʯʠʚʳʤ ʧʝʨʠʦʜʦʤ ʧʦʨʷʜʢʘ 2-ʣʝʪ, 

ʧʦʣʫʯʠʚʰʠʝ ʥʘʟʚʘʥʠʝ ʢʚʘʟʠ-ʜʚʫʭʣʝʪʥʠʝ ʦʩʮʠʣʣʷʮʠʠ (ʂɼʆ), ʧʨʠʨʦʜʘ ʢʦʪʦʨʳʭ 

ʦʩʪʘʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʦʡ. ʕʪʠ ʚʘʨʠʘʮʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʠʥʜʝʢʩʦʚ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

ʉʦʣʥʮʘ, ʘ ʪʘʢʞʝ ʚ ʧʘʨʘʤʝʪʨʘʭ ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜʳ ʠ ʛʘʣʘʢʪʠʯʝʩʢʠʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. ɺ ʩʧʝʢʪʨʘʭ ʤʦʱʥʦʩʪʠ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʵʪʠʭ ʠʥʜʝʢʩʦʚ  

ʂɼʆ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʫʚʝʣʠʯʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ 

ʯʘʩʪʦʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʠʦʜʘʤ 1-3 ʛʦʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ [1], 

ʩʧʝʢʪʨ ʤʦʱʥʦʩʪʠ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʯʠʩʝʣ ɺʦʣʴʬʘ ʠʟʤʝʥʷʝʪ ʧʦʢʘʟʘʪʝʣʴ 

ʥʘʢʣʦʥʘ ʚ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʠʦʜʫ 2.5-3 ʛʦʜʘ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʢʚʘʟʠ-ʜʚʫʭʣʝʪʥʠʝ ʚʘʨʠʘʮʠʠ ʧʣʦʱʘʜʠ 

ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʚ ʩʦʣʥʝʯʥʳʭ ʮʠʢʣʘʭ 12-24. ɸʥʘʣʠʟʠʨʦʚʘʣʘʩʴ ʵʚʦʣʶʮʠʷ 

ʧʣʦʱʘʜʠ ʚʩʝʭ ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʠ, ʦʪʜʝʣʴʥʦ, ʪʝʭ, ʢʦʪʦʨʳʝ 

ʚʭʦʜʷʪ ʚ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʛʨʫʧʧʳ ʧʷʪʝʥ, ʩ ʧʣʦʱʘʜʴʶ ʙʦʣʴʰʝ 500ʤʜʧ ʠ 

1000ʤʜʧ. ʇʨʠ ʵʪʦʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʘʥʘʣʠʟʘ, ʧʣʦʱʘʜʴ ʢʘʞʜʦʡ 

ʪʘʢʦʡ ʛʨʫʧʧʳ ʫʯʠʪʳʚʘʣʘʩʴ ʟʘ ʚʩʝ ʚʨʝʤʷ ʝʝ ʥʘʙʣʶʜʝʥʠʷ, ʘ ʥʝ ʪʦʣʴʢʦ ʢʦʛʜʘ ʦʥʘ 

ʧʨʝʚʳʰʘʣʘ ʫʢʘʟʘʥʥʳʡ ʨʘʟʤʝʨ. ɸʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʪʘʢʞʝ ʚʘʨʠʘʮʠʠ ʧʣʦʱʘʜʠ 

ʧʷʪʝʥ, ʚʭʦʜʷʱʠʭ ʚ ʛʨʫʧʧʳ, ʧʣʦʱʘʜʴ ʢʦʪʦʨʳʭ ʥʝ ʜʦʩʪʠʛʘʣʘ ʨʘʟʤʝʨʘ 500ʤʜʧ. ɺ 

ʢʘʞʜʦʤ ʠʟ ʰʠʨʦʪʥʳʭ ʧʦʣʫʰʘʨʠʡ ʂɼʆ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʦʪʜʝʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ 

ʠʟ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʂɼʆ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʰʠʨʦʪʥʳʭ 

ʧʦʣʫʰʘʨʠʷʭ ʥʝʟʘʚʠʩʠʤʦ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʦ ʧʣʦʱʘʜʷʭ ʠ ʢʦʦʨʜʠʥʘʪʘʭ 

ʛʨʫʧʧ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ Royal Greenwich Observatory 

(https://solarscience.msfc.nasa.gov/greenwch.shtml) ʟʘ 1874ï1976ʛʛ., ʘ 

ʧʦʩʢʦʣʴʢʫ ʚ 1976 ʛʦʜʫ  ʨʝʛʫʣʷʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʚ RGO ʙʳʣʠ ʟʘʚʝʨʰʝʥʳ, ʟʘ 

1977ï2024 ʛʦʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʥʘʣʦʛʠʯʥʳʝ ʜʘʥʥʳʝ ʂʠʩʣʦʚʦʜʩʢʦʡ ɻʦʨʥʦʡ 

ʉʪʘʥʮʠʠ, (http://158.250.29.123:8000/web/Soln_Dann). ʂɼʆ ʚʳʜʝʣʷʣʠʩʴ 

ʚʳʯʠʪʘʥʠʝʤ ʨʷʜʘ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʠʥʜʝʢʩʘ, ʩʛʣʘʞʝʥʥʦʛʦ ʩʢʦʣʴʟʷʱʠʤ ʦʢʥʦʤ 

25 ʤʝʩʷʮʝʚ ʠʟ ʨʷʜʘ, ʩʛʣʘʞʝʥʥʦʛʦ ʩʢʦʣʴʟʷʱʠʤ ʦʢʥʦʤ 7 ʤʝʩʷʮʝʚ.   

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʢʘʞʜʦʤ 11-ʣʝʪʥʝʤ ʮʠʢʣʝ ʙʦʣʴʰʝ ʧʦʣʦʚʠʥʳ ʧʣʦʱʘʜʠ ʚʩʝʭ 

ʥʘʙʣʶʜʘʝʤʳʭ ʧʷʪʝʥ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʸʪ ʧʣʦʱʘʜʠ ʧʷʪʝʥ, ʚʭʦʜʷʱʠʭ ʚ 

ʙʦʣʴʰʠʝ (ʙʦʣʴʰʝ 500 ʤʜʧ) ʛʨʫʧʧʳ. ɺʘʨʠʘʮʠʠ ʦʪ ʮʠʢʣʘ ʢ ʮʠʢʣʫ ʧʣʦʱʘʜʠ ʚʩʝʭ  

ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ ʩ ʚʘʨʠʘʮʠʷʤʠ ʧʣʦʱʘʜʠ ʪʘʢʠʭ 

ʙʦʣʴʰʠʭ ʛʨʫʧʧ ʧʷʪʝʥ. ɺ ʧʣʦʱʘʜʠ ʧʷʪʝʥ, ʚʭʦʜʷʱʠʭ ʚ ʛʨʫʧʧʳ, ʥʝ ʜʦʩʪʠʛʘʚʰʠʝ 
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ʧʣʦʱʘʜʠ 500ʤʜʧ, ʘʥʘʣʦʛʠʯʥʳʝ ʚʘʨʠʘʮʠʠ ʟʘʤʝʪʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʘʙʝʝ. ɺ ʂɼʆ 

ʚʢʣʘʜ ʧʣʦʱʘʜʠ ʧʷʪʝʥ, ʚʭʦʜʷʱʠʭ ʚ ʛʨʫʧʧʳ ʙʦʣʴʰʝ 500ʤʜʧ, ʚʳʰʝ, ʦʥ 

ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʴʰʝ 60 ʧʨʦʮʝʥʪʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʧʦʨʷʜʢʘ ʧʦʣʦʚʠʥʳ- ʵʪʦ ʧʣʦʱʘʜʴ 

ʧʷʪʝʥ, ʚʭʦʜʷʱʠʭ ʚ ʛʨʫʧʧʳ  ʙʦʣʴʰʝ 1000ʤʜʧ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʤʝʥʥʦ ʙʦʣʴʰʠʝ 

ʘʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ ʠʛʨʘʶʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʘʢ ʢʚʘʟʠ-

ʜʚʫʭʣʝʪʥʠʭ ʚʘʨʠʘʮʠʡ, ʪʘʢ ʠ ʚʘʨʠʘʮʠʡ ʘʤʧʣʠʪʫʜʳ ʩʦʣʥʝʯʥʳʭ ʮʠʢʣʦʚ. 

ʇʦʵʪʦʤʫ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ.  
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ʇʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʤʦʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʈʵʣʝʡ-ɹʝʥʘʨʦʚʩʢʦʡ 

ʢʦʥʚʝʢʮʠʝʡ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʷʯʝʡʢʝ ʧʨʠ ʯʠʩʣʘʭ ʈʵʣʝʷ ʧʦʨʷʜʢʘ 10^8 ï 10^9 ʚ 

ʚʦʜe ʩ ʨʘʚʥʦʤʝʨʥʦ ʥʘʛʨʝʪʦʡ ʥʠʞʥʝʡ ʪʚʝʨʜʦʡ ʛʨʘʥʠʮʝʡ ʠ ʦʪʢʨʳʪʦʡ ʚʝʨʭʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ. ʅʘʢʦʧʣʝʥʳ ʜʣʠʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ PIV. ʇʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ (DNS) ʧʦʣʝʡ ʩʢʦʨʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. Mʳ ʩʨʘʚʥʠʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʧʝʨʝʢʨʳʚʘʶʱʝʤʩʷ ʜʠʘʧʘʟʦʥʝ 

ʧʘʨʘʤʝʪʨʦʚ: ʣʘʙʦʨʘʪʦʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʚʦʟʜʫʭʦʤ (ɹʝʝʨ-ʐʝʚʘ) [1], ʚʦʜʦʡ 

(ʇʝʨʤʴ), ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ DNS ʠ ʨʘʩʯʝʪʳ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʩʨʝʜʥʝʛʦ 

ʧʦʣʷ [2]. ɺ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʦʙʣʘʩʪʠ ʬʦʨʤʠʨʫʶʪʩʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ 

ʜʦʣʛʦʞʠʚʫʱʠʝ ʢʦʥʚʝʢʪʠʚʥʳʝ ʷʯʝʝʢʠ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʦʙʣʘʩʪʴ 

ʫʩʪʦʡʯʠʚʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ (ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ) ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʠ ʧʨʠʜʦʥʥʦʛʦ ʩʣʦʝʚ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʨʘʩʯʝʪaʤʠ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʩʨʝʜʥʝʛʦ ʧʦʣʷ ʠ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ 

ʩ ʚʦʟʜʫʭʦʤ ʚ ɹʝʝʨ-ʐʝʚʝ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ  ʧʦʯʪʠ 

ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʶʪ ʤʝʜʣʝʥʥʳʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ ʢʦʣʝʙʘʥʠʷ, 

ʧʦ-ʚʠʜʠʤʦʤʫ ʩʚʷʟʘʥʥʳʝ ʩ ʫʩʪʦʡʯʠʚʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʝʡ ʚ ʯʘʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ 

ʦʙʣʘʩʪʠ. ʕʪʦʪ ʵʬʬʝʢʪ ʠʟʚʝʩʪʝʥ ʜʣʷ ʘʪʤʦʩʬʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ, ʥʦ ʜʣʷ 

ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ oʥ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʩʩʣʝʜʦʚʘʥ, ʧʦʩʢʦʣʴʢʫ ʪʝʦʨʠʷ 

ʜʣʠʥʳ ʧʫʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʧʨʠʥʮʠʧʝ ʥʝ ʤʦʞʝʪ ʜʘʪʴ ʧʦʜʦʙʥʦʛʦ ʛʨʘʜʠʝʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʟ-ʟʘ ʦʪʩʫʩʪʚʠʷ ʚ ʥʝʡ ʩʪʨʫʢʪʫʨ, ʦʪʜʝʣʝʥʥʳʭ ʦʪ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. 

ʅʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʝʪ ʜʚʘ ʚʘʞʥʳʭ ʩʣʝʜʩʪʚʠʷ ʜʣʷ ʬʠʟʠʢʠ ʉʦʣʥʮʘ. ʆʜʥʦ 

ʢʘʩʘʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʷ ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʢʘʨʪʠʥʳ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʩʦʣʥʝʯʥʳʤ ʮʠʢʣʦʤ, ʠʟ ʦʪʜʝʣʴʥʳʭ ʟʘʧʠʩʝʡ 

ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʠ ʤʘʛʥʠʪʦʛʨʘʤʤ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ. ʇʨʠʤʝʨʦʤ ʵʪʦʛʦ 

ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʘʷ ʜʠʘʛʨʘʤʤʘ ʙʘʙʦʯʢʝʢ ʄʘʫʥʜʝʨʘ ʜʣʷ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ, 

ʬʦʨʤʠʨʫʶʱʠʭ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʫʶ ʢʘʨʪʠʥʫ ʩ ʪʠʧʠʯʥʳʤ ʚʨʝʤʝʥʝʤ ʧʦʨʷʜʢʘ 

ʧʝʨʠʦʜʘ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ ~11 ʣʝʪ ʠ ʪʠʧʠʯʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʤʘʩʰʪʘʙʦʤ ʩʦʣʥʝʯʥʦʛʦ ʧʦʣʫʰʘʨʠʷ ~100 ʄʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ ~3-10 ʄʤ, ʘ 

ʪʠʧʠʯʥʦʝ ʚʨʝʤʷ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʠ ʜʥʝʡ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʨʘʤʤ 

ʙʘʙʦʯʢʝʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ (ʩʢʦʣʴʟʷʱʝʝ ʩʨʝʜʥʝʝ ʧʦ ʩʦʣʥʝʯʥʦʡ 
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ʰʠʨʦʪʝ ʠ ʚʨʝʤʝʥʠ) ʚ ʤʘʩʰʪʘʙʘʭ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʠʣʠ ʛʨʫʧʧ ʩʦʣʥʝʯʥʳʭ 

ʧʷʪʝʥ. ɿʘʪʝʤ ʜʘʥʥʳʝ ʩʛʣʘʞʠʚʘʶʪʩʷ ʧʦ ʤʘʩʰʪʘʙʫ ʦʜʥʦʛʦ ʢʨʳʣʘ ʙʘʙʦʯʢʠ.  

ɼʨʫʛʦʝ ʩʣʝʜʩʪʚʠe - ʚʦʟʤʦʞʥʦʝ coʩʫʱʝʩʪʚʦʚʘʥʠe ʪʨʝʭ ʤʘʩʰʪʘʙʦʚ 

ʜʚʠʞʝʥʠʡ: ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ, ʬʦʥʦʚʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ (ʛʨʘʥʫʣʷʮʠʠ), ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ  ʚ ʟʦʥʝ ʩʦʣʥʝʯʥʦʡ ʢʦʥʚʝʢʮʠʠ. ɺʦʟʤʦʞʥʦʝ 

ʧʨʦʷʚʣʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ - ʵʪʦ 3-5 ʤʠʥʫʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʥʘ ʉʦʣʥʮʝ ʚ ʦʙʣʘʩʪʠ ʩ 

ʩʫʙʘʜʠʘʙʘʪʠʯʝʩʢʠʤ ʛʨʘʜʠʝʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʚ ʯʘʩʪʠ 

ʩʦʣʥʝʯʥʦʡ ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʳ. (ɻʨʘʥʪ ʈʅʌ 21-72-20067ʇ). ʄʳ ʧʨʠʚʦʜʠʤ 

ʦʮʝʥʢʠ ʵʪʠʭ ʢʦʣʝʙʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʩʦʣʥʝʯʥʦʡ ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʳ. 
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ʆʙʱʝʧʨʠʥʷʪʘʷ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʘʢʪʠʚʥʦʩʪʠ ʉʦʣʥʮʘ ʧʦ ʧʦʜʩʯʝʪʫ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ (ʯʠʩʝʣ ɺʦʣʴʬʘ) ʥʘ ʚʠʜʠʤʦʤ ʜʠʩʢʝ 

ʧʦʢʘʟʘʣʘ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʘʭ 

ʚʨʝʤʝʥʠ, ʯʪʦ ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ ʦ ʧʝʨʠʦʜʘʭ, ʩʨʘʚʥʠʤʳʭ ʠ ʤʝʥʴʰʝ 

ʢʵʨʨʠʥʛʪʦʥʦʚʩʢʦʛʦ ʦʙʦʨʦʪʘ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʩʧʦʩʦʙʘ 

ʥʘʙʣʶʜʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʝ ʉʦʣʥʮʘ: ʛʝʣʠʦʩʝʡʩʤʦʣʦʛʠʷ ʠ 

ʧʨʷʤʳʝ ʥʘʙʣʶʜʝʥʠʷ ʩ ʙʦʨʪʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʦʙʨʘʱʘʶʱʠʭʩʷ ʧʦ 

ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʠʤ ʦʨʙʠʪʘʤ. ɻʝʣʠʦʩʝʡʤʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ ʥʝ ʠʤʝʝʪ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʜʣʷ ʧʦʜʩʯʝʪʘ ʯʠʩʝʣ ɺʦʣʴʬʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʂɸ Solar Orbiter ʧʨʠʙʦʨ Polarimetric and Helioseismic 

Imager (PHI) ʧʨʦʚʦʜʠʪ ʨʝʛʫʣʷʨʥʳʝ ʩʥʠʤʢʠ ʬʦʪʦʩʬʝʨʳ ʩ ʭʦʨʦʰʠʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

ɺ ʪʝʯʝʥʠʠ ʧʷʪʠ ʤʝʩʷʮʝʚ 2024 ʛʦʜʘ ʩ ʘʧʨʝʣʷ ʧʦ ʩʝʥʪʷʙʨʴ  ʂɸ Solar Orbiter 

ʥʘʭʦʜʠʣʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʝ ʉʦʣʥʮʘ. ʇʦʣʫʯʝʥʥʳʡ ʟʘ 

ʵʪʦ ʚʨʝʤʷ ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ ʠʟʦʙʨʘʞʝʥʠʡ ʜʠʩʢʘ ʉʦʣʥʮʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʠ ʧʦʜʩʯʝʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʩʦʣʥʝʯʥʳʭ 

ʧ̫ ʪʝʥ ʥʘ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʝ ʉʦʣʥʮʘ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʦʮʝʥʢʠ 

ʧʷʪʥʦʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʦʙʝʠʭ ʩʪʦʨʦʥʘʭ ʉʦʣʥʮʘ ʠ ʧʦ ʚʩʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʮʝʣʦʤ. 
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ʀʩʩʣʝʜʦʚʘʥʳ 13 ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ (ɸʆ) ʦʙʨʘʪʥʦʡ ʧʦʣʷʨʥʦʩʪʠ, 

ʥʘʙʣʶʜʘʚʰʠʝʩʷ ʚ 25 ʠ 25 ʩʦʣʥʝʯʥʳʭ ʮʠʢʣʘʭ. ʆʙʣʘʩʪʷʤʠ ʦʙʨʘʪʥʦʡ 

ʧʦʣʷʨʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʨʝʜʢʠʝ ʦʙʣʘʩʪʠ, ʥʘʨʫʰʘʶʱʠʝ ʧʨʘʚʠʣʦ 

ʧʦʣʷʨʥʦʩʪʝʡ ʍʝʡʣʘ ([1], ʣʠʜʠʨʫʶʱʘʷ ʧʦʣʷʨʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʮʠʢʣʫ ʠ 

ʧʦʣʫʰʘʨʠʶ). ʀʟʫʯʘʣʠʩʴ ʪʦʣʴʢʦ ʪʝ ɸʆ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʣʠʩʴ ʥʘ ʚʠʜʠʤʦʡ 

ʩʪʦʨʦʥʝ ʜʠʩʢʘ ʚ ʤʦʤʝʥʪ ʠʭ ʚʩʧʣʳʪʠʷ. ɺʳʯʠʩʣʝʥʳ ʚʨʝʤʝʥʥʳʝ ʧʨʦʬʠʣʠ 

ʩʫʤʤʘʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʠ ʜʠʩʙʘʣʘʥʩʘ ʪʦʢʦʚʦʡ ʩʧʠʨʘʣʴʥʦʩʪʠ ʟʘ ʚʨʝʤʷ 

ʧʨʦʭʦʞʜʝʥʠʷ ɸʆ ʧʦ ʜʠʩʢʫ ʉʦʣʥʮʘ. ʀʟʫʯʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʨʝʤʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʵʪʠʭ ʚʝʣʠʯʠʥ ʠ ʧʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʜʨʫʛʠʤʠ ɸʆ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʥʠʤʘʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʘʢʠʭ 

ʥʝʦʙʳʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʧʨʦʷʩʥʷʶʪ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʜʝʡʩʪʚʠʷ 

ʪʫʨʙʫʣʝʥʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʦʣʥʝʯʥʦʛʦ ʜʠʥʘʤʦ ʚ ʮʝʣʦʤ.     

 

ʃʠʪʝʨʘʪʫʨʘ 

 
Hale, G.E., Ellerman, F., Nicholson, S.B., Joy, A.H.: 1919, The Magnetic Polarity of Sun-Spots. 

// Astrophys. J. V. 49, P. 153. 1919.  
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ɺʚʝʜʝʥʠʝ 
ʀʩʩʣʝʜʫʶʪʩʷ ʚʨʝʤʝʥʘ ʨʝʢʫʨʨʝʥʪʥʦʩʪʠ (Recurrence Times, RT) ʩʦʣʥʝʯʥʳʭ 

ʚʩʧʳʰʝʢ ʚ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʷʭ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʝʜʳʜʫʱʠʭ 

ʨʘʙʦʪ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʠʩʢ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʪʝʧʝʥʥʦʛʦ ʟʘʢʦʥʘ ʜʣʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ RT [1, 2], ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʠʟʤʝʥʝʥʠʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ RT ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟʳ 11-ʣʝʪʥʝʛʦ ʮʠʢʣʘ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 
ɺ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ʣʝʞʘʪ ʜʘʥʥʳʝ ʦ ʚʩʧʳʰʢʘʭ ʚ ʤʷʛʢʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʤ 

ʜʠʘʧʘʟʦʥʝ, ʧʦʣʫʯʝʥʥʳʝ ʩʦ ʩʧʫʪʥʠʢʦʚ ʩʝʨʠʠ GOES ʟʘ ʧʝʨʠʦʜ ʩ 1998 ʧʦ 2025 

ʛʦʜ. ɼʣʷ ʘʥʘʣʠʟʘ ʦʪʙʠʨʘʣʠʩʴ ʪʦʣʴʢʦ ʚʩʧʳʰʢʠ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ 

ʢʦʥʢʨʝʪʥʳʤʠ ʘʢʪʠʚʥʳʤʠ ʦʙʣʘʩʪʷʤʠ (ʠʤʝʶʱʠʤʠ ʥʦʤʝʨ AR), ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʟʫʯʘʪʴ ʠʤʝʥʥʦ ʚʨʝʤʝʥʘ ʨʝʢʫʨʨʝʥʪʥʦʩʪʠ ʚʥʫʪʨʠ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ, 

ʤʠʥʠʤʠʟʠʨʫʷ ʚʢʣʘʜ ʩʣʫʯʘʡʥʳʭ ʠ çʩʠʤʧʘʪʠʯʝʩʢʠʭè ʚʩʧʳʰʝʢ. 

 ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥ ʨʝʢʫʨʨʝʥʪʥʦʩʪʠ RT ʧʦ ʚʩʝʤʫ 

ʤʘʩʩʠʚʫ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʛʘʫʩʩʦʚʳʤ ʠ ʦʙʣʘʜʘʝʪ ʭʘʨʘʢʪʝʨʥʳʤ 

ʧʠʢʦʤ ʜʣʷ ʢʦʨʦʪʢʠʭ ʚʨʝʤʝʥ (ʜʝʩʷʪʢʠ ʤʠʥʫʪ), ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʘʜʝʢʚʘʪʥʦ 

ʦʧʠʩʘʪʴ ʝʛʦ ʧʨʦʩʪʳʤ ʩʪʝʧʝʥʥʳʤ ʟʘʢʦʥʦʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʣʦʛʘʨʠʬʤʦʚ ʵʪʠʭ ʚʝʣʠʯʠʥ, log(RT), ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʣʠʟʦʩʪʴ ʢ ʥʦʨʤʘʣʴʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ RT ʙʳʣ 

ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥ ʣʦʛʥʦʨʤʘʣʴʥʳʡ ʟʘʢʦʥ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ 

ʛʨʫʧʧʠʨʦʚʘʥʥʳʝ ʚʳʙʦʨʢʠ ʩ ʜʚʫʭʣʝʪʥʠʤ ʩʢʦʣʴʟʷʱʠʤ ʦʢʥʦʤ ʠ ʰʘʛʦʤ ʚ ʦʜʠʥ 

ʛʦʜ, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʴ ʩʪʘʪʠʩʪʠʢʠ ʜʘʞʝ ʚ ʛʦʜʳ ʤʠʥʠʤʫʤʘ. 

ɼʣʷ ʢʘʞʜʦʡ ʪʘʢʦʡ ʚʳʙʦʨʢʠ ʚʳʯʠʩʣʷʣʠʩʴ ʪʨʠ ʦʮʝʥʢʠ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

log(RT): 

XLM ð ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʘʢ ʧʘʨʘʤʝʪʨ ʣʦʛʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, 

ʧʦʜʦʙʨʘʥʥʦʛʦ ʤʝʪʦʜʦʤ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ. 

XMN ð ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ log(RT). 

XME ð ʤʝʜʠʘʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ log(RT). 

ʈʝʟʫʣʴʪʘʪʳ 

ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʪʨʝʭ ʦʮʝʥʦʢ ʩʨʝʜʥʝʛʦ log(RT) ʠ 

ʯʠʩʝʣ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ SN, ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʜʚʫʭʣʝʪʥʠʭ ʩʢʦʣʴʟʷʱʠʭ ʦʢʦʥ. 
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ʈʠʩ.1 

ɺʩʝ ʪʨʠ ʦʮʝʥʢʠ (XLM, XMN, XME) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʯʝʪʢʫʶ ʮʠʢʣʠʯʝʩʢʫʶ 

ʤʦʜʫʣʷʮʠʶ ʠ ʚʳʨʘʞʝʥʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ SN (R å 0.85), ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʫʶ 

ʦ ʩʚʷʟʠ ʤʝʞʜʫ ʛʣʦʙʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʩʨʝʜʥʠʤ RT, ʢʦʪʦʨʦʝ ʠʟʤʝʥʷʣʦʩʴ ʦʪ 

~110 ʤʠʥ (ʤʠʥʠʤʫʤ) ʜʦ ~280 ʤʠʥ (ʤʘʢʩʠʤʫʤ). ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ð 

ʫʚʝʣʠʯʝʥʠʝ RT ʚ ʤʘʢʩʠʤʫʤʝ ʮʠʢʣʘ ð ʷʚʣʷʝʪʩʷ ʥʝʪʨʠʚʠʘʣʴʥʳʤ [5] ʠ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʠʟʤʝʥʝʥʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʬʦʥʘ, ʵʚʦʣʶʮʠʝʡ ʤʘʛʥʠʪʥʦʡ 

ʩʣʦʞʥʦʩʪʠ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʠʣʠ ʢʦʣʣʝʢʪʠʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʆʙʩʫʞʜʘʝʪʩʷ 

ʩʦʛʣʘʩʠʝ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ RT ʩ ʧʝʨʠʦʜʘʤʠ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʥʠʡ ʚ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʷʭ [6]. 
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        ɺ ʀɿʄʀʈɸʅ ʩʦʟʜʘʥ ʠ ʫʩʧʝʰʥʦ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʘʥʘʣʦʛʦ-ʮʠʬʨʦ-

ʬʠʟʠʯʝʩʢʠʡ ʠʟʤʝʨʠʪʝʣʴʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ  ʢʦʤʧʣʝʢʩ (ɸʎʌ ʀɺʂ) ʜʣʷ 

ʠʟʤʝʨʝʥʠʡ, ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʥʘʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʢʘʯʝʩʪʚʝ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʦʜʫʣʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ (ʌʕʇ), ʚʳʧʦʣʥʝʥʥʳʝ ʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʠ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ. ɺ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠʟʤʝʨʷʶʪʩʷ ʠ 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʤʦʜʫʣʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʛʝʥʝʨʠʨʦʚʘʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʦʜ  ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʥʠʭ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ.  

       ɺ ʦʩʥʦʚʫ ʨʘʙʦʪʳ ʢʦʤʧʣʝʢʩʘ ʧʦʣʦʞʝʥʘ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʩʝʛʦ ʧʦ ʪʨʝʤ 

ʠʟʤʝʨʝʥʠʷʤ ʠʭ ʦʩʥʦʚʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ (ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ) 

ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʦʩʚʝʱʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʠʩʧʦʣʴʟʫʷ ʩʪʘʥʜʘʨʪʥʳʝ 

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ ï ʚʦʣʴʪʤʝʪʨ ʠ ʘʤʧʝʨʤʝʪʨ, ʧʦʣʥʦʩʪʴʶ 

ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʚʦʣʴʪ-ʘʤʧʝʨʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʌʕʇ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ 

ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ [1]. 

       ʅʝʧʨʝʨʳʚʥʦ ʠʟʤʝʨʷʶʪʩʷ ʚ ʢʨʫʛʣʦʩʫʪʦʯʥʦʤ ʨʝʞʠʤʝ ʥʘʧʨʷʞʝʥʠʝ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʠ ʥʘʧʨʷʞʝʥʠʝ ʠ ʪʦʢ ʚ ʨʘʙʦʯʝʡ 

ʪʦʯʢʝ ʢʘʞʜʦʛʦ ʠʟ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ, ʘ ʪʘʢʞʝ ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ 

ʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  ʀʩʧʦʣʴʟʫʷ 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠ ʩʪʨʦʠʪʩʷ ʚʦʣʴʪ-ʘʤʧʝʨʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʞʜʦʛʦ ʤʦʜʫʣʷ ʌʕʇ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʭ ʪʦʯʢʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ [2]. ɺʩʝ ʠʟʤʝʨʝʥʥʳʝ ʠ ʚʳʯʠʩʣʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ 

ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʥʘ ʤʦʥʠʪʦʨʝ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʠ 

ʜʠʘʛʨʘʤʤ  ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʮʠʠ ʥʘ ʨʠʩ. 1, ʨʠʩ. 2 

ʧʨʠʚʝʜʝʥʳ ʪʠʧʠʯʥʳʝ ʩʫʪʦʯʥʳʝ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʝʨʝʤʝʥʥʳʭ ʦʪ ʚʨʝʤʝʥʠ. 
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       ʅʝʧʨʝʨʳʚʥʳʝ ʠʟʤʝʨʝʥʠʷ ʠ ʨʝʛʠʩʪʨʘʮʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʦʣʥʝʯʥʦʛʦ ʦʙʣʫʯʝʥʠʷ (ʠʥʩʦʣʷʮʠʠ) ʘʢʪʫʘʣʴʥʦ ʢʘʢ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʬʠʟʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ çɿʝʤʣʷ ï ʉʦʣʥʮʝè, ʪʘʢ ʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʝʰʝʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʘʚʪʦʥʦʤʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʩʦʛʣʘʩʦʚʘʥʠʠ ʛʝʥʝʨʘʪʦʨʦʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʦʩʥʦʚʝ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʠ ʙʫʬʝʨʥʳʭ ʥʘʢʦʧʠʪʝʣʝʡ ʚ 

ʘʚʪʦʥʦʤʥʳʭ ʠ ʨʝʟʝʨʚʥʳʭ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 
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ʉʦʣʥʝʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʣʘʩʴ ʩ 24 ʮʠʢʣʘ. ʕʪʦʤʫ 

ʧʨʝʜʰʝʩʪʚʦʚʘʣʦ ʧʦʥʠʞʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʉʦʣʥʮʘ ʚ ʤʠʥʠʤʫʤʝ 2008 ʛʦʜʘ. ɺ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʠʟʫʯʠʪʴ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʠʩʪʦʯʥʠʢʘ ʧʦʣʦʠʜʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʢʦʪʦʨʳʡ ʠ ʩʦʟʜʘʝʪ ʧʦʣʷʨʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʵʧʦʭʠ ʤʠʥʠʤʫʤʦʚ. ɻʝʦʤʝʪʨʠʷ 

ʧʦʣʷʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʦʣʝʥʦʠʜʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ 

ʠʩʪʦʯʥʠʢʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʝʛʦ ʜʝʡʩʪʚʠʝ ʤʦʞʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʤʘʛʥʠʪʥʳʤ 

çʟʘʨʷʜʦʤè Q, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʥʝʢʦʪʦʨʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʮʝʥʪʨʘ. ʊʦʛʜʘ 

ʨʝʛʠʩʪʨʠʨʫʝʤʦʝ ʧʦʣʷʨʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ: 

  B = K*Q + l*q,                                                   (1) 

ʛʜʝ ʫʯʪʝʥʦ ʚʣʠʷʥʠʝ ʨʝʣʠʢʪʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩ çʟʘʨʷʜʦʤè q, ʘ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʚʠʩʷʪ ʦʪ ʧʦʣʦʞʝʥʠʷ çʟʘʨʷʜʦʚè, ʥʘʢʣʦʥʘ ʦʩʠ ʚʨʘʱʝʥʠʷ 

ʉʦʣʥʮʘ ʢ ʣʫʯʫ ʟʨʝʥʠʷ ʠ ʘʧʝʨʪʫʨʳ ʤʘʛʥʠʪʦʛʨʘʬʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʨʝʣʠʢʪʦʚʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʫʶ ʜʠʧʦʣʴʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʧʦʣʦʠʜʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʚʢʣʘʜ 

ʨʝʣʠʢʪʦʚʦʛʦ ʧʦʣʷ, ʠʤʝʷ ʜʘʥʥʳʝ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʤʠʥʠʤʫʤʦʚ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʧʨʦʚʝʜʝʤ ʩʨʘʚʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʝʞʜʫ ʵʧʦʭʘʤʠ 

1986/1996 ʛʛ. ʠ 2008/2019 ʛʛ.  

ɺ ʢʘʯʝʩʪʚʝ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʤ ʠʟʤʝʨʝʥʠʷ ʧʦʣʷʨʥʦʛʦ 

ʧʦʣʷ Wilcox Solar Observatory [http://wso.stanford.edu/Polar.html]. ʕʪʠ ʜʘʥʥʳʝ 

ʫʩʨʝʜʥʷʝʤ ʟʘ 30
d
, ʯʪʦʙʳ ʩʛʣʘʜʠʪʴ ʚʦʟʤʦʞʥʳʝ ʜʦʣʛʦʪʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. 

ʊʘʢʠʝ ʫʩʨʝʜʥʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʧʦʣʷʨʥʦʛʦ ʧʦʣʷ ʧʨʠʚʦʜʠʤ ʥʘ ʨʠʩ. 1 ʠ ʨʠʩ. 2, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʜʚʫʤ ʠʟʫʯʘʝʤʳʤ ʧʝʨʠʦʜʦʤ. ʉʧʣʦʰʥʳʝ ʢʨʠʚʳʝ ʩʦʝʜʠʥʷʶʪ 

ʚʝʣʠʯʠʥʳ ʩʝʚʝʨʥʦʛʦ ʧʦʣʶʩʘ, ʘ ʧʫʥʢʪʠʨʥʳʝ ʢʨʠʚʳʝ ʩʦʝʜʠʥʷʶʪ ʶʞʥʳʝ 

ʜʘʥʥʳʝ. ʅʘ ʨʠʩ. 1 ʠ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʜʚʝ ʢʨʠʚʳʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʦʪʢʣʦʥʝʥʠʷʤ ʦʩʠ ʚʨʘʱʝʥʠʷ ʉʦʣʥʮʘ ʦʪ ʢʘʨʪʠʥʥʦʡ ʧʣʦʩʢʦʩʪʠ. 
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ʀʟ ʨʠʩ.1 ʠ ʨʠʩ.2 ʥʘʭʦʜʠʣʠ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʤʠʥʠʤʫʤʘʭ. ʊʘʢʞʝ 

ʨʘʩʩʯʠʪʘʣʠ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ K ʬʦʨʤʫʣʳ (1) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʣʦʞʝʥʠʷ çʟʘʨʷʜʘè ʧʨʠ ʜʚʫʭ ʤʘʢʩʠʤʘʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʷʭ ʦʩʠ ʚʨʘʱʝʥʠʷ 

ʉʦʣʥʮʘ. ʉʨʝʜʥʠʝ ʧʦʣʦʞʝʥʠʷ çʟʘʨʷʜʘè ʟʘ ʠʟʫʯʘʝʤʳʝ ʤʠʥʠʤʫʤʳ ʘʢʪʠʚʥʦʩʪʠ 

1986/1996 ʛʛ. ʠ 2008/2019 ʛʛ. ʦʢʘʟʘʣʠʩʴ ʨʘʟʜʝʣʴʥʦ ʧʦ ʧʦʣʫʩʬʝʨʘʤ 

ʩʣʝʜʫʶʱʠʤʠ: 0.618 Rs (N), 0.625 Rs (S) ʠ 0.645 Rs (N), 0.640 Rs (S). ʅʘʡʜʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʩʝʚʝʨʦ-ʶʞʥʫʶ ʩʠʤʤʝʪʨʠʶ ʪʦʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʚ 

ʧʨʝʜʝʣʘʭ 1%. ʊʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝʙʦʣʴʰʦʡ ʨʦʩʪ ʰʠʨʦʪʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ 

ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ 3%, ʯʪʦ ʚʧʦʣʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʬʣʫʢʪʫʘʮʠʡ.  

ʉ ʫʯʝʪʦʤ ʥʘʡʜʝʥʥʳʭ ʧʦʣʦʞʝʥʠʡ çʟʘʨʷʜʘè ʦʧʨʝʜʝʣʠʣʠ ʠ ʩʘʤʫ ʝʛʦ 

ʚʝʣʠʯʠʥʫ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʠʩʪʦʯʥʠʢʝ ʪʦʢʦʚ. ʕʪʠ 

ʚʝʣʠʯʠʥʳ ʦʢʘʟʘʣʠʩʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʜʚʫʤ ʠʟʫʯʘʝʤʳʤ ʵʧʦʭʘʤ: 

Q(86/96)=0.44 (N), =0.53 (S) ʠ Q(08/19)=0.265 (N), =0.280 (S). ʀʟ ʵʪʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʚʝʣʠʯʠʥʘ çʟʘʨʷʜʘè ʤʝʞʜʫ ʠʟʫʯʘʝʤʳʤʠ 

ʧʝʨʠʦʜʘʤʠ ʤʠʥʠʤʫʤʦʚ ʫʤʝʥʴʰʠʣʘʩʴ ʙʦʣʝʝ, ʯʝʤ ʚ 2 ʨʘʟʘ. ɸ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʧʨʦʠʟʦʰʣʦ ʫʤʝʥʴʰʝʥʠʝ ʪʦʢʦʚ ʧʦʣʦʠʜʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚ 2 ʨʘʟʘ. ʊʘʢʞʝ 

ʚʳʷʚʠʣʩʷ ʵʬʬʝʢʪ ʫʤʝʥʴʰʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʦʚ ʤʝʞʜʫ 

ʧʦʣʫʩʬʝʨʘʤʠ. ɺ ʵʧʦʭʠ 1986/1996 ʛʛ. ʪʘʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ 21%, ʘ 

ʚ ʵʧʦʭʠ 2008/2019 ʛʛ. ʦʥʘ ʫʤʝʥʴʰʠʣʘʩʴ ʜʦ 6%. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʥʠʞʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʉʦʣʥʮʘ ʚ 24 ʠ 25 ʩʦʣʥʝʯʥʳʭ ʮʠʢʣʦʚ ʧʨʦʠʟʦʰʣʦ ʠʟ-ʟʘ 2-ʭ ʢʨʘʪʥʦʛʦ 

ʫʤʝʥʴʰʝʥʠʷ ʚʝʣʠʯʠʥʳ ʪʦʢʘ ʠʩʪʦʯʥʠʢʘ ʧʦʣʦʠʜʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺ 

ʪʦʞʝ ʚʨʝʤʷ ʩʘʤʘ ʪʦʢʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʠʩʪʦʯʥʠʢʘ ʦʩʪʘʣʘʩʴ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʠʟʤʝʥʥʦʡ. 
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ʆʙʩʫʞʜʝʥʦ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʨʘʚʠʣʦʤ ɺʘʣʴʜʤʘʡʝʨʘ ʠ 

ʨʘʟʣʠʯʥʳʤʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴʶ ʚʝʣʠʯʠʥʳ 

ʤʘʢʩʠʤʫʤʦʚ 11-ʣʝʪʥʠʭ ʮʠʢʣʦʚ ʩʢʦʨʦʩʪʷʤʠ ʥʘʨʘʩʪʘʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʚʝʪʚʷʭ 

ʨʦʩʪʘ. 

ʈʘʩʩʤʦʪʨʝʥʘ ʪʝʩʥʦʪʘ ʩʚʷʟʝʡ ʵʬʬʝʢʪʘ ɺʘʣʴʜʤʘʡʝʨʘ ï ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ 

ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʡ, ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʭ ʚʤʝʩʪʦ ʜʣʠʥʳ ʚʝʪʚʠ ʨʦʩʪʘ ʩʢʦʨʦʩʪʴ 

ʥʘʨʘʩʪʘʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʦʪ ʤʠʥʠʤʫʤʘ ʜʦ ʤʘʢʩʠʤʫʤʘ ï ʩ ʜʨʫʛʦʡ. ʉ ʧʦʤʦʱʴʶ 

ʢʨʠʪʝʨʠʷ ʌʠʰʝʨʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʡ ʵʬʬʝʢʪ ɺʘʣʴʜʤʘʡʝʨʘ ʭʫʞʝ 

ʦʧʠʩʳʚʘʝʪ ʥʘʙʣʶʜʘʪʝʣʴʥʳʝ ʜʘʥʥʳʝ, ʯʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ (ʩ ʘʨʛʫʤʝʥʪʦʤ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʚʝʪʚʠ ʨʦʩʪʘ): ʦʩʪʘʪʦʯʥʘʷ ʜʠʩʧʝʨʩʠʷ ʪʦʯʝʢ ʫ ʥʝʛʦ 

ʟʥʘʯʠʤʦ ʙʦʣʴʰʝ (ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ Ŭ = 0.01). 

ʇʦ ʨʷʜʫ ʩʫʤʤʘʨʥʳʭ ʧʣʦʱʘʜʝʡ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʥʘ 400-ʣʝʪʥʝʡ ʰʢʘʣʝ [1] 

ʨʘʩʩʤʦʪʨʝʥʘ ʩʚʷʟʴ ʝʛʦ ʟʥʘʯʝʥʠʡ ʚ ʤʘʢʩʠʤʫʤʘʭ ʘʢʪʠʚʥʦʩʪʠ ARM ʩʦ ʩʨʝʜʥʝʡ 

ʩʢʦʨʦʩʪʴʶ ʝʛʦ ʠʟʤʝʥʝʥʠʡ ʥʘ ʚʝʪʚʷʭ ʨʦʩʪʘ MAR, ʚ ʪʦʤ ʯʠʩʣʝ ʚʦ ʚʨʝʤʷ 

ʄʘʫʥʜʝʨʦʚʩʢʦʛʦ ʤʠʥʠʤʫʤʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʘ ʩʚʷʟʴ ʥʝʣʠʥʝʡʥʘʷ ʠ ʪʝʩʥʘʷ: 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʡ ʜʣʷ ʜʚʫʭ ʨʘʟʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ 

ʬʫʥʢʮʠʡ ï ʧʘʨʘʙʦʣʳ ʠ ʩʪʝʧʝʥʥʦʡ ï ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʠ: R = 0.96. 

ɺʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʩʩʤʦʪʨʝʥʠʷ 400-ʣʝʪʥʝʛʦ ʠʥʪʝʨʚʘʣʘ ʷʚʣʷʝʪʩʷ 

ʚʳʷʚʣʝʥʥʦʝ ʥʘʨʫʰʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘ ɺʘʣʴʜʤʘʡʝʨʘ ʜʣʷ ʵʧʦʭʠ 

ʄʘʫʥʜʝʨʦʚʩʢʦʛʦ ʤʠʥʠʤʫʤʘ: ʢʨʦʤʝ ʦʩʥʦʚʥʦʡ ʚʝʪʚʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ, 

çʥʦʨʤʘʣʴʥʳʭè, ʮʠʢʣʦʚ, ʧʦʷʚʣʷʝʪʩʷ ʦʪʜʝʣʴʥʘʷ ʚʝʪʚʴ ʤʘʣʳʭ ʮʠʢʣʦʚ 

(ʩʤ. ʨʠʩ. 1). ʕʪʦ ʧʝʨʝʢʣʠʢʘʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ çʨʘʟʜʚʦʝʥʠʷè ʘʤʧʣʠʪʫʜʥʦ-

ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʚ ʨʘʙʦʪʘʭ [2-3], ʘ ʪʘʢʞʝ ʩ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ [4] ʧʦ ʜʘʥʥʳʤ [5]. 
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ʈʠʩ. 1. ʊʨʘʜʠʮʠʦʥʥʦʝ ʧʨʘʚʠʣʦ ɺʘʣʴʜʤʘʡʝʨʘ ʜʣʷ ʨʷʜʘ ʧʣʦʱʘʜʝʡ ʧʷʪʝʥ [6]. 

ɼʦʚʝʨʠʪʝʣʴʥʳʝ ʦʙʣʘʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʦʛʥʦʟʥʳʤ ʠʥʪʝʨʚʘʣʘʤ ʜʣʷ Ŭ = 0.05. 
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ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʵʚʦʣʶʮʠʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʩʢʦʨʦʩʪʠ u(t), 

ʧʨʦʠʥʪʝʛʨʠʨʫʝʤ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʂʦʥʚʝʢʪʠʚʥʦʡ ɿʦʥʳ (ʂɿ) ʉʦʣʥʮʘ ʩʢʘʣʷʨʥʦʝ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʥʘ ʫʨʘʚʥʝʥʠʝ ʠʤʧʫʣʴʩʘ. ʇʦʣʫʯʠʤ, ʯʪʦ udu/dt 

ʨʘʚʥʘ ʫʜʝʣʴʥʦʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʩʠʣʳ ʧʣʘʚʫʯʝʩʪʠ ɸʨʭʠʤʝʜʘ a 

(ʢʦʪʦʨʘʷ, ʠʟ-ʟʘ ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ, ʙʣʠʟʢʘ ʢ 

ʚʝʣʠʯʠʥʝ ʩʦʣʥʝʯʥʦʡ ʩʚʝʪʠʤʦʩʪʠ ʜʝʣʝʥʥʦʡ ʥʘ ʚʝʩ ʂɿ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʘʝʪ a 

å 8 ʤɺʪ/ʢʛ) ʟʘ ʚʳʯʝʪʦʤ ʫʜʝʣʴʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʩʠʣ ʚʷʟʢʦʩʪʠ u
2
/T 

ʠ ʃʦʨʝʥʮʘ ub
2
/H. ɿʜʝʩʴ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ B=b(ɟÕ)

1/2
, ʛʜʝ ɟ 

ï ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ, Õ ï ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. ʋʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʠ 

ʩʢʦʨʦʩʪʴ u, ʠ ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ b ʦʙʘ ʠʟʤʝʨʷʶʪʩʷ ʚ ʤ/ʩ. ɺʩʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʥʪʝʛʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʨʝʟ ʠʭ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʢʦʪʦʨʳʤ 

ʦʥʠ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ. ʊʫʨʙʫʣʝʥʪʥʦʝ ʚʨʝʤʷ T ï ʜʣʷ ʝʜʠʥʦʡ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʚʷʟʢʦʩʪʠ, H ï ʭʘʨʘʢʪʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ 

ʤʘʩʰʪʘʙ, ʜʝʣʝʥʥʳʡ ʥʘ ʪʠʧʠʯʥʳʡ ʩʠʥʫʩ ʫʛʣʘ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ʩʢʦʨʦʩʪʠ ʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʠʥʪʝʛʨʠʨʫʝʤ ʧʦ ʦʙʲʝʤʫ ʩʢʘʣʷʨʥʦʝ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʫʨʘʚʥʝʥʠʝ ʠʥʜʫʢʮʠʠ. 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ (ʜʝʪʘʣʠ ʚʳʚʦʜʘ ʵʪʦʡ ʩʠʩʪʝʤʳ ʚ [1]):  

 udu/dt = a ï ub
2
/H ï u

2
/T, bdb/dt = ub

2
/H ï b

2
/T (1, 2) 

ʋʩʪʦʡʯʠʚʳʝ ʩʪʘʮʠʦʥʘʨʥʳʝ (ʠʥʜʝʢʩ s) ʪʦʯʢʠ ʠʣʠ ʫʨʦʚʥʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʵʪʦʡ 

ʩʠʩʪʝʤʳ:  

 us = H/T, bs = Ñ(aT ï H
2
/T

2
)
1/2

 (3, 4) 

ɻʝʥʝʨʘʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ, ʢʦʛʜʘ ʤʦʱʥʦʩʪʴ a 

ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ 

 a > H
2
/T

3 
(5) 

ʇʨʠ (Tc)
3
a=(Hc)

2
, ʠʩʧʦʣʴʟʫʷ (3, 4), ʚʳʨʘʟʠʤ ʢʨʠʪʠʯʝʩʢʠʝ Hc ʠ Tc ʯʝʨʝʟ us ʠ 

a ʢʘʢ 

Hc = (us)
3
/a, Tc = (us)

2
/a (6, 7) 

 

ʇʨʠ ʦʙʱʝʧʨʠʥʷʪʦʤ us = 100 ʤ/ʩ ʧʦʣʫʯʘʝʤ Hc = 125 ʄʤ, ʯʪʦ ʧʦʯʪʠ 

ʩʦʚʧʘʜʘʝʪ (!) ʩ ʧʦʣʫʪʦʣʱʠʥʦʡ ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʳ, ʘ Tc = 1.25 ʄʩ ʙʣʠʟʢʦ ʢ 

ʧʦʣʦʚʠʥʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʨʝʜʥʝʛʦ ʧʝʨʠʦʜʘ ʚʨʘʱʝʥʠʷ ʉʦʣʥʮʘ ʠ ʢ ʩʨʝʜʥʝʤʫ 

ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ! ʊʘʢʠʝ çʩʦʚʧʘʜʝʥʠʷè ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʯʪʠ ʢʨʠʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʜʠʥʘʤʦ ʉʦʣʥʮʘ, ʢʦʛʜʘ ʜʚʘ 

ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʧʘʨʘʤʝʪʨʘ ʣʠʰʴ ʩʣʝʛʢʘ ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʩʚʦʠʭ ʢʨʠʪʠʯʝʩʢʠʭ 

ʟʥʘʯʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʜʠʥʘʤʦ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʩʧʝʰʥʦʤʫ ʧʨʦʜʚʠʞʝʥʠʶ ʦʙʱʝʠʟʚʝʩʪʥʳʭ ʜʠʥʘʤʦ-ʤʦʜʝʣʝʡ ʩʨʝʜʥʝʛʦ ʧʦʣʷ.  
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ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʩʝʡ ʂɿ, ʦʯʝʚʠʜʥʳʤ ʦʙʨʘʟʦʤ, ʨʘʚʥʘ 

(us)
2
M/2=2.5Ŀ10

32
ɼʞ, ʛʜʝ M=5Ŀ10

28
 ʢʛ ï ʠʟʚʝʩʪʥʘʷ ʤʘʩʩʘ ʂɿ. ʄʘʛʥʠʪʥʘʷ 

ʵʥʝʨʛʠʷ M(aT ï H
2
/T

2
)/2 ʦʙʥʫʣʷʝʪʩʷ ʧʨʠ ʢʨʠʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ. ʇʨʠ 

ʦʪʢʣʦʥʝʥʠʠ ʦʪ ʢʨʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ ʩʪʦʨʦʥʫ ʨʦʩʪʘ ʵʪʦʡ ʵʥʝʨʛʠʠ ʦʥʘ 

ʧʨʦʭʦʜʠʪ ʚʩʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʚʧʣʦʪʴ ʜʦ ʧʨʠʤʝʨʥʦ ʪʝʭ ʞʝ MaT/2 å 

2.5Ŀ10
32
ɼʞ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʝʜʝʣʴʥʦʤ ʨʘʚʥʦʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʥʝʨʛʠʡ. ɺ 

ʦʩʥʦʚʥʦʤ ʞʝ ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʜʦʤʠʥʠʨʫʝʪ ʥʘʜ 

ʤʘʛʥʠʪʥʦʡ.  

ɼʣʷ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʤʘʣʦʝ ʧʨʝʚʳʰʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʧʨʠ 

T=1.1Tc (Ů = 0.1) ʠ H= Hc ʩ ʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʝʡ 5Ŀ10
31
ɼʞ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʠ 

ʵʪʦʤ B = 90 ʤʊʣ = 900 ɻʩ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʠ ʤʘʣʳʭ Ů ʧʦʣʫʯʘʝʤ:  

 

 B = [ɟÕŮ(aTc + Hc
2
/Tc

2
)]

 1/2
. (8) 

 

 

ʆʉʅʆɺʅʓɽ ɺʓɺʆɼʓ 

1. ʇʦʣʫʯʝʥʘ ʠʥʪʝʛʨʘʣʴʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʜʣʷ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʩʢʦʨʦʩʪʠ u(t) ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ b ʚʦ ʚʩʝʡ ʂɿ. 

ʈʘʚʥʦʚʝʩʥʳʝ ʟʥʘʯʝʥʠʷ (ʠʥʜʝʢʩ ñsò) ʩʠʩʪʝʤʳ ʟʘʚʠʩʷʪ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʩʚʝʪʠʤʦʩʪʠ a, ʤʘʩʰʪʘʙʘ H ʠ ʚʨʝʤʝʥʠ ʜʠʬʬʫʟʠʠ T.  

2. ɼʣʷ ʛʝʥʝʨʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʪʨʝʙʫʝʪʩʷ a > H
2
/T

3
. ʇʨʠ ʨʘʚʝʥʩʪʚʝ 

ʞʝ ʠʟʚʝʩʪʥʳʝ a=8ʤɺʪ/ʢʛ ʠ uså100ʤ/ʩ ʜʘʶʪ ʢʨʠʪʠʯʝʩʢʠʝ Hc=(us)
3
/a = 125ʄʤ 

(ʪʦʣʱʠʥʘ/2 ʂɿ) ʠ Tc=(us)
2
/a = 1.25ʄʩ (ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʞʠʟʥʠ ʧʷʪʝʥ ʠ ʧʦʣʦʚʠʥʘ 

ʧʝʨʠʦʜʘ ʚʨʘʱʝʥʠʷ ʉʦʣʥʮʘ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʛʣʦʙʘʣʴʥʦʝ 

ʜʠʥʘʤʦ ʙʣʠʟʢʦ ʢ ʢʨʠʪʠʯʝʩʢʦʤʫ ʠ ʧʦʵʪʦʤʫ ʧʦʯʪʠ ʣʠʥʝʡʥʦ. ʇʨʠ ʵʪʦʤ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʦʤʠʥʠʨʫʝʪ ʥʘʜ ʤʘʛʥʠʪʥʦʡ. 

3. ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 2.5Ā10
32
ɼʞ ʟʘʜʘʥʘ, ʘ ʤʘʛʥʠʪʥʘʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʦʪʢʣʦʥʝʥʠʷʤ ʦʪ ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ. ʊʘʢ ʧʨʠ T=1.1Tc ʠ 

H=Hc ï ʤʘʛʥʠʪʥʘʷ ʵʥʝʨʛʠʷ 5Ŀ10
31
ɼʞ, ʯʝʛʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʤʠʣʣʠʦʥʘ ʚʩʧʳʰʝʢ 

ʂʵʨʨʠʥʛʪʦʥʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʨʝʜʥʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 900 ɻʩ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

Starchenko S.V. Levels of stabilization of velocity and magnetic induction in the convective 

zone of the Sun // Proceedings IAU Symposium No. 365. A. V. Getling & L. L. Kitchatinov, eds. 

P. 364-367. 2024. https://doi.org/10.1017/S1743921323005252 

https://doi.org/10.1017/S1743921323005252
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ʊʣʘʪʦʚ ɸ.ɻ.
 1,2

, ʊʣʘʪʦʚʘ ʂ.ɸ
1,2

 
1 ʂʠʩʣʦʚʦʜʩʢʘʷ ɻʦʨʥʘʷ ʘʩʪʨʦʥʦʤʠʯʝʩʢʘʷ ʩʪʘʥʮʠʷ ɻɸʆ ʈɸʅ, ʂʠʩʣʦʚʦʜʩʢ, ʈʦʩʩʠʷ 

2
ʂʘʣʤɻʋ, ʕʣʠʩʪʘ,

 
ʈʦʩʩʠʷ 

tlatov@mail.ru   
 

ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʩʢʦʨʦʩʪʠ ʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʦʪʜʝʣʴʥʳʭ 

ʩʦʣʥʝʯʥʳʭ ʧʦʨ ʠ ʧʷʪʝʥ.  ɺ ʧʝʨʠʦʜ 05.2010-03-2025 ʥʘʙʣʶʜʝʥʠʡ ʚ ʢʦʥʪʠʥʫʫʤʝ 

ʢʦʩʤʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ SDO/HMI ʤʳ  ʚʳʜʝʣʠʣʠ ʜʣʷ ʘʥʘʣʠʟʘ ʙʦʣʝʝ 3.6 10
5
 

ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʠ ʧʦʨ ʠ ʦʪʩʣʝʜʠʣʠ ʠʭ ʧʝʨʝʤʝʱʝʥʠʝ. ʉʢʦʨʦʩʪʴ 

ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʧʷʪʝʥ vm ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʤʘʛʥʠʪʥʦʡ 

ʧʦʣʷʨʥʦʩʪʠ, ʰʠʨʦʪʳ ʠ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ.     ɼʣʷ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʠ  ʧʦʨ  

ʭʚʦʩʪʦʚʦʡ ʧʦʣʷʨʥʦʩʪʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʩʨʝʜʥʝʤ  ʥʘʧʨʘʚʣʝʥʘ ʢ 

ʧʦʣʶʩʘʤ.  ɼʣʷ ʪʘʢʠʭ ʧʷʪʝʥ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ  ʦʪ ʰʠʨʦʪʳ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʣʠʥʝʡʥʳʤʠ ʨʝʛʨʝʩʩʠʷʤʠ  ʜʣʷ ʧʦʨ v
pr

tr~ 2.0+0.62Ŀq
 o

  m/s; ʜʣʷ 

ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ v
sp

tr~ 0.02+0.94Ŀq
o
 m/s.   ɼʣʷ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʠ ʧʦʨ ʚʝʜʫʱʝʡ 

ʧʦʣʷʨʥʦʩʪʠ ʟʘʚʠʩʠʤʦʩʪʴ ʥʦʩʠʪ ʥʝʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʦʪ ʰʠʨʦʪʳ. ɼʣʷ ʧʦʨ   

v
pr

ld~ 0.35-11.7Ŀsin(q)+16.5Ŀ sin
2
 (ɗ) +76.5Ŀsin

3
 (ɗ)-32.7Ŀsin

4
 (ɗ) m/s;  ʜʣʷ 

ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ: v
sp

ld~ -0.35-18.3Ŀsin(q)+32.2Ŀ sin
2
 (ɗ) +71.4Ŀsin

3
 (ɗ)-6.7Ŀsin

4
 (ɗ) 

m/s.  ʅʘʠʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʢ ʧʦʣʶʩʘʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ  ʭʚʦʩʪʦʚʦʡ ʧʦʣʷʨʥʦʩʪʠ ʥʘ ʬʘʟʝ ʨʦʩʪʘ 

ʧʣʦʱʘʜʠ ʧʷʪʝʥ. ʉʢʦʨʦʩʪʴ ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʠʭ 

ʧʣʦʱʘʜʠ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʫʤʘ ʜʣʷ ʧʣʦʱʘʜʠ S~50-120 ʤʜʧ.  

mailto:tlatov@mail.ru


˞˞˔ˡ ɀ ςπςυȡ ˞̂̏̑̎̉̋ ̓̆̈̉̒̏̃ 
˞̗̠̆̋̉ 1. x ̉̋̌ ̘̒̏̌̎̆̎̏̊ ́̋̓̉̃̎̏̒̓̉ȡ ̟̝̜̎́̂̌̅́̓̆̌̎̊ ̉ ̘̓̆̏̑̆̓̉̆̒̋̉̊ ̜́̒̐̆̋̓ 

 

 

61 
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ːȢ ˥ ̃́̂̆ 
 

ʐʠʙʘʝʚ ʀ.ɻ.
1
, ʐʠʙʘʝʚ ɸ.ʀ.

2
 

1
ʀɿʄʀʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2
ʄɻʋ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ishib@izmiran.ru   
 

I . ɺʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʯʘʩʪʴ ʨʷʜʘ ʯʠʩʝʣ ɺʦʣʴʬʘ (1749 ï 1849 ʛʛ.) 

ʩʬʦʨʤʠʨʦʚʘʥʘ ʠʟ ʦʪʨʳʚʦʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʨʘʟʥʳʭ ʥʘʙʣʶʜʘʪʝʣʝʡ ʩ 

ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʧʣʦʪʥʦʩʪʴʶ ʥʘʙʣʶʜʝʥʠʡ, ʘʤʧʣʠʪʫʜʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝʤ. ʉ ʵʪʠʤ ʩʚʷʟʘʥ ʮʝʣʳʡ ʨʷʜ ʥʝʚʷʟʦʢ ʣʦʢʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʠ 

ʥʘʨʫʰʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʚʨʝʤʝʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʨʘʟʥʦʛʦ ʤʘʩʰʪʘʙʘ, ʯʪʦ 

ʩʢʘʞʝʪʩʷ ʠ ʥʘ ʜʣʠʥʥʦʧʝʨʠʦʜʥʦʡ ʢʦʤʧʦʥʝʥʪʝ. ɽʩʪʝʩʪʚʝʥʥʦ ʦʞʠʜʘʪʴ ʦʪʣʠʯʠʷ 

ʩʚʦʡʩʪʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʠ ʜʦʩʪʦʚʝʨʥʦʡ ʯʘʩʪʝʡ ʨʷʜʘ. 

ɸʥʘʣʠʟ ʦʩʥʦʚʥʦʡ ʠ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢ ʚʩʝʛʦ ʨʷʜʘ ʵʪʦ ʧʦʜʪʚʝʨʜʠʣ ð 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʝʪʩʷ ʧʦʚʝʜʝʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʠ ʜʦʩʪʦʚʝʨʥʦʡ ʯʘʩʪʝʡ 

ʨʷʜʘ, ʯʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʠʩ. 1, ʦʪʦʙʨʘʞʘʶʱʠʡ ʜʠʥʘʤʠʢʫ çʤʛʥʦʚʝʥʥʳʭè 

ʯʘʩʪʦʪ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪ (ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ɻʠʣʴʙʝʨʪʘ). ʅʠʞʥʝʡ 

ʤʘʨʢʠʨʦʚʢʦʡ ʦʪʤʝʯʝʥʘ ʦʙʣʘʩʪʴ ʜʦʩʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ, ʛʜʝ ʧʨʦʷʚʣʷʶʪʩʷ ʩʘʤʳʝ 

ʜʣʠʥʥʳʝ ʮʠʢʣʳ ʠ ʨʘʟʜʝʣʷʶʪʩʷ ʛʨʫʧʧʳ ʜʣʠʥʥʳʭ (ʥʠʟʢʠʭ) ʠ ʢʦʨʦʪʢʠʭ 

(ʚʳʩʦʢʠʭ) ʮʠʢʣʦʚ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠʤʳʢʘʶʱʝʡ ʢ 1849 

ʛʦʜʫ, ʪ.ʝ. ʦʙʣʘʩʪʴ ʮʠʢʣʦʚ VIIIïIX (ʚʝʨʭʥʷʷ ʤʘʨʢʠʨʦʚʢʘ) ʥʘʠʤʝʥʝʝ ʠʩʢʘʞʝʥʘ ʠ 

ʩʪʝʧʝʥʴ ʠʩʢʘʞʝʥʠʡ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʜʘʣʝʥʠʝʤ ʚ ʧʨʦʰʣʦʝ. ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, 

ʯʪʦ ʵʪʦʪ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʬʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʣ ʩ ʧʝʨʠʦʜʦʤ ʥʘʙʣʶʜʝʥʠʷ ɻ. 

ʐʚʘʙʝ (1826ï1855 ʛʛ.), ʪ. ʝ. ʠʟ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʜʘʥʥʳʭ - ʜʘʥʥʳʝ ʧʝʨʠʦʜʘ 

ʥʘʙʣʶʜʝʥʠʷ ʐʚʘʙʝ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳ. 

ɸʥʘʣʠʟ ʜʣʠʥʥʦʧʝʨʠʦʜʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚʩʝʛʦ ʨʷʜʘ ʧʦʢʘʟʘʣ ʟʘʚʠʩʠʤʦʩʪʴ 

ʝʸ ʧʝʨʠʦʜʘ (ʮʠʢʣ ɻʣʘʡʩʙʝʨʛʘ) ʦʪ ʜʣʠʥʳ ʨʷʜʘ, ʪ. ʝ. ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʜʦʩʪʦʚʝʨʥʳʭ 

ʧʦʢʘʟʘʥʠʡ, ʯʪʦ ʩʪʘʚʠʪ ʚʦʧʨʦʩ ʦ ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ [1]. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ ʨʦʣʴ ʜʝʚʷʪʦʛʦ ʮʠʢʣʘ, ʢʘʢ ʩʚʷʟʫʶʱʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ 

(ʜʣʠʪʝʣʴʥʦʩʪʴ 65 ʤʝʩ.) ʠ ʜʦʩʪʦʚʝʨʥʳʝ (ʜʣʠʪʝʣʴʥʦʩʪʴ 84 ʤʝʩ.) ʧʦʢʘʟʘʥʠʷ. ɺ 

ʨʘʙʦʪʝ [2] ʨʘʩʩʤʦʪʨʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʢʣʦʚ ʠ ʦʪʤʝʯʝʥʘ ʚʳʜʝʣʝʥʥʦʩʪʴ 

ʮʠʢʣʘ IX ʧʦ ʨʷʜʫ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʦʧʫʱʝʥʥʳʝ ɺʦʣʴʬʦʤ 

ʠʩʢʘʞʝʥʠʷ ʜʘʞʝ ʚ ʮʠʢʣʝ ʩ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʜʦʣʝʡ ʜʦʩʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ. 

II. ʈʝʛʠʩʪʨʘʮʠʷ ʠ ʘʥʘʣʠʟ ʜʦʩʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ ʚʝʣʠʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠ ʢʦʨʨʝʢʮʠʝʡ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʠ ʧʦʩʣʝʜʥʷʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʡ ʯʘʩʪʠ ʨʷʜʘ ʩʜʝʣʘʥʘ ɺʦʣʴʬʦʤ ʚ 1880 ʛʦʜʫ. ʀʤʝʝʤ 

ʩʣʝʜʫʶʱʝʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʪʠʨʦʚʦʢ ʫ ɺʦʣʴʬʘ ʠ ʐʚʘʙʝ: 

-- ʚʨʝʤʝʥʥʘʷ ʜʘʪʠʨʦʚʢʘ ʮʠʢʣʘ VIII  ʠ ʤʘʢʩʠʤʫʤʘ ʮʠʢʣʘ IX ʬʘʢʪʠʯʝʩʢʠ 

ʧʦʚʪʦʨʠʣʘ ʤʦʤʝʥʪʳ ʥʘʙʣʶʜʝʥʠʷ ʤʠʥʠʤʫʤʘ / ʤʘʢʩʠʤʫʤʘ ʧʷʪʝʥ ʫ ʐʚʘʙʝ; 

-- ʤʘʢʩʠʤʫʤ ʮʠʢʣʘ VII  ʧʦ ɺʦʣʴʬʫ ʥʘʩʪʫʧʘʝʪ ʥʘ ʜʚʘ ʛʦʜʘ ʧʦʟʞʝ ʯʝʤ ʫ ʐʚʘʙʝ, 

ʯʪʦ ʜʘʝʪ ʘʥʦʤʘʣʴʥʦ ʜʣʠʥʥʫʶ ʚʝʪʚʴ ʨʦʩʪʘ -- ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʮʠʢʣʘ, ʫ ʐʚʘʙʝ 

ʩʠʪʫʘʮʠʷ ʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʘʷ; 
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ï ʨʘʟʥʷʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʮʠʢʣʘ IX, ʯʪʦ ʤʦʞʝʪ ʩʢʘʟʘʪʴʩʷ ʥʘ ʜʣʠʥʝ ʮʠʢʣʘ X. 

ɺʩʸ ʵʪʦ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʠʩ. 2, ʛʜʝ ʩʦʧʦʩʪʘʚʣʝʥʳ ʧʦʢʘʟʘʥʠʷ ʐʚʘʙʝ ʠ 

ʛʦʜʦʚʳʝ ʯʠʩʣʘ ɺʦʣʴʬʘ (ʥʠʞʥʷʷ ʯʘʩʪʴ ʨʠʩʫʥʢʘ). ʉʘʤʠ ʧʦʢʘʟʘʥʠʷ ʐʚʘʙʝ ɺʦʣʴʬ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʨʝʜʘʢʪʠʨʦʚʘʣ. 

 
    ʈʠʩ.1. ɼʠʥʘʤʠʢʘ çʤʛʥʦʚʝʥʥʳʭè ʯʘʩʪʦʪ.                                ʈʠʩ. 2. 

III . ʇʨʠ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʨʝʜʘʢʪʠʨʦʚʘʥʠʠ ʨʷʜʘ ʚ 1880 ʛ ɺʦʣʴʬ ʤʦʛ 

ʫʯʠʪʳʚʘʪʴ ʧʦʢʘʟʘʥʠʷ ʪʦʣʴʢʦ ʜʚʫʭ ʜʦʩʪʦʚʝʨʥʳʭ ʮʠʢʣʦʚ X ʠ XI, ʯʪʦ 

ʦʛʨʘʥʠʯʠʣʦ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ. ʆʮʝʥʠʤ ʧʨʦʬʠʣʠ ʮʠʢʣʦʚ VIII ʠ IX, ʢʘʢ 

ʥʘʠʤʝʥʝʝ ʠʩʢʘʞʝʥʥʳʭ, ʠʩʧʦʣʴʟʫʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʦʩʪʦʚʝʨʥʳʭ ʮʠʢʣʦʚ 

XõXXIII  ʧʨʠ ʦʧʠʩʘʥʠʠ ʠʭ ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ PCA (Principal 

component analysis). ʆʢʘʟʘʣʦʩʴ ʜʦʩʪʘʪʦʯʥʦ ʧʝʨʚʳʭ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪ PC1 ʠ PC2 

ʜʣʷ ʭʦʨʦʰʝʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʮʠʢʣʘ i ʚ ʚʠʜʝ: Cycle[i]=Wmean + c1i*PC1 + c2i*PC2 

(ʫʯʠʪʳʚʘʝʪʩʷ > 90% ʜʠʩʧʝʨʩʠʠ ʜʘʥʥʳʭ), ʛʜʝ PC1, PC2 ʠ ʩʨʝʜʥʠʡ ʦʙʨʘʟ ʮʠʢʣʘ 

Wmean  ï ʝʜʠʥʳʝ ʤʘʩʩʠʚʳ ʬʦʨʤʠʨʫʶʱʠʝ ʵʪʠ ʮʠʢʣʳ. ʂʦʵʬʬʠʮʠʝʥʪʳ c1i, c2i (10 

Ò i Ò 23) ʦʪʨʘʞʘʶʪ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʮʠʢʣʦʚ: c1i ʢʦʨʨʝʢʪʠʨʫʝʪ ʫʨʦʚʝʥʴ ʮʠʢʣʘ 

ʠ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʝʛʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ, ʘ c2i ʢʦʨʨʝʢʪʠʨʫʝʪ ʚʝʪʚʠ ʨʦʩʪʘ/ʩʧʘʜʘ 

ʠ ʩʣʘʙʦ ʚʣʠʷʝʪ ʥʘ ʫʨʦʚʝʥʴ ʮʠʢʣʘ. ʎʠʢʣʳ VIII / IX ʩ ʠʭ ʦʮʝʥʢʦʡ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩ. 3. ɺʠʜʥʘ ʙʣʠʟʦʩʪʴ ʧʨʦʬʠʣʝʡ ʚʦʩʴʤʦʛʦ ʮʠʢʣʘ ʠ ʢʦʨʨʝʢʮʠʷ ʧʨʦʬʠʣʷ 

ʜʝʚʷʪʦʛʦ.                   

 
              ʈʠʩ.3. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʨʝʘʣʠʟʘʮʠʷ PCA ʚ ʙʠʙʣʠʦʪʝʢʝ scikit-learn ʷʟʳʢʘ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python. 

ʃʠʪʝʨʘʪʫʨʘ 

1. Shibaev A. Connection between period of low-frequency component Wolf's numbers (WNS) 

and length of Wolf's numbers series // Aerospace Research in Bulgaria, V. 29, P. 5ï9, 2017. 

2. ʐʠʙʘʝʚ ɸ.ʀ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʳʭ ʮʠʢʣʦʚ ʥʦʚʦʡ ʠ 

ʩʪʘʨʦʡ ʚʝʨʩʠʡ ʨʷʜʦʚ ʯʠʩʝʣ ɺʦʣʴʬʘ ʠ ʜʠʥʘʤʠʢʘ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪ ʨʷʜʦʚ // 

ʊʨ. XIV  ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ï2017. ʀʂʀ ʈɸʅ, ʄʦʩʢʚʘ. ʉ. 143ï148. 2017. 



˞˞˔ˡ ɀ ςπςυȡ ˞̂̏̑̎̉̋ ̓̆̈̉̒̏̃ 
˞̗̠̆̋̉ 1. x ̉̋̌ ̘̒̏̌̎̆̎̏̊ ́̋̓̉̃̎̏̒̓̉ȡ ̟̝̜̎́̂̌̅́̓̆̌̎̊ ̉ ̘̓̆̏̑̆̓̉̆̒̋̉̊ ̜́̒̐̆̋̓ 

 

 

63 

˞̓́̓̉̒̓̉̋́ ̜̖̄̏̅̏̃ ̘̉̒̆̌ ˏ̝̏̌́̕ȟ ̖̉ ̜̖̐̑̏̉̈̃̏̅̎ȟ ̖̜̖́̑́̋̓̆̑̎ 

̘́̒̓̏̓ ̉ ̟̖̒̏̏̓̃̆̓̒̓̃̔̉̚ ̜̖̈̎́̋̏̐̆̑̆̍̆̎̎ ̐̏̌̆̊ 
 

ʗʢʦʚʣʝʚʘ ʉ.ɺ., ʉʪʘʨʯʝʥʢʦ ʉ.ɺ. 
ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʛʦ ʤʘʛʥʝʪʠʟʤʘ, ʠʦʥʦʩʬʝʨʳ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ  

ʠʤ. ʅ.ɺ. ʇʫʰʢʦʚʘ ʈɸʅ (ʀɿʄʀʈɸʅ) ʊʨʦʠʮʢ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  

 svyakov@inbox.ru;  sstarchenko@mail.ru   

ʋʞʝ ʜʘʚʥʦ [1] ʠʟʫʯʘʝʪʩʷ ʨʷʜ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʯʠʩʝʣ ɺʦʣʴʬʘ (W) ʠ 

ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʡ ʨʷʜ (Q), ʷʚʣʷʶʱʠʡʩʷ, ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʩʦʦʙʨʘʞʝʥʠʷʤ 

[2], ʨʷʜʦʤ ʢʚʘʜʨʘʪʥʳʭ ʢʦʨʥʝʡ ʠʟ ʯʠʩʝʣ ɺʦʣʴʬʘ ʩʦ ʟʥʘʢʘʤʠ Q, ʤʝʥʷʶʱʠʤʠʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʘʟʦʡ ʧʦʣʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʮʠʢʣʘ. ʄʳ ʠʩʧʦʣʴʟʫʝʤ 

ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʯʠʩʣʘ ɺʦʣʴʬʘ W ʩ 1700 ʧʦ 2024 ʛʛ. ʚ ʚʝʨʩʠʠ v2 

(http://sidc.oma.be/silso/datafiles). ɿʥʘʢʦʧʝʨʝʤʝʥʥʳʡ ʨʷʜ, ʚʦʩʧʨʦʠʟʚʝʜʝʥʥʳʡ 

ʥʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʶ ʧʦʣʷʨʥʦʛʦ ʧʦʣʷ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ [3]. 

ʕʚʦʣʶʮʠʷ ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʛʦ ʧʦʣʷ (Q) ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ M ʠ 

ʦʪʢʣʦʥʝʥʠʷʤʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ: 

 

ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʠ ʯʘʩʪʦʪʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʨʷʜʳ W ʠ Q, ʠʭ 

ʚʨʝʤʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ W' ʠ Q', ʘ ʪʘʢʞʝ ʠ ʭʘʨʘʢʪʝʨʥʳʝ ʯʘʩʪʦʪʳ S, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʦʪʥʦʰʝʥʠʝ ʚʨʝʤʝʥʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʨʷʜʦʚ 

W ʠʣʠ Q ʢ ʩʘʤʠʤ ʚʝʣʠʯʠʥʘʤ W ʠʣʠ Q. ʀʭ ʦʩʥʦʚʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʙʨʘʥʳ ʚ ʪʘʙʣʠʮʝ: 

 ʈʷʜ ʯʠʩʝʣ ɺʦʣʴʬʘ ɿʥʘʢʦʧʝʨʝʤʝʥʥʳʡ ʨʷʜ 

 
W WӾ Sw Q QӾ Sq 

ʉʨʝʜʥʝʝ  M 78.52 0.39 0.048 -0.039 -0.048 0.078 

ʉʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ 3.44 1.83 0.040 0.493 0.152 0.034 

ʄʝʜʠʘʥʘ MDN 65.55 -5.85 -0.115 2.049 -0.307 -0.027 

ʄʦʜʘ Mo 15.1 -14.2 -0.240 -8.6 / 4.5 -1.5 / 1.5 -0.147 

ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ (ů) 61.92 32.86 0.726 8.889 2.738 0.612 

ɼʠʩʧʝʨʩʠʷ ʚʳʙʦʨʢʠ 3833.8 1079.7 0.527 78.999 7.495 0.375 

ʀʥʪʝʨʚʘʣ 269.3 186.5 4.380 31.487 13.651 3.586 

mailto:svyakov@inbox.ru
mailto:sstarchenko@mail.ru
http://sidc.oma.be/silso/datafiles
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ʄʠʥʠʤʫʤ MIN 0 -74.35 -1.607 -16.41 -6.733 -1.281 

ʄʘʢʩʠʤʫʤ MAX  269.3 112.15 2.773 15.076 6.918 2.305 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ N 325 323 323 324 323 323 

ɺʝʨʦʷʪʥʦʩʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ W ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʩ 

ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʟʥʘʯʝʥʠʝʤ, ʨʘʚʥʳʤ 18, ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪ ʥʝʛʦ 

ʦʪʣʠʯʘʶʱʠʭʩʷ: ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʤ 100, ʤʝʜʠʘʥʥʦʤ 65 ʠ ʩʨʝʜʥʝʤ 79. ɼʣʷ 

ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʭʘʨʘʢʪʝʨʥʳ ʟʥʘʯʝʥʠʷ: ʩʨʝʜʥʝʝ -0.04, ʤʝʜʠʘʥʘ 2, 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 8.9 ʠ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʝ ʟʥʘʯʝʥʠʝ 4.3. 

ʄʝʥʴʰʝ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʢʣʦʥʷʶʪʩʷ ʚʨʝʤʝʥʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ W ʩ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ 24/ʛʦʜ, ʤʝʜʠʘʥʥʳʤ ï5.9/ʛʦʜ, 

ʩʨʝʜʥʠʤ 0.4/ʛʦʜ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʤ 33/ʛʦʜ, ʤʠʥʠʤʫʤʦʤ -74/ʛʦʜ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʝʜʦʩʪʦʚʝʨʥʳʤ ʤʘʢʩʠʤʫʤʦʤ 112/ʛʦʜ. ɼʣʷ ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʛʦ 

ʨʷʜʘ ʭʘʨʘʢʪʝʨʥʳ ʟʥʘʯʝʥʠʷ: ʩʨʝʜʥʝʝ (-0.05), ʤʝʜʠʘʥʘ -0.3, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ 2.7 ʠ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʝ ʟʥʘʯʝʥʠʝ -2.3. 

ʀʥʬʦʨʤʘʮʠʶ ʢ ʨʘʟʤʳʰʣʝʥʠʶ ʜʘʝʪ ʧʦʣʫʯʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʭʘʨʘʢʪʝʨʥʳʭ ʯʘʩʪʦʪ SW =W'/W ʠ SQ =Q'/Q, ʢʦʪʦʨʳʝ ʦʪʨʠʮʘʪʝʣʴʥʳ, ʝʩʣʠ W 

ʠʣʠ Q ʫʙʳʚʘʝʪ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳ ʧʨʠ ʨʦʩʪʝ.  

ɼʣʷ ʯʠʩʝʣ ɺʦʣʴʬʘ SW ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʨʝʜʥʠʤ, ʨʘʚʥʳʤ 0.05 ʛʦʜ
-1
, 

ʤʝʜʠʘʥʦʡ -0.12 ʛʦʜ
-1
, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ 0.73 ʛʦʜ

-1
 ʠ ʥʘʠʙʦʣʝʝ 

ʚʝʨʦʷʪʥʳʤ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʝʟʥʘʯʠʤʦʡ ʥʫʣʝʚʦʡ ʤʦʜʳ) ʟʥʘʯʝʥʠʝʤ -0.25 ʛʦʜ
-

1
. ʆʙʨʘʪʥʘʷ ʚʝʣʠʯʠʥʘ 1/SW ʜʘʝʪ ʚʨʝʤʝʥʘ: 20 ʣʝʪ, -8 ʣʝʪ, 1.4 ʛʦʜʘ ʠ -4 ʛʦʜʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʠ ʚʨʝʤʝʥʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʝʨʠʦʜʦʤ ʧʦʣʥʦʛʦ 

(ʩ ʫʯʝʪʦʤ ʟʥʘʢʘ) ʮʠʢʣʘ, ʧʝʨʠʦʜʘʤʠ ʩʧʘʜʘ ʘʢʪʠʚʥʦʩʪʠ, ʬʣʫʢʪʫʘʮʠʷʤ ʠ ʬʘʟʝ 

ʨʦʩʪʘ.  

ɼʣʷ ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʛʦ ʨʷʜʘ SQ  ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʨʝʜʥʠʤ, ʨʘʚʥʳʤ 0.08 

ʛʦʜ
-1
, ʤʝʜʠʘʥʦʡ -0.03 ʛʦʜ

-1
, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ 0.61 ʛʦʜ

-1
 ʠ 

ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʟʥʘʯʝʥʠʝʤ -0.15 ʛʦʜ
-1
. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʨʝʤʝʥʘ: 12.5 

ʣʝʪ, 33 ʛʦʜʘ, 1.6 ʣʝʪ ʠ -7 ʣʝʪ.  

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ ʥʝʢʦʪʦʨʦʝ çʨʦʜʩʪʚʝʥʥʦʝ ʧʝʨʝʩʝʯʝʥʠʝè ʧʦʣʫʯʝʥʥʳʭ 

ʚʨʝʤʝʥ, ʢʦʛʜʘ ʚʨʝʤʝʥʘ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ W, ʬʠʟʠʯʝʩʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ Q, ʘ 

ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ Q ʟʥʘʯʠʤʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ W.  
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ʈʘʩʩʤʦʪʨʝʥʳ ʘʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ (ɸʆ) ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʥʠʭ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʩʚʷʟʠ ʤʝʞʜʫ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʪʦʧʦʣʦʛʠʝʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ 

ʛʝʦʤʘʛʥʠʪʥʳʤʠ ʵʬʬʝʢʪʘʤʠ. ʇʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʥʘʙʣʶʜʝʥʠʡ ɸʆ, ʧʦʢʘʟʘʚʰʠʭ ʨʘʟʥʳʝ ʩʪʝʧʝʥʠ ʘʢʪʠʚʥʦʩʪʠ. ʆʙʩʫʞʜʘʶʪʩʷ 

ʥʝʢʦʪʦʨʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ. 

ɺ 1908 ʛ. Hale [1]  ʠ ʚ 1941 ʛ. Richardson [2] ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ (ʦʢʦʣʦ 80%) ʚ ʩʝʚʝʨʥʦʤ ʠ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʷʭ 

ʚʨʘʱʘʶʪʩʷ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, ʦʙʨʘʟʫʷ ʭʘʨʘʢʪʝʨʥʳʝ ʟʘʚʠʭʨʝʥʠʷ. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʪʦʣʴʢʦ ʦʢʦʣʦ 66% ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʘʚʠʣʫ 

ʩʧʠʨʘʣʴʥʦʛʦ ʟʥʘʢʘ. ʕʪʦ ʦʪʢʨʳʪʠʝ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ Ding et al. ʚ 1987ʛ. [3], ʢʦʪʦʨʳʝ ʨʘʩʩʤʦʪʨʝʣʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʚ ʦʙʦʠʭ ʧʦʣʫʰʘʨʠʷʭ ʚ ʧʝʨʠʦʜ ʩ 1970 ʧʦ 1982 

ʛʦʜ. 

ʉʪʨʫʢʪʫʨʘ ʄʇ ʦʧʠʩʳʚʘʝʪʩʷ ʜʚʫʤʷ ʧʘʨʘʤʝʪʨʘʤʠ: ʫʛʣʦʤ ʥʘʢʣʦʥʘ ű, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʦʙʱʫʶ ʦʨʠʝʥʪʘʮʠʶ ʄʇ ʚ ɸʆ, ʠ ʧʘʨʘʤʝʪʨʦʤ Ŭ, 

ʚʳʯʠʩʣʷʝʤʳʤ ʠʟ ʫʨʘʚʥʝʥʠʷ ʙʝʩʩʠʣʦʚʦʛʦ ʧʦʣʷ BB
CC
a=³Ð . ɼʣʷ ʙʠʧʦʣʷʨʥʳʭ 

ɸʆ ʫʛʦʣ ű ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʤʘʛʥʠʪʥʦʡ ʦʩʴʶ ɸʆ, ʩʦʝʜʠʥʷʶʱʝʡ ʚʝʜʫʱʫʶ 

ʠ ʭʚʦʩʪʦʚʫʶ ʧʦʣʷʨʥʦʩʪʠ, ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ E-W. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʮʠʢʣʘ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʝʜʫʱʘʷ ʧʦʣʷʨʥʦʩʪʴ, ʢʘʢ ʚ ʩʝʚʝʨʥʳʭ, ʪʘʢ ʠ ʚ ʶʞʥʳʭ 

ɸʆ, ʨʘʩʧʦʣʦʞʝʥʘ ʙʣʠʞʝ ʢ ʵʢʚʘʪʦʨʫ, ʘ ʭʚʦʩʪʦʚʘʷ ï ʜʘʣʴʰʝ. ɼʣʷ ʩʣʦʞʥʳʭ ɸʆ 

ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʦʚ S ʠ N ʧʦʣʷʨʥʦʩʪʝʡ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʧʦ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʄʇ. 

ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʥʘ ʧʦʨʘʟʠʪʝʣʴʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʥʘʯʠʥʘʷ ʩ ʬʦʪʦʩʬʝʨʳ ʠ ʢʦʨʦʥʳ ʠ ʢʦʥʯʘʷ ʤʘʛʥʠʪʥʳʤʠ ʦʙʣʘʢʘʤʠ ʚ 

ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ. ɺ ʩʝʚʝʨʥʦʡ ʧʦʣʫʩʬʝʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ 

(ʣʝʚʦʩʪʦʨʦʥʥʷʷ, ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ) ʟʘʚʠʭʨʝʥʥʦʩʪʴ, ʘ ʚ ʶʞʥʦʡ ï 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ (ʧʨʘʚʦʩʪʦʨʦʥʥʷʷ, ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ) ʟʘʚʠʭʨʝʥʥʦʩʪʴ. ʕʪʘ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʚ ʩʣʫʯʘʝ ɸʆ ʥʘ ʉʦʣʥʮʝ ʚʳʨʘʞʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ɸʆ ʧʦʜʯʠʥʷʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤʫ ʧʨʘʚʠʣʫ ʩʧʠʨʘʣʴʥʦʩʪʠ, ʪ. ʝ. 

ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ (ʄʇ) ʜʣʷ ɸʆ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʩʝʚʝʨʥʦʤ 

ʧʦʣʫʰʘʨʠʠ, ʠʤʝʝʪ ʣʝʚʦʩʪʦʨʦʥʥʶʶ ʟʘʚʠʭʨʝʥʥʦʩʪʴ, ʘ ʜʣʷ ɸʆ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʚ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʠ, - ʧʨʘʚʦʩʪʦʨʦʥʥʶʶ. ʅʘʧʨʘʚʣʝʥʠʝ ʟʘʢʨʫʯʝʥʥʦʩʪʠ ʄʇ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚʨʘʱʝʥʠʝʤ ʉʦʣʥʮʘ ʚʦʢʨʫʛ ʦʩʠ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʣ ʝʱʝ Richardson [3]. 

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ɸʆ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘʢʦʥ ʍʝʡʣʘ-ʅʠʢʦʣʴʩʦʥʘ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʨʠʝʥʪʘʮʠʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʄʇ ʦʪʣʠʯʘʝʪʩʷ 
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ʦʪ ʪʦʨʦʠʜʘʣʴʥʦʡ ʠ ɸʆ ʨʘʟʚʝʨʥʫʪʘ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʩʦʣʥʝʯʥʦʤʫ ʵʢʚʘʪʦʨʫ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʝʜʫʱʘʷ 

ʧʦʣʷʨʥʦʩʪʴ, ʢʘʢ ʚ ʩʝʚʝʨʥʳʭ, ʪʘʢ ʠ ʚ ʶʞʥʳʭ ɸʆ, ʨʘʩʧʦʣʦʞʝʥʘ ʙʣʠʞʝ ʢ 

ʵʢʚʘʪʦʨʫ, ʘ ʭʚʦʩʪʦʚʘʷ ï ʜʘʣʴʰʝ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ɸʆ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʟʦʰʣʠ ʤʦʱʥʳʝ ʚʩʧʳʰʢʠ, 

ʩʦʧʨʦʚʦʞʜʘʚʰʠʝʩʷ ʩʠʣʴʥʳʤʠ ʛʝʦʤʘʛʥʠʪʥʳʤʠ ʙʫʨʷʤʠ. ʆʪʜʝʣʴʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʧʨʦʪʷʞʝʥʥʳʝ ʠ ʩʨʝʜʥʠʝ ɸʆ ʩ ʧʣʦʱʘʜʷʤʠ S>1000 ʤʜʧ ʠ 

S<1000 ʤʜʧ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɹʦʣʴʰʠʥʩʪʚʦ ɸʆ ʦʙʣʘʜʘʣʦ ʩʣʦʞʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʝʝʡ ɓɔŭ-ʪʠʧʘ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ ɸʆ ʧʦʢʘʟʳʚʘʶʪ ʩʨʝʜʥʠʡ 

ʫʨʦʚʝʥʴ ʟʘʢʨʫʯʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ, ɸʆ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʠʤʝʶʪ ʥʝʦʙʳʯʥʫʶ ʤʦʨʬʦʣʦʛʠʶ ʠ ʩʠʣʴʥʫʶ ʩʢʨʫʯʝʥʥʦʩʪʴ 

ʤʘʛʥʠʪʥʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ. ɸʆ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʦʪʣʠʯʘʣʠʩʴ ʦʙʱʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʚ ʩʪʨʫʢʪʫʨʝ ʄʇ ï ʚ ʥʠʭ ʠʤʝʣʘʩʴ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʪʷʞʝʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ŭ-ʪʠʧʘ, 

ʧʨʠʯʝʤ ʯʘʩʪʴ ɸʆ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʢʦʤʧʘʢʪʥʳʝ ŭ-ʧʷʪʥʘ ʩ ʦʙʰʠʨʥʦʡ 

ʧʦʣʫʪʝʥʴʶ ʠʣʠ ŭ-ʦʩʪʨʦʚʘ (ʢʘʢ ʥʘʧʨʠʤʝʨ, ɸʆ NOAA 5395, 5629, 5747, 6659). 

ɼʨʫʛʠʝ ɸʆ ʦʙʣʘʜʘʣʠ ʙʦʣʝʝ ʟʘʧʫʪʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʦʩʪʦʷʣʠ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʯʘʩʪʝʡ (ʢʘʢ ʥʘʧʨʠʤʝʨ, ɸʆ NOAA 9077,9393). ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʩʚʷʟʠ ʤʝʞʜʫ 

ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ ʚʩʧʳʰʢʘʤʠ, ʩʪʨʫʢʪʫʨʦʡ ʄʇ ʚ ɸʆ ʠ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ. ɼʘʥʥʳʝ ʙʨʘʣʠʩʴ ʠʟ SGD (Solar Geophysical Data), ʀʥʪʝʨʥʝʪʘ 

(http://umbra.nascom.nasa.gov/SEP ʠ http://www.sec.noaa.gov) ʠ ʥʘʫʯʥʳʭ 

ʧʫʙʣʠʢʘʮʠʡ. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ɸʆ ʩʪʘʥʦʚʠʪʩʷ ʷʩʥʦ, ʯʪʦ ʪʨʫʜʥʦ ʦʞʠʜʘʪʴ 

ʚʟʘʠʤʥʦʦʜʥʦʟʥʘʯʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ. ʇʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ɸʆ 

ʩ ʧʦʚʳʰʝʥʥʦʡ ʚʩʧʳʰʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ɸʆ ʩʦ ʩʨʝʜʥʠʤ ʠ 

ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʘʢʪʠʚʥʦʩʪʠ. ʏʝʤ ʙʦʣʝʝ ʘʢʪʠʚʥʘ ɸʆ, ʪʝʤ ʯʘʱʝ ʚ ʥʝʡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʨʫʰʝʥʠʝ ʟʘʢʦʥʘ ʍʝʡʣʘ-ʅʠʢʦʣʴʩʦʥʘ. ɼʣʷ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʩ 

ʥʠʟʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʙʦʣʝʝ 70 % ɸʆ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ʍʝʡʣʘ-ʅʠʢʦʣʴʩʦʥʘ, ʪ. ʝ. 

ʜʣʷ ɸʆ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ, ű>0, ʘ ʜʣʷ ʶʞʥʳʭ ɸʆ ű<0. ɼʣʷ 

ɸʆ ʩʦ ʩʨʝʜʥʝʡ ʘʢʪʠʚʥʦʩʪʴʶ ʥʘʨʫʰʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʧʦʯʪʠ ʚ ʧʦʣʦʚʠʥʝ ʩʣʫʯʘʝʚ, ʘ 

ʜʣʷ ɸʆ ʩ ʧʦʚʳʰʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʯʘʩʪʦ ʜʣʷ 60-70 % ʩʣʫʯʘʝʚ ʥʝʪ ʩʦʛʣʘʩʠʷ ʩ 

ʟʘʢʦʥʦʤ ʍʝʡʣʘ-ʅʠʢʦʣʴʩʦʥʘ. ʇʨʘʚʠʣʦ ʟʥʘʢʘ ʩʧʠʨʘʣʴʥʦʩʪʠ ʦʜʠʥʘʢʦʚʦ ʭʦʨʦʰʦ 

ʚʳʧʦʣʥʷʝʪʩʷ ʠ ʜʣʷ ɸʆ ʩ ʥʠʟʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʠ ʜʣʷ ɸʆ ʩ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

(ʜʦ 70-80 % ʩʣʫʯʘʝʚ). 
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ʉʠʤʧʘʪʠʯʝʩʢʠʤʠ ʷʚʣʝʥʠʷʤʠ ʥʘ ʉʦʣʥʮʝ ʥʘʟʳʚʘʶʪ ʘʢʪʠʚʥʳʝ ʩʦʙʳʪʠʷ 

(ʚʩʧʳʰʢʠ, ʚʩʧʣʝʩʢʠ), ʧʨʦʠʩʭʦʜʷʱʠʝ ʩ ʥʝʙʦʣʴʰʠʤ ʠʥʪʝʨʚʘʣʦʤ ʧʦ ʚʨʝʤʝʥʠ 

(ʥʘʧʨʠʤʝʨ, ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ) ʚ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʷʭ (ɸʆ), ʫʜʘʣʝʥʥʳʭ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (ʜʦ 10^6 ʢʤ ʠ ʙʦʣʝʝ). ʉʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʠʥʠʮʠʠʨʫʶʱʘʷ ʚʩʧʳʰʢʘ ʧʨʠ ʧʦʤʦʱʠ ʢʘʢʦʛʦ-ʪʦ ʚʦʟʤʫʱʘʶʱʝʛʦ ʘʛʝʥʪʘ 

ʚʳʟʳʚʘʝʪ ʚʪʦʨʠʯʥʫʶ, ʠʥʠʮʠʠʨʫʝʤʫʶ, ʚʩʧʳʰʢʫ. ʄʘʣʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ 

ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ ʚ ʫʜʘʣʝʥʥʳʭ ʥʘ ʙʦʣʴʰʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ɸʆ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʤʫʱʝʥʠʷ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʙʳʪʠʡ, 

ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʤʦʛʫʪ ʙʳʪʴ ʩʠʤʧʘʪʠʯʝʩʢʠʤʠ, ʧʦ ʘʥʘʣʠʟʫ ʘʨʭʠʚʘ 

ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʝ ʅʦʙʝʷʤʘ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʧʦʟʚʦʣʠʪ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʷʩʥʠʪʴ ʧʨʠʨʦʜʫ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʚʩʧʳʰʝʢ, ʘ ʪʘʢʞʝ ʣʫʯʰʝ 

ʧʦʥʷʪʴ ʤʝʭʘʥʠʟʤʳ ʨʘʟʚʠʪʠʷ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ. ɸʢʮʝʥʪ ʚ ʨʘʙʦʪʝ ʩʜʝʣʘʥ ʥʘ 

ʦʮʝʥʢʝ ʩʢʦʨʦʩʪʠ ʚʦʟʤʫʱʘʶʱʝʛʦ ʘʛʝʥʪʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ 

ʜʚʝ ʩʝʨʠʠ ʨʘʜʠʦʚʩʧʣʝʩʢʦʚ, ʢʦʪʦʨʳʝ, ʚʝʨʦʷʪʥʦ, ʷʚʣʷʶʪʩʷ ʩʠʤʧʘʪʠʯʝʩʢʠʤʠ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʨʭʠʚ ʥʘʙʣʶʜʝʥʠʡ ʥʘ 

ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʝ ʅʦʙʝʷʤʘ (NoRH) ʥʘ ʯʘʩʪʦʪʝ 17 ɻɻʮ. NoRH ʷʚʣʷʝʪʩʷ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʩ ʧʦʜʭʦʜʷʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ ʨʘʜʠʦʜʠʘʧʘʟʦʥʝ ʙʣʘʛʦʜʘʨʷ ʥʘʢʦʧʣʝʥʥʦʤʫ 

ʜʣʠʥʥʦʤʫ ʦʜʥʦʨʦʜʥʦʤʫ ʨʷʜʫ ʝʞʝʜʥʝʚʥʳʭ (6ï8 ʯʘʩʦʚ ʚ ʜʝʥʴ) ʥʘʙʣʶʜʝʥʠʡ (ʩ 

1992 ʛ. ʧʦ 2020 ʛ.), ʚʳʩʦʢʦʤʫ ʚʨʝʤʝʥʥʦʤʫ (1 ʩʝʢ) ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ (10 

ʩʝʢ. ʜʫʛʠ) ʨʘʟʨʝʰʝʥʠʶ.  

ʈʘʜʠʦʠʟʦʙʨʘʞʝʥʠʷ ʧʦʣʥʦʛʦ ʜʠʩʢʘ ʉʦʣʥʮʘ ʩʠʥʪʝʟʠʨʦʚʘʣʠʩʴ ʟʘ ʚʝʩʴ ʜʝʥʴ 

ʥʘʙʣʶʜʝʥʠʡ ʩ ʠʥʪʝʨʚʘʣʦʤ 10 ʩʝʢ ʠ ʚʨʝʤʝʥʝʤ ʫʩʨʝʜʥʝʥʠʷ 10 ʩʝʢ. ɿʘʪʝʤ 

ʩʪʨʦʠʣʠʩʴ ʚʨʝʤʝʥʥʳʝ ʧʨʦʬʠʣʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʷʨʢʦʩʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ 

ʠʩʩʣʝʜʫʝʤʳʭ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ (ɸʆ). ɼʣʷ ʵʪʦʛʦ ʥʘ ʢʘʞʜʦʤ ʠʟʦʙʨʘʞʝʥʠʠ 

ʚʳʜʝʣʷʣʘʩʴ field-of-view (FOV), ʚ ʢʦʪʦʨʫʶ ʧʦʧʘʜʘʣʘ ʠʩʩʣʝʜʫʝʤʘʷ ɸʆ, ʠ 

ʚʳʯʠʩʣʷʣʘʩʴ ʤʘʢʩʠʤʘʣʴʥʘʷ ʷʨʢʦʩʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ FOV.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʜʚʘ ʩʝʨʠʠ ʩʠʤʧʘʪʠʯʝʩʢʠʭ 

ʩʦʙʳʪʠʡ: 11 ʩʝʥʪʷʙʨʷ 2001 ʛ. ʠ 30 ʠʶʥʷ 2003 ʛ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʟʘ ʜʝʥʴ 

ʧʨʦʠʟʦʰʣʦ ʜʚʘ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʷ, ʚʦ ʚʪʦʨʦʤ ï ʪʨʠ.  

ʇʦ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʤʝʞʜʫ ʠʥʠʮʠʠʨʫʶʱʠʤ ʠ ʠʥʠʮʠʠʨʫʝʤʳʤ 

ʚʩʧʣʝʩʢʘʤʠ ʙʳʣʠ ʩʜʝʣʘʥʳ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʚʦʟʤʫʱʘʶʱʝʛʦ ʘʛʝʥʪʘ. ʇʨʠ ʵʪʦʤ 

ʚʦʟʥʠʢʘʶʪ ʜʚʘ ʚʦʧʨʦʩʘ: ʢʘʢ ʠʟʤʝʨʷʪʴ ʟʘʜʝʨʞʢʫ ʠ ʢʘʢ ʠʟʤʝʨʷʪʴ ʨʘʩʩʪʦʷʥʠʝ. 

ʊʨʘʝʢʪʦʨʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʤʫʱʘʶʱʝʛʦ ʘʛʝʥʪʘ ʥʝʠʟʚʝʩʪʥʘ. ʇʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʝʛʦ ʚʦʟʤʦʞʥʳʭ ʪʨʘʝʢʪʦʨʠʷʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʂʘʢ ʦʮʝʥʢʫ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ɸʆ ʤʳ ʚʟʷʣʠ ʜʣʠʥʫ ʜʫʛʠ 

ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ ʥʘ ʬʦʪʦʩʬʝʨʝ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʠʩʩʣʝʜʫʝʤʳʝ ɸʆ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʤʫʱʝʥʠʷ ʤʳ ʧʨʠʥʷʣʠ ʠʥʪʝʨʚʘʣ 
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ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʤʦʤʝʥʪʦʤ ʤʘʢʩʠʤʫʤʘ ʠʥʠʮʠʠʨʫʶʱʝʛʦ ʚʩʧʣʝʩʢʘ ʠ ʤʦʤʝʥʪʦʤ 

ʥʘʯʘʣʘ ʠʥʠʮʠʠʨʫʝʤʦʛʦ ʚʩʧʣʝʩʢʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʘʷ ʦʮʝʥʢʘ ʜʦʚʦʣʴʥʦ 

ʛʨʫʙʘʷ. ʆʰʠʙʢʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 50% ʠ ʙʦʣʝʝ. ʅʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʦʥʘ ʜʘʝʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʦʨʷʜʢʝ ʚʝʣʠʯʠʥʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʤʫʱʝʥʠʷ.  

 
ʈʠʩ.1.  

ʈʠʩ.1 ʠʣʣʶʩʪʨʠʨʫʝʪ ʦʜʠʥ ʩʣʫʯʘʡ. ɺ ʜʘʥʥʦʤ ʩʦʙʳʪʠʠ ʦʜʠʥ 

ʠʥʠʮʠʠʨʫʶʱʠʡ ʚʩʧʣʝʩʢ ʚʳʟʳʚʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʚʘ ʜʨʫʛʠʭ ʚʩʧʣʝʩʢʘ. ʅʘ 

ʪʨʝʭ ʧʘʥʝʣʷʭ ʧʨʠʚʝʜʝʥʳ ʨʘʜʠʦʠʟʦʙʨʘʞʝʥʠʷ ʉʦʣʥʮʘ ʥʘ ʯʘʩʪʦʪʝ 17 ɻɻʮ ʚ 

ʤʦʤʝʥʪʳ 0:59, 1:02 ʠ 1:06 UT 11 ʩʝʥʪʷʙʨʷ 2001 ʛ. ʅʘ ʣʝʚʦʡ ʧʘʥʝʣʠ ʧʨʠʚʝʜʝʥʦ 

ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʤʦʤʝʥʪ ʤʘʢʩʠʤʫʤʘ ʠʥʠʮʠʠʨʫʶʱʝʛʦ ʚʩʧʣʝʩʢʘ (ʠʩʪʦʯʥʠʢ 

ʫʢʘʟʘʥ ʩʪʨʝʣʢʦʡ), ʥʘ ʮʝʥʪʨʘʣʴʥʦʡ ʧʘʥʝʣʠ ï ʚ ʤʦʤʝʥʪ ʧʝʨʚʦʛʦ ʠʥʠʮʠʠʨʫʝʤʦʛʦ 

ʚʩʧʣʝʩʢʘ, ʥʘ ʧʨʘʚʦʡ ʧʘʥʝʣʠ ï ʚ ʤʦʤʝʥʪ ʚʪʦʨʦʛʦ ʠʥʠʮʠʠʨʫʝʤʦʛʦ ʚʩʧʣʝʩʢʘ. ɼʣʷ 

ʵʪʦʛʦ ʩʦʙʳʪʠʷ ʦʮʝʥʢʘ ʩʢʦʨʦʩʪʠ ʚʦʟʤʫʱʘʶʱʝʛʦ ʘʛʝʥʪʘ ʩʜʝʣʘʥʘ ʜʚʫʤʷ 

ʩʧʦʩʦʙʘʤʠ. ʇʝʨʚʳʡ ï ʩʥʘʯʘʣʘ ʦʮʝʥʝʥʘ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʚʦʟʤʫʱʝʥʠʷ ʦʪ 

ʚʩʧʣʝʩʢʘ 1 ʢ ʚʩʧʣʝʩʢʫ 2 (ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ 2900 ʢʤ/ʩʝʢ), ʟʘʪʝʤ ï ʦʪ ʚʩʧʣʝʩʢʘ 

2 ʢ 3 (4500 ʢʤ/ʩʝʢ), ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʩʧʣʝʩʢ 2 ï 

ʠʥʠʮʠʠʨʫʶʱʠʡ. ɺʪʦʨʦʡ ï ʦʮʝʥʝʥʘ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʚʦʟʤʫʱʝʥʠʷ ʦʪ 

ʚʩʧʣʝʩʢʘ 1 ʢ ʚʩʧʣʝʩʢʫ 3 (ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ 3800 ʢʤ/ʩʝʢ).  

ɺʩʝʛʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʝ ʩʝʨʠʠ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ: 

ʜʚʝ ʧʘʨʳ ʚʩʧʣʝʩʢʦʚ 11 ʩʝʥʪʷʙʨʷ 2001 ʛ. ʠ ʪʨʠ ʧʘʨʳ ʚʩʧʣʝʩʢʦʚ 30 ʠʶʥʷ 2003 ʛ. 

ɺ ʦʙʦʠʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʷʭ ʧʦʣʫʯʝʥʳ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʝ ʦʮʝʥʢʠ 

ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʜʘʯʠ ʚʦʟʤʫʱʝʥʠʷ ʦʪ ʦʜʥʦʡ ɸʆ ʢ ʜʨʫʛʦʡ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ 

1000ï5000 ʢʤ/ʩʝʢ.  

ɼʣʷ ʙʫʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʚʩʧʳʰʝʢ ʚ ʨʘʜʠʦʜʠʘʧʘʟʦʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʞʝ ʜʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ ʥʘ 

ʉʠʙʠʨʩʢʦʤ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʝ ʠ SDO/AIA. 
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ʂʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʬʣʫʢʪʫʘʮʠʠ (ʂʇʌ) ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʙʳʣʠ 

ʦʪʢʨʳʪʳ ʙʦʣʝʝ 50-ʪʠ ʣʝʪ ʥʘʟʘʜ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʨʘʟʫ ʞʝ ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʂʇʌ 

ʚʳʷʚʠʣʘʩʴ ʠʭ ʩʚʷʟʴ ʩʦ ʚʩʧʳʰʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʊʨʠ ʛʨʫʧʧʳ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʦʙʥʘʨʫʞʠʣʠ ʵʬʬʝʢʪ ʫʩʠʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʂʇʌ 

ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʝʨʝʜ ʚʩʧʳʰʢʦʡ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʧʨʝʜʚʝʩʪʥʠʢ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʯʝʪʢʦʛʦ 

ʦʙʱʝʧʨʠʥʷʪʦʛʦ ʧʦʥʷʪʠʷ ʧʨʝʜʚʝʩʪʥʠʢʘ. ʇʦʜ ʧʨʝʜʚʝʩʪʥʠʢʦʤ ʤʳ ʤʦʞʝʤ 

ʧʦʥʠʤʘʪʴ, ʥʘʧʨʠʤʝʨ, ʩʦʙʳʪʠʝ (ʂʇʌ), ʢʦʪʦʨʦʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʰʝʩʪʚʫʝʪ 

ʜʨʫʛʦʤʫ ʩʦʙʳʪʠʶ (ʚʩʧʳʰʢʘ). ʇʨʠ ʵʪʦʤ ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʤʝʞʜʫ 

ʧʨʝʜʚʝʩʪʥʠʢʦʤ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʚʩʧʳʰʢʦʡ ʩʫʱʝʩʪʚʫʝʪ ʢʘʢʘʷ-ʪʦ ʧʦʢʘ ʥʘʤ 

ʥʝʠʟʚʝʩʪʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʩʚʷʟʴ. ʆʪʤʝʪʠʤ, ʯʪʦ ʯʘʩʪʦ ʂʇʌ, ʢʦʪʦʨʳʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʨʝʜʚʩʧʳʰʝʯʥʳʝ, ʥʘʙʣʶʜʘʶʪʩʷ ʫʞʝ ʥʘ ʩʪʘʜʠʠ ʨʦʩʪʘ 

ʩʠʛʥʘʣʘ ʦʪ ʥʘʯʠʥʘʶʱʝʡʩʷ ʚʩʧʳʰʢʠ. ʇʦʵʪʦʤʫ ʚʦʧʨʦʩ, ʤʦʞʥʦ ʣʠ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʘʢʠʝ ʥʘʙʣʶʜʘʝʤʳʝ ʂʇʌ ʢʘʢ ʧʨʝʜʚʝʩʪʥʠʢʠ ʚʩʧʳʰʝʢ, ʦʩʪʘʝʪʩʷ 

ʦʪʢʨʳʪʳʤ.  

ɺ ʥʘʰʠʭ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ ʤʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʧʦ ʜʘʥʥʳʤ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʢʨʠʚʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʥʘ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʝ 

ʅʦʙʝʷʤʘ, ʫ 50-75% ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʦʙʳʪʠʡ ʨʘʟʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ 

ʧʨʝʜʚʩʧʳʰʝʯʥʳʝ ʬʣʫʢʪʫʘʮʠʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʨʝʜʚʩʧʳʰʝʯʥʳʝ 

ʂʇʌ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʚ 75% ʤʦʱʥʳʭ ʩʦʙʳʪʠʡ (M5 ʠ ʤʦʱʥʝʝ) ʠ ʚ 50% ʙʦʣʝʝ 

ʩʣʘʙʳʭ ʩʦʙʳʪʠʡ (ʩʣʘʙʝʝ M5).  

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝ ʥʘʯʘʪʦʡ ʥʘʤʠ 

ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʂʇʌ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʧʝʨʝʜ ʚʩʧʳʰʢʘʤʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʧʦ ʚʳʷʚʣʝʥʠʶ ʚʦʟʤʦʞʥʦʡ ʩʚʷʟʠ ʧʘʨʘʤʝʪʨʦʚ ʂʇʌ ʠ ʤʦʱʥʦʩʪʠ 

ʧʦʩʣʝʜʫʶʱʠʭ ʚʩʧʳʰʝʢ, ʘ ʪʘʢʞʝ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ, ʤʦʞʥʦ ʣʠ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʝʜʚʩʧʳʰʝʯʥʳʝ ʂʇʌ ʢʘʢ ʧʨʝʜʚʝʩʪʥʠʢʠ ʚʩʧʳʰʝʢ.  

ɼʣʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʥʦʛʦʯʘʩʪʦʪʥʳʝ ʥʘʙʣʶʜʝʥʠʷ 

ʉʦʣʥʮʘ, ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ ʨʘʜʠʦʪʝʣʝʩʢʦʧʘʭ ʩʝʪʠ RSTN. RSTN ʩʦʩʪʦʠʪ ʠʟ 

ʯʝʪʳʨʝʭ ʦʙʩʝʨʚʘʪʦʨʠʡ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʜʦʣʛʦʪʘʤ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʦʣʥʦʛʦ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʛʦ 

ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʥʘ 8-ʤʠ ʯʘʩʪʦʪʘʭ: 245, 410, 610, 1415, 2695, 4995, 8800 ʠ 

15400 ʄɻʮ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʦʛʨʘʥʠʯʠʣʠʩʴ ʘʥʘʣʠʟʦʤ ʜʘʥʥʳʭ ʪʦʣʴʢʦ 

ʦʜʥʦʡ ʠʟ ʩʪʘʥʮʠʡ RSTN ï Learmonth, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʟʘʧʘʜʝ ɸʚʩʪʨʘʣʠʠ, ʠ 

ʪʦʣʴʢʦ ʟʘ ʧʝʨʠʦʜ 2000-2002 ʛʛ.  

mailto:beam@gaoran.ru
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ʇʨʠʤʝʨ ʦʜʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʩʦʙʳʪʠʷ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ.1. ʅʘ ʨʠʩʫʥʢʝ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʦʙʳʪʠʝ, ʧʨʦʠʟʦʰʝʜʰʝʝ 24 ʘʚʛʫʩʪʘ 2002 ʛ., ʚʩʧʳʰʢʘ X3.1 ʚ 

ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ (ɸʆ) NOAA AR 10069. ʅʘ ʣʝʚʦʡ ʧʘʥʝʣʠ ʧʦʢʘʟʘʥʳ 

ʚʨʝʤʝʥʥʳʝ ʧʨʦʬʠʣʠ ʧʦʣʥʦʛʦ ʧʦʪʦʢʘ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʧʦ ʜʘʥʥʳʤ 

ʥʘʙʣʶʜʝʥʠʡ RSTN (Learmonth). ʅʘ ʧʨʘʚʦʡ ʧʘʥʝʣʠ ʧʨʠʚʝʜʝʥʳ ʪʝ ʞʝ 

ʚʨʝʤʝʥʥʳʝ ʧʨʦʬʠʣʠ, ʥʦ ʩ ʚʳʯʪʝʥʥʳʤ ʬʦʥʦʤ. ɿʝʣʝʥʳʤʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ 

ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ. ʉʧʣʦʰʥʳʝ ʣʠʥʠʠ ʧʦʢʘʟʳʚʘʶʪ 

ʤʦʤʝʥʪʳ ʧʦ ʜʘʥʥʳʤ SWPC PRF, ʧʨʝʨʳʚʠʩʪʳʝ ï ʧʦ ʢʘʪʘʣʦʛʫ GOES. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʧʨʝʜʚʩʧʳʰʝʯʥʳʝ ʂʇʌ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ. ʉʥʘʯʘʣʘ 

ʥʘʯʠʥʘʶʪʩʷ ʂʇʌ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ 4.995, 8.800 ʠ 15.4 ɻɻʮ. 

ʇʨʠʤʝʨʥʦ ʯʝʨʝʟ 3 ʤʠʥʫʪʳ ʥʘʯʠʥʘʝʪʩʷ ʮʫʛ ʥʘ ʯʘʩʪʦʪʝ 1.415 ɻɻʮ ʠ, ʚʦʟʤʦʞʥʦ, 

ʥʘ ʯʘʩʪʦʪʝ 2.695 ɻɻʮ. ʀ ʝʱʝ ʩʧʫʩʪʷ 6 ʤʠʥʫʪ ʥʘʯʠʥʘʶʪʩʷ ʮʫʛʠ ʥʘ ʯʘʩʪʦʪʘʭ 

0.610, 0.410 ʠ 0.245 ɻɻʮ. ʇʨʠ ʵʪʦʤ ʮʫʛʠ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʚʳʛʣʷʜʷʪ ʙʦʣʝʝ 

ʧʣʘʚʥʳʤʠ.  

 
ʈʠʩ.1.  

ɺʩʝʛʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 8 ʚʩʧʳʰʝʯʥʳʭ ʩʦʙʳʪʠʡ ʧʦ 

ʜʘʥʥʳʤ ʤʥʦʛʦʯʘʩʪʦʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʩʝʪʠ ʨʘʜʠʦʪʝʣʝʩʢʦʧʦʚ RSTN. ɺ ʩʝʤʠ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʷʭ ʚʳʷʚʣʝʥʳ ʧʨʝʜʚʩʧʳʰʝʯʥʳʝ ʂʇʌ. ʉʜʝʣʘʥʥʘʷ ʧʦ 

ʚʝʡʚʣʝʪ-ʩʧʝʢʪʨʘʤ ʦʮʝʥʢʘ ʢʚʘʟʠʧʝʨʠʦʜʦʚ ʜʘʝʪ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʟʥʘʯʝʥʠʷ 40-50 ʩʝʢʫʥʜ. ɺ ʦʜʥʦʤ ʩʦʙʳʪʠʠ ʩ ʙʦʣʴʰʦʡ ʚʩʧʳʰʢʦʡ ʢʣʘʩʩʘ M8.0 

ʂʇʌ ʥʝ ʧʨʦʷʚʠʣʠʩʴ. ɺ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʧʝʨʝʜ ʙʦʣʝʝ ʤʦʱʥʳʤʠ ʚʩʧʳʰʢʘʤʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʳʝ ʂʇʌ. ɼʣʷ ʩʘʤʦʛʦ ʤʦʱʥʦʛʦ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʩʦʙʳʪʠʡ ʢʣʘʩʩʘ X3.1 ʂʇʌ ʥʘ ʙʦʣʝʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʥʘʯʠʥʘʶʪʩʷ ʩ ʟʘʜʝʨʞʢʦʡ 

ʥʘ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʂʇʌ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ.  
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ɸʛʘʧʦʚʘ ɼ.ɺ.
1,2

, ɿʘʚʝʨʰʠʥʩʢʠʡ ɼ.ʀ.
1,2

 
1
ʉʘʤʘʨʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 

2
ʉʘʤʘʨʩʢʠʡ ʬʠʣʠʘʣ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ 

ʌʠʟʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. ʇ.ʅ. ʃʝʙʝʜʝʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 
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ʈʝʟʦʥʘʥʩʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ (ʄɻɼ) ʚʦʣʥ 

ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦʚʫʶ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʦʙʲʷʩʥʠʪʴ ʘʥʦʤʘʣʴʥʳʡ 

ʥʘʛʨʝʚ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ. ʌʠʟʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʨʝʟʦʥʘʥʩʥʦʤ ʩʦʛʣʘʩʦʚʘʥʠʠ ʯʘʩʪʦʪʳ ʧʘʜʘʶʱʝʡ ʄɻɼ-ʚʦʣʥʳ ʩ ʣʦʢʘʣʴʥʦʡ 

ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʧʣʘʟʤʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʵʬʬʝʢʪʠʚʥʦʤʫ 

ʧʦʛʣʦʱʝʥʠʶ ʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʩʠʥʛʫʣʷʨʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ. ɺ ʪʦʥʢʠʭ ʧʝʨʝʭʦʜʥʳʭ ʩʣʦʷʭ ʵʥʝʨʛʠʷ ʚʦʣʥʳ ʵʬʬʝʢʪʠʚʥʦ 

ʧʝʨʝʜʘʸʪʩʷ ʧʣʘʟʤʝ, ʚʳʟʳʚʘʷ ʝʸ ʥʘʛʨʝʚ. ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʝʥ ʚ 

ʢʦʨʦʥʝ ʙʣʘʛʦʜʘʨʷ ʩʠʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʣʘʟʤʳ, ʜʦʤʠʥʠʨʦʚʘʥʠʶ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʥʘʣʠʯʠʶ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʚʘʨʠʘʮʠʝʡ 

ʬʘʟʦʚʳʭ ʩʢʦʨʦʩʪʝʡ. ʆʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ 

ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʛʝʦʤʝʪʨʠʠ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʥʦ ʠ ʦʪ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʣʘʟʤʳ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʧʨʦʮʝʩʩ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʩ 

ʫʯʸʪʦʤ ʩʞʠʤʘʝʤʦʩʪʠ ʢʦʨʦʥʘʣʴʥʦʡ ʧʣʘʟʤʳ ʠ ʥʘʣʠʯʠʷ ʪʝʧʣʦʚʦʛʦ ʜʠʩʙʘʣʘʥʩʘ. 

ʇʦʣʫʯʝʥʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʧʝʨʝʤʝʥʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʦʧʠʩʳʚʘʶʱʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʜʠʩʩʠʧʘʮʠʶ ʄɻɼ ʚʦʣʥ ʚ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʨʝʜʝ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʳʚʝʜʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʧʦʟʚʦʣʷʪʁ ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʣʘʟʤʳ ʠ 

ʪʝʧʣʦʚʦʛʦ ʜʠʩʙʘʣʘʥʩʘ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʠʩʩʠʧʘʮʠʠ, ʧʦʚʳʰʘʷ ʪʦʯʥʦʩʪʴ 

ʤʦʜʝʣʠ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʙʣʠʞʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʩʣʦ ̫ ʚʳʚʝʜʝʥʦ 

ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʥʝ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʠʪʴ ʫʩʣʦʚʠʷ 

ʨʝʟʦʥʘʥʩʘ, ʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʟʘʪʫʭʘʥʠʷ ʚʦʣʥ. 

ʈʘʙʦʪʘ ʯʘʩʪʠʯʥʦ ʧʦʜʜʝʨʞʘʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

(ʧʨʦʝʢʪʳ FSSS-2023-0009, FMR-2024-0017). 
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ɸʣʪʳʥʮʝʚ ɸ.ʊ.
1
, ɸʥʬʠʥʦʛʝʥʪʦʚ ʉ.ɸ.

1
, ɾʜʘʥʦʚ ɼ.ɸ.

1
, ʄʝʰʘʣʢʠʥʘ ʅ.ʉ.

1,2
, 

ʄʳʰʴʷʢʦʚ ʀ.ʀ.
1
, ʀʚʘʥʦʚ ɽ.ʌ.

1
, Tan Chengming

2
, Wu Zhao

3,4 

1
ʀʥʩʪʠʪʫʪ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʦʡ ʬʠʟʠʢʠ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

2
ʅʘʮʠʦʥʘʣʴʥʳʡ ʥʘʫʯʥʳʡ ʢʦʩʤʠʯʝʩʢʠʡ ʮʝʥʪʨ ʂʠʪʘʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʅʘʫʢ 

3
ʐʢʦʣʘ ʢʦʩʤʠʯʝʩʢʠʭ ʥʘʫʢ ʠ ʬʠʟʠʢʠ, ʐʘʥʜʦʥʴʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ɺʝʡʭʘʡ, ʂʠʪʘʡ 

4
ʃʘʙʦʨʘʪʦʨʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ʀʥʩʪʠʪʫʪ ʢʦʩʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʐʘʥʜʦʥʴʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ɺʝʡʭʘʡ, ʂʠʪʘʡ 

altyntsev@iszf.irk.ru 

ʆʙʩʫʞʜʘʶʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʠʟ ʤʘʛʥʠʪʥʦʛʦ ʞʛʫʪʘ, ʚ ʦʩʥʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʠʥʞʝʢʪʠʨʫʶʪʩʷ 

ʥʝʪʝʧʣʦʚʳʝ ʵʣʝʢʪʨʦʥʳ ʠʟ ʷʜʨʘ ʢʨʫʛʦʚʦʡ ʣʝʥʪʦʯʥʦʡ ʚʩʧʳʰʢʠ. ʆʩʥʦʚʘʥʠʷ 

ʞʛʫʪʘ ʙʳʣʠ ʨʘʟʥʝʩʝʥʳ ʥʘ 215 ʫʛʣ.ʩʝʢ. ʉʦʛʣʘʩʠʝ ʂʋʌ ʠʟʦʙʨʘʞʝʥʠʡ ʧʝʪʣʠ ʩ 

ʤʦʜʝʣʴʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʠʣʦʚʳʤʠ ʣʠʥʠʷʤʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʳʩʦʪʫ 

ʞʛʫʪʘ 50 ï 70 ʄʤ ʠ ʚʝʣʠʯʠʥʫ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʚʝʨʰʠʥʝ ʢʘʢ 15 ð 20 ɻʩ. ʀʟ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʚʩʧʣʝʩʢʘ J-ʪʠʧʘ ʩʣʝʜʫʶʪ ʦʮʝʥʢʠ ʫʤʝʥʴʰʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ ʚ ʞʛʫʪʝ ʩ ʚʳʩʦʪʦʡ ʦʪ 1.8Ĭ10
9
cm

-3
 ʚ ʤʝʩʪʝ ʠʥʞʝʢʮʠʠ 

(ʥʫʣʝʚʦʡ ʪʦʯʢʝ ʩʝʧʘʨʘʪʨʠʩʥʦʛʦ ʢʫʧʦʣʘ) ʠ ʜʦ 2Ĭ10
8
cm

-3 
ʚ ʚʝʨʰʠʥʝ ʞʛʫʪʘ. 

ʉʧʝʢʪʨʳ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʟ ʷʜʨʘ ʚʩʧʳʰʢʠ ʠ ʠʟ ʫʜʘʣʝʥʥʦʛʦ 

ʦʩʥʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʯʘʩʪʦʪʘʭ ʚʳʰʝ 5-6 ɻɻʮ ʠ 

ʟʘʚʠʩʷʪ ʦʪ ʜʠʥʘʤʠʢʠ ʠ ʤʝʭʘʥʠʟʤʘ ʚʩʧʳʰʝʯʥʦʛʦ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ. ʀʟ 

ʟʘʜʝʨʞʢʠ ʤʝʞʜʫ ʧʠʢʘʤʠ ʠʟʣʫʯʝʥʠʷ ʚ ʤʠʢʨʦʚʦʣʥʘʭ (Ó 3.5 ʩ) ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʩʧʣʝʩʢʦʚ J-ʪʠʧʘ ʚ ʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʩʣʝʜʫʝʪ ʦʮʝʥʢʘ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ Ò 0.3ʩ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʩʧʝʢʪʨʘ ʫʜʘʣʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚ ʨʘʤʢʘʭ 

ʛʠʨʦʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʣʫʯʘʶʱʠʭ 

ʵʣʝʢʪʨʦʥʦʚ ʩ ʠʥʜʝʢʩʦʤ ʩʪʝʧʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ~ 2 ʜʦ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʥʝʨʛʠʡ ~ 

1.2 ʄʵɺ. ʈʘʟʨʝʰʝʥʠʝ ʧʨʦʪʠʚʦʨʝʯʠʷ ʩʣʝʜʫʝʪ ʠʟ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʪʝʧʝʥʠ ʧʦʣʷʨʠʟʘʮʠʠ ʫʜʘʣʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʦʪ ʯʘʩʪʦʪʳ, ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʢʦʪʦʨʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʣʫʯʘʶʱʠʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʵʪʦʤ 

ʠʩʪʦʯʥʠʢʝ ʜʦʣʞʥʦ ʦʪʣʠʯʘʪʴʩʷ ʙʦʣʴʰʠʤʠ ʧʠʪʯ-ʫʛʣʘʤʠ, ʘ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʟʘʢʨʫʪʢʦʡ ʚ ʞʛʫʪʝ. ʅʝʨʘʚʥʦʚʝʩʥʦʩʪʴ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ 

ʵʣʝʢʪʨʦʥʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʠ ʟʘʭʚʘʯʝʥʥʳʭ ʚ ʞʛʫʪʝ, ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʥʘʙʣʶʜʝʥʠʠ ʨʘʟʥʳʭ ʪʠʧʦʚ ʪʦʥʢʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʧʝʢʪʨʘʭ ʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ. ɺ ʮʝʣʦʤ, ʘʥʘʣʠʟ ʥʘʙʣʶʜʝʥʠʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʉʈɻ ʠ 

ʩʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨʘ SOLARSPEL ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʝʨʠʬʠʢʘʮʠʠ 

ʤʝʭʘʥʠʟʤʦʚ ʧʝʨʝʥʦʩʘ ʫʩʢʦʨʝʥʥʳʭ ʚʦ ʚʩʧʳʰʢʘʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʢʦʨʦʥʫ. 
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̌̉̎̉̉ (Å ) ρπψσπ Bȟ ̘̜̖̐̏̌̔̆̎̎ ̎́ ̓̆̌̆̒̋̏̐̆ ˎ˞˟-ς ˗̑ˍ˛ 

 

ɸʥʜʨʝʝʚʘ ʆ.ɸ., ʇʣʦʪʥʠʢʦʚ ɸ.ɸ., ʄʘʣʘʱʫʢ. ɺ.ʄ. 
 

ʌɻɹʋʅ ʂʨɸʆ ʈɸʅ, ʅʘʫʯʥʳʡ, ʈʦʩʩʠʷ 

olga@craocrimea.ru    
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʥʘʭʦʜʷʪ ʩʘʤʦʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ 

ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʠʟʫʯʝʥʠʠ ʷʚʣʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ 

ʉʦʣʥʮʝ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ɿʝʤʣʶ. ʀʥʬʨʘʢʨʘʩʥʳʡ ʩʦʣʥʝʯʥʳʡ ʩʧʝʢʪʨ ʩʦʜʝʨʞʠʪ 

ʤʥʦʞʝʩʪʚʦ ʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʥʘʰʝʤ ʉʦʣʥʮʝ ʠ ʠʩʩʣʝʜʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʦʚʨʝʤʝʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʥʘʟʝʤʥʳʭ ʩʦʣʥʝʯʥʳʭ ʪʝʣʝʩʢʦʧʦʚ. 

ʅʘʠʙʦʣʝʝ ʮʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʝ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ. ɺ ʂʨɸʆ ʥʘ 

ʪʝʣʝʩʢʦʧʝ ɹʉʊ-2 ʥʘʢʦʧʣʝʥ ʫʥʠʢʘʣʴʥʳʡ ʥʘʙʣʶʜʘʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʚ ʣʠʥʠʠ 

He I 10830 ¡ (He I), ʧʦʟʚʦʣʷʶʱʠʡ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʚʦʣʶʮʠʶ ʢʦʨʦʥʘʣʴʥʳʭ 

ʜʳʨ, ʚʦʣʦʢʦʥ ʠ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʙʦʣʝʝ ʯʝʤ ʟʘ 2 ʩʦʣʥʝʯʥʳʭ ʮʠʢʣʘ (1999-

2025 ʛʛ). ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʚ ʣʠʥʠʠ He I ʜʘʶʪ ʚʘʞʥʫʶ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʫʢʪʫʨʝ ʠ ʜʠʥʘʤʠʢʝ ʭʨʦʤʦʩʬʝʨʳ ʠ 

ʚʳʰʝʣʝʞʘʱʝʡ ʢʦʨʦʥʳ.   

 

ʈʠʩ. 1. 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʦʙʥʦʚʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʥʘ ʚʝʙ-

ʩʘʡʪʝ ʂʨɸʆ (https://sun.crao.ru/observations/hel-1083nm). ɺʚʝʨʭʫ ʩʪʨʘʥʠʮʳ ʥʘʭʦʜʷʪʩʷ 
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ʩʩʳʣʢʠ ʥʘ fits ʠ fits_cor ʬʘʡʣʳ, ʘ ʪʘʢʞʝ ʧʦʩʣʝʜʥʝʝ ʨʘʟʤʝʱʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʚ ʣʠʥʠʠ ʅʝ I. ʅʠʞʝ ʪʘʙʣʠʮʘ ʥʘʙʣʶʜʝʥʠʡ ʧʦ ʛʦʜʘʤ ʠ ʤʝʩʷʮʘʤ ʩʦ ʩʩʳʣʢʘʤʠ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʠʨʝʢʪʦʨʠʠ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʦʙʥʦʚʣʝʥʥʦʡ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ. ɺ ʢʦʨʥʝ ʜʠʨʝʢʪʦʨʠʠ ʟʘ ʢʘʞʜʳʡ ʤʝʩʷʮ - jpg-

ʬʘʡʣʳ ʠ 2 ʧʘʧʢʠ fits ʠ fits_cor, ʚ ʢʦʪʦʨʳʝ ʜʦʙʘʚʣʝʥʳ ʢʘʨʪʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ 

ʬʦʨʤʘʪʝ FITS ʩ ʧʦʪʝʤʥʝʥʠʝʤ ʢ ʣʠʤʙʫ ʠ ʙʝʟ ʥʝʛʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʟʚʘʥʠʷ 

FITS-ʬʘʡʣʦʚ ʩʦʚʧʘʜʘʶʪ ʩ ʥʘʟʚʘʥʠʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ JPEG-ʠʟʦʙʨʘʞʝʥʠʡ. 

ɺ ʥʘʟʚʘʥʠʠ ʦʪʨʘʞʝʥʳ ʜʘʪʘ, ʚʨʝʤʷ ʠ ʨʘʟʨʝʰʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʧʠʢʩʝʣʷʭ. 

ʇʨʠʤʝʨ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠʚʝʜʝʥ ʥʘ ʈʠʩ. 2. JPEG-ʬʘʡʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʘʨʫ ʢʘʨʪ ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʜʠʩʢʘ ʉʦʣʥʮʘ, ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʢ 3.6ǌ Ĭ 3.6ǌ ʥʘ 

ʦʜʠʥ ʧʠʢʩʝʣʴ. ʃʝʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ï ʩ ʧʦʪʝʤʥʝʥʠʝʤ ʢ ʣʠʤʙʫ, ʧʨʘʚʦʝ ï ʙʝʟ 

ʧʦʪʝʤʥʝʥʠʷ.  ʂʦʨʦʥʘʣʴʥʳʝ ʜʳʨʳ ʚ ʵʪʦʡ ʣʠʥʠʠ ʚʳʛʣʷʜʷʪ ʢʘʢ ʙʦʣʝʝ ʷʨʢʠʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʨʫʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʘ ʚʦʣʦʢʥʘ ʠ 

ʘʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ ï ʢʘʢ ʦʯʝʥʴ ʪʝʤʥʳʝ. 

 
ʈʠʩ. 2 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ, ʩʦʭʨʘʥʷʷ ʠʩʪʦʨʠʯʝʩʢʠʝ ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ, ʜʦʧʦʣʥʷʷ ʠʭ 

ʥʦʚʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʙʣʶʜʝʥʠʡ, ʩʦʚʝʨʰʝʥʩʪʚʫʷ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ 

ʜʘʥʥʳʤʠ ʠ ʫʥʠʬʠʮʠʨʫʷ ʠʭ ʚʠʟʫʘʣʠʟʘʮʠʶ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʦʩʪʦʡ ʠ ʫʜʦʙʥʳʡ 

ʜʦʩʪʫʧ ʢ ʥʠʤ, ʧʦʚʳʰʘʝʪʩʷ ʮʝʥʥʦʩʪʴ ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ, ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ 

ʠʭ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ (ʊʝʤʘ ˉ 122022400224-7). 
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ˏ̜̑̆̍̆̎̎̆ ̖́̑́̋̓̆̑̉̒̓̉̋̉ ̜̙̃̒̐̆̋ ̠̍̄̋̏̄̏ ̑̆̎̓̄̆̎̏̃̒̋̏̄̏ 

̘̠̉̈̌̔̆̎̉ ̉ ̜̙̃̒̐̆̋ (-̝́̌́̕ ̎́ ˞̗̏̌̎̆ 
 

ɸʭʪʝʤʦʚ ɿ.ʉ., ʎʘʧ ʖ.T. 

ʂʨʳʤʩʢʘʷ ʘʩʪʨʦʬʠʟʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ ʈɸʅ, ʅʘʫʯʥʳʡ 

azis@craocrimea.ru 

ʉʦʣʥʝʯʥʳʝ ʚʩʧʳʰʢʠ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʜʚʘ ʙʦʣʴʰʠʭ ʢʣʘʩʩʘ ï 

ʠʤʧʫʣʴʩʥʳʝ ʠ ʪʝʧʣʦʚʳʝ (ʜʚʫʭʣʝʥʪʦʯʥʳʝ ʠʣʠ LDE-ʩʦʙʳʪʠʷ), ʨʘʟʚʠʪʠʝ 

ʢʦʪʦʨʳʭ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʇʦʩʢʦʣʴʢʫ ʫʩʢʦʨʝʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʥʘʛʨʝʚ ʧʣʘʟʤʳ ʪʝʩʥʦ ʩʚʷʟʘʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ, ʪʦ ʙʳʣʦ ʙʳ ʠʥʪʝʨʝʩʥʦ ʠʟʫʯʠʪʴ ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʝʧʣʦʚʳʭ ʠ ʥʝʪʝʧʣʦʚʳʭ ʧʨʦʷʚʣʝʥʠʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʙʳʣʦ ʙʳ ʧʦʣʝʟʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ ʤʝʞʜʫ ʤʷʛʢʠʤ 

ʨʝʥʪʛʝʥʦʚʩʢʠʤ (SXR) ʠʟʣʫʯʝʥʠʝʤ ʠ ʠʟʣʫʯʝʥʠʝʤ ʚ ʣʠʥʠʠ HŬ ʜʣʷ ʚʩʧʳʰʝʢ 

ʨʘʟʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ ʧʝʨʚʦʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʧʣʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʪʦʛʜʘ ʢʘʢ ʚʪʦʨʦʝ ï ʪʝʨʤʦʣʠʟʘʮʠʝʡ 

ʫʩʢʦʨʝʥʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʭʨʦʤʦʩʬʝʨʝ ʉʦʣʥʮʘ. ɺʘʞʥʳʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʥʘ ʨʘʟʚʠʪʠʝ ʚʩʧʳʰʝʯʥʳʭ ʩʦʙʳʪʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʚʨʝʤʝʥʥʳʝ ʘʩʧʝʢʪʳ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʚ ʤʷʛʢʦʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʤ (SXR) ʠʟʣʫʯʝʥʠʠ ʠ ʣʠʥʠʠ HŬ ʟʘ ʧʝʨʠʦʜ  ʩ ʷʥʚʘʨʷ 2015 ʧʦ 

ʥʘʯʘʣʦ ʠʶʣʷ 2021 ʛʛ. ʇʦ ʜʘʥʥʳʤ Solar-Geophysical Data ʚr ʷʚʣʝʥʦ 1643 

ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ SXR- ʠ HŬ-ʩʦʙʳʪʠʡ ʩ ʠʟʤʝʨʝʥʥʳʤʠ ʚʨʝʤʝʥʝʤ ʥʘʯʘʣʘ 

ʚʩʧʳʰʝʢ tSXR ʠ tHŬ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʙʳʪʠʡ (87.6%), ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, B-ʢʣʘʩʩʘ ʥʘʯʘʣʦ ʠʟʣʫʯʝʥʠʷ ʚ HŬ ʟʘʧʘʟʜʳʚʘʝʪ ʦʪʥʦʩʠʪʝʣʥɹʦ ʥʘʯʘʣʘ 

SXR. ɼʠʘʛʨʘʤʤʳ ʨʘʟʥʦʩʪʠ ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ (ætstart=tSXR-tHŬ) ʚʩʧʳʰʝʢ SXR ʠ HŬ 

ʠʤʝʝʪ ʤʝʜʠʘʥʫ, ʨʘʚʥʫʶ -3 ʤʠʥ (-2 ʤʠʥ ʜʣʷ ʤʦʜʳ), ʪ.ʝ. HŬ-ʚʩʧʳʰʢʠ 

ʥʘʯʠʥʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 3 ʤʠʥ ʧʦʟʞʝ SXR- ʚʩʧʳʰʝʢ. ɼʣʷ ʜʠʘʛʨʘʤʤʳ 

ʨʘʟʥʦʩʪʠ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʥʘʩʪʫʧʣʝʥʠʷʤʠ ʤʘʢʩʠʤʫʤʦʚ (ætpeak =tSXR-tHŬ) 

ʤʝʜʠʘʥʘ ʢʘʢ ʠ ʤʦʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 1ʤʠʥ. ʇʠʢʠ ʚ ʧʨʝʜʝʣʘʭ ʪʦʯʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʡ (Ñ 1 ʤʠʥ) ʧʨʦʠʩʭʦʜʷʪ ʦʜʥʦʚʨʝʤʝʥʥʦ (ætpeak=0) ʚ 21,9% ʩʣʫʯʘʝʚ., ʠ 

ʝʩʪʴ ʪʝʥʜʝʥʮʠʷ (57,8% ʩʦʙʳʪʠʡ), ʯʪʦ HŬ-ʧʠʢ ʧʨʝʜʰʝʩʪʚʫʝʪ (ætpeak>0) ʧʠʢʫ 

SXR. HŬ-ʤʘʢʩʠʤʫʤ ʦʧʝʨʝʞʘʝʪ ʧʠʢ SXR (ætpeak=1) ʚ 21,9% ʩʣʫʯʘʝ. ɼʣʷ 

ʩʠʣʴʥʳʭ SXR ʚʩʧʳʰʝʢ ʢʣʘʩʩʘ M ʠ X, ʚʳʜʝʣʝʥʥʳʭ ʚ ʦʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ ʠʟ 87 

ʩʦʙʳʪʠʡ, ʤʝʜʠʘʥʘ ʜʠʘʛʨʘʤʤʳ ætStart=tSXR-tHŬ ʢʘʢ ʠ ʤʦʜʘ ʨʘʚʥ r -3 ʤʠʥ, ʪ.ʝ. 

ʠʟʣʫʯʝʥʠʝ ʚ ʣʠʥʠʠ HŬ ʥʘʯʠʥʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʯʝʨʝʟ 3  ʤʠʥʫʪʳ ʧʦʩʣʝ ʥʘʯʘʣʘ 

SXR ʚʩʧʳʰʢʠ. ɼʠʘʛʨʘʤʤʘ  ╖ ætpeak =tSXR-tHŬ ʜʣʷ ʩʠʣʴʥʳʭ ʚʩʧʳʰʝʢ  ʠʤʝʝʪ 

ʤʝʜʠʘʥʫ, ʨʘʚʥʫʶ 1 ʤʠʥ, ʘ ʤʦʜʫ -  0 ʤʠʥ. ɺ 56,5%  ʩʣʫʯʘʝʚ ætpeak>0, ʪ.ʝ. HŬ-

ʤʘʢʩʠʤʫʤ ʧʨʝʜʰʝʩʪʚʫʝʪ ʤʘʢʩʠʤʫʤʫ SXR, ʪʦʛʜʘ ʢʘʢ ʚʩʧʳʰʢʠ ʧʨʦʠʩʭʦʜʷʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ (ætpeak=0) ʚ 20% ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʦʙʳʪʠʡ.  ʇʨʠ ʵʪʦʤ ʜʣʷ 

77.3% ʩʦʙʳʪʠʡ ʨʘʟʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ætstar < 0. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʝʜʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ ʜʣʷ ʩʠʣʴʥʳʭ ʚʩʧʳʰʝʢ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʢʣʘʩʩʘ M ʠ X ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʣʘʙʳʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʚʩʧʳʰʝʢ 
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ʢʣʘʩʩʘ B ʠ C. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʣʠʯʠʠ ʚ ʤʝʭʘʥʠʟʤʘʭ 

ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ. ʍʘʨʘʢʪʝʨ ʧʦʚʝʜʝʥʠʷ ʟʘʜʝʨʞʝʢ ʟʘʚʠʩʠʪ ʪʘʢʞʝ ʦʪ ʬʘʟʳ 

ʮʠʢʣʘ, ʫʢʘʟʳʚʘʷ ʪʝʤ ʩʘʤʳʤ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʚʷʟʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʧʨʦʮʝʩʩʦʤ ʚʩʧʳʰʝʯʥʦʛʦ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ʄʠʥʦʙʨʥʘʫʢʠ ˉ122022400224-7) 
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ʂʘʪʘʣʦʛʠ ʉʇʉ (1970-2024 ʛʛ.) ʚʢʣʶʯʘʶʪ 628 ʚʦʟʨʘʩʪʘʥʠʡ ʩʦʣʥʝʯʥʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ (ʉʂʃ), ʩʦʜʝʨʞʘʱʠʭ ʩʦʣʥʝʯʥʳʝ ʧʨʦʪʦʥʳ ʩ ʵʥʝʨʛʠʝʡ ɽ Ó 

10 ʄʵɺ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʦʪʦʢʦʤ > 1 ʩʤ
-2
ʩ

-1
ʩʨ

-1
, 368 ʩʦʙʳʪʠʡ ʩ ɽ Ó 100 ʄʵɺ ʠ 

54 ʥʘʟʝʤʥʳʭ ʚʦʟʨʘʩʪʘʥʠʡ ʉʂʃ. ɼʣʷ ʚʩʝʭ ʩʦʙʳʪʠʡ ʫʢʘʟʘʥʳ ʚʦʟʤʦʞʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʧʦʪʦʢʦʚ ʧʨʦʪʦʥʦʚ, ʘ ʪʘʢʞʝ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʷʚʣʝʥʠʷ ʥʘ ʉʦʣʥʮʝ ʠ ʚ 

ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜʝ ʩʦʛʣʘʩʥʦ ʠʤʝʶʱʝʡʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʚ ʤʦʤʝʥʪ ʩʦʩʪʘʚʣʝʥʠʷ ʂʘʪʘʣʦʛʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʫʩʢʦʨʝʥʠʝ ʧʨʦʪʦʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʨʳʚʥʦʛʦ 

ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʥʘ ʉʦʣʥʮʝ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ ʦʪʨʘʞʘʶʪʩʷ ʚʦ 

ʚʩʧʳʰʢʘʭ (ʚ ʯʘʩʪʥʦʩʪʠ, ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʚʩʧʣʝʩʢʘʭ) ʠ ʢʦʨʦʥʘʣʴʥʳʭ ʚʳʙʨʦʩʘʭ 

ʤʘʩʩʳ (ʂɺʄ). ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚʩʧʳʰʝʢ ʠ ʂɺʄ ʚ ʫʩʢʦʨʠʪʝʣʴʥʳʡ 

ʧʨʦʮʝʩʩ ʦʙʩʫʞʜʘʝʪʩʷ ʫʞʝ ʥʝ ʦʜʥʦ ʜʝʩʷʪʠʣʝʪʠʝ ʠ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ 

ʜʠʩʢʫʩʩʠʦʥʥʳʤ ʚʦʧʨʦʩʦʤ. ʅʘ ʦʩʥʦʚʝ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʯʠʩʣʦʤ ʩʦʙʳʪʠʡ 

ʉʂʃ ʠ ʚʩʧʳʰʢʘʤʠ ʨʘʟʥʦʛʦ ʢʣʘʩʩʘ, ʘ ʪʘʢʞʝ ʯʠʩʣʦʤ ʩʦʙʳʪʠʡ ʉʂʃ ʠ ʥʘʠʙʦʣʝʝ 

ʤʦʱʥʳʤʠ ʂɺʄ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʪʦʥʦʚ ʩ ɽ Ó 10-100 ʄʵɺ 

ʚʘʞʥʳ ʢʘʢ ʚʩʧʳʰʢʠ, ʪʘʢ ʠ ʂɺʄ (ʩ ʥʝʢʦʪʦʨʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʂɺʄ), ʪʦʛʜʘ 

ʢʘʢ ʜʣʷ ʥʘʟʝʤʥʳʭ ʚʦʟʨʘʩʪʘʥʠʡ ʨʦʣʴ ʂɺʄ ʠ ʫʜʘʨʥʳʭ ʚʦʣʥ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʴʰʝ ʠ ʙʦʣʝʝ ʪʝʩʥʘʷ ʩʚʷʟʴ  ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʞʜʫ ʉʂʃ ʠ ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ 

ʚʩʧʳʰʢʘʤʠ ʥʘ ʉʦʣʥʮʝ.  
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ɸʙʨʘʤʦʚ-ʄʘʢʩʠʤʦʚ ɺ.ɽ.2 

1ʅʀʋ ɺʐʕ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

2ɻɸʆ ʈɸʅ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
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ɼʠʩʩʠʧʘʮʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʦʢʦʚ ʠ ʩʚʦʙʦʜʥʘʷ ʤʘʛʥʠʪʥʘʷ ʵʥʝʨʛʠʷ, 

ʥʘʢʦʧʣʝʥʥʘʷ ʚ ʩʢʨʫʯʝʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ï ʤʘʛʥʠʪʥʳʭ ʞʛʫʪʘʭ, ʛʣʘʚʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʦʣʥʝʯʥʳʤ ʚʩʧʳʰʢʘʤ. ʄʠʢʨʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʠʥʜʠʢʘʪʦʨʦʤ ʧʨʦʮʝʩʩʦʚ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚ ʘʢʪʠʚʥʦʡ 

ʦʙʣʘʩʪʠ (ɸʆ), ʛʜʝ ʤʘʛʥʠʪʥʘʷ ʵʥʝʨʛʠʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ 

ʧʣʘʟʤʳ ʠ ʵʥʝʨʛʠʶ ʫʩʢʦʨʝʥʥʳʭ ʯʘʩʪʠʮ. ʇʦʵʪʦʤʫ ʘʥʘʣʠʟ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʪʘʢ ʚʘʞʝʥ ʠ ʧʦʤʦʛʘʝʪ ʧʦʥʷʪʴ ʤʝʭʘʥʠʟʤʳ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ 

ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ.  

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʦʩʣʝʜʠʪʴ ʜʣʷ ʚʳʙʦʨʢʠ ʚʩʧʳʰʝʢ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʢʣʘʩʩʦʚ ʄ ʠ ʍ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʚʷʟʴ ʤʘʛʥʠʪʥʳʭ ʞʛʫʪʦʚ ʩ 

ʠʩʪʦʯʥʠʢʘʤʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʯʘʩʪʦʪʝ 17 ɻɻʮ ʧʦ ʜʘʥʥʳʤ 

ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʘ ʚ ʅʦʙʝʷʤʝ (NoRH) ʠ ʥʘ ʯʘʩʪʦʪʝ 6 ɻɻʮ ʧʦ ʜʘʥʥʳʤ 

ʉʠʙʠʨʩʢʦʛʦ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʘ (ʉʈɻ), ʘ ʪʘʢʞʝ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʢʨʘʡʥʝʛʦ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ (ʂʋʌ) (ʧʦ ʜʘʥʥʳʤ SDO/AIA). ɼʣʷ ʧʦʠʩʢʘ ʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʞʛʫʪʦʚ ʚ 3D ʤʘʛʥʠʪʦʩʬʝʨʝ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʘʨʪʳ ʧʣʦʪʥʦʩʪʝʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʦʢʦʚ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʝʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʢʨʫʯʝʥʥʦʩʪʠ 

ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʥʝʣʠʥʝʡʥʦʡ 

ʙʝʩʩʠʣʦʚʦʡ (NLFFF)ʵʢʩʪʨʘʧʦʣʷʮʠʠ.  

ɺʩʝʛʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 17 ʚʩʧʳʰʝʯʥʳʭ ʩʦʙʳʪʠʡ: 15 

ʩʦʙʳʪʠʡ ʧʦ ʜʘʥʥʳʤ NoRH ʠ ʜʚʘ ʩʦʙʳʪʠʷ ʧʦ ʜʘʥʥʳʤ ʉʈɻ. ʆʙʦʙʱʘʷ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʠ ʧʨʝʜʳʜʫʱʠʭ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, 

ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʤʘʛʥʠʪʥʳʝ ʞʛʫʪʳ ʥʘʙʣʶʜʘʶʪʩʷ ʚʦ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ɸʆ, ʢʘʢ ʜʦ, ʪʘʢ ʠ ʧʦʩʣʝ ʚʩʧʳʰʝʢ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʞʛʫʪʳ ʥʠʢʫʜʘ ʥʝ ʠʩʯʝʟʘʶʪ ʧʦʩʣʝ ʚʩʧʳʰʢʠ, ʥʦ ʚʳʛʣʷʜʷʪ ʤʝʥʝʝ ʩʢʨʫʯʝʥʥʳʤʠ. 

ɺʩʧʳʰʢʠ ʩ ʉʄɽ, ʚ ʦʩʥʦʚʥʦʤ, ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʦʪʢʨʳʪʳʭ ʤʘʛʥʠʪʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʷʭ, ʘ ʚʩʧʳʰʢʠ ʙʝʟ ʉʄɽ ʚ ʟʘʢʨʳʪʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ. ʄʘʛʥʠʪʥʳʝ 

ʞʛʫʪʳ ʚ ʩʦʙʳʪʠʷʭ ʩ ʉʄɽ ʨʘʩʧʦʣʘʛʘʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʢʚʘʟʠ-ʧʘʨʘʣʣʝʣʴʥʦ 

ʚʳʰʝʣʝʞʘʱʠʤ ʤʘʛʥʠʪʥʳʤ ʩʠʣʦʚʳʤ ʣʠʥʠʷʤ, ʚ ʩʦʙʳʪʠʷʭ ʙʝʟ ʉʄɽ - ʢʚʘʟʠ-

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ. ʇʦʣʦʞʝʥʠʝ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʭ ʞʛʫʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ 
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ʩʘʤʳʤʠ ʩʠʣʴʥʳʤʠ ʚ ɸʆ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʪʦʢʘʤʠ, ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʣʦʞʝʥʠʝʤ 

ʤʘʢʩʠʤʫʤʘ ʨʘʜʠʦʷʨʢʦʩʪʠ ʥʘ 17 ɻɻʮ ʠ 6 ɻɻʮ ʚ ʤʦʤʝʥʪ ʧʠʢʘ ʚʩʧʳʰʢʠ. ʉʚʷʟʴ 

ʤʘʛʥʠʪʥʳʭ ʞʛʫʪʦʚ ʩ ʧʦʣʷʨʠʟʦʚʘʥʥʳʤ ʨʘʜʠʦʠʟʣʫʯʝʥʠʝʤ ʠ ʩ ʠʟʣʫʯʝʥʠʝʤ ʚ 

ʢʨʘʡʥʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʚʦ ʚʨʝʤʷ ʤʘʢʩʠʤʫʤʘ ʷʨʢʦʩʪʠ ʚʩʧʳʰʢʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚʩʧʳʰʝʯʥʳʝ ʘʨʢʘʜʳ ʩʦʚʧʘʜʘʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʞʛʫʪʦʚ ʚ ɸʆ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʘʞʥʫʶ ʨʦʣʴ ʤʘʛʥʠʪʥʳʭ 

ʞʛʫʪʦʚ ʚʦ ʚʩʧʳʰʝʯʥʦʤ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʧʦʣʦʚʠʥʝ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʩʧʳʰʝʢ ʚʳʙʨʦʩʳ ʢʦʨʦʥʘʣʴʥʦʡ ʤʘʩʩʳ (ʉʄɽ) ʥʝ 

ʥʘʙʣʶʜʘʣʠʩʴ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʪʨʠʛʛʝʨʦʤ ʚʩʧʳʰʢʠ 

ʷʚʣʷʝʪʩʷ ʥʝ ʵʨʫʧʮʠʷ ʧʣʘʟʤʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʩʦʝʜʠʥʝʥʠʝʤ (ñʩʪʘʥʜʘʨʪʥʘʷ 

ʤʦʜʝʣʴ ʚʩʧʳʰʢʠò), ʘ ʜʨʫʛʦʡ ʧʨʦʮʝʩʩ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʥʳʡ ʩ ʜʠʩʩʠʧʘʮʠʝʡ 

ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʥʘʢʦʧʣʝʥʥʦʡ ʚ ʩʘʤʦʤ ʤʘʛʥʠʪʥʦʤ ʞʛʫʪʝ.  
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̐̑̉ ́̒̉̍̍̆̓̑̉̉ ̃ ̠̖̐̑̏̉̌̕ ̌̉̎̉̊ (ɻ (6563B), He I (10830 B) 
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ɺ ʩʧʝʢʪʨʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʷʭ ʭʨʦʤʦʩʬʝʨʥʳʭ ʣʠʥʠʡ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʣʴʥʳʡ (ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʘʥʛʩʪʨʝʤ) ʜʦʧʧʣʝʨʦʚʩʢʠʡ ʩʜʚʠʛ ʧʦʣʦʩ, 

ʧʨʠʚʦʜʷʱʠʡ ʢ ʘʩʠʤʤʝʪʨʠʠ ʧʨʦʬʠʣʝʡ ʧʦʛʣʦʱʝʥʠʷ. ʕʬʬʝʢʪ ʤʦʞʝʪ ʜʣʠʪʩɹʷ ʦʪ 

ʜʦʣʠ ʩʝʢʫʥʜ rʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤʠʥʫʪ, ʧʨʠ ʵʪʦʤ ʩʤʝʱʝʥʠʷ ʧʦʣʦʩʳ 

ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ  ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ, ʪʘʢ ʠ ʚ ʩʠʥʶʶ [1,2].  

ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʦʜʥʦʟʥʘʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʤʧʫʣʴʩʥʦʤ ʜʚʠʞʝʥʠʠ 

ʭʨʦʤʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʬʦʪʦʩʬʝʨʳ ʠʣʠ ʢʦʨʦʥʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʨʠʯʠʥʘʤʠ ʚʳʙʨʦʩʘ ʤʦʛʫʪ 

ʙʳʪʴ ʚʩʧʳʰʢʘ [3], ʩʧʠʢʫʣ II ʧʦʨʷʜʢʘ [4], ʚʳʙʨʦʩ ʚʦʣʦʢʥʘ, ʩʦʧʨʦʚʦʞʜʘʝʤʳʡ 

ʠʩʧʫʩʢʘʥʠʝʤ ʢʦʨʦʥʘʣʴʥʳʭ ʤʘʩʩ ʚ ʦʪʢʨʳʪʦʝ ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ [5]. 

ɿʥʘʥʠʝ ʜʦʧʧʣʝʨʦʚʩʢʠʭ ʩʢʦʨʦʩʪʝʡ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʪʝʯʝʥʠʡ ʧʣʘʟʤʳ ʧʨʠ 

ʫʢʘʟʘʥʥʳʭ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʘʭ ʤʦʛʣʦ ʙʳ ʧʦʤʦʯʴ ʚ ʠʟʫʯʝʥʠʠ ʠʭ 

ʵʥʝʨʛʝʪʠʢʠ, ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʮʝʣʦʤ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ 

ʧʣʘʟʤʳ, ʩʧʦʩʦʙʦʚ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʚ ʥʠʞʥʠʝ ʠ ʚʝʨʭʥʠʝ ʩʣʦʠ ʩʦʣʥʝʯʥʦʡ 

ʘʪʤʦʩʬʝʨʳ. 

ʈʘʥʝʝ ʚ ʩʧʦʢʦʡʥʳʭ ʦʙʣʘʩʪʷʭ ʉʦʣʥʮʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʧʧʣʝʨʦʚʩʢʦʛʦ 

ʩʜʚʠʛʘ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʙʳʣ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʤʝʪʦʜ ʙʠʩʩʝʢʪʦʨʘ. ʆʜʥʘʢʦ ʚ 

ʩʣʫʯʘʝ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʧʨʦʬʠʣʝʡ ʵʪʦʪ ʤʝʪʦʜ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʧʨʠʤʝʥʠʤ, ʪʘʢ 

ʢʘʢ ʚ ʦʙʣʘʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʨʦʤʦʩʬʝʨʥʳʭ ʣʠʥʠʡ ʧʦʷʚʣʷʶʪʩʷ 

ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʧʦʪʦʢʠ ʧʣʘʟʤʳ, ʜʚʠʞʫʱʠʝʩʷ ʩ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ RADYN, STiC, HAZEL, ʦʩʥʦʚʘʥʥʳʭ ʥʘ  

non-LTE ʧʦʜʭʦʜʝ, ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ, ʘ 

ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ  ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʚʳʩʦʪʝ. ʂʨʦʤʝ ʪʦʛʦ, 

ʵʪʠ ʨʘʩʯʝʪ rʷʚʣʷʶʪʩʷ ʢʨʘʡʥʝ ʨʝʩʫʨʩʦʝʤʢʠʤʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʦʧʧʣʝʨʦʚʩʢʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʧʨʦʬʠʣʷʭ ʭʨʦʤʦʩʬʝʨʥʳʭ ʣʠʥʠʡ 

HeI(10830¡), HŬ(6563¡), ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ʂʦʣʠʯʝʩʪʚʦ ʢʦʤʧʦʥʝʥʪ ʚʳʙʠʨʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʦ 

ʚʳʩʦʪʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʠʥʠʡ ʠ ʠʭ ʧʦʚʝʜʝʥʠʠ ʚ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʷʭ ʉʦʣʥʮʘ. 

ʄʝʪʦʜ ʘʧʨʦʙʠʨʦʚʘʥ ʥʘ ʯʝʪʳʨʝʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʝʨʠʷʭ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 1-3 ʯʘʩʘ, ʩ ʢʘʜʝʥʮʠʝʡ 1.5-6ʩ, ʛʜʝ ʩ ʨʘʟʥʦʡ 
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ɼʣʷ ʨʘʟʨʝʞʝʥʥʳʭ ʦʙʣʘʩʪʝʡ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ ʭʘʨʘʢʪʝʨʥʳ ʩʪʘʮʠʦʥʘʨʥʳʝ 

ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʧʨʦʜʦʣʴʥʳʝ (ʚʜʦʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ) ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʪʦʢʠ. 

ʉʪʘʮʠʦʥʘʨʥʳʝ ʧʨʦʜʦʣʴʥʳʝ ʪʦʢʠ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʠʧʠʯʥʳʭ 

ʜʣʷ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ ʙʝʩʩʠʣʦʚʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʩ ʚʠʥʪʦʚʳʤʠ ʣʠʥʠʷʤʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʉʨʘʚʥʠʪʝʣʴʥʦ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ 

ʧʨʦʜʦʣʴʥʳʝ ʪʦʢʠ ʠʤʝʶʪ ʤʝʩʪʦ ʚ ʠʥʝʨʮʠʦʥʥʳʭ ʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʘʣʴʚʝʥʦʚʩʢʠʭ 

ʚʦʣʥʘʭ, ʥʘʣʠʯʠʝ ʢʦʪʦʨʳʭ ʧʦʜʪʚʝʨʞʜʝʥʦ ʥʘʙʣʶʜʝʥʠʷʤʠ. ɽʩʣʠ ʚ ʣʦʢʘʣʴʥʦʤ 

ʧʨʦʜʦʣʴʥʦʤ ʪʦʢʝ ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʧʨʝʚʦʩʭʦʜʠʪ ʠʭ 

ʪʝʧʣʦʚʫʶ ʩʢʦʨʦʩʪʴ, ʪʦ ʚ ʧʣʘʟʤʝ ʨʘʟʚʠʚʘʝʪʩʷ ʘʧʝʨʠʦʜʠʯʝʩʢʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʦʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʫʩʣʦʚʠʡ ʚ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʝ ʧʦʨʦʛ 

ʪʘʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʚʳʰʝʥ. ʊʦʛʜʘ, ʩʦʛʣʘʩʥʦ ʚʳʧʦʣʥʝʥʥʳʤ 

ʨʘʩʯʝʪʘʤ, ʦʙʨʘʟʫʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʜʝʙʘʝʚʩʢʦʛʦ ʤʘʩʰʪʘʙʘ ʩ 

ʢʚʘʜʨʫʧʦʣʴʥʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʦʣʷʤʠ. ʅʝʫʧʨʫʛʠʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ 

ʫʢʘʟʘʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʩʢʦʨʝʥʠʝ ʯʘʩʪʠʮ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʙʣʠʟʢʠʭ ʢ ʦʜʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʵʣʝʢʪʨʦʥʦʚ ʠ ʙʣʠʟʢʠʭ 

ʢ ʠʟʦʪʨʦʧʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʨʦʪʦʥʦʚ.  

ʈʘʙʦʪʘ ʇ.ɸ. ɹʝʩʧʘʣʦʚʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 
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ʈʘʜʠʦʩʧʝʢʪʨʦʩʢʦʧʠʷ ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚʦʟʥʠʢʣʦ ʙʣʘʛʦʜʘʨʷ ʩʦʯʝʪʘʥʠʶ 

ʚʳʩʦʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʜʠʦʪʝʣʝʩʢʦʧʘ ʚʦ ʚʩʝʤ 

ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ 1-40 ɻɻʮ. ɼʦ ʩʠʭ ʧʦʨ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ 

ʢʨʘʡʥʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʝ, ʦʧʪʠʯʝʩʢʦʤ, ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʘʧʘʟʦʥʘʭ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʠʞʥʠʭ ʩʣʦʝʚ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʳ (ʦʪ 

ʬʦʪʦʩʬʝʨʳ ʜʦ ʭʨʦʤʦʩʬʝʨʳ). ʕʪʦʪ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʘʢ ʚ ʥʘʟʝʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʭ, ʪʘʢ ʠ ʥʘ ʩʧʫʪʥʠʢʘʭ, ʥʦ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʛʦʨʷʯʝʡ (1-2 ʤʣʥ.ʂ) ʠ ʨʘʟʨʝʞʝʥʥʦʡ ʢʦʨʦʥʳ (10
-8
 ʩʤ

-3
). ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʢʘʢ ʦʢʘʟʘʣʦʩʴ, ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʨʘʜʠʦʜʠʘʧʘʟʦʥʝ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʠ ʥʘʯʘʪʴ ʧʨʠʤʝʥʝʥʠʝ 

ʨʘʜʠʦʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʨʦʥʳ, ʧʨʦʩʪʠʨʘʶʱʝʡʩʷ ʦʪ ʭʨʦʤʦʩʬʝʨʳ ʜʦ ʛʨʘʥʠʮ 

ʧʣʘʥʝʪʥʦʡ ʩʠʩʪʝʤʳ. 

ʈʘʜʠʦʜʠʘʧʘʟʦʥ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʠ ʦʥ ʚʧʦʣʥʝ 

ʦʧʪʠʤʘʣʝʥ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʚʝʩʴʤʘ ʩʣʘʙʳʭ ʩʪʨʫʢʪʫʨ ʟʘʨʦʞʜʘʶʱʝʡ 

ʘʢʪʠʚʥʦʩʪʠ. ʆʜʥʘʢʦ, ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʨʘʙʦʪʘʝʪ ʥʘ ʙʦʣʝʝ 

ʜʣʠʥʥʳʭ ʚʦʣʥʘʭ ʠ ʠʤʝʝʪ ʩʣʦʞʥʦʩʪʠ ʚ ʥʘʙʣʶʜʝʥʠʷʭ, ʢʘʢ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ, ʪʘʢ ʠ ʧʦ ʦʛʨʘʥʠʯʝʥʠʶ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʚʚʠʜʫ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʨʦʥʳ ʉʦʣʥʮʘ. 

ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʬʣʝʢʪʦʨʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʩ ʙʦʣʴʰʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʴʶ [ɹʦʛʦʜ ʠ ʜʨ.,2023] 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʜʦʣʝʪʴ ʦʩʥʦʚʥʫʶ ʧʨʦʙʣʝʤʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʚʣʠʷʥʠʝʤ ʤʦʱʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʩʧʦʢʦʡʥʦʛʦ ʉʦʣʥʮʘ ʥʘ ʫʭʫʜʰʝʥʠʝ ʰʫʤʦʚ ʘʧʧʘʨʘʪʫʨʳ. ʇʨʠ ʵʪʦʤ, 

ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʩʧʣʦʰʥʘʷ ʚʦ ʚʩʝʭ ʨʘʜʠʦʜʠʘʧʘʟʦʥʘʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʥʪʝʥʥʳ, ʯʪʦ ʩʦʚʤʝʩʪʥʦ ʩ 

ʚʳʩʦʢʠʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʧʘʟʦʥʦʤ (ʜʦ 90 ʜɹ) ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʜʝʣʝʥʠʶ 

ʩʣʘʙʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʬʦʥʝ ʤʦʱʥʦʛʦ ʩʠʛʥʘʣʘ ʉʦʣʥʮʘ [ʈʠʧʘʢ ʠ ʜʨ.,2023]. 

ʀʩʪʦʨʠʯʝʩʢʠ, ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʝʬʣʝʢʪʦʨʥʦʛʦ ʨʘʜʠʦʪʝʣʝʩʢʦʧʘ 

ʈɸʊɸʅ-600 ʢ ʩʣʘʙʳʤ ʩʠʛʥʘʣʘʤ ʧʦ ʧʦʪʦʢʫ ʠʟʣʫʯʝʥʠʷ ʙʳʣʘ ʨʘʥʝʝ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʜʝʮʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʩʣʘʙʳʭ 

ʤʠʢʨʦʚʩʧʣʝʩʢʦʚ ʥʘ ʫʨʦʚʥʝ 10
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 ʩ.ʝ.ʧ. [Bogod et.al., 2001].  ʀʭ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ 
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ʩʦʟʜʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʠʢʨʦʚʩʧʣʝʩʢʠ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʮʝʩʩʦʚ 

ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʟʘʤʳʢʘʥʠʷ ʩ ʛʝʥʝʨʘʮʠʝʡ ʫʩʢʦʨʝʥʥʳʭ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ 

ʚʦʟʙʫʞʜʘʶʪ ʧʣʘʟʤʝʥʥʳʝ ʚʦʣʥʳ ʥʘ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʝ ʧʣʘʟʤʝʥʥʦʡ ʯʘʩʪʦʪʳ 

[V.M.Bogod, L.V.Yasnov: 2005].  

ɼʨʫʛʠʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʤ ʦʙʲʝʢʪʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʠʨʦʜʳ 

ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ ʷʚʣʷʶʪʩʷ ʧʨʝʜʩʢʘʟʘʥʥʳʝ [Wild J.1952] ʢʦʨʦʥʘʣʴʥʳʝ ʣʠʥʠʠ 

ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʥʘ ʨʘʜʠʦʚʦʣʥʘʭ [ʆʚʯʠʥʥʠʢʦʚʘ ʠ 

ʜʨ.,2024] ʣʠʥʠʠ ʛʠʜʨʦʢʩʠʣʘ ʆʅ ʚ ʜʠʘʧʘʟʦʥʝ 1.5-1.7 ɻɻʮ.  ʇʦʧʳʪʢʠ 

ʦʙʥʘʨʫʞʝʥʠʷ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʣʠʥʠʡ ʚ ʨʘʜʠʦʠʟʣʫʯʝʥʠʠ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ 

ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʥʝʦʜʥʦʢʨʘʪʥʦ [ɼʨʘʚʩʢʠʭ, 2021]. ʇʨʦʚʦʜʠʣʦʩʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʘʢʠʭ ʣʠʥʠʡ ʥʘ ʈɸʊɸʅ-600 

[ʍʝʨʩʦʥʩʢʠʡ, ɺʘʨʰʘʣʦʚʠʯ, 1980]. ɼʝʣʘʣʠʩʴ ʧʦʧʳʪʢʠ ʦʙʥʘʨʫʞʝʥʠʷ 

ʮʠʢʣʦʪʨʦʥʥʳʭ ʣʠʥʠʡ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚ 

ʨʘʜʠʦʜʠʘʧʘʟʦʥʝ [ɹʦʛʦʜ, ɾʝʣʝʟʥʷʢʦʚ ʠ ʜʨ., 2000]. ʇʨʠʚʣʝʯʝʥʠʝ ʜʣʷ ʧʦʠʩʢʘ 

ʵʪʠʭ ʣʠʥʠʡ ʚ ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʷʭ ʠʤʝʣʦ ʩʣʦʞʥʦʩʪʠ, ʢʘʢ ʧʦ 

ʯʘʩʪʦʪʥʦʤʫ ʜʠʘʧʘʟʦʥʫ (ʤʠʣʣʠʤʝʪʨʦʚʳʝ ʄʄ, ʩʘʥʪʠʤʝʪʨʦʚʳʝ ʉʄ ʠʣʠ 

ʜʝʮʠʤʝʪʨʦʚʳʝ ɼʄ ʚʦʣʥʳ) ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ, ʪʘʢ ʠ ʧʦ 

ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʜʠʘʧʘʟʦʥʫ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚʚʠʜʫ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʦʨʦʥʳ ʉʦʣʥʮʘ. 

ɺʳʩʦʢʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʚʘʞʥʳ ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʡ ʟʘʜʘʯʠ ʬʠʟʠʢʠ ʉʦʣʥʮʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʤʝʭʘʥʠʟʤʘ 

ʥʘʛʨʝʚʘ ʢʦʨʦʥʳ. 

ɺ ʉɸʆ ʈɸʅ ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʢʦʥʮʝʧʮʠʷ ʨʘʜʠʦʤʝʪʨʠʠ ʜʣʷ ʩʦʣʥʝʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʘʷ ʠʩʧʳʪʘʥʘ ʚ ʜʝʮʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘ ʯʘʩʪʦʪʘʭ 1-3 

ɻɻʮ.   ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʝʨʠʠ ʪʝʩʪʦʚʳʭ ʠ ʥʘʫʯʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʩ ʚʳʩʦʢʠʤ 

ʯʘʩʪʦʪʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʜʦ 0.1 ʤɻʮ ʫʢʘʟʳʚʘʶʪ ʥʘ ʤʥʦʛʦʦʙʨʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ. ʋʞʝ ʧʨʦʭʦʜʠʪ ʥʘʩʪʦʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʠ ʩʣʝʜʫʶʱʠʡ 

ʢʦʤʧʣʝʢʩ ʥʘ ʜʠʘʧʘʟʦʥ 3-18 ɻɻʮ ʩ ʧʣʘʥʦʚʦʡ ʝʛʦ ʩʜʘʯʝʡ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ 

ʢʦʥʮʝ 2025 ʛ. ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʥʘ 

ʢʦʤʧʣʝʢʩʝ 1-3 ɻɻʮ, ʪʘʢ ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʚʳʭ ʪʝʩʪʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ 

ʢʦʤʧʣʝʢʩʝ 3-18 ɻɻʮ. ʆʙʩʫʞʜʘʶʪʩʷ ʧʣʘʥʳ ʙʫʜʫʱʝʛʦ ʨʘʟʚʠʪʠʷ 

ʰʠʨʦʢʦʜʠʘʧʘʟʦʥʥʦʡ ʨʘʜʠʦʩʧʝʢʪʨʦʩʢʦʧʠʠ ʉʦʣʥʮʘ ʩ ʚʳʩʦʢʠʤ ʦʪʥʦʩʠʪʝʣʴʥʳʤ 

ʯʘʩʪʦʪʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʦʢʦʣʦ ȹf/f =10
-5
 ʥʘ ʈɸʊɸʅ-600 ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʟʘʜʘʯʠ.  
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ɺ ʨʘʙʦʪʝ [1] ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʦʛʨʘʬʦʚ SOT Hinode ʠ HMI SDO. ɺʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʳ ʠ ʜʠʥʘʤʠʢʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ɸʆ 12673, ʩʚʷʟʘʥʥʳʝ ʩʦ 

ʚʩʧʳʰʢʘʤʠ. ʆʥʠ ʚʢʣʶʯʘʶʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʝʩʥʦ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʦʚ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʯʘʩʪʢʦʚ ʩ ʫʚʝʣʠʯʝʥʥʦʡ 

ʧʝʨʝʤʝʞʘʝʤʦʩʪʴʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʩʢʦʨʦʩʪʠ, ʠʛʨʘʶʱʠʝ ʨʦʣʴ ʮʝʥʪʨʦʚ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʨʘʩʰʠʨʷʶʱʠʭʩʷ ʚʦ ʚʨʝʤʷ ʚʩʧʳʰʝʢ; ʩʪʫʧʝʥʯʘʪʦʝ ʙʳʩʪʨʦʝ 

ʧʘʜʝʥʠʝ ʙʝʟʟʥʘʢʦʚʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʦ 4ʭ10
18

 ʄʢʩ/ʩ ʚʦ 

ʚʨʝʤʷ ʤʦʱʥʦʡ ʚʩʧʳʰʢʠ, ʩʤʝʥʫ ʨʝʞʠʤʘ ʧʫʣʴʩʘʮʠʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʫʣʴʩʘʮʠʡ ʩ ʢʚʘʟʠʧʝʨʠʦʜʦʤ 4 ʤʠʥ ʧʦʩʣʝ ʚʩʧʳʰʢʠ 

X9.3, ʧʨʦʠʟʦʰʝʜʰʝʡ  6 ʩʝʥʪʷʙʨʷ 2017 ʛ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʮʝʥʪʨʦʚ ʚʩʧʳʰʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ. ʅʘ ʨʠʩ.1 

ʧʦʢʘʟʘʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʣʫʯʝʚʦʡ ʩʢʦʨʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʚʳʷʚʣʝʥʥʳʝ ʫʯʘʩʪʢʠ ʧʝʨʝʤʝʞʘʝʤʦʩʪʠ a ʠ b, ʩʦʚʧʘʜʘʶʱʠʝ ʩ ʮʝʥʪʨʘʤʠ 

ʚʩʧʳʰʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

 
ʈʠʩ.1.ʉʣʝʚʘ ˈ ʤʘʛʥʠʪʦʛʨʘʤʤʳ ʠ ʪʘʭʦʛʨʘʤʤʳ Hinode, ʠʭ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʳʝ 

ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ; ʩʧʨʘʚʘ ˈ ʪʘʭʦʛʨʘʤʤʘ ʠ ʤʝʩʪʦ ʨʘʟʨʝʟʘ (ʯʝʨʥʦʡ ʣʠʥʠʝʡ), ʘ 

ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʜʦʣʴ ʨʘʟʨʝʟʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʘʨʠʘʮʠʠ Kvar. 

 

ʉ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʵʪʠʭ ʮʝʥʪʨʘʭ 

ʘʢʪʠʚʥʦʩʪʠ, ʤʳ ʩʬʦʨʤʠʨʦʚʘʣʠ ʬʠʣʴʤʳ ʠʟ ʢʘʨʪ ʧʨʦʜʦʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʠ ʣʫʯʝʚʦʡ ʩʢʦʨʦʩʪʠ HMI SDO, ʩʣʝʜʫʶʱʠʝ ʩ ʠʥʪʝʨʚʘʣʦʤ 45 ʩ.   

ʇʨʠ ʧʨʦʩʤʦʪʨʝ ʬʠʣʴʤʦʚ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʠʟ ʢʘʨʪ ʜʦʧʧʣʝʨʦʚʩʢʦʡ ʩʢʦʨʦʩʪʠ, 

ʚʠʜʥʳ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʪʫʨʙʫʣʝʥʪʥʳʭ ʜʚʠʞʝʥʠʡ 

ʚ ʮʝʥʪʨʘʭ ʘʢʪʠʚʥʦʩʪʠ ʩʦ ʚʨʝʤʝʥʝʤ ʧʝʨʝʜ ʤʦʱʥʳʤʠ ʚʩʧʳʰʢʘʤʠ. ɼʦ 9 ʯʘʩʦʚ 

ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʨʘʩʪʘʝʪ, ʘ ʧʦʩʣʝ ʚʪʦʨʦʡ ʤʦʱʥʦʡ ʚʩʧʳʰʢʠ X9.3 ʙʳʩʪʨʦ 

mailto:golovko@iszf.irk.ru
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ʩʧʘʜʘʝʪ. ʌʠʣʴʤʳ ʠʟ ʤʘʛʥʠʪʦʛʨʘʤʤ ʧʨʦʜʦʣʴʥʦʛʦ ʧʦʣʷ ʧʦʢʘʟʳʚʘʶʪ 

ʘʥʘʣʦʛʠʯʥʫʶ ʢʘʨʪʠʥʫ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠ  ʙʳʩʪʨʦʝ ʩʦʢʨʘʱʝʥʠʝ ʨʘʟʤʝʨʘ ʮʝʥʪʨʘ 

a ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ 6 ʩʝʥʪʷʙʨʷ. 

ɹʳʣʘ ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʤʘʣʳʭ 

ʵʣʝʤʝʥʪʦʚ ʢʘʨʪʠʥʳ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ.2 ʩ 

ʥʘʣʦʞʝʥʠʝʤ ʥʘ ʜʠʘʛʨʘʤʤʫ, ʧʦʣʫʯʝʥʥʫʶ ʨʘʥʝʝ ʚ ʨʘʙʦʪʝ [2]. ɹʣʠʟʦʩʪʴ 

ʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʥʘʰʠʭ ʦʮʝʥʦʢ ʢ ʧʨʝʜʝʣʫ, ʥʘʣʘʛʘʝʤʦʤʫ ʘʣʴʬʚʝʥʦʚʩʢʦʡ 

ʩʢʦʨʦʩʪʴʶ ʜʣʷ ʬʦʪʦʩʬʝʨʳ, ʤʦʞʝʪ ʦʟʥʘʯʘʪʴ ʚʦʣʥʦʚʫʶ ʧʨʠʨʦʜʫ ʢʘʨʪʠʥʳ. 

ɻʠʧʦʪʝʟʘ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʢʘʥʘʣʦʚ ʚʳʭʦʜʘ ʵʥʝʨʛʠʠ ʚ ʚʦʣʥʦʚʦʡ ʠʣʠ 

ʪʫʨʙʫʣʝʥʪʥʦʡ ʬʦʨʤʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʚ ʨʘʙʦʪʝ [3], ʘ ʚ ʨʘʙʦʪʝ [4] ʫʢʘʟʘʥʦ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʩʦʙʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʚʳʭʦʜʘ ʘʣʴʬʚʝʥʦʚʩʢʠʭ 

ʚʦʣʥ. 

 
  ʈʠʩ.2. ɼʠʘʛʨʘʤʤʘ çʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ˈ ʚʨʝʤʷ ʞʠʟʥʠ ʩ ʚʝʪʚʷʤʠ ʨʝʛʫʣʷʨʥʳʭ 

ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ I ʠ ʦʙʣʘʩʪʝʡ ʩ ʙʳʩʪʨʦʡ ʵʚʦʣʶʮʠʝʡ II. ɿʚʝʟʜʦʯʢʠ ˈ ʦʮʝʥʢʠ ʜʣʷ 

ʵʣʝʤʝʥʪʦʚ ʚ ʮʝʥʪʨʝ ʘʢʪʠʚʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 
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ɸʨʛʫʤʝʥʪʠʨʦʚʘʥʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʦʜʥʦʪʠʧʥʳʭ ʜʘʥʥʳʭ ʧʦ ʥʝʩʢʦʣʴʢʠʤ 

ʩʦʙʳʪʠʷʤ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, 

ʢʦʪʦʨʦʝ ʤʦʛʣʦ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʫʩʢʦʨʝʥʠʠ ʧʨʦʪʦʥʦʚ ʚ ʩʦʣʥʝʯʥʳʭ 

ʚʩʧʳʰʢʘʭ[1]. 

ʄʦʜʝʣʴ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʫʩʢʦʨʝʥʠʷ  [2]  ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʧʦʠʩʢ  

ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʜʥʦʛʦ ʘʢʪʘ ʫʩʢʦʨʝʥʠʷ ʧʨʦʪʦʥʘ ʠ 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʢʠʥʫʪʴ ʫʩʢʦʨʠʪʝʣʴ ʧʦʩʣʝ ʦʜʥʦʛʦ ʘʢʪʘ ʝʛʦ ʫʩʢʦʨʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʙʳ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʣʠ ʦʮʝʥʢʘʤ ʨʘʙʦʪʳ [1]. ʅʘʙʣʶʜʘʝʤʦʝ ʩʨʝʜʥʝʝ ʫʩʢʦʨʷʶʱʝʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʧʨʦʪʦʥʦʚ (10
-4
 - 10

-5
 ɺ/ʩʤ) ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʫʩʢʦʨʝʥʠʷ ʦʪ 2 ʤʠʥʫʪ ʜʦ 20 ʤʠʥʫʪ, ʢʘʢ ʧʨʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʦʜʥʦʛʦ ʘʢʪʘ 10
-5 
ɺ/ʩʤ, ʪʘʢ ʠ  1 ɺ/ʩʤ, ʠʟʤʝʥʷʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʜʠʥʠʯʥʦʛʦ ʘʢʪʘ ʫʩʢʦʨʝʥʠʷ ʧʨʦʪʦʥʘ - ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ 

ʚʝʨʦʷʪʥʦʩʪ ɹʧʦʢʠʥʫʪʴ ʫʩʢʦʨʠʪʝʣʴ. ʅʘʙʣʶʜʘʝʤʳʝ ʵʥʝʨʛʠʠ ʧʝʨʚʳʭ ʧʨʠʰʝʜʰʠʭ 

ʧʨʦʪʦʥʦʚ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʵʥʝʨʛʠʠ ʧʨʦʪʦʥʦʚ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʩʦʙʳʪʠʠ ʟʘʚʠʩʷʪ 

ʦʪ  ʩʨʝʜʥʝʛʦ ʫʩʢʦʨʷʶʱʝʛʦ ʧʦʣʷ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʫʩʢʦʨʝʥʠʷ. 
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ʂ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ ʷʚʣʝʥʠʷʤ ʚ ʩʦʣʥʝʯʥʦʡ 

ʢʦʨʦʥʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʚʦʣʥʳ ʩʞʘʪʠʷ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʚ 

ʢʨʘʡʥʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʝ ʧʦ ʚʘʨʠʘʮʠʷʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʆʥʠ ʥʘʙʣʶʜʘʶʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦ ʚʦ ʚʩʝʭ ʢʦʨʦʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʢʦʨʦʥʘʣʴʥʳʭ 

ʧʝʪʣʷʭ ʠ ʜʳʨʘʭ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʷʚʣʝʥʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʨʦʥʳ. ɼʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʚʦʣʥ 

ʩʞʘʪʠʷ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʷʜʝ ʩʚʦʡʩʪʚ ʢʦʨʦʥʘʣʴʥʦʡ 

ʧʣʘʟʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʬʫʥʢʮʠʠ ʠʟʣʫʯʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ 

ʚʠʜʝ [1,2]. ʅʦʚʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʨʷʜ ʚʘʞʥʳʭ ʩʚʦʡʩʪʚ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʢʦʨʦʥʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʧʠʩʘʪʴ ʙʦʣʝʝ ʪʦʯʥʦ ʩʚʦʡʩʪʚʘ 

ʜʠʩʧʝʨʩʠʠ ʠ ʟʘʪʫʭʘʥʠʷ. ɹʳʣʘ ʚʳʷʚʣʝʥʘ ʩʚʷʟʴ ʜʠʩʧʝʨʩʠʠ ʠ ʟʘʪʫʭʘʥʠʷ ʩ 

ʤʠʥʠʤʫʤʦʤ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʜʝʣʝʥʠʶ ʚʦʣʥ ʥʘ ʜʚʝ 

ʛʨʫʧʧʳ ʩ ʤʘʣʳʤʠ ʠ ʙʦʣʴʰʠʤʠ ʧʝʨʠʦʜʘʤʠ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʩʚʦʡʩʪʚʘʤʠ 

ʜʠʩʧʝʨʩʠʠ ʠ ʟʘʪʫʭʘʥʠʷ.  

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʜ ʚʣʠʷʥʠʝʤ ʵʪʠʭ ʨʘʟʣʠʯʠʡ ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʡ ʘʢʫʩʪʠʯʝʩʢʠʡ ʠʤʧʫʣʴʩ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʚ ʚʝʡʚʣʝʪ-ʩʧʝʢʪʨʝ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʜʚʫʭ ʤʘʢʩʠʤʫʤʦʚ [3]. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʥʘʯʘʣʴʥʳʡ ʘʢʫʩʪʠʯʝʩʢʠʡ ʠʤʧʫʣʴʩ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʜʠʩʧʝʨʩʠʠ ʠ ʟʘʪʫʭʘʥʠʷ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʘ ʦʪʜʝʣʴʥʳʭ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʷ, ʢʘʞʜʦʤʫ ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʡ 

ʤʘʢʩʠʤʫʤ. ʊʘʢʦʡ ʚʳʚʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦ-ʥʦʚʦʤʫ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʚʦʣʥʳ 

ʩʞʘʪʠʷ, ʥʝ ʢʘʢ ʨʝʛʫʣʷʨʥʳʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʠʣʠ ʤʘʛʥʠʪʦʘʢʫʩʪʠʯʝʩʢʠʝ ʚʦʣʥʳ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʦʪʦʡ, ʘ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ, ʥʝ ʩʚʷʟʘʥʥʳʭ 

ʤʝʞʜʫ ʩʦʙʦʡ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ, ʠʤʝʶʱʠʭ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ. ʅʦʚʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʠʥʘʯʝ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʟʘʜʘʯʠ ʢʦʨʦʥʘʣʴʥʦʡ 

ʩʝʡʩʤʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʩʪʘʚʠʪʴ ʥʦʚʳʝ ʟʘʜʘʯʠ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʚʦʟʤʫʱʝʥʠʡ ʠ ʧʦʪʦʢʦʚ ʧʣʘʟʤʳ ʚ ʢʦʨʦʥʝ.  

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʦʚʦʛʦ ʚʟʛʣʷʜʘ ʥʘ ʚʦʣʥʳ ʩʞʘʪʠʷ ʥʘʤʠ ʙʳʣʘ ʨʝʰʝʥʘ 

ʟʘʜʘʯʘ ʦ ʨʘʟʜʝʣʝʥʠʠ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʝʤʳʭ 

ʠʥʪʝʛʨʘʣʦʤ ʌʫʨʴʝ, ʪʦ ʝʩʪʴ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʣʠʥʝʡʥʳʭ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ. ʀʩʧʦʣʴʟʫʷ ʩʚʦʡʩʪʚʦ ʣʠʥʝʡʥʦʩʪʠ ʚʦʣʥ, ʤʳ ʧʨʦʚʦʜʠʤ 

ʧʨʦʮʝʜʫʨʫ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʚʦʟʤʫʱʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1 ʠ 2. ʉʧʝʢʪʨʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʚʦʟʤʫʱʝʥʠʷ, 

ʚʳʜʝʣʝʥʥʘʷ ʯʝʨʥʳʤ ʮʚʝʪʦʤ, ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʘʜʜʠʪʠʚʥʳʝ ʯʘʩʪʠ, 

ʚʳʜʝʣʝʥʥʳʝ ʢʨʘʩʥʳʤ ʠ ʩʠʥʠʤ ʮʚʝʪʘʤʠ. ɸʣʛʦʨʠʪʤ ʨʘʟʜʝʣʝʥʠʷ ʦʩʥʦʚʘʥ ʥʘ 

ʩʚʦʡʩʪʚʘʭ ʜʠʩʧʝʨʩʠʠ ʠ ʟʘʪʫʭʘʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ, ʛʜʝ ʮʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ 

ʠʛʨʘʝʪ ʤʠʥʠʤʫʤ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ. ʅʘ ʨʠʩ. 1 ʝʛʦ ʧʦʣʦʞʝʥʠʝ ʦʪʤʝʯʝʥʦ 

ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ.  
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ʈʠʩ. 1. ʉʧʝʢʪʨʘʣʴʥʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʚʦʣʥʦʚʦʛʦ 

ʧʘʢʝʪʘ. ʏʝʨʥʳʤ ʮʚʝʪʦʤ 

ʦʙʦʟʥʘʯʝʥʘ 

ʩʧʝʢʪʨʘʣʴʥʘʷ ʬʫʥʢʮʠʷ 

ʚ ʟʘʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʠʟʫʯʘʝʤʦʛʦ 

ʚʦʟʤʫʱʝʥʠʷ, ʢʨʘʩʥʳʤ 

ʠ ʩʠʥʠʤ ʮʚʝʪʘʤʠ ï 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʬʫʥʢʮʠʠ 

ʜʚʫʭ ʩʠʛʥʘʣʦʚ, ʥʘ 

ʢʦʪʦʨʳʝ ʨʘʟʜʝʣʷʝʪʩʷ 

ʠʩʭʦʜʥʦʝ ʚʦʟʤʫʱʝʥʠʝ.  

 

ʈʠʩ. 2. ʈʘʟʜʝʣʝʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʦʣʥʦʚʦʛʦ ʧʘʢʝʪʘ. 

ɸʥʘʣʦʛʠʯʥʦ ʯʝʨʥʳʤ 

ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʘ 

ʣʦʢʘʣʠʟʦʚʘʥʥʘʷ 

ʘʢʫʩʪʠʯʝʩʢʘʷ ʚʦʣʥʘ, 

ʢʨʘʩʥʳʤ ʠ ʩʠʥʠʤ ï ʜʚʝ 

ʦʪʜʝʣʴʥʳʝ 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚʦʣʥʳ, 

ʥʘ ʢʦʪʦʨʳʝ ʨʘʩʧʘʜʘʝʪʩʷ 

ʠʩʭʦʜʥʘʷ ʚʦʣʥʘ.  

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʝ ʚʦʣʥʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʥʘʡʜʝʥʥʳʤ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʬʫʥʢʮʠʷʤ. ʇʦʣʫʯʝʥʳ ʜʚʘ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʚʦʟʤʫʱʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʜʚʝ ʯʘʩʪʠ ʦʜʥʦʛʦ ʧʘʢʝʪʘ, 

ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʩʧʝʢʪʨʘʤʠ. ʆʥʠ ʚʢʣʶʯʘʶʪ ʛʘʨʤʦʥʠʢʠ ʠʟ ʦʙʣʘʩʪʝʡ ʤʘʣʳʭ ʠ 

ʙʦʣʴʰʠʭ ʧʝʨʠʦʜʦʚ ʠ ʚ ʚʝʡʚʣʝʪ-ʩʧʝʢʪʨʝ ʜʘʶʪ ʜʚʘ ʦʪʜʝʣʴʥʳʭ ʤʘʢʩʠʤʫʤʘ.  

 

ʃʠʪʝʨʘʪʫʨʘ 
1. Derteev S.B. et al. Damping and Dispersion of Non-Adiabatic Acoustic Waves in a High-

Temperature Plasma: A Radiative-Loss Function // Physics. Vol. 5. P. 215-228. 2023.   

2. Mikhalyaev B.B. et al. Acoustic Waves in a High-Temperature Plasma II. Damping and 

Instability // SP. Vol. 298. 102. 2023. 

3. Derteev S.B. et al. Acoustic Waves in a High-Temperature Plasma III. Two-Periodic 

Disturbances // SP. Vol. 299. 141. 2024. 



˞˞˔ˡ ɀ ςπςυȡ ˞̂̏̑̎̉̋ ̓̆̈̉̒̏̃ 
˞̗̠̆̋̉ 2. ̱ ̜̋̓̉̃̎̆ ̘̜̒̏̌̎̆̎̆ ̠̏̂̑́̈̏̃́̎̉ȟ ̗̜̐̑̏̆̒̒ ̉ ̠̠̃̌̆̎̉ 

 

 

92 

˛ ̜̖̃̏̈̍̏̇̎ ̖̖̍̆́̎̉̈̍́ ̠̃̏̈̎̉̋̎̏̃̆̎̉ ̖̜̖̒̉̎̑̏̎̎ 

̜̙̍̉̋̑̏̃̒̐̆̋ ̃ ̖̑̏̍̏̒̆̑̆̕ ˞̗̏̌̎́ 
 

ɼʫʤʠʥ ʖ.ɺ.
1,2
, ɺʝʨʝʱʘʛʠʥ ʌ.ɺ.

3
 

1
ɻɸʀʐ ʄɻʋ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2
ʀʂʀ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

3
ʀʥʩʪʠʫʪ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

dumin@yahoo.com  
 

ɸʥʘʣʠʟ ʘʨʭʠʚʥʳʭ ʜʘʥʥʳʭ ʧʦ ʵʤʠʩʩʠʠ ʚ ʭʨʦʤʦʩʬʝʨʥʦʡ ʣʠʥʠʠ CaII, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʨʠʙʦʨʦʤ SOT ʥʘ ʩʧʫʪʥʠʢʝ Hinode [1], ʚʳʷʚʣʷʝʪ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʪʠʧʘ ʩʠʥʭʨʦʥʥʳʭ 

ʤʠʢʨʦʚʩʧʳʰʝʢ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʝ (10"ï20") 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ (1ï2 ʤʠʥ.) ʩʚʝʪʷʱʠʝʩʷ ʜʫʛʠ, ʨʘʟʥʝʩʸʥʥʳʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (ʩʦʧʦʩʪʘʚʠʤʳʝ ʠʣʠ ʜʘʞʝ ʚ 2ï3 ʨʘʟʘ ʧʨʝʚʳʰʘʶʱʠʝ 

ʠʭ ʩʦʙʩʪʚʝʥʥʳʝ ʨʘʟʤʝʨʳ) ʠ ʠʤʝʶʱʠʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʠʟʚʦʣʴʥʫʶ (ʥʝ 

ʦʙʷʟʘʪʝʣʴʥʦ ʧʘʨʘʣʣʝʣʴʥʫʶ) ʦʨʠʝʥʪʘʮʠʶ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ. ʅʘ ʧʝʨʚʳʡ 

ʚʟʛʣʷʜ, ʪʘʢʠʝ ʩʦʙʳʪʠʷ ʤʦʞʥʦ ʙʳ ʙʳʣʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʘʥʘʣʦʛ ʭʦʨʦʰʦ 

ʠʟʚʝʩʪʥʳʭ ñʜʚʫʭʣʝʥʪʦʯʥʳʭò ʚʩʧʳʰʝʢ, ʢʦʛʜʘ ʚ ʚʝʨʰʠʥʘʭ ʥʝʢʦʪʦʨʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʘʨʦʢ ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʮʝʩʩʳ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ, ʠ 

ʟʘʪʝʤ ʧʦʪʦʢʠ ʵʥʝʨʛʠʯʥʳʭ ʯʘʩʪʠʮ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚʥʠʟ, ʚʳʟʳʚʘʷ 

ʩʠʥʭʨʦʥʥʦʝ ʚʳʩʚʝʯʠʚʘʥʠʝ ʦʩʥʦʚʘʥʠʡ ʤʘʛʥʠʪʥʳʭ ʘʨʦʢ. 

ʆʜʥʘʢʦ ʢʦʥʢʨʝʪʥʳʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ 

ʤʠʢʨʦʚʩʧʳʰʝʢ ʩʪʘʚʷʪ ʧʦʜ ʩʦʤʥʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʪʘʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ɺʦ-

ʧʝʨʚʳʭ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʙʳʯʥʳʭ ʜʚʫʭʣʝʥʪʦʯʥʳʭ ʚʩʧʳʰʝʢ, ʩʚʝʪʷʱʠʝʩʷ ʧʦʣʦʩʳ 

ʚ ʤʠʢʨʦʚʩʧʳʰʢʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʫʜʘʣʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʤʦʛʫʪ ʠʤʝʪʴ 

ʨʘʟʣʠʯʥʫʶ ʚʟʘʠʤʥʫʶ ʦʨʠʝʥʪʘʮʠʶ. ɺʦ-ʚʪʦʨʳʭ, ʦʥʠ ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʝʩʴʤʘ ʯʸʪʢʦʡ ʜʫʛʦʦʙʨʘʟʥʦʡ ʬʦʨʤʦʡ. ʅʘʢʦʥʝʮ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʦʥʠ 

ʟʘʯʘʩʪʫʶ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚʙʣʠʟʠ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʦʣʷʨʥʦʩʪʠ 

ʣʠʙʦ ʞʝ ʚ ʦʙʣʘʩʪʷʭ ʙʝʟ ʟʘʤʝʪʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ʊʝʤ ʩʘʤʳʤ, ʪʘʢʘʷ ʧʘʨʘ 

ʵʤʠʩʩʠʦʥʥʳʭ ʦʙʣʘʩʪʝʡ ʥʝ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʜʚʘ ʦʩʥʦʚʘʥʠʷ ʘʨʢʘʜʳ 

ʤʘʛʥʠʪʥʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʜʦʢʣʘʜʘ ï ʧʦʢʘʟʘʪʴ, ʯʪʦ ʚʦʟʤʦʞʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʩʠʥʭʨʦʥʥʳʭ ʤʠʢʨʦʚʩʧʳʰʝʢ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ 

ñʪʦʧʦʣʦʛʠʯʝʩʢʘʷò ʤʦʜʝʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ [2]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʧʨʦʮʝʩʩ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʥʫʣʝʚʳʝ (ʠʣʠ ʥʝʡʪʨʘʣʴʥʳʝ) ʪʦʯʢʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʬʦʨʤʠʨʫʶʪʩʷ ʥʝ ʟʘ ʩʯʸʪ ʣʦʢʘʣʴʥʳʭ ʪʦʢʦʚʳʭ ʩʠʩʪʝʤ, ʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʥʘʣʦʞʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʡ ʦʪ ʫʜʘʣʸʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ (ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ). ʅʘʛʣʷʜʥʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʩʠʥʭʨʦʥʥʦʝ ʦʧʨʦʢʠʜʳʚʘʥʠʝ ʢʫʧʦʣʦʦʙʨʘʟʥʳʭ ʩʝʧʘʨʘʪʨʠʩʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [3]. ʅʘʧʨʠʤʝʨ, ʢʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 1, 

ʦʧʨʦʢʠʜʳʚʘʥʠʝ ʪʨʸʭ ʢʫʧʦʣʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʪʨʝʤʷ ʧʘʨʘʤʠ ʠʩʪʦʯʥʠʢʦʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʧʦʣʷʨʥʦʩʪʠ, ʧʨʠʚʦʜʠʪ ʢ ʩʠʥʭʨʦʥʥʦʤʫ ʧʦʷʚʣʝʥʠʶ ʜʚʫʭ 

ʥʦʚʳʭ ʥʫʣʝʚʳʭ ʪʦʯʝʢ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ n¡. ʆʥʠ ʙʳʩʪʨʦ ʜʚʠʞʫʪʩʷ ʧʦ 
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ʜʫʛʦʦʙʨʘʟʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ, ʪʝʤ ʩʘʤʳʤ ʧʨʠʚʦʜʷ ʢ ʨʘʟʚʠʪʠʶ ʚʜʦʣʴ ʥʠʭ 

ʧʨʦʮʝʩʩʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ, 

ʪ.ʝ. ʢ ʭʨʦʤʦʩʬʝʨʥʳʤ ʤʠʢʨʦʚʩʧʳʰʢʘʤ. 

 

 

 
 
ʈʠʩ. 1:  ʉʭʝʤʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʥʭʨʦʥʥʳʭ ʚʩʧʳʰʝʢ ʚ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ. ʂʨʘʩʥʳʝ ʠ ʩʠʥʠʝ ʢʨʫʞʢʠ ï ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʝʨʳʝ ʦʢʨʫʞʥʦʩʪʠ ï ʦʩʥʦʚʘʥʠʷ 

ʩʝʧʘʨʘʪʨʠʩʥʳʭ ʢʫʧʦʣʦʚ, ʟʝʣʸʥʳʝ ʠ ʬʠʦʣʝʪʦʚʳʝ ʜʫʛʠ ï ñʪʦʧʦʣʦʛʠʯʝʩʢʠʡ ʩʢʝʣʝʪò 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʞʸʣʪʳʝ ʜʫʛʠ ï ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ñʙʳʩʪʨʳʭò ʥʫʣʝʚʳʭ ʪʦʯʝʢ, 

ʚʜʦʣʴ ʢʦʪʦʨʳʭ ʨʘʟʚʠʚʘʝʪʩʷ ʤʘʛʥʠʪʥʦʝ ʧʝʨʝʩʦʝʜʠʥʝʥʠʝ ʠ ʚʦʟʥʠʢʘʝʪ ʩʚʝʯʝʥʠʝ. 
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ʀʩʩʣʝʜʦʚʘʣʩʷ ʠʥʪʝʥʩʠʚʥʳʡ ʠ ʜʣʠʪʝʣʴʥʳʡ ʨʘʜʠʦʚʩʧʣʝʩʢ ʚ 

ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ, ʩʚʷʟʘʥʥʳʡ ʩʦ ʚʩʧʳʰʢʦʡ ʢʣʘʩʩʘ ʄ6.8 (ʥʘʯʘʣʦ 

ʚʩʧʳʰʢʠ 29.01.2024 ʚ 03:54 UT, ʠʤʧʫʣʴʩʥʘʷ ʬʘʟʘ 04:08-04:22). ʀʩʧʦʣʴʟʦʚʘʥʳ 

ʠʟʤʝʨʝʥʠʷ ʨʘʜʠʦʧʦʪʦʢʘ ʉʠʙʠʨʩʢʦʛʦ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʘ ʚ ʜʠʘʧʘʟʦʥʝ 2.8-21 ɻɻʮ, 

ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ASO-S ʦ 

ʞʝʩʪʢʦʤ ʨʝʥʪʛʝʥʝ (ɾʈ) 20-50 ʢʵɺ ʠ ʠʟʤʝʨʝʥʠʷ ʋʌ ʷʨʢʦʩʪʠ  ʚʩʧʳʰʝʯʥʳʭ 

ʣʝʥʪ ʚ ʢʘʥʘʣʝ 1700 ɸ ʧʦ ʜʘʥʥʳʤ SDO.  

ʈʘʥʝʝ [1,2] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʘʜʠʦʚʩʧʣʝʩʢʘ ʚ ʩʤ ʜʠʘʧʘʟʦʥʝ 

ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ ʯʘʩʘ (ʥʘʯʘʣʦ ʚ 04:08), ʝʛʦ ʩʧʝʢʪʨ ʠʤʝʣ ʤʘʢʩʠʤʫʤ ʦʢʦʣʦ 

ʨʘʜʠʦʯʘʩʪʦʪʳ f=5 ɻɻʮ. ʅʘ ʬʦʥʝ ʧʣʘʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʨʘʜʠʦʧʦʪʦʢʘ S 

ʥʘʙʣʶʜʘʣʠʩʴ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʫʣʴʩʘʮʠʠ (ʂʇʇ) ʩ ʧʝʨʠʦʜʦʤ ʦʢʦʣʦ 90 ʩ (ʠ 

ʠʭ ʛʘʨʤʦʥʠʢʘ), ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʩʣʘʙʳʝ ʂʇʇ ʩ ʧʝʨʠʦʜʦʤ ʦʢʦʣʦ 200 ʩ. ʅʘʠʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʳʝ ʂʇʇ ʧʨʦʠʩʭʦʜʠʣʠ ʚʦ ʚʨʝʤʷ ʠʤʧʫʣʴʩʥʦʡ ʬʘʟʳ ʚʩʧʳʰʢʠ 04:08-

04:22 UT. ɸʤʧʣʠʪʫʜʘ ʂʇʇ ʙʳʣʘ ʤʘʢʩʠʤʘʣʴʥʘ ʦʢʦʣʦ f=5 ɻɻʮ, ʘ ʧʨʠ f>5 ɻɻʮ 

ʫʤʝʥʴʰʘʣʘʩʴ ʩ ʯʘʩʪʦʪʦʡ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʩʛʣʘʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ S. 

ʇʨʠ ʚʦʟʨʘʩʪʘʥʠʠ f ʦʪ 5 ʜʦ 21 ɻɻʮ, ʧʨʦʠʩʭʦʜʠʣʦ ʟʘʧʘʟʜʳʚʘʥʠʝ ʂʇʇ ʧʦ 

ʚʨʝʤʝʥʠ, ʜʦ 12 ʩ ʚ ʩʣʫʯʘʝ 90-ʩ ʤʦʜʳ ʠ 20 ʩ ʜʣʷ 200-ʩ ʤʦʜʳ. ʇʦʜʦʙʥʳʝ ʂʇʇ 

ʧʨʦʠʩʭʦʜʠʣʠ ʪʘʢʞʝ ʚ ɾʈ ʠ ʋʌ ʜʠʘʧʘʟʦʥʘʭ, ʧʨʠʯʝʤ ʩʠʥʭʨʦʥʥʦ ʚ ʦʙʝʠʭ 

ʚʩʧʳʰʝʯʥʳʭ ʣʝʥʪʘʭ, ʠ ʦʧʝʨʝʞʘʣʠ ʂʇʇ ʚ ʨʘʜʠʦ ʥʘ º15 ʩ ʧʨʠ f=5 ɻɻʮ. 

ʆʯʝʚʠʜʥʦ, ʛʝʥʝʨʘʮʠʷ ʂʇʇ ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʦʙʣʘʩʪʠ ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ.  

ʉʫʜʷ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʨʘʜʠʦʚʩʧʣʝʩʢʘ, ʝʛʦ ʤʠʢʨʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ 

ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʣʦʩʴ ʪʨʘʧʧʠʥʛʦʤ, ʪ.ʝ. ʟʘʭʚʘʪʦʤ ʠ ʥʘʢʦʧʣʝʥʠʝʤ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʘʛʥʠʪʥʦʡ ʣʦʚʫʰʢʝ ʩʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʝʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʚʷʟʴ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ S(f,t) ʩ ʧʦʪʦʢʦʤ 

ʫʩʢʦʨʝʥʥʳʭ ʯʘʩʪʠʮ X(t) ʤʦʞʥʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʧʠʩʘʪʴ ʧʦʩʨʝʜʩʪʚʦʤ 

ʫʨʘʚʥʝʥʠʷ   

S(f,t)=ñ0
¤ 

X(t-t)R(f,t) dt   ,                                  (1) 

ʛʜʝ ʠʤʧʫʣʴʩʥʳʡ ʦʪʢʣʠʢ (ʀʆ) R(f,t) ʦʪʨʘʞʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʜʠʥʘʤʠʢʠ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʣʦʚʫʰʢʝ. ʅʘ ʨʠʩ.1 (ʩʣʝʚʘ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʮʝʥʢʠ ʀʆ ʜʣʷ ʯʘʩʪʦʪ 

ʜʠʘʧʘʟʦʥʘ 8-21 ɻɻʮ, ʛʜʝ ʨʘʜʠʦʠʩʪʦʯʥʠʢ ʙʳʣ ʦʧʪʠʯʝʩʢʠ ʪʦʥʢʠʤ, ʧʨʠʯʝʤ ʚ 

ʢʘʯʝʩʪʚʝ proxi ʜʣʷ X(t) ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʪʦʢ ɾʈ ʠʣʠ ʋʌ ʷʨʢʦʩʪʴ ʚʩʧʳʰʝʯʥʳʭ 

ʣʝʥʪ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʨʘʩʥʘʷ ʠ ʩʠʥʷʷ ʣʠʥʠʠ). ʌʫʥʢʮʠʠ R(f,t) ʫʙʳʚʘʶʪ ʩ 

ʚʦʟʨʘʩʪʘʥʠʝʤ t ʥʝ ʤʦʥʦʪʦʥʥʦ, ʦʥʠ ʩʦʜʝʨʞʘʪ ʜʚʘ ʤʘʢʩʠʤʫʤʘ ï ʫʟʢʠʡ ʚʙʣʠʟʠ 

ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʠ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʧʨʠ t~150-200 ʩ. ʇʝʨʚʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʚʨʝʤʷ ʪʨʘʧʧʠʥʛʘ ʵʣʝʢʪʨʦʥʦʚ T1¢30 ʩ, ʘ ʚʪʦʨʦʤʫ T2>200 ʩ. ɸʤʧʣʠʪʫʜʘ ʫʟʢʦʛʦ 

ʤʘʢʩʠʤʫʤʘ ʧʘʜʘʝʪ ʩ ʨʦʩʪʦʤ f  ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʰʠʨʦʢʦʛʦ, ʯʪʦ 
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ʛʦʚʦʨʠʪ ʦ ʙʦʣʝʝ ʥʠʟʢʠʭ ʵʥʝʨʛʠʷʭ ʵʣʝʢʪʨʦʥʦʚ ʩ T1¢30 ʩ. ʇʨʠʩʫʪʩʪʚʠʝ ʜʚʫʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪ ʩ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʱʠʤʩʷ ʚʨʝʤʝʥʝʤ T ʤʦʞʥʦ 

ʧʦʢʘʟʘʪʴ ʠ ʜʨʫʛʠʤ ʩʧʦʩʦʙʦʤ, ʥʝ ʠʩʧʦʣʴʟʫʷ ʩʦʦʪʥʦʰʝʥʠʝ (1).  
 

 
ʈʠʩ.1 

 

ʅʘ ʨʠʩ.1 (ʩʧʨʘʚʘ) ʧʦʢʘʟʘʥʳ ʘʤʧʣʠʪʫʜʥʦ- ʠ ʬʘʟʦ-ʯʘʩʪʦʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʀʆ ʜʣʷ f=8 ʠ f=20 ɻɻʮ. ɺʠʜʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ 

ʥʘ ʚʘʨʠʘʮʠʠ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ X(t) ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʨʘʜʠʦʯʘʩʪʦʪʳ f, ʪʘʢ ʠ ʦʪ 

ʯʘʩʪʦʪʳ ʚʘʨʠʘʮʠʡ X(t). ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʀʆ, ʦʪʨʘʞʘʶʱʠʝ ʜʠʥʘʤʠʢʫ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʣʦʚʫʰʢʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʧʦʚʝʜʝʥʠʝ ʂʇʇ: ʦʥʠ 

ʧʨʠʚʦʜʷʪ ʢ ʙʦʣʝʝ ʙʳʩʪʨʦʤʫ ʩʧʘʜʫ ʘʤʧʣʠʪʫʜʳ ʂʇʇ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ f ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʛʣʘʞʝʥʥʳʤ ʨʘʜʠʦʧʦʪʦʢʦʤ, ʢ ʧʦʷʚʣʝʥʠʶ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʬʘʟʦʚʳʭ (ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʨʝʤʝʥʥʳʭ) ʩʜʚʠʛʦʚ ʂʇʇ ʥʘ ʨʘʟʥʳʭ 

ʨʘʜʠʦʯʘʩʪʦʪʘʭ, ʘ ʪʘʢʞʝ ʢ ʟʘʧʘʟʜʳʚʘʥʠʶ ʂʇʇ ʚ ʨʘʜʠʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʂʇʇ ʚ 

ɾʈ ʠ ʋʌ ʜʠʘʧʘʟʦʥʘʭ.  

 

ʃʠʪʝʨʘʪʫʨʘ 
1. ɽʨʦʬʝʝʚ ɼ.ɺ., ʂʫʟʴʤʝʥʢʦ ʀ.ɺ. ʂʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʫʣʴʩʘʮʠʠ ʚ ʨʘʜʠʦ ʠ ʜʨʫʛʠʭ 
ʜʠʘʧʘʟʦʥʘʭ ʩʧʝʢʪʨʘ ʚʦ ʚʨʝʤʷ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʠ ʢʣʘʩʩʘ ʄ  //  ʉʙʦʨʥʠʢ ʪʝʟʠʩʦʚ 

çʄʘʛʥʝʪʠʟʤ ʠ ʘʢʪʠʚʥʦʩʪʴ ʉʦʣʥʮʘ ï 2024è, 1 ï 5 ʠʶʣʷ 2024 ʛ., ʌɻɹʋʅ çʂʈɸʆ 

ʈɸʅè, ʅʘʫʯʥʳʡ, ʉ.13. https://sun.crao.ru/sbornik-tezisov-2024 

2. ɽʨʦʬʝʝʚ ɼ.ɺ., ʂʫʟʴʤʝʥʢʦ ʀ.ɺ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʚʘʨʠʘʮʠʠ 

ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚʦ ʚʨʝʤʷ ʚʩʧʳʰʢʠ ʢʣʘʩʩʘ ʄ ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʷʨʢʦʩʪʠ ʚʩʧʳʰʝʯʥʳʭ 

ʣʝʥʪ // ʊʨ. XXVIII ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʝʞʝʛʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʣʥʝʯʥʘʷ ʠ ʩʦʣʥʝʯʥʦ-

ʟʝʤʥʘʷ ʬʠʟʠʢʘ ð 2024è, ʉʇʙ, 7-11 ʦʢʪʷʙʨʷ 2024 ʛ , ʉ.103-106 
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ʄʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʚʦʣʶʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʩʧʝʢʪʨʘʣʴʥʳʭ  ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʣʫʯʝʥʠʷ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʤ 

ʜʠʘʧʘʟʦʥʘʭ ʩʝʨʠʠ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ, ʧʨʦʠʟʦʰʝʜʰʠʭ 5 ʬʝʚʨʘʣʷ 2024 ʛʦʜʘ ʚ 

ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ 3576. ʆʩʥʦʚʦʡ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʛʨʫʧʧʘ ʧʷʪʝʥ ʩʦ 

ʩʣʦʞʥʦʡ ʤʘʛʥʠʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʜʚʝ ʚʩʧʳʰʢʠ, 

ʢʦʪʦʨʳʝ ʧʨʦʠʟʦʰʣʠ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʩ ʨʘʟʥʠʮʝʡ ʚ ʯʘʩ. ʕʪʠ 

ʩʦʙʳʪʠʷ ʠʤʝʣʠ ʢʣʘʩʩʳ ʉ8.8 ʠ ʄ2.1 ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ GOES. ɼʘʥʥʳʝ 

ʚʩʧʳʰʢʠ ʧʨʠʚʣʝʢʣʠ ʚʥʠʤʘʥʠʝ ʜʣʠʪʝʣʴʥʦʡ ʬʘʟʦʡ ʥʘʯʘʣʘ. ɹʳʣ ʧʨʦʚʝʜʝʥ 

ʩʦʚʤʝʩʪʥʳʡ ʘʥʘʣʠʟ ʠʟʦʙʨʘʞʝʥʠʡ ʠʩʪʦʯʥʠʢʦʚ ʚ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʠ 

ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʘʭ, ʧʦ ʜʘʥʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ASO-S(HXI) ʠ 

ʉʠʙʠʨʩʢʦʛʦ ʈʘʜʠʦʛʝʣʠʦʛʨʘʬʘ (ʉʈɻ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸ ʪʘʢʞʝ ʩʧʝʢʪʨʘʣʴʥʳʡ 

ʘʥʘʣʠʟ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʶʪʩʷ 

ʚʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʦʙʳʯʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚʩʧʳʰʢʠ, 

ʦʪʨʘʞʝʥʥʦʛʦ ʚʦ ʚʨʝʤʝʥʥʳʭ ʧʨʦʬʠʣʷʭ. 

 ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 

24-22-00315, https://rscf.ru/project/24-22-00315/ 
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ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʩʨʘʚʥʝʥʠʶ ʤʦʱʥʦʩʪʠ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ, 

ʩʚʷʟʘʥʥʳʭ ʠ ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʨʦʥʘʣʴʥʳʤʠ ʚʳʙʨʦʩʘʤʠ ʤʘʩʩʳ (ʂɺʄ) ʥʘ 

ʧʨʠʤʝʨʝ ʚʩʧʳʰʝʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚ 2014 ʛ. ɺʳʙʦʨ ʵʪʦʛʦ ʧʝʨʠʦʜʘ 

ʚʨʝʤʝʥʠ ʜʣʷ ʘʥʘʣʠʟʘ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʚ 2014 ʛ. ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʤʦʱʥʳʝ 

ʚʩʧʳʰʢʠ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʂɺʄ (Thalmann, Temmer,  Veronig, 2015). 

  
ʈʠʩ. 1. ʇʨʠʤʝʨ ʛʘʣʦ-ʂɺʄ (ʩʣʝʚʘ) ʠ ʥʝ ʛʘʣʦ-ʂɺʄ (ʩʧʨʘʚʘ) ʦʪ 12 ʌʝʚʨʘʣʷ 2014 ʛ.  

ɼʣʷ ʥʘʯʘʣʘ ʩʨʘʚʥʠʤ ʤʦʱʥʦʩʪʠ ʩʦʣʥʝʯʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʚʩʧʳʰʝʢ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʂɺʄ ʪʠʧʘ çʛʘʣʦè (ʛʘʣʦ-ʂɺʄ), ʠ ʚʩʝʭ ʚʩʧʳʰʝʢ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ 

ʂɺʄ, ʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʪʝ ʞʝ ʜʥʠ ʠ ʚ ʪʝʭ ʞʝ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʷʭ (ɸʆ), 

ʯʪʦ ʠ ʛʘʣʦ-ʂɺʄ. ɼʣʷ ʘʥʘʣʠʟʘ ʦʪʦʙʨʘʥʳ ʠʟ ʢʘʪʘʣʦʛʘ SOHO/LASCO HALO 

CME (https://cdaw.gsfc.nasa.gov/CME_list/halo/halo.html) ʚʩʝ ʛʘʣʦ-ʂɺʄ, 

ʧʨʦʠʟʦʰʝʜʰʠʝ ʚ 2014 ʛ. ʠ ʚʦʟʥʠʢʰʠʝ ʥʘ ʚʠʜʠʤʦʤ ʜʠʩʢʝ ʉʦʣʥʮʘ (ʩʤ. ʥʘ ʈʠʩ. 

1). ɺʩʝʛʦ ʦʪʦʙʨʘʥʦ 24 ʛʘʣʦ-ʂɺʄ. ʀʟ ɻʪʦʛʦ ʩʧʠʩʢʘ ʠʩʢʣʶʯʠʣʠ ʛʘʣʦ-ʂɺʄ, 

ʚʧʝʨʚʳʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ ʥʘ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʣʠʤʙʘ ʉʦʣʥʮʘ. ʀʟ 

ʢʘʪʘʣʦʛʘ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ (https://www.ngdc.noaa.gov/stp/space-

weather/solar-data/solar-features/solar-flares/x-rays/goes/xrs/goes-xrs-

report_2014.txt) ʚʳʧʠʩʳʚʘʣʠʩʴ ʚʩʝ ʚʩʧʳʰʢʠ (ʉʧʠʩʦʢ-1), ʧʨʦʠʟʦʰʝʜʰʠʝ ʚ 

ʜʝʥʴ ʢʘʞʜʦʛʦ ʠʟ ʦʪʦʙʨʘʥʥʳʭ ʛʘʣʦ-ʂɺʄ ʠ ʚ ʪʦʡ ʞʝ ɸʆ. ɼʘʣʝʝ, ʠʟ ʢʘʪʘʣʦʛʘ 

SOHO/LASCO CME (https://cdaw.gsfc.nasa.gov/CME_list/) ʚʳʧʠʩʳʚʘʣʠʩʴ ʚʩʝ 

ʂɺʄ (ʉʧʠʩʦʢ-2), ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʜʝʥʴ ʢʘʞʜʦʛʦ ʦʪʦʙʨʘʥʥʦʛʦ ʛʘʣʦ-

ʂɺʄ. ɼʣʷ ʜʘʪ, ʚ ʢʦʪʦʨʳʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʛʘʣʦ-ʂɺʄ, ʠʟ ʉʧʠʩʢʘ-1 ʦʪʙʠʨʘʣʠ 

ʚʩʧʳʰʢʠ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʂɺʄ ʠʟ ʉʧʠʩʢʘ-2. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʪʦʣʴʢʦ ʪʝ 

ʚʩʧʳʰʢʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʚ ʢʘʪʘʣʦʛʝ ʙʳʣʠ ʜʘʥʳ ʢʦʦʨʜʠʥʘʪʳ ʥʘ ʜʠʩʢʝ ʉʦʣʥʮʘ. 

ʀʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʚʘ ʢʨʠʪʝʨʠʷ ʦʪʩʫʪʩʪʚʠʷ ʩʚʷʟʠ ʚʩʧʳʰʢʠ ʠ ʂɺʄ: (1) 
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ʥʝʩʦʚʧʘʜʝʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʠ (2) ʥʝʩʦʚʧʘʜʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʂɺʄ ʩ 

ʧʦʣʦʞʝʥʠʝʤ ʚʩʧʳʰʢʠ. ɺʩʧʳʰʢʘ ʠ ʂɺʄ ʩʯʠʪʘʣʠʩʴ ʥʝ ʩʚʷʟʘʥʥʳʤʠ, ʝʩʣʠ 

ʧʦʟʠʮʠʦʥʥʳʡ ʫʛʦʣ ʂɺʄ ʠ ʧʦʣʦʞʝʥʠʝ ʚʩʧʳʰʢʠ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʣʠʩʴ. ɽʩʣʠ 

ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʥʘʯʘʣʦʤ ʚʩʧʳʰʢʠ t0 ʠ ʦʮʝʥʝʥʥʳʤ ʥʘʯʘʣʦʤ ʂɺʄ tCME 

ʧʨʝʚʳʰʘʝʪ 45 ʤʠʥʫʪ (ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ tCME - t0 ~ 60 ʤʠʥʫʪ), ʪʦ ʩʯʠʪʘʣʠ, 

ʯʪʦ ʚʩʧʳʰʢʘ ʠ ʂɺʄ ʥʝ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ɺʨʝʤʷ tCME ʥʘʭʦʜʠʣʠ 

ʚʳʯʠʪʘʥʠʝʤ ʠʟ ʤʦʤʝʥʪʘ ʧʝʨʚʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʂɺʄ t1 (ʚ ʧʦʣʝ ʟʨʝʥʠʷ LASCO 

C2) ʚʨʝʤʝʥʠ ʜʚʠʞʝʥʠʷ ʂɺʄ Dt ʦʪ ʤʦʤʝʥʪʘ ʝʛʦ ʧʦʷʚʣʝʥʠʷ tCME ʜʦ ʤʦʤʝʥʪʘ 

ʧʝʨʚʦʡ ʨʝʛʠʩʪʨʘʮʠʠ t1. ɺʨʝʤʷ Dt ʥʘʭʦʜʠʣʦʩʴ ʜʝʣʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ r1 ï Rs ʥʘ 

ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʂɺʄ <VCME> = [(r2ïr1)/(t2ït1)]/2 ʚ ʵʪʦʤ 

ʧʨʦʤʝʞʫʪʢʝ, ʛʜʝ r1 ï ʧʦʣʦʞʝʥʠʝ ʂɺʄ ʚ ʤʦʤʝʥʪ ʧʝʨʚʦʡ ʝʛʦ ʨʝʛʠʩʪʨʘʮʠʠ, Rs ï 

ʨʘʜʠʫʩ ʉʦʣʥʮʘ, r2 ï ʧʦʣʦʞʝʥʠʝ ʂɺʄ ʚʦ ʚʪʦʨʦʡ ʤʦʤʝʥʪ ʝʛʦ ʨʝʛʠʩʪʨʘʮʠʠ ʚ t2. 

ɿʜʝʩʴ ʧʨʝʥʝʙʨʝʛʘʝʤ ʨʘʟʣʠʯʠʝʤ ʨʝʘʣʴʥʦʡ ʥʘʯʘʣʴʥʦʡ ʚʳʩʦʪʳ ʦʙʨʘʟʦʚʘʥʠʷ 

ʂɺʄ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʉʦʣʥʮʘ Rs. ʇʦ ʥʘʰʠʤ ʦʮʝʥʢʘʤ ʩʨʝʜʥʠʡ ʙʘʣʣ ʚʩʧʳʰʢʠ 

<P>, ʩʚʷʟʘʥʥʦʡ ʩ ʛʘʣʦ-ʂɺʄ ʦʢʘʟʘʣʩʷ ʨʘʚʥʳʤ ʄ3.74., ʘ ʜʣʷ ʚʩʧʳʝhʢ, ʥʝ 

ʩʚʷʟʘʥʥʳʭ ʩ ʂɺʄ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʪʝ ʞʝ ʜʥʠ, ʯʪʦ ʠ ʛʘʣʦ-ʂɺʄ, ʠ ʚ ʪʝʭ 

ʞʝ ɸʆ, ʯʪʦ ʛʘʣʦ-ʂɺʄ ʩʦʩʪʘʚʠʣ <P> ~ ʉ6.7. ʂʨʦʤʝ ʵʪʦʛʦ ʦʮʝʥʝʥʘ ʤʦʱʥʦʩʪʴ 

ʚʩʧʳʰʝʢ, ʜʣʷ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʳ ʢʦʦʨʜʠʥʘʪʳ ʥʘ ʜʠʩʢʝ ʉʦʣʥʮʘ (ʚʩʝʛʦ 4 

ʩʦʙʳʪʠʷ), ʩʚʷʟʘʥʥʳʭ ʩ ʥʝ ʛʘʣʦ-ʂɺʄ ʠ ʚ ʪʝ ʞʝ ʜʥʠ, ʢʦʛʜʘ ʥʘʙʣʶʜʘʣʠ ʛʘʣʦ-

ʂɺʄ. ʆʢʘʟʘʣʦʩʴ, ʠʭ ʩʨʝʜʥʠʡ ʙʘʣʣ - ʉ3.35, ʪ.ʝ. ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʚʩʧʳʰʝʢ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʛʘʣʦ-ʂɺʄ, ʠ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʚʩʧʳʰʝʢ, ʚʦʦʙʱʝ ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ 

ʂɺʄ. ɼʣʷ ʚʩʧʳʰʝʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝ ʛʘʣʦ-ʂɺʄ ʧʦ ʚʨʝʤʝʥʠ (ʦ ʩʚʷʟʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʣʷ ʤʥʦʛʠʭ ʠʟ ʥʠʭ ʥʠʯʝʛʦ ʥʝʠʟʚʝʩʪʥʦ), ʩʨʝʜʥʠʡ ʙʘʣʣ ʩʦʩʪʘʚʠʣ ~ 

ʉ2.6, ʯʪʦ ʝʱʝ ʤʝʥʴʰʝ ʤʦʱʥʦʩʪʠ ʚʩʧʳʰʝʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʛʘʣʦ-ʂɺʄ, ʠ 

ʚʩʧʳʰʝʢ ʙʝʟ ʂɺʄ.  

ʄʳ ʪʘʢʞʝ ʧʦʣʫʯʠʣʠ ʜʣʷ 2014 ʛ. ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʩʝʭ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚʩʧʳʰʝʢ N ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʙʘʣʣʘ ʚʩʧʳʰʢʠ P, ʥʘ 

ʢʦʪʦʨʦʤ ʦʪʯʝʪʣʠʚʦ ʨʘʟʣʠʯʠʤʳ 2 ʚʳʙʦʨʢʠ ʚʩʧʳʰʝʢ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʚʩʧʳʰʝʢ 

ʥʘ ʉʦʣʥʮʝ ʦʪʥʦʩʠʪʩʷ ʢ ʧʝʨʚʦʡ ʚʳʙʦʨʢʝ ʩʦʙʳʪʠʡ ʩ ʥʘʠʙʦʣʴʰʠʤ ʯʠʩʣʦʤ 

ʚʩʧʳʰʝʢ  ʤʦʱʥʦʩʪʴʶ ~ C1.3. ɺ ʧʨʝʜʝʣʘʭ ʧʝʨʚʦʡ ʚʳʙʦʨʢʠ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ 

ʚʳʙʦʨʢʘ ʚʩʧʳʰʝʢ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʩ ʤʘʢʩʠʤʫʤʦʤ ~ B3.5. ɺʩʧʳʰʢʠ ʩ 

ʫʩʣʦʚʥʦ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ (P > ʉ9.0)  ʦʙʨʘʟʦʚʘʣʠ ʦʪʜʝʣʴʥʫʶ ʚʳʙʦʨʢʫ 

ʩʦʙʳʪʠʡ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʦ ʤʦʱʥʦʩʪʠ ~ ʄ1.3, ʯʪʦ ʙʣʠʟʢʦ ʢ ʩʨʝʜʥʝʤʫ 

ʟʥʘʯʝʥʠʶ ʤʦʱʥʦʩʪʠ ʚʩʧʳʰʝʢ ʄ3.74, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʘʣʦ-

ʂɺʄ. ɺʦʟʤʦʞʥʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩ ʫʯʝʪʦʤ ʥʘʢʦʧʣʝʥʥʳʭ ʟʥʘʥʠʡ ʦ 

ʚʩʧʳʰʝʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʘʢʪʫʘʣʴʥʦ ʯʠʩʪʦ ʧʨʦʪʦʥʥʳʝ ʚʩʧʳʰʢʠ ʦʪʥʦʩʠʪʴ 

ʢ ʦʩʦʙʦʤʫ ʢʣʘʩʩʫ ʚʩʧʳʰʝʯʥʳʭ ʩʦʙʳʪʠʡ. 

ʃʠʪʝʨʘʪʫʨʘ 

J. K. Thalmann, Y. Su, M. Temmer, and A. M. Veronig. The confined X-class 

flares of solar active region 2192. The Astrophysical Journal Letters, 801:L23 

(5pp), 2015. 



˞˞˔ˡ ɀ ςπςυȡ ˞̂̏̑̎̉̋ ̓̆̈̉̒̏̃ 
˞̗̠̆̋̉ 2. ̱ ̜̋̓̉̃̎̆ ̘̜̒̏̌̎̆̎̆ ̠̏̂̑́̈̏̃́̎̉ȟ ̗̜̐̑̏̆̒̒ ̉ ̠̠̃̌̆̎̉ 

 

 

99 
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ʇʨʦʙʣʝʤʘ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʠ ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ ʚ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʢʘʭ 

ʦʪʢʨʳʪʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʝʪ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʫʣʴʩʘʮʠʡ (ʂʇʇ), ʥʝʩʤʦʪʨʷ ʥʘ ʨʷʜ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ. ɺʘʞʥʦʩʪʴ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʧʦʢʘʟʳʚʘʶʱʠʤʠ ʥʘʣʠʯʠʝ ʂʇʇ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʣʝ 

ʚʩʧʳʰʝʢ - ʜʝʩʷʪʢʠ ʧʨʦʮʝʥʪʦʚ ʧʦ ʨʘʟʥʳʤ ʜʘʥʥʳʤ ʠ ʤʝʪʦʜʘʤ.  

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʤʥʦʛʦʚʦʣʥʦʚʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʵʨʫʧʪʠʚʥʦʡ ʚʩʧʳʰʢʠ ʢʣʘʩʩʘ M3.4, ʧʨʦʠʟʦʰʝʜʰʝʡ ʚʙʣʠʟʠ 

ʩʦʣʥʝʯʥʦʛʦ ʣʠʤʙʘ 2 ʩʝʥʪʷʙʨʷ 2023 ʛ. ʠ ʩʦʧʨʦʚʦʞʜʘʚʰʝʡʩʷ ʂʇʇ ʞʝʩʪʢʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ (ɾʈ, >20 ʢʵɺ) ʠʟʣʫʯʝʥʠʷ ʩ ʧʝʨʠʦʜʦʤ P=1.56 ʤʠʥ. ʊʘʢʦʡ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʧʦʟʚʦʣʠʣ ʠʩʩʣʝʜʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ 

ʚ ʨʘʟʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ.  

ɺ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚʩʧʳʰʢʘ ʥʘʙʣʶʜʘʣʘʩʴ ʩ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʡ ï 

ʩ ɿʝʤʣʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ASO-S/HXI , GOES/XRS, Fermi/GBM ʠ ʩ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʳ ʉʦʣʥʮʘ ʩ ʧʦʤʦʱʴʶ Solar Orbiter/STIX. 

ʅʘʙʣʶʜʝʥʠʷ ʩ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʪʝʣʝʩʢʦʧʦʚ-ʩʧʝʢʪʨʦʤʝʪʨʦʚ HXI 

ʠ STIX ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʜʨʫʛ ʜʨʫʛʫ. ɹʦʣʝʝ ʪʦʛʦ, ʥʘʙʣʶʜʝʥʠʷ STIX ʧʦʟʚʦʣʠʣʠ 

ʫʜʦʩʪʦʚʝʨʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʥʘʙʣʶʜʝʥʠʡ ʩ ɿʝʤʣʠ ɾʈ ʠʩʪʦʯʥʠʢʠ ʥʝ 

ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʟʘ ʣʠʤʙʦʤ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʚʳʚʦʜʦʚ ʨʘʙʦʪʳ.     

ɼʠʥʘʤʠʢʘ ʧʦʧʫʣʷʮʠʡ ʧʣʘʟʤʳ ʩ ʨʘʟʥʳʤʠ ʭʘʨʘʢʪʝʨʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʕʋʌ ʜʠʘʧʘʟʦʥʝ, ʧʦʣʫʯʝʥʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʤ SDO/AIA . ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʤʝʨʳ ʵʤʠʩʩʠʠ 

ʧʣʘʟʤʳ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ ʵʪʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠʩʩʣʝʜʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʋʌ 

ʠʩʪʦʯʥʠʢʦʚ ʚʩʧʳʰʝʯʥʳʭ ʣʝʥʪ.  

ɺʳʜʝʣʠʣʦʩʴ ʪʨʠ ʬʘʟʳ ʨʘʟʚʠʪʠʷ ʚʩʧʳʰʢʠ. ʇʝʨʚʦʝ ʧʣʘʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʧʦʪʦʢʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ʕʋʌ ʠʟʣʫʯʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʝʜʣʝʥʥʳʤ (<100 ʢʤ/ʩ) ʧʦʜʲʝʤʦʤ ñ̫ ʟʳʢʘò ʨʘʟʦʛʨʝʪʦʡ ʜʦ Tå7-15 ʄʂ ʧʣʘʟʤʳ 

ʚ ʢʦʨʦʥʫ. ɺʪʦʨʦʝ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʦʢʦʚ ʠʟʣʫʯʝʥʠʷ 

ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʥʘʛʨʝʚʦʤ ʧʣʘʟʤʳ ʜʦ 15-25 ʄʂ ʠ 

ʫʩʢʦʨʝʥʥʦʡ (ʜʦ å1 ʢʤ/ʩ
2
) ʵʨʫʧʮʠʝʡ ʧʣʘʟʤʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘ ʩʯʝʪ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʟʤʦʡʜʦʚ. ɺ ʵʪʦ ʚʨʝʤʷ ʥʘʙʣʶʜʘʣʘʩʴ ʠʤʧʫʣʴʩʥʘʷ ʬʘʟʘ 

ʚʩʧʳʰʢʠ, ʩʦʧʨʦʚʦʞʜʘʝʤʘʷ ʧʫʣʴʩʘʮʠʷʤʠ ɾʈ ʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ɼʘʣʝʝ ʩʣʝʜʦʚʘʣʘ ʬʘʟʘ ʩʧʘʜʘ ʧʦʪʦʢʦʚ ʠʟʣʫʯʝʥʠʷ, ʢʦʛʜʘ ʚʳʙʨʦʩ ʧʣʘʟʤʳ ʜʦʩʪʠʛ 
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100 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʩʦʪ ʦʢʦʣʦ 1.5 ʩʦʣʥʝʯʥʳʭ ʨʘʜʠʫʩʦʚ ʠ ʚʳʰʝ ʠ ʥʘʙʣʶʜʘʣʩʷ ʚ 

ʙʝʣʦʤ ʩʚʝʪʝ ʢʘʢ ʢʦʨʦʥʘʣʴʥʳʡ ʚʳʙʨʦʩ ʤʘʩʩʳ (ʂɺʄ) ʩ ʧʦʤʦʱʴʶ ʢʦʨʦʥʦʛʨʘʬʘ 

SOHO/LASCO (ʩʦ ʩʢʦʨʦʩʪʴʶ å1100 ʢʤ/ʩ).  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʪʦʯʥʠʢʠ ʂʇʇ ɾʈ ʠʟʣʫʯʝʥʠʷ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚ ʢʦʨʦʥʝ 

ʥʘʜ ʚʩʧʳʰʝʯʥʳʤʠ ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ ʠ ʕʋʌ ʧʝʪʣʷʤʠ ʚ ʦʙʣʘʩʪʠ ʧʦʜ ʂɺʄ. ɺ 

ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʠʤʧʫʣʴʩʥʦʡ ʬʘʟʳ ʜʦʤʠʥʠʨʦʚʘʣ ʢʦʨʦʥʘʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ɾʈ 

ʠʟʣʫʯʝʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʠʤʧʫʣʴʩʥʦʡ ʬʘʟʳ, ʢʦʛʜʘ ʚʳʙʨʦʩ 

ʫʰʝʣ ʥʘ ʙʦʣʴʰʫʶ ʚʳʩʦʪʫ, ʩʪʘʣʠ ʜʦʤʠʥʠʨʦʚʘʪʴ ɾʈ ʠʩʪʦʯʥʠʢʠ ʚ ʧʦʜʥʦʞʠʷʭ 

ʧʝʪʝʣʴ. ʇʨʠ ʵʪʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ɾʈ ʠʟʣʫʯʝʥʠʷ ʩʪʘʣ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ 

ʙʦʣʝʝ ʞʝʩʪʢʠʤ. ʕʪʦ ʪʘʢʞʝ ʙʳʣʦ ʚʠʜʥʦ ʧʦ ʤʠʢʨʦʚʦʣʥʦʚʳʤ ʜʘʥʥʳʤ 

ʈʘʜʠʦʧʦʣʷʨʠʪʤʝʪʨʘ ʅʦʙʝʷʤʳ. ɺʦ ʚʨʝʤʷ ʂʇʇ ʥʘʙʣʶʜʘʣʠʩʴ ʚʘʨʠʘʮʠʠ ʩʧʝʢʪʨʘ 

ʧʦ ʪʠʧʫ ʤʷʛʢʠʡ-ʞʝʩʪʢʠʡ-ʤʷʛʢʠʡ, ʪ.ʝ. ʘʥʪʠʢʦʨʨʝʣʷʮʠʷ ʧʦʢʘʟʘʪʝʣʷ ʩʧʝʢʪʨʘ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɾʈ ʠʟʣʫʯʝʥʠʷ. 

ɾʈ ʧʠʢʠ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ ʧʠʢʘʤʠ ʋʌ ʠʟʣʫʯʝʥʠʷ ʠʟ ʚʩʧʳʰʝʯʥʳʭ ʣʝʥʪ. 

ʆʙʥʘʨʫʞʝʥʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʮʝʥʪʨʦʚ ʷʨʢʦʩʪʠ ʋʌ ʠʩʪʦʯʥʠʢʦʚ 

ʚʜʦʣʴ ʣʝʥʪ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚ ʜʠʘʧʘʟʦʥʝ å4-35 ʢʤ/ʩ ʦʪ ʧʠʢʘ ʢ ʧʠʢʫ. ʅʘ ʦʩʥʦʚʝ 

ʦʮʝʥʢʠ ʨʘʟʤʝʨʘ ʮʝʥʪʨʦʚ ʷʨʢʦʩʪʠ ʣʝʥʪ ʩʜʝʣʘʥʘ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʡ ʚʝʣʠʯʠʥʳ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʢʦʨʦʥʘʣʴʥʦʤ ʪʦʢʦʚʦʤ ʩʣʦʝ E~10
-4
-10

-3
 ɺ/ʩʤ, 

ʧʨʝʚʳʰʘʶʱʝʛʦ ʧʦʣʝ ɼʨʘʡʩʝʨʘ ED~10
-5
-10

-4
 ɺ/ʩʤ.  

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʦʪʥʦʰʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɾʈ 

ʠʟʣʫʯʝʥʠʷ ʚ ʢʦʨʦʥʘʣʴʥʦʤ ʠʩʪʦʯʥʠʢʝ ʢ ʭʨʦʤʦʩʬʝʨʥʦʤʫ 

(HXR_{LT}/HXR_(FP)å2-20) ʧʨʦʠʟʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʦʜʝʣʠ ʢʦʣʣʘʧʩʠʨʫʶʱʝʡ ʣʦʚʫʰʢʠ ʩ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʣʘʟʤʳ ʚ ʤʘʛʥʠʪʥʦʡ 

ʧʝʪʣʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ ʦʪʥʦʰʝʥʠʷ  HXR_{LT}/HXR_(FP) 

ʚʦʟʤʦʞʥʳ, ʝʩʣʠ ʵʣʝʢʪʨʦʥʳ, ʠʥʞʝʢʪʠʨʫʝʤʳʝ ʚ ʚʝʨʭʥʶʶ ʦʙʣʘʩʪʴ ʢʘʩʧʘ 

ʧʝʨʝʩʦʝʜʠʥʠʚʰʝʡʩʷ ʤʘʛʥʠʪʥʦʡ ʧʝʪʣʠ, ʧʨʝʜʫʩʢʦʨʝʥʳ ʚ ʪʦʢʦʚʦʤ ʩʣʦʝ, ʚ 

ʨʘʤʢʘʭ ʩʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ, ʢʚʘʟʠʧʦʧʝʨʝʯʥʦ, ʩ ʧʠʪʯ-ʫʛʣʦʚʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʠʧʘ S(\alpha)=sin^8(\alpha). ʇʦʜʜʝʨʞʘʥʠʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ 

HXR_{LT}/HXR_(FP) ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʝʡ ʚʥʦʚʴ 

ʦʙʨʘʟʫʝʤʳʭ ʥʠʩʭʦʜʷʱʠʭ ʤʘʛʥʠʪʥʳʭ ʧʝʪʝʣʴ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʥʘʙʣʶʜʝʥʠʡ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ  1) 

ʫʩʢʦʨʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ, ʙʝʟʫʩʣʦʚʥʦ, ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʦʤ ʵʨʫʧʮʠʠ, 2) 

ʫʩʢʦʨʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʦʙʣʘʩʪʠ ʤʝʞʜʫ ʂɺʄ ʠ ʚʩʧʳʰʝʯʥʳʤʠ ʧʝʪʣʷʤʠ, 3) 

ʂʇʇ ʷʚʣʷʣʠʩʴ ʧʨʦʷʚʣʝʥʠʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʠʥʞʝʢʮʠʠ ʫʩʢʦʨʝʥʥʳʭ ʚ 

ʪʦʢʦʚʦʤ ʩʣʦʝ ʵʣʝʢʪʨʦʥʦʚ, ʜʦʫʩʢʦʨʷʝʤʳʭ ʚ ʢʦʣʣʘʧʩʠʨʫʶʱʠʭ ʣʦʚʫʰʢʘʭ, 4) 

ʪʦʢʦʚʳʡ ʩʣʦʡ ʤʦʛ ʙʳʪʴ ʧʨʦʤʦʜʫʣʠʨʦʚʘʥ (ʚʜʦʣʴ ʪʦʢʘ) ʚʦʣʥʘʤʠ ʠʣʠ 

ʬʠʣʘʤʝʥʪʘʮʠʷ ʩʣʦʷ ʙʳʣʘ ʩʚʷʟʘʥʘ ʩ ʠʟʥʘʯʘʣʴʥʦ ʠʤʝʶʱʠʤʠʩʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʣʘʟʤʳ ʚ ʧʝʪʝʣʴʥʦʡ ʘʨʢʘʜʝ.        
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ɸ. ɻ. ʉʪʫʧʠʰʠʥ,
 
 ʊ. ʀ. ʂʘʣʴʪʤʘʥ

  

ʉʧʝʮʠʘʣʴʥʘʷ ʘʩʪʨʦʬʠʟʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ ʈɸʅ, ʉ.-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
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ɺʚʝʜʝʥʠʝ 

ʅʘʙʣʶʜʝʥʠʷ ʚ ʩʘʥʪʠʤʝʪʨʦʚʦʤ ʠ ʜʝʮʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʷʚʣʷʶʪʩʷ 

ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʣʥʝʯʥʳʭ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ. ʉʧʝʢʪʨ 

ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʚ ʵʪʠʭ ʜʠʘʧʘʟʦʥʘʭ ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʤʙʠʥʘʮʠʝʡ ʥʝʩʢʦʣʴʢʠʭ 

ʤʝʭʘʥʠʟʤʦʚ ð ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʮʠʢʣʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠ ʪʝʧʣʦʚʦʛʦ ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʅʘʣʠʯʠʝ ʚ ʘʪʤʦʩʬʝʨʝ 

ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʭʦʣʦʜʥʳʭ ʧʣʘʟʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ (ʚʦʣʦʢʥʘ, ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʚʢʨʘʧʣʝʥʠʷ ʢʦʨʦʥʘʣʴʥʦʛʦ ʜʦʞʜʷ, ʣʦʢʘʣʴʥʳʝ ʢʦʥʜʝʥʩʘʮʠʠ) ʤʦʞʝʪ ʟʘʤʝʪʥʦ 

ʚʣʠʷʪʴ ʥʘ ʛʝʥʝʨʘʮʠʶ ʠ ʧʨʦʭʦʞʜʝʥʠʝ ʨʘʜʠʦʚʦʣʥ. ɺ ʨʘʙʦʪʝ [1] ʧʨʠʚʝʜʝʥʳ 

ʧʨʠʤʝʨʳ ʥʘʙʣʶʜʝʥʠʷ ʜʝʧʨʝʩʩʠʡ ʚ ʜʝʮʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʚʳʩʦʢʠʤ ʯʘʩʪʦʪʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʥʘ ʥʦʚʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ ʈɸʊɸʅ-

600. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ð ʠʩʩʣʝʜʦʚʘʪʴ, ʢʘʢ ʥʘʣʠʯʠʝ ʭʦʣʦʜʥʦʛʦ ʩʣʦʷ ʤʦʞʝʪ 

ʦʪʨʘʞʘʪʴʩʷ ʥʘ ʥʘʙʣʶʜʘʝʤʦʤ ʩʧʝʢʪʨʝ: ʧʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʚʦʟʥʠʢʘʝʪ ʧʨʦʚʘʣ 

(ʜʝʧʨʝʩʩʠʷ) ʧʦʪʦʢʘ ʚ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ, ʤʦʞʝʪ ʣʠ ʩʧʝʢʪʨ 

çʚʦʩʩʪʘʥʦʚʠʪʴʩʷè ʥʘ ʙʦʣʝʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʚʩʪʘʸʪ ʟʘʜʘʯʘ 

ʜʠʘʛʥʦʩʪʠʢʠ ʧʘʨʘʤʝʪʨʦʚ ʭʦʣʦʜʥʦʛʦ ʩʣʦʷ ʧʦ ʩʧʝʢʪʨʫ.  

 

ʆʩʥʦʚʥʳʝ ʩʣʫʯʘʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʣʫʯʝʥʠʷ ʩ ʭʦʣʦʜʥʳʤ ʩʣʦʝʤ 

ʇʝʨʝʯʠʩʣʠʤ ʥʠʞʝ ʥʝʢʦʪʦʨʳʝ ʩʣʫʯʘʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʭʦʣʦʜʥʦʛʦ ʩʣʦʷ. 

ʇʦʣʥʦʝ ʟʘʢʨʳʪʠʝ ʢʦʤʧʘʢʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ: ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʟʣʫʯʝʥʠʝ 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʦʜʥʦʨʦʜʥʳʡ ʵʢʨʘʥ, ʠ ʵʬʬʝʢʪ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ ʯʠʩʪʦʝ 

ʩʚʦʙʦʜʥʦ-ʩʚʦʙʦʜʥʦʝ ʧʦʛʣʦʱʝʥʠʝ. ʆʧʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ ʩʣʦʷ ʧʨʠ ʵʪʦʤ 

ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʯʘʩʪʦʪʳ. 

ʏʘʩʪʠʯʥʦʝ ʟʘʢʨʳʪʠʝ ʠʩʪʦʯʥʠʢʘ: ʝʩʣʠ ʵʢʨʘʥ ʧʝʨʝʢʨʳʚʘʝʪ ʪʦʣʴʢʦ ʯʘʩʪʴ 

ʠʩʪʦʯʥʠʢʘ, ʪʦ ʛʣʫʙʠʥʘ ʧʨʦʚʘʣʘ ʚ ʩʧʝʢʪʨʝ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʯʘʩʪʦʪʳ: ʧʦ ʤʝʨʝ 

ʠʟʤʝʥʝʥʠʷ ʚʠʜʠʤʦʛʦ ʨʘʟʤʝʨʘ ʠʩʪʦʯʥʠʢʘ ʤʝʥʷʝʪʩʷ ʜʦʣʷ ʟʘʢʨʳʪʦʡ ʦʙʣʘʩʪʠ. 

ɺʳʩʦʪʥʘʷ ʩʪʨʘʪʠʬʠʢʘʮʠʷ: ʠʟʣʫʯʝʥʠʝ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ 

ʨʘʟʥʳʭ ʚʳʩʦʪʘʭ, ʧʦʵʪʦʤʫ ʭʦʣʦʜʥʳʡ ʩʣʦʡ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʢʘʢ ʚʳʰʝ, ʪʘʢ ʠ 

ʥʠʞʝ ʦʩʥʦʚʥʦʡ ʦʙʣʘʩʪʠ  ʛʝʥʝʨʘʮʠʠ. 

ʇʨʠ ʙʦʣʴʰʦʡ ʦʧʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʝ (ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ) 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʭʦʣʦʜʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʣʦʷ, ʠ 

ʷʨʢʦʩʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʣʦʷ. 

ɽʩʣʠ ʯʘʩʪʦʪʘ ʠʟʣʫʯʝʥʠʷ ʙʣʠʟʢʘ ʢ ʧʣʘʟʤʝʥʥʦʡ ʯʘʩʪʦʪʝ ʭʦʣʦʜʥʦʛʦ ʩʣʦʷ, ʪʦ 

ʚʦʣʥʳ ʥʝ ʧʨʦʭʦʜʷʪ, ʠ ʚ ʩʧʝʢʪʨʝ ʚʦʟʥʠʢʘʝʪ ʨʝʟʢʠʡ ʦʙʨʳʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʩʦʩʨʝʜʦʪʘʯʠʚʘʝʤʩʷ ʥʘ ʤʦʜʝʣʠ, ʚ ʢʦʪʦʨʦʡ 
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ʠʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʘʷ ʦʙʣʘʩʪʴ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʢʦʤʙʠʥʘʮʠʷ ʮʠʢʣʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠ ʪʝʧʣʦʚʦʛʦ 

ʩʚʦʙʦʜʥʦ-ʩʚʦʙʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʅʘ ʣʠʥʠʠ ʟʨʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥ ʦʜʥʦʨʦʜʥʳʡ 

ʭʦʣʦʜʥʳʡ ʩʣʦʡ ʧʣʘʟʤʳ, ʪʘʢʞʝ ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʇʘʨʘʤʝʪʨʳ 

ʭʦʣʦʜʥʦʛʦ ʩʣʦʷ ʚʘʨʴʠʨʫʶʪʩʷ: ʪʦʣʱʠʥʘ, ʚʳʩʦʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʩʪʦʯʥʠʢʘ, ʪʝʤʧʝʨʘʪʫʨʘ, ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ. 

 

ʈʝʟʫʣʴʪʘʪʳ  

ʍʦʣʦʜʥʳʝ ʧʣʘʟʤʝʥʥʳʝ ʩʣʦʠ ʚ ʥʠʞʥʝʡ ʢʦʨʦʥʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʟʘʤʝʪʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʩʤïʜʤ ʩʧʝʢʪʨʳ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ, ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ 

ʧʨʦʷʚʣʷʷʩʴ ʚ ʚʠʜʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʝʧʨʝʩʩʠʡ. ʅʘʠʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʩʮʝʥʘʨʠʝʤ ʷʚʣʷʝʪʩʷ ʠʭ ʫʩʠʣʝʥʠʝ ʢ ʥʠʟʢʠʤ ʯʘʩʪʦʪʘʤ, ʦʜʥʘʢʦ ʩʪʝʧʝʥʴ ʠ ʬʦʨʤʘ 

ʵʬʬʝʢʪʘ ʦʩʪʘʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʦʙʩʫʞʜʝʥʠʷ. 

ɼʣʷ ʜʝʮʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʪʘʢʠʭ ʵʬʬʝʢʪʦʚ 

ʦʢʘʟʳʚʘʶʪʩʷ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʳʤʠ: ʩʚʦʙʦʜʥʦ-ʩʚʦʙʦʜʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚ 

ʪʠʧʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʦʩʪʘʸʪʩʷ ʦʧʪʠʯʝʩʢʠ ʪʦʣʩʪʳʤ, ʘ ʜʣʷ ʮʠʢʣʦʪʨʦʥʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʪʨʝʙʫʶʪʩʷ ʩʣʠʰʢʦʤ ʞʸʩʪʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɼʣʷ 

ʪʦʛʦ ʯʪʦʙʳ ʮʠʢʣʦʪʨʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʤʦʛ ʜʘʪʴ ʟʘʤʝʪʥʫʶ ʜʝʧʨʝʩʩʠʶ ʚ 

ʜʝʮʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ, ʪʨʝʙʫʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʙʦʣʴʰʠʭ ʚʳʩʦʪʘʭ ʠ ʨʝʟʢʠʝ ʛʨʘʜʠʝʥʪʳ ʧʦʣʷ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʦʧʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ ʩʪʘʥʦʚʠʪʩʷ ʧʦʨʷʜʢʘ ʝʜʠʥʠʮʳ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʯʘʩʪʦʪʘʭ. ɺ ʨʝʘʣʴʥʳʭ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʷʭ ʪʘʢʠʝ ʫʩʣʦʚʠʷ ʤʘʣʦʚʝʨʦʷʪʥʳ.  

ɺʦʟʤʦʞʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʧʝʢʪʨʘ ʧʦʩʣʝ ʧʨʦʚʘʣʘ ʤʦʞʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʣʠʰʴ ʚ ʦʩʦʙʳʭ ʩʣʫʯʘʷʭ ð ʥʘʧʨʠʤʝʨ, ʧʨʠ ʯʘʩʪʠʯʥʦʤ 

ʧʝʨʝʢʨʳʪʠʠ ʠʩʪʦʯʥʠʢʘ ʠʣʠ ʧʨʠ ʩʤʝʱʝʥʠʠ ʚʳʩʦʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʣʫʯʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʦʣʦʜʥʳʝ ʩʣʦʠ ʧʣʘʟʤʳ ʤʦʛʫʪ ʠʛʨʘʪʴ ʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʤ-ʜʝʧʨʝʩʩʠʡ, ʥʦ ʪʦʯʥʦʝ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʥʘʙʣʶʜʘʝʤʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʝʨʦʷʪʥʦ, ʧʦʪʨʝʙʫʝʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʫʯʸʪʘ ʠʭ ʙʦʣʝʝ ʩʣʦʞʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

 
[1] ʃʝʙʝʜʝʚ ʄ.ʂ., ɹʦʛʦʜ ɺ.ʄ., ʆʚʯʠʥʥʠʢʦʚʘ ʅ.ɽ. ʊʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʨʦʥʳ ʧʦ 

ʨʘʜʠʦʥʘʙʣʶʜʝʥʠʷʤ ʩ ʚʳʩʦʢʠʤ ʯʘʩʪʦʪʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ // ʂʦʩʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊ. 
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ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʇ.ʂ. ʐʪʝʨʥʙʝʨʛʘ, ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 
2
Astronomical Institute, Academy of Sciences of the Czech Republic, OndŚejov, Czech Republic , 

kupry@asu.cas.cz 
3
 ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʬʠʟʠʯʝʩʢʠʡ 

ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɺʦ ʚʩʧʳʰʢʝ SOL2005-10-05 (ʢʣʘʩʩ C1.4, ʘʢʪʠʚʥʘ ̫ʦʙʣʘʩʪʴ NOAA 10813) 

ʥʘʤʠ ʥʘʙʣʶʜʘʣʠʩʴ ʩʧʝʢʪʨʘʣʴʥʳʝ ʣʠʥʠʠ H ʠ K CaII, ʘ ʪʘʢʞʝ ʙʘʣʴʤʝʨʦʚʩʢʠʝ 

ʣʠʥʠʠ HŬ, Hɓ, HŮ.  ɸʢʪʠʚʥʘʷ ʦʙʣʘʩʪʴ ʠʤʝʣʘ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʩʦʜʝʨʞʘʣʘ 

ʥʝʩʢʦʣʴʢʦ ʷʜʝʨ. ɺ ʪʘʙʣʠʮʝ 1 (ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ), ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ 

ʦʙ ʠʟʤʝʨʝʥʥʦʤ (ʠʟ ʥʘʙʣʶʜʝʥʠʡ) ʠʥʪʝʛʨʘʣʴʥʦʤ ʧʦʪʦʢʝ ʠʟʣʫʯʝʥʠʷ ʚ ʵʨʛ/ʩʤ
2
/ʩ 

ʜʣʷ ʣʠʥʠʡ HŬ ʠ HCaII, ʘ ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʦʪʦʢʠ ʚ ʜʨʫʛʠʭ ʣʠʥʠʷʭ. 

ʅʘʙʣʶʜʘʝʤʳʝ ʟʥʘʯʝʥʠʷ ʘʙʩʦʣʶʪʥʳʭ ʧʦʪʦʢʦʚ  ʧʨʠʚʝʜʝʥʳ ʚ (ʪʘʙʣ. 1). 

ʉ ʫʯʸʪʦʤ ʫʩʣʦʚʠʡ ʚ ʭʨʦʤʦʩʬʝʨʥʦʤ ʛʘʟʝ ʚʳʧʦʣʥʝʥʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ ʧʦ ʝʛʦ ʠʟʣʫʯʝʥʠʶ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ 

ʥʘʛʨʝʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʞʦʫʣʝʚʳʤʠ ʧʦʪʝʨʷʤʠ ʄɻɼ-ʚʦʣʥ. ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʦʚ 

ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʝ ʂʫʧʨʷʢʦʚ ʠ ʜʨ., 2024. 

ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʟʣʫʯʘʶʱʠʡ ʛʘʟ ʷʚʣʷʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʤ: ʜʣʷ 

ʦʙʲʷʩʥʝʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʦʪʦʢʦʚ ʧʦʪʨʝʙʦʚʘʣʦʩʴ 

ʨʘʩʩʤʦʪʨʝʪʴ 2 ʛʘʟʦʚʳʭ ʩʣʦʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦʧʝʨʝʢ ʣʫʯʘ ʟʨʝʥʠʷ, ʩʦ 

ʩʚʦʠʤʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʢʦʥʮʝʥʪʨʘʮʠʝʡ, ʪʦʣʱʠʥʦʡ, 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʪʫʨʙʫʣʝʥʪʥʦʡ ʩʢʦʨʦʩʪʴʶ (ʧʘʨʘʤʝʪʨʳ ʩʣʦʝʚ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 2). ʅʘʙʣʶʜʘʝʤʳʝ ʟʥʘʯʝʥʠʷ ʘʙʩʦʣʶʪʥʳʭ ʧʦʪʦʢʦʚ  ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʦʢʘʟʘʣʠʩʴ ʟʘʚʳʰʝʥʳ ʚ 5-10 ʨʘʟ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚ 

ʤʦʜʝʣʠ ʩʣʦʞʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʦʙʣʘʢʦʚ, ʥʝ ʥʘʢʣʘʜʳʚʘʶʱʠʭʩʷ 

ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʧʦ ʣʫʯʫ ʟʨʝʥʠʷ, ʧʨʠʯʝʤ ʢʘʞʜʦʝ ʪʘʢʦʝ ʦʙʣʘʢʦ ʷʚʣʷʝʪʩʷ 

ʜʚʫʭʩʣʦʡʥʳʤ ʩ ʧʘʨʘʤʝʪʨʘʤʠ, ʫʢʘʟʘʥʥʳʤʠ ʚ ʪʘʙʣ. 2. ɺ ʵʪʦʡ ʪʘʙʣʠʮʝ N (ʩʤ
-3
) ï 

ʦʙʲʝʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ; L (ʢʤ) ï ʪʦʣʱʠʥʘ ʩʣʦʷ, T (ʂ) ï ʪʝʤʧʝʨʘʪʫʨʘ, V (ʢʤ/ʩ) 

ï ʪʫʨʙʫʣʝʥʪʥʘʷ ʩʢʦʨʦʩʪʴ; ʠʥʜʝʢʩ 1 ʦʪʥʦʩʠʪʩʷ ʢ ʜʘʣʴʥʝʤʫ ʩʣʦʶ, ʠʥʜʝʢʩ 2 ï ʢ 

ʙʣʠʞʥʝʤʫ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʪʘʙʣʠʮ ʚʠʜʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʦʪʦʢʠ (ʩʪʦʣʙʮʳ HŬ/Hɓ, HŮ/Hɓ, HCaII/KCaII) ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ. ʇʨʦʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʜʚʫʭʩʣʦʡʥʫʶ ʧʨʠʨʦʜʫ ʢʘʞʜʦʛʦ ʦʙʣʘʢʘ 

ʤʦʞʥʦ ʪʘʢ: ʜʘʣʴʥʷʷ ʝʛʦ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʦʪʥʦʝ (~10
13

 ʩʤ
-3
), 

ʧʨʦʪʷʞʝʥʥʦʝ (~1000 ʢʤ), ʨʘʟʦʛʨʝʪʦʝ (>6000 ʂ) ʷʜʨʦ, ʢʦʪʦʨʦʝ ʧʝʨʝʢʨʳʪʦ 

mailto:kupry@asu.cas.cz
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ʤʝʥʝʝ ʧʣʦʪʥʦʡ ʠ ʤʝʥʝʝ ʥʘʛʨʝʪʦʡ (5000-6000 ʂ) ʦʙʦʣʦʯʢʦʡ.  ɺ ʜʘʣʴʥʝʤ ʩʣʦʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʠʟʣʫʯʝʥʠʷ ʚ ʣʠʥʠʷʭ HŮ ʠ Hɓ, ʙʣʠʞʥʠʡ ʩʣʦʡ 

ʚʥʦʩʠʪ ʦʧʨʝʜʝʣʷʶʱʠʡ ʚʢʣʘʜ ʚ HŬ. ɺ ʨʝʟʦʥʘʥʩʥʳʝ ʣʠʥʠʠ ʢʘʣʴʮʠʷ ʩʣʦʠ ʚʥʦʩʷʪ 

ʩʨʘʚʥʠʤʳʡ ʚʢʣʘʜ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʣʫʯʝʥʠʝ ʚ ʧʷʪʠ ʣʠʥʠʷʭ ʫʜʘʝʪʩʷ ʦʙʲʷʩʥʠʪʴ ʚ ʨʘʤʢʘʭ 

ʜʞʦʫʣʝʚʳʭ ʧʦʪʝʨʴ. 
ʊʘʙʣʠʮʘ 1 

 

 

 

 

 

 

ʊʘʢʞʝ ʤʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʠ ʠʟʣʫʯʝʥʠʝ ʚ 

ʨʘʜʠʦʜʠʘʧʘʟʦʥʝ.  ʄʘʢʩʠʤʫʤ ʚʩʧʳʰʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʤʝʥʪʫ: ʚ ʨʝʥʪʛʝʥʝ (1.0 

- 8.0 ¡) 08:10:05 UT, ʧʨʠʯʝʤ ʧʦʪʦʢ ʚʳʨʦʩ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʧʦʨʷʜʦʢ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʦʚʩʧʳʰʝʯʥʳʤ ʟʥʘʯʝʥʠʝʤ; ʚ ʨʘʜʠʦ (0.8-2.0 GHz) 08:17:54 UT, 

ʧʨʠ ʵʪʦʤ, ʙʳʩʪʨʦʝ ʠʟʤʝʥʝʥʠʝ ʧʦʪʦʢʘ ʩʦʩʪʘʚʠʣʦ ~ 40 ʝʜʠʥʠʮ SFU; ʚ ʦʧʪʠʢʝ 

(3933 ï 6564 ¡) 08:18:58 UT. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʚʠʪʠʝ ʚʩʧʳʰʢʠ ʧʨʦʪʝʢʘʣʦ ʧʦ 

ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʩʮʝʥʘʨʠʶ. 
ʊʘʙʣʠʮʘ 2 

 

 

 

 

 

 

 

 

 

 

 

ʃʠʪʝʨʘʪʫʨʘ 

ʂʫʧʨʷʢʦʚ ʖ.ɸ., ɹʳʯʢʦʚ ʂ.ɺ., ʆ. ʄ. ɹʝʣʦʚʘ ʠ ʜʨ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʟʣʫʯʝʥʠʷ ʚʩʧʳʰʢʠ 

27.04.2012 ʚ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʷʭ ʚʦʜʦʨʦʜʘ, ʛʝʣʠʷ ʠ ʢʘʣʴʮʠʷ // ɺʝʩʪʥʠʢ ʄʦʩʢʦʚʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ 3: ʌʠʟʠʢʘ, ʘʩʪʨʦʥʦʤʠʷ. ʊ. 79, ˉ 2. 2024. 

Time F(HŬ) F(H CaII) HŬ / Hɓ HŮ / Hɓ H CaII/K CaII 

08:20:57 2.38 10
7
 1.95 10

7
 1.68 0.70 1.13 

08:21:20 2.47 10
7
 1.69 10

7
 1.86 0.56 1.10 

08:23:09 1.75 10
7
 1.78 10

7
 1.78 0.78 1.11 

Time 08:20:57 08:21:20 08:23:09 

N1 1.70Ŀ10
13

 1.40Ŀ10
13

 1.80Ŀ10
13

 

N2 1.65Ŀ10
12

 1.65Ŀ10
12

 2.70Ŀ10
12

 

L1 1000 1000 1000 

L2 50 50 30 

T1 6600 6050 6650 

T2 5000 5700 6000 

V1 12 2 13 

V2 24 19 33 

F(HŬ) 3.25Ŀ 10
6
 2.39Ŀ 10

6
 3.50Ŀ 10

6
 

F(H CaII) 2.46Ŀ 10
6
 1.68Ŀ 10

6
 3.29Ŀ 10

6
 

HŬ/Hɓ 1.69 1.84 1.73 

HŮ/Hɓ 0.69 0.57 0.73 

H CaII/K CaII 1.19 1.16 1.05 
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ʅʘʙʣʶʜʝʥʠʷ ʉʦʣʥʮʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʷʭ 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʜʠʘʛʥʦʩʪʠʢʫ ʧʣʘʟʤʳ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ ʥʝʢʦʪʦʨʦʤ 

ʦʙʲʝʤʝ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ. ɼʠʘʧʘʟʦʥ ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʚʳʩʦʪ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʙʦʨʦʤ ʢʦʥʢʨʝʪʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ. ʗʜʨʦ ʣʠʥʠʠ 

ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʙʦʣʴʰʠʭ ʚʳʩʦʪʘʭ, ʘ ʢʨʳʣʴʷ ï ʚ ʙʦʣʝʝ ʥʠʟʢʠʭ ʩʣʦʷʭ 

ʘʪʤʦʩʬʝʨʳ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠʥʠʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʳʩʦʪʝ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʷ. 

ɺ ʨʘʙʦʪʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʙʣʶʜʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ 

ʩʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨʝ ʪʝʣʝʩʢʦʧʘ ɹʉʊ-1 ʂʨʳʤʩʢʦʡ ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʡ 

ʦʙʩʝʨʚʘʪʦʨʠʠ [1]. ʀʥʩʪʨʫʤʝʥʪ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʩʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨʠʶ 

ʉʦʣʥʮʘ ʚʙʣʠʟʠ ʬʦʪʦʩʬʝʨʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ Fe I 5247/5250 ¡ ʠ ʣʠʥʠʠ 

Mg I b2 5173 ¡, ʷʜʨʦ ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʥʠʞʥʝʡ ʭʨʦʤʦʩʬʝʨʝ. ɺ ʦʙʱʝʡ 

ʩʣʦʞʥʦʩʪʠ, ʨʘʙʦʯʠʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʧʨʠʙʦʨʘ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 50 ¡, 

ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʜʝʩʷʪʢʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʚ 

ʘʥʘʣʠʟʝ. ʉʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʝʚʳʰʘʝʪ 70 000, ʪʦʛʜʘ ʢʘʢ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʦʛʨʘʥʠʯʝʥʦ ʩʦʩʪʦʷʥʠʝʤ ʘʪʤʦʩʬʝʨʳ ʚ ʤʦʤʝʥʪ ʥʘʙʣʶʜʝʥʠʡ. 

ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ 

ʨʷʜʝ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ. ʄʘʛʥʠʪʥʳʝ ʧʦʣʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʪʦʜʦʤ ʮʝʥʪʨʘ 

ʪʷʞʝʩʪʠ (ʧʨʦʜʦʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ) ʠʣʠ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʩʣʘʙʦʛʦ ʧʦʣʷ.  

 

ʃʠʪʝʨʘʪʫʨʘ 
Kutsenko A.S. et al. The Spectro-Polarimeter of the Andrei B. Severny Solar Tower Telescope at 

the Crimean Astrophysical Observatory: Optical Design and Implementation // Solar Physics. V. 

299. I. 9. Id. 132. 2024. 
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ʉʧʝʢʪʨʳ ʤʦʱʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʠʭ ʵʚʦʣʶʮʠʠ [1]. 

ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʪʫʨʙʫʣʠʟʘʮʠʠ ʩʦʣʥʝʯʥʦʡ ʬʦʪʦʩʬʝʨʳ, 

ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʚ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘ ʨʘʟʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ. ɺʘʞʥʳʡ ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʧʝʢʪʨʳ 

ʤʦʱʥʦʩʪʠ ï ʧʦʢʘʟʘʪʝʣʴ ʩʧʝʢʪʨʘ. ɺ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʷʭ ʦʥ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ 

5/3 ʠ ʙʦʣʝʝ. ɺ ʩʧʦʢʦʡʥʦʡ ʩʦʣʥʝʯʥʦʡ ʬʦʪʦʩʬʝʨʝ ʝʛʦ ʟʥʘʯʝʥʠʝ ʙʣʠʟʢʦ ʢ 1. 

ʈʘʥʝʝ ʤʝʪʦʜ ʩʧʝʢʪʨʦʚ ʤʦʱʥʦʩʪʠ ʧʨʠʤʝʥʷʣʩʷ ʚ ʥʘʰʠʭ ʨʘʙʦʪʘʭ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʩʧʣʳʪʠʷ ʠ ʟʘʪʫʭʘʥʠʷ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʩʷ 

ʘʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʤʦʱʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʩʧʦʢʦʡʥʦʡ ʬʦʪʦʩʬʝʨʝ ʉʦʣʥʮʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜ ʩʧʝʢʪʨʦʚ ʤʦʱʥʦʩʪʠ ʙʳʣ ʧʨʠʤʝʥʝʥ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʥʠʧʦʣʷʨʥʳʭ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʨʘʟʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʟʘʪʫʭʘʥʠʷ.  

ʋʥʠʧʦʣʷʨʥʳʝ ʘʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ (ʋɸʆ) ï ʘʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ, ʫ ʢʦʪʦʨʳʭ ʚ 

ʙʝʣʦʤ ʩʚʝʪʝ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʰʴ ʦʜʥʦ ʢʦʤʧʘʢʪʥʦʝ ʣʠʜʠʨʫʶʱʝʝ ʧʷʪʥʦ. ʇʨʠ 

ʵʪʦʤ ʚʦʢʨʫʛ ʵʪʦʛʦ ʧʷʪʥʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʭʚʦʩʪʦʚʳʭ ʧʷʪʝʥ ʠʣʠ ʧʦʨ. ɼʝʪʘʣʴʥʦʝ 

ʠ ʦʙʰʠʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʥʠʧʦʣʷʨʥʳʭ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʇʣʦʪʥʠʢʦʚʳʤ ɸ.ɸ. ʠ ʩʦʘʚʪʦʨʘʤʠ [2]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʟʘʪʫʭʘʶʱʠʭ ʫʥʠʧʦʣʷʨʥʳʭ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ. ɺ 

ʥʘʰʝʡ ʨʘʙʦʪʝ ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʥʝʩʢʦʣʴʢʦ ʫʥʠʧʦʣʷʨʥʳʭ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʚ ʫʧʦʤʷʥʫʪʦʡ ʚʳʰʝ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʩʯʠʪʘʥʳ ʩʢʦʨʦʩʪʠ ʠʭ 

ʟʘʪʫʭʘʥʠʷ. 

 

ʊʘʙʣʠʮʘ 1. ʇʘʨʘʤʝʪʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ. 

ɸʢʪʠʚʥʘʷ 

ʦʙʣʘʩʪʴ 

ʉʢʦʨʦʩʪʴ 

ʟʘʪʫʭʘʥʠʷ, 

Ĭ10
-19

 

ʄʢʩ/ʯ 

ʇʦʢʘʟʘʪʝʣʴ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʇʦ ʚʩʝʡ 

ʤʘʛʥʠʪʦʛʨʘʤʤʝ 

ʆʪʜʝʣʴʥʦ 

ʧʷʪʥʦ 

ʇʝʨʠʬʝʨʠʷ 

ʧʷʪʥʘ 

NOAA 11140 1.05 1.35 1.73 1.26 

NOAA 11642 0.33 1.09 2.00 1.04 

 

ʉʧʝʢʪʨʳ ʤʦʱʥʦʩʪʠ ʫʥʠʧʦʣʷʨʥʳʭ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʠʤʝʣʠ ʩʭʦʞʫʶ 

ʬʦʨʤʫ. ɺʦ ʚʩʝʭ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʙʣʶʜʘʣʩʷ ʧʠʢ ʥʘ ʤʘʩʰʪʘʙʘʭ, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʤʝʨʫ ʫʥʠʧʦʣʷʨʥʦʛʦ ʧʷʪʥʘ. ʇʨʠʯʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʷʭ ʵʪʦʪ ʧʠʢ ʥʘʭʦʜʠʣʩʷ ʣʝʚʝʝ ʠʥʝʨʮʠʦʥʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ (2,5 ï 10 ʄʤ). ɺ ʠʥʝʨʮʠʦʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʞʝ ʥʘʙʣʶʜʘʣʩʷ ʣʠʥʝʡʥʳʡ 

ʩʧʝʢʪʨ. ʅʘʢʣʦʥ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ ʚ ʠʥʝʨʮʠʦʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʙʳʣ ʥʝʦʜʠʥʘʢʦʚ 

ʜʣʷ ʨʘʟʥʳʭ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ. ɺ ʥʝʢʦʪʦʨʳʭ ʋɸʆ ʵʪʦʪ ʥʘʢʣʦʥ ʙʳʣ 
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ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʩʧʦʢʦʡʥʦʛʦ ʉʦʣʥʮʘ. ɺ ʜʨʫʛʠʭ ʋɸʆ ʦʥ ʙʳʣ ʢʨʫʯʝ, ʯʝʤ 

ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʧʦʢʦʡʥʦʤ ʉʦʣʥʮʝ.  

ɼʘʣʝʝ ʜʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʤʦʱʥʦʩʪʠ ʜʚʫʭ ʋɸʆ ʩ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʤ ʨʘʟʤʝʨʦʤ 

ʫʥʠʧʦʣʷʨʥʦʛʦ ʧʷʪʥʘ ʠ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ ʟʘʪʫʭʘʥʠʷ: ɸʆ NOAA 11140 ʠ 

NOAA 11642. ɼʣʷ ʵʪʠʭ ʜʚʫʭ ʋɸʆ ʙʳʣʠ ʧʦʩʯʠʪʘʥʳ ʩʧʝʢʪʨʳ ʤʦʱʥʦʩʪʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʩʝʡ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ, ʦʪʜʝʣʴʥʦ ʧʷʪʥʘ ʠ ʝʛʦ ʙʣʠʞʘʡʰʝʛʦ 

ʦʢʨʫʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʝʨʠʬʝʨʠʠ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʟʘ ʧʨʝʜʝʣʘʤʠ ʧʷʪʥʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʩʢʦʨʦʩʪʠ ʟʘʪʫʭʘʥʠʷ ʵʪʠʭ ʋɸʆ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1. ʌʦʨʤʘ ʩʧʝʢʪʨʦʚ ʤʦʱʥʦʩʪʠ ʧʦ ʚʩʝʡ ʤʘʛʥʠʪʦʛʨʘʤʤʝ ʠʤʝʣʘ ʧʠʢ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʘʟʤʝʨʫ ʧʷʪʥʘ, ʠ ʣʠʥʝʡʥʳʡ ʩʧʝʢʪʨ ʚ ʠʥʝʨʮʠʦʥʥʦʤ 

ʠʥʪʝʨʚʘʣʝ. ʇʨʠʯʝʤ ʚ ʤʝʜʣʝʥʥʦʟʘʪʫʭʘʶʱʝʡ ʋɸʆ 11642 ʧʦʢʘʟʘʪʝʣʴ ʩʧʝʢʪʨʘ 

ʤʦʱʥʦʩʪʠ ʚ ʠʥʝʨʮʠʦʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʙʳʣ ʙʣʠʟʦʢ ʢ 1, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʩʧʦʢʦʡʥʦʡ ʬʦʪʦʩʬʝʨʳ ʉʦʣʥʮʘ. ɺ ʩʣʫʯʘʝ ʙʳʩʪʨʦʟʘʪʫʭʘʶʱʝʡ ʋɸʆ 11140 

ʧʦʢʘʟʘʪʝʣʴ ʩʧʝʢʪʨʘ ʙʳʣ 1.35. ɼʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʦʚ ʤʦʱʥʦʩʪʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪʜʝʣʴʥʦ ʧʷʪʥʘ ʠ ʝʛʦ ʙʣʠʞʘʡʰʝʛʦ ʦʢʨʫʞʝʥʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʫ ʙʳʩʪʨʦʟʘʪʫʭʘʶʱʝʡ ʋɸʆ 11140 ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʠʥʝʨʮʠʦʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 

ʣʠʥʝʡʥʳʡ ʩʧʝʢʪʨ ʩ ʢʦʣʤʦʛʦʨʦʚʩʢʠʤ ʥʘʢʣʦʥʦʤ. ʊʘʢʦʡ ʩʧʝʢʪʨ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ 

ʭʦʨʦʰʦ ʨʘʟʚʠʪʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ʋ ʤʝʜʣʝʥʥʦʟʘʪʫʭʘʶʱʝʛʦ ʧʷʪʥʘ ʚ 

ʠʥʝʨʮʠʦʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʣʠʥʝʡʥʦʩʪʴ ʩʧʝʢʪʨʘ ʙʳʣʘ ʥʘʨʫʰʝʥʘ. ɺ ʵʪʦʤ 

ʧʨʦʤʝʞʫʪʢʝ ʤʘʩʰʪʘʙʦʚ ʥʘʙʣʶʜʘʣʩʷ ʢʨʫʪʦʡ ʩʧʝʢʪʨ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʤʘʩʰʪʘʙʘʭ ʠ ʧʦʣʦʛʠʡ ʩʧʝʢʪʨ ʥʘ ʤʝʥʴʰʠʭ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʥʝʜʦʨʘʟʚʠʪʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚʦʢʨʫʛ ʤʝʜʣʝʥʥʦʟʘʪʫʭʘʶʱʝʛʦ ʧʷʪʥʘ. ɸʥʘʣʠʟ 

ʩʧʝʢʪʨʦʚ ʤʦʱʥʦʩʪʠ ʧʝʨʠʬʝʨʠʠ ʋɸʆ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʤʝʜʣʝʥʥʦʟʘʪʫʭʘʶʱʝʡ 

ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʪʝʣʴ ʩʧʝʢʪʨʘ ʙʣʠʟʦʢ ʢ 1, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʩʧʦʢʦʡʥʦʛʦ ʉʦʣʥʮʘ. ɺ ʙʳʩʪʨʦʟʘʪʫʭʘʶʱʝʡ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 

ʚʳʰʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʪʫʨʙʫʣʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʢʨʫʛ ʧʷʪʥʘ ʚ ʵʪʦʡ ʘʢʪʠʚʥʦʡ 

ʦʙʣʘʩʪʠ ʧʦʚʳʰʝʥʦ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, 

ʯʪʦ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʪʫʨʙʫʣʠʟʘʮʠʠ ʬʦʪʦʩʬʝʨʳ ʚʦʢʨʫʛ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʙʳʩʪʨʦʡ ʩʢʦʨʦʩʪʴʶ ʟʘʪʫʭʘʥʠʷ ʋɸʆ. ʇʨʠ ʵʪʦʤ 

ʚʦʟʤʦʞʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ. ɺʦ-ʧʝʨʚʳʭ, ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʪʫʨʙʫʣʠʟʘʮʠʠ ʤʦʞʝʪ 

ʙʳʪʴ ʚʳʟʚʘʥʘ ʩʘʤʦʡ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʴʶ. ɺʦ-ʚʪʦʨʳʭ, ʘʢʪʠʚʥʘʷ ʦʙʣʘʩʪʴ ʤʦʛʣʘ 

ʠʩʭʦʜʥʦ ʦʢʘʟʘʪʴʩʷ ʚ ʦʙʣʘʩʪʠ ʧʦʚʳʰʝʥʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʝʛʦ 

ʙʦʣʝʝ ʙʳʩʪʨʦʤʫ ʟʘʪʫʭʘʥʠʶ. 
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ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʘʙʣʶʜʝʥʠʷ ʩʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨʘ Hinode ʥʘ ʣʠʤʙʝ, 

ʧʨʠʤʝʨʥʦ ʪʘʢ ʞʝ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [1]. ʅʘ ʣʠʤʙʝ, ʢʦʛʜʘ 

ʷʨʢʦʩʪʴ ʢʦʥʪʠʥʫʫʤʘ ʧʘʜʘʝʪ ʜʦ 0.2 ʷʨʢʦʩʪʠ ʮʝʥʪʨʘ ʜʠʩʢʘ ʉʦʣʥʮʘ, ʣʠʥʠʠ 

ʧʦʛʣʦʱʝʥʠʷ Fe I ɚ 6301 ʠ 6302 ¡ ʠʩʧʳʪʳʚʘʶʪ ʦʙʨʘʱʝʥʠʝ ï ʩʪʘʥʦʚʷʪʩʷ 

ʵʤʠʩʩʠʦʥʥʳʤʠ. ʂʨʦʤʝ ʵʪʦʛʦ ʦʥʠ ʧʦʢʘʟʳʚʘʶʪ ʣʠʥʝʡʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ, 

ʢʦʪʦʨʘʷ ʥʝ ʩʚʷʟʘʥʘ ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʘ ʚʳʟʚʘʥʘ ʢʦʛʝʨʝʥʪʥʳʤ ʨʘʩʩʝʷʥʠʝʤ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ ʜʦʣʞʥʦ ʙʳʪʴ ʧʘʨʘʣʣʝʣʴʥʳʤ 

ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʣʠʤʙʫ, ʦʜʥʘʢʦ ʘʚʪʦʨʳ [1] ʥʘʰʣʠ ʣʠʥʝʡʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ, 

ʥʘʧʨʘʚʣʝʥʥʫʶ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʜʠʘʣʴʥʦ ʧʨʠ ʝʸ ʠʟʤʝʨʝʥʠʠ ʜʣʷ 17-ʪʠ 

ʩʝʘʥʩʦʚ SP/Hinode ʥʘ ʫʯʘʩʪʢʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0".3 ʚʳʰʝ 

ʣʠʤʙʘ. ɸʚʪʦʨʘʤ [1] ʥʘʙʣʶʜʘʝʤʳʝ ʠʤʠ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʩʪʝʧʝʥʴ ʧʦʣʷʨʠʟʘʮʠʠ 

ʫʜʘʣʦʩʴ ʩʦʛʣʘʩʦʚʘʪʴ ʩ ʤʦʜʝʣʴʥʳʤʠ ʨʘʩʯʸʪʘʤʠ. ɼʣʷ ʵʪʦʛʦ ʦʥʠ ʧʨʝʜʧʦʣʦʞʠʣʠ 

ʜʝʧʦʣʷʨʠʟʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʵʬʬʝʢʪʘ ʍʘʥʣʝ, ʚʳʟʚʘʥʥʦʝ ʩʣʫʯʘʡʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʧʦʣʝʤ ʧʦʧʝʨʝʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʧʨʷʞʸʥʥʦʩʪʴʶ 2 ɻʩ. ɺ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʢʘʢ ʠ ʚ [1] ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʦʙʲʝʜʠʥʝʥʠʝ ʧʨʦʬʠʣʝʡ ʉʪʦʢʩʘ 

ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʪʦʯʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʟʘʜʘʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʣʠʤʙʘ. 

ʆʙʲʝʜʠʥʝʥʠʝ ʧʨʦʬʠʣʝʡ ʜʣʷ ʩʦʪʝʥ ʪʦʯʝʢ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʜʥʷʪʠʷ 

ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ. ʆʙʲʝʜʠʥʠʪʴ ʧʨʦʬʠʣʠ ʥʝ ʧʨʦʩʪʦ, ʜʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʦʪ 

ʩʢʘʥʘ ʢ ʩʢʘʥʫ ʚ ʧʨʦʮʝʩʩʝ ʥʘʙʣʶʜʝʥʠʡ Hinode ʥʝʨʝʛʫʣʷʨʥʳʤ ʦʙʨʘʟʦʤ ʩʤʝʱʘʝʪ 

ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʉʦʣʥʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ. ʕʪʦ 

ʩʤʝʱʝʥʠʝ ʤʘʣʦ, ʥʦ ʦʥʦ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʠʩʧʦʨʪʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʨʨʝʢʪʥʦ 

ʦʙʲʝʜʠʥʷʪʴ ʪʦʯʢʠ ʥʘ ʟʘʜʘʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʢʨʘʷ ʜʠʩʢʘ. ʇʦʵʪʦʤʫ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʪʦʯʢʠ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʧʨʦʬʠʣʝʡ ʦʪʬʠʣʴʪʨʦʚʘʥʳ ʧʦ 

ʩʝʨʠʠ ʷʨʢʦʩʪʝʡ ʦʪ 0 ʜʦ 0.6 ʩ ʰʘʛʦʤ 0.05 ʩʨʝʜʥʝʡ ʷʨʢʦʩʪʠ ʬʦʪʦʩʬʝʨʳ ʥʘ ʜʠʩʢʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʛʦʣ ʣʠʥʝʡʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʤʦʞʝʪ 

ʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʢʨʘʷ ʜʠʩʢʘ ʦʪ ʨʘʜʠʘʣʴʥʦʛʦ ʜʦ 

ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ, ʘ ʚ ʦʙʱʝʤ ʢʘʨʪʠʥʘ ʫʛʣʦʚ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʥʦʡ ʦʪ ʩʝʘʥʩʘ ʢ 

ʩʝʘʥʩʫ. ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ ʩʝʘʥʩʘʭ 

ʘʤʧʣʠʪʫʜʘ U-ʧʨʦʬʠʣʷ ʉʪʦʢʩʘ ʤʝʥʴʰʝ ʘʤʧʣʠʪʫʜʳ Q-ʧʨʦʬʠʣʷ. ɺʦʟʤʦʞʥʦ, 

ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʦʙʨʘʪʥʦʝ, ʥʫʞʥʳ ʩʝʘʥʩʳ Hinode ʢʦʪʦʨʳʝ ʙʳ ʧʨʠʭʦʜʠʣʠʩʴ ʥʘ 

ʦʙʣʘʩʪʠ ʧʦʜ ʫʛʣʦʤ 45Á ʢ ʵʢʚʘʪʦʨʫ ʠ ʤʝʨʠʜʠʘʥʫ, ʪ.ʝ. ʥʫʞʥʳ ʥʘʙʣʶʜʝʥʠʷ 

ʣʠʤʙʘ ʩʦ ʩʪʦʨʦʥʳ NE, NW, SE, SW, ʥʦ ʪʘʢʠʭ ʩʝʘʥʩʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ. 

ʆʙʲʝʜʠʥʸʥʥʳʝ ʧʨʦʬʠʣʠ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʨʝʜʢʦ ʢʦʛʜʘ ʩʭʦʜʷʪ ʜʦ ʫʨʦʚʥʷ 

ʰʫʤʦʚʦʡ ʜʦʨʦʞʢʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʥʝʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʩ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʩʝʙʷ ʧʨʦʷʚʣʷʶʪ. ʏʪʦʙʳ ʫʚʠʜʝʪʴ ʧʦʣʷʨʠʟʘʮʠʶ ʚ ʦʜʥʦʡ 

ʪʦʯʢʝ, ʘ ʥʝ ʜʣʷ ʦʙʰʠʨʥʦʛʦ ʫʯʘʩʪʢʘ ʚʜʦʣʴ ʣʠʤʙʘ, ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ 
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ʦʙʲʝʜʠʥʝʥʠʝ ʧʨʦʬʠʣʝʡ ʜʣʷ ʩʝʘʥʩʘ, ʧʨʦʚʝʜʸʥʥʦʛʦ ʩ ʥʝʧʦʜʚʠʞʥʦʡ ʱʝʣʴʶ, ʩʤ. 

ʨʠʩ. 1. 

 
ʈʠʩ. 1 ʇʨʦʬʠʣʠ ʉʪʦʢʩʘ ʩʝʘʥʩʘ ʥʘʙʣʶʜʝʥʠʡ SP/Hinode ʩ ʥʝʧʦʜʚʠʞʥʦʡ ʱʝʣʴʶ  

ʀʟ ʨʠʩʫʥʢʘ 1 ʤʳ ʤʦʞʝʤ ʚʠʜʝʪʴ, ʯʪʦ ʦʙʨʘʱʝʥʠʝ ʣʠʥʠʡ ʥʘʩʪʫʧʘʝʪ 

ʧʨʠʤʝʨʥʦ ʥʘ ʫʨʦʚʥʝ ʷʨʢʦʩʪʠ 0.25 ï 0.3 (ʩʦʦʪʚʝʪʩʪʚʫʝʪ 0.2 ʷʨʢʦʩʪʠ ʮʝʥʪʨʘ 

ʜʠʩʢʘ ʉʦʣʥʮʘ), ʵʪʦʪ ʞʝ ʫʨʦʚʝʥʴ ʤʳ ʩʯʠʪʘʝʤ ʧʦʣʦʞʝʥʠʝʤ ʣʠʤʙʘ. ɿʘ ʣʠʤʙʦʤ 

(ʷʨʢʦʩʪʴ < 0.25) Q-ʧʨʦʬʠʣʠ ʉʪʦʢʩʘ ʦʪʯʸʪʣʠʚʦ ʧʦʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ 

ʢʦʛʨʝʥʪʥʦ-ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ, ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦ ʵʢʚʘʪʦʨʫ (ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ [1]). ʅʘ ʷʨʢʦʩʪʠ 0.4 ï 0.45 ʤʳ ʚʠʜʠʤ ʩʣʝʜʳ 

ɿʝʝʤʘʥʦʚʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʚ Q ʠ U-ʧʨʦʬʠʣʷʭ. ɼʣʷ V ʧʨʦʬʠʣʝʡ ʦʪʥʦʰʝʥʠʝ 

ʩʠʛʥʘʣ/ʰʫʤ ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʝ, ʯʝʤ ʜʣʷ Q ʠ U, ʧʦʵʪʦʤʫ ʟʜʝʩʴ ʭʦʨʦʰʦ ʚʠʜʥʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʧʨʦʜʦʣʴʥʦʛʦ ʧʦʣʷ ʶʞʥʦʡ ʧʦʣʷʨʥʦʩʪʠ. ʇʨʠ ʪʦʤ, ʯʪʦ ʩʠʣʦʚʳʝ 

ʣʠʥʠʠ, ʢʘʢ ʠ ʣʫʯ ʟʨʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʳ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ. ʀ ʦʯʝʥʴ ʩʣʦʞʥʦ 

ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʫ ʧʦʣʷ. ʆʙʳʯʥʦ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʥʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʰʠʨʠʥʫ, ʢʦʪʦʨʫʶ ʧʨʦʙʣʝʤʘʪʠʯʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʜʣʷ ʧʨʦʬʠʣʝʡ, ʙʣʠʟʢʠʭ ʢ ʩʦʩʪʦʷʥʠʶ ʠʥʚʝʨʩʠʠ. ʀʟ ʦʪʢʣʦʥʝʥʠʡ ʦʪ 

ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ ʢʘʨʪʠʥʳ ʥʘ ʫʨʦʚʥʷʭ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʷʨʢʦʩʪʷʤ 

0.525 ʠ 0.325, ʪ.ʝ. 0.6" ʠ 0.07" ʦʪ ʣʠʤʙʘ ʢ ʮʝʥʪʨʫ ʉʦʣʥʮʘ (ʧʨʦʬʠʣʠ, 

ʦʪʤʝʯʝʥʥʳʝ ʥʘ ʨʠʩ.1 ʩʠʥʠʤ ʠ ʢʨʘʩʥʳʤ) ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʟʜʝʩʴ 

ʤʳ ʚʠʜʠʤ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʳʝ ʛʨʘʜʠʝʥʪʳ ʣʫʯʝʚʦʡ ʩʢʦʨʦʩʪʠ. 

ɺʦʟʥʠʢʘʝʪ ʘʥʘʣʦʛʠʷ ʩ ʢʘʢʦʡ-ʪʦ ʩʪʦʷʯʝʡ ʚʦʣʥʦʡ, ʥʦ ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ 

ʧʨʦʬʠʣʠ ʫʩʨʝʜʥʷʶʪ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʟʘ 3 ʯʘʩʘ ʥʘʙʣʶʜʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʨʠʘʮʠʠ ʩʦʩʪʦʷʥʠʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ 

ʩʦʣʥʝʯʥʦʛʦ ʣʠʤʙʘ ʚ ʨʘʟʥʳʝ ʜʥʠ ʛʦʚʦʨʷʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʘʥʘʣʠʟʘ ʟʜʝʩʴ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʣʦʢʘʣʴʥʳʝ ʫʯʘʩʪʢʠ ʩ ʧʦʣʝʤ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʧʦʩʪʦʷʥʥʫʶ ʚʦ ʚʨʝʤʝʥʠ ʣʠʙʦ ʧʦʚʪʦʨʷʶʱʫʶʩʷ ʫʩʪʦʡʯʠʚʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʘ ʪʘʢʞʝ ʛʣʦʙʘʣʴʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʧʦʣʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʣʷʨʥʳʭ ʟʦʥ. 

ɾʝʣʘʪʝʣʴʥʦ ʜʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʵʪʦʛʦ ʚʦʧʨʦʩʘ. 

 

 

ʃʠʪʝʨʘʪʫʨʘ 
Lites, B. W., et al. Scattering Polarization in the Fe I 630 nm Emission Lines at the Extreme 

Limb of the Sun. // The Astrophysical Journal V. 713 P. 450-457. 2010 
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ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʧʨʠʨʦʜʳ ʩʫʙ-ʪʝʨʘʛʝʨʮʦʚʦʛʦ 

(ʩʫʙ-ʊɻʮ) ʠʟʣʫʯʝʥʠʷ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʚʦ ʚʨʝʤʷ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʠ 

SOL2022-05-04T08:45 (M5.7) ʥʘ ʯʘʩʪʦʪʝ 93 ɻɻʮ ʨʘʜʠʦʪʝʣʝʩʢʦʧʦʤ ʈʊ-7.5 

ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʴ ʩʫʙ-ʊɻʮ ʠ 

ʢʨʘʡʥʝʛʦ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ (ʂʋʌ) ʠʟʣʫʯʝʥʠʷ, ʚʢʣʶʯʘʷ ʚʨʝʤʝʥʥʳʝ ʧʨʦʬʠʣʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʝʨʳ ʵʤʠʩʩʠʠ ʢʦʨʦʥʘʣʴʥʦʡ ʧʣʘʟʤʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʚ SDO/AIA ʠ GOES. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʦʩʪ ʩʫʙ-ʊɻʮ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʦʩʪ-ʠʤʧʫʣʴʩʥʦʡ ʬʘʟʝ ʚʩʧʳʰʢʠ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʂʋʌ 

ʠʟʣʫʯʝʥʠʝʤ, ʬʦʨʤʠʨʫʝʤʦʤ ʚ ʫʤʝʨʝʥʥʦ ʛʦʨʷʯʝʡ ʧʣʘʟʤʝ (Ḑ1 MK). ʅʘ ʦʩʥʦʚʝ 
ʨʘʩʯʸʪʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʤʝʨʳ ʵʤʠʩʩʠʠ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʧʣʘʟʤʳ ʥʘ 

ʚʩʝʭ ʬʘʟʘʭ ʵʚʦʣʶʮʠʠ ʚʩʧʳʰʢʠ. ʀʩʭʦʜʷ ʠʟ ʤʝʥʴʰʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʨʘʟʥʠʮʳ 

ʤʝʞʜʫ ʨʘʩʩʯʠʪʘʥʥʳʤ ʠ ʥʘʙʣʶʜʘʝʤʳʤ ʧʦʪʦʢʘʤʠ, ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ (ʦʢʦʣʦ 20%) ʦʧʪʠʯʝʩʢʠ ʪʦʥʢʦʡ ʢʦʨʦʥʘʣʴʥʦʡ ʧʣʘʟʤʳ ʚ ʩʫʙ-

ʊɻʮ ʠʟʣʫʯʝʥʠʝ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʤʘʢʩʠʤʫʤ ʧʦʩʪ-ʠʤʧʫʣʴʩʥʦʡ ʬʘʟʳ ʚʩʧʳʰʢʠ. 
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ʅʘʛʘ ɺʘʨʫʥ ɽ. 

ʉʧʝʮʠʘʣʴʥʘʷ ɸʩʪʨʦʬʠʟʠʯʝʩʢʘʷ ʆʙʩʝʨʚʘʪʦʨʠʷ ʈɸʅ, ʅʠʞʥʠʡ ɸʨʭʳʟ, ʈʦʩʩʠʷ 

naga.varuny@gmail.com  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʝʜʘʚʥʠʝ ʥʘʙʣʶʜʝʥʠʷ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʉʦʣʥʮʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʦʛʦ ʩʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨʘ ʚʳʩʦʢʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ɻɻʮ ʜʦ 3 ɻɻʮ ʥʘ ʈɸʊɸʅ 600, ʧʦʢʘʟʘʣʠ 

ʜʝʧʨʝʩʩʠʶ ʚ ʨʘʜʠʦ ʧʦʪʦʢʝ ʚ ʜʠʘʧʘʟʦʥʝ ʦʢʦʣʦ 1.5 ɻɻʮ ï 1,7 ɻɻʮ [1]. 

ʕʤʧʠʨʠʯʝʩʢʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦ ʜʝʧʨʝʩʩʠʷ ʫʩʪʦʡʯʠʚʦ ʥʘʙʣʶʜʘʝʪʩʷ ʠʤʝʥʥʦ 

ʪʘʤ, ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʭʨʦʤʦʩʬʝʨʥʳʝ ʚʦʣʦʢʥʘ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʥʘʜ 

ʘʢʪʠʚʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʠʣʠ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ [1]. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʷʩʥʝʥʠʷ ʜʣʷ 

ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ, ʧʨʝʜʣʦʞʝʥʦ, ʯʪʦ ʪʘʢʦʝ ʧʦʥʠʞʝʥʠʝ ʚ ʧʦʪʦʢʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-

ʟʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʛʣʦʱʝʥʠʝ ʦʪ ʤʦʣʝʢʫʣ ʆʅ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʣʦʜʥʳʭ ʚʦʣʦʢʥʘʭ. ʊʘʢʦʝ ʦʙʲʷʩʥʝʥʠʝ ʙʳʣʦ 

ʝʱʸ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʠʟ ʙʘʟʳ HiTran [1].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʜʝʬʝʢʪʳ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ ʨʘʙʦʪʝ [1] ʠ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʘ ʠ ʚʦʟʤʦʞʥʦʛʦ 

ʦʙʲʷʩʥʝʥʠʷ ʜʣʷ ʥʘʙʣʶʜʘʝʤʦʡ ʜʝʧʨʝʩʩʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʭʘʥʠʟʤ.  

ʍʨʦʤʦʩʬʝʨʥʳʝ ʚʦʣʦʢʥʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʫ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ, ʠʤʝʶʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʢʪʠʚʥʳʤʠ 

ʦʙʣʘʩʪʷʤʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʝʩʣʠ ʯʘʩʪʦʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʥʠʞʝ ʯʘʩʪʦʪʳ 

ʧʣʘʟʤʳ, ʪʦ ʝʩʪʴ ʃʘʥʛʤʶʨʦʚʩʢʦʡ ʯʘʩʪʦʪʳ ʪʦʛʜʘ ʚʦʣʥʳ ʙʫʜʫʪ ʩʠʣʴʥʦ 

ʧʦʛʣʦʱʝʥʳ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʚʦʣʥ 

ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʩʨʘʟʫ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʯʘʩʪʦʪʳ 

ʧʣʘʟʤʳ ʠ ʟʘʪʝʤ ʧʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʨʝʟʢʦ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʣʦʤʣʝʥʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʵʬʬʝʢʪʫ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʢʘʢ 

ʨʘʩʬʦʢʫʩʠʨʫʶʱʠʡ ʦʙʣʘʯʥʳʡ ʵʬʬʝʢʪ (Defocusing Cloud Effect or DCE).  

ʇʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʫʯʸʪʦʤ ʵʬʬʝʢʪʘ DCE ʠ ʧʦʢʘʟʘʥ, 

ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʙʣʶʜʘʝʤʦʝ ʷʚʣʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ.  
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ʅʘʙʣʶʜʘʝʤʦʝ ʧʝʨʚʠʯʥʦʝ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʠ ʚ 

ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʝ ʥʘ ʚʳʩʦʪʝ 15 000 ʢʤ - 70 000 ʢʤ ʦʙʲʷʩʥʷʝʪ ʬʠʟʠʯʝʩʢʠʡ 

ʤʝʭʘʥʠʟʤ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʧʨʦʠʩʭʦʜʠʪ ʦʩʚʦʙʦʞʜʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ 

ʪʦʢʦʚʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʩʦʙʦʡ ʣʠʥʠʠ X-ʪʠʧʘ. ɼʣʷ 

ʠʟʫʯʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʦʜʠʪʴ ʄɻɼ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʝ. ʅʘʡʪʠ ʧʦʣʦʞʝʥʠʷ 

ʪʦʢʦʚʳʭ ʩʣʦʸʚ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʠʩʢʘ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʣʦʞʝʥʠʡ 

ʤʘʢʩʠʤʫʤʦʚ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ. ʇʨʦʙʣʝʤʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʤʘʢʩʠʤʫʤʳ 

ʚʦʟʥʠʢʘʶʪ, ʪʘʢʞʝ, ʚʥʝ ʷʨʢʦʡ ʦʙʣʘʩʪʠ ʚʩʧʳʰʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʘ ʚ ʷʨʢʦʡ 

ʦʙʣʘʩʪʠ ʪʘʢʠʭ ʤʘʢʩʠʤʫʤʦʚ ʥʝ ʦʯʝʥʴ ʤʥʦʛʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʦʙʱʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ. ʏʪʦʙʳ ʧʦʥʷʪʴ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ 

ʥʘʢʦʧʣʝʥʠʠ ʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʚʩʧʳʰʢʠ, ʧʦʜʨʦʙʥʦ ʠʟʫʯʘʝʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʥʘʜ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʴʶ ɸʆ 10365 ʚ ʤʦʤʝʥʪ 02:32:05 ʟʘ ʪʨʠ ʯʘʩʘ ʧʝʨʝʜ 

ʚʩʧʳʰʢʦʡ ʢʣʘʩʩʘ ʄ1.9. ʇʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ 

ʩʦʣʥʝʯʥʦʤʫ ʜʠʩʢʫ ʥʘʙʣʶʜʘʝʤʦʛʦ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʯʘʩʪʦʪʝ 17 

ɻʛʮ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʝ ʅʦʙʝʷʤʘ.  

ʈʠʩʫʥʢʠ 1ʘ-ʝ ʧʦʢʘʟʳʚʘʶʪ ʧʦʷʚʣʝʥʠʝ ʮʝʧʦʯʢʠ ʤʘʢʩʠʤʫʤʦʚ ʧʣʦʪʥʦʩʪʠ 

ʪʦʢʘ, ʦʙʦʟʥʘʯʝʥʥʳʭ ʟʝʣʸʥʳʤ ʮʚʝʪʦʤ, ʩ ʥʦʤʝʨʘʤʠ 145, 149, 148, 150 ʠ 147, 

ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʝ ʚʙʣʠʟʠ ʩʝʨʝʜʠʥʳ ʷʨʢʦʡ ʚʩʧʳʰʝʯʥʦʡ ʦʙʣʘʩʪʠ, ʘ ʥʘ 

ʝʸ ʛʨʘʥʠʮʝ. ʇʦʥʷʪʴ ʩʠʪʫʘʮʠʶ ʧʦʤʦʛʘʝʪ ʧʦʷʚʣʝʥʠʝ ʘʨʢʘʜʳ ʤʘʛʥʠʪʥʳʭ ʣʠʥʠʡ, 

ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤʳ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʮʝʧʦʯʢʠ, ʠ ʘʥʘʣʠʟ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʦʙʣʘʩʪʷʭ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ (12 ʄʤ ʠ 80 

ʄʤ) ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʤʘʛʥʠʪʥʳʭ ʣʠʥʠʷʭ ʘʨʢʘʜʳ (ʈʠʩ. 

1 ʞ-ʞ1). ɺ ʪʦʯʢʘʭ ʥʘ ʚʝʨʰʠʥʝ ʘʨʢʘʜʳ ʠ ʚʙʣʠʟʠ ʮʝʥʪʨʘ ʷʨʢʦʡ ʦʙʣʘʩʪʠ 

ʧʨʝʜʚʩʧʳʰʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʦʟʤʦʞʝʥ ʚʩʧʳʰʝʯʥʳʡ ʧʨʦʮʝʩʩ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ 

ʩʚʦʡʩʪʚʘ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʙʣʠʟʠ ʵʪʠʭ ʪʦʯʝʢ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʧʦʷʚʣʝʥʠʶ ʚʩʧʳʰʝʯʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ. ʇʦʠʩʢ ʘʨʢʘʜ ʩ ʧʦʣʫʯʝʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʢʦʥʬʠʛʫʨʘʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʄɻɼ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʜ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʴʶ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ 

ʬʠʟʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ, ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʡ 
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ʚʩʧʳʰʝʢ, ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʨʦʛʥʦʟʘ ʩʦʣʥʝʯʥʳʭ 

ʚʩʧʳʰʝʢ.  
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ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʦʙʣʘʩʪʷʭ ʩ ʮʝʥʪʨʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ 

ʥʘ ʤʘʛʥʠʪʥʳʭ ʣʠʥʠʷʭ ʘʨʢʘʜʳ  
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ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʚʦʣʥʦʚʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʩʦʣʥʝʯʥʦʡ 

ʚʩʧʳʰʢʠ 14 ʤʘʷ 2024 ʛʦʜʘ, ʥʘʙʣʶʜʘʚʰʝʡʩʷ ʥʘ ʉʠʙʠʨʩʢʦʤ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʝ 

(ʉʈɻ) ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 3-24 ɻɻʮ. ɸʢʪʠʚʥʘʷ ʦʙʣʘʩʪʴ ʥʘʭʦʜʠʣʘʩʴ ʥʘ ʶʛʦ-

ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʣʠʤʙʘ, ʚʩʧʳʰʢʘ ʠʤʝʣʘ GOES ʢʣʘʩʩ X1.7 

(ʠʩʪʦʯʥʠʢ ï NOAA ˉ13664). ʕʪʦ ʧʝʨʚʘʷ ʘʥʘʣʠʟʠʨʫʝʤʘʷ ʧʦ ʜʘʥʥʳʤ ʉʈɻ 

ʚʩʧʳʰʢʘ, ʚ ʢʦʪʦʨʦʡ ʥʘ ʨʘʜʠʦ-ʠʟʦʙʨʘʞʝʥʠʷʭ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʝʰʘʝʪʩʷ 

ʚʩʧʳʰʝʯʥʘʷ ʧʝʪʣʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʚʩʧʳʰʝʯʥʦʡ 

ʧʣʘʟʤʳ ʢʘʢ ʚ ʝʝ ʦʩʥʦʚʘʥʠʷʭ, ʪʘʢ ʠ ʚ ʚʝʨʰʠʥʝ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. 

ʀʩʧʦʣʴʟʫʝʤʳʡ ʘʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʠʷ ʨʘʜʠʦʜʠʘʛʥʦʩʪʠʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʦʜʛʦʥʢʝ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʩ ʧʦʤʦʱʴʶ FastGS Codes [1] ʟʥʘʯʝʥʠʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʧʦʣʷʨʠʟʘʮʠʠ ɻʉ-ʠʟʣʫʯʝʥʠʷ ʢ ʥʘʙʣʶʜʘʝʤʳʤ. ʇʦʜʨʦʙʥʦ 

ʤʝʪʦʜ ʬʠʪʠʨʦʚʘʥʠʷ ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʝ [2]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʠʘʛʥʦʩʪʠʢʠ ʙʳʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʠ ʜʠʥʘʤʠʢʘ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʚʩʧʳʰʢʠ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ, ʫʛʣʘ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʣʫʯʦʤ 

ʟʨʝʥʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʥʦʚ, ʠ 

ʜʨ. ɼʠʘʛʥʦʩʪʠʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʜʣʷ ʜʚʫʭ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʠʪʯ-ʫʛʣʦʚʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ: ʘ) ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ 

ʵʣʝʢʪʨʦʥʦʚ, ʙ) ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʠʟʦʪʨʦʧʥʦʩʪʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 
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ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʥʘʭʦʞʜʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚ 

ʦʮʝʥʢʘʭ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʬʠʪʠʨʦʚʘʥʠʠ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʩʧʝʢʪʨʦʚ ʠʟʣʫʯʝʥʠʷ ʠʟ 

ʚʩʧʳʰʝʯʥʳʭ ʦʙʣʘʩʪʝʡ ʉʦʣʥʮʘ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʢʘʢ ʠʟʦʪʨʦʧʥʦʛʦ, ʪʘʢ ʠ 

ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʦʜʝʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ, ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [1], 

ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʦʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʤʦʜʝʣʴʥʳʭ ʨʘʜʠʦʠʩʪʦʯʥʠʢʦʚ 

ʩ ʨʘʟʥʳʤʠ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʚʢʣʶʯʘʷ ʧʘʨʘʤʝʪʨʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʠʪʯ-

ʫʛʣʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ. ɺʦ ʚʪʦʨʦʡ ʤʦʜʝʣʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʝʨʚʦʡ, ʙʳʣʦ ʟʥʘʯʠʪʝʣʴʥʦ (ʚ ~ 9 ʨʘʟ) ʫʚʝʣʠʯʝʥʦ ʦʪʥʦʰʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ ʢ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʣʷ ʫʩʠʣʝʥʠʷ 

ʵʬʬʝʢʪʘ ʈʘʟʠʥʘ ʠ ʦʮʝʥʢʠ ʝʛʦ ʨʦʣʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʠʘʛʥʦʩʪʠʢʠ.  
ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠʘʛʥʦʩʪʠʢʘ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʘʥʠʟʦʪʨʦʧʥʦʩʪʠ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ 
ʪʦʯʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʦʪʨʦʧʥʳʤ, ʦʩʦʙʝʥʥʦ 
ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʦʜʦʣʴʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ, ʧʨʠʥʷʪʦʡ ʚ ʤʦʜʝʣʠ. ʊʘʢʞʝ 
ʫʩʪʘʥʦʚʣʝʥ ʵʬʬʝʢʪ ʟʘʥʠʞʝʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ (ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 
ʠʟʦʪʨʦʧʠʠ) ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʧʨʦʜʦʣʴʥʦʡ 
ʘʥʠʟʦʪʨʦʧʠʠ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʷʚʣʝʥʠʷ ʫʤʝʥʴʰʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ 
ʧʦʣʷ ʚʦ ʚʨʝʤʷ ʚʩʧʳʰʢʠ, ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [2], ʚ ʢʦʪʦʨʦʡ ʜʠʘʛʥʦʩʪʠʢʘ 
ʧʨʦʚʦʜʠʣʘʩʴ ʠʤʝʥʥʦ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʠʟʦʪʨʦʧʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. 
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ʇʨʦʠʩʭʦʞʜʝʥʠʝ ñʙʝʣʳʭò ʚʩʧʳʰʝʢ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʦʧʪʠʯʝʩʢʦʤ 
ʢʦʥʪʠʥʫʫʤʝ, ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʸʪʩʷ ʩʧʦʨʥʳʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʢʘʢ ʧʦʢʘʟʘʣʠ [1], ʜʣʷ 
ʩʦʙʳʪʠʷ 27 ʷʥʚʘʨʷ 2012 ʛ. ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ  GOES-ʢʣʘʩʩʘ X1.7, 
ʥʘʙʣʶʜʘʚʰʝʛʦʩʷ ʩ ʧʦʤʦʱʴʶ ʩʦʣʥʝʯʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʪʝʣʝʩʢʦʧʘ 
(SOT/Hinode), ʢʦʥʪʠʥʫʫʤ ʛʝʥʝʨʠʨʦʚʘʣʩʷ ʥʘ ʚʳʩʦʪʘʭ ʥʝ ʙʦʣʝʝ ʩʪʘ ʢʠʣʦʤʝʪʨʦʚ 
ʦʪ ʫʨʦʚʥʷ ʬʦʪʦʩʬʝʨʳ  c Ű5000 = 1. ɺ ʨʘʙʦʪʝ [2] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʘʥʘʣʘʭ 
4504,5 ¡ ʠ 4305,0 ¡ ʠʟʣʫʯʝʥʠʝ ʪʘʢʞʝ ʛʝʥʝʨʠʨʫʝʪʩʷ ʚ ʩʧʦʢʦʡʥʦʡ ʬʦʪʦʩʬʝʨʝ ʥʘ 
ʚʳʩʦʪʝ ʦʪ 0 ʜʦ 100 ʢʤ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʦʛʣʘʩʥʦ [3], ʪʝʤʧʝʨʘʪʫʨʘ 
ʬʦʪʦʩʬʝʨʳ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʷ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ. ʍʦʪʷ 
ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʫʢʘʟʘʥʠʡ ʥʘ ʪʦ, ʯʪʦ ʙʝʣʳʝ ʚʩʧʳʰʢʠ ʤʦʛʫʪ 
ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʚ ʬʦʪʦʩʬʝʨʝ [4], ʤʝʭʘʥʠʟʤ ʥʘʛʨʝʚʘ ʬʦʪʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ 
ʦʩʪʘʝʪʩʷ ʜʦ ʢʦʥʮʘ  ʥʝ ʚʳʷʩʥʝʥ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ 
ʤʝʭʘʥʠʟʤʦʚ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʠʟ ʢʦʨʦʥʳ ʚ ʬʦʪʦʩʬʝʨʫ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ 
ʦʧʪʠʯʝʩʢʠʡ ʢʦʥʪʠʥʫʫʤ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ, ʥʘʧʨʠʤʝʨ, ʦʙʨʘʪʥʳʡ ʥʘʛʨʝʚ, 
ʪʝʧʣʦʚʳʝ ʧʦʪʦʢʠ, ʫʩʢʦʨʝʥʥʳʝ ʵʣʝʢʪʨʦʥʳ ʠ/ʠʣʠ ʧʨʦʪʦʥʳ ʠ ʘʣʴʬʚʝʥʦʚʩʢʠʝ 
ʚʦʣʥʳ [5]. 

ʇʝʨʚʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʝ ʚʘʞʥʫʶ ʨʦʣʴ 
ʘʣʴʬʚʝʥʦʚʩʢʠʭ ʚʦʣʥ ʚ ʥʘʛʨʝʚʝ ʩʣʦʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʠʥʠʤʫʤʘ, ʢʦʪʦʨʳʡ 
ʤʦʞʝʪ ʙʳʪʴ ʦʪʚʝʪʩʪʚʝʥʝʥ ʟʘ ʦʧʪʠʯʝʩʢʠʡ ʢʦʥʪʠʥʫʫʤ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ, 
ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʘʙʦʪʝ [6]. ʇʦʟʜʥʝʝ, ʚ ʨʘʙʦʪʝ [7], ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 
ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʝ (10ï100 ʢʤ) ʘʣʴʬʚʝʥʦʚʩʢʠʝ ʚʦʣʥʳ ʩ ʧʝʨʠʦʜʘʤʠ ʦʢʦʣʦ 1 ʩ 
ʤʦʛʫʪ ʥʘʛʨʝʚʘʪʴ ʧʣʘʟʤʫ ʚ ʥʠʞʥʠʭ ʩʣʦʷʭ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʳ (Ṃ 1000 ʢʤ). 
ʆʜʥʘʢʦ, ʵʪʠ ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʠʙʣʠʞʝʥʠʝ WKB (Wentzel-Kramer-
Brillouin) ʠ ʦʛʨʘʥʠʯʠʣʠʩʴ ʦʜʥʦʤʝʨʥʳʤʠ ʤʦʜʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʥʝ ʚʩʝʛʜʘ ʤʦʞʥʦ 
ʩʯʠʪʘʪʴ ʘʜʝʢʚʘʪʥʳʤʠ [8]. 

ʉʦʣʥʝʯʥʘʷ ʘʪʤʦʩʬʝʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʦʜʥʦʨʦʜʥʫʶ ʩʨʝʜʫ, 
ʧʨʦʥʠʟʘʥʥʫʶ ʪʦʥʢʠʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʠʣʦʚʳʤʠ ʪʨʫʙʢʘʤʠ ʩ ʭʘʨʘʢʪʝʨʥʦʡ 
ʰʠʨʠʥʦʡ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʢʠʣʦʤʝʪʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ 
ʨʘʩʧʨʦʩʪʨʘʥʷʪʩʷ ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ (ʄɻɼ) ʚʦʣʥʳ ʨʘʟʥʳʭ ʪʠʧʦʚ. 
ʇʣʦʪʥʦʩʪʴ ʧʣʘʟʤʳ ʚ ʪʘʢʠʭ ʪʨʫʙʢʘʭ ʜʦʚʦʣʴʥʦ ʨʝʟʢʦ ʤʝʥʷʝʪʩʷ ʩ ʚʳʩʦʪʦʡ ʠʟ-ʟʘ 
ʩʪʨʘʪʠʬʠʢʘʮʠʠ, ʦʩʦʙʝʥʥʦ ʥʘ ʫʨʦʚʥʷʭ ʬʦʪʦʩʬʝʨʳ ʠ ʥʠʞʥʝʡ ʭʨʦʤʦʩʬʝʨʳ, ʛʜʝ 
ʭʘʨʘʢʪʝʨʥʘʷ ʰʢʘʣʘ ʚʳʩʦʪ ʠʟʤʝʥʝʥʠʷ  ʧʣʦʪʥʦʩʪʠ  H å 200 ʢʤ [9]. ɺ ʨʝʟʫʣʴʪʘʪʝ, 
ʦʧʠʩʘʥʠʝ ʄɻɼ ʚʦʣʥ ʩ ʧʝʨʠʦʜʘʤʠ, ʧʨʝʚʳʰʘʶʱʠʤʠ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ 
ʩʝʢʫʥʜ, ʚʳʟʳʚʘʝʪ   ʙʦʣʴʰʠʝ ʪʨʫʜʥʦʩʪʠ ʜʘʞʝ ʚ ʣʠʥʝʡʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ [10]. ɺ 
ʯʘʩʪʥʦʩʪʠ, ʨʘʟʜʝʣʝʥʠʝ ʄɻɼ ʚʦʣʥ ʥʘ ʘʣʴʬʚʝʥʦʚʩʢʠʝ, ʙʳʩʪʨʳʝ ʠ ʤʝʜʣʝʥʥʳʝ, 
ʯʪʦ ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʦʜʥʦʨʦʜʥʦʡ ʧʣʘʟʤʳ, ʩʪʘʥʦʚʠʪʩʷ ʚʝʩʴʤʘ ʫʩʣʦʚʥʳʤ, 
ʧʦʩʢʦʣʴʢʫ ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʩʚʦʡʩʪʚʘʤʠ ʨʘʟʥʳʭ ʤʦʜ.  
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ʇʦʵʪʦʤʫ ʜʣʷ ʦʧʠʩʘʥʠʷ ʛʝʥʝʨʘʮʠʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʘʣʴʬʚʝʥʦʚʩʢʦʛʦ 
ʪʠʧʘ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ,  ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʥʝʣʠʥʝʡʥʳʭ 
ʵʬʬʝʢʪʦʚ,  ʥʝʦʙʭʦʜʠʤʦ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʯʠʩʣʝʥʥʦʛʦ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʵʚʦʣʶʮʠʶ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ 
ʘʣʴʬʚʝʥʦʚʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ʩʢʦʨʦʩʪʠ  ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ ʠʟ ʢʦʨʦʥʳ ʚ 
ʬʦʪʦʩʬʝʨʫ  ʥʘ ʦʩʥʦʚʝ 2,5-ʤʝʨʥʦʛʦ (2,5-D) ʯʠʩʣʝʥʥʦʛʦ ʄɻɼ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ 
ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʝʘʣʠʩʪʠʯʥʘʷ, ʨʘʚʥʦʚʝʩʥʘʷ ʤʘʛʥʠʪʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ 
(ʤʘʛʥʠʪʥʘʷ ʘʨʢʘʜʘ), ʧʦʛʨʫʞʝʥʥʘʷ ʚ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʫʶ ʘʪʤʦʩʬʝʨʫ [9], 
ʢʦʪʦʨʘʷ ʚʦʟʤʫʱʘʣʘʩʴ ʧʦʧʝʨʝʯʥʳʤ ʠʤʧʫʣʴʩʦʤ ʩʢʦʨʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʘʢʩʠʤʫʤʘ 
ʘʣʴʬʚʝʥʦʚʩʢʦʛʦ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʦʪ ʢʦʨʦʥʳ ʜʦ ʬʦʪʦʩʬʝʨʳ, ʩʦʩʪʘʚʣʷʝʪ t å 120 
ʩ, ʯʪʦ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ ʥʘʙʣʶʜʘʝʤʳʭ ʭʘʨʘʢʪʝʨʥʳʭ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ 
ʤʝʞʜʫ ʞʝʩʪʢʠʤ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠ ʦʧʪʠʯʝʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ ʚʩʧʳʰʝʢ (Ḑ1 ʤʠʥ,  
[11]). ʉʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʦʢʘʟʘʣʘʩʴ 
ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʣʦʢʘʣʴʥʦʡ ʘʣʴʬʚʝʥʦʚʩʢʦʡ ʩʢʦʨʦʩʪʠ ʚ ʢʦʨʦʥʝ ʠ 
ʭʨʦʤʦʩʬʝʨʝ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʚʦʣʥ ʠ 
ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʢʣʘʜ ʚʦʣʥ 
ʘʣʴʬʚʝʥʦʚʩʢʦʛʦ ʪʠʧʘ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʚ ʢʦʨʦʥʝ, ʚ ʥʘʛʨʝʚ ʩʦʣʥʝʯʥʦʡ ʬʦʪʦʩʬʝʨʳ 
ʜʦʣʞʝʥ ʙʳʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ. 
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ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʬʠʟʠʯʝʩʢʠʝ ʤʦʜʝʣʠ [1-6] 

ʚʩʧʳʰʝʯʥʦʛʦ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚ ʙʝʩʩʠʣʦʚʳʭ ʤʘʛʥʠʪʥʳʭ ʞʛʫʪʘʭ ʩ ʨʘʟʣʠʯʥʦʡ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʦʡ ʪʦʢʦʚ (ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ.1ʘ,ʙ,ʚ). ʄʝʭʘʥʠʟʤ ʚʩʧʳʰʢʠ ʚ 

ʞʛʫʪʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʝʛʦ ʪʦʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ: ʩ ʚʳʭʦʜʦʤ ʩʢʨʫʯʝʥʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʧʝʪʣʠ-ʞʛʫʪʘ ʚ ʢʦʨʦʥʫ ʚʥʝʰʥʝʝ ʜʘʚʣʝʥʠʝ, ʫʜʝʨʞʠʚʘʶʱʝʝ ʝʸ ʦʪ 

ʙʦʢʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʥʝʫʢʣʦʥʥʦ ʧʘʜʘʝʪ. ʇʨʠ ʢʨʠʪʠʯʝʩʢʠ ʥʠʟʢʦʤ ʝʛʦ ʟʥʘʯʝʥʠʠ 

ʧʨʦʜʦʣʴʥʦʝ ʧʦʣʝ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʤʝʥʳ ʟʥʘʢʘ ʪʦʢʦʚ, ʘ 

ʙʝʩʩʠʣʦʚʦʡ ʧʘʨʘʤʝʪʨ ʠ ʘʟʠʤʫʪʘʣʴʥʳʡ ʪʦʢ ʚʙʣʠʟʠ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʨʘʩʪʫʪ, ʧʨʠʙʣʠʞʘʷʩʴ ʢ ʨʘʟʨʳʚʫ. ʕʪʦ ʚʦʟʙʫʞʜʘʝʪ ʚ ʞʛʫʪʝ 

ʧʣʘʟʤʝʥʥʫʶ ʠʦʥʥʦ-ʟʚʫʢʦʚʫʶ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ, ʯʪʦ ʠ ʩʣʫʞʠʪ ʪʨʠʛʛʝʨʦʤ ʚʩʧʳʰʢʠ 

ʚʩʣʝʜʩʪʚʠʝ ʨʝʟʢʦʛʦ ʧʘʜʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ. ɹʳʩʪʨʘʷ ʜʠʩʩʠʧʘʮʠʷ ʧʦʣʷ ʥʘ 

ʘʥʦʤʘʣʴʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʠ ʚʳʨʘʚʥʠʚʘʥʠʝ ʩʢʨʫʯʠʚʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʚʜʦʣʴ ʦʩʠ 

ʞʛʫʪʘ (ʵʬʬʝʢʪ ʇʘʨʢʝʨʘ) ʧʨʠʚʦʜʷʪ ʢ ʢʦʣʝʙʘʥʠʷʤ ʢʘʢ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ, ʪʘʢ ʠ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʞʛʫʪʘ. ʈʘʩʯʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ ʩ 

ʧʝʨʝʤʝʥʥʦʡ ʤʘʛʥʠʪʥʦʡ ʞʝʩʪʢʦʩʪʴʶ ʜʘʝʪ ʥʝ ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥʥʦʝ, ʥʦ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʛʣʘʩʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʩ ʥʘʙʣʶʜʝʥʠʷʤʠ (ʈʠʩ. 2 ʘ,ʙ). 

 

 

 

 

ʈʠʩ.1ʘ. ʆʪʨʝʟʦʢ 

ʩʣʘʙʦʠʟʦʛʥʫʪʦʡ ʤʘʛʥʠʪʥʦʡ 

ʧʝʪʣʠ (ʤʦʜʝʣʴ ʇʘʨʢʝʨʘ). ʇʦʣʝ

,z exɺ ʫʜʝʨʞʠʚʘʝʪ ʞʛʫʪ ʦʪ 

ʙʦʢʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. Tʦʢ 

ʤʘʢʩʠʤʘʣʝʥ ʥʘ ʦʩʠ, ʤʝʥʷʝʪ 

ʟʥʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ  0kr kr=  

ʈʠʩ.1ʙ. ʇʨʦʜʦʣʴʥʳʡ ʪʦʢ 

ʤʘʢʩʠʤʘʣʝʥ ʥʘ ʧʝʨʠʬʝʨʠʠ 

ʙʝʩʩʠʣʦʚʦʛʦ ʞʛʫʪʘ, ʤʝʥʷʝʪ 

ʟʥʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ CIS ï 

current inversion surface 

0kr kr=  

ʈʠʩ.1ʚ. ɺ ʵʪʦʡ ʤʦʜʝʣʠ 

ʧʨʦʜʦʣʴʥʳʡ ʪʦʢ ʨʘʚʝʥ ʥʫʣʶ ʥʘ 

ʦʩʠ ʠ ʥʘ ʧʝʨʠʬʝʨʠʠ ʞʛʫʪʘ, ʦʥ 

ʩʦʩʨʝʜʦʪʦʯʝʥ ʚʥʫʪʨʠ ʞʛʫʪʘ 

ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʤʝʥʳ 

ʟʥʘʢʘ ʪʦʢʦʚ. 
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ʈʠʩ.2ʘ. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ 

ʧʫʣʴʩʘʮʠʡ ʠʟʣʫʯʝʥʠʷ ʩ 7-ʶ ʧʠʢʘʤʠ ʚ 

ʙʝʩʩʠʣʦʚʦʤ ʞʛʫʪʝ ʩ ʧʝʨʝʤʝʥʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʞʝʩʪʢʦʩʪʴʶ 

ʈʠʩ.2ʙ. ʅʘʙʣʶʜʘʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʧʦʪʦʢʘʭ 

ʠʟʣʫʯʝʥʠʷ ʚ ʨʘʟʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʩ ʪʝʤʠ ʞʝ 7-ʶ 

ʧʠʢʘʤʠ, ʦʪ ʚʩʧʳʰʢʠ 1980 June 7, ʩʦʛʣʘʩʥʦ 

Kane S. et al. Astrophys. J. 271, 376, 1983 
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ʀʩʩʣʝʜʫʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʥʘʛʨʝʚʘ ʷʨʢʠʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ 
ʪʦʯʝʢ (ʗʈʊ) ʥʘ ʉʦʣʥʮʝ, ʩ ʢʦʪʦʨʳʤʠ ʩʚʷʟʳʚʘʶʪ ʤʠʢʨʦ- ʠ ʥʘʥʦ-ʚʩʧʳʰʢʠ ʚ 
ʢʦʨʦʥʘʣʴʥʳʭ ʜʳʨʘʭ ʠ ʩʧʦʢʦʡʥʳʭ ʦʙʣʘʩʪʷʭ, ʥʘʛʨʝʚ ʢʦʨʦʥʳ, ʜʞʝʪʳ ʠ ʵʨʫʧʮʠʠ 
ʧʣʘʟʤʳ. ʀʟ ʥʘʙʣʶʜʝʥʠʡ ʚ ʨʝʥʪʛʝʥʦʚʩʢʦʤ, ʨʘʜʠʦ ʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ 
ʜʠʘʧʘʟʦʥʘʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʗʈʊ ʩʦʩʪʦʷʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʘʢʪʥʳʭ ʤʘʛʥʠʪʥʳʭ 
ʧʝʪʝʣʴ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʢʦʨʦʥʘʣʴʥʳʭ ʧʝʪʝʣʴ ʘʢʪʠʚʥʳʭ 
ʦʙʣʘʩʪʝʡ, ʥʦ ʩʦʜʝʨʞʘʪ ʥʘʛʨʝʪʫʶ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ (1,5-4,4) ʄʂ ʧʣʘʟʤʫ ʩ 
ʧʣʦʪʥʦʩʪʴʶ ʦʢʦʣʦ 10

9
-10

10
 ʩʤ

-3
 ʠ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ 30-200 ɻʩ. ɺʨʝʤʷ ʞʠʟʥʠ 

ʗʈʊ ʦʪ 8 ʜʦ 30 ʯʘʩʦʚ, ʯʪʦ ʧʦʨʷʜʢʘ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʷʯʝʝʢ ʩʦʣʥʝʯʥʦʡ 
ʩʫʧʝʨʛʨʘʥʫʣʷʮʠʠ. ʏʠʩʣʦ ʚʥʦʚʴ ʚʦʟʥʠʢʘʶʱʠʭ ʗʈʊ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1500 ʚ 
ʜʝʥʴ ʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʦʥʠ ʚ ʦʩʥʦʚʥʦʤ ʚʙʣʠʟʠ ʵʢʚʘʪʦʨʘ (Ñ30Á). ʗʈʊ 
ʧʨʦʩʪʠʨʘʶʪʩʷ ʜʦ ʢʦʨʦʥʳ, ʠ ʚʠʜʥʳ ʚ ʨʘʜʠʦʜʠʘʧʘʟʦʥʝ, ʧʦʵʪʦʤʫ ʯʘʩʪʦ ʠʭ 
ʥʘʟʳʚʘʶʪ çʢʦʨʦʥʘʣʴʥʳʝ ʷʨʢʠʝ ʪʦʯʢʠè.  
ʆʙʨʘʟʦʚʘʥʠʝ ʗʈʊ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʤʦʜʝʣʝʡ ʩʚʷʟʳʚʘʶʪ ʩ ʧʨʦʮʝʩʩʦʤ 

ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʚ ʢʦʨʦʥʝ (ʩʤ, ʥʘʧʨʠʤʝʨ, [1]). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 
ʚ [2,3] ʧʦʷʚʣʝʥʠʝ ʗʈʊ ʦʙʲʷʩʥʷʣʦʩʴ ʜʞʦʫʣʝʚʦʡ ʜʠʩʩʠʧʘʮʠʝʡ ʪʦʢʦʚ I Ó 10

9
 A ʚ 

ʢʦʨʦʥʘʣʴʥʦʡ ʯʘʩʪʠ ʧʝʪʝʣʴ ʗʈʊ. ʇʨʠ ʵʪʦʤ ʠʟ-ʟʘ ʤʘʣʦʡ ʚʝʣʠʯʠʥʳ 
ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʉʧʠʪʮʝʨʘ ʙʳʣʦ ʧʨʠʚʣʝʯʝʥʦ ʘʥʦʤʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, 
ʚʳʟʚʘʥʥʦʝ ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʡ ʠʦʥʥʦ-ʟʚʫʢʦʚʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ. ʆʜʥʘʢʦ ʜʣʷ 
ʝʸ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʬʠʣʘʤʝʥʪʘʮʠʷ ʪʦʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ʚ 
ʧʝʪʣʷʭ.  
ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʥʘʤʠ ʤʦʜʝʣʠ ʪʦʢʦʥʝʩʫʱʠʝ ʧʝʪʣʠ ʗʈʊ ʬʦʨʤʠʨʫʶʪʩʷ ʟʘ 

ʩʯʝʪ ʫʚʣʝʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʬʦʪʦʩʬʝʨʥʦʡ ʢʦʥʚʝʢʮʠʝʡ, ʘ ʠʭ ʦʩʥʦʚʘʥʠʷ 
ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʤʝʞʛʨʘʥʫʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʛʜʝ ʠʤʝʶʪʩʷ ʩʭʦʜʷʱʠʝʩʷ 
ʧʦʪʦʢʠ ʬʦʪʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ. ʀʩʩʣʝʜʦʚʘʥʘ ʩʪʘʮʠʦʥʘʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʝʪʝʣʴ 
ʗʈʊ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʘ ʦʩʠ ʤʘʛʥʠʪʥʦʡ ʪʨʫʙʢʠ ʤʥʦʛʦ 
ʙʦʣʴʰʝ ʧʦʣʷ ʚʥʝ ʪʨʫʙʢʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʥʘʛʨʝʚ ʤʘʛʥʠʪʥʳʭ ʧʝʪʝʣʴ 
ʗʈʊ ʧʨʠ ʜʞʦʫʣʝʚʦʡ ʜʠʩʩʠʧʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʚ ʢʦʨʦʥʝ, ʘ ʚ ʭʨʦʤʦʩʬʝʨʝ, ʛʜʝ 
ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʂʘʫʣʠʥʛʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʩʦʫʜʘʨʝʥʠʷʤʠ ʠʦʥʦʚ ʩ ʥʝʡʪʨʘʣʘʤʠ, 
ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʉʧʠʪʮʝʨʘ. ʅʘ ʧʨʠʤʝʨʝ ʫʣʴʪʨʘʪʦʥʢʦʡ 
( 1ͯ00 ʢʤ) ʤʘʛʥʠʪʥʦʡ ʧʝʪʣʠ [4] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʣʘʟʤʘ ʚ ʪʘʢʠʭ ʧʝʪʣʷʭ 
ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨ (2-4) ʄʂ ʟʘ ʩʯʝʪ ʜʠʩʩʠʧʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʦʢʦʚ, 
I 10

9
 A, ʛʝʥʝʨʠʨʫʝʤʳʭ ʚʥʫʪʨʠ ʧʝʪʝʣʴ ʬʦʪʦʩʬʝʨʥʦʡ ʢʦʥʚʝʢʮʠʝʡ. ʆʮʝʥʝʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʣʘʟʤʳ ʚ ʪʘʢʠʭ ʧʝʪʣʷʭ, n  109-10
10

 ʩʤ
-3
, ʢʦʪʦʨʘʷ ʤʝʥʴʰʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʨʫʞʘʶʱʝʡ ʭʨʦʤʦʩʬʝʨʳ. ʇʦʩʢʦʣʴʢʫ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʧʝʪʣʠ 
ʚʜʦʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʧʦʧʝʨʸʢ ʧʦʣʷ, ʧʝʪʣʷ ʙʳʩʪʨʦ 
ʧʨʦʛʨʝʚʘʝʪʩʷ ʠ ʥʘ ʢʦʨʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ. ʇʨʠ ʵʪʦʤ ʤʘʛʥʠʪʥʘʷ ʧʝʪʣʷ 
ʠʟʦʪʝʨʤʠʯʥʘ ʝʩʣʠ ʝʸ ʜʣʠʥʘ L<3Ĭ10

9
 ʩʤ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʥʘʛʨʝʚʘ 
ʤʘʛʥʠʪʥʳʭ ʧʝʪʝʣʴ ʗʈʊ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʜʠʩʩʠʧʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʦʢʦʚ ʚ 
ʫʩʣʦʚʠʷʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʂʘʫʣʠʥʛʘ ʩʧʦʩʦʙʥʳ ʦʙʲʷʩʥʠʪʴ ʦʩʥʦʚʥʳʝ 
ʥʘʙʣʶʜʘʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʗʈʊ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʚʝʣʠʯʠʥʘʭ 
ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʦʢʦʚ, ~ 10

9
ɸ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʦʢʘʤʠ ʚʩʧʳʰʝʯʥʦ-ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ (1011-1012ɸ). 
ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʅʌ 22-12-00308-ʇ. 
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ɺʚʝʜʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʣʥʝʯʥʳʭ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʠ ʧʦʩʪʨʦʝʥʠʝ 

ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʘʪʤʦʩʬʝʨʳ ʥʘʜ ʧʷʪʥʘʤʠ ʦʩʪʘʸʪʩʷ ʦʜʥʦʡ ʠʟ 

ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʩʦʣʥʝʯʥʦʡ ʬʠʟʠʢʠ. ɸʪʤʦʩʬʝʨʘ ʥʘʜ ʧʷʪʥʘʤʠ ʠʤʝʝʪ ʩʣʦʞʥʫʶ 

ʩʪʨʫʢʪʫʨʫ: ʦʪ ʬʦʪʦʩʬʝʨʳ ʯʝʨʝʟ ʭʨʦʤʦʩʬʝʨʫ ʢ ʧʝʨʝʭʦʜʥʦʡ ʦʙʣʘʩʪʠ ʠ ʥʠʞʥʝʡ 

ʢʦʨʦʥʝ ʧʘʨʘʤʝʪʨʳ ʧʣʘʟʤʳ ʩʠʣʴʥʦ ʠʟʤʝʥʷʶʪʩʷ: ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʨʘʩʪʘʝʪ ʦʪ 

~6Ŀ10į K ʜʦ ~10  K, ʘ ʧʣʦʪʥʦʩʪʴ ʧʘʜʘʝʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ. ʇʦʣʦʞʝʥʠʝ 

ʧʝʨʝʭʦʜʥʦʡ ʦʙʣʘʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʣʦʢʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʝʸ ʚʳʩʦʪʘ ʥʘʜ ʪʝʥʴʶ ʠ ʧʦʣʫʪʝʥʴʶ ʨʘʟʣʠʯʘʝʪʩʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʚʳʨʘʞʝʥʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, 

ʫʩʣʦʞʥʷʶʱʝʡ ʧʦʩʪʨʦʝʥʠʝ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʘʪʤʦʩʬʝʨʳ. ɺ ʨʘʙʦʪʝ 

ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʘʪʤʦʩʬʝʨʳ ð ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʯʘʩʪʠʯʥʦ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ ð ʥʘ ʦʩʥʦʚʝ ʨʘʜʠʦʥʘʙʣʶʜʝʥʠʡ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʥʘ ʈɸʊɸʅ-600 ʠ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  

ʄʝʪʦʜʠʢʘ 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʸʭʤʝʨʥʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ 

NLFFF (Non-Linear Force-Free Field), ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʬʦʪʦʩʬʝʨʥʳʭ 

ʜʘʥʥʳʭ SDO/HMI. ɸʪʤʦʩʬʝʨʘ ʥʘʜ ʧʷʪʥʦʤ ʟʘʜʘʸʪʩʷ ʥʘʙʦʨʦʤ ʚʳʩʦʪʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʦ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʵʣʝʢʪʨʦʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʣʦʪʥʦʩʪʠ (T,N). ɼʣʷ ʢʘʞʜʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚʢʣʘʜ ʚ ʧʦʣʥʳʡ ʧʦʪʦʢ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ 

ʯʘʩʪʦʪʘʭ ʚ ʜʚʫʭ ʧʦʣʷʨʠʟʘʮʠʷʭ. ʈʘʩʩʯʠʪʘʥʥʳʡ ʧʦʪʦʢ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ 

ʥʘʙʣʶʜʘʝʤʳʤʠ ʜʘʥʥʳʤʠ. ʇʦʩʢʦʣʴʢʫ ʠʩʢʦʤʳʝ (T,N) ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʥʘʯʘʣʴʥʳʭ, ʩʦʩʪʘʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʢʮʠʠ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʥʝʢʦʨʨʝʢʪʥʦʡ 

ʟʘʜʘʯʝʡ, ʠ ʚʚʦʜʷʪʩʷ ʨʝʛʫʣʷʨʠʟʠʨʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ, ʥʝ ʧʦʟʚʦʣʷʶʱʠʝ 

ʪʝʤʧʝʨʘʪʫʨʘʤ ʚ ʩʦʩʝʜʥʠʭ ʠʥʪʝʨʚʘʣʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ. 

ʇʨʠ ʦʙʱʝʤ ʢʦʣʠʯʝʩʪʚʝ ʯʘʩʪʦʪ, ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʘ ʚʳʩʦʪʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ, ʩʠʩʪʝʤʘ ʧʝʨʝʦʧʨʝʜʝʣʝʥʘ ʠ ʨʝʰʘʝʪʩʷ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ. ɼʘʣʝʝ (T,N) ʢʦʨʨʝʢʪʠʨʫʶʪʩʷ ʠ ʘʣʛʦʨʠʪʤ ʧʨʠʤʝʥʷʝʪʩʷ 

ʠʪʝʨʘʮʠʦʥʥʦ ʢ ʥʦʚʳʤ ʟʥʘʯʝʥʠʷʤ (T,N) ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʩʦʛʣʘʩʠʷ ʤʝʞʜʫ 

ʤʦʜʝʣʴʥʳʤ ʠ ʥʘʙʣʶʜʘʝʤʳʤ ʩʧʝʢʪʨʘʤʠ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʚʝʨʩʠʠ ʘʣʛʦʨʠʪʤʘ [1], ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʚʥʝʩʸʥ ʨʷʜ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ. ʋʪʦʯʥʸʥ ʤʝʭʘʥʠʟʤ 

ʨʝʛʫʣʷʨʠʟʘʮʠʠ: ʢ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʤʥʦʞʠʪʝʣʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦʙʘʚʣʷʝʪʩʷ ʫʩʣʦʚʠʝ ʩʛʣʘʞʠʚʘʥʠʷ ʧʨʦʬʠʣʷ ʚ ʩʦʩʝʜʥʠʭ 

ʠʥʪʝʨʚʘʣʘʭ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʠʟʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʣʫʯʘʝʤʦʛʦ 
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ʨʝʰʝʥʠʷ. ʄʝʪʦʜ ʦʙʦʙʱʸʥ ʥʘ ʩʣʫʯʘʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʘʢʪʠʚʥʦʡ 

ʦʙʣʘʩʪʠ: ʦʪʜʝʣʴʥʦ ʩʪʨʦʷʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʳʩʦʪʥʳʝ ʧʨʦʬʠʣʠ ʥʘʜ ʪʝʥʴʶ ʠ 

ʥʘʜ ʧʦʣʫʪʝʥʴʶ. ʊʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʠʝ ʫʩʣʦʚʠʡ ʚ 

ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʧʷʪʥʘ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʈʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʧʦʣʦʞʝʥʠʡ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ.  

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʢ ʰʫʤʫ ʚ 

ʥʘʙʣʶʜʘʝʤʳʭ ʩʧʝʢʪʨʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʦʜ ʩʦʭʨʘʥʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ 

ʢʦʨʦʥʘʣʴʥʳʭ ʩʣʦʷʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʭʦʜʥʦʡ 

ʦʙʣʘʩʪʠ ʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʦ ʚʣʠʷʥʠʶ ʧʦʛʨʝʰʥʦʩʪʝʡ. ɿʘ ʩʯʸʪ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʫ ʦʩʥʦʚʘʥʠʷ ʢʦʨʦʥʳ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʥʝ ʪʦʣʴʢʦ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦʬʠʣʴ, ʥʦ ʠ ʦʮʝʥʠʚʘʪʴ ʵʣʝʢʪʨʦʥʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚ 

ʥʠʞʥʝʢʦʨʦʥʘʣʴʥʳʭ ʩʣʦʷʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʚʳʚʦʜʳ 

ʄʝʪʦʜ ʧʨʠʤʝʥʝʥ ʢ ʥʝʩʢʦʣʴʢʠʤ ʘʢʪʠʚʥʳʤ ʦʙʣʘʩʪʤ̫, ʜʣʷ ʢʦʪʦʨʳʭ 

ʧʦʩʪʨʦʝʥʳ ʧʨʦʬʠʣʠ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʛʣʘʩʦʚʘʥʥʳʝ ʩ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʠ ʨʘʜʠʦʥʘʙʣʶʜʝʥʠʷʤʠ ʥʘ ʈɸʊɸʅ-

600. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʘʪʤʦʩʬʝʨʳ ʥʘʜ ʧʷʪʥʦʤ ʥʦʩʠʪ ʚʳʨʘʞʝʥʥʦ 

ʥʝʦʜʥʦʨʦʜʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʝʨʝʭʦʜʥʘʷ ʦʙʣʘʩʪʴ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʠʞʝ ʥʘʜ ʪʝʥʴʶ 

ʠ ʚʳʰʝ ʥʘʜ ʧʦʣʫʪʝʥʴʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʨʘʟʤʳʪʦʩʪʠ ʛʨʘʥʠʮ. ʇʦʣʫʯʝʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʠʞʥʝʡ ʢʦʨʦʥʳ ʩʦʩʪʘʚʣʷʝʪ 

2ï2,5 ʄʂ, ʧʣʦʪʥʦʩʪʴ 1ï5Ā10
9
 ʩʤ

-3
, ʘ ʚʳʩʦʪʘ ʧʝʨʝʭʦʜʥʦʡ ʦʙʣʘʩʪʠ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 1ï2 ʄʤ.  

ɺʥʝʩʸʥʥʳʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʣʠ: ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʬʠʣʷ ʟʘ ʩʯʸʪ ʨʝʛʫʣʷʨʠʟʘʮʠʠ; 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʜʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʝʥʠ ʠ ʧʦʣʫʪʝʥʠ; ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʟʘ 

ʩʯʸʪ ʫʯʸʪʘ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʝʢ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ 

ʩʪʨʫʢʪʫʨʝ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʳ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ 

ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʢ ʜʘʥʥʳʤ ʢʘʢ ʦʜʥʦʤʝʨʥʳʭ, ʪʘʢ ʠ ʜʚʫʤʝʨʥʳʭ 

ʨʘʜʠʦʥʘʙʣʶʜʝʥʠʡ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
[1] Stupishin A.G. et al. Determination of the Solar Atmosphere Parameters above Active 

Regions by Radio Observations // Solar Physics. V. 293. I. 1. P. 13. 2018.  
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ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʨʘʜʠʦʪʝʣʝʩʢʦʧʳ ʈʊ-

32 ʀʇɸ ʈɸʅ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʩ 1996 ʛ, ʧʦʯʪʠ ʩ ʤʦʤʝʥʪʘ ʩʚʦʝʛʦ ʩʦʟʜʘʥʠʷ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʫʯʘʩʪʠʝ ʦʛʨʘʥʠʯʠʚʘʣʦʩʴ ʥʘʙʣʶʜʝʥʠʷʤʠ ʩʦʣʥʝʯʥʳʭ ʟʘʪʤʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʭʚʘʪʳʚʘʶʪ ʫʞʝ ʜʚʘ 11-ʣʝʪʥʠʭ ʮʠʢʣʘ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (1999-2022 ʛʛ.). ʆʜʥʘʢʦ ʩʦʣʥʝʯʥʳʝ ʟʘʪʤʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʨʝʜʢʠʤ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʚʠʜʦʤ ʥʘʙʣʶʜʝʥʠʡ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʥʘʙʦʨʘ ʩʣʝʞʝʥʠʡ ʟʘ ʧʦʢʨʳʪʠʝʤ/ʦʪʢʨʳʪʠʝʤ ʃʫʥʦʡ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ 

ʉʦʣʥʮʘ. ʀ ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʉʦʣʥʮʘ ʢʘʢ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʪʷʞʝʥʥʦʛʦ, ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʠ ʚʝʩʴʤʘ ʧʝʨʝʤʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ ʨʝʛʫʣʷʨʥʦʝ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʢʘʢ ʜʠʩʢʘ ʉʦʣʥʮʘ, ʪʘʢ ʠ ʝʛʦ ʢʦʨʦʥʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ. 

ʇʦʩʢʦʣʴʢʫ ʠʩʭʦʜʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʢʦʤʧʴʶʪʝʨʘ ʨʘʜʠʦʪʝʣʝʩʢʦʧʘ ʥʝ ʠʤʝʣʦ ʪʘʢʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ,  ʚ 2024 ʛ. ʙʳʣʘ 

ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʤʘʪʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ 

ʥʘʙʣʶʜʝʥʠʷ ʉʦʣʥʮʘ. ɿʘʧʣʘʥʠʨʦʚʘʥʘ ʨʝʘʣʠʟʘʮʠʷ ʜʚʫʭ ʤʝʪʦʜʦʚ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ï ʨʘʩʪʨʦʚʦʛʦ ʜʣʷ ʮʝʥʪʨʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʜʠʩʢʘ ʉʦʣʥʮʘ ʠ 

ʢʨʫʛʦʚʦʛʦ ï ʜʣʷ ʧʨʠʣʠʤʙʦʚʦʡ ʟʦʥʳ. ʇʦʩʣʝʜʥʝʝ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦ ʜʣʷ 

ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʈʊ-32. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ (ʘʧʨʝʣʴ 2024 ʛ. ï ʬʝʚʨʘʣʴ 2025 ʛ.) ʥʘ ʈʊ-32  (ʦʙʩ. 

ʉʚʝʪʣʦʝ) ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʡ, ʥʦ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʚ 

ʠʩʧʦʣʥʝʥʠʠ ʜʠʩʢʨʝʪʥʳʡ ʚʘʨʠʘʥʪ ʢʨʫʛʦʚʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ï ʢʚʘʟʠʢʨʫʛʦʚʦʝ 

ʩʢʘʥʠʨʦʚʘʥʠʝ, ʢʦʛʜʘ ʪʝʣʝʩʢʦʧ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʪʩʣʝʞʠʚʘʝʪ ʨʷʜ ʪʦʯʝʢ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʢʨʫʛʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʜʠʩʢʘ ʉʦʣʥʮʘ. ʅʘ ʧʨʠʤʝʨʝ 11 

ʥʘʙʣʶʜʝʥʠʡ ʥʘ 3.5 ʩʤ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʟʘʤʝʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʜʠʩʢʝ ʉʦʣʥʮʘ, ʥʦ ʠ ʜʘʣʝʢʦ ʟʘ ʝʛʦ ʣʠʤʙʦʤ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʥʘʙʣʶʜʘʝʤʳʭ ʚʙʣʠʟʠ ʣʠʤʙʘ ʦʙʲʝʢʪʦʚ ʩʚʷʟʘʥʳ ʩ 

ʘʢʪʠʚʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʠ ʠʭ ʧʷʪʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʥʘ ʜʠʩʢʝ ʉʦʣʥʮʘ ʠʣʠ 

ʛʦʨʷʯʠʤʠ (ʚʩʧʳʰʝʯʥʳʤʠ) ʧʝʪʣʷʤʠ ʥʘʜ ʥʠʤʠ, ʘ ʪʘʢʞʝ ʭʦʣʦʜʥʳʤʠ 

ʧʨʦʪʫʙʝʨʘʥʮʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʥʘʙʣʶʜʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʢʦʥʬʝʨʝʥʮʠʷʭ çʉʉɿʌ-2024è ʠ çʂɺʅʆ-2025è ʠ ʧʨʠʥʷʪʳ ʢ ʧʫʙʣʠʢʘʮʠʠ [1, 2]. 

ʅʘ ʚʪʦʨʦʤ, ʪʝʢʫʱʝʤ ʵʪʘʧʝ ʨʘʙʦʪʳ (ʩ ʘʧʨʝʣʷ 2025 ʛ. ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ) 

ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʩʪʘʥʜʘʨʪʥʦʝ ʢʨʫʛʦʚʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ, ʢʦʛʜʘ ʜʠʘʛʨʘʤʤʘ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʪʝʣʝʩʢʦʧʘ ʜʚʠʞʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦ ʧʦ ʦʢʨʫʞʥʦʩʪʠ. ɽʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʫʩʢʦʨʠʪʴ 

ʧʨʦʮʝʩʩ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ. ɹʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʝʥʘ ʥʘʙʣʶʜʘʪʝʣʴʥʘʷ 

mailto:topchilona@yandex.ru
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ʙʘʟʘ (ʙʦʣʝʝ 30 ʜʥʝʡ ʥʘʙʣʶʜʝʥʠʷ), ʫʚʝʣʠʯʝʥ ʜʠʘʧʘʟʦʥ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʚʳʩʦʪ 

(ʩ 8 ʜʦ 16 ʫʛʣʦʚʳʭ ʤʠʥʫʪ ʥʘʜ ʣʠʤʙʦʤ ʉʦʣʥʮʘ). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʧʦʣʥʳʡ ʜʠʩʢ ʉʦʣʥʮʘ. ʇʦʜʪʚʝʨʞʜʝʥʳ ʠ ʨʘʩʰʠʨʝʥʳ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʩ ʧʦʤʦʱʴʶ ʢʚʘʟʠʢʨʫʛʦʚʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʯʘʩʪʠʯʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ çɺʈʂ-2025è. 

ɺ ʜʦʢʣʘʜʝ ʧʨʦʜʦʣʞʝʥ ʘʥʘʣʠʟ ʥʦʚʳʭ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʠʙʦʣʝʝ 

ʠʥʪʝʨʝʩʥʳʝ ʠ ʵʬʬʝʢʪʥʳʝ ʧʨʠʤʝʨʳ ʥʘʙʣʶʜʝʥʠʡ (ʩʤ. ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ʇʨʠʤʝʨʳ ʥʘʙʣʶʜʝʥʠʡ ʠʩʪʦʯʥʠʢʦʚ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ. 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʚʳʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ, ʚʦʟʨʦʩʰʘʷ ʩʢʦʨʦʩʪʴ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʘʪʴ ʧʦ 2-3 ʧʦʣʥʳʝ ʢʘʨʪʳ ʚ 

ʜʝʥʴ, ʘ ʪʘʢʞʝ ʦʪʩʣʝʞʠʚʘʪʴ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʦ ʨʘʜʠʫʩʫ ʧʨʠʣʠʤʙʦʚʦʡ ʟʦʥʝ 

ʠʟʤʝʥʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ (3.5 

ʤʠʥʫʪʳ ʥʘ ʧʦʣʥʳʡ ʩʢʘʥ). 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʈʘʭʠʤʦʚ ʀ.ɸ., ɸʥʜʨʝʝʚʘ T.C., ʄʠʭʘʡʣʦʚ ɸ.ɻ., ʊʦʧʯʠʣʦ ʅ.ɸ., ʇʝʪʝʨʦʚʘ ʅ.ɻ. ʂʨʫʛʦʚʦʝ 

ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʨʠʣʠʤʙʦʚʦʡ ʟʦʥʳ ʉʦʣʥʮʘ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʥʘ ʨʘʜʠʦʪʝʣʝʩʢʦʧʝ ʈʊ-32 ʀʇɸ 

ʈɸʅ. ʄʝʪʦʜ ʠ ʧʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ // ʊʨʫʜʳ ʀʇɸ ʈɸʅ. 2025. ɺʳʧ. 73. ʉ. 3ï10. (ʚ ʧʝʯʘʪʠ). 

2. ʅ.ɸ. ʊʦʧʯʠʣʦ, ʀ.ɸ. ʈʘʭʠʤʦʚ, T.C. ɸʥʜʨʝʝʚʘ, ʅ.ɻ.
 
ʇʝʪʝʨʦʚʘ. ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʦʚʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʧʨʠʣʠʤʙʦʚʦʡ ʟʦʥʳ ʉʦʣʥʮʘ ʥʘ ʚʦʣʥʝ 3.5 ʩʤ ʥʘ ʈʊ-32 ʀʇɸ ʈɸʅ // 

ɻʝʦʤʘʛʥʝʪʠʟʤ ʠ ɸʵʨʦʥʦʤʠʷ. 2025. ˉ 8. (ʚ ʧʝʯʘʪʠ).  
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʝʪʝʧʣʦʚʳʝ ʵʣʝʢʪʨʦʥʳ, ʠʥʞʝʢʪʠʨʦʚʘʥʥʳʝ ʚʦ ʚʩʧʳʰʝʯʥʫʶ 

ʧʝʪʣʶ, ʛʝʥʝʨʠʨʫʶʪ ʤʠʢʨʦʚʦʣʥʦʚʦʝ ʠ ʞʝʩʪʢʦʝ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ [1]. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʠʟʣʫʯʝʥʠʡ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʥʝʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ ʠ ʧʠʪʯ-ʫʛʣʘʤ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʝʪʣʠ. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʠʥʞʝʢʪʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʩ ʯʘʩʪʠʮʘʤʠ ʧʣʘʟʤʳ ʧʝʪʣʠ ʠ ʚʦʣʥʦʚʳʤʠ 

ʧʦʣʷʤʠ ʚ ʥʝʡ [2-3]. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩʥʳʤ ʨʘʩʩʤʦʪʨʝʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ  

ʵʪʠʭ ʵʣʝʢʪʨʦʥʦʚ ʩ ʚʠʩʪʣʝʨʦʚʩʢʠʤʠ ʚʦʣʥʘʤʠ.  ɺʠʩʪʣʝʨʳ, ʢʘʢ ʚʦʣʥʦʚʘʷ ʤʦʜʘ ʚ 

ʟʘʤʘʛʥʠʯʝʥʥʦʡ ʧʣʘʟʤʝ ʧʝʪʣʠ, ʤʦʛʫʪ ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ 

ʧʨʦʮʝʩʩʝ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʧʨʠ ʚʩʧʳʰʢʝ, ʘ ʪʘʢʞʝ ʧʫʪʝʤ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʟ 

ʜʨʫʛʠʭ ʚʦʣʥʦʚʳʭ ʤʦʜ (ɹʄɿ, ʠʦʥʥʳʡ ʟʚʫʢ). ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʥʝʪʝʧʣʦʚʳʭ 

ʵʣʝʢʪʨʦʥʦʚ ʩ   ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ ʚʠʩʪʣʝʨʦʚ, ʵʣʝʢʪʨʦʥʳ ʥʘ ʥʠʭ ʤʦʛʫʪ 

ʨʘʩʩʝʠʚʘʪʴʩʷ ʧʦ ʧʠʪʯ-ʫʛʣʘʤ ʠ ʜʦʫʩʢʦʨʷʪʴʩʷ  ʟʘ ʩʯʝʪ ʵʥʝʨʛʠʠ ʚʠʩʪʣʝʨʦʚ, ʠʣʠ 

ʥʘʦʙʦʨʦʪ ʪʝʨʷʪʴ ʵʥʝʨʛʠʶ ʧʨʠ ʛʝʥʝʨʘʮʠʠ ʚʠʩʪʣʝʨʦʚ. ʕʪʠʤ ʧʨʦʮʝʩʩʘʤ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʞʝʢʪʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʠʥʘʤʠʢʝ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚʠʩʪʣʝʨʦʚ ʧʦʩʚʷʱʝʥʘ ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʦʜʝʣʠ ʩʣʘʙʦʡ 

ʢʚʘʟʠʣʠʥʝʡʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚ ʧʣʘʟʤʝ ʠ ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚʦʣʥʘ-ʯʘʩʪʠʮʘ. ɺ ʠʪʦʛʝ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʦʜʥʦʤʝʨʥʦʛʦ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʌʦʢʢʝʨʘ-ʇʣʘʥʢʘ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘʯʘʣʴʥʳʭ ʠ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʘʭ 

ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʚʦʣʥ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ʈʦʣʴ ʚʠʩʪʣʝʨʦʚʩʢʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʪʨʝʭ ʨʝʞʠʤʘʭ ʝʝ ʛʝʥʝʨʘʮʠʠ ʚ ʧʣʘʟʤʝ ʧʝʪʣʠ:  

- ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʘ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ 

ʥʝʢʦʪʦʨʳʤ ʥʝʦʛʨʘʥʠʯʝʥʥʳʤ ʚʥʝʰʥʠʤ ʠʩʪʦʯʥʠʢʦʤ [4]. 

-ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘʯʘʣʴʥʦ-ʟʘʜʘʥʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʩ 

ʥʝʪʝʧʣʦʚʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʯʠʪʳʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚʣʠʷʥʠʝ 

ʚʦʣʥ ʥʘ ʵʣʝʢʪʨʦʥʳ, ʥʦ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʩʘʤʠ ʚʦʣʥʳ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ [5].  

- ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʠʥʞʝʢʪʠʨʫʝʪʩʷ ʚ ʧʝʪʣʶ ʦʧʨʝʜʝʣʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʤʦʱʥʦʩʪʠ, ʘʥʘʣʦʛʠʯʥʦ ʠ ʩʦʚʤʝʩʪʥʦ ʩ ʠʩʪʦʯʥʠʢʦʤ 

ʥʝʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʥʦʚ.   

ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦ ʚʩʝʭ ʨʝʞʠʤʘʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʦʣʫʯʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʝʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʠ, ʧʠʪʯ-ʫʛʣʫ, ʧʦʣʦʞʝʥʠʶ ʚ ʧʝʪʣʝ ʠ 

ʚʨʝʤʝʥʠ. ʀʩʩʣʝʜʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʵʣʝʢʪʨʦʥʦʚ (ʠʭ 

ʜʝʬʦʨʤʘʮʠʷ ʧʨʠ ʫʩʢʦʨʝʥʠʠ), ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʧʠʪʯ-ʫʛʣʘʤ 
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(ʠʟʦʪʨʦʧʠʟʘʮʠʷ ʠ ʚʳʩʳʧʘʥʠʝ ʠʟ ʧʝʪʣʠ), ʧʦ ʧʦʣʦʞʝʥʠʶ ʚ ʧʝʪʣʝ ʠ ʚʨʝʤʝʥʥʳʝ 

ʟʘʜʝʨʞʢʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʠʢʫ ʠʥʞʝʢʮʠʠ. ʈʘʩʩʤʦʪʨʝʥʘ ʪʘʢʞʝ ʜʠʥʘʤʢʘ 

ʩʧʝʢʪʨʦʚ ʩʘʤʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʦ ʵʥʝʨʛʠʠ, ʯʘʩʪʦʪʝ ʠ ʠʥʢʨʝʤʝʥʪʫ ʝʝ 

ʥʘʨʘʩʪʘʥʠʷ/ʟʘʪʫʭʘʥʠʷ.  ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʘʙʣʶʜʘʝʤʳʭ ʩʧʝʢʪʨʦʚ ʞʝʩʪʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ 

ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʡ ʠ ʚʳʙʦʨʘ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚ ʧʝʪʣʝ. 
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ʇʨʦʪʫʙʝʨʘʥʮʳ, ʦʙʣʘʢʘ ʧʣʦʪʥʦʡ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʣʦʜʥʦʡ ʧʣʘʟʤʳ, 

ʚʠʩʷʱʠʝ ʚ ʪʝʯʝʥʠʝ ʥʝʜʝʣʴ ʠ ʤʝʩʷʮʝʚ ʚ ʛʦʨʷʯʝʡ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʝ, ʚʨʝʤʝʥʘʤʠ 

ʥʘʯʠʥʘʶʪ ʩʪʨʝʤʠʪʝʣʴʥʦ ʧʦʜʥʠʤʘʪʴʩʷ, ʧʨʝʚʨʘʱʘʷʩʴ ʚ ʵʨʫʧʪʠʚʥʳʝ 

ʧʨʦʪʫʙʝʨʘʥʮʳ, ʠ ʥʝʢʦʪʦʨʳʝ ʩʪʘʥʦʚʷʪʩʷ ʷʜʨʘʤʠ ʢʦʨʦʥʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ. ʕʪʦʪ 

ʧʨʦʮʝʩʩ ʩʚʷʟʘʥ ʩ ʥʘʨʫʰʝʥʠʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʨʘʚʥʦʚʝʩʠʷ 

ʤʘʛʥʠʪʦʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʦʜʝʨʞʘʱʝʡ ʧʨʦʪʫʙʝʨʘʥʝʮ. ʇʨʠʟʥʘʢʠ 

ʧʨʠʙʣʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʢ ʪʘʢʦʤʫ ʤʦʤʝʥʪʫ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ, ʭʦʪʷ ʠ ʥʝ ʙʝʟ 

ʥʝʢʦʪʦʨʳʭ ʪʨʫʜʥʦʩʪʝʡ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʘʙʣʶʜʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʢʦʨʦʥʘ ʠ 

ʠʟʤʝʨʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʬʦʪʦʩʬʝʨʝ.  

ʆʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ʤʘʛʥʠʪʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʨʦʪʫʙʝʨʘʥʮʘʤʠ ï ʤʘʛʥʠʪʥʳʡ ʞʛʫʪ ʩʦ ʩʧʠʨʘʣʴʥʳʤʠ ʩʠʣʦʚʳʤʠ ʣʠʥʠʷʤʠ. 

ʄʘʛʥʠʪʥʳʡ ʞʛʫʪ ʧʦʜʚʝʨʞʝʥ ʨʷʜʫ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʠʥʠʮʠʠʨʦʚʘʪʴ ʝʛʦ ʵʨʫʧʮʠʶ. ʅʘʧʨʠʤʝʨ, ʢʘʢ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ ʠʟ ʬʠʟʠʢʠ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʣʘʟʤʳ, ʜʣʠʥʥʳʝ ʞʛʫʪʳ ʧʦʜʚʝʨʞʝʥʳ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʟʛʠʙʥʳʭ/ʚʠʥʪʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ (kink instability). ʆʜʥʘʢʦ ʵʪʘ 

ʜʦʚʦʣʴʥʦ ʣʝʛʢʦ ʚʦʟʙʫʜʠʤʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʥʝ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʤʝʩʪʠʪʴ 

ʚʝʩʴ ʞʛʫʪ ʮʝʣʠʢʦʤ ʠ, ʟʥʘʯʠʪ, ʥʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ 

ʥʘʩʪʦʷʱʠʭ ʧʦʣʥʳʭ ʵʨʫʧʮʠʡ [1].  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʘʚʥʦʚʝʩʠʝ ʞʛʫʪʘ ʚ ʢʦʨʦʥʘʣʴʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

ʪʦʞʝ ʤʦʞʝʪ ʧʦʪʝʨʷʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʠ ʪʦʛʜʘ ʚʝʩʴ ʞʛʫʪ ʚʥʝʟʘʧʥʦ ʧʨʠʜʝʪ ʚ 

ʜʚʠʞʝʥʠʝ. ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ ʥʘʟʳʚʘʶʪ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʡ ʧʦʪʝʨʝʡ ʨʘʚʥʦʚʝʩʠʷ 

ʠʣʠ ʪʦʨʦʠʜʘʣʴʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ [2, 3]. ʈʝʰʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʵʪʦʤ 

ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʠʥʜʝʢʩʘ ʫʙʳʚʘʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʢʦʨʦʥʝ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʚʝʨʪʠʢʘʣʴʥʳʤ ʛʨʘʜʠʝʥʪʦʤ ʧʦʣʷ. 

ɼʘʣʴʥʝʡʰʘʷ ʵʚʦʣʶʮʠʷ ʞʛʫʪʘ ʚ ʢʦʨʦʥʝ ʙʫʜʝʪ ʪʘʢ ʞʝ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʞʛʫʪʘ ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʢʦʨʦʥʳ. ɹʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʢʦʨʦʥʝ. ʆʥʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ 

ʪʘʢʦʡ, ʯʪʦ ʧʦʜʲʝʤ ʧʨʦʪʫʙʝʨʘʥʮʘ ʤʦʞʝʪ ʟʘʤʝʜʣʠʪʴʩʷ ʠ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ 

ʥʝʢʦʪʦʨʦʡ ʚʳʩʦʪʝ, ʪʘʢ ʯʪʦ ʵʨʫʧʮʠʷ ʦʢʘʞʝʪʩʷ ʥʝʟʘʚʝʨʰʝʥʥʦʡ (failed eruption). 

ɼʚʠʞʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʞʛʫʪʘ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʩʠʣʦʡ ʃʦʨʝʥʮʘ, ʢʦʪʦʨʘʷ ʥʝ 

ʦʙʷʟʘʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʘ ʨʘʜʠʘʣʴʥʦ (ʚʚʝʨʭ). ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʧʨʦʠʩʭʦʜʷʪ 

çʥʝʨʘʜʠʘʣʴʥʳʝè ʵʨʫʧʮʠʠ, ʢʦʪʦʨʳʝ ʫʩʣʦʞʥʷʶʪ ʫʩʪʘʥʦʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʢʦʨʦʥʘʣʴʥʦʛʦ ʚʳʙʨʦʩʘ ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʧʨʦʪʫʙʝʨʘʥʮʘ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʠʩʭʦʜʥʦʤ ʧʨʦʪʫʙʝʨʘʥʮʝ/ʚʦʣʦʢʥʝ, 

ʦʙʳʯʥʦ ʙʣʠʟʢʦʝ ʢ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ, ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʧʦ ʨʷʜʫ ʧʨʠʟʥʘʢʦʚ. 

ɽʩʣʠ ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʵʚʦʣʶʮʠʠ ʵʨʫʧʪʠʚʥʦʛʦ 

ʧʨʦʪʫʙʝʨʘʥʮʘ ʠ ʢʦʨʦʥʘʣʴʥʦʛʦ ʚʳʙʨʦʩʘ, ʪʦ ʵʪʘ ʠʥʬʦʨʤʘʮʠʷ ʙʫʜʝʪ ʦʯʝʥʴ 
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ʧʦʣʝʟʥʦʡ ʜʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. ʆʜʥʘʢʦ ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʦʩʴ ʩʪʨʫʢʪʫʨʳ ʥʝ ʩʦʭʨʘʥʷʝʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʚʩʣʝʜʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʢʦʨʦʥʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʳʤ ʨʘʟʚʠʪʠʝʤ ʚʠʥʪʦʚʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ [4]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʭʦʪʷ ʵʨʫʧʮʠʷ ʧʨʦʪʫʙʝʨʘʥʮʝʚ/ʚʦʣʦʢʦʥ ʥʘʩʪʫʧʘʝʪ ʚʥʝʟʘʧʥʦ, ʚ ʢʘʢʦʡ-

ʪʦ ʤʝʨʝ ʝʝ ʤʦʞʥʦ ʧʨʝʜʫʛʘʜʘʪʴ ʧʦ ʦʮʝʥʢʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʭ ʨʘʚʥʦʚʝʩʠʷ ʚʦ 

ʚʥʝʰʥʝʤ ʧʦʣʝ. ʅʦ ʜʘʞʝ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʛʝʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʘʢʦʡ ʵʨʫʧʮʠʠ ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʵʚʦʣʶʮʠʶ 

ʤʘʛʥʠʪʥʦʛʦ ʞʛʫʪʘ ʚ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʝ ʠ ʛʝʣʠʦʩʬʝʨʝ. 
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ɺʧʝʨʚʳʝ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʦʢʦʚ ʙʦʣʴʰʠʭ ʤʘʩʰʪʘʙʦʚ, 

ʦʭʚʘʪʳʚʘʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ (ɸʆ) ʙʳʣʦ ʩʢʘʟʘʥʦ ʚ 

ʢʦʥʮʝ 80-ʭ ʛʦʜʦʚ 20-ʛʦ ʚʝʢʘ [1]. ʇʦʩʢʦʣʴʢʫ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʡ ʪʦʢ ʨʘʩʧʨʝʜʝʣʝʥ ʥʘ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʤʝʥʝʥʠʝ ʢʦʩʚʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ. ʇʨʝʜʣʘʛʘʣʦʩʴ 

ʩʣʝʜʫʶʱʝʝ: 1) ʩʦʧʦʩʪʘʚʣʷʷ ʤʝʞʜʫ ʩʦʙʦʡ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʠ 

ʨʝʘʣʴʥʦʝ (ʥʘʙʣʶʜʘʝʤʦʝ) ʧʦʧʝʨʝʯʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʚʳʜʝʣʷʣʘʩʴ 

ʥʝʧʦʪʝʥʮʠʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʦʣʷ (Bƍƍ), ʦʙʫʩʣʦʚʣʝʥʥʘʷ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʬʦʪʦʩʬʝʨʝ ɸʆ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʦʢʦʚ; 2) ɸʆ ʜʝʣʠʣʘʩʴ ʥʘ ʜʚʝ 

ʯʘʩʪʠ: ʚ ʣʠʜʠʨʫʶʱʝʡ ʯʘʩʪʠ ʚʝʢʪʦʨ Bƍƍ ʠʤʝʣ ʦʜʥʦ ʧʨʝʦʙʣʘʜʘʶʱʝʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʟʘʢʨʫʪʢʠ, ʚ ʭʚʦʩʪʦʚʦʡ ï ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ; 3) ʠʩʧʦʣʴʟʫʷ ʢʘʨʪʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ ʬʦʪʦʩʬʝʨʝ ʜʘʣʝʝ 

ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʚ ʢʘʞʜʦʡ ʠʟ ʯʘʩʪʝʡ ɸʆ, 

ʢʦʪʦʨʳʡ ʠ ʷʚʣʷʣʩʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤ (ʚ ʧʝʨʚʳʭ ʨʘʙʦʪʘʭ ï ʛʣʦʙʘʣʴʥʳʤ) 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʦʢʦʤ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʧʦʣʫʯʠʣ ʚ 2020 ʛʦʜʫ [2]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʘ HMI/SDO [3] ʩ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʭʦʨʦʰʦ ʨʘʟʚʠʪʳʝ ʚʠʭʨʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ʚʝʢʪʦʨʘ Bƍƍ 

ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʢʨʫʧʥʳʭ ʧʷʪʝʥ ɸʆ. ʄʝʪʦʜ ʙʳʣ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥ: ʪʝʧʝʨʴ ʚʦʢʨʫʛ ʩʦʣʥʝʯʥʦʛʦ ʧʷʪʥʘ ʚ ɸʆ ʦʯʝʨʯʠʚʘʣʩʷ ʢʦʥʪʫʨ, 

ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʧʨʝʦʙʣʘʜʘʣʦ ʦʜʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʟʘʢʨʫʪʢʠ ʚʝʢʪʦʨʘ Bƍƍ (ʧʦ 

ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ ʠʣʠ ʧʨʦʪʠʚ). ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ ʚʝʨʪʠʢʘʣʴʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʪʦʢ ʚ ʪʘʢʦʤ ʢʦʥʪʫʨʝ, ʚʝʣʠʯʠʥʦʡ ʧʦʨʷʜʢʘ 10
12

 ï 10
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 ɸ ʠ ʷʚʣʷʝʪʩʷ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʩʚʷʟʘʥ ʩʦ ʚʩʧʳʰʝʯʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ 

ɸʆ [2], ʠʛʨʘʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʦʣʥʝʯʥʳʭ 

ʧʷʪʝʥ ʥʘ ʬʠʥʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʠʭ ʵʚʦʣʶʮʠʠ [4], ʘ ʪʘʢʞʝ ʚ ʧʨʦʮʝʩʩʘʭ ʥʘʛʨʝʚʘ 

ʢʦʨʦʥʘʣʴʥʦʡ ʧʣʘʟʤʳ [5]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʷʚʠʣʠʩʴ ʠʜʝʠ ʜʘʣʴʥʝʡʰʝʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʤʝʪʦʜʘ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. ɺʦʟʥʠʢʣʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʚʳʯʠʩʣʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ 

ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʠʟʥʘʯʘʣʴʥʦ ʢʦʥʪʫʨ ʚʦʢʨʫʛ ʧʷʪʥʘ ʚʳʙʠʨʘʣʩʷ 

ʚʨʫʯʥʫʶ (ʪ.ʝ., ʧʨʠʩʫʪʩʪʚʫʝʪ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ). ʀ ʭʦʪʷ ʚ [2] ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʢʦʥʪʫʨʘ ʤʘʣʦ ʚʣʠʷʶʪ 

ʥʘ ʨʝʟʫʣʴʪʘʪ, ʚʩʝ ʞʝ ʵʪʦ ʤʦʛʣʦ ʦʙʫʩʣʘʚʣʠʚʘʪʴ ʦʰʠʙʢʫ ʧʦʨʷʜʢʘ 10% ʦʪ 

ʚʝʣʠʯʠʥʳ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʪʦʢʘ. ɺʦ-ʚʪʦʨʳʭ, ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʘ ʩʘʤʦʛʦ 
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ʢʦʥʪʫʨʘ ʥʝ ʤʝʥʷʣʠʩʴ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʚʨʝʤʝʥʠ ʤʦʥʠʪʦʨʠʥʛʘ ɸʆ (3-5 

ʩʫʪʦʢ). ʆʜʥʘʢʦ, ʣʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʚ 

ʥʝʩʢʦʣʴʢʦ ʩʫʪʦʢ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʙʫʜʝʪ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʪʴ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ 

ʩʢʘʞʝʪʩʷ ʥʘ ʬʦʨʤʝ ʠ ʨʘʟʤʝʨʘʭ ʚʠʭʨʷ ʚʝʢʪʦʨʘ Bƍƍ. 

ʀʜʝʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʪʦʢ ʜʦʣʞʝʥ ʙʳʪʴ 

ʥʝʢʠʤ ʦʙʨʘʟʦʤ ʨʘʩʧʨʝʜʝʣʝʥ ʚʥʫʪʨʠ ʤʘʛʥʠʪʥʦʡ ʪʨʫʙʢʠ, ʬʦʨʤʠʨʫʶʱʝʡ 

ʩʦʣʥʝʯʥʦʝ ʧʷʪʥʦ, ʘ ʚʠʭʨʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʚʦʢʨʫʛ ʧʷʪʥʘ ʷʚʣʷʝʪʩʷ ʠʥʜʠʢʘʪʦʨʦʤ 

ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʦʯʝʨʯʠʚʘʥʠʷ 

ʢʦʥʪʫʨʘ ʚʦʢʨʫʛ ʧʷʪʥʘ ʠ ʟʘʤʝʥʠʪʴ ʝʛʦ ʠʟʦʛʘʫʩʩʦʡ. ɹʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ ʥʝ ʧʦʜʭʦʜʷʪ, 

ʪʘʢ ʢʘʢ ʪʝʨʷʝʪʩʷ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʦʢʘʭ, ʠ ʚ ʦʪʜʝʣʴʥʳʭ 

ʩʣʫʯʘʷʭ ï ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʘʷ. ɹʳʣʦ ʨʝʰʝʥʦ ʚ ʢʘʯʝʩʪʚʝ ʧʦʨʦʛʦʚʦʛʦ ʚʟʷʪʴ 

ʟʥʘʯʝʥʠʝ 575 ɻʩ [6]. ʆʜʥʘʢʦ ʩ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʨʛʫʤʝʥʪʠʨʦʚʘʪʴ 

ʚʳʙʦʨ ʵʪʦʛʦ ʠʣʠ ʜʨʫʛʦʛʦ ʟʥʘʯʝʥʠʷ ʩʣʦʞʥʦ. ʇʦʵʪʦʤʫ ʜʘʣʴʥʝʡʰʝʡ ʮʝʣʴʶ 

ʷʚʣʷʝʪʩʷ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʝʢʪʦʨʘ Bƍƍ ʩ ʤʦʜʝʣʴʥʳʤʠ 

ʨʘʩʯʝʪʘʤʠ ʩʪʨʫʢʪʫʨʳ ʠ ʚʝʣʠʯʠʥʳ ʧʦʧʝʨʝʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʩʦʟʜʘʚʘʝʤʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʦʢʦʤ, ʚʳʧʦʣʥʝʥʥʳʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʢʦʥʘ 

ɹʠʦ-ʉʘʚʘʨʘ-ʃʘʧʣʘʩʘ. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʚʝʣʠʯʠʥʦʡ ʧʦʨʷʜʢʘ 10
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 ɸ 

ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʚʠʭʨʝʚʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʝʣʠʯʠʥʦʡ ʚ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ 

ɻʘʫʩʩ ʥʘ ʫʜʘʣʝʥʠʠ 20-30 ʄʤ ʦʪ ʮʝʥʪʨʘ ʧʷʪʥʘ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʦ ʚʝʣʠʯʠʥʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʷʪʝʥ, ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ ʦʩʥʦʚʝ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ25-12-00026. 
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ʂʨʳʤʩʢʘʷ ʘʩʪʨʦʬʠʟʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ ʈɸʅ, ʅʘʫʯʥʳʡ 

2
ɻʣʘʚʥʘʷ ʘʩʪʨʦʥʦʤʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ ʈɸʅ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

yur_crao@mail.ru   
ʇʨʦʙʣʝʤʘ ʫʩʢʦʨʝʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʩʦʣʥʝʯʥʳʭ ʢʦʨʦʥʘʣʴʥʳʭ 

ʚʩʧʳʰʢʘʭ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ, ʧʦʩʢʦʣʴʢʫ ʫʩʢʦʨʝʥʥʳʝ 

ʵʣʝʢʪʨʦʥʳ ʠ ʠʦʥʳ ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʶʪ ʚʩʧʳʰʝʯʥʳʝ ʩʦʙʳʪʠʷ, ʘ ʥʘ ʠʭ ʜʦʣʶ 

ʤʦʞʝʪ ʧʨʠʭʦʜʠʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʵʥʝʨʛʠʠ. ʕʪʦ ʩʣʝʜʫʝʪ ʠʟ ʥʘʙʣʶʜʝʥʠʡ 

ʞʝʩʪʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʚʩʧʳʰʝʢ, ʘ ʪʘʢʞʝ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʨʦʪʦʥʦʚ, ʚ ʤʝʞʧʣʘʥʝʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʋʩʢʦʨʝʥʥʳʝ ʯʘʩʪʠʮʳ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʬʦʥʘ ʥʘ 

ʧʦʨʷʜʢʠ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʨʴʝʟʥʫʶ ʫʛʨʦʟʫ ʥʝ ʪʦʣʴʢʦ ʢʦʩʤʠʯʝʩʢʠʤ 

ʘʧʧʘʨʘʪʘʤ, ʥʦ ʠ  ʞʠʟʥʠ ʢʦʩʤʦʥʘʚʪʦʚ.  

ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʤʝʭʘʥʠʟʤʳ ʫʩʢʦʨʝʥʠʷ ʧʨʦʪʦʥʦʚ 

ʚ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʢʘʭ ʜʦʣʞʥʳ ʧʨʠʚʦʜʠʪʴ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʪʦʢʦʚ 

ʫʩʢʦʨʝʥʥʳʭ ʧʨʦʪʦʥʦʚ, ʜʦʩʪʠʛʘʶʱʠʭ 10
33

 ī 10
34

 c
ī1
. ʕʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʙʝʟ 

ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ ʢʚʘʟʠʪʝʧʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ V Ḑ (2 ī 3)VTp ʛʜʝ VTp = 

(2kBT/M)
1/2

 ï ʪʝʧʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʪʦʥʦʚ, ʥʝ ʦʙʦʡʪʠʩʴ, ʧʦʩʢʦʣʴʢʫ ʠʟ-ʟʘ 

ʩʪʝʧʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʩʧʝʢʪʨʘ ʠʭ ʯʠʩʣʦ ʩ ʨʦʩʪʦʤ ʵʥʝʨʛʠʠ ʙʳʩʪʨʦ ʫʙʳʚʘʝʪ. 

ʋʢʘʟʘʥʥʳʡ ʬʘʢʪ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʢʫʣʦʥʦʚʩʢʠʭ ʩʪʦʣʢʥʦʚʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʤʝʭʘʥʠʟʤʦʚ ʫʩʢʦʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʥʘʢʣʘʜʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʤʠʥʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʧʨʦʪʦʥʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʫʩʢʦʨʝʥʠʷ ʢʚʘʟʠʪʝʧʣʦʚʳʭ ʧʨʦʪʦʥʦʚ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʤʠ (ʘʣʴʬʚʝʥʦʚʩʢʠʝ ʚʦʣʥʳ) ʠ ʨʝʛʫʣʷʨʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʚ 

ʫʩʣʦʚʠʷʭ ʢʦʨʦʥʘʣʴʥʦʡ ʚʩʧʳʰʝʯʥʦʡ ʧʣʘʟʤʳ. ɺ ʧʨʠʙʣʠʞʝʥʠʠ ʉʧʠʪʮʝʨʘ 

(ʤʘʢʩʚʝʣʣʦʚʩʢʘʷ ʬʦʥʦʚʘʷ ʧʣʘʟʤʘ ʩʯʠʪʘʝʪʩʷ ʥʝʚʦʟʤʫʱʝʥʥʦʡ) ʧʦʣʫʯʝʥʳ 

ʦʮʝʥʢʠ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʧʨʦʙʥʦʛʦ ʧʨʦʪʦʥʘ ʠʟ-ʟʘ ʢʫʣʦʥʦʚʩʢʠʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʩ 

ʧʦʣʝʚʳʤʠ ʟʘʨʷʞʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʚʘʞʥʦʡ ʨʦʣʠ 

ʧʨʦʪʦʥ-ʵʣʝʢʪʨʦʥʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʩʢʘʜʥʦʝ ʫʩʢʦʨʝʥʠʝ ʥʝ 

ʩʧʦʩʦʙʥʦ ʦʙʝʩʧʝʯʠʪʴ ʥʘʙʣʶʜʘʝʤʳʡ ʩʧʝʢʪʨ ʧʨʦʪʦʥʦʚ ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʧʝʨʝʢʘʯʢʠ ʵʥʝʨʛʠʠ ʦʪ ʤʘʣʳʭ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ 

ʢ ʙʦʣʴʰʠʤ. ɼʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʛʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʫʩʢʦʨʝʥʠʷ ï 

ʙʝʪʘʪʨʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʠ ʫʩʢʦʨʝʥʠʝ ʚ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʦʣʷʭ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. ʉʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʥʘʙʦʨ ʵʥʝʨʛʠʠ ʧʨʦʪʦʥʘʤʠ 

ʚʩʣʝʜʩʪʚʠʝ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳʤ ʣʠʰʴ ʚ 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʩʢʦʨʦʩʪʝʡ. ʇʦʣʫʯʝʥʳ ʘʨʛʫʤʝʥʪʳ ʚ ʧʦʣʴʟʫ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ ʜʦ ʵʥʝʨʛʠʡ ʚ ʜʝʩʷʪʢʠ ʢʵɺ 

ʨʝʛʫʣʷʨʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ. ʈʘʩʩʤʦʪʨʝʥʘ ʧʨʦʙʣʝʤʘ ʠʥʞʝʢʮʠʠ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʩʢʦʨʝʥʠʷ ʙʳʩʪʨʳʭ ʧʨʦʪʦʥʦʚ ʜʦ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʥʝʨʛʠʡ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ.  
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʦʙʨʥʘʫʢʠ (ʎʘʧ 

ʖ.ʊ., ˉ122022400224-7) ʠ ʛʨʘʥʪʘ ʈʅʌ (ʉʪʝʧʘʥʦʚ ɸ.ɺ., ˉ  22-12-00308-ʇ).
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ʄʘʛʥʠʪʥʳʝ ʞʛʫʪʳ ʷʚʣʷʶʪʩʷ ʨʝʟʝʨʚʫʘʨʘʤʠ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʚʳʩʚʦʙʦʞʜʘʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ. ɼʠʥʘʤʠʢʘ 

ʤʘʛʥʠʪʥʳʭ ʞʛʫʪʦʚ ʥʘ ʧʨʝʜʚʩʧʳʰʝʯʥʦʡ ʩʪʘʜʠʠ ʦʧʨʝʜʝʣʷʝʪ ʜʘʣʴʥʝʡʰʫʶ 

ʵʚʦʣʶʮʠʶ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʨʠʚʦʜʷʱʫʶ ʢ ʚʟʨʳʚʥʦʡ ʬʘʟʝ 

ʚʩʧʳʰʝʢ. ʆʜʥʘʢʦ, ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʘʷ ʩʚʷʟʴ ʷʚʣʝʥʠʡ ʥʘ ʩʪʘʜʠʠ 

ʧʨʝʜʚʝʩʪʥʠʢʘ ʚʩʧʳʰʢʠ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʜʥʦʟʥʘʯʥʦ ʥʝ ʚʳʷʚʣʝʥʘ. 

ʂʦʥʮʝʧʮʠʷ ʤʘʛʥʠʪʥʳʭ ʞʛʫʪʦʚ ʜʣʷ ʝʝ ʫʪʚʝʨʞʜʝʥʠʷ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʨʷʜʘ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʧʨʦʙʣʝʤ, ʘ ʠʤʝʥʥʦ, ʩʫʱʝʩʪʚʫʝʪ ʣʠ ʤʘʛʥʠʪʥʳʡ ʞʛʫʪ ʢʘʢ 

ʩʪʨʫʢʪʫʨʘ ʟʘʜʦʣʛʦ ʜʦ ʥʘʯʘʣʘ ʵʨʫʧʮʠʠ, ʠʣʠ ʦʥ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʠʟ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʪʠʧʘ ʤʘʛʥʠʪʥʦʡ ʘʨʢʘʜʳ ʩ ʰʠʨʦʤ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʚʩʧʳʰʢʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʦʩʪʘʝʪʩʷ ʥʝʷʩʥʳʤ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʞʛʫʪʘ. ʇʨʦʙʣʝʤʘ 

ʫʩʫʛʫʙʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʠʟ ʠʟʤʝʨʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪʚʝʪʠʪʴ ʥʘ ʵʪʠ 

ʚʦʧʨʦʩʳ ʥʝ ʫʜʘʝʪʩʷ. ʇʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦʷʚʣʝʥʠʷ ʞʛʫʪʦʚʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʝʝ ʵʚʦʣʶʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ï ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʨʝʜʚʩʧʳʰʝʯʥʦʡ ʩʪʘʜʠʠ.  

ʅʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʧʨʝʜʚʩʧʳʰʝʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʪʦʢʘ ʚ 

ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʠ ʢʨʘʡʥʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʜʠʘʧʘʟʦʥʘʭ ʥʘ ʯʘʩʦʚʦʤ 

ʠʥʪʝʨʚʘʣʝ ʧʝʨʝʜ ʨʷʜʦʤ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ. ɸʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʜʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʂɸ GOES, RHESSI, Fermi, SDO/AIA, SDO/HMI. ʉʣʝʜʫʝʪ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʚʩʧʳʰʝʯʥʫʶ ʩʠʪʫʘʮʠʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʣʷ 

ʙʦʣʝʝ ʤʦʱʥʳʭ ʚʩʧʳʰʝʢ, ʜʣʷ ʢʦʪʦʨʳʭ ʫʜʘʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ 

ʤʦʱʥʦʡ ʚʩʧʳʰʢʠ ʙʘʣʣʘ M9 SOL2012-03-09T03:53 ʥʘ 2-ʭ ʯʘʩʦʚʦʤ ʚʨʝʤʝʥʥʦʤ 

ʠʥʪʝʨʚʘʣʝ ʚ ʤʷʛʢʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʘʧʘʟʦʥʝ 1.5 - 12 ʢʵɺ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 7 

ʧʨʝʜʚʝʩʪʥʠʢʦʚ. ʇʨʠʯʝʤ ʠʭ ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʧʦʪʦʢ ʠʟʤʝʥʷʣʩʷ ʧʦ ʰʢʘʣʝ GOES 

ʦʪ ʉ1 ʜʦ ʉ8 ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠ ʩ ʧʝʨʠʦʜʦʤ 15 ʩ. ʊʘʢʦʛʦ ʨʦʜʘ ʷʚʣʝʥʠʷ ʤʦʛʫʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʚ ʧʦʣʴʟʫ ʤʝʭʘʥʠʟʤʘ tether-cutting ʬʦʨʤʠʨʦʚʘʥʠʷ 

(ʵʚʦʣʶʮʠʠ) ʤʘʛʥʠʪʥʦʛʦ ʞʛʫʪʘ, ʢʘʢ ʥʘ ʩʪʘʜʠʠ ʧʨʝʜʚʝʩʪʥʠʢʘ, ʪʘʢ ʠ ʩʘʤʦʡ 

ʚʩʧʳʰʢʠ. ɸʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʣʠʥʠʷʭ 94 

ɸ ʠ 304 ɸ, ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʧʨʦʪʷʞʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʢʦʨʝʝ ʚʩʝʛʦ, 

ʪʨʘʩʩʠʨʫʶʱʫʶ ʧʨʦʝʢʮʠʶ ʤʘʛʥʠʪʥʦʛʦ ʞʛʫʪʘ. ʇʦʩʪʨʦʝʥʥʳʝ ʧʦ 

ʤʘʛʥʠʪʦʛʨʘʤʤʘʤ SDO/HMI ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʥʝʣʠʥʝʡʥʦʛʦ ʙʝʩʩʠʣʦʚʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʩʪʘʜʠʠ ʧʨʝʜʚʝʩʪʥʠʢʦʚ 
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ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʪʨʫʢʪʫʨʫ ʩ ʤʘʛʥʠʪʥʳʤ ʞʛʫʪʦʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ 

ʩʢʨʫʯʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʩ ʦʙʱʝʡ ʦʩʴʶ ʠ ʩʠʩʪʝʤʦʡ ʧʝʪʝʣʴ, 

ʦʭʚʘʪʳʚʘʶʱʠʭ ʤʘʛʥʠʪʥʳʡ ʞʛʫʪ.  ʅʘʣʦʞʝʥʥʳʝ ʋʌ-ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʢʘʨʪʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʣʦʢʘʣʠʟʘʮʠʶ 

ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ ʜʠʥʘʤʠʢʫ ʢʘʢ ʥʘ ʧʨʝʜʚʩʧʳʰʝʯʥʦʡ ʩʪʘʜʠʠ, ʪʘʢ ʠ 

ʚ ʤʦʤʝʥʪ ʵʨʫʧʮʠʠ. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʘʢʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʝʭʘʥʠʟʤʳ ʚʳʩʚʦʙʦʞʜʝʥʠʷ 

ʵʥʝʨʛʠʠ ʠ ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ ʚ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʢʘʭ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʝʛʦ 

ʫʪʦʯʥʝʥʠʷ. ʂʣʶʯʦʤ ʢ ʠʭ ʧʦʥʠʤʘʥʠʶ ʩʣʫʞʠʪ ʘʥʘʣʠʟ ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʡ 

ʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟʣʫʯʝʥʠʷ ð ʩʫʙʩʝʢʫʥʜʥʳʭ ʠʤʧʫʣʴʩʦʚ (ʩʧʘʡʢʦʚ), 

ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʠ ʨʘʜʠʦʜʠʘʧʘʟʦʥʘʭ. ʀʭ ʩʦʚʤʝʩʪʥʦʝ ʠʟʫʯʝʥʠʝ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʣʘʟʤʝʥʥʳʭ 

ʧʨʦʮʝʩʩʘʭ ʠ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʚʩʧʳʰʝʢ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʩʫʙʩʝʢʫʥʜʥʳʭ 

ʚʩʧʣʝʩʢʦʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʜʘʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʩʝʨʚʘʪʦʨʠʡ (RHESSI, 

FERMI, BATSE, Yohkoh) ʠ ʥʘʟʝʤʥʳʭ ʨʘʜʠʦʢʦʤʧʣʝʢʩʦʚ (NoRH, NoRP). ɼʣʷ 

ʚʳʷʚʣʝʥʠʷ ʩʧʘʡʢʦʚ ʧʨʠʤʝʥʝʥʳ ʥʦʚʳʝ ʤʝʪʦʜʠʢʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʝʪʦʜʝ 

Empirical Mode Decomposition (EMD) ʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʨʦʩʩʢʦʨʝʣʷʮʠʠ 

ʩʠʛʥʘʣʘ ʚ ʨʘʟʣʠʯʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʘʥʘʣʘʭ ʩ ʫʯʝʪʦʤ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ. 

ʅʘʙʣʶʜʘʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʩʦʧʦʩʪʘʚʣʷʣʠʩʴ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʩʝʨʠʠ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʙʳʣʠ ʜʝʪʘʣʴʥʦ 

ʠʟʫʯʝʥʳ ʚʨʝʤʝʥʥʳʝ, ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʧʘʡʢʦʚ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ 

ʧʘʨʘʤʝʪʨʦʚ ʚʩʧʳʰʝʯʥʦʡ ʧʣʘʟʤʳ ʠ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʥʘʙʣʶʜʘʝʤʦʡ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʩʫʙʩʝʢʫʥʜʥʳʭ ʚʩʧʣʝʩʢʦʚ. 
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ʐʘʨʳʢʠʥ ʀ.ʅ.
1
, ɿʠʤʦʚʝʮ ʀ.ɺ.

1
 

1
ʀʂʀ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ivan.sharykin@phystech.edu   
 

ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʚʦʡʩʪʚ 

ʢʦʨʦʥʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʤʘʩʩʳ (ʂɺʄ) ʚʦ ʚʩʧʳʰʢʘʭ ʩ ʛʝʣʠʦʩʝʡʩʤʠʯʝʩʢʠʤ 

ʦʪʢʣʠʢʦʤ (ʩ çʩʦʣʥʮʝʪʨʷʩʝʥʠʷʤʠè) ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʚʩʧʳʰʢʘʤʠ ʙʝʟ 

ʬʦʪʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʙʘʟʝ ʥʘʙʣʶʜʝʥʠʡ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ ʚ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ (AIA) ʠ ʚʠʜʠʤʦʤ (LASCO) ʜʠʘʧʘʟʦʥʘʭ. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʚʳʙʦʨʢʠ ʚʩʧʳʰʝʢ ʚʳʰʝ ʄ1.0, ʄ5.0 ʠ ʄ7.0. ʊʘʢʞʝ ʧʨʦʚʝʜʝʥ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ 

ʘʥʘʣʠʟ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʂɺʄ ʠ ʧʦʣʥʦʡ ʵʥʝʨʛʠʝʡ ʩʦʣʥʮʝʪʨʷʩʝʥʠʡ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʜʣʷ ʚʩʧʳʰʝʢ ʚʳʰʝ ʄ7.0 ʢʣʘʩʩʘ ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ 

ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʥʘʣʠʯʠʶ ʨʘʜʠʦʚʩʧʣʝʩʢʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʠ 

ʞʝʩʪʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʳʙʨʦʩʳ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʚʩʧʳʰʢʠ ʩ ʛʝʣʠʦʩʝʡʩʤʠʯʝʩʢʠʤ ʦʪʢʣʠʢʦʤ, ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʩʢʦʨʦʩʪʥʳʤʠ ʚ ʥʠʞʥʝʡ ʢʦʨʦʥʝ ʧʦ ʜʘʥʥʳʤ AIA ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʩʧʳʰʢʘʤʠ 

ʙʝʟ ʬʦʪʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. ʄʘʩʩʳ ʂɺʄ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʨʠʤʝʨʥʦ 

ʦʜʠʥʘʢʦʚʳʤ ʦʙʨʘʟʦʤ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʣʠʯʠʷ ʩʦʣʥʮʝʪʨʷʩʝʥʠʡ ʚʦ ʚʨʝʤʷ 

ʚʩʧʳʰʝʢ. ɸʥʘʣʠʟ ʩʚʦʡʩʪʚ ʜʠʤʤʠʥʛʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʙʦʣʝʝ ʠʤʧʫʣʴʩʥʳʝ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʚ ʩʣʫʯʘʝ ʚʩʧʳʰʝʢ ʩ ʩʦʣʥʮʝʪʨʷʩʝʥʠʷʤʠ. 

ɺʳʙʨʦʩʳ ʚʦ ʚʩʧʳʰʢʘʭ ʙʦʣʝʝ ʄ7.0 ʢʣʘʩʩʘ ʩ ʛʝʣʠʦʩʝʡʩʤʠʯʝʩʢʠʤ ʦʪʢʣʠʢʦʤ 

ʤʝʥʝʝ ʩʢʦʨʦʩʪʥʳʝ ʠ ʤʘʩʩʠʚʥʳʝ ʚʦ ʚʥʝʰʥʝʡ ʢʦʨʦʥʝ ʧʦ ʜʘʥʥʳʤ LASCO. 

ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʥʝ ʚʳʷʚʠʣ ʩʠʣʴʥʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ 

ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʂɺʄ ʧʦ AIA. ɺ ʦʪʣʠʯʠʝ ʦʪ ʚʩʧʳʰʝʢ  ʩ 

ʩʦʣʥʮʝʪʨʷʩʝʥʠʷʤʠ, ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ 

ʨʘʜʠʦʚʩʧʣʝʩʢʦʚ III-ʛʦ ʪʠʧʘ ʠ ʨʝʜʢʦʝ ʧʦʷʚʣʝʥʠʝ ʚʩʧʣʝʩʢʦʚ II-ʛʦ ʪʠʧʘ ʜʣʷ 

ʚʩʧʳʰʝʢ ʙʦʣʝʝ ʄ7.0 ʢʣʘʩʩʘ ʙʝʟ ʬʦʪʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ 

ʘʥʘʣʠʟʘ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʩʧʳʰʢʠ ʩ 

ʩʦʣʥʮʝʪʨʷʩʝʥʠʷʤʠ, ʚʝʨʦʷʪʥʦ, ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʦʤ ʵʬʬʝʢʪʠʚʥʦʡ ʛʝʥʝʨʝʘʮʠʠ 

ʩʢʦʨʦʩʪʥʳʭ ʢʦʨʦʥʘʣʴʥʳʭ ʜʠʤʤʠʥʛʦʚ ʠ ʫʜʘʨʥʳʭ ʚʦʣʥ ʥʘ ʬʦʥʝ ʧʣʦʭʦ 

ʨʘʟʚʠʪʳʭ ʂɺʄ ʚʳʩʦʢʦ ʚ ʢʦʨʦʥʝ (ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʚʩʧʳʰʢʘʤʠ ʙʝʟ 

ʬʦʪʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ) ʠ ʷʨʢʠʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʥʝʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʥʦʚ, 

ʫʭʦʜʷʱʠʭ ʠʟ ʦʙʣʘʩʪʠ ʫʩʢʦʨʝʥʠʷ, ʢʘʢ ʚ ʩʪʦʨʦʥʫ ʧʦʚʝʨʭʥʦʩʪʠ ʉʦʣʥʮʘ, ʪʘʢ ʠ ʦʪ 

ʥʝʝ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʵʨʫʧʪʠʚʥʦʡ 

ʧʨʠʨʦʜʳ ʩʦʣʥʮʝʪʨʷʩʝʥʠʡ ʥʝʣʴʟʷ ʩʙʨʘʩʳʚʘʪʴ ʩʦ ʩʯʝʪʦʚ. ʋʩʢʦʨʝʥʥʳʝ 

ʵʣʝʢʪʨʦʥʳ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʧʝʨʚʠʯʥʳʤ, ʪʘʢ ʠ ʚʪʦʨʠʯʥʳʤ ʘʛʝʥʪʦʤ, 

ʬʦʨʤʠʨʫʶʱʠʤ ʬʦʪʦʩʦʬʝʨʥʦʝ ʚʦʟʤʫʱʝʥʠʝ. 
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˪̓̉ ̜̎̆̔̌̏̃̉̍̆ ̄̉̄́̎̓̒̋̉̆ ̠̘̆̊̋̉  
 

ɻʝʪʣʠʥʛ ɸ.ɺ.
1
, ʂʦʩʦʚʠʯʝʚ ɸ.ɻ.

2 

1
ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤʝʥʠ ɼ.ɺ. ʉʢʦʙʝʣʴʮʳʥʘ 

ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, A.Getling@mail.ru 
2
ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʰʪʘʪʘ ʅʴʶ-ɼʞʝʨʩʠ, ʅʴʶʘʨʢ, ʉʐɸ 

A.Getling@mail.ru   
 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʦʝʥʠʷ ʠ ʜʠʥʘʤʠʢʠ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʚ ʧʦʜ-

ʬʦʪʦʩʬʝʨʥʦʡ ʟʦʥʝ ʉʦʣʥʮʘ ï ʟʘʜʘʯʘ ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʯʝʥʴ ʚʘʞʥʦ 

ʟʥʘʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʤʘʩʰʪʘʙʦʚ ʪʝʯʝʥʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ 

ʚʨʝʤʝʥʠ, ʦʩʦʙʝʥʥʦ ʚ ʮʠʢʣʝ ʘʢʪʠʚʥʦʩʪʠ. ʇʨʝʜʤʝʪʦʤ ʥʘʰʝʛʦ ʠʟʫʯʝʥʠʷ, ʥʘʨʷʜʫ 

ʩ ʩʫʧʝʨʛʨʘʥʫʣʘʤʠ, ʷʚʣʷʶʪʩʷ ʩʘʤʳʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʦʣʷ 

ʩʢʦʨʦʩʪʝʡ ï ʛʠʛʘʥʪʩʢʠʝ ʷʯʝʡʢʠ. ʆʥʠ, ʩʯʠʪʘʚʰʠʝʩʷ ʛʠʧʦʪʝʪʠʯʝʩʢʠʤʠ ʪʨʠ ʩ 

ʧʦʣʦʚʠʥʦʡ ʜʝʩʷʪʠʣʝʪʠʷ, ʣʠʰʴ ʚ ʩʘʤʦʤ ʢʦʥʮʝ ʍʍ ʚʝʢʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʧʫʪʝʤ ʥʘʙʣʶʜʝʥʠʡ [1]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʍʘʪʘʚʵʡ ʠ ʜʨ. [2, 3] ʠʩʩʣʝʜʦʚʘʣʠ 

ʛʠʛʘʥʪʩʢʠʝ ʷʯʝʡʢʠ ʧʫʪʝʤ ʪʨʘʩʩʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʩʫʧʝʨʛʨʘʥʫʣ ʧʦ 

ʜʦʧʣʝʨʦʚʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʷʤ. ʆʥʠ ʥʘʰʣʠ, ʯʪʦ ʚʨʝʤʷ ʞʠʟʥʠ ʵʪʠʭ ʩʪʨʫʢʪʫʨ 

ʠʟʤʝʨʷʝʪʩʷ ʤʝʩʷʮʘʤʠ. 

ɺ ʥʘʰʠʭ ʨʘʙʦʪʘʭ [4, 5], ʢʘʢ ʠ ʚ ʥʘʩʪʦʷʱʝʡ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʣʝ 

ʜʠʚʝʨʛʝʥʮʠʠ ʥʘʡʜʝʥʥʳʭ ʛʝʣʠʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʥʘ 

ʛʣʫʙʠʥʘʭ ʜʦ ~ 19 ʄʤ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʬʦʪʦʩʬʝʨʳ. ʉʧʝʢʪʨʘʣʴʥʳʝ 

ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʩʬʝʨʠʯʝʩʢʠʤ ʛʘʨʤʦʥʠʢʘʤ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʘʩʰʪʘʙʳ 

ʩʫʧʝʨʛʨʘʥʫʣ 30ï60 ʄʤ ʜʦʤʠʥʠʨʫʶʪ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ, ʘ 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʤʘʩʰʪʘʙʘʤʠ ʚʦʢʨʫʛ 300 ʄʤ ï ʚ ʛʣʫʙʠʥʝ. 

ʇʝʨʚʳʝ ʩʣʘʙʝʝ ʚ ʧʝʨʠʦʜʳ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʥʘ ~ 4 ʄʤ, ʚʪʦʨʳʝ 

ʫʩʠʣʝʥʳ. 

ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʝ [3], ʥʠʟʢʦʰʠʨʦʪʥʳʝ ʛʠʛʘʥʪʩʢʠʝ ʷʯʝʡʢʠ ʦʢʨʫʛʣʳ ʠ 

ʞʠʚʫʪ ʧʦʨʷʜʢʘ ʤʝʩʷʮʘ, ʘ ʚʳʩʦʢʦʰʠʨʦʪʥʳʝ ʚʳʪʷʥʫʪʳ, ʟʘʢʨʫʯʝʥʳ ʚ ʩʧʠʨʘʣʠ ʩ 

ʮʝʥʪʨʦʤ ʥʘ ʧʦʣʶʩʝ ʠ ʞʠʚʫʪ ʥʝʩʢʦʣʴʢʦ ʤʝʩʷʮʝʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘʨʷʜʫ ʩ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʩʦʦʙʨʘʞʝʥʠʷʤʠ ʠ ʜʘʥʥʳʤʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʘʰ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʛʠʛʘʥʪʩʢʠʝ ʷʯʝʡʢʠ 

ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʪʷʥʫʪʳʤʠ ʚʜʦʣʴ ʤʝʨʠʜʠʘʥʦʚ, ʙʘʥʘʥʦʦʙʨʘʟʥʳʤʠ [4, 5].  

ɿʜʝʩʴ ʤʳ ʠʩʩʣʝʜʫʝʤ ʚʨʝʤʝʥʥʳʝ ʚʘʨʠʘʮʠʠ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ 

ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ, ʥʘʡʜʝʥʥʦʡ ʧʦ ʩʧʝʢʪʨʘʤ ʧʦʣʷ ʜʠʚʝʨʛʝʥʮʠʠ, ʠ ʝʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʛʣʫʙʠʥʝ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1, ʩʫʧʝʨʛʨʘʥʫʣʷʮʠʦʥʥʳʡ 

ʤʘʩʰʪʘʙ ʷʩʥʦ ʚʳʨʘʞʝʥ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʳ ʪʦʣʱʠʥʦʡ ~ 4 ʄʤ, 

ʪʦʛʜʘ ʢʘʢ ʤʘʩʰʪʘʙ ʛʠʛʘʥʪʩʢʠʭ ʷʯʝʝʢ ʧʨʦʷʚʣʷʝʪʩʷ ʥʠʞʝ ~ 8 ʄʤ; ʥʘ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʛʣʫʙʠʥʘʭ ʜʠʘʛʨʘʤʤʘ ʦʪʨʘʞʘʝʪ ʩʫʧʝʨʧʦʟʠʮʠʶ ʵʪʠʭ ʜʚʫʭ 

ʤʘʩʰʪʘʙʦʚ. ʄʘʩʰʪʘʙ ʩʫʧʝʨʛʨʘʥʫʣʷʮʠʠ ʩʪʘʙʠʣʝʥ, ʤʘʩʰʪʘʙ ʛʠʛʘʥʪʩʢʠʭ ʷʯʝʝʢ 

ʚʘʨʴʠʨʫʝʪ ʩ ʯʠʩʣʦʤ ʧʷʪʝʥ, ʫʚʝʣʠʯʠʚʘʷʩʴ ʩ ʫʩʠʣʝʥʠʝʤ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ.  

ʊʨʘʩʩʠʨʦʚʘʥʠʝ ʧʦʣʝʡ ʜʠʚʝʨʛʝʥʮʠʠ ʩʢʦʨʦʩʪʠ (ʨʠʩ. 2) ʜʘʝʪ ʧʨʷʤʦʝ, 

ʚʠʟʫʘʣʴʥʦ ʚʦʩʧʨʠʥʠʤʘʝʤʦʝ ʫʢʘʟʘʥʠʝ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨ, ʧʦʭʦʞʠʭ ʥʘ 
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ʢʦʥʚʝʢʪʠʚʥʳʝ ʷʯʝʡʢʠ ʛʠʛʘʥʪʩʢʠʭ ʤʘʩʰʪʘʙʦʚ (ʨʠʩ. 3). ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʚʪʦʨʦʚ 

ʨʘʙʦʪ [2, 3], ʤʳ ʦʧʠʨʘʝʤʩʷ ʥʘ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ, ʠʟʤʝʨʝʥʥʳʭ ʥʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʬʦʪʦʩʬʝʨʳ, ʘ ʥʘ ʨʘʟʥʳʭ ʛʣʫʙʠʥʘʭ. 

ʂʘʨʪʠʥʘ ʢʦʥʚʝʢʮʠʠ ʛʠʛʘʥʪʩʢʠʭ ʤʘʩʰʪʘʙʦʚ ʤʦʞʝʪ ʙʳʪʴ ʟʘʪʝʤʥʝʥʘ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʛʣʦʙʘʣʴʥʳʭ ʠʥʝʨʮʠʘʣʴʥʳʝ ʚʦʣʥʦʚʳʭ ʤʦʜ. ʈʘʟʣʠʯʠʪʴ ʪʝ ʠ 

ʜʨʫʛʠʝ ï ʟʘʜʘʯʘ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1 (ʩʣʝʚʘ). ʋʩʨʝʜʥʝʥʥʘʷ ʟʘ 360 ʩʫʪʦʢ ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʪʝʯʝʥʠʡ ɚc ʢʘʢ ʬʫʥʢʮʠʷ 

ʛʣʫʙʠʥʳ d. ʉʧʣʦʰʥʳʝ ʣʠʥʠʠ ï ʛʦʜʳ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʰʪʨʠʭʦʚʳʝ ï ʥʠʟʢʦʡ. 
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ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʝ ʉʦʣʥʮʘ ʚ 24-ʤ ʠ 25-ʤ ʮʠʢʣʘʭ ʘʢʪʠʚʥʦʩʪʠ. // ɸʩʪʨʦʥ. ʞ. ʊ. 102. 
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ʈʠʩ. 2. ʇʨʠʤʝʨʳ ʧʦʣʝʡ ʜʠʚʝʨʛʝʥʮʠʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʥʘ  ʛʣʫʙʠʥʘʭ 0.5 ʄʤ (ʩʣʝʚʘ) ʠ 6 ʄʤ (ʩʧʨʘʚʘ). 

 
ʈʠʩ. 3. ʇʨʠʤʝʨ r ʧʦʣʝʡ ʩʢʦʨʦʩʪʠ, ʧʦʣʫʯʘʝʤʳʭ 

ʪʨʘʩʩʠʨʦʚʘʥʠʝʤ ʩʫʧʝʨʛʨʘʥʫʣ ʥʘ ʪʝʭ ʞʝ ʛʣʫʙʠʥʘʭ. 


























































































































































































































