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4Ꞌ8 ɠɑɎɜɌɗɫ 201 3ȯ., ȴȶȴ ȼȬȹ 
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8-ɫ ȶȺȹɀȱȼȱȹɂȴɋ 

çɀȴȳȴȶȬ   ȻȷȬȳȸɇ Ȯ ȽȺȷȹȱɃȹȺȵ ȽȴȽȾȱȸȱè 
 

ȽȭȺȼȹȴȶ ȾȱȳȴȽȺȮ* 

 

ʉ ʆ ɼ ɽ ʈ ɾ ɸ ʅ ʀ ɽ 
 

ʉʝʢʮʠʷ çʉʦʣʥʮʝè, ʫʩʪʥʳʝ ʜʦʢʣʘʜʳééééééééééééé 3 
 

ʉʝʢʮʠʷ çʉʦʣʥʮʝè, ʩʪʝʥʜʦʚʳʝ ʜʦʢʣʘʜʳééééééééééé..  19 
 

ʉʝʢʮʠʷ çʀʦʥʦʩʬʝʨʘè, ʫʩʪʥʳʝ ʜʦʢʣʘʜʳééééééééééé  56 
 

ʉʝʢʮʠʷ çʀʦʥʦʩʬʝʨʘè, ʩʪʝʥʜʦʚʳʝ ʜʦʢʣʘʜʳééééééééé..  69 
 

ʉʝʢʮʠʷ çʄʘʛʥʠʪʦʩʬʝʨʘè, ʫʩʪʥʳʝ ʜʦʢʣʘʜʳééééééé..é..  91 
 

ʉʝʢʮʠʷ çʄʘʛʥʠʪʦʩʬʝʨʘè, ʩʪʝʥʜʦʚʳʝ ʜʦʢʣʘʜʳéééééé.é. 102 
 

ʉʝʢʮʠʷ çʉʦʣʥʝʯʥʳʡ ʚʝʪʝʨ, ʛʝʣʠʦʩʬʝʨʘ ʠ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʝ ʩʚʷʟʠè,  

ʫʩʪʥʳʝ ʜʦʢʣʘʜʳééééééééééééééééééééé 122 
 

ʉʝʢʮʠʷ çʉʦʣʥʝʯʥʳʡ ʚʝʪʝʨ, ʛʝʣʠʦʩʬʝʨʘ ʠ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʝ ʩʚʷʟʠè,  

ʩʪʝʥʜʦʚʳʝ ʜʦʢʣʘʜʳééééééééééééééééééé.. 132 
 

ʉʝʢʮʠʷ çʊʫʨʙʫʣʝʥʪʥʦʩʪʴ ʠ ʍʘʦʩè, ʫʩʪʥʳʝ ʜʦʢʣʘʜʳééééé. 152 
 

ʉʝʢʮʠʷ çʊʫʨʙʫʣʝʥʪʥʦʩʪʴ ʠ ʍʘʦʩè, ʩʪʝʥʜʦʚʳʝ ʜʦʢʣʘʜʳéééé 155 
 

ʉʝʢʮʠʷ çʊʝʦʨʠʷ ʌʠʟʠʢʠ ʇʣʘʟʤʳè, ʫʩʪʥʳʝ ʜʦʢʣʘʜʳééééé.. 156 
 

ʉʝʢʮʠʷ çʊʝʦʨʠʷ ʌʠʟʠʢʠ ʇʣʘʟʤʳè, ʩʪʝʥʜʦʚʳʝ ʜʦʢʣʘʜʳéééé. 165 
 

ʉʝʢʮʠʷ çʊʦʢʦʚʳʝ ʉʣʦʠè, ʫʩʪʥʳʝ ʜʦʢʣʘʜʳéééééééééé. 169 
 

ʉʝʢʮʠʷ çʊʦʢʦʚʳʝ ʉʣʦʠè, ʩʪʝʥʜʦʚʳʝ ʜʦʢʣʘʜʳééééééééé 175 
 

 

ʇʨʠ ʧʦʜʜʝʨʞʢʝ: 

      
 

_____________________________ 

*ʊʝʢʩʪʳ ʧʨʠʚʦʜʷʪʩʷ ʚ ʨʝʜʘʢʮʠʠ ʘʚʪʦʨʦʚ 



 3 

ʉ ɽ ʂ ʎ ʀ ʗ   çʉʆʃʅʎɽè   ʋʉʊʅʓɽ ɼʆʂʃɸɼʓ 
 

 

ʉʆʃʅɽʏʅʓʁ ʎʀʂʃ 24 ɺ ʂʆʈʆʅɽ, ʍʈʆʄʆʉʌɽʈɽ ʀ ʌʆʊʆʉʌɽʈɽ ʇʆ  

ʅɸɹʃʖɼɽʅʀʗʄ ʂʆʉʄʀʏɽʉʂʆʁ ʆɹʉɽʈɺɸʊʆʈʀʀ  

óSOLAR DYNAMICS  OBSERVATORYô 

 

ɽ.ɽ. ɹʝʥʝʚʦʣʝʥʩʢʘʷ  

 

ɻɸʆ ʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, benevolenskayae@mai.ru 

 

ʉʦʣʥʝʯʥʳʡ ʮʠʢʣ 24 ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʩʚʷʟʠ ʩ óʥʝʦʙʳʯʥʳʤô 

ʧʦʚʝʜʝʥʠʝʤ ʠ ʙʣʘʛʦʜʘʨʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʵʤʠʩʩʠʦʥʥʳʭ ʣʠʥʠʷʭ. ʕʪʠ ʣʠʥʠʠ ʠʩʧʫʩʢʘʶʪʩʷ ʧʣʘʟʤʦʡ, ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʚ 

ʬʦʪʦʩʬʝʨʝ, ʭʨʦʤʦʩʬʝʨʝ ʠ ʢʦʨʦʥʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʣʥʝʯʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʉʦʣʥʮʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ. ɺ ʜʦʢʣʘʜʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ 

ʢʦʩʤʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ 'Solar Dynamics Observatory (SDO)ô ʟʘ ʧʝʨʠʦʜ ʩ ʤʘʷ 2010 ʧʦ 

ʪʝʢʫʱʝʝ ʚʨʝʤʷ. ɼʣʷ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʘʛʥʠʪʥʳʝ ʜʘʥʥʳʝ 

Helioseismic & Magnetic Imager (HMI) ʚ ʚʠʜʝ ʢʦʤʧʦʥʝʥʪʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ-ʣʫʯʫ-ʟʨʝʥʠʷ 

(ʚʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 720 ʩʝʢʫʥʜ) ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʚ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʣʠʥʠʷʭ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ  ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ Atmospheric Imaging 

Assembly (AIA). ɺ ʣʠʥʠʠ  (C IV + continuum) ʤʳ ʥʘʙʣʶʜʘʝʤ ʧʝʨʝʭʦʜʥʫʶ ʦʙʣʘʩʪʴ ʠ 

ʚʝʨʭʥʶʶ ʬʦʪʦʩʬʝʨʫ ʉʦʣʥʮʘ. ɼʠʥʘʤʠʢʘ ʭʨʦʤʦʩʬʝʨʳ (ʭʨʦʤʦʩʬʝʨʥʦʡ ʩʝʪʢʠ) ʠ ʧʝʨʝʭʦʜʥʦʡ 

ʦʙʣʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʣʠʥʠʠ ʛʝʣʠʷ II (He II, ). ʃʠʥʠʠ  ʠ , ʠʩʧʫʩʢʘʝʤʳʝ 

ʤʥʦʛʦʢʨʘʪʥʦ ʠʦʥʠʟʦʚʘʥʥʳʤʠ ʠʦʥʘʤʠ ʞʝʣʝʟʘ (Fe IX ʠ Fe XII, XXIV), ʜʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʩʧʦʢʦʡʥʦʡ ʠ ʘʢʪʠʚʥʦʡ ʢʦʨʦʥʝ, ʘ ʪʘʢʞʝ ʦ ʚʩʧʳʰʢʘʭ ʠ ʦ ʢʦʨʦʥʘʣʴʥʳʭ ʜʳʨʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʘʥʘʣʠʟʘ SDO ʜʘʥʥʳʭ ʦʙʩʫʞʜʘʝʪʩʷ ʩʠʥʦʧʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

(ʟʦʥʘʣʴʥʘʷ ʠ ʜʦʣʛʦʪʥʘʷ) ʥʘ ʫʨʦʚʥʷʭ ʬʦʪʦʩʬʝʨʳ, ʭʨʦʤʦʩʬʝʨʳ ʠ ʢʦʨʦʥʳ. ʇʦʢʘʟʘʥʘ ʨʦʣʴ 

ʪʨʘʥʩʧʦʨʪʘ ʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ, ʢʦʨʦʥʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʣʥʝʯʥʦʛʦ 

ʮʠʢʣʘ. 

 

 

ɿɸɺʀʉʀʄʆʉʊʔ ʂɺʄ ʆʊ ʉʊʈʋʂʊʋʈʓ ʀ ɼʀʅɸʄʀʂʀ ʉʆʃʅɽʏʅʓʍ  

ʄɸɻʅʀʊʅʓʍ ʇʆʃɽʁ 

 

ʀ.ɸ. ɹʠʣʝʥʢʦ* 

 

ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʇ.ʂ. ʐʪʝʨʥʙʝʨʛʘ,  

ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, bilenko@sai.msu.ru 

 

ʂʦʨʦʥʘʣʴʥʳʝ ʚʳʙʨʦʩʳ ʤʘʩʩʳ (ʂɺʄ) ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ 

ʬʦʨʤʠʨʫʶʱʠʭ ʢʦʩʤʠʯʝʩʢʫʶ ʧʦʛʦʜʫ ʥʘ ʦʨʙʠʪʝ ɿʝʤʣʠ. ʆʜʥʘʢʦ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ 

ʧʨʠʨʦʜʘ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʠ ʧʨʠʯʠʥʳ ʚʳʟʳʚʘʶʱʠʝ ʂɺʄ ʜʦ ʢʦʥʮʘ ʥʝ ʷʩʥʳ. ɻʣʘʚʥʫʶ ʨʦʣʴ ʚ 

ʠʥʠʮʠʘʮʠʠ ʂɺʄ ʠʛʨʘʶʪ ʩʦʣʥʝʯʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʡ ʣʦʢʘʣʴʥʳʭ ʬʦʪʦʩʬʝʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʠ ʛʣʦʙʘʣʴʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ ʥʘ ʯʘʩʪʦʪʥʦʩʪʴ ʠ ʧʘʨʘʤʝʪʨʳ ʂɺʄ. ʌʦʪʦʩʬʝʨʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ 

ʠʤʝʶʪ ʩʣʦʞʥʫʶ ʜʠʥʘʤʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʩʧʣʳʚʘʥʠʝ ʥʦʚʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʪʦʢʘ ʠ ʩʜʚʠʛ ʦʩʥʦʚʘʥʠʡ ʟʘʤʢʥʫʪʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʢʦʨʦʥʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʚʳʟʳʚʘʝʪ ʥʘʧʨʷʞʝʥʠʝ ʚ ʢʦʨʦʥʘʣʴʥʦʤ ʧʦʣʝ. ʂʦʛʜʘ ʵʪʦ ʥʘʧʨʷʞʝʥʠʝ ʧʨʝʚʳʰʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʧʨʝʜʝʣ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʘʣʴʥʝʡʰʝʝ ʨʘʚʥʦʚʝʩʠʝ ʥʝ ʤʦʞʝʪ ʜʘʣʴʰʝ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʧʨʦʠʩʭʦʜʠʪ 

ʵʨʫʧʮʠʷ ʢʦʨʦʥʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ. ɹʳʩʪʨʳʝ ʠʟʤʝʥʝʥʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

mailto:benevolenskayae@mai.ru
mailto:bilenko@sai.msu.ru
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ʚʳʟʳʚʘʶʪ ʨʘʟʨʫʰʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʢʦʨʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʪʘʢʞʝ ʚʝʜʝʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʘ ʂɺʄ, ʠʤʝʶʱʠʭ, ʦʜʥʘʢʦ, ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ. ʉʢʦʨʦʩʪʠ ʵʪʠʭ ʂɺʄ ʠʤʝʶʪ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʫʛʦʣ ʨʘʩʪʚʦʨʘ ʠ ʫʩʢʦʨʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʳʰʝ. ʇʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʂɺʄ ʦʪ ʵʚʦʣʶʮʠʦʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʣʦʢʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʠ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ ʚ 23 ʠ 24 

ʮʠʢʣʘʭ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

 

 

ʆ ʄɽʃʂʆʄɸʉʐʊɸɹʅʆʁ ɸʂʊʀɺʅʆʁ ʉʊʈʋʂʊʋʈɽ ʅʀɾʅɽʁ ʂʆʈʆʅʓ ʉʆʃʅʎɸ 

 

ɺ.ʄ. ɹʦʛʦʜ, ʉ.ʍ. ʊʦʭʯʫʢʦʚʘ 

 

ʉɸʆ ʈɸʅ, ʧ. ʅ.ɸʨʭʳʟ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, vbog@sao.ru 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʭʨʦʤʦʩʬʝʨʳ ʠ ʥʠʞʥʝʡ ʢʦʨʦʥʳ ʩʝʛʦʜʥʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ 

ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʨʷʜʘ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʦʨʠʡ ʢʦʨʦʥʘʣʴʥʦʛʦ ʥʘʛʨʝʚʘ ʚ ʢʦʪʦʨʳʭ ʛʣʘʚʥʫʶ ʨʦʣʴ 

ʠʛʨʘʶʪ ʧʨʦʮʝʩʩʳ ʚ ʭʨʦʤʦʩʬʝʨʝ[1], ʠ ʧʦʣʫʯʝʥʠʝʤ ʥʦʚʳʭ EUV ʜʘʥʥʳʭ ʦ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʝ 

ʭʨʦʤʦʩʬʝʨʳ ʩ ʧʦʤʦʱʴʶ ʩʧʫʪʥʠʢʘ Hinode [2]. ʕʪʠ ʨʘʙʦʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ, ʦʜʥʦʡ ʠʟ 

ʪʨʫʜʥʦʩʪʝʡ ʦʩʪʘʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʚʝʣʠʯʠʥʳ ʠ ʩʣʦʞʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʭʨʦʤʦʩʬʝʨʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ, ʢʘʢ ʠʥʜʝʢʩʘ ʷʚʣʝʥʠʷ ʧʝʨʝʟʘʤʳʢʘʥʠʷ ʚ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʝ ʭʨʦʤʦʩʬʝʨʳ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʦʮʝʥʦʢ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʡ ʩʪʨʫʢʪʫʨʝ ʥʘ ʫʨʦʚʥʝ ʥʠʞʥʝʡ ʢʦʨʦʥʳ ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʜʠʦʥʘʙʣʶʜʝʥʠʷ ʥʘ ʢʨʫʧʥʦʤ ʨʘʜʠʦʪʝʣʝʩʢʦʧʝ ʈɸʊɸʅ-600. ʅʝʩʤʦʪʨʷ ʥʘ 

ʭʫʜʰʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ EUV ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʨʘʜʠʦʪʝʣʝʩʢʦʧʘ ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʤʝʣʢʦʤʘʩʰʪʘʙʥʫʶ ʩʪʨʫʢʪʫʨʫ ʭʨʦʤʦʩʬʝʨʥʦʡ ʩʝʪʢʠ  

ʚ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʠʟʣʫʯʝʥʠʠ ʠ ʜʘʪʴ ʦʮʝʥʢʠ ʥʘ ʚʝʣʠʯʠʥʫ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʄʳ ʧʨʝʜʩʪʘʚʣʷʝʤ 

ʥʘʙʣʶʜʝʥʠʷ ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʡ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ  ʩʧʦʢʦʡʥʦʛʦ ʉʦʣʥʮʘ ʚ ʧʝʨʠʦʜ ʩ 

ʩʝʥʪʷʙʨʷ 2005 ʧʦ ʠʶʣʴ 2012 ʛ, ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ ʨʘʜʠʦʪʝʣʝʩʢʦʧʝ ʈɸʊɸʅ-600 ʩ ʥʦʚʳʤʠ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. ʇʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʘʣʴʥʦ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʘʜʠʦʛʨʘʥʫʣ ʠ ʜʘʥʘ ʠʭ ʚʦʟʤʦʞʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ. 

[1]. Markus J. Aschwanden et al. The coronal heating paradox. Aph,J The Astrophysical Journal, 

659:1673 Y1681, 2007. 

[2]. Jendersie, S.; Peter, H.  Link between the chromospheric network and magnetic structures of 

the corona Astronomy and Astrophysics, Volume 460, Issue 3, December IV 2006, pp.901-908. 
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ɺ.ɽ. ɸʙʨʘʤʦʚ-ʄʘʢʩʠʤʦʚ, ɺ.ʅ. ɹʦʨʦʚʠʢ, ʃ.ɺ. ʆʧʝʡʢʠʥʘ 

 

ɻɸʆ ʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, vnborovik@mail.ru 

 

ʅʘ ʦʩʥʦʚʝ ʝʞʝʜʥʝʚʥʳʭ ʤʥʦʛʦʚʦʣʥʦʚʳʭ ʩʧʝʢʪʨʘʣʴʥʦ-ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʨʘʜʠʦʥʘʙʣʶʜʝʥʠʡ 

ʉʦʣʥʮʘ ʥʘ ʈɸʊɸʅ-600 ʚ ʜʠʘʧʘʟʦʥʝ 1.6 ï 5.0 ʩʤ ʚ 2011-2012 ʛʛ. ʠʩʩʣʝʜʦʚʘʥʘ ʵʚʦʣʶʮʠʷ 

ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʨʷʜʘ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ 

ʤʦʱʥʳʝ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʚʩʧʳʰʢʠ ʢʣʘʩʩʘ ʍ. ʇʦʢʘʟʘʥʦ, ʯʪʦ, ʢʘʢ ʠ ʚ ʵʨʫʧʪʠʚʥʳʭ ʩʦʙʳʪʠʷʭ, 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʘ ʈɸʊɸʅ-600 ʚ ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʳ, ʟʘ 1-2 ʜʥʷ ʜʦ ʚʩʧʳʰʢʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʘʟʚʠʪʠʝ ʠʩʪʦʯʥʠʢʘ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ (çʧʝʢʫʣʷʨʥʦʛʦè) ʥʘʜ ʥʝʡʪʨʘʣʴʥʦʡ ʣʠʥʠʝʡ 

ʬʦʪʦʩʬʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʥʘʜ ʦʙʣʘʩʪʴʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʙʣʠʞʝʥʠʷ ʧʦʣʝʡ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʟʥʘʢʘ). ʕʪʦʪ ʠʩʪʦʯʥʠʢ ʜʦʤʠʥʠʨʫʝʪ ʥʘʜ ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ. ʇʦʷʚʣʝʥʠʝ ʪʘʢʦʛʦ ʨʘʜʠʦʠʩʪʦʯʥʠʢʘ ʚʦʟʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʬʘʢʪʦʨ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ʤʦʱʥʦʡ ʚʩʧʳʰʢʠ 

mailto:vbog@sao.ru
http://adsabs.harvard.edu/cgi-bin/author_form?author=Jendersie,+S&fullauthor=Jendersie,%20S.&charset=UTF-8&db_key=AST
http://adsabs.harvard.edu/cgi-bin/author_form?author=Peter,+H&fullauthor=Peter,%20H.&charset=UTF-8&db_key=AST
mailto:vnborovik@mail.ru
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2
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ʅʀʀʗʌ ʠʤ. ɼ.ɺ. ʉʢʦʙʝʣʴʮʳʥʘ ʄɻʋ ʠʤ. ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ,  

 A.Getling@mail.ru 
2
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ʉʠʣʴʥʳʝ ʬʦʪʦʩʬʝʨʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʯʘʩʪʦ ʟʘʨʦʞʜʘʶʪʩʷ ʚ ʫʟʣʘʭ ʩʝʪʢʠ, ʦʙʨʘʟʫʝʤʦʡ 

ʜʦʨʦʞʢʘʤʠ ʤʝʞʜʫ ʢʦʥʚʝʢʪʠʚʥʳʤʠ ʷʯʝʡʢʘʤʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʘʩʰʪʘʙʘ. ʕʪʦ ʷʚʣʝʥʠʝ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ çʩʛʨʝʙʘʥʠʷè ʤʘʛʥʠʪʥʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʢʦʥʚʝʢʪʠʚʥʳʤ 

ʜʚʠʞʝʥʠʝʤ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʘʛʥʠʪʥʳʝ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʯʘʩʪʷʭ 

ʩʫʧʝʨʛʨʘʥʫʣ [1], ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ çʥʘʤʘʪʳʚʘʥʠè̫ ʩʠʣʦʚʳʭ ʣʠʥʠʡ 

ʮʠʨʢʫʣʠʨʫʶʱʠʤ ʚʝʱʝʩʪʚʦʤ. ʊʘʢʦʛʦ ʨʦʜʘ ʧʨʦʮʝʩʩ ʙʳʣ ʧʨʝʜʩʢʘʟʘʥ ʊʚʝʨʩʢʠʤ [2] ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʩʪʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʯʠʩʣʝʥʥʦ ʤʦʜʝʣʠʨʫʝʪʩʷ ʄɻɼ-ʢʦʥʚʝʢʮʠʷ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʣʦʝ ʥʝʩʞʠʤʝʤʦʡ ʞʠʜʢʦʩʪʠ. ɺʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʩʣʦʷ ʩʯʠʪʘʝʪʩʷ ʣʠʙʦ ʞʝʩʪʢʦʡ, 

ʣʠʙʦ ʩʚʦʙʦʜʥʦʡ. ɿʘʜʘʶʪʩʷ ʩʣʫʯʘʡʥʳʝ (ʰʫʤʦʚʳʝ) ʥʘʯʘʣʴʥʳʝ ʪʝʧʣʦʚʳʝ ʚʦʟʤʫʱʝʥʠʷ ʠ ʩʣʘʙʦʝ 

ʥʘʯʘʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʚʘʟʠʫʧʦʨʷʜʦʯʝʥʥʘʷ ʷʯʝʝʯʥʘʷ ʢʦʥʚʝʢʮʠʷ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʩʧʦʩʦʙʥʘ ʩʦʟʜʘʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ (ʚ ʯʘʩʪʥʦʩʪʠ, 

ʙʠʧʦʣʷʨʥʳʝ) ʢʦʥʬʠʛʫʨʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɼʝʡʩʪʚʠʝ ʪʘʢʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʘʤʦʡ ʪʦʧʦʣʦʛʠʝʡ ʷʯʝʝʯʥʦʛʦ ʪʝʯʝʥʠʷ, ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʠ ʥʝ ʪʨʝʙʫʝʪ ʩʠʣʴʥʳʭ ʥʘʯʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. 

ʄʘʛʥʠʪʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʢʘʢ ʚ ʮʝʥʪʨʘʭ ʢʦʥʚʝʢʪʠʚʥʳʭ ʷʯʝʝʢ, ʪʘʢ ʠ ʚ 

ʤʝʞʲʷʯʝʝʯʥʦʡ ʩʝʪʢʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʠʜʥʘ ʨʦʣʴ ʮʠʨʢʫʣʮ̫ʠʦʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ, 

çʥʘʤʘʪʳʚʘʶʱʝʛʦè ʤʘʛʥʠʪʥʳʝ ʩʠʣʦʚʳʝ ʣʠʥʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠ 

ʩʪʨʫʢʪʫʨʳ ʥʘʯʘʣʴʥʦʛʦ ʧʦʣʷ ʥʘ ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʘ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ 

ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪ ˉ 12-02-00792-ʘ). 

[1]. Title A. ʃʝʢʮʠʷ ʥʘ XXVII ɻʝʥʝʨʘʣʴʥʦʡ ʘʩʩʘʤʙʣʝʝ ʄɸʉ, ʇʨʘʛʘ, 2006. 

[2]. ʊʚʝʨʩʢʦʡ ɹ.ɸ. ɻʝʦʤʘʛʥ. ʠ ʘʵʨʦʥ., 1966, 6, 11. 
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ʀʉɿʌ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ, egorov@iszf.irk.ru 

 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʂɺʄ çIce-cream cone modelè ʧʦ ʜʘʥʥʳʤ SOHO/LASCO 

ʨʘʩʩʯʠʪʘʥʳ ʪʨʝʭʤʝʨʥʳʝ (3-ʄ) ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʨʦʥʘʣʴʥʳʭ 

ʚʳʙʨʦʩʦʚ ʤʘʩʩʳ ʪʠʧʘ ʛʘʣʦ (ɻʂɺʄ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʚʳʙʨʦʩʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʩʢʦʨʦʩʪʷʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ɻʂɺʄ ʫʤʝʥʴʰʘʝʪʩʷ ʩʦ 

ʚʨʝʤʝʥʝʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʛʨʫʧʧʘ ʩʘʤʳʭ ʤʝʜʣʝʥʥʳʭ ʚʳʙʨʦʩʦʚ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʳʭ 

ʩʦ ʚʨʝʤʝʥʝʤ ʨʘʩʪʝʪ. ɼʣʷ ʩʘʤʳʭ ʙʳʩʪʨʳʭ ɻʂɺʄ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚ ʧʣʦʩʢʦʩʪʠ ʥʝʙʘ VP > 1500 

ʢʤ/ʩ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʢʘʢ ʪʝʣʘ ʚʳʙʨʦʩʘ, ʪʘʢ ʠ ʩʚʷʟʘʥʥʦʡ ʩ 

ʥʠʤ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʜʣʷ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʦʙʳʪʠʡ 

ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʪʝʣʘ ɻʂɺʄ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʦʙʳʪʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʢʦʨʦʩʪʴ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʩʦ ʚʨʝʤʝʥʝʤ ʤʝʜʣʝʥʥʦ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʩʢʦʨʦʩʪʠ ʪʝʣʘ ɻʂɺʄ. 

ʆʙʥʘʨʫʞʝʥʘ ʪʝʥʜʝʥʮʠʷ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʪʝʣʦʤ ɻʂɺʄ ʠ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ ʩ 

mailto:A.Getling@mail.ru
mailto:olgamazhor@mail.ru
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ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʚʳʙʨʦʩʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʢʘʢ ʙʳʩʪʨʳʭ ɻʂɺʄ, ʪʘʢ ʠ 

ʤʝʜʣʝʥʥʳʭ ʚʳʙʨʦʩʦʚ ʥʝ ʷʚʣʷʝʪʩʷ ʩʪʨʦʛʦ ʨʘʜʠʘʣʴʥʳʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ.   

 

 

ʇʈʀʈʆɼɸ ɺʆɿʅʀʂʅʆɺɽʅʀʗ ʂʆʈʆʅɸʃʔʅʓʍ ɺʓɹʈʆʉʆɺ ʄɸʉʉʓ:  

ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ʀʉʉʃɽɼʆɺɸʅʀʁ ʀ  

ʇʆʉʃɽɼʅʀɽ ʈɽɿʋʃʔʊɸʊʓ 

 

ɺ.ɻ. ɽʩʝʣʝʚʠʯ 

 

ʀʉɿʌ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ, esel@iszf.irk.ru 

 

ʂʨʘʪʢʠʡ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʨʦʜʳ ʉʄɽ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩʦʣʥʝʯʥʳʝ ʚʩʧʳʰʢʠ, ʵʨʫʧʪʠʚʥʳʝ ʧʨʦʪʫʙʝʨʘʥʮʳ ʠ ʩʘʤ ʉʄɽ ʥʝ ʥʝʟʘʚʠʩʠʤʳʝ 

ʷʚʣʝʥʠʷ, ʘ ʨʝʟʫʣʴʪʘʪ ʨʘʟʣʠʯʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʚʥʝʟʘʧʥʦʡ ʠ ʤʦʱʥʦʡ ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ 

ʢʦʨʦʥʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʘ ʜʝʩʪʘʙʠʣʠʟʘʮʠʷ ʩʚʷʟʘʥʘ ʩ ʫʩʠʣʝʥʠʝʤ 

ʢʦʨʦʥʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʟʘ ʩʯʝʪ ʬʦʪʦʩʬʝʨʥʳʭ ʜʚʠʞʝʥʠʡ ʠʣʠ ʚʩʧʣʳʚʘʶʱʝʛʦ ʠʟ-ʧʦʜ 

ʬʦʪʦʩʬʝʨʳ ʥʦʚʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ (ʤʘʛʥʠʪʥʦʡ ʪʨʫʙʢʠ). ɸʥʘʣʠʟ ñʠʤʧʫʣʴʩʥʳʭò ʉʄɽ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʢʘʢ ʚ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʷʭ, ʪʘʢ ʚʥʝ ʥʠʭ, ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʨʠʯʠʥʦʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʉʄɽ ʤʦʞʝʪ ʙʳʪʴ ʚʩʧʣʳʚʘʶʱʘʷ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʠʟ-ʧʦʜ ʬʦʪʦʩʬʝʨʳ 

ʤʘʛʥʠʪʥʘʷ ʪʨʫʙʢʘ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʫ ʉʄɽ. ʇʨʠʯʠʥʦʡ ʪʘʢʦʛʦ ʚʩʧʣʳʚʘʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʪʨʫʙʦʢ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʄɻɼ ʧʨʠʙʣʠʞʝʥʠʷ ʨʘʩʯʝʪʳ, ʤʦʞʝʪ 

ʙʳʪʴ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ñʤʝʜʣʝʥʥʦʡò ʚʦʣʥʳ (ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʇʘʨʢʝʨʘ). 

 

 

ʀʅɼʋʂʎʀʆʅʅʆɽ ʕʃɽʂʊʈʀʏɽʉʂʆɽ ʇʆʃɽ, ɻɽʅɽʈʀʈʋɽʄʆɽ ʌʆʊʆʉʌɽʈʅʆʁ  

ʂʆʅɺɽʂʎʀɽʁ, ʀ ʋʉʂʆʈɽʅʀɽ ʕʃɽʂʊʈʆʅʆɺ ɺ ʂʆʈʆʅɸʃʔʅʓʍ  

ʄɸɻʅʀʊʅʓʍ ʇɽʊʃʗʍ 

 

ɺ.ɺ. ɿʘʡʮʝʚ 

 

ʀʇʌ ʈɸʅ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, za130@appl.sci-nnov.ru 

 

ʆʙʥʘʨʫʞʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ 

ʢʦʨʦʥʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʝʪʣʷʭ ʠ ʦʩʮʠʣʣʷʮʠʷʤʠ ʩʢʦʨʦʩʪʠ ʬʦʪʦʩʬʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ ʩ 

ʧʝʨʠʦʜʘʤʠ ʚ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ, 

ʚʳʟʚʘʥʥʳʝ ʬʦʪʦʩʬʝʨʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ, ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʛʝʥʝʨʘʮʠʝʡ ʠʥʜʫʢʮʠʦʥʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʠʦʜʠʯʝʩʢʦʤʫ ʫʩʢʦʨʝʥʠʶ ʯʘʩʪʠʮ ʩ ʧʝʨʠʦʜʦʤ, 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳʤ ʧʦʣʦʚʠʥʝ ʧʝʨʠʦʜʘ ʬʦʪʦʩʬʝʨʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʋʩʢʦʨʝʥʥʳʝ ʯʘʩʪʠʮʳ, 

ʩʪʘʣʢʠʚʘʷʩʴ ʩ ʧʣʘʟʤʦʡ, ʦʪʜʘʶʪ ʝʡ ʩʚʦʶ ʵʥʝʨʛʠʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʛʨʝʚʫ ʢʦʨʦʥʘʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʝʪʝʣʴ ʠ ʧʦʜʜʝʨʞʘʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʥʘʛʨʝʚ ʢʦʨʦʥʘʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʝʪʝʣʴ ʤʠʢʨʦʚʩʧʳʰʢʘʤʠ, ʠʥʠʮʠʠʨʦʚʘʥʥʳʤʠ ʦʩʮʠʣʣʷʮʠʷʤʠ ʩʢʦʨʦʩʪʠ 

ʬʦʪʦʩʬʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ. ɺʳʯʠʩʣʝʥʘ ʫʩʨʝʜʥʝʥʥʘʷ ʬʫʥʢʮʠʷ ʥʘʛʨʝʚʘ ʧʣʘʟʤʳ ʚ ʢʦʨʦʥʘʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʝʪʣʷʭ, ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʘʤʧʣʠʪʫʜʳ ʦʩʮʠʣʣʷʮʠʡ ʩʢʦʨʦʩʪʠ ʥʘ ʧʨʠʤʝʨʝ 5-ʤʠʥʫʪʥʳʭ ʬʦʪʦʩʬʝʨʥʳʭ ʢʦʣʝʙʘʥʠʡ. 
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ʅEʋʉʊʆʁʏʀɺʆʉʊʔ ʕʃɽʂʊʈʆʅʆɺ, ɿɸʍɺɸʏɽʅʅʓʍ ʂʆʈʆʅɸʃʔʅʓʄ  

ʄɸɻʅʀʊʅʓʄ ʇʆʃɽʄ, ʀ ɽɽ ʇʈʆʗɺʃɽʅʀʗ ɺ ʊʆʅʂʆʁ ʉʊʈʋʂʊʋʈɽ  

ʉʇɽʂʊʈɸ ʉʆʃʅɽʏʅʆɻʆ ʈɸɼʀʆʀɿʃʋʏɽʅʀʗ 

 

ɽ.ʗ. ɿʣʦʪʥʠʢ 

 

ʀʇʌ ʈɸʅ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, zlotnik@inbox.ru 

 

ʉʦʣʥʝʯʥʦʝ ʨʘʜʠʦʠʟʣʫʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʘʨʘʤʝʪʨʘʭ ʢʦʨʦʥʘʣʴʥʦʡ ʧʣʘʟʤʳ ʠ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʦʣʥʝʯʥʦʡ 

ʘʪʤʦʩʬʝʨʝ. ʅʘʙʣʶʜʝʥʠʷ ʩ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ, ʯʘʩʪʦʪʥʳʤ ʠ ʚʨʝʤʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ, ʥʘʨʷʜʫ ʩ ʨʘʟʚʠʪʦʡ ʪʝʦʨʠʝʡ, ʧʦʟʚʦʣʷʶʪ ʚʦʩʩʪʘʥʦʚʠʪʴ ʬʠʟʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚ 

ʠʩʪʦʯʥʠʢʘʭ ʠʟʣʫʯʝʥʠʷ ʠ ʦʧʨʝʜʝʣʠʪʴ ʤʝʭʘʥʠʟʤʳ ʛʝʥʝʨʘʮʠʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʨʘʟʣʠʯʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʩʦʣʥʝʯʥʦʛʦ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʳʩʦʢʘʷ ʷʨʢʦʩʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʤʥʦʛʠʭ ʩʦʣʥʝʯʥʳʭ ʨʘʜʠʦʚʩʧʣʝʩʢʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʦʛʝʨʝʥʪʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʠʟʣʫʯʝʥʠʷ, 

ʪ.ʝ. ʦ ʧʣʘʟʤʝʥʥʳʭ ʥʝʫʩʪʦʡʯʠʚʦʩʪʷʭ ʚ ʢʦʨʦʥʝ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʥʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ, ʠʤʝʶʱʘʷ ʚʠʜ ʢʚʘʟʠʛʘʨʤʦʥʠʯʝʩʢʠʭ ʧʦʣʦʩ ʧʦʚʳʰʝʥʥʦʡ ʠ 

ʧʦʥʠʞʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ. ʅʘʙʣʶʜʘʶʱʘʷʩʷ ʥʘ ʬʦʥʝ ʢʦʥʪʠʥʫʫʤʘ IV ʪʠʧʘ ʥʘ 

ʧʦʩʣʝʚʩʧʳʰʝʯʥʦʡ ʩʪʘʜʠʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʦʝ ʠʟʣʫʯʝʥʠʝ 

ʛʝʥʝʨʠʨʫʝʪʩʷ ʚ ʠʩʪʦʯʥʠʢʝ ʣʦʚʫʰʝʯʥʦʛʦ ʪʠʧʘ, ʟʘʧʦʣʥʝʥʥʦʤ ʩʣʘʙʦʘʥʠʟʦʪʨʦʧʥʦʡ ʨʘʚʥʦʚʝʩʥʦʡ 

ʧʣʘʟʤʦʡ ʩ ʧʨʠʤʝʩʴʶ ʵʣʝʢʪʨʦʥʦʚ, ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʧʦ ʧʦʧʝʨʝʯʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʩʢʦʨʦʩʪʷʤ. ʇʨʠ ʵʪʦʤ ʢʦʥʪʠʥʫʫʤ ʦʙʫʩʣʦʚʣʝʥ ʢʦʥʫʩʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʛʦʨʷʯʠʭ 

ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʘ ʠʟʣʫʯʝʥʠʝ ʩ ʧʦʣʦʩʘʪʳʤ ʩʧʝʢʪʨʦʤ ʚʦʟʥʠʢʘʝʪ ʚ ʦʙʣʘʩʪʷʭ 

ʜʚʦʡʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʛʜʝ ʧʣʘʟʤʝʥʥʘʷ ʯʘʩʪʦʪʘ ʩʦʚʧʘʜʘʝʪ ʩ ʛʘʨʤʦʥʠʢʘʤʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʛʠʨʦʯʘʩʪʦʪʳ. ʇʨʠʚʦʜʷʪʩʷ ʦʮʝʥʢʠ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʚ ʤʘʛʥʠʪʥʦʡ ʢʦʨʦʥʘʣʴʥʦʡ ʣʦʚʫʰʢʝ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʦʨʷʯʠʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʭ 

ʩʢʦʨʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʩ ʥʘʙʣʶʜʘʝʤʦʡ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʇʦʢʘʟʘʥʦ ʪʘʢʞʝ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʝʤʘʷ ʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ (ʚ ʯʘʩʪʥʦʩʪʠ, ʟʝʙʨʘ-

ʩʪʨʫʢʪʫʨʘ ʚ ʙʳʩʪʨʦʜʨʝʡʬʫʶʱʠʭ ʦʙʦʣʦʯʢʘʭ) ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʪʦʣʴʢʦ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, 

ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʩʦʩʫʱʝʩʪʚʫʝʪ ʚ ʠʩʪʦʯʥʠʢʝ 

ʠʟʣʫʯʝʥʠʷ. 

 

 

ʈʆʃʔ ʂʈʋʇʅʆʄɸʉʐʊɸɹʅʆʁ ʉʊʈʋʂʊʋʈʓ ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ ʉʆʃʅʎɸ  

ɺ ɻʃʆɹɸʃʔʅʆʁ ʆʈɻɸʅʀɿɸʎʀʀ ʉʆʃʅɽʏʅʆʁ ɸʂʊʀɺʅʆʉʊʀ 

 

ɽ.ɺ. ʀʚʘʥʦʚ 

 

ʀɿʄʀʈɸʅ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ., ʛ. ʊʨʦʠʮʢ, ʈʦʩʩʠʷ, ivstp@mail.ru 

 

ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʜʝʣʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʉʦʣʥʮʘ ï ɹʵʙʢʦʢʘ-ʃʝʡʪʦʥʘ ʠ ʄʘʢʀʥʪʦʰʘ-ɺʠʣʴʩʦʥʘ ï ʥʘ ʦʩʥʦʚʝ ʥʘʙʣʶʜʝʥʠʡ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ (ʂʄʇʉ) ʠ ʧʦʣʝʡ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʠ ʘʢʪʠʚʥʳʭ 

ʦʙʣʘʩʪʝʡ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʘ ʩʫʧʝʨʧʦʟʠʮʠʷ ʉʪʵʥʬʦʨʜʩʢʠʭ ʢʘʨʪ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ ʠ ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʢʘʨʪ ʩʦʣʥʝʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

MDI ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʬʘʟ 23-ʛʦ ʮʠʢʣʘ ʘʢʪʠʚʥʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 1) ʂʄʇʉ ʩʫʱʝʩʪʚʫʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʧʝʨʠʦʜ ʤʠʥʠʤʫʤʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʛʜʘ ʧʷʪʝʥ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ, 2) ʚʩʝ ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳʝ ʛʨʫʧʧʳ ʧʷʪʝʥ (ʩ ʧʣʦʱʘʜʴʶ ʙʦʣʝʝ 1000 ʤʜʧ) ʠ 

ʘʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ ʚʦʟʥʠʢʘʶʪ ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʛʨʘʥʠʮʘʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʂʄʇʉ ʠʣʠ ʚ ʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ (ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʪ.ʥ. ʘʢʪʠʚʥʳʭ ʜʦʣʛʦʪ), 

3) ʩʪʨʫʢʪʫʨʘ ʂʄʇʉ ʚʦʟʥʠʢʘʝʪ (ʠʣʠ ʫʞʝ ʩʫʱʝʩʪʚʫʝʪ) ʟʘ 1-2 ʦʙʦʨʦʪʘ ʜʦ ʧʦʷʚʣʝʥʠʷ ʟʘʤʝʪʥʳʭ 

ʧʷʪʝʥ ʠ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ 
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ʤʦʜʝʣʠ ʄʘʢʀʥʪʦʰʘ-ɺʠʣʴʩʦʥʘ ʠ ʥʝʢʦʨʨʝʢʪʥʦʩʪʠ ʜʠʬʬʫʟʠʦʥʥʦʡ ʤʦʜʝʣʠ ʦʙʨʘʟʦʚʘʥʠʷ ʂʄʇʉ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʝʦʨʠʠ ɹʵʙʢʦʢʘ-ʃʝʡʪʦʥʘ. ʇʦʢʘʟʘʥʘ ʪʝʩʥʘʷ ʩʚʷʟʴ ʠʥʜʝʢʩʘ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʩʦʣʥʝʯʥʦʛʦ ʤʫʣʴʪʠʧʦʣʷ ESMI = -0.5lg(Iss/Iph)/lg(2.5), ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʢʘʢ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʝ 

ʦʪʥʦʰʝʥʠʝ ʠʥʜʝʢʩʘ ʵʥʝʨʛʠʠ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ 

Iss ʢ ʚʝʣʠʯʠʥʝ ʵʪʦʛʦ ʠʥʜʝʢʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʪʦʩʬʝʨʳ Iph, ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠ 

ʯʘʩʪʦʪʦʡ ʧʦʷʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʭ ʢʦʨʦʥʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʤʘʩʩʳ (ʂɺʄ). ʇʦʩʢʦʣʴʢʫ ʵʪʦʪ 

ʠʥʜʝʢʩ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʥʝʢʦʪʦʨʦʤʫ ʩʨʝʜʥʝʤʫ ʭʘʨʘʢʪʝʨʥʦʤʫ ʨʘʟʤʝʨʫ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ, ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʂʄʇʉ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʧʨʝʜʝʣʷʶʪ ʭʘʨʘʢʪʝʨ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʨʦʷʚʣʷʶʱʝʡʩʷ ʚ ʚʠʜʝ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ, 

ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ, ʚʩʧʳʰʝʢ ʠ ʢʦʨʦʥʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʤʘʩʩʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʂʄʇʉ ʦʧʨʝʜʝʣʷʶʪ ʪʘʢʞʝ ʠ ʭʘʨʘʢʪʝʨ ʧʦʚʝʜʝʥʠʷ ʢʦʨʦʥʘʣʴʥʳʭ ʜʳʨ ʠ ʠʩʪʝʢʘʶʱʠʭ 

ʠʟ ʥʠʭ ʧʦʪʦʢʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. 

 

 

ʊɽʂʋʑʀʁ ʄʆʄɽʅʊ ʈɸɿɺʀʊʀʗ ʉʆʃʅɽʏʅʆʁ ɸʂʊʀɺʅʆʉʊʀ 

 

ɺ.ʅ. ʀʰʢʦʚ  

 

ʀɿʄʀʈɸʅ, ʛ. ʊʨʦʠʮʢ, ʈʦʩʩʠʷ, ishkov@izmiran.ru 

 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʭʦʜʘ ʨʘʟʚʠʪʠʷ ʪʝʢʫʱʝʛʦ ʠ, ʚʦʟʤʦʞʥʦ, ʧʦʩʣʝʜʫʶʱʠʭ ʩʦʣʥʝʯʥʳʭ ʮʠʢʣʦʚ, 

ʚʳʷʚʣʝʥʠʝ ʧʝʨʠʦʜʦʚ ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʚʩʧʳʰʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʘʢ ʥʘ ʉʦʣʥʮʝ, ʪʘʢ ʠ ʚ ʆʂʇ, 

ʘʢʪʫʘʣʴʥʘʷ ʟʘʜʘʯʘ ʩʦʚʨʝʤʝʥʥʦʡ ʩʦʣʥʝʯʥʦʡ ʬʠʟʠʢʠ. ʅʘ ʤʘʣʦʡ ʩʪʘʪʠʩʪʠʢʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʨʷʜʘ ʯʠʩʝʣ ɺʦʣʴʬʘ (ʚʨʝʤʝʥʥʘʷ ʰʢʘʣʘ ʚ 163 ʛ. ï 14 ʮʠʢʣʦʚ ʉɸ) ʥʝʚʦʟʤʦʞʥʦ ʧʝʨʝʙʨʘʪʴ ʚʩʝ 

ʚʦʟʤʦʞʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʪʨʝʥʜʳ ʨʘʟʚʠʪʠʷ ʦʪʜʝʣʴʥʳʭ ʮʠʢʣʦʚ ʉɸ ʠ ʚʳʷʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʠ ʩ 

ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʤʠ ʮʠʢʣʘʤʠ, ʯʪʦ ʥʝ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʡʪʠ ʤʝʭʘʥʠʟʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ 

ʮʠʢʣʠʯʥʦʩʪʠ ʠ ʧʦʩʪʨʦʠʪʴ ʝʸ ʤʦʜʝʣʴ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚ ʨʘʤʢʘʭ ʫʞʝ ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʠʩʪʦʨʠʠ 

ʜʦʩʪʦʚʝʨʥʳʭ ʮʠʢʣʦʚ ʉɸ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʦ, ʯʪʦ, ʥʘʯʠʥʘʷ ʩ ʤʘʢʩʠʤʫʤʘ 22 ʠ ʧʦ ʢʦʥʝʮ 23 

ʩʦʣʥʝʯʥʳʭ ʮʠʢʣʦʚ, ʫʩʣʦʚʠʷ ʛʝʥʝʨʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʉʦʣʥʮʝ ʟʥʘʯʠʤʦ ʠʟʤʝʥʠʣʠʩʴ ʠ ʜʘʣʠ 

ʥʘʯʘʣʦ ʥʦʚʦʤʫ ʧʝʨʠʦʜʫ çʧʦʥʠʞʝʥʥʦʡè ʉɸ ï ʵʧʦʭʝ ʮʠʢʣʦʚ ʩʨʝʜʥʝʡ ʠ ʥʠʟʢʦʡ ʚʝʣʠʯʠʥʳ (ʧʝʨʠʦʜ 

ʩʧʘʜʘ 150-ʣʝʪʥʝʛʦ ʮʠʢʣʘ). ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʵʪʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʩʪʘʣʠ: ï ʧʦʷʚʣʝʥʠʝ 

ʙʦʣʴʰʠʭ ʛʨʫʧʧ ʧʷʪʝʥ ʥʘ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ (Ó35Ü) ʥʘ ʬʘʟʝ ʨʦʩʪʘ ʠ ʚ ʤʘʢʩʠʤʫʤʝ 22 ʮʠʢʣʘ; ï 

ʨʝʘʣʠʟʘʮʠʷ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʭ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʚ ʬʘʟʝ ʤʘʢʩʠʤʫʤʘ; ï ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ 

ʚʩʧʳʰʝʢ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʙʘʣʘ ʍ ʥʘ ʬʘʟʝ ʩʧʘʜʘ ʮʠʢʣʘ; ï ʝʜʠʥʩʪʚʝʥʥʳʡ ʠʟ ʩʪʘʪʠʩʪʠʢʠ ʜʦʩʪʦʚʝʨʥʳʭ 

ʮʠʢʣʦʚ ʩʣʫʯʘʡ ʥʘʨʫʰʝʥʠʷ ʧʨʘʚʠʣʘ ɻʥʝʚʳʰʝʚʘ ï ʆʣʷ, ʧʦ ʢʦʪʦʨʦʤʫ ʥʝʯʸʪʥʳʡ ʮʠʢʣ ʜʦʣʞʝʥ ʙʳʪʴ 

ʚʳʰʝ ʧʨʝʜʳʜʫʱʝʛʦ ʯʸʪʥʦʛʦ; ï ʩʠʣʴʥʦ ʟʘʪʷʥʫʪʘʷ ʚʝʪʚʴ ʩʧʘʜʘ 23 ʮʠʢʣʘ; ï ʧʨʦʜʦʣʞʘʶʱʝʝʩʷ ʩ 2000 ʛ. 

ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʪʝʥʷʭ ʧʷʪʝʥ (ʚʝʨʦʷʪʥʦ ʠʟ-ʟʘ ʨʝʟʢʦ ʚʦʟʨʦʩʰʝʛʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʘʣʳʭ ʩʦʣʥʝʯʥʳʭ ʛʨʫʧʧ ʧʷʪʝʥ. ʇʨʝʜʳʜʫʱʠʡ ʪʘʢʦʡ ʧʝʨʠʦʜ 

çʧʦʥʠʞʝʥʥʦʡè ʉɸ ʥʘʯʘʣʩʷ ʩ 12 ʮʠʢʣʘ ʉɸ (XII 1878 ʛ.) ʠ ʧʨʦʜʦʣʞʘʣʩʷ ʜʦ ʥʘʯʘʣʘ 18 (II 1944 ʛ.). 

ʅʘʯʘʚʰʠʡʩʷ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʪʝʢʫʱʠʡ 24 ʮʠʢʣ ʉɸ ʢ ʢʦʥʮʫ 2012 ʛ. ʥʝʤʥʦʛʦ ʧʨʝʚʟʦʰʸʣ ʧʦ ʚʳʩʦʪʝ 

ʩʘʤʳʡ ʥʠʟʢʠʡ 14 ʮʠʢʣ ʉɸ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʢʘʢ ʮʠʢʣ ʥʠʟʢʦʡ ʚʳʩʦʪʳ (W*ʤʘʢʩ Ò 80). ʊʝʢʫʱʠʡ ʮʠʢʣ ï 

ʧʝʨʚʳʡ ʢʦʤʧʦʥʝʥʪ ʬʠʟʠʯʝʩʢʦʛʦ 22-ʣʝʪʥʝʛʦ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ ʠ ʧʦ ʧʨʘʚʠʣʫ ɻʥʝʚʳʰʝʚʘ ï ʆʣʷ 

ʩʣʝʜʫʶʱʠʡ 25 ʩʦʣʥʝʯʥʳʡ ʮʠʢʣ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʰʝ. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 24 ʮʠʢʣʘ ʉɸ 

ʩʣʝʜʫʶʱʠʝ: ï ʥʘʯʘʣʦ I 2009 ʛ. ʩ W
*
ʤʠʥ = 1.7; ï ʧʝʨʚʘʷ ʛʨʫʧʧʘ ʪʝʢʫʱʝʛʦ ʮʠʢʣʘ ʧʦʷʚʠʣʘʩʴ ʚ N- 

ʧʦʣʫʰʘʨʠʠ ʚ I 2009 ʛ., ʘ ʚ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʠ ʪʦʣʴʢʦ ʚ V 2009; ï ʥʘʯʘʣʦ ʬʘʟʳ ʨʦʩʪʘ ï IV 2011 ʛ. (W 

= 54.4, F10.7 = 112.6); ï ʧʦʷʚʣʝʥʠʝ ʧʝʨʚʦʡ ʙʦʣʴʰʦʡ (Sp Ó 500 ʤ.ʜ.ʧ.) ʛʨʫʧʧʳ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ï II 

2011, ʘ ʧʝʨʚʦʡ ʦʯʝʥʴ ʙʦʣʴʰʦʡ (Sp Ó 1500 ʤ.ʜ.ʧ.) ï XI 2011 ʛʦʜʘ; ï̫ ʚʥʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʧʷʪʥʦʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ N-ʧʦʣʫʰʘʨʠʷ ʉʦʣʥʮʘ: ʟʘ 3.8 ʛʦʜʘ ʨʘʟʚʠʪʠʷ ʥʘ ʚʠʜʠʤʦʤ ʜʠʩʢʝ 

ʉʦʣʥʮʘ ʧʦʷʚʠʣʦʩʴ 564 ʛʨʫʧʧ ʧʷʪʝʥ, ʠʟ ʢʦʪʦʨʳʭ ʪʦʣʴʢʦ 219 ï ʚ ʧʦʷʚʠʣʦʩʴ ʚ ʶʞʥʦʤ; ï ʧʝʨʚʘʷ 

ʙʦʣʴʰʘʷ ʚʩʧʳʰʢʘ (ʄÓ5) ʦʩʫʱʝʩʪʚʠʣʘʩʴ ʚ II 2010 ʛ; ï ʧʝʨʚʘʷ ʤʦʱʥʘʷ ʩʦʣʥʝʯʥʘʷ ʚʩʧʳʰʢʘ ʍ6.9/2ɺ 

ʦʩʫʱʝʩʪʚʠʣʘʩʴ 9.08.2011 ʛ; ï ʦʞʠʜʘʝʤʳʡ ʤʘʢʩʠʤʫʤ W* ï X 2012 ï II 2013 ʛ.; ʦʞʠʜʘʝʤʘʷ ʚʝʣʠʯʠʥʘ 

W*max= 75Ñ5. ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʠʥʪʝʨʝʩʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 24 ʮʠʢʣʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʳʯʥʦ ʙʦʣʴʰʦʝ 
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ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʣʝʢʩʦʚ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ (ʂɸʆ), ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʞʜʫ ɸʆ ʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ʘʢʪʠʚʥʦʩʪʠ. ʅʘ 1 VIII  2012 ʛ. 74 ʂɸʆ ʚʢʣʶʯʘʣʦ 175 ɸʆ. ʀʟ ʩʢʘʟʘʥʥʦʛʦ ʚʳʰʝ ʩʣʝʜʫʝʪ, 

ʯʪʦ 24 ʮʠʢʣ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʩʮʝʥʘʨʠʶ ʪʠʧʠʯʥʦʤʫ ʜʣʷ ʥʦʨʤʘʣʴʥʳʭ ʮʠʢʣʦʚ ʉɸ. ʇʦ ʵʪʦʤʫ ʩʮʝʥʘʨʠʶ 

ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʝ ʚʩʧʳʰʝʯʥʳʝ ʩʦʙʳʪʠʷ ʦʙʳʯʥʦ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʬʘʟʝ ʩʧʘʜʘ ʮʠʢʣʘ ʠ ʠʥʦʛʜʘ ʥʘ ʬʘʟʝ 

ʨʦʩʪʘ. ɻʝʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʯʥʳʭ ʷʚʣʝʥʠʡ ʠ ʢʦʨʦʥʘʣʴʥʳʭ ʜʳʨ ʦʩʪʘʸʪʩʷ ʘʥʦʤʘʣʴʥʦ 

ʥʠʟʢʦʡ: ʟʘ ~4 ʛ. ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʜʚʝ ʙʦʣʴʰʠʝ ʤʘʛʥʠʪʥʳʝ ʙʫʨʠ (ɸʨÓ70) ʠ ʣʠʰʴ ʯʝʪʳʨʝ ʩʦʣʥʝʯʥʳʭ 

ʧʨʦʪʦʥʥʳʭ ʩʦʙʳʪʠʡ (Epr>10 MeV) ʩ ʧʦʪʦʢʦʤ ʧʨʦʪʦʥʦʚ ʙʦʣʴʰʝ 100 p.f.u. 

 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʊʈʋʂʊʋʈʓ ʄɽɾʇʗʊɽʅʅʆɻʆ ʀɿʃʋʏɽʅʀʗ  

ɸʂʊʀɺʅʆʁ ʆɹʃɸʉʊʀ 

 

ʊ.ʀ. ʂʘʣʴʪʤʘʥ
1
, ɺ.ʄ. ɹʦʛʦʜ

1
, ɸ.ʍ. ʉʪʫʧʠʰʠʥ

2
, ʃ.ɺ. ʗʩʥʦʚ

2
  

 
1 
ʉɸʆ ʈɸʅ, ʧ. ʅ.ɸʨʭʳʟ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, vbog@sao.ru 

2 
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ 

 

ɺ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʤʦʜʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ 

ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ ʫʪʦʯʥʷʝʪʩʷ ʤʦʜʝʣʴ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ 

ʅʘʠʙʦʣʝʝ ʧʨʦʪʠʚʦʨʝʯʠʚʦʡ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʠʟʣʫʯʝʥʠʷ ʤʝʞʧʷʪʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ ʠʩʪʦʯʥʠʢʠ ʪʠʧʘ NLS, ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʥʘʜ ʣʠʥʠʝʡ 

ʨʘʟʜʝʣʘ ʧʦʣʷʨʥʦʩʪʝʡ ʤʘʛʥʠʪʥʦʛʦ ʦʙʣʘʩʪʠ ʠ ʤʝʞʧʷʪʝʥʥʳʡ ʢʦʤʧʦʥʝʥʪ ʪʠʧʘ çʛʘʣʦè. ɺ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʛʘʣʦ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʥʝʪʝʧʣʦʚʦʝ ʛʠʨʦʩʠʥʭʨʦʪʨʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ 

ʥʝʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʪʝʧʣʦʚʦʝ ʮʠʢʣʦʪʨʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʧʦʧʝʨʝʯʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠ 

ʜʨ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʜʦʣʞʝʥʘ ʨʘʙʦʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʞʧʷʪʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚʦʣʥ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʪʦʯʥʦʩʪʴʶ ʧʦʨʣʷʨʠʟʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ʠ ʤʦʜʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ ʫʪʦʯʥʷʝʪʩʷ ʤʦʜʝʣʴ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʘʢʞʝ 

ʧʨʝʜʣʘʛʘʶʪʩʷ ʧʨʠʝʤʳ, ʧʦʤʦʛʘʶʱʠʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʤʝʪʦʜʠʢʫ ʨʘʟʜʝʣʝʥʠʷ ʧʷʪʝʥʥʦʡ ʠ 

ʤʝʞʧʷʪʝʥʥʦʡ ʢʦʤʧʦʥʝʥʪ ʠ ʫʪʦʯʥʠʪʴ ʥʘʙʣʶʜʘʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʣʫʯʝʥʠʷ ï 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʦʮʝʥʢʠ ʨʘʟʤʝʨʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʷʨʢʦʩʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. ɼʣʷ ʦʮʝʥʢʠ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠʟʣʫʯʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪ ʧʨʠʤʝʥʝʥʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʤʥʦʛʦʚʦʣʥʦʚʳʭ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʷʭ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʥʘ ʈɸʊɸʅ-600, 

ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʬʦʪʦʩʬʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʢʦʨʦʥʫ ʠ ʤʦʜʝʣʴʥʳʭ ʨʘʩʯʝʪʘʭ 

ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʨʘʟʚʠʪʦʛʦ ʥʘʤʠ ʤʝʪʦʜʘ ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ 

ʚʦʩʩʪʘʥʦʚʣʝʥʦ ʪʨʝʭʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʨʘʩʩʯʠʪʘʥʦ ʨʘʜʠʦʠʟʣʫʯʝʥʠʝ 

ʚʩʝʡ ʤʘʛʥʠʪʦʩʬʝʨʳ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ. ʇʦʩʪʨʦʝʥʳ ʢʘʨʪʳ ʷʨʢʦʩʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʦʙʝʠʭ 

ʢʨʫʛʦʚʳʭ ʤʦʜ  ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ  ʩ ʫʯʝʪʦʤ ʠʥʚʝʨʩʠʠ ʤʦʜʳ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ  ʚ 

ʧʦʧʝʨʝʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, ʥʘʡʜʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʚʳʩʦʪʳ ʠʟʣʫʯʝʥʠʷ ʠ ʦʮʝʥʝʥ ʚʢʣʘʜ 

ʨʘʟʣʠʯʥʳʭ ʛʘʨʤʦʥʠʢ ʮʠʢʣʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʘ ʪʘʢʞʝ ʚʢʣʘʜ ʪʝʧʣʦʚʦʛʦ ʪʦʨʤʦʟʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʠʟʣʫʯʝʥʠʷ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ. ʇʦ ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʩʯʝʪʘ ʠʟʣʫʯʝʥʠʷ ʠ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʫʪʦʯʥʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʘʢʪʠʚʥʦʡ 

ʦʙʣʘʩʪʠ ʩ ʠʩʪʦʯʥʠ 
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ʇʈɽɼɺɽʉʊʅʀʂ çʌɸɿʆɺʆʁ ʂɸʊɸʉʊʈʆʌʓè 11-ʃɽʊʅɽʁ ʎʀʂʃʀʏʅʆʉʊʀ ɺ  

ʉʆɺʈɽʄɽʅʅʋʖ ʕʇʆʍʋ ɻʃʆɹɸʃʔʅʆɻʆ ʄʀʅʀʄʋʄɸ ɸʂʊʀɺʅʆʉʊʀ  

 

ɺ.ʀ. ʂʦʟʣʦʚ, ʂʦʟʣʦʚ ɺ.ɺ., ʇʣʦʪʥʠʢʦʚ ʀ.ʗ.  

 

ʀʂʌʀɸ ʠʤ. ʖ.ɻ. ʐʘʬʝʨʘ, ʉʆ ʈɸʅ, ʛ. ʗʢʫʪʩʢ, ʈʦʩʩʠʷ, cosmoprognoz@mail.ru  

 

ʄʝʪʦʜʦʤ ʪʨʘʝʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʢʦʣʝʙʘʥʠʡ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʠʟʫʯʘʝʪʩʷ 

ʧʦʚʝʜʝʥʠʝ ʯʠʩʝʣ ɺʦʣʴʬʘ ʚ ʮʠʢʣʘʭ ˉˉ 4-23. ɺ ʘʥʘʣʠʟʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʦʜʦʚʳʝ ʟʥʘʯʝʥʠʷ 

ʯʠʩʝʣ ɺʦʣʴʬʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʝʜʚʝʩʪʥʠʢʦʤ ʩʙʦʷ 11-ʣʝʪʥʝʡ ʮʠʢʣʠʯʥʦʩʪʠ (çʬʘʟʦʚʦʡ 

ʢʘʪʘʩʪʨʦʬʳè ʨʝʞʠʤʘ ʘʚʪʦʢʦʣʝʙʘʥʠʡ, ʧʦ ʥʘʰʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ) ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʴʰʘʷ 

ʧʣʦʱʘʜʴ çʟʘʤʝʪʘʝʤʘʷè ʬʘʟʦʚʦʡ ʪʨʘʝʢʪʦʨʠʝʡ ʝʜʠʥʠʯʥʦʛʦ 11-ʣʝʪʥʝʛʦ ʮʠʢʣʘ (ˉˉ 4, 11 19). ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʪʘʢʞʝ ʜʘʥʥʳʝ ʢʦʩʤʠʯʝʩʢʠʭ 

ʣʫʯʝʡ ʩ ʚʳʩʦʢʠʤ, 5-ʤʠʥʫʪʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 5 ʮʠʢʣʦʚ ˉˉ 20-24. ɺ 

ʨʝʟʫʣʴʪʘʪʝ, ʧʦʣʫʯʝʥʦ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʪʦʛʦ, ʯʪʦ ʥʝʦʨʜʠʥʘʨʥʳʡ ʩʙʦʡ 11-ʣʝʪʥʝʡ ʮʠʢʣʠʯʥʦʩʪʠ 

ʉʦʣʥʮʘ ʚ ʩʦʚʨʝʤʝʥʥʫʶ ʵʧʦʭʫ ʥʘʯʘʣʩʷ ʝʱʝ ʚ 22 ʮʠʢʣʝ (ʂʦʟʣʦʚ ʠ ʄʘʨʢʦʚ, 2007 ʛ.) ʠ 

ʧʨʦʜʦʣʞʠʣʩʷ ʚ ʮʠʢʣʘʭ 23-24. ɽʩʣʠ 11-ʣʝʪʥʷʷ ʮʠʢʣʠʯʥʦʩʪʴ ʝʩʪʴ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʡ ʨʝʞʠʤ 

ʜʠʩʢʨʝʪʥʦʛʦ (ʟʘ ʮʠʢʣ) ʩʪʨʘʚʣʠʚʘʥʠʷ ʠʟʙʳʪʦʯʥʦʡ ʵʥʝʨʛʠʠ, ʪʦ ʩʙʦʡ 11-ʣʝʪʥʝʡ ʮʠʢʣʠʯʥʦʩʪʠ 

ʠʣʠ ʚʳʭʦʜ ʥʘ ʨʝʞʠʤ çʬʘʟʦʚʦʡ ʢʘʪʘʩʪʨʦʬʳè, ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ (ʥʘʧʨʠʤʝʨ, 

ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʨʝʞʠʤʘ ʢʦʥʚʝʢʮʠʠ ʚ ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʝ ʉʦʣʥʮʘ). ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʠʣ ʧʦ ʜʘʥʥʳʤ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʚʝʩʪʠ, ʧʦ ʩʫʪʠ, ʤʦʥʠʪʦʨʠʥʛ 

ʧʝʨʝʭʦʜʥʦʛʦ ʨʝʞʠʤʘ ʢ ʵʧʦʭʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ ʘʢʪʠʚʥʦʩʪʠ 

(http://www.forshock.ru/predvlong.html). ɺʳʷʚʣʝʥ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʡ ʠʣʠ ʠʤʧʫʣʴʩʥʳʡ 

ʭʘʨʘʢʪʝʨ ʩʪʨʫʢʪʫʨʳ ʬʘʟʳ ʨʦʩʪʘ ʥʦʚʦʛʦ 24 ʮʠʢʣʘ, ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʚʨʝʤʝʥʥʳʤ ʤʘʩʰʪʘʙʦʤ ~1 

ʛʦʜ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚʧʝʨʚʳʝ ʜʘʥ ʩʨʝʜʥʝʩʨʦʯʥʳʡ ʧʨʦʛʥʦʟ 

ʠʤʧʫʣʴʩʥʦʡ ʬʘʟʳ ʨʘʟʚʠʪʠʷ ʢʦʤʧʣʝʢʩʦʚ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʉʦʣʥʮʝ 

(http://www.forshock.ru/predlong.html) ʥʘ ʚʝʪʚʠ ʨʦʩʪʘ ʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʤʘʢʩʠʤʫʤʘ ʪʝʢʫʱʝʛʦ 24 

ʮʠʢʣʘ ʩ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʩʪʴʶ ~1 ʩʦʣʥʝʯʥʳʡ ʦʙʦʨʦʪ.  

 

 

ʀɿʆʊʈʆʇʅɸ ʃʀ ʊʆʂʆɺɸʗ ʉʇʀʈɸʃʔʅʆʉʊʔ ɺ ɸʂʊʀɺʅʓʍ  

ʆɹʃɸʉʊʗʍ ʉʆʃʅʎɸ? 

 

ʂ.ʄ. ʂʫʟʘʥʷʥ, ʈ.ɸ. ʉʪʝʧʘʥʦʚ, ɼ.ɼ. ʉʦʢʦʣʦʚ, ʍ. ʑʫ, ʍ. ɾʘʥʛ, ʖ. ɻʘʦ 

 

ʀɿʄʀʈɸʅ, ʛ. ʊʨʦʠʮʢ/ ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, kuzanyan@gmail.com 

 

ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʠʟʦʪʨʦʧʠʠ ʧʦ ʚʝʢʪʦʨʥʳʤ ʤʘʛʥʠʪʦʛʨʘʤʤʘʤ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʉʦʣʥʮʘ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʦʢʦʚʫʶ ʩʧʠʨʘʣʴʥʦʩʪʴ (ʧʨʦʝʢʮʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʥʘ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ). ɿʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʝʝ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʦʩʤʳʩʣʝʥʠʶ 

ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ. ɿʘʜʘʯʝʡ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟʳ 

ʠʟʦʪʨʦʧʠʠ ʩʘʤʦʡ ʪʦʢʦʚʦʡ ʩʧʠʨʘʣʴʥʦʩʪʠ. ʆʙʳʯʥʦ ʪʦʢʦʚʫʶ ʩʧʠʨʘʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʘʢ 

ʩʫʤʤʫ ʪʨʝʭ ʩʣʘʛʘʝʤʳʭ (ʩʣʝʜ ʪʝʥʟʦʨʘ). ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʙʣʶʜʘʝʤʦ ʪʦʣʴʢʦ ʦʜʥʦ ʠʟ ʵʪʠʭ 

ʩʣʘʛʘʝʤʳʭ, ʘ ʚ ʩʠʣʫ ʠʟʦʪʨʦʧʠʠ ʚʩʝ ʪʨʠ ʩʣʘʛʘʝʤʳʭ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ. ʊʦʢʦʚʫʶ 

ʩʧʠʨʘʣʴʥʦʩʪʴ ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʥʘ ʪʨʠ ʧʘʨʳ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʜʚʝ ʠʟ ʢʦʪʦʨʳʭ ʤʳ ʤʦʞʝʤ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʘʩʩʯʠʪʘʪʴ ʠʟ ʥʘʙʣʶʜʝʥʠʡ. ɺʩʝ 6 ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 

ʠʟʦʪʨʦʧʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ. ʄʳ ʧʦʢʘʟʳʚʘʝʤ, ʯʪʦ ʚʥʫʪʨʠ ʢʘʞʥʦʡ ʧʘʨʳ ʟʥʘʯʝʥʠʷ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʙʣʠʟʢʠ ʜʨʫʛ ʜʨʫʛʫ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʝʞʜʫ ʜʚʫʤʷ ʜʦʩʪʫʧʥʳʤʠ ʥʘʤ ʜʚʫʤʷ 

ʧʘʨʘʤʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʤʝʝʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʨʘʟʣʠʯʠʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʪʝʧʝʥʴ 

ʘʥʠʟʦʪʨʦʧʠʠ ʪʦʢʦʚʦʡ ʩʧʠʨʘʣʴʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʘ. ʄʳ ʠʟʫʯʘʝʤ ʧʦʚʝʜʝʥʠʝ ʵʪʠʭ ʨʘʟʣʠʯʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʭʦʜʝ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ, ʠ ʜʝʣʘʝʤ ʚʳʚʦʜ ʦ ʩʣʦʞʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʷʭ 

ʘʥʠʟʦʪʨʦʧʠʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚ ʤʦʜʝʣʷʭ ʩʦʣʥʝʯʥʦʛʦ ʜʠʥʘʤʦ. 

mailto:cosmoprognoz@mail.ru
http://www.forshock.ru/predvlong.html
http://www.forshock.ru/predlong.html
mailto:kuzanyan@gmail.com


 11 

 

ʆ ʇʈʀʈʆɼɽ ʗʈʂʀʍ ʀʉʊʆʏʅʀʂʆɺ ɾɽʉʊʂʆɻʆ ʈɽʅʊɻɽʅʆɺʉʂʆɻʆ  

ʀɿʃʋʏɽʅʀʗ ɺ ɺɽʈʐʀʅɽ ɺʉʇʓʐɽʏʅʓʍ ʇɽʊɽʃʔ 

 

ɺ.ʌ. ʄʝʣʴʥʠʢʦʚ
1
, ʀ.ɺ. ʂʫʜʨʷʚʮʝʚ

2,1
, ʖ.ɽ. ʏʘʨʠʢʦʚ

2
 

 
1 
ɻɸʆ ʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, v.melnikov@gao.spb.ru 

2 
ʌʊʀ ʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩ ʧʦʤʦʱʴʶ ʂɸ RHESSI ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʠʩʪʦʯʥʠʢʠ ʞʝʩʪʢʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (ɾʈʀ) ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʷʨʢʦʩʪʠ ʥʝ ʪʦʣʴʢʦ ʚ ʦʩʥʦʚʘʥʠʷʭ, ʥʦ ʠ ʚ 

ʢʦʨʦʥʘʣʴʥʦʡ ʯʘʩʪʠ ʚʩʧʳʰʝʯʥʳʭ ʧʝʪʝʣʴ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʦʜʝʣʠ ʛʝʥʝʨʘʮʠʠ ɾʈʀ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʪʨʫʜʥʦʩʪʷʤʠ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʪʦʛʦ ʬʘʢʪʘ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʷʚʣʝʥʠʝ 

ʢʦʨʦʥʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʦʙʲʷʩʥʷʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʠʪʯ-ʫʛʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʠʥʞʝʢʪʠʨʫʝʤʳʭ ʚ ʚʝʨʰʠʥʫ ʢʦʨʦʥʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʧʝʪʣʠ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʩʣʫʯʘʠ ʘʥʠʟʦʪʨʦʧʥʦʡ ʚʜʦʣʴ ʧʦʣʷ ʠ ʠʟʦʪʨʦʧʥʦʡ ʜʣʠʪʝʣʴʥʦʡ, ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ 

ʠʥʞʝʢʮʠʠ ʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚʜʦʣʴ ʧʝʪʣʠ ʥʘʡʜʝʥʳ ʧʫʪʝʤ 

ʨʝʰʝʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʬʦʨʤʝ ʌʦʢʢʝʨʘ-

ʇʣʘʥʢʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʢʫʣʦʥʦʚʩʢʠʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʅʘ 

ʦʩʥʦʚʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʯʠʩʣʝʥʘ ʷʨʢʦʩʪʴ ɾʈʀ ʚʜʦʣʴ ʦʩʠ ʧʝʪʣʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʢʘʟʘʥʦ ʩʣʝʜʫʶʱʝʝ. ɼʣʷ ʘʥʠʟʦʪʨʦʧʥʦʡ ʠʥʞʝʢʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʭʘʨʘʢʪʝʨʥʳʤ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʤʘʢʩʠʤʫʤʦʚ ʷʨʢʦʩʪʠ ɾʈʀ ʚ ʦʩʥʦʚʘʥʠʷʭ ʧʝʪʣʠ ʠ ʤʠʥʠʤʫʤʘ ʷʨʢʦʩʪʠ ʚ ʝʝ 

ʚʝʨʰʠʥʝ. ɺ ʩʣʫʯʘʝ ʠʟʦʪʨʦʧʥʦʡ ʠʥʞʝʢʮʠʠ, ʚ ʚʝʨʰʠʥʝ ʚʩʧʳʰʝʯʥʦʡ ʧʝʪʣʠ ʬʦʨʤʠʨʫʝʪʩʷ ʥʦʚʳʡ 

ʷʨʢʠʡ ʠʩʪʦʯʥʠʢ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʚʠʜʝʥ ʥʘʨʷʜʫ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʚ ʦʩʥʦʚʘʥʠʷʭ. ʇʦ ʩʚʦʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʵʪʦʪ ʠʩʪʦʯʥʠʢ ʧʦʭʦʞ ʥʘ ʥʘʙʣʶʜʘʝʤʳʝ ʢʦʨʦʥʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ɾʈʀ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʘʙʣʶʜʝʥʠʷ ʷʨʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ɾʈʀ ʚ ʚʝʨʰʠʥʘʭ ʢʦʨʦʥʘʣʴʥʳʭ ʧʝʪʝʣʴ ʷʚʣʷʝʪʩʷ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʚ ʧʦʣʴʟʫ ʤʦʜʝʣʝʡ ʫʩʢʦʨʝʥʠʷ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʭ ʧʦʷʚʣʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʠʟʦʪʨʦʧʥʦʡ (ʠʣʠ ʘʥʠʟʦʪʨʦʧʥʦʡ ʧʦʧʝʨʝʢ ʧʦʣʷ) ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʧʠʪʯ-ʫʛʣʦʚʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ.  

 

 

ɼʃʀʊɽʃʔʅʓɽ ʀɿʄɽʅɽʅʀʗ ʄɸɻʅʀʊʅʓʍ ʇʆʃɽʁ ʉʆʃʅɽʏʅʓʍ ʇʗʊɽʅ 

 

ʖ.ɸ. ʅʘʛʦʚʠʮʳʥ, ɸ.ɸ. ʇʝʚʮʦʚ, ɸ.ɸ. ʊʣʘʪʦʚ, ɸ.ʃ. ʈʳʙʘʢ  

 

ɻɸʆ ʈɸʅ, ʉ.-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, nag@gao.spb.ru 

 

ʇʦ ʜʘʥʥʳʤ ʩʝʤʠ ʦʙʩʝʨʚʘʪʦʨʠʡ ɹʳʚʰʝʛʦ ʉʉʉʈ ʩʦʩʪʘʚʣʝʥ ʧʦʣʫʚʝʢʦʚʦʡ ʨʷʜ ʩʨʝʜʥʝʡ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʢʨʫʧʥʳʭ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ. ʈʷʜ ʧʦʢʘʟʳʚʘʝʪ ʦʪʯʝʪʣʠʚʫʶ  

11-ʣʝʪʥʶʶ ʮʠʢʣʠʯʥʦʩʪʴ: ʚ ʤʠʥʠʤʫʤʝ ʮʠʢʣʘ ʟʥʘʯʝʥʠʷ ʧʷʪʝʥʥʳʭ ʧʦʣʝʡ ʥʘ ~25% ʤʝʥʴʰʝ, ʯʝʤ 

ʚ ʝʛʦ ʤʘʢʩʠʤʫʤʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ ʮʠʢʣʦʤ ʠʟʤʝʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʯʠʩʣʦ ʥʦʩʠʪʝʣʝʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʥʦ ʠ ʠʭ ʩʚʦʡʩʪʚʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʷʪʝʥ ʧʦ ʧʣʦʱʘʜʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʜʚʘ ʣʦʛʥʦʨʤʘʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʪʘʢ ʯʪʦ çʢʨʫʧʥʳʝè ʠ çʤʝʣʢʠʝè ʧʷʪʥʘ ʬʠʟʠʯʝʩʢʠ 

ʨʘʟʜʝʣʝʥʳ. ʕʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʘʭ ʠʭ 

ʛʝʥʝʨʘʮʠʠ. ɺ ʢʦʥʪʝʢʩʪʝ ʜʚʫʭ ʧʦʧʫʣʷʮʠʡ ʧʷʪʝʥ ʦʙʩʫʞʜʝʥ ʨʝʟʫʣʴʪʘʪ ɺ.ʃʠʚʠʥʛʩʪʦʥʘ ʠ ʄ.ʇʝʥʥʘ 

ʦ ʚʝʢʦʚʦʤ ʫʤʝʥʴʰʝʥʠʠ ʩʨʝʜʥʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʧʷʪʝʥ.  
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ɿɸʊʋʍɸʖʑʀʁ ʀ ʅɽɿɸʊʋʍɸʖʑʀʁ ʈɽɾʀʄʓ ʀɿɻʀɹʅʓʍ ʂʆʃɽɹɸʅʀʁ  

ʇʃɸɿʄɽʅʅʓʍ ʇɽʊɽʃʔ ɺ ʂʆʈʆʅɽ ʉʆʃʅʎɸ 

 

ɺ.ʄ. ʅʘʢʘʨʷʢʦʚ 

 

Physics Dept. University of Warwick, UK; 

ɻɸʆ ʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, V.Nakariakov@warwick.ac.uk 

 

The unprecedented time resolution and signal-to-noise ratio of the Atmospheric Imaging 

Assembly (AIA) instrument on board the Solar Dynamics Observatory (SDO) spacecraft allows us 

to advance significantly our understanding of wave and oscillatory processes in the solar corona. In 

particular, kink oscillations of off-limb loops are observed, for the first time, before and after a flare 

in the active region NOAA 11494. Oscillations are depicted and analysed by time-distance maps, 

extracted from the cuts taken parallel or perpendicular to the loop axis. Moving loops are followed 

in time by steadily moving slits. The period of oscillations and its time variation are determined by 

best-fitting harmonic functions. We found that before and well after the occurrence of the flare, the 

loops experience low-amplitude decay-less oscillations. The flare and an associated CME are seen 

to trigger large-amplitude oscillations that decay exponentially in time. The periods of the kink 

oscillations in both regimes (about 240 s) are close to each other. An empirical model of the 

phenomenon in terms of a damped linear oscillator excited by a continuous low-amplitude harmonic 

driver (e.g., the effect of Alfvenic vortex shedding) and by an impulsive high-amplitude driver is 

found to be consistent with the observational findings.  

 

 

ɻʃʆɹɸʃʔʅʓɽ ʂʆʄʇʃɽʂʉʓ ɸʂʊʀɺʅʆʉʊʀ 

 

ɺ.ʅ. ʆʙʨʠʜʢʦ, ɹ.ɼ. ʐʝʣʴʪʠʥʛ 

 

ʀɿʄʀʈɸʅ, ʛ. ʊʨʦʠʮʢ, ʈʦʩʩʠʷ, obridko@izmiran.ru 

 

ʀʟʣʘʛʘʝʪʩʷ ʥʦʚʘʷ ʢʦʥʮʝʧʮʠʷ ɻʣʦʙʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʘʢʪʠʚʥʦʩʪʠ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ 

ʦʙʲʝʜʠʥʝʥʠʠ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʛʦ ʧʦʥʷʪʠʷ ʦʙʲʝʢʪʦʚ ʛʣʦʙʘʣʴʥʳʭ ʠ ʣʦʢʣʴʥʳʭ ʧʦʣʝʡ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ ʢʦʤʧʣʝʢʩʳ ʘʢʪʠʚʥʦʩʪʠ ʦʧʨʝʜʝʣʷʣʠʩʴ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ 

ʥʘʙʣʶʜʝʥʠʡ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ɻʣʦʙʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʂʦʨʦʥʘʣʴʥʳʝ ʜʳʨʳ ʠ ɸʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ. ɼʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʙʦʣʴʰʦʡ ʥʘʙʦʨ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʘʟʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ, 

ʥʘʙʣʶʜʝʥʠʷ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ SOHO MDI, ʥʘʙʣʶʜʝʥʠʷ ʢʦʨʦʥʘʣʴʥʳʭ 

ʜʳʨ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʜʠʘʧʘʟʦʥʝ. ʇʦʢʘʟʘʥʘ ʦʙʱʥʦʩʪʴ ʵʚʦʣʶʮʠʠ ʢʦʨʦʥʘʣʴʥʳʭ ʜʳʨ ʠ 

ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʚ ʝʜʠʥʦʤ ʢʦʤʧʣʝʢʩʝ. ʆʙʩʫʞʜʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʩʚʷʟʠ ʧʦʣʝʡ ʨʘʟʥʳʭ 

ʤʘʩʰʪʘʙʦʚ ʚ ʧʨʦʮʝʩʩʝ ʛʝʥʝʨʘʮʠʠ ʮʠʢʣʘ. 

 

 

ɸʂʊʀɺʅʓɽ ʆɹʃɸʉʊʀ ʉʆʃʅʎɸ ɺ ʇʈɽɼɺʉʇʓʐɽʏʅʆʄ ʉʆʉʊʆʗʅʀʀ ʀ  

ɺʆ ɺʈɽʄʗ ɺʉʇʓʐɽʂ  

 

ʀ.ʄ. ʇʦʜʛʦʨʥʳʡ, ɸ.ʀ. ʇʦʜʛʦʨʥʳʡ 

 

ʀʅɸʉɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, podgorny@inasan.ru 

 

ʀʩʩʣʝʜʦʚʘʥʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ, ʚʳʟʚʘʚʰʠʭ ʙʦʣʴʰʠʝ ʚʩʧʳʰʢʠ. ʊʠʧʠʯʥʦʝ 

ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʝʜʚʩʧʳʰʝʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ, ʚʳʟʳʚʘʶʱʝʡ ʚʩʧʳʰʢʠ 

ʢʣʘʩʩʘ X ʩʦʩʪʘʚʣʷʝʪ 3 ï 5 ʜʥʝʡ. ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʩʧʳʰʢʠ ʢʣʘʩʩʘ X 

mailto:V.Nakariakov@warwick.ac.uk
mailto:obridko@izmiran.ru
mailto:podgorny@inasan.ru


 13 

ʷʚʣʷʝʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝ ʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʷ ~10
22

 Mʢʩ. ʅʦʨʤʘʣʴʥʘʷ 

ʢʦʤʧʦʥʝʥʪʘ ʬʦʪʦʩʬʝʨʥʦʛʦ ʧʦʣʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʥʘʭʦʜʠʣʘʩʴ ʨʝʰʝʥʠʝʤ 

ʫʨʘʚʥʝʥʠʷ ʃʘʧʣʘʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʦʥʝʥʪʳ ʧʦʣʷ ʚʜʦʣʴ ʣʫʯʘ ʟʨʝʥʠʷ ʠʟ ʜʘʥʥʳʭ SOHO 

MDI ʠ SDO HMI. ʊʦʣʴʢʦ ʦʙʣʘʩʪʠ ʩʦ ʩʣʦʞʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʣʠʥʠʝʡ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʨʦʠʟʚʝʩʪʠ ʚʩʧʳʰʢʫ. ɸʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ ʩ ʦʜʥʠʤ ʚʝʜʫʱʠʤ 

ʠ ʦʜʥʠʤ ʚʝʜʦʤʳʤ ʧʷʪʥʘʤʠ ʚʩʧʳʰʝʢ ʥʝ ʩʦʟʜʘʶʪ. ʅʘʜ ʦʙʣʘʩʪʴʶ ʩ ʧʨʦʩʪʳʤ ʘʨʦʯʥʳʤ ʧʦʣʝʤ, 

ʛʜʝ ʥʝʪ ʦʩʦʙʳʭ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʝ ʤʦʞʝʪ ʦʙʨʘʟʦʚʘʪʴʩʷ ʪʦʢʦʚʳʡ ʩʣʦʡ, ʚ ʧʦʣʝ 

ʢʦʪʦʨʦʛʦ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʵʥʝʨʛʠʷ, ʚʳʜʝʣʷʝʤʘʷ ʧʨʠ ʚʩʧʳʰʢʝ. ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʚʦ ʚʨʝʤʷ ʚʩʧʳʰʢʠ 

ʦʩʪʘʝʪʩʷ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʭʘʨʘʢʪʝʨʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʚʦ ʚʨʝʤʷ ʚʩʧʳʰʢʠ. ʇʨʠ 

ʥʝʢʦʪʦʨʳʭ ʚʩʧʳʰʢʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʣʦʢʘʣʴʥʳʝ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʝ ʬʣʫʢʪʫʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ (~100 ɻ) ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʧʦʣʝ 2000 ï 3000 ɻ, ʥʦ ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʶʪ ʥʘ 

ʚʝʣʠʯʠʥʫ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ. ʊʘʢʠʝ ʞʝ ʬʣʫʢʪʫʘʮʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʚ ʦʪʩʫʪʩʪʚʠʠ ʚʩʧʳʰʝʢ. 

ʄʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ ʦ ʥʝʩʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʪʝʦʨʠʠ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʡ ʠʥʞʝʢʮʠʶ ʚ ʢʦʨʦʥʫ 

ʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʚʦ ʚʨʝʤʷ ʚʩʧʳʰʢʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʥʘʢʦʧʣʝʥʠʷ 

ʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʚ ʢʦʨʦʥʝ ʚ ʧʨʝʜʚʩʧʳʰʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʵʥʝʨʛʠʠ ʧʨʠ 

ʚʩʧʳʰʢʝ.  

 

 

ɹɽɿʆʊʈɸɾɸʊɽʃʔʅʆɽ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀɽ ʀɿɻʀɹʅʓʍ ɺʆʃʅ ɺ  

ʂʆʈʆʅɸʃʔʅʓʍ ʄɸɻʅʀʊʅʓʍ ʇɽʊʃʗʍ 

 

ʄ.ʉ. ʈʫʜʝʨʤʘʥ, ɽ. ʇʝʣʠʥʦʚʩʢʠʡ, ʅ.ʉ. ʇʝʨʫʭʠʥ, ʊ. ʊʘʣʠʧʦʚʘ 

 

ʐʝʬʬʠʣʜʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʐʝʬʬʠʝʣʜ, ɸʥʛʣʠʷ, m.s.ruderman@sheffield.ac.uk 

 

ʈʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʠʟʛʠʙʥʳʝ ʚʦʣʥʳ ʧʦʩʪʦʷʥʥʦ ʥʘʙʣʶʣʘʶʪʩʷ ʚ ʢʦʨʦʥʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʧʝʪʣʷʭ ʚ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʝ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʪʠʭ ʚʦʣʥ ʙʝʟ 

ʦʪʨʘʞʝʥʠʷ ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. ʂʨʘʪʢʦ ʦʧʠʩʳʚʘʝʪʩʷ ʦʙʱʘʷ ʪʝʦʨʠʷ 

ʦʜʥʦʤʝʨʥʦʛʦ ʙʝʟʦʪʨʘʞʘʪʝʣʴʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʚ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜʘʭ. ʆʙʱʘʷ 

ʪʝʦʨʠʷ ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʟʛʠʙʥʳʭ ʚʦʣʥ ʚ ʢʦʨʦʥʘʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʝʪʣʷʭ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʘʛʥʠʪʥʳʝ ʧʝʪʣʠ ʧʦʣʫʢʨʫʛʣʦʡ ʬʦʨʤʳ ʧʦʛʨʫʞʸʥʥʳʝ ʚ 

ʠʟʦʪʝʨʤʠʯʝʩʢʫʶ ʘʪʤʦʩʬʝʨʫ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʯʪʦ ʧʣʘʟʤʘ ʠʤʝʝʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʪʝʤʧʝʨʘʪʫʨʫ 

ʚʥʫʪʨʠ ʠ ʚʥʝ ʧʝʪʣʠ. ʇʦʢʘʟʘʥʦ ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʜʠʫʩʘ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʧʝʪʣʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʚʜʦʣʴ ʧʝʪʣʠ ʚʦʟʤʦʞʥʦ ʙʝʟʦʪʨʘʞʘʪʝʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʠʟʛʠʙʥʳʭ ʚʦʣʥ. ʈʘʟʫʤʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʯʪʦ ʨʘʜʠʫʩ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʝʪʣʠ ʤʦʥʦʪʦʥʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʦʩʥʦʚʘʥʠʷ ʧʝʪʣʠ ʢ ʝʸ ʘʧʝʢʩʫ ʧʘʣʘʛʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʩʥʠʟʫ ʥʘ ʩʪʝʧʝʥʴ 

ʨʘʩʰʠʨʝʥʠʷ ʧʝʪʣʠ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʨʘʜʠʫʩʦʚ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ 

ʧʝʪʣʠ ʫ ʝʸ ʘʧʝʢʩʘ ʠ ʫ ʦʩʥʦʚʘʥʠʷ. ʕʪʦ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʪʝʧʝʥʠ ʨʘʩʰʠʨʝʥʠʷ ʧʝʪʣʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʳʩʦʪʳ ʧʝʪʣʠ. ʆʜʥʘʢʦ ʜʘʞʝ ʜʣʷ ʧʝʪʝʣʴ ʩ ʚʳʩʦʪʦʡ ʚʜʚʦʝ 

ʧʨʝʚʳʰʘʶʱʝʡ ʘʪʤʦʩʬʝʨʥʫʶ ʰʢʘʣʫ ʚʳʩʦʪ ʵʪʦ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ ʠ 

ʫʜʦʚʣʝʪʚʘʨʷʝʪ ʦʛʨʘʥʠʯʝʥʠʷʤ ʥʘʣʘʛʘʝʤʳʤ ʥʘʙʣʶʜʝʥʠʷʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʯʪʦ ʙʝʟʦʪʨʘʞʘʪʝʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʟʥʠʙʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚʦʟʤʦʞʥʦ ʚ ʜʦʩʪʘʪʦʩʥʦ 

ʨʝʘʣʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʢʦʨʦʥʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʝʪʝʣʴ.    
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ʅɽʂʆʊʆʈʓɽ ʅʆɺʓɽ ɸʉʇɽʂʊʓ ʌʀɿʀʂʀ ʉʆʃʅɽʏʅʆʁ ʂʆʈʆʅʓ 

 

ɹ.ɺ. ʉʦʤʦʚ 

 

ɻɸʀʐ ʠʤ. ʇ. ʂ. ʐʪʝʨʥʙʝʨʛʘ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, somov@sai.msu.ru 

 

ʂʨʘʩʦʪʘ ʢʦʨʦʥʳ ʉʦʣʥʮʘ ʟʘʩʪʘʚʣʷʝʪ ʤʥʦʛʠʭ ʣʶʜʝʡ ʣʝʪʝʪʴ ʚ ʜʘʣʝʢʠʝ ʩʪʨʘʥʳ, ʯʪʦʙʳ 

ʧʦʣʶʙʦʚʘʪʴʩʷ ʠʟʫʤʠʪʝʣʴʥʳʤ ʷʚʣʝʥʠʝʤ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ. ʆʜʥʘʢʦ ʥʝ ʪʦʣʴʢʦ ʩʚʦʝʡ 

ʢʨʘʩʦʪʦʡ ʧʨʠʚʣʝʢʘʝʪ ʥʘʩ ʢʦʨʦʥʘ. ɺʩʝ ʣʠ ʤʳ ʟʥʘʝʤ ʦ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʝ? ï ɺʦʚʩʝ ʥʝʪ. ʌʠʟʠʢʘ 

ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ ʥʝ ʩʣʫʯʘʡʥʦ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʘʩʪʨʦʬʠʟʠʢʠ. 

ʂʦʩʤʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʢʦʨʦʥʳ ʚ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʠʟʣʫʯʝʥʠʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘʣʠʯʠʝ ʚ ʢʦʨʦʥʝ ʧʣʘʟʤʳ, ʠʤʝʶʱʝʡ ʦʯʝʥʴ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ. 

ʅʝ ʜʦ ʢʦʥʮʘ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʭʘʥʠʟʤʳ ʥʘʛʨʝʚʘ ʩʪʦʣʴ ʤʥʦʛʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʦʨʦʥʳ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ çʦʪʢʨʳʪʳʭ ʚʦʧʨʦʩʦʚè ʪʝʦʨʠʠ 

ʥʘʛʨʝʚʘ ʢʦʨʦʥʘʤʠ ʚʦʣʥʘʤʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠ ʚʩʧʳʰʝʯʥʦ-ʧʦʜʦʙʥʳʤʠ ʷʚʣʝʥʠʷʤʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʧʝʨʝʩʦʝʜʠʥʝʥʠʝʤ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ ʤʘʩʰʪʘʙʘʭ ʦʪ ʩʘʤʳʭ ʤʘʣʳʭ (ʥʘʥʦ-

ʚʩʧʳʰʢʠ ʇʘʨʢʝʨʘ) ʜʦ ʩʘʤʳʭ ʙʦʣʴʰʠʭ (ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʝ ʧʝʨʝʩʦʝʜʠʥʝʥʠʝ ʚ ʢʦʨʦʥʘʣʴʥʳʭ 

ʩʪʨʠʤʝʨʘʭ ʠ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ). ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʥʦʛʦʚʦʣʥʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ ʧʦʟʚʦʣʷʶʪ ʠʟʫʯʘʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʬʬʝʢʪʘ ʤʘʛʥʠʪʥʦʛʦ 

ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʚ ʢʦʨʦʥʝ, ʥʘʧʨʠʤʝʨ, ʥʘʣʠʯʠʝ ʚ ʢʦʨʦʥʘʣʴʥʳʭ ʩʪʨʠʤʝʨʘʭ ʜʚʠʞʫʱʠʭʩʷ 

çʤʘʛʥʠʪʥʳʭ ʦʩʪʨʦʚʦʚè. ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʯʠʩʣʝʥʥʳʤʠ ʠ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʵʪʦ 

ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝ ʧʦʥʷʪʴ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʢʦʨʦʥʝ, ʠʩʪʦʯʥʠʢʝ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ.       

 

 

ʉʆʃʅɽʏʅɸʗ ɸʂʊʀɺʅʆʉʊʔ ʀ ʂʆʉʄʀʏɽʉʂʀɽ ʃʋʏʀ ɺ ɹʃʀɾɸʁʐʀɽ  

ɼɽʉʗʊʀʃɽʊʀʗ  

 

ʖ.ʀ. ʉʪʦʞʢʦʚ, ɻ.ɸ. ɹʘʟʠʣʝʚʩʢʘʷ, ɺ.ʉ. ʄʘʭʤʫʪʦʚ,  

ɸ.ʂ. ʉʚʠʨʞʝʚʩʢʘʷ, ʅ.ʉ. ʉʚʠʨʞʝʚʩʢʠʡ 

 

ʌʀɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, stozhkov@fian.fiandns.mipt.ru 

 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʦʚʝʜʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʦʪʦʢʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 

(ʩʦʣʥʝʯʥʳʭ ʠ ʛʘʣʘʢʪʠʯʝʩʢʠʭ) ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠ ʙʣʠʞʘʡʰʠʝ ʜʝʩʷʪʠʣʝʪʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʦ 

~ 2050 ʛ. ʩʦʣʥʝʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʙʫʜʝʪ ʠʤʝʪʴ ʥʠʟʢʫʶ ʚʝʣʠʯʠʥʫ, ʧʦʜʦʙʥʦ ʪʦʡ, ʢʦʪʦʨʘʷ 

ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʜʣʠʪʝʣʴʥʦʤ ʤʠʥʠʤʫʤʝ ɼʘʣʴʪʦʥʘ (1790 ï 1835 ʛʛ.). ɺ ʦʙʳʯʥʳʭ ʮʠʢʣʘʭ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ Rz > 100, ʘ ʚ ʤʠʥʠʤʫʤʝ ɼʘʣʴʪʦʥʘ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ Rz ʥʝ ʧʨʝʚʦʩʭʦʜʠʣʠ 70. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʜʘʥʥʳʝ ʦ ʧʦʪʦʢʘʭ 

ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʨʝʛʫʣʷʨʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʚ ʟʝʤʥʦʡ 

ʘʪʤʦʩʬʝʨʝ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʩʚʷʟʴ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʧʘʨʘʤʝʪʨʘʤʠ ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜʳ ʠ ʧʦʪʦʢʘʤʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ, ʯʪʦ ʚ 24-

ʦʤ, 25-ʦʤ ʠ 26-ʦʤ ʮʠʢʣʘʭ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʧʣʦʪʴ ʜʦ ~ 2050 ʛ. ʧʦʪʦʢʠ ʢʦʩʤʠʯʝʩʢʠʭ 

ʯʘʩʪʠʮ ʙʫʜʫʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʩʦʣʥʝʯʥʳʤʠ ʮʠʢʣʘʤʠ. 

ʇʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜʳ, ʯʠʩʣʘ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʯʠʩʣʘ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʚ ʪʝʢʫʱʝʤ 24-ʦʤ ʩʦʣʥʝʯʥʦʤ ʮʠʢʣʝ ʠ 

ʧʨʦʚʦʜʠʪʩʷ ʠʭ ʩʨʘʚʥʝʥʠʝ ʩ ʧʨʦʰʣʳʤʠ ʩʦʣʥʝʯʥʳʤʠ ʮʠʢʣʘʤʠ. 
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ʄʆɼɽʃʔ ɻɽʅɽʈɸʎʀʀ ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ ʉʆʃʅʎɸ ɺʀʍʈɽɺʓʄ ɼʀʅɸʄʆ 

 

ɸ.ɻ. ʊʣʘʪʦʚ 

 

ʂʠʩʣʦʚʦʜʩʢʘʷ ɻʦʨʥʘʷ ʘʩʪʨʦʥʦʤʠʯʝʩʢʘʷ ʩʪʘʥʮʠʷ ɻɸʆ ʈɸʅ, ʈʦʩʩʠʷ, tlatov@mail.ru  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʛʝʥʝʨʘʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ, ʧʨʠ ʜʝʡʩʪʚʠʠ ʢʦʪʦʨʦʛʦ ʠʟ ʧʦʣʦʠʜʘʣʴʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʬʦʨʤʠʨʫʝʪʩʷ  ʪʦʨʦʠʜʘʣʴʥʦʝ ʧʦʣʝ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʝ ʩʬʝʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʝ ʫ 

ʦʩʥʦʚʘʥʠʷ ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʳ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʥʘʙʣʶʜʘʝʤʳʝ ʧʦʣʷ ʥʘ ʬʦʪʦʩʬʝʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʚʠʜʝ ʣʦʢʘʣʴʥʳʭ ʩʠʣʦʚʳʭ ʪʨʫʙʦʢ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ. ɼʨʫʛʘʷ 

ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʧʝʨʚʠʯʥʦʛʦ ʧʦʣʦʠʜʘʣʴʥʦʛʦ ʧʦʣʷ ʩʦʩʪʘʚʣʷʝʪ 

ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʦ ʛʘʫʩʩ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʙʣʶʜʘʝʤʳʭ ʧʦʣʝʡ ʧʷʪʝʥ ʥʝʩʢʦʣʴʢʦ ʢʠʣʦʛʘʫʩʩ. 

ɽʩʪʴ ʦʩʥʦʚʘʥʠʷ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʟʦʥʝ ʛʝʥʝʨʘʮʠʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʝʱʝ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʧʦʨʷʜʢʦʚ ʚʳʰʝ. ʆʜʥʘʢʦ ʚʩʣʝʜʩʪʚʠʝ ɤ-ʵʬʬʝʢʪʘ ʚ ʪʝʯʝʥʠʝ ʮʠʢʣʘ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʧʦʣʷ 

ʥʝ ʧʨʝʚʳʰʘʝʪ ʦʜʥʦʛʦ-ʜʚʫʭ ʧʦʨʷʜʢʦʚ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ 

ʛʝʥʝʨʘʮʠʠ ʧʦʣʷ ʦʪʣʠʯʥʘʷ ʦʪ ɤ-ʵʬʬʝʢʪʘ. ɺ ʥʝʡ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ  ʣʦʢʘʣʴʥʳʤʠ ʚʠʭʨʝʚʳʤʠ ʧʦʪʦʢʘʤʠ ʫ ʦʩʥʦʚʘʥʠʷ ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʳ. ʎʠʢʣ 

ʛʝʥʝʨʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʧʨʦʮʝʩʩʦʚ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ, ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʩʣʝʜʩʪʚʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʚʨʘʱʝʥʠʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʪʦʨʦʠʜʘʣʴʥʦʝ ʠ ʤʝʨʠʜʠʦʥʘʣʴʥʳʤ ʧʦʪʦʢʦʤ ʧʝʨʝʥʦʩʠʪʩʷ ʢ 

ʦʩʥʦʚʘʥʠʶ ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʳ ʥʘ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ. ɺʙʣʠʟʠ ʦʩʥʦʚʘʥʠʷ ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʳ 

ʩʫʱʝʩʪʚʫʶʪ ʚʠʭʨʠ ʩ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʘʟʠʤʫʪʘʣʴʥʦ, ʧʦʜʦʙʥʳʝ ʚʠʭʨʷʤ ʊʝʡʣʦʨʘ. 

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʛʝʥʝʨʘʮʠʠ ʩʢʨʫʯʝʥʥʳʭ ʩʠʣʦʚʳʭ ʪʨʫʙʦʢ ʚʩʣʝʜʩʪʚʠʝ ʚʠʥʪʦʚʦʛʦ ʜʠʥʘʤʦ. ʈʦʩʪ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠʚʦʜʠʪ ʢ ʚʩʧʣʳʪʠʶ ʧʝʪʝʣʴ. ɺ ʧʨʦʮʝʩʩʝ ʚʩʧʣʳʪʠʷ ʠ ʚʳʪʷʛʠʚʘʥʠʷ 

ʘʟʠʤʫʪʘʣʴʥʦʝ ʧʦʣʝ ʩʠʣʦʚʳʭ ʪʨʫʙʦʢ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʘʢʩʠʘʣʴʥʦʝ ʠ ʜʦʩʪʠʛʘʝʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʠʜʝ ʙʠʧʦʣʝʡ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ. ʀʟ ʥʠʭ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʧʦʣʝ ʠ ʮʠʢʣ 

ʧʦʚʪʦʨʷʝʪʩʷ. ʊ.ʦ. ʚ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʦʩʥʦʚʥʦʡ ʤʝʭʘʥʠʟʤ ʛʝʥʝʨʘʮʠʠ ʩʚʷʟʘʥ ʩ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤʠ 

ʚʠʭʨʷʤʠ, ʧʨʝʦʙʨʘʟʫʶʱʠʤʠ ʘʟʠʤʫʪʘʣʴʥʦʝ ʧʦʣʝ ʚʠʥʪʦʚʦʝ ʠ ʦʙʨʘʪʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʧʦʣʷ ʚ ʘʢʩʠʘʣʴʥʦʝ ʧʨʠ ʚʩʧʣʳʪʠʠ ʠ ʨʘʩʰʠʨʝʥʠʝ ʧʝʪʝʣʴ. ʅʘ 

ʦʩʥʦʚʝ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʘʤʧʣʠʪʫʜʳ ʧʦʩʣʝʜʫʶʱʝʛʦ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʧʣʦʱʘʜʝʡ ʠ ʰʠʨʦʪʳ 

ʛʨʫʧʧ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʪʝʢʫʱʝʛʦ ʮʠʢʣʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʜʘʥʥʦʛʦ ʠʥʜʝʢʩʘ ʩ 

ʥʘʙʣʶʜʝʥʠʷʤʠ ʩʦʩʪʘʚʠʣ R=0,86.  

 

 

çʇɽʈɽʉʆɽɼʀʅɽʅʀɽè ʉʆʃʅɽʏʅʓʍ ɺʆʃʆʂʆʅ 

 

ɹ.ʇ. ʌʠʣʠʧʧʦʚ  

 

ʀɿʄʀʈɸʅ ʠʤ. ʅ.ɺ. ʇʫʰʢʦʚʘ, ʛ. ʊʨʦʠʮʢ, ʈʦʩʩʠʷ, bfilip@izmiran.ru 

 

ʉʦʣʥʝʯʥʳʝ ʚʦʣʦʢʥʘ ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ ʤʦʛʫʪ ʩʙʣʠʞʘʪʴʩʷ, ʦʙʲʝʜʠʥʷʪʴʩʷ, ʟʘʤʳʢʘʪʴʩʷ ʚ 

ʢʦʣʴʮʝʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. ʍʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʦʢʦʥ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʚʥʫʪʨʝʥʥʝʡ 

ʩʪʨʫʢʪʫʨʳ, ʦʧʨʝʜʝʣʷʝʤʦʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʘʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʢʘʢ ʭʠʨʘʣʴʥʦʩʪʴ ʠʣʠ ʩʚʷʟʘʥʥʳʤ ʩ 

ʥʠʤ ʟʥʘʢʦʤ ʩʧʠʨʘʣʴʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʦʣʦʢʥʘ. ʆʙʩʫʞʜʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʩʦʩʝʜʥʠʭ ʚʦʣʦʢʦʥ ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʷʭ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʝʞʝʜʥʝʚʥʳʝ HŬ ʬʠʣɹʪʨʦʛʨʘʤʤʳ ʚ ʧʝʨʠʦʜ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ 23 ʮʠʢʣʘ. ʅʘʡʜʝʥʳ ʧʨʠʤʝʨʳ ʠʟʤʝʥʝʥʠʷ ʩʚʷʟʥʦʩʪʠ ʚʦʣʦʢʦʥ ʧʨʠ ʵʚʦʣʶʮʠʠ 

ʬʦʪʦʩʬʝʨʥʳʭ ʧʦʣʝʡ. 
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ʈɽɾʀʄʓ ʇʀʊʏ-ʋɻʃʆɺʆʁ ɼʀʌʌʋɿʀʀ ʀ ɺʈɽʄɽʅʅʓɽ ɿɸɼɽʈɾʂʀ  

ʉɽʂʋʅɼʅʓʍ ʅɽʊɽʇʃʆɺʓʍ ɺʉʇʃɽʉʂʆɺ ʉʆʃʅɽʏʅʓʍ ɺʉʇʓʐɽʂ  

 

ʖ.ʊ. ʎʘʧ, ʖ.ɻ. ʂʦʧʳʣʦʚʘ, ɸ.ɺ. ʉʪʝʧʘʥʦʚ  

 

ʅʀʀ çʂʨʳʤʩʢʘʷ ʘʩʪʨʦʬʠʟʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷè, ʂʨʳʤ, ʛ. ʅʘʫʯʥʳʡ, ʋʢʨʘʠʥʘ 

ɻɸʆ ʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, yur@crao.crimea.ua 

 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʨʝʤʝʥʥʳʝ ʟʘʜʝʨʞʢʠ ʤʝʞʜʫ ʥʘʩʪʫʧʣʝʥʠʝʤ ʧʠʢʦʚ ʞʝʩʪʢʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ. ʀʭ ʧʨʦʠʩʭʦʞʜʝʥʠʝ 

ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʨʝʞʠʤʦʚ ʧʠʪʯ-ʫʛʣʦʚʦʡ ʜʠʬʬʫʟʠʠ ʙʳʩʪʨʳʭ ʵʣʝʢʪʨʦʥʦʚ, 

ʟʘʭʚʘʯʝʥʥʳʭ ʢʦʨʦʥʘʣʴʥʦʡ ʘʨʢʦʡ, ʢʦʪʦʨʘʷ ʤʦʜʝʣʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʤʘʛʥʠʪʥʦʡ ʣʦʚʫʰʢʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʨʝʤʝʥʥʳʝ ʟʘʜʝʨʞʢʠ ʨʘʟʥʦʛʦ ʟʥʘʢʘ ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʛʝʥʝʨʘʮʠʝʡ 

ʨʘʟʚʠʪʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚ ʢʦʨʦʥʘʣʴʥʦʡ ʘʨʢʝ. ʀʟʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʚʦʜ 

ɸʰʚʘʥʜʝʥʘ ʠ ʜʨ. (1998) ʦ ʜʦʤʠʥʠʨʫʶʱʝʡ ʨʦʣʠ ʢʫʣʦʥʦʚʩʢʦʡ ʜʠʬʬʫʟʠʠ ʚ ʢʦʨʦʥʘʣʴʥʳʭ ʧʝʪʣʷʭ 

ʥʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʤ. ɺ ʩʚʝʪʝ ʩʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʠ 

ʦʙʩʫʞʜʘʶʪʩʷ ʩʣʝʜʩʪʚʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  
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ʎʝʥʪʨ ʘʩʪʨʦʬʠʟʠʢʠ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʂʘʣʠʬʦʨʥʠʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ,  

  ʉʘʥ-ɼʠʝʛʦ, ʃʘ ɼʞʦʣʣʘ, ʂʘʣʠʬʦʨʥʠʷ, ʉʐɸ  

 

ɺʳʷʩʥʝʥʳ ʟʘʛʘʜʦʯʥʳʝ ʧʨʠʯʠʥʳ ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʛʝʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʩʦʙʳʪʠʷ 18 

ʥʦʷʙʨʷ 2003 ʛ., ʢʦʛʜʘ ʟʘʫʨʷʜʥʘʷ ʧʦ ʩʚʦʠʤ ʦʩʥʦʚʥʳʤ ʧʨʦʷʚʣʝʥʠʷʤ ʩʦʣʥʝʯʥʘʷ ʵʨʫʧʮʠʷ ʚ 

ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ 10501 ʥʝʩʢʦʣʴʢʦ ʚʦʩʪʦʯʥʝʝ ʮʝʥʪʨʘ ʩʦʣʥʝʯʥʦʛʦ ʜʠʩʢʘ, ʩʦʧʨʦʚʦʞʜʘʚʰʘʷʩʷ 

ʫʤʝʨʝʥʥʳʤʠ ʚʩʧʳʰʝʯʥʳʤʠ ʵʧʠʟʦʜʘʤʠ ʙʘʣʣʘ ʜʦ ʄ3.9 ʠ ʩʨʝʜʥʠʤʠ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʩʢʦʨʦʩʪʷʤ 

(å1660 ʢʤ/ʩ) ʢʦʨʦʥʘʣʴʥʳʤʠ ʚʳʙʨʦʩʘʤʠ, ʚʳʟʚʘʣʘ 20 ʥʦʷʙʨʷ ʩʠʣʴʥʝʡʰʫʶ ʛʝʦʤʘʛʥʠʪʥʫʶ ʙʫʨʶ 

23-ʝʛʦ ʮʠʢʣʘ ʩ Dst = -422 ʥʊʣ. ʇʦ ʜʘʥʥʳʤ ʤʥʦʛʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʧʨʦʚʝʜʝʥ 

ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʘʤʦʡ ʵʨʫʧʮʠʠ ʠ ʝʝ ʤʝʞʧʣʘʥʝʪʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. ʉʦʯʝʪʘʥʠʝ 

ʩʠʣʴʥʝʡʰʝʡ ʙʫʨʠ ʩʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤ ʌʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʝʤ (å4,7%), 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʠʟʦʪʨʦʧʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʠʟʦʙʨʘʞʝʥʠʷ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʪʨʘʥʟʠʝʥʪʘ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ Solar Mass Ejection Imager (SMEI), ʜʘʥʥʳʝ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʚ 

ʤʝʞʧʣʘʥʝʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʦʟʤʫʱʝʥʠʝ ʧʨʠʰʣʦ ʢ ɿʝʤʣʝ ʚ ʚʠʜʝ 

ʤʘʛʥʠʪʥʦʛʦ ʦʙʣʘʢʘ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ. ʈʘʩʰʠʨʷʷʩʴ ʥʝʦʙʳʯʥʦ ʩʣʘʙʦ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʦʪ 

ʉʦʣʥʮʘ ʜʦ ɿʝʤʣʠ, ʦʙʣʘʢʦ ʩʦʭʨʘʥʠʣʦ ʚʳʩʦʢʫʶ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʚʥʫʪʨʝʥʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ å 

56 ʥʊʣ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʙʣʘʛʦʧʨʠʷʪʩʪʚʦʚʘʚʰʠʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʫʧʝʨʙʫʨʠ, 

ʙʳʣʦ ʪʦʯʥʦʝ ʧʦʧʘʜʘʥʠʝ ʩʝʨʝʜʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʦʙʣʘʢʘ ʧʦ ʟʝʤʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʝ ʠ ʦʨʠʝʥʪʘʮʠʷ 

ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ  ʚ ʦʙʣʘʢʝ ʧʦʯʪʠ ʪʦʯʥʦ ʥʘ ʶʛ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦ ʤʘʛʥʠʪʥʦʝ ʦʙʣʘʢʦ 

ʙʳʣʦ ʦʪʦʨʚʘʥʦ ʦʪ ʉʦʣʥʮʘ ʠ ʠʤʝʣʦ ʢʦʥʬʠʛʫʨʘʮʠʶ ʩʬʝʨʦʤʘʢʘ. ʇʨʘʚʦʚʠʥʪʦʚʦʡ ʩʬʝʨʦʤʘʢ 

ʚʦʟʥʠʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʢʘʪʘʩʪʨʦʬʳ ʣʝʚʦʚʠʥʪʦʚʦʛʦ ʵʨʫʧʪʠʚʥʦʛʦ ʚʦʣʦʢʥʘ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʠʤ ʢʦʨʦʥʘʣʴʥʦʡ ʥʫʣʝʚʦʡ ʪʦʯʢʠ. ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʩʧʠʨʘʣʴʥʦʩʪʴ 

ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʮʝʧʦʯʢʠ ʤʘʛʥʠʪʥʳʭ ʧʝʨʝʩʦʝʜʠʥʝʥʠʡ ʩʬʝʨʦʤʘʢʘ ʦʧʨʝʜʝʣʠʣʘʩʴ 
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ʟʥʘʢʦʤ ʚʟʘʠʤʥʦʡ ʩʧʠʨʘʣʴʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʚʰʠʭ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ. ʈʝʟʫʣʴʪʘʪʘʤʠ 

ʵʪʦʡ ʢʦʣʣʠʟʠʠ (çʘʥʦʤʘʣʴʥʦʡè ʵʨʫʧʮʠʠ) ʩʪʘʣʠ ʵʨʫʧʮʠʷ ʩʬʝʨʦʤʘʢʘ ʚʙʣʠʟʠ ʮʝʥʪʨʘ ʩʦʣʥʝʯʥʦʛʦ 

ʜʠʩʢʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʦʛʨʦʤʥʦʛʦ Y-ʦʙʨʘʟʥʦʛʦ ʦʙʣʘʢʘ, ʩʦʜʝʨʞʘʚʰʝʛʦ ʭʦʣʦʜʥʫʶ ʧʣʘʟʤʫ 

ʧʨʝʞʥʝʛʦ ʚʦʣʦʢʥʘ ʠ ʠʤʝʚʰʝʛʦ ʨʘʟʤʝʨʳ ʧʦʨʷʜʢʘ ʩʦʣʥʝʯʥʦʛʦ ʨʘʜʠʫʩʘ. ʕʪʦ ʦʙʣʘʢʦ ʨʘʟʣʝʪʘʣʦʩʴ 

ʚʜʦʣʴ ʩʦʣʥʝʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʘʙʣʶʜʘʣʦʩʴ ʪʝʣʝʩʢʦʧʦʤ ʂʆʈʆʅɸʉ-ʌ/ʉʇʀʈʀʊ ʚ ʢʘʥʘʣʝ 

304 ¡ ʢʘʢ ʜʚʠʞʫʱʝʝʩʷ ʧʦʪʝʤʥʝʥʠʝ. 

 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʅɸɻʈɽɺɸ ʇʃɸɿʄʓ ʉʆʃʅɽʏʅʓʍ ɺʉʇʓʐɽʂ  

ʅɽʊɽʇʃʆɺʓʄʀ ʕʃɽʂʊʈʆʅɸʄʀ ɺ ʈɸɿʃʀʏʅʓʍ ʉʊɸɼʀʗʍ 
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ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ M ʠ X ʢʣʘʩʩʘ. ɺ 

ʚʳʙʨʘʥʥʳʭ ʩʦʙʳʪʠʷʭ ʤʳ ʚʳʜʝʣʷʝʤ ʬʘʟʳ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʦʩʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʝʨʳ ʵʤʠʩʩʠʠ ʠ 

ʠʩʩʣʝʜʫʝʤ ʚ ʥʠʭ ʩʚʦʡʩʪʚʘ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʫʩʢʦʨʝʥʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ. ʇʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʂɸ RHESSI ʧʨʦʚʦʜʠʪʩʷ 

ʘʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʘ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʩʧʳʰʝʯʥʦʡ 

ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʙʣʶʜʝʥʠʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʂɸ TRACE ʠ SDO. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʬʘʟʝ ʨʦʩʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʪʝʧʣʦʚʳʝ ʵʣʝʢʪʨʦʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʷʛʢʠʤ 

ʩʧʝʢʪʨʦʤ, ʘ ʠʩʪʦʯʥʠʢʠ ʞʝʩʪʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʢʦʨʦʥʘʣʴʥʦʡ 

ʦʙʣʘʩʪʠ. ʀʥʪʝʥʩʠʚʥʳʡ ʨʦʩʪ ʤʝʨʳ ʵʤʠʩʩʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʠʙʦʣʝʝ ʞʝʩʪʢʦʤʫ ʩʧʝʢʪʨʫ 

ʥʝʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʞʝʩʪʢʦʤʫ ʨʝʥʪʝʛʥʦʚʩʢʦʤʫ ʠʟʣʫʯʝʥʠʶ ʠʟ ʧʣʦʪʥʳʭ ʩʣʦʝʚ ʩʦʣʥʝʯʥʦʡ 

ʘʪʤʦʩʬʝʨʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʞʝʩʪʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʨʘʩʩʯʠʪʘʥʘ ʢʠʥʝʪʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʥʝʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʘʷ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʪʝʧʣʘ. 
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We analyzed the high-energy gamma and neutron emissions observed by the SONG instrument 

onboard the CORONAS-F satellite during four powerful solar flares, namely August 25, 2001, 

October 28, 2003, November 4, 2003, and January 20, 2005. These flares produced neutrons and/or 

protons recorded near the Earth. We demonstrated that the SONG response was consistent with 

detection of the pion-decay gamma emission and neutron fluxes in these events. We supposed that a 

time profile of the soft X-ray derivative was a good proxy of time behavior of the flare energy 

release. Basing on this assumption we showed that in the flares under consideration time intervals 

of the maximum both of energy release and pion-decay-emission coincided well. We determined 

the onset time of GLEs 65, 69 accompanying October 28, 2003, and January 20, 2005 flares on the 

basis of neutron monitor data using the method of superposed epoch. The time of high-energy 

proton onset during SPE on November 4, 2003 was found from the data obtained by GOES 10 and 

12 detectors. The time delay between observation of the high-energy gamma rays and the onset time 

of high-energy protons at the Earthôs orbit in the events under consideration was <5 minutes. This 
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time lag of GLE/SPE corresponds to the least possible proton propagation time. So, we suggest that 

in the events which took place on October 28, 2003, November 4, 2003, and January 20, 2005 both 

protons interacted in the solar atmosphere and the first protons which arrived to the Earth, belonged 

to one and the same population of the accelerated particles.  

 

 

PRINCIPLE COMPONENT ANALYSIS OF THE SOLAR MAGNETIC FIELDS IN THE 

CYCLES 21-23 AND ITôS IMPLICATIONS FOR THE FUTURE SOLAR ACTIVITY  
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3
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In this paper we present the principal components (PCs) in variations of (a )the solar background 

magnetic field (SBMF) measured by the Wilcox Solar Observatory with low spatial resolution for 

solar cycles 21-23, and, (b ) the sunspot magnetic field (SMF) in cycle 23 obtained by SOHO/MDI 

(Zharkova et al, 2012). PCA analysis reveals two main temporal PCs in SBMF of opposite 

polarities originating in the opposite hemispheres and running noticeably off-phase (with about a 

two and half year delay), with their maximums over-lapping in the most active hemisphere for a 

given cycle. Their maximum magnitudes are reduced by factor 3 from cycle 21 to 23 overlapping in 

the Northern hemisphere for cycle 21, the Southern one in cycle 22 and in the Northern again in 

cycle 23. The reduction of magnitudes and slopes of the maximums of the SBMF waves from cycle 

21 towards cycle 23 leads us to expect lower magnitudes of the SBMF wave in cycle 24 and further 

cycles. Also PCA allowed us to detect 4 pairs of EOFs in the SBMF latitudinal components: the 

two main latitudinal EOFs attributed to symmetric and another three pairs of EOFs assigned to 

asymmetric types of meridional flows. The results allow us to postulate the existence of dipole and 

quadruple (or triple dipole) magnetic structures in the SBMF, which varies from cycle to cycle and 

takes the form of two waves travelling off phase, with the phase shift of one quarter of the 11 year 

period. Similar PC and EOF components were found in temporal and latitudinal distributions of the 

sunspot magnetic field for cycle 23 revealing the polarities opposite to the SBMF polarities and 

double maximum in time or maximums in latitude corresponding to the maximums of the SBMF 

PC residuals or minimums in SBMF EOFs, respectively. This allows to suggest that the SBMF 

waves also modulate the occurrence and magnitudes of sunspot magnetic field in time and latitude. 

Zharkova, V.V., Shepherd S.J., Zharkov S.I., 2012, MNRAS, 424, 2943. 
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ʉ ɽ ʂ ʎ ʀ ʗ   çʉʆʃʅʎɽè ʉʊɽʅɼʆɺʓɽ ɼʆʂʃɸɼʓ 
 

 

ɼʆʃɻʆʇɽʈʀʆɼʅʓɽ ʂʆʃɽɹɸʅʀʗ ʉʆʃʅɽʏʅʓʍ ʇʗʊɽʅ ʇʆ  

ʆɼʅʆɺʈɽʄɽʅʅʓʄ ʅɸɿɽʄʅʓʄ ʀ ʂʆʉʄʀʏɽʉʂʀʄ ʅɸɹʃʖɼɽʅʀʗʄ 

 

ɺ.ɽ. ɸʙʨʘʤʦʚ-ʄʘʢʩʠʤʦʚ, ɺ.ʀ. ɽʬʨʝʤʦʚ, ʃ.ɼ. ʇʘʨʬʠʥʝʥʢʦ, ɸ.ɸ. ʉʦʣʦʚʴʸʚ 
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ʅʘ ʦʩʥʦʚʝ ʥʘʟʝʤʥʳʭ ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʠʟʤʝʨʝʥʠʡ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

ʧʷʪʝʥ ʩ ʧʦʤʦʱʴʶ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ 

ʧʝʨʠʦʜʘʤʠ ʚ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤʠʥʫʪ ʚ ʨʷʜʝ ʦʜʠʥʦʯʥʳʭ ʧʷʪʝʥ. ʀʩʧʦʣʴʟʦʚʘʥʳ 

ʤʘʛʥʠʪʦʛʨʘʤʤʳ HMI /SDO ʩ ʠʥʪʝʨʚʘʣʦʤ 45 ʩʝʢ, ʤʘʛʥʠʪʦʛʨʘʤʤʳ MDI /SOHO ʩ ʠʥʪʝʨʚʘʣʦʤ 1 

ʤʠʥ ʠ ʨʘʜʠʦʢʘʨʪʳ ʥʘ ʚʦʣʥʝ 1.76 ʩʤ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʘ ʅʦʙʝʷʤʘ. 

ʅʘʣʠʯʠʝ ʚ ʩʧʝʢʪʨʘʭ ʢʦʣʝʙʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʧʦʭʦʞʠʭ 

ʯʘʩʪʦʪ ʠ ʦʙʱʠʭ ʮʫʛʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʨʝʘʣʴʥʦʩʪʠ ʪʘʢʠʭ ʢʦʣʝʙʘʥʠʡ. ʆʙʩʫʞʜʘʶʪʩʷ 

ʚʦʟʤʦʞʥʳʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʦʣʛʦʧʝʨʠʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

 

 

ɼʈʆɹʃɽʅʀɽ ɻʆʈʀɿʆʅʊɸʃʔʅʆɻʆ ʋʏɸʉʊʂɸ ʉʀʃʆɺʆʁ ʊʈʋɹʂʀ 

ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ ɺ ʋʉʃʆɺʀʗʍ ʉʆʃʅɽʏʅʆʁ ʍʈʆʄʆʉʌɽʈʓ  

 

ʃ.ʄ. ɸʣʝʢʩʝʝʚʘ
1
, ʉ.ʇ. ʂʰʝʚʝʮʢʠʡ

2
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 2 
ɹʘʣʪʠʡʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀʤʤ. ʂʘʥʪʘ, ʛ. ʂʘʣʠʥʠʥʛʨʘʜ, ʈʦʩʩʠʷ,  

  renger@mail.ru 

 

ɺ ʩʚʷʟʠ ʩ ʧʨʦʙʣʝʤʦʡ ʧʦʷʚʣʝʥʠʷ ʭʨʦʤʦʩʬʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʦʙʨʘʟ 

ʚʩʧʣʳʚʰʝʡ ʤʘʛʥʠʪʥʦʡ ʪʨʫʙʢʠ. ʇʨʠ ʵʪʦʤ ʦʙʳʯʥʦ ʥʝ ʦʙʩʫʞʜʘʝʪʩʷ, ʢʘʢ ʚ ʩʝʯʝʥʠʠ ʚʩʧʣʳʚʰʝʡ 

ʪʨʫʙʢʠ ʙʫʜʫʪ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʣʘʟʤʳ ï ʝʝ ʧʣʦʪʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ.  ʇʦʩʢʦʣʴʢʫ ʚʩʧʣʳʪʠʝ ʦʙʲʝʢʪʘ, ʪʝʤ ʙʦʣʝʝ, ʥʝ 

ʠʤʝʶʱʝʛʦ ʞʝʩʪʢʦʡ ʛʨʘʥʠʮʳ, - ʵʪʦ ʩʣʦʞʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ 

ʥʘʟʚʘʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʨʘʟʥʳʭ ʩʣʫʯʘʷʭ ʦʢʘʞʫʪʩʷ ʨʘʟʥʳʤʠ. ʏʪʦ ʧʨʦʠʟʦʡʜʝʪ ʩ ʪʨʫʙʢʦʡ ʚ 

ʭʨʦʤʦʩʬʝʨʝ ʠ ʢʘʢ ʧʦʚʣʠʷʝʪ (ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ) ʢʦʥʢʨʝʪʥʳʡ ʚʠʜ ʪʘʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʥʘ 

ʧʦʩʣʝʜʫʶʱʝʝ ʠʟʤʝʥʝʥʠʝ ʧʦʣʷ ʠ ʩʦʩʪʦʷʥʠʷ ʧʣʘʟʤʳ, ʠʟʫʯʘʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʠʦʥʠʟʠʨʦʚʘʥʥʘʷ ʚʦʜʦʨʦʜʥʘʷ ʧʣʘʟʤʘ ʚ ʦʙʣʘʩʪʠ ʚʝʨʭʫʰʝʯʥʦʡ, ʪ.ʝ. 

ʧʦʯʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ, ʯʘʩʪʠ ʪʨʫʙʢʠ. ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʥʝʠʟʤʝʥʥʦʩʪʠ ʚʩʝʭ ʬʠʟʠʯʝʩʢʠʭ 

ʚʝʣʠʯʠʥ ʚʜʦʣʴ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʳ ʯʠʩʣʝʥʥʦ ʨʝʰʘʝʤ ʟʘʜʘʯʫ ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʜʣʷ ʩʠʩʪʝʤʳ ʧʦʣʥʦʩʪʴʶ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʳʭ ʥʝʣʠʥʝʡʥʳʭ 2D ʫʨʘʚʥʝʥʠʡ ʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦʡ 

ʤʘʛʥʠʪʦʛʘʟʦʜʠʥʘʤʠʢʠ (ʄɻɼ) ʩ ʫʯʝʪʦʤ ʢʦʥʝʯʥʦʡ ʵʣʝʢʪʨʦ- ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ɺ ʥʘʯʘʣʴʥʳʡ 

ʤʦʤʝʥʪ ʧʣʘʟʤʘ ʩʯʠʪʘʝʪʩʷ ʚʩʶʜʫ ʥʝʧʦʜʚʠʞʥʦʡ ʠ ʠʤʝʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʫ 50000 ʂ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʤʘʛʥʠʪʥʘʷ  ʪʨʫʙʢʘ ʩ ʠʟʥʘʯʘʣʴʥʦ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʦ ʚʨʝʤʝʥʝʤ ʥʘʯʠʥʘʝʪ ʜʨʦʙʠʪʴʩʷ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʝʣʠʥʝʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʤʝʣʢʠʝ ʪʨʫʙʦʯʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʠʦʙʨʝʪʘʝʪ ʪʠʧʠʯʥʫʶ ʜʣʷ ʭʨʦʤʦʩʬʝʨʳ ʩʪʨʫʢʪʫʨʫ, ʠʟʚʝʩʪʥʫʶ ʧʦ 

ʥʘʙʣʶʜʝʥʠʷʤ. ʊʘʢ, ʧʨʠ ʟʥʘʯʝʥʠʠ ʭʘʨʘʢʪʝʨʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ɓ=1.5 ʧʦʣʝ 

(ʥʘʡʜʝʥʥʦʝ ʥʘʤʠ ʠʟ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʄɻɼ ʫʨʘʚʥʝʥʠʡ) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʜʨʦʙʣʝʥʠʝ ʫʞʝ ʯʝʨʝʟ 

2 ʤʠʥ; ʵʪʘ ʵʨʦʟʠʷ ʧʦʷʚʣʷʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʪʦʡ ʦʙʣʘʩʪʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʛʨʘʥʠʮʳ ʪʨʫʙʢʠ, 

ʛʜʝ  ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʙʳʣ ʥʘʠʙʦʣʴʰʠʡ ʛʨʘʜʠʝʥʪ ʤʘʛʥʠʪʥʦʛʦ ʜʘʚʣʝʥʠʷ. 
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ʆ ʎʀʂʃʀʏɽʉʂʀʍ ʀɿʄɽʅɽʅʀʗʍ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʓʍ çʉʊʈʋʂʊʋʈè  

ʉɽɺɽʈʆ-ʖɾʅʆʁ ɸʉʀʄʄɽʊʈʀʀ 

 

ʆ.ɻ. ɹʘʜʘʣʷʥ 
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ʇʦ ʜʘʥʥʳʤ ʦ ʷʨʢʦʩʪʠ ʟʝʣʝʥʦʡ ʢʦʨʦʥʘʣʴʥʦʡ ʣʠʥʠʠ 530.3 ʥʤ Fe XIV ʟʘ 1943-2001 ʛʛ 

ʧʨʦʜʦʣʞʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʝʚʝʨʦ-ʶʞʥʦʡ ʘʩʠʤʤʝʪʨʠʠ. 

ɸʩʠʤʤʝʪʨʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ A = (N-S)/(N+S), ʛʜʝ N ʠ S ï ʷʨʢʦʩʪʴ ʟʝʣʝʥʦʡ ʣʠʥʠʠ ʚ ʩʝʚʝʨʥʦʤ 

ʠ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʩʤʦʪʨʝʥʠʝ ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʢʘʨʪ ʠʥʜʝʢʩʘ A ʚ 784 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʵʨʨʠʥʛʪʦʥʦʚʩʢʠʭ ʦʙʦʨʦʪʘʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʰʠʨʦʪʥʦ-ʜʦʣʛʦʪʥʳʝ ʦʙʣʘʩʪʠ, 

ʚ ʢʦʪʦʨʳʭ ʜʦʤʠʥʠʨʫʝʪ ʩʝʚʝʨʥʦʝ ʠʣʠ ʶʞʥʦʝ ʧʦʣʫʰʘʨʠʝ, ʦʙʨʘʟʫʶʪ ʩʚʦʝʦʙʨʘʟʥʳʝ çʩʪʨʫʢʪʫʨʳè 

ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ. ɺ ʦʩʥʦʚʥʦʤ, ʵʪʦ ʚʝʨʪʠʢʘʣʴʥʦ (ʚʜʦʣʴ ʰʠʨʦʪʳ) ʠʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ (ʚʜʦʣʴ 

ʢʵʨʨʠʥʛʪʦʥʦʚʩʢʦʡ ʜʦʣʛʦʪʳ) ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʰʠʨʦʪʥʦ-ʜʦʣʛʦʪʥʳʝ ʦʙʣʘʩʪʠ. ɼʘʣʴʥʝʡʰʠʡ 

ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʳʷʚʣʷʝʪʩʷ ʮʠʢʣʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʚʝʨʪʠʢʘʣʴʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ. ʅʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚʦʟʥʠʢʘʶʪ ʥʘ 

ʚʝʪʚʠ ʩʧʘʜʘ ʚ ʮʠʢʣʝ ʘʢʪʠʚʥʦʩʪʠ, ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʝʝ ʩʝʨʝʜʠʥʳ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʥʘ ʉʦʣʥʮʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚʦʩʪʦʯʥʳʡ ʠ ʟʘʧʘʜʥʳʡ ʩʝʢʪʦʨʘ, ʚ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʚ ʮʝʣʦʤ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 

ʠʣʠ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʘʩʠʤʤʝʪʨʠʷ (ʩʝʚʝʨʥʦʝ ʧʦʣʫʰʘʨʠʝ ʷʨʯʝ), ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʘʷ (ʶʞʥʦʝ 

ʧʦʣʫʰʘʨʠʝ ʷʨʯʝ). ʉʝʚʝʨʦ-ʶʞʥʘʷ ʘʩʠʤʤʝʪʨʠʷ ʷʚʣʷʝʪʩʷ ʦʩʦʙʦʡ, ʦʯʝʥʴ ʠʥʬʦʨʤʘʪʠʚʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʠ ʠʥʜʝʢʩ A ʧʨʠ ʵʪʦʤ ʩʣʫʞʠʪ ʤʝʨʦʡ ʥʝʩʠʥʭʨʦʥʥʦʩʪʠ 

ʨʘʙʦʪʳ ʜʚʫʭ ʧʦʣʫʰʘʨʠʡ ʉʦʣʥʮʘ.  

 

 

ʈɸʂɽʊʅʓʁ ʕʂʉʇɽʈʀʄɽʅʊ HI-C ʇʆ ʀʉʉʃɽɼʆɺɸʅʀʖ ʂʆʈʆʅʓ ʉʆʃʅʎɸ  

ʉʆ ʉɺɽʈʍɺʓʉʆʂʀʄ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʓʄ ʈɸɿʈɽʐɽʅʀɽʄ 

 

ʉ.ɺ. ʂʫʟʠʥ
1
, ʉ.ɸ. ɹʦʛʘʯʝʚ

1
, ʅ.ʅ. ʉʘʣʘʱʝʥʢʦ

2
, ʃ. ɻʦʣʫʙ

3
,  

ɼʞ. ʉʝʨʪʘʡʥ
4
, ʂ. ʂʦʙʘʷʰʠ

5
 

 
1 
ʌʀɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, bogachev@lebedev.ru 

2 
ʀʌʄ ʈɸʅ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

3 
ʉʤʠʪʩʦʥʠʘʥʩʢʘʷ ʘʩʪʨʦʬʠʟʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ, ɻʘʨʚʘʨʜ, ʉʐɸ 

4 
ʎʝʥʪʨ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʦʚ ʄʘʨʰʘʣʣʘ, ʅɸʉɸ, ʉʐɸ 

5 
ʎʝʥʪʨ ʢʦʩʤʠʯʝʩʢʠʭ ʠ ʘʚʠʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʋʥʠʚʝʨʩʠʪʝʪ ɸʣʘʙʘʤʳ, ʍʘʥʪʩʚʠʣʣ, ʉʐɸ 

 

11 ʠʶʣʷ 2012 ʛʦʜʘ ʩ ʨʘʢʝʪʥʦʛʦ ʧʦʣʠʛʦʥʘ ʋʘʡʪ ʉʝʥʜʟ ʚ ʰʪʘʪʝ ʅʴʶ-ʄʝʢʩʠʢʦ (ʉʐɸ) ʙʳʣ 

ʧʨʦʠʟʚʝʜʝʥ ʟʘʧʫʩʢ ʨʘʢʝʪʳ ʅɸʉɸ Hi-C ʩ ʥʘʫʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʉʦʣʥʮʘ ʚ ʚʘʢʫʫʤʥʦʤ ʋʌ ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ, ʥʝʜʦʩʪʫʧʥʦʤ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ʋʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʙʦʨʪʫ ʜʚʫʭʟʝʨʢʘʣʴʥʳʡ ʪʝʣʝʩʢʦʧ, ʠʤʝʣ 

ʨʝʢʦʨʜʥʦʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʧʦʨʷʜʢʘ 0.15 ʫʛʣ. ʩʝʢʫʥʜ ʥʘ ʧʠʢʩʝʣʴ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʤʝʨʫ ʦʢʦʣʦ 100 ʢʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʉʦʣʥʮʘ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʘ ʘʢʪʠʚʥʘʷ ʩʦʣʥʝʯʥʘʷ ʦʙʣʘʩʪʴ NOAA 1520, ʚ ʤʦʤʝʥʪ ʥʘʙʣʶʜʝʥʠʷ ʥʘʭʦʜʠʚʰʘʷʩʷ ʧʦʯʪʠ ʚ 

ʮʝʥʪʨʝ ʩʦʣʥʝʯʥʦʛʦ ʜʠʩʢʘ. ɺʩʝʛʦ ʟʘ 620 ʩʝʢʫʥʜ ʧʦʣʝʪʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 165 ʠʟʦʙʨʘʞʝʥʠʡ 

ʨʘʟʤʝʨʦʤ 4096Ĭ4096 ʧʠʢʩʝʣʝʡ ʚ ɺʋʌ ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ ʚʙʣʠʟʠ 193 ¡. ʉʦ ʩʪʦʨʦʥʳ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʫʯʘʩʪʚʦʚʘʣʠ ʌʀɸʅ ʠ ʀʌʄ ʈɸʅ, ʧʦʩʪʘʚʠʚʰʠʝ 

ʜʣʷ ʪʝʣʝʩʢʦʧʘ ʧʦʣʥʳʡ ʥʘʙʦʨ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʬʠʣʴʪʨʦʚ: ʬʠʣʴʪʨ ʜʝʪʝʢʪʦʨʘ ʠ 

ʚʭʦʜʥʦʡ ʬʠʣʴʪʨ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʥʘʙʣʶʜʝʥʠʝ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʢʦʨʦʥʳ ʉʦʣʥʮʘ, ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ ʚ ʢʦʪʦʨʦʡ, ʢʘʢ ʩʯʠʪʘʝʪʩʷ, ʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘ ʥʘʛʨʝʚ ʢʦʨʦʥʳ 

ʉʦʣʥʮʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʥʘʙʣʶʜʝʥʠʷ ʨʷʜʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, 
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ʢʦʪʦʨʳʝ, ʧʦ ʥʝʢʦʪʦʨʳʤ ʧʨʝʜʧʦʣʦʞʝʥʠʷʤ, ʤʦʛʫʪ ʠʛʨʘʪʴ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʥʘʢʦʧʣʝʥʠʠ ʠ 

ʚʳʩʚʦʙʦʞʜʝʥʠʠ ʵʥʝʨʛʠʠ ʜʣʷ ʥʘʛʨʝʚʘ ʢʦʨʦʥʳ. ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ, ʘ 

ʪʘʢʞʝ ʠʭ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʣʘʥʠʨʫʝʤʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ  ʩʦʣʥʝʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʜʣʷ ʧʨʦʝʢʪʘ çɸʨʢʘè ʥʘ ʩʧʫʪʥʠʢʝ ʄʂɸ-ʌʂʀ ˉ 5, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʧʝʨʚʳʝ 

ʧʨʦʚʝʩʪʠ ʜʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʠʟʫʯʝʥʠʶ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʨʦʥʳ ʩ ʧʠʢʩʝʣʴʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ 0.75 ʫʛʣʦʚʦʡ ʩʝʢʫʥʜʳ.  

 

 

ʄɸɻʅʀʊʅʓɽ ʇʆʃʗ ɺ ɿʆʅɽ ʇʗʊʅʆʆɹʈɸɿʆɺɸʅʀʗ ʉʆʃʅʎɸ 
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1 
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʬʠʣʠʘʣ ʀɿʄʀʈɸʅ, ʉ.-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, helena@ev13934.spb.edu 

2 
ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʉʠʣʴʥʳʝ ʬʦʪʦʩʬʝʨʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʚ ʟʦʥʝ ʧʷʪʥʦʦʙʨʘʟʦʚʘʥʠʷ ʉʦʣʥʮʘ ʠʟʫʯʘʣʠʩʴ ʥʘ 

ʦʩʥʦʚʝ ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʢʘʨʪ ʦʙʩʝʨʚʘʪʦʨʠʠ ʂʠʪʪ ʇʠʢ ʟʘ 1976-2003 ʛʛ. ʇʦʪʦʢʠ  ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʜʣʷ ʩʝʚʝʨʥʦʛʦ ʠ ʶʞʥʦʛʦ ʧʦʣʫʰʘʨʠʡ ʉʦʣʥʮʘ ʙʳʣʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʜʝʣʴʥʦ.  ʂʘʞʜʳʡ ʠʟ ʯʝʪʳʨʝʭ ʫʢʘʟʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʝʛʦ ʧʦʣʷʨʥʦʩʪʴʶ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʚʝʜʫʱʠʭ ʠʣʠ ʚʝʜʦʤʳʭ ʧʷʪʝʥ 

ʦʜʥʦʛʦ ʠʟ ʧʦʣʫʰʘʨʠʡ ʉʦʣʥʮʘ. ɺʩʝ ʯʝʪʳʨʝ ʧʦʪʦʢʘ ʩʣʝʜʫʶʪ 11-ʣʝʪʥʝʤʫ ʩʦʣʥʝʯʥʦʤʫ ʮʠʢʣʫ, ʪʝʤ 

ʥʝ ʤʝʥʝʝ, ʠʤʝʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʪʣʠʯʠʷ ʚ ʠʭ ʚʨʝʤʝʥʥʦʤ ʭʦʜʝ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ ï ʨʘʩʩʤʦʪʨʝʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʵʪʠʭ ʦʪʣʠʯʠʡ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʤʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤ: 1) ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʩʚʷʟʴ  ʵʪʠʭ  ʧʦʪʦʢʦʚ; 2) ʜʠʩʙʘʣʘʥʩ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʦʪʦʢʦʚ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʧʦʣʫʰʘʨʠʶ ʉʦʣʥʮʘ; 3) ʜʠʩʙʘʣʘʥʩ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʦʪʦʢʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʪʦʣʴʢʦ ʢ ʚʝʜʫʱʠʤ ʧʷʪʥʘʤ; 4) 

ʜʠʩʙʘʣʘʥʩ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʦʪʦʢʦʚ ʪʦʣʴʢʦ ʚʝʜʦʤʳʭ ʧʷʪʝʥ. ɼʠʩʙʘʣʘʥʩ 

ʧʦʪʦʢʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʚʝʜʫʱʠʤ ʧʷʪʥʘʤ ʦʙʦʠʭ ʧʦʣʫʰʘʨʠʡ, ʠʟʤʝʥʷʝʪʩʷ ʚ ʭʦʜʝ ʩʦʣʥʝʯʥʦʛʦ 

ʮʠʢʣʘ, ʧʦʜʯʠʥʷʷʩʴ ʩʣʝʜʫʶʱʝʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ɼʣʷ ʬʘʟʳ ʧʦʜʲʝʤʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ  

(ʦʪ ʤʠʥʠʤʫʤʘ ʜʦ ʠʥʚʝʨʩʠʠ) ʚʩʝʛʜʘ ʜʦʤʠʥʠʨʫʶʪ ʧʦʪʦʢʠ ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ, ʜʣʷ ʬʘʟʳ 

ʩʧʘʜʘ (ʦʪ ʠʥʚʝʨʩʠʠ ʜʦ ʤʠʥʠʤʫʤʘ) - ʧʦʪʦʢʠ ʶʞʥʦʛʦ ʧʦʣʫʰʘʨʠʷ. ɸʥʘʣʦʛʠʯʥʦ ʠʟʤʝʥʷʝʪʩʷ 

ʜʠʩʙʘʣʘʥʩ ʧʦʪʦʢʦʚ ʚʝʜʦʤʳʭ ʧʷʪʝʥ: ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʧʦʪʦʢʘ ʚʝʜʫʱʠʭ ʧʷʪʝʥ ʚ ʜʘʥʥʦʡ 

ʧʦʣʫʩʬʝʨʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʧʦʪʦʢʘ ʚʝʜʦʤʳʭ ʧʷʪʝʥ ʜʣʷ ʵʪʦʡ ʞʝ ʧʦʣʫʩʬʝʨʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʚʝʨʦ-ʶʞʥʘʷ ʘʩʠʤʤʝʪʨʠʷ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ 

ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʢʘʢ ʚʝʜʫʱʠʭ, ʪʘʢ ʠ ʚʝʜʦʤʳʭ ʧʷʪʝʥ ʦʜʥʦʡ ʠʟ ʧʦʣʫʩʬʝʨ ʉʦʣʥʮʘ. ɿʥʘʢ  ʩʝʚʝʨʦ-

ʶʞʥʦʡ ʘʩʠʤʤʝʪʨʠʠ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʪʚʝʨʪʴʶ 22-ʣʝʪʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʮʠʢʣʘ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʡ ʤʘʛʥʠʪʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʣʦʢʘʣʴʥʳʭ ʠ ʛʣʦʙʘʣʴʥʳʭ ʧʦʣʝʡ ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʦʡ (ʦʪ ʤʠʥʠʤʫʤʘ ʜʦ ʠʥʚʝʨʩʠʠ ʦʙʱʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ (ʆʄʇʉ) ʠ ʦʪ 

ʠʥʚʝʨʩʠʠ ʜʦ ʤʠʥʠʤʫʤʘ).ɼʠʩʙʘʣʘʥʩ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʦʪʦʢʦʚ ʜʣʷ ʚʩʝʡ 

ʧʨʠʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʙʣʘʩʪʠ (°40Á ʛʝʣʠʦʰʠʨʦʪʳ) ʠʟʤʝʥʷʝʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʜʠʩʙʘʣʘʥʩ 

ʚʝʜʫʱʠʭ ʧʷʪʝʥ. ɿʥʘʢ ʜʠʩʙʘʣʘʥʩʘ ʥʝ ʤʝʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 11 ʣʝʪ ʦʪ ʦʜʥʦʡ ʠʥʚʝʨʩʠʠ ʆʄʇʉ ʜʦ 

ʜʨʫʛʦʡ ʠ ʚʩʝʛʜʘ ʩʦʚʧʘʜʘʝʪ ʩʦ ʟʥʘʢʦʤ ʆʄʇʉ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ. ɿʥʘʢ ʩʝʚʝʨʦ-ʶʞʥʦʡ 

ʘʩʠʤʤʝʪʨʠʠ ʠ ʟʥʘʢ ʜʠʩʙʘʣʘʥʩʘ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʝʪʚʝʨʪʴʶ 22-ʣʝʪʥʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʮʠʢʣʘ, ʜʣʷ ʢʦʪʦʨʦʡ ʤʘʛʥʠʪʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʣʦʢʘʣʴʥʳʭ ʠ ʛʣʦʙʘʣʴʥʳʭ ʧʦʣʝʡ 

ʩʦʭʨʘʥʷʝʪʩʷ (ʦʪ ʤʠʥʠʤʫʤʘ, ʛʜʝ ʩʦʣʥʝʯʥʳʝ ʧʷʪʥʘ ʤʝʥʷʶʪ ʧʦʣʷʨʥʦʩʪʴ ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʍʝʡʣʘ 

ʜʦ ʠʥʚʝʨʩʠʠ ʆʄʇʉ ʠ ʦʪ ʠʥʚʝʨʩʠʠ ʜʦ ʤʠʥʠʤʫʤʘ). ɿʥʘʢ ʩʝʚʝʨʦ-ʶʞʥʦʡ ʘʩʠʤʤʝʪʨʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʬʘʟʦʡ 11-ʣʝʪʥʝʛʦ ʮʠʢʣʘ (ʜʦ ʠʣʠ ʧʦʩʣʝ ʠʥʚʝʨʩʠʠ ʆʄʇʉ). ɿʥʘʢ ʦʙʱʝʛʦ 

ʜʠʩʙʘʣʘʥʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʬʘʟʦʡ 11 ʣʝʪʥʝʛʦ ʮʠʢʣʘ, ʪʘʢ ʠ ʯʝʪʥʦʩʪʴʶ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ. 
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ʆ ʇʈʆʀʉʍʆɾɼɽʅʀʀ ɼʀʉʂʈɽʊʅʆɻʆ ʄɸʉʐʊɸɹʅʆɻʆ ʉʇɽʂʊʈɸ ʉʆʃʅɽʏʅʆʁ 

ʂʆʅɺɽʂʎʀʀ 

 

ɸ.ɺ. ɻʝʪʣʠʥʛ, ʆ. ʉ. ʄʘʞʦʨʦʚʘ, ʆ. ɺ. ʑʝʨʠʮʘ  

 

ʅʀʀʗʌ ʠʤ. ɼ.ɺ. ʉʢʦʙʝʣʴʮʳʥʘ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ,  

A.Getling@mail.ru 

ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠʤ. ʄ.ɺ. ʂʝʣʜʳʰʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ,  

olgamazhor@mail.ru, shchery@mail.ru 

 

ɼʠʩʢʨʝʪʥʦʩʪʴ ʩʧʝʢʪʨʘ ʤʘʩʰʪʘʙʦʚ ʩʦʣʥʝʯʥʦʡ ʢʦʥʚʝʢʮʠʠ ʧʦʢʘ ʥʝ ʥʘʰʣʘ ʫʙʝʜʠʪʝʣʴʥʦʛʦ 

ʦʙʲʷʩʥʝʥʠʷ. ʂʘʞʝʪʩʷ ʚʝʨʦʷʪʥʳʤ, ʯʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʥʦʛʦʤʘʩʰʪʘʙʥʦʩʪʠ ʪʝʯʝʥʠʷ ʩʚʷʟʘʥʦ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʨʘʪʠʬʠʢʘʮʠʠ, ʢʦʥʚʝʢʪʠʚʥʦ ʥʝʫʩʪʦʡʯʠʚʦʡ ʥʘ ʚʩʝʭ ʚʳʩʦʪʘʭ. ɺ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʩʧʝʮʠʘʣʴʥʦ ʚʳʙʨʘʥʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʣʦʷ ʥʘ 

ʤʘʩʰʪʘʙʥʳʡ ʩʧʝʢʪʨ ʢʦʥʚʝʢʪʠʚʥʳʭ ʜʚʠʞʝʥʠʡ. ɼʣʷ ʵʪʦʛʦ ʢʦʥʚʝʢʮʠʠ ʤʦʜʝʣʠʨʫʝʪʩʷ ʯʠʩʣʝʥʥʦ 

ʥʘ ʦʩʥʦʚʝ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʠ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʧʨʦʩʪʘʷ ʜʚʫʤʝʨʥʘʷ ʤʦʜʝʣʴ, ʥʝ ʫʯʠʪʳʚʘʶʱʘʷ ʩʞʠʤʘʝʤʦʩʪʠ, ʠ ʫʨʘʚʥʝʥʠʷ ʨʝʰʘʶʪʩʷ ʜʣʷ 

ʜʣʠʥʥʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ. ʉʪʨʘʪʠʬʠʢʘʮʠʷ ʩʦʟʜʘʝʪʩʷ ʣʠʙʦ ʧʫʪʝʤ ʟʘʜʘʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʬɻʬʠʮʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʣʠʙʦ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʣʠʙʦ ʦʪ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ. ʀʩʩʣʝʜʫʶʪʩʷ ʩʣʫʯʘʡ ʜʚʫʭ ʞʝʩʪʢʠʭ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʛʨʘʥʠʮ ʠ ʩʣʫʯʘʡ ʞʝʩʪʢʦʡ ʥʠʞʥʝʡ ʠ ʩʚʦʙʦʜʥʦʡ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ. 

ʂʦʥʜʫʢʪʠʚʥʳʡ ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʣʠʢ ʚ ʪʦʥʢʦʤ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʧʦʜʩʣʦʝ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣ ʚ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʩʣʦʷ. ɺ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʘʩʱʝʧʣʝʥʠʝ ʤʘʩʰʪʘʙʦʚ: ʢʘʨʪʠʥʘ ʢʦʥʚʝʢʮʠʠ ʚʳʛʣʷʜʠʪ ʢʘʢ ʩʝʤʝʡʩʪʚʦ ʜʚʫʤʝʨʥʳʭ ʷʯʝʝʢ 

(ʚʘʣʦʚ) ʥʝʢʦʪʦʨʦʛʦ ʦʩʥʦʚʥʦʛʦ ʤʘʩʰʪʘʙʘ, ʥʘ ʢʦʪʦʨʦʝ ʥʘʣʦʞʝʥʳ ʙʦʣʝʝ ʤʝʣʢʠʝ ʷʯʝʝʯʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ. ʉ ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʧʨʠʤʝʥʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ. ʄʝʣʢʦʤʘʩʰʪʘʙʥʳʝ ʷʯʝʡʢʠ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʚʙʣʠʟʠ 

ʦʙʝʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʛʨʘʥʠʮ ʩʣʦʷ. ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ ʥʘ ʭʘʨʘʢʪʝʨ 

ʪʝʯʝʥʠʷ. 

 

 

ʂʀʅɽʊʀʏɽʉʂɸʗ ʉʇʀʈɸʃʔʅʆʉʊʔ ʗʏɽɽʏʅʆɻʆ ʂʆʅɺɽʂʊʀɺʅʆɻʆ ʊɽʏɽʅʀʗ 

 

ɸ.ɺ. ɻʝʪʣʠʥʛ  

 

ʅʀʀʗʌ ʠʤ. ɼ.ɺ. ʉʢʦʙʝʣʴʮʳʥʘ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ,  

ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, A.Getling@mail.ru 

 

ɻʝʥʝʨʘʮʠʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ ʪʫʨʙʫʣʝʥʪʥʦʡ ʧʨʦʚʦʜʷʱʝʡ ʩʨʝʜʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ Ŭ-ʵʬʬʝʢʪʦʤ, ʟʘʚʠʩʷʱʝʤ ʦʪ ʩʨʝʜʥʝʡ ʩʧʠʨʘʣʴʥʦʩʪʠ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ < v Ā rot v> 

(ʢʠʥʝʪʠʯʝʩʢʦʡ ʩʧʠʨʘʣʴʥʦʩʪʠ). ʉʨʝʜʥʷʷ ʩʧʠʨʘʣʴʥʦʩʪʴ ʠ ʢʦʵʬʬʠʮʠʝʥʪ Ŭ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ 

ʩʪʨʫʢʪʫʨʳ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʦʮʝʥʢʠ Ŭ ʜʣʷ ʩʦʣʥʝʯʥʦʡ ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʳ ʚʝʩʴʤʘ 

ʥʝʦʧʨʝʜʝʣʝʥʥʳ ʠ ʚʘʨʴʠʨʫʶʪ ʚ ʧʨʝʜʝʣʘʭ ʯʝʪʳʨʝʭ ʧʦʨʷʜʢʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʦʥʚʝʢʪʠʚʥʳʝ 

ʪʝʯʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʧʣʘʟʳ ʦʙʣʘʜʘʶʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ, ʠ 

çʜʝʪʝʨʤʠʥʠʩʪʩʢʦʝè ʯʠcʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʷʯʝʝʯʥʦʡ ʢʦʥʚʝʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʜʣʷ ʦʮʝʥʦʢ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʢ ʛʝʥʝʨʘʪʦʨʘ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʦ 

ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʝ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʣʦʝ 

ʩʞʠʤʘʝʤʦʡ ʩʨʝʜʳ (ʛʘʟʘ), ʧʦʜʦʛʨʝʚʘʝʤʦʤ ʩʥʠʟʫ ʠ ʚʨʘʱʘʶʱʝʤʩʷ ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ. 

ʉʨʝʜʘ ʩʯʠʪʘʝʪʩʷ ʧʦʣʠʪʨʦʧʥʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ. ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʥʦʩʠʪʩʷ ʪʝʧʣʦʚʦʝ 

ʚʦʟʤʫʱʝʥʠʝ ð ʣʠʙʦ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʝ (ʰʫʤʦʚʦʝ), ʣʠʙʦ ʩ ʧʨʘʚʠʣʴʥʦʡ ʩʠʤʤʝʪʨʠʝʡ, 

ʩʦʟʜʘʶʱʝʝ ʩʠʩʪʝʤʫ ʰʝʩʪʠʫʛʦʣʴʥʳʭ ʢʦʥʚʝʢʪʠʚʥʳʭ ʷʯʝʝʢ ʙʝʥʘʨʦʚʩʢʦʛʦ ʪʠʧʘ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ 

ʨʘʟʤʝʨʳ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʜʦʩʪʠʛʘʶʪ 28 Ĭ 24 Ĭ 1. ʅʘʡʜʝʥʦ, ʯʪʦ ʩʨʝʜʥʷʷ ʩʧʠʨʘʣʴʥʦʩʪʴ 

mailto:A.Getling@mail.ru
mailto:shchery@mail.ru
mailto:A.Getling@mail.ru


 23 

ʷʯʝʝʯʥʳʭ ʪʝʯʝʥʠʡ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʪʴ ʩʧʠʨʘʣʴʥʦʩʪʴ ʪʝʯʝʥʠʡ 

ʤʘʣʦʫʧʦʨʷʜʦʯʝʥʥʳʭ. ʇʨʠ ʜʘʥʥʳʭ ʯʠʩʣʘʭ ʈʵʣʝʷ ʠ ʇʨʘʥʜʪʣʷ ʝʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʩʪʝʪ 

ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʠʥʜʝʢʩʘ ʧʦʣʠʪʨʦʧʳ (ʪ.ʝ. ʩ ʨʦʩʪʦʤ ʢʨʠʚʠʟʥʳ ʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʵʥʪʨʦʧʠʠ) 

ʠ ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ ʧʨʠ ʥʝʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘɦ ʝʥʠʷ ʩʣʦʷ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ 

ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪ ˉ12-02-00792-ʘ). 

 

 

ɺɸʈʀɸʎʀʀ ʗʈʂʆʉʊʀ ɺ ɺɽʈʐʀʅɽ ʇɽʊɽʃʔʅʆʁ ʉʀʉʊɽʄʓ ʉʆʃʅɽʏʅʆʁ  

ɺʉʇʓʐʂʀ ʅɸ ʃʀʄɹɽ 19 ʀʖʃʗ 2012 ʛ. 

 

ɸ.ɸ. ɻʦʣʦʚʢʦ 

 

ʀʉɿʌ ʉʆ ʈɸʅ, golovko@iszf.irk.ru 

 

ʉ ʧʦʤʦʱʴʶ ʭʨʦʤʦʩʬʝʨʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ʧʦʣʥʦʛʦ ʜʠʩʢʘ ʚ ʣʠʥʠʠ H-ʘʣʴʬʘ ɹʘʡʢʘʣʴʩʢʦʡ 

ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ, ʧʦʣʫʯʝʥʳ ʬʠʣʴʪʨʦʛʨʘʤʤʳ ʣʠʤʙʦʚʦʡ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʠ 

ʙʘʣʣʘ M7.7 ʟʘ 19 ʠʶʣʷ 2012 ʛ. ʉʲʝʤʢʘ ʚʝʣʘʩʴ ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 1 ʤʠʥ, ʘ ʚ ʦʪʜʝʣʴʥʳʝ 

ʠʥʪʝʨʚʘʣʳ ï ʩʝʨʠʷʤʠ ʧʦ 200 ʠ 500 ʢʘʜʨʦʚ ʯʝʨʝʟ 0.4 ʩ. ʇʦʩʪʨʦʝʥʳ ʚʨʝʤʝʥʥʳʝ ʨʝʘʣʠʟʘʮʠʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʷʨʢʦʛʦ ʫʟʣʘ ʚ ʚʝʨʰʠʥʝ ʧʝʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʈʝʘʣʠʟʘʮʠʠ ʥʘ ʪʦʥʢʦʡ (0.4 ʩ) 

ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʝ ʥʝ ʧʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʤʳʭ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʫʣʴʩʘʮʠʡ, ʘ ʪʦʣʴʢʦ 

ʰʫʤʦʚʳʝ ʚʘʨʠʘʮʠʠ. ʌʨʘʢʪʘʣʴʥʳʡ ʠʭ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʨʝʘʣʠʟʘʮʠʷʭ ʩʚʦʡʩʪʚʘ 

ʤʘʩʰʪʘʙʥʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ.  ʆʮʝʥʢʠ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʜʘʶʪ ʚʝʣʠʯʠʥʫ D=1.4 ï 1.8.  

 

 

ʅɸʇʈɸɺʃɽʅʅʆʉʊʔ ʈɽʅʊɻɽʅʆɺʉʂʆɻʆ ʀɿʃʋʏɽʅʀʗ ʉʆʃʅɽʏʅʆʁ ɺʉʇʓʐʂʀ 

ʇʆ ʉʊɽʈɽʆʉʂʆʇʀʏɽʉʂʀʄ ʅɸɹʃʖɼɽʅʀʗʄ ʅɸ ʂɸ ʄɸʈʉ ʆɼʀʉʉɽʁ (ʍɽʅɼ), 

RHESSI ʀ ʂʆʈʆʅɸʉ-ʌ (ʉʆʅɻ) 

 

ʄ.ɸ. ʃʠʚʰʠʮ, ʀ.ɻ. ʄʠʪʨʦʬʘʥʦʚ, ɼ.ɺ. ɻʦʣʦʚʠʥ, ɸ.ʉ. ʂʦʟʳʨʝʚ, ʄ.ʃ. ʃʠʪʚʘʢ,  

ɸ.ɹ. ʉʘʥʠʥ, ɺ.ʀ. ʊʨʝʪʴʷʢʦʚ, ʃ.ʂ. ʂʘʰʘʧʦʚʘ, ɺ.ʌ. ʄʝʣʴʥʠʢʦʚ,  

ɸ.ɺ. ɹʦʛʦʤʦʣʦʚ, ʀ.ʅ. ʄʷʛʢʦʚʘ 

 

ʀɿʄʀʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʛ. ʊʨʦʠʮʢ, ʈʦʩʩʠʷ 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, golovin@l503.iki.rssi.ru 

ʀʉɿʌ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

ɻɸʆ ʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

ʅʀʀʗʌ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɸʧʧʘʨʘʪʫʨʦʡ ʍɽʅɼ ʥʘ ʂɸ ʄɸʈʉ ʆɼʀʉʉɽʁ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʞʝʩʪʢʦʝ 

ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʙʦʣʝʝ 50 ʤʦʱʥʳʭ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʟʘ ʧʝʨʠʦʜ ʩ 2001 ʧʦ 2010 ʛʛ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʚʨʝʤʝʥʥʳʝ ʧʨʦʬʠʣʠ  ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 30 ʢʵɺ ʜʦ 1 ʄʵɺ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ 

ʚʥʝʰʥʠʤ ʩʮʠʥʪʠʣʣʷʪʦʨʦʤ ʍɽʅɼʘ ʠ ʜʨʫʛʠʤʠ ʧʨʠʙʦʨʘʤʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ RHESSI ʠ 

ʂʆʈʆʅɸʉ-ʌ, ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ (ʝʩʣʠ ʫʩʣʦʚʠʷ ʚʠʜʠʤʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ ʙʳʣʠ 

ʦʜʠʥʘʢʦʚʳʤʠ, ʪ.ʝ. ʥʠʢʘʢʘʷ ʯʘʩʪʴ ʠʩʪʦʯʥʠʢʘ ʥʝ ʥʘʭʦʜʠʣʘʩʴ ʟʘ ʣʠʤʙʦʤ ʜʣʷ ʢʘʢʦʛʦ ʣʠʙʦ ʠʟ 

ʘʧʧʘʨʘʪʦʚ). ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʚʩʧʳʰʝʢ 14 ʠʶʣʷ 2005ʛ ʩʦʙʳʪʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʩ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ ʥʘ ʦʢʦʣʦʤʘʨʩʠʘʥʩʢʦʡ ʠ ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʘʭ, ʨʘʟʥʝʩʝʥʥʳʭ ʥʘ 42 ʛʨʘʜʫʩʘ ʧʦ 

ʜʦʣʛʦʪʝ. ʇʨʦʬʠʣʠ ʠ ʩʧʝʢʪʨʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʝʨʚʦʛʦ ʤʦʱʥʦʛʦ ʚʩʧʣʝʩʢʘ (~ 7:22-

7:23 UT), ʧʦʣʫʯʝʥʥʳʝ  ʧʦ ʜʘʥʥʳʤ ʍɽʅɼ ʠ ʧʨʠʙʦʨʘ ʉʆʅɻ ʥʘ ʂɸ ʂʆʈʆʅɸʉ-ʌ,  ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʦʚʧʘʜʘʣʠ. ʉʪʝʨʝʦʩʢʦʧʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʠ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʚʪʦʨʦʛʦ ʚʩʧʣʝʩʢʘ (~10:20-

11:10 UT) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ 11:00 ʜʦ 11:10 ʥʘ ʈɽʉʉʀ ʠ ʥʘ ʤʠʢʨʦʚʦʣʥʘʭ (1.41 ɻɻʮ) ʦʪʯʝʪʣʠʚʦ 

ʥʘʙʣʶʜʘʣʩʷ ʝʱʝ ʦʜʠʥ ʚʩʧʣʝʩʢ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʍɽʅɼʝ ʚ ʧʝʨʠʦʜ ʩ 11:00 ʜʦ 11:04 ʩʠʛʥʘʣ 

ʫʤʝʥʴʰʘʣʩʷ ʠ ʜʘʣʝʝ ʜʦʩʪʠʛ ʫʨʦʚʥʷ ʬʦʥʘ. ɹʳʣ ʧʨʦʚʝʜʝʥ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ, ʩʦʛʣʘʩʥʦ 
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ʢʦʪʦʨʦʤʫ ʚ ʧʝʨʚʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʨʘʟʣʠʯʠʝ ʧʦʪʦʢʦʚ ʚ ʩʪʦʨʦʥʫ ʄʘʨʩʘ ʠ ɿʝʤʣʠ 

ʜʦʩʪʠʛʣʦ 2.0, ʘ ʜʣʷ ʚʪʦʨʦʛʦ ʠʥʪʝʨʚʘʣʘ ʘʥʠʟʦʪʨʦʧʠʷ ʠʟʣʫʯʝʥʠʷ ʬʦʨʤʘʣʴʥʦ ʧʨʝʚʳʩʠʣʘ 3.0 ʩ 

ʚʝʨʦʷʪʥʦʩʪʴʶ 0.997, ʠ 4.1 ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 0.68.   

 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʋʌ ʀɿʃʋʏɽʅʀʗ ʀ ʇɸʈɸʄɽʊʈʆɺ ʂʆʈʆʅɸʃʔʅʆɻʆ  

ʉʊʈʀʄɽʈɸ ʇʆ ɼɸʅʅʓʄ ʅɸɹʃʖɼɽʅʀʁ ʊɽʃɽʉʂʆʇɸ PROBA2/SWAP 

 

ʌ.ʌ. ɻʦʨʷʝʚ, ɺ.ɸ. ʉʣʝʤʟʠʥ, ʃ.ɸ. ɺʘʡʥʰʪʝʡʥ
 

 

ʌʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʇ.ʅ.ʃʝʙʝʜʝʚʘ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ,  

goryaev_farid@mail.ru 

 

ɺ ʠʟʦʙʨʘʞʝʥʠʷʭ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ, ʧʦʣʫʯʘʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ɺʋʌ ʪʝʣʝʩʢʦʧʦʚ ʩ ʰʠʨʦʢʠʤ 

ʧʦʣʝʤ ʟʨʝʥʠʷ (ʂʆʈʆʅɸʉ-ʌ/ʉʇʀʈʀʊ, ʂʆʈʆʅɸʉ-ʌʆʊʆʅ/ʊɽʉʀʉ, PROBA2/SWAP) ʚ 

ʣʠʥʠʷʭ ʠʦʥʦʚ ʞʝʣʝʟʘ FeIX-FeXI ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʨʷʜʢʘ 1 ʄʂ, ʯʘʩʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʷʨʢʠʝ 

ʧʨʦʪʷʞʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ (ɺʋʌ ʩʪʨʠʤʝʨʳ), ʢʦʪʦʨʳʝ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʷʚʣʷʶʪʩʷ 

ʠʥʜʠʢʘʪʦʨʘʤʠ ʧʦʪʦʢʦʚ ʤʝʜʣʝʥʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʠʩʪʝʢʘʶʱʝʛʦ ʠʟ ʫʯʘʩʪʢʦʚ ʤʝʞʜʫ 

ʘʢʪʠʚʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʠ ʢʦʨʦʥʘʣʴʥʳʤʠ ʜʳʨʘʤʠ. ɸʥʘʣʦʛʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ 

ʣʠʥʠʷʭ ʪʝʭ ʞʝ ʠʦʥʦʚ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ, ʚʠʜʥʳ ʙʣʘʛʦʜʘʨʷ ʨʝʟʦʥʘʥʩʥʦʤʫ 

ʨʘʩʩʝʷʥʠʶ ʠʟʣʫʯʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʜʠʩʢʘ. ʆʜʥʘʢʦ, ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʥʘʜʝʞʥʳʭ ʜʘʥʥʳʭ ʦ 

ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʟʤʳ ʩʦʦʪʥʦʰʝʥʠʝ ʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʠ 

ʨʝʟʦʥʘʥʩʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʣʠʥʠʡ ʠʟʣʫʯʝʥʠʷ ʠʦʥʦʚ FeIX-FeXI ʚ ɺʋʌ ʩʪʨʠʤʝʨʘʭ ʜʦ ʩʠʭ ʧʦʨ ʥʝ 

ʫʩʪʘʥʦʚʣʝʥʦ. ʄʳ ʨʘʩʩʤʦʪʨʝʣʠ ʨʘʜʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʷʨʢʦʩʪʠ ʚ ɺʋʌ ʩʪʨʠʤʝʨʝ, 

ʥʘʙʣʶʜʘʚʰʝʤʩʷ ʚ ʢʘʥʘʣʝ 174 ɸ ʪʝʣʝʩʢʦʧʘ SWAP ʥʘ ʟʘʧʘʜʥʦʤ ʣʠʤʙʝ ʉʦʣʥʮʘ 20-21 ʦʢʪʷʙʨʷ 

2010 ʛ. ʠ ʩʨʘʚʥʠʣʠ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʩ ʨʘʩʯʝʪʘʤʠ ɺʋʌ ʠʟʣʫʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʦʨʦʥʘʣʴʥʦʡ ʧʣʘʟʤʝ. 

ʉʪʨʠʤʝʨ ʨʘʩʧʦʣʘʛʘʣʩʷ ʥʘʜ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʴʶ AR 11112 ʠ ʧʨʦʩʪʠʨʘʣʩʷ ʜʦ ʨʘʩʩʪʦʷʥʠʡ 

å2.2Rsun ʦʪ ʮʝʥʪʨʘ ʉʦʣʥʮʘ. ʌʦʨʤʘ ʩʪʨʠʤʝʨʘ ʚ ʧʣʦʩʢʦʩʪʠ ʣʫʯʘ ʟʨʝʥʠʷ ʙʳʣʘ ʚʦʩʩʪʘʥʦʚʣʝʥʘ ʧʦ 

ʠʟʤʝʥʝʥʠʶ ʷʨʢʦʩʪʠ ʥʘ ʨʘʟʥʳʭ ʚʳʩʦʪʘʭ ʧʨʠ ʚʨʘʱʝʥʠʠ ʉʦʣʥʮʘ (ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʝʢʮʠʠ) ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʧʝʨʝʢ ʩʪʨʠʤʝʨʘ ʠʤʝʝʪ ʛʘʫʩʩʦʚʩʢʠʡ 

ʧʨʦʬʠʣʴ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʚʳʩʦʪʘʭ ʚʳʰʝ 1.15Rsun ʥʘʠʣʫʯʰʝʝ ʩʦʛʣʘʩʠʝ ʩ ʜʘʥʥʳʤʠ 

ʥʘʙʣʶʜʝʥʠʡ ʜʦʩʪʠʛʘʝʪʩʷ ʜʣʷ ʤʦʜʝʣʠ ʠʟʣʫʯʝʥʠʷ ʧʣʘʟʤʳ ʩ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʨʷʜʢʘ 

1.2-1.3 ʄʂ ʠ ʨʘʜʠʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ, ʚʳʚʝʜʝʥʥʳʤ ʜʣʷ ʜʠʬʬʫʟʥʦʡ ʢʦʨʦʥʳ 

ʉʘʠʪʦ ʠ ʜʨ. (1977) ʠ ʫʤʥʦʞʝʥʥʳʤ ʥʘ ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ å5. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ (ʵʣʝʢʪʨʦʥʥʳʭ ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ) ʚ ʦʩʥʦʚʘʥʠʠ ʩʪʨʠʤʝʨʘ ʥʘ 

ʨʘʩʩʪʦʷʥʠʷʭ 1-1.2Rsun ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʩʧʝʢʪʨʦʤʝʪʨʘ EIS ʥʘ ʩʧʫʪʥʠʢʝ Hinode 

(ʗʧʦʥʠʷ). ʇʦʣʫʯʝʥʥʳʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʣʦʪʥʦʩʪʠ ʚ ɺʋʌ ʩʪʨʠʤʝʨʝ ʦʪ 2Ĭ10
9
 ʩʤ

-3
 ʥʘ ʣʠʤʙʝ ʜʦ 

3Ĭ10
7
 ʩʤ

-3
 ʥʘ ʨʘʩʩʪʦʷʥʠʠ å2Rsun ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʭ ʟʥʘʯʝʥʠʷ ʚ ʵʪʦʡ ʩʪʨʫʢʪʫʨʝ ʤʦʛʫʪ 

ʤʝʥʷʪʴʩʷ ʥʘ ʧʦʨʷʜʦʢ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʳʚʦʜʘʤʠ ʊʝʨʥʠʩʠʝʥʘ ʠ ʍʦʚʘʨʜʘ (2006), 

ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ ʥʘʙʣʶʜʝʥʠʡ ʩʪʨʠʤʝʨʦʚ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦ ʜʘʥʥʳʤ ʢʦʨʦʥʦʛʨʘʬʘ 

LASCO/SOHO. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʪʦʣʢʥʦʚʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʚʦʟʙʫʞʜʝʥʠʷ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʠʦʥʦʚ FeIX-FeXI ʚ ʢʘʥʘʣʝ 174 ɸ ʪʝʣʝʩʢʦʧʘ SWAP ʧʨʝʚʘʣʠʨʫʝʪ ʥʘʜ 

ʨʘʜʠʘʮʠʦʥʥʳʤ ʜʦ ʨʘʩʩʪʦʷʥʠʡ ʧʦʨʷʜʢʘ 3Rsun. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɾɪʉʊʂʆɻʆ ʈɽʅʊɻɽʅʆɺʉʂʆɻʆ ʀɿʃʋʏɽʅʀʗ ʉʆʃʅɽʏʅʆʁ 

ɺʉʇʓʐʂʀ 6 ɼɽʂɸɹʈʗ 2006 ɻʆɼɸ 

 

ʇ.ɸ. ɻʨʠʮʳʢ, ɹ.ɺ. ʉʦʤʦʚ 

 

ɻɸʀ ʠʤ. ʇ.ʂ. ʐʪʝʨʥʙʝʨʛʘ, ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʋʩʢʦʨʝʥʥʳʝ ʚ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʝ ʵʣʝʢʪʨʦʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʷʩʴ ʠʟ ʦʙʣʘʩʪʠ ʫʩʢʦʨʝʥʠʷ 

(ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʥʘ ʩʝʧʘʨʘʪʦʨʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʢʦʨʦʥʝ) ʚʜʦʣʴ ʪʨʫʙʦʢ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʢ ʦʩʥʦʚʘʥʠʷʤ ʚʩʧʳʰʝʯʥʳʭ ʧʝʪʝʣʴ ʚ ʭʨʦʤʦʩʬʝʨʝ, 

ʧʦʨʦʞʜʘʶʪ ʚʩʧʣʝʩʢʠ ʞʸʩʪʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʘʷ 

ʤʦʜʝʣʴ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʚ ʥʝʪʝʧʣʦʚʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩ ʫʯʝʪʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʦʙʨʘʪʥʦʛʦ ʪʦʢʘ. ɺ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʚʠʜʝ ʥʘʡʜʝʥʘ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʩʢʦʨʝʥʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʧʨʦʤʦʜʝʣʠʨʦʚʘʥ ʧʨʦʮʝʩʩ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʜʦʣʴ 

ʚʩʧʳʰʝʯʥʳʭ ʧʝʪʝʣʴ. ʈʘʩʩʯʠʪʘʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʞʸʩʪʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ, ʘ ʪʘʢʞʝ 

ʥʘʛʨʝʚ ʬʦʥʦʚʦʡ ʧʣʘʟʤʳ ʜʣʷ ʙʝʣʦʡ ʚʩʧʳʰʢʠ 6 ʜʝʢʘʙʨʷ 2006 ʛʦʜʘ. ɺ ʟʘʜʘʯʝ ʫʯʪʸʥ ʥʘʛʨʝʚ 

ʭʦʣʦʜʥʦʡ ʧʣʘʟʤʳ ʯʘʩʪʠʮʘʤʠ ʦʙʨʘʪʥʦʛʦ ʪʦʢʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʪʦʯʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʩʦʢʦʪʦʯʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ 

RHESSI, Hinode ʠ Trace. ʃʠʪ.: Somov B.V., Plasma Astrophysics, Part I, Fundamentals and 

Practice. Springer SBM, New York, 2013, Chap. 4. 

 

 

ʌʆʊʆɻʈɸʌʀʏɽʉʂʀʁ ɸʊʃɸʉ ʀʅʌʈɸʂʈɸʉʅʆɻʆ ʉʇɽʂʊʈɸ ʉʆʃʅʎɸ 

 

ʈ.ɸ. ɻʫʣʷʝʚ  

 

ʀɿʄʀʈɸʅ, ʛ.ʊʨʦʠʮʢ, ʈʦʩʩʠʷ rgulyaev@izmiran.ru 

 

ʇʦ ʥʘʙʣʶʜʝʥʠʷʤ ʥʘ ʩʦʣʥʝʯʥʳʭ ʪʝʣʝʩʢʦʧʘʭ ʀɿʄʀʈɸʅ ʩʦʩʪʘʚʣʝʥ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʪʣʘʩ 

ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʉʦʣʥʮʘ (6760 ï 12160 ¡). ɸʪʣʘʩ ʀɿʄʀʈɸʅ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʧʨʦʜʦʣʞʝʥʠʝʤ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʦʛʦ ʘʪʣʘʩʘ ʈʦʫʣʘʥʜʘ, ʦʭʚʘʪʳʚʘʶʱʝʛʦ ʦʙʣʘʩʪʴ 3000 ï 

6950 ¡. 

 

 

ʆ ʄɽʍɸʅʀɿʄɽ ʌʆʈʄʀʈʆɺɸʅʀʗ ʄʅʆɾɽʉʊɺɽʅʅʓʍ ʍʈʆʄʆʉʌɽʈʅʓʍ 

ʄʀʂʈʆʉʊʈʋʁ ɺ ʇʆʃʋʊɽʅʀ ʉʆʃʅɽʏʅʆɻʆ ʇʗʊʅɸ 

 

ʖ.ɺ. ɼʫʤʠʥ
1,2

, ʇ.ɸ. ʈʦʜʠʥ
3
 

 
1 
ʀɿʄʀʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, dumin@yahoo.com 

2 
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

3 
ʄɻʋ ʇʉ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʆʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʷʚʣʝʥʠʡ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʠʞʥʝʡ 

ʘʪʤʦʩʬʝʨʳ ʉʦʣʥʮʘ ʩ ʨʝʢʦʨʜʥʦ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʩʦ 

ʩʧʫʪʥʠʢʘ Hinode ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʤʥʦʞʝʩʪʚʘ ʤʠʢʨʦʩʪʨʫʡ ʚ ʧʦʣʫʪʝʥʠ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʥʘ 

ʚʳʩʦʪʘʭ ʭʨʦʤʦʩʬʝʨʳ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʚʝʪʷʱʠʝʩʷ ʩʪʨʫʢʪʫʨʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʢʦʣʦ 

10 000 ʂ, ʚʟʨʳʚʦʦʙʨʘʟʥʦ ʚʳʙʨʘʩʳʚʘʝʤʳʝ ʚʚʝʨʭ; ʠʭ ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ, ʘ ʧʨʦʜʦʣʴʥʳʡ ï ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʢʠʣʦʤʝʪʨʦʚ [1]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʨʦʜʳ ʪʘʢʠʭ ʤʠʢʨʦʩʪʨʫʡ; ʚ ʯʘʩʪʥʦʩʪʠ, 

ʥʝ ʷʩʥʦ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʣʠ ʦʥʠ ʩʦʙʦʡ ʜʚʠʞʝʥʠʝ ʨʝʘʣʴʥʳʭ ʩʛʫʩʪʢʦʚ ʧʣʘʟʤʳ, ʠʣʠ ʞʝ ʧʨʦʩʪʦ 

ʩʚʝʪʷʱʠʭʩʷ ʦʙʣʘʩʪʝʡ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. ʉ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʦʜʥʘ ʠʟ 
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ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʥʪʝʨʧʨʝʪʘʮʠʡ ʚʳʰʝʫʧʦʤʷʥʫʪʦʛʦ ʷʚʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʘʥʘ ʥʘ ʤʦʜʝʣʠ 

ʩʘʤʦʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʪʝʧʣʦʚʳʭ ʚʦʣʥ [2]. ʕʪʠ ʚʦʣʥʳ ʠʥʠʮʠʠʨʫʶʪʩʷ ʜʠʥʘʤʦ-ʧʨʦʮʝʩʩʘʤʠ ʚ 

ʦʙʣʘʩʪʠ ʧʝʨʝʭʦʜʘ ʦʪ ʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦʛʦ ʢ ʙʝʩʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦʤʫ ʨʝʞʠʤʫ ʜʚʠʞʝʥʠʷ 

ʯʘʩʪʠʯʥʦ-ʠʦʥʠʟʦʚʘʥʥʦʡ ʧʣʘʟʤʳ ʠ ʜʘʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚʚʝʨʭ, ʚʜʦʣʴ ʪʨʫʙʦʢ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʪʦʢʘ, ʩ ʥʘʨʘʩʪʘʶʱʝʡ ʘʤʧʣʠʪʫʜʦʡ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ ʛʝʥʝʨʘʮʠʠ 

ʜʠʥʘʤʦ-ʪʦʢʦʚ. ʊʘʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʙʲʷʩʥʠʪʴ ʦʩʥʦʚʥʳʝ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʭʨʦʤʦʩʬʝʨʥʦʡ ʤʠʢʨʦʩʪʨʫʠ ï ʚʟʨʳʚʦʦʙʨʘʟʥʦʝ ʨʘʟʚʠʪʠʝ 

ʩʚʝʪʷʱʝʡʩʷ ʦʙʣʘʩʪʠ, ʥʘʯʠʥʘʷ ʩ ʥʝʢʦʪʦʨʦʡ ʚʳʩʦʪʳ, ʘ ʟʘʪʝʤ ʧʦʩʪʝʧʝʥʥʦʝ ʟʘʪʫʭʘʥʠʝ ʚʩʝʡ 

ʩʪʨʫʢʪʫʨʳ ʚ ʮʝʣʦʤ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʌʌʀ ˉ 13-02-00458ʘ. 

1. Y. Katsukawa, T.E. Berger, K. Ichimoto, et al. Small-Scale Jetlike Features in Penumbral 

Chromospheres. Science, v.318, p.1594 (2007). 

2. Yu.V. Dumin. Heating the Solar Atmosphere by the Self-Enhanced Thermal Waves Caused by 

the Dynamo Processes. Astrophysical Journal, v.751, p.36 (2012). 
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1 
ʀɿʄʀʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, dumin@yahoo.com 

2 
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

3 
ɻɸʀʐ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʂʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʧʨʦʮʝʩʩʘ ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʠʛʨʘʶʪ, ʢʘʢ ʠʟʚʝʩʪʥʦ, 

ʥʫʣʝʚʳʝ ʪʦʯʢʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺ ʢʚʘʟʠ-ʜʚʫʤʝʨʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʦʥʠ ʠʤʝʶʪ 

ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʪʦʧʦʣʦʛʠʶ X-ʪʠʧʘ, ʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʪʨʝʭʤʝʨʥʦʛʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʚʦʟʤʦʞʥʳ 

ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʣʦʞʠʣʘʩʴ ʪʦʯʢʘ ʟʨʝʥʠʷ, 

ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʙʱʠʤ ʪʠʧʦʤ ʪʨʝʭʤʝʨʥʦʛʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ 

ñʧʨʦʧʝʣʣʝʨʥʦʛʦò ʪʠʧʘ, ʪ.ʝ. ñʩʪʦʣʢʥʦʚʝʥʠʝò ʜʚʫʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʧʦʪʦʢʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ñʨʘʩʪʝʢʘʥʠʝʤò ʚʜʦʣʴ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʂʘʢ ʯʘʩʪʥʳʝ 

ʩʣʫʯʘʠ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʢʦʥʝʯʥʳʤ ʯʠʩʣʦʤ 

ñʣʦʧʘʩʪʝʡò ʧʨʦʧʝʣʣʝʨʘ. ʅʘʩʢʦʣʴʢʦ ʥʘʤ ʠʟʚʝʩʪʥʦ, ʚʦʧʨʦʩ ʦ ʚʝʨʦʷʪʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʥʠʢʦʛʜʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʥʝ ʠʩʩʣʝʜʦʚʘʣʩʷ; ʭʦʪʷ ʦʥ ʠʤʝʝʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʨʦʙʣʝʤʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʜʦʢʣʘʜʘ ï ʠʟʣʦʞʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ 

ʪʨʝʭʤʝʨʥʳʭ ʥʫʣʝʚʳʭ ʪʦʯʝʢ ʩ ʨʘʟʣʠʯʥʦʡ ʪʦʧʦʣʦʛʠʝʡ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʦʣʷ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʨʘʩʯʝʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1) ʅʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʤ ʩʣʫʯʘʝʤ ʪʨʝʭʤʝʨʥʦʛʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ (ʪ.ʝ., ʨʝʘʣʠʟʫʝʤʳʤ ʩ 

ʧʦʜʘʚʣʷʶʱʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ) ʷʚʣʷʝʪʩʷ ʦʙʲʝʤʥʘʷ ñ6-ʭʚʦʩʪʢʘò, ʚ ʢʦʪʦʨʦʡ ʰʝʩʪʴ ʣʠʥʠʡ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʳʭʦʜʷʪ ʠʟ ʥʫʣʝʚʦʡ ʪʦʯʢʠ ʚʦ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

2) ʇʨʦʧʝʣʣʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʱʝʛʦ ʚʠʜʘ (ʩ ʙʝʩʢʦʥʝʯʥʳʤ ʯʠʩʣʦʤ ñʣʦʧʘʩʪʝʡò), ʚ ʧʨʠʥʮʠʧʝ, 

ʚʦʟʤʦʞʥʘ, ʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʢʨʘʡʥʝ ʤʘʣʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ, ʩʪʨʝʤʷʱʝʡʩʷ ʢ ʥʫʣʶ. 

3) ɺʦʟʥʠʢʥʦʚʝʥʠʝ ñ4-ʭʚʦʩʪʢʠò ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʚʩʝ ʯʝʪʳʨʝ ʝʝ ñʭʚʦʩʪʘò 

ʜʦʣʞʥʳ ʣʝʞʘʪʴ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥʘ ʩʚʦʜʠʪʩʷ ʢ ʦʙʱʝʠʟʚʝʩʪʥʦʡ 

ʜʚʫʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʝ X-ʪʠʧʘ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʠʤʝʪʴ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʧʝʨʝʜ ʩʦʣʥʝʯʥʳʤʠ 

ʚʩʧʳʰʢʘʤʠ ʩ ʮʝʣʴʶ ʠʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʥʘʢʣʘʜʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʦʟʤʦʞʥʳʝ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʣʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʦʚ ʈʌʌʀ  
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ʆʇʈɽɼɽʃɽʅʀɽ ɺ ʉʆʃʅɽʏʅʆʁ ʂʆʈʆʅɽ ʈɸɼʀɸʃʔʅʓʍ ʇʈʆʌʀʃɽʁ  

ɺɽʃʀʏʀʅʓ ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ ɺɼʆʃʔ ʅɸʇʈɸɺʃɽʅʀʁ,  

ɹʃʀɿʂʀʍ ʂ ʆʉʀ ʉʆʃʅʎɽ ï ɿɽʄʃʗ 

 

ʌʘʡʥʰʪʝʡʥ ɺ.ɻ., ɽʛʦʨʦʚ ʗ.ʀ., ʇʠʯʫʝʚ ɺ.ɸ. 

 

ʀʉɿʌ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ, egorov@iszf.irk.ru 

 

ʆʧʠʨʘʷʩʴ ʥʘ ʤʝʪʦʜ ʥʘʭʦʞʜʝʥʠʷ ʚʝʣʠʯʠʥʳ ʠ ʨʘʜʠʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʝ, ʦʧʠʩʘʥʥʳʡ ʚ ʨʘʙʦʪʝ çN. Gopalswamy and S. Yashiro. The strength and radial 

profile of the coronal magnetic field from the standoff distance of a coronal mass ejection-driven 

shock. The Astrophysical Journal Letters, 736, L17, 2011è, ʠ ʧʨʠʤʝʥʷʚʰʠʡʩʷ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʡ 

ʚʙʣʠʟʠ ʧʣʦʩʢʦʩʪʠ ʥʝʙʘ, ʦʧʨʝʜʝʣʝʥʳ ʨʘʜʠʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʡ, ʙʣʠʟʢʠʤ ʢ ʦʩʠ ʉʦʣʥʮʝ ï ɿʝʤʣʷ. ɼʣʷ ʵʪʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʂɺʄ  

çIce-cream cone modelè ʧʦ ʜʘʥʥʳʤ SOHO/LASCO ʥʘʡʜʝʥʳ ʪʨʝʭʤʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʙʳʩʪʨʳʭ ʂɺʄ ʪʠʧʘ ʛʘʣʦ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʫʜʘʨʥʳʭ ʚʦʣʥ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʩʦʙʳʪʠʡ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʘʡʜʝʥʥʳʝ ʥʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʮʝʥʪʨʘ ʉʦʣʥʮʘ, 

ʫʜʘʣʦʩʴ ʦʪʢʘʣʠʙʨʦʚʘʪʴ ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʨʘʜʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʦʨʙʠʪʝ 

ɿʝʤʣʠ ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʟʥʘʯʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʜʨʫʛʠʭ 

ʨʘʩʩʪʦʷʥʠʷʭ. 

 

 

ʆ ɺʆɿʄʆɾʅʆʁ ʈɽɻʀʉʊʈɸʎʀʀ ɺɿʈʓɺʅʆʁ ʀ ʇʆʈʐʅɽɺʆʁ ʋɼɸʈʅʓʍ ɺʆʃʅ, 

ɺʓɿɺɸʅʅʓʍ ʂʆʈʆʅɸʃʔʅʓʄ ɺʓɹʈʆʉʆʄ ʄɸʉʉʓ 

  

ʄ. ɽʩʝʣʝʚʠʯ
1
, ɺ. ɽʩʝʣʝʚʠʯ

1
, ʀ. ɿʠʤʦʚʝʮ

2 

 
1 
ʀʉɿʌ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ, mesel@iszf.irk.ru  

2 
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɺʧʝʨʝʜʠ ʢʦʨʦʥʘʣʴʥʦʛʦ ʚʳʙʨʦʩʘ ʤʘʩʩʳ 3 ʥʦʷʙʨʷ 2010 ʛ. ʧʦ ʜʘʥʥʳʤ AIA /SDO (ʢʘʥʘʣʳ 

193ɸ, 211ɸ) ʙʳʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʠ ʠʟʤʝʨʝʥʳ ʬʨʦʥʪʳ ʧʦʨʰʥʝʚʦʡ ʠ 

ʚʟʨʳʚʥʦʡ ʫʜʘʨʥʳʭ ʚʦʣʥ. ʂʘʞʜʦʤʫ ʠʟ ʵʪʠʭ ʪʠʧʦʚ ʚʦʣʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ 

ʚʧʝʨʝʜʠ ʬʨʦʥʪʘ ʚʩʧʣʝʩʢ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ II-ʛʦ ʪʠʧʘ. ʇʨʝʜʣʦʞʝʥʘ ʢʘʯʝʩʪʚʝʥʥʘʷ ʢʘʨʪʠʥʘ, 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʚʩʧʣʝʩʢʠ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʚ ʬʦʨʰʦʢʝ ʵʪʠʭ ʫʜʘʨʥʳʭ ʚʦʣʥ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ. 

 

 

ʉʊʈʋʂʊʋʈɸ ʉʇɽʂʊʈʆɺ ɾɽʉʊʂʆɻʆ ʈɽʅʊɻɽʅʆɺʉʂʆɻʆ ʀɿʃʋʏɽʅʀʗ  

ʉʆʃʅɽʏʅʓʍ ɺʉʇʓʐɽʂ ʂɸʂ ʈɽɿʋʃʔʊɸʊ ʉʆɺʄɽʉʊʅʆɻʆ ʋʉʂʆʈɽʅʀʗ  

ʕʃɽʂʊʈʆʅʆɺ ɺ ʊʆʂʆɺʓʍ ʉʃʆʗʍ ʀ ʂʆʃʃɸʇʉʀʈʋʖʑʀʍ  

ʄɸɻʅʀʊʅʓʍ ʇɽʊʃʗʍ  

 

ʀ.ɺ. ɿʠʤʦʚʝʮ, ɸ.ɺ. ɸʨʪʝʤʴʝʚ
 

 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, ivanzim@iki.rssi.ru 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʥʝʪʝʧʣʦʚʦʛʦ ʞʝʩʪʢʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʵʨʫʧʪʠʚʥʳʭ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʢʘʭ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʫʩʢʦʨʝʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʤʘʛʥʠʪʥʦʤ ʧʝʨʝʩʦʝʜʠʥʝʥʠʠ ʚ ʢʚʘʟʠʚʝʨʪʠʢʘʣʴʥʳʭ ʪʦʢʦʚʳʭ ʩʣʦʷʭ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʧʝʢʪʨʘʤ, ʩʦʜʝʨʞʘʱʠʤ ʠʟʣʦʤ. ʀʩʩʣʝʜʫʝʪʩʷ ʨʦʣʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 
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ʫʩʢʦʨʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʙʝʪʘʪʨʦʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʠ ʤʝʭʘʥʠʟʤʦʤ ʌʝʨʤʠ ʧʝʨʚʦʛʦ ʨʦʜʘ ʚ 

ʢʦʣʣʘʧʩʠʨʫʶʱʠʭ ʤʘʛʥʠʪʥʳʭ ʧʝʪʣʷʭ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʟʣʦʤʘ.    

 

 

ʂɸʇʇɸ-ʕʌʌɽʂʊ ʀ ɺʅɽɸʊʄʆʉʌɽʈʅʓɽ ʌʆʊʆʄɽʊʈʀʏɽʉʂʀɽ ʅɸɹʃʖɼɽʅʀʗ 

ʂʆʃɽɹɸʅʀʁ ʉʆʃʅʎɸ ʀ ɿɺɽɿɼ 
 

ʖ.ɼ. ɾʫʛʞʜʘ, ʅ.ʀ. ʃʝʙʝʜʝʚ, ɺ.ɼ. ʂʫʟʥʝʮʦʚ 
 

ʀɿʄʀʈɸʅ, ʛ.ʄʦʩʢʚʘ, ʛ. ʊʨʦʠʮʢ, ʈʦʩʩʠʷ, yzhugzhda@mail.ru 

 

ʆʙʳʯʥʦ ʬʣʫʢʪʫʘʮʠʠ ʷʨʢʦʩʪʠ ʟʚʝʟʜ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʯʝʨʥʦʛʦ ʪʝʣʘ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʝʜʠʥʩʪʚʝʥʥʳʤ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʶʪʩʷ  ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʬʦʪʦʩʬʝʨʳ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʣʫʢʪʫʘʮʠʠ ʷʨʢʦʩʪʠ ʪʘʢʞʝ 

ʦʢʘʟʳʚʘʶʪ ʠʟʤʝʥʝʥʠʷ ʧʨʦʟʨʘʯʥʦʩʪʠ ʬʦʪʦʩʬʝʨʳ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʬʣʫʢʪʫʘʮʠʷʤʠ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʟʤʳ ʪʘʢ ʠ ʝʝ ʧʣʦʪʥʦʩʪʠ. ʕʪʦ ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʢʘʧʧʘ-

ʵʬʬʝʢʪʦʤ, ʢʦʪʦʨʳʡ ʭʦʨʦʰʦ ʠʟʚʝʩʪʝʥ, ʥʘʧʨʠʤʝʨ, ʚ ʩʚʷʟʠ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʷʨʢʦʩʪʠ ʮʝʬʝʠʜ. ɼʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʥʝ ʫʯʠʪʳʚʘʣʩʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʬʦʪʦʩʬʝʨʥʳʭ ʩʣʦʝʚ, 

ʢʦʪʦʨʳʝ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʬʣʫʢʪʫʘʮʠʠ ʷʨʢʦʩʪʠ ʟʚʝʟʜʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʘʧʧʘ-ʤʝʭʘʥʠʟʤʘ, 

ʧʨʠʚʦʜʷʱʝʤʫ ʢ ʚʦʟʙʫʞʜʝʥʠʶ ʢʦʣʝʙʘʥʠʡ ʷʨʢʦʩʪʠ ʮʝʬʝʠʜ ʚ ʛʣʫʙʦʢʠʭ ʩʣʦʷʭ ʟʚʝʟʜʳ, 

ʬʦʪʦʩʬʝʨʥʳʡ ʢʘʧʧʘ-ʵʬʬʝʢʪ ʥʝ ʩʪʦʣʴ ʵʬʬʝʢʪʠʚʝʥ. ʆʥ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʙʫʞʜʝʥʠʶ 

ʢʦʣʝʙʘʥʠʡ, ʥʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʬʣʫʢʪʫʘʮʠʡ ʷʨʢʦʩʪʠ ʟʚʝʟʜʳ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʝʝ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ɺʦʟʤʦʞʥʦ, ʧʨʠʤʝʨʦʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʟʚʝʟʜʘ 

ʇʨʦʮʠʦʥ, ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʢʦʪʦʨʦʛʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʜʦʧʧʣʝʨʦʚʩʢʠʭ ʩʤʝʱʝʥʠʷʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʤʝʪʥʳ ʚʦ ʬʣʫʢʪʫʘʮʠʷʭ ʷʨʢʦʩʪʠ, ʥʘʙʣʶʜʘʝʤʳʭ ʩ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʢʘʧʧʘ-ʵʬʬʝʢʪ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ʬʦʪʦʩʬʝʨʝ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʣʫʯʠʩʪʦʛʦ 

ʧʦʪʦʢʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʬʦʪʦʩʬʝʨʫ, ʧʝʨʝʭʦʜʠʪ ʚ ʵʥʝʨʛʠʶ ʢʦʣʝʙʘʥʠʡ. ʈ-ʤʦʜʳ ʢʦʣʝʙʘʥʠʡ, 

ʥʘʙʣʶʜʘʝʤʳʝ  ʚ ʩʦʣʥʝʯʥʦʡ ʬʦʪʦʩʬʝʨʝ, ʙʣʠʟʢʠ ʢ ʘʜʠʘʙʘʪʠʯʝʩʢʠʤ, ʭʦʪʷ, ʠʩʭʦʜʷ ʠʟ  ʦʮʝʥʦʢ 

ʚʨʝʤʝʥ ʨʝʣʘʢʩʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʠʙʣʠʞʝʥʠʠ ʯʝʨʥʦʛʦ ʪʝʣʘ, ʦʥʠ ʜʦʣʞʥʳ ʟʘʤʝʪʥʦ 

ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ. ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʧʧʘ-ʵʬʬʝʢʪ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʩʧʝʢʪʨʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʯʪʦ   ʪʘʢʞʝ ʥʫʞʥʦ ʙʨʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʧʨʠ ʘʥʘʣʠʟʝ ʥʘʙʣʶʜʝʥʠʡ. ɺ 

ʵʪʦʡ ʩʚʷʟʠ ʦʩʦʙʫʶ ʮʝʥʥʦʩʪʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʘʧʧʘ-ʵʬʬʝʢʪʘ ʠʤʝʶʪ ʤʥʦʛʦʮʚʝʪʥʳʝ ʥʘʙʣʶʜʝʥʠʷ 

ʬʣʫʢʪʫʘʮʠʡ ʷʨʢʦʩʪʠ ʉʦʣʥʮʘ, ʧʨʦʚʦʜʠʚʰʠʝʩʷ ʥʘ ʩʧʫʪʥʠʢʘʭ SOHO ʠ ʩʝʨʠʠ ʂʆʈʆʅɸʉ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʥʘʤʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʬʦʪʦʩʬʝʨʥʦʛʦ ʢʘʧʧʘ-ʵʬʬʝʢʪʘ ʥʘ ʉʦʣʥʮʝ ʠ 

ʇʨʦʮʠʦʥʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚ ʛʝʣʠʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʘʩʪʨʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʯʪʦ ʨʘʥʴʰʝ ʥʝ ʜʝʣʘʣʦʩʴ. 

 

 

ʌʌʆïʍʌʆ ɻʀʇʆʊɽɿɸ ʆɹʈɸɿʆɺɸʅʀʗ ʉʆʃʅɽʏʅʆʁ ʉʀʉʊɽʄʓ (PFOïCFO 

HYPOTHESIS OF SOLAR SYSTEM FORMATION): ʆɹʈɸɿʆɺɸʅʀE ʕʃɽʄɽʅʊʆɺ, 

ʈɸɿʆɻʈɽɺ ʂʆʈʆʅʓ ʀ ɺʈɸʑɸʊɽʃʔʅʓɽ ʄʆʄɽʅʊʓ   

 

ɽ.ɸ. ʂʘʜʳʰʝʚʠʯ, ɺ.ɽ. ʆʩʪʨʦʚʩʢʠʡ 

 

ʀʌɸ ʠʤ. ɸ.ʄ. ʆʙʫʭʦʚʘ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, kadyshevich@mail.ru 

ʅʀʌʍʀ ʠʤ. ʃ.ʗ. ʂʘʨʧʦʚʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, vostrov@cc.nifhi.ac.ru 

 

ʀʟʚʝʩʪʥʦ ʦʢʦʣʦ 270 ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ 83 ʵʣʝʤʝʥʪʦʚ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʦ ʤʥʝʥʠʝ, ʯʪʦ ʠʟ ʩʫʙʩʪʘʥʮʠʠ ʩʦʣʥʮʝʧʦʜʦʙʥʦʡ ʟʚʝʟʜʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʘʪʴʩʷ 

ʪʦʣʴʢʦ ʜʚʘ ʵʣʝʤʝʥʪʘ (ʅ ʠ ʅʝ) ʠ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʠ ʯʪʦ ʵʣʝʤʝʥʪʳ 

ʉʦʣʥʝʯʥʦʡ ʉʠʩʪʝʤʳ (ʉʉ) ʚʦʟʥʠʢʣʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ ɺʩʝʣʝʥʥʦʡ ʚ ʨʘʟʣʠʯʥʳʝ ʵʧʦʭʠ ʝʝ 

mailto:yzhugzhda@mail.ru
mailto:kadyshevich@mail.ru
mailto:vostrov@cc.nifhi.ac.ru


 29 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʥʠʢʦʛʜʘ ʥʝ 

ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʧʨʠʨʦʜʝ ʠ ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʩʦʤʥʠʪʝʣʴʥʘ. ʄʝʞʜʫ ʪʝʤ, ʥʘʣʠʯʠʝ ʚ 

ʭʨʦʤʦʩʬʝʨʝ ʉʦʣʥʮʘ ʙʦʣʝʝ ʯʝʤ ʩʝʤʠʜʝʩʷʪʠ ʠʟʚʝʩʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʦʢʘʟʘʥʦ ʘʥʘʣʠʟʦʤ 

ʬʨʘʫʥʛʦʬʝʨʦʚʳʭ ʣʠʥʠʡ. ʉʯʠʪʘʶʪ, ʯʪʦ ʵʣʝʤʝʥʪʳ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʨʘʥʥʠʭ ʟʚʝʟʜʥʳʭ ʛʝʥʝʨʘʮʠʷʭ 

ʠ ʣʦʢʘʣʠʟʦʚʘʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʣʘʧʩʘ ʚʝʱʝʩʪʚʘ ɺʩʝʣʝʥʥʦʡ. ʅʦ ʪʘʢ ʣʠ ʵʪʦ? ʉʦʣʥʝʯʥʘʷ 

ʢʦʨʦʥʘ ʨʘʟʦʛʨʝʪʘ ʜʦ 1ï2 ʤʣʥ. K, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʥʚʝʢʮʠʦʥʥʘʷ ʟʦʥʘ, ʬʦʪʦʩʬʝʨʘ ʠ ʭʨʦʤʦʩʬʝʨʘ 

ï ʜʦ 5800, 6400 ʠ 10000ï30000 K ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʟʦʛʨʝʚ ʦʙʲʷʩʥʷʶʪ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ 

ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʳ. ʅʦ ʧʦʯʝʤʫ ʦʥ ʨʘʩʪʝʪ ʩ ʨʘʩʩʪʦʷʥʠʝʤ? ʉʦʛʣʘʩʥʦ ʌʌʆïʍʌʆ ɻʠʧʦʪʝʟʝ [1], 

ʉʉ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʧʦʣʥʦʩʪʴʶ ʥʘ ʦʩʥʦʚʝ ʩʫʙʩʪʘʥʮʠʠ ʧʨʝʜʩʦʣʥʝʯʥʦʡ ʟʚʝʟʜʳ, ʢʦʪʦʨʘʷ ʚ 

çʟʨʝʣʦʤ ʚʦʟʨʘʩʪʝè ʤʘʣʦ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʩʦʚʨʝʤʝʥʥʦʛʦ ʉʦʣʥʮʘ, ʘ ʚʩʝ ʠʟʦʪʦʧʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ 

ʚ ʉʉ, ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʦ ʝʜʠʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʠʟ ʪʝʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠ ʥʝʨʘʜʠʦʘʢʪʠʚʥʳʭ ʧʠʢʦ-

ʢʘʧʝʣʴ ʩʫʙʩʪʘʥʮʠʠ ʧʨʝʜʩʦʣʥʝʯʥʦʡ ʟʚʝʟʜʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʟʚʝʨʛʥʫʪʳ ʧʨʦʪʫʙʝʨʘʥʮʘʤʠ ʚ 

ʧʨʦʮʝʩʩʝ ʝʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʨʳʚʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʦʥʳ (ʈɿ); ʢʘʧʣʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʩʪʘʙʠʣʴʥʳʝ ʘʪʦʤʳ ʩʨʘʟʫ ʧʦʩʣʝ 

ʦʪʜʝʣʝʥʠʷ ʦʪ ʟʚʝʟʜʳ, ʝʩʣʠ ʠʭ ʨʘʟʤʝʨʳ ʠ ʩʪʝʧʝʥʴ ʥʝʡʪʨʦʥʠʟʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʵʪʠʤ 

ʧʘʨʘʤʝʪʨʘʤ ʚ ʩʪʘʙʠʣʴʥʳʭ ʘʪʦʤʘʭ, ʠʣʠ ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʦʪ ʥʝʝ ʠ ʥʝʩʢʦʣʴʢʠʭ ʨʘʜʠʦ-ʨʘʩʧʘʜʦʚ, 

ʝʩʣʠ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʩʪʘʙʠʣʴʥʳʤ ʘʪʦʤʘʤ, ʪ.ʝ. ʝʩʣʠ ʢʘʧʣʠ ʙʳʣʠ 

ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ. ɺʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʟʚʝʟʜʥʦʡ ʢʦʨʦʥʳ ʠ ʤʦʤʝʥʪʳ ʚʨʘʱʝʥʠʷ ʧʣʘʥʝʪ 

ʦʙʲʷʩʥʷʶʪʩʷ ʪʝʤ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʧʠʢʦ-ʢʘʧʝʣʴ ʧʦʜʚʝʨʛʣʠʩʴ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤ ʨʘʜʠʦ-

ʨʘʩʧʘʜʘʤ ʠ ʧʦʣʫʯʠʣʠ ʜʦʙʘʚʦʯʥʳʝ ʠʤʧʫʣʴʩʳ, ʧʨʝʞʜʝ ʯʝʤ ʧʦʣʫʯʠʚʰʠʝʩʷ ʠʟ ʥʠʭ ʘʪʦʤʳ 

ʦʙʨʘʟʦʚʘʣʠ ʢʦʨʦʥʫ. ʄʳ ʩʯʠʪʘʝʤ [1], ʯʪʦ ʚ çʟʨʝʣʦʡè ʧʨʝʜʩʦʣʥʝʯʥʦʡ ʟʚʝʟʜʝ (ʠ ʚ ʉʦʣʥʮʝ) ʷʜʨʦ 

ʦʪʜʝʣʝʥʦ ʦʪ ʈɿ ʩʣʦʝʤ ʚʳʨʦʞʜʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʘ ʩʫʙʩʪʘʥʮʠʷ ʷʜʨʘ ʠʦʥʠʟʫʝʪʩʷ ʠ 

ʥʝʡʪʨʦʥʠʟʫʝʪʩʷ. ʉʪʝʧʝʥʴ ʥʝʡʪʨʦʥʠʟʘʮʠʠ ʠ ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʫʪ ʚʦ ʚʨʝʤʝʥʠ; ʧʦʩʣʝʜʥʷʷ ï ʪʘʢʞʝ 

ʚʩʣʝʜʩʪʚʠʝ ʛʨʘʚʠʪʘʮʠʠ. ɼʣʷ 140 ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ 55-ʪʠ ʵʣʝʤʝʥʪʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʮʝʧʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʘʩʧʘʜʦʚ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ, ʤʳ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʟʘʚʠʩʠʤʦʩʪʠ ʯʠʩʣʘ ʧʨʦʪʦʥʦʚ p ʦʪ ʩʪʝʧʝʥʠ ʥʝʡʪʨʦʥʠʟʘʮʠʠ (n0/p0) 

ʧʝʨʚʠʯʥʦʛʦ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʘʪʦʤʘ ʚ ʢʘʞʜʦʡ ʮʝʧʠ (n0 ï ʯʠʩʣʦ ʥʝʡʪʨʦʥʦʚ ʠ p0 ï ʯʠʩʣʦ 

ʧʨʦʪʦʥʦʚ ʚ ʧʝʨʚʠʯʥʦʤ ʘʪʦʤʝ). ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʤʝʶʱʠʝʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʪʘʙʣʠʮʳ  

[2, 3], ʠʜʝʥʪʠʬʠʮʠʨʫʶʱʠʝ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʧʨʝʢʫʨʩʦʨʳ ʢʘʞʜʦʛʦ ʠʟʦʪʦʧʘ ʩ ʟʘʜʘʥʥʳʤ 

ʟʥʘʯʝʥʠʝʤ p. ɺ ʢʘʞʜʦʡ ʮʝʧʠ ʚʳʷʚʣʷʣʠ ʧʝʨʚʠʯʥʳʡ ʨʘʜʠʦʘʢʪʠʚʥʳʡ ʘʪʦʤ ʠ ʦʧʨʝʜʝʣʷʣʠ 

ʟʥʘʯʝʥʠʷ n0, p0, ʠ n0/p0 ʚ ʥʝʤ. ʇʨʠʥʠʤʘʣʠ, ʯʪʦ nïp ʩʦʩʪʘʚ ʧʝʨʚʠʯʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ ʩʪʘʙʠʣʴʥʳʭ 

ʘʪʦʤʦʚ ʦʪʚʝʯʘʝʪ ʩʦʩʪʘʚʫ ʠʩʭʦʜʥʦʡ ʧʠʢʦ-ʢʘʧʣʠ, n0, p0. ɼʣʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠ ʥʝʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʧʠʢʦ-ʢʘʧʝʣʴ ʟʚʝʟʜʥʦʡ ʩʫʙʩʪʘʥʮʠʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ p=f(n0+p0), p=f(n0/p0) ʠ 

(n0+p0)=f(n0/p0), ʜʘʶʱʠʝ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ ʧʦ ʤʝʨʝ 

ʥʝʡʪʨʦʥʠʟʘʮʠʠ ʷʜʨʘ ʜʦ ʚʟʨʳʚʘ ʈɿ ʠ ʧʦʩʣʝ ʚʟʨʳʚʘ.    
[1]. ɺ.ɽ. ʆʩʪʨʦʚʩʢʠʡ, ɽ.ɸ. ʂʘʜʳʰʝʚʠʯ, ʉʙʦʨʥʠʢ ʪʝʟʠʩʦʚ ʜʘʥʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. 

[2]. J.K. Tuli, Nuclear Wallet Cards. Nat. Nucl. Data Center, Brookhaven Nat. Lab., Upton, N.-Y., 2005. 

[3]. G. Audi et al., Nuclear Physics A, 729 (2003) 3-128.  
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ʈʘʜʘʨʳ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ ʟʝʤʣʠ, ʚ ʩʚʷʟʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʝʛʠʩʪʨʘʮʠʠ ʩʣʘʙʦʛʦ ʨʘʜʠʦʩʠʛʥʘʣʘ 

ʨʘʩʩʝʷʥʥʦʛʦ ʚ ʠʦʥʦʩʬʝʨʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʯʪʦ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʦʜʠʪʴ ʥʘ ʵʪʠʭ ʫʩʪʘʥʦʚʢʘʭ ʥʘʙʣʶʜʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ. 
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ʀʨʢʫʪʩʢʠʡ ʨʘʜʘʨ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʨʘʩʧʦʣʦʞʝʥʥʳʡ 52Á52' ʉ. 103Á15' ɺ. ʘʢʪʠʚʥʦ 

ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʦʢʦʣʦ 100 ʜʥʝʡ ʚ ʛʦʜʫ. ʄʦʜʝʨʥʠʟʘʮʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʘʜʘʨʘ ʧʨʠʚʝʣʘ ʢ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʥʝʧʨʝʨʳʚʥʳʭ ʧʘʩʩʠʚʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʢʦʩʤʠʯʝʩʢʠʤʠ 

ʨʘʜʠʦʠʩʪʦʯʥʠʢʘʤʠ ʚ ʵʢʦʥʦʤʠʯʥʦʤ, ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ɼʠʘʧʘʟʦʥ ʨʘʜʠʦʯʘʩʪʦʪ 

ʨʘʙʦʪʳ ʀʈʅʈ 149-162 ʄɻʮ, ʰʠʨʠʥʘ ʘʧʝʨʪʫʨʳ ʦʢʦʣʦ 40Áx20Á ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʧʦ ʦʜʥʦʤʫ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ, ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠʟʤʝʨʷʝʤʳʭ ʨʘʜʠʦʩʠʛʥʘʣʦʚ 

ʩʦʩʪʘʚʣʷʝʪ 42 ʤʩ. ʐʠʨʦʢʠʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʦʜʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʩʦʣʥʮʘ ʠ ʜʠʩʢʨʝʪʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʨʘʜʠʦʠʩʪʦʯʥʠʢʦʚ, 

ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʘʙʩʦʣʶʪʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʧʦʪʦʢʘ 

ʩʦʣʥʝʯʥʦʛʦ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʷ ʉʦʣʥʮʘ 

ʥʘ ʀʨʢʫʪʩʢʦʤ ʨʘʜʘʨʝ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. 
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 ʉɸʆ ʈɸʅ,  ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʀʟʫʯʝʥʠʝ ʤʦʱʥʳʭ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʧʝʢʪʨʘ, ʚʥʦʩʠʪ ʦʛʨʦʤʥʳʡ ʚʢʣʘʜ ʚ ʧʦʥʠʤʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚʳʜʝʣʝʥʠʷ ʠ 

ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ, ʥʘʢʦʧʣʝʥʥʦʡ ʥʝʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ. ʅʦ ʚ ʪʦʞʝ ʚʨʝʤʷ, 

ʩʣʦʞʥʳʡ ʩʮʝʥʘʨʠʡ ʨʘʟʚʠʪʠʷ ʪʘʢʠʭ ʩʦʙʳʪʠʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʤʥʦʞʝʩʪʚʘ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ 

ʩʦʙʦʡ ʷʚʣʝʥʠʡ, ʯʘʩʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦ ʪʨʘʢʪʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʡ ʥʘʙʣʶʜʘʪʝʣʴʥʳʡ 

ʤʘʪʝʨʠʘʣ. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʣʘʙʳʭ ʚʩʧʳʰʝʢ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʩ ʥʘʠʙʦʣʴʰʝʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʯʠʩʪʳʝ ʩʣʫʯʘʠè. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, 

ʩʦʚʨʝʤʝʥʥʳʝ ʩʦʣʥʝʯʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʪʘʢʞʝ ʧʦʣʥʦ, ʢʘʢ ʠ ʤʦʱʥʳʝ ʩʦʙʳʪʠʷ, 

ʠʩʩʣʝʜʦʚʘʪʴ ʩʣʘʙʳʝ ʩʦʙʳʪʠʷ ʢʣʘʩʩʘ ʉ ʠ ʜʘʞʝ ɺ. ʄʳ ʩʦʩʨʝʜʦʪʦʯʠʣʠ ʩʚʦʠ ʫʩʠʣʠʷ ʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʢʣʘʩʩʘ C, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʈɸʊɸʅ-600 ʠ 

ʈʘʜʠʦʘʩʪʨʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʀʉɿʌ ʉʆ ʈɸʅ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʙʣʶʜʝʥʠʡ ʚ 

ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʂɸ HESSI ʠ ʂɸ FERMI ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʯʠʩʣʝʥʥʫʶ ʦʮʝʥʢʫ 

ʧʘʨʘʤʝʪʨʦʚ ʚʩʧʳʰʝʯʥʦʡ ʧʣʘʟʤʳ. ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʦʚ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʘʤʠ ʩʦʙʳʪʠʷʭ ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʩʧʝʢʪʨʦʚ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʙʳʩʪʨʦʛʦ ʛʠʨʦʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʢʦʜʘ 

(ʌʣʝʡʰʤʘʥ ʠ ʂʫʟʥʝʮʦʚ 2010). ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʦʩʥʦʚʝ ʧʘʨʘʤʝʪʨʦʚ 

ʚʩʧʳʰʝʯʥʦʡ ʧʣʘʟʤʳ, ʧʦʣʫʯʝʥʥʳʭ  ʠʟ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʠ ʩʪʨʫʢʪʫʨʳ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʧʦ ʤʘʛʥʠʪʦʛʨʘʤʤʘʤ HMI/SDO. ʆʙʩʫʞʜʘʶʪʩʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʙʦʣʝʝ ʤʦʱʥʳʭ ʩʦʙʳʪʠʡ. 

 

 

ʇʆʃʅʓɽ ʉʆʃʅɽʏʅʓɽ ɿɸʊʄɽʅʀʗ ɺ ʂʆʉʄʆʉɽ ʀ ʅɸ ɿɽʄʃɽ ʂɸʂ ʄɽʊʆɼ 

ʈɽɻʀʉʊʈɸʎʀʀ ɺʅʋʊʈɽʅʅʀʍ ʆɹʃɸʉʊɽʁ K-ʂʆʈʆʅʓ  

 

ʀ.ʉ. ʂʠʤ, ʃ.ʇ. ʅʘʩʦʥʦʚʘ  

 

ɻɸʀʐ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, kim@sai.msu.ru  

 

ʆʙʩʫʞʜʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʨʝʛʠʩʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʦʨʦʥʘʣʴʥʦʡ ʧʣʘʟʤʳ  

(K-ʢʦʨʦʥʳ) ʚ ʜʠʘʧʘʟʦʥʝ < 1.4Rsun. ɼʣʷ ʫʢʘʟʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʦʪʤʝʯʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ 
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ʧʨʦʛʨʝʩʩ ʚ ʠʟʫʯʝʥʠʠ E-ʢʦʨʦʥʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʫʩʧʝʭʦʤ ʢʦʩʤʠʯʝʩʢʠʭ ʤʠʩʩʠʡ, ʠ ʦʪʩʫʪʩʪʚʠʝ 

ʥʘʙʣʶʜʝʥʠʡ K-ʢʦʨʦʥʳ, ʠʟʣʫʯʘʶʱʝʡ ʚ ʦʧʪʠʯʝʩʢʦʤ ʢʦʥʪʠʥʫʫʤʝ, ʪʘʢ ʢʘʢ ʢʦʩʤʠʯʝʩʢʠʝ 

ʢʦʨʦʥʦʛʨʘʬʳ ʥʘʯʠʥʘʶʪ ʧʦʣʫʯʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʨʘʩʩʪʦʷʥʠʡ > 1.4Rsun. ɼʦ ʥʘʩʪʦʷʱʝʛʦ 

ʚʨʝʤʝʥʠ ʝʜʠʥʩʪʚʝʥʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ K-ʢʦʨʦʥʳ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦ ʚʨʝʤʷ 

ʧʦʣʥʳʭ ʩʦʣʥʝʯʥʳʭ ʟʘʪʤʝʥʠʡ (ʇʉɿ). ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʮʝʥʢʠ ʬʘʢʪʦʨʦʚ (non-object 

signatures), ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʫʩʧʝʰʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ K-ʢʦʨʦʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʬʦʥʘ ʦʨʙʠʪʘʣʴʥʳʭ ʢʦʨʦʥʦʛʨʘʬʦʚ ʩ ʚʥʝʰʥʠʤ ʠ ʚʥʫʪʨʝʥʥʠʤ ʟʘʪʤʝʥʠʝʤ. 

ʇʨʠʚʦʜʷʪʩʷ  ʟʘʚʠʩʠʤʦʩʪʠ ʦʞʠʜʘʝʤʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʬʦʥʘ ʦʪ ʨʘʩʩʪʦʷʥʠʡ ʜʣʷ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʇʉɿ ʚ ʢʦʩʤʦʩʝ ʚʦ ʚʨʝʤʷ ASE experiment/the Apollo-Soyuz Test Project, 

ʙʫʜʫʱʝʡ ʢʦʩʤʠʯʝʩʢʦʡ ʤʠʩʩʠʠ Proba 3 ʠ ʥʘ ʦʨʙʠʪʘʭ çʚʙʣʠʟʠè ʄʝʨʢʫʨʠʷ.   

 

 

ʆ ʇʈʀʏʀʅɸʍ ɼʃʀʊɽʃʔʅʆɻʆ ʅɸɻʈɽɺɸ ʇʃɸɿʄʓ, ʅɸɹʃʖɼɸɽʄʆɻʆ  

ɺ ʉʆʃʅɽʏʅʓʍ ʄʀʂʈʆɺʉʇʓʐʂɸʍ 

 

ɸ.ʉ. ʂʠʨʠʯʝʥʢʦ, ʉ.ɸ. ɹʦʛʘʯʸʚ 

 

ʌʀɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, kirichenko@lebedev.ru 

 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʊɽʉʀʉ/ʂʆʈʆʅɸʉ-

ʌʦʪʦʥ, ʧʨʦʚʦʜʠʚʰʝʛʦʩʷ ʚ 2009 ʛʦʜʫ. ʇʝʨʠʦʜ ʨʘʙʦʪʳ ʂʆʈʆʅɸʉ-ʌʦʪʦʥ ʩʦʚʧʘʣ ʩ ʛʣʫʙʦʢʠʤ 

ʤʠʥʠʤʫʤʦʤ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʫʥʠʢʘʣʴʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ ʦ 

ʢʨʘʡʥʝ ʩʣʘʙʳʭ ʩʦʙʳʪʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʩʦʣʥʝʯʥʳʝ ʤʠʢʨʦʚʩʧʳʰʢʠ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠʟʣʫʯʝʥʠʷ ʚ 

ʤʛ̫ʢʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʘʧʘʟʦʥʝ (1-8 ¡) ʥʠʞʝ ʢʣʘʩʩʘ ɸ1.0 ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ GOES. ɺ 

ʩʦʩʪʘʚ ʘʧʧʘʨʘʪʫʨʳ ʊɽʉʀʉ ʚʭʦʜʠʣ ʩʧʝʢʪʨʦʛʝʣʠʦʤʝʪʨ, ʩʪʨʦʠʚʰʠʡ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʉʦʣʥʮʘ ʚ çʛʦʨʷʯʝʡè ʣʠʥʠʠ Mg XII  8.42 ¡ (ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʣʫʯʘʶʱʝʡ ʧʣʘʟʤʳ 

ʙʦʣʴʰʝ 4ʄʂ). ʅʘʙʣʶʜʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʠʙʦʨʘ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʬʘʢʪʳ 

ʥʘʛʨʝʚʘ ʧʣʘʟʤʳ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʚ ʥʝʩʢʦʣʴʢʦ ʄʂ ʚ ʤʠʢʨʦʚʩʧʳʰʢʘʭ, ʧʨʠʯʝʤ ʚʨʝʤʷ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʛʦʨʷʯʝʡ ʢʦʤʧʦʥʝʥʪʳ ʤʝʥʷʣʦʩʴ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ. ʕʪʘ 

ʨʘʟʥʠʮʘ ʤʦʞʝʪ ʙʳʪʴ, ʪʝʦʨʝʪʠʯʝʩʢʠ, ʦʙʲʷʩʥʝʥʘ ʜʝʡʩʪʚʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʥʘʛʨʝʚʘ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʢʨʫʧʥʳʭ ʚʩʧʳʰʢʘʭ ʨʝʘʣʠʟʫʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʜʠʥ ʠʟ ʜʚʫʭ ʩʮʝʥʘʨʠʝʚ. 

ʇʝʨʚʳʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʤʧʫʣʴʩʥʦʝ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʵʥʝʨʛʠʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʥʘʛʨʝʚʦʤ 

ʧʣʘʟʤʳ ʠ ʫʩʢʦʨʝʥʠʝʤ ʯʘʩʪʠʮ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʚ ʩʦʙʳʪʠʷʭ ʵʪʦʛʦ ʪʠʧʘ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤʠʥʫʪ. ɺʦ 

ʚʪʦʨʦʤ ʪʠʧʝ ʩʦʙʳʪʠʡ, ʥʘʟʳʚʘʝʤʦʤ LDE (long decay events ʠʣʠ ʚʩʧʳʰʢʠ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ 

ʬʘʟʦʡ ʩʧʘʜʘ) ʦʙʳʯʥʦ  ʥʘʙʣʶʜʘʝʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʛʦʨʷʯʝʡ ʧʣʘʟʤʳ, 

ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ. ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ LDE ʚʩʧʳʰʢʠ ʯʘʩʪʦ ʩʚʷʟʘʥʳ ʩ 

ʢʦʨʦʥʘʣʴʥʳʤʠ ʚʳʙʨʦʩʘʤʠ ʤʘʩʩʳ, ʢʦʪʦʨʳʝ, ʚʦʟʤʦʞʥʦ, ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ ʥʘ ʬʘʟʝ ʩʧʘʜʘ ʚʩʧʳʰʢʠ. ɺ ʨʘʙʦʪʝ ʚʳʜʚʠʛʘʝʪʩʷ ʠ ʧʨʦʚʝʨʷʝʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʛʦʨʷʯʝʡ ʧʣʘʟʤʳ ʚ 

ʤʠʢʨʦʚʩʧʳʰʢʘʭ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʪʝʤ ʞʝ ʤʝʭʘʥʠʟʤʦʤ, ʯʪʦ ʠ ʚ ʩʦʙʳʪʠʷʭ ʪʠʧʘ LDE, ʪʦ 

ʝʩʪʴ ʩʚʷʟʘʥʦ ʩ ʚʳʙʨʦʩʘʤʠ ʤʘʩʩʳ. ʇʦʩʣʝʜʥʠʝ, ʩ ʫʯʝʪʦʤ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʩʦʙʳʪʠʡ, ʧʨʦʠʩʭʦʜʷʪ ʚ ʛʦʨʘʟʜʦ ʤʝʥʴʰʠʭ ʤʘʩʰʪʘʙʘʭ ʠ ʤʝʥʝʝ ʫʚʝʨʝʥʥʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ. ɼʣʷ ʧʦʠʩʢʘ ʚʳʙʨʦʩʦʚ ʤʘʩʩʳ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʠʢʨʦʚʩʧʳʰʢʘʤʠ, ʤʳ ʧʨʠʤʝʥʷʣʠ 

ʤʝʪʦʜ ʨʘʟʥʦʩʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʡ ʥʘʤʠ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʣʘʙʦ 

ʚʳʨʘʞʝʥʥʳʭ ʜʠʤʤʠʥʛʦʚ. ɺʩʝʛʦ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ ʜʚʫʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ 

ʊɽʉʀʉ: ʩʧʝʢʪʨʦʛʝʣʠʦʤʝʪʨʘ Mg XII  8.42 ¡, ʧʦ ʠʟʦʙʨʘʞʝʥʠʷʤ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʬʘʢʪ 

ʜʣʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ ʧʣʘʟʤʳ, ʠ ɺʋʌ ʪʝʣʝʩʢʦʧʘ, ʨʘʙʦʪʘʚʰʝʛʦ ʚ ʣʠʥʠʠ Fe IX 171 ¡, ʠ 

ʠʩʧʦʣʴʟʦʚʘʚʰʝʛʦʩʷ ʥʘʤʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʥʦʩʪʥʳʭ ʢʘʜʨʦʚ. ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʠ 

ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ʆ ʌʆʈʄʀʈʆɺɸʅʀʀ ʊɽʇʃʆɺʓʍ ʉʊʈʋʂʊʋʈ ɺ ʈɽɾʀʄɽ ʉ ʆɹʆʉʊʈɽʅʀɽʄ  

ɺʆ ɺʈɽʄʗ ʉʆʃʅɽʏʅʓʍ ɺʉʇʓʐɽʂ  

  

ɺ.ɸ. ʂʦʚʘʣʝʚ
1
, ɽ.ɼ. ʂʫʨʝʪʦʚʘ

2
,
 
ɽ.ʉ.ʂʫʨʢʠʥʘ

2
  

 
1 
ʀɿʄʀʈɸʅ, ʛ. ʊʨʦʠʮʢ, ʈʦʩʩʠʷ 

2 
ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  

 

ʃʦʢʘʣʠʟʘʮʠʷ ʪʝʧʣʘ ʚ ʥʘʯʘʣʝ ʚʩʧʳʰʝʯʥʦʛʦ ʥʘʛʨʝʚʘ ʠʟʫʯʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩ ʥʝʣʠʥʝʡʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʪʝʧʝʥʥʦʛʦ ʚʠʜʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʥʝʣʠʥʝʡʥʦʩʪʝʡ  ʠʩʪʦʯʥʠʢʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʪ ʨʘʟʥʳʝ ʨʝʞʠʤʳ ʥʘʛʨʝʚʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʝʡ ʪʝʧʣʘ. 
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ʂʘʢ ʠʟʚʝʩʪʥʦ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ ɺʩʝʣʝʥʥʦʡ ʬʦʥʦʚʳʝ ʥʝʡʪʨʠʥʦ ʠʛʨʘʶʪ 

ʥʝʟʥʘʯʠʪʝʣʥɹʫʶ ʨʦʣʴ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ. ɼʘʥʥʦʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʪʚʝʨʞʜʝʥʦ ʚ ʧʨʷʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʥʝʫʧʨʫʛʦʤʫ 

ʨʘʩʩʝʷʥʠʶ ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʨʦʛʘ ʨʝʘʢʮʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʦʜʝʣʠ ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ çʩʪʝʨʠʣʴʥʳʭè 

ʥʝʡʪʨʠʥʦ (ʥʝʡʪʨʠʥʦ ʠ ʘʥʪʠʥʝʡʪʨʠʥʦ ʩ ʧʦʣʨ̫ʠʟʘʮʠʝʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ, ʥʘʙʣʶʜʘʶʱʝʡʩʷ ʧʨʠ 

ʥʝʫʧʨʫʛʦʤ ʨʘʩʩʝʷʥʠʠ) [1]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ çʩʪʝʨʠʣʴʥʳʭè 

ʥʝʡʪʨʠʥʦ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ çʥʦʨʤʘʣʴʥʳʭè ʥʝʡʪʨʠʥʦ (ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʘʙʣʶʜʘʝʤʦʤʫ ʥʘʨʫʰʝʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʯʝʪʥʦʩʪʠ ʩʣʘʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ) ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʲʷʩʥʝʥʘ ʩʧʦʥʪʘʥʥʳʤ ʥʘʨʫʰʝʥʠʝʤ ʩʠʤʤʝʪʨʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʬʠʟʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʧʨʠ 

ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʦʮʝʥʢʦʡ ʢʦʪʦʨʦʡ ʷʚʣʝ̫ʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ 

ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ɺʩʝʣʝʥʥʦʡ. ʇʨʠ ʪʘʢʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʠʤʝʝʪ ʩʤʳʩʣ ʩʯʠʪʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʦ-

ʚʨʝʤʷ ʥʝʦʜʥʦʩʚʷʟʥʳʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʤʥʦʛʦʟʥʘʯʥʦʩʪʴ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʧʠʩʘʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʘ ʦʪʩʶʜʘ ʠ ʢʚʘʥʪʦʚʳʡ ʭʘʨʘʢʪʝʨ ʠʭ 

ʟʘʨʷʜʦʚ. ɺ ʥʘʯʘʣʝ 90-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʤʳ ʧʨʝʜʣʦʞʠʣʠ ʤʝʭʘʥʠʟʤ ʦʙʲʷʩʥʝʥʠʷ 

ʛʨʘʚʠʪʘʮʠʠ, ʧʨʠʚʣʝʢʘʷ ʢʦʛʝʨʝʥʪʥʳʝ ʧʦʪʦʢʠ ʥʝʡʪʨʠʥʦ ʦʪ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʪʝʣ ʠ ʩʚʷʟʘʚ 

ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʧʦʩʪʦʷʥʥʫʶ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʢʪʨʦʩʣʘʙʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ [2]. ʅʦ ʠʤʝʥʥʦ 

ʢʚʘʥʪʦʚʳʝ ʟʘʢʦʥʳ ʜʦʣʞʥʳ ʧʨʠʚʦʜʠʪʴ ʢ ʤʦʜʠʬʠʢʘʮʠʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʢʦʥʦʚ ʥʘ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ [3]. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʦʜʥʦʨʦʜʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʛʘʣʘʢʪʠʢ ʚʦ ɺʩʝʣʝʥʥʦʡ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʧʨʝʚʳʰʘʶʱʠʭ 50 ʤʝʛʘʧʘʨʩʝʢ, ʙʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ, 

ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ çʩʪʝʨʠʣʴʥʳʭè ʥʝʡʪʨʠʥʦ ʠ ʘʥʪʠʥʝʡʪʨʠʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʬʦʨʤʝ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʌʝʨʤʠ-ʞʠʜʢʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 3 ʂ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʦʙʳʯʥʦʡ ʤʘʪʝʨʠʝʡ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʣʠʰʴ ʪʝ ʠʟ ʥʠʭ, ʢʦʪʦʨʳʝ 

ʥʘʭʦʜʷʪʩʷ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʌʝʨʤʠ. ʂʘʢ ʠʟʚʝʩʪʥʦ ʧʦ ʪʝʦʨʠʠ ʃ.ɼ. ʃʘʥʜʘʫ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʫʜʦʙʥʝʝ ʨʘʙʦʪʘʪʴ ʥʝ ʩ ʯʘʩʪʠʮʘʤʠ, ʘ ʢʚʘʟʠʯʘʩʪʠʮʘʤʠ, ʢʦʪʦʨʳʝ, ʢʘʢ ʠ çʩʪʝʨʠʣʴʥʳʝè ʥʝʡʪʨʠʥʦ ʠ 

ʘʥʪʠʥʝʡʪʨʠʥʦ, ʷʚʣʷʶʪʩʷ ʬʝʨʤʠʦʥʘʤʠ. ʇʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʬʦʥʦʚʳʭ ʥʝʡʪʨʠʥʦ ʩʣʝʜʫʝʪ 

ʦʞʠʜʘʪʴ ʠʭ ʩʧʘʨʠʚʘʥʠʝ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʟʝ-ʞʠʜʢʦʩʪʠ ʠʟ ʪʘʢʠʭ ʧʘʨ ʠ ʜʦʣʞʥʦ 

ʦʪʨʘʟʠʪʴʩʷ, ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ, ʥʘ ʜʚʠʞʝʥʠʠ ʛʘʣʘʢʪʠʢ, ʢʦʪʦʨʦʝ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ 

ʧʨʠʩʫʪʩʪʚʠʝ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʧʦʠʩʢʠ ʯʘʩʪʠʮ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʥʝ ʧʨʠʥʝʩʣʠ ʫʩʧʝʭʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʥʝʜʦʩʪʘʪʢʘ 
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ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʦʩʮʠʣʣʷʮʠʡ ʠʭ ʘʨʦʤʘʪʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʤʳ 

ʧʨʝʜʣʘʛʘʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʝʜʦʩʪʘʪʦʢ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʠ ʧʦʢʘ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʥʘʣʠʯʠʷ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʚ ʧʨʝʜʝʣʘʭ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. ʂʘʢ 

ʠʟʚʝʩʪʥʦ, ʯʘʩʪʠʮʳ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʳ ʣʠʰʴ ʧʨʠ ʧʦʤʦʱʠ ʩʣʘʙʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʦʵʪʦʤʫ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʪʦʢʦʚ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ 

ʦʯʝʚʠʜʥʳ. ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʚ ʧʦʜʪʚʝʨʞʜʝʥʠʠ ʝʝ ʥʘʣʠʯʠʷ ʙʳʣʦ ʙʳ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʠʥʦ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʉʦʣʥʮʘ, ʯʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʣʠʰʴ ʧʨʠ ʧʦʤʦʱʠ ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʠʭ ʩʧʫʪʥʠʢʦʚ, ʠʤʝʶʱʠʭ ʥʘ ʙʦʨʪʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʝʪʝʢʪʦʨʳ. 
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ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʝʪʘʣʴʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʚ ʤʷʛʢʦʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʟʨʘʙʦʪʘʥ ʧʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ ʠ ʠʟʛʦʪʦʚʣʝʥ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ʉʈɼ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʝʚʦʛʦ ʜʨʝʡʬʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ. 

ʉʧʝʢʪʨʦʤʝʪʨ ʉʈɼ ʨʝʛʠʩʪʨʠʨʫʝʪ ʠʟʣʫʯʝʥʠʝ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ 1,5 ï 25 ʢʵɺ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʜʠʘʧʘʟʦʥʫ ʠʟʤʝʨʝʥʠʡ ʘʧʧʘʨʘʪʫʨʳ ʥʘ ʩʧʫʪʥʠʢʘʭ GOES, ʥʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʝʝ 

ʠʟʤʝʨʷʝʪ ʵʥʝʨʛʠʶ ʢʘʞʜʦʛʦ ʬʦʪʦʥʘ ʩ ʚʳʩʦʢʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ (ʥʝ ʭʫʞʝ 200 ʵɺ 

ʜʣʷ ʵʥʝʨʛʠʠ ʬʦʪʦʥʘ 5,9 ʢʵɺ). ʇʦʜʦʙʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʦʩʪʘʚʝ 

ʥʘʫʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʛʝʣʠʦʬʠʟʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʘʭ ʩʝʨʠʠ çʕʣʝʢʪʨʦè. ɼʣʷ ʟʘʱʠʪʳ ʦʪ ʬʦʥʘ ʵʣʝʢʪʨʦʥʦʚ ʚʥʝʰʥʝʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ, 

ʧʨʦʥʠʢʘʶʱʠʭ ʯʝʨʝʟ ʚʭʦʜʥʫʶ ʘʧʝʨʪʫʨʫ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʢʦʥʬʠʛʫʨʘʮʠʷ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʦʛʦ ʨʘʩʩʯʠʪʘʥʘ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ. ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥʳ 

ʦʞʠʜʘʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʝʢʪʨʦʤʝʪʨʘ ʉʈɼ ʚ ʣʝʪʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʠ ʠʭ ʩʨʘʚʥʝʥʠʝ ʩ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʫʱʝʩʪʚʫʶʱʠʭ (ʥʘ ʦʩʥʦʚʝ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʢʘʤʝʨ) ʠ ʙʫʜʫʱʠʭ (ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ)  ʤʦʥʠʪʦʨʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ GOES. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʇʆʃʗʈʀɿɸʎʀʀ ʀ ʅɸʇʈɸɺʃɽʅʅʆʉʊʀ ɾɽʉʊʂʆɻʆ  

ʈɽʅʊɻɽʅʆɺʉʂʆɻʆ ʀɿʃʋʏɽʅʀʗ ʈɽʃʗʊʀɺʀʉʊʉʂʀʍ ʕʃɽʂʊʈʆʅʆɺ  

ɺ ʉʆʃʅɽʏʅʓʍ ɺʉʇʓʐʂɸʍ ɺ ʄʆɼɽʃʀ ʊʆʃʉʊʆʁ ʄʀʐɽʅʀ 

 

ʀ.ɺ. ʂʫʜʨʷʚʮʝʚ
1,2
, ʖ.ɽ. ʏʘʨʠʢʦʚ

1,2,3 

 
1
 ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ ʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

2
 ɻɸʆ ʈɸʅ (ʇʫʣʢʦʚʩʢʘʷ), ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

3
 ɻʆʋɺʇʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ɻʇʋè, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ,  

  Igor.Koudriavtsev@mail.ioffe.ru 

 

ɺ ʤʦʜʝʣʠ ʪʦʣʩʪʦʡ ʤʠʰʝʥʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠ ʧʦʣʷʨʠʟʘʮʠʷ ʞʝʩʪʢʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (ɾʈʀ) ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ, ʫʩʢʦʨʝʥʥʳʭ ʚ ʤʦʤʝʥʪ ʚʟʨʳʚʥʦʡ ʩʪʘʜʠʠ ʵʚʦʣʶʮʠʠ ʚʩʧʳʰʢʠ. ɺ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚʨʝʤʷ ʠʥʞʝʢʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʦʙʣʘʩʪʠ ʫʩʢʦʨʝʥʠʷ ʥʘʤʥʦʛʦ ʧʨʝʚʦʩʭʦʜʠʪ 

ʚʨʝʤʷ ʠʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʩ ʯʘʩʪʠʮʘʤʠ ʧʣʘʟʤʳ ʚ ʪʦʣʩʪʦʡ ʤʠʰʝʥʠ ʨʝʰʘʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʫʯʢʘ. ʋʛʣʦʚʘʷ ʯʘʩʪʴ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʧʦʣʠʥʦʤʘʤ ʃʝʞʘʥʜʨʘ. ɺ ʨʘʩʯʝʪʘʭ 

ʧʘʨʘʤʝʪʨʦʚ ɾʈʀ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʣʷʪʠʚʠʩʪʩʢʦʝ ʩʝʯʝʥʠʝ ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʫʩʢʦʨʝʥʥʳʭ  

ʵʣʝʢʪʨʦʥʦʚ. ʇʘʨʘʤʝʪʨʳ ʞʝʩʪʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ  ʧʦʣʫʯʝʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʫʛʣʦʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʙʳʩʪʨʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʦʙʣʘʩʪʠ ʫʩʢʦʨʝʥʠʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʩʪʝʧʝʥʠ 

ʧʦʣʷʨʠʟʘʮʠʠ ɾʈʀ ʥʝ ʧʨʝʚʳʰʘʝʪ ʧʦ ʤʦʜʫʣʶ 40% ʜʘʞʝ ʜʣʷ  ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ  - 

ʫʟʢʦ-ʥʘʧʨʘʚʣʝʥʥʦʤ ʧʫʯʢʝ (ʥʘʯʘʣʴʥʦʝ ʫʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʧʠʪʯ ï ʫʛʣʘʤ~ 

cos
6
ɗ)  ʠ ʜʦʩʪʘʪʦʯʥʦ ʤʷʛʢʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʧʝʢʪʨʝ ~ ɽ

-7
) ʜʣʷ ʫʛʣʘ ʥʘʙʣʶʜʝʥʠʷ  (ʫʛʦʣ ʤʝʞʜʫ 

ʚʝʢʪʦʨʘʤʠ k ʠ B) 90
0
. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʩʪʝʧʝʥʠ ʧʦʣʷʨʠʟʘʮʠʠ ɾʈʀ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʞʝʩʪʢʦʩʪʠ ʩʧʝʢʪʨʘ, ʧʠʪʯ ï ʫʛʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ  ʦʪ ʫʛʣʘ ʥʘʙʣʶʜʝʥʠʷ.  ʇʨʠ 

ʵʪʦʤ ʩʪʝʧʝʥʴ  ʧʦʣʷʨʠʟʘʮʠʠ ɾʈʀ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ ʜʦ 300-500 ʢʵɺ  ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʧʦ 

ʤʦʜʫʣʶ ʩ ʨʦʩʪʦʤ ʵʥʝʨʛʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ. 

ʇʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʩ ʠʟʤʝʨʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʪʝʧʝʥʠ 

ʧʦʣʷʨʠʟʘʮʠʠ ʞʝʩʪʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʦ ʚʨʝʤʷ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ 23 ʠʶʣʷ 

2002ʛ. ʠ 28 ʦʢʪʷʙʨʷ 2003ʛ. ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʂɸ RHESSI. ʉʦʛʣʘʩʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʚ 

ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʩ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʪʝʧʝʥʠ ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʥʘʯʘʣʴʥʳʝ ʫʛʣʦʚʦʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. 

 

 

ʂɺɸɿʀʇɽʈʀʆɼʀʏɽʉʂʀɽ ʇʋʃʔʉɸʎʀʀ ʇʃɸɺʅʆʁ ʂʆʄʇʆʅɽʅʊʓ  

ʄʀʂʈʆɺʆʃʅʆɺʆɻʆ ʀɿʃʋʏɽʅʀʗ ɺʉʇʓʐɽʏʅʆʁ ʇɽʊʃʀ 
 

ɽ.ɻ. ʂʫʧʨʠʷʥʦʚʘ, ɺ.ʌ. ʄʝʣʴʥʠʢʦʚ, ɺ.ʄ. ʇʫʟʳʥʷ 

 

ɻɸʆ ʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, elenku@bk.ru 

 

ʀʩʩʣʝʜʫʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʩʪʦʯʥʠʢʘ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʫʣʴʩʘʮʠʡ 

(ʂʇʇ) ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʩʧʳʰʝʯʥʦʡ ʧʝʪʣʠ 02.06.2007. ʀʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ 

ʈʘʜʠʦʛʝʣʠʦʛʨʘʬʘ ʅʦʙʝʷʤʘ ʥʘ 17 ɻɻʮ ʩ ʚʳʩʦʢʠʤ ʫʛʣʦʚʳʤ ʠ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

ɺʨʝʤʝʥʥʦʡ ʧʨʦʬʠʣʴ ʠʟʣʫʯʝʥʠʷ ʠʟ ʩʝʚʝʨʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʧʝʪʣʠ ʩʦʩʪʦʠʪ ʠʟ ʢʦʨʦʪʢʦʛʦ 

ʠʤʧʫʣʴʩʥʦʛʦ ʚʩʧʣʝʩʢʘ ʠ ʩʣʝʜʫʶʱʝʡ ʟʘ ʥʠʤ ʧʣʘʚʥʦʡ ʢʦʤʧʦʥʝʥʪʳ. ʀʩʪʦʯʥʠʢ ʧʣʘʚʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥ ʧʦ ʚʩʝʡ ʧʝʪʣʝ ʠ ʩʚʷʟʘʥ ʩ ʪʝʧʣʦʚʳʤ ʪʦʨʤʦʟʥʳʤ ʠʟʣʫʯʝʥʠʝʤ 

ʨʘʟʦʛʨʝʪʦʡ ʭʨʦʤʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ, ʧʦʩʪʝʧʝʥʥʦ ʟʘʧʦʣʥʷʶʱʝʡ ʧʝʪʣʶ. ɺ ʧʣʘʚʥʦʡ ʢʦʤʧʦʥʝʥʪʝ 

ʥʘʡʜʝʥʳ ʂʇʇ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʧʝʨʠʦʜʘʤʠ ʦʪ 60 ʩ ʜʦ 250 ʩ. ɺ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʧʝʪʣʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʝ-ʪʨʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʂʇʇ. ʇʫʣʴʩʘʮʠʠ 

mailto:Igor.Koudriavtsev@mail.ioffe.ru
mailto:elenku@bk.ru
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ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʜʦʙʨʦʪʥʦʩʪʴʶ, ʥʦ ʤʘʣʝʥʴʢʦʡ ʘʤʧʣʠʪʫʜʦʡ (< 3 %). ʉʨʝʜʠ ʥʠʭ 

ʚʳʜʝʣʷʶʪʩʷ ʂʇʇ ʩ ʧʝʨʠʦʜʦʤ ʧʦʨʷʜʢʘ 100 ʩ, ʩʠʥʬʘʟʥʳʝ ʚ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʧʝʪʣʠ. ɸʥʘʣʠʟ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʢʘʥʘʣʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʪʠ ʫʯʘʩʪʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʜʦʣʴ ʦʧʨʝʜʝʣʸʥʥʦʡ 

ʩʠʣʦʚʦʡ ʣʠʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʝʪʣʠ, ʘ ʚ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʠʟʣʫʯʝʥʠʠ ð ʚ ʝʸ ʦʩʥʦʚʘʥʠʷʭ. 

ʆʙʩʫʞʜʘʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʯʠʥʳ ʦʙʥʘʨʫʞʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʂʇʇ, ʘ ʪʘʢʞʝ ʚʘʨʠʘʥʪʳ 

ʤʝʭʘʥʠʟʤʦʚ ʂʇʇ. 

 

 

ɸʂʊʀɺʅʓɽ ʆɹʃɸʉʊʀ ʄʀʅʀʄʋʄɸ ʇʈʆʐɽɼʐɽɻʆ ʎʀʂʃɸ: ʅɸɻʈɽɺ ʇʃɸɿʄʓ,  

ʋʉʂʆʈɽʅʀɽ ʏɸʉʊʀʎ, ʈʆʃʔ ʊʆʂʆɺ 

 

ʀ.ʖ. ɻʨʠʛʦʨʴʝʚʘ, ʄ.ɸ. ʃʠʚʰʠʮ 

 

ɻɸʆ ʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

ʀɿʄʀʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, maliv@mail.ru 

 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʧʝʨʠʦʜ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʵʪʦʡ ʵʧʦʭʠ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʬʦʥʘ ʤʷʛʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʟʘʨʦʞʜʝʥʠʝ ʠ ʧʝʨʚʳʝ ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ 

(ɸʆ). ʀʟʫʯʘʝʤʳʝ ʦʙʣʘʩʪʠ ʨʘʟʜʝʣʝʥʳ ʫʩʣʦʚʥʦ ʥʘ ʪʨʠ ʪʠʧʘ: ʢ ʧʝʨʚʦʤʫ ï ʦʪʥʝʩʝʥʳ ʦʙʣʘʩʪʠ, 

ʣʠʰʝʥʥʳʝ ʢʘʢʠʭ-ʣʠʙʦ ʚʩʧʳʰʝʢ, ʚʪʦʨʦʡ ʪʠʧ ï ɸʆ ʩ ʙʦʣʝʝ ʟʘʤʝʪʥʳʤ ʫʨʦʚʥʝʤ ʤʷʛʢʦʛʦ 

ʨʝʥʪʛʝʥʘ ʠ ʧʨʦʷʚʣʝʥʠʝʤ ʩʫʙʚʩʧʳʰʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʚʧʣʦʪʴ ʜʦ ʙʘʣʣʘ ʉ) ʚ ʧʨʦʤʝʞʫʪʢʠ 

ʚʨʝʤʝʥʠ, ʨʘʟʜʝʣʝʥʥʳʝ ʜʚʫʤʷ-ʪʨʝʤʷ ʩʧʦʢʦʡʥʳʤʠ ʜʥʷʤʠ. ʊʨʝʪʠʡ ʪʠʧ ʧʨʝʜʩʪʘʚʣʝʥ ʙʦʣʴʰʠʤʠ 

ɸʆ, ʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʨʘʟʚʠʚʘʪʴʩʷ ʚʩʧʳʰʢʠ ʩʠʣʴʥʝʝ ʙʘʣʣʘ ʉ3. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʦʨʦʥʘʣʴʥʳʝ 

ʧʝʪʣʠ ɸʆ ʧʝʨʚʦʛʦ ʪʠʧʘ (ʥʘʧʨʠʤʝʨ, ɸʆ 10999 ʧʦ ʜʘʥʥʳʤ TRACE ʚ ʠʶʥʝ 2008 ʛ.) ʩʪʨʦʛʦ 

ʩʣʝʜʫʶʪ ʩʠʣʦʚʳʤ ʣʠʥʠʷʤ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʢʦʨʦʥʝ. ʀʤʝʥʥʦ ʩ ʦʪʩʫʪʩʪʚʠʝʤ 

ʪʦʢʦʚ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʦʯʝʥʴ ʩʣʘʙʦʝ ʤʠʢʨʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʩ ʧʦʣʷʨʠʟʘʮʠʝʡ, ʥʝ 

ʧʨʝʚʳʰʘʶʱʝʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ (ʈɸʊɸʅ-600). ɺʪʦʨʦʡ ʪʠʧ ɸʆ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʩʧʣʳʪʠʝʤ ʥʦʚʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʥʘʧʨʠʤʝʨ, ɸʆ 10933 8 ʷʥʚʘʨʷ 

2007 ʛ.). ʋ ʵʪʦʛʦ ʪʠʧʘ ʦʙʣʘʩʪʝʡ ʦʢʘʟʳʚʘʝʪʩʷ ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʚʩʧʳʰʝʢ ʙʘʣʣʘ ʉ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʧʦʷʚʣʝʥʠʝʤ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʦʥʦʚ, ʫʩʢʦʨʝʥʥʳʭ ʜʦ ʵʥʝʨʛʠʡ 

100-300 ʢʵɺ (ʜʘʥʥʳʝ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʤʦʥʠʪʦʨʘ WAM ʩ ʦʙʟʦʨʦʤ ʚʩʝʛʦ ʥʝʙʘ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʩʧʫʪʥʠʢʝ Suzaku). ɻʦʨʘʟʜʦ ʙʦʣʴʰʝ ʩʦʙʳʪʠʡ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ 

WAM/Suzaku, ʧʨʦʠʩʭʦʜʠʪ ʚ ɸʆ ʪʨʝʪʴʝʛʦ ʪʠʧʘ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʧʨʠʚʦʜʠʪʩʷ ʦʙʩʫʞʜʝʥʠʝ 

ʧʨʦʙʣʝʤʳ ʚʟʘʠʤʦʩʚʷʟʠ ʧʨʦʮʝʩʩʦʚ ʥʘʛʨʝʚʘ ʧʣʘʟʤʳ, ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ ʠ ʤʦʨʬʦʣʦʛʠʠ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ ʥʝʙʦʣʴʰʠʭ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʷʭ. 

 

 

ʉʆʃʅɽʏʅʓɽ ʇʈʆʊʆʅʅʓɽ ʉʆɹʓʊʀʗ 7 ʄɸʈʊɸ 2011 ʛ. ʀ 23 ʗʅɺɸʈʗ 2012 ʛ.  

 

ɺ.ʉ. ʄʘʭʤʫʪʦʚ, ɻ.ɸ. ɹʘʟʠʣʝʚʩʢʘʷ, ʖ.ʀ. ʉʪʦʞʢʦʚ, ɾ.-ʇ. ʈʦʣʘʥ 
 

ʌʀɸʅ ʠʤ. ʇ.ʅ. ʃʝʙʝʜʝʚʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, makhmutv@sci.lebedev.ru 

 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚʩʧʳʰʝʯʥʳʭ ʩʦʙʳʪʠʡ ʥʘ ʉʦʣʥʮʝ 7 ʤʘʨʪʘ 2011 ʛ. 

ʠ 23 ʷʥʚʘʨʷ 2012 ʛ. ɺ ʘʥʘʣʠʟʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʦʩʪʫʧʥʳʝ ʜʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ (1) ʩʦʣʥʝʯʥʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʩʧʳʰʝʯʥʳʭ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʠ (2) ʨʝʟʫʣʴʪʘʪʳ  ʠʟʤʝʨʝʥʠʡ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ (ʢʘʢ ʥʘʟʝʤʥʳʭ, ʪʘʢ ʠ ʥʘ ʩʧʫʪʥʠʢʘʭ) ʚʦ ʚʨʝʤʷ ʫʢʘʟʘʥʥʳʭ ʩʦʙʳʪʠʡ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆʁ ɼʀʅɸʄʀʂʀ ʅɸʂʃʆʅɸ ʉʇɽʂʊʈɸ 

ʋʉʂʆʈɽʅʅʓʍ ʕʃɽʂʊʈʆʅʆɺ ʇʆ ɼɸʅʅʓʄ ʅɸɹʃʖɼɽʅʀʁ ʂɸ RHESSI ʀ 

ʈɸɼʀʆɻɽʃʀʆɻʈɸʌɸ ʅʆɹɽʗʄɸ ɺ ʉʆɹʓʊʀʀ 14 ʄɸʈʊɸ 2002 ɻʆɼɸ 

 

ʉ.ɸ. ʂʫʟʥʝʮʦʚ, ɺ.ʌ. ʄʝʣʴʥʠʢʦʚ 

 

ʅʀʈʌʀ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, kuznetsov@nirfi .sci-nnov.ru 

ɻɸʆ ʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, v.melnikov@gao.spb.ru 

 

ʄʝʪʦʜʳ ʠʟʦʙʨʘʞʘʶʱʝʡ ʨʘʜʠʦ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʥʦʚʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʮʝʩʩʘʭ ʫʩʢʦʨʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʩʦʣʥʝʯʥʳʭ 

ʚʩʧʳʰʝʯʥʳʭ ʧʝʪʣʷʭ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʜʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ 

ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠ ʞʝʩʪʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ (ɾʈʀ) ʠʟʣʫʯʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʘ ʅʦʙʝʷʤʘ ʠ ʩʧʫʪʥʠʢʘ RHESSI ʜʣʷ ʩʦʙʳʪʠʷ 14 ʤʘʨʪʘ 2002. ʇʨʦʚʝʜʝʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʥʘʢʣʦʥʘ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʤʝʞʜʫ 

ʯʘʩʪʦʪʘʤʠ 17 ʠ 34 ɻɻʮ ʠ ʥʘʢʣʦʥʘ ʥʝʪʝʧʣʦʚʦʡ ʯʘʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ɾʈʀ ʚ 

ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʚʩʧʳʰʝʯʥʦʡ ʧʝʪʣʠ ï ʚ ʚʝʨʰʠʥʝ ʠ ʚʙʣʠʟʠ ʦʩʥʦʚʘʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʢʣʦʥ 

ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʤʝʞʜʫ ʯʘʩʪʦʪʘʤʠ 17 ʠ 34 ɻɻʮ ʫʤʝʥʴʰʘʝʪʩʷ ʢʘʢ ʥʘ ʬʘʟʝ 

ʨʦʩʪʘ, ʪʘʢ ʠ ʬʘʟʝ ʩʧʘʜʘ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʚʩʧʣʝʩʢʘ, ʩʪʨʝʤʷʩʴ ʢ ʥʫʣʶ ʥʘ ʬʘʟʝ ʩʧʘʜʘ. ʇʦʚʝʜʝʥʠʝ 

ʥʘʢʣʦʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ɾʈʀ ʥʦʩʠʪ ʜʨʫʛʦʡ ʭʘʨʘʢʪʝʨ: ʝʛʦ ʫʤʝʥʴʰʝʥʠʝ ʥʘ ʬʘʟʝ ʨʦʩʪʘ 

ʩʤʝʥʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘ ʬʘʟʝ ʩʧʘʜʘ (ʧʦʚʝʜʝʥʠʝ ʪʠʧʘ çSoft-Hard-Softè). ɼʘʥʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʩʝʭ ʯʘʩʪʝʡ ʚʩʧʳʰʝʯʥʦʡ ʧʝʪʣʠ. 

 

 

ʋʉʃʆɺʀʗ ʌʆʈʄʀʈʆɺɸʅʀʗ ɺʉʇʓʐɽʏʅʆʁ ʇɽʊʃʀ 

 

ɺ.ʃ. ʄʝʨʟʣʷʢʦʚ 

 

ʀɿʄʀʈɸʅ, ʛ.ʄʦʩʢʚʘ, ʛ. ʊʨʦʠʮʢ, ʈʦʩʩʠʷ, mvl@izmiran.ru 

 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʜʨʝʡʬʦʚʳʭ ʜʚʠʞʝʥʠʡ ʧʣʘʟʤʳ ʥʘʜ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʴʶ ʉʦʣʥʮʘ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʝʸ ʫʧʣʦʪʥʝʥʠʝ ʚ ʨʘʡʦʥʝ ʥʝʡʪʨʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʛʜʝ ʤʝʥʷʝʪ ʟʥʘʢ 

ʨʘʜʠʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ). ʇʨʠ ʥʝʢʦʪʦʨʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʤʝʞʜʫ ʚʨʝʤʝʥʥʳʤʠ 

ʚʘʨʠʘʮʠʷʤʠ ʚʝʣʠʯʠʥ ʜʠʧʦʣʴʥʦʡ ʠ ʦʢʪʫʧʦʣʴʥʦʡ ʤʘʛʥʠʪʥʳʭ ʛʘʨʤʦʥʠʢ ʫʧʣʦʪʥʝʥʠʝ 

ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ ʧʝʪʣʠ ʚʳʩʦʪʦʡ º 0.07 RSun. ʀʩʭʦʜʷ ʠʟ ʚʝʣʠʯʠʥ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʥʘ ʪʘʢʠʭ ʚʳʩʦʪʘʭ ʧʦʣʫʯʝʥʘ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʧʝʪʣʝ ne ~ 10
11

 ï 10
13

 ʩʤ
-3

. 

ʈʘʟʤʝʨʳ ʧʝʪʣʠ ʧʦʩʣʝ ʝʸ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʩʪʦʷʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʠ ʦʥʘ ʚʳʨʦʞʜʘʝʪʩʷ ʚ ʩʝʢʪʦʨ 

ʟʘ 10
2
 ï 10

3
 ʩʝʢ. ɺʝʱʝʩʪʚʦ ʧʝʪʣʠ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ 

ʧʦʩʪʫʧʘʝʪ ʩ ʫʨʦʚʥʝʡ ʚʳʰʝ 0.07 RSun, ʛʜʝ ʵʪʘ ʪʝʤʧʝʨʘʪʫʨʘ Te~10
7
 ʂ. ɺʩʝ ʦʪʤʝʯʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʢʦʤʧʘʢʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ 

ʚʩʧʳʰʝʯʥʘʷ ʧʝʪʣʷ. 

 

 

ɻɽʆʄɽʊʈʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʅɽʁʊʈɸʃʔʅʆʁ ʇʆɺɽʈʍʅʆʉʊʀ ɺ ʂʆʈʆʅɽ  

ʉʆʃʅʎɸ ʕʇʆʍʀ ʅʀɿʂʆʁ ɸʂʊʀɺʅʆʉʊʀ  

 

ɺ.ʃ. ʄʝʨʟʣʷʢʦʚ, ʃ.ʀ. ʉʪʘʨʢʦʚʘ 

 

ʀɿʄʀʈɸʅ ʈɸʅ, ʄʦʩʢʚʘ ʛ. ʊʨʦʠʮʢ, ʈʦʩʩʠʷ, mvl@izmiran.ru 

 

ʆʧʨʝʜʝʣʷʣʠʩʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʩʤʝʥʳ ʟʥʘʢʘ ʨʘʜʠʘʣʴʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʥʝʡʪʨʘʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ) ʚ ʢʦʨʦʥʝ ʉʦʣʥʮʘ. ʇʨʦʮʝʜʫʨʘ 

mailto:kuznetsov@nirfi.sci-nnov.ru
mailto:kuznetsov@nirfi.sci-nnov.ru
mailto:mvl@izmiran.ru
mailto:mvl@izmiran.ru
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ʦʩʥʦʚʳʚʘʣʘʩʴ ʥʘ ʤʦʜʝʣʴʥʳʭ ʧʦʩʪʨʦʝʥʠʷʭ ʰʣʝʤʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʂ-ʢʦʨʦʥʳ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʦʥʘ ʚʦʟʥʠʢʘʝʪ ʦʪ ʧʨʦʝʢʮʠʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʧʣʦʪʥʦʛʦ ʩʣʦʷ ʥʘ 

ʥʝʡʪʨʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʄʦʜʝʣʠʨʦʚʘʣʠʩʴ ʢʦʨʦʥʳ ʟʘʪʤʝʥʠʡ 25.02.1952, 30.06.1954, 

30.05.1965, ʜʣʷ ʧʝʨʠʦʜʘ ʥʠʟʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʉʦʣʥʮʘ ʚ ʧʨʝʜʝʣʘʭ º1/3 ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ. 

ʆʙʥʘʨʫʞʠʣʠ ʨʝʛʫʣʷʨʥʫʶ ʧʦ ʜʦʣʛʦʪʝ ʜʝʬʦʨʤʘʮʠʶ ʥʝʡʪʨʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʩʰʪʘʙʦʤ 60
ʦ
. 

ɸʤʧʣʠʪʫʜʘ ʜʝʬʦʨʤʘʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʜʘʣʝʥʠʝʤ ʦʪ ʉʦʣʥʮʘ ʢʘʢ r
-n

 ʩ ʧʝʨʝʤʝʥʥʳʤ 

ʧʦʢʘʟʘʪʝʣʝʤ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʊʘʢʦʝ 

ʧʦʚʳʰʝʥʠʝ ʧʨʠʚʦʜʠʪ ʪʘʢʞʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʘʤʦʡ ʘʤʧʣʠʪʫʜʳ ʥʘ 55% ʠ ʝʸ ʘʩʠʤʤʝʪʨʠʠ ʧʦ 

ʧʦʣʫʩʬʝʨʘʤ ʜʦ 70% ʚ ʧʨʝʜʝʣʘʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʬʘʟʳ ʮʠʢʣʘ ʦʪ 0.04 ʜʦ 0.32. 

ɼʦʣʛʦʪʥʳʡ ʩʜʚʠʛ ʤʝʞʜʫ ʩʝʚʝʨʥʦʡ ʠ ʶʞʥʦʡ ʯʘʩʪʷʤʠ ʥʝʡʪʨʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʣʷʣ ʦʪ 

7
ʦ
 ʜʦ 20

ʦ
 ʠ ʥʝ ʧʨʦʷʚʣʷʣ ʢʘʢʦʡ-ʣʠʙʦ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟʳ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ. 

 

 

ʇʈʀʄɽʅɽʅʀɽ ʄɽʊʆɼɸ ʇʈʗʄʆʁ ʇʆɼɻʆʅʂʀ ɼʃʗ ʆʇʈɽɼɽʃɽʅʀʗ  

ʌʀɿʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ ɺʉʇʓʐɽʏʅʓʍ ʇɽʊɽʃʔ 

 

ɸ.ʉ. ʄʦʨʛʘʯʝʚ, ɺ.ʌ. ʄʝʣʴʥʠʢʦʚ 

 

ʅʀʈʌʀ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

ɻɸʆ ʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, a.s.morgachev@mail.ru 

 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʧʨʝʜʝʣʝʥʠʶ ʦʧʪʠʤʘʣʴʥʳʭ ʥʘʙʦʨʦʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʜʠʦʠʩʪʦʯʥʠʢʘ ʧʫʪʝʤ ʯʠʩʣʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ 

ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤ ʩʧʝʢʪʨʘʣʴʥʳʤ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʠ 

ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʛʦʥʢʝ 

ʨʘʩʯʝʪʥʦʛʦ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʧʦʜ ʥʘʙʣʶʜʘʝʤʦʝ ʠ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ. ɺ 

ʧʨʘʚʦʡ ʯʘʩʪʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʩʪʦʠʪ ʦʜʥʘ ʠʟ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʥʘʙʦʨʘ ʧʝʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʩʪʦʯʥʠʢʘ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʦʪʝ. ɸ ʚ ʣʝʚʦʡ ï ʪʘ ʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʣʷ ʥʘʙʣʶʜʘʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʀʩʧʦʣʴʟʫʝʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʨʘʟʥʠʮʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ  ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʠʟ ʨʘʟʥʳʭ ʦʙʣʘʩʪʝʡ ʨʘʜʠʦʩʧʝʢʪʨʘ. ɺ 

ʭʦʜʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʘʩʴ ʤʠʥʠʤʠʟʘʮʠʷ ʬʫʥʢʮʠʦʥʘʣʘ, ʩʦʩʪʘʚʣʝʥʥʦʛʦ ʠʟ ʫʨʘʚʥʝʥʠʡ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʟʣʫʯʝʥʠʷ, ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ (ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠ 

ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʩʝʪʢʝ ʢʦʜʘ ɻʨʝʷ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ ʧʦʢʘʟʘʪʝʣʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ 

ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʥʦʚʦʡ ʧʣʘʟʤʳ. ɿʘʪʝʤ ʧʨʦʠʟʚʦʜʠʣʩʷ ʚʳʚʦʜ 

ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʧʘʨʘʤʝʪʨʘ ʉʪʦʢʩʘ V ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʥʦʩʪʠ ʠ ʚʨʝʤʝʥʠ ʩʯʝʪʘ. 
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ɼʀʅɸʄʀʂɸ ʋʉʂʆʈɽʅʅʓʍ ɺʆ ɺʈɽʄʗ ʉʆʃʅɽʏʅʆʁ ɺʉʇʓʐʂʀ 15 ɸʇʈɽʃʗ  

2002 ɻʆɼɸ ʕʃɽʂʊʈʆʅʆɺ ʇʆ ɼɸʅʅʓʄ ɾɽʉʊʂʆɻʆ  

ʈɽʅʊɻɽʅʆɺʉʂʆɻʆ ʀɿʃʋʏɽʅʀʗ  

 

ɻ.ɻ. ʄʦʪʦʨʠʥʘ
1
, ʀ.ɺ. ʂʫʜʨʷʚʮʝʚ

1,2
, ɺ.ʇ. ʃʘʟʫʪʢʦʚ

2
, ɻ.ɸ. ʄʘʪʚʝʝʚ

2
,  

ʄ.ʀ. ʉʘʚʯʝʥʢʦ
2,3

, ɼ.ɺ. ʉʢʦʨʦʜʫʤʦʚ
2,3

, ʖ.ɽ. ʏʘʨʠʢʦʚ
1,2,3

 

 
1
 ɻɸʆ ʈɸʅ (ʇʫʣʢʦʚʩʢʘʷ), ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, g.motorina@yandex.ru 

2
 ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ ʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ; 

3
 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  

  ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ. 

 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʳʩʪʨʳʭ 

ʵʣʝʢʪʨʦʥʦʚ, ʫʩʢʦʨʝʥʥʳʭ ʚʦ ʚʩʧʳʰʢʝ 15 ʘʧʨʝʣʷ 2002 ʛʦʜʘ, ʥʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʦʚ ʞʝʩʪʢʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (ɾʈʀ), ʠʟʤʝʨʝʥʥʳʭ ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʀʈʀʉ ʥʘ ʩʧʫʪʥʠʢʝ 

ʂʆʈʆʅɸʉïʌ. ɺʩʧʳʰʢʘ 15 ʘʧʨʝʣʷ 2002 ʛʦʜʘ ʥʘʯʘʣʘʩʴ ʚ 23:05 UT ʠ ʦʪʥʦʩʠʪʩʷ ʢ 

ʨʝʥʪʛʝʥʦʚʩʢʦʤʫ ʢʣʘʩʩʫ ʄ1.2. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʨʘʟʚʠʪʠʷ ʚʩʧʳʰʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʰʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʤʝʪʦʜʦʤ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʊʠʭʦʥʦʚʘ. ʇʨʠ ʵʪʦʤ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʢʘʢʘʷ-ʣʠʙʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʥʦʚ ʦʪ ʵʥʝʨʛʠʠ. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʩʧʝʢʪʨʘ 

ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʣʦʢʘʣʴʥʳʤʠ 

ʤʠʥʠʤʫʤʘʤʠ ʠ ʤʘʢʩʠʤʫʤʘʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʅʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʨʦʩʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ɾʈʀ ʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʧʝʨʚʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʘ (ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʦʪ 23:09:41UT ʜʦ 

23:10:01UT) ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʠʡ ʦʙʨʳʚ ʩʧʝʢʪʨʘ ʥʘ ʵʥʝʨʛʠʷʭ ʙʦʣʝʝ 80 ʢʵɺ, ʘ ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 23:10:01-23:10:41UT ʩʧʝʢʪʨ ʵʣʝʢʪʨʦʥʦʚ ʙʦʣʝʝ ʧʨʦʪʷʞʝʥʥʳʡ, ʠʤʝʝʪ 

ʨʝʟʢʠʡ ʩʧʘʜ ʥʘ ʵʥʝʨʛʠʷʭ 115-120 ʢʵɺ. ʅʘ ʩʪʘʜʠʠ ʨʦʩʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʥʘ ʧʨʦʤʝʞʫʪʢʝ 

ʚʨʝʤʝʥʠ 23:11:11-23:11:22 UT, ʩʧʝʢʪʨ ʵʣʝʢʪʨʦʥʦʚ ʠʤʝʝʪ ʨʝʟʢʠʡ ʩʧʘʜ ʥʘ ʵʥʝʨʛʠʷʭ 90-100 ʢʵɺ. 

ʇʦʩʣʝ ʵʪʦʛʦ, ʥʘ ʩʧʘʜʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɾʈʀ ʚʩʧʳʰʢʠ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝ ʩʧʝʢʪʨʘ 

ʵʣʝʢʪʨʦʥʦʚ ʜʦ ʵʥʝʨʛʠʡ 120 ʢʵɺ ʠ ʙʦʣʝʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ 

ʧʦʢʘʟʳʚʘʝʪ ʜʠʥʘʤʠʢʫ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʥʦʚ, ʫʩʢʦʨʝʥʥʳʭ ʚʦ ʚʨʝʤʷ ʚʩʧʳʰʢʠ. 
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ʈʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʩʦʣʥʝʯʥʦʡ EUV ï ʢʦʨʦʥʳ c ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʷʤ (~ 1 ʫʛʣ.ʩʝʢ) ʩ ʧʦʤʦʱʴʶ ʪʝʣʝʩʢʦʧʘ  TRACE, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʩʪʘʪʴʷʭ ʨʘʟʥʳʭ 

ʘʚʪʦʨʦʚ, ʠ SDO ï ʠʟ ʠʥʪʝʨʥʝʪ-ʘʨʭʠʚʘ -  ʦʙʦʙʱʘʶʪʩʷ ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʚ ʨʘʤʢʘʭ ʰʠʨʦʢʦʛʦ 

ʢʨʫʛʘ ʧʨʦʙʣʝʤ ʢʦʨʦʥʘʣʴʥʦʡ ʬʠʟʠʢʠ. ʇʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚ ʩʚʝʪʝ ʥʘʙʣʶʜʝʥʠʡ TRACE ʨʝʘʣʴʥʘʷ 

ʢʦʨʦʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʠʥʷʪʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʥʝʡ, ʩʣʦʞʠʚʰʠʭʩʷ ʥʘ ʦʩʥʦʚʝ 

ʧʨʝʞʥʠʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʩʤʦʪʨʝʥʠʡ. ʀʤʝʶʪʩʷ ʚ ʚʠʜʫ ʩʣʝʜʫʶʱʠʝ ʦʪʣʠʯʠʷ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ʤʘʛʥʠʪʦʧʣʘʟʤʝʥʥʘʷ ʧʨʠʨʦʜʘ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ. ʇʨʠ ʵʪʦʤ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ 

(ʄʇ) ʥʝ ʪʦʣʴʢʦ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʩʚʝʨʭʪʦʥʢʫʶ ʩʪʨʫʢʪʫʨʫ ʢʦʨʦʥʳ. ʆʥʠ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ 

ʥʘʛʨʝʚʝ ʧʣʘʟʤʳ ʚ ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʥʳʭ ʣʦʚʫʰʝʢ. ʅʘʛʨʝʚ ʢʦʨʦʥʘʣʴʥʳʭ ʧʝʪʝʣʴ ʧʨʦʠʩʭʦʜʠʪ 

ʘʚʪʦʥʦʤʥʦ ʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʠʭ ʦʩʥʦʚʘʥʠʡ. ʕʥʝʨʛʠʷ, ʥʘʛʨʝʚʘʶʱʘʷ ʢʦʨʦʥʫ, ʧʦʩʪʫʧʘʝʪ ʩʥʠʟʫ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʥʝʧʨʝʨʳʚʥʦ, ʨʘʩʧʨʝʜʝʣʝʥʘ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʉʦʣʥʮʘ, ʥʦ 

ʜʠʩʩʠʧʠʨʫʝʪ ʣʦʢʘʣʴʥʦ, ʪʦʣʴʢʦ ʚ ʟʘʤʢʥʫʪʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ɺʦʧʨʦʩ: çʆʪʢʫʜʘ ʧʦʩʪʫʧʘʝʪ 

ʧʣʘʟʤʘ ʜʣʷ ʢʦʨʦʥʳ?è ʨʝʰʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ʧʨʦʙʣʝʤʳ ʦ ʧʨʠʨʦʜʝ ʥʦʩʠʪʝʣʷ ʵʥʝʨʛʠʠ, ʛʨʝʶʱʝʡ 

ʢʦʨʦʥʫ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʨʦʙʣʝʤʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ  [1, 2]. ʉʦʛʣʘʩʥʦ [1, 2],  
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ʩʦʣʥʝʯʥʘʷ ʢʦʨʦʥʘ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʠ ʟʘʭʚʘʪʝ ʧʦʩʪʫʧʘʶʱʠʭ ʠʟ ʬʦʪʦʩʬʝʨʳ 

ʧʝʨʚʠʯʥʳʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʧʦʪʦʢʦʚ (V å 900 ʢʤ/ʩ) ʚ ʟʘʤʢʥʫʪʳʭ ʄʇ ʉʦʣʥʮʘ ʤʝʞʜʫ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʬʦʪʦʩʬʝʨʳ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʩʪʦʯʥʠʢʘ. ʇʨʠ ʦʩʪʘʥʦʚʢʝ ʧʦʪʦʢʦʚ ʠʭ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʪʝʧʣʦʚʫʶ. ʄʝʭʘʥʠʟʤ, ʘʙʩʦʣʶʪʥʦ ʠʜʝʥʪʠʯʥʳʡ 

ʨʘʩʩʤʦʪʨʝʥʥʦʤʫ ʚ ʧʨʝʜʳʜʫʱʝʤ ʘʙʟʘʮʝ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʵʥʝʨʛʠʷ, ʦʪʚʝʪʩʪʚʝʥʥʘʷ ʟʘ ʨʘʟʦʛʨʝʚ 

ʢʦʨʦʥʳ, ʧʦʩʪʫʧʘʝʪ ʚ ʤʘʛʥʠʪʥʳʝ ʣʦʚʫʰʢʠ (ʟʘʤʢʥʫʪʳʝ ʄʇ) ʚʤʝʩʪʝ ʩ ʧʦʪʦʢʘʤʠ ʧʣʘʟʤʳ ʠ 

ʜʠʩʩʠʧʠʨʫʝʪ ʧʨʠ ʠʭ ʦʩʪʘʥʦʚʢʝ.  

[1]. ʄʦʛʠʣʝʚʩʢʠʡ ʕ.ʀ. ʠ ʅʠʢʦʣʴʩʢʘʷ ʂ.ʀ., 2010, ɻʝʦʤʘʛʥ. ʀ ɸʵʨʦʥʦʤ. ʊ.50, ˉ2ʙ ʩ.159.   

[2]. Mogilevsky, E.I. & Nikolskaya, K.I., 2012, Astrophys. And Space Sci. Proc., V.30, 189. 
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ʋʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʷʜʨʘ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʦʥʳ ʉʦʣʥʮʘ ʨʘʟʣʠʯʥʳ [1]. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʩʢʘʯʢʘ ʧʣʦʪʥʦʩʪʠ ʥʘ ʛʨʘʥʠʮʝ ʷʜʨʦ ï ʨʘʜʠʘʮʠʦʥʥʘʷ ʟʦʥʘ 

(ʈɿ) ʠ ʪʨʫʜʥʦʦʙʲʷʩʥʠʤʦ ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʦʡ ʤʦʜʝʣʠ ʉʦʣʥʮʘ. ʆʙʳʯʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ 

ʦʙʨʘʟʦʚʘʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠʩʢʣʶʯʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʉʦʣʥʝʯʥʦʡ 

ʉʠʩʪʝʤʳ (ʉʉ) ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʩʦʣʥʝʯʥʦʡ ʟʚʝʟʜʳ ʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʢʦʣʣʘʧʩ ʚ ʤʥʦʛʦʧʘʨʩʝʢʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʜʨʫʛʠʝ ʨʝʜʢʠʝ ʷʚʣʝʥʠʷ. ʉʦʣʥʝʯʥʘʷ ʤʦʜʝʣʴ ʙʝʟ ʚʚʝʜʝʥʠʷ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʦʙʲʝʢʪʦʚ ʚʥʝ ʉʉ ʥʝ ʦʙʲʷʩʥʷʝʪ ʨʝʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʧʣʘʥʝʪ ʉʉ, ʧʨʝʚʳʰʝʥʠʝ ʚ 50 ʨʘʟ ʤʦʤʝʥʪʘ 

ʉʉ ʥʘʜ ʤʦʤʝʥʪʦʤ ʉʦʣʥʮʘ, ʨʘʟʣʠʯʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʙʲʝʢʪʘʭ ʉʉ ʠ ʚ 

ʩʦʩʪʘʚʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʥʝʙʝʩʥʳʭ ʪʝʣ, ʤʘʣʫʶ ʤʘʩʩʫ ʧʣʘʥʝʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʩʩʦʡ ʉʦʣʥʮʘ, 

ʮʠʢʣʠʯʥʦʩʪʴ ʘʢʪʠʚʥʦʩʪʠ ʉʦʣʥʮʘ, ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʫʶ  ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʨʦʥʳ ʉʦʣʥʮʘ, 

ʥʘʣʠʯʠʝ ʤʝʪʘʣʣʦʚ ʚ ʩʦʣʥʝʯʥʦʡ ʬʦʪʦʩʬʝʨʝ ʠ ʜʨ. ʉʦʛʣʘʩʥʦ ʌʌʆïʍʌʆ ɻʠʧʦʪʝʟʝ [2ï14], 

ʨʘʟʚʠʚʘʝʤʦʡ ʩ 2007 ʛʦʜʘ (ʧʦʩʣʝʜʥʠʝ ʚʝʨʩʠʠ ʜʘʥʳ ʚ [2ï5]), ʦʙʨʘʟʦʚʘʥʠʝ ʉʦʣʥʮʘ ʠ ʉʉ 

ʠʥʠʮʠʠʨʦʚʘʣʦʩʴ çʚʟʨʳʚʦʤè ʈɿ ʧʨʝʜʩʦʣʥʝʯʥʦʡ ʟʚʝʟʜʳ ʠ ʧʨʝʜʰʝʩʪʚʦʚʘʚʰʠʤʠ 

ʧʨʦʪʫʙʝʨʘʥʮʘʤʠ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʢʣʘʜʘ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʩʪʦʪʫ, 

ʛʠʧʦʪʝʟʘ ʦʙʲʷʩʥʷʝʪ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʷʚʣʝʥʠʷ. ʇʨʠʥʷʪʦ, ʯʪʦ ʤʦʣʦʜʘʷ ʟʚʝʟʜʘ, ʧʦʜʦʙʥʘʷ 

ʧʨʝʜʩʦʣʥʝʯʥʦʡ ʟʚʝʟʜʝ ʠ ʉʦʣʥʮʫ ʧʦ ʨʘʟʤʝʨʘʤ, ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʘʤʦʨʬʥʫʶ ʥʝʡʪʨʘʣʴʥʫʶ 

ʜʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʧʩʝʚʜʦʞʠʜʢʫʶ, ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʤʝʞʜʫ ʵʥʝʨʛʠʝʡ ʠ ʤʘʪʝʨʠʝʡ 

ʩʫʙʩʪʘʥʮʠʶ, ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʚʰʫʶʩʷ ʚʦ ʚʨʝʤʝʥʠ, ʚ ʦʩʥʦʚʥʦʤ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʚʠʪʘʮʠʠ, 

ʪʝʨʤʠʯʝʩʢʦʡ ʠʦʥʠʟʘʮʠʠ (ʊʀ), ʥʝʡʪʨʦʥʠʟʘʮʠʠ ʠ ʘʨʭʠʤʝʜʦʚʳʭ ʩʠʣ. ʊʀ ʩʪʘʨʪʦʚʘʣʘ ʚ ʮʝʥʪʨʝ 

ʟʚʝʟʜʳ, ʢʦʛʜʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʩʞʘʪʠʝ ʩʪʘʥʦʚʠʣʦʩʴ ʢʨʠʪʠʯʝʩʢʠʤ, ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʨʦʞʜʝʥʠʝʤ 

ʧʨʦʪʦʥʦʚ (p) ʠ ʥʝʡʪʨʦʥʦʚ (n) ʠ ʧʨʦʛʨʝʩʩʠʨʦʚʘʣʘ ʚʦ ʚʨʝʤʝʥʠ ʚʜʦʣʴ ʨʘʜʠʫʩʘ. ʕʣʝʢʪʨʦʥʳ (Ǜ) 

çʚʩʧʣʳʚʘʣʠè ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʠʣʳ ɸʨʭʠʤʝʜʘ; Ǜ-ʩʣʦʡ ʦʪʜʝʣʠʣ ʷʜʨʦ ʦʪ ʈɿ ʠ ʩʤʝʱʘʣʩʷ ʧʦ ʤʝʨʝ 

ʠʭ ʫʧʣʦʪʥʝʥʠʷ. ʅʘ ʝʛʦ ʛʨʘʥʠʮʝ ʩ ʈɿ ʥʘʯʘʣʘʩʴ ʥʝʡʪʨʦʥʠʟʘʮʠʷ, ʙʦʣʝʝ ʤʝʜʣʝʥʥʘʷ, ʯʝʤ ʧʨʠʪʦʢ 

ʵʣʝʢʪʨʦʥʦʚ. ʇʨʦʪʫʙʝʨʘʥʮʳ ʬʦʥʪʘʥʠʨʦʚʘʣʠ, ʢʦʛʜʘ ʧʨʝʚʳʰʘʣʦʩʴ ʢʨʠʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ Ǜ-ʛʘʟʘ 

ʚ ʩʣʦʝ; ʦʥʠ ʩʦʜʝʨʞʘʣʠ ʵʣʝʢʪʨʦʥʳ ʠ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʠ ʥʝʨʘʜʠʦʘʢʪʠʚʥʳʝ nïp ʧʠʢʦ-ʢʘʧʣʠ, 

ʩʪʝʧʝʥʴ ʥʝʡʪʨʦʥʠʟʘʮʠʠ ʢʦʪʦʨʳʭ n/p ʨʦʩʣʘ ʦʪ ʵʧʦʭʠ ʢ ʵʧʦʭʝ. ʂʘʧʣʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ 

ʘʪʦʤʳ ʚʥʝ Ǜ-ʩʣʦʷ. ʄʝʩʪʘ ʨʘʟʨʳʚʦʚ çʟʘʣʝʯʠʚʘʣʠʩʴè. ʇʨʠʪʦʢ ʵʣʝʢʪʨʦʥʦʚ ʚ Ǜ-ʩʣʦʡ ʧʨʠʚʝʣ ʢ 

ʚʟʨʳʚʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʈɿ, ʢʦʪʦʨʦʝ ʠʥʠʮʠʠʨʦʚʘʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʉʉ ʠ ʉʦʣʥʮʘ. ʅʘ ʦʩʥʦʚʝ 

ʪʘʙʣʠʮ [15] ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʯʠʩʣʘ ʨ ʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʪʘʙʠʣʴʥʳʭ ʘʪʦʤʘʭ ʦʪ ʩʪʝʧʝʥʠ 

ʥʝʡʪʨʦʥʠʟʘʮʠʠ ʚʝʱʝʩʪʚʘ ʚʙʣʠʟʠ Ǜ-ʩʣʦʷ; ʛʨʘʬʠʢʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʦʙʱʫʶ ʢʦʥʮʝʧʮʠʶ.   
[1]. R. Garcia et al, Science, 316 (2007) 1591.  

[2]. V.E. Ostrovskii, E.A. Kadyshevich, Europ. Planet. Sci. Congr. Abstr., 7 (2012) EPSC2012-101.  

[3]. V.E. Ostrovskii, E.A. Kadyshevich, EANA Proc., 2012. 

[4]. E.A. Kadyshevich, V.E. Ostrovskii, Europ. Planet. Sci. Congr. Abstr., 6 (2011) EPSC-DPS2011-314.  
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ʄɽʍɸʅʀɿʄ ɻɽʅɽʈɸʎʀʀ ʄɸɻʅʀʊʅɻʆ ʇʆʃʗ ɺ ʅɽɼʈɸʍ ʉʆʃʅʎɸ 

 

ʇ.ɻ. ʇʣʝʭʘʥʦʚ 

 

ɸʩʪʨʦʥʦʤʠʯʝʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʉʘʤʘʨʩʢʠʡ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʡ ʢʦʣʣʝʜʞ  

ʛ. ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 

 

ɺ ʜʦʢʣʘʜʝ ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʦʩʬʝʨʳ ʖʧʠʪʝʨʘ ʠ ʝʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʪʦʨʘ ʚ 

ʦʙʣʘʩʪʠ ʩʧʫʪʥʠʢʘ çʀʦè, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ ʬʠʟʠʢʠ ʧʣʘʟʤʳ ʉʦʣʥʮʘ 

ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʳʚʘʶʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʛʝʥʝʨʘʮʠʠ ʩʣʘʙʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʥʝʜʨʘʭ ʉʦʣʥʮʘ. ʀʟʣʦʞʝʥʘ ʩʭʝʤʘ ʤʝʭʘʥʠʟʤʘ, ʝʛʦ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʨʦʠʜʘʣʴʥʦʛʦ ʩʣʘʙʦʛʦ ʟʘʪʨʘʚʦʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʥʝʜʨʘʭ ʩʦʣʥʮʘ. 

ʆʩʥʦʚʦʡ ʤʝʭʘʥʠʟʤʘ ʷʚʣʷʝʪʩʷ ʛʠʧʦʪʝʪʠʯʝʩʢʠʡ ʮʝʥʪʨʘʣʴʥʳʡ ʧʣʘʟʤʝʥʥʳʡ ʪʦʨ ʧʦʜ 

ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʦʡ ʚ ʦʙʣʘʩʪʠ ʵʢʚʘʪʦʨʘ ʉʦʣʥʮʘ. ʇʦʣʫʯʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʜʠʫʩʘ ʩʦʣʥʝʯʥʦʛʦ 

ʧʣʘʟʤʝʥʥʦʛʦ ʪʦʨʘ  ʢ ʨʘʜʠʫʩʫ ʷʜʨʘ, ʉʦʣʥʮʘ, ʨʘʚʥʦʝ   ʩʦʦʪʥʦʰʝʥʠʶ ʨʘʜʠʫʩʘ ʧʣʘʟʤʝʥʥʦʛʦ ʪʦʨʘ 

ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʝʛʦ ʙʣʠʞʘʡʰʝʛʦ ʩʧʫʪʥʠʢʘ ʀʦ, ʢ ʜʠʘʤʝʪʨʫ ʖʧʠʪʝʨʘ. ɽʜʠʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʜʠʘʤʝʪʨʘ ʧʣʘʟʤʝʥʥʦʛʦ ʪʦʨʘ ʩʧʫʪʥʠʢʘ ʀʦ ʢ ʜʠʘʤʝʪʨʫ ʧʣʘʥʝʪʳ ʖʧʠʪʝʨ ʠ ʩʦʦʪʥʦʰʝʥʠʝ 

ʜʠʘʤʝʪʨʘ ʩʦʣʥʝʯʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʪʦʨʘ ʢ ʷʜʨʫ ʉʦʣʥʮʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʙʦʣʝʝ ʧʨʘʚʜʦʧʦʜʦʙʥʦʡ 

ʛʠʧʦʪʝʟʦʡ ʚʳʜʚʠʛʘʝʤʦʡ ʘʚʪʦʨʦʤ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʤ ʬʘʢʪʦʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ 

ʛʝʥʝʨʘʮʠʠ ʟʘʪʨʘʚʦʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʥʝʜʨʘʭ ʉʦʣʥʮʘ. ʅʘʫʯʥʦʝ ʟʥʘʯʝʥʠʝ ʤʝʭʘʥʠʟʤʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʧʦʟʚʦʣʠʣ ʨʘʟʨʘʙʦʪʘʪʴ ʨʘʟʜʝʣʴʥʫʶ ʜʠʥʘʤʦ ï ʤʦʜʝʣʴ  ʩʤʝʥʳ 11ʠ 22 

ʣʝʪʥʠʭ ʮʠʢʣʦʚ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ [1]. 

[1]. ʇʣʝʭʘʥʦʚ ʇ.ɻ. ʉʦʣʥʝʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ (ʈʘʟʜʝʣʴʥʘʷ ʜʠʥʘʤʦ ï ʤʦʜʝʣʴ ʩʤʝʥʳ 11ʠ 22 ʣʝʪʥʠʭ 

ʮʠʢʣʦʚ ï ʤʦʥʦʛʨʘʬʠʷ ISBN 978-5-4317-0035 ï 4, ʛ. ʉʘʤʘʨʘ, 2011ʛ. 56 ʩʪʨ. 

 

 

ʄɻɼ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈɽɼɺʉʇʓʐɽʏʅʆʁ ʉʀʊʋɸʎʀʀ ɺ ʂʆʈʆʅɽ  

ɺ ʈɽɸʃʔʅʓʍ ʋʉʃʆɺʀʗʍ 

 

ɸ.ʀ. ʇʦʜʛʦʨʥʳʡ, ʀ.ʄ. ʇʦʜʛʦʨʥʳʡ 

 

ʌʀɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, podgorny@lebedev.ru 

 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʚʩʧʳʰʢʠ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʪʨʝʭʤʝʨʥʳʭ 

ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ (ʄɻɼ) ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʚʟʷʪʳʭ ʠʟ ʥʘʙʣʶʜʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʧʝʨʝʜ ʨʝʘʣʴʥʦʡ ʚʩʧʳʰʢʦʡ. 

ʅʠʢʘʢʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʦ ʤʝʭʘʥʠʟʤʝ ʚʩʧʳʰʢʠ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ. ʎʝʣʴʶ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʝʪʩʷ ʚʳʷʩʥʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʠ ʘ ʥʝ 

ʧʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟʳ ʦ ʟʘʨʘʥʝʝ ʧʨʝʜʧʦʣʘʛʘʝʤʦʤ ʤʝʭʘʥʠʟʤʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʝʜ ʚʩʧʳʰʢʦʡ 
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ʦʙʨʘʟʫʝʪʩʷ ʪʦʢʦʚʳʡ ʩʣʦʡ, ʚ ʧʦʣʝ ʢʦʪʦʨʦʛʦ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʵʥʝʨʛʠʷ ʜʣʷ ʚʩʧʳʰʢʠ. ʅʘ 

ʧʝʨʚʠʯʥʦʝ ʚʳʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʢʦʨʦʥʝ ʧʨʠ ʚʩʧʳʰʢʝ ʫʢʘʟʳʚʘʶʪ ʪʘʢʞʝ ʜʘʥʥʳʝ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʘʧʧʘʨʘʪʝ RHESSI. ɺʩʧʳʰʝʯʥʳʡ ʨʘʩʧʘʜ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʥʝ 

ʜʦʣʞʝʥ ʧʨʠʚʦʜʠʪʴ ʢ ʚʦʟʤʫʱʝʥʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʚʦ ʚʨʝʤʷ ʚʩʧʳʰʢʠ. 

ɻʣʘʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʚʩʧʳʰʢʠ ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʣʦʷ, 

ʪ. ɽ. ʩʢʦʨʦʩʪʴ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʦʪʚʝʪʩʪʚʝʥʝʥ ʪʘʢʞʝ ʟʘ ʩʧʝʢʪʨ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʚʦ ʚʨʝʤʷ ʚʩʧʳʰʢʠ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ 

ʚʳʯʠʩʣʝʥʥʳʭ ʠ ʠʟʤʝʨʝʥʥʳʭ ʕ. ɺ. ɺʘʰʝʥʶʢʦʤ ʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʩʧʝʢʪʨʦʚ ʧʦʟʚʦʣʠʣʦ 

ʦʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ï V ~ 10
7
 ʩʤ/c. ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ 

ʚʩʧʳʰʢʠ ʠ ʫʣʫʯʰʝʥʠʷ ʧʨʦʛʥʦʟʘ ʧʦʷʚʣʝʥʠʷ ʚʩʧʳʰʢʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʘ ʨʘʩʯʝʪʘ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʋʣʫʯʰʝʥʳ ʤʝʪʦʜʳ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʄɻɼ ʫʨʘʚʥʝʥʠʡ ï 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʘ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʯʣʝʥʦʚ ʠʩʧʦʣʴʟʫʝʤʦʡ ʘʙʩʦʣʶʪʥʦ ʥʝʷʚʥʦʡ ʢʦʥʝʯʥʦ-

ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ, ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʫʩʢʦʨʠʪʴ ʨʘʩʯʝʪ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʰʘʛʘ ʧʦ ʚʨʝʤʝʥʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʭʝʤʘ ʧʨʦʜʦʣʞʘʝʪ 

ʦʩʪʘʚʘʪʴʩʷ ʫʩʪʦʡʯʠʚʦʡ. ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʚ ʪʝʯʝʥʠʝ 

ʢʦʨʦʪʢʠʭ ʧʨʦʤʝʞʫʪʢʦʚ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʪʘʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʦʚ. ɸʥʘʣʠʟ ʘʣʛʦʨʠʪʤʘ 

ʚʳʯʠʩʣʝʥʠʡ ʧʦʢʘʟʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ. ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʘ ʩʠʩʪʝʤʘ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʄɻɼ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʧʦʠʩʢʘ 

ʚʦʟʤʦʞʥʳʭ ʧʦʣʦʞʝʥʠʡ ʠʩʪʦʯʥʠʢʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʩʨʘʚʥʝʥʠʷ ʩ ʥʘʙʣʶʜʝʥʠʷʤʠ. 

 

 

ʉʆʃʅɽʏʅʓɽ ʇʈʆʊʆʅʅʓɽ ʉʆɹʓʊʀʗ ɺ 19ï23 ʀ ʇɽʈɺʆʁ ʇʆʃʆɺʀʅɽ  

24-ɻʆ ʎʀʂʃɸ ʉʆʃʅɽʏʅʆʁ ɸʂʊʀɺʅʆʉʊʀ 

 

ʀ. ɺ. ɻʝʮʝʣʝʚ, ʄ. ɺ. ʇʦʜʟʦʣʢʦ 

 

ʅʀʀʗʌ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 404@newmail.ru 

 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʜʘʥʥʳʭ ʩʦʩʪʘʚʣʝʥ ʢʘʪʘʣʦʛ ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʦʥʥʳʭ ʩʦʙʳʪʠʡ 

(ʉʇʉ) ʠ ʬʣʶʝʥʩʦʚ ʧʨʦʪʦʥʦʚ ʚ ʥʠʭ ʩ ʵʥʝʨʛʠʝʡ >30 ʄʵɺ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʦʙʣʘʩʪʠ 

ʦʨʙʠʪʳ ɿʝʤʣʠ ʚʥʝ ʝʸ ʤʘʛʥʠʪʦʩʬʝʨʳ, ʚ 19ï23 ʠ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ 24-ʛʦ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʥʷʪʠʷ çʩʦʣʥʝʯʥʦʝ ʧʨʦʪʦʥʥʦʝ ʩʦʙʳʪʠʝè, ʜʘʥʥʳʝ 

ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ; ʧʨʝʜʣʦʞʝʥ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʤʝʪʦʜ ʦʪʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʧʨʦʪʦʥʦʚ ʚ 

ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʦʥʥʳʭ ʩʦʙʳʪʠʷʭ ʦʪ ʬʦʥʦʚʳʭ ʧʦʪʦʢʦʚ ʧʨʦʪʦʥʦʚ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʣʫʯʝʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʧʨʦʪʦʥʦʚ ʧʦ ʚʝʣʠʯʠʥʝ. ʇʦʢʘʟʘʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʣʶʝʥʩʦʚ ʚ ʉʇʉ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʜʦʣʛʦʪʝ ʠʩʪʦʯʥʠʢʦʚ 

ʠʥʞʝʢʮʠʠ ʧʨʦʪʦʥʦʚ ʥʘ ʉʦʣʥʮʝ, ʘ ʪʘʢʞʝ ʠʭ ʚʘʨʠʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟʳ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʚ ʧʝʨʠʦʜʳ ʩʤʝʥʳ ʟʥʘʢʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ. ʊʘʢ, ʥʝ ʩʤʦʪʨʷ ʥʘ 

ʨʘʟʥʦʨʦʜʥʦʩʪʴ ʜʘʥʥʳʭ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʣʶʝʥʩʦʚ ʧʨʦʪʦʥʦʚ ʚ ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʦʥʥʳʭ ʩʦʙʳʪʠʷʭ 

ʧʦ ʚʝʣʠʯʠʥʝ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʣʦʛʥʦʨʤʘʣʴʥʳʤ ʟʘʢʦʥʦʤ. ʀʩʩʣʝʜʫʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʫʤʤʘʨʥʳʭ ʛʦʜʦʚʳʭ ʬʣʶʝʥʩʦʚ ʧʨʦʪʦʥʦʚ ʚ ʉʇʉ ʦʪ ʬʘʟʳ 11-ʣʝʪʥʝʛʦ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ çʘʢʪʠʚʥʫʶè ʬʘʟʫ ʦʪ ï2 ʜʦ +4 ʣʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʢʩʠʤʫʤʘ ʮʠʢʣʘ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʡ 

ʛʦʜʦʚʳʝ ʬʣʶʝʥʩʳ ʧʨʦʪʦʥʦʚ ʚ ʦʩʥʦʚʥʦʤ ʚʳʰʝ, ʘ ʚʥʝ ʵʪʦʛʦ ʧʝʨʠʦʜʘ (ʚ çʧʘʩʩʠʚʥʦʡè ʬʘʟʝ) ð 

ʥʠʞʝ ʥʝʢʦʪʦʨʦʡ ʧʦʨʦʛʦʚʦʡ ʚʝʣʠʯʠʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʣʦʛʘʨʠʬʤʘ 

ʬʣʶʝʥʩʘ ʟʘ ʚʩʸ ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʡ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʩʤʝʥʳ ʟʥʘʢʘ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʉʦʣʥʮʘ ʬʣʶʝʥʩʳ ʧʨʦʪʦʥʦʚ ʚ ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʦʥʥʳʭ ʩʦʙʳʪʠʷʭ ʥʠʞʝ, ʠ ʯʠʩʣʦ ʩʦʙʳʪʠʡ 

ʤʝʥʴʰʝ, ʯʝʤ ʟʘ ʨʘʚʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʜʦ ʠ ʧʦʩʣʝ ʵʪʦʛʦ. ʆʩʦʙʝʥʥʦ ʧʨʠʤʝʯʘʪʝʣʴʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʷʚʣʷʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝ ʠʥʪʝʨʚʘʣʘ çʧʘʩʩʠʚʥʳʭ ʜʦʣʛʦʪè 

ʂʵʨʨʠʥʛʪʦʥʘ, ʧʨʦʪʷʞʸʥʥʦʛʦ ʧʦ ʜʦʣʛʦʪʝ (å90ï170Á) ʠ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ (ʚʝʩʴ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ). ʏʠʩʣʦ ʩʠʣʴʥʳʭ ʧʨʦʪʦʥʥʳʭ ʩʦʙʳʪʠʡ ʠ ʩʫʤʤʘʨʥʳʡ 
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ʬʣʶʝʥʩ ʧʨʦʪʦʥʦʚ ʚ ʉʇʉ, ʠʥʞʝʢʪʠʨʦʚʘʥʥʳʭ ʠʟ ʵʪʦʛʦ ʠʥʪʝʨʚʘʣʘ ʛʝʣʠʦʜʦʣʛʦʪ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʥʠʞʝ, ʯʝʤ ʚ ʜʨʫʛʠʭ ʜʦʣʛʦʪʥʳʭ ʠʥʪʝʨʚʘʣʘʭ. 

 

ʅʆɺʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʉʆʃʅɽʏʅʓʍ ʎʀʂʃʆɺ ʀ ʊɽʆʈʀʗ ɼʀʅɸʄʆ  

 

ʇ. ɸ. ʆʪʢʠʜʳʯʝʚ
1
, ɽ.ʇ. ʇʦʧʦʚʘ

2
  

 

ɻɸʆ ʈɸʅ, ʛ. ʂʠʩʣʦʚʦʜʩʢ, ʈʦʩʩʠʷ, otkid@list.ru;  

ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, popovaelp@mail.ru  

 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ 12ï23 ʩʦʣʥʝʯʥʳʭ ʮʠʢʣʦʚ (Royal 

Observatory, Greenwich ï USAF/NOAA Sunspot Data) ʙʳʣʠ ʠʟʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ 

çʙʘʙʦʯʝʢ ʄʘʫʥʜʝʨʘè. ʉʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʪʘʥʛʝʥʩʦʚ ʫʛʣʦʚ ʥʘʢʣʦʥʘ çʙʘʙʦʯʝʢè ʧʦ ʩʝʚʝʨʫ 

ʠ ʶʛʫ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʤʦʱʥʦʩʪʠ ʮʠʢʣʘ (ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ R=0,66). ɼʣʷ ʷʜʝʨ 

ʚ ʮʠʢʣʘʭ 12ï20 ʧʦʜʦʙʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʨʨʝʣʷʮʠʠ R=0,69. 

ʉʨʝʜʥʷʷ ʰʠʨʦʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ çʙʘʙʦʯʢʠè ʚ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩʦ 

ʩʨʝʜʥʝʡ ʰʠʨʦʪʦʡ çʙʘʙʦʯʢʠè ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʮʠʢʣʘ (R=0,89). ɺ ʮʝʣʦʤ 

ʮʠʢʣʳ ʩ ʤʝʥʴʰʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʠʤʝʶʪ ʙʦʣʴʰʠʡ ʫʛʦʣ ʥʘʢʣʦʥʘ. ʆʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʠ 

ʷʜʝʨ ʢ ʧʣʦʱʘʜʠ ʧʷʪʝʥ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʤʦʱʥʦʩʪʠ ʮʠʢʣʘ, ʧʨʠ ʵʪʦʤ ʜʣʷ ʛʨʫʧʧ ʚ 12ï17  

ʮʠʢʣʘʭ ʨʦʩʪ ʦʪʥʦʰʝʥʠʷ ʧʣʦʱʘʜʝʡ ʩ ʨʦʩʪʦʤ ʤʦʱʥʦʩʪʠ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʛʨʫʧʧ ʚ ʮʠʢʣʘʭ 18ï20. 

ʆʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʝʡ ʧʷʪʝʥ ʢ ʯʠʩʣʘʤ ɺʦʣʴʬʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʦʪʥʦʰʝʥʠʶ ʧʣʦʱʘʜʠ 

ʷʜʝʨ ʢ ʧʣʦʱʘʜʠ ʧʷʪʝʥ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ R=0,70. ʆʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʠ ʷʜʝʨ ʢ 

ʧʣʦʱʘʜʠ ʧʷʪʝʥ (ʢʘʢ ʜʣʷ ʛʦʜʦʚ, ʪʘʢ ʠ ʜʣʷ ʤʝʩʷʮʝʚ) ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʚʦʟʨʘʩʪʘʪʴ ʚ ʤʠʥʠʤʫʤʘʭ 

ʠ ʫʤʝʥʴʰʘʪʴʩʷ ʚ ʤʘʢʩʠʤʫʤʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʯʠʥʘʷ ʩ ʥʝʢʦʪʦʨʦʡ ʚʝʣʠʯʠʥʳ ʧʷʪʥʘ çʨʘʩʪʫʪè 

ʙʳʩʪʨʝʝ, ʯʝʤ çʨʘʩʪʫʪè ʷʜʨʘ ʚ ʵʪʠʭ ʧʷʪʥʘʭ, ʦʜʥʘʢʦ ʢʘʢʦʡ-ʣʠʙʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ. ʅʘʯʠʥʘʷ ʩ 17-ʛʦ ʮʠʢʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʷʚʥʳʡ ʪʨʝʥʜ ʫʤʝʥʴʰʝʥʠʷ ʦʪʥʦʰʝʥʠʷ 

ʧʣʦʱʘʜʠ ʷʜʝʨ ʢ ʧʣʦʱʘʜʠ ʧʷʪʝʥ. ɸʥʘʣʠʟ ʧʣʦʱʘʜʝʡ ʧʷʪʝʥ ʠ ʷʜʝʨ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ 

ʮʠʢʣʘ ʚʝʣʠʯʠʥʘ BTS/L = const, ʛʜʝ B ï ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, T ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʮʠʢʣʘ, S ï 

ʩʨʝʜʥʷʷ ʧʣʦʱʘʜʴ ʧʷʪʝʥ (ʠʣʠ ʷʜʝʨ), L ï ʩʨʝʜʥʷʷ ʰʠʨʦʪʘ. ʄʦʱʥʦʩʪʴ ʮʠʢʣʘ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ 

ʫʤʝʥʴʰʘʪʴʩʷ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʩʨʝʜʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʮʠʢʣʝ. ɺ ʮʝʣʦʤ 

ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʧʷʪʝʥ ʚ ʮʠʢʣʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʥʴʰʝʤʫ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʘʚʠʣʦ 

ɻʥʝʚʳʰʝʚʘïʆʣʷ. ʉʦʛʣʘʩʥʦ ʧʨʦʩʪʝʡʰʝʡ ʪʝʦʨʠʠ ʜʠʥʘʤʦ, ʩʠʥʭʨʦʥʥʦʝ ʜʚʠʞʝʥʠʝ ʧʦ ʰʠʨʦʪʝ 

çʙʘʙʦʯʝʢè ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʤʝʨʠʜʠʦʥʘʣʴʥʘʷ ʮʠʨʢʫʣʷʮʠʷ ʦʜʠʥʘʢʦʚʘ ʧʦ ʤʦʜʫʣʶ ʚ ʦʙʦʠʭ 

ʧʦʣʫʰʘʨʠʷʭ. ʅʘ ʫʛʦʣ ʥʘʢʣʦʥʘ çʙʘʙʦʯʝʢè ʚʣʠʷʝʪ ʠ ʤʝʨʠʜʠʦʥʘʣʴʥʘʷ ʮʠʨʢʫʣʷʮʠʷ, ʠ 

ʪʫʨʙʫʣʝʥʪʥʘʷ ʜʠʬʬʫʟʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʪ ʬʘʢʪ, ʯʪʦ ʮʠʢʣʳ ʩ ʤʝʥʴʰʝʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʠʤʝʶʪ ʙʦʣʴʰʠʡ ʫʛʦʣ ʥʘʢʣʦʥʘ, ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʤʦʜʝʣʠ ʟʘ ʩʯʝʪ 

ʫʚʝʣʠʯʝʥʠʷ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʠʣʠ ʫʤʝʥʴʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʫʨʙʫʣʝʥʪʥʦʡ 

ʜʠʬʬʫʟʠʠ. ʋʚʝʣʠʯʝʥʠʝ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʚʩʝʛʜʘ ʚʝʜʝʪ ʢ ʩʜʚʠʛʫ çʙʘʙʦʯʝʢè ʥʘ 

ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʰʠʨʦʪʳ ʠ ʫʚʝʣʠʯʝʥʠʶ ʜʣʠʪʝʣʴʥʦʩʪʠ ʮʠʢʣʘ. ʆʜʥʘʢʦ ʘʤʧʣʠʪʫʜʘ ʧʦʣʷ ʩʥʘʯʘʣʘ 

ʫʙʳʚʘʝʪ, ʘ ʟʘʪʝʤ ʨʘʩʪʝʪ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ. ʇʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʮʠʢʣʘ ʨʘʩʪʝʪ, ʘʤʧʣʠʪʫʜʘ 

ʧʦʣʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ çʙʘʙʦʯʢʘè ʥʝ ʩʜʚʠʛʘʝʪʩʷ ʧʦ ʰʠʨʦʪʝ. ʀʟ ʪʝʦʨʠʠ ʜʠʥʘʤʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ 

ʥʘʙʣʶʜʘʝʤʳʭ ʮʠʢʣʘʭ ʵʪʠ ʧʘʨʘʤʝʪʨʳ, ʚʦʟʤʦʞʥʦ, ʤʝʥʷʶʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʦ. ʇʦʵʪʦʤʫ, 

ʥʘʧʨʠʤʝʨ, ʥʝʪ ʷʚʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʡ ʰʠʨʦʪʳ çʙʘʙʦʯʢʠè ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʮʠʢʣʘ, ʪ.ʢ. 

ʩʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʜʠʥʘʤʦ, ʝʩʣʠ ʙʳ ʤʝʥʷʣʘʩʴ ʪʦʣʴʢʦ ʤʝʨʠʜʠʦʥʘʣʴʥʘʷ ʮʠʨʢʫʣʷʮʠʷ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʮʠʢʣʘ ʙʳʣʘ ʙʳ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʨʝʜʥʝʡ ʰʠʨʦʪʝ. ʇʦʩʪʦʷʥʥʘʷ ʚʝʣʠʯʠʥʘ 

BTS/L ʦʪ ʮʠʢʣʘ ʢ ʮʠʢʣʫ, ʚʦʟʤʦʞʥʦ, ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʥʘ ʢʘʞʜʳʡ ʮʠʢʣ ʪʨʘʪʠʪʩʷ 

ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʥʦ ʦʥʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ ʚ ʢʘʞʜʦʤ ʮʠʢʣʝ, ʠ 

ʧʦʵʪʦʤʫ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʢʣʘ. ɿʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ ʤʦʜʝʣʷʭ ʜʠʥʘʤʦ ʦʪʚʝʯʘʝʪ ʜʠʥʘʤʦ-ʯʠʩʣʦ. ʊʦʛʜʘ ʚʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʦʥʦ 

ʥʝ ʤʝʥʷʝʪʩʷ ʦʪ ʮʠʢʣʘ ʢ ʮʠʢʣʫ. 
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ʍʈʆʄʆʉʌɽʈʆʁ ʉʆʃʅʎɸ 

 

ʆ.ɺ. ʇʪʠʮʳʥʘ, ɹ.ɺ. ʉʦʤʦʚ 

 

ɻɸʀʐ ʠʤ. ʇ. ʂ. ʐʪʝʨʥʙʝʨʛʘ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ,  

olga.ptitsyna@gmail.com, somov@sai.msu.ru 

 

ʈʘʩʩʤʦʪʨʝʥʘ ʨʦʣʴ ʪʝʯʝʥʠʡ ʧʣʘʟʤʳ ʚ ʢʘʨʪʠʥʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚʥʫʪʨʠ 

ʪʦʥʢʠʭ ʤʘʛʥʠʪʥʳʭ ʪʨʫʙʦʢ ʚ ʧʝʨʝʭʦʜʥʦʤ ʩʣʦʝ ʤʝʞʜʫ ʢʦʨʦʥʦʡ ʠ ʭʨʦʤʦʩʬʝʨʦʡ ʉʦʣʥʮʘ. ɼʣʷ 

ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʘ ʧʣʘʟʤʳ, ʟʘʜʘʚʘʝʤʳʭ ʥʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʧʝʨʝʭʦʜʥʦʛʦ ʩʣʦʷ, 

ʧʦʣʫʯʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʜʦʣʴ ʤʘʛʥʠʪʥʦʡ ʪʨʫʙʢʠ, ʦʜʠʥ ʢʦʥʝʮ ʢʦʪʦʨʦʡ ʦʧʫʱʝʥ 

ʚ ʭʨʦʤʦʩʬʝʨʫ, ʘ ʜʨʫʛʦʡ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʨʦʥʝ. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʩʢʦʨʦʩʪʠ 

ʠ ʜʘʚʣʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʪʦʥʢʠʡ ʧʝʨʝʭʦʜʥʳʡ ʩʣʦʡ ʤʝʞʜʫ 

ʢʦʨʦʥʦʡ ʠ ʭʨʦʤʦʩʬʝʨʦʡ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʦʙʳʯʥʦʤ ʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, 

ʩ ʦʙʳʯʥʦʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʘ ʧʦʛʣʦʱʝʥʠʝʤ ʠʟʣʫʯʝʥʠʷ ʚ 

ʧʝʨʝʭʦʜʥʦʤ ʩʣʦʝ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʆʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʫʜʘʨʥʳʭ 

ʚʦʣʥ, ʚʦʟʥʠʢʘʶʱʠʭ ʚʩʣʝʜʩʪʚʠʝ ʪʝʯʝʥʠʷ ʧʣʘʟʤʳ ʚ ʧʝʨʝʭʦʜʥʦʤ ʩʣʦʝ. ʅʘʡʜʝʥʥʳʝ ʥʘʤʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʪʦʣʱʝ ʧʣʘʟʤʳ ʭʦʨʦʰʦ ʦʙʲʷʩʥʷʶʪ ʩʦʚʨʝʤʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʉʦʣʥʮʘ ʚ ʞʝʩʪʢʦʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ (EUV) ʠʟʣʫʯʝʥʠʠ. 

 

 

ʅɸɹʃʖɼɽʅʀɽ ɸʅʆʄɸʃʔʅʆɻʆ ʆʊʅʆʐɽʅʀʗ ʀʅʊɽʅʉʀɺʅʆʉʊɽʁ  

ʂʆʄʇʆʅɽʅʊ Ly-Ŭ ɼʋɹʃɽʊɸ ʀʆʅɸ MG XII 8.42 ¡ ɺ ʂʆʄʇɸʂʊʅʓʍ  

ɻʆʈʗʏʀʍ ʆɹʒɽʂʊɸʍ ʂʆʈʆʅʓ ʉʆʃʅʎɸ.  

 

ʈʝʚʘ ɸ.ɸ., ʐʝʩʪʦʚ ʉ.ɺ., ʂʫʟʠʥ ʉ.ɺ. 

 

ʌʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʇ.ʅ. ʃʝʙʝʜʝʚʘ ʈɸʅ, reva.antoine@gmail.com 

 

ʉʧʝʢʪʨʦʛʝʣʠʦʛʨʘʬ Mg XII  ʥʘ ʩʧʫʪʥʠʢʝ ʂʆʈʆʅɸʉ-ʌ ʩʪʨʦʠʣ ʠʟʦʙʨʘʞʝʥʠʷ ʩʦʣʥʝʯʥʦʡ 

ʢʦʨʦʥʳ ʚ ʣʠʥʠʠ Ly-Ŭ ʜʫʙʣʝʪʘ ʠʦʥʘ Mg XII 8.42 ɸ. ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʩʧʝʢʪʨʦʛʝʣʠʦʛʨʘʬʘ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʩʧʝʢʪʨ ʜʫʙʣʝʪʘ Mg XII ʜʣʷ ʢʦʤʧʘʢʪʥʳʭ ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʦʚ. ʄʳ 

ʠʩʩʣʝʜʦʚʘʣʠ 169 ʦʙʲʝʢʪʦʚ, ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʩ 20 ʧʦ 28 ʬʝʚʨʘʣʷ 2002 ʛʦʜʘ. ɺʨʝʤʷ ʞʠʟʥʠ ʵʪʠʭ 

ʩʦʙʳʪʠʡ ʦʪ 5 ʜʦ 100 ʤʠʥʫʪ, ʨʘʟʤʝʨ ʥʝ ʙʦʣʝʝ 5 ʪʳʩ. ʢʤ, ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ 10 ʄʂ, 

ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʢʣʘʩʩ ʩʦʙʳʪʠʡ ʥʠʞʝ ʫʨʦʚʥʷ A1.0. ʆʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʜʫʙʣʝʪʘ ʚ ʵʪʠʭ 

ʩʦʙʳʪʠʷʭ ʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʚ ʜʠʘʧʘʟʦʥʝ 0.3 ï 0.7. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ï 

0.5.  ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪ ʜʫʙʣʝʪʘ ʩʠʤʤʝʪʨʠʯʥʘ 

ï ʦʪʢʣʦʥʝʥʠʷ ʚ ʤʝʥʴʰʫʶ ʩʪʦʨʦʥʫ ʚʩʪʨʝʯʘʶʪʩʷ ʪʘʢ ʞʝ ʯʘʩʪʦ, ʢʘʢ ʠ ʦʪʢʣʦʥʝʥʠʷ ʚ ʙʦʣʴʰʫʶ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʦʪʢʣʦʥʝʥʠʷ (ʧʨʦʪʦʥʥʳʝ ʚʦʟʙʫʞʜʝʥʠʷ, ʩʘʪʝʣʣʠʪʥʳʝ 

ʣʠʥʠʠ, ʨʝʟʦʥʘʥʩʥʦʝ ʨʘʩʩʝʷʥʠʝ ʚʥʫʪʨʠ ʦʙʲʝʤʘ ʠʟʣʫʯʘʶʱʝʡ ʧʣʘʟʤʳ) ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʵʪʦ 

ʚʦʟʙʫʞʜʝʥʠʝ ʠʦʥʦʚ ʵʣʝʢʪʨʦʥʥʳʤʠ ʧʫʯʢʘʤʠ. 
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ʋʉʂʆʈɽʅʀɽ ʏɸʉʊʀʎ ʇʈʀ ʆʊʈʓɺɽ ʂʆʈʆʅɸʃʔʅʆɻʆ ɺʓɹʈʆʉɸ  

ɺʆ ɺʉʇʓʐʂɽ 23.07.2002 

 

ɺ.ʀ. ʉʠʜʦʨʦʚ, ɻ.ʅ. ʂʠʯʠʛʠʥ, ʃ.ʀ. ʄʠʨʦʰʥʠʯʝʥʢʦ 

 

ʀɻʋ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ, yamari@yandex.ru 

 

ʉʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʘʜʝʥʠʝ ʧʨʦʜʦʣʴʥʦʛʦ ʪʦʢʘ ~10
12 
ɸ ʚ ʤʘʛʥʠʪʥʦʤ ʞʛʫʪʝ ʟʘ 

ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ ~5 ʤʠʥ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʩʧʠʨʘʣʴʥʦʡ ʟʘʢʨʫʯʝʥʥʦʩʪʠ ʞʛʫʪʘ, 

ʨʘʩʰʠʨʝʥʠʝʤ ʝʛʦ ʦʙʲʝʤʘ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʚ ʥʝʤ ʧʣʦʪʥʦʩʪʠ ʜʦ ~10
9
 ʩʤ

-3
.  ʀʟʫʯʘʶʪʩʷ ʫʩʣʦʚʠʷ 

ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ 0.01õ0.1 ɺ/ʩʤ, ʚʦʟʥʠʢʘʶʱʝʤ ʧʨʠ ʙʳʩʪʨʦʤ ʧʘʜʝʥʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ ʞʛʫʪʝ, ʠʤʝʶʱʠʤ ʥʝʥʫʣʝʚʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʚʦ 

ʚʨʝʤʷ ʦʪʨʳʚʘ ʢʦʨʦʥʘʣʴʥʦʛʦ ʚʳʙʨʦʩʘ ʚʦ ʚʩʧʳʰʝʯʥʦʤ ʩʦʙʳʪʠʠ 23.07.2002 ʛ. 

 

 

ɸʈʊɽʌɸʂʊʓ ɺ ɼɸʅʅʓʍ, ʇʆʃʋʏɽʅʅʓʍ ʇʆ ʄɸɻʅʀʊʆɻʈɸʄʄɸʄ SDO/HMI ʀ 

ʀʍ ɺʃʀʗʅʀɽ ʅɸ ɼʆʃɻʆʇɽʈʀʆɼʀʏɽʉʂʀɽ ʂʆʃɽɹɸʅʀʗ ʉʆʃʅɽʏʅʓʍ ʇʗʊɽʅ 

 

ɺ.ɺ. ʉʤʠʨʥʦʚʘ, ɺ.ʀ. ɽʬʨʝʤʦʚ, ʃ.ɼ. ʇʘʨʬʠʥʝʥʢʦ,  

ɸ. ʈʠʝʭʦʢʘʡʥʝʥ, ɸ.ɸ. ʉʦʣʦʚʴʝʚ 

 

ɻɸʆ ʈɸʅ, ʛ.ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, smirnova@yandex.ru 

 

ʄʳ ʠʩʩʣʝʜʦʚʘʣʠ ʘʨʪʝʬʘʢʪʳ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʜʘʥʥʳʭ ʤʘʛʥʠʪʦʛʨʘʤʤ SDO/HMI, ʠ ʠʭ 

ʚʣʠʷʥʠʝ ʥʘ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʩʧʝʢʪʨ ʤʦʱʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ.  ʄʳ ʦʙʥʘʨʫʞʠʣʠ 

ʛʘʨʤʦʥʠʢʠ ʩ ʧʝʨʠʦʜʘʤʠ 12 ʠ 24 ʯʘʩʘ, ʧʨʦʷʚʣʷʚʰʠʝʩʷ ʜʘʞʝ ʚ ʩʣʘʙʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʢʘʢ ʘʨʪʝʬʘʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʨʙʠʪʳ 

ʩʧʫʪʥʠʢʘ SDO. ʆʜʥʘʢʦ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʵʪʠʭ ʘʨʪʝʬʘʢʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʥʝ ʤʝʥʷʝʪ 

ʢʘʨʪʠʥʫ ʜʣʠʥʥʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʧʷʪʥʘ, ʝʩʣʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʧʷʪʥʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 

2000 ɻʘʫʩʩ. ʂʦʛʜʘ ʞʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʳʰʝ, ʯʝʤ 2000 ɻʘʫʩʩ, ʪʦ ʚʣʠʷʥʠʝ ʫʢʘʟʘʥʥʳʭ 

ʘʨʪʝʬʘʢʪʦʚ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʠ ʦʥʠ ʜʦʤʠʥʠʨʫʶʪ ʚ ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʩʧʝʢʪʨʝ.  ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ 

ʫʩʠʣʝʥʠʝ ʛʘʨʤʦʥʠʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʨʪʝʬʘʢʪʘʤʠ, ʧʨʦʷʚʣʷʝʪ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʩ ʨʦʩʪʦʤ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠ ʟʥʘʯʝʥʠʝ ʧʦʣʷ ʧʦʨʷʜʢʘ 2000 ɻʘʫʩʩ, ʷʚʣʷʝʪʩʷ ʧʦʨʦʛʦʚʳʤ.  

 

 

ʆʉʅʆɺʅʓɽ ʉɺʆʁʉʊɺɸ ʉʆʃʅɽʏʅʓʍ ʇʗʊɽʅ 

 

ɸ.ɸ. ʉʦʣʦʚʴʝʚ 

 

ɻɸʆ ʈɸʅ, ʛ. Cʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, solov@gao.spb.ru 

 

ʌʦʨʤʫʣʠʨʫʝʪʩʷ ʨʷʜ ʚʦʧʨʦʩʦʚ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʭ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʬʠʟʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʳ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ, ʥʦ ʩʠʭ ʧʦʨ ʦʩʪʘʶʱʠʭʩʷ ʦʪʢʨʳʪʳʤʠ: 1.ʏʝʤ ʦʙʫʩʣʦʚʣʝʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʷʪʝʥ ʚ ʮʝʣʦʤ, ʢʘʢ ʜʦʣʛʦʞʠʚʫʱʠʭ ʘʢʪʠʚʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ; 2. ʇʦʯʝʤʫ 

ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʧʷʪʝʥ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʦʤ ʠʥʪʝʨʚʘʣʝ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ? 3. 

ʂʘʢ ʟʘʚʠʩʠʪ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʷʪʥʘ ʦʪ ʝʛʦ ʨʘʟʤʝʨʦʚ? 4. ʇʦʯʝʤʫ ʥʘ ʉʦʣʥʮʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʧʷʪʝʥ, ʟʘʥʠʤʘʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʜʠʩʢʘ. 5. ʏʝʤ ʦʙʫʩʣʦʚʣʝʥʦ 

ʧʦʷʚʣʝʥʠʝ ʚ ʧʷʪʥʘʭ ʩʚʝʪʣʳʭ ʤʦʩʪʦʚ? 6. ʂʘʢʦʚ ʧʝʨʠʦʜ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʷʪʝʥ ʠ ʢʘʢ ʦʥ 

ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʚ ʧʷʪʥʝ? 7. ʂʘʢʦʚʘ ʩʪʨʫʢʪʫʨʘ ʧʦʜʬʦʪʦʩʬʝʨʥʳʭ ʩʣʦʝʚ ʧʷʪʥʘ? 

ʆʪʚʝʪʳ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʝ ʚʦʧʨʦʩʳ ʜʘʝʪ ʤʦʜʝʣʴ ʢʨʫʛʣʦʛʦ ʫʥʠʧʦʣʷʨʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʧʷʪʥʘ ʩ 
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ʥʠʞʥʝʡ ʛʨʘʥʠʮʝʡ ʭʦʣʦʜʥʦʡ ʧʣʘʟʤʳ ʠ ʩʠʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 4 ʄʤ ʧʦʜ 

ʬʦʪʦʩʬʝʨʦʡ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʣʦʢʘʣʴʥʦʡ ʛʝʣʠʦʩʝʡʩʤʦʣʦʛʠʠ. ɸʥʘʣʠʪʠʯʝʩʢʠ ʟʘʜʘʝʪʩʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʷʪʥʘ ʙʣʠʟʢʘʷ ʢ ʨʝʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʦʡ ʠ ʦʙʣʘʜʘʶʱʘʷ, 

ʧʦʜʦʙʥʦ ʧʦʣʶ ʢʨʫʛʣʦʛʦ ʩʦʣʝʥʦʠʜʘ, ʩʚʦʡʩʪʚʦʤ ʩʘʤʦʧʦʜʦʙʠʷ. ʅʘ ʦʩʥʦʚʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʦʜʭʦʜʘ ʨʘʩʩʯʠʪʘʥʳ ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩʦʣʥʝʯʥʦʛʦ ʧʷʪʥʘ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʠ ʚʝʨʪʠʢʘʣʠ ʩ 

ʫʯʝʪʦʤ ʝʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʵʥʝʨʛʠʠ ʠ ʜʘʚʣʝʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ɺʧʝʨʚʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʚʥʦʚʝʩʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʮʝʥʪʨʝ ʧʷʪʥʘ0 B
 
ʦʪ ʨʘʜʠʫʩʘ ʪʝʥʠ ʘ ʠ 

ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʦʪʦʩʬʝʨʳ. ɺ ʦʯʝʥʴ ʤʘʣʳʭ ʧʷʪʥʘʭ ʧʦʣʝ ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ 

ʛʘʫʩʩ, ʟʘʪʝʤ ʦʥʦ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʩʪʨʝʤʷʩʴ ʩ ʨʦʩʪʦʤ ʘ ʢ ʥʝʢʦʪʦʨʦʡ ʧʨʝʜʝʣʴʥʦʡ 

ʚʝʣʠʯʠʥʝ (ʦʢʦʣʦ 4000 G), ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʣʦʪʥʦʩʪʴʶ ʬʦʪʦʩʬʝʨʳ, ʫʩʢʦʨʝʥʠʝʤ ʩʠʣʳ 

ʪʷʞʝʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʉʦʣʥʮʘ ʠ ʦʪʥʦʰʝʥʠʝʤ ʨʘʜʠʫʩʘ ʚʩʝʛʦ ʧʷʪʥʘ ʩ ʧʦʣʫʪʝʥʴʶ pa ʢ 

ʨʘʜʠʫʩʫ ʪʝʥʠ ʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʜʬʦʪʦʩʬʝʨʥʳʝ ʪʝʯʝʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʧʷʪʥʘ, ʷʚʣʷʷʩʴ 

ʩʣʝʜʩʪʚʠʝʤ, ʘ ʥʝ ʧʨʠʯʠʥʦʡ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʥʝ ʠʛʨʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ ʚ ʧʦʜʜʝʨʞʘʥʠʠ 

ʨʘʚʥʦʚʝʩʠʷ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʷʪʥʘ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʧʷʪʥʘ ʦʙʝʩʧʝʯʝʥʘ ʧʦʥʠʞʝʥʠʝʤ ʝʛʦ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʦʝ ʚʳʟʚʘʥʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʤʘʩʩʳ ʧʦ 

ʚʝʨʪʠʢʘʣʠ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʚʠʣʴʩʦʥʦʚʩʢʦʡ ʜʝʧʨʝʩʩʠʠ, ʛʣʫʙʠʥʘ ʢʦʪʦʨʦʡ ʣʠʥʝʡʥʦ ʨʘʩʪʸʪ ʩ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʷʪʥʘ. ʆʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʧʷʪʥʘ ʦʛʨʘʥʠʯʝʥʘ: 

ʧʨʠ ʘ ʙʦʣʴʰʝ ʥʝʢʦʪʦʨʦʛʦ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʦʢʦʣʦ 12 ʄʤ) ʩʠʩʪʝʤʘ ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

ʕʪʠʤ ʦʙʲʷʩʥʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʥʘ ʉʦʣʥʮʝ ʧʷʪʝʥ ʦʯʝʥʴ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ ʠ ʧʦʷʚʣʝʥʠʝ ʩʚʝʪʣʳʭ 

ʤʦʩʪʦʚ ʚ ʢʨʫʧʥʳʭ ʧʷʪʥʘʭ. ʅʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʧʷʪʥʘ ʩ0 2600B Gº  ʠ 5 a Mmº . ɼʣʷ ʪʘʢʠʭ 

ʧʷʪʝʥ ʧʝʨʠʦʜ ʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʢʘʢ ʮʝʣʦʩʪʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ, ʤʠʥʠʤʘʣʝʥ ʠ 

ʩʦʩʪʘʚʣʷʝʪ, ʩʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ ʨʘʩʯʝʪʘʤ, 12-13 ʯʘʩʦʚ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʣʠʯʠʥʝ, 

ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʦʣʝʙʘʥʠʡ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʧʦ ʜʘʥʥʳʤ SOHO/MDI. 

 

 

ʈɸʉʇʈɽɼɽʃɽʅʀɽ ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ ɺ ʉʆʃʅɽʏʅʓʍ ʇʗʊʅɸʍ  

ʇʆ ɼɸʅʅʓʄ ʅɸɹʃʖɼɽʅʀʁ HMI/SDO 

 

ɸ. ɻ. ʊʣʘʪʦʚ  

 

ʂʠʩʣʦʚʦʜʩʢʘʷ ɻʦʨʥʘʷ ʩʪʘʥʮʠʷ ɻɸʆ ʈɸʅ, ʛ. ʂʠʩʣʦʚʦʜʩʢ, ʈʦʩʩʠʷ, tlatov@mail.ru  

 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʝʞʝʜʥʝʚʥʳʭ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ HMI/SDO  ʚ ʧʝʨʠʦʜ 2010-2012 ʛʛ. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ  ʚʳʜʝʣʝʥʠʷ ʚʥʝʰʥʠʭ ʛʨʘʥʠʮ ʧʷʪʝʥ, ʧʦʣʫʪʝʥʠ ʠ ʷʜʝʨ ʚ ʙʝʣʦʤ ʩʚʝʪʝ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʤʝʨʘ  ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  ʊʘʢ ʢʘʢ ʨʝʛʠʩʪʨʘʮʠʷ ʢʦʥʪʠʥʫʫʤʘ ʠ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʜʥʦʤ ʪʝʣʝʩʢʦʧʝ, ʥʘ ʦʜʥʦʡ CCD ʤʘʪʨʠʮʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚ 

ʦʜʠʥ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʵʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʦʰʠʙʢʫ, ʧʨʠ  ʩʦʚʤʝʩʪʥʦʤ ʠʟʤʝʨʝʥʠʠ ʠ 

ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʠʥʪʝʛʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʦ ʠ ʪʦʥʢʫʶ ʩʪʨʫʢʪʫʨʫ 

ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʤʝʨʦʚ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʧʣʦʱʘʜʠ,  ʢʦʥʪʨʘʩʪ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʠ ʧʦʪʦʢ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ. ʋʪʦʯʥʝʥʳ 

ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʢʦʥʪʨʘʩʪʦʤ, ʧʣʦʱʘʜʴʶ ʧʷʪʝʥ ʦʧʨʝʜʝʣʷʝʤʳʭ ʚ ʙʝʣʦʤ ʩʚʝʪʝ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʨʝʜʥʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʷʪʥʘ Bspot ʠʤʝʝʪ 

ʜʚʫʭʤʦʜʫʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ɼʣʷ ʤʘʣʳʭ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ (S<20-50 ʤʜʧ)  ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʠʤʝʝʪ ʚʝʣʠʯʠʥʫ  Bspot~800 Gs. ɼʣʷ ʙʦʣʴʰʠʭ ʧʷʪʝʥ (S>100 ʤʜʧ) ʩʨʝʜʥʝʝ ʧʦʣʝ Bspot~600 Gs. 

ʆʧʨʝʜʝʣʝʥ rʥʘʢʣʦʥ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʷʜʨʘʭ ʠ ʧʦʣʫʪʝʥʠ  ʩʦʣʥʝʯʥʳʭ ʧʷʪʥʘʭ 

ʚ 24-ʤ ʮʠʢʣʝ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʠʟʫʯʝʥʳ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʧʷʪʝʥ ʥʘ ʨʘʟʥʳʭ 

ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʮʝʥʪʨʘ ʩʦʣʥʝʯʥʦʛʦ ʜʠʩʢʘ. ɹʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʤʝʨʘ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ   ʚ ʦʙʣʘʩʪʷʭ  ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʙʣʠʞʝ ʠʣʠ ʜʘʣʴʰʝ ʦʪ ʮʝʥʪʨʘ ʩʦʣʥʝʯʥʦʛʦ 

ʜʠʩʢʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʮʝʥʪʨʫ ʧʷʪʥʘ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʷʪʝʥ ʦʪ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʤʝʥʷʝʪʩʷ ʦʪ 0
o
 ʚ 

ʮʝʥʪʨʝ ʧʷʪʥʘ ʜʦ ~50
o
 ʛʨʘʜʫʩʦʚ ʥʘ ʢʨʘʶ ʧʷʪʥʘ.  ʀʟʤʝʥʝʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 
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ʧʨʦʠʩʭʦʜʠʪ ʧʨʠʤʝʨʥʦ ʣʠʥʝʡʥʦ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʮʝʥʪʨʘ ʧʷʪʥʘ. 

ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ  ʜʦ 0,4 ʨʘʜʠʫʩʘ ʧʷʪʥʘ Rspot, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʤʫ 

ʨʘʟʤʝʨʫ ʷʜʨʘ,  ʤʝʥʷʝʪʩʷ ʩʣʘʙʦ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʚʝʣʠʯʠʥʳ ~0,2Bcent ʫ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʳ 

ʧʷʪʥʘ.   
 

 

ʀʊʆɻʀ ʀʉʉʃɽɼʆɺɸʅʀʗ ʉʆʃʅɽʏʅʆʁ ɺʉʇʓʐʂʀ 20 ʗʅɺɸʈʗ 2005ʛ. 

ʇʆʉʈɽɼʉʊɺʆʄ ɻɸʄʄɸ-ʀɿʃʋʏɽʅʀʗ ɺ ʃʀʅʀʗʍ 

 

ɽ.ɺ. ʊʨʦʠʮʢʘʷ
1
, ʀ.ɺ. ɸʨʭʘʥʛʝʣʴʩʢʘʷ

2
, ɸ.ʀ. ɸʨʭʘʥʛʝʣʴʩʢʠʡ

2
  

 
1 
ʅʀʀʗʌ ʠʤ. ɼ.ɺ. ʉʢʦʙʝʣʴʮʳʥʘ ʄɻʋ ʠʤ. ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ,  

  troi@srd.sinp.msu.ru  
2
 ʂʘʬʝʜʨʘ ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʌʠʟʠʢʠ ʠ ʂʦʩʤʦʬʠʟʠʢʠ ʅʀʗʋ ʄʀʌʀ,  

ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  

 

ɺ ʧʝʨʠʦʜ 2007-2012 ʛʛ. ʤʳ ʚʳʧʦʣʥʠʣʠ ʨʷʜ ʨʘʙʦʪ, ʧʦʩʚʷʱʸʥʥʳʭ ʤʦʱʥʦʡ ʩʦʣʥʝʯʥʦʡ 

ʚʩʧʳʰʢʝ 20 ʷʥʚʘʨʷ 2005ʛ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʦ ɔ-ʠʟʣʫʯʝʥʠʶ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʤʫ ʧʨʠʙʦʨʦʤ ʉʆʅɻ ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ɸɺʉ-ʌ ʥʘ 

ʙʦʨʪʫ ʩʧʫʪʥʠʢʘ ʂʆʈʆʅɸʉ-ʌ. ʀʟʫʯʘʷ ʫʟʢʫʶ ɔ-ʣʠʥʠʶ 2.223 ʄʵɺ ʦʪ ʟʘʭʚʘʪʘ ʚʩʧʳʰʝʯʥʳʭ 

ʥʝʡʪʨʦʥʦʚ ʚʦʜʦʨʦʜʦʤ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʞʝ ʜʘʥʥʳʭ ʧʦ ʫʟʢʠʤ 

ʷʜʝʨʥʳʤ ʣʠʥʠʷʤ 4.44 ʄʵɺ ʠ 6.13 ʄʵɺ, ʤʳ ʧʦʣʫʯʠʣʠ ʚʳʚʦʜʳ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤ 

ʫʩʢʦʨʝʥʠʠ ʠʟʦʪʦʧʘ 
3
ʅʝ ʚ ʧʨʦʮʝʩʩʝ ʵʪʦʡ ʚʩʧʳʰʢʠ ʠ ʝʛʦ ʥʘʢʦʧʣʝʥʠʠ ʚ ʦʙʣʘʩʪʠ ʷʜʝʨʥʳʭ 

ʨʝʘʢʮʠʡ, ʦ ʜʠʥʘʤʠʢʝ ʩʧʝʢʪʨʘ ʵʥʝʨʛʠʠ ʫʩʢʦʨʝʥʥʳʭ ʧʨʦʪʦʥʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 100 ʄʵɺ ʠ 

ʦʙ ʵʚʦʣʶʮʠʠ ʤʦʜʝʣʠ ʧʣʦʪʥʦʩʪʠ ʧʦʜʚʩʧʳʰʝʯʥʦʡ ʦʙʣʘʩʪʠ ʟʘ ʧʝʨʠʦʜ ʚʩʧʳʰʢʠ. ɹʳʣʘ 

ʧʨʝʜʣʦʞʝʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʩʣʘʙʦʛʦ ʧʠʢʘ  ɔ-ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 15-

21 ʄʵɺ ʢʘʢ ʩʫʤʤʳ ʷʜʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʷʜʨʘ 
12
ʉ ʚ ʣʠʥʠʠ 15.11 ʄʵɺ ʠ ʩʣʘʙʦʡ ʰʠʨʦʢʦʡ ʣʠʥʠʠ 

20.58 ʄʵɺ ʦʪ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʟʘʭʚʘʪʘ ʥʝʡʪʨʦʥʦʚ ʷʜʨʘʤʠ ʥʫʢʣʠʜʘ 
3
ʅʝ. ʆʮʝʥʝʥʘ ʚʝʣʠʯʠʥʘ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠʥʜʝʢʩʘ ʫʩʢʦʨʝʥʥʳʭ ʯʘʩʪʠʮ ʩ ʵʥʝʨʛʠʝʡ, ʧʨʝʚʳʰʘʶʱʝʡ 300 ʄʵɺ/ʥʫʢʣʦʥ. 

ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʧʝʨʝʯʠʩʣʝʥʥʳʝ, ʘ ʪʘʢʞʝ ʠ ʜʨʫʛʠʝ ʥʘʙʣʶʜʘʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʵʪʦʡ 

ʫʥʠʢʘʣʴʥʦʡ ʚʩʧʳʰʢʝ. 

 

 

ɼʀɸɻʅʆʉʊʀʂɸ ʄɽʃʂʆʄɸʉʐʊɸɹʅʓʍ ʉʊʈʋʂʊʋʈ ʉʇʆʂʆʁʅʆʁ ʉʆʃʅɽʏʅʆʁ 

ʂʆʈʆʅʓ ʇʆ ɼɸʅʅʓʄ ʄʅʆɻʆʂɸʅɸʃʔʅʓʍ ʊɽʃɽʉʂʆʇʀʏɽʉʂʀʍ 

ʅɸɹʃʖɼɽʅʀʁ ɺ ʕʂʉʇɽʈʀʄɽʅʊɽ AIA \SDO 

 

ɸ.ʉ. ʋʣʴʷʥʦʚ, ʉ.ɸ. ɹʦʛʘʯʝʚ 

 

ʌʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʇ.ʅ. ʃʝʙʝʜʝʚʘ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, ikiru@inbox.ru 

 

ʇʦʜ ʪʝʨʤʠʥʦʤ çʩʧʦʢʦʡʥʘʷ ʢʦʨʦʥʘè ʧʨʠʥʷʪʦ ʧʦʥʠʤʘʪʴ ʫʯʘʩʪʢʠ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʳ, 

ʨʘʩʧʣʦʞʝʥʥʳʝ ʟʘ ʧʨʝʜʝʣʘʤʠ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʠ ʢʦʨʦʥʘʣʴʥʳʭ ʜʳʨ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʧʦʢʦʡʥʦʡ 

ʢʦʨʦʥʳ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1 ʤʣʥ. ʂ, ʧʣʦʪʥʦʩʪʴ ï 10
9
 cm

-3
. ʄʥʦʞʝʩʪʚʦ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ 

(ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 10 ʪʳʩ. ʢʤ) ʤʘʛʥʠʪʥʳʭ ʧʝʪʝʣʴ ʠ ʘʨʢʘʜ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʩʧʦʢʦʡʥʘʷ 

ʢʦʨʦʥʘ, ʪʝʩʥʦ ʩʧʣʝʪʝʥʦ ʤʝʞʜʫ ʩʦʙʦʡ, ʦʙʨʘʟʫʷ ʪʝʤ ʩʘʤʳʤ ʝʜʠʥʳʡ çʤʘʛʥʠʪʥʳʡ ʢʦʚʝʨè. 

ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ çʤʘʛʥʠʪʥʳʡ ʢʦʚʝʨè ʩʧʦʢʦʡʥʦʡ ʢʦʨʦʥʳ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ 

ʥʝʧʨʝʨʳʚʥʦʡ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʡʩʷ ʨʘʟʣʠʯʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʪʝʢʘʶʱʠʤʠ ʥʘ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʤʠʥʫʪ (ʥʘʥʦ- ʠ ʤʠʢʨʦʚʩʧʳʰʢʠ, ʢʦʣʝʙʘʥʠʷ, ʜʞʝʪʳ). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʬʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 

ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʩʦʙʳʪʠʡ ʥʝ ʚʧʦʣʥʝ ʷʩʥʳ, ʯʪʦ ʚ ʙʦӢʣɹ ʝhʡ ʩʪʝʧʝʥʠ ʩʚ̫ʟʘʥʦ ʩ 

ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ 
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ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʩʧʦʢʦʡʥʦʡ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ, ʧʨʦʚʝʜʝʥʥʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʜʣʠʥʘʭ ʚʦʣʥ. ʊʘʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʩ 2010 ʛ. ʧʨʦʚʦʜʷʪʩʷ ʧʨʠʙʦʨʦʤ AIA  (Atmospheric 

Imaging Assembly) ʥʘ ʩʧʫʪʥʠʢʝ SDO (Solar Dynamics Observatory), ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʩʦʣʥʝʯʥʳʭ ɺʋʌ-ʪʝʣʝʩʢʦʧʦʚ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ AIA  ʩʦʩʪʘʚʣʷʝʪ 

0.6 ʫʛʣ. ʉʝʢ., ʘ ʚʨʝʤʝʥʥʦʝ ï 12 ʩʝʢ. ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠʙʦʨʘ AIA  ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʟʣʫʯʝʥʠʶ ʧʣʘʟʤʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 0.8 ï 2 ʤʣʥ. ʂ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʧʨʠʙʦʨʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʣʦʪʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʩʧʦʢʦʡʥʦʡ ʢʦʨʦʥʳ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʪʴ ʠʭ 

ʚʨʝʤʝʥʥʫʶ ʜʠʥʘʤʠʢʫ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʘʟʣʠʯʥʳʭ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʧʦʢʦʡʥʦʡ ʢʦʨʦʥʝ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʥʘʥʦʚʩʧʳʰʝʢ. ʀʩʩʣʝʜʫʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʘʥʦʚʩʧʳʰʝʢ, ʧʦʢʘʟʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʥʦʚʩʧʳʰʝʯʥʦʛʦ ʩʮʝʥʘʨʠʷ ʥʘʛʨʝʚʘ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ. 

 

 

ʆɹ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʋʉʂʆʈɽʅʀʗ ʕʃɽʂʊʈʆʅʆɺ ɺ ʅɽʉʊɸʎʀʆʅɸʈʅʆʄ  

ʄɸɻʅʀʊʅʆʄ ʇʆʃɽ ɺʉʇʓʐɽʏʅʆʁ ʇɽʊʃʀ 

 

ʃ.ɺ. ʌʠʣʘʪʦʚ
1
, ɺ.ʌ. ʄʝʣʴʥʠʢʦʚ

1,2
, ʉ.ʇ. ɻʦʨʙʠʢʦʚ

1
 

 
1 
ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ,  

  ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, filatovlv@narod.ru  
2 
ɻɸʆ ʈɸʅ (ʇʫʣʢʦʚʩʢʘʷ), ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʝʯʥʦʡ ʧʝʪʣʝ ʚ ʩʠʣʫ ʩʚʦʝʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʤʦʞʝʪ ʫʩʢʦʨʷʪʴ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ, ʥʘʧʨʠʤʝʨ, 

ʧʦʩʨʝʜʩʪʚʦʤ ʙʝʪʘʪʨʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠ ʤʝʭʘʥʠʟʤʘ ʫʩʢʦʨʝʥʠʷ ʌʝʨʤʠ 1 ʨʦʜʘ. ʆʜʥʘʢʦ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʵʪʠ ʤʝʭʘʥʠʟʤʳ  ʤʦʛʫʪ  ʦʢʘʟʘʪʴʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ, ʥʘʧʨʠʤʝʨ, ʠʟ-ʟʘ 

ʙʦʣʴʰʠʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʯʘʩʪʠʮʘʤʠ ʠ ʚʦʣʥʘʤʠ ʬʦʥʦʚʦʡ ʧʣʘʟʤʳ, 

ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʝʡ ʠ ʛʨʘʜʠʝʥʪʦʚ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʧʨʠʯʠʥ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʌʦʢʢʝʨʘ-ʇʣʘʥʢʘ ʜʣʷ 

ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʦʜʥʦʤʝʨʥʦʡ ʤʘʛʥʠʪʥʦʡ ʣʦʚʫʰʢʝ, ʢʘʢ ʤʦʜʝʣʠ ʚʩʧʳʰʝʯʥʦʡ ʧʝʪʣʠ, 

ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠʥʞʝʢʮʠʠ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʣʦʚʫʰʢʫ ʠ  ʧʘʨʘʤʝʪʨʦʚ ʬʦʥʦʚʦʡ ʧʣʘʟʤʳ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʧʦ 

ʵʥʝʨʛʠʠ, ʧʠʪʯ-ʫʛʣʫ ʠ ʜʣʠʥʝ ʣʦʚʫʰʢʠ. ʅʘʡʜʝʥʳ ʜʠʘʧʘʟʦʥʳ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ, ʧʣʦʪʥʦʩʪʠ 

ʧʣʘʟʤʳ ʠ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʵʥʝʨʛʠʯʥʳʝ ʵʣʝʢʪʨʦʥʳ 

ʵʬʬʝʢʪʠʚʥʦ ʫʩʢʦʨʷʶʪʩʷ ʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʧʝʪʣʝ. 

 

 

ɼʀʅɸʄʀʂɸ ʋʉʂʆʈɽʅʅʓʍ ʕʃɽʂʊʈʆʅʆɺ ʀ ʈɽʅʊɻɽʅʆɺʉʂʆɽ ʀɿʃʋʏɽʅʀɽ 

ʉʆʃʅɽʏʅʓʍ ɺʉʇʓʐɽʂ ʉ ʉʋɹ-ʊɻʎ ʀɿʃʋʏɽʅʀɽʄ  

 

ʖ.ɽ. ʏʘʨʠʢʦʚ
1,2
, ʇ.ɺ. ɺʘʪʘʛʠʥ

2,1
, ɸ.ɺ. ʉʪʝʧʘʥʦʚ

2
, ʀ.ɺ. ʂʫʜʨʷʚʮʝʚ

1,2 

 
1
 ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ   ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ ʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

2
 ɻɸʆ ʈɸʅ (ʇʫʣʢʦʚʩʢʘʷ),   ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, Yuri.Charikov@mail.ioffe.ru 

 

ʋʥʠʢʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʪʨʝʭ ʚʩʧʳʰʝʢ, 2 ʠ 4 ʥʦʷʙʨʷ 2003 ʛ. ʠ 6 ʜʝʢʘʙʨʷ 2006 ʛ., ʥʘ 

ʨʘʜʠʦʪʝʣʝʩʢʦʧʝ SST ʚ ʩʫʙïʊɻʮ ʜʠʘʧʘʟʦʥʝ ʥʘ 212 ʠ 405 ɻɻʮ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʪʦʢ ʠʟʣʫʯʝʥʠʷ 

ʚʦʟʨʘʩʪʘʣ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ, ʘ ʝʛʦ ʚʝʣʠʯʠʥʘ ʜʦʩʪʠʛʘʣʘ 5Ĭ10
3
ï2Ĭ10

4
 ʩ.ʝ.ʧ. 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʜʦʙʥʦʛʦ ʩʧʝʢʪʨʘ ʧʨʦʚʦʜʠʪʩʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʧʣʘʟʤʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʩʣʠʷʥʠʠ ʣʝʥʛʤʶʨʦʚʩʢʠʭ ʧʣʘʟʤʦʥʦʚ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʫʯʢʘ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ʈʝʰʝʥʘ ʩʠʩʪʝʤʘ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ 
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ʧʫʯʢʘ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʣʝʥʛʤʶʨʦʚʩʢʠʭ ʚʦʣʥ. ʇʨʠ ʵʪʦʤ 

ʫʯʠʪʳʚʘʶʪʩʷ ʧʘʨʥʳʝ ʢʫʣʦʥʦʚʩʢʠʝ ʩʪʦʣʢʥʦʚʝʥʠʷ, ʨʘʩʩʝʷʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʚʦʣʥʘʭ ʠ ʚʦʣʥ ʥʘ 

ʠʦʥʘʭ ʧʣʘʟʤʳ. ʇʘʨʘʤʝʪʨʳ ʧʫʯʢʘ ʠ ʧʣʘʟʤʳ ʚʳʙʠʨʘʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʮʝʣʝʡ ʟʘʜʘʯʠ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʣʘʟʤʳ n ʤʝʥʷʝʪʩʷ ʦʪ 10
13

 ʜʦ 10
15

 ʩʤ
-3
, ʧʦʵʪʦʤʫ ʜʘʞʝ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ~ 2 ʢɻʩ, ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠʙʣʠʞʝʥʠʝʤ ʠʟʦʪʨʦʧʥʦʡ ʧʣʘʟʤʳ. ɺ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʦʙʳʪʠʷʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʞʝʩʪʢʦʝ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠ ʛʘʤʤʘ ʠʟʣʫʯʝʥʠʝ. 

ʇʨʠʨʦʜʘ ʞʝʩʪʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ï ʪʦʨʤʦʟʥʦʝ ʠʟʣʫʯʝʥʠʝ ʧʫʯʢʘ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ 

ʵʣʝʢʪʨʦʥʦʚ. ɼʠʥʘʤʠʢʘ ʧʫʯʢʘ ʦʧʨʝʜʝʣʷʝʪ ʚʨʝʤʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʪʦʢʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʠ ʵʚʦʣʶʮʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ. ʉʨʘʚʥʝʥʠʝ ʩ ʥʘʙʣʶʜʝʥʠʷʤʠ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ ʦʪ ʚʨʝʤʝʥʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʘ 

ʫʩʢʦʨʝʥʠʷ. 

 

 

ʉʇɽʂʊʈɸʃʔʅʆ-ɺʈɽʄɽʅʅʆʁ ɸʅɸʃʀɿ ɾɽʉʊʂʆɻʆ ʈɽʅʊɻɽʅʆɺʉʂʆɻʆ 

ʀɿʃʋʏɽʅʀʗ ʉʆʃʅɽʏʅʓʍ ɺʉʇʓʐɽʂ 17.05.1991 ʀ 20.08.2000ʛ. 
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ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʚʨʝʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʞʝʩʪʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (ɾʈʀ) 

ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ. ɼʘʥʥʳʝ ɾʈʀ ʧʦʣʫʯʝʥʳ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʂɸ ʂʆʈʆʅɸʉïʌ 

(ʩʧʝʢʪʨʦʤʝʪʨ ʀʈʀʉ) ʠ CGRO (ʩʧʝʢʪʨʦʤʝʪʨ BATSE). ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ɾʈʀ ʚʩʧʳʰʢʠ ʧʨʦʚʦʜʠʪʩʷ ʚʝʡʚʣʝʪʥʳʡ ʠ ʌʫʨʴʝ ʘʥʘʣʠʟ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟ 

ʜʘʥʥʳʭ ʚʳʯʠʪʘʝʪʩʷ ʜʦʣʛʦʚʨʝʤʝʥʥʳʡ ʪʨʝʥʜ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʶ 

ʤʠʣʣʠʩʝʢʫʥʜʥʦʡ ʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɼʘʥʥʳʝ BATSE ʧʦʟʚʦʣʷʶʪ ʠʟʫʯʘʪʴ ʚʨʝʤʝʥʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʚ 16 ï ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʘʥʘʣʘʭ ʦʪ 25 ʢʵɺ ʜʦ 2 ʄʵɺ. ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʚʩʧʳʰʢʠ 

17 ʤʘʷ 1991 ʛʦʜʘ (ʜʘʥʥʳʝ BATSE) ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʠʟʣʫʯʝʥʠʷ ʦʪʯʸʪʣʠʚʦ ʚʳʜʝʣʷʝʪʩʷ 

ʩʫʙʩʝʢʫʥʜʥʳʡ (ʜʣʠʪʝʣʴʥʦʩʪʴ 0.7-0.9 ʩʝʢʫʥʜ) ʠʤʧʫʣʴʩ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʘʥʘʣʘʭ ʦʪ 33 ʢʵɺ ʜʦ 

156 ʢʵɺ. ɿʥʘʯʠʤʦʩʪʴ ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʠʤʧʫʣʴʩʘ ʚ ʩʝʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʘʥʘʣʘʭ (33 ï 156 ʢʵɺ) 

ʜʦʩʪʠʛʘʝʪ ʫʨʦʚʥʷ ʜʦʚʝʨʠʷ 3-4s. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʷʭ (ʩʚʳʰʝ 234 ʢʵɺ) ʜʘʥʥʳʡ 

ʠʤʧʫʣʴʩ ʥʝ ʥʘʙʣʶʜʘʣʩʷ. ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ɾʈʀ ʚʦ ʚʨʝʤʷ ʚʩʧʳʰʢʠ 20.08.2000 ʛʦʜʘ ʚ 4-ʭ 

ʢʘʥʘʣʘʭ ʵʥʝʨʛʠʠ ʦʪ 24 ʢʵɺ ʜʦ 156 ʢʵɺ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʩʫʙʩʝʢʫʥʜʥʳʭ (ʜʣʠʪʝʣʴʥʦʩʪʴ ʤʝʥʝʝ 1 

ʩʝʢʫʥʜʳ) ʤʘʩʰʪʘʙʘʭ ʚ ʢʘʥʘʣʘʭ 24 ï 41 ʢʵʚ ʠ 41 ï 77 ʢʵʚ ʠʤʝʶʪʩʷ ʟʥʘʯʠʤʳʝ ʚʨʝʤʝʥʥʳʝ 

ʚʘʨʠʘʮʠʠ. ʆʥʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ: (ʘ) ʦʪʜʝʣʴʥʳʭ ʤʦʱʥʳʭ ʠʤʧʫʣʴʩʦʚ ʩ ʤʘʩʰʪʘʙʘʤʠ 0.01-0.1 

ʩʝʢʫʥʜʳ, ʚʦʟʥʠʢʘʶʱʠʭ, ʚ ʦʩʥʦʚʥʦʤ, ʚʥʝ ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʩʦʙʳʪʠʷ. (ʙ) ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠʟ 

4-12 ʢʦʣʝʙʘʥʠʡ ʩ ʧʝʨʠʦʜʘʤʠ ~0.1 ʩ, 0.18-0.25 ʩ, ~0.4 ʩ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʘʢʪʠʚʥʦʡ ʬʘʟʝ. 

ɿʥʘʯʠʤʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʠʢʦʚ ʩʧʝʢʪʨʦʚ ʌʫʨʴʝ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʜʣʷ ʧʨʦʤʝʞʫʪʢʦʚ, ʚ 

ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʫʢʘʟʘʥʥʳʝ ʢʚʘʟʠʧʝʨʠʦʜʠʯʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʪ, ʜʦʩʪʠʛʘʝʪ ʫʨʦʚʥʷ 0.99 ʠ ʚʳʰʝ. 

ɺ ʢʘʥʘʣʘʭ 77 ï 112 ʢʵɺ ʠ 112 ï 156 ʢʵɺ ʠʤʝʶʪʩʷ ʦʪʯʸʪʣʠʚʳʝ ʩʫʙʩʝʢʫʥʜʥʳʝ ʚʘʨʠʘʮʠʠ, 

ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʟ 4  ʢʦʣʝʙʘʥʠʡ ʩ ʧʝʨʠʦʜʦʤ ~0.4 ʩ. ɿʥʘʯʠʤʦʩʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʠʢʦʚ ʩʧʝʢʪʨʦʚ ʌʫʨʴʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʫʨʦʚʝʥʴ 0.999. ʅʘʜʝʞʥʦʝ 

ʚʳʷʚʣʝʥʠʝ ʩʫʙʩʝʢʫʥʜʥʳʭ ʠʤʧʫʣʴʩʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ɾʈʀ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʚʨʝʤʝʥʥʦʤ ʤʘʩʰʪʘʙʝ ʧʨʦʮʝʩʩʦʚ ʫʩʢʦʨʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʧʣʘʟʤʝ 

ʚʩʧʳʰʝʯʥʳʭ ʧʝʪʝʣʴ. 
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ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ ʧʦʣʷʨʠʟʘʮʠʠ ʞʝʩʪʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (ɾʈʀ) ʚʜʦʣʴ 

ʚʩʧʳʰʝʯʥʦʡ ʤʘʛʥʠʪʥʦʡ ʧʝʪʣʠ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʯʠʩʣʝʥʥʦ ʨʝʰʘʝʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ  

ʨʝʣʷʪʠʚʠʩʪʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʚ ʬʦʨʤʝ ʌʦʢʢʝʨʘ-ʇʣʘʥʢʘ ʜʣʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʩʢʦʨʝʥʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ. ɺʩʧʳʰʝʯʥʘʷ ʧʝʪʣʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʠʣʦʚʫʶ ʪʨʫʙʢʫ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ ʠ ʪʦʯʢʘʤʠ ʦʪʨʘʞʝʥʠʷ ʯʘʩʪʠʮ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ ʠ ʧʣʘʟʤʳ ʚʜʦʣʴ ʧʝʪʣʠ ʟʘʜʘʝʪʩʷ 

ʤʦʜʝʣʴʥʳʤ ʦʙʨʘʟʦʤ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ ʩʣʫʯʘʷ  ʠʥʞʝʢʮʠʠ ʥʝʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʚʝʨʰʠʥʝ ʚʩʧʳʰʝʯʥʦʡ ʧʝʪʣʠ. ɺ ʧʝʨʚʦʤ ʠʟ ʥʠʭ ʠʥʞʝʢʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʢʦʥʫʩʝ ʫʛʣʦʚ, 

ʥʘʧʨʘʚʣʝʥʥʦʤ ʚʜʦʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʦʜʥʦ ʠʟ ʦʩʥʦʚʘʥʠʡ ʧʝʪʣʠ. ɺʦ ʚʪʦʨʦʤ  ʩʣʫʯʘʝ 

ʵʣʝʢʪʨʦʥʳ ʠʥʞʝʢʪʠʨʫʶʪʩʷ ʠʟʦʪʨʦʧʥʦ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ɾʈʀ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʢʘʢ ʩʚʝʨʪʢʘ 

ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʩ ʨʝʣʷʪʠʚʠʩʪʩʢʠʤ ʪʦʨʤʦʟʥʳʤ ʩʝʯʝʥʠʝʤ. ɺ ʩʣʫʯʘʝ 

ʘʥʠʟʦʪʨʦʧʥʦʡ ʠʥʞʝʢʮʠʠ ʩʪʝʧʝʥʴ ʧʦʣʷʨʠʟʘʮʠʠ ɾʈʀ ʚ ʦʩʥʦʚʘʥʠʷʭ ʧʝʪʣʠ ʥʠʟʢʘʷ, ʥʝ 

ʧʨʝʚʳʰʘʝʪ 8%. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʪʝʧʝʥʴ ʧʦʣʷʨʠʟʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʠʟ ʚʝʨʰʠʥʳ  ʚ ʥʘʯʘʣʝ 

ʠʥʞʝʢʮʠʠ ʜʦʩʪʠʛʘʝʪ -43% ʚ ʜʠʘʧʘʟʦʥʝ 30 ï 60 ʢʵɺ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʵʥʝʨʛʠʠ. 

ʉʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɾʈʀ ʧʦʣʫʯʘʶʪʩʷ 

ʜʣʷ ʠʟʦʪʨʦʧʥʦʡ ʠʥʞʝʢʮʠʠ ʵʣʝʢʪʨʦʥʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʩʩʯʠʪʘʥʥʘʷ ʩʪʝʧʝʥʴ ʧʦʣʷʨʠʟʘʮʠʠ 

ɾʈʀ ʠʟ ʚʝʨʰʠʥʳ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʠʣʴʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ: ʚ ʥʘʯʘʣʝ ʠʥʞʝʢʮʠʠ ʦʥʘ ʜʦʩʪʠʛʘʝʪ 

15-18% ʥʘ ʵʥʝʨʛʠʷʭ ʬʦʪʦʥʦʚ 30-90 ʢʵɺ, ʯʝʨʝʟ 5 ʩ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 0, ʘ ʟʘʪʝʤ, ʩʤʝʥʠʚ ʟʥʘʢ, 

ʚʦʟʨʘʩʪʘʝʪ ʜʦ 8%. ʇʨʠ ʵʪʦʤ ʚ ʦʩʥʦʚʘʥʠʷʭ ʧʝʪʣʠ ɾʈʀ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʣʷʨʠʟʦʚʘʥʦ. 

ʅʘʡʜʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ  ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʤʦʛʫʪ 

ʙʳʪʴ ʠʟʤʝʨʝʥʳ ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ ʪʝʣʝʩʢʦʧʘʤʠïʧʦʣʷʨʠʤʝʪʨʘʤʠ ʚ ʙʫʜʫʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʪʠʧʘ ʧʠʪʯ-ʫʛʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. 

 

 

ʅʆɺʓɽ ʅɸɹʃʖɼɽʅʀʗ ʊʆʅʂʆʁ ʉʊʈʋʂʊʋʈʓ ʈɸɼʀʆʀɿʃʋʏɽʅʀʗ ʉʆʃʅʎɸ  

ɺ ʐʀʈʆʂʆʄ ɼʀɸʇɸɿʆʅɽ ʏɸʉʊʆʊ 30 ï 7000 ʄɻʮ. 
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ʀɿʄʀʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʛ. ʊʨʦʠʮʢ, ʈʦʩʩʠʷ, gchernov@izmiran.ru 

 

ʅʦʚʳʝ ʥʘʙʣʶʜʝʥʠʷ ʠʤʝʶʪ ʦʯʝʥʴ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʚʝʨʢʠ ʨʘʟʣʠʯʥʳʭ ʪʝʦʨʠʡ 

ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʦʩʢʦʣʴʢʫ, ʥʘʧʨʠʤʝʨ, ʪʦʣʴʢʦ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʟʝʙʨʘ-

ʩʪʨʫʢʪʫʨʳ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʙʦʣʝʝ ʜʝʩʷʪʢʘ ʤʝʭʘʥʠʟʤʦʚ. ɿʜʝʩʴ ʤʳ ʦʙʩʫʞʜʘʝʤ ʷʚʣʝʥʠʷ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʛʦʜʘ ʨʘʩʪʫʱʝʛʦ ʮʠʢʣʘ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʩʧʝʢʪʨʦʛʨʘʬʘʭ 

ʢʠʪʘʡʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ Huairou (ʇʝʢʠʥ) ʚ ʜʠʘʧʘʟʦʥʝ 1 ï 7.6 ɻɻʮ ʠ ʩʧʝʢʪʨʦʛʨʘʬʝ ʀɿʄʀʈɸʅ 

ʚ ʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ (25 ï 270 ʄɻʮ). ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʷʚʣʝʥʠʷ 15 ʠ 24 

ʬʝʚʨʘʣʷ 2011ʛ. ɺ ʭʦʜʝ ʚʩʧʳʰʢʠ 15 ʬʝʚʨʘʣʷ (ʧʨʦʠʟʦʰʝʜʰʝʡ ʙʣʠʟʢʦ ʦʪ ʮʝʥʪʨʘ ʜʠʩʢʘ) ʟʝʙʨʘ-

ʩʪʨʫʢʪʫʨʘ ʥʘʙʣʶʜʘʣʘʩʴ ʚʦ ʚʨʝʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚʩʧʳʰʝʯʥʳʭ ʫʷʨʯʝʥʠʡ: ʩʥʘʯʘʣʘ ʥʘ 

ʩʘʤʳʭ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ 6.2-7.2 ɻɻʮ, ʯʝʨʝʟ ~ 11 ʤʠʥʫʪ ʚ ʜʠʘʧʘʟʦʥʝ 2.6-3.2 ɻɻʮ, ʝʱʝ ʯʝʨʝʟ 10 

ʤʠʥʫʪ ʚ ʜʠʘʧʘʟʦʥʝ 1.0-1.2 ɻɻʮ. ɺ ʧʝʨʚʳʭ ʜʚʫʭ ʩʣʫʯʘʷʭ ʧʦʣʷʨʠʟʘʮʠʷ ʙʳʣʘ ʩʠʣʴʥʦʡ ʣʝʚʦʛʦ 
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ʟʥʘʢʘ, ʘ ʚ ʧʦʩʣʝʜʥʝʤ ï ʫʤʝʨʝʥʥʦʡ ʧʨʘʚʦʛʦ ʟʥʘʢʘ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ ʫʜʘʝʪʩʷ 

ʦʙʲʷʩʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ʩʥʠʤʢʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʩʧʳʰʝʯʥʳʭ ʚʳʙʨʦʩʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʢʨʘʡʥʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʠʟʣʫʯʝʥʠʠ ʥʘ SDO AIA   (174 ɸ). ʇʦʩʣʝʜʥʠʡ ʚʳʙʨʦʩ ʧʨʦʠʟʦʰʝʣ ʚ 

ʜʨʫʛʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʩʪʦʨʦʥʫ ʭʚʦʩʪʦʚʦʛʦ ʧʷʪʥʘ, ʧʦʵʪʦʤʫ ʧʦʣʷʨʠʟʘʮʠʶ ʠʟʣʫʯʝʥʠʷ ʚʦ ʚʩʝʭ 

ʪʨʝʭ ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʦʙʳʢʥʦʚʝʥʥʦʡ ʚʦʣʥʦʡ. ʅʘ ʚʩʝʭ ʯʘʩʪʦʪʘʭ ʧʦʣʦʩʳ ʟʝʙʨʘ- 

ʩʪʨʫʢʪʫʨʳ ʦʙʥʘʨʫʞʠʚʘʣʠ ʤʠʣʣʠʩʝʢʫʥʜʥʫʶ ʩʚʝʨʭʩʪʨʫʢʪʫʨʫ. ʇʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʥʘʙʣʶʜʘʣʩʷ ʚʩʧʣʝʩʢ II ʪʠʧʘ ʚ ʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʟʝʙʨʘ-ʩʪʨʫʢʪʫʨʘ  

ʥʘʙʣʶʜʘʣʘʩʴ ʧʦʯʪʠ ʥʝʧʨʝʨʳʚʥʦ ʥʘ ʯʘʩʪʦʪʘʭ 190-220 ʄɻʮ (ʧʦ ʜʘʥʥʳʤ ʩʧʝʢʪʨʦʛʨʘʬʘ 

Culgoora).  ʗʚʣʝʥʠʝ 24 ʬʝʚʨʘʣʷ ʧʨʠʤʝʯʘʪʝʣʴʥʦ ʪʝʤ, ʯʪʦ ʟʝʙʨʘ-ʩʪʨʫʢʪʫʨʘ ʥʘ ʯʘʩʪʦʪʘʭ 2.6-3.8 

ɻɻʮ ʙʳʣʘ ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʦʡ, ʯʪʦ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʣʠʤʙʦʚʳʤ ʧʦʣʦʞʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʚʩʧʳʰʢʠ. ʆʜʥʘʢʦ ʤʠʣʣʠʩʝʢʫʥʜʥʘʷ ʩʚʝʨʭʩʪʨʫʢʪʫʨʘ ʙʳʣʘ ʩʠʣʴʥʦ ʚʳʨʘʞʝʥʘ. ɺʩʧʳʰʢʘ ʪʘʢʞʝ 

ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʚʩʧʣʝʩʢʦʤ II ʪʠʧʘ, ʥʦ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʢʦʥʪʠʥʫʫʤʝ ʟʝʙʨʘ ʩʪʨʫʢʪʫʨʘ ʥʝ 

ʦʙʥʘʨʫʞʠʚʘʣʘʩʴ (ʧʦ ʜʘʥʥʳʤ ʀɿʄʀʈɸʅ ʚ ʜʠʘʧʘʟʦʥʝ 25-270 ʄɻʮ). ʉʪʨʘʥʥʦ, ʯʪʦ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʦʢʘʟʘʣʘʩʴ ʩʠʣʴʥʝʝ ʚ ʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʚʦʣʥ. ʆʜʥʘʢʦ 

ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʥʘʙʣʶʜʘʝʤʳʝ ʵʬʬʝʢʪʳ ʚ ʨʘʤʢʘʭ ʨʘʟʣʠʯʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʟʝʙʨʘ-ʩʪʨʫʢʪʫʨʳ. ɸ ʪʘʢʞʝ ʧʨʦʚʝʨʠʪʴ ʨʝʘʣʴʥʦʩʪʴ ʩʣʘʙʦʚʳʨʘʞʝʥʥʦʡ 

ʟʝʙʨʘ-ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʯʝʥʴ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʢʦʥʪʠʥʫʫʤʘ ʚ ʩʘʤʦʤ ʢʦʥʮʝ ʷʚʣʝʥʠʷ. ɺ ʷʚʣʝʥʠʠ 9 

ʘʚʛʫʩʪʘ 2011 ʛ. ʩʚʝʨʭʪʦʥʢʘʷ ʤʠʣʣʠʩʝʢʫʥʜʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʧʝʨʚʳʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʙʳʩʪʨʳʭ ʧʫʣʴʩʘʮʠʷʭ ʠ ʥʘʣʦʞʝʥʥʳʭ ʥʘ ʥʠʭ ʧʦʣʦʩʘʭ ʟʝʙʨʘ-ʩʪʨʫʢʪʫʨʳ. ɺ 

ʷʚʣʝʥʠʠ 1 ʘʚʛʫʩʪʘ 2010 ʛ. ʇʦʩʣʝ ʟʝʙʨʘ-ʩʪʨʫʢʪʫʨʳ ʥʘʙʣʶʜʘʣʠʩʴ ʜʚʘ ʩʝʤʝʡʩʪʚʘ ʚʦʣʦʢʦʥ (fiber 

bursts) ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʯʘʩʪʦʪʥʳʤ ʜʨʝʡʬʦʤ ʩ ʩʠʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʧʨʘʚʦʛʦ ʟʥʘʢʘ. 

ʊʘʢʘʷ ʨʘʟʚʠʪʘʷ ʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘ ʯʘʩʪʦʪʭ 2.6-3.8 ɻɻʮ ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʪʦʣʴʢʦ ʩʝʢʫʥʜʥʳʤʠ 

ʧʫʣʴʩʘʮʠʷʤʠ ʚ ʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦ ʜʘʥʥʳʤ ʀɿʄʀʈɸʅ (25-270 ʄɻʮ). ʀ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, 

ʚʦʟʤʦʞʥʦ, ʪʘʢʞʝ ʩʳʛʨʘʣʘ ʨʦʣʴ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʠʟ ʜʘʣʝʢʦʡ ʚʦʩʪʦʯʥʦʡ ʦʙʣʘʩʪʠ. 19 

ʘʧʨʝʣʷ 2012 ʛ. ʥʘ ʩʧʝʢʪʨʦʛʨʘʬʝ ʀɿʄʀʈɸʅ ʥʘʙʣʶʜʘʣʠʩʴ ʚʦʣʦʢʥʘ ʥʘ ʬʦʥʝ ʚʩʧʣʝʩʢʦʚ III  ʪʠʧʘ. 

ɺ ʧʦʣʦʩʝ 42 ï 52 ʄɻʮ ʛʨʫʧʧʘ ʠʟ 9 ʤʝʜʣʝʥʥʦʜʨʝʡʬʫʶʱʠʭ ʫʟʢʦʧʦʣʦʩʥʳʭ (</~ 1 ʄɻʮ) ʚʦʣʦʢʦʥ 

ʦʙʨʘʟʫʝʪ ʫʥʠʢʘʣʴʥʳʡ ʚʩʧʣʝʩʢ II ʪʠʧʘ, ʨʘʩʱʝʧʣʝʥʥʳʡ ʥʘ ʦʪʜʝʣʴʥʳʝ ʧʦʣʦʩʢʠ. ʇʦʯʪʠ ʚʩʝ 

ʷʚʣʝʥʠʷ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʩʦʜʝʨʞʘʪ ʩʚʝʨʭʪʦʥʢʫʶ ʩʪʨʫʢʪʫʨʫ ʚ ʚʠʜʝ 

ʤʠʣʣʠʩʝʢʫʥʜʥʳʭ ʩʧʘʡʢʦʚ, ʠʟʣʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʧʝʨʚʠʯʥʳʤ. ɺʦʟʤʦʞʥʦ, ʯʪʦ 

ʢʘʞʜʳʡ ʚʠʜ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʟʙʫʞʜʘʝʪʩʷ ʦʜʥʠʤ ʤʝʭʘʥʠʟʤʦʤ, ʘ ʚʩʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʷʚʣʝʥʠʡ 

ʩʚʷʟʘʥʦ ʩ ʜʠʥʘʤʠʢʦʡ ʚʩʧʳʰʝʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

 

 

ɸʉʀʄʄɽʊʈʀʗ ʉɽɺɽʈ-ʖɻ ʇʃʆʊʅʆʉʊʀ ʈɸʉʇʈɽɼɽʃɽʅʀʗ f(B) 

ʅɸʇʈʗɾɽʅʅʆʉʊʀ B ʌʆʅʆɺʆɻʆ ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ ʉʆʃʅʎɸ 

 

ɺ.ʅ. ʆʙʨʠʜʢʦ, ɺ.ɽ. ʏʝʨʪʦʧʨʫʜ 

 

ʀɿʄʀʈɸʅ ʠʤ. ʅ.ɺ. ʇʫʰʢʦʚʘ ʈɸʅ, vechert@list.ru 

 

ʇʦ ʜʘʥʥʳʤ SOHO/MDI (ʝʞʝʜʥʝʚʥʳʡ ʨʷʜ ʢʘʨʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ B) ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʨʘʟʣʠʯʠʝ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ f(B) ʬʦʥʦʚʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ B ʚ 

ʨʘʟʥʳʭ ʧʦʣʫʰʘʨʠʷʭ ʉʦʣʥʮʘ. ʆʙʨʘʙʦʪʘʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʘʛʥʠʪʥʳʭ ʢʘʨʪ, 

ʦʭʚʘʪʳʚʘʶʱʘʷ 8-ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ 2003 ï 2011ʛʛ, ʢʦʛʜʘ ʢʘʤʝʨʘ SOHO 

ʧʝʨʠʦʜʠʯʝʩʢʠ ñʢʫʚʳʨʢʘʣʘʩʴñ (ʠʟʦʙʨʘʞʝʥʠʝ ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ ʉʦʣʥʮʘ ʢʘʞʜʳʝ 3 ʤʝʩʷʮʘ 

ʦʢʘʟʳʚʘʣʦʩʴ ʪʦ ʚ ʚʝʨʭʥʝʡ, ʪʦ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʘʤʝʨʳ). ʕʪʦʪ ʪʝʭʥʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠʩʧʦʣʴʟʦʚʘʥ 

ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʰʫʤʘ ʢʘʤʝʨʳ ʧʨʠ 

ʩʨʘʚʥʝʥʠʠ f(B) ʩʝʚʝʨʥʦʛʦ ʠ ʶʞʥʦʛʦ ʧʦʣʫʰʘʨʠʡ (fN(B) ʠ fS(B)). ɼʣʷ ʢʘʞʜʦʛʦ ʜʥʷ ʚ ʪʨʝʭ 

ʠʥʪʝʨʚʘʣʘʭ ʰʠʨʦʪ (0-30
ʦ
, 30-45

ʦ
, 45-70

ʦ
), ʦʪʜʝʣʴʥʦ ʜʣʷ ʩʝʚʝʨʥʦʛʦ ʠ ʶʞʥʦʛʦ ʧʦʣʫʰʘʨʠʡ 

ʉʦʣʥʮʘ ʚʳʯʠʩʣʝʥʘ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ f(B) ʚʝʣʠʯʠʥʳ B, ʦʧʨʝʜʝʣʝʥʥʘʷ ʩ ʰʘʛʦʤ 4.5 ɻʩ ʚ 

ʜʠʘʧʘʟʦʥʝ ʜʦ 300 ɻʩ. ʅʘʡʜʝʥʥʳʝ ʦʮʝʥʢʠ f ʫʩʨʝʜʥʝʥʳ ʥʘ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ, ʚʢʣʶʯʘʶʱʠʭ 

ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʦʨʤʘʣʴʥʳʭ ʠ ʧʝʨʝʚʝʨʥʫʪʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʉʦʣʥʮʘ. ɺ 
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ʢʘʯʝʩʪʚʝ ʠʥʜʝʢʩʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʩʝʚʝʨʦ-ʶʞʥʫʶ ʘʩʠʤʤʝʪʨʠʶ ʬʦʥʦʚʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʚʳʙʨʘʥʦ ʦʪʥʦʰʝʥʠʝ q(|B|)=fS(|B|)/fN(|B|), ʛʜʝ f(|B|) ï ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʜʫʣʷ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ B. ʈʘʩʩʤʦʪʨʝʥʳ ʪʘʢʞʝ ʦʪʥʦʰʝʥʠʷ ʩʝʚʝʨ-ʶʛ ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʦʣʝʡ q(B)+=fS(B)/fN(B) ʠ q(B)_=fS(-B)/fN(-B), ʛʜʝ B>0. ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ 2003ʛ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʘ ʘʩʠʤʤʝʪʨʠʠ ʬʦʥʦʚʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʛʦʜʦʚʳʝ 

ʦʮʝʥʢʠ q(|B|), q(B)+, q(B)_, ʢʦʪʦʨʳʝ ʫʩʨʝʜʥʷʣʠʩʴ ʚ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʘʭ |B|. ɼʣʷ 2003ʛ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʣʫʛʦʜʦʚʳʝ ʦʮʝʥʢʠ q(|B|), q(B)+, q(B)_, ʪ.ʢ. ñʢʫʚʳʨʢʘʥʠʝñ ʢʘʤʝʨʳ ʥʘʯʘʣʦʩʴ 

ʣʠʰʴ ʩ ʩʝʨʝʜʠʥʳ 2003ʛ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ f(B) ʬʦʥʦʚʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʟʘʚʠʩʠʪ ʦʪ ʬʘʟʳ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʰʠʨʦʪʳ. ʇʨʠ |B|>60 

ɻʩ ʥʘ ʥʠʟʢʠʭ ʰʠʨʦʪʘʭ (0-30
ʦ
) ʥʘʙʣʶʜʘʝʪʩʷ ʩʝʚʝʨʦ-ʶʞʥʘʷ ʘʩʠʤʤʝʪʨʠʷ ʧʣʦʪʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ f(B) ʬʦʥʦʚʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʦʢʘʟʘʪʝʣʴ q ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʝʜʠʥʠʮʳ ʠ ʨʝʛʫʣʷʨʥʦ ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʨʘʩʪʫʪ ʩ ʨʦʩʪʦʤ |B|, ʥʦ ʧʨʠ 

ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ |B| ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʩʪʨʫʢʪʫʨʫ, ʚʢʣʶʯʘʶʱʫʶ ʤʘʢʩʠʤʫʤ ʚ 2006ʛ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʤʠʥʠʤʫʤʦʤ ʚ 2009-2010ʛʛ. ʅʘ ʨʫʙʝʞʝ 2008-2009ʛʛ, ʪ.ʝ. ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʤʝʞʜʫ 

23 ʠ 24 ʩʦʣʥʝʯʥʳʤʠ ʮʠʢʣʘʤʠ, ʶʞʥʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (q>1) ʩʤʝʥʷʝʪʩʷ 

ʩʝʚʝʨʥʳʤ (q<1). ʇʨʠ ʵʪʦʤ q_ å q+ å q, ʪ.ʝ. ʠʟʤʝʥʝʥʠʷ q_ ʠ q+ ʧʦʜʦʙʥʳ ʠʟʤʝʥʝʥʠʷʤ q. ʅʝ 

ʠʩʢʣʶʯʝʥʘ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʪʘʢʦʡ ʘʩʠʤʤʝʪʨʠʝʡ ʠ ʜʠʥʘʤʦ-ʧʨʦʮʝʩʩʘʤʠ. 

ʇʨʠ |B|<60 ɻʩ ʧʨʝʦʙʣʘʜʘʶʪ ʩʦʣʥʝʯʥʳʝ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʰʫʤʳ ʠ ʧʦʢʘʟʘʪʝʣʴ q ʙʣʠʟʦʢ ʢ 

ʝʜʠʥʠʮʝ, ʘ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ sq, ʜʘʶʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʦʛʨʝʰʥʦʩʪʠ ʦʮʝʥʦʢ q, 

ʩʦʩʪʘʚʣʷʝʪ 1-2%. ʅʘ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ (45-70
ʦ
) ʧʨʠ |B|>100 ɻʩ ʩʢʘʟʳʚʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ 

ʧʦʣʷʨʥʦʛʦ ʧʦʣʷ. ɼʦ 2009ʛ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʦʮʝʥʢʠ q(B)+ ʠ q(B)_, ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʧʦʣʷʨʥʦʝ 

ʧʦʣʝ ʚ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʠ ʙʳʣʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʠʣʴʥʝʝ, ʯʝʤ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ, ʘ 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʧʦʣʝ ʩʠʣʴʥʝʝ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ, ʯʝʤ ʚ ʶʞʥʦʤ. ɼʦ 2009ʛ ʩʦʙʣʶʜʘʣʦʩʴ 

ʥʝʨʘʚʝʥʩʪʚʦ q+>q_, ʘ ʧʦʩʣʝ 2009ʛ ʦʥʦ ʩʤʝʥʠʣʦʩʴ ʥʘ ʦʙʨʘʪʥʦʝ ʥʝʨʘʚʝʥʩʪʚʦ q+<q_. ʕʪʠ 

ʵʬʬʝʢʪʳ ʩʦʧʦʩʪʘʚʠʤʳ ʚ ʙʦʣʝʝ ʩʣʘʙʳʭ (|B|=100-150 ɻʩ) ʠ ʙʦʣʝʝ ʩʠʣʴʥʳʭ (|B|=150-250 ɻʩ) 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ʅʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʰʠʨʦʪʘʭ (30-45
ʦ
) ʯʝʪʢʠʭ ʵʬʬʝʢʪʦʚ ʩʝʚʝʨʦ-ʶʞʥʘʷ 

ʘʩʠʤʤʝʪʨʠʷ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ f(B) ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ɸʚʪʦʨʳ ʧʨʠʟʥʘʪʝʣʴʥʳ ʢʦʣʣʝʢʪʠʚʫ 

ʩʦʪʨʫʜʥʠʢʦʚ SOHO/MDI ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ. ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʘʤʠ ʈʌʌʀ 

10-02-00960-ʘ ʠ 11-02-00259-ʘ. 

 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉʊʈʋʂʊʋʈʅʓʍ ʉɺʆʁʉʊɺ ʀ ɼʀʅɸʄʀʂʀ ɻʈʋʇʇ ʇʗʊɽʅ  

ɺ ʉʆʃʅɽʏʅʓʍ ɸʂʊʀɺʅʓʍ ʆɹʃɸʉʊʗʍ 

 

ʆ.ɺ. ʏʫʤʘʢ 

 

ɻɸʀʐ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, chumak@sai.msu.ru 

 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʧʷʪʥʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʩʦʣʥʝʯʥʳʭ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʷʭ  ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ 

ʨʘʤʢʘʭ ʤʦʜʝʣʠ çʩʧʘʛʝʪʪʠè ʇʘʨʢʝʨʘ, ʢʘʢ ʧʨʦʮʝʩʩ ʜʠʬʬʫʟʥʦʡ ʘʛʨʝʛʘʮʠʠ ʬʠʣʣʘʤʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʳʥʝʩʝʥʥʦʛʦ ʢʦʥʚʝʢʮʠʝʡ ʥʘ ʧʨʠʬʦʪʦʩʬʝʨʥʳʡ ʫʨʦʚʝʥʴ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʤʘʛʥʠʪʦʧʦʪʦʢʦʚʳʭ ʪʨʫʙʦʢ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ, ʩʠʣ ʤʘʛʥʠʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʠ ʩʣʫʯʘʡʥʳʭ ʩʠʣ, ʨʘʩʩʤʦʪʨʝʥʳ 

ʧʨʦʮʝʩʩʳ ʘʛʨʝʛʘʮʠʠ ʤʘʛʥʠʪʦʧʦʪʦʢʦʚʳʭ ʪʨʫʙʦʢ ʚ ʧʘʪʪʝʨʥʳ ʨʘʟʥʦʛʦ ʚʠʜʘ ʠ ʨʘʟʥʦʡ ʜʠʥʘʤʠʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʛʨʫʧʧ ʧʷʪʝʥ ʦʪ ʚʝʣʠʯʠʥʳ ʠ ʧʣʦʪʥʦʩʪʠ ʚʳʥʦʩʠʤʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʢʨʫʯʝʥʠʷ (twist) ʠ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ 

ʞʠʟʥʠ ʦʪʜʝʣʴʥʳʭ ʤʘʛʥʠʪʦʧʦʪʦʢʦʚʳʭ ʪʨʫʙʦʢ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʯʠʥʳ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʘʩʠʤʤʝʪʨʠʠ ʣʠʜʠʨʫʶʱʝʡ ʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡ ʧʦʣʷʨʥʦʩʪʷʤʠ. ʈʘʩʩʤʦʪʨʝʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʡ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʥʘ ʨʘʟʥʳʭ ʬʘʟʘʭ ʵʚʦʣʶʮʠʠ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ. 

ʉʜʝʣʘʥʳ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʩʥʦʚʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʚ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʷʭ. ʆʙʩʫʞʜʘʝʪʩʷ ʩʚʷʟʴ ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 

ʬʘʢʪʦʨʘ ʢʨʫʯʝʥʠʷ ʠ ʧʨʦʜʫʮʠʨʦʚʘʥʠʝʤ ʚʩʧʳʰʝʢ ʚ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʷʭ. ʏʠʩʣʝʥʥʦʝ 
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ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʜʠʬʬʫʟʥʦʡ ʘʛʨʝʛʘʮʠʠ ʬʠʣʣʘʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʤʘʛʥʠʪʥʦ ʧʦʣʷ ʘʢʪʠʚʥʦʡ 

ʦʙʣʘʩʪʠ ʩ ʥʦʚʳʤ ʧʦʷʚʣʷʶʱʠʤʩʷ ʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ. 

 

 

 

ʆ ɼɺʋʍ ʊʀʇɸʍ ʂʆʈʆʅɸʃʔʅʓʍ ɺʓɹʈʆʉʆɺ ʄɸʉʉʓ 

 

ʆ.ɸ. ʐʝʡʥʝʨ, ɺ.ʄ. ʌʨʠʜʤʘʥ 

 

ʅʀʈʌʀ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, rfj@nirfi .sci-nnov.ru 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʘʨʘʤʝʪʨʘʭ ʠ ʜʠʥʘʤʠʢʝ ʜʚʠʞʝʥʠʷ ʢʦʨʦʥʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ 

ʤʘʩʩʳ  (ʂɺʄ) ʧʦʣʫʯʘʶʪ ʩ ʢʦʨʦʥʦʛʨʘʬʦʚ, ʢʦʪʦʨʳʝ ʨʝʛʠʩʪʨʠʨʫʶʪ ʂɺʄ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ 

1,2 ʨʘʜʠʫʩʘ ʉʦʣʥʮʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʩʧʦʨʘʜʠʯʝʩʢʠʤ ʨʘʜʠʦʠʟʣʫʯʝʥʠʝʤ ʉʦʣʥʮʘ, 

ʢʦʪʦʨʦʝ ʚʦʟʥʠʢʘʝʪ ʚ ʧʝʨʠʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʦʪʨʳʚʘ ʠ ʥʘʯʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʂɺʄ, 

ʧʦʟʚʦʣʷʶʪ ʙʦʣʝʝ ʧʦʣʥʦ ʠʟʫʯʘʪʴ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʵʪʠʭ ʩʪʘʜʠʷʭ, ʧʨʠʯʝʤ, ʥʘ ʙʦʣʝʝ 

ʙʣʠʟʢʠʭ ʢ ʧʦʚʝʨʭʥʦʩʪʠ  ʉʦʣʥʮʘ ʚʳʩʦʪʘʭ ʧʝʨʝʭʦʜʥʦʛʦ ʩʣʦʷ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʳ ï 

ʭʨʦʤʦʩʬʝʨʳ ʠ ʥʠʞʥʝʡ ʢʦʨʦʥʳ, ʛʜʝ ʛʝʥʝʨʠʨʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʨʘʜʠʦʠʟʣʫʯʝʥʠʝ ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ 

ʠ ʜʝʮʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʦʚ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʵʪʠʭ  

ʷʚʣʝʥʠʡ. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʧʘʪʨʫʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʤʠʨʦʚʦʡ ʩʣʫʞʙʳ ʉʦʣʥʮʘ ʚ 

ʨʘʜʠʦʜʠʘʧʘʟʦʥʝ ʚ ʦʪʜʝʣʴʥʳʝ ʧʝʨʠʦʜʳ XXI -XXIII  ʮʠʢʣʦʚ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ, ʯʪʦ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʧʝʢʪʨʘʣʴʥʦ-ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʩʧʦʨʘʜʠʯʝʩʢʦʛʦ 

ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ, ʷʚʣʷʶʱʝʡʩʷ ʦʪʨʘʞʝʥʠʝʤ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ,  ʢʦʪʦʨʫʶ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ,  ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʚʝʩʪʥʠʢʘ ʢʦʨʦʥʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʤʘʩʩʳ, ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ 

ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʥʘ ʢʦʨʦʥʦʛʨʘʬʝ ʩʦʙʳʪʠʡ (ʫʛʣʦʚʦʡ 

ʨʘʩʢʨʳʚ, ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʡ ʪʠʧ). ʐʠʨʦʢʦʧʦʣʦʩʥʳʝ 

ʠʤʧʫʣʴʩʥʳʝ ʧʨʝʜʚʝʩʪʥʠʢʠ ʂɺʄ ʧʦʟʚʦʣʷʶʪ ʪʘʢʞʝ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ  ʦʧʨʝʜʝʣʷʪʴ 

ʤʦʤʝʥʪ ʦʪʨʳʚʘ ʂɺʄ ʠ ʦʙʱʝʝ ʥʘʯʘʣʦ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʝ ʉʦʣʥʮʘ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʂɺʄ  ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, 

ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʦʙʳʪʠʷʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʛʨʫʧʧʫ ʪʝʭ ʠʟ ʥʠʭ, ʧʝʨʝʜ ʢʦʪʦʨʳʤʠ 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʜʝʮʠʤʝʪʨʦʚʘʷ ʢʦʤʧʦʥʝʥʪʘ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ, ʣʠʙʦ ʦʥʘ ʧʨʝʚʘʣʠʨʫʝʪ  ʧʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʜ ʩʘʥʪʠʤʝʪʨʦʚʦʡ ʢʦʤʧʦʥʝʥʪʦʡ. ʉʚʷʟʴ ʛʨʫʧʧʳ ʵʪʠʭ ʩʦʙʳʪʠʡ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʂɺʄ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʠʤʝʶʪ 

ʥʝʙʦʣʴʰʦʡ ʫʛʦʣ ʨʘʩʢʨʳʚʘ (W ¢ 75Á) ʠ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (V ¢ 600 ʢʤ/ʩʝʢ.). ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʫʩʣʦʚʠʷʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʂɺʄ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʦʪʨʳʚ ʠ 

ʥʘʯʘʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʂɺʄ ʧʨʦʠʩʭʦʜʷʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʉʦʣʥʮʘ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʠʟʣʦʞʝʥʥʳʭ ʚʳʰʝ ʬʘʢʪʦʚ ʟʘʩʪʘʚʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ, ʥʘʨʷʜʫ ʩ 

ʙʦʣʴʰʠʥʩʪʚʦʤ ʂɺʄ, ʦʪʨʳʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʙʣʠʟʢʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʉʦʣʥʮʘ, ʠʤʝʝʪʩʷ 

ʢʣʘʩʩ ʩʦʙʳʪʠʡ, ʦʪʨʳʚ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʣʦʷʭ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʳ, ʯʪʦ 

ʚ ʠʪʦʛʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʭ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ (ʥʝʙʦʣʴʰʦʡ ʫʛʦʣ ʨʘʩʢʨʳʚʘ) ʠ 

ʥʠʟʢʠʝ ʥʘʯʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʋʢʘʟʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʜʚʫʤʷ ʢʣʘʩʩʘʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʟʘʨʦʞʜʝʥʠʝ ʠ 

ʥʘʯʘʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʦʨʦʥʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʤʘʩʩʳ.  
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ʆʇʊʀʄʀɿɸʎʀʗ ɺʋʌ ʉʇɽʂʊʈʆɻɽʃʀʆɻʈɸʌʆɺ ɼʃʗ ɸʇʇɸʈɸʊʋʈʓ  

ʂʆʈʊɽʉ ʅɸ ʄʂʉ 

 

ʉ.ɺ. ʐʝʩʪʦʚ 
1
, ʉ.ɺ. ʂʫʟʠʥ 

1
, ɼ.ɻ. ʃʠʙʝʨʟʦʥ 

2
, ɸ.ʄ. ɸʣʠʤʦʚ

3
 

 
1 
ʌʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʇ. ʅ. ʃʝʙʝʜʝʚʘ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

1,2 
ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʪʠʪʝʪ),  

  ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
3 
ʆɸʆ çʈʂʂ çʕʥʝʨʛʠʷè, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɺ ʌʠʟʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʠʤ. ʇ. ʅ. ʃʝʙʝʜʝʚʘ ʈɸʅ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʘʧʧʘʨʘʪʫʨʘ çʂʦʨʪʝʩè 

ʜʣ̫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʨʦʥʳ ʉʦʣʥʮʘ ʚ EUV ʜʠʘʧʘʟʦʥʝ ʩ ʨʘʟʤʝʱʝʥʠʝʤ ʥʘ ʄʂʉ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʂʦʨʪʝʩ ʷʚʣʷʝʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘʤʠ EUV 

ʘʩʪʨʦʥʦʤʠʠ (ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ) ʘ ʪʘʢʞʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʚʩʧʳʰʝʢ ʚ 

SXR ʠ EUV ʜʠʘʧʘʟʦʥʝ. ɸʧʧʘʨʘʪʫʨʘ ʂʦʨʪʝʩ ʙʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʩʝʛʤʝʥʪʝ ʄʂʉ 

ʥʘ ʜʚʫʭʦʩʥʦʡ ʧʦʚʦʨʦʪʥʦʡ ʧʣʘʪʬʦʨʤʝ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘʚʝʜʝʥʠʝ ʥʘ ʉʦʣʥʮʝ ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦ 10 ʫʛʣ. ʄʠʥ. ʇʣʘʥʠʨʫʝʪʩʷ ʨʝʘʣʠʟʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʩʠʩʪʝʤʫ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʪʝʣʝʩʢʦʧʦʚ, ʛʜʝ ʩʪʘʙʠʣʠʟʘʮʠʷ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʧʦʚʦʨʦʪʦʤ ʚʪʦʨʠʯʥʦʛʦ ʟʝʨʢʘʣʘ. ɺ ʩʦʩʪʘʚ 

ʘʧʧʘʨʘʪʫʨʳ ʂʦʨʪʝʩ ʙʫʜʫʪ ʚʭʦʜʠʪʴ ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ ʪʝʣʝʩʢʦʧʳ ʩ ȹɚ~5-30 ¡ (ʜʣʷ ʨʘʙʦʯʠʭ 

ʜʠʘʧʘʟʦʥʦʚ 171, 304 ʠ 584 ¡), ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʩʧʝʢʪʨʦʤʝʪʨ ʥʘ ʜʠʘʧʘʟʦʥʳ ʵʥʝʨʛʠʡ 1.5-15 ʢʵɺ ʠ 

ʩʧʝʢʪʨʦʛʝʣʠʦʛʨʘʬʳ ʥʘ ʜʠʘʧʘʟʦʥʳ 170-210, 240-290 ʠ 280-330 ¡. ɸʥʘʣʦʛʠʯʥʳʝ 

ʩʧʝʢʪʨʦʛʝʣʠʦʛʨʘʬʳ ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʣʠ ʥʘ ʩʧʫʪʥʠʢʝ ʂʆʈʆʅɸʉ-ʌ, ʘ ʧʦʣʫʯʝʥʥʳʝ ʠʤʠ ʜʘʥʥʳʝ 

(ʚ ʯʘʩʪʥʦʩʪʠ, ʩʧʝʢʪʨʳ ʤʦʱʥʳʭ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ) ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ. 

ʆʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. ʉʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ ʧʨʦʭʦʜʠʪ ʚʭʦʜʥʦʡ ʬʠʣʴʪʨ, 

ʧʦʧʘʜʘʝʪ ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʨʝʰʝʪʢʫ ʧʦʜ ʫʛʣʦʤ ʩʢʦʣʴʞʝʥʠʷ ~1.5 Á, ʜʠʬʨʘʛʠʨʫʝʪ, ʧʦʩʣʝ ʯʝʛʦ 

ʬʦʢʫʩʠʨʫʝʪʩʷ ʤʥʦʛʦʩʣʦʡʥʳʤ ʟʝʨʢʘʣʦʤ ʥʘ ʜʝʪʝʢʪʦʨʝ. ɺ ʪʘʢʦʡ ʩʭʝʤʝ ʥʘ ʜʝʪʝʢʪʦʨʝ ʩʪʨʦʠʪʩʷ 

ʩʝʨʠʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩʦʣʥʝʯʥʦʛʦ ʜʠʩʢʘ ʚ ʦʪʜʝʣʴʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʷʭ 

ʜʠʘʧʘʟʦʥʘ. ʂʦʥʢʨʝʪʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʜʠʘʧʘʟʦʥʳ 170-210, 240-290 ʠ 280-330 ¡ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʩ ʫʯʝʪʦʤ ʥʘʫʯʥʳʭ ʟʘʜʘʯ ʘʧʧʘʨʘʪʫʨʳ ï ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ ʢʦʨʦʥʘʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʜʠʘʧʘʟʦʥʝ 170-210 ¡ ʥʘʭʦʜʠʪʩʷ ʤʥʦʛʦ ʣʠʥʠʡ ʞʝʣʝʟʘ ʨʘʟʣʠʯʥʦʡ 

ʩʪʝʧʝʥʠ ʠʦʥʠʟʘʮʠʠ ï Fe XI, Fe XII , Fe XIII , Fe XXIV  ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʠʦʥʳ. ɺ 

ʜʠʘʧʘʟʦʥʝ 240-290 ɸ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ, ʚ 

ʦʩʥʦʚʥʦʤ ʞʝʣʝʟʘ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʠʦʥʠʟʘʮʠʠ, ʦʜʥʘʢʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʞʝ Ni XVII , Si VII , 

VIII , X ʠ ʜʨʫʛʠʝ. ʅʘ ʜʠʘʧʘʟʦʥ 280-330 ¡ ʧʨʠʭʦʜʠʪʩʷ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʠʦʥʦʚ, 

ʥʘʧʨʠʤʝʨ Si VIII , IX, XI, Mg VIII , Ni XVIII , Ca XVIII , Fe XI,XII , XIII , XIV , XV,XVII , S XII  ʠ 

ʜʨ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʩʧʝʢʪʨʳ ʦʪʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʪʠʭ 

ʜʠʘʧʘʟʦʥʘʭ, ʧʦʟʚʦʣʷʪ ʦʧʨʝʜʝʣʷʪʴ ʮʝʣʳʡ ʨʷʜ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ, ʪʘʢʠʭ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʠ 

ʧʣʦʪʥʦʩʪʴ. ʂʘʢ ʧʦʢʘʟʘʣ ʦʧʳʪ ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʦʙʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʢʨʘʡʥʝ ʞʝʣʘʪʝʣʴʥʦ ʠʤʝʪʴ 

ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʘʧʧʘʨʘʪʫʨʳ (ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʜʠʥʘʤʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ), ʚʳʩʦʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 

(ʯʪʦʙʳ ʙʳʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʢʦʨʦʥʝ ʉʦʣʥʮʘ) ʠ 

ʩʧʝʢʪʨʘʣʴʥʦʝ. ɺʦʟʤʦʞʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʭʝʤʳ ʷʚʣʷʶʪʩʷ ʧʦʜʙʦʨ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ ʩ ʥʫʞʥʳʤ ʧʨʦʬʠʣʝʤ ʰʪʨʠʭʘ ʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʢʨʳʪʠʝʤ. 

ʌʦʢʫʩʠʨʫʶʱʝʝ ʟʝʨʢʘʣʦ ʤʦʞʝʪ ʙʳʪʴ ʘʩʬʝʨʠʟʦʚʘʥʦ ʠʣʠ ʟʘʤʝʥʝʥʦ ʥʘ ʜʚʫʭʟʝʨʢʘʣʴʥʳʡ ʦʙʲʝʢʪʠʚ 

ʈʠʯʠ-ʂʨʝʪʴʝʥʘ. ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʥʘʫʯʥʳʝ ʟʘʜʘʯʠ ʘʧʧʘʨʘʪʫʨʳ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʧʝʢʪʨʦʛʝʣʠʦʛʨʘʬʦʚ, ʧʫʪʠ ʦʧʪʠʤʠʟʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  
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ʉʆʃʅʎɸ ʇʈʀ ʄʅʆɻʆɺʆʃʅʆɺʓʍ ʅɸɹʃʖɼɽʅʀʗʍ  

 

ʖ.ʉ. ʐʫʛʘʡ ʠ ʀ.ʉ. ɺʝʩʝʣʦʚʩʢʠʡ 

 

ʅʀʀʗʌ ʄɻʋ, ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, ishugai@srd.sinp.msu.ru 

 

ʅʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʉʦʣʥʮʘ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʢʨʘʡʥʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʠʟʣʫʯʝʥʠʠ, ʯʘʩʪʦ 

ʚʠʜʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʤʥʳʝ ʦʙʲʝʢʪʳ ʨʘʟʣʠʯʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ, ʢʦʪʦʨʳʝ ʠʥʦʛʜʘ ʣʝʛʢʦ 

ʩʧʫʪʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʩʨʘʚʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʨʦʥʘʣʴʥʳʭ ʜʳʨ (ʂɼ), ʢʘʥʘʣʦʚ ʚʦʣʦʢʦʥ ʠ çʪʝʤʥʳʭ ʦʙʣʘʩʪʝʡè ʚʦʢʨʫʛ 

ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʧʦ ʠʟʦʙʨʘʞʝʥʠʷʤ ʩʦʣʥʝʯʥʦʛʦ ʜʠʩʢʘ, ʧʦʣʫʯʘʝʤʳʤ ʩ SDO/AIA ʚ ʨʘʟʥʳʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʠ ʧʦ ʜʘʥʥʳʤ  ʬʦʪʦʩʬʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ SDO/HMI. ɹʳʣʦ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʝʙʦʣʴʰʠʝ ʦʙʦʩʦʙʣʝʥʥʳʝ ʂɼ ʤʦʛʫʪ ʠʤʝʪʴ ʩʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʬʦʪʦʩʬʝʨʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʜʨʫʛʠʤʠ ʦʙʲʝʢʪʘʤʠ ʧʦʥʠʞʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʥʘʙʣʶʜʘʝʤʳʤʠ ʚ ʣʠʥʠʠ 

171¡ (SDO/AIA) ʠʣʠ 174¡ (PROBA2/SWAP). ʕʪʦʪ ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʥʝʩʝʪ ʚʘʞʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʣʘʩʪʠ ʧʝʨʝʭʦʜʥʦʛʦ ʩʣʦʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 0.5 ʜʦ 1 ʄʂ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʣʠʥʠʠ 171¡ (174¡), ʢʘʥʘʣʳ ʩʦʣʥʝʯʥʳʭ ʚʦʣʦʢʦʥ ʤʦʛʫʪ ʠʤʝʪʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʨʘʟʤʝʨ, ʩʭʦʜʥʳʡ ʩ ʥʝʙʦʣʴʰʠʤʠ ʂɼ. ʇʦʵʪʦʤʫ ʵʪʠ ʦʙʲʝʢʪʳ ʥʝʚʦʟʤʦʞʥʦ 

ʦʪʣʠʯʠʪʴ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʪʦʣʴʢʦ ʦʙ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʠʠ ʠ 

ʨʘʟʤʝʨʝ. ʇʦʜʦʙʥʳʝ ʧʨʦʙʣʝʤʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʥʘ ʜʨʫʛʠʭ ʜʣʠʥʘʭ ʚʦʣʥ, 

ʥʘʧʨʠʤʝʨ 193 ʠ 211¡, ʥʦ ʚ ʦʯʝʥʴ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ, ʪʦʛʜʘ ʢʘʢ ʟʘ 2010 ʛʦʜ ʩʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ 

ʚʦʣʦʢʦʥ, ʦʰʠʙʦʯʥʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʘʢ ʂɼ, ʩʦʩʪʘʚʠʣʘ 25% ʦʪ ʨʝʘʣʴʥʦʡ 

ʧʣʦʱʘʜʠ ʂɼ ʧʦ ʠʟʦʙʨʘʞʝʥʠʷʤ ʚ ʣʠʥʠʠ 174 ¡ ʩ ʂɸ PROBA2/SWAP. ɼʨʫʛʦʡ ʦʙʲʝʢʪ 

ʧʦʥʠʞʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʩʨʘʚʥʠʤʘ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʂɼ ʚ ʜʠʘʧʘʟʦʥʝ 174 ¡, ï 

ʵʪʦ çʪʝʤʥʳʝ ʦʙʣʘʩʪʠè, ʚʠʜʠʤʳʝ ʦʢʦʣʦ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ. ʊʘʢʠʝ ʦʙʣʘʩʪʠ ʠʤʝʶʪ ʙʦʣʴʰʫʶ, 

ʯʝʤ ʂɼ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʣʠʥʠʷʭ 193 ʠʣʠ 211¡ ʥʘ SDO/AIA. ɺ 

ʨʘʙʦʪʝ [1] ʦʥʠ ʥʘʟʚʘʥʳ ñdark canopiesò ʠ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ ʦʙʣʘʩʪʠ ʩʤʝʰʘʥʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʧʦʣʷʨʥʦʩʪʠ. ʈʘʟʣʠʯʠʝ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʦʚ ʧʦʥʠʞʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

[1]. Y.-M. Wang, E. Robbrecht, K. Muglach The evolution of dark canopies around active regions 

// The Astrophysical Journal, 733, 20-27, 2011. 

 

http://iopscience.iop.org/0004-637X/733/1/20/
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ɺ ɸʊʄʆʉʌɽʈɽ ʉʆʃʅʎɸ 

 

ʃ.ʄ. ʗʢʫʰʠʥ  

 

ʈʦʩʩʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠʤ. ʀ.ʄ. ɻʫʙʢʠʥʘ,  

ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, lmyakushin3709@mai.ru 

 

ʆʙʩʫʞʜʘʶʪʩʷ ʚʦʧʨʦʩʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʤʠʥʠʤʫʤʘ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʳ ʥʘ ʛʨʘʥʠʮʝ ʬʦʪʦʩʬʝʨʘ ï ʭʨʦʤʦʩʬʝʨʘ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ 

ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʙʦʪʘʭ 

ɻʶʡʛʝʥʩʘ, ʌʨʝʥʝʣʷ ʆ.ɾ., ʗʨʢʦʚʩʢʦʛʦ ʀ.ʆ., ɸʮʶʢʦʚʩʢʦʛʦ ɺ.ɸ., ɹʣʠʥʦʚʘ ɺ.ʄ. ʠ ʘʚʪʦʨʘ. ʉ 

ʥʦʚʳʭ ʧʦʟʠʮʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʝʥʠʝ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʦʡ 

ʬʠʟʠʢʠ.  
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ʄʆɼɽʃʔ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀʗ ʋʃʔʊʈɸ ʀ ʉɺɽʈʍ ʅʀɿʂʆʏɸʉʊʆʊʅʓʍ 

ʉʀɻʅɸʃʆɺ ɺ ɺʆʃʅʆɺʆɼɽ ɿɽʄʃʗ Ƅ ʀʆʅʆʉʌɽʈɸ, ʆʉʅʆɺɸʅʅɸʗ ʅɸ 

ʏʀʉʃɽʅʅʆʄ ʈɽʐɽʅʀʀ ʋʈɸɺʅɽʅʀʁ ʄɸʂʉɺɽʃʃɸ ʉ ʋʏɽʊʆʄ 

ʈɽɸʃʀʉʊʀʏʅʆʁ ʊɽʅɿʆʈʅʆʁ ʇʈʆɺʆɼʀʄʆʉʊʀ ʀʆʅʆʉʌɽʈʓ 

 

ʆ.ʀ. ɸʭʤʝʪʦʚ, ʀ.ɺ. ʄʠʥʛʘʣʝʚ, ʆ.ɺ. ʄʠʥʛʘʣʝʚ, ʖ.ɺ. ʌʝʜʦʨʝʥʢʦ,  

ɺ.ʉ. ʄʠʥʛʘʣʝʚ, ʆ.ʄ. ʃʝʙʝʜʴ 

 

ʇɻʀ ʂʅʎ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ, mingalev_o@pgia.ru, akhmetov@pgia.ru 

 

ʅʘʯʠʥʘʷ ʩ 1994 ʛʦʜʘ ʟʘ ʨʫʙʝʞʦʤ ʦʧʫʙʣʠʢʦʚʘʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʥʠʞʥʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʢʦʥʝʯʥʦïʨʘʟʥʦʩʪʥʦʡ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʝʪʢʝ ʩʦ 2-ʤ ʧʦʨʷʜʢʦʤ ʪʦʯʥʦʩʪʠ. 

ʊʘʢʠʝ ʤʦʜʝʣʠ ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ FDTDïmodels. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʢʘʢ ʣʦʢʘʣʴʥʳʝ ʤʦʜʝʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʪʨʝʟʢʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ, ʪʘʢ ʠ 

ʛʣʦʙʘʣʴʥʳʝ FDTDïʤʦʜʝʣʠ ʜʣʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʩʠʛʥʘʣʦʚ. ʀʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʥʘʫʯʥʳʭ ʛʨʫʧʧ, 

ʢʦʪʦʨʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʪ ʩʚʦʠ ʚʝʨʩʠʠ ʛʣʦʙʘʣʴʥʳʭ ʤʦʜʝʣʝʡ. ɸʚʪʦʨʘʤʠ 

ʨʘʟʨʘʙʦʪʘʥʘ ʛʣʦʙʘʣʴʥʘʷ 3-ʤʝʨʥʘʷ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʣʴʪʨʘ ʠ ʩʚʝʨʭ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ  ʩʠʛʥʘʣʦʚ (ʥʠʞʝ 100 ɻʮ) ʩ ʤʘʣʦʡ ʘʤʧʣʠʪʫʜʦʡ ʚ ʚʦʣʥʦʚʦʜʝ  ɿʝʤʣʷï

ʠʦʥʦʩʬʝʨʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʘʟʥʦʩʪʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʟʘʨʫʙʝʞʥʳʤʠ ʛʣʦʙʘʣʴʥʳʤʠ FDTDïʤʦʜʝʣʷʤʠ ʚʧʝʨʚʳʝ ʫʯʠʪʳʚʘʝʪʩʷ ʨʝʘʣʠʩʪʠʯʥʘʷ ʪʝʥʟʦʨʥʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʠʦʥʦʩʬʝʨʳ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʳ ʤʝʥʴʰʠʝ ʰʘʛʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʝʪʢʠ,  

ʨʝʘʣʠʩʪʠʯʥʦʝ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʥʘ ʛʨʘʥʠʮʝ ʘʪʤʦʩʬʝʨʘïʣʠʪʦʩʬʝʨʘ, ʘ ʪʘʢʞʝ ʥʦʚʘʷ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʘʷ ʤʝʪʦʜʠʢʘ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ. ɹʳʣ ʚʳʧʦʣʥʝʥ ʥʘʙʦʨ 

ʨʘʟʨʷʜʘ ʤʦʣʥʠʠ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʩ ʠʤʝʶʱʠʤʠʩʷ ʚ ʇɻʀ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʢʦʪʦʨʦʝ ʦʙʥʘʨʫʞʠʣʦ ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʥʠʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʫʯʝʥʘ ʥʘʙʣʶʜʘʝʤʘʷ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʟʘʚʠʩʠʤʦʩʪʴ ʩʠʛʥʘʣʦʚ ʦʪ ʚʨʝʤʝʥʠ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʠ ʟʘʪʫʭʘʥʠʝ ʘʥʪʠʧʦʜʥʦʛʦ 

(ʦʙʦʰʝʜʰʝʛʦ ʚʦʢʨʫʛ ɿʝʤʣʠ) ʩʠʛʥʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʷʤʳʤ ʩʠʛʥʘʣʦʤ, ʘ ʪʘʢʞʝ ʩʦʚʧʘʜʘʶʱʘʷ 

ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʨʘʟʣʠʯʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʥʘ ʜʥʝʚʥʦʡ ʠ 

ʥʘ ʥʦʯʥʦʡ ʩʪʦʨʦʥʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʧʦʣʥʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʪʝʥʟʦʨʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʠʞʥʝʡ ʠʦʥʦʩʬʝʨʳ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʝʸ ʭʦʣʣʦʚʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ, ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʛʥʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ. ʉʦʟʜʘʥʠʝ 

ʤʦʜʝʣʠ ʦʪʢʨʳʚʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʩʦʩʪʦʷʥʠʷ ʥʠʞʥʝʡ 

ʚʳʩʦʢʦʰʠʨʦʪʥʦʡ ʠʦʥʦʩʬʝʨʳ ʧʦ ʜʘʥʥʳʤ ʥʘʟʝʤʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʨʘʜʠʦʪʨʘʩʩʝ ʜʣʠʥʦʡ 1300 ʢʤ 

ʤʝʞʜʫ ɹʘʨʝʥʮʙʫʨʛʦʤ (ʥʘ ʦ. ʐʧʠʮʙʝʨʛʝʥ) ʠ ʃʦʚʦʟʝʨʦ (ʥʘ ʂʦʣʴʩʢʦʤ ʧ-ʚʝ). 

 

ɻɽʅɽʈɸʎʀʗ ʕʃɽʂʊʈʆʉʊɸʊʀʏɽʉʂʆɻʆ ʂʅʏ ʐʋʄɸ ʃʆʂɸʃʀɿʆɺɸʅʅʓʄʀ  

ʕʃɽʂʊʈʀʏɽʉʂʀʄʀ ʇʆʃʗʄʀ ʀ ʇʈʆɼʆʃʔʅʓʄʀ ʊʆʂɸʄʀ 

 

ʀ.ɺ. ɻʦʣʦʚʯʘʥʩʢʘʷ, ɹ.ɺ. ʂʦʟʝʣʦʚ, ʆ.ɺ. ʄʠʥʛʘʣʸʚ 

 

ʇɻʀ ʂʅʎ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ, golovchanskaya@pgia.ru 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʣʴʚʝʥʦʚʩʢʘʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʚ ʠʦʥʦʩʬʝʨʝ ʘʚʨʦʨʘʣʴʥʦʡ ʟʦʥʳ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʟʚʠʪʠʝʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʂʅʏ ʰʫʤʘ. ɽʛʦ ʦʩʦʙʝʥʥʦʩʪʠ (ʚʦʟʙʫʞʜʝʥʠʝ 
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ʧʨʠ ʩʫʙʢʨʠʪʠʯʝʩʢʦʤ ʧʨʦʜʦʣʴʥʦʤ ʪʦʢʝ, ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʩʧʝʢʪʨ, ʭʘʨʘʢʪʝʨ ʩʝʟʦʥʥʦʡ ʚʘʨʠʘʮʠʠ 

ʠ ʜʨ.) ʥʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʝʡ ʛʝʥʝʨʘʮʠʠ EIC ʚʦʣʥ [Kindel and Kennel, 1971]. 

ɹʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʝʦʨʠʠ, ʚ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ 

ʂʅʏ ʰʫʤʘ ʠʛʨʘʶʪ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʧʦʧʝʨʝʯʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ (ʩʜʚʠʛʠ ʩʢʦʨʦʩʪʠ 

ʢʦʥʚʝʢʮʠʠ). ɼʦ ʩʠʭ ʧʦʨ ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʝʣʦʢʘʣʴʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ  ʣʠʰʴ ʜʣʷ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʭ ʬʦʥʦʚʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʜʘʣʸʢʠʭ ʦʪ ʨʝʘʣʴʥʦʩʪʠ 

(ʥʘʧʨʠʤʝʨ, [Reynolds and Ganguli, 1998]). ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʥʦʚʳʭ ʧʦʣʝʡ 

ʠ ʧʨʦʜʦʣʴʥʳʭ ʪʦʢʦʚ ʟʘʜʘʶʪʩʷ ʠʟ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʥʝʫʩʪʦʡʯʠʚʳʝ 

ʨʝʰʝʥʠʷ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʥʘʙʣʶʜʝʥʠʷʤʠ. 

 

 

ɺʃʀʗʅʀɽ ʄʆʑʅʆɻʆ ʈɸɼʀʆʀɿʃʋʏɽʅʀʗ ʉʊɽʅɼɸ çʉʋʈɸè ʅɸ ʆʇʊʀʏɽʉʂʆɽ 

ʉɺɽʏɽʅʀɽ ʀʆʅʆʉʌɽʈʓ ɺ ʂʈɸʉʅʆʁ (630 ʅʄ) ʀ ɿɽʃɽʅʆʁ (557,7 ʅʄ) ʃʀʅʀʗʍ 

ɸʊʆʄɸʈʅʆɻʆ ʂʀʉʃʆʈʆɼɸ  
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1,2
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ɽ.ʅ. ʉʝʨʛʝʝʚ
2
, ʅ.ɸ. ʇʦʛʦʨʝʣʢʦ

1
, ɼ.ɸ. ʀʚʘʥʦʚ

1
, ɺ.ɸ. ʗʰʥʦʚ

1  

 

1 
ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ,  

  ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, sgrach@rf.unn.ru 
2 
ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, 

3 
ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʈɸʅ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

4 
ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛ. ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

5 
ʀʥʩʪʠʪʫʪ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʦʡ ʬʠʟʠʢʠ ʉʠʙ. ʦʪʜ. ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʤʦʜʠʬʠʢʘʮʠʠ ʠʦʥʦʩʬʝʨʳ 

ʤʦʱʥʳʤ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷʤ ʩʪʝʥʜʘ çʉʫʨʘè ʥʘ ʦʧʪʠʯʝʩʢʦʝ ʩʚʝʯʝʥʠʝ ʥʦʯʥʦʛʦ ʥʝʙʘ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʨʠʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪ ʠʦʥʦʩʬʝʨʳ ʚʦʟʜʝʡʩʪʚʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʯʘʩʪʦʪʘʭ f0 = 

4.3-5.6 ʄɻʮ. ʀʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʩʚʝʯʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 2010-2012 ʛʛ.  ʚ ʢʨʘʩʥʦʡ (630 

ʥʤ) ʠ ʟʝʣʝʥʦʡ (557,7 ʥʤ) ʣʠʥʠʷʭ  ʘʪʦʤʘʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʣʫʯʝʥʠʝʤ ʫʨʦʚʥʝʡ 

O(
1
D) ʠ O(

1
S) ʩ ʵʥʝʨʛʠʷʤʠ ʚʦʟʙʫʞʜʝʥʠʷ 1.96 ʠ 4.17 ʵɺ ʠ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ Űl = 107 ʩ ʠ 0.7 ʩ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʥʘʙʣʶʜʝʥʠʷʤ ʩʚʝʯʝʥʠʷ ʚ ʢʨʘʩʥʦʡ ʣʠʥʠʠ, 

ʦʙʣʘʜʘʶʱʝʡ ʤʝʥʴʰʝʡ ʵʥʝʨʛʠʝʡ ʚʦʟʙʫʞʜʝʥʠʷ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ 

ʩʣʝʜʫʶʱʝʝ. (ʘ) ʇʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʩʪʝʥʜʘ ʥʘ ʠʦʥʦʩʬʝʨʫ ʦʙʣʘʩʪʴ ʩʚʝʯʝʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʣʦʩ (ʩʪʨʘʪ) ʩ ʧʦʧʝʨʝʯʥʳʤ ʫʛʣʦʚʳʤ ʨʘʟʤʝʨʦʤ 1-2Á, 

ʚʳʪʷʥʫʪʳʭ ʥʘ 6-8Á ʚʜʦʣʴ ʧʨʦʝʢʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʢʘʨʪʠʥʥʫʶ ʧʣʦʩʢʦʩʪʴ 

ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʇɿʉ-ʢʘʤʝʨʳ. ʊʘʢʘʷ ʢʘʨʪʠʥʘ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʫʨʦʚʥʷʭ ʷʨʢʦʩʪʠ ʩʚʝʯʝʥʠʷ, ʥʝ 

ʧʨʝʚʳʰʘʶʱʠʭ 15 ʈʣ. ʇʨʠ ʙʦʣʴʰʝʡ ʷʨʢʦʩʪʠ ʩʪʨʘʪʠʬʠʢʘʮʠʷ ʧʷʪʥʘ ʩʚʝʯʝʥʠʷ ʩʣʘʙʦ ʨʘʟʣʠʯʠʤʘ 

ʥʘ ʩʥʠʤʢʘʭ, ʠ ʧʷʪʥʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʚʝʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʠʟʦʪʨʦʧʥʳʤ. ɼʣʷ ʚʳʩʦʪ 

ʦʪʨʘʞʝʥʠʷ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʚ ʠʦʥʦʩʬʝʨʝ ʧʦʨʷʜʢʘ 250 ʢʤ ʦʙʣʘʩʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʚʝʯʝʥʠʷ 

ʨʘʩʧʦʣʦʞʝʥʘ ʚʙʣʠʟʠ ʮʝʥʪʨʘ ʧʨʤ̫ʦʣʠʥʝʡʥʦʡ ʧʨʦʝʢʮʠʠ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩʪʝʥʜʘ ʥʘ 

ʥʝʙʦʩʚʦʜ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʩrʦʪʳ ʦʪʨʘʞʝʥʠʷ ʧʷʪʥʦ ʩʚʝʯʝʥʠʷ ʩʤʝʱʘʝʪʩʷ ʢ ʩʝʚʝʨʫ, ʩʤʝʱʝʥʠʝ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 6-8Á. (ʙ) ʇʨʠ ʥʘʢʣʦʥʝ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩʪʝʥʜʘ ʥʘ ʶʛ ʚ ʧʣʦʩʢʦʩʪʠ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʤʝʨʠʜʠʘʥʘ ʥʘ 12-16Á ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝʤ ʩʪʝʥʜʘ ʩʚʝʯʝʥʠʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʟʝʥʠʪʘ, ʧʦʜ ʫʛʣʦʤ ʟʨʝʥʠʷ 18-19Á, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʛʣʘ ʥʘʢʣʦʥʘ. (ʚ) ɺʦ ʚʨʝʤʷ ʧʦʩʣʝʟʘʭʦʜʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ ʠʦʥʦʩʬʝʨʳ ʜʦ 

ʟʥʘʯʝʥʠʡ, ʧʨʝʚʳʰʘʶʱʠʭ ʨʘʙʦʯʫʶ ʯʘʩʪʦʪʫ ʩʪʝʥʜʘ ʥʝ ʙʦʣʝʝ, ʯʝʤ ʥʘ 0,5 ʄɻʮ, ʥʘʙʣʶʜʘʣʘʩʴ 

çʩʤʝʥʘ ʟʥʘʢʘè ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʥʘ ʦʧʪʠʯʝʩʢʦʝ ʩʚʝʯʝʥʠʝ: ʚʦʟʙʫʞʜʝʥʠʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʚʝʯʝʥʠʷ ʠʦʥʦʩʬʝʨʳ ʩʤʝʥʷʣʦʩʴ ʧʦʜʘʚʣʝʥʠʝʤ ʬʦʥʦʚʦʛʦ ʩʚʝʯʝʥʠʷ ʥʦʯʥʦʛʦ 

ʥʝʙʘ. ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʣʦʩʴ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʠʦʥʦʩʬʝʨʳ (ʀʈʀ) ʠ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʝʛʦ ʨʝʣʘʢʩʘʮʠʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʩʣʝ 

ʦʪʢʣʶʯʝʥʠʷ ʩʪʝʥʜʘ ʟʘ ʫʤʝʥʴʰʝʥʠʝʤ ʷʨʢʦʩʪʠ ʩʚʝʯʝʥʠʷ ʩʣʝʜʦʚʘʣʦ ʝʸ ʚʨʝʤʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʥʘ 
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ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ ʥʘʜ ʩʪʘʮʠʦʥʘʨʥʳʤ ʩʨʝʜʥʠʤ ʬʦʥʦʚʳʤ ʟʥʘʯʝʥʠʝʤ. ʕʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʧʦʩʣʝʩʚʝʯʝʥʠʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʦ ʠ ʚ ʪʝʭ ʩʝʘʥʩʘʭ, ʢʦʛʜʘ ʥʘʙʣʶʜʘʣʦʩʴ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʩʚʝʯʝʥʠʝ ʚ 

ʣʠʥʠʠ 630 ʥʤ. (ʛ) ɼʣʷ ʯʘʩʪʦʪ ʚʦʟʜʝʡʩʪʚʠʷ f0 ~ 4fc (fc ï ʵʣʝʢʪʨʦʥʥʘʷ ʮʠʢʣʦʪʨʦʥʥʘʷ ʯʘʩʪʦʪʘ) 

ʥʘʙʣʶʜʘʣʠʩʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʚʘʨʠʘʮʠʠ ʷʨʢʦʩʪʠ ʩʚʝʯʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʘʥʩʘʭ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʀʟʤʝʨʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʦʪʩʣʝʞʠʚʘʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ f0 ʠ 4fc ʧʦ ʜʘʥʥʳʤ ʦʜʥʦʚʨʝʤʝʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʠʦʥʦʩʬʝʨʳ. (ʜ) ɺ ʨʷʜʝ ʩʝʘʥʩʦʚ 

ʚʦʟʜʝʡʩʪʚʠʷ ʫʚʝʨʝʥʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʧʦʚʳʰʝʥʠʝ ʷʨʢʦʩʪʠ ʩʚʝʯʝʥʠʷ ʚ ʟʝʣʝʥʦʡ ʣʠʥʠʠ, 

ʦʙʣʘʜʘʶʱʝʡ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ ʚʦʟʙʫʞʜʝʥʠʷ, ʢʘʢ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʥʝʧʨʝʨʳʚʥʦʤ (90-

150 ʩ), ʪʘʢ ʠ ʠʤʧʫʣʴʩʥʦʤ (ʜʣʠʪʝʣʴʥʦʩʪʴ Ű = 30 ʤʩ, ʧʝʨʠʦʜ ʧʦʚʪʦʨʝʥʠʷ T = 2 c) ʚʦʟʜʝʡʩʪʚʠʠ. 

ʆʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʵʬʬʝʢʪʦʚ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ 

ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʌʌʀ 12ï02ï00513-ʘ, 11ï02ï00125ïʘ, 12-02-31181-ʤʦʣ_ʘ ʠ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ, ʩʦʛʣʘʰʝʥʠʝ 14.132.21.1434. 
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ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʤʘʢʩʠʤʫʤʘ 

F2-ʩʣʦʷ ʩʧʦʢʦʡʥʦʡ ʠʦʥʦʩʬʝʨʳ (ʦʪʢʣʦʥʝʥʠʡ NmF2 ʠ hmF2 ʦʪ ʩʧʦʢʦʡʥʦʡ ʤʝʜʠʘʥʳ: dN ʠ dh) 

ʧʨʠ ʥʠʟʢʦʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʜʥʝʚʥʳʝ (10-16 LT) ʠ ʥʦʯʥʳʝ (22-04 LT) ʯʘʩʳ ʧʦ ʜʘʥʥʳʤ 

ʩʪ. ʀʨʢʫʪʩʢ ʟʘ 2007-2010 ʛʛ. ʇʦʣʫʯʝʥʦ, ʯʪʦ ʛʠʩʪʦʛʨʘʤʤʫ dN ʤʦʞʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ 

ʩʤʝʩʴʶ ʜʚʫʭ ʥʦʨʤʘʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩ ʦʪʯʝʪʣʠʚʦ ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʩʚʦʡʩʪʚʘʤʠ. ʇʝʨʚʳʡ 

ʠ ʚʪʦʨʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʤʝʩʠ ʝʩʪʴ, ʚ ʦʩʥʦʚʥʦʤ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʭ ʠ 

ʩʠʣʴʥʳʭ ʬʣʫʢʪʫʘʮʠʡ dN, ʢʦʪʦʨʳʝ ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʩ ʠʦʥʦʩʬʝʨʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʘʪʤʦʩʬʝʨʥʳʭ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ (ɸɻɺ) ʠ ʧʣʘʥʝʪʘʨʥʳʭ ʚʦʣʥ ʠ ʧʨʠʣʠʚʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʪʢʣʦʥʝʥʠ ̫

ʛʠʩʪʦʛʨʘʤʤʳ dN ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥ rʜʣʷ ʥʦʯʥʳʭ ʯʘʩʦʚ 

ʟʠʤʦʡ ʠ ʚ ʨʘʚʥʦʜʝʥʩʪʚʠʷ. ɼʣʷ ʵʪʠʭ ʫʩʣʦʚʠʡ ʩʣʘʙʳʝ ʬʣʫʢʪʫʘʮʠʠ dN ʯʘʱʝ ʦʪʨʠʮʘʪʝʣʴʥʳ 

(dN<0), ʩʠʣʴʥʳʝ ʬʣʫʢʪʫʘʮʠʠ dN ʯʘʱʝ ʧʦʣʦʞʠʪʝʣʴʥʳ (dN>0). ʈʘʟʥʳʡ ʟʥʘʢ ʩʣʘʙʳʭ ʠ ʩʠʣʴʥʳʭ 

ʬʣʫʢʪʫʘʮʠʡ dN ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʪʯʝʪʣʠʚʦʤʫ ʦʪʢʣʦʥʝʥʠʶ ʛʠʩʪʦʛʨʘʤʤʳ dN ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɻʠʩʪʦʛʨʘʤʤʘ dh ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʜʥʝʚʥʳʭ ʯʘʩʦʚ ʟʠʤʦʡ ʠʣʠ ʚ ʨʘʚʥʦʜʝʥʩʪʚʠʷ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʩʣʘʙʦʝ ʦʪʢʣʦʥʝʥʠʝ ʵʪʦʡ 

ʛʠʩʪʦʛʨʘʤʤʳ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʆʪʢʣʦʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ NmF2 ʦʪ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʩʠʤʤʝʪʨʠʯʥʳ. ʇʦʵʪʦʤʫ, ʥʘʧʨʠʤʝʨ, ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʚʝʨʭʥʝʡ ʠ 

ʥʠʞʥʝʡ ʢʚʘʥʪʠʣʷʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ dN ʤʦʞʝʪ ʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʚʦʡʩʪʚʘʭ ʵʪʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʢ ʩʤʝʩʠ ʜʚʫʭ ʥʦʨʤʘʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ. ʆʯʝʥʴ ʩʠʣʴʥʳʝ ʬʣʫʢʪʫʘʮʠʠ 

NmF2 ʯʘʩʪʦ ʪʦʣʴʢʦ ʧʦʣʦʞʠʪʝʣʴʥʳ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʥʦʯʥʳʭ ʯʘʩʦʚ ʟʠʤʦʡ ʧʦʯʪʠ ʚʩʝ ʟʥʘʯʝʥʠʷ 

|dN| > 60% ʧʦʣʦʞʠʪʝʣʴʥʳ. ʋʚʝʣʠʯʝʥʥʘʷ ʘʩʠʤʤʝʪʨʠʷ ʛʠʩʪʦʛʨʘʤʤʳ dN ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ 

|dN| ʥʝ ʫʯʪʝʥʘ ʩʤʝʩʴʶ ʜʚʫʭ ʥʦʨʤʘʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, çʭʚʦʩʪè 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ dN ʥʝ ʦʧʠʩʳʚʘʝʪʩʷ ʪʘʢʦʡ ʩʤʝʩʴʶ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʚʦʡʩʪʚʘ ʦʯʝʥʴ ʩʠʣʴʥʳʭ 

ʬʣʫʢʪʫʘʮʠʠ NmF2, ʪ.ʝ. çʭʚʦʩʪʘè ʨʘʩʧʨʝʜʝʣʝʥʠʷ dN, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʨʷʜʫ ʩʨʝʜʥʝʰʠʨʦʪʥʳʭ 

ʩʪʘʥʮʠʡ. ʈʘʙʦʪʘ ʯʘʩʪʠʯʥʦ ʧʦʜʜʝʨʞʘʥʘ ʈʦʩʩʠʡʩʢʠʤ ʬʦʥʜʦʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ʛʨʘʥʪ ˉ 11-05-00200) ʠ ʇʨʦʛʨʘʤʤʦʡ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉ 22. 
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ɺʃʀʗʅʀɽ ɻɽʆʄɸɻʅʀʊʅʓʍ ɺʆɿʄʋʑɽʅʀʁ ʅɸ ɼʀʅɸʄʀʂʋ ɺʀʍʈɽɺʓʍ 

ʉʊʈʋʂʊʋʈ ɺ ɸʊʄʆʉʌɽʈɽ ʀ ʀʆʅʆʉʌɽʈɽ 

 

ʅ.ʀ. ʀʞʦʚʢʠʥʘ 

 

ʀɿʄʀʈɸʅ, ʛ. ʊʨʦʠʮʢ, ʈʦʩʩʠʷ, izhovn@izmiran.ru.  

 

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʤʘʩʩ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʧʝʨʝʥʦʩʝ ʚ ʛʠʨʦʪʨʦʧʥʦʡ ʠʦʥʠʟʦʚʘʥʥʦʡ ʩʨʝʜʝ ʠʛʨʘʶʪ 

ʧʣʘʟʤʝʥʥʳʝ ʚʠʭʨʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʜ ʚʣʠʷʥʠʝʤ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʚʠʭʨʝʚʳʝ 

ʩʪʨʫʢʪʫʨʳ ʚ ʠʦʥʦʩʬʝʨʝ ʠ ʠʦʥʠʟʦʚʘʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʚ ʘʪʤʦʩʬʝʨʝ ʩʢʦʨʦʩʪʴ ʧʝʨʝʥʦʩʘ ʯʘʩʪʠʮ 

ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʥʘ 10
-3

-10
-2

 ʚʝʣʠʯʠʥʳ. ɺʘʨʠʘʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʟʘʚʠʩʷʪ ʦʪ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʀʦʥʦʩʬʝʨʘ ʠ ʠʦʥʠʟʦʚʘʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʘʪʤʦʩʬʝʨʝ ʧʦʜʚʝʨʞʝʥʳ ʠʟʤʝʥʷʶʱʝʤʫʩʷ ʚʦ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʶ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝ-

ʥʠʡ. ɿʦʥʳ ʚʦʟʜʝʡʩʪʚʠʷ ʠʤʝʶʪ ʧʣʘʥʝʪʘʨʥʳʡ ʤʘʩʰʪʘʙ. ʅʘʟʝʤʥʳʝ ʤʘʛʥʠʪʦʤʝʪʨʳ ʧʦʟʚʦʣʷʶʪ 

ʠʟʤʝʨʠʪʴ ʤʝʜʣʝʥʥʳʝ ʚʝʢʦʚʳʝ ʚʘʨʠʘʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʣʷ 

ʚʥʫʪʨʠ ɿʝʤʣʠ, ʚʘʨʠʘʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʣʠʚʥʳʭ ʜʚʠʞʝʥʠʡ ʠʦʥʠʟʦ-

ʚʘʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʦʨʪʦʛʦʥʘʣʴʥʦʤ ʛʝʦʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ. ɺ ʪʘʢʦʝ ʜʚʠʞʝʥʠʝ 

ʠʦʥʠʟʦʚʘʥʥʳʡ ʢʦʤʧʦʥʝʥʪ ʥʝʧʨʝʨʳʚʥʦ ʚʦʚʣʝʢʘʝʪʩʷ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʥʝʡʪʨʘʣʴʥʳʭ ʯʘʩʪʠʮ ʩ 

ʟʘʨʷʞʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. ʇʨʠʣʠʚʥʳʝ ʜʚʠʞʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʧʦʣʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʉʦʣʥʮʘ, ʃʫʥʳ ʠ ʜʨʫʛʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʣ. ʄɻɼ- ʨʘʟʨʷʜʳ ʚ ʤʘʛʥʠ-

ʪʦʩʬʝʨʝ ʧʨʠ ʥʘʪʝʢʘʥʠʠ ʥʘ ʥʝʝ ʧʦʪʦʢʦʚ ʩʦʣʥʝʯʥʦʡ ʧʣʘʟʤʳ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʙʳʩʪʨʳʭ ʥʝʨʝʛʫ-

ʣʷʨʥʳʭ ʚʦʟʤʫʱʝʥʠʷʭ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʨʠ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʙʫʨʷʭ ʛʝʦʤʘʛ-

ʥʠʪʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦ ʩʝʪʠ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʦʪ ʘʚʨʦʨʘʣʴʥʦʡ ʟʦʥʳ ʜʦ ʥʠʟʢʠʭ 

ʰʠʨʦʪ. 

 

 

ʂʆʃɽɹɸʊɽʃʔʅʓɽ ʅɸʉɽʃɽʅʅʆʉʊʀ ʉʆʉʊʆʗʅʀʁ ɻɽʈʎɹɽʈɻɸ 

ʄʆʃɽʂʋʃʗʈʅʆɻʆ ʂʀʉʃʆʈʆɼɸ ʅɸ ɺʓʉʆʊɸʍ ʉɺɽʏɽʅʀʗ ʅʆʏʅʆɻʆ ʅɽɹɸ 

ʇʃɸʅɽʊ ɿɽʄʅʆʁ ɻʈʋʇʇʓ 

 

ɸ.ʉ. ʂʠʨʠʣʣʦʚ  

 

ʇɻʀ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ, kirillov@pgia.ru 

 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʛʘʰʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ɻʝʨʮʙʝʨʛʘ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ O2(c
1
Su
-
,v=0-16), 

O2(A'
3
Du,v=0-11), O2(A

3
Su

+
,v=0-10) ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʩ ʥʝʚʦʟʙʫʞʜʝʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ CO2, 

CO, N2, O2 ʨʘʩʩʯʠʪʘʥʳ ʩʦʛʣʘʩʥʦ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʷʤ, ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʧʨʠʙʣʠʞʝʥʠʷ ʈʦʟʝʥʘ-ɿʠʥʝʨʘ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ ʚʘʞʥʫʶ ʨʦʣʴ ʵʣʝʢʪʨʦʥʥʦ-ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

(EV) ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʚ ʛʘʰʝʥʠʠ ʫʢʘʟʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʢʦʥʩʪʘʥʪʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʡ ɻʝʨʮʙʝʨʛʘ ʚ 

ʩʚʝʯʝʥʠʠ ʥʝʙʘ ʚʝʨʭʥʠʭ ʘʪʤʦʩʬʝʨ ɺʝʥʝʨʳ ʠ ʄʘʨʩʘ, ʛʜʝ ʜʦʤʠʥʠʨʫʝʪ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ. 

ʇʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʥʘʩʝʣʝʥʥʦʩʪʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ 

ʜʣʷ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʯʝʪ ʟʘʧʨʝʱʝʥʥʦʛʦ ʧʦ ʩʧʠʥʫ EV 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ O2(A'
3
Du,v) ʩ CO2 ʤʦʣʝʢʫʣʘʤʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʣʫʯʰʝʤʫ ʩʦʛʣʘʩʠʶ ʩʦ 

ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ʩ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ɺʝʥʝʨʘ-9 ʠ ɺʝʥʝʨʘ-10 ʠ ʜʘʥʥʳʤʠ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 
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ʂʈɸʊʂʆɺʈɽʄɽʅʅʓɽ ʆʇʊʀʏɽʉʂʀɽ ʗɺʃɽʅʀʗ ɺ ɸʊʄʆʉʌɽʈɽ ɿɽʄʃʀ:  

ʅɸɹʃʖɼɽʅʀʗ ʀ ɸʅɸʃʀɿ 

 

ʃ.ɺ. ʂʦʟʘʢ
1
, ɸ. ʆʜʟʠʤʝʢ, ɺ.ʅ. ʀʚʯʝʥʢʦ  

 
1 
ʂʘʬʝʜʨʘ ʘʩʪʨʦʥʦʤʠʠ ʠ ʬʠʟʠʢʠ ʢʦʩʤʦʩʘ ʂʠʝʚʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ  

  ʠʤ. ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ, kozak@univ.kiev.ua 
2
 ʆʪʜʝʣʝʥʠʝ ʬʠʟʠʢʠ ʘʪʤʦʩʬʝʨʳ ʠʥʩʪʠʪʫʪʘ ʛʝʦʬʠʟʠʢʠ ʇʦʣʴʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

 

ɺ ʨʘʙʦʪʝ ʩʜʝʣʘʥ ʦʙʟʦʨ ʠ ʘʥʘʣʠʟ ʫʩʣʦʚʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʷʚʣʝʥʠʡ (TLE) ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ, ʪʘʢʠʭ ʢʘʢ: ʩʧʨʘʡʪʳ, ʵʣʴʬʳ, ʛʦʣʫʙʳʝ ʜʞʝʪʳ ʠ ʤʦʣʥʠʠ 

ʚʚʝʨʭ. ʋʢʘʟʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʡ. ʇʨʦʚʝʜʝʥʳ ʥʘʙʣʶʜʝʥʠʷ 

ʩʧʨʘʡʪʦʚ ʥʘ ʛʦʨʝ çʂʦʰʢʘè ʂʨʳʤʩʢʦʡ ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʩ 27.07.11 ʧʦ 09.08.11 ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʦ 6 ʚʠʜʝʦ TLE ʥʘʜ ʏʝʨʥʳʤ ʤʦʨʝʤ. ʂʦʤʧʣʝʢʩ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ 

ʥʘʙʣʶʜʝʥʠʡ ʩʦʩʪʦʷʣ ʠʟ ʚʠʜʝʦ ʢʘʤʝʨʳ (Watec 902H), ʟʘʭʚʘʪʯʠʢʘ ʢʘʜʨʦʚ, GPS ʧʨʠʝʤʥʠʢʘ ʠ 

ʥʦʫʪʙʫʢʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ. ʀʩʧʦʣʴʟʫʷ ʢʘʣʠʙʨʦʚʦʯʥʫʶ 

ʢʨʠʚʫʶ, ʧʦʩʪʨʦʝʥʥʫʶ ʧʦ ʚʥʝʬʦʢʘʣʴʥʳʤ ʠʟʦʙʨʘʞʝʥʠʷʤ ɺʝʛʠ, ʫʜʘʣʦʩʴ ʦʮʝʥʠʪʴ ʵʥʝʨʛʠʶ 

ʩʚʝʯʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ 

(ʩʧʨʘʡʪʦʚ) ʠ ʚʳʩʦʪʫ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʙʳʣʠ 

ʫʯʪʝʥʳ: ʩʧʝʢʪʨ ʟʚʝʟʜʳ, ʘʪʤʦʩʬʝʨʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʠ ʩʧʝʢʪʨʘʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʘʤʝʨʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʥʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʥʘʤʠʢʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʠ ʚʥʝʩʝʥʠʠ ʟʘʨʷʜʘ ʚ ʩʠʩʪʝʤʫ ɿʝʤʣʷ-ʠʦʥʦʩʬʝʨʘ ʠ ʩʨʘʚʥʝʥʠʝ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ. 

 

 

ɻʃʆɹɸʃʔʅʓʁ ʆʊʂʃʀʂ ʇʆʃʅʆɻʆ ʕʃɽʂʊʈʆʅʅʆɻʆ ʉʆɼɽʈɾɸʅʀʗ, ɽɻʆ 

ʇʃɸɿʄʆʉʌɽʈʅʆʁ ʏɸʉʊʀ, ʉʈɽɼʅɽ- ʀ ɺʓʉʆʂʆʐʀʈʆʊʅʆʁ F ʆɹʃɸʉʊʀ 

ʀʆʅʆʉʌɽʈʓ ʅɸ ɻɽʆʄɸɻʅʀʊʅʋʖ ɹʋʈʖ 26-29 ʉɽʅʊʗɹʈʗ 2011 ɻʆɼɸ 

 

ɺ.ɺ. ʂʣʠʤʝʥʢʦ
1
, ʄ.ɺ. ʂʣʠʤʝʥʢʦ

1
, ʀ.ɽ. ɿʘʭʘʨʝʥʢʦʚʘ

1
, ʖ.ɺ. ʏʝʨʥʷʢ

1
,  

ʂ.ɻ. ʈʘʪʦʚʩʢʠʡ
2
, ɸ.ɽ. ʉʪʝʧʘʥʦʚ

3
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ʀʉɿʌ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

3 
ʀʂʌʀɸ ʉʆ ʈɸʅ, ʗʢʫʪʩʢ, ʈʦʩʩʠʷ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʥʦ-ʧʣʘʟʤʦʩʬʝʨʥʳʭ 

ʵʬʬʝʢʪʦʚ ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ 26-29 ʷʥʚʘʨʷ 2011 ʛʦʜʘ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ɻʣʦʙʘʣʴʥʦʡ ʉʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʡ ʄʦʜʝʣʠ ʊʝʨʤʦʩʬʝʨʳ, ʀʦʥʦʩʬʝʨʳ ʠ ʇʨʦʪʦʥʦʩʬʝʨʳ (ɻʉʄ 

ʊʀʇ). ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʦʥʦʩʬʝʨʥʳʭ ʵʬʬʝʢʪʦʚ ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ, ʚ ʢʦʪʦʨʦʡ ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʪʘʢʠʝ, ʢʘʢ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ 

ʯʝʨʝʟ ʧʦʣʷʨʥʳʝ ʰʘʧʢʠ ʠ ʧʨʦʜʦʣʴʥʳʝ ʪʦʢʠ ʚʪʦʨʦʡ ʟʦʥʳ ʟʘʜʘʚʘʣʠʩʴ ʟʘʚʠʩʷʱʠʤʠ ʦʪ AE-

ʠʥʜʝʢʩʘ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ ʩ 

ʜʘʥʥʳʤʠ ʥʘʙʣʶʜʝʥʠʡ ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ ʠ ʩʨʝʜʥʝʰʠʨʦʪʥʳʭ ʩʪʘʥʮʠʡ ʥʘʟʝʤʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʠʦʥʦʩʬʝʨʳ. ʈʘʩʩʤʦʪʨʝʥʳ ʬʠʟʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʠʦʥʦʩʬʝʨʥʳʭ ʵʬʬʝʢʪʦʚ ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʝʝ ʨʘʟʚʠʪʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʜʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʵʬʬʝʢʪʦʚ 

ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ ʚ ʧʦʣʥʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʠ ʚ ʝʛʦ ʧʣʘʟʤʦʩʬʝʨʥʦʡ ʯʘʩʪʠ ʚ 

ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʤʝʩʪʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʬʘʟʘʭ ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ. ʇʨʠʚʝʜʝʥʳ 

ʦʮʝʥʢʠ ʚʢʣʘʜʘ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʳʩʦʪʘʭ ʧʣʘʟʤʦʩʬʝʨʳ ʚ ʧʦʣʥʦʝ 

ʵʣʝʢʪʨʦʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ GPS ʠ COSMIC ʠ ʨʝʟʫʣʴʪʘʪʘʤ 
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ʤʦʜʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ  

ˉ12-05-31217 ʠ ʇʨʦʛʨʘʤʤʳ 22 ʈɸʅ. 

 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʀʆʅʆʉʌɽʈʅʆʁ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʆʁ ɸʂʊʀɺʅʆʉʊʀ 

ʅɸ ɸʂɸɼɽʄʀʏɽʉʂʆʄ ʄʀʂʈʆʉʇʋʊʅʀʂɽ çʏʀɹʀʉ-ʄè 
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1
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1
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1
,  

ɼ.ʀ. ʅʦʚʠʢʦʚ
1
, ɺ.ɽ. ʂʦʨʝʧʘʥʦʚ

2
, ʌ.ʃ. ɼʫʜʢʠʥ

2
, ʏ. ʌʝʨʝʥʮ

3
, ʃ. ɹʦʜʥʘʨ

3 

 
1 
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, sklimov@iki.rssi.ru 

2 
ʃʎ ʀʂʀ ʅɸʅ-ɻʂɸ ʋʢʨʘʠʥʳ, ʛ. ʃʴʚʦʚ 

3 
ʋʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʕʪʚʦʰʘ, ʛ. ɹʫʜʘʧʝʰʪ 

 

ɸʢʘʜʝʤʠʯʝʩʢʠʡ ʤʠʢʨʦʩʧʫʪʥʠʢ çʏʠʙʠʩ-ʄè, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʚ ʀʂʀ ʈɸʅ ʩʦʚʤʝʩʪʥʦ ʩ 

ʢʦʦʧʝʨʘʮʠʝʡ, 25 ʷʥʚʘʨʷ 2012ʛ. ʙʳʣ ʚʳʚʝʜʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʈʦʩʩʠʡʩʢʦʛʦ 

ʩʝʛʤʝʥʪʘ ʄʂʉ ʥʘ ʢʨʫʛʦʚʫʶ ʦʨʙʠʪʫ ~500 ʢʤ. ʉ ʥʘʢʣʦʥʝʥʠʝʤ 52
0
. ʂʦʤʧʣʝʢʩ ʥʘʫʯʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ (ʂʅɸ çɻʨʦʟʘè) ʤʠʢʨʦʩʧʫʪʥʠʢʘ (ʄʉ) ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʚʳʩʦʪʥʳʝ ʘʪʤʦʩʬʝʨʥʳʝ ʛʨʦʟʦʚʳʝ ʨʘʟʨʷʜʳ. ɺ ʂʅɸ çɻʨʦʟʘè [1], 

ʚ ʯʘʩʪʥʦʩʪʠ, ʚʭʦʜʷʪ: - ʈʘʜʠʦʯʘʩʪʦʪʥʳʡ (26-48 ʄɻʮ) ʘʥʘʣʠʟʘʪʦʨ ï ʈʏɸ (ʀʂʀ ʈɸʅ).  

- ʄʘʛʥʠʪʥʦ-ʚʦʣʥʦʚʦʡ ʢʦʤʧʣʝʢʩ (ʄɺʂ) ʚ ʩʦʩʪʘʚʝ ʜʚʫʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʚʦʣʥʦʚʳʭ ʟʦʥʜʦʚ 

(ʂɺɿ1, ʂɺɿ2) ʠ ʦʜʥʦʛʦ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ (ʀʄ), ʩʦʟʜʘʥʥʳʭ ʚ ʃʴʚʦʚʩʢʦʤ ʎʝʥʪʨʝ 

ʀʂɼ ʅɸʅʋ-ɻʂɸ ʋʢʨʘʠʥʳ, ʠ ʧʨʠʙʦʨʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʇʉɸ (ʨʘʟʨʘʙʦʪʢʘ BL-

Eelectronics, ɺʝʥʛʨʠʷ). ʄɺʂ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 0,1 ï 40 ʢɻʮ ʩ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʘʨʠʘʮʠʡ ʧʣʘʟʤʝʥʥʦ-ʚʦʣʥʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʠʦʥʦʩʬʝʨʝ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʦʜ ʚʣʠʷʥʠʝʤ ʛʨʦʟʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ ʃɸʀʄ (ʃʠʪʦʩʬʝʨʘ-ɸʪʤʦʩʬʝʨʘ-ʀʦʥʦʩʬʝʨʘ-ʄʘʛʥʠʪʦʩʬʝʨʘ). 

ʈʝʘʣʠʟʦʚʘʥʥʘʷ ʥʘ ʙʦʨʪʫ ʄʉ ʢʦʥʬʠʛʫʨʘʮʠʷ ʜʘʪʯʠʢʦʚ ʄɺʂ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʚʝʢʪʦʨʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʂʅʏ-ʆʅʏ ʵʤʠʩʩʠʡ, ʘ ʪʘʢʞʝ ʦʜʥʫ ʢʦʤʧʦʥʝʥʪʫ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽ. ɺ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʥʘ 

ʥʝʩʢʦʣʴʢʠʭ ʦʨʙʠʪʘʭ ʚ ʦʢʪʷʙʨʝ 2012 ʛ., ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʥʩʠʚʥʳʭ 

ʠʟʣʫʯʝʥʠʡ ʚ ʩʫʙʘʚʨʦʨʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ (L>4) ʚ ʭʦʜʝ ʨʘʟʚʠʪʠʷ ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ. ɺ ʭʦʜʝ 

ʠʟʤʝʨʝʥʠʡ ʚʦʣʥʦʚʦʡ ʬʦʨʤʳ 4-ʭ ʢʦʤʧʦʥʝʥʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ 

ʧʨʠʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʠʦʥʥʳʝ ʘʪʤʦʩʬʝʨʠʢʠ ʠ ʨʷʜ 

ʜʨʫʛʠʭ ʚʠʜʦʚ ʂʅʏ-ʆʅʏ ʠʟʣʫʯʝʥʠʡ.ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʨʘʙʦʪʝ ʫʜʝʣʝʥʦ ʘʥʘʣʠʟʫ 

ʩʢʦʨʝʣʣʠʨʦʚʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʄɺʂ ʠ ʈʏɸ, ʦʩʦʙʝʥʥʦ ʚ ʧʝʨʠʦʜʳ ʚʳʨʘʙʦʪʢʠ ʧʨʠʙʦʨʦʤ ʈʏɸ 

ʪʨʠʛʛʝʨʘ ʩʦʙʳʪʠʷ (ʛʨʦʟʦʚʦʛʦ ʨʘʟʨʷʜʘ) [2], ʪʨʘʥʩʣʠʨʫʝʤʦʛʦ ʚ ʄɺʂ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʟʘʠʤʥʫʶ ʚʨʝʤʝʥʥʫʶ ʧʨʠʚʷʟʢʫ ʩʦʙʳʪʠʡ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʚ ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʩʝʢʫʥʜ. ʈʘʙʦʪʘ 

ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʦʚ ʈʌʌʀ 09-05-13587-ʦʬʠ_ʮ, 10-05-93107-ʅʎʅʀʃ_ʘ ʠ 

ʢʦʥʪʨʘʢʪʦʚ ɻʂɸʋ ˉ 1436 ʠ ʅɸʅʋ ˉ 1553. 

[1]. ʄʠʩʩʠʷ çʏʠʙʠʩ-ʄè. ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ ʚʳʝʟʜʥʦʛʦ ʩʝʤʠʥʘʨʘ, ʩʝʨʠʷ çʄʝʭʘʥʠʢʘ, ʫʧʨʘʚʣʝʥʠʝ 

ʠ ʠʥʬʦʨʤʘʪʠʢʘè/ʇʦʜ ʨʝʜ. ʈ.ʈ.ʅʘʟʠʨʦʚʘ. ʄ.: ʀʂʀ ʈɸʅ, 2009, 139 ʩ.: ʪʘʙʣ., ʠʣ., ʮʚ.ʠʣ. 

http://www.cosmos.ru/books/2009chibis-m.pdf.  

[2]. ɿʝʣʸʥʳʡ, ʃ.ʄ., ɺ.ʅ.ɸʥʛʘʨʦʚ, ʄ.ɹ.ɼʦʙʨʠʷʥ, ɺ.ʄ.ɻʦʪʣʠʙ, ʉ.ʀ.ʂʣʠʤʦʚ, ɺ.ɻ.ʈʦʜʠʥ, 

ɺ.ʅ.ʅʘʟʘʨʦʚ, ɸ.ɺ.ɻʫʨʝʚʠʯ, ɻ.ʂ.ɻʘʨʠʧʦʚ, ʄ.ʀ.ʇʘʥʘʩʶʢ, ʉ.ʀ.ʉʚʝʨʪʠʣʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʚʳʩʦʪʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʛʨʦʟʦʚʳʭ ʨʘʟʨʷʜʘʭ. ɸʢʘʜʝʤʠʯʝʩʢʠʡ 

ʤʠʢʨʦʩʧʫʪʥʠʢ çʏʠʙʠʩ-ʄè. VII ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʘʪʤʦʩʬʝʨʥʦʤʫ 

ʵʣʝʢʪʨʠʯʝʩʪʚʫ, 24-28 ʩʝʥʪʷʙʨʷ 2012ʛ., ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ, ʩ. 81. 
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ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆ-ɺʈɽʄɽʅʅʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʇʆʊʆʂʆɺ 

ɺʓʉʓʇɸʖʑʀʍʉʗ ʏɸʉʊʀʎ ɺ ʇʋʃʔʉʀʈʋʖʑʀʍ ʇʆʃʗʈʅʓʍ ʉʀʗʅʀʗʍ  

 

ɹ.ɺ. ʂʦʟʝʣʦʚ, ɽ.ɽ.ʊʠʪʦʚʘ 

 

ʇɻʀ ʂʅʎ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ, Boris.Kozelov@gmail.com  

 

ɼʘʥʥʳʝ ʥʘʟʝʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʘʚʨʦʨʘʣʴʥʳʭ ʢʘʤʝʨ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʦʚ ʚʳʩʳʧʘʶʱʠʭʩʷ ʯʘʩʪʠʮ ʚ ʧʫʣʴʩʠʨʫʶʱʝʡ 

ʘʚʨʦʨʝ. ɺʝʩʴ ʢʦʤʧʣʝʢʩ ʩʦʩʪʦʠʪ ʠʟ 5 ʘʚʨʦʨʘʣʴʥʳʭ ʢʘʤʝʨ ʩ ʨʘʟʣʠʯʥʳʤ ʧʦʣʝʤ ʟʨʝʥʠʷ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʢʘʢ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʧʫʣʴʩʠʨʫʶʱʠʝ ʧʷʪʥʘ, ʪʘʢ ʠ ʤʝʣʢʠʝ  

(~100 ʤ) ʜʝʪʘʣʠ ʚ ʧʫʣʴʩʠʨʫʶʱʠʭ ʬʦʨʤʘʭ. ʅʘʙʣʶʜʝʥʠʷ ʠʟ ʜʚʫʭ ʪʦʯʝʢ ʚʙʣʠʟʠ ʤʘʛʥʠʪʥʦʛʦ 

ʟʝʥʠʪʘ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʚʳʩʦʪʫ ʤʘʢʩʠʤʫʤʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʚʨʦʨʘʣʴʥʦʡ ʬʦʨʤʳ, 

ʘ ʘʙʩʦʣʶʪʥʘʷ ʢʘʣʠʙʨʦʚʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʯʝʥʠʷ ï ʦʮʝʥʠʪʴ ʧʦʪʦʢ ʚʳʩʳʧʘʶʱʠʭʩʷ ʯʘʩʪʠʮ.  

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʥʘʙʣʶʜʘʝʤʦʡ ʪʦʥʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʫʣʴʩʠʨʫʶʱʠʭ ʩʠʷʥʠʡ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ.  

 

 

ɸɺʈʆʈɸʃʔʅʆɽ ʂʀʃʆʄɽʊʈʆɺʆɽ ʀɿʃʋʏɽʅʀɽ ʂɸʂ ʀʅɼʀʂɸʊʆʈ  

ʅɸɻʈɽɺɸ ʀʆʅʆʉʌɽʈʓ 

 

ʄ.ʄ. ʄʦʛʠʣʝʚʩʢʠʡ, ʀ.ʃ. ʄʦʠʩʝʝʥʢʦ, ʊ.ɺ. ʈʦʤʘʥʮʦʚʘ,  

ɼ.ɺ. ʏʫʛʫʥʠʥ 

 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʇʨʝʜʧʦʩʳʣʢʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʨʦʨʘʣʴʥʦʛʦ ʢʠʣʦʤʝʪʨʦʚʦʛʦ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ (ɸʂʈ)  ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʠʦʥʦʩʬʝʨʳ ʷʚʣʷʶʪʩʷ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʚʘ ʨʘʥʝʝ ʠʟʫʯʝʥʥʳʭ 

ʷʚʣʝʥʠʷ: ʩʝʟʦʥʥʳʝ ʚʘʨʠʘʮʠʠ ʩʧʝʢʪʨʘ ɸʂʈ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʨʩʪʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʈʘʟʣʠʯʠʝ 

ʩʨʝʜʥʝʛʦ ʩʧʝʢʪʨʘ ɸʂʈ ʚ ʣʝʪʥʝʝ ʠ ʟʠʤʥʝʝ ʚʨʝʤʷ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʥʘ 

ʩʧʫʪʥʠʢʘʭ ɸʂɽɹʆʅʆ ʠ ʇʆʃɸʈ. ʕʪʦ ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʦʩʴ ʢʘʢ ʨʝʟʫʣʴʪʘʪ 

ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ  ʚʦʩʭʦʜʷʱʠʭ ʧʦʪʦʢʦʚ ʧʣʘʟʤʳ ʜʣʷ ʦʩʚʝʱʝʥʥʦʡ (ʣʝʪʦʤ) ʠ ʥʝʦʩʚʝʱʝʥʥʦʡ 

(ʟʠʤʦʡ) ʠʦʥʦʩʬʝʨʳ. ʆʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʨʩʪʨʝʨʦʚ ï ʧʦʷʚʣʝʥʠʷ 

ʚʩʧʳʰʝʢ ɸʂʈ ʚ ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ ʮʫʛʘ ʠʟʣʫʯʝʥʠʷ, ʪʘʢʞʝ ʩʚʷʟʘʥ ʩ ʚʣʠʷʥʠʝʤ ʚʦʩʭʦʜʷʱʠʭ 

ʧʦʪʦʢʦʚ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ ʥʘ ʫʩʣʦʚʠʷ ʨʘʟʚʠʪʠʷ ʮʠʢʣʦʪʨʦʥʥʦʡ ʤʘʟʝʨʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚ 

ʦʙʣʘʩʪʠ ʠʩʪʦʯʥʠʢʘ. ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʟʤʝʨʝʥʠʷ ɸʂʈ ʥʘ ʩʧʫʪʥʠʢʝ ʀʅʊɽʈɹʆʃ-2 ʚʦ ʚʨʝʤʷ 

ʩʦʚʤʝʩʪʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʥʘʛʨʝʚʥʳʤ ʩʪʝʥʜʦʤ ʚ ʊʨʦʤʩʝ. ʇʨʠ ʧʨʦʣʝʪʝ ʩʧʫʪʥʠʢʘ ʯʝʨʝʟ 

ʩʠʣʦʚʫʶ ʪʨʫʙʢʫ, ʩʦʧʨʷʞʝʥʥʫʶ ʩ ʠʩʢʫʩʩʪʚʝʥʥʦ ʥʘʛʨʝʪʦʡ ʠʦʥʦʩʬʝʨʦʡ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʧʦʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʚ 10-30 ʨʘʟ. ʊʘʢʦʝ ʧʦʥʠʞʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʧʦʜʘʚʣʝʥʠʝʤ ɸʂʈ ʧʦʪʦʢʘʤʠ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ ʠʟ ʦʙʣʘʩʪʠ ʥʘʛʨʝʚʘ. ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʛʨʘʥʠʮʳ ʩʧʘʜʘʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʟʤʳ 

ʚʜʦʣʴ ʩʠʣʦʚʦʡ ʪʨʫʙʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʴʥʳʭ ʦʮʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʄɻɼ ʧʨʠʙʣʠʞʝʥʠʠ.  
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʄʆʈʌʆʃʆɻʀʀ ʉʇʆʈɸɼʀʏɽʉʂʀʍ ʉʊʈʋʂʊʋʈ ʅʀɾʅɽʁ 

ʀʆʅʆʉʌɽʈʓ ʈɸɼʀʆɿɸʊʄɽʅʅʓʄ ʄɽʊʆɼʆʄ ʅɸ ʊʈɸʉʉɸʍ  

ʉʇʋʊʅʀʂ-ʉʇʋʊʅʀʂ 

 

ɺ.ɸ. ɸʥʫʬʨʠʝʚ, ʉ.ʉ. ʄʘʪʶʛʦʚ, ɸ.ɻ. ʇʘʚʝʣʴʝʚ, ʆ.ʀ. ʗʢʦʚʣʝʚ 

 

ʌʀʈʕ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ, ʛ. ʌʨʷʟʠʥʦ, ʄʦʩʢ. ʦʙʣ., ʈʦʩʩʠʷ, alxndr38@mail.ru 

 

ʉʧʦʨʘʜʠʯʝʩʢʠʝ, ʥʝʨʝʛʫʣʷʨʥʦ ʥʘʙʣʶʜʘʶʱʠʝʩʷ ʩʣʦʠ ʧʦʚʳʰʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʥʠʞʥʝʡ ʠʦʥʦʩʬʝʨʝ, ʨʘʥʝʝ ʠʟʫʯʘʣʠʩʴ ʤʝʪʦʜʦʤ ʚʳʩʦʪʥʦ-ʯʘʩʪʦʪʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʥʘʟʝʤʥʳʤʠ ʠʦʥʦʩʬʝʨʥʳʤʠ ʩʪʘʥʮʠʷʤʠ, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʧʫʩʢʦʚ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʨʘʢʝʪ. ʇʦʷʚʣʝʥʠʝ ɽS - ʩʪʨʫʢʪʫʨ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʣʠʯʥʳʤʠ 

ʧʨʠʯʠʥʘʤʠ: ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʦʣʷʤʠ, ʚʳʩʳʧʘʥʠʝʤ ʵʥʝʨʛʠʯʥʳʭ ʯʘʩʪʠʮ ʠʟ ʨʘʜʠʘʮʠʦʥʥʳʭ 

ʧʦʷʩʦʚ ɿʝʤʣʠ, ʧʝʨʝʥʦʩʦʤ ʜʦʣʛʦʞʠʚʫʱʠʭ ʠʦʥʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʣʘʥʝʪʘʨʥʳʭ ʚʦʣʥ ʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʟʦʥʝ ʚʝʪʨʦʚʦʛʦ ʩʜʚʠʛʘ. ʅʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʫʯʝʥʠʷ ʩʧʦʨʘʜʠʯʝʩʢʠʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʧʦʷʚʠʣʠʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʨʘʜʠʦʟʘʪʤʝʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʠʦʥʦʩʬʝʨʳ ʥʘ ʪʨʘʩʩʘʭ ʩʧʫʪʥʠʢ-ʩʧʫʪʥʠʢ. ɺʣʠʷʥʠʝ ʠʦʥʦʩʬʝʨʥʳʭ ʩʣʦʝʚ ʥʘ ʘʤʧʣʠʪʫʜʫ ʠ ʬʘʟʫ 

ʩʠʛʥʘʣʘ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚ ʨʷʜʝ ʨʘʙʦʪ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʟʤʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʟʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʦʢʦʣʦʟʝʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʜʘʥʥʦʤ ʩʦʦʙʱʝʥʠʠ 

ʨʘʩʩʤʦʪʨʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʚʘʨʠʘʮʠʷʤʠ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ ʨʘʜʠʦʟʘʪʤʝʥʥʦʛʦ ʩʠʛʥʘʣʘ, 

ʚʦʟʥʠʢʘʶʱʠʤʠ ʠʟ-ʟʘ ʚʦʟʜʝʡʩʪʚʠʷ ʧʣʘʟʤʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʠ ʥʘ ʦʩʥʦʚʝ ʫʢʘʟʘʥʥʦʡ ʩʚʷʟʠ 

ʧʨʦʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ ʥʠʞʥʝʡ 

ʠʦʥʦʩʬʝʨʝ. ʈʘʜʠʦʟʘʪʤʝʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʧʘʨʘʤʝʪʨʳ ʠʦʥʦʩʬʝʨʳ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ ʜʝʮʠʤʝʪʨʦʚʳʭ ʨʘʜʠʦʚʦʣʥ ʧʨʠ ʨʘʟʥʦʡ ʚʳʩʦʪʝ 

ʣʫʯʝʚʦʡ ʣʠʥʠʠ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʘʭ ɿʝʤʣʠ. ʇʦ ʠʟʤʝʨʝʥʠʷʤ ʘʤʧʣʠʪʫʜʳ ʠ 

ʬʘʟʳ ʩʠʛʥʘʣʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʳʩʦʪʘ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮ ʩʣʦʝʚ, ʚʳʩʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʩʪʝʧʝʥʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠʦʥʦʩʬʝʨʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʠʡ ʚ ʧʨʦʷʚʣʝʥʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ɽS - 

ʩʪʨʫʢʪʫʨ ʥʘ ʘʤʧʣʠʪʫʜʫ ʠ ʬʘʟʫ ʨʘʜʠʦʩʠʛʥʘʣʘ, ʩʧʦʨʘʜʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʨʘʟʜʝʣʝʥʳ ʥʘ 

ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ: - ʛʨʫʧʧʘ ɸ - ɽS - ʩʪʨʫʢʪʫʨʳ ʩ ʪʦʣʱʠʥʦʡ ʩʣʦʷ Dh > 6 ʢʤ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʧʨʠʨʘʱʝʥʠʝʤ ʠʥʪʝʛʨʘʣʴʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ DI ʚ ʥʝʤ, ʩʦʩʪʘʚʣʷʶʱʠʤ DI  > 2 TEC; 

- ʛʨʫʧʧʘ ɺ - ʪʦʥʢʠʝ ʩʣʦʠ ʩ Dh º 1-2 ʢʤ ʠ ʥʝʙʦʣʴʰʠʤ ʧʨʠʨʘʱʝʥʠʝʤ ʠʥʪʝʛʨʘʣʴʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ D I º 0,2 TEC; - ʢ ʛʨʫʧʧʝ ʉ ʦʪʥʝʩʝʥʳ ʩʧʦʨʘʜʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʬʣʫʢʪʫʘʮʠʷʤ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʩʠʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ 

ʥʠʞʥʝʡ ʠʦʥʦʩʬʝʨʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʦʣʱʠʥʫ ʩʣʦʷ ʠ ʧʨʠʨʘʱʝʥʠʝ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ; - ʛʨʫʧʧʘ D ʚʢʣʶʯʘʝʪ ɽS - ʩʪʨʫʢʪʫʨʳ ʩ ʷʚʥʦ 

ʚʳʨʘʞʝʥʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʠ ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʚ ʠʟʤʝʥʝʥʠʷʭ ʘʤʧʣʠʪʫʜʳ ʥʘ ʵʪʠʭ 

ʚʳʩʦʪʘʭ. ɺʳʜʝʣʝʥʠʝ ʯʝʪʳʨʝʭ ʛʨʫʧʧ ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʧʦ ʭʘʨʘʢʪʝʨʫ ʠʭ ʚʣʠʷʥʠʷ ʥʘ 

ʧʘʨʘʤʝʪʨʳ ʟʦʥʜʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʫʩʣʦʚʥʳʤ, ʪʘʢ ʢʘʢ ʤʦʛʫʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʦ ʵʬʬʝʢʪʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʨʘʟʥʳʤʠ ʠʦʥʦʩʬʝʨʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪʥʳʭ ʧʨʦʬʠʣʝʡ ʛʨʘʜʠʝʥʪʦʚ 

ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʩʚʷʟʠ ʤʝʞʜʫ ʚʘʨʠʘʮʠʷʤʠ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ 

ʨʘʜʠʦʚʦʣʥ, ʚʳʟʚʘʥʥʳʭ ʠʦʥʦʩʬʝʨʥʳʤʠ ʩʧʦʨʘʜʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʈʘʙʦʪʘ ʯʘʩʪʠʯʥʦ 

ʧʦʜʜʝʨʞʘʥʘ ʇʨʦʛʨʘʤʤʦʡ 22 ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ. 
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ʆʇʈɽɼɽʃɽʅʀɽ ʇʆʃʆɾɽʅʀʗ ʃʆʂɸʃʔʅʓʍ ʀʆʅʆʉʌɽʈʅʓʍ ʀʉʊʆʏʅʀʂʆɺ 

ɺʓʉʆʂʆʐʀʈʆʊʅʓʍ ʄɸɻʅʀʊʅʓʍ ʇʋʃʔʉɸʎʀʁ ʇʆ ɼɸʅʅʓʄ 

ɺʀʈʊʋɸʃʔʅʓʍ  ɻʈɸɼʀɽʅʊʅʓʍ ʉʊɸʅʎʀʁ ʉɽʊʀ çBEARè 

 

ɸ.ɺ. ʇʝʪʣʝʥʢʦ, ʖ.ɸ. ʂʦʧʳʪʝʥʢʦ 

 

ʉʇʙʌ ʀɿʄʀʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, petlenko.58@mail.ru 

 

ɼʘʥʥʳʝ ʤʘʛʥʠʪʦʚʘʨʠʘʮʠʦʥʥʳʭ ʩʪʘʥʮʠʡ ʩʝʪʠ çBEARè (Baltic Electromagnetic Array 

Research) ʟʘ ʧʝʨʠʦʜ ʠʟʤʝʨʝʥʠʡ ʧʦʣʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ 18-20UT 09 ʠʶʣʷ 1998 ʛ. 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʠʭ ʠʦʥʦʩʬʝʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʉʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʩʪʘʥʮʠʷʤʠ ʩʝʪʠ (~250 ʢʤ) ʧʦʟʚʦʣʷʝʪ ʥʘʭʦʜʠʪʴ ʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʧʫʣʴʩʘʮʠʡ ʪʠʧʘ Pi2 ʩ 

ʭʘʨʘʢʪʝʨʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ~100 ʢʤ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ (5-10)Ĭ10
-3

 ɻʮ. ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʦʢʘʣʴʥʳʭ ʠʦʥʦʩʬʝʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ Pi2 ʟʘ ʚʨʝʤʷ, ʤʝʥʴʰʝʝ ʧʦʣʫʧʝʨʠʦʜʘ ʠʭ 

ʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʩʪʨʫʢʪʫʨʥʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 3D ʪʦʢʦʚʦʡ ʩʠʩʪʝʤʝ 

ʛʝʥʝʨʘʮʠʠ Pi2. ʆʜʥʘʢʦ ʚʢʣʘʜʳ ʠʩʪʦʯʥʠʢʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʪʦʥʢʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʣʷ Pi2, 

ʠʩʢʘʞʘʶʪʩʷ ʧʦʣʝʤ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ (~50 ʢʤ) ʠʩʪʦʯʥʠʢʦʚ, ʬʠʢʩʠʨʫʝʤʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʪʦʣʴʢʦ ʦʜʥʦʡ, ʠʣʠ ʜʚʫʤʷ ʩʪʘʥʮʠʷʤʠ ʩʝʪʠ çBEARè, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʠʶ ʠʭ 

ʧʦʣʦʞʝʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʩʪʨʦʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 2D 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʬʠʣʴʪʨʦʚʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪ ʧʦʣʷ ʚ ʨʘʙʦʪʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠʭ ʧʦʚʝʜʝʥʠʝ ʚʦ 

ʚʨʝʤʝʥʠ ʚ ʫʟʣʘʭ ʨʘʚʥʦʤʝʨʥʦʡ ʩʝʪʠ, ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʩʥʦʚʫ ʧʦʩʪʨʦʝʥʠʷ. ʊʝʤ ʩʘʤʳʤ 

ʠʤʠʪʠʨʫʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʙʣʠʟʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʝʢʪʦʨʥʳʭ ʢʦʤʧʦʥʝʥʪ ʚ ʪʦʯʢʘʭ 

ʨʘʟʤʝʱʝʥʠʷ ʵʪʠʭ ʫʟʣʦʚ, ʦʪʩʪʦʷʱʠʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʤʝʥʝʝ 20 ʢʤ. ɻʨʘʜʠʝʥʪʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʧʦʣʷ ʥʘ ʤʘʣʦʡ ʙʘʟʝ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʰʘʛʦʤ ʨʘʚʥʦʤʝʨʥʦʡ ʩʝʪʠ, ʚ ʪʨʝʭ ʩʤʝʞʥʳʭ ʫʟʣʘʭ 

ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʢʘʢ ʜʘʥʥʳʝ ʚʠʨʪʫʘʣʴʥʳʭ ʩʪʘʥʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʦʜʥʦʨʦʜʥʦʩʪʴ 

ʫʩʣʦʚʠʡ ʠʟʤʝʨʝʥʠʷ ʧʦʣʷ ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠ ʦʜʥʦʛʦ ʠʟ ʣʦʢʘʣʴʥʳʭ ʠʦʥʦʩʬʝʨʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ Pi2 ʥʘ ʢʘʞʜʦʤ ʧʦʣʫʧʝʨʠʦʜʝ ʠʭ ʩʣʝʜʦʚʘʥʠʷ. ʇʨʠʤʝʥʷʷ ʤʝʪʦʜ ʛʨʘʜʠʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ ʧʦʣʷ ʢ ʜʘʥʥʳʤ ʚʠʨʪʫʘʣʴʥʳʭ ʩʪʘʥʮʠʡ, ʨʘʟʜʝʣʷʝʤ ʚʢʣʘʜʳ ʠʩʪʦʯʥʠʢʦʚ ʠ ʦʧʨʝʜʝʣʷʝʤ ʠʭ 

ʧʦʣʦʞʝʥʠʷ ʟʘ ʚʨʝʤʷ ʛʝʥʝʨʘʮʠʠ ʮʫʛʘ Pi2. ʀʩʧʦʣʴʟʫʷ ʤʦʜʝʣʴ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ ʜʚʠʞʝʥʠʝʤ ʣʦʢʘʣʴʥʳʭ ʠʦʥʦʩʬʝʨʥʳʭ ʪʦʢʦʚ ʧʦ ʣʦʤʘʥʳʤ 

ʪʨʘʝʢʪʦʨʠʷʤ ʃʝʚʠ ʙʣʫʞʜʘʥʠʡ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤ ʧʦʚʝʜʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʧʦʣʷ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ 

(5-10)Ĭ10
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 ɻʮ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ. ɻʨʘʜʠʝʥʪʳ ʧʦʣʷ ʚʠʨʪʫʘʣʴʥʳʭ ʩʪʘʥʮʠʡ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʦʣʷ ʧʫʣʴʩʘʮʠʡ, ʠʟʤʝʨʝʥʥʦʛʦ ʥʘ ʙʘʟʝ ʤʝʥʝʝ 

10 ʢʤ ʥʘ ʪʨʝʭ ʩʫʙʘʚʨʦʨʘʣʴʥʳʭ ʤʘʛʥʠʪʦʚʘʨʠʘʮʠʦʥʥʳʭ ʩʪʘʥʮʠʷʭ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʩ. ʃʝʭʪʘ 

(64.43̄  N, 33.97̄ E), ʚ ʧʝʨʠʦʜ 18:30-19:30 UT 08 ʩʝʥʪʷʙʨʷ 2008 ʛ.  

 

 

ʆʇʈɽɼɽʃɽʅʀɽ ʀʄʇɽɼɸʅʉɸ ʉʀʉʊɽʄʓ ʄɸɻʅʀʊʆʉʌɽʈɸ-ʀʆʅʆʉʌɽʈɸ-

ɸʊʄʆʉʌɽʈɸ-ɿɽʄʃʗ ʇʆ ɼɸʅʅʓʄ ʀʆʅʆʉʌɽʈʅʓʍ ʈɸɼɸʈʆɺ, ʅɸɿɽʄʅʓʍ 

ʄɸɻʅʀʊʆʄɽʊʈʆɺ ʀ ʅʀɿʂʆʆʈɹʀʊɸʃʔʅʓʍ ʉʇʋʊʅʀʂʆɺ 
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3
, ɸ.ɺ. ʂʦʟʣʦʚʩʢʠʡ
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1 
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, pilipenko_va@mail.ru 

2 
ʀʌɿ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

3 
ʇɻʀ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ 

4 
ʋʥʠʚʝʨʩʠʪʝʪ ʆʫʣʫ, ʌʠʥʣʷʥʜʠʷ 

 

ʉʠʥʭʨʦʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʋʅʏ ʚʦʣʥʳ ʠʦʥʦʩʬʝʨʥʳʤʠ ʨʘʜʘʨʘʤʠ ʠ ʝʝ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘʟʝʤʥʳʤʠ ʤʘʛʥʠʪʦʤʝʪʨʘʤʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʚʭʦʜʥʦʛʦ ʠʤʧʝʜʘʥʩʘ ʩʠʩʪʝʤʳ ʤʘʛʥʠʪʦʩʬʝʨʘ-ʠʦʥʦʩʬʝʨʘ-ʘʪʤʦʩʬʝʨʘ-ɿʝʤʣʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ 
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ʄɻɼ ʤʦʜʳ ʚʦʣʥʳ. ʕʪʘ ʤʝʪʦʜʠʢʘ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ 

ʛʣʦʙʘʣʴʥʳʭ ʈʩ5 ʚʦʣʥ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʨʘʜʘʨʝ EISCAT ʠ ʩʝʪʠ IMAGE ʥʘ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʬʘʟʝ ʩʠʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ 31.10.2003. ʊʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʵʪʦʛʦ 

ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʪʝʦʨʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʄɻɼ ʚʦʣʥ ʩ ʠʦʥʦʩʬʝʨʦʡ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʪʦʥʢʦʛʦ 

ʩʣʦʷ. ʇʦʩʪʨʦʝʥʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʠʣʘ ʧʨʦʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʥʘʙʣʶʜʝʥʠʷ Pi2 

ʧʫʣʴʩʘʮʠʡ ʥʘ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ ʥʘ ʨʘʜʘʨʝ SuperDARN (Hokkaido) ʠ ʩʝʪʠ ʤʘʛʥʠʪʥʳʭ ʩʪʘʥʮʠʡ 

ʥʘ ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʜʳ ʄɻɼ ʢʦʣʝʙʘʥʠʡ, 

ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʟʘ ʥʠʟʢʦʰʠʨʦʪʥʳʝ Pi2 ʧʫʣʴʩʘʮʠʠ, ʧʦ ʜʘʥʥʳʤ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʦʛʦ ʩʧʫʪʥʠʢʘ 

CHAMP. ʉʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʩʝʪʠ IMAGE ʠ ʨʘʜʘʨʝ EISCAT ʦʙʥʘʨʫʞʠʣʠ 

ʥʝʦʞʠʜʘʥʥʦ ʛʣʫʙʦʢʫʶ (ʜʦ ~60%) ʤʦʜʫʣʷʮʠʶ Pc5 ʧʫʣʴʩʘʮʠʷʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ E-

ʩʣʦʝ, ʠʥʪʝʛʨʘʣʴʥʦʡ ʧʦ ʚʳʩʦʪʝ ʠʦʥʦʩʬʝʨʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʠ ʠʦʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ F-ʩʣʦʝ, 

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʚʘʟʠ-ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʚʳʩʳʧʘʥʠʷ ʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ɺ ʦʩʥʦʚʝ 

ʥʘʙʣʶʜʘʝʤʳʭ ʤʦʜʫʣʷʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʚʦʟʤʦʞʥʦ ʣʝʞʘʪ ʜʞʦʫʣʝʚ ʥʘʛʨʝʚ ʠʦʥʦʩʬʝʨʳ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʋʅʏ ʚʦʣʥʳ, ʠ ʦʧʫʩʪʦʰʝʥʠʝ/ʧʦʜʢʘʯʢʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʥʠʞʥʝʡ ʠʦʥʦʩʬʝʨʳ ʧʨʦʜʦʣʴʥʳʤ ʪʦʢʦʤ, ʧʝʨʝʥʦʩʠʤʳʤ ʘʣʴʚʝʥʦʚʩʢʦʡ ʚʦʣʥʦʡ.  
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ɻʣʦʙʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʨʦʜʥʳʡ ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ, 

ʢʦʪʦʨʳʡ ʟʘ ʩʯʝʪ ʛʣʦʙʘʣʴʥʦʡ ʛʨʦʟʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʟʘʨʷʞʘʝʪ ʠʦʥʦʩʬʝʨʫ ɿʝʤʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʎʝʧʴ ʟʘʤʳʢʘʝʪʩʷ ʯʝʨʝʟ ʦʙʣʘʩʪʠ ʭʦʨʦʰʝʡ ʧʦʛʦʜʳ, ʧʨʠ 

ʵʪʦʤ  ʧʣʦʪʥʦʩʪʴ  ʪʦʢʘ  ʭʦʨʦʰʝʡ  ʧʦʛʦʜʳ  ʚ  ʩʨʝʜʥʝʤ  ʩʦʩʪʘʚʣʷʝʪ 4Ö10
-12

 ɸ/ʤ
2
. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʟʝʤʣʝʡ ʠ ʠʦʥʦʩʬʝʨʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʛʨʘʥʠʯʥʳʤ ʩʣʦʝʤ 

ʘʪʤʦʩʬʝʨʳ ʚʚʠʜʫ ʝʛʦ ʢʨʘʡʥʝ ʥʠʟʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʆʜʥʘʢʦ ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ (ʢʘʢ ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ, ʪʘʢ ʠ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ) ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʣʦʢʘʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʧʦʪʝʥʮʠʘʣʘ ʠʦʥʦʩʬʝʨʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʝʤʣʠ, ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʣʦʢʘʣʴʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ɺ 

ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʝ ʪʘʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, 

ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʢʘʢ ʧʨʠʯʠʥʳ ʧʨʠʨʦʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʨʝʟʢʦ ʠʟʤʝʥʷʶʱʠʝ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ (ʧʝʩʯʘʥʳʝ ʙʫʨʠ, ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʫʨʘʛʘʥʳ, ʫʨʘʥʦʚʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ), ʪʘʢ ʠ ʠʤʝʶʱʠʝ ʘʥʪʨʦʧʦʛʝʥʥʫʶ ʧʨʠʨʦʜʫ (ʘʚʘʨʠʠ ʥʘ ʘʪʦʤʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ, ʠʩʧʳʪʘʥʠʷ ʷʜʝʨʥʦʛʦ ʦʨʫʞʠʷ ʠ ʜʨ.). ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʚʦʟʥʠʢʘʶʪ ʥʝ ʪʦʣʴʢʦ ʥʘʜ ʦʙʣʘʩʪʴʶ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, 

ʥʦ ʠ ʚ ʤʘʛʥʠʪʦʩʦʧʨʷʞʝʥʥʦʡ ʪʦʯʢʝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʦʜʠʬʠʢʘʮʠʠ ʚʩʝʡ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ 

ʪʨʫʙʢʠ, ʦʧʠʨʘʶʱʝʡʩʷ ʥʘ ʦʙʣʘʩʪʴ ʘʥʦʤʘʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʆʧʠʩʘʥ ʬʠʟʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʥʠʟʢʦʰʠʨʦʪʥʦʡ ʠʦʥʦʩʬʝʨʝ. 
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ʆ ɺʆɿʄʆɾʅʆʉʊʀ ʈɽɻʀʉʊʈɸʎʀʀ ʇʃɸɿʄɽʅʅʓʍ ñʇʋɿʓʈɽʁò 

ʕʂɺɸʊʆʈʀɸʃʔʅʆɻʆ ʇʈʆʀʉʍʆɾɼɽʅʀʗ ʅɸ ɺʓʉʆʊɸʍ ɺɽʈʍʅɽʁ 

ʀʆʅʆʉʌɽʈʓ ʇʆ ʆʊɼɽʃʔʅʆʁ ʇʃɸɿʄɽʅʅʆʁ ʂʆʄʇʆʅɽʅʊɽ ï  

ʀʆʅɸʄ ʅʝ
+
 

 

ʃ.ʅ. ʉʠʜʦʨʦʚʘ, ʉ.ɺ. ʌʠʣʠʧʧʦʚ
 

 

ʀɿʄʀʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʛ. ʊʨʦʠʮʢ, ʈʦʩʩʠʷ, lsid@izmiran.ru 

 

ʀʩʩʣʝʜʦʚʘʥ ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʧʣʘʟʤʝʥʥʳʭ çʧʫʟʳʨʝʡè ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʘ ʚʳʩʦʪʘʭ ʚʝʨʭʥʝʡ ʠʦʥʦʩʬʝʨʳ ʧʦ ʠʭ ʦʪʜʝʣʴʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʢʦʤʧʦʥʝʥʪʝ ï 

ʠʦʥʘʤ He
+
. ʕʪʦʪ ʚʦʧʨʦʩ ʚʦʟʥʠʢ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ (Sidorova, Adv. Space Res., 2004, 2007; 

ʉʠʜʦʨʦʚʘ, ɻʝʦʤʘʛʥʝʪʠʟʤ ʠ ʘʵʨʦʥʦʤʠʷ, 2008; Sidorova, Filippov, J. Atm. Solar-Terr. Phys., 

2012), ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʦʙʣʘʩʪʝʡ ʧʦʥʠʞʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ He
+
 

(ʩʫʙʧʨʦʚʘʣʦʚ) ʠ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʧʣʘʟʤʝʥʥʳʭ çʧʫʟʳʨʝʡè. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʠ 

ʩʨʘʚʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʭʘʨʘʢʪʝʨʥʳʝ ʚʨʝʤʝʥʘ ʦʩʥʦʚʥʳʭ ʘʵʨʦʥʦʤʠʯʝʩʢʠʭ ʠ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʢʦʪʦʨʳʝ ʚʦʚʣʝʯʝʥ ʩʘʤ çʧʫʟʳʨʴè ʠ ʝʛʦ ʤʠʥʦʨʥʘʷ ʠʦʥʥʘʷ 

ʢʦʤʧʦʥʝʥʪʘ - ʅʝ
+
. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʫʩʣʦʚʠʡ ʠ ʬʘʢʪʦʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʠ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʱʠʭ ʥʘʙʣʶʜʝʥʠʷʤ ʧʣʘʟʤʝʥʥʳʭ çʧʫʟʳʨʝʡè ʥʘ ʚʳʩʦʪʘʭ ʚʝʨʭʥʝʡ ʠʦʥʦʩʬʝʨʳ 

ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʅʝ
+
. ʇʨʠʚʣʝʯʝʥʳ ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ 

SAMIS3 (3D ʤʦʜʝʣʴ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ Fïʨʘʩʩʝʷʥʠʷ) ʠ ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ɼʞ. ʍʫʙʦʡ 

(USA). ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʣʘʟʤʝʥʥʳʝ çʧʫʟʳʨʠè, ʜʦʩʪʠʛʰʠʝ ʩʚʦʠʭ ʧʨʝʜʝʣʴʥʳʭ ʚʳʩʦʪ, ʤʦʛʫʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ, ʠ, ʯʪʦ ʠʤʝʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʘʙʣʶʜʘʪʴ ʠʭ ʧʦ ʦʪʜʝʣʴʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʢʦʤʧʦʥʝʥʪʝ -He
+
. 
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ɸʥʦʤʘʣʴʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʜʠʥʘʤʦ ʩʣʦʷ (ɼʉ) ʘʚʨʦʨʘʣʴʥʦʡ ʠʦʥʦʩʬʝʨʳ, ʙʳʣʦ 

ʚʳʚ̫ʣʝʥʦ ʚ ʨʘʙʦʪʝ (Timofeev et al., 2003) ʚ ʫʩʣʦʚʠʷʭ ʤʘʣʳʭ (ʥʠʞʝ ʧʦʨʦʛʘ ʌɹ-

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ) ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ. ʉ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʵʬʬʝʢʪʘ ʚ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠ ʚʨʝʤʝʥʥʳʝ ʚʘʨʠʘʮʠʠ ʠʦʥʥʦʡ (ʊʠ) ʠ ʵʣʝʢʪʨʦʥʥʦʡ 

(ʊʵ) ʪʝʤʧʝʨʘʪʫʨ, ʠʟʤʝʨʷʝʤʳʭ ʩʠʩʪʝʤʦʡ ʨʘʜʘʨʦʚ EISCAT ʥʘ ʚʳʩʦʪʘʭ ɼʉ, ʚ ʟʝʥʠʪʝ 

ʘʚʨʦʨʘʣʴʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʊʨʦʤʩʸ. ɼʣʷ ʘʥʘʣʠʟʘ ʦʪʦʙʨʘʥʦ ʦʢʦʣʦ 6-ʪʠ ʯʘʩʦʚ ʠʟʤʝʨʝʥʠʡ ʚʙʣʠʟʠ 

ʤʝʩʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʧʦʣʫʥʦʯʠ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʭʦʜʝ 2-ʭ ʘʚʨʦʨʘʣʴʥʳʭ ʩʫʙʙʫʨʴ 15 ʠ 23 ʤʘʨʪʘ 

1988 ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʚʨʝʤʝʥʥʦʤ ʨʘʟʨʝʰʝʥʠʠ ʨʘʜʘʨʘ (45 ʩ). ɼʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʨʘʟʙʨʦʩʘ 

ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ ʩ ʚʳʙʦʨʦʤ ʦʧʪʠʤʘʣʴʥʦʡ ʰʠʨʠʥʳ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʦʢʥʘ. ʉʛʣʘʞʠʚʘʶʪʩʷ ʠ ʜʨʫʛʠʝ ʠʦʥʦʩʬʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ: ʚʝʣʠʯʠʥʘ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ (Ne) ʠ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʠʦʥʦʩʬʝʨʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (ɽ-

ʧʦʣʷ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ: 1) ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʘʥʦʤʘʣʠʷ ʩ ʦʭʣʘʞʜʝʥʠʝʤ 

ʵʣʝʢʪʨʦʥʦʚ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʠʦʥʦʚ) ʥʘ ʚʝʣʠʯʠʥʫ ʦʪ ~15K  ʜʦ ~140K 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʚ ʙʦʣʝʝ ʯʝʤ ʧʦʣʦʚʠʥʝ ʚʩʝʛʦ ʠʥʪʝʨʚʘʣʘ ʠʟʤʝʨʝʥʠʡ, 2) ʚ ʦʙʣʘʩʪʷʭ ʘʥʦʤʘʣʠʠ 

ʚʝʣʠʯʠʥʘ Ne ʧʦʩʪʦʷʥʥʦ ʧʨʝʚʳʰʘʣʘ ʫʨʦʚʝʥʴ ~ 5*10
4
 /ʩʤ

3
, ʘ ʧʨʠ  ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ (5-15 

ʤʠʥʫʪ) ʠʥʚʝʨʩʠʷʭ ʢ ʨʝʞʠʤʫ ʌɹ-ʧʝʨʝʛʨʝʚʘ (ʊʵ>ʊʠ), ʥʘʦʙʦʨʦʪ, ʙʳʣʘ ʥʠʞʝ ʫʢʘʟʘʥʥʦʛʦ ʫʨʦʚʥʷ, 
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3) ʥʘ ʠʥʪʝʨʚʘʣʘʭ ʦʪ 3 ʜʦ 20 ʤʠʥʫʪ ʥʘʙʣʶʜʘʣʩʷ ʥʘʛʨʝʚ ʠʦʥʦʚ, ʢʦʪʦʨʳʡ ʩʦʧʨʦʚʦʞʜʘʣʩʷ 

ʦʭʣʘʞʜʝʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ ʠ ʥʘʦʙʦʨʦʪ, 4) ʥʘ ʠʥʪʝʨʚʘʣʘʭ 30-45 ʤʠʥʫʪ ʥʘʙʣʶʜʘʣʠʩʴ 

ʧʨʦʪʠʚʦʬʘʟʥʳʝ ʚʦʣʥʦʚʳʝ ʚʘʨʠʘʮʠʠ ʊʵ ʠ Ne; ʧʨʠ ʵʪʦʤ ʦʭʣʘʞʜʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠʤʝʨʥʦ 

ʚʜʚʦʝ ʧʦ ʚʝʣʠʯʠʥʝ ʧʨʝʚʳʰʘʣʦ ʥʘʛʨʝʚ ʠʦʥʦʚ ʧʨʠ ʪʠʧʠʯʥʦʡ ʚʝʣʠʯʠʥʝ ʪʝʨʤʦ-ʘʥʦʤʘʣʠʠ  ² 50K, 

ʘ ʚʝʣʠʯʠʥʳ ɽ-ʧʦʣʷ ʥʝ ʧʨʝʚʳʰʘʣʠ ʧʦʨʦʛʘ ʌɹ-ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ (15-20 ʤɺ/ʤ), 5) ʚ ʫʩʣʦʚʠʷʭ ʞʝ 

ʨʝʟʢʦʛʦ ʧʝʨʝʭʦʜʘ ʧʣʘʟʤʳ ʚ ʘʥʦʤʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʢʦʛʜʘ ʊʵ ʩʧʘʜʘʝʪ ʥʘ ʚʝʣʠʯʠʥʫ ʦʪ ~30 ʜʦ 

~140 K ʟʘ ʚʨʝʤʷ ʦʪ 7-10 ʤʠʥʫʪ, ʠʤʧʫʣʴʩʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʤʦʞʝʪ ʥʘʯʠʥʘʪʴʩʷ ʠ ʧʨʠ 

ʚʝʣʠʯʠʥʘʭ ɽ-ʧʦʣʷ ʧʨʝʚʳʰʘʶʱʠʭ ʌɹ-ʧʦʨʦʛ, 6) ʚ ʧʝʨʠʦʜʳ ʤʝʜʣʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʤʦʜʫʣʷ 

ʚʝʢʪʦʨʘ ʠʦʥʦʩʬʝʨʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, (ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʙʦʣʝʝ 1-2 ʤɺ/ʤ ʚ ʤʠʥʫʪʫ) 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʝ ʪʝʧʣʦʚʳʝ ʩʪʨʫʢʪʫʨʳ  ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ 

ʤʘʩʰʪʘʙʘʤʠ ʦʪ 7 ʜʦ 45 ʢʤ; ʧʨʠ  ʵʪʦʤ ʚʝʢʪʦʨ ɽ-ʧʦʣʷ ʥʘʭʦʜʠʣʩʷ  ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʶʛʦ-

ʟʘʧʘʜʥʦʤ ʢʚʘʜʨʘʥʪʝ. ɼʘʥʘ ʬʠʟʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʛʠʧʦʪʝʟʝ ʦ ʢʦʥʢʫʨʝʥʮʠʠ ʜʚʫʭ ʬʘʢʪʦʨʦʚ. ʢʫʣʦʥʦʚʩʢʠʭ ʩʠʣ 

ʟʘʨʷʞʝʥʥʳʭ ʤʘʢʨʦ-ʯʘʩʪʠʮ ʧʳʣʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʞʸʩʪʢʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʧʣʘʟʤʝʥʥʦ-ʧʳʣʝʚʦʛʦ 

ʢʨʠʩʪʘʣʣʘ, ʠ ʧʦʨʦʞʜʘʝʤʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʌʘʨʣʝʷ-ɹʫʥʝʤʘʥʘ (ʌɹ) ʧʣʘʟʤʝʥʥʦʡ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ, ʩʪʨʝʤʷʱʝʡʩʷ ʨʘʟʨʫʰʠʪʴ ʵʪʫ ʩʪʨʫʢʪʫʨʫ. ʄʝʭʘʥʠʟʤʦʤ ʛʝʥʝʨʘʮʠʠ ʪʝʧʣʦʚʳʭ 

ʩʪʨʫʢʪʫʨ ʤʦʞʝʪ ʙʳʪʴ, ʥʘʧʨʠʤʝʨ, ʥʝʣʠʥʝʡʥʘʷ ʩʪʘʜʠʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʵʢʤʘʥʦʚʩʢʦʛʦ ʪʠʧʘ. 
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ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʡ ʚ ʘʚʨʦʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʩʢʝʡʣʠʥʛ ʚʦ ʬʣʫʢʪʫʘʮʠʷʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠ ʚ ʘʚʨʦʨʘʣʴʥʦʤ ʩʚʝʯʝʥʠʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩʦʮʝʥʢʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ ʫʩʣʦʚʠʡ ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʦʚ ʚ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡʠʦʥʦʩʬʝʨʝ, ʢʦʪʦʨʘʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʬʨʘʢʪʘʣʴʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʝʜʝʨʩʝʥʦʚʩʢʦʡ ʠ 

ʭʦʣʣʦʚʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʘʥʘʣʠʪʠʯʝʩʢʠ ʚʳʚʝʜʝʥʳ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ 

(ʬʨʘʢʪʘʣʴʥʳʝ ʨʘʟʤʝʨʥʦʩʪʠ ʠ ʠʥʜʝʢʩʳ ʩʚʷʟʥʦʩʪʠ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʩʪʨʫʢʪʫʨʫʧʨʦʚʦʜʠʤʦʩʪʠ ʇʝʜʝʨʩʝʥʘ ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʍʦʣʣʘ ʥʘ ʥʦʯʥʦʡ ʩʪʦʨʦʥʝ ʘʚʨʦʨʘʣʴʥʦʡ 

ʦʙʣʘʩʪʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʛʨʘʥʠʯʝʥʠʷ, ʥʘʢʣʘʜʳʚʘʝʤʳʝ ʥʘ ʵʪʠ ʚʝʣʠʯʠʥʳ ʫʩʣʦʚʠʝʤ 

ʧʝʨʢʦʣʷʮʠʠ (ʧʨʦʪʝʢʘʥʠʷ) ʠʦʥʦʩʬʝʨʥʳʭ ʪʦʢʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ ʧʦʟʚʦʣʷʶʪ 

ʦʮʝʥʠʪʴ ʩʚʦʡʩʪʚʘ ʧʣʘʟʤʳ ʠ ʪʦʢʦʚ ʚ ʠʦʥʦʩʬʝʨʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʡ ʚ ʘʚʨʦʨʘʣʴʥʦʡ 

ʟʦʥʝ ʩʢʝʡʣʠʥʛ ʚʦ ʬʣʫʢʪʫʘʮʠʷʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠ ʘʚʨʦʨʘʣʴʥʦʤ ʩʚʝʯʝʥʠʠ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʦʮʝʥʢʘʤʠ. ʉʦʦʪʚʝʪʩʪʚʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ ʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʘʚʦʤʝʨʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʬʨʘʢʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʘʚʨʦʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ɿʝʤʣʠ. 

 

 

 

 

 

 

 

 

 

mailto:achernyshov@iki.rssi.ru


 68 
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In this paper we refine the analytical solutions of the contiguity equations found with the method 

of characteristics for two types of energy losses: collisional (Syrovatsky and Shmeleva, 1982) and 

Ohmic ones (Zharkova and Gordovskyy, 2006) for electron beams with different parameters 

precipitating into flaring atmospheres with different physical conditions. We show that exact 
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ʀʩʪʦʨʠʷ ʧʝʨʚʳʭ ʦʙʥʘʨʫʞʝʥʠʡ ʤʘʛʥʠʪʦʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʟʤʫʱʝʥʠʡ (ʄɻɺ) ʧʦ ʥʘʟʝʤʥʳʤ 

ʥʘʙʣʶʜʝʥʠʷʤ ʩʚʷʟʘʥʘ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʚ ʘʪʤʦʩʬʝʨʝ 

ɿʝʤʣʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʫʯʝʪ ʩʦʚʤʝʩʪʥʦʛʦ ʚʣʠʷʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ 

ʫʨʘʚʥʝʥʠʷʭ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʝ, ʝʩʣʠ ʚʳʧʦʣʥʝʥʳ 

ʫʩʣʦʚʠʷ ʩʣʘʙʦʛʦ ʧʦʛʣʦʱʝʥʠʷ. ʇʨʝʜʣʘʛʘʝʤʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʷʚʣʝʥʠʷ ʤʘʛʥʠʪʦʛʨʘʚʠʪʘʮʠʦʥʥʳʭ 

ʚʦʣʥ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʠʭ ʧʣʘʟʤʝʥʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʦʣʷʨʥʦʡ ʚʦʟʤʫʱʝʥʥʦʩʪʴʶ. ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʮʝʥʢʘʤʠ, ʩʜʝʣʘʥʥʳʤʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʜʣʷ ʄɻɺ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʚʳʩʦʢʦʰʠʨʦʪʥʦʡ ʠʦʥʦʩʬʝʨʝ 

ʩ ʢʦʥʝʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. ʇʦ ʜʘʥʥʳʤ ʠʦʥʦʩʬʝʨʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʪʘʥʮʠʡ ʚʳʧʦʣʥʝʥ ʧʦʠʩʢ 

ʄɻɺ ʚ ʠʦʥʦʩʬʝʨʝ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʚʦʩʪʦʯʥʳʤ ʵʣʝʢʪʨʦʜʞʝʪʦʤ (AU), ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʚʦʟʤʫʱʝʥʠʡ ʠʥʜʝʢʩʘ AU, ʚʦʟʤʫʱʝʥʠʡ ʧʣʦʪʥʦʩʪʠ 

ʠʦʥʦʩʬʝʨʥʦʛʦ ʩʣʦʷ F2 ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʥʘʨʫʞʝʥʳ ʩʦʙʳʪʠʷ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʥʜʝʢʩʘ ʠ ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʠʦʥʦʩʬʝʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʪʘʥʮʠʷʭ. ʆʪʤʝʯʘʝʪʩʷ 

ʚʳʩʦʢʘʷ ʩʠʥʭʨʦʥʥʦʩʪʴ ʠʦʥʦʩʬʝʨʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʥʮʠʷʭ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʚʦʣʥ, ʩʦʜʝʨʞʘʱʠʭ ʧʣʘʟʤʝʥʥʫʶ ʠ ʤʘʛʥʠʪʥʫʶ ʢʦʤʧʦʥʝʥʪʳ, 

ʠ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʄɻɺ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ 

ʚʥʫʪʨʝʥʥʠʤʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʚʦʣʥʘʤʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʮʝʥʢʠ ʜʘʶʪ ʟʥʘʯʝʥʠʷ 

ʩʢʦʨʦʩʪʝʡ ʧʦʨʷʜʢʘ 2000 ʤ/ʩ ʜʣʷ ʭʘʨʘʢʪʝʨʥʳʭ ʥʘʙʣʶʜʘʝʤʳʭ ʯʘʩʪʦʪ ʜʠʘʧʘʟʦʥʘ 10
-4

 õ 4Ŀ10
-4

 ɻʮ. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʡ ʄɻɺ ʩ ʚʦʟʤʫʱʝʥʠʷʤʠ ʠʥʜʝʢʩʘ AU, ʠ 

ʧʨʝʜʧʦʣʘʛʘʷ ʛʝʥʝʨʘʮʠʶ ʄɻɺ ʚʦʩʪʦʯʥʳʤ ʵʣʝʢʪʨʦʜʞʝʪʦʤ,  ʚʳʧʦʣʥʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʩʪʘʥʮʠʷʭ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʙʣʠʟʢʠʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʤʝʨʠʜʠʘʥʘʭ. ʆʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ 

ʥʘʧʨʘʚʣʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʄɻɺ ʠʟ ʘʚʨʦʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʢ ʥʠʟʢʠʤ ʰʠʨʦʪʘʤ ʚ ʧʨʝʜʝʣʘʭ 

ʤʘʛʥʠʪʥʳʭ ʜʦʣʛʦʪ 1.6Á ï 1.9Á. ɼʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʄɻɺ ʚ ʠʦʥʦʩʬʝʨʥʦʡ ʩʨʝʜʝ ʩ ʢʦʥʝʯʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʧʦʟʚʦʣʠʣ ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʠʭ ʬʘʟʦʚʳʭ ʠ ʛʨʫʧʧʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʤʦʜ. ɿʥʘʯʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʢʦʨʦʩʪʝʡ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 

3000-4000 ʤ/ʩ. ɺ ʭʘʨʘʢʪʝʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʥʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʙʥʘʨʫʞʝʥʥʳʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʄɻɺ ʟʘ ʯʘʩʪʴ ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ 

ʠʦʥʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʤʠ ʩʦʙʳʪʠʷʤʠ ʚ 

ʦʢʦʣʦʟʝʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʄɻɺ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʜʦʩʪʦʠʥʩʪʚʦʤ ʧʨʠ ʤʘʥʠʬʝʩʪʘʮʠʠ ʪʘʢʠʭ ʩʦʙʳʪʠʡ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆɻʆ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ɸɺʈʆʈɸʃʔʅʓʍ 

Pc5 ʇʋʃʔʉɸʎʀʁ ʀ ʀʍ ʉɺʗɿʀ ʉ ʆɼʅʆɺʈɽʄɽʅʅʓʄʀ ʇʋʃʔʉɸʎʀʗʄʀ  

ɺ ɻɽʆʄɸɻʅʀʊʅʆʄ ʇʆʃɽ ʀ ʈʀʆʄɽʊʈʀʏɽʉʂʆʄ ʇʆɻʃʆʑɽʅʀʀ 

 

ɺ.ɹ. ɹʝʣʘʭʦʚʩʢʠʡ
1
, ɺ.ɸ. ʇʠʣʠʧʝʥʢʦ

2 

 
1
 ʇɻʀ ʂʅʎ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ 

2
 ʀʌɿ ʠʤ. ʆ.ʖ. ʐʤʠʜʪʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʀʩʩʣʝʜʦʚʘʥʳ ʫʪʨʝʥʥʠʝ ʘʚʨʦʨʘʣʴʥʳʝ Pc5 ʧʫʣʴʩʘʮʠʠ ʠ ʠʭ ʩʚʷʟʴ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤʠ 

ʧʫʣʴʩʘʮʠʷʤʠ ʪʦʛʦ ʞʝ ʜʠʘʧʘʟʦʥʘ ʚ ʛʝʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠ ʨʠʦʤʝʪʨʠʯʝʩʢʦʤ ʧʦʛʣʦʱʝʥʠʠ ʧʦ 

ʜʘʥʥʳʤ ʩʝʪʝʡ CARISMA, NORSTAR ʠ ʩʪ. ʇɻʀ ɹʘʨʝʥʮʙʫʨʛ ɼʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʧʦʣʷʨʥʳʤʠ 

ʩʠʷʥʠʷʤʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʩʢʘʥʠʨʫʶʱʠʭ ʬʦʪʦʤʝʪʨʦʚ. ɼʣʷ 

ʛʝʦʤʘʛʥʠʪʥʳʭ Pc5 ʧʫʣʴʩʘʮʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʨʷʜ ʨʝʟʦʥʘʥʩʥʳʭ ʩʚʦʡʩʪʚ: ʫʤʝʥʴʰʝʥʠʝ ʯʘʩʪʦʪʳ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʛʝʦʤʘʛʥʠʪʥʦʡ ʰʠʨʦʪʳ, ʢʘʞʫʱʝʝʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩ ʥʠʟʢʠʭ ʰʠʨʦʪ ʢ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤ. ɻʝʦʤʘʛʥʠʪʥʳʝ Pc5 ʧʫʣʴʩʘʮʠʠ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʫʣʴʩʘʮʠʷʤʠ ʚ 

ʧʦʣʷʨʥʳʭ ʩʠʷʥʠʷʭ ʚ ʵʤʠʩʩʠʷʭ 557.7, 630.0, 471 ʥʤ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʣʷ ʘʚʨʦʨʘʣʴʥʳʭ Pc5 

ʧʫʣʴʩʘʮʠʡ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʞʫʱʝʝʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩ ʥʠʟʢʠʭ ʰʠʨʦʪ ʢ ʙʦʣʝʝ ʚʳʩʦʢʠʤ. 

ɸʚʨʦʨʘʣʴʥʳʝ ʠ ʛʝʦʤʘʛʥʠʪʥʳʝ Pc5 ʧʫʣʴʩʘʮʠʠ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ Pc5 

ʧʫʣʴʩʘʮʠʷʤʠ ʚ ʨʠʦʤʝʪʨʠʯʝʩʢʦʤ ʧʦʛʣʦʱʝʥʠʠ ʩ ʪʦʡ ʞʝ ʯʘʩʪʦʪʦʡ. ɸʚʨʦʨʘʣʴʥʳʝ Pc5 ʧʫʣʴʩʘʮʠʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʙʦʣʝʝ ʫʟʢʦʤ ʰʠʨʦʪʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʯʝʤ ʛʝʦʤʘʛʥʠʪʥʳʝ Pc5 ʧʫʣʴʩʘʮʠʠ, ʯʪʦ  

ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʛʝʦʤʘʛʥʠʪʥʳʝ ʧʫʣʴʩʘʮʠʠ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʫʣʴʩʘʮʠʡ ʚ ʩʠʷʥʠʷʭ. ɸʥʘʣʠʟ ʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʘʚʨʦʨʘʣʴʥʳʭ ʵʤʠʩʩʠʡ 557.7/630.0 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʧʦʷʚʣʝʥʠʠ Pc5 ʧʫʣʴʩʘʮʠʡ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʫʩʢʦʨʝʥʠʝ 

ʘʚʨʦʨʘʣʴʥʳʭ ʵʣʝʢʪʨʦʥʦʚ.  

 

 

ʄʆɼʋʃʗʎʀʗ ʇʆʃʅʆɻʆ ʕʃɽʂʊʈʆʅʅʆɻʆ ʉʆɼɽʈɾɸʅʀʗ ʀʆʅʆʉʌɽʈʓ 

ɻɽʆʄɸɻʅʀʊʅʓʄʀ Pc5 ʇʋʃʔʉɸʎʀʗʄʀ 

 

ɺ.ɸ. ʇʠʣʠʧʝʥʢʦ
1
, ɺ.ɹ. ɹʝʣʘʭʦʚʩʢʠʡ

2
,  ɼ. ʄʶʨʨ

3
, ʄ. ʊʝʨʘʤʦʪʦ

4 

  
1
 ʀʌɿ ʠʤ. ʆ.ʖ. ʐʤʠʜʪʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2
 ʇɻʀ ʂʅʎ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ 

3
 ʎʝʥʪʨ ʢʦʩʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, ɸʫʛʩʙʫʨʛ ʂʦʣʣʝʜʞ, ʄʠʥʥʝʘʧʦʣʠʩ, ʉʐɸ 

4
 ʃʘʙʦʨʘʪʦʨʠʷ ʦʢʦʣʦʟʝʤʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʅʘʛʦʡʷ, ʗʧʦʥʠʷ 

 

ʀʩʩʣʝʜʦʚʘʥʘ ʩʚʷʟʴ ʧʦʣʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʠʦʥʦʩʬʝʨʳ (TEC), ʦʧʨʝʜʝʣʷʝʤʦʛʦ 

ʧʦ ʜʘʥʥʳʤ ʩʝʪʠ GPS ʧʨʠʝʤʥʠʢʦʚ ʚ ʉʢʘʥʜʠʥʘʚʠʠ ʠ ʂʘʥʘʜʝ, ʩ ʛʣʦʙʘʣʴʥʳʤʠ Pc5 ʚʦʣʥʘʤʠ ʥʘ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʬʘʟʝ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ 29-31.10.2003. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʛʝʦʤʘʛʥʠʪʥʳʝ Pc5 ʧʫʣʴʩʘʮʠʠ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʳʝ ʧʫʣʴʩʘʮʠʠ TEC, 

ʥʘʙʣʶʜʘʝʤʳʤʠ ʚ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʠʥʪʝʨʚʘʣʝ ʰʠʨʦʪ (~58-75Á CGM). ɺʝʡʚʣʝʪ-ʘʥʘʣʠʟ 

ʧʦʢʘʟʳʚʘʝʪ ʙʣʠʟʦʩʪʴ ʯʘʩʪʦʪ ʚ ʚʘʨʠʘʮʠʷʭ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ TEC, ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʤʝʞʜʫ 

ʜʘʥʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 0.9. ɻʣʫʙʠʥʘ ʤʦʜʫʣʷʮʠʠ ʚ TEC ʜʦʩʪʠʛʘʝʪ 10%, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʛʣʫʙʠʥʘ ʤʦʜʫʣʷʮʠʠ ʚ ʛʝʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 2-3%. ɺʦʟʤʦʞʥʳʡ 

ʤʝʭʘʥʠʟʤ ʤʦʜʫʣʷʮʠʠ TEC ʄɻɼ ʚʦʣʥʦʡ ʧʦʢʘ ʥʝ ʦʪʦʞʜʝʩʪʚʣʝʥ: ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ 

ʧʝʨʝʥʦʩʦʤ ʧʣʘʟʤʳ ʧʨʦʜʦʣʴʥʳʤʠ ʪʦʢʘʤʠ ʘʣʴʚʝʥʦʚʩʢʦʡ ʚʦʣʥʳ, ʦʩʮʠʣʣʷʮʠʷʤʠ ʨʝʟʢʦʡ 

ʧʦʧʝʨʝʯʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ, ʠʣʠ ʥʘʣʠʯʠʝʤ ʤʘʛʥʠʪʦʟʚʫʢʦʚʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʚ ʧʦʣʝ ʚʦʣʥʳ.  
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ɺ ʈɸɼʀʆɿɸʊʄɽʅʅʆʄ ʕʂʉʇɽʈʀʄɽʅʊɽ 

 

ɸ.ʃ. ɻʘʚʨʠʢ, ʖ.ɸ. ɻʘʚʨʠʢ, ʊ.ʌ. ʂʦʧʥʠʥʘ,  

ɽ.ɸ. ʂʫʣʝʰʦʚ, ɸ.ɸ. ʉʤʳʩʣʦʚ 

 

ʌʀʈʕ ʠʤ.ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ, ʛ. ʌʨʷʟʠʥʦ, ʈʦʩʩʠʷ, alg248@ire216.msk.su 

 

ʈʘʜʠʦʟʘʪʤʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʤʠʩʩʠʷʭ. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï 

ʧʦʢʘʟʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʚ ʩʠʩʪʝʤʝ ʘʪʤʦʩʬʝʨʘ-

ʠʦʥʦʩʬʝʨʘ ʧʦ ʚʘʨʠʘʮʠʷʤ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʦʚ ʚ ʨʘʜʠʦʟʘʪʤʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ʉʦʟʜʘʥʠʝ 

ʤʝʪʦʜʘ ʜʠʘʛʥʦʩʪʠʢʠ ʩʨʝʜʳ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʧʦʟʚʦʣʠʪ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʷʟʠ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʨʝʰʝʥʠʠ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ 

ʨʘʜʠʦʧʨʦʩʚʝʯʠʚʘʥʠʷ, ʯʪʦ ʫʚʝʣʠʯʠʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ ʨʘʜʠʦʟʘʪʤʝʥʠʡ ʢ ʤʘʣʳʤ 

ʚʘʨʠʘʮʠʷʤ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜʳ. ʇʨʠʥʮʠʧ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ, 

ʧʦʣʦʞʝʥʥʳʡ ʚ ʦʩʥʦʚʫ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ, ʧʦʟʚʦʣʠʪ ʚʳʷʚʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʷʚʣʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʨʘʥʴʰʝ ʢʘʟʘʣʠʩʴ ʥʝʟʘʚʠʩʠʤʳʤʠ. ɸʜʠʘʙʘʪʠʯʝʩʢʠʡ ʠʥʚʘʨʠʘʥʪ 

ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʘʜʠʦʧʦʣʷ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʜʠʦʣʫʯʘ ʧʦ 

ʠʦʥʦʩʬʝʨʝ ʠ ʥʝʡʪʨʘʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʧʦʵʪʦʤʫ ʤʝʪʦʜ ʙʫʜʝʪ ʭʦʨʦʰʦ ʘʜʘʧʪʠʨʦʚʘʥ ʢ ʟʘʜʘʯʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʣʦʪʥʦʩʪʠ ʥʝʡʪʨʘʣʴʥʦʡ ʠ 

ʠʦʥʠʟʦʚʘʥʥʦʡ ʩʨʝʜʳ ʚʙʣʠʟʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʠʦʥʦʩʬʝʨʳ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʦ 155 

ʧʨʦʬʠʣʷʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ, ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʨʘʜʠʦʟʘʪʤʝʥʥʳʭ ʜʘʥʥʳʭ ʩʪʘʥʮʠʡ 

ɺɽʅɽʈɸ-15,-16, ʚʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʘʨʠʘʮʠʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʉʦʣʥʮʝʤ [1]. ʆʜʥʘʢʦ ʥʝ ʠʩʩʣʝʜʦʚʘʥʘ ʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʥʠʞʥʝʡ ʠʦʥʦʩʬʝʨʳ, ʪ.ʢ. ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʠ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ, 

ʠʩʢʘʞʘʶʱʝʡ ʩʚʝʜʝʥʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʧʣʘʟʤʝʥʥʳʭ ʩʣʦʝʚ ʚʙʣʠʟʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʠʦʥʦʩʬʝʨʳ. ɺ 

ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʝʪʩʷ ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʥʠʞʥʠʭ 

ʠʦʥʠʟʦʚʘʥʥʳʭ ʩʣʦʷʭ ʠʦʥʦʩʬʝʨʳ ɺʝʥʝʨʳ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʪ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʡ ʫʨʦʚʝʥʴ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʨʫʢʪʫʨʳ ʠʦʥʦʩʬʝʨʳ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦ ʜʘʥʥʳʤ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʚʫʭʯʘʩʪʦʪʥʦʛʦ ʨʘʜʠʦʧʨʦʩʚʝʯʠʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʜʥʝʚʥʦʡ ʠʦʥʦʩʬʝʨʝ ɺʝʥʝʨʳ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʩʣʘʙʦʠʦʥʠʟʦʚʘʥʥʳʭ ʥʠʞʥʠʭ ʩʣʦʝʚ ʠʦʥʦʩʬʝʨʳ ʠ ʧʨʦʬʠʣʴ 

ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʚʳʩʦʪʘʭ 80é120 ʢʤ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʤʝʪʦʜ ʜʠʘʛʥʦʩʪʠʢʠ 

ʠʦʥʦʩʬʝʨʳ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʘʥʘʣʠʟʘ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʠ 

ʨʘʜʠʦʧʨʦʩʚʝʯʠʚʘʥʠʠ ʘʪʤʦʩʬʝʨ ʠ ʠʦʥʦʩʬʝʨ ʧʣʘʥʝʪ ʠ ɿʝʤʣʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʟʦʥʜʠʨʦʚʘʥʠʠ 

ʦʢʦʣʦʩʦʣʥʝʯʥʦʡ ʧʣʘʟʤʳ ʠ ʢʦʤʝʪʥʳʭ ʦʙʦʣʦʯʝʢ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ 

ʧʨʦʛʨʘʤʤʳ ˉ 22 ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ʠ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 13-02-01411. 
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ʠ ʠʦʥʦʩʬʝʨ ʧʣʘʥʝʪ ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ // ʋʩʧʝʭʠ ʬʠʟʠʯʝʩʢʠʭ ʥʘʫʢ. 2010. ʊ. 

180. ˉ 5. ʉ. 34-40. http://ufn.ru/ufn10/ufn10_5/Russian/r105j.pdf. 
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2 
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3,4
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ʆʮʝʥʢʘ ʛʣʦʙʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ, ɻʕʉ (ɸʬʨʘʡʤʦʚʠʯ ʠ ʜʨ., 2006, 2008) ʧʦ 

ʢʘʨʪʘʤ GIM-ʊɽʉ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʩ ʚʳʩʦʪʦʡ ʚ ʩʬʝʨʠʯʝʩʢʦʤ ʩʝʛʤʝʥʪʝ ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʆʂʇ, ʜʦ ʦʨʙʠʪʳ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚ ʩʠʩʪʝʤʳ GPS, 20200 ʢʤ (Gulyaeva and 

Veselovsky, 2012). ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʜʝʣʴ ʠʦʥʦʩʬʝʨʳ ʠ ʧʣʘʟʤʦʩʬʝʨʳ ɿʝʤʣʠ, ʀʈʀ-ʇʣʘʟ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʪʨʝʭʤʝʨʥʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʰʠʨʦʪʳ, ʜʦʣʛʦʪʳ  ʠ ʚʳʩʦʪʳ 

ʥʘʜ ɿʝʤʣʝʡ) ʵʬʬʝʢʪʠʚʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʩʬʝʨʠʯʝʩʢʦʛʦ ʩʣʦʷ 

ʆʂʇ ʧʦ ʢʘʨʪʝ GIM-ʊɽʉ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ɻʕʉ ʟʘ ʧʝʨʠʦʜ 1999-2012 ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʠʟʚʝʩʪʥʫʶ ʧʦ ʣʠʪʝʨʘʪʫʨʝ ʛʣʦʙʘʣʴʥʫʶ ʛʦʜʦʚʫʶ ʘʩʠʤʤʝʪʨʠʶ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ, ʩ 

ʧʨʝʚʳʰʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʠʦʥʠʟʦʚʘʥʥʦʡ ʧʣʘʟʤʳ ʠ ʥʝʡʪʨʘʣʴʥʦʡ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ ʚ ʷʥʚʘʨʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʝʪʥʠʤ ʩʦʣʥʮʝʩʪʦʷʥʠʝʤ ʥʘ ʚʝʣʠʯʠʥʫ ~ 10-30% (Mendillo et al., 2005; Rishbeth 

and Muller-Wodarg, 2006; Hocke, 2008). ʋʯʠʪʳʚʘʷ ʠʟʤʝʨʠʪʝʣʴʥʳʝ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʠ 

ʤʦʜʝʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠ ʨʘʩʯʝʪʝ ʛʣʦʙʘʣʴʥʳʭ ʢʘʨʪ GIM-ʊɽʉ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ 

ʥʘʙʣʶʜʝʥʠʷʤ ʟʘ ʩʠʛʥʘʣʘʤʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚ ʩʠʩʪʝʤʳ GPS ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ ʵʬʬʝʢʪʘ, ʥʝ ʷʩʥʦ, ʷʚʣʷʝʪʩʷ ʣʠ ʦʥ ʨʝʘʣʴʥʳʤ ʠʣʠ ʨʝʟʫʣʴʪʘʪʦʤ 

ʥʝʪʦʯʥʦʩʪʝʡ ʚ ʢʘʨʪʘʭ GIM-ʊɽʉ ʠʟ-ʟʘ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʩʝʪʠ ʧʨʠʝʤʥʠʢʦʚ GPS, ʩ ʙʦʣʴʰʠʤʠ 

ʧʨʦʙʝʣʘʤʠ ʥʘʜ ʦʢʝʘʥʘʤʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʛʦʜʦʚʦʛʦ ʧʣʘʥʝʪʘʨʥʦʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʘʣʴʪʠʤʝʪʨʘ ʥʘ ʩʧʫʪʥʠʢʘʭ TOPEX/JASON ʟʘ 

ʧʝʨʠʦʜ 2001-2007. ʈʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʛʦʜʦʚʦʡ ʘʩʠʤʤʝʪʨʠʠ ʧʣʦʪʥʦʩʪʠ 

ʧʣʘʟʤʳ ʥʘ ʚʳʩʦʪʘʭ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʜʦ ʦʨʙʠʪʳ TOPEX/JASON (1336 ʢʤ) ʥʘʜ ʦʢʝʘʥʘʤʠ. 

ɺʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ ʛʦʜʦʚʦʡ ʘʩʠʤʤʝʪʨʠʠ ʧʣʦʪʥʦʩʪʠ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ ʦʙʩʫʞʜʘʶʪʩʷ ʚ 

ʜʦʢʣʘʜʝ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʩʦʚʤʝʩʪʥʦʛʦ ʛʨʘʥʪʘ ʈʌʌʀ 11-02-91370-CT_a ʠ 

ʊʋɹʀʊɸʂ EEEAG 110E296. 
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ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚʣʠʷʥʠʷ 

ʚʦʟʤʫʱʝʥʠʡ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʠʦʥʦʩʬʝʨʳ ï ʠʦʥʦʩʬʝʨʥʦʛʦ ʘʣʴʚʝʥʦʚʩʢʦʛʦ ʨʝʟʦʥʘʪʦʨʘ 

(ʀɸʈ) ʠ ʩʫʙ-ʀɸʈ ʥʘ ʩʧʝʢʪʨʳ ʬʦʥʦʚʦʛʦ ʰʫʤʘ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 0.1-15 ɻʮ: ɸʥʘʣʠʟʠʨʫʶʪʩʷ 

ʧʘʨʘʤʝʪʨʳ ʨʝʟʦʥʘʥʩʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʧʝʢʪʨʘ (ʈʉʉ), ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʤʘʢʩʠʤʫʤʘ (ʐʉʄ) ʠ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʧʝʢʪʨʘ. ʀʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʢʦʤʧʦʥʝʥʪ ʰʫʤʘ 

ʧʨʦʚʦʜʠʣʠʩʴ  ʚ ʧʨʠʝʤʥʦʤ ʧʫʥʢʪʝ ʅʀʈʌʀ (ʅʠʞʝʛʦʨʦʜʩʢʘʷ ʦʙʣʘʩʪʴ, 55.97 ʩ.ʰ., 45.74 ʚ.ʜ.). ʅʘ 

ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʦʚ ʤʘʛʥʠʪʥʳʭ ʢʦʤʧʦʥʝʥʪ ʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʕ ʜʣʷ 

ʤʦʜʝʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʥʝʦʜʥʦʨʦʜʥʦʡ ʠʦʥʦʩʬʝʨʳ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʐʉʄ ʠ 

ʛʨʘʥʠʯʥʘʷ ʯʘʩʪʦʪʘ ʚ ʩʧʝʢʪʨʘʭ ʧʘʨʘʤʝʪʨʘ ʕ, ʦʪʜʝʣʷʶʱʘʷ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪ 
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ʧʦʣʦʞʠʪʝʣʴʥʳʭ, ʩʦʚʧʘʜʘʶʪ. ʈʘʩʯʝʪʳ ʜʣʷ  ʩʧʝʢʪʨʘ ʧʘʨʘʤʝʪʨʘ ʧʦʣʷʨʠʟʘʮʠʠ ʕ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ãðf ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʠʩʪʦʯʥʠʢ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʣʦʢʘʣʴʥʦʡ 

ʠʦʥʦʩʬʝʨʳ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʧʘʨʘʤʝʪʨʘ ʕ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʳʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʦʬʠʣʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ  ʠʦʥʦʩʬʝʨʳ ʥʘ ʚʳʩʦʪʘʭ ʜʦ 300 ʢʤ. ʇʦ ʜʘʥʥʳʤ ʤʦʥʠʪʦʨʠʥʛʘ 2010-2012 ʛ.ʛ  ʥʘ 

ʩʨʝʜʥʝʰʠʨʦʪʥʦʤ ʧʫʥʢʪʝ çʅʦʚʘʷ ɾʠʟʥʴè  ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʩʫʪʦʯʥʦʡ 

ʜʠʥʘʤʠʢʠ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʘ (ʐʉʄ) ʚ ʛʦʜʳ ʚʦʟʨʘʩʪʘʶʱʝʡ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʫʤʝʥʴʰʝʥʠʷʭ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ 

ʤʘʢʩʠʤʫʤʘ (ʯʘʩʪʦ ʦʢʦʣʦ ʧʦʣʫʥʦʯʠ), ʘ ʪʘʢʞʝ ʚ ʚʘʨʠʘʮʠʷʭ ʛʨʘʥʠʯʥʦʡ ʯʘʩʪʦʪʳ, ʦʪʜʝʣʷʶʱʝʡ ʚ 

ʩʧʝʢʪʨʘʭ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪ ʧʦʣʦʞʠʪʝʣʴʥʳʭ. ʊʘʢʞʝ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʩʦʙʝʥʥʦʩʪʠ ʩʧʝʢʪʨʘ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʣʠʷʥʠʝʤ 

ʩʪʨʫʢʪʫʨʳ ʩʫʙ-ʠʦʥʦʩʬʝʨʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ (ʩʫʙ-ʀɸʈ), ʠʤʝʶʪ ʩʝʟʦʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ. ɸʥʘʣʠʟ 

ʜʘʥʥʳʭ ʠʦʥʦʟʦʥʜʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʫʪʦʯʥʦʡ ʜʠʥʘʤʠʢʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʷʟʘʥʳ 

ʩ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ  Ne ʥʘ ʚʳʩʦʪʘʭ ɽ-ʩʣʦʷ ʠ ñʜʦʣʠʥʳò. 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʢʦʤʧʦʥʝʥʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ IRI-2007 , ʥʝ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʜʦʣʛʦʧʝʨʠʦʜʥʳʭ 

ʚʘʨʠʘʮʠʡ  ʧʘʨʘʤʝʪʨʦʚ ʐʉʄ ʥʘ ʩʨʝʜʥʠʭ ʠ ʥʠʟʢʠʭ ʰʠʨʦʪʘʭ. ʆʙʥʘʨʫʞʝʥʳ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʝ 

ʚʘʨʠʘʮʠʠ (ʦʪ 2 ʜʦ 6 ʯʘʩʦʚ) ʦʩʥʦʚʥʳʭ ʛʘʨʤʦʥʠʢ ʚ ʨʝʟʦʥʘʥʩʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩʧʝʢʪʨʘ (ʈʉʉ) 

ʩʨʝʜʥʝʰʠʨʦʪʥʦʛʦ ʬʦʥʦʚʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʰʫʤʘ ʢʦʨʨʝʣʠʨʫʶʱʠʝ ʩ ʚʘʨʠʘʮʠʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʚʳʩʦʪʘʭ ʤʘʢʩʠʤʫʤʘ F- ʩʣʦʷ. ɸʙʩʦʣʶʪʥʘʷ ʛʣʫʙʠʥʘ ʚʘʨʠʘʮʠʠ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩ 

ʨʦʩʪʦʤ ʥʦʤʝʨʘ ʛʘʨʤʦʥʠʢʠ ʠ ʤʦʛʣʘ ʜʦʩʪʠʛʘʪʴ 0.5-1.5 ɻʮ. ʇʦ ʘʙʩʦʣʶʪʥʳʤ ʚʝʣʠʯʠʥʘʤ ʚʘʨʠʘʮʠʠ 

ʛʘʨʤʦʥʠʢ ʙʳʣʠ ʩʜʝʣʘʥʳ ʦʮʝʥʢʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ F-

ʩʣʦʝ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʜʘʥʥʳʤ ʠʦʥʦʟʦʥʜʘ. ɺ 

ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʧʝʢʪʨʘ ʤʘʛʥʠʪʥʦʛʦ ʰʫʤʘ ʥʘ 

ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʝʝ ʧʦʷʚʣʝʥʠʷ ʦʪ ʫʨʦʚʥʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʈʘʙʦʪʘ 

ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʛʨʘʥʪʳ 11-02-00419, 11-02-97104 ʠ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʦʥʪʨʘʢʪ 16.518.11.7066. 

 

 

ʅɽʆɼʅʆʈʆɼʅʆʉʊʀ ɺɽʈʍʅɽʁ ɸʊʄʆʉʌɽʈʓ ʅɸɼ ʄɽɻɸʇʆʃʀʉʆʄ  

ʇʆ ɼɸʅʅʓʄ ʉɽʊʀ GPS-ʉʊɸʅʎʀʁ 
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ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚʣʠʷʥʠʷ ʤʝʛʘʧʦʣʠʩʘ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʦʣʥʦʚʳʭ 

ʚʦʟʤʫʱʝʥʠʡ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʥʘ ʠʦʥʦʩʬʝʨʥʳʭ ʚʳʩʦʪʘʭ ʥʘʜ ʤʝʛʘʧʦʣʠʩʦʤ ï ʥʘ ʧʨʠʤʝʨʝ  

ʄʦʩʢʚʳ ʚʦ ʚʨʝʤʷ ʘʥʦʤʘʣʴʥʦʡ ʞʘʨʳ ʣʝʪʦʤ 2010 ʛʦʜʘ. ɺ ʨʘʙʦʪʝ ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʫʥʠʢʘʣʴʥʳʝ ʙʘʟʳ GPS- ʜʘʥʥʳʭ ʉʅɻʆ ʛ. ʄʦʩʢʚʳ, IGS, ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ɻʆʋ ɻʄʎ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ,  ʧʨʦʬʠʣʝʤʝʨʦʚ ʎɸʆ (ɼʦʣʛʦʧʨʫʜʥʳʡ) ʠ ʢʘʬ. ʘʪʤʦʩʬʝʨʳ ʌʠʟʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ. ʄʝʪʦʜʦʤ GPS- ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ ʧʨʦʚʝʜʝʥ ʤʦʥʠʪʦʨʠʥʛ ʠʦʥʦʩʬʝʨʥʳʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʧʝʨʠʦʜ ʩ ʠʶʥʷ ʧʦ ʘʚʛʫʩʪ 2010ʛ (ʚʩʝʛʦ 97 ʩʫʪʦʢ; ʦʙʨʘʙʦʪʘʥʦ ʩʚʳʰʝ 21ʪʳʩ 

ʯʘʩ. ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ GPS-ʥʘʙʣʶʜʝʥʠʡ ʠ ʦʢʦʣʦ 10ʪʳʩ ʯʘʩ ʤʝʪʝʦ ʥʘʙʣʶʜʝʥʠʡ). ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʥʘʙʣʶʜʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʚʣʠʷʥʠʝ ʦʩʪʨʦʚʘ ʪʝʧʣʘ ï ʦʩʦʙʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ 

ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ ʤʝʛʘʧʦʣʠʩʘ ï ʥʘ ʥʠʞʥʶʶ ʘʪʤʦʩʬʝʨʫ, ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʪʦʨʦʡ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʚʦʣʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʚ 

ʘʪʤʦʩʬʝʨʝ. ʅʘʤʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚʦʣʥʦʧʦʜʦʙʥʳʝ ʠʦʥʦʩʬʝʨʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʥʘʜ 

ʢʨʫʧʥʳʤ ʤʝʛʘʧʦʣʠʩʦʤ, ʧʨʦʚʝʜʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ 

ʤʝʪʦʜʠʢ. ɺʦʣʥʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʝʪʝʢʪʠʨʫʶʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ R ʦʪ 450 ʜʦ 

550 ʢʤ ʠ ʠʤʝʶʪ ʩʨʝʜʥʠʡ ʫʛʦʣ ʤʝʞʜʫ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ ʠ ʛʦʨʠʟʦʥʪʦʤ  ~40
ʦ
, ʯʪʦ, ʢʘʢ ʠ 
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ʜʠʘʧʘʟʦʥ ʩʢʦʨʦʩʪʝʡ ʚʳʜʝʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʩʦʚʧʘʜʘʝʪ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʮʝʥʢʦʡ ʜʣʷ ɸɻɺ. 

ʇʝʨʠʦʜʳ ʩʪʨʫʢʪʫʨ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 40-120 ʤʠʥ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʙʩʪʚʝʥʥʳʤ ʯʘʩʪʦʪʘʤ 

ʘʪʤʦʩʬʝʨʳ (ʯʘʩʪʦʪʳ ɹʨʝʥʜʪʘ-ɺʷʡʩʷʣʷ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ 

ʠʦʥʦʩʬʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʦʧʨʝʜʝʣʝʥʳ ʧʝʨʠʦʜʳ, ʢʦʛʜʘ ʥʘʙʣʶʜʘʣʠʩʴ ʦʩʦʙʝʥʥʦ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʚʩʧʣʝʩʢʠ ʧʘʨʘʤʝʪʨʘ ʩʧʘʜʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʳʜʝʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨ - ʦʪʢʣʦʥʝʥʠʝ ʦʪ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ ʙʦʣʝʝ ʜʚʫʭ ʚʳʙʦʨʦʯʥʳʭ ʜʠʩʧʝʨʩʠʡ. ɼʣʷ ʚʝʨʠʬʠʢʘʮʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚʳʩʦʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʠ ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʧʦ ʄʦʩʢʚʝ ʠ ʦʙʣʘʩʪʠ ʟʘ ʠʶʥʴ-ʩʝʥʪʷʙʨʴ 2010ʛ 

(ʚʩʝʛʦ ʦʢʦʣʦ 10 ʪʳʩ ʯʘʩʦʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ). ʂʨʘʪʢʦ ʩʫʤʤʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ, 

ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʷʨʢʦʡ ʠʣʣʶʩʪʨʘʮʠʝʡ ʚʘʞʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʦ ʚʣʠʷʥʠʝ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʳ ʥʘ ʧʨʦʮʝʩʩʳ ʚ ʚʝʨʭʥʝʡ. ʄʝʪʦʜʳ GPS- 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʳʜʝʣʝʥʥʳʭ 

ʠʦʥʦʩʬʝʨʥʳʭ ʚʦʣʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʵʪʦ ʚʣʠʷʥʠʝ ʧʦ ʠʟʤʝʥʝʥʠʷʤ ʚ 

ʧʘʨʘʤʝʪʨʘʭ ʩʪʨʫʢʪʫʨ. ʊʘʢ, ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʧʝʨʠʦʜ ʤʦʥʠʪʦʨʠʥʛʘ ʚʩʧʣʝʩʢʠ ʧʘʨʘʤʝʪʨʘ 

ʩʧʘʜʘʥʠʷ ʩʧʝʢʪʨʘ ʚʦʣʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʩ ʨʘʟʚʠʪʠʝʤ ʠʥʚʝʨʩʠʠ ʚ ʥʦʯʥʳʝ 

ʠ ʫʪʨʝʥʥʠʝ ʯʘʩʳ (ʚ 94% ʥʘʙʣʶʜʘʝʤʳʭ ʩʣʫʯʘʝʚ ʚʩʧʣʝʩʢʦʚ ʧʘʨʘʤʝʪʨʘ ʦʪʤʝʯʝʥʘ ʠʥʚʝʨʩʠʷ ʚ 

ʥʠʞʥʝʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ). ʆʜʥʘʢʦ, ʥʘʣʠʯʠʝ ʠʥʚʝʨʩʠʠ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʨʝʟʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʵʪʦʛʦ 

ʧʘʨʘʤʝʪʨʘ. ɺ ʜʘʥʥʦʝ ʚʨʝʤʷ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʚʝʨʦʷʪʥʳʭ ʠ  ʥʝʦʙʭʦʜʠʤʳʤ, ʥʦ 

ʷʚʥʦ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʝʤ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩʧʝʢʪʨʘ ʠʦʥʦʩʬʝʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ 

ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʫʶʱʘʷʩʷ ʚʦ ʚʨʝʤʷ ʨʘʟʚʠʪʠʷ ɻʆʊ ʠʥʚʝʨʩʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ 

ʘʪʤʦʩʬʝʨʳ. ʇʨʦʚʝʜʝʥʥʘʷ ʨʘʙʦʪʘ ʥʘʨʷʜʫ ʩ ʦʙʱʝʬʠʟʠʯʝʩʢʠʤ, ʠʤʝʝʪ ʥʝʩʦʤʥʝʥʥʦ ʚʘʞʥʦʝ 

ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʧʝʨʚʳʝ ʧʦʟʚʦʣʷʶʪ ʥʘʯʘʪʴ 

ʨʘʟʨʘʙʦʪʢʫ ʩʠʩʪʝʤʳ ʦʮʝʥʠʚʘʥʠʷ ʚʦʣʥʦʚʳʭ ʧʨʦʷʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʦʩʪʨʦʚʘ ʪʝʧʣʘ (ʜʘʞʝ ʠ ʚ 

ʘʥʦʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʙʣʦʢʠʨʫʶʱʝʛʦ ʘʥʪʠʮʠʢʣʦʥʘ), ʯʪʦ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʧʦʣʝʟʥʳʤ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʠ ʜʣʷ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʮʝʣʝʡ. 

 

 

ʄʅʆɻʆʃʋʏɽɺɸʗ ʉʊʈʋʂʊʋʈɸ ʇʆʃʗ ʈɸɼʀʆɺʆʃʅ ɺ ʀʆʅʆʉʌɽʈɽ ɺɽʅɽʈʓ  
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ʈʘʜʠʦʧʨʦʩʚʝʯʠʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ 

ʩʨʝʜʩʪʚʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨ ʧʣʘʥʝʪ. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʦʥʦʩʬʝʨʳ 

ʚʙʣʠʟʠ ʝʝ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ, ʧʦʢʘʟʘʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

ʤʝʞʜʫ ʵʬʬʝʢʪʘʤʠ ʨʝʬʨʘʢʮʠʠ ʨʘʜʠʦʚʦʣʥʳ ʠ ʘʧʧʘʨʘʪʫʨʥʳʤʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʠʞʥʝʡ ʠʦʥʦʩʬʝʨʳ ʧʣʘʥʝʪʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ 

ʨʘʜʠʦʚʦʣʥʳ ʜʝʮʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʫ ʢʦʪʦʨʳʭ ʚʘʨʠʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʦʚ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʧʣʘʟʤʝʥʥʦʡ ʦʙʦʣʦʯʢʝ ʧʣʘʥʝʪʳ, ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ, ʯʝʤ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʬʣʫʢʪʫʘʮʠʠ ʬʘʟʳ ʩʠʛʥʘʣʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ 

ʙʦʨʪʦʚʦʛʦ ʦʧʦʨʥʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ. ʅʦ ʚʣʠʷʥʠʝ ʧʣʘʟʤʳ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ 

ʩʠʛʥʘʣʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʘʨʫʰʝʥʠʶ ʫʩʣʦʚʠʡ ʣʫʯʝʚʳʭ ʧʨʠʙʣʠʞʝʥʠʡ, ʥʘ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʘ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʜʠʦʟʘʪʤʝʥʠʡ. ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʜʠʦʟʘʪʤʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚ ʢʦʪʦʨʦʤ ʥʘʟʝʤʥʘʷ ʠʟʣʫʯʘʶʱʘʷ ʘʥʪʝʥʥʘ, 

ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ɺʝʥʝʨʫ, ʬʦʨʤʠʨʫʝʪ ʨʘʜʠʦʧʦʣʝ ʜʠʘʤʝʪʨʦʤ ~1 ʤʣʥ. ʢʤ, ʘ ʙʦʨʪʦʚʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʧʫʪʥʠʢʘ ʧʣʘʥʝʪʳ ʧʨʠʥʠʤʘʝʪ ʢʦʛʝʨʝʥʪʥʳʝ ʩʠʛʥʘʣʳ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʠʟʤʝʨʝʥʠʷ 

ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʬʘʟʳ. ʅʘ ʦʩʥʦʚʝ ʧʨʷʤʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʷ ʚ ʠʦʥʦʩʬʝʨʝ ʯʠʩʣʝʥʥʳʤ 
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ʨʝʰʝʥʠʝʤ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʠʬʨʘʢʮʠʠ [1,2] ʠʩʩʣʝʜʦʚʘʥʳ ʚʘʨʠʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ 

ʨʘʜʠʦʧʦʣʷ ʚʜʦʣʴ ʪʨʘʝʢʪʦʨʠʠ ʩʧʫʪʥʠʢʘ ɺʝʥʝʨʳ. ɸʧʨʦʙʘʮʠʷ ʤʦʜʝʣʠ ʧʨʦʚʝʜʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʜʠʦʟʘʪʤʝʥʠʡ ʩʧʫʪʥʠʢʦʚ ɺɽʅɽʈɸ-15,-16. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ 

ʚ ʨʘʙʦʪʝ ʫʜʝʣʝʥʦ ʘʥʘʣʠʟʫ ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʦʷʚʣʝʥʠʝʤ 

ʜʠʬʨʘʢʮʠʠ ʨʘʜʠʦʚʦʣʥ ʧʨʠ ʨʘʜʠʦʧʨʦʩʚʝʯʠʚʘʥʠʠ ʪʦʥʢʠʭ ʠʦʥʠʟʦʚʘʥʥʳʭ ʩʣʦʝʚ ʚʙʣʠʟʠ ʥʠʞʥʝʡ 

ʛʨʘʥʠʮʳ ʠʦʥʦʩʬʝʨʳ ɺʝʥʝʨʳ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʩʧʫʪʥʠʢʦʚ ɺɽʅɽʈɸ-15,-16, ʧʨʝʜʦʩʪʘʚʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʠʪʴ ʤʥʦʛʦʣʫʯʝʚʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥʳ ʠ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʠʛʥʘʣʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 32 ʩʤ ʚ ʩʬʝʨʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʡ ʠʦʥʦʩʬʝʨʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʚʳʷʚʠʣʠ ʢʨʠʪʝʨʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦ ʨʘʜʠʦʟʘʪʤʝʥʥʳʤ ʜʘʥʥʳʤ 

ʦʧʨʝʜʝʣʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʫʯʝʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʪʦʥʢʠʭ ʠʦʥʠʟʦʚʘʥʥʳʭ ʩʣʦʝʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʣʠʥʝʡʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʯʘʩʪʦʪʳ ʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʜʠʦʧʨʦʩʚʝʯʠʚʘʥʠʷ ʦʙʣʘʩʪʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʠʦʥʦʩʬʝʨʳ 

ɺʝʥʝʨʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʤʥʦʛʦʤʦʜʦʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥʳ ʠʣʠ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ, ʪ.ʢ. ʦʙʫʩʣʦʚʣʝʥʦ ʨʝʬʨʘʢʮʠʝʡ ʨʘʜʠʦʚʦʣʥʳ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ 

ʯʝʨʝʟ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʫʶ ʤʥʦʛʦʩʣʦʡʥʫʶ ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʧʣʘʟʤʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʈʘʙʦʪʘ 

ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ˉ 22 ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ʠ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 

13-02-01411. 
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ʢʦʣʝʙʘʪʝʣʴʥʦ-ʢʦʣʝʙʘʪʝʣʴʥʳʝ (VV) ʧʨʦʮʝʩʩʳ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 
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ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʢʘʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ, ʪʘʢ ʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʣʫʯʝʥʥʳʝ ʢʦʥʩʪʘʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʘʥʘʣʠʟʝ ʵʣʝʢʪʨʦʥʥʦʡ 

ʢʠʥʝʪʠʢʠ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʘʭ ʧʣʘʥʝʪ ʟʝʤʥʦʡ ʛʨʫʧʧʳ. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʄʆɼɽʃɽʁ ʅʀɾʅɽʁ, ʉʈɽɼʅɽʁ ʀ ɺɽʈʍʅɽʁ ɸʊʄʆʉʌɽʈʓ 

ɿɽʄʃʀ ɼʃʗ ɺʆʉʇʈʆʀɿɺɽɼɽʅʀʗ ʊɽʈʄʆʉʌɽʈʅʆ-ʀʆʅʆʉʌɽʈʅʓʍ 

ʕʌʌɽʂʊʆɺ ɺʅɽɿɸʇʅʆɻʆ ʉʊʈɸʊʆʉʌɽʈʅʆɻʆ ʇʆʊɽʇʃɽʅʀʗ  
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ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘʤʠ ʨʘʥʝʝ ʨʝʟʫʣʴʪʘʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʢʣʠʢʘ ʩʠʩʪʝʤʳ ʪʝʨʤʦʩʬʝʨʘ-

ʠʦʥʦʩʬʝʨʘ ʥʘ ʚʥʝʟʘʧʥʦʝ ʩʪʨʘʪʦʩʬʝʨʥʦʝ ʧʦʪʝʧʣʝʥʠʝ (ɺʉʇ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʣʦʙʘʣʴʥʦʡ 

ʉʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʡ ʄʦʜʝʣʠ ʊʝʨʤʦʩʬʝʨʘ, ʀʦʥʦʩʬʝʨʘ, ʇʨʦʪʦʥʦʩʬʝʨʘ (ɻʉʄ ʊʀʇ) ɺʉʇ 

ʤʦʜʝʣʠʨʦʚʘʣʦʩʴ ʟʘʜʘʥʠʝʤ ʛʣʦʙʘʣʴʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ s = 1 ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʧʣʦʪʥʦʩʪʠ ʥʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʤʦʜʝʣʠ ɻʉʄ ʊʀʇ ʥʘ ʚʳʩʦʪʝ 80 ʢʤ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʦʡ 

ʤʦʜʝʣʴʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʥʘʙʣʶʜʘʚʰʠʝʩʷ ʚʦ ʚʨʝʤʷ ɺʉʇ ʛʣʦʙʘʣʴʥʳʝ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ F ʦʙʣʘʩʪʠ ʠʦʥʦʩʬʝʨʳ ʠ 

ʚʦʟʤʫʱʝʥʠʷ ʥʝʡʪʨʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʳʩʦʪʘʭ ʤʝʟʦʩʬʝʨʳ ʠ ʥʠʞʥʝʡ ʪʝʨʤʦʩʬʝʨʳ ʥʘʜ 

ʀʨʢʫʪʩʢʦʤ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʦʪʩʫʪʩʪʚʠʝ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʤʦʜʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ 

ʧʨʝʜʧʦʣʫʜʝʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʵʬʬʝʢʪʦʚ ɺʉʇ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʥʠʟʢʠʭ 

ʰʠʨʦʪʘʭ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʦ ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ 

ʨʝʘʣʠʩʪʠʯʥʦʡ ʢʘʨʪʠʥʳ ʠʦʥʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ʧʝʨʠʦʜʳ ɺʉʇ ʥʘ ʥʠʟʢʠʭ ʛʝʦʤʘʛʥʠʪʥʳʭ 

ʰʠʨʦʪʘʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ 

ʩʨʝʜʥʝʡ ʠ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʳ. ʊʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘʤʠ ʠ ʠʭ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ɺ ʢʘʯʝʩʪʚʝ ʥʠʞʥʠʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʤʦʜʝʣʠ ɻʉʄ ʊʀʇ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʥʝʡʪʨʘʣʴʥʦʡ ʘʪʤʦʩʬʝʨʳ ʥʘ ʚʳʩʦʪʝ 80 ʢʤ, ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʚ ʤʦʜʝʣʷʭ TIME-GCM ʠ CCM SOCOL ʜʣʷ ʫʩʣʦʚʠʡ ɺʉʇ 2009 ʛʦʜʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ: (1) 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʳ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʢʦʨʨʝʢʮʠʠ ʧʨʠ ʧʦʤʦʱʠ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʥʝ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʩʠʣʴʥʳʭ ɺʉʇ ʪʘʢʦʛʦ, 

ʥʘʧʨʠʤʝʨ, ʢʘʢ ʙʳʣʦ ʚ ʷʥʚʘʨʝ 2009 ʛʦʜʘ; (2) ʩʣʘʙʦʝ ɺʉʇ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʤʦʜʝʣʠ CCM SOCOL, 

ʧʨʠʚʦʜʠʪ ʢ ʦʯʝʥʴ ʩʣʘʙʳʤ, ʭʦʪʷ ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʘʚʠʣʴʥʳʤ, ʵʬʬʝʢʪʘʤ ʚ ʩʠʩʪʝʤʝ ʪʝʨʤʦʩʬʝʨʘ-

ʠʦʥʦʩʬʝʨʘ ʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ ʠʦʥʦʩʬʝʨʳ, ʢʦʪʦʨʳʝ ʦʢʘʟʘʣʠʩʴ ʤʝʥʴʰʝ, ʯʝʤ ʵʬʬʝʢʪʳ ʦʪ 

ʠʟʤʝʥʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʩʢʣʦʥʝʥʠʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʜʝʥʴ ʦʪʦ ʜʥʷ; (3) ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʦʜʝʣʠ ʩʨʝʜʥʝʡ ʠ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ TIME GCM ʩ ʥʠʞʥʠʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʥʘ 

ʚʳʩʦʪʝ 30 ʢʤ, ʟʘʜʘʥʥʳʤʠ ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ, ʠ ʤʦʜʝʣʠ ɻʉʄ ʊʀʇ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ 

ʛʦʨʘʟʜʦ ʙʦʣʴʰʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʵʬʬʝʢʪʳ ʚ ʠʦʥʦʩʬʝʨʝ ʚʦ ʚʨʝʤʷ ɺʉʇ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ 

ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ12-05-31217 ʠ ʇʨʦʛʨʘʤʤʳ 22 ʈɸʅ. 

 

ʕʌʌɽʂʊʓ ɻɽʆʄɸɻʅʀʊʅʓʍ ɹʋʈʔ 2010 ʀ 2011 ɻʆɼʆɺ ɺ ʅʀɿʂʆʐʀʈʆʊʅʆʁ 

ʀʆʅʆʉʌɽʈɽ ʀ ʀʍ ɺʃʀʗʅʀɽ ʅɸ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀɽ ʂɺ ʈɸɼʀʆɺʆʃʅ 
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ɻʣʦʙʘʣʴʥʦʡ ʉʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʡ ʄʦʜʝʣʠ ʊʝʨʤʦʩʬʝʨʳ, ʀʦʥʦʩʬʝʨʳ ʠ ʇʨʦʪʦʥʦʩʬʝʨʳ (ɻʉʄ 

ʊʀʇ), ʩ ʜʘʥʥʳʤʠ ʥʘʙʣʶʜʝʥʠʡ ʚʳʷʚʠʣʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʛʣʘʩʠʝ. ʅʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʦʙʲʷʩʥʷʶʱʠʝ ʧʦʚʝʜʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ F ʦʙʣʘʩʪʠ ʥʠʟʢʦʰʠʨʦʪʥʦʡ 

ʠʦʥʦʩʬʝʨʳ ʚʦ ʚʨʝʤʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ. ɺ ʯʘʩʪʥʦʩʪʠ, (1) ʜʘʥʦ ʦʙʲʷʩʥʝʥʠʝ ʚʦʟʤʦʞʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʣʦʝʚ ʚ ʧʨʠʵʢʚʘʪʦʨʠʘʣʴʥʦʡ F ʦʙʣʘʩʪʠ ʠʦʥʦʩʬʝʨʳ, 

(2) ʢʦʨʨʝʢʪʥʦ ʚʳʜʝʣʝʥ ʠʦʥʦʩʬʝʨʥʳʡ ʵʬʬʝʢʪ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʠʥʘʤʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, 

ʧʨʷʤʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠ ʩʚʝʨʭʵʢʨʘʥʠʨʦʚʘʥʠʷ ʠ (3) ʩʜʝʣʘʥʘ ʦʮʝʥʢʘ ʚʢʣʘʜʘ ʚʘʨʠʘʮʠʡ 

ʪʝʨʤʦʩʬʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʦʙʱʫʶ ʢʘʨʪʠʥʫ ʠʟʤʝʥʯʠʚʦʩʪʠ ʥʠʟʢʦʰʠʨʦʪʥʦʡ ʠʦʥʦʩʬʝʨʳ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʬʘʟʘʭ ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʦʜʦʣʞʘʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʠʟʢʦʰʠʨʦʪʥʳʭ ʠʦʥʦʩʬʝʨʥʳʭ ʵʬʬʝʢʪʦʚ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ɻʉʄ 

ʊʀʇ. ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʠʦʥʦʩʬʝʨʥʳʝ ʵʬʬʝʢʪʳ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ 2ï3 ʤʘʷ 2010 ʛʦʜʘ ʠ 26-

29 ʩʝʥʪʷʙʨʷ 2011 ʛʦʜʘ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʥʘ ʬʘʟʝ ʨʦʩʪʘ 24-ʛʦ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ. ʇʨʦʚʝʜʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ ʩ ʜʘʥʥʳʤʠ ʥʘʙʣʶʜʝʥʠʡ ʩʪʘʥʮʠʡ ʥʘʟʝʤʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʥʠʟʢʦʰʠʨʦʪʥʦʡ ʠʦʥʦʩʬʝʨʳ ʚ ɸʤʝʨʠʢʘʥʩʢʦʤ ʜʦʣʛʦʪʥʦʤ ʩʝʢʪʦʨʝ, ʪʱʘʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ F3 ʩʣʦʷ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʠ ʤʝʭʘʥʠʟʤʦʚ ʝʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦ ʚʨʝʤʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʂɺ-ʜʠʘʧʘʟʦʥʘ ʦʪ 

ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʥʠʟʢʦʰʠʨʦʪʥʦʡ ʧʝʨʝʜʘʶʱʝʡ ʩʪʘʥʮʠʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʬʘʟʘʭ ʛʝʦʤʘʛʥʠʪʥʳʭ 

ʙʫʨʴ. ʇʘʨʘʤʝʪʨʳ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʜʝʣʠ ɻʉʄ ʊʀʇ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʜʚʫʭ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʩʯʠʪʳʚʘʝʪ ʧʘʨʘʤʝʪʨʳ ʩʨʝʜʳ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ, ʘ ʜʨʫʛʘʷ ï ʣʫʯʝʚʳʝ ʪʨʘʝʢʪʦʨʠʠ ʠ ʧʦʛʣʦʱʝʥʠ ̫ʦʙʳʢʥʦʚʝʥʥʦʡ ʠ 

ʥʝʦʙʳʢʥʦʚʝʥʥʦʡ ʚʦʣʥʳ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ12-

05-31217 ʠ ʇʨʦʛʨʘʤʤʳ 22 ʈɸʅ. 

 

 

ʅɽʃʀʅɽʁʅʓɽ ʕʌʌɽʂʊʓ ɺ ɺɽʈʍʅɽʁ ʀʆʅʆʉʌɽʈɽ ʇʈʀ  

ɺʓʉʆʂʆʏɸʉʊʆʊʅʆʄ ʅɸɻʈɽɺɽ ʇʆ ɼɸʅʅʓʄ  

ʉʇʋʊʅʀʂɸ ʂʆʉʄʆʉ-1809 

 

ɺ.ʄ. ʂʦʩʪʠʥ, ɻ.ʇ. ʂʦʤʨʘʢʦʚ, ɻ.ɻ. ɹʝʣʷʝʚ, ʗ.ʇ. ʉʦʙʦʣʝʚ,  

ɽ.ʇ.ʊʨʫʰʢʠʥʘ, ʆ.ʗ.ʆʚʯʘʨʝʥʢʦ 

 

ʀɿʄʀʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, kostin@maryno.net 

 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʘ ʂʦʩʤʦʩ-1809 ʚʦ 

ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʥʘʛʨʝʚʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʩʪʝʥʜʝ ʉʫʨʘ ʠ ʩʪʝʥʜʝ ʅʀʀ ʈʘʜʠʦ, ʢʦʪʦʨʳʝ 

ʨʘʥʝʝ ʜʝʪʘʣʴʥʦ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʠ ʥʝ ʥʘʰʣʠ ʦʪʨʘʞʝʥʠʝ ʚ ʧʫʙʣʠʢʘʮʠʷʭ. ɸʥʘʣʠʟʠʨʦʚʘʣʠʩʴ, 

ʚ ʦʩʥʦʚʥʦʤ, ʧʦʢʘʟʘʥʠʷ ʧʨʠʙʦʨʦʚ: ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʜʝʪʝʢʪʦʨʦʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʆʅʏ ʢʦʣʝʙʘʥʠʡ, ʢʘʢ ʚ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʦʪʥʳʭ ʢʘʥʘʣʘʭ, ʪʘʢ ʠ ʚ ʰʠʨʦʢʦʡ 

ʧʦʣʦʩʝ,  ʢʦʪʦʨʘʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʥʘ ʧʨʠʝʤʥʦʤ ʧʫʥʢʪʝ ʀɿʄʀʈɸʅ. ʇʦʜʪʚʝʨʞʜʝʥʦ ʚʣʠʷʥʠʝ 

ɺʏ ʠʟʣʫʯʝʥʠʷ ʩʪʝʥʜʘ ʉʫʨʘ ʥʘ ʦʙʣʘʩʪʠ ʠʦʥʦʩʬʝʨʳ ʥʘʜ ʉɼɺ ʧʝʨʝʜʘʪʯʠʢʘʤʠ ʠ ʤʦʱʥʳʤʠ 

ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʳʤʠ ʩʪʘʥʮʠʷʤʠ ʥʝ ʪʦʣʴʢʦ ʚ ʨʘʜʠʫʩʝ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʢʠʣʦʤʝʪʨʦʚ, ʥʦ ʠ ʚ 

ʤʘʛʥʠʪʦʩʦʧʨʷʞʝʥʥʦʤ ʨʝʛʠʦʥʝ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʣʫʯʘʠ ʛʝʥʝʨʘʮʠʠ ʥʘʜ ʉɼɺ ʧʝʨʝʜʘʪʯʠʢʘʤʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʥʘ ʪʨʝʪʴʝʡ ʛʘʨʤʦʥʠʢʝ ʯʘʩʪʦʪʳ ʤʦʜʫʣʷʮʠʠ ɺʏ ʠʟʣʫʯʝʥʠʷ, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʟʘʭʚʘʪʦʤ ɺʏ ʚʦʣʥʳ ʚ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʳʝ ʥʝʣʠʥʝʡʥʳʝ ʩʪʨʫʢʪʫʨʳ ʥʘʜ ʩʪʝʥʜʦʤ. 

ɺʳʷʚʣʝʥ ʝʱʝ ʦʜʠʥ ʩʣʫʯʘʡ ʧʦʜʘʚʣʝʥʠʷ ɺʏ ʠʟʣʫʯʝʥʠʝʤ ʩʪʝʥʜʘ ʉʫʨʘ ʨʘʟʚʠʪʠʷ bubbles ʚ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʠʦʥʦʩʬʝʨʝ ʚʙʣʠʟʠ ʚʝʯʝʨʥʝʛʦ ʪʝʨʤʠʥʘʪʦʨʘ ʚ ʜʥʠ ʚʳʩʦʢʦʡ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ (ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʪʨʝʤ ʩʣʫʯʘʷʤ, ʢʦʪʦʨʳʝ ʨʘʟʙʠʨʘʣʠʩʴ ʚ ʜʦʢʣʘʜʝ ʘʚʪʦʨʦʚ ʥʘ 

ʧʨʦʰʣʦʡ ʢʦʥʬʝʨʝʥʮʠʠ).  
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ʉɺʆʁʉʊɺɸ ʋʅʏ / ʆʅʏ ʉʀɻʅɸʃʆɺ, ɻɽʅɽʈʀʈʋɽʄʓʍ ʉʊɽʅɼʆʄ ʉʋʈɸ  

ɺ ɺɽʈʍʅɽʁ ʀʆʅʆʉʌɽʈɽ 

 

ɼ.ʉ. ʂʦʪʠʢ
1
, ɸ.ɺ. ʈʷʙʦʚ

1
, ɽ.ʅ. ɽʨʤʘʢʦʚʘ

1
, ɸ.ɺ. ʇʝʨʰʠʥ

1
,  

ɺ.ʅ. ʀʚʘʥʦʚ
2
, ɺ.ʇ. ɽʩʠʥ

2
, ɺ.ʄ. ʏʝʢʨʳʞʦʚ

2 

 
1 
ʅʀʈʌʀ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, dmitry.kotik@nirfi.sci-nnov.ru  

2 
ʅʇʆ çʊʘʡʬʫʥè, ʛ. ʆʙʥʠʥʩʢ, ʈʦʩʩʠʷ 

 

ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʪʨʝʭ ʣʝʪ ʥʘ ʩʪʝʥʜʝ ʉʋʈɸ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʠʦʥʦʩʬʝʨʥʦʡ ʛʝʥʝʨʘʮʠʠ ʩʠʛʥʘʣʦʚ ʚ ʋʅʏ/ʆʅʏ ʜʠʘʧʘʟʦʥʘʭ. ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʙʳʣʦ ʩʪʠʤʫʣʠʨʦʚʘʥʦ ʫʩʧʝʰʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʥʘ ʩʪʝʥʜʝ HAARP ʧʦ ʦʙʥʘʨʫʞʝʥʠ ʁ

ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʩʠʛʥʘʣʦʚ ʟʘ ʩʯʝʪ ʜʝʡʩʪʚʠʷ ʧʦʥʜʝʨʦʤʦʪʦʨʥʳʭ ʩʠʣ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ 

ʘʚʨʦʨʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʞʝʪʘ. ɺ ʪʝʯʝʥʠʝ ʢʘʞʜʦʛʦ ʛʦʜʘ ʩ 2010 ʧʦ 2012 ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʜʚʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʘʤʧʘʥʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʠʦʥʦʩʬʝʨʥʳʭ ʠ ʛʝʦʤʘʛʥʠʪʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʩʪʝʥʜʘ ʉʋʈɸ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʫʤʤʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʋʅʏ/ʆʅʏ ʩʠʛʥʘʣʦʚ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʧʨʠʝʤʥʳʭ ʧʫʥʢʪʘʭ ʚ  

ʦʢʨʝʩʪʥʦʩʪʷʭ ʩʪʝʥʜʘ ʉʋʈɸ. ʉʠʛʥʘʣʳ ʚ ʧʦʣʦʩʝ 2-20 ɻʮ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʥʝʙʦʣʴʰʦʡ 

ʦʙʣʘʩʪʠ ʚʦʢʨʫʛ ʩʪʝʥʜʘ ʩ ʨʘʜʠʫʩʦʤ ʦʢʦʣʦ 15 ʢʤ. ʅʘ ʨʘʩʩʪʦʷʥʠʠ ʚ 30 ʢʤ ʩʠʛʥʘʣʳ ʥʝ 

ʦʙʥʘʨʫʞʠʚʘʣʠʩʴ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʦʚ ʠʟʤʝʨʷʣʠʩʴ ʚ ʙʣʠʞʘʡʰʝʤ ʧʨʠʝʤʥʦʤ 

ʧʫʥʢʪʝ ʧʨʠʤʝʨʥʦ ʚ 3 ʢʤ ʦʪ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ ʩʪʝʥʜʘ. ʋʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʧʨʠʤʝʨʥʦ ʚ 3 

ʨʘʟʘ ʥʘʙʣʶʜʘʣʦʩʴ, ʢʦʛʜʘ ʫʟʢʠʡ ʧʫʯʦʢ ʂɺ ʠʟʣʫʯʝʥʠʷ ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʚʜʦʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ɿʝʤʣʠ (16 ʛʨʘʜʫʩʦʚ ʢ ʶʛʫ), (ʩʠʣʦʚʳʝ ʣʠʥʠʷ, ʚʜʦʣʴ ʢʦʪʦʨʳʭ ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʣʫʯ, 

ʧʨʦʝʮʠʨʦʚʘʣʠʩʴ ʥʘ ʦʙʣʘʩʪʴ ʧʫʥʢʪʘ ʥʘʙʣʶʜʝʥʠʷ). ɸʤʧʣʠʪʫʜʘ ʋʅʏ ʩʠʛʥʘʣʦʚ ʥʝʩʢʦʣʴʢʦ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ, ʢʦʛʜʘ ʯʘʩʪʦʪʘ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʧʨʝʚʳʰʘʣʘ  ʢʨʠʪʠʯʝʩʢʫʶ ʯʘʩʪʦʪʫ foF2. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʘʤʧʣʠʪʫʜʘ ʜʥʝʚʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʧʦʣʪʦʨʘ-ʜʚʘ ʨʘʟʘ  ʤʝʥʴʰʝ, ʯʝʤ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ. 

ʅʠʢʘʢʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʩʣʘʙʳʭ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʷʭ (ʂʨ Ò. 3), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʆʅʏ ʩʠʛʥʘʣʳ ʷʚʥʦ ʧʨʦʷʚʣʷʣʠ ʪʘʢʫʶ 

ʢʦʨʨʝʣʷʮʠʶ. ɺʨʝʤʷ ʟʘʜʝʨʞʢʠ ʠʦʥʦʩʬʝʨʥʳʭ ʋʅʏ ʩʠʛʥʘʣʦʚ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ, ʠʟʤʝʨʝʥʥʦʝ 

ʬʘʟʦʚʳʤ ʤʝʪʦʜʦʤ, ʙʳʣʘ ʦʮʝʥʝʥʦ ʚ 300-400 ʤʩ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʭʘʥʠʟʤ 

ʚʦʟʙʫʞʜʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʢʦʣʴʮʝʚʳʭ ʪʦʢʦʚ ʚ ʚʝʨʭʥʝʡ ʠʦʥʦʩʬʝʨʝ ʥʘ ʯʘʩʪʦʪʝ ʤʦʜʫʣʷʮʠʠ ʂɺ 

ʚʦʣʥʳ ʥʘʢʘʯʢʠ. ʇʦʣʷʨʠʟʘʮʠʷ ʋʅʏ ʩʠʛʥʘʣʦʚ ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʵʣʣʠʧʪʠʯʝʩʢʠʡ 

ʭʘʨʘʢʪʝʨ, ʭʦʪʷ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʥʝʡʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ. ʏʘʩʪʴ ʠʟʤʝʨʝʥʠʡ ʚ 

ʠʶʥʝ 2012 ʛʦʜʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ 16-18 ʠʶʥʷ, (Kp = 6). ɹʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʋʅʏ ʩʠʛʥʘʣʘ ʧʨʠ ʥʘʨʘʩʪʘʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ.  

ʂʨʦʤʝ ʪʦʛʦ ʥʘ ʩʪʘʜʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʫʨʠ 18 ʠʶʥʷ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʫh ʠʨʝʥʠʝ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠʥʠʠ ʩʠʛʥʘʣʘ ʥʘ ʯʘʩʪʦʪʝ 11ʜʦ 0.1 ɻʮ ʠ ʥʘ ʯʘʩʪʦʪʝ 17 ɻʮ ʜʦ 0,2 ɻʮ. ʕʪʦʪ ʬʘʢʪ 

ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ ʩʠʛʥʘʣʘ ʩ ʧʨʦʪʦʥʘʤʠ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʷʩʦʚ, ʢʦʪʦʨʳʝ ʧʦʷʚʠʣʠʩʴ ʥʘ L-ʦʙʦʣʦʯʢʝ ʩʪʝʥʜʘ  ʚʦ ʚʨʝʤʷ ʰʪʦʨʤʘ, ʠʣʠ 

ʩʠʣʴʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʶ ʧʣʘʟʤʳ ʚʝʨʭʥʝʡ ʠʦʥʦʩʬʝʨʳ. ɺ ʢʘʤʧʘʥʠʷʭ 2011-2012 ʛʛ. ʙʳʣʠ 

ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʳ ʩʠʛʥʘʣ rʥʘ ʯʘʩʪʦʪʘʭ ʚ ʥʝʩʢʦʣʴʢʦ ʢʠʣʦʛʝʨʮ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ, ʢʦʪʦʨʳʝ ʥʝ 

ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʳ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʭʘʥʠʟʤʦʤ ʤʦʜʫʣʷʮʠʠ ʠʦʥʦʩʬʝʨʥʳʭ ʪʦʢʦʚ. ʕʪʠ 

ʩʠʛʥʘʣ r ʪʘʢ ʞʝ ʧʨʦʷʚʠʣʠ ʥʝʦʙʳʯʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʫʤʝʥʴʰʘʷʩʴ ʧʦ ʘʤʧʣʠʪʫʜʝ ʚʦ ʚʨʝʤʷ 

ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ ʧʦ ʘʤʧʣʠʪʫʜʝ ʥʘ ʬʘʟʝ ʝʝ ʨʦʩʪʘ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ 

ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʛʨʘʥʪʳ 11-02-00419, 11-02-97104 ʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ 

ʈʌ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʦʥʪʨʘʢʪ 16.518.11.7066. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʀʅʊɽʈʇʈɽʊɸʎʀʀ ɼɸʅʅʓʍ ʈɸɼʀʆɿɸʊʄɽʅʅʓʍ 

ʕʂʉʇɽʈʀʄɽʅʊʆɺ ɺɹʃʀɿʀ ʄɸʈʉɸ, ʉɺʗɿɸʅʅʓɽ ʉ ʉʋʑɽʉʊɺʆɺɸʅʀɽʄ 

ʄʀʅʀ-ʄɸɻʅʀʊʆʉʌɽʈ 

 

ɸ.ɺ. ʂʠʨʝʝʚ, ɸ.ʄ. ʂʨʳʤʩʢʠʡ ʠ  ɻ. ɾʙʘʥʢʦʚ 

 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʖʞʥʦʛʦ ʌʝʜʝʨʘʣʴʥʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ, amkrym@list.ru 

 

ʇʨʠ ʢʦʥʚʝʨʩʠʠ ʬʘʟʳ ʨʘʜʠʦʩʠʛʥʘʣʘ, ʠʟʤʝʨʷʝʤʦʡ ʚ ʭʦʜʝ ʨʘʜʠʦʟʘʪʤʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ 

ʚʳʩʦʪʥʳʡ ʧʨʦʬʠʣʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʢʣʶʯʝʚʳʤ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʟʘʚʠʩʠʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʪ ʧʣʘʥʝʪʦʮʝʥʪʨʠʯʝʩʢʦʛʦ ʨʘʩʩʪʦʯʥʠʷ, ʪʦ 

ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʯʘʩʪʴʶ ʩʬʝʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʪʦʷʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ 

ʦʙʣʘʩʪʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 300-400 ʢʤ ʚʜʦʣʴ ʣʫʯʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ. 

ʕʢʩʧʝʨʠʤʝʥʪ MARSIS AIS ʥʘ ʂɸ ʄʘʨʩ-ʕʢʩʧʨʝʩʩ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʠʦʥʦʩʬʝʨʝ ʄʘʨʩʘ ʩ ʤʠʥʠ-

ʤʘʛʥʠʪʦʩʬʝʨʘʤʠ ʩʚʷʟʘʥʳ ʣʦʢʘʣʴʥʳʝ ʨʝʟʢʠʝ ʫʚʝʣʠʯʝʥʠʷ ʚʳʩʦʪʳ ʠʟʦʣʠʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʵʣʝʢʪʨʦʥʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʦʙʳʯʥʫʶ ʤʝʪʦʜʠʢʫ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠʟʤʝʥʝʥʠʡ ʬʘʟʳ ʨʘʜʠʦʩʠʛʥʘʣʘ 

ʥʝʪʦʯʥʦʡ ʠʣʠ ʜʘʞʝ ʥʝʧʨʠʤʝʥʠʤʦʡ. ʄʝʪʦʜ ray-tracing ʠ ʧʘʨʘʤʝʪʨʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʠʦʥʦʩʬʝʨʝ ʄʘʨʩʘ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʂɸ ʄʘʨʩ ɻʣʦʙʘʣ ʉʶʨʚʝʡʦʨ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʠʟʦʣʠʨʦʚʘʥʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʘʥʦʤʘʣʠʠ ʢ ʘʨʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ 34 ʉʐ  337 ɺɼ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʫʪʦʯʥʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʨʘʜʠʦʟʘʪʤʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʥʘ ʂɸ ʄʘʨʩ-ʕʢʩʧʨʝʩʩ ʠ ʄʘʨʩ ɻʣʦʙʘʣ ʉʶʨʚʝʡʦʨ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʦʙʣʘʩʪʷʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʣʝʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʬʦʨʤʠʨʫʶʱʠʭ ʤʠʥʠ-ʤʘʛʥʠʪʦʩʬʝʨʳ.   

 

 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɼɸʅʅʓʍ ʈɸɼʀʆɿʆʅɼʀʈʆɺɸʅʀʗ ʀʆʅʆʉʌɽʈʓ ʉ ɹʆʈʊɸ 

ʂɸ ʄɸʈʉ-ʕʂʉʇʈɽʉʉ (ʕʂʉʇɽʈʀʄɽʅʊ MARSIS AIS) ɼʃʗ ʋʊʆʏʅɽʅʀʗ ʄɽʊʆɼɸ 

ʀʅʊɽʈʇʈɽʊɸʎʀʀ ɼɸʅʅʓʍ ʈɸɼʀʆɿɸʊʄɽʅʅʓʍ ʕʂʉʇɽʈʀʄɽʅʊʆɺ ɺɹʃʀɿʀ 

ʄɸʈʉɸ 

 

ɸ.ɺ. ʂʠʨʝʝʚ, ɸ.ʄ. ʂʨʳʤʩʢʠʡ ʠ ɻ. A. ɾʙʘʥʢʦʚ 

 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʖʞʥʦʛʦ ʌʝʜʝʨʘʣʴʥʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ, amkrym@list.ru 

 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʶ ʠʦʥʦʩʬʝʨʳ ʄʘʨʩʘ MARSIS AIS ʧʦʷʚʣʝʥʠʝ 

ʤʥʦʛʦʢʨʘʪʥʳʭ ʦʪʨʘʞʝʥʠʡ ʟʦʥʜʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ ʩʚʷʟʳʚʘʶʪ ʩ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ 

ʠʟʦʣʠʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʦʙʣʘʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ, 

ʚʳʟʚʘʥʥʳʤ ʧʨʠʩʫʪʩʪʚʠʝʤ ʤʠʥʠ-ʤʘʛʥʠʪʦʩʬʝʨ. ɼʘʥʥʳʝ MARSIS AIS, ʧʦʣʫʯʝʥʥʳʝ ʥʘ 

ʧʨʠʣʝʛʘʶʱʠʭ ʜʨʫʛ ʢ ʜʨʫʛʫ ʧʦ ʜʦʣʛʦʪʝ ʦʨʙʠʪʘʭ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʦʨʤʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʪʦʷʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʜʦʣʛʦʪʥʦ-ʰʠʨʦʪʥʦʤ 

ʠʥʪʝʨʚʘʣʝ, ʛʜʝ ʥʘʙʣʶʜʘʶʪʩʷ ʤʥʦʛʦʢʨʘʪʥʳʝ ʦʪʨʘʞʝʥʠʷ. ɺʳʩʦʪʘ ʟʘʜʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʵʣʝʢʪʨʦʥʦʚ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʢʚʘʜʨʘʪʫ ʯʘʩʪʦʪʳ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ 

ʨʷʜʦʤ ʌʫʨʴʝ ʧʦ ʜʦʣʛʦʪʝ ʠ ʰʠʨʦʪʝ, ʘ ʘʤʧʣʠʪʫʜʳ ʛʘʨʤʦʥʠʢ ʨʷʜʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʤʝʪʦʜ ray-tracing ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 1) 

ʦʮʝʥʢʠ ʙʣʠʟʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʩʪʦʷʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʠʦʥʦʛʨʘʤʤ ʠ ʠʦʥʦʛʨʘʤʤ ʩ ʤʥʦʛʦʢʨʘʪʥʳʤʠ ʦʪʨʘʞʝʥʠʷʤʠ ʠ 2) ʫʪʦʯʥʝʥʠʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʨʘʜʠʦʟʘʪʤʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʦʤ 

ʜʦʣʛʦʪʥʦ-ʰʠʨʦʪʥʦʤ ʠʥʪʝʨʚʘʣʝ.  
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ɹɸɿɸ ɼɸʅʅʓʍ ɼʃʗ ʈɽɿʋʃʔʊɸʊʆɺ ʈɸɼʀʆɿɸʊʄɽʅʅʓʍ ʕʂʉʇɽʈʀʄɽʅʊʆɺ, 

ɺʓʇʆʃʅɽʅʅʓʍ ʉ ʇʆʄʆʑʔʖ ʉʇʋʊʅʀʂʆɺ ɺɽʅɽʈɸ-15,-16 

 

ɽ.ɸ. ʂʫʣʝʰʦʚ, ɸ.ɸ. ʉʤʳʩʣʦʚ, ɸ.ʃ. ɻʘʚʨʠʢ 

 

ʌʀʈʕ ʠʤ.ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ, ʛ. ʌʨʷʟʠʥʦ, ʈʦʩʩʠʷ, alg248@ire216.msk.su 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʫʯʝʥʳʭ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʤʠʩʩʠʡ. ʂʦʩʤʠʯʝʩʢʠʝ ʘʛʝʥʪʩʪʚʘ ESA ʠ NASA ʩʦʟʜʘʣʠ ʙʘʟʳ 

ʜʘʥʥʳʭ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʣʘʥʝʪ 

ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʩʚʝʜʝʥʠʡ ʦ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ. ɺ ʙʘʟʘʭ ʜʘʥʥʳʭ 

ESA ʠ NASA ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʜʠʦʟʘʪʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʘʟʦʚʦʡ 

ʦʙʦʣʦʯʢʠ ɺʝʥʝʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʂɸ Pioneer-Venus (~440 ʩʝʘʥʩʦʚ ʚ 1979-1992 ʛ.ʛ.), 

Magellan (~20 ʩʝʘʥʩʦʚ ʚ 1991-1994 ʛ.ʛ.) ʠ Venus-Express (~300 ʩʝʘʥʩʦʚ ʚ 2006-2011 ʛʛ.). 

ʉʚʝʜʝʥʠʷ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʜʚʫʭʯʘʩʪʦʪʥʦʛʦ ʨʘʜʠʦʧʨʦʩʚʝʯʠʚʘʥʠʷ ʛʘʟʦʚʦʡ ʦʙʦʣʦʯʢʠ ɺʝʥʝʨʳ 

ʩʠʛʥʘʣʘʤʠ ʂɸ ɺʝʥʝʨʘ-15,-16 (170 ʩʝʘʥʩʦʚ ʚ 1983-1984 ʛ.ʛ.) ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʘʭ 

ʧʦʯʪʠ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ, ʣʠʰʴ ʚ ʙʘʟʝ ʜʘʥʥʳʭ PDS NASA ʝʩʪʴ ʠʥʬʦʨʤʘʮʠʷ ʦ 29 ʧʨʦʬʠʣʷʭ 

ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʜʥʝʚʥʦʡ ʠʦʥʦʩʬʝʨʝ ɺʝʥʝʨʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʜʠʦʚʦʣʥʳ 

ʜʠʘʧʘʟʦʥʘ 32 ʩʤ ʦʙʝʩʧʝʯʠʣʦ ʫʥʠʢʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʞʝ ʨʘʟʨʝʞʝʥʥʦʡ 

ʧʣʘʟʤʳ ʚ ʥʦʯʥʦʡ ʠʦʥʦʩʬʝʨʝ ɺʝʥʝʨʳ ʠ ʚ ʥʠʞʥʝʡ ʦʙʣʘʩʪʠ ʜʥʝʚʥʦʡ ʠʦʥʦʩʬʝʨʳ. ʇʦ ʜʘʥʥʳʤ 

ʨʘʜʠʦʟʘʪʤʝʥʠʡ ʂɸ ɺʝʥʝʨʘ-15,-16 ʧʦʣʫʯʝʥʦ 73 ʧʨʦʬʠʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʜʥʝʚʥʦʡ 

ʠʦʥʦʩʬʝʨʝ, 20 ʧʨʦʬʠʣʝʡ ʚ ʦʙʣʘʩʪʠ ʪʝʨʤʠʥʘʪʦʨʘ ʠ 62 ʧʨʦʬʠʣʷ ʚ ʥʦʯʥʦʡ ʠʦʥʦʩʬʝʨʝ, ʜʠʘʧʘʟʦʥ 

ʟʝʥʠʪʥʳʭ ʫʛʣʦʚ ʉʦʣʥʮʘ ʩʦʩʪʘʚʠʣ 50Ü...160Ü. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʨʘʜʠʦʟʘʪʤʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʂɸ ɺʝʥʝʨʘ-15,-16 ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʝʪʩʷ 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʜʘʥʥʳʭ 170 ʩʝʘʥʩʦʚ ʨʘʜʠʦʧʨʦʩʚʝʯʠʚʘʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʭ ʚ ʮʠʬʨʦʚʦʤ 

ʚʠʜʝ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʙʘʟʫ 

ʜʘʥʥʳʭ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʝʝ ʚʥʝʜʨʝʥʠʷ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʝʪʠ. ɺ ʩʦʩʪʘʚ ʙʘʟʳ 

ʜʘʥʥʳʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʢʣʶʯʠʪʴ ʚʩʝ ʜʦʩʪʫʧʥʳʝ ʬʘʡʣʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʜʠʦʟʘʪʤʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʂɸ ɺʝʥʝʨʘ-15,-16, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ: ʨʝʟʫʣʴʪʘʪʳ ʨʝʛʠʩʪʨʘʮʠʠ ʨʘʜʠʦʧʦʣʷ, ʠʟʤʝʨʝʥʥʳʝ ʤʦʱʥʦʩʪʠ ʠ ʯʘʩʪʦʪʳ 

ʩʠʛʥʘʣʦʚ, ʙʘʣʣʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʌʘʡʣʳ ʜʘʥʥʳʭ ʠʤʝʶʪ 

ʨʘʟʣʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʢʦʣʠʯʝʩʪʚʦ ʬʘʡʣʦʚ ʙʫʜʝʪ ʨʝʛʫʣʷʨʥʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʥʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ, ʧʦʵʪʦʤʫ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʙʫʜʝʪ ʭʨʘʥʠʪʴʩʷ ʣʠʰʴ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʬʘʡʣʘʭ: ʠʤʷ ʬʘʡʣʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʥʝʤʫ ʠ ʝʛʦ ʦʧʠʩʘʥʠʝ. ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ 

ʧʨʠʥʮʠʧʳ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʙʘʟʳ ʜʘʥʥʳʭ. ʉʦʟʜʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʚʢʣʶʯʝʥʠʠ ʝʝ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʦʩʪʘʚʠʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʜʠʦʟʘʪʤʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʂɸ ɺʝʥʝʨʘ-15,-16 ʜʣʷ ʨʝʰʝʥʠʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʧʣʘʥʝʪʦʣʦʛʠʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ 

ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ˉ 22 ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ʠ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 13-02-01411. 
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ʖ.ɺ. ʃʠʩʘʢʦʚ
1
, ʆ.ɺ. ʃʘʧʰʠʥʦʚʘ

2
, ʅ.ʄ. ʇʫʰʢʠʥ

3
, ʅ.ɺ. ʄʘʪʚʝʝʚ

4 

 
1 
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, ylissako@iki.rssi.ru 

2 
ʈʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʘʷ ʢʦʨʧʦʨʘʮʠʷ "ʕʅɽʈɻʀʗ" ʠʤ. ʉ.ʇ. ʂʦʨʦʣʝʚʘ, ʄʆ ʛ. ʂʦʨʦʣʝʚ, ʈʦʩʩʠʷ 

3 
ʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʄʆ ʛ. ʂʦʨʦʣʝʚ, ʈʦʩʩʠʷ 

4 
ʌɻʋʇ ʎʅʀʀʄʘʰ ʎʋʇ, ʄʆ ʛ. ʂʦʨʦʣʝʚ, ʈʦʩʩʠʷ 

 

ɺ ʨʘʙʦʪʝ ʧʨʦʜʦʣʞʝʥ ʘʥʘʣʠʟ ʠʟʤʝʨʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ  ʙʦʨʪʦʚʳʤ ʥʘʫʯʥʳʤ ʢʦʤʧʣʝʢʩʦʤ 

ʢʦʥʪʨʦʣʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʂʂʕʇ), ʧʨʝʜʥʘʟʥʘʯʘʚʰʠʤʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʟʦʥʝ ʂɸ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ "ʀʤʧʫʣʴʩ (1 ʵʪʘʧ)" ʥʘ  ʈʦʩʩʠʡʩʢʦʤ ʩʝʛʤʝʥʪʝ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ (ʈʉ ʄʂʉ). ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʠʟʤʝʨʝʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ 

ʚ ʦʙʣʘʩʪʠ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʦʤʘʣʠʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʠʟʤʝʨʝʥʠʷ ʪʦʢʦʚ ʥʘʪʝʢʘʥʠʷ ʥʘ 

ʧʣʦʩʢʠʝ ʟʦʥʜʳ ʠ ʠʟʤʝʨʝʥʠʷ ʢʚʘʟʠʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʜʘʪʯʠʢʦʚ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʪʠʧʘ. ʆʜʥʦʡ ʠʟ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʠʦʥʦʩʬʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʷʚʣʷʝʪʩʷ ʵʢʚʘʪʦʨʠʘʣʴʥʘʷ ʘʥʦʤʘʣʠʷ, ʣʦʢʘʣʠʟʫʶʱʘʷʩʷ ʥʘ ʧʨʠʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ 

ʰʠʨʦʪʘʭ (ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ Ñ20Á ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʵʢʚʘʪʦʨʘ). ɺʙʣʠʟʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʵʢʚʘʪʦʨʘ 

ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʪ ʥʘʧʨʘʚʣʝʥʥʦʝ ʚʚʝʨʭ ʜʚʠʞʝʥʠʝ ʧʣʘʟʤʳ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʥʠʞʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ ʥʘ ʩʘʤʦʤ ʵʢʚʘʪʦʨʝ. ʇʦʜʥʠʤʘʶʱʘʷʩʷ ʚʚʝʨʭ ʧʣʘʟʤʘ ʟʘʪʝʤ 

ʜʠʬʬʫʥʜʠʨʫʝʪ ʚʥʠʟ ʚʜʦʣʴ ʛʝʦʤʘʛʥʠʪʥʳʭ ʣʠʥʠʡ, ʯʪʦ ʩʦʟʜʘʸʪ ʧʦʚʳʰʝʥʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʦ 

ʦʙʝ ʩʪʦʨʦʥʳ  ʦʪ ʵʢʚʘʪʦʨʘ ʠ ʧʦʥʠʞʝʥʥʫʶ ʥʘ ʩʘʤʦʤ ʛʝʦʤʘʛʥʠʪʥʦʤ ʵʢʚʘʪʦʨʝ. ɼʠʥʘʤʠʢʘ ʧʣʘʟʤʳ 

ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʘʥʦʤʘʣʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʠʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ 

ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʝʡ. ɼʠʥʘʤʠʢʘ ʠʟʤʝʨʷʝʤʳʭ ʪʦʢʦʚ ʥʘʪʝʢʘʥʠʷ ʪʘʢ ʞʝ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ʣʦʢʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʪʝʧʣʦʚʦʡ ʢʦʤʧʦʥʝʥʪʳ ʦʢʨʫʞʘʶʱʝʡ ʧʣʘʟʤʳ, ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʷʤʠ. ʅʘʰʠ ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʧʨʠʵʢʚʘʪʦʨʠʘʣʴʥʦʡ 

ʦʙʣʘʩʪʠ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʦʪʯʝʪʣʠʚʦ ʥʘʙʣʶʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʘʷ ʩʧʝʮʠʬʠʢʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʪʦʢʦʚ ʥʘʪʝʢʘʥʠʷ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ 

ʚʝʣʠʯʠʥʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ (ʪʦʢ ʥʘʪʝʢʘʥʠʷ ï ʪʦʢ ʩʪʝʢʘʥʠʷ) ʠʟʤʝʨʷʝʤʳʭ ʪʦʢʦʚ, ʘ ʪʘʢ ʞʝ 

ʚʝʣʠʯʠʥʳ ʠ ʟʥʘʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ.  ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʩʧʫʪʥʠʢʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʠʥʘʤʠʢʠ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʘʥʦʤʘʣʠʠ ʥʝ ʫʪʨʘʪʠʣʠ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 

 

 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʀɿʄɽʈɽʅʀʁ ʇʃɸɿʄɽʅʅʓʍ ʏɸʉʊʆʊ ʅɸ ʉʇʋʊʅʀʂɸʍ ɼʃʗ 

ʆʎɽʅʂʀ ʇʆʃʅʆɻʆ ʕʃɽʂʊʈʆʅʅʆɻʆ ʉʆɼɽʈɾɸʅʀʗ ʀʆʅʆʉʌɽʈʓ 

 

ʆ.ɸ. ʄʘʣʴʮʝʚʘ, ɻ.ɸ. ɾʙʘʥʢʦʚ 

 

ʅʀʀ ʬʠʟʠʢʠ ʖʌʋ, ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʈʦʩʩʠʷ, mal@ip.rsu.ru 

 

ɺ ʩʚʷʟʠ ʩ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʥʝʧʨʝʨʳʚʥʳʡ ʛʣʦʙʘʣʴʥʳʡ ʤʦʥʠʪʦʨʠʥʛ, ʧʦʣʥʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ (ʇʕʉ) ʩʪʘʣʦ ʦʜʥʠʤ 

ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʦʩʬʝʨʳ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʘʩʩʠʤʠʣʷʮʠʦʥʥʳʭ ʤʦʜʝʣʷʭ, 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʜʝʢʩʦʚ ʠʦʥʦʩʬʝʨʥʦʡ ʚʦʟʤʫʱʝʥʥʦʩʪʠ, ʠʦʥʦʩʬʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ, ʨʘʜʠʦ 

ʟʘʪʤʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʜʨ. ʅʦʚʘʷ ʠʦʥʦʩʬʝʨʥʘʷ ʤʦʜʝʣʴ IRI-Plas ʊ.ʃ.ɻʫʣʷʝʚʦʡ (ʀɿʄʀʈɸʅ) 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʇʕʉ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʳʭ N(h)-

ʧʨʦʬʠʣʝʡ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ ʠʤʝʪʴ ʪʘʢʠʝ ʧʨʦʬʠʣʠ ʜʣʷ ʚʦʟʤʫʱʝʥʥʳʭ ʫʩʣʦʚʠʡ. ʆʜʥʘʢʦ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʇʕʉ, ʠʟʤʝʨʷʝʤʳʝ ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʝʤʥʠʢʘʤʠ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ ʚ ʚʠʜʝ ʛʣʦʙʘʣʴʥʳʭ ʢʘʨʪ JPL, CODE, UPC, ESA, ʤʦʛʫʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɺʩʪʘʝʪ ʚʦʧʨʦʩ, ʢʘʢʦʝ ʟʥʘʯʝʥʠʝ ʚʳʙʨʘʪʴ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʇʕʉ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʦʜʝʣʴ IRI-Plas ʠ ʟʥʘʯʝʥʠʷ ʧʣʘʟʤʝʥʥʳʭ ʯʘʩʪʦʪ fne, 

mailto:ylissako@iki.rssi.ru
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ʠʟʤʝʨʷʝʤʳʭ ʥʘ ʩʧʫʪʥʠʢʘʭ ʩ ʨʘʟʣʠʯʥʦʡ ʚʳʩʦʪʦʡ ʦʨʙʠʪʳ. ʇʦʜʙʠʨʘʝʪʩʷ ʪʘʢʦʝ ʟʥʘʯʝʥʠʝ ʇʕʉ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʧʣʘʟʤʝʥʥʳʝ ʯʘʩʪʦʪʳ ʧʨʦʬʠʣʷ ʩʦʚʧʘʜʘʶʪ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ 

ʜʣʷ ʦʜʥʦʛʦ ʠʣʠ ʜʚʫʭ ʩʧʫʪʥʠʢʦʚ. ʅʘ ʧʨʠʤʝʨʝ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚ ʉʅɸʄʈ ʠ DMSP ʠ ʜʘʥʥʳʭ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʥʘ ʩʪʘʥʮʠʷʭ ʝʚʨʦʧʝʡʩʢʦʛʦ ʯʘʩʪʠ ʨʦʩʩʠʡʩʢʦʛʦ ʨʝʛʠʦʥʘ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʣʝʞʘʪ ʚʥʝ ʜʠʘʧʘʟʦʥʘ ʛʣʦʙʘʣʴʥʳʭ ʢʘʨʪ JPL, 

CODE, UPC, ESA, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ. ʉʦʚʤʝʩʪʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʜʚʫʭ ʩʧʫʪʥʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ N(h)-ʧʨʦʬʠʣʴ ʚʝʨʭʥʝʡ 

ʠʦʥʦʩʬʝʨʳ. ʀʤʝʥʥʦ ʜʣʷ ʵʪʠʭ ʟʥʘʯʝʥʠʡ ʇʕʉ ʜʘʶʪʩʷ ʧʨʠʤʝʨʳ ʧʦʚʝʜʝʥʠʷ N(h)-ʧʨʦʬʠʣʝʡ ʚʦ 

ʚʨʝʤʷ ʚʦʟʤʫʱʝʥʠʡ. 

 

 

ʄɽʊʆɼ ʆʇʈɽɼɽʃɽʅʀʗ ɺʆɿʄʋʑɽʅʅʆʁ ʕʃɽʂʊʈʆʅʅʆʁ ʊɽʄʇɽʈɸʊʋʈʓ  

ɺ ʆɹʃɸʉʊʀ ʅɸɻʈɽɺɸ ʇʆ ʀɿʄɽʈɽʅʀʗʄ ɿɸʊʋʍɸʅʀʗ  

ʇʈʆɹʅʆʁ ɺʓʉʆʂʆʏɸʉʊʆʊʅʆʁ ɺʆʃʅʓ 

 

ɸ.ɹ. ʇʘʰʠʥ, ɸ.ɸ. ʄʦʯʘʣʦʚ 

 

ʇɻʀ ʂʅʎ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ, pashin@pgia.ru ; 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʢʪʠʚʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʥʘʛʨʝʚʫ ʠʦʥʦʩʬʝʨʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʤʦʱʥʳʤ 

ʥʘʟʝʤʥʳʤ ʂɺ ʧʝʨʝʜʘʪʯʠʢʦʤ ʵʣʝʢʪʨʦʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝʪ ʚʦʟʨʘʩʪʠ ʥʘ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥʳ, 

ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪ ʚʝʣʠʯʠʥʫ ʧʦʛʣʦʱʝʥʠʷ ɺʏ ʚʦʣʥ. ʀʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʦʛʣʦʱʝʥʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʢʘʢ ʦ ʧʘʨʘʤʝʪʨʘʭ ʥʠʞʥʝʡ ʠʦʥʦʩʬʝʨʳ, 

ʪʘʢ ʠ ʦ ʚʝʣʠʯʠʥʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʛʣʦʱʝʥʠʷ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʨʘʜʠʦʰʫʤʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ ʚʝʣʠʯʠʥʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʯʘʩʪʦʪʝ 39 ʄɻʮ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 0.5 ʜɹ, ʘ ʜʣʷ 

ʠʦʥʦʩʬʝʨʳ ʩ ʥʠʟʢʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʵʪʦʪ ʵʬʬʝʢʪ ʥʝ ʧʨʝʚʳʰʘʝʪ 0.2 ʜɹ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʤʝʨʝʥʠʡ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʦʪʘʭ ʫʚʝʣʠʯʠʪ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ. 

ʈʘʩʯʝʪʳ ʧʦʛʣʦʱʝʥʠʷ ɺʏ ʚʦʣʥ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʯʘʩʪʦʪ 25, 30, 35 ʠ 40 ʄɻʮ ʚ ʫʩʣʦʚʠʷʭ 

ʨʘʟʣʠʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʦʥʦʩʬʝʨʫ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʨʘʟʣʠʯʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ, ʯʘʩʪʦʪʳ ʠ ʤʦʱʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʦʚ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʠʟʤʝʨʝʥʠʝ ʩʧʝʢʪʨʘ 

ʧʦʛʣʦʱʝʥʠʷ ʚʦʣʥ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 25 ï 40 ʄɻʮ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʤʦʜʠʬʠʢʘʮʠʠ ʠʦʥʦʩʬʝʨʳ. 

 

 

ʆ ʗɺʃɽʅʀʀ ʀʉʂʋʉʉʊɺɽʅʅʆʁ ɼʀʌʌʋɿʅʆʉʊʀ ʇʈʀ ɺʆɿɼɽʁʉʊɺʀʀ ʅɸ 

ʀʆʅʆʉʌɽʈʋ ʄʆʑʅʓʄ ʀɿʃʋʏɽʅʀɽʄ ʅɸɻʈɽɺʅʆɻʆ ʉʊɽʅɼɸ ʉʋʈɸ 

 

ʌ.ʀ. ɺʳʙʦʨʥʦʚ, ɼ.ʉ. ʂʦʪʠʢ, ɸ.ɺ. ʇʝʨh ʠʥ, ɸ.ɺ. ʈʘʭʣʠʥ 

 

ʅʀʈʌʀ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ; vybornov@nirfi.sci-nnov.ru 

 

ʆʜʥʠʤ ʠʟ ʚʠʜʦʚ ʨʝʘʢʮʠʠ ʠʦʥʦʩʬʝʨʳ ʥʘ ʚʦʟʤʫʱʝʥʠʝ ʝʝ ʤʦʱʥʦʡ ʨʘʜʠʦʚʦʣʥʦʡ ʷʚʣʷʝʪʩʷ 

ʫʰʠʨʝʥʠʝ ʩʣʝʜʘ ʦʪʨʘʞʝʥʠʷ ʥʘ ʚʳʩʦʪʥʦ-ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ. ʕʪʦ ʷʚʣʝʥʠʝ ʧʦʣʫʯʠʣʦ 

ʥʘʟʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ F-spread (F-ʨʘʩʩʝʷʥʠʷ) ʠʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʜʠʬʬʫʟʥʦʩʪʠ (ʀɼ). 

ʇʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʛʨʝʚʥʦʛʦ ʩʪʝʥʜʘ çʉʫʨʘè ʧʦʢʘʟʘʣʠ, ʯʪʦ ʀɼ 

ʫʚʝʨʝʥʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ ʚ ʥʦʯʥʦʝ, ʪʘʢ ʠ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ. ɼʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠʦʥʦʩʬʝʨʳ 

ʠʩʧʦʣʟɹʦʚʘʣʩʷ ʠʦʥʦʟʦʥʜ CADI ʩ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ 13-ʙʠʪʥʳʤ ʢʦʜʦʤ ɹʘʨʢʝʨʘ ʠ ʫʩʨʝʜʥʝʥʠʝʤ 

ʧʦ 4-ʤ ʧʨʠʥʠʤʘʝʤʳʤ ʠʤʧʫʣʴʩʘʤ. ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʠʦʥʦʩʬʝʨʫ ʠʟʣʫʯʝʥʠʝʤ ʥʘʛʨʝʚʥʦʛʦ ʩʪʝʥʜʘ 

çʉʫʨʘè ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʯʘʩʪʦʪʝ ʥʠʞʝ ʢʨʠʪʠʯʝʩʢʦʡ ʥʘ ʦʙʳʢʥʦʚʝʥʥʦʡ ʢʦʤʧʦʥʝʥʪʝ ʩ 

ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʴʶ ʜʦ 80 ʄɺʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʜʥʝʚʥʦʝ ʠ ʚʝʯʝʨʥʝʝ ʚʨʝʤʷ ʚʝʩʥʦʡ-ʣʝʪʦʤ-

ʦʩʝʥʴʶ 2012 ʛʦʜʘ. ʀɼ ʫʚʝʨʝʥʥʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʣʘʩʴ ʠʦʥʦʟʦʥʜʦʤ CADI ʧʨʠ ʚʨʝʤʝʥʘʭ ʥʘʛʨʝʚʘ 
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ʦʢʦʣʦ 10 ʤʠʥʫʪ. ʆʙʳʯʥʦ ʥʘʙʣʶʜʘʣʩʷ ʯʘʩʪʦʪʥʳʡ F-spread ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʦ 3 ʙʘʣʣʦʚ. ʇʨʠ 

ʵʪʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʣʘʢʩʘʮʠʷ ʀɼ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʚʨʝʤʷ 15-30 ʤʠʥʫʪ. ʋʚʝʣʠʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʘʛʨʝʚʘ ʙʦʣʝʝ 15 ʤʠʥʫʪ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ 

ʜʠʬʬʫʟʥʦʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʀɼ ʦʙʣʘʜʘʝʪ ʧʦʨʦʛʦʚʳʤ ʵʬʬʝʢʪʦʤ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʚʨʝʤʝʥʘʭ ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʦʣʦ 10-15 ʤʠʥʫʪ ʪʦʣʴʢʦ ʧʨʠ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ 

ʥʘʛʨʝʚʥʦʛʦ ʩʪʝʥʜʘ ʥʝ ʤʝʥʝʝ 10 ʄɺʪ. ʋʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʀɼ ʧʨʠ ʨʘʚʥʳʭ ʚʨʝʤʝʥʘʭ ʚʦʟʜʝʡʩʪʚʠʷ, ʘ ʧʨʠ ʤʦʱʥʦʩʪʠ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʦʢʦʣʦ 50 ʄɺʪ ï ʢ 

ʥʘʩʳʱʝʥʠʶ. ʇʨʠ ʵʪʦʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʚʨʝʤʝʥʘ ʨʘʟʚʠʪʠʷ ʀɼ 

ʫʤʝʥʴʰʘʶʪʩʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʚʦʟʤʫʱʝʥʥʦʡ ʦʙʣʘʩʪʠ ʠʦʥʦʩʬʝʨʳ ʤʝʪʦʜʦʤ 

ʨʘʜʠʦʧʨʦʩʚʝʯʠʚʘʥʠʷ ʩʠʛʥʘʣʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʧʫʪʥʠʢʦʚ ɿʝʤʣʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʀɼ ʚʩʝʛʜʘ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʠʣʴʥʳʤʠ ʨʘʜʠʦʤʝʨʮʘʥʠʷʤʠ ʧʨʠʥʠʤʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʀʉɿ ʥʘ ʯʘʩʪʦʪʝ 150 

ʄɻʮ. ʇʦʜʪʚʝʨʞʜʝʥʳ ʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʬʘʢʪʳ: - ʀɼ ʚʦʟʥʠʢʘʝʪ ʚʦ ʚʩʝʭ ʮʠʢʣʘʭ ʥʘʛʨʝʚʘ ʠ 

ʤʦʞʝʪ ʩʠʥʭʨʦʥʥʦ ʥʘʙʣʶʜʘʪʴʩʷ ʥʘ ʨʘʟʥʳʭ ʠʦʥʦʟʦʥʜʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʩʩʪʦʥ̫ʠʠ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʢʠʣʦʤʝʪʨʦʚ; - ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʀɼ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʳ ʚʦʣʥʳ 

ʥʘʢʘʯʢʠ ʠ ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ F-ʩʣʦʷ ʠʦʥʦʩʬʝʨʳ; - ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʀɼ ʟʘʚʠʩʠʪ ʦʪ ʚʳʩʦʪʳ 

ʦʪʨʘʞʝʥʠʷ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʥʘʛʨʝʚʥʦʛʦ ʩʪʝʥʜʘ; - ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʀɼ ʟʘʚʠʩʠʪ ʦʪ ʝʩʪʝʩʪʚʝʥʥʦ-

ʚʦʟʤʫʱʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʦʥʦʩʬʝʨʳ; ʥʘʣʠʯʠʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʪʠʧʘ ʇʀɺ 

(ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʠʦʥʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ), ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠ ʥʘʢʣʦʥʥʳʭ ʦʪʨʘʞʝʥʠʡ, 

ʩʣʘʙʦʡ ʥʘʯʘʣʴʥʦʡ ʜʠʬʬʫʟʥʦʩʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʩʠʣʠʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʀɼ. ɿʘ ʧʦʣʫʛʦʜʦʚʦʡ 

ʠʥʪʝʨʚʘʣ ʥʘʙʣʶʜʝʥʠʡ ʥʝ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʢʘʢʠʭ-ʣʠʙʦ ʘʥʦʤʘʣʴʥʦ ʩʠʣʴʥʳʭ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʠʦʥʦʩʬʝʨʳ, ʥʦ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʚʦʣʥʦʡ ʍ-

ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʷʚʣʝʥʠʶ ʀɼ ʧʨʠ ʙʦʣʴʰʠʭ ʧʦʨʦʛʦʚʳʭ ʤʦʱʥʦʩʪʷʭ, ʯʝʤ ʵʪʦ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʜʣʷ ʆ-ʧʦʣʷʨʠʟʘʮʠʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʀɼ ʧʨʠ ʵʪʦʤ ʨʘʟʚʠʚʘʣʘʩʴ ʙʦʣʝʝ ʩʣʘʙʦ, ʥʘ 

ʠʦʥʦʛʨʘʤʤʘʭ ʥʘʙʣʶʜʘʣʠʩʴ ʩʠʣʴʥʳʝ ʨʘʩʩʣʦʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʠʦʥʦʩʬʝʨʥʳʭ ʪʨʝʢʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

ʠʦʥʦʩʬʝʨʝ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ (ʙʝʟ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ) ʫʩʣʦʚʠʷʭ. ʈʘʙʦʪʘ ʚʧrʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʛʨʘʥʪʳ ˉ 11-

02-00419-ʘ, ˉ 11-02-97104ʨ_ʧʦʚʦʣʞʴʝ_ʘ, ʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʠʥʥʦʚʘʮʠʡ 

ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʛʨʘʥʪ ˉ 11-02-97012ʨ_ʧʦʚʦʣʞʴʝ_ʘ. 
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ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ,  

  ʈʦʩʩʠʷ, esergeev@nirfi.sci-nnov.ru  
2 
ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ,  

  ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʚʝʜʝʥʠʷ ʚʦʣʥʳ ʥʘʢʘʯʢʠ (ɺʅ) ʠ ʣʝʥʛʤʶʨʦʚʩʢʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʠʦʥʦʩʬʝʨʳ (ʀʈʀ), ʚʳʧʦʣʥʝʥʥʳʭ 29-30 ʤʘʨʪʘ 

2011 ʥʘ ʥʘʛʨʝʚʥʦʤ ʩʪʝʥʜʝ HAARP  ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʬɻʬʝʢʪʠʚʥʳʭ ʤʦʱʥʦʩʪʝʡ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʦʥʦʩʬʝʨʥʫʶ ʧʣʘʟʤʫ Pʵʬʬ = 1.7 ɻɺʪ. ʅʘʙʣʶʜʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʨʝʭ ʧʫʥʢʪʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 11, 82 ʠ 113 ʢʤ ʥʘ ʶʛ ʦʪ ʩʪʝʥʜʘ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʧʣʦʩʢʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʤʝʨʠʜʠʘʥʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʝʞʠʤʘʭ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʝʨʠʷʤʠ ʠʟ 40 ʠʤʧʫʣʴʩʦʚ ʜʣʠʪʝʣʴʥʦʩʪʴʶ Ű = 5, 15, 20 ʠ 50 ʤʩ ʩ ʧʝʨʠʦʜʘʤʠ 

ʧʦʚʪʦʨʝʥʠʷ T = 2-10 ʩ ʥʘ ʯʘʩʪʦʪʘʭ ɺʅ f0 = 5920 ʠ 5420 ʢɻʮ. ʇʨʠ ʥʘʛʨʝʚʝ ʬʦʨʤʠʨʦʚʘʣʘʩʴ 

ʚʝʨʪʠʢʘʣʴʥʘʷ ʣʠʙʦ ʥʘʢʣʦʥʝʥʥʘʷ ʚ ʤʘʛʥʠʪʥʳʡ ʟʝʥʠʪ (14Á
 
ʥʘ ʶʛ) ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 
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ʘʥʪʝʥʥʦʡ ʩʠʩʪʝʤʳ ʩʪʝʥʜʘ. ɺ ʭʦʜʝ ʠʟʤʝʨʝʥʠʡ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʀʈʀ ʠ ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʠʦʥʦʩʬʝʨʳ ʩʠʛʥʘʣʘ ɺʅ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ, ʥʘʢʣʦʥʘ ʠ 

ʤʦʱʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ. 1. ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʩʪʨʠʢʮʠʦʥʥʦʛʦ ʩʘʤʦʚʦʟʜʝʡʩʪʚʠʷ ɺʅ 

(ʧʦʜʘʚʣʝʥʠʷ ʝʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ) ʜʦ 35 ʜɹ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ 1-10 ʤʩ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʠʤʧʫʣʴʩʘ 

ɺʅ. ʄʠʥʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ɺʅ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʀʈʀ ʪʠʧʘ ʢʦʥʪʠʥʫʫʤ - ʜʦ 80 ʢɻʮ ʚ ʦʙʣʘʩʪʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʦʪʩʪʨʦʝʢ ʦʪ f0. ʉ ʫʚʝʣʠʯʝʥʠʝʤ Ű ʜʦ 50 ʤʩ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɺʅ ʥʘ 10-15 ʜɹ. 2. ʈʦʩʪ ʚʝʣʠʯʠʥʳ ʩʘʤʦʚʦʟʜʝʡʩʪʚʠʷ ɺʅ ʠ ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥ 

ʨʘʟʚʠʪʠʷ ʀʈʀ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ  ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ ʦʪ Pʵʬʬ/64 ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ. 

ʋʞʝ ʥʘʯʠʥʘʷ ʩ Pʵʬʬ/16, ʩ ʨʦʩʪʦʤ ʤʦʱʥʦʩʪʠ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʥʘʩʳʱʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ. 3. ʇʨʠ ʚʳʢʣʶʯʝʥʠʠ ɺʅ ʥʘ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʚʨʝʤʝʥʥ·ʛʦ 

ʤʘʢʩʠʤʫʤʘ ʀʈʀ ʜʣʷ Ű = 5-15 ʤʩ ʨʝʣʘʢʩʘʮʠʷ ʠʟʣʫʯʝʥʠʷ ʧʨʦʪʝʢʘʝʪ ʥʘʠʙʦʣʝʝ ʤʝʜʣʝʥʥʦ (~10 

ʤʩ), ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʨʝʤʝʥʥ·ʡ ʟʘʜʝʨʞʢʦʡ ʠ ʧʝʨʝʢʘʯʢʦʡ ʵʥʝʨʛʠʠ ʧʦ ʩʧʝʢʪʨʫ ʚ ʩʪʦʨʦʥʫ 

ʤʝʥʴʰʠʭ ʯʘʩʪʦʪ. ʉ ʨʦʩʪʦʤ Ű ʠ ʨʘʟʚʠʪʠʝʤ overshoot-ʵʬʬʝʢʪʘ (ʥʘʩʳʱʝʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ) ʚʨʝʤʝʥʥʘʷ ʟʘʜʝʨʞʢʘ ʩʦʢʨʘʱʘʝʪʩʷ. ʇʦʩʣʝʜʫʶʱʘʷ ʨʝʣʘʢʩʘʮʠʷ 

ʩʧʝʢʪʨʘ ʢʘʢ ʮʝʣʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ  ʚʨʝʤʝʥʘʤʠ ~1.5-4.5  ʤʩ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʚʨʝʤʝʥʘʤ ʵʣʝʢʪʨʦʥʥʦ-ʠʦʥʥʳʭ ʩʦʫʜʘʨʝʥʠʡ. 4. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʧʣʘʟʤʫ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʟʝʥʠʪʘ ʢ 20 ʤʩ ʚ ʩʧʝʢʪʨʘʭ ʀʈʀ ʬʦʨʤʠʨʫʶʪʩʷ ʫʟʢʠʝ ʵʢʚʠʜʠʩʪʘʥʪʥʳʝ ʤʘʢʩʠʤʫʤʳ 

ʥʘ ʦʪʩʪʨʦʡʢʘʭ Ñ8, 16 ʢɻʮ ʦʪ ʯʘʩʪʦʪʳ ɺʅ, ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʝ ʚ ʠʟʤʝʨʝʥʠʷʭ ʜʣʷ ʙʦʣʝʝ 

ʫʜʘʣʝʥʥʳʭ ʦʪ ʩʪʝʥʜʘ ʧʫʥʢʪʘʭ ʥʘʙʣʶʜʝʥʠʡ. 5. ʉ ʨʦʩʪʦʤ ʫʛʣʦʚ ʥʘʙʣʶʜʝʥʠʷ ʜʦ ~30Á 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʝʥʛʤʶʨʦʚʩʢʦʛʦ ʀʈʀ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʀʈʀ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʘʛʨʝʚʘ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʩʝʢʫʥʜ-ʤʠʥʫʪ ʠ 

ʛʝʥʝʨʘʮʠʝʡ ʝʛʦ ʚʝʨʭʥʝʛʠʙʨʠʜʥʳʭ ʢʦʤʧʦʥʝʥʪ. 6. ɼʣʷ ʢʦʨʦʪʢʠʭ ʠʤʧʫʣʴʩʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʚ 

ʛʝʥʝʨʘʮʠʠ ʠ ʨʝʣʘʢʩʘʮʠʠ ʀʈʀ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʧʨʦʷʚʣʝʥʠʡ ʨʝʞʠʤʘ ʩʠʣʴʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. 

ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʥʘ ʯʘʩʪʦʪʘʭ ʚʙʣʠʟʠ 3-ʡ ʠ 4-ʡ 

ʛʠʨʦʛʘʨʤʦʥʠʢ, ʛʜʝ ʛʝʥʝʨʘʮʠʷ ʚʝʨʭʝʛʠʙʨʠʜʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʜʘʚʣʝʥʥʦʡ, 

ʦʙʥʘʨʫʞʝʥʘ ʛʝʥʝʨʘʮʠʷ ʥʦʚʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʀʈʀ ʚ ʦʙʣʘʩʪʠ ʙʦʣʴʰʠʭ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʦʪʩʪʨʦʝʢ ï(50-200) ʢɻʮ, ʧʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʪʚʝʯʘʶʱʝʡ ʦʙʨʘʟʦʚʘʥʠʶ 

ʣʝʥʛʤʶʨʦʚʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ʚ ʨʝʞʠʤʝ ʩʠʣʴʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ 

ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʌʌʀ 11ï02ï00125-ʘ, 12ï02ï00513-ʘ, 12-02-31181-ʤʦʣ_ʘ ʠ ʄʠʥʦʙʨʥʘʫʢʠ 

ʈʌ, ʩʦʛʣʘʰʝʥʠʝ 14.132.21.1434, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʳ HAARP. 
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1 
ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ,  

  ʈʦʩʩʠʷ, esergeev@nirfi.sci-nnov.ru 
2 
ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ,  

  ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ  

 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʥʘʛʨʝʚʥʦʤ ʩʪʝʥʜʝ HAARP ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʠʦʥʦʩʬʝʨʫ ʤʦʱʥʳʭ 

ʨʘʜʠʦʚʦʣʥ ʥʘ ʯʘʩʪʦʪʘʭ, ʙʣʠʟʢʠʭ ʢ 4-ʡ ʛʘʨʤʦʥʠʢʝ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʢʣʦʪʨʦʥʥʦʡ ʯʘʩʪʦʪʳ fce, 

ʦʙʥʘʨʫʞʝʥʦ ʠ ʠʩʩʣʝʜʦʚʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʣʦʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʠʦʥʠʟʘʮʠʠ, ʦʧʫʩʢʘʶʱʝʛʦʩʷ ʥʘ 5-

30 ʢʤ ʦʪ ʫʨʦʚʥʷ ʦʪʨʘʞʝʥʠʷ ʚʦʣʥʳ ʥʘʢʘʯʢʠ (h0 å 210 ʢʤ) ʜʦ ʚʳʩʦʪ ʣʦʢʘʣʴʥʦʛʦ ʜʚʦʡʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ hD. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʚ ʜʚʦʡʥʦʤ ʨʝʟʦʥʘʥʩʝ ʠʤʝʝʪ ʤʝʩʪʦ ʩʦʚʧʘʜʝʥʠʝ ʯʘʩʪʦʪʳ ʚʦʣʥʳ 

ʥʘʢʘʯʢʠ f0 ʩ ʚʝʨʭʥʝʛʠʙʨʠʜʥʦʡ ʠ ʢʨʘʪʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʢʣʦʪʨʦʥʥʦʡ ʯʘʩʪʦʪʘʤʠ, f0å[fpe
2
(hD)+ 

fce
2
(hD)]

1/2 
å4fce(hD), ʟʜʝʩʴ  fpe ï ʣʦʢʘʣʴʥʘʷ ʧʣʘʟʤʝʥʥʘʷ ʯʘʩʪʦʪʘ. ʀʟʫʯʝʥʠʝ ʩʣʦʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

ʠʦʥʠʟʘʮʠʠ ʧʨʦʚʝʜʝʥʦ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʠʨʦʢʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 
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ʤʘʢʩʠʤʫʤʘ (BUM) ʚ ʩʧʝʢʪʨʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʠʦʥʦʩʬʝʨʳ (ʀʈʀ), ʘ ʪʘʢʞʝ 

ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʦʪʨʘʞʝʥʠʷ/ʨʘʩʩʝʷʥʠʷ ʠʤʧʫʣʴʩʥʳʭ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʦʪ 

ʚʦʟʤʫʱʝʥʥʦʡ ʠʦʥʦʩʬʝʨʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʛʨʝʚʥʦʛʦ ʩʪʝʥʜʘ ʚ ʢʘʯʝʩʪʚʝ ʂɺ ʨʘʜʘʨʘ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʣʠʥʠʠ ʚ ʩʧʝʢʪʨʝ ʨʘʜʘʨʘ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʦʥʠʟʘʮʠʦʥʥʦʛʦ ʩʣʦʷ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʠʦʥʦʩʬʝʨʫ ʤʦʱʥʦʡ 

(Pʵʬʬ = 1.7 ɻɺʪ) ʨʘʜʠʦʚʦʣʥʦʡ ʥʘ ʯʘʩʪʦʪʘʭ f0 = 5760-5850 ʢɻʮ > 4fce ~ 5750 ʢɻʮ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʟʝʥʠʪʘ (ʥʘʢʣʦʥʝ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩʪʝʥʜʘ ʥʘ 14Á ʢ ʶʛʫ). ʀʩʧʦʣʴʟʦʚʘʣʩʷ 

ʢʚʘʟʠʥʝʧʨʝʨʳʚʥʳʡ ʠʤʧʫʣʴʩʥʳʡ ʨʝʞʠʤ ʠʟʣʫʯʝʥʠʷ (ʜʣʠʪʝʣʴʥʦʩʪʴ 160 ʤʩ, ʧʝʨʠʦʜ ʧʦʚʪʦʨʝʥʠʷ 

200 ʤʩ) ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʝ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʡ ʤʠʥʫʪʳ. ɺʦ ʚʨʝʤʷ 40-ʤʩ ʧʘʫʟʳ 

ʠʟʣʫʯʘʣʠʩʴ ʢʦʨʦʪʢʠʝ (100 ʤʢʩ) ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʠʤʧʫʣʴʩʳ. ɺʦ ʚʨʝʤʷ ʢʚʘʟʠʥʝʧʨʝʨʳʚʥʦʛʦ 

ʥʘʛʨʝʚʘ ʥʘʙʣʶʜʘʣʠʩʴ: ʘ) ʫʤʝʥʴʰʝʥʠʝ ʚʳʩʦʪʳ ʦʪʨʘʞʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ, ʙ) 

ʫʤʝʥʴʰʝʥʠʝ ʚʳʩʦʪʳ ʥʘʙʣʶʜʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʣʠʥʠʠ ʠ ʚ) ʩʤʝʱʝʥʠʝ BUM ʚ 

ʩʧʝʢʪʨʝ ʀʈʀ ʢ ʯʘʩʪʦʪʝ ʚʦʣʥʳ ʥʘʢʘʯʢʠ f0 ʩ ʣʠʥʝʡʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʝʛʦ ʦʪʩʪʨʦʡʢʠ ȹf = fBUM ï 

f0 å f0 ï 4fce(h) ʥʘ 40-60 ʢɻʮ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʚʳʩʦʪʳ ʛʝʥʝʨʘʮʠʠ BUM ʚ ʩʠʣʫ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʳʩʦʪʥʦʛʦ ʛʨʘʜʠʝʥʪʘ fce(h) (ï0.6 ʢɻʮ/ʢʤ ʜʣʷ h å 200 ʢʤ). ʅʘʙʣʶʜʘʝʤʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʚʳʩʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʩ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʦʡ ʚʦ ʚʨʝʤʷ ʥʘʛʨʝʚʘ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʪʦ ʝʩʪʴ  ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʠʦʥʠʟʘʮʠʝʡ ʚ ʧʦʣʝ ʤʦʱʥʦʡ ʨʘʜʠʦʚʦʣʥʳ. ʉʢʦʨʦʩʪʴ ʦʧʫʩʢʘʥʠʷ ʩʣʦʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʠʦʥʠʟʘʮʠʠ 

ʦʪ ʫʨʦʚʥʷ ʦʪʨʘʞʝʥʠʷ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʩʦʩʪʘʚʣʷʣʘ ~500 ʤ/ʩ. ɺʩʝ ʪʨʠ ʥʘʙʣʶʜʘʝʤʳʭ ʵʬʬʝʢʪʘ 

ʧʨʝʢʨʘʱʘʣʠʩʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʢʦʛʜʘ ʚʝʣʠʯʠʥʘ 4fce(h) ʜʦʩʪʠʛʘʣʘ ʟʥʘʯʝʥʠʷ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʯʘʩʪʦʪʳ f0. ʇʨʠ ʵʪʦʤ ʛʝʥʝʨʘʮʠʷ BUM ʧʨʝʢʨʘʱʘʣʘʩʴ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʜʚʦʡʥʦʤʫ ʨʝʟʦʥʘʥʩʫ, h å hD [1], ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʥʦʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʦʪ 

ʩʣʦʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʠʦʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʣʘ. ɺʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʠʦʥʠʟʘʮʠʦʥʥʳʤ 

ʩʣʦʝʤ ʫʨʦʚʥʷ ʜʚʦʡʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʥʘʛʨʝʚʘ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʩ ʨʦʩʪʦʤ f0 ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ ʨʦʩʪʦʤ ȹh = h0 ï hD, ʠ ʩʦʩʪʘʚʣʷʣʦ 10-60 ʩ. ʍʘʨʘʢʪʝʨʥʳʝ ʚʨʝʤʝʥʘ ʨʝʣʘʢʩʘʮʠʠ 

ʩʣʦʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʠʦʥʠʟʘʮʠʠ ʜʣʷ ʜʥʝʚʥʳʭ ʫʩʣʦʚʠʡ ʥʘʙʣʶʜʝʥʠʡ ʠ ʚʳʩʦʪ h å 180 ʢʤ ʥʝ 

ʧʨʝʚʳʰʘʣʠ 1-2 ʩ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʌʌʀ 11ï02ï00125-ʘ, 12ï02ï

00513-ʘ, 12-02-31181-ʤʦʣ_ʘ ʠ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ, ʩʦʛʣʘʰʝʥʠʝ 14.132.21.1434, ʘ ʪʘʢʞʝ 

ʧʨʦʛʨʘʤʤʳ HAARP. 

[1]. ɻʨʘʯ ʉ.ʄ., ʉʝʨʛʝʝʚ ɽ.ʅ., ʗʰʥʦʚ ɺ.ɸ. ʠ ʜʨ. ʀʟʚ. ɺʫʟʦʚ. ʈʘʜʠʦʬʠʟʠʢʘ, 2008. ʊ. 51,  7, ʩ. 
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ʉʧʫʪʥʠʢʦʚʳʝ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʛʣʦʙʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ 

ʩʦʩʪʦʷʥʠʷ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ, ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʧʦʩʪʘʚʣʷʪʴ ʵʬʬʝʢʪʳ ʚʦʟʜʝʡʩʪʚʠʷ 

ʬʘʢʪʦʨʦʚ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʘ ʨʘʟʥʳʝ ʦʙʣʘʩʪʠ ʠʦʥʦʩʬʝʨʳ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʳʙʦʨ ʩʪʘʥʮʠʡ ʥʘʙʣʶʜʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʜʠʥʘʤʠʢʫ ʨʘʟʚʠʪʠʷ ʪʦʛʦ 

ʠʣʠ ʠʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʠʦʥʦʩʬʝʨʝ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʥʘʛʨʝʚʥʦʛʦ ʩʪʝʥʜʘ çʉʫʨʘè ʚ ʦʢʪʷʙʨʝ 2007 ʠ 2010 ʛ. ʚ ʚʝʯʝʨʥʝʝ 

ʚʨʝʤʷ ʩʫʪʦʢ. ɼʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʧʨʠʝʤʥʠʢʦʚ MDVJ ʠ ZWEN, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧ. ʄʝʥʜʝʣʝʚʦ ʠ ʛ. ɿʚʝʥʠʛʦʨʦʜʝ ʄʦʩʢʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ. ʇʨʠʝʤʥʠʢʠ ʙʳʣʠ ʫʜʘʣʝʥʳ ʦʪ ʥʘʛʨʝʚʥʦʛʦ ʩʪʝʥʜʘ çʉʫʨʘè ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʩʚʳʰʝ 400 

ʢʤ. ʇʘʨʘʤʝʪʨʳ ʠʦʥʦʩʬʝʨʳ ʦʧʨʝʜʝʣʷʣʠʩʴ ʤʝʪʦʜʦʤ ʨʘʜʠʦʧʨʦʩʚʝʯʠʚʘʥʠʷ ʧʦ ʪʨʘʩʩʝ ʩʧʫʪʥʠʢ ï 
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ɿʝʤʣʷ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ çʯʫʚʩʪʚʠʪʝʣʴʥʳʭè ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʦʩʬʝʨʳ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʵʬʬʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʦʣʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ, 

ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ ʜʘʥʥʳʤ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʬʘʟʦʚʳʭ ʠʟʤʝʨʝʥʠʡ. ʀʟʤʝʨʝʥʠʷ ʧʦ ʬʘʟʝ ʥʝʩʫʱʝʡ 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ, ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʥʘʚʠʛʘʮʠʦʥʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʧʨʠʝʤʥʠʢʠ ʤʦʛʫʪ ʠʟʤʝʨʷʪʴ ʠ 

ʩʦʭʨʘʥʷʪʴ ʥʝʧʨʝʨʳʚʥʳʡ ʦʪʩʯʝʪ ʬʘʟʳ ʥʝʩʫʱʝʡ ʩ ʪʦʯʥʦʩʪʴʶ ʣʫʯʰʝ, ʯʝʤ 0,5% ʜʣʠʥʳ ʚʦʣʥʳ 

(ʧʨʠʤʝʨʥʦ 1 ʤʤ). ʅʝʧʨʝʨʳʚʥʳʝ ʠʟʤʝʨʝʥʠʷ ʬʘʟʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʦʙ ʠʟʤʝʥʝʥʠʠ ʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʘ ʩ ʤʠʣʣʠʤʝʪʨʦʚʦʡ ʪʦʯʥʦʩʪʴʶ. ʊʘʢʘʷ 

ʪʦʯʥʦʩʪʴ ʬʘʟʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʠʦʥʦʩʬʝʨʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʩ 

ʭʘʨʘʢʪʝʨʥʳʤ ʚʨʝʤʝʥʥʳʤ ʤʘʩʰʪʘʙʦʤ ʜʦ 5-10 ʤʠʥʫʪ ʠ ʘʤʧʣʠʪʫʜʦʡ ʜʦ 10
-5
 ʦʪ ʩʫʪʦʯʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʧʦʣʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ. ʆʜʥʦʤʦʤʝʥʪʥʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʩʠʛʥʘʣʦʚ ʦʪ ʨʘʟʥʳʭ ʩʧʫʪʥʠʢʦʚ ʥʘ ʨʘʟʥʝʩʝʥʥʳʭ ʧʨʠʝʤʥʠʢʘʭ ʜʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʷʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʪʝʢʪʠʨʫʝʤʳʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʦʙʦʠʭ 

ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʫʱʝʩʪʚʫʝʪ ʦʙʣʘʩʪʴ ʠʦʥʦʩʬʝʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚʜʦʣʴ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʛʜʝ ʥʘʙʣʶʜʘʣʠʩʴ ʠʦʥʦʩʬʝʨʥʳʝ ʚʦʟʤʫʱʝʥʠʷ. ʕʪʠ ʚʦʟʤʫʱʝʥʠʷ 

ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚʜʦʣʴ ʧʨʷʤʦʡ ʣʠʥʠʠ ʧʦ ʜʘʥʥʳʤ ʨʘʟʥʳʭ ʩʧʫʪʥʠʢʦʚ, ʧʦʜʠʦʥʦʩʬʝʨʥʳʝ 

ʪʨʘʝʢʪʦʨʠʠ ʢʦʪʦʨʳʭ ʧʝʨʝʩʝʢʘʣʠ ʝʝ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʚ ʧʝʨʠʦʜ ʨʘʙʦʪʳ ʥʘʛʨʝʚʥʦʛʦ ʩʪʝʥʜʘ. 

ɸʤʧʣʠʪʫʜʳ ʵʪʠʭ ʚʦʟʤʫʱʝʥʠʡ ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ ʚʨʝʤʝʥʠ, ʪʘʢ ʠ ʜʘʣʴʥʦʩʪʠ ʠʭ ʨʝʛʠʩʪʨʘʮʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ʆʌʅ ʈɸʅ ˉ14 çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʱʥʳʤʠ ʨʘʜʠʦʚʦʣʥʘʤʠ ʥʘ ʠʦʥʦʩʬʝʨʫ ʠ ʧʣʘʟʤʦʩʬʝʨʫ ɿʝʤʣʠè. 
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ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʚ 

ʂʅʏ ʜʠʘʧʘʟʦʥʝ (< 1200 ɻʮ) ʜʣʷ 7 ʜʥʝʚʥʳʭ (11-12 LT) ʠ 6 ʥʦʯʥʳʭ (22 -23 LT) ʧʨʦʣʝʪʦʚ ʀʉɿ 

DEMETER ʥʘ ʚʳʩʦʪʘʭ ~ 700 ʢʤ ʚʙʣʠʟʠ ʦʙʣʘʩʪʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʱʥʦʛʦ ʂɺ 

ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʦʪ ʥʘʛʨʝʚʥʦʛʦ ʩʪʝʥʜʘ HAARP. ɺʦ ʚʩʝʭ ʵʪʠʭ ʩʦʙʳʪʠʷʭ ʚʦʟʜʝʡʩʪʚʠʝ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ɺʏ ʚʦʣʥʘʤʠ O-ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʩʪʝʥʜʘ 3,6 ʄɺʪ. 

ɼʣʷ ʜʥʝʚʥʳʭ ʩʝʘʥʩʦʚ ʯʘʩʪʦʪʘ ɺʏ ʧʝʨʝʜʘʪʯʠʢʘ ʙʳʣʘ ʙʣʠʟʢʘ ʢ ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʝ F ʩʣʦʷ 

ʠʦʥʦʩʬʝʨʳ 4,5 - 5,5 Mɻʮ. ɼʣʷ ʥʦʯʥʳʭ ʩʝʘʥʩʦʚ ʯʘʩʪʦʪʘ ɺʏ ʧʝʨʝʜʘʪʯʠʢʘ ʙʳʣʘ ʟʘʤʝʪʥʦ ʥʠʞʝ  ʠ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʚʙʣʠʟʠ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ ʵʣʝʢʪʨʦʥʥʦʡ ʛʠʨʦʯʘʩʪʦʪʳ (2,8 ʄɻʮ). ɻʝʦʤʘʛʥʠʪʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʚʦ ʚʨʝʤʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʦʣʝʪʦʚ DEMETER ʥʘʜ ʩʪʝʥʜʦʤ HAARP ʚ ʮʝʣʦʤ 

ʙʳʣʘ ʥʠʟʢʘʷ. ɺ ʪʨʝʭ ʜʥʝʚʥʳʭ ʧʨʦʣʝʪʘʭ ʩʧʫʪʥʠʢʘ DEMETER, ʢʦʛʜʘ ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʪʨʘʝʢʪʦʨʠʝʡ ʩʧʫʪʥʠʢʘ ʠ ʛʝʦʤʘʛʥʠʪʥʦʡ ʩʠʣʦʚʦʡ ʣʠʥʠʝʡ  ʩʦʧʨʷʞʝʥʥʦʡ ʩ ʠʦʥʦʩʬʝʨʦʡ 

ʥʘʜ ʥʘʛʨʝʚʥʳʤ ʩʪʝʥʜʦʤ, ʙʳʣʦ ʤʝʥʴʰʝ 35 ʢʤ, ʚ ʟʦʥʝ ʥʘʛʨʝʚʘ ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ 

ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʂʅʏ ʰʫʤʦʚ ʠ ʤʦʜʠʬʠʢʘʮʠʷ ʠʭ ʩʧʝʢʪʨʘ. ɸʤʧʣʠʪʫʜʘ ʂʅʏ ʰʫʤʦʚ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʧʨʠ ʵʪʦʤ ʚ 2-8 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʥʦʚʳʤ ʫʨʦʚʥʝʤ, ʧʨʠʯʝʤ ʥʘ ʯʘʩʪʦʪʘʭ 40-

200 ɻʮ ʫʚʝʣʠʯʝʥʠʝ ʙʳʣʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ (f < 40 ɻʮ) ʩʧʝʢʪʨʘ. 

ʍʘʨʘʢʪʝʨʥʳʡ ʨʘʜʠʫʩ ʟʦʥʳ ʥʘʙʣʶʜʝʥʠʷ ʂʅʏ ʚʦʟʤʫʱʝʥʠʡ ʦʢʦʣʦ 50-70 ʢʤ. ɺ ʦʩʪʘʣʴʥʳʭ 

ʯʝʪʳʨʝʭ ʜʥʝʚʥʳʭ ʧʨʦʣʝʪʘʭ, ʢʦʛʜʘ ʩʧʫʪʥʠʢ DEMETER ʧʨʦʣʝʪʘʣ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ > 70 ʢʤ ʦʪ 

ʧʝʨʝʜʘʪʯʠʢʘ, ʘ ʪʘʢʞʝ ʚ ʥʦʯʥʳʭ ʧʨʦʣʝʪʘʭ ʵʬʬʝʢʪʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʧʝʨʝʜʘʪʯʠʢʘ HAARP ʥʘ 
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ʰʫʤʳ ʚ ʂʅʏ ʜʠʘʧʘʟʦʥʝ ʥʝ ʚʳʷʚʣʝʥʦ. ʆʙʩʫʞʜʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʤʝʭʘʥʠʟʤʳ ʚʦʟʙʫʞʜʝʥʠʷ 

ʂʅʏ ʰʫʤʦʚ ʥʘʜ ʥʘʛʨʝʚʥʳʤ ʩʪʝʥʜʦʤ  HAARP ʥʘ ʚʳʩʦʪʘʭ ʩʧʫʪʥʠʢʘ DEMETER (ʦʢʦʣʦ 700ʢʤ).  

 

 

ʉʇɽʂʊʈɸʃʔʅʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʈɸɼʀʆʀɿʃʋʏɽʅʀʗ 

ʀʆʅʆʉʌɽʈʓ ɺ ʆɹʃɸʉʊʀ 2
ʡ
 ï 4

ʡ
 ɻɸʈʄʆʅʀʂ ʕʃɽʂʊʈʆʅʅʆɻʆ 

ɻʀʈʆʈɽɿʆʅɸʅʉɸ. 
 

ɸ.ɺ. ʐʠʥʜʠʥ
1,2
, ʉ.ʄ. ɻʨʘʯ

1,2
, ɽ.ʅ. ʉʝʨʛʝʝʚ

2 

 
 1
ʅʠʞʝʛʦʨʦʜʩʢʠʡ ɻʋ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, freaz@bk.ru 

2 
ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʠʦʥʦʩʬʝʨʳ (ʀʈʀ), ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʤʘʨʪʝ 2011 ʥʘ ʥʘʛʨʝʚʥʦʤ ʩʪʝʥʜʝ HAARP. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʝʞʠʤʝ ʙʳʩʪʨʦʛʦ (1 kHz/0.2 s) ʩʚʠʧʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʚʦʣʥʳ 

ʥʘʢʘʯʢʠ f0 ʚ ʧʦʣʦʩʝ ʜʦ 200 ʢɻʮ ʦʢʦʣʦ 2-ʡ, 3-ʡ and 4-ʡ ʛʘʨʤʦʥʠʢ ʵʣʝʢʪʨʦʥʥʦʡ ʛʠʨʦʯʘʩʪʦʪʳ fc. 

ʇʨʠ ʥʘʛʨʝʚʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʟʝʥʠʪʘ (+14Á 

ʥʘ ʶʛ)  ʠ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ, ʚ ʦʜʥʦʤ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ  ʫʛʣʳ ʥʘʢʣʦʥʘ ʜʠʘʛʨʘʤʤʳ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩʪʝʥʜʘ ʢ ʚʝʨʪʠʢʘʣʠ ʤʝʥʷʣʠʩʴ ʩ ʰʘʛʦʤ 7Á ʦʪ -28Á ʜʦ +28Á ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʩʝʚʝʨ-ʶʛ. ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʛʝʥʝʨʘʮʠʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʩʧʝʢʪʨʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪ ʀʈʀ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ f0 ʠ nfc (n = 2, 3, 4), ʦʪ ʫʛʣʘ 

ʚʦʟʜʝʡʩʪʚʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʪʨʝʭ ʨʘʟʥʝʩʝʥʥʳʭ ʜʦ 100 ʢʤ ʥʘ ʶʛ ʦʪ ʩʪʝʥʜʘ ʚʜʦʣʴ ʤʘʛʥʠʪʥʦʛʦ 

ʤʝʨʠʜʠʘʥʘ ʧʫʥʢʪʘʭ ʥʘʙʣʶʜʝʥʠʷ. ʇʦʜʪʚʝʨʞʜʝʥʘ ʢʘʯʝʩʪʚʝʥʥʘʷ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʩʚʦʡʩʪʚ 

ʩʧʝʢʪʨʦʚ ʀʈʀ, ʨʘʥʝʝ ʥʘʙʣʶʜʘʚʰʘʷʩʷ ʚ ʠʟʤʝʨʝʥʠʷʭ ʦʢʦʣʦ 3
ʡ 

- 7
ʡ
 ʛʠʨʦʛʘʨʤʦʥʠʢ ʥʘ ʩʪʝʥʜʘʭ 

ʉʋʈɸ ʠ EISCAT [1,2]. ɺ ʭʦʜʝ ʥʘʙʣʶʜʝʥʠʡ ʦʙʥʘʨʫʞʝʥʳ ʥʦʚʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʀʈʀ, ʚ ʪʦʤ ʯʠʩʣʝ: 1. ʇʨʠ ʩʚʠʧʠʨʦʚʘʥʠʠ ʯʘʩʪʦʪʳ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʩʥʠʟʫ ʚʚʝʨʭ ʯʝʨʝʟ 3fc ʠ 4fc 

ʜʣʷ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 14Á-21Á ʥʘ ʶʛ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʷʚʣʝʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʰʠʨʦʢʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʘ (BUMD) ʥʘ ʦʪʩʪʨʦʡʢʘʭ ȹf = fʀʈʀ ï f0 

= 15-30 ʢɻʮ, ʙʣʠʞʝ ʦʩʥʦʚʥʦʛʦ BUM ([2]) ʢ ʯʘʩʪʦʪʝ ʚʦʣʥʳ ʥʘʢʘʯʢʠ. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ 

ʠʦʥʦʩʬʝʨʫ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʟʝʥʠʪʘ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʝ f0 > 4fc ʥʘʙʣʶʜʘʣʦʩʴ 

ʩʫʱʝʩʪʚʝʥʥʦʝ (ʜʦ 40-60 ʢɻʮ) ʫʤʝʥʴʰʝʥʠʝ ʦʪʩʪʨʦʡʢʠ BUMD ʚʦ ʚʨʝʤʷ ʤʠʥʫʪʥʦʛʦ ʥʘʛʨʝʚʘ. ʆʙʘ 

ʵʬʬʝʢʪʘ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʧʦʷʚʣʝʥʠʝʤ ʩʣʦʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʦʥʠʟʘʮʠʠ 

ʠʦʥʦʩʬʝʨʳ [3]. 2. ʆʙʥʘʨʫʞʝʥʘ ʛʝʥʝʨʘʮʠʷ ʰʠʨʦʢʦʛʦ ʤʘʢʩʠʤʫʤʘ ʀʈʀ ʚ ʦʙʣʘʩʪʠ ʙʦʣʴʰʠʭ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʦʪʩʪʨʦʝʢ ȹf = ï (50-180) ʢɻʮ ʧʦʩʣʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ ʧʨʠ f0 å 

3fc ʠ f0 å 4fc ʢʘʢ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ, ʪʘʢ ʠ ʧʨʠ ʥʘʢʣʦʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʟʝʥʠʪʘ. 3. ʆʙʥʘʨʫʞʝʥʘ ʛʝʥʝʨʘʮʠʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʀʈʀ ʥʘ ʦʪʩʪʨʦʡʢʘʭ 

ȹf = ï(5-6) ʢɻʮ ʩ ʯʘʩʪʦʪʘʤʠ, ʥʘ 2-3 ʢɻʮ ʚʳʰʝ ʛʣʘʚʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʠʟʣʫʯʝʥʠʷ ʚ 

ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ f0 > 2fc ʠ f0 > 3fc. ʕʬʬʝʢʪ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʚʝʨʭʥʝʛʠʙʨʠʜʥʳʭ ʠ ʥʠʞʥʝʛʠʙʨʠʜʥʳʭ ʚʦʣʥ ʚ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʦʜʝʣʠ ʛʣʘʚʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʤʘʢʩʠʤʫʤʘ. 4. ʆʙʥʘʨʫʞʝʥʦ ʧʦʷʚʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʡ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʠʟʣʫʯʝʥʠʷ 

ʥʘ ʦʪʩʪʨʦʡʢʘʭ ȹf = ï(7.5-80) ʢɻʮ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʛʨʝʚʝ ʧʣʘʟʤʳ ʜʣʷ f0 < 2fc. ʈʘʙʦʪʘ 

ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʌʌʀ 11ï02ï00125-ʘ, 12ï02ï00513-ʘ, 12-02-31181-ʤʦʣ_ʘ 

ʠ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ, ʩʦʛʣʘʰʝʥʠʝ 14.132.21.1434, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʳ HAARP. 

[1]. Sergeev E.N. et al., Adv. in Space Res., 2006, V. 38, N. 11, p. 2518-2526. 

[2]. Leyser T.B., Space Sci. Rev., 2001, V. 98, N 3-4, p. 223-328. 

[3]. ʉʝʨʛʝʝʚ ɽ.ʅ. ʠ ʜʨ., ʆʙʨʘʟʦʚʘʥʠʝ ʩʣʦʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʠʦʥʠʟʘʮʠʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʠʟʣʫʯʝʥʠʝʤ ʩʪʝʥʜʘ HAARP ʥʘ ʠʦʥʦʩʬʝʨʥʫʶ ʧʣʘʟʤʫ ʚ ʦʙʣʘʩʪʠ 4-ʡ ʛʘʨʤʦʥʠʢʠ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʠʨʦʨʝʟʦʥʘʥʩʘ. ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ 8-ʡ ʝʞʝʛʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ñʌʠʟʠʢʘ 

ʧʣʘʟʤʳ ʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝò, 4-8 ʬʝʚʨʘʣʷ 2013, ʀʂʀ ʈɸʅ, ʄʦʩʢʚʘ. 
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ʆ.ɺ. ʖʰʢʦʚʘ, ɺ.ʄ. ʉʤʠʨʥʦʚ, ɺ.ʅ. ʉʝʢʠʩʪʦʚ, ɺ.ʖ. ɸʥʜʨʝʝʚ 
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ʆʜʥʠʤ ʠʟ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʮʝʥʢʠ ʩʪʨʦʝʥʠʷ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʛʨʫʥʪʘ ʷʚʣʷʝʪʩʷ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʘʷ ʨʘʜʠʦʣʦʢʘʮʠʷ. 

ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ, ʨʘʟʤʝʱʝʥʥʳʡ ʥʘ ʙʦʨʪʫ ʦʨʙʠʪʘʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʧʦʟʚʦʣʷʝʪ ʟʘ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʝʨʭʥʝʤ ʩʣʦʝ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʪʝʣʘ. ʇʨʠ ʵʪʦʤ, ʯʝʤ ʥʠʞʝ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʨʘʙʦʪʳ ʨʘʜʘʨʦʚ ʢʦʤʧʣʝʢʩʘ, ʪʝʤ 

ʪʦʣʱʝ ʩʣʦʡ, ʜʦʩʪʫʧʥʳʡ ʜʣʷ ʠʟʫʯʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʠʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʛʣʫʙʠʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʛʨʫʥʪʘ ʪʦʣʴʢʦ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ. ʆʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʡ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ 

ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʣʫʯʝʥʥʳʤ. ʊʘʢʦʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʪʨʝʙʫʝʪ 

ʪʱʘʪʝʣʴʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʠʟʣʫʯʘʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʥʝʧʨʦʩʪʦʡ 

ʧʨʦʙʣʝʤʦʡ. ʊʠʧ ʩʠʛʥʘʣʘ ʨʘʜʘʨʘ, ʝʛʦ ʜʣʠʪʝʣʴʥʦʩʪʴ, ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ, ʫʩʣʦʚʠʷ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚʳʙʠʨʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʪʝʣʘ, ʚʳʩʦʪʳ ʧʦʣʝʪʘ 

ʂɸ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ (ʚʝʩ, ʨʘʟʨʝʰʝʥʥʘʷ ʤʦʱʥʦʩʪʴ 

ʠʟʣʫʯʝʥʠʷ). ʆʙʝʩʧʝʯʠʪʴ ʢʘʣʠʙʨʦʚʢʫ ʩʠʛʥʘʣʘ ʨʘʜʘʨʘ ʚ ʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ: ʩʠʛʥʘʣ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 250 ʤʢʩ ʜʦʣʞʝʥ ʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʩʚʦʙʦʜʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʦʪʨʘʟʠʪʴʩʷ ʦʪ ʧʨʦʪʷʞʝʥʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠ ʦʜʥʦʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʦʟʤʦʞʥʦ, ʥʦ ʝʛʦ ʨʝʟʫʣʴʪʘʪʳ ʪʦʞʝ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʪʚʝʨʜʠʪʴ ʥʘʪʫʨʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ, ʪʘʢ ʢʘʢ ʧʨʦʚʦʜʠʪʩʷ ʦʥʦ ʧʨʠ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ, ʢʦʪʦʨʳʝ ʥʦʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʙʲʝʢʪʠʚʥʳʡ, ʥʦ ʠ ʩʫʙʲʝʢʪʠʚʥʳʡ 

ʭʘʨʘʢʪʝʨ. ɽʩʣʠ ʢʦʩʤʠʯʝʩʢʦʝ ʪʝʣʦ ʦʙʣʘʜʘʝʪ ʠʦʥʦʩʬʝʨʦʡ, ʥʝʦʙʭʦʜʠʤʳʝ ʢʘʣʠʙʨʦʚʦʯʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʳ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʇʨʠʯʝʤ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʦʥʦʩʬʝʨʘ, ʝʩʣʠ ʝʝ ʢʨʠʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ 

ʙʫʜʝʪ ʚʳʰʝ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʨʘʙʦʪʳ ʨʘʜʘʨʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʨʘʞʝʥʠʝ ʩʠʛʥʘʣʘ ʦʪ 

ʠʦʥʦʩʬʝʨʳ ʩʪʘʥʦʚʠʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ: - ʤʦʜʝʣʴ ʚʳʩʦʪʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠʦʥʦʩʬʝʨʳ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʩʬʝʨʳ ʄʘʨʩʘ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ ʟʝʥʠʪʥʦʛʦ ʫʛʣʘ ʉʦʣʥʮʘ; - ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʦʪʨʘʞʝʥʠʷ ʩʠʛʥʘʣʘ ʨʘʜʘʨʘ MARSIS (ʂɸ çMars Expressè); - ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 

MARSIS. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʇʨʦʛʨʘʤʤʳ ˉ22 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʩʚʦʝʥʠʷ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳè. 

 

 

ʇʃɸʅɽʊɸʈʅʆɽ ʈɸʉʇʈɽɼɽʃɽʅʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʀʆʅʅʓʍ ɺʓʉʓʇɸʅʀʁ 

ʀ ʀʅʊɽɻʈɸʃʔʅɸʗ ʇʈʆɺʆɼʀʄʆʉʊʔ ʀʆʅʆʉʌɽʈʓ 

 

ʆ.ʀ. ʗʛʦʜʢʠʥʘ, ɺ.ɻ. ɺʦʨʦʙʴʝʚ, ʖ.ɺ. ʂʘʪʴʢʘʣʦʚ 

 

ʇɻʀ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ, ʄʫʨʤʘʥʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ, Yagodkina@pgia.ru 

 

ʇʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚ DMSP F6 ʠ F7 ʠʩʩʣʝʜʦʚʘʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʠʦʥʥʳʭ ʚʳʩʳʧʘʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʢʪʦʨʘʭ ʤʝʩʪʥʦʛʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʚʨʝʤʝʥʠ 

(MLT) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʫʪʨʝʥʥʝʤ ʩʝʢʪʦʨʝ 

(03-06 MLT) ʜʦʤʠʥʠʨʫʶʪ ʵʣʝʢʪʨʦʥʥʳʝ ʚʳʩʳʧʘʥʠʷ. ɿʜʝʩʴ ʚ ʦʙʣʘʩʪʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 
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ʚʳʩʳʧʘʥʠʡ (ɸʆʈ) ʧʦʪʦʢʠ ʠʦʥʦʚ (Fi) ʩʦʩʪʘʚʣʷʶʪ ʤʝʥʝʝ 5% ʦʪ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ (Fe). ɺ 

ʦʙʣʘʩʪʠ ʜʠʬʬʫʟʥʳʭ ʚʳʩʳʧʘʥʠʡ (DAZ) ʜʦʣʷ ʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ 

ʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʪ ~25% ʧʨʠ AL=-100 ʥʊʣ ʜʦ ~5% ʧʨʠ AL=-1000 ʥʊʣ. ɺ ʚʝʯʝʨʥʝʤ 

ʩʝʢʪʦʨʝ (15-18 MLT) ʚ ʦʙʣʘʩʪʠ ɸʆʈ ʪʘʢʞʝ ʧʨʝʦʙʣʘʜʘʶʪ ʵʣʝʢʪʨʦʥʥʳʝ ʚʳʩʳʧʘʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʚ DAZ ʧʦʪʦʢʠ ʠʦʥʦʚ ʟʥʘʯʠʪʝʣʴʥʳʝ. ʆʪʥʦʰʝʥʠʝ Fi/Fe ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0.8 ʜʦ ~3.5 ʧʨʠ ʨʦʩʪʝ 

AL ʦʪ -100 ʥʊʣ ʜʦ ï 1000 ʥʊʣ. ʉʦʟʜʘʥʘ ʧʣʘʥʝʪʘʨʥʘʷ ʤʦʜʝʣʴ ʠʦʥʥʳʭ ʚʳʩʳʧʘʥʠʡ. ʇʨʦʚʝʜʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʤʦʜʝʣʴʥʳʭ ʠ ʥʘʙʣʶʜʘʝʤʳʭ ʥʘ ʩʧʫʪʥʠʢʘʭ DMSP ʟʥʘʯʝʥʠʡ ʧʦʪʦʢʦʚ ʠ ʵʥʝʨʛʠʡ 

ʚʳʩʳʧʘʶʱʠʭʩʷ ʠʦʥʦʚ ʚʦ ʚʨʝʤʷ ʜʚʫʭ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ 06-16 ʬʝʚʨʘʣʷ 1986 ʛ. ʠ 11-21 ʤʘʨʪʘ 

1989 ʛ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʵʣʝʢʪʨʦʥʥʳʭ ʚʳʩʳʧʘʥʠʡ (ɸʈʄ, http://apm.pgia.ru/) 

ʨʘʩʩʯʠʪʘʥʦ ʛʣʦʙʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʭʦʣʣʦʚʩʢʦʡ ʠ ʧʝʜʝʨʩʝʥʦʚʩʢʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʝʡ ʠʦʥʦʩʬʝʨʳ ʜʣʷ ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ ʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ 

ʈʦʩʩʠʡʩʢʠʤ ʬʦʥʜʦʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʛʨʘʥʪ  ̄12-05 -00273, ʠ ʇʨʦʛʨʘʤʤʘʤʠ 

ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉˉ 4 ʠ 22.  

 

 

ʆʇʈɽɼɽʃɽʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ʀʆʅʆʉʌɽʈʓ ʇʆ ʈɽɿʋʃʔʊɸʊɸʄ GNSS 

ʀɿʄɽʈɽʅʀʁ ʅɸ ʇɽʈʄɸʅɽʅʊʅʓʍ ʉʇʋʊʅʀʂʆɺʓʍ ʉʊɸʅʎʀʗʍ 
 

ʃ.ʅ. ʗʥʢʠʚ-ɺʠʪʢʦʚʩʢʘʷ 

 

ʅʋ çʃʴʚʦʚʩʢʘʷ ʧʦʣʠʪʝʭʥʠʢʘè, ʛ. ʃʴʚʠʚ, ʋʢʨʘʠʥʘ, luba_y@ukr.net 

 

ʇʦʷʚʣʝʥʠʝ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ (GNSS), ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʜʚʫʭ ʠ ʙʦʣʝʝ 

ʢʦʛʝʨʝʥʪʥʳʭ ʩʠʛʥʘʣʘʭ, ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʠʦʥʦʩʬʝʨʳ ɿʝʤʣʠ. ʈʝʘʣʠʟʘʮʠʷ ʵʪʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ 

ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʠʩʭʦʜʥʫʶ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʙʝʟ 

ʙʦʣʴʰʠʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʪʦʜʠʢʠ ʠ 

ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʝʪʦʚ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʦʩʬʝʨʳ. ʄʦʥʠʪʦʨʠʥʛ ʟʝʤʥʦʡ ʠʦʥʦʩʬʝʨʳ ʧʝʨʝʭʦʜʠʪ ʥʘ 

ʥʦʚʳʡ ʤʝʪʦʜʠʯʝʩʢʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʩʦʚʨʝʤʝʥʥʦʡ 

ʤʦʜʝʨʥʠʟʘʮʠʝʡ GNSS, ʠ ʨʘʟʚʠʪʠʝʤ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʦʩʬʝʨʳ ɿʝʤʣʠ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ 

ʥʝʧʨʝʨʳʚʥʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʣʦʙʘʣʴʥʳʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʷʚʣʝʥʠʡ ʚ 

ʠʦʥʦʩʬʝʨʝ. ɻʣʦʙʘʣʴʥʳʝ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʦʥʦʩʬʝʨʳ, ʢʘʢ ʠʥʪʝʛʨʘʣʴʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

(TEC). ʇʨʝʠʤʫʱʝʩʪʚʘ ʛʣʦʙʘʣʴʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠʦʥʦʩʬʝʨʳ 

ɿʝʤʣʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 1) ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ GNSS 

ʩʠʛʥʘʣʦʚ, 2) ʥʘʣʠʯʠʝ ʭʦʨʦʰʦ ʨʘʟʚʠʪʦʡ ʩʝʪʠ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ GNSS 

ʩʣʫʞʙʳ (IGS), ʝʚʨʦʧʝʡʩʢʦʡ ʧʝʨʤʘʥʝʥʪʥʦʡ ʩʝʪʠ (EPN) ʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʝʪʝʡ ʘʢʪʠʚʥʳʭ 

ʨʝʬʝʨʝʥʩʥʳʭ ʩʪʘʥʮʠʡ (ZAKPOS / UA-EUPOS), 3) ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʩʪʘʥʜʘʨʪʥʳʭ 

ʤʫʣʴʪʠʯʘʩʪʦʪʥʳʭ ʧʨʠʝʤʥʠʢʦʚ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʛʥʘʣʦʚ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ, 4) ʠʥʪʝʛʨʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʢʪʨʦʥʦʚ TEC ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʦ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ɿʝʤʣʠ ʚʧʣʦʪʴ 

ʜʦ ʚʳʩʦʪʳ 20000 ʢʤ, 5) ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʩʦʜʝʨʞʘʪ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʚʩʝʡ ʪʦʣʱʝ ʠʦʥʦʩʬʝʨʳ. 

ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʢʪʨʦʥʦʚ TEC ʤʦʞʥʦ ʣʠʙʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟʤʝʨʠʪʴ ʧʫʪʝʤ 

ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ, ʠʣʠ ʨʘʩʩʯʠʪʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʠʦʥʦʩʬʝʨʥʳʝ ʤʦʜʝʣʠ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʠʦʥʦʩʬʝʨʳ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭʯʘʩʪʦʪʥʳʭ ʠʟʤʝʨʝʥʠʡ GNSS-ʩʠʛʥʘʣʦʚ. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʨʝʞʠʤʝ ʢʚʘʟʠʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʙʫʜʝʪ ʪʘʢʦʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ 

ʥʝ ʩʚʷʟʘʥ ʩ ʦʮʝʥʢʦʡ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ. ʌʘʟʦʚʳʝ ʠʟʤʝʨʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʪʦʣʴʢʦ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʠʟʤʝʥʝʥʠʷ ʬʘʟʳ ʚʦ ʚʨʝʤʝʥʠ, ʢʦʜʦʚʳʝ ʧʩʝʚʜʦʚʠʜʩʪʘʥʠ ʩʛʣʘʞʠʚʘʶʪʩʷ ʧʦʜʦʙʨʘʥʥʳʤʠ ʥʘ 

ʦʩʥʦʚʝ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʠʟʤʝʥʝʥʠʡ ʬʘʟʳ ʚʦ ʚʨʝʤʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. 

ʉʛʣʘʞʝʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʦʜʦʚʳʝ ʧʩʝʚʜʦʚʠʜʩʪʘʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʦʥʦʩʬʝʨʥʳʭ ʣʠʥʝʡʥʳʭ ʢʦʤʙʠʥʘʮʠʡ). ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

http://apm.pgia.ru/
mailto:luba_y@ukr.net
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ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʨʝʛʫʣʷʨʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʠʦʥʦʩʬʝʨʳ - ʥʘʢʣʦʥʥʳʭ (STEC) ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ (VTEC) ʟʥʘʯʝʥʠʡ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʦʚʝʜʝʥʘ ʜʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʧʝʨʤʘʥʝʥʪʥʦʡ ʩʪʘʥʮʠʠ SULP. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʘʞʜʳʡ ʯʘʩ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫ 3600 ʟʥʘʯʝʥʠʡ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ 

ʜʘʣʴʥʝʡʰʠʭ ʥʘʰʠʭ ʧʣʘʥʘʭ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʧʨʦʩʦʚ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʠʩʢ ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʩʛʣʘʞʠʚʘʥʠʷ ʢʦʜʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʟʘʜʝʨʞʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʝʤʥʠʢʦʚ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʨʘʩʰʠʨʝʥʠʝ 

ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʫʪʝʤ ʧʨʠʚʣʝʯʝʥʠʷ ʜʨʫʛʠʭ GNSS ʩʪʘʥʮʠʡ. 

 

 

ɺʃʀʗʅʀɽ ʉʋɹɹʋʈʔ ʅɸ ʅɸɹʃʖɼɽʅʀʗ ʈɽɿʆʅɸʅʉʅʆʁ ʉʊʈʋʂʊʋʈʓ ʉʇɽʂʊʈɸ 

ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʆɻʆ ʐʋʄɸ ɺ ɼʀɸʇɸɿʆʅɽ 0.1 ï5 ɻʎ 

 

ʅ.ɺ. ʉʝʤʝʥʦʚʘ, ɸ.ɻ. ʗʭʥʠʥ 

 

ʇɻʀ ʂʅʎ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ, nadezhda.semenova@gmail.com 

 

ʇʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʠʦʥʦʩʬʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʘʨʠʘʮʠʡ, ʬʣʫʢʪʫʘʮʠʡ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʜʠʘʧʘʟʦʥʝ 0.1-5 ɻʮ, ʥʘʙʣʶʜʝʥʠʡ ʧʦʣʷʨʥʳʭ ʩʠʷʥʠʡ ʥʘ ʩʪʘʥʮʠʷʭ 

ʘʚʨʦʨʘʣʴʥʦʡ ʟʦʥʳ ʠ ʚ ʚʳʩʦʢʦʰʠʨʦʪʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ɹʘʨʝʥʮʙʫʨʛ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ 

ʩʫʙʙʫʨʴ ʥʘ ʨʝʛʠʩʪʨʘʮʠʶ ʨʝʟʦʥʘʥʩʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʩʧʝʢʪʨʝ (ʈʉʉ) ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʰʫʤʘ, 

ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠʦʥʦʩʬʝʨʥʦʛʦ ʘʣʴʬʚʝʥʦʚʩʢʦʛʦ ʨʝʟʦʥʘʪʦʨʘ (ʀɸʈ). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʛʠʩʪʨʘʮʠʷ ʈʉʉ ʧʨʝʢʨʘʱʘʝʪʩʷ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʚʙʣʠʟʠ ʩʪʘʥʮʠʠ  ʘʢʪʠʚʥʳʭ 

ʘʚʨʦʨʘʣʴʥʳʭ ʬʦʨʤ. ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʩʪʘʥʮʠʷ ʥʘʭʦʜʠʪʩʷ ʜʘʣʝʢʦ ( > 200 ʢʤ) ʦʪ ʦʙʣʘʩʪʠ 

ʩʠʷʥʠʡ, ʩʫʙʙʫʨʷ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʨʝʛʠʩʪʨʘʮʠʶ ʠ ʜʠʥʘʤʠʢʫ ʈʉʉ. ʇʦ-ʚʠʜʠʤʦʤʫ, 

ʠʩʯʝʟʥʦʚʝʥʠʝ ʈʉʉ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʙʳʩʪʨʳʭ ʚʘʨʠʘʮʠʡ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʦʩʬʝʨʳ, ʯʪʦ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʀɸʈ, ʠ/ʠʣʠ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ɽ-ʩʣʦʝ 

ʠʦʥʦʩʬʝʨʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʜʦʙʨʦʪʥʦʩʪʠ ʀɸʈ. ɺ ʦʜʥʦʤ ʠʟ ʩʦʙʳʪʠʡ, ʢʦʛʜʘ 

ʩʪʘʥʮʠʷ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʢ ʧʦʣʶʩʫ ʦʪ ʚʳʩʳʧʘʥʠʡ ʯʘʩʪʠʮ ʠʟ ʧʣʘʟʤʝʥʥʦʛʦ ʩʣʦʷ ʥʘ ʫʜʘʣʝʥʠʠ ~150 

ʢʤ, ʧʨʦʠʟʦʰʣʦ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʈʉʉ, ʢʦʪʦʨʦʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʥʘʙʣʶʜʘʝʤʳʤ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʫʤʝʥʴʰʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ F-ʩʣʦʝ. ʋʤʝʥʴʰʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʩʪʘʥʮʠʷ ʦʢʘʟʘʣʘʩʴ ʚ ʦʙʣʘʩʪʠ çʠʦʥʦʩʬʝʨʥʦʡ 

ʘʚʨʦʨʘʣʴʥʦʡ ʧʦʣʦʩʪʠè, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʚʪʝʢʘʶʱʠʤ ʚ ʠʦʥʦʩʬʝʨʫ ʧʨʦʜʦʣʴʥʳʤ ʪʦʢʦʤ. ʊʦʪ 

ʬʘʢʪ, ʯʪʦ ʵʬʬʝʢʪʳ ʚʣʠʷʥʠʷ ʩʫʙʙʫʨʠ ʥʘ ʈʉʉ ʧʨʦʷʚʣʷʶʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ 

ʤʝʞʜʫ ʩʠʷʥʠʷʤʠ ʠ ʪʦʯʢʦʡ ʥʘʙʣʶʜʝʥʠʷ ʈʉʉ, ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʭʘʨʘʢʪʝʨʥʳʡ ʧʦʧʝʨʝʯʥʳʡ 

ʨʘʟʤʝʨ ʀɸʈ ʢʘʢ ~300 ʢʤ.   
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ʄɸɻʅʀʊʅʆɽ ʇʆʃɽ ʄɽʈʂʋʈʀʗ ʇʆ ɼɸʅʅʓʄ ʆʈɹʀʊɸʃʔʅʆʁ ʌɸɿʓ  

ʇʆʃɽʊɸ ʄɽʉʉɽʅɼɾɽʈɸ 

 

ʀ.ʀ. ɸʣʝʢʩʝʝʚ  
 

ʅʀʀʗʌ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʉ ʤʘʨʪʘ 2011 ʛʦʜʘ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʄɽʉʉɽʅɼɾɽʈ ʧʝʨʝʰʝʣ ʥʘ ʦʨʙʠʪʫ ʩʧʫʪʥʠʢʘ 

ʄʝʨʢʫʨʠʷ. ɿʘ ʧʨʦʰʝʜʰʠʝ ʙʝʟ ʤʘʣʦʛʦ ʜʚʘ ʛʦʜʘ ʤʘʛʥʠʪʦʤʝʪʨ ʄɽʉʉɽʅɼɾɽʈʘ ʧʨʦʚʦʜʠʪ 

ʨʝʛʫʣʷʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʥʫʪʨʠ ʤʘʛʥʠʪʦʩʬʝʨʳ ʄʝʨʢʫʨʠʷ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʳʝ 

12 ʯʘʩʦʚ ʄɽʉʉɽʅɼɾɽʈ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʥʘʠʚʳʩʰʝʡ ʪʦʯʢʠ ʦʨʙʠʪʳ ʯʘʩʪʦ ʧʝʨʝʩʝʢʘʝʪ ʬʨʦʥʪ 

ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʥʝʚʦʟʤʫʱʝʥʥʦʤ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣ ʯʣʝʥʘʤ ʥʘʫʯʥʦʛʦ ʢʦʥʩʦʨʮʠʫʤʘ, ʟʘʥʷʪʳʤ ʦʙʨʘʙʦʪʢʦʡ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʄɽʉʉɽʅɼɾɽʈʘ, ʧʝʨʝʜʘʥʥʳʭ ʥʘ ɿʝʤʣʶ, ʠʩʩʣʝʜʦʚʘʪʴ ʦʙʱʫʶ ʩʪʨʫʢʪʫʨʫ ʤʘʛʥʠʪʦʩʬʝʨʳ 

ʄʝʨʢʫʨʠʷ. ʇʦʣʫʯʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʦʪʦʢʘʭ ʵʥʝʨʛʠʯʥʳʭ ʯʘʩʪʠʮ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʧʣʘʥʝʪʳ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʜʪʚʝʨʜʠʣ, ʩʜʝʣʘʥʥʦʝ ʨʘʥʝʝ ʥʘʤʠ 

ʟʘʢʣʶʯʝʥʠʝ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ ʩʤʝʱʝʥʠʠ ʧʣʘʥʝʪʘʨʥʦʛʦ ʜʠʧʦʣʷ ʢ ʩʝʚʝʨʥʦʤʫ ʧʦʣʶʩʫ ʄʝʨʢʫʨʠʷ. 

ʊʦʢʦʚʘʷ ʩʠʩʪʝʤʘ ʤʘʛʥʠʪʦʧʘʫʟʳ ʠ ʪʦʢʦʚʘʷ ʩʠʩʪʝʤʘ ʭʚʦʩʪʘ ʤʘʛʥʠʪʦʩʬʝʨʳ ï ʜʚʝ ʛʣʦʙʘʣʴʥʳʝ 

ʪʦʢʦʚʳʝ ʩʠʩʪʝʤʳ ʤʘʛʥʠʪʦʩʬʝʨʳ ʄʝʨʢʫʨʠʷ - ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʤʝʱʝʥʠʝ ʢ 

ʩʝʚʝʨʫ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʭʚʦʩʪʘ ʠ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʤʘʛʥʠʪʦʧʘʫʟʳ. ʅʘʙʣʶʜʘʝʤʳʝ ʚ 

ʚʳʩʦʢʦʰʠʨʦʪʥʦʡ ʜʥʝʚʥʦʡ ʦʙʣʘʩʪʠ ʩʧʦʨʘʜʠʯʝʩʢʠʝ ʚʦʟʨʘʩʪʘʥʠʷ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʩ 

ʵʥʝʨʛʠʝʡ 10-100 ʢʵɺ ʠ ʪʘʢʠʝ ʞʝ ʧʦʪʦʢʠ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʥʦʯʥʦʡ ʩʪʦʨʦʥʝ ʤʘʛʥʠʪʦʩʬʝʨʳ 

ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ, ʢʘʢ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʚʘʟʠʟʘʭʚʘʯʝʥʥʳʭ ʯʘʩʪʠʮ ʥʘ çʦʨʙʠʪʘʭ 

ʐʘʙʘʥʩʢʦʛʦè ʩ ʚʝʪʚʣʝʥʠʝʤ ʜʨʝʡʬʦʚʳʭ ʦʙʦʣʦʯʝʢ. 

 

 

ʄɸɻʅʀʊʆʉʌɽʈʅɸʗ ʊʋʈɹʋʃɽʅʊʅʆʉʊʔ ʀ ʇʈʆɽʎʀʈʆɺɸʅʀɽ ɸɺʈʆʈɸʃʔʅʆɻʆ 
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ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, antonova@orearm.msk.ru 

3 
ʋʥʠʚʝʨʩʠʪʝʪ ʉʘʥʪʴʷʛʦ ʜʝ ʏʠʣʠ, ʏʠʣʠ 

 

ʉʫʤʤʠʨʦʚʘʥʳ ʧʦʣʫʯʝʥʥʳʝ ʟʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʜʦʤʝʥʦʚ ʠ ʪʫʨʙʫʣʝʥʪʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʚ ʧʣʘʟʤʝʥʥʦʤ ʩʣʦʝ 

ʤʘʛʥʠʪʦʩʬʝʨʳ ɿʝʤʣʠ. ʇʨʠ ʵʪʦʤ ʚʳʜʝʣʷʝʪʩʷ ʦʢʨʫʞʘʶʱʝʝ ɿʝʤʣʶ ʧʣʘʟʤʝʥʥʦʝ ʢʦʣʴʮʦ ʥʘ 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ~7 ʜʦ ~10Re, ʚ ʢʦʪʦʨʦʤ ʛʨʘʜʠʝʥʪʳ ʜʘʚʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʚ 

ʦʩʥʦʚʥʦʤ ʢ ɿʝʤʣʝ ʠ ʧʦʧʝʨʝʯʥʳʝ ʪʦʢʠ ʬʦʨʤʠʨʫʶʪ ʚʳʩʦʢʦʰʠʨʦʪʥʦʝ ʧʨʦʜʦʣʞʝʥʠʝ ʢʦʣʴʮʝʚʦʛʦ 

ʪʦʢʘ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ ʪʫʨʙʫʣʝʥʪʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʚ 

ʧʣʘʟʤʝʥʥʦʤ ʩʣʦʝ ʩ ʢʘʨʪʠʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʜʦʤʝʥʦʚ. ʇʦʢʘʟʘʥʦ ʯʪʦ ʥʘ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ 

ʨʘʩʩʪʦʷʥʠʷʭ <10Re ʚ ʥʦʯʥʳʝ ʯʘʩʳ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʫʨʦʚʥʷ ʬʣʫʢʪʫʘʮʠʡ. 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʜʘʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʪʣʠʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʦʚ ʚ 

ʧʣʘʟʤʝʥʥʦʤ ʩʣʦʝ ʦʪ ʧʨʦʮʝʩʩʦʚ ʚ ʦʢʨʫʞʘʶʱʝʤ ɿʝʤʣʶ ʧʣʘʟʤʝʥʥʦʤ ʢʦʣʴʮʝ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʩʤʦʪʨʝʪʴ ʫʩʪʦʷʚʰʠʝʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʙʣʠʞʥʝʡ ʯʘʩʪʠ 
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ʧʣʘʟʤʝʥʥʦʛʦ ʩʣʦʷ ʠ ʦ ʣʦʢʘʣʠʟʘʮʠʠ ʝʛʦ ʚʥʫʪʨʝʥʥʝʡ ʛʨʘʥʠʮʳ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʧʦʪʦʢʠ ʵʥʝʨʛʠʠ 

ʧʨʠ ʚʳʩʳʧʘʥʠʠ ʯʘʩʪʠʮ ʠʟ ʧʣʘʟʤʝʥʥʦʛʦ ʩʣʦʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʦʜʦʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʥʝ 

ʧʨʝʚʳʰʘʶʪ ʧʦʨʦʛʠ ʨʝʛʠʩʪʨʘʮʠʠ ʩʚʝʯʝʥʠʡ ʧʨʠ ʚʠʟʫʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʷʭ ʠ  ʥʘʙʣʶʜʝʥʠʷʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʚʨʦʨʘʣʴʥʳʭ ʠʤʠʜʞʝʨʦʚ. ʇʦʵʪʦʤʫ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦ ʧʨʦʝʮʠʨʦʚʘʥʠʠ 

ʧʣʘʟʤʝʥʥʦʛʦ ʩʣʦʷ ʥʘ ʠʦʥʦʩʬʝʨʥʳʝ ʚʳʩʦʪʳ. ʈʘʩʩʤʦʪʨʝʥʘ ʩʚʷʟʴ ʩʚʝʯʝʥʠʡ ʚ ʘʚʨʦʨʘʣʴʥʦʤ ʦʚʘʣʝ 

ʩ ʢʘʨʪʠʥʦʡ ʚʳʪʝʢʘʶʱʠʭ ʠʟ ʠʦʥʦʩʬʝʨʳ ʧʨʦʜʦʣʴʥʳʭ ʪʦʢʦʚ. ʆʙʩʫʞʜʝʥʘ ʧʨʦʙʣʝʤʘ 

ʧʨʦʝʮʠʨʦʚʘʥʠʷ ʢʘʨʪʠʥʳ ʧʨʦʜʦʣʴʥʳʭ ʪʦʢʦʚ ʥʘ ʵʢʚʘʪʦʨʠʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ. 

 

 

ʋʉʂʆʈɽʅʀɽ ʕʃɽʂʊʈʆʅʆɺ ɺ ʈɸɼʀɸʎʀʆʅʅʓʍ ʇʆʗʉɸʍ ʂʆʉʓʄʀ 

ɺʀʉʊʃɽʈʅʓʄʀ ɺʆʃʅɸʄʀ ɹʆʃʔʐʆʁ ɸʄʇʃʀʊʋɼʓ:  
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ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʤʝʭʘʥʠʟʤ ʫʩʢʦʨʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʟʘ ʩʯʸʪ ʟʘʭʚʘʪʘ ʚ ʨʝʟʦʥʘʥʩ ʃʘʥʜʘʫ 

ʚʠʩʪʣʝʨʥʦʡ ʚʦʣʥʦʡ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʧʦʜ ʙʦʣʴʰʠʤ ʫʛʣʦʤ ʢ 

ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ. ʄʳ ʠʩʧʦʣʴʟʫʝʤ ʜʘʥʥʳʝ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʷʩʘʭ 

ɿʝʤʣʠ, ʯʪʦ ʙʳ ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʘʨʘʤʝʪʨʳ ʚʦʣʥ: ʘʤʧʣʠʪʫʜʳ (50-300 ʤɺ/ʤ), ʫʛʣʳ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʯʘʩʪʦʪʳ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʜʠʥʘʤʠʢʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʭ ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʪʘʢʠʤʠ ʚʦʣʥʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʟʘʭʚʘʪ ʚ ʨʝʟʦʥʘʥʩ ʃʘʥʜʘʫ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʘʙʦʨʫ ʵʥʝʨʛʠʠ ʧʦʨʷʜʢʘ 50-100 ʢʵɺ ʜʣʷ 

ʵʣʝʢʪʨʦʥʦʚ ʩ ʥʘʯʘʣʴʥʳʤʠ ʵʥʝʨʛʠʷʤʠ 10-100 ʢʵɺ. ʇʨʠ ʵʪʦʤ ʟʘʭʚʘʪʳ ʠ ʫʩʢʦʨʝʥʠʷ ʩʚʷʟʘʥʳ ʩ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʧʠʪʯ-ʫʛʣʘ ʵʣʝʢʪʨʦʥʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʤʝʭʘʥʠʟʤ, ʤʦʞʝʪ ʙʳʪʴ ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʟʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ (ʚʩʧʳʰʝʯʥʳʝ) 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʚʳʩʳʧʘʥʠʡ ʫʩʢʦʨʝʥʥʳʭ ʯʘʩʪʠʮ.  

 

 

ʇʆʐɸɻʆɺɸʗ ʄʆɼɽʃʔ ɺʃʀʗʅʀʗ ɸʊʄʆʉʌɽʈʅʓʍ ʀʅʌʈɸɿɺʋʂʆɺʓʍ ɺʆʃʅ  

ʅɸ ʋʉʃʆɺʀʗ ɺʆɿɹʋɾɼɽʅʀʗ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓʍ ɺʆʃʅ  

ʉɺʀʉʊʆɺʆɻʆ ɼʀɸʇɸɿʆʅɸ ɺ ʄɸɻʅʀʊʆʉʌɽʈɽ   
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ʈʘʩʩʤʦʪʨʝʥʘ ʧʦʰʘʛʦʚʘʷ ʤʦʜʝʣʴ ʚʣʠʷʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʠʥʬʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ ʥʘ ʫʩʣʦʚʠʷ 

ʚʦʟʙʫʞʜʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʩʚʠʩʪʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ.  ʕʪʦ ʚʣʠʷʥʠʝ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʘʪʤʦʩʬʝʨʥʳʭ, ʠʦʥʦʩʬʝʨʥʳʭ ʠ 

ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʏʠʩʣʝʥʥʳʝ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʢʣʠʢʘ 

ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʧʣʘʟʤʝʥʥʦʛʦ ʤʘʛʥʠʪʦʩʬʝʨʥʦʛʦ ʤʘʟʝʨʘ ʥʘ ʩʚʷʟʘʥʥʳʝ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ 

ʠʥʬʨʘʟʚʫʢʦʚʳʤʠ ʚʦʣʥʘʤʠ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʦʪ ʠʦʥʦʩʬʝʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʘʞʝ ʤʘʣʘʷ ʤʦʜʫʣʷʮʠʷ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʪʴ ʤʘʛʥʠʪʦʩʬʝʨʥʳʝ ʆʅʏ ʠʟʣʫʯʝʥʠʷ.  ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ 

ʦʙʲʷʩʥʠʪʴ ʧʨʠʯʠʥʫ ʤʦʜʫʣʷʮʠʠ ʧʦʪʦʢʦʚ ʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

mailto:ante0226@yandex.ru
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ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʩʚʠʩʪʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩ ʚʨʝʤʝʥʥʳʤʠ ʤʘʩʰʪʘʙʘʤʠ ʦʪ 10 ʜʦ 150 

ʩʝʢʫʥʜ ʚ ʜʥʝʚʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʝ. ʊʘʢʠʝ ʠʟʣʫʯʝʥʠʷ ʯʘʩʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʫʙʘʚʨʦʨʘʣʴʥʦʡ ʠ 

ʘʚʨʦʨʘʣʴʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʝ ʠ ʠʤʝʶʪ ʟʘʤʝʪʥʳʡ ʵʬʬʝʢʪ ʥʘ ʢʦʩʤʠʯʝʩʢʫʶ ʧʦʛʦʜʫ.   

 

 

ʆ ɺʃʀʗʅʀʀ ʄɽɾʇʃɸʅɽʊʅʆɻʆ ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ ʅɸ ɹɸʃɸʅʉ ɼɸɺʃɽʅʀʁ 

ʋ ɻɽʆʄɸɻʅʀʊʆʇɸʋɿʓ: ɸʅɸʃʀɿ ʈɽɿʋʃʔʊɸʊʆɺ ʅɸɹʃʖɼɽʅʀʁ  

 

ʄ.ʀ. ɺʝʨʠʛʠʥ
1
, ɻ.ɸ. ʂʦʪʦʚʘ

1
, ʄ. ʊʘʪʨʘʣʴʷʠ

2
, ɻ. ʕʨʜʝʰ

2
 

 
1
 ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, verigin@iki.rssi.ru , kotova@iki.rssi.ru 

2
 ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʘʪʦʤʥʦʛʦ ʷʜʨʘ ʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʛ. ɹʫʜʘʧʝʰʪ, ɺʝʥʛʨʠʷ, 

   tatrallyay.mariella@wigner.mta.hu, erdos.geza@wigner.mta.hu 

 

ʆʙʳʯʥʦ ʧʦʣʘʛʘʝʪʩʷ, ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʧʨʘʚʝʜʣʠʚʦ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʩʦʣʥʝʯʥʦʛʦ 

ʚʝʪʨʘ ʥʘ ʧʦʜʩʦʣʥʝʯʥʫʶ ʯʘʩʪʴ ʤʘʛʥʠʪʦʧʘʫʟʳ ʇ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʦ ʇ º krV2
, ʛʜʝ rV2

 ï 

ʜʠʥʘʤʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʠ ʢʦʵʬʬʠʮʠʝʥʪ k < 1 ʟʘʚʠʩʠʪ ʦʪ ʧʦʢʘʟʘʪʝʣʷ 

ʘʜʠʘʙʘʪʳ g ʠ ʟʚʫʢʦʚʦʛʦ ʯʠʩʣʘ ʄʘʭʘ Ms (k º 0.88 ʜʣʷ g = 5/3 ʠ Ms ­ ¤). ʉʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ 

Duġ²k et al. (JGR, 37, L19103, 2010) ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚ THEMIS ʚʳʷʚʠʣʠ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʦʣʦʞʝʥʠʷ ʧʦʜʩʦʣʥʝʯʥʦʡ ʯʘʩʪʠ ʤʘʛʥʠʪʦʧʘʫʟʳ ʠ ʦʪ ʫʛʣʘ J ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʚʝʢʪʦʨʘ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (cone angle).  

ɺ ʜʦʢʣʘʜʝ ʥʘ ʧʨʝʜʳʜʫʱʝʡ ʢʦʥʬʝʨʝʥʮʠʠ 

(http://plasma2012.cosmos.ru/sites/plasma2012.cosmos.ru/files/presentations/Verigin_OFN2012.p

pt) ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʙʳʣʘ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʘ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ 

ʤʘʛʥʠʪʦʧʘʫʟʫ, ʦʢʘʟʳʚʘʝʤʦʛʦ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʧʨʠ ʥʝʙʦʣʴʰʠʭ 

ɸʣʴʚʝʥʦʚʩʢʠʭ ʯʠʩʣʘʭ ʄʘʭʘ Ma. ɼʣʷ ʦʮʝʥʢʠ ʪʘʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʵʤʧʠʨʠʯʝʩʢʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ ʤʘʛʥʠʪʦʰʠʪʘ Crooker et al. 

(JGR, 87, 10407, 1982). ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ 

ʦʧʠʩʘʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʜʩʦʣʥʝʯʥʫʶ ʯʘʩʪʴ ʤʘʛʥʠʪʦʧʘʫʟʳ 

ʥʘ ʦʩʥʦʚʝ ʫʪʦʯʥʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʠ ʨʝʟʫʣʴʪʘʪʦʚ 3D 

ʄɻɼ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʙʥʦʚʣʝʥʥʘʷ ʤʦʜʝʣʴ ʛʝʦʤʘʛʥʠʪʦʧʘʫʟʳ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʝ 

ʥʘʙʣʶʜʝʥʠʡ ʩʧʫʪʥʠʢʘʤʠ ʩʝʨʠʠ ʇʈʆɻʅʆɿ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ 

ʧʨʦʛʨʘʤʤʳ ʇ22 ʈɸʅ. 

 

 

ʀʉʂɸɾɽʅʀɽ ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ ɼʀʇʆʃʗ ɸʂʉʀɸʃʔʅʆ-

ʅɽʉʀʄʄɽʊʈʀʏʅʓʄ ɼɸɺʃɽʅʀɽʄ ʇʃɸɿʄʓ ʀ ʆɹʈɸɿʆɺɸʅʀɽ  

ʃʆʂɸʃʔʅʓʍ ʄʀʅʀʄʋʄʆɺ ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ  

ɺ ʕʂɺɸʊʆʈʀɸʃʔʅʆʁ ʇʃʆʉʂʆʉʊʀ 

 

ɺ.ɺ. ɺʦʚʯʝʥʢʦ
1
, ɽ.ɽ. ɸʥʪʦʥʦʚʘ

2,1
  

 
1 
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, a1246@rambler.ru  

2
 ʅʀʀʗʌ ʠʤ. ɼ.ɺ. ʉʢʦʙʝʣʴʮʳʥʘ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ,  

  antonova@orearm.msk.ru 

 

ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʩʢʘʞʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ 

ʘʟʠʤʫʪʘʣʴʥʦ-ʥʝʩʠʤʤʝʪʨʠʯʥʳʤʠ ʧʨʦʬʠʣʷʤʠ ʜʘʚʣʝʥʠʷ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʚʳʷʩʥʝʥʠʝ 

ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʣʦʢʘʣʴʥʳʭ ʤʠʥʠʤʫʤʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʧʣʦʩʢʦʩʪʠ ʵʢʚʘʪʦʨʘ. ʊʘʢʠʝ 

ʤʠʥʠʤʫʤʳ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʇʨʦʚʝʜʝʥʦ ʨʘʩʩʤʦʪʨʝʥʠʝ ʠʩʢʘʞʝʥʠʡ ʧʦʣʷ, 

ʢʦʛʜʘ ʨʘʜʠʘʣʴʥʳʝ ʛʨʘʜʠʝʥʪʳ ʜʘʚʣʝʥʠʷ ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʶʪ ʘʟʠʤʫʪʘʣʴʥʳʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʦʙʣʘʩʪʠ ʢʘʢ ʩ ʣʦʢʘʣʴʥʳʤ ʤʠʥʠʤʦʤ, ʪʘʢ ʠ ʩ 

mailto:verigin@iki.rssi.ru
mailto:kotova@iki.rssi.ru
mailto:tatrallyay.mariella@wigner.mta.hu
mailto:erdos.geza@wigner.mta.hu
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mailto:antonova@orearm.msk.ru


 94 

ʤʘʢʩʠʤʫʤʦʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ ʠʟʦʣʠʥʠʠ B=const ʚ ʧʣʦʩʢʦʩʪʠ ʵʢʚʘʪʦʨʘ ʥʝ 

ʦʢʨʫʞʘʶʪ ɿʝʤʣʶ. ʈʘʩʯʠʪʘʥʳ ʦʙʲʝʤʳ ʤʘʛʥʠʪʥʳʭ ʩʠʣʦʚʳʭ ʪʨʫʙʦʢ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟʤʦʞʝʥʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʠʥʠʤʫʤʘ ʦʙʲʝʤʘ ʤʘʛʥʠʪʥʦʡ ʩʠʣʦʚʦʡ ʪʨʫʙʢʠ. ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 

ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʫʩʣʦʚʠʷ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʧʨʦʚʝʜʝʥ ʨʘʩʩʯʝʪ ʧʨʦʜʦʣʴʥʳʭ 

ʪʦʢʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʙʣʘʩʪʠ ʘʟʠʤʫʪʘʣʴʥʦ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʧʦʚʳʰʝʥʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʤʦʞʝʪ ʩʦʟʜʘʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʨʝʜʧʦʣʦʞʝʥʠʷʤ ʨʘʙʦʪʳ Galperin 

et al. [GRL, v. 19(2), p. 2163-2166, 1992] ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʙʣʘʩʪʠ, ʷʚʣʷʶʱʝʡʩʷ çʢʦʨʥʝʤè 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʘʚʨʦʨʘʣʴʥʦʡ ʜʫʛʠ. ʀʩʧʦʣʴʟʫʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʠʥʚʘʨʠʘʥʪʦʚ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʭʚʘʪʘ ʯʘʩʪʠʮ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʠʪʯʫʛʣʘʤʠ ʚ ʦʙʣʘʩʪʠ 

ʤʠʥʠʤʫʤʘ ʤʘʛʥʪʥʦʛʦ ʧʦʣʷ ʚ ʧʣʦʩʢʦʩʪʠ ʵʢʚʘʪʦʨʘ. 

 

 

ʌʆʈʄʀʈʆɺɸʅʀɽ ʉʇɽʂʊʈɸ ʍʆʈʆɺʓʍ ʆʅʏ ʀɿʃʋʏɽʅʀʁ ɺ ʄɸɻʅʀʊʆʉʌɽʈɽ 

ɿɽʄʃʀ 

 

ɸ.ɻ. ɼʝʤʝʭʦʚ 

 

ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʈɸʅ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ,  

andrei@appl.sci-nnov.ru 

 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʚʠʪʠʷ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʦʨʦʚʳʭ ʆʅʏ ʠʟʣʫʯʝʥʠʡ 

ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʧʝʨʝʭʦʜʝ ʤʘʛʥʠʪʦʩʬʝʨʥʦʛʦ ʮʠʢʣʦʪʨʦʥʥʦʛʦ ʤʘʟʝʨʘ ʚ 

ʨʝʞʠʤ ʦʙʨʘʪʥʦʡ ʚʦʣʥʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʨʘʚʥʝʥʠʷ ʩ 

ʥʘʙʣʶʜʝʥʠʷʤʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʦʚʳʰʝʥʠʷ ʠ ʧʦʥʠʞʝʥʠʷ ʯʘʩʪʦʪʳ ʚ 

ʭʦʨʦʚʳʭ ʵʣʝʤʝʥʪʘʭ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʟʤʝʥʝʥʠʠ ʟʥʘʢʘ ʵʬʬʝʢʪʠʚʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ 

ʮʝʥʪʨʘʣʴʥʦʤ ʩʝʯʝʥʠʠ ʤʘʛʥʠʪʥʦʡ ʩʠʣʦʚʦʡ ʪʨʫʙʢʠ. ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʤʠ ʚʘʨʠʘʮʠʷʤʠ ʧʨʦʬʠʣʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʣʠ ʩ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʳʤ 

ʚʦʟʨʘʩʪʘʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ. ʊʘʢʞʝ ʧʨʦʚʝʜʝʥʘ ʯʠʩʣʝʥʥʘʷ ʧʨʦʚʝʨʢʘ ʠ ʦʙʦʙʱʝʥʠʝ ʥʘ 

ʩʣʫʯʘʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʳ ʦʜʥʦʛʦ ʠʟ ʢʣʶʯʝʚʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʛʝʥʝʨʘʮʠʠ ʭʦʨʦʚʳʭ ʠʟʣʫʯʝʥʠʡ, ʩʚʷʟʳʚʘʶʱʝʛʦ ʘʤʧʣʠʪʫʜʫ ʢʚʘʟʠʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʡ 

ʩʚʠʩʪʦʚʦʡ ʚʦʣʥʳ ʚ ʨʝʞʠʤʝ ʥʘʩʳʱʝʥʠʷ ʩ ʣʠʥʝʡʥʳʤ ʠʥʢʨʝʤʝʥʪʦʤ ʮʠʢʣʦʪʨʦʥʥʦʡ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ. ʆʙʩʫʞʜʘʶʪʩʷ ʩʣʝʜʩʪʚʠʷ ʠʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʦʙʦʙʱʝʥʠʷ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ 

ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʚʳʚʦʜʠʤʳʭ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʥʘʙʣʶʜʘʝʤʳʭ 

ʭʦʨʦʚʳʭ ʵʣʝʤʝʥʪʦʚ. 

 

 

ʉʊʈʋʂʊʋʈɸ ʅʆʏʅʆʁ ʄɸɻʅʀʊʆʉʌɽʈʓ ʇʆ ɼɸʅʅʓʄ ʄʀʉʉʀʀ THEMIS  ʀ 

ʅʀɿʂʆʆʈɹʀʊɸʃʔʅʓʍ ʉʇʋʊʅʀʂʆɺ 

 

ɺ.ɺ. ʂʘʣʝʛʘʝʚ, ɺ.ʆ. ɹʘʨʠʥʦʚʘ, ʅ.ɸ. ɺʣʘʩʦʚʘ, ʀ.ʉ. ʅʘʟʘʨʢʦʚ 

 

ʅʀʀʗʌ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, klg@dec1.sinp.msu.ru 

 

ʉʪʨʫʢʪʫʨʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʥʦʯʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʝ ʚ ʵʢʩʪʨʝʤʘʣʴʥʦ-ʩʧʦʢʦʡʥʦʤ 2009 ʛ. 

ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʛʝʦʤʘʛʥʠʪʥʦʤ ʭʚʦʩʪʝ ʠ 

ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ ʥʘ ʦʨʙʠʪʘʭ ʥʠʟʢʦʚʳʩʦʪʥʳʭ ʩʧʫʪʥʠʢʦʚ. ʄʦʜʝʣʴ ʤʘʛʥʠʪʦʩʬʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ɸ2000 ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʨʘʥʠʮ ʭʘʨʘʢʪʝʨʥʳʭ ʦʙʣʘʩʪʝʡ ʨʝʛʠʩʪʨʘʮʠʠ 

ʯʘʩʪʠʮ ʥʘ ʦʨʙʠʪʘʭ ʘʧʧʘʨʘʪʦʚ NOAA/POES (ʧʨʠʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʦʪ L~2 ʜʦ ʛʨʘʥʠʮʳ 

ʠʟʦʪʨʦʧʠʟʘʮʠʠ ʠ ʦʙʣʘʩʪʠ ʚʳʩʳʧʘʥʠʡ ʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ) ʚ ʤʘʛʥʠʪʦʩʬʝʨʫ. ɼʘʥʥʳʝ 

ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʧʫʪʥʠʢʦʚ Themis ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʨʘʜʠʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʭʚʦʩʪʝ ʤʘʛʥʠʪʦʩʬʝʨʳ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʪʦʢʦʚʦʡ 

ʩʠʩʪʝʤʳ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʭʚʦʩʪʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚʳʯʠʪʘʥʠʝʤ ʠʟ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ 
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ʠʟʤʝʨʝʥʠʡ ʵʬʬʝʢʪʦʚ ʚʥʫʪʨʠʟʝʤʥʳʭ ʪʦʢʦʚ ʠ ʪʦʢʦʚ ʥʘ ʤʘʛʥʠʪʦʧʘʫʟʝ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ 

ʤʦʜʝʣʷʤ IGRF ʠ A2000. ʅʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʘ ʭʘʨʘʢʪʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʪʦʢʦʚʦʡ ʩʠʩʪʝʤʳ ʭʚʦʩʪʘ ʤʘʛʥʠʪʦʩʬʝʨʳ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʜʠʥʘʤʠʢʘ 

ʧʝʨʝʜʥʝʛʦ ʢʨʘʷ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʭʚʦʩʪʘ ʚʦ ʚʨʝʤʷ ʩʣʘʙʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ 2009 ʛ. 

ʇʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʛʨʘʥʠʮʳ ʠʟʦʪʨʦʧʠʟʘʮʠʠ ʩ ʦʨʙʠʪʳ NOAA/POES ʠ ʚʳʩʦʢʦʰʠʨʦʪʥʦʡ ʛʨʘʥʠʮʳ ʚʥʝʰʥʝʛʦ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ ʧʦ ʜʘʥʥʳʤ ʀʉɿ "ʂʦʨʦʥʘʩ-ʌʦʪʦʥ".  

 

 

 

ʆʎɽʅʂɸ ʇʃʆʊʅʆʉʊʀ ʊʆʂɸ ʀ ɸʅɸʃʀɿ ɻɽʆʄɽʊʈʀʀ ʆʂʈʋɾɸʖʑɽʁ ɿɽʄʃʖ 

ʊʆʂʆɺʆʁ ʉʀʉʊɽʄʓ 

 

ʀ.ʇ. ʂʠʨʧʠʯʝʚ, ɽ.ɽ. ɸʥʪʦʥʦʚʘ  

 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʥʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʣʘʟʤʳ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʝʛʦ ʛʨʘʜʠʝʥʪʳ. ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ (jxB=grad(p)) ʦʮʝʥʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʘ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʢʦʣʴʮʝ ʚʦʢʨʫʛ ɿʝʤʣʠ  

(ʦʪ 6 ʜʦ 12 Re). ʇʨʦʚʦʜʠʪʩʷ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʛʠʧʦʪʝʟʳ ʨʘʟʨʝʟʥʦʛʦ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ. 

 

 

 

ɸʅɸʃʀɿ ʀɿʄɽʅɽʅʀʁ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʇʃɸɿʄʓ ɺ ʇʃɸɿʄʆʉʌɽʈɽ  

ʅɸ ɻʈɸʅʀʎɽ ʆʇʊʀʏɽʉʂʆʁ ʊɽʅʀ ɿɽʄʃʀ 

 

ɻ.ɸ. ʂʦʪʦʚʘ, ʄ.ʀ. ɺʝʨʠʛʠʥ, ɺ.ɺ. ɹʝʟʨʫʢʠʭ 

 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, kotova@iki.rssi.ru 

 

ʅʘ ʧʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʠʟʢʦʵʥʝʨʛʠʯʥʦʡ ʧʣʘʟʤʳ ʚ ʢʦʩʤʠʯʝʩʢʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʦʩʦʙʝʥʥʦ ʚ ʠʦʥʦʩʬʝʨʝ ʠ ʧʣʘʟʤʦʩʬʝʨʝ ɿʝʤʣʠ, ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ 

ʧʦʪʝʥʮʠʘʣ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʰʠʨʦʢʦʫʛʦʣʴʥʳʭ ʘʥʘʣʠʟʘʪʦʨʦʚ ʪʝʧʣʦʚʦʡ ʧʣʘʟʤʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ 

ʤʠʩʩʠʠ ʀʅʊɽʈɹʆʃ. ʊʘʢʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʢʦʣʣʝʢʪʦʨʥʳʭ ʪʦʢʦʚ 

ʨʘʩʩʯʠʪʘʪʴ ʧʣʦʪʥʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʟʤʳ, ʘ ʪʘʢʞʝ ʧʦʪʝʥʮʠʘʣ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʠ 

ʜʣʠʥʫ ɼʝʙʘʝʚʩʢʦʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ. ɸʥʘʣʦʛʠʯʥʘʷ ʤʝʪʦʜʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʈɽʇʀʅ ʛʦʪʦʚʷʱʝʡʩʷ ʤʠʩʩʠʠ ʈɽɿʆʅɸʅʉ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ 

ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʟʤʳ ʚʜʦʣʴ ʦʨʙʠʪ ʩʧʫʪʥʠʢʘ 

ʀʅʊɽʈɹʆʃ-1 ʚ ʧʣʘʟʤʦʩʬʝʨʝ ɿʝʤʣʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʛʨʘʥʠʮʳ ʦʧʪʠʯʝʩʢʦʡ ʪʝʥʠ ʧʣʘʥʝʪʳ. ʅʘ 

ʥʦʯʥʦʡ ʩʪʦʨʦʥʝ ʧʨʠ ʟʘʭʦʜʝ ʘʧʧʘʨʘʪʘ ʚ ʦʧʪʠʯʝʩʢʫʶ ʪʝʥʴ ɿʝʤʣʠ, ʝʛʦ ʧʦʪʝʥʮʠʘʣ ʨʝʟʢʦ ʧʘʜʘʝʪ, 

ʥʦ ʵʪʦ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʚʘʨʠʘʮʠʷʭ ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʟʤʳ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʜʝʞʥʦʩʪʠ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ʈɸʅ ʇ22. 

 

 

 

 

 

 



 96 

ʂ ɺʆʇʈʆʉʋ ʆ ʅɸɻʈɽɺɽ ʕʃɽʂʊʈʆʅʆɺ ɺ ʂɸɺɿʀʇɽʈʇɽʅɼʀʂʋʃʗʈʅʓʍ 

ʋɼɸʈʅʓʍ ɺʆʃʅɸʍ 

 

ɺ. ʂʨʘʩʥʦʩʝʣʴʩʢʠʭ
1
,  ɼ. ʉʫʥʜʢʚʠʩʪ

2
, ʌ. ʄʦʟʝʨ

2
, ʉ. ʐʚʘʨʮ

3
 

 
1 
LPC2E, CNRS, Orleans, France, vkrasnos@cnrs-orleans.fr 

2 
SSL, UCB, Berkeley, USA 

3 
Imperial Colledge, London, United Kingdom 

 

ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʨʘʟʣʠʯʥʳʭ 

ʧʦʧʫʣʷʮʠʡ ʯʘʩʪʠʮ ʠ ʫʩʢʦʨʝʥʠʝ ʯʘʩʪʠ ʯʘʩʪʠʮ ʜʦ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʚ ʫʜʘʨʥʳʭ ʚʦʣʥʘʭ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʬʠʟʠʢʠ ʫʜʘʨʥʳʭ ʚʦʣʥ. ʀʟʤʝʨʝʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ ʙʦʨʪʫ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ ISEE-1,2, ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʨʦʣʴ ʦʪʨʘʞʝʥʥʳʭ ʠʦʥʦʚ ʚ ʧʨʦʮʝʩʩʝ ʜʠʩʩʠʧʘʮʠʠ 

ʵʥʝʨʛʠʠ ʚʦ ʬʨʦʥʪʝ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʤʝʭʘʥʠʟʤʳ ʥʘʛʨʝʚʘ ʠʦʥʦʚ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʧʨʦʙʣʝʤʘ ʥʘʛʨʝʚʘ ʵʣʝʢʪʨʦʥʦʚ ʦʩʪʘʝʪʩʷ ʧʦ-ʧʨʝʞʥʝʤʫ ʥʝ ʜʦ ʢʦʥʮʘ ʨʝʰʝʥʥʦʡ. 

ʉʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʚʳʧʦʣʥʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ 

ʙʦʨʪʫ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ Cluster ʧʨʠʚʝʣʠ ʢ ʧʝʨʝʩʤʦʪʨʫ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ 

ʥʘʛʨʝʚʝ ʵʣʝʢʪʨʦʥʦʚ. ɺ ʨʘʙʦʪʝ Schwartz et al., 2011 (PRL) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʥʘʛʨʝʚ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʯʨʝʟʚʳʯʘʡʥʦ ʤʘʣʦʤ ʫʯʘʩʪʢʝ ʬʨʦʥʪʘ ʚʦʣʥʳ, ʚ ʦʙʣʘʩʪʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʨʘʤʧʘ, 

ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʦʩʥʦʚʥʦʡ ʩʢʘʯʦʢ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. Sundkvist et al., 2012 (PRL) ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʛʨʝʚʘ ʥʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʝʣʠʯʠʥʦʡ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ 

ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʧʘʨʘʣʣʝʣʴʥʘʷ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʷ ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʥʘʛʨʝʚʘ ʦʩʪʘʶʪʩʷ ʧʦʯʪʠ ʨʘʚʥʳʤʠ, ʘ ʚ ʦʙʣʘʩʪʠ ʨʘʤʧʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʩʢʘʯʢʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ɸʚʪʦʨʳ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʢʘʯʢʠ 

ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʣʘʨʤʦʨʦʚʩʢʦʤ ʨʘʜʠʫʩʝ ʵʣʝʢʪʨʦʥʦʚ ʤʦʛʫʪ ʙʳʪʴ ʩʨʘʚʥʠʤʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʵʣʝʢʪʨʦʥʦʚ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʦʙʩʫʞʜʘʝʤ ʚʦʟʤʦʞʥʫʶ ʨʦʣʴ ʪʘʢʠʭ ʤʝʣʢʦʤʘʩʰʪʘʙʥʫʭ 

ʩʪʨʫʢʪʫʨ ʜʣʷ ʥʘʛʨʝʚʘ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʭ ʫʛʣʦʚʦʡ ʜʠʬʬʫʟʠʠ. 

 

 

ɸʃɻʆʈʀʊʄ ʈɸɿɼɽʃɽʅʀʗ KINK  ʀ SAUSAGE ʄʆɼ ʌʃʕʇʇʀʅɻ ʂʆʃɽɹɸʅʀʁ 

 

ɼ.ʀ. ʂʫʙʳʰʢʠʥʘ, ɺ.ʉ. ʉʝʤʝʥʦʚ, ɼ.ɸ. ʉʦʨʤʘʢʦʚ, ɺ.ɸ. ʉʝʨʛʝʝʚ, ʅ.ɺ. ɽʨʢʘʝʚ 

 

ʉʇʙɻʋ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, kubyshkina.darya@gmail.com 

 

ʌʣʵʧʧʠʥʛ ʢʦʣʝʙʘʥʠʷ, ʥʘʙʣʶʜʘʶʱʠʝʩʷ ʚ ʪʦʢʦʚʦʤ ʩʣʦʝ ʤʘʛʥʠʪʦʩʬʝʨʥʦʛʦ ʭʚʦʩʪʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʳʝ ʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʦʪ ʮʝʥʪʨʘ ʩʣʦʷ ʢ 

ʝʛʦ ʬʣʘʥʛʘʤ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ~20-60 ʢʤ/ʩ, ʘʤʧʣʠʪʫʜʦʡ ~1-2Re ʠ ʢʚʘʟʠʧʝʨʠʦʜʦʤ 

~2-10 ʤʠʥʫʪ. ʀʩʧʦʣʴʟʫʝʤʘʷ ʤʦʜʝʣʴ ʦʩʥʦʚʘʥʘ ʥʘ ʤʦʜʝʣʠ ʜʚʦʡʥʦʛʦ ʛʨʘʜʠʝʥʪʘ, ʚ ʢʦʪʦʨʦʡ 

ʨʘʩʢʘʯʢʘ ʩʣʦʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʛʨʘʜʠʝʥʪʦʚ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ Bx ʚʜʦʣʴ ʥʦʨʤʘʣʴʥʦʛʦ (ʧʦ z) ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʥʦʨʤʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ Bz 

ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ x. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʦʜʦʛʨʘʬʳ ʚʝʢʪʦʨʦʚ ʩʢʦʨʦʩʪʠ ʧʣʘʟʤʳ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʚ ʧʣʦʩʢʦʩʪʠ Z-Y ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʨʘʟʜʝʣʝʥʠʷ ʠʟʛʠʙʥʦʡ 

(kink) ʠ ʧʝʨʝʪʷʞʝʯʥʦʡ (sausage) ʤʦʜ ʬʣʵʧʧʠʥʛ ʢʦʣʝʙʘʥʠʡ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ 

ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʧʦʚʝʜʝʥʠʝʤ ʬʣʵʧʧʠʥʛ ʚʦʣʥ (THEMIS, 3 ʤʘʷ 2008 ʛʦʜʘ), ʜʚʠʞʫʱʠʭʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʫʪʨʝʥʥʝʛʦ ʩʝʢʪʦʨʘ ʚ ʭʚʦʩʪʝ ʤʘʛʥʠʪʦʩʬʝʨʳ. ɺʨʘʱʝʥʠʝ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ, 

ʥʘʙʣʶʜʘʚʰʝʝʩʷ ʩʠʥʭʨʦʥʥʦ ʥʘ ʜʚʫʭ ʩʧʫʪʥʠʢʘʭ ʧʨʦʝʢʪʘ THEMIS, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʫʯʘʶ kink 

ʤʦʜʳ. ʇʦʣʫʯʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʨʘʟʜʝʣʝʥʠʷ ʤʦʜ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʨʘʟʣʠʯʥʦʛʦ 

ʨʦʜʘ ʧʦʤʝʭʘʤ (ʰʫʤʫ, ʥʘʣʠʯʠʶ ʩʤʝʰʘʥʥʳʭ ʤʦʜ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʦʟʤʫʱʝʥʠʷ). 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʦʚʝʜʝʥʠʝ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦ, ʯʝʤ ʧʦʚʝʜʝʥʠʝ ʚʝʢʪʦʨʘ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʀʩʪʦʯʥʠʢʦʤ ʬʣʵʧʧʠʥʛ ʢʦʣʝʙʘʥʠʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 
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ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ (ʦʙʨʘʪʥʦʛʦ ʛʨʘʜʠʝʥʪʘ) ʚ ʪʦʢʦʚʦʤ ʩʣʦʝ, ʯʪʦ ʪʘʢʞʝ ʙʳʣʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʚ 

ʨʘʤʢʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ. 

 

 

ʇʈʆʉʊʈɸʅʉʊɺɽʅʅɸʗ ʉʊʈʋʂʊʋʈɸ ɸʃʔʌɺɽʅʆɺʉʂʀʍ ɺʆʃʅ ɺʆ ɺʅʋʊʈɽʅʅɽʁ 

ʄɸɻʅʀʊʆʉʌɽʈɽ ʀ ɺʆɿʄʆɾʅʆʉʊʀ ɽɽ ʀʉʉʃɽɼʆɺɸʅʀʗ  

ɺ ʇʈʆɽʂʊɽ çʈɽɿʆʅɸʅʉè 

 

ɺ.ɸ. ʄʘʟʫʨ  

 

ʀʥʩʪʠʪʫʪ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʦʡ ʬʠʟʠʢʠ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ, vmazur@iszf.irk.ru  

 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʪʨʝʭ ʚʘʞʥʝʡʰʠʭ ʪʠʧʦʚ 

ʘʣʴʬʚʝʥʦʚʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʚʥʫʪʨʝʥʥʝʡ ʤʘʛʥʠʪʦʩʬʝʨʳ ï ʢʚʘʟʠʧʨʦʜʦʣʴʥʳʭ ʘʣʴʬʚʝʥʦʚʩʢʠʭ 

ʚʦʣʥ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʨʘʡʦʥʝ ʧʣʘʟʤʦʧʘʫʟʳ, ʘʣʴʬʚʝʥʦʚʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ, 

ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʙʳʩʪʨʳʤ ʤʘʛʥʠʪʥʳʤ ʟʚʫʢʦʤ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʤʩʷ ʚʦ ʚʥʝʰʥʠʭ ʯʘʩʪʷʭ 

ʤʘʛʥʠʪʦʩʬʝʨʳ ʠ ʘʟʠʤʫʪʘʣʴʥʦ-ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʘʣʴʬʚʝʥʦʚʩʢʠʭ ʚʦʣʥ, ʚʦʟʙʫʞʜʘʝʤʳʭ 

ʠʩʪʦʯʥʠʢʘʤʠ ʚ ʠʦʥʦʩʬʝʨʝ. ʕʪʠ ʪʠʧʳ  ʘʣʴʬʚʝʥʦʚʩʢʠʭ ʚʦʣʥ ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʩ ʛʝʦʤʘʛʥʠʪʥʳʤʠ 

ʧʫʣʴʩʘʮʠʷʤʠ ʈʩ1, ʪʦʨʦʠʜʘʣʴʥʳʤʠ ʠ ʧʦʣʦʠʜʘʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ 

ʘʣʴʬʚʝʥʦʚʩʢʠʭ ʚʦʣʥ ʭʘʨʘʢʪʝʨʥʦ ʨʘʟʜʝʣʝʥʠʝ ʧʦ ʤʘʩʰʪʘʙʘʤ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʣʥʳ. ɼʘʥʦ ʦʧʠʩʘʥʠʝ ʧʨʦʜʦʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʚʦ ʤʥʦʛʦʤ 

ʦʙʱʝʡ ʜʣʷ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʪʠʧʦʚ ʚʦʣʥ ʠ ʧʦʧʝʨʝʯʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʦʡ 

ʜʣʷ ʥʠʭ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʢʘʢ ʧʨʦʜʦʣʴʥʦʡ, ʪʘʢ ʠ 

ʧʦʧʝʨʝʯʥʦʡ ʩʪʨʫʢʪʫʨ ʚ ʛʦʪʦʚʷʱʝʤʩʷ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ çʈʝʟʦʥʘʥʩè.   
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ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʧʨʠ ʮʠʢʣʦʪʨʦʥʥʦʡ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʧʣʘʟʤʝ, ʩʦʟʜʘʚʘʝʤʦʡ ʠ ʧʦʜʜʝʨʞʠʚʘʝʤʦʡ ʤʦʱʥʳʤ ʤʠʣʣʠʤʝʪʨʦʚʳʤ 

ʠʟʣʫʯʝʥʠʝʤ ʛʠʨʦʪʨʦʥʘ ʚ ʧʨʷʤʦʡ ʘʢʩʠʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʦʡ ʤʘʛʥʠʪʥʦʡ ʣʦʚʫʰʢʝ ʚ ʫʩʣʦʚʠʷʭ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʮʠʢʣʦʪʨʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʕʎʈ ʨʘʟʨʷʜ). ʅʘʛʨʝʚ ʚ ʫʩʣʦʚʠʷʭ ʕʎʈ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʫʶ ʧʣʘʟʤʫ, ʩʦʜʝʨʞʘʱʫʶ ʧʣʦʪʥʫʶ ʭʦʣʦʜʥʫʶ ʢʦʤʧʦʥʝʥʪʫ 

(ʢʦʥʮʝʥʪʨʘʮʠʷ ~10
13

 ʩʤ
-3
, ʪʝʤʧʝʨʘʪʫʨʘ ~300 ʵɺ) ʩ ʠʟʦʪʨʦʧʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʩʢʦʨʦʩʪʷʤ, 

ʠ ʤʝʥʝʝ ʧʣʦʪʥʫʶ ʢʦʤʧʦʥʝʥʪʫ ʛʦʨʷʯʠʭ ʵʣʝʢʪʨʦʥʦʚ (ʢʦʥʮʝʥʪʨʘʮʠʷ ~10
10

 ʩʤ
-3
, ʪʝʤʧʝʨʘʪʫʨʘ ~10 

ʢʵɺ) ʩ ʘʥʠʟʦʪʨʦʧʥʦʡ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʍʦʣʦʜʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʧʣʘʟʤʳ ʦʧʨʝʜʝʣʷʝʪ 

ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ 

ʚ ʧʣʘʟʤʝʥʥʦʡ ʤʘʛʥʠʪʥʦʡ ʣʦʚʫʰʢʝ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʦʟʙʫʞʜʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ 

ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʨʝʟʦʥʘʥʩʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʵʥʝʨʛʠʯʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʧʣʘʟʤʳ ʩ 

ʘʥʠʟʦʪʨʦʧʥʦʡ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʩʢʦʨʦʩʪʷʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʨʘʤʝʪʨʳ ʧʣʘʟʤʳ 

ʕʎʈ ʨʘʟʨʷʜʘ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʰʠʨʦʢʠʡ ʢʨʫʛ 

ʧʨʦʮʝʩʩʦʚ ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ ʠ ʯʘʩʪʠʮ ʚ ʧʣʘʟʤʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤʘʭ. 

ɺʧʝʨʚʳʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠʟʫʯʝʥ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʠʤʧʫʣʴʩʦʚ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʥʘ ʪʨʝʭ ʩʪʘʜʠʷʭ ʕʎʈ ʨʘʟʨʷʜʘ: ʥʘ 

ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ, ʢʦʛʜʘ ʧʣʦʪʥʦʩʪʴ ʛʦʨʷʯʠʭ ʯʘʩʪʠʮ (Nh) ʧʨʝʚʦʩʭʦʜʠʪ ʧʣʦʪʥʦʩʪʴ ʭʦʣʦʜʥʳʭ 

(Nc), ʥʘ ʨʘʟʚʠʪʦʡ ʩʪʘʜʠʠ ʨʘʟʨʷʜʘ (Nh<<Nc), ʠ ʥʘ ʩʪʘʜʠʠ ʨʘʩʧʘʜʘ ʧʣʘʟʤʳ (Nh~Nc). ʅʘ ʢʘʞʜʦʡ 

ʠʟ ʩʪʘʜʠʡ ʚʦʟʤʦʞʥʦ ʨʘʟʚʠʪʠʝ ʮʠʢʣʦʪʨʦʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʤʦʜ: ʚ ʧʣʦʪʥʦʡ 
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ʭʦʣʦʜʥʦʡ ʧʣʘʟʤʝ ʵʬʬʝʢʪʠʚʥʦ ʚʦʟʙʫʞʜʘʶʪʩʷ ʩʚʠʩʪʦʚʳʝ ʚʦʣʥʳ, ʚ ʨʘʟʨʝʞʝʥʥʦʡ ʧʣʘʟʤʝ ï 

ʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝ ʧʦʧʝʨʝʢ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (Z- ʠ X- ʤʦʜʳ). ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʝʪʩʷ 

ʚʟʘʠʤʦʩʚʷʟʴ ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʮʠʢʣʦʪʨʦʥʥʦʡ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʷʚʣʝʥʠʷʤʠ, ʧʨʦʪʝʢʘʶʱʠʤʠ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʤʘʛʥʠʪʦʩʬʝʨʝ 

ɿʝʤʣʠ. 

 

 

ɺʃʀʗʅʀɽ ɻɽʆʄɽʊʈʀʀ ɼʅɽɺʅʆʁ ʄɸɻʅʀʊʆʇɸʋɿʓ ʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 

ʇʈʆʅʀʂʅʆɺɽʅʀʗ ʉʆʃʅɽʏʅʓʍ ɺʉʇʓʐɽʏʅʓʍ ʏɸʉʊʀʎ ɺ ʉʈɽɼʅɽ- ʀ 

ʅʀɿʂʆʐʀʈʆʊʅʓɽ ɿʆʅʓ ʄɸɻʅʀʊʆʉʌɽʈʓ ɿɽʄʃʀ 

 

ʅ.ʅ. ʇʘʚʣʦʚ 

 

ʅʀʀʗʌ ʠʤ. ɼ.ɺ.ʉʢʦʙʝʣʴʮʳʥʘ ʄɻʋ ʠʤ. ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ,  

ʛ.ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, nnp@mail.ru 

 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʩʪʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʛʝʦʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ ʩʪʨʦʷʪʩʷ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʘʥʠʤʠʨʦʚʘʥʥʳʝ ʠʣʣʶʩʪʨʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʚʠʜʝʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠ ʚʨʝʤʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʯʥʳʭ 

ʧʨʦʪʦʥʦʚ ʚ ʤʘʛʥʠʪʦʩʬʝʨʫ ɿʝʤʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʜʭʦʜʘ ʯʘʩʪʠʮ ʢ ɿʝʤʣʝ, 

ʛʝʦʤʝʪʨʠʠ ʤʘʛʥʠʪʦʧʘʫʟʳ ʠ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ.  ʄʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʫʯʘʩʪʢʠ ʜʥʝʚʥʦʡ 

ʤʘʛʥʠʪʦʧʘʫʟʳ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʯʘʩʪʠʮʳ ʚʳʙʨʘʥʥʦʡ ʵʥʝʨʛʠʠ ʤʦʛʫʪ ʧʦʧʘʩʪʴ ʥʘ ʪʨʘʝʢʪʦʨʠʠ 

(ʢʚʘʟʠ-)ʟʘʭʚʘʪʘ (ʜʦʣʛʦʪʥʳʡ ʜʨʝʡʬ ʩ ʧʨʦʭʦʞʜʝʥʠʝʤ ʯʝʨʝʟ ʥʦʯʥʫʶ ʟʦʥʫ), ʘ ʪʘʢʞʝ, ʜʣʷ ʩʣʫʯʘʷ 

ʢʚʘʟʠʧʦʩʪʦʷʥʥʦʛʦ ʧʦʣʷ, ʧʦʩʪʨʦʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʠ ʫʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʘʢʠʭ ʯʘʩʪʠʮ 

ʚʥʫʪʨʠ ʤʘʛʥʠʪʦʩʬʝʨʳ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ, ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ (ʠ 

ʚʘʨʠʘʮʠʡ ʵʪʠʭ ʧʦʪʦʢʦʚ) ʚʥʫʪʨʠ ʠ ʚʥʝ ʤʘʛʥʠʪʦʩʬʝʨʳ, ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʩʜʝʣʘʥʳ 

ʚʳʚʦʜʳ ʦ ʛʝʦʤʝʪʨʠʠ ʤʘʛʥʠʪʦʧʘʫʟʳ.  ʇʨʠ ʧʘʜʝʥʠʠ ʥʘ ʚʳʧʫʢʣʫʶ ʤʘʛʥʠʪʦʧʘʫʟʫ ʩʦʣʥʝʯʥʳʭ 

ʯʘʩʪʠʮ, ʠʤʝʶʱʠʭ ʥʝʢʦʪʦʨʦʝ ʧʠʪʯ-ʫʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʤʝʞʧʣʘʥʝʪʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, 

ʧʨʦʠʩʭʦʜʠʪ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʠʪʯ-ʫʛʣʦʚ, ʘ ʠʪʦʛʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʭʨʘʥʷʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 

ʫʩʣʦʚʠʷʭ ʧʘʜʝʥʠʷ; ʤʦʜʝʣʴ ʠʣʣʶʩʪʨʠʨʫʝʪ ʠ ʬʠʢʩʠʨʫʝʪ ʵʪʦʪ ʵʬʬʝʢʪ.  ʆʙʩʫʞʜʘʶʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʠ; ʠʥʪʝʨʚʘʣʳ ʵʥʝʨʛʠʡ ʩʦʣʥʝʯʥʳʭ ʯʘʩʪʠʮ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʥʘʙʣʶʜʝʥʠʷ ʠ ʤʦʜʝʣʴ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʭʦʜʷʪʩʷ; ʧʨʠʯʠʥʳ ʦʪʢʣʦʥʝʥʠʡ.  

 

 

ɻʈɸɼʀɽʅʊ ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ BZ ɺ ʊʆʅʂʆʄ ʊʆʂʆɺʆʄ ʉʃʆɽ ʍɺʆʉʊɸ 

ʄɸɻʅʀʊʆʉʌɽʈʓ ɿɽʄʃʀ 

 

ɸ.ɸ. ʇʝʪʨʫʢʦʚʠʯ, ɸ.ɺ. ɸʨʪʝʤʴʝʚ, R. Nakamura 

 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, apetruko@iki.rssi.ru 

 

ʇʦ ʥʘʙʣʶʜʝʥʠʷʤ ʧʨʦʝʢʪʘ ʂʣʘʩʪʝʨ ʚ ʪʝʯʝʥʠʝ 2005-2009 ʩ ʙʦʣʴʰʠʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ 

ʩʧʫʪʥʠʢʘʤʠ (ʦʢʦʣʦ 10 000 ʢʤ) ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʪʦʥʢʦʛʦ ʪʦʢʦʚʦʛʦ ʩʣʦʷ, 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʭʚʦʩʪʝ ʧʝʨʝʜ ʚʥʝʟʘʧʥʳʤ ʥʘʯʘʣʦʤ ʩʫʙʙʫʨʠ. ʉʦʙʨʘʥʘ ʙʘʟʘ ʠʟ ʦʢʦʣʦ 50 

ʩʦʙʳʪʠʡ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʜʦʩʪʦʚʝʨʥʦ ʚʳʯʠʩʣʠʪʴ ʢʘʢ ʚʝʣʠʯʠʥʫ ʧʣʦʪʥʦʩʪʠ ʧʦʧʝʨʝʯʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʪʘʢ ʠ ʛʨʘʜʠʝʥʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ Bz ʚʜʦʣʴ ʭʚʦʩʪʘ. ʇʦʩʣʝʜʥʠʡ 

ʦʧʨʝʜʝʣʷʝʪ (ʩʣʘʙʫʶ) ʜʚʫʤʝʨʥʦʩʪʴ ʢʦʥʬʠʛʫʨʘʮʠʠ. ɺʙʣʠʟʠ ɿʝʤʣʠ (ʚ ʧʨʝʜʝʣʘʭ 14 Re) ʚʦ ʚʨʝʤʷ 

ʬʘʟʳ ʥʘʢʦʧʣʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʢʘʢ Bz, ʪʘʢ ʠ ʝʛʦ ʛʨʘʜʠʝʥʪ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʦʙʥʘʨʫʞʝʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʛʨʘʜʠʝʥʪʦʚ Bz (ʧʨʦʬʠʣʠ ʩ ʤʘʢʩʠʤʫʤʦʤ Bz ʚʜʦʣʴ ʭʚʦʩʪʘ). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʪʝʨʚʘʣʳ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʛʨʘʜʠʝʥʪʦʤ Bz (ʚ ʧʨʝʜʝʣʘʭ 0.5-2 ʥʊ/Re) ʤʦʛʫʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʣʶʙʦʡ ʯʘʩʪʠ ʬʘʟʳ ʥʘʢʦʧʣʝʥʠʷ, ʭʦʪʷ ʠ ʪʷʛʦʪʝʶʪ ʢ ʝʝ ʦʢʦʥʯʘʥʠʶ, ʛʜʝ Bz 

ʤʝʥʴʰʝ. ʅʝ ʦʙʥʘʨʫʞʝʥʦ ʢʘʢʦʡ-ʣʠʙʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ 
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ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʣʦʢʘʣʴʥʳʤ ʚʩʧʣʝʩʢʦʤ ʘʢʪʠʚʥʦʩʪʠ (ʚʥʝʟʘʧʥʳʤ ʥʘʯʘʣʦʤ ʩʫʙʙʫʨʠ). 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʠʥʪʝʨʚʘʣʦʚ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 5-10 ʤʠʥ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʚʷʟʘʪʴ ʠʭ ʩ ʤʝʟʦ-ʤʘʩʰʪʘʙʥʳʤʠ (1-2 Re) ʚʘʨʠʘʮʠʷʤʠ ʚ ʪʦʥʢʦʤ ʚʳʪʷʥʫʪʦʤ ʪʦʢʦʚʦʤ 

ʩʣʦʝ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʙʳʩʪʨʳʤʠ ʧʦʪʦʢʘʤʠ ʧʣʘʟʤʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʢʣʦʥ ʪʦʢʦʚʦʛʦ 

ʩʣʦʷ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʥʘʙʣʶʜʘʝʤʳʝ ʚʘʨʠʘʮʠʠ Bz. ɺ ʮʝʣʦʤ ʛʠʧʦʪʝʟʘ ʦ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʟʦʥʳ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ Bz ʧʝʨʝʜ ʦʥʩʝʪʦʤ, ʢʘʢ ʫʩʣʦʚʠʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝ ʥʘʰʣʘ ʧʨʷʤʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ.  

 

 

ʂʈʋʇʅʆʄɸʉʐʊɸɹʅʓɽ ɺʀʍʈɽɺʓɽ ʊɽʏɽʅʀʗ ɺ ʄɸɻʅʀʊʆʉʌɽʈɽ ʇʆʉʃɽ 

ʇʈʆʍʆɾɼɽʅʀʗ ʌʈʆʅʊɸ ɺʅɽɿɸʇʅʆɻʆ ʀʄʇʋʃʔʉɸ 

 

ɸ.ɸ. ʉʘʤʩʦʥʦʚ 

 

ʉʇʙɻʋ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, andre.samsonov@gmail.com 

 

ʈʘʙʦʪʘ ʦʙʦʙʱʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʧʣʘʥʝʪʥʳʭ 

ʫʜʘʨʥʳʭ ʚʦʣʥ ʩ ʟʝʤʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʛʣʦʙʘʣʴʥʳʭ 

ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʠ 

ʫʩʣʦʚʠʡ ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʚʦʣʥʳ ʩʞʘʪʠʷ ʠʣʠ ʚʥʝʟʘʧʥʦʛʦ ʠʤʧʫʣʴʩʘ ʯʝʨʝʟ 

ʤʘʛʥʠʪʦʩʬʝʨʫ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘ ʜʥʝʚʥʦʡ ʩʪʦʨʦʥʝ ʤʘʛʥʠʪʦʩʬʝʨʳ ʬʦʨʤʠʨʫʶʪʩʷ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʚʠʭʨʝʚʳʝ ʪʝʯʝʥʠʷ. ʄʳ ʚʧʝʨʚʳʝ ʧʦʢʘʟʳʚʘʝʤ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʜʘʥʥʳʭ 

ʚʠʭʨʝʡ ʚʳʟʚʘʥʦ ʦʪʨʘʞʝʥʠʝʤ ʫʩʢʦʨʝʥʥʦʛʦ ʧʦʪʦʢʘ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ ʦʪ ʚʥʫʪʨʝʥʥʝʡ 

ʛʨʘʥʠʮʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʘʷ ʚ ʨʝʘʣʴʥʦʩʪʠ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ, ʥʘʧʨʠʤʝʨ, 

ʧʣʘʟʤʘʧʘʫʟʝ. ɺʠʭʨʠ ʙʳʩʪʨʦ ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ ʠ ʧʝʨʝʤʝʱʘʶʪʩʷ ʥʘ ʥʦʯʥʫʶ ʩʪʦʨʦʥʫ ʚʩʣʝʜ ʟʘ 

ʬʨʦʥʪʦʤ ʚʦʣʥʳ ʩʞʘʪʠʷ. ɺʠʭʨʷʤ ʧʣʘʟʤʝʥʥʦʛʦ ʧʦʪʦʢʘ ʤʦʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʩʠʩʪʝʤʳ 

ʧʨʦʜʦʣʴʥʳʭ ʪʦʢʦʚ: ʪʦʢʠ, ʚʪʝʢʘʶʱʠʝ ʚ ʠʦʥʦʩʬʝʨʫ ʥʘ ʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ ʠ ʚʳʪʝʢʘʶʱʠʝ ʥʘ 

ʚʝʯʝʨʥʝʡ ʩʪʦʨʦʥʝ. ʇʨʠ ʶʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʄʄʇ ʚʠʭʨʠ ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʚʦʟʤʫʱʝʥʠʷʤ ʩʠʩʪʝʤʳ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʩʧʫʪʥʠʢʦʚ THEMIS, 

ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʥʘʙʦʨ ʥʘʙʣʶʜʝʥʠʡ ʚʥʝʟʘʧʥʳʭ ʠʤʧʫʣʴʩʦʚ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ. ʉʧʫʪʥʠʢʦʚʳʝ 

ʥʘʙʣʶʜʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʦʷʚʣʝʥʠʝ ʜʘʥʥʳʭ ʚʠʭʨʝʡ, ʘ ʥʘʙʣʶʜʘʝʤʳʝ ʚʘʨʠʘʮʠʠ ʩʢʦʨʦʩʪʠ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

 

ʄʆɼɽʃʔ ʈɸʉʐʀʈʗʖʑɽʁʉʗ ʇʃɸɿʄʆʉʌɽʈʓ 

 

ʖ.ɺ. ʏʫʛʫʥʦʚ, ʅ.ʅ. ʉʣʶʥʷʝʚ 

 

ʀʇʌ ʈɸʅ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ,  

 

ʇʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʧʣʘʟʤʦʩʬʝʨʳ ʚʦʢʨʫʛ ʚʨʘʱʘʶʱʝʛʦʩʷ ʥʘʤʘʛʥʠʯʝʥʥʦʡ 

ʧʣʘʥʝʪʳ ʧʨʠ ʥʘʣʠʯʠʠ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʠ ʨʘʜʠʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʡ ʧʣʘʟʤʝʥʥʦʡ ʦʙʦʣʦʯʢʠ. 

ʇʦʩʪʨʦʝʥʥʘʷ ʤʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ ʦʩʝʩʠʤʤʝʪʨʠʯʥʫʶ ʧʣʘʟʤʦʩʬʝʨʫ ʧʣʘʥʝʪʳ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʜʚʫʭ 

ʯʘʩʪʝʡ: ʘ) ʚʥʫʪʨʝʥʥʝʡ ʦʙʣʘʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ L-ʦʙʦʣʦʯʢʦʡ, ʨʘʚʥʦʡ L* , ʛʜʝ ʜʘʚʣʝʥʠʝ 

ʠʟʦʪʨʦʧʥʦ, ʘ ʜʚʠʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʟʠʤʫʪʘʣʴʥʦʝ ʪʚʝʨʜʦʪʝʣʴʥʦʝ ʚʨʘʱʝʥʠʝ; 

ʙ) ʚʥʝʰʥʝʡ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʥʘʨʷʜʫ ʩ ʥʝʪʚʝʨʜʦʪʝʣʴʥʳʤ ʘʟʠʤʫʪʘʣʴʥʳʤ ʚʨʘʱʝʥʠʝʤ ʠʤʝʝʪ 

ʤʝʩʪʦ ʨʘʜʠʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʩʨʝʜʳ, ʜʘʚʣʝʥʠʝ ʧʣʘʟʤʳ ʘʥʠʟʦʪʨʦʧʥʦ, ʘ ʚʷʟʢʦʩʪʴ ʥʝʩʫʱʝʩʪʚʝʥʥʘ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʷʜʘ ʫʧʨʦʱʘʶʱʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʘʥʘʣʠʪʠʯʝʩʢʠ ʧʦʣʫʯʝʥʳ 

ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʧʣʦʪʥʦʩʪʠ, ʨʘʜʠʘʣʴʥʦʡ ʠ 

ʘʟʠʤʫʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʝʡ ʩʨʝʜʳ ʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʘʞʥʝʡʰʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʠʜʘ ʨʝʰʝʥʠʷ (ʨʘʟʤʝʨ ʚʥʫʪʨʝʥʥʝʡ ʦʙʣʘʩʪʠ L* = 6.6, 

ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ ʚ ʨʘʜʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʜʘʚʣʝʥʠʷ, ʨʘʚʥʳʡ 5/3, ʩʢʘʯʦʢ ʧʣʦʪʥʦʩʪʠ ʛʘʟʘ 
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ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʚʥʫʪʨʝʥʥʝʡ ʦʙʣʘʩʪʠ ʧʣʘʟʤʦʩʬʝʨʳ ʚʦ ʚʥʝʰʥʶʶ) ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʦʡ 

ʫʨʘʚʥʝʥʠʡ. ʆʧʠʨʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʤʦʜʝʣʠ. ʇʨʠ ʵʪʦʤ 

ʭʘʨʘʢʪʝʨʥʳʝ ʟʥʘʯʝʥʠʷ ʚʪʝʢʘʶʱʠʭ ʠ ʚʳʪʝʢʘʶʱʠʭ ʪʦʢʦʚ ʚ ʧʦʣʷʨʥʳʭ ʦʙʣʘʩʪʷʭ ʧʦʨʷʜʢʘ 10
6 - 

10
7
 

ɸ. ʇʦ ʩʪʨʫʢʪʫʨʝ ʠ ʭʘʨʘʢʪʝʨʥʳʤ ʚʝʣʠʯʠʥʘʤ ʪʘʢʠʝ ʪʦʢʠ ʩʭʦʜʥʳ ʩ ʪʦʢʘʤʠ ɹʠʨʢʝʣʘʥʜʘ, 

ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ ʟʘʜʘʯʝ ʦʙ ʦʙʪʝʢʘʥʠʠ ʧʣʘʥʝʪʳ ʩʦʣʥʝʯʥʳʤ ʚʝʪʨʦʤ. 

 

 

ʄʀʅʀ-ʄɸɻʅʀʊʆʉʌɽʈɸ 

 

ʀ.ʌ. ʐʘʡʭʠʩʣʘʤʦʚ, ɺ.ʄ. ɸʥʪʦʥʦʚ, ʖ.ʇ. ɿʘʭʘʨʦʚ, ʕ.ʃ. ɹʦʷʨʠʥʮʝʚ,  

ɸ.ɺ. ʄʝʣʝʭʦʚ, ɺ.ɻ. ʇʦʩʫʭ ʠ ɸ.ɻ. ʇʦʥʦʤʘʨʝʥʢʦ  

 

ʀʥʩʪʠʪʫʪ ʃʘʟʝʨʥʦʡ ʌʠʟʠʢʠ ʉʆ ʈɸʅ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, ildars@ngs.ru 

 

ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ ʤʝʪʦʜʘʤʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʳ ʠ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʦʩʬʝʨʘ ʩʦʧʦʩʪʘʚʠʤʘʷ ʧʦ ʨʘʟʤʝʨʘʤ ʩ ʠʦʥʥʳʤʠ 

ʢʠʥʝʪʠʯʝʩʢʠʤʠ ʤʘʩʰʪʘʙʘʤʠ. ʊʘʢʦʡ ʦʙʲʝʢʪ ʧʨʠʤʝʥʠʤ ʢ ʤʘʛʥʠʪʥʳʤ ʘʥʦʤʘʣʠʷʤ ʥʘ ʃʫʥʝ, ʚ 

ʧʝʨʩʧʝʢʪʠʚʝ ʢ ʘʩʪʝʨʦʠʜʘʤ ʩ ʦʩʪʘʪʦʯʥʳʤ ʤʘʛʥʝʪʠʟʤʦʤ ʠ ʩʠʩʪʝʤʘʤ ʟʘʱʠʪʳ ʵʢʠʧʘʞʘ ʦʪ 

ʵʥʝʨʛʠʯʥʳʭ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʧʨʦʪʦʥʦʚ. ɸʧʧʘʨʘʪʳ Lunar Prospector, SELENE Explorer ʠ 

Chandrayaan-1 ʧʨʝʜʦʩʪʘʚʠʣʠ ʜʘʥʥʳʝ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʃʫʥʥʳʭ ʘʥʦʤʘʣʠʡ ʩ ʉʦʣʥʝʯʥʳʤ 

ɺʝʪʨʦʤ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʯʘʩʪʠʯʥʦ ʟʘʱʠʱʝʥʥʳʭ ʦʙʣʘʩʪʝʡ. ʃʘʙʦʨʘʪʦʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʤʘʛʥʠʪʦʧʘʫʟʳ ʠ ʪʦʯʢʘ ʦʩʪʘʥʦʚʢʠ ʧʣʘʟʤʳ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʚ 

ʨʝʞʠʤʘʭ ʩ ʤʘʣʦʡ ʠ ʙʦʣʴʰʦʡ ʠʦʥʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʜʣʠʥʦʡ.  ɸ ʠʤʝʥʥʦ, ʚ ʢʠʥʝʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 

ʤʘʛʥʠʪʦʧʘʫʟʘ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʟʘʤʝʪʥʦ ʜʘʣʴʰʝ, ʯʝʤ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʨʘʩʯʝʪʥʦʡ ʪʦʯʢʠ ʙʘʣʘʥʩʘ 

ʜʘʚʣʝʥʠʡ, ʘ ʧʣʘʟʤʘ ʧʨʦʥʠʢʘʝʪ ʛʣʫʙʦʢʦ ʚʥʫʪʨʴ ʦʙʣʘʩʪʠ ʜʠʧʦʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʄʳ 

ʩʚʷʟʳʚʘʝʤ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩ ʦʙʥʘʨʫʞʝʥʥʦʡ ʚ ʦʧʳʪʘʭ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʦʡ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʝʢʦʤʧʣʘʥʘʨʥʦʡ ʜʠʧʦʣʴʥʦʤʫ ʧʦʣʶ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʘʷ ʢʦʤʧʦʥʝʥʪʘ 

ʧʦʣʷ ʥʝ ʤʝʥʷʝʪ ʟʥʘʢ ʧʨʠ ʠʥʚʝʨʩʠʠ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʜʠʧʦʣʷ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʝ 

ʛʝʥʝʨʘʮʠʶ ʢʚʘʜʨʘʪʠʯʥʳʤ ʍʦʣʣʦʚʩʢʠʤ ʯʣʝʥʦʤ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʦʙʲʷʩʥʷʝʪ ʜʚʠʞʝʥʠʝ ʧʣʘʟʤʳ ʚʥʫʪʨʠ ʤʘʛʥʠʪʦʩʬʝʨʳ ʍʦʣʣʦʚʩʢʠʤʠ ʪʦʢʘʤʠ, ʢʦʪʦʨʳʝ ʩʪʨʝʤʷʪʩʷ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʢʦʥʚʝʢʮʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʣʘʟʤʦʡ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʍʦʣʣʦʚʩʢʠʤ ʄɻɼ ʢʦʜʦʤ ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʥʝʢʦʤʧʣʘʥʘʨʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʘʭ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʠʦʥʳ ʧʨʦʥʠʢʘʶʪ 

ʛʣʫʙʦʢʦ ʚʥʫʪʨʴ ʤʠʥʠ-ʤʘʛʥʠʪʦʩʬʝʨʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʵʣʝʢʪʨʦʥʳ ʦʙʪʝʢʘʶʪ ʝʝ ʚʜʦʣʴ 

ʤʘʛʥʠʪʦʧʘʫʟʳ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʇʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʆ ʈɸʅ ʧʨʦʝʢʪ 2.3.1.10, ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ʧʨʦʝʢʪ 12-02-00367), ʧʨʦʛʨʘʤʤʳ 15 ʆʌʅ ʈɸʅ, ʠ ʧʨʦʛʨʘʤʤʳ 22 ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ. 

 

 

ɼʆʃɻʆɾʀɺʋʑʀɽ ʇʈʆʊʆʅʅʓɽ ʉʀʗʅʀʗ ʂ ʕʂɺɸʊʆʈʋ ʆʊ ʆɺɸʃɸ  

ʅɸ ɼʅɽɺʅʆʁ ʉʊʆʈʆʅɽ  

 

ɸ.ɻ. ʗʭʥʠʥ, ʊ.ɸ. ʗʭʥʠʥʘ  
 

ʇɻʀ ʂʅʎ ʈɸʅ,  ʛ. ɸʧʘʪʠʪʳ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʈʦʩʩʠʷ, ayahnin@gmail .com 

 

ʇʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʧʨʦʪʦʥʥʳʭ ʩʠʷʥʠʡ ʩʦ ʩʧʫʪʥʠʢʘ IMAGE ʤʳ ʦʙʥʘʨʫʞʠʣʠ ʥʦʚʳʡ 

(ʥʝ ʦʧʠʩʘʥʥʳʡ ʚ ʣʠʪʝʨʘʪʫʨʝ) ʪʠʧ ʧʨʦʪʦʥʥʳʭ ʩʠʷʥʠʡ ʢ ʵʢʚʘʪʦʨʫ ʦʪ ʦʚʘʣʘ ʥʘ ʜʥʝʚʥʦʡ ʩʪʦʨʦʥʝ. 

ʕʪʠ ʩʠʷʥʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ ʧʝʨʠʦʜʦʚ (ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʦ, 

ʚʦʟʤʦʞʥʦ, ʩʫʪʦʢ) ʚʦ ʚʨʝʤʷ ʥʝʚʦʟʤʫʱʝʥʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ 
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ʰʠʨʦʪʘʭ ʠ ʚ ʩʚʷʟʠ ʩ ʥʘʟʝʤʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ʚ ʩʦʧʨʷʞʝʥʥʦʡ ʦʙʣʘʩʪʠ ʛʝʦʤʘʛʥʠʪʥʳʭ 

ʧʫʣʴʩʘʮʠʡ ʚ ʜʠʘʧʘʟʦʥʝ ʈʩ1. ʇʦʩʣʝʜʥʝʝ, ʦʯʝʚʠʜʥʦ, ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʘʢ ʠ ʧʫʣʴʩʘʮʠʠ, ʩʠʷʥʠʷ 

(ʧʨʦʪʦʥʥʳʝ ʚʳʩʳʧʘʥʠʷ) ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʟʚʠʪʠʷ ʠʦʥʥʦ-ʮʠʢʣʦʪʨʦʥʥʦʡ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʦʢʦʣʦʟʝʤʥʦʡ ʧʣʘʟʤʝ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʠʟʤʝʨʝʥʠʷʤʠ ʥʘ ʩʧʫʪʥʠʢʘʭ LANL  

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʥʝ ʩʚʷʟʘʥʘ ʩ ʦʙʣʘʩʪʷʤʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʭʦʣʦʜʥʦʡ ʧʣʘʟʤʳ, 

ʪ.ʝ. ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʟʚʠʚʘʝʪʩʷ ʚʥʝ ʧʣʘʟʤʦʩʬʝʨʳ. ʆʪʩʫʪʩʪʚʠʝ ʚ ʦʙʣʘʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʭʦʣʦʜʥʦʡ ʧʣʘʟʤʳ ʦʙʲʷʩʥʷʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʯʘʩʪʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʫʣʴʩʘʮʠʡ ʈʩ1 

ʦʢʘʟʳʚʘʝʪʩʷ ʚʩʝʛʜʘ ʚʳʰʝ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʛʠʨʦʯʘʩʪʦʪʳ ʅʝ+ ʥʘ ʰʠʨʦʪʝ ʧʨʦʪʦʥʥʦʛʦ ʩʚʝʯʝʥʠʷ. 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʧʦʚʳʰʝʥʥʦʡ ʧʦʧʝʨʝʯʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ ʧʨʦʪʦʥʦʚ ʚ 

ʜʥʝʚʥʦʤ ʩʝʢʪʦʨʝ. ʊʘʢʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʩʱʝʧʣʝʥʠʷ ʜʨʝʡʬʦʚʳʭ 

ʦʙʦʣʦʯʝʢ ʧʨʦʪʦʥʦʚ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ, ʜʨʝʡʬʫʶʱʠʭ ʚʦʢʨʫʛ ɿʝʤʣʠ.  
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ʉ ɽ ʂ ʎ ʀ ʗ   çʄɸɻʅʀʊʆʉʌɽʈɸè ʉʊɽʅɼʆɺʓɽ ɼʆʂʃɸɼʓ 

 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɼʀʅɸʄʀʂʀ ʏɸʉʊʀʎ ɺ ʄɸɻʅʀʊʅʆʄ ʇʆʃɽ ʄʆɼɽʃʔʅʆɻʆ 

ʊʆʂʆɺʆɻʆ ʉʃʆʗ 

 

ʂ. ɸʜʝʣʴʩʦʥ 

 
1
ʄʌʊʀ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, adelson@list.ru 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʜʠʥʘʤʠʢʘ ʯʘʩʪʠʮ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʤʦʜʝʣʴʥʦʛʦ ʪʦʢʦʚʦʛʦ 

ʩʣʦʷ B=B0sign(z)ex+Bzez, ʛʜʝ B0 ʠ Bz ʝʩʪʴ ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ. ɺ ʩʣʫʯʘʝ Bz/B0<<1 

ʩʠʣʦʚʘʷ ʣʠʥʠʷ ʚʳʪʷʥʫʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ex ʠ ʜʠʥʘʤʠʢʘ ʯʘʩʪʠʮʳ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʙʣʠʞʝʥʥʦ 

ʦʧʠʩʘʥʘ ʚ ʨʘʤʢʘʭ ʢʚʘʟʠ-ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ [1]. ʇʨʠʙʣʠʞʝʥʥʦʩʪʴ ʵʪʦʛʦ ʦʧʠʩʘʥʠʷ 

ʦʙʫʩʣʦʚʣʝʥʘ ʩʢʘʯʢʘʤʠ ʢʚʘʟʠ-ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʥʚʘʨʠʘʥʪʘ ʚʙʣʠʟʠ ʥʝʡʪʨʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

ʀʩʧʦʣʴʟʫʷ ʯʠʩʣʝʥʥʳʡ ʨʘʩʯʝʪ ʪʨʘʝʢʪʦʨʠʡ, ʚ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʘʯʢʘ ʢʚʘʟʠ-

ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʥʚʘʨʠʘʥʪʘ ʦʪ ʚʝʣʠʯʠʥʳ ʠʥʚʘʨʠʘʥʪʘ, ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʠ ʧʘʨʘʤʝʪʨʘ Bz/B0. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʥʘʩʪʦʷʱʝʡ ʤʦʜʝʣʠ, ʛʜʝ ʚʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, 

ʯʘʩʪʠʮʘ ʚʩʝʛʜʘ ʦʙʣʘʜʘʝʪ ʠ ʜʨʫʛʠʤ çʙʦʣʝʝ ʪʦʯʥʳʤè ʠʥʚʘʨʠʘʥʪʦʤ m= (Vper)
2
/2|B|, ʛʜʝ Vper ʝʩʪʴ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʩʠʣʦʚʦʡ ʣʠʥʠʠ. ɺ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʫʶʪʩʷ ʩʢʘʯʢʠ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʥʚʘʨʠʘʥʪʘ m. ʉʨʘʚʥʝʥʠʝ ʩʢʘʯʢʦʚ ʢʚʘʟʠ-

ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʥʚʘʨʠʘʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʛʨʘʥʠʮʳ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʢʚʘʟʠ-ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʧʦ ʧʘʨʘʤʝʪʨʫ Bz/B0, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ 

ʫʛʦʣ ʨʘʩʪʚʦʨʘ ʩʠʣʦʚʦʡ ʣʠʥʠʠ. 

[1] J. B¿chner and L. M. Zelenyi,J. Geophys. Res.,1989,94,11821-11842. 

 

 

ɺʓʉʆʂʆʐʀʈʆʊʅʓɽ ʋʅʏ ʇʆ ʄɸɻʅʀʊʅʓʄ ʀ ʈɸɼɸʈʅʓʄ ʅɸɹʃʖɼɽʅʀʗʄ 

 

ɺ.ʀ. ɹʘʜʠʥ 

 

ʀɿʄʀʈɸʅ, ʛ. ʊʨʦʠʮʢ, ʈʦʩʩʠʷ, badin@izmiran.ru 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ ʠʦʥʦʩʬʝʨʝ ʚʳʩʦʢʠʭ ʰʠʨʦʪ, ʘ ʪʘʢʞʝ 

ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʨʦʞʜʘʶʱʠʭ ʵʪʠ ʷʚʣʝʥʠʷ, ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ 

ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʥʘʣʠʟʝ ʨʝʛʫʣʷʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʜʠʥʘʤʠʢʠ 

ʤʘʛʥʠʪʥʳʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʥʘʟʝʤʥʳʤʠ ʤʘʛʥʠʪʦʤʝʪʨʘʤʠ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤʠ 

ʨʘʜʘʨʘʤʠ. ɺʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ 

ʘʥʘʣʠʟ ʤʘʛʥʠʪʥʳʭ ʠ ʜʦʧʧʣʝʨʦʚʩʢʠʭ ʨʘʜʘʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʉʝʨʴʝʟʥʘʷ ʧʨʦʙʣʝʤʘ, 

ʟʘʪʨʫʜʥʷʶʱʘʷ ʧʨʦʚʝʜʝʥʠʝ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ, ʩʦʩʪʦʠʪ ʚ ʜʦʧʧʣʝʨʦʚʩʢʦʤ ʩʜʚʠʛʝ ʯʘʩʪʦʪ ʤʝʞʜʫ 

ʜʘʥʥʳʤʠ ʤʘʛʥʠʪʥʳʭ ʠ ʨʘʜʘʨʥʳʭ ʠʟʤʝʨʝʥʠʡ. ɼʦʧʧʣʝʨʦʚʩʢʠʡ ʩʜʚʠʛ ʯʘʩʪʦʪ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, 

ʯʪʦ ʨʘʜʘʨʳ ʠʟʤʝʨʷʶʪ ʩʢʦʨʦʩʪʴ ʜʨʝʡʬʘ ʠʦʥʦʩʬʝʨʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʪ.ʝ. ʧʦʧʝʨʝʯʥʦʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʘʛʥʠʪʦʤʝʪʨʳ ʠʟʤʝʨʷʶʪ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠʦʥʦʩʬʝʨʥʦʛʦ 

ʪʦʢʘ, ʢʦʪʦʨʳʡ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʨʘʟʥʦʩʪʠ ʩʢʦʨʦʩʪʝʡ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ. ɺ ʧʨʝʞʥʠʭ ʨʘʙʦʪʘʭ 

ʵʪʦʪ ʜʦʧʧʣʝʨʦʚʩʢʠʡ ʩʜʚʠʛ ʥʝ ʫʯʠʪʳʚʘʣʩʷ. ʇʨʦʙʣʝʤʘ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʫʛʫʙʣʷʝʪʩʷ ʪʝʤ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ, ʯʪʦ ʧʨʷʤʦʝ ʠʟʤʝʨʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʢʦʨʦʩʪʠ ʠʦʥʦʩʬʝʨʥʳʭ ʠʦʥʦʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʫʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʟʘʜʘʯʫ. ɼʣʷ ʚʦʟʤʦʞʥʦʡ 

ʢʦʩʚʝʥʥʦʡ ʦʮʝʥʢʠ ʜʦʧʧʣʝʨʦʚʩʢʦʛʦ ʩʜʚʠʛʘ ʯʘʩʪʦʪ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤʠ ʠ ʨʘʜʘʨʥʳʤʠ 

ʥʘʙʣʶʜʝʥʠʷʤʠ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʘʛʥʠʪʥʳʭ 

ʜʘʥʥʳʭ ʢʘʢ ʟʘʜʘʯʠ ʐʫʩʪʝʨʘ, ʪ.ʝ. ʧʦʠʩʢʘ ʩʢʨʳʪʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʚʦ ʚʨʝʤʝʥʥʳʭ ʨʷʜʘʭ 

ʤʘʛʥʠʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʩʠʛʥʘʣʳ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 
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ʇʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʙʳʣʦ ʥʘʡʜʝʥʦ ʤʝʪʦʜʦʤ ʊʴʶʢʠ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʪʦʤ, ʯʪʦ 

ʩʢʨʳʪʘʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʠʤʝʝʪ ʚʠʜ ʵʢʚʠʜʠʩʪʘʥʪʥʦʛʦ ʩʧʝʢʪʨʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʯʘʩʪʦʪʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʧʠʢʘʤʠ ʜʘʝʪ ʦʩʥʦʚʥʫʶ ʯʘʩʪʦʪʫ 

ʩʧʝʢʪʨʘ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʚʦʙʦʜʥʦʡ ʦʪ ʜʦʧʧʣʝʨʦʚʩʢʦʛʦ ʩʜʚʠʛʘ. ʅʘ ʦʩʥʦʚʝ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʠʩʢʘ ʩʢʨʳʪʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʧʨʦʚʝʜʝʥ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ʤʘʛʥʠʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʘʚʨʦʨʘʣʴʥʦʤ ʦʚʘʣʝ. ʆʙʥʘʨʫʞʝʥʳ ʵʢʚʠʜʠʩʪʘʥʪʥʳʝ ʩʧʝʢʪʨʳ ʜʚʫʭ 

ʢʘʯʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ. ʉʧʝʢʪʨʳ ʧʝʨʚʦʛʦ ʪʠʧʘ ʩʦʜʝʨʞʘʪ ʧʠʢʠ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ, ʩʜʚʠʥʫʪʳʝ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʥʘ ʚʝʣʠʯʠʥʫ, ʧʨʝʚʳʰʘʶʱʫʶ 

ʯʘʩʪʦʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʧʠʢʘʤʠ. ʊʘʢʠʝ ʩʧʝʢʪʨʳ ʥʘʙʣʶʜʘʣʠʩʴ 

ʚ ʩʧʦʢʦʡʥʳʭ ʠ ʩʣʘʙʦʚʦʟʤʫʱʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʩʝʚʝʨʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ɺ ʩʧʝʢʪʨʘʭ ʚʪʦʨʦʛʦ ʪʠʧʘ ʧʠʢʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 

ʩʜʚʠʥʫʪʳ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʥʘ ʚʝʣʠʯʠʥʫ, ʤʝʥʴʰʫʶ ʯʘʩʪʦʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʧʠʢʘʤʠ. ɺ ʩʣʘʙʦʚʦʟʤʫʱʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʶʞʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʪʦʣʴʢʦ ʩʧʝʢʪʨʳ ʚʪʦʨʦʛʦ 

ʪʠʧʘ. ɼʣʷ ʪʝʭ ʞʝ ʩʘʤʳʭ ʘʚʨʦʨʘʣʴʥʳʭ ʩʦʙʳʪʠʡ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ʜʦʧʧʣʝʨʦʚʩʢʠʭ ʨʘʜʘʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʢʦʨʦʩʪʠ ʜʨʝʡʬʘ ʠʦʥʦʩʬʝʨʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ʕʪʦʪ ʘʥʘʣʠʟ 

ʦʙʥʘʨʫʞʠʣ ʦʙʦʩʦʙʣʝʥʥʳʝ ʯʘʩʪʦʪʳ, ʩʦʚʧʘʜʘʶʱʠʝ (ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʤʝʪʦʜʘ) ʩ 

ʦʩʥʦʚʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʵʢʚʠʜʠʩʪʘʥʪʥʳʭ ʩʧʝʢʪʨʦʚ, ʥʘʡʜʝʥʥʳʭ ʨʘʥʝʝ ʚ ʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ. ʊʝʤ 

ʩʘʤʳʤ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʩʚʝʥʥʦʛʦ ʫʯʝʪʘ (ʫʩʪʨʘʥʝʥʠʷ) ʜʦʧʧʣʝʨʦʚʩʢʦʛʦ 

ʩʜʚʠʛʘ ʯʘʩʪʦʪ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤʠ ʠ ʨʘʜʘʨʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ. ʇʦʩʢʦʣʴʢʫ ʚʳʩʦʢʦʰʠʨʦʪʥʳʝ 

ʨʘʜʘʨʳ ʥʘʙʣʶʜʘʶʪ ʧʨʝʞʜʝ ʚʩʝʛʦ ʤʘʛʥʠʪʦʩʬʝʨʥʫʶ ʢʦʥʚʝʢʮʠʶ, ʧʨʦʠʩʭʦʞʜʝʥʠʝ 

ʦʙʦʩʦʙʣʝʥʥʳʭ ʯʘʩʪʦʪ ʚ ʨʘʜʘʨʥʳʭ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʚʨʘʱʝʥʠʝʤ ʠʦʥʦʩʬʝʨʥʳʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʚʠʭʨʷʭ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʜʠʩʢʨʝʪʥʳʭ ʩʧʝʢʪʨʦʚ ʚ ʤʘʛʥʠʪʥʳʭ ʥʘʙʣʶʜʝʥʠʷʭ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʛʝʥʝʨʘʮʠʝʡ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʦʢʦʚ ʚʠʭʨʷʤʠ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ. ɸʣʴʪʝʨʥʘʪʠʚʥʦʝ ʦʙʲʷʩʥʝʥʠʝ 

ʧʨʝʜʣʘʛʘʝʪ ʛʠʧʦʪʝʟʘ ʦ ʩʦʣʥʝʯʥʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʪʘʢʠʭ ʯʘʩʪʦʪ. ʈʘʙʦʪʘ ʯʘʩʪʠʯʥʦ ʧʦʜʜʝʨʞʘʥʘ 

ʇʨʦʛʨʘʤʤʦʡ 22 ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ. 
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ʇʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʪʦʢʦʚ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʧʝʨʠʦʜ ʩ ʤʘʨʪʘ 2009 ʧʦ 

ʤʘʡ 2012 ʛʦʜʘ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʛʣʦʙʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʜʠʥʘʤʠʢʘ ʚʳʩʦʢʦʰʠʨʦʪʥʦʡ ʛʨʘʥʠʮʳ 

ʚʥʝʰʥʝʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ ʤʘʛʥʠʪʦʩʬʝʨʳ ɿʝʤʣʠ . ɼʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ  ʧʨʠʙʦʨʘ "ʕʣʝʢʪʨʦʥ-ʄ-ʇʝʩʢʘ" ʥʘ ʩʧʫʪʥʠʢʝ "ʂʦʨʦʥʘʩ-ʌʦʪʦʥ" ʩ ʤʘʨʪʘ 

ʧʦ ʢʦʥʝʮ ʥʦʷʙʨʷ 2009 ʛʦʜʘ ʚ ʢʘʥʘʣʝ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʷʤʠ ʙʦʣʝʝ 200 ʢʵɺ, ʠ ʧʨʠʙʦʨʘ ʄʉɻʀ 

ʩʧʫʪʥʠʢʘ ʄʝʪʝʦʨ-ʄ ˉ1 ʩ ʥʦʷʙʨʷ 2009 ʧʦ ʤʘʡ 2012 ʛʦʜʘ ʚ ʢʘʥʘʣʝ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʷʤʠ 

ʙʦʣʝʝ 100ʢʵɺ.  ɺʳʩʦʢʦʰʠʨʦʪʥʘʷ ʤʘʛʥʠʪʦʩʬʝʨʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʣʷʨʥʦʛʦ ʦʚʘʣʘ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʢʘʢ ʚʥʝʰʥʠʤʠ (ʤʘʛʥʠʪʦʩʬʝʨʥʳʤʠ), ʪʘʢ ʠ ʚʥʫʪʨʠʟʝʤʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʀʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮʳ ʚʥʝʰʥʝʛʦ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ. ʉ ʵʪʦʡ ʮʝʣʴʶ  ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʙʘʟʘ ʜʘʥʥʳʭ ʝʝ ʧʝʨʝʩʝʯʝʥʠʡ ʩʧʫʪʥʠʢʘʤʠ 

ʂʦʨʦʥʘʩ-ʌʦʪʦʥ ʠ ʄʝʪʝʦʨ-ʄ ˉ1. ʇʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʵʢʩʪʨʝʤʘʣʴʥʦ-ʩʧʦʢʦʡʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʤʘʛʥʠʪʦʩʬʝʨʳ ʚ 2009 ʛʦʜʫ ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʵʬʬʝʢʪ ʛʣʘʚʥʦʛʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʥʘ ʬʦʥʝ ʬʘʢʪʦʨʦʚ ʤʘʛʥʠʪʦʩʬʝʨʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʩʧʦʢʦʡʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʝ ʚʳʩʦʢʦʰʠʨʦʪʥʘʷ ʛʨʘʥʠʮʘ ʚʥʝʰʥʝʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ 

ʚʨʘʱʘʝʪʩʷ ʚʤʝʩʪʝ ʩ ɿʝʤʣʝʡ ʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ, ʩʤʝʱʘʝʪʩʷ ʚ ʥʦʯʥʫʶ ʩʪʦʨʦʥʫ ʧʨʠʤʝʨʥʦ ʥʘ 1.5 

ʛʨʘʜʫʩʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʪʦʢʦʚ. ʇʦʣʫʯʝʥʥʳʝ 

mailto:alisawera@gmail.com
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ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʨʘʩʯʝʪʘʤʠ ʨʘʟʤʝʨʦʚ ʦʙʣʘʩʪʠ 

ʟʘʭʚʘʯʝʥʥʦʡ ʨʘʜʠʘʮʠʠ ʚ ʤʦʜʝʣʠ ʤʘʛʥʠʪʦʩʬʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɸ2000. ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʛʝʦʤʘʛʥʠʪʥʦ-ʚʦʟʤʫʱʝʥʥʳʝ ʧʝʨʠʦʜʳ ʚʳʩʦʢʦʰʠʨʦʪʥʘʷ ʛʨʘʥʠʮʘ ʚʥʝʰʥʝʛʦ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ ʨʘʩʰʠʨʷʝʪʩʷ ʢ ʵʢʚʘʪʦʨʫ. ʉʤʝʱʝʥʠʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩ Dst-ʠʥʜʝʢʩʦʤ 

ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʙʣʶʜʘʪʝʣʴʥʳʤ ʜʘʥʥʳʤ ʦ ʨʘʩʰʠʨʝʥʠʠ ʦʚʘʣʘ 

ʧʦʣʷʨʥʳʭ ʩʠʷʥʠʡ ʚʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʳ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮʳ ʥʘ ʫʨʦʚʥʝ ʠʦʥʦʩʬʝʨʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʝʝ 

ʩʫʪʦʯʥʦʝ ʚʨʘʱʝʥʠʝ ʩ ɿʝʤʣʝʡ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ Dst-ʠʥʜʝʢʩʘ. 

 

 

ʆʉʆɹɽʅʅʆʉʊʀ ɼʀʅɸʄʀʂʀ ʇʃɸɿʄʆʉʌɽʈʓ ɿɽʄʃʀ, ʀʅʀʎʀʀʈʆɺɸʅʅʓɽ 

ɻɽʆʄɸɻʅʀʊʅʓʄʀ ɹʋʈʗʄʀ, ʇʆ ɼɸʅʅʓʄ ɸɺʈʆʈɸʃʔʅʆɻʆ ɿʆʅɼɸ. 

 

ɺ.ɺ. ɹʝʟʨʫʢʠʭ, ʄ.ʀ. ɺʝʨʠʛʠʥ, ɻ.ɸ ʂʦʪʦʚʘ 

 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, vbez@romance.iki.rssi.ru 

 

ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʦʥʦʚ ʚ ʧʣʘʟʤʦʩʬʝʨʝ 

ɿʝʤʣʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʚʦ ʚʨʝʤʷ ʨʘʟʚʠʪʠʷ ʯʝʪʳʨʝʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ: 10.09.1996, 27.09.1996, 

23.10.1996 ʠ 28.02.1997 ʛ. ʇʦʢʘʟʘʥʠʷ ʤʦʜʫʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʥʝ ʟʘʚʠʩʷʪ ʧʦʪʦʢʦʚ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ ʩʨʝʜʳ ʩ ʵʥʝʨʛʠʷʤʠ, ʧʨʝʚʳʰʘʶʱʠʤʠ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʦʢʥʘ ʧʨʠʙʦʨʘ. ʇʨʠʚʦʜʷʪʩʷ ʪʘʢʞʝ ʧʦʢʘʟʘʥʠʷ ʮʠʣʠʥʜʨʘ ʌʘʨʘʜʝʷ, ʨʝʛʠʩʪʨʠʨʦʚʘʚʰʝʛʦ 

ʩʫʤʤʘʨʥʳʡ ʪʦʢ, ʦʙʨʘʟʫʝʤʳʡ ʧʦʪʦʢʘʤʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʦʙʦʠʭ ʟʥʘʢʦʚ. ʀʟʤʝʨʝʥʠʷ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʤʦʜʫʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʳʭ 

ʙʫʨʴ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚ ʥʦʯʥʦʤ ʩʝʢʪʦʨʝ ʧʣʘʟʤʦʩʬʝʨʳ ʥʘʙʣʶʜʘʣʦʩʴ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʧʦʚʳʰʝʥʠʝ ʠʦʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʙʣʠʟʠ ʛʣʘʚʥʦʡ ʬʘʟʳ ʙʫʨʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʝ ʧʦʥʠʞʝʥʠʝʤ 

ʜʦ ʟʥʘʯʝʥʠʡ ʤʝʥʴʰʠʭ, ʯʝʤ ʚ ʤʘʛʥʠʪʦ-ʩʧʦʢʦʡʥʳʡ ʧʝʨʠʦʜ. ʉʦʚʤʝʩʪʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʧʦʢʘʟʘʥʠʡ ʤʦʜʫʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʠ ʮʠʣʠʥʜʨʘ ʌʘʨʘʜʝʷ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʭ ʙʫʨʴ (ʧʦʜʦʙʥʦ ʙʫʨʝ 28.02.1997 ʛ) ʚ ʧʦʟʜʥʝ-ʚʝʯʝʨʥʝʤ ʩʝʢʪʦʨʝ ʤʦʞʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʧʣʘʟʤʦʩʬʝʨʫ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʩʦ 

ʩʚʝʨʭʪʝʧʣʦʚʳʤʠ ʵʥʝʨʛʠʷʤʠ, ʠ ʦʧʫʩʪʦʰʝʥʠʝ ʧʣʘʟʤʦʩʬʝʨʳ ʚ ʵʪʦʤ ʩʝʢʪʦʨʝ ʚʧʣʦʪʴ ʜʦ L~2. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ʈɸʅ ʇ22. 

 

 

ʌʀɿʀʏɽʉʂʀɽ ʄɽʍɸʅʀɿʄʓ ʇʆʃʆʀɼɸʃʔʅʓʍ Pc5 ʇʋʃʔʉɸʎʀʁ ʇʆ ɼɸʅʅʓʄ 

ʅɸɿɽʄʅʆ-ʉʇʋʊʅʀʂʆɺʆɻʆ ʂʆʄʇʃɽʂʉɸ 

 

ɺ.ɹ. ɹʝʣʘʭʦʚʩʢʠʡ
1
, ɺ.ɸ. ʇʠʣʠʧʝʥʢʦ

2
, ʉ.ʅ. ʉʘʤʩʦʥʦʚ

3
, ɼ.ʖ. ʂʣʠʤʫʰʢʠʥ

4
 

 
1
 ʇɻʀ ʂʅʎ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ, belakhov@mail.ru 

2
 ʀʌɿ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

3 
ʀʥʩʪʠʪʫʪ ʢʦʩʤʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʛ. ʗʢʫʪʩʢ, ʈʦʩʩʠʷ 

4 
ʀʥʩʪʠʪʫʪ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʦʡ ʬʠʟʠʢʠ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʣʫʯʘʠ ʩʠʥʭʨʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʧʦʣʦʠʜʘʣʴʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʈʩ5 

ʧʫʣʴʩʘʮʠʡ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʦʤʝʪʨʦʚ ʥʘ ʩʧʫʪʥʠʢʘʭ GOES, ETS-8, ʜʝʪʝʢʪʦʨʦʚ ʯʘʩʪʠʮ ʥʘ 

ʩʧʫʪʥʠʢʘʭ LANL, ʩʝʪʷʭ ʥʘʟʝʤʥʳʭ ʤʘʛʥʠʪʥʳʭ ʠ ʨʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʚ ʂʘʥʘʜʝ ʠ 

ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʦʠʜʘʣʴʥʳʝ ʛʝʦʤʘʛʥʠʪʥʳʝ Pc5 ʢʦʣʝʙʘʥʠʷ ʥʘ 

ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ ʤʦʜʫʣʠʨʫʶʪ ʧʦʪʦʢʠ ʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ. ʊʘʢʞʝ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦʣʦʠʜʘʣʴʥʳʝ Pc5 ʢʦʣʝʙʘʥʠʷ ʚʳʟʳʚʘʶʪ ʧʫʣʴʩʘʮʠʠ ʥʘ ʪʦʡ ʞʝ ʯʘʩʪʦʪʝ ʚ 

ʨʠʦʤʝʪʨʠʯʝʩʢʦʤ ʧʦʛʣʦʱʝʥʠʠ ʥʘ ʩʦʧʨʷʞʝʥʥʦʡ ʩʪʘʥʮʠʠ. ɼʘʥʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʙʲʷʩʥʝʥʠʝ 
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ʧʨʦʮʝʩʩʘ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʣʝʙʘʥʠʡ, ʠʭ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ʠ ʫ 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʝʭʘʥʠʟʤʘ ʤʦʜʫʣʷʮʠʠ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ. 

 

 

 

ɺʃʀʗʅʀɽ ʉʂɸʏʂɸ ʇʃʆʊʅʆʉʊʀ ʇʃɸɿʄʓ ʉʆʃʅɽʏʅʆɻʆ ɺɽʊʈɸ ʅɸ ʊʆʂ 

ɼʅɽɺʅʆʁ ʄɸɻʅʀʊʆʇɸʋɿʓ  

 

ɽ. ʉ. ɹʝʣʝʥʴʢʘʷ  

 

ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʅʀʀʗʌ ʠʤ. ɼ.ɺ. ʉʢʦʙʝʣʴʮʳʥʘ,  

ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, elena@dec1.sinp.msu.ru 

 

ʅʘ ʜʠʥʘʤʠʢʫ ʤʘʛʥʠʪʦʩʬʝʨʳ ʠ ʧʦʣʷʨʥʦʛʦ ʦʚʘʣʘ ʚʣʠʷʶʪ ʢʘʢ ʚʘʨʠʘʮʠʠ ʤʝʞʧʣʘʥʝʪʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʄʄʇ), ʪʘʢ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ʇʨʠ ʵʪʦʤ ʵʬʬʝʢʪ 

ʩʢʘʯʢʘ ʧʣʦʪʥʦʩʪʠ ʦʙʳʯʥʦ ʪʨʫʜʥʦ ʚʳʜʝʣʠʪʴ ʥʘ ʬʦʥʝ ʚʣʠʷʥʠʷ ʜʨʫʛʠʭ ʠʟʤʝʥʷʶʱʠʭʩʷ 

ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʯʘʩʪʦ ʠʛʨʘʶʱʠʭ ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʫʶ ʨʦʣʴ. ɼʣʷ ʦʪʦʙʨʘʥʥʳʭ 

ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʛʨʘʜʠʝʥʪ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʜʦʤʠʥʠʨʦʚʘʣ ʚ ʜʠʥʘʤʠʢʝ 

ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜʳ ʠ ʝʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʥʘʤʠ ʨʘʥʝʝ ʤʝʪʦʜʠʢʠ ʧʨʠʚʦʜʷʪʩʷ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ ʜʥʝʚʥʦʡ ʤʘʛʥʠʪʦʧʘʫʟʳ ɿʝʤʣʠ, 

ʚʳʟʚʘʥʥʦʛʦ ʠʟʤʝʥʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʠʦʥʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ɼʣʷ ʉʘʪʫʨʥʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ 

ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ ʜʥʝʚʥʦʡ ʤʘʛʥʠʪʦʧʘʫʟʳ ʜʣʷ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʘʤʠ ʨʘʥʝʝ 

ʩʦʙʳʪʠʡ ʩʪʦʣʢʥʦʚʝʥʠʷ ʤʘʛʥʠʪʦʩʬʝʨʳ ʩ ʢʦʨʦʪʠʨʫʶʱʠʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʧʦʪʦʢʘʤʠ ʚ 

ʷʥʚʘʨʝ 2004 ʛ. ʇʦʣʫʯʝʥʥʳʝ ʦʮʝʥʢʠ ʩʦʧʦʩʪʘʚʠʤʳ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʪʦʢʦʚ ʚ ʧʝʨʝʭʦʜʥʳʭ 3-ʭ 

ʤʝʨʥʳʭ ʪʦʢʦʚʳʭ ʩʠʩʪʝʤʘʭ ʉʘʪʫʨʥʘ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘʤʠ ʨʘʥʝʝ. 

 

 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʆɹʉʊɺɽʅʅʆɻʆ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʆɻʆ ʀɿʃʋʏɽʅʀʗ 

ʈɸɿʈɽɾɽʅʅʆʁ ʇʃɸɿʄʓ ʋɼɽʈɾʀɺɸɽʄʆʁ ɺ ʄɸɻʅʀʊʅʆʁ ʃʆɺʋʐʂɽ 

 

ʄ.ɽ. ɺʠʢʪʦʨʦʚ, ɸ.ɺ. ɺʦʜʦʧʴʷʥʦʚ, ʉ.ɺ. ɻʦʣʫʙʝʚ, ʀ.ɺ. ʀʟʦʪʦʚ, ɼ.ɸ. ʄʘʥʩʬʝʣʴʜ 

 

ʀʇʌ ʈɸʅ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, mikhail.viktorov@appl.sci-nnov.ru 

 

ʈʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦ-ʮʠʢʣʦʪʨʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ (ʕʎʈ) 

ʨʘʟʨʷʜʘ ʚ ʧʨʷʤʦʡ ʤʘʛʥʠʪʥʦʡ ʣʦʚʫʰʢʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʮʠʢʣʦʪʨʦʥʥʳʭ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ 

ʧʣʦʪʥʦʡ ʠ ʨʘʟʨʝʞʝʥʥʦʡ ʧʣʘʟʤʳ. ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʳ ʧʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʧʣʘʟʤʳ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʚʠʪʠʷ ʮʠʢʣʦʪʨʦʥʥʳʭ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ 

ʨʘʟʨʷʜʘ. ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʨʘʟʨʝʞʝʥʥʦʡ ʧʣʘʟʤʳ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ ʩ 

ʵʥʝʨʛʠʯʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʢʘʢ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʕʎʈ ʨʘʟʨʷʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʱʥʦʡ 

ʥʘʢʘʯʢʠ, ʪʘʢ ʠ ʚ ʨʘʩʧʘʜʘʶʱʝʡʩʷ ʧʣʘʟʤʝ ʧʦʩʣʝ ʚʳʢʣʶʯʝʥʠʷ ʠʤʧʫʣʴʩʘ ʥʘʢʘʯʢʠ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʪʘʜʠʠ ʨʘʟʨʷʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʤ ʦʙʣʘʩʪʷʤ 

ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ, ʘ ʥʘʙʣʶʜʘʝʤʘʷ ʢʘʨʪʠʥʘ ʨʘʟʚʠʪʠʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʠʤʝʝʪ ʤʥʦʛʦ ʦʙʱʝʛʦ ʩ 

ʧʨʦʮʝʩʩʘʤʠ ʚ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʧʣʘʟʤʝ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʜʠʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʜʘʚʣʝʥʠʷ ʚʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ 23-27 ʥʦʷʙʨʷ 

1986 ʛ. ʀʩʧʦʣʴʟʦʚʘʥʳ ʨʘʜʠʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ʜʘʚʣʝʥʠʷ, ʠʟʤʝʨʝʥʥʳʝ ʥʘ ʩʧʫʪʥʠʢʝ AMPTE/CCE 

ʥʘ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ 2 ʜʦ 7RE ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʥʠʟʢʦʣʝʪʷʱʠʭ 

ʩʧʫʪʥʠʢʦʚ ʩʝʨʠʠ DMSP. ʋʯʪʝʥ ʚʢʣʘʜ ʚʳʩʦʢʦʰʠʨʦʪʥʦʡ ʯʘʩʪʠ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ ʥʘ 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ 7 ʜʦ 10 RE ʚ Dst ʚʘʨʠʘʮʠʶ. ʈʘʜʠʘʣʴʥʳʡ ʧʨʦʬʠʣʴ ʜʘʚʣʝʥʠʷ 

ʥʘ ʪʘʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʧʦʣʫʯʝʥ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚ DMSP F06 ʠ F07 ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 

ʧʦʩʪʦʷʥʩʪʚʘ ʜʘʚʣʝʥʠʷ ʚʜʦʣʴ ʤʘʛʥʠʪʥʦʡ ʩʠʣʦʚʦʡ ʣʠʥʠʠ. ɺ ʠʥʪʝʨʚʘʣʘʭ ʥʘʙʣʶʜʝʥʠʡ, ʢʦʛʜʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʯʘʩʪʠʮ ʧʨʝʚʳʰʘʣʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʥʝʨʛʠʶ, ʨʝʛʠʩʪʨʠʨʫʝʤʫʶ ʥʘ ʩʧʫʪʥʠʢʝ, ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʜʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʝʧʝʥʥʘʷ ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. 

ʄʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʪʝʨʘʮʠʡ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʦʙ ʠʩʢʘʞʝʥʠʠ ʧʦʣʷ ʜʠʧʦʣʷ ʠʟʚʝʩʪʥʳʤ 

ʨʘʜʠʘʣʴʥʳʤ ʧʨʦʬʠʣʝʤ ʜʘʚʣʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʳ ʨʘʜʠʘʣʴʥʳʝ ʧʨʦʬʠʣʠ Bz ʢʦʤʧʦʥʝʥʪʳ ʧʦʣʷ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʟʥʘʯʝʥʠʷ Dst ʚʘʨʠʘʮʠʠ ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʟʤʝʨʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ.  

 

 

ɺɿɻʃʗɼ ʅɸ ʇʈɽɼɺɸʈʗɺʐʀɽ ʅɸɺʆɼʅɽʅʀʗ 2012 ʛ. ɺ ʂʈʓʄʉʂɽ ʀ 2002 ʛ. ʅɸ 

ʂɸɺʂɸɿʉʂʀʍ ʄʀʅɽʈɸʃʔʅʓʍ ɺʆɼɸʍ   

 

ɼ.ɻ. ɻʦʥʩʠʨʦʚʩʢʠʡ 

 

ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʎʝʣʴ ʜʦʢʣʘʜʘ ï ʜʘʪʴ ʫʢʘʟʘʥʠʷ ʥʘ ʣʠʪʝʨʘʪʫʨʥʳʝ ʧʦʜʩʢʘʟʢʠ ʚ ʧʦʣʴʟʫ ʛʠʧʦʪʝʟʳ ʦ ʥʘʣʠʯʠʠ 

ʠʥʞʝʢʮʠʡ ʩʛʫʩʪʢʦʚ ʢʦʤʧʦʥʝʥʪ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ (ʉɺ) ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʫʶ ʦʙʣʘʩʪʴ ɿʝʤʣʠ  

(ʩʤ. ʜʦʢʣʘʜʳ ʘʚʪʦʨʘ ʥʘ 6-ʡ ʠ 7-ʡ ʢʦʥʬʝʨʝʥʮʠʷʭ ʥʘʩʪʦʷʱʝʡ ʠʭ ʩʝʨʠʠ). ʆʩʚʝʱʘʶʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʣʜʶʞʠʥʳ ʥʝʥʦʨʤʘʣʴʥʳʭ ʧʦʣʸʪʦʚ ʩʘʤʦʣʸʪʦʚ, ʧʦʢʘʟʳʚʘʶʱʠʝ, ʯʪʦ 

ʛʠʧʦʪʝʪʠʯʝʩʢʠ ʵʪʦ ʨʝʟʫʣʴʪʘʪ ʩʪʝʯʝʥʠʷ ʚʦʝʜʠʥʦ ʩʦʙʳʪʠʡ ʠʥʞʝʢʮʠʠ ʉɺ ʩ ʠʦʥʠʟʠʨʫʶʱʝʡ 

ʧʣʘʟʤʦʡ ʧʦʩʣʝ ʚʩʧʣʝʩʢʘ ʧʝʨʝʜ ʵʪʠʤ ʘʚʨʦʨʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʪ ʵʪʦʛʦ 

ʣʦʢʘʣʴʥʦʡ ʙʘʨʠʯʝʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʠ ʧʝʨʝʩʝʯʝʥʠʷ ʝʸ ʣʝʪʷʱʠʤ ʩʘʤʦʣʸʪʦʤ (ʊʫ-154 ʧʦʜ ʀʞʤʦʡ, 

ʉʫ-27 ʧʦʜ ʃʴʚʦʚʦʤ, ʗʢ-42 ʧʦʜ ʗʨʦʩʣʘʚʣʝʤ ʠ ʜʨ.). ɺ ʛʝʦʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʯʘʩʪʠ ʢʦʩʤʦʩʘ 

ʥʘʯʘʣʦ ʠʥʞʝʢʮʠʡ ʧʨʝʜʩʪʘʸʪ ʚ ʚʠʜʝ ʦʪʩʦʝʜʠʥʠʚʰʠʭʩʷ ʧʣʘʟʤʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʆʇʆ) [1 ï 

ʂʦʚʘʣʝʚʩʢʠʡ ʀ. ɺ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ ʩʚʷʟʝʡ. ʄ., 1976. ʉ. 6 ʠ ʜʨ.]. 

ʅʘʛʣʷʜʥʳʝ ʩʣʝʜʳ ʉɺ-ʠʥʞʝʢʮʠʡ ʚ ʚʠʜʝ ʠʪʦʛʦʚʳʭ ʚ 150 ï 1000 ʢʤ ʜʠʘʤʝʪʨʦʤ ʦʙʦʩʦʙʣʝʥʥʳʭ 

ʜʨʝʡʬʫʶʱʠʭ ʜʝʧʨʝʩʩʠʡ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʠʜʥʳ ʥʘ ʧʨʠʟʝʤʥʳʭ ʠ ʚʳʩʦʪʥʳʭ (GPH500 Ñ 

5,5 ʢʤ) ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʢʘʨʪʘʭ [2 ï www.wetterzentrale.de/topkarten/fsavneur.html]. ʄʦʜʝʣʴ 

ʩʦʙʳʪʠʡ ʩʦʟʜʘʥʘ ʥʘ ʧʨʠʤʝʨʝ ʂʨʳʤʩʢʦʡ ʩʠʪʫʘʮʠʠ 4 - 6 ʠʶʣʷ 2012 ʛ. ɿʜʝʩʴ ʧʨʠ ʚʟʛʣʷʜʝ ʥʘ 

ʢʘʨʪʳ ʚʠʜʥʘ ʦʩʦʙʝʥʥʦʩʪʴ, ʩʚʷʟʳʚʘʝʤʘʷ ʩʦ ʉɺ-ʠʥʞʝʢʮʠʝʡ, ʘ ʠʤʝʥʥʦ - 3 ï 5-ʜʥʝʚʥʦʝ 

ʧʨʦʷʚʣʝʥʠʝ ʣʦʢʘʣʥɹʳʭ ʢʨʫʛʦʚʳʭ ʜʝʧʨʝʩʩʠʡ ʚ ʚʳʩʦʪʥʦʡ ʠʟʦʙʘʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʣʫʙʠʥʦʡ ʜʦ 120 - 150 ʤ ʠ ʧʨʠʟʝʤʥʦʝ ʟʘʢʨʫʯʠʚʘʥʠʝ ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʥʠʤʠ ʘʪʤʦʩʬʝʨʥʳʭ 

ʚʠʭʨʝʡ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʥʘʧʦʜʦʙʠʝ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ (ʪʦʞʝ ʩ ʜʝʧʨʝʩʩʠʷʤʠ ʦʪ 

ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʠ ʜʦ ʢʦʥʮʘ ʠʭ ʞʠʟʥʠ). ɺʳʧʘʜʝʥʠʝ ʟʘ ʩʫʪʢʠ ʜʦ 275 ʤʤ ʦʩʘʜʢʦʚ, ʫʪʝʧʣʸʥʥʦʩʪʴ 
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ʣʠʚʥʝʡ ʠ ʙʦʣʴʰʘʷ ʚʳʩʦʪʘ ʦʙʣʘʢʦʚ ʧʨʠʚʦʜʷʪ ʢ ʧʦʜʦʟʨʝʥʠʶ ʦ ʥʘʣʠʯʠʠ ʟʜʝʩʴ ñhot towersò. 

ʇʦʜʦʙʥʳʝ ʩʠʥʦʧʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʧʨʦʚʦʞʜʘʣʠ ʩ 17 ʧʦ 20 ʠʶʥʷ 2002 ʛ. ʥʘʚʦʜʥʝʥʠʝ ʚ 

ʨʘʡʦʥʝ ʂʄɺ [2; 3 - ʌʣʦʨʠʥʩʢʠʡ ʉ. ʇ., ɻʥʝʟʜʠʣʦʚ ʖ. ɸ., ʂʨʘʩʥʳʭ ʅ. ʖ. ʇʨʦʪʠʚʦʧʘʚʦʜʢʦʚʘʷ 

ʟʘʱʠʪʘ ʢʘʢ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ (ʥʘ 

ʧʨʠʤʝʨʝ ʙʘʩʩʝʡʥʘ ʨ. ʇʦʜʢʫʤʦʢ) // ʉʙ. ʥʘʫʯ. ʪʨ. ʠʥ-ʪʘ çʆɸʆ ʉʝʚʢʘʚʛʠʧʨʦʚʦʜʭʦʟè. ɺʳʧ. 16. 

ʇʷʪʠʛʦʨʩʢ, 2003. ʉ. 73 ï 90]. ɺ 1953 ʠ 1958 ʛʛ. ʜʝʧʨʝʩʩʠʠ ʥʘ ʢʘʨʪʝ ʩʦʩʝʜʩʪʚʦʚʘʣʠ ʩ ʤʝʩʪʘʤʠ 

ʧʘʚʦʜʢʦʚ ʚ ʜʦʣʠʥʘʭ ʨʝʢ ʉʝʚʝʨʥʦʡ ʆʩʝʪʠʠ-ɸʣʘʥʠʠ, ʯʪʦ ʥʘ ʚʳʭʦʜʝ ʜʘʣʦ ʤʥʦʛʦ ʩʝʣʝʡ [2; 4 - 

ɺʠʣʝʥʢʠʥ ɺ. ʃ. ʆ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʝʜʝʣʘʭ 

ʩʝʚʝʨʥʦʛʦ ʩʢʣʦʥʘ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʚʢʘʟʘ // ʄʘʪʝʨʠʘʣʳ ʂʘʚʢʘʟʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ (ʧʦ ʧʨʦʛʨʘʤʤʝ 

ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʛʦʜʘ). ʊ. V. ʍʘʨʴʢʦʚ, 1965. ʉ. 114 ï 120]. ɼʝʡʩʪʚʠʝ ʉɺ-

ʠʥʞʝʢʮʠʡ ʩ ʧʨʦʥʠʢʘʶʱʝʡ ʧʣʘʟʤʦʡ ʥʘ ʩʝʣʝʦʧʘʩʥʳʝ ʣʝʜʥʠʢʠ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʚʠʜʠʤʳʭ ʥʘ 

ʢʘʨʪʝ ʮʠʢʣʦʥʠʯʝʩʢʠʭ ʚʠʭʨʝʡ ʠ ʪʦʨʥʘʜʦ ʥʘʰʣʦ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʨʘʙʦʪʘʭ 

[2; 5 - ɻʦʥʩʠʨʦʚʩʢʠʡ ɼ. ɻ. ɺʢʣʘʜ ɹʘʰʢʘʨʠʥʩʢʠʭ 2008 ʛʦʜʘ ʨʘʙʦʪ ʄʏʉ ʈʦʩʩʠʠ ʚ ʦʧʦʟʥʘʥʠʝ 

ʧʨʠʣʝʪʘʶʱʠʭ ʢ ɿʝʤʣʝ ʩʦʣʥʝʯʥʦʚʝʪʨʦʚʳʭ ʧʣʘʟʤʝʥʥʳʭ ʩʛʫʩʪʢʦʚ ʢʘʢ ʬʘʢʪʦʨʘ 

ʢʦʩʤʦʧʦʛʦʜʦʟʘʚʠʩʠʤʦʡ ʤʝʪʝʦʛʣʷʮʠʦʵʢʟʦʛʝʦʜʠʥʘʤʠʢʠ // ʇʨʦʙʣʝʤʳ ʩʥʠʞʝʥʠʷ ʧʨʠʨʦʜʥʳʭ 

ʦʧʘʩʥʦʩʪʝʡ ʠ ʨʠʩʢʦʚ (ɻɽʆʈʀʉʂ ï 2012) : ʄʘʪʝʨʠʘʣʳ VIII ʄʝʞʜʫʥʘʨ. ʥʘʫʯ.-ʧʨʘʢʪʠʯ. ʢʦʥʬ. 

ʧʦ ʧʨʦʙʣʝʤʘʤ ʩʥʠʞʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʦʧʘʩʥʦʩʪʝʡ ʠ ʨʠʩʢʦʚ (çɻʝʦʨʠʩʢ-2012è) (18 - 19 ʦʢʪ. 2012 

ʛ., ʄʦʩʢʚʘ, ʀɻʕ ʈɸʅ, ɺʅʀʀ ɻʆ ʏʉ, ʈʌʌʀ). ʊ. 1. ʄ., 2012. ʉ. 48 ï 53]. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ 

ʛʨʘʬʠʯʝʩʢʘʷ ʢʦʨʨʝʣʷʮʠʷ, ʉɺ-ʠʥʞʝʢʮʠʦʥʥʦʝ ʫʜʘʨʥʦ-ʪʝʧʣʦʚʦʝ ʪʨʠʛʛʝʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʬʦʥʝ ʥʘʣʠʯʠʷ ʢʦʤʧʣʝʢʩʘ ʣʴʜʘ, ʚʦʜʳ, ʛʘʟʦʛʠʜʨʘʪʦʚ ʠ ʵʥʝʨʛʠʠ ʛʨʘʚʠʪʘʮʠʠ ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ 

ʧʨʠʯʘʩʪʥʦ ʠ ʢ ʩʦʙʳʪʠʶ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ ʩʭʦʜʘ 20.09.2002 ʛ. ʣʝʜʥʠʢʘ ʂʦʣʢʘ ʚ ʉʆ-ɸ. 

ɹʦʣʴʰʘʷ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʘʨʭʠʚʠʩʪʘʤ ʩʘʡʪʘ http://www.wetterzentrale.de/topkarten/fsavneur.html. 

 

 

ʄɸɻʅʀʊʆʉʌɽʈʅʓɽ ʇʈʀɿʅɸʂʀ ʉʋɹɹʋʈɽɺʓʍ ɺʆɿʄʋʑɽʅʀʁ, ʉɺʗɿɸʅʅʓʍ  

ʉ ʌʈʆʅʊɸʄʀ ʇʆʊʆʂʆɺ ʉʆʃʅɽʏʅʆɻʆ ɺɽʊʈɸ 

 

ʀ.ɺ. ɼʵʩʧʠʨʘʢ
1
, ɸ.ɸ. ʃʶʙʯʠʯ

1
, ʈ. ʂʦʣʝʚʘ

2
 

 
1
 ʇɻʀ ʂʅʎ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ, ʄʫʨʤʘʥʩʢʘʷ ʦʙʣʘʩʪʴ, ʈʦʩʩʠʷ, despirak@gmail.com 

2
 ʀʂʀʊ ɹɸʅ, ʛ. ʉʦʬʠʷ, ɹʦʣʛʘʨʠʷ 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʨʘʟʣʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ ʣʠʙʦ ʩʚʷʟʘʥʳ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ 

ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ, ʣʠʙʦ ʩ ʧʨʦʮʝʩʩʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ʉʪʨʫʢʪʫʨʘʤʠ, 

ʩʦʟʜʘʥʥʳʤʠ ʚʦ ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ, ʷʚʣʷʶʪʩʷ 

ʦʙʣʘʩʪʠ ʩʞʘʪʦʡ ʧʣʘʟʤʳ ʥʘ ʬʨʦʥʪʘʭ ʨʝʢʫʨʨʝʥʪʥʳʭ ʧʦʪʦʢʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ (CIR) ʠ 

ʤʘʛʥʠʪʥʳʭ ʦʙʣʘʢʦʚ (Sheath). ɸʚʨʦʨʘʣʴʥʳʝ ʚʦʟʤʫʱʝʥʠʷ, ʥʘʙʣʶʜʘʝʤʳʝ ʥʘ ʩʧʫʪʥʠʢʝ Polar ʚʦ 

ʚʨʝʤʷ ʩʦʙʳʪʠʡ Sheath ʠ CIR, ʠʤʝʶʪ ʥʝʦʙʳʯʥʳʡ ʚʠʜ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʪʠ ʚʦʟʤʫʱʝʥʠʷ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʠʧʠʯʥʳʝ  ʧʨʠʟʥʘʢʠ ʩʫʙʙʫʨʠ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʥʠ ʠʤʝʶʪ ʦʯʝʥʴ ʙʦʣʴʰʠʝ 

ʜʦʣʛʦʪʥʳʝ ʨʘʟʤʝʨʳ ʠ ʟʘʥʠʤʘʶʪ ʦʯʝʥʴ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ. ʄʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʜʘʥʥʳʝ 

ʩʧʫʪʥʠʢʘ Geotail ʚ ʭʚʦʩʪʝ ʤʘʛʥʠʪʦʩʬʝʨʳ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʳʷʩʥʠʪʴ  ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʣʠ ʵʪʠ 

ʚʦʟʤʫʱʝʥʠʷ ʠʤʝʶʪ ʤʘʛʥʠʪʦʩʬʝʨʥʳʝ ʧʨʠʟʥʘʢʠ ʩʫʙʙʫʨʴ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʚʨʦʨʘʣʴʥʦʡ 

ʚʳʧʫʢʣʦʩʪʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʜʘʥʥʳʤ UVI ʢʘʤʝʨʳ ʩʧʫʪʥʠʢʘ Polar; ʧʘʨʘʤʝʪʨʳ ʩʦʣʥʝʯʥʦʛʦ 

ʚʝʪʨʘ ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ OMNI. ɹʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʩʝ ʘʚʨʦʨʘʣʴʥʳʝ 

ʚʦʟʤʫʱʝʥʠʷ, ʥʘʙʣʶʜʘʝʤʳʝ ʩʧʫʪʥʠʢʦʤ Polar ʚʦ ʚʨʝʤʷ ʩʪʨʫʢʪʫʨ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʪʠʧʘ Sheath 

ʠ CIR, ʚ ʜʝʢʘʙʨʝ 1996 ʛʦʜʘ ʠ ʚ 1997-1998 ʛʦʜʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʨʘʟʚʠʪʠʷ ʥʝʦʙʳʯʥʳʭ 

ʘʚʨʦʨʘʣʴʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ʠʦʥʦʩʬʝʨʝ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩʧʫʪʥʠʢʦʤ Polar, ʚʦ ʚʨʝʤʷ 

ʧʨʦʭʦʞʜʝʥʠʷ ʬʨʦʥʪʦʚ ʧʦʪʦʢʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʚ ʤʘʛʥʠʪʥʦʤ ʭʚʦʩʪʝ ʥʘ ʩʧʫʪʥʠʢʝ GEOTAIL 

ʥʘʙʣʶʜʘʣʠʩʴ ʪʠʧʠʯʥʳʝ ʧʨʠʟʥʘʢʠ ʨʘʟʚʠʪʠʷ ʩʫʙʙʫʨʠ. ɸ ʠʤʝʥʥʦ: 1) ʦʙʣʘʩʪʴ ʦʙʨʘʱʝʥʠʷ 

ʙʳʩʪʨʳʭ ʧʦʪʦʢʦʚ ʧʣʘʟʤʳ ʦʪ ɿʝʤʣʠ/ ʢ ɿʝʤʣʝ, ʢʦʪʦʨʘʷ  ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʧʨʦʭʦʞʜʝʥʠʝ ʚ 

ʭʚʦʩʪ ʥʝʡʪʨʘʣʴʥʦʡ ʣʠʥʠʠ 2) ʙʳʩʪʨʦʝ ʫʤʝʥʴʰʝʥʠʝ ʦʙʱʝʛʦ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʩʣʝʜʦʚʘʣʦ ʟʘ 

ʠʥʪʝʨʚʘʣʦʤ ʫʚʝʣʠʯʝʥʠʷ ʦʙʱʝʛʦ ʜʘʚʣʝʥʠʷ.  
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɼʀʅɸʄʀʂʀ ʄʅʆɻʆʇʆʃʆʉʅʓʍ ʉʇʆʈɸɼʀʏɽʉʂʀʍ 

ʀɿʃʋʏɽʅʀʁ ʈʩ-1 

 

ɽ.ʅ ɽʨʤʘʢʦʚʘ
1
, ɼ.ʉ. ʂʦʪʠʢ

1
, ʉ.ɺ. ʇʦʣʷʢʦʚ

1
, ɸ.ɻ. ʗʭʥʠʥ

2
, ʊ.ɸ. ʗʭʥʠʥʘ

2
, ɸ.ɻ. ɼʝʤʝʭʦʚ

3 
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ʅʀʈʌʀ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, l.ermakova@nirfi.sci-nnov.ru   
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ʇɻʀ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ, yahnin@pgia.ru  

3 
ʀʇʌ ʈɸʅ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, andrei@appl.sci-nnov.ru   

 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʥʦʛʦʧʦʣʦʩʥʳʭ ʩʧʦʨʘʜʠʯʝʩʢʠʭ 

ʠʟʣʫʯʝʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ (ʈʩ-1). ʇʨʠʚʦʜʷʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʨʝʛʠʩʪʨʘʮʠʠ ʠʥʪʝʥʩʠʚʥʳʭ ʈʩ-1 ʥʘ ʜʚʫʭ ʩʨʝʜʥʝʰʠʨʦʪʥʳʭ ʧʫʥʢʪʘʭ ʚ 

ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʨʘʟʥʝʩʝʥʥʳʭ ʥʘ ʨʘʩʩʪʦʷʥʠʷ 120 ʢʤ, ʚʳʩʦʢʦʰʠʨʦʪʥʦʡ ʩʪʘʥʮʠʠ 

ʃʦʚʦʟʝʨʦ ʠ ʥʘ ʪʨʝʭ ʩʪʘʥʮʠʷʭ ʬʠʥʩʢʦʡ ʮʝʧʦʯʢʠ ʤʘʛʥʠʪʦʤʝʪʨʦʚ. ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣʦ ʚʳʙʨʘʥʦ 

ʩʦʙʳʪʠʝ ʩ ʤʥʦʛʦʧʦʣʦʩʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʈʩ-1, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʝ 05-06.03.2011. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʘʤʧʣʠʪʫʜʳ ʠ ʧʦʣʷʨʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʩʦʙʳʪʠʷ ʦʙʥʘʨʫʞʝʥʦ:  

¶ ʉʦʦʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜ ʠʟʣʫʯʝʥʠʷ ʚ ʨʘʟʥʳʭ ʧʦʣʦʩʘʭ ʩʣʦʞʥʦʛʦ ʩʧʝʢʪʨʘ ʈʩ-1 ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʟʣʠʯʘʣʦʩʴ ʥʘ ʨʘʟʥʳʭ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʷʭ. ¶ ʉʧʦʨʘʜʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʜʚʫʭ ʧʦʣʦʩʘʭ, 0.8-1 

ɻʮ ʠ 1.5-1.9 ɻʮ, ʚ ʠʥʪʝʨʚʘʣʝ 21 ï02 UT ʠʤʝʣʦ ʩʦʧʦʩʪʘʚʠʤʳʝ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʠ ʨʘʟʥʳʡ 

ʭʘʨʘʢʪʝʨ ʧʦʣʷʨʠʟʘʮʠʠ. ʏʘʩʪʦʪʥʘʷ ʧʦʣʦʩʘ ʠʟʣʫʯʝʥʠʷ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ ʙʳʣʘ ʧʨʠʤʝʨʥʦ 

ʚ ʜʚʘ ʨʘʟʘ ʰʠʨʝ. ¶ ʋʚʝʣʠʯʝʥʠʝ ʨʘʟʥʠʮʳ (ʜʦ 50-60 %) ʚ ʘʤʧʣʠʪʫʜʘʭ ʵʤʠʩʩʠʡ ʈʩ-1 ʠ ʚ 

ʭʘʨʘʢʪʝʨʝ ʧʦʣʷʨʠʟʘʮʠʠ ʥʘ ʜʚʫʭ ʩʨʝʜʥʝʰʠʨʦʪʥʳʭ ʩʪʘʥʮʠʷʭ  ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʜʚʫʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʠʢʦʚ ʧʦʩʣʝ ʚʦʩʭʦʜʘ ʩʦʣʥʮʘ ʚ ʤʝʩʪʝ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʚʳʭʦʜʘ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʟʝʤʣʶ. ʇʦʣʷʨʠʟʘʮʠʷ  ʥʘ ʯʘʩʪʦʪʘʭ ʈʩ-1 ʟʘʚʠʩʝʣʘ ʢʘʢ ʦʪ ʚʨʝʤʝʥʠ, ʪʘʢ ʠ ʦʪ ʯʘʩʪʦʪʳ ʚ ʧʨʝʜʝʣʘʭ 

ʦʜʥʦʡ ʯʘʩʪʦʪʥʦʡ ʧʦʣʦʩʳ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʤʥʦʛʠʭ ʠʩʪʦʯʥʠʢʦʚ ʈʩ-1. ʅʘʨʷʜʫ ʩ 

ʜʘʥʥʳʤʠ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ 

ʩʧʫʪʥʠʢʦʚ NOAA-15, -16, -17, -18, -19 ʠ Metop ï02 (ʟʘ ʪʝ ʞʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ). ʂ ʵʢʚʘʪʦʨʫ 

ʦʪ ʠʟʦʪʨʦʧʥʦʡ ʛʨʘʥʠʮʳ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚʳʩʳʧʘʥʠʷ 

ʧʨʦʪʦʥʦʚ ʜʚʫʭ ʪʠʧʦʚ: ʘ) ʜʦʣʛʦʞʠʚʫʱʠʝ ʚʳʩʳʧʘʥʠʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ ʠ ʙ) 

ʚʳʩʳʧʘʥʠʷ ʥʘ ʰʠʨʦʪʘʭ ʧʣʘʟʤʦʧʘʫʟʳ. (ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʠʝ ʚʳʩʳʧʘʥʠʷ ʩʚʷʟʘʥʳ ʩ 

ʦʙʣʘʩʪʷʤʠ ʠʦʥʥʦ-ʮʠʢʣʦʪʨʦʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʦʷʚʣʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʧʝʨʚʦʛʦ  ʪʠʧʘ ʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘ ʧʦʷʚʣʝʥʠʝ ʙʦʣʝʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ 

ʧʦʣʦʩʳ ʠʟʣʫʯʝʥʠʷ ʚ ʧʝʨʠʦʜ 05:00-08:30 UT ʠ ʧʦʩʣʝ 11:00 UT. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʘʤʧʣʠʪʫʜʘʭ ʠ 

ʧʦʣʷʨʠʟʘʮʠʠ ʈʩ-1 ʥʘ ʩʨʝʜʥʝʰʠʨʦʪʥʳʭ ʩʪʘʥʮʠʷʭ, ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʠʩʪʦʯʥʠʢʠ (ʠ ʪʦʛʦ, 

ʠ ʜʨʫʛʦʛʦ ʪʠʧʘ) ʚʙʣʠʟʠ ʤʝʨʠʜʠʘʥʘ ʵʪʠʭ ʩʪʘʥʮʠʡ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʠʟʣʫʯʝʥʠʡ 

ʈʩ-1 ʚ ʄɻɼ ʚʦʣʥʦʚʦʜʝ, ʯʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʤʝʣʢʠʝ ʤʘʩʰʪʘʙʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦʣʝʡ  ʥʘ ʯʘʩʪʦʪʘʭ ʈʩ-1. ʅʘʣʠʯʠʝ ʜʚʫʭ ʧʦʣʦʩ ʠʟʣʫʯʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ 21-02 UT 

ʪʨʫʜʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʣʠʯʠʝʤ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʪʘʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʩʧʝʢʪʨʦʚ 

ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʣʠʷʥʠʷ ʪʷʞʝʣʳʭ ʠʦʥʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʦʙʣʘʩʪʠ 

ʛʝʥʝʨʘʮʠʠ ʠ ʥʘ ʧʫʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʦʥʥʦ-ʮʠʢʣʦʪʨʦʥʥʳʭ ʚʦʣʥ ʥʘ ʟʝʤʣʶ. ʈʘʙʦʪʘ 

ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʛʨʘʥʪʳ 11-02-00419, 11-02-97104 ʠ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʦʥʪʨʘʢʪ 16.518.11.7066. 
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ɺ ʄɸɻʅʀʊʆʉʌɽʈɽ ɿɽʄʃʀ 

 

ʉ.ʉ. ɿʥʘʪʢʦʚʘ
1
, ɽ.ɽ. ɸʥʪʦʥʦʚʘ

1,2
, ʄ.ʉ. ʇʫʣʠʥʝʮ

3
, ʀ.ʇ. ʂʠʨʧʠʯʝʚ

1,2  

 
1 
ʅʀʀʗʌ ʠʤ. ɼ.ɺ.ʉʢʦʙʝʣʴʮʳʥʘ, ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2 
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

3 
ʌʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 

   svetlana.znatkova@yandex.ru 

 

ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʥʠʟʢʦʰʠʨʦʪʥʦʛʦ ʧʦʛʨʘʥʩʣʦʷ (LLBL) 

ʤʘʛʥʠʪʦʩʬʝʨʳ ɿʝʤʣʠ ʚ ʜʥʝʚʥʳʝ ʯʘʩʳ ʚʙʣʠʟʠ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦ ʜʘʥʥʳʤ 

ʧʝʨʝʩʝʯʝʥʠʷ ʩʣʦʷ ʦʜʥʠʤ ʩʧʫʪʥʠʢʦʤ ʩ ʫʯʝʪʦʤ ʠʟʤʝʨʷʝʤʦʡ ʥʘ ʩʧʫʪʥʠʢʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʧʣʘʟʤʳ. ʄʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʬʣʫʢʪʫʘʮʠʷʭ ʧʦʣʦʞʝʥʠʷ ʤʘʛʥʠʪʦʧʘʫʟʳ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʤʘʛʥʠʪʦʩʣʦʷ. ʇʨʦʚʝʜʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʤʝʪʦʜʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʧʦʯʪʠ 

ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʙʣʠʟʢʦ ʣʝʞʘʱʠʭ ʧʝʨʝʩʝʯʝʥʠʡ ʤʘʛʥʠʪʦʧʘʫʟʳ ʩʧʫʪʥʠʢʘʤʠ ʤʠʩʩʠʠ THEMIS, 

ʢʦʛʜʘ ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʣʱʠʥʝ LLBL. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʪʦʣʱʠʥʫ LLBL  ʩ ʪʦʯʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 10%. ʄʝʪʦʜ 

ʦʧʨʦʙʠʨʦʚʘʥ ʧʨʠ ʦʮʝʥʢʝ ʪʦʣʱʠʥʳ ʩʣʦʷ ʩ ʫʯʝʪʦʤ ʝʛʦ ʧʣʘʟʤʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʚʥʫʪʨʝʥʥʠʡ ʠ 

ʚʥʝʰʥʠʡ LLBL), ʯʪʦ ʠʟʤʝʥʷʝʪ ʪʦʯʥʦʩʪʴ ʜʦ ʧʦʨʷʜʢʘ 15%. ʇʦʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʠ LLBL  ʥʘ ʨʝʟʫʣʴʪʘʪ ʤʝʪʦʜʠʢʠ. 

 

 

ʉʃɸɹʆɼɺʋʄɽʈʅɸʗ ʄɻɼ-ʄʆɼɽʃʔ ʄɸɻʅʀʊʆɼʀʉʂɸ ʖʇʀʊɽʈɸ 

 

ʈ.ɸ. ʂʠʩʣʦʚ 

 

ʀʂʀ ʈɸʅ, ʄʌʊʀ(ɻʋ), ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, kr-rk@bk.ru 

 

ʄʘʛʥʠʪʥʳʡ ʜʠʩʢ ʖʧʠʪʝʨʘ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ Pioneer-10 ʚ 1973 ʛʦʜʫ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʨʘʤʢʘʭ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʩʣʘʙʦʜʚʫʤʝʨʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʦʜʥʦʞʠʜʢʦʩʪʥʦʡ 

ʄɻɼ-ʤʦʜʝʣʠ, ʪʚʦʨʯʝʩʢʠ ʠʩʧʦʣʴʟʫʶʱʝʡ ʧʦʜʭʦʜ, ʨʘʟʚʠʪʳʡ ʚ ʠʟʚʝʩʪʥʦʡ ʨʘʙʦʪʝ [1], ʧʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʘʛʥʠʪʦʜʠʩʢʘ ʚ ʦʙʣʘʩʪʷʭ ʦʪʢʨʳʪʳʭ ʠ ʟʘʤʢʥʫʪʳʭ ʤʘʛʥʠʪʥʳʭ 

ʩʠʣʦʚʳʭ ʣʠʥʠʡ. ʀʟʫʯʝʥʘ ʨʦʣʴ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʤʘʛʥʠʪʦʜʠʩʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ ʢʦʨʦʪʘʮʠʠ ʧʣʘʟʤʳ ʜʠʩʢʘ ʠ 

ʚʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʝʸ ʥʘʨʫʰʝʥʠʷ. ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʳʝ ʧʨʦʬʠʣʠ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ, ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʜʣʷ ʜʚʫʭ ʚʠʜʦʚ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʟʤʳ ʦʪ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ: ʦʙʨʘʪʥʦʡ ʠ ʜʣʷ ʩʣʫʯʘʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʧʣʘʟʤʳ. ʀʩʩʣʝʜʦʚʘʥʘ ʦʙʣʘʩʪʴ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʦʜʝʣʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʛʣʘʩʠʝ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ. 

 

 

ɹɸʃʃʆʅʅʓɽ ɺʆɿʄʋʑɽʅʀʗ ɺ ʇʃɸɿʄɽʅʅʆʄ ʉʃʆɽ ɺɹʃʀɿʀ  

ʅɸʏɸʃɸ ʉʋɹɹʋʈʀ 

 

ʊ.ɺ. ʂʦʟʝʣʦʚʘ, ɹ.ɺ. ʂʦʟʝʣʦʚ  

 

ʇɻʀ ʂʅʎ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ, Boris.Kozelov@gmail.com 

 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥʘ ʩʪʨʫʢʪʫʨʘ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʚʦʣʥ, ʥʘʙʣʶʜʘʝʤʳʭ ʥʘ ʩʧʫʪʥʠʢʝ 

THEMIS-C ʥʘ r~6.3 Re ʚʙʣʠʟʠ ʣʦʢʘʣʴʥʦʛʦ ʥʘʯʘʣʘ ʩʫʙʙʫʨʠ ʚ 18:34 UT 6 ʷʥʚʘʨʷ 2008 ʛ. ɺʦ 
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ʚʨʝʤʷ ʵʪʦʡ ʩʫʙʙʫʨʠ ʚ ʧʨʝʜʧʦʣʫʥʦʯʥʦʤ ʩʝʢʪʦʨʝ ʤʘʛʥʠʪʦʩʬʝʨʳ ʛʨʘʥʠʮʘ ʢʦʥʚʝʢʮʠʠ 10-ʢʵɺ-

ʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʥʘʭʦʜʠʣʘʩʴ ʚʦ ʚʥʝʰʥʝʡ ʯʘʩʪʠ ʟʘʭʚʘʯʝʥʥʳʭ ʠʦʥʦʚ ʚ ʧʝʨʝʭʦʜʥʦʡ ʦʙʣʘʩʪʠ, ʛʜʝ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʙʳʩʪʨʦ ʤʝʥʷʣʘʩʴ ʦʪ ʢʚʘʟʠʜʠʧʦʣʴʥʦʡ ʢ ʙʦʣʝʝ ʚʳʪʷʥʫʪʦʡ 

çʭʚʦʩʪʦʦʙʨʘʟʥʦʡè ʬʦʨʤʝ. ɿʘ ʜʚʝ ʤʠʥʫʪʳ ʜʦ ʥʘʯʘʣʘ ʩʫʙʙʫʨʠ ʚʙʣʠʟʠ ʵʪʦʡ ʛʨʘʥʠʮʳ ʢʦʥʚʝʢʮʠʠ 

ʵʣʝʢʪʨʦʥʦʚ ʥʘʯʘʣʠʩʴ ʦʩʮʠʣʣʷʮʠʠ ʧʦʣʝʡ ʠ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ ʩ ʧʝʨʠʦʜʦʤ ~ 50-60 ʩʝʢʫʥʜ. ʇʦ 

ʥʘʟʝʤʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ ʚ ʃʦʧʘʨʩʢʦʡ ʚʙʣʠʟʠ ʜʦʣʛʦʪʥʦʛʦ ʩʝʢʪʦʨʘ ʩʧʫʪʥʠʢʘ ʚ ʵʪʦ ʚʨʝʤʷ ʥʘ 

ʘʚʨʦʨʘʣʴʥʦʡ ʜʫʛʝ ʧʦʷʚʠʣʠʩʴ ʩʢʣʘʜʢʠ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʚʝʪʠʤʦʩʪʠ, ʧʝʨʝʤʝʱʘʶʱʠʝʩʷ ʥʘ 

ʟʘʧʘʜ. ɸʥʘʣʠʟ ʵʪʠʭ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ (1) ʚʘʨʠʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ 

ʧʝʨʠʦʜʦʤ ~ 50 ʩʝʢʫʥʜ ʧʨʝʦʙʣʘʜʘʶʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ X (dBx>dBz>dBy); (2) ʚʘʨʠʘʮʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʝʡ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʢ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ ʥʘʧʨʘʚʣʝʥʠʶ 

dBx ʠ dEy ʩʜʚʠʥʫʪʳ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʥʘ 90
o
, ʢʘʢ ʜʣʷ ʩʪʦʷʯʠʭ ʘʣʴʚʝʥʦʚʩʢʠʭ ʚʦʣʥ; (2) 

ʦʩʮʠʣʣʷʮʠʠ ʜʘʚʣʝʥʠʷ ʠʦʥʦʚ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʜʚʠʥʫʪʳ ʥʘ 180
o
, ʢʘʢ ʜʣʷ ʤʝʜʣʝʥʥʦʡ 

ʤʘʛʥʠʪʦʟʚʫʢʦʚʦʡ ʤʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʙʣʶʜʘʝʤʳʝ ʚʘʨʠʘʮʠʠ ʧʦʣʝʡ ʠ ʯʘʩʪʠʮ ʚ 

ʤʘʛʥʠʪʦʩʬʝʨʝ ʚʙʣʠʟʠ ʥʘʯʘʣʘ ʩʫʙʙʫʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʣʴʚʝʥʦʚʩʢʠʤ ʚʦʣʥʘʤ, ʟʘʮʝʧʣʝʥʥʳʤ ʩ 

ʤʝʜʣʝʥʥʦʡ ʤʘʛʥʠʪʦʟʚʫʢʦʚʦʡ ʚʦʣʥʦʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʘʣʣʦʥʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʚ 

ʧʣʘʟʤʝ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʢʨʠʚʦʣʠʥʝʡʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

 

 

ʗɺʃɽʅʀɽ ʋʉʀʃɽʅʀʗ ɹɸʋʅʉʀʈʋʖʑʀʍ ʂʃɸʉʊɽʈʆɺ ɺ ʎɽʅʊʈɸʃʔʅʆʄ 

ʇʃɸɿʄɽʅʅʆʄ ʉʃʆɽ 

 

ʈ.ɸ. ʂʦʚʨʘʞʢʠʥ
1
, ɻ.ɸ. ɺʣʘʜʠʤʠʨʦʚʘ

1
, ɸ.ʃ. ɻʣʘʟʫʥʦʚ

1
, ɾ.-ɸ. ʉʦʚʦ

2
 

 
1 
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, rkovrazh@iki.rssi.ru 

2 
IRAP, ʛ. ʊʫʣʫʟʘ, ʌʨʘʥʮʠʷ 

 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʢʣʘʩʪʝʨʦʚ (ʩʪʨʫʢʪʫʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ) ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ  

0,1-20 ʢʵɺ ʚ ʥʦʯʥʦʤ ʧʣʘʟʤʝʥʥʦʤ ʩʣʦʝ ʥʘ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ~4 ʨʘʜʠʫʩʦʚ ɿʝʤʣʠ. 

ʇʦʩʣʝ ʜʣʠʪʝʣʴʥʳʭ ʤʘʛʥʠʪʥʦ-ʩʧʦʢʦʡʥʳʭ ʧʝʨʠʦʜʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʧʦʣʥʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʧʣʘʟʤʝʥʥʦʛʦ ʩʣʦʷ ʙʘʫʥʩʠʨʫʶʱʠʤʠ ʢʣʘʩʪʝʨʘʤʠ ʯʘʩʪʠʮ; ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʫʜʘʝʪʩʷ ʚʳʷʚʠʪʴ 

ʚ ʢʘʞʜʦʤ ʠʦʥʥʦʤ ʢʣʘʩʪʝʨʝ ʜʠʩʧʝʨʩʠʶ ʵʥʝʨʛʠʠ ʦʪ ʛʝʦʤʘʛʥʠʪʥʦʡ ʰʠʨʦʪʳ. ʊʘʢʘʷ  ʜʠʩʧʝʨʩʠʷ 

ʩʚ̫ʟʘʥʘ ʩ ʚʣʠʷʥʠʝʤ ʨʘʜʠʘʣʴʥʦʛʦ ʜʨʝʡʬʘ ʚ ʪʝʯʝʥʠʝ ʙʘʫʥʩ-ʧʝʨʠʦʜʘ ʜʣʷ ʠʦʥʦʚ ʨʘʟʥʳʭ ʵʥʝʨʛʠʡ. 

ʆʙʥʘʨʫʞʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʵʥʝʨʛʠʠ ʢʣʘʩʪʝʨʘ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʝʛʦ ʥʦʤʝʨʘ Ni 

(N1,  N2,  é) ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ɿʝʤʣʝ. ʅʘʙʣʶʜʘʝʤʳʡ ʵʬʬʝʢʪ ʫʩʠʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʢʣʘʩʪʝʨʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ  ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʮʝʥʪʨʘʣʴʥʳʡ ʧʣʘʟʤʝʥʥʳʡ 

ʩʣʦʡ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʘʥʘʣʦʛʦʤ ʦʙʲʝʤʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ. 

 

 

ʂʆʄʇʔʖʊɽʈʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʀɹʆʈʆɺ ʂɸʄɽʈɸ-ʕ ʠ ʂɸʄɽʈɸ-ʀ ɼʃʗ 

ʇʈʆɽʂʊɸ ʈɽɿʆʅɸʅʉ. ʈɸʉʏɽʊ ɻɽʆʄɽʊʈʀʏɽʉʂʆɻʆ ʌɸʂʊʆʈɸ 

 

ɻ.ɺ. ʂʦʡʥʘ,h ʆ.ʃ. ɺʘʡʩʙʝʨʛ 

 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, gregory_koynash@iki.rssi.ru 

 

ʎʝʣʴʶ ʧʨʦʝʢʪʘ ʈɽɿʆʅɸʅʉ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʦʣʥ ʠ ʯʘʩʪʠʮ ʚʦ 

ʚʥʫʪʨʝʥʥʝʡ ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʧʨʠʙʦʨʦʚ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʟʤʝʨʷʝʤʳʭ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ 

ʩʢʦʨʦʩʪʷʤ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʦʜʥʦʤʦʤʝʥʪʥʦʝ 

ʠʟʤʝʨʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʩʢʦʨʦʩʪʷʤ ʚ ʚʦʟʤʦʞʥʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʯʘʩʪʠʮ ʧʦ ʩʢʦʨʦʩʪʷʤ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ 

ɿʝʤʣʠ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʪʘʢʠʝ 
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ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʛʠʨʦʪʨʦʧʥʳʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʛʨʘʥʠʯʠʪʴʩʷ ʠʟʤʝʨʝʥʠʷʤʠ ʧʠʪʯ-

ʫʛʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ. ɸʥʘʣʠʟʘʪʦʨʳ ʂɸʄɽʈɸ-ʕ ʠ ʂɸʄɽʈɸ-ʀ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʚʦʜʠʪʴ ʦʜʥʦʤʦʤʝʥʪʥʦʝ ʠʟʤʝʨʝʥʠʝ 2-ʤʝʨʥʦʛʦ ʩʝʯʝʥʠʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ 

ʠ  ʠʦʥʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʠ E0 õ 10E0. ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʙʦʨʦʚ ʂɸʄɽʈɸ-ʀ ʠ ʂɸʄɽʈɸ-ʕ, ʘ ʪʘʢʞʝ ʨʘʩʯʝʪ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʧʦ ʜʘʥʥʳʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʘʤʠ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ ʥʘ ʢʦʩʤʠʯʝʩʢʦʤ ʘʧʧʘʨʘʪʘ 

Cluster (A. Jhonstone ʠ ʜʨ.) ʜʣʷ ʨʘʩʯʝʪʘ ʦʪʢʣʠʢʘ ʧʨʠʙʦʨʦʚ ʂɸʄɽʈɸ-ʕ ʠ ʂɸʄɽʈɸ-ʀ ʠ 

ʦʮʝʥʢʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʧʨʠʙʦʨʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʜʘʥʥʦʤ 

ʜʦʢʣʘʜʝ.  

 

 

ʉʊɸʅɼɸʈʊʅʓɽ ʀʅɼɽʂʉʓ  ʀ ʆʎɽʅʂɸ ʅɸɿɽʄʅʆʁ ɻɽʆʄɸɻʅʀʊʅʆʁ 

ɸʂʊʀɺʅʆʉʊʀ ʇɽʈɽʄɽʅʅʆɻʆ ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ ɿɽʄʃʀ 

 

ɸ.ɽ. ʃʝʚʠʪʠʥ, ʃ.ʀ. ɻʨʦʤʦʚʘ, ʉ.ɺ. ɻʨʦʤʦʚ, ʃ.ɸ. ɼʨʝʤʫʭʠʥʘ  
 

ʀɿʄʀʈɸʅ ʠʤ. ʅ.ɺ.ʇʫʰʢʦʚʘ ʈɸʅ (ʀɿʄʀʈɸʅ), ʛ. ʊʨʦʠʮʢ, ʈʦʩʩʠʷ, levitin@izmiran.ru 

 

ɿʘ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʠʥʜʝʢʩʘʤʠ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʤʠ ʤʳ ʜʦ ʩʠʭ ʧʦʨ 

ʧʦʣʴʟʫʝʤʩʷ,  ʩʪʦʷʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ  

ʚ ʧʝʨʠʦʜ ʜʦ ʩʧʫʪʥʠʢʦʚʦʡ ʵʨʳ. ʕʪʠ ʟʘʤʝʯʘʪʝʣʴʥʳʝ ʜʣʷ ʩʚʦʝʛʦ ʚʨʝʤʝʥʠ ʠʥʜʝʢʩʳ ʧʨʠʚʦʜʷʪ, ʧʦ 

ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʢʦʪʦʨʦʝ ʤʳ ʤʦʞʝʤ ʩʝʛʦʜʥ̫  ʧʦʜʜʝʨʞʘʪʴ ʢʦʥʢʨʝʪʥʳʤʠ ʨʘʩʯʝʪʘʤʠ, ʢ 

ʥʝʧʨʘʚʠʣʴʥʦʡ ʦʮʝʥʢʝ ʤʦʱʥʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʠ  ʢʘʢ ʧʣʘʥʝʪʘʨʥʦʡ ʥʘʟʝʤʥʦʡ  ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʪʘʢ ʠ ʝʸ ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ. ʇʨʝʜʣʦʞʝʥ ʠ ʦʧʨʦʙʦʚʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʦʮʝʥʢʠ ʣʦʢʘʣʴʥʦʡ ʥʘʟʝʤʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʯʘʩʦʚʳʭ ʜʘʥʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʤʠʨʦʚʦʡ ʩʝʪʠ ʤʘʛʥʠʪʥʳʭ 

ʦʙʩʝʨʚʘʪʦʨʠʡ ʚ ʧʝʨʠʦʜ 2009 ʛʦʜʘ. ʊʘʢʠʝ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʫʨʦʚʥʝʡ ʦʪʩʯʝʪʘ 

ʯʘʩʦʚʳʭ ʘʤʧʣʠʪʫʜ ʵʪʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʣʷ ʚʩʝʭ ʧʨʝʜʳʜʫʱʠʭ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʣʝʪ ʧʦʜʦʙʥʳʭ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʢʘʞʜʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ. 2009 ʛʦʜ ʙʳʣ ʩʘʤʳʤ ʤʘʛʥʠʪʥʦ ʩʧʦʢʦʡʥʳʤ 

ʛʦʜʦʤ ʩʦʣʥʝʯʥʦʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ 

ʢʘʯʝʩʪʚʝʥʥʳʭ  ʦʙʩʝʨʚʘʪʦʨʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʝʦʤʘʛʥʠʪʥʳʭ 

ʜʘʥʥʳʭ ʚ ʵʪʦʪ ʛʦʜ ʧʝʨʠʦʜ ʧʦʣʫʯʠʪʴ ʘʤʧʣʠʪʫʜʳ ʯʘʩʦʚʳʭ ʟʥʘʯʝʥʠʡ  ʣʦʢʘʣʴʥʦʡ ʥʘʟʝʤʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʚ ʦʙʩʝʨʚʘʪʦʨʠʷʭ ʤʠʨʦʚʦʡ ʩʝʪʠ 

ʦʙʩʝʨʚʘʪʦʨʠʡ ʟʘ ʚʩʝ ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʳ ʠʭ ʨʘʙʦʪʳ ʜʦ 2009 ʛʦʜʘ ʠ ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʧʦʩʣʝ ʥʝʛʦ 

ʛʦʜʳ. ʀʩʧʦʣʴʟʫʷ ʪʘʢʦʡ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦʡ ʦʮʝʥʢʠ ʥʘʟʝʤʥʦʡ 

ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʯʝʤ ʝʸ ʦʮʝʥʢʘ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʝʛʦʜʥʷ ʠʥʜʝʢʩʦʚ 

ʘʢʪʠʚʥʦʩʪʠ K, Kp, AE. ʕʪʦʪ ʥʘʙʦʨ ʦʙʩʝʨʚʘʪʦʨʩʢʠʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦ, 

ʯʝʤ Dst-ʠʥʜʝʢʩ, ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ. ʇʨʝʜʩʪʘʚʣʝʥʦ 

ʦʙʦʩʥʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʦʮʝʥʢʠ ʥʘʟʝʤʥʦʡ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʧʨʦʚʦʜʠʤʦʡ ʥʘ ʦʩʥʦʚʝ ʫʢʘʟʘʥʥʳʭ ʠʥʜʝʢʩʦʚ. ʇʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʯʘʩʦʚʳʭ ʜʘʥʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʜʣʷ ʦʮʝʥʢʠ, ʢʘʢ ʪʝʢʫʱʝʡ 

ʥʘʟʝʤʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʪʘʢ ʠ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʚ 

ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʳ. 
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ʈʝʰʝʥʘ ʟʘʜʘʯʘ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʭʚʦʩʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʘʟʠʤʫʪʘʣʴʥʦ-ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʘʣʴʬʚʝʥʦʚʩʢʠʭ ʠ ʤʝʜʣʝʥʥʳʭ ʤʘʛʥʠʪʦʟʚʫʢʦʚʳʭ (ʄʄɿ) ʚʦʣʥ.  

ʆʧʨʝʜʝʣʝʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʩʧʝʢʪʨʳ ʵʪʠʭ ʢʦʣʝʙʘʥʠʡ. ʅʘʡʜʝʥʥʳʝ ʨʝʰʝʥʠʷ 

ʦʧʠʩʳʚʘʶʪ ʥʝʫʩʪʦʡʯʠʚʳʝ ʢʦʣʝʙʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʚʳʪʷʥʫʪʳʭ ʚ ʭʚʦʩʪ ʟʘʤʢʥʫʪʳʭ ʤʘʛʥʠʪʥʳʭ 

ʩʠʣʦʚʳʭ ʣʠʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʜʦʣʴ ʩʠʣʦʚʳʭ ʣʠʥʠʡ, ʦʧʠʨʘʶʱʠʭʩʷ ʥʘ ʚʳʩʦʢʦʧʨʦʚʦʜʷʱʫʶ 

ʠʦʥʦʩʬʝʨʫ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʢʦʣʝʙʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʦʷʯʠʝ ʚʦʣʥʳ. ʆʧʨʝʜʝʣʝʥʳ 

ʩʧʝʢʪʨʳ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʦʩʥʦʚʥʳʭ ʛʘʨʤʦʥʠʢ ʩʪʦʷʯʠʭ ʚʦʣʥ ʚ ʜʠʘʧʘʟʦʥʝ ʤʘʛʥʠʪʥʳʭ 

ʦʙʦʣʦʯʝʢ 5<L<60 ʚ  ʣʦʢʘʣʴʥʦʤ ʠ ɺʂɹ-ʧʨʠʙʣʠʞʝʥʠʷʭ  ʠ ʧʨʦʚʝʜʝʥʦ ʠʭ ʩʨʘʚʥʝʥʠʝ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʩʚʦʡʩʪʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʣʝʙʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʪʠʭ ʧʨʠʙʣʠʞʝʥʠʷʭ, ʢʘʨʜʠʥʘʣʴʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ. ɺ ʣʦʢʘʣʴʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʘʣʴʬʚʝʥʦʚʩʢʠʝ ʚʦʣʥʳ ʦʢʘʟʳʚʘʶʪʩʷ ʫʩʪʦʡʯʠʚʳʤʠ ʚʦ 

ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʘʛʥʠʪʥʳʭ ʦʙʦʣʦʯʝʢ, ʘ ʄʄɿ-ʚʦʣʥʳ ʥʘ ʤʘʛʥʠʪʥʳʭ 

ʦʙʦʣʦʯʢʘʭ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʪʦʢʦʚʳʡ ʩʣʦʡ ʧʝʨʝʭʦʜʷʪ ʚ ʨʝʞʠʤ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ 

("ʙʘʣʣʦʥʥʦʡ") ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ. ɺ ʙʝʩʩʠʣʦʚʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, ʪʘʢʠʭ ʢʘʢ ʜʠʧʦʣʴʥʦʝ, 

ʢʦʣʝʙʘʥʠʷ ʚʩʝʛʜʘ ʫʩʪʦʡʯʠʚʳ. ɺ ɺʂɹ-ʧʨʠʙʣʠʞʝʥʠʠ ʢʘʢ ʘʣʴʬʚʝʥʦʚʩʢʠʝ, ʪʘʢ ʠ ʄʄɿ-ʚʦʣʥʳ ʥʘ 

ʩʠʣʦʚʳʭ ʣʠʥʠʷʭ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʪʦʢʦʚʳʡ ʩʣʦʡ, ʧʝʨʝʭʦʜʷʪ ʚ ʨʝʞʠʤ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ 

ʢʦʥʝʯʥʦʡ ʯʘʩʪʦʪʝ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʆʜʥʘʢʦ ʨʘʩʩʯʠʪʘʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʠʥʢʨʝʤʝʥʪ 

ʄʄɿ-ʢʦʣʝʙʘʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣ, ʘ ʦʙʣʘʩʪʴ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʘʩʪʦʣʴʢʦ ʦʛʨʘʥʠʯʝʥʘ, ʯʪʦ ʚ 

ʨʝʘʣʴʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʝ ʦʥʠ ʚʨʷʜ ʣʠ ʤʦʛʫʪ ʩʪʘʪʴ ʥʝʫʩʪʦʡʯʠʚʳʤʠ. ʆʧʨʝʜʝʣʝʥʘ ʩʪʨʫʢʪʫʨʘ 

ʘʟʠʤʫʪʘʣʴʥʦ-ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʥʝʫʩʪʦʡʯʠʚʳʭ ʘʣʴʬʚʝʥʦʚʩʢʠʭ ʚʦʣʥ ʧʦʧʝʨʝʢ ʤʘʛʥʠʪʥʳʭ 

ʦʙʦʣʦʯʝʢ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʠʝ ʚʦʣʥʳ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ ʪʦʣʴʢʦ ʧʨʠ 

ʥʘʣʠʯʠʠ ʩʪʦʨʦʥʥʠʭ ʪʦʢʦʚ ʚ ʠʦʥʦʩʬʝʨʝ, ʥʘ ʢʦʪʦʨʫʶ ʦʧʠʨʘʶʪʩʷ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʥʝʧʨʠʤʝʥʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʣʦʢʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʦʧʠʩʘʥʠʶ 

ʄɻɼ-ʢʦʣʝʙʘʥʠʡ ʚ ʨʝʘʣʴʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʝ. ʇʦʢʘʟʘʥʘ ʥʝʢʦʨʨʝʢʪʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʯʠʥʦʡ "ʙʘʣʣʦʥʥʦʡ" ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʚʷʟʴ 

ʘʣʴʬʚʝʥʦʚʩʢʠʭ ʠ ʄʄɿ-ʢʦʣʝʙʘʥʠʡ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩ ʢʨʠʚʳʤʠ ʩʠʣʦʚʳʤʠ ʣʠʥʠʷʤʠ. ʈʘʙʦʪʘ 

ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ʇʈɸʅ 22 ʠ ʛʨʘʥʪʘ ʈʌʌʀ ˉ12-

02-00031-ʘ. 

 

 

ʆʊʈɸɾɽʅʀɽ ɻʀɼʈʆʄɸɻʅʀʊʅʓʍ ɺʆʃʅ ʆʊ ʄɸɻʅʀʊʆʉʌɽʈʓ: ɺʃʀʗʅʀɽ 

ʉɼɺʀɻʆɺʆɻʆ ʊɽʏɽʅʀʗ ʅɸ ʄɸɻʅʀʊʆʇɸʋɿɽ, ɺʆʃʅʆɺʆɼɸ ɺʆ ɺʅɽʐʅɽʁ 

ʄɸɻʅʀʊʆʉʌɽʈɽ ʀ ɸʃʔʌɺɽʅʆɺʉʂʆɻʆ ʈɽɿʆʅɸʅʉɸ ɺ ɽɽ ɻʃʋɹʀʅɽ 

 

ɺ.ɸ. ʄʘʟʫʨ, ɼ.ɸ. ʏʫʡʢʦ  

 

ʀʥʩʪʠʪʫʪ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʦʡ ʬʠʟʠʢʠ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ, vmazur@iszf.irk.ru  

 

ɺ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʦʜʥʦʨʦʜʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʜʚʠʞʫʱʝʛʦʩʷ ʚʜʦʣʴ ʤʘʛʥʠʪʦʧʘʫʟʳ, ʠ 

ʦʜʥʦʤʝʨʥʦ-ʥʝʦʜʥʦʨʦʜʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʳ ʘʥʘʣʠʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ 

ʧʘʜʘʶʱʝʡ ʠʟʚʥʝ ʛʠʜʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʠ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʝʛʦ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʚʦʣʥʳ.  ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʘʛʥʠʪʦʩʬʝʨʳ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʄɻɼ-ʚʦʣʥʦʚʦʜʘ, 

ʟʘʢʣʶʯʝʥʥʦʛʦ ʤʝʞʜʫ ʤʘʛʥʠʪʦʧʘʫʟʦʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʪʦʯʢʦʡ ʦʪʨʘʞʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʘʣʴʬʚʝʥʦʚʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʟʘ ʪʦʯʢʦʡ ʦʪʨʘʞʝʥʠʷ ʚ ʛʣʫʙʠʥʝ ʤʘʛʥʠʪʦʩʬʝʨʳ. 

ʆʙʘ ʵʪʠ ʷʚʣʝʥʠʷ ʦʢʘʟʳʚʘʁ ʪ ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨ ʦʪʨʘʞʝʥʠʷ ʚʦʣʥ ʦʪ 

ʤʘʛʥʠʪʦʧʘʫʟʳ. ɸʣʴʬʚʝʥʦʚʩʢʠʡ ʨʝʟʦʥʘʥʩ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤʦʤ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʚ 

ʙʝʩʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʝ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʜʠʩʩʠʧʘʮʠʠ ʤʘʛʥʠʪʦʧʘʫʟʘ ʙʳʣʘ ʙʳ 
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ʠʜʝʘʣʴʥʦ ʦʪʨʘʞʘʶʱʝʡ ʛʨʘʥʠʮʝʡ ʠ ʪʦʣʴʢʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʘʣʴʬʚʝʥʦʚʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ 

ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʣʠʯʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʦʪ ʝʜʠʥʠʮʳ. ʅʘʣʠʯʠʝ ʄɻɼ-

ʚʦʣʥʦʚʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʵʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʝʜʠʥʠʮʳ 

ʪʦʣʴʢʦ ʚ ʫʟʢʠʭ ʦʢʨʝʩʪʥʦʩʪʷʭ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʚʦʣʥʦʚʦʜʘ, ʰʠʨʠʥʘ ʢʦʪʦʨʳʭ ʧʦʨʷʜʢʘ 

ʜʝʢʨʝʤʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʤʦʜ (ʵʬʬʝʢʪ ʌʘʙʨʠ-ʇʝʨʦ). ʇʨʠ ʵʪʦʤ ʜʣʷ ʚʦʣʥ, ʬʘʟʦʚʘʷ 

ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʳʭ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ (ʦʧʝʨʝʞʘʶʱʠʭ ʚʦʣʥ), 

ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʧʦʣʥʦʝ ʦʪʨʘʞʝʥʠʝ ï ʘʤʧʣʠʪʫʜʘ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ ʤʝʥʴʰʝ, ʯʝʤ ʧʘʜʘʶʱʝʡ. ɺ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ ʜʣʷ ʚʦʣʥ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʳʭ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 

(ʦʪʩʪʘʶʱʠʭ ʚʦʣʥ), ʘʤʧʣʠʪʫʜʘ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ ʙʦʣʴʰʝ, ʯʝʤ ʧʘʜʘʶɦ ʝʡ ï ʠʤʝʝʪ ʤʝʩʪʦ 

ʷʚʣʝʥʠʝ ʩʚʝʨʭʦʪʨʘʞʝʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʵʥʝʨʛʠʷ, ʧʨʦʥʠʢʘʶʱʘʷ ʚ ʤʘʛʥʠʪʦʩʬʝʨʫ ʚʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ ʧʦʣʦʞʠʪʝʣʴʥʘ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʦʪʩʪʘʶʱʠʝ ʚʦʣʥʳ ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ ʦʙʣʘʜʘʶʪ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʝʡ. ʇʦʵʪʦʤʫ ʠʭ ʩʚʝʨʭʦʪʨʘʞʝʥʠʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʵʥʝʨʛʠʷ, 

ʧʨʠʥʝʩʝʥʥʘʷ ʧʘʜʘʶʱʝʡ ʚʦʣʥʦʡ, ʤʝʥʴʰʝ (ʧʦ ʤʦʜʫʣʶ), ʯʝʤ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʵʥʝʨʛʠʷ, ʫʥʝʩʝʥʥʘʷ 

ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʦʡ. ʊ.ʝ. ʵʥʝʨʛʠʷ, ʧʦʩʪʫʧʠʚʰʘʷ ʚ ʤʘʛʥʠʪʦʩʬʝʨʫ ʧʦʣʦʞʠʪʝʣʴʥʘ.      

 

 

ʉʊʈʋʂʊʋʈɸ ʀ ɼʀʅɸʄʀʂɸ ʊʆʂʆɺʆɻʆ ʉʃʆʗ ʍɺʆʉʊɸ ʄɸɻʅʀʊʆʉʌɽʈʓ  

ʇʆ ɼɸʅʅʓʄ THEMIS 

 

ɺ.ɺ. ʂʘʣʝʛʘʝʚ, ʀ.ʉ. ʅʘʟʘʨʢʦʚ 

 

ʅʀʀʗʌ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, nazarkov@dec1.sinp.msu.ru 

 

ʀʩʩʣʝʜʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʠ ʜʠʥʘʤʠʢʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʭʚʦʩʪʘ ʤʘʛʥʠʪʦʩʬʝʨʳ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʤʠʩʩʠʠ THEMIS ʚ ʧʝʨʠʦʜ ʵʢʩʪʨʝʤʘʣʴʥʦ-ʩʧʦʢʦʡʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʛʥʠʪʦʩʬʝʨʳ ɿʝʤʣʠ 

ʚ 2009 ʛ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʤʦʜʝʣʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ (IGRF-11)  ʠ 

ʤʦʜʝʣʠ ʤʘʛʥʠʪʦʩʬʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (A2000) ʤʳ ʚʳʜʝʣʷʝʤ ʠʟ ʩʫʤʤʘʨʥʦʛʦ ʠʟʤʝʨʝʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʣʝ ʪʦʢʦʚ ʭʚʦʩʪʘ ʤʘʛʥʠʪʦʩʬʝʨʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʚʨʝʤʝʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʥʘ 5 ʩʧʫʪʥʠʢʘʭ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʘʜʠʘʣʴʥʳʡ ʧʨʦʬʠʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʜʦʣʴ 

ʭʚʦʩʪʘ ʤʘʛʥʠʪʦʩʬʝʨʳ. ʇʦʣʫʯʝʥʦ, ʯʪʦ ʧʝʨʝʜʥʠʡ ʢʨʘʷ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʭʚʦʩʪʘ ʤʘʛʥʠʪʦʩʬʝʨʳ ʧʨʠ 

ʩʧʦʢʦʡʥʳʭ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʷ ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ 4 ʘʧʨʝʣʷ 2009 ʛ. ʥʘʭʦʜʠʣʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

ʦʢʦʣʦ 12 Re, ʘ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʧʝʨʝʜʥʝʛʦ ʢʨʘʷ  ʩʦʩʪʘʚʣʷʣʦ |B| = 20 ʥʊʣ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʚ ʫʜʘʣʝʥʥʦʤ ʭʚʦʩʪʝ ʝʛʦ ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 10 ʥʊʣ. ɺʦ ʚʨʝʤʷ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ 14 ʬʝʚʨʘʣʷ 2009 ʛ. (ʤʠʥ. Dst -35 ʥʊʣ) ʧʝʨʝʜʥʠʡ ʢʨʘʡ ʪʦʢʦʚ ʭʚʦʩʪʘ 

ʤʘʛʥʠʪʦʩʬʝʨʳ ʧʨʠʙʣʠʟʠʣʩʷ ʢ ɿʝʤʣʝ ʜʦ 8 Re,  ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʣʦʩʴ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʚʙʣʠʟʠ ʧʝʨʝʜʥʝʛʦ ʢʨʘʷ (Bx ʢʦʤʧʦʥʝʥʪʘ ʧʦʣʷ ʜʦʩʪʠʛʘʣʘ 70ʥʊʣ, Bz ʜʦʩʪʠʛʘʣʘ -50 ʥʊʣ), ʯʪʦ 

ʛʦʚʦʨʠʪ ʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʦʪʝʢʘʶʱʠʭ ʪʦʢʘʭ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ 

ʫʚʝʣʠʯʝʥʠʠ ʭʘʨʘʢʪʝʨʥʳʭ ʨʘʟʤʝʨʦʚ ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʪʦʢʦʚʳʭ ʩʠʩʪʝʤ ʚ ʧʝʨʠʦʜ ʵʢʩʪʨʝʤʘʣʴʥʦ 

ʩʧʦʢʦʡʥʦʡ ʵʧʦʭʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 
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ʀʄʇʋʃʔʉʅʓɽ ɺʉʇʃɽʉʂʀ ɻɽʆʄɸɻʅʀʊʅʓʍ ʇʋʃʔʉɸʎʀʁ ɺ ʏɸʉʊʆʊʅʆʄ 

ɼʀɸʇɸɿʆʅɽ 0.2 õ 5 ɻʎ ʂɸʂ ʇɽʈɺʓʁ ʉʀɻʅɸʃ ʆ ɺɿɸʀʄʆɼɽʁʉʊɺʀʀ ʄʋɺ  

ʉ ʄɸɻʅʀʊʆʉʌɽʈʆʁ 

 

ɺ.ɸ. ʇʘʨʭʦʤʦʚ
1
., ɹ.ɺ. ɼʦʚʙʥʷ

2
, ɻ.ʅ. ɿʘʩʪʝʥʢʝʨ

3
,  

ɺ.ɺ. ʉʘʬʘʨʛʘʣʝʝʚ
4
, ɸ.ʖ. ʇʘʰʠʥʠʥ

 5
 

 
1 
ɹʘʡʢʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʢʦʥʦʤʠʢʠ ʠ ʧʨʘʚʘ,  

  ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ, parhomov@irk.ru 
2 
ɻʝʦʬʠʟʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ ɹʦʨʦʢ, ʀʌɿ ʈɸʅ, ʈʦʩʩʠʷ 

3 
ʀʥʩʪʠʪʫʪ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

4 
ʇʦʣʷʨʥʳʡ ʛʝʦʬʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʂʅʎʈɸʅ, ʛ. ʄʫʨʤʘʥʩʢ, ʈʦʩʩʠʷ 

5 
ʀʥʩʪʠʪʫʪ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʦʡ ʬʠʟʠʢʠ ʉʆʈɸʅ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʩʦʧʦʩʪʘʚʣʝʥʠʡ ʥʘʙʣʶʜʝʥʠʡ ʩ ʚʳʩʦʢʠʤ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʬʨʦʥʪʦʚ 

ʤʝʞʧʣʘʥʝʪʥʳʭ ʫʜʘʨʥʳʭ ʚʦʣʥ (ʄʋɺ) ʥʘ ʩʧʫʪʥʠʢʝ ʉʧʝʢʪʨ-ʈ ʠ ʥʘʟʝʤʥʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʥʘ ʩʝʪʠ ʠʥʜʫʢʮʠʦʥʥʳʭ ʤʘʛʥʠʪʦʤʝʪʨʦʚ ʦʙʥʘʨʫʞʝʥʳ ʠʤʧʫʣʴʩʥʳʝ 

ʩʠʛʥʘʣʳ, ʦʪʨʘʞʘʶʱʠʝ ʧʝʨʚʳʡ ʢʦʥʪʘʢʪ ʄʋɺ ʩ ʤʘʛʥʠʪʦʩʬʝʨʦʡ. ʉʠʛʥʘʣʳ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʚʠʜʝ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ (Ò20 c) ʮʫʛʦʚ ʢʦʣʝʙʘʥʠʡ ʧʘʜʘʶʱʝʡ ʯʘʩʪʦʪʳ ʚ ʜʠʘʧʘʟʦʥʝ 0.2 õ 5 ɻʮ. 

ɺʩʧʣʝʩʢʠ ʧʫʣʴʩʘʮʠʡ ʧʨʝʜʚʘʨʷʶʪ ʠʣʠ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʥʘʯʘʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ 

ʚʥʝʟʘʧʥʦʛʦ ʥʘʯʘʣʘ (PRI), ʷʚʣʷʶʱʝʛʦʩʷ ʯʘʩʪʴʶ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ  ʚʥʝʟʘʧʥʦʛʦ ʥʘʯʘʣʘ, 

ʦʙʦʟʥʘʯʘʝʤʦʛʦ ʟʥʘʢʦʤ SSC* ʠʣʠ SI*. ʉʠʛʥʘʣʳ ʥʘʙʣʶʜʘʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʰʠʨʦʪʥʦ-

ʜʦʣʛʦʪʥʦʤ ʠʥʪʝʨʚʘʣʝ ȹʌ ~ 35Á ʠ ȹȿ ~ 90Á , ʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʦʩʚʝʱʸʥʥʦʡ ʩʪʦʨʦʥʝ 

ʤʘʛʥʠʪʦʩʬʝʨʳ. ʇʨʠʚʦʜʷʪʩʷ ʩʧʝʢʪʨʦʛʨʘʤʤʳ ʧʫʣʴʩʘʮʠʡ ʥʘ ʩʝʪʠ ʩʪʘʥʮʠʡ. ʇʦ ʘʥʘʣʠʟʫ 15 

ʩʦʙʳʪʠʡ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜʳ. ʉ ʥʘʠʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʩʠʛʥʘʣʳ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ Bz ʢʦʤʧʦʥʝʥʪʳ ʄʄʇ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʚʦʟʨʘʩʪʘʥʠʠ ʝʸ 

ʟʥʘʯʝʥʠʷ ʥʘ ʬʨʦʥʪʝ ʚʦʣʥʳ ʠ ʧʨʠ ʨʝʟʢʠʭ (Ò1õ3 ʩ ) ʠ ʙʦʣʴʰʠʭ (Ó 3 ʥʇʘ) ʚʦʟʨʘʩʪʘʥʠʷʭ ʜʘʚʣʝʥʠʷ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ʆʙʩʫʞʜʘʶʪʩʷ ʜʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʦʜʝʣʠ ʚʦʟʙʫʞʜʝʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ 

ʠʤʧʫʣʴʩʥʳʭ ʩʠʛʥʘʣʦʚ. ʉʦʛʣʘʩʥʦ ʧʝʨʚʦʡ ʤʦʜʝʣʠ ʩʠʛʥʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʦʪʨʘʞʝʥʠʝʤ ʦʩʮʠʣʣʷʮʠʡ 

ʩʪʨʫʢʪʫʨʳ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. ʉʦʛʣʘʩʥʦ ʚʪʦʨʦʡ ʤʦʜʝʣʠ ʥʘʙʣʶʜʘʝʤʳʝ ʩʠʛʥʘʣʳ ʤʦʛʫʪ 

ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʚ ʠʦʥʦʩʬʝʨʥʦʤ ʘʣʴʚʝʥʦʚʩʢʦʤ ʨʝʟʦʥʘʪʦʨʝ.          

 

 

ɺʃʀʗʅʀɽ ʀʉʂʋʉʉʊɺɽʅʅʓʍ ʇʃɸɿʄɽʅʅʓʍ ʅɽʆɼʅʆʈʆɼʅʆʉʊɽʁ ʅɸ 

ʈɸʉʇʈʆʉʊʈɸʅɽʅʀɽ ʆʅʏ ɺʆʃʅ ɺ ʄɸɻʅʀʊʆʉʌɽʈɽ ɿɽʄʃʀ 

 

ɼ.ʃ. ʇʘʩʤʘʥʠʢ, ɸ.ɻ. ɼʝʤʝʭʦʚ 

 

ʀʇʌ ʈɸʅ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, pdl@aurora.appl.sci-nnov.ru 

 

ɺ ʨʘʤʢʘʭ ʧʨʠʙʣʠʞʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ ʠʩʩʣʝʜʫʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʆʅʏ ʚʦʣʥ ʚ ʠʦʥʦʩʬʝʨʝ ʠ ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʚ ʥʝʡ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʧʣʘʟʤʝʥʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʥʘʛʨʝʚʥʳʤʠ ʩʪʝʥʜʘʤʠ ʪʠʧʘ 

HAARP ʠ çʉʫʨʘè. ʇʨʦʬʠʣʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʣʘʟʤʳ ʜʣʷ ʨʘʩʯʝʪʘ ʣʫʯʝʚʳʭ 

ʪʨʘʝʢʪʦʨʠʡ ʟʘʜʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʠʦʥʦʩʬʝʨʳ SAMI2, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʜʣʷ ʫʯʝʪʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʦʥʦʩʬʝʨʫ ɺʏ ʠʟʣʫʯʝʥʠʷ ʥʘʛʨʝʚʥʳʭ ʩʪʝʥʜʦʚ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʛʨʝʚʥʦʛʦ ʩʪʝʥʜʘ ʥʘ ʠʦʥʦʩʬʝʨʫ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʦʙʣʘʩʪʴ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʣʘʟʤʳ, ʚʳʪʷʥʫʪʘʷ ʚʜʦʣʴ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʜʦ ʚʳʩʦʪ ʧʦʨʷʜʢʘ 

ʨʘʜʠʫʩʘ ɿʝʤʣʠ) ʠ ʠʤʝʶʱʘʷ ʜʦʩʪʘʪʦʯʥʦ ʥʝʙʦʣʴʰʦʡ ʨʘʟʤʝʨ  ʧʦʧʝʨʝʢ ʥʝʛʦ (~1Ü). ɺ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʫʶʪʩʷ ʣʫʯʝʚʳʝ ʪʨʘʝʢʪʦʨʠʠ ʚʦʣʥ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʩ ʚʳʩʦʪ ʦʢʦʣʦ 100 ʢʤ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʥʘʯʘʣʴʥʳʭ ʪʦʯʝʢ ʚ ʦʙʣʘʩʪʠ, ʛʜʝ ʩʦʟʜʘʥʦ ʧʦʜʦʙʥʦʝ ʚʦʟʤʫʱʝʥʠʝ, ʠ ʠʤʝʶʱʠʭ 
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ʨʘʟʣʠʯʥʳʝ ʥʘʯʘʣʴʥʳʝ ʫʛʣʳ ʚʦʣʥʦʚʦʡ ʥʦʨʤʘʣʠ. ʀʩʪʦʯʥʠʢʦʤ ʪʘʢʠʭ ʚʦʣʥ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ 

ʤʦʣʥʠʝʚʳʝ ʨʘʟʨʷʜʳ, ʪʘʢ ʠ ʤʦʜʫʣʠʨʦʚʘʥʥʳʡ ɺʏ ʥʘʛʨʝʚ ʠʦʥʦʩʬʝʨʳ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ 

ʨʘʩʯʝʪʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʥʘʣʠʯʠʝ ʧʦʜʦʙʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʢʘʥʘʣʠʨʦʚʘʥʠʶ ʆʅʏ ʚʦʣʥ ʚ ʦʙʣʘʩʪʠ ʚʦʟʤʫʱʝʥʠʷ, ʦʜʥʘʢʦ ʧʦʩʣʝ ʚʳʭʦʜʘ ʚʦʣʥʳ 

ʠʟ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʝʸ ʜʝʬʦʢʫʩʠʨʦʚʢʘ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʜʘʢʪʘ ʧʣʦʪʥʦʩʪʠ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʠʥʪʝʨʚʘʣʘ ʥʘʯʘʣʴʥʳʭ ʫʛʣʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʜʦʡʪʠ ʜʦ ʠʦʥʦʩʬʝʨʳ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʧʦʣʫʰʘʨʠʠ. 

 

 

ɹɸʃɸʅʉ ɼɸɺʃɽʅʀʁ ʅɸ ʄɸɻʅʀʊʆʇɸʋɿɽ ɺɹʃʀɿʀ ʇʆɼʉʆʃʅɽʏʅʆʁ ʊʆʏʂʀ 

ɺʆ ɺʈɽʄʗ ʄɸɻʅʀʊʅʓʍ ɹʋʈʔ ʇʆ ɼɸʅʅʓʄ ʇʈʆɽʂʊɸ THEMIS 
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ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʯʝʨʝʟ ʦʢʦʣʦʟʝʤʥʫʶ ʫʜʘʨʥʫʶ ʚʦʣʥʫ ʩʫʱʝʩʪʚʝʥʥʦ 

ʥʘʨʘʩʪʘʝʪ ʫʨʦʚʝʥʴ ʬʣʫʢʪʫʘʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ, ʬʦʨʤʠʨʫʝʪʩʷ 

ʤʘʛʥʠʪʦʩʣʦʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʣʠʪʝʣʴʥʫʶ ʠʩʪʦʨʠʶ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ 

ʩ ʤʘʛʥʠʪʦʩʬʝʨʦʡ ɿʝʤʣʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʤʘʛʥʠʪʦʩʣʦʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʣʦʭʦ 

ʠʟʫʯʝʥʳ. ʅʝ ʨʝʰʝʥ ʚʦʧʨʦʩ ʦ ʙʘʣʘʥʩʝ ʜʘʚʣʝʥʠʡ ʥʘ ʤʘʛʥʠʪʦʧʘʫʟʝ ʚ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʚʝʣʠʢ 

ʫʨʦʚʝʥʴ ʪʫʨʙʫʣʝʥʪʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ 

ʬʣʫʢʪʫʘʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʤʘʛʥʠʪʦʩʣʦʝ ʠ ʙʘʣʘʥʩʘ ʜʘʚʣʝʥʠʡ ʥʘ ʤʘʛʥʠʪʦʧʘʫʟʝ ʚʙʣʠʟʠ 

ʧʦʜʩʦʣʥʝʯʥʦʡ ʪʦʯʢʠ ʚʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʧʦ ʜʘʥʥʳʤ ʤʠʩʩʠʠ THEMIS. ɺʳʜʝʣʝʥʳ 

ʧʝʨʝʩʝʯʝʥʠʷ ʤʘʛʥʠʪʦʧʘʫʟʳ ʩʧʫʪʥʠʢʘʤʠ ʚʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʟʘ ʚʩʝ ʚʨʝʤʷ ʨʘʙʦʪʳ 

ʤʠʩʩʠʠ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʙʣʶʜʝʥʠʷ ʫʩʣʦʚʠʷ ʙʘʣʘʥʩʘ ʜʘʚʣʝʥʠʡ ʥʘ ʤʘʛʥʠʪʦʧʘʫʟʝ ʠ 

ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʧʝʨʝʩʝʯʝʥʠʷʤʠ, ʠʤʝʚʰʠʤʠ ʤʝʩʪʦ ʚ ʩʧʦʢʦʡʥʦʡ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʦʙʩʪʘʥʦʚʢʝ. ɺʳʜʝʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʟʤʳ ʚʙʣʠʟʠ ʤʘʛʥʠʪʦʧʘʫʟʳ 

ʧʨʠ ʝʝ ʧʝʨʝʩʝʯʝʥʠʠ ʩʧʫʪʥʠʢʦʤ ʚʦ ʚʨʝʤʷ ʙʫʨʴ.  

 

 

ɺɽʁɺʃɽʊ-ʉʂɽʃɽʊʆʅʅʓʁ ʀʅʉʊʈʋʄɽʅʊ ɼʃʗ ʈɽʐɽʅʀʗ 

ɻɽʃʀʆɻɽʆʌʀɿʀʏɽʉʂʀʍ ɿɸɼɸʏ 

 

ɼ.ɺ. ʐʘʜʨʫʢʦʚ, ʉ.ɽ. ʈʝʚʫʥʦʚ 

 

ʅɻʇʋ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, revunov@inbox.ru 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʠʟʫʯʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚʝʡʚʣʝʪ-ʩʢʝʣʝʪʦʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʝʛʦ ʚ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯʘʭ ʛʝʣʠʦʛʝʦʬʠʟʠʢʠ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʘʥʘʣʠʟ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʦʢʦʣʦʟʝʤʥʦʛʦ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʦʣʫʯʝʥʠʠ ʚʳʚʦʜʦʚ ʦ ʬʠʟʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ʠ ʚ ʚʦʟʤʫʱʘʶʱʠʭ ʝʝ ʧʣʘʟʤʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ʊʨʘʜʠʮʠʦʥʥʦ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ. ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʱʝ ʧʨʠʤʝʥʷʝʪʩʷ ʦʢʦʥʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʦʣʫʯʠʪʴ ʣʦʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʦʪ. 

ʇʨʠʤʝʥʝʥʠʝ ʦʢʦʥ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ, ʧʦʩʢʦʣʴʢʫ ʚ ʨʝʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ ʠʩʩʣʝʜʫʝʪʩʷ 

ʥʝʢʦʪʦʨʳʡ ʬʨʘʛʤʝʥʪ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ. ʇʨʠ ʵʪʦʤ ʨʘʟʨʳʚʳ ʩʠʛʥʘʣʘ ʚʩʣʝʜʩʪʚʠʝ 

ʚʳʨʝʟʢʠ ʚʩʝʛʜʘ ʠʩʢʘʞʘʶʪ ʩʧʝʢʪʨ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʜʝʣʘʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʧʣʦʭʠʤ 

ʤʝʪʦʜʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʨʨʝʛʫʣʷʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ 

ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ ʚʦ ʚʨʝʤʝʥʠ. ɽʩʣʠ ʩʜʝʣʘʪʴ ʦʢʦʥʥʫʶ ʬʫʥʢʮʠʶ ʟʘʚʠʩʷʱʝʡ ʦʪ ʯʘʩʪʦʪʳ ʪʘʢ, 
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ʯʪʦʙʳ ʜʣʷ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʦʢʥʦ ʩʪʘʥʦʚʠʣʦʩʴ ʰʠʨʝ, ʘ ʜʣʷ ʚʳʩʦʢʠʭ ʫʞʝ, ʪʦ ʦʢʦʥʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʧʝʨʝʭʦʜʠʪ ʚ ʥʦʚʳʡ ʢʣʘʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ï ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʜʚʫʤʝʨʥʦʡ 

ʨʘʟʚʝʨʪʢʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʜʥʦʤʝʨʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʨʠ ʵʪʦʤ ʯʘʩʪʦʪʘ ʠ ʢʦʦʨʜʠʥʘʪʘ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʥʝʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʩʚʦʡʩʪʚʘ ʩʠʛʥʘʣʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʬʠʟʠʯʝʩʢʦʤ (ʚʨʝʤʷ, ʢʦʦʨʜʠʥʘʪʘ) ʠ ʚ ʯʘʩʪʦʪʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʘʭ. ʇʦʣʫʯʘʝʤʘʷ ʧʨʠ ʵʪʦʤ ʠʟʙʳʪʦʯʥʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʩʦʢʨʘʱʝʥʘ ʧʫʪʝʤ ʨʝʛʠʩʪʨʘʮʠʠ ʪʦʣʴʢʦ ʧʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫʤʦʚ ʩʧʝʢʪʨʘ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ 

ʩʪʨʫʢʪʫʨʘ çʚʝʡʚʣʝʪ-ʩʢʝʣʝʪʘè, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʢʣʶʯʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʜʠʥʘʤʠʢʠ ʩʧʝʢʪʨʘ. ɺʝʡʚʣʝʪ-ʩʢʝʣʝʪʦʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʨʦʚʝʨʝʥ ʥʘ ʨʷʜʝ ʛʝʣʠʦʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʟʘʜʘʯ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʪʦʯʥʝʥʠʷ ʪʠʧʘ ʧʣʘʟʤʝʥʥʦʛʦ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʛʦ 

ʚʝʪʨʘ ʧʦ ʫʥʠʢʘʣʴʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʨʠʟʥʘʢʘʤ ʚʦʟʤʫʱʝʥʠʡ ʩʢʦʨʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ, ʚʝʣʠʯʠʥʝ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʢʦʣʝʙʘʥʠʡ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪʨʘʞʘʝʪ 

ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʆʙʥʘʨʫʞʝʥʦ ʥʘʣʠʯʠʝ 

ʩʚʷʟʠ ʜʠʥʘʤʠʢʠ ʩʢʝʣʝʪʦʥʦʚ ʢʦʤʧʦʥʝʥʪ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʜʠʥʘʤʠʢʦʡ ʛʨʘʥʠʮ 

ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ ʘʢʪʠʚʥʳʭ ʟʦʥ. 

 

 

ʄɸɻʅʀʊʅʓɽ ʇʆʃʗ ʕʂɿʆʇʃɸʅɽʊ: ʄɸʈʂɽʈ ʅɸʃʀʏʀʗ ɾʀɿʅʀ 

 

A. ʉʢʘʣʴʩʢʠʡ
1
, M. ʄʦʛʠʣʝʚʩʢʠʡ

1
, ɺ. ɻʦʪʣʠʙ

1
, ʍ. ʈʦʪʢʝʣʴ

2
, ʃ. ɻʫʨʚʠʮ

3
, ɺ. ʂʦʨʝʧʘʥʦʚ

4
, ʀ. 

ɼʦʙʨʦʚʦʣʴʩʢʠʡ
1
, ʊ. ʈʦʤʘʥʮʦʚʘ

1
, ʅ. ʈʳʙɹʝʚʘ

1
 

 
1
 ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2
 ʎʝʥʪʨ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʇʦʣʴʰʘ 

3
 ɽʚʨʦʧʝʡʩʢʠʡ ʀʥʩʪʠʪʫʪ VLBI, ʅʠʜʝʨʣʘʥʜʳ 

4
 ʃʴʚʦʚʩʢʠʡ ʎʝʥʪʨ ʀʥʩʪʠʪʫʪʘ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʋʢʨʘʠʥʘ 

 

ʇʣʘʥʝʪʘʨʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʦʡ ʦʪ ʢʦʩʤʠʯʝʩʢʦʡ ʨʘʜʠʘʮʠʠ, ʠ ʝʛʦ ʥʘʣʠʯʠʝ ʫ 

ʧʣʘʥʝʪʳ ʤʦʞʝʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʠʥʜʠʢʘʪʦʨʦʚ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʞʠʟʥʠ ʥʘ ʧʣʘʥʝʪʝ. ʇʦʠʩʢ 

ʧʣʘʥʝʪ ʧʦʜʦʙʥʳʭ ɿʝʤʣʝ ʦʢʦʣʦ ʜʨʫʛʠʭ ʟʚʝʟʜ, ʧʣʘʥʝʪ, ʦʙʣʘʜʘʶʱʠʭ ʩʦʙʩʪʚʝʥʥʳʤ ʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ ʠ ʨʘʟʚʠʪʦʡ ʤʘʛʥʠʪʦʩʬʝʨʦʡ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʵʢʟʦʧʣʘʥʝʪ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʚʝʟʜʥʦʛʦ ʚʝʪʨʘ ʩ ʤʘʛʥʠʪʦʩʬʝʨʦʡ ʧʣʘʥʝʪʳ 

ʧʨʠʚʦʜʠʪ ʢ ʛʝʥʝʨʘʮʠʠ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ, ʧʦʜʦʙʥʦʛʦ ɸʂʈ, ʢʘʢ ʚ ʩʣʫʯʘʠ ʟʝʤʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʳ, 

ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʫ ʧʣʘʥʝʪʳ ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʆʞʠʜʘʝʤʳʡ ʯʘʩʪʦʪʥʳʡ 

ʜʠʘʧʘʟʦʥ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʦʪ ʧʦʜʦʙʥʳʭ ɿʝʤʣʝ ʵʢʟʦʧʣʘʥʝʪ ʥʘʭʦʜʠʪʩʷ ʥʠʞʝ 10 ʤɻʮ, ʯʪʦ 

ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʨʝʛʠʩʪʨʘʮʠʶ ʩ  ʧʦʤʦʱʴʶ ʘʥʪʝʥʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ-ʟʘ 

ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʠʟʣʫʯʝʥʠʷ ʠʦʥʦʩʬʝʨʦʡ ɿʝʤʣʠ. ʃʫʥʘ, ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʘʪʤʦʩʬʝʨʥʦʝ ʪʝʣʦ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʜʝʘʣʴʥʳʡ ʧʦʣʠʛʦʥ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ 

ʨʘʜʠʦʠʟʣʫʯʝʥʠʡ, ʠʤʝʶʱʠʭ ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʚʦʟʤʦʞʥʳʡ 

ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʘʥʪʝʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʤʝʶʱʘʷʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʙʦʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʠʟʣʫʯʝʥʠʡ ʜʣʷ ʧʦʩʘʜʦʯʥʦʛʦ ʟʦʥʜʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ʇ-22. 
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ɻɽʆʄɸɻʅʀʊʆʌɽʈʅɸʗ ʇʃɸɿʄɸ ɼʀɸʇɸɿʆʅɸ ʕʅɽʈɻʀʁ ɽ ~ (1 ʕɺ ï 100 ʄʕɺ) 

 

ɺ.ɺ. ʊʸʤʥʳʡ
1
, ʀ.ɺ. ɻʝʮʝʣʝʚ

2
  

 
1
 ʀʀɽʊ ʈɸʅ ʠʤ. ʉ.ʀ. ɺʘʚʠʣʦʚʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, vtemnyi@ 

2
 ʅʀʀʗʌ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, getselev@ mail.ru 

 

ɿʘ ʧʦʣʫʚʝʢʦʚʫʶ ʠʩʪʦʨʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʝʦʤʘʛʥʠʪʦʩʬʝʨʳ 

ʦʪʦʞʜʝʩʪʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʝʸ ʨʘʜʠʘʮʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʜʠʘʧʘʟʦʥʘ 

ʵʥʝʨʛʠʡ ɽ~ (1 ʵɺ ï 100 ʄʵɺ): ʪʝʧʣʦʚʦʡ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ ʠ ʟʘʭʚʘʯʝʥʥʳʭ ʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ. ʉʦʧʦʩʪʘʚʣʝʥʠʷ ʤʝʞʜʫ ʩʦʙʦʡ ʨʘʚʥʦʚʝʩʥʳʭ ʧʣʦʪʥʦʩʪʝʡ ʵʥʝʨʛʠʠ  

n(cʤ
-3

)*E(ʵɺ) ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʜʘʣʝʥʠʷʭ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʤʘʛʥʠʪʦʩʬʝʨʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʧʨʝʦʙʣʘʜʘʶʱʠʡ ʚʢʣʘʜ ʢʘʞʜʦʡ ʠʟ  ʥʠʭ ʚ 

ʨʘʜʠʘʮʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʛʝʦʢʦʩʤʦʩʘ. ɺ ʮʝʥʪʨʝ ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ 

ʧʦʷʩʘ (1,2<L<2,5) ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʟʘʭʚʘʯʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ (neEe>50 ʢʵɺ) ʥʘ 2 ʧʦʨʷʜʢʘ 

ʚʝʣʠʯʠʥʳ ʧʨʝʚʳʰʘʝʪ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʟʘʭʚʘʯʝʥʥʳʭ ʧʨʦʪʦʥʦʚ (nʨEʨ>40 ʄʵɺ) ʠ ʥʘ ʧʦʣʪʦʨʘ 

ʧʦʨʷʜʢʘ ʚʝʣʠʯʠʥʳ ï ʪʝʧʣʦʚʦʡ ʠʦʥʦʩʬʝʨʥʦʡ (i,ʝ) ʧʣʘʟʤʳ (ni,ʝTi,ʝ<1ʵɺ). ɺ ʮʝʥʪʨʝ ʚʥʝʰʥʝʛʦ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ ï ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ (3,5<L<7) ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʟʘʭʚʘʯʝʥʥʳʭ ʧʨʦʪʦʥʦʚ 

(nʨEʨ>100 ʢʵɺ, ʘ, ʚʦʟʤʦʞʥʦ ʠ nʨʊʨ~100 ʢʵɺ) ʥʘ 2 ʧʦʨʷʜʢʘ ʚʝʣʠʯʠʥʳ ʧʨʝʚʳʰʘʝʪ ʟʘʭʚʘʯʝʥʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ (nʝEʝ>100 ʢʵɺ) ʠ ʥʘ 1,5 ʧʦʨʷʜʢʘ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʪʝʧʣʦʚʦʡ ʠʦʥʦʩʬʝʨʥʦʡ (i,ʝ) 

ʧʣʘʟʤʳ (ni,ʝTi,ʝ<1ʵɺ). ʊʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ ʤʦʛʫʪ ʩʦʩʫʱʝʩʪʚʦʚʘʪʴ ʵʪʠ 3 ʢʦʤʧʦʥʝʥʪʳ 

ʧʣʘʟʤʳ ʚ ʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʙʝʟ ʦʙʤʝʥʘ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ ʩʦʙʦʡ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ 

ʥʘʯʘʚʰʝʡʩʷ 30.08.2012 ʛ. ʤʠʩʩʠʠ RBSP (2 ʀʉɿ ʥʘ ʦʨʙʠʪʘʭ, ʧʝʨʝʩʝʢʘʶʱʠʭ ʚʥʫʪʨʝʥʥʠʡ ʠ 

ʚʥʝʰʥʠʡ ʨʘʜʠʘʮʠʦʥʥʳʝ ʧʦʷʩʘ) [RBSP] ʜʘʜʫʪ ʙʦʣʝʝ ʦʧʨʝʜʝʣʸʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙ 

ʵʥʝʨʛʦʩʦʜʝʨʞʘʥʠʠ ʛʝʦʢʦʩʤʦʩʘ. ɺ ʤʘʛʥʠʪʦʩʬʝʨʘʭ ʚʩʝʭ ʧʣʘʥʝʪ-ʛʠʛʘʥʪʦʚ ʉʦʣʥʝʯʥʦʡ ʉʠʩʪʝʤʳ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʪʦʣʴ ʞʝ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʘʢ ʠ ʚ ʢʦʣʴʮʝʚʦʤ ʪʦʢʝ ʛʝʦʤʘʛʥʠʪʦʩʬʝʨʳ. 
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ʀʇʌ ʈɸʅ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

 

ʂʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ (QP) ʆʅʏ ʠʟʣʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʤʦʜʫʣʷʮʠʝʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʣʥ ʩ ʧʝʨʠʦʜʘʤʠ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ ʜʦ ʤʠʥʫʪ ʠ ʠʭ ʛʝʥʝʨʘʮʠʶ ʦʙʳʯʥʦ 

ʩʚʷʟʳʚʘʶʪ ʩ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤʠ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʤʘʛʥʠʪʦʩʬʝʨʥʦʛʦ ʮʠʢʣʦʪʨʦʥʥʦʛʦ ʤʘʟʝʨʘ 

[ɹʝʩʧʘʣʦʚ, ʊʨʘʭʪʝʥʛʝʨʮ, 1986; ʊʨʘʭʪʝʥʛʝʨʮ, ʈʘʡʢʨʦʬʪ, 2011]. ɺʦ ʚʨʝʤʷ ʥʘʟʝʤʥʦʡ ʢʘʤʧʘʥʠʠ 

ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʆʅʏ ʩʠʛʥʘʣʦʚ ʚ ʘʚʨʦʨʘʣʴʥʳʭ ʰʠʨʦʪʘʭ (Kannuslehto, ʌʠʥʣʷʥʜʠʷ, ʜʝʢʘʙʨʴ 

2011 - ʷʥʚʘʨʴ 2012 ʛ.) ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ QP ʠʟʣʫʯʝʥʠʡ [Manninen et 

al.,. 2012]. ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʂʅʏ/ʆʅʏ ʠʟʣʫʯʝʥʠʷ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚʦ ʚʨʝʤʷ ʵʪʦʡ ʢʦʤʧʘʥʠʠ 24 ʜʝʢʘʙʨʷ 2011 ʩ 15 UT ʜʦ 22 UT. ʆʩʥʦʚʥʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʳʷʚʣʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʭʘʨʘʢʪʝʨʥʳʭ ʧʝʨʠʦʜʦʚ ʚ ʩʧʝʢʪʨʘʭ QP ʠʟʣʫʯʝʥʠʡ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʘʥʘʣʠʟʫ ʨʝʛʫʣʷʨʥʳʭ ʚʘʨʠʘʮʠʡ ʧʝʨʠʦʜʦʚ ʩʣʝʜʦʚʘʥʠʷ QP ʵʣʝʤʝʥʪʦʚ (ʧʝʨʠʦʜʳ  1-10 

ʤʠʥ.) ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʩʦʙʳʪʠʷ, ʠʭ ʠʟʤʝʥʝʥʠʶ ʚʦ ʚʨʝʤʷ ʩʫʙʙʫʨʴ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʫ 

ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʧʝʨʠʦʜʦʚ (ʝʜʠʥʠʮʳ ʩʝʢʫʥʜ), ʥʘʙʣʶʜʘʝʤʳʭ  ʚʥʫʪʨʠ ʦʪ ʜʝʣʴʥʳʭ QP 

ʵʣʝʤʝʥʪʦʚ. ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʡ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ QP ʠʟʣʫʯʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʙʣʠʟʠ ʯʘʩʪʦʪʳ ʦʪʩʝʯʢʠ ʚʦʣʥʦʚʦʜʘ ɿʝʤʣʷ-ʠʦʥʦʩʬʝʨʘ ʧʦʟʚʦʣʠʣʠ 

ʦʮʝʥʠʪʴ  ʧʦʣʦʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ QP ʠʟʣʫʯʝʥʠʡ. ɺʦ ʚʨʝʤʷ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʩʦʙʳʪʠʷ, ʜʣʷʱʝʛʦʩʷ 



 118 

ʦʢʦʣʦ 7 ʯʘʩʦʚ, ʥʘʙʣʶʜʘʣʦʩʴ ʨʝʛʫʣʷʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʝʨʠʦʜʦʚ QP ʵʤʠʩʩʠʡ, ʢʦʪʦʨʦʝ ʤʳ 

ʩʚʷʟʳʚʘʝʤ ʩ ʦʩʣʘʙʣʝʥʠʝʤ ʤʘʛʥʠʪʦʩʬʝʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. ʂʨʦʤʝ ʨʝʛʫʣʷʨʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʘʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʝʛʦ ʚʘʨʠʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʚʠʪʠʝʤ ʩʫʙʙʫʨʴ. ʕʪʠ 

ʚʘʨʠʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʛʝʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʝ ʠ ʦ ʩʦʩʪʦʷʥʠʠ 

ʠʦʥʦʩʬʝʨʳ ʚ ʨʘʡʦʥʝ ʥʘʙʣʶʜʝʥʠʡ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʧʝʢʪʨʦʚ QP 

ʵʣʝʤʝʥʪʦʚ ʠ ʚʳʷʚʣʝʥʳ ʧʝʨʠʦʜʳ ʩʚʷʟʘʥʥʳʝ ʩ ʚʨʝʤʝʥʘʤ ʢʘʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʚʠʩʪʦʚʳʭ ʚʦʣʥ ʚʜʦʣʴ ʤʘʛʥʠʪʥʦʡ ʩʠʣʦʚʦʡ ʣʠʥʠʠ (3 ʩ ʠ 6 c). ʕʪʠ ʧʝʨʠʦʜʳ ʯʘʩʪʦ ʨʘʟʣʠʯʥʳ ʜʣʷ 

ʥʠʞʥʠʭ ʠ ʚʝʨʭʥʠʭ ʯʘʩʪʦʪ QP ʵʣʝʤʝʥʪʦʚ: ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʢʦʨʦʪʢʠʝ ʧʝʨʠʦʜʳ ʦʢʦʣʦ 3 ʩ, ʘ ʚ ʚʝʨʭʥʝʡ ï ʦʢʦʣʦ 6 ʩ. ɸʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʧʝʢʪʨʦʚ QP ʵʣʝʤʝʥʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʢʘʟʳʚʘʶʪ 

ʚʣʠʷʥʠʝ ʢʘʢ ʣʠʥʝʡʥʳʝ ʵʬʬʝʢʪʳ (ʜʠʩʧʝʨʩʠʷ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ), ʪʘʢ ʠ ʥʝʣʠʥʝʡʥʳʝ ʵʬʬʝʢʪʳ, 

ʚʳʟʚʘʥʥʳʝ ʤʦʜʠʬʠʢʘʮʠʝʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʵʪʦʪ 

ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʜʠʪʴ ʧʝʨʝʭʦʜ ʦʪ ʣʠʥʝʡʥʦʛʦ ʢ ʥʝʣʠʥʝʡʥʦʤʫ ʨʝʞʠʤʫ ʮʠʢʣʦʪʨʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥʘ-ʯʘʩʪʠʮʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʧʘʩʩʠʚʥʦʡ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʦʜ ʚ ʤʘʛʥʠʪʦʩʬʝʨʥʦʤ ʤʘʟʝʨʝ [ɹʝʩʧʘʣʦʚ, 1984; ʊʨʘʭʪʝʥʛʝʨʮ, ʈʘʡʢʨʦʬʪ, 

2011].  
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ʀʆʅʆɺ ɺʆ ɺʅʋʊʈɽʅʅɽʁ ʄɸɻʅʀʊʆʉʌɽʈɽ ʆʊ ɻɽʆʄɸɻʅʀʊʅʆʁ 

ɸʂʊʀɺʅʆʉʊʀ 

 

ɺ.ʃ. ʍʘʣʠʧʦʚ 

 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, khalipov@iki.rssi.ru 

 

ʇʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʩʦ ʩʧʫʪʥʠʢʘ AMPTE/CCE ʨʘʩʩʤʦʪʨʝʥʳ ʚʘʨʠʘʮʠʠ ʛʨʘʥʠʮʳ 

ʠʥʞʝʢʮʠʠ ʵʥʝʨʛʠʯʥʳʭ (ʜʦ ~50 ʢʵɺ) ʠʦʥʦʚ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʤʘʛʥʠʪʦʩʬʝʨʝ ʜʣʷ ʩʫʙʙʫʨʝʚʳʭ 

ʚʦʟʤʫʱʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ɺʙʣʠʟʠ ʦʙʣʘʩʪʠ ʠʥʞʝʢʮʠʠ ʚ ʩʝʢʪʦʨʝ 22-01 MLT 

ʥʘʙʣʶʜʘʣʠʩʴ ʠʦʥʳ ʙʝʟ ʜʠʩʧʝʨʩʠʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ, ʘ ʚ ʚʝʯʝʨʥʝʤ ʩʝʢʪʦʨʝ ï ʩ 

ʜʠʩʧʝʨʩʠʝʡ ʚ ʬʦʨʤʝ ñʥʦʩʦʚʳʭ ʩʪʨʫʢʪʫʨò. ʇʦʩʪʨʦʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʠʦʥʦʚ ʦʪ AE ïʠʥʜʝʢʩʘ. ʉʧʫʪʥʠʢʦʚʳʝ ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʯʝʨʝʟ 20-30 ʤʠʥʫʪ ʧʦʩʣʝ 

ʥʘʯʘʣʘ ʩʫʙʙʫʨʠ ʩ AE > 500 ʥʊ, ʵʥʝʨʛʠʯʥʳʝ ʠʦʥʳ ʚ ʦʢʦʣʦʧʦʣʫʥʦʯʥʦʤ ʩʝʢʪʦʨʝ ʜʦʩʪʠʛʘʶʪ 

ʦʙʦʣʦʯʢʠ L = 3.0.  
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ʇʆʇɽʈɽʏʅʓʁ ʅɸɻʈɽɺ ʀʆʅʆɺ ʅɸ ɼɺʀɾʋʑɽʁʉʗ ʇʆʃʗʈʅʆʁ ɻʈɸʅʀʎɽ 

ɸɺʈʆʈɸʃʔʅʆɻʆ ʆɺɸʃɸ  

 

ɼ.ɺ. ʏʫʛʫʥʠʥ, ʄ.ʄ. ʄʦʛʠʣʝʚʩʢʠʡ, ʀ.ʃ. ʄʦʠʩʝʝʥʢʦ, ʊ.ɺ. ʈʦʤʘʥʮʦʚʘ 

 

ʀʂʀ ʈɸʅ, ʛ.ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, dimokch@iki.rssi.ru 

 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ, ʩʜʝʣʘʥʥʳʭ ʥʘ ʩʧʫʪʥʠʢʝ ʀʅʊɽʈɹʆʃ-2 ʚʦ ʚʨʝʤʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʚ ʦʢʦʣʦʧʦʣʫʥʦʯʥʦʤ ʩʝʢʪʦʨʝ ʚ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʧʦʣʷʨʥʘʷ ʛʨʘʥʠʮʘ ʘʚʨʦʨʘʣʴʥʦʛʦ ʦʚʘʣʘ 

ʜʚʠʞʝʪʩʷ ʢ ʧʦʣʶʩʫ, ʥʘʙʣʶʜʘʶʪʩʷ ʠʦʥʦʩʬʝʨʥʳʝ ʠʦʥʳ ʅ+ ʠ ʆ+ ʩ ʵʥʝʨʛʠʷʤʠ ʜʦʩʪʠʛʘʶʱʠʤʠ 

ʥʝʩʢʦʣʴʢʦ ʢʵɺ. ʇʨʠʤʝʨʥʦ ʚ ʵʪʦʡ ʞʝ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʛʝʥʝʨʘʮʠʷ ɸʂʈ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʚʳʩʦʪʝ ʩʧʫʪʥʠʢʘ. ʅʘ ʛʨʘʥʠʮʝ ʦʚʘʣʘ ʩʢʦʨʦʩʪʠ ʠʦʥʦʚ ʠʤʝʶʪ ʧʠʪʯ-ʫʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʙʣʠʟʢʦʝ ʢ 90 ʛʨʘʜʫʩʘʤ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʣʦʢʘʣʴʥʦʤ ʧʦʧʝʨʝʯʥʦʤ ʥʘʛʨʝʚʝ ʜʘʥʥʳʭ ʠʦʥʦʚ. ʀʟ 

ʘʥʘʣʠʟʘ ʠʟʤʝʨʝʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʦʥʳ ʠʩʧʳʪʳʚʘʶʪ ʥʘʛʨʝʚ ʜʦ 300 ʵɺ/ʩ. ʇʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʠʥʞʝʢʮʠʝʡ ʧʣʘʟʤʳ ʠʟ ʭʚʦʩʪʘ ʤʘʛʥʠʪʦʩʬʝʨʳ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ ʥʘ ʵʪʦʡ ʛʨʘʥʠʮʝ. 

 

 

ʆɹʅɸʈʋɾɽʅʀɽ ʉʆʃʅɽʏʅʓʍ ʇʃɸɿʄɽʅʅʓʍ ʇʆʊʆʂʆɺ ʉ ʇʆʄʆʑʔʖ 

ɺɽʁɺʃɽʊ-ʉʂɽʃɽʊʆʅʅʆʁ ʆɹʈɸɹʆʊʂʀ ɺʅɽ ʀ ɺʅʋʊʈʀʄɸɻʅʀʊʆʉʌɽʈʅʓʍ 

ʅʀɿʂʆʏɸʉʊʆʊʅʓʍ ʂʆʃɽɹɸʅʀʁ ɺ ʇɽʈʀʆɼʓ ʄɸɻʅʀʊʅʓʍ ɹʋʈʔ 

 

ɼ.ɺ. ʐʘʜʨʫʢʦʚ, ʉ.ɽ. ʈʝʚʫʥʦʚ 

 

ʅɻʇʋ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, shadrukoff@mail.ru 

 

ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʝʡʚʣʝʪ-ʩʢʝʣʝʪʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʚʥʝ ʠ ʚʥʫʪʨʠʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʤʘʛʥʠʪʥʳʭ ʠ ʧʣʘʟʤʝʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʝʨʠʦʜʳ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʩ ʮʝʣʴʶ ʦʙʥʘʨʫʞʝʥʠʷ ʛʝʦʵʬʬʝʢʪʠʚʥʳʭ ʪʠʧʦʚ 

ʩʦʣʥʝʯʥʳʭ ʧʦʪʦʢʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʦ 12 ʩʣʫʯʘʷʤ ʜʥʝʚʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ 

ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩ 2000 ʧʦ 2003 ʛʛ. ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤ ʧʦ 

ʧʦʢʘʟʘʥʠʷʤ ʠʥʜʝʢʩʘ Dst (http://spidr.ngdc.noaa.gov/spidr/). ɺ ʜʘʥʥʫʶ ʚʳʙʦʨʢʫ ʧʦʧʘʣʠ ʩʣʘʙʳʝ ʠ 

ʫʤʝʨʝʥʥʳʝ ʙʫʨʠ (Dst > -100 ʥʊʣ), ʩʠʣʴʥʳʝ ʙʫʨʠ (Dst > -200 ʥʊʣ) ʠ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʙʫʨʠ (Dst < 

-200 ʥʊʣ). ʇʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʠʢʠ ʚʝʡʚʣʝʪ-ʩʢʝʣʝʪʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʪʦʯʥʝʥʠʷ ʪʠʧʘ ʧʣʘʟʤʝʥʥʦʛʦ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ 

ʧʨʠʟʥʘʢʘʤ ʚʦʟʤʫʱʝʥʠʡ ʩʢʦʨʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ, ʚʝʣʠʯʠʥʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʵʪʠʭ ʧʦʪʦʢʘʭ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜʳ ʧʦʟʚʦʣʷʝʪ 

ʦʮʝʥʠʪʴ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʤʘʛʥʠʪʦʩʬʝʨʳ ʚ ʢʦʣʝʙʘʥʠʷʭ ʢʦʤʧʦʥʝʥʪ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʨʘʟʥʳʭ ʰʠʨʦʪʘʭ ʥʘ ʧʦʜʦʰʝʜʰʝʝ ʢ ʥʝʡ ʚʦʟʤʫʱʝʥʠʝ ʥʘ ʨʘʟʥʳʭ ʬʘʟʘʭ ʨʘʟʚʠʪʠʷ ʙʫʨʠ. 1) 

ʇʨʝʜʙʫʨʝʚʘʷ ʨʝʘʢʮʠʷ ʤʘʛʥʠʪʦʩʬʝʨʳ ʚ ʚʦʟʤʫʱʝʥʠʷʭ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʚʦʟʤʫʱʝʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʩʦʣʥʝʯʥʦʛʦ ʧʦʪʦʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʝ ʙʳʩʪʨʦʤ ʦʪʚʝʪʝ ʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ ʠ 

ʟʘʧʘʟʜʳʚʘʶʱʝʤ ʚ ʩʫʙʘʚʨʦʨʘʣʴʥʦʡ ʟʦʥʝ. ʆʙʣʘʩʪʴ ʧʦʣʷʨʥʦʡ ʰʘʧʢʠ ʠ ʘʚʨʦʨʘʣʴʥʦʛʦ ʦʚʘʣʘ 

ʧʦʜʚʝʨʞʝʥʳ ʧʨʷʤʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʚʦʟʤʫʱʝʥʥʦʩʪʠ ʧʝʨʝʜʥʝʛʦ ʢʨʘʷ ʩʦʣʥʝʯʥʦʛʦ ʧʦʪʦʢʘ, ʚ ʪʦ 

ʚʨʝʤʷ, ʢʘʢ ʩʫʙʘʚʨʦʨʘʣʴʥʳʝ ʦʙʣʘʩʪʠ ʚʦʟʤʫʱʘʶʪʩʷ ʚʦʟʥʠʢʘʶʱʠʤ ʧʨʠ ʵʪʦʤ 

ʚʥʫʪʨʠʤʘʛʥʠʪʦʩʬʝʨʥʳʤ ʠʩʪʦʯʥʠʢʦʤ, ʚʳʟʚʘʥʥʳʤ ʜʝʡʩʪʚʠʝʤ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. 2) 

ɺʨʝʤʷ ʨʝʘʢʮʠʠ ʤʘʛʥʠʪʦʩʬʝʨʳ ʚ ʚʦʟʤʫʱʝʥʠʷʭ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʥʘʯʘʣʴʥʦʡ ʬʘʟʝ ʙʫʨʠ ʥʘ 

ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʰʠʨʦʪʘʭ ʦʜʠʥʘʢʦʚʦ ʤʘʣʦ. ʕʪʦ ʚʦʟʤʦʞʥʦ, ʝʩʣʠ ʚʩʝ ʩʪʘʥʮʠʠ ʧʦʣʫʯʝʥʠʷ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʜʘʥʥʳʭ ʚʦ ʚʨʝʤʷ ʵʪʦʡ ʬʘʟʳ ʧʦʧʘʜʘʶʪ ʚ ʦʙʣʘʩʪʴ ʧʦʣʷʨʥʦʡ ʰʘʧʢʠ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʛʠʩʪʨʠʨʫʶʪ ʢʦʣʝʙʘʥʠʷ ʚ ʧʦʪʦʢʝ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. 3) ʅʘ ʛʣʘʚʥʦʡ ʬʘʟʝ ʙʫʨʠ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʪʦʢʦʚ ʪʠʧʘ ʦʙʣʘʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʳʩʪʨʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʩ 

ʤʝʜʣʝʥʥʳʤ, ʨʝʘʢʮʠʷ ʤʘʛʥʠʪʦʩʬʝʨʳ ʚ ʚʦʟʤʫʱʝʥʠʷʭ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʚʦʟʤʫʱʝʥʥʳʝ 
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ʧʘʨʘʤʝʪʨʳ ʩʦʣʥʝʯʥʦʛʦ ʧʦʪʦʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʳʩʪʨʳʤ ʦʪʚʝʪʦʤ ʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ ʠ 

ʟʘʧʘʟʜʳʚʘʶʱʠʤ ʚ ʩʫʙʘʚʨʦʨʘʣʴʥʦʡ ʟʦʥʝ. 

 

 

PC3 ʇʋʃʔʉɸʎʀʀ, ʅɸɹʃʖɼɸɽʄʓɽ ʅɸ ʅʆʏʅʆʁ ʉʊʆʈʆʅɽ ɺ F-ʉʃʆɽ 

ʀʆʅʆʉʌɽʈʓ ʀ ʅɸ ʇʆɺɽʈʍʅʆʉʊʀ ɿɽʄʃʀ 

 

ʅ.ɺ. ʗʛʦʚʘ
1
, ɹ. ʍʵʡʣʠʛ

2
, ʂ. ʖʤʦʪʦ

3
 

 
1
 ʀʌɿ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, nyagova@yandex.ru

 

2
 ɻʝʦʬʠʟʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ ʊʠʭʘʥʠ, ɺʝʥʛʨʠʷ

 

3
 ʋʥʠʚʝʨʩʠʪʝʪ ʂʶʩʶ, ʌʫʢʫʦʢʘ, ʗʧʦʥʠʷ

 

 

ʀʩʩʣʝʜʫʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʫʣʴʩʘʮʠʡ ʜʠʘʧʘʟʦʥʘ Pc3 (20-80 ʤɻʮ) ʥʘ 

ɿʝʤʣʝ ʠ ʚ F-ʩʣʦʝ ʠʦʥʦʩʬʝʨʳ ʧʦ ʜʘʥʥʳʤ ʩʝʪʝʡ ʥʘʟʝʤʥʳʭ ʤʘʛʥʠʪʦʤʝʪʨʦʚ CPMN, MM100 ʠ 

ʩʧʫʪʥʠʢʘ CHAMP. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʦʯʥʳʝ Pc3 ʥʝ ʷʚʣʷʶʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʦʙʳʯʥʦʡ ʜʥʝʚʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʪʦʤ ʞʝ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʀʩʩʣʝʜʦʚʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ, 

ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʠ ʬʘʟʳ ʧʫʣʴʩʘʮʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ, ʩʫʪʦʯʥʳʡ ʠ 

ʥʝʨʝʛʫʣʷʨʥʳʝ ʚʘʨʠʘʮʠʠ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ ʧʦʷʚʣʝʥʠʷ ʥʦʯʥʳʭ Pc3  ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʧʣʘʟʤʳ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʥʝ ʠ ʚʥʫʪʨʠ ʤʘʛʥʠʪʦʩʬʝʨʳ.  

 

 

ɺʓʉʓʇɸʅʀʗ ʕʅɽʈɻʀʏʅʓʍ ʇʈʆʊʆʅʆɺ ʂ ʕʂɺɸʊʆʈʋ ʆʊ ʀɿʆʊʈʆʇʅʆʁ 

ɻʈɸʅʀʎʓ ʅɸ ɼʅɽɺʅʆʁ ʉʊʆʈʆʅɽ ɺʆ ɺʈɽʄʗ ɻɽʆʄɸɻʅʀʊʅʆʁ ɹʋʈʀ 
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ʇʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʩʧʫʪʥʠʢʘʭ NOAA ʨʘʩʩʤʦʪʨʝʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚʳʩʳʧʘʥʠʡ ʵʥʝʨʛʠʯʥʳʭ ʧʨʦʪʦʥʦʚ ʢ ʵʢʚʘʪʦʨʫ ʦʪ ʠʟʦʪʨʦʧʥʦʡ ʛʨʘʥʠʮʳ ʚʦ ʚʨʝʤʷ 

ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ. ʅʘ ʛʣʘʚʥʦʡ ʬʘʟʝ ʙʫʨʠ ʠ ʚ ʥʘʯʘʣʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʬʘʟʳ ʦʩʥʦʚʥʳʤ 

ʪʠʧʦʤ ʚʳʩʳʧʘʥʠʡ ʵʥʝʨʛʠʯʥʳʭ ʧʨʦʪʦʥʦʚ ʷʚʣʷʶʪʩʷ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʧʦ ʰʠʨʦʪʝ (ʦʢʦʣʦ 1Ü) 

ʚʳʩʳʧʘʥʠʷ ʚ ʚʝʯʝʨʥʝʤ ʩʝʢʪʦʨʝ. ɺʦ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʬʘʟʳ ʧʦʷʚʣʷʶʪʩʷ 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚʳʩʳʧʘʥʠʷ ʚ ʫʪʨʝʥʥʝʤ ʩʝʢʪʦʨʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʷʚʣʝʥ ʝʱʝ ʦʜʠʥ ʪʠʧ 

ʚʳʩʳʧʘʥʠʡ ʵʥʝʨʛʠʯʥʳʭ ʧʨʦʪʦʥʦʚ ï ʧʨʦʪʷʞʝʥʥʳʝ ʧʦ ʜʦʣʛʦʪʝ ʠ ʰʠʨʦʪʝ ʚʳʩʳʧʘʥʠʷ ʥʘ 

ʜʥʝʚʥʦʡ ʩʪʦʨʦʥʝ. ʕʪʦʪ ʪʠʧ ʚʳʩʳʧʘʥʠʡ ʧʨʦʪʦʥʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ 

ʰʠʨʦʪʘʭ (65-70 ʛʨʘʜʫʩʦʚ ʰʠʨʦʪʳ) ʠ ʩʫʱʝʩʪʚʫʝʪ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʙʫʨʠ, ʧʨʠʯʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʵʪʠʭ ʚʳʩʳʧʘʥʠʡ ʤʘʢʩʠʤʘʣʴʥʘ ʚ ʥʘʯʘʣʝ ʬʘʟʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʉʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, 

ʯʪʦ ʤʝʭʘʥʠʟʤʦʤ, ʧʨʠʚʦʜʷʱʠʤ ʢ ʵʪʠʤ ʚʳʩʳʧʘʥʠʷʤ, ʷʚʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ çʨʘʩʱʝʧʣʝʥʠʝ 

ʜʨʝʡʬʦʚʳʭ ʦʙʦʣʦʯʝʢè, ʚʦʟʥʠʢʘʶʱʝʝ ʚʩʣʝʜʩʪʚʠʝ ʧʦʩʪʦʷʥʥʦ ʩʫʱʝʩʪʚʫʶʱʝʡ ʘʩʠʤʤʝʪʨʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ. ʈʘʩʱʝʧʣʝʥʠʝ ʜʨʝʡʬʦʚʳʭ ʦʙʦʣʦʯʝʢ ʧʨʠʚʦʜʠʪ ʢ ʧʦʧʝʨʝʯʥʦʡ 

ʘʥʠʟʦʪʨʦʧʠʠ ʛʦʨʷʯʠʭ ʧʨʦʪʦʥʦʚ ʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ ʥʘ ʜʥʝʚʥʦʡ ʩʪʦʨʦʥʝ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ 

ʨʦʩʪʫ ʠʥʢʨʝʤʝʥʪʘ ʠʦʥʥʦ-ʮʠʢʣʦʪʨʦʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʨʘʩʩʝʷʥʠʶ ʧʨʦʪʦʥʦʚ ʧʦ ʧʠʪʯ-

ʫʛʣʘʤ. 
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Global MHD modeling is a powerful tool in magnetospheric physics research. There is a set of 

advanced and fast improving global MHD codes that are used widely in solar wind-magnetosphere 

interaction studies. Most of those models are accessible for everyone in the World Wide Web in 

automatic mode. Thus, the validation of simulation results is very important and acute question. We 

present the examination of the GUMICS-4 global MHD code correspondence to the empirical 

relations of the key magnetospheric parameters. Since the GUMICS-4 model provides unique and 

stable solutions under specified stationary input conditions it looks naturally to compare this 

numerical solutions exactly with empiric relations (statistically averaged response of magnetosphere 

on specific solar wind/IMF conditions). The big set of stationary solutions (162 runs) of GUMICS-4 

code with different IMF/solar wind inputs was utilized in this work.  We use the large-scale 

characteristics that reflect the global state of magnetospheric system, namely: magnetopause size, 

cross-polar cap electric potential, tail lobe magnetic field, plasma pressure in the tail plasma sheet 

and tail neutral sheet shape. We found that the set of stationary solutions of GUMICS-4 code in 

general satisfactorily fits with the main solar wind - magnetosphere empirical relations, however, 

with some peculiarities and details. The size of the tail magnetopause and the value of the lobe 

magnetic field appear statistically lower than empirical values that lead to the lower magnetic flux 

inside the magnetotail. Similarly, the ionospheric potential value is smaller and has a low dynamical 

range of variance responding to the upstream inputs comparing with empirical relations. On the 

other hand, position of the subsolar magnetopause and the tail plasma sheet plasma pressure 

demonstrate satisfactory agreement with statistical models and have a reasonable scatter. The shape 

and position of magnetotail neutral sheet fits very well with empirical.    
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ɹʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʃʫʥʘ, ʣʠʰʝʥʥʘʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ,  ʩʫʱʝʩʪʚʫʶʱʘʷ 

ʦʢʦʣʦ 4,5 ʤʠʣʣʠʘʨʜʦʚ ʣʝʪ ʠ ʦʙʣʫʯʘʝʤʘʷ ʢʦʨʧʫʩʢʫʣʷʨʥʳʤ ʧʦʪʦʢʦʤ ʉʦʣʥʮʘ, ʤʦʞʝʪ ʭʨʘʥʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʘʨʠʘʮʠʷʭ ʧʦʪʦʢʦʚ ʩʦʣʥʝʯʥʳʭ ʷʜʝʨ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦ ʚʘʨʠʘʮʠʷʭ ʚ ʜʣʠʪʝʣʴʥʦʤ 

ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʦʩʥʦʚʥʦʤ ʩʦʣʥʝʯʥʳʡ ʧʦʪʦʢ ʩʦʩʪʦʠʪ ʠʟ ʷʜʝʨ ʚʦʜʦʨʦʜʘ. 

ʆʜʥʘʢʦ ʧʨʦʚʝʜʝʥʥʳʝ ʘʥʘʣʠʟʳ  ʣʫʥʥʦʛʦ ʛʨʫʥʪʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʦʩʚʝʱʘʝʤʦʡ ʉʦʣʥʮʝʤ 

ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ ʚʦʜʦʨʦʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ. ʅʘʡʜʝʥ ʉʦʣʥʝʯʥʳʡ ʛʝʣʠʡ, ʢʦʪʦʨʳʡ ʚ 

ʢʦʨʧʫʩʢʫʣʷʨʥʦʤ ʩʦʣʥʝʯʥʦʤ ʧʦʪʦʢʝ ʧʦ ʦʙʠʣʠʶ ʟʘʥʠʤʘʝʪ ʚʪʦʨʦʝ ʤʝʩʪʦ. ʇʦ ʠʟʤʝʨʝʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʝʣʠʷ ʚ ʨʝʛʦʣʠʪʝ ʜʣʠʥʥʦʡ ʢʦʣʦʥʢʠ ʣʫʥʥʦʛʦ ʛʨʫʥʪʘ (çʃʫʥʘ-24è) ʨʝʩʪʘʚʨʠʨʦʚʘʥ 

ʧʦʪʦʢ ʠ ʝʛʦ ʚʘʨʠʘʮʠʠ ʥʘ ʠʥʪʝʨʚʘʣʝ ~145-600 ʤʣʥ. ʣʝʪ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʘʣʝʦ 

ʜʝʥʜʨʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʙʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʧʦʚʳʰʝʥʥʦʡ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʨʥʦ 100 ʤʠʣʣʠʦʥʦʚ 
 
ʣʝʪ ʥʘʟʘʜ. ʇʨʠʩʫʪʩʪʚʠʝ çʥʝʜʘʪʠʨʦʚʘʥʥʦʛʦ 

ʦʢʥʘè ʚ ʠʥʪʝʨʚʘʣʝ ~ 0-145 ʤʣʥ. ʣʝʪ, ʧʦʣʫʯʠʚʰʝʛʦʩʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʣʦʥʢʠ ʃʫʥʳ-24, ʠ 

ʫʧʦʤʷʥʫʪʦʡ ʧʫʙʣʠʢʘʮʠʠ ʦ ʚʦʟʤʦʞʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʉʦʣʥʮʘ ~ 100 ʤʣʥ. ʣʝʪ ʥʘʟʘʜ ʧʦʚʳʩʠʣʠ 

ʠʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʦʨʦʪʢʦʡ (~ 35 ʩʤ ʦʪ ʫʨʦʚʥʷ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ) 

ʢʦʣʦʥʢʠ ʣʫʥʥʦʛʦ ʛʨʫʥʪʘ çʃʫʥʳ-16è. ʇʨʦʚʝʜʝʥʦ ʜʘʪʠʨʦʚʘʥʠʝ ʵʪʦʡ ʣʫʥʥʦʡ ʢʦʣʦʥʢʠ, 

ʜʦʩʪʘʚʣʝʥʥʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʪʘʥʮʠʝʡ çʃʫʥʘ-16è ʚ ʩʝʥʪʷʙʨʝ 1970 ʛʦʜʘ  ʠʟ ʄʦʨʷ ʀʟʦʙʠʣʠʷ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʛʝʣʠʷ ʚ ʪʦʥʢʦʡ ʬʨʘʢʮʠʠ ʛʨʫʥʪʘ (~ 100 ʤʢʤ) ʟʘʤʝʪʥʦ ʚʳʰʝ ʩʨʝʜʥʝʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʝʣʠʷ ʚ ʢʦʣʦʥʢʝ ʃʫʥʳ-24 ʠ ʙʣʠʟʢʘ ʢ ʚʝʣʠʯʠʥʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ  

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʵʪʦʡ ʢʦʣʦʥʢʝ. ʕʪʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʩʚʷʟʘʥʥʳʝ ʩ ʚʘʨʠʘʮʠʷʤʠ 

ʩʦʣʥʝʯʥʦʛʦ ʢʦʨʧʫʩʢʫʣʷʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʦʟʚʦʣʷʶʪ çʟʘʢʨʳʪʴ ʜʘʪʠʨʦʚʘʥʠʝʤ ʚʨʝʤʝʥʥʦʝ ʦʢʥʦ 

~0-145 ʤʣʥ. ʣʝʪè, ʦʙʨʘʟʦʚʘʚʰʝʝʩʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʣʦʥʢʠ çʃʫʥʳ-24è. ʇʨʠʤʝʥʝʥʘ 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘʤʠ ʤʝʪʦʜʠʢʘ ʜʘʪʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ï 

ʩʢʦʨʦʩʪʠ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʨʝʛʦʣʠʪʘ. ɺʦʟʨʘʩʪ ʢʦʣʦʥʢʠ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 90 ʤʠʣʣʠʦʥʦʚ 

ʣʝʪ. ʕʪʠ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʝʘʣʴʥʦʩʪʴ çʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦè ~100- ʤʠʣʣʠʦʥʥʦʛʦ ʧʠʢʘ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚʳʟʚʘʚʰʝʡ ʧʦʚʳʰʝʥʥʳʡ ʧʦʪʦʢ ʛʝʣʠʷ, ʠ ʧʦʜʜʝʨʞʠʚʘʝʤʳʡ ʨʘʥʝʝ 

ʪʦʣʴʢʦ ʧʘʣʝʦ ʜʝʥʜʨʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʠʟʦʪʦʧʦʚ ʛʝʣʠʷ ʠ ʥʝʦʥʘ ʚ ʦʙʨʘʟʮʘʭ ʢʦʣʦʥʦʢ ʣʫʥʥʦʛʦ ʛʨʫʥʪʘ, ʜʦʩʪʘʚʣʝʥʥʳʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ 

ʩʪʘʥʮʠʷʤʠ çʃʫʥʘ-16 ʠ 24è, ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ (Genesis, ACE/SWICS, 

ʤʠʩʩʠʠ Apollo) ʨʘʟʨʘʙʦʪʘʥ ʚʘʨʠʘʥʪ ʨʝʩʪʘʚʨʘʮʠʠ ʜʨʝʚʥʠʭ ʩʦʣʥʝʯʥʳʭ ʧʦʪʦʢʦʚ ʧʨʦʪʦʥʦʚ ʠ 

ʛʝʣʠʷ ʠ ʠʭ ʚʘʨʠʘʮʠʡ ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʦʪ ʥʘʩʪʦʷʱʝʛʦ ʜʦ ~ 600 ʤʠʣʣʠʦʥʦʚ ʣʝʪ ʥʘʟʘʜ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʚʘʨʠʘʮʠʷʭ ʧʦʪʦʢʦʚ ʧʨʦʪʦʥʦʚ ʠ ʛʝʣʠʷ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʥʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʦʣʥʮʘ ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʪʘʢʞʝ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ 

ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ ʩʚʷʟʝʡ ʚ ʚʦʧʨʦʩʘʭ ʧʘʣʝʦʢʣʠʤʘʪʘ ʠ ʧʘʣʝʦʥʪʦʣʦʛʠʠ. ɺʳʩʢʘʟʘʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʡ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʘʢʪʠʚʠʟʘʮʠʝʡ ʧʨʦʮʝʩʩʦʚ ʚʳʙʨʦʩʘ ʢʦʨʦʥʘʣʴʥʦʡ ʤʘʩʩʳ (CME). ʈʝʩʪʘʚʨʘʮʠʷ 

ʧʦʪʦʢʦʚ ʧʦʪʨʝʙʦʚʘʣʘ ʟʥʘʥʠʷ ʚʦʟʨʘʩʪʘ ʨʝʛʦʣʠʪʘ. ʆʜʥʘʢʦ ʥʘʯʠʥʘʷ ʩ ʵʢʩʧʝʜʠʮʠʠ çɸʨʦʣʣʦʥ-11è 

ʚ 1969 ʛʦʜʫ, ʢʦʛʜʘ ʥʘ ʃʫʥʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʜʦʩʪʘʪʦʯʥʦ ʪʦʣʩʪʳʡ ʩʣʦʡ ʨʝʛʦʣʠʪʘ (ʦʙʣʦʤʦʯʥʦʡ 

ʧʦʨʦʜʳ - ʣʫʥʥʦʛʦ ʛʨʫʥʪʘ), ʧʨʦʙʣʝʤʘ ʦʩʪʘʚʘʣʘʩʴ ʥʝ ʨʝʰʝʥʥʦʡ ʙʦʣʝʝ 40 ʣʝʪ. ʇʝʨʚʦʝ ʠ 

ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʘʚʪʦʨʦʤ ʵʪʦʡ ʨʘʙʦʪʳ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʦʡ 

mailto:anufriev.mass1@mail.ioffe.ru
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ʥʘ ʚʚʝʜʝʥʠʷ ʚ ʘʥʘʣʠʟ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ï ʩʢʦʨʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʨʝʛʦʣʠʪʘ ʠ ʥʘ ʫʯʝʪʝ 

ʚʨʝʤʝʥʠ ʵʢʩʧʦʟʠʮʠʠ ʨʝʛʦʣʠʪʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ (ɻʂʃ).  

 

 

ʄɸɻʅʀʊʅʓɽ ɼʓʈʓ ɺ ʉʆʃʅɽʏʅʆʄ ɺɽʊʈɽ ʂɸʂ ʇʃɸɿʄɽʅʅʓɽ ʉʊʈʋʂʊʋʈʓ ʉ 

ʇʆʉʊʆʗʅʅʓʄ ɼɸɺʃɽʅʀɽʄ ʀ ʂɸʂ ʀʉʊʆʏʅʀʂ  ɺʊʆʈʀʏʅʓʍ ʄɻɼ ɺʆʃʅ 

 

ʉ.ɸ. ɻʨʠʙ 

 

ɻɸʆ ʈɸʅ, ʇʫʣʢʦʚʦ, ʉʇɹ, ʈʦʩʩʠʷ, sagrib@gmail.com 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʪʦʣʢʥʦʚʝʥʠʝ ʩʦʣʥʝʯʥʦʡ ʙʳʩʪʨʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʩʦ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʜʳʨʦʡ, ʩʚʷʟʘʥʥʦʡ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʥʠʞʝʥʠʝʤ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʧʣʘʟʤʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʧʦʪʦʢʝ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʜʳʨʳ ʚʙʣʠʟʠ ʦʪ ʉʦʣʥʮʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʢʣʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩʦʣʥʝʯʥʦʛʦ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʨʘʟʨʳʚʘ ʩ ʙʳʩʪʨʦʡ ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ (ʄɻɼ) ʫʜʘʨʥʦʡ 

ʚʦʣʥʦʡ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʝʨʝʭʦʜʘ ʤʝʜʣʝʥʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʘʟʨʳʚ. 

ʄʘʛʥʠʪʥʘʷ ʜʳʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʣʘʟʤʝʥʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʧʦʩʪʦʷʥʥʳʤ 

ʧʦʣʥʳʤ ʩʪʘʪʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ ʠ ʩ ʛʨʘʥʠʮʘʤʠ ʚ ʚʠʜʝ ʄɻɼ ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʨʘʟʨʳʚʦʚ. 

ʄʝʪʦʜʦʤ ʧʨʦʙʥʦʛʦ ʨʘʩʯʸʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚʪʦʨʠʯʥʳʭ ʄɻɼ ʚʦʣʥ ʪʠʧʘ ʙʳʩʪʨʦʡ 

ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠ ʙʳʩʪʨʦʡ ʚʦʣʥʳ ʨʘʟʨʝʞʝʥʠʷ ʚʥʫʪʨʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʧʝʨʝʥʦʩʠʤʦʡ ʧʦʪʦʢʦʤ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ʅʘ ʦʩʥʦʚʝ ʠʤʝʶʱʠʭʩʷ ʧʣʘʟʤʝʥʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʪʠʧʘ ʂʣʘʩʪʝʨ ʠ ʋʣʠʩʩ, 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʚʦʟʥʠʢʘʶʱʠʭ ʚʦʣʥ. ʋʪʚʝʨʞʜʘʝʪʩʷ ʟʘʤʝʜʣʝʥʠʝ ʜʚʠʞʝʥʠʷ 

ʩʦʣʥʝʯʥʳʭ ʫʜʘʨʥʳʭ ʚʦʣʥ ʚʥʫʪʨʠ ʤʘʛʥʠʪʥʳʭ ʜʳʨ ʠʟ-ʟʘ ʧʦʥʠʞʝʥʠʷ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʠ ʠʟʤʝʥʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʩ ʧʦʩʪʦʷʥʥʳʤ ʜʘʚʣʝʥʠʝʤ. ʉʨʘʚʥʝʥʠʝ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʄɻɼ ʨʘʩʩʤʦʪʨʝʥʠʷ ʜʠʥʘʤʠʢʠ ʤʘʛʥʠʪʥʳʭ ʜʳʨ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʘʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʄɻɼ ʤʦʜʝʣʠ ʤʘʛʥʠʪʥʦʡ ʜʳʨʳ ʠ ʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʠʟʫʯʝʥʠʷ ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʧʦʪʦʢʝ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʘʛʥʠʪʥʳʭ ʜʳʨ ʩ 

ʩʦʣʥʝʯʥʳʤʠ ʫʜʘʨʥʳʤʠ ʚʦʣʥʘʤʠ ʚ ʨʘʤʢʘʭ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʛʥʦʟʘ çʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳè. 

ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ʇ-22 ʠ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ 

ʛʨʘʥʪʦʤ ʈʌʌʀ 11-01-00235. 

 

 

ɿɸɺʀʉʀʄʆʉʊʔ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ɻɽʆʄɸɻʅʀʊʅʓʍ ɹʋʈʔ, 

ɻɽʅɽʈʀʈʆɺɸʅʅʓʍ ʈɸɿʅʓʄʀ ʊʀʇɸʄʀ ʉʆʃʅɽʏʅʆɻʆ ɺɽʊʈɸ,  

ʆʊ ɺɽʃʀʏʀʅʓ ɹʋʈʀ  

 

ʖ.ʀ. ɽʨʤʦʣʘʝʚ, ʅ.ʉ. ʅʠʢʦʣʘʝʚʘ, ʀ.ɻ. ʃʦʜʢʠʥʘ, ʄ.ʖ. ɽʨʤʦʣʘʝʚ 

 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, yermol@iki.rssi.ru 

 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʨʘʟʣʠʯʥʳʤʠ 

ʪʠʧʘʤʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʦʪ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤʝʞʧʣʘʥʝʪʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʙʘʟʳ OMNI ʟʘ ʧʝʨʠʦʜ 1976-2000 ʛ ʘʥʘʣʠʟʠʨʫʶʪʩʷ 798 ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʩ DstÒ-50 

ʥʊʣ ʠ ʠʭ ʤʝʞʧʣʘʥʝʪʥʳʝ ʠʩʪʦʯʥʠʢʠ: ʢʦʨʦʪʠʨʫʶʱʠʝ ʦʙʣʘʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (CIR), 

ʤʝʞʧʣʘʥʝʪʥʳʝ ʉʄɽ (ICME), ʚʢʣʶʯʘʶʱʠʝ ʤʘʛʥʠʪʥʳʝ ʦʙʣʘʢʘ (ʄʉ), ʧʦʨʰʥʠ (Ejecta)  ʠ 

ʦʙʣʘʩʪʠ ʩʞʘʪʠʷ ʧʝʨʝʜ ʥʠʤʠ (Sheath). ɼʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʦʧʨʝʜʝʣʝʥʳ ʚʝʨʦʷʪʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʙʫʨʴ ʩʠʣʴʥʝʝ ʥʝʢʦʪʦʨʦʛʦ ʧʦʨʦʛʘ: Dst < -50, -70, -100, -150 

ʠ -200 ʥʊʣ. ʅʘʠʙʦʣʴʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʤʘʛʥʠʪʥʳʭ ʦʙʣʘʢʦʚ, ʘ ʜʣʷ ʦʩʪʘʣʴʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʚ 5-7 ʨʘʟ ʥʠʞʝ ʜʣʷ ʙʫʨʴ ʩ Dst < -50 ʠ ʚ 10-40 ʨʘʟ ʥʠʞʝ ʜʣʷ ʙʫʨʴ ʩ Dst < -200. ɼʣʷ 

ʚʩʝʭ ʪʠʧʦʚ ʠʩʪʦʯʥʠʢʦʚ ʚʝʨʦʷʪʥʦʩʪʴ ʫʙʳʚʘʝʪ ʩ ʨʦʩʪʦʤ ʩʠʣʳ ʙʫʨʠ ʧʦ ʥʝʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ: 
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ʩʢʦʨʦʩʪʴ ʫʙʳʚʘʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʪʝʪ ʩ ʚʝʣʠʯʠʥʦʡ ʙʫʨʠ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʫʙʳʚʘʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʥʠʟʢʘʷ ʜʣʷ ʄʉ ʠ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ ʜʣʷ CIR. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʚʥʦʩʷʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʧʨʝʜʩʢʘʟʘʥʠʷ çʂʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳè, ʪʘʢ ʢʘʢ ʦʥʠ ʚ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʜʘʥʥʳʤʠ ʦ ʯʘʩʪʦʪʝ ʧʦʷʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʥʘ ʦʨʙʠʪʝ 

ɿʝʤʣʠ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʩʨʝʜʥʶʶ ʯʘʩʪʦʪʫ ʧʦʷʚʣʝʥʠʷ ʥʘ ɿʝʤʣʝ ʵʢʩʪʨʝʤʘʣʴʥʦ ʩʠʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʙʫʨʠ ʪʠʧʘ ʙʫʨʠ 

ʂʵʨʨʠʥʛʪʦʥʘ ʚ 1859 ʛʦʜʫ ʩ Dst < -1700 ʥʊʣ ʩʣʫʯʘʶʪʩʷ ʥʘ ɿʝʤʣʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʟ ʚ 500 ʣʝʪ.  

 

 

ʂɺɸɿʀʇɽʈʀʆɼʀʏɽʉʂʀɽ ʂʆʃɽɹɸʅʀʗ ʕʃɽʂʊʈʆʅʅʆʁ ʂʆʅʎɽʅʊʈɸʎʀʀ  

ɺ ʆɹʃɸʉʊʀ ʋʉʂʆʈɽʅʀʗ ʉʆʃʅɽʏʅʆɻʆ ɺɽʊʈɸ ʇʆ ɼɸʅʅʓʄ 

ʈɸɼʀʆɿʆʅɼʀʈʆɺɸʅʀʗ 

 

ɸ.ʀ. ɽʬʠʤʦʚ
1
, ʃ.ɸ. ʃʫʢʘʥʠʥʘ

1
, ɸ.ʀ. ʈʦʛʘʰʢʦʚʘ

1
, ʃ.ʅ. ʉʘʤʦʟʥʘʝʚ

1
, ʀ.ɺ. ʏʘʰʝʡ

2
,  

ʄ.ʂ. ɹʸʨʜ
3,4

, ʄ. ʇʝʪʮʦʣʴʜ
4
 

 
1 
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ʇʫʱʠʥʩʢʘʷ ʈʘʜʠʦʘʩʪʨʦʥʦʤʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ ɸʂʎ ʌʀɸʅ 

3 
ʀʥʩʪʠʪʫʪ ɸʩʪʨʦʥʦʤʠʠ ʠʤ. ɸʨʛʝʣʘʥʜʝʨʘ ɹʦʥʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

4 
ʀʥʩʪʠʪʫʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʂʸʣʴʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

 

ɺ ʧʝʨʠʦʜʳ ʥʘʭʦʞʜʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʂɸ) ULYSSES, MARS-EXPRESS, 

VENUS-EXPRESS, ROSETTA ʚ ʚʝʨʭʥʝʤ ʩʦʝʜʠʥʝʥʠʠ (1991-2009) ʙʳʣʠ ʦʩʫʱʝʩʪʚʣʝʥʳ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʜʚʫʭʯʘʩʪʦʪʥʦʤʫ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʶ ʦʢʦʣʦʩʦʣʥʝʯʥʦʡ 

ʧʣʘʟʤʳ ʢʦʛʝʨʝʥʪʥʳʤʠ ʩʠʛʥʘʣʘʤʠ S- ʠ X-ʜʠʘʧʘʟʦʥʦʚ. ʅʘ ʥʘʟʝʤʥʳʭ ʧʫʥʢʪʘʭ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ 1 

ʨʘʟ ʚ ʩʝʢʫʥʜʫ ʠʟʤʝʨʝʥʠʷ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪ ʠ ʘʤʧʣʠʪʫʜ ʵʪʠʭ ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʯʘʩʪʦʪʳ, ʢʦʪʦʨʘʷ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʝʤʝʥʥʳʤʠ ʬʣʫʢʪʫʘʮʠʷʤʠ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʪʨʘʩʩʝ ʂɸ-ʥʘʟʝʤʥʳʡ ʧʫʥʢʪ (downlink). ɸʥʘʣʠʟ 

ʜʘʥʥʳʭ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣ ʦʙʥʘʨʫʞʠʪʴ ʥʘ ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ 3é40 

ʨʘʜʠʫʩʦʚ ʉʦʣʥʮʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ ʬʣʫʢʪʫʘʮʠʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʷʪʠʤʠʥʫʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ (ʧʝʨʠʦʜʳ 2-6 ʤʠʥʫʪ), ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ 

ʚʦʣʥʘʤʠ ʤʘʛʥʠʪʦʟʚʫʢʦʚʦʛʦ ʪʠʧʘ. ʕʬʬʝʢʪ ʠʭ ʧʨʠʩʫʪʩʪʚʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʚʨʝʤʝʥʥʳʭ 

ʩʧʝʢʪʨʘʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʚ ʚʠʜʝ ʤʘʢʩʠʤʫʤʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ. ʇʝʨʠʦʜ 

ʢʦʣʝʙʘʥʠʡ ʧʣʦʪʥʦʩʪʠ ʦʢʦʣʦʩʦʣʥʝʯʥʦʡ ʧʣʘʟʤʳ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʝʨʠʦʜʦʤ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʭ 

ʧʷʪʠʤʠʥʫʪʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚʙʣʠʟʠ ʬʦʪʦʩʬʝʨʳ. ʇʦʤʠʤʦ ʧʷʪʠʤʠʥʫʪʥʳʭ 

ʦʩʮʠʣʣʷʮʠʡ ʠʟʚʝʩʪʥʳ ʪʘʢʞʝ ʢʦʣʝʙʘʥʠʷ ʉʦʣʥʮʘ ʩ ʙʦʣʴʰʠʤʠ ʧʝʨʠʦʜʘʤʠ ï ʦʪ 7 ʜʦ 160 ʤʠʥ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʧʨʦʚʝʩʪʠ ʧʦʠʩʢ ʢʦʣʝʙʘʥʠʡ ʯʘʩʪʦʪʳ ʟʦʥʜʠʨʫʶʱʠʭ 

ʨʘʜʠʦʚʦʣʥ ʩ ʪʘʢʠʤʠ ʧʝʨʠʦʜʘʤʠ ʚ ʦʙʣʘʩʪʠ ʫʩʢʦʨʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʚʳʯʠʩʣʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʚʝʡʚʣʝʪ-ʩʧʝʢʪʨʦʚ ʜʣʷ ʬʣʫʢʪʫʘʮʠʡ ʯʘʩʪʦʪʳ. ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʡʚʣʝʪ-ʩʧʝʢʪʨʳ ʩʠʣʴʥʦ ʠʟʤʝʥʯʠʚʳ, ʥʦ ʥʘ ʥʠʭ ʨʝʛʫʣʷʨʥʦ ʥʘʙʣʶʜʘʶʪʩʷ 

ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʤʘʢʩʠʤʫʤʦʚ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʟʘʧʠʩʷʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʯʘʩʪʦʪʳ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʩ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʧʝʨʠʦʜʘʤʠ. ʇʝʨʠʦʜʳ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠʟʤʝʥʷʶʪʩʷ ʦʪ 1 ʤʠʥ. ʜʦ 200 ʤʠʥ. ɸʥʘʣʠʟ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ, ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʫʩʢʦʨʝʥʠʷ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʪʘʢ ʞʝ ʢʘʢ ʠ ʚʙʣʠʟʠ ʬʦʪʦʩʬʝʨʳ, ʧʦʩʪʦʷʥʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ï ʚʦʣʥ ʤʘʛʥʠʪʦʟʚʫʢʦʚʦʛʦ ʪʠʧʘ. 

ʈʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʘ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʜʦʙʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ ʬʠʣʴʪʨʘʮʠʶ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ, ʩʧʝʢʪʨʘʣʴʥʳʡ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʥʘʨʫʞʝʥʠʝ 

ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʭ (ʜʦ 200 ʤʠʥʫʪ) ʢʦʣʝʙʘʥʠʡ ʧʣʦʪʥʦʩʪʠ ʦʢʦʣʦʩʦʣʥʝʯʥʦʡ ʧʣʘʟʤʳ. 
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ʉʆʃʅɽʏʅʆɻʆ ɺɽʊʈɸ ɺ ɻɽʃʀʆʉʌɽʈʅʆʄ ʋɼɸʈʅʆʄ ʉʃʆɽ 
 

ɺ.ɺ. ʀʟʤʦʜʝʥʦʚ, ɼ.ɹ. ɸʣʝʢʩʘʰʦʚ 
 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, izmod@iki.rssi.ru 

ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʭʘʥʠʢʠ ʠʤ. ɸ.ʖ. ʀʰʣʠʥʩʢʦʛʦ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɺ ʨʘʙʦʪʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʚʣʠʷʥʠʝ ʛʝʣʠʦʩʬʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʦʙʣʘʩʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʩ ʣʦʢʘʣʴʥʦʡ ʤʝʞʟʚʝʟʜʥʦʡ ʩʨʝʜʦʡ (ʃʄʉ). ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʯʠʩʣʝʥʥʘʷ ʪʨʝʭʤʝʨʥʘʷ ʢʠʥʝʪʠʢʦ-ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʩ ʯʘʩʪʠʯʥʦ-ʠʦʥʠʟʦʚʘʥʥʦʡ ʤʝʞʟʚʝʟʜʥʦʡ ʩʨʝʜʦʡ. ɺʧʝʨʚʳʝ ʚ 

ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʙʳʣʦ ʙʳʣʦʫʯʪʝʥʦ ʚʣʠʷʥʠʝ ʛʝʣʠʦʩʬʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ 

ʥʘʤʠ ʤʦʜʝʣʴ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʙʦʪ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ) ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʛʝʣʠʦʧʘʫʟʫ, ʢʘʢ 

ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ, ʠ ʙʣʘʛʦʜʘʨʷ ʠʟʙʝʞʘʪʴ ʵʬʬʝʢʪʦʚ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʤʝʞʟʚʝʟʜʥʦʛʦ 

ʠ ʛʝʣʠʦʩʬʝʨʥʦʛʦ ʧʦʣʝʡ. ʊʘʢʠʝ ʵʬʬʝʢʪʳ çʯʠʩʣʝʥʥʦʛʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷè ʧʨʠʩʫʱʠ ʨʘʥʝʝ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʤʦʜʝʣʷʤ ʜʨʫʛʠʭ ʥʘʫʯʥʳʭ ʛʨʫʧʧ. ʆʧʠʩʘʥʠʝ ʟʘʨʷʞʝʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ 

(ʧʨʦʪʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʘʤʢʘʭ ʠʜʝʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, 

ʧʦʵʪʦʤʫ ʚ ʤʦʜʝʣʠ ʛʝʣʠʦʩʬʝʨʥʳʡ ʪʦʢʦʚʳʡ ʩʣʦʡ ʷʚʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʘʟʨʳʚʘ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥ ʢʠʥʝʤʘʪʠʯʝʩʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʨʘʩʪʝʪ 

ʚ ʛʝʣʠʦʩʬʝʨʥʦʤ ʫʜʘʨʥʦʤ ʩʣʦʝ ʠ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʛʝʣʠʦʧʘʫʟʝ ʦʙʨʘʟʫʝʪʩʷ çʤʘʛʥʠʪʥʳʡ 

ʙʘʨʴʝʨè. ʇʨʠʤʝʨʥʦ ʚ ʧʦʣʦʚʠʥʝ ʫʜʘʨʥʦʛʦ ʩʣʦʷ ʧʣʘʟʤʝʥʥʦʝ  b>1, ʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʘʯʠʥʘʝʪ 

ʦʧʨʝʜʝʣʷʪ ʪʝʯʝʥʠʝ ʧʣʘʟʤʳ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ɺ ʦʢʨʝʩʪʥʦʩʪʠ ʛʝʣʠʦʧʘʫʟʳ ʛʝʣʠʦʩʬʝʨʥʦʝ ʧʦʣʝ 

ʜʦʩʪʠʛʘʝʪ 5 ʤʢɻʘʫʩʩ, ʘ ʧʣʦʪʥʦʩʪʴ ʧʣʘʟʤʳ ʩʫʱʝʩʪʚʝʥʥʦ ʧʘʜʘʝʪ (ʦʙʨʘʟʫʝʪʩʷ plasma depletion 

layer). ʕʬʬʝʢʪʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠʚʦʜʷʪ ʪʘʢʞʝ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ (ʥʘ ~ 20 ʘ.ʝ.) 

ʫʤʝʥʴʰʝʥʠʶ ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʛʝʣʠʦʩʬʝʨʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʩʤʦʪʨʘ ʩʪʝʧʝʥʠʠ ʠʦʥʠʟʘʮʠʠ ʚ ʃʄʉ.   ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠ ʦʙʩʫʞʜʘʶʪʩʷ 

ʪʘʢʞʝ ʠ  ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʨʝʥʠʷʤʠ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ ɺʦʷʞʝʨ 1 ʠ 2, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ 

ʥʘ ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ 123 ʘ.ʝ. ʠ 101 ʘ.ʝ. ( ʚ ʜʝʢʘʙʨʝ 2012), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 

ʆ ʂʆʈʈɽʃʗʎʀʀ ʀʅʊɽʅʉʀɺʅʆʉʊʀ ɻʂʃ ʀ ɻɽʃʀʆʉʌɽʈʅʓʍ ʇɸʈɸʄɽʊʈʆɺ ʀ 

ʆɹ ʋʉʃʆɺʀʗʍ ʆɹʈɸɿʆɺɸʅʀʗ ʄɸʂʉʀʄɸʃʔʅʆʁ ʀʅʊɽʅʉʀɺʅʆʉʊʀ ɻʂʃ 

 

ʄ.ɹ. ʂʨʘʡʥʝʚ, ɻ.ɸ. ɹʘʟʠʣʝʚʩʢʘʷ, ʄ.ʉ. ʂʘʣʠʥʠʥ, ɸ.ʂ. ʉʚʠʨʞʝʚʩʢʘʷ,  

ʅ.ʉ. ʉʚʠʨʞʝʚʩʢʠʡ 

 

ʌʀɸʅ ʠʤ. ʇ.ʅ. ʃʝʙʝʜʝʚʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, mkrainev46@mail.ru 

 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʥʘʙʣʶʜʘʝʤʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʘʣʘʢʪʠʯʝʩʢʠʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ (ɻʂʃ) ʝʛʦ ʯʘʩʪʦ ʩʦʧʦʩʪʘʚʣʷʶʪ ʩ ʧʦʚʝʜʝʥʠʝʤ ʛʝʣʠʦʩʬʝʨʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʚʘʞʥʳʤʠ ʜʣʷ ʤʦʜʫʣʷʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɻʂʃ. ʂ 

ʵʪʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʪʥʦʩʷʪʩʷ ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʨʝʛʫʣʷʨʥʦʛʦ ʛʝʣʠʦʩʬʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʠ ʩʧʝʢʪʨ ʝʛʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʩʢʦʨʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʢʚʘʟʠʥʘʢʣʦʥ ʢ ʧʣʦʩʢʦʩʪʠ 

ʩʦʣʥʝʯʥʦʛʦ ʵʢʚʘʪʦʨʘ ʛʝʣʠʦʩʬʝʨʥʦʛʦ ʪʦʢʦʚʦʛʦ ʩʣʦʷ (ɻʊʉ) ʠ ʜʨ.  ɺʘʞʥʦʡ ʯʘʩʪʴʶ ʪʘʢʦʛʦ 

ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʤʦʤʝʥʪʦʚ ʵʢʩʪʨʝʤʫʤʦʚ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɻʂʃ ʨʘʟʥʳʭ ʵʥʝʨʛʠʡ ʠ ʛʝʣʠʦʩʬʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʪʘʢʞʝ ʠʭ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʸʪʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɻʂʃ ʜʣʷ ʧʝʨʠʦʜʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʝʞʜʫ 

ʩʦʣʥʝʯʥʳʤʠ ʮʠʢʣʘʤʠ 21/22 (1981-1988 ʛʛ.), 22/23 (1991-1998 ʛʛ.) ʠ 23/24 (2002-2010 ʛʛ.). 



 126 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʦʙʨʘʱʘʝʪʩʷ ʥʘ ʥʝʦʙʳʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɻʂʃ ʚ ʧʦʩʣʝʜʥʠʡ 

ʧʝʨʠʦʜ ʠ ʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʯʸʪʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʦʨʤʳ 

ɻʊʉ. ʅʘ ʵʪʦʤ ʤʘʪʝʨʠʘʣʝ ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠʟ ʨʘʩʯʸʪʦʚ çʧʦʜʩʢʘʟʦʢè ʜʣʷ 

ʦʧʠʩʘʥʥʦʛʦ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʪ. ʝ., ʦʪʚʝʪʦʚ ʥʘ ʚʦʧʨʦʩʳ: 1) ʩ ʢʘʢʠʤʠ 

ʛʝʣʠʦʩʬʝʨʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʢʦʨʨʝʣʷʮʠʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɻʂʃ ʠ 2) ʠʟʤʝʥʝʥʠʝʤ ʢʘʢʠʭ ʛʝʣʠʦʩʬʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʤʦʤʝʥʪ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɻʂʃ ʠ ʩʘʤʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʝʣʘʶʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʚʳʚʦʜʳ ʦ ʤʝʭʘʥʠʟʤʘʭ ʦʙʨʘʟʦʚʘʥʠʷ 

ʫʢʘʟʘʥʥʳʭ ʢʦʨʨʝʣʷʮʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʢʩʠʤʫʤʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɻʂʃ. 

 

 

ʆ ʇʈʀʏʀʅɽ ʇɽʈɽʄɽʅʅʆʉʊʀ ʉʇɽʂʊʈɸ ʇʈʆʊʆʅʆɺ ʂʆʉʄʀʏɽʉʂʀʍ ʃʋʏɽʁ  

ɺ ɼʀɸʇɸɿʆʅɽ ʕʅɽʈɻʀʁ ~20-500 ɻʕɺ 

 

ɺ.ʄ ʃʦʟʥʠʢʦʚ, ʅ.ʉ.ɽʨʦʭʠʥ, ʃ.ɸ. ʄʠʭʘʡʣʦʚʩʢʘʷ 

 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, vloznikov@yandex.ru 

  

ʅʘʰʘ ʪʦʯʢʘ ʟʨʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩʧʝʢʪʨ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ (ʂʃ) ʩʦʩʪʦʠʪ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪ. ʅʦʚʦʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ñʬʦʥʘò, 

(ʪ.ʝ. ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʡ ʟʘ ʚʨʝʤʷ ʧʦʨʷʜʢʘ ʤʠʣʣʠʦʥʦʚ ʣʝʪ ɻʘʣʘʢʪʠʯʝʩʢʦʡ ʠ ʚʥʝʛʘʣʘʢʪʠʯʝʩʢʦʡ 

ʢʦʤʧʦʥʝʥʪʳ), ʠ ʝʱʸ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪ (ʧʝʨʝʤʝʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʚʨʝʤʝʥʥʳʭ ʰʢʘʣʘʭ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʣʠʯʥʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʜʠʘʧʘʟʦʥʘʤ ʠ ʥʝʩʢʦʣʴʢʠʤ ʨʘʟʣʠʯʥʳʤ ʢʣʘʩʩʘʤ 

ʠʩʪʦʯʥʠʢʦʚ). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʰʝʡ ʛʠʧʦʪʝʟʦʡ, ʧʝʨʝʤʝʥʥʦʡ ʢʦʤʧʦʥʝʥʪʝ ʧʦʪʦʢʦʚ ʂʃ ʚ 

ʜʠʘʧʘʟʦʥʝ ʜʦ ʵʥʝʨʛʠʡ ~ʊʵɺ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʪʦʯʥʠʢ, ʥʘʭʦʜʷʱʠʡʩʷ ʥʘ ʧʝʨʠʬʝʨʠʠ 

ɻʝʣʠʦʩʬʝʨʳ, ʛʜʝ ʩʫʱʝʩʪʚʫʶʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʥʠʟʢʦ ʵʥʝʨʛʠʯʥʳʭ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ.  ʈʘʥʝʝ ʤʳ ʧʦʢʘʟʘʣʠ ʨʝʘʣʠʟʫʝʤʦʩʪʴ ʪʘʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʠ 

ʧʦʟʠʪʨʦʥʦʚ ʂʃ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʣʠʯʠʝ ʚ ʥʘʙʣʶʜʘʝʤʳʭ ʩʧʝʢʪʨʘʭ ʧʨʦʪʦʥʦʚ ʂʃ 

ʚ ʜʠʘʧʘʟʦʥʝ (~20ï500) ɻʵɺ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚ ʨʘʤʢʘʭ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʤʦʜʝʣʠ ʩʧʝʢʪʨʘ. 

ʇʝʨʚʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʦʡ (ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ) ɻʘʣʘʢʪʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ. ɺʪʦʨʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ɻʝʣʠʦʩʬʝʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, 

ʚʦʟʥʠʢʘʶʱʝʡ ʚʩʣʝʜʩʪʚʠʝ ʜʦʫʩʢʦʨʝʥʠʷ ʧʨʦʪʦʥʦʚ ʤʷʛʢʠʭ ʂʃ ʥʘ ʧʝʨʠʬʝʨʠʠ ɻʝʣʠʦʩʬʝʨʳ, ʚ 

ʦʙʣʘʩʪʠ ʟʘ ʛʨʘʥʠʯʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ (TS) ʉʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ (ʥʘ ʨʘʩʩʪʦʷʥʠʠ ~100 AU ʦʪ 

ʉʦʣʥʮʘ). ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʭʚʘʪʘ ʠ ʫʩʢʦʨʝʥʠʷ 

ʧʨʦʪʦʥʦʚ ʤʷʛʢʠʭ ʂʃ ʧʘʢʝʪʘʤʠ ʧʣʘʟʤʝʥʥʳʭ ʚʦʣʥ ʚ ʦʜʥʦʨʦʜʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʟʘ TS. 

 

 

ʈɸɿɺʀʊʀɽ 23 ʉʆʃʅɽʏʅʆɻʆ ʎʀʂʃɸ ɺ ʇʆʊʆʂɸʍ ʉʆʃʅɽʏʅʆɻʆ ɺɽʊʈɸ ʆʊ 

ʉʊʈʀʄɽʈʆɺ 

 

ʅ.ɸ. ʃʦʪʦʚʘ, ɺ.ʅ ʆʙʨʠʜʢʦ  

 

ʀɿʄʀʈɸʅ, ʛ. ʊʨʦʠʮʢ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, lotova@izmiran.ru 

 

ʀʟʫʯʘʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʴ ʧʦʪʦʢʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʩ ʠʭ ʠʩʪʦʯʥʠʢʘʤʠ ʚ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʘʥʳ ʥʘ ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʧʨʦʩʚʝʯʠʚʘʥʠʶ 

ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜʳ ʚ ʙʣʠʟʢʠʭ ʢ ʉʦʣʥʮʫ ʦʙʣʘʩʪʷʭ, R¢70Rs. ɺʟʘʠʤʦʩʚʷʟʴ ʧʦʪʦʢʦʚ ʩʦʣʥʝʯʥʦʛʦ 

ʚʝʪʨʘ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ Rin=F(|BR|), ʛʜʝ 

R=2.5Rs, Rin - ʟʚʫʢʦʚʘʷ ʪʦʯʢʘ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, |BR| - ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʝ, ʚ ʪʦʯʢʝ, ʩʦʧʨʷʞʝʥʥʦʡ ʩ ʧʦʣʦʞʝʥʠʝʤ ʟʚʫʢʦʚʦʡ ʪʦʯʢʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ Rin. 

ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ Rin=F(|BR|) ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʜʠʩʢʨʝʪʥʳʝ ʚʝʪʚʠ - ʪʠʧʳ ʧʦʪʦʢʦʚ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ɺ 23 ʩʦʣʥʝʯʥʦʤ ʮʠʢʣʝ ʫʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 11-ʪʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

mailto:vloznikov@yandex.ru
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ʧʦʪʦʢʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ʉʨʝʜʠ ʵʪʠʭ ʧʦʪʦʢʦʚ ʪʦʣʴʢʦ ʦʜʥʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦ ʚʩʝ 

ʛʦʜʳ 23 ʮʠʢʣʘ. ʕʪʘ ʢʦʤʧʦʥʝʥʪʘ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʩʚʷʟʘʥʘ ʚ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʝ ʩʦ ʩʪʨʠʤʝʨʘʤʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʢʘʟʘʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʠʟʫʯʠʪʴ ʥʝʦʙʳʯʥʦʝ ʨʘʟʚʠʪʠʝ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚ 23 

ʮʠʢʣʝ ʧʦ ʢʦʤʧʦʥʝʥʪʝ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʢʦʪʦʨʘʷ ʚ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ |BR| ʚ ʩʪʨʠʤʝʨʘʭ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ 

ʧʦʣʦʞʝʥʠʷʭ ʟʚʫʢʦʚʦʡ ʪʦʯʢʠ |Rin| ʚ ʧʦʪʦʢʘʭ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʦʪ ʩʪʨʠʤʝʨʦʚ ʧʦʟʚʦʣʷʶʪ 

ʠʟʫʯʠʪʴ ʦʙʱʫʶ ʢʘʨʪʠʥʫ ʝʞʝʛʦʜʥʦʡ ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʤʘʩʰʪʘʙʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʩʪʨʠʤʝʨʦʚ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʪʨʘʥʩʟʚʫʢʦʚʦʡ ʦʙʣʘʩʪʠ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. 

 

 

ɼʆʃɻʆʇɽʈʀʆɼʅɸʗ ʈɽʂʆʅʉʊʈʋʂʎʀʗ ʉʂʆʈʆʉʊʀ ʉʆʃʅɽʏʅʆɻʆ ɺɽʊʈɸ  

ʇʆ ɺʓʉʆʂʆʐʀʈʆʊʅʓʄ ɻɽʆʄɸɻʅʀʊʅʓʄ ɼɸʅʅʓʄ 

 

ʈ. ʖ. ʃʫʢʴʷʥʦʚʘ
1, 2
, ʂ. ʄʫʨʩʫʣʘ

3
, ɸ. ʂʦʟʣʦʚʩʢʠʡ

3
 

 
1
 ɸʨʢʪʠʯʝʩʢʠʡ ʠ ɸʥʪʘʨʢʪʠʯʝʩʢʠʡ ʅʀʀ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, renata@aari.nw.ru  

2 
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

3 
ʋʥʠʚʝʨʩʠʪʝʪ ʆʫʣʫ, ʌʠʥʣʷʥʜʠʷ  

 

ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʢʦʨʦʩʪʠ ʉɺ ʟʘ ʩʪʦʣʝʪʥʠʡ ʧʝʨʠʦʜ ʥʘ ʦʩʥʦʚʝ 

ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ, ʪʦʯʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʨʝʚʳʰʘʝʪ ʧʨʝʜʳʜʫʱʠʝ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʨʝʜʥʝʰʠʨʦʪʥʦʤ ʛʝʦʤʘʛʥʠʪʥʦʤ ʘʘ ʠʥʜʝʢʩʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʧʦʪʦʢʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ (ɺʉʇ ʉɺ) ʚʳʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʩʠʣʝʥʠʝ 

ʩʫʙʙʫʨʝʚʦʛʦ ʟʘʧʘʜʥʦʛʦ ʘʚʨʦʨʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʞʝʪʘ (WEJ). ɺ ʛʦʜʳ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ɺʉʇ ʉɺ ʥʘ 

ʬʘʟʝ ʩʧʘʜʘ 11-ʣʝʪʥʝʛʦ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʥʘʨʫʰʝʥʠʷ ʛʣʘʜʢʦʛʦ ʠ 

ʤʝʜʣʝʥʥʦ ʤʝʥʷʶʱʝʛʦʩʷ ʚʝʢʦʚʦʛʦ ʭʦʜʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʧʦʣʷʨʥʳʭ ʰʘʧʢʘʭ ʦʙʦʠʭ ʧʦʣʫʰʘʨʠʡ. ɸʥʘʣʠʟ ʥʘʠʙʦʣʝʝ ʜʣʠʥʥʳʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʷʜʦʚ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ (ʧʦʣʷʨʥʘʷ ʦʙʩ. ɻʦʜʭʘʚʥ ʠ ʘʚʨʦʨʘʣʴʥʘʷ ʦʙʩ. 

ʉʦʜʘʥʢʶʣʷ) ʧʦʢʘʟʘʣ, ʯʪʦ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʦʝ ʩʨʝʜʥʝʛʦʜʦʚʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʉɺ, 

ʩʨʘʚʥʠʤʦʝ ʧʦ ʚʝʣʠʯʠʥʝ ʩ ʩʦʙʳʪʠʷʤʠ 2003 ʛ., ʚ ʧʨʦʰʣʦʤ ʙʳʣʦ ʚ 1952 ʛ. ʥʘ ʩʧʘʜʝ ʩʦʣʥʝʯʥʦʛʦ 

ʮʠʢʣʘ 18, ʟʘ ʢʦʪʦʨʳʤ ʩʣʝʜʦʚʘʣ ʮʠʢʣ, ʠʤʝʶʱʠʡ ʩʘʤʫʶ ʚʳʩʦʢʫʶ ʘʤʧʣʠʪʫʜʫ ʚ ʩʦʣʥʝʯʥʳʭ 

ʧʷʪʥʘʭ. ʇʦʩʢʦʣʴʢʫ ʩʦʙʳʪʠʷ ɺʉʇ ʉɺ ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʩ ʧʦʣʦʠʜʘʣʴʥʳʤ ʩʦʣʥʝʯʥʤr ʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ, ʪʦ ʦʙʥʘʨʫʞʝʥʥʘʷ ʵʚʦʣʶʮʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʪʦʛʦ, ʯʪʦ ʤʘʢʩʠʤʫʤʫ ʪʦʨʦʠʜʘʣʴʥʦʛʦ ʧʦʣʷ ʧʨʝʜʰʝʩʪʚʦʚʘʣ ʤʘʢʩʠʤʫʤ 

ʧʦʣʦʠʜʘʣʴʥʦʛʦ ʧʦʣʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ɺʉʇ ʉɺ ʚ 2003 ʛ. 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʠʤʧʫʣʴʩʥʦʤ ʭʘʨʘʢʪʝʨʝ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʦʙʱʝʤ ʦʩʣʘʙʣʝʥʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  

 

 

ɺʃʀʗʅʀɽ ɺʓʉʆʂʆʉʂʆʈʆʉʊʅʆɻʆ ʉʆʃʅɽʏʅʆɻʆ ɺɽʊʈɸ ʅɸ 

ʈɸɼʀɸʎʀʆʅʅʋʖ ʆɹʉʊɸʅʆɺʂʋ ɺ ʆʂʆʃʆɿɽʄʅʆʄ ʂʆʉʄʀʏɽʉʂʆʄ 

ʇʈʆʉʊʈɸʅʉʊɺɽ 

 

ʀ.ʅ. ʄʷʛʢʦʚʘ 

 

ʅʀʀʗʌ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, irina@sinp.msu.ru 

 

ʈʘʜʠʘʮʠʦʥʥʳʝ ʫʩʣʦʚʠʷ (ʧʦʪʦʢʠ ʵʥʝʨʛʠʯʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ) ʚ ʦʢʦʣʦʟʝʤʥʦʤ 

ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʆʂʇ) ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ  ʢʦʩʤʠʯʝʩʢʦʡ 

ʧʦʛʦʜʳ ʥʘʨʷʜʫ ʩ ʤʘʛʥʠʪʥʳʤʠ ʙʫʨʷʤʠ ʠ ʠʦʥʠʟʠʨʫʶʱʠʤ ʠʟʣʫʯʝʥʠʝʤ  ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ. 

ʂʘʢ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ ʚ ʆʂʇ ʧʦ 
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ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʧʦʪʦʢʦʚ ʵʥʝʨʛʠʯʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʥʘ ʀʉɿ ʩʝʨʠʠ ʂʆʈʆʅɸʉ, 

ʦʩʫʱʝʩʪʚʣʷʚʰʠʭʩʷ ʥʘ ʨʘʟʥʳʭ ʬʘʟʘʭ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʉɸ), ʧʦʤʠʤʦ ʢʣʶʯʝʚʦʡ 

ʨʦʣʠ ɺʉʇ ʉɺ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʨʝʢʫʨʨʝʪʥʳʭ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ, ʠ ʚʣʠʷʥʠʠ ʠʭ ʥʘ ʜʠʥʘʤʠʢʫ 

ʚʥʝʰʥʝʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ ɿʝʤʣʠ (ɺʈʇɿ) ɺʉʇ ʉɺ ʤʦʛʫʪ ʚʣʠʷʪ ɹʥʘ ʚʘʨʠʘʮʠʠ ʧʦʪʦʢʦʚ 

ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʠ ʩʦʣʥʝʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ (ɻʂʃ ʠ ʉʂʃ). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʚʷʟʠ ʚʘʨʠʘʮʠʡ ʧʦʪʦʢʦʚ ɻʂʃ  ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘ ʀʉɿ "ʂʆʈʆʅɸʉ-ʀ" ʚ ʧʝʨʠʦʜ ʩʧʘʜʘ ʉɸ ʚ 

ʧʝʨʠʦʜ ʩ ʤʘʨʪʘ ʧʦ ʠʶʥʴ 1994 ʛʦʜʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʚʙʣʠʟʠ ʤʠʥʠʤʫʤʦʚ ʉɸ ʠʤʝʝʪ ʤʝʩʪʦ 

ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʘʥʪʠʢʦʨʨʝʣʷʮʠʠ ʚʝʣʠʯʠʥ ʧʦʪʦʢʦʚ ɻʂʃ  ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ (ʚ 

1994 ʛʦʜʫ ï 85%), ʘ ʪʘʢʞʝ ʩ ʤʦʜʫʣʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ ʢʘʢ ʟʚʝʟʜʳ (90 %), ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʢʦʨʨʝʣʷʮʠʷ ʧʦʪʦʢʦʚ ɻʂʃ ʩ ʯʠʩʣʦʤ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʚʙʣʠʟʠ ʤʠʥʠʤʫʤʘ ʉɸ ʦʪʩʫʪʩʪʚʫʝʪ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ ʧʦʪʦʢʦʚ ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʦʥʦʚ ʜʣʷ 

ʜʚʘʜʮʘʪʠ ʰʝʩʪʠ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʭ ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʦʥʥʳʭ ʩʦʙʳʪʠʡ (ʉʇʉ) 23-ʛʦ ʮʠʢʣʘ ʉɸ ʩ 

ʚʘʨʠʘʮʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʉɺ ʠ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʄʄʇ), ʘ ʪʘʢʞʝ  

ʛʝʦʤʘʛʥʠʪʥʳʭ ʠʥʜʝʢʩʦʚ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʨʝʟʢʠʝ ʚʘʨʠʘʮʠʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠʥʜʝʢʩʘ 

ʧʨʦʪʦʥʦʚ ʉʂʃ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʯʠʩʣʝ ʩʣʫʯʘʝʚ (ʦʢʦʣʦ ʪʨʝʪʠ) ʩʚʷʟʘʥʳ ʩ ʚʘʨʠʘʮʠʷʤʠ 

ʧʘʨʘʤʝʪʨʦʚ ʉɺ ʠ ʄʄʇ.  ɹʳʣʦ ʧʦʣʫʯʝʥʦ,  ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʨʝʟʢʠʤ ʚʦʟʨʘʩʪʘʥʠʝ ʩʢʦʨʦʩʪʠ 

ʉɺ ʠ ʨʘʟʚʠʪʠʝʤ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ, ʚʳʟʚʘʥʥʦʡ ʧʨʠʭʦʜʦʤ ʢ ʦʨʙʠʪʝ ɿʝʤʣʠ ʢʦʨʦʥʘʣʴʥʦʛʦ ʚʳʙʨʦʩʘ 

ʤʘʩʩʳ (ʂɺʄ), ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʩʤʷʛʯʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠʥʜʝʢʩʘ ʥʘ ʝʜʠʥʠʮʫ ʠ ʙʦʣʝʝ. 

ʇʨʠʨʦʜʘ ʪʘʢʦʛʦ ʩʤʷʛʯʝʥʠʷ ʩʧʝʢʪʨʘ ʦʜʥʦʟʥʘʯʥʦ ʦʙʲʷʩʥʝʥʘ ʚ ʨʘʙʦʪʝ ʂʫʟʥʝʮʦʚʘ ʉ.ʅ. ʠ ʜʨ. 

(2003): ʦʥʦ ʩʚʷʟʘʥʥʦʝ ʩ ʧʨʠʭʦʜʦʤ  ʢ ɿʝʤʣʝ ʧʨʦʪʦʥʦʚ ʩ ɻʥʝʨʛʠʡ ʜʦ ʜʝʩʷʪʢʦʚ ʄʵɺ, ʫʩʢʦʨʝʥʥʳʭ 

ʫʜʘʨʥʦʡ ʚʦʣʥʦʶ ʂɺʄ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʚʷʟʴ ʚʘʨʠʘʮʠʡ ʧʦʪʦʢʦʚ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ 

ʵʣʝʢʪʨʦʥʦʚ (ʈʕ) ɺʈʇɿ ʩ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤʠ ʧʦʪʦʢʘʤʠ ʉɺ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʘ,  ʠʟʤʝʨʝʥʠʷ ʥʘ 

ʀʉɿ ʂʆʈʆʅɸʉ-ʌ ʠ ʂʆʈʆʅɸʉ-ʌʦʪʦʥ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʥʝʢʦʪʦʨʳʝ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɺ 

ʯʘʩʪʥʦʩʪʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʚ ʧʝʨʠʦʜ 2001-2004 ʛʛ (ʂʆʈʆʅɸʉ-ʌ)  ʥʘʙʣʶʜʘʣʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʧʦʪʦʢʦʚ ʈʕ ɺʈʇɿ, ʢʦʪʦʨʳʡ ʤʳ ʩʚʷʟʳʚʘʝʤ ʨʦʩʪʦʤ  ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ 

ʀʉɿ ʂʆʈʆʅɸʉ-ʌʦʪʦʥ (ʧʨʠʙʦʨ çʕʣʝʢʪʨʦʥ-ʄ-ʇʝʩʢʘè) ʧʦʢʘʟʘʣ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʩʫʪʩʪʚʠʝ 

ʙʫʨʝʚʦʡ ʠ ʩʫʙʙʫʨʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 2009 ʛʦʜʫ, ʚ ʤʠʥʠʤʫʤʝ ʮʠʢʣʘ ʉɸ ʟʥʘʯʠʪʝʣʴʥʳʝ (ʙʦʣʝʝ, 

ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ) ʚʦʟʨʘʩʪʘʥʠʷ ʧʦʪʦʢʦʚ ʈʕ ɺʈʇɿ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʭʦʜʦʤ ɺʉʇ ʉɺ. ɺʦʟʨʘʩʪʘʥʠʷ 

ʥʘ ʤʘʣʳʭ ʚʳʩʦʪʘʭ ʥʘʙʣʶʜʘʣʠʩʴ ʥʘ 5-8 ʩʫʪʦʢ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ  ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʥʦʤʝʨʘ 

L) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʦʡ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘʙʣʶʜʘʚʰʠʝʩʷ 

ʚʦʟʨʘʩʪʘʥʠʷ ʩ ʫʩʠʣʝʥʠʝʤ ʚʦʣʥʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ.  

[1]. ʂʫʟʥʝʮʦʚ ʉ.ʅ., ɼʝʥʠʩʦʚ ʖ.ʀ., ʄʷʛʢʦʚʘ ʀ.ʅ. ʠ ʜʨ. ʉʨʘʚʥʝʥʠʝ ʪʨʝʭ ʩʦʙʳʪʠʡ ʚ ʵʥʝʨʛʠʯʥʳʭ 

ʯʘʩʪʠʮʘʭ ʚ ʘʚʛʫʩʪʝ 2001 ʛ.ïʤʘʨʪʝ 2002 ʛ., ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʥʘ ʀʉɿ ʂʆʈʆʅɸʉ-ʌ //ʀʟʚ. 

ʈɸʅ. ʉʝʨ. ʬʠʟ. 2003. ʊ. 67. ˉ4. ʉ. 478ï481. 
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1 
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ ojymail@mail.ru 

2 
ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʆɸʆ ʈɾɼ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠ ̫ 

 

ʆʧʫʙʣʠʢʦʚʘʥʥʳʝ ʨʘʥʝʝ ʚʦ ʤʥʦʞʝʩʪʚʝ ʨʘʙʦʪ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʚʳʷʚʣʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʤʝʞʜʫ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ, ʧʦʛʦʜʥʳʤʠ ʠ ʛʝʦʤʘʛʥʠʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʣʘʙʳʝ ʩʚʷʟʠ, ʯʪʦ ʜʦ ʩʠʭ ʧʦʨ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʠʟʢʫʶ ʮʝʥʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ʛʝʣʠʦʙʠʦʣʦʛʠʠ ʠ ʤʝʪʝʦʧʘʪʦʣʦʛʠʠ ʜʣʷ ʧʨʘʢʪʠʢʠ. ʅʘʰʝʡ ʟʘʜʘʯʝʡ ʙʳʣʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʦʛʦ 

ʬʘʢʪʘ, ʯʪʦ ʧʦʢʘʟʘʥʥʘʷ ʩʣʘʙʦʩʪʴ ʩʚʷʟʝʡ ʷʚʣʷʝʪʩʷ ʢʘʞʫʱʝʡʩʷ ï ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʜʦʩʪʘʪʦʯʥʦ 
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ʩʠʣʴʥʳʝ ʛʝʣʠʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʤʝʪʝʦʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘ ʜʝʣʝ ʦʢʘʟʳʚʘʶʪʩʷ 

ʟʘʤʘʩʢʠʦʚʘʥʥʳʤʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʦʟʥʠʢʘʶʱʠʤʠ çʧʦʤʝʭʘʤʠè ï ʜʝʡʩʪʚʠʝʤ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʶʱʠʭ ʥʘ ʩʦʩʪʦʷʥʠʝ ʯʝʣʦʚʝʢʘ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʢʪʦʨʦʚ. ʇʘʨʘ 

ʠʟʤʝʨʝʥʠʡ çʇʦʛʦʜʥʳʡ/ɻʝʣʠʦʛʝʦʤʘʛʥʠʪʥʳʡ ʧʘʨʘʤʝʪʨ ï ʌʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴè ʧʨʠ 

ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʚʳʙʨʦʩʦʤ. ɺ ʟʘʜʘʯʫ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚʭʦʜʠʣʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʵʣʠʤʠʥʘʮʠʷ 

ʧʦʩʣʝʜʥʠʭ. ʇʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ (ʧʦʣʠʥʦʤ) ʟʘʚʠʩʠʤʦʩʪʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʦʪ ʧʦʛʦʜʥʦʛʦ/ʛʝʣʠʦʛʝʦʤʘʛʥʠʪʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʪ.ʝ. ʠʩʢʦʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʩ ʮʝʣʴʶ 

ʤʠʥʠʤʠʟʘʮʠʠ ʧʨʦʮʝʥʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʳʙʨʦʩʦʚ, ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʫʜʘʣʝʥʠʷ, ʩ ʪʝʤ, ʯʪʦʙʳ 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦ ʦʩʪʘʚʰʠʤʩʷ ʧʨʝʮʝʜʝʥʪʘʤ ʩʦʩʪʘʚʠʣ ʥʝ ʤʝʥʝʝ 0.5. 

ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʫʜʘʣʝʥʠʠ ʚʩʝʛʦ ʣʠʰʴ 4.5% ʧʨʝʮʝʜʝʥʪʦʚ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ, ʩʦʩʪʦʷʱʝʡ ʠʭ 400 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʝʞʝʜʥʝʚʥʳʤ ʠʟʤʝʨʝʥʠʷʤ çʂʨ-ʠʥʜʝʢʩ ï ʩʢʦʨʦʩʪʴ ʧʫʣʴʩʦʚʦʡ ʚʦʣʥʳè 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʜʦʩʪʠʛʘʝʪ 0.52. 

 

 

ʂʈɸʊʂʆʉʈʆʏʅʓʁ ʇʈʆɻʅʆɿ ʇɸʈɸʄɽʊʈʆɺ ʄɸɻʅʀʊʅʓʍ ʆɹʃɸʂʆɺ 
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 ʅʅɻɸʉʋ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, nbarkhatov@inbox.ru, revunova.elena@mail.ru  

2
 ʅɻʇʋ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ʧʘʨʘʤʝʪʨʦʚ ʤʘʛʥʠʪʥʳʭ ʦʙʣʘʢʦʚ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ, ʦʞʠʜʘʝʤʳʭ ʧʨʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ 

ʤʘʛʥʠʪʦʩʬʝʨʫ ɿʝʤʣʠ. ɺ ʦʩʥʦʚʫ ʧʨʦʛʥʦʟʘ ʧʦʣʦʞʝʥ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʘʛʥʠʪʥʳʭ 

ʦʙʣʘʢʦʚ, ʧʦʜʭʦʜʷʱʠʭ ʢ ɿʝʤʣʝ, ʧʦ ʥʘʯʘʣʴʥʳʤ ʩʧʫʪʥʠʢʦʚʳʤ ʠʟʤʝʨʝʥʠʷʤ ʚ ʥʠʭ ʢʦʤʧʦʥʝʥʪ 

ʚʝʢʪʦʨʘ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʩʚʷʟʴ Bz 

ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ Dst-ʠʥʜʝʢʩʦʤ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʚʦʟʤʫʱʝʥʥʦʩʪʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʝʦʵʬʬʝʢʪʠʚʥʦʡ Bz ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʤʝʞʧʣʘʥʝʪʥʦʛʦ 

ʧʦʣʷ ʚʥʫʪʨʠ ʦʙʣʘʢʘ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʝ ʠ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʪ.ʝ. ʧʘʨʘʤʝʪʨʦʚ 

ʦʙʣʘʢʘ: ʦʨʠʝʥʪʘʮʠʠ ʚ ʤʝʞʧʣʘʥʝʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʦʩʠ ʠ 

ʪʨʘʝʢʪʦʨʠʠ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʥʝʛʦ ɿʝʤʣʠ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʠʙʣʠʞʘʶʱʝʛʦʩʷ ʢ ɿʝʤʣʝ ʤʘʛʥʠʪʥʦʛʦ ʦʙʣʘʢʘ ʧʨʠ ʚʳʙʦʨʝ ʤʦʜʝʣʠ ʦʙʣʘʢʘ, ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ 

ʧʦʣʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʥʝʤ ʜʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʟʝʤʥʦʡ 

ʤʘʛʥʠʪʦʩʬʝʨʦʡ. ɼʘʣʝʝ ʧʦ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʦʟʤʦʞʝʥ ʧʨʦʛʥʦʟ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ, ʦʞʠʜʘʝʤʦʛʦ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʦʙʣʘʢʘ, ʥʘ ʦʩʥʦʚʝ ʩʚʷʟʠ ʚʝʣʠʯʠʥʳ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʷ Bz ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ 

ʟʥʘʯʝʥʠʷ Dst-ʠʥʜʝʢʩʘ. ɺ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʘʛʥʠʪʥʳʭ ʦʙʣʘʢʦʚ, ʧʦʜʭʦʜʷʱʠʭ ʢ 

ɿʝʤʣʝ, ʚʳʧʦʣʥʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʦʡ ʙʘʟʳ ʠʟ 2 000 000 ʤʦʜʝʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʦʙʣʘʢʦʚ. ʇʫʪʝʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʠ ʜʠʥʘʤʠʢʠ ʢʦʤʧʦʥʝʥʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʨʝʘʣʴʥʳʭ ʩʦʙʳʪʠʡ ʠ ʤʦʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʠʟ ʦʙʱʝʡ ʤʦʜʝʣʴʥʦʡ ʙʘʟʳ ʚʳʙʠʨʘʝʪʩʷ ʦʜʥʦ 

ʤʦʜʝʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʦʙʣʘʢʦ, ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʦʧʠʩʳʚʘʶʱʝʝ ʩʪʨʫʢʪʫʨʫ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʧʦʜʭʦʜʷʱʝʛʦ ʢ ɿʝʤʣʝ ʚʳʙʨʦʩʘ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʧʨʦʚʝʜʝʥʦ ʥʘ ʨʝʘʣʴʥʳʭ ʩʦʙʳʪʠʷʭ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʢʘʢ ʤʘʛʥʠʪʥʳʝ ʦʙʣʘʢʘ. ʇʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʤʘʛʥʠʪʥʳʭ 

ʙʫʨʴ, ʨʝʘʣʴʥʦ ʚʳʟʚʘʥʥʳʭ ʦʙʣʘʢʘʤʠ ʠ ʠʭ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʟʥʘʯʝʥʠʡ. ʆʪʢʣʦʥʝʥʠʷ 

ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʜʣʷ 83% ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʦʙʣʘʢʦʚ 

ʥʝ ʧʨʝʚʳʰʘʶʪ 30% ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʘʣʴʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ 
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ʉɺʗɿʔ ɻɽʃʀʆʉʌɽʈʅʆɻʆ ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ ʉ ʊɽʄʇɽʈʊʋʈʆʁ, 

ʇʃʆʊʅʆʉʊʔʖ ʀ ʉʂʆʈʆʉʊʔʖ ʉʆʃʅɽʏʅʆʁ ʇʃɸɿʄʓ: 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʉɺʀɼɽʊɽʃʔʉʊɺɸ 

 

ʅ.ʉ. ʉʚʠʨʞʝʚʩʢʠʡ, ɻ.ɸ. ɹʘʟʠʣʝʚʩʢʘʷ, ɸ.ʂ. ʉʚʠʨʞʝʚʩʢʘʷ,  

ʖ.ʀ. ʉʪʦʞʢʦʚ 

 

ʌʀɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, svirzhev@fian.fiandns.mipt.ru  

 

ʇʦ ʜʘʥʥʳʤ ʦ ʧʘʨʘʤʝʪʨʘʭ ʩʦʣʥʝʯʥʦʡ ʧʣʘʟʤʳ ʥʘ 1 ʘ.ʝ. ʠ ʥʘ ʦʨʙʠʪʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʋʃʀʉʉ ʧʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʨʦʩʪʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʩʢʦʨʦʩʪʴʶ ʠ 

ʧʣʦʪʥʦʩʪʴʶ ʧʣʘʟʤʳ ʠ ʛʝʣʠʦʩʬʝʨʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. 

 

 

 

ʆ ʂʆʈʈɽʃʗʎʀʀ ʄɽɾɼʋ ʋʈʆɺʅɽʄ ʄɽɾʇʃɸʅɽʊʅʓʍ ʄɽʈʎɸʅʀʁ ʀ 

ʋʈʆɺʅɽʄ ʉʆʃʅɽʏʅʆʁ ɸʂʊʀɺʅʆʉʊʀ 

 

ʀ.ɺ. ʏʘʰʝʡ, ɺ.ʀ. ʐʠʰʦʚ, ʉ.ɸ. ʊʶʣʴʙʘʰʝʚ, ʀ.ɸ. ʉʫʙʘʝʚ 

 

ʇʫʱʠʥʩʢʘʷ ʈʘʜʠʦʘʩʪʨʦʥʦʤʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ ɸʂʎ ʌʀɸʅ, ʈʦʩʩʠʷ, chashey@prao.ru   

 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʤʝʞʧʣʘʥʝʪʥʳʭ ʤʝʨʮʘʥʠʡ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʢʦʤʧʘʢʪʥʳʭ ʨʘʜʠʦʠʩʪʦʯʥʠʢʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ 2006-2011 ʛʛ. ʥʘ ʨʘʜʠʦʪʝʣʝʩʢʦʧʝ ɹʉɸ ʌʀɸʅ 

ʥʘ ʯʘʩʪʦʪʝ 111 ʄɻʮ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʤʝʨʮʘʶʱʠʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʜʥʦʨʦʜʥʳʡ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʩʘʤʙʣʴ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ ʤʝʩʷʯʥʳʤ ʩʝʨʠʷʤ ʠʟʤʝʨʝʥʠʡ 

ʚʝʣʠʯʠʥʳ ʠʥʜʝʢʩʘ ʤʝʨʮʘʥʠʡ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚʥʝʤ ʬʣʫʢʪʫʘʮʠʡ ʧʣʦʪʥʦʩʪʠ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʥʘ 100-ʢʠʣʦʤʝʪʨʦʚʳʭ ʤʘʩʰʪʘʙʘʭ, ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʠʥʜʝʢʩʘʤʠ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ʆʙʩʫʞʜʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʤʝʭʘʥʠʟʤʳ ʵʪʦʡ ʢʦʨʨʝʣʷʮʠʠ.  

 

 

ʌʋʅʂʎʀʀ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʀʆʅʆɺ ɺ ɸʅʆʄɸʃʀʗʍ ɻʆʈʗʏɽɻʆ ʇʆʊʆʂɸ ʂɸʂ 

ʀʅɼʀʂɸʊʆʈ ʀʉʊʆʏʅʀʂɸ ʕʅɽʈɻʀʀ 

 

ɸ.ʖ. ʐʝʩʪʘʢʦʚ
1
, ʆ.ʃ. ɺʘʡʩʙʝʨʛ

1
, ʃ.ɸ. ɸʚʘʥʦʚ

2
  

 
1 
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, sartiom@iki.rssi.ru 

2 
Goddard Space Flight Center, USA 

 

ɸʥʦʤʘʣʠʠ ʛʦʨʷʯʝʛʦ ʧʦʪʦʢʘ (ɸɻʇ)ï ʦʙʨʘʟʦʚʘʥʠʷ ʛʦʨʷʯʝʡ ʧʣʘʟʤʳ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʞʧʣʘʥʝʪʥʳʭ ʪʦʢʦʚʳʭ ʩʣʦʝʚ ʩ ʬʨʦʥʪʦʤ ʛʦʣʦʚʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʘ. 

ʉʪʨʫʢʪʫʨʘ ɸɻʇ ʠ ʢʦʥʚʝʢʮʠʷ ʧʣʘʟʤʳ ʚʥʫʪʨʠ ʪʝʣʘ ɸɻʇ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʜʝʣʠʪʴ 

ʦʙʣʘʩʪʴ, ʷʚʣʷʶʱʫʶʩʷ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ɸɻʇ. ʈʘʩʯʸʪ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʙʘʣʘʥʩʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʪʘ ʦʙʣʘʩʪʴ ʥʝ ʚʩʝʛʜʘ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʦʙʣʘʩʪʴʶ ʦʩʥʦʚʥʦʛʦ 

ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʦʥʦʚ ʧʦ ʩʢʦʨʦʩʪʷʤ  ʚ 

ʧʷʪʠ ʘʥʦʤʘʣʠʷʭ ʛʦʨʷʯʝʛʦ ʧʦʪʦʢʘ ʫ ʬʨʦʥʪʘ ʦʢʦʣʦʟʝʤʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ 

ʦʙʣʘʩʪʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʦʥʦʚ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʦʙ ʦʪʨʘʞʝʥʥʳʭ ʠʦʥʘʭ ʢʘʢ ʠʩʪʦʯʥʠʢʝ 

ʵʥʝʨʛʠʠ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ɸɻʇ. ɺ ʦʩʥʦʚʥʦʤ ʪʝʣʝ ʘʥʦʤʘʣʠʠ ʠʦʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʠʣʴʥʦ 

ʨʘʟʦʛʨʝʪʳ ʠ ʠʤʝʶʪ ʤʘʣʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʚ ʧʦʣʴʟʫ 

ʪʦʛʦ, ʯʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʨʝʣʘʢʩʘʮʠʠ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʕʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʤʫ, ʯʪʦ ʚ ʨʷʜʝ ʥʘʙʣʶʜʘʝʤʳʭ ɸɻʇ ʢʦʥʚʝʢʮʠʷ ʨʘʟʦʛʨʝʪʦʡ ʧʣʘʟʤʳ ʫʢʘʟʳʚʘʝʪ 
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ʥʘ ʝʝ ʠʩʪʝʯʝʥʠʝ ʠʟ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʦʙʣʘʩʪʠ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ. ʉʜʝʣʘʥʘ ʦʮʝʥʢʘ ʩʚʦʙʦʜʥʦʡ 

ʵʥʝʨʛʠʠ ʚ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʦʙʣʘʩʪʠ ʦʩʥʦʚʥʦʛʦ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʘʩʯʝʪʘ ʙʘʣʘʥʩʘ ʵʥʝʨʛʠʠ  ʚ ɸɻʇ. 
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We analyze the data available on the largest solar proton events (SPEs), or extreme solar 

energetic particle (SEP) events, for the period from 1561 up to now. Under consideration are 

observational, methodical and physical problems related to presentation of proton fluxes (fluences) 

near the Earth in the form of their energy spectra. Special attention is paid to the study of the form 

of distribution function for extreme fluxes (fluences) of SEPs by their sizes. Distribution of 

extremely large SEP fluxes is shown to have a probabilistic nature, so that a formulation ñlimit 

fluxò does not contain a strict physical sense. The SEP fluxes may be only characterized by quite 

certain probabilities of their appearance, with a sharp break of the spectrum in the range of large 

fluences (or low probabilities). Modern data of observations and methods of investigations do not 

allow, for the present, to resolve precisely the problem of spectrum break and estimate maximum 

potentialities of solar accelerator(s). This restricts considerably an extrapolation of obtained results 

for the past and future, for the epochs with different levels of solar activity. 
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The paper presents measurements of interplanetary (IP) shocks and solar wind parameters 

registered by the BMSW instrument onboard the SpektrïR project. The main advantage of these 

measurements is their speed that can reach 32 Hz. In this contribution, we concentrate our attention 

on (1) IP shock ramp thickness that is observed to be shorter than the ion gyroradius, even for low-

Mach number shocks; (2) wave trains connected with the IP shock and evolution of the ion velocity 

distribution within these wave trains; and (3) finally, on solar wind properties like the plasma 

turbulence and helium abundance. The high-time resolution of BMSW allows us to make direct 

observations of solar wind turbulence below ion kinetic length scales. We present a short study of 

the frequency spectra of the density, velocity, and thermal velocity. Our study reveals that although 

these parameters exhibit the same behavior at the MHD scale, their spectra are remarkably different 

at the kinetic scale. Furthermore, the ratio of the alpha particle and proton densities is an indicator 

of the source of the currently observed solar wind stream. However, a preliminary analysis of the 

BMSW data acquired in the sweeping mode shows that the He abundance can rapidly vary over 

much shorter time scales. We analyze changes of the proton/helium ratio under different solar wind 

conditions and show a new direction in the investigation of this topic. 
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ʎʝʥʪʨ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʅʀʀʗʌ ʄɻʋ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʦʧʝʨʘʪʠʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʂʦʤʧʣʝʢʩʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʫʧ ʢ ʘʢʪʫʘʣʴʥʳʤ ʜʘʥʥʳʤ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʫʨʦʚʝʥʴ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʤʘʛʥʠʪʦʩʬʝʨʳ ʠ ʛʝʣʠʦʩʬʝʨʳ ʥʘ ʀʥʪʝʨʥʝʪ-ʧʦʨʪʘʣʝ ʮʝʥʪʨʘ http://swx.sinp.msu.ru/ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʦʧʝʨʘʪʠʚʥʳʝ 

ʜʘʥʥʳʝ ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʟʤʝʨʝʥʠʶ ʧʦʪʦʢʦʚ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʘʥʘʣʘʭ ʦʪ ʩʦʪʝʥ ʢʵɺ ʜʦ ʩʦʪʝʥ ʄʵɺ, ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ, 

ʠʟʦʙʨʘʞʝʥʠʷ ʉʦʣʥʮʘ ʠ ʜʘʥʥʳʝ ʦ ʩʦʩʪʦʷʥʠʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ɼʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʦʜʝʣʠ ʢʦʩʤʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʘʚʪʦʥʦʤʥʦʤ ʨʝʞʠʤʝ. ʉʠʩʪʝʤʘ 

ʢʦʥʪʨʦʣʷ ʠ ʘʥʘʣʠʟʘ ʨʘʜʠʘʮʠʦʥʥʦʡ ʠ ʛʝʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʦʢʦʣʦʟʝʤʥʦʤ ʢʦʩʤʠʯʝʩʢʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʟʚʦʣʷʝʪ ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ, ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ 

ʧʦʪʦʢʦʚ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ʠ ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ ʚʦʩʩʪʘʥʦʚʠʪʴ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ 

ʛʝʦʤʘʛʥʠʪʥʫʶ ʦʙʩʪʘʥʦʚʢʫ ʠ ʨʘʜʠʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ɿʝʤʣʠ. ʀʥʪʝʨʘʢʪʠʚʥʳʝ ʩʝʨʚʠʩʳ 

ʧʦʟʚʦʣʷʶʪ ʠʟʚʣʝʢʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʚ ʟʘʜʘʥʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ʅʘ ʠʥʪʝʨʥʝʪ-

ʧʦʨʪʘʣʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ ʧʦʪʦʢʦʚ ʩʦʣʥʝʯʥʦʛʦ 

ʚʝʪʨʘ ʥʘ ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʝ ʩ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʩʪʴʶ 3-4 ʩʫʪʦʢ ʥʘ ʦʩʥʦʚʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʨʦʥʘʣʴʥʳʭ ʜʳʨ ʧʦ ʠʟʦʙʨʘʞʝʥʠʷʤ ʉʦʣʥʮʘ, ʧʦʣʫʯʝʥʥʳʤ ʩʦ 

ʩʧʫʪʥʠʢʘ SDO. ʉ ʧʦʤʦʱʴʶ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʝʪʦʜʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʥʣʘʡʥ-ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

Dst-ʠʥʜʝʢʩʘ ʥʘ 0.5-1.5 ʯʘʩʘ ʚʧʝʨʸʜ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ ʤʝʞʧʣʘʥʝʪʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠʟʤʝʨʷʝʤʳʭ ʩʧʫʪʥʠʢʦʤ ACE. 
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ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʧʨʠʯʠʥ ʩʝʟʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ 

ʫʯʝʪʦʤ ʦʨʠʝʥʪʘʮʠʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʧʣʘʟʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʪʠʧʘ 

ʤʘʛʥʠʪʥʳʭ ʦʙʣʘʢʦʚ. ʄʘʛʥʠʪʥʳʝ ʦʙʣʘʢʘ ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʂɺɺ ʠʤʝʶʪ ʢʦʥʢʨʝʪʥʫʶ 

ʦʨʠʝʥʪʘʮʠʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʉʦʛʣʘʩʥʦ ʥʘʰʝʤʫ ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴ 

ʤʘʛʥʠʪʥʳʭ ʦʙʣʘʢʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʦʣʞʥʘ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʫʨʦʚʥʝ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʟʝʤʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʜʠʧʦʣʷ. ɺ ʧʝʨʠʦʜʳ ʩʦʣʥʮʝʩʪʦʷʥʠʷ ʚʢʣʘʜ ʚ 

ʛʝʦʤʘʛʥʠʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʝ ʜʦʣʞʥʳ ʜʘʚʘʪʴ ʤʘʛʥʠʪʥʳʝ ʦʙʣʘʢʘ ʪʦʣʴʢʦ ʩ ʥʝʙʦʣʴʰʠʤʠ ʫʛʣʘʤʠ 

http://swx.sinp.msu.ru/
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ʥʘʢʣʦʥʘ ʦʩʠ ʢ ʧʣʦʩʢʦʩʪʠ ʵʢʣʠʧʪʠʢʠ, ʚʩʣʝʜʩʪʚʠʝ ʥʫʣʝʚʦʡ ʧʨʦʝʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʙʣʘʢʘ 

ʥʘ ʤʘʛʥʠʪʥʳʡ ʜʠʧʦʣʴ. ɺ ʧʝʨʠʦʜʳ ʨʘʚʥʦʜʝʥʩʪʚʠʷ ʚʢʣʘʜ ʚ ʛʝʦʤʘʛʥʠʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʜʦʣʞʥʳ 

ʜʘʚʘʪʴ ʤʘʛʥʠʪʥʳʝ ʦʙʣʘʢʘ ʣʶʙʦʡ ʦʨʠʝʥʪʘʮʠʠ. ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʫʛʣʘ ʥʘʢʣʦʥʘ ʦʩʝʡ ʦʙʣʘʢʦʚ ʢ 

ʧʣʦʩʢʦʩʪʠ ʵʢʣʠʧʪʠʢʠ ʥʘ ʩʝʟʦʥʥʫʶ ʚʘʨʠʘʮʠʶ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʚʝʜʝʥʦ ʧʦ ʜʘʥʥʳʤ 

ʦ 52 ʤʘʛʥʠʪʥʳʭ ʦʙʣʘʢʘʭ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩ 1980 ʧʦ 2004 ʛʛ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʛʝʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʦʙʣʘʢʦʚ ʨʘʟʣʠʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ 

ʧʝʨʠʦʜʳ ʨʘʚʥʦʜʝʥʩʪʚʠʷ ʛʝʦʤʘʛʥʠʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʤʘʛʥʠʪʥʳʭ ʦʙʣʘʢʦʚ ʩ ʥʝʙʦʣʴʰʠʤʠ ʫʛʣʘʤʠ ʥʘʢʣʦʥʘ ʠʭ ʦʩʠ ʢ ʧʣʦʩʢʦʩʪʠ ʵʢʣʠʧʪʠʢʠ. 

ʄʘʛʥʠʪʥʳʝ ʦʙʣʘʢʘ ʪʘʢʦʛʦ ʪʠʧʘ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʦʢʦʣʦʟʝʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʚʩʣʝʜʩʪʚʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʭ ʩʦʣʥʝʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʚʝʜʫʱʠʭ ʠ ʚʝʜʦʤʳʭ 

ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ). ɺ ʧʝʨʠʦʜʳ ʩʦʣʥʮʝʩʪʦʷʥʠʷ ʪʘʢʠʝ ʦʙʣʘʢʘ ʷʚʣʷʶʪʩʷ ʥʝ ʛʝʦʵʬʬʝʢʪʠʚʥʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ, ʚʩʣʝʜʩʪʚʠʝ ʫʤʝʥʴʰʝʥʠʷ ʟʥʘʯʝʥʠʷ ʧʨʦʝʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʩʠ ʦʙʣʘʢʘ ʥʘ 

ʤʘʛʥʠʪʥʳʡ ʜʠʧʦʣʴ ɿʝʤʣʠ ʚ ʪʘʢʠʝ ʠʥʪʝʨʚʘʣʳ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʩʥʠʞʝʥʠʠ ʫʨʦʚʥʷ 

ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʣʝʪʦʤ ʠ ʟʠʤʦʡ. 

 

 

ʇʆʃʅʆɽ ʀ ʋʃʔʊʈɸʌʀʆʃɽʊʆɺʆɽ ʉʆʃʅɽʏʅʆɽ ʀɿʃʋʏɽʅʀɽ ɺ ʊɽʏɽʅʀɽ 

ʇʆʉʃɽɼʅɽɻʆ ʉʆʃʅɽʏʅʆɻʆ ʄʀʅʀʄʋʄɸ 

 

ɽ.ɽ. ɹʝʥʝʚʦʣʝʥʩʢʘʷ
1
, ʀ.ɻ. ʂʦʩʪʶʯʝʥʢʦ

2
 

 
1 
ɻɸʆ ʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, benevolenskayae@mai.ru 

2 
 Karpov Institute of Physical Chemistry, ʛ. Moscow, Russia, irkost@itep.ru 

 

ʇʨʦʝhʜʰʠʡ ʤʠʥʠʤʫʤ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʜʥʝʡ, ʢʦʛʜʘ ʩʦʣʥʝʯʥʳʝ ʧʷʪʥʘ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʥʘ ʜʠʩʢʝ. ʀ ʵʪʦ ʟʘʩʪʘʚʠʣʦ ʛʦʚʦʨʠʪʴ ʦ 

ʛʣʦʙʘʣʴʥʦʤ ʤʠʥʠʤʫʤʝ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʡ, ʥʝʩʦʤʥʝʥʥʦ, ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʛʝʦʤʘʛʥʠʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʧʨʦʮʝʩʩʳ, ʧʨʦʭʦʜʷʱʠʝ ʚ ʚʝʨʭʥʝʡ 

ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʠʚʦʜʠʤ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʚʝʪʠʤʦʩʪʠ ʉʦʣʥʮʘ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʫʶ TSI (total solar irradiance) ʠ ʠʟʣʫʯʝʥʠʝ ʉʦʣʥʮʘ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʝ (UV) ʚ ʜʠʘʧʘʟʦʥʝ 

115-180 nm ʧʦ ʜʘʥʥʳʤ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ SORCE (http://lasp.colorado.edu/sorce) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʟʦʥʝ ʧʷʪʥʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʄʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʦʮʝʥʠʚʘʝʪʩʷ, ʠʩʧʦʣʴʟʫʷ ʤʘʛʥʠʪʥʳʝ ʜʘʥʥʳʝ ʦʙʩʝʨʚʘʪʦʨʠʠ ɺʠʣʢʦʢʩʘ ʚ 

ʉʪʝʥʬʦʨʜʝ ɺʳʰʝʫʧʦʤʷʥʫʪʳʡ ʧʝʨʠʦʜ ʠʥʪʝʨʝʩʝʥ ʝʱʸ ʠ ʪʝʤ, ʯʪʦ ʚ ʵʪʦ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʪ 

ʥʘʣʦʞʝʥʠʝ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʩʪʘʨʦʛʦ ʮʠʢʣʘ 23 ʠ ʥʦʚʦʛʦ ʮʠʢʣʘ 24. ʄʳ ʩʚʷʟʳʚʘʝʤ ʵʪʦʪ 

ʧʨʦʮʝʩʩ ʩ ʜʦʣʛʦʞʠʚʫʱʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʳʝ ʨʘʩʧʨʝʜʝʣʝʥʳ 

ʥʝʦʜʥʦʨʦʜʥʦ ʧʦ ʜʦʣʛʦʪʝ ʠ ʢʣʘʩʪʝʨʠʟʫʶʪʩʷ ʚ ʘʢʪʠʚʥʳʝ ʜʦʣʛʦʪʥʳʝ ʟʦʥʳ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʢʦʛʝʨʝʥʪʥʳʤ ʩʪʨʫʢʪʫʨʘʤ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ ʠ ʩʚʝʪʠʤʦʩʪʴʶ ʉʦʣʥʮʘ. ɺ ʜʦʢʣʘʜʝ 

ʦʙʩʫʞʜʘʝʪʩʷ ʨʘʟʣʠʯʠʝ ʚ ʧʨʦʷʚʣʝʥʠʠ ʚʟʘʠʤʦʩʚʷʟʠ TSI ʠ UV ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ ʚʦ ʚʨʝʤʷ 

ʟʘʨʦʞʜʝʥʠʷ ʥʦʚʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ. 
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ʀɿʋʏɽʅʀɽ ɹʓʉʊʈʆʇɽʈɽʄɽʅʅʓʍ ʂʈɸʊʂʆɺʈɽʄɽʅʅʓʍ ʉʆɹʓʊʀʁ ɺ 

ʉʆʃʅɽʏʅʆʄ ɺɽʊʈɽ ʉ ʇʆʄʆʑʔʖ ʕʂʉʇɽʈʀʄɽʅʊɸ ɹʄʉɺ  

ʇʈʆɽʂʊɸ çʉʇɽʂʊʈ-ʈè 

 

ʅ.ʃ. ɹʦʨʦʜʢʦʚʘ
1
, ɻ.ʅ. ɿʘʩʪʝʥʢʝʨ

1
, ʆ.ʄ. ʏʫʛʫʥʦʚʘ

1,2
 

 
1
 ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, nlbor@mail.ru  

2
 ʀʌɿ ʈɸʅ ʠʤ. ʆ.ʖ. ʐʤʠʜʪʘ, ʈʦʩʩʠʷ 

 

ʉʧʝʢʪʨʦʤʝʪʨ ʧʣʘʟʤʳ ɹʄʉɺ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ ʧʝʨʝʭʦʜʥʦʡ ʦʙʣʘʩʪʠ ï ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʨʦʪʦʥʦʚ ʠ ʧʦʪʦʢʘ ʠʦʥʦʚ ʩ ʚʳʩʦʢʠʤ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʜʦ 0.032 ʩ ʥʘ ʙʦʨʪʫ ʂɸ 

ʉʇɽʂʊʈ-ʈ. ɿʘ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʩ ʥʘʯʘʣʘ ʘʚʛʫʩʪʘ 2011ʛ. ʥʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʦʟʚʦʣʷʶʱʠʡ ʠʩʩʣʝʜʦʚʘʪʴ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʝ 

ʷʚʣʝʥʠʷ ʥʘ ʛʨʘʥʠʮʘʭ ʩʢʘʯʢʦʚ ʜʘʚʣʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʬʣʫʢʪʫʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʥʘʙʣʶʜʝʥʠʡ ʥʝʩʢʦʣʴʢʠʭ ʙʳʩʪʨʦʧʝʨʝʤʝʥʥʳʭ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʩʦʙʳʪʠʡ ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝʩʝʯʝʥʠʝʤ ʨʝʟʢʠʭ ʛʨʘʥʠʮ ʠʤʧʫʣʴʩʦʚ ʜʘʚʣʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ʇʦʢʘʟʘʥʦ 

ʨʘʟʚʠʪʠʝ ʠʥʪʝʥʩʠʚʥʳʭ ʚʘʨʠʘʮʠʡ ʧʦʪʦʢʘ ʠʦʥʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʩ ʧʝʨʠʦʜʦʤ 6-8 ʩʝʢʫʥʜ 

ʚʙʣʠʟʠ ʛʨʘʥʠʮ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ ʧʨʦʚʝʜʝʥ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ 

ʚʘʨʠʘʮʠʡ ʧʦʪʦʢʘ ʠʦʥʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ.  

 

 

ɻɽʆʄɸɻʅʀʊʅɸʗ ɺʆɿʄʋʑɽʅʅʆʉʊʔ ɺ ʈɸɿɺʀʊʀʀ 24 ʎʀʂʃɸ  

ʉʆʃʅɽʏʅʆʁ ɸʂʊʀɺʅʆʉʊʀ  

 

ʊ.ɽ. ɺʘʣʴʯʫʢ 

 

ʀɿʄʀʈɸʅ ʠʤ. ʅ.ɺ. ʇʫʰʢʦʚʘ ʈɸʅ, ʛ. ʊʨʦʠʮʢ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, valchuk@izmiran.ru 

 

ʈʘʟʚʠʪʠʝ 24 ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʉɸ) ʧʦʢʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ 

ʥʝʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʯʠʩʝʣ ɺʦʣʴʬʘ ʚ ʤʘʢʩʠʤʫʤʝ ʵʪʦʛʦ ʮʠʢʣʘ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʦʮʝʥʢʠ 

ʦʜʠʥʥʘʜʮʘʪʠʣʝʪʥʝʡ ʮʠʢʣʠʯʥʦʩʪʠ. ʅʝʦʙʳʯʥʦʩʪʴ ʪʝʢʫʱʝʛʦ ʮʠʢʣʘ ʧʨʝʜʦʧʨʝʜʝʣʠʣ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʟʘʪʷʞʥʦʡ ʧʝʨʠʦʜ ʬʘʟʳ ʤʠʥʠʤʫʤʘ 23 ʮʠʢʣʘ, ʜʣʠʚʰʠʡʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 4 ʛʦʜʘ. 

ʕʪʦ ʨʘʜʠʢʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʤʠʥʠʤʫʤʦʚ 17-22 ʮʠʢʣʦʚ ʛʦʚʦʨʠʪ ʦ 

ʥʝʦʙʳʯʥʦʩʪʠ ʥʘʩʪʫʧʠʚʰʝʛʦ 24 ʮʠʢʣʘ, ʢʦʪʦʨʳʡ ʝʱʝ ʥʝ ʧʨʦʷʚʠʣʩʷ ʚʦ ʚʩʝʡ ʧʦʣʥʦʪʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ. ʅʘʨʘʩʪʘʥʠʝ ʉɸ ʚ ʥʦʚʦʤ ʮʠʢʣʝ ʉɸ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʮʝʥʠʚʘʶʪ ʧʦ ʨʦʩʪʫ 

ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʚʩʧʳʰʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʧʨʦʪʦʥʥʳʤʠ 

ʩʦʙʳʪʠʷʤʠ, ʚʳʙʨʦʩʘʤʠ ʢʦʨʦʥʘʣʴʥʦʡ ʤʘʩʩʳ ʠ ʚʦʣʦʢʦʥ. ʇʝʨʠʦʜ ʛʣʫʙʦʢʦʛʦ ʤʠʥʠʤʫʤʘ, 

ʥʘʩʪʫʧʠʚʰʝʛʦ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 2008 ʠ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ 2009 ʛʦʜʘ, ʟʘʚʝʨʰʠʣʩʷ ʦʱʫʪʠʤʳʤ 

ʨʦʩʪʦʤ ʉɸ ʚ 2010 ʛʦʜʫ. ʉʧʦʨʘʜʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʉɸ ʠʤʝʶʪ ʦʪʨʘʞʝʥʠʝ ʚ ʛʝʦʤʘʛʥʠʪʥʳʭ 

ʚʦʟʤʫʱʝʥʠʷʭ. ʆʜʥʘʢʦ ʧʨʷʤʦʡ ʩʚʷʟʠ ʵʪʠʭ ʷʚʣʝʥʠʡ ʥʝʪ, ʧʦʩʢʦʣʴʢʫ ʛʝʦʤʘʛʥʠʪʥʦʝ ʚʦʟʤʫʱʝʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʩʧʦʨʘʜʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ ʥʘ ʉʦʣʥʮʝ ʚ 

ʛʝʦʵʬʬʝʢʪʠʚʥʦʡ ʟʦʥʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʜʠʩʢʘ. ʅʘʯʘʣʦ 24 ʮʠʢʣʘ ʭʘʨʘʢʪʝʨʥʦ 

ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʪʘʢʠʭ ʩʦʙʳʪʠʡ, ʧʦʵʪʦʤʫ ʢʘʞʜʦʝ ʠʟ ʥʠʭ ʧʨʠʚʣʝʢʘʝʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ 

ʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʪʱʘʪʝʣʴʥʦʤʫ ʘʥʘʣʠʟʫ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʩʝ ʩʦʙʳʪʠʷ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ (ɻɸ) 24 ʮʠʢʣʘ. ʇʦ ʛʝʦʤʘʛʥʠʪʥʳʤ ʜʘʥʥʳʤ ʀɿʄʀʈɸʅ ʩʦʩʪʘʚʣʷʝʪʩʷ ʪʝʢʫʱʠʡ 

ʢʘʪʘʣʦʛ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ (ʄɹ) ʠ ʚʦʟʤʫʱʝʥʠʡ, ʦʥʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʧʦ ʫʨʦʚʥʶ ʛʣʦʙʘʣʴʥʳʭ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʠ ʘʚʨʦʨʘʣʴʥʳʭ ʧʨʦʷʚʣʝʥʠʡ. ʄʦʱʥʳʭ ʩʦʙʳʪʠʡ ɻɸ ʧʦʢʘ ʥʝ ʦʪʤʝʯʝʥʦ, 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ɻɸ ʚ ʙʫʨʷʭ ʥʝ ʧʨʝʚʦʩʭʦʜʠʣ G3. ɼʣʷ  ʪʱʘʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ 

ʚʳʙʨʘʥ ʚʦʟʤʫʱʝʥʥʳʡ ʧʝʨʠʦʜ ʥʘʯʘʣʘ ʤʘʨʪʘ 2012 ʛʦʜʘ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʨʦʭʦʞʜʝʥʠʝʤ ʧʦ ʜʠʩʢʫ 

ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ (ɸʆ) 11429. ʕʪʘ ɸʆ ʚʭʦʜʠʣʘ ʚ ʢʦʤʧʣʝʢʩ, ʦʙʝʩʧʝʯʠʚʰʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

mailto:nlbor@mail.ru


 135 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʚʩʧʳʰʝʢ ʠ ʚʩʧʳʰʝʯʥʳʭ ʧʦʪʦʢʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ (ʉɺ), ʥʘʰʝʜʰʠʭ ʧʨʦʷʚʣʝʥʠʝ 

ʚ ʢʘʩʢʘʜʝ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ 7-15 ʤʘʨʪʘ 2012 ʛ. ʆʜʥʦʟʥʘʯʥʘʷ ʩʚʷʟʴ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʩ 

ʠʩʪʦʯʥʠʢʘʤʠ ʥʘ ʉʦʣʥʮʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʪʨʘʢʪʦʚʢʠ ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʧʨʦʷʚʣʝʥʠʡ. 

ɺʦʟʤʫʱʝʥʥʳʡ ʧʝʨʠʦʜ ʙʳʣ ʨʘʟʜʝʣʝʥ ʫʩʣʦʚʥʦ ʥʘ ʪʨʠ ʩʮʝʥʘʨʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʯʝʩʪʚʘ 

ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ. 1-ʡ ʩʮʝʥʘʨʠʡ, ʩ ʄɹ 7-8 ʤʘʨʪʘ, ʩʫʛʫʙʦ ʚʩʧʳʰʝʯʥʳʡ: ʠʥʜʝʢʩ Dst 

ʜʦʩʪʠʛʘʝʪ -139 ʥʊʣ, ɸʨ=71 ʥʊʣ.  ɺʦ 2-ʡ ʧʦʣʦʚʠʥʝ ʩʫʪʦʢ 11 ʤʘʨʪʘ ʧʨʠʭʦʜʠʪ ʧʦʪʦʢ ʉɺ ʦʪ 

ʚʥʝʟʘʧʥʦʛʦ ʚʩʧʣʝʩʢʘ ʘʢʪʠʚʥʦʩʪʠ, 2-ʡ ʩʮʝʥʘʨʠʡ, ʩ 12 ʧʦ 15 ʤʘʨʪʘ, ʧʨʦʪʝʢʘʝʪ ʧʦʜ ʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʝʤ. ɺ ʧʣʦʩʢʦʩʪʠ ʵʢʣʠʧʪʠʢʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩʝʨʧʦʚʠʜʥʳʡ ʠʟʛʠʙ ʬʨʦʥʪʘ, ʚʠʜʝʥ 

ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʧʨʠʭʦʜ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʧʦʪʦʢʘ ʉɺ ʩ ʧʣʦʪʥʦʩʪʴʶ ʜʦ 40 ʝʜ. ʥʘ ʬʨʦʥʪʝ. 

ɺʩʧʳʰʢʘ ʄ8.4 ʘʩʩʦʮʠʠʨʦʚʘʥʘ ʩ ʵʪʠʤ ʧʝʨʠʦʜʦʤ. 3-ʡ ʩʮʝʥʘʨʠʡ ï ʟʘʚʝʨʰʝʥʠʝ ʤʘʨʪʦʚʩʢʦʛʦ 

ʧʝʨʠʦʜʘ ʘʢʪʠʚʠʟʘʮʠʠ. ɺ ʥʝʤ ʧʨʦʷʚʣʷʶʪʩʷ ʚʩʧʳʰʢʠ ʦʪ ʫʭʦʜʷʱʝʡ ɸʆ 11429 ʠ ɸʆ 11432, ʘ 

ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʚʳʭʦʜʷʱʝʡ 13 ʤʘʨʪʘ ʥʘ ʎʄ ʢʦʨʦʥʘʣʴʥʦʡ ʪʨʘʥʩʵʢʚʘʪʨʠʘʣʴʥʦʡ ʜʳʨʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʤʝʪʦʜʫ ʍʠʛʫʯʠ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʩʢʦʨʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ 

ʉɺ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʬʨʘʢʪʘʣʴʥʦʩʪʴ ʩʨʝʜʳ ʩʦʭʨʘʥʷʝʪʩʷ, ʘ ʩʪʫʢʪʫʨʠʟʘʮʠʷ ʧʣʘʟʤʝʥʥʳʭ ʧʦʪʦʢʦʚ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʟʥʘʯʠʤʳʭ ʧʦʥʠʞʝʥʠʷʭ ʌʈ ʧʨʠ ʩʤʝʥʝ ʩʝʢʪʦʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʄʄʇ, ʯʪʦ ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ ʥʘʤʠ ʨʘʥʝʝ ʧʦ ʜʘʥʥʳʤ ʵʧʦʭʠ ʤʠʥʠʤʫʤʘ ʉɸ. ɼʣʷ ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʉɺ ʥʘʯʘʣʘ 

ʤʘʨʪʘ 2012 ʛ., ʚʘʨʠʘʙʝʣʴʥʳʭ ʧʦ ʩʘʤʦʡ ʧʨʠʨʦʜʝ ʠʭ ʛʝʥʝʨʘʮʠʠ, ʪʝʥʜʝʥʮʠʷ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʘ. 

 

 

ʆ ʄɽʊʆɼɸʍ ʀʉʉʃɽɼʆɺɸʅʀʗ ʂʈʋʇʅʆʄɸʉʐʊɸɹʅʓʍ ɺʆɿʄʋʑɽʅʀʁ  

ɺ ʉʆʃʅɽʏʅʆʄ ɺɽʊʈɽ ʇʆ ʈɸɼʀʆʅɸɹʃʖɼɽʅʀʗʄ ɺ ʄɽʊʈʆɺʆʄ  

ɼʀɸʇɸɿʆʅɽ ɺʆʃʅ 

 

ɺ.ʀ. ɺʣʘʩʦʚ 

 

ʌʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʇ.ʅ. ʃʝʙʝʜʝʚʘ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʮʝʩʩʘʭ ʥʘ ʉʦʣʥʮʝ ʙʳʣʠ  

ʥʘʟʝʤʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ. ʏʫʪʴ ʙʦʣʝʝ ʧʦʣʫʚʝʢʘ ʪʦʤʫ ʢ ʥʠʤ ʜʦʙʘʚʠʣʠʩʴ ʥʘʙʣʶʜʝʥʠʷ 

ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʜʠʦʯʘʩʪʦʪ. ɺʥʝʰʥʝʝ ʦʢʦʣʦʩʦʣʥʝʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʘʢʪʠʯʝʩʢʠ ʙʳʣʦ 

ʥʝʜʦʩʪʫʧʥʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʊʦʣʴʢʦ ʩ ʦʪʢʨʳʪʠʝʤ ʤʝʪʦʜʦʚ ʨʘʜʠʦ ʧʨʦʩʚʝʯʠʚʘʥʠʷ 

ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜʳ ʠʟʣʫʯʝʥʠʝʤ ʢʦʩʤʠʯʝʩʢʠʭ ʨʘʜʠʦʠʩʪʦʯʥʠʢʦʚ (ʵʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʤʝʪʦʜʳ çʨʘʩʩʝʷʥʠʷè ʠ çʤʝʨʮʘʥʠʡè) ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀ, ʥʘʢʦʥʝʮ, 

ʩ ʟʘʧʫʩʢʦʤ ʩʧʫʪʥʠʢʦʚ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʥʝʠʟʤʝʨʠʤʦ ʚʳʨʦʩʣʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʤʝʪʦʜʘʤʠ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʘʤʦʛʦ ʉʦʣʥʮʘ 

ʧʦ ʚʥʝʘʪʤʦʩʬʝʨʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ. ʇʨʠ ʵʪʦʤ ʟʘ ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʩʦʭʨʘʥʷʝʪʩʷ ʫʥʠʢʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʦʟʨʝʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʥʝʧʨʝʨʳʚʥʦ  ʚʩʶ ʚʠʜʠʤʫʶ 

ʩ ɿʝʤʣʠ ʦʙʣʘʩʪʴ ʥʝʙʘ, ʘ ʟʥʘʯʠʪ ʚʠʜʝʪʴ  ʤʝʞʧʣʘʥʝʪʥʫʶ ʩʨʝʜʫ ʚ ʮʝʣʦʤ. ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʚʦʟʤʫʱʝʥʠʡ 

ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ  ʚʩʝʤʠ ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʦʪ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ 

ʤʝʪʦʜʘ çʤʝʨʮʘʥʠʡè ʜʦ ʥʘʙʣʶʜʝʥʠʡ ʚʩʝʭ ʪʠʧʦʚ ʨʘʜʠʦ ʠʟʣʫʯʝʥʠʡ ʦʪ ʉʦʣʥʮʘ. 

 

 

ɹʓʉʊʈɸʗ ɼʀʅɸʄʀʂɸ ʅɸʇʈɸɺʃɽʅʀʗ ʇʆʊʆʂɸ ʀʆʅʆɺ ʉʆʃʅɽʏʅʆɻʆ ɺɽʊʈɸ 

 

ʊ.ʀ. ɻʘʛʫʘ, ʀ.ʊ. ɻʘʛʫʘ, ɻ.ʅ. ɿʘʩʪʝʥʢʝʨ, ɽ.ɽ. ʈʷʟʘʥʦʚʘ, ɺ.ɺ. ʍʨʘʧʯʝʥʢʦʚ  

 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʇʦ ʠʟʤʝʨʝʥʠʷʤ ʩ ʨʝʢʦʨʜʥʦ ʚʳʩʦʢʠʤ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ (31 ʤʩ) ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʢʪʨʦʤʝʪʨʘ ʧʣʘʟʤʳ ɹʄʉɺ ʥʘ ʚʳʩʦʢʦʘʧʦʛʝʡʥʦʤ ʩʧʫʪʥʠʢʝ ʉʇɽʂʊʈ-ʈ ʠʩʩʣʝʜʫʶʪʩʷ 

ʚʘʨʠʘʮʠʠ ʚʝʢʪʦʨʘ ʧʦʪʦʢʘ ʠʦʥʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ï ʠ ʚʝʣʠʯʠʥʳ, ʠ ʥʘʧʨʘʚʣʝʥʠʷ. ʇʦʢʘʟʘʥ 
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ʩʪʨʫʡʥʳʡ ʭʘʨʘʢʪʝʨ ʪʝʯʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʦʪʜʝʣʴʥʳʭ çʩʪʨʫʝʢè ʩ 

ʨʘʟʣʠʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʜʠʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʦʪ 

ʉʦʣʥʮʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚʘʨʠʘʮʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʧʦʪʦʢʘ ʥʝʚʝʣʠʢʠ ï ʚ ʧʨʝʜʝʣʘʭ 0.3 ï 0.5 

ʛʨʘʜ. ʩ ʧʝʨʠʦʜʦʤ ʦʢʦʣʦ 5-10 ʩʝʢ. ʆʜʥʘʢʦ ʵʧʠʟʦʜʠʯʝʩʢʠ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʙʦʣʝʝ ʨʝʟʢʠʝ ʠ 

ʙʦʣʴʰʠʝ ʩʢʘʯʢʠ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘ ï ʚ ʧʨʝʜʝʣʘʭ 3-10 ʛʨʘʜ. ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 0.5-2 ʩʝʢ. 

ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʙʳʩʪʨʳʭ ʚʘʨʠʘʮʠʡ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʥʝʝ ʥʝ ʦʙʥʘʨʫʞʠʚʘʣʦʩʴ. ʇʨʠ ʵʪʦʤ ʚʘʨʠʘʮʠʠ 

ʚʝʣʠʯʠʥʳ ʧʦʪʦʢʘ ʠ ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʛʫʪ ʩʦʚʤʝʱʘʪʴʩʷ ʚʦ ʚʨʝʤʝʥʠ, ʥʦ ʤʦʛʫʪ ʙʳʪʴ ʠ 

ʨʘʟʜʝʣʝʥʳ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʫʩʣʦʚʠʷ ʧʦʷʚʣʝʥʠʷ ʠ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʙʦʣʴʰʠʭ ʩʢʘʯʢʦʚ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘ ʠʦʥʦʚ ʠ ʠʭ ʩʚʷʟʴ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ ʤʝʞʧʣʘʥʝʪʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

 

 

ʉɺʗɿʔ ʇɸʈɸʄɽʊʈʆɺ ʊʋʈɹʋʃɽʅʊʅʆʉʊʀ ʄɽɾʇʃɸʅɽʊʅʆʁ ʇʃɸɿʄʓ ʇʆ 

ʅɸɹʃʖɼɽʅʀʗʄ ʉʀʃʔʅʆɻʆ ʄɽʈʎɸʖʑɽɻʆ ʀʉʊʆʏʅʀʂɸ 3ʉ 48  

 

ʉ.ʂ. ɻʣʫʙʦʢʦʚʘ, ʀ.ɺ. ʏʘʰʝʡ, ʉ.ɸ. ʊʶʣʴʙʘʰʝʚ, ɺ.ʀ. ʐʠʰʦʚ  

 

ʇʫʱʠʥʩʢʘʷ ʈʘʜʠʦʘʩʪʨʦʥʦʤʠʯʝʩʢʘʷ ʆʙʩʝʨʚʘʪʦʨʠʷ ɸʂʎ ʌʀɸʅ, ʛ. ʇʫʱʠʥʦ, ʈʦʩʩʠʷ, 
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ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʘʨʘʤʝʪʨʦʚ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʤʝʞʧʣʘʥʝʪʥʦʡ ʧʣʘʟʤʳ: ʩʢʦʨʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ 

ʚʝʪʨʘ, ʠʥʜʝʢʩʘ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʣʘʟʤʳ (n), ʘ ʪʘʢʞʝ ʜʣʷ ʦʮʝʥʢʠ ʫʛʣʦʚʳʭ ʨʘʟʤʝʨʦʚ ʠʩʪʦʯʥʠʢʘ, 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʨʝʤʝʥʥʦʡ ʩʧʝʢʪʨ ʤʦʱʥʦʩʪʠ ʤʝʞʧʣʘʥʝʪʥʳʭ ʤʝʨʮʘʥʠʡ. ʅʘʙʣʶʜʝʥʠʷ ʩʠʣʴʥʦʛʦ 

ʤʝʨʮʘʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ 3ʉ 48 ʧʨʦʚʦʜʠʣʠʩʴ ʚʙʣʠʟʠ ʤʠʥʠʤʫʤʘ 23-ʛʦ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ (ʟʘ ʧʝʨʠʦʜ ʘʧʨʝʣʴ-ʤʘʡ 2007-2009) ʧʨʦʭʦʜʠʣʠ ʥʘ ʯʘʩʪʦʪʝ 111 ʄɻʮ, ʧʦʣʦʞʝʥʠʝ 

ʨʘʜʠʦʠʩʪʦʯʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʦʣʥʮʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʵʣʦʥʛʘʮʠʷʤ Ů ⱦ (20Á-40Á), ʥʘ ʢʦʪʦʨʳʭ 

ʤʝʨʮʘʥʠʷ ʥʘ ʤʝʞʧʣʘʥʝʪʥʦʡ ʧʣʘʟʤʝ ʜʦʩʪʠʛʘʶʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ. ʇʦʣʫʯʝʥʘ ʦʮʝʥʢʘ 

ʫʛʣʦʚʦʛʦ ʨʘʟʤʝʨʘ q0 = 0.33'' ° 0.02'', ʢʦʪʦʨʘʷ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ 

ʘʚʪʦʨʦʚ. ɼʘʥʘ ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʘ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʣʘʟʤʳ n = 3.7 Ñ 0.2, ʥʘʙʣʶʜʘʝʤʳʝ ʟʥʘʯʝʥʠʷ 

n ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 3.1 - 4.0. ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʤʝʭʘʥʠʟʤʘ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʝʧʝʥʥʦʛʦ ʩʧʝʢʪʨʘ. ɺʦ-ʧʝʨʚʳʭ, ʩʧʝʢʪʨ ʂʦʣʤʦʛʦʨʦʚʘ 

(n=11/3), ʚʦ ʚʪʦʨʳʭ ʤʦʜʝʣʴ ʀʨʦʰʥʠʢʦʚʘ-ʂʨʝʡʯʝʥʘ (n=7/2). ʅʘʰʠ ʜʘʥʥʳʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝ 

ʧʦʟʚʦʣʠʣʠ ʪʦʯʥʦ ʚʳʙʨʘʪʴ ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ʇʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ ʵʣʦʥʛʘʮʠʝʡ, ʭʦʨʦʰʦ ʦʙʲʷʩʥʷʝʤʘʷ ʫʩʪʦʡʯʠʚʦʡ ʙʠʤʦʜʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʚ ʧʝʨʠʦʜ ʤʘʣʦʡ ʘʢʪʠʚʥʦʩʪʠ ʉʦʣʥʮʘ. ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʦʤ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʣʘʟʤʳ ʠ ʵʣʦʥʛʘʮʠʝʡ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝ ʦʙʫʩʣʦʚʣʝʥʘ ʚʣʠʷʥʠʝʤ 

ʥʠʟʢʦʰʠʨʦʪʥʦʛʦ ʩʣʦʷ ʧʣʘʟʤʳ. ɺʦ ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʡ ʩʦʩʪʦʷʥʠʝ ʤʝʞʧʣʘʥʝʪʥʦʡ ʧʣʘʟʤʳ ʙʳʣʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʧʦʢʦʡʥʳʤ. ʇʨʠʤʝʥʝʥʠʝ ʦʧʠʩʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʜʣʷ ʘʥʘʣʠʟʘ ʥʘʙʣʶʜʝʥʠʡ 

ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʜʘʥʥʳʭ ʤʦʥʠʪʦʨʠʥʛʘ ʤʝʞʧʣʘʥʝʪʥʦʡ 

ʧʣʘʟʤʳ, ʢʦʪʦʨʳʡ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʨʘʜʠʦʪʝʣʝʩʢʦʧʝ ɹʉɸ ʌʀɸʅ. 

 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʊʆʅʂʆʁ ʉʊʈʋʂʊʋʈʓ ʇʃɸɿʄɽʅʅʓʍ ʌʈʆʅʊʆɺ 

ʆʂʆʃʆɿɽʄʅʆʁ ʀ ʄɽɾʇʃɸʅɽʊʅʓʍ ʋɼɸʈʅʓʍ ɺʆʃʅ 

 

ʇ.ɸ. ɼʘʣʠʥ
1
, ɻ.ʅ. ɿʘʩʪʝʥʢʝʨ

1
, ʗ. ʐʘʬʨʘʥʢʦʚʘ

2
, ʀ.ɺ. ʇʨʦʭʦʨʝʥʢʦ

1 
 

 
1
 ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, pdalin@irf .se 

2
 ʂʘʨʣʦʚ ʋʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʨʘʛʘ, ʏʝʰʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ 

 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ  ʠʟʫʯʝʥʠʝ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʣʘʟʤʳ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʥʘ ʬʨʦʥʪʘʭ 
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ʧʣʘʟʤʳ  ɹʄʉɺ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʙʦʨʪʫ ʚʳʩʦʢʦʘʧʦʛʝʡʥʦʛʦ ʩʧʫʪʥʠʢʘ ɿʝʤʣʠ ʉʇɽʂʊʈ-ʈ. 

ʀʟʤʝʨʝʥʠʷ ʩ ʨʝʢʦʨʜʥʳʤ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʚ 31 ʤʩ ʧʦʟʚʦʣʠʣʠ ʚʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʪʴ 

ʪʦʥʢʫʶ ʩʪʨʫʢʪʫʨʫ ʧʣʘʟʤʝʥʥʳʭ ʬʨʦʥʪʦʚ, ʠʤʝʶʱʠʭ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ ʜʦ 

ʜʦʣʝʡ ʩʝʢʫʥʜʳ ʠ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʪʘʢʠʭ ʬʨʦʥʪʦʚ ʠʤʝʶʪ ʦʩʮʠʣʣʷʪʦʨʥʳʝ 

(ʢʚʘʟʠʛʘʨʤʦʥʠʯʝʩʢʠʝ) ʚʘʨʠʘʮʠʠ ʚʝʣʠʯʠʥʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘ ʠʦʥʦʚ ʩ ʧʝʨʠʦʜʘʤʠ ʚ 

ʜʠʘʧʘʟʦʥʝ 0.2-1.0 ʩʝʢʫʥʜʳ. ʇʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʘʢʠʭ ʬʨʦʥʪʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ ʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʧʝʨʝʩʝʯʝʥʠʷ ʦʢʦʣʦʟʝʤʥʦʡ ʫʜʘʨʥʦʡ 

ʚʦʣʥʳ. 

 

 

ʕʂʉʇɽʈʀʄɽʅʊ ɸʈʀɽʉ-ʃ ʇʆ ʀʉʉʃɽɼʆɺɸʅʀʖ ʃʋʅʅʆɻʆ ʈɽɻʆʃʀʊɸ 

ʄɽʊʆɼʆʄ ɺʊʆʈʀʏʅʆʁ ʀʆʅʅʆʁ ʄɸʉʉ-ʉʇɽʂʊʈʆʄɽʊʈʀʀ (ɺʀʄʉ) ʀ 

ʉʇɽʂʊʈʆʄɽʊʈʀʀ ɺʊʆʈʀʏʅʓʍ ʅɽʁʊʈɸʃʔʅʓʍ ɸʊʆʄʆɺ 

 

ʈ.ʅ. ɾʫʨʘʚʣʝʚ
1
, ʆ.ʃ. ɺʘʡʩʙʝʨʛ

1
, ɻ.ɺ. ʂʦʡʥʘʰ

1
, ɸ.ʖ. ʐʝʩʪʘʢʦʚ

1
,  

ʉ.ʅ. ʇʦʜʢʦʣʟʠʥ
1
, ʇ.ʇ. ʄʦʠʩʝʝʚ

2
  

 
1 
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, zhuravlev_roman@iki.rssi.ru 

2 
ʅʇʇ çɸʩʪʨʦʥ ʕʣʝʢʪʨʦʥʠʢʘè, ʛ. ʆʨʸʣ, ʈʦʩʩʠʷ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʣʫʥʥʦʛʦ ʨʝʛʦʣʠʪʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʵʚʦʣʶʮʠʠ ʠ ʩʪʨʫʢʪʫʨʳ ʃʫʥʳ. ɿʘʜʘʯʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘ ʷʚʣʷʝʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʃʫʥʳ, ʜʝʩʦʨʙʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʠ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʘʭ. ʆʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ ʚ ʟʝʤʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʷʚʣʷʝʪʩʷ 

ʚʪʦʨʠʯʥʦ-ʠʦʥʘʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ (ɺʀʄʉ), ʢʦʪʦʨʘʷ  ʧʦʟʚʦʣʷʪ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʚʝʩʪʥʳʤ ʠʦʥʥʳʤ ʧʫʯʢʦʤ. ʕʪʦʪ ʤʝʪʦʜ, 

ʥʘʨʘʚʥʝ ʩ ʠʟʤʝʨʝʥʠʷʤʠ ʚʪʦʨʠʯʥʳʭ ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ, ʥʘʯʘʣ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʦʩʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ (ʧʨʦʝʢʪʳ Chandrayaan-1 ʠ Kaguya). ʇʨʠ ʵʪʦʤ ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʨʦʣʴ ʧʝʨʚʠʯʥʦʛʦ ʧʫʯʢʘ  ʠʛʨʘʝʪ ʩʦʣʥʝʯʥʳʡ ʚʝʪʝʨ. ʕʢʩʧʝʨʠʤʝʥʪ ɸʈʀɽʉ-ʃ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʵʥʝʨʛʦ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ ʩ ʧʦʣʝʤ ʟʨʝʥʠʷ 2ˊ ʠ ʤʘʩʩʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ȹʄ/ʄ ~ 50. 

ʇʨʦʪʦʪʠʧʦʤ ʵʪʦʛʦ ʧʨʠʙʦʨʘ ʷʚʣʷʝʪʩʷ ʧʨʠʙʦʨ ɼʀ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʠ ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʜʣʷ 

ʧʨʦʝʢʪʘ ʌʦʙʦʩ-ɻʨʫʥʪ. ʐʠʨʦʢʦʝ ʧʦʣʝ ʟʨʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʚ ʨʘʤʢʘʭ ʣʫʥʥʦʛʦ ʧʦʩʘʜʦʯʥʦʛʦ 

ʘʧʧʘʨʘʪʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʨʷʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʣʫʯʘʶʱʝʛʦ ʧʫʯʢʘ (ʩʦʣʥʝʯʥʳʡ ʚʝʪʝʨ) ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʪʦʨʠʯʥʳʭ ʠʦʥʦʚ, ʚʳʙʠʚʘʝʤʳʭ ʩʦʣʥʝʯʥʳʤ ʚʝʪʨʦʤ ʠʟ ʣʫʥʥʦʛʦ ʨʝʛʦʣʠʪʘ. ɼʣʷ 

ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ, ʚʳʙʠʚʘʝʤʳʭ ʩʦʣʥʝʯʥʳʤ ʚʝʪʨʦʤ ʠʟ ʣʫʥʥʦʛʦ 

ʨʝʛʦʣʠʪʘ, ʚ ʩʦʩʪʘʚ ʧʨʠʙʦʨʘ ʚʢʣʶʯʝʥ ʢʦʥʚʝʨʪʝʨ ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ. ʇʦʪʦʢ ʥʝʡʪʨʘʣʴʥʳʭ 

ʘʪʦʤʦʚ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ, ʠʦʥʠʟʫʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʚʝʨʪʝʨʘ ʠ ʪʘʢʞʝ ʠʟʤʝʨʷʝʪʩʷ 

ʵʥʝʨʛʦ-ʤʘʩʩ-ʘʥʘʣʠʟʘʪʦʨʦʤ. ɺ ʜʦʢʣʘʜʝ ʜʘʥʳ ʦʧʠʩʘʥʠʝ ʧʨʠʙʦʨʘ ʠ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

 

 

ʀʆʅʓ 
3
He, 

4
He, C, O, Fe ɺ ʇʆʊʆʂɸʍ ʄɸʃʆʕʅɽʈɻʀʏʅʓʍ ʏɸʉʊʀʎ ɺ 23 ʀ 24 

ʎʀʂʃɸʍ ʉʆʃʅɽʏʅʆʁ ɸʂʊʀɺʅʆʉʊʀ 

 

ʄ.ɸ. ɿʝʣʴʜʦʚʠʯ, ʖ.ʀ. ʃʦʛʘʯʝʚ 

 

ʅʀʀʗʌ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, mariya@srd.sinp.msu.ru 

 

ʇʦ ʜʘʥʥʳʤ ʧʨʠʙʦʨʘ ULEIS ʥʘ ʢʦʩʤʠʯʝʩʢʦʤ ʘʧʧʘʨʘʪʝ ACE ʠʩʩʣʝʜʫʶʪʩʷ ʚʨʝʤʝʥʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʧʦʪʦʢʦʚ ʠʦʥʦʚ 
3
He, 

4
He, C, O, Fe ʩ ʵʥʝʨʛʠʝʡ 0.04 ï 1 ʄʵɺ/ʥʫʢʣʦʥ 

(ʩʫʧʨʘʪʝʨʤʘʣʴʥʳʭ ʧʦʪʦʢʦʚ), ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ ʠ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʚ 

ʩʧʦʢʦʡʥʦʝ ʚʨʝʤʷ ʚ 23 ʠ 24 ʮʠʢʣʘʭ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʉɸ). ʇʦʢʘʟʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 
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ʨʘʟʣʠʯʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʫʧʨʘʪʝʨʤʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ ʥʘ ʬʘʟʝ ʚʦʟʨʘʩʪʘʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʮʠʢʣʘʭ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʟʫʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʠʦʥʦʚ 

Fe/CNO ʩ ʵʥʝʨʛʠʝʡ 0.160-0.320 ʄʵɺ/ʥʫʢʣʦʥ ʧʦ ʜʘʥʥʳʤ ʧʨʠʙʦʨʘ STEP ʥʘ ʢʦʩʤʠʯʝʩʢʦʤ 

ʘʧʧʘʨʘʪʝ Wind ʚ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʤʠʥʠʤʫʤʘʭ ʉɸ ʧʦʢʘʟʘʣʦ ʧʦʥʠʞʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʭ 

ʠʦʥʦʚ ʚ 2007-2009 ʛʛ. ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʥʠʤʫʤʦʤ 1996-1997 ʛʛ. 

 

 

ʄɽɾɿɺɽɿɼʅʓɽ ʅɽʁʊʈɸʃʓ ɺ ɻɽʃʀʆʉʌɽʈɽ: ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʀ 

ʉʈɸɺʅɽʅʀɽ ʉ ɼɸʅʅʓʄʀ ʀɿʄɽʈɽʅʀʁ ʅɸ ʂɸ ULYSSES ʀ IBEX  

 

ʆ.ɸ. ʂʘʪʫʰʢʠʥʘ, ɺ.ɺ. ʀʟʤʦʜʝʥʦʚ 

 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, okat@iki.rssi.ru 

 

ʄʝʞʟʚʝʟʜʥʳʝ ʘʪʦʤʳ ʛʝʣʠʷ ʧʨʦʥʠʢʘʶʪ ʚ ʛʝʣʠʦʩʬʝʨʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʙʦʜʥʦ, ʥʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʧʨʦʪʦʥʘʤʠ ʠʟ-ʟʘ ʤʘʣʦʛʦ ʩʝʯʝʥʠʷ ʧʝʨʝʟʘʨʷʜʢʠ ʠ ʙʦʣʴʰʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʠʦʥʠʟʘʮʠʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʧʦʪʦʢʦʚ ʘʪʦʤʦʚ ʛʝʣʠʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʣʦʢʘʣʴʥʦʡ ʤʝʞʟʚʝʟʜʥʦʡ ʩʨʝʜʳ (ʃʄʉ). ʇʦʪʦʢʠ ʘʪʦʤʦʚ 

ʛʝʣʠʷ ʠʟʤʝʨʷʣʠʩʴ ʚ 1990-2007 ʛʛ. ʥʘ ʢʦʩʤʠʯʝʩʢʦʤ ʘʧʧʘʨʘʪʝ Ulysses, ʘ ʩ 2009 ʛ. ʜʦ ʥʘʩʪʦʷʱʝʛʦ 

ʚʨʝʤʝʥʠ ʦʥʠ ʠʟʤʝʨʷʶʪʩʷ ʥʘ ʢʦʩʤʠʯʝʩʢʦʤ ʘʧʧʘʨʘʪʝ Interstellar Boundary Explorer (IBEX). 

ɸʥʘʣʠʟ ʠʟʤʝʨʝʥʠʡ IBEX, ʧʨʦʚʝʜʝʥʥʳʡ ʚ ʨʘʙʦʪʝ Bzowski et al., 2012 ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ 

ʥʦʚʳʝ ʦʮʝʥʢʠ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ ʃʄʉ. ʇʨʠ ʵʪʦʤ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʃʄʉ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʦʣʥʮʘ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʥʘʧʨʘʚʣʝʥʠʶ ʦʪ ʧʨʠʥʷʪʳʭ ʨʘʥʝʝ 

ʟʥʘʯʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ Ulysses (Witte et al., 2004). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ Ulysses ʚ 2001 ʠ 2007 ʛʛ. ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʦʡ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʞʟʚʝʟʜʥʳʭ ʥʝʡʪʨʘʣʦʚ ʚ ʛʝʣʠʦʩʬʝʨʝ. ʈʘʩʯʝʪʳ 

ʦʪʜʝʣʴʥʦ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʩʪʘʨʳʭ ʠ ʥʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʃʄʉ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʜʘʥʥʳʤʠ ʠʟʤʝʨʝʥʠʡ Ulysses. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʦʚʳʝ ʧʘʨʘʤʝʪʨʳ 

ʃʄʉ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ Bzowski et al., 2012, ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʩʭʦʞʜʝʥʠʷʤ 

ʤʝʞʜʫ ʪʝʦʨʠʝʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. 

 

 

ULF ʌʃʖʂʊʋɸʎʀʀ ɺ ʇʃʆʊʅʆʉʊʀ ʀ ʄɸɻʅʀʊʅʆʄ ʇʆʃɽ ɺ 

ɺʓʉʆʂʆʉʂʆʈʆʉʊʅʓʍ ʇʆʊʆʂɸʍ ʉʆʃʅɽʏʅʆɻʆ ɺɽʊʈɸ ʀ ʀʍ  

ʅɸɿɽʄʅʓɽ ʕʌʌɽʂʊʓ 
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, ʃ.ʄ. ʄʘʣʳʰʝʚʘ
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ʀʌɿ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, kleimen@ifz.ru 

2 
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʀʩʩʣʝʜʫʶʪʩʷ ʬʣʶʢʪʫʘʮʠʠ ʚ ʧʣʦʪʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ ʚ ʤʝʞʧʣʘʥʝʪʥʦʤ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ (ʄʄʇ) ʚ ʜʠʘʧʘʟʦʥʝ 2-7 ʤɻʮ ʚʦ ʚʨʝʤʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʧʦʪʦʢʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʚ 

ʧʝʨʠʦʜ ʤʠʥʠʤʫʤʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (2006-2008 ʛʛ). ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʙʳʪʠʷ, ʚ 

ʢʦʪʦʨʳʭ ʧʝʨʝʜ ʧʦʪʦʢʦʤ ʥʘʙʣʶʜʘʶʪʩʷ ʢʦʨʦʪʠʨʫʶʱʠʝ ʦʙʣʘʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (CIR - 

Corotating Interactive Regions) ʩ ʧʦʚʳʰʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʣʘʟʤʳ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʨʳ ʫʨʦʚʥʷ 

ʬʣʶʢʪʫʘʮʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ULF-ʠʥʜʝʢʩ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʫʨʦʚʝʥʴ ʚʦʣʥʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɼʣʷ 

ʵʪʦʛʦ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ULF ʠʥʜʝʢʩ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜʳ (ʧʣʦʪʥʦʩʪʠ ʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ) ʧʦ 1-ʤʠʥ ʜʘʥʥʳʤ OMNI, ʜʣʷ ʤʘʛʥʠʪʦʩʬʝʨʳ ɿʝʤʣʠ ʧʦ ʜʘʥʥʳʤ 

ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ ʩʧʫʪʥʠʢʦʚ ʠ ʜʣʷ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʛʣʦʙʘʣʴʥʳʭ ʥʘʟʝʤʥʳʭ 1-

ʤʠʥ ʥʘʙʣʶʜʝʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʬʣʶʢʪʫʘʮʠʠ ʚ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ 

ʦʪʤʝʯʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ CIR ʥʘ ʧʝʨʝʜʥʝʤ ʬʨʦʥʪʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʧʦʪʦʢʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, 
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ʘ ʬʣʶʢʪʫʘʮʠʠ ʚ ʄʄʇ ʥʘ ʬʘʟʝ ʨʦʩʪʘ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ. ʀʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʫʨʦʚʥʷ 

ʬʣʶʢʪʫʘʮʠʡ ʦʪ ʧʣʦʪʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʘ ʪʘʢʞʝ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʄʄʇ. 

ʇʨʦʚʦʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʫʨʦʚʥʷ ʬʣʶʢʪʫʘʮʠʡ ʚ ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜʝ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʰʠʨʦʪʘʭ. 

 

 

ɿɸɻʆʈʀɿʆʅʊʅʆɽ ʆɹʅɸʈʋɾɽʅʀɽ ɿɸʃʀʄɹʆɺʆɻʆ ʀʉʊʆʏʅʀʂɸ 

ɸʂʊʀɺʅʆʉʊʀ ʅɸ ʉʆʃʅʎɽ ʇʆ ʕʌʌɽʂʊʋ çɻɸʃʆè  

ɺ ʂʆʉʄʀʏɽʉʂʀʍ ʃʋʏɸʍ 

 

ɺ.ʀ. ʂʦʟʣʦʚ, ɺ.ɺ. ʂʦʟʣʦʚ 

 

ʀʂʌʀɸ ʠʤ. ʖ.ɻ. ʐʘʬʝʨʘ, ʉʆ ʈɸʅ, ʛ. ʗʢʫʪʩʢ, ʈʦʩʩʠʷ,  cosmoprognoz@mail.ru  

 

ɹʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʦʪʦʞʜʝʩʪʚʣʝʥʠʷ ʧʨʦʷʚʣʝʥʠʡ ʠʩʪʦʯʥʠʢʘ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʉʦʣʥʮʝ 

ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʘʭ, ʩʣʦʞʠʣʠʩʴ ʚ ʘʚʛʫʩʪʝ-ʩʝʥʪʷʙʨʝ 2005. ʄʦʱʥʘʷ ʘʢʪʠʚʥʘʷ ʦʙʣʘʩʪʴ 798 

ʟʘʨʦʜʠʣʘʩʴ ʙʫʢʚʘʣʴʥʦ ʫ ʥʘʩ çʥʘ ʛʣʘʟʘʭè: ʩ 18 ʥʘ 19 ʘʚʛʫʩʪʘ 2005 ʛ. ʥʘ, ʧʨʘʢʪʠʯʝʩʢʠ, ʯʠʩʪʦʤ ʦʪ 

ʧʷʪʝʥ ʜʠʩʢʝ ʉʦʣʥʮʘ. ɺʪʦʨʠʯʥʦʝ ʝʝ ʧʦʷʚʣʝʥʠʝ, ʥʘ ʩʦʚʝʨh ʝʥʥʦ ʯʠʩʪʫʶ ʦʪ ʧʷʪʝʥ ʩʦʣʥʝʯʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʦʪʤʝʯʝʥʦ 7 ʩʝʥʪʷʙʨʷ. ʆʪʩʫʪʩʪʚʦʚʘʣʠ ʠ ʢʦʨʦʥʘʣʴʥʳʝ ʜʳʨʳ, ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʠʭ ʧʨʦʷʚʣʝʥʠʷ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʘʭ. ʇʨʝʜʚʝʩʪʥʠʢ ʚ  ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʘʭ ʙʳʣ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ 6 ʩʝʥʪʷʙʨʷ 2005 ʛ., ʪ.ʝ. ʟʘ 1 ʩʫʪʢʠ ʜʦ ʚʳʭʦʜʘ ʤʦʱʥʦʡ ʠ ʝʜʠʥʩʪʚʝʥʥʦʡ 

ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ 798 ʥʘ ʚʠʜʠʤʫʶ ʯʘʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʜʠʩʢʘ. ʅʘ ʩʣʝʜʫʶʱʠʝ ʩʫʪʢʠ ʥʘʯʘʣʦʩʴ 

ʚʦʟʨʘʩʪʘʥʠʝ ʥʠʟʢʦʵʥʝʨʛʠʯʥʳʭ ʯʘʩʪʠʮ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʩʦʪʝʥ ʂʵɺ ʜʦ ʩʪʘ 

ʄʵɺ. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʝʨʠʜʠʘʥʘ, 10-11 ʩʝʥʪʷʙʨʷ ʙʳʣ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʵʬʬʝʢʪ ʌʦʨʙʫʰʘ (~10%) ʠ, ʟʘʪʝʤ, ʛʝʦʤʘʛʥʠʪʥʘʷ ʙʫʨʷ (ʂʨ=9). ɸʥʘʣʦʛʠʯʥʘʷ 

ʙʣʘʛʦʧʨʠʷʪʥʘʷ ʩʠʪʫʘʮʠʷ ʜʣʷ ʜʦʩʪʦʚʝʨʥʦʛʦ ʦʪʦʞʜʝʩʪʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʘʭ ʩʣʦʞʠʣʘʩʴ 6 ʜʝʢʘʙʨʷ 2006 ʛ. ʄʦʱʥʘʷ ʘʢʪʠʚʥʘʷ ʦʙʣʘʩʪʴ 930 ʚʳʰʝʜʰʘʷ ʥʘ 

ʚʠʜʠʤʫʶ ʯʘʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʜʠʩʢʘ ʩ 5 ʥʘ 6 ʜʝʢʘʙʨʷ, ʪʘʢʞʝ ʦʢʘʟʘʣʘʩʴ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʘʢʪʠʚʥʦʩʪʠ. ʇʨʝʜʚʝʩʪʥʠʢ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʘʭ ʙʳʣ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʚʳʭʦʜʦʤ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ 930 ʥʘ ʚʦʩʪʦʯʥʳʡ ʣʠʤʙ 

ʉʦʣʥʮʘ. ʅʘ ʩʣʝʜʫʶʱʠʝ ʩʫʪʢʠ, ʧʦʩʣʝ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʝʜʚʝʩʪʥʠʢʘ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʘʭ, 

ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʦʢʘ ʥʠʟʢʦʵʥʝʨʛʠʯʥʳʭ ʯʘʩʪʠʮ, ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʝ ʠ 

ʛʝʦʤʘʛʥʠʪʥʘʷ ʙʫʨʷ. ʇʫʩʪʴ ʠ ʥʘ ʤʝʥʴʰʝʤ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ (90%), 12-13 ʜʝʢʘʙʨʷ ʚ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʘʭ ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚʪʦʨʦʡ ʧʨʝʜʚʝʩʪʥʠʢ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʵʬʬʝʢʪʦʤ 

ʌʦʨʙʫʰʘ 14-17 ʜʝʢʘʙʨʷ (å7%) ʠ ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʝʡ (ʂʨ=8). ɺ ʥʦʚʦʤ 24 ʮʠʢʣʝ, ʧʦʜʦʙʥʳʝ 

ʩʣʫʯʘʠ ʟʘʛʦʨʠʟʦʥʪʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʟʘʣʠʤʙʦʚʦʛʦ ʠʩʪʦʯʥʠʢʘ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʉʦʣʥʮʝ ʠʤʝʣʠ 

ʤʝʩʪʦ ʚ ʩʝʥʪʷʙʨʝ 2011 ʠ ʚ ʤʘʨʪʝ 2012 ʛ. ʇʨʦʛʥʦʟ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʂʦʩʤʠʯʝʩʢʦʡ 

ʧʦʛʦʜʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʦʡ 

çCyber-FORSHOCKè ʥʘ ʩʘʡʪʝ ɸʨʢʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ: 

http://www.forshock.ru/pred.html. ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚʳʰʝ, 

ʦʪʥʦʩʠʪʩʷ ʚʘʨʠʘʥʪ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, 

ʧʝʨʝʜʘʯʘ ɿʝʤʣʝ ʵʥʝʨʛʠʠ ʉʦʣʥʮʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʛʠʛʘʥʪʩʢʠʝ ʦʩʮʠʣʣʷʮʠʠ ʛʝʣʠʦʩʬʝʨʥʦʛʦ 

ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʩ ʢʚʘʟʠ-ʥʝʜʝʣʴʥʳʤ ʧʝʨʠʦʜʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʭʘʥʠʟʤʘ ɻʝʣʠʦ-ʛʝʦʤʘʛʥʠʪʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ, ʢʦʛʜʘ ʧʝʨʝʜʘʯʘ ʵʥʝʨʛʠʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ. ɺʘʨʠʘʥʪ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʨʝʘʣʠʟʫʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʟʘʚʝʨʰʘʶʱʝʡ ʩʪʘʜʠʠ ʧʝʨʝʭʦʜʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʩʤʝʥʳ ʟʥʘʢʘ ʦʙʱʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ: 1972, 1982, 1991 ʠ 2001 ʛʛ. (Kozlov et 

al., 2003).     
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ʆ.ɺ. ʂʦʟʳʨʝʚʘ 

 

ʀʌɿ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, kozyreva@ifz.ru 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʤʠʥʠʤʫʤʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʧʦʪʦʢʠ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ, ʚʳʟʳʚʘʶʱʠʤ 

ʤʘʛʥʠʪʥʳʝ ʙʫʨʠ. ɺʘʞʥʳʤ ʘʛʝʥʪʦʤ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʠʟ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʚ ʤʘʛʥʠʪʦʩʬʝʨʫ 

ɿʝʤʣʠ ʚ ʵʪʦ ʚʨʝʤʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʤʦʛʫʪ ʙʳʪʴ ʚʦʣʥʦʚʳʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ULF-ʬʣʫʢʪʫʘʮʠʠ ʚ 

ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ ʠ ʤʝʞʧʣʘʥʝʪʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʪʠʯʝʩʢʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ULF-ʬʣʫʢʪʫʘʮʠʡ ʨʘʩʩʯʠʪʘʥ ULF-ʠʥʜʝʢʩ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʫʨʦʚʝʥʴ 

ʚʦʣʥʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ 2-7 ʤɻʮ, ʚ ʧʣʦʪʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ (ULFN) ʠ ʚ 

ʤʝʞʧʣʘʥʝʪʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ (ULFIMF). ʇʨʦʚʝʜʝʥ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʚʘʨʠʘʮʠʡ ULFN ʠ 

ULFIMF ʟʘ ʛʦʜʳ ʤʠʥʠʤʫʤʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (2006-2009 ʛʛ.). ʄʝʪʦʜʦʤ ʥʘʣʦʞʝʥʠʷ ʵʧʦʭ 

ʠʩʩʣʝʜʦʚʘʥʳ ʚʨʝʤʝʥʥʳʝ ʩʜʚʠʛʠ ʤʝʞʜʫ ʤʘʢʩʠʤʫʤʘʤʠ ʵʪʠʭ ʠʥʜʝʢʩʦʚ ʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʦ ʚʨʝʤʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʧʦʪʦʢʦʚ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. 
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ʀ.ɺ. ʂʦʣʦʩʢʦʚʘ
1
, ɸ.ʉ. ʖʨʘʩʦʚ

1,2
, ʄ.ʆ. ʈʷʟʘʥʮʝʚʘ

1,2
, ɻ.ʅ. ɿʘʩʪʝʥʢʝʨ

1
,  

ɿ. ʅʝʤʝʯʝʢ
3
, ʗ. ʐʘʬʨʘʥʢʦʚʘ

3
, ʃ. ʇʨʝʭ

3
, ɺ.ɺ. ʍʨʘʧʯʝʥʢʦʚ

1
, ɽ.ɸ. ɻʘʚʨʠʣʦʚʘ

1
,  

ɸ.ɺ. ɼʴʷʯʢʦʚ, ʊ.ʀ. ɻʘʛʫʘ
1
, ʀ.ʊ. ɻʘʛʫʘ

1
  

 
1
 ʀʂʀ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  

2
 ʅʀʀʗʌ ʄɻʋ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  

3
 ʄʌʌ, ʂʘʨʣʦʚ ʋʥʠʚʝʨʩʠʪʝʪ, ʇʨʘʛʘ, ʏʝʰʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ  

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʦʪʦʥʘʤ) ʠʦʥʦʚ ʜʚʘʞʜʳ ʠʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʛʝʣʠʷ 

(ʘʣʴʬʘ-ʯʘʩʪʠʮ) ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʵʥʝʨʛʦ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʧʣʘʟʤʳ ɹʄʉɺ, 

ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʩʧʫʪʥʠʢʝ ʉʇɽʂʊʈ-ʈ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʥʘʙʣʶʜʝʥʠʝ ʨʝʟʢʠʭ (ʟʘ ʚʨʝʤʝʥʘ ʠʥʦʛʜʘ ʤʝʥʝʝ 10 ʩʝʢʫʥʜ) ʚʘʨʠʘʮʠʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʛʝʣʠʷ (Na/Np), ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʣʠʯʠʝʤ ʘʥʘʣʦʛʠʯʥʳʭ ʚʘʨʠʘʮʠʡ 

ʚ ʧʦʚʝʜʝʥʠʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ɼʘʥʥʳʝ ʦ ʪʘʢʠʭ ʙʳʩʪʨʳʭ ʚʘʨʠʘʮʠʷʭ 

ʩʦʜʝʨʞʘʥʠʷ ʛʝʣʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʚʨʝʤʝʥʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ʠʟʤʝʨʝʥʠʡ ʩ 

ʧʨʠʙʦʨʦʤ ɹʄʉɺ, ʧʫʙʣʠʢʫʶʪʩʷ ʚʧʝʨʚʳʝ. ʅʘ ʦʙʰʠʨʥʦʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ (ʙʦʣʝʝ 150 

ʯʘʩʦʚ ʠʟʤʝʨʝʥʠʡ) ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʛʝʣʠʷ (Na/Np) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʚʝʜʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠ ʧʝʨʝʥʦʩʥʦʡ ʩʢʦʨʦʩʪʠ (ʚʝʣʠʯʠʥʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ) 

ʧʨʦʪʦʥʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ ʛʝʣʠʷ ʚ ʨʘʟʥʳʭ 

ʩʦʙʳʪʠʷʭ ʤʦʞʝʪ ʧʦ-ʨʘʟʥʦʤʫ ʟʘʚʠʩʝʪʴ ʦʪ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʨʦʪʦʥʦʚ. ʆʙʩʫʞʜʘʶʪʩʷ 

ʚʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ ʧʦʜʦʙʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ.  
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ʂʘʢ ʠʟʚʝʩʪʥʦ, ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʧʣʘʟʤʝʥʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʪʦʥʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʚ ʚʠʜʝ ʪʫʨʙʫʣʝʥʪʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʙʦʣʝʝ ʤʝʣʢʠʭ ʤʘʩʰʪʘʙʦʚ. ɼʣʷ ʜʠʘʛʥʦʩʪʠʢʠ 

ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʬʣʫʢʪʫʘʮʠʡ ʬʘʟʳ 

ʨʘʜʠʦʩʠʛʥʘʣʘ ʧʨʠ ʧʦʣʥʦʤ ʚʥʫʪʨʝʥʥʝʤ ʦʪʨʘʞʝʥʠʠ ʦʪ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. ɺ 

ʩʣʫʯʘʝ ʦʪʨʘʞʘʶʱʝʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩ ʣʠʥʝʡʥʳʤ ʧʨʦʬʠʣʝʤ ʨʝʛʫʣʷʨʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʵʪʘ ʟʘʜʘʯʘ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚ ʨʷʜʝ ʨʘʙʦʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʩʜʝʣʘʥ ʚʘʞʥʳʡ 

ʚʳʚʦʜ ʦ ʧʨʝʦʙʣʘʜʘʶʱʝʤ ʚʣʠʷʥʠʠ ʥʘ ʬʣʫʢʪʫʘʮʠʠ ʬʘʟʳ ʪʫʨʙʫʣʝʥʪʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ ʦʪʨʘʞʝʥʠʷ ʩʠʛʥʘʣʘ. ʈʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʬʘʟʳ 

ʩ ʫʯʝʪʦʤ ʩʠʣʴʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚ ʪʦʯʢʝ ʦʪʨʘʞʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪʩ.̫ ɸʧʧʨʦʢʩʠʤʠʨʫʷ 

ʚʳʩʦʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ ʠ ʧʨʦʚʦʜʷ ʟʦʥʜʠʨʦʚʘʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ, ʤʦʞʥʦ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʚʳʩʦʪʥʳʡ ʧʨʦʬʠʣʴ ʥʝʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʦʚ ʝʝ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʆʜʥʘʢʦ, 

ʣʠʥʝʡʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʧʨʦʬʠʣʷ ʥʝ ʚʩʝʛʜʘ ʩʧʨʘʚʝʜʣʠʚʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʝʝ ʩʦʚʝʨʰʝʥʥʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʦʜʝʣʠ ʚʳʩʦʪʥʦʛʦ ʧʨʦʬʠʣʷ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʚʠʜʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ 

ʩʣʫʯʘʝ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʦʙʣʘʩʪʠ ʦʪʨʘʞʝʥʠʷ ʥʘ ʬʣʫʢʪʫʘʮʠʠ ʬʘʟʳ ʩʠʛʥʘʣʘ ʩʚʷʟʘʥ ʩ 

ʙʦʣʴʰʠʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. ɺ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʚʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʬʣʫʢʪʫʘʮʠʡ ʵʡʢʦʥʘʣʘ ʧʦʣʫʯʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʤʦʤʝʥʪʳ ʬʘʟʳ ʩʠʛʥʘʣʘ ʧʨʠ ʧʦʣʥʦʤ ʚʥʫʪʨʝʥʥʝʤ ʦʪʨʘʞʝʥʠʠ ʦʪ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ 

ʧʣʘʟʤʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʤʦʥʦʪʦʥʥʳʤ ʧʨʦʬʠʣʝʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ ʬʘʟʳ ʫʜʦʙʥʳ ʜʣʷ 

ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʥʝ ʩʦʜʝʨʞʘʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʪʦʯʢʝ ʦʪʨʘʞʝʥʠʷ. ʅʘ ʠʭ 

ʦʩʥʦʚʝ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʬʘʟʦʚʳʭ ʬʣʫʢʪʫʘʮʠʡ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʩʧʝʢʪʨʦʚ 

ʪʫʨʙʫʣʝʥʪʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʠ ʧʨʦʠʟʚʦʣʴʥʳʭ ʤʦʥʦʪʦʥʥʳʭ ʧʨʦʬʠʣʝʡ ʨʝʛʫʣʷʨʥʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. ʉ ʧʦʤʦʱʴʶ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʥʝʣʠʥʝʡʥʦʛʦ ʧʨʦʬʠʣʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʦʦʪʥʦʰʝʥʠʝ ʚʢʣʘʜʦʚ ʨʘʩʩʝʷʥʠʷ ʚ ʦʙʣʘʩʪʠ ʦʪʨʘʞʝʥʠʷ ʠ ʥʘ ʚʩʝʤ ʧʫʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʧʨʦʬʠʣʷ. ʇʨʠ 

ʟʦʥʜʠʨʦʚʘʥʠʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩ ʪʦʥʢʦʡ ʪʫʨʙʫʣʝʥʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʘʩʩʝʷʥʠʝ ʩʠʛʥʘʣʘ ʥʝ ʪʦʣʴʢʦ ʚ ʦʙʣʘʩʪʠ ʦʪʨʘʞʝʥʠʷ, ʥʦ ʠ ʚʦ ʚʩʝʡ ʪʦʣʱʝ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʦʨʤʫʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʩʠʩʪʝʤʳ 

ʪʨʘʥʩʮʝʥʜʝʥʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦ ʬʘʟʦʚʳʤ ʬʣʫʢʪʫʘʮʠʷʤ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ 

ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ ʟʦʥʜʠʨʦʚʘʥʠʷ. ʅʘʡʜʝʥʦ ʨʝʰʝʥʠʝ ʵʪʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ 

ʚʥʝʰʥʝʛʦ ʤʘʩʰʪʘʙʘ ʪʫʨʙʫʣʝʥʪʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʧʨʠ ʟʘʜʘʥʥʳʭ ʜʠʩʧʝʨʩʠʷʭ ʬʘʟʳ 

ʦʪʨʘʞʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʜʚʫʭ ʯʘʩʪʦʪʘʭ. 
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ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʧʨʦʝʢʪʘ ʀʥʪʝʨʛʝʣʠʦʟʦʥʜ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʩʦʣʥʝʯʥʦʛʦ 

ʚʝʪʨʘ ʚ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʝ. ɸʜʝʢʚʘʪʥʳʤ ʤʝʪʦʜʦʤ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʪʷʞʝʣʳʭ ʠʦʥʦʚ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ. ɺ 

ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ ʦʧʪʠʯʝʩʢʠʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ʵʪʠ 

ʠʟʤʝʨʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ɺ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʠ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʩʢʦʨʦʩʪʷʤ ʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʛʦ 

ʚʝʪʨʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʘ ʪʷʞʝʣʳʭ ʠʦʥʦʚ ʩʦʣʥʝʯʥʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʦʚ. ʇʨʦʪʦʪʠʧʦʤ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ 

ʵʥʝʨʛʦ-ʤʘʩʩ-ʘʥʘʣʠʟʘʪʦʨ ʈʀʇ-803, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʩʧʫʪʥʠʢʝ ʇʨʦʛʥʦʟ-2, ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ 

ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʣʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʩʣʝ ʘʥʘʣʠʟʘ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ 

ʘʥʘʣʠʟʘʪʦʨʝ (ʕʉɸ) ʠʦʥʳ ʧʦʧʘʜʘʣʠ ʚ ʜʨʝʡʬʦʚʫʶ ʪʨʫʙʢʫ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʚ ʟʘʟʦʨʝ 

ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʥʘ ʜʨʝʡʬʦʚʦʡ ʪʨʫʙʢʝ ʤʝʥʷʣʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʦʙʢʣʘʜʢʘʭ ʕʉɸ ʩ ʪʝʤ, ʯʪʦʙʳ ʥʘ ʨʘʩʧʦʣʦʞʝʥʥʳʡ 

ʥʘ ʚʳʭʦʜʝ ʚʪʦʨʠʯʥʳʡ ʫʤʥʦʞʠʪʝʣʴ ʧʦʧʘʜʘʣʠ ʠʦʥʳ ʚʳʙʨʘʥʥʦʛʦ ʚʠʜʘ ʠ ʵʥʝʨʛʠʠ. ʇʨʠʙʦʨ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʟʤʝʨʷʣ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʧʨʦʪʦʥʦʚ, ʘʣʴʬʘ ʯʘʩʪʠʮ ʠ ʦʜʥʦʢʨʘʪʥʦ 

ʠʦʥʠʟʦʚʘʥʥʦʛʦ ʛʝʣʠʷ. ʇʨʠʙʦʨ ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʣ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʩʪʦʷʱʝʡ ʟʘʜʘʯʠ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʩʣʦʞʥʝʥʠʝ ʧʨʠʙʦʨʘ - ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ 

ʠʟʤʝʨʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ Ñ15
0
 ʧʦ ʦʜʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʠ Ñ30

0
 ʧʦ ʜʨʫʛʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʘʥʘʣʠʟʘʪʦʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʠ 

ʞʝʣʝʟʘ ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ. ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʦʥʘ ʙʳʣʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʳ SIMION. ʇʨʠʙʦʨ ʩʦʩʪʦʠʪ ʠʟ: ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʩʢʘʥʝʨʘ, ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʛʦ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ, ʤʘʛʥʠʪʘ, ʧʦʤʝʱʝʥʥʦʛʦ ʚ ʜʨʝʡʬʦʚʫʶ ʪʨʫʙʢʫ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʠ ʧʦʟʠʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʜʝʪʝʢʪʦʨʘ. ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʦʜʝʣʠʨʫʝʤʳʡ ʧʨʠʙʦʨ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʩʧʦʩʦʙʝʥ ʩ ʭʦʨʦʰʝʡ 

ʪʦʯʥʦʩʪʴʶ ʨʘʟʨʝʰʘʪʴ ʠʦʥʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ M/q.  

 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɻʃɸɺʅʆʁ ʌɸɿʓ ʄɸɻʅʀʊʅʓʍ ɹʋʈʔ ʆʊ ʈɸɿʅʓʍ ʊʀʇʆɺ 

ʀʉʊʆʏʅʀʂʆɺ ɺ ʉʆʃʅɽʏʅʆʄ ɺɽʊʈɽ  

 

ʅ.ʉ. ʅʠʢʦʣʘʝʚʘ, ʖ.ʀ. ɽʨʤʦʣʘʝʚ, ʀ.ɻ. ʃʦʜʢʠʥʘ 

 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, nnikolae@iki.rssi.ru  

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʣʘʚʥʦʡ ʬʘʟʳ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʩ 

Dst¢-50 ʥʊ, ʚʳʟʚʘʥʥʳʭ 4-ʤʷ ʪʠʧʘʤʠ ʪʝʯʝʥʠʡ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ: ʄʉ (10 ʙʫʨʴ), CIR (41 ʙʫʨʷ), 

Sheath (26 ʙʫʨʴ), Ejecta (45 ʙʫʨʴ). ɻʣʘʚʥʘʷ ʬʘʟʘ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ: ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ sumEy, ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ Pd, ʠ ʫʨʦʚʥʷ ʬʣʫʢʪʫʘʮʠʡ ʧʦʣʷ sB, ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʛʣʘʚʥʘʷ ʬʘʟʘ ʣʫʯʰʝ ʚʩʝʛʦ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʤʦʜʝʣʴʶ ʩ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʄʉ-ʙʫʨʴ ʠ 

Sheath-ʙʫʨʴ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʠʟʤʝʨʝʥʥʳʤ ʠ ʤʦʜʝʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ Dst 

ʩʦʩʪʘʚʣʷʝʪ 0.99 ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 2.6 ʥʊ ʠ 5.63 ʥʊ, ʘ ʜʣʷ Ejecta-ʙʫʨʴ ʠ CIR-

ʙʫʨʴ - 0.98 ʠ  0.97, ʠ sd= 5.35 ʠ 6.5ʥʊ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʝʨʩʠʷ ʤʦʜʝʣʠ ʩ ʫʩʨʝʜʥʝʥʥʳʤʠ 
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ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʧʦ ʚʩʝʤ ʙʫʨʷʤ ʥʘʤʥʦʛʦ ʭʫʞʝ ʦʧʠʩʳʚʘʝʪ ʚʘʨʠʘʮʠʠ ʠʟʤʝʨʝʥʥʦʛʦ Dst ʠʥʜʝʢʩʘ: 

ʜʣʷ ʄʉ-ʙʫʨʴ ʠ Sheath-ʙʫʨʴ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 0.65 ʠ 0.82, ʘ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ sd=21.7 ʠ 31 ʥʊ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʙʫʨʴ ʦʪ Ejecta ʵʪʠ ʟʥʘʯʝʥʠʷ 

0.58 ʠ 31.4 ʥʊ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʦʪ CIR ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʨʘʚʝʥ 

0.67 ʠ sd=25.2 ʥʊ. ɹʦʣʝʝ ʪʦʯʥʘʷ ʚʝʨʩʠʷ ʤʦʜʝʣʠ ʛʣʘʚʥʦʡ ʬʘʟʳ ʧʦʣʫʯʝʥʘ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ 

ʧʦʧʨʘʚʦʢ, ʫʯʠʪʳʚʘʶʱʠʭ ʧʨʝʜʳʩʪʦʨʠʶ ʨʘʟʚʠʪʠʷ ʥʘʯʘʣʘ ʛʣʘʚʥʦʡ ʬʘʟʳ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʙʫʨʴ ʦʪ ʄʉ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 0.83 ʠ ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ 15.6 ʥʊ. ʅʝʤʥʦʛʦ ʣʫʯʰʝ ʵʪʘ ʤʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ ʛʣʘʚʥʫʶ ʬʘʟʫ Sheath-ʙʫʨʴ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʨʨʝʣʷʮʠʠ 0.86 ʠ sd=26.5 ʥʊ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ CIR- ʠ Ejecta-ʙʫʨʠ ʜʘʥʥʘʷ 

ʚʝʨʩʠʷ ʤʦʜʝʣʠ ʦʧʠʩʳʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʭʫʞʝ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʨʨʝʣʷʮʠʠ 0.69 ʠ 0.68 ʠ sd 

=24.2 ʠ 29.8 ʥʊ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 

 

ɺʃʀʗʅʀɽ ʇʃɸʅɽʊ ɺɽʅɽʈʓ, ɿɽʄʃʀ ʀ ʖʇʀʊɽʈɸ ʅɸ ʎʀʂʃʓ  

ʉʆʃʅɽʏʅʆʁ ɸʂʊʀɺʅʆʉʊʀ  

 

ɺ.ʇ. ʆʭʣʦʧʢʦʚ 

 

ʅʀʀʗʌ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, ovpetrovich@yandex.ru 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʘ ï ʩʨʝʜʥʷʷ ʨʘʟʥʦʩʪʴ ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʠʭ 

ʜʦʣʛʦʪ ʧʣʘʥʝʪ ɺʝʥʝʨʳ, ɿʝʤʣʠ ʠ ʖʧʠʪʝʨʘ - ʥʘʡʜʝʥʘ ʦʜʥʦʟʥʘʯʥʘʷ ʩʚʷʟʴ 22-ʣʝʪʥʝʛʦ ʠ 11-

ʣʝʪʥʝʛʦ ʮʠʢʣʦʚ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫʢʘʟʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ʆʛʠʙʘʶʱʘʷ ʢʨʠʚʘʷ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ 

ʢʘʢ ʩʦʝʜʠʥʝʥʠʷ ʪʨʝʭ ʧʣʘʥʝʪ, ʢʦʛʜʘ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʧʦʯʪʠ ʥʘ ʦʜʥʦʡ ʣʠʥʠʠ ʦʪ ʉʦʣʥʮʘ, ʯʪʦ 

ʚʳʟʳʚʘʝʪ ʤʘʢʩʠʤʫʤ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʪʘʢ ʠ ʩʦʝʜʠʥʝʥʠʷ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʜʦʣʛʦʪʥʦʤ 

ʩʝʢʪʦʨʝ (25 ï 30 ʛʨʘʜʫʩʦʚ), ʢʦʛʜʘ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʛʦʨʘʟʜʦ ʯʘʱʝ ʠ 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ ʧʣʘʥʝʪ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʦʪ ʉʦʣʥʮʘ, ʯʪʦ 

ʚʳʟʳʚʘʶʪ ʪʘʢʞʝ ʤʘʢʩʠʤʫʤ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ.  

 

 

 

ʄɽɾʇʃɸʅɽʊʅʓɽ ʇʈʆʊʆʅʓ ʇʆ ʀɿʄɽʈɽʅʀʗʄ ʅɸ ʈɸɿʃʀʏʅʓʍ 

ʂʆʉʄʀʏɽʉʂʀʍ ɸʇʇɸʈɸʊɸʍ 

 

ʀ.ɺ. ɻʝʮʝʣʝʚ, ʄ.ɺ. ʇʦʜʟʦʣʢʦ 

 

ʅʀʀʗʌ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 404@newmail.ru 

 

ʈʘʩʩʤʦʪʨʝʥʳ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʧʦʪʦʢʦʚ ʤʝʞʧʣʘʥʝʪʥʳʭ ʧʨʦʪʦʥʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʝʨʠʡ IMP-8, GOES ʠ ACE. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʠ ʜʘʥʥʳʝ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʨʘʟʥʦʨʦʜʥʳ ʠ ʩʦʜʝʨʞʘʪ ʨʘʟʣʠʯʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ. ʇʨʠʯʠʥʘʤʠ ʵʪʦʛʦ 

ʷʚʣʷʶʪʩʷ ʧʦʛʨʝʰʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠʙʦʨʦʚ; ʨʘʟʣʠʯʠʷ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʘ 

ʪʘʢʞʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʡ ʠʟʤʝʨʝʥʠʡ; ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ 

ʧʦʪʦʢʦʚ. ʅʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ IMP-8 ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʩʪʘʷ 

ʨʘʩʯʸʪʥʘʷ ʤʦʜʝʣʴ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʘʙʣʶʜʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʬʣʶʝʥʩʦʚ ʤʝʞʧʣʘʥʝʪʥʳʭ 

ʧʨʦʪʦʥʦʚ ʩ ʵʥʝʨʛʠʷʤʠ ʦʪ >1 ʜʦ >60 ʄʵɺ ʟʘ ʨʘʟʣʠʯʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʦʪ ʧʦʣʫʛʦʜʘ ʜʦ 10 

ʣʝʪ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʊɽʏɽʅʀʗ ɺ ʆɹʃɸʉʊʀ ɻɽʃʀʆʉʌɽʈʅʆɻʆ ʋɼɸʈʅʆɻʆ  

ʉʃʆʗ ʉ ʋʏɽʊʆʄ ʅɽʉʊɸʎʀʆʅɸʈʅʓʍ ʕʌʌɽʂʊʆɺ 11-ʃɽʊʅɽɻʆ  

ʉʆʃʅɽʏʅʆɻʆ ʎʀʂʃɸ 

 

ɽ.ɸ. ʇʨʦʚʦʨʥʠʢʦʚʘ, ɺ.ɺ. ʀʟʤʦʜʝʥʦʚ 

 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, provea@iki.rssi.ru 

 

ʀʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ IMP-8, Ulysses, 

Voyager 2 ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʠʥʘʤʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʤʝʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 

ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʩʦʣʥʝʯʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʢ ʩʦʣʥʝʯʥʦʤʫ 

ʤʠʥʠʤʫʤʫ. ʊʘʢʠʝ ʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠʤʝʶʪ ʛʣʦʙʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʩʦʣʥʝʯʥʳʭ ʰʠʨʦʪ. ʊʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ (Ulysses, 

SOHO/SWAN, ʠʟʤʝʨʝʥʠʷ ʤʝʞʧʣʘʥʝʪʥʳʭ ʤʝʨʮʘʥʠʡ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ) ʫʩʪʘʥʦʚʠʣʠ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʦʪ ʩʦʣʥʝʯʥʦʡ ʰʠʨʦʪʳ ʚ ʨʘʟʣʠʯʥʳʝ ʧʝʨʠʦʜʳ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ. 

ʀʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʚ 11-ʣʝʪʥʝʤ ʮʠʢʣʝ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮ ʛʝʣʠʦʩʬʝʨʳ ʠ ʪʝʯʝʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʚ ʦʙʣʘʩʪʠ 

ʛʝʣʠʦʩʬʝʨʥʦʛʦ ʫʜʘʨʥʦʛʦ ʩʣʦʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʵʬʬʝʢʪʦʚ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ ʚ ʨʘʤʢʘʭ ʤʥʦʛʦʞʠʜʢʦʩʪʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʄɻɼ ʤʦʜʝʣʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʩ ʯʘʩʪʠʯʥʦ-ʠʦʥʠʟʦʚʘʥʥʦʡ ʣʦʢʘʣʴʥʦʡ ʤʝʞʟʚʝʟʜʥʦʡ ʩʨʝʜʦʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʣʘʟʤʳ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʚ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʝʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʠ ʩʦʣʥʝʯʥʦʡ ʰʠʨʦʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʟʘ ʧʝʨʠʦʜ 1991-2011 ʛʛ.  ʇʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʄɻɼ ʪʝʯʝʥʠʷ ʧʣʘʟʤʳ ʚ ʛʝʣʠʦʩʬʝʨʥʦʤ ʫʜʘʨʥʦʤ ʩʣʦʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʪʨʘʝʢʪʦʨʠʡ ɺʦʷʜʞʝʨʘ 1 ʠ 2, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ 

ʛʨʘʥʠʮʘʤ ʛʝʣʠʦʩʬʝʨʳ. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʤʦʜʝʣʠ, 

ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʠʟʤʝʨʝʥʠʷʤʠ ʥʘ ɺʦʷʜʞʝʨʝ 1 ʠ 2. 

 

 

ʂʆʈʈɽʃʗʎʀʆʅʅʓʁ ɸʅɸʃʀɿ ʉʈɽɼʅɽʄɸʉʐʊɸɹʅʓʍ ʉʊʈʋʂʊʋʈ ʇʆ 

ʆɼʅʆɺʈɽʄɽʅʅʓʄ ʅɸɹʃʖɼɽʅʀʗʄ ɺ ʉʆʃʅɽʏʅʆʄ ɺɽʊʈɽ ʀ  

ʄɸɻʅʀʊʆʉʃʆɽ  

 

ʃ.ʉ. ʈʘʭʤʘʥʦʚʘ
1,2
, ʄ.ʆ. ʈʷʟʘʥʮʝʚʘ

1,2
, ɻ.ʅ. ɿʘʩʪʝʥʢʝʨ
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1
 ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, amica1106@rambler.ru 

2
 ʅʀʀʗʌ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʦʣʥʝʯʥʳʤ ʚʝʪʨʦʤ ʠ ʤʘʛʥʠʪʦʩʬʝʨʦʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ  ʚʝʩʴʤʘ ʚʘʞʥʳʤ ʠʟʫʯʠʪʴ,  ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʨʘʟʥʦʛʦ ʨʦʜʘ ʚʦʟʤʫʱʝʥʠʷ ʧʣʘʟʤʳ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʚʠʜʦʠʟʤʝʥʷʶʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʤʘʛʥʠʪʦʩʣʦʡ, ʯʪʦ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʠʭ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʘʛʥʠʪʦʩʬʝʨʫ. ɺ ʤʘʛʥʠʪʦʩʣʦʝ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ, ʢʘʢ ʚʘʨʠʘʮʠʠ ʧʣʘʟʤʳ, 

ʧʨʠʰʝʜʰʠʝ ʠʟ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʪʘʢ ʠ ʚʘʨʠʘʮʠʠ, ʧʦʨʦʞʜʝʥʥʳʝ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ ʠ, ʚʦʟʤʦʞʥʦ, 

ʩʘʤʠʤ ʤʘʛʥʠʪʦʩʣʦʝʤ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʯʪʠ ʦʜʥʦʚʨʝʤʝʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ ʥʘ ʜʚʫʭ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʧʫʪʥʠʢʘʭ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ, ʘ ʜʨʫʛʦʡ ʚ ʤʘʛʥʠʪʦʩʣʦʝ (ʧʨʦʝʢʪ THEMIS). ɺʨʝʤʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʵʪʠʭ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʘʚʣʷʣʦ 3 ʩʝʢ. ɼʣʷ ʦʮʝʥʢʠ ʚʨʝʤʝʥʥʦʛʦ ʤʘʩʰʪʘʙʘ ʚʘʨʠʘʮʠʡ 

ʩʪʨʫʢʪʫʨ, ʩʦʟʜʘʚʘʝʤʳʭ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ ʠ ʤʘʛʥʠʪʦʩʣʦʝʤ, ʨʘʩʩʤʦʪʨʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʦʪ ʩʪʝʧʝʥʠ ʫʩʨʝʜʥʝʥʠʷ ʜʘʥʥʳʭ. ɺʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʤʘʩʰʪʘʙʘ ʫʩʨʝʜʥʝʥʠʷ ʜʘʥʥʳʭ ʚ ʧʨʝʜʝʣʘʭ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ (ʜʦ ʩʦʪʥʠ) ʩʝʢʫʥʜ 

ʢʦʵʬʬʠʮʠʝʥʪ ʠʭ ʢʦʨʨʝʣʷʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʝʩʴʤʘ ʟʘʤʝʪʥʦ ʚʦʟʨʘʩʪʘʶʪ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʘʯʠʥʘʷ ʩ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʨʦʛʘ (~20 ʩʝʢʫʥʜ) ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʫʞʝ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ 
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ʤʘʩʰʪʘʙʘ ʫʩʨʝʜʥʝʥʠʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʚ ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ ʤʘʛʥʠʪʦʩʣʦʡ ʠ ʫʜʘʨʥʘʷ ʚʦʣʥʘ 

ʜʦʙʘʚʣʷʶʪ ʪʦʣʴʢʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʤʦʜʫʣʷʮʠʠ ʜʘʥʥʳʭ ï ʩ ʯʘʩʪʦʪʘʤʠ ʙʦʣʝʝ 0.05 ɻʮ.  

 

 

ʉʊɸʊʋʉ ʇʈʀɹʆʈɸ ʈʆʄɸʇ ʀ ʄɽʊʆɼʀʂɸ ʆʇʈɽɼɽʃɽʅʀʗ ʆʈʀɽʅʊɸʎʀʀ 

ʇʆʉɸɼʆʏʅʆɻʆ ɸʇʇɸʈɸʊɸ ʅɸ ʇʆɺɽʈʍʅʆʉʊʀ ʂʆʄɽʊʓ 

 

ɸ.ʇ. ʈʝʤʠʟʦʚ, ʋ. ɸʫʩʪʝʨ, ʀ. ɸʧʘʪʠ, ɹ. ɹʝʨʛʭʦʬʝʨ, ʄ. ʍʠʣʴʭʝʥʙʘʭ,  

 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, aremizov@iki.rssi.ru 

 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʧʣʘʟʤʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʈʆʄɸʇ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ 

ʧʦʯʪʠ ʜʝʩʷʪʠʣʝʪʥʝʛʦ ʧʫʪʝʰʝʩʪʚʠʷ ʢ ʩʚʦʝʡ ʮʝʣʠ ï ʢʦʤʝʪʝ ʏʫʨʫʤʦʚʘ-ɻʝʨʘʩʠʤʝʥʢʦ. ɸʥʘʣʠʟ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʨʠʙʦʨʘ - ʵʣʝʢʪʨʦʥʥʳʝ ʫʤʥʦʞʠʪʝʣʠ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʜʝʛʨʘʜʠʨʦʚʘʣʠ ʩʦ ʚʨʝʤʝʥʝʤ ʠ ʦʞʠʜʘʝʪʩʷ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʥʘʯʘʪʴ ʨʘʙʦʪʘʪʴ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʧʠʪʘʥʠʷ. ʕʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʠʭ ʜʣʠʪʝʣʴʥʫʶ 

ʨʘʙʦʪʫ. ʇʦʩʢʦʣʴʢʫ ʩʙʣʠʞʝʥʠʝ ʧʦʩʘʜʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʢʦʤʝʪʦʡ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʪ.ʝ. ʚʩʣʝʧʫʶ, ʪʦ ʦʯʝʥʴ ʚʘʞʥʳʤ  ʧʦʢʘʟʘʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʦʨʠʝʥʪʘʮʠʷ 

ʘʧʧʘʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʛʦ ʉʦʣʥʮʘ, ʪ.ʢ. ʦʪ ʵʪʦʛʦ ʟʘʚʠʩʠʪ ʩʪʝʧʝʥʴ ʦʩʚʝʱʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ, 

ʠ ʧʦʵʪʦʤʫ ʚʩʷ ʜʦʩʪʫʧʥʘʷ ʵʥʝʨʛʝʪʠʢʘ. ʉ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ ʈʆʄɸʇ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʠʭʦʜʘ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ʇʦʵʪʦʤʫ ʙʳʣʘ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʦʨʠʝʥʪʘʮʠʠ ʧʦʩʘʜʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʦʣʥʮʘ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ. 

 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʏɸʉʊʆʊʅʓʍ ʉʇɽʂʊʈʆɺ ʀ ʌʋʅʂʎʀʁ ʈɸʉʇʈɽɼɽʃɽʅʀʗ 

ʌʃʋʂʊʋɸʎʀʁ ɺɽʂʊʆʈɸ ʇʆʊʆʂɸ ʀʆʅʆɺ ʅɸ ʄɸʉʐʊɸɹɸʍ 0.03-100 ʉ  

ʇʆ ʀɿʄɽʈɽʅʀʗʄ ʇʈʀɹʆʈɸ ɹʄʉɺ 

 

ʄ.ʆ. ʈʷʟʘʥʮʝʚʘ
1,2

, ɻ.ʅ. ɿʘʩʪʝʥʢʝʨ
1
, ʆ.ʄ. ʏʫʛʫʥʦʚʘ

1,3
, ɿ. ʅʝʤʝʯʝʢ

4
, ʗ. ʐʘʬʨʘʥʢʦʚʘ

4
,  

ʃ. ʇʨʝʭ
4
, ɺ.ɺ. ʍʨʘʧʯʝʥʢʦʚ

1
, ɽ.ɸ. ɻʘʚʨʠʣʦʚʘ

1
, ɸ.ɺ. ɼʴʷʯʢʦʚ

1
, ʊ.ʀ. ɻʘʛʫʘ

1
, ʀ.ʊ. ɻʘʛʫʘ

1
 

 
1 
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  

2 
ʅʀʀʗʌ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

3 
ʀʌɿ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  

4 
ʄʌʌ, ʂʘʨʣʦʚ ʋʥʠʚʝʨʩʠʪʝʪ, ʇʨʘʛʘ, ʏʝʰʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ. 

 

ʅʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʩ ʨʝʢʦʨʜʥʦ ʚʳʩʦʢʠʤ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ  

(0.03 ʩʝʢ.) ʧʨʠʙʦʨʘ ɹʄʉɺ ʥʘ ʩʧʫʪʥʠʢʝ ʉʇɽʂʊʈ-ʈ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʫʨʙʫʣʝʥʪʥʳʭ 

ʩʚʦʡʩʪʚ ʚʘʨʠʘʮʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ʇʦ ʧʨʷʤʳʤ ʠʟʤʝʨʝʥʠʷʤ ʧʣʘʟʤʳ ʩʦʣʥʝʯʥʦʛʦ 

ʚʝʪʨʘ ʧʦʩʪʨʦʝʥʳ ʯʘʩʪʦʪʥʳʝ ʩʧʝʢʪʨʳ ʚʘʨʠʘʮʠʡ ʚʝʣʠʯʠʥʳ ʧʦʪʦʢʘ ʠʦʥʦʚ ʠ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ 

ʥʘʣʠʯʠʝ ʜʚʫʭ ʚʝʪʚʝʡ ʩʧʝʢʪʨʘ - ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ (ʦʪ 10
-2
 ɻʮ ʠ ʧʨʠʤʝʨʥʦ ʜʦ 1 ɻʮ) ʠ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ (ʦʪ ʧʨʠʤʝʨʥʦ 1 ɻʮ  ʠ ʜʦ 10 ɻʮ). ɻʨʘʥʠʮʘ ʤʝʞʜʫ ʵʪʠʤʠ ʦʙʣʘʩʪʷʤʠ ʥʘ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʩʪʘʪʠʩʪʠʢʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʘ 1.4+/-0.6 ɻʮ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʠʥʝʨʮʠʦʥʥʳʤ ʠ 

ʜʠʩʩʠʧʘʪʠʚʥʳʤ ʤʘʩʰʪʘʙʘʤʠ ʬʣʫʢʪʫʘʮʠʡ. ʅʠʟʢʦʯʘʩʪʦʪʥʘʷ ʦʙʣʘʩʪʴ ʠʤʝʝʪ ʩʧʝʢʪʨʘʣʴʥʳʡ 

ʠʥʜʝʢʩ ~ -1.5 (ʥʘʢʣʦʥ ʚ ʜʚʦʡʥʦʤ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ) ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʢʦʣʤʦʛʦʨʦʚʩʢʦʤʫ ʩʧʝʢʪʨʫ, ʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʠʤʝʝʪ ʙʦʣʝʝ ʢʨʫʪʦʡ ʥʘʢʣʦʥ (ʩʧʝʢʪʨʘʣʴʥʳʡ 

ʠʥʜʝʢʩ ~ -3). ɸʥʘʣʦʛʠʯʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʳ ʠ ʜʣʷ ʚʘʨʠʘʮʠʡ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʧʦʪʦʢʘ. ʇʦʩʪʨʦʝʥʳ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʘʨʠʘʮʠʡ ʨʘʟʣʠʯʥʳʭ 

ʤʘʩʰʪʘʙʦʚ (ʦʪ 0.0325 ʩ ʜʦ 300 ʩ) ʧʦʪʦʢʘ ʠʦʥʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 
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ʇʦʢʘʟʘʥʳ ʦʪʣʠʯʠʷ ʵʪʠʭ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪ ʛʘʫʩʩʦʚʩʢʦʡ ʬʦʨʤʳ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ 

ʥʘʣʠʯʠʝ ʧʝʨʝʤʝʞʘʝʤʦʩʪʠ  ʬʣʫʢʪʫʘʮʠʡ ʥʘ ʵʪʠʭ ʤʘʩʰʪʘʙʘʭ.   

 

 

 

ɺɿɸʀʄʆɼɽʁʉʊɺʀɽ ʉʆʃʅɽʏʅʆɻʆ ɺɽʊʈɸ ʉ ʄɸɻʅʀʊʅʓʄʀ  

ɸʅʆʄɸʃʀʗʄʀ ʃʋʅʓ 

 

ɸ.ʄ. ʉʘʜʦʚʩʢʠʡ, ɸ.ɸ. ʉʢʘʣʴʩʢʠʡ 

 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, asadovsk@iki.rssi.ru 

 

ʇʦʩʢʦʣʴʢʫ ʃʫʥʘ ʥʝ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʦʥʘ ʜʦʣʞʥʘ 

ʘʙʩʦʨʙʠʨʦʚʘʪʴ ʥʘʣʝʪʘʶʱʫʶ ʥʘ ʥʝʝ ʧʣʘʟʤʫ. ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ Kaguya ʠ Chandrayaan, ʚʳʷʚʠʣʠ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʝ ʦʪʨʘʞʝʥʠʝ 

ʧʨʦʪʦʥʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪ ʦʙʣʘʩʪʝʡ ʧʦʚʳʰʝʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʩʪʦʣʴ ʚʳʩʦʢʦʛʦ 

ʦʪʨʘʞʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘʜ ʣʫʥʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʚʦʟʥʠʢʘʶʪ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʤʠʥʠʤʘʛʥʠʪʦʩʬʝʨʳ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʠʥʠʤʘʛʥʠʪʦʩʬʝʨ ʥʘʜ ʤʘʛʥʠʪʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʠ ʦʮʝʥʠʚʘʝʪʩʷ ʜʦʣʷ ʧʨʦʪʦʥʦʚ, 

ʦʪʨʘʞʘʶʱʠʭʩʷ ʦʪ ʦʙʣʘʩʪʠ ʘʥʦʤʘʣʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ.  

 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʊɸʊʀʉʊʀʏɽʉʂʀʍ ɿɸɺʀʉʀʄʆʉʊɽʁ ɻɽʃʀʆʌʀɿʀʏɽʉʂʀʍ 

ʇɸʈɸʄɽʊʈʆɺ ʅɸ ʆʉʅʆɺɽ ɼɸʅʅʓʍ ɿɸ 21, 22, 23-ʀʁ ʎʀʂʃʓ ʉʆʃʅɽʏʅʆʁ 

ɸʂʊʀɺʅʆʉʊʀ   

 

ʅ.ʌ. ʉʤʠʨʥʦʚʘ, ɽ.ʀ. ʄʦʨʦʟʦʚʘ 

 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, nsmirnova@romance.iki.rssi.ru 

 

ɼʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʧʨʘʚʠʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʫʨʦʚʝʥʴ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʚʳʚʦʜʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʵʪʦʤ ʜʦʢʣʘʜʝ,  

ʦʩʥʦʚʘʥʘ ʥʘ ʠʟʤʝʨʝʥʠʷʭ ʩʦ ʩʧʫʪʥʠʢʦʚ ʩʝʨʠʠ GOES ʟʘ  ʪʨʠ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ  

(1976-2008 ʛʛ.).  ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (NOAA Space Weather Scales)   ʷʚʣʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʦʡ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʨʠ ʪʠʧʘ ʩʦʙʳʪʠʡ: ʥʘʨʫʰʝʥʠʷ ʨʘʜʠʦʩʚʷʟʠ, 

ʩʦʣʥʝʯʥʳʝ ʨʘʜʠʘʮʠʦʥʥʳʝ ʠ ʛʝʦʤʘʛʥʠʪʥʳʝ ʙʫʨʠ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʵʬʬʝʢʪʦʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʟʤʝʨʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʢʣʘʩʩ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʚʩʧʳʰʝʢ, ʧʦʪʦʢ ʧʨʦʪʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ > 10 MeV, ʠʥʜʝʢʩʳ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʩʪʦʭʘʩʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʝ ʫʢʘʟʳʚʘʝʪ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʥʘ ʥʘʣʠʯʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʚʘʞʥʫʶ 

ʨʦʣʴ ʠʛʨʘʝʪ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ,  ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʧʦʛʨʝʰʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʡ ʤʦʛʫʪ çʤʘʩʢʠʨʦʚʘʪʴè ʠʤʝʶʱʫʶʩʷ ʢʦʨʨʝʣʷʮʠʶ. ʇʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʪʠʧʦʤ ʵʪʠʭ ʚʝʣʠʯʠʥ, ʥʦ ʪʘʢʞʝ ʫʨʦʚʥʷʤʠ ʠʭ ʟʥʘʯʝʥʠʡ, ʪʘʢ ʜʥʝʚʥʦʡ ʬʦʥ ʚ ʤʷʛʢʦʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʠʟʣʫʯʝʥʠʠ  (ʚ ʜʠʘʧʘʟʦʥʝ 1-8 ¡)  ʩʠʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʦʪʦʢʦʤ 

ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 10,7 ʩʤ  F10.7 (ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ >0.8) ʧʨʠ 

ʟʥʘʯʝʥʠʷʭ <1.0E-06 W/m
2
  ʠ ʦʯʝʥʴ ʩʣʘʙʦ ʢʦʨʨʝʣʠʨʫʝʪ ʠʣʠ ʥʝ ʢʦʨʨʝʣʠʨʫʝʪ, ʝʩʣʠ ʝʛʦ ʟʥʘʯʝʥʠʷ 

ʧʨʝʚʳʰʘʶʪ ʵʪʦʪ ʧʦʨʦʛ.  ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʩʠʣʴʥʝʝ, ʝʩʣʠ ʤʳ ʫʩʨʝʜʥʷʝʤ ʧʘʨʘʤʝʪʨʳ ʟʘ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ (ʤʝʩʷʮ, ʛʦʜ). ʉʠʣʴʥʳʝ ʛʝʦʤʘʛʥʠʪʥʳʝ ʚʦʟʤʫʱʝʥʠʷ, ʢʘʢ 




