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ȰɑɎɫɞɌɫ ɑɒɑɏɚɐəɌɫ ɖɚəɠɑɜɑəɢɔɫ 

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..   20 
 

ʉʝʢʮʠʷ çʀʦʥʦʩʬʝʨʘè, ʫʩʪʥʳʝ ʜʦʢʣʘʜʳééééééééééé   48 
 

ʉʝʢʮʠʷ çʀʦʥʦʩʬʝʨʘè, ʩʪʝʥʜʦʚʳʝ ʜʦʢʣʘʜʳééééééééé..   61 
 

ʉʝʢʮʠʷ çʉʦʣʥʝʯʥʳʡ ʚʝʪʝʨ, ʛʝʣʠʦʩʬʝʨʘ ʠ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʝ ʩʚʷʟʠè,  

ʫʩʪʥʳʝ ʜʦʢʣʘʜʳééééééééééééééééééééé   77 
 

ʉʝʢʮʠʷ çʉʦʣʥʝʯʥʳʡ ʚʝʪʝʨ, ʛʝʣʠʦʩʬʝʨʘ ʠ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʝ ʩʚʷʟʠè,  

ʩʪʝʥʜʦʚʳʝ ʜʦʢʣʘʜʳééééééééééééééééééé..   86 
 

ʉʝʢʮʠʷ çʄʘʛʥʠʪʦʩʬʝʨʘè, ʫʩʪʥʳʝ ʜʦʢʣʘʜʳééééééé..é.. 102  
 

ʉʝʢʮʠʷ çʄʘʛʥʠʪʦʩʬʝʨʘè, ʩʪʝʥʜʦʚʳʝ ʜʦʢʣʘʜʳéééééé.é. 114 
 

ʉʝʢʮʠʷ çʊʫʨʙʫʣʝʥʪʥʦʩʪʴ ʠ ʍʘʦʩè, ʫʩʪʥʳʝ ʜʦʢʣʘʜʳééééé. 130 
 

ʉʝʢʮʠʷ çʊʫʨʙʫʣʝʥʪʥʦʩʪʴ ʠ ʍʘʦʩè, ʩʪʝʥʜʦʚʳʝ ʜʦʢʣʘʜʳéééé 132 
 

ʉʝʢʮʠʷ çʊʝʦʨʠʷ ʌʠʟʠʢʠ ʇʣʘʟʤʳè, ʫʩʪʥʳʝ ʜʦʢʣʘʜʳééééé.. 134 
 

ʉʝʢʮʠʷ çʊʝʦʨʠʷ ʌʠʟʠʢʠ ʇʣʘʟʤʳè, ʩʪʝʥʜʦʚʳʝ ʜʦʢʣʘʜʳéééé. 141 
 

ʉʝʢʮʠʷ çʊʦʢʦʚʳʝ ʉʣʦʠè, ʫʩʪʥʳʝ ʜʦʢʣʘʜʳéééééééééé. 148 
 

ʉʝʢʮʠʷ çʊʦʢʦʚʳʝ ʉʣʦʠè, ʩʪʝʥʜʦʚʳʝ ʜʦʢʣʘʜʳééééééééé 153 
 

ʉʝʢʮʠʷ çʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʣʥʠʡ ʠʟ ʢʦʩʤʦʩʘè, ʫʩʪʥʳʝ ʜʦʢʣʘʜʳéé 155 
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ʉ ɽ ʂ ʎ ʀ ʗ   çʉʆʃʅʎɽè   ʋʉʊʅʓɽ ɼʆʂʃɸɼʓ 
 

 

ʆɹʈɸʑɽʅʀʗ ʄɸɻʅʀʊʅʆɻʆ ɼʀʇʆʃʗ ɺ ʉɺɽʊɽ ʅɸɹʃʖɼɸʊɽʃʔʅʓʍ ɼɸʅʅʓʍ 

ʀ ʄʆɼɽʃɽʁ ɼʀʅɸʄʆ  

 

ɼ.ɼ. ʉʦʢʦʣʦʚ
1
, ɺ.ɺ. ʇʠʧʠʥ

2
, ɼ.ʃ. ʄʦʩʩ

3 

 
1
ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, sokoloff.dd@gmail.com,  

2
ʀʉɿʌ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ,  

3
ʋʥʠʚʝʨʩʠʪʝʪ ʄʘʥʯʝʩʪʝʨʘ, ʛ. ʄʘʥʯʝʩʪʝʨ, ɺʝʣʠʢʦʙʨʠʪʘʥʠ.̫ 

 

ʅʘʙʣʶʜʘʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʛʦʚʦʨʷʪ, ʯʪʦ ʩʦʣʥʝʯʥʳʡ ʤʘʛʥʠʪʥʳʡ ʜʠʧʦʣʴ ʢʘʢ ʧʨʘʚʠʣʦ ʥʝ 

ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ ʧʦʣʥʦʩʪʴʶ ʚʦ ʚʨʝʤʷ ʠʥʚʝʨʩʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ ʚ ʭʦʜʝ ʩʦʣʥʝʯʥʦʛʦ 

ʮʠʢʣʘ. ʅʘʧʨʦʪʠʚ, ʤʦʜʝʣʠ ʩʦʣʥʝʯʥʦʛʦ ʜʠʥʘʤʦ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʘʧʧʘʨʘʪ ʜʠʥʘʤʦ ʩʨʝʜʥʝʛʦ ʧʦʣʷ, 

ʧʨʝʜʩʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʤʦʤʝʥʪ ʠʥʚʝʨʩʠʠ ʜʠʧʦʣʴ ʜʦʣʜʞʝʥ ʦʙʨʘʱʘʪʴʩʷ ʚ ʥʦʣʴ. ʅʝʜʘʚʥʦ ʄʦʩʩ, 

ʂʠʪʯʘʪʠʥʦʚ ʠ ʉʦʢʦʣʦʚ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʵʪʦ ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʦʞʥʦ ʨʘʟʨʝʰʠʪʴ, ʧʨʝʜʧʦʣʘʛʘʷ, 

ʯʪʦ ʥʝ ʦʙʨʘʱʘʶʱʘʷʩʷ ʚʦ ʚʨʝʤʷ ʠʥʚʝʨʩʠʡ ʚ ʥʦʣʴ ʩʦʩʪʘʚʣʷʶʱʘʷ ʤʘʛʥʠʪʥʦʛʦ ʜʠʧʦʣʷ ʠʤʝʝʪ 

ʬʣʫʢʪʫʘʮʠʦʥʥʫʶ ʧʨʠʨʦʜʫ ʠ ʚ ʩʠʣʫ ʵʪʦʛʦ ʥʝ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʩʨʝʜʥʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɿʜʝʩʴ ʤʳ ʚʳʷʩʥʷʝʤ, ʥʘʩʢʦʣʴʢʦ ʵʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʥʘʙʣʶʜʘʪʝʣʴʥʳʤʠ ʜʘʥʥʳʤʠ (WSO). 

 

 

ʀɿʄɽʅɽʅʀɽ ʇʆʃʗʈʅʆɻʆ ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ ʉʆʃʅʎɸ ɺ ʉʆʃʅɽʏʅʆʄ 

ʎʀʂʃɽ 24  

 

ɽ.ɽ. ɹʝʥʝʚʦʣʝʥʩʢʘʷ
1,2
, ʖ.ɼ. ʇʦʥʷʚʠʥ

1
 

 
1
ɻɸʆ ʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, benevolenskayae@mai.ru, 

2
ʉʇʙ ɻʋ, ʛ. ʉʘʥʢʪ- ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ. 

 

ʇʦʣʷʨʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʩʦʣʥʝʯʥʳʭ ʮʠʢʣʦʚ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʉʦʛʣʘʩʥʦ ʜʠʥʘʤʦ ʪʝʦʨʠʠ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ ʧʦʣʷʨʥʦʝ ʧʦʣʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʦʠʜʘʣʴʥʦʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ (Bp - ʧʦʣʝ), ʢʦʪʦʨʦʝ, ʙʣʘʛʦʜʘʨʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʚʨʘʱʝʥʠʶ, 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʪʦʨʦʠʜʘʣʴʥʦʝ (Bt - ʧʦʣʝ). ʊʦʨʦʠʜʘʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ 

ʫʨʦʚʥʝ ʬʦʪʦʩʬʝʨʳ ʚ ʚʠʜʝ ʙʠʧʦʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʅʘʙʣʶʜʘʝʤʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʦ ʤʥʝʥʠʶ ʉʚʘʣʴʛʘʨʜʘ ʩ ʢʦʣʣʝʛʘʤʠ (2005), ʜʦʣʞʥʦ ʧʨʠʚʝʩʪʠ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʤʫ ʩʦʣʥʝʯʥʦʤʫ ʮʠʢʣʫ ˉ 24, 

ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʨʝʘʣʴʥʦʩʪʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʝʪʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʚʦʣʶʮʠʠ ʧʦʣʷʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʧʦ ʜʘʥʥʳʤ Solar Dynamics Observatory 

(SDO) ʟʘ ʧʝʨʠʦʜ ʩ ʤʘʷ 2010 ʧʦ ʷʥʚʘʨʴ 2014 ʛʦʜʘ. ɼʣʷ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʘʛʥʠʪʥʳʝ ʜʘʥʥʳʝ Helioseismic & Magnetic Imager (HMI) ʚ ʚʠʜʝ ʢʦʤʧʦʥʝʥʪʳ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ-ʣʫʯʫ-ʟʨʝʥʠʷ (ʚʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 720 ʩʝʢʫʥʜ) ʠ ʠʟʦʙʨʘʞʝʥʠʷ ʚ 

ʢʨʘʡʥʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʝ (171¡, 193¡, 211¡, 304¡ ʠ 335¡ (SDO/AIA). ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʤʘʛʥʠʪʥʳʝ ʧʦʪʦʢʠ ʚ ʦʙʣʘʩʪʠ ʧʷʪʥʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ. ʄʘʛʥʠʪʥʳʝ ʜʘʥʥʳʝ 

ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʵʚʦʣʶʮʠʝʡ ʭʨʦʤʦʩʬʝʨʥʳʭ ʠ ʢʦʨʦʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʧʨʦʮʝʩʩʝ ʩʤʝʥʘ ʟʥʘʢʘ 

ʧʦʣʷʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʉʦʣʥʮʘ.  

Svalgaard, L. Cliver, E.W., and Kamide, Y., ASP Conf. Ser., 2005, vol. 346, p. 401. 
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ʊʈɽʍʂʈɸʊʅɸʗ ʇɽʈɽʇʆʃʖʉʆɺʂɸ ʂʈʋʇʅʆʄɸʉʐʊɸɹʅʆɻʆ ʄɸɻʅʀʊʅʆɻʆ 

ʇʆʃʗ ʉʆʃʅʎɸ ɺ 24-ʄ ʎʀʂʃɽ ɸʂʊʀɺʅʆʉʊʀ ʀ ʇʈʆɻʅʆɿ ɸʄʇʃʀʊʋɼʓ 25-ɻʆ 

ʎʀʂʃɸ ɸʂʊʀɺʅʆʉʊʀ 

 

ɸ.ɻ. ʊʣʘʪʦʚ  
 

ɻɸʉ ɻɸʆ ʈɸʅ, ʛ. ʂʠʩʣʦʚʦʜʩʢ, ʈʦʩʩʠʷ, tlatov@mail.ru. 

 

ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʤʝʥʳ ʧʦʣʷʨʥʦʩʪʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ 

ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʚ ʣʠʥʠʠ ʅ-ʘʣʴʬʘ ʚ 24-ʤ ʮʠʢʣʝ ʘʢʪʠʚʥʦʩʪʠ. ʇʝʨʚʘʷ ʩʤʝʥʘ ʟʥʘʢʘ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʦʠʟʦʰʣʘ ʥʘ ʩʝʚʝʨʥʦʤ ʧʦʣʶʩʝ ʚ ʜʝʢʘʙʨʝ 2012 ʛʦʜʘ. ʇʦʣʷʨʥʦʩʪʴ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʩʝʚʝʨʥʦʤ ʧʦʣʶʩʝ ʉʦʣʥʮʘ ʩʤʝʥʠʣʘʩʴ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʫʶ. 

ʅʦ ʚ ʪʝʯʝʥʠʝ 2013 ʥʘ ʩʝʚʝʨʝ ʧʨʦʠʟʦʰʣʘ ʪʨʝʭʢʨʘʪʥʘʷ ʧʝʨʝʧʦʣʶʩʦʚʢʘ. ʉʝʚʝʨʥʳʡ ʧʦʣʶʩ ʙʳʣ 

ʧʦʚʪʦʨʥʦ ʟʘʥʷʪ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʚ ʪʝʯʝʥʠʝ ʘʧʨʝʣʷ-ʠʶʥʷ 2013 ʛ. ʅʘ ʶʞʥʦʤ 

ʧʦʣʶʩʝ ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 01.01.2014 ʛ. ʧʝʨʝʧʦʣʶʩʦʚʢʘ ʥʝ ʟʘʚʝʨʰʝʥʘ ʠ ʣʠʥʠʷ ʨʘʟʜʝʣʘ 

ʧʦʣʷʨʥʦʩʪʠ ʦʩʪʘʝʪʩʷ ʥʘ ʰʠʨʦʪʘʭ 70-80
o
. ɺʝʨʦʷʪʥʳʡ ʤʦʤʝʥʪ ʟʘʚʝʨʰʝʥʠʷ ʧʝʨʝʧʦʣʶʩʦʚʢʠ ʚ 

ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʠ - ʩʝʨʝʜʠʥʘ 2014 ʛʦʜʘ. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʧʨʦʛʥʦʟʘ ʘʤʧʣʠʪʫʜʳ ʩʣʝʜʫʶʱʝʛʦ 

ʮʠʢʣʘ ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʤʦʤʝʥʪʘ ʧʝʨʝʧʦʣʶʩʦʚʢʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʚʳʯʠʩʣʝʥʠʠ ʢʫʤʫʣʷʪʠʚʥʦʡ ʩʫʤʤʳ ʧʣʦʱʘʜʠ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʦʪ ʤʦʤʝʥʪʘ 

ʤʠʥʠʤʫʤʘ ʜʦ ʤʦʤʝʥʪʘ ʟʘʚʝʨʰʝʥʠʷ ʧʝʨʝʧʦʣʶʩʦʚʢʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʅʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʮʠʢʣʦʚ 12-23 ʫʩʪʘʥʦʚʣʝʥʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʢʫʤʫʣʷʪʠʚʥʦʡ ʩʫʤʤʦʡ ʠ 

ʘʤʧʣʠʪʫʜʦʡ ʩʣʝʜʫʶʱʝʛʦ ʮʠʢʣʘ ʘʢʪʠʚʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦʙ ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʧʝʨʝʧʦʣʶʩʦʚʢʝ ʚ 24-ʤ ʮʠʢʣʝ ʚʳʧʦʣʥʝʥ ʧʨʦʛʥʦʟ 25-ʛʦ ʮʠʢʣʘ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ 

W25=68(Ñ13). 

 

 

ʆ ʈɽɻʀʉʊʈɸʎʀʀ ʍʆʃʆɼʅʆɻʆ ɺɽʑɽʉʊɺɸ ɺ ʆɹʃɸʉʊʀ ʉʀʃʔʅʆɻʆ 
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1
ʉɸʆ ʈɸʅ, ɸʨʭʳʟ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, vbog@sao.ru, 

2
ɺʝʥʪʩʧʠʣʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ, ʃʘʪʚʠʷ, 

3
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ɻʋ, ʈʦʩʩʠʷ. 

 

ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ (2-10 ʩʤ) ʦʙʳʯʥʦ 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ, ʷʨʢʦʩʪʴ ʢʦʪʦʨʦʛʦ ʥʘʤʥʦʛʦ (1-2 ʧʦʨʷʜʢʘ) ʧʨʝʚʳʰʘʝʪ 

ʷʨʢʦʩʪʴ ʩʧʦʢʦʡʥʳʭ ʫʯʘʩʪʢʦʚ ʉʦʣʥʮʘ. ʆʜʥʘʢʦ ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʙʣʶʜʝʥʠʷ, ʘʥʘʣʠʟʠʨʫʷ 

ʭʘʨʘʢʪʝʨ ʧʦʣʷʨʠʟʘʮʠʠ ʠʟʣʫʯʝʥʠʷ, ʪʦ ʥʘ ʢʦʨʦʪʢʠʭ ʚʦʣʥʘʭ ʚ ʦʙʳʢʥʦʚʝʥʥʦʡ ʤʦʜʝ ʚʳʷʚʣʷʝʪʩʷ 

ʠʩʪʦʯʥʠʢ, ʷʨʢʦʩʪʴ ʢʦʪʦʨʦʛʦ ʥʘ (2-4) ʂʂ ʜʘʞʝ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʦʢʦʡʥʦʛʦ ʉʦʣʥʮʘ. 

ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʈɸʊɸʅ-600 ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʵʪʦ ʷʚʣʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ (1.7 ï 3) ʩʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʦʙʣʘʩʪʠ ʩʠʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʣʥʝʯʥʦʛʦ ʧʷʪʥʘ, ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ~ (2-3) ʂɻʩ. ʂʘʢ 

ʧʦʢʘʟʘʣʠ ʤʦʜʝʣʴʥʳʝ ʨʘʩʯʝʪʳ, ʧʦʤʠʤʦ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʵʪʘ ʦʙʣʘʩʪʴ, ʥʘʟʚʘʥʥʘʷ ʥʘʤʠ 

ʢʘʢ çDR ï ʦʙʣʘʩʪʴè (depletion region), ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʝʱʝ ʧʦʥʠʞʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ 

ʧʣʦʪʥʦʩʪʠ ʢʦʨʦʥʘʣʴʥʦʡ ʧʣʘʟʤʳ. ʇʦ ʩʚʦʠʤ ʧʘʨʘʤʝʪʨʘʤ DR-ʦʙʣʘʩʪʴ (ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ 

ʧʣʦʪʥʦʩʪʴ) ʥʘʧʦʤʠʥʘʝʪ ʢʦʨʦʥʘʣʴʥʫʶ ʜʳʨʫ. ɺ ʧʦʣʴʟʫ ʪʘʢʦʡ ʘʥʘʣʦʛʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʠ 

ʩʥʠʤʢʠ ʛʨʫʧʧ ʧʷʪʝʥ ʚ ʣʠʥʠʠ ʅʝ I 10830ɽ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʧʦʚʳʰʝʥʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚ ʵʪʦʡ 

ʣʠʥʠʠ, ʥʘʙʣʶʜʘʝʤʦʝ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ ʧʷʪʥʘʤ. ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, 

ʯʪʦ DR-ʦʙʣʘʩʪʴ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʪʝʯʝʥʠʷ ʧʣʘʟʤʳ ʠ ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʪʦʢʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʜʠʦʥʘʙʣʶʜʝʥʠʡ 

mailto:vbog@sao.ru
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ʢʦʥʢʨʝʪʥʳʭ ʧʷʪʝʥ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʥʘʙʣʶʜʝʥʠʷʤʠ ʚ ʜʨʫʛʠʭ ʜʠʘʧʘʟʦʥʘʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ DR-ʦʙʣʘʩʪʠ. 

 

 

SPIRAL STRUCTURE OF SUNSPOT OSCILLATIONS AS A TRACER OF SOLAR 

HELICITY  

 

K. Kuzanyan, R. Sych, S. Yang, Y. Yan 

 

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

ʀʉɿʌ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ, 

Key Laboratory of Solar Activity, NAOC, Beijing, China, ʈʦʩʩʠʷ.  

 

The phenomenon of sunspot oscillations is known for many years. The sunspots show some rotating 

structures about the surrounding penumbra and the quiet Sun which may reflect twisted nature of 

solar magnetic fields as well as manifest the three-minute solar proper oscillations. The recent 

SDO/AIA/HMI multi -wavelength data with high cadence and spatial resolution allow us to study  

the oscillation sources in details. Using broad temperature-wavelength range enables to resolve not 

only horizontal structure of wave fronts but also to obtain height distribution of this phenomenon. 

In our study, the PWF (Pixelized Wavelet Filtration) method (Sych et al., 2008) enables us to 

extract the narrowband frequency structure of swirl-like waveguides inside sunspots atmosphere 

and trace its spiraling nature. By using the Local Correlation Tracking Technique (LCT) we can 

compute the phase velocities of waves at several levels above the photosphere and quantify its 

swirling dynamics. Superposing various multi-wavelength data enable us to analyse vertical 

structure of swirl above sunspots. Thus, we can try to see how helical structures expand from the 

level of solar photosphere into the chromosphere and up to corona. Magnetic helicity, the scalar 

product of the magnetic field and the magnetic potential vectors, is a very important quantity in 

magnetohydrodynamics as it is inviscid invariant, and can be used as an agent to provide feedback 

from the magnetic field generation by hydromagnetic dynamo mechanism to the motion of the 

highly conductive plasmas. Helical properties of solar magnetic fields have been studied by means 

of vector magnetograms of solar active regions and the proxy of magnetic helicity. The electric 

current helicity (projection of the magnetic field to the electric current) has been computed. The 

available data enable us to compute the injection of the relative helicity, as well.  We use the vector 

magnetogram data from SDO/HMI to track the electric current helicity simultaneously with the 

wave structures. In the present study, we investigated active region NOAA 11131 on December 8, 

2010. We have shown that the helical properties of phase velocities of MHD magneto-acoustic 

waves have close similarity with helicity of magnetic field in solar active regions. The future aim is 

to study the three-dimensional dynamics of sunspot swirling oscillations in detail, and shedding a 

light on the problem of helicity transfer from the solar interior to the heliosphere. 

 

 

ʅʆɺʓʁ ɺɿɻʃʗɼ ʅɸ ʂʆʃɽɹɸʅʀʗ ɺ ʉʆʃʅɽʅʓʍ ʇʗʊʅɸʍ 

 

ʖ.ɼ. ɾʫʛʞʜʘ, ʈ.ɸ.ʉʳʯ  

 

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

ʀʉɿʌ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ. 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʥʘʙʣʶʜʝʥʠʡ ʢʦʣʝʙʘʥʠʡ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ. ʇʨʠ 

ʘʥʘʣʠʟʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. 

ɺʳʩʦʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʠ ʚʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʥʘʙʣʶʜʝʥʠʡ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʨʷʜ 

ʥʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʚʳʷʚʣʝʥ ʨʷʜ ʢʣʶʯʝʚʳʭ ʩʚʦʡʩʪʚ ʢʦʣʝʙʘʥʠʡ ʚ ʧʷʪʥʘʭ, 
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ʢʦʪʦʨʳʝ ʥʘʢʣʘʜʳʚʘʶʪ ʩʝʨʴʝʟʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʪʝʦʨʠʶ ʵʪʠʭ ʢʦʣʝʙʘʥʠʡ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʩʧʝʢʪʨ ʪʨʝʭʤʠʥʫʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʞʝʩʪʚʘ ʫʟʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ 5-10 

ʤɻʮ, ʘ ʥʝ ʦʜʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʩ ʧʝʨʠʦʜʦʤ ʧʷʪʴ ʤʠʥʫʪ, ʢʘʢ ʵʪʦ ʧʨʝʜʧʦʣʦʛʘʝʪʩʷ ʚ ʤʦʜʝʣʷʭ 

ʢʦʣʝʙʘʥʠʡ. ʇʨʠʯʝʤ ʢʦʣʝʙʘʥʠʡ ʥʘ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʦʪʘʭ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʥʝʙʦʣʴʰʠʭ 

ʫʯʘʩʪʢʘʭ ʩʦʣʥʝʯʥʦʛʦ ʧʷʪʥʘ ʪ.ʝ. ʢʦʣʝʙʘʥʠʷ ʚ ʧʷʪʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʣʝʙʘʥʠʡ ʚ 

ʦʪʜʝʣʴʥʳʭ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʘʭ ʧʷʪʥʘ, ʘ ʥʝ ʥʝʢʦʪʦʨʦʝ ʛʣʦʙʘʣʴʥʦʝ ʢʦʣʝʙʘʥʠʝ ʚʩʝʛʦ ʧʷʪʥʘ. 

ʉʧʝʢʪʨʳ ʢʦʣʝʙʘʥʠʡ ʩʦʩʝʜʥʠʭ ʵʣʝʤʝʥʪʦʚ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʯʘʩʪʦʪʝ ʠ ʘʤʧʣʠʪʫʜʝ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʠʢʦʚ ʚ ʩʧʝʪʨʝ ʥʝ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʳʤ. ʆʧʨʝʜʝʣʝʥʥʘʷ 

ʨʝʛʫʣʷʨʥʦʩʪʴ ʚ ʯʘʩʪʦʪʘʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʠʢʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ 

ʨʝʟʦʥʘʪʦʨʘ, ʘ ʥʘʙʣʶʜʘʝʤʳʝ ʢʦʣʝʙʘʥʠʷ ʚ ʜʠʘʧʦʟʦʥʝ 5-10ʤɻʮ ʵʪʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʛʘʤʦʥʠʢʠ 

ʵʪʦʛʦ ʨʝʟʦʥʘʥʩʘ. ʏʘʩʪʦʪʘ ʵʪʦʛʦ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʘʩʪʦʪʝ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʧʷʪʥʝ. ʅʘʰ ʘʥʘʣʠʟ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝ, ʯʪʦ ʵʪʠ ʢʦʣʝʙʘʥʠʷ ʷʚʣʷʶʪʩʷ ʣʦʢʘʣʴʥʳʤʠ 

ʢʦʣʝʙʘʥʠʷʤʠ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʚ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʘʭ ʧʷʪʥʘ. ʏʘʩʪʦʪʳ ʠ ʘʤʧʣʠʪʫʜʳ 

ʢʦʣʝʙʘʥʠʡ ʨʘʟʣʠʯʥʳ ʚ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʧʷʪʥʘ, ʭʦʪʷ ʠ ʧʦʧʜʘʶʪ ʚ ʫʟʢʠʡ ʠʥʪʝʨʚʘʣ ʯʘʩʪʦʪ. ɺ 

ʩʣʝʜʩʪʚʠʠ ʵʪʦʛʦ ʧʨʠ ʧʣʦʭʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʟʨʝʰʝʥʠʠ ʠʣʠ ʩʛʣʘʞʠʚʘʥʠʠ ʵʪʠ ʢʦʣʝʙʘʥʠʷ 

ʤʦʛʫʪ ʚʳʛʣʷʜʠʪʴ ʢʘʢ ʛʣʦʙʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʩʝʛʦ ʧʷʪʥʘ. ʋʩʪʘʥʦʚʣʝʥʘ ʩʚʷʟʴ ʠʝʞʜʫ 

ʪʨʝʭʤʠʥʫʪʥʳʤʠ ʠ ʜʦʣʛʦ ʧʝʨʠʦʜʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʚ ʧʷʪʥʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʝʪʩʷ 

ʚʧʝʯʘʪʣʝʥʠʝ, ʯʪʦ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʠ ʪʨʝʭʤʠʥʫʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʦʟʥʠʢʘʶʪ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʤ ʨʝʟʦʥʘʪʦʨʝ. ʅʠ ʦʜʥʘ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʦʨʠʡ ʢʦʣʝʙʘʥʠʡ ʚ ʩʦʣʥʝʯʥʳʭ 

ʧʷʪʥʘʭ ʥʝ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʳ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʩʚʦʡʩʪʚʘ. ʆʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʡ ʪʝʦʨʠʠ ʢʦʣʝʙʘʥʠʡ ʚ ʩʦʣʥʝʯʥʳʭ ʧʷʪʥʘʭ. 

 

 

 

ɸʈʊɽʌɸʂʊʓ ʀ ɼʆʃɻʆʇɽʈʀʆɼʀʏɽʉʂʀɽ ʂʆʃɽɹɸʅʀʗ ʉʆʃʅɽʏʅʓʍ ʇʗʊɽʅ 

 

ʖ.ɸ. ʅʘʛʦʚʠʮʳʥ, ɸ.ʃ. ʈʳʙʘʢ 

 

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

 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʫʯʝʪ ʜʚʠʞʝʥʠʷ ʧʷʪʥʘ ʚ ʢʘʨʪʠʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦ ʧʠʢʩʝʣʘʤ MDI SOHO ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʥʘʨʫʞʝʥʠʶ ʣʦʞʥʳʭ ʧʝʨʠʦʜʦʚ ʜʦʣʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʷʪʝʥ (Y-ʘʨʪʝʬʘʢʪ) ʩ ʧʝʨʠʦʜʘʤʠ 700-1300 ʤʠʥʫʪ ʚʙʣʠʟʠ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʝʨʠʜʠʘʥʘ. ʅʘʙʣʶʜʘʝʤʘʷ ʤʦʜʘ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʫʶ ʜʨʫʛʠʝ ʘʚʪʦʨʳ ʩʯʠʪʘʶʪ 

ʧʨʝʜʝʣʴʥʦʡ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʤʦʜʦʡ ʧʷʪʥʘ, ï ʘʨʪʝʬʘʢʪ. ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʢʦʥʪʨʦʣʷ ʵʪʦʛʦ 

ʘʨʪʝʬʘʢʪʘ ʩ ʧʦʤʦʱʴʶ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʠʩʩʣʝʜʦʚʘʪʴ ʧʝʨʠʦʜʳ 

ʢʦʣʝʙʘʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ 50015 <<T  ʤʠʥʫʪ. ʇʦ ʥʘʙʣʶʜʝʥʠʷʤ 45 ʧʷʪʝʥ ʧʦʩʪʨʦʝʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʢʘʨʪʠʥʘ ʟʘʚʠʩʠʤʦʩʪʠ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʷʪʥʘ ʦʪ ʝʛʦ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ. ʂʘʨʪʠʥʘ ʠʤʝʝʪ ʤʥʦʛʦʤʦʜʦʚʳʡ ʭʘʨʘʢʪʝʨ ʠ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʧʨʝʜʳʜʫʱʠʤ 

ʜʘʥʥʳʤ ʥʘʟʝʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʝʜʣʦʞʝʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʦʡ ʢʘʨʪʠʥʳ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʯʝʪʳʨʝʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜ ʢʦʣʝʙʘʥʠʡ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʨʘʥʝʝ. 
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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 overlapping 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 

to lower magnitudes of the SBMF wave in cycle 24. Also PCA allowed us to detect 4 pairs of 

independent components (ICs) in the SBMF latitudinal distributions: the two main ones attributed 

to symmetric flows and the other three pairs of ICs assigned to asymmetric types of meridional 

flows.  The results implicate dipole and quadruple or triple dipole magnetic structures in the SBMF, 

which seems to vary from cycle to cycle in the form of two waves travelling off phase, with a 

variable phase shift. The similar PCs and ICs were found in temporal and latitudinal distributions of 

the sunspot magnetic field for cycle 23. We discuss the first attempts of interpretation of these PCA 

results with the modified Parker's dynamo models and their possible implications for the prediction 

of the solar activity for the next few cycles. 

 

 

ʈɸʉʇʈɽɼɽʃɽʅʀɽ ʊʀʃʊ-ʋɻʃɸ ɹʀʇʆʃʗʈʅʓʍ ʆɹʃɸʉʊɽʁ ʅɸ ʉʆʃʅʎɽ 

 

ɽ.ɸ. ʀʣʣʘʨʠʦʥʦʚ, ɸ.ɻ. ʊʣʘʪʦʚ, ɼ.ɼ. ʉʦʢʦʣʦʚ, ɺ.ɺ. ʇʠʧʠʥ 

 

ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, egor.mypost@gmail.com 

 

ɺ ʨʘʙʦʪʝ ʠʟʫʯʘʝʪʩʷ ʰʠʨʦʪʥʦ-ʚʨʝʤʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʨʝʜʥʝʥʥʦʛʦ ʪʠʣʪ-ʫʛʣʘ ʙʠʧʦʣʷʨʥʳʭ 

ʦʙʣʘʩʪʝʡ ʥʘ ʉʦʣʥʮʝ. ɼʣʷ ʢʨʫʧʥʳʭ ʙʠʧʦʣʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʦʩʥʦʚʥʦʤ ʩʦʣʥʝʯʥʳʤʠ 

ʧʷʪʥʘʤʠ, ʪʠʣʪ-ʫʛʦʣ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʚ 

ʶʞʥʦʤ ʩ ʥʝʙʦʣʴʰʠʤʠ ʚʘʨʠʘʮʠʷʤʠ ʧʦ ʭʦʜʫ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ. ʊʠʣʪ-ʫʛʦʣ ʤʦʞʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʪʨʘʩʩʝʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʢʦʨʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʧʦʣʦʠʜʘʣʴʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʟ ʪʦʨʦʠʜʘʣʴʥʦʛʦ ï ʢʣʶʯʝʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩʦʣʥʝʯʥʦʛʦ ʜʠʥʘʤʦ. ʇʦʣʫʯʝʥʥʳʝ 

ʥʘʤʠ ʟʥʘʯʝʥʠʷ ʪʠʣʪ-ʫʛʣʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 1/10 ʦʪ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ 

ʩʢʦʨʦʩʪʠ ʦʙʦʨʦʪʘ ʷʯʝʝʢ ʚ ʢʦʥʚʝʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʉʦʣʥʮʘ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʡ ʨʘʙʦʪʳ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘʢʦʥʘ ɼʞʦʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʨʘʙʦʪʝ ʉʪʝʥʬʣʦ ʠ ʂʦʩʦʚʠʯʝʚʘ, 

ʠ ʚ ʮʝʣʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʠ ʩʦʣʥʝʯʥʦʛʦ ʜʠʥʘʤʦ. 

ʅʝʦʞʠʜʘʥʥʳʤ ʦʢʘʟʘʣʩʷ ʨʝʟʫʣʴʪʘʪ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʦʚʝʜʝʥʠʝʤ ʤʘʣʳʭ ʙʠʧʦʣʝʡ, ʦʙʨʘʟʦʚʘʥʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʬʝʤʝʨʥʳʤʠ ʦʙʣʘʩʪʷʤʠ. ʊʠʣʪ-ʫʛʦʣ ʜʣʷ ʥʠʭ ʠʤʝʝʪ ʩʭʦʞʝʝ ʘʙʩʦʣʶʪʥʦʝ 

ʟʥʘʯʝʥʠʝ, ʦʜʥʘʢʦ ʧʨʦʪʠʚʦʧʦʣʦʞʝʥ ʧʦ ʟʥʘʢʫ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʨʫʧʥʳʤ ʙʠʧʦʣʷʤ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʪʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʣʢʠʭ ʙʠʧʦʣʝʡ ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʦʜʥʦʟʥʘʯʝʥ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʦʩʪʘʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʢʘʮʠʷʭ ʧʨʦʮʝʜʫʨʳ ʦʙʨʘʙʦʪʢʠ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 
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ɼʀʅɸʄʀʏɽʉʂʀɽ ʉʀʉʊɽʄʓ ɼʃʗ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʉʆʃʅɽʏʅʆʁ 

ɸʂʊʀɺʅʆʉʊʀ ɺ ʆɼʅʆʉʃʆʁʅʆʁ ʀ ɼɺʋʍʉʃʆʁʅʆʁ ʉʈɽɼɸʍ 
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ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʤʝʭʘʥʠʟʤʘ ʜʠʥʘʤʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʝʥʝʨʘʮʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʉʦʣʥʮʘ ʠ ʜʨʫʛʠʭ ʟʚʝʟʜ. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʫʯʝʪʝ ʩʦʚʤʝʩʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʘʣʴʬʘ - ʵʬʬʝʢʪʘ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʪʘʢʦʡ ʩʭʝʤʳ ʧʦʩʪʨʦʝʥʳ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ʜʣʷ ʦʜʥʦʩʣʦʡʥʦʡ ʠ ʜʚʫʭʩʣʦʡʥʦʡ ʩʨʝʜ ʩ ʫʯʝʪʦʤ ʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʠ ʪʦʣʱʠʥʳ 

ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʳ ʟʚʝʟʜʳ. ʇʦʢʘʟʘʥʦ, ʢʘʢ ʚ ʪʘʢʠʭ ʤʦʜʝʣʷʭ ʚʦʟʤʦʞʥʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ 

ʜʚʦʡʥʦʛʦ ʮʠʢʣʘ (ʢʚʘʟʠʜʚʫʭʣʝʪʥʝʛʦ ʥʘ ʬʦʥʝ 22-ʣʝʪʥʝʛʦ), ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʨʝʞʠʤʘ, 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʧʨʠʩʫʪʩʪʚʠʶ ʢʚʘʟʠʜʚʫʭʣʝʪʥʝʛʦ, 22-ʣʝʪʥʝʛʦ ʠ 100-ʣʝʪʥʝʛʦ 

ʮʠʢʣʦʚ. ɹʳʣʠ ʩʜʝʣʘʥʳ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʧʦʪʦʢʦʚ, ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ, 

ʪʦʣʱʠʥʳ ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʳ, ʘʤʧʣʠʪʫʜ ʘʣʴʬʘ-ʵʬʬʝʢʪʘ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʥʘ 

ʨʝʞʠʤʳ ʛʝʥʝʨʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʦʩʮʠʣʣʷʮʠʠ, ʚʘʩʮʠʣʣʷʮʠʠ, ʜʠʥʘʤʦ-ʚʩʧʣʝʩʢʠ, ʨʝʞʠʤʳ, 

ʘʥʘʣʦʛʠʯʥʳʝ ʜʚʦʡʥʦʤʫ ʠ ʪʨʦʡʥʦʤʫ ʮʠʢʣʘʤ) ʚ ʨʘʤʢʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʦʜʝʣʝʡ. ɼʣʷ 

ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʧʦʩʪʨʦʝʥʳ ʙʘʪʪʝʨʬʣʷʡ-ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʪʦʨʦʠʜʘʣʴʥʦʛʦ ʠ ʧʦʣʦʠʜʘʣʴʥʦʛʦ 

ʧʦʣʝʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʧʠʨʘʣʴʥʦʩʪʠ. 

 

 

ʉʊɸʎʀʆʅɸʈʅʓɽ ʅɽʆʉɽʉʀʄʄɽʊʈʀʏʅʓɽ ʄɸɻʅʀʊʅʓɽ ʂʆʅʌʀɻʋʈɸʎʀʀ ʉ 

ʊɽʏɽʅʀʗʄʀ ʇʃɸɿʄʓ: ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉʆʃʅɽʏʅʓʍ ʇʗʊɽʅ, 

ʂʆʈʆʅɸʃʔʅʓʍ ɼʓʈ ʀ ʌʕʅʆɺʓʍ (FAN-SPINE) ʉʊʈʋʂʊʋʈ 

 

ɸ.ɸ. ʉʦʣʦʚʴʝʚ, ʋ.ɸ. ʂʠʨʠʯʝʢ 

 

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

 

ʆʙʩʫʞʜʘʝʪʩʷ ʥʦʚʦʝ ʪʦʯʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ ʠʜʝʘʣʴʥʦʡ ʄɻɼ ʜʣʷ 

ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ ʧʣʘʟʤʳ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʧʣʦʪʥʦʩʪʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚ ʤʘʛʥʠʪʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʜʚʫʤʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ï ʚʝʨʪʠʢʘʣʴʥʳʤ ʠ ʨʘʜʠʘʣʴʥʳʤ. 

ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʤ. ɺ ʧʨʠʤʝʥʝʥʠʠ ʢ ʩʦʣʥʝʯʥʦʤʫ ʧʷʪʥʫ 

ʫʛʣʦʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥ ʚ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʚʧʝʨʚʳʝ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʦʪʢʣʦʥʝʥʠʷ ʬʦʨʤʳ ʧʷʪʥʘ ʦʪ ʢʨʫʛʦʚʦʡ, ʥʦ ʠ ʪʦʥʢʫʶ ʚʦʣʦʢʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʣʫʪʝʥʠ 

ʩʦʣʥʝʯʥʦʛʦ ʧʷʪʥʘ. ɸʣʴʚʝʥʦʚʩʢʦʝ ʯʠʩʣʦ ʄʘʭʘ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʡ 

ʧʣʘʟʤʳ ʢ ʘʣʴʚʝʥʦʚʩʢʦʡ ʩʢʦʨʦʩʪʠ, ʨʘʚʥʷʝʪʩʷ ʥʫʣʶ ʚ ʮʝʥʪʨʝ ʧʷʪʥʘ ʠ ʥʘʨʘʩʪʘʝʪ ʢ ʧʝʨʠʬʝʨʠʠ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʭʘʨʘʢʪʝʨʫ ʪʝʯʝʥʠʡ ʕʚʝʨʰʝʜʘ ʚ ʩʦʣʥʝʯʥʦʤ ʧʷʪʥʝ. ʇʦʣʫʯʝʥʥʦʝ 

ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ ʤʦʞʥʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʧʠʩʘʥʠʷ ʬʵʥʦʚʳʭ ʢʦʨʦʥʘʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ (fan-spine topology), ʘ ʪʘʢʞʝ ʢʦʨʦʥʘʣʴʥʳʭ ʜʳʨ ʥʝʧʨʘʚʠʣʴʥʦʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ 
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ʊɽʏɽʅʀʗ ʇʃɸɿʄʓ ɺ ʇɽʈɽʍʆɼʅʆʄ ʉʃʆɽ ʄɽɾɼʋ ʂʆʈʆʅʆʁ ʀ 

ʍʈʆʄʆʉʌɽʈʆʁ ʉʆʃʅʎɸ 

 

ʆ.ɺ. ʇʪʠʮʳʥʘ, ɹ.ɺ. ʉʦʤʦʚ 
 

ɻɸʀʐ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, olga.ptitsyna@gmail.com, somov@sai.msu.ru 

 

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

ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʠ ʜʘʚʣʝʥʠʷ ʧʣʘʟʤʳ, ʘ ʪʘʢʞʝ ʝʸ ʩʢʦʨʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʤʘʛʥʠʪʥʦʡ ʪʨʫʙʢʝ, ʦʜʠʥ ʢʦʥʝʮ ʢʦʪʦʨʦʡ ʦʧʫʱʝʥ ʚ ʭʨʦʤʦʩʬʝʨʫ, ʘ ʜʨʫʛʦʡ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʨʦʥʝ. 

ʅʘʡʜʝʥʦ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʜʦʣʴ ʤʘʛʥʠʪʥʦʡ ʪʨʫʙʢʠ. ɺ ʢʘʞʜʦʡ ʪʦʯʢʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʙʘʣʘʥʩ ʤʝʞʜʫ ʥʘʛʨʝʚʦʤ ʢʣʘʩʩʠʯʝʩʢʠʤ ʪʝʧʣʦʚʳʤ ʧʦʪʦʢʦʤ, 

ʧʦʪʝʨʷʤʠ ʵʥʝʨʛʠʠ ʥʘ ʠʟʣʫʯʝʥʠʝ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʦʡ ʧʣʘʟʤʳ ʠ ʧʝʨʝʥʦʩʦʤ ʵʥʝʨʛʠʠ, 

ʩʚʷʟʘʥʥʳʤ ʩ ʧʦʪʦʢʦʤ ʧʣʘʟʤʳ. ʅʘʛʨʝʚ ʭʨʦʤʦʩʬʝʨʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʪʦʢʘʤʠ ʵʥʝʨʛʠʠ ʠʟ 

ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʳ. ʆʧʨʝʜʝʣʝʥʳ: ʜʠʘʧʘʟʦʥ ʩʢʦʨʦʩʪʝʡ ʧʣʘʟʤʳ ʥʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ 

ʧʝʨʝʭʦʜʥʦʛʦ ʩʣʦʷ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʜʘʚʣʝʥʠʷ ʧʣʘʟʤʳ ʚ 

ʧʝʨʝʭʦʜʥʦʤ ʩʣʦʝ ʥʝ ʙʫʜʫʪ çʯʫʚʩʪʚʦʚʘʪʴè ʥʘʣʠʯʠʝ ʧʦʪʦʢʘ ʧʣʘʟʤʳ, ʠ ʜʠʘʧʘʟʦʥ ʩʢʦʨʦʩʪʝʡ 

ʧʣʘʟʤʳ ʥʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʧʝʨʝʭʦʜʥʦʛʦ ʩʣʦʷ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʦʟʤʦʞʥʦ ʚʦʟʙʫʞʜʝʥʠʝ ʫʜʘʨʥʳʭ 

ʚʦʣʥ ʚ ʧʝʨʝʭʦʜʥʦʤ ʩʣʦʝ. 

 

 

ʅʆɺʓɽ ʅɸʇʈɸɺʃɽʅʀʗ ɺ ʌʀɿʀʂɽ ʉʆʃʅɽʏʅʓʍ ɺʉʇʓʐɽʂ 

 

ɹ.ɺ. ʉʦʤʦʚ 
 

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

 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʩʦʣʥʮʘ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ, 

ʚʨʝʤʝʥʥʳʤ ʠ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʵʬʬʝʢʪ 

ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʩʚʝʨʭ-ʛʦʨʷʯʝʡ (ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʙʦʣʴʰʝ 10 ʢʵʚ) ʟʘʤʘʛʥʠʯʝʥʥʦʡ ʧʣʘʟʤʝ ʚ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʢʘʭ, ʚ ʢʦʨʦʥʝ ʠ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ. 

ɼʦʩʪʫʧʥʳ ʩʘʤʦʤʫ ʚʩʝʩʪʦʨʦʥʥʝʤʫ ʠʟʫʯʝʥʠʶ ʚʪʦʨʠʯʥʳʝ ʵʬʬʝʢʪʳ, ʚʳʟʳʚʘʝʤʳʝ ʚʳʪʝʢʘʶʱʠʤʠ 

ʠʟ ʧʝʨʝʩʦʝʜʠʥʷʶʱʝʛʦ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʧʦʪʦʢʘʤʠ ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ ʙʳʩʪʨʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʪʝʯʝʥʠʡ, ʤʦʱʥʳʭ ʪʝʧʣʦʚʳʭ ʚʦʣʥ ʠ ʫʩʢʦʨʝʥʥʳʭ ʜʦ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. 

ɺʘʞʥʦ, ʯʪʦ ʠʤʝʥʥʦ ʵʪʠ ʚʪʦʨʠʯʥʳʝ ʵʬʬʝʢʪʳ ʩʦʩʪʘʚʣʷʶʪ ʥʘʙʣʶʜʘʝʤʫʶ ʢʘʨʪʠʥʫ ʚʩʧʳʰʢʠ. 

ʇʨʝʜʩʪʘʚʣʝʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʚ ʙʦʣʴʰʠʭ ʚʩʧʳʰʢʘʭ ʥʘ ʩʦʣʥʮʝ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʦʙ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʶ ʚʦ ʚʩʧʳʰʢʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʚ ʪʦʢʦʚʳʭ ʩʣʦʷʭ ʪʠʧʘ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʩʳʨʦʚʘʪʩʢʦʛʦ, 

ʥʦ ʩ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʤʛʜ ʪʝʯʝʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʩ ʨʘʟʨʳʚʘʤʠ ʪʦʢʦʚʦʛʦ ʩʣʦʷ. ʆʙʩʫʞʜʘʝʪʩʷ 

ʧʨʦʙʣʝʤʘ ʵʚʦʣʶʮʠʦʥʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ɼʘʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʥʦʚʳʭ 

ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʙʣʶʜʘʝʤʳʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʚʩʧʳʰʝʯʥʳʭ ʧʦʪʦʢʦʚ ʵʥʝʨʛʠʠ ʚ ʘʪʤʦʩʬʝʨʝ 

ʩʦʣʥʮʘ.  

Somov B.V., Physical Processes in Solar Flares, Kluwer Academic Publ., Dordrecht, 1992.  

Somov B.V., Plasma Astrophysics, Part II, Reconnection and Flares, Springer Science+Business 

Media, LLC, New York, 2013. 
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ɺʉʇʓʐɽʏʅɸʗ ɸʂʊʀɺʅʆʉʊʔ ʅɸ ʉʆʃʅʎɽ ʀ ʆʉʆɹɽʅʅʆʉʊʀ ɺʓʍʆɼɸ ʅʆɺʓʍ 

ʄɸɻʅʀʊʅʓʍ ʇʆʊʆʂʆɺ ɺ 2011-2013 ʛʛ. 

 

ɸ.ɸ. ɻʦʣʦʚʢʦ 

 

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

 

ʄʝʪʦʜ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʦʚʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʦʮʝʜʫʨʳ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ 

ʩʝʛʤʝʥʪʠʨʦʚʘʥʠʷ ʢʘʨʪ ʧʨʦʜʦʣʴʥʦʛʦ ʬʦʪʦʩʬʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʜʘʥʥʳʤ 

ʩʧʝʢʪʨʦʤʘʛʥʠʪʦʛʨʘʬʘ SOLIS, ʦʧʠʩʘʥʥʳʡ ʚ ʨʘʙʦʪʝ (ɻʦʣʦʚʢʦ ɸ.ɸ., ʉʘʣʘʭʫʪʜʠʥʦʚʘ ʀ.ʀ., 

ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʞʫʨʥʘʣ, 2012, ˉ6, ʉ.458), ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʚʩʧʳʰʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʇʦ ʝʞʝʜʥʝʚʥʳʤ ʢʘʨʪʘʤ ʥʦʚʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʨʘʟʜʝʣʴʥʦ ʜʣʷ N- 

ʠ S-ʧʦʣʷʨʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʳ ʚʝʣʠʯʠʥʳ ʟʘʥʠʤʘʝʤʦʡ ʠʤʠ ʧʣʦʱʘʜʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʢʦʨʨʝʣʷʮʠʠ ʩʫʤʤʘʨʥʳʭ ʧʣʦʱʘʜʝʡ ʪʦʡ ʠ ʜʨʫʛʦʡ ʧʦʣʷʨʥʦʩʪʠ ʧʦ ʠʥʪʝʨʚʘʣʘʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʵʨʨʠʥʛʪʦʥʦʚʩʢʠʤ ʦʙʦʨʦʪʘʤ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʩʧʣʝʩʢʠ ʧʦʚʳʰʝʥʥʦʡ 

ʚʩʧʳʰʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʙʦʨʦʪʘʭ ˉˉ 2107, 2115-2116, 2121, 2136, 2124 ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʠʥʪʝʨʚʘʣʘʤ ʩ ʘʥʦʤʘʣʴʥʳʤ ʧʦʚʝʜʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʛʜʘ ʧʣʦʱʘʜʴ, ʟʘʥʠʤʘʝʤʘʷ ʦʜʥʦʡ 

ʧʦʣʷʨʥʦʩʪʴʶ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʣʦʱʘʜʴ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʧʦʣʷʨʥʦʩʪʠ 

ʩʦʢʨʘʱʘʝʪʩʷ. ʕʪʘ ʞʝ ʦʩʦʙʝʥʥʦʩʪʴ ʦʪʤʝʯʘʣʘʩʴ ʨʘʥʝʝ ʚ ʨʘʙʦʪʘʭ M.P.Martres et al. (Meudon 

Observatory) ʠ ʨʘʙʦʪʘʭ ʩʦʪʨʫʜʥʠʢʦʚ ʂʨʳʤʩʢʦʡ ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ 

(ɸ.ɹ. ʉʝʚʝʨʥʳʡ, ʉ.ʀ. ɻʦʧʘʩʶʢ) ʚ ʦʪʥʦʰʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʙʦʣʴʰʠʭ ʤʫʣʴʪʠʧʦʣʷʨʥʳʭ ʘʢʪʠʚʥʳʭ 

ʦʙʣʘʩʪʝʡ. ɽʸ ʧʨʦʷʚʣʝʥʠʝ ʚ ʤʘʩʰʪʘʙʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʉʦʣʥʮʘ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʟʚʠʪʠʷ ʙʦʣʴʰʠʭ ʢʦʤʧʣʝʢʩʦʚ ʘʢʪʠʚʥʦʩʪʠ ʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.    

 

 

ʅɸʂʆʇʃɽʅʀɽ ʄɸɻʅʀʊʅʆʁ ʕʅɽʈɻʀʀ ɺ ʂʆʈʆʅɸʃʔʅʆʄ ʊʆʂʆɺʆʄ ʉʃʆɽ ɺ 

ʇʈɽɼɺʉʇʓʐɽʏʅʆʄ ʉʆʉʊʆʗʅʀʀ ɸʂʊʀɺʅʆʁ ʆɹʃɸʉʊʀ ʉʆʃʅʎɸ 

 

ʀ.ʄ. ʇʦʜʛʦʨʥʳʡ
1
, ɸ.ʀ. ʇʦʜʛʦʨʥʳʡ

2
 

 
1
ʀʅɸʉɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, podgorny@inasan.ru, 

2
ʌʀɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, podgorny@lebedev.ru.  

 

ʇʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʷʚʠʣʦʩʴ ʤʥʦʛʦ ʧʫʙʣʠʢʘʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʣʘʛʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʩʧʳʰʝʢ. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʥʝʢʦʪʦʨʦʡ 

ʥʝʫʩʪʦʡʯʠʚʦʡ ʩʠʩʪʝʤʳ ʪʦʢʦʚ, ʢʦʪʦʨʘʷ ʧʨʠ ʨʘʩʧʘʜʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʛʨʝʚʘʥʠʝ ʠ ʫʩʢʦʨʝʥʠʝ 

ʧʣʘʟʤʳ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʦʢʠ ʚ ʢʦʨʦʥʝ ʛʝʥʝʨʠʨʫʶʪʩʷ ʥʘ ʉʦʣʥʮʝ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʘ 

ʩʮʝʥʘʨʠʷ: 1) ʪʦʢʦʚʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʚʳʟʳʚʘʝʪ ʜʠʩʩʠʧʘʮʠʶ ʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ, ʟʘʧʘʩʝʥʥʦʡ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʨʦʜʦʣʴʥʦʛʦ ʪʦʢʘ, ʠʣʠ 2) ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʪʦʢʘ ʚ ʢʦʨʦʥʝ. ɺ 

ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ ʚʦʟʨʘʩʪʘʥʠʝ ʪʦʢʘ ʦʙʲʷʩʥʷʝʪʩʷ ʄɻɼ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ. ʇʨʠ ʵʪʦʤ ʥʝ 

ʜʝʣʘʝʪʩʷ ʥʠʢʘʢʠʭ ʧʦʧʳʪʦʢ ʦʙʲʷʩʥʠʪʴ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʝʜʣʘʛʘʝʤʘʷ ʥʝʫʩʪʦʡʯʠʚʘʷ, ʘ ʠʥʦʛʜʘ 

ʜʘʞʝ ʥʝʨʘʚʥʦʚʝʩʥʘʷ, ʪʦʢʦʚʘʷ ʩʠʩʪʝʤʘ ʤʦʛʣʘ ʙʳ ʦʙʨʘʟʦʚʘʪʴʩʷ ʥʘʜ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʴʶ ʧʨʠ 

ʥʘʙʣʶʜʘʝʤʦʡ ʜʠʥʘʤʠʢʝ ʬʦʪʦʩʬʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠʣʠ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʄɻɼ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʤʦʜʝʣʴ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʠ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʦʙʨʘʟʦʚʘʥʠʠ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʩʦʙʦʡ 

ʣʠʥʠʠ X-ʪʠʧʘ ʟʘ ʩʯʝʪ ʚʦʟʤʫʱʝʥʠʡ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʬʦʪʦʩʬʝʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʛʥʠʪʥʦʡ 

ʵʥʝʨʛʠʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʢʦʨʦʥʘʣʴʥʦʛʦ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʚ ʧʨʝʜʚʩʧʳʰʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʨʠ 

ʧʝʨʝʭʦʜʝ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʚ ʥʝʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚʟʨʳʚʥʦʝ ʝʝ ʚʳʜʝʣʝʥʠʝ. ʕʪʦʪ 

ʤʝʭʘʥʠʟʤ ʚʩʧʳʰʢʠ ʥʝ ʧʦʩʪʫʣʠʨʫʝʪʩʷ, ʘ ʩʣʝʜʫʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ 

ʄɻɼ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʙʨʘʟʦʚʘʥʠʝ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʥʝ ʟʘʜʘʝʪʩʷ, ʘ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʚ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʢʦʛʜʘ ʥʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

mailto:golovko@iszf.irk.ru
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ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʘʣʴʥʦʤʫ ʧʨʝʜʚʩʧʳʰʝʯʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. ʅʝʟʘʚʠʩʠʤʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ 

ʧʨʘʚʠʣʴʥʦʩʪʠ ʤʦʜʝʣʠ ʚʩʧʳʰʢʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʪʦʢʦʚʦʤ ʩʣʦʝ, ʷʚʣʷʝʪʩʷ ʧʦʚʝʜʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʧʝʨʝʜ ʠ ʚʦ ʚʨʝʤʷ ʚʩʧʳʰʢʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʚʩʧʳʰʢʠ ʥʝʦʙʭʦʜʠʤʦ ʩʣʦʞʥʦʝ ʙʦʣʴʰʦʝ ʧʦʣʝ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʴʶ, ʢʦʪʦʨʦʝ ʩʦʟʜʘʝʪ ʚ ʢʦʨʦʥʝ 

ʢʦʥʬʠʛʫʨʘʮʠʶ, ʩʦʜʝʨʞʘʱʫʶ ʦʩʦʙʳʝ ʣʠʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʆʙʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ ʙʦʣʴʰʦʡ 

ʤʘʩʩʠʚ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʘʧʧʘʨʘʪʘʭ SOHO ʠ SDO, ʧʦʢʘʟʘʣ ʦʪʩʫʪʩʪʚʠʝ ʠʟʤʝʥʝʥʠʡ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ, ʚʳʟʳʚʘʝʤʳʭ ʚʩʧʳʰʢʦʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʤʦʜʝʣʠ ʚʩʧʳʰʢʠ, ʦʩʥʦʚʘʥʥʦʡ ʚʟʨʳʚʥʦʤ ʚʳʜʝʣʝʥʠʠ ʵʥʝʨʛʠʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ, ʟʘʧʘʩʝʥʥʦʡ ʚ ʪʦʢʦʚʦʤ ʩʣʦʝ ʥʘʜ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʴʶ ʚ ʧʨʝʜʚʩʧʳʰʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

 

 

ʇʈʀʈʆɼɸ ʉʋɹ-ʉɽʂʋʅɼʅʓʍ ɺʓʉʆʂʆɼʆɹʈʆʊʅʓʍ ʇʋʃʔʉɸʎʀʁ ʉʆʃʅɽʏʅʓʍ 

ɺʉʇʓʐɽʂ ɺ ʊɽʈɸɻɽʈʎʆɺʆʄ ɼʀɸʇɸɿʆʅɽ  
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1
, ɸ.ɺ. ʉʪʝʧʘʥʦʚ

2
, ʇ. ʂʘʫʬʤʘʥ

3
  

 
1
ʀʇʌ ʈɸʅ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, 

2
ɻɸʆ ʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, 

3
Universidade Estadual de Campinas/CCS, Campinas, SP, Brazil. 

 

ʇʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʩʫʙ-ʩʝʢʫʥʜʥʳʭ ʧʫʣʴʩʘʮʠʡ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʦʣʥʝʯʥʳʭ 

ʚʩʧʳʰʝʢ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʚʩʧʳʰʝʯʥʳʭ ʘʨʦʢ ʚ ʚʠʜʝ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ (RLC) ʢʦʥʪʫʨʘ. ʄʝʭʘʥʠʟʤ ʦʙʲʷʩʥʷʝʪ ʧʝʨʠʦʜ ʦʩʮʠʣʣʷʮʠʡ, ʠʭ ʚʳʩʦʢʫʶ 

ʜʦʙʨʦʪʥʦʩʪʴ, Q Ó 10
3
, ʩʠʥʬʘʟʥʦʩʪʴ ʧʫʣʴʩʘʮʠʡ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ ʠ ʥʘʙʣʶʜʘʝʤʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ (Kaufmann et al. ApJ 697,420,2009) ʯʘʩʪʦʪʳ ʦʩʮʠʣʣʷʮʠʡ ʦʪ ʧʦʪʦʢʘ ʊɻʮ-

ʠʟʣʫʯʝʥʠʷ. ʄʝʪʦʜʦʤ ɺʘʥ ʜʝʨ ʇʦʣʷ ʨʝʰʝʥʦ ʥʝʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʩʮʠʣʣʷʮʠʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʠ ʥʘʡʜʝʥʦ ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʦʩʮʠʣʣʷʮʠʡ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʧʫʣʴʩʘʮʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʧʣʘʟʤʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ (ɿʘʡʮʝʚ ʠ ʜʨ. ʇɸɾ 39,726,2013). 

 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʉʋɹʊɽʈɸɻɽʈʎʆɺʆɻʆ ʀɿʃʋʏɽʅʀʗ ʉʆʃʅɽʏʅʓʍ ɺʉʇʓʐɽʂ 

 

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

 

ʌʀɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, makhmutv@sci.lebedev.ru. 

 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʫʙʪʝʨʘʛʝʨʮʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʠʟ ʜʘʥʥʳʭ ʥʘʟʝʤʥʳʭ ʨʘʜʠʦʠʥʘʙʣʶʜʝʥʠʡ ʚ ʧʦʩʣʝʜʥʠʝ 15 ʣʝʪ. ʆʙʨʘʱʝʥʦ 

ʚʥʠʤʘʥʠʝ ʥʘ ʜʠʥʘʤʠʢʫ ʩʧʝʢʪʨʘ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʠ. 

ʆʙʩʫʞʜʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʯʥʳʭ ʩʦʙʳʪʠʡ ʚ ʪʝʨʘʛʝʨʮʦʚʦʤ 

ʜʠʘʧʘʟʦʥʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ. 
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ʈɽɿʆʅɸʅʉʅʆɽ ɿɸʊʋʍɸʅʀɽ ʀɿɻʀɹʅʓʍ ʂʆʃɽɹɸʅʀʁ ʂʆʈʆʅɸʃʔʅʓʍ 

ʄɸɻʅʀʊʅʓʍ ʇɽʊɽʃʔ 
 

ʄ.ʉ. ʈʫʜʝʨʤʘʥ 
 

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

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

 

ʀʟʛʠʙʥʳʝ ʢʦʣʝʙʘʥʠʷ ʢʦʨʦʥʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʝʪʝʣʴ ʚʧʝʨʚʳʝ ʥʘʙʣʶʜʘʣʠʩʴ ʚ 1998 ʛʦʜʫ ʥʘ 

ʙʦʨʪʫ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ TRACE. ʕʪʠ ʢʦʣʝʙʘʥʠʷ ʙʳʣʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʢʘʢ ʙʳʩʪʨʳʝ 

ʠʟʛʠʙʥʳʝ ʩʪʦʷʯʠʝ ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʚʦʣʥʳ ʚ ʤʘʛʥʠʪʥʳʭ ʪʨʫʙʢʘʭ. ʍʘʨʘʢʪʝʨʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʠʭ ʢʦʣʝʙʘʥʠʡ ʷʚʣʷʣʦʩʴ ʙʳʩʪʨʦʝ ʟʘʪʫʭʘʥʠʝ ʟʘ ʚʨʝʤʷ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ 

ʧʝʨʠʦʜʦʚ ʢʦʣʝʙʘʥʠʡ. ʅʘʤʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʵʪʦʛʦ ʟʘʪʫʭʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʨʝʟʦʥʘʥʩʥʦʝ ʟʘʪʫʭʘʥʠʝ. ɺ ʧʝʨʚʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ ʨʝʟʦʥʘʥʩʥʦʝ ʟʘʪʫʭʘʥʠʝ 

ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ ʠʜʝʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ. ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʢʨʝʤʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʘʥʘʣʦʛʠʯʥʳʡ ʤʝʪʦʜʫ 

ʠʩʧʦʣʴʟʫʝʤʦʤʫ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʘʪʫʭʘʥʠʷ ʃʘʥʜʘʫ. ʇʦʟʞʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʜʨʫʛʦʡ ʧʦʜʭʦʜ. 

ʂʦʣʝʙʘʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʢʘʢ ʩʦʙʩʪʚʝʥʥʘʷ ʚʦʣʥʦʚʘʷ ʤʦʜʘ ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ. ʄʝʭʘʥʠʟʤ ʨʝʟʦʥʘʥʩʥʦʛʦ ʟʘʪʫʭʘʥʠʷ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʙʳʩʪʨʦʛʦ 

ʟʘʪʫʭʘʥʠʷ ʤʘʛʥʠʪʦʛʠʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʣʥ ʠ ʢʦʣʝʙʘʥʠʡ ʚ ʩʣʘʙʦ ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʧʣʘʟʤʝ. ɺ 

ʪʘʢʦʡ ʧʣʘʟʤʝ ʜʠʩʩʠʧʘʮʠʷ ʚʘʞʥʘ ʪʦʣʴʢʦ ʚ ʪʦʥʢʠʭ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʣʦʷʭ ʦʭʚʘʪʳʚʘʶʱʠʭ 

ʨʝʟʦʥʘʥʩʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʛʜʝ ʯʘʩʪʦʪʘ ʢʦʣʣʝʢʪʠʚʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʚʧʘʜʘʝʪ ʩ ʣʦʢʘʣʴʥʦʡ 

ɸʣʴʬʚʝʥʦʚʩʢʦʡ ʯʘʩʪʦʪʦʡ. ʇʦʵʪʦʤʫ ʩʦʙʩʪʚʝʥʥʳʝ ʤʦʜʳ ʦʧʠʩʳʚʘʣʠʩʴ ʠʜʝʘʣʴʥʦʡ ʄɻɼ ʚʩʶʜʫ 

ʢʨʦʤʝ ʜʠʩʩʠʧʘʪʠʚʥʦʛʦ ʩʣʦʷ, ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʠʩʩʠʧʘʪʠʚʥʘʷ ʄɻɼ. ʇʦʣʫʯʘʝʤʳʡ ʜʝʢʨʝʤʝʥʪ 

ʩʦʚʧʘʜʘʝʪ ʩ ʜʝʢʨʝʤʝʥʪʦʤ ʚʳʯʠʩʣʝʥʥʳʤ ʥʘ ʦʩʥʦʚʝ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠʜʝʘʣʴʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ. ʉ ʧʦʤʦʱʴʶ ʨʝʰʝʥʠʷ ʥʘʯʘʣʴʥʦʡ ʟʘʜʘʯʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʠʟʛʠʙʥʘʷ ʤʦʜʘ ʚʦʟʥʠʢʘʝʪ ʠʟ ʥʘʯʘʣʴʥʦʛʦ ʚʦʟʤʫʱʝʥʠʝ ʟʘ ʚʨʝʤʷ ʧʦʨʷʜʢʘ 

ʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ. ʆʜʥʘʢʦ ʜʚʠʞʝʥʠʝ ʧʨʠʙʣʠʞʸʥʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʥʦʨʤʘʣʴʥʦʡ ʤʦʜʦʡ 

ʪʦʣʴʢʦ ʚʜʘʣʠ ʦʪ ʨʝʟʦʥʘʥʩʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʜʠʩʩʠʧʘʪʠʚʥʦʤ ʩʣʦʝ ʦʭʚʘʪʳʚʘʶʱʝʤ 

ʨʝʟʦʥʘʥʩʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʜʚʠʞʥʠʝ ʧʨʠʙʣʠʞʸʥʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʤʦʜʦʡ ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʄɻɼ 

ʪʦʣʴʢʦ ʧʦ ʠʩʪʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʧʦʨʷʜʢʘ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʫʤʥʦʞʝʥʥʦʛʦ ʥʘ Re
1/3
, ʛʜʝ Re - 

ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ. ʇʦʩʢʦʣʴʢʫ ʪʠʧʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʚ ʢʦʨʦʥʝ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 

10
12

 ʜʦ 10
14
, ʜʚʠʞʝʥʠʝ ʚ ʜʠʩʩʠʧʘʪʠʚʥʦʤ ʩʣʦʝ ʦʧʠʩʳʚʘʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦʡ ʤʦʜʦʡ ʜʠʩʩʠʧʘʪʠʚʥʦʡ 

ʄɻɼ ʪʦʣʴʢʦ ʧʦ ʠʩʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ ʧʦʨʷʜʢʘ 10
4
 ʧʝʨʠʦʜʦʚ ʧʦʩʣʝ ʥʘʯʘʣʘ ʢʦʣʝʙʘʥʠʡ. ʂʘʢ ʫʞʝ 

ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʟʛʠʙʥʳʝ ʢʦʣʝʙʘʥʠʷ ʢʦʨʦʥʘʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʝʪʝʣʴ ʟʘʪʫʭʘʶʪ ʟʘ ʚʝʨʤʷ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʠʦʜʦʚ ʢʦʣʝʙʘʥʠʡ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʤʦʞʥʦ ʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʝʢʨʝʤʝʥʪ ʩʦʙʩʪʚʝʥʥʦʡ ʤʦʜʳ ʜʠʩʩʠʧʘʪʠʚʥʦʡ 

ʄɻɼ ʜʣʷ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʟʘʪʫʭʘʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʢʦʨʦʥʘʣʴʥʳʭ ʧʝʪʝʣʴ? ɼʣʷ ʦʪʚʝʪʘ 

ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʡ ʚʦʧʨʦʩ ʙʳʣʘ ʨʝʰʝʥʘ ʥʘʯʘʣʴʥʘʷ ʟʘʜʘʯʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʧʦʧʝʨʝʯʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʪʦʥʢʦʡ ʤʘʛʥʠʪʥʦʡ ʪʨʫʙʢʠ, ʚʳʟʚʘʥʥʳʝ ʥʘʯʘʣʴʥʳʤ ʚʦʟʤʫʱʝʥʠʝʤ. ɹʳʣʦ ʧʦʣʫʯʝʥʦ 

ʠʥʪʝʛʨʦʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʦʧʠʩʚʘʶʱʝʝ ʵʚʦʣʶʮʠʶ ʚʦʟʤʫʱʝʥʠʡ ʚ ʪʨʫʙʢʝ ʚ 

ʣʠʥʝʡʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʘʥʘʣʠʪʠʯʝʩʢʠ ʠ ʯʠʩʣʝʥʥʦ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʥʘʯʘʣʝ ʵʚʦʣʶʮʠʷ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʦʧʠ-ʩʘʚʘʝʪʩʷ 

ʛʘʫʩʩʦʚʦʡ ʬʫʥʢʮʠʝʡ, ʘ ʥʝ ʟʘʪʫʭʘʶʱʝʡ ʵʢʩʧʦʥʝʥʪʦʡ ʢʘʢ ʚ ʩʦʙʩʪʚʝʥʥʦʡ ʤʦʜʝ ʜʠʩʩʠʧʘʪʠʚʥʦʡ 

ʄɻɼ. ɿʘʪʝʤ ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʤʝʥʷʝʪʩʷ ʠ ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʠʪ ʚ ʟʘʪʫʭʘʶʱʫʶ 

ʵʢʩʧʦʥʝʥʪʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʢʨʝʤʝʥʪ ʩʦʙʩʪʚʝʥʥʦʡ ʤʦʜʳ ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʄɻɼ ʜʘʸʪ 

ʟʘʥʠʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ ʟʘʪʫʭʘʥʠʷ. ʆʜʥʘʢʦ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʚʨʝʤʝʥʝʤ ʟʘʪʫʭʘʥʠʷ 

ʧʦʣʫʯʝʥʥʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʠʥʪʝʛʨʦʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠ ʚʨʝʤʝʥʝʤ 

ʟʘʪʫʭʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʤʦʜʳ ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʄɻɼ ʥʝ ʚʝʣʠʢʦ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 30% ʜʣʷ ʚʩʝʭ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʢʦʨʦʥʘʣʴʥʳʭ ʧʝʪʝʣʴ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʨʘʙʦʪʝ. 
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ʀɿʄʀʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʛ. ʊʨʦʠʮʢ, ʈʦʩʩʠʷ, maliv@mail .ru.  

 

ʈʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʞʝʩʪʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʦ 

ʚʩʧʳʰʢʘʭ ʙʘʣʣʦʚ ɺ ʠ ʉ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ GOES. ʅʝʢʦʪʦʨʳʝ ʠʟ ʪʘʢʠʭ ʚʩʧʳʰʝʢ ʩ ʠʟʣʫʯʝʥʠʝʤ 

ʩʚʳʰʝ 100 ʢʵɺ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʥʘ ʩʧʫʪʥʠʢʝ Suzaku ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ ʤʦʥʠʪʦʨʦʤ 

ʚʩʝʛʦ ʥʝʙʘ (WAM) ʩ ʵʬʬʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʴʶ ~ 800 ʩʤ
2 
ʥʘ 100 ʢʵɺ (Akira Endo, et. al., 2010, 

PASJ, 62, p. 134). ʂʘʪʘʣʦʛ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʩʘʡʪʝ http://adsabs.harvard.edu. ʀʟʫʯʝʥʘ ʵʚʦʣʶʮʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ (ɸʆ) ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʥʘ ʤʠʢʨʦʚʦʣʥʘʭ (ʈɸʊɸʅ-600) ʠ 

ʧʦ ʜʘʥʥʳʤ ʚʘʢʫʫʤʥʦʛʦ ʫʣʴʪʨʘʬʠʦʣʝʪʘ. ʈʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʘ ʩ 

ʞʝʩʪʢʠʤ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ ʢʘʢ ʥʘ ʧʦʩʪʵʨʫʧʪʠʚʥʦʡ ʬʘʟʝ ʙʦʣʴʰʠʭ ʚʩʧʳʰʝʢ, ʪʘʢ ʠ 

ʚʥʝ ʠʭ ʚ ɸʆ ʩ ʨʘʟʣʠʯʥʦʡ ʧʣʦʱʘʜʴʶ ʧʷʪʝʥ. ʇʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʩ ʜʘʥʥʳʤʠ ʩʧʫʪʥʠʢʘ 

RHESSI ʜʣʷ ʩʦʙʳʪʠʡ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ WAM/Suzaku ʚ ʧʝʨʠʦʜ 2006-2007 ʛʦʜʦʚ, ʠ ʜʣʷ 

ʩʣʘʙʦʡ ʚʩʧʳʰʢʠ ɺ9.5 (22:36 UT, 08.11.13) ʚ ɸʆ NOAA 11890. 

 

 

ʆ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʓʍ ʅɸɹʃʖɼɽʅʀʗʍ ʈɸɼʀʆʀʉʊʆʏʅʀʂʆɺ ʊʆʅʂʆʁ 

ʉʊʈʋʂʊʋʈʓ ʉʆʃʅɽʏʅʓʍ ʈɸɼʀʆɺʉʇʃɽʉʂʆɺ 

 

ɻ.ʇ. ʏʝʨʥʦʚ
1
, ɺ.ɺ. ʌʦʤʠʯʝʚ

1
, ʈ.ɸ. ʉʳʯ

2
, Yan Yihua

3
, Fu Qijun

3
, ɼ.ɸ. ɾʜʘʥʦʚ

2 

 

1
ʀɿʄʀʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʛ. ʊʨʦʠʮʢ, ʈʦʩʩʠʷ, gchernov@izmiran.ru, 

2
ʀʉɿʌ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ, 

3
Key Laboratory of Solar activity, NAOC, Beijing, China. 

 

ʀʟʤʝʨʝʥʠʷ ʧʦʣʦʞʝʥʠʡ ʠ ʨʘʟʤʝʨʦʚ ʠʩʪʦʯʥʠʢʦʚ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʬʘʢʪʦʨʦʤ ʧʨʠ ʚʳʙʦʨʝ ʤʝʭʘʥʠʟʤʘ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʩʘʤʦʡ ʠʥʪʨʠʛʫʶʱʝʡ 

ʟʝʙʨʘ- ʩʪʨʫʢʪʫʨʳ (ɿʉ) ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʙʦʣʝʝ ʜʝʩʷʪʢʘ ʤʝʭʘʥʠʟʤʦʚ. ɺ ʤʦʜʝʣʠ ʥʘ ʜʚʦʡʥʦʤ 

ʧʣʘʟʤʝʥʥʦʤ ʨʝʟʦʥʘʥʩʝ (ɼʇʈ) ʨʘʜʠʦʠʩʪʦʯʥʠʢ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʧʦ ʚʳʩʦʪʝ ʚ 

ʢʦʨʦʥʝ, ʥʦ ʢʚʘʟʠ-ʩʪʘʮʠʦʥʘʨʥʳʤ. ɺ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʩʪʣʝʨʦʚ ʩ ʧʣʘʟʤʝʥʥʳʤʠ 

ʚʦʣʥʘʤʠ ʠʩʪʦʯʥʠʢ ʪʦʞʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ, ʥʦ ʜʚʠʞʫʱʠʡʩʷ. ɼʚʠʞʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʝʣʠʯʠʥʦʡ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʠʩʪʣʝʨʦʚ, ʧʦʵʪʦʤʫ ʠʟʤʝʥʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʨʝʡʬʘ ʠʩʪʦʯʥʠʢʦʚ ʜʦʣʞʥʳ ʧʨʦʠʩʭʦʜʠʪʴ ʩʠʥʭʨʦʥʥʦ ʩ ʠʟʤʝʥʝʥʠʷʤʠ 

ʯʘʩʪʦʪʥʦʛʦ ʜʨʝʡʬʘ ʧʦʣʦʩ ʥʘ ʜʠʥʘʤʠʯʝʩʢʦʤ ʩʧʝʢʪʨʝ. ɺ ʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʪʘʢʘʷ 

ʩʠʥʭʨʦʥʥʦʩʪʴ ʫʞʝ ʥʘʙʣʶʜʘʣʘʩʴ. ɺ ʜʝʮʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦʧʳʪʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʤʝʱʝʥʠʷ 

ʠʩʪʦʯʥʠʢʘ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʡ ʧʦʣʦʩʳ ʟʝʙʨʳ ʚ ʷʚʣʝʥʠʠ 14.12.2006 ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ FASR 

(Chen et al. Ap.J. 736, 64, 2011) ʥʝ ʫʜʘʣʘʩʴ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ~ 20 

ʤʩ ʧʨʠʤʝʨʥʦ ʥʘ ʪʘʢʦʤ ʞʝ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʤʝʭʘʥʠʟʤ 

ɼʇʈ, ʘ ʤʦʜʝʣʴ ʩ ʚʠʩʪʣʝʨʘʤʠ ʙʳʣʘ ʦʪʙʨʦʰʝʥʘ ʠʟ-ʟʘ ʥʝʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʫʧʧʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʚʠʩʪʣʝʨʦʚ. ʉ ʚʚʝʜʝʥʠʝʤ ʚ ʩʪʨʦʡ ʥʦʚʦʛʦ ʂʠʪʘʡʩʢʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʘ ʚ 

ʜʝʮʠʤʝʪʨʦʚʦʤ (CSRH I ʩ ʫʛʣʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 10ôô ʥʘ 2 ɻɻʮ ) ʠ ʤʠʢʨʦʚʦʣʥʦʚʦʤ (CSRH II ʩ 

ʨʘʟʨʝʰʝʥʠʝʤ ʜʦ 1.4ôô ʥʘ 15 ɻɻʮ) ʜʠʘʧʘʟʦʥʘʭ ʧʦʷʚʠʪʩʷ ʥʦʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʥʘʙʣʶʜʝʥʠʡ 

ʜʚʠʞʝʥʠʡ ʨʘʜʠʦʠʩʪʦʯʥʠʢʦʚ ʚ ʢʘʞʜʦʡ ʧʦʣʦʩʝ ɿʉ. ʅʘ ʧʨʠʤʝʨʝ ʥʝʩʢʦʣʴʢʠʭ ʩʦʙʳʪʠʡ ʧʦʢʘʟʘʥʘ 

ʚʘʞʥʦʩʪʴ ʧʦʟʠʮʠʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ɺ ʷʚʣʝʥʠʠ 24.02.2011 ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʧʦʷʚʣʝʥʠʝ ɿʉ ʩʦʚʧʘʣʦ ʩ ʤʦʤʝʥʪʦʤ ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʚ ʣʠʥʠʠ SDO/AIA 171 ¡. 

11.04.2013 ɿʉ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʭʦʜʝ ʨʘʟʛʦʨʘʥʠʷ ʚʩʧʳʰʝʯʥʦʡ ʘʨʢʘʜʳ ʧʝʪʝʣʴ ʚ ʣʠʥʠʠ SDO/AIA 

335 ¡. ʊʦʣʴʢʦ ʧʦʟʠʮʠʦʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦʤʦʛʫʪ ʧʦʥʷʪʴ ʧʨʦʮʝʩʩʳ ʚ ʠʩʪʦʯʥʠʢʘʭ, ʢʦʛʜʘ 

mailto:irina.2014.irina@mail.ru
mailto:maliv@mail.ru
http://adsabs.harvard.edu/
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ʚʦʣʦʢʥʘ (fiber bursts) ʧʦʷʚʣʷʶʪʩʷ ʥʘ ʬʦʥʝ ʨʘʟʚʠʪʦʡ ɿʉ ʩ ʩʠʣʴʥʦʡ ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚ 

ʚʠʜʝ ʤʠʣʣʠʩʝʢʫʥʜʥʳʭ ʩʧʘʡʢʦʚ, ʯʪʦ ʥʘʙʣʶʜʘʣʦʩʴ 01.12.2004. 

 

 

ʆ ʊʆʅʂʆʁ ʉʊʈʋʂʊʋʈɽ ʉʇɽʂʊʈɸ ʉʆʃʅɽʏʅʆɻʆ ʈɸɼʀʆʀɿʃʋʏɽʅʀʗ ʅɸ 

ɼɽʂɸʄɽʊʈʆɺʓʍ ɺʆʃʅɸʍ  

 

ɽ.ʗ. ɿʣʦʪʥʠʢ
1
, ɺ.ɺ. ɿʘʡʮʝʚ

1
 ɺ.ʅ. ʄʝʣʴʥʠʢ

2
, ɸ.ɸ. ʂʦʥʦʚʘʣʝʥʢʦ

2
, ɺ.ɺ. ɼʦʨʦʚʩʢʠʡ

2 

 
1
ʀʇʌ ʈɸʅ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, zlotnik@inbox.ru, 

2
ʈʀ ʅɸʅʋ, ʛ. ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ. 

 

ʆʙʩʫʞʜʘʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘ ʜʠʥʘʤʠʯʝʩʢʦʤ ʩʧʝʢʪʨʝ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ, 

ʦʙʥʘʨʫʞʝʥʥʘʷ ʩʧʝʢʪʨʦʛʨʘʬʦʤ ʥʘ ʪʝʣʝʩʢʦʧʝ ʋʊʈ-2 (ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ) ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 14-

30 ʄɻʮ. ʉʪʨʫʢʪʫʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʬʦʥʝ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʚʩʧʣʝʩʢʘ IV ʪʠʧʘ ʠ ʩʦʩʪʦʠʪ ʠʟ 

ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʝʡʬʫʶʱʠʭ ʫʟʢʠʭ ʧʦʣʦʩ ʧʦʚʳʰʝʥʥʦʛʦ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʥʦʤ) ʠʟʣʫʯʝʥʠʷ ʠ 

ʧʦʛʣʦʱʝʥʠʷ. ʅʘʙʣʶʜʘʝʤʘʷ ʩʪʨʫʢʪʫʨʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʦʡ ʟʝʙʨʘ-ʩʪʨʫʢʪʫʨʳ ʥʘ 

ʤʝʪʨʦʚʳʭ ʠ ʜʝʮʠʤʝʪʨʦʚʳʭ ʚʦʣʥʘʭ ʪʝʤ, ʯʪʦ ʚ ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʯʘʩʪʦʪʥʳʡ 

ʜʨʝʡʬ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʦʣʦʩʳ ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʥʳʡ ʟʥʘʢ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʦʩʦʙʝʥʥʦʩʪʠ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚ ʨʘʤʢʘʭ ʧʣʘʟʤʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʬʬʝʢʪʘ ʜʚʦʡʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʤʘʛʥʠʪʥʦʡ ʣʦʚʫʰʢʝ ʚ ʢʦʨʦʥʝ. ʇʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʠʩʪʦʯʥʠʢʘ, ʢʦʪʦʨʘʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʙʣʶʜʘʝʤʳʡ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʯʘʩʪʦʪʥʳʡ ʜʨʝʡʬ ʟʝʙʨʘ-ʧʦʣʦʩ.   

 

 

ʆʇʈɽɼɽʃɽʅʀɽ ɺʈɽʄɽʅʀ ʅɸʏɸʃɸ ʋʉʂʆʈɽʅʀʗ ʈɽʃʗʊʀɺʀʉʊʉʂʀʍ 

ʇʈʆʊʆʅʆɺ ɺ ʉʆʃʅɽʏʅʓʍ ɺʉʇʓʐʂɸʍ 

 

ɺ.ɻ. ʂʫʨʪ
1
, ɹ.ʖ. ʖʰʢʦʚ

1
, ʂ. ʂʫʜʝʣʘ

2
 

 
1
ʅʀʀʗʌ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 

2
ʀʕʌ ʉʣʦʚʘʮʢʦʡ ɸʅ, ʛ. ʂʦʰʠʮʝ, ʉʣʦʚʝʥʠʷ. 

 

ʇʦʷʚʣʝʥʠʝ ʚ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʦʪʦʥʦʚ, ʫʩʢʦʨʝʥʥʳʭ ʚʦ ʚʨʝʤʷ ʤʦʱʥʳʭ ʚʩʧʳʰʝʢ ʜʦ 

ʩʫʙʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʥʝʨʛʠʡ (ʩʚʳʰʝ 300 ʄʵɺ), ʤʦʞʝʪ ʙʳʪʴ ʥʘʜʝʞʥʦ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦ 

ʥʘʙʣʶʜʝʥʠʶ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʩʧʝʢʪʨʦʤ, 

ʬʦʨʤʠʨʫʶʱʠʤʩʷ ʧʨʠ ʨʘʩʧʘʜʝ ʧʠʦʥʦʚ. ʆʜʥʘʢʦ ʯʠʩʣʦ ʩʦʙʳʪʠʡ ʩ ʜʦʩʪʦʚʝʨʥʳʤʠ 

ʥʘʙʣʶʜʝʥʠʷʤʠ ʪʘʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʦ ʚʨʝʤʷ ʠʤʧʫʣʴʩʥʦʡ ʬʘʟʳ ʚʩʧʳʰʢʠ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʦ. 

ʄʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʵʪʠ ʩʦʙʳʪʠʷ ʠ ʩʦʧʦʩʪʘʚʠʣʠ ʚʨʝʤʝʥʥʳʝ ʧʨʦʬʠʣʠ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʦʛʦ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʠ ʜʨʫʛʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ ʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ çʧʠʦʥʥʦʝè ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʝ ʧʦʷʚʣʷʝʪʩʷ ʪʦʛʜʘ, ʢʦʛʜʘ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ ʚʩʧʳʰʢʠ ʧʨʝʚʳʰʘʝʪ ʧʦʣʦʚʠʥʫ ʩʚʦʝʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʀʥʪʝʨʚʘʣ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ çʧʠʦʥʥʦʛʦè ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʩʦʚʧʘʜʘʝʪ ʩ ʠʥʪʝʨʚʘʣʦʤ ʤʘʢʩʠʤʫʤʘ ʧʨʦʠʟʚʦʜʥʦʡ ʤʷʛʢʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, dISXR/dt. ʕʪʘ ʧʨʦʠʟʚʦʜʥʘʷ ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʠʥʜʠʢʘʪʦʨ 

ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚʩʧʳʰʢʠ, ʧʦʵʪʦʤʫ ʫʩʢʦʨʝʥʠʝ ʧʨʦʪʦʥʦʚ ʜʦ ʩʫʙʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʥʝʨʛʠʡ 

ʥʘʯʠʥʘʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʦ ʚʨʝʤʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ. 
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On the basis of the trap-plus-precipitation model, the peculiarities of non-thermal emissions in the 

decay phase of solar flares have been considered. The calculation formulas for the escape rate of 

trapped electrons into the loss cone in terms of time profiles of HXR and MW emissions have been 

obtained. It has been found that the evolution of the spectral indexes of non-thermal emissions 

depends on the regimes of the pitch angle diffusion of trapped particles into the loss cone. The 

properties of non-thermal electrons related to HXR and MW emissions of the solar flare on 3 

November 2004 are studied with the NoRH, NoRP, RHESSI, and GOES observations. The spectral 

indexes of MW and HXR emissions were constant or decreased, while the MW escape rate as 

distinguished from the HXR one was increased. This can be associated with different diffusion 

regimes of trapped electrons into the loss cone. New arguments in favor of an important role of the 

strong diffusion for high energy electrons in flare coronal loops have been obtained. 
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ɻʠʨʦʨʝʟʦʥʘʥʩʥʦʝ ʠʟʣʫʯʝʥʠʝ ʛʝʥʝʨʠʨʫʝʪʩʷ ʪʝʧʣʦʚʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʥʘ ʥʠʟʢʠʭ ʛʘʨʤʦʥʠʢʘʭ 

ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʢʣʦʪʨʦʥʥʦʡ ʯʘʩʪʦʪʳ; ʦʥʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ 

ʧʘʨʘʤʝʪʨʦʚ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ, ʚʢʣʶʯʘʷ ʩʪʨʫʢʪʫʨʫ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʊʝʦʨʠʷ ʛʠʨʦʨʝʟʦʥʘʥʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʘʢʩʚʝʣʣʦʚʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʵʣʝʢʪʨʦʥʦʚ ʭʦʨʦʰʦ ʨʘʟʨʘʙʦʪʘʥʘ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʪʦʛʦ, ʯʪʦ 

ʨʘʚʥʦʚʝʩʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʝ (ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʚ ʘʢʪʠʚʥʳʭ 

ʦʙʣʘʩʪʷʭ) ʥʝ ʷʚʣʷʶʪʩʷ ʤʘʢʩʚʝʣʣʦʚʩʢʠʤʠ ʠ ʣʫʯʰʝ ʦʧʠʩʳʚʘʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ ʢʘʧʧʘ-

ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʠʣʠ n-ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ. ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʪʝʦʨʠʶ 

ʛʠʨʦʨʝʟʦʥʘʥʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʥʝʤʘʢʩʚʝʣʣʦʚʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʚʢʣʶʯʘʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʠ ʯʠʩʣʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʟʣʫʯʝʥʠʷ. 

ʀʟʣʫʯʝʥʠʝ ʦʪ ʥʝʤʘʢʩʚʝʣʣʦʚʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʤʝʝʪ ʨʷʜ ʭʘʨʘʢʪʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, 

ʛʣʘʚʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʦʪʣʠʯʥʘʷ ʦʪ ʥʫʣʷ ʩʪʝʧʝʥʴ ʧʦʣʷʨʠʟʘʮʠʠ ʦʧʪʠʯʝʩʢʠ ʪʦʣʩʪʦʛʦ 

ʠʟʣʫʯʝʥʠʷ (ʚ X-ʤʦʜʝ ʜʣʷ ʢʘʧʧʘ-ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʚ O-ʤʦʜʝ ʜʣʷ n-ʨʘʩʧʨʝʜʝʣʝʥʠʷ); ʜʘʥʥʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʠʧʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ 

ʥʘʙʣʶʜʝʥʠʷʤ. ʄʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʠʨʦʨʝʟʦʥʘʥʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʵʣʝʢʪʨʦʥʦʚ) ʫʥʠʧʦʣʷʨʥʳʭ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘ 

ʉʦʣʥʮʝ ʠ ʩʨʘʚʥʠʚʘʝʤ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩ ʥʘʙʣʶʜʝʥʠʷʤʠ ʉʠʙʠʨʩʢʦʛʦ ʉʦʣʥʝʯʥʦʛʦ 

ʈʘʜʠʦʪʝʣʝʩʢʦʧʘ ʠ ʈʘʜʠʦʛʝʣʠʦʛʨʘʬʘ ʅʦʙʝʷʤʘ. 
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ʉʊʈʋʂʊʋʈɸ ʉʆʃʅɽʏʅʆʁ ʎʀʂʃʀʏʅʆʉʊʀ: 165 ʃɽʊ ɼʆʉʊʆɺɽʈʅʓʄ 

ʅɸɹʃʖɼɽʅʀʗʄ ʉɸ 

 

ɺ.ʅ. ʀʰʢʦʚ 

 

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

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʦʩʪʦʚʝʨʥʦʛʦ ʨʷʜʘ (1849 ï 2013) ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʯʠʩʝʣ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʜʘʸʪ ʥʦʚʳʡ 

ʩʮʝʥʘʨʠʡ ʨʘʟʚʠʪʠʷ ʩʦʣʥʝʯʥʦʡ ʮʠʢʣʠʯʥʦʩʪʠ, (ʉʎ) ʢʦʪʦʨʳʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʝʛʫʣʷʨʥʫʶ ʩʤʝʥʫ 

ʨʝʞʠʤʦʚ ʩʦʣʥʝʯʥʦʡ ʧʷʪʥʦʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʵʧʦʭ çʧʦʚʳʰʝʥʥʦʡè ʉɸ (18 ï 22 ʉʎ) ʢ 

ʵʧʦʭʘʤ çʧʦʥʠʞʝʥʥʦʡè ʉɸ (12 ï 16 ʠ 24 ʠ ʧʦʩʣʝʜʫʶʱʠʝ 4 ʉʎ) ʠ, ʥʘʦʙʦʨʦʪ, ï ʦʪ çʧʦʥʠʞʝʥʥʦʡè ʢ 

çʧʦʚʳʰʝʥʥʦʡè. ɺʝʩʴ ʧʝʨʠʦʜ ʜʦʣʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʟʘʥʠʤʘʝʪ ʧʨʠʤʝʨʥʦ (150 Ñ 20) ʣʝʪ, 

ʢʦʪʦʨʳʡ ʣʝʛʢʦ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʜʦʩʪʦʚʝʨʥʦʛʦ ʨʷʜʘ ʯʠʩʝʣ ɺʦʣʴʬʘ. 

ʆʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʜʦʢʣʘʜʘ:  

ï ʩʪʘʪʠʩʪʠʢʠ ʜʦʩʪʦʚʝʨʥʳʭ ʮʠʢʣʦʚ (9 ï 24) ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʜʝʣʘʪʴ ʧʝʨʚʳʝ ʚʳʚʦʜʳ ʦ ʪʦʥʢʦʡ 

ʩʪʨʫʢʪʫʨʝ ʉʎ, ʘ ʩʶʨʧʨʠʟʳ ʧʦʩʣʝʜʥʠʭ ʧʨʦʰʝʜʰʠʭ ʩʦʣʥʝʯʥʳʭ ʮʠʢʣʦʚ ʧʦʟʚʦʣʷʶʪ ʥʘʯʘʪʴ 

ʦʙʩʫʞʜʝʥʠʝ ʧʝʨʝʭʦʜʥʳʭ ʧʝʨʠʦʜʦʚ;  

ï ʩʦʣʥʝʯʥʘʷ ʮʠʢʣʠʯʥʦʩʪʴ ʩʦʩʪʦʠʪ ʠʟ ʵʧʦʭ çʧʦʥʠʞʝʥʥʦʡè ʠ çʧʦʚʳʰʝʥʥʦʡè ʉɸ ʧʨʠʤʝʨʥʦ ʧʦ 5 ʉʎ, 

ʨʘʟʜʝʣʸʥʥʳʝ ʧʝʨʠʦʜʦʤ 1.5 ï 2 ʉʎ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʪʨʦʡʢʘ ʨʝʞʠʤʘ ʛʝʥʝʨʘʮʠʠ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʚ ʧʷʪʥʦʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʳ ʉʦʣʥʮʘ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʵʧʦʭʝ; 

ï ʵʧʦʭʠ çʧʦʥʠʞʝʥʥʦʡè ʉɸ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʝʡ ʜʦʣʝʡ ʥʝʙʦʣʴʰʠʭ ʩʧʦʢʦʡʥʳʭ ʛʨʫʧʧ ʧʷʪʝʥ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʥʠʞʝʥʥʦʡ ʚʩʧʳʰʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ; ʚ ʥʠʟʢʠʭ ʮʠʢʣʘʭ ʟʥʘʯʠʤʦ ʫʤʝʥʴʰʘʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʤʦʱʥʳʭ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʯʥʳʭ ʩʦʙʳʪʠʡ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʝʜʸʪ ʢ ʥʝʙʦʣʴʰʦʤʫ 

ʢʦʣʠʯʝʩʪʚʫ ʙʦʣʴʰʠʭ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ, ʟʘʪʦ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʠʩʣʦ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʧʦʢʦʡʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʝʨʠʦʜʦʚ;  

ï ʚ ʵʧʦʭʠ çʧʦʚʳʰʝʥʥʦʡè ʉɸ ʟʥʘʯʠʤʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʩ ʙʳʩʪʨʦʡ 

ʵʚʦʣʶʮʠʝʡ, ʯʪʦ ʚʝʜʸʪ ʢ ʧʦʷʚʣʝʥʠʶ ʙʦʣʴʰʠʭ ʚʩʧʳʰʝʯʥʦ-ʘʢʪʠʚʥʳʭ ʛʨʫʧʧ ʧʷʪʝʥ; ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʣʥʳʡ ʥʘʙʦʨ ʤʦʱʥʳʭ ʩʦʙʳʪʠʡ ʥʘ ʉʦʣʥʮʝ ʠ ʚ ʦʢʦʣʦʟʝʤʥʦʤ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ;  

ï ʚ ʵʪʠ ʵʧʦʭʠ ʥʘʙʣʶʜʘʪʝʣʴʥʳʝ ʧʨʘʚʠʣʘ ʨʘʟʚʠʪʠʷ ʮʠʢʣʦʚ ʠ ʠʭ ʯʝʨʝʜʦʚʘʥʠʝ ʩʪʨʦʛʦ ʨʘʙʦʪʘʶʪ; 

ï ʚ ʧʝʨʝʭʦʜʥʳʝ ʧʝʨʠʦʜʳ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʧʨʘʚʠʣ ʠ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʘʤʳʝ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʚʩʧʳʰʝʯʥʳʝ ʩʦʙʳʪʠʷ (27.08ï2.09. 1859 ʛ. 

ï 10 ʉʎ; 1 ï 15.06.1991 ʛ. ï 22 ʉʎ; 28.10- 4.11.2003 ʛ. ï 23 ʉʎ);  

ï ʪʝʢʫʱʠʡ ʩʦʣʥʝʯʥʳʡ ʮʠʢʣ ʙʫʜʝʪ ʥʠʟʢʠʤ, ʧʦʭʦʞʠʤ ʥʘ ʉʎ 12, ʠ ʟʥʘʤʝʥʫʝʪ ʩʦʙʦʡ ʥʘʩʪʫʧʣʝʥʠʝ II 

ʵʧʦʭʠ ʧʦʥʠʞʝʥʥʦʡ ʉɸ ʩʦ ʚʩʝʤʠ ʚʳʪʝʢʘʶʱʠʤʠ ʦʪʩʶʜʘ ʧʦʩʣʝʜʩʪʚʠʷʤʠ: ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʝ 

ʚʩʧʳʰʝʯʥʳʝ ʩʦʙʳʪʠʷ ʙʫʜʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʘ ʬʘʟʝ ʩʧʘʜʘ ʪʝʢʫʱʝʛʦ ʉʎ (2015 ï 2016 ʛ.);  

ī 25 ʉʎ ʙʫʜʝʪ ʚʳʰʝ ʪʝʢʫʱʝʛʦ ʩ W*~100Ñ20; ʉʎ 24 ï 28 ʩʦʩʪʘʚʷʪ ʦʯʝʨʝʜʥʫʶ ʵʧʦʭʫ 

çʧʦʥʠʞʝʥʥʦʡè ʉɸ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʮʠʢʣʦʚ ʥʠʟʢʦʡ ʠ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʳ. 

 

 

ɸʈʀʊʄʀʗ ʉʆʃʅʎɸ. ɺ ʂʆʉʄʀʏɽʉʂʀʍ ʃʋʏɸʍ   

 

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

 

ʀʂʌʀɸ ʉʆ ʈɸʅ, ʛ. ʗʢʫʪʩʢ, ʈʦʩʩʠʷ, cosmoprognoz@mail.ru  

 

ʀʟʫʯʝʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ ʨʝʞʠʤʘ ʢ ʘʢʪʠʚʥʦʡ ʬʘʟʝ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʙʘʟʝ 

ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʢʦʛʜʘ ʤʳ, ʦʙʨʘʟʥʦ ʛʦʚʦʨʷ, çʜʝʨʞʠʤ ʨʫʢʫ ʥʘ ʧʫʣʴʩʝè 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʡ (ʚ ʧʘʨʘʤʝʪʨʝ ʬʣʫʢʪʫʘʮʠʡ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ - ʧʝʨʝʭʦʜʥʳʡ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʩʤʝʥʳ ʟʥʘʢʘ ʦʙʱʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ ʩ 

ʧʦʣʫʛʦʜʦʚʳʤ ʧʝʨʠʦʜʦʤ (ʚ ʮʠʢʣʘʭ 21-23). ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʰʝʩʪʚʫʶʱʠʤʠ ʮʠʢʣʘʤʠ, ʥʦʚʳʡ 

24 ʮʠʢʣ ʦʪʣʠʯʘʝʪʩʷ ʷʚʥʦ ʟʘʤʝʜʣʝʥʥʳʤ çʧʫʣʴʩʦʤè: ʥʘ ʬʘʟʝ ʨʦʩʪʘ ʠ ʚ ʤʘʢʩʠʤʫʤʝ ʪʝʢʫʱʝʛʦ  

11-ʣʝʪʥʝʛʦ ʮʠʢʣʘ ʜʦʤʠʥʠʨʫʝʪ ʛʦʜʦʚʘʷ ʚʘʨʠʘʮʠʷ. ʇʦʜʦʙʥʘʷ ʘʨʠʪʤʠʷ ʷʚʣʷʝʪʩʷ, ʦʯʝʚʠʜʥʦ, 
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ʧʨʠʟʥʘʢʦʤ ʘʥʦʤʘʣʴʥʦʩʪʠ 24 ʮʠʢʣʘ. ʅʘ ʙʦʣʴʰʠʭ ʤʘʩʰʪʘʙʘʭ, ʘʨʠʪʤʠʷ ʉʦʣʥʮʘ ʧʨʦʷʚʠʣʘʩʴ ʚ 

ʩʙʦʝ ʜʣʠʪʝʣʴʥʦʩʪʠ 11-ʣʝʪʥʝʡ ʮʠʢʣʠʯʥʦʩʪʠ, ʦʙʥʘʨʫʞʝʥʥʦʡ ʥʘʤʠ ʚ 2006ʛ. ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ ʬʣʫʢʪʫʘʮʠʡ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. ʅʘ ʷʟʳʢʝ çʬʘʟʦʚʳʭ ʧʦʨʪʨʝʪʦʚè (ʥʘ 

ʢʦʤʧʣʝʢʩʥʦʡ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ) ʪʘʢʦʛʦ ʨʦʜʘ ʩʙʦʡ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʧʦ ʟʘʤʝʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʧʣʦʱʘʜʠ, ʟʘʤʝʪʘʝʤʦʡ ʪʨʘʝʢʪʦʨʠʝʡ 23 ʮʠʢʣʘ: http://www.forshock.ru/predvlong.html. ʅʘ ʙʘʟʝ 

ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʤʘʢʩʠʤʫʤ ʪʝʢʫɦ ʝʛʦ ʮʠʢʣʘ ʧʨʦʡʜʝʥ ʚ 

2012ʛ. ʠ, ʥʘʯʠʥʘʷ ʩ 2013ʛ., ʥʘʯʘʣʘʩʴ ʛʝʦʵʬʬʝʢʪʠʚʥʘʷ ʬʘʟʘ ʥʘʯʘʣʘ ʚʝʪʚʠ ʩʧʘʜʘ. ɺʧʝʨʚʳʝ ʜʘʥ 

ʧʨʦʛʥʦʟ ʬʘʟʳ ʨʦʩʪʘ ʠ ʤʘʢʩʠʤʫʤʘ 11-ʣʝʪʥʝʛʦ ʮʠʢʣʘ, ʩ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʩʪʴʶ ~1 ʦʙʦʨʦʪ 

ʉʦʣʥʮʘ. (http://www.forshock.ru/predlong.html). 

 

 

ʆ ʈɸɺʅʆɺɽʉʀʀ ʀ ʋʉʊʆʁʏʀɺʆʉʊʀ ʂʆʈʆʅɸʃʔʅʓʍ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʊʆʂʆɺ 

 

ɹ.ʇ. ʌʠʣʠʧʧʦʚ 

 

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

 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʪʦʢʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʝ, ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʠʟʠʢʝ 

ʢʦʨʦʥʳ. ʅʘʨʫʰʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʪʦʢʦʚ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʩʧʦʨʘʜʠʯʝʩʢʠʭ 

ʷʚʣʝʥʠʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ: ʚʩʧʳʰʝʢ, ʵʨʫʧʮʠʡ ʧʨʦʪʫʙʝʨʘʥʮʝʚ, ʢʦʨʦʥʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ. 

ʅʘʤʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʨʷʜ ʤʘʛʥʠʪʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʚʩʧʳʰʝʢ ʠ ʵʨʫʧʪʠʚʥʳʭ ʷʚʣʝʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʠ 

ʥʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ, ʚ ʤʦʜʝʣʷʭ, ʧʨʝʪʝʥʜʫʶʱʠʭ ʥʘ ʘʜʝʢʚʘʪʥʦʝ ʦʧʠʩʘʥʠʝ 

ʘʢʪʠʚʥʳʭ ʩʦʣʥʝʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʙʩʫʞʜʘʶʪʩʷ ʭʨʦʤʦʩʬʝʨʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʫʩʣʦʚʠʡ 

ʨʘʚʥʦʚʝʩʠʷ ʢʦʨʦʥʘʣʴʥʳʭ ʪʦʢʦʚ. 

 

 

ʂɸʂ ɺʆɿʅʀʂɸʖʊ ʀ ɼɺʀɾʋʊʉʗ ɹʓʉʊʈʓɽ ʀʄʇʋʃʔʉʅʓɽ ʂɺʄ, ʉɺʗɿɸʅʅʓɽ 

ʉ ʄʆʑʅʓʄʀ ɺʉʇʓʐʂɸʄʀ ʀ ʅɽ ʉɺʗɿɸʅʅʓɽ ʉ ʕʈʋʇʊʀɺʅʓʄʀ 

ɺʆʃʆʂʅɸʄʀ? 

 

ɺ.ɻ. ʌʘʡʥʰʪʝʡʥ
1
, ʖ.ʉ. ɿʘʛʘʡʥʦʚʘ

2 

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

2
ʀɿʄʀʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʛ. ʊʨʦʠʮʢ, ʈʦʩʩʠʷ 

 

ʇʦ ʜʘʥʥʳʤ ʪʝʣʝʩʢʦʧʦʚ GOES-12/SXI ʠ SDO/AIA  ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʥʝʩʢʦʣʴʢʦ ʙʳʩʪʨʳʭ 

(ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʳʭ maxV>1500 ʢʤ/ʩ), ʠʤʧʫʣʴʩʥʳʭ ʢʦʨʦʥʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ 

ʤʘʩʩʳ ʪʠʧʘ "ʛʘʣʦ" (ɻʂɺʄ), ʩʚʷʟʘʥʥʳʭ ʩʦ ʚʩʧʳʰʢʘʤʠ ʄ- ʠ ʍ- ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʢʣʘʩʩʘ, ʥʦ ʥʝ 

ʩʚʷʟʘʥʥʳʭ ʩ ʵʨʫʧʮʠʝʡ ʩʦʣʥʝʯʥʳʭ ʚʦʣʦʢʦʥ/ʧʨʦʪʫʙʝʨʘʥʮʝʚ. ʀʩʩʣʝʜʦʚʘʥʳ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ 

ʥʘʯʘʣʴʥʘʷ ʩʪʘʜʠʷ ʜʚʠʞʝʥʠʷ. ʇʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ɻʂɺʄ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ. i) ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟʫʯʝʥʥʳʭ ɻʂɺʄ ʚʦʟʥʠʢʣʘ ʚʩʣʝʜʩʪʚʠʝ ʥʘʨʫʰʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ (ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʠʟ-ʟʘ ʚʩʧʣʳʪʠʷ ʥʦʚʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ) ʦʜʠʥʦʯʥʳʭ 

ʰʠʨʦʢʠʭ ʵʤʠʩʩʠʦʥʥʳʭ ʧʝʪʣʝʦʙʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨ, ʦʪʦʞʜʝʩʪʚʣʷʝʤʳʭ ʩ ʙʫʜʫʱʠʤ ʚʳʙʨʦʩʦʤ, 

ʥʘʙʣʶʜʘʝʤʳʭ ʟʘ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʚ ʢʘʥʘʣʝ 195¡ SOHO/EIT ʜʦ ʥʘʯʘʣʘ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʚʳʙʨʦʩʘ ʤʘʩʩʳ ʠ ʥʘʯʘʣʘ ʩʚʷʟʘʥʥʦʡ ʚʩʧʳʰʢʠ. ii ) ʌʦʨʤʠʨʦʚʘʥʠʝ ʜʚʫʭ ɻʂɺʄ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʜʚʠʞʝʥʠʷ ʚʚʝʨʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʨʦʥʘʣʴʥʳʭ ʧʝʪʝʣʴ, ʥʘʙʣʶʜʘʝʤʳʭ 

ʩʥʘʯʘʣʘ ʚ çʛʦʨʷʯʝʡè ʣʠʥʠʠ ʩ l=131¡. ʉʧʫʩʪʷ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʥʘʯʠʥʘʶʪ ʜʚʠʛʘʪʴʩʷ ʧʝʪʣʠ, 

ʥʘʙʣʶʜʘʝʤʳʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʚ ʙʦʣʝʝ çʭʦʣʦʜʥʦʡè ʣʠʥʠʠ ʩ l=211¡, ʧʦʟʞʝ ï ʚ ʣʠʥʠʠ ʩ 

l=193¡, ʠ, ʥʘʢʦʥʝʮ, - ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʩ l=171¡. ɺʦʟʜʝʡʩʪʚʠʝ ʜʚʠʞʫʱʠʭʩʷ ʧʝʪʣʝʦʙʨʘʟʥʳʭ 

ʩʪʨʫʢʪʫʨ ʥʘ ʚʳʰʝʣʝʞʘʱʠʝ ʦʙʣʘʩʪʠ ʢʦʨʦʥʳ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʬʨʦʥʪʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ɻʂɺʄ, ʷʨʢʦʩʪʴ ʢʦʪʦʨʦʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʩʘʤʦʡ çʛʦʨʷʯʝʡè ʣʠʥʠʠ ʢ 

http://www.forshock.ru/predlong.html
http://www.forshock.ru/predlong.html
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ʩʘʤʦʡ çʭʦʣʦʜʥʦʡè. ʂʨʦʤʝ ʵʪʦʛʦ, ʥʘʙʣʶʜʘʶʪʩʷ ʧʝʪʣʠ, ʜʚʠʞʝʥʠʝ ʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʝʥʦ ʢ 

ʉʦʣʥʮʫ, ʢ ʠʩʪʦʯʥʠʢʫ ʚʳʙʨʦʩʘ ʤʘʩʩʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʙʣʘʩʪʠ ʧʦʥʠʞʝʥʥʦʡ 

ʷʨʢʦʩʪʠ ʟʘ ʬʨʦʥʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. iii ) ʂɺʄ ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʦʪʜʝʣʴʥʳʭ ʵʤʠʩʩʠʦʥʥʳʭ ʧʝʪʣʝʦʙʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨ ʠʣʠ, ʚʦʟʤʦʞʥʦ, ʠʟ ʘʨʢʘʜʳ ʧʝʪʝʣʴ ʚ 

ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʚʚʝʨʭ (ʵʪʦ ʚʧʝʨʚʳʝ ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ ʥʘ ʧʨʠʤʝʨʝ 

ʦʜʥʦʛʦ ʩʦʙʳʪʠʷ). ɺʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʢʦʨʦʥʘʣʴʥʳʝ ʚʳʙʨʦʩʳ ʤʘʩʩʳ ʥʘʯʘʣʠ ʩʚʦʝ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ 

ʜʚʠʞʝʥʠʝ ʜʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʚʷʟʘʥʥʳʭ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ. ʀʩʩʣʝʜʦʚʘʥʘ ʢʠʥʝʤʘʪʠʢʘ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ɻʂɺʄ ʚʜʦʣʴ ʢʨʠʚʦʣʠʥʝʡʥʳʭ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʪʨʘʝʢʪʦʨʠʡ ʚ ʧʣʦʩʢʦʩʪʠ ʥʝʙʘ. 

ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʜʚʫʭ ʪʠʧʦʚ ʢʦʨʦʥʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʤʘʩʩʳ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ 

ʚʨʝʤʝʥʥʳʤ ʧʨʦʬʠʣʝʤ ʩʢʦʨʦʩʪʠ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʣʦʱʘʜʴʶ ʠ ʤʘʛʥʠʪʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʚʳʙʨʦʩ ʤʘʩʩʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʛʦʤʦʣʦʛʠʯʥʳʝ ɻʂɺʄ, ʪ.ʝ. ʚʦʟʥʠʢʰʠʝ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ, 

ʠʤʝʶʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʪʠʧ ʧʨʦʬʠʣʷ ʩʢʦʨʦʩʪʠ. 

 

 

ʌʀɿʀʏɽʉʂʀɽ ʆʊʃʀʏʀʗ ɺ ʅɸʏɸʃʔʅʆʁ ʌɸɿɽ ʌʆʈʄʀʈʆɺɸʅʀʗ ɼɺʋʍ ʊʀʇʆɺ 

ʂʆʈʆʅɸʃʔʅʓʍ ɺʓɹʈʆʉʆɺ ʄɸʉʉʓ 

 

ɺ.ɻ. ɽʩʝʣʝʚʠʯ, ʄ.ɺ. ɽʩʝʣʝʚʠʯ 

 

ʀʉɿʌ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

 

ʀʩʩʣʝʜʦʚʘʥʳ ʬʠʟʠʯʝʩʢʠʝ ʦʪʣʠʯʠʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ñʧʦʩʪʝʧʝʥʥʳʭò ʠ ñʠʤʧʫʣʴʩʥʳʭò ʉʄɽ ʥʘ 

ʚʳʩʦʪʘʭ h0<0.2R0 ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʠ ʚ ʪʝʯʝʥʠʝ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʠʭ ʜʚʠʞʝʥʠʷ ʧʦ 

ʜʘʥʥʳʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʭ ʣʠʥʠʡ ʠʥʩʪʨʫʤʝʥʪʘ AIA /SDO (h0  - ʚʳʩʦʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʉʦʣʥʮʘ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ñʧʦʩʪʝʧʝʥʥʦʛʦò ʉʄɽ ʷʚʣʷʝʪʩʷ 

ʤʘʛʥʠʪʥʳʡ ʞʛʫʪ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʢʦʨʦʥʝ. ɺ ʪʝʯʝʥʠʝ ʯʘʩʘ ʠ ʙʦʣʝʝ ʧʝʨʝʜ ʥʘʯʘʣʴʥʦʡ ʬʘʟʦʡ ʚ 

ʤʘʛʥʠʪʥʦʤ ʞʛʫʪʝ ʧʨʦʠʩʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʩʩʳ: ʫʩʠʣʠʚʘʝʪʩʷ ʷʨʢʦʩʪʴ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ (ʪʦʣʱʠʥʘ), ʩʥʘʯʘʣʘ, ʥʠʟʢʦ ʣʝʞʘʱʠʭ ʚʥʫʪʨʝʥʥʠʭ ʩʪʨʫʢʪʫʨ ʞʛʫʪʘ, ʘ ʟʘʪʝʤ 

ʩʪʨʫʢʪʫʨ ʝʛʦ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʠ, ʥʘʠʙʦʣʝʝ ʫʜʘʣʝʥʥʦʡ ʦʪ ʉʦʣʥʮʘ. ʇʨʠ ʵʪʦʤ ʞʛʫʪ ʦʩʪʘʝʪʩʷ 

ʥʝʧʦʜʚʠʞʥʳʤ. ʅʘʯʘʣʴʥʘʷ ʬʘʟʘ ñʧʦʩʪʝʧʝʥʥʦʛʦò ʉʄɽ ʥʘʯʠʥʘʝʪʩʷ ʩ ʜʚʠʞʝʥʠʷ ʚʥʝʰʥʝʡ 

ʦʙʦʣʦʯʢʠ ʤʘʛʥʠʪʥʦʛʦ ʞʛʫʪʘ, ʢʦʪʦʨʘʷ ʩʪʘʥʦʚʠʪʩʷ ʟʘʪʝʤ ʦʩʥʦʚʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʉʄɽ. ʇʨʠ ʵʪʦʤ ʚʥʫʪʨʝʥʥʠʝ ʥʠʟʢʦ ʣʝʞʘʱʠʝ ʩʪʨʫʢʪʫʨʳ ʞʛʫʪʘ ʦʩʪʘʶʪʩʷ ʥʘ ʵʪʦʤ ʵʪʘʧʝ, 

ʧʨʘʢʪʠʯʝʩʢʠ, ʥʝʧʦʜʚʠʞʥʳʤʠ. ʅʘʯʘʣʴʥʘʷ ʬʘʟʘ ñʠʤʧʫʣʴʩʥʦʛʦò ʉʄɽ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʷʚʣʝʥʠʝʤ 

ʚʙʣʠʟʠ ʬʦʪʦʩʬʝʨʳ ʜʚʠʞʫʱʝʡʩʷ ʦʪ ʉʦʣʥʮʘ ʧʦʣʦʩʪʠ, ʜʠʥʘʤʠʢʘ ʢʦʪʦʨʦʡ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, 

ʦʪʨʘʞʘʝʪ ʚʩʧʣʳʪʠʝ ʠʟ-ʧʦʜ ʬʦʪʦʩʬʝʨʳ ʤʘʛʥʠʪʥʦʡ ʪʨʫʙʢʠ ʩ ʭʦʣʦʜʥʦʡ ʧʣʘʟʤʦʡ. ɺʩʪʨʝʯʘʷ ʥʘ 

ʩʚʦʝʤ ʧʫʪʠ ʘʨʦʯʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʤʘʛʥʠʪʥʘʷ ʪʨʫʙʢʘ ʩʪʘʣʢʠʚʘʝʪʩʷ ʠ ʫʚʣʝʢʘʝʪ ʠʭ ʟʘ ʩʦʙʦʡ. ʕʪʠ 

ʩʪʨʫʢʪʫʨʳ ʫʯʘʩʪʚʫʶʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʉʄɽ, ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʩʘʤʘ ʤʘʛʥʠʪʥʘʷ 

ʪʨʫʙʢʘ. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʚʩʧʣʳʪʠʷ ʠʟ ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʳ ʤʘʛʥʠʪʥʦʡ ʪʨʫʙʢʠ, 

ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʨʘʟʚʠʪʠʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʇʘʨʢʝʨʘ, ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʚʦʜ ʦ 

ʪʦʤ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʘʷ ʜʠʥʘʤʠʢʘ ʧʦʣʦʩʪʠ ʦʪʨʘʞʘʝʪ ʜʚʠʞʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʪʨʫʙʢʠ ʩ ʭʦʣʦʜʥʦʡ 

ʧʣʘʟʤʦʡ. 
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ʅɸɹʃʖɼɽʅʀʗ ʂʆʈʆʅɸʃʔʅʆɻʆ ɺʓɹʈʆʉɸ ʄɸʉʉ ʉ ʇʆʄʆʑʔʖ ɺʋʌ 

ʊɽʃɽʉʂʆʇʆɺ ʊɽʉʀʉ 

 

ɸ.ɸ. ʈʝʚʘ, ɸ.ʉ. ʋʣʴʷʥʦʚ, ʉ.ɸ. ɹʦʛʘʯʝʚ, ʉ.ɺ. ʂʫʟʠʥ 

 

ʌʀɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, reva.antoine@gmail.com 

 

ʄʳ ʠʩʩʣʝʜʫʝʤ ʢʦʨʦʥʘʣʴʥʳʡ ʚʳʙʨʦʩ ʤʘʩʩ, ʧʨʦʠʟʦʰʝʜʰʠʡ 13 ʤʘʷ 2009 ʛʦʜʘ, ʩ ʧʦʤʦʱʴʶ 

ʜʘʥʥʳʭ ɺʋʌ ʪʝʣʝʩʢʦʧʦʚ ʊɽʉʀʉ ʠ ʢʦʨʦʥʦʛʨʘʬʦʚ LASCO. ʊʝʣʝʩʢʦʧʳ ʊɽʉʀʉ ʩʪʨʦʠʣʠ 

ʠʟʦʙʨʘʞʝʥʠʷ ʉʦʣʥʮʘ ʚ ʜʣʠʥʘʭ ʚʦʣʥ 171 ʠ 304 ¡. ʅʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʊɽʉʀʉ ʩʦʣʥʝʯʥʘʷ ʢʦʨʦʥʘ 

ʚʠʜʥʘ ʚʧʣʦʪʴ ʜʦ ʜʚʫʭ ʨʘʜʠʫʩʦʚ ʉʦʣʥʮʘ. ʂʦʨʦʥʦʛʨʘʬʳ LASCO ʩʪʨʦʷʪ ʠʟʦʙʨʘʞʝʥʠʷ ʚ 

ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʧʦʢʨʳʚʘʶʪ ʨʘʩʩʪʦʷʥʠʷ ʦʪ 2 ʜʦ 30 ʨʘʜʠʫʩʦʚ ʉʦʣʥʮʘ. ʅʘʙʣʶʜʝʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚʳʙʨʦʩʘ ʫʥʠʢʘʣʴʥʳ: 1) ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʘʷ ʵʚʦʣʶʮʠʷ ʚʳʙʨʦʩʘ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʉʦʣʥʮʘ ʜʦ ʛʨʘʥʠʮ ʧʦʣʷ ʟʨʝʥʠʷ ʢʦʨʦʥʦʛʨʘʬʦʚ LASCO; 2) ʥʘʙʣʶʜʝʥʠʷ 

ʚʳʧʦʣʥʝʥʳ ʚ ʣʠʥʠʷʭ 171 ʠ 304 ¡, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ, ʢʘʢ ʧʨʦʪʫʙʝʨʘʥʝʮ ʚʳʙʨʦʩʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʙʦʣʝʝ ʛʦʨʷʯʝʡ ʢʦʨʦʥʘʣʴʥʦʡ ʧʣʘʟʤʦʡ; 3) ʥʘʙʣʶʜʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʦʜ 

ʫʜʦʙʥʳʤ ʫʛʣʦʤ ï ʦʥ ʧʨʦʠʟʦʰʝʣ ʥʘ ʣʠʤʙʝ. ʅʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʚ ʣʠʥʠʠ 171 ¡ ʚʳʙʨʦʩ ʚʳʛʣʷʜʠʪ 

ʢʘʢ ʷʨʢʘʷ U-ʦʙʨʘʟʥʘʷ ʩʪʨʫʢʪʫʨʘ. ʗʨʢʠʝ ʩʪʨʫʢʪʫʨʳ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ 171 ¡ ʧʦʜʩʚʝʯʠʚʘʶʪ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ. ʉʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ ʢʦʨʦʥʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ 

ʤʘʩʩ ʧʨʦʪʫʙʝʨʘʥʝʮ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʚ ʮʝʥʪʨʝ ʢʦʣʴʮʝʚʳʭ ʤʘʛʥʠʪʥʳʭ ʣʠʥʠʡ, ʪʦ ʝʩʪʴ ʚ 

ʮʝʥʪʨʝ ʢʨʠʚʠʟʥʳ U-ʦʙʨʘʟʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʫʶ ʚʠʜʥʦ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʚ ʣʠʥʠʠ 171 ¡. ʄʳ 

ʩʨʘʚʥʠʣʠ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʣʠʥʠʷʭ 171 ʠ 304 ¡ ʠ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʧʨʦʪʫʙʝʨʘʥʝʮ ʥʘʭʦʜʠʪʩʷ 

ʥʠʞʝ ʝʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ. ɼʚʠʞʝʥʠʝ ʚʳʙʨʦʩʘ ʥʝʨʘʜʠʘʣʴʥʦ ï ʦʥ ʥʘʯʠʥʘʝʪʩʷ 

ʥʘ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ, ʟʘʪʝʤ, ʩʣʝʜʫʷ ʠʩʢʨʠʚʣʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʜʦʩʪʠʛʘʝʪ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ 

ʰʠʨʦʪ. ɺʳʙʨʦʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʳʡ ï ʝʤʫ ʪʨʝʙʫʝʪʩʷ 14 ʯʘʩʦʚ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʧʦʣʷ 

ʟʨʝʥʠʷ ʢʦʨʦʥʦʛʨʘʬʘ LASCO. ʉʢʦʨʦʩʪʴ (v) ʠ ʫʩʢʦʨʝʥʠʝ (a) ʚʳʙʨʦʩʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʝʨʝ ʝʛʦ 

ʫʜʘʣʝʥʠʷ ʦʪ ʉʦʣʥʮʘ: ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʉʦʣʥʮʘ v ~ 20 ʢʤ/ʩ ʠ a ~ 1 ʤ/ʩ
2
, ʚ ʧʦʣʝ ʟʨʝʥʠʷ 

ʢʦʨʦʥʦʛʨʘʬʘ LASCO C3 v ~ 200 ʢʤ/ʩ ʠ a ~ 5 ʤ/ʩ
2
. 

 

 

ʆɹ ʀɿʄɽʅɽʅʀʀ ʍɸʈɸʂʊɽʈɸ ʉɺʗɿʀ ʂʆʈʆʅɸʃʔʅʓʍ ɺʓɹʈʆʉʆɺ ʄɸʉʉʓ ʉ 

ʉʆʆʊɺɽʊʉʊɺʋʖʑʀʄʀ ʈɽʅʊɻɽʅʆɺʉʂʀʄʀ ɺʉʇʓʐʂɸʄʀ ɺ ʊɽʏɽʅʀɽ  

11-ʃɽʊʅɽɻʆ ʉʆʃʅɽʏʅʆɻʆ ʎʀʂʃɸ  
 

ɽ.ɺ. ʀʚʘʥʦʚ 

 

ʀɿʄʀʈɸʅ, ʄʆ, ʛ. ʊʨʦʠʮʢ, ʈʦʩʩʠʷ, ivstp@mail.ru 

 

ʀʩʩʣʝʜʦʚʘʥ ʭʘʨʘʢʪʝʨ ʩʚʷʟʠ ʢʦʨʦʥʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʤʘʩʩʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ 

ʚʩʧʳʰʝʢ ʚ ʪʝʯʝʥʠʝ 11-ʣʝʪʥʝʛʦ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ. ɺʦʟʨʘʩʪʘʥʠʝ ʩʢʦʨʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʵʥʝʨʛʠʠ ʂɺʄ ʥʘ ʬʘʟʝ ʩʧʘʜʘ 11-ʣʝʪʥʝʛʦ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʥʴʰʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʩʢʦʨʦʩʪʠ ʠ ʵʥʝʨʛʠʠ ʂɺʄ ʥʘ ʬʘʟʝ ʨʦʩʪʘ ʜʣʷ ʚʩʧʳʰʝʢ ʚ ʩʨʝʜʥʝʤ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʙʘʣʣʘ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʨʘʟʣʠʯʥʳʡ ʚʢʣʘʜ ʦʪʜʝʣʴʥʳʭ ʘʢʪʠʚʥʳʭ 

ʦʙʣʘʩʪʝʡ ʠ ʢʦʤʧʣʝʢʩʦʚ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʚ ʛʝʥʝʨʘʮʠʶ ʂɺʄ ʠ ʚʩʧʳʰʝʢ ʥʘ ʨʘʟʣʠʯʥʳʭ ʬʘʟʘʭ 

ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ. 
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ʉ ɽ ʂ ʎ ʀ ʗ   çʉʆʃʅʎɽè ʉʊɽʅɼʆɺʓɽ ɼʆʂʃɸɼʓ 
 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʌʆʅʆɺʆɻʆ ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ ʇʆ 

ʇʆɺɽʈʍʅʆʉʊʀ ʉʆʃʅʎɸ, ʇʆʃʋʏɽʅʅʓɽ ʇʆ ɼɸʅʅʓʄ SOHO/MDI  ʀ SDO/HMI  

 

ɺ.ʅ. ʆʙʨʠʜʢʦ, ɺ.ɽ. ʏʝʨʪʦʧʨʫʜ 

 

ʀɿʄʀʈɸʅ ʠʤ. ʅ.ɺ. ʇʫʰʢʦʚʘ ʈɸʅ, ʛ. ʊʨʦʠʮʢ, ʈʦʩʩʠʷ, vechert@list.ru 

 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ SOHO/MDI (ʝʞʝʜʥʝʚʥʳʡ ʨʷʜ ʢʘʨʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ B) ʚ ʨʘʙʦʪʘʭ [1-4] ʚʳʷʚʠʣ ʜʚʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʬʦʥʦʚʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ. ʆʜʥʘ ʠʟ ʥʠʭ ï ʨʘʟʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʥʦʚʦʛʦ ʧʦʣʷ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʮʝʥʪʨʘ ʩʦʣʥʝʯʥʦʛʦ ʜʠʩʢʘ (ʵʬʬʝʢʪ ʮʝʥʪʨ ï ʢʨʘʡ) ʜʣʷ ʙʦʣʝʝ ʩʣʘʙʳʭ ʠ ʙʦʣʝʝ 

ʩʠʣʴʥʳʭ ʧʦʣʝʡ. ʋ ʩʣʘʙʳʭ ʬʦʥʦʚʳʭ ʧʦʣʝʡ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʫʩʣʦʚʠʝʤ |B|<B0 (B0 ~ 50 ɻʩ), 

ʥʘʙʣʶʜʘʣʩʷ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ ʩʦʣʥʝʯʥʦʛʦ ʜʠʩʢʘ, ʘ ʫ ʙʦʣʝʝ ʩʠʣʴʥʳʭ 

ʧʦʣʝʡ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʫʩʣʦʚʠʝʤ |B|>B0, - ʩʧʘʜ. ɼʨʫʛʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʬʦʥʦʚʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

- ʘʩʠʤʤʝʪʨʠʷ ʩʝʚʝʨ-ʶʛ, ʟʥʘʢ ʢʦʪʦʨʦʡ ʥʘ ʥʠʟʢʠʭ ʰʠʨʦʪʘʭ (¢30
ʦ
) ʩʦʚʧʘʜʘʝʪ ʩʦ ʟʥʘʢʦʤ 

ʘʩʠʤʤʝʪʨʠʠ ʩʝʚʝʨ-ʶʛ ʜʣʷ ʯʠʩʝʣ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ ʜʚʫʭ ʧʦʣʫʰʘʨʠʷʭ. ʅʘ 

ʥʝʟʘʚʠʩʠʤʦʤ ʤʘʪʝʨʠʘʣʝ ï ʧʦ ʜʘʥʥʳʤ SDO/HMI (ñʩʠʥʦʧʪʠʯʝʩʢʠʝò ʢʘʨʪʳ HMI (1024*1024) 

[http://jsoc.stanford.edu/data/hmi/fits/]) ʧʨʦʚʝʜʝʥ ʥʦʚʳʡ ʘʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʬʦʥʦʚʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ. ʇʦʜʪʚʝʨʞʜʘʶʪʩʷ ʨʘʥʝʝ ʚʳʷʚʣʝʥʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʥʦʚʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ (ʵʬʬʝʢʪ ʮʝʥʪʨ ï ʢʨʘʡ ʠ ʘʩʠʤʤʝʪʨʠʷ ʩʝʚʝʨ-

ʶʛ). ɸʚʪʦʨʳ ʧʨʠʟʥʘʪʝʣʴʥʳ ʢʦʣʣʝʢʪʠʚʫ ʩʦʪʨʫʜʥʠʢʦʚ SOHO/MDI ʠ SDO/HMI ʟʘ 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ. ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʘʤʠ ʈʌʌʀ 11-02-00259-ʘ ʠ  

13-02-01183-ʘ. 

[1]. ʀʦʰʧʘ ɹ.ɸ., ʆʙʨʠʜʢʦ ɺ.ʅ., ʏʝʨʪʦʧʨʫʜ ɺ.ɽ. ʄʝʣʢʦʤʘʩʰʪʘʙʥʦʝ ʬʦʥʦʚʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʉʦʣʥʮʘ ʚ 23 ʩʦʣʥʝʯʥʦʤ ʮʠʢʣʝ. // ʇɸɾ. 2009. ʊ.35. ˉ6.ʉ.472-480. 

[2]. ʆʙʨʠʜʢʦ ɺ.ʅ., ʏʝʨʪʦʧʨʫʜ ɺ.ɽ. ɼʠʥʘʤʠʢʘ ʬʦʪʦʩʬʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʙʣʠʟʠ 

ʵʢʚʘʪʦʨʘ ʉʦʣʥʮʘ // ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 2012, ʪ. 89, N2. P. 173-179. 

[3]. ʆʙʨʠʜʢʦ ɺ.ʅ., ʏʝʨʪʦʧʨʫʜ ɺ.ɽ. ɸʩʠʤʤʝʪʨʠʷ ʩʝʚʝʨ-ʶʛ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ f(B) 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ B ʬʦʥʦʚʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ. ʉʙʦʨʥʠʢ ʪʝʟʠʩʦʚ 8-ʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʌʀɿʀʂɸ ʇʃɸɿʄʓ ɺ ʉʆʃʅɽʏʅʆʁ ʉʀʉʊɽʄɽè, 4-8 ʬʝʚʨʘʣʷ 2013ʛ, ʀʂʀ ʈɸʅ, ʩ.50-

51. 

[4]. V.N.Obridko, V.E.Chertoprud, K.M.Kuzanyan. North-south asymmetry in the density of 

distribution of the solar background magnetic field // Sol. Phys. (in press). 

 

 

ʆ ɺɽʈʆʗʊʅʆʄ ʇʈʆʀʉʍʆɾɼɽʅʀʀ ʉʊɸʎʀʆʅɸʈʅʆɻʆ ʉʆʃʅɽʏʅʆɻʆ ɺɽʊʈɸ 

 

ʂ.ʀ. ʅʠʢʦʣʴʩʢʘʷ 

 

ʀɿʄʀʈɸʅ ʠʤ. ʅ.ɺ. ʇʫʰʢʦʚʘ; ʛ. ʄʦʩʢʚʘ, ʛ. ʊʨʦʠʮʢ, ʈʦʩʩʠʷ, knikol@izmiran.ru 

 

ʆʙʦʙʱʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʢʦʨʦʩʪʝʡ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ (ʉɺ) 

ï ʨʝʛʫʣʷʨʥʳʭ ʠʩʪʝʯʝʥʠʡ ʩʦʣʥʝʯʥʦʡ ʧʣʘʟʤʳ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʂɺʄ, - ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝ-ʥʠʡ 

ʩʢʦʨʦʩʪʝʡ ʩʦʣʥʝʯʥʳʭ Ulysses - in situ - ʠ IPS - ʜʠʩʪʘʥʮʠʦʥʥʳʭ.  

1. ʉɺ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʬʦʪʦʩʬʝʨʝ ʠ ʧʦʩʪʫʧʘʶʪ ʚ ʦʢʦʣʦʩʦʣʥʝʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʘʢ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʧʦʪʦʢʠ ʧʣʘʟʤʳ ʩ ʥʘʯʘʣʴʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ 900-1000 ʢʤ/ʩ, ʢʦʪʦʨʳʝ 

ʥʘʟʚʘʥʳ ʧʝʨʚʠʯʥʳ-ʤʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤʠ ʧʦʪʦʢʘʤʠ (ʇɺʇ). ʇʨʠʚʦʜʷʪʩʷ ʥʘʙʣʶʜʝʥʠʷ, 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʬʦʪʦʩʬʝʨʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʇɺʇ.  
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2. ʇʨʦʭʦʜʷ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʬʦʪʦʩʬʝʨʳ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʩʪʦʯʥʠʢʘ ʇɺʇ ʣʠʙʦ 

ʪʦʨʤʦʟʷʪʩʷ ʚ ʟʘʤʢʥʫʪʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ (ɿʄʇ) ʉʦʣʥʮʘ, ʝʩʣʠ ʪʘʢʦʚʳʝ ʦʢʘʟʳʚʘʶʪʩʷ ʥʘ ʠʭ 

ʧʫʪʠ, ʠ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʤʝʜʣʝʥʥʳʡ ʩʦʣʥʝʯʥʳʡ ʚʝʪʝʨ (V<500ʢʤ/ʩ), ʣʠʙʦ ʧʨʝʪʝʨʧʝʚʘʶʪ 

ʟʘʭʚʘʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʨʦʥʳ (Teå 1 ï 10MK).  

3. ɽʩʣʠ ɿʄʇ ʥʘ ʠʭ ʧʫʪʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʇɺʇ ʫʭʦʜʷʪ ʚ ʛʝʣʠʦʩʬʝʨʫ ʢʘʢ ʙʳʩʪʨʳʡ ʉɺ ʩʦ 

ʩʢʦʨʦʩʪʷʤʠ 700-800 ʢʤ/ʩ, ʠʩʧʳʪʘʚ ʪʦʣʴʢʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʟʘʤʝʜʣʝʥʠʝ. ʊʦʣʴʢʦ ʵʪʠ ʧʦʪʦʢʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʵʧʦʭʠ ʤʠʥʠʤʫʤʦʚ ʥʘ ʚʩʝʭ ʛʝʣʠʦʰʠʨʦʪʘʭ ʚʥʝ ʧʦʷʩʘ ʩʪʨʠʤʝʨʦʚ ʠ ʥʘ ʚʩʝʭ 

ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ, ʢʨʦʤʝ r Ò 13RSun.  

4. ʇʨʠʚʦʜʷʪʩʷ ʘʨʛʫʤʝʥʪʳ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʬʦʪʦʩʬʝʨʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʇɺʇ.  

5. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʚ çʭʦʣʦʜʥʦʡè ʩʧʣʦʰʥʦʡ ʩʨʝʜʝ, ʢʘʢʦʡ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʩʯʠʪʘʣʘʩʴ ʬʦʪʦʩʬʝʨʘ, ʩʧʦʥʪʘʥʥʦʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʪʦʢʦʚ ʧʣʘʟʤʳ ʩʦ 

ʩʢʦʨʦʩʪʷʤʠ ~ 1000 ʢʤ/ʩ ʥʝ ʚʦʟʤʦʞʥʦ. ʆʜʥʘʢʦ, ʚʩʝ ʤʝʥʷʝʪʩʷ, ʝʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʵʪʫ 

ʧʨʦʙʣʝʤʫ ʚ ʨʘʤʢʘʭ ʬʨʘʢʪʘʣʴʥʦʡ ʪʦʧʦʣʦʛʠʠ. ʇʨʦʙʣʝʤʘ ʠʟ pure exterior ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

ʧʨʦʙʣʝʤʫ interiorexterior ï ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʚʘʢʫʫʤʘ) ʥʘ ʧʨʦʮʝʩʩʳ ʚʦ 

ʚʥʫʪʨʝʥʥʝʡ ʬʦʪʦʩʬʝʨʝ ʉʦʣʥʮʘ. 

 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺ ʀʂ-ɼʀɸʇɸɿʆʅɽ ʉɺʆʁʉʊɺ ʊɽʅʀ ʉʆʃʅɽʏʅʓʍ ʇʗʊɽʅ ʉ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʅʆɺʆɻʆ ʄɽʊʆɼɸ ʆɹʈɸɹʆʊʂʀ ʉʇɽʂʊʈɸʃʔʅʓʍ 

ʅɸɹʃʖɼɽʅʀʁ ʉʆʃʅʎɸ 

 

ʖ.ʉ. ɿʘʛʘʡʥʦʚʘ  

 

ʀɿʄʀʈɸʅ, ʛ. ʊʨʦʠʮʢ, ʈʦʩʩʠʷ, yuliazagainova@mail.ru 

 

ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʧʦʚʝʜʝʥʠʝ ʢʦʥʪʨʘʩʪʘ ʧʷʪʝʥ ʚ ʀʂ - ʜʠʘʧʘʟʦʥʝ, ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʥʠ ʩʦʣʥʝʯʥʳʭ 

ʧʷʪʝʥ ʠ ʧʘʨʘʤʝʪʨʦʚ ʣʠʥʠʡ ʪʨʠʧʣʝʪʘ He I 10830, ʚ ʪʦʤ ʯʠʩʣʝ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʰʠʨʠʥʳ 

ʦʩʥʦʚʥʦʛʦ ʠ ʩʣʘʙʦʛʦ ʢʦʤʧʦʥʝʥʪʦʚ ʪʨʠʧʣʝʪʘ ʛʝʣʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʦʡ ʤʝʪʦʜʠʢʠ 

ʠʩʧʨʘʚʣʝʥʠʷ ʟʘ ʨʘʩʩʝʷʥʥʳʡ ʩʚʝʪ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʧʦʣʫʯʘʝʤʳʭ ʩ ʥʘʟʝʤʥʳʭ ʪʝʣʝʩʢʦʧʦʚ ʥʝ 

ʦʩʥʘɦ ʝʥʥʳʭ ʘʜʘʧʪʠʚʥʦʡ ʦʧʪʠʢʦʡ. ʀʩʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʨʘʩʩʝʷʥʥʳʡ ʩʚʝʪ 

ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʠʭ ʦʙʨʘʙʦʪʢʠ, ʧʦʟʚʦʣʷʶʱʠʤ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʢʘʯʝʩʪʚʦ 

ʥʘʙʣʶʜʘʪʝʣʥɹʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʦʚʝʩʪʠ ʜʦʩʪʦʚʝʨʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʶ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʩʩʝʷʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 

ʦʧʪʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʝʣʝʩʢʦʧʘ ʠ ʚ ʩʧʝʢʪʨʦʛʨʘʬʝ, ʘ ʪʘʢʞʝ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ. ʅʘʧʨʠʤʝʨ, 

ʘʪʤʦʩʬʝʨʥʘʷ ʜʳʤʢʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʥʪʨʘʩʪʘ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ ʛʣʫʙʠʥʳ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ. ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʠʭʦʜʠʪʩʷ ʫʯʠʪʳʚʘʪʴ 

ʩʫʤʤʘʨʥʳʡ ʚʢʣʘʜ ʚʩʝʭ ʵʪʠʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʚ ʠʪʦʛʝ ʦʧʨʝʜʝʣʷʶʪ çʧʦʩʪʦʷʥʥʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘè ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʊʫʨʙʫʣʝʥʪʥʳʝ ʜʚʠʞʝʥʠʷ, ʚʩʝʛʜʘ 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ çʵʬʬʝʢʪʘ ʜʨʦʞʘʥʠʷè: 

ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʩʧʝʢʪʨʳ ʚʳʛʣʷʜʷʪ çʩʤʘʟʘʥʥʤrʠè ʠʣʠ çʟʘʤʳʪʳʤʠè, ʯʪʦ ʫʤʝʥʴʰʘʝʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʪʝʣʝʩʢʦʧʘ ʠ, ʟʥʘʯʠʪ, ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʳ ʩ ɿʝʤʣʠ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʭ 

ʥʘʟʝʤʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʨʘʩʩʝʷʥʥʳʡ ʩʚʝʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʩʢʣʶʯʝʥʠʝ çʧʦʩʪʦʷʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʨʘʩʩʝʷʥʠʷè ʠ çʵʬʬʝʢʪʘ ʜʨʦʞʘʥʠʷè, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦ 

ʦʙʨʘʙʦʪʘʪʴ ʜʘʥʥʳʝ. ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʠʩʧʨʘʚʣʝʥʠʷ ʟʘ ʨʘʩʩʝ̫ ʥʥʳʡ ʩʚʝʪ ʠʟ ʩʧʝʢʪʨʦʚ 

ʚʥʘʯʘʣʝ ʠʩʢʣʶʯʘʝʪʩʷ çʧʦʩʪʦʷʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʨʘʩʩʝ̫ ʥʥʦʛʦ ʩʚʝʪʘè i', ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʪʦʨʦʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʚʳʙʦʨʦʯʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʩ ʘʪʣʘʩʦʤ ʩʦʣʥʝʯʥʦʛʦ 

ʩʧʝʢʪʨʘ ʜʣʷ ʩʧʦʢʦʡʥʳʭ ʦʙʣʘʩʪʝʡ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʳ, ʥʘʙʣʶʜʘʝʤʳʭ ʚʙʣʠʟʠ ʮʝʥʪʨʘ ʜʠʩʢʘ 

ʉʦʣʥʮʘ. ɿʘʪʝʤ ʠʩʢʣʶʯʘʝʪʩʷ ʚʢʣʘʜ çʵʬʬʝʢʪʘ ʜʨʦʞʘʥʠʷè. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʠʢʠ 

ʠʩʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʟʘ ʨʘʩʩʝʷʥʥʳʡ ʩʚʝʪ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʢʦʥʝʯʥʳʝ ʨʘʟʤʝʨʳ ʉʦʣʥʮʘ, 

ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʟʘ çʵʬʬʝʢʪ ʜʨʦʞʘʥʠʷè ʤʝʪʦʜʳ ʟʚʝʟʜʥʦʡ ʘʩʪʨʦʥʦʤʠʠ, 

ʚ ʢʦʪʦʨʳʭ ʠʟʦʙʨʘʞʝʥʠʝ ʦʜʠʥʦʯʥʦʡ ʟʚʝʟʜʳ ʥʝ ʚ ʥʘʩʳʱʝʥʠʠ ʧʨʠʥʠʤʘʶʪ ʟʘ ʬʫʥʢʮʠʠ ʨʘʩʩʝʷʥʠʷ 
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ʪʦʯʢʠ, ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʧʨʠʤʝʥʠʤʳʤʠ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʷ 

ʨʘʩʩʝʷʥʠʷ ʪʦʯʢʠ ʜʣʷ ʉʦʣʥʮʘ, ʢʘʢ ʦʙʲʝʢʪʘ ʩ ʢʦʥʝʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʠʟ ʧʨʦʬʠʣʷ ʢʦʥʪʨʘʩʪʘ ʧʦʨ 

ʠ ʤʘʣʳʭ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʩ ʚʳʨʦʞʜʝʥʥʦʡ ʧʦʣʫʪʝʥʴʶ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʛʦ ʤʝʪʦʜʘ, 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʰʠʨʠʥʳ ʪʨʠʧʣʝʪʘ He I 10830 ʚ ʪʝʥʠ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ 

ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʧʣʦʱʘʜʠ, ʧʨʠʯʝʤ ʭʘʨʘʢʪʝʨ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʟʣʠʯʘʝʪʩʷ ʜʣʷ ʛʦʣʦʚʥʳʭ ʠ 

ʭʚʦʩʪʦʚʳʭ ʧʷʪʝʥ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʠʩʧʨʘʚʣʝʥʠʷ 

ʩʧʝʢʪʨʦʚ ʟʘ ʨʘʩʩʝʷʥʥʳʡ ʩʚʝʪ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʪʨʘʩʪ ʧʷʪʝʥ ʠ ʦʮʝʥʠʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʱʘʜʠ ʪʝʥʠ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ. 

 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʉʇɽʂʊʈɸ ʉʂʃ ɺ ʆɹʃɸʉʊʀ <10 ʄʕɺ 

 

ʃ.ʃ. ʃʘʟʫʪʠʥ, ʖ.ʀ. ʃʦʛʘʯʝʚ 

 

ʅʀʀʗʌ ʄɻʋ  ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, l.l.lazutin@gmail.com 

 

ʂʘʪʘʣʦʛ ʅʀʀʗʌ 1997 - 2008 ʛʛ. ʥʘʨʷʜʫ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ  ʧʦʪʦʢʦʚ ʧʨʦʪʦʥʦʚ 

ʩ ʵʥʝʨʛʠʝʡ ʚʳʰʝ 10 ʄʵɺ, ʚʧʝʨʚʳʝ ʧʨʦʜʦʣʞʝʥ ʚ ʦʙʣʘʩʪʴ ʤʝʥʴʰʠʭ ʵʥʝʨʛʠʡ ʚʧʣʦʪʴ ʜʦ 250 ʢʵɺ. 

ʇʨʦʪʦʥʳ ʤʘʣʳʭ ʵʥʝʨʛʠʡ ʫʩʢʦʨʷʶʪʩʷ ʚʦ ʚʨʝʤʷ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʠ ʪʝʤ ʩʘʤʳʤ ʨʘʩʰʠʨʷʶʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʮʝʩʩʝ ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʤʷʛʯʝʥʠʝ ʩʧʝʢʪʨʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠ ʦ ʧʨʦʙʣʝʤʝ ʚʳʭʦʜʘ ʠʟ ʦʙʣʘʩʪʠ ʫʩʢʦʨʝʥʠʷ. ʂʘʪʘʣʦʛ 1997 - 2008ʛʛ. 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʧʦʪʦʢʘʭ ʠ ʩʧʝʢʪʨʝ ʉʂʃ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʵʥʝʨʛʠʡ. 

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʧʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʦʚ ʧʨʦʪʦʥʦʚ ʉʂʃ ʟʘ 1997 - 2001 ʛʛ. 

 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʀ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ ʉʆʃʅɽʏʅʓʍ ʎʀʂʃʆɺ ʅɸ ʆʉʅʆɺɽ 

ʉʊɸʊʀʉʊʀʏɽʉʂʆɻʆ ɸʅɸʃʀɿɸ ʈʗɼʆɺ ɺʆʃʔʌɸ ʀ ʈɸʉʇʆʃʆɾɽʅʀʗ ʇʃɸʅɽʊ 

 

ɺ.ɻ. ʉʦʢʦʣʦʚ, ʃ.ɺ. ʂʦʨʩʠ  

 

ʆɸʆ ʅʎʃʉʂ çɸʩʪʨʦʬʠʟʠʢʘè, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, vsokolov@comtv.ru;  

Larissa.Korsi@gmail.com. 

 

ʇʨʦʚʝʜʝʥʦ ʩʦʚʤʝʩʪʥʦʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʷʜʦʚ ɺʦʣʴʬʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʣʘʥʝʪ 

ʥʘ ʪʳʩʷʯʝʣʝʪʥʝʤ ʠʥʪʝʨʚʘʣʝ ʥʘʙʣʶʜʝʥʠʡ, ʠ ʦʙʥʘʨʫʞʝʥʘ ʪʝʩʥʘʷ ʩʚʷʟʴ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ. ʎʠʢʣʳ ʠ 

ʦʩʮʠʣʣʷʮʠʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʷʤʠ ʧʣʘʥʝʪ. ʉʦʣʥʝʯʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʤʤʦʡ ʠ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʨʘʟʥʦʩʪʝʡ 

ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʠʭ ʜʦʣʛʦʪ ʧʣʘʥʝʪʥʳʭ ʧʘʨ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʟʘʢʦʥʳ 

ʫʧʨʘʚʣʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʣʘʥʝʪʘʤʠ: ʟʘʢʦʥ ʧʣʘʥʝʪʥʳʭ ʧʘʨ ʠ ʟʘʢʦʥ ʠʭ ʩʦʚʤʝʩʪʥʦʛʦ 

ʢʘʩʢʘʜʥʦʛʦ ʜʝʡʩʪʚʠʷ. ɿʘʢʦʥʳ ʩʧʨʘʚʝʜʣʠʚʳ ʢʘʢ ʜʣʷ ʧʣʘʥʝʪ ʛʠʛʘʥʪʦʚ, ʪʘʢ ʠ ʜʣʷ ʧʣʘʥʝʪ ʟʝʤʥʦʡ 

ʛʨʫʧʧʳ. ʎʠʢʣʳ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʝʨʠʦʜʘʤʠ ʩʤʝʥʳ ʢʦʥʬʠʛʫʨʘʮʠʡ 

ʦʪʜʝʣʴʥʳʭ ʧʣʘʥʝʪʥʳʭ ʧʘʨ ʠ ʢʦʤʙʠʥʘʮʠʦʥʥʳʤʠ ʯʘʩʪʦʪʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ ʢʘʩʢʘʜʥʦʤ 

ʜʝʡʩʪʚʠʠ ʥʝʩʢʦʣʴʢʠʭ ʧʘʨ ʧʣʘʥʝʪ. ʋʪʦʯʥʝʥʳ ʩʨʝʜʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʪʳʩʷʯʝʣʝʪʥʝʛʦ, 

ʜʚʫʭʚʝʢʦʚʦʛʦ, ʭʵʡʣʦʚʩʢʦʛʦ ʮʠʢʣʘ ʠ ʧʦʣʫʚʝʢʦʚʳʭ ʦʩʮʠʣʣʷʮʠʡ. ʌʣʫʢʪʫʘʮʠʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 11-ʣʝʪʥʝʛʦ ʠ ʚʝʢʦʚʦʛʦ ʮʠʢʣʦʚ ʦʙʲʷʩʥʷʶʪʩʷ ʦʙʠʣʠʝʤ ʙʠʝʥʠʡ  ʩ 

ʢʦʤʙʠʥʘʮʠʦʥʥʳʤʠ ʯʘʩʪʦʪʘʤʠ. ʈʘʟʨʘʙʦʪʘʥʘ ʛʠʧʦʪʝʟʘ ʬʠʟʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʣʘʥʝʪʥʦʡ 

ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʩʦʣʥʝʯʥʳʭ ʮʠʢʣʦʚ. ʇʘʨʳ ʧʣʘʥʝʪ ʦʢʘʟʳʚʘʶʪ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʤʝʜʣʝʥʥʳʝ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ, ʠʩʯʝʨʧʘʚʰʠʝ ʵʥʝʨʛʠʶ ʥʘ ʧʝʨʠʬʝʨʠʠ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ, ʠ 

ʬʦʨʤʠʨʫʶʪ ʥʠʩʭʦʜʷʱʠʝ ʧʦʪʦʢʠ ʵʪʠʭ ʯʘʩʪʠʮ. ʇʣʘʥʝʪʥʳʝ ʧʘʨʳ ʫʯʘʩʪʚʫʶʪ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

(ʘʜʜʠʪʠʚʥʦ), ʪʘʢ ʠ ʢʘʩʢʘʜʥʦ, ʧʝʨʝʜʘʚʘʷ ʧʦʪʦʢ ʦʪ ʦʜʥʦʡ ʧʘʨʳ ʢ ʩʣʝʜʫʶʱʝʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʣʠʥʝʡʥʳʤ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʤ ʧʨʦʮʝʩʩʘʤ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʦʚ ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʧʣʘʥʝʪʘʤʠ ʥʝʚʝʣʠʢʘ, ʥʦ ʦʥʘ ʨʝʛʫʣʷʨʥʘ. ʉʫʱʝʩʪʚʫʶʪ ʜʨʫʛʠʝ ʤʦʱʥʳʝ ʩʧʦʨʘʜʠʯʝʩʢʠʝ ʧʦʪʦʢʠ, 
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ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʣʴʮʝʚʳʭ ʪʦʢʦʚ ʉʦʣʥʮʘ. ɺ ʵʧʦʭʠ ʤʠʥʠʤʫʤʘ 11-ʣʝʪʥʝʛʦ 

ʮʠʢʣʘ ʨʝʛʫʣʷʨʥʳʝ ʠ ʙʳʩʪʨʦ ʬʣʫʢʪʫʠʨʫʶʱʠʝ ʥʝʨʝʛʫʣʷʨʥʳʝ ʢʦʣʴʮʝʚʳʝ ʪʦʢʠ ʩʦʟʜʘʶʪ 

ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ, ʚʤʦʨʦʞʝʥʥʳʝ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʩʦʣʥʝʯʥʦʡ ʧʣʘʟʤʳ. ɿʥʘʢʦʧʝʨʝʤʝʥʥʳʝ 

ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʟʘ ʦʜʠʥ ʦʙʦʨʦʪ ʉʦʣʥʮʘ ʚʟʘʠʤʥʦ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ. ʈʝʛʫʣʷʨʥʘʷ ʢʦʤʧʦʥʝʥʪʘ 

ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʦʙʨʘʟʫʝʪ ʛʣʦʙʘʣʴʥʦʝ ʜʠʧʦʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ~2 ɻʩ. 

ɼʠʧʦʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ ɹʵʙʢʦʢʘ, ʟʘʧʫʩʢʘʝʪ ʥʦʚʳʡ 11-ʣʝʪʥʠʡ 

ʮʠʢʣ. ʇʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʠʧʦʣʷʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʛʨʫʧʧ ʠ ʜʨʫʛʠʭ ʧʨʦʷʚʣʝʥʠʡ 

ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ. ʕʥʝʨʛʝʪʠʢʫ ʧʨʦʮʝʩʩʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʉʦʣʥʮʘ. 

ʅʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ ʧʦʩʪʨʦʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʫʶ 

ʦʜʥʦʟʥʘʯʥʫʶ ʩʚʷʟʴ ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʠʭ ʜʦʣʛʦʪ ʧʣʘʥʝʪ ʩ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʨʷʜʦʤ 

ɺʦʣʴʬʘ. ʄʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʜʠʥʘʤʠʢʫ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ. ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ 

ʟʘʛʣʷʥʫʪʴ ʚ ʧʨʦʰʣʦʝ. ʈʘʩʯʝʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʣʝʪʦʧʠʩʥʳʤʠ ʜʘʥʥʳʤʠ ʦ 

ʧʦʣʷʨʥʳʭ ʩʠʷʥʠʷʭ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʢʦʣʴʮʘʭ ʜʝʨʝʚʴʝʚ. ʇʦʣʫʯʝʥʦ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʚʧʘʜʝʥʠʝ. ʄʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʙʫʜʫʱʠʝ ʟʥʘʯʝʥʠʷ ʨʷʜʘ 

ɺʦʣʴʬʘ ʠ ʜʘʝʪ ʥʦʚʳʡ ʤʝʪʦʜ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʠ ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʷʤʠ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ ʩʚʷʟʝʡ ʵʪʦʪ ʧʨʦʛʥʦʟ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ, ʵʧʠʜʝʤʠʡ, ʩʦʮʠʘʣʴʥʳʭ 

ʚʟʨʳʚʦʚ, ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʜʨʫʛʠʭ ʷʚʣʝʥʠʡ ʥʘ ʥʘʰʝʡ ʧʣʘʥʝʪʝ. 

 

 

ʀɿʄɽʅɽʅʀɽ ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ ɸʂʊʀɺʅʆʁ ʆɹʃɸʉʊʀ ʉʆʃʅʎɸ ʇʈʀ 

ʕʈʋʇʎʀʀ ɺʆʃʆʂʅɸ 

 

ɺ.ʃ. ʄʝʨʟʣʷʢʦʚ 

 

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

 

ʇʨʦʚʝʜʝʥʳ ʤʦʜʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʵʨʫʧʮʠʠ ʩʦʣʥʝʯʥʦʛʦ ʚʦʣʦʢʥʘ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʦʥʘ 

ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʜʚʠʞʝʥʠʷ ñʚʤʦʨʦʞʝʥʥʦʡò ʧʣʘʟʤʳ. ʅʘʙʣʶʜʘʝʤʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʚʦʣʦʢʥʘ, ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʧʦʟʚʦʣʷʶʪ ʠʟʫʯʠʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʦʙʣʘʩʪʠ ʚʳʙʨʦʩʘ ʠ ʝʛʦ ʚʨʝʤʝʥʥʫʶ ʵʚʦʣʶʮʠʶ. ɼʣʷ ʪʠʧʠʯʥʦʡ ʩʠʪʫʘʮʠʠ ʧʦʜʲʝʤʘ ʚʦʣʦʢʥʘ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ~10 ʢʤ/ʩ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: ʜʠʘʧʘʟʦʥ ʦʪʥʦʰʝʥʠʡ ʚʝʣʠʯʠʥ 

ʤʘʛʥʠʪʥʳʭ ʛʘʨʤʦʥʠʢ ʦʢʪʫʧʦʣʴʥʦʡ (Q) ʢ ʜʠʧʦʣʴʥʦʡ (M) ʩʦʩʪʘʚʣʷʝʪ Q/M ~ 0.001 ï 0.01 R
2
Sun , 

ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʚʨʝʤʝʥʥʳʝ ʚʘʨʠʘʮʠʠ (ÖQ/QÖt) < (ÖM/MÖt), ʚʝʣʠʯʠʥʘ ÖM/MÖt ~ +10
-4

 ʩ
-1
. 

ʈʘʩʯʝʪʳ ʦʙʱʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʚ ʪʝʯʝʥʠʝ ʥʘʙʣʶʜʘʝʤʦʛʦ ʧʝʨʠʦʜʘ 

ʚʳʙʨʦʩʘ ~10
4
 ʩʝʢ (ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ) ʧʦʢʘʟʘʣʠ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʦʩʪʦʷʥʩʪʚʦ, ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʘʷ ʚʘʨʠʘʮʠʷ ʩʦʩʪʘʚʣʷʝʪ 13%. 

 

 

ʂ ʄʆɼɽʃʀ ʉʆʃʅɽʏʅʆʁ ɺʉʇʓʐʂʀ: ʅɸʏɸʃʔʅɸʗ ʌɸɿɸ  

 

ɺ.ɸ.ʂʦʚʘʣʝʚ 

 

ʀɿʄʀʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, vic.kov@yandex,ru   

 

ʇʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʤʦʜʝʣʴ ʚʩʧʳʰʢʠ, ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʜʠʩʩʠʧʘʮʠʶ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʠʣʠ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʚʚʝʨʭ ʦʪ 

ʬʦʪʦʩʬʝʨʳ ʯʝʨʝʟ ʘʨʢʘʜʫ ʤʘʛʥʠʪʥʳʭ ʪʨʫʙʦʢ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʛʦ ʩʮʝʥʘʨʠʷ ʷʚʣʷʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʣʣʘʧʩʠʨʫʶʱʝʡ ʤʘʛʥʠʪʥʦʡ ʣʦʚʫʰʢʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʝʨʝʪʷʞʢʘʤʠ ʤʘʛʥʠʪʥʦʡ 

ʪʨʫʙʢʠ, ʫʩʢʦʨʝʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ (ʤʝʭʘʥʠʟʤ ʌʝʨʤʠ) ʠ ʥʘʛʨʝʚ ʧʣʘʟʤʳ ʚ ʙʳʩʪʨʦʤ ʨʝʞʠʤʝ 

ʩ ʦʙʦʩʪʨʝʥʠʝʤ (ʧʦ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ). ɸʣʪɹʝʨʥʘʪʠʚʥʘʷ ʛʘʟʦʜʠʥʘʤʠʢʘ ʚʩʧʳʰʝʯʥʦʡ 
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ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʳʤ ʠʩʪʦʯʥʠʢʦʤ - ʧʦʪʦʢʘʤʠ ʪʝʧʣʘ ʠ ʫʩʢʦʨʝʥʥʳʭ ʯʘʩʪʠʮ, 

ʚʳʩʳʧʘʶʱʠʭʩʷ ʠʟ ʦʪʢʨʳʪʦʡ ʤʘʛʥʠʪʥʦʡ ʣʦʚʫʰʢʠ ʚ ʙʳʩʪʨʦʤ ʨʝʞʠʤʝ, ʜʦʩʪʠʛʘʶʱʠʤʠ 

ʦʩʥʦʚʘʥʠʡ ʤʘʛʥʠʪʥʦʡ ʪʨʫʙʢʠ ʠ ʥʘʛʨʝʚʘʶʱʠʤʠ ʧʣʦʪʥʫʶ ʭʨʦʤʦʩʬʝʨʥʫʶ ʧʣʘʟʤʫ, ʚʳʟʳʚʘʷ ʝʝ 

çʠʩʧʘʨʝʥʠʝè. ʇʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʜʘʚʣʝʥʠʷ ʜʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʣʦʚʫʰʢʘ ʧʝʨʝʭʦʜʠʪ ʚ 

ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ, ʚ ʚʝʨʰʠʥʝ ʤʘʛʥʠʪʥʦʡ ʘʨʢʠ ʬʦʨʤʠʨʫʝʪʩʷ ʛʦʨʷʯʠʡ ʠʩʪʦʯʥʠʢ. 

ʋʤʝʥʴʰʝʥʠʝ ʧʨʦʙʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʧʦʪʦʢʘ ʯʘʩʪʠʮ ʚ ʢʦʥʫʩ 

(ʛʠʧʝʨʙʦʣʦʠʜ) ʧʦʪʝʨʴ ʠ ʩʙʨʦʩʫ ʛʘʟʦʚʦʛʦ ʜʘʚʣʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʵʚʘʢʫʘʮʠʠ ʛʘʟʘ 

ʧʦʚʳʰʝʥʥʦʝ ʜʘʚʣʝʥʠʝ ʫʩʢʦʨʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʣʦʚʫʰʢʝ  ʧʨʠʚʦʜʠʪ ʢ ʄɻɼ - ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʝʝ 

ʨʘʟʨʫʰʝʥʠʶ. ɺʦʟʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʟʜʫʚʘʶʱʝʡʩʷ ʪʨʫʙʢʠ ʠʣʠ ʦʪʢʨʳʪʦʡ ʤʘʛʥʠʪʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʥʝʡʪʨʘʣʴʥʳʤ ʪʦʢʦʚʳʤ ʩʣʦʝʤ. 

 

 

ɼʀʇʆʃʔʅʓɽ ʄʆʄɽʅʊʓ ʀʉʊʆʏʅʀʂʆɺ ʂʈʋʇʅʆʄɸʉʐʊɸɹʅʆɻʆ 

ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ ʉʆʃʅʎɸ 

 

ɺ.ʃ. ʄʝʨʟʣʷʢʦʚ, ʃ.ʀ. ʉʪʘʨʢʦʚʘ 

 

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

 

ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʜʠʧʦʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʠʩʪʦʯʥʠʢʦʚ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʰʣʝʤʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʨʦʥʳ. ʕʪʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʘʷ ʬʦʨʤʘ ʰʣʝʤʦʚ ʦʪʨʘʞʘʝʪ 

ʠʟʛʠʙʳ ʥʝʡʪʨʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʦʙʣʘʩʪʝʡ ʩʤʝʥʳ ʟʥʘʢʘ ʨʘʜʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʨʝʙʫʝʤʳʝ 

ʠʟʛʠʙʳ ʥʝʡʪʨʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʟʳʚʘʶʪ 12 ʩʨʝʜʥʝʰʠʨʦʪʥʳʭ ʠ 2 ʧʦʣʷʨʥʳʭ ʠʩʪʦʯʥʠʢʘ. ɺ 

ʧʝʨʠʦʜ ʥʠʟʢʦʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʨʝʜʥʝʰʠʨʦʪʥʳʝ ʠʩʪʦʯʥʠʢʠ ʨʝʛʫʣʷʨʥʦ ʨʘʩʧʦʣʦʞʝʥʳ ʩ 

60
ʦ 
ʜʦʣʛʦʪʥʳʤ ʠʥʪʝʨʚʘʣʦʤ. ɺ ʵʧʦʭʫ ʤʠʥʠʤʫʤʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʬʘʟʘ ʩʦʣʥʝʯʥʦʛʦ 

ʮʠʢʣʘ < 0.10) ʠʭ ʩʫʤʤʘʨʥʳʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ İ ʦʪ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ 

ʧʦʣʷʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɺʦʟʤʦʞʥʳʝ ʚʘʨʠʘʮʠʠ ʚʝʣʠʯʠʥ ʫʢʘʟʘʥʥʳʭ ʤʦʤʝʥʪʦʚ ʥʝ ʧʨʦʷʚʣʷʶʪ 

ʷʚʥʦʡ ʜʦʣʛʦʪʥʦʡ ʘʩʠʤʤʝʪʨʠʠ, ʧʨʠ ʵʪʦʤ ʩʣʫʯʘʡʥʳʡ ʨʘʟʙʨʦʩ ʦʪʢʣʦʥʝʥʠʡ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 10 ʠ 

ʙʦʣʝʝ ʨʘʟ. ɺ ʧʝʨʠʦʜʳ ʩʧʘʜʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʳʷʚʣʝʥʳ ʤʦʤʝʥʪʳ ʷʚʥʦ ʚʳʨʘʞʝʥʥʦʡ 

ʜʦʣʛʦʪʥʦʡ ʘʩʠʤʤʝʪʨʠʠ ʩ ʧʦʚʳʰʝʥʠʝʤ ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʣʠʯʠʥ ʚʙʣʠʟʠ ʦʜʥʦʡ (ñʘʢʪʠʚʥʦʡò) 

ʜʦʣʛʦʪʳ. ɸʥʘʣʠʟ ʪʘʢʠʭ ʤʦʤʝʥʪʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʥʘ ʧʨʠʤʝʨʝ ʢʦʨʦʥʳ 1952 ʛ. (ʬʘʟʘ ʮʠʢʣʘ -0.33) 

ʢʘʢ ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʦʡ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʨʦʥʳ 1952 ʛ. ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʦʣʛʦʪʥʘʷ ʚʘʨʠʘʮʠʷ 

ʤʦʤʝʥʪʦʚ ʠʩʪʦʯʥʠʢʦʚ ʜʦʭʦʜʠʪ ʜʦ 4 ʨʘʟ, ʘ ʠʭ ʩʫʤʤʘʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʧʨʝʚʳʰʘʝʪ 

ʤʦʤʝʥʪ ʧʦʣʷʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ. ɼʣʷ ʧʝʨʠʦʜʦʚ ʨʦʩʪʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

(ʬʘʟʘ ʮʠʢʣʘ < 1/3) ʧʦʜʦʙʥʳʭ ʤʦʤʝʥʪʦʚ ʥʘʣʠʯʠʷ ʜʦʣʛʦʪʥʦʡ ʘʩʠʤʤʝʪʨʠʠ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʥʦ 

ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʫʤʤʘʨʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʩ ʨʦʩʪʦʤ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠʤʝʝʪ ʤʝʩʪʦ. 

 

 

ʃʆʂɸʃʀɿɸʎʀʗ ʀʉʊʆʏʅʀʂʆɺ ʊʆʅʂʀʍ ʉʊʈʋʂʊʋʈ ʄʀʂʈʆɺʆʃʅʆɺʆɻʆ 

ʀɿʃʋʏɽʅʀʗ ʇʆ ʅɸɹʃʖɼɽʅʀʗʄ ʅɸ ʈɸʊɸʅ-600 

 

ɼ.ɸ. ɾʜʘʥʦʚ, ʉ.ʍ. ʊʦʭʯʫʢʦʚʘ, ʉ.ɺ. ʃʝʩʦʚʦʡ 

 

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

 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʪʦʥʢʠʭ ʩʪʨʫʢʪʫʨ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʦ 

ʚʨʝʤʷ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʷʚʣʷʝʪʩʷ ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥ ʤʝʪʦʜ 

ʣʦʢʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʥʘ ʈɸʊɸʅ-600. ʅʘ ʦʩʥʦʚʝ ʢʘʪʘʣʦʛʘ ʪʦʥʢʠʭ 

ʩʪʨʫʢʪʫʨ ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʥʘ ʩʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨʝ 4-8 ɻɻʮ ʚ 2011ï2013 ʛʛ. ʠʟ 80 ʩʦʙʳʪʠʡ 

mailto:mvl@izmiran.ru
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ʪʦʣʴʢʦ ʚ ʯʝʪʳʨʝʭ ʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʥʘ ʈɸʊɸʅ-600. ʕʪʦ ʩʣʝʜʫʶʱʠʝ 

ʩʦʙʳʪʠʷ: 2011-08-10 09:34 UT, 2012-06-29 09:13 UT, 2012-07-14 07:35 UT ʠ 2013-03-22 08:39 

UT. ɺ ʩʦʙʳʪʠʠ 10 ʘʚʛʫʩʪʘ 2011 ʛʝʦʤʝʪʨʠʷ ʧʝʪʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ 

ʠʩʪʦʯʥʠʢʦʚ ʩʨʘʟʫ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʦʪʘʭ ʦʜʥʦʚʨʝʤʝʥʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʧʝʨʚʳʝ ʙʳʣʠ 

ʣʦʢʘʣʠʟʦʚʘʥʳ ʠʩʪʦʯʥʠʢʠ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʦʪʘʭ ʚ ʜʠʘʧʘʟʦʥʝ 

5-6 ɻɻʮ. 

 

 

ʇʈɽɼʇʆʉʓʃʂʀ ɼʀɸɻʅʆʉʊʀʂʀ ʆʂʆʃʆɿɽʄʅʓʍ ʇʈʆʊʆʅʅʓʍ 

ɺʆɿʈɸʉʊɸʅʀʁ ʇʆ ɼɸʅʅʓʄ ʆ ʉʆʃʅɽʏʅʓʍ ʄʀʂʈʆɺʆʃʅʆɺʓʍ ɺʉʇʃɽʉʂɸʍ 

 

ɺ.ɺ. ɻʨʝʯʥʝʚ
1
, ʅ.ʉ. ʄʝʰʘʣʢʠʥʘ

1
, ʀ.ʄ.ʏʝʨʪʦʢ

2
, ɺ.ʀ. ʂʠʩʝʣʸʚ

1
 

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

2
ʀɿʄʀʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʛ. ʊʨʦʠʮʢ, ʈʦʩʩʠʷ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʚʳʷʚʣʷʶʪ ʙʦʣʝʝ ʪʝʩʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʦʣʥʝʯʥʳʤʠ 

ʚʩʧʳʰʢʘʤʠ, ʢʦʨʦʥʘʣʴʥʳʤʠ ʚʳʙʨʦʩʘʤʠ ʠ ʫʜʘʨʥʳʤʠ ʚʦʣʥʘʤʠ, ʯʝʤ ʩʯʠʪʘʣʦʩʴ ʨʘʥʝʝ. 

ɺʦʟʤʦʞʥʦ, ʯʪʦ ʠ ʜʣʷ ʜʘʚʥʦ ʟʘʤʝʯʝʥʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʦʱʥʳʭ ʦʢʦʣʦʟʝʤʥʳʭ ʧʨʦʪʦʥʥʳʭ 

ʚʦʟʨʘʩʪʘʥʠʡ ʠ ʠʥʪʝʥʩʠʚʥʳʭ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʚʩʧʣʝʩʢʦʚ ʠʤʝʶʪʩʷ ʙʦʣʝʝ ʛʣʫʙʦʢʠʝ ʧʨʠʯʠʥʳ, 

ʯʝʤ çʩʠʥʜʨʦʤ ʙʦʣʴʰʦʡ ʚʩʧʳʰʢʠè. ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʚʦʟʤʦʞʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʨʘʜʠʦʚʩʧʣʝʩʢʘʤʠ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤʠ ʥʘ 35 ɻɻʮ 

ʈʘʜʠʦʧʦʣʷʨʠʤʝʪʨʘʤʠ ʅʦʙʝʷʤʘ, ʠ ʦʢʦʣʦʟʝʤʥʳʤʠ ʚʦʟʨʘʩʪʘʥʠʷʤʠ ʧʦʪʦʢʘ ʧʨʦʪʦʥʦʚ ʩ 

ʵʥʝʨʛʠʷʤʠ ʚʳʰʝ 100 ʄʵɺ ʩ 1990 ʧʦ 2012 ʛ. ï ʚʩʝʛʦ ʦʢʦʣʦ 100 ʩʦʙʳʪʠʡ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʟʘʧʘʜʥʳʭ ʠ ʫʤʝʨʝʥʥʦ ʚʦʩʪʦʯʥʳʭ ʩʦʣʥʝʯʥʳʭ ʩʦʙʳʪʠʡ, ʩʦʧʨʦʚʦʞʜʘʚʰʠʭʩʷ ʠʥʪʝʥʩʠʚʥʳʤʠ 

ʨʘʜʠʦʚʩʧʣʝʩʢʘʤʠ ʥʘ 35 ɻɻʮ, ʚʳʟʚʘʣʦ ʦʢʦʣʦʟʝʤʥʳʝ ʚʦʟʨʘʩʪʘʥʠʷ ʧʦʪʦʢʘ ʧʨʦʪʦʥʦʚ ʩ ʵʥʝʨʛʠʷʤʠ 

ʚʳʰʝ 100 ʄʵɺ, ʧʨʝʚʳʰʘʚʰʠʝ 1 pfu (ʯʘʩʪʠʮ/ʩʤ
2
/ʩ/ʩʪʝʨ). ʅʘʠʙʦʣʝʝ ʤʦʱʥʳʝ ʠ ʞʸʩʪʢʠʝ ʠʟ ʥʠʭ 

ʚʳʟʚʘʣʠ ʥʘʟʝʤʥʳʝ ʚʦʟʨʘʩʪʘʥʠʷ ʫʨʦʚʥʷ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. ɺʳʷʚʣʝʥʦ ʦʙʱʝʝ, ʭʦʪʷ ʠ ʩ 

ʙʦʣʴʰʠʤ ʨʘʟʙʨʦʩʦʤ, ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʧʠʢʦʚʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʧʨʦʪʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʠ ʚʩʧʣʝʩʢʦʚ ʥʘ 35 ɻɻʮ (I35). ʉʦʦʪʚʝʪʩʪʚʠʝ ʦʩʦʙʝʥʥʦ ʚʳʨʘʞʝʥʦ ʧʨʠ I35 > 10
4
 ʩ.ʝ.ʧ. 

(1 ʩ.ʝ.ʧ. = 10
-22

 ɺʪ/ʤ
2
/ɻʮ) ʠ ʯʘʩʪʦʪʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʨʘʜʠʦʚʩʧʣʝʩʢʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʳʰʝ 10 ɻɻʮ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʠʟʣʫʯʝʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʵʣʝʢʪʨʦʥʦʚ ʚʳʩʦʢʠʭ 

ʵʥʝʨʛʠʡ ʚ ʩʠʣʴʥʝʡʰʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʚʳʩʦʢʠʡ ʪʝʤʧ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʚ 

ʵʨʫʧʪʠʚʥʦʤ ʧʨʦʮʝʩʩʝ. ʊʠʧʠʯʥʳʤ ʜʣʷ ʪʘʢʠʭ ʩʦʙʳʪʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʚʩʧʳʰʢʠ ʥʘʜ 

ʪʝʥʴʶ ʧʷʪʥʘ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʫʩʢʦʨʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʯʘʩʪʠʮ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʚʦ ʚʩʧʳʰʢʝ ʠʣʠ 

ʥʘ ʬʨʦʥʪʝ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʠʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ 

ʧʦʪʝʥʮʠʘʣ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʚʩʧʣʝʩʢʦʚ ʠ ʚʩʧʳʰʝʢ ʥʘʜ ʪʝʥʷʤʠ ʧʷʪʝʥ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ. ʇʦʷʚʣʝʥʠʝ ʤʦʱʥʦʛʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʚʩʧʣʝʩʢʘ ʥʘ 

35 ɻɻʮ ï ʦʧʝʨʘʪʠʚʥʳʡ ʧʨʠʟʥʘʢ ʦʧʘʩʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʫʨʦʚʥʷ. ʋʩʪʘʥʦʚʣʝʥʘ 

ʩʣʝʜʫʶʱʘʷ ʵʤʧʠʨʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ. ɽʩʣʠ ʵʨʫʧʪʠʚʥʦʝ ʩʦʙʳʪʠʝ ʧʨʦʠʟʦʰʣʦ ʚ ʟʘʧʘʜʥʦʡ 

ʧʦʣʫʩʬʝʨʝ ʉʦʣʥʮʘ ʠ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʢʦʨʦʥʘʣʴʥʳʤ ʚʳʙʨʦʩʦʤ ʠ ʨʘʜʠʦʚʩʧʣʝʩʢʦʤ II ʪʠʧʘ, ʪʦ 

ʦʞʠʜʘʝʤʳʡ ʤʘʢʩʠʤʫʤ ʚʦʟʨʘʩʪʘʥʠʷ ʦʢʦʣʦʟʝʤʥʦʛʦ ʧʦʪʦʢʘ ʧʨʦʪʦʥʦʚ ʩ ʵʥʝʨʛʠʷʤʠ ʚʳʰʝ 100 

ʄʵɺ ʩʦʩʪʘʚʣʷʝʪ (I35/3800)
2
 pfu ʩ ʨʘʟʙʨʦʩʦʤ ʚ ʜʚʘ ʧʦʨʷʜʢʘ ʚʝʣʠʯʠʥʳ. ʏʝʪʳʨʝ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ 

ʩʦʙʳʪʠʷ ʩ ʤʦʱʥʳʤʠ ʧʨʦʪʦʥʥʳʤʠ ʧʦʪʦʢʘʤʠ ʠ ʫʤʝʨʝʥʥʳʤʠ ʚʩʧʣʝʩʢʘʤʠ ʥʘ 35 ɻɻʮ ʚʳʧʘʜʘʶʪ 

ʠʟ ʦʙʱʝʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.   
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ɺɸʈʀɸʎʀʀ ʌʆʅʆɺʆɻʆ ʀɿʃʋʏɽʅʀʗ ʉʆʃʅʎɸ ɺ ʈɽʅʊɻɽʅʆɺʉʂʆʄ (94¡) ʀ 

ɼɽʎʀʄɽʊʈʆɺʆʄ (10.7 ʉʄ) ɼʀɸʇɸɿʆʅɸʍ ɺ 2010-2013ʛʛ. 

 

ɻ.ʉ. ʀʚʘʥʦʚ-ʍʦʣʦʜʥʳʡ, ɺ.ɽ. ʏʝʨʪʦʧʨʫʜ 

 

ʀɿʄʀʈɸʅ, ʛ. ʊʨʦʠʮʢ, ʈʦʩʩʠʷ, vechert@list.ru 

 

ʇʦ ʜʘʥʥʳʤ SDO/AIA  ʠ ʠʥʜʝʢʩʫ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ F10.7 ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʳʝ 

ʚʘʨʠʘʮʠʠ ʬʦʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 94¡ (J94) ʠ 10.7ʩʤ ʚ 2010 - 2013ʛʛ. 

ʀʩʧʦʣʴʟʦʚʘʥʳ ñʩʠʥʦʧʪʠʯʝʩʢʠʝò ʢʘʨʪʳ AIA  [1] ʠ ʚʝʣʠʯʠʥʳ F10.7Adj [2], ʚʟʷʪʳʝ ʩ ʰʘʛʦʤ 1 

ʩʫʪʢʠ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʘʨʠʘʮʠʡ ʬʦʥʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪʜʝʣʴʥʦ 

ʚʳʯʠʩʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠʟʣʫʯʝʥʠʷ J94 (J
1
) ʦʪ ʚʩʝʛʦ ʜʠʩʢʘ ʉʦʣʥʮʘ ʠ ʦʪ ʝʛʦ ʯʘʩʪʝʡ, 

ʚʢʣʶʯʘʷ ʩʝʚʝʨʥʫʶ ʠ ʶʞʥʫʶ ʯʘʩʪʠ ʥʘ ʰʠʨʦʪʘʭ |j|>30
ʦ
, ʢʦʨʦʣʝʚʩʢʫʶ ʟʦʥʫ c |j|<30

ʦ
 ʠ 

ʮʝʥʪʨʘʣʴʥʫʶ ʦʙʣʘʩʪʴ ʩ ʰʠʨʦʪʘʤʠ jº°8
ʦ
 ʠ ʜʦʣʛʦʪʘʤʠ lº°8

ʦ
, ʟʘʥʠʤʘʶʱʫʶ 2% ʦʪ ʚʩʝʡ 

ʧʣʦʱʘʜʠ ʜʠʩʢʘ. ʈʝʘʣʠʟʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʪʘʢʠʭ ʦʮʝʥʦʢ ʧʨʠ ʨʘʟʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ, 

ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʥʘ ʤʠʥʠʤʘʣʴʥʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ J94, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʩʨʝʜʥʝʛʦ ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʷ J
1
. 

ʆʛʨʘʥʠʯʝʥʠʝ ʩʥʠʟʫ ʫʤʝʥʴʰʘʝʪ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʠ ʩʦʣʥʝʯʥʳʡ ʰʫʤ ʚ ʦʮʝʥʢʘʭ ʩʨʝʜʥʝʛʦ J
1
, ʘ 

ʦʛʨʘʥʠʯʝʥʠʝ ʩʚʝʨʭʫ ʨʝʜʫʮʠʨʫʝʪ ʚʩʧʳʰʝʯʥʳʡ ʚʢʣʘʜ. ʇʦʣʫʯʝʥʥʳʝ ʨʷʜʳ ʝʞʝʜʥʝʚʥʳʭ ʩʨʝʜʥʠʭ 

ʟʥʘʯʝʥʠʡ J
1
 ʠ ʨʷʜ ʝʞʝʜʥʝʚʥʳʭ ʟʥʘʯʝʥʠʡ F10.7, ʘ ʪʘʢʞʝ ʨʷʜʳ ʠʭ 27-ʜʥʝʚʥʳʭ ʩʢʦʣʴʟʷʱʠʭ 

ʩʨʝʜʥʠʭ (J
27

 ʠ F
27
) ʦʭʚʘʪʳʚʘʶʪ ʠʥʪʝʨʚʘʣ ʙʦʣʝʝ 1200 ʩʫʪʦʢ. ʀʭ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ 

ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʘʨʠʘʮʠʡ ʬʦʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʤʠʥʠʤʘʣʴʥʦʛʦ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ J94 ʣʠʰʴ ʩʣʝʛʢʘ 

ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʚʘʨʠʘʮʠʷʤʠ ʬʦʥʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ʨʘʜʠʦ ʠʟʣʫʯʝʥʠʡ 

ʉʦʣʥʮʘ, ʪ.ʝ. ʚʣʠʷʥʠʝ ʰʫʤʦʚ ʠ ʚʩʧʳʰʝʯʥʳʭ ʵʬʬʝʢʪʦʚ ʥʘ ʬʦʥʦʚʳʝ ʦʮʝʥʢʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

ʅʘʠʙʦʣʝʝ ʪʝʩʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʚʘʨʠʘʮʠʷʤʠ J
27

 ʠ F
27

 ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠʟʣʫʯʝʥʠʷ ʦʪ 

ʚʩʝʛʦ ʜʠʩʢʘ ʉʦʣʥʮʘ (ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ r = 0.96 ° 0.01). ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʚʩʝʛʦ ʜʠʩʢʘ 

ʉʦʣʥʮʘ ʢ ʢʦʨʦʣʝʚʩʢʦʡ ʟʦʥʝ ʩʚʷʟʴ ʤʝʞʜʫ ʚʘʨʠʘʮʠʷʤʠ J
27

 ʠ F
27

 ʫʤʝʥʴʰʘʝʪʩʷ (r = 0.88 ° 0.03). 

ɼʣʷ ʠʟʣʫʯʝʥʠʷ ʪʦʣʴʢʦ ʦʪ ʩʝʚʝʨʥʦʡ ʠʣʠ ʦʪ ʶʞʥʦʡ ʯʘʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʜʠʩʢʘ ʥʘ ʰʠʨʦʪʘʭ |j|>30
ʦ
 

ʩʚʷʟʴ ʤʝʞʜʫ ʚʘʨʠʘʮʠʷʤʠ J
27

 ʠ F
27

 ʝʱʝ ʩʣʘʙʝʝ, ʥʦ ʚʩʝ ʞʝ ʟʥʘʯʠʤʘ (r ~ 0.4° 0.1). ʊʘʢʦʝ ʞʝ 

ʨʘʟʣʠʯʠʝ ʩʚʷʟʝʡ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʩʦʣʥʝʯʥʦʛʦ ʜʠʩʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʥʝ 

ʩʛʣʘʞʝʥʥʳʭ ʠʥʜʝʢʩʦʚ J
1
 ʠ F10.7: ʜʣʷ ʧʦʣʥʦʛʦ ʜʠʩʢʘ ʉʦʣʥʮʘ r = 0.88, ʜʣʷ ʢʦʨʦʣʝʚʩʢʦʡ ʟʦʥʳ r = 

0.81, ʚʥʝ ʢʦʨʦʣʝʚʩʢʦʡ ʟʦʥʳ r~0.4. ʉʚʷʟʴ ʤʝʞʜʫ ʠʥʜʝʢʩʘʤʠ J
1
 ʠ F10.7 ʥʝʩʢʦʣʴʢʦ ʩʣʘʙʝʝ, ʯʝʤ 

ʤʝʞʜʫ ʩʛʣʘʞʝʥʥʳʤʠ ʠʥʜʝʢʩʘʤʠ J
27

 ʠ F
27
, ʪ.ʢ. ʩʛʣʘʞʠʚʘʥʠʝ ʦʩʣʘʙʣʷʝʪ ʜʦʣʛʦʪʥʳʝ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʢʦʪʦʨʳʝ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʥʝʦʜʠʥʘʢʦʚʦ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʠʟʣʫʯʝʥʠʷʭ J94, ʠ F10.7. 

ʕʪʠ ʠ ʜʨʫʛʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʘʨʠʘʮʠʡ, ʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʤʘʷ ʢʦʨʨʝʣʷʮʠʷ (r>0.6) ʚ ʠʟʣʫʯʝʥʠʠ J
27

 

ʦʪ ʚʩʝʛʦ ʜʠʩʢʘ ʉʦʣʥʮʘ ʠ ʦʪ ʝʛʦ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʟʘʥʠʤʘʶʱʝʡ ʚʩʝʛʦ 2% ʧʣʦʱʘʜʠ ʜʠʩʢʘ, 

ʥʘʚʦʜʷʪ ʥʘ ʤʳʩʣʴ ʦ ʝʜʠʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʚʘʨʠʘʮʠʡ ʬʦʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ.ʀʪʘʢ, 

ʚʘʨʠʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʦʪ ʧʦʣʥʦʛʦ ʜʠʩʢʘ ʉʦʣʥʮʘ, ʩʛʣʘʞʝʥʥʳʝ ʥʘ ʩʢʦʣʴʟʷʱʝʤ 27-ʜʥʝʚʥʦʤ 

ʠʥʪʝʨʚʘʣʝ, ʪʝʩʥʦ ʩʚʷʟʘʥʳ (r = 0.96) ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʙʦʣʝʝ, ʯʝʤ ʥʘ 7 ʧʦʨʷʜʢʦʚ 

(ʦʪ 94¡ ʜʦ 10.7ʩʤ). ʕʪʦʪ ʬʘʢʪ ʠʥʪʝʨʝʩʝʥ ʩʘʤ ʧʦ ʩʝʙʝ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʢʘʢ ʦ 

ʝʜʠʥʩʪʚʝ ʤʝʭʘʥʠʟʤʘ ʠʩʩʣʝʜʫʝʤʳʭ ʚʘʨʠʘʮʠʡ, ʪʘʢ ʠ ʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʪʦʯʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʡ ʚ 

ʨʘʟʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʠʟʣʫʯʝʥʠʷ. ɽʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʠʥʜʝʢʩʦʚ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ SDO/AIA. ɸʚʪʦʨʳ ʧʨʠʟʥʘʪʝʣʴʥʳ ʢʦʣʣʝʢʪʠʚʫ ʩʦʪʨʫʜʥʠʢʦʚ SDO/AIA  

ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ. ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʘʤʠ ʈʌʌʀ 11-02-00259-ʘ ʠ  

13-02-01183-ʘ. 

[1]. http://jsoc.stanford.edu/data/aia/synoptic/ 

[2]. http://celestrak.com/SpaceData/SpaceWx-format.asp 
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ʆʇʈɽɼɽʃɽʅʀɽ ʇʆʃʆɾɽʅʀʗ ʉʆʃʅɽʏʅʆʁ ɺʉʇʓʐʂʀ ʏʀʉʃɽʅʅʓʄ ʄɻɼ 

ʄʆɼɽʃʀʈʆɺɸʅʀɽʄ ʀ ʉʈɸɺʅɽʅʀɽ ʉ ʈɽʅʊɻɽʅʆɺʉʂʀʄʀ ʅɸɹʃʖɼɽʅʀʗʄʀ 

 

ɸ.ʀ. ʇʦʜʛʦʨʥʳʡ
1
, ʀ.ʄ. ʇʦʜʛʦʨʥʳʡ

2
 

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

2
ʀʅɸʉɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, podgorny@inasan.ru  

 

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʥʘʜ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʴʶ, ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʯʠʩʣʝʥʥʳʤ ʄɻɼ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ, ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʣʦʞʝʥʠʝʤ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʚʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʩʧʳʰʢʠ. ʋʩʣʦʚʠʷ ʄɻɼ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʚʘʣʠʩʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ ʧʨʝʜʚʩʧʳʰʝʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ ʵʥʝʨʛʠʠ ʜʣʷ ʚʩʧʳʰʢʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʪʦʢʦʚʦʛʦ ʩʣʦʷ, 

ʩʦʟʜʘʥʥʦʛʦ ʬʦʢʫʩʠʨʦʚʢʦʡ ʚʦʟʤʫʱʝʥʠʡ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʩʦʙʦʡ ʣʠʥʠʠ ʍ-ʪʠʧʘ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ 

ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʩʧʳʰʢʠ. ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʜʠʩʩʠʧʘʮʠʠ ʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʚ ʪʦʢʦʚʦʤ ʩʣʦʝ, ʪ.ʝ. ʦ 

ʥʘʛʨʝʚʘʥʠʠ ʧʣʘʟʤʳ ʚ ʪʦʢʦʚʦʤ ʩʣʦʝ. ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ 

ʧʦʢʘʟʘʣʠ, ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʜ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʴʶ ʧʨʠ ʚʩʧʳʰʢʝ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʚʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɼʣʷ ʧʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʤʦʜʝʣʠ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʄɻɼ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦʣʦʞʝʥʠʝ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʠ ʚʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʧʦʣʦʞʝʥʠʷ ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʩ ʧʦʣʦʞʝʥʠʝʤ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʧʦ ʜʘʥʥʳʤ ʘʧʧʘʨʘʪʘ RHESSI. ʉʨʘʚʥʝʥʠʷ ʩ ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ, 

ʚʳʧʦʣʥʝʥʥʳʤʠ ʜʣʷ ʚʩʧʳʰʢʠ 27 ʤʘʷ 2003 ʛ. ʚ 02:40 ʚ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ NOAA 10365, 

ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʦʣʦʞʝʥʠʡ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʢʘʨʪʠʥʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʭ= 99ò , y=64ò ʥʘ ʜʠʩʢʝ ʉʦʣʥʮʘ ʚ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ) 

ʠ ʪʦʢʦʚʦʛʦ ʩʣʦʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʄɻɼ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ (ʭ= 96ò , y=56ò). ʅʝʙʦʣʴʰʦʝ ʨʘʟʣʠʯʠʝ 

ʤʦʞʝʪ ʷʚʠʪʴʩʷ ʩʣʝʜʩʪʚʠʝʤ ʥʝʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʚʩʧʳʰʢʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚ 

ʩʦʢʨʘʱʝʥʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ 

ʨʝʰʝʥʠʷ. ʇʦʣʦʞʝʥʠʝ ʪʦʢʦʚʦʛʦ ʩʣʦʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʄɻɼ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ, ʥʘʭʦʜʠʣʦʩʴ ʧʦ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʧʦʤʦʱʠ ʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʠʩʢʘ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʘʚʪʦʨʘʤʠ. ʉʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪ ʩʚʦʡʩʪʚʦ ʪʦʢʦʚʦʛʦ ʩʣʦʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ, ʤʘʢʩʠʤʫʤ 

ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʳ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʮʝʥʪʨʝ ʪʦʢʦʚʦʛʦ ʩʣʦʷ. 

 

 

ɸʉʀʄʄɽʊʈʀʗ ʌʆʊʆʉʌɽʈʅʆɻʆ ʀ ɻɽʃʀʆʉʌɽʈʅʆɻʆ ʄɸɻʅʀʊʅʓʍ ʇʆʃɽʁ  
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1
ʉʇʙʌ ʀɿʄʀʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, helena@ev13934.spb.edu 

2
ʌʊʀ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʀʩʩʣʝʜʫʝʪʩʷ ʜʠʩʙʘʣʘʥʩ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʦʪʦʩʬʝʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʠ 

ʝʛʦ ʩʚʷʟʴ ʩ ʘʩʠʤʤʝʪʨʠʝʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʠ ʚ ʛʝʣʠʦʩʬʝʨʝ. ɼʣʷ 

ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʥʦʧʪʠʯʝʩʢʠʝ ʢʘʨʪʳ ʬʦʪʦʩʬʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʆʙʩʝʨʚʘʪʦʨʠʠ 

ʂʠʪʪ ʇʠʢ (1976 - 2003) ʠ ʆʙʩʝʨʚʘʪʦʨʠʠ ɼʞʦʥʘ ɺʠʣʢʦʢʩʘ ʚ ʉʪʵʥʬʦʨʜʝ (1976 - 2012). 

ʇʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ ʜʠʘʧʘʟʦʥʝ ʛʝʣʠʦʰʠʨʦʪ °40Á.  ʇʦʪʦʢʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʜʣʷ ʩʝʚʝʨʥʦʛʦ ʠ ʶʞʥʦʛʦ ʧʦʣʫʰʘʨʠʡ 

ʉʦʣʥʮʘ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʜʝʣʴʥʦ. ʂʘʞʜʳʡ ʠʟ ʯʝʪʳʨʝʭ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʝʛʦ ʧʦʣʷʨʥʦʩʪʴʶ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʚʝʜʫʱʠʭ ʠʣʠ 

ʚʝʜʦʤʳʭ ʧʷʪʝʥ ʦʜʥʦʛʦ ʠʟ ʧʦʣʫʰʘʨʠʡ ʉʦʣʥʮʘ. ɼʠʩʙʘʣʘʥʩ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʚʝʜʫʱʠʭ ʧʷʪʝʥ 

ʩʝʚʝʨʥʦʛʦ ʠ ʶʞʥʦʛʦ ʧʦʣʫʰʘʨʠʡ ʉʦʣʥʮʘ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʜʠʩʙʘʣʘʥʩ ʧʦʪʦʢʦʚ ʚʝʜʦʤʳʭ ʧʷʪʝʥ, 

ʠʟʤʝʥʷʶʪʩʷ ʩ 22-ʣʝʪʥʠʤ ʮʠʢʣʦʤ, ʧʨʠʯʝʤ ʟʥʘʢ ʜʠʩʙʘʣʘʥʩʘ ʚʝʜʫʱʠʭ/ʚʝʜʦʤʳʭ ʧʷʪʝʥ ʩʦʚʧʘʜʘʝʪ 



 28 

ʩʦ ʟʥʘʢʦʤ ʧʦʣʷʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʩʝʚʝʨʥʦʤ/ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʷʭ ʉʦʣʥʮʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʠʩʙʘʣʘʥʩ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʦʪʦʢʦʚ ʜʣʷ ʚʩʝʡ 

ʧʨʠʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʙʣʘʩʪʠ (°40Á ʛʝʣʠʦʰʠʨʦʪʳ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠʩʙʘʣʘʥʩʦʤ ʚʝʜʫʱʠʭ ʧʷʪʝʥ. 

ɿʥʘʢ ʜʠʩʙʘʣʘʥʩʘ ʥʝ ʤʝʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 11 ʣʝʪ ʦʪ ʦʜʥʦʡ ʠʥʚʝʨʩʠʠ ʦʙʱʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʉʦʣʥʮʘ ʜʦ ʜʨʫʛʦʡ ʠ ʚʩʝʛʜʘ ʩʦʚʧʘʜʘʝʪ ʩʦ ʟʥʘʢʦʤ ʧʦʣʷʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʩʝʚʝʨʥʦʤ 

ʧʦʣʫʰʘʨʠʠ. ɼʠʩʙʘʣʘʥʩ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʭʘʨʘʢʪʝʨʝʥ ʥʝ 

ʪʦʣʴʢʦ ʜʣʷ ʩʠʣʴʥʳʭ ʧʦʣʝʡ ʟʦʥʳ ʧʷʪʥʦʦʙʨʘʟʦʚʘʥʠʷ. ʉʨʝʜʥʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʉʦʣʥʮʘ (ʉʦʣʥʮʝ 

ʢʘʢ ʟʚʝʟʜʘ), ʢʦʪʦʨʦʝ ʦʪʨʘʞʘʝʪ ʜʠʩʙʘʣʘʥʩ ʬʦʥʦʚʳʭ ʧʦʣʝʡ, ʠʟʤʝʥʷʝʪʩʷ ʩ ʪʦʡ ʞʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ, ʯʪʦ ʠ ʜʠʩʙʘʣʘʥʩ ʩʠʣʴʥʳʭ ʧʦʣʝʡ. ʆʙʥʘʨʫʞʝʥʥʳʝ ʨʝʛʫʣʷʨʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʜʠʩʙʘʣʘʥʩʘ ʬʦʪʦʩʬʝʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘʭʦʜʷʪ ʦʪʨʘʞʝʥʠʝ ʚ ʧʘʨʘʤʝʪʨʘʭ ʛʝʣʠʦʩʬʝʨʳ. 

ʇʦʢʘʟʘʥʘ ʩʚʷʟʴ ʜʠʩʙʘʣʘʥʩʘ ʩ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʬʦʪʦʩʬʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʜʠʩʙʘʣʘʥʩʦʤ ʧʦʣʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʠ ʩ ʜʠʩʙʘʣʘʥʩʦʤ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ (ʨʘʟʥʦʩʪʴʶ ʤʝʞʜʫ ʯʠʩʣʘʤʠ ʜʥʝʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʠ 

ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʫ ɿʝʤʣʠ). 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʄʀʂʈʆɺʆʃʅʆɺʆɻʆ ʀɿʃʋʏɽʅʀʗ ɺʉʇʓʐɽʏʅʆʁ ʇɽʊʃʀ ʉ 

ʂʀʅʂ-ʆʉʎʀʃʗʎʀʗʄʀ 

 

ʃ.ɺ. ʌʠʣʘʪʦʚ
1
, ɺ.ʌ. ʄʝʣʴʥʠʢʦʚ

1,2 

 
1
ʌɻɹʅʋ ʅʀʈʌʀ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, filatovlv@yandex.ru

 

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

 

ʂʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʫʣʴʩʘʮʠʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʩʧʳʰʝʯʥʳʭ 

ʧʝʪʝʣʴ ʩ ʧʝʨʠʦʜʘʤʠ ʈ ~ 10-40 ʩ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʤʦʜʫʣʷʮʠʝʡ ʵʪʠʭ ʠʟʣʫʯʝʥʠʡ ʄɻɼ 

ʢʦʣʝʙʘʥʠʷʤʠ ʤʘʛʥʠʪʥʳʭ ʧʝʪʝʣʴ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʧʨʦʚʦʜʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʤʦʜʫʣʷʮʠʠ ʛʠʨʦʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʧʦʧʝʨʝʯʥʳʤʠ (ʢʠʥʢ) 

ʢʦʣʝʙʘʥʠʷʤʠ ʠʟʦʛʥʫʪʦʡ ʤʘʛʥʠʪʥʦʡ ʧʝʪʣʠ. ʈʝʰʝʥʠʝ ʠʱʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʌʦʢʢʝʨʘ-ʇʣʘʥʢʘ ʚ ʜʨʝʡʬʦʚʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ, ʫʯʠʪʳʚʘʶʱʝʛʦ: ʘ) ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʩʮʠʣʣʠʨʫʶʱʝʡ ʧʝʪʣʠ, ʙ) ʙʝʪʘʪʨʦʥʥʦʝ ʠ ʌʝʨʤʠ ʫʩʢʦʨʝʥʠʝ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʭ ʢʫʣʦʥʦʚʩʢʠʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʯʘʩʪʠʮʘʤʠ ʬʦʥʦʚʦʡ ʧʣʘʟʤʳ, ʚ) ʥʝʩʪʘʮʠʦʥʘʨʥʫʶ 

ʠ ʜʣʠʪʝʣʴʥʫʶ ʠʥʞʝʢʮʠʶ ʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʝʪʣʶ. ʇʦʣʫʯʝʥʥʳʝ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʠʨʦʩʠʥʭʨʦʪʨʦʥʥʦʛʦ 

ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʤʘʛʥʠʪʥʦʡ ʧʝʪʣʠ. 

 

 

ʊʈɽʍʄɽʈʅɸʗ ɼʀʅɸʄʀʂɸ ʀʄʇʋʃʔʉʅʆɻʆ ʂʆʈʆʅɸʃʔʅʆɻʆ ɺʓɹʈʆʉɸ 

ʄɸʉʉʓ ʅɸ ʉʊɸɼʀʀ ʌʆʈʄʀʈʆɺɸʅʀʗ 

 

ʄ.ɺ. ɽʩʝʣʝʚʠʯ, ɺ.ɻ. ɽʩʝʣʝʚʠʯ  

 

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

 

ʇʦ EUV ʠʟʦʙʨʘʞʝʥʠʷʤ ʚ ʧʦʣʦʩʘʭ 193ɸ ʠ 195ɸ, ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʠʥʩʪʨʫʤʝʥʪʘʭ AIA /SDO ʠ 

EUVI/STEREO-A, ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʪʨʝʭʤʝʨʥʘʷ ʜʠʥʘʤʠʢʘ ʠʤʧʫʣʴʩʥʦʛʦ ʢʦʨʦʥʘʣʴʥʦʛʦ ʚʳʙʨʦʩʘ 

ʤʘʩʩʳ 5 ʷʥʚʘʨʷ 2013 ʛ. ʥʘ ʩʪʘʜʠʠ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʉʄɽ ʚʳʛʣʷʜʠʪ 

ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʚʳʙʨʦʩʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʉʦʣʥʮʘ ʦʙʣʘʩʪʠ, ʠʤʝʶʱʝʡ ʥʘ EUV ʠʟʦʙʨʘʞʝʥʠʷʭ 

ʧʦʥʠʞʝʥʥʫʶ ʷʨʢʦʩʪʴ (ʧʦʣʦʩʪʠ). ʇʦʣʫʯʝʥʥʘʷ ʛʨʘʥʠʮʘ ʧʦʣʦʩʪʠ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʧʦʟʚʦʣʷʝʪ ʦʪʦʞʜʝʩʪʚʠʪʴ ʝʝ ʩ ʜʚʠʞʫʱʠʤʩʷ ʤʘʛʥʠʪʥʳʤ ʞʛʫʪʦʤ. ʊʝʦʨʠʷ ʪʦʥʢʦʡ ʤʘʛʥʠʪʥʦʡ 

ʪʨʫʙʢʠ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʜʚʠʞʫʱʝʡʩʷ ʧʦʣʦʩʪʠ, ʢʘʢ ʨʝʟʫʣʴʪʘʪʘ ʚʳʙʨʦʩʘ 

ʠʟ ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʳ ʧʣʦʪʥʦʛʦ ʩʛʫʩʪʢʘ ʭʦʣʦʜʥʦʡ ʟʘʤʘʛʥʠʯʝʥʥʦʡ ʧʣʘʟʤʳ. 
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ɸʅʀɿʆʊʈʆʇʀʗ ʋʉʂʆʈɽʅʅʓʍ ʕʃɽʂʊʈʆʅʆɺ ɺʆ ɺʉʇʓʐɽʏʅʆʁ ʇɽʊʃɽ ʂɸʂ 

ʇʈʀʏʀʅɸ ʀʅɺɽʈʉʀʀ ʇʆʃʗʈʀɿɸʎʀʀ ʄʀʂʈʆɺʆʃʅʆɺʆɻʆ ʀɿʃʋʏɽʅʀʗ 

 

ɸ.ʉ. ʄʦʨʛʘʯʝʚ, ɺ.ʌ. ʄʝʣʴʥʠʢʦʚ 

 

ʌɻɹʅʋ ʅʀʈʌʀ ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, 

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

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʩʧʳʰʝʯʥʦʡ 

ʧʝʪʣʠ 19 ʠʶʣʷ 2012 ʧʦ ʜʘʥʥʳʤ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʘ ʅʦʙʝʷʤʘ (NoRH) ʠ ʩʧʫʪʥʠʢʘ RHESSI. ɼʣʷ 

ʵʪʦʛʦ ʣʠʤʙʦʚʦʛʦ ʩʦʙʳʪʠʷ ʦʙʥʘʨʫʞʝʥʘ ʠʥʚʝʨʩʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʦʪ ʦʩʥʦʚʘʥʠʡ ʢ 

ʚʝʨʰʠʥʝ ʚʩʧʳʰʝʯʥʦʡ ʧʝʪʣʠ (ʂʫʟʥʝʮʦʚ ʠ ʜʨ. 2014). ʅʘʤʠ ʙʳʣ ʧʨʠʤʝʥʝʥ ʥʝʜʘʚʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʦʩʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, 

ʧʦʢʘʟʘʪʝʣʷ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ, ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʫʛʣʘ ʤʝʞʜʫ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʣʫʯʦʤ ʟʨʝʥʠʷ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʚʩʧʳʰʝʯʥʦʡ 

ʦʙʣʘʩʪʠ. ɹʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ NoRH ʦ ʧʦʪʦʢʘʭ ʠʟʣʫʯʝʥʠʷ ʥʘ ʯʘʩʪʦʪʘʭ 17 ʠ 34 ɻɻʮ, ʦ 

ʩʪʝʧʝʥʠ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʥʘ ʯʘʩʪʦʪʝ 17 ɻɻʮ ʠ ʦ ʚʨʝʤʝʥʥʦʤ ʧʨʦʬʠʣʝ ʧʣʦʪʥʦʩʪʠ 

ʪʝʧʣʦʚʦʡ ʧʣʘʟʤʳ, ʧʦʣʫʯʝʥʥʦʤ ʧʦ ʜʘʥʥʳʤ RHESSI. ɺ ʠʪʦʛʝ ʫʜʘʣʦʩʴ ʧʨʦʚʝʩʪʠ ʫʜʘʯʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʝʪʣʠ ʜʣʷ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʚ ʦʩʥʦʚʘʥʠʷʭ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 

ʢʘʢ ʠʟʦʪʨʦʧʥʦʛʦ ʪʘʢ ʠ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʧʠʪʯ-ʫʛʣʦʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. 

ɼʣʷ ʚʝʨʰʠʥʳ, ʛʜʝ ʥʘʙʣʶʜʘʣʘʩʴ ʦʪʤʝʯʝʥʥʘʷ ʚʳʰʝ ʩʤʝʥʘ ʟʥʘʢʘ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʫʜʘʣʦʩʴ ʚʳʧʦʣʥʠʪʴ ʪʦʣʴʢʦ ʜʣʷ ʘʥʠʟʦʪʨʦʧʥʦʛʦ 

(ʢʚʘʟʠʧʨʦʜʦʣʴʥʦʛʦ) ʧʠʪʯ-ʫʛʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʧʨʦʜʦʣʴʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʚʩʧʳʰʝʯʥʦʡ ʧʝʪʣʠ. 

 

 

ʀʅɺɽʈʉʀʗ ʇʆʃʗʈʀɿɸʎʀʀ ʄʀʂʈʆɺʆʃʅʆɺʆɻʆ ʀɿʃʋʏɽʅʀʗ ɺ ʉʆɹʓʊʀʀ 19 

ʀʖʃʗ 2012 

 

ʉ.ɸ. ʂʫʟʥʝʮʦʚ, ɸ.ʉ.ʄʦʨʛʘʯʝʚ, ɺ.ʌ. ʄʝʣʴʥʠʢʦʚ 

 

ʌɻɹʅʋ ʅʀʈʌʀ ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ,  

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

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩʧʝʢʪʨʘʣʴʥʳʭ, ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʣʠʤʙʦʚʦʛʦ ʩʦʙʳʪʠʷ 19 ʠʶʣʷ 2012 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ 

ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʘ ʅʦʙʝʷʤʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʷʨʢʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (I=R+L) ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʜʚʫʭ ʚʩʧʳʰʝʯʥʳʭ ʧʝʪʝʣʴ ʩ 

ʤʘʢʩʠʤʫʤʘʤʠ ʷʨʢʦʩʪʠ ʚ ʦʩʥʦʚʘʥʠʷʭ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʥʘʙʣʶʜʘʝʤʳʤ ʬʘʢʪʦʤ ʷʚʣʷʝʪʩʷ 

ʭʘʨʘʢʪʝʨ ʧʦʚʝʜʝʥʠʷ ʟʥʘʢʘ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚʜʦʣʴ ʦʙʝʠʭ ʧʝʪʝʣʴ. ɺʙʣʠʟʠ ʦʩʥʦʚʘʥʠʡ ʟʥʘʢ 

ʧʦʣʷʨʠʟʘʮʠʠ ʦʪʨʠʮʘʪʝʣʝʥ (ʧʨʝʦʙʣʘʜʘʝʪ ʣʝʚʘʷ ʧʦʣʷʨʠʟʘʮʠʷ: R-L<0) ʠ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ ʚ 

ʪʝʯʝʥʠʝ ʚʩʝʡ ʚʩʧʳʰʢʠ. ɺ ʚʝʨʰʠʥʝ ʞʝ ʧʦʣʷʨʠʟʘʮʠʷ ʠʟʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʩ 

ʣʝʚʦʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʥʘ ʧʨʘʚʦʧʦʣʷʨʠʟʦʚʘʥʥʫʶ (R-L>0) ʧʦʩʣʝ ʤʘʢʩʠʤʫʤʘ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ 

ʚʩʧʣʝʩʢʘ. ʆʙʩʫʞʜʘʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʯʠʥʳ ʦʙʥʘʨʫʞʝʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ ʚʨʝʤʝʥʥʦʡ 

ʠʥʚʝʨʩʠʠ ʧʦʣʷʨʠʟʘʮʠʠ. 
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ɹɽʉʉʊʆʃʂʅʆɺʀʊɽʃʔʅʓɽ ʄɻɼ-ɺʆʃʅʓ ʀ ʅɸɻʈɽɺ ʂʆʈʆʅʓ 

 

ɺ.ɼ. ʂʫʟʥʝʮʦʚ, ʅ.ʉ. ɼʞʘʣʠʣʦʚ 

 

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

 

ʇʨʠʚʦʜʷʪʩʷ ʩʚʦʡʩʪʚʘ ʄɻɼ ʚʦʣʥ ʚ ʙʝʩʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʘʥʠʟʦʪʨʦʧʥʦʡ ʧʣʘʟʤʝ 

ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʭ ʨʦʣʴ ʚ ʥʘʛʨʝʚʝ ʢʦʨʦʥʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 16-ʪʠ 

ʤʦʤʝʥʪʥʦʛʦ ʄɻɼ ʧʨʠʙʣʠʞʝʥʠʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʙʝʩʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦʡ ʧʣʘʟʤʳ ʢʦʨʦʥʳ 

ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ ʄɻɼ ʚʦʣʥʳ ʧʨʠ ʥʘʣʠʯʠʠ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʠʟ ʢʦʨʦʥʳ ʚ ʧʝʨʝʭʦʜʥʫʶ 

ʦʙʣʘʩʪʴ. ɺʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʵʪʦʤ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚʦʣʥ ʤʦʛʫʪ ʠʛʨʘʪʴ ʨʦʣʴ ʠʩʪʦʯʥʠʢʘ ʥʘʛʨʝʚʘ 

ʢʦʨʦʥʳ. ʇʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʄɻɼ ʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʚʦʣʥ ʠ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʘʥʥʳʤ ʫʩʣʦʚʠʷʤ. 

 

 

 

ʅɸʇʈɸɺʃɽʅʅʆʉʊʔ ʀ ʋɻʃʆɺʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʉʊɽʇɽʅʀ 

ʇʆʃʗʈʀɿɸʎʀʀ ɾɽʉʊʂʆɻʆ ʈɽʅʊɻɽʅʆɺʉʂʆɻʆ ʀɿʃʋʏɽʅʀʗ ʉʆʃʅɽʏʅʓʍ 

ɺʉʇʓʐɽʂ, ʃʆʂɸʃʀɿʆɺɸʅʅʆɻʆ ɺ ʈɸɿʃʀʏʅʓʍ ʏɸʉʊʗʍ ʄɸɻʅʀʊʅʆʁ 

ʇɽʊʃʀ 

 

ʀ.ɺ. ʂʫʜʨʷʚʮʝʚ
1,2
, ɺ.ʌ. ʄʝʣʴʥʠʢʦʚ

2
, ʖ.ɽ. ʏʘʨʠʢʦʚ

1,2
 

 
1
ʌʊʀ ʠʤ.ɸ.ʌ.ʀʦʬʬʝ ʈɸʅ, ʛ.ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, Igor.Koudriavtsev@mail.ioffe.ru 

2
ɻɸʆ ʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ɺ ʤʦʜʝʣʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʢʠʥʝʪʠʢʠ ʧʫʯʢʦʚ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ, ʫʩʢʦʨʝʥʥʳʭ ʚ 

ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʢʘʭ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʧʦʣʷʨʠʟʘʮʠʠ ʞʝʩʪʢʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʟ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʝʡ ʧʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʛʣʦʚ 

ʥʘʙʣʶʜʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʨʘʩʩʤʦʪʨʝʥʳ ʤʦʜʝʣʠ ʠʟʦʪʨʦʧʥʦʡ ʠ ʘʥʠʟʦʪʨʦʧʥʦʡ ʚ ʫʟʢʦʤ ʢʦʥʫʩʝ 

ʫʛʣʦʚ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʷ ʠʥʞʝʢʮʠʠ ʚ ʚʝʨʰʠʥʝ ʧʝʪʣʠ. ʇʦʣʫʯʝʥʳ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʞʝʢʪʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚʜʦʣʴ ʧʝʪʣʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʵʥʝʨʛʠʡ ʠ ʧʠʪʯ- ʫʛʣʦʚ 

ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʯʘʩʪʝʡ ʧʝʪʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ. ʈʝʥʪʛʝʥʦʚʩʢʦʝ  ʠʟʣʫʯʝʥʠʝ ʠʟ ʦʩʥʦʚʘʥʠʷ ʧʝʪʣʠ ʚ 

ʩʣʫʯʘʝ ʘʥʠʟʦʪʨʦʧʥʦʡ ʠʥʞʝʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʝʝ ʥʘʧʨʘʚʣʝʥʥʳʤ, ʯʝʤ ʠʟʣʫʯʝʥʠʝ ʠʟ 

ʚʝʨʰʠʥʳ ʧʝʪʣʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʨʝʥʦ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ.  ʆʩʦʙʝʥʥʦ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ ʩʤʝʥʫ ʟʥʘʢʘ ʧʦʣʷʨʠʟʘʮʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʚʝʨʰʠʥʝ ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʦʜʝʣʝʡ ʠʥʞʝʢʮʠʠ. ɺʝʣʠʯʠʥʘ ʩʪʝʧʝʥʠ ʧʦʣʷʨʠʟʘʮʠʠ ʤʘʢʩʠʤʘʣʴʥʘ ʚ 

ʚʝʨʰʠʥʝ ʧʝʪʣʠ ʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ (15 ï 20)% ʜʣʷ ʤʦʜʝʣʠ ʠʟʦʪʨʦʧʥʦʡ ʠʥʞʝʢʮʠʠ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʜʣʷ ʘʥʠʟʦʪʨʦʧʥʦʡ ʠʥʞʝʢʮʠʠ ʦʥʘ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ -(35 ï 50)%. ʀʟʤʝʨʝʥʠʷ ʩʪʝʧʝʥʠ 

ʧʦʣʷʨʠʟʘʮʠʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʤʦʛʫʪ ʦʙʥʘʨʫʞʠʪʴ ʫʢʘʟʘʥʥʳʡ ʵʬʬʝʢʪ ʩʤʝʥʳ 

ʟʥʘʢʘ ʩʪʝʧʝʥʠ ʧʦʣʷʨʠʟʘʮʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ, ʪʝʤ ʩʘʤʳʤ, ʧʦʜʪʚʝʨʜʠʪʴ ʧʦʣʦʞʝʥʠʷ 

ʜʘʥʥʦʡ ʤʦʜʝʣʠ. 
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ʄʀʅʋʊʅʓɽ ʇʋʃʔʉɸʎʀʀ ʄʀʂʈʆɺʆʃʅʆɺʆɻʆ ʀɿʃʋʏɽʅʀʗ ɼʃʀʊɽʃʔʅʆʁ 

ʉʆʃʅɽʏʅʆʁ ɺʉʇʓʐʂʀ 

 

ɽ.ɻ. ʂʫʧʨʠʷʥʦʚʘ, ɺ.ʌ. ʄʝʣʴʥʠʢʦʚ, ʂ. ʐʠʙʘʪʘ ʂ, ɸʩʘʠ ɸ., ʐʠʙʘʩʘʢʠ ʂ. 

 

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

 

ʀʩʩʣʝʜʫʝʪʩʷ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʫʣʴʩʘʮʠʠ (ʂʇʇ) ʠʟʣʫʯʝʥʠʷ ʚʩʧʳʰʢʠ 14 ʤʘʷ 2013 ʛʦʜʘ. 

ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʜʘʥʥʳʝ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʘ ʠ ʨʘʜʠʦʧʦʣʷʨʠʤʝʪʨʦʚ ʅʦʙʝʷʤʘ ʥʘ ʯʘʩʪʦʪʘʭ 17 ɻɻʮ 

ʠ 34 ɻɻʮ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ, ʌʫʨʴʝ ʠ ʚʝʡʚʣʝʪ ʘʥʘʣʠʟʘ. ʌʫʨʴʝ ʘʥʘʣʠʟ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʥʝʨʘʟʨʝʰʸʥʥʦʛʦ) ʧʦʪʦʢʘ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʠʥʪʝʨʚʘʣʘ 

ʚʩʧʳʰʢʠ ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʂʇʇ ʩ ʧʝʨʠʦʜʘʤʠ ʧʦʨʷʜʢʘ 50 ʩ, 60 ʩ, 80 ʩ ʠ 110 ʩ. ʂʇʇ ʩ 

ʧʝʨʠʦʜʦʤ 50 ʩ ʦʙʣʘʜʘʶʪ ʠʥʪʝʨʝʩʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ʅʘ ʬʘʟʝ ʤʘʢʩʠʤʫʤʘ ʚʩʧʣʝʩʢʘ ʚʠʜʥʳ 

ʜʚʝ ʧʝʪʣʠ: ʢʦʤʧʘʢʪʥʘʷ ʷʨʢʘʷ ʠ ʧʨʦʪʷʞʸʥʥʘʷ ʙʦʣʝʝ ʪʸʤʥʘʷ. ɺʨʝʤʝʥʥʳʝ ʧʨʦʬʠʣʠ ʧʦʪʦʢʦʚ 

ʠʟʣʫʯʝʥʠʷ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʧʝʪʝʣʴ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨ ʟʘʪʫʭʘʶʱʠʭ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʦʩʮʠʣʣʷʮʠʡ 

ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʧʝʨʠʦʜʦʤ 50 ʩ. ɹʦʣʝʝ ʪʦʛʦ, ʂʇʇ ʚ ʵʪʠʭ ʜʚʫʭ ʧʝʪʣʷʭ ʧʨʦʠʩʭʦʜʷʪ ʚ 

ʧʨʦʪʠʚʦʬʘʟʝ. ʅʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʧʝʨʠʦʜʦʚ ʂʇʇ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʝʨʠʦʜʘʤʠ 

ʤʝʜʣʝʥʥʳʭ ʤʘʛʥʠʪʦʟʚʫʢʦʚʳʭ ʚʦʣʥ ʚ ʥʘʙʣʶʜʘʝʤʳʭ ʤʘʛʥʠʪʥʳʭ ʧʝʪʣʷʭ. ʆʙʩʫʞʜʘʶʪʩʷ ʜʨʫʛʠʝ 

ʚʦʟʤʦʞʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʦʩʮʠʣʣʷʮʠʡ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

 

 

 

ʄɽɾʇʗʊɽʅʅʓɽ ʄʀʂʈʆɺʆʃʅʆɺʓɽ ʀʉʊʆʏʅʀʂʀ  

 

ʀ.ɸ. ɹʘʢʫʥʠʥʘ, ɺ.ʌ. ʄʝʣʴʥʠʢʦʚ, ɸ.ɸ. ʉʦʣʦʚʴʝʚ, ɺ.ɽ. ɸʙʨʘʤʦʚ-ʄʘʢʩʠʤʦʚ
 

 

ʅʀʋ ɺʐʕ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ; rinbak@mail.ru 

ɻɸʆ ʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ. 

 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʞʧʷʪʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʄʇʀ) ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ (ɸʆ) 23-ʛʦ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʄʇʀ, ʚʧʝʨʚʳʝ 

ʦʙʥʘʨʫʞʝʥʥʳʝ ʧʦ ʟʘʪʤʝʥʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ ʚ ʥʘʯʘʣʝ 70-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʷʚʣʷʶʪʩʷ 

ʪʠʧʠʯʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ɸʆ. ʄʇʀ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʜʦ 2-5 

ʜʥʝʡ, ʮʝʥʪʨʳ ʠʭ ʷʨʢʦʩʪʠ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʢʘʢ ʥʘʜ ʥʝʡʪʨʘʣʴʥʦʡ ʣʠʥʠʝʡ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʨʘʟʜʝʣʷʶʱʝʡ ʛʦʣʦʚʥʫʶ ʠ ʭʚʦʩʪʦʚʫʶ ʯʘʩʪʠ ɸʆ, ʪʘʢ ʠ ʥʘʜ ʥʝʡʪʨʘʣʴʥʦʡ 

ʣʠʥʠʝʡ ʚʥʫʪʨʠ ʪʝʥʠ ʦʜʥʦʛʦ ʩʣʦʞʥʦʛʦ ʧʷʪʥʘ, ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʠ ʢʦʪʦʨʦʛʦ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ 

ʧʦʣʷʨʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺ ʧʨʝʜʩʪʘʚʣʷʝʤʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʜʠʦʢʘʨʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʘʭ ʅʦʙʝʷʤʘ (ʥʘ ʜʚʫʭ ʜʣʠʥʘʭ ʚʦʣʥ ï 0.8 ʠ 1.76 ʩʤ) ʠ ʉʉʈʊ (5.2 

ʩʤ). ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʠʚʣʝʢʘʣʠʩʴ ʜʘʥʥʳʝ ʤʥʦʛʦʚʦʣʥʦʚʳʭ ʩʧʝʢʪʨʘʣʴʥʦ-

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʉʦʣʥʮʘ ʥʘ ʨʘʜʠʦʪʝʣʝʩʢʦʧʝ ʈɸʊɸʅ-600, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʠʪʴ ʜʝʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʧʝʢʪʨʘʭ ʄʇʀ ʚ ʜʠʘʧʘʟʦʥʝ 1.6 ï 6 ʩʤ. ɺʳʷʚʣʝʥ 

ʨʘʟʣʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʄʇʀ ʚ ɸʆ ʩ ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ ʚʩʧʳʰʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʘ ʠʤʝʥʥʦ, ʚ ʪʝʭ ɸʆ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʣʠ ʚʩʧʳʰʢʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʢʣʘʩʩʦʚ ʄ 

ʠ X, ʄʇʀ ʦʪʣʠʯʘʣʠʩʴ ʙʦʣʝʝ ʜʠʥʘʤʠʯʥʳʤ ʧʦʚʝʜʝʥʠʝʤ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ñʩʧʦʢʦʡʥʳʤʠò ɸʆ. 

ʇʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ çʪʨʝʭ ʧʦʪʦʢʦʚ ʧʷʪʥʘè, ʦʙʲʷʩʥʷʶʱʘʷ ʧʨʠʨʦʜʫ ʠ ʜʣʠʪʝʣʴʥʦʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʄʇʀ ʚ ɸʆ. 
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ɺ ɸʆ 09455 

 

ʀ.ɸ. ɹʘʢʫʥʠʥʘ, ɺ.ʌ. ʄʝʣʴʥʠʢʦʚ, ɸ.ɸ. ʉʦʣʦʚʴʝʚ, ɺ.ɺ. ʉʤʠʨʥʦʚʘ 
 

ʅʀʋ ɺʐʕ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, rinbak@mail.ru 

ɻɸʆ ʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ. 

 

ʀʩʩʣʝʜʦʚʘʥʳ ʜʦʣʛʦʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʦʪʷʞʝʥʥʦʛʦ 

ʤʝʞʧʷʪʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʥʘʙʣʶʜʘʚʰʝʛʦʩʷ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘ ʯʘʩʪʦʪʝ 17 ɻɻʮ (NoRH) ʚ 

ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ 09455 (ʎʄ: 13.05.2001). ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʝʞʧʷʪʝʥʥʳʡ ʠʩʪʦʯʥʠʢ 

ʢʦʣʝʙʣʝʪʩʷ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ ʩ ʧʝʨʠʦʜʦʤ ~ 160 ʤʠʥʫʪ, ʠ ʵʪʦʪ ʧʝʨʠʦʜ ʩʦʚʧʘʜʘʝʪ ʩ ʧʝʨʠʦʜʦʤ 

ʢʦʣʝʙʘʥʠʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʛʦʣʦʚʥʦʛʦ ʧʷʪʥʘ ɸʆ 09455. ʇʨʝʜʣʦʞʝʥʘ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʦʙʥʘʨʫʞʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʩʦʣʥʝʯʥʦʛʦ ʧʷʪʥʘ. 

 

 

ʂɸʂʆɺɸ ʅɸʀɹʆʃɽɽ ʊʀʇʀʏʅɸʗ ɻɽʆʄɽʊʈʀʗ ʊʈɽʍʄɽʈʅʆɻʆ ʄɸɻʅʀʊʅʆɻʆ 

ʇɽʈɽʉʆɽɼʀʅɽʅʀʗ? 

 

ʖ.ɺ. ɼʫʤʠʥ
1,2

, ɹ.ɺ. ʉʦʤʦʚ
1
 

 
1
ɻɸʀʐ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, dumin@yahoo.com 

 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʦʢʣʘʜʳʚʘʚʰʠʭʩʷ ʥʘ ʧʨʝʜʳʜʫʱʝʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ñʌʠʟʠʢʘ ʧʣʘʟʤʳ ʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝò ʚ 2013ʛ. ɺ ʧʝʨʚʦʡ ʯʘʩʪʠ ʜʦʢʣʘʜʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘʧʦʤʥʠʪʴ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʠʢʠ, ʠʩʧʦʣʴʟʦʚʘʚʰʝʡʩʷ ʥʘʤʠ ʜʣʷ 

ʘʥʘʣʠʟʘ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʪʨʝʭʤʝʨʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʚ ʩʣʫʯʘʡʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʠ ʨʝʟʶʤʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʩ ʝʝ 

ʧʦʤʦʱʴʶ ʨʝʟʫʣʴʪʘʪʳ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʡ ʠʟ ʥʠʭ ï ʵʪʦ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʨʠʙʣʠʞʝʥʠʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʦʣʷ ʩ ʧʦʜʘʚʣʷʶʱʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʜʦʣʞʥʘ ʨʝʘʣʠʟʦʚʘʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʪʠʧʘ 

ñʰʝʩʪʠʭʚʦʩʪʢʠò (ʥʘʟʚʘʥʥʘʷ ʪʘʢ ʥʘʤʠ ʚʚʠʜʫ ʥʘʣʠʯʠʷ ʰʝʩʪʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ), 

ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʞʝ ʪʠʧʳ ʪʦʧʦʣʦʛʠʠ ʨʝʘʣʠʟʫʶʪʩʷ ʩ ʚʝʨʦʷʪʥʦʩʪʷʤʠ, ʩʪʨʝʤʷʱʠʤʠʩʷ ʢ ʥʫʣʶ. ɺʦ 

ʚʪʦʨʦʡ ʯʘʩʪʠ ʜʦʢʣʘʜʘ ʙʫʜʫʪ ʠʟʣʦʞʝʥʳ ʠ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʥʘʰʠ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʢʘʩʘʶʱʠʝʩʷ ʩʪʨʫʢʪʫʨʳ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ñʰʝʩʪʠʭʚʦʩʪʢʠò. ʆʥʠ 

ʧʦʟʚʦʣʷʶʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʫʯʠʪʴ ʥʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʧʦʯʝʤʫ ñʰʝʩʪʠʭʚʦʩʪʢʠò 

ʚʦʟʥʠʢʘʶʪ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ, ʯʝʤ ʩʪʨʫʢʪʫʨʳ ñʧʨʦʧʝʣʣʝʨʥʦʛʦò ʪʠʧʘ, 

ʨʘʩʩʤʘʪʨʠʚʘʚʰʠʝʩʷ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ. ʂʨʦʤʝ ʪʦʛʦ, ʭʘʨʘʢʪʝʨʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ñʰʝʩʪʠʭʚʦʩʪʢʠò ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʨʘʩʩʪʦʷʥʠʷ ʦʥʠ ʚʳʨʦʞʜʘʶʪʩʷ ʚ ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʚʘʟʠ-ʜʚʫʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ 

ʪʦʧʦʣʦʛʠʝʡ X-ʪʠʧʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪ, ʧʦʯʝʤʫ ʥʘ ʙʦʣʴʰʠʭ ʤʘʩʰʪʘʙʘʭ ʜʦʣʞʥʳ ʭʦʨʦʰʦ ʨʘʙʦʪʘʪʴ 

ʢʚʘʟʠ-ʜʚʫʤʝʨʥʳʝ ʤʦʜʝʣʠ ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʧʝʮʠʬʠʯʝʩʢʠ 

ʪʨʝʭʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʘʞʥʳ ʣʠʰʴ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʭ ʨʘʩʩʪʦʷʥʠʷʭ. ɺ 

ʮʝʣʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʦʥʷʪʴ, ʩ ʯʝʤ ʙʳʣʠ ʩʚʷʟʘʥʳ 

ʩʝʨʴʝʟʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʠ ʧʦʧʳʪʢʘʭ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ñʧʨʦʧʝʣʣʝʨʥʳʭò ʩʪʨʫʢʪʫʨ ʚ 

ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʨʝʭʤʝʨʥʦʤʫ ʤʘʛʥʠʪʥʦʤʫ ʧʝʨʝʩʦʝʜʠʥʝʥʠʶ, ʠ ʢʘʢʠʝ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʣʝʜʫʝʪ ʠʩʢʘʪʴ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ 

ʛʨʘʥʪʦʤ ʈʌʌʀ ˉ 14-02-01275. 
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ɼʆʃɻʆʇɽʈʀʆɼʅʓɽ ʂʆʃɽɹɸʅʀʗ ʉʆʃʅɽʏʅʓʍ ʇʗʊɽʅ ʇʆ 

ʆɼʅʆɺʈɽʄɽʅʅʓʄ ʄʀʂʈʆɺʆʃʅʆɺʓʄ ʀ ʄɸɻʅʀʊʆɻʈɸʌʀʏɽʉʂʀʄ 

ʅɸɹʃʖɼɽʅʀʗʄ 

 

ɺ.ɽ. ɸʙʨʘʤʦʚ-ʄʘʢʩʠʤʦʚ, ɺ.ʀ. ɽʬʨʝʤʦʚ, ʃ.ɼ. ʇʘʨʬʠʥʝʥʢʦ, ɸ.ɸ. ʉʦʣʦʚʴʸʚ 

 

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

 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʧʝʨʠʦʜʘʤʠ ʚ ʥʝʩʢʦʣʴʢʦ 

ʜʝʩʷʪʢʦʚ ʤʠʥʫʪ ʜʣʷ ʨʷʜʘ ʧʷʪʝʥ ʧʦ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ ʚ ʦʧʪʠʯʝʩʢʦʤ ʠ ʨʘʜʠʦ 

ʜʠʘʧʘʟʦʥʘʭ. ɹʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʜʠʦʢʘʨʪʳ ʥʘ ʚʦʣʥʝ 1.76 ʩʤ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʥʘʟʝʤʥʦʛʦ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʘ ʅʦʙʝʷʤʘ, ʘ ʪʘʢʞʝ ʤʘʛʥʠʪʦʛʨʘʤʤʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ 

ʦʙʩʝʨʚʘʪʦʨʠʷʭ MDI/SOHO ʠ HMI/SDO. ʂʨʦʩʩ-ʚʝʡʚʣʝʪ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʧʦʭʦʞʠʭ 

ʮʫʛʦʚ ʚ ʨʘʜʠʦ ʠ ʤʘʛʥʠʪʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩ ʧʝʨʠʦʜʘʤʠ 30ï40, 60ï70, 100ï110 ʠ 150ï200 

ʤʠʥʫʪ. ʊʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʝ ʤʝʪʦʜʳ ʚʳʷʚʣʷʶʪ ʦʜʠʥʘʢʦʚʳʝ ʧʝʨʠʦʜʠʯʥʦʩʪʠ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʦʣʥʝʯʥʦʡ ʧʨʠʨʦʜʝ ʷʚʣʝʥʠʷ. ʆʜʥʘ ʠʟ ʚʦʟʤʦʞʥʳʭ ʠʥʪʝʨʧʨʝʪʘʮʠʡ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʷʚʣʷʶʪʩʷ ʧʨʦʷʚʣʝʥʠʝʤ 

ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʷʪʥʘ ʢʘʢ ʮʝʣʦʩʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʤʦʜʝʣʴʶ 

ʤʝʣʢʦʛʦ ʧʷʪʥʘ. 

 

 

ɼʆʃɻʆɺʈɽʄɽʅʅʓɽ ɺɸʈʀɸʎʀʀ ʄɸɻʅʀʊʅʓʍ ʇʆʃɽʁ ʉʆʃʅɽʏʅʓʍ ʇʗʊɽʅ 

 

ɸ.ɻ. ʊʣʘʪʦʚ, ɺ.ɺ. ɺʘʩʠʣʴʝʚʘ, ʂ.ɸ. ʊʣʘʪʦʚʘ 

 

ɻɸʉ ɻɸʆ ʈɸʅ, ʛ. ʂʠʩʣʦʚʦʜʩʢ, ʈʦʩʩʠʷ, tlatov@mail.ru 

 

ɺʳʧʦʣʥʝʥʘ ʦʮʠʬʨʦʚʢʘ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʦʙʩʝʨʚʘʪʦʨʠʠ Mount Wilson ʚ 

ʧʝʨʠʦʜ 1917-2013 ʛʛ. ʉʦʟʜʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʢʦʦʨʜʠʥʘʪʳ, ʧʣʦʱʘʜʴ ʠ 

ʚʝʣʠʯʠʥʫ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʷʜʝʨ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʠ ʧʦʨ. ʀʟʫʯʝʥʳ ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʚʘʨʠʘʮʠʠ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʧʷʪʝʥ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʪʨʝʥʜʳ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʧʷʪʝʥ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʨʘʟʤʝʨʘ. ɼʣʷ ʤʘʣʳʭ ʧʷʪʝʥ ʥʘʙʣʶʜʘʝʪʩʷ ʣʦʢʘʣʴʥʳʡ ʤʠʥʠʤʫʤ ʚ 

ʩʝʨʝʜʠʥʝ 20-ʛʦ ʚʝʢʘ ʠ ʨʦʩʪ ʚ 1960 - 1900 ʛʛ. ɼʣʷ ʙʦʣʴʰʠʭ ʧʷʪʝʥ ʥʘʧʨʦʪʠʚ ʟʘʤʝʪʥʘ ʪʝʥʜʝʥʮʠʷ 

ʢ ʫʤʝʥʴʰʝʥʠʶ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʩʣʝ 1960-ʭ ʛʦʜʦʚ. ʈʘʩʩʤʦʪʨʝʥ ʜʠʩʙʘʣʘʥʩ ʧʷʪʝʥ ʚʝʜʫʱʝʡ ʠ 

ʭʚʦʩʪʦʚʦʡ ʧʦʣʷʨʥʦʩʪʠ ʠ ʪʘʢʞʝ ʜʠʩʙʘʣʘʥʩ ʧʨʠ ʩʝʚʝʨʦ-ʶʞʥʦʡ ʘʩʠʤʤʝʪʨʠʠ. ʅʘʠʙʦʣʴʰʠʡ 

ʜʠʩʙʘʣʘʥʩ ʥʘʙʣʶʜʘʣʩʷ ʚ ʩʝʨʝʜʠʥʝ 20-ʛʦ ʚʝʢʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ  ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʮʝʥʪʨʘ ʜʠʩʢʘ ʨʘʟʣʠʯʥʘ ʜʣʷ ʧʷʪʝʥ ʤʘʣʦʡ ʠ ʙʦʣʴʰʦʡ 

ʧʣʦʱʘʜʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʈʘʩʩʤʦʪʨʝʥʳ 

ʩʚʦʡʩʪʚʘ ʤʘʛʥʠʪʥʳʭ ʙʠʧʦʣʝʡ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʚ ʧʝʨʠʦʜ 1917-2013 ʛʛ. ʠʟ ʠʟʤʝʥʝʥʠʷ ʩ ʚ 

ʚʝʢʦʚʦʤ ʮʠʢʣʝ ʘʢʪʠʚʥʦʩʪʠ. 
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ɼʀʅɸʄʀʂɸ ʄʀʂʈʆɺʆʃʅʆɺʓʍ ʄɽɾʇʗʊɽʅʅʓʍ ʀʉʊʆʏʅʀʂʆɺ ʀ 

ʄɸɻʅʀʊʆɻʈɸʌʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ ʇʗʊɽʅ ʂɸʂ ʌɸʂʊʆʈ ʇʈʆɻʅʆɿɸ 

ɹʆʃʔʐʀʍ ɺʉʇʓʐɽʂ 

 

ɺ.ɽ.ɸʙʨʘʤʦʚ-ʄʘʢʩʠʤʦʚ, ɺ.ʅ.ɹʦʨʦʚʠʢ, ʃ.ɺ.ʆʧʝʡʢʠʥʘ, ɸ.ɻ.ʊʣʘʪʦʚ 

 

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

 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʷʜʘ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ (ɸʆ), ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʚ 

ʧʝʨʠʦʜ 2002-2012 ʛʛ., ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʟʦʰʣʠ ʚʩʧʳʰʢʠ ʢʣʘʩʩʘ X (NOAA 10300, 10365, 10720, 

10930, 11158, 11166, 11263, 11283 ʠ 11520). ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ɸʆ ʥʘ ʧʨʝʜʚʩʧʳʰʝʯʥʦʡ ʩʪʘʜʠʠ, ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʧʦʜʛʦʪʦʚʢʠ 

ʙʦʣʴʰʠʭ ʚʩʧʳʰʝʢ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʥʝʩʢʦʣʴʢʦ ɸʆ, ʚ ʢʦʪʦʨʳʭ ʥʝ ʙʳʣʦ 

ʙʦʣʴʰʠʭ ʚʩʧʳʰʝʢ. ʀʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʨʝʛʫʣʷʨʥʳʭ ʤʥʦʛʦʚʦʣʥʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʉʦʣʥʮʘ 

ʥʘ ʈɸʊɸʅ-600, ʜʘʶʱʠʝ ʜʝʪʘʣʴʥʫʶ ʩʧʝʢʪʨʘʣʴʥʦ-ʧʦʣʷʨʠʟʘʮʠʦʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʜʠʘʧʘʟʦʥʝ 

1.6-6 ʩʤ, ʜʚʫʤʝʨʥʳʝ ʨʘʜʠʦʢʘʨʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʝ ʅʦʙʝʷʤʘ (NoRH), 

ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʧʦʣʥʠʪʴ ʙʦʣʝʝ ʪʦʯʥʫʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʈɸʊɸʅ-600 ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʧʨʠʚʷʟʢʫ ʦʪʜʝʣʴʥʳʭ ʨʘʜʠʦʢʦʤʧʦʥʝʥʪ ɸʆ ʙʣʘʛʦʜʘʨʷ ʜʚʫʤʝʨʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ, ʘ ʪʘʢʞʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʤʘʛʥʠʪʦʛʨʘʤʤʳ ʉʦʣʥʮʘ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʩʝʨʚʘʪʦʨʠʷʭ SOHO ʠ 

SDO. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʝʭ ʵʪʠʭ ʜʘʥʥʳʭ, ʩʦʯʝʪʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦ-

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʈɸʊɸʅ-600 ʠ ʜʚʫʤʝʨʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ NoRH ʧʦʟʚʦʣʠʣʠ 

ʧʨʦʠʟʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʚʳʙʨʘʥʥʳʭ ɸʆ. ɺʦ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ɸʆ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʦʠʟʦʰʣʠ ʙʦʣʴʰʠʝ ʚʩʧʳʰʢʠ, ʟʘ ʦʜʠʥ-ʜʚʘ ʜʥʷ ʜʦ ʚʩʧʳʰʢʠ ʨʘʟʚʠʣʩʷ ʠ ʩʪʘʣ ʜʦʤʠʥʠʨʫʶʱʠʤ 

ʤʠʢʨʦʚʦʣʥʦʚʳʡ ʠʩʪʦʯʥʠʢ ʥʘʜ ʥʝʡʪʨʘʣʴʥʦʡ ʣʠʥʠʝʡ ʬʦʪʦʩʬʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

(ñʧʝʢʫʣʷʨʥʳʡò ʠʩʪʦʯʥʠʢ). ɺ ʪʝʭ ɸʆ, ʚ ʢʦʪʦʨʳʭ ʥʝ ʙʳʣʦ ʙʦʣʴʰʠʭ ʚʩʧʳʰʝʢ, ʪʘʢʦʡ ʠʩʪʦʯʥʠʢ 

ʚʳʷʚʣʝʥ ʥʝ ʙʳʣ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʜʣʷ ʪʝʭ ʞʝ ʩʘʤʳʭ ɸʆ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʤʘʛʥʠʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʩʧʳʰʢʠ ʢʣʘʩʩʘ X 

ʧʨʦʠʩʭʦʜʷʪ ʚ ɸʆ ʩ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ (~10
22

 Mx) ʠ ʙʳʩʪʨʳʤ ʨʦʩʪʦʤ 

ʛʨʘʜʠʝʥʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ (ʜʦ (20-60)Ĭ10
20

 Mx/deg), ʯʪʦ ʦʪʨʘʞʘʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ 

ʩʙʣʠʞʝʥʠʝ ʧʷʪʝʥ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʧʦʣʷʨʥʦʩʪʝʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʝʢʫʣʷʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. ʇʦʷʚʣʝʥʠʝ ʪʘʢʦʛʦ ʨʘʜʠʦʠʩʪʦʯʥʠʢʘ ʚʦʟʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʬʘʢʪʦʨ ʧʨʦʛʥʦʟʘ ʤʦʱʥʳʭ ʚʩʧʳʰʝʢ. 
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ɺ ʨʘʙʦʪʘʭ [1,2] ʤʥʦʶ ʚʚʝʜʝʥ ʧʘʨʘʤʝʪʨ ï ʩʨʝʜʥʷʷ ʨʘʟʥʦʩʪʴ ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʠʭ ʜʦʣʛʦʪ ʧʣʘʥʝʪ 

(ʉʈɼ), ʢʦʪʦʨʳʡ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʅʘʠʣʫʯʰʘʷ 

ʩʚʷʟʴ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʠʩʧʦʣʴʟʦʚʘʥʳ ʯʠʩʣʘ ɺʦʣʴʬʘ) ʧʦʣʫʯʝʥʘ ʜʣʷ ʪʨʝʭ ʧʣʘʥʝʪ ï 

ɺʝʥʝʨʳ, ɿʝʤʣʠ ʠ ʖʧʠʪʝʨʘ. ɺ [1,2] ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʦʛʠʙʘʶʱʘʷ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʉʈɼ, 

ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʛʣʘʚʥʫʶ ʧʝʨʠʦʜʠʯʥʦʩʪʴ 22 ʛʦʜʘ ʠ ʢʦʪʦʨʘʷ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ 

ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʡ ʨʷʜ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʪʦʞʝ ʠʤʝʝʪ ʛʣʘʚʥʫʶ ʧʝʨʠʦʜʠʯʥʦʩʪʴ  

22 ʛʦʜʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʢʩʪʨʝʤʫʤʳ ʦʛʠʙʘʶʱʝʡ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʉʈɼ ʧʣʘʥʝʪ 

ɺʝʥʝʨʳ, ɿʝʤʣʠ ʠ ʖʧʠʪʝʨʘ ʭʦʨʦʰʦ ʩʦʛʣʘʩʦʚʘʥʳ ʩ 11-ʣʝʪʥʠʤʠ ʮʠʢʣʘʤʠ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ɺ ʵʪʠʭ ʵʢʩʪʨʝʤʫʤʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʣʠʥʝʡʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʣʘʥʝʪ ɺʝʥʝʨʳ, 

ɿʝʤʣʠ ʠ ʖʧʠʪʝʨʘ ʢʘʢ ʧʨʠ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʠ ʧʦ ʦʜʥʫ ʩʪʦʨʦʥʫ ʦʪ ʉʦʣʥʮʘ (ʩʦʝʜʠʥʝʥʠʷ), ʪʘʢ ʠ 

ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʦʪ ʉʦʣʥʮʘ (ʪʨʠ ʢʦʥʬʠʛʫʨʘʮʠʠ). ɼʘʥʥʘʷ ʨʘʙʦʪʘ 

ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʚʳʰʝʥʘʟʚʘʥʥʳʭ, ʠ ʟʜʝʩʴ  ʧʦ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʉʈɼ (ʧʣʘʥʝʪʳ 
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ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʝʜʠʥʝʥʠʠ, ʦʜʥʘ ʢʦʥʬʠʛʫʨʘʮʠʷ), ʘ ʪʘʢʞʝ ʧʦ ʤʠʥʠʤʘʣʴʥʳʤ ʦʪʢʣʦʥʝʥʠʷʤ ʧʣʘʥʝʪ 

ʦʪ ʣʠʥʠʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʥʠʭ ʠ ʉʦʣʥʮʝ ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʧʣʘʥʝʪ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʦʪ 

ʉʦʣʥʮʘ (3 ʢʦʥʬʠʛʫʨʘʮʠʠ), ʩʦʩʪʘʚʣʝʥ ʧʣʘʥʝʪʥʳʡ ʠʥʜʝʢʩ (ʦʙʦʟʥʘʯʠʤ ʝʛʦ ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʢʘʢ 

JEV, ʧʦ ʧʝʨʚʳʤ ʙʫʢʚʘʤ ʣʘʪʠʥʩʢʠʭ ʥʘʟʚʘʥʠʡ ʧʣʘʥʝʪ), ʦʙʲʝʜʠʥʷʶʱʠʡ ʚʩʝ 4 ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ 

ʦʜʥʦʟʥʘʯʥʦ ʦʧʠʩʳʚʘʶʱʠʡ 11-ʣʝʪʥʠʡ ʮʠʢʣ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʇʣʘʥʝʪʥʳʡ ʠʥʜʝʢʩ JEV 

ʨʘʩʩʯʠʪʘʥ ʩ 1000 ʛʦʜʘ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʠ ʧʨʦʚʝʜʝʥʦ ʝʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ. ɼʣʷ ʧʝʨʠʦʜʘ ʩ 1000 ʧʦ 1699 ʛʛ ʠʩʧʦʣʴʟʦʚʘʥ  ʨʷʜ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʐʦʚʝ ʠ 

ʯʠʩʣʘ ɺʦʣʴʬʘ (1700 ï 2013 ʛʛ). ʍʦʪʷ ʜʘʥʥʳʝ ʧʦ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʦ 1700 ʛʦʜʘ ʧʦʣʫʯʝʥʳ 

ʢʦʩʚʝʥʥʳʤ ʧʫʪʝʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʯʠʩʣʘ ʮʠʢʣʦʚ ʢʘʢ ʚ ʠʥʜʝʢʩʝ JEV, ʪʘʢ ʠ ʚ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʆʩʥʦʚʥʘʷ ʧʦ ʘʤʧʣʠʪʫʜʝ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʚ ʥʠʭ ʩʦʚʧʘʜʘʝʪ ʠ ʨʘʚʥʘ 11.07 

ʣʝʪ. ʉʦʚʧʘʜʝʥʠʝ ʩʨʝʜʥʝʡ ʜʣʠʪʝʣʴʥʦʩʪʠ 11-ʣʝʪʥʝʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʟʘ 1000-ʣʝʪʥʠʡ ʠʥʪʝʨʚʘʣ ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦ ʚʪʦʨʦʛʦ ʟʥʘʢʘ ʧʦʩʣʝ ʟʘʧʷʪʦʡ ʜʦʢʘʟʳʚʘʝʪ ʩʚʷʟʴ ʠʥʜʝʢʩʘ JEV ʩ 11-ʣʝʪʥʠʤ 

ʩʦʣʥʝʯʥʳʤ ʮʠʢʣʦʤ. 
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ʈʘʩʩʤʦʪʨʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ, ʚʨʝʤʝʥʥʳʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʪʦʯʥʠʢʦʚ 

ʞʝʩʪʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʦ ʚʨʝʤʷ ʚʩʧʳʰʝʢ 24.02.2011ʛ. ʠ 

05.06.2005ʛ, ʧʦʣʫʯʝʥʥʳʝ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʩʧʫʪʥʠʢʘ RHESSI ʠ ʥʘʙʣʶʜʝʥʠʡ ʥʘ 

ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʝ Nobeyama. ʇʝʨʚʘʷ ʚʩʧʳʰʢʘ ʠʥʪʝʨʝʩʥʘ ʪʝʤ, ʯʪʦ ʦʙʥʘʨʫʞʠʚʘʝʪ 3 ʠʩʪʦʯʥʠʢʘ 

ɾʈʀ ʩ ʵʥʝʨʛʠʝʡ ʚʳʰʝ 25 ʢʵɺ. ɼʚʘ ʠʟ ʥʠʭ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʦʩʥʦʚʘʥʠʷʭ ʤʘʛʥʠʪʥʦʡ ʧʝʪʣʠ ʚ 

ʭʨʦʤʦʩʬʝʨʝ, ʘ ʪʨʝʪʠʡ ï ʚ ʚʝʨʰʠʥʝ ʧʝʪʣʠ, ʚ ʢʦʨʦʥʝ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ɾʈʀ ʞʝʩʪʯʝ ʚ 

ʦʩʥʦʚʘʥʠʷʭ, ʯʝʤ ʩʧʝʢʪʨʳ ʚ ʚʝʨʰʠʥʝ. ʉʧʝʢʪʨʳ ɾʈʀ ʚ ʦʙʦʠʭ ʦʩʥʦʚʘʥʠʷʭ ʠʜʝʥʪʠʯʥʳ. ɺʦ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʘʭ ʥʘ ʨʘʟʥʳʭ ʵʥʝʨʛʠʷʭ ʥʘʙʣʶʜʘʶʪʩʷ ʠʤʧʫʣʴʩʳ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 30ʩ. 

ɺʪʦʨʘʷ ʚʩʧʳʰʢʘ, 05.06.2005ʛ., ʧʦʢʘʟʳʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʦʥʢʦʡ ʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʚʨʝʤʝʥʥʳʭ ʧʨʦʬʠʣʝʡ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ (34 ɻɻʮ) ʠ ʞʝʩʪʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ (25-300 ʢʵɺ) 

ʠʟʣʫʯʝʥʠʡ. ɺʦ ʚʨʝʤʝʥʥʳʭ ʧʨʦʬʠʣʷʭ ʦʙʥʘʨʫʞʝʥʳ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʫʣʴʩʘʮʠʠ ʩ 

ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʧʝʨʠʦʜʘʤʠ ʧʦʨʷʜʢʘ 25 ʩ ʠ 50 ʩ. ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʛʣʫʙʠʥʳ ʤʦʜʫʣʷʮʠʠ ʚʦ ʚʨʝʤʝʥʠ. ɺ ʪʝʯʝʥʠʝ ʠʤʧʫʣʴʩʥʦʡ ʬʘʟʳ 

ʚʩʧʣʝʩʢʘ ʝʝ ʘʤʧʣʠʪʫʜʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ, ʙʦʣʝʝ 50 %. ʅʘ ʬʘʟʝ ʩʧʘʜʘ ʚʩʧʣʝʩʢʘ ʦʥʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 10-20 %. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʤʝʱʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʢʘʢ 

http://iopscience.iop.org/1742-6596/409/1/012199
http://iopscience.iop.org/1742-6596/409/1/012199
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ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ, ʪʘʢ ʠ ʞʝʩʪʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʋʢʘʟʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʜʝʡʩʪʚʠʝʤ ʜʚʫʭ ʤʝʭʘʥʠʟʤʦʚ ʥʘ ʨʘʟʥʳʭ ʬʘʟʘʭ ʚʩʧʳʰʢʠ: ʤʦʜʫʣʷʮʠʝʡ ʯʠʩʣʘ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʪʝʯʝʥʠʝ ʠʤʧʫʣʴʩʥʦʡ ʬʘʟʳ ʚʩʧʳʰʢʠ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʄɻɼ 

ʦʩʮʠʣʣʷʮʠʡ ʧʝʪʣʠ, ʟʘʧʦʣʥʷʶʱʝʡʩʷ ʪʝʧʣʦʚʦʡ ʧʣʘʟʤʦʡ, ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʬʘʟʝ ʚʩʧʳʰʢʠ. 

ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ɾʈʀ ʠ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʠʟʣʫʯʝʥʠʠ ʯʠʩʣʝʥʥʦ 

ʨʝʰʘʝʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚʜʦʣʴ 

ʚʩʧʳʰʝʯʥʦʡ ʧʝʪʣʠ ʩ ʫʯʝʪʦʤ ʢʫʣʦʥʦʚʩʢʠʭ ʩʦʫʜʘʨʝʥʠʡ, ʤʘʛʥʠʪʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʠ ʦʙʨʘʪʥʦʛʦ 

ʪʦʢʘ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʤʦʜʝʣʠ ʠʟʦʪʨʦʧʥʦʡ ʠʥʞʝʢʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʘʥʠʟʦʪʨʦʧʥʦʡ, ʚ ʫʟʢʦʤ 

ʢʦʥʫʩʝ ʫʛʣʦʚ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʦʣʘʛʘʝʪʩʷ ʚʩʧʳʰʝʯʥʦʛʦ ʧʝʨʝʤʝʥʥʳʤ ʚʜʦʣʴ ʧʝʪʣʠ ʠ ʚʦ 

ʚʨʝʤʝʥʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʚʩʧʳʰʝʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʠ ʚʨʝʤʝʥʥʦʡ ʭʦʜ (ʧʫʣʴʩʘʮʠʠ) ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʳ ʚ ʫʢʘʟʘʥʥʦʡ ʤʦʜʝʣʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ. 

 

 

ʉʆʃʅɽʏʅʓɽ ʇʈʆʊʆʅʅʓɽ ʉʆɹʓʊʀʗ ɺ ʐɽʉʊʀ ʎʀʂʃɸʍ ʉʆʃʅɽʏʅʆʁ 

ɸʂʊʀɺʅʆʉʊʀ 

 

ɺ.ʅ. ʀʰʢʦʚ 

 

ʀɿʄʀʈɸʅ, ʈʦʩʩʠʷ ishkov@izmiran.ru 

 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʂʘʪʘʣʦʛʦʚ ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʦʥʥʳʭ ʩʦʙʳʪʠʡ (ʉʇʉ) ʟʘ 1956 ï 2010 ʛʛ. ʠ ʩʧʠʩʢʘ 

ʉʇʉ ʟʘ ʪʝʢʫʱʠʡ 24 ʩʦʣʥʝʯʥʳʡ ʮʠʢʣ (ʉʎ) ʨʘʩʩʤʦʪʨʝʥʳ ʩʦʣʥʝʯʥʳʝ ʧʨʦʪʦʥʥʳʝ ʩʦʙʳʪʠʷ ʩ 

ʧʦʪʦʢʦʤ ʧʨʦʪʦʥʦʚ ʵʥʝʨʛʠʠ ɽ>10 ʄʵɺ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ɿʝʤʣʠ, ʧʨʝʚʳʰʘʶʱʝʤ 1 ʧʨʦʪʦʥ ʩʤ
-2

 ʩ
-1
 

ʩʨ
-1

 (pfu) ʥʘ ʵʥʝʨʛʠʷʭ ɽÓ10 ʄʵɺ. ʀʩʪʦʨʠʯʝʩʢʠ ʪʘʢ ʩʣʦʞʠʣʦʩʴ, ʯʪʦ ʠʟʤʝʨʝʥʠʷ ʧʦʪʦʢʦʚ 

ʧʨʦʪʦʥʦʚ ʥʘʯʘʣʠʩʴ ʚ ʵʧʦʭʫ çʧʦʚʳʰʝʥʥʦʡè ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʉʎ 18ï22), ʠ ʦʭʚʘʪʠʣʠ 

ʧʝʨʝʭʦʜʥʳʡ ʧʝʨʠʦʜ ʦʪ ʧʦʚʳʰʝʥʥʦʡè ʢ ʵʧʦʭʝ çʧʦʥʠʞʝʥʥʦʡè ʉɸ (22ï23 ʉʎ). ɺ ʪʝʢʫʱʝʤ 24 

ʉʎ ï ʧʝʨʚʦʤ ʉʎ ʥʘʯʠʥʘʶʱʝʡʩʷ ʵʧʦʭʠ çʧʦʥʠʞʝʥʥʦʡè ʉɸ ï ʉʇʉ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʥʦʚʳʭ 

ʫʩʣʦʚʠʷʭ, ʜʦ ʪʦʛʦ ʨʘʥʝʝ ʥʝ ʥʘʙʣʶʜʘʝʤʳʭ. ʉʪʘʪʠʩʪʠʢʘ ʉʇʉ ʦʭʚʘʪʳʚʘʝʪ ʧʷʪʴ ʉʎ, ʦʜʠʥ ʠʟ 

ʢʦʪʦʨʳʭ ʩʫʧʝʨʮʠʢʣ (19) ï ʩʘʤʳʡ ʙʦʣʴʰʦʡ ʧʦ ʯʠʩʣʫ ɺʦʣʴʬʘ ʮʠʢʣ ʉɸ ʟʘ ʚʩʸ ʚʨʝʤʷ 

ʜʦʩʪʦʚʝʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʜʚʘ ʚʳʩʦʢʠʭ (21 ʠ 22) ʠ ʜʚʘ ʉʎ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʳ (20 ʠ 23), 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʨʘʟʥʳʤ ʵʧʦʭʘʤ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʦʣʥʝʯʥʦʡ ʮʠʢʣʠʯʥʦʩʪʠ. ʀʟ 

ʩʪʘʪʠʩʪʠʢʠ ʧʦ ʧʷʪʠ ʩʦʣʥʝʯʥʳʤ ʮʠʢʣʘʤ ʩ ʜʦʩʪʦʚʝʨʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʧʦʪʦʢʦʚ ʧʨʦʪʦʥʦʚ  

(1964ï2013) ʩʣʝʜʫʝʪ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʉʇʉ ʜʦ ʥʘʯʘʣʘ 24 ʉʎ ʦʩʪʘʚʘʣʦʩʴ ʧʨʠʤʝʨʥʦ 

ʧʦʩʪʦʷʥʥʳʤ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʳʩʦʪʳ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ. ʊʦʣʴʢʦ ʚ 22 ʮʠʢʣʝ ï ʮʠʢʣʝ ʥʘʯʘʣʘ 

ʧʝʨʝʩʪʨʦʡʢʠ ʩʦʣʥʝʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ï ʜʣʷ ʧʨʦʪʦʥʥʳʭ ʩʦʙʳʪʠʡ ʩ 1 pfu ʠʭ ʢʦʣʠʯʝʩʪʚʦ 

ʟʥʘʯʠʤʦ ʫʤʝʥʴʰʠʣʦʩʴ, ʭʦʪʷ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʪʦʥʥʳʭ ʩʦʙʳʪʠʡ ʩ ʧʦʪʦʢʦʤ 10 pfu ʧʦʢʘʟʳʚʘʝʪ 

ʨʦʩʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʩʦʣʥʝʯʥʳʤʠ ʮʠʢʣʘʤʠ ʠ ʜʦʩʪʠʛʘʶʪ ʤʘʢʩʠʤʫʤʘ ʚ 23 ʉʎ, 

ʪ.ʝ. ʢʦʣʠʯʝʩʪʚʦ ʩʣʘʙʳʭ ʩʦʙʳʪʠʡ ʧʦʩʪʦʷʥʥʦ ʫʙʳʚʘʣʘ. ɺ ʪʝʢʫʱʝʤ ʉʎ ʢʘʨʪʠʥʘ ʥʝʩʢʦʣʴʢʦ ʠʥʘʷ: 

ʟʘʤʝʪʝʥ ʟʥʘʯʠʤʳʡ ʨʦʩʪ ʤʘʣʳʭ ʉʇʉ. GLE-ʩʦʙʳʪʠʷ ʟʘʥʠʤʘʶʪ < 20% ʚʩʝʭ ʉʇʉ ʚ ʢʘʞʜʦʤ 

ʮʠʢʣʝ ʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ɸʆ, ʧʨʠʯʸʤ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʘʷ ʜʦʣʷ 

ʩʝʨʠʡʥʳʭ GLE-ʩʦʙʳʪʠʡ (ʠʟ ʦʜʥʦʡ ɸʆ). ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ 

ʛʨʘʥʪ ʈʌʌʀ 13-02-00612. 
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ʗʈʂʆʉʊʅʓɽ ʊɽʄʇɽʈɸʊʋʈʓ ʀ ʕʃɽʂʊʈʆʅʅʓɽ ʂʆʅʎɽʅʊʈɸʎʀʀ ʇʆʃʗʈʅʆʁ 

ʂʆʈʆʅɸʃʔʅʆʁ ɼʓʈʓ ʉʆʃʅʎɸ ɺ ʉɸʅʊʀʄɽʊʈʆɺʆʄ ɼʀɸʇɸɿʆʅɽ ɼʃʀʅ 

ɺʆʃʅ ʅɸ ʈɸʉʉʊʆʗʅʀʗʍ ʆʊ ʆɼʅʆɻʆ ɼʆ ɼɺʋʍ ʈɸɼʀʋʉʆɺ ʉʆʃʅʎɸ 

 

ʆ.ɸ. ɻʦʣʫʙʯʠʥʘ, ɸ.ʅ. ʂʦʨʞʘʚʠʥ 

 

ʉʇʙ ʬʠʣ. ʉɸʆ ʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, golubchina_olga@mail.ru 

 

ɺʧʝʨʚʳʝ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʩʦʣʥʝʯʥʦʛʦ ʟʘʪʤʝʥʠʷ 29.03.2006 ʛ. ʥʘ ʉʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʩʝʢʪʦʨʝ 

ʈɸʊɸʅ-600 ʦʧʨʝʜʝʣʝʥʳ ʷʨʢʦʩʪʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʜ ʩʝʚʝʨʥʦʡ 

ʧʦʣʷʨʥʦʡ ʦʙʣʘʩʪʴʶ ʉʦʣʥʮʘ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ 1.005 ʜʦ 2 ʨʘʜʠʫʩʦʚ ʉʦʣʥʮʘ (Rs) ʚ ʰʠʨʦʢʦʤ 

ʩʘʥʪʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ (1.03, 1.38, 2.7, 6.2, 13, 30.7 ʩʤ). ʉʧʝʮʠʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʙʨʘʙʦʪʢʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʧʦʟʚʦʣʠʣʘ 

ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʷʨʢʦʩʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʦʣʷʨʥʦʡ ʦʙʣʘʩʪʠ ʉʦʣʥʮʘ ʥʘ 

ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʣʠʤʙʘ ʜʦ 2 Rs: 

2. ɺʳʷʚʣʝʥʦ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʷʨʢʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʠʥʪʝʨʚʘʣʝ ʨʘʩʩʪʦʷʥʠʡ (1.005 -1.03) 

Rs ʥʘ ʚʦʣʥʝ 13 ʩʤ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʚ ʢʦʨʦʥʘʣʴʥʦʡ ʜʳʨʝ. 

3. ʅʘ ʢʦʨʦʪʢʠʭ ʚʦʣʥʘʭ (1.03 ï 2.7) ʩʤ ʪʘʢʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʷʨʢʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ 

ʚʳʷʚʣʝʥʦ. 

4. ʆʪʤʝʯʝʥʦ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʷʨʢʦʩʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦʣʷʨʥʦʡ ʦʙʣʘʩʪʠ ʚʙʣʠʟʠ ʣʠʤʙʘ 

ʉʦʣʥʮʘ, ʠ ʩʨʝʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʨʦʥʘʣʴʥʳʭ ʜʳʨ, ʥʘʙʣʶʜʘʚʰʠʭʩʷ 

ʨʘʥʝʝ ʥʘ ʈɸʊɸʅ-600 ʚʥʝ ʧʦʣʷʨʥʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʠʜʝʥʪʠʯʥʫʶ ʧʨʠʨʦʜʫ. 

5. ʅʘ ʚʦʣʥʘʭ 1.03 ʩʤ ʠ 1.38 ʩʤ ʧʦʣʫʯʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʣʠʤʙʘ ʉʦʣʥʮʘ ʜʦ 2Rs, ʢʦʪʦʨʦʝ ʦʢʘʟʘʣʦʩʴ ʙʣʠʟʢʠʤ ʢ ʜʘʥʥʳʤ ʚ ʙʝʣʦʤ ʩʚʝʪʝ 

ʜʣʷ ʧʦʣʷʨʥʦʡ ʦʙʣʘʩʪʠ ʉʦʣʥʮʘ ʚ ʧʝʨʠʦʜ ʤʠʥʠʤʘʣʴʥʦʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

 

 

ʄʆɼɽʃʔ ʀʉʊʆʏʅʀʂɸ ɼʃʗ ʀʄʇʋʃʔʉʅʆɻʆ ɻɸʄʄɸ-ɺʉʇʃɽʉʂɸ ʆʊ 

ʉʆʃʅɽʏʅʆʁ ɺʉʇʓʐʂʀ 14 ʀʖʃʗ 2000 ʛ. 

 

ɻ.ʅ. ʂʠʯʠʛʠʥ, ʃ.ʀ. ʄʠʨʦʰʥʠʯʝʥʢʦ, ɺ.ʀ. ʉʠʜʦʨʦʚ, ʉ.ɸ. ʗʟʝʚ 

 

ʀɻʋ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ, yamari@yandex.ru 

 

ɺ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʤʥʦʛʦʚʦʣʥʦʚʳʭ ʜʘʥʥʳʭ (ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʝ, ʦʧʪʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ, ʜʘʥʥʳʝ ʦʙ ʵʥʝʨʛʠʯʥʳʭ ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʦʥʘʭ) 

ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʤʦʜʝʣʴ ʠʩʪʦʯʥʠʢʘ ʫʩʢʦʨʝʥʥʳʭ ʯʘʩʪʠʮ (ʪʠʧʘ çʧʨʦʙʢʦʪʨʦʥʘè), 

ʦʙʝʩʧʝʯʠʚʰʠʭ ʠʤʧʫʣʴʩʥʳʡ ʛʘʤʤʘ-ʚʩʧʣʝʩʢ ʚʦ ʚʩʧʳʰʢʝ 14 ʠʶʣʷ 2000ʛ. [1]. ʀʩʧʦʣʴʟʦʚʘʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʠʦʥʦʚ, ʫʩʢʦʨʝʥʥʳʭ ʜʦ ʵʥʝʨʛʠʡ ~10õ100 ʄʵɺ/ʥʫʢʣʦʥ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ~0.01õ0.1 ɺ/ʩʤ, ʠʤʝʶʱʝʤ ʥʝʥʫʣʝʚʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʚʜʦʣʴ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʢʦʨʦʥʘʣʴʥʳʭ ʘʨʦʢ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʟʤʝʨʦʤ ~100 ʪʳʩ. ʢʤ [2]. ʉʦʛʣʘʩʥʦ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʤʦʜʝʣʠ, ʛʘʤʤʘ-ʠʩʪʦʯʥʠʢ ʚ ʣʠʥʠʷʭ ʚʦʟʙʫʞʜʝʥʠʷ (~4.1õ6.7 ʄʵɺ), ʘ ʪʘʢʞʝ ʠʩʪʦʯʥʠʢ ʚ ʣʠʥʠʠ 

ʟʘʭʚʘʪʘ ʥʝʡʪʨʦʥʦʚ (2.223 ʄʵɺ), ʩʦʚʧʘʜʘʣʠ ʩ ʦʙʣʘʩʪʴʶ ʚʳʩʳʧʘʥʠʷ ʫʩʢʦʨʝʥʥʳʭ ʠʦʥʦʚ ʚ 

ʧʣʦʪʥʳʝ ʩʣʦʠ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʳ ʥʘʜ ʧʷʪʥʦʤ, ʛʜʝ ʚʦ ʚʨʝʤʷ ʛʘʤʤʘ-ʠʤʧʫʣʴʩʘ 14 ʠʶʣʷ 

2000ʛ. ʥʘʙʣʶʜʘʣʠʩʴ ʬʦʪʦʩʬʝʨʥʳʝ ʤʘʛʥʠʪʥʳʝ ʪʨʘʥʟʠʝʥʪʳ [3]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʫʤʤʘʨʥʳʡ 

ʜʠʘʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʫʩʢʦʨʝʥʥʳʭ ʠʦʥʦʚ, ʟʘʜʝʨʞʠʚʘʶʱʠʭʩʷ ʚ ʤʘʛʥʠʪʥʦʡ ʧʨʦʙʢʝ ʥʘʜ 

ʧʷʪʥʦʤ, ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʣʦʢʘʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʷʪʥʘ ʥʘ ʚʝʣʠʯʠʥʫ ʜʦ 

~100 ɻʩ ʚ ʧʨʝʜʝʣʘʭ ʠʥʪʝʨʚʘʣʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʥʦʛʦ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʘ (ʦʢʦʣʦ 4 ʤʠʥʫʪ). 

[1]. Share G.H., Murphy R.J., Tylka A.J., et al. // Solar Physics. 2001. V. 204. P. 41. 
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[2]. ʂʠʯʠʛʠʥ ɻ.ʅ., ʄʠʨʦʰʥʠʯʝʥʢʦ ʃ.ʀ., ʉʠʜʦʨʦʚ ɺ.ʀ., ʗʟʝʚ ʉ.ɸ. // ʌʠʟʠʢʘ ʧʣʘʟʤʳ.  

       2014. ˉ3 (ʚ ʧʝʯʘʪʠ). 

[3]. Kosovichev A.G. and Zharkova V.V. // Astrophysical Journal. 2001. V. 550. L105. 

 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʂʆʈʆʅɸʃʔʅʆɻʆ ʀʉʊʆʏʅʀʂɸ ʈɸɼʀʆʀɿʃʋʏɽʅʀʗ 

ʉʆʃʅɽʏʅʓʍ ɺʉʇʓʐɽʂ 

 

ʇ.ɸ. ɻʨʠʮʳʢ, ɹ.ɺ. ʉʦʤʦʚ 

 

ɻɸʀʐ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, pgritsyk@gmail.com 

 

ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʵʥʝʨʛʠʷ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʚʠʜʝ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ ʢʦʨʦʥʝ ʠ ʚʳʜʝʣʷʝʪʩʷ ʚ ʧʝʨʝʩʦʝʜʠʥʷʶʱʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʪʦʢʦʚʦʤ 

ʩʣʦʝ. ʆʜʥʠʤ ʠʟ ʢʘʥʘʣʦʚ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʫʩʢʦʨʝʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʜʦ 

ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʪʦʣʩʪʦʡ ʤʠʰʝʥʠ ʩ ʦʙʨʘʪʥʳʤ ʪʦʢʦʤ, 

ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʢʦʨʦʥʝ ʠ ʭʨʦʤʦʩʬʝʨʝ ʉʦʣʥʮʘ ʫʩʢʦʨʝʥʥʳʭ ʚ ʪʦʢʦʚʦʤ 

ʩʣʦʝ ʵʣʝʢʪʨʦʥʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʫʩʢʦʨʝʥʥʳʭ ʯʘʩʪʠʮ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚʦʟʚʨʘʱʘʝʪʩʷ ʦʙʨʘʪʥʦ ʚ ʠʩʪʦʯʥʠʢ. ʅʘ 

ʦʩʥʦʚʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʯʘʩʪʠʮ ʧʫʯʢʘ ʚ ʧʨʷʤʦʤ ʠ 

ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʠʭ ʠʩʪʦʯʥʠʢʘ, ʨʘʩʩʯʠʪʘʥʳ ʩʧʝʢʪʨʳ ʪʦʨʤʦʟʥʦʛʦ ʞʝʩʪʢʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʛʠʨʦ-ʮʠʢʣʦʪʨʦʥʥʦʛʦ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʜʘʥʥʳʤʠ ʢʦʩʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ. 
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ʈʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ʥʝʡʪʨʦʥʥʦʡ ʟʚʝʟʜʳ ʠʣʠ 

ʜʨʫʛʦʛʦ ʢʦʤʧʘʢʪʥʦʛʦ ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʦʙʲʝʢʪʘ. ʄʘʛʥʠʪʦʩʬʝʨʘ ʩʬʦʨʤʠʨʦʚʘʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʟʚʝʟʜʳ. ɺ ʜʘʥʥʦʡ 

(ʜʚʫʤʝʨʥʦʡ) ʤʦʜʝʣʠ ʧʦʣʝ ʟʚʝʟʜʳ ʧʨʠʙʣʠʞʘʝʪʩʷ ʪʦʯʝʯʥʳʤ ʤʘʛʥʠʪʥʳʤ ʜʠʧʦʣʝʤ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʥʝ ʝʛʦ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʪʷʞʝʥʥʘʷ ʦʙʣʘʩʪʴ G, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʧʦʣʝ 

ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ. ʆʙʣʘʩʪʴ G, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ z, 

ʦʛʨʘʥʠʯʝʥʘ ʜʚʫʤʷ ʢʨʠʚʳʤʠ: ʟʘʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʦʡ ʢʨʠʚʦʡ S, ʦʧʨʝʜʝʣʷʶʱʝʡ ʬʦʨʤʫ 

ʤʘʛʥʠʪʦʩʬʝʨʳ, ʠ ʨʘʟʨʝʟʦʤ T, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʩʝʯʝʥʠʝʤ ʪʦʢʦʚʦʛʦ ʩʣʦʷ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ 

ʧʣʦʩʢʦʩʪʠ z. ʅʘ ʢʨʠʚʦʡ S ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʨʘʚʝʥʩʪʚʘ ʚʥʫʪʨʝʥʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʠ 

ʚʥʝʰʥʝʛʦ ʛʘʟʦʚʦʛʦ ʜʘʚʣʝʥʠʡ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʦʜʝʣʴ ʩʚʝʜʝʥʘ ʢ ʟʘʜʘʯʝ ʈʠʤʘʥʘ ï ɻʠʣʴʙʝʨʪʘ 

ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʙʳʣʦ ʧʦʩʪʨʦʝʥʦ ʚ ʷʚʥʦʤ ʚʠʜʝ. ʅʘʡʜʝʥʘ ʬʦʨʤʘ 

ʛʨʘʥʠʮʳ ʤʘʛʥʠʪʦʩʬʝʨʳ ʠ ʚʳʯʠʩʣʝʥʳ ʚʝʣʠʯʠʥʳ ʧʨʷʤʳʭ ʠ ʦʙʨʘʪʥʳʭ ʪʦʢʦʚ ʚ 

ʧʝʨʝʩʦʝʜʠʥʷʶʱʝʤʩʷ ʪʦʢʦʚʦʤ ʩʣʦʝ. ʆʧʨʝʜʝʣʝʥʘ ʚʝʣʠʯʠʥʘ ʥʝʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʦʙʨʘʪʥʳʡ ʪʦʢ. ʆʮʝʥʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʝʨʘʚʥʦʚʝʩʥʦʡ 

ʤʘʛʥʠʪʦʩʬʝʨʳ ʢʦʤʧʘʢʪʥʳʭ ʟʚʝʟʜʥʳʭ ʦʙʲʝʢʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʙʳʪʦʯʥʘʷ ʤʘʛʥʠʪʥʘʷ ʵʥʝʨʛʠʷ 

ʤʘʛʥʠʪʦʩʬʝʨʳ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ, ʚʥʦʩʠʤʦʡ ʚ ʥʝʝ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ ʚ 

ʤʦʤʝʥʪ ʫʜʘʨʘ. ʆʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ. Somov B.V., Plasma Astrophysics, 

Part II, Reconnection and Flares. Springer SBM, New York, 2013. 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʙʥʘʨʫʞʝʥʘ ʥʝʣʦʢʘʣʴʥʘʷ 

ʩʚʷʟʴ ʧʨʦʮʝʩʩʦʚ ʠʦʥʠʟʘʮʠʠ ʠ ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʣʘʟʤʝ, ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʤʝʭʘʥʠʟʤ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʚ ʢʦʨʦʥʝ ʉʦʣʥʮʘ. ʇʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʦʥʘʤʠ, 

ʜʚʠʞʫʱʠʤʠʩʷ ʧʨʦʪʠʚ ʩʠʣʳ ʪʷʞʝʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ 

ʥʘʜʪʝʧʣʦʚʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ. ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʠʦʥʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚʥʫʪʨʠ ʉʦʣʥʮʘ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʢʦʤʙʠʥʘʮʠʠ  ʚʳʜʝʣʷʝʪʩʷ ʚ ʭʨʦʤʦʩʬʝʨʝ ʠ ʢʦʨʦʥʝ ʚ ʚʠʜʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʵʣʝʢʪʨʦʥʦʚ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʦ ʩʧʣʦʰʥʳʤ ʠ ʣʠʥʝʡʯʘʪʳʤ ʩʧʝʢʪʨʦʤ. ɺʝʣʠʯʠʥʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʧʨʝʜʝʣʷʝʪ ʚʳʩʦʪʫ, ʥʘ ʢʦʪʦʨʫʶ ʤʦʛʫʪ ʧʦʜʥʷʪʴʩʷ ʤʥʦʛʦʟʘʨʷʜʥʳʝ ʠʦʥʳ ʠ 

ʠʭ ʠʟʦʪʦʧʳ. ʕʣʝʢʪʨʠʯʝʩʢʠ ʣʝʛʢʠʝ ʠʦʥʳ ʩ ʤʘʣʳʤ ʦʪʥʦʰʝʥʠʝʤ , (ʛʜʝ M ʠ Z - ʤʘʩʩʘ ʠ ʟʘʨʷʜ 

ʠʦʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʦʢʠʜʘʶʪ ʘʪʤʦʩʬʝʨʫ ʉʦʣʥʮʘ ʠ ʦʙʨʘʟʫʶʪ ʩʦʣʥʝʯʥʳʡ ʚʝʪʝʨ, 

ʵʣʝʢʪʨʠʯʝʩʢʠ ʪʷʞʝʣʳʝ ʠʦʥʳ ʤʦʛʫʪ ʦʩʪʘʥʦʚʠʪʴʩʷ ʚ ʭʨʦʤʦʩʬʝʨʝ ʠʣʠ ʢʦʨʦʥʝ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʩʪʨʫʢʪʫʨʫ ʠ ʩʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʚʩʧʳʰʢʠ. ʇʨʠ ʨʝʢʦʤʙʠʥʘʮʠʠ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʘ 

(ʪʝʤʧʝʨʘʪʫʨʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʢʦʨʦʥʝ ʉʦʣʥʮʘ) ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ ʠʦʥʘ, 

ʪʦʛʜʘ ʢʘʢ ʵʥʝʨʛʠʷ ʫʥʦʩʠʤʘʷ ʬʦʪʦʥʦʤ ʧʨʠʤʝʨʥʦ ʨʘʚʥʘ ʝʡ. ʆʙʩʫʞʜʘʶʪʩʷ ʠʟʦʙʨʘʞʝʥʠʷ ʉʦʣʥʮʘ, 

ʧʦʣʫʯʝʥʠʝ ʚ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʷʭ ʠʦʥʦʚ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʈʝʟʢʘʷ ʛʨʘʥʠʮʘ 

ʩʦʣʥʝʯʥʦʛʦ ʜʠʩʢʘ ʚ ʙʝʣʦʤ ʩʚʝʪʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʛʣʦʙʘʣʴʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʦʢʨʫʛ ʉʦʣʥʮʘ, ʢʦʪʦʨʦʝ ʩʦʟʜʘʝʪʩʷ ʪʝʧʣʦʚʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʬʦʪʦʩʬʝʨʳ. 

 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɸʅʆʄɸʃʔʅʆʁ ʀʅɺɽʈʉʀʀ ɿʅɸʂɸ ʇʆʃʗʈʀɿɸʎʀʀ 

ʄʀʂʈʆɺʆʃʅʆɺʆɻʆ ʀɿʃʋʏɽʅʀʗ ʉʆʃʅɽʏʅʆʁ ɸʂʊʀɺʅʆʁ ʆɹʃɸʉʊʀ 11734  

 

ʊ. ʀ. ʂʘʣʴʪʤʘʥ
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2
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1
ʉʇʙʌ ʉɸʆ ʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, arles@mail.ru,  

2
ʀʉɿʌ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ.  

 

ʇʨʦʚʝʜʝʥʳ ʩʦʚʤʝʩʪʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ 11734 ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʦʪʝʣʝʩʢʦʧʦʚ 

ʈɸʊɸʅ-600 (ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ 3-18 ɻɻʮ) ʠ ʉʉʈʊ (ʥʘ ʯʘʩʪʦʪʝ 5.7 ɻɻʮ) ʩ 29 ʘʧʨʝʣʷ ʧʦ 11 ʤʘʷ 

2013 ʛ. ɸʢʪʠʚʥʘʷ ʦʙʣʘʩʪʴ ʩʦʩʪʦʷʣʘ ʠʟ ʛʦʣʦʚʥʦʛʦ ʧʷʪʥʘ ʩʝʚʝʨʥʦʡ ʧʦʣʷʨʥʦʩʪʠ, ʭʚʦʩʪʦʚʦʛʦ 

ʧʷʪʥʘ ʶʞʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ʠ ʨʷʜʘ ʤʝʣʢʠʭ ʧʷʪʝʥ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʠʩʪʦʯʥʠʢ 

ʥʘʜ ʭʚʦʩʪʦʚʳʤ ʧʷʪʥʦʤ ʚ ʧʝʨʠʦʜ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦ ʜʠʩʢʫ ʉʦʣʥʮʘ ʩʦʭʨʘʥʷʣ ʘʥʦʤʘʣʴʥʫʶ 

(ʧʨʘʚʫʶ) ʢʨʫʛʦʚʫʶ ʧʦʣʷʨʠʟʘʮʠʶ ʚʦ ʚʩʝʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ, ʪʦʛʜʘ ʢʘʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʷʪʥʫ 

ʬʦʪʦʩʬʝʨʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠʤʝʣʦ ʶʞʥʫʶ ʧʦʣʷʨʥʦʩʪʴ. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ 

ʜʘʥʥʳʭ ʧʨʦʚʝʜʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʢʦʨʦʥʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʚ 

ʧʨʠʙʣʠʞʝʥʠʠ ʥʝʣʠʥʝʡʥʦʛʦ ʙʝʩʩʠʣʦʚʦʛʦ ʧʦʣʷ. ʅʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ 

ʥʘʣʠʯʠʠ ʥʘ ʚʳʩʦʪʘʭ ~ 50 ʪʳʩ. ʢʤ. ʥʘʜ ʭʚʦʩʪʦʚʳʤ ʧʷʪʥʦʤ ʦʙʣʘʩʪʠ ʢʚʘʟʠʧʦʧʝʨʝʯʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʦʜ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ (QTP), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʟʘʤʳʢʘʥʠʝʤ ʧʦʣʷ ʩʝʚʝʨʥʦʡ 

ʧʦʣʷʨʥʦʩʪʠ ʛʦʣʦʚʥʦʛʦ ʧʷʪʥʘ ʥʘ ʬʣʦʢʢʫʣʴʥʳʝ ʧʦʣʷ, ʪʝʩʥʦ ʧʨʠʤʳʢʘʶʱʠʝ ʢ ʭʚʦʩʪʦʚʦʤʫ ʧʷʪʥʫ 

ʩ ʚʦʩʪʦʢʘ. ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʣʠʥʝʡʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʦʣʥ ʚ ʦʙʣʘʩʪʠ ʢʚʘʟʠʧʦʧʝʨʝʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʢʘʢ ʚʦʟʤʦʞʥʦʡ ʧʨʠʯʠʥʝ 

ʠʥʚʝʨʩʠʠ ʟʥʘʢʘ ʧʦʣʷʨʠʟʘʮʠʠ. ʈʘʩʯʝʪ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʩ ʫʯʝʪʦʤ ʪʝʧʣʦʚʦʛʦ ʮʠʢʣʦʪʨʦʥʥʦʛʦ  ʠ 

ʪʝʧʣʦʚʦʛʦ ʪʦʨʤʦʟʥʦʛʦ ʤʝʭʘʥʠʟʤʦʚ ʥʘ ʦʩʥʦʚʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʜʘʥʥʳʭ 
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ʨʘʜʠʦʥʘʙʣʶʜʝʥʠʡ ʧʦʟʚʦʣʠʣ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʪʨʝʭʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ. 
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1
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ʅʀʌʍʀ ʠʤ. ʃ.ʗ.ʂʘʨʧʦʚʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, irkost@itep.ru,  

2
ɻɸʆ ʈɸʅ, ʛ. ʉʘʥʢʪ- ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, benevolenskayae@mail.ru,   

3
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ɻʋ, ʛ. ʉʘʥʢʪ- ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ.  

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʩʦʣʥʝʯʥʳʭ ʬʣʦʢʢʫʣ ʠ ʧʷʪʝʥ ʚ ʤʠʥʠʤʫʤʘʭ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʉɸ) ʦʢʘʟʳʚʘʝʪʩʷ ʚʘʞʥʳʤ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʣʠʯʠʝ ʥʘ ʉʦʣʥʮʝ ʝʜʠʥʠʯʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʘʢʪʠʚʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʩʦʧʦʩʪʘʚʠʪʴ ʩ ʥʠʤʠ ʚʘʨʠʘʮʠʠ ʧʦʣʥʦʛʦ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʠ ʝʛʦ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʩʦ ʚʩʝʛʦ ʩʦʣʥʝʯʥʦʛʦ ʜʠʩʢʘ. ɺ 

ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʥʘ ʩʦʣʥʝʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʨʝʜʥʝʰʠʨʦʪʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʬʣʦʢʢʫʣ ʠ ʧʷʪʝʥ, ʘ ʪʘʢʞʝ ʧʣʦʱʘʜʝʡ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ 

ʢʘʢ çʩʪʘʨʦʛʦè ʪʘʢ  ʠ çʥʦʚʦʛʦè ʮʠʢʣʦʚ ʚ ʧʝʨʠʦʜʳ ʤʠʥʠʤʫʤʦʚ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʪʨʝʭ ʤʠʥʠʤʫʤʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʠʥʦʧʪʠʯʝʩʢʠʝ ʢʘʨʪʳ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʉʦʣʥʮʘ ʦʙʩʝʨʚʘʪʦʨʠʠ ɺʠʣʢʦʢʩʘ ʚ ʉʪʝʥʬʦʨʜʝ, ʜʣʷ ʙʦʣʝʝ ʨʘʥʥʠʭ-  ʜʘʥʥʳʝ ʦ ʧʣʦʱʘʜʷʭ ʠ 

ʢʦʦʨʜʠʥʘʪʘʭ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʦʙʩʝʨʚʘʪʦʨʠʠ ɻʨʠʥʚʠʯ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʦʣʛʦʞʠʚʫʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʉɸ (ʘʢʪʠʚʥʳʭ ʜʦʣʛʦʪ). ɼʝʪʘʣʴʥʦ ʧʨʦʩʣʝʜʠʪʴ 

ʵʚʦʣʶʮʠʶ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʧʷʪʝʥ ʠʣʠ ʠʭ ʧʣʦʱʘʜʝʡ, ʬʣʦʢʢʫʣ ʠ ʜʨʫʛʠʭ ʤʘʛʥʠʪʥʳʭ 

ʩʪʨʫʢʪʫʨ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʢʘʞʜʦʛʦ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʠʥʠʤʫʤʦʚ ʧʦʟʚʦʣʷʶʪ ʜʚʫʤʝʨʥʳʝ 

ʜʠʘʛʨʘʤʤʳ, ʥʘ ʢʦʪʦʨʳʭ ʜʘʥʥʳʝ ʦʙ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʬʫʥʢʮʠʠ 

ʂʵʨʨʠʥʛʪʦʥʦʚʩʢʦʛʦ ʦʙʦʨʦʪʘ ʠ ʂʵʨʨʠʥʛʪʦʥʦʚʩʢʦʡ ʜʦʣʛʦʪʳ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʝʚ ʧʦʷʚʣʝʥʠʝ ʧʷʪʝʥ ʢʘʢ çʩʪʘʨʦʛʦè, ʪʘʢ ʠ çʥʦʚʦʛʦè ʮʠʢʣʦʚ ʚ ʦʙʦʠʭ 

ʧʦʣʫʰʘʨʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʚʳʜʝʣʝʥʥʦʡ ʧʦʣʦʩʝ 

ʢʵʨʨʠʥʛʪʦʥʦʚʩʢʠʭ ʜʦʣʛʦʪ, ʢʦʪʦʨʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʤʝʱʘʝʪʩʷ ʩ ʚʦʩʪʦʢʘ ʥʘ ʟʘʧʘʜ. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʷʪʥʘ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʚʪʦʨʷʶʱʝʤʫʩʷ ʧʦʷʚʣʝʥʠʶ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʜʦʣʛʦʞʠʚʫɦ ʝʡ ʬʣʦʢʢʫʣʝ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ 

ʜʦʣʛʦʞʠʚʫʱʝʛʦ ʧʦʜʬʦʪʦʩʬʝʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚʩʧʣʳʚʘʶɦ ʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ, ʜʝʡʩʪʚʠʝ 

ʢʦʪʦʨʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʦʙʘ ʧʦʣʫʰʘʨʠʷ, ʫʩʣʦʚʠʷ ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʩʤʝʥʳ ʮʠʢʣʘ, ʘ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʥʝʩʢʦʣʴʢʦ ʧʨʝʚʳʰʘʝʪ ʢʵʨʨʠʥʛʪʦʥʦʚʩʢʫʶ. ʅʘʣʠʯʠʝ 

ʧʦʜʦʙʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʩʪʦʡʯʠʚʳʝ ʫʩʣʦʚʠʷ ʛʝʥʝʨʘʮʠʠ ʥʘ ʬʘʟʝ ʤʠʥʠʤʫʤʘ ʉɸ 

ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʙʣʘʛʦʜʘʨʷ ʜʠʥʘʤʦ ʤʝʭʘʥʠʟʤʫ. ɺʘʨʠʘʮʠʠ ʩʦʣʥʝʯʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʧʦʩʪʘʚʣʷʣʠʩʴ ʩ ʚʘʨʠʘʮʠʷʤʠ ʧʦʣʥʦʛʦ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ 

ʠʟʣʫʯʝʥʠʷ ʚ ʋʌ- ʜʠʘʧʘʟʦʥʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʧʷʪʝʥ ʠ ʬʣʦʢʢʫʣ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ 

ʥʝʚʳʩʦʢʠʝ ʚʝʣʠʯʠʥʳ, ʦʢʘʟʳʚʘʶʪ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʩʝ ʩʣʦʠ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʳ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʚʘʨʠʘʮʠʷʤ ʧʦʣʥʦʛʦ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʝʛʦ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ.    
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ʆʎɽʅʂɸ ʈɸɼʀɸʎʀʆʅʅʓʍ ʋʉʃʆɺʀʁ ʅɸ ʇʆɺɽʈʍʅʆʉʊʀ ʄɸʈʉɸ ɺ ʇɽʈʀʆɼ 

ʄʀʅʀʄʋʄɸ ʉʆʃʅɽʏʅʆʁ ɸʂʊʀɺʅʆʉʊʀ 

 

ʀ.ʇ. ɹʝʟʨʦʜʥʳʭ, ɽ.ʀ. ʄʦʨʦʟʦʚʘ, ɸ.ɸ. ʇʝʪʨʫʢʦʚʠʯ  

 

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

 

ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʨʷʜ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʦʛʣʦʱʝʥʥʫʶ ʜʦʟʫ ʥʘ  ʧʦʚʝʨʭʥʦʩʪʠ 

ʄʘʨʩʘ ʚ ʧʝʨʠʦʜ ʙʣʠʟʢʠʡ ʢ ʤʠʥʠʤʫʤʫ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ ʨʘʜʠʘʮʠʠ ʦʪ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ (ɻʂʃ) ʠ 

ʯʘʩʪʠʮ ʩʦʣʥʝʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ (ʉʂʃ). ʈʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʦʚ 

ʛʝʥʝʨʘʮʠʠ ʟʘʨʷʞʝʥʥʳʭ ʠ ʥʝʡʪʨʘʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʚ ʛʨʫʥʪʝ ʄʘʨʩʘ ʧʦʪʦʢʘʤʠ 

ʧʝʨʚʠʯʥʳʭ ʯʘʩʪʠʮ ɻʂʃ ʠ ʉʂʃ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʩʫʤʤʘʨʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʜʣʷ ʥʝʡʪʨʘʣʴʥʦʡ ʠ ʟʘʨʷʞʝʥʥʦʡ ʢʦʤʧʦʥʝʥʪ ʠʦʥʠʟʠʨʫʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʝʪʳ. ʉʫʤʤʘʨʥʘʷ ʧʦʛʣʦʱʝʥʥʘʷ ʜʦʟʘ ʨʘʜʠʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʄʘʨʩʘ  ʨʘʚʥʘ å 5 ʨʘʜ/ʛʦʜ, ʧʨʠ ʵʪʦʤ ʚʢʣʘʜ ʧʦʪʦʢʦʚ ʥʝʡʪʨʦʥʦʚ ʚ ʧʦʛʣʦʱʝʥʥʫʶ ʜʦʟʫ ʩʦʩʪʘʚʣʷʝʪ 

å 1 ʨʘʜ/ʛʦʜ, ʘ ʜʦʟʘ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʪʷʞʝʣʳʭ ʠʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ ʨʘʚʥʘ å 4 ʨʘʜ/ʛʦʜ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʜʝʞʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʧʦʣʥʦʡ ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ ʨʘʜʠʘʮʠʠ, ʥʦ ʠ ʦʪ ʩʦʩʪʘʚʘ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. 

ɺʦʟʜʝʡʩʪʚʠʝ ʦʜʠʥʦʯʥʳʭ ʪʷʞʝʣʳʭ ʠʦʥʦʚ ʠ ʣʘʚʠʥ ʚʪʦʨʠʯʥʳʭ ʯʘʩʪʠʮ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʷʜʝʨʥʳʭ 

ʧʨʦʮʝʩʩʘʭ, ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʩʙʦʠ ʠ ʦʪʢʘʟʳ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ. 

 

 

ʅɸɹʃʖɼɽʅʀʗ ʉʆʃʅɽʏʅʓʍ ʇʗʊɽʅ ɺ XVII -XIX  ɺɽʂɸʍ. ʀʉʊʆʈʀʏɽʉʂʀʁ 

ʆɹɿʆʈ  

 

ʅ.ɺ. ɿʦʣʦʪʦʚʘ, ɼ.ʀ. ʇʦʥʷʚʠʥ 

 

ʉʇʙɻʋ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, ned@geo.phys.spbu.ru  

 

ʉʦʣʥʝʯʥʳʝ ʧʷʪʥʘ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʠ ʭʘʨʘʢʪʝʨʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ɿʘʜʘʯʘ ʦʙʲʷʩʥʝʥʠʷ ʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʷʚʣʝʥʠʡ ʘʢʪʠʚʥʦʛʦ ʉʦʣʥʮʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʪʨʝʙʫʝʪ ʜʝʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʩʪʦʨʠʯʝʩʢʘʷ 

ʭʨʦʥʦʣʦʛʠʷ ʧʝʨʚʳʭ ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʟʘʨʠʩʦʚʦʢ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ, 

ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ ʦ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʥʘʙʣʶʜʘʪʝʣʷʭ ʩ ʥʘʯʘʣʘ XVII  ʚʝʢʘ ʠ ʚ ʵʧʦʭʫ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʛʦ ʤʠʥʠʤʫʤʘ ʄʘʫʥʜʝʨʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʰʠʨʦʪʥʦ-ʚʨʝʤʝʥʥʦʡ ʵʚʦʣʶʮʠʠ 

ʧʷʪʝʥ ʚ ʧʨʝʜʜʚʝʨʠʠ ʤʠʥʠʤʫʤʘ ɼʘʣʴʪʦʥʘ ʧʦ ʟʘʨʠʩʦʚʢʘʤ ʁʦʭʘʥʘ ʂʘʩʧʘʨʘ ʐʪʘʫʜʘʭʘ, 

ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ ʦ ʛʠʧʦʪʝʟʘʭ ʧʦʪʝʨʷʥʥʦʛʦ ʮʠʢʣʘ ʠ ʥʘʨʫʰʝʥʠʠ ʟʘʢʦʥʘ ʐʧʸʨʝʨʘ. ʇʨʦʚʦʜʠʪʩʷ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʨʘʚʥʝʥʠʝ ʟʘʨʠʩʦʚʦʢ ʧʷʪʝʥ ʩʜʝʣʘʥʥʳʭ ʚ ʧʨʦʰʣʳʭ ʩʪʦʣʝʪʠʷʭ ʠ ʩʥʠʤʢʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʩʦ ʩʧʫʪʥʠʢʦʚ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʟʝʤʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ. ʈʘʩʩʢʘʟʳʚʘʝʪʩʷ ʦ 

ʨʫʢʦʧʠʩʥʳʭ ʦʧʠʩʘʥʠʷʭ ʠ ʟʘʨʠʩʦʚʢʘʭ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ XVII -XVIII  ʚʝʢʦʚ, ʟʘʨʠʩʦʚʢʘʭ 

ʧʨʦʭʦʞʜʝʥʠʷ ʄʝʨʢʫʨʠʷ ʧʦ ʜʠʩʢʫ ʉʦʣʥʮʘ, ʟʘʨʠʩʦʚʢʘʭ ʘʚʨʦʨʘʣʴʥʳʭ ʷʚʣʝʥʠʡ, ʦʙ ʦʪʣʠʯʠʠ 

ʯʝʨʥʦʚʳʭ ʟʘʨʠʩʦʚʦʢ ʦʪ ʧʝʯʘʪʥʳʭ ʠʟʜʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʟʘʪʤʝʥʠʶ ʉʦʣʥʮʘ 1769 ʛʦʜʘ ʠ 

ʧʨʦʭʦʞʜʝʥʠʶ ɺʝʥʝʨʳ ʧʦ ʜʠʩʢʫ ʉʦʣʥʮʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʝʪʩʷ ʨʘʙʦʪʘ ʧʦ ʧʦʠʩʢʫ, 

ʦʙʨʘʙʦʪʢʝ ʠ ʩʚʝʜʝʥʠʶ ʚ ʝʜʠʥʳʡ ʘʨʭʠʚ ʜʘʥʥʳʭ ʚʩʝʭ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ 

ʩʦʣʥʝʯʥʳʤʠ ʧʷʪʥʘʤʠ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʆʃʅɽʏʅʆʁ ɺʉʇʓʐʂʀ 20 ʗʅɺɸʈʗ 2005ʛ. ʇʆ ɼɸʅʅʓʄ ʆ ɽɪ 

ɻɸʄʄɸ-ʀɿʃʋʏɽʅʀʀ 

 

ɽ.ɺ. ʊʨʦʠʮʢʘʷ, ʀ.ɺ. ɸʨʭʘʥʛʝʣʴʩʢʘʷ, ɸ.ʀ. ɸʨʭʘʥʛʝʣʴʩʢʠʡ 

 

ʅʀʀʗʌ ʄɻʋ ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, troi@srd.sinp.msu.ru 

 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʱʥʦʡ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʠ 20 ʷʥʚʘʨʷ 2005 ʛ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʦ ɔ-ʠʟʣʫʯʝʥʠʶ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʤʫ ʘʧʧʘʨʘʪʫʨʦʡ ɸɺʉ-ʌ ʩ 

ʜʝʪʝʢʪʦʨʘ ʉʆʅɻ-ɼ ʥʘ ʙʦʨʪʫ ʩʧʫʪʥʠʢʘ ʂʆʈʆʅɸʉ-ʌ. ʇʨʦʤʦʜʝʣʠʨʦʚʘʚ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʶ ʥʝʡʪʨʦʥʥʦʡ ʣʠʥʠʠ, ʤʳ ʠʟʫʯʠʣʠ ʚʨʝʤʝʥʥʦʡ ʭʦʜ ʫʟʢʦʡ ɔ-

ʣʠʥʠʠ 2.223 ʄʵɺ ʦʪ ʟʘʭʚʘʪʘ ʚʩʧʳʰʝʯʥʳʭ ʥʝʡʪʨʦʥʦʚ ʚʦʜʦʨʦʜʦʤ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʳ, 

ʠʩʧʦʣʴʟʫʷ ʪʘʢʞʝ ʜʘʥʥʳʝ ʧʦ ʫʟʢʠʤ ʷʜʝʨʥʳʤ ʣʠʥʠʷʤ 4.44 ʄʵɺ ʠ 6.13 ʄʵɺ. ʇʦʣʫʯʝʥʳ ʚʘʞʥʳʝ 

ʚʳʚʦʜʳ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤ ʫʩʢʦʨʝʥʠʠ ʠʟʦʪʦʧʘ 
3
ʅʝ ʚ ʧʨʦʮʝʩʩʝ ʚʩʧʳʰʢʠ, ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ 

ʜʠʥʘʤʠʢʝ ʩʧʝʢʪʨʘ ʵʥʝʨʛʠʠ ʫʩʢʦʨʝʥʥʳʭ ʧʨʦʪʦʥʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 100 ʄʵɺ ʠ ʦʙ ʵʚʦʣʶʮʠʠ 

ʤʦʜʝʣʠ ʧʣʦʪʥʦʩʪʠ ʧʦʜʚʩʧʳʰʝʯʥʦʡ ʦʙʣʘʩʪʠ ʟʘ ʧʝʨʠʦʜ ʚʩʧʳʰʢʠ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 

ʚʦʟʤʦʞʥʦʝ ʚʣʠʷʥʠʝ ʩʚʦʡʩʪʚ ʚʩʧʳʰʝʯʥʦʡ ʧʝʪʣʠ ʥʘ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ɔ-ʠʟʣʫʯʝʥʠʝ ʚ 

ʥʝʡʪʨʦʥʥʦʡ ʣʠʥʠʠ. 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 ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʟʘʭʚʘʪʘ ʥʝʡʪʨʦʥʦʚ ʷʜʨʘʤʠ ʥʫʢʣʠʜʘ 
3
ʅʝ. ɺ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ 300 ʢʵɺ ʜʦ 100 ʄʵɺ ʠʩʩʣʝʜʦʚʘʥʦ ɔ-ʠʟʣʫʯʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ 

ʨʦʞʜʝʥʠʝʤ ʧʠʦʥʦʚ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʵʥʝʨʛʠʯʥʳʭ ʥʫʢʣʦʥʦʚ ʚ ʧʨʦʮʝʩʩʝ ʚʩʧʳʰʢʠ. 

ʈʘʩʩʯʠʪʘʥʘ ʚʝʣʠʯʠʥʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠʥʜʝʢʩʘ ʫʩʢʦʨʝʥʥʳʭ ʯʘʩʪʠʮ ʩ ʵʥʝʨʛʠʝʡ, ʧʨʝʚʳʰʘʶʱʝʡ 

300 ʄʵɺ/ʥʫʢʣʦʥ: s=2.5Ñ0.1. ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʨʷʜ ʜʨʫʛʠʭ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʚʩʧʳʰʢʠ. 

 

 

ʍʈʆʄʆʉʌɽʈʅʆɽ ʀʉʇɸʈɽʅʀɽ ʀ ʆʉʆɹɽʅʅʆʉʊʀ ʅɽʊɽʇʃʆɺʆɻʆ ʀɿʃʋʏɽʅʀʗ 

ʉɽʈʀʀ ʉʆʃʅɽʏʅʓʍ ɺʉʇʓʐɽʂ ɺ ɸʆ 0069 

 

ʖ.ʊ. ʎʘʧ, ʃ.ʂ. ʂʘʰʘʧʦʚʘ, ʀ.ʅ. ʄʷʛʢʦʚʘ, ɸ.ɺ. ɹʦʛʦʤʦʣʦʚ, ʖ.ɻ. ʂʦʧʳʣʦʚʘ 

 

ʅʀʀ çʂʨʳʤʩʢʘʷ ʘʩʪʨʦʬʠʟʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷè, ʛ. ʅʘʫʯʥʳʡ, ʋʢʨʘʠʥʘ, 

ɻɸʆ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, yur_crao@mail.ru. 

 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʝʨʠʠ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ, ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʚ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʠ 

ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʩ 14-ʛʦ ʧʦ 24 ʘʚʛʫʩʪʘ 2002 ʛʦʜʘ, ʚ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ 0069 ʩ 

ʧʦʤʦʱʴʶ ʦʨʙʠʪʘʣʴʥʳʭ ʩʪʘʥʮʠʡ ʂʆʈʆʅɸʉ-ʌ ʠ GOES, ʘ ʪʘʢʞʝ ʥʘʟʝʤʥʦʡ ʩʣʫʞʙʳ ʉʦʣʥʮʘ 

RSTN. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʥʘʨʫʞʝʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʟʘʜʝʨʞʢʠ ʤʝʞʜʫ ʧʠʢʘʤʠ ʞʝʩʪʢʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ (ɹʦʛʦʤʦʣʦʚ ʠ ʜʨ. ɸɾ, 2014, ʚ ʧʝʯʘʪʠ) 

ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ʅʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʪʝʧʣʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʳ ʚʦʟʤʦʞʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ʅʘ 

ʧʨʠʤʝʨʝ ʥʝʩʢʦʣʴʢʠʭ ʩʦʙʳʪʠʡ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʘʷ ʨʦʣʴ ʭʨʦʤʦʩʬʝʨʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʷʭ ʵʚʦʣʶʮʠʠ ʚʩʧʳʰʝʢ.  
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ʉ ʆɹʈɸʑɽʅʀɽʄ ʇʆʃʗ ɺ ʍʈʆʄʆʉʌɽʈʅʓʍ ʋʉʃʆɺʀʗʍ 

 

ɸ.ɸ. ʂʨʫʛʣʦʚ 
 

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

 

ɺ ʨʘʙʦʪʘʭ Reid & Laing (1979), ʘ ʪʘʢʞʝ Low (1973) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ 

ʨʝʟʠʩʪʠʚʥʦʡ ʙʝʩʩʠʣʦʚʦʡ ʵʚʦʣʶʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʣʦʩʢʦʩʣʦʠʩʪʳʝ ʠʣʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʣʷ ʩ ʦʙʨʘʱʝʥʠʝʤ ʧʦʣʷ ʤʦʛʫʪ ʘʚʪʦʤʦʜʝʣʴʥʦ ʩʞʠʤʘʪʴʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. 

ʇʨʠ ʵʪʦʤ, ʚ ʨʘʤʢʘʭ ʫʢʘʟʘʥʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ, ʦʥʠ ʩʞʠʤʘʶʪʩʷ ʜʦ ʪʦʯʝʯʥʳʭ ʨʘʟʤʝʨʦʚ ʟʘ 

ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʘʤʧʣʠʪʫʜʫ ʠʟʤʝʥʝʥʠʡ ʧʦʣʷ. ɺʨʝʤʷ ʩʞʘʪʠʷ ʧʨʠ ʵʪʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʛʥʠʪʦʜʠʬʬʫʟʠʦʥʥʦʤʫ ʚʨʝʤʝʥʠ ʜʣʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʣʘʟʤʳ ʚʜʦʣʴ ʧʦʣʷ. ʊʘʢʞʝ 

Reid & Laing (1979) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢ ʪʦʤʫ ʞʝ ʵʬʬʝʢʪʫ ʧʨʠʚʦʜʠʪ ʥʠʟʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʧʣʘʟʤʳ ʧʦʧʝʨʸʢ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʜʦʣʴʥʦʡ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʦʜʚʠʞʥʦʡ 

ʧʣʘʟʤʳ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʫʢʘʟʘʥʥʦʛʦ ʵʬʬʝʢʪʘ ʚ 

ʥʠʞʥʝʡ ʭʨʦʤʦʩʬʝʨʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʠʥʪʝʨʚʘʣʘ ʚʳʩʦʪ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʧʨʦʜʦʣʴʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʧʣʘʟʤʳ (100...650 ʢʤ) ʠ ʚʳʰʝ. ʇʨʦʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʤʝʭʘʥʠʟʤʦʚ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʙʝʩʩʠʣʦʚʦʝ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʦʷʥʠʝ ʧʦʣʷ, ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ ʤʘʛʥʠʪʥʦʡ ʪʨʫʙʢʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʢʘʟʘʥʥʳʡ ʵʬʬʝʢʪ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʩʞʘʪʠʝ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʢʣʶʯʘʶʱʠʝʩʷ ʥʘ 

ʬʠʥʘʣʴʥʦʡ ʩʪʘʜʠʠ ʩʞʘʪʠʷ. 

 

 

ʉʋʑɽʉʊɺʋʖʑʀɽ ʀ ʅʆɺʓɽ ʌʀɿʀʏɽʉʂʀɽ ʄʆɼɽʃʀ ʕʈʋʇʊʀɺʅʓʍ 

ʇʈʆʎɽʉʉʆɺ 

 

ʃ.ʄ. ʗʢʫʰʠʥ  

 

ʈɻʋ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠʤ. ɻʫʙʢʠʥʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, lmyakushin3709@mail.ru 

 

ɺ ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʘʙʦʪʝ çʇʣʘʟʤʝʥʥʘʷ ʛʝʣʠʦʛʝʦʬʠʟʠʢʘè ʚʩʧʳʰʢʠ ʠ ʂɺʄ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ, 

ʢʘʢ ʧʨʦʷʚʣʝʥʠʷ ʚʟʨʳʚʥʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʢʦʨʦʥʝ ʉʦʣʥʮʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ 

ʮʝʣʦʡ ʩʝʨʠʝʡ ʷʚʣʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʚʩʝʤ  ʧʫʪʠ ʠʭ ʩʣʝʜʦʚʘʥʠʷ ʦʪ ʭʨʦʤʦʩʬʝʨʳ ʢ ʢʦʨʦʥʝ ʠ 

ʚ ʛʝʣʠʦʩʬʝʨʝ. ʕʪʠ ʷʚʣʝʥʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʜʚʠʞʝʥʠʷʭ ʧʣʘʟʤʳ, ʚʦʣʥʘʭ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ 

ʠʟʣʫʯʝʥʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʠʷ, ʵʪʠ ʷʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʝʜʩʪʚʠʝ ʦʜʥʦʛʦ ʠ ʪʦʛʦ 

ʞʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʡ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ ʦʙʲʝʜʠʥʝʥʳ ʪʝʨʤʠʥʦʤ 

çʵʨʫʧʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳè (ʕʇ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʕʇ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʝʜʩʪʚʠʝ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʟʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʘʢʦʧʣʝʥʥʦʡ ʵʥʝʨʛʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʜʨʫʛʠʝ ʝʝ ʚʠʜʳ - ʞʝʩʪʢʦʝ ʠʟʣʫʯʝʥʠʝ, ʵʥʝʨʛʠʶ ʜʚʠʞʝʥʠʷ ʧʣʘʟʤʳ ʠ ʫʩʢʦʨʝʥʠʝ ʧʦʪʦʢʦʚ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ. ʅʦ ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʶʪ ʚʦʧʨʦʩʳ: ʟʘ ʩʯʝʪ ʯʝʛʦ ʬʦʨʤʠʨʫʶʪʩʷ ʠ 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʩʘʤʠ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʠ ʚ ʥʠʭ ʣʠ ʦʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʕʇ, ʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʤʘʪʝʨʠʠ ʧʨʠ ʩʚʦʝʤ ʜʚʠʞʝʥʠʠ, ʢʘʢ ʬʦʨʤʠʨʫʝʪʩʷ ʩʫʱʝʩʪʚʫʶʱʝʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚ ʘʪʤʦʩʬʝʨʝ? ʋʢʘʟʘʥʥʳʝ ʚʳʰʝ ʷʚʣʝʥʠʷ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʣʦʞʥʳʝ ʬʦʨʤʳ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʠ ʚ ʚʠʜʝ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʘʪʤʦʩʬʝʨʝ ʉʦʣʥʮʘ. ɺ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ ʦʥʠ ʷʚʣʷʶʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ  

ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʝ ʝʛʦ ʥʝʜʨ. ɺ ʜʦʢʣʘʜʝ ʚʥʘʯʘʣʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʦʥʚʝʢʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʚ ʥʝʡ ʬʦʨʤʠʨʫʶʪʩʷ ʮʠʢʣʦʥʳ ʠ ʘʥʪʠʮʠʢʣʦʥʳ. ʆʥʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʠʧʠʯʥʳʝ ʧʨʠʤʝʨʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ (ɼʉ). ɼʉ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʪʨʝʭʤʝʨʥʳʤ ʚʠʥʪʦʚʳʤ ʭʘʨʘʢʪʝʨʦʤ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ ʚʦʟʜʫʭʘ, ʧʨʠ ʥʘʣʠʯʠʠ ʩʭʦʜʷʱʝʝ-

ʨʘʩʭʦʜʷʱʝʡʩʷ ʩʪʨʫʢʪʫʨʳ ʧʦʪʦʢʦʚ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʠ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ 

ʧʦʪʦʢʘ ʚ ʦʩʝʚʦʡ ʯʘʩʪʠ ʠ ʚ ʮʝʥʪʨʝ ʩʪʨʫʢʪʫʨʳ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʙʦʪʦʡ ʘʚʪʦʨʘ ʦʥʠ 
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ʬʦʨʤʠʨʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ, ʥʦ ʠʤʝʶʪ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʢʘʢ ʬʦʨʤʳ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʤʘʪʝʨʠʠ ʠʟ ʭʘʦʪʠʯʝʩʢʠ ʜʚʠʞʫʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ ʩʨʝʜʳ. ɺ ʨʘʙʦʪʝ ɹʦʛʘʯʝʚʘ 

ʉ.ɸ. çʉʦʣʥʝʯʥʳʝ ʥʘʥʦʚʩʧʳʰʢʠè, ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʚ ʬʦʪʦʩʬʝʨʝ ʠʤʝʝʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʤʠʥʠʤʫʤ (ʦʢʦʣʦ 5800 ʂ), ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʩʦʣʥʝʯʥʘʷ ʢʦʨʦʥʘ ʨʘʩʢʘʣʝʥʘ ʜʦ 2 

ʤʣʥ. ʛʨʘʜʫʩʦʚ, ʭʦʪʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʛʦʚʦʨʠʪ ʥʘʤ, ʯʪʦ ʪʝʧʣʦ ʥʝ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʦʪ 

ʭʦʣʦʜʥʦʛʦ ʪʝʣʘ ʢ ʛʦʨʷʯʝʤʫ. ɸʚʪʦʨ ʧʨʠʭʦʜʠʪ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʥʘʛʨʝʚ ʢʦʨʦʥʳ ʜʦ ʪʘʢʦʛʦ ʫʨʦʚʥʷ 

(ʙʝʟ ʦʩʪʳʚʘʥʠʷ ʟʘ ʩʯʝʪ ʠʟʣʫʯʝʥʠʷ) ʚ ʦʩʥʦʚʥʦʤ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ, 

ʧʨʠʯʝʤ ʚʟʨʳʚʘʪʁʩʷ ʥʘ ʉʦʣʥʮʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʪʦʢʠ. ʇʨʠ ʵʪʦʤ ʚ ʥʘʛʨʝʚʝ ʢʦʨʦʥʳ ʫʯʘʩʪʚʫʶʪ ʥʝ 

ʪʦʣʴʢʦ ʢʨʫʧʥʳʝ ʚʩʧʳʰʢʠ, ʥʦ ʠ çʩʦʣʥʝʯʥʳʝ ʥʘʥʦʚʩʧʳʰʢʠè, ʢʦʪʦʨʳʝ ʥʝʣʴʟʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʥʦ ʦʙʣʘʜʘʶʱʠʭ ʦʛʨʦʤʥʦʡ ʩʫʤʤʘʨʥʦʡ ʵʥʝʨʛʠʝʡ. ʄʳ 

ʩʦʣʠʜʘʨʥʳ ʩ ʫʢʘʟʘʥʥʦʡ ʧʦʟʠʮʠʝʡ, ʥʦ ʧʨʠ ʵʪʦʤ, ʚʦʟʥʠʢʘʶʪ ʨʷʜ ʚʦʧʨʦʩʦʚ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʫʩʣʦʚʠʡ ʦʩʫʱʝʩʪʚʠʤʦʩʪʠ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʥʘʛʨʝʚʘ ʘʪʤʦʩʬʝʨʳ ʉʦʣʥʮʘ, 

ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ:  

1. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʧʣʘʟʤʝ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ ʥʘʢʦʧʣʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʦʢʦʚ? 

2. ʂʘʢʠʝ ʧʨʦʮʝʩʩʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʠʥʠʤʫʤʘ ʥʘ ʛʨʘʥʠʮʝ 

ʬʦʪʦʩʬʝʨʳ ʠ ʭʨʦʤʦʩʬʝʨʳ, ʝʛʦ ʫʩʪʦʡʯʠʚʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ? 

3. ʂʘʢʦʡ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʩʧʳʰʢʘʭ ʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʘʪʤʦʩʬʝʨʳ, ʝʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʚʝʨʪʠʢʘʣʠ?  

ɺ ʜʦʢʣʘʜʝ ʤʳ ʧʦʧʳʪʘʣʠʩʴ ʦʪʚʝʪʠʪʴ ʥʘ ʵʪʠ ʠ ʚʳʰʝ ʧʦʩʪʘʚʣʝʥʥʳʝ ʚʦʧʨʦʩʳ, ʢʦʪʦʨʳʝ 

ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʥʦʚʳʭ, ʦʪʣʠʯʥʳʭ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ, ʠ ʠʩʭʦʜʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ 

ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʠ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʫʢʘʟʘʥʥʳʝ ʧʨʦʮʝʩʩʳ. ʊʘʢʦʝ 

ʦʪʣʠʯʠʝ ʚ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʧʨʦʷʚʣʷʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʘʥʠʟʦʪʨʦʧʥʳʭ ʩʚʦʡʩʪʚʘʭ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʧʨʝʜʝʣʘʭ ɼʉ ʨʘʟʣʠʯʥʦʛʦ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ. 

 

 

ʆ ʉʋʑɽʉʊɺʆɺɸʅʀʀ ɻʃʆɹɸʃʔʅʓʍ ʇʆʊʆʂʆɺ ʇʃɸɿʄʓ ɺ 

ʂʆʅɺɽʂʊʀɺʅʆʁ ɿʆʅɽ ʉʆʃʅʎɸ ʀ ʄɽʍɸʅʀɿʄɽ ʀʍ ʌʆʈʄʀʈʆɺɸʅʀʗ   

 

ʇ.ɻ. ʇʣʝʭʘʥʦʚ, ʂ.ɺ. ʉʘʤʦʭʠʥ 

 

ɻɹʆʋ ʉʇʆ ʉʄʂ, ɸʃ çʂʦʩʤʦʩè, ʛ. ʉʘʤʘʨʘ, ʈʦʩʩʠʷ, skb.smk@yandex.ru 

 

ɺ ʘʚʪʦʨʩʢʦʡ ʨʘʙʦʪʝ [2] ʠʟʣʦʞʝʥʘ ʨʘʟʜʝʣʴʥʘʷ ʜʠʥʘʤʦ ï ʤʦʜʝʣʴ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚ 

ʢʦʪʦʨʦʡ ʦʙʦʩʥʦʚʳʚʘʶʪʩʷ ʤʝʭʘʥʠʟʤ ʛʝʥʝʨʘʮʠʠ ʩʣʘʙʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʥʝʜʨʘʭ ʉʦʣʥʮʘ, ʝʛʦ 

ʫʩʠʣʝʥʠʷ ʚ ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʝ, ʩʤʝʥʳ 11-ʠ, 22-ʭ ʣʝʪʥʠʭ ʮʠʢʣʦʚ ʠ ʜʠʧʦʣʷ. ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ 

ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʫʩʠʣʝʥʠʷ ʩʣʘʙʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʝ. ʄʝʭʘʥʠʟʤ ʦʩʥʦʚʘʥ ʥʘ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚ ʢʦʥʚʝʢʪʠʚʥʦʡ 

ʟʦʥʝ ʩʝʚʝʨʥʦʛʦ ʠ ʶʞʥʦʛʦ ʧʦʣʫʰʘʨʠʡ ʉʦʣʥʮʘ ʜʚʫʭ ʛʣʦʙʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʧʣʘʟʤʳ ʚʤʦʨʦʞʝʥʥʦʡ 

ʚ ʤʘʛʥʠʪʥʳʝ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʧʦʣʷʨʥʦʩʪʠ. ʇʝʨʠʦʜ ʵʚʦʣʶʮʠʠ ʛʣʦʙʘʣʴʥʳʭ 

ʧʦʪʦʢʦʚ ʧʣʘʟʤʳ ʦʧʨʝʜʝʣʷʝʪ 11-ʠ ʣʝʪʥʠʡ ʮʠʢʣ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʝʝ ʤʘʢʩʠʤʫʤ ʠ 

ʤʠʥʠʤʫʤ. ʇʦʢʘʟʘʥ ʩʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʢʨʫʛ ʩʝʚʝʨʥʦʛʦ ʠ ʶʞʥʦʛʦ ʧʦʣʶʩʦʚ ʉʦʣʥʮʘ ʤʘʣʳʭ 

ʧʦʪʦʢʦʚ ʧʣʘʟʤʳ ʚʤʦʨʦʞʝʥʥʦʡ ʚ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ 

ʧʦʣʷʨʥʦʩʪʠ. ʇʦʣʫʯʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʫʩʠʣʝʥʠʷ ʩ ʤʘʣʳʭ ʜʦ ʛʣʦʙʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʧʣʘʟʤʳ ʚ 

ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʝ ʩ ʫʩʠʣʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʩʤʝʱʝʥʠʝʤ ʛʣʦʙʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʧʣʘʟʤʳ 

ʦʪ ʧʦʣʶʩʦʚ ʉʦʣʥʮʘ ʢ ʝʛʦ ʵʢʚʘʪʦʨʫ. ʇʦʪʦʢʠ ʧʣʘʟʤʳ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʛʣʦʙʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ 

ʦʧʨʝʜʝʣʷʶʪ ʤʘʢʩʠʤʫʤ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ, ʚʩʧʳʰʝʢ ʠ ʜʨ. ʥʘʙʣʶʜʘʝʤʳʭ ʷʚʣʝʥʠʡ. ʆʢʦʣʦ ʵʢʚʘʪʦʨʘ ʧʦʪʦʢʠ ʧʣʘʟʤʳ 

ʦʩʣʘʙʝʚʘʝʪ ʠ ʥʘʩʪʫʧʘʝʪ ʧʝʨʠʦʜ ʤʠʥʠʤʫʤʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʩʠʣʦʚʳʝ ʤʘʛʥʠʪʥʳʝ 

ʣʠʥʠʠ ʧʦʪʦʚ ʧʣʘʟʤʳ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ʥʝʡʪʨʘʣʠʟʫʶʪʩʷ.  ɺ ʧʝʨʠʦʜ ʤʠʥʠʤʫʤʘ 

ʚʦʢʨʫʛ ʩʝʚʝʨʥʦʛʦ ʠ ʶʞʥʦʛʦ ʧʦʣʶʩʦʚ ʉʦʣʥʮʘ ʬʦʨʤʠʨʫʶʪʩʷ ʥʦʚʳʝ ʤʘʣʳʝ ʧʦʪʦʢʠ ʧʣʘʟʤʳ 

ʩʣʝʜʫʶʱʝʛʦ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʧʣʘʟʤʘ ʫʞʝ ʚʤʦʨʦʞʝʥʘ ʚ ʩʣʘʙʳʝ ʤʘʛʥʠʪʥʳʝ 
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ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʧʦʣʷʨʥʦʩʪʠ (ʩʤʝʥʫ ʧʦʣʷʨʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪ ʤʝʭʘʥʠʟʤ 

ʛʝʥʝʨʘʮʠʠ ʩʣʘʙʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʷ ʚ ʥʝʜʨʘʭ ʉʦʣʥʮʘ [2]). ɺ ʜʦʢʣʘʜʝ ʚʳʜʚʠʛʘʝʪʩʷ 

ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʤʦʜʝʣʴ ʥʦʚʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʪʨʦʝʥʠʠ ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʳ ʉʦʣʥʮʘ. 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʣʦʙʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʧʣʘʟʤʳ ʚ ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʝ 

ʦʙʲʷʩʥʷʝʪ ʥʘʙʣʶʜʘʝʤʳʝ ʷʚʣʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʬʠʟʠʢʫ ʟʘʢʦʥʦʚ: ʐʚʘʙʝ-ɺʦʣʴʬʘ, 

ʐʧʝʨʝʨʘ ʠ ɼʞ. ʍʝʡʣʘ [1]. ʆʪʢʨʳʪʠʝ ʛʠʛʘʥʪʩʢʠʭ ʩʪʨʫʡʥʳʭ ʪʝʯʝʥʠʡ ʥʘ ʨʘʩʢʘʣʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʉʦʣʥʮʘ ʷʚʣʷʝʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʛʣʦʙʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʧʣʘʟʤʳ ʚ 

ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʝ [3].      

[1]. ɺʠʪʠʥʩʢʠʡ ʖ.ʀ. ʉʦʣʥʝʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ. ʄ.: ʅʘʫʢʘ, ʛʣʘʚʥʘʷ ʨʝʜʘʢʮʠʷ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ,1983.-192ʩ. 

[2]. ʇʣʝʭʘʥʦʚ ʇ.ɻ. ʉʦʣʥʝʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ (ʨʘʟʜʝʣʴʥʘʷ ʜʠʥʘʤʦ-ʤʦʜʝʣʴ ʩʤʝʥʳ 11 ʠ 22-ʭ 

ʣʝʪʥʠʭ ʮʠʢʣʦʚ). ʄʦʥʦʛʨʘʬʠʷ,  ʀʟʜʘʪʝʣʴʩʪʚʦ ʀʥʢʦʤʘ-ʧʨʝʩʩ,  ʛ. ʉʘʤʘʨʘ, 2011-52ʩ. 

[3]. ʉʦʦʙʱʝʥʠʝ ʛʝʦʬʠʟʠʢʠ ʀʥʪʝʨʥʝʪ ʦʪ 18. 12. 2013ʛ. 
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ʈʘʩʩʤʦʪʨʝʥʦ 95 ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʚ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ ʠʭ ʥʘʭʦʞʜʝʥʠʷ ʥʘ ʜʠʩʢʝ ʉʦʣʥʮʘ. 28 

ʠʟ 95 ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘʙʣʶʜʘʣʠʩʴ ʠʥʩʪʨʫʤʝʥʪʘʤʠ MDI/SOHO ʠ TRACE, ʦʩʪʘʣʴʥʳʝ 67 ï 

HMI/SDO ʠ AIA /SDO. ʇʦ ʬʦʪʦʩʬʝʨʥʳʤ ʤʘʛʥʠʪʦʛʨʘʤʤʘʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʩʠʣʦʚʳʝ ʣʠʥʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʧʦʪʝʥʮʠʘʣʴʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʚ ʢʘʞʜʦʡ ʦʙʣʘʩʪʠ. ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʣʠʥʠʠ 

ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʤʘʛʥʠʪʦʧʣʘʟʤʝʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ (ʤʘʛʥʠʪʥʳʤʠ ʧʝʪʣʷʤʠ), ʥʘʙʣʶʜʘʝʤʳʤʠ ʚ 

ʜʠʘʧʘʟʦʥʝ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʫʣʴʪʨʘʬʠʦʣʝʪʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʤʥʝʥʠʷ ʛʨʫʧʧʳ ʵʢʩʧʝʨʪʦʚ ʩʜʝʣʘʥ 

ʚʳʚʦʜ ʦ ʭʘʨʘʢʪʝʨʝ ʧʦʣʷ ʚ ʦʙʣʘʩʪʠ (ʧʦʪʝʥʮʠʘʣʴʥʦʝ, ʥʝʧʦʪʝʥʮʠʘʣʴʥʦʝ, ʧʨʦʤʝʞʫʪʦʯʥʳʡ 

ʩʣʫʯʘʡ). ʀʥʬʦʨʤʘʮʠʷ ʦ ʭʘʨʘʢʪʝʨʝ ʧʦʣʷ ʜʦʧʦʣʥʝʥʘ ʠʩʪʦʨʠʝʡ ʚʩʧʳʰʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʦʙʣʘʩʪʠ. ʆʙʩʫʞʜʘʶʪʩʷ ʚʟʘʠʤʦʩʚʷʟʠ ʭʘʨʘʢʪʝʨʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʙʣʘʩʪʠ ʠ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ 

ʥʝʡ ʚʩʧʳʰʝʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʀʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 95 ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʦʪʦʙʨʘʥʳ ʪʝ, ʯʪʦ 

ʟʘʨʦʞʜʘʣʠʩʴ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʚʠʜʠʤʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʜʠʩʢʘ. ɼʣʷ ʵʪʠʭ ʦʙʣʘʩʪʝʡ ʧʨʦʩʣʝʞʝʥʘ 

ʜʠʥʘʤʠʢʘ ʭʘʨʘʢʪʝʨʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʧʣʦʪʴ ʜʦ ʤʦʤʝʥʪʘ ʫʭʦʜʘ ʠʭ ʟʘ ʟʘʧʘʜʥʳʡ ʣʠʤʙ ʉʦʣʥʮʘ. 

ʆʙʩʫʞʜʘʶʪʩʷ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʜʠʥʘʤʠʢʠ ʭʘʨʘʢʪʝʨʘ ʧʦʣʷ ʚ ʵʪʠʭ 

ʦʙʣʘʩʪʷʭ. 
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ʉʆʃʅɽʏʅʆʁ ʂʆʈʆʅɽ 

 

ʀ.ɺ. ɿʠʤʦʚʝʮ, ɺ.ʄ. ʉʘʜʳʢʦʚ 

 

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

 

ʇʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʘ ʅʘʥʩʝ (151-327 ʄɻʮ) ʠʩʩʣʝʜʦʚʘʥʘ ʜʠʥʘʤʠʢʘ 

ʠʩʪʦʯʥʠʢʦʚ ʢʦʨʦʥʘʣʴʥʦʛʦ ʨʘʜʠʦʚʩʧʣʝʩʢʘ II ʪʠʧʘ, ʩʦʧʨʦʚʦʞʜʘʚʰʝʛʦ ʩʦʣʥʝʯʥʫʶ ʚʩʧʳʰʢʫ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʢʣʘʩʩʘ ʄ1.6 16 ʬʝʚʨʘʣʷ 2011ʛ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʠʩʪʦʯʥʠʢʠ ʨʘʜʠʦʚʩʧʣʝʩʢʘ 

ʨʘʩʧʨʦʩʪʨʘʥʷʣʠʩʴ ʚ ʫʟʢʦʤ ʢʦʥʫʩʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʙʨʦʩʘ ʧʣʘʟʤʳ ʠʟ ʚʩʧʳʰʝʯʥʦʡ ʦʙʣʘʩʪʠ. ʂʦʥʫʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ 

ʨʘʜʠʦʚʩʧʣʝʩʢʘ ʩʦʚʧʘʣ ʩ ʛʨʘʥʠʯʥʦʡ ʦʙʣʘʩʪʴʶ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʤʝʞʜʫ ʜʚʫʤʷ ʩʠʩʪʝʤʘʤʠ 

ʤʘʛʥʠʪʥʳʭ ʧʝʪʝʣʴ. ʆʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʘʙʣʶʜʝʥʠʡ ʚ ʨʘʤʢʘʭ 

ʤʝʭʘʥʠʟʤʘ ʨʝʬʨʘʢʮʠʠ ʠ ʫʩʠʣʝʥʠʷ ʚʟʨʳʚʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚ ʦʙʣʘʩʪʠ ʧʦʥʠʞʝʥʥʳʭ 

ʘʣʴʬʚʝʥʦʚʩʢʠʭ ʩʢʦʨʦʩʪʝʡ. 

 

 

ɺʓɹʆʈ ʇʈɽɼʉʊɸɺʃɽʅʀʗ ʈʗɼɸ ʏʀʉɽʃ ɺʆʃʔʌɸ ɼʃʗ ɿɸɼɸʏ 

ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ʀ ʈɽʂʆʅʉʊʈʋʂʎʀʀ ʉʆʃʅɽʏʅʓʍ ʎʀʂʃʆɺ 

 

ʀ.ɻ. ʐʠʙʘʝʚ 
 

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

 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ (ʪʘʙʣʠʯʥʳʭ) ʧʘʨʘʤʝʪʨʦʚ ʮʠʢʣʦʚ ʦʧʠʨʘʝʪʩʷ ʥʘ ʨʷʜ W*, ʢʦʪʦʨʳʡ 

ʧʦʣʫʯʘʶʪ ʠʟ ʨʷʜʘ ʝʞʝʤʝʩʷʯʥʳʭ ʯʠʩʝʣ ɺʦʣʴʬʘ W ʩʢʦʣʴʟʷʱʠʤ ʫʩʨʝʜʥʝʥʠʝʤ ʧʦ 13 ʤʝʩʷʮʘʤ 

(W=>W*). ɼʘʣʝʝ, ʠʩʭʦʜʷ ʠʟ ʧʨʦʩʪʳʭ ʧʨʘʚʠʣ, ʨʘʟʙʠʚʘʶʪ ʫʩʨʝʜʥʝʥʥʳʡ ʨʷʜ ʥʘ ʚʨʝʤʝʥʥʳʝ 

ʠʥʪʝʨʚʘʣʳ (ʮʠʢʣʳ), ʢʦʪʦʨʳʤ ʩʦʧʦʩʪʘʚʣʷʶʪ ʝʛʦ ʜʣʠʪʝʣʴʥʦʩʪʴ Tc, ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘ 

ʠʥʪʝʨʚʘʣʝ ʯʠʩʣʘ ɺʦʣʴʬʘ Wm ʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʵʪʦʤʫ ʤʘʢʩʠʤʫʤʫ, ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ Tm 

(Tm<Tc). ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʙʦʣʴʰʠʥʩʪʚʫ ʮʠʢʣʦʚ ʧʨʠʩʫʱʝ ʥʝʩʢʦʣʴʢʦ ʣʦʢʘʣʴʥʳʭ 

ʤʘʢʩʠʤʫʤʦʚ ʠ ʤʠʥʠʤʫʤʦʚ, ʘ ʚʝʪʚʠ ʨʦʩʪʘ ʠ ʩʧʘʜʘ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʛʣʘʜʢʦʩʪʴ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ 

ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʟʘʜʘʯ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. ɺ 

ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʤʝʩʪʦ ʫʩʨʝʜʥʝʥʥʦʛʦ ʨʷʜʘ W* ʠʩʧʦʣʴʟʦʚʘʪʴ çʧʨʝʦʙʨʘʟʦʚʘʥʥʳʡè ʨʷʜ 

P13, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʨʷʜʘ ʝʞʝʤʝʩʷʯʥʳʭ ʯʠʩʝʣ ɺʦʣʴʬʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʚʘʟʠʜʚʫʭʣʝʪʦʢ ʠ ʙʦʣʝʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪ (W=>P13) [1,2]. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʨʘʥʝʝ ʙʳʣʘ ʚʳʜʝʣʝʥʘ 150-

ʣʝʪʥʷʷ ʢʦʤʧʦʥʝʥʪʘ ʯʠʩʝʣ ɺʦʣʴʬʘ ʠ ʧʨʝʜʣʦʞʝʥʘ ʧʨʦʮʝʜʫʨʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʘʤʧʣʠʪʫʜʳ 

ʮʠʢʣʦʚ, ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʫʩʨʝʜʥʝʥʥʳʡ çʰʘʙʣʦʥè ʮʠʢʣʘ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʚʫʤʝʨʥʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʮʠʢʣʦʚ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʘʤʧʣʠʪʫʜʘ-ʜʣʠʪʝʣʴʥʦʩʪʴ. 

[1]. ʀʰʢʦʚ ɺ.ʅ., ʐʠʙʘʝʚ ʀ.ɻ. ʎʠʢʣʳ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ: ʦʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʩʦʚʨʝʤʝʥʥʳʝ ʛʨʘʥʠʮʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ // ʀʟʚʝʩʪʠʷ ʈɸʅ, ʩʝʨʠʷ ʬʠʟʠʯʝʩʢʘʷ. 2006. ʊ. 70, 

ˉ10. ʉ. 1439ï1442. 

[2]. ʐʠʙʘʝʚ ʀ.ɻ. ʆʮʝʥʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʯʘʩʪʠ ʨʷʜʘ ʯʠʩʝʣ ɺʦʣʴʬʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʝʸ 
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ʅɸɹʃʖɼɽʅʀʗʄ 

 

ɻ.ɸ. ʇʦʨʬʠʨʴʝʚʘ, ɻ.ɺ. ʗʢʫʥʠʥʘ 

 

ɻɸʀʐ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʇʨʝʜʩʪʘʚʣʝʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ ʙʝʣʳʭ ʚʩʧʳʰʝʢ (WL) ʠ ʠʭ ʩʚʷʟʠ ʩ HXR-

ʠʟʣʫʯʝʥʠʝʤ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʩ ʙʦʨʪʘ ʩʪʘʥʮʠʡ 

SDO, TRACE, Hinode, RHESSI ʠ SOHO. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʨʬʦʣʦʛʠʷ ʠ ʣʦʢʘʣʠʟʘʮʠʷ 

ʚʩʧʳʰʝʯʥʳʭ ʣʝʥʪ ʠ ʫʟʣʦʚ, ʫʩʠʣʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʚʩʧʳʰʝʢ ʚ ʢʦʥʪʠʥʫʫʤʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʟʣʫʯʝʥʠʝʤ ʩʧʦʢʦʡʥʦʛʦ ʉʦʣʥʮʘ ʚ EUV, UV, ʚʠʜʠʤʦʡ ʠ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ. ɼʣʷ 

WL ʚʩʧʳʰʝʢ ʥʘʙʣʶʜʘʝʪʩʷ ʭʦʨʦʰʘʷ ʢʦʨʨʝʣʷʮʠʷ ʵʤʠʩʩʠʠ ʚ ʢʦʥʪʠʥʫʫʤʝ ʠ HXR ï ʧʦ ʚʨʝʤʝʥʠ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʥʘ ʜʠʩʢʝ ʉʦʣʥʮʘ. ʆʙʩʫʞʜʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʳʭ 

ʤʝʭʘʥʠʟʤʘʭ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝ  ʥʝʧʨʝʨʳʚʥʦʡ ʵʤʠʩʩʠʠ ʚ WL ʚʩʧʳʰʢʘʭ ʠ ʚʳʩʦʪʘʭ 

ʟʘʨʦʞʜʝʥʠʷ ʢʦʥʪʠʥʫʫʤʘ, ʠ ʩʨʘʚʥʝʥʠʝ ʥʘʙʣʶʜʝʥʠʡ ʩ ʤʦʜʝʣʴʥʳʤʠ ʧʦʩʪʨʦʝʥʠʷʤʠ. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʠʟ ʀʥʪʝʨʥʝʪʘ ʠ ʧʫʙʣʠʢʘʮʠʡ ʚ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ. 
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ɺʆ ɺʈɽʄʗ ʉɺʀʇʀʈʆɺɸʅʀʗ ʏɸʉʊʆʊʓ ɺʆʃʅʓ ʅɸʂɸʏʂʀ ʆʂʆʃʆ 4-ʁ 
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ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ 

ʠʦʥʦʩʬʝʨʳ (ʀʈʀ) ʠ ʩʠʛʥʘʣʦʚ ʨʘʜʘʨʘ MUIR, ʨʘʩʩʝʷʥʥʳʭ ʥʘ ʧʣʘʟʤʝʥʥʳʭ (ʣʝʥʛʤʶʨʦʚʩʢʠʭ) 

ʚʦʣʥʘʭ (ʧʣʘʟʤʝʥʥʘʷ ʣʠʥʠʷ, ʇʃ), ʚʦ ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʦʥʦʩʬʝʨʫ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʩʪʝʥʜʘ 

HAARP (ɸʣʷʩʢʘ, ʉʐɸ, 62,4Á ʩ.ʰ., 145,15Á ʚ.ʜ., ʤʘʛʥʠʪʥʦʝ ʥʘʢʣʦʥʝʥʠʝ Ŭ = 75,8Á) ʧʨʠ 

ʧʦʰʘʛʦʚʦʤ ʠʟʤʝʥʝʥʠʠ (ʩʚʠʧʠʨʦʚʘʥʠʠ) ʯʘʩʪʦʪʳ ʚʦʣʥʳ ʥʘʢʘʯʢʠ (ɺʅ) f0 ʚ ʜʠʘʧʘʟʦʥʝ 

5730Ÿ5930Ÿ5730 ʢɻʮ (ʚʙʣʠʟʠ 4-ʡ ʛʘʨʤʦʥʠʢʠ ʛʠʨʦʯʘʩʪʦʪʳ ʵʣʝʢʪʨʦʥʦʚ fc). ʕʢʩʧʝʨʠʤʝʥʪ 

ʚʳʧʦʣʥʷʣʩʷ 28.11.2011 ʚ 16:09-16:18 LT, LT = GMT ï 8 ʯ. ʉʚʠʧʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ 

ʰʘʛʦʤ 1 ʢɻʮ ʦʜʠʥ ʨʘʟ ʚ 0,2 ʩ, ʪ.ʝ. ʩʦ ʩʢʦʨʦʩʪʴʶ r f0 = 5 ʢɻʮ/ʩ, ɺʅ ʠʟʣʫʯʘʣʘʩʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ B. ɺ ʥʘʯʘʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʦʣʥʘ ʠʟʣʫʯʘʣʘʩʴ ʥʝʧʨʝʨʳʚʥʦ  ʚ ʪʝʯʝʥʠʝ 2 

ʤʠʥ. ʥʘ ʯʘʩʪʦʪʝ f0=5730 ʢɻʮ < 4fc ʜʣʷ ʩʦʟʜʘʥʠʷ çʥʘʯʘʣʴʥʦʛʦ ʫʨʦʚʥʷè ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʚʳʪʷʥʫʪʳʭ ʚʜʦʣʴ B, ʧʦʩʣʝ ʯʝʛʦ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 5 ʮʠʢʣʦʚ ʩʚʠʧʠʨʦʚʘʥʠʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʩʪʘʥʦʚʣʝʥʦ ʩʣʝʜʫʶʱʝʝ. ʉʧʝʢʪʨ ʀʈʀ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʥʘʛʨʝʚʝ 

ʪʠʧʠʯʝʥ ʜʣʷ f0 < 4fc ʧʨʠ ʙʦʣʴʰʠʭ ʤʦʱʥʦʩʪʷʭ: ʥʘʙʣʶʜʘʶʪʩʷ ʢʦʤʧʦʥʝʥʪʳ downshifted 

maximum (DM) ʥʘ ʦʪʩʪʨʦʡʢʝ ȹfDM = ï 9 ʢɻʮ, 2DM, upshifted maximum (UM) ʠ 2UM [1]. 

ʉʠʛʥʘʣ ʇʃ ʚ ʧʝʨʚʳʝ 2-3 ʩ ʥʘʙʣʶʜʘʣʩʷ ʩ ʜʘʣʴʥʦʩʪʠ d ~ 220 ʢʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʳʩʦʪʝ 

ʦʪʨʘʞʝʥʠʷ ɺʅ, ʘ ʟʘʪʝʤ, ʯʝʨʝʟ å 5 ʩ, ʩ d ~ 210-212 ʢʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʩʦʪʝ h = d/(sin Ŭ) ʥʘ 

å ʥʘ 7 ʢʤ ʥʠʞʝ ʫʨʦʚʥʷ, ʛʜʝ f0 = 4fc. ɺʦ ʚʨʝʤʷ ʩʚʠʧʠʨʦʚʘʥʠʷ ʧʨʠ  f0 > 4fc ʚ ʩʧʝʢʪʨʝ ʀʈʀ ʥʘʨʷʜʫ 

ʩ ʢʦʤʧʦʥʝʥʪʦʡ BUMS (stationary broad upshifted maximum) ʩ ʦʪʩʪʨʦʡʢʦʡ ʧʠʢʘ  ȹfBUMså f0 ï 

nfce(d) + 15-20 ʢɻʮ, ʪʨʘʜʠʮʠʦʥʥʦ ʩʫʱʝʩʪʚʫʶʱʝʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ [1], ʧʨʠ f0  > f*  ~ 

5800 ʢɻʮ ʥʘ ʤʝʥʴʰʠʭ ȹf ʛʝʥʝʨʠʨʦʚʘʣʩʷ ʜʠʥʘʤʠʯʝʩʢʠʡ BUMD. ʇʦʩʣʝʜʥʝʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʦʷʚʣʝʥʠʶ ʩʣʦʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʦʥʠʟʘʮʠʠ ʥʘ 8-10 ʢʤ ʥʠʞʝ ʦʩʥʦʚʥʦʛʦ ʩʣʦʷ [2,3]. 

ʉʦʦʪʥʦʰʝʥʠʝ f0 ʠ 4fc, ʪʦʯʥʝʝ, ʟʥʘʯʝʥʠʝ 4fc ʧʨʠ ʧʦʧʘʜʘʥʠʠ f0 ʚ ʜʚʦʡʥʦʡ ʨʝʟʦʥʘʥʩ f0 å fd å 4fc(hd) 

å 4fuh(hd) (fuh ï ʚʝʨʭʥʝʛʠʙʨʠʜʥʘʷ ʯʘʩʪʦʪʘ, hd ï ʚʳʩʦʪʘ ʜʚʦʡʥʦʛʦ ʨʝʟʦʥʘʥʩʘ) ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ 

ʟʥʘʯʝʥʠʶ ʯʘʩʪʦʪʳ DM ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʤʠʥʠʤʫʤʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʩʧʝʢʪʨʝ 

ʀʈʀ ʚʦ ʚʨʝʤʷ ʩʚʠʧʠʨʦʚʘʥʠʷ [1] ʠ ʩʦʩʪʘʚʣʷʣʦ 5759-5764 ʢɻʮ. ʉʠʛʥʘʣ ʇʃ ʥʘʙʣʶʜʘʣʩʷ ʥʘ 

ʜʘʣʴʥʦʩʪʷʭ d (ʚʳʩʦʪʘʭ h), ʛʜʝ f0 < 4fc, ʧʨʠʯʝʤ h ʫʤʝʥʴʰʘʣʘʩʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ f0  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʚʳʩʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ 4fc(h): ʨʘʟʥʠʮʘ ȹfgd = f0 ï 4fc ʧʨʠ ʠʟʤʝʥʝʥʠʠ f0 ʚʦ ʚʨʝʤʝʥʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʣʘʩʴ ʠ ʩʦʩʪʘʚʣʷʣʘ ȹfgd å ï(18-22) ʢɻʮ ʧʨʠ ʩʚʠʧʝ ʚʥʠʟ ʠ ȹfgu å ï(4-8) 

ʢɻʮ ʧʨʠ ʩʚʠʧʝ ʚʚʝʨʭ ʧʦ ʯʘʩʪʦʪʝ. ʕʪʠ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʥʠʮʝ ʚʳʩʦʪʳ, ʛʜʝ f0 = 4fc, ʠ 

ʚʳʩʦʪʳ ʛʝʥʝʨʘʮʠʠ ʇʃ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ȹh å 7-8 ʢʤ ʠ 1,5-3 ʢʤ. ʇʨʠ ʩʚʠʧʝ ʚʥʠʟ ʧʦ ʯʘʩʪʦʪʝ ʇʃ 

ʥʘʙʣʶʜʘʣʘʩʴ ʪʦʣʴʢʦ ʧʨʠ 5730 ʢɻʮ < f0 < fd + 10 ʢɻʮ, ʧʨʠʯʝʤ ʧʨʠ f0å fd ʇʃ ʧʘʜʘʣʘ ʜʦ ʫʨʦʚʥʷ 

ʰʫʤʦʚ. ʇʨʠ ʩʚʠʧʝ ʚʚʝʨʭ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʛʝʥʝʨʘʮʠʠ ʇʃ (ʧʦ f0) ʥʝʩʢʦʣʴʢʦ ʨʘʩʰʠʨʷʣʘʩʴ ʠ 

ʧʨʦʚʘʣ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʇʃ ʧʨʠ f0 å fd ʥʘʙʣʶʜʘʣʩʷ ʥʝ ʚʦ ʚʩʝʭ ʩʝʘʥʩʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʩʚʠʧʝ 

ʚʚʝʨʭ ʥʘʙʣʶʜʘʣʩʷ ʩʠʛʥʘʣ ʇʃ ʠʟ ʦʙʣʘʩʪʠ ʚʳʩʦʪ, ʛʜʝ f0 > 4fc, (ʥʦ ʥʠʢʦʛʜʘ ʧʨʠ f0 > f*), ʧʨʠʯʝʤ 

ʚʝʣʠʯʠʥʘ ȹfgu ~ 8-13 ʢɻʮ ʪʘʢʞʝ ʦʩʪʘʚʘʣʘʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʡ ʚ ʪʝʯʝʥʠʝ ʩʝʘʥʩʘ ʠ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ȹh ~ ï4 ʢʤ. ʆʙʩʫʞʜʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ ʥʘʙʣʶʜʘʝʤʦʛʦ ʧʦʚʝʜʝʥʠʷ ʇʃ 

ʠ ʀʈʀ.  
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ʆʇʊʀʏɽʉʂʆɽ ʉɺɽʏɽʅʀɽ ʅɸ ɼʃʀʅɸʍ ɺʆʃʅ 630 ʀ 557,7 ʅʄ ʇʈʀ ʂɺ 

ɺʆɿɼɽʁʉʊɺʀʀ ʅɸ ʀʆʅʆʉʌɽʈʋ ʀɿʃʋʏɽʅʀɽʄ ʉʊɽʅɼɸ çʉʋʈɸè ɺ ʆɹʃɸʉʊʀ  

4-ʁ ɻɸʈʄʆʅʀʂʀ ʕʃɽʂʊʈʆʅʅʆɻʆ ɻʀʈʆʈɽɿʆʅɸʅʉɸ ɺ ʉɽʅʊʗɹʈɽ 2012 ʛ. 
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ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʩʚʝʯʝʥʠʷ 

ʠʦʥʦʩʬʝʨʳ ʚ ʢʨʘʩʥʦʡ ʠ ʟʝʣʝʥʦʡ ʣʠʥʠʷʭ ʘʪʦʤʘʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ (630 ʠ 557,7 ʥʤ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʨʠ ʤʦʱʥʦʤ ʚʝʨʪʠʢʘʣʴʥʦʤ ʂɺ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʠʦʥʦʩʬʝʨʫ ʧʝʨʝʜʘʪʯʠʢʘʤʠ 

ʩʪʝʥʜʘ çʉʫʨʘè (ʨ.ʧ. ɺʘʩʠʣʴʩʫʨʩʢ, ʅʠʞʝʛʦʨʦʜʩʢʘʷ ʦʙʣ.) ʥʘ ʯʘʩʪʦʪʘʭ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 4,74 ʄɻʮ 

ʜʦ 5,64 ʄɻʮ ʚʦʣʥʦʡ ʆ-ʧʦʣʷʨʠʟʘʮʠʠʠ ʚ ʩʝʥʪʷʙʨʝ 2012 ʛ. ɺʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʦʩʪʦʚʝʨʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʭʦʜʘ ʯʘʩʪʦʪʳ ʚʦʣʥʳ ʥʘʢʘʯʢʠ f0 ʯʝʨʝʟ 4-ʶ ʛʘʨʤʦʥʠʢʫ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʛʠʨʦʨʝʟʦʥʘʥʩʘ 4fce ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 14 ʩʝʥʪʷʙʨʷ 2012 ʛ. ʈʝʛʠʩʪʨʘʮʠʷ ʩʚʝʯʝʥʠʷ ʚ ʣʠʥʠʠ 630 ʥʤ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʇɿʉ-ʢʘʤʝʨ S1C3, KEO Sentinel ʠ ʬʦʪʦʤʝʪʨʘ ʌʕʋ-79, ʘ ʚ ʣʠʥʠʠ 

557,7 ʥʤ ï ʩ ʧʦʤʦɦ ʴʶ ʬʦʪʦʤʝʪʨʦʚ ʌʕʋ-79 ʠ ʌʕʋ-100. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʪʘʢʞʝ ʨʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʠʦʥʦʩʬʝʨʳ 

(ʀʈʀ), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʣʠ ʦʮʝʥʠʚʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ f0 ʠ 4fce. ɼʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʪʩʣʝʞʠʚʘʥʠʷ 

ʠʦʥʦʩʬʝʨʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠʩʧʦʣʟɹʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʮʠʬʨʦʚʳʭ ʠʦʥʦʟʦʥʜʦʚ CADI (ʩʪʝʥʜ 

çʉʫʨʘè) ʠ DPS-4D (ʀɿʄʀʈɸʅ). ʇʦʩʪʘʥʦʚʢʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʪʘʢʦʛʦ ʨʦʜʘ ʠ ʤʝʪʦʜʠʢʘ 

ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʘ ʚ [1]. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 11, 

13 ʠ 14 ʩʝʥʪʷʙʨʷ 2012 ʛ. ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: (ʘ) ʄʘʢʩʠʤʘʣʴʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʚʝʯʝʥʠʷ ʠʦʥʦʩʬʝʨʳ ʚ ʣʠʥʠʷʭ 630 ʠ 557,7 ʥʤ ʜʦʩʪʠʛʘʣʘ 10% 

ʠ 2% ʦʪ ʬʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. (ʙ) ɺʧʝʨʚʳʝ ʥʘ ʩʪʝʥʜʝ çʉʫʨʘè ʠʩʢʫʩʩʪʚʝʥʥʦʝ 

ʦʧʪʠʯʝʩʢʦʝ ʩʚʝʯʝʥʠʝ ʚ ʣʠʥʠʠ 557,7 ʥʤ ʥʘʙʣʶʜʘʣʦʩʴ ʥʝ ʚ ʦʜʠʥʦʯʥʳʭ ʩʝʘʥʩʘʭ ʥʘʛʨʝʚʘ, ʘ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʩʝʘʥʩʘʭ ʧʦʜʨʷʜ ʚ ʢʘʞʜʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. (ʚ) ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ 14 ʩʝʥʪʷʙʨʷ 2012 ʛ. 

ʧʨʠ ʧʨʦʭʦʜʝ f0 ʯʝʨʝʟ 4fce ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʩʚʝʯʝʥʠʝ ʚ ʣʠʥʠʠ 630 ʥʤ ʥʘʙʣʶʜʘʝʪʩʷ, ʢʦʛʜʘ 

f0 < 4fce, ʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʥʝʝ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʩʚʝʯʝʥʠʝ ʚ 

ʣʠʥʠʠ 557,7 ʥʤ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ f0 ~ 4fce. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʩʪʝʥʜʝ EISCAT (ʊʨʦʤʩʝ, 

ʅʦʨʚʝʛʠʷ) ʚ 2002 ʠ 2004 ʛʛ. ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ ʧʨʠ f0 > nfce ʙʳʣʘ ʚʳʰʝ, ʯʝʤ ʧʨʠ f0 < nfce 

(n = 2,3) [2]. (ʛ) ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʨʘʟʤʝʨʘʤʠ ʠ ʬʦʨʤʦʡ ʧʷʪʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʚʝʯʝʥʠʷ ʦʪ 

ʯʘʩʪʦʪʥʦʡ ʦʪʩʪʨʦʡʢʠ (f0 ï 4fce) ʥʝ ʚʳʷʚʣʝʥʘ. (ʜ) ʇʨʠ ʩʙʣʠʞʝʥʠʠ f0 ʠ ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ F2-

ʩʣʦʷ ʠʦʥʦʩʬʝʨʳ fOF2 ʥʘ ʚʝʣʠʯʠʥʫ ʤʝʥʝʝ 500 ʢɻʮ ʵʬʬʝʢʪ ʧʦʷʚʣʝʥʠʷ ʧʷʪʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʩʚʝʯʝʥʠʷ ʚ ʣʠʥʠʠ 630 ʥʤ ʩʤʝʥʷʝʪʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʵʬʬʝʢʪ ʧʦʪʝʤʥʝʥʠʷ ʬʦʥʘ. ʈʘʙʦʪʘ 

ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʌʌʀ 12-02-00513-ʘ, 13-02-00957-ʘ, 13-02-12074-ʦʬʠ_ʤ, 

13-02-97072-ʨ_ʧʦʚʦʣʞʴʝ_ʘ. 
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ɺʆɿʄʋʑɽʅʀʗ ɺ ʂʅʏ/ʆʅʏ ʉʀɻʅɸʃɸʍ, ɺʓɿɺɸʅʅʓɽ ɺʆɿɼɽʁʉʊɺʀɽʄ ʅɸ 

ʀʆʅʆʉʌɽʈʋ ʂɺ ʇɽʈɽɼɸʊʏʀʂɸ HAARP ʀ ʈɽɻʀʉʊʈʀʈʋɽʄʓɽ ʅɸ ʉʇʋʊʅʀʂɽ 
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ʇʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʘ DEMETER ʥʘʤʠ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʳ ʚʦʟʤʫʱʝʥʠʷ ʚ ʂʅʏ (<1200 ɻʮ) ʠ 

ʆʅʏ (< 20 ʢɻʮ) ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʠʦʥʦʩʬʝʨʫ ʤʦʱʥʦʛʦ 

ʂɺ ʧʝʨʝʜʘʪʯʠʢʘ HAARP (62.39ÁN, 145.15ÁW, L = 4.9). ʂʅʏ/ʆʅʏ ʩʠʛʥʘʣʳ ʙʳʣʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʘʥʪʝʥʥʘʭ ʚ ʜʥʝʚʥʳʝ ʯʘʩʳ (LT=11-12) ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ (3.6 ʄɺʪ), ʠʟʣʫʯʘʚʰʝʛʦ ʥʘ ʯʘʩʪʦʪʘʭ 4.5-5 ʄɻʮ ʙʣʠʟʢʠʭ ʢ ʢʨʠʪʠʯʝʩʢʦʡ 

ʯʘʩʪʦʪʝ (foF2) ʠʦʥʦʩʬʝʨʥʦʛʦ ʩʣʦʷ F, ʚʨʝʤʷ ʥʘʛʨʝʚʘ ʜʦ ʧʨʦʣʝʪʘ ʀʉɿ ʩʦʩʪʘʚʣʷʣʦ 10-15 ʤʠʥʫʪ. 

ʅʘ ʚʳʩʦʪʝ ʩʧʫʪʥʠʢʘ DEMETER ʦʢʦʣʦ 700 ʢʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʨʘʟʤʝʨ ʦʙʣʘʩʪʠ ʚʦʟʤʫʱʝʥʠʡ 

ʚ ʂʅʏ/ʆʅʏ ʩʠʛʥʘʣʘʭ, ʚʳʟʚʘʥʥʳʭ ʨʘʙʦʪʦʡ ʥʘʛʨʝʚʥʦʛʦ ʩʪʝʥʜʘ, ʠʤʝʝʪ ʨʘʟʤʝʨʳ ~10
2
 ʢʤ. 

ɸʤʧʣʠʪʫʜʘ ʂʅʏ ʰʫʤʦʚ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʥʘʜ ʦʙʣʘʩʪʴʶ ʥʘʛʨʝʚʘ ʚ 2-8 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʬʦʥʦʚʳʤ ʫʨʦʚʥʝʤ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʘʤʧʣʠʪʫʜʳ, ʩʧʝʢʪʨʳ ʠ ʧʦʣʷʨʠʟʘʮʠʷ ʚʦʟʤʫʱʝʥʥʳʭ 

ʂʅʏ ʰʫʤʦʚ, ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʂʅʏ ʰʫʤʦʚ ʥʘʜ 

ʧʝʨʝʜʘʪʯʠʢʦʤ HAARP. ɺ ʆʅʏ ʜʠʘʧʘʟʦʥʝ ʩʠʛʥʘʣʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʙʦʪʦʡ ʧʝʨʝʜʘʪʯʠʢʘ 

HAARP, ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʥʘ ʯʘʩʪʦʪʘʭ ʚʳʰʝ ʭʘʨʘʢʪʝʨʥʳʭ ʯʘʩʪʦʪ ʥʠʞʥʝʛʦ ʛʠʙʨʠʜʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ > 6-7 ʢɻʮ ʜʣʷ ʜʥʝʚʥʳʭ ʧʨʦʣʝʪʦʚ ʩʧʫʪʥʠʢʘ DEMETER. ʇʨʠ ʨʘʙʦʪʝ ʧʝʨʝʜʘʪʯʠʢʘ 

HAARP ʚ ʨʝʞʠʤʝ ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ ʩ ʧʝʨʠʦʜʦʤ 1.4ʩ ʤʦʜʫʣʷʮʠʷ ʩʠʛʥʘʣʦʚ ʩ ʧʝʨʠʦʜʦʤ 

ʥʘʛʨʝʚʥʦʛʦ ɺʏ ʧʝʨʝʜʘʪʯʠʢʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʪʦʣʴʢʦ ʚ ʆʅʏ ʜʠʘʧʘʟʦʥʝ ʥʘ ʯʘʩʪʦʪʘʭ 14-19 

ʢɻʮ, ʧʨʠ ʵʪʦʤ ʚ ʚʦʟʤʫʱʝʥʥʳʭ ʂʅʏ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʰʫʤʘʭ, ʨʝʛʠʩʪʨʠʨʦʚʘʚʰʠʭʩʷ ʚ ʟʦʥʝ 

ʥʘʜ ʧʝʨʝʜʘʪʯʠʢʦʤ, ʤʦʜʫʣʷʮʠʷ ʥʝ ʥʘʙʣʶʜʘʣʘʩʴ. ʆʙʩʫʞʜʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʚʦʟʙʫʞʜʝʥʠʷ ʂʅʏ/ʆʅʏ ʩʠʛʥʘʣʦʚ ʥʘʜ ʥʘʛʨʝʚʥʳʤ ʩʪʝʥʜʦʤ HAARP ʥʘ ʚʳʩʦʪʘʭ ʩʧʫʪʥʠʢʘ 

DEMETER. 

 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʀʆʅʆʉʌɽʈʅʆʁ ɹʋʈʀ ɺ F ʆɹʃɸʉʊʀ ʀ ɺʅɽʐʅɽʁ 

ʀʆʅʆʉʌɽʈɽ ï ʇʆɼʍʆɼʓ, ɼʆʉʊʀɾɽʅʀʗ, ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ 
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ɿʆ ʀɿʄʀʈɸʅ ʠʤ. ʅ.ɺ. ʇʫʰʢʦʚʘ, ʛ. ʂʘʣʠʥʠʥʛʨʘʜ, ʈʦʩʩʠʷ, maksim.klimenko@mail.ru,  
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 ʌɻɸʆʋ ɺʇʆ ɹʌʋ ʠʤ. ʀ. ʂʘʥʪʘ, ʛ. ʂʘʣʠʥʠʥʛʨʘʜ, ʈʦʩʩʠʷ, 

3
ʀʉɿʌ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ. 

 

ʀʦʥʦʩʬʝʨʥʘʷ ʙʫʨʷ ʩʚʷʟʘʥʘ ʩ ʮʝʧʦʯʢʦʡ ʩʦʙʳʪʠʡ ʠ ʷʚʣʝʥʠʡ ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʥʘ ʉʦʣʥʮʝ (ʩʦʣʥʝʯʥʳʝ ʚʩʧʳʰʢʠ, ʚʳʙʨʦʩʳ 

ʢʦʨʦʥʘʣʴʥʦʡ ʤʘʩʩʳ, ʠʟʤʝʥʝʥʠʝ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʛʦ 

ʚʝʪʨʘ), ʧʝʨʝʜʘʚʘʝʤʳʭ ʯʝʨʝʟ ʤʘʛʥʠʪʦʩʬʝʨʫ (ʫʩʠʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ 

ʢʦʥʚʝʢʮʠʠ, ʠʟʤʝʥʝʥʠʝ ʧʦʪʦʢʦʚ ʠ ʵʥʝʨʛʠʡ ʚʳʩʳʧʘʶʱʠʭʩʷ ʯʘʩʪʠʮ) ʚʧʣʦʪʴ ʜʦ ʪʝʨʤʦʩʬʝʨʳ 

(ɼʞʦʫʣʝʚ ʥʘʛʨʝʚ ʥʠʞʥʝʡ ʪʝʨʤʦʩʬʝʨʳ, ʛʣʦʙʘʣʴʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʪʝʨʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ, 

ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʥʝʡʪʨʘʣʴʥʦʡ ʘʪʤʦʩʬʝʨʳ). ʇʦ ʟʥʘʢʫ ʚʦʟʤʫʱʝʥʠʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ F ʦʙʣʘʩʪʠ ʠʦʥʦʩʬʝʨʳ ʨʘʟʜʝʣʷʶʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʠ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʬʘʟʳ 

ʠʦʥʦʩʬʝʨʥʳʭ ʙʫʨʴ. ɿʥʘʢ ʠʦʥʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʟʘʚʠʩʠʪ ʚ ʯʘʩʪʥʦʩʪʠ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʰʠʨʦʪʳ. ʊʘʢ, ʚ ʚʳʩʦʢʦʰʠʨʦʪʥʦʡ ʦʙʣʘʩʪʠ ʠʦʥʦʩʬʝʨʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʬʦʨʤʠʨʫʝʪʩʷ 

mailto:maksim.klimenko@mail.ru


 51 

ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʬʘʟʘ, ʘ ʥʘ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ ʠ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʥʠʟʢʠʤ ʰʠʨʦʪʘʤ ʚʦʟʨʘʩʪʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʬʘʟʳ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʢʦʧʣʝʥ ʦʛʨʦʤʥʳʡ  

ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʧʦʤʦʛ ʦʙʲʷʩʥʠʪʴ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʝʠʭ ʬʘʟ ʙʫʨʴ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʰʠʨʦʪʘʭ.  ʆʜʥʘʢʦ, ʩʫʱʝʩʪʚʫʶʪ ʠ ʥʝʢʦʪʦʨʳʝ ʚʘʞʥʳʝ ʥʝʨʝʰʝʥʥʳʝ ʚʦʧʨʦʩʳ ʠ ʨʘʟʥʦʛʣʘʩʠʷ, 

ʢʦʪʦʨʳʝ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʨʝʰʝʥʳ ʩ ʧʦʤʦʱʴʶ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ 

ʪʝʨʤʦʩʬʝʨʳ-ʠʦʥʦʩʬʝʨʳ ʩ ʫʯʝʪʦʤ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʈʘʥʝʝ ʥʘʤʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʣʦʙʘʣʴʥʦʡ ʉʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʡ ʄʦʜʝʣʠ ʊʝʨʤʦʩʬʝʨʳ, ʀʦʥʦʩʬʝʨʳ ʠ 

ʇʨʦʪʦʥʦʩʬʝʨʳ (ɻʉʄ ʊʀʇ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: (1) ʜʘʥʦ ʦʧʠʩʘʥʠʝ 

ʚʦʟʤʦʞʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʣʦʝʚ ʚ ʧʨʠʵʢʚʘʪʦʨʠʘʣʴʥʦʡ F 

ʦʙʣʘʩʪʠ ʠʦʥʦʩʬʝʨʳ, (2) ʢʦʨʨʝʢʪʥʦ ʚʳʜʝʣʝʥʳ ʠʦʥʦʩʬʝʨʥʳʝ ʵʬʬʝʢʪʳ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʠʥʘʤʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʧʨʷʤʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʦʣʷ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʢʦʥʳʝʢʮʠʠ ʢ ʩʨʝʜʥʠʤ ʠ 

ʥʠʟʢʠʤ ʰʠʨʦʪʘʤ ʠ ʵʬʬʝʢʪʳ ʩʚʝʨʭʵʢʨʘʥʠʨʦʚʘʥʠʷ; (3) ʩʜʝʣʘʥʘ ʦʮʝʥʢʘ ʚʢʣʘʜʘ ʚʘʨʠʘʮʠʡ 

ʪʝʨʤʦʩʬʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʦʙʱʫʶ ʢʘʨʪʠʥʫ ʠʟʤʝʥʯʠʚʦʩʪʠ ʥʠʟʢʦʰʠʨʦʪʥʦʡ ʠʦʥʦʩʬʝʨʳ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʬʘʟʘʭ ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ; (4) ʜʘʥʘ ʦʮʝʥʢʘ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʬʘʟ ʠʦʥʦʩʬʝʨʥʳʭ ʙʫʨʴ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʤʠ ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʂɺ 

ʜʠʘʧʘʟʦʥʘ ʦʪ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʧʝʨʝʜʘʶʱʠʭ ʩʪʘʥʮʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʬʘʟʘʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ. 

ʇʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨʳ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʜʝʣʠ ɻʉʄ ʊʀʇ. ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ: (1) ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʘʢʠʭ ʤʦʜʝʣʝʡ, ʢʘʢ ɻʉʄ ʊʀʇ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʥʳʭ ʵʬʬʝʢʪʦʚ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʝʣʷʤʠ, ʦʧʠʩʳʚʘʶʱʠʤʠ ʪʦʣʴʢʦ ʠʦʥʦʩʬʝʨʫ; (2) ʚʘʞʥʳʝ ʚʳʚʦʜʳ ʜʣʷ 

ʦʙʲʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʥʳʭ ʙʫʨʴ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ; (3) ʜʦ ʩʠʭ ʧʦʨ ʥʝʨʝʰʝʥʥʳʝ ʚʦʧʨʦʩʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʧʨʠ 

ʧʦʤʦʱʠ ʤʦʜʝʣʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ɿʆ ʀɿʄʀʈɸʅ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ 

ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ12-05-31217 ʠ ʇʨʦʛʨʘʤʤʳ 22 ʈɸʅ. 

 

 

ʇʈʀʄɽʅɽʅʀɽ ʄɽʊʆɼʆɺ ʄɸʊɽʄɸʊʀʏɽʉʂʆʁ ʄʆʈʌʆʃʆɻʀʀ ʂ ɼɸʅʅʓʄ 

ʅɸɿɽʄʅʓʍ ʅɸɹʃʖɼɽʅʀʁ ʇʆʃʗʈʅʓʍ ʉʀʗʅʀʁ  
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ʇɻʀ ʂʅʎ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ, Boris.Kozelov@gmail.com  

 

ʇʨʠʢʣʘʜʥʳʝ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʨʬʦʣʦʛʠʠ (ʄʄ) ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʣʠʩʴ ʚ ʩʚʷʟʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʦʙʲʝʢʪʦʚ ʥʘ ʊɺ ʠʟʦʙʨʘʞʝʥʠʠ, ʚ ʢʘʨʪʦʛʨʘʬʠʠ ʠ ʤʘʰʠʥʥʦʤ ʟʨʝʥʠʠ. ʅʘʟʝʤʥʳʝ ʦʧʪʠʯʝʩʢʠʝ 

ʥʘʙʣʶʜʝʥʠʷ ʧʦʣʷʨʥʳʭ ʩʠʷʥʠʡ ʠʤʝʶʪ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ (ʩʠʣʴʥʳʝ ʘʩʧʝʢʪʥʳʝ ʠʩʢʘʞʝʥʠʷ, 

ʤʘʣʘʷ ʢʦʥʪʨʘʩʪʥʦʩʪʴ, ʦʪʩʫʪʩʪʚʠʝ ʯʝʪʢʦʡ ʬʦʨʤʳ, ʦʙʲʸʤʥʦʩʪʴ ʩʚʝʯʝʥʠʷ), ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʄʄ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʘʚʨʦʨʘʣʴʥʦʛʦ ʩʚʝʯʝʥʠʷ. ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʄʄ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʫʣʴʩʠʨʫʶʱʠʭ ʧʦʣʷʨʥʳʭ ʩʠʷʥʠʡ ʠ 

ʤʫʣʴʪʠʧʣʝʪʥʳʭ ʘʚʨʦʨʘʣʴʥʳʭ ʜʫʛ, ʘ ʪʘʢʞʝ ʧʨʠ ʪʨʠʘʥʛʫʣʷʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ 

ʢʦʤʧʣʝʢʩʘ MAIN  ʠʟ 5 ʘʚʨʦʨʘʣʴʥʳʭ ʢʘʤʝʨ ʩ ʨʘʟʣʠʯʥʳʤ ʧʦʣʝʤ ʟʨʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ 

ɸʧʘʪʠʪʘʭ. ʂʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʢʘʢ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʘʚʨʦʨʘʣʴʥʦʛʦ ʩʚʝʯʝʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʩ ʨʘʜʠʫʩʦʤ ~400 ʢʤ, ʪʘʢ ʠ ʤʝʣʢʠʝ ~100 ʤ ʜʝʪʘʣʠ 

ʚʙʣʠʟʠ ʤʘʛʥʠʪʥʦʛʦ ʟʝʥʠʪʘ. ʅʘʙʣʶʜʝʥʠʷ ʠʟ ʜʚʫʭ ʪʦʯʝʢ ʚʙʣʠʟʠ ʤʘʛʥʠʪʥʦʛʦ ʟʝʥʠʪʘ ʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʚʳʩʦʪʫ ʦʙʣʘʩʪʠ ʩʚʝʯʝʥʠʷ. 
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DEPENDING ON MAGNETIC ACTIVITY GLOBAL DISTRIBUTI ON OF 

PRECIPITATING IONS: DMSP F6 AND F7 SPACECRAFT OBSERVATIONS  

 

V.G. Vorobjev, O.I. Yagodkina, Yu.V. Katkalov  

 

ʇɻʀ ʈɸʅ, ʈʦʩʩʠʷ, (PGI, Kola Scientific Center, RAS), Yagodkina@pgia.ru 

 

Observations of precipitating particles with energies from about 0.3 to 30 keV from DMSP F6 and 

F7 spacecraft are used to examine precipitation ion characteristics in different MLT sectors under 

different magnetic activity levels. It is shown that in the dusk sector the positions of electron and 

ion precipitation boundaries are nearly coincident for all levels of magnetic activity. However, the 

latitudinal distribution of energy fluxes indicates that the positions of electron and ion precipitation 

maxima are spatially separated. Maximum energy fluxes of ions is observed at the equatorial 

precipitation boundary, while those of electrons at the poleward one. In the dawn sector, the 

electron precipitation region is 3Á -4Á wider than that of ions. The isotropy boundary in the dusk 

sector is located in the region of diffuse precipitation (DAZ) near its poleward boundary for all 

levels of magnetic activity, while in the dawn sector it falls in the region of structured precipitations 

(AOP). Electron precipitations are dominating in all MLTs with the exception of the evening sector 

from 1500 to 2100 MLT. Here in the region of diffuse precipitation (DAZ) the ion energy fluxes are 

significant. The ratio of ion to electron energy fluxes increases from ~0.7 to ~ 3.0 with AL magnetic 

activity index changing from -100 nT to -1000 nT. The magnetic activity depending global ion 

precipitation model is developed on the base of statistical treatment of spacecraft observations. This 

model (APMI - auroral precipitation model, ions) at a specified level of magnetic activity (AL and 

Dst indices) has allowed one to receive a global distribution of both average ion energy and ion 

energy flux in coordinates of corrected geomagnetic latitude - MLT. Comparison of APMI with the 

model of electron precipitation (APME) show that one hemisphere power of ion precipitation 

makes only about 14% as compared to the electron power during a low magnetic activity level and 

decreases up to ~4% during |AL|>1000 ʥʊʣ. 
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ɻʝʦʬʠʟʠʯʝʩʢʘʷ ʆʙʩʝʨʚʘʪʦʨʠʷ ʉʦʜʘʥʢʶʣʷ, ʌʠʥʣʷʥʜʠʷ. 

 

ɺʝʨʪʠʢʘʣʴʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʠʦʥʦʩʬʝʨʳ ʩ 1-ʤʠʥʫʪʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʚ ʦʙʩ. ʉʦʜʘʥʢʶʣʷ 

ʧʨʦʚʦʜʠʪʩʷ ʥʝʧʨʝʨʳʚʥʦ ʩ 2007 ʛ. ʉʫʧʝʨʧʦʟʠʮʠʷ ʠʦʥʦʛʨʘʤʤ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʦʩʮʠʣʣʷʮʠʠ ʚʳʩʦʪʳ F-ʩʣʦʷ ʩ ʧʝʨʠʦʜʦʤ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʜʦ ʯʘʩʦʚ 

(ʘʢʫʩʪʠʢʦ-ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʚʦʣʥʳ) ʠ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʘʤʧʣʠʪʫʜʫ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ ʜʦʣʛʦʧʝʨʠʦʜʥʳʝ ʚʘʨʠʘʮʠʠ ʘʤʧʣʠʪʫʜ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʩʝʟʦʥʦʤ ʛʦʜʘ ʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʜʚʠʛʦʚ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʚʝʪʨʘ ʚ ʥʠʞʥʝʡ ʠʦʥʦʩʬʝʨʝ. ʆʙʩʫʞʜʘʶʪʩʷ ʠʩʪʦʯʥʠʢʠ ʚʦʣʥ ʚ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʝ 

ʠ ʚ ʦʙʣʘʩʪʠ ʘʚʨʦʨʘʣʴʥʳʭ ʵʣʝʢʪʨʦʜʞʝʪʦʚ ʠ ʚʳʩʳʧʘʥʠʡ ʯʘʩʪʠʮ. ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʠʚʣʝʢʘʶʪʩʷ 

ʜʘʥʥʳʝ ʤʝʪʝʦʨʥʦʛʦ ʨʘʜʘʨʘ ʚ ʦʙʩ. ʉʦʜʘʥʢʶʣʷ, ʠʦʥʦʩʬʝʨʥʳʭ ʨʘʜʘʨʦʚ SuperDARN, ʛʣʦʙʘʣʴʥʳʝ 

ʠ ʣʦʢʘʣʴʥʳʝ ʛʝʦʤʘʛʥʠʪʥʳʝ ʠʥʜʝʢʩʳ. 
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ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʛʝʥʝʨʘʮʠʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ʠʦʥʦʩʬʝʨʝ 

ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʚʨʦʨʘʣʴʥʳʝ ʵʣʝʢʪʨʦʜʞʝʪʳ, ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠ ʮʫʥʘʤʠ, ʘ ʪʘʢʞʝ 

ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʝ ʩʦʙʳʪʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ï ʥʘʟʝʤʥʳʝ ʠ ʚʳʩʦʪʥʳʝ ʚʟʨʳʚʳ 

ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʥʘʛʨʝʚ ʠʦʥʦʩʬʝʨʳ. ʇʨʠ ʵʪʦʤ ʨʷʜʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [Liu et al., 2011] 

ʦʙʥʘʨʫʞʝʥʳ ʧʦʚʳʰʝʥʥʳʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʘʢʫʩʪʠʢʦ-ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ 

ʚʦʣʥʘʤʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʥʦʩʘ ʚʦʟʤʫʱʝʥʠʡ ʜʦ 2.3-3.3 ʢʤ/ʩ. ʆʜʥʘʢʦ, ʩʦʛʣʘʩʥʦ [ʉʦʨʦʢʠʥ ʠ 

ʌʝʜʦʨʦʚʠʯ, 1982], ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ɸɻɺ ʙʦʣʴʰʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ ʩʦ 

ʩʢʦʨʦʩʪʷʤʠ ʙʦʣʝʝ 1300 ʤ/ʩ ʪʝʤʧʝʨʘʪʫʨʘ ʠʦʥʦʩʬʝʨʳ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ. ɸʥʘʣʠʟ ʧʝʨʝʥʦʩʘ 

ʠʦʥʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʤʘʛʥʠʪʦʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʚʦʣʥʘʤʠ (ʄɻɺ) [ɹʘʨʭʘʪʦʚ ʠ ʜʨ., 2012], 

ʜʘʝʪ ʭʘʨʘʢʪʝʨʥʳʝ ʩʢʦʨʦʩʪʠ ʜʦ 4000 ʤ/ʩ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʨʘʤʢʘʭ ʄɻɼ ʧʨʠʙʣʠʞʝʥʠʷ ʧʨʠ 

ʫʯʝʪʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʚ ʧʨʠʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʠʦʥʦʩʬʝʨʳ 

ʧʦʣʫʯʝʥʳ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʪʨʝʭ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʤʦʜ ʄɻɺ. ʅʘʡʜʝʥʳ 

ʠʭ ʭʘʨʘʢʪʝʨʥʳʝ ʩʢʦʨʦʩʪʠ ʠ ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʩʤʝʱʝʥʠʡ 

ʩʨʝʜʳ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʝʣʴʥʦʛʦ ʛʘʫʩʩʦʚʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʚʝʱʝʩʪʚʘ ʟʘʜʘʥʥʦʛʦ ʜʣʠʥʥʳʤ ʰʥʫʨʦʤ, ʣʝʞʘʱʠʤ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʛʝʦʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʧʨʠʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʠʦʥʦʩʬʝʨʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʛʝʥʝʨʘʮʠʠ ʄɻɺ ʧʨʠ ʦʙʳʯʥʦʤ ʜʣʷ ʪʘʢʠʭ ʚʦʣʥ ʟʥʘʯʝʥʠʠ ʯʘʩʪʦʪʳ ʧʦʨʷʜʢʘ 0.07 ɻʮ ʣʫʯʰʝ 

ʧʦʜʭʦʜʷʪ ʠʩʪʦʯʥʠʢʠ, ʙʦʣʝʝ ʧʨʦʪʷʞʝʥʥʳʝ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ 

ʜʠʘʧʘʟʦʥʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʯʘʩʪʦʪ ʚʦʟʤʦʞʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʨʝʭ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʤʦʜ 

ʄɻɺ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʩʤʝʱʝʥʠʡ ʧʨʠʥʠʤʘʶʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʜʣʠʥ ʚʦʣʥ ʧʦʨʷʜʢʘ 40 ʢʤ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʜʣʠʥ ʚʦʣʥ 

ʧʦʨʷʜʢʘ 20 ʢʤ. ʅʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ ʄɻɼ ʧʦʣʫʯʝʥʳ ʪʘʢʞʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚ ʄɻɺ ʠ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ 

ʚʦʟʤʫʱʝʥʠʡ ʜʘʚʣʝʥʠʷ, ʧʣʦʪʥʦʩʪʠ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

[ɹʘʨʭʘʪʦʚ ʅ.ɸ., ɹʘʨʭʘʪʦʚʘ ʆ.ʄ., ɻʨʠʛʦʨʴʝʚ ɻ.ʀ.] ʄʘʛʥʠʪʦʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʚʦʣʥʳ ʚ 

ʠʦʥʦʩʬʝʨʝ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʝʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ // ʀʟʚ. ɺʋɿʦʚ ʈʘʜʠʦʬʠʟʠʢʘ. ʊ.55. ˉ 6. ʉ. 421-

430, 2012. 

[ʉʦʨʦʢʠʥ ɺ.ʄ., ʌʝʜʦʨʦʚʠʯ ɻ.ɺ.] ʌʠʟʠʢʘ ʤʝʜʣʝʥʥʳʭ ʄɻɼ-ʚʦʣʥ ʚ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʝ. 

ʕʥʝʨʛʦʠʟʜʘʪ, ʄ. 1982, ʩ.136. 

[Liu J.Y., Chen C.H.., Lin C.H., Tsai H.F.] Ionospheric disturbances triggered by the 11 March 

2011 M9.0 Tohoku earthquake // Journal of Geophysical Research, V. 116, A06319, 2011. 
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ʀʆʅʆʉʌɽʈɽ ɿɽʄʃʀ ʀ ʉʇɽʎʀʌʀʂɸ ʀʍ ɼʀʉʊɸʅʎʀʆʅʅʓʍ ʀɿʄɽʈɽʅʀʁ ɺ 
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ʇʦʧʝʨʝʯʥʳʝ ʧʨʦʚʦʜʠʤʦʩʪʠ - ʚʘʞʥʝʡʰʠʝ ʧʘʨʘʤʝʪʨʳ, ʦʪʦʙʨʘʞʘʶʱʠʝ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʷ ʠʦʥʦʩʬʝʨʳ ɿʝʤʣʠ.  ɼʠʩʪʘʥʮʠʦʥʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʩʦʩʪʦʷʥʠʷ ʧʦʣʷʨʥʦʡ ʠʦʥʦʩʬʝʨʳ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʝʰʝʥʠʠ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ, ʪ.ʝ. ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʩʳʧʘʶʱʠʭʩʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠʟ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʢʦʥʢʨʝʪʥʳʭ ʵʤʠʩʩʠʡ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ. ʇʦʣʫʯʝʥʠʝ ʵʪʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʟ ʦʨʙʠʪʘʣʴʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʢʘʞʜʦʤ ʠʟ ʜʠʘʧʘʟʦʥʦʚ ʩʧʝʢʪʨʘ ʠʤʝʝʪ ʩʚʦʶ ʤʝʪʦʜʠʯʝʩʢʫʶ ʩʧʝʮʠʬʠʢʫ. 

ʅʘʧʨʠʤʝʨ ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʚʨʦʨʘʣʴʥʳʭ ʵʤʠʩʩʠʡ ʚʠʜʠʤʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʩʧʝʢʪʨʘ  (ʠʤʘʜʞʝʨ ɸʚʨʦʚʠʟʦʨ-ɺʀʉ/ʄʇ ʥʘ ʦʨʙʠʪʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʂɸ ʄʝʪʝʦʨ-

ʄʇ) ʠ (ʠʤʘʜʞʝʨ ʃʝʪʠʮʠʷ ʥʘ ʦʨʙʠʪʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʂɸ ɿʦʥʜ ʚ ʧʨʦʝʢʪʝ ʀʦʥʦʟʦʥʜ) ʪʨʝʙʫʝʪʩʷ 

ʢʦʨʨʝʢʮʠʷ ʥʘ ʘʣʴʙʝʜʦ ʵʬʬʝʢʪ ʦʪ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʪʦʯʥʠʪʴ ʛʨʘʥʠʮʳ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʬʦʨʤ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʤʠʩʩʠʡ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ, ʥʘʙʣʶʜʘʝʤʳʭ ʥʘ 

ʥʦʯʥʦʡ ʩʪʦʨʦʥʝ, ʢʘʢ ʩ ɿʝʤʣʠ, ʪʘʢ ʠ ʩ ʦʨʙʠʪʳ, ʵʤʠʩʩʠʠ ʤʦʣʝʢʫʣ ʘʟʦʪʘ ʠ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʠ 

ʚʦʜʦʨʦʜʘ, ʠʟʣʫʯʘʝʤʳʝ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 120-180 ʥʤ çʚʠʜʥʳè ʪʦʣʴʢʦ ʩ ʦʨʙʠʪʳ ʢʘʢ ʥʘ 

ʥʦʯʥʦʡ, ʪʘʢ ʠ ʥʘ ʦʩʚʝʱʝʥʥʦʡ ʩʪʦʨʦʥʝ ʙʣʘʛʦʜʘʨʷ ʥʠʞʝʣʝʞʘʱʝʤʫ ʩʣʦʶ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ, ʢʦʪʦʨʳʡ ʯʘʩʪʠʯʥʦ ʧʦʛʣʦʱʘʝʪ ʬʦʥ dayglow, ʩʦʟʜʘʚʘʝʤʳʡ ʩʦʣʥʝʯʥʳʤ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʤ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʢʦʨʨʝʢʮʠʷ ʦʩʚʝʱʝʥʥʦʡ ʯʘʩʪʠ ɺʋʌ-

ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʚʳʜʝʣʝʥʠʝ ʩʚʝʯʝʥʠʷ, ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʚʳʩʳʧʘʶʱʠʤʠʩʷ ʟʘʨʷʞʝʥʥʳʤʠ 

ʯʘʩʪʠʮʘʤʠ, ʥʘʜ ʬʦʥʦʤ. ʉ ʚʳʩʦʢʦʘʧʦʛʝʡʥʦʡ ʦʨʙʠʪʳ (ʪʠʧʘ ʄʦʣʥʠʷ) ʘʚʨʦʨʘʣʴʥʳʡ ʦʚʘʣ ʤʦʞʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʮʝʣʠʢʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʨʝʨʳʚʥʦ. ʉʝʨʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ɺʋʌ-ʠʟʦʙʨʘʞʝʥʠʡ 

ʧʦʟʚʦʣʠʪ ʥʘʙʣʶʜʘʪʴ ʟʘ ʛʣʦʙʘʣʴʥʦʡ ʜʠʥʘʤʠʢʦʡ ʨʘʟʚʠʪʠʷ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʠ ʩʫʙʙʫʨʴ. ɿʘ ʚʨʝʤʷ 

ʵʢʩʧʦʟʠʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ (ʜʝʩʷʪʢʠ ʩʝʢʫʥʜ) ʧʦʣʦʩʦʚʳʝ ʠʟʦʙʨʘʞʘʶʱʠʝ ʢʘʤʝʨʳ ɸʚʨʦʚʠʟʦʨ-

ɺʋʌ ʧʦʟʚʦʣʷʪ ʧʦʣʫʯʘʪʴ ʛʣʦʙʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʚʳʩʳʧʘʶʱʠʭʩʷ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʭ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ ʠ ʦʪʦʙʨʘʟʷʪ ʛʨʘʥʠʮʳ ʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʘʚʨʦʨʘʣʴʥʦʛʦ ʦʚʘʣʘ ʧʦ ʵʣʝʢʪʨʦʥʘʤ. ʀʟʦʙʨʘʞʘʶʱʠʡ ʩʧʝʢʪʨʦʛʨʘʬ ʦʙʝʩʧʝʯʠʪ ʧʦʣʫʯʝʥʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ ʚʳʩʳʧʘʶʱʠʭʩʷ ʧʨʦʪʦʥʦʚ ʙʣʘʛʦʜʘʨʷ ʩʝʣʝʢʮʠʠ ʘʚʨʦʨʘʣʴʥʦʡ 

ʵʤʠʩʩʠʠ Ly-Ŭ ʦʪ ʛʝʦʢʦʨʦʥʘʣʴʥʦʡ. ʂʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʦʨʙʠʪʘʣʴʥʦʡ ʜʠʩʪʘʥʮʠʦʥʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʷʨʥʦʡ ʠʦʥʦʩʬʝʨʳ ʷʚʣʷʶʪʩʷ ʛʣʦʙʘʣʴʥʳʝ ʠ ʣʦʢʘʣʴʥʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʠʦʥʦʩʬʝʨʥʳʭ ʧʨʦʚʦʜʠʤʦʩʪʝʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʧʦ ʚʳʩʦʪʝ ʩ 

ʫʯʝʪʦʤ ʚʢʣʘʜʘ ʢʘʢ ʵʣʝʢʪʨʦʥʦʚ, ʪʘʢ ʠ ʧʨʦʪʦʥʦʚ. ʆʜʥʦʚʨʝʤʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʣʘʟʤʳ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʩʧʫʪʥʠʢʦʚ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʧʣʘʟʤʝʥʥʳʭ ʧʨʠʙʦʨʦʚ ʩʦʟʜʘʜʫʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʤʛʥʦʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʪʦʯʥʠʢʘ, ʪ.ʝ. ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʧʨʦʜʦʣʴʥʳʭ ʪʦʢʦʚ ʠ ʛʨʘʜʠʝʥʪʦʚ ʤʘʛʥʠʪʥʦʛʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʘ 

ʪʘʢʞʝ ʚʦʣʥ ʚ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʘʭ, ʧʨʠ ʵʪʦʤ ʧʨʦʝʢʮʠʷ ʤʘʛʥʠʪʥʦʡ ʩʠʣʦʚʦʡ ʪʨʫʙʢʠ ʚ 

ʠʦʥʦʩʬʝʨʫ, ʢʦʪʦʨʫʶ ʧʝʨʝʩʝʢʘʝʪ ʩʧʫʪʥʠʢ, ʚʩʝʛʜʘ ʙʫʜʝʪ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʠʟʦʙʨʘʞʘʶʱʠʭ ʢʘʥʘʣʦʚ 

ʧʨʠʙʦʨʦʚ ɸʚʨʦʚʠʟʦʨ-ɺʀʉ/ʄʇ ʠ ɸʚʨʦʚʠʟʦʨ-ɺʋʌ. ɼʘʥʥʳʝ ʦʨʙʠʪʘʣʴʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʧʨʦʚʦʜʠʤʦʩʪʝʡ ʚʤʝʩʪʝ ʩ ʠʭ ʣʦʢʘʣʴʥʳʤʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʩ 

ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʦʚ ʥʘʟʝʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʤʘʛʥʠʪʦʤʝʪʨʠʷ, ʬʦʪʦʤʝʪʨʠʷ, ʨʘʜʠʦʩʪʝʥʜʳ) 

ʦʙʝʩʧʝʯʘʪ ʫʩʣʦʚʠʷ ʜʣʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʧʦʣʷʨʥʦʡ ʠʦʥʦʩʬʝʨʳ ʚ 

ʠʥʪʝʨʝʩʘʭ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. 
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ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʠʦʥʦʩʬʝʨʳ ʥʘ ʪʨʘʩʩʝ ʩʧʫʪʥʠʢ-ʩʧʫʪʥʠʢ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʙʠʩʪʘʪʠʯʝʩʢʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʧʝʨʝʜʘʪʯʠʢ ʠ ʧʨʠʝʤʥʠʢ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʥʝʩʝʥʳ. ɺ ʜʦʢʣʘʜʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ 

ʠʦʥʦʩʬʝʨʫ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʠʟʫʯʘʶʪʩʷ 

ʩʣʦʠʩʪʳʝ ʩʪʨʫʢʪʫʨʳ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʝ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʳ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʠ ʫʩʣʦʚʠʷ ʨʘʜʠʦʩʚʷʟʠ ʚ ʦʢʦʣʦʟʝʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʋʩʪʘʥʦʚʣʝʥʘ 

ʟʘʢʦʥʦʤʝʨʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʚʘʨʠʘʮʠʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʬʘʟʦʚʦʛʦ ʧʫʪʠ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʨʘʜʠʦʚʦʣʥ ʯʝʨʝʟ ʠʦʥʦʩʬʝʨʫ. ʕʪʘ ʩʚʷʟʴ ʧʦʟʚʦʣʷʝʪ ʚʚʝʩʪʠ ʥʦʚʳʡ ʠʥʜʝʢʩ 

ʛʣʦʙʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʦʥʦʩʬʝʨʳ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʘʟʦʚʳʭ ʚʘʨʠʘʮʠʡ 

ʩʠʛʥʘʣʦʚ ʥʘ ʪʨʘʥʩʠʦʥʦʩʬʝʨʥʳʭ ʪʨʘʩʩʘʭ. ʀʟ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʨʘʜʠʦʟʘʪʤʝʥʥʳʭ ʤʠʩʩʠʡ CHAMP ʠ FORMOSAT-3, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʟʦʥʜʠʨʦʚʘʥʠʠ 

ʠʦʥʦʩʬʝʨʳ ʥʘ ʪʨʘʩʩʘʭ ʩʧʫʪʥʠʢ-ʩʧʫʪʥʠʢ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʥʦʚʴ ʚʚʝʜʝʥʥʳʡ ʧʘʨʘʤʝʪʨ ʭʦʨʦʰʦ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʠʥʜʝʢʩʦʤ ʚʘʨʠʘʮʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʜʠʦʚʦʣʥ S4, ʨʘʥʝʝ ʧʨʠʤʝʥʷʚʰʠʤʩʷ ʜʣʷ 

ʦʮʝʥʢʠ ʘʢʪʠʚʥʦʩʪʠ ʠʦʥʦʩʬʝʨʳ ʥʘ ʪʨʘʩʩʘʭ ʩʧʫʪʥʠʢ-ɿʝʤʣʷ. ʇʦ ʩʪʝʧʝʥʠ ʢʦʨʨʝʣʷʮʠʠ ʫʢʘʟʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʩʣʦʠʩʪʳʭ ʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʣʘʟʤʝʥʥʳʭ 

ʩʪʨʫʢʪʫʨ ʚ ʚʘʨʠʘʮʠʠ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʦʥʦʩʬʝʨʫ ʨʘʜʠʦʩʠʛʥʘʣʘ. ʇʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʜʝʣʴʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʩʣʦʠʩʪʳʭ ʠ ʪʫʨʙʫʣʝʥʪʥʳʭ ʠʦʥʦʩʬʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʧʦ 

ʠʟʤʝʨʝʥʠʷʤ ʥʘ ʦʜʥʦʡ ʯʘʩʪʦʪʝ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʨʠ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʠ ʥʘ ʪʨʘʩʩʝ ʩʧʫʪʥʠʢ ɿʝʤʣʷ. 

ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʛʣʦʙʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʚʝʜʝʥʥʦʛʦ ʠʥʜʝʢʩʘ ʦʪ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʧʝʨʠʦʜ 2002-2012 ʛʦʜʦʚ. ɺʚʝʜʝʥʥʳʡ ʠʥʜʝʢʩ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨ ʧʣʘʥʝʪ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ 

ʈʌʌʀ ˉ 13-02-00526-ʘ ʠ ʇʨʦʛʨʘʤʤʳ 22 ʈɸʅ. 

 

 

ʂɸʂʆʁ ɻɽʆʄɸɻʅʀʊʅʆʁ ɸʂʊʀɺʅʆʉʊʀ ʉʆʆʊɺɽʊʉʊɺʋɽʊ ʄɽɼʀɸʅɸ 

ʂʆʅʎɽʅʊʈɸʎʀʀ ʄɸʂʉʀʄʋʄɸ F2-ʉʃʆʗ? 

 

ʄ.ɻ. ɼʝʤʠʥʦʚ 

 

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

 

ʉʯʠʪʘʶʪ, ʯʪʦ ʤʝʜʠʘʥʘ NmF2 ʟʘ ʤʝʩʷʮ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʘʢʩʠʤʫʤʘ F2-ʩʣʦʷ ʚ ʜʦʣʛʦʩʨʦʯʥʦʤ ʧʨʦʛʥʦʟʝ ʠʦʥʦʩʬʝʨʳ, ʢʦʛʜʘ ʚʝʣʠʯʠʥʘ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʟʘʨʘʥʝʝ ʥʝ ʠʟʚʝʩʪʥʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʝʜʠʘʥʘ NmF2 ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʵʪʫ ʟʘʚʠʩʠʤʦʩʪʴ ʫʯʠʪʳʚʘʶʪ ʩ ʧʦʤʦʱʴʶ ʩʢʦʣʴʟʷʱʠʭ ʩʨʝʜʥʠʭ ʟʘ 12 ʤʝʩʷʮʝʚ 

ʟʥʘʯʝʥʠʡ Ap-ʠʥʜʝʢʩʘ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʫʯʝʪʘ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʜʠʘʥʳ NmF2 ʦʪ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʜʢʦ. ʅʘʤʠ ʧʨʝʜʣʦʞʝʥ 

ʜʨʫʛʦʡ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ. ʆʥ ʩʚʷʟʘʥ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʜʘʪʳ (ʠʣʠ 

ʜʚʫʭ ʜʘʪ), ʚ ʢʦʪʦʨʫʶ (ʠʣʠ ʢʦʪʦʨʳʝ) ʟʥʘʯʝʥʠʝ NmF2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʜʠʘʥʝ, ʠʥʜʝʢʩʦʚ 

ʩʦʣʥʝʯʥʦʡ ʠ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʣʷ ʵʪʦʡ ʜʘʪʳ ʠ, ʪʝʤ ʩʘʤʳʤ, ʩʦʦʪʚʝʪʩʪʚʠʷ ʢʦʥʢʨʝʪʥʦʡ 

ʤʝʜʠʘʥʳ NmF2 ʢʦʥʢʨʝʪʥʳʤ ʫʨʦʚʥʷʤ ʩʦʣʥʝʯʥʦʡ ʠ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʪʘʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʟʥʘʥʠʷ ʦ ʩʚʦʡʩʪʚʘʭ ʤʝʜʠʘʥʳ NmF2. 

ʇʦʣʫʯʝʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʫʨʦʚʝʥʴ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʡ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʜʠʘʥʝ NmF2: - ʤʘʢʩʠʤʘʣʝʥ ʚ ʨʘʚʥʦʜʝʥʩʪʚʠʷ ʠ ʤʠʥʠʤʘʣʝʥ ʚ ʟʠʤʥʝʝ 

ʩʦʣʥʮʝʩʪʦʷʥʠʝ; - ʤʝʥʴʰʝ ʩʨʝʜʥʝʛʦ ʟʘ ʤʝʩʷʮ ʟʥʘʯʝʥʠʷ ʵʪʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʵʪʘ ʨʘʟʥʠʮʘ ʥʝ 
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ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʝʟʦʥʘ. ʇʨʝʜʩʪʘʚʣʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʤʝʜʠʘʥʳ NmF2 ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʠʟʤʝʥʝʥʠʡ NmF2 ʚ ʧʝʨʠʦʜ ʙʫʨʠ. 

ʇʦʣʫʯʝʥʦ, ʯʪʦ ʜʣʷ ʚʘʨʠʘʥʪʘ, ʢʦʛʜʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʜʠʘʥʳ NmF2 ʦʪ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʤʧʠʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʝʜʠʘʥʳ NmF2 ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʤʝʥʴʰʠʤ ʦʰʠʙʢʘʤ ʚ ʚʳʯʠʩʣʝʥʠʷʭ ʙʫʨʠ ʚ ʠʦʥʦʩʬʝʨʝ ʥʘʜ ʢʦʥʢʨʝʪʥʳʤ ʧʫʥʢʪʦʤ, ʯʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʦʡ ʤʝʜʠʘʥʳ NmF2 ʥʘʜ ʵʪʠʤ ʧʫʥʢʪʦʤ. ʈʘʙʦʪʘ ʯʘʩʪʠʯʥʦ 

ʧʦʜʜʝʨʞʘʥʘ ʇʨʦʛʨʘʤʤʦʡ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉ 22. 

 

 

ʉʊʈʋʂʊʋʈɸ ɼʆʃɻʆʊʅʓʍ ɺɸʈʀɸʎʀʁ ʇɸʈɸʄɽʊʈʆɺ ʀʆʅʆʉʌɽʈʓ ʀ 

ʇʃɸɿʄʆʉʌɽʈʓ ɿɽʄʃʀ ɺ ʉʇʆʂʆʁʅʓʍ ʋʉʃʆɺʀʗʍ 
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ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʩʚʦʡʩʪʚ ʠʦʥʦʩʬʝʨʳ ʷʚʣʷʝʪʩʷ ʝʝ ʜʦʣʛʦʪʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ, 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʦʪʦʨʦʡ ʫʜʝʣʷʣʦʩʴ ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 20 ʣʝʪ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʦʣʛʦʪʥʳʝ ʚʘʨʠʘʮʠʠ ʩʦʧʦʩʪʘʚʠʤʳ ʧʦ ʚʝʣʠʯʠʥʝ ʩ ʩʫʪʦʯʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʘʞʥʳ ʜʣʷ ʧʨʦʛʥʦʟʘ ʫʩʣʦʚʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʢʘʢ ʚ ʩʧʦʢʦʡʥʳʭ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ ʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ ʤʝʞʧʣʘʥʝʪʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʉʧʫʪʥʠʢʦʚʳʝ ʜʘʥʥʳʝ ʚ ʧʨʠʥʮʠʧʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʦʣʛʦʪʥʳʭ ʚʘʨʠʘʮʠʡ ʠʦʥʦʩʬʝʨʳ. ʆʜʥʘʢʦ, ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʧʫʪʥʠʢʦʤ, ʢʦʪʦʨʳʡ ʧʨʦʚʦʜʠʣ 

ʟʦʥʜʠʨʦʚʘʥʠʝ ʠʦʥʦʩʬʝʨʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʭ ʜʦʣʛʦʪʘʭ ʠ ʰʠʨʦʪʘʭ, ʙʳʣ ʠ ʦʩʪʘʝʪʩʷ 

ʀʥʪʝʨʢʦʩʤʦʩ-19 (ʀʂ-19). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ 

ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚ ʠ ʩʧʫʪʥʠʢʦʚ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʜʦʣʛʦʪʥʳʝ ʚʘʨʠʘʮʠʠ ʧʦʣʥʦʛʦ, ʠʦʥʦʩʬʝʨʥʦʛʦ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʣʘʟʤʦʩʬʝʨʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ, ʯʪʦ ʙʳʣʦ ʥʝʚʦʟʤʦʞʥʦ ʨʘʥʝʝ. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ɻʣʦʙʘʣʴʥʫʶ 

ʉʘʤʦʩʦʛʣʘʩʦʚʘʥʥʫʶ ʄʦʜʝʣʴ ʊʝʨʤʦʩʬʝʨʳ, ʀʦʥʦʩʬʝʨʳ ʠ ʇʨʦʪʦʥʦʩʬʝʨʳ (ɻʉʄ ʊʀʇ) ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʛʦʪʥʳʭ ʚʘʨʠʘʮʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʠʦʥʦʩʬʝʨʘ-ʧʣʘʟʤʦʩʬʝʨʘ. ʆʪʤʝʪʠʤ, 

ʯʪʦ ʚ ʤʦʜʝʣʠ ɻʉʄ ʊʀʇ ʫʯʠʪʳʚʘʝʪʩʷ ʥʝʩʦʚʧʘʜʝʥʠʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʠ ʛʝʦʤʘʛʥʠʪʥʦʡ ʦʩʝʡ, ʘ 

ʪʘʢʞʝ ʟʦʥʘʣʴʥʳʡ ʠ ʤʝʨʠʜʠʦʥʘʣʴʥʳʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʜʨʝʡʬ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʜʣʷ ʤʦʜʝʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʜʦʣʛʦʪʥʳʭ ʚʘʨʠʘʮʠʡ ʚ 

ʠʦʥʦʩʬʝʨʝ ʠ ʧʣʘʟʤʦʩʬʝʨʝ ɿʝʤʣʠ. ʆʩʦʙʫʶ ʮʝʥʥʦʩʪʴ ʠ ʥʦʚʠʟʥʫ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʦʣʛʦʪʥʳʭ ʚʘʨʠʘʮʠʡ ʚʳʩʦʪʳ ʧʝʨʝʭʦʜʘ O
+
/H

+
 ʠ ʧʣʘʟʤʦʩʬʝʨʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ12-05-31217 ʠ ʇʨʦʛʨʘʤʤʳ 22 

ʈɸʅ. 

 

 

ɼʆʃɻʆʊʅɸʗ ʉʊɸʊʀʉʊʀʂɸ ʇʃɸɿʄɽʅʅʓʍ ñʇʋɿʓʈɽʁò: ɺʆɿʄʆɾʅʆɽ 

ɺʃʀʗʅʀɽ ʉʆʃʅɽʏʅʓʍ ʇʈʀʃʀɺʆɺ 

 

ʃ.ʅ. ʉʠʜʦʨʦʚʘ, ʉ.ɺ. ʌʠʣʠʧʧʦʚ
 

 

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

 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʦʣʛʦʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʘʟʤʝʥʥʳʭ çʧʫʟʳʨʝʡè, ʚʠʜʠʤʳʭ ʥʘ ʚʳʩʦʪʘʭ 

ʚʝʨʭʥʝʡ ʠʦʥʦʩʬʝʨʳ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʅʝ
+
, ʚʳʷʚʣʝʥʦ, ʯʪʦ ʛʨʘʬʠʢʠ ʠʭ ʩʪʘʪʠʩʪʠʢʠ ʠʤʝʶʪ ʯʝʪʢʦ 

ʚʳʨʘʞʝʥʥʫʶ çʚʦʣʥʦʚʫʶ ʩʪʨʫʢʪʫʨʫè ʩ ʚʦʣʥʦʚʳʤ ʯʠʩʣʦʤ 4 (Sidorova and Filippov, J. Atm. 

Solar-Terr. Phys., 2012). ʏʝʪʳʨʝ ʤʘʢʩʠʤʫʤʘ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʭʦʨʦʰʦ ʚʠʜʥʳ ʟʠʤʦʡ ʠ 
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ʚʝʩʥʦʡ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ, ʣʝʪʦʤ ʠ ʚʝʩʥʦʡ ʚ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʠ. (ɼʘʥʥʳʝ ʵʪʠʭ ʩʝʟʦʥʦʚ 

ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ). ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʷʚʠʣʦʩʴ ʤʥʦʞʝʩʪʚʦ ʩʦʦʙʱʝʥʠʡ ʥʘ ʪʝʤʫ 

ʦ ʧʦʜʦʙʥʳʭ çʚʦʣʥʦʚʳʭ ʜʦʣʛʦʪʥʳʭ ʩʪʨʫʢʪʫʨʘʭè. ʆʥʠ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʧʦ ʠʟʤʝʨʝʥʠʷʤ 

ʧʣʘʟʤʝʥʥʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʨʘʡʦʥʝ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʠ ʥʠʟʢʠʭ ʰʠʨʦʪ F-

ʦʙʣʘʩʪʠ (L¿hr et al., Geophys. Res. Lett., 2007; Jin et al., J. Geophys. Res., 2008; Fang et al., J. 

Geophys. Res., 2009). ʅʘʠʙʦʣʝʝ ʨʘʥʥʠʝ ʩʦʦʙʱʝʥʠʷ ʦ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʧʦʷʚʠʣʠʩʴ ʚ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʦʣʛʦʪʥʳʭ ʚʘʨʠʘʮʠʡ foF2 ʥʦʯʥʦʡ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʘʥʦʤʘʣʠʠ (ɼʝʤʠʥʦʚʘ, ɻʝʦʤʘʛʥʝʪʠʟʤ ʠ ʘʵʨʦʥʦʤʠʷ, 1995). ʉʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʪʘʢʠʝ ʜʦʣʛʦʪʥʳʝ ʚʘʨʠʘʮʠʠ ʧʣʘʟʤʳ ʚʦʟʥʠʢʘʶʪ ʧʦʜ ʚʣʠʷʥʠʝʤ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ɽĬɺ ʜʨʝʡʬʘ F-ʦʙʣʘʩʪʠ. ʄʦʜʫʣʷʮʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ɽĬɺ ʜʨʝʡʬʘ ʥʘʚʦʜʠʪʩʷ (ʧʦ ʮʝʧʠ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ) ʠʩʪʦʯʥʠʢʦʤ, ʙʝʨʫʱʠʤ ʥʘʯʘʣʦ ʚ ʪʨʦʧʦʩʬʝʨʝ. ʇʦʣʘʛʘʶʪ, ʯʪʦ 

ʵʪʠʤ ʠʩʪʦʯʥʠʢʦʤ ʷʚʣʷʶʪʩʷ ʩʦʣʥʝʯʥʳʝ (ʩʫʪʦʯʥʳʝ) ʧʨʠʣʠʚʥʳʝ ʚʦʣʥʳ (DE3), ʩʦʟʜʘʶʱʠʝ 

ʟʦʥʘʣʴʥʳʝ ʚʦʟʤʫʱʝʥʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ. ʆʥʠ, ʥʘʢʣʘʜʳʚʘʷʩʴ ʥʘ ʬʦʥʦʚʦʝ ʜʠʥʘʤʦ-ʧʦʣʝ, 

ʦʢʘʟʳʚʘʶʪ ʤʦʜʫʣʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʠʦʥʦʩʬʝʨʥʳʡ ʬʦʥʪʘʥ-ʵʬʬʝʢʪ. ɽʩʣʠ ʥʘʭʦʜʠʪʴʩʷ ʚ 

ʨʘʤʢʘʭ ʛʠʧʦʪʝʟʳ ʦʙ ʵʢʚʘʪʦʨʠʘʣʴʥʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʩʫʙʧʨʦʚʘʣʦʚ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʅʝ
+
 

(ʧʣʘʟʤʝʥʥʳʭ çʧʫʟʳʨʝʡè) (Sidorova, Adv. Space Res., 2004, 2007; ʉʠʜʦʨʦʚʘ, ɻʝʦʤʘʛʥʝʪʠʟʤ ʠ 

ʘʵʨʦʥʦʤʠʷ, 2008), ʪʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ çʚʦʣʥʦʦʙʨʘʟʥʘʷ ʩʪʨʫʢʪʫʨʘè çʥʘʚʦʜʠʪʩʷè ʠ ʥʘ 

ʠʭ ʜʦʣʛʦʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, çʚʦʣʥʦʚʘʷè ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʴ ʧʣʘʟʤʳ 

ʯʝʨʝʟ ʤʦʜʫʣʠʨʦʚʘʥʥʳʡ ɽĬɺ ʜʨʝʡʬ ʤʦʞʝʪ çʪʨʘʥʩʣʠʨʦʚʘʪʴʩʷè ʥʘ ʚʩʶ F-ʦʙʣʘʩʪʴ 

ʥʠʟʢʦʰʠʨʦʪʥʦʡ ʠʦʥʦʩʬʝʨʳ, çʜʦʙʠʨʘʪʴʩʷè ʜʦ ʚʳʩʦʪ ʚʝʨʭʥʝʡ ʠʦʥʦʩʬʝʨʳ, ʚʩʝ ʙʦʣʝʝ 

çʨʘʩʧʣʳʚʘʷʩʴè ʧʦ ʰʠʨʦʪʝ ʙʣʘʛʦʜʘʨʷ ʬʦʥʪʘʥ-ʵʬʬʝʢʪʫ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʷʚʣʝʥʠʶ 

ʭʘʨʘʢʪʝʨʥʳʭ ʚʘʨʠʘʮʠʡ ʜʦʣʛʦʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʘʟʤʝʥʥʳʭ çʧʫʟʳʨʝʡè. ɺ ʨʘʙʦʪʝ 

ʧʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʷʚʣʝʥʠʡ, ʠʤʝʶʱʠʭ çʚʦʣʥʦʚʫʶè ʜʦʣʛʦʪʥʫʶ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʴ, ʠ ʠʩʩʣʝʜʫʝʤʳʭ ʚʘʨʠʘʮʠʡ ʚʝʨʦʷʪʥʦʩʪʠ ʧʣʘʟʤʝʥʥʳʭ çʧʫʟʳʨʝʡè. 

ɺʦʟʤʦʞʥʦ, ʯʪʦ ʧʨʠʚʦʜʠʤʘʷ ʠʜʝʷ ʦʢʘʞʝʪʩʷ ʧʦʣʝʟʥʦʡ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

 

 

ʈɽʂʆʅʉʊʈʋʂʎʀʗ ɻʃʆɹɸʃʔʅʆɻʆ ʕʃɽʂʊʈʆʅʅʆɻʆ ʉʆɼɽʈɾɸʅʀʗ ɺ 

ʀʆʅʆʉʌɽʈɽ ʀ ʇʃɸɿʄʆʉʌɽʈɽ ɿɽʄʃʀ ɺ 10-24 ʎʀʂʃɸʍ ʉʆʃʅɽʏʅʆʁ 

ɸʂʊʀɺʅʆʉʊʀ 

 

ʊ.ʃ. ɻʫʣʷʝʚʘ
1
, ʀ.ʉ. ɺʝʩʝʣʦʚʩʢʠʡ

2,3
 

 

1
ʀɿʄʀʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʛ. ʊʨʦʠʮʢ, ʈʦʩʩʠʷ, gulyaeva@izmiran.ru, 

2
ʄɻʋ, ʅʀʀʗʌ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 

3
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

 

ɻʣʦʙʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʢʪʨʦʥʦʚ, ɻʕʉ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʥʦʝ ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʩʬʝʨʠʯʝʩʢʦʤ ʩʣʦʝ ʥʘʜ ɿʝʤʣʝʡ ʜʦ ʦʨʙʠʪʳ ʩʧʫʪʥʠʢʦʚ ʛʣʦʙʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ GPS 

(20 200 ʢʤ). ʈʝʢʦʥʩʪʨʫʢʮʠʷ ɻʕʉ ʧʨʦʠʟʚʝʜʝʥʘ ʧʦ ʛʣʦʙʘʣʴʥʳʤ ʢʘʨʪʘʤ GIM-TEC ʧʦʣʥʦʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʛʦ ʚ ʚʳʩʦʪʥʳʝ ʧʨʦʬʠʣʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩ 

ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʢʘʞʜʦʡ ʷʯʝʡʢʠ ʢʘʨʪʳ ʩ ʚʳʩʦʪʦʡ ʩ ʧʦʤʦʱʴʶ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʤʦʜʝʣʠ ʠʦʥʦʩʬʝʨʳ ʠ ʧʣʘʟʤʦʩʬʝʨʳ, ʀʈʀ-ʇʣʘʟ.  ʈʘʟʨʘʙʦʪʘʥʘ ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ɻʕʉ ʧʦ 

ʢʘʨʪʘʤ GIM-TEC ʟʘ ʧʝʨʠʦʜ 1999-2012 ʛʛ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʛʦʜʦʚʳʭ ʠ 

ʧʦʣʫʛʦʜʦʚʳʭ ʚʘʨʠʘʮʠʡ ɻʕʉ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʜʝʢʩʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥ ʨʷʜ 

ʝʞʝʜʥʝʚʥʳʭ ʟʥʘʯʝʥʠʡ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ Ri, ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʡ ʚ ʨʷʜ Rzp ʧʦ ʩʫʤʤʝ 

ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ ʟʘ 3 ʜʥʷ, ʩʨʝʜʥʝʛʦ ʟʘ ʧʨʝʜʳʜʫʱʠʝ 7 ʜʥʝʡ ʠ ʩʨʝʜʥʝʛʦ ʟʘ ʧʨʝʜʳʜʫʱʠʝ 81 

ʜʥʝʡ (3 ʩʦʣʥʝʯʥʳʭ ʦʙʦʨʦʪʘ), ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʥʦʛʦ ʜʦ ʨʘʟʤʝʨʦʚ ʠʟʤʝʥʝʥʠʷ ʦʪ 1 ʜʦ 40 ʝʜʠʥʠʮ 

Rzp. ʉʨʝʜʥʝ-ʢʚʘʜʨʘʪʠʯʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ  ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ɻʕʉ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 8 ʜʦ 13%. 

ɼʦʣʛʦʚʨʝʤʝʥʥʳʡ ʨʷʜ ʝʞʝʜʥʝʚʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʩ ʩʝʨʝʜʠʥʳ 19ʛʦ ʚʝʢʘ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ɻʕʉ ʩ ʧʦʤʦʱʴʶ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʟʘ ʧʝʨʠʦʜ ʩʚʳʰʝ 
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160 ʣʝʪ ʩ 1850 ʛ. ʧʦ 1998 ʛ. (Gulyaeva and Veselovsky, Adv. Space Res., 2013). ʉʛʣʘʞʝʥʥʦʝ 

ʩʨʝʜʥʝʝ ʤʝʩʷʯʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʠ ʝʛʦ ʧʨʦʛʥʦʟ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʩʯʝʪʘ ʠ 

ʧʨʦʛʥʦʟʘ ʩʛʣʘʞʝʥʥʦʛʦ ʠʥʜʝʢʩʘ ɻʕʉ ʥʘ ʧʝʨʠʦʜ 1958-2015 ʛʛ. ɽʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʤʦʜʝʣʠ ʀʈʀ-ʇʣʘʟ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʣʫʯʰʝʥʠʶ 

ʧʨʦʛʥʦʟʘ ʠʦʥʦʩʬʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʥʥʳʤ ʠʦʥʦʩʬʝʨʥʳʤ 

ʛʣʦʙʘʣʴʥʳʤ ʠʥʜʝʢʩʦʤ, IG, ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ 

(ʧʨʦʝʢʪ ˉ13-02-91370-ʉʊ_ʘ) ʠ ʉʅʊʀʊ (ʧʨʦʝʢʪ TUBITAK  112E568). 

 

 

ɸʅɸʃʀɿ ʉʇɽʂʊʈɸʃʔʅʓʍ ʀ ʇʆʃʗʈʀɿɸʎʀʆʅʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓʍ ɺʆʃʅ, ɺʆɿɹʋɾɼɸɽʄʓʍ ʄʆʃʅʀɽɺʓʄʀ ʈɸɿʈʗɼɸʄʀ 

(ɼʀɸʇɸɿʆʅ ʂʅʏ): ʉʆʇʆʉʊɸɺʃɽʅʀɽ ʈɽɸʃʔʅʓʍ ʀ ʄʆɼɽʃʔʅʓʍ 

ʉʇɽʂʊʈʆɻʈɸʄʄ. 
 

ɼ.ʀ. ɺʘʚʠʣʦʚ, ɼ.ʈ. ʐʢʣʷʨ 
 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, vavilov86@yandex.ru 

 

ʄʦʣʥʠʝʚʳʝ ʨʘʟʨʷʜʳ ʩʣʫʞʘʪ ʝʩʪʝʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʰʠʨʦʢʦʤ 

ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ (ʦʪ ʝʜʠʥʠʮ ʛʝʨʮ ʜʦ ʩʦʪʝʥ ʤʝʛʘʛʝʨʮ). ɺʦʣʥʳ ʜʠʘʧʘʟʦʥʘ ʋʅʏ/ʂʅʏ/ʆʅʏ 

ʦʪʨʘʞʘʶʪʩʷ ʦʪ D-ʩʣʦʷ ʠʦʥʦʩʬʝʨʳ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʚʦʣʥʦʚʦʜʝ "ɿʝʤʣʷ-ʠʦʥʦʩʬʝʨʘ". 

ɺʦʣʥʳ, ʧʨʦʩʦʯʠʚʰʠʝʩʷ ʩʢʚʦʟʴ ʩʪʝʥʢʠ ʵʪʦʛʦ ʚʦʣʥʦʚʦʜʘ, ʚʳʭʦʜʷʪ ʠʟ ʥʝʛʦ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʝʨʪʠʢʘʣʴʥʦ, ʨʘʩʧʨʦʩʪʨʘʥʷʷʩʴ ʜʘʣʝʝ ʚ ʠʦʥʦʩʬʝʨʝ ʠ ʤʘʛʥʠʪʦʩʬʝʨʝ. ʆʜʠʥ ʤʦʣʥʠʝʚʳʡ ʨʘʟʨʷʜ 

ʟʘʩʚʝʯʠʚʘʝʪ ʮʝʣʫʶ ʦʙʣʘʩʪʴ ʠʦʥʦʩʬʝʨʳ, ʢʘʞʜʘʷ ʪʦʯʢʘ ʢʦʪʦʨʦʡ ʩʣʫʞʠʪ ʠʩʪʦʯʥʠʢʦʤ ʵ/ʤ ʚʦʣʥʳ. 

ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ɿʝʤʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʘʢʠʭ ʚʦʣʥ. ʇʨʠ ʵʪʦʤ ʚʦʣʥʘ, 

ʚʳʡʜʷ ʠʟ ʦʜʥʦʛʦ ʧʦʣʫʰʘʨʠʷ, ʤʦʞʝʪ ʜʦʩʪʠʛʥʫʪʴ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʠ, ʦʪʨʘʟʠʚʰʠʩʴ ʪʘʤ, 

ʚʝʨʥʫʪʴʩʷ ʦʙʨʘʪʥʦ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ, 

ʢʦʪʦʨʳʝ ʟʘʜʘʶʪʩʷ ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʫʨʘʚʥʝʥʠʝʤ, ʪʘʢ ʯʪʦ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʣʥʦʚʦʡ ʤʦʜʦʡ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ: 1) ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʘʢʠʭ ʚʦʣʥ, ʚʳʷʚʣʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʠ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 2) ʧʦʩʪʨʦʝʥʠʶ ʤʦʜʝʣʴʥʳʭ ʩʧʝʢʪʨʦʛʨʘʤʤ, ʘ ʪʘʢʞʝ 

ʧʦʣʷʨʠʟʘʮʠʠ ʠʟʣʫʯʝʥʠʷ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ (ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʧʫʪʥʠʢʦʚʳʭ 

ʠʟʤʝʨʝʥʠʡ); 3) ʧʦʩʪʨʦʝʥʠʶ ʘʥʘʣʦʛʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʜʝʣʴʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʝʢʪʨʦʛʨʘʤʤ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ 

ʧʨʠʨʦʜʫ ʥʝʢʦʪʦʨʳʭ ʚʦʣʥʦʚʳʭ ʷʚʣʝʥʠʡ, ʥʘʙʣʶʜʘʝʤʳʭ ʥʘ ʩʧʫʪʥʠʢʘʭ ʚ ʜʘʥʥʦʤ ʯʘʩʪʦʪʥʦʤ 

ʜʠʘʧʘʟʦʥʝ, ʜʘʚʘʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʣʦʞʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʚʦʣʥ, ʚʨʝʤʝʥʠ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, 

ʪʨʘʝʢʪʦʨʠʷʭ ʚʦʣʥ ʠ ʥʝʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʣʘʟʤʳ ʥʘ ʧʫʪʠ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 
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ʇʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʆ2(b
1
Sg

+
,v=1ï4) ʧʨʠ 
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,v=0). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʨʘʚʥʦʚʝʩʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ 

ʚ ʦʙʨʘʟʫʝʤʦʡ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʚʘʟʠʤʦʣʝʢʫʣʝ NO2 ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʩʢʘʟʳʚʘʝʪʩʷ 

ʥʘ ʨʦʩʪʝ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʆ2(b
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+
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ʚʳʩʦʪʘʭ 110 ʢʤ (ʊ=250 ʂ) ʠ 150 ʢʤ (ʊ=500 ʂ) ʧʦʣʷʨʥʦʡ ʠʦʥʦʩʬʝʨʳ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʧʦʣʦʩ ɸʪʤʦʩʬʝʨʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʨʘʢʝʪʥʦʤ ʢʦʤʧʣʝʢʩʝ ʌʦʨʪ-ʏʝʨʯʠʣʣʴ ʚ ʂʘʥʘʜʝ [Gattinger and 

Vallance Jones, 1974, 1976; Vallance Jones and Gattinger, 1974] ʠ ʥʘ ʘʨʭʠʧʝʣʘʛʝ ʐʧʠʮʙʝʨʛʝʥ 

[Henriksen et al., 1985; Henriksen and Sivjee, 1990] ʠ ʧʦʣʫʯʝʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʛʣʘʩʠʝ 

ʜʣʷ ʥʠʞʥʠʭ ʚʳʩʦʪ ʠʦʥʦʩʬʝʨʳ.  

[Gattinger R.L. and Vallance Jones A.] Quantitative spectroscopy of the aurora. II. The spectrum of 

medium intensity aurora between 4500 and 8900 ¡. // Can. J. Phys., 1974, v.52, p.2343-2356.  

[Gattinger R.L. and Vallance Jones A.] The vibrational development of the O2(b
1
Sg

+
ïX

3
Sg
ï
) system 

in auroras. // J. Geophys. Res., 1976, v.81, p.4789-4792.  

[Henriksen K. and Sivjee G.G.] Auroral vibrational population of the O2(b
1
Sg

+
,v') levels. // Planet. 

Space Sci., 1990, v.38, p.835-840. 

[Henriksen K. et al.] Ground-based observations of O2(b
1
Sg

+
ïX

3
Sg
ï
) atmospheric bands in high 

latitude auroras. // Planet. Space Sci., 1985, v.33, p.119-125. 

[Vallance Jones A. and Gattinger R.L.] The O2(b
1
Sg

+
)-O2(X

3
Sg
-
) system in aurora. // J. Geophys. 

Res., 1974, v.79, p.4821-4822. 

 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʆʇʈɽɼɽʃɽʅʀʗ ʉɽʁʉʄʀʏɽʉʂʀʍ ʀʉʊʆʏʅʀʂʆɺ ɺʆʃʅʆɺʓʍ 

ɺʆɿʄʋʑɽʅʀʁ ɺ ʀʆʅʆʉʌɽʈɽ ʇʆ ɼɸʅʅʓʄ GPS- ʀʅʊɽʈʌɽʈʆʄɽʊʈʀʀ 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʦʜʫʣʷʮʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ ʚʦʣʥʘʤʠ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ 

ʤʦʞʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʥʘʜʝʞʥʳʤʠ ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʇʦʵʪʦʤʫ ʠʦʥʦʩʬʝʨʘ 

ɿʝʤʣʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʥʜʠʢʘʪʦʨʦʤ ʨʘʟʣʠʯʥʳʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʚ 

ʩʠʩʪʝʤʝ ʛʝʦʩʬʝʨ [1]. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ ʚʳʜʝʣʝʥʠʷ ʤʝʪʦʜʦʤ GPS- 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ ʚʦʣʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʚ ʠʦʥʦʩʬʝʨʝ ʥʘʜ ʨʘʟʣʠʯʥʳʤʠ ʨʝʛʠʦʥʘʤʠ ʚ ʧʝʨʠʦʜʳ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʆʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʳʭ GPS- 

ʥʘʙʣʶʜʝʥʠʡ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʦʪʢʣʠʢʘ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ ʥʘ ʧʨʠʤʝʨʝ ʨʷʜʘ ʢʨʫʧʥʳʭ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ 2006 - 2012ʛ.ʛ. [2,3]. ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʦʣʫʯʝʥʦ, ʯʪʦ ʤʝʪʦʜʳ GPS- ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ, ʚʤʝʩʪʝ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʦʡ 

ʧʦʣʫʯʘʝʤʳʭ ʚ ʭʦʜʝ ʤʦʥʠʪʦʨʠʥʛʘ ʜʘʥʥʳʭ [2], ʧʦʟʚʦʣʷʶʪ ʥʘʜʝʞʥʦ ʚʳʜʝʣʷʪʴ ʚʦʣʥʦʧʦʜʦʙʥʳʝ 

ʩʪʨʫʢʪʫʨʳ, ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʢʫʩʪʠʢʦ-ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩ 

ʭʘʨʘʢʪʝʨʥʳʤʠ ʧʝʨʠʦʜʘʤʠ ɹʨʝʥʜʪʘ-ɺʷʡʩʷʣʷ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʨʘʡʦʥʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʪʦʯʥʠʢʘʤʠ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʥʠʡ ʥʝ ʪʦʣʴʢʦ ʚʦ ʚʨʝʤʷ, ʥʦ ʪʘʢʞʝ ʜʦ ʠ ʧʦʩʣʝ ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʀʥʳʤʠ 

ʩʣʦʚʘʤʠ, ʠʩʪʦʯʥʠʢʦʤ ʚʦʣʥʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʚ ʠʦʥʦʩʬʝʨʝ, ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʙʫʜʫʱʠʡ ʵʧʠʮʝʥʪʨ, ʥʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʩʷ ʦʙʣʘʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʚʢʣʶʯʘʷ 

ʛʨʘʥʠʮʳ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʣʠʪ ʠ ʘʢʪʠʚʥʳʝ ʨʘʟʣʦʤʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʨʝʛʠʦʥʝ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʧʦʣʫʯʘʝʤʳʝ ʜʘʥʥʳʝ ʚʝʩʴʤʘ ʩʣʦʞʥʦ ï ʥʝ ʫʜʘʝʪʩʷ ʦʪʜʝʣʠʪʴ ʝʩʪʝʩʪʚʝʥʥʫʶ 

ʚʦʣʥʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠʦʥʦʩʬʝʨʳ, ʚʢʣʶʯʘʷ ʠ çʦʨʦʛʨʘʬʠʯʝʩʢʫʶè ʛʝʥʝʨʘʮʠʶ ʚʦʣʥ ʧʨʠ 

ʦʙʪʝʢʘʥʠʠ ʚʦʟʜʫʰʥʳʤʠ ʤʘʩʩʘʤʠ ʨʘʟʣʠʯʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʦʪ 

ʚʦʣʥ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʩʦʙʩʪʚʝʥʥʦ ʣʠʪʦʩʬʝʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ. ɺʩʝ ʩʢʘʟʘʥʥʦʝ ʪʨʝʙʫʝʪ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʦʧʠʩʘʥʠʷ ʠ ʫʯʝʪʘ ʧʨʦʮʝʩʩʦʚ ʚʦʣʥʦʚʦʡ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʛʝʦʩʬʝʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʠʦʥʦʩʬʝʨʫ ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʴʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʚ ʩʠʩʪʝʤʝ ʛʝʦʩʬʝʨ. 
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ʉ ɽ ʂ ʎ ʀ ʗ çʀʆʅʆʉʌɽʈɸè ʉʊɽʅɼʆɺʓɽ ɼʆʂʃɸɼʓ 

 

 

ɺʃʀʗʅʀɽ ɸʅʊʈʆʇʆɻɽʅʅʓʍ ʌɸʂʊʆʈʆɺ ʅɸ ɺʀʍʈɽɺʓɽ ʉʊʈʋʂʊʋʈʓ ɺ 

ʅɽʁʊʈɸʃʔʅʆʁ ɸʊʄʆʉʌɽʈɽ ʀ ʀʆʅʆʉʌɽʈɽ 

 

ʅ.ʀ. ʀʞʦʚʢʠʥʘ
 

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

 

ʅʘ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʫʩʠʣʝʥʠʝ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ ʠ ʠʦʥʦʩʬʝʨʝ 

ʚʣʠʷʶʪ ʥʘʛʨʝʚ ʠ ʛʨʘʜʠʝʥʪʳ ʜʘʚʣʝʥʠʷ, ʛʨʘʚʠʪʘʮʠʷ, ʛʠʨʦʪʨʦʧʠʷ ʩʨʝʜʳ, ʚʷʟʢʦʩʪʴ. ɻʨʘʜʠʝʥʪʳ 

ʜʘʚʣʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʥʘʛʨʝʚʦʤ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʘʪʤʦʩʬʝʨʳ ʠ ʠʦʥʦʩʬʝʨʳ. ɺ 

ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʥʪʨʦʧʦʛʝʥʥʳʡ ʩʤʦʛ, ʧʘʨʥʠʢʦʚʳʝ ʛʘʟʳ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʘʵʨʦʟʦʣʠ, 

ʚʣʠʷʶʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʚ ʘʪʤʦʩʬʝʨʝ. ʇʣʘʟʤʝʥʥʳʝ ʚʠʭʨʠ ʚ ʘʪʤʦʩʬʝʨʝ 

ʛʝʥʝʨʠʨʫʶʪʩʷ ʥʘ ʠʦʥʠʟʦʚʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʘʪʤʦʩʬʝʨʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʩʤʦʛʘ. 

ʋʩʠʣʝʥʠʝ ʙʣʦʢʠʨʫʶʱʠʭ ʘʥʪʠʮʠʢʣʦʥʦʚ ʥʘʜ ʮʝʥʪʨʘʣʴʥʦ - ʝʚʨʦʧʝʡʩʢʠʤ ʨʝʛʠʦʥʦʤ ʈʦʩʩʠʠ 

ʚʳʟʚʘʥʦ ʚʣʠʷʥʠʝʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʄʦʱʥʳʝ ʛʣʫʙʦʢʠʝ 

ʮʠʢʣʦʥʳ ʧʝʨʝʥʦʩʷʪ ʯʘʩʪʠʮʳ ʩʤʦʛʘ, ʧʳʣʴ ʠ ʜʘʞʝ ʧʝʩʦʢ, ʥʘ ʙʦʣʴʰʠʝ ʚʳʩʦʪʳ ʜʦ ʩʪʨʘʪʦʩʬʝʨʳ. 

ɺ ʇʨʠʤʦʨʴʝ, ʠ ʥʘ ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ ʈʦʩʩʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʦʩʘʜʢʠ ʩ ʯʘʩʪʠʮʘʤʠ ʧʳʣʠ ʠ ʧʝʩʢʘ, 

ʧʨʠʥʝʩʝʥʥʳʤʠ ʠʟ ʧʫʩʪʳʥʝʡ ʄʦʥʛʦʣʠʠ ʠ ʂʘʟʘʭʩʪʘʥʘ. ɸʥʪʨʦʧʦʛʝʥʥʳʡ ʩʤʦʛ ʪʘʢʞʝ ʤʦʞʝʪ 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʝ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʛʨʘʜʠʝʥʪʘʭ ʜʘʚʣʝʥʠʷ. ʀʦʥʠʟʘʮʠʷ ʯʘʩʪʠʮ ʩʤʦʛʘ ʩʦʣʥʝʯʥʳʤ ʠ ʢʦʩʤʠʯʝʩʢʠʤ 

ʠʟʣʫʯʝʥʠʝʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʧʣʘʟʤʝʥʥʦʛʦ ʪʠʧʘ, ʧʦʭʦʞʠʭ ʥʘ 

ʚʠʭʨʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʠʦʥʦʩʬʝʨʝ. 
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ʈʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʟʢʠʭ ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʫʯʢʦʚ ʠʟʣʫʯʝʥʠʷ ʚ 

ʨʘʩʩʝʠʚʘʶʱʠʭ ʩʨʝʜʘʭ ʩ ʨʝʬʨʘʢʮʠʝʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʬʨʘʛʠʨʫʶʱʠʭ ʩʨʝʜ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ. ʉʦʯʝʪʘʥʠʝ 

ʨʘʩʩʝʷʥʠʷ ʥʘ ʩʣʫʯʘʡʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ ʠ ʨʝʛʫʣʷʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʨʝʬʨʘʢʮʠʠ ʠʤʝʝʪ ʤʝʩʪʦ, 

ʥʘʧʨʠʤʝʨ, ʚ ʠʦʥʦʩʬʝʨʥʦʡ ʠ ʩʦʣʥʝʯʥʦʡ ʧʣʘʟʤʝ, ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʠʩʪʦʯʥʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʜʣʠʥ ʚʦʣʥ. ʊʘʢ, ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʩʦʟʜʘʥʳ ʠ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʮʝʣʷʤʠ ʠʩʪʦʯʥʠʢʠ ʤʦʱʥʦʛʦ 

ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ, ʦʩʥʘʱʝʥʥʳʝ ʚʳʩʦʢʦʥʘʧʨʘʚʣʝʥʥʳʤʠ ʘʥʪʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚʙʣʠʟʠ ʟʦʥʳ ʘʚʨʦʨʘʣʴʥʦʛʦ ʦʚʘʣʘ, ʛʜʝ ʚʦ ʚʨʝʤʷ ʤʦʱʥʳʭ ʩʦʣʥʝʯʥʳʭ ʩʦʙʳʪʠʡ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚʝʩʴʤʘ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ ʩʣʫʯʘʡʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ, 

ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʝ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʩʩʝʷʥʠʝ ʠʟʣʫʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʨʘʙʦʪʘʶʪ 

ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʠʞʝ ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ ʠʦʥʦʩʬʝʨʳ. ʇʨʠ 

ʘʥʘʣʠʟʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʫʯʝʪ ʨʝʬʨʘʢʮʠʠ ʙʝʟʫʩʣʦʚʥʦ ʥʝʦʙʭʦʜʠʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʙʳʣʦ ʚʧʝʨʚʳʝ ʟʘʤʝʯʝʥʦ ʦʢʦʣʦ ʜʚʘʜʮʘʪʠ ʣʝʪ ʥʘʟʘʜ, ʧʨʠ ʦʜʥʦʧʦʟʠʮʠʦʥʥʦʡ 

ʨʘʜʠʦʣʦʢʘʮʠʠ ʜʠʬʬʫʟʥʳʭ ʮʝʣʝʡ ʩʫʱʝʩʪʚʝʥ ʵʬʬʝʢʪ ʢʦʛʝʨʝʥʪʥʦʛʦ ʫʩʠʣʝʥʠʷ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ, ʨʘʩʯʝʪ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥ ʢ ʟʘʜʘʯʝ ʦ ʧʦʣʝ ʊʄ ʠʩʪʦʯʥʠʢʘ ʚ ʩʨʝʜʝ. ʇʨʠ 

ʥʘʣʠʯʠʠ ʚ ʟʦʥʜʠʨʫʝʤʦʡ ʩʨʝʜʝ (ʥʘʧʨʠʤʝʨ, ʣʝʜʷʥʳʝ ʠ ʩʥʝʞʥʳʝ ʧʦʢʨʦʚʳ ɿʝʤʣʠ ʠ ʥʝʙʝʩʥʳʭ 

ʪʝʣ) ʨʝʛʫʣʷʨʥʳʭ ʛʨʘʜʠʝʥʪʦʚ ʨʝʬʨʘʢʮʠʠ ʠʭ ʫʯʝʪ ʪʘʢʞʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʦʙʭʦʜʠʤʳʤ. ʇʦ 
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ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʧʨʠʯʠʥʘʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʫʟʢʠʭ 

ʧʫʯʢʦʚ ʠʟʣʫʯʝʥʠʷ ʚ ʩʨʝʜʝ ʩ ʨʘʩʩʝʷʥʠʝʤ ʠ ʨʝʬʨʘʢʮʠʝʡ. ʈʝʰʝʥʠʝ ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ ʠ ʦʮʝʥʢʘ 

ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʨʝʛʫʣʷʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ʤʦʪʠʚʘʮʠʶ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʟʣʫʯʝʥʠʷ 

ʪʦʯʝʯʥʦʛʦ ʤʦʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ (ʊʄ) ʠʩʪʦʯʥʠʢʘ ʚ ʨʘʩʩʝʠʚʘʶʱʝʡ ʩʨʝʜʝ ʩ ʛʨʘʜʠʝʥʪʦʤ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʣʦʤʣʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ 

ʠʟʣʫʯʝʥʠʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʧʦʪʦʢʦʚ ʠʟʣʫʯʝʥʠʷ. ʇʦʢʘʟʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ ʤʘʣʦʫʛʣʦʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ʇʨʦʚʝʜʝʥʳ 

ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʫʛʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʤʘʣʦʫʛʣʦʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʩ 

ʫʯʝʪʦʤ ʜʠʩʧʝʨʩʠʠ ʜʣʠʥ ʧʫʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʩʩʝʷʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ 13-02-12065 ʦʬʠ-ʤ "ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʟʘʜʘʯʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʠʟ ʢʦʩʤʦʩʘ". ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ 

ʘʜʤʠʥʠʩʪʨʘʮʠʶ ʅʀɺʎ ʄɻʋ ʠʤ. ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʡ ʜʦʩʪʫʧ ʢ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʉʂʀʌ-ɻʈʀɼ "ʏʝʙʳʰʝʚ" ʠ "ʃʦʤʦʥʦʩʦʚ". 

[1]. ʀʣʶʰʠʥ ʗ.ɸ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʦʣʣʠʤʠʨʦʚʘʥʥʦʛʦ ʧʫʯʢʘ ʚ ʨʘʩʩʝʠʚʘʶʱʝʡ ʩʨʝʜʝ ʩ 

ʨʝʬʨʘʢʮʠʝʡ. ʀʟʚʝʩʪʠʷ ɺʋɿʦʚ. ʈʘʜʠʦʬʠʟʠʢʘ. 2012. ʊ.55, N.10ï11. ʉ.720ï726. 
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Radio science experiments allow long term monitoring of extended parts of Martian ionosphere and 

atmosphere near and below the main peak of the electron density. In the case of top side sounder 

total electron content (TEC) and signal attenuation can be derived from frequency dependence of 

echo delay and power of radio waves reflected from planetary surface. Absorption of radio waves 

caused by electron-neutral collisions is expected to be the strongest when there is a sporadic local 

enhancement of electron density. TEC can be obtained with appropriate accuracy but details of 

vertical distribution of electron density below the main electron density peak cannot be reliably 

specified. Statistical models and numerical simulations of the electron density distribution around 

Mars are not effective because it is impossible to reliably specify whether or not sporadic ñlayersò 

existed in the periods when MARSIS AIS onboard Mars Express did not detect radio waves 

reflected by the surface or subsurface structures. One can only hypothesize appearance of 

enhancements of electron density below the main peak when there is no sounding signal reflected 

by the planetary surface or subsurface structures. The scattering of radio waves by electron density 

irregularities is expected to occur primarily near the main peak of electron density in the Martian 

ionosphere that is above the sporadic ñlayersò responsible for strong absorption of radio waves. As 

a result, the scattering and absorption simultaneously contribute to MARSIS AIS signal attenuation, 

and the effects of aforementioned processes are inseparable. In the case of radio occultation 

experiment the sounding signal propagates primarily horizontal, and signal attenuation can be 

characterized by minimal planetocentric distance of ray path. That allows, in principle, separation of 

the scattering in the ionosphere/atmosphere and absorption in the lower altitude sporadic ñlayersò. If 

significant fluxes of energetic electrons penetrate in depth of the Martian atmosphere and generate 

sporadic plasma layers with rather high density of low energy electrons there the radio signal 

absorption is controlled by space weather. Next, the energetic electrons propagate primarily along 

magnetic field lines so that rate of electron impact ionization and consequently radio waves 

absorption can be sensitive to the magnetic fields in the Martian ionosphere/atmosphere. Ionization 
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instabilities can also result in sporadic plasma layering and, consequently, in significant signal 

absorption. 
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ʇʨʝʜʣʦʞʝʥ ʨʷʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʪʘʜʠʡ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʫʝʜʠʥʝʥʥʳʭ ʪʨʦʧʠʯʝʩʢʠʭ 

ʮʠʢʣʦʥʦʚ (ʊʉ), ʚʳʟʳʚʘʶʱʠʭ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʦʩʬʝʨʳ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ 

ʘʧʧʘʨʘʪʫʨʦʡ ʩʧʫʪʥʠʢʘ ʂʆʉʄʆʉ-1809 ʥʘʜ ʥʝʩʢʦʣʴʢʠʤʠ ʜʝʩʷʪʢʘʤʠ ʊʉ. ʂʘʯʝʩʪʚʝʥʥʳʝ 

ʤʦʜʝʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʩʭʦʜʷʪ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʫʩʠʣʝʥʠʝ ʊʉ ʜʦʣʞʥʦ 

ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʦʪʪʦʢʦʤ ʵʥʝʨʛʠʠ ʚ ʠʦʥʦʩʬʝʨʫ. ʇʝʨʚʘʷ ʩʪʘʜʠʷ ï ʨʝʟʢʦʝ 

ʫʩʠʣʝʥʠʝ ʚʳʩʦʪʥʦʡ ʛʨʦʟʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚʳʟʚʘʥʥʦʡ ʢʘʢ ʪʨʦʧʠʯʝʩʢʠʤ ʚʦʟʤʫʱʝʥʠʝʤ, ʪʘʢ ʠ 

ʪʨʦʧʠʯʝʩʢʦʡ ʜʝʧʨʝʩʩʠʝʡ ʧʨʠʚʦʜʠʪ ʢ ʣʦʢʘʣʴʥʦʤʫ ʨʘʟʦʛʨʝʚʫ  ʘʪʤʦʩʬʝʨʳ. ʅʘʜ ʊʉ ʬʦʨʤʠʨʫʝʪʩʷ 

ʩʪʨʘʪʦʩʬʝʨʥʳʡ ʘʥʪʠʮʠʢʣʦʥ, ʘ ʦʞʠʜʘʝʤʦʝ ʣʦʢʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʦʣʝʢʫʣ N2 ʠ ʆ2 

ʚ ʠʦʥʦʩʬʝʨʝ ʜʦʣʞʥʦ ʫʩʠʣʠʚʘʪʴ ʨʝʢʦʤʙʠʥʘʮʠʶ ʵʣʝʢʪʨʦʥʦʚ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʘ ʩʫʪʢʠ ʜʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʦʧʠʯʝʩʢʦʛʦ ʰʪʦʨʤʘ ʠʣʠ ʜʘʞʝ ʫʨʘʛʘʥʘ I ʢʘʪʝʛʦʨʠʠ, ʥʦʯʴʶ ʚ ʚʝʨʭʥʝʡ 

ʠʦʥʦʩʬʝʨʝ ʥʘʙʣʶʜʘʶʪʩʷ ʢʘʚʝʨʥʳ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ ʨʘʟʤʝʨʦʤ ʚ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʢʤ. ɺʪʦʨʘʷ 

ʩʪʘʜʠʷ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʊʉ ʜʦʩʪʠʛʘʶʱʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ I-II ʢʘʪʝʛʦʨʠʠ, ï ʚʦʩʭʦʜʷʱʘʷ 

ʟʘʪʦʧʣʝʥʥʘʷ ʩʪʨʫʷ ʥʘʜ ʮʝʥʪʨʦʤ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʘʥʪʠʮʠʢʣʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʠʦʥʠʟʘʮʠʠ ʥʠʞʝ F-ʩʣʦʷ. ɺ ʚʝʨʭʥʝʡ ʠʦʥʦʩʬʝʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʰʠʨʦʢʦʛʦ ʤʘʢʩʠʤʫʤʘ 

ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ ʩ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʵʢʚʘʪʦʨʘ ʚ ʦʙʣʘʩʪʴ, ʮʝʥʪʨ ʢʦʪʦʨʦʡ ʧʨʦʝʮʠʨʫʝʪʩʷ ʧʦ 

ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ ʜʦ ʚʳʩʦʪ 200-230 ʢʤ ʥʘ ʰʠʨʦʪʝ ʊʉ. ʊʨʝʪʴʷ ʩʪʘʜʠʷ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʊʉ III-

V ʢʘʪʝʛʦʨʠʡ, - ʟʘʪʦʧʣʝʥʥʘʷ ʩʪʨʫʷ ʚʳʨʳʚʘʝʪʩʷ ʚʳʰʝ F-ʩʣʦʷ ʠ ʧʦ ʙʘʣʣʠʩʪʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ. ʆʢʦʣʦ ʟʝʥʠʪʘ ʊʉ ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ, ʫʟʢʠʡ, ʰʠʨʠʥʦʡ 

200-300 ʢʤ ʧʠʢ Ne ʩ ʧʨʠʣʝʛʘʶʱʠʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ ȹNe, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ, 

ʦʭʚʘʪʳʚʘʶʱʠʤʠ ʮʠʢʣʦʪʨʦʥʥʳʝ ʯʘʩʪʦʪʳ H
+
, He

+
 ʠ Wʥʛ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʦʣʷʤʠ, 

ʧʨʦʝʮʠʨʫʶʱʠʤʠʩʷ ʚ ʤʘʛʥʠʪʦʩʦʧʨʷʞʝʥʥʫʶ ʦʙʣʘʩʪʴ. ʇʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥ ʩʣʫʯʘʡ, ʢʦʛʜʘ 

Harry (ʊʉ IV ʢʘʪʝʛʦʨʠʠ) ʧʝʨʝʩʝʢʘʣ ʦʩʪʨʦʚ ʅʦʚʘʷ ʂʘʣʝʜʦʥʠʷ. ʇʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʩʦ ʩʧʫʪʥʠʢʘ ʂʆʉʄʆʉ-1809 ʥʘ ʚʠʪʢʘʭ, ʢʦʛʜʘ Harry ʙʳʣ ʧʝʨʝʜ ʚʝʯʝʨʥʠʤ 

ʪʝʨʤʠʥʘʪʦʨʦʤ, ʚ ʧʦʣʫʥʦʯʥʦʤ ʩʝʢʪʦʨʝ ʠ ʟʘ ʫʪʨʝʥʥʠʤ ʪʝʨʤʠʥʘʪʦʨʦʤ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʢʘʢ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʧʨʦʠʟʦʰʣʦ ʤʝʨʠʜʠʦʥʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʪʨʫʠ, ʠ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʵʬʬʝʢʪʳ 

ʧʨʦʷʚʠʣʠʩʴ ʥʘʠʙʦʣʝʝ ʨʝʣʴʝʬʥʦ. 
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ʅʘ ʈʦʩʩʠʡʩʢʦʤ ʩʝʛʤʝʥʪʝ ʄʂʉ ʚ ʂʕ "ʀʤʧʫʣʴʩ 1" ʧʨʠʙʦʨʦʤ ʂʂʕʇ (ʂʦʤʧʣʝʢʩ ʢʦʥʪʨʦʣʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ) ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʪʦʢʦʚ ʥʘʪʝʢʘʥʠʷ ʥʘ ʧʣʦʩʢʠʝ ʟʦʥʜʳ ʠ 

ʠʟʤʝʨʝʥʠʷ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʜʘʪʯʠʢʘʤʠ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʪʠʧʘ. 

ɸʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʠʟʤʝʨʝʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʜʚʫʤʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ ʜʘʪʯʠʢʘʤʠ, 

ʨʘʟʤʝʱʝʥʥʳʤʠ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʟʦʥʝ ʂɸ. ɸʧʝʨʪʫʨʘ 1-ʛʦ ʜʘʪʯʠʢʘ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

mailto:ylissako@iki.rssi.ru
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ɿʝʤʣʶ (ʚ ʥʘʜʠʨ), ʘʧʝʨʪʫʨʘ 2-ʛʦ ʜʘʪʯʠʢʘ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʨʦʪʠʚ ʚʝʢʪʦʨʘ 

ʩʢʦʨʦʩʪʠ (ʚ "ʩʣʝʜ"). ʇʨʠ ʜʚʠʞʝʥʠʠ ʂɸ ʚ ʩʨʝʜʥʝʰʠʨʦʪʥʦʡ ʠʦʥʦʩʬʝʨʥʦʡ (ʩʣʘʙʦʠʦʥʠʟʦʚʘʥʥʦʡ) 

ʧʣʘʟʤʝ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʟʘʨʷʞʝʥʠʝ (ʵʣʝʢʪʨʠʟʘʮʠʷ), ʢʦʪʦʨʦʝ ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ) ʥʘ ʵʣʝʤʝʥʪʘʭ 

ʢʦʥʩʪʨʫʢʮʠʠ. ʉʦʦʪʥʦʰʝʥʠʝ ʫʙʝʛʘʶʱʠʭ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʠʭʦʜʷʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʵʣʝʢʪʨʦʥʦʚ (ʠʦʥʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ) ʦʧʨʝʜʝʣʷʝʪ ʟʥʘʢ ʠ ʚʝʣʠʯʠʥʫ 

ʪʝʢʫʱʝʛʦ ʣʦʢʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ɺʩʣʝʜʩʪʚʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʦʢʘ ʤʝʞʜʫ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʂɸ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʢʦʪʦʨʦʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʜʠʥʘʤʠʢʝ ʠʟʤʝʨʷʝʤʳʭ ʪʦʢʦʚ ʠ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ. ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʷʝʤʳʭ ʧʨʠʙʦʨʦʤ ʂʂʕʇ ʪʦʢʦʚ °1 õ °12 ʥɸ (ʧʣʦʱʘʜʴ 

ʟʦʥʜʘ 6.25 ʩʤ
2
, ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ °0.16 õ °2.08 ʥɸ/ʩʤ

2
). ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʨʠ ʨʝʧʝʨʥʳʭ 

ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʷʝʤʳʭ ʪʦʢʦʚ. ʅʫʣʝʚʦʝ (ʥʘ ʫʨʦʚʥʝ ʧʦʨʦʛʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʘʪʯʠʢʘ) ʟʥʘʯʝʥʠʝ 

ʩʫʤʤʘʨʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʥʘ ʧʣʦʩʢʠʡ ʟʦʥʜ ʦʧʨʝʜʝʣʷʝʪ ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʟʥʘʯʝʥʠʝ 

ʧʦʪʝʥʮʠʘʣʘ ʟʦʥʜʘ (ʧʣʘʚʘʶʱʠʡ ʧʦʪʝʥʮʠʘʣ ï ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ~ kT/e) ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʪʝʢʫʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʩʨʝʜʥʝʰʠʨʦʪʥʦʡ ʠʦʥʦʩʬʝʨʥʦʡ 

ʧʣʘʟʤʳ. ʇʝʨʝʭʦʜ ʪʦʢʘ ʥʘʪʝʢʘʥʠʷ ʦʪ ʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʦʙʣʘʩʪʴ ʤʘʣʳʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʥʠʞʝ ʧʣʘʚʘʶʱʝʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʙʦʣʴʰʦʤʫ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʟʘʨʷʜʫ 

(ʧʦʪʝʥʮʠʘʣ ʥʠʞʝ ʨʘʚʥʦʚʝʩʥʦʛʦ). ʇʝʨʝʭʦʜ ʪʦʢʦʚ ʥʘʪʝʢʘʥʠʷ ʠʟ ʦʙʣʘʩʪʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ (ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʧʣʘʚʘʶʱʝʛʦ ʧʦʪʝʥʮʠʘʣʘ) ʚ ʦʙʣʘʩʪʴ 

ʤʘʣʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʙʦʣʴʰʦʤʫ ʣʦʢʘʣʴʥʦʤʫ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ 

ʟʘʨʷʜʫ (ʧʦʪʝʥʮʠʘʣʫ) ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ. ʆʙʱʠʝ, ʧʦʩʪʦʷʥʥʦ ʥʘʙʣʶʜʘʚʰʠʝʩʷ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʠʟʤʝʨʷʝʤʳʭ ʪʦʢʦʚ ʧʨʠ ʜʚʠʞʝʥʠʠ ʂɸ ʧʦ ʦʨʙʠʪʝ ʩʦʩʪʦʷʪ ʚ 

ʩʣʝʜʫʶʱʝʤ. ʅʘ ʦʩʚʝʱʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʦʨʙʠʪ ʪʦʢ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʜʘʞʝ ʢ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʧʦʪʝʥʮʠʘʣʫ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʪʝʥʠ ʥʘ ʦʨʙʠʪʝ ï ʪʦʢ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ, ʙʣʠʟʢʠʝ ʢ ʥʫʣʝʚʳʤ, 

ʠʥʦʛʜʘ ʧʝʨʝʭʦʜʷʱʠʝ ʚ ʦʙʣʘʩʪʴ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ʇʨʠ ʧʝʨʝʩʝʯʝʥʠʠ 

ʪʝʨʤʠʥʘʪʦʨʘ ʚ ʠʟʤʝʨʷʝʤʳʭ ʪʦʢʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʪʝʥʠ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʵʬʬʝʢʪ 

ʠʩʯʝʟʥʦʚʝʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ. ʇʨʠ ʚʳʭʦʜʝ ʂɸ ʠʟ ʦʨʙʠʪʘʣʴʥʦʡ ʪʝʥʠ ʪʦʢ 

ʠʟʤʝʥʷʝʪʩʷ ʙʦʣʝʝ ʨʝʟʢʦ, ʯʝʤ ʧʨʠ ʚʭʦʜʝ ʚ ʪʝʥʴ. ʀʟʤʝʨʷʝʤʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ ʧʦ ʚʝʣʠʯʠʥʝ 

ʠ ʟʥʘʢʫ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʠʟʤʝʨʷʝʤʳʤʠ ʪʦʢʘʤʠ. ɺʩʣʝʜ ʟʘ ʜʨʫʛʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ, 

ʟʘʥʠʤʘʶʱʠʤʠʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʟʘʨʷʞʝʥʠʷ ʂɸ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʩʨʝʜʝ, ʦʪʤʝʪʠʤ, ʯʪʦ ʧʦʪʝʥʮʠʘʣ 

ʂɸ ʷʚʣʷʝʪʩʷ ʥʝ ʪʝʭʥʠʯʝʩʢʠʤ, ʘ ʬʠʟʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ. 
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ɺ ʩʠʣʫ ʟʥʘʯʠʪʝʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠʦʥʦʩʬʝʨʳ ʚʦ ʚʨʝʤʝʥʠ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʦʣʛʦʩʨʦʯʥʦʝ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʤʝʥʠʤʦʡ ʯʘʩʪʦʪʳ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʛʣʦʙʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʠʦʥʦʩʬʝʨʳ, ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ. ɽʜʠʥʩʪʚʝʥʥʳʤ 

ʧʫʪʸʤ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʝʸ ʟʥʘʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʝʨʘʪʠʚʥʳʡ (ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ 

ʚʨʝʤʝʥʠ) ʢʦʥʪʨʦʣʴ ʠʦʥʦʩʬʝʨʳ. ʆʧʝʨʘʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʠʦʥʦʩʬʝʨʳ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʵʪʠʤ ʤʝʪʦʜʘʤ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ: ʩ 

ʧʦʤʦʱʴʶ ʚʝʨʪʠʢʘʣʴʥʦʛʦ, ʚʦʟʚʨʘʪʥʦ-ʥʘʢʣʦʥʥʦʛʦ ʠ ʪʨʘʩʩʦʚʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʩ ʧʦʤʦʱʴʶ 

ʧʝʨʝʜʘʯʠ ʢʦʥʪʨʦʣʴʥʦ-ʤʘʨʢʝʨʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʪ.ʜ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʠʦʥʦʩʬʝʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʷʚʣʷʶʪʩʷ ʘʢʪʠʚʥʳʤʠ (ʪ.ʝ. ʠʟʣʫʯʘʶʱʠʤʠ 

ʨʘʜʠʦʩʠʛʥʘʣʳ) ʩʨʝʜʩʪʚʘʤʠ. ʆʥʠ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʳʝ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʟʦʥʳ ʢʦʥʪʨʦʣʷ 
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ʠʦʥʦʩʬʝʨʳ ʠ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

(ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʛʘʙʘʨʠʪʘʤʠ ʘʥʪʝʥʥʦ-ʬʠʜʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʂɺ ʜʠʘʧʘʟʦʥʝ). ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʝʨʘʪʠʚʥʦ ʠ ʩ 

ʜʦʩʪʘʪʦʯʥʦʡ, ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʜʠʦʩʚʷʟʠ, ʪʦʯʥʦʩʪʴʶ 

ʦʧʨʝʜʝʣʷʪʴ ʤʘʢʩʠʤʘʣʴʥʦ-ʧʨʠʤʝʥʠʤʳʝ ʯʘʩʪʦʪʳ ʜʝʢʘʤʝʪʨʦʚʳʭ ʨʘʜʠʦʣʠʥʠʡ ʧʘʩʩʠʚʥʳʤʠ 

ʤʝʪʦʜʘʤʠ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. ʇʝʨʩʧʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʢʦʥʪʨʦʣʶ ʠʦʥʦʩʬʝʨʳ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʨʘʜʠʦʧʨʦʩʚʝʯʠʚʘʥʠʷ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʦʩʥʦʚʥʳʭ ʠʦʥʦʩʬʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʧʦʣʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ, ʢʨʠʪʠʯʝʩʢʦʡ 

ʯʘʩʪʦʪʳ ʠ ʚʳʩʦʪʳ ʠʦʥʦʩʬʝʨʥʦʛʦ ʩʣʦʷ F2) ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʠʸʤʘ ʠ ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʩʠʛʥʘʣʦʚ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ɻʃʆʅɸʉʉ ʠ GPS. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ 

ʥʝʧʨʝʨʳʚʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʧʦʢʘʟʘʣ, ʯʪʦ ʠʦʥʦʩʬʝʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʫ ʩ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ 

ʦʙʣʘʩʪʷʤʠ ʧʦʥʠʞʝʥʥʦʡ ʠ ʧʦʚʳʰʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ, ʢʦʪʦʨʳʝ ʥʝ 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʠʦʥʦʟʦʥʜʘʤʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʠʦʥʦʩʬʝʨʳ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʚ ʙʣʠʟʢʠʭ ʦʙʣʘʩʪʷʭ ʙʦʣʝʝ 

ʯʝʤ ʥʘ 1 ʄɻʮ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʘʥ ʪʨʝʭʤʝʩʷʯʥʳʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ ʠʦʥʦʟʦʥʜʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ɸʇʂ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʧʝʨʘʪʠʚʥʦʝ (ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ) 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ ʠʦʥʦʩʬʝʨʥʦʛʦ ʩʣʦʷ F2 ʩ ʫʩʨʝʜʥʝʥʥʦʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ (ʉʂʆ) ï 8,53 %,  ʚ ʪʦʤ ʯʠʩʣʝ: ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ï 7,4 %; ʚ 

ʥʦʯʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ï 9,08 %. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ʆʌʅ 

ʈɸʅ ˉ14 çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʱʥʳʤʠ ʨʘʜʠʦʚʦʣʥʘʤʠ ʥʘ ʠʦʥʦʩʬʝʨʫ 

ʠ ʧʣʘʟʤʦʩʬʝʨʫ ɿʝʤʣʠè. 
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ʉ ʜʝʢʘʙʨʷ 2003ʛ. ʥʘ ʦʨʙʠʪʝ ʄʘʨʩʘ ʥʘʭʦʜʠʪʩʷ ʂɸ çMars-Expressè, ʥʘ ʙʦʨʪʫ ʢʦʪʦʨʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥ ʨʘʜʘʨ MARSIS (Mars Advanced Radar for Subsurface and Ionosphere Sounding). 

ʈʘʜʘʨ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʨʝʞʠʤʝ SS (Subsurface Sounder) ʢʘʢ ʨʘʜʘʨ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʚ ʨʝʞʠʤʝ AIS (Active Ionospheric Sounder), ʢʘʢ ʠʦʥʦʟʦʥʜ ʥʘʜʠʨʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ. ɺ ʨʝʞʠʤʝ AIS ʨʘʜʘʨ ʠʟʣʫʯʘʝʪ ʤʦʥʦʠʤʧʫʣʴʩʥʳʡ ʩʠʛʥʘʣ, ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ 

ʢʦʪʦʨʦʛʦ ʩʪʫʧʝʥʯʘʪʦ ʤʝʥʷʝʪʩʷ ʦʪ 0,1 ʜʦ 5,4 ʄɻʮ ʩ ʰʘʛʦʤ 10,937 ʢɻʮ, ʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ 

ʧʘʨʘʤʝʪʨʳ ʪʦʣʴʢʦ ʚʝʨʭʥʝʡ ʠʦʥʦʩʬʝʨʳ ʜʦ ʚʳʩʦʪʳ ʤʘʢʩʠʤʫʤʘ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʅʠʞʥʷʷ ʯʘʩʪʴ ʠʦʥʦʩʬʝʨʳ, ʚ ʩʠʣʫ ʩʧʝʮʠʬʠʢʠ ʨʘʙʦʪʳ ʠʦʥʦʟʦʥʜʘ, ʥʝʜʦʩʪʫʧʥʘ ʜʣʷ 

ʟʦʥʜʠʨʦʚʘʥʠʷ. ɺ ʨʝʞʠʤʝ SS ʧʨʠʙʦʨ ʠʟʣʫʯʘʝʪ ʃʏʄ ʩʠʛʥʘʣʳ (ʩʠʛʥʘʣ ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʫʶ 

ʘʤʧʣʠʪʫʜʫ ʧʨʠ ʣʠʥʝʡʥʦ ʤʝʥʷʶʱʝʡʩʷ ʯʘʩʪʦʪʝ). ɼʝʚʠʘʮʠʷ ʢʘʞʜʦʛʦ ʩʠʛʥʘʣʘ 1 ʄɻʮ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ 250 ʤʢʩ. ɺʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʧʝʨʝʤʝʥʥʦ ʠʟʣʫʯʘʶʪʩʷ ʜʚʘ ʩʠʛʥʘʣʘ ʩ 

ʮʝʥʪʨʘʣʴʥʳʤʠ ʯʘʩʪʦʪʘʤʠ 1,8 ʠ 4,0 ʄɻʮ ʠʣʠ 3,0 ʠ 5,0 ʄɻʮ. ʈʘʜʘʨ MARSIS ʩʧʦʩʦʙʝʥ 

ʧʨʦʚʦʜʠʪʴ ʣʦʢʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ ʟʝʥʠʪʥʳʭ ʫʛʣʦʚ ʉʦʣʥʮʘ ʩ ʚʳʩʦʪʳ ʦʪ 

270 ʜʦ 1200 ʢʤ. ʇʨʠ ʩʪʘʥʜʘʨʪʥʦʡ ʮʠʢʣʦʛʨʘʤʤʝ ʚ ʨʝʞʠʤ SS ʨʘʜʘʨ ʚʢʣʶʯʘʝʪʩʷ ʧʨʠ ʟʝʥʠʪʥʳʭ 

ʫʛʣʘʭ ʉʦʣʥʮʘ ʚʳʰʝ 80 ʛʨʘʜʫʩʦʚ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʘʜʠʦʟʘʪʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ ʄʘʨʩʘ ʚ ʨʝʞʠʤʝ AIS ʢʨʠʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʠʦʥʦʩʬʝʨʳ ʤʝʥʷʝʪʩʷ ʦʪ 

2,3 ʄɻʮ ʧʨʠ 80 ʛʨʘʜʫʩʘʭ ʜʦ 0,7 ʄɻʮ ʧʨʠ 120 ʛʨʘʜʫʩʘʭ. ʇʨʠ ʥʘʣʠʯʠʠ ʩʣʦʠʩʪʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚ 

ʠʦʥʦʩʬʝʨʝ ʠʟʣʫʯʘʝʤʳʝ ʩʠʛʥʘʣʳ ʨʘʜʘʨʘ ʤʦʛʫʪ ʠʩʧʳʪʳʚʘʪʴ ʯʘʩʪʠʯʥʳʝ ʦʪʨʘʞʝʥʠʷ ʦʪ ʩʣʦʝʚ ʠ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ, ʥʘʭʦʜʷʱʠʭʩʷ ʢʘʢ ʚʳʰʝ, ʪʘʢ ʠ ʥʠʞʝ ʚʳʩʦʪʳ 
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ʤʘʢʩʠʤʫʤʘ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʇʨʠ ʨʘʙʦʪʝ ʨʘʜʘʨʘ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʚʦʟʤʦʞʥʦ ʥʘʣʠʯʠʝ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʠʛʥʘʣʝ ʠʥʬʦʨʤʘʮʠʠ, ʢʘʢ ʦʙ ʠʦʥʦʩʬʝʨʝ, ʪʘʢ ʠ ʛʨʫʥʪʝ. ʇʨʠ 

ʵʪʦʤ, ʠʩʧʦʣʴʟʫʷ ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʝʪʳ ʩʠʛʥʘʣ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʠ ʧʦʣʥʦʝ 

ʵʣʝʢʪʨʦʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʜʦʣʴ ʪʨʘʩʩʳ ʧʦʣʝʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ ʠʦʥʦʩʬʝʨʳ ʠ ʜʝʡʩʪʚʫʶʱʝʡ ʚʳʩʦʪʳ ʩʣʦʠʩʪʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʨʘʡʦʥʝ ʚʝʯʝʨʥʝʛʦ ʪʝʨʤʠʥʘʪʦʨʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʟʦʥʜʠʨʦʚʘʥʠʷ. ʄʝʪʦʜʠʢʘ ʘʧʨʦʙʠʨʦʚʘʥʘ ʥʘ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʨʘʜʘʨʘ 

MARSIS. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʇʨʦʛʨʘʤʤʳ ˉ22 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʩʚʦʝʥʠʷ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳè. 
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ʇʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʦʩʬʝʨʳ ʨʘʜʘʨʘʤʠ EISCAT ʚ ʩʦʙʳʪʠʷʭ 10 ʘʧʨʝʣʷ ʠ 23 

ʤʘʨʪʘ 1988 ʚ ʟʝʥʠʪʝ ʘʚʨʦʨʘʣʴʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʊʨʦʤʩʸ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʝʰʸʪʢʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʝʨʠʠ ʦʪ 12 ʜʦ 15-ʪʠ ɻʣʝʢʪʨʦ-

ʪʝʨʤʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ (ʕʊʉ). ʇʨʠ ʵʪʦʤ ʚʘʨʠʘʮʠʠ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ, ʠʟʤʝʨʷʝʤʳʭ ʩʠʩʪʝʤʦʡ 

ʨʘʜʘʨʦʚ EISCAT ʥʘ ʚʳʩʦʪʘʭ ʥʠʞʥʝʡ ʢʨʦʤʢʠ ʜʠʥʘʤʦ ʩʣʦʷ (~105 ʢʤ): ʠʦʥʥʦʡ (ʊʠ) ʠ 

ʵʣʝʢʪʨʦʥʥʦʡ (ʊʵ) ʪʝʤʧʝʨʘʪʫʨ, ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʳ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ (Ne) ʠ ʢʦʤʧʦʥʝʥʪ 

ʚʝʢʪʦʨʘ ʠʦʥʦʩʬʝʨʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (ɽ-ʧʦʣʷ) ʩʛʣʘʞʠʚʘʶʪʩʷ ʤʝʪʦʜʦʤ ʩʢʦʣʴʟʷʱʝʛʦ 

ʩʨʝʜʥʝʛʦ ʩ ʚʳʙʦʨʦʤ ʦʧʪʠʤʘʣʴʥʦʡ ʰʠʨʠʥʳ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʦʢʥʘ. ɸʥʦʤʘʣʴʥʘʷ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʜʠʥʘʤʦ ʩʣʦʷ ʠʦʥʦʩʬʝʨʳ, ʧʦʣʦʞʠʪʝʣʴʥʘʷ 

ʚʝʣʠʯʠʥʘ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ (ʊʠ- ʊʵ) ʚ ʪʘʢʠʝ ʕʊʉ ʩʪʨʫʢʪʫʨʘʭ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʸʪ 

ʦʧʠʩʘʥʥʦʛʦ ʚ ʨʘʙʦʪʝ (ʊʠʤʦʬʝʝʚ ʠ ʜʨ. 2013) ʵʬʬʝʢʪʘ ʦʭʣʘʞʜʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʥʘʛʨʝʚʘ ʠʦʥʦʚ 

ʥʘ ʯʘʩʪʠʮʘʭ ʤʝʪʝʦʨʥʦʡ ʧʳʣʠ ʚ ʫʩʣʦʚʠʷʭ ʤʘʣʳʭ (ʥʠʞʝ ʧʦʨʦʛʘ ʌɹ-ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ) 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ. ɺ ʠʪʦʛʝ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʧʦʣʫʚʦʣʥʘ ʊʠ ʠ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʧʦʣʫʚʦʣʥʘ ʊʵ ʠ 

ʦʙʨʘʟʫʶʪ ʢʘʞʜʫʶ ʠʟ ʕʊʉ. ʇʦʢʘʟʘʥʦ, ʯʪʦ: 1) ʂʦʛʝʨʝʥʪʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʝʰʸʪʢʠ 

(ʢʣʘʩʪʝʨʳ) ʠʟ ʩʝʨʠʡ ʕʊʉ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʚʝʣʠʯʠʥʘʭ ʬʦʥʦʚʦʛʦ ɽ-ʧʦʣʷ < ~10ʤɺ/ʤ ʠ ʧʨʠ 

ʩʨʝʜʥʝʤ ʫʨʦʚʥʝ ʧʣʦʪʥʦʩʪʠ ʠʦʥʠʟʘʮʠʠ (Ne) ~ (5-10)*10
4
 /ʩʤ

3
. 2) ʇʨʠ ʵʪʦʤ ʦʛʠʙʘʶʱʘʷ ʣʠʥʠʷ 

ʢʘʞʜʦʡ ʠʟ ʪʘʢʠʭ ʪʝʨʤʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʦʙʣʘʜʘʝʪ, ʪ.ʥ. ʟʝʨʢʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʝʡ: ʢʘʞʜʳʡ ʠʟʛʠʙ 

ʦʛʠʙʘʶʱʝʡ ʨʘʩʪʫʱʝʡ ʧʦ ʚʝʣʠʯʠʥʝ ʊʠ ʟʝʨʢʘʣʴʥʦ ʧʦʚʪʦʨʷʝʪ ʠʟʛʠʙ ʫʤʝʥʴʰʘʶʱʝʡʩʷ ʊʵ.  

3) ʆʜʥʘʢʦ ʪʘʢʘʷ ʩʠʤʤʝʪʨʠʷ ʥʘʨʫʰʘʝʪʩʷ, ʢʘʢ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʘ ɽ-ʧʦʣʷ ʧʨʝʚʳʩʠʪ ʧʦʨʦʛ ʌɹ-

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ (~15 ʤɺ\ʤ). 4) ʊʠʧʠʯʥʘʷ ʚʝʣʠʯʠʥʘ ʪʝʨʤʦ-ʘʥʦʤʘʣʠʠ (ʊʠ- ʊʵ) ʚ ʤʘʢʩʠʤʫʤʘʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʫʚʦʣʥ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 60 ʜʦ 120 ʂ. 5) ʅʘʙʣʶʜʘʝʤʳʡ ʩʧʝʢʪʨ ʧʦʧʝʨʝʯʥʳʭ 

ʤʘʩʰʪʘʙʦʚ ʪʘʢʠʭ ʧʦʣʫʚʦʣʥ ʧʨʦʩʪʠʨʘʝʪʩʷ ʦʪ ~3 ʜʦ ~80 ʢʤ, ʤʠʥʠʤʘʣʴʥʳʡ ʤʘʩʰʪʘʙ ʩʧʝʢʪʨʘ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʘʜʘʨʘ. 6) ʀʝʨʘʨʭʠʷ ʤʘʩʰʪʘʙʦʚ ʩʧʝʢʪʨʘ ʦʙʣʘʜʘʝʪ 

ʩʘʤʦʧʦʜʦʙʠʝʤ. ʪ.ʝ. ʧʦʣʫʚʦʣʥʳ ʙʦʣʝʝ ʤʝʣʢʠʭ ʤʘʩʰʪʘʙʦʚ ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʧʦʣʫʚʦʣʥ 

ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʤʘʩʰʪʘʙʦʚ. 7) ʇʨʦʭʦʜ ʦʯʝʨʝʜʥʦʡ ʧʦʣʫʚʦʣʥʳ ʯʝʨʝʟ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ 

ʘʥʪʝʥʥʳ ʨʘʜʘʨʘ ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʚʘʨʠʘʮʠʝʡ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ɽ-ʧʦʣʷ ʩ ʘʤʧʣʠʪʫʜʘʤʠ ʦʪ ~4 ʜʦ 

~7ʤɺ/ʤ. 8) ɼʨʝʡʬ ʩʪʨʫʢʪʫʨ ʢʨʫʧʥʳʭ ʤʘʩʰʪʘʙʦʚ, ʘ ʠʥʦʛʜʘ ʠ ʜʠʘʜ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʜʚʫʤʷ 

ʩʦʩʝʜʥʠʤʠ ʧʦʣʫʚʦʣʥʘʤʠ ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʚʨʘʱʝʥʠʝʤ ʚʝʢʪʦʨʘ ɽ-ʧʦʣʷ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʝʜʝʣʘʭ 
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ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʢʨʫʛʘ. ʇʨʠ ʵʪʦʤ ʧʨʠ ʜʨʝʡʬʝ ʩʣʝʜʫʶʱʝʡ ʧʦʣʫʚʦʣʥʳ ʠʣʠ ʜʠʘʜʳ ʚʨʘʱʝʥʠʝ 

ʧʨʦʜʦʣʞʘʣʦʩʴ ʫʞʝ ʚ ʧʨʝʜʝʣʘʭ ʶʞʥʦʛʦ ʧʦʣʫʢʨʫʛʘ. ɺ ʠʪʦʛʝ ʚʝʢʪʦʨ ɽ-ʧʦʣʷ, ʚʳʧʦʣʥʠʚ ʧʦʣʥʳʡ 

ʠʣʠ ʧʦʯʪʠ ʧʦʣʥʳʡ ʦʙʦʨʦʪ, ʚʦʟʚʨʘʱʘʣʩʷ  ʢ ʠʩʭʦʜʥʦʤʫ ʘʟʠʤʫʪʫ. ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʦ-ʪʝʨʤʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʚ ʨʘʤʢʘʭ ʥʝʣʠʥʝʡʥʦʡ ʵʚʦʣʶʮʠʠ ʠʝʨʘʨʭʠʠ 

ʩʪʨʫʢʪʫʨ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʕʢʤʘʥʦʚʩʢʦʛʦ ʪʠʧʘ. 

 

 

ʕʌʌɽʂʊʓ ɺʅɽɿɸʇʅʓʍ ʉʊʈɸʊʆʉʌɽʈʅʓʍ ʇʆʊɽʇʃɽʅʀʁ  
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ʉʪʨʘʪʦʩʬʝʨʥʳʤ ʧʦʪʝʧʣʝʥʠʝʤ ʥʘʟʳʚʘʝʪʩʷ ʩʠʣʴʥʦʝ ʠ ʚʥʝʟʘʧʥʦʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

çʚʟʨʳʚʥʦʛʦ ʭʘʨʘʢʪʝʨʘè ʠʥʦʛʜʘ ʥʘ 50ÁC ʠ ʙʦʣʝʝ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ, ʚ ʧʦʣʷʨʥʦʡ ʠ 

ʩʫʙʧʦʣʷʨʥʦʡ ʩʪʨʘʪʦʩʬʝʨʝ ʟʠʤʦʡ. ɺʣʠʷʥʠʝ ʩʪʨʘʪʦʩʬʝʨʥʳʭ ʧʦʪʝʧʣʝʥʠʡ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʝʪʝʦʧʘʨʘʤʝʪʨʦʚ ʚ ʪʨʦʧʦʩʬʝʨʝ, ʧʨʠʟʝʤʥʦʤ ʘʪʤʦʩʬʝʨʥʦʤ ʩʣʦʝ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʧʦʛʦʜʫ 

ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʦʙʰʠʨʥʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ, ʭʦʪʷ ʠ ʟʜʝʩʴ 

ʦʩʪʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ, ʥʦʩʷʱʠʝ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʵʬʬʝʢʪʦʚ ʚ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʣʦʷʭ ʘʪʤʦʩʬʝʨʳ, ʪʘʢʠʭ ʢʘʢ ʤʝʟʦʩʬʝʨʘ, ʪʝʨʤʦʩʬʝʨʘ ʠ ʠʦʥʦʩʬʝʨʘ 

ʚʦ ʚʨʝʤʷ ʧʦʪʝʧʣʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʤʘʩʰʪʘʙʝ. ɺ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ ʤʳ ʧʦʢʘʟʳʚʘʝʤ ʩʦʩʪʦʷʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʚʳʧʦʣʥʷʝʤʳʭ ʩ ʮʝʣʴʶ ʦʙʥʘʨʫʞʝʥʠʷ ʵʬʬʝʢʪʦʚ ʧʦʪʝʧʣʝʥʠʡ ʚ ʧʘʨʘʤʝʪʨʘʭ ʠʦʥʦʩʬʝʨʥʦʡ 

ʧʣʘʟʤʳ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʪ ʦʪ 80 ʢʤ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʢʤ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ɿʝʤʣʠ ʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʦʡ ɿʝʤʣʠ ʚʦ 

ʚʨʝʤʷ ʚʥʝʟʘʧʥʳʭ ʩʪʨʘʪʦʩʬʝʨʥʳʭ ʧʦʪʝʧʣʝʥʠʡ. ʊʘʢʞʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʢʣʠʢʘ ʩʠʩʪʝʤʳ ʪʝʨʤʦʩʬʝʨʘ-ʠʦʥʦʩʬʝʨʘ ʥʘ ʚʥʝʟʘʧʥʦʝ ʩʪʨʘʪʦʩʬʝʨʥʦʝ 

ʧʦʪʝʧʣʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʣʦʙʘʣʴʥʦʡ ʉʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʡ ʄʦʜʝʣʠ ʊʝʨʤʦʩʬʝʨʘ, 

ʀʦʥʦʩʬʝʨʘ, ʇʨʦʪʦʥʦʩʬʝʨʘ (ɻʉʄ ʊʀʇ) ɺʥʝʟʘʧʥʦʝ ʩʪʨʘʪʦʩʬʝʨʥʦʝ ʧʦʪʝʧʣʝʥʠʝ 

ʤʦʜʝʣʠʨʦʚʘʣʦʩʴ ʟʘʜʘʥʠʝʤ ʥʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʤʦʜʝʣʠ ɻʉʄ ʊʀʇ ʥʘ ʚʳʩʦʪʝ 80 ʢʤ (1) 

ʛʣʦʙʘʣʴʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ s = 1 ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʣʦʪʥʦʩʪʠ; (2) ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʥʝʡʪʨʘʣʴʥʦʡ ʘʪʤʦʩʬʝʨʳ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʚ ʤʦʜʝʣʷʭ TIME-GCM ʠ CCM SOCOL 

ʜʣʷ ʫʩʣʦʚʠʡ ʚʥʝʟʘʧʥʦʛʦ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ 2009 ʛʦʜʘ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ 

ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ12-05-31217 ʠ ʇʨʦʛʨʘʤʤʳ 22 ʈɸʅ. 

 

 

ʇʃɸɿʄɽʅʅɸʗ ʆɹʆʃʆʏʂɸ ɺɽʅɽʈʓ ʇʆ ɼɸʅʅʓʄ ʈɸɼʀʆʇʈʆʉɺɽʏʀɺɸʅʀʗ 

 

ɸ.ʃ. ɻʘʚʨʠʢ, ʊ.ʌ. ʂʦʧʥʠʥʘ, ɽ.ɸ. ʂʫʣʝʰʦʚ, ɸ.ɸ. ʉʤʳʩʣʦʚ, ʄ.ʀ. ɹʦʥʜʘʨʝʥʢʦ 

 

ʌʀʈʕ ʈɸʅ, ʛ. ʌʨʷʟʠʥʦ, ʈʦʩʩʠʷ, alg248@ire216.msk.su 

 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʨʘʜʠʦʟʘʪʤʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʤʠʩʩʠʷʭ 

MARINER-5,-10, ɺɽʅɽʈɸ-9,-10, PIONEER-VENUS, ɺɽʅɽʈɸ-15,-16, MAGELLAN, VENUS-

EXPRESS. ʆʙʩʫʞʜʘʝʪʩʷ ʵʚʦʣʶʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʠʦʥʦʩʬʝʨʝ ɺʝʥʝʨʳ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʉʦʣʥʮʝʤ. 

ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʶ ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʠʦʥʦʩʬʝʨʳ. ʀʤʠʪʘʮʠʦʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ, ʨʝʰʘʷ ʧʨʷʤʫʶ ʠ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʠ 

ʨʘʜʠʦʧʨʦʩʚʝʯʠʚʘʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʰʫʤʘ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦ ʜʘʥʥʳʤ ʨʘʜʠʦʟʘʪʤʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʭʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʠʩʢʘʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʣʘʟʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʠʦʥʦʩʬʝʨʝ ɺʝʥʝʨʳ. 
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ɼʘʥʥʳʝ ʨʘʜʠʦʧʨʦʩʚʝʯʠʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʚʙʣʠʟʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ 

ʜʥʝʚʥʦʡ ʠʦʥʦʩʬʝʨʳ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʳ, ʫʨʦʚʝʥʴ ʢʦʪʦʨʳʭ 

ʧʨʝʚʳʰʘʝʪ ʩʣʫʯʘʡʥʳʝ ʚʘʨʠʘʮʠʠ. ʇʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩ 

ʭʘʨʘʢʪʝʨʥʳʤ ʤʘʩʰʪʘʙʦʤ 5-10 ʢʤ ʧʦ ʚʝʨʪʠʢʘʣʠ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʚʳʩʦʪ 90é115 ʢʤ 

ʥʘ ʦʩʚʝʱʝʥʥʦʡ ʩʪʦʨʦʥʝ ɺʝʥʝʨʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʩʦʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʤʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ 

ʰʫʤʘʤʠ ʜʣʷ ʩʠʛʥʘʣʘ L ʜʠʘʧʘʟʦʥʘ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʥʘ ʬʦʥʝ ʰʫʤʘ ʚʘʨʠʘʮʠʠ ʤʦʱʥʦʩʪʠ ʠ 

ʯʘʩʪʦʪʳ ʨʘʜʠʦʩʠʛʥʘʣʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʣʠʷʥʠʝʤ ʧʣʘʟʤʳ ʠ ʘʪʤʦʩʬʝʨʳ, ʘ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ʠʟ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ ʚ ʠʦʥʦʩʬʝʨʫ ɺʝʥʝʨʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ˉ 22 ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ 

"ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʩʚʦʝʥʠʷ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ". 

 

 

ʇɸʈɸʄɽʊʈʓ ʉʈɽɼʅɽ-ʀ ʅʀɿʂʆʐʀʈʆʊʅʓʍ ɻɽʆʄɸɻʅʀʊʅʓʍ ʇʋʃʔʉɸʎʀʁ ʀ 

ʐʋʄʆɺ ʈʉ3 ɼʀɸʇɸɿʆʅɸ ɺ ʅʆʏʅʓɽ ʏɸʉʓ ʇʆ ɼɸʅʅʓʄ ʅɸɿɽʄʅʓʍ ʀ 

ʉʇʋʊʅʀʂʆɺʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ 
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1
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1,2
, ɺ.ɸ. ɻʣʘʜʳʰʝʚ

1
 

 
1
ʀʌɿ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, nyagova@yandex.ru,  

2
ʅʀʗʋ ʄʀʌʀ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

 

ɿʘʜʘʯʘ ʦ ʧʘʨʘʤʝʪʨʘʭ ʬʦʥʦʚʦʡ ʚʦʟʤʫʱʝʥʥʦʩʪʠ ʚ ʧʫʣʴʩʘʮʠʦʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʝʚʦʡ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʥʝʤʘʛʥʠʪʦʩʬʝʨʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚʢʣʶʯʘʷ 

ʩʝʡʩʤʦʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʠ ʠʦʥʦʩʬʝʨʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʈʫʪʠʥʥʳʝ ʤʝʪʦʜʳ ʧʦʜʘʚʣʝʥʠʷ ʤʘʛʥʠʪʦʩʬʝʨʥʦʛʦ ʩʠʛʥʘʣʘ ʩʚʦʜʷʪʩʷ ʢ ʘʥʘʣʠʟʫ ʩʠʛʥʘʣʦʚ ʚ 

ʥʦʯʥʳʝ ʯʘʩʳ ʠ ʚʳʙʦʨʫ ʤʘʛʥʠʪʦʩʧʦʢʦʡʥʳʭ ʠʥʪʝʨʚʘʣʦʚ. ɼʣʷ ʜʠʘʧʘʟʦʥʘ Pc3 ʪʘʢʦʡ ʦʪʙʦʨ ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ  ʠʟ-ʟʘ ʥʘʙʣʶʜʘʝʤʳʭ ʠ ʧʨʠ ʥʠʟʢʦʡ ʛʝʦʤʘʛʥʠʪʥʦʡ ʚʦʟʤʫʱʝʥʥʦʩʪʠ 

ʥʠʟʢʦʰʠʨʦʪʥʳʭ ʥʦʯʥʳʭ Pc3 ʧʫʣʴʩʘʮʠʡ ʠ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʠʛʥʘʣʦʚ ʪʦʛʦ ʞʝ ʜʠʘʧʘʟʦʥʘ ʚ 

ʩʨʝʜʥʠʭ ʠ ʥʠʟʢʠʭ ʰʠʨʦʪʘʭ, ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʳʭ ʜʦ ʩʠʭ ʧʦʨ ʦʪʩʫʪʩʪʚʫʝʪ. ɺ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʧʘʨʘʤʝʪʨʳ  ʥʦʯʥʳʭ Pc3 ʧʫʣʴʩʘʮʠʡ ʠ ʰʫʤʦʚ Pc3 ʜʠʘʧʘʟʦʥʘ ʥʘ 

ʩʨʝʜʥʠʭ ʠ ʥʠʟʢʠʭ ʰʠʨʦʪʘʭ ʥʘ ɿʝʤʣʝ ʠ ʚ F-ʩʣʦʝ ʠʦʥʦʩʬʝʨʳ ʧʦ ʜʘʥʥʳʤ ʩʝʪʝʡ ʥʘʟʝʤʥʳʭ 

ʤʘʛʥʠʪʦʤʝʪʨʦʚ MM210, MM100 ʠ ʩʧʫʪʥʠʢʘ CHAMP ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʧʦ ʜʘʥʥʳʤ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʧʣʦʪʥʦʩʪʠ 

ʪʝʧʣʦʚʦʡ ʧʣʘʟʤʳ F-ʩʣʦʷ  ʠʦʥʦʩʬʝʨʳ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʘ DEMETER. ɹʣʘʛʦʜʘʨʥʦʩʪʠ: ʈʘʙʦʪʘ 

ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 13-05-12091), ʘʚʪʦʨʳ ʙʣʘʛʦʜʘʨʷʪ ɹ. ʍʵʡʣʠʛʘ,  

ʂ. ʖʤʦʪʦ ʠ ʄ. ʇʘʨʨʦ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʥʘʟʝʤʥʳʭ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ. 

 

 

ʇʈʆʀʉʍʆɾɼɽʅʀɽ ʅɸɹʃʖɼɸɽʄʓʍ ʉʇɽʂʊʈɸʃʔʅʓʍ ʈɽɿʆʅɸʅʉʅʓʍ 

ʉʊʈʋʂʊʋʈ ʀʆʅʆʉɽʈʅʆɻʆ ɸʃʔʌɺɽʅʆɺʉʂʆɻʆ ʈɽɿʆʅɸʊʆʈɸ. ʆɼʅʆʂʈɸʊʅʆɽ 

ʆʊʈɸɾɽʅʀɽ ʀʃʀ ɺʆɿɹʋɾɼɽʅʀɽ ʀɸʈ? 
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1
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2,3
, ʄ. ʍʘʷʢʘʚʘ

3
  

 
1
ʀʌɿ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ,  enfedorov1@yandex.ru, 

2
University of Electro-Communications, Chofugaoka, Chofu Tokyo, Japan, 

3
UEC, Research Station on Seismo-Electromagnetics, Chofu Tokyo, Japan. 

 

ʉʦʛʣʘʩʥʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʩʧʝʢʪʨʘʣʴʥʳʝ ʤʘʢʩʠʤʫʤʳ ʥʘʙʣʶʜʘʝʤʳʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʩʪʨʫʢʪʫʨ ʠʦʥʦʩʬʝʨʥʦʛʦ ʘʣʴʬʚʝʥʦʚʩʢʦʛʦ ʨʝʟʦʥʘʪʦʨʘ (ʉʈʉ ʀɸʈ) 
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ʥʘ ʯʘʩʪʦʪʘʭ ʥʠʞʝ 5 ɻʮ ʷʚʣʷʶʪʩʷ ʧʨʦʷʚʣʝʥʠʝʤ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ ʀɸʈ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ ʉʈʉ ʀɸʈ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʷʚʣʷʶʪʩʷ ʛʨʝʙʝʥʯʘʪʳʤʠ 

ʩʧʝʢʪʨʘʤʠ ʦʪ 2-3 ʠʤʧʫʣʴʩʦʚ. ʇʝʨʚʳʡ ʠʤʧʫʣʴʩ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩ ʦʢʦʣʦʩʚʝʪʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 

ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʣʥʦʚʦʜʝ, ʘ ʢʘʞʜʳʡ ʠʟ ʧʦʩʣʝʜʫʶʱʠʭ ʠʤʧʫʣʴʩʦʚ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʦʪʨʘʞʝʥʠʷ ʦʪ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʀɸʈ. ʇʝʨʠʦʜ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʝʤʝʥʝʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʣʴʬʚʝʥʦʚʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ʜʦ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʀɸʈ ʠ ʦʙʨʘʪʥʦ. ɸʥʘʣʠʟ 

ʚʦʣʥʦʚʳʭ ʬʦʨʤ ʩʠʛʥʘʣʘ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʥʘʙʣʶʜʘʣʠʩʴ 

ʉʈʉ ʀɸʈ, ʧʦʢʘʟʘʣ, ʯʪʦ ʜʚʫʭʠʤʧʫʣʴʩʥʳʝ ʠ ʤʥʦʛʦʠʤʧʫʣʴʩʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʘʶʪ 

ʩʧʝʢʪʨʳ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʟʣʠʯʠʤʳʝ ʧʨʠ ʨʝʘʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʨʘʟʨʝʰʝʥʠʠ. ʇʨʠ 

ʵʪʦʤ ʪʦʣʴʢʦ ʪʨʝʪʠʡ ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʠʤʧʫʣʴʩʳ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʦʪʨʘʞʝʥʠʡ ʦʪ ʚʝʨʭʥʝʡ ʠ 

ʥʠʞʥʝʡ ʛʨʘʥʠʮ ʀɸʈ, ʘ ʚʪʦʨʦʡ ʦʪʨʘʞʘʝʪʩʷ ʪʦʣʴʢʦ ʦʪ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʀɸʈ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʛʦʚʦʨʠʪʴ ʦ ʚʦʟʙʫʞʜʝʥʠʠ ʀɸʈ ʥʝʢʦʨʨʝʢʪʥʦ. ʈʘʩʯʝʪ ʚʦʣʥʦʚʳʭ ʬʦʨʤ ʠ ʩʧʝʢʪʨʦʚ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʦʪ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʥʘʙʣʶʜʝʥʠʡ. ʇʨʠ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ ʀʈʀ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʚʦʣʥʦʚʳʭ 

ʬʦʨʤ ʩʠʛʥʘʣʘ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʥʘʙʣʶʜʘʝʤʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ˉ 22 ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʩʚʦʝʥʠʷ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳè ʠ ʧʦʜʜʝʨʞʘʥʘ ʈʌʌʀ  

(ʛʨʘʥʪ ˉ 13-05-12091). 
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ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʢʦʨʦʩʪʝʡ ʛʘʰʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ɻʝʨʮʙʝʨʛʘ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 
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 ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʥʘʩʝʣʝʥʥʦʩʪʝʡ 

ʩʦʩʪʦʷʥʠʡ ɻʝʨʮʙʝʨʛʘ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʤʝʩʠ ʤʦʣʝʢʫʣ CO2, CO, N2, O2 ʠ ʥʘ ʚʳʩʦʪʘʭ ʥʦʯʥʦʛʦ 

ʩʚʝʯʝʥʠʷ ʚ ʚʝʨʭʥʠʭ ʘʪʤʦʩʬʝʨʘʭ ɿʝʤʣʠ, ɺʝʥʝʨʳ ʠ ʄʘʨʩʘ. ʇʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʩʯʝʪʦʚ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ʥʘ ɿʝʤʣʝ ʧʦʣʦʩ ɻʝʨʮʙʝʨʛʘ I ʠ ʏʝʤʙʝʨʣʝʥʘ 

ʩʦʛʣʘʩʥʦ [Stegman and Murtagh, 1988] ʠ [Slanger et al., 2004], ʘ ʪʘʢʞʝ ʩ ʜʘʥʥʳʤʠ ʩʚʝʯʝʥʠʷ 

ʧʦʣʦʩ ɻʝʨʮʙʝʨʛʘ II ʠ ʏʝʤʙʝʨʣʝʥʘ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ɺʝʥʝʨʘ-9, ɺʝʥʝʨʘ-

10, Venus Express [ʂʨʘʩʥʦʧʦʣʴʩʢʠʡ ʠ ʜʨ., 1976; Krasnopolsky, 1983; Gerard et al., 2013; 

Migliorini  et al., 2013] ʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ [Lawrence et al., 1977; Slanger, 1978; 

Slanger and Black, 1978]. ʀʩʩʣʝʜʫʝʪʩʷ ʜʠʥʘʤʠʢʘ ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ 

ʩʦʩʪʦʷʥʠʡ ɻʝʨʮʙʝʨʛʘ ʆ2 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʦʣʝʢʫʣ N2, O2, CO, 

CO2. ʇʦʢʘʟʘʥʘ ʚʘʞʥʘʷ ʨʦʣʴ ʵʣʝʢʪʨʦʥʥʦ-ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ 

ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʢʠʥʝʪʠʢʝ ʩʦʩʪʦʷʥʠʡ ɻʝʨʮʙʝʨʛʘ ʚ ʩʤʝʩʠ ʛʘʟʦʚ ʉʆ2, ʉʆ, N2, ʆ2. 
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ʅʘʨʷʜʫ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʣʦʢʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʦʙʥʘʨʫʞʝʥʠʷ ʯʘʩʪʠʮ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʧʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʨʷʤʦʛʦ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʰʠʨʦʢʠʭ ʘʪʤʦʩʬʝʨʥʳʭ ʣʠʚʥʝʡ (ʐɸʃ), ʢʦʛʜʘ 

ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʦʚʦʜʷʪʩʷ ʚʙʣʠʟʠ ʦʩʠ ʣʠʚʥʷ, 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʧʝʨʚʠʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ (ʇʂʃ) ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʧʨʦʩʤʦʪʨʘ ʙʦʣʴʰʠʭ 

ʦʙʲʝʤʦʚ ʦʢʦʣʦʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʇʨʠ ʧʘʜʝʥʠʠ ʢʦʨʦʪʢʦʛʦ ʨʘʜʠʦʠʤʧʫʣʴʩʘ ʐɸʃ ʥʘ 

ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʯʘʩʪʠʯʥʦʝ ʧʦʛʣʦʱʝʥʠʝ, ʨʘʩʩʝʷʥʠʝ ʠ ʦʪʨʘʞʝʥʠʝ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʘʪʤʦʩʬʝʨʘ-ɿʝʤʣʷ. ʇʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʨʘʜʠʦʠʤʧʫʣʴʩ ʐɸʃ ʚ ʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʤʦʞʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚ ʚʦʣʥʦʚʦʜʝ 

ɿʝʤʣʷ-ʠʦʥʦʩʬʝʨʘ. ɺ ʛʦʜʳ ʘʢʪʠʚʥʦʛʦ ʉʦʣʥʮʘ ʜʣʷ ʙʦʣʴʰʠʭ ʢʨʠʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪ ʠʦʥʦʩʬʝʨʳ 

ʨʘʜʠʦʚʦʣʥʳ ʩ ʯʘʩʪʦʪʘʤʠ, ʧʨʝʚʳʰʘʶʱʠʤʠ 30 ʄɻʮ, ʤʦʛʫʪ ʧʦʧʘʩʪʴ ʚ ʧʫʥʢʪ ʥʘʙʣʶʜʝʥʠʷ ʧʦʜ 

ʥʠʟʢʠʤʠ ʫʛʣʘʤʠ ʢ ʛʦʨʠʟʦʥʪʫ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʨʘʜʠʦʠʤʧʫʣʴʩ ʐɸʃ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʠʦʥʦʩʬʝʨʝ ʙʫʜʝʪ ʠʩʧʳʪʳʚʘʪʴ ʠʩʢʘʞʝʥʠʷ. ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʫʯʝʪ ʚʢʣʘʜʘ ʠʦʥʦʩʬʝʨʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʩʪʨʫʢʪʫʨʫ ʠʤʧʫʣʴʩʘ ʧʨʠ ʨʝʰʝʥʠʠ ʦʙʨʘʪʥʦʡ 

ʟʘʜʘʯʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʵʥʝʨʛʠʠ ʇʂʃ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʐɸʃ. ɺ ʨʘʙʦʪʝ 

ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʠʩʢʘʞʝʥʠʡ ʨʘʜʠʦʠʤʧʫʣʴʩʘ ʐɸʃ ʚ ʢʘʥʘʣʝ ɿʝʤʣʷ-ʠʦʥʦʩʬʝʨʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʪʨʘʞʝʥʥʦʝ ʦʪ ɿʝʤʣʠ ʨʘʜʠʦʠʟʣʫʯʝʥʠʝ ʐɸʃ ʚ ʜʠʘʧʘʟʦʥʝ 30-55 ʄɻʮ ʤʦʞʝʪ 

ʧʝʨʝʦʪʨʘʞʘʪʴʩʷ ʦʪ ʩʧʦʨʘʜʠʯʝʩʢʦʛʦ ʩʣʦʷ Es, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʚʳʩʦʪʘʭ 100-110 ʢʤ. ʇʨʠ 

ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʘʣʴʥʦʩʪʴ ʥʘʢʣʦʥʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 1500-

2500 ʢʤ. ʕʬʬʝʢʪ ʚʦʟʚʨʘʱʝʥʠʷ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʣʠʚʥʷ ʠʟ ʥʠʞʥʝʡ ʠʦʥʦʩʬʝʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ɿʝʤʣʠ ʩʚʷʟʘʥ ʩ ʨʝʬʨʘʢʮʠʦʥʥʳʤ ʨʘʩʩʝʷʥʠʝʤ ʥʘ ʪʦʥʢʦʡ ʪʫʨʙʫʣʝʥʪʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩʣʦʷ Es. 

ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʣʴʥʳʭ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ ʰʠʨʦʢʦʧʦʣʦʩʪʥʦʛʦ 

ʨʘʜʠʦʠʤʧʫʣʴʩʘ ʐɸʃ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʥʝʦʜʥʦʨʦʜʥʦʡ ʠʦʥʦʩʬʝʨʝ, ʚʩʣʝʜʩʪʚʠʝ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʝʛʦ ʚʨʝʤʝʥʥʦʛʦ ʩʧʝʢʪʨʘ. ʍʘʨʘʢʪʝʨ ʵʪʠʭ ʠʩʢʘʞʝʥʠʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʜʘʣʴʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʚʳʩʦʪʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʧʨʦʬʠʣʷ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠʦʥʦʩʬʝʨʳ. ʅʘʨʷʜʫ ʩ ʦʙʳʯʥʦʡ ʜʠʩʧʝʨʩʠʝʡ ʠ ʷʚʣʝʥʠʝʤ 

ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ ʵʪʦʪ ʵʬʬʝʢʪ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʚʳʙʦʨʝ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʬʠʣʴʪʨʘ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʦʨʤʳ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʨʘʜʠʦʠʤʧʫʣʴʩʘ ʐɸʃ. ʉʜʝʣʘʥʘ ʦʮʝʥʢʘ 

ʨʘʜʠʫʩʘ ʯʘʩʪʦʪʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʠ ʨʘʩʩʯʠʪʘʥʘ ʩʨʝʜʥʷʷ ʬʦʨʤʘ ʨʘʜʠʦʠʤʧʫʣʴʩʘ 

ʐɸʃ ʜʣʷ ʪʠʧʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʫʨʙʫʣʝʥʪʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʠʦʥʦʩʬʝʨʳ. 
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ʈʆʃʔ ʅɽʆɼʅʆʈʆɼʅʆʉʊɽʁ ʕʃɽʂʊʈʀʏɽʉʂʆɻʆ ʇʆʃʗ ʀ ʂʆʅʎɽʅʊʈɸʎʀʀ 

ʇʃɸɿʄʓ ɺ ɻɽʅɽʈɸʎʀʀ ʕʃɽʂʊʈʆʉʊɸʊʀʏɽʉʂʆɻʆ ʐʋʄɸ ɺ ɺɽʈʍʅɽʁ 

ʀʆʅʆʉʌɽʈɽ ɸɺʈʆʈɸʃʔʅʆʁ ɿʆʅʓ 

 

ɸ.ɸ. ʏʝʨʥʳʰʦʚ1, ɸ.ɸ. ʀʣʴʷʩʦʚ1, ʄ.ʄ. ʄʦʛʠʣʝʚʩʢʠʡ1, ʀ.ɺ. ɻʦʣʦʚʯʘʥʩʢʘʷ2 ,  

ɹ.ɺ. ʂʦʟʝʣʦʚ2  

 
1ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, achernyshov@iki.rssi.ru, 
2ʇɻʀ ʂʅʎ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ. 

 

ʆʙʱʝʧʨʠʟʥʘʥʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʤʝʭʘʥʠʟʤʦʤ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʰʫʤʘ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦ ʘʣʴʬʚʝʥʦʚʩʢʫʶ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ, ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʪʝʦʨʠʠ ʛʝʥʝʨʘʮʠʠ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʦʣʥ ʥʝʦʜʥʦʨʦʜʥʳʤʠ ʧʦʧʝʨʝʯʥʳʤʠ 

ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʦʣʷʤʠ. ʅʝʦʜʥʦʨʦʜʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ ʤʦʛʫʪ 

ʜʝʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʠʦʥʥʦ-ʮʠʢʣʦʪʨʦʥʥʳʭ ʚʦʣʥ, ʢʦʪʦʨʳʝ 

ʧʦʣʫʯʘʶʪʩʷ ʢʘʢ ʥʝʫʩʪʦʡʯʠʚʳʝ ʨʝʰʝʥʠʷ ʥʝʣʦʢʘʣʴʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʠʦʥʥʦ-

ʮʠʢʣʦʪʨʦʥʥʳʭ ʚʦʟʤʫʱʝʥʠʠ ʠ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʠʦʥʥʦ-ʮʠʢʣʦʪʨʦʥʥʳʭ ʚʦʣʥ. ʊʘʢʠʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʘʛʨʝʚʫ ʠʦʥʦʚ ʚ 

ʠʦʥʦʩʬʝʨʝ ɿʝʤʣʠ ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ ʦʪʪʦʢʫ ʠʦʥʦʚ ʚ ʤʘʛʥʠʪʦʩʬʝʨʫ. ʆʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝ 

ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʧʣʘʟʤʳ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʛʫʪ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪʴ ʢ ʥʘʛʨʝʚʫ ʠ çʫʙʝʛʘʥʠʶè ʠʦʥʦʚ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʚʨʦʨʘʣʴʥʘʷ ʠʦʥʦʩʬʝʨʘ ʠ ʤʘʛʥʠʪʦʩʬʝʨʘ ɿʝʤʣʠ ʷʚʣʷʶʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʤʠ 

ʩʨʝʜʘʤʠ, ʛʜʝ ʩʫʱʝʩʪʚʫʶʪ ʛʨʘʜʠʝʥʪʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ ʥʘ ʛʝʥʝʨʘʮʠʶ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʰʫʤʘ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʤʝʭʘʥʠʟʤʦʚ ʛʝʥʝʨʘʮʠʠ ï ʧʨʠ ʥʘʣʠʯʠʝ 

ʛʨʘʜʠʝʥʪʦʚ ʧʣʦʪʥʦʩʪʠ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʋʅʏ/ʆʅʏ ʉʀɻʅɸʃʆɺ, ɻɽʅɽʈʀʈʋɽʄʓʍ 

ʉʊɽʅɼʆʄ ʉʋʈɸ ɺ ʀʆʅʆʉʌɽʈɽ ɺʆ ɺʈɽʄʗ ɻɽʆʄɸɻʅʀʊʅʓʍ ɺʆɿʄʋʑɽʅʀʁ 

 

ɼ.ʉ. ʂʦʪʠʢ, ɸ.ɺ. ʈʷʙʦʚ, ɽ.ʅ. ɽʨʤʘʢʦʚʘ, ɸ.ɺ. ʇʝʨʰʠʥ 

 

ʌɻɹʅʋ ʅʀʈʌʀ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, dmitry.kotik@nirfi.sci-nnov.ru  

 

ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʯʝʪʳʨʝʭ ʣʝʪ ʥʘ ʩʪʝʥʜʝ ʉʋʈɸ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʠʦʥʦʩʬʝʨʥʦʡ ʛʝʥʝʨʘʮʠʠ ʩʠʛʥʘʣʦʚ ʚ ʋʅʏ/ʆʅʏ ʜʠʘʧʘʟʦʥʘʭ. ɺ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʥʘ ʬʦʥʝ ʚʦʟʨʘʩʪʘʶʱʝʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ 

ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʩʠʛʥʘʣʦʚ. 

ʅʠʢʘʢʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʩʣʘʙʳʭ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʷʭ (ʂʨ Ò. 3). ɺʦ ʚʨʝʤʷ ʤʘʣʦʡ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ 7 ʦʢʪʷʙʨʷ 2011 (Ki=4 

ʧʦ ʜʘʥʥʳʤ ʩʪʘʥʮʠʷ ʀɿʄʀʈɸʅ) ʙʳʣʦ ʟʘʤʝʯʝʥʦ ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʦʚ ʥʘ ʯʘʩʪʦʪʘʭ 

3 ʠ 6 ɻʮ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʆʅʏ ʩʠʛʥʘʣʳ ʥʘ ʯʘʩʪʦʪʘʭ 2 ʠ 2,6 ʢɻʮ ʚʦʟʨʘʩʪʘʣʠ ʥʘ ʬʘʟʝ ʨʦʩʪʘ 

ʚʦʟʤʫʱʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʦʜʦʙʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʙʳʣʘ ʧʨʦʩʣʝʞʝʥʘ ʚ 2013 ʛ. ʚʦ 

ʚʨʝʤʷ ʙʫʨʴ 21 ʤʘʨʪʘ (ʂʨ=5), 24-25 ʤʘʷ (ʂʨ=5+) ʠ 16 ʘʚʛʫʩʪʘ (ʂʨ=5+). ɺʦʟʤʦʞʥʳ ʜʚʝ ʧʨʠʯʠʥʳ 

ʥʘʙʣʶʜʘʝʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ï ʫʚʝʣʠʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʂɺ ʠ ʋʅʏ ʚʦʣʥ ʚ ʥʠʞʥʝʡ ʠʦʥʦʩʬʝʨʝ, 

ʠ/ʠʣʠ ʫʤʝʥʴʰʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ F-ʩʣʦʷ, ʦʙʳʯʥʦ ʩʦʧʨʦʚʦʞʜʘʶʱʝʝ ʤʘʛʥʠʪʥʫʶ ʙʫʨʶ. 

ʇʦʩʣʝʜʥʠʡ ʬʘʢʪʦʨ ʚʦʟʤʦʞʥʦ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʝʥ. ɹʦʣʝʝ ʫʙʝʜʠʪʝʣʴʥʦ ʵʪʫ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʘʣʦʩʴ 

ʧʨʦʩʣʝʜʠʪʴ 24-25 ʤʘʷ, ʢʦʛʜʘ ʚʦ ʚʨʝʤʷ ʙʫʨʠ ʩʪʝʥʜ ʨʘʙʦʪʘʣ ʜʦ 6 ʯʘʩʦʚ ʫʪʨʘ. ɸʤʧʣʠʪʫʜʘ 

ʩʠʛʥʘʣʘ ʷʚʥʳʤ ʦʙʨʘʟʦʤ ʩʣʝʜʦʚʘʣʘ ʟʘ ʚʘʨʠʘʮʠʝʡ ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ  F-ʩʣʦʷ. ʏʘʩʪʴ 

ʠʟʤʝʨʝʥʠʡ ʚ ʠʶʥʝ 2012 ʛʦʜʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ 16-18 ʠʶʥʷ, (Kp = 6). 

ɹʳʣʦ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʋʅʏ ʩʠʛʥʘʣʘ ʧʨʠ ʥʘʨʘʩʪʘʥʠʠ ʤʘʛʥʠʪʥʦʛʦ 
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ʚʦʟʤʫʱʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦ ʚʨʝʤʷ ʜʥʝʚʥʦʛʦ ʩʝʘʥʩʘ 18.06.2012 ʥʘ ʬʘʟʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʙʳʣʘ 

ʦʙʥʘʨʫʞʝʥʘ ʤʦʜʫʣʷʮʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʯʘʩʪʦʪʘʭ 11 ʠ 17 ɻʮ ʩ ʧʝʨʠʦʜʦʤ 30 ʩ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʝʨʠʦʜ 30ʩ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʝʨʠʦʜʦʤ ʢʦʣʝʙʘʥʠʷ ʩʠʣʦʚʦʡ ʣʠʥʠʠ  

ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʩʪʝʥʜ ʉʋʈɸ, ʧʨʠʯʝʤ ʜʣʷ ʛʝʦʤʘʛʥʠʪʥʦʡ ʰʠʨʦʪʳ ʩʪʝʥʜʘ ʉʋʈɸ (~48
ʆ
) 

ʫʜʠʚʠʪʝʣʴʥʳʤ ʦʙʨʘʟʦʤ ʩʦʚʧʘʜʘʶʪ ʧʝʨʠʦʜʳ ʪʦʨʩʠʦʥʥʦʡ ʠ ʪʦʨʦʠʜʘʣʴʥʦʡ ʤʦʜ ʦʩʮʠʣʣʷʮʠʡ 

ʩʠʣʦʚʦʡ ʣʠʥʠʠ. ʇʨʦʷʚʠʣʠʩʴ ʪʘʢ ʞʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʋʅʏ ʩʠʛʥʘʣʦʚ 

ʚʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ. ʂʘʢ ʧʨʘʚʠʣʦ, ʠʟʣʫʯʝʥʠʝ ʠʤʝʝʪ ʵʣʣʠʧʪʠʯʝʩʢʫʶ ʧʦʣʷʨʠʟʘʮʠʶ ʥʘ 

ʚʩʝʭ ʯʘʩʪʦʪʘʭ ʋʅʏ ʩʠʛʥʘʣʦʚ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʣʝʚʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺʦ ʚʨʝʤʷ 

ʙʫʨʠ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʧʦʣʷʨʠʟʘʮʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʋʅʏ ʠʟʣʫʯʝʥʠʷ. 

ʇʨʝʦʙʣʘʜʘʶʱʝʡ ʩʪʘʥʦʚʠʪʩʷ ʧʨʘʚʘʷ ʧʦʣʷʨʠʟʘʮʠʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ ʚʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ 

ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʛʨʘʥʪʳ 11-02-00419, 13-02-00723, 13-02-97086 ʠ 13-02-12074. 

 

 

ɹɽʉʉʊʆʃʂʅʆɺʀʊɽʃʔʅɸʗ ʕɺʆʃʖʎʀʗ ʉɺɽʈʍʄɽʃʂʆʄɸʉʐʊɸɹʅʓʍ 

ʅɽʆɼʅʆʈʆɼʅʆʉʊɽʁ ɺ F-ʉʃʆɽ ʀʆʅʆʉʌɽʈʓ   

 

ʆ.ɺ. ʄʠʥʛʘʣʝʚ, ʄ.ʅ. ʄʝʣʴʥʠʢ, ɺ.ʉ. ʄʠʥʛʘʣʝʚ, ʀ.ɺ. ʄʠʥʛʘʣʝʚ 

 

ʇɻʀ ʂʅʎ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ, mingalev_o@pgia.ru 

 

ɺ ʨʘʙʦʪʝ ʠʟʫʯʘʝʪʩʷ ʵʚʦʣʶʮʠʷ ʥʘ ʙʝʩʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʚ F-ʩʣʦʝ 

ʠʦʥʦʩʬʝʨʳ ʩʚʝʨʭʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʚʳʪʷʥʫʪʳʭ ʚʜʦʣʴ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʥʳʡ ʧʦʧʝʨʝʯʥʳʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʤʘʩʰʪʘʙ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʦ 

ʜʝʩʷʪʢʦʚ ʜʝʙʘʝʚʩʢʠʭ ʨʘʩʩʪʦʷʥʠʡ ʵʣʝʢʪʨʦʥʦʚ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʘʥʪʠʤʝʪʨʦʚ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʤʝʪʦʜʝ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʜʣʷ ʩʠʩʪʝʤʳ ɺʣʘʩʦʚʘïʇʫʘʩʩʦʥʘ ʩ ʟʘʜʘʥʥʳʤ ʩʠʣʴʥʳʤ ʚʥʝʰʥʠʤ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʚ ʧʦʩʪʘʥʦʚʢʝ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ 2D2V, ʚ ʢʦʪʦʨʦʡ ʫʯʠʪʳʚʘʝʪʩʷ ʜʚʠʞʝʥʠʝ ʢʘʢ 

ʵʣʝʢʪʨʦʥʦʚ, ʪʘʢ ʠ ʠʦʥʦʚ ʚ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʛʝʦʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ ʧʣʦʩʢʦʩʪʠ. ʈʘʩʯʝʪʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʪʠʧʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʦʯʥʦʡ ʠʦʥʦʩʬʝʨʳ ʥʘ ʚʳʩʦʪʝ 300 ʢʤ, ʥʘ ʚʨʝʤʷ, 

ʤʝʥʴʰʝʝ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 

1047 ʠʭ ʨʘʚʥʦʚʝʩʥʳʭ ʧʣʘʟʤʝʥʥʳʭ ʧʝʨʠʦʜʦʚ ɗpe å 3.52Ā10
7-ʩ.  ʅʘ ʵʪʦʡ ʚʳʩʦʪʝ ʠʦʥʥʳʡ ʩʦʩʪʘʚ 

ʧʨʝʜʩʪʘʚʣʝʥ ʠʦʥʘʤʠ ʢʠʩʣʦʨʦʜʘ ʆ
+
. ʈʘʟʤʝʨ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣ ʨʘʚʝʥ 128 

ʨʘʚʥʦʚʝʩʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʜʝʙʘʝʚʩʢʠʤ ʨʘʩʩʪʦʷʥʠʷʤ ɚDe å 7.6 ʤʤ (ʦʢʦʣʦ 1 ʤ). ʅʘʯʘʣʴʥʘʷ 

ʢʨʫʛʣʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʤʝʣʘ ʜʠʘʤʝʪʨ 12ɚDe, ʠ ʩʦʩʪʦʷʣʘ ʠʟ ʧʨʠʤʝʨʥʦ 

ʢʨʫʛʣʦʛʦ ʧʷʪʥʘ ʜʠʘʤʝʪʨʦʤ 6ɚDe ʩ ʧʦʥʠʞʝʥʥʦʡ ʦʜʠʥʘʢʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʵʣʝʢʪʨʦʥʦʚ ʠ 

ʠʦʥʦʚ, ʢʦʪʦʨʦʝ ʦʢʨʫʞʘʝʪ ʢʦʣʴʮʦ ʩ ʧʦʚʳʰʝʥʥʦʡ ʦʜʠʥʘʢʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʵʣʝʢʪʨʦʥʦʚ ʠ 

ʠʦʥʦʚ. ʇʦʣʥʦʝ ʯʠʩʣʦ ʯʘʩʪʠʮ ʚ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ  ʩʦʚʧʘʜʘʣʦ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʦʜʥʦʨʦʜʥʳʤ ʩʣʫʯʘʝʤ, ʠ ʥʘʯʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʚ ʪʦʯʥʦʩʪʠ ʨʘʚʥʘ ʥʫʣʶ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʦʟʥʠʢʘʶʪ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ ʧʣʘʟʤʝʥʥʘʷ, ʪʘʢ ʠ ʮʠʢʣʦʪʨʦʥʥʘʷ ʯʘʩʪʦʪʳ 

ʵʣʝʢʪʨʦʥʦʚ. ʇʨʠ ʵʪʦʤ ʚ ʦʙʣʘʩʪʠ ʥʘʯʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʛʜʝ ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʧʦʥʠʞʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʨʦʜʥʦʡ ʬʦʥʦʚʦʡ, ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ (ʧʨʠʤʝʨʥʦ 45 

ʨʘʚʥʦʚʝʩʥʳʭ ʧʣʘʟʤʝʥʥʳʭ ʧʝʨʠʦʜʦʚ ɗpe) ʩʫʱʝʩʪʚʫʝʪ "ʜʳʰʘʱʝʝ" ʧʷʪʥʦ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ, 

ʘ ʚ ʦʙʣʘʩʪʠ, ʛʜʝ ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʳʰʝ ʦʜʥʦʨʦʜʥʦʡ ʬʦʥʦʚʦʡ, ʩʫʱʝʩʪʚʫʝʪ 

ʘʥʘʣʦʛʠʯʥʦʝ "ʜʳʰʘʱʝʝ" ʧʷʪʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ. ɿʘʪʝʤ, ʧʦʩʣʝ ʧʝʨʝʭʦʜʥʦʛʦ ʵʪʘʧʘ 

ʧʨʠʤʝʨʥʦ ʚ 10 ʨʘʚʥʦʚʝʩʥʳʭ ʧʣʘʟʤʝʥʥʳʭ ʧʝʨʠʦʜʦʚ ɗpe, ʩʠʪʫʘʮʠʷ ʤʝʥʷʝʪʩʷ ʥʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ: ʚ ʮʝʥʪʨʝ ʦʙʨʘʟʫʝʪʩʷ "ʜʳʰʘʱʝʝ" ʧʷʪʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ, ʘ ʚ 

ʦʙʣʘʩʪʠ, ʛʜʝ ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʳʰʝ ʦʜʥʦʨʦʜʥʦʡ ʬʦʥʦʚʦʡ, ʩʫʱʝʩʪʚʫʝʪ ʘʥʘʣʦʛʠʯʥʦʝ 

"ʜʳʘhʱʝʝ" ʧʷʪʥʦ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ. ʕʪʘ ʢʘʨʪʠʥʘ ʩʫʱʝʩʪʚʫʝʪ ʧʨʠʤʝʨʥʦ 150 

ʨʘʚʥʦʚʝʩʥʳʭ ʧʣʘʟʤʝʥʥʳʭ ʧʝʨʠʦʜʦʚ ɗpe .  ɺʨʝʤʷ ʟʘʪʫʭʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʧʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ 

ʠʦʥʦʚ, ʠ ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ.  ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʪʘʢʞʝ 

http://kias.rfbr.ru/Application.aspx?id=2295235
http://kias.rfbr.ru/Application.aspx?id=3838600
mailto:mingalev_o@pgia.ru
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ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʥʘʯʘʣʴʥʳʤ ʚʦʟʤʫʱʝʥʠʝʤ 

ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʦʧʠʩʘʥʥʘʷ ʚʳʰʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ 

ʵʬʬʝʢʪʠʚʥʝʝ ʚʦʟʙʫʞʜʘʝʪ ʧʣʘʟʤʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʝ ʠʟʥʘʯʘʣʴʥʦ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʳʧʘʥʠʡ, ʩʦʟʜʘʶʪ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʠʝ (ʧʦʨʷʜʢʘ ʚʨʝʤʝʥʠ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʵʣʝʢʪʨʦʥʦʚ) 

ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʥʘʨʫʰʘʝʪʩʷ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʴ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ 

ʛʨʘʥʪʘ ʈʌʌʀ, ʧʨʦʝʢʪ ˉ  13-01-00063. 

 

 

ʄʆɼʋʃʗʎʀʆʅʅɸʗ ʅɽʋʉʊʆʁʏʀɺʆʉʊʔ ʐʀʈʆʂʀʍ ʉʇɽʂʊʈʆɺ ɺʆʃʅ ʀ 

ɺʆɿʄʆɾʅʆʉʊʔ ɻɽʅɽʈɸʎʀʀ ʇʃɸɿʄɽʅʅʓʍ ʅɽʆɼʅʆʈʆɼʅʆʉʊɽʁ ɺ 

ɿɸʇʓʃɽʅʅʆʁ ʀʆʅʆʉʌɽʈɽ 
 

ʊ.ʀ. ʄʦʨʦʟʦʚʘ, ʉ.ʀ. ʂʦʧʥʠʥ, ʉ.ʀ. ʇʦʧʝʣʴ 

 

ʀɼɻ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, timoroz@yandex.ru 

 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʧʠʩʘʥʠʶ ʧʣʘʟʤʝʥʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʠʦʥʦʩʬʝʨʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʣʠʥʝʡʥʳʤ ʧʨʦʮʝʩʩʦʤ ʚ ʧʣʘʟʤʝ, ʧʨʠʚʦʜʷʱʠʤ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʷʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ɺ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʚ ʠʦʥʦʩʬʝʨʝ ʥʘ 

ʧʨʦʮʝʩʩʳ, ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʚ ʥʝʡ, ʦʢʘʟʳʚʘʝʪ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʦʧʠʩʘʥʠʷ ʤʦʜʫʣʷʮʠʦʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʡ ʚʦʣʥʝ ʥʘʢʘʯʢʠ. ʇʨʠ ʦʧʠʩʘʥʠʠ ʤʦʜʫʣʷʮʠʦʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʣʠʰʴ 

ʜʣʷ ʦʯʝʥʴ ʫʟʢʠʭ ʜʠʘʧʘʟʦʥʦʚ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʭʚʘʪʠʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ 

ʤʘʩʰʪʘʙʳ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʝʦʙʭʦʜʠʤʳʤ ʷʚʣʷʝʪʩʷ ʘʜʝʢʚʘʪʥʦʝ ʦʧʠʩʘʥʠʝ 

ʤʦʜʫʣʷʮʠʦʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʰʠʨʦʢʠʭ ʩʧʝʢʪʨʦʚ ʚʦʣʥ, ʭʘʨʘʢʪʝʨ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʪ ʝʝ ʭʘʨʘʢʪʝʨʘ ʚ ʩʣʫʯʘʝ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʠ. ʎʝʣʴʶ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʦʧʠʩʘʥʠʷ ʤʦʜʫʣʷʮʠʦʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʰʠʨʦʢʠʭ ʩʧʝʢʪʨʦʚ 

ʚʦʣʥ ʚ ʟʘʧʳʣʝʥʥʦʡ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʝ. ɺʳʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠ ʧʨʦʚʦʜʠʪʩʷ ʠʭ 

ʘʥʘʣʠʟ. ʇʨʦʚʦʜʷʪʩʷ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʥʳʭ ʤʘʩʰʪʘʙʦʚ ʠʦʥʦʩʬʝʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʤʦʜʫʣʷʮʠʦʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʠ ʠʭ ʩʨʘʚʥʝʥʠʝ ʩ ʜʘʥʥʳʤʠ ʥʘʙʣʶʜʝʥʠʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʇʨʦʛʨʘʤʤʝ ʉʦʚʝʪʘ ʧʦ ʛʨʘʥʪʘʤ ʇʨʝʟʠʜʝʥʪʘ ʈʌ (ʧʨʦʝʢʪ ˉ ʅʐ-

203.2012.5) ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʰʢʦʣ; ɻʨʘʥʪʫ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʤʦʣʦʜʳʭ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ (ʛʨʘʥʪ ˉ ʄʂ-3764.2013.2). ʄʊʀ 

ʚʳʨʘʞʘʝʪ ʪʘʢʞʝ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʬʦʥʜʫ çɼʠʥʘʩʪʠʷè ʟʘ ʬʠʥʘʥʩʦʚʫʶ ʧʦʜʜʝʨʞʢʫ.  

 

 

ʂ ɺʆʇʈʆʉʋ ʆ ʂʈɸʊʂʆʉʈʆʏʅʆʄ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʀ ʉʀʃʔʅʓʍ 

ɿɽʄʃɽʊʈʗʉɽʅʀʁ ʅɸ ʇʈʀʄɽʈɽ ɸʅɸʃʀɿɸ ʉʊɸʊʀʉʊʀʂʀ ʂʈʀʊʀʏɽʉʂʆʁ 

ʏɸʉʊʆʊʓ ʉʃʆʗ F2 ʀʆʅʆʉʌɽʈʓ 

 

ʃ.ʇ. ʂʦʛʘʥ 

 

ɻʆʋ ɺʇʆ ʅʅɻɸʉʋ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, l_kog@list.ru  

 

ɺ ʨʘʙʦʪʝ ʚʳʯʠʩʣʷʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʦʥʘʣʳ ʜʣʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʟʥʘʯʝʥʠʡ 

ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ (ʂʏ) ʩʣʦʷ F2 ʠʦʥʦʩʬʝʨʳ ʧʦ ʜʘʥʥʳʤ ʟʘ 1992 ï 2004 ʛʛ., ʧʦʣʫʯʝʥʥʳʤ ʥʘ 

ʢʘʤʯʘʪʩʢʦʡ ʠʦʥʦʩʬʝʨʥʦʡ ʩʪʘʥʮʠʠ ʀʂʀ ɼɺʆ ʈɸʅ (Station name: PETROPAVLOVSK, PK 553, 

53.020 ʩ.ʰ. ʠ 158.650 ʚ.ʜ.). ʀʟʤʝʨʝʥʠʷʤ ʂʏ ʩʦʧʦʩʪʘʚʣʷʣʠʩʴ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚ ʟʦʥʝ ʨʘʜʠʫʩʦʤ 

1000 ʢʤ ʦʪ ʜʘʥʥʦʡ ʩʪʘʥʮʠʠ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʛʠʧʦʪʝʟʘ ʦ 
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ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʚʘʨʠʘʮʠʡ ʂʏ, ʚʳʟʳʚʘʝʤʳʭ ʧʨʦʮʝʩʩʦʤ ʧʦʜʛʦʪʦʚʢʠ ʧʨʝʜʩʪʦʷʱʝʛʦ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʙʣʠʞʘʡʰʠʭ ʩʫʪʦʢ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʦʪ ʬʣʫʢʪʫʘʮʠʡ ʂʏ, ʦʪʚʝʯʘʶʱʠʭ ʚʩʝʤ ʧʨʦʯʠʤ 

ʚʦʟʤʦʞʥʳʤ ʬʘʢʪʦʨʘʤ. ʉ ʫʯʝʪʦʤ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʙʳʣ ʨʘʟʚʠʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʠ ʚʳʯʠʩʣʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʦʥʘʣʳ, ʧʦʜʦʙʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ, ʜʣʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʝʨʠʡ ʠʟʤʝʨʝʥʠʡ ʂʏ. ʂʘʞʜʘʷ ʪʘʢʘʷ ʩʝʨʠʷ 

ʚʢʣʶʯʘʣʘ ʜʘʥʥʳʝ ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʂʏ ʚ ʪʝʯʝʥʠʝ 96 ʯʘʩʦʚ. ʇʨʠ ʵʪʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ.   

1. ʀʤʝʝʪ ʤʝʩʪʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ʩʚʦʡʩʪʚ ʫʢʘʟʘʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʦʚ, ʦʪʚʝʯʘʶʱʠʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʶ ʩ ʤʘʛʥʠʪʫʜʦʡ ʥʝ ʤʝʥʝʝ 5.5, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʝʨʠʷ 

ʠʟʤʝʨʝʥʠʡ ʟʘʚʝʨʰʘʝʪʩʷ ʥʝ ʙʦʣʝʝ ʯʝʤ ʟʘ 24 ʯʘʩʘ ʜʦ ʜʘʥʥʦʛʦ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘʝʤ, ʢʦʛʜʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʪʘʢʦʡ ʩʠʣʳ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʤʠʥʠʤʫʤ ʚ 

ʪʝʯʝʥʠʝ 192 ʯʘʩʦʚ ʧʦ ʦʢʦʥʯʘʥʠʠ ʠʟʤʝʨʝʥʠʡ.  

2. ʋʜʘʣʦʩʴ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʥʘ ʢʘʞʜʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʜʠʘʧʘʟʦʥʘ ʤʘʛʥʠʪʫʜ ʚ 

ʫʢʘʟʘʥʥʦʤ ʨʝʛʠʦʥʝ ʧʨʠʭʦʜʠʪʩʷ ʧʦʨʷʜʢʘ 10 ï 15 ʩʠʪʫʘʮʠʡ, ʢʦʛʜʘ ʩʠʩʪʝʤʘ ʧʨʠʭʦʜʠʪ ʚ 

çʧʨʝʜʪʝʢʪʦʥʠʯʝʩʢʦʝè ʩʦʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ, ʦʜʥʘʢʦ, ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʦʙʥʦʤʫ ʩʦʙʳʪʠʶ. 

3. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʠ ʜʠʩʧʝʨʩʠʠ ʜʣʷ ʚʘʨʠʘʮʠʡ 

ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ, ʦʪʚʝʯʘʶʱʠʭ ʧʨʦʮʝʩʩʫ ʧʦʜʛʦʪʦʚʢʠ ʧʨʝʜʩʪʦʷʱʝʛʦ ʚ ʙʣʠʞʘʡʰʝʝ 

ʚʨʝʤʷ ʩʠʣʴʥʦʛʦ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ. 

4. ʇʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʚʳʥʝʩʝʥʠʷ ʨʝʰʝʥʠʷ ʦ ʚʝʣʠʯʠʥʝ ʚʝʨʦʷʪʥʦʩʪʠ ʩʠʣʴʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʚ ʙʣʠʞʘʡʰʝʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ (ʥʘʧʨʠʤʝʨ, ʚ ʩʣʝʜʫʶʱʠʝ 24 ʯʘʩʘ) ʧʦ ʟʘʚʝʨʰʝʥʠʠ 

ʪʝʢʫʱʝʡ ʩʝʨʠʠ ʠʟʤʝʨʝʥʠʡ.  

5. ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʥʘ ʙʦʣʴʰʦʡ ʤʘʩʩʠʚ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ 

ʩʦʙʳʪʠʡ. 

 

 

ʆɹʅɸʈʋɾɽʅʀɽ ʇʈɽɼɺɽʉʊʅʀʂʆɺ ɿɽʄʃɽʊʈʗʉɽʅʀʁ ʇʆ ɼɸʅʅʓʄ ʉʇʋʊʅʀʂɸ 

ʂʆʉʄʆʉ-900   

 

ɺ.ɺ. ɸʬʦʥʠʥ  

 

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

 

ʂʦʩʤʦʩ-900  ʙʳʣ ʟʘʧʫʱʝʥ 30 ʘʧʨʝʣʷ 1977 ʛ. ʥʘ ʢʨʫʛʦʚʫʶ ʧʦʣʷʨʥʫʶ ʦʨʙʠʪʫ ʩ ʘʧʦʛʝʝʤ 523ʢʤ, 

ʧʝʨʠʛʝʝʤ 508 ʢʤ ʠ ʥʘʢʣʦʥʝʥʠʝʤ ʦʨʙʠʪʳ 82.̄ ʆʥ ʧʨʦʨʘʙʦʪʘʣ ʥʘ ʦʨʙʠʪʝ 2,5 ʛʦʜʘ ʚʧʣʦʪʴ ʜʦ 11 

ʩʝʥʪʷʙʨʷ 1979 ʛ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʝʛʦ ʘʧʦʛʝʡ ʩʥʠʟʠʣʩʷ ʜʦ 330 ʢʤ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ Ni 

ʠʟʤʝʨʷʣʘʩʴ ʩʬʝʨʠʯʝʩʢʦʡ ʠʦʥʥʦʡ ʣʦʚʫʰʢʦʡ, ʨʘʙʦʪʘʶʱʝʡ ʚ ʧʣʘʚʘʶʱʝʤ ʨʝʞʠʤʝ, ʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʵʣʝʢʪʨʦʥʦʚ Te ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤ ʟʦʥʜʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ɼʕʊ 

(ʤʦʜʠʬʠʢʘʮʠʷ ʟʦʥʜʘ ʃʝʥʛʤʶʨʘ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʨʝʢʪʠʬʠʢʘʮʠʦʥʥʳʡ ʟʦʥʜ). ʈʘʙʦʯʠʡ ʮʠʢʣ 

ɼʕʊʘ  ʙʳʣ ʨʘʚʝʥ 4 ʩ, ʧʦʵʪʦʤʫ ʟʥʘʯʝʥʠʷ ʊʝ ʧʦʣʫʯʘʣʠʩʴ 1 ʨʘʟ ʟʘ 4 ʩ. Ni ʠ ʊi ʠʟʤʝʨʷʣʠʩʴ ʪʘʢʞʝ 

ʧʣʦʩʢʦʡ ʠʦʥʥʦʡ ʣʦʚʫʰʢʦʡ (retarding potential analyzer, RPA) ʇʃ-40ɸ. ɹʦʨʪʦʚʦʝ 

ʟʘʧʦʤʠʥʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʨʘʙʦʪʘʣʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʨʝʞʠʤʘʭ ʩ ʟʘʧʦʤʠʥʘʥʠʝʤ ʜʘʥʥʳʭ ʟʘ 5 ʤʠʥ 

(ɿɸʇ-1), 30 ʤʠʥ (ɿɸʇ-2), 120 ʤʠʥ (ɿɸʇ-3) ʠ 1920 ʤʠʥ (ɿɸʇ-4). ɺ ʨʝʞʠʤʝ ɿɸʇ-4 ʂʦʩʤʦʩ-900 

ʟʘʧʦʤʠʥʘʣ ʥʝʧʨʝʨʳʚʥʦ ʜʘʥʥʳʝ ʚ ʪʝʯʝʥʠʝ 16 ʦʨʙʠʪ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʧʨʝʨʳʚʥʦʝ ʛʣʦʙʘʣʴʥʦʝ ʧʦʢʨʳʪʠʝ ʟʝʤʥʦʛʦ ʰʘʨʘ. ʏʘʩʪʦʪʘ ʠʟʤʝʨʝʥʠʡ (sampling rate)  ʙʳʣʘ 

ʨʘʚʥʘ 0.01, 0.08, 0.32 and 5.12 ʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʥʘ 

ʣʦʢʘʣʴʥʦʤ ʢʦʤʤʫʪʘʪʦʨʝ ʙʳʣʦ ʚʳʜʝʣʝʥʦ 4 ʢʘʥʘʣʘ, ʧʦʵʪʦʤʫ ʜʘʥʥʳʝ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ  ʠʦʥʦʚ 

ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʩʝʘʥʩʳ ʜʣʠʥʦʡ 16 ʦʨʙʠʪ ʠ ʯʘʩʪʦʪʦʡ ʦʧʨʦʩʘ 1 ʨʘʟ ʟʘ ʩʝʢʫʥʜʫ. ɼʘʥʥʳʝ 

ʢʘʞʜʦʛʦ ʩʝʘʥʩʘ ʩʚʷʟʠ ʩ ʂɸ ʧʦʩʣʝ ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʥʘʟʝʤʥʳʭ ʧʨʠʝʤʥʳʭ ʧʫʥʢʪʘʭ ʟʘʧʠʩʳʚʘʣʠʩʴ 

ʥʘ ʤʘʛʥʠʪʥʳʝ ʣʝʥʪʳ ʠ ʧʝʨʝʩʳʣʘʣʠʩʴ ʚ ʀʂʀ. ɼʘʥʥʳʝ ʨʝʞʠʤʘ ɿɸʇ-4 ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʧʨʠʟʥʘʢʦʚ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (EQ). ʇʨʝʜʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ 

ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʨʘʟʨʘʙʦʪʘʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʧʨʦʚʝʜʝʥ 
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ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʝʨʠʦʜʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʟʝʤʥʦʡ 

ʠʦʥʦʩʬʝʨʝ ʩʫʱʝʩʪʚʫʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʚʦʣʥʦʚʳʝ ʷʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ. ɸʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʧʨʝʜʣʦʞʠʪʴ ʢʘʥʜʠʜʘʪʘ ʚ ʧʨʝʜʚʝʩʪʥʠʢʠ EQ: ʧʦʷʚʣʝʥʠʝ 

ʚʦʣʥʦʦʙʨʘʟʥʳʭ ʚʘʨʠʘʮʠʡ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʤʘʩʰʪʘʙʘʤʠ S=300-450 c. ʕʪʠ ʩʝʡʩʤʠʯʝʩʢʠʝ 

ʚʦʣʥʦʦʙʨʘʟʥʳʝ ʚʘʨʠʘʮʠʠ ʷʚʣʷʶʪʩʷ field-aligned (ʚʳʪʷʥʫʪʳ ʚʜʦʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ) ʠ ʦʙʳʯʥʦ 

ʟʘʧʦʣʥʷʶʪ ʢʫʧʦʣʦʦʙʨʘʟʥʫʶ ʦʙʣʘʩʪʴ ʚʧʣʦʪʦ ʜʦ Dɚ=Ñ25-30̄  ʧʦ ʜʦʣʛʦʪʝ ʠ Dj=Ñ40 ̄ʧʦ ʰʠʨʦʪʝ. 

 

 

ʄʆʅʀʊʆʈʀʅɻ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʆʁ ʆɹʉʊɸʅʆɺʂʀ ɺ ʆʂʈɽʉʊʅʆʉʊʀ 

ʄɽɾɼʋʅɸʈʆɼʅʆʁ ʂʆʉʄʀʏɽʉʂʆʁ ʉʊɸʅʎʀʀ. ʇɽʈɺʓɽ ʈɽɿʋʃʔʊɸʊʓ 

 

ɺ.ɸ. ɻʨʫʰʠʥ
1
, ʉ.ʀ. ʂʣʠʤʦʚ

1
, ɺ.ɽ. ʂʦʨʝʧʘʥʦʚ

2
, ɼ.ʌ.ɼʫʜʢʠʥ

2
 

 
1
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 

2
ʃʴʚʦʚʩʢʠʡ ʮʝʥʪʨ ʀʂʀ ʅʂɸʋ-ɻʂɸʋ, ʛ. ʃʴʚʦʚ, ʋʢʨʘʠʥʘ, vgrushin@iki.rssi.ru.  

 

ɹʦʣʝʝ ʯʝʤ 10-ʣʝʪʥʠʡ ʦʧʳʪ ʨʘʙʦʪʳ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʘʥʮʠʠ (ʆʉ) ʄʀʈ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, 

ʯʪʦ ʆʉ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʂʦʩʤʠʯʝʩʢʘʷ ʉʪʘʥʮʠʷ (ʄʂʉ), ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʣʠʪʝʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʆʜʥʠʤ ʠʟ ʚʠʜʦʚ ʜʣʠʪʝʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʤʦʥʠʪʦʨʠʥʛ ʨʷʜʘ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʨʦʮʝʩʩʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ (ʠʣʠ ʚ ʧʝʨʩʧʝʢʪʠʚʝ 

ʤʦʛʫʱʠʭ ʦʢʘʟʘʪʴ) ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʦʥʦʩʬʝʨʫ. ɺʘʞʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʠʦʥʦʩʬʝʨʳ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʣʘʟʤʳ ʠ ʟʝʤʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɹʣʘʛʦʜʘʨʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʦʡ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʦʙʣʘʩʪʷʤ ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ ʠʦʥʦʩʬʝʨʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ 

ʩʦʣʥʝʯʥʦ-ʤʘʛʥʠʪʦʩʬʝʨʥʦ-ʘʪʤʦʩʬʝʨʥʳʭ ʩʚʷʟʝʡ. ʇʝʨʚʳʝ 8 ʤʝʩʷʮʝʚ ʨʘʙʦʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʆʙʩʪʘʥʦʚʢʘ 1 ʵʪʘʧ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʦʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʧʦ ʠʟʤʝʨʝʥʠʶ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʦʨʙʠʪʝ ʄʂʉ (ʢʨʫʛʦʚʘʷ ~380 ʢʤ., ʥʘʢʣʦʥʝʥʠʝ ~52
0
), ʪ.ʝ., 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ F2 ʩʣʦʝ. ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʝʛʦ ʚʘʨʠʘʮʠʡ ʥʘ ʠʥʪʝʨʚʘʣʘʭ ʧʦʨʷʜʢʘ ʤʝʩʷʮʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʜʝʣʘʪʴ 

ʟʘʢʣʶʯʝʥʠʝ ʦ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʘʧʧʘʨʘʪʫʨʳ ʢ ʨʘʟʣʠʯʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʩʨʝʜʳ, 

ʚʳʟʚʘʥʥʳʤ ʢʘʢ ʧʨʠʨʦʜʥʳʤʠ ʪʘʢ ʠ ʪʝʭʥʦʛʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. 

 

 

ɺʆɿɹʋɾɼɽʅʀɽ ʀ ʈɽɿʆʅɸʅʉʅʆɽ ʇʆɻʃʆʑɽʅʀɽ ʋʅʏ ʂʆʃɽɹɸʅʀʁ ʇʆ 

ɼɸʅʅʓʄ ɼʆʇʇʃɽʈʆʄɽʊʈʀʀ ʈɸɼɸʈʅʓʍ ʆʊʈɸɾɽʅʀʁ ʆʊ ʉʃʆʗ E 

ɺʓʉʆʂʆʐʀʈʆʊʅʆʁ ʀʆʅʆʉʌɽʈʓ 

 

ɺ.ʀ. ɹʘʜʠʥ 

 

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

 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʜʦʧʧʣʝʨʦʚʩʢʠʭ ʜʘʥʥʳʭ ʥʦʨʚʝʞʩʢʦʛʦ ʨʘʜʘʨʘ STARE ʜʣʷ ʩʧʦʢʦʡʥʳʭ ʠʣʠ 

ʩʣʘʙʦʚʦʟʤʫʱʝʥʥʳʭ ʫʩʣʦʚʠʡ (ʧʦ ʧʣʘʥʝʪʘʨʥʳʤ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʠʥʜʝʢʩʘʤ). ɼʘʥʥʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʦʧʧʣʝʨʦʚʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʨʝʡʬʘ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ ʚ 

ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʢʘʞʜʳʝ ʜʚʘʜʮʘʪʴ ʩʝʢʫʥʜ, ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ 

ʯʝʪʳʨʝʭʯʘʩʦʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʘʢʠʭ ʠʟʤʝʨʝʥʠʡ. ʋʟʢʦʧʦʣʦʩʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʨʘʜʘʨʥʳʭ 

ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ (ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʷ ʨʘʜʘʨʥʳʭ 

ʦʪʨʘʞʝʥʠʡ) ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʝʜʠʥʠʮ ʤʠʣʣʠʛʝʨʮ ʥʘ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ 

ʯʘʩʪʦʪʘʭ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʨʘʥʝʝ ʧʦʩʨʝʜʩʪʚʦʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʘʛʥʠʪʥʳʭ ʠ ʨʘʜʘʨʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʫʣʴʪʨʘʥʠʟʢʦʯʘʩʪʦʪʥʳʭ (ʋʅʏ) 

ʩʠʛʥʘʣʦʚ ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʨʘʟʤʝʨʘʭ, ʬʦʨʤʝ ʠ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʠʩʪʦʯʥʠʢʦʚ ʪʘʢʠʭ 

ʩʠʛʥʘʣʦʚ. ɺʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʜʦʧʧʣʝʨʦʚʩʢʠʭ ʨʘʜʘʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʜʘʝʪ 
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ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʟʦʥʫ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ (ʨʝʟʦʥʘʥʩ 

ʤʘʛʥʠʪʥʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ) ʋʅʏ ʢʦʣʝʙʘʥʠʡ ʠ ʧʦʣʷʨʥʫʶ ʛʨʘʥʠʮʫ ʵʪʦʡ ʟʦʥʳ. ʅʠʟʢʦʯʘʩʪʦʪʥʘʷ 

ʬʠʣʴʪʨʘʮʠʷ ʨʘʜʘʨʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʜʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʦʥʳ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʧʦ ʤʝʨʝ ʨʘʩʰʠʨʝʥʠʷ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʬʠʣʴʪʨʘ. ʇʨʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʧʦʚʳʰʝʥʠʠ ʯʘʩʪʦʪʳ, ʵʬʬʝʢʪ ʩʥʘʯʘʣʘ ʧʦʷʚʣʷʝʪʩʷ ʥʘ ʫʟʢʦʤ ʫʯʘʩʪʢʝ ʚʜʦʣʴ 

ʧʦʣʷʨʥʦʡ ʛʨʘʥʠʮʳ ʟʦʥʳ ʧʦʛʣʦʱʝʥʠʷ, ʘ ʟʘʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʚʩʶ ʟʦʥʫ. 

ʊʘʢʘʷ ʯʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʝʟʦʥʘʥʩʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʷʚʣʝʥʠʷ. ʇʦʩʪʨʦʝʥʳ 

ʮʚʝʪʥʳʝ ʜʠʘʛʨʘʤʤʳ ʣʠʥʠʡ ʫʨʦʚʥʷ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʠ ʜʠʩʧʝʨʩʠʠ ʋʅʏ ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ 

ʙʫʣʘʚʦʯʥʳʝ (stem) ʜʠʘʛʨʘʤʤʳ. ʇʨʠʚʝʜʝʥʳ ʦʮʝʥʢʠ ʤʠʥʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ. ʈʘʙʦʪʘ ʯʘʩʪʠʯʥʦ ʧʦʜʜʝʨʞʘʥʘ ʇʨʦʛʨʘʤʤʦʡ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉ 22. 

 

 

 

 

 

 

 



 77 

 

ʉ ɽ ʂ ʎ ʀ ʗ   çʉʆʃʅɽʏʅʓʁ ɺɽʊɽʈ, ɻɽʃʀʆʉʌɽʈɸ ʀ 

ʉʆʃʅɽʏʅʆ-ɿɽʄʅʓɽ ʉɺʗɿʀè ʋʉʊʅʓɽ ɼʆʂʃɸɼʓ 
 

 

ɸʃʔɺɽʅʆɺʉʂʀɽ ɺʆʃʅʓ ɺ ʆɹʃɸʉʊʀ ʋʉʂʆʈɽʅʀʗ ʉʆʃʅɽʏʅʆɻʆ ɺɽʊʈɸ ɺ 

ʊɽʏɽʅʀɽ ʎʀʂʃɸ ʉʆʃʅɽʏʅʆʁ ɸʂʊʀɺʅʆʉʊʀ ʇʆ ɼɸʅʅʓʄ 

ʇʆʃʗʈʀɿɸʎʀʆʅʅʆɻʆ 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
ʀʥʩʪʠʪʫʪ ʀʈʕ ʠʤ. ɺ.ɸ.ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, efimov@ms.ire.rssi.ru, 

2
ʇʫʱʠʥʩʢʘʷ ʈʆ ɸʂʎ ʌʀɸʅ, ʈʦʩʩʠʷ, 

3
ʀʥʩʪʠʪʫʪ ɸʩʪʨʦʥʦʤʠʠ ʠʤ. ɸʨʛʝʣʘʥʜʝʨʘ ɹʦʥʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

4
ʀʥʩʪʠʪʫʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʂʸʣʴʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

 

ʄʝʪʦʜʳ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʝʤʥʦʛʠʭ ʩʨʝʜʩʪʚ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠ ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ (ʄɻɼ) ʚʦʣʥʘʭ ʚ ʦʙʣʘʩʪʠ ʫʩʢʦʨʝʥʠʷ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʦ 3 ʮʠʢʣʘ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ 

ʦʢʦʣʦʩʦʣʥʝʯʥʦʡ ʧʣʘʟʤʳ ʣʠʥʝʡʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʟʘʭʦʜʷʱʠʭ ʟʘ ʉʦʣʥʮʝ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. ʅʘʠʙʦʣʴʰʠʡ ʦʙʲʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʙʳʣ ʧʦʣʫʯʝʥ ʚ 

ʧʝʨʠʦʜ ʫʩʧʝʰʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ (1975-1984) ʝʚʨʦʧʝʡʩʢʠʭ ʩʦʣʥʝʯʥʳʭ ʟʦʥʜʦʚ HELIOS-1 

ʠ HELIOS-2. ɹʳʣʦ ʚʳʧʦʣʥʝʥʦ 228 ʩʝʘʥʩʦʚ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʩ ʦʙʱʠʤ ʚʨʝʤʝʥʝʤ 

ʨʝʛʠʩʪʨʘʮʠʠ ʟʦʥʜʠʨʫʶʱʠʭ ʩʠʛʥʘʣʦʚ S-ʜʠʘʧʘʟʦʥʘ (ɚ=13 ʩʤ) ʊɆ=1277 ʯʘʩʦʚ [Bird et al, 1992]. 

ɺ 2002 ʛ. ʧʦʩʣʝ ʚʳʭʦʜʘ ʥʘ ʦʨʙʠʪʫ ʩʧʫʪʥʠʢʘ ʉʘʪʫʨʥʘ CASSINI ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 2 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʘʜʠʦʧʨʦʩʚʝʯʠʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ ʩʘʥʪʠʤʝʪʨʦʚʳʤʠ (ʍ-ʜʠʘʧʘʟʦʥ, ɚ=3.6 

ʩʤ) ʩʠʛʥʘʣʘʤʠ [Jensen, 2007]. ɸʥʘʣʦʛʠʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʦʩʫʱʝʩʪʚʣʝʥʳ ʧʨʠ ʟʘʭʦʜʝ ʟʘ 

ʉʦʣʥʮʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʳ MESSENGER ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʜʥʝʡ (8, 10 ʠ 11 ʥʦʷʙʨʷ) 2009 ʛ. 

ʦʙʱʝʝ ʚʨʝʤʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 7 ʯʘʩʦʚ. ʆʩʥʦʚʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʚʳʧʦʣʥʝʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʠʝ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ ʯʘʩʪʦʪʥʳʭ ʚʘʨʠʘʮʠʡ ʩ ʯʘʩʪʦʪʦʡ 

0.6Ñ0.2 ʤʠʣʣʠʛʝʨʮ [Jensen et al, 2012]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʜʠʦʟʘʪʤʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʥʝʯʥʳʭ ʟʦʥʜʦʚ HELIOS-1 ʠ HELIOS-2 ʧʨʦʜʦʣʞʘʶʪ ʦʩʪʘʚʘʪʴʩʷ 

ʫʥʠʢʘʣʴʥʳʤʠ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʲʝʤʘ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʪʘʢ ʠ ʩʧʝʮʠʬʠʢʠ 

ʠʟʫʯʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ 3 ʠ 7 

ʩʦʣʥʝʯʥʳʤʠ ʨʘʜʠʫʩʘʤʠ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʦʩʥʦʚʥʦʝ ʫʩʢʦʨʝʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʚʦʟʤʦʞʥʦ 

ʩʚʷʟʘʥʥʦʝ ʩ ʄɻɼ-ʚʦʣʥʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘʙʣʶʜʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦ 

ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ ʘʚʪʦʨʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ [Volland et al, 1977; Hollweg et al, 1982; Bird et al, 

1992] ʠ ʩʝʨʠʡ ʩʦʚʤʝʩʪʥʳʭ ʩ ʘʚʪʦʨʘʤʠ ʥʘʩʪʦʷʱʝʛʦ ʜʦʢʣʘʜʘ ʧʫʙʣʠʢʘʮʠʡ [Efimov et al, 

1993,1996; Andreev et al, 1997; Chashei et al, 1999]. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʩʦʦʙʱʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʠ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʝ 

ʬʘʟʳ 21 ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ: ʚʳʩʦʢʠʡ ʤʘʢʩʠʤʫʤ (ʦʢʪʷʙʨʴ-ʥʦʷʙʨʴ 1979 ʛ., ʛʣʫʙʦʢʠʡ 

ʤʠʥʠʤʫʤ (1975, 1976 ʛʛ.)), ʚʦʩʭʦʜʷʱʘʷ ʚʝʪʚʴ (1977, 1978 ʛʛ.) ʠ ʥʠʩʭʦʜʷʱʘʷ ʚʝʪʚʴ (1983/1984 

ʛʛ.). ɿʦʥʜʠʨʦʚʘʥʠʝ ʦʢʦʣʦʩʦʣʥʝʯʥʦʡ ʧʣʘʟʤʳ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʚ ʦʙʣʘʩʪʷʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʠ ʢ 

ʟʘʧʘʜʫ, ʠ ʢ ʚʦʩʪʦʢʫ ʦʪ ʉʦʣʥʮʘ ʥʘ ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ 3.4 ʠ 16.7 

ʨʘʜʠʫʩʘʤʠ ʉʦʣʥʮʘ RS. ɺ ʫʢʘʟʘʥʥʳʡ ʧʝʨʠʦʜ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 34 ʩʝʘʥʩʘ ʦʜʥʦʚʨʝʤʝʥʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʟʦʥʜʠʨʫʶʱʠʭ ʧʣʘʟʤʫ ʩʠʛʥʘʣʦʚ ʚ ʨʘʟʥʝʩʝʥʥʳʭ ʥʘ ʙʦʣʴʰʦʝ (8000é11000 ʢʤ) 

ʨʘʩʩʪʦʷʥʠʝ. ʇʦ ʚʨʝʤʝʥʠ ʟʘʧʘʟʜʳʚʘʥʠʷ ʬʣʫʢʪʫʘʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʦʜʥʦʤ ʧʫʥʢʪʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤ ʦʧʨʝʜʝʣʝʥʳ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. ɼʣʷ 

ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʠʭ ʨʘʩʩʪʦʷʥʠʡ (3.5-4.5)RS ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩʦʩʪʘʚʣʷʶʪ (290-550) ʢʤ/ʩ, ʘ 

ʧʨʠ ʫʜʘʣʝʥʠʷʭ ʥʘ (5.5-6.5)RS ʝʝ ʚʝʣʠʯʠʥʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 150 ʢʤ/ʩ ʜʦ 450 ʢʤ/ʩ. 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ ʟʘʧʘʟʜʳʚʘʥʠʶ ʩʢʦʨʦʩʪʴ ʚʦʟʤʫʱʝʥʠʡ ʤʦʞʝʪ 

ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʘʣʴʚʝʥʦʚʩʢʦʡ ʩʢʦʨʦʩʪʠ ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚʦʣʥ. 

 

 

ʇʈʆʎɽʉʉ ʌʆʈʄʀʈʆɺɸʅʀʗ ʋʉʊɸʅʆɺʀɺʐɽɻʆʉʗ ʉɺɽʈʍɿɺʋʂʆɺʆɻʆ 

ʇʆʊʆʂɸ ʉʆʃʅɽʏʅʆɻʆ ɺɽʊʈɸ 

 

ʅ.ɸ. ʃʦʪʦʚʘ, ʀ.ɸ. ʉʫʙʘʝʚ, ʆ.ɸ. ʂʦʨʝʣʦʚ
 

 

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

 

ʅʘ ʦʩʥʦʚʝ ʥʦʚʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʪʦʜʘ ʧʨʦʩʚʝʯʠʚʘʥʠʷ ʧʦʜʨʦʙʥʦʝ ʠʟʫʯʝʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʥʘ ʫʜʘʣʝʥʥʳʝ ʦʙʣʘʩʪʠ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʜʦ ʨʘʩʩʪʦʷʥʠʡ Rå90Rs.  

ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʦʙʥʘʨʫʞʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʯʝʪʳʨʝʭ ʜʠʩʢʨʝʪʥʳʭ ʟʦʥ, ʛʜʝ ʧʨʦʮʝʩʩ ʫʩʢʦʨʝʥʠʷ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʩʚʷʟʘʥ ʩ ʨʘʟʚʠʪʠʝʤ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʯʝʪʳʨʝʭ ʪʠʧʦʚ  ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʫʜʘʨʥʦʡ ʚʦʣʥʳ. ʋʜʘʨʥʘʷ ʚʦʣʥʘ ʫʩʢʦʨʷʝʪ ʧʦʪʦʢ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʚ ʫʟʢʦʡ ʦʙʣʘʩʪʠ, ʰʠʨʠʥʦʡ 

(1.5-2.5)Rs. ʇʦʚʪʦʨʥʳʝ ʧʨʦʮʝʩʩʳ ʫʜʘʨʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʚ ʯʝʪʳʨʝʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʟʦʥʘʭ ʠʤʝʶʪ ʟʘʪʫʭʘʶʱʠʡ ʚʠʜ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ Rå90Rs ʦʪ 

ʉʦʣʥʮʘ ʚʦʟʥʠʢʘʝʪ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʧʦʪʦʢ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ 

 

 

ʀɼɽʅʊʀʌʀʂɸʎʀʗ ʂʆʈʆʅɸʃʔʅʓʍ ʀʉʊʆʏʅʀʂʆɺ ʉʆʃʅɽʏʅʆɻʆ ɺɽʊʈɸ ʇʆ 

ʀɿʆɹʈɸɾɽʅʀʗʄ ʉʆʃʅʎɸ ɺ ɺʋʌ ɼʀɸʇɸɿʆʅɽ ʉʇɽʂʊʈɸ 

 

ɺ.ɸ. ʉʣʝʤʟʠʥ
1
, ʖ.ʉ. ʐʫʛʘʡ

2 

 
1
ʌʀɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 

2
ʅʀʀʗʌ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

 

Cʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ (ʉɺ), ʥʘʧʨʠʤʝʨ, WSA, ENLIL, ʦʩʥʦʚʘʥʳ ʥʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʩ ʦʙʣʘʩʪʷʤʠ ʦʪʢʨʳʪʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʨʘʩʩʯʠʪʳʚʘʝʤʦʛʦ ʧʦ ʩʪʘʪʠʯʝʩʢʠʤ ʬʦʪʦʩʬʝʨʥʳʤ ʤʘʛʥʠʪʦʛʨʘʤʤʘʤ ʚ ʧʦʪʝʥʮʠʘʣʴʥʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ. ʕʪʠ ʤʦʜʝʣʠ ʦʙʣʘʜʘʶʪ ʦʛʨʘʥʠʯʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʚʳʷʚʣʷʶʪ ʚʩʝʭ 

ʪʠʧʦʚ ʠʩʪʦʯʥʠʢʦʚ ʉɺ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʜʣʝʥʥʦʛʦ ʚʝʪʨʘ, ʪʘʢ ʢʘʢ ʥʝ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʪʨʘʥʟʠʝʥʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʋʢʘʟʘʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʝʦʜʦʣʝʚʘʶʪʩʷ ʧʨʠ ʣʦʢʘʣʠʟʘʮʠʠ 

ʢʦʨʦʥʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʉɺ ʧʦ ʠʟʦʙʨʘʞʝʥʠʷʤ ʉʦʣʥʮʘ ʥʘ ʦʩʥʦʚʝ ʢʦʨʨʝʣʷʮʠʠ ʢʦʦʨʜʠʥʘʪ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉɺ (çʚʤʦʨʦʞʝʥʥʘʷè ʠʦʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʠʦʥʥʳʡ ʩʦʩʪʘʚ) ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

ʢʦʨʦʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ɺʋʌ ʜʠʘʧʘʟʦʥʝ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺʋʌ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠʙʦʨʦʚ ʊɽʉʀʉ, Proba2/SWAP, SDO/AIA  ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʘʢ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ (ʢʦʨʦʥʘʣʴʥʳʝ ʜʳʨʳ, ʘʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ), ʪʘʢ ʠ 

ʪʨʘʥʟʠʝʥʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʉɺ (ʂɺʄ, ʤʝʣʢʦʤʘʩʰʪʘʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴ). 
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We will demonstrate the tools of modeling of propagation of coronal mass ejections in the 

heliosphere used at the Space Weather Research Center (SWRC) and Community Coordinated 

Modeling Center (CCMC) of NASA/GSFC. We will also show how we monitor space weather 

conditions at the Earth and NASA missions. 

 

 

ʕʌʌɽʂʊ ɻʅɽɺʓʐɽɺɸ ʀ ʂɺɸɿʀʇɽʈʀʆɼʀʏɽʉʂʀɽ ʆʉʎʀʃʃʗʎʀʀ ɺ 

ʉʆʃʅɽʏʅʆʁ ɸʂʊʀɺʅʆʉʊʀ ʀ ɺ ʂʆʉʄʀʏɽʉʂʀʍ ʃʋʏɸʍ  

 

ɻ.ɸ. ɹʘʟʠʣʝʚʩʢʘʷ, ɸ.ʂ. ʉʚʠʨʞʝʚʩʢʘʷ 

 

ʌʀɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, gbaz@rambler.ru 

 

ʕʬʬʝʢʪ ɻʥʝʚʳʰʝʚʘ ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ ʚʨʝʤʝʥʥʦʝ ʦʩʣʘʙʣʝʥʠʝ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʬʘʟʝ 

ʤʘʢʩʠʤʫʤʘ 11-ʣʝʪʥʝʛʦ ʮʠʢʣʘ. ʆʥ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʦʣʥʝʯʥʳʭ ʧʷʪʥʘʭ, ʬʦʪʦʩʬʝʨʥʦʤ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ, ʢʦʨʦʥʘʣʴʥʦʤ ʠʥʜʝʢʩʝ, ʯʠʩʣʝ ʚʩʧʳʰʝʢ ʠ ʜʨʫʛʠʭ ʠʥʜʝʢʩʘʭ. ʆʜʥʘʢʦ ʵʪʦʪ ʵʬʬʝʢʪ 

ʚʳʛʣʷʜʠʪ ʧʦ-ʨʘʟʥʦʤʫ ʚ ʩʝʚʝʨʥʦʤ ʠ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʷʭ ʉʦʣʥʮʘ, ʢʨʦʤʝ ʪʦʛʦ, ʥʝʨʝʜʢʦ 

ʦʩʣʘʙʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʜʚʘʞʜʳ ʚ ʪʝʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʬʘʟʳ ʦʜʥʦʛʦ 

ʮʠʢʣʘ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʵʬʬʝʢʪ ɻʥʝʚʳʰʝʚʘ ï ʧʨʦʷʚʣʝʥʠʝ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ~ 0.5-2 ʛʦʜʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʧʨʠʟʥʘʢʠ ʩʪʦʭʘʩʪʠʯʥʦʩʪʠ. ʕʬʬʝʢʪ ɻʥʝʚʳʰʝʚʘ ʪʨʘʥʩʣʠʨʫʝʪʩʷ ʚ ʛʝʣʠʦʩʬʝʨʫ ʦʪʢʨʳʪʳʤ 

ʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ ʉʦʣʥʮʘ ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʤʦʜʫʣʷʮʠʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. ɺ ʵʪʦʤ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪ ɻʥʝʚʳʰʝʚʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʨʝʧʝʨʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʠʟʫʯʘʪʴ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʝ ʩʚʷʟʠ. 

 

 

ʆ ʊʀʇʀʏʅʆʁ ʉʊʈʋʂʊʋʈɽ ʌɸɿʓ ʄɸʂʉʀʄʋʄɸ ɺ ʉʆʃʅɽʏʅʓʍ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂɸʍ ʀ ʀʅʊɽʅʉʀɺʅʆʉʊʀ ɻʂʃ ʀ ʆɹ ʆʉʆɹɽʅʅʆʉʊʗʍ ʉʎ 24 

 

ʄ.ɹ. ʂʨʘʡʥʝʚ, ʄ.ʉ. ʂʘʣʠʥʠʥ 

 

ʌʀɸʅ ʠʤ. ʇ.ʅ. ʃʝʙʝʜʝʚʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, mkrainev46@mail.ru 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʭʦʜʠʪ ʢ ʢʦʥʮʫ ʬʘʟʘ ʤʘʢʩʠʤʫʤʘ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ (ʉʎ) 24, ʚʦ ʤʥʦʛʠʭ 

ʦʪʥʦʰʝʥʠʷʭ ʘʥʦʤʘʣʴʥʦʛʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʮʠʢʣʘʤʠ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ 20-ʦʛʦ ʚʝʢʘ. ɺ ʨʘʟʛʘʨʝ 

ʜʦʣʞʥʘ ʙʳʪʴ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʬʘʟʘ ʚ ʮʠʢʣʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʣʫʯʝʡ (ɻʂʃ), ʨʘʟʚʠʚʘʶʱʝʤʩʷ ʚ ʧʨʦʪʠʚʦʬʘʟʝ ʩ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ 

ʩʦʧʦʩʪʘʚʣʷʝʤ ʥʘʙʣʶʜʘʝʤʦʝ ʧʦʚʝʜʝʥʠʝ ʧʣʦʱʘʜʠ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷʨʥʦʩʪʠ 

ʛʝʣʠʦʩʬʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ɻʄʇ) ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɻʂʃ ʥʘ ʦʨʙʠʪʝ ɿʝʤʣʠ ʚ 2011-2013 

ʛʛ. ʩ ʠʭ ʪʠʧʠʯʥʳʤ ʧʦʚʝʜʝʥʠʝʤ ʚ ʬʘʟʘʭ ʤʘʢʩʠʤʫʤʘ ʉʎ 21-23 (1980-2003 ʛʛ.), ʚʢʣʶʯʘʶʱʠʤ 

ʧʨʦʚʘʣʳ ʠ ʧʠʢʠ ɻʥʝʚʳʰʝʚʘ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɻʂʃ), 

ʠʥʚʝʨʩʠʶ ʧʦʣʷʨʥʦʩʪʠ ɻʄʇ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʛʠʩʪʝʨʝʟʠʩ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɻʂʃ. ʂʨʦʤʝ ʪʦʛʦ, 

ʨʘʟʚʠʪʠʝ ʉʎ 24 ʚ ʧʣʦʱʘʜʠ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʚ N- ʠ S-ʧʦʣʫʰʘʨʠʷʭ ʉʦʣʥʮʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ɻʂʃ ʚ 2013-2014 ʛʛ. ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʦʞʠʜʘʝʤʳʤ ʠʟ ʢʦʨʝʣʣʷʮʠʦʥʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ 



 80 

ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʤʘʢʩʠʤʫʤʝ ʠ ʪʦʯʢʝ ʧʝʨʝʛʠʙʘ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘʤʠ 

ʨʘʥʝʝ. 

 

ʆ ʇʈʀʏʀʅɽ ʀɿʃʆʄɸ ɺ ʉʇɽʂʊʈɸʍ ʂʆʉʄʀʏɽʉʂʀʍ ʃʋʏɽʁ ʇʈʆʊʆʅʆɺ ʀ 

ɻɽʃʀʗ ʆʂʆʃʆ ~230 ɻʕɺ  

 

ɺ.ʄ ʃʦʟʥʠʢʦʚ, ʅ.ʉ.ɽʨʦʭʠʥ, ʃ.ɸ. ʄʠʭʘʡʣʦʚʩʢʘʷ, ʅ.ʅ. ɿʦʣʴʥʠʢʦʚʘ 

 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, vloznikov@yandex.ru, nerokhin@iki.rssi.ru 

 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʩʧʝʢʪʨʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ (ʂʃ) ʧʨʦʪʦʥʦʚ (p) ʠ ʷʜʝʨ ʛʝʣʠʷ (He) (ʚ ʜʠʘʧʘʟʦʥʝ 

~10 · 10
6
 ɻʵɺ) ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. ʇʝʨʚʘʷ 

ʢʦʤʧʦʥʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʦʤʫ ʬʦʥʫ, ʚʪʦʨʘʷ ï ʛʝʣʠʦʩʬʝʨʥʦʤʫ ʠʩʪʦʯʥʠʢʫ (ʥʘ 

ʧʝʨʠʬʝʨʠʠ ʛʝʣʠʦʩʬʝʨʳ ʟʘ TS), ʪʨʝʪʴʷ ï ʙʣʠʟʢʦʤʫ ʛʘʣʘʢʪʠʯʝʩʢʦʤʫ ʠʩʪʦʯʥʠʢʫ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʥʘʭʦʜʷʱʝʤʫʩʷ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʤʝʩʪʥʦʛʦ ʤʝʞʟʚʝʟʜʥʦʛʦ ʦʙʣʘʢʘ (ʄʄʆ) ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʉʦʣʥʮʘ ~0.1 ʧʩ. ɿʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʧʝʨʝʤʝʥʥʦʩʪʴ ʦʙʦʠʭ ʠʩʪʦʯʥʠʢʦʚ ʦʪʚʝʯʘʶʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ñʩʝʨʬʦʪʨʦʥʥʳʝ ʫʩʢʦʨʠʪʝʣʠò, ʜʣʷ ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ 

ʦʙʣʘʩʪʠ ʩ ʧʦʯʪʠ ʦʜʥʦʨʦʜʥʳʤ ʠ ʧʦʩʪʦʷʥʥʳʤ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʥʘʧʨʘʚʣʝʥʠʶ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, 

ʦʨʪʦʛʦʥʘʣʴʥʦ ʢʦʪʦʨʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʣʘʟʤʝʥʥʳʝ ʚʦʣʥʳ. ɺʝʣʠʯʠʥʘ ʠ ʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʠʟʣʦʤʘ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʭ p ʠ He (ʚ ʦʙʣʘʩʪʠ ʦʢʦʣʦ ~230 ɻʵɺ), ʟʘʚʠʩʠʪ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ ʠ ʩʪʝʧʝʥʥʳʤʠ ʠʥʜʝʢʩʘʤʠ ʬʦʥʘ, ñʤʷʛʢʦʛʦò ʛʝʣʠʦʩʬʝʨʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʠ ñʞʝʩʪʢʦʛʦò ʙʣʠʟʢʦʛʦ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ. ʋʞʝʩʪʦʯʝʥʠʝ ʩʧʝʢʪʨʘ He 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʧʝʢʪʨʘ p ʢʘʯʝʩʪʚʝʥʥʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʝʨʬʦʪʨʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʫʩʢʦʨʷʝʪ ʯʘʩʪʠʮʳ ʩ ʙʦʣʴʰʠʤ ʟʘʨʷʜʦʤ, ʘ ʟʘʭʚʘʪ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʧʣʘʟʤʝʥʥʦʡ 

ʚʦʣʥʦʡ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʯʘʩʪʠʮ ʩ ʤʝʥʴʰʝʡ ʤʘʩʩʦʡ. ʅʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ 

ʨʘʩʩʤʦʪʨʝʥʦ ʫʣʴʪʨʘʨʝʣʷʪʠʚʠʩʪʩʢʦʝ ʫʩʢʦʨʝʥʠʝ p ʠ He ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʦʡ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʧʦʧʝʨʝʢ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʫʩʣʦʚʠʡ ʟʘʭʚʘʪʘ p ʠ He ʚʦʣʥʦʡ, ʜʠʥʘʤʠʢʘ ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ ʠ ʠʤʧʫʣʴʩʘ 

ʯʘʩʪʠʮʳ, ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʘ ʝʝ ʫʩʢʦʨʝʥʠʷ ʦʪ ʠʩʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ. ʀʩʩʣʝʜʦʚʘʥʘ 

ʩʪʨʫʢʪʫʨʘ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʫʩʢʦʨʷʝʤʳʭ p ʠ He. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʦʟʠʪʨʦʥʦʚ ʟʘʭʚʘʯʝʥʥʳʡ ʩʨʘʟʫ ʧʨʦʪʦʥ ʤʦʞʝʪ ʯʝʨʝʟ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ 

ʚʨʝʤʷ ʚʳʣʝʪʝʪʴ ʠʟ ʵʬʬʝʢʪʠʚʥʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʳ ʠ ʫʩʢʦʨʝʥʠʝ ʧʨʝʢʨʘʱʘʝʪʩʷ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʣʴʪʨʘʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ 

ʩʝʨʬʦʪʨʦʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ p ʠ He ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʦʡ, ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʘ ʩʯʝʪ ʩʝʨʬʦʪʨʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʦʪʣʠʯʠʡ ʚ ʩʧʝʢʪʨʘʭ ʫʩʢʦʨʝʥʥʳʭ p ʠ He 

(ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʨʝʛʠʩʪʨʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ) 

ʦʪ ʩʪʘʥʜʘʨʪʥʳʭ ʩʪʝʧʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʝ ʚʦʟʤʦʞʥʦ 

ʫʩʢʦʨʝʥʠʝ p ʠ He, ʠʤʝʚʰʠʭ ʥʘʯʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ɻʵɺ, ʜʦ ʵʥʝʨʛʠʡ ʧʦʨʷʜʢʘ 
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 ɻʵɺ. 
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ʆ ʌʀɿʀʏɽʉʂʆʄ ʄɽʍɸʅʀɿʄɽ ɹʓʉʊʈʆʁ ʇɽʈɽʄɽʅʅʆʉʊʀ ʍʀʄʀʏɽʉʂʆɻʆ 

ʉʆʉʊɸɺɸ ʀ ʅɸʇʈɸɺʃɽʅʀʗ ʉʆʃʅɽʏʅʆɻʆ ɺɽʊʈɸ 

 

ʖ.ɺ. ɼʫʤʠʥ
1,2

 

 
1
ɻɸʀʐ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 

2
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, dumin@yahoo.com. 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʘʷ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʳʩʪʨʳʭ ʬʣʫʢʪʫʘʮʠʡ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʜʝʪʝʢʪʠʨʦʚʘʚʰʠʭʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ñʇʣʘʟʤʘ-ʌò ʥʘ ʙʦʨʪʫ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ñʉʧʝʢʪʨ-ʈò. ɺ ʦʩʥʦʚʝ ʤʦʜʝʣʠ 

ʣʝʞʠʪ ʵʬʬʝʢʪ ʧʝʨʝʤʝʞʘʝʤʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʩʠʣʦʚʳʭ ʪʨʫʙʦʢ ʩ ʨʘʟʣʠʯʥʳʤ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ ʚ 

ʧʦ̫ʩʝ ʢʦʨʦʥʘʣʴʥʳʭ ʩʪʨʠʤʤʝʨʦʚ, ʧʨʠ ʨʘʟʤʳʢʘʥʠʠ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʝʪʩʷ ñʤʝʜʣʝʥʥʳʡò 

ʩʦʣʥʝʯʥʳʡ ʚʝʪʝʨ. ʂʘʢ ʚʳʪʝʢʘʝʪ ʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʵʪʘ ʤʦʜʝʣʴ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʦʙʲʷʩʥʠʪʴ ʥʘʙʣʶʜʘʝʤʳʝ ʙʳʩʪʨʳʝ ʬʣʫʢʪʫʘʮʠʠ ʦʪʥʦʰʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʛʝʣʠʷ ʠ ʚʦʜʦʨʦʜʘ ʚ 2ï3 ʨʘʟʘ. ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʬʣʫʢʪʫʘʮʠʡ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʪʦ ʠʭ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʘ; ʪʘʢ ʯʪʦ ʨʘʩʯʝʪ ʵʪʦʡ ʚʝʣʠʯʠʥʳ 

ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ, ʥʝ ʟʘʚʠʩʷʱʝʡ ʦʪ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ, ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʪʝʩʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ 

ʨʝʟʢʠʤʠ ʩʢʘʯʢʘʤʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʯʪʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ. ʈʘʙʦʪʘ ʯʘʩʪʠʯʥʦ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʌʌʀ 

 ̄14-02-01275 (ʨʫʢ. ɹ.ɺ. ʉʦʤʦʚ). 

 

 

ʆ ʅɸɻʈɽɺɽ ʕʃɽʂʊʈʆʅʆɺ ʉʆʃʅɽʏʅʆɻʆ ɺɽʊʈɸ ʅɸ ɹʆʃʔʐʀʍ 

ɻɽʃʀʆʎɽʅʊʈʀʏɽʉʂʀʍ ʈɸʉʉʊʆʗʅʀʗʍ 

 

ʀ.ɺ. ʏʘʰʝʡ, ʍ. ʌʘʨ  

 

ʇʫʱʠʥʩʢʘʷ ʈʘʜʠʦʘʩʪʨʦʥʦʤʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ ɸʂʎ ʌʀɸʅ, ʈʦʩʩʠʷ 

 

ʈʘʩʩʤʦʪʨʝʥ ʥʘʛʨʝʚ ʵʣʝʢʪʨʦʥʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʦ ʩʣʘʙʳʤʠ ʫʜʘʨʥʳʤʠ 

ʚʦʣʥʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʤʧʝʨʘʪʫʨʘ ʵʣʝʢʪʨʦʥʦʚ 

ʦʢʘʟʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʩʣʫʯʘʝ ʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʝʥʠʡ 
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5
 ʂ ʠ ʚʳʰʝ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʦʢʨʝʩʪʥʦʩʪʠ ʛʝʣʠʦʩʬʝʨʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. 

 

 

ʄɸɻʅʀʊʅɸʗ ɼʓʈɸ ʂɸʂ ʇʃɸɿʄɽʅʅɸʗ ʅɽʆɼʅʆʈʆɼʅʆʉʊʔ ɺ ʉʆʃʅɽʏʅʆʄ 

ɺɽʊʈɽ ʀ ʉɺʗɿɸʅʅʓɽ ʉ ʅɽʁ ɺʆɿʄʋʑɽʅʀʗ ʄɽɾʇʃɸʅɽʊʅʆʁ ʉʈɽɼʓ  

 

ʉ.ɸ. ɻʨʠʙ
1
, ʉ.ʅ. ʃʝʦʨʘ

2
 

 
1
ɻɸʆ ʈɸʅ, ʇʫʣʢʦʚʦ, ʉʇʙ, ʈʦʩʩʠʷ, sagrib@gmail.com, 

2
ʉʇʙɻʋ, ʄʄʌ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, leora2008@mail.ru 

 

ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ, ʩ ʮʝʣʴʶ  

ʧʦʩʪʨʦʝʥʠʷ ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ (ʄɻɼ) ʤʦʜʝʣʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʤʳʝ 

ʚ ʧʦʪʦʢʝ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʧʣʘʟʤʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʧʦʩʪʦʷʥʥʳʤ ʧʦʣʥʳʤ ʜʘʚʣʝʥʠʝʤ ʪʠʧʘ 

ʤʘʛʥʠʪʥʳʭ ʜʳʨ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʤʘʛʥʠʪʥʳʝ ʜʳʨʳ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʚ ʩʦʣʥʝʯʥʦʡ ʧʣʘʟʤʝ 

ʧʦʩʣʝ ʨʘʩʧʘʜʘ ʥʘʯʘʣʴʥʦʛʦ ʨʘʟʨʳʚʘ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʜʚʫʭ ʤʝʜʣʝʥʥʳʭ ʄɻɼ ʫʜʘʨʥʳʭ ʚʦʣʥ ʠ 

ʜʘʣʴʥʝʡʰʠʤ ʠʭ ʧʝʨʝʭʦʜʦʤ ʚ ʄɻɼ ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ ʨʘʟʨʳʚʳ. ʀʟʫʯʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ  

ʣʠʥʝʡʥʦʡ ʤʘʛʥʠʪʥʦʡ ʜʳʨʳ (ʄɼ) ʩ ʬʨʦʥʪʦʤ ʛʦʣʦʚʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʧʝʨʝʜ ʤʘʛʥʠʪʦʩʬʝʨʦʡ 
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ɿʝʤʣʠ ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʙʳʩʪʨʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚ ʤʘʛʥʠʪʦʩʣʦʝ ʠ ʩʤʝʱʝʥʠʝ 

ʬʨʦʥʪʘ ʛʦʣʦʚʥʦʡ ʚʦʣʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʤʘʛʥʠʪʦʩʬʝʨʳ ɿʝʤʣʠ. ʄɼ ʚ ʨʘʤʢʘʭ ʄɻɼ ʪʝʦʨʠʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʣʘʟʤʝʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʜʚʫʤʷ ʪʘʥʛʝʥʮʠʘʣʴʥʳʤʠ 

ʨʘʟʨʳʚʘʤʠ: ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʛʨʘʥʠʮʘʤʠ. ʉʪʦʣʢʥʦʚʝʥʠʝ ʧʝʨʝʜʥʝʡ ʛʨʘʥʠʮʳ ʄɼ ʩ ʬʨʦʥʪʦʤ 

ʛʦʣʦʚʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʩʦʟʜʘʩʪ ʦʙʣʘʩʪʴ ʧʦʪʦʢʘ, ʦʛʨʘʥʠʯʝʥʥʫʶ ʜʚʫʤʷ ʙʳʩʪʨʳʤʠ ʫʜʘʨʥʳʤʠ 

ʚʦʣʥʘʤʠ ʩ ʪʘʥʛʝʥʮʠʘʣʴʥʳʤ ʨʘʟʨʳʚʦʤ ʤʝʞʜʫ ʥʠʤʠ. ʇʝʨʝʜʥʷʷ ʫʜʘʨʥʘʷ ʚʦʣʥʘ ʧʨʝʣʦʤʠʪʩʷ ʚ 

ʤʘʛʥʠʪʦʩʣʦʡ, ʜʨʫʛʘʷ ʞʝ ʙʫʜʝʪ ʩʤʝʱʸʥʥʦʡ ʛʦʣʦʚʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ,  

ʩʤʝʱʸʥʥʳʡ ʬʨʦʥʪ ʛʦʣʦʚʥʦʡ ʚʦʣʥʳ ʩ ʠʟʤʝʥʸʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʟʘʜʥʝʡ 

ʛʨʘʥʠʮʝʡ ʄɼ, ʩʦʟʜʘʩʪ ʦʪʨʘʞʸʥʥʫʶ ʦʪ ʛʨʘʥʠʮʳ ʙʳʩʪʨʫʶ ʚʦʣʥʫ ʨʘʟʨʝʞʝʥʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʪʘʢʞʝ ʚʦʟʤʫʱʝʥʠʷ ʄɼ ʩʦ ʩʪʦʨʦʥʳ ʩʦʣʥʝʯʥʦʡ ʙʳʩʪʨʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʥʘʙʝʛʘʶʱʝʡ ʥʘ ʄɼ, ʠ 

ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʘʷ ʘʥʘʣʦʛʠʷ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʣʫʯʘʝʤ, ʨʘʩʩʤʦʪʨʝʥʥʳʤ 

ʨʘʥʝʝ. ʅʘʙʣʶʜʝʥʠʷ, ʧʨʦʚʝʜʸʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ Cluster ʠ ACE, ʚʦ 

ʤʥʦʛʦʤ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ, ʛʦʚʦʨʷʱʠʝ ʦʙ ʠʟʤʝʥʝʥʠʠ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʄɼ ʠ ʩʤʝʱʝʥʠʠ ʬʨʦʥʪʘ ʛʦʣʦʚʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. ʈʘʙʦʪʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦ 

ʧʨʦʛʨʘʤʤʝ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ʇ-22 ʠ ʧʦ ʛʨʘʥʪʫ ʈʌʌʀ 11-01-00235ʘ). 
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The paper presents new results from data analysis of the BMSW instrument onboard the SpektrïR 

project. These high-resolution plasma measurements contribute to many fields of solar wind 

physics. We concentrate our attention on solar wind properties like the plasma turbulence and 

helium abundance and on interplanetary (IP) shock features. We present: (1) a short study of the 

frequency spectra of the ion flux through IP shocks; (2) a contribution to the discussion on wave 

trains connected with the IP shocks; (3) an analysis of subcritical or marginally critical IP shocks 

that reveals that the ion transition scale determined from direct measurements of plasma moments 

(speed, temperature, and density) is of the same order as the ramp thickness determined from the 

magnetic field and that the ion transition scale is directly proportional to the ion thermal gyroradius; 

and (4) a systematic study of fast variations of the He abundance that supports the idea that a 

majority of these variations on short timescales (3ï30 s) are generated by in-transit turbulence. 

 

 

ʕɺʆʃʖʎʀʗ ʉɽʂʊʆʈʅʆʁ ʉʊʈʋʂʊʋʈʓ ʄɽɾʇʃɸʅɽʊʅʆɻʆ ʄɸɻʅʀʊʅʆɻʆ 

ʇʆʃʗ ɺ ʊɽʏɽʅʀɽ 15 ʎʀʂʃʆɺ ʉʆʃʅɽʏʅʆʁ ɸʂʊʀɺʅʆʉʊʀ 

 

ʄ.ɺ. ɺʦʭʤʷʥʠʥ, ɼ.ʀ. ʇʦʥʷʚʠʥ 

 

ʉʇʙɻʋ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, vohmyaninmv@gmail.com 

 

ʅʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʣʷʨʥʦʩʪʠ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

(ʄʄʇ) ʠ ʦʧʫʙʣʠʢʦʚʘʥ ʢʘʪʘʣʦʛ ʝʞʝʜʥʝʚʥʳʭ ʜʘʥʥʳʭ ʚ ʜʦʩʧʫʪʥʠʢʦʚʳʡ ʧʝʨʠʦʜ (Vokhmyanin 

and Ponyavin, 2013), ʚʢʣʶʯʘʶʱʠʡ ʚʪʦʨʫʶ ʧʦʣʦʚʠʥʫ 19-ʛʦ ʚʝʢʘ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʵʬʬʝʢʪʝ 

ʉʚʘʣʴʛʘʘʨʜʘ-ʄʘʥʩʫʨʦʚʘ, ʠʩʩʣʝʜʫʶʪʩʷ ʛʝʦʤʘʛʥʠʪʥʳʝ ʚʘʨʠʘʮʠʠ ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ ʩʪʘʥʮʠʡ. 

ʄʳ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʥʘʙʣʶʜʝʥʠʡ ʥʝ ʪʦʣʴʢʦ ʧʦʣʷʨʥʳʭ, ʥʦ ʠ ʩʫʙʘʚʨʦʨʘʣʴʥʳʭ ʩʪʘʥʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʦʙʩʝʨʚʘʪʦʨʠʠ ʚ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʠ ʍʝʣʴʩʠʥʢʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʛʦ ʢʘʪʘʣʦʛʘ 
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ʧʦʣʷʨʥʦʩʪʠ ʄʄʇ ʠʩʩʣʝʜʫʶʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʵʚʦʣʶʮʠʠ ʩʝʢʪʦʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʪʝʯʝʥʠʝ 15 

ʮʠʢʣʦʚ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʩ 9-ʛʦ ʧʦ 23-ʡ ʚʢʣʶʯʠʪʝʣʴʥʦ). 

 

 

ʕʂʉʎɽʉʉ ʄɸɻʅʀʊʅʆɻʆ ʇʆʊʆʂɸ ɺ ɻɽʃʀʆʉʌɽʈɽ ʂɸʂ ʉʃɽɼʉʊɺʀɽ 

ʅɽʇɸʈʂɽʈʆɺʉʂʆɻʆ ʀɿʄɽʅɽʅʀʗ ʄɽɾʇʃɸʅɽʊʅʆɻʆ ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ ʉ 

ʈɸʉʉʊʆʗʅʀɽʄ ʀ ʐʀʈʆʊʆʁ 
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ʕʬʬʝʢʪ çʵʢʩʮʝʩʩʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘè ï ʧʨʝʚʳʰʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʚʳʯʠʩʣʝʥʥʦʛʦ ʧʦ 

ʜʘʥʥʳʤ ʫʜʘʣʝʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʥʘʜ ʧʦʪʦʢʦʤ, ʥʘʙʣʶʜʘʝʤʳʤ ʥʘ ʦʨʙʠʪʝ ɿʝʤʣʠ, 

ʙʳʣ ʦʙʥʘʨʫʞʝʥ M.ʆʫʵʥʩʦʤ ʚ 2008 (Owens et al., JGR, 2008). ʊʝʦʨʝʪʠʯʝʩʢʠ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ 

ʜʦʣʞʝʥ ʩʦʭʨʘʥʷʪʴʩʷ ʚ ʛʝʣʠʦʩʬʝʨʝ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʙʦʣʴʰʝ 10 ʨʘʜʠʫʩʦʚ ʉʦʣʥʮʘ, ʪ.ʝ. ʨʘʟʥʠʮʘ 

ʤʝʞʜʫ ʧʦʪʦʢʦʤ, ʠʟʤʝʨʝʥʥʳʤ ʥʘ 1 ʘ.ʝ. ʠ ʥʘ ʜʨʫʛʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʜʦʣʞʥʘ ʨʘʚʥʷʪʴʩʷ ʥʫʣʶ. 

ʆʜʥʘʢʦ, ʵʪʘ ʨʘʟʥʠʮʘ ʦʢʘʟʘʣʘʩʴ ʤʝʥʴʰʝ ʥʫʣʷ ʜʦ 1 ʘ.ʝ. ʠ ʙʦʣʴʰʝ ï ʟʘ ʦʨʙʠʪʦʡ ɿʝʤʣʠ. ʇʨʠʨʦʜʘ 

ʵʬʬʝʢʪʘ ʥʝʧʨʝʨʳʚʥʦ ʜʠʩʢʫʪʠʨʫʝʪʩʷ, ʦʜʥʘʢʦ ʢʦʥʩʝʥʩʫʩ ʥʝ ʥʘʡʜʝʥ ʜʦ ʩʠʭ ʧʦʨ ʚ ʩʠʣʫ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʩʦʚʧʘʜʝʥʠʷ ʤʦʜʝʣʴʥʳʭ ʢʨʠʚʳʭ ʩ ʠʟʤʝʨʝʥʠʷʤʠ. ʄʝʞʜʫ ʪʝʤ, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʫʯʝʪ ʥʝʧʘʨʢʝʨʦʚʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʝʞʧʣʘʥʝʪʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʄʄʇ) ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʢʨʠʚʫʶ 

ʨʘʟʥʠʮʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʥʦ ʠ ʦʙʲʷʩʥʷʝʪ, ʧʦʯʝʤʫ ʵʪʘ ʨʘʟʥʠʮʘ ʩʪʘʥʦʚʠʪʩʷ ʥʫʣʝʚʦʡ ʠʤʝʥʥʦ 

ʥʘ 1 ʘ.ʝ. (ʍʘʙʘʨʦʚʘ, ɸɾ, 2013). ʅʝʧʘʨʢʝʨʦʚʩʢʦʝ ʫʙʳʚʘʥʠʝ ʨʘʜʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʄʄʇ ʚ 

ʧʣʦʩʢʦʩʪʠ ʵʢʣʠʧʪʠʢʠ ʥʝ ʢʘʢ r
-2
, ʘ ʢʘʢ r

-5/3
 ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ ʍʘʙʘʨʦʚʘ, ʆʙʨʠʜʢʦ, 2012 

ʧʦ ʜʘʥʥʳʤ ʧʷʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʦ ʜʘʥʥʳʤ Ulysses, ʧʦʣʫʯʝʥʥʳʤ ʚ 

ʥʠʟʢʠʭ ʰʠʨʦʪʘʭ (ʍʘʙʘʨʦʚʘ, ɸɾ, 2013). ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʵʬʬʝʢʪ ʚʥʦʩʠʪ ʟʘʚʠʩʠʤʦʩʪʴ 

ʄʄʇ ʦʪ ʰʠʨʦʪʳ: ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʄʄʇ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʧʣʦʩʢʦʩʪʠ 

ʵʢʣʠʧʪʠʢʠ.  

[Khabarova Olga, and Obridko Vladimir], Puzzles of the Interplanetary Magnetic Field in the Inner 

Heliosphere, 2012, Astrophysical Journal, 761, 2, 82, doi:10.1088/0004-637X/761/2/82, 

http://arxiv.org/pdf/1204.6672v2.pdf . 

[ʆ.ɺ. ʍʘʙʘʨʦʚʘ], ʄʝʞʧʣʘʥʝʪʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ: ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʠ ʰʠʨʦʪʳ. 

ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʞʫʨʥʘʣ, 2013, 90, 11, 919ï925, 

http://files.olgakhabarova.webnode.com/200000025-9b3e49c383/Khabarova2013-RU.pdf. 

 

 

ɺɿɸʀʄʆʉɺʗɿʔ ʄʀʅʋʊʅʓʍ ɺɸʈʀɸʎʀʁ ʇʃʆʊʅʆʉʊʀ ʀ ʉʂʆʈʆʉʊʀ 

ʉʆʃʅɽʏʅʆɻʆ ɺɽʊʈɸ ʅɸ 1 ɸ.ɽ. 
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ɺ ʨʘʙʦʪʝ ʧʦ ʜʘʥʥʳʤ ʧʨʠʙʦʨʦʚ MAG ʠ SWEPAM ʥʘ ʙʦʨʪʫ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ACE ʟʘ 

ʧʝʨʠʦʜ 1998-2012ʛʛ ʠʩʩʣʝʜʫʶʪʩʷ ʩʚʦʡʩʪʚʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʥʘ 

ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ n,v. ʀʩʧʦʣʴʟʫʶʪʩʷ ʠʟʤʝʨʝʥʠʷ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ (64ʩʝʢ). 

ʇʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʥʘʠʤʝʥʴʰʝʡ ʥʘʙʣʶʜʘʝʤʦʡ ʩʢʦʨʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʝʛʦ ʧʣʦʪʥʦʩʪʠ ʤʝʪʦʜʦʤ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ ʠ ʧʦʣʠʥʦʤʠʘʣʴʥʦʛʦ/ʣʠʥʝʡʥʦʛʦ ʬʠʪʠʨʦʚʘʥʠʷ ʧʦ 

ʪʨʝʤ ʥʘʠʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʷʤ ʜʣʷ ʢʘʞʜʦʛʦ ʙʠʥʘ, ʘ ʪʘʢʞʝ ʦʪʜʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʨʷʜʘ 

ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʯʘʩʪʦʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʜʣʷ ʧʦʠʩʢʘ  ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ 

http://arxiv.org/pdf/1204.6672v2.pdf
http://files.olgakhabarova.webnode.com/200000025-9b3e49c383/Khabarova2013-RU.pdf
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ʚʝʨʦʷʪʥʳʝ ʩʦʩʪʦʷʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ʥʘʙʣʶʜʘʝʤʦʡ ʩʢʦʨʦʩʪʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ 

ʚʨʝʤʝʥʠ ʦʪ ʧʣʦʪʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʠ ʥʘʡʜʝʥʦ ʫʨʘʚʥʝʥʠʝ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʝ ʛʨʘʥʠʮʫ ʦʙʣʘʩʪʠ 

ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʭ ʟʥʘʯʝʥʠʡ ʵʪʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʦʧʠʩʳʚʘʝʪ ʩʫʧʝʨʵʣʣʠʧʩ, 

ʧʦʣʫʦʩʠ ʠ ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʢʦʪʦʨʦʛʦ ʥʘʡʜʝʥʳ ʤʝʪʦʜʦʤ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʧʦ ʛʨʘʜʠʝʥʪʫ 

ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʜʠʘʧʘʟʦʥ 

ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʩʢʦʨʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʜʣʷ ʜʘʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʨʝʰʘʪʴ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʝʪʩʷ ʧʨʦʛʥʦʟ 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʟʚʦʜʥʦʡ ʩʢʦʨʦʩʪʠ (ʠʣʠ ʧʣʦʪʥʦʩʪʠ) ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʧʦ 

ʠʟʚʝʩʪʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʝʛʦ ʧʣʦʪʥʦʩʪʠ (ʠʣʠ ʩʢʦʨʦʩʪʠ). 

 

 

ʇʈʆɻʅʆɿ ʀʅʊɽʅʉʀɺʅʆʉʊʀ ɻɽʆʄɸɻʅʀʊʅʓʍ ɹʋʈʔ, ɺʓɿɺɸʅʅʓʍ 

ʄɸɻʅʀʊʅʓʄʀ ʆɹʃɸʂɸʄʀ ʉʆʃʅɽʏʅʆɻʆ ɺɽʊʈɸ ʉ ʋʏɽʊʆʄ ʉɽɿʆʅɸ ɻʆɼɸ ʀ 

ʀʍ ʅɸʏɸʃʔʅʆʁ ʆʈʀɽʅʊɸʎʀʀ 
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ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʛʝʦʤʘʛʥʠʪʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʦʙʣʘʢʦʚ ʩʦʣʥʝʯʥʦʛʦ 

ʚʝʪʨʘ ʩ ʫʯʝʪʦʤ ʩʝʟʦʥʘ ʛʦʜʘ ʠ ʝʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʦʙʣʘʢʦʚ ʫʞʝ ʚʦ ʚʨʝʤʷ ʠʭ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ ʉʦʣʥʮʘ. ʄʘʛʥʠʪʥʳʝ ʦʙʣʘʢʘ ʠʤʝʶʪ ʚʳʨʘʞʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʧʦʵʪʦʤʫ ʚ ʨʘʟʥʳʝ ʩʝʟʦʥʳ ʛʦʜʘ ʦʙʣʘʢʘ ʩʦ ʩʭʦʞʝʡ ʦʨʠʝʥʪʘʮʠʝʡ ʠ ʚʝʣʠʯʠʥʦʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʜʦʣʞʥʳ ʧʦ ʨʘʟʥʦʤʫ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʛʝʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʝʢʮʠʠ ʠʭ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʟʝʤʥʦʡ ʜʠʧʦʣʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʛʝʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʘʨ ʤʘʛʥʠʪʥʳʭ 

ʦʙʣʘʢʦʚ ʩʭʦʜʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʨʘʟʥʳʝ ʩʝʟʦʥʳ ʛʦʜʘ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʤʘʛʥʠʪʥʳʝ ʦʙʣʘʢʘ ʩ ʥʝʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫʛʣʘ ʥʘʢʣʦʥʘ ʦʩʠ ʢ ʧʣʦʩʢʦʩʪʠ ʵʢʣʠʧʪʠʢʠ 

ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʛʝʦʤʘʛʥʠʪʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚ ʧʝʨʠʦʜʳ ʨʘʚʥʦʜʝʥʩʪʚʠʷ. ʊʘʢʘʷ 

ʦʨʠʝʥʪʘʮʠʷ ʦʙʣʘʢʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʡ, ʚʩʣʝʜʩʪʚʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʜʦʣʴʥʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʦʣʥʝʯʥʦʤʫ ʵʢʚʘʪʦʨʫ ʚʝʜʫʱʝʛʦ ʠ ʚʝʜʦʤʦʛʦ ʧʷʪʝʥ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʩʪʦʯʥʠʢ 

ʧʣʘʟʤʝʥʥʦʛʦ ʧʦʪʦʢʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʛʝʦʤʘʛʥʠʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʧʝʨʠʦʜʳ 

ʨʘʚʥʦʜʝʥʩʪʚʠʷ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʦʙ ʦʨʠʝʥʪʘʮʠʠ ʠ ʛʝʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 66 ʦʙʣʘʢʦʚ ʧʦʟʚʦʣʠʣ 

ʧʦʣʫʯʠʪʴ ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʚʘʜʨʘʪʠʯʥʳʝ ʚʳʨʘʞʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ Dst-ʠʥʜʝʢʩʘ ʦʪ Bz 

ʢʦʤʧʦʥʝʥʪʳ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʦʪ ʧʨʦʝʢʮʠʠ ʝʛʦ ʤʦʜʫʣʷ ʚ ʦʙʣʘʢʝ ʥʘ ʟʝʤʥʦʡ 

ʤʘʛʥʠʪʥʳʡ ʜʠʧʦʣʴ. ʈʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʨʝʘʣʴʥʳʭ Dst-ʠʥʜʝʢʩʘ ʩ 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʤʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʯʝʪ ʩʝʟʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʨʝʜʥʝʛʦ ʦʪʢʣʦʥʝʥʠʷ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪ ʨʝʘʣʴʥʦʡ ʩ 

28% ʜʦ 19%. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʤʘʛʥʠʪʥʳʭ ʦʙʣʘʢʦʚ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʦʣʫʯʘʶʪʩʷ ʙʦʣʝʝ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ Dst-ʠʥʜʝʢʩʘ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ ʢ ʨʝʘʣʴʥʳʤ ʠ ʚʦʟʤʦʞʥʦ 

ʙʦʣʝʝ ʥʘʜʝʞʥʦʝ ʠʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ. ʆʙʨʘʱʝʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʚʘʞʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʦʙ 

ʵʚʦʣʶʮʠʠ ʦʨʠʝʥʪʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʙʣʘʢʦʚ ʥʘ ʪʨʘʩʩʝ ʉʦʣʥʮʝ-ɿʝʤʣʷ. ʆʨʠʝʥʪʘʮʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʷʭ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʨʠʝʥʪʘʮʠʷ ʟʘʨʦʞʜʘʶʱʠʭʩʷ 

ʟʘʤʘʛʥʠʯʝʥʥʳʭ ʧʣʘʟʤʝʥʥʳʭ ʧʦʪʦʢʦʚ, ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʧʦ ʩʪʝʨʝʦ ʠʟʦʙʨʘʞʝʥʠʷʤ, ʧʦʣʫʯʝʥʥʳʭ 

ʩ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ STEREO ɸ, ɺ. ʆʨʠʝʥʪʘʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʙʣʘʢʦʚ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ɿʝʤʣʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʠʭ ʯʠʩʣʝʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʢʘʢ ʙʝʩʩʠʣʦʚʳʭ ʧʦʪʦʢʦʚʳʭ ʪʨʫʙʦʢ 

[ɹʘʨʭʘʪʦʚ ʠ ʜʨ., 2009]. ʀʟʫʯʝʥʠʝ ʵʚʦʣʶʮʠʠ ʦʨʠʝʥʪʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʦʙʣʘʢʦʚ ʚʳʧʦʣʥʝʥʦ ʥʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 18 ʩʦʣʥʝʯʥʳʭ ʧʣʘʟʤʝʥʥʳʭ ʚʳʙʨʦʩʦʚ (2007-2011 ʛʛ.) ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʢʘʢ ʤʘʛʥʠʪʥʳʝ ʦʙʣʘʢʘ [Kilpua et al., 2012]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʤʘʛʥʠʪʥʳʭ ʦʙʣʘʢʦʚ (~70%) ʦʨʠʝʥʪʘʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʦʟʥʠʢʰʘʷ ʥʘʜ ʠʭ ʩʦʣʥʝʯʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ, ʩʦʭʨʘʥʷʝʪʩʷ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʚʤʝʩʪʝ ʩ ʫʯʝʪʦʤ ʩʝʟʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 
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ʛʝʦʤʘʛʥʠʪʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʛʥʦʟʘ ʦʞʠʜʘʝʤʦʡ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʙʫʨʠ.  

[ɹʘʨʭʘʪʦʚ ʅ.ɸ., ʂʘʣʠʥʠʥʘ ɽ.ɸ., ʃʝʚʠʪʠʥ ɸ.ɽ.] ʇʨʦʷʚʣʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʡ ʤʘʛʥʠʪʥʳʭ ʦʙʣʘʢʦʚ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʚ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ // ʂʦʩʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 2009. T. 47. ̄ 4. 

ʉ. 300ï310. 

[Kilpua E. K. J., Li Y., Luhmann J. G., Jian L. K., and Russell C. T.] On the relationship between 

magnetic cloud field polarity and geoeffectiveness // Ann. Geophys. 2012. V. 30. P. 1037ï1050/ 

 

ʉʆʆʊʅʆʐɽʅʀʗ ʄɽɾɼʋ ɼʃʀʊɽʃʔʅʆʉʊʗʄʀ ɻʃɸɺʅʆʁ ʀ 

ɺʆʉʉʊɸʅʆɺʀʊɽʃʔʅʆʁ ʌɸɿ ʄɸɻʅʀʊʅʓʍ ɹʋʈʔ, ɻɽʅɽʈʀʈʆɺɸʅʅʓʍ 
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ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʙʘʟʳ OMNI ʦ ʧʘʨʘʤʝʪʨʘʭ ʧʣʘʟʤʳ ʠ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʣʷ 

ʧʝʨʠʦʜʘ 1076-2000ʛʛ. ʤʳ ʦʧʨʝʜʝʣʠʣʠ ʪʠʧʳ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʪʝʯʝʥʠʡ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ 

(ʩʤ. ftp://www.iki.rssi.ru/pub/omni), ʢʦʪʦʨʳʝ ʷʚʠʣʠʩʴ ʠʩʪʦʯʥʠʢʘʤʠ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʩ Dstmin 

<-50 ʥʊʣ. ɹʳʣʠ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʤʝʞʧʣʘʥʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: CIR, Sheath, magnetic 

cloud (MC) ʠ Ejecta. ɼʣʷ ʫʩʝʭ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʜʣʠʪʝʣʴʥʦʩʪʠ ʛʣʘʚʥʦʡ ʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʬʘʟ, ʧʨʠ ʵʪʦʤ ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʬʘʟʳ ʦʧʨʝʜʝʣʷʣʘʩʴ ʜʚʫʤʷ 

ʩʧʦʩʦʙʘʤʠ:  ʢʦʥʝʮ ʬʘʟʳ ʙʨʘʣʩʷ ʥʘ ʫʨʦʚʥʝ İ ʠ 1/3 ʦʪ Dstmin. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʜʣʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʛʣʘʚʥʳʭ ʬʘʟ ʜʣʷ ʙʫʨʴ, ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ CIR ʠ Sheath, 

ʢʦʨʦʯʝ, ʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʬʘʟʳ ʜʣʠʥʥʝʝ, ʯʝʤ ʜʣʷ ʙʫʨʴ, ʛʝʥʝʨʠʨʦʚʘʥʥʳʭMC 

ʠ Ejecta. ʇʨʠ ʘʥʘʣʠʟʝ ʜʣʠʪʝʣʴʥʦʩʪʝʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʙʫʨʴ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ  ʜʣʷ ʙʫʨʴ, 

ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ CIR ʠ Sheath, ʜʣʠʪʝʣʴʥʦʩʪʠ ʛʣʘʚʥʦʡ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʬʘʟ 

ʘʥʪʠʢʦʨʨʝʣʠʨʫʶʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʙʫʨʴ, ʛʝʥʝʨʠʨʦʚʘʥʥʳʭMC ʠ Ejecta, ʢʘʢʦʡ-ʣʠʙʦ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʇʨʦʛʨʘʤʤʦʡ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉ22 ʠ 

ʛʨʘʥʪʦʤ ʈʌʌʀ ˉ 13-02-00158 ʘ. 

 

ʆʊʈɸɾɽʅʀɽ ʇʈʆʊʆʅʆɺ ʉʆʃʅɽʏʅʆɻʆ ɺɽʊʈɸ ʆʊ ʄɸɻʅʀʊʅʓʍ ɸʅʆʄɸʃʀʁ 

ʃʋʅʓ 

 

ɸ.ʄ. ʉʘʜʦʚʩʢʠʡ, ɸ.ɸ. ʉʢʘʣʴʩʢʠʡ 

 

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

 

ʇʝʨʚʳʝ ʠʟʤʝʨʝʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʦʨʙʠʪʘʭ ʚʙʣʠʟʠ ʃʫʥʳ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʦʝ 

ʛʣʦʙʘʣʴʥʦʝ ʜʠʧʦʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʫ ʃʫʥʳ ʦʪʩʫʪʩʪʚʫʝʪ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʝʱʝ ʚ ʨʘʤʢʘʭ 

ʘʤʝʨʠʢʘʥʩʢʦʡ ʧʨʦʛʨʘʤʤʳ Apollo ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʝʩʪʝʩʪʚʝʥʥʘʷ ʦʩʪʘʪʦʯʥʘʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʣʫʥʥʦʛʦ ʛʨʫʥʪʘ, ʧʨʠʚʝʟʝʥʥʳʭ ʥʘ ɿʝʤʣʶ, ʠ ʘʥʦʤʘʣʴʥʘʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʫʯʘʩʪʢʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ (ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪ ʥʊ). ʀʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ Kaguya ʠ Chandrayaan, ʚʳʷʚʠʣʠ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʝ 

ʦʪʨʘʞʝʥʠʝ ʧʨʦʪʦʥʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʡʦʥʘʭ 

ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʨʳʚʦʚ 

ʠʣʠ ʢʚʘʟʠʫʜʘʨʥʳʭ ʚʦʣʥ ʥʘʜ ʦʙʣʘʩʪʷʤʠ ʘʥʦʤʘʣʠʡ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʘʥʦʤʘʣʠʠ ʩ ʩʦʣʥʝʯʥʳʤ ʚʝʪʨʦʤ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʮʝʥʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪʨʘʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ ʠ ʚʝʣʠʯʠʥʳ ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʘʥʦʤʘʣʠʠ. 
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ʉ ɽ ʂ ʎ ʀ ʗ   çʉʆʃʅɽʏʅʓʁ ɺɽʊɽʈ, ɻɽʃʀʆʉʌɽʈɸ ʀ 

ʉʆʃʅɽʏʅʆ-ɿɽʄʅʓɽ ʉɺʗɿʀè   ʉʊɽʅɼʆɺʓɽ ɼʆʂʃɸɼʓ 
 

 

ʄʆɼɽʈʅʀɿʀʈʆɺɸʅʅʓʁ ʈɸɼʀʆʊɽʃɽʉʂʆʇ ɹʉɸ ʌʀɸʅ: ʇɽʈɺʓɽ ʈɽɿʋʃʔʊɸʊʓ 

 

ɺ.ʀ. ʐʠʰʦʚ, ʀ.ɺ. ʏʘʰʝʡ, ʉ.ɸ. ʊʶʣʴʙʘʰʝʚ, ɺ.ɺ. ʆʨʝʰʢʦ, ʀ.ɸ. ʉʫʙʘʝʚ 

 

ʇʫʱʠʥʩʢʘʷ ʈɸʆ ɸʂʎ ʌʀɸʅ, ʈʦʩʩʠʷ 

 

ɺ 2013 ʛ. ʟʘʚʝʰʝʥ ʧʝʨʚʳʡ ʵʪʘʧ ʤʦʜʝʨʥʠʟʘʮʠʠ ʨʘʜʠʦʪʝʣʝʩʢʦʧʘ ɹʉɸ ʌʀɸʅ: ʩʦʟʜʘʥʘ ʠ ʚʚʝʜʝʥʘ 

ʚ ʧʨʦʙʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʩʦʩʪʦʷʱʘʷ ʠʟ 96 ʣʫʯʝʡ, 

ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʦʙʣʘʩʪʴ ʩʢʣʦʥʝʥʠʡ 50
ʦ
. ʅʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʤ ʨʘʜʠʦʪʝʣʝʩʢʦʧʝ ʥʘʯʘʪ 

ʤʦʥʠʪʦʨʠʥʛ ʤʝʞʧʣʘʥʝʪʥʳʭ ʤʝʨʮʘʥʠʡ. ɺ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʥʘ ʯʘʩʪʦʪʝ 111 ʄɻʮ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ 

ʤʝʨʮʘʥʠʷ ʦʢʦʣʦ 3 000 ʢʦʤʧʘʢʪʥʳʭ ʨʘʜʠʦʠʩʪʦʯʥʠʢʦʚ. ʇʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʜʚʫʤʝʨʥʳʝ ʩʫʪʦʯʥʳʝ 

ʢʘʨʪʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʤʝʨʮʘʥʠʡ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʥʘʙʣʶʜʝʥʠʷ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚʦʟʤʫʱʝʥʠʡ ʚʩʧʳʰʝʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ.    

 

 

ʇʈʆʉʊʆʁ ʄɽʊʆɼ ʈɸʉʏɽʊɸ ʊʈɸɽʂʊʆʈʀʁ  ʀʆʅʆɺ ɺ ʕʃɽʂʊʈʆʉʊɸʊʀʏɽʉʂʆʄ 

ɼɽʌʃɽʂʊʆʈɽ  

 

ɸ. ʈʝʤʠʟʦʚ, ʄ. ʍʠʣʴʭʝʥʙʘʭ, ʋ. ɸʫʩʪʝʨ 

  

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

 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʩʪʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʠ ʙʳʩʪʨʳʡ  ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʨʘʙʦʪʳ ʥʘ ʕɺʄ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʜʚʠʞʝʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚʥʫʪʨʠ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʝʬʣʝʢʪʦʨʘ. ʇʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʨʘʩʯʝʪʘ ʜʝʬʣʝʢʪʦʨʘ ʩ ʦʪʢʣʦʥʝʥʠʝʤ 

ʯʘʩʪʠʮ ʜʦ Ñ ~50
0 
ʜʣʷ ʠʦʥʥʦʛʦ ʵʥʝʨʛʦʩʧʝʢʪʨʦʤʝʪʨʘ ʠ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʦʯʪʠ ʠʜʝʘʣʴʥʦʝ ʩʦʚʧʘʜʝʥʠʝ 

ʛʦʚʦʨʠʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʫʩʣʦʚʠʷ 

ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ. ʆʙʩʫʞʜʘʶʪʩʷ ʪʘʢʞʝ ʧʨʠʤʝʨʳ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ  

ʧʦʪʝʥʮʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʵʪʦʡ ʤʝʪʦʜʠʢʝ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʨʘʩʯʝʪʘ  ʚʝʩʴʤʘ 

ʧʨʦʜʫʢʪʠʚʥʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʧʝʢʪʨʦʤʝʪʨʦʚ. 

 

 

ʉʆʃʅɽʏʅʓʁ ɺɽʊɽʈ ɺ ʕʇʆʍʋ ʄɸʋʅɼɽʈʆɺʉʂʆɻʆ ʄʀʅʀʄʋʄɸ 

 

ʈ.ɸ. ɻʫʣʷʝʚ  

 

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

 

ɺ 1976 ʛ. ɼʞʦʥ ʕʜʜʠ (J.A.Eddy), ʠʟʫʯʠʚ ʦʪʯʝʪʳ ʦ ʥʘʙʣʶʜʝʥʠʷʭ ʧʦʣʥʳʭ ʩʦʣʥʝʯʥʳʭ ʟʘʪʤʝʥʠʡ, 

ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʩʪʘʨʳʭ ʞʫʨʥʘʣʘʭ ʠ ʘʨʭʠʚʘʭ ʦʙʩʝʨʚʘʪʦʨʠʡ, ʧʨʠʰʝʣ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʚ ʧʝʨʠʦʜ 

ʄʘʫʥʜʝʨʦʚʩʢʦʛʦ ʤʠʥʠʤʫʤʘ (1645-1715 ʛʛ.) ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʙʳʣʦ. ɺ ʪʘʢʦʤ 

ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʘ ʙʳʣ ʣʠ ʪʦʛʜʘ ʩʦʣʥʝʯʥʳʡ ʚʝʪʝʨ? ʉ ʮʝʣʴʶ ʧʦʠʩʢʘ ʧʨʠʟʥʘʢʦʚ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʚ ʵʧʦʭʫ ʄʘʫʥʜʝʨʦʚʩʢʦʛʦ ʤʠʥʠʤʫʤʘ ʧʨʝʜʧʨʠʥʷʪ ʘʥʘʣʠʟ 

ʦʧʠʩʘʥʠʡ ʠ ʟʘʨʠʩʦʚʦʢ ʢʦʤʝʪ, ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʚ ʵʪʦʪ ʧʝʨʠʦʜ. ɼʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʝʤ 

ʧʨʠʩʫʪʩʪʚʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʥʘʣʠʯʠʝ ʫ ʢʦʤʝʪ ʧʨʷʤʳʭ ʧʣʘʟʤʝʥʥʳʭ ʭʚʦʩʪʦʚ 

ʪʠʧʘ I (ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʌ.ɸ.ɹʨʝʜʠʭʠʥʘ). ɿʘ 70 ʣʝʪ ʄʘʫʥʜʝʨʦʚʩʢʦʛʦ ʤʠʥʠʤʫʤʘ 

mailto:rgulyaev@izmiran.ru
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ʥʘʙʣʶʜʘʣʦʩʴ ʙʦʣʝʝ 20 ʢʦʤʝʪ. ʉʨʝʜʠ ʥʠʭ ʙʳʣʠ ʙʦʣʴʰʠʝ ʠ ʷʨʢʠʝ ʢʦʤʝʪʳ, ʥʘʧʨʠʤʝʨ, ʢʦʤʝʪʳ 

1664 ʛ., 1680 ʛ., 1682 ʛ. (ʢʦʤʝʪʘ ɻʘʣʣʝʷ) ʠ ʜʨ. ʇʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʫ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʭʚʦʩʪʳ 

ʪʠʧʘ I ʦʧʨʝʜʝʣʝʥʥʦ ʙʳʣʠ. ʕʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʛʦ 

ʚʝʪʨʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʵʧʦʭʫ. 

 

 

ʃʋʅʅʓʁ ɻʈʋʅʊ ʂɸʂ ʍʈɸʅʀʊɽʃʔ ʀʅʌʆʈʄɸʎʀʀ ʆ ɼʈɽɺʅɽʄ ʉʆʃʅɽʏʅʆʄ 

ʀɿʃʋʏɽʅʀʀ 

 

ɻ.ʉ. ɸʥʫʬʨʠʝʚ 

 

ʌʊʀ ʠʤ. ɸ.ʌ.ʀʦʬʬʝ ʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, anufriev.mass1@mail.ioffe.ru 

 

ʇʣʘʟʤʘ, ʠʩʧʫʩʢʘʝʤʘʷ ʉʦʣʥʮʝʤ, ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦ ʜʦʩʪʠʛʘʝʪ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ, 

ʥʝʟʘʱʠʱʝʥʥʦʡ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʠ ʠʤʧʣʘʥʪʠʨʫʝʪ ʠʦʥʳ ʚ ʣʫʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʇʦʚʝʨʭʥʦʩʪʴ 

ʃʫʥʳ ʧʦʢʨʳʪʘ ʯʝʭʣʦʤ ʤʝʣʢʦʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ - ʨʝʛʦʣʠʪʘ. ʈʝʛʦʣʠʪ (ʣʫʥʥʳʡ ʛʨʫʥʪ) 

ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʦʛʦ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʣʫʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʘ ʢʦʩʤʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ: (ʤʠʢʨʦ) ʤʝʪʝʦʨʠʪʥʦʡ ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʠ ʦʙʣʫʯʝʥʠʷ 

ʩʦʣʥʝʯʥʳʤʠ ʠ ʛʘʣʘʢʪʠʯʝʩʢʠʤʠ ʣʫʯʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʪʝʧʣʦʚʦʝ 

ʨʘʟʨʫʰʝʥʠʝ ʠ ʠʟʤʝʣʴʯʘʥʠʝ ʣʫʥʥʳʭ ʧʦʨʦʜ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʫʪʦʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 
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0
C ʥʦʯʴʶ. ʃʫʥʥʳʡ ʛʨʫʥʪ ʙʳʣ ʜʦʩʪʘʚʣʝʥ ʥʘ ɿʝʤʣʶ ʩʦʚʝʪʩʢʠʤʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ ʩʪʘʥʮʠʷʤʠ çʃʫʥʘ-16, -20, -24è, ʚ 1970 ï 1976 ʛʛ., ʘ ʪʘʢʞʝ ʘʤʝʨʠʢʘʥʩʢʠʤʠ 

(ʉʐɸ) ʵʢʩʧʝʜʠʮʠʷʤʠ Apollo ʚ 1969 ï 1972 ʛʛ. ʉʝʡʯʘʩ ʥʘ ɿʝʤʣʝ ʠʤʝʶʪʩʷ ʦʙʨʘʟʮʳ ʛʨʫʥʪʘ, 

ʜʦʩʪʘʚʣʝʥʥʳʝ ʠʟ 9 ʨʘʡʦʥʦʚ ʃʫʥʳ. ʇʨʠ ʦʪʙʦʨʝ ʢʦʣʦʥʦʢ ʣʫʥʥʦʛʦ ʛʨʫʥʪʘ ʥʘ ʣʫʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʚʝʪʩʢʠʤʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ ʩʪʘʥʮʠʷʤʠ ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʨʳ, 

ʠʩʢʣʶʯʘʶʱʠʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʣʫʥʥʦʛʦ ʛʨʫʥʪʘ ʧʨʠ ʙʫʨʝʥʠʠ ʠʣʠ ʚ ʧʨʦʮʝʩʩʝ ʜʦʩʪʘʚʢʠ ʢʦʣʦʥʦʢ 

ʥʘ ɿʝʤʣʶ [1-4], ʯʪʦ ʠʤʝʝʪ ʦʯʝʥʴ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʦʟʨʘʩʪʘ ʣʫʥʥʦʛʦ ʛʨʫʥʪʘ. 

ɼʦʩʪʘʚʢʘ ʥʘ ɿʝʤʣʶ ʦʙʨʘʟʮʦʚ ʣʫʥʥʦʛʦ ʛʨʫʥʪʘ ʧʦʟʚʦʣʠʣʘ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʠ ʠʟʫʯʠʪʴ ʠʭ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʩʪʨʫʢʪʫʨʫ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʧʨ. 

ʆʩʥʦʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʦʩʠʪ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʡ 

ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʧʨʠʦʨʠʪʝʪ: ʩʦʚʦʢʫʧʥʦʩʪʴ ʘʥʘʣʠʟʦʚ ʧʦʟʚʦʣʠʣʘ ʦʧʨʝʜʝʣʠʪʴ ʦʙʱʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʣʫʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʫʩʪʘʥʦʚʠʪʴ ʯʝʪʢʦʝ ʦʪʣʠʯʠʝ ʤʦʨʩʢʠʭ ʠ 

ʤʘʪʝʨʠʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʣʫʥʥʦʛʦ ʛʨʫʥʪʘ ʦʪ ʧʦʨʦʜ ʟʝʤʥʦʡ ʢʦʨʳ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʣʫʥʥʳʡ ʛʨʫʥʪ ʩʦʜʝʨʞʠʪ ʠʦʥʳ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʢʘʢ ʨʝʟʫʣʴʪʘʪ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʣʥʝʯʥʦʛʦ ʢʦʨʧʫʩʢʫʣʷʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʷʭ ʩʦʣʥʝʯʥʳʭ 

ʧʦʪʦʢʦʚ. ʆʜʥʘʢʦ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʘʜʝʢʚʘʪʥʳʭ ʤʝʪʦʜʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ 

ʩʦʭʨʘʥʷʝʤʦʡ ʛʨʫʥʪʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʨʝʚʥʝʤ ʩʦʣʥʝʯʥʦʤ ʠʟʣʫʯʝʥʠʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

ʈʘʟʨʘʙʦʪʢʘ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʧʨʝʜʧʨʠʥʷʪʘ ʥʘʤʠ ʠ ʦʪʨʘʞʝʥʘ ʚ ʧʫʙʣʠʢʘʮʠʷʭ [1-4]. ʂʘʢ ʠʟʚʝʩʪʥʦ, 

ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʦʣʥʝʯʥʦ-ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ ʷʚʣʷʶʪʩʷ ʠʦʥʳ ʚʦʜʦʨʦʜʘ. ʆʜʥʘʢʦ 

ʥʝʦʞʠʜʘʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʣʫʥʥʦʛʦ ʨʝʛʦʣʠʪʘ ʷʚʠʣʦʩʴ ʪʦ, ʯʪʦ 

ʚ ʦʩʚʝʱʘʝʤʦʤ ʉʦʣʥʮʝʤ ʣʫʥʥʦʤ ʛʨʫʥʪʝ ʩʦʜʝʨʞʠʪʩʷ ʦʯʝʥʴ ʤʘʣʦ ʚʦʜʦʨʦʜʘ. ʆʩʥʦʚʥʳʤ, 

ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʳʤ ʚ ʣʫʥʥʳʡ ʛʨʫʥʪ ʩʦʣʥʝʯʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʷʚʣʷʝʪʩʷ ʛʝʣʠʡ. ʉʜʝʣʘʥʘ 

ʧʦʧʳʪʢʘ ʧʨʠʤʝʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʤʝʪʦʜʳ [1-4] ʢ ʘʤʝʨʠʢʘʥʩʢʠʤ ʢʦʣʦʥʢʘʤ 

ʣʫʥʥʦʛʦ ʛʨʫʥʪʘ [5-7], ʜʣʷ ʢʦʪʦʨʳʭ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʫʥʥʦʛʦ ʛʨʫʥʪʘ ʚ ʨʘʟʣʠʯʥʳʭ 

ʨʝʛʠʦʥʘʭ ʃʫʥʳ ʧʨʦʠʩʭʦʜʠʣʘ ʩ ʚʣʠʷʥʠʝʤ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʘʢ ʵʪʦ ʭʘʨʘʢʪʝʨʥʦ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ɿʝʤʣʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʧʨʠ ʦʪʙʦʨʝ ʧʨʦʙ ʵʪʦʛʦ ʛʨʫʥʪʘ ʥʝ ʙʳʣʠ 

ʧʨʝʜʧʨʠʥʷʪʳ ʤʝʨʳ, ʠʩʢʣʶʯʘʶʱʠʝ ʝʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʝ. 
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ʈʘʥʝʝ (2012 ʛ.) ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ (ɻʂʃ) ʥʘʤʠ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʚ ʧʝʨʠʦʜʳ ʥʠʟʢʦʡ ʠ 

ʩʨʝʜʥʝʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʢʣʘʜ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ɻʂʃ ʠʭ ʜʨʝʡʬʘ ʚ ʥʝʦʜʥʦʨʦʜʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʦʙʳʯʥʦ ʩʯʠʪʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ 

ʵʪʦʪ ʚʢʣʘʜ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ ʠ ʫʛʣʫʙʣʝʥʠʝʤ ʚ ʛʝʣʠʦʩʬʝʨʫ ʠ ʜʣʷ 

ʧʨʦʪʦʥʦʚ ʥʠʟʢʦʡ ʵʥʝʨʛʠʠ (å 100 ʄʵɺ) ʚ ʨʘʡʦʥʝ ʦʨʙʠʪʳ ɿʝʤʣʠ ʚ ʧʝʨʠʦʜ ʤʠʥʠʤʫʤʘ 

ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ ʩʦʩʪʘʚʣʷʝʪ å 70% ʦʪ ʧʦʣʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʠ ʦʙʝʠʭ ʧʦʣʷʨʥʦʩʪʷʭ 

ʛʝʣʠʦʩʬʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʋʢʘʟʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʢʣʘʜʘ ʜʨʝʡʬʘ ʦʪ ʵʥʝʨʛʠʠ ʢʘʟʘʣʦʩʴ 

ʙʳ ʧʨʦʪʠʚʦʨʝʯʠʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʩʢʦʨʦʩʪʠ ʜʨʝʡʬʘ ʤʘʛʥʠʪʥʦʡ ʞʸʩʪʢʦʩʪʠ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʜʝʣʘʝʪʩʷ ʧʦʧʳʪʢʘ ʧʦʥʷʪʴ ʤʝʭʘʥʠʟʤ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʵʪʦʪ ʵʬʬʝʢʪ, ʠ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʝʛʦ ʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʩʪʳʭ ʤʦʜʝʣʷʭ. 

 

 

ʆʇʈɽɼɽʃɽʅʀɽ ʄɸʂʉʀʄɸʃʔʅʆʁ ʕʅɽʈɻʀʀ ʇʈʆʊʆʅʆɺ ɺ 

ʀʅɼʀɺʀɼʋɸʃʔʅʆʄ ʉʆʃʅɽʏʅʆ-ʇʈʆʊʆʅʅʆʄ ʉʆɹʓʊʀʀ 

 

ʆ.ʉ. ʗʢʦʚʯʫʢ.
1
,
 
ɻ.ɸ. ɹʘʟʠʣʝʚʩʢʘʷ

2
, ʃ.ʃ. ʃʘʟʫʪʠʥ

1
, ʖ.ʀ. ʃʦʛʘʯʝʚ

1 

 

1
ʅʀʀʗʌ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 

2
ʌʀɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

 

ɼʣʷ ʦʮʝʥʢʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʧʨʦʪʦʥʦʚ, ʫʩʢʦʨʝʥʥʳʭ ʥʘ ʉʦʣʥʮʝ ʠ ʜʦʩʪʠʛʰʠʭ 

ʦʢʨʝʩʪʥʦʩʪʝʡ ɿʝʤʣʠ ʚ ʢʘʞʜʦʤ ʦʪʜʝʣʴʥʦʤ ʩʦʣʥʝʯʥʦʤ ʧʨʦʪʦʥʥʦʤ ʩʦʙʳʪʠʠ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʨʘʚʥʝʥʠʠ ʧʦʪʦʢʦʚ ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ ʛʘʣʘʢʪʠʯʝʩʢʠʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. ʄʘʢʩʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ (ɽʤʘʭ) ʫʩʢʦʨʝʥʥʳʭ ʥʘ ʉʦʣʥʮʝ ʧʨʦʪʦʥʦʚ ʚ 

ʢʦʥʢʨʝʪʥʦʤ ʩʦʙʳʪʠʠ ʥʘʟʥʘʯʘʝʪʩʷ ʪʘ ʵʥʝʨʛʠʷ, ʧʦʪʦʢ ʧʨʦʪʦʥʦʚ ʜʣʷ ʢʦʪʦʨʦʡ ʚ ʜʘʥʥʦʤ ʩʦʙʳʪʠʠ 

ʧʨʝʚʳʰʘʝʪ ʥʘ 10% ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʪʦʢ ʯʘʩʪʠʮ ɻʂʃ ʪʦʡ ʞʝ ʵʥʝʨʛʠʠ. ɺ ʵʪʦʤ ʦʧʨʝʜʝʣʝʥʠʠ 

ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʩʨʘʚʥʝʥʠʷ ʧʨʠʥʷʪ ʧʦʪʦʢ ɻʂʃ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʧʝʨʠʦʜʫ ʤʘʢʩʠʤʫʤʘ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʕʪʦ ʦʯʝʥʴ ʫʜʦʙʥʳʡ ʨʝʧʝʨʥʳʡ ʧʦʪʦʢ ʧʨʦʪʦʥʦʚ, ʧʦʩʪʦʷʥʥʦ 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʨʘʢʪʠʯʝʩʢʠ ʠʟʦʪʨʦʧʥʳʡ, ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʩʪʘʙʠʣʴʥʦʩʪʠ. 
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ʊɽʆʈɽʊʀʏɽʉʂʆɽ ʆʇʀʉɸʅʀɽ ʀʅʊɽʅʉʀɺʅʆʉʊʀ ɻʂʃ ɺ ʊʈɪʍ ʇʆʉʃɽɼʅʀʍ 

ʄʀʄʋʄɸʍ ʉʆʃʅɽʏʅʆʁ ɸʂʊʀɺʅʆʉʊʀ 

 

ʄ.ʉ. ʂʘʣʠʥʠʥ, ʄ.ɹ. ʂʨʘʡʥʝʚ 

 

ʌʀɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ,  

mkalinin@fian.fiandns.mipt.ru; krainev@fian.fiandns.mipt.ru. 

 

ʄʝʪʦʜʦʤ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ɻʂʃ ʚ ʨʘʤʢʘʭ ʧʨʦʩʪʦʡ ʤʦʜʝʣʠ 

ʛʝʣʠʦʩʬʝʨʳ ʦʧʠʩʘʥʦ ʧʦʚʝʜʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ ʪʨʸʭ 

ʧʦʩʣʝʜʥʠʭ ʤʠʥʠʤʫʤʘʭ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺ ʚʳʯʠʩʣʝʥʠʷʭ ʙʳʣʠ ʠʩʧʦʣʟʦʚʘʥʳ 

ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʠʟʚʝʩʪʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ OMNI ʧʦ ʛʝʣʠʦʩʬʝʨʥʦʤʫ 

ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ, ʩʢʦʨʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ ʫʛʣʫ ʥʘʢʣʦʥʘ ʪʦʢʦʚʦʛʦ ʩʣʦʷ, ʘ ʪʘʢʞʝ 

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɻʂʃ ʨʝʛʫʣʷʨʥʦʛʦ ʙʘʣʣʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚ 

ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ. 

 

 

ɻɽʆʕʌʌɽʂʊʀɺʅʆʉʊʔ 24 ʎʀʂʃɸ ʉʆʃʅɽʏʅʆʁ ɸʂʊʀɺʅʆʉʊʀ ï 

ʉʇʆʈɸɼʀʏɽʉʂʀɽ ʇʈʆʗɺʃɽʅʀʗ ʀ ʂʆʈʆʅɸʃʔʅʓɽ ɼʓʈʓ 

 

ʊ.ɽ. ɺʘʣʴʯʫʢ  

 

ʀɿʄʀʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ,  tatiana_valchuk_1948@mail.ru 

 

ʍʦʜ 24 11-ʣʝʪʥʝʛʦ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (Cɸ) ʷʚʥʦ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʥʝʚʳʩʦʢʠʤʠ 

ʮʠʢʣʘʤʠ. ʅʘʨʘʩʪʘʥʠʝ ʉɸ ʚ ʧʷʪʥʦʦʙʨʘʟʦʚʘʥʠʠ ʠ ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʷʭ ʥʘ ʚʝʪʚʠ ʨʦʩʪʘ 

ʙʳʣʦ ʚʝʩʴʤʘ ʥʝʵʬʬʝʢʪʠʚʥʳʤ. ʕʪʦʪ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʧʨʠʟʥʘʢ ʥʝʚʳʩʦʢʦʛʦ ʮʠʢʣʘ ʭʦʨʦʰʦ 

ʚʳʨʘʞʝʥ ʚ 24 ʮʠʢʣʝ. ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʭʦʞʜʝʥʠʠ ʚ ʚʝʢʦʚʦʡ ʤʠʥʠʤʫʤ ʉɸ ʧʦʜʢʨʝʧʣʷʝʪʩʷ 

ʧʦʥʠʞʝʥʠʝʤ ʚʝʣʠʯʠʥ ʦʙʱʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ. ʉ ʥʘʯʘʣʘ ʚʝʪʚʠ ʨʦʩʪʘ 24 ʮʠʢʣʘ 

ʠʩʩʣʝʜʦʚʘʥʦ ʥʘʨʘʩʪʘʥʠʝ ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, ʩʦʩʪʘʚʣʝʥ ʢʘʪʘʣʦʛ ʚʩʝʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ, 

ʚʳʷʚʣʝʥʳ ʠ ʪʠʧʠʟʠʨʦʚʘʥʳ ʛʝʣʠʦʬʠʟʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ, ʦʙʫʩʣʦʚʠʚʰʠʝ ʤʘʛʥʠʪʦʩʬʝʨʥʳʝ 

ʚʦʟʤʫʱʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʳ ʠ ʦʙʩʫʞʜʘʶʪʩʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʝʦʵʬʝʢʪʠʚʥʦʩʪʠ ʩʣʦʞʠʚʰʠʝʩʷ 

ʢʦʤʧʣʝʢʩʳ ʘʢʪʠʚʥʦʩʪʠ. ʇʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʦʭʦʞʜʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʘʢʪʠʚʥʦʩʪʠ ʩ ɸʆ 

11429 ʚ ʤʘʨʪʝ 2012 ʛʦʜʘ, ʢʘʢ ʧʨʠʤʝʨ ʨʘʟʥʦʨʦʜʥʳʭ ʛʝʣʠʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʚ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʤʘʛʥʠʪʦʩʬʝʨʫ ɿʝʤʣʠ. ʇʝʨʚʳʡ ʤʘʢʩʠʤʫʤ ʯʠʩʝʣ ɺʦʣʴʬʘ ʦʪʤʝʯʝʥ ʚ ʥʦʷʙʨʝ 2011 

ʛʦʜʘ: W=96,7. ʅʦ ʩʦ ʩʣʝʜʫʶʱʝʛʦ ʤʝʩʷʮʘ ʉɸ ʨʝʟʢʦ ʫʤʝʥʴʰʠʣʘʩʴ ʠ ʜʦ ʬʝʚʨʘʣʷ 2013 ʛʦʜʘ 

ʚʠʜʝʥ ʪʨʝʥʜ ʧʦʥʠʞʝʥʠʷ ʉɸ. ɼʘʣʝʝ ʧʦʷʚʠʣʠʩʴ ʚʪʦʨʠʯʥʳʝ ʤʘʢʩʠʤʫʤʳ 2013 ʛʦʜʘ, ʢʦʪʦʨʳʝ ʥʝ 

ʧʨʝʚʟʦʰʣʠ ʧʝʨʚʳʡ ʤʘʢʩʠʤʫʤ 2011ʛʦʜʘ. ʆʪʤʝʯʝʥʦ ʙʝʩʧʨʝʮʝʜʝʥʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʚʳʙʨʦʩʦʚ ʢʦʨʦʥʘʣʴʥʦʡ ʤʘʩʩʳ ʠ ʚʦʣʦʢʦʥ ʚ ʘʢʪʠʚʥʦʡ ʬʘʟʝ 24 ʮʠʢʣʘ. ʆʜʥʘʢʦ ʤʘʛʥʠʪʦʩʬʝʨʥʘʷ 

ʨʝʘʢʮʠʷ ʥʘ ʧʦʪʦʢʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠʟ ʢʦʨʦʥʘʣʴʥʳʭ ʜʳʨ ʚ ʩʫʱʝʩʪʚʝʥʥʦʡ ʤʝʨʝ ʦʩʣʘʙʣʝʥʘ. ɺ 

ʯʝʪʥʦʤ 24 ʮʠʢʣʝ, ʢʦʛʜʘ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʨʘʟʚʠʪʠʷ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʧʠʢʘ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʚʦʟʤʫʱʝʥʥʦʩʪʠ ʥʘ ʚʝʪʚʠ ʩʧʘʜʘ, ʧʦʢʘ ʦʪʤʝʯʘʶʪʩʷ ʪʦʣʴʢʦ ʚʩʧʣʝʩʢʠ ʚ ʥʝʟʘʚʝʨʰʝʥʥʦʡ ʬʘʟʝ 

ʤʘʢʩʠʤʫʤʘ ʪʝʢʫʱʝʛʦ ʮʠʢʣʘ ʉɸ. 
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ʆ ʉɺʗɿʀ ʎʀʂʃʀʏɽʉʂʀʍ ɺɸʈʀɸʎʀʁ ʂʈʋʇʅʆʄɸʉʐʊɸɹʅʆɻʆ ʄɸɻʅʀʊʅʆɻʆ 

ʇʆʃʗ ʉʆʃʅʎɸ ʉ ʇʈʆʗɺʃɽʅʀʗʄʀ ʉʆʃʅɽʏʅʆʁ ʀ ɻɽʆʄɸɻʅʀʊʅʆʁ 

ɸʂʊʀɺʅʆʉʊʀ 

 

ʊ.ɽ. ɺʘʣʴʯʫʢ
1
, ʖ.ʉ. ɿʘʛʘʡʥʦʚʘ

1
, ɺ.ɻ. ʌʘʡʥʰʪʝʡʥ

2
 

 
1
ʀɿʄʀʈɸʅ ʠʤ. ʅ.ɺ. ʇʫʰʢʦʚʘ, ʛ. ʄʦʩʢʚʘ, ʛ. ʊʨʦʠʮʢ, ʈʦʩʩʠʷ, 

2
ʀʉɿʌ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ. 

 

ʀʩʩʣʝʜʦʚʘʥʳ ʮʠʢʣʠʯʝʩʢʠʝ ʚʘʨʠʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

(ʂʄʇ) ʚ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʝ: 1) ʠʟʤʝʥʝʥʠʝ ʩʦ ʚʨʝʤʝʥʝʤ ʦʪʜʝʣʥɹʳʭ ʛʘʨʤʦʥʠʢ ʨʘʟʣʦʞʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʩʬʝʨʠʯʝʩʢʠʤ ʬʫʥʢʮʠʷʤ, 2) ʧʘʨʘʤʝʪʨʳ ʜʣʠʥʳ ʥʝʡʪʨʘʣʴʥʦʡ 

ʣʠʥʠʠ (ʅʃ) LNL ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ (ʩʬʝʨʝ ʨʘʜʠʫʩʦʤ Rss=2.5Ro, ʛʜʝ Ro ï ʨʘʜʠʫʩ 

ʉʦʣʥʮʘ), 3) ʚʝʣʠʯʠʥʳ ʤʘʢʩʠʤʘʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ŭNL ʅʃ ʦʪ ʧʣʦʩʢʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʵʢʚʘʪʦʨʘ. 

ɺʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʧʦʚʝʜʝʥʠʠ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʷ ʚ 23 ʠ 24 ʮʠʢʣʘʭ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ (ʉɸ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 21 ʠ 22 ʮʠʢʣʘʤʠ. ʇʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʛʫʪ 

ʦʪʦʙʨʘʞʘʪʴ çʧʦʜʛʦʪʦʚʢʫè ʉʦʣʥʮʘ ʢ ʟʘʪʷʞʥʦʤʫ ʤʠʥʠʤʫʤʫ ʉɸ ʚ 23 ʮʠʢʣʝ ʠ, ʚʦʟʤʦʞʥʦ, ʢ 

ʙʦʣʝʝ ʩʣʘʙʦʤʫ 24 ʮʠʢʣʫ ʉɸ. ʇʨʝʜʣʦʞʝʥʦ ʦʙʲʷʩʥʝʥʠʝ ʚ ʩʨʝʜʥʝʤ ʙʦʣʴʰʝʤʫ ʟʥʘʯʝʥʠʶ ŭNL ʚ 

ʤʠʥʠʤʫʤʝ 23 ʮʠʢʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʥʠʤʫʤʦʤ 22 ʮʠʢʣʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ 23 ʮʠʢʣʝ ʉɸ 

ʚʨʝʤʝʥʥʦʡ ʭʦʜ ŭNL(t) ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʠʟʤʝʥʝʥʠʝʤ ʫʩʨʝʜʥʝʥʥʦʛʦ ʟʘ 27 ʜʥʝʡ ʂʨ-ʠʥʜʝʢʩʘ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʧʷʪʥʦʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚ 23 ʮʠʢʣʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʚ 

ʠʟʤʝʥʝʥʠʠ ʩʦ ʚʨʝʤʝʥʝʤ ʩʨʝʜʥʝʤʝʩʷʯʥʦʛʦ ʯʠʩʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʂɺʄ NCME ʧʝʨʝʜ 

ʥʘʯʘʣʦʤ ʠ ʚ ʧʝʨʠʦʜ ʟʘʪʷʥʫʚʰʝʛʦʩʷ ʤʠʥʠʤʫʤʘ ʘʢʪʠʚʥʦʩʪʠ. ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ NCME(t) 

ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʛʣʘʩʫʝʪʩʷ ʚʨʝʤʝʥʥʳʤ ʭʦʜʦʤ ŭNL(t) ʠ LNL. ɺʳʷʚʣʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ LNL ʠ 

ʦʙʱʠʤ ʯʠʩʣʦʤ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʩ ʚʥʝʟʘʧʥʳʤ ʥʘʯʘʣʦʤ ʟʘ ʧʝʨʠʦʜ 1976-2012 ʛʛ. ʂʨʦʤʝ ʵʪʦʛʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʤʘʢʩʠʤʫʤʝ ʉɸ 23 ʮʠʢʣʘ ʚʩʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ 

ʚʥʝʟʘʧʥʳʝ ʥʘʯʘʣʘ ʙʫʨʴ (SSC) ʠ ʚʥʝʟʘʧʥʳʝ ʠʤʧʫʣʴʩʳ (SI) ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʩʘʤʳʤʠ 

ʙʳʩʪʨʳʤʠ çʛʘʣʦè ʠ çʧʦʣʫ-ʛʘʣʦè ʂɺʄ ʩʦ ʩʢʦʨʦʩʪʴʶ VCME, ʙʦʣʴʰʝʡ 700 ʢʤ/ʩ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ 

ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʤʷ ʤʠʥʠʤʫʤʝ 23 ʮʠʢʣʘ ʯʠʩʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ SSC ʠ SI ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʨʝʚʳʰʘʝʪ ʯʠʩʣʦ ʚʩʝʭ çʛʘʣʦè ʠ çʧʦʣʫ-ʛʘʣʦè ʂɺʄ, ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʚ ʵʪʦ ʚʨʝʤʷ. ʉʜʝʣʘʥ 

ʚʳʚʦʜ, ʯʪʦ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚ ʤʠʥʠʤʫʤʝ ʘʢʪʠʚʥʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʛʝʥʝʨʘʮʠʠ 

ʚʦʟʤʫʱʝʥʠʡ ʤʘʛʥʠʪʦʩʬʝʨʳ ʪʠʧʘ SSC ʠ SI ʠʛʨʘʶʪ ʣʠʤʙʦʚʳʝ ʂɺʄ ʠ, ʚʦʟʤʦʞʥʦ, 

ʥʝʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʂɺʄ ʩ ʤʘʣʝʥʴʢʠʤʠ ʫʛʣʦʚʳʤʠ ʨʘʟʤʝʨʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚʙʣʠʟʠ 

ʮʝʥʪʨʘ ʩʦʣʥʝʯʥʦʛʦ ʜʠʩʢʘ. 

 

 

ʀʆʅʓ ʅɸɼʊɽʇʃʆɺʓʍ ʕʅɽʈɻʀʁ ɺ ʇʆʊʆʂɸʍ ʉʆʃʅɽʏʅʆɻʆ ɺɽʊʈɸ ʀɿ 

ʂʆʈʆʅɸʃʔʅʓʍ ɼʓʈ ɺ 23 ʀ 24 ʉʆʃʅɽʏʅʓʍ ʎʀʂʃɸʍ 

 

ʄ.ɸ. ɿʝʣʴʜʦʚʠʯ, ʖ.ʀ. ʃʦʛʘʯʝʚ 

 

ʅʀʀʗʌ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, mariya@srd.sinp.msu.ru 

 

ʀʩʩʣʝʜʫʶʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʠʦʥʦʚ 
3
He, 

4
He, C, O, Fe ʩ ʵʥʝʨʛʠʝʡ 0.04-1 ʄʵɺ/ʥʫʢʣʦʥ 

(ʜʘʥʥʳʝ ACE/ULEIS) ʠ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʧʦʪʦʢʘʭ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠʟ ʧʨʠʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʢʦʨʦʥʘʣʴʥʳʭ ʜʳʨ ʚ 23 ʠ 24 ʮʠʢʣʘʭ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʣʠʯʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʘʜʪʝʧʣʦʚʳʭ ʠʦʥʦʚ Fe/O ʚ 

ʤʠʥʠʤʫʤʝ ʠ ʤʘʢʩʠʤʫʤʝ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʠʦʥʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ʦʪ ʩʢʦʨʦʩʪʠ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ʅʘʠʙʦʣʴʰʠʝ ʚʘʨʠʘʮʠʠ ʩ ʫʨʦʚʥʝʤ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘʙʣʶʜʘʣʠʩʴ ʚ 

ʚʝʣʠʯʠʥʝ Fe/O, ʚʝʣʠʯʠʥʳ C/O ʠ 
3
He/

4
He ʦʩʪʘʚʘʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʳʤʠ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʬʦʨʤʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʚʩʝʭ ʠʟʫʯʘʝʤʳʭ ʠʦʥʦʚ ʠʟʤʝʥʷʣʘʩʴ ʩ ʩʦʣʥʝʯʥʦʡ 

mailto:mariya@srd.sinp.msu.ru


 91 

ʘʢʪʠʚʥʦʩʪʴʶ, ʯʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʳʙʦʨ ʤʝʭʘʥʠʟʤʦʚ ʫʩʢʦʨʝʥʠʷ 

ʠʦʥʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʜʦ ʥʘʜʪʝʧʣʦʚʳʭ ʵʥʝʨʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʪʦʭʘʩʪʠʯʝʩʢʦʝ ʫʩʢʦʨʝʥʠʝ ʚ 

ʪʫʨʙʫʣʝʥʪʥʦʡ ʩʨʝʜʝ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ ʫʩʢʦʨʝʥʠʝ ʥʘ ʤʝʞʧʣʘʥʝʪʥʳʭ ʫʜʘʨʥʳʭ ʚʦʣʥʘʭ. 

 

 

ɼʆʃɻʆʇɽʈʀʆɼʅʓɽ ɻɽʆʄɸɻʅʀʊʅʓɽ ʇʋʃʔʉɸʎʀʀ ʂɸʂ ʇʈɽɼɺɽʉʊʅʀʂʀ 

ʉʆʃʅɽʏʅʓʍ ɺʉʇʓʐɽʂ 

 

ʅ.ɸ. ɹʘʨʭʘʪʦʚ
1
, ɺ.ʅ. ʆʙʨʠʜʢʦ

2
, ʉ.ɽ. ʈʝʚʫʥʦʚ

1
, ʉ.ɼ. ʉʥʝʛʠʨʝʚ

3
, ɼ.ɺ. ʐʘʜʨʫʢʦʚ

1
 

 
1
ʌɻɹʆʋ ɺʇʆ ʅɻʇʋ ʠʤ. ʂ. ʄʠʥʠʥʘ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, nbarkhatov@inbox.ru, 

2
ʅʋ ʈɸʅ ʀɿʄʀʈɸʅʠʤ. ʅ.ɺ. ʇʫʰʢʦʚʘ, ʛ. ʄʦʩʢʚʘ, ʛ. ʊʨʦʠʮʢ, ʈʦʩʩʠʷ, 

3
ʌɻʅʋ ʅʀʈʌʀ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ. 

 

ɺ ʠʥʪʝʨʚʘʣʘʭ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʩʦʣʥʝʯʥʳʤ ʚʩʧʳʰʢʘʤ ʚʳʧʦʣʥʝʥ ʧʦʠʩʢ 

ʤʦʤʝʥʪʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʝʡʚʣʝʪ-ʩʢʝʣʝʪʦʥʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʨʪʠʥ ʜʦʣʛʦʧʝʨʠʦʜʥʳʭ (ʩ 

ʧʝʨʠʦʜʦʤ ʙʦʣʝʝ ʯʘʩʘ) ʛʝʦʤʘʛʥʠʪʥʳʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʤʘʛʥʠʪʥʳʭ ʩʪʘʥʮʠʷʭ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʰʠʨʦʢʠʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʝʜʝʣʘʭ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʥʘ 

ʤʘʪʝʨʠʘʣʝ, ʚʢʣʶʯʘʶʱʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ 20 ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʚʩʧʳʰʢʘʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʳ ʤʘʛʥʠʪʥʳʝ ʜʘʥʥʳʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ 

ʤʠʥʫʪʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʧʦ ʦʙʩʝʨʚʘʪʦʨʠʷʤ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʦʨʜʠʥʘʪ (ʛʝʦʤ. ʰʠʨʦʪʘ 

31
0
-64

0
). ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʘʞʜʦʛʦ ʩʣʫʯʘʷ ʚʩʧʳʰʢʠ ʚʢʣʶʯʘʣʦ ʠʥʪʝʨʚʘʣ ʥʘʙʣʶʜʝʥʠʡ, 

ʩʦʜʝʨʞʘʱʠʡ 4,5 ʜʥʷ (6480 ʤʠʥ) ʜʦ ʨʝʛʠʩʪʨʘʮʠʠ ʚʩʧʳʰʢʠ ʠ 0,3 ʜʥʷ (500 ʤʠʥ) ʧʦʩʣʝ. 

ʂʨʠʪʝʨʠʷʤʠ ʦʪʙʦʨʘ ʪʘʢʠʭ ʩʦʙʳʪʠʡ ʙʳʣʠ: 1) ʤʘʛʥʠʪʦʩʧʦʢʦʡʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʟʘ ʚʝʩʴ ʠʥʪʝʨʚʘʣ 

ʥʘʙʣʶʜʝʥʠʡ (|Dst|<20ʥʊʣ) ʧʦ ʢʘʞʜʦʤʫ ʩʦʙʳʪʠʶ; 2) ʚʩʝ ʘʥʘʣʠʟʠʨʫʝʤʳʝ ʚʩʧʳʰʢʠ ʦʪʥʦʩʠʣʠʩʴ 

ʢ ʵʢʩʪʨʝʤʘʣʴʥʦʤʫ ʢʣʘʩʩʫ ʤʦʱʥʦʩʪʠ ʍ (W>10
-4

 ɺʪ/ʤ
2
). ʉʦʛʣʘʩʥʦ ʫʢʘʟʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ, ʙʳʣʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 20 ʚʩʧʳʰʝʢ ʢʣʘʩʩʘ ʍ ʧʦ ʜʘʥʥʳʤ ʢʘʪʘʣʦʛʘ http://vso.nso.edu/cgi/catalogui, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ 2001-2005 ʛ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʝʡʚʣʝʪ-ʩʢʝʣʝʪʦʥʥʦʡ ʪʝʭʥʠʢʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʤʘʢʩʠʤʘʣʴʥʦ ʫʩʪʨʘʥʠʪʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʧʨʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ [ɹʘʨʭʘʪʦʚ ʠ ʜʨ., 2013]. ɼʣʷ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʢʝʣʝʪʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ʥʘ ʚʩʝʭ ʩʪʘʥʮʠʷʭ ʧʨʝʜʣʦʞʝʥ 

ʦʨʠʛʠʥʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ. ʂʦʣʠʯʝʩʪʚʦ ʩʠʥʭʨʦʥʠʟʘʮʠʡ ʚʝʡʚʣʝʪ-ʩʢʝʣʝʪʦʥʥʳʭ ʢʘʨʪʠʥ ʧʦ ʚʩʝʤ 

ʤʘʛʥʠʪʥʳʤ ʩʪʘʥʮʠʷʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʪ ʚʨʝʤʝʥʠ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʠʥʪʝʥʩʠʚʥʳʭ ʚʩʧʳʰʝʢ. ʅʘ ʧʦʣʫʯʝʥʥʳʭ ʛʠʩʪʦʛʨʘʤʤʘʭ ʟʘ ʥʝʩʢʦʣʴʢʦ ʩʫʪʦʢ ʜʦ 

ʨʘʟʚʠʪʠʷ ʠʥʪʝʥʩʠʚʥʳʭ ʚʩʧʳʰʝʢ ʥʘ ʉʦʣʥʮʝ ʦʪʤʝʯʘʶʪʩʷ ʵʢʩʪʨʝʤʫʤʳ. ʊʘʢʠʝ ʵʢʩʪʨʝʤʫʤʳ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʝʜʚʝʩʪʥʠʢʠ ʚʩʧʳʰʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʩʫʤʤʘʨʥʳʝ ʛʠʩʪʦʛʨʘʤʤʳ 

ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʦʤʝʥʪʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʢʦʣʝʙʘʥʠʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʨʘʟʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʧʝʨʠʦʜʦʚ ʩʚʦʠʤʠ ʵʢʩʪʨʝʤʫʤʘʤʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʚʷʟʴ ʩ ʦʧʝʨʝʞʘʶʱʠʤʠ ʷʚʣʝʥʠʷʤʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʚʩʧʳʰʝʢ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʝʨʠʦʜʦʚ ʥʘʣʠʯʠʝ ʵʢʩʪʨʝʤʫʤʦʚ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʟʘʤʝʪʥʳʤ. ɻʠʩʪʦʛʨʘʤʤʳ 

ʜʣʷ ʧʝʨʠʦʜʦʚ 120-180 ʤʠʥʫʪ ʟʘ 2 ʠ 3,5 ʜʥʷ ʜʦ ʚʩʧʳʰʢʠ ʠʤʝʶʪ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʳʝ 

ʵʢʩʪʨʝʤʫʤʳ. ɼʣʷ ʢʦʣʝʙʘʥʠʡ ʩ ʧʝʨʠʦʜʘʤʠ 360 ʠ ʙʦʣʝʝ ʤʠʥʫʪ ʵʢʩʪʨʝʤʫʤʳ ʥʘ ʩʫʤʤʘʨʥʦʡ 

ʛʠʩʪʦʛʨʘʤʤʝ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ. ʄʝʭʘʥʠʟʤʦʤ ʧʨʦʷʚʣʝʥʠʷ ʜʦʣʛʦʧʝʨʠʦʜʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ 

ʧʫʣʴʩʘʮʠʡ ʠ ʠʭ ʜʘʣʴʥʝʡʰʝʡ ʩʠʥʭʨʦʥʠʟʘʮʠʝʡ ʚ ʰʠʨʦʢʠʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʝʜʝʣʘʭ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʠʦʥʦʩʬʝʨʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʛʦ ʠʦʥʠʟʠʨʫʶʱʝʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʧʝʨʝʞʘʶʱʝʛʦ ʚʩʧʳʰʢʫ, ʯʪʦ ʠ ʚʳʟʳʚʘʝʪ ʫʩʠʣʝʥʠʝ 

ʠʦʥʦʩʬʝʨʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʪʦʢʦʚʳʭ ʩʠʩʪʝʤ [Barkhatov et.al., 2004]. 

[ɹʘʨʭʘʪʦʚ ʅ.ɸ., ʈʝʚʫʥʦʚ ʉ.ɽ., ʐʘʜʨʫʢʦʚ ɼ.ɺ.] ʋʪʦʯʥʝʥʠʝ ʪʠʧʦʚ ʩʦʣʥʝʯʥʳʭ ʧʣʘʟʤʝʥʥʳʭ 

ʧʦʪʦʢʦʚ ʧʦ ʘʥʘʣʠʟʫ ʚʥʝ- ʠ ʚʥʫʪʨʠʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʧʝʨʠʦʜʳ 

ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ // ʇʨʠʚʦʣʞʩʢʠʡ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ, ʅʅɻɸʉʋ, ˉ1, ʩ. 106-112, 2013. 
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DOI:10.1029/2004GI000065. 
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ʎʠʢʣʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʩʦʚʤʝʩʪʥʦ ʩ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ 

ʚʨʘʱʝʥʠʝʤ ʠ ʩʧʦʨʘʜʠʯʝʩʢʠʤʠ ʵʨʫʧʪʠʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʦʧʨʝʜʝʣʷʶʪ ʩʦʩʪʦʷʥʠʝ 

ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʘʨʘʤʝʪʨʳ ʧʣʘʟʤʳ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ʅʘ ʦʩʥʦʚʝ 

ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʟʘ 21-24 ʩʦʣʥʝʯʥʳʝ ʮʠʢʣʳ ʨʘʩʩʤʦʪʨʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʬʘʟʘʭ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɹʳʩʪʨʳʝ, ʧʦʨʷʜʢʘ 1-3 

ʢʵʨʨʠʥʛʪʦʥʦʚʩʢʠʭ ʦʙʦʨʦʪʦʚ, ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʠʟʤʝʥʝʥʠʷ ʬʦʪʦʩʬʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʚʳʟʚʘʥʥʳʝ ʚʩʧʣʳʚʘʥʠʝʤ ʥʦʚʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʧʨʠʚʦʜʷʪ ʢ ʨʝʟʢʦʡ ʨʝʦʨʛʘʥʠʟʘʮʠʠ 

ʩʦʣʥʝʯʥʳʭ ʢʦʨʦʥʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚʦ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʮʠʢʣʘʭ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, 

ʦʜʥʘʢʦ ʦʥʠ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʜʝʪʘʣʴʥʦʤ ʧʨʦʷʚʣʝʥʠʠ ʦʪ ʮʠʢʣʘ ʢ ʮʠʢʣʫ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʵʨʫʧʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʣʠʷʶʱʠʝ ʥʘ ʩʦʩʪʦʷʥʠʝ 

ʧʣʘʟʤʳ ʥʘ ʦʨʙʠʪʝ ɿʝʤʣʠ, ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʛʣʦʙʘʣʴʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʘʷ ʩʪʨʫʢʪʫʨʘ ʛʣʦʙʘʣʴʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ ʛʝʥʝʨʘʮʠʠ ʚʦʣʥ ʈʦʩʩʙʠ. 

ʂʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʚʘʨʠʘʮʠʠ ʨʝʞʠʤʘ ʛʝʥʝʨʘʮʠʠ ʚʦʣʥ ʈʦʩʩʙʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʨʝʦʨʛʘʥʠʟʘʮʠʠ 

ʩʪʨʫʢʪʫʨʳ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʤʦʜʫʣʠʨʫʶʪ ʧʘʨʘʤʝʪʨʳ ʵʨʫʧʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʧʘʨʘʤʝʪʨʳ ʧʣʘʟʤʳ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʯʪʦ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʠ ʦʧʨʝʜʝʣʷʝʪ ʢʦʩʤʠʯʝʩʢʫʶ ʧʦʛʦʜʫ ʥʘ ʦʨʙʠʪʝ ɿʝʤʣʠ. 

 

 

ɺʓʗɺʃɽʅʀɽ ʉʂʈʓʊʓʍ ʇɽʈʀʆɼʀʏʅʆʉʊɽʁ ɺ ʇɸʈɸʄɽʊʈɸʍ ʂɺʄ ʀ 
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ʂʦʨʦʥʘʣʴʥʳʝ ʚʳʙʨʦʩʳ ʤʘʩʩʳ ʠʛʨʘʶʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ 

ʥʘ ʦʨʙʠʪʝ ɿʝʤʣʠ ʠ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʛʝʦʤʘʛʥʠʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʆʜʥʘʢʦ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʩʪʘʶʪʩʷ ʜʦ ʢʦʥʮʘ ʥʝ ʚʳʷʩʥʝʥʥʳʤʠ, ʥʝ 

ʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʥʳʭ ʥʘʙʣʶʜʝʥʠʶ ʠ ʠʟʫʯʝʥʠʶ ʢʦʨʦʥʘʣʴʥʳʭ 

ʚʳʙʨʦʩʦʚ ʤʘʩʩʳ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʢʦʨʨʝʢʪʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʢʘʢ ʩʘʤʦʛʦ ʷʚʣʝʥʠʷ, ʪʘʢ ʠ ʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʦʣʦʟʝʤʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʢ ʘʥʘʣʠʟʫ ʩʢʨʳʪʳʭ 

ʧʝʨʠʦʜʠʯʥʦʩʪʝʡ ʚ ʜʘʥʥʳʭ ʧʦ ʢʦʨʦʥʘʣʴʥʳʤ ʚʳʙʨʦʩʘʤ ʧʨʠʤʝʥʝʥ ʦʙʦʙʱʝʥʥʳʡ ʤʝʪʦʜ ʬʘʟʦʚʳʭ 

ʩʫʤʤ ʈʘʩʩʝʣʘ. ɸʚʪʦʨʳ ʥʘʜʝʶʪʩʷ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʪ ʚʳʷʚʠʪʴ ʨʘʥʝʝ ʥʝ 

ʦʙʩʫʞʜʘʚʰʠʝʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʚʥʝʩʫʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʢʣʘʜ ʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʂɺʄ ʠ 

ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʷʚʣʝʥʠʡ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʢʦʨʦʥʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʤʘʩʩʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʢʦʩʤʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ SOHO/LASCO ʟʘ ʧʝʨʠʦʜ ʩ 1996 ʧʦ 2012 ʛʦʜʳ. 
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ʦʧʘʩʥʦʩʪʴ ʚ ʤʝʞʧʣʘʥʝʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʫʤʤʘʨʥʳʝ 

ʬʣʶʝʥʩʳ ʧʨʦʪʦʥʦʚ ʩ ʵʥʝʨʛʠʷʤʠ ʦʪ 1 ʜʦ 60 ʄʵɺ ʟʘ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ ʜʦ 10 ʣʝʪ ʦʧʠʩʳʚʘʶʪʩʷ 

ʣʦʛʦʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, ʘ ʚʝʨʦʷʪʥʦʩʪʴ ʠʭ ʥʘʙʣʶʜʝʥʠʷ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ 

ʩʪʝʧʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ ʧʦʩʪʨʦʠʪʴ ʢʦʤʧʘʢʪʥʫʶ 

ʚʝʨʦʷʪʥʦʩʪʥʫʶ ʤʦʜʝʣʴ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʥʘ ʂɸ çIMP-

8è ʨʘʩʩʯʠʪʘʥʳ ʩʨʝʜʥʠʝ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʧʦʪʦʢʠ ʧʨʦʪʦʥʦʚ ʩ ʵʥʝʨʛʠʷʤʠ ʙʦʣʴʰʝ 

1, 2, 4, 10, 30, 60 ʄʵɺ ʟʘ ʦʜʥʠ ʩʫʪʢʠ, 10 ʩʫʪʦʢ, ʤʝʩʷʮ, ʢʚʘʨʪʘʣ ʛʦʜ, 3, 5 ʠ 10 ʣʝʪ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ 

ʠ ʢʣʠʤʘʪʘ ʚ ʆʂʇ ʥʘ ʦʨʙʠʪʝ ɿʝʤʣʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ 

ʤʠʥʠʤʘʣʴʥʳʝ, ʩʨʝʜʥʠʝ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʜʦʟʳ ʥʘʢʦʧʣʝʥʥʦʡ ʨʘʜʠʘʮʠʠ ʜʣʷ ʥʘʙʦʨʘ ʪʦʣʱʠʥ 

ʟʘʱʠʪ 0.01, 0.1, 0.5, 1, 3, 10 ʛ/ʩʤ
2
 ʠ ʜʠʘʧʘʟʦʥʘ ʚʨʝʤʝʥʥʳʭ ʧʨʦʤʝʞʫʪʢʦʚ ʦʪ 1 ʜʥʷ ʜʦ 10 ʣʝʪ. 
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ʖ.ʉ. ʐʫʛʘʡ
1
, ɺ.ɸ. ʉʣʝʤʟʠʥ

2
, ʀ.ʉ. ɺʝʩʝʣʦʚʩʢʠʡ

1, 3
    

 
1
ʅʀʀʗʌ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, jshugai@srd.sinp.msu.ru, 

2
ʌʀɸʅ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 

3
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ.  

 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ  ʢʦʨʦʥʘʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʠʩʪʦʯʥʠʢʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ 

ʠ ʩʪʨʫʢʪʫʨʘ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ Wilcox Solar 

Observatory ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ SDO/AIA ʠ ACE ʚ 2012 ʛʦʜʫ. ʀʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ 

ʚʨʝʤʝʥʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʥʘʯʘʣʫ ʧʝʨʝʧʦʣʶʩʦʚʢʠ ʩʦʣʥʝʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʤʘʢʩʠʤʫʤʝ 

24-ʛʦ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʟʤʝʨʝʥʥʳʭ ʠ 

ʚʳʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʨʦʥʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʨʦʥʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʥʘ ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʝ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʋʌ 

ʠʟʦʙʨʘʞʝʥʠʡ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳ. ʆʙʥʘʨʫʞʝʥʦ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʦʞʠʜʘʝʤʦʡ ʠ 

ʥʘʙʣʶʜʘʝʤʦʡ ʯʝʪʳʨʝʭʩʝʢʪʦʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʄʝʜʣʝʥʥʳʝ 

ʧʦʪʦʢʠ ʉɺ ʩʠʣʴʥʝʝ ʢʦʨʨʝʣʠʨʘʚʘʣʠ ʩ ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʴʶ ʥʝʙʦʣʴʰʠʭ ʥʠʟʢʦʰʠʨʦʪʥʳʭ 

ʢʦʨʦʥʘʣʴʥʳʭ ʜʳʨ, ʪʠʧʠʯʥʳʭ ʜʣʷ ʧʝʨʠʦʜʘ ʤʘʢʩʠʤʫʤʘ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ. ɹʳʩʪʨʳʝ ʧʦʪʦʢʠ ʉɺ 

ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʪʨʘʥʩʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʢʦʨʦʥʘʣʴʥʦʡ ʜʳʨʦʡ ʠ ʩʧʦʨʘʜʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʠʩʯʝʟʥʦʚʝʥʠʝ ʪʨʘʥʩʵʢʚʘʪʦʨʠʘʣʴʥʦʡ 

ʢʦʨʦʥʘʣʴʥʦʡ ʜʳʨʳ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʵʚʦʣʶʮʠʝʡ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʆʜʥʘʢʦ, ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʝʝ ʛʨʘʥʠʮ ʚʣʠʷʣʦ ʪʘʢʞʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʩʘʤʦʡ ʢʦʨʦʥʘʣʴʥʦʡ ʜʳʨʳ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʦʢʨʫʞʘʶʱʠʭ ʝʝ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʷʭ. 
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ʀ.ʉ. ɺʝʩʝʣʦʚʩʢʠʡ
1,2
, ɸ.ɺ.ʇʨʦʭʦʨʦʚ

1
 

 
1
ʅʀʀʗʌ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ,  

2
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, veselov@dec1.sinp.msu.ru. 

 

ʇʨʝʜʣʘʛʘʶʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʚ ʣʠʥʠʷʭ ʠʦʥʦʚ ʛʝʣʠʷ ʠʣʠ ʢʠʩʣʦʨʦʜʘ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʜʚʠʛʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʢʘ ʠ ʚʝʣʠʯʠʥʳ ʨʘʜʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚ 

ʢʦʨʦʥʘʭ ʟʚʝʟʜ, ʧʦʜʦʙʥʳʭ ʉʦʣʥʮʫ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʜʦʥʦʨʦʚ ʠ ʘʢʮʝʧʪʦʨʦʚ ʩʨʝʜʠ ʥʠʭ. 

ʆʙʩʫʞʜʘʶʪʩʷ ʠʤʝʶʱʠʝʩʷ ʪʨʫʜʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʭ ʧʨʝʦʜʦʣʝʥʠʷ. ʆʞʠʜʘʝʪʩʷ 

ʦʙʥʘʨʫʞʝʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʝʛʫʣʷʨʥʳʭ ʜʦʥʦʨʦʚ ʠ ʨʝʜʢʠʭ ʧʝʢʫʣʷʨʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʚʠʜʝ 

ʘʢʮʝʧʪʦʨʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʮʝʥʘʨʠʷʤʠ ʟʚʝʟʜʥʦʡ ʵʚʦʣʶʮʠʠ. ɺ ʩʠʣʴʥʦ 

ʥʝʦʜʥʦʨʦʜʥʳʭ ʤʝʞʟʚʝʟʜʥʳʭ ʦʙʣʘʢʘʭ ʚʦʟʤʦʞʥʦ ʥʘʙʣʶʜʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʚʘʨʠʘʥʪʦʚ ʟʚʝʟʜ ʪʠʧʘ 

çʜʦʥʦʨ-ʘʢʮʝʧʪʦʨè. ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʟʚʝʟʜ ʩʦʣʥʝʯʥʦʛʦ ʪʠʧʘ ʩ ʛʦʨʷʯʝʡ 

ʢʦʨʦʥʦʡ, ʥʦ ʙʝʟ ʚʝʪʨʘ ʠʣʠ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʘʢʢʨʝʮʠʠ ʚʝʱʝʩʪʚʘ ʙʳʣʦ ʚʳʩʢʘʟʘʥʦ ʨʘʥʝʝ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʠ ʦʙʩʫʞʜʘʝʪʩʷ  ʚ ʣʠʪʝʨʘʪʫʨʝ. ʊʘʢʦʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʥʠʢʘʢʠʤ ʠʟʚʝʩʪʥʳʤ ʟʘʢʦʥʘʤ ʬʠʟʠʢʠ. ɹʦʣʝʝ ʪʦʛʦ, ʨʝʰʝʥʠʝ ʩ 

ʘʢʢʨʝʮʠʝʡ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ɹʦʥʜʠ ʥʘ ʦʩʥʦʚʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʦʣʠʪʨʦʧʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʩʘʤʦʛʦ 

ʉʦʣʥʮʘ. ʆʜʥʘʢʦ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʵʪʦʪ ʚʘʨʠʘʥʪ ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʙʣʶʜʝʥʠʷʤʠ. ɺʤʝʩʪʦ ʵʪʦʛʦ 

ʩ ʥʝʧʣʦʭʦʡ ʪʦʯʥʦʩʪʴʶ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʉʦʣʥʮʘ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ 

ʩʮʝʥʘʨʠʡ, ʫʢʘʟʘʥʥʳʡ ʇʘʨʢʝʨʦʤ ʚ ʨʘʤʢʘʭ ʪʦʡ ʞʝ ʧʦʣʠʪʨʦʧʥʦʡ ʤʦʜʝʣʠ ɹʦʥʜʠ, ʥʦ ʩ ʜʨʫʛʠʤʠ 

ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʥʘ ʩʢʦʨʦʩʪʴ. ɿʘʜʘʯʘ ʚʳʨʦʞʜʝʥʘ, ʜʦʩʪʘʪʦʯʥʦ ʙʳʣʦ ʠʟʤʝʥʠʪʴ ʧʣʶʩ ʥʘ 

ʤʠʥʫʩ ʜʣʷ ʨʘʜʠʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʚʝʱʝʩʪʚʘ ʚ ʛʦʪʦʚʳʭ ʨʝʰʝʥʠʷʭ. ʉʦʚʨʝʤʝʥʥʦʝ ʉʦʣʥʮʝ ʷʚʣʷʝʪʩʷ 

ʜʦʥʦʨʦʤ, ʘ ʥʝ ʘʢʮʝʧʪʦʨʦʤ ʚʝʱʝʩʪʚʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʯʘʣʴʥʳʤʠ ʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʘ 

ʥʝ ʩ ʜʠʥʘʤʠʢʦʡ ʧʣʘʟʤʳ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ɺʦʧʨʦʩ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʟʚʝʟʜ ʪʠʧʘ 

ʉʦʣʥʮʘ ʩ ʘʢʢʨʝʮʠʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʡ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʠ ʷʚʣʷʝʪʩʷ ʜʦ 

ʩʠʭ ʧʦʨ ʦʪʢʨʳʪʳʤ, ʪʘʢ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʩʪʨʦʝʥʠʷ ʩʘʤʠ ʧʦ ʩʝʙʝ ʙʝʟ ʜʦʩʪʘʪʦʯʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʥʝ ʤʦʛʫʪ ʨʘʟʨʝʰʠʪʴ ʝʛʦ ʦʜʥʦʟʥʘʯʥʦ. ʄʳ ʥʝ ʟʥʘʝʤ, ʢʦʛʜʘ ʠ ʢʘʢ ʧʨʦʠʟʦʰʝʣ 

ʧʝʨʝʭʦʜ ʦʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʘʢʢʨʝʮʠʠ ʢ ʧʦʪʝʨʝ ʧʣʘʟʤʳ ʚ ʦʢʨʫʞʘʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ 

ʩʣʫʯʘʝ ʉʦʣʥʮʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʪʫʘʮʠʷ ʚ ʪʝʦʨʠʠ ʠʟʤʝʥʠʣʘʩʴ, ʪʘʢ ʢʘʢ ʙʣʘʛʦʜʘʨʷ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʧʨʷʤʳʤ ʠ ʢʦʩʚʝʥʥʳʤ ʠʟʤʝʨʝʥʠʷʤ ʩʪʘʣʦ ʷʩʥʦ, ʯʪʦ ʩʦʣʥʝʯʥʳʡ ʚʝʪʝʨ 

ʚʳʪʘʣʢʠʚʘʝʪʩʷ ʦʪ ʉʦʣʥʮʘ ʥʘʨʫʞʫ ʚ ʦʩʥʦʚʥʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʩʠʣʘʤʠ, ʘ ʥʝ ʛʨʘʜʠʝʥʪʦʤ 

ʪʝʧʣʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʢʘʢ ʜʫʤʘʣʠ ʧʦʣʚʝʢʘ ʥʘʟʘʜ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʟʨʘʯʥʘʷ ʠ ʥʝʧʨʦʟʨʘʯʥʘʷ 

ʯʘʩʪʴ ʘʪʤʦʩʬʝʨʳ ʟʚʝʟʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʉʦʣʥʮʘ, ʙʘʣʘʥʩ ʩʠʣ, ʵʥʝʨʛʠʠ ʠ ʤʘʩʩʳ ʚ ʦʙʣʘʩʪʷʭ,  ʛʜʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʪʦʢ ʥʘʨʫʞʫ ʠʣʠ ʚʥʫʪʨʴ. 
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çʉʇɽʂʊʈ-ʈè 

 

ɻ.ʅ. ɿʘʩʪʝʥʢʝʨ
1
, ɺ.ɺ. ʍʨʘʧʯʝʥʢʦʚ

1
, ʀ.ɺ. ʂʦʣʦʩʢʦʚʘ

1
, ʄ.ʆ. ʈʷʟʘʥʮʝʚʘ

1,2
, E.E. ʈʷʟʘʥʦʚʘ

1
, 

ʊ.ʀ. ɻʘʛʫʘ
1
, ʀ.ʊ. ɻʘʛʫʘ

1
, ʗ. ʐʘʬʨʘʥʢʦʚʘ

3
, ɿ.ʅʝʤʝʯʝʢ

3
, ʃ. ʇʨʝʭ

3
, ʗ. ɺʦʡʪʘ

4
  

 
1
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ,  

2
ʅʀʀʗʌ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 

3
ʂʘʨʣʦʚ ʋʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʨʘʛʘ, ʏʝʰʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ,  

4
ʀʌɸ ɸʅ ʏʈ, ʛ. ʇʨʘʛʘ, ʏʝʰʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ. 

 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʚʘʨʠʘʮʠʡ ʚʝʣʠʯʠʥʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘ ʠʦʥʦʚ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʠʟʤʝʨʷʚʰʠʭʩʷ ʩ ʚʳʩʦʢʠʤ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ (ʜʦ 30 ʤʩʝʢ., ʯʪʦ ʥʘ ʜʚʘ 

ʧʦʨʷʜʢʘ ʧʨʝʚʳʰʘʝʪ ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʧʦʪʦʢʘ ʧʣʘʟʤʳ ʚ ʜʨʫʛʠʭ ʘʥʘʣʦʛʠʯʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ). ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʞʥʠʭ ʨʘʙʦʪ, ʧʨʝʜʩʪʘʚʣʷʚʰʠʭ, ʚ ʦʩʥʦʚʥʦʤ, ʫʩʨʝʜʥʝʥʥʳʝ ʥʘ 

ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʠʭ ʧʝʨʠʦʜʘʭ ʚʨʝʤʝʥʠ ʚʝʣʠʯʠʥʳ, ʥʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ 

ʠʦʥʦʚ ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ ʤʦʞʝʪ ʠʩʧʳʪʳʚʘʪʴ ʙʦʣʴʰʠʝ ʠ ʙʳʩʪʨʳʝ ʚʘʨʠʘʮʠʠ ʥʘ ʠʥʪʝʨʚʘʣʘʭ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʚ ʜʝʩʷʪʢʠ ʩʝʢʫʥʜ ʠ ʜʘʞʝ ʚ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ. 

 

 

ʉʊɸʊʀʉʊʀʏɽʉʂʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʆʊʂʃʀʂɸ ʄɸɻʅʀʊʆʉʌɽʈʅʆ-

ʀʆʅʆʉʌɽʈʅʆʁ ʉʀʉʊɽʄʓ ʅɸ ʈɸɿʅʓɽ ʊʀʇʓ ʊɽʏɽʅʀʁ ʉʆʃʅɽʏʅʆɻʆ 

ɺɽʊʈɸ  

 

ʅ.ʉ. ʅʠʢʦʣʘʝʚʘ, ʖ.ʀ. ɽʨʤʦʣʘʝʚ, ʀ.ɻ. ʃʦʜʢʠʥʘ 

 

ʀʂʀ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, nnikolae@iki.rssi.ru  

 

ɺ ʨʘʙʦʪʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʦʪʢʣʠʢ ʤʘʛʥʠʪʦʩʬʝʨʥʦ-ʠʦʥʦʩʬʝʨʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʩʪʨʫʢʪʫʨ ʉɺ ʚʦ ʚʨʝʤʷ ʛʣʘʚʥʦʡ ʬʘʟʳ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʩ Dstmin ¢ï50 ʥʊ, 
ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ: ʢʦʨʦʪʠʨʫʶʱʠʝ ʦʙʣʘʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (CIR), ʤʘʛʥʠʪʥʳʝ 

ʦʙʣʘʢʘ (ʄʉ), ʧʦʨʰʥʠ (Ejecta), ʦʙʣʘʩʪʠ ʩʞʘʪʠʷ (Sheath) ʧʝʨʝʜ ʥʠʤʠ (ShE, ShMC), ʘ ʪʘʢʞʝ 

ʩʦʙʳʪʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ (IND). ʉ ʵʪʦʡ ʮʝʣʴʶ ʤʳ ʨʘʩʩʯʠʪʳʚʘʝʤ ʧʘʨʘʤʝʪʨ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʫʨʦʚʝʥʴ ʥʘʩʳʱʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʧʦʣʷʨʥʦʡ ʰʘʧʢʠ, ʠ ʟʘʚʠʩʷʱʠʡ ʦʪ 2-ʭ 

ʚʝʣʠʯʠʥ: ʘʣʴʬʚʝʥʦʚʩʢʦʡ ʩʢʦʨʦʩʪʠ ʉɺ ʠ ʠʦʥʦʩʬʝʨʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʀʦʥʦʩʬʝʨʥʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʧʦʪʦʢʫ ʩʦʣʥʝʯʥʦʛʦ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ. ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʥʘʩʳʱʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʧʦʣʷʨʥʦʡ ʰʘʧʢʠ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʦʝ ʩʦʙʳʪʠʝ. ʆʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 3.8 

ʨʘʟ ʯʘʱʝ ʚʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʚʩʝʤʠ ʪʠʧʘʤʠ/ʧʦʜʪʠʧʘʤʠ ICME, ʯʝʤ 

CIR ʠʣʠ IND; ʪʘʢʞʝ ʚ 8.6 ʨʘʟ ʯʘʱʝ ʚʦ ʚʨʝʤʷ ʙʫʨʴ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ MC, ʯʝʤ Ejecta, ʠ ʚ 2.5 

ʨʘʟʘ ʯʘʱʝ ʚʦ ʚʨʝʤʷ ʙʫʨʴ ʦʪ ʦʙʣʘʩʪʠ ʩʞʘʪʠʷ Sheath, ʯʝʤ ʦʪ çʪʝʣè ICME(ʄʉ+ Ejecta). 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩ ʨʘʩʯʝʪʘʤʠ, ʢʦʛʜʘ ʠʦʥʦʩʬʝʨʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʯʠʩʣʫ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ. ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ɻʨʘʥʪʦʤ ʈʌʌʀ ˉ 13-02-00158a 

ʠ ʇʨʦʛʨʘʤʤʦʡ 22 ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ.   
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ʈɸɼʀʆʇʈʆɿʈɸʏʅʆʉʊʀ 

 

ʅ.ʊ. ɸʬʘʥʘʩʴʝʚ
1
, ɸ.ʅ. ɸʬʘʥʘʩʴʝʚ

2,3
, ɺ.ʇ. ʄʘʨʢʦʚ

1
 

 
1
ʀɻʋ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ, nta@api.isu.ru, 

2
ʀʉɿʌ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ, 

3
Department of Physics, University of Helsinki, Helsinki, Finland. 

 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ [1], ʯʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʧʣʘʟʤʝʥʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʬʘʟʦʚʳʭ 

ʬʣʫʢʪʫʘʮʠʡ ʨʘʜʠʦʩʠʛʥʘʣʦʚ, ʧʨʦʰʝʜʰʠʭ ʩʢʚʦʟʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʪʠ 

ʧʘʨʘʤʝʪʨʳ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʣʫʢʪʫʘʮʠʷʤ ʬʘʟʳ ʨʘʜʠʦʩʠʛʥʘʣʦʚ, ʦʪʨʘʞʝʥʥʳʭ ʦʪ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʝ [2] ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʬʣʫʢʪʫʘʮʠʡ ʵʡʢʦʥʘʣʘ ʧʦʣʫʯʝʥʳ ʫʜʦʙʥʳʝ ʜʣʷ ʦʙʨʘʱʝʥʠʷ ʬʦʨʤʫʣʳ 

ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ ʬʘʟʳ ʨʘʜʠʦʩʠʛʥʘʣʘ ʧʨʠ ʧʦʣʥʦʤ ʚʥʫʪʨʝʥʥʝʤ ʦʪʨʘʞʝʥʠʠ ʦʪ 

ʪʫʨʙʫʣʝʥʪʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʤʦʥʦʪʦʥʥʳʤ ʧʨʦʬʠʣʝʤ 

ʨʝʛʫʣʷʨʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʉʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʦ 

ʬʣʫʢʪʫʘʮʠʷʭ ʬʘʟʳ ʦʪʨʘʞʝʥʥʳʭ ʠ ʧʨʦʰʝʜʰʠʭ ʯʝʨʝʟ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ ʚʙʣʠʟʠ ʛʨʘʥʠʯʥʦʡ ʯʘʩʪʦʪʳ ʝʝ ʨʘʜʠʦʧʨʦʟʨʘʯʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ 

ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ 

ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ. ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʩʠʩʪʝʤʳ ʥʝʟʘʚʠʩʠʤʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʦ ʬʘʟʦʚʳʤ ʬʣʫʢʪʫʘʮʠʷʤ 

ʦʪʨʘʞʝʥʥʦʛʦ ʠ ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʠʛʥʘʣʦʚ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ 

ʧʨʦʩʚʝʯʠʚʘʥʠʷ. ʅʘʡʜʝʥʦ ʨʝʰʝʥʠʝ ʦʙʲʝʜʠʥʝʥʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ 

ʣʦʢʘʣʠʟʘʮʠʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʝʝ ʪʫʨʙʫʣʝʥʪʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʠʤʝʨʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʟʘʜʘʯʘʭ ʜʠʘʛʥʦʩʪʠʢʠ ʦʢʦʣʦʟʝʤʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʦʡ 

ʧʣʘʟʤʳ. 
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ɺʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʧʨʦʛʥʦʟʘ ʨʘʜʠʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ ʚ ʦʢʦʣʦʟʝʤʥʦʤ 

ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʆʂʇ) ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʘ ʢʘʢ ʜʣʷ ʨʝʰʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʥʘʫʯʥʳʭ ʟʘʜʘʯ ʬʠʟʠʢʠ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ ʩʚʷʟʝʡ, ʪʘʢ ʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʤʠʩʩʠʡ ʠ ʧʨʠʧʦʣʷʨʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʧʦʣʝʪʦʚ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʩ ʵʪʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʘʥʥʳʝ ʩ ʥʠʟʢʦʚʳʩʦʪʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʂɸ) ʩ ʧʦʣʷʨʥʦʡ 

ʦʨʙʠʪʦʡ. ʅʘ ʩʝʛʦʜʥʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʂɸ ʩ ʧʦʣʷʨʥʳʤʠ ʦʨʙʠʪʘʤʠ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ 

ʥʘ ʚʳʩʦʪʘʭ ʜʦ 1000 ʢʤ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʜʘʶʪ ʜʘʥʥʳʝ ʪʘʢʠʝ ʂɸ ʢʘʢ çʄʝʪʝʦʨ-ʄ ˉ1è, 

ʀʉɿ ʩʝʨʠʠ POES NOAA, ʛʦʪʦʚʷʪʩʷ ʢ ʟʘʧʫʩʢʫ ʀʉɿ ʈʕʃɽʂ ʠ çʃʦʤʦʥʦʩʦʚè. ʆʜʥʘʢʦ, ʠʟ-ʟʘ 

mailto:nta@api.isu.ru


 97 

ʩʧʝʮʠʬʠʢʠ ʧʦʩʪʫʧʘʶʱʝʡ ʩ ʧʦʣʷʨʥʳʭ ʂɸ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʦʨʙʠʪʳ (ʂɸ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʭʦʜʠʪ ʨʘʟʥʳʝ ʦʙʣʘʩʪʠ ʤʘʛʥʠʪʦʩʬʝʨʳ ɿʝʤʣʠ - ʧʦʣʷʨʥʳʝ 

ʰʘʧʢʠ, ʦʙʣʘʩʪʴ ʚʥʝʰʥʝʛʦ ʈʇɿ, ʩʨʝʜʥʠʝ ʰʠʨʦʪʳ, ʚʥʫʪʨʝʥʥʠʡ ʈʇɿ), ʜʦʩʪʫʧʥʳʭ ʠ ʧʨʦʩʪʳʭ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʘʥʘʣʠʟʘ ʨʘʜʠʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ 

ʥʘ ʚʳʩʦʪʘʭ 300-1000 ʢʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʝʨʘʪʠʚʥʦ ʩʨʘʚʥʠʚʘʪʴ ʜʘʥʥʳʝ ʧʦʣʷʨʥʳʭ ʂɸ ʩ 

ʤʦʥʠʪʦʨʠʥʛʦʚʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʧʦʪʦʢʦʚ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ, ʜʦ 

ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʦ. ʉʦʪʨʫʜʥʠʢʘʤʠ ʦʪʜʝʣʘ ʆʧʝʨʘʪʠʚʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʅʀʀʗʌ ʄɻʋ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʚʚʝʜʝʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʠʩʪʝʤʘ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʦʧʝʨʘʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʧʨʦʛʥʦʟʘ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʆʂʇ ʧʦ ʜʘʥʥʳʤ 

ʂɸ ʩ ʦʨʙʠʪʘʤʠ ʨʘʟʥʳʭ ʪʠʧʦʚ. ɸʚʪʦʨʘʤʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ: 

¶ ʤʝʪʦʜʠʢʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦ ʧʦʪʦʢʘʭ ʵʥʝʨʛʠʯʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʧʦʣʫʯʝʥʥʳʭ ʚ 
ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʂɸ ʩ ʢʨʫʛʦʚʳʤʠ ʧʦʣʷʨʥʳʤʠ ʦʨʙʠʪʘʤʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʜʝʣʷʪʴ ʚʣʠʷʥʠʝ 

ʩʦʣʥʝʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ (ʉʂʃ) ʠ ʵʣʝʢʪʨʦʥʦʚ ʚʥʝʰʥʝʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ ɿʝʤʣʠ 

(ɺʈʇɿ) ʥʘ ʩʦʩʪʦʷʥʠʝ ʆʂʇ; 

¶ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʚʳʨʘʙʦʪʢʠ ʦʧʦʚʝʱʝʥʠʡ ʦ ʧʨʝʚʳʰʝʥʠʠ ʬʦʥʦʚʦʛʦ ʫʨʦʚʥʷ ʧʦʪʦʢʦʚ 
ʵʥʝʨʛʠʯʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ï ʧʨʦʪʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ ʉʂʃ ʠ ʵʣʝʢʪʨʦʥʦʚ ɺʈʇɿ ï ʚ ʨʘʟʥʳʭ 

ʦʙʣʘʩʪʷʭ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʜʘʥʥʳʤ ʂɸ ʩ ʢʨʫʛʦʚʳʤʠ ʧʦʣʷʨʥʳʤʠ 

ʦʨʙʠʪʘʤʠ; 

¶ ʩʠʩʪʝʤʘ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 
ʛʨʘʥʠʮʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʉʂʃ ʚ ʤʘʛʥʠʪʦʩʬʝʨʫ ɿʝʤʣʠ ʥʘ ʤʘʣʳʭ ʚʳʩʦʪʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʟʥʘʯʝʥʠʡ Dst ʠ ʂʨ-ʠʥʜʝʢʩʦʚ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʦʛʥʦʟʠʨʫʶʪʩʷ ʥʘ ʯʘʩ ʚʧʝʨʝʜ, ʥʘ 

ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ; 

¶ ʩʠʩʪʝʤʘ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʧʦʪʦʢʦʚ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ 
ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

ʉ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʨʘʟʜʝʣʝ çʈʘʜʠʘʮʠʦʥʥʳʝ ʫʩʣʦʚʠʷè 

http://swx.sinp.msu.ru/radiastatus/currentStatus.php ʧʦʨʪʘʣʘ çʂʦʩʤʠʯʝʩʢʘʷ ʧʦʛʦʜʘè ʅʀʀʗʌ 

ʄɻʋ http://swx.sinp.msu.ru. ɸʚʪʦʨʳ ʠ ʨʘʟʨʘʙʦʪʯʠʢʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ, 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʧʨʦʛʥʦʟʘ ʨʘʜʠʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ ʚ ʆʂʇ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʦʥʘ 

ʥʘʡʜʝʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʫ ʥʘʫʯʥʳʭ ʢʦʣʣʝʢʪʠʚʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʢʦʩʤʦʩʘ ʠ 

ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ ʩʚʷʟʝʡ, ʘ ʪʘʢʞʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʠʚʦʜʠʤ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʩʚʝʪʠʤʦʩʪʠ SSI (spectral 

solar irradiance) ʉʦʣʥʮʘ, ʚ ʜʠʘʧʘʟʦʥʝ 30-1000 ʥʤ ʧʦ ʜʘʥʥʳʤ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ SORCE 

(http://lasp.colorado.edu/sorce) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ óF magô ʚ ʟʦʥʝ 

ʧʷʪʥʦʦʙʨʘʟʦʚʘʥʠʷ ʟʘ ʧʝʨʠʦʜ ʩ 2007 ʧʦ 2010 ʛʛ. ʄʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʤʘʛʥʠʪʥʳʤ 

ʜʘʥʥʳʤ 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. ʕʪʦ ʷʚʣʝʥʠʝ ʧʨʠʫʨʦʯʝʥʦ ʢ ʜʦʣʛʦʞʠʚʫʱʠʤ ʠʩʪʦʯʥʠʢʘʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʝʦʜʥʦʨʦʜʥʦ ʧʦ ʜʦʣʛʦʪʝ ʠ ʢʣʘʩʪʝʨʠʟʫʶʪʩʷ ʚ ʘʢʪʠʚʥʳʝ ʜʦʣʛʦʪʥʳʝ ʟʦʥʳ. 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʪʘʢʠʭ ʘʢʪʠʚʥʳʭ ʜʦʣʛʦʪʥʳʭ ʟʦʥ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʛʝʨʝʥʪʥʳʭ 

ʩʪʨʫʢʪʫʨ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ ʠ ʩʚʝʪʠʤʦʩʪʴʶ ʉʦʣʥʮʘ. ʅʘ ʧʨʠʤʝʨʝ ʧʦʚʝʜʝʥʠʷ SSI ʚ 
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ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ ʦʪ 200 ʥʤ ʜʦ 300 

ʥʤ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ 

ʉʦʣʥʮʘ ʚ ʦʙʣʘʩʪʠ ʧʷʪʥʦʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʤʠʥʠʤʫʤʝ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 2008-2009ʛʛ. 

ʥʘʙʣʶʜʷʶʪʩʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ TSI, ʢʦʛʝʨʝʥʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ ʠ 

SSI 300ʥʤ. ɺ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʠʩʯʝʟʥʦʚʝʥʠʝ ʢʦʛʝʨʝʥʪʥʳʭ ʩʪʨʫʢʪʫʨ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ. 

 

 

ʇʓʃɽɺʓɽ ɿɺʋʂʆɺʓɽ ʉʆʃʀʊʆʅʓ ɺ ʇʈʀʇʆɺɽʈʍʅʆʉʊʅʆʄ ʉʃʆɽ ʃʋʅʓ 

 

ʊ.ʀ. ʄʦʨʦʟʦʚʘ, ʉ.ʀ. ʂʦʧʥʠʥ, ʉ.ʀ. ʇʦʧʝʣʴ 

 

ʀɼɻ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, timoroz@yandex.ru 

 

ʆʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʳʣʝʚʳʭ ʟʚʫʢʦʚʳʭ ʩʦʣʠʪʦʥʦʚ ʚ ʧʣʘʟʤʝ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʃʫʥʳ. ʆʧʨʝʜʝʣʝʥʳ ʦʙʣʘʩʪʠ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʦʩʥʦʚʥʳʝ 

ʧʘʨʘʤʝʪʨʳ. ʆʮʝʥʠʚʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʣʠʪʦʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʩʦʪʳ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʃʫʥʳ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʥʘʙʣʶʜʝʥʠʷ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʇʨʦʛʨʘʤʤʝ ˉ 22 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʩʚʦʝʥʠʷ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳè; ʧʨʠ ʧʦʜʜʝʨʞʢʠ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 12-02-

00270-ʘ), ʘ ʪʘʢʞʝ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʤʦʣʦʜʳʭ 

ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ ˉ ʄʂ-3764.2013.2. ʄʊʀ ʚʳʨʘʞʘʝʪ ʪʘʢʞʝ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʬʦʥʜʫ 

çɼʠʥʘʩʪʠʷè ʟʘ ʬʠʥʘʥʩʦʚʫʶ ʧʦʜʜʝʨʞʢʫ. 

 

 

ʉʀʉʊɽʄɸ ʆʇɽʈɸʊʀɺʅʆɻʆ ʂʆʉʄʀʏɽʉʂʆɻʆ ʄʆʅʀʊʆʈʀʅɻɸ ʅʀʀʗʌ ʄɻʋ 

 

ɺ.ɺ. ʂʘʣʝʛʘʝʚ, ʀ.ʅ. ʄʷʛʢʦʚʘ, ɺ.ʆ. ɹʘʨʠʥʦʚʘ, ʆ.ɻ. ɹʘʨʠʥʦʚ, ʉ.ʖ. ɹʦʙʨʦʚʥʠʢʦʚ,  

ʉ.ɸ. ɼʦʣʝʥʢʦ, ʃ.ʈ. ʄʫʭʘʤʝʪʜʠʥʦʚʘ, ɺ.ʈ. ʐʠʨʦʢʠʡ, ʖ.ʉ. ʐʫʛʘʡ  

 

ʅʀʀʗʌ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, alisawera@gmail.com 

 

ɺ ʅʀʀʗʌ ʄɻʋ ʨʘʟʨʘʙʦʪʘʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʨʝʜʳ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ ʎʝʥʪʨʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʅʀʀʗʌ 

ʚʳʧʦʣʥʷʝʪʩʷ ʦʧʝʨʘʪʠʚʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʩʪʫʧʘʶʱʠʭ ʢʘʢ ʩ ʦʪʝʯʝʩʪʚʝʥʥʳʭ, ʪʘʢ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʥʠʟʢʠʭ, ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ, 

ʚʳʩʦʢʦʵʣʣʠʧʪʠʯʝʩʢʠʭ ʦʨʙʠʪʘʭ ʠ ʚ ʪʦʯʢʝ ʃʘʛʨʘʥʞʘ L1 ʤʝʞʜʫ ɿʝʤʣʝʡ ʠ ʉʦʣʥʮʝʤ (1,5 ʤʣʥ. ʢʤ 

ʦʪ ɿʝʤʣʠ). ʆʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʜʘʥʥʳʭ ʚ 2013 ʛ.: ʂɸ ʄʝʪʝʦʨ-ʄ ˉ1, ʕʣʝʢʪʨʦ-ʃ1, GOES-13, 

GOES-15, ACE, SDO, ʢʘʪʘʣʦʛʠ ʛʝʦʤʘʛʥʠʪʥʳʭ ʠʥʜʝʢʩʦʚ. ɼʘʥʥʳʝ ʧʦʩʪʫʧʘʶʪ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʘʪʴ ʦʮʝʥʢʫ ʚʦʟʤʦʞʥʦʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʬʘʢʪʦʨʦʚ ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʆʂʇ) ʥʘ ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʥʘ ʀʥʪʝʨʥʝʪ-ʧʦʨʪʘʣʝ http://swx.sinp.msu.ru/ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪʨʘʞʘʝʪʩʷ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʢʦʩʤʠʯʝʩʢʦʡ ʩʨʝʜʳ. ʉʠʩʪʝʤʦʡ 

ʛʝʥʝʨʠʨʫʝʪʩʷ ʝʞʝʜʥʝʚʥʳʡ ʦʪʯʝʪ, ʚʢʣʶʯʘʷ ʜʘʥʥʳʝ: - ʦ ʢʦʣʠʯʝʩʪʚʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʢʣʘʩʩʝ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʚʩʧʳʰʝʢ ʥʘ ʉʦʣʥʮʝ; - ʦ ʢʦʨʦʥʘʣʴʥʳʭ ʜʳʨʘʭ ʥʘ ʉʦʣʥʮʝ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʣʦʱʘʜʴ ʂɼ; - ʦ ʧʦʪʦʢʘʭ ʵʥʝʨʛʠʯʥʳʭ ʯʘʩʪʠʮ ʉʂʃ  ʚ ʧʦʣʷʨʥʳʭ ʰʘʧʢʘʭ ʠ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ 

ʦʨʙʠʪʝ; - ʦ ʧʦʪʦʢʘʭ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʚʦ ʚʥʝʰʥʝʤ ʨʘʜʠʘʮʠʦʥʥʦʤ ʧʦʷʩʝ ɿʝʤʣʠ ʥʘ 

ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ; - ʦ ʛʝʦʤʘʛʥʠʪʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ; - ʦ ʧʘʨʘʤʝʪʨʘʭ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ɺʝʜʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʧʨʝʜʫʧʨʝʞʜʝʥʠʡ ʦʙ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʧʦ 

ʜʘʥʥʳʤ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʚʢʣʶʯʘʷ ʧʨʦʪʦʥʥʳʝ ʚʦʟʨʘʩʪʘʥʠʷ ʚʦ ʚʨʝʤʷ 

ʩʦʙʳʪʠʡ ʉʂʃ, ʚʦʟʨʘʩʪʘʥʠʷ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʛʝʦʤʘʛʥʠʪʥʳʝ ʚʦʟʤʫʱʝʥʠʷ. ʇʦ 

ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʉʦʣʥʮʝʤ ʠ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʜʘʝʪʩʷ ʧʨʦʛʥʦʟ ʫʩʣʦʚʠʡ 
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ʚ ʦʢʦʣʦʟʝʤʥʦʤ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ: - ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ; - ʫʨʦʚʥʷ 

ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ; - ʧʦʪʦʢʘ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ. 

 

 

ʉʆʃʅɽʏʅʓɽ ʇʈʆʊʆʅʅʓɽ ʉʆɹʓʊʀʗ ɺ ʇɽʈʀʆɼʓ ʉʄɽʅʓ ɿʅɸʂɸ 

ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ ʉʆʃʅʎɸ ɺ 21ï24 ʎʀʂʃɸʍ ʉʆʃʅɽʏʅʆʁ ɸʂʊʀɺʅʆʉʊʀ 

 

ʀ.ɺ. ɻʝʮʝʣʝʚ
1
, ʄ.ɺ. ʇʦʜʟʦʣʢʦ

1
, ɺ.ʇ. ʆʭʣʦʧʢʦʚ

1
, ʉ.ɺ. ʊʘʩʝʥʢʦ

2
, ʀ.ɸ. ʉʢʦʨʦʭʦʜʦʚ

2
, 

ʇ.ɺ. ʐʘʪʦʚ
2 

 
1
ʅʀʀʗʌ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, getselev@mail.ru, 

2
ʀʇɻ ʠʤ. ɽ. ʂ. ʌʸʜʦʨʦʚʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, i.skorohodov@gmail.com. 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʦʥʥʳʭ ʩʦʙʳʪʠʡ ʚ ʧʝʨʠʦʜʳ 

ʜʦ, ʚʦ ʚʨʝʤʷ ʠ ʧʦʩʣʝ ʧʝʨʠʦʜʦʚ ʩʤʝʥʳ ʟʥʘʢʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ. ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ 

(ɻʝʮʝʣʝʚ ʠ ʜʨ., ʇʨʦʪʦʥʳ ʩʦʣʥʝʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ ʧʝʨʠʦʜʳ ʠʥʚʝʨʩʠʠ ʧʦʣʷʨʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ, ɺʝʩʪʥʠʢ ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2004; Getselev et al., Solar 

cosmic ray fluxes in the Earthôs orbit, Proc. of 29th Annual Seminar çPhysics of Auroral 

Phenomenaè, PGI, Apatity, Russia, 2006) ʥʘʤʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ 21, 22 ʠ 23 ʮʠʢʣʘʭ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʧʝʨʠʦʜʳ ʠʥʚʝʨʩʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ ʯʠʩʣʦ ʩʦʣʥʝʯʥʳʭ 

ʧʨʦʪʦʥʥʳʭ ʩʦʙʳʪʠʡ ʥʠʞʝ, ʩʫʤʤʘʨʥʳʝ ʬʣʶʝʥʩʳ ʚ ʥʠʭ ʤʝʥʴʰʝ, ʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ 

ʤʷʛʯʝ, ʯʝʤ ʚ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ ʪʘʢʦʡ ʞʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʜʦ ʠ ʧʦʩʣʝ ʵʪʦʛʦ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʜʣʷ ʧʝʨʠʦʜʘ ʠʥʚʝʨʩʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 24-ʤ ʮʠʢʣʝ ʚʳʷʚʣʝʥʳ ʪʝ ʞʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ: 

ʟʘʤʝʪʥʦ ʷʚʥʦʝ ʧʦʥʠʞʝʥʠʝ ʬʣʶʝʥʩʦʚ ʧʨʦʪʦʥʦʚ ʚ ʵʪʦʪ ʧʝʨʠʦʜ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʘʥʘʣʠʟʠʨʫʶʪʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʦʪʜʝʣʴʥʦ ʠʥʚʝʨʩʠʷ ʩʝʚʝʨʥʦʡ ʠ ʶʞʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʉʦʣʥʮʘ. 

 

 

ʃɸɹʆʈɸʊʆʈʅʓɽ ʀʉʇʓʊɸʅʀʗ ʆʇʓʊʅʆɻʆ ʆɹʈɸɿʎɸ ʉʆʃʅɽʏʅʆɻʆ 

ʈɽʅʊɻɽʅʆɺʉʂʆɻʆ ɼɽʊɽʂʊʆʈɸ ʉʈɼ 

 

ɸ.ɺ. ʂʦʯʝʤʘʩʦʚ, ʖ.ɼ. ʂʦʪʦʚ, ʄ.ʉ. ɿʘʭʘʨʦʚ 

 

ʅʀʗʋ ʄʀʌʀ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, kochemasov@rambler.ru 

 

ɺ ʅʀʗʋ ʄʀʌʀ ʨʘʟʨʘʙʦʪʘʥ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ ʩʦʣʥʝʯʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʜʝʪʝʢʪʦʨʘ (ʉʈɼ). 

ʇʨʠʙʦʨ ʉʈɼ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʝʢʪʨʦʤʝʪʨ ʤʷʛʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʙʘʟʝ ʩʘʤʦʛʦ ʩʦʚʝʨʰʝʥʥʦʛʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ - ʢʨʝʤʥʠʝʚʦʛʦ ʜʨʝʡʬʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ SDD, ʦʭʣʘʞʜʘʝʤʦʛʦ 

ʵʣʝʤʝʥʪʦʤ ʇʝʣʴʪʴʝ. ʕʣʝʢʪʨʦʥʥʳʝ ʩʭʝʤʳ ʧʨʠʙʦʨʘ ʩʦʟʜʘʥʳ ʥʘ ʦʩʥʦʚʝ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ, 

ʠʤʝʶʱʝʡ ʘʥʘʣʦʛʠ ʚʦʝʥʥʦʛʦ ʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʇʨʠʙʦʨ ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ 

ʨʝʛʠʩʪʨʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʬʦʪʦʥʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʯʝʪ ʚ ʪʨʝʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʦʢʥʘʭ, ʘ ʪʘʢʞʝ 

ʥʘʢʦʧʣʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ (256 ʢʘʥʘʣʦʚ). ʈʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ 1,5-12,4 ʢʵɺ, 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʘʧʘʟʦʥʫ ʧʨʠʙʦʨʘ XRS, ʠʩʧʦʣʴʟʫʶʱʝʛʦʩʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʣʥʝʯʥʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʘʤʝʨʠʢʘʥʩʢʠʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ GOES ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ 30 ʣʝʪ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʚʝʜʝʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʩʦʟʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ. ʀʟʤʝʨʝʥʥʦʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ (ʇʐʇɺ) ʥʘ ʣʠʥʠʠ 

5,9 ʢʵɺ ʠʟʦʪʦʧʘ Fe-55 ʩʦʩʪʘʚʠʣʦ 180 ʵɺ. ʇʨʦʚʝʜʝʥʳ ʘʙʩʦʣʶʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʜʝʪʝʢʪʦʨʘ ʥʘ ʣʠʥʠʷʭ 5,9 ʢʵɺ, 11,9 ʢʵɺ ʠ 13,9 ʢʵɺ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 

ʩʦʚʧʘʣʠ ʩ ʨʘʩʯʝʪʦʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ SDD, ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʪʠʧʦʚʦʡ ʛʝʦʤʝʪʨʠʠ ʜʝʪʝʢʪʦʨʘ. 

ʀʟʤʝʨʝʥʦ ʤʝʨʪʚʦʝ ʚʨʝʤʷ ʩʧʝʢʪʨʦʤʝʪʨʘ ʠ ʵʣʝʢʪʨʦʥʠʢʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ. ʇʦ 

ʠʟʤʝʨʝʥʥʦʤʫ ʤʝʨʪʚʦʤʫ ʚʨʝʤʝʥʠ ʨʘʩʩʯʠʪʘʥʘ ʧʨʝʜʝʣʴʥʘʷ ʟʘʛʨʫʟʢʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 
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ʬʦʪʦʥʦʚ/ʩ ʜʣʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ. ʇʨʦʚʝʜʝʥʳ ʪʝʧʣʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ. 

 

 

ʇʆʏɽʄʋ ɺʆʗɼɾɽʈ ʇɽʈɽʉɽʂ ɻɽʃʀʆʇɸʋɿʋ: ʈʆʃʔ ʕʃɽʂʊʈʆʅʅʆʁ 

ʊɽʇʃʆʇʈʆɺʆɼʅʆʉʊʀ ʅɸ ʉʊʈʋʂʊʋʈʋ ɻɽʃʀʆʉʌɽʈʅʆɻʆ ʋɼɸʈʅʆɻʆ ʉʃʆʗ 
 

ɺ.ɺ. ʀʟʤʦʜʝʥʦʚ, ɼ.ɹ. ɸʣʝʢʩʘʰʦʚ 

 

ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 

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

 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦ 2-3 kHz ʠʟʣʫʯʝʥʠʶ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʢʦʩʤʠʯʝʩʢʦʤ ʘʧʧʘʨʘʪʝ ɺʦʷʜʞʝʨ-1 

ʧʦʢʘʟʘʣ (Gurnett et al, 2013), ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʧʣʘʟʤʳ ʚ ʪʦʤ ʤʝʩʪʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʛʜʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʭʦʜʠʪʩʷ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʣʦʪʥʦʩʪʠ 

ʤʝʞʟʚʝʟʜʥʦʡ ʩʨʝʜʳ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʧʣʦʪʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʚ ʚ ʦʙʣʘʩʪʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʫʜʘʨʥʦʛʦ ʩʣʦʷ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ, ʩʦʚʤʝʩʪʥʦ ʩ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʨʘʥʝʝ (Stone et 

al., 2013) ʜʘʥʥʳʤʠ ʧʦ ʧʦʪʦʢʘʤ ʵʥʝʨʛʠʯʥʳʭ ʯʘʩʪʠʮ (ɸʂʃ ʠ ɻʂʃ)  ʧʦʟʚʦʣʠʣ ʥʘʫʯʥʦʡ ʢʦʤʘʥʜʝ 

ɺʦʷʜʞʝʨʘ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʘʧʧʘʨʘʪ ʧʝʨʝʩʝʢ ʛʝʣʠʦʧʘʫʟʫ ʚ ʘʚʛʫʩʪʝ 2012 ʛ. ʥʘ ʨʘʩʩʪʦʷʥʠʠ 122 ʘ.ʝ. 

ʦʪ ʉʦʣʥʮʘ. ʈʘʩʩʪʦʷʥʠʝ 122 ʘ.ʝ. ʦʢʘʟʘʣʦʩʴ ʥʘ 30-50 ʘ.ʝ. ʤʝʥʴʰʝ, ʯʝʤ ʧʨʝʜʩʢʘʟʳʚʘʝʪʩʷ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʦʜʝʣʷʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʩ ʤʝʞʟʚʝʟʜʥʦʡ ʩʨʝʜʦʡ. ɺ ʜʦʢʣʘʜʝ 

ʙʫʜʫʪ ʦʙʩʫʞʜʘʪʴʩʷ ʚʦʟʤʦʞʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʤʝʥʴʰʠʪʴ ʪʦʣʱʠʥʫ 

ʚʥʫʪʨʝʥʥʝʛʦ ʫʜʘʨʥʦʛʦ ʩʣʦʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʵʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʚ ʦʙʣʘʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ ʫʜʘʨʥʦʛʦ ʩʣʦʷ. ɹʫʜʝʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʯʝʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʛʝʣʠʦʧʘʫʟʳ 

ʜʦ ʪʨʝʙʫʝʤʳʭ ʟʥʘʯʝʥʠʡ. ɹʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʳ ʜʣʷ çʧʦʣʠʪʨʦʧʥʦʛʦè 

ʫʜʘʨʥʦʛʦ ʩʣʦʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʠʥʜʝʢʩʦʚ ʧʦʣʠʪʨʦʧʳ. 

 

 

ɺʃʀʗʅʀɽ ʅɽʉʊɸʎʀʆʅɸʈʅʆʉʊʀ ʉʆʃʅɽʏʅʆɻʆ ɺɽʊʈɸ ʅɸ ʈɸʉʇʈɽɼɽʃɽʅʀɽ 

ɿɸʍɺɸʏɽʅʅʓʍ ʄɽɾɿɺɽɿɼʅʓʍ ʇʈʆʊʆʅʆɺ ɺ ɻɽʃʀʆʉʌɽʈɽ  
 

ɽ. ɸ. ɻʦʣʠʢʦʚ, ɺ.ɺ. ʀʟʤʦʜʝʥʦʚ 

 

ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, zaran.yag@gmail.com, izmod@iki.rssi.ru 

 

ɿʘʭʚʘʯʝʥʥʳʝ ʧʨʦʪʦʥʳ ï ʵʪʦ ʧʨʦʪʦʥʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʦʥʠʟʘʮʠʠ ʤʝʞʟʚʝʟʜʥʳʭ 

ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʥʘ ʧʨʦʪʦʥʘʭ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ʉʨʘʟʫ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ ʦʥʠ ʧʦʧʘʜʘʶʪ ʧʦʜ 

ʚʣʠʷʥʠʝ ʚʤʦʨʦʞʝʥʥʦʛʦ ʚ ʩʦʣʥʝʯʥʳʡ ʚʝʪʝʨ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ñʟʘʭʚʘʪʳʚʘʶʪʩʷò). 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʤʘʛʥʠʪʥʳʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʦʪʨʦʧʠʟʘʮʠʠ ʠʭ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ ʩʦʣʥʝʯʥʳʤ 

ʚʝʪʨʦʤ) ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʜʠʬʬʫʟʠʠ, ʧʨʠʯʝʤ ʠʟʦʪʨʦʧʠʟʘʮʠʷ ʧʨʦʭʦʜʠʪ ʟʘ ʚʨʝʤʝʥʘ ʤʘʣʳʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʚʨʝʤʝʥʘʤʠ ʜʠʬʬʫʟʠʠ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʟʘʭʚʘʯʝʥʥʳʭ ʧʨʦʪʦʥʦʚ ʩʠʣʴʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʧʝʢʪʨʘ ʧʨʦʪʦʥʦʚ ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ: ʦʥ ʩʫʱʝʩʪʚʝʥʥʦ 

ʥʝʤʘʢʩʚʝʣʣʦʚʩʢʠʡ; ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʜʠʬʬʫʟʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ñʭʚʦʩʪʦʚò 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʪʦ ʝʩʪʴ ʧʨʦʪʦʥʦʚ ʩʦ ʩʢʦʨʦʩʪʷʤʠ, ʧʨʝʚʳʰʘʶʱʠʤʠ ʙʦʣʝʝ, ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ 

ʩʢʦʨʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʭʚʘʯʝʥʥʳʭ ʧʨʦʪʦʥʦʚ ʚ ʛʝʣʠʦʩʬʝʨʝ 

ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʨʘʥʥʝʝ (ʥʘʧʨʠʤʝʨ, ʏʘʣʦʚ, 2006, Isenberg, 1987 ʠ ʜʨ.), ʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʤʦʜʝʣʝʡ 

ʨʘʟʨʘʙʦʪʘʥʦ ʣʠʰʴ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʣʫʯʘʷ. ʅʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʩʚʷʟʘʥʥʘʷ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʩʦʣʥʝʯʥʳʤ ʮʠʢʣʦʤ, ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʚʦʣʥ ʟʘ ʛʝʣʠʦʩʬʝʨʥʦʡ 

ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ, ʛʜʝ ʪʝʯʝʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʜʦʟʚʫʢʦʚʦʝ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʟʫʯʘʝʪʩʷ 
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ʚʣʠʷʥʠʝ ʪʘʢʠʭ ʚʦʣʥ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʭʚʘʯʝʥʥʳʭ 

ʧʨʦʪʦʥʦʚ ʚ ʦʙʣʘʩʪʠ ʛʝʣʠʦʩʬʝʨʥʦʛʦ ʫʜʘʨʥʦʛʦ ʩʣʦʷ. ɺ ʜʦʢʣʘʜʝ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʩʪʘʥʦʚʢʘ 

ʟʘʜʘʯʠ ʠ ʧʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ. 

 

 

ʆʎɽʅʂɸ ʋʉʊʆʁʏʀɺʆʉʊʀ ɸʈʊɽʈʀɸʃʔʅʆɻʆ ɼɸɺʃɽʅʀʗ ʀ ʇʋʃʔʉɸ ʇʈʀ 

ʀɿʄɽʅɽʅʀʗʍ ɻɽʆʄɸɻʅʀʊʅʆʁ ɸʂʊʀɺʅʆʉʊʀ ʀ ɸʊʄʆʉʌɽʈʅʆɻʆ 

ɼɸɺʃɽʅʀʗ 
 

ʆ.ʖ. ʀʩʘʡʢʠʥʘ, ʖ.ʀ. ʂʫʢʩʘ, ʀ.ɻ. ʐʠʙʘʝʚ 

 

ʀɿʄʀʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʨʘʙʦʪʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʜʘʥʥʳʝ ʜʣʠʪʝʣʴʥʦʛʦ, ʝʞʝʜʥʝʚʥʦʛʦ (ʫʪʨʦʤ ʠ ʚʝʯʝʨʦʤ) 

ʤʦʥʠʪʦʨʠʥʛʘ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʧʫʣʴʩʘ ʦʧʠʩʘʥʠʝ ʠ ʘʥʘʣʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʧʫʙʣʠʢʘʮʠʠ [1]. ʕʪʠ ʧʦʢʘʟʘʥʠʷ ʧʦʜʨʦʙʥʦ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʤʘʛʥʠʪʥʳʤʠ Bx,y,z - 

ʚʘʨʠʘʮʠʷʤʠ (ʊʨʦʠʮʢ, 2000 ʛ.) ʠ ʜʘʥʥʳʤʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʊʨʦʠʮʢ, 2000 - 2005 ʛʛ.). 

ʉʪʨʦʷʪʩʷ ʨʷʜʳ ʦʪʨʘʞʘʶʱʠʝ ʚʦ ʚʨʝʤʝʥʠ ʜʠʥʘʤʠʢʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʢʘʥʠʨʫʶʱʝʛʦ 

ʠʥʪʝʨʚʘʣʘ ʚʘʨʴʠʨʦʚʘʣʩʷ ʦʪ 5 ʜʦ 13 ʜʥʝʡ. ʈʷʜʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ ʤʝʜʠʮʠʥʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚʟʷʪʳ ʟʘ ʦʩʥʦʚʫ ʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʜʠʥʘʤʠʢʦʡ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. ɺʠʜʥʦ ʨʘʟʣʠʯʠʝ ʚ ʨʝʘʢʮʠʠ ʥʘ ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʜʘʥʥʳʭ ʫʪʨʝʥʥʝʛʦ ʠ ʚʝʯʝʨʥʝʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ʇʨʠʚʝʜʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ  

ʛʠʩʪʦʛʨʘʤʤʳ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʦʚʝʜʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʦʮʝʥʢʠ 

çʢʦʨʨʝʣʷʮʠʦʥʥʳʭè ʨʷʜʦʚ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʚ ʥʝʩʢʦʣʴʢʦ ʣʝʪ. ʆʪʤʝʯʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʥʠʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʢʨʘʪʥʳʭ çʣʫʥʥʦʤʫè ʧʝʨʠʦʜʫ. 

[1]. Isaikina
 
O., Kuksa Yu., Shibaev I. Analyses of Characteristics of Long-Term Monitoring of 

Arterial Pressure and Pulse / Journal of Environmental Science and Engineering, V. 1, ˉ 9 

(B), 2012, p. 1064 ð 1073. 
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ʉ ɽ ʂ ʎ ʀ ʗ   çʄɸɻʅʀʊʆʉʌɽʈɸè ʋʉʊʅʓɽ ɼʆʂʃɸɼʓ 
 

 

ʋʉʂʆʈɽʅʀɽ ʀ ɺʓʉʓʇɸʅʀʗ ʕʃɽʂʊʈʆʅʆɺ ʀ ʀʆʅʆɺ ɺ ʄɸɻʅʀʊʆʉʌɽʈɽ 

ɿɽʄʃʀ ɺʆʃʅɸʄʀ ʉ ɼʀʉʂʈɽʊʅʓʄ ʉʇɽʂʊʈʆʄ 
 

ɸ.ɻ. ɼʝʤʝʭʦʚ 

 

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

 

ʆʙʩʫʞʜʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʮʠʢʣʦʪʨʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʥʝʨʛʠʯʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ 

ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ ʩ ʚʦʣʥʘʤʠ, ʠʤʝʶʱʠʤʠ ʭʘʨʘʢʪʝʨ ʜʠʩʢʨʝʪʥʳʭ ʢʚʘʟʠʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʭ 

ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ (ʥʘʧʨʠʤʝʨ, Trakhtengerts et al., 2003; ɼʝʤʝʭʦʚ ʠ ʜʨ., 

2006), ʪʘʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʜʠʬʬʫʟʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʫʩʣʦʚʠʡ ʟʘʭʚʘʪʘ ʯʘʩʪʠʮʳ ʧʦʣʝʤ ʚʦʣʥʳ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʥʘʧʨʘʚʣʝʥʠʝ ʦʙʤʝʥʘ ʵʥʝʨʛʠʠ ʤʝʞʜʫ 

ʯʘʩʪʠʮʝʡ ʠ ʚʦʣʥʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʥʘʯʘʣʴʥʦʡ ʬʘʟʦʡ ʯʘʩʪʠʮʳ, ʘ ʩʦʦʪʥʦʰʝʥʠʝʤ ʚʝʣʠʯʠʥ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʯʘʩʪʦʪ ʚʦʣʥʳ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʯʘʩʪʠʮʳ ʠʟ ʚʦʣʥʦʚʦʛʦ ʧʘʢʝʪʘ. ɺ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʫʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʫʤʤʘʨʥʦʛʦ ʵʥʝʨʛʦʦʙʤʝʥʘ ʛʨʫʧʧʳ ʵʥʝʨʛʠʯʥʳʭ ʯʘʩʪʠʮ ʩ ʚʦʣʥʦʚʳʤ 

ʧʘʢʝʪʦʤ ʦʪ ʘʤʧʣʠʪʫʜʳ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʘʢʝʪʘ ʠ ʦʪ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʦʮʝʥʢʘʤʠ. ʉʦʧʦʩʪʘʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ ʤʦʜʝʣʴʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʧʘʢʝʪʘ ʩ ʤʝʜʣʝʥʥʦ ʤʝʥʷʶʱʝʡʩʷ ʘʤʧʣʠʪʫʜʦʡ ʠ ʜʣʷ 

ʨʝʘʣʴʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʧʘʢʝʪʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ ʚʟʷʪʳ ʠʟ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ 

ʠʟʤʝʨʝʥʠʡ. 

 

 

ʅɽʃʀʅɽʁʅʓʁ ʆʊʂʃʀʂ ʕʂɺɸʊʆʈʀɸʃʔʅʆʁ ʊʆʂʆɺʆʁ ʉʊʈʋʀ ʅɸ ɺʅɽʐʅʀɽ 

ɺʆɿɼɽʁʉʊɺʀʗ ʀ ɽɻʆ ɺʃʀʗʅʀɽ ʅɸ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓɽ ɺʆʃʅʓ 

ʉɺʀʉʊʆɺʆɻʆ ɼʀɸʇɸɿʆʅɸ ɺ ʄɸɻʅʀʊʆʉʌɽʈɽ   

 

ʇ.ɸ. ɹʝʩʧʘʣʦʚ
1
, ʆ.ʅ. ʉʘʚʠʥʘ

2,3
   

 
1
ʀʇʌ ʈɸʅ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, peter@appl.sci-nnov.ru,   

2
ʅʀʋ ɺʐʕ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, 

3
ʅɻʊʋ ʠʤ. ʈ.ɽ.ɸʣʝʢʩʝʝʚʘ, ʈʦʩʩʠʷ.  

 

ɺ ʩʧʦʢʦʡʥʦʡ ʥʠʟʢʦʰʠʨʦʪʥʦʡ ʠʦʥʦʩʬʝʨʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʠʣʠʚʥʳʭ ʪʝʯʝʥʠʡ ʬʦʨʤʠʨʫʝʪʩʷ 

ʜʦʚʦʣʴʥʦ ʨʘʟʚʠʪʘʷ ʪʦʢʦʚʘʷ ʩʠʩʪʝʤʘ, ʦʪʚʝʪʩʪʚʝʥʥʘʷ ʟʘ qS  - ʚʘʨʠʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʩʧʦʢʦʡʥʳʝ ʩʦʣʥʝʯʥʳʝ ʜʥʠ. ʇʣʦʪʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʢʦʚ ʤʘʢʩʠʤʘʣʴʥʘ ʥʘ 

ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʰʠʨʦʪʘʭ ʚ ʧʦʣʫʜʝʥʥʳʝ ʯʘʩʳ, ʛʜʝ ʬʦʨʤʠʨʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ 

ʵʢʚʘʪʦʨʠʘʣʴʥʘʷ ʪʦʢʦʚʘʷ ʩʪʨʫʷ. ɺ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʝʪʩʷ ʧʨʠʨʦʜʘ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʪʦʢʦʚʦʡ ʩʪʨʫʠ. 

ʆʨʠʛʠʥʘʣʴʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʝʣʠʯʠʥʳ ʝʝ ʦʪʢʣʠʢʘ ʥʘ ʚʥʝʰʥʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ʢʘʩʘʝʪʩʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ 

ʪʦʢʦʚʦʡ ʩʪʨʫʠ ʜʣʷ ʮʝʣʝʡ ʠʦʥʦʩʬʝʨʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠʟʣʫʯʝʥʠʷ ʥʘʛʨʝʚʥʦʛʦ ʩʪʝʥʜʘ. 

ʕʢʚʘʪʦʨʠʘʣʴʥʘʷ ʪʦʢʦʚʘʷ ʩʪʨʫʷ ʜʘʝʪ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʠ ʥʘ ʝʩʪʝʩʪʚʝʥʥʳʝ 

ʘʪʤʦʩʬʝʨʥʳʝ ʧʨʦʮʝʩʩʳ, ʥʘʧʨʠʤʝʨ ʥʘ ʘʢʫʩʪʠʢʦ-ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʚʦʣʥʫ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʠʟʣʫʯʝʥʠʝ ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʪʦʢʦʚʦʡ ʩʪʨʫʠ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʨʝʞʠʤʳ ʨʘʙʦʪʳ 

ʧʣʘʟʤʝʥʥʦʛʦ ʤʘʛʥʠʪʦʩʬʝʨʥʦʛʦ ʤʘʟʝʨʘ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʩʧʝʢʪʨʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ 

ʩʚʠʩʪʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ.   
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ʀʄʇʋʃʔʉʅʓɽ ʈɽɾʀʄʓ ʕʃɽʂʊʈʆʅʅʆ- ʎʀʂʃʆʊʈʆʅʅʆʁ 

ʅɽʋʉʊʆʁʏʀɺʆʉʊʀ ʇʃɸɿʄʓ ɺ ʆʊʂʈʓʊʆʁ ʄɸɻʅʀʊʅʆʁ ʃʆɺʋʐʂɽ 

 

ʄ.ɽ. ɺʠʢʪʦʨʦʚ, ʉ.ɺ. ɻʦʣʫʙʝʚ, ɼ.ɸ. ʄʘʥʩʬʝʣʴʜ, ɸ.ɻ. ʐʘʣʘʰʦʚ,  

ɽ.ɼ. ɻʦʩʧʦʜʯʠʢʦʚ, ʀ.ɺ. ʀʟʦʪʦʚ 

 

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

 

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). ʅʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʕʎʈ ʨʘʟʨʷʜʘ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘʢʘʯʢʝ ʵʥʝʨʛʠʠ ʚ ʛʦʨʷʯʫʶ ʘʥʠʟʦʪʨʦʧʥʫʶ ʬʨʘʢʮʠʶ ʵʣʝʢʪʨʦʥʦʚ 

ʚʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʳ ʵʣʝʢʪʨʦʥʥʦ-ʮʠʢʣʦʪʨʦʥʥʳʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʣʘʟʤʳ ʠ ʦʙʥʘʨʫʞʝʥʳ ʜʚʘ 

ʢʘʯʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘ ʛʝʥʝʨʘʮʠʠ: ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʚʩʧʳʰʢʠ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚ ʩ ʙʳʩʪʨʦ ʨʘʩʪʫʱʝʡ 

ʯʘʩʪʦʪʦʡ ʠ ʨʝʞʠʤ ʢʚʘʟʠʥʝʧʨʝʨʳʚʥʦʡ ʛʝʥʝʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ. ʇʦʩʪʨʦʝʥʘ 

ʢʘʯʝʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ, ʦʙʲʷʩʥʷʶʱʘʷ ʧʝʨʝʭʦʜ ʦʪ ʛʝʥʝʨʘʮʠʠ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠʤʧʫʣʴʩʦʚ ʢ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʤʫ ʠʟʣʫʯʝʥʠʶ, ʟʘ ʩʯʝʪ ʧʣʘʚʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʝʨʴ ʙʳʩʪʨʦʡ ʥʝʦʙʳʢʥʦʚʝʥʥʦʡ ʚʦʣʥʳ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ. ɺ 

ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʴ ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ 

ʮʠʢʣʦʪʨʦʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʷʚʣʝʥʠʷʤʠ, ʧʨʦʪʝʢʘʶʱʠʤʠ ʚʦ ʚʥʫʪʨʝʥʥʝʡ 

ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ. 

 

 

ɻɽʅɽʈɸʎʀʗ ɸɺʈʆʈɸʃʔʅʆɻʆ ʂʀʃʆʄɽʊʈʆɺʆɻʆ ʀɿʃʋʏɽʅʀʗ ɺ ʊʈɽʍʄɽʈʅʆʁ 

ʂɸɺɽʈʅɽ 

 

ʊ. ʄ. ɹʫʨʠʥʩʢʘʷ  
 

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

 

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʙʦʨʘ ʵʥʝʨʛʠʠ ʚʦʣʥʘʤʠ ʘʚʨʦʨʘʣʴʥʦʛʦ ʢʠʣʦʤʝʪʨʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ (ɸʂʈ) ʜʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠ ʠʭ ʛʝʥʝʨʘʮʠʠ ʚ ʫʟʢʦʡ 

ʪʨʝʭʤʝʨʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʢʘʚʝʨʥʝ, ʘʥʘʣʦʛʠʯʥʦʡ ʥʘʙʣʶʜʘʝʤʳʤ ʚ ʘʚʨʦʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ 

ʠʩʪʦʯʥʠʢʘʤ ɸʂʈ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʤʝʪʦʜʘʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ, ʠʩʧʦʣʴʟʫʷ 

ʜʠʧʦʣʴʥʫʶ ʤʦʜʝʣʴ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʩʧʝʢʪʨ ɸʂʈ ʜʘʶʪ 

ʚʦʣʥʳ, ʟʘʧʫʱʝʥʥʳʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʩ ʢʦʤʧʦʥʝʥʪʦʡ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʘʧʨʘʚʣʝʥʥʦʡ ʢ 

ɿʝʤʣʝ, ʠ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʤʠ 

ʟʥʘʯʝʥʠʝ ʣʠʥʝʡʥʦʛʦ ʠʥʢʨʝʤʝʥʪʘ ʠ ʚʨʝʤʷ ʞʠʟʥʠ ʚʦʣʥʳ ʚʥʫʪʨʠ ʠʩʪʦʯʥʠʢʘ. 
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ɺʓʉʓʇɸʅʀʗ ʈɽʃʗʊʀɺʀʉʊʉʂʀʍ ʕʃɽʂʊʈʆʅʆɺ, ʉɺʗɿɸʅʅʓɽ ʉ ɻɽʅɽʈɸʎʀɽʁ 

ʕʄʀʎ ɺʆʃʅ 

 

ʅ.ɺ. ʉʝʤʝʥʦʚʘ, ʊ.ɸ. ʗʭʥʠʥʘ, ɸ.ɻ. ʗʭʥʠʥ  

 

ʇɻʀ ʂʅʎ ʈɸʅ, ʈʦʩʩʠʷ 

 

ɻʝʥʝʨʘʮʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʦʥʥʦ-ʮʠʢʣʦʪʨʦʥʥʳʭ (ʕʄʀʎ) ʚʦʣʥ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʙʣʘʩʪʠ 

ʧʦʧʝʨʝʯʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʧʨʦʪʦʥʦʚ (ʢ ʵʢʚʘʪʦʨʫ ʦʪ ʛʨʘʥʠʮʳ ʠʟʦʪʨʦʧʠʠ) ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʨʘʩʩʝʷʥʠʝʤ ʚ ʢʦʥʫʩ ʧʦʪʝʨʴ (ʚʳʩʳʧʘʥʠʝʤ ʚ ʠʦʥʦʩʬʝʨʫ) ʵʥʝʨʛʠʯʥʳʭ ʧʨʦʪʦʥʦʚ. ʀʟʚʝʩʪʥʳ ʪʨʠ 

ʪʠʧʘ ʧʨʦʪʦʥʥʳʭ ʚʳʩʳʧʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʕʄʀʎ ʚʦʣʥʘʤʠ: 1) ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʧʦ ʰʠʨʦʪʝ ʠ 

ʜʦʣʛʦʪʝ ʚʳʩʳʧʘʥʠʷ ʚ ʫʪʨʝʥʥʝ-ʜʥʝʚʥʦʤ ʩʝʢʪʦʨʝ, ʩʚʷʟʘʥʥʳʝ ʩ ʘʟʠʤʫʪʘʣʴʥʳʤʠ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʦʣʦʜʥʦʡ ʧʣʘʟʤʳ ʚʙʣʠʟʠ ʧʣʘʟʤʦʧʘʫʟʳ; 2) ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ 

ʧʦ ʰʠʨʦʪʝ ʚʳʩʳʧʘʥʠʷ ʚ ʚʝʯʝʨʥʝʤ ʩʝʢʪʦʨʝ, ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʳ ʧʣʘʟʤʦʩʬʝʨʥʦʛʦ 

ʭʚʦʩʪʘ; ʠ 3) ʧʨʦʪʷʞʝʥʥʳʝ ʧʦ ʰʠʨʦʪʝ ʠ ʜʦʣʛʦʪʝ ʚʳʩʳʧʘʥʠʷ ʚ ʜʥʝʚʥʦʤ ʩʝʢʪʦʨʝ, ʛʜʝ ʧʦʧʝʨʝʯʥʘʷ 

ʘʥʠʟʦʪʨʦʧʠʠ ʛʦʨʷʯʠʭ ʧʨʦʪʦʥʦʚ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ ʧʦʚʳʰʝʥʘ, ʚʝʨʦʷʪʥʦ, ʙʣʘʛʦʜʘʨʷ ʵʬʬʝʢʪʫ 

ʨʘʩʱʝʧʣʝʥʠʷ ʜʨʝʡʬʦʚʳʭ ʦʙʦʣʦʯʝʢ. ʕʄʀʎ ʚʦʣʥʳ ʩʧʦʩʦʙʥʳ ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʨʝʣʷʪʠʚʠʩʪʩʢʠʤʠ ʵʣʝʢʪʨʦʥʘʤʠ. ʉʦʚʧʘʜʝʥʠʝ ʦʙʣʘʩʪʝʡ ʚʳʩʳʧʘʥʠʡ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ 

ʠ ʵʥʝʨʛʠʯʥʳʭ ʧʨʦʪʦʥʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʵʣʝʢʪʨʦʥʥʳʝ ʚʳʩʳʧʘʥʠʷ ʪʘʢʞʝ ʚʳʟʚʘʥʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʕʄʀʎ ʚʦʣʥʘʤʠ. ʄʳ ʨʘʩʩʤʦʪʨʝʣʠ ʦʩʦʙʝʥʥʦʩʪʠ ʚʳʩʳʧʘʥʠʡ 

ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ (ʈʕ), ʩʚʷʟʘʥʥʳʭ ʩ ʛʝʥʝʨʘʮʠʝʡ ʕʄʀʎ ʚʦʣʥ, ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ 

ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ ɽ ~ 1 ʄʵɺ ʠ ʠʟʤʝʨʝʥʠʡ ʧʨʦʪʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 30-80 ʢʵɺ ʥʘ ʩʧʫʪʥʠʢʘʭ 

NOAA POES. ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘʙʣʶʜʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ 25 ʠʶʣʷ ï 31 ʘʚʛʫʩʪʘ 

2005 ʛ., ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʟʤʝʥʯʠʚʦʡ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʚʳʩʳʧʘʥʠʷ ʈʕ, ʩʚʷʟʘʥʥʳʝ ʩ ʕʄʀʎ ʚʦʣʥʘʤʠ, ʥʘʙʣʶʜʘʣʠʩʴ, ʚ ʦʩʥʦʚʥʦʤ, ʚ ʩʣʫʯʘʷʭ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʪʦʥʥʳʭ ʚʳʩʳʧʘʥʠʡ ʚʪʦʨʦʛʦ ʪʠʧʘ, ʧʨʠʯʝʤ ʥʝ ʚ ʢʘʞʜʦʤ ʩʦʙʳʪʠʠ, ʘ ʣʠʰʴ ʚ 

~20% ʩʣʫʯʘʝʚ. ɺʝʨʦʷʪʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʈʕ ʤʘʢʩʠʤʘʣʴʥʘ ʚ ʚʝʯʝʨʥʠʝ ʠ ʧʨʝʜʧʦʣʫʥʦʯʥʳʝ 

ʯʘʩʳ, ʜʦʩʪʠʛʘʷ ʟʜʝʩʴ ~50% ʦʪ ʚʳʩʳʧʘʥʠʡ ʧʨʦʪʦʥʦʚ ʚʪʦʨʦʛʦ ʪʠʧʘ. ɺʝʨʦʷʪʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ 

ʈʕ ʨʘʩʪʝʪ ʩ ʨʦʩʪʦʤ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺʳʩʳʧʘʥʠʷ ʈʕ ʥʘʙʣʶʜʘʶʪʩʷ, ʚ ʩʨʝʜʥʝʤ, ʧʨʠ 

ʙʦʣʴʰʠʭ ʧʦʪʦʢʘʭ ʚʳʩʳʧʘʶʱʠʭʩʷ ʧʨʦʪʦʥʦʚ (Jpr) ʠ ʧʨʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʠʟʦʪʨʦʧʠʟʘʮʠʠ 

ʧʦʪʦʢʦʚ ʧʨʦʪʦʥʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʡ ʦʪʥʦʰʝʥʠʝʤ ʧʦʪʦʢʦʚ ʚʳʩʳʧʘʶʱʠʭʩʷ ʧʨʦʪʦʥʦʚ ʢ ʧʦʪʦʢʫ 

ʟʘʭʚʘʯʝʥʥʳʭ ʧʨʦʪʦʥʦʚ (Jpr/Jtr). ʕʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʳʩʳʧʘʥʠʝ ʈʕ ʩʚʷʟʘʥʦ ʩ 

ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤʠ ʕʄʀʎ ʚʦʣʥʘʤʠ. 

 

 

ʕɺʆʃʖʎʀʗ ʉʆɹʉʊɺɽʅʅʓʍ ʄʆɼ ʄɻɼ ï ɺʆʃʅʆɺʆɼɸ ɺʆ ɺʅɽʐʅɽʁ 

ʄɸɻʅʀʊʆʉʌɽʈɽ  

 

ɺ.ɸ. ʄʘʟʫʨ, ɼ.ɸ. ʏʫʡʢʦ 

 

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

 

ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʣʘʟʤʳ ʚʦ ʚʥʝʰʥʝʡ ʧʨʠʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʯʘʩʪʠ 

ʤʘʛʥʠʪʦʩʬʝʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʘʥʘʣʘ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ɸʣʴʬʚʝʥʘ, 

ʧʨʦʪʷʥʫʚʰʝʛʦʩʷ ʦʪ ʣʦʙʦʚʦʡ ʦʙʣʘʩʪʠ ʜʦ ʜʘʣʝʢʠʭ ʬʣʘʥʛʦʚ, ʢʘʢ ʚ ʫʪʨʝʥʥʝʤ, ʪʘʢ ʠ ʚ ʚʝʯʝʨʥʝʤ 

ʩʝʢʪʦʨʘʭ. ʕʪʦʪ ʢʘʥʘʣ ʠʛʨʘʝʪ ʨʦʣʴ ʚʦʣʥʦʚʦʜʘ ʜʣʷ ʙʳʩʪʨʳʭ ʤʘʛʥʠʪʦʟʚʫʢʦʚʳʭ ʚʦʣʥ. ʇʨʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʦʙʩʪʚʝʥʥʦʡ ʤʦʜʳ ʚʜʦʣʴ ʚʦʣʥʦʚʦʜʘ (ʪ.ʝ. ʚ ʘʟʠʤʫʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ) ʦʥʘ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʵʚʦʣʶʮʠʶ. ʄʝʥʷʶʪʩʷ ʩʚʦʡʩʪʚʘ ʚʦʣʥʦʚʦʜʘ, ʧʦʜ ʢʦʪʦʨʳʝ 

çʧʦʜʩʪʨʘʠʚʘʝʪʩʷè ʩʦʙʩʪʚʝʥʥʘʷ ʤʦʜʘ. ɺ ʩʠʣʫ ʠʟʤʝʥʝʥʠʷ ʩʜʚʠʛʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ 

ʚʜʦʣʴ ʤʘʛʥʠʪʦʧʘʫʟʳ ʤʝʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʨʘʟʚʠʪʠʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʂʝʣʴʚʠʥʘ ï ɻʝʣʴʤʛʦʣʴʮʘ. 

ʇʦ ʪʦʡ ʞʝ ʧʨʠʯʠʥʝ ʤʝʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʛʠʜʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʠʟ ʩʦʣʥʝʯʥʦʛʦ 

ʚʝʪʨʘ ʚ ʤʘʛʥʠʪʦʩʬʝʨʫ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʬʣʘʥʛʘʭ ʧʨʦʮʝʩʩ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʝʨʝʭʦʜʠʪ ʚ ʨʝʞʠʤ 
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ʩʚʝʨʭʦʪʨʘʞʝʥʠʷ, ʯʪʦ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪ ʤʦʱʥʦʩʪʴ ʥʘʢʘʯʢʠ ʤʘʛʥʠʪʦʩʬʝʨʥʦʛʦ ʚʦʣʥʦʚʦʜʘ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ɹʄɿ-ʤʦʜʳ ʚʜʦʣʴ ʚʦʣʥʦʚʦʜʘ ʩʦʧʫʪʩʪʚʫʝʪ ʥʘʣʠʯʠʝ ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʝʡ 

ʘʣʴʬʚʝʥʦʚʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚ ʛʣʫʙʠʥʝ ʤʘʛʥʠʪʦʩʬʝʨʳ, ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʜʠʩʩʠʧʘʮʠʷ ʵʥʝʨʛʠʠ ʢʦʣʝʙʘʥʠʷ. ɺʜʦʣʴ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʘʣʴʬʚʝʥʦʚʩʢʠʡ ʨʝʟʦʥʘʥʩ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʪʦʷʯʫʶ ʘʣʴʬʚʝʥʦʚʩʢʫʶ ʚʦʣʥʫ ʠ ʧʦʵʪʦʤʫ ʜʦʩʪʠʛʘʝʪ ʠʦʥʦʩʬʝʨʳ ʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ɹʄɿ-ʤʦʜʳ ʚʦʣʥʦʚʦʜʘ, ʟʘʧʝʨʪʳʝ ʚ ʫʧʦʤʷʥʫʪʦʤ ʢʘʥʘʣʝ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ 

ʩʢʦʨʦʩʪʠ ɸʣʴʬʚʝʥʘ, ʥʝ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʥʘ ɿʝʤʣʝ. ɺ ʨʘʙʦʪʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʩʩʣʝʜʫʝʪʩʷ 

ʵʚʦʣʶʮʠʷ ʢʦʣʝʙʘʥʠʷ ʚ ʚʦʣʥʦʚʦʜʝ ʧʨʠ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʦʪ ʣʦʙʦʚʦʡ ʦʙʣʘʩʪʠ ʜʦ ʜʘʣʴʥʝʛʦ 

ʭʚʦʩʪʘ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʫʧʦʤʷʥʫʪʳʭ ʵʬʬʝʢʪʦʚ. ʆʧʨʝʜʝʣʝʥ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʷ ʚʜʦʣʴ 

ʚʦʣʥʦʚʦʜʘ.     

 

 

ɻɽʆʄɸɻʅʀʊʅʓɽ ʇʋʃʔʉɸʎʀʀ ɼʀɸʇɸɿʆʅɸ Pc2-3 ʇʆ ʈɽɿʋʃʔʊɸʊɸʄ 

ʅɸɹʃʖɼɽʅʀʁ ɺ ʄɸɻʅʀʊʆʉʌɽʈɽ, F-ʉʃʆɽ ʀʆʅʆʉʌɽʈʓ ʀ ʅɸ 

ʇʆɺɽʈʍʅʆʉʊʀ ɿɽʄʃʀ ʇʆ ɼɸʅʅʓʄ ʉʇʋʊʅʀʂʆɺ THEMIS , CHAMP  ʀ 
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ʅ.ɺ. ʗʛʦʚʘ, ɽ.ʅ. ʌʝʜʦʨʦʚ, ɹ. ʍʵʡʣʠʛ 

 

ʀʌɿ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʫʣʴʩʘʮʠʠ ʜʠʘʧʘʟʦʥʘ Pc2-3 ʩ ʯʘʩʪʦʪʦʡ ʚʳʰʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʘʣʴʬʚʝʥʦʚʩʢʦʡ 

ʨʝʛʫʣʷʨʥʦ ʥʘʙʣʶʜʘʶʪʩʷ ʚ F-ʩʣʦʝ ʠʦʥʦʩʬʝʨʳ ʠ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ. ʉʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 

ʧʫʣʴʩʘʮʠʡ ʚ F-ʩʣʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʠʤ ʚʢʣʘʜʦʤ ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ (f>50 ʤɻʮ) 

ʧʫʣʴʩʘʮʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʙʣʶʜʝʥʠʷʤʠ ʥʘ ɿʝʤʣʝ. ʆʙʥʘʨʫʞʝʥʥʳʝ ʧʫʣʴʩʘʮʠʠ  

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ F-ʩʣʦʝ, ʧʣʘʟʤʦʩʬʝʨʝ ʠ ʚʥʝʰʥʝʡ ʤʘʛʥʠʪʦʩʬʝʨʝ. 

ʀʦʥʦʩʬʝʨʥʳʡ ʤʘʢʩʠʤʫʤ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ L-ʦʙʦʣʦʯʢʘʭ ʥʠʞʝ ʧʣʘʟʤʦʧʘʫʟʳ, ʠ ʚʘʨʠʘʮʠʠ 

ʧʦʣʦʞʝʥʠʷ ʠʦʥʦʩʬʝʨʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʦʪʦ ʜʥʷ ʢʦ ʜʥʶ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʚʘʨʠʘʮʠʷʤʠ ʧʦʣʦʞʝʥʠʷ 

ʧʣʘʟʤʦʧʘʫʟʳ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʦʣʷʨʠʟʘʮʠʠ ʧʫʣʴʩʘʮʠʡ ʚ 

ʤʘʛʥʠʪʦʩʬʝʨʝ ʠ ʠʦʥʦʩʬʝʨʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʚʦʟʙʫʞʜʝʥʠʝ ʚ ʚʦʣʥʦʚʦʜʝ ʧʦʜ ʩʚʦʜʦʤ 

ʧʣʘʟʤʦʧʘʫʟʳ. ɹʣʘʛʦʜʘʨʥʦʩʪʠ: ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 13-05-

90436). 

 

 

ʄɻɼ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʄɸɻʅʀʊʅʆʁ ɼɸɹʃ-ɻʈɸɼʀɽʅʊ (ʌʃʕʇʇʀʅɻ) 

ʅɽʋʉʊʆʁʏʀɺʆʉʊʀ ɺ ʄɸɻʅʀʊʅʓʍ ʂʆʅʌʀɻʋʈɸʎʀʗʍ ʊʀʇɸ ʍɺʆʉʊɸ 

ɿɽʄʅʆʁ ʄɸɻʅʀʊʆʉʌɽʈʓ ʉ ʅʋʃɽɺʆʁ/ʅɽʅʋʃɽɺʆʁ ʊʈɸʅʉɺɽʈʉɸʃʔʅʆʁ 

ʄɸɻʅʀʊʅʆʁ ʂʆʄʇʆʅɽʅʊʆʁ 

 

ɼ.ɹ. ʂʦʨʦʚʠʥʩʢʠʡ, ʀ.ɹ. ʀʚʘʥʦʚ, ɺ.ʉ. ʉʝʤʝʥʦʚ, ʅ.ɺ. ɽʨʢʘʝʚ, ɸ.ɺ. ɸʨʪʝʤʴʝʚ,  

ɸ.ɺ. ɼʠʚʠʥ, ɺ.ɺ. ʀʚʘʥʦʚʘ 

 

ʉʇʙɻʋ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, daniil.korovinskiy@gmail.com 

 

ʂʠʥʢ-ʤʦʜʘ ʄɻɼ-ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʚ ʤʘʛʥʠʪʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ ʪʠʧʘ ʭʚʦʩʪʘ 

ʟʝʤʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʳ ʩ ʨʘʩʪʫʱʝʡ ʦʪ ɿʝʤʣʠ ʥʦʨʤʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ, 

ʠʩʩʣʝʜʦʚʘʥʘ ʤʝʪʦʜʘʤʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʜʚʫʭ ʧʦʜʭʦʜʦʚ: ʠʜʝʘʣʴʥʦʡ 

ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʜʚʫʤʝʨʥʦʡ ʠ ʪʨʝʭʤʝʨʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʄɻɼ. ʍʦʪʷ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʪʘʢʦʛʦ ʨʦʜʘ ʦʙʲʝʜʠʥʷʶʪʩʷ ʧʦʜ ʦʙʱʠʤ ʥʘʟʚʘʥʠʝʤ çʙʘʣʣʦʥʥʘʷ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʴè, ʵʪʦʪ ʪʝʨʤʠʥ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʙʳʯʥʦ ʥʘʢʣʦʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʬʦʥʝ ʤʘʛʥʠʪʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʩ ʩʠʣʴʥʦʡ ʧʦʧʝʨʝʯʥʦʡ ʤʘʛʥʠʪʥʦʡ 
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ʢʦʤʧʦʥʝʥʪʦʡ. ʆʜʥʘʢʦ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʯʠʩʪʦ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦʛʦ ʚʦʣʥʦʚʦʛʦ 

ʚʝʢʪʦʨʘ  ʧʨʠ ʬʦʥʦʚʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ ʩʦ ʩʣʘʙʦʡ ʥʦʨʤʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ (ʤʘʣʳʤ ʨʘʜʠʫʩʦʤ 

ʢʨʠʚʠʟʥʳ ʤʘʛʥʠʪʥʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ). ʊʘʢʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʙʣʘʛʦʧʨʠʷʪʥʳ ʜʣʷ ʦʩʦʙʦʡ ʚʝʪʚʠ 

ʙʘʣʣʦʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʦʣʫʯʠʚʰʝʡ ʥʘʟʚʘʥʠʝ çʜʘʙʣ-ʛʨʘʜʠʝʥʪè ʠʣʠ çʬʣʵʧʧʠʥʛè ʤʦʜʳ ʚ 

ʩʚʷʟʠ ʩ ʥʝʜʘʚʥʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʬʣʵʧʧʠʥʛ-ʢʦʣʝʙʘʥʠʡ ʚ ʭʚʦʩʪʝ ʟʝʤʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʳ. 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ, 

ʷʚʣʷʶʱʠʭʩʷ ʧʨʠʙʣʠʞʝʥʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʫʨʘʚʥʝʥʠʷ ɻʨʵʜʘ-ʐʘʬʨʘʥʦʚʘ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʤ çʭʚʦʩʪʦʚʦʤè ʧʨʠʙʣʠʞʝʥʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʜʚʫʤʝʨʥʦʡ 

ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʄɻɼ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ, ï ʠʥʢʨʝʤʝʥʪ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʦʢʘʟʘʣʩʷ ʙʣʠʟʦʢ ʢ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʦʮʝʥʢʝ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʢʪʦʨʦʚ ʚʦʟʤʫʱʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʩʢʦʨʦʩʪʠ (ʩʦʙʩʪʚʝʥʥʳʝ 

ʬʫʥʢʮʠʠ) ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʝʥʳ ʚ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. ʊʨʝʭʤʝʨʥʦʝ ʄɻɼ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʘʙʣ-ʛʨʘʜʠʝʥʪ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʪʦʢʦʚʦʛʦ 

ʩʣʦʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʚʳʩʦʢʦʡ ʢʨʠʚʠʟʥʦʡ ʤʘʛʥʠʪʥʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʚʫʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʠʥʢʨʝʤʝʥʪ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʪʝʤ ʚʳʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʢʨʠʚʠʟʥʘ ʤʘʛʥʠʪʥʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ. ʏʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʬʦʥʝ ʢʦʥʬʠʛʫʨʘʮʠʡ ʩ ʥʝʥʫʣʝʚʦʡ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʙʳʩʪʨʳʡ ʩʧʘʜ ʠʥʢʨʝʤʝʥʪʘ ʠ ʟʘʪʫʭʘʥʠʝ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ, ʯʪʦ ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʧʨʝʜʩʢʘʟʘʥʠʷʤ. 

 

 

ʆʊʂʃʀʂ ʄɸɻʅʀʊʆʉʌɽʈʓ ɿɽʄʃʀ ʅɸ ʅɽʆɹʓʏʅʓɽ ʋʉʃʆɺʀʗ ɺ 

ʄɽɾʇʃɸʅɽʊʅʆʁ ʉʈɽɼɽ 21-22.I.2005 ʠ 14-15.XII.2006 

 

ɺ.ɺ. ʂʘʣʝʛʘʝʚ, ʅ.ɸ. ɺʣʘʩʦʚʘ 

 

ʅʀʀʗʌ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, klg@dec1.sinp.msu.ru  

 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʥʘʤʠʢʠ ʤʘʛʥʠʪʦʩʬʝʨʳ ʚʦ ʚʨʝʤʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ 

21-22.I.2005 ʠ 14-15.XII.2006. ʅʘ ʙʘʟʝ ʧʘʨʘʙʦʣʦʠʜʥʦʡ ʤʦʜʝʣʠ ɸ2000 ʨʘʩʩʯʠʪʘʥ ʦʪʢʣʠʢ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʪʦʢʦʚʳʭ ʩʠʩʪʝʤ ʥʘ ʠʟʤʝʥʝʥʠʝ  ʫʩʣʦʚʠʡ ʚ ʤʝʞʧʣʘʥʝʪʥʦʡ 

ʩʨʝʜʝ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʠʥʘʤʠʢʝ ʙʫʨʝʚʦʛʦ 

ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ ʩ ʵʥʝʨʛʠʝʡ 30-80 ʢʵɺ 

ʩʦʣʥʝʯʥʦ-ʩʠʥʭʨʦʥʥʳʤʠ ʩʧʫʪʥʠʢʘʤʠ NOAA (POES 15, 16, 17). ɺ ʛʣʘʚʥʫʶ ʬʘʟʫ ʚʦʟʤʫʱʝʥʠʡ 

ʦʙʥʘʨʫʞʝʥʘ ʩʭʦʜʥʘʷ ʜʠʥʘʤʠʢʘ ʠ ʙʣʠʟʢʠʝ ʚʝʣʠʯʠʥʳ, ʢʘʢ ʧʦʪʦʢʦʚ ʟʘʭʚʘʯʝʥʥʳʭ ʯʘʩʪʠʮ, ʪʘʢ ʠ 

ʧʦʣʦʞʝʥʠʡ ʛʨʘʥʠʮ ʠʟʦʪʨʦʧʠʟʘʮʠʠ ʧʦʪʦʢʦʚ ʠ ʤʘʢʩʠʤʫʤʦʚ ʧʦʪʦʢʦʚ ʚʳʩʳʧʘʶʱʠʭʩʷ ʯʘʩʪʠʮ, 

ʯʪʦ ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ, ʢʘʢ ʧʦʜʦʙʠʝ ʩʦʩʪʦʷʥʠʡ ʚʥʫʪʨʝʥʥʝʡ ʤʘʛʥʠʪʦʩʬʝʨʳ ʚʦ ʚʨʝʤʷ ʙʫʨʴ 

ʨʘʟʥʦʡ ʤʦʱʥʦʩʪʠ, 21-22.I.2005 ʠ 14-15.XII.2006. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʥʘʤʠʢʫ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ 21-

22.I.2005 ʦʧʨʝʜʝʣʠʣ ʤʦʱʥʳʡ ʠʤʧʫʣʴʩ ʜʘʚʣʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ʇʦʩʪʫʧʣʝʥʠʝ ʧʣʘʟʤʳ ʚ 

ʦʙʣʘʩʪʴ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ ʠ ʝʝ ʫʩʢʦʨʝʥʠʝ ʧʨʦʠʟʦʰʣʠ ʚʩʣʝʜʩʪʚʠʝ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʩʞʘʪʠʷ 

ʤʘʛʥʠʪʦʩʬʝʨʳ ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʫʨʠ 14-15.XII.2006, ʠʥʠʮʠʠʨʦʚʘʥʥʦʡ ʠʟʤʝʥʝʥʠʝʤ ʦʨʠʝʥʪʘʮʠʠ 

ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ Dst-ʚʘʨʠʘʮʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʦ ʚʨʝʤʷ 

ʙʫʨʠ 21-22.I.2005 ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʨʘʟʚʠʪʠʝʤ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ, ʘ 14-15.XII.2006 ï 

ʩʨʘʚʥʠʤʳʤʠ ʧʦ ʚʝʣʠʯʠʥʝ ʚʢʣʘʜʘʤʠ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ ʠ ʪʦʢʦʚ ʭʚʦʩʪʘ ʤʘʛʥʠʪʦʩʬʝʨʳ. 
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ʈɽɿʆʅɸʅʉʅʆɽ ʋʉʂʆʈɽʅʀɽ ʀʆʅʆɺ ʇʈʀ ʊʆʈʄʆɾɽʅʀʀ 

ɼʀʇʆʃʀɿɸʎʀʆʅʅʆɻʆ ʌʈʆʅʊɸ 

 

ɸ.ɺ. ɸʨʪʝʤʴʝʚ  

 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, ante0226@yandex.ru  

 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʟʦʥʘʥʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʦʥʦʚ ʩ ʜʠʧʦʣʠʟʘʮʠʦʥʥʳʤ ʬʨʦʥʪʦʤ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʤʩʷ ʢ ɿʝʤʣʝ ʠʟ ʜʘʣʴʥʝʡ ʦʙʣʘʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʚ ʭʚʦʩʪʝ 

ʟʝʤʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʟʘʤʝʜʣʝʥʠʠ ʜʚʠʞʝʥʠʷ (ʪʦʨʤʦʞʝʥʠʠ) 

ʜʠʧʦʣʠʟʘʮʠʦʥʥʦʛʦ ʬʨʦʥʪʘ ʚʙʣʠʟʠ ʦʪ ʧʣʘʥʝʪʳ ʚʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ ʥʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʫʩʢʦʨʝʥʠʷ ʠʦʥʦʚ. ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʦʪʨʘʞʝʥʠʷ ʠʦʥʦʚ ʦʪ ʬʨʦʥʪʘ ʜʠʧʦʣʠʟʘʮʠʠ ʠ ʟʘʤʝʜʣʝʥʠʷ 

ʬʨʦʥʪʘ ʧʨʠʚʦʜʠʪ ʢ ʵʬʬʝʢʪʠʚʥʦʤʫ ʟʘʭʚʘʪʫ ʯʘʩʪʠʮ ʚʙʣʠʟʠ ʦʪ ʬʨʦʥʪʘ ʠ ʠʭ ʫʩʢʦʨʝʥʠʶ ʚʜʦʣʴ 

ʬʨʦʥʪʘ. ɼʣʷ ʪʠʧʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚ ʭʚʦʩʪʝ ʤʘʛʥʠʪʦʩʬʝʨʳ ɿʝʤʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʤʝʭʘʥʠʟʤ 

ʫʩʢʦʨʝʥʠʷ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʧʫʣʷʮʠʠ ʠʦʥʦʚ ʩ ʵʥʝʨʛʠʷʤʠ ʧʦʨʷʜʢʘ 100 ʢʵɺ. 

 

 

ʅʆɺʓʁ ʇʆɼʍʆɼ ʂ ʈɸʉʉʏɪʊʋ ʅɸɿɽʄʅʆɻʆ ʇɽʈɽʄɽʅʆɻʆ ʄɸɻʅʀʊʅʆɻʆ 

ʇʆʃʗ ɿɽʄʃʀ - ʅʆɺɸʗ ʂɸʈʊʀʅɸ ɽɻʆ ʉɽɿʆʅʅʆɻʆ ʍʆɼɸ   

 

ɸ.ɽ. ʃʝʚʠʪʠʥ, ʃ.ʀ. ɻʨʦʤʦʚʘ, ʉ. ɺ. ɻʨʦʤʦʚ, ʃ.ɸ. ɼʨʝʤʫʭʠʥʘ   

 

ʀɿʄʀʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʛ. ʊʨʦʠʮʢ, ʈʦʩʠʠʷ, levitin@izmiran.ru 

 

ʅʘʟʝʤʥʦʝ ʧʝʨʝʤʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ɿʝʤʣʠ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʥʘʟʝʤʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ 

ʦʙʩʝʨʚʘʪʦʨʠʷʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʩʪʦʷʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʘ ʪʘʢʞʝ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ 

ʧʦʤʝʭ ʚ ʨʘʡʦʥʝ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ, ʘʥʦʤʘʣʴʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ (ʧʦʣʝ ʣʠʪʦʩʬʝʨʳ) 

ʦʙʫʩʣʦʚʣʝʥʥʳʤ, ʚ ʦʩʥʦʚʥʦʤ, ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ ʧʦʨʦʜ, ʠ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʩʦʟʜʘʚʘʝʤʳʤ 

ʪʦʢʦʤ ʚ ʟʝʤʣʝ. ɺʳʜʝʣʝʥʠʝ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʟ ʩʫʤʤʳ ʵʪʠʭ ʧʦʣʝʡ ʜʝʣʘʝʪʩʷ 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʠ ʥʝ ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʳʤ. ʅʘʤʠ ʦʥʘ ʨʝʰʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʤʘʛʥʠʪʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʚ ʧʝʨʠʦʜ ʫʥʠʢʘʣʴʥʦ ʩʧʦʢʦʡʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʉʦʣʥʮʘ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʝʙʳʚʘʣʦ ʩʧʦʢʦʡʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʚ ʧʝʨʠʦʜ 

2009 ʛʦʜʘ. ʀʩʧʦʣʴʟʫʷ ʪʘʢʦʝ ʫʥʠʢʘʣʴʥʦʝ ʤʘʛʥʠʪʥʦ-ʩʧʦʢʦʡʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʝʨʝʤʝʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʚ 2009 ʛʦʜʫ, ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʯʘʩʦʚʳʝ ʜʘʥʥʳʝ ʤʘʛʥʠʪʥʦʡ 

ʦʙʩʝʨʚʘʪʦʨʠʠ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʢʘʢ ʫʨʦʚʥʠ ʦʪʩʯʝʪʦʚ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʯʘʩʦʚʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʛʝʦʤʘʛʥʠʪʥʦʡ ʯʘʩʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʣʦʢʘʣʴʥʦʛʦ ʥʘʟʝʤʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʣʘʥʝʪʳ. ʉʦʟʜʘʚʘʝʤʳʡ ʥʘʤʠ ʤʝʪʦʜ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʣʦʢʘʣʴʥʦʡ 

ʥʘʟʝʤʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʬʠʟʠʯʝʩʢʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʵʪʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʆʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʵʥʝʨʛʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʢʦʤʧʦʥʝʥʪʘʭ ʝʛʦ ʚʝʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʩʝʪʴʶ ʥʘʟʝʤʥʦʡ 

ʦʙʩʝʨʚʘʪʦʨʠʠ. ʌʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʸʪʘ ʵʥʝʨʛʠʠ ʦʪʜʝʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʧʦʣʷ, 

ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʦʙʩʝʨʚʘʪʦʨʠʝʡ, ʵʪʦ ʢʚʘʜʨʘʪ ʯʘʩʦʚʦʡ ʘʤʧʣʠʪʫʜʳ ʵʪʦʡ ʠʟʤʝʨʝʥʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ. ʅʘʰ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʵʪʫ ʘʢʪʠʚʥʦʩʪʴ, ʠʩʧʦʣʴʟʫʷ ʩʦʚʨʝʤʝʥʥʳʡ 

ʥʘʙʦʨ ʦʙʩʝʨʚʘʪʦʨʠʡ, ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʜʚʫʭ ʧʦʣʫʰʘʨʠʷʭ ʧʣʘʥʝʪʳ. ʄʳ ʤʦʞʝʤ ʧʨʦʚʦʜʠʪʴ 

ʦʮʝʥʢʫ ʵʪʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʟʘ ʧʨʦʰʝʜʰʠʝ ʛʦʜʳ ʨʘʙʦʪʳ ʦʙʩʝʨʚʘʪʦʨʠʠ ʜʦ 2009 ʛʦʜʘ 

ʠ ʧʦʩʣʝ ʝʛʦ. ʊʘʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʘʢʪʠʚʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʩʝʛʦʜʥʷ  

ʘʤʧʣʠʪʫʜʦʡ ʧʣʘʥʝʪʘʨʥʦʛʦ Kp-ʠʥʜʝʢʩʘ, ʦʩʦʙʝʥʥʦ ʚ ʧʝʨʠʦʜʳ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ. ʉʝʛʦʜʥʷ 

ʩʝʟʦʥʥʳʡ ʭʦʜ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʶʪ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ,  

ʚʳʷʚʣʷʶʪ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʜʘʥʥʳʭ ʦ ʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʭ ʧʫʪʝʤ 

ʦʙʨʘʙʦʪʢʠ ʥʘʙʣʶʜʝʥʠʡ Kp-ʠʥʜʝʢʩʘ ʟʘ ʥʝʩʢʦʣʴʢʦ ʣʝʪ. ʉʝʛʦʜʥʷ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʩʝʟʦʥʥʳʝ 

ʚʘʨʠʘʮʠʠ ʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʤʝʶʪ ʜʚʘ ʤʘʢʩʠʤʫʤʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʠʦʜʘʤ 

ʨʘʚʥʦʜʝʥʩʪʚʠʡ, ʠ ʜʚʘ ʤʠʥʠʤʫʤʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʠʦʜʘʤ ʩʦʣʥʮʝʩʪʦʷʥʠʡ. ʄʳ 
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ʜʝʤʦʥʩʪʨʠʨʫʝʤ ʦʪʣʠʯʠʝ ʩʝʟʦʥʥʳʭ ʚʘʨʠʘʮʠʡ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʰʠʤ ʤʝʪʦʜʦʤ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʣʦʢʘʣʴʥʦʡ ʥʘʟʝʤʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪ 

ʩʝʟʦʥʥʳʭ ʚʘʨʠʘʮʠʡ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ Kp-ʠʥʜʝʢʩʘ. ʅʘʰʠ ʚʘʨʠʘʮʠʠ 

ʦʧʠʨʘʶʪʩʷ ʥʘ ʥʘʙʦʨʳ ʜʘʥʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʜʚʫʭ ʧʦʣʫʰʘʨʠʡ ʧʣʘʥʝʪʳ, ʢʦʪʦʨʳʝ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʚʳʩʦʢʠʭ, ʩʨʝʜʥʠʭ ʠ ʥʠʟʢʠʭ ʰʠʨʦʪʘʭ, ʪʦʛʜʘ ʢʘʢ ʩʝʟʦʥʥʳʝ ʚʘʨʠʘʮʠʠ ʠʥʜʝʢʩʘ 

Kp ʦʧʠʨʘʝʪʩʷ ʥʘ ʥʘʙʦʨ ʪʦʣʴʢʦ ʦʙʩʝʨʚʘʪʦʨʠʡ ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʜ 

ʘʚʨʦʨʘʣʴʥʦʡ ʟʦʥʦʡ. ɺ ʥʘʰʠʭ ʩʝʟʦʥʥʳʭ ʚʘʨʠʘʮʠʷʭ ʠʭ ʤʘʢʩʠʤʫʤʳ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ  

ʧʨʠʭʦʜʷʪʩʷ ʢʘʢ ʥʘ ʤʘʨʪ ï ʘʧʨʝʣʴ, ʩʝʥʪʷʙʨʴ ï ʦʢʪʷʙʨʴ, ʪʘʢ ʠ ʥʘ ʠʶʣʴ ʤʝʩʷʮ. ʂʨʦʤʝ ʪʦʛʦ ʤʳ 

ʜʝʤʦʥʩʪʨʠʨʫʝʤ ʩʝʟʦʥʥʳʝ ʚʘʨʠʘʮʠʠ ʥʘʟʝʤʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʥʫʪʨʠ ʛʦʜʘ, 

ʢʦʛʜʘ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ʣʝʪʦ, ʘ ʚ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʠ ʚ ʵʪʦ ʚʨʝʤʷ ʟʠʤʘ ʠ ʥʘʦʙʦʨʦʪ. ʄʳ 

ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ ñʧʣʘʥʝʪʘʨʥʦʛʦò Kp-ʠʥʜʝʢʩʘ. 
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ɼʘʥ ʦʙʟʦʨ ʧʦʩʣʝʜʥʠʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ 

ʧʣʘʟʤʳ ʠ ʘʚʨʦʨʘʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ. ʆʩʥʦʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʢʘʨʪʠʥʳ ʩʚʷʟʘʥʳ ʩ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʢʨʫʞʘʶʱʝʛʦ ɿʝʤʣʶ ʧʣʘʟʤʝʥʥʦʛʦ 

ʢʦʣʴʮʘ ʥʘ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ~7Re ʜʦ ~10Re. ʅʦʯʥʘʷ ʯʘʩʪʴ ʢʦʣʴʮʘ ʨʘʥʝʝ 

ʩʯʠʪʘʣʘʩʴ ʯʘʩʪʴʶ ʧʣʘʟʤʝʥʥʦʛʦ ʩʣʦʷ. ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʤʠʩʩʠʠ THEMIS ʧʦʣʫʯʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʘʟʤʳ ʚ ʢʦʣʴʮʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʦʧʝʨʝʯʥʳʝ ʪʦʢʠ ʚ ʢʦʣʴʮʝ ʟʘʤʳʢʘʶʪʩʷ ʚʥʫʪʨʠ ʤʘʛʥʠʪʦʩʬʝʨʳ ʠ ʩʦʩʪʘʚʣʷʶʪ ʚʳʩʦʢʦʰʠʨʦʪʥʦʝ 

ʧʨʦʜʦʣʞʝʥʠʝ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʙʣʠʟʦʩʪʴ ʜʘʚʣʝʥʠʷ ʧʣʘʟʤʳ ʢ 

ʠʟʦʪʨʦʧʥʦʤʫ. ʀʟʦʪʨʦʧʠʷ ʜʘʚʣʝʥʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʧʨʦʝʮʠʨʦʚʘʥʠʷ 

ʘʚʨʦʨʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘ ʵʢʚʘʪʦʨʠʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ʥʝ ʠʩʧʦʣʴʟʫʷ ʤʦʜʝʣʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʪʘʢ ʢʘʢ ʠʟʦʪʨʦʧʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʦʪʩʫʪʩʪʚʠʠ ʧʨʦʜʦʣʴʥʳʭ ʧʘʜʝʥʠʡ ʧʦʪʝʥʮʠʘʣʘ ʧʦʩʪʦʷʥʥʦ ʚʜʦʣʴ 

ʤʘʛʥʠʪʥʦʡ ʩʠʣʦʚʦʡ ʣʠʥʠʠ. ɼʘʚʣʝʥʠʝ ʧʣʘʟʤʳ ʥʘ ʤʘʣʳʭ ʚʳʩʦʪʘʭ ʦʧʨʝʜʝʣʷʣʦʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʙʘʟʳ ʜʘʥʥʳʭ ʇɻʀ, ʩʦʟʜʘʥʥʦʡ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʩʧʫʪʥʠʢʦʚ DMSP F6 ʠ F7. 

ʋʯʪʝʥʦ, ʯʪʦ ʚʳʯʠʩʣʝʥʥʦʝ ʜʘʚʣʝʥʠʝ ʠʦʥʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʜʘʚʣʝʥʠʝʤ ʠʦʥʦʚ ʚ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʚʪʝʢʘʶʱʠʭ ʧʨʦʜʦʣʴʥʳʭ ʪʦʢʦʚ. ɺ ʦʙʣʘʩʪʠ ʚʳʪʝʢʘʶʱʠʭ 

ʧʨʦʜʦʣʴʥʳʭ ʪʦʢʦʚ ʥʠʞʝ ʦʙʣʘʩʪʠ ʧʨʦʜʦʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʜʘʚʣʝʥʠʝ ʠʦʥʦʚ ʤʝʥʴʰʝ 

ʜʘʚʣʝʥʠʷ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʥʘ ʤʘʣʳʭ ʚʳʩʦʪʘʭ ʚ ʤʘʛʥʠʪʦʩʧʦʢʦʡʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʘʚʨʦʨʘʣʴʥʦʛʦ ʦʚʘʣʘ ʧʨʦʝʮʠʨʫʝʪʩʷ ʥʘ ʦʢʨʫʞʘʶʱʝʝ ɿʝʤʣʶ ʧʣʘʟʤʝʥʥʦʝ ʢʦʣʴʮʦ. 

ʈʘʩʩʤʦʪʨʝʥʦ ʧʦʚʝʜʝʥʠʝ ʘʚʨʦʨʘʣʴʥʦʛʦ ʦʚʘʣʘ ʚʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ. ʇʦʜʪʚʝʨʞʜʝʥʘ 

ʣʦʢʘʣʠʟʘʮʠʷ ʤʝʭʘʥʠʟʤʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʧʦʷʚʣʝʥʠʶ ʙʦʣʴʰʠʭ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʚʥʝʰʥʝʛʦ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ (ʵʣʝʢʪʨʦʥʦʚ "ʢʠʣʣʝʨʦʚ") ʚʙʣʠʟʠ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʢʨʦʤʢʠ ʘʚʨʦʨʘʣʴʥʦʛʦ 

ʦʚʘʣʘ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʩʢʨʝʪʥʳʭ ʘʚʨʦʨʘʣʴʥʳʭ ʜʫʛ ʠ ʧʨʠʨʦʜʳ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʫʣʴʪʠʧʣʝʪʥʳʭ ʜʫʛ. ʇʨʠʚʝʜʝʥʳ ʘʨʛʫʤʝʥʪʳ ʚ ʧʦʣʴʟʫ ʜʝʡʩʪʚʠʷ ʤʝʭʘʥʠʟʤʘ 
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"ʘʚʨʦʨʘʣʴʥʦʛʦ ʛʨʝʡʜʝʨʘ", ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʣʣʠʤʠʨʦʚʘʥʥʳʭ ʭʦʣʦʜʥʳʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʧʫʯʢʦʚ ʥʘ ʛʨʘʥʠʮʘʭ ʠ ʚʥʫʪʨʠ ʘʚʨʦʨʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʪʠʧʘ ʧʝʨʝʚʝʨʥʫʪʦʛʦ V. 

 

 

ɼʀʅɸʄʀʂɸ ʇɸʈɸʄɽʊʈʆɺ ʇʆʊʆʂʆɺ ʉʆʃʅɽʏʅʆɻʆ ɺɽʊʈɸ ʀ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɻɽʆʄɸɻʅʀʊʅʆʁ ɸʂʊʀɺʅʆʉʊʀ ʇʈʀ ʈɸɿʃʀʏʅʓʍ ʋɻʃɸʍ 

ʉʇʀʈɸʃʀ ʄʄʇ ɺɹʃʀɿʀ ʆʈɹʀʊʓ ɿɽʄʃʀ ɺ ʇɽʈʀʆɼ ʎʀʂʃʆɺ 20-24 

 

ʊ.ɺ. ʂʫʟʥʝʮʦʚʘ, ɸ.ʀ ʃʘʧʪʫʭʦʚ 
 

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

 

ʇʦʪʦʢʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʬʦʨʤʠʨʫʶʪ ʩʧʠʨʘʣʴ ʄʄʇ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʦʣʛʦʪʥʳʤʠ ʫʛʣʘʤʠ ű. 

ʕʪʘ ʘʟʠʤʫʪʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʧʠʨʘʣʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʩʪʦʯʥʦ-ʟʘʧʘʜʥʦʡ ʢʦʤʧʦʥʝʥʪʝ By 

(GSE), ʢʦʪʦʨʘʷ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʝʨʝʩʦʝʜʠʥʝʥʠʠ ʥʘ ʤʘʛʥʠʪʦʧʘʫʟʝ ʠ ʨʘʟʚʠʪʠʠ 

ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ɻɸ). ʄʳ ʩʪʘʚʠʣʠ ʮʝʣʴ ʥʘʡʪʠ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʛʦ 

ʚʝʪʨʘ (ʄʄʇ ɺ, ʩʢʦʨʦʩʪʠ V, ʢʦʥʮʝʥʪʨʘʮʠʠ N, ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽ=[VʭB], ʚʝʢʪʦʨʘ 

ʇʦʡʪʠʥʛʘ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʈ=[ExB]) ʦʪ ʫʛʣʘ ʩʧʠʨʘʣʠ ű ʜʣʷ ʩʦʣʥʝʯʥʳʭ 

ʮʠʢʣʦʚ ˉ20-24. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʦʧʠʩʘʪʴ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʝ ʧʦʪʦʢʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ ʄʄʇ, ʥʦ ʠ ʦʪʩʣʝʜʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʭ ʨʘʟʚʠʪʠʷ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ 4-ʭ ʮʠʢʣʦʚ. ʇʦʣʫʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʦʚ ʚ ʯʝʪʥʳʭ-ʥʝʯʝʪʥʳʭ ʮʠʢʣʘʭ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ű ʠ ʠʭ ʵʬʬʝʢʪʦʚ ʚ ɻɸ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʚʣʠʷʥʠʝ 22-ʣ ʤʘʛʥʠʪʥʦʛʦ ʮʠʢʣʘ ʥʘ 

ʛʝʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʘʟʘ ʜʘʥʥʳʭ ʄʄʇ ɺ, V, N, 

ʪʝʤʧʝʨʘʪʫʨʳ ʊ, ʠʟʤʝʨʝʥʥʳʭ ʥʘ ~1 ʘ.ʝ. ʚʙʣʠʟʠ ʧʣʦʩʢʦʩʪʠ ʵʢʣʠʧʪʠʢʠ ʚ 1963-2013 ʛʛ.  ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʠ ʘʥʘʣʠʟʘ ʚʳʜʝʣʝʥʳ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʝ  ʧʦʪʦʢʠ ʚ ʚʝʪʨʝ, ʦʧʠʩʘʥʳ ʠʭ 

ʧʘʨʘʤʝʪʨʳ, ʩʚʷʟʴ ʩ ʬʘʟʦʡ 22-ʣ ʤʘʛʥʠʪʥʦʛʦ ʮʠʢʣʘ ʠ ʤʘʢʩʠʤʘʣʴʥʳʤ ʯʠʩʣʦʤ ʧʷʪʝʥ ʚ ʮʠʢʣʝ Wm. 

ɺ ʯʘʩʪʥʦʩʪʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʢʩʠʤʫʤʳ ɽ ʠ ʈ ʚ ʢʘʞʜʦʤ ʮʠʢʣʝ ʧʨʠ By>0 ʥʘʭʦʜʷʪʩʷ ʧʨʠ ű~80 

ʛʨ, ʧʨʠʯʝʤ ʤʘʢʩʠʤʫʤʳ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʚ ʥʝʯʝʪʥʳʭ (21, 23), ʯʝʤ ʚ ʯʝʪʥʳʭ (20, 22) 

ʮʠʢʣʘʭ. ʕʪʠ ʧʠʢʦʚʳʝ ɽ ʠ ʈ ʧʨʠ By>0 ʧʨʠʥʘʜʣʝʞʘʪ ʧʦʪʦʢʫ, ʛʜʝ N ʠ B ʠʤʝʶʪ ʤʘʢʩʠʤʫʤʳ, ʘ ʊ 

ʠ V ʙʣʠʟʢʠ ʢ ʤʠʥʠʤʫʤʘʤ. ʇʘʨʘʤʝʪʨʳ ʵʪʦʛʦ ʤʝʜʣʝʥʥʦʛʦ ʧʣʦʪʥʦʛʦ ʧʦʪʦʢʘ ʭʦʣʦʜʥʦʡ ʧʣʘʟʤʳ ʠ 

ʪʦʪ ʬʘʢʪ, ʯʪʦ Bx ʤʝʥʷʝʪ ʟʥʘʢ ʥʘ ʝʛʦ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝ (ʩʝʢʪʦʨʥʘʷ ʛʨʘʥʠʮʘ), ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʚʥʫʪʨʝʥʥʶʶ ʢʨʦʤʢʫ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʪʦʢʦʚʦʛʦ ʩʣʦʷ (ICS). ʅʘ ʩʦʣʥʮʝ ʵʪʦʪ ʧʦʪʦʢ ʤʦʞʥʦ 

ʩʚʷʟʘʪʴ ʩ ʧʦʷʩʦʤ ʩʪʨʠʤʝʨʦʚ ʚ ʢʦʨʦʥʝ, ʢʦʪʦʨʳʡ ʨʘʟʜʝʣʷʝʪ ʦʙʣʘʩʪʠ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ 

ʧʦʣʷʨʥʦʩʪʴʶ ʨʘʜʠʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʚ ʢʦʪʦʨʦʤ ʪʝʯʝʪ ʤʝʜʣʝʥʥʳʡ ʧʣʦʪʥʳʡ 

ʩʦʣʥʝʯʥʳʡ ʚʝʪʝʨ. ʆʩʥʦʚʘʥʠʝ ʧʦʷʩʘ ʩʪʨʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʤʝʩʪʦʤ ʨʦʞʜʝʥʠʷ CME. ʕʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʦʙʲʷʩʥʠʪʴ ʧʦʣʫʯʝʥʥʦʝ ʥʘʤʠ ʨʘʥʝʝ ʛʦʜʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʦʪʳ 

ʧʦʷʚʣʝʥʠʷ ʙʦʣʴʰʠʭ ʚʦʟʤʫʱʝʥʠʡ, ʢʦʛʜʘ ʥʘʨʷʜʫ ʩ ʠʟʚʝʩʪʥʳʤʠ ʧʠʢʘʤʠ ʚ ʨʘʚʥʦʜʝʥʩʪʚʠʷ 

ʥʘʙʣʶʜʘʶʪʩʷ  ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʠʢʠ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʛʦʜʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʦʪʦʢʘʤʠ ʩ 

By>0. ʇʦʩʣʝʜʥʝʝ ʚʘʞʥʦ ʜʣʷ ʧʨʦʛʥʦʟʘ ʙʦʣʴʰʠʭ ʚʦʟʤʫʱʝʥʠʡ. ʅʘʤ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʪʘʢʞʝ 

ʥʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵ/ʤ ʧʦʪʦʢʦʚ ʠ ʠʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʵʬʬʝʢʪʦʚ ʚ 23 ʮʠʢʣʝ, ʢʦʪʦʨʳʝ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʘʣʦʩʪʴ 23 ʮʠʢʣʘ (Wm=121) ʥʝ ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʤʦʱʥʦʩʪʴ ʵʪʠʭ ʧʦʪʦʢʦʚ ʠ ʠʭ ʵʬʬʝʢʪʦʚ ʚ ɻɸ. ʊʘʢ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʙʩʦʣʶʪʥʳʡ ʤʘʢʩʠʤʫʤ P(ű) 

ʧʨʠ By>0 ʙʳʣ ʚ 23 ʮʠʢʣʝ. ʇʦʩʢʦʣʴʢʫ ʈ ʩʚʷʟʘʥ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʩʪʫʧʣʝʥʠʷ ʵ/ʤ ʵʥʝʨʛʠʠ ʢ 

ʤʘʛʥʠʪʦʩʬʝʨʝ, ʪʦ ʝʛʦ ʘʙʩʦʣʶʪʥʳʡ ʤʘʢʩʠʤʫʤ ʜʦʣʞʝʥ ʧʨʦʷʚʠʪʴʩʷ ʠ ʚ ɻɸ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ 

ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʜʝʢʩʘ Dst (ű) ʧʦʢʘʟʘʣʘ ʘʙʩʦʣʶʪʥʳʡ ʤʘʢʩʠʤʫʤ |-Dst| ʚ 23 ʮʠʢʣʝ ʚʙʣʠʟʠ ű~80 

ʛʨ. ʀʥʜʝʢʩ ʧʦʣʷʨʥʦʡ ʰʘʧʢʠ Pʉ, ʧʦʣʫʯʘʝʤʳʡ ʥʘ ʦʩʥʦʚʝ ʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ ʚ ʊʫʣʝ, ʧʦʢʘʟʘʣ 

ʘʙʩʦʣʶʪʥʳʡ ʤʘʢʩʠʤʫʤ ʪʦʞʝ ʚ 23 ʮʠʢʣʝ ʚʙʣʠʟʠ ʪʝʭ ʞʝ ű. ɸʥʘʣʠʟ ʜʘʝʪ, ʯʪʦ ʥʝʯʝʪʥʳʝ 

ʩʦʣʥʝʯʥʳʝ ʮʠʢʣʳ ʩ ʥʠʟʢʠʤ Wm ʙʫʜʫʪ ʠʤʝʪʴ ʙʦʣʴʰʠʝ ɽ ʠ ʈ ʚ ʧʦʜʦʙʥʳʭ ʧʦʪʦʢʘʭ ʩ By>0, ʘ 

ʟʥʘʯʠʪ ʠ ʚʳʩʦʢʫʶ ɻɸ. ɺ 24 ʮʠʢʣʝ ʢʘʢ ʠʥʜʝʢʩ |-Dst|, ʪʘʢ ʠ ʈʉ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʜʣʷ ʚʩʝʭ ű, 

ʯʝʤ ʚ 20-23 ʮʠʢʣʘʭ, ʯʪʦ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʜʣʠʥʥʦ-ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ 23 ʮʠʢʣʝ. ɸʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʚ 24 ʮʠʢʣʝ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʵʪʦʪ ʚʳʚʦʜ, ʥʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʨʦʩʪ V ʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʧʦʪʦʢʘʭ (HSS) ʠʟ ʢʦʨʦʥʘʣʴʥʳʭ 
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ʜʳʨ (ʧʦʥʠʞʝʥʳ N ʠ T) ʧʨʠ By<0, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʠ ʜʣʷ ʯʝʪʥʳʭ ʮʠʢʣʦʚ 20, 22. ɺ ʟʘʢʣʶʯʝʥʠʝ 

ʦʙʩʫʞʜʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʨʝʰʝʥʠ ̫ʥʝʢʦʪʦʨʳʭ ʟʘʜʘʯ ʩʦʣʥʝʯʥʦ-

ʟʝʤʥʦʡ ʬʠʟʠʢʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇ-22 ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ. 

 

 

ɸʉʀʄʄɽʊʈʀʗ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʇʃʆʊʅʆʉʊʀ ʀ ʊɽʄʇɽʈɸʊʋʈʓ ʇʈʆʊʆʅʆɺ 

ɺ ʇʃɸɿʄʆʉʌɽʈɽ ɿɽʄʃʀ 

 

ɻ.ɸ. ʂʦʪʦʚʘ, ʄ.ʀ. ɺʝʨʠʛʠʥ, ɺ.ɺ. ɹʝʟʨʫʢʠʭ 

 

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

 

ʄʦʜʝʣʴ ʧʣʘʟʤʦʩʬʝʨʳ ɿʝʤʣʠ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʨʠʙʦʨʘ ɸʃʔʌɸ-3, ʧʦʣʫʯʝʥʥʳʭ 

ʚ 1995-2000 ʛ. ʥʘ ʢʦʩʤʠʯʝʩʢʦʤ ʘʧʧʘʨʘʪʝ ʀʥʪʝʨʙʦʣ-1, ʨʘʩʰʠʨʝʥʘ ʜʣʷ ʫʯʝʪʘ ʨʘʟʣʠʯʥʳʭ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʵʢʟʦʙʘʟʝ ʚ ʩʝʚʝʨʥʦʤ ʠ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʠ. ʅʘ ʦʩʥʦʚʝ ʨʘʩʰʠʨʝʥʥʦʡ 

ʤʦʜʝʣʠ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʣʦʪʥʦʩʪʠ ʧʨʦʪʦʥʦʚ ʚ ʧʣʘʟʤʦʩʬʝʨʝ 

ɿʝʤʣʠ. ʀʩʩʣʝʜʫʝʪʩʷ ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʣʘʟʤʦʩʬʝʨʝ ʦʪ ʫʩʣʦʚʠʡ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʚ ʥʠʞʝʣʝʞʘʱʝʡ ʠʦʥʦʩʬʝʨʝ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ 

ʧʨʦʛʨʘʤʤ ʈɸʅ ʇ22. 

 

 

ʕʄʇʀʈʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʇʃɸɿʄɽʅʅʆɻʆ ɼɸɺʃɽʅʀʗ ɺ ʕʂɺɸʊʆʈʀɸʃʔʅʆʁ 

ʇʃʆʉʂʆʉʊʀ (ʦʪ 6 ʜʦ 12 RE) ʇʈʀ ʅɽɺʆɿʄʋʑɽʅʅʓʍ ɻɽʆʄɸɻʅʀʊʅʓʍ 

ʋʉʃʆɺʀʗʍ 

 

ʀ.ʇ. ʂʠʨʧʠʯʝʚ, ɽ.ɽ. ɸʥʪʦʥʦʚʘ 

 

ʀʂʀ ʈɸʅ, ʅʀʀʗʌ, ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, ikir@iki.rssu.ru 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ 5 ʣʝʪʥʠʭ ʠʟʤʝʨʝʥʠʡ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʤʠʩʩʠʠ THEMIS 

ʦʪʦʙʨʘʥʳ ʧʨʦʣʝʪʳ, ʧʝʨʝʩʝʢʘʶʱʠʝ ʤʘʛʥʠʪʥʳʡ ʵʢʚʘʪʦʨ ʚ ʩʣʦʝ 0 Ñ 0.5 RE ʥʘ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ 

ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ 6 ʜʦ 12 RE. ʇʣʘʟʤʝʥʥʦʝ ʜʘʚʣʝʥʠʝ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʧʦ ʧʦʣʥʳʤ ʬʫʥʢʮʠʷʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ. ɺʩʝ ʜʘʥʥʳʝ ʨʘʩʧʨʝʜʝʣʷʣʠʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʚ 

ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ ʩ ʫʯʝʪʦʤ ʚʨʝʤʝʥʥʦʛʦ ʩʜʚʠʛʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʜʦ ʦʨʙʠʪʳ 

ɿʝʤʣʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʜʘʚʣʝʥʠʷ ʨʘʟʜʝʣʷʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ Bz ʄʄʇ. ʇʨʦʚʝʜʝʥ ʦʪʙʦʨ ʜʘʥʥʳʭ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʝʣʠʯʠʥʘʤʠ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɺʳʜʝʣʝʥʳ ʠʥʪʝʨʚʘʣʳ ʩ Dst > -20 ʥʊʣ, 

Ae < 100 ʥʊʣ. ʇʦʩʪʨʦʝʥʘ ʵʤʧʠʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʘʚʣʝʥʠʷ ʧʣʘʟʤʳ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʚ ʤʘʛʥʠʪʦʩʧʦʢʦʡʥʳʭ ʫʩʣʦʚʠʷʭ. 

 

 

PG ʇʋʃʔʉɸʎʀʀ, ʅɸɹʃʖɼɸɽʄʓɽ ɺ ʄɸɻʅʀʊʆʉʌɽʈɽ ɿɽʄʃʀ 

 

ɺ.ɹ. ɹʝʣʘʭʦʚʩʢʠʡ
1
, ɺ.ɸ. ʇʠʣʠʧʝʥʢʦ

2 

 

1
ʇɻʀ ʂʅʎ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ, 

2
ʀʌɿ ʠʤ. ʆ.ʖ. ʐʤʠʜʪʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʦʯʝʥʴ ʤʦʥʦʭʨʦʤʘʪʠʯʥʳʝ ʛʝʦʤʘʛʥʠʪʥʳʝ ʧʫʣʴʩʘʮʠʠ ʩ ʧʝʨʠʦʜʦʤ 

ʧʨʠʤʝʨʥʦ 2-3 ʤʠʥʫʪʳ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚ GOES, THEMIS, ETS. ɼʘʥʥʳʝ ʧʫʣʴʩʘʮʠʠ 

ʚʦʟʙʫʞʜʘʣʠʩʴ ʚʦ ʚʨʝʤʷ ʩʧʦʢʦʡʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʫʩʣʦʚʠʡ. ʅʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ 

ʧʨʝʦʙʣʘʜʘʝʪ ʨʘʜʠʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʪʘʢʞʝ ʧʫʣʴʩʘʮʠʠ ʚʠʜʥʳ ʚ 

mailto:kotova@iki.rssi.ru
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ʢʦʤʧʦʥʝʥʪʝ ʚʜʦʣʴ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʜʘʥʥʳʝ ʧʫʣʴʩʘʮʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ Pg (pulsations giant) ʪʠʧʫ. ʆʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʠʧʠʯʥʳʭ Pg ʧʫʣʴʩʘʮʠʡ 

ʜʘʥʥʳʝ ʧʫʣʴʩʘʮʠʠ ʥʝ ʚʠʜʥʳ ʥʘ ʥʘʟʝʤʥʳʭ ʤʘʛʥʠʪʦʤʝʪʨʘʭ ʧʦ ʜʘʥʥʳʤ ʩʪʘʥʮʠʡ ʩʝʪʠ CARISMA. 

ʂʨʦʩʩ-ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʤʝʞʜʫ ʩʧʫʪʥʠʢʘʤʠ GOES-10, GOES-12 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʜʘʥʥʳʤ Pg ʧʫʣʴʩʘʮʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʟʠʤʫʪʘʣʴʥʦʝ ʚʦʣʥʦʚʦʝ må20-25. ʇʦ ʜʘʥʥʳʤ 

ʩʧʫʪʥʠʢʦʚ THEMIS ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʳʭ Pc5 ʧʫʣʴʩʘʮʠʡ ʚ ʧʦʪʦʢʘʭ ʵʥʝʨʛʠʯʥʳʭ 

ʯʘʩʪʠʮ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ. ʆʙʥʘʨʫʞʝʥʦ ʦʙʣʘʢʦ ʧʨʦʪʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 50-75 ʢʵɺ ʧʦ ʜʘʥʥʳʤ 

ʩʧʫʪʥʠʢʦʚ LANL, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʠʟ ʩʝʙʷ ñʢʨʫʛʦʩʚʝʪʥʦʝ ʵʭʦò. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʘʥʥʦʝ 

ʦʙʣʘʢʦ ʵʥʝʨʛʠʯʥʳʭ ʧʨʦʪʦʥʦʚ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʛʝʥʝʨʘʮʠʠ ʥʘʙʣʶʜʘʝʤʳʭ Pg ʧʫʣʴʩʘʮʠʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʚʠʪʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ.   

 

 

ʄʀʅʀ-ʄɸɻʅʀʊʆʉʌɽʈɸ 

 

ʀ.ʌ. ʐʘʡʭʠʩʣʘʤʦʚ, ɺ.ʄ. ɸʥʪʦʥʦʚ, ʖ.ʇ. ɿʘʭʘʨʦʚ, ʕ.ʃ. ɹʦʷʨʠʥʮʝʚ, ɸ.ɺ. ʄʝʣʝʭʦʚ,  

ɺ.ɻ. ʇʦʩʫʭ ʠ ɸ.ɻ. ʇʦʥʦʤʘʨʝʥʢʦ  

 

ʀʃʌ ʉʆ ʈɸʅ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, ildars@ngs.ru 

 

ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ ʤʝʪʦʜʘʤʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 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. ɺ ʧʨʦʰʣʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʘʚʪʦʨʦʚ ʙʳʣʦ 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. ɺ ʥʦʚʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʤʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʤʠʥʠ-ʤʘʛʥʠʪʦʩʬʝʨʘ ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʦ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ ʭʚʦʩʪʦʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʣʦʙʥʳʭ ʜʦʣʝʡ ʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʩ 

ʨʘʟʨʝʞʝʥʥʦʡ ʧʣʘʟʤʦʡ. ʅʝʦʙʳʯʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʣʦʙʥʳʭ ʦʙʣʘʩʪʷʭ, ʧʨʠʤʳʢʘʶʱʠʭ ʢ 

ʧʦʛʨʘʥʩʣʦʶ, ʥʝʢʦʤʧʣʘʥʘʨʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʜʘʝʪ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʧʦʣʥʦʝ ʧʦʣʝ. ɺʝʢʪʦʨ ʧʦʣʷ 

ʩʦʚʝʨʰʘʝʪ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʚʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʦʩʠ ʭʚʦʩʪʘ, ʠ ʵʪʦʪ ʬʘʢʪ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ 

ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ. ɺ ʭʦʜʝ ʧʨʦʣʝʪʘ ʭʚʦʩʪʘ ʤʠʥʠ-ʤʘʛʥʠʪʦʩʬʝʨʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʣʠʟʢʦ ʢ ʜʠʧʦʣʶ ʜʦʣʞʝʥ ʥʘʙʣʶʜʘʪʴʩʷ ʣʠʙʦ ʦʙʳʯʥʳʡ ʨʝʚʝʨʩ ʧʦʣʷ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚʜʦʣʴ ʭʚʦʩʪʘ, ʣʠʙʦ ʧʦʯʪʠ 90
o 
ʚʨʘʱʝʥʠʝ ʣʦʙʥʦʛʦ ʧʦʣʷ ʜʦ ʧʝʨʝʩʝʯʝʥʠʷ ʪʦʢʦʚʦʛʦ 

ʩʣʦʷ. ʕʪʦ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʪʦʛʦ, ʚ ʢʘʢʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʝʯʝʥʠʝ ï 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʠʣʠ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʇʨʦʛʨʘʤʤʳ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʆ ʈɸʅ ʧʨʦʝʢʪ II.10.1.4., ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪ 12-02-00367), ʧʨʦʛʨʘʤʤʳ 15 ʆʌʅ ʈɸʅ, ʠ 

ʧʨʦʛʨʘʤʤʳ 22 ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ. 
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ʆ ɺʃʀʗʅʀʀ ɼɸɺʃɽʅʀʗ ʀ ʅɸʊʗɾɽʅʀʗ ʉʀʃʆɺʓʍ ʃʀʅʀʁ ʄɸɻʅʀʊʅʆɻʆ 

ʇʆʃʗ ɺ ʄɸɻʅʀʊʆʐʀʊɽ ʅɸ ʇʆʃʆɾɽʅʀɽ ʀ ʌʆʈʄʋ ɻɽʆʄɸɻʅʀʊʆʇɸʋɿʓ 

 

ʄ.ʀ. ɺʝʨʠʛʠʥ, ɻ.ɸ. ʂʦʪʦʚʘ, ɺ.ɺ. ɹʝʟʨʫʢʠʭ, ɸ.ʇ. ʈʝʤʠʟʦʚ 
 

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

 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʚʝʜʝʥʠʡ ʦ ʛʝʦʤʘʛʥʠʪʦʧʘʫʟʝ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʝʝ ʦʢʨʝʩʪʥʦʩʪʠ. ɺ 2009 ʛ. ʧʦ ʠʟʤʝʨʝʥʠʷʤ 

ʥʘ ʂɸ ʇʨʦʛʥʦʟ/ʀʥʪʝʨʙʦʣ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʵʪʦʡ ʛʨʘʥʠʮʳ ʦʪ 

ʯʘʩʦʚʦʛʦ ʫʛʣʘ ʄʄʇ (ɺʝʨʠʛʠʥ ʠ ʜʨ., ɻʝʦʤʘʛʥ. ɸʵʨʦʥ, 49, ˉ8), ʘ ʚ 2010 ʛ. - ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʦʣʦʞʝʥʠʷ ʧʦʜʩʦʣʥʝʯʥʦʡ ʯʘʩʪʠ ʤʘʛʥʠʪʦʧʘʫʟʳ ʦʪ ʢʦʥʫʩʥʦʛʦ ʫʛʣʘ (Duġ²k et al., J. Geophys. 

Res., 37, L19103). ʇʝʨʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʤʘʛʥʠʪʦʩʬʝʨʫ ʥʘʪʷʞʝʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ, ʘ ʚʪʦʨʘʷ - ʙʳʣʘ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʘ ʢʘʢ ʩʣʝʜʩʪʚʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʵʪʫ ʛʨʘʥʠʮʫ, ʦʢʘʟʳʚʘʝʤʦʛʦ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ 

ʧʨʠ ʥʝʙʦʣʴʰʠʭ ɸʣʴʚʝʥʦʚʩʢʠʭ ʯʠʩʣʘʭ ʄʘʭʘ. ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ 

ʦʧʠʩʘʥʠʶ ʫʯʝʪʘ ʜʘʚʣʝʥʠʷ ʠ ʥʘʪʷʞʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʫ ʤʘʛʥʠʪʦʧʘʫʟʳ ʩ ʫʯʝʪʦʤ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʪʝʯʝʥʠʷ ʟʘ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ ʚ 

ʃʘʛʨʘʥʞʝʚʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʨʝʟʫʣʴʪʘʪʦʚ 3D ʄɻɼ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ 

ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ʇ22 ʈɸʅ. 

 

 

ʇɽʈɽʅʆʉ ʅɸ ɺʅɽʐʅɽʄɸɻʅʀʊʆʉʌɽʈʅʓʍ ɻʈɸʅʀʎɸʍ: ʇɽʈɽʍʆɼ 

ɼʀʉʂʈɽʊʅʓʍ 3ʍ-ɺʆʃʅʆɺʓʍ ʂɸʉʂɸɼʆɺ ɺ ʊʋʈɹʋʃɽʅʊʅʓɽ ʅɸ ʈɽɿʆʅɸʅʉɸʍ 

ɺʆ ɺʅɽʐʅɽʁ ʄɸɻʅʀʊʆʉʌɽʈɽ ʀ ʀʍ ɺʃʀʗʅʀɽ ʅɸ ʇʈʆʎɽʉʉʓ ʇɽʈɽʅʆʉɸ 

 

ʉ.ʇ. ʉʘʚʠʥ
1
, ɺ.ʇ. ɹʫʜʘʝʚ

1,2
, ʃ.ʄ. ɿʝʣʝʥʳʡ

1
, ʕ. ɸʤʘʪʘ

3
, ʃ.ɺ. ʂʦʟʘʢ

4
, ʃ.ɸ. ʃʝʞʝʥ

1
  

 
1
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ,  

2
ʈʅʎ ʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʈʦʩʩʠʷ,  

3
IFSI, Roma, Italy,  

4
ʂʠʝʚʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʢʨʘʠʥʘ. 

 

ʅʘ ʜʘʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩ 4 ʩʧʫʪʥʠʢʦʚ (CLUSTER, DOUBLE STAR, GEOTAIL, 

ACE), ʚʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʟʘ ʩʯʝʪ ʜʦʤʠʥʠʨʫʶʱʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʚʦʟʥʠʢʘʶʪ ʪʫʨʙʫʣʝʥʪʥʳʝ ʢʘʩʢʘʜʳ ʥʘ ʛʨʘʥʠʮʝ ʤʘʛʥʠʪʦʩʬʝʨʳ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʶʱʠʝ ʥʘ ʧʨʦʮʝʩʩʳ ʧʝʨʝʥʦʩʘ ʧʣʘʟʤʳ ʯʝʨʝʟ ʤʘʛʥʠʪʦʩʬʝʨʥʳʝ ʛʨʘʥʠʮʳ. ʇʦʢʘʟʘʥʘ ʚʝʜʫʱʘʷ 

ʨʦʣʴ ʉʚʝʨʭ-ʤʘʛʥʠʪʦʟʚʫʢʦʚʳʭ ʉʪʨʫʡ ʇʣʘʟʤʳ (ʉʇʉ) ʚ ʘʥʦʤʘʣʴʥʦʤ ʧʝʨʝʥʦʩʝ ʧʣʘʟʤʳ ʩʢʚʦʟʴ 

ʤʘʛʥʠʪʦʩʬʝʨʥʳʝ ʛʨʘʥʠʮʳ. ʇʨʠ ʵʪʦʤ: (1) - ʚʦʟʙʫʞʜʘʶʪʩʷ ʧʦʛʨʘʥʠʯʥʳʝ ʨʝʟʦʥʘʥʩʳ ʠ ʠʭ 

ʛʘʨʤʦʥʠʢʠ, ʢʦʪʦʨʳʝ ʤʦʜʫʣʠʨʫʶʪ ʧʦʷʚʣʝʥʠʝ ʉʇʉ ʚ ʤʝʩʪʘʭ ʠʩʢʘʞʝʥʠʷ ʬʦʨʤʳ ʫʜʘʨʥʦʡ ʚʦʣʥʳ 

ʨʝʟʦʥʘʥʩʥʳʤʠ ʚʦʣʥʘʤʠ; (2) - ʚʦʟʙʫʞʜʘʶʪʩʷ ʜʠʩʢʨʝʪʥʳʝ 3ʭ-ʚʦʣʥʦʚʳʝ ʢʘʩʢʘʜʳ, ʢʦʪʦʨʳʝ 

ʨʘʟʤʳʚʘʶʪʩʷ ʠ ʩʣʠʚʘʶʪʩʷ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʚ ʙʝʩʩʪʨʫʢʪʫʨʥʳʡ ʪʫʨʙʫʣʝʥʪʥʳʡ ʢʘʩʢʘʜ ʩ 

ʥʘʢʣʦʥʦʤ ʩʧʝʢʪʨʘ ç-1è; (3) - ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʚʦʟʙʫʞʜʘʝʤʳʝ ʧʣʘʟʤʝʥʥʳʤʠ ʩʪʨʫʷʤʠ ʢʘʩʢʘʜʳ 

ʚʳʟʳʚʘʶʪ ʘʥʦʤʘʣʴʥʳʡ ʧʝʨʝʥʦʩ ʢʘʢ ʩʦʣʥʝʯʥʦʡ ʧʣʘʟʤʳ ʚʥʫʪʨʴ ʧʝʨʠʬʝʨʠʡʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʳ, 

ʪʘʢ ʠ ʩʠʥʭʨʦʥʥʳʡ ʦʪʪʦʢ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ (ʠʥʜʠʢʘʪʦʨʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ 

ʵʥʝʨʛʠʯʥʳʡ ʢʠʩʣʦʨʦʜ) ʠʟ ʤʘʛʥʠʪʦʩʬʝʨʳ ʚ ʩʦʣʥʝʯʥʳʡ ʚʝʪʝʨ. 
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ʈɽɿʋʃʔʊɸʊʓ ʀɿʋʏɽʅʀʗ ʄʆɼʀʌʀʂɸʎʀʀ ʉʊʈʋʂʊʋʈ ʉʆʃʅɽʏʅʆɻʆ ɺɽʊʈɸ 

ʇʈʀ ɺʍʆɼɽ ɺ ʄɸɻʅʀʊʆʉʃʆʁ ʄɽʊʆɼʆʄ ʂʆʈʈɽʃʗʎʀʆʅʅʆɻʆ ɸʅɸʃʀɿɸ 

 

ʃ.ʉ. ʈʘʭʤʘʥʦʚʘ
1,2
, ʄ.ʆ. ʈʷʟʘʥʮʝʚʘ

1,2
, ɻ.ʅ. ɿʘʩʪʝʥʢʝʨ

2 

 
1
ʅʀʀʗʌ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, amica1106@rambler.ru 

 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʤʦʜʠʬʠʢʘʮʠʠ ʧʣʘʟʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʥʘ 

ʤʘʩʰʪʘʙʘʭ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ, ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʦʢʦʣʦʟʝʤʥʦʡ 

ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠ ʜʚʠʞʝʥʠʠ ʯʝʨʝʟ ʪʫʨʙʫʣʝʥʪʥʳʡ ʤʘʛʥʠʪʦʩʣʦʡ. ɼʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 89 

ʯʘʩʦʚ ʠʟʤʝʨʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ ʥʘ ʜʚʫʭ ʙʣʠʟʢʦʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʧʫʪʥʠʢʘʭ ʧʨʦʝʢʪʘ 

Themis. ʀʩʩʣʝʜʫʝʪʩʷ ʫʨʦʚʝʥʴ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʚʨʝʤʝʥʥʳʤʠ ʨʷʜʘʤʠ ʠʟʤʝʨʝʥʠʡ ʚ ʩʦʣʥʝʯʥʦʤ 

ʚʝʪʨʝ ʠ ʚ ʤʘʛʥʠʪʦʩʣʦʝ, ʧʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʜʣʷ ʧʝʨʚʠʯʥʳʭ 

ʜʘʥʥʳʭ, ʪʘʢ ʠ ʜʣʷ ʜʘʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʩʛʣʘʞʠʚʘʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʩʛʣʘʞʠʚʘʥʠʠ ʜʘʥʥʳʭ ʧʦ 10-50 ʩʝʢʫʥʜʥʳʤ ʠʥʪʝʨʚʘʣʘʤ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʩʛʣʘʞʠʚʘʥʠʝ ʙʦʣʝʝ ʯʝʤ ʧʦ 50-100 ʩʝʢʫʥʜʥʳʤ ʠʥʪʝʨʚʘʣʘʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʫʨʦʚʝʥʴ ʢʦʨʨʝʣʷʮʠʠ, ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʬʣʫʢʪʫʘʮʠʠ ʩ ʯʘʩʪʦʪʘʤʠ ʤʝʥʝʝ 0.01-0.02 

ɻʮ ʧʨʠʭʦʜʷʪ ʚ ʤʘʛʥʠʪʦʩʣʦʡ ʠʟ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʘʨʠʘʮʠʠ ʩ ʯʘʩʪʦʪʘʤʠ ʙʦʣʝʝ 

0.02 ɻʮ ʚʦʟʥʠʢʘʶʪ, ʚ ʦʩʥʦʚʥʦʤ, ʟʘ ʩʯʝʪ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠ ʨʘʟʚʠʪʠʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ ʚ 

ʤʘʛʥʠʪʦʩʣʦʝ. ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ 

ʢʦʨʨʝʣʷʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ ʤʘʛʥʠʪʦʩʣʦʷ, ʣʦʢʘʣʴʥʦ ʢʦʨʨʝʣʷʮʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʞʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ, ʠ ʦʪʜʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʜʣʠʪʝʣʴʥʦʩʪʷʤʠ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʤʦʛʫʪ ʥʝ 

ʧʨʦʭʦʜʠʪʴ ʠʟ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʚ ʤʘʛʥʠʪʦʩʣʦʡ. ʀʩʩʣʝʜʫʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ ʪʘʢʦʛʦ 

ʷʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʩʪʨʫʢʪʫʨ ʠʟ ʩʦʣʥʝʯʥʦʛʦ 

ʚʝʪʨʘ ʚ ʤʘʛʥʠʪʦʩʣʦʡ.  

 

 

 

 

 

 

 

 



 114 
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ʉʋɹɹʋʈɽɺɸʗ ʀʅʊɽʅʉʀʌʀʂɸʎʀʗ ʇʆ ʉʇʋʊʅʀʂʆɺʓʄ ʀ ʅɸɿɽʄʅʓʄ 

ɼɸʅʅʓʄ ɺ ʋʊʈɽʅʅɽʄ ʉɽʂʊʆʈɽ 

 

ʊ.ɺ. ʂʦʟʝʣʦʚʘ, ɹ.ɺ. ʂʦʟʝʣʦʚ  

 

ʇɻʀ ʂʅʎ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ, Boris.Kozelov@gmail.com 

 

ʇʦ ʠʟʤʝʨʝʥʠʷʤ ʧʦʣʝʡ ʠ ʯʘʩʪʠʮ ʥʘ ʪʨʸʭ ʩʧʫʪʥʠʢʘʭ THA (-4; -6.5; -1.7) Re, THD 

(-7; -8; -2.27) Re ʠ THE (-8; -7.7; -2.71) Re, ʥʘʟʝʤʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ ʧʦʣʷʨʥʳʭ ʩʠʷʥʠʡ ʠ 

ʤʘʛʥʠʪʥʳʤ ʜʘʥʥʳʤ ʚ ʫʪʨʝʥʥʝʤ ʩʝʢʪʦʨʝ ʠʟʫʯʘʣʠʩʴ ʧʨʦʷʚʣʝʥʠʷ ʩʫʙʙʫʨʝʚʦʡ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʚ 

ʠʥʪʝʨʚʘʣʝ 13-15 UT 6 ʷʥʚʘʨʷ 2008 ʛ. ɼʣʷ ʘʥʘʣʠʟʘ ʨʘʟʚʠʪʠʷ ʘʢʪʠʚʥʦʩʪʠ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʪʦʢʦʚ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʣʩʷ ʨʘʥʝʝ ʧʨʠ ʘʥʘʣʠʟʝ 

ʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ ʥʘ ʩʧʫʪʥʠʢʘʭ CRRES ʠ THEMIS. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʘ 15 ʤʠʥʫʪ ʜʦ ʥʘʯʘʣʘ 

ʩʫʙʙʫʨʝʚʦʡ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ, ʥʘʯʘʚʰʝʡʩʷ ʟʘʧʘʜʥʝʝ ʀʉɿ, ʧʦʷʚʠʣʠʩʴ ʢʦʣʝʙʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʠ ʜʘʚʣʝʥʠʷ ʠʦʥʦʚ ʩ ʧʝʨʠʦʜʦʤ 4 ʤʠʥʫʪʳ. ɺ ʵʪʦ ʚʨʝʤʷ ʫʷʨʯʝʥʠʷ ʩʠʷʥʠʡ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ 

ʚʦʟʨʘʩʪʘʥʠʷʤʠ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ ʦʙʨʝʟʘʥʠʷ ~10 ʢʵɺ ʠ ʫʩʠʣʝʥʠʷʤʠ ʟʘʧʘʜʥʦʛʦ 

ʪʦʢʘ djW ʥʘ r ~ 7-9 Re. ɿʘʪʝʤ, ʚʦ ʚʨʝʤʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ, ʥʘʙʣʶʜʘʣʩʷ ʨʦʩʪ ʵʥʝʨʛʠʠ ʦʙʨʝʟʘʥʠʷ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʷʚʣʝʥʠʠ ʥʦʚʳʭ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʦʪʢʨʳʪʳʭ ʜʨʝʡʬʦʚʳʭ ʪʨʘʝʢʪʦʨʠʷʭ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʟʦʰʣʦ ʫʩʠʣʝʥʠʝ ʚʦʩʪʦʯʥʦʛʦ ʪʦʢʘ djE, ʢʦʪʦʨʳʡ ʧʝʨʝʤʝʱʘʣʩʷ ʦʪ r ~ 10 Re 

ʜʦ r ~ 6 Re. ɿʘʧʘʟʜʳʚʘʥʠʝ ʚʩʧʣʝʩʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʨʘʟʥʳʭ ʀʉɿ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʠʥʘʤʠʢʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʪʦʢʦʚ ʠ ʧʨʦʜʚʠʞʝʥʠʝʤ ʢ ɿʝʤʣʝ ʛʨʘʥʠʮʳ ʢʦʥʚʝʢʮʠʠ 10-ʢʵɺʥʳʭ 

ʣɻʝʢʪʨʦʥʦʚ. ɹʳʩʪʨʦʝ ʧʨʝʨʳʚʘʥʠʝ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʯʝʨʝʟ 4 ʤʠʥʫʪʳ ʧʦʩʣʝ ʥʘʯʘʣʘ ʙʳʣʦ 

ʩʚʷʟʘʥʦ ʩ ʚʥʝʟʘʧʥʦ ʧʦʷʚʠʚʰʠʤʩʷ ʪʦʢʦʤ djW ʥʘ r ~ 7-8 Re. ʆʙʩʫʞʜʘʝʪʩʷ ʩʚʷʟʴ ʥʘʙʣʶʜʘʝʤʳʭ 

ʚʘʨʠʘʮʠʡ ʧʦʣʝʡ ʠ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ ʚʦ ʚʨʝʤʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʫʙʙʫʨʝʚʦʡ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʩ 

ʠʟʤʝʥʝʥʠʷʤʠ Bz ʢʦʤʧʦʥʝʥʪʳ ʄʄʇ, ʠʟʤʝʨʝʥʥʦʡ ʥʘ ʩʧʫʪʥʠʢʝ ACE. 

 

 

ɻʃʆɹɸʃʔʅʓɽ ʇʆ ʐʀʈʆʊɽ ɻɽʆʄɸɻʅʀʊʅʓɽ ʇʋʃʔʉɸʎʀʀ ɼʀɸʇɸɿʆʅɸ ʈʉ5 

ʂɸʂ ʈɽɿʋʃʔʊɸʊ ʀ ʀʅʊɽʅʉʀɺʅʓʍ ʌʃʖʂʊʋɸʎʀʁ ʇʃʆʊʅʆʉʊʀ 

ʉʆʃʅɽʏʅʆɻʆ ɺɽʊʈɸ 

 

ʅ.ɻ. ʂʣʝʡʤʝʥʦʚʘ, ʅ.ʈ. ɿʝʣʠʥʩʢʠʡ, ʃ.ʄ. ʄʘʣʳʰʝʚʘ 

 

ʀʌɿ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, kleimen@ifz.ru 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʘʤʳʤ ʤʘʛʥʠʪʦ ʩʧʦʢʦʡʥʳʤ ʛʦʜʦʤ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʷʚʣʷʝʪʩʷ 2009 ʛ. 

ɸʥʘʣʠʟ ʥʘʟʝʤʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʘʞʝ ʚ ʪʘʢʠʭ 

ʫʩʣʦʚʠʷʭ ʚ ʜʥʝʚʥʦʤ ʩʝʢʪʦʨʝ ʤʘʛʥʠʪʦʩʬʝʨʳ ʚʦʟʤʦʞʥʦ ʚʦʟʙʫʞʜʝʥʠʝ ʠʥʪʝʥʩʠʚʥʳʭ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʜʠʘʧʘʟʦʥʘ ʈʩ5 (f~2-5 ʤɻʮ), ʛʣʦʙʘʣʴʥʳʭ ʧʦ ʰʠʨʦʪʝ, ʪ.ʝ. 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʪ ʧʦʣʷʨʥʳʭ ʜʦ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʰʠʨʦʪ. ʇʦ ʜʘʥʥʳʤ 29 

ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ ʩʢʘʥʜʠʥʘʚʩʢʦʛʦ ʧʨʦʬʠʣʷ ʤʘʛʥʠʪʦʤʝʪʨʦʚ IMAGE ʙʳʣʦ ʜʝʪʘʣʴʥʦ 

ʠʩʩʣʝʜʦʚʘʥʦ 4 ʪʘʢʠʭ ʩʦʙʳʪʠʷ, ʥʘʙʣʶʜʘʝʤʳʭ ʧʨʠ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ 

(300-350ʢʤ/ʩ), ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ Bz ʄʄʇ, ʥʦ ʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ 

(~30-40ʩʤ
 -3
) ʠ ʠʥʪʝʥʩʠʚʥʳʭ ʬʣʶʢʪʫʘʮʠʡ ʧʣʦʪʥʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ ʈʩ5 ʧʫʣʴʩʘʮʠʡ. ʅʘ ʟʝʩʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʫʣʴʩʘʮʠʠ ʥʘʯʠʥʘʣʠʩʴ ʚʥʝʟʘʧʥʦ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʚʩʝʭ ʰʠʨʦʪʘʭ ʠ ʪʘʢʞʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʟʢʦ ʢʦʥʯʘʣʠʩʴ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʟʝʤʥʳʭ ʧʫʣʴʩʘʮʠʡ ʠ ʬʣʶʢʪʫʘʮʠʡ ʚ 

ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʜʠʩʢʨʝʪʥʦʛʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʘʥʦʤʘʣʠʡ ʥʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ 
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ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʥʘʟʝʤʥʳʭ 

ʧʫʣʴʩʘʮʠʡ ʷʚʣʷʶʪʩʷ ʬʣʶʢʪʫʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʠʦʜʦʚ ʚ ʧʣʦʪʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. 

 

 

çʇʆʃʗʈʅʓɽè ʀ çɺʓʉʆʂʆʐʀʈʆʊʅʓɽè ʉʋɹɹʋʈʀ 

 

ʀ.ɺ. ɼʵʩʧʠʨʘʢ
1
, ɸ.ɸ. ʃʶʙʯʠʯ

1
, ʅ.ɻ. ʂʣʝʡʤʝʥʦʚʘ

2
 

 
1
 ʇɻʀ ʂʅʎ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ, despirak@gmail.com, 

2
 ʀʌɿ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

 

ɺʩʝ ʥʘʙʣʶʜʘʶʱʠʝʩʷ ʥʘ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ ʩʫʙʙʫʨʝʚʳʝ ʚʦʟʤʫʱʝʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 2 

ʪʠʧʘ ï çʧʦʣʷʨʥʳʝè (ʥʘʙʣʶʜʘʶʪʩʷ ʪʦʣʴʢʦ ʥʘ >70Ü ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚ ʵʪʦʪ ʜʝʥʴ ʩʫʙʙʫʨʴ ʥʘ <70Ü) 

ʠ çʚʳʩʦʢʦʰʠʨʦʪʥʳʝè ʩʫʙʙʫʨʠ (ʧʝʨʝʤʝʱʘʶʪʩʷ ʠʟ ʘʚʨʦʨʘʣʴʥʳʭ (<70Ü) ʚ ʧʦʣʷʨʥʳʝ (>70Ü) 

ʛʝʦʤʘʛʥʠʪʥʳʝ ʰʠʨʦʪʳ). ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʩʨʘʚʥʠʪʴ ʫʩʣʦʚʠʷ ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʶʪʩʷ ʵʪʠ 2 ʪʠʧʘ ʩʫʙʙʫʨʴ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ 

ʮʝʧʦʯʢʠ ʤʘʛʥʠʪʦʤʝʪʨʦʚ IMAGE ʠ ʜʘʥʥʳʝ ʙʘʟʳ OMNI ʟʘ 1995, 2000, 2006-2011 ʛʦʜʳ. ɺʩʝʛʦ 

ʙʳʣʦ ʦʪʦʙʨʘʥʦ 105 ʧʦʣʷʨʥʳʭ ʠ 55 ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ ʩʫʙʙʫʨʴ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʷʨʥʳʝ 

ʩʫʙʙʫʨʠ, ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʧʦʪʦʢʘ, ʥʘ ʧʦʟʜʥʝʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʬʘʟʝ ʛʝʦʤʘʥʠʪʥʦʡ 

ʙʫʨʠ. ʉʫʙʙʫʨʠ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʳʭ ʚʦʟʤʫʱʝʥʠʷ ʧʝʨʝʤʝʱʘʶʪʩʷ ʠʟ ʘʚʨʦʨʘʣʴʥʳʭ (<70Ü) ʚ 

ʧʦʣʷʨʥʳʝ (>70Ü) ʛʝʦʤʘʛʥʠʪʥʳʝ ʰʠʨʦʪʳ (ʚʳʩʦʢʦʰʠʨʦʪʥʳʝ ʩʫʙʙʫʨʠ), ʥʘʦʙʦʨʦʪ, ʥʘʙʣʶʜʘʶʪʩʷ 

ʧʨʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʧʦʚʳʰʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ Bz ʢʦʤʧʦʥʝʥʪʳ ʄʄʇ, Ey 

ʢʦʤʧʦʥʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʚʦ ʚʨʝʤʷ 

ʧʨʦʭʦʞʜʝʥʠʷ ʤʠʤʦ ɿʝʤʣʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʧʦʪʦʢʘ.    

 

 

ʇʆʃʆɾɽʅʀɽ ʆɹʃɸʉʊʀ ʇɽʈɽʉʆɽɼʀʅɽʅʀʗ ɺ ʍɺʆʉʊɽ ʄɸɻʅʀʊʆʉʌɽʈʓ ɺʆ 

ɺʈɽʄʗ ʉʋɹɹʋʈʔ, ʉɺʗɿɸʅʅʓʍ ʉ ʈɸɿʅʓʄʀ ʇʆʊʆʂɸʄʀ ʉʆʃʅɽʏʅʆɻʆ ɺɽʊʈɸ 
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1
ʇɻʀ ʂʅʎ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ, despirak@gmail.com, 

2
ʀʂʀʊ ɹɸʅ, ʛ. ʉʦʬʠʷ, ɹʦʣʛʘʨʠʷ. 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʩʫʙʙʫʨʴ ʥʘʙʣʶʜʘʶʪʩʷ ʙʳʩʪʨʳʝ ʧʦʪʦʢʠ ʧʣʘʟʤʳ ʚ ʭʚʦʩʪʝ 

ʤʘʛʥʠʪʦʩʬʝʨʳ, ʠ ʥʘ ʩʧʫʪʥʠʢʝ, ʥʘʭʦʜʷʱʝʤʩʷ ʚ ʧʣʘʟʤʝʥʥʦʤ ʩʣʦʝ, ʤʦʛʫʪ ʙʳʪʴ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʣʫʯʘʠ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʙʳʩʪʨʳʭ ʧʦʪʦʢʦʚ ʧʣʘʟʤʳ ʦʪ ɿʝʤʣʠ / ʢ 

ɿʝʤʣʝ. ʅʘʙʣʶʜʝʥʠʝ ʧʦʚʦʨʦʪʘ ʙʳʩʪʨʳʭ ʧʦʪʦʢʦʚ ʧʣʘʟʤʳ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʧʨʦʭʦʞʜʝʥʠʝ 

ʤʠʤʦ ʩʧʫʪʥʠʢʘ ʚ ʭʚʦʩʪ ʤʘʛʥʠʪʦʩʬʝʨʳ ʥʝʡʪʨʘʣʴʥʦʡ ʣʠʥʠʠ. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʤʳ ʙʫʜʝʤ 

ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʦʙʣʘʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʚ ʧʣʘʟʤʝʥʥʦʤ ʩʣʦʝ ʚʦ ʚʨʝʤʷ 

ʨʘʟʚʠʪʠʷ ʩʫʙʙʫʨʴ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦʪʦʢʘʤʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ï ʨʝʢʫʨʨʝʥʪʥʳʤʠ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤʠ ʧʦʪʦʢʘʤʠ (RS), ʤʘʛʥʠʪʥʳʤʠ ʦʙʣʘʢʘʤʠ (MC) ʠ ʬʨʦʥʪʘʤʠ ʵʪʠʭ ʧʦʪʦʢʦʚ 

(Sheaths  ʠ CIRs). ɹʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʜʥʦʚʨʝʤʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʠʙʦʨʦʚ UVI  ʩʧʫʪʥʠʢʘ Polar ʠ 

ʧʨʠʙʦʨʦʚ LEP ʠ MGF ʩʧʫʪʥʠʢʘ Geotail . ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ ʤʝʞʧʣʘʥʝʪʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʘ WIND. ɹʳʣʠ ʧʨʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʩʝ 

ʩʫʙʙʫʨʠ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʣʠʩʴ ʥʘ ʩʧʫʪʥʠʢʝ Polar ʚʦ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʨʝʢʫʨʨʝʥʪʥʳʭ 

ʧʦʪʦʢʦʚ ʠ ʤʘʛʥʠʪʥʳʭ ʦʙʣʘʢʦʚ, ʘ ʪʘʢʞʝ Sheath ʠʣʠ CIR ʩʪʨʫʢʪʫʨ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʟʘ ʜʝʢʘʙʨʴ 

1996, 1997-1998 ʠ 2000 ʛʦʜʳ. ɺʩʝʛʦ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 19 ʩʣʫʯʘʝʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʣʘʩʪʴ 

ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʙʣʠʞʝ ʢ ɿʝʤʣʝ ʚʦ ʚʨʝʤʷ ʩʫʙʙʫʨʴ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʘʛʥʠʪʥʳʤʠ 

ʦʙʣʘʢʘʤʠ, ʠ ʜʘʣʴʰʝ ʦʪ ɿʝʤʣʠ ï ʚʦ ʚʨʝʤʷ ʩʫʙʙʫʨʴ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤʠ 

ʨʝʢʫʨʨʝʥʪʥʳʤʠ ʧʦʪʦʢʘʤʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. 
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ʌɻɹʅʋ 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,   
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ʀʌɿ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, pilipenko_va@mail.ru.  

 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʜʠʥʘʤʠʢʠ ʩʧʝʢʪʨʦʚ ʘʤʧʣʠʪʫʜʳ ʠ ʧʦʣʷʨʠʟʘʮʠʠ 

ʜʦʣʛʦʞʠʚʫʱʠʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠʟʣʫʯʝʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ 

ʧʫʣʴʩʘʮʠʡ (ʈʩ-1, 0,1-5 ɻʮ). ʀʥʪʝʥʩʠʚʥʳʝ ʩʠʛʥʘʣʳ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʨʘʟʚʠʪʠʝʤ 

ʮʠʢʣʦʪʨʦʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʵʥʝʨʛʠʯʥʳʭ ʠʦʥʦʚ ʚ ʦʙʣʘʩʪʠ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ ʤʘʛʥʠʪʦʩʬʝʨʳ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣʦ ʚʳʙʨʘʥʦ ʩʦʙʳʪʠʝ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʝ 05-06.03.2011, ʚ ʢʦʪʦʨʦʤ ʢʦʣʝʙʘʥʠʷ 

ʈʩ-1 ʠʤʝʣʠ ʤʥʦʛʦʧʦʣʦʩʥʫʶ ʩʧʝʢʪʨʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʝʛʠʩʪʨʘʮʠʠ 

ʠʥʪʝʥʩʠʚʥʳʭ ʈʩ-1 ʥʘ ʪʨʝʭ ʩʨʝʜʥʝʰʠʨʦʪʥʳʭ ʧʫʥʢʪʘʭ (ʜʚʘ ʚ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʦʜʠʥ ʚ 

ʦʙʩʝʨʚʘʪʦʨʠʠ ʄʦʥʜʳ ʚ ɹʫʨʷʪʠʠ), ʚʳʩʦʢʦʰʠʨʦʪʥʦʡ ʩʪʘʥʮʠʠ ʃʦʚʦʟʝʨʦ ʠ ʥʘ ʩʪʘʥʮʠʷʭ ʬʠʥʩʢʦʡ 

ʮʝʧʦʯʢʠ ʤʘʛʥʠʪʦʤʝʪʨʦʚ. ʅʘʨʷʜʫ ʩ ʜʘʥʥʳʤʠ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʜʝʪʝʢʪʦʨʦʚ ʵʥʝʨʛʠʯʥʳʭ ʧʨʦʪʦʥʦʚ ʩ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚ 

NOAA ʠ Metop ï 02. ʀʥʬʦʨʤʘʮʠʷ ʦ ʧʨʦʪʦʥʥʳʭ ʚʳʩʳʧʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʙʣʘʩʪʠ ʛʝʥʝʨʘʮʠʠ ʈʩ1. ʆʜʥʦʚʨʝʤʝʥʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʥʘʟʝʤʥʳʭ ʤʘʛʥʠʪʦʤʝʪʨʦʚ ʠ 

ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ: ï ʚ ʥʘʯʘʣʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʦʙʳʪʠʷ 05.03.2011 

ʘʤʧʣʠʪʫʜʘ ʠʟʣʫʯʝʥʠʷ ʈʩ-1 ʚ ʙʦʣʝʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʧʦʣʦʩʝ (ʚʳʰʝ ʛʠʨʦʯʘʩʪʦʪʳ ʠʦʥʦʚ ʛʝʣʠʷ) 

ʙʳʣʘ ʚʳʰʝ, ʯʝʤ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʧʦʣʦʩʝ (ʥʠʞʝ ʛʝʣʠʝʚʦʡ ʛʠʨʦʯʘʩʪʦʪʳ), ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʥʝʪʠʧʠʯʥʳʤ ʜʣʷ ʠʩʪʦʯʥʠʢʦʚ ʮʠʢʣʦʪʨʦʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʧʣʘʟʤʦʧʘʫʟʝ; ï ʧʦʩʣʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʪʝʨʤʠʥʘʪʦʨʘ ʯʝʨʝʟ ʤʝʨʠʜʠʘʥ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʭ ʚʳʩʳʧʘʥʠʡ 

ʵʥʝʨʛʠʯʥʳʭ ʧʨʦʪʦʥʦʚ ʩʧʝʢʪʨ Pc-1 ʧʨʠʦʙʨʝʣ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʜʚʫʭʧʦʣʦʩʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ 

ʫʜʘʝʪʩʷ ʩʚʷʟʘʪʴ ʩ ʧʦʷʚʣʝʥʠʝʤ ʦʙʣʘʩʪʝʡ ʮʠʢʣʦʪʨʦʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ  ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʰʠʨʦʪʘʭ; ï ʭʘʨʘʢʪʝʨ ʧʦʣʷʨʠʟʘʮʠʠ ʩʠʛʥʘʣʦʚ Pc1 ʨʘʟʣʠʯʘʣʩʷ ʚ ʨʘʟʥʳʭ 

ʯʘʩʪʦʪʥʳʭ ʧʦʣʦʩʘʭ, ʧʨʠʯʝʤ ʚ ʥʠʞʥʝʡ ʧʦʣʦʩʝ ʥʘʙʣʶʜʘʣʘʩʴ ʯʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʦʣʷʨʠʟʘʮʠʠ. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʦʙʳʪʠʠ ʩʚʷʟʘʥʳ ʩ ʥʘʣʠʯʠʝʤ 

ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʦʙʣʘʩʪʝʡ ʮʠʢʣʦʪʨʦʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʟʥʳʭ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʜʦʣʛʦʪʘʭ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʜʠʥʘʤʠʢʠ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʩʧʝʢʪʨʦʚ ʥʘ ʚʩʝʭ 

ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʷʭ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʠ ʦʙʱʠʝ ʯʝʨʪʳ ʚ ʭʘʨʘʢʪʝʨʝ ʠʟʤʝʥʝʥʠʡ 

ʘʤʧʣʠʪʫʜʳ ʈʩ-1. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʈʩ-1 ʥʘ ʚʩʝʭ ʩʪʘʥʮʠʷʭ ʚ 

ʧʝʨʠʦʜ ʧʨʦʭʦʞʜʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʪʝʨʤʠʥʘʪʦʨʘ ʯʝʨʝʟ ʤʝʨʠʜʠʘʥ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʭ 

ʚʳʩʳʧʘʥʠʡ ʵʥʝʨʛʠʯʥʳʭ ʧʨʦʪʦʥʦʚ. ʈʘʟʣʠʯʠʝ ʚ ʜʠʥʘʤʠʢʝ ʘʤʧʣʠʪʫʜʳ ʥʘ ʯʘʩʪʦʪʘʭ 

ʩʧʦʨʘʜʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʈʩ-1 ʥʘ ʨʘʟʥʳʭ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʷʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ 

ʨʘʟʥʳʤ ʚʢʣʘʜʦʤ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʦʙʣʘʩʪʝʡ ʠʦʥʥʦ-ʮʠʢʣʦʪʨʦʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʤʠʩʩʠʡ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʆʉʆɹɽʅʅʆʉʊɽʁ ʉʇʆʈɸɼʀʏɽʉʂʀʍ ʀɿʃʋʏɽʅʀʁ 

ʄɸɻʅʀʊʆʉʌɽʈʅʆɻʆ ʇʈʆʀʉʍʆɾɼɽʅʀʗ ɺ ʏɸʉʊʆʊʅʆʄ ɼʀɸʇɸɿʆʅɽ  

ɼʆ 15 ɻʎ 

 

ɽ.ʅ. ɽʨʤʘʢʦʚʘ
1
, ɼ.ʉ. ʂʦʪʠʢ

1
, ɸ.ɻ. ʗʭʥʠʥ

2
, ʊ.ɸ. ʗʭʥʠʥʘ

2
, ɸ.ɻ. ɼʝʤʝʭʦʚ

3
  

 
1
ʌɻɹʅʋ ʅʀʈʌʀ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, l.ermakova@nirfi.sci-nnov.ru,  

2
ʇɻʀ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ, yahnin@pgia.ru,  

3
ʀʇʌ ʈɸʅ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, andrei@appl.sci-nnov.ru.  

 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʜʠʥʘʤʠʢʘ ʩʧʝʢʪʨʦʚ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʥʘ ʥʝʦʙʳʯʥʦ ʚʳʩʦʢʠʭ 

ʯʘʩʪʦʪʘʭ (ʚ ʪ.ʯ. ʚʳʰʝ ʐʫʤʘʥʦʚʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ, 8 ɻʮ), ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʥʳʭ ʥʘ 

ʩʨʝʜʥʝʰʠʨʦʪʥʦʤ ʧʫʥʢʪʝ çʅʦʚʘʷ ɾʠʟʥʴè (L=2.6) ʚ ʧʝʨʠʦʜ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ 07ï14.11.2004. 

ʅʘʯʘʣʦ ʨʝʛʠʩʪʨʘʮʠʠ ʪʘʢʦʛʦ ʩʦʙʳʪʠʷ ʩʦʚʧʘʣʦ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʥʝʦʙʳʯʥʳʭ ʧʨʦʪʦʥʥʳʭ ʩʠʷʥʠʡ 

ʥʘ ʩʧʫʪʥʠʢʝ IMAGE ʥʘ ʛʝʦʤʘʛʥʠʪʥʦʡ ʰʠʨʦʪʝ CGLat=50
O
 (L=2.4). ʂʦʣʝʙʘʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʥʘ ʯʘʩʪʦʪʝ 10.5 ɻʮ ʚ ʯʘʩʪʦʪʥʦʡ ʧʦʣʦʩʝ 

ʧʦʨʷʜʢʘ 2 ɻʮ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚ, ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚʳʩʳʧʘʥʠʷ ʵʥʝʨʛʠʯʥʳʭ (30-100 ʢʵɺ) ʧʨʦʪʦʥʦʚ (ʃɺʕʇ), ʟʘ ʧʝʨʠʦʜ 00ï04 UT, 

10.11.2004 ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʵʪʦ ʚʨʝʤʷ ʪʘʢʠʝ ʚʳʩʳʧʘʥʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʥʘ ʥʝʦʙʳʯʥʦ ʥʠʟʢʠʭ 

ʰʠʨʦʪʘʭ, ʙʣʠʟʢʠʭ ʢ ʰʠʨʦʪʝ ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ, ʧʨʠʯʝʤ ʦʙʣʘʩʪʴ 

ʚʳʩʳʧʘʥʠʡ ʧʨʦʝʢʪʠʨʦʚʘʣʘʩʴ ʥʘ ʧʣʘʟʤʦʧʘʫʟʫ, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʩʤʝʩʪʠʣʘʩʴ ʥʝʦʙʳʯʥʦ ʙʣʠʟʢʦ ʢ 

ʵʢʚʘʪʦʨʫ. ʆʮʝʥʢʘ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʛʝʦʤʘʛʥʠʪʥʦʡ ʰʠʨʦʪʝ ʦʙʣʘʩʪʠ ʚʳʩʳʧʘʥʠʡ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʵʤʠʩʩʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʥʘ ʯʘʩʪʦʪʘʭ ʚʳʰʝ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʛʠʨʦʯʘʩʪʦʪʳ 

ʠʦʥʦʚ ʛʝʣʠʷ He+ ɤHe+ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʠʦʥʥʦ-ʮʠʢʣʦʪʨʦʥʥʦʡ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʦʥʥʦ-ʮʠʢʣʦʪʨʦʥʥʳʭ (ʕʄʀʎ) ʚʦʣʥ ʥʘ ʛʨʘʥʠʮʝ 

ʥʝʦʙʳʯʥʦ ʥʠʟʢʦʰʠʨʦʪʥʦʡ ʧʣʘʟʤʦʧʘʫʟʳ. ʆʮʝʥʢʘ ʛʠʨʦʯʘʩʪʦʪʳ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʛʝʦʤʘʛʥʠʪʥʳʤ 

ʰʠʨʦʪʘʤ ʃɺʕʇ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʘʣʴʥʝʡʰʝʡ ʜʠʥʘʤʠʢʠ ʠʟʣʫʯʝʥʠʷ ʧʦʟʚʦʣʠʣʦ ʦʙʥʘʨʫʞʠʪʴ ʝʱʝ 

ʪʨʠ ʧʝʨʠʦʜʘ ʨʝʛʠʩʪʨʘʮʠʠ ʪʘʢʠʭ çʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭè ʵʤʠʩʩʠʡ: 22:30 UT 10.11.2004 ï 03:00 UT 

11.11.2004, 06ï08 UT 11.11.2004 ʠ 09-12 UT 11.11.2004. ɺ ʧʝʨʠʦʜ 06ï10 UT 11.11.2004 ʪʘʢʞʝ 

ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʧʨʦʪʦʥʥʳʝ ʩʠʷʥʠʷ ʠ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚʳʩʳʧʘʥʠʷ ʵʥʝʨʛʠʯʥʳʭ 

ʧʨʦʪʦʥʦʚ ʥʘ ʰʠʨʦʪʘʭ CGLat ï 51.5
ʆ
 ï 59

ʆ
. ɺ ʵʪʠ ʧʝʨʠʦʜʳ ʩʧʦʨʘʜʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʥʘ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ ʥʘ ʯʘʩʪʦʪʘʭ ʢʘʢ ʥʠʞʝ, ʪʘʢ ʠ ʠ ʚʳʰʝ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ 

ʛʠʨʦʯʘʩʪʦʪʳ He+. ʉʘʤʦʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠʤʝʣʦ ʚʝʨʭʥʶʶ ʛʨʘʥʠʮʫ ʯʘʩʪʦʪʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʦʢʦʣʦ 15 ɻʮ. ʕʤʠʩʩʠʠ ʥʘ ʯʘʩʪʦʪʘʭ ʚʳʰʝ ɤHe+ ʠʤʝʣʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʝʝ ʰʠʨʦʢʫʶ 

ʯʘʩʪʦʪʥʫʶ ʧʦʣʦʩʫ (2ï3 ɻʮ), ʯʝʤ ʩʠʛʥʘʣʳ ʥʘ ʯʘʩʪʦʪʘʭ ʥʠʞʝ ɤHe+ ʠ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʩʧʝʢʪʨʘ ʚ ʚʠʜʝ ʧʦʯʪʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʦʣʦʩ. ɺ ʧʝʨʠʦʜ ʩ 12 ʧʦ 14.11.2004 ʥʘʙʣʶʜʘʣʦʩʴ 

ʧʦʩʪʝʧʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʭʘʨʘʢʪʝʨʥʳʭ ʯʘʩʪʦʪ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʜʦ 2 ɻʮ, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʩʣʘʙʣʝʥʠʝʤ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʦʟʚʨʘʱʝʥʠʝʤ 

ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ ʠ ʧʣʘʟʤʦʧʘʫʟʳ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʰʠʨʦʪʳ. ʆʜʥʦʚʨʝʤʝʥʥʦ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʩʧʝʢʪʨʳ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘ ʯʘʩʪʦʪʘʭ ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʵʤʠʩʩʠʡ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʧʦʣʦʩʝ ʧʨʝʦʙʣʘʜʘʣʦ ʠʟʣʫʯʝʥʠʝ ʩ ʣʠʥʝʡʥʦʡ ʠʣʠ ʣʝʚʦʡ 

ʢʚʘʟʠ-ʮʠʨʢʫʣʷʨʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ. ɺʳʧʦʣʥʝʥ ʪʘʢʞʝ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʩʧʝʢʪʨʦʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʵʤʠʩʩʠʡ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 

ʤʠʢʨʦʧʫʣʴʩʘʮʠʡ ʈʩ-1. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀʗ ʆʅʏ ɺʆʃʅ ɺ ʄɸɻʅʀʊʆʉʌɽʈɽ ɿɽʄʃʀ 

ʇʈʀ ʅɸʃʀʏʀʀ ʀʉʂʋʉʉʊɺɽʅʅʓʍ ʇʃɸɿʄɽʅʅʓʍ ʅɽʆɼʅʆʈʆɼʅʆʉʊɽʁ 

 

ɼ.ʃ. ʇʘʩʤʘʥʠʢ, ɸ.ɻ. ɼʝʤʝʭʦʚ 

 

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

 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʆʅʏ ʚʦʣʥ ʚ ʠʦʥʦʩʬʝʨʝ ʠ ʤʘʛʥʠʪʦʩʬʝʨʝ 

ɿʝʤʣʠ ʧʨʠ ʥʘʣʠʯʠʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʧʣʘʟʤʝʥʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, 

ʩʦʟʜʘʚʘʝʤʳʭ ʥʘʛʨʝʚʥʳʤʠ ʩʪʝʥʜʘʤʠ ʪʠʧʘ HAARP ʠ çʉʫʨʘè. 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). ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʠʩʩʣʝʜʫʝʪʩʷ ʚ 

ʨʘʤʢʘʭ ʫʨʘʚʥʝʥʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ. ɼʣʷ ʟʘʜʘʥʠʷ ʧʨʦʬʠʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʠʦʥʥʦʛʦ 

ʩʦʩʪʘʚʘ ʧʣʘʟʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʜʝʣ ɹʠʦʥʦʩʬʝʨʳ SAMI2, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ 

ʜʣʷ ʫʯʝʪʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʦʥʦʩʬʝʨʫ ɺʏ ʠʟʣʫʯʝʥʠʷ ʥʘʛʨʝʚʥʳʭ ʩʪʝʥʜʦʚ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ 

ʨʘʙʦʪʝ ʫʜʝʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʘʤʧʣʠʪʫʜ ʩʠʛʥʘʣʦʚ ʩ ʫʯʝʪʦʤ 

ʨʝʬʨʘʢʮʠʠ ʣʫʯʝʡ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʣʫʯʝʚʳʝ ʪʨʘʝʢʪʦʨʠʠ ʚʦʣʥ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʩ ʚʳʩʦʪ 

ʦʢʦʣʦ 100 ʢʤ ʠʟ ʨʘʟʣʠʯʥʳʭ ʥʘʯʘʣʴʥʳʭ ʪʦʯʝʢ ʚʥʫʪʨʠ ʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʛʝʦʤʘʛʥʠʪʥʦʡ ʩʠʣʦʚʦʡ 

ʪʨʫʙʢʠ, ʛʜʝ ʩʦʟʜʘʥʦ ʚʦʟʤʫʱʝʥʠʝ ʧʣʦʪʥʦʩʪʠ. ʀʩʪʦʯʥʠʢʦʤ ʪʘʢʠʭ ʚʦʣʥ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ 

ʤʦʣʥʠʝʚʳʝ ʨʘʟʨʷʜʳ, ʪʘʢ ʠ ʤʦʜʫʣʠʨʦʚʘʥʥʳʡ ɺʏ ʥʘʛʨʝʚ ʠʦʥʦʩʬʝʨʳ ʠʣʠ ʩʠʛʥʘʣʳ ʆʅʏ 

ʧʝʨʝʜʘʪʯʠʢʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʘ ʩʯʝʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʥʘʛʨʝʚʝ, ʠ 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʵʪʠʤ ʵʬʬʝʢʪʘ ʢʘʥʘʣʠʨʦʚʘʥʠʷ ʚʦʣʥ, ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʦʟʤʦʞʥʦ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʆʅʏ ʩʠʛʥʘʣʦʚ. ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʚʣʠʷʥʠʝ ʨʝʞʠʤʦʚ 

ʥʘʛʨʝʚʘ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʥʘʣʠʨʦʚʘʥʠʷ ʚʦʣʥ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʘʤʧʣʠʪʫʜʳ ʚʦʣʥ. 
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ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 
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ʀʟʤʝʨʝʥʠʷ ʧʝʨʝʩʝʯʝʥʠʡ ʤʘʛʥʠʪʦʧʘʫʟʳ ʠ ʥʠʟʢʦʰʠʨʦʪʥʦʛʦ ʧʦʛʨʘʥʩʣʦʷ (LLBL) ʚʙʣʠʟʠ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʷʪʴ ʪʦʣʱʠʥʫ LLBL  ʩ ʪʦʯʥʦʩʪʴʶ ~10%. 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʙʦʣʝʝ 170 ʩʣʫʯʘʝʚ ʧʝʨʝʩʝʯʝʥʠʷ LLBL  ʩʧʫʪʥʠʢʘʤʠ ʤʠʩʩʠʠ THEMIS. 

ʇʨʠʤʝʥʷʣʘʩʴ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʨʘʥʝʝ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ LLBL, ʫʯʠʪʳʚʘʶʱʘʷ 

ʜʚʠʞʝʥʠʝ ʧʣʘʟʤʳ ʚ ʩʣʦʝ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʘʷ ʧʨʠ ʘʥʘʣʠʟʝ ʧʦʯʪʠ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʧʝʨʝʩʝʯʝʥʠʡ 

ʩʣʦʷ ʜʚʫʤʷ ʩʧʫʪʥʠʢʘʤʠ. ʇʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʪʦʣʱʠʥʳ ʩʣʦʷ, ʩ ʫʯʝʪʦʤ ʠʟʤʝʨʷʝʤʦʡ ʥʘ ʩʧʫʪʥʠʢʝ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʣʘʟʤʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʤʘʛʥʠʪʦʧʘʫʟʝ. ʆʜʥʦʚʨʝʤʝʥʥʦ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʘ WIND ʠʣʠ ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ 

ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ ʦʜʥʦʛʦ ʠʟ ʩʧʫʪʥʠʢʦʚ THEMIS. ʋʯʪʝʥ ʚʨʝʤʝʥʥʦʡ ʩʜʚʠʛ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʜʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʝʨʝʩʝʯʝʥʠʷ ʤʘʛʥʠʪʦʧʘʫʟʳ. ʇʦʩʪʨʦʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʣʱʠʥʳ ʩʣʦʷ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʄʄʇ ʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʜʣʷ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ 

ʨʷʜʘ ʩʦʙʳʪʠʡ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʠʭ ʩʨʘʚʥʝʥʠʝ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ 

ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ. 
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ʂɸʂʀɽ ɾɽ ʈɸɼʀɸʎʀʆʅʅʓɽ ʇʆʗʉɸ ʀʉʉʃɽɼʋʖʊ 2 ʉʇʋʊʅʀʂɸ RBSP - 

çɿʆʅɼʓ ɺɸʅ ɸʃʃɽʅɸè? 

 

ɺ.ɺ. ʊʸʤʥʳʡ  

 

ʉʧʫʩʪʷ ʧʦʣʚʝʢʘ ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʜʚʫʭ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʷʩʦʚ ɿʝʤʣʠ ʛʨʫʧʧʘ ʠʟ JHU APL 

ʧʦʜʛʦʪʦʚʠʣʘ ʢ ʟʘʧʫʩʢʫ 2 ʀʉɿ RBSP (Radiation Belt Storm Probes). 30.08.2012 ʛ. ʦʥʠ ʙʳʣʠ 

ʚʳʚʝʜʝʥʳ ʥʘ ʵʢʩʮʝʥʪʨʠʯʥʳʝ ʦʨʙʠʪʳ, ʧʝʨʝʩʝʢʘʶʱʠʝ ʚʥʫʪʨʝʥʥʠʡ ʠ ʚʥʝʰʥʠʡ ʨʘʜʠʘʮʠʦʥʥʳʝ 

ʧʦʷʩʘ. ɺ ʧʘʤʷʪʴ ʦʙ ʘʤʝʨʠʢʘʥʩʢʦʤ ʧʠʦʥʝʨʝ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ɼʞʝʡʤʩʝ ɺʘʥ ɸʣʣʝʥʝ 

(07.09.1914-09.08.2006) RBSP ʙʳʣʠ ʧʝʨʝʠʤʝʥʦʚʘʥʳ 09.11.2012 ʛ. ʚ çɿʦʥʜʳ ɺʘʥ ɸʣʣʝʥʘè. 

ʆʪʜʘʚʘʷ ʜʦʣʞʥʦʝ ʵʪʦʤʫ ʚʳʜʘʶʱʝʤʫʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʶ, ʥʝ ʩʣʝʜʫʝʪ ʟʘʙʳʚʘʪʴ ʚʝʩʦʤʦʛʦ ʚʢʣʘʜʘ 

ʜʨʫʛʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʧʝʨʚʦʧʨʦʭʦʜʮʝʚ ʚ ʧʝʨʚʦʝ ʦʪʢʨʳʪʠʝ ʵʪʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ 

ʷʚʣʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʵʨʳ, ʥʘʟʳʚʘʷ ʝʛʦ çʨʘʜʠʘʮʠʦʥʥʳʤʠ ʧʦʷʩʘʤʠ ɺʘʥ ɸʣʣʝʥʘè. 

ʀʩʪʦʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʫʙʣʠʢʘʮʠʡ ʦ ʧʨʦʜʚʠʞʝʥʠʠ ʢ ʧʦʥʠʤʘʥʠʶ 

ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʷʚʣʝʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʧʝʨʚʳʝ ʝʛʦ ʧʨʠʟʥʘʢʠ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʛʨʫʧʧʦʡ 

ɺʝʨʥʦʚʘ ʉ.ʅ. ʥʘ II ʩʦʚʝʪʩʢʦʤ ʀʉɿ 07.11.1957 ʛʦʜʘ ʚ ʚʠʜʝ ʚʩʝʛʦ ʣʠʰʴ 1,5ï2-ʢʨʘʪʥʦʛʦ 

ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩʯʸʪʘ ʜʝʪʝʢʪʦʨʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʥʘʜ ʠʭ ʬʦʥʦʤ ʪʦʣʴʢʦ ʥʘ ʦʜʥʦʤ 

ʧʝʨʠʛʝʡʥʦʤ ʦʪʨʝʟʢʝ ʦʨʙʠʪʳ II ʀʉɿ. ʀʥʬʦʨʤʘʮʠʷ ʩ ʘʧʦʛʝʡʥʦʛʦ ʫʯʘʩʪʢʘ ʦʨʙʠʪʳ, ʛʜʝ, 

ʥʝʩʦʤʥʝʥʥʦ, ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʤʥʦʛʦ ʙʦʣʴʰʠʝ ʧʨʝʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩʯʸʪʘ, ʦʢʘʟʘʣʠʩʴ 

ʥʝʜʦʩʪʫʧʥʳ ʘʚʪʦʨʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ [ɺʝʨʥʦʚ ʠ ʜʨ. 1958]. ʋ ʘʚʪʦʨʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝ ʙʳʣʦ 

ʦʩʥʦʚʘʥʠʡ ʜʣʷ ʚʳʚʦʜʘ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʜ ɿʝʤʣʸʡ ʠʥʪʝʥʩʠʚʥʦʡ ʨʘʜʠʘʮʠʠ. ʊʘʢʦʡ ʘʨʛʫʤʝʥʪ 

ʧʦʷʚʠʣʩʷ ʫ ɺʘʥ ɸʣʣʝʥʘ ʧʦʩʣʝ 2-ʭ ʤʝʩʷʯʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʯʠʥ ʧʝʨʝʛʨʫʟʢʠ ʜʝʪʝʢʪʦʨʘ, 

ʧʦʜʦʙʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʚʰʝʤʫʩʷ ʥʘ II ʀʉɿ. çɹʦʞʝ ʤʦʡ, ʢʦʩʤʦʩ ʨʘʜʠʦʘʢʪʠʚʝʥ!è - ʚʳʚʦʜ ʕʨʥʠ 

ʈʝʷ - ʩʦʪʨʫʜʥʠʢʘ ɺʘʥ ɸʣʣʝʥʘ. ʉʚʦʠ ʨʝʟʫʣʴʪʘʪʳ ɺʘʥ ɸʣʣʝʥ ʜʦʣʦʞʠʣ ʥʘ ʩʦʚʤʝʩʪʥʦʤ ʟʘʩʝʜʘʥʠʠ 

ɸʢʘʜʝʤʠʠ ʥʘʫʢ, ʌʠʟʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʠ ʥʘʫʯʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʉʐɸ. ɽʛʦ ʚʳʚʦʜʳ: 

ʦʙʥʘʨʫʞʝʥʳ ʧʦʪʦʢʠ çéʵʣʝʢʪʨʦʥʦʚ ʠʟ ʤʝʞʧʣʘʥʝʪʥʦʡ ʧʣʘʟʤʳ, ʢʦʪʦʨʘʷ ʧʨʠʭʦʜʠʪ ʦʪ ʉʦʣʥʮʘ 

ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ c ʟʝʤʥʳʤ ʦʢʨʫʞʝʥʠʝʤè [Van Allen et al., 1958]. ɽʛʦ ʘʨʛʫʤʝʥʪ ʙʳʣ 

ʦʩʥʦʚʘʥ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʘʚʪʦʨʘ ʙʘʣʣʦʥ-ʨʘʢʝʪʥʳʭ ʠʟʤʝʨʝʥʠʡ 1952-1955 ʛʛ. ʪʦʨʤʦʟʥʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ J(Ee~10-100 keV)~107 cm-2s-1[Van Allen, 

1956]. ɺʧʣʦʪʴ ʜʦ ʘʚʛʫʩʪʘ-ʩʝʥʪʷʙʨʷ 1958 ʛʦʜʘ ʛʨʫʧʧʘ ɺʘʥ ɸʣʣʝʥʘ ʧʨʦʜʦʣʞʘʣʘ ʩʯʠʪʘʪʴ, ʯʪʦ 

çʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʪʦʢʘ (Je)  ʵʥʝʨʛʠʠ ʩʦʟʜʘʸʪʩʷ ʵʣʝʢʪʨʦʥʘʤʠ ʩ ɽʝ~50 ʢʵɺé ʠ Je~108 ʩʤ-2ʩ-

1éè [Kellogg, 1959].  ʕʪʦʪ ʚʳʚʦʜ ʩʦʚʧʘʣ ʩ ʨʝʟʫʣʴʪʘʪʦʤ ʂʨʘʩʦʚʩʢʦʛʦ ʩ III  ʩʦʚʝʪʩʢʦʛʦ ʀʉɿ: (Je 

ɽʝ~10 ʢʵɺ)~10-2ï102 ʵʨʛ ʩʤ-2ʩ-1 [ʂʨʘʩʦʚʩʢʠʡ ʠ ʜʨ., 1958], ʥʦ ʦʪʣʠʯʘʣʩʷ ʦʪ ʧʦʣʫʯʝʥʥʦʛʦ 

ʛʨʫʧʧʦʡ ɺʝʨʥʦʚʘ, ʦʪʦʞʜʝʩʪʚʠʚʰʝʡ ʧʦʪʦʢʠ ʥʘ ʥʠʟʢʠʭ ʰʠʨʦʪʘʭ ʢʘʢ ʧʨʦʪʦʥʳ ʩ ɽʨ~100 ʄʵɺ ʠ 

ʵʣʝʢʪʨʦʥʳ ʩ ɽʝ~100 ʢʵɺ [ɺʝʨʥʦʚ, ʏʫʜʘʢʦʚ, 1958ʘ]. ʊʦʛʜʘ ʞʝ ʛʨʫʧʧʘ ɺʝʨʥʦʚʘ ʧʨʝʜʣʦʞʠʣʘ 

ʤʝʭʘʥʠʟʤ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʧʨʦʪʦʥʦʚ ʦʪ ʙʵʪʘ-ʨʘʩʧʘʜʘ ʥʝʡʪʨʦʥʦʚ ʘʣʴʙʝʜʦ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʠ ʠʭ ʟʘʭʚʘʪ ʛʝʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ [ɺʝʨʥʦʚ ʠ ʜʨ., 1958ʙ] ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʉ.ʌ. ɿʠʥʛʝʨʘ [Singer, 1958ʘ,b]. ɺʦʟʤʦʞʥʦʩʪʴ ʟʘʭʚʘʪʘ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ 

ʛʝʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʢʨʫʛ ɿʝʤʣʠ ʧʦʜʪʚʝʨʜʠʣ ʛʣʦʙʘʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ 

ʂʨʠʩʪʦʬʠʣʫʩʘ çɸʈɻʋʉè. ɺʧʣʦʪʴ ʜʦ ʟʘʧʫʩʢʘ ʢ ʃʫʥʝ ɸʄʉ PIONEER-3 (ʜʝʢʘʙʨʴ 1959 ʛ.) ɺʘʥ 

ɸʣʣʝʥ ʧʨʦʜʦʣʞʘʣ ʩʯʠʪʘʪʴ ʦʙʥʘʨʫʞʝʥʥʳʡ ʨʘʜʠʘʮʠʦʥʥʳʡ ʧʦʷʩ ɿʝʤʣʠ ʝʜʠʥʳʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʛʨʫʧʧʘ ɺʝʨʥʦʚʘ ʥʘ III  ʩʦʚʝʪʩʢʦʤ ʀʉɿ ʦʪʦʞʜʝʩʪʚʠʣʘ ʜʚʘ ʧʦʷʩʘ: ʚʥʫʪʨʝʥʥʠʡ ʧʨʦʪʦʥʥʳʡ ʠ 

ʚʥʝʰʥʠʡ ʵʣʝʢʪʨʦʥʥʳʡ [ɿʘʚʠʜʦʥʦʚ, 2003]. ɻʨʫʧʧʘ ʂʨʘʩʦʚʩʢʦʛʦ ʧʨʦʜʦʣʞʠʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʧʦʷʩʝ ʚ 1962-1964 ʛʛ. ʥʘ ʀʉɿ ʂʆʉʄʆʉ-3,-5, ʕʃɽʂʊʈʆʅ-1,-3. 

ʋʜʘʩʪʩʷ ʣʠ ʥʘʫʯʥʦʡ ʛʨʫʧʧʝ RBSP ʠʩʩʣʝʜʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʳʡ ʚʥʫʪʨʝʥʥʠʡ ʧʦʷʩ ʥʘ ʬʦʥʝ 

ʠʥʪʝʥʩʠʚʥʳʭ ʧʨʦʥʠʢʘʶʱʠʭ ʧʨʦʪʦʥʦʚ? ʇʦʢʘ ʦʥʘ ʦʙʥʘʨʫʞʠʣʘ ʚ ʥʸʤ ʫʟʢʠʡ ʧʦʷʩ ʵʣʝʢʪʨʦʥʦʚ ʩ 

ɽʝ>15 ʄʵɺ, ʨʘʥʝʝ ʥʘʙʣʶʜʘʚʰʠʡʩʷ ʛʨʫʧʧʦʡ ʅʀʀʗʌ ʄɻʋ. 
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ʉʈɸɺʅɽʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ ɺ ʄɸɻʅʀʊʆʉʃʆɽ ɺɹʃʀɿʀ 

ʇʆɼʉʆʃʅɽʏʅʆʁ ʊʆʏʂʀ ʄɸɻʅʀʊʆʇɸʋɿʓ ʉ ʄɸɻʅʀʊʅʓʄ ʇʆʃɽʄ ɺ 

ʉʆʃʅɽʏʅʆʄ ɺɽʊʈɽ ʇɽʈɽɼ ɻʆʃʆɺʅʆʁ ʋɼɸʈʅʆʁ ɺʆʃʅʆʁ ʇʆ ɼɸʅʅʓʄ 

ʄʀʉʉʀʀ THEMIS  

 

ʄ.ʉ. ʇʫʣʠʥʝʮ
1,3

, ʉ. ʉ. ɿʥʘʪʢʦʚʘ
1
, ɽ.ɽ.ɸʥʪʦʥʦʚʘ

1,2
, ʄ.ʆ. ʈʷʟʘʥʮʝʚʘ

1,2
, ʀ.ʇ. ʂʠʨʧʠʯʝʚ

2,1
  

 
1
ʅʀʀʗʌ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, antonova@orearm.msk.ru, 

2
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 

3
ʌʌ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, cotopaxy@gmail.com.  

 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʬʣʫʢʪʫʘʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʙʣʠʟʠ ʧʦʜʩʦʣʥʝʯʥʦʡ ʤʘʛʥʠʪʦʧʘʫʟʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʤʠʩʩʠʠ THEMIS. ʇʦʜʪʚʝʨʞʜʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʤʘʛʥʠʪʦʩʣʦʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʧʨʦʚʦʜʠʚʰʠʭʩʷ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʤʘʛʥʠʪʦʩʣʦʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʤʘʛʥʠʪʦʧʘʫʟʦʡ ʚʙʣʠʟʠ ʝʝ ʥʦʩʦʚʦʡ 

ʯʘʩʪʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʄʄʇ, ʠʟʤʝʨʝʥʥʳʤʠ ʧʝʨʝʜ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦʨʷʜʢʘ 

ʩʦʪʥʠ ʧʝʨʝʩʝʯʝʥʠʷ ʤʘʛʥʠʪʦʧʘʫʟʳ ʚʙʣʠʟʠ ʧʦʜʩʦʣʥʝʯʥʦʡ ʪʦʯʢʠ. ʋʯʪʝʥʘ ʚʨʝʤʝʥʥʘʷ ʟʘʜʝʨʞʢʘ 

ʧʨʠʭʦʜʘ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʢ ʧʦʜʩʦʣʥʝʯʥʦʡ ʪʦʯʢʝ ʤʘʛʥʠʪʦʧʘʫʟʳ. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʦʜʫʣʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʪʨʝʭ ʝʛʦ ʢʦʤʧʦʥʝʥʪ ʠ ʯʘʩʦʚʦʛʦ ʫʛʣʘ ʫ ʤʘʛʥʠʪʦʧʘʫʟʳ ʦʪ 

ʘʥʘʣʦʛʠʯʥʳʭ ʚʝʣʠʯʠʥ ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʘʭ ʫʩʨʝʜʥʝʥʠʷ. ɺʳʜʝʣʝʥʳ 

ʩʦʙʳʪʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʝʥʠʝ Bz ʢʦʤʧʦʥʝʥʪʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʫ ʤʘʛʥʠʪʦʧʘʫʟʳ ʩʠʣʴʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ ʚʧʣʦʪʴ ʜʦ ʠʟʤʝʥʝʥʠʷ ʟʥʘʢʘ. 

 

 

ʇʆʃʆɾɽʅʀɽ ɸɺʈʆʈɸʃʔʅʆɻʆ ʕʃɽʂʊʈʆɼɾɽʊɸ ʀ ULF ɸʂʊʀɺʅʆʉʊʔ ɺʆ 

ɺʈɽʄʗ ʄɸɻʅʀʊʅʓʍ ɹʋʈʔ  

 

ʆ.ɺ. ʂʦʟʳʨʝʚʘ
1,2
, ɽ.ɽ. ɸʥʪʦʥʦʚʘ

3,2 
 

 
1 
ʀʌɿ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, kozyreva@ifz.ru,  

2 
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ,  

3
ʅʀʀʗʌ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʟʝʤʥʳʭ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚʦ ʚʨʝʤʷ ʙʦʣʴʰʠʭ 

ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ (Dstʤʠʥ< -200 ʥʊʣ), ʚʢʣʶʯʘʷ ʧʝʨʠʦʜ ʨʘʙʦʪʳ Van Allen Probes ʤʠʩʩʠʠ. 

ʍʘʨʘʢʪʝʨʥʳʤ ʧʨʠʟʥʘʢʦʤ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʷʚʣʷʝʪʩʷ ʩʤʝʱʝʥʠʝ ʘʚʨʦʨʘʣʴʥʦʛʦ ʦʚʘʣʘ ʥʘ ʥʠʟʢʠʝ 

ʰʠʨʦʪʳ ʠ ʨʘʟʚʠʪʠʝ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ. ʆʩʥʦʚʥʳʝ ʤʘʛʥʠʪʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʦʚʘʣʘ 

ʩʚʷʟʘʥʳ ʩ ʨʘʟʚʠʪʠʝʤ ʟʘʧʘʜʥʦʛʦ ʵʣʝʢʪʨʦʜʞʝʪʘ. ʉʤʝʱʝʥʠʝ ʦʚʘʣʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝʤ 

ʵʣʝʢʪʨʦʜʞʝʪʘ ʢ ʵʢʚʘʪʦʨʫ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ULF ʢʦʣʝʙʘʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘ ʵʣʝʢʪʨʦʜʞʝʪʘ ʠ ʤʘʢʩʠʤʫʤʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ULF ʘʢʪʠʚʥʦʩʪʠ 

ʦʪ ʬʘʟʳ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ. 
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ʇʆʃʋɻʆɼʆɺɸʗ ɺɸʈʀɸʎʀʗ ʈʉ-ʀʅɼɽʂʉɸ ɼʃʗ ʉɽɺɽʈʅʆʁ ʀ ʖɾʅʆʁ 

ʇʆʃʗʈʅʓʍ ʐɸʇʆʂ 

 

ʊ. ɺ. ʂʫʟʥʝʮʦʚʘ, ɺ.ɻ. ʇʝʪʨʦʚ, ɺ.ɸ. ʃʘʧʪʫʭʦʚ 

 

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

 

ʍʦʪʷ ʧʦʣʫʛʦʜʦʚʘʷ ʚʘʨʠʘʮʠʷ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ɻɸ) ʩ ʧʠʢʘʤʠ ʚʙʣʠʟʠ ʨʘʚʥʦʜʝʥʩʪʚʠʷ 

ʠʟʚʝʩʪʥʘ ʫʞʝ ʙʦʣʝʝ 150 ʣʝʪ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʭʘʥʠʟʤʳ ʝʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʯʠʪʘʶʪʩʷ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ. ʈʘʥʝʝ ʤʳ ʧʨʝʜʣʦʞʠʣʠ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʩ ʛʝʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʦʚ ʛʦʜʦʚʦʛʦ ʠ 

ʩʫʪʦʯʥʦʛʦ ʜʚʠʞʝʥʠʡ ɿʝʤʣʠ ʠ ʥʘ ʝʝ ʦʩʥʦʚʝ ʛʝʦʵʬʬʝʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʇʦʩʢʦʣʴʢʫ ʵʬʬʝʢʪʳ 

ʠʟʤʝʥʝʥʠʷ ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ɿʝʤʣʠ ʄ, ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ɽ ʠ 

ʤʘʛʥʠʪʥʦʛʦ ɺ ʧʦʣʝʡ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʜʦʣʞʥʳ ʙʳʣʠ ʧʨʦʷʚʠʪʴʩʷ ʚ ʛʦʜʦʚʦʡ ʠ  UT ʚʘʨʠʘʮʠʠ 

ɻɸ, ʥʘʤ ʫʜʘʣʦʩʴ ʧʨʝʜʣʦʞʠʪʴ ʥʦʚʦʝ ʝʝ ʦʙʲʷʩʥʝʥʠʝ (Adv. Space Res., v. 47, 978-990, 2011). 

ʌʘʟʘ ʵʪʦʡ ʚʘʨʠʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʦʜʦʚʦʡ ʚʘʨʠʘʮʠʝʡ ʢʦʤʧʦʥʝʥʪʳ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ My 

(GSE) ʚ ʧʣʦʩʢʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ YZ: ʵʢʩʪʨʝʤʫʤʳ ʚ ʨʘʚʥʦʜʝʥʩʪʚʠʷ (My<0 ʚ 1-ʦʡ ʧʦʣʦʚʠʥʝ 

ʛʦʜʘ, My>0 ʚʦ 2-ʡ ʧʦʣʦʚʠʥʝ ʛʦʜʘ) ʠ My=0 ʚ ʩʦʣʥʮʝʩʪʦʷʥʠʷ. ɸʤʧʣʠʪʫʜʘ ʛʦʜʦʚʦʡ ʚʘʨʠʘʮʠʠ 

ʤʦʜʫʣʠʨʫʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ Ez=VBy. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ,  

ʵʢʩʪʨʝʤʫʤʳ ʚ ʛʦʜʦʚʦʡ ʚʘʨʠʘʮʠʠ My ʚ ʨʘʚʥʦʜʝʥʩʪʚʠʷ ʧʨʠʚʦʜʷʪ ʢ ʤʘʢʩʠʤʫʤʘʤ 

ʛʝʦʵʬʬʝʢʪʠʚʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʫʪʨʦ-ʚʝʯʝʨ Emv=VByMy ʚ YZ-ʧʣʦʩʢʦʩʪʠ ʚ ʚʝʩʝʥʥʝʝ 

ʨʘʚʥʦʜʝʥʩʪʚʠʝ ʧʨʠ ʄʄʇ ʩ By<0 ʠ ʚ ʦʩʝʥʥʝʝ ʧʨʠ ʄʄʇ ʩ By>0. ʇʦʩʢʦʣʴʢʫ ʵʪʘ ʢʦʤʧʦʥʝʥʪʘ  

Emv ʜʦʣʞʥʘ ʧʨʦʝʢʪʠʨʦʚʘʪʴʩʷ ʚ ʧʦʣʷʨʥʫʶ ʠʦʥʦʩʬʝʨʫ, ʣʦʛʠʯʥʦ ʦʙʥʘʨʫʞʠʪʴ ʧʦʣʫʛʦʜʦʚʫʶ 

ʚʘʨʠʘʮʠʶ ʠʥʜʝʢʩʘ ʘʢʪʠʚʥʦʩʪʠ ʚ ʶʞʥʦʡ ʠ ʩʝʚʝʨʥʦʡ ʧʦʣʷʨʥʳʭ ʰʘʧʢʘʭ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʤʳ 

ʠʩʧʦʣʴʟʫʝʤ ʠʥʜʝʢʩ ʶʞʥʦʡ ʰʘʧʢʠ Ps ʟʘ 1995 ʠ 1998 ʛʦʜʳ, ʧʦʣʫʯʘʝʤʳʡ ʥʘ ʦʩʥʦʚʝ ʤʘʛʥʠʪʥʳʭ 

ʚʘʨʠʘʮʠʡ ʥʘ ʩʪ. ɺʦʩʪʦʢ ʠ ʢʦʪʦʨʳʡ ʥʘʤ ʫʜʘʣʦʩʴ ʥʘʡʪʠ (AARS www-page) ʠ ʩʝʚʝʨʥʦʡ ʰʘʧʢʠ Pn 

ʟʘ 1975-2012, ʧʦʣʫʯʘʝʤʳʡ ʥʘ ʦʩʥʦʚʝ ʚʘʨʠʘʮʠʡ ʥʘ ʩʪ. ʊʫʣʝ. ʄʳ ʪʘʢʞʝ ʧʦʣʴʟʫʝʤʩʷ ʜʘʥʥʳʤʠ 

ʄʄʇ ɺ ʠ ʩʢʦʨʦʩʪʴʶ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ V, ʠʟʤʝʨʝʥʥʳʤʠ ʥʘ ʦʨʙʠʪʝ ɿʝʤʣʠ ʚʙʣʠʟʠ ʵʢʣʠʧʪʠʢʠ 

ʜʣʷ ʪʝʭ ʞʝ ʣʝʪ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʨʝʜʥʝʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ E~1 mV/m, ʘ ʩʨʝʜʥʝʝ ʄʄʇ, 

ʦʧʠʩʳʚʘʝʤʦʝ ʩʧʠʨʘʣʴʶ ʇʘʨʢʝʨʘ, ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʵʢʣʠʧʪʠʢʠ. ʇʦʣʫʛʦʜʦʚʘʷ ʚʘʨʠʘʮʠʷ ʢʘʢ 

Pn, ʪʘʢ ʠ Ps ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʦʣʫʛʦʜʦʚʳʭ ʚʘʨʠʘʮʠʡ ʜʨʫʛʠʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʠʥʜʝʢʩʦʚ (Kp, ʘʘ, 

Dst): ʩʛʣʘʞʝʥʥʳʝ ʤʘʢʩʠʤʫʤʳ ʚʙʣʠʟʠ ʨʘʚʥʦʜʝʥʩʪʚʠʡ ʠ ʤʠʥʠʤʫʤʳ ʚʙʣʠʟʠ ʩʦʣʥʮʝʩʪʦʷʥʠʡ, ʘ 

ʚʝʩʝʥʥʠʡ ʧʠʢ ʚʙʣʠʟʠ ʨʘʚʥʦʜʝʥʩʪʚʠʷ ʧʨʝʚʳʰʘʝʪ ʦʩʝʥʥʠʡ. ʄʳ ʧʦʣʫʯʠʣʠ ʧʦʣʫʛʦʜʦʚʳʝ 

ʚʘʨʠʘʮʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʢʦʚ By ʠ Bz ʢʦʤʧʦʥʝʥʪ ʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʣʫʛʦʜʦʚʳʝ ʚʘʨʠʘʮʠʠ  

Pn ʠ Ps ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʤʝʥʥʦ By ʢʦʤʧʦʥʝʥʪʦʡ (By<0 ʛʝʦʵʬʬʝʢʪʠʚʥʘ ʚ 1-ʶ ʧʦʣʦʚʠʥʫ ʛʦʜʘ, ʘ 

By>0 ʚʦ ʚʪʦʨʫʶ), ʘ ʥʝ Bz ʢʦʤʧʦʥʝʥʪʦʡ. Bz-ʢʦʤʧʦʥʝʥʪʘ ʄʄʇ ʦʧʨʝʜʝʣʷʝʪ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ 

ʠʥʜʝʢʩʦʚ: ʢʘʢ Pn, ʪʘʢ Ps ʚʳʰʝ ʩʨʝʜʥʝʡ ʢʨʠʚʦʡ ʜʣʷ Bz<0 ʠ ʥʠʞʝ ʩʨʝʜʥʝʡ ʢʨʠʚʦʡ ʜʣʷ Bz>0. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʥʥʳʡ ʨʷʜ ʜʘʥʥʳʭ ʠʥʜʝʢʩʘ ʩʝʚʝʨʥʦʡ ʧʦʣʷʨʥʦʡ ʰʘʧʢʠ Pn ʧʦʢʘʟʘʣ 

ʘʙʩʦʣʶʪʥʳʡ ʤʘʢʩʠʤʫʤ ʚ 23 ʮʠʢʣʝ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ 

ʜʣʠʥʥʦ-ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ ʧʝʨʠʦʜ 23 ʮʠʢʣʘ. ʈʘʙʦʪʘ 

ʚʧrʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇ-22 ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ. 
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ʆʙʩʫʞʜʘʶʪʩʷ ʜʘʥʥʳʝ ʩ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʨʷʜʝ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʂɸ) ʛʨʫʧʧʠʨʦʚʢʠ ɻʃʆʅɸʉʉ; ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʩʪʘʚ ʘʧʧʘʨʘʪʫʨʳ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʛʦʜʳ 2007-2012; ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʡ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ 3D-ʘʥʠʤʘʮʠʝʡ. 

ʎʝʣʴʶ ʧʨʦʝʢʪʘ, ʧʦʤʠʤʦ in situ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʂɸ, ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʚʝʜʝʥʠʷ ʨʘʜʠʘʮʠʠ ʥʘ ʜʘʥʥʦʡ ʦʨʙʠʪʝ (ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʧʨʠʤʝʥʷʝʤʳʭ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ), ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʩʨʝʜʥʝʚʳʩʦʪʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʂɸ ʜʣ̫ ʠʩʩʣʝʜʦʚʘʥʠ̫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥrʭ ʠ ʚʨʝʤʝʥʥrӢʭ ʜʝʪʘʣʝʡ ʜʠʥʘʤʠʢʠ 

ʤʘʛʥʠʪʦʩʬʝʨʳ. ʆʨʙʠʪʘ ɻʃʆʅɸʉʉ (h~20000ʢʤ, i~65Ü) ʣʝʞʠʪ ʚʦ ʚʥʝʰʥʝʤ ʨʘʜʠʘʮʠʦʥʥʦʤ 

ʧʦʷʩʝ, ʥʘʩʝʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʜʠʥʘʤʠʯʝʩʢʠ ʬʦʨʤʠʨʫʝʪʩʷ çʙʫʨʝʚʳʤʠ ʠʥʞʝʢʮʠʷʤʠè ʵʣʝʢʪʨʦʥʦʚ, 

ʨʘʟʛʦʥʷʝʤʳʭ ʜʦ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʥʝʨʛʠʡ; ʵʤʧʠʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ï AE8. ɺʳʩʦʢʦʰʠʨʦʪʥʳʝ 

ʯʘʩʪʠ ʦʨʙʠʪʳ ʧʦʜʚʝʨʞʝʥʳ ʚʦʟʜʝʡʩʪʚʠʶ ʧʨʦʪʦʥʦʚ ʦʪ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ (ʤʦʜʝʣʴ ï AP8), 

ʦʜʥʘʢʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ ʥʠʟʢʦʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʉɸ) ʚʢʣʘʜ ʵʪʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʤʘʣ. ʀʟʚʝʩʪʥʦ ([McPherron et al., 2009]), ʯʪʦ ʥʘ ʛʝʦʩʠʥʭʨʦʥʥʦʡ ʦʨʙʠʪʝ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʦʪʦʢʠ ʵʣʝʢʪʨʦʥʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʬʘʟʝ ʩʧʘʜʘ ʮʠʢʣʘ ʉɸ, ʘ ʥʝ ʚʙʣʠʟʠ 

ʤʘʢʩʠʤʫʤʘ (ʧʦ ʯʠʩʣʫ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ), ʢʘʢ ʵʪʦ ʨʘʥʝʝ ʧʦʜʨʘʟʫʤʝʚʘʣʦʩʴ ʚ AE8 ʠ ʨʝʘʣʴʥʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʧʨʦʪʦʥʦʚ. ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʘʢʦʤʫ ʩʜʚʠʛʫ ʥʘʰʠ ʜʘʥʥʳʝ ʚ ʥʝʢʦʪʦʨʳʝ 

ʧʝʨʠʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʘʥʥʳʤ ʩ ʛʝʦʩʠʥʭʨʦʥʥʦʡ ʦʨʙʠʪʳ (GOES), ʘ ʚ ʥʝʢʦʪʦʨʳʝ ï ʥʝʪ. 

ʇʦʣʴʟʫʷʩʴ ʩʦʦʪʥʦʰʝʥʠʝʤ ʊʚʝʨʩʢʦʡ [1986] ʤʝʞʜʫ L-ʢʦʦʨʜʠʥʘʪʦʡ ʤʘʢʩʠʤʫʤʘ çʙʫʨʝʚʦʡ 

ʠʥʞʝʢʮʠʠè ʠ ʤʦʱʥʦʩʪʴʶ ʙʫʨʠ |Dst|max, ʘ ʪʘʢʞʝ ʜʘʥʥʳʤʠ ʩʧʫʪʥʠʢʦʚ RBSP/VAP, ʤʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʧʨʠʯʠʥʳ ʩʜʚʠʛʘ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʘ ʦʨʙʠʪʫ ɻʃʆʅɸʉʉ. 

ʉʦʧʦʩʪʘʚʣʷʷ ʚʨʝʤʝʥʥʦʡ ʭʦʜ ʧʘʨʘʤʝʪʨʦʚ, ʠʟʤʝʨʷʝʤʳʭ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʂɸ ɻʃʆʅɸʉʉ (ʢ 

ʩʦʞʘʣʝʥʠʶ, ʵʪʠ ʜʘʥʥʳʝ ʥʝ ʥʝʧʨʝʨʳʚʥʳ), ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʘʩʠʤʤʝʪʨʠʶ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʜʣʷ ʩʧʦʢʦʡʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʫʩʣʦʚʠʡ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʁ  ï ʜʣʷ ʚʦʟʤʫʱʝʥʠʡ. ʆʙʱʠʡ ʠʟʤʝʨʝʥʥʳʡ ʫʨʦʚʝʥʴ ʨʘʜʠʘʮʠʠ ʥʘ 

ʦʨʙʠʪʝ ɻʃʆʅɸʉʉ ʣʝʞʠʪ ʚʙʣʠʟʠ ʤʦʜʝʣʴʥʳʭ ʦʮʝʥʦʢ, ʩ ʥʝʙʦʣʴʰʠʤ ʚʳʭʦʜʦʤ ʟʘ ʫʨʦʚʝʥʴ 

AE8_MIN ʚ ʧʝʨʠʦʜ ʤʠʥʠʤʫʤʘ ʉɸ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ (ʙʦʣʝʝ ʯʝʤ ʚ 10 ʨʘʟ) ʧʦʥʠʞʝʥʠʝʤ ï ʚ 2009 

ʛʦʜʫ. 
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ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚʳʜʝʣʠʪʴ 

ʦʙʣʘʩʪʴ ʚʙʣʠʟʠ ʧʦʣʫʥʦʯʠ ʥʘ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ~10Re, ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʤʘʛʥʠʪʥʘʷ ʷʤʘ. ɺ ʤʘʛʥʠʪʥʦʡ ʷʤʝ ʚʝʣʠʯʠʥʘ Bz ʢʦʤʧʦʥʝʥʪʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʙʣʠʟʠ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʤʝʥʴʰʝ ʚʝʣʠʯʠʥʳ ʧʦʣʷ ʥʘ ʙʦʣʴʰʠʭ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ. 

ʊʘʢʠʝ ʦʙʣʘʩʪʠ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʟʘ ʩʯʝʪ ʣʦʢʘʣʴʥʦʛʦ ʘʟʠʤʫʪʘʣʴʥʦ 

ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʜʘʚʣʝʥʠʷ. ɼʘʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʬʠʢʩʠʨʫʝʪʩʷ ʚʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʳʭ 

ʙʫʨʴ (ʘʩʠʤʤʝʪʨʠʯʥʳʡ ʢʦʣʴʮʝʚʦʡ ʪʦʢ). ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʩʧʫʪʥʠʢʦʚʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʚʙʣʠʟʠ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʚʳʜʝʣʝʥʳ ʦʙʣʘʩʪʠ ʣʦʢʘʣʴʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʜʘʥʥʳʝ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʥʠʟʢʦʣʝʪʷʱʠʭ 

ʩʧʫʪʥʠʢʘʭ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʠʪʴ ʣʦʢʘʣʠʟʘʮʠʶ ʘʚʨʦʨʘʣʴʥʦʛʦ ʦʚʘʣʘ ʠ ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʫ 

ʜʘʚʣʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʤʠʥʠʤʫʤʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʨʦʚʝʜʝʥʦ ʥʝʣʠʥʝʡʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʩʢʘʞʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʝʛʠʩʪʨʠʨʫʝʤʳʤ ʜʘʚʣʝʥʠʝʤ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʚʳʜʝʣʠʪʴ ʚʢʣʘʜ ʣʦʢʘʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʥʘʙʣʶʜʘʝʤʦʝ ʫʤʝʥʴʰʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ. 

 

 

ɼʀʅɸʄʀʂɸ ʀ ʇʆʃʆɾɽʅʀɽ ʂʆʃʔʎɽɺʆɻʆ ʊʆʂɸ ʀ ʊʆʂʆɺʆʁ ʉʀʉʊɽʄʓ 

ʍɺʆʉʊɸ ʄɸɻʅʀʊʆʉʌɽʈʓ ɺʆ ɺʈɽʄʗ ɹʋʈʀ 8 ʄɸʈʊɸ 2012 ɻ. 

 

ʀ.ʉ. ʅʘʟʘʨʢʦʚ, ɺ.ɺ. ʂʘʣʝʛʘʝʚ, ʅ.ɸ. ɺʣʘʩʦʚʘ 

 

ʅʀʀʗʌ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ,  nazarkov@dec1.sinp.msu.ru 

 

ʀʩʩʣʝʜʫʝʪʩʷ ʜʠʥʘʤʠʢʘ ʤʘʛʥʠʪʦʩʬʝʨʳ ʚʦ ʚʨʝʤʷ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʙʫʨʠ 8 ʤʘʨʪʘ 2012 ʛʦʜʘ. ʇʦ 

ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚ THEMIS ʠ POES ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʪʨʫʢʪʫʨʘ ʠ ʧʦʣʦʞʝʥʠʝ ʢʦʣʴʮʝʚʦʛʦ 

ʪʦʢʘ ʠ ʪʦʢʦʚʦʡ ʩʠʩʪʝʤʳ ʭʚʦʩʪʘ ʤʘʛʥʠʪʦʩʬʝʨʳ. ʀʩʧʦʣʴʟʫʷ ʤʦʜʝʣʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ɿʝʤʣʠ (IGRF-11) ʠ ʤʘʛʥʠʪʦʩʬʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (A2000), ʠʟ ʠʟʤʝʨʝʥʥʦʛʦ ʥʘ 

ʙʦʨʪʘʭ ʩʧʫʪʥʠʢʦʚ THEMIS ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʳʯʠʪʘʶʪʩʷ ʚʢʣʘʜʳ ʦʪ ʪʦʢʦʚ ʚʥʫʪʨʠ ɿʝʤʣʠ ʠ 

ʪʦʢʦʚ ʥʘ ʤʘʛʥʠʪʦʧʘʫʟʝ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʧʦʯʘʩʦʚʦʡ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʠ ʧʦʣʦʞʝʥʠʷ ʪʦʢʦʚʦʡ 

ʩʠʩʪʝʤʳ ʭʚʦʩʪʘ ʧʦ ʜʘʥʥʳʤ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. ʕʚʦʣʶʮʠʷ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ ʦʮʝʥʠʚʘʝʪʩʷ 

ʧʦ ʜʘʥʥʳʤ ʦ ʧʦʪʦʢʘʭ ʯʘʩʪʠʮ STEB, ʠʟʤʝʨʷʝʤʳʭ ʩʧʫʪʥʠʢʘʤʠ POES ʥʘ ʥʠʟʢʠʭ ʰʠʨʦʪʘʭ. 

ʇʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʧʝʨʝʜʥʝʛʦ ʢʨʘʷ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʭʚʦʩʪʘ ʤʘʛʥʠʪʦʩʬʝʨʳ, 

ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʤʘʛʥʠʪʥʳʤ ʜʘʥʥʳʤ ʘʧʧʘʨʘʪʦʚ THEMIS ʠ ʛʨʘʥʠʮʳ ʧʣʘʟʤʝʥʥʦʛʦ ʩʣʦʷ, 

ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ɸ2000 ʛʨʘʥʠʮʳ ʠʟʦʪʨʦʧʠʟʘʮʠʠ, 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚ POES. 
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ʀʇʌ ʈɸʅ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, sh130@appl.sci-nnov.ru 

 

ʇʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʠʦʥʦʩʬʝʨʳ ʀʦ ʚ ʣʦʙʦʚʦʡ 

(ʧʦ ʥʘʣʝʪʘʶʱʝʤʫ ʧʦʪʦʢʫ ʧʣʘʟʤʳ ʤʘʛʥʠʪʦʩʬʝʨʳ ʖʧʠʪʝʨʘ) ʧʦʣʫʩʬʝʨʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʙʣʠʟʠ 

ʵʢʚʘʪʦʨʘ ʨʝʘʣʠʟʫʝʪʩʷ ʤʝʭʘʥʠʟʤ ʥʘʛʨʝʚʘ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʠʟʘʮʠʠ ʥʝʡʪʨʘʣʴʥʦʛʦ ʛʘʟʘ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʜʚʠʞʝʥʠʝ ʩʧʫʪʥʠʢʘ ʯʝʨʝʟ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʣʘʥʝʪʳ. ʉʢʦʨʦʩʪʴ ʠʦʥʠʟʘʮʠʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʙʣʠʟʠ ʩʧʫʪʥʠʢʘ ʠ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʣʘʟʤʝʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ ʵʪʦʡ ʯʘʩʪʠ 

ʘʪʤʦʩʬʝʨʳ. 
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ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, vprokhorenko@mail.ru 

 

ʇʨʠ ʚʳʙʦʨʝ ʦʨʙʠʪ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʧʫʪʥʠʢʦʚ ʟʝʤʣʠ ʠ ʧʣʘʥʝʪ ʥʘʨʷʜʫ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ, 

ʚʳʪʝʢʘʶʱʠʤʠ ʠʟ ʥʘʫʯʥʳʭ ʟʘʜʘʯ ʧʣʘʥʠʨʫʝʤʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʨʝʤʷ 

ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʧʫʪʥʠʢʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʵʚʦʣʶʮʠʝʡ ʦʨʙʠʪʳ ʧʦʜ ʚʣʠʷʥʠʝʤ  

ʚʥʝʰʥʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʠ ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʩʞʘʪʠʷ ʧʣʘʥʝʪʳ. ʎʝʣʴʶ ʜʦʢʣʘʜʘ 

ʷʚʣʷʝʪʩʷ ʧʦʧʫʣʷʨʠʟʘʮʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʝʢʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʵʚʦʣʶʮʠʠ ʦʨʙʠʪ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʧʫʪʥʠʢʦʚ ʧʣʘʥʝʪ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʧʦʜ ʚʣʠʷʥʠʝʤ ʫʧʦʤʷʥʫʪʳʭ 

ʚʦʟʤʫʱʘʶʱʠʭ ʬʘʢʪʦʨʦʚ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʪʝʛʨʠʨʫʝʤʳʭ 

ʵʚʦʣʶʮʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʙʦʣʝʝ ʧʷʪʠʜʝʩʷʪʠ ʣʝʪ ʥʘʟʘʜ ʚ ʨʘʙʦʪʘʭ ʄ.ʃ. ʃʠʜʦʚʘ, ʘ 

ʪʘʢʞʝ ʚ ʨʘʙʦʪʝ ɼ.ɽ.. ʆʭʦʮʠʤʩʢʦʛʦ ʠ ʜʨ. ʅʘʨʷʜʫ ʩ ʚʝʢʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʵʚʦʣʶʮʠʠ 

ʬʦʢʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʧʝʨʠʮʝʥʪʨʘ, ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʜʦʣʛʦʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ 

ʧʨʠʨʘʱʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʧʝʨʠʮʝʥʪʨʘ, ʧʝʨʠʦʜ ʢʦʪʦʨʳʭ  ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʣʫʧʝʨʠʦʜʦʤ ʦʨʙʠʪʳ 

ʢʘʞʜʦʛʦ ʠʟ ʚʦʟʤʫʱʘʶʱʠʭ ʪʝʣ. ʆ ʪʦʤ, ʯʪʦ ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʥʝʰʥʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ 

ʚʦʟʤʫʱʝʥʠʡ ʵʚʦʣʶʮʠʷ ʦʨʙʠʪʳ ʩʧʫʪʥʠʢʘ ʧʣʘʥʝʪʳ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ  

ʙʦʣʴʰʦʡ ʧʦʣʫʦʩʠ, ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʫʤʝʥʴʰʝʥʠʶ ʬʦʢʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʧʝʨʠʮʝʥʪʨʘ ʜʦ 

ʟʥʘʯʝʥʠʡ ʤʝʥʴʰʝ ʨʘʜʠʫʩʘ ʧʣʘʥʝʪʳ, ʚʧʝʨʚʳʝ ʟʘʷʚʠʣ ʄ.ʃ. ʃʠʜʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʄ.ʃ. 

ʃʠʜʦʚ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʥʘ ʧʨʠʤʝʨʝ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʚʦʰʸʣ ʚ ʥʘʫʯʥʫʶ 

ʣʠʪʝʨʘʪʫʨʫ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çɺʝʨʪʠʢʘʣʴʥʘʷ ʃʫʥʘè. ʕʪʦʪ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʃʫʥʘ ʥʘ 

ʦʨʙʠʪʝ, ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʢ ʧʣʦʩʢʦʩʪʠ ʵʢʣʠʧʪʠʢʠ (ʠʤʝʶʱʝʡ ʥʘʢʣʦʥʝʥʠʝ, ʨʘʚʥʦʝ 90)̄, ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʉʦʣʥʮʘ ʧʨʦʩʫʱʝʩʪʚʦʚʘʣʘ ʙʳ ʥʝ ʙʦʣʝʝ 4.5 ʣʝʪ. 

ʅʘʢʦʧʣʝʥʥʳʡ ʩ ʪʝʭ ʧʦʨ ʦʧʳʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʚʦʣʶʮʠʠ ʨʝʘʣʴʥʳʭ ʦʨʙʠʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʚʝʢʦʚʘʷ ʵʚʦʣʶʮʠʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʥʝʰʥʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʦʧʘʩʥʦʤʫ ʩʥʠʞʝʥʠʶ ʧʝʨʠʛʝʡʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʠ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʭ ʥʘʯʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʥʘʢʣʦʥʝʥʠʷ ʦʨʙʠʪʳ ʢ ʧʣʦʩʢʦʩʪʠ ʵʢʣʠʧʪʠʢʠ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʥʘʯʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ 

ʥʘʢʣʦʥʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʦʨʙʠʪʳ ʂɸ ʉʧʝʢʪʨïʈ ʢ ʧʣʦʩʢʦʩʪʠ ʵʢʣʠʧʪʠʢʠ ʤʝʥʝʝ 30 ʛʨʘʜʫʩʦʚ, 

ʧʨʦʛʥʦʟ ʵʚʦʣʶʮʠʠ ʦʨʙʠʪʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʢʦʥʮʝ ʧʝʨʚʦʛʦ ʧʝʨʠʦʜʘ ʚʝʢʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʵʚʦʣʶʮʠʠ ʝʛʦ ʦʨʙʠʪʳ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʝ ʧʝʨʠʛʝʡʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 0.931 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʨʘʜʠʫʩʘ ɿʝʤʣʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʦʚʘʣʘ ʫʛʨʦʟʘ ʟʘʚʝʨʰʝʥʠʷ 

ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʧʫʪʥʠʢʘ ʧʫʪʝʤ ʩʛʦʨʘʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʧʘʜʝʥʠʠ ʥʘ 
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ɿʝʤʣʶ. ʕʪʘ ʫʛʨʦʟʘ ʙʳʣʘ ʧʨʝʦʜʦʣʝʥʘ ʟʘ ʩʯʸʪ ʧʨʝʚʝʥʪʠʚʥʦʡ ʢʦʨʨʝʢʮʠʠ ʦʨʙʠʪʳ. ʇʨʘʢʪʠʯʝʩʢʠʤ 

ʘʩʧʝʢʪʘʤ ʧʨʦʙʣʝʤʳ ʚʳʙʦʨʘ ʦʨʙʠʪ, ʥʘ ʢʦʪʦʨʳʭ ʚʝʢʦʚʘʷ ʵʚʦʣʶʮʠʷ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʦʧʘʩʥʦʤʫ 

ʩʥʠʞʝʥʠʶ ʬʦʢʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʧʝʨʠʮʝʥʪʨʘ, ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚ ʨʷʜʝ ʨʘʙʦʪ 

ʘʚʪʦʨʘ, ʚʳʧʦʣʥʝʥʥʳʭ ʟʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ:     

- ʚʚʝʜʝʥʘ ʦʙʦʙʱʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʥʦʛʦʦʙʨʘʟʠʡ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʪʠʧʘ I, II , III , 

ʧʨʠʚʦʜʷʱʠʭ ʠʣʠ ʥʝ ʧʨʠʚʦʜʷʱʠʭ ʢ ʩʥʠʞʝʥʠʶ ʨʘʩʩʪʦʷʥʠʷ ʧʝʨʠʮʝʥʪʨʘ ʥʠʞʝ ʨʘʜʠʫʩʘ ʧʣʘʥʝʪʳ 

ʧʦʜ ʚʣʠʷʥʠʝʤ çʩʤʝʰʘʥʥʳʭè ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʟʤʫʱʝʥʠʡ;   

- ʥʘ ʦʩʠ ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ ʙʦʣʴʰʦʡ ʧʦʣʫʦʩʠ ʦʨʙʠʪ ʩʧʫʪʥʠʢʦʚ ʧʣʘʥʝʪ ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ 

ʛʨʘʥʠʮ ʜʝʡʩʪʚʠʷ ʢʘʞʜʦʡ ʠʟ ʜʚʫʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʘʩʠʤʧʪʦʪʠʢ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʠʦʨʠʪʝʪʥʘʷ 

ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʚʝʢʦʚʦʡ ʵʚʦʣʶʮʠʠ ʧʨʠʥʘʜʣʝʞʠʪ ʦʜʥʦʤʫ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʦʟʤʫʱʘʶʱʠʭ 

ʬʘʢʪʦʨʦʚ (ʧʨʠ ʚʪʦʨʦʩʪʝʧʝʥʥʦʡ ʨʦʣʠ ʜʨʫʛʦʛʦ);   

- ʜʣʷ ʦʙʣʘʩʪʠ ʜʝʡʩʪʚʠʷ ʘʩʠʤʧʪʦʪʠʢʠ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʚʣʠʷʥʠʷ ʚʥʝʰʥʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ 

ʚʦʟʤʫʱʝʥʠʡ ʧʦʣʫʯʝʥʦ ʦʧʠʩʘʥʠʝ ʤʥʦʛʦʦʙʨʘʟʠʡ ʪʠʧʘ I, II , III  ʚ ʚʠʜʝ ʪʨʸʭ ʪʝʦʨʝʤ.  

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʚʳʙʦʨʫ ʜʦʣʛʦʞʠʚʫʱʠʭ ʦʨʙʠʪ ʩʧʫʪʥʠʢʦʚ ʧʣʘʥʝʪ ʩ ʫʯʝʪʦʤ ʚʝʢʦʚʦʡ ʠ ʜʦʣʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʚʦʣʶʮʠʠ ʵʪʠʭ ʦʨʙʠʪ. 

 

 

ʈɽɿʂʀɽ ʀɿʄɽʅɽʅʀʗ ʂʆʅʎɽʅʊʈɸʎʀʀ ɺ ʉʇʆʈɸɼʀʏɽʉʂʆʄ ʉʆʃʅɽʏʅʆʄ 

ɺɽʊʈɽ ʀ ʀʍ ɺʆɿɼɽʁʉʊɺʀɽ ʅɸ ʄɸɻʅʀʊʆʉʌɽʈʋ ɿɽʄʃʀ 
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1
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3
, ʄ.ɺ. ɽʩʝʣʝʚʠʯ

3
, ɻ.ʅ. ɿʘʩʪʝʥʢʝʨ
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1
ɹɻʋʕʇ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ, pekines_41@mail.ru, 

2 
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 

3
ʀʉɿʌ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ. 

 

ɺ ʤʘʛʥʠʪʥʦʤ ʦʙʣʘʢʝ, ʷʚʣʷʶʱʝʛʦʩʷ ʯʘʩʪʴʶ ʩʧʦʨʘʜʠʯʝʩʢʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ (ʉɺ) ʥʘ ʦʨʙʠʪʝ 

ɿʝʤʣʠ, ʥʘ ʬʦʥʝ ʧʦʩʪʦʷʥʩʪʚʘ ʩʢʦʨʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʦʙʥʘʨʫʞʝʥʳ ʨʝʟʢʠʝ ʩʢʘʯʢʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʉɺ ʠ ʧʨʦʪʠʚʦʬʘʟʥʳʝ ʚʳʩʦʢʦ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʝ (ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ  

R~ -0.9) ʩʢʘʯʢʠ ʤʦ-ʜʫʣʷ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʨʦʚʝʜʝʥʥʳʡ 

ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʪʠ ʩʢʘʯʢʠ ʷʚʣʷʶʪʩʷ ʚʦʣʦʢʥʘʤʠ ʠʣʠ ʵʨʫʧʪʠʚʥʳʤʠ ʧʨʦʪʫʙʝʨʘʥʮʘʤʠ. ɺ 

ʢʦʨʦʥʝ ʉʦʣʥʮʘ ʦʥʠ, ʦʙʳʯʥʦ, ʥʘʙʣʶʜʘʶʪʩʷ ʚʥʫʪʨʠ ʢʦʨʦʥʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʤʘʩʩʳ, 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʩʥʦʚʫ ʩʧʦʨʘʜʠʯʝʩʢʦʛʦ ʉɺ. ʉʪʦʣʢʥʦʚʝʥʠʝ ʚʦʣʦʢʥʘ ʩ ʤʘʛʥʠʪʦʩʬʝʨʦʡ ɿʝʤʣʠ 

ʚʳʟʳʚʘʝʪ ʢʨʘʪʢʦʚʨʝʤʝʥʥʫʶ ʘʢʪʠʚʠʟʘʮʠʶ ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʥʠ ʥʘʯʠʥʘʶʪʩʷ ʥʘ 

ʜʥʝʚʥʦʡ ʩʪʦʨʦʥʝ ʤʘʛʥʠʪʦʩʬʝʨʳ ʚʩʧʳʰʢʦʡ ʩʠʷʥʠʡ ʚ ʧʦʣʫʜʝʥʥʦʤ ʩʝʢʪʦʨʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ 

ʚ ʫʪʨʝʥʥʶʶ ʠ ʚʝʯʝʨʥʶʶ ʩʪʦʨʦʥʳ ʤʘʛʥʠʪʦʩʬʝʨʳ. ɺʩʝ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ, ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʠʤʝʝʪ ʤʝʩʪʦ ʨʘʟʚʠʪʠʝ ʘʚʨʦʨʘʣʴʥʦʡ ʩʫʙʙʫʨʠ, ʢʦʪʦʨʘʷ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʪʠʧʘ. ɼʘʣʴʥʝʡʰʝʝ ʩʞʘʪʠʝ ʭʚʦʩʪʘ ʤʘʛʥʠʪʦʩʬʝʨʳ ʚ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚʦʣʦʢʥʘ ʩ ʤʘʛʥʠʪʦʩʬʝʨʦʡ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʜʘʯʝ ʵʥʝʨʛʠʠ ʚ ʧʣʘʟʤʝʥʥʳʡ ʩʣʦʡ ʠ ʨʘʟʚʠʪʠʶ 

ʧʨʦʮʝʩʩʦʚ, ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʦʮʝʩʩʘʤ, ʧʨʦʠʩʭʦʜʷʱʠʤ ʚʦ ʚʨʝʤʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʫʙʙʫʨʠ. ʅʦ, ʧʨʠ 

ʵʪʦʤ ʦʥʘ ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʥʴʰʝʡ ʚʝʣʠʯʠʥʦʡ 

ʚʳʩʚʦʙʦʞʜʘʝʤʦʡ ʵʥʝʨʛʠʠ. ɺʨʝʤʷ ʘʢʪʠʚʠʟʘʮʠʠ ʤʘʛʥʠʪʦʩʬʝʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʧʝʨʝʯʥʳʤ 

ʨʘʟʤʝʨʦʤ ʚʦʣʦʢʥʘ. 
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ʂʆʅʎɽʅʊʈɸʎʀʗ ʍʆʃʆɼʅʆʁ ʇʃɸɿʄʓ ɺ ʆɹʃɸʉʊʀ ɻɽʅɽʈɸʎʀʀ 

ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓʍ ʀʆʅʅʆ-ʎʀʂʃʆʊʈʆʅʅʓʍ (ʕʄʀʎ) ɺʆʃʅ ʂ ʕʂɺɸʊʆʈʋ 

ʆʊ ʆɺɸʃɸ ʅɸ ɼʅɽɺʅʆʁ ʉʊʆʈʆʅɽ  

 

ʊ.ɸ. ʇʦʧʦʚʘ, ʊ.ɸ. ʗʭʥʠʥʘ, ɸ.ɻ. ʗʭʥʠʥ  

 

ʇɻʀ ʂʅʎ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ,  tarkada@yandex.ru 

 

ʀʥʢʨʝʤʝʥʪ ʠʦʥʥʦ-ʮʠʢʣʦʪʨʦʥʥʦʡ (ʀʎ) ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʚ ʧʨʠʟʝʤʥʦʡ 

ʤʘʛʥʠʪʦʩʬʝʨʝ ʧʨʦʠʩʭʦʜʠʪ ʛʝʥʝʨʘʮʠʷ ʕʄʀʎ ʚʦʣʥ, ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʜʥʠʤ 

ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʦʣʦʜʥʦʡ ʧʣʘʟʤʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ. ɻʝʥʝʨʘʮʠʷ ʕʄʀʎ ʚʦʣʥ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʩʩʝʷʥʠʝʤ ʚ ʢʦʥʫʩ ʧʦʪʝʨʴ ʵʥʝʨʛʠʯʥʳʭ ʧʨʦʪʦʥʦʚ, ʧʦʵʪʦʤʫ ʚʳʩʳʧʘʥʠʷ 

ʧʨʦʪʦʥʦʚ ʚ ʩʫʙ-ʦʚʘʣʴʥʦʡ ʦʙʣʘʩʪʠ (ʛʜʝ ʠʤʝʝʪ ʤʝʩʪʦ ʧʦʧʝʨʝʯʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʦʪʦʥʦʚ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʀʎ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ) ʦʪʦʙʨʘʞʘʶʪ ʦʙʣʘʩʪʴ ʛʝʥʝʨʘʮʠʠ  

ʕʄʀʎ ʚʦʣʥ.  ɼʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ ʧʨʦʪʦʥʥʳʭ ʚʳʩʳʧʘʥʠʡ ʥʘ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʩʧʫʪʥʠʢʘʭ 

NOAA ʠ ʧʨʦʪʦʥʥʳʭ ʩʠʷʥʠʡ ʩʦ ʩʧʫʪʥʠʢʘ IMAGE  ʫʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʣʘʟʤʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ  ʠ ʦʙʣʘʩʪʠ ʛʝʥʝʨʘʮʠʠ ʕʄʀʎ ʚʦʣʥ. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʯʪʦ ʠʩʪʦʯʥʠʢʠ ʪʘʢʠʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʢʘʢ ʈʩ1 ʠ ʂʋʇ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʘʟʝʤʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʕʄʀʎ ʚʦʣʥ, ʯʘʩʪʦ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʛʨʘʜʠʝʥʪʘʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʦʣʦʜʥʦʡ ʧʣʘʟʤʳ ʚ ʦʙʣʘʩʪʠ ʧʣʘʟʤʦʧʘʫʟʳ ʠʣʠ ʧʣʘʟʤʦʩʬʝʨʥʦʛʦ ʭʚʦʩʪʘ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʥʘʙʣʶʜʝʥʠʷ ʧʨʦʪʦʥʥʳʭ ʚʳʩʳʧʘʥʠʡ (ʩʠʷʥʠʡ) ʜʣʷ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʧʣʘʟʤʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ ʩ ʦʙʣʘʩʪʴʶ ʛʝʥʝʨʘʮʠʠ ʕʄʀʎ ʚʦʣʥ ʚ 

ʜʥʝʚʥʦʡ ʦʙʣʘʩʪʠ ʚʦ ʚʨʝʤʷ ʩʞʘʪʠʷ ʤʘʛʥʠʪʦʩʬʝʨʳ ʧʨʠ ʨʝʟʢʦʤ ʨʦʩʪʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ʉʞʘʪʠʝ ʤʘʛʥʠʪʦʩʬʝʨʳ ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʩʧʣʝʩʢʦʤ ʕʄʀʎ ʚʦʣʥ ʠ 

ʚʩʧʣʝʩʢʦʤ ʚʳʩʳʧʘʥʠʡ ʧʨʦʪʦʥʦʚ ʢ ʵʢʚʘʪʦʨʫ ʦʪ ʦʚʘʣʘ. ɹʳʣʠ ʦʪʦʙʨʘʥʳ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʚʦ 

ʚʨʝʤʷ ʩʞʘʪʠʷ ʥʘ ʜʥʝʚʥʦʡ ʩʪʦʨʦʥʝ ʥʘʭʦʜʠʣʩʷ ʦʜʠʥ ʠʟ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ ʩʧʫʪʥʠʢʦʚ LANL , 

ʢʦʪʦʨʳʝ ʠʟʤʝʨʷʶʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʭʦʣʦʜʥʦʡ ʧʣʘʟʤʳ, ʠ ʢʦʛʜʘ ʦʙʣʘʩʪʴ ʚʳʩʳʧʘʥʠʡ ʧʨʦʪʦʥʦʚ 

ʟʘʚʝʜʦʤʦ ʧʝʨʝʢʨʳʚʘʣʘ ʧʨʦʝʢʮʠʶ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʳ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʢʘʢ ʠ ʜʦ, ʪʘʢ ʠ 

ʩʨʘʟʫ ʧʦʩʣʝ ʩʞʘʪʠʷ ʤʘʛʥʠʪʦʩʬʝʨʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʩʧʣʝʩʢʘ ʧʨʦʪʦʥʥʳʭ ʚʳʩʳʧʘʥʠʡ ʥʘ 

ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ ʧʣʦʪʥʦʩʪʴ ʭʦʣʦʜʥʦʡ ʧʣʘʟʤʳ ʥʝ ʧʨʝʚʳʰʘʣʘ ʥʝʩʢʦʣʴʢʠʭ ʝʜʠʥʠʮ ʚ ʩʤ
3
.  

ʆʪʩʫʪʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʦʣʦʜʥʦʡ ʧʣʘʟʤʳ ʚ ʦʙʣʘʩʪʠ ʚʳʩʳʧʘʥʠʡ ʧʨʦʪʦʥʦʚ ʥʘ 

ʜʥʝʚʥʦʡ ʩʪʦʨʦʥʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʘʢʞʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʩ ʤʦʜʝʣʷʤʠ ʧʣʘʟʤʦʧʘʫʟʳ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʕʄʀʎ ʚʦʣʥ ʥʘ ʜʥʝʚʥʦʡ ʩʪʦʨʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʦʣʦʜʥʦʡ ʧʣʘʟʤʳ ʥʝ 

ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʟʜʝʩʴ ʜʣʷ ʨʘʟʚʠʪʠʷ ʀʎ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʨʝʟʢʠʡ ʨʦʩʪ  ʘʥʠʟʦʪʨʦʧʠʠ ʵʥʝʨʛʠʯʥʳʭ ʧʨʦʪʦʥʦʚ ʧʨʠ 

ʩʞʘʪʠʠ ʤʘʛʥʠʪʦʩʬʝʨʳ. 

 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʇʈʆʎɽʉʉʆɺ ʅɸɻʈɽɺɸ ʀʆʅʆɺ ʅɸ ʇʆʃʗʈʅʆʁ ɻʈɸʅʀʎɽ 

ʅʆʏʅʆɻʆ ɸɺʈʆʈɸʃʔʅʆɻʆ ʆɺɸʃɸ 

 

ɼ.ɺ. ʏʫʛʫʥʠʥ, ʄ.ʄ. ʄʦʛʠʣʝʚʩʢʠʡ, ʊ.ɺ. ʈʦʤʘʥʮʦʚʘ, ʀ.ʃ. ʄʦʠʩʝʝʥʢʦ 
 

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

 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʥʘ ʧʦʣʷʨʥʦʡ ʛʨʘʥʠʮʝ ʥʦʯʥʦʡ ʩʪʦʨʦʥʳ ʘʚʨʦʨʘʣʴʥʦʛʦ ʦʚʘʣʘ ʥʘ 

ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʡ ʥʘ ʩʧʫʪʥʠʢʝ ɸʚʨʦʨʘʣʴʥʳʡ ʟʦʥʜ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʥʘʛʨʝʚʫ 

ʠʦʥʦʚ ʥʘ ʜʘʥʥʦʡ ʛʨʘʥʠʮʝ. ʀʩʩʣʝʜʫʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʛʨʝʚʘ ʦʪ ʘʢʪʠʚʥʦʩʪʠ, ʵʥʝʨʛʠʠ 

ʚʳʩʳʧʘʶʱʠʭʩʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʴ ʥʘʛʨʝʚʘ ʠʦʥʦʚ 

ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʠʩʪʦʯʥʠʢʘ ɸʂʈ ʥʘ ʵʪʦʡ ʛʨʘʥʠʮʝ. 
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ɹʓʉʊʈʓɽ ɺɸʈʀɸʎʀʀ ʇʆʊʆʂɸ ʕʅɽʈɻʀʏʅʓʍ ʀʆʅʆɺ ɺɹʃʀɿʀ 

ʆʂʆʃʆɿɽʄʅʆʁ ʋɼɸʈʅʆʁ ɺʆʃʅʓ 

 

ʊ. ʀʥʘʤʦʨʠ, ɸ.ɸ.ʇʝʪʨʫʢʦʚʠʯ 

 

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

takayainamori@gmail.com. 

 

ʇʦ ʥʘʙʣʶʜʝʥʠʷʤ ʧʨʦʝʢʪʦʚ ʉʧʝʢʪʨ-ʈ/ʇʣʘʟʤʘ-ʌ (ʧʨʠʙʦʨ ʄʕʇ) ʠ THEMIS (SST) ʦʙʥʘʨʫʞʝʥʳ 

ʙʳʩʪʨʳʝ ʚʘʨʠʘʮʠʠ ʧʦʪʦʢʦʚ ʵʥʝʨʛʠʯʥʳʭ ʠʦʥʦʚ (50-200 ʢʵɺ) ʚʙʣʠʟʠ ʦʢʦʣʦʟʝʤʥʦʡ ʫʜʘʨʥʦʡ 

ʚʦʣʥʳ, ʢʘʢ ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ, ʪʘʢ ʠ ʚ ʤʘʛʥʠʪʦʩʣʦʝ. ɺʳʜʝʣʝʥʳ ʜʚʘ ʪʠʧʘ ʩʦʙʳʪʠʡ ï ʧʠʢʠ ʚ 

ʩʧʝʢʪʨʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʥʝʝ ʦʙʥʘʨʫʞʝʥʥʳʤ çʧʦʯʪʠ ʤʦʥʦʵʥʝʨʛʠʯʥʳʤ ʠʦʥʘʤè (ʃʫʮʝʥʢʦ 

ʠ ʜʨ 1999) ʠ ʦʩʮʠʣʣʷʮʠʠ ʧʦʪʦʢʦʚ ʩ ʧʝʨʠʦʜʘʤʠ 10 ï 30 ʩʝʢʫʥʜ. ʇʦʩʣʝʜʥʠʝ ʨʘʥʝʝ ʚ ʷʚʥʦʤ ʚʠʜʝ 

ʥʝ ʙʳʣʠ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ. ʇʦʩʪʨʦʝʥ ʢʘʪʘʣʦʛ ʥʘʙʣʶʜʝʥʠʡ THEMIS SST ʚ ʩʦʣʥʝʯʥʦʤ 

ʚʝʪʨʝ ʠ ʤʘʛʥʠʪʦʩʣʦʝ. ɺʩʝʛʦ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʤʝʥʝʝ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʩʦʙʳʪʠʡ, ʦʙʳʯʥʦ 

ʘʩʩʦʮʠʠʨʫʝʤʳʭ ʩ ʢʚʘʟʠʧʘʨʘʣʣʝʣʴʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ. ɼʘʥʥʳʝ ʙʳʩʪʨʦʛʦ ʨʝʞʠʤʘ THEMIS 

SST ʠʤʝʶʪ ʨʘʟʨʝʰʝʥʠʝ 4 ʩʝʢʫʥʜʳ ʧʦ ʚʨʝʤʝʥʠ ʠ 16 ʩʝʢʪʦʨʦʚ ʧʦ ʘʟʠʤʫʪʘʣʴʥʦʤʫ ʫʛʣʫ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚʧʝʨʚʳʝ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʦʩʮʠʣʣʷʮʠʡ ʧʦʪʦʢʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʧʨʠʤʝʨʳ ʩʦʙʳʪʠʡ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʘʧʨʘʚʣʝʥʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  

 

 

 

 

ɺɸʈʀɸʎʀʀ ʇʆʃʆɾɽʅʀʗ ʇʆʃʗʈʀɿɸʎʀʆʅʅʆɻʆ ɼɾɽʊɸ ʀ ɻʈɸʅʀʎʓ 

ʀʅɾɽʂʎʀʀ ʕʅɽʈɻʀʏʅʓʍ ʀʆʅʆɺ ɺʆ ɺʈɽʄʗ ʉʋɹɹʋʈɽɺʆʁ ɸʂʊʀɺʅʆʉʊʀ 

 

ɺ.ʃ. ʍʘʣʠʧʦʚ 

 

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

 

ʇʦ ʠʟʤʝʨʝʥʠʷʤ ʥʘ ʩʧʫʪʥʠʢʘʭ DMSP ʩʦʩʪʘʚʣʝʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ 

ʜʞʝʪʘ ʚ ʠʦʥʦʩʬʝʨʝ ʜʣʷ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʩʫʙʙʫʨʝʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ʈʘʩʩʤʦʪʨʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʦʞʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʜʞʝʪʘ ʦʪ ɸɽ ï ʠʥʜʝʢʩʘ. ʈʘʟʚʠʪʠʝ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʜʞʝʪʘ ʩʦʧʦʩʪʘʚʣʝʥʦ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʛʨʘʥʠʮʳ ʠʥʞʝʢʮʠʠ ʵʥʝʨʛʠʯʥʳʭ 

ʠʦʥʦʚ, ʠʟʤʝʨʝʥʥʳʭ ʥʘ ʩʧʫʪʥʠʢʝ ɸʄʈʊɽ/ʉʉɽ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ 

ʧʨʦʛʨʘʤʤʳ ʈɸʅ ʇ22. 

 

 

ʉʊʈʋʂʊʋʈɸ ʇʆɻʈɸʅʀʏʅʆɻʆ ʇʃɸɿʄɽʅʅʆɻʆ ʉʃʆʗ ʇʆ ʈɽɿʋʃʔʊɸʊɸʄ 

ɼʀʉʊɸʅʎʀʆʅʅʆɻʆ ɿʆʅɼʀʈʆɺɸʅʀʗ 

 

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 
ʀʥʩʪʠʪʫʪ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʧʣʘʥʝʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (IRAP), ʛ. ʊʫʣʫʟʘ, ʌʨʘʥʮʠʷ 

 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʝʥʥʳʭ ʧʦʧʫʣʷʮʠʡ  ʩ ʵʥʝʨʛʠʷʤʠ 0.1-20 

ʢʵɺ ʚ ʥʦʯʥʦʤ ʥʠʟʢʦʚʳʩʦʪʥʦʤ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ (PSBL ï Plasma Sheet Boundary Layer) ʧʦ 

ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʘ ʀʅʊɽʈɹʆʃ-2. ɸʧʦʛʝʡʥʘʷ ʯʘʩʪʴ ʦʨʙʠʪʳ ʩʧʫʪʥʠʢʘ (ʥʘ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʭ 

ʨʘʩʩʪʦʷʥʠʷʭ ~3-4 RE, ʛʜʝ RE - ʨʘʜʠʫʩ ɿʝʤʣʠ) ʧʨʦʭʦʜʠʪ ʚʳʰʝ ʘʚʨʦʨʘʣʴʥʦʡ ʟʦʥʳ,  ʧʦʵʪʦʤʫ 

ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʤʦʞʝʪ ʥʝ ʠʩʧʳʪʳʚʪʴ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ 

ʧʣʘʟʤʳ ʠʟ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʜʦ ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ ʟʘ ʧʝʨʠʦʜ 27 ʦʢʪʷʙʨʷ 1996 ʛ. ï 30 ʘʧʨʝʣʷ 1998 ʛ. ʧʦʟʚʦʣʠʣ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʩʦʩʪʦʷʥʠʷ PSBL. ɼʣʷ ʧʝʨʚʦʛʦ ʪʠʧʘ 

ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʜʠʬʬʫʟʥʦʡ ʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ (DIS ï Diffuse Ion Structure) ʧʦ ʜʘʥʥʳʤ 

ʀʅʊɽʈɹʆʃ-2. ʉʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʧʨʦʪʦʥʦʚ ʩʦʩʪʘʚʣʷʝʪ ~ 0.5-0.7 ʢʵɺ, ʘ ʵʣʝʢʪʨʦʥʦʚ ~ 0.2-0.4 

ʢʵɺ, ʯʪʦ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʟʘʧʦʣʥʝʥʠʝʤ PSBL ʧʣʘʟʤʦʡ ʠʟ ʤʘʥʪʠʠ ʠ/ʠʣʠ ʜʦʣʝʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ 

ʭʚʦʩʪʘ. ɺʪʦʨʦʡ ʪʠʧ ʦʪʣʠʯʘʝʪʩʷ ʥʘʣʠʯʠʝʤ  ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

(VDIS - Velocity Dispersed Ion Structure), ʩʦʩʪʦʷʱʝʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ 

ʩʫʙʩʪʨʫʢʪʫʨ. ʌʦʨʤʠʨʦʚʘʥʠʝ VDIS ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʛʝʥʝʨʘʮʠʠ ʫʩʢʦʨʝʥʥʳʭ ʠʦʥʥʳʭ ʧʫʯʢʦʚ 

(ʙʠʤʣʝʪʦʚ) ʚ PSBL. ɹʠʤʣʝʪʳ ʫʩʢʦʨʷʶʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʚʳʜʝʣʝʥʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʦʙʣʘʩʪʷʭ 

ʪʦʢʦʚʦʛʦ ʩʣʦʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʭʚʦʩʪʘ; ʵʪʠ ʦʙʣʘʩʪʠ ʷʚʣʷʶʪʩʷ ʧʨʦʷʚʣʝʥʠʷʤʠ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʭʘʦʩʘ ʚ ʩʠʩʪʝʤʝ. ʅʘʢʦʥʝʮ, ʪʨʝʪʠʡ ʪʠʧ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʪʤʝʯʘʝʪʩʷ ʥʘʣʠʯʠʝ 

ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʤʦʱʥʳʭ ʠʦʥʥʳʭ ʠʥʞʝʢʮʠʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 1-3 

ʤʠʥ ʠ ʠʤʝʝʪ ʜʠʩʧʝʨʩʠʶ ʧʦ ʵʥʝʨʛʠʠ (TDIS ï Temporally Ion Dispersed Structure). ʕʪʠ 

ʩʧʦʨʘʜʠʯʝʩʢʠʝ ʠʥʞʝʢʮʠʠ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʠʤʝʶʪ ʚʨʝʤʝʥʥʫʶ ʧʨʠʨʦʜʫ, ʪ.ʝ. ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʝʡʩʪʚʠʷ ʚʨʝʤʷʧʨʦʣʝʪʥʦʛʦ ʵʬʬʝʢʪʘ ʩʥʘʯʘʣʘ ʩʧʫʪʥʠʢʘ ʜʦʩʪʠʛʘʶʪ ʵʥʝʨʛʠʯʥʳʝ ʠʦʥʳ, ʘ ʟʘʪʝʤ, 

ʥʠʟʢʦʵʥʝʨʛʠʯʥʳʝ. ʊʘʢʠʝ ʠʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʧʦʧʫʣʷʮʠʝʡ ʵʥʝʨʛʠʯʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ ʩʦ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʝʡ ~ 1.0-4.0 ʢʵɺ, ʭʘʨʘʢʪʝʨʥʳʭ ʠ ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ 

ʩʣʦʷ. ʊʨʝʪʠʡ ʪʠʧ ʩʦʩʪʦʷʥʠʷ PSBL ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʨʘʟʚʠʪʠʝʤ ʚʟʨʳʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʭʚʦʩʪʝ 

ʤʘʛʥʠʪʦʩʬʝʨʳ. ɸʥʘʣʠʟ ʯʘʩʪʦʪʳ ʥʘʙʣʶʜʝʥʠʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʩʦʩʪʦʷʥʠʷ PSBL ʧʦʢʘʟʘʣ, ʯʪʦ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʪʨʝʭ ʪʠʧʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʷʤʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩ ʫʨʦʚʥʝʤ 

ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ.     

 

 

ʅʆɺʓɽ ʆɹʒɽʂʊʓ ʀ ʇɸʈɸʄɽʊʈʓ ʉʆʃʅɽʏʅʆʁ ʉʀʉʊɽʄʓ ɼʃʗ 

ʀʉʉʃɽɼʆɺɸʅʀʗ ʌʀɿʀʂʀ ʇʃɸɿʄʓ  

 

ɺ.ɺ. ʈʦʤʘʥʮʝʚ, ʇ.ɻ. ʇʣʝʭʘʥʦʚ, ɸ.ɺ. ɹʘʨʩʫʢʦʚ  

 

ɻɹʆʋ ʉʇʆ ʉʄʂ, ɸʩʪʨʦʥʦʤʠʯʝʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ñʂʦʩʤʦʩò,  

ʛ. ʉʘʤʘʨʘ, ʈʦʩʩʠʷ, skb.smk@yandex.ru. 

 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʤʳ ʟʥʘʝʤ ʝʝ ʩʪʨʦʝʥʠʝ ʪʦʣʴʢʦ ʥʘ  

ʨʘʩʩʪʦʷʥʠʠ ʙʦʣʝʝ 75 ʘ.ʝ. ʦʪ ʉʦʣʥʮʘ ʧʦ ʛʠʧʦʪʝʟʝ [4]. ɺ ʛʠʧʦʪʝʟʝ ʠʟʣʦʞʝʥʦ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʉʦʣʥʝʯʥʦʡ ʧʣʘʥʝʪʦʡ ʩʠʩʪʝʤʳ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʘʢʢʫʤʫʣʷʮʠʝʡ ʚʩʝʭ ʧʣʘʥʝʪ ʠ ʪʦʣʴʢʦ ʧʣʘʥʝʪ. ʀ 

ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ ʦʢʦʣʦʩʦʣʥʝʯʥʦʛʦ ʛʘʟʦʧʳʣʝʚʦʛʦ ʜʠʩʢʘ, ʦʢʨʘʠʥʘ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʣʘʩʴ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 75ʘ.ʝ. ʦʪ ʉʦʣʥʮʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʘ ʧʣʘʟʤʳ ʧʨʦʚʦʜʷʪʩʷ ʥʘ 

ʠʟʚʝʩʪʥʳʭ ʩʝʛʦʜʥʷ ʧʘʨʘʤʝʪʨʘʭ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ. ɺ ʘʚʪʦʨʩʢʦʡ ʤʦʥʦʛʨʘʬʠʠ [1] 

ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʧʣʘʥʝʪʳ ʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʘʶʪʩʷ 

ʪʦʣʴʢʦ ʛʨʫʧʧʘʤʠ (ʧʦ ʯʝʪʳʨʝ ʧʣʘʥʝʪʳ ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ) ʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʪʦʣʴʢʦ ʛʨʫʧʧʘʤʠ 

ʧʫʪʸʤ ʘʢʢʫʤʫʣʷʮʠʠ ʚ ʛʨʫʧʧʘʭ ʧʨʦʪʦʧʣʘʥʝʪʥʳʭ ʧʦʷʩʦʚ. ʇʨʠʚʦʜʠʪʩʷ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʛʨʫʧʧʳ ʧʨʦʪʦʧʣʘʥʝʪʥʳʭ ʧʦʷʩʦʚ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʥʝʠʟʚʝʩʪʥʦʤ ʨʘʥʝʝ ʩʚʦʡʩʪʚʝ ʢʦʤʝʪ ʠ 

ʟʘʢʦʥʘʭ ʂʝʧʣʝʨʘ, ʃʘʛʨʘʥʞʘ ʠ ʃʘʚʝʨʴʝ [3]. ʇʦʢʘʟʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʨʫʧʧ ʧʣʘʥʝʪ ʠ ʧʦʷʩʦʚ ʤʘʣʳʭ ʪʝʣ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ. ɺ 

ʜʦʢʣʘʜʝ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʧʣʘʥʝʪ ʚ 

ʛʨʫʧʧʘʭ ʩ ʦʪʥʦʰʝʥʠʝʤ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ, ʥʦ ʤʝʥʴʰʝ ʠʣʠ ʨʘʚʥʦ ʯʠʩʣʫ ʜʚʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʪʦʤ, ʯʪʦ ʛʨʫʧʧʳ ʧʣʘʥʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦ  ʘʢʢʫʤʫʣʠʨʦʚʘʣʠʩʴ ʚ ʛʨʫʧʧʘʭ ʧʨʦʪʦʧʣʘʥʝʪʥʳʭ ʧʦʷʩʦʚ, 

ʩʨʝʜʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʢʦʪʦʨʳʭ ʠʤʝʣʠ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʚʥʦʝ ʯʠʩʣʫ ʜʚʘ. ʇʦʣʫʯʝʥʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ (Rn +1/ Rn=2), ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʟʘʢʦʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪ ʉʦʣʥʮʘ 

ʦʙʲʝʢʪʦʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ: ʧʣʘʥʝʪ ʚ ʛʨʫʧʧʝ, ʛʨʫʧʧ ʧʣʘʥʝʪ, ʠ ʧʦʷʩʦʚ ʦʙʲʝʢʪʦʚ ʤʝʞʜʫ 

ʛʨʫʧʧʘʤʠ. ʇʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʩʪʨʦʝʥʠʷ ʚʩʝʡ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. ɺ ʤʦʜʝʣʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʘ 

ʧʨʝʜʝʣʘʤʠ ʧʦʷʩʘ ʂʦʡʧʝʨʘ ʩʫʱʝʩʪʚʫʶʪ, ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʚ ʥʘʫʯʥʦʡ ʛʠʧʦʪʝʟʝ [1]: ʛʨʫʧʧʘ 

ʨʘʟʨʷʞʝʥʥʳʭ ʧʨʦʪʦʧʣʘʥʝʪʥʳʭ ʧʦʷʩʦʚ (ʚ ʢʦʪʦʨʦʡ ʘʢʢʫʤʫʣʷʮʠʷ ʛʨʫʧʧʳ ʧʣʘʥʝʪ ʥʝ ʩʦʩʪʦʷʣʘʩʴ), 
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ʪʨʝʪʠʡ ʧʦʷʩ, ʚ ʢʦʪʦʨʦʤ ʦʪʢʨʳʪ ʝʛʦ ʧʝʨʚʳʡ ʦʙʲʝʢʪ çʉʝʜʥʘè [3]. ʊʝʦʨʝʪʠʯʝʩʢʠ ʫʩʪʘʥʦʚʣʝʥʳ 

ʩʨʝʜʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʛʨʫʧʧʳ ʧʦʷʩʦʚ ʚ ʘ.ʝ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 100; 200; 400; 800. ʇʦʣʫʯʝʥʦ 

ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʪʨʝʪʴʝʛʦ ʧʦʷʩʘ ʨʘʚʥʳʤ 1200 ʘ.ʝ. ʠ ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʛʣʘʚʥʦʛʦ ʧʦʷʩʘ 

ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ (ʦʙʣʘʢʘ ʢʦʤʝʪ ʆʦʨʪʘ) ʨʘʚʥʳʤ 24000 ʘ.ʝ.. ʄʦʜʝʣʴ ʨʘʩʰʠʨʠʣʘ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʪʨʦʝʥʠʠ ʧʣʘʥʝʪʥʦʡ ʩʠʩʪʝʤʳ ʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʝʝ ʧʘʨʘʤʝʪʨʳ.  

[1]. ʇʣʝʭʘʥʦʚ ʇ.ɻ. ʉʦʣʥʝʯʥʘʷ ʩʠʩʪʝʤʘ (ʩʪʨʦʝʥʠʝ ʠ ʢʦʤʝʪʥʘʷ ʛʠʧʦʪʝʟʘ ʧʨʦʠʩʭʦʞʜʝʥʠʷ): 

ʤʦʥʦʛʨʘʬʠʷ (ʥʘʫʯʥʘʷ ʛʠʧʦʪʝʟʘ) ï ʉʘʤʘʨʘ: ʀʟʜʘʪʝʣʴʩʪʚʦ ʀʥʢʦʤʘ- ʧʨʝʩʩ, 2011 ï 116ʩ.   

[2]. ʇʣʝʭʘʥʦʚ ʇ.ɻ. ʄʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʫʧʧʳ ʠʟ ʯʝʪʳʨʝʭ ʧʦʷʩʦʚ ï ʟʦʥʳ ʘʢʢʫʤʫʣʷʮʠʠ 

ʛʨʫʧʧʳ ʧʣʘʥʝʪ. ʞ.: ʥʘʫʯʥʳʡ ʘʩʧʝʢʪ ˉ 32, 2012 ,5-8ʩ.  

[3]. ʇʣʝʭʘʥʦʚ ʇ.ɻ. çʉʝʜʥʘè - ʧʝʨʚʳʡ ʦʙʲʝʢʪ ʪʨʝʪʴʝʛʦ ʧʦʷʩʘ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. ɼʦʢʣʘʜʳ 

ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʉʄʂ ʚʳʧʫʩʢ 6 - 2009 ʛʦʜ, ʩʪʨ. 101-105.     

[4]. ʐʤʠʜʪ ʆ.ʖ. ʏʝʪʳʨʝ ʣʝʢʮʠʠ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ɿʝʤʣʠ /ɸʅ ʉʉʉʈ, 1957. 
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ɼʆʂʃɸɼʓ 

 

 

ʇɽʈʉʀʉʊɽʅʊʅʓɽ ɻʆʄʆʃʆɻʀʀ ʅɸɹʃʖɼɸɽʄʓʍ ʉʃʋʏɸʁʅʓʍ ʉʂɸʃʗʈʅʓʍ 

ʇʆʃɽʁ 

 

ʅ.ɻ. ʄʘʢʘʨʝʥʢʦ, ʀ.ʅ.ʂʥʷʟʝʚʘ, ʌ.ʉ. ʈʳʙʠʥʮʝʚ, ʌ.ɸ. ʋʨʪʴʝʚ 

 

ɻɸʆ ʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʝʪʩʷ ʤʝʪʦʜ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʣʫʯʘʡʥʳʭ ʧʦʣʝʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʘʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʦʧʦʣʦʛʠʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʣʫʯʘʡʥʦʛʦ 

ʧʦʣʷ ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʘ ʣʦʢʘʣʴʥʳʭ ʦʢʨʝʩʪʥʦʩʪʝʡ ʤʘʢʩʠʤʫʤʦʚ ʧʦʣʷ. ʂ ʩʦʞʘʣʝʥʠʶ, ʧʦʣʫʯʠʪʴ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʤʘʢʩʠʤʫʤʦʚ, ʧʨʝʚʳʰʘʶʱʠʭ ʟʘʜʘʥʥʳʡ ʫʨʦʚʝʥʴ, 

ʫʜʘʝʪʩʷ ʣʠʰʴ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʯʠʩʣʝ ʩʣʫʯʘʝʚ. ʆʜʥʘʢʦ, ʭʦʨʦʰʝʡ ʦʮʝʥʢʦʡ ʵʪʦʡ ʚʝʣʠʯʠʥʳ 

ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʕʡʣʝʨʘ ʜʣʷ ʚʳʙʨʦʩʦʚ ʧʦʣʷ, ʢʘʢ ʦʜʠʥ ʠʟ ʬʫʥʢʮʠʦʥʘʣʦʚ 

ʄʠʥʢʦʚʩʢʦʛʦ. ʌʠʟʠʯʝʩʢʠ, ʦʥʘ ʨʘʚʥʘ ʩʫʤʤʝ ʯʠʩʣʘ ʵʢʩʪʨʝʤʫʤʦʚ ʧʦʣʷ ʟʘ ʚʳʯʝʪʦʤ ʯʠʩʣʘ ʩʝʜʝʣ. 

ʊʦʧʦʣʦʛʠʯʝʩʢʠ, ʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʘʣʴʪʝʨʥʠʨʦʚʘʥʥʘʷ ʩʫʤʤʘ ʯʠʩʝʣ ɹʝʪʪʠ ʜʣʷ ʧʝʨʚʳʭ ʜʚʫʭ 

ʛʨʫʧʧ ʛʦʤʦʣʦʛʠʡ: ʯʠʩʣʦ ʢʦʤʧʦʥʝʥʪ ʩʚʷʟʥʦʩʪʠ ʤʠʥʫʩ ʯʠʩʣʦ çʜʳʨè. ɼʣʷ ʦʮʝʥʢʠ ʵʪʠʭ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʠʥʚʘʨʠʘʥʪʦʚ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʕʜʝʣʴʩʙʨʫʥʥʝʨʘ. 

ʀʜʝʷ ʚʳʯʠʩʣʝʥʠʡ ʯʠʩʝʣ ɹʝʪʪʠ ʦʩʥʦʚʘʥʘ ʥʘ ʬʠʣʴʪʨʘʮʠʠ ʟʥʘʯʝʥʠʡ ʧʦʣʷ, ʢʘʢ ʥʝʧʨʝʨʳʚʥʦʡ 2D 

ʬʫʥʢʮʠʠ. ʈʘʟʦʙʴʝʤ ʚʝʩʴ ʜʠʘʧʘʟʦʥ ʚʘʨʠʘʮʠʠ ʧʦʣʷ ʥʘ ʩʫʙʠʥʪʝʨʚʘʣʳ, ʥʘʯʠʥʘʷ ʩ ʤʠʥʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʠ ʚʳʙʝʨʝʤ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʄʦʨʩʘ ʚʳʩʦʪʫ ʩʫʙʫʨʦʚʥʷ. ʋʧʦʨʷʜʦʯʠʤ ʚʩʝ ʟʥʘʯʝʥʠʷ 

ʩʢʘʣʷʨʥʦʛʦ ʧʦʣʷ ʥʘ ʢʦʤʧʘʢʪʝ, ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ. ʀʟʤʝʥʷʷ ʚʳʩʦʪʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦ  

ʧʦʜʫʨʦʚʥʷʤ, ʙʫʜʝʤ ʦʪʤʝʯʘʪʴ çʚʨʝʤʷ ʞʠʟʥʠè ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʣʷ ʚ ʧʠʢʩʝʣʝ, ʪ.ʝ. 

ʢʦʤʧʦʥʝʥʪʳ ʦʪʨʝʟʢʦʤ, ʙʘʨʢʦʜʦʤ. ʊʘʢ ʥʘʟʳʚʘʶʪ ʦʪʨʝʟʦʢ, ʢʦʪʦʨʳʡ ʠʟʤʝʨʷʝʪ ʚʘʨʠʘʮʠʶ ʧʦʣʷ 

(ʧʝʨʩʠʩʪʝʥʪʥʦʩʪʴ) ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ, ʢʦʪʦʨʳʡ ʧʦʨʦʞʜʘʝʪ ʢʦʤʧʦʥʝʥʪʫ ʩʚʷʟʥʦʩʪʠ, ʜʦ 

ʩʦʩʝʜʥʝʛʦ ʤʘʢʩʠʤʫʤʘ, ʢʦʪʦʨʳʡ çʫʙʠʚʘʝʪè ʵʪʫ ʢʦʤʧʦʥʝʥʪʫ, ʩʦʝʜʠʥʷʷ ʠʭ ʨʝʙʨʦʤ. ʊʨʠ ʙʣʠʟʢʠʭ 

ʦʪʩʯʝʪʘ ʚ ʣʦʢʘʣʴʥʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʜʘʶʪ ʪʨʝʫʛʦʣʴʥʠʢ. ɺʪʦʨʦʝ ʯʠʩʣʦ ɹʝʪʪʠ ʧʦʣʫʯʘʝʪʩʷ ʪʦʡ ʞʝ 

ʧʨʦʮʝʜʫʨʦʡ, ʧʨʠʤʝʥʝʥʥʦʡ ʢ ʪʨʝʫʛʦʣʴʥʠʢʘʤ ʚ ʜʫʘʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ. ɼʣʠʥʳ ʙʘʨʢʦʜʦʚ ʜʣʷ ʜʚʫʭ 

ʯʠʩʝʣ ɹʝʪʪʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤ ʧʝʨʩʠʩʪʝʥʪʥʦʩʪʠ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʯʘʣʦ 

ʠ ʢʦʥʝʮ ʢʘʞʜʦʛʦ ʙʘʨʢʦʜʘ, ʢʘʢ ʧʘʨʫ ʢʦʦʨʜʠʥʘʪ ʥʘ ʧʣʦʩʢʦʩʪʠ. ɸʣʴʪʝʨʥʠʨʦʚʘʥʥʘʷ ʩʫʤʤʘ ʜʣʠʥ 

ʙʘʨʢʦʜʦʚ ʜʘʝʪ ʦʮʝʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʕʡʣʝʨʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʦʮʝʥʢʠ ʯʠʩʝʣ ɹʝʪʪʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʦʢʨʳʪʠʡ ʈʠʧʩʘ (ʚ ʧʘʢʝʪ Plex) ʜʣʷ ʤʘʪʨʠʮʳ ʢʨʠʚʠʟʥʳ, ʠʟʦʙʨʘʞʝʥʠʷ, 

ʨʘʟʤʳʪʦʛʦ  ʩ ʧʦʤʦʱʴʶ ʛʘʫʩʩʦʚʩʢʦʛʦ ʷʜʨʘ. ʄʳ ʠʣʣʶʩʪʨʠʨʫʝʤ ʦʧʠʩʘʥʥʳʡ ʧʦʜʭʦʜ ʥʘ ʧʨʠʤʝʨʝ 

ʜʠʘʛʥʦʩʪʠʢʠ HMI/SDO ʤʘʛʥʠʪʦʛʨʘʤ ʉʦʣʥʮʘ ʜʣʷ ʚʩʧʳʰʝʯʥʦ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ (ɸʆ). ʄʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʚʳʙʨʘʥʥʳʭ ɸʆ, ʚʘʨʠʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʕʡʣʝʨʘ ʧʨʝʜʰʝʩʪʚʫʶʪ ʠʣʠ 

ʩʦʧʨʦʚʦʞʜʘʶʪ ʚʩʧʳʰʝʯʥʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ɸʆ. 
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ʉɺʆʁʉʊɺɸ ʄɽʃʂʆʄɸʉʐʊɸɹʅʓʍ ʊʋʈɹʋʃɽʅʊʅʓʍ ʌʃʋʂʊʋɸʎʀʁ ɺ 

ʉʆʃʅɽʏʅʆʄ ɺɽʊʈɽ ʀ ʄɸɻʅʀʊʆʉʃʆɽ 

 

ʄ.ʆ. ʈʷʟʘʥʮʝʚʘ
1,2

, ɻ.ʅ. ɿʘʩʪʝʥʢʝʨ
2
, ɺ.ʇ. ɹʫʜʘʝʚ

3
, ɿ. ʅʝʤʝʯʝʢ

4
, ɻ.ʇ. ʇʘʚʣʦʩ

5
, ʃ. ʇʨʝʭ

4
, 

ʄ.ʉ. ʇʫʣʠʥʝʮ
1
, ʃ.ʉ. ʈʘʭʤʘʥʦʚʘ

1,2
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1
ʅʀʀʗʌ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, orearm@gmail.com, 

2
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 

3
ʈʅʎ ʂʀ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 

4
ʂʘʨʣʦʚ ʋʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʨʘʛʘ, ʏʝʰʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ, 

5
ɼʝʤʦʢʨʠʪʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʌʨʘʢʠʠ, ɼʝʧʘʨʪʘʤʝʥʪ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ, ʂʩʘʥʪʠ, ɻʨʝʮʠʷ. 

 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʭ ʚʘʨʠʘʮʠʡ ʧʘʨʘʤʝʪʨʦʚ (ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ) ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ 

ʠ ʚ ʤʘʛʥʠʪʦʩʣʦʝ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʦʣʥʝʯʥʦ-ʟʝʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʩʣʝʜʥʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʦʡʩʪʚ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʚ ʧʦʪʦʢʝ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ 

ʚʝʪʨʘ ʠ ʚ ʤʘʛʥʠʪʦʩʣʦʝ. ʅʘ ʙʘʟʝ ʠʟʤʝʨʝʥʠʡ ʧʨʠʙʦʨʘ ɹʄʉɺ (ʂɸ ʉʇɽʂʊʈ-ʈ), ʦʙʣʘʜʘʶʱʝʛʦ 

ʫʥʠʢʘʣʴʥʳʤ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʦʧʨʝʜʝʣʝʥʳ ʩʚʦʡʩʪʚʘ ʪʫʨʙʫʣʝʥʪʥʳʭ ʬʣʫʢʪʫʘʮʠʡ 

ʧʦʪʦʢʘ ʠʦʥʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʥʘ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ 0.03-1000 ʩ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʣʘʟʤʝʥʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʦʚ 

ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʤʘʛʥʠʪʦʩʣʦʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʤʝʨʝʥʠʡ ʤʠʩʩʠʠ THEMIS. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʨʘʟʚʠʪʠʝ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚ ʤʘʛʥʠʪʦʩʣʦʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʷʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʨʫʢʪʫʨ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʥʘ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʥʝ ʧʨʝʚʳʰʘʶʱʠʭ ʚʨʝʤʝʥʠ ʧʝʨʝʩʝʯʝʥʠʷ 

ʤʘʛʥʠʪʦʩʣʦʷ ʚ ʧʦʜʩʦʣʥʝʯʥʦʡ ʪʦʯʢʝ. 
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We present a review of main properties of the turbulence in the plasma sheet including the eddy 

diffusion, energy transport, intermittency, and the infuence of the bursty bulk flow events. These 

studies have been done using the THEMIS satellite ESA, SST and FGM data. It was found that the 

properties of the turbulence are strongly dependent on the location within the plasma sheet and less 

on the geomagnetic conditions. Even during quiet geomagnetic conditions plasma in the plasma 

sheet is strongly turbulent. The level of turbulence increases to the tail and intensifies during 

geomagnetic substorms, especially during the expantion phase.  Study of spatial distribution of the 

BBFs in the inner and outer plasma sheet for quiet and disturbed geomagnetic conditions also 

showed that BBFs could be an inherent component of the intermittent turbulent cascade in the 

central plasma sheet. 
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ʈʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʡ ʠʦʥʦʩʬʝʨʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ɼʝʪʘʣʴʥʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʤʝʪʦʜ ʤʘʢʩʠʤʫʤʦʚ ʤʦʜʫʣʝʡ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʄʄɺʇ) ʢʘʢ ʤʝʪʦʜ 

ʘʥʘʣʠʟʘ ʩʠʥʛʫʣʷʨʥʳʭ ʤʝʨ ʠ ʩʠʥʛʫʣʷʨʥʳʭ ʬʫʥʢʮʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ, ʢʘʢ ʠ ʧʨʠ ʘʥʘʣʦʛʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚ ʜʨʫʛʠʭ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜʘʭ, ʧʦʥʷʪʠʝ ʩʠʥʛʫʣʷʨʥʦʡ 

ʬʫʥʢʮʠʠ ʤʦʞʝʪ ʚʚʦʜʠʪʴʩʷ ʣʠʰʴ ʢʘʢ ʥʝʢʦʪʦʨʘʷ ʥʘʛʣʷʜʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʘʙʩʪʨʘʢʮʠʷ ʜʣʷ 

ʫʧʨʦʱʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʥʘʙʣʶʜʘʝʤʦʛʦ (ʠʩʩʣʝʜʫʝʤʦʛʦ) ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʈʝʘʣʴʥʦ 

ʞʝ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʥʝʧʨʝʨʳʚʥʳʤʠ, ʛʣʘʜʢʠʤʠ, ʭʦʪʷ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤʠ, ʩʣʫʯʘʡʥʳʤʠ 

(ʪʫʨʙʫʣʝʥʪʥʳʤʠ) ʧʨʦʮʝʩʩʘʤʠ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʬʨʘʢʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ 

ʦʙʨʘʙʦʪʢʫ ʩʠʛʥʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʤʥʦʛʦʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʬʫʥʢʮʠʡ (ʄʉʌ) ʠ 

ʄʄɺʇ. ʇʨʝʜʣʦʞʝʥʘ ʫʧʨʦʱʝʥʥʘʷ ʤʦʜʝʣʴ ʩʣʦʞʥʦʛʦ ʩʠʛʥʘʣʘ, ʚ ʢʦʪʦʨʦʡ ʦʩʦʙʳʝ ʪʦʯʢʠ 

ʠʩʩʣʝʜʫʝʤʦʡ ʬʫʥʢʮʠʠ ʧʝʨʝʤʝʞʘʶʪʩʷ ʩ ʢʚʘʟʠʩʣʫʯʘʡʥʦʡ ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʵʪʦʡ ʞʝ ʬʫʥʢʮʠʠ ʚ ʜʨʫʛʠʭ ʪʦʯʢʘʭ ʥʘ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʙʨʘʙʦʪʢʠ. 

ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʪʘʢʦʡ ʦʙʦʙʱʝʥʥʦʡ ʤʦʜʝʣʠ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʜʠʩʪʘʥʮʠʦʥʥʦʤ 

ʟʦʥʜʠʨʦʚʘʥʠʠ ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʡ ʠʦʥʦʩʬʝʨʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʤʝʪʦʜ ʄʄɺʇ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʨʘʙʦʪʦʩʧʦʩʦʙʝʥ ʠʟ-ʟʘ ʵʬʬʝʢʪʘ òʟʘʤʳʚʘʥʠʷò ʚʦʟʤʦʞʥʳʭ ʨʝʟʢʠʭ ʢʚʘʟʠʨʝʛʫʣʷʨʥʳʭ 

ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʠʦʥʦʩʬʝʨʝ. ʉʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʥʭʨʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʦʥʦʩʬʝʨʥʦʡ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʧʨʠ 

ʢʦʥʪʘʢʪʥʳʭ (ʟʦʥʜʦʚʳʭ) ʠʟʤʝʨʝʥʠʷʭ ʩʪʨʫʢʪʫʨʳ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʠʦʥʦʩʬʝʨʝ 

ʠ ʧʨʠ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʟʦʥʜʠʨʦʚʘʥʠʠ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ. ʈʘʙʦʪʘ ʚʧrʦʣʥʝʥʘ ʧʨʠ 

ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʛʨʘʥʪʳ ˉ 11-02-00419-ʘ ʠ ˉ 13-02-97086ʨ_ʧʦʚʦʣʞʴʝ_ʘ. 
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ʄɸɻʅʀʊʆɻʈɸʄ ɸʂʊʀɺʅʓʍ ʆɹʃɸʉʊɽʁ ʉʆʃʅʎɸ 

 

ʅ. ʄʘʢʘʨʝʥʢʦ, ɼ. ʇʘʢ, ɸ. ʈʳʙʠʥʮʝʚ 

 

ɻɸʆ ʈɸʅ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʄʘʛʥʠʪʥʳʝ ʧʦʣʷ ʚʩʧʳʰʝʯʥʦ-ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ (ɸʆ) ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʩʣʦʞʥʦʩʪʴ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ, ʥʘ ʫʨʦʚʥʝ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, 

ʭʦʪʝʣʦʩʴ ʙʳ ʫʧʨʦʩʪʠʪʴ ʪʦʧʦʣʦʛʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɸʆ, ʩʦʭʨʘʥʠʚ ʝʛʦ ʛʣʦʙʘʣʴʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ. ʂʦʨʨʝʢʪʥʦʝ ʫʧʨʦʱʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʧʦʣʷ ʤʦʞʝʪ ʙʳʪʴ ʩʜʝʣʘʥʦ ʥʘ ʦʩʥʦʚʝ 

ʜʠʩʢʨʝʪʥʦʡ ʪʝʦʨʠʠ ʄʦʨʩʘ ʠ ʠʜʝʡ ʧʝʨʩʠʩʪʝʥʪʥʦʩʪʠ. ʆʛʨʘʥʠʯʠʤʩʷ ʥʘʙʣʶʜʘʝʤʦʡ ʧʦ ʣʫʯʫ 

ʟʨʝʥʠʷ ʩʢʘʣʷʨʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʧʦʣʷ. ʇʝʨʝʧʠʰʝʤ ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʣʷ ʪʘʢ, ʯʪʦʙʳ ʦʥʠ 

ʙʳʣʠ ʩʦʛʣʘʩʦʚʘʥʳ ʩ ʩʠʤʧʣʠʮʠʘʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʩʦʩʪʦʷʱʠʤ ʠʟ ʚʝʨʰʠʥ ʨʝʙʝʨ ʠ ʛʨʘʥʝʡ. 
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ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʪʘʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʞʝʪ ʙʳʪʴ ʪʨʠʘʥʛʫʣʷʮʠʠ ʥʘʙʣʶʜʘʝʤʦʛʦ ʧʦʣʷ. 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʤʦʨʩʦʚʩʢʠʝ ʦʩʦʙʳʝ ʪʦʯʢʠ ʨʝʬʠʨʠʨʫʶʪʩʷ ʠʥʜʝʢʩʦʤ ʄʦʨʩʘ, ʩʦʚʧʘʜʘʶʱʠʤ ʩ 

ʨʘʟʤʝʨʥʦʩʪʴʶ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ. ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʵʪʦʪ ʠʥʜʝʢʩ ʩʦʚʧʘʜʘʝʪ ʩ 

ʯʠʩʣʦʤ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʛʝʩʩʠʘʥʘ ʚ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʝ. ʊʘʢ, ʤʘʢʩʠʤʫʤ 

ʠʤʝʝʪ ʠʥʜʝʢʩ 2, ʩʝʜʣʦ ï 1 ʠ ʤʠʥʠʤʫʤ ï 0. ʀʩʧʦʣʴʟʫʷ ʠʜʝʠ ʌʦʨʤʘʥʘ, ʧʦʩʪʨʦʠʤ ʜʠʩʢʨʝʪʥʦʝ 

ʧʦʣʝ ʪʘʢ, ʯʪʦʙʳ ʤʠʥʠʤʫʤʳ ʩʦʚʧʘʣʠ ʩ ʚʝʨʰʠʥʘʤʠ (0-ʩʠʤʧʣʝʢʩ), ʩʝʜʣʘ, ï ʩ ʨʝʙʨʘʤʠ (1-

ʩʠʤʧʣʝʢʩ) ʠ ʤʘʢʩʠʤʫʤʳ ï ʩ ʛʨʘʥʷʤʠ ʢʦʤʧʣʝʢʩʘ (2-ʩʠʤʧʣʝʢʩ). ʇʦʩʣʝ ʵʪʦʛʦ ʥʝʪʨʫʜʥʦ 

ʧʦʩʪʨʦʠʪʴ ʜʠʩʢʨʝʪʥʦʝ ʛʨʘʜʠʝʥʪʥʦʝ ʧʦʣʝ, ʚʚʝʜʝʥʥʦʝ ʉʤʝʡʣʦʤ ʚ ʪʝʦʨʠʠʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ɽʛʦ ʚʦʩʭʦʜʷʱʠʝ ʠ ʥʠʩʭʦʜʷʱʠʝ ʤʥʦʛʦʦʙʨʘʟʠʷ (ʠʥʪʝʛʨʘʣʴʥʳʝ ʣʠʥʠʠ ʛʨʘʜʠʝʥʪʘ) ʨʘʟʙʠʚʘʶʪ 

ʧʦʣʝ ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʝ ʢʣʝʪʢʠ ʄʦʨʩʘ-ʉʤʝʡʣʘ. ʂʘʞʜʘʷ ʢʣʝʪʢʘ ʩʦʜʝʨʞʠʪ ʤʘʢʩʠʤʫʤ, ʤʠʥʠʤʫʤ ʠ 

ʜʚʘ ʩʝʜʣʘ. ʈʝʜʘʢʪʠʨʦʚʘʥʠʝ ʧʦʣʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʢʣʶʯʝʥʠʠ ʧʘʨ: ʩʝʜʣʦ ʤʘʢʩʠʤʫʤ ʠʣʠ ʩʝʜʣʦ ï 

ʤʠʥʠʤʫʤ, ʩ ʥʠʟʢʦʡ ʧʝʨʩʠʩʪʝʥʪʥʦʩʪʴʶ. ʇʝʨʩʠʩʪʝʥʪʥʦʩʪʴ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʬʠʣʴʪʨʘʮʠʝʡ ʧʦʣʷ 

ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʧʦʜʫʨʦʚʥʝʡ, ʧʨʠ ʜʚʠʞʝʥʠʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʥʦʩʠʪʝʣʶ, ʩʥʠʟʫ ʚʚʝʨʭ ʢʘʞʜʳʡ ʤʠʥʠʤʫʤ ʧʦʨʦʞʜʘʝʪ ʢʦʤʧʦʥʝʥʪʫ ʩʚʷʟʥʦʩʪʠ, ʘ ʩʤʝʞʥʳʡ ʩ ʥʠʤ 

ʤʘʢʩʠʤʫʤ ï ʫʙʠʚʘʝʪ ʝʝ. çɺʨʝʤʷ ʞʠʟʥʠè ʢʦʤʧʦʥʝʥʪʳ, ʠʟʤʝʨʝʥʥʦʡ ʬʫʥʢʮʠʝʡ ʚʳʩʦʪʳ, ʢʘʢ ʨʘʟ 

ʷʚʣʷʝʪʩʷ ʧʝʨʩʠʩʪʝʥʪʥʦʩʪʴʶ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʛʦʤʦʣʦʛʠʡ. ʉʢʘʣʷʨʥʦʝ ʧʦʣʝ, ʧʦʣʫʯʝʥʥʦʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ, ʥʘʩʣʝʜʫʝʪ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʦʡ 

ʪʦʧʦʣʦʛʠʠ, ʥʦ ʥʝ ʩʦʜʝʨʞʠʪ ʤʘʣʳʭ ʬʣʫʢʪʫʘʮʠʡ. ʄʳ ʜʝʤʦʥʩʪʨʠʨʫʝʤ ʵʪʫ ʪʝʭʥʠʢʫ ʥʘ ʧʨʠʤʝʨʝ 

HMI/SDO ʤʘʛʥʠʪʦʛʨʘʤʤ, ʠʩʧʦʣʴʟʫʷ ʦʨʠʛʠʥʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ. ɺ ʟʘʢʣʶʯʝʥʠʠ, ʦʙʩʫʞʜʘʶʪʩʷ 

ʩʧʦʩʦʙʳ ʦʙʦʙʱʝʥʠʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʧʦʣʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʥʜʝʢʩʘʭ ʂʦʥʣʠ.   
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ɼʆʂʃɸɼʓ 
 

 

ʆ ʅʆɺʆʄ ʄɽʊʆɼɽ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʇʃɸɿʄʓ ñʀɿ ʇɽʈɺʓʍ ʇʈʀʅʎʀʇʆɺò 

 

ʇ.ʄ. ɸʭʤʝʪʴʝʚ
1,2
, ʖ.ɺ. ɼʫʤʠʥ

1,3
 

 
1
ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, pmakhmet@mail.ru, 

2
ʀɿʄʀʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 

3
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʣʘʟʤʳ ñʠʟ ʧʝʨʚʳʭ ʧʨʠʥʮʠʧʦʚò ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʢʘʢ ʚ ʢʦʩʤʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʠ 

ʵʪʦʤ, ʝʩʣʠ ʥʝʣʴʟʷ ʦʛʨʘʥʠʯʠʪʴʩʷ ʧʨʠʙʣʠʞʝʥʠʝʤ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ (ʪ.ʝ., ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʯʘʩʪʠʮ), ʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʨʘʩʭʦʜʫʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʥʥʦ ʥʘ 

ʨʘʩʯʝʪ ʢʫʣʦʥʦʚʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ, ʘ ʥʝ ʥʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʡ 

ʜʚʠʞʝʥʠʷ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʩʯʸʪʘ ʢʫʣʦʥʦʚʩʢʠʭ ʩʫʤʤ ʨʘʥʝʝ ʫʞʝ ʧʨʝʜʣʘʛʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ 

ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʠʸʤʳ (ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜ ʢʣʘʩʪʝʨʥʳʭ ʨʘʟʣʦʞʝʥʠʡ ʠ ʪ.ʧ.); ʦʜʥʘʢʦ ʦʥʠ ʦʩʥʦʚʘʥʳ 

ʥʘ ʩʫʱʝʩʪʚʝʥʥʳʭ ʫʧʨʦʱʘʶʱʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ ʠ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʪʦʯʥʦʩʪʠ. ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʜʦʢʣʘʜʘ ï ʠʟʣʦʞʠʪʴ ʝʱʸ ʦʜʥʫ ʚʦʟʤʦʞʥʫʶ 

ʤʝʪʦʜʠʢʫ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʯʸʪʘ ʢʫʣʦʥʦʚʩʢʠʭ ʩʫʤʤ. ɺ ʝʸ ʦʩʥʦʚʝ ʣʝʞʘʪ ʥʝʜʘʚʥʠʝ 

ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʪʦʧʦʣʦʛʠʠ, ʛʜʝ ʬʦʨʤʫʣʳ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʄʠʣʥʦʨʘ ʦʢʘʟʳʚʘʶʪʩʷ ʬʦʨʤʘʣʴʥʦ ʠʜʝʥʪʠʯʥʳʤʠ ʢʫʣʦʥʦʚʩʢʠʤ ʩʫʤʤʘʤ, 

ʬʠʛʫʨʠʨʫʶʱʠʤ ʚ ʬʠʟʠʢʝ ʧʣʘʟʤʳ. ɼʣʷ ʨʝʰʝʥʠʷ ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ ʟʘʜʘʯʠ ʚ ʨʘʙʦʪʝ [1] 

ʦʢʘʟʘʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʥʘʡʪʠ ʚ ʷʚʥʦʤ ʚʠʜʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʬʫʥʢʮʠʠ ɻʨʠʥʘ ʚ ʌʫʨʴʝ-

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʥʘ ʤʥʦʛʦʤʝʨʥʦʤ ʪʦʨʝ, ʠ ʠʤʝʥʥʦ ʵʪʦ ʨʝʰʝʥʠʝ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʥʘʤʠ ʚ 

ʧʨʠʤʝʥʝʥʠʠ ʢ ʬʠʟʠʢʝ ʧʣʘʟʤʳ. ʆʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʫʥʢʮʠʡ ɻʨʠʥʘ ʧʨʠ 

ʢʦʤʧʴʶʪʝʨʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʣʘʟʤʳ ñʠʟ ʧʝʨʚʳʭ ʧʨʠʥʮʠʧʦʚò ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʯʥʦʩʪʠ ʦʙʲʸʤ ʚʳʯʠʩʣʝʥʠʡ ʨʘʩʪʸʪ ʣʠʥʝʡʥʦ ʧʦ NF (ʛʜʝ NF ï ʥʦʤʝʨ ʌʫʨʴʝ-

ʛʘʨʤʦʥʠʢʠ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʨʝʟʘʥʠʝ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʨʘʩʯʸʪʝ ʢʫʣʦʥʦʚʩʢʠʭ 

ʩʫʤʤ ñʚ ʣʦʙò ʦʙʲʸʤ ʚʳʯʠʩʣʝʥʠʡ ʚʦʟʨʘʩʪʘʝʪ ʛʦʨʘʟʜʦ ʙʳʩʪʨʝʝ ï ʢʘʢ (Nc)
3
, ʛʜʝ Nc ï ʢʦʣʠʯʝʩʪʚʦ 

ʫʯʠʪʳʚʘʝʤʳʭ ñʟʝʨʢʘʣʴʥʳʭò ʷʯʝʝʢ ʧʦ ʢʘʞʜʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ [2]. ɺ 

ʢʘʯʝʩʪʚʝ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʤʝʨʘ, ʚ ʜʦʢʣʘʜʝ ʙʫʜʝʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʦʙʩʫʞʜʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʘʩʯʸʪʫ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʩʛʫʩʪʢʦʚ 

ʫʣʴʪʨʘʭʦʣʦʜʥʦʡ ʧʣʘʟʤʳ, ʩʦʟʜʘʚʘʝʤʳʭ ʚ ʤʘʛʥʠʪʦ-ʦʧʪʠʯʝʩʢʦʡ ʣʦʚʫʰʢʝ ʠ ʨʘʟʣʝʪʘʶʱʠʭʩʷ 

ʟʘʪʝʤ ʚ ʦʪʢʨʳʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ [3]. ʉʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ ʠʤʝʪʴ ʤʝʩʪʦ ʠ ʧʨʠ ʚʳʙʨʦʩʝ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʦʙʣʘʢʦʚ ʧʣʘʟʤʳ ʚ ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ɺ ʟʘʢʣʶʯʝʥʠʝ, ʙʫʜʫʪ 

ʦʙʩʫʞʜʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʨʘʩʯʸʪʘ 

ʢʫʣʦʥʦʚʩʢʠʭ ʩʫʤʤ. ʄʳ ʙʣʘʛʦʜʘʨʥʳ ʟʘʚʝʜʫʶʱʝʤʫ ʊʝʦʨʝʪʠʯʝʩʢʠʤ ʆʪʜʝʣʦʤ ʀɿʄʀʈɸʅ 

ɺ.ɹ. ʉʝʤʠʢʦʟʫ, ʢʦʪʦʨʳʡ ʷʚʣʷʣʩʷ ʠʥʠʮʠʘʪʦʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʜʦʢʣʘʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʈʘʙʦʪʘ ʯʘʩʪʠʯʥʦ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʦʚ ʈʌʌʀ ˉ 14-02-01275 ʠ 14-02-01284. 

[1]. D. Deturck, H. Gluck, R. Komendarczyk, P. Melvin, C. Shonkwiler, D.S. Vela-Vick. 

Pontryagin Invariants and Integral Formulas for Milnorôs Triple Linking Number. Preprint 

arXiv:1101.3374v1 [math.GT] (2011). 

[2]. ʖ.ɺ. ɼʫʤʠʥ. ʌʠʟʠʢʘ ʧʣʘʟʤʳ, ʪ.37, ˉ10, ʩ.919 (2011). 

[3]. J.L Roberts, C.D. Fertig, M.J. Lim, S.L. Rolston. Phys. Rev. Lett., v.92, no.25, p.253003 

(2004). 
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ʉʆʇʆʉʊɸɺʃɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ɿɸʍɺɸʊʆɺ ʈɽʃʗʊʀɺʀʉʊʉʂʀʍ 

ʕʃɽʂʊʈʆʅʆɺ ɺ ʈɽɿʆʅɸʅʉ ʃɸʅɼɸʋ ʀ ɺ ʎʀʂʃʆʊʈʆʅʅʓʁ ʈɽɿʆʅɸʅʉ ɼʃʗ 

ʂɺɸɿʀʕʃɽʂʊʈʆʉʊɸʊʀʏɽʉʂʀʍ ɺʆʃʅ ɺ ʅɽʆɼʅʆʈʆɼʅʆʄ ʄɸɻʅʀʊʅʆʄ 

ʇʆʃɽ. 

 

ɸ.ɸ. ɺʘʩʠʣʴʝʚ, ɸ.ɺ. ɸʨʪʝʤʴʝʚ 
 

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

 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʟʦʥʘʥʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʚʘʟʠʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ 

ʚʠʩʪʣʝʨʥʦʡ ʚʦʣʥʳ ʩ ʨʝʣʷʪʠʚʠʩʪʩʢʠʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʟʝʤʥʦʛʦ 

ʜʠʧʦʣʷ. ʇʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʭʚʘʪʘ ʵʣʝʢʪʨʦʥʘ ʚ ʃʘʥʜʘʫ ʠ 

ʮʠʢʣʦʪʨʦʥʥʳʡ ʨʝʟʦʥʘʥʩʳ. ʇʨʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʩʠʩʪʝʤʳ ʜʘʥʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ʷʚʣʷʶʪʩʷ 

ʬʫʥʢʮʠʷʤʠ ʵʥʝʨʛʠʠ ʠ ʧʠʪʯ-ʫʛʣʘ ʯʘʩʪʠʮʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʩ ʥʘʯʘʣʴʥʳʤʠ 

ʵʥʝʨʛʠʷʤʠ ʧʦʨʷʜʢʘ 100 ʢʵɺ ʟʘʭʚʘʪ ʚ ʨʝʟʦʥʘʥʩ ʃʘʥʜʘʫ ʙʦʣʝʝ ʚʝʨʦʷʪʝʥ, ʯʝʤ ʟʘʭʚʘʪ ʚ 

ʮʠʢʣʦʪʨʦʥʥʳʡ ʨʝʟʦʥʘʥʩ. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʳʝ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʝ ʵʣʝʢʪʨʦʥ ʥʘʙʠʨʘʝʪ ʟʘ 

ʦʜʠʥ ʟʘʭʚʘʪ ʚ ʚʦʣʥʫ ʩ ʘʤʧʣʠʪʫʜʦʡ 100 ʤɺ/ʤ, ʩʦʧʦʩʪʘʚʠʤʳ ʜʣʷ ʦʙʦʠʭ ʨʝʟʦʥʘʥʩʦʚ ʠ ʧʦʨʷʜʢʘ 

50-100 ʢʵɺ.  

 
 

ʋʉʂʆʈɽʅʀɽ ʈɽʃʗʊʀɺʀʉʊʉʂʀʍ ʕʃɽʂʊʈʆʅʆɺ ʇʈʀ ɺɿɸʀʄʆɼɽʁʉʊɺʀʀ ʉ 

ʄʆʅʆʍʈʆʄɸʊʀʏɽʉʂʀʄʀ ʉɺʀʉʊʆɺʓʄʀ ɺʆʃʅɸʄʀ, 

ʈɸʉʇʈʆʉʊʈɸʅʗʖʑʀʄʀʉʗ ʇʆɼ ʋɻʃʆʄ ʂ ɻɽʆʄɸɻʅʀʊʅʆʄʋ ʇʆʃʖ 

 

ʀ.ɺ. ʂʫʟʠʯʝʚ, ɼ.ʈ. ʐʢʣʷʨ 

 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, Mar-cuss@yandex.ru 

 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʠʥʘʤʠʢʦʡ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʷʩʦʚ ɿʝʤʣʠ, 

ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ. ʉʧʫʪʥʠʢʦʚʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʪʦʢʠ 

ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚʥʝʰʥʝʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ ʥʝ ʦʙʲʷʩʥʠʪʴ ʪʦʣʴʢʦ 

ʨʘʜʠʘʣʴʥʦʡ ʜʠʬʬʫʟʠʝʡ ʯʘʩʪʠʮ, ʠ ʯʪʦ ʣʦʢʘʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʛʨʘʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʜʠʥʘʤʠʢʝ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʷʩʦʚ. ʆʜʥʠʤ ʠʟ 

ʪʘʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʷʚʣʷʝʪʩʷ ʨʝʟʦʥʘʥʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʥʦʚ ʩʦ ʩʚʠʩʪʦʚʳʤʠ ʚʦʣʥʘʤʠ. 

ɺʦ ʚʥʝʰʥʝʤ ʨʘʜʠʘʮʠʦʥʥʦʤ ʧʦʷʩʝ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʜʦʩʪʠʛʘʶʪ ʥʝʩʢʦʣʴʢʠʭ ʄʵɺ, ʠ ʜʣʷ 

ʪʘʢʠʭ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʨʝʟʦʥʘʥʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʤʝʝʪ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʁ. ʆʤʫʨʦʡ ʜʣʷ ʩʣʫʯʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʨʦʜʦʣʴʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʤʠʩʷ ʩʚʠʩʪʦʚʳʤʠ ʚʦʣʥʘʤʠ, ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ 

ʨʝʣʷʪʠʚʠʩʪʩʢʦʝ ʫʩʢʦʨʝʥʠʝ ʩ ʧʦʚʦʨʦʪʦʤ. ʕʪʦ ʷʚʣʝʥʠʝ ʦʢʘʟʳʚʘʝʪʩʷ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʫʩʢʦʨʝʥʠʷ ʚ ʩʣʫʯʘʝ ʧʨʦʜʦʣʴʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ 

ʨʝʟʦʥʘʥʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʩʦ ʩʚʠʩʪʦʚʳʤʠ ʚʦʣʥʘʤʠ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʤʠʩʷ ʧʦʜ ʫʛʣʦʤ ʢ ʛʝʦʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʦʣʥ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘʟʝʤʥʳʡ ʆʅʏ-ʧʝʨʝʜʘʪʯʠʢ; ʚʦʣʥʦʚʦʝ ʧʦʣʝ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ. ʇʦʣʫʯʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʜʦʣʴ ʥʝʚʦʟʤʫʱʸʥʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʯʘʩʪʠʮ. 

ʆʙʥʘʨʫʞʝʥʘ ʩʫʱʝʩʪʚʝʥʥʘʷ ʘʩʠʤʤʝʪʨʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʘʤʧʣʠʪʫʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʵʢʚʘʪʦʨʘ. ʕʪʘ ʘʩʠʤʤʝʪʨʠʷ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʫʩʢʦʨʝʥʠʷ ʟʘʭʚʘʯʝʥʥʳʭ ʚ ʨʝʟʦʥʘʥʩ ʯʘʩʪʠʮ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʣʫʯʘʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ 

ʩʚʠʩʪʦʚʳʤʠ ʚʦʣʥʘʤʠ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʤʠʩʷ ʧʦʜ ʫʛʣʦʤ ʢ ʛʝʦʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘʝʤ ʧʨʦʜʦʣʴʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʘʥʘʣʦʛʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʘʤʧʣʠʪʫʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʠ ʜʣʷ ʧʨʦʮʝʩʩʘ ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ 

ʫʩʢʦʨʝʥʠʷ ʩ ʧʦʚʦʨʦʪʦʤ: ʵʬʬʝʢʪʠʚʥʘʷ ʘʤʧʣʠʪʫʜʘ ʦʢʘʟʳʚʘʝʪʩʷ ʘʩʠʤʤʝʪʨʠʯʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 
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ʪʦʯʢʠ ʧʦʚʦʨʦʪʘ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʠʮʘ ʚʳʭʦʜʠʪ ʠʟ ʟʘʭʚʘʪʘ ʧʦʩʣʝ ʧʦʚʦʨʦʪʘ, ʯʪʦ ʩʥʠʞʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ. 

 

 

ʌʆʈʄʀʈʆɺɸʅʀɽ ʋʉʂʆʈɽʅʅʓʍ ʍɺʆʉʊʆɺ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʕʃɽʂʊʈʆʅʆɺ ɺ 

ʇʈʆʎɽʉʉɽ ʅɸɻʈɽɺɸ  

 

ʀ.ʌ. ʇʦʪʘʧʝʥʢʦ, ʉ.ɸ.ʂʘʨʧʦʚ 

 

ʀʇʄ ʠʤ. ʄ.ɺ. ʂʝʣʜʳʰʘ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, irina@keldysh.ru 

 

ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʚ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʧʣʘʟʤʝ ʯʘʩʪʦ ʥʘʙʣʶʜʘʶʪ ʩʪʝʧʝʥʥʳʝ 

ʭʚʦʩʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʡ. ʆʙʲʷʩʥʠʪʴ ʠʭ ʧʦʷʚʣʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʝʩʴʤʘ ʥʝʧʨʦʩʪʘʷ ʟʘʜʘʯʘ ʠ ʥʘ  

ʵʪʦʤ ʧʫʪʠ ʚʦʟʥʠʢʘʝʪ ʤʥʦʛʦ ʨʘʟʥʳʭ ʜʦʙʨʦʩʦʚʝʩʪʥʳʭ ʩʧʝʢʫʣʷʮʠʡ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʚʦʟʤʦʞʥʦ, 

ʵʪʦ ʦʜʥʘ ʠʟ ʤʥʦʛʠʭ ʤʦʪʠʚʘʮʠʡ ʧʦʧʫʣʷʨʥʦʩʪʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʥʝʵʢʩʪʝʥʩʠʚʥʦʡ ʩʪʘʪʠʩʪʠʢʠ 

ʎʘʣʠʩʩʘ (Tsallis). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʫʩʢʦʨʝʥʥʳʭ ʭʚʦʩʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʥʘ ʦʩʥʦʚʝ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʠʛʨʘʶʱʝʛʦ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʧʣʘʟʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʳʝ ʥʝ 

ʤʦʛʫʪ ʙʳʪʴ ʠʟʫʯʝʥʳ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ 

ʜʝʪʝʨʤʠʥʠʩʪʠʯʝʩʢʠʝ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ (ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʝ), ʪʘʢ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ (ʧʨʷʤʦʝ 

ʜʠʩʢʨʝʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʠʧʘ ʄʦʥʪʝ-ʂʘʨʣʦ). ʏʠʩʣʝʥʥʦ ʨʝʰʘʝʪʩʷ ʥʝʣʠʥʝʡʥʦʝ 

ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʩʣʘʙʦ ʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦʡ ʧʣʘʟʤʳ ʩ ʦʧʝʨʘʪʦʨʦʤ ʥʘʛʨʝʚʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʧʝʨʘʪʦʨʘ ʥʘʛʨʝʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʧʝʨʘʪʦʨ ʢʚʘʟʠʣʠʥʝʡʥʦʡ ʜʠʬʬʫʟʠʠ, ʜʝʡʩʪʚʫʶʱʠʡ 

ʢʘʢ ʚ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʪʘʢ ʠ ʚ ʧʦʣʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʵʬʬʝʢʪʠʚʥʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʠʬʬʫʟʠʠ, ʟʘʚʠʩʷʱʠʤ ʦʪ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ ʠ ʦʪ ʚʨʝʤʝʥʠ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʘʚʪʦʤʦʜʝʣʴʥʳʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʚ ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ ʧʨʠʚʦʜʷʪ ʢ ʩʪʝʧʝʥʥʳʤ 

ʭʚʦʩʪʘʤ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʩʨʘʚʥʠʚʘʶʪʩʷ 

ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ ʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʤʠ ʦʮʝʥʢʘʤʠ ʜʣʷ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʩʣʫʯʘʝʚ. ʅʘʰʝ ʧʨʦʩʪʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ, ʚʦʟʤʦʞʥʦ, ʙʫʜʝʪ ʧʦʣʝʟʥʦ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʫʩʢʦʨʝʥʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʩʧʝʢʪʨʘ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ. 

[Potapenko I.F., Krasheninnikov S.I.] Numerical solution of nonlinear electron kinetic equation in 

self-similar variables // J. of  Plasma Phys.  v. 77, 2011, 803-812. 
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ʊʆʏʅʓɽ ʈɽʐɽʅʀʗ ʋʈɸɺʅɽʅʀʗ ʅɽʇʈɽʈʓɺʅʆʉʊʀ ɼʃʗ ʇʃʆʊʅʆʉʊʀ 

ʕʃɽʂʊʈʆʅʆɺ, ʀʍ ʋʉʈɽɼʅɽʅʅʓʍ ʉʇɽʂʊʈʆɺ ʀ ʀʅʊɽʅʉʀɺʅʆʉʊʀ 

ɾɽʉʊʂʆɻʆ ʈɽʅʊɻɽʅʆɺʉʂʆɻʆ ʀɿʃʋʏɽʅʀʗ  
 

ʈ. ɼʦʙʨʘʥʩʢʠʩ ʠ ɺ.ɺ. ɾʘʨʢʦʚʘ   

 

Department of Mathematics and Information Sciences, Northumbria University,  

Newcastle upon Tyne, UK. 

 

ʄʳ ʧʨʝʜʩʪʘʚʠʤ ʪʦʯʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʚʳʩʦʢʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʵʣʝʢʪʨʦʥʦʚ ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʫʨʘʚʥʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ ʠʤʝʶʱʠʭ ʩʪʝʧʝʥʥʦʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʠ ʪʝʨʷʶʱʠʭ ʩʚʦʶ ʵʥʝʨʛʠʶ ʘ) ʚ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʩ ʯʘʩʪʠʮʘʤʠ ʧʣʘʟʤʳ ʠ 

ʙ) ʚ ʪʦʨʤʦʞʝʥʠʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʧʦʣʝʤ ʥʘʚʝʜʝʥʥʳʤ ʵʣʝʢʪʨʦʥʘʤʠ ʩʘʤʦʛʦ ʧʫʯʢʘ. ʕʪʠ 

ʨʝʰʝʥʠʷ ʙʫʜʫʪ ʩʨʘʚʥʝʥʳ ʩ ʨʘʥʥʝʝ ʧʦʣʫʯʝʥʥʳʤʠ ʨʝʰʝʥʠʷʤʠ (ʉʳʨʦʚʘʪʩʢʠʡ ʠ ʐʤʝʣʝʚʘ, 1972) 
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ʜʣʷ ʢʫʣʦʥʦʚʩʢʠʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʠ (ɾʘʨʢʦʚʘ ʠ ɻʦʨʜʦʚʩʢʠʡ, 2006) ʜʣʷ ʆʤʠʯʝʩʢʠʭ ʧʦʪʝʨʴ. ʄʳ 

ʧʦʢʘʞʝʤ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʪʦʯʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʥʘʣʠʯʠʝʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʯʣʝʥʘ, ʢʦʪʦʨʳʡ ʩʙʣʠʞʘʝʪ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʩ 

ʯʠʩʣʝʥʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʌʦʢʢʝʨʘ-ʇʣʘʥʢʘ-ʃʘʥʜʘʫ ʠ ʦʙʴʷʩʥʷʶʪ ʤʥʦʛʠʝ ʷʚʣʝʥʠʷ ʚ ʧʦʚʝʜʝʥʠʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʥʦʚ, ʠʭ ʫʩʨʝʜʥʝʥʳʭ ʩʧʝʢʪʨʦʚ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʞʝʩʪʢʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. 
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ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʚʦʟʤʫʱʝʥʠʷ ʧʣʘʟʤʳ ʧʦʛʣʦʱʘʶʱʠʤ ʪʝʣʦʤ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʠʤʝʝʪ 

ʜʣʠʪʝʣʴʥʫʶ ʠʩʪʦʨʠʶ ʠ ʚʦʩʭʦʜʠʪ ʢ ʧʝʨʚʳʤ  ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʛʘʟʦʨʘʟʨʷʜʥʦʡ ʧʣʘʟʤʳ ʠ 

ʧʦʩʣʝʜʫʶʱʝʤʫ ʨʘʟʚʠʪʠʶ ʪʝʦʨʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʦʥʜʘ. ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʧʝʨʚʦʛʦ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʧʫʪʥʠʢʘ ɿʝʤʣʠ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʣ ʩ 

ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʦʡ. ʅʘʢʦʥʝʮ, ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʠʥʪʝʨʝʩ ʢ ʟʘʜʘʯʝ ʦ ʧʦʛʣʦʱʘʶʱʝʡ 

ʩʬʝʨʝ ʚʥʦʚʴ ʚʦʟʨʦʩ ʚ ʧʨʠʣʦʞʝʥʠʠ ʢ ʬʠʟʠʢʝ ʧʳʣʝʚʦʡ ʧʣʘʟʤʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʢʘʞʫʱʫʶʩʷ 

ʧʨʦʩʪʦʪʫ ʵʪʦʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʬʠʟʠʢʠ ʧʣʘʟʤʳ, ʝʝ ʩʪʨʦʛʦʝ ʨʝʰʝʥʠʝ ʥʘʪʘʣʢʠʚʘʝʪʩʷ ʥʘ ʨʷʜ 

ʧʨʝʧʷʪʩʪʚʠʡ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʥʝ ʧʨʝʦʜʦʣʝʥʳ ʜʦ ʩʠʭ ʧʦʨ, ʭʦʪʷ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʚ ʣʠʪʝʨʘʪʫʨʝ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʥʝʦʜʥʦʢʨʘʪʥʦ ʫʧʦʤʠʥʘʣʘʩʴ ʪʨʫʜʥʦʩʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʘʷ ʧʦʩʪʨʦʝʥʠʶ ʟʘʤʢʥʫʪʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚʦʟʤʫʱʝʥʠʷ ʧʣʘʟʤʳ. 

ɺʦʧʨʦʩ ʢʘʩʘʝʪʩʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʭʚʘʯʝʥʥʳʭ ʯʘʩʪʠʮ, ʜʚʠʞʫʱʠʭʩʷ ʦʢʦʣʦ ʩʬʝʨʳ ʧʦ 

ʬʠʥʠʪʥʳʤ ʦʨʙʠʪʘʤ, ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʚʢʣʘʜʘ ʚ ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʟʘʨʷʞʝʥʥʦʡ ʩʬʝʨʳ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʤʫʱʝʥʥʦʡ ʧʣʘʟʤʳ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦʚʝʩʠʷ 

ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʆʜʥʘʢʦ, ʩʧʝʮʠʬʠʢʘ ʟʘʜʘʯʠ ʚ ʪʦʤ, ʯʪʦ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʟʘʭʚʘʯʝʥʥʳʭ ʯʘʩʪʠʮ ʦʩʪʘʝʪʩʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ ʧʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʨʝʰʝʥʠʷ. ɺ ʜʦʢʣʘʜʝ ʦʩʚʝʱʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʟʤʫʱʝʥʥʦʡ ʧʣʘʟʤʳ. ʇʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʦʙʦʙʱʠʪʴ 

ʠʟʚʝʩʪʥʳʝ ʨʘʩʯʝʪʳ ʤʦʤʝʥʪʦʚ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, 

ʧʨʝʜʩʪʘʚʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ  ʚ ʜʦʩʪʘʪʦʯʥʦ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʠ, ʚʤʝʩʪʝ ʩ ʪʝʤ, 

ʢʦʤʧʘʢʪʥʦʤ ʚʠʜʝ. ʄʥʦʛʠʝ ʨʘʩʯʝʪʳ ʦʧʠʨʘʶʪʩʷ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚʘʞʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʟʘʜʘʯʠ ï 

ʚʥʝʰʥʝʛʦ ʨʘʜʠʫʩʘ ʦʙʣʘʩʪʠ ʟʘʭʚʘʪʘ, ʟʘ ʧʨʝʜʝʣʳ ʢʦʪʦʨʦʡ ʥʝ ʚʳʭʦʜʷʪ ʬʠʥʠʪʥʳʝ ʦʨʙʠʪʳ 

ʟʘʭʚʘʯʝʥʥʳʭ ʠʦʥʦʚ. ʇʨʠʚʦʜʷʪʩʷ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʩʥʦʚʥʳʭ ʤʦʤʝʥʪʦʚ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠ ʦʙʩʫʞʜʘʶʪʩʷ ʩʣʝʜʩʪʚʠʷ, ʚʳʪʝʢʘʶʱʠʝ ʠʟ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ. ʈʘʙʦʪʘ ʩʦʜʝʨʞʠʪ ʪʘʢʞʝ ʨʷʜ 

ʧʦʧʫʪʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʜʨʦʙʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʚʥʦʚʝʩʥʳʭ 

ʩʦʩʪʦʷʥʠʡ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʢʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʣʘʟʤʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʡʜʝʥʳ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʟʤʳ ʠ ʙʘʫʥʩ-ʯʘʩʪʦʪ ʯʘʩʪʠʮ, ʟʘʭʚʘʯʝʥʥʳʭ ʚ 

ʷʤʳ ɻʬʬʝʢʪʠʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ɺ ʮʝʣʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʳʤ ʚʚʝʜʝʥʠʝʤ, ʦʙʣʝʛʯʘʶʱʠʤ ʚʦʩʧʨʠʷʪʠʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʟʘʭʚʘʪʘ ʠʦʥʦʚ, ʦʩʚʝʱʝʥʥʳʭ ʚ ʦʪʜʝʣʴʥʦʤ ʜʦʢʣʘʜʝ.     
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ʆʧʨʝʜʝʣʝʥʠʝ ʚʠʜʘ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʭʚʘʯʝʥʥʳʭ ʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʚʦʧʨʦʩʦʤ ʚ ʟʘʜʘʯʝ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʟʤʫʱʝʥʠʷ ʧʣʘʟʤʳ ʧʦʛʣʦʱʘʶʱʠʤ ʪʝʣʦʤ 

ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʧʫʪʠ ʨʝʰʝʥʠʷ ʵʪʦʛʦ ʚʦʧʨʦʩʘ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩ ʥʘʯʘʣʴʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ. ʅʘʩʢʦʣʴʢʦ ʠʟʚʝʩʪʥʦ, ʧʦʧʳʪʦʢ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʦ ʩʠʭ ʧʦʨ ʥʝ 

ʧʨʦʚʦʜʠʣʦʩʴ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʙʨʘʥ ʚʪʦʨʦʡ ʧʫʪʴ ð ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩ ʥʘʯʘʣʴʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ. ɺʚʠʜʫ ʩʣʦʞʥʦʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʠʣʴʥʦ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ ʧʣʘʟʤʳ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʀʩʭʦʜʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʷʚʣʷʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ɺʣʘʩʦʚʘ ʠ ʇʫʘʩʩʦʥʘ.  ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʚ ʧʣʘʟʤʝ ʚʦʟʥʠʢʣʘ ʩʬʝʨʘ, ʧʦʛʣʦʱʘʶʱʘʷ  ʵʣʝʢʪʨʦʥʳ ʠ ʠʦʥʳ. ʅʝʚʦʟʤʫʱʝʥʥʳʝ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʥʷʪʳ ʤʦʥʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ. ʎʝʣʴ ʟʘʜʘʯʠ ð ʥʘʙʣʶʜʝʥʠʝ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ 

ʜʠʥʘʤʠʢʠ ʧʣʘʟʤʳ ʦʢʦʣʦ ʟʘʨʷʞʘʶʱʝʡʩʷ ʩʬʝʨʳ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʫʩʪʦʡʯʠʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʧʠʨʘʝʪʩʷ ʥʘ ʤʝʪʦʜ çʯʘʩʪʠʮ-ʚ-ʷʯʝʡʢʘʭè (çParticles-In-

Cellè). ɺ ʩʠʣʫ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ ʜʠʥʘʤʠʢʫ ʦʪʜʝʣʴʥʦʡ ʯʘʩʪʠʮʳ ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ 

ʜʚʠʞʝʥʠʝ ʩ ʦʜʥʦʡ ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʩʠʣʴʥʦ ʥʝʣʠʥʝʡʥʳʡ 

ʧʣʘʟʤʝʥʥʳʡ ʧʨʦʮʝʩʩ ʚ ʨʝʘʣʴʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʛʝʦʤʝʪʨʠʠ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʝʥʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʘʭ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ ʢʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ GPGPU ʠ OpenCL. ɸʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʫʪʠʣʠʪ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʦʟʜʘʥʠʷ ʘʥʠʤʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ 

ʥʘ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʸʪʦʚ ʧʦʣʫʯʝʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʩʬʝʨʳ. ʊʘʢʞʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʧʨʦʮʝʩʩʘ ʟʘʭʚʘʪʘ ʠʦʥʦʚ ʧʨʠ ʧʝʨʝʭʦʜʝ ʩʠʩʪʝʤʳ ʚ ʫʩʪʦʡʯʠʚʦʝ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʚʥʦʚʝʩʠʷ. ʅʘ ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʘʭ ʦʙʥʘʨʫʞʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʩʛʫʩʪʢʘ ʟʘʭʚʘʯʝʥʥʳʭ ʯʘʩʪʠʮ ʚʙʣʠʟʠ ʩʬʝʨʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʟʘʜʘʯʠ. 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʝʜʠʥʝʥʥʦʡ ʧʨʦʚʦʜʷʱʝʡ ʩʬʝʨʳ ʩʦ ʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦʡ 

ʩʣʘʙʦʠʦʥʠʟʦʚʘʥʥʦʡ ʧʣʘʟʤʦʡ ʚʦ ʚʥʝʰʥʝʤ ʧʦʣʝ. ʇʨʠ ʘʥʘʣʠʟʝ ʫʯʠʪʳʚʘʶʪʩʷ ʟʘʨʷʜʢʘ ʩʬʝʨʳ 

ʚʩʣʝʜʩʪʚʠʝ ʦʩʝʜʘʥʠʷ ʥʘ ʥʝʡ ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ ʧʣʘʟʤʳ, ʧʦʣʝ ʟʘʨʷʜʘ ʥʘ ʩʬʝʨʝ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ, ʧʨʦʮʝʩʩʳ ʨʝʢʦʤʙʠʥʘʮʠʠ ʠ ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʬʬʫʟʠʷ. ʉʠʩʪʝʤʘ 

ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʬʝʨʳ ʩ ʧʣʘʟʤʦʡ, ʩʦʩʪʦʠʪ ʠʟ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ 

ʠ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʜʣʷ ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ ʧʣʘʟʤʳ, ʫʨʘʚʥʝʥʠʷ ʟʘʨʷʜʢʠ ʜʣʷ ʩʬʝʨʳ (ʚ ʨʘʤʢʘʭ 

ʤʦʜʝʣʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʦʨʙʠʪ) ʠ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʚ ʦʪʩʫʪʩʪʚʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɸʥʘʣʠʟ 

ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʟʘʨʷʜʘ ʥʘ ʩʬʝʨʝ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ 

ʨʘʟʥʦʩʪʝʡ. ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʧʦʣʫʯʝʥʳ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʟʘʨʷʜʘ ʥʘ 
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ʩʬʝʨʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʯʘʩʪʠʮ ʧʣʘʟʤʳ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ. ʉʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʷʪʠ ʤʘʩʰʪʘʙʦʚ ʜʣʠʥʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʟʘʜʘʯʫ: ʨʘʜʠʫʩʘ ʩʬʝʨʳ a, ʜʝʙʘʝʚʩʢʦʛʦ ʨʘʜʠʫʩʘ ʧʣʘʟʤʳ ld, 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ l0=E0/(4peN0) ʠ ʠʦʥʠʟʘʮʠʦʥʥʳʭ L+,ī=a/(4pem+,ī) ʤʘʩʰʪʘʙʦʚ. ɿʜʝʩʴ N0 ī 

ʥʝʚʦʟʤʫʱʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʣʘʟʤʳ, E0 ī ʚʥʝʰʥʝʝ ʧʦʣʝ, e>0 ī ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʟʘʨʷʜʘ 

ʵʣʝʢʪʨʦʥʘ, l+,ī ī ʧʦʜʚʠʞʥʦʩʪʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʧʣʘʟʤʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, a ī ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʢʦʤʙʠʥʘʮʠʠ. ʇʦʣʫʯʝʥʦ, ʯʪʦ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʟʘʨʷʜʘ 

ʥʘ ʯʘʩʪʠʮʝ Q ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʨʘʜʠʫʩʘ a ʠ ʦʪʥʦʰʝʥʠʷ mī/m+, ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ 

ʫʩʠʣʝʥʠʠ ʵʬʬʝʢʪʦʚ ʨʝʢʦʤʙʠʥʘʮʠʠ (ʫʚʝʣʠʯʝʥʠʠ ʦʪʥʦʰʝʥʠʡ L+,ī/l0 ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ L+/Lī) ʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʚʣʠʷʥʠʷ ʜʠʬʬʫʟʠʠ (ʦʪʥʦʰʝʥʠʷ ld/l0). ʆʙʣʘʩʪʴ ʚʦʟʤʫʱʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʯʘʩʪʠʮ ʧʣʘʟʤʳ ʚʳʪʷʥʫʪʘ ʚʜʦʣʴ ʚʥʝʰʥʝʛʦ ʧʦʣʷ; ʝʝ ʧʨʦʜʦʣʴʥʳʝ ʤʘʩʰʪʘʙʳ ʧʦ 

ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪʥʦʰʝʥʠʷʤʠ   L+,ī/l0 ʠ 

ʫʤʝʥʴʰʘʶʪʩʷ ʧʨʠ ʠʭ ʫʚʝʣʠʯʝʥʠʠ (ʫʩʠʣʝʥʠʠ ʵʬʬʝʢʪʦʚ ʨʝʢʦʤʙʠʥʘʮʠʠ). ʇʨʠ ʠʟʤʝʥʝʥʠʠ 

max{ L+/l0, Lī/l0}  ʦʪ 0,02 ʜʦ 2 ʤʘʩʰʪʘʙʳ ʚʦʟʤʫʱʝʥʥʦʡ ʦʙʣʘʩʪʠ ʠʟʤʝʥʷʶʪʩʷ ʦʪ ʧʨʠʤʝʨʥʦ 15l0  

ʜʦ l0. ɺʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ Q=0 ʠ ʥʝʚʦʟʤʫʱʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʢʦʥʮʝʥʪʨʘʮʠʠ) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ 

ʦʪʥʦʰʝʥʠʡ L+,ī/l0 ʠ ld/l0 ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʦʪʥʦʰʝʥʠʷ a/l0. ʇʨʠ ʠʟʤʝʥʝʥʠʠ max{ l0/L+, 

l0/Lī}  ʦʪ 0,02 ʜʦ 2 ʚʨʝʤʷ ʚʳʭʦʜʘ ʥʘ ʩʪʘʮʠʦʥʘʨ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠʤʝʨʥʦ ʦʪ (aN0)
-1

 ʜʦ 10 (aN0)
-1

. 

ʈʝʟʫʣʴʪʘʪʳ ʩʦʚʧʘʜʘʶʪ ʩ ʧʦʣʫʯʝʥʥʳʤ ʨʘʥʝʝ ʧʨʠʙʣʠʞʝʥʥʳʤ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʚ 

ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ, ʩʣʘʙʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʠ ʩʠʣʴʥʦʛʦ 

ʚʥʝʰʥʝʛʦ ʧʦʣʷ. 

 

 

ʇɸʈɸʄɽʊʈʀʏɽʉʂʀɽ ʗɺʃɽʅʀʗ, ʈɸɿɺʀɺɸʖʑʀɽʉʗ ʇʈʀ ɺɿɸʀʄʆɼɽʁʉʊɺʀʀ 

ʅʀɿʂʆʏɸʉʊʆʊʅʓʍ ɺʆʃʅ ʉ ɿɸʄɸɻʅʀʏɽʅʅʆʁ ʇʃɸɿʄɽ: ʈɽɿʋʃʔʊɸʊʓ 

ʃɸɹʆʈɸʊʆʈʅʓʍ ʕʂʉʇɽʈʀʄɽʅʊʆɺ ʅɸ ʂʈʋʇʅʆʄɸʉʐʊɸɹʅʓʍ 

ʇʃɸɿʄɽʅʅʓʍ ʉʊɽʅɼɸʍ çʂʈʆʊè ʀ çʀʆʅʆʉʌɽʈɸè 
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ʇʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʘʢʪʠʚʥʳʭ ʚʦʣʥʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʦʢʦʣʦʟʝʤʥʦʡ ʧʣʘʟʤʝ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʵʬʬʝʢʪʳ ʦʙʦʛʘʱʝʥʠʷ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʝ ʠʥʪʝʥʩʠʚʥʳʭ ʚʦʣʥ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 

ʘ ʪʘʢʞʝ ʷʚʣʝʥʠʷ ʛʝʥʝʨʘʮʠʠ ʚʪʦʨʠʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʦʢʦʣʦʟʝʤʥʫʶ ʧʣʘʟʤʫ 

ʚʦʣʥʘʤʠ ʩ ʤʦʜʫʣʷʮʠʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʠʟʫʯʝʥʠʶ 

ʧʦʜʦʙʥʳʭ ʷʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʣʘʙʦʨʘʪʦʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʦʩʪʘʥʦʚʢʘ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʤʦʜʝʣʴʥʳʭ ʚʦʣʥʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʥʘ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʧʣʘʟʤʝʥʥʳʭ ʩʪʝʥʜʘʭ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʝʘʣʠʟʘʮʠʶ ʨʝʞʠʤʘ 

çʙʝʟʛʨʘʥʠʯʥʦʡè ʧʣʘʟʤʳ, ʚ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʚʣʠʷʥʠʝʤ ʩʪʝʥʦʢ ʨʘʟʨʷʜʥʦʡ ʢʘʤʝʨʳ ʥʘ 

ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʧʣʘʟʤʝ ʧʨʦʮʝʩʩʳ ʠ ʩʪʨʫʢʪʫʨʫ ʚʦʣʥʦʚʳʭ ʧʦʣʝʡ. ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ 

ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʜʘʚʥʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʠʟʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʧʣʘʟʤʝʥʥʳʭ ʩʪʝʥʜʘʭ 

çʂʨʦʪè ʠ çʀʦʥʦʩʬʝʨʘè (ʀʇʌ ʈɸʅ). ʕʪʠ ʫʩʪʘʥʦʚʢʠ ʩʦʟʜʘʥʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ 

ʷʚʣʝʥʠʡ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʝ, ʧʦʟʚʦʣʷʶʪ ʬʦʨʤʠʨʦʚʘʪʴ ʧʣʘʟʤʫ ʨʝʢʦʨʜʥʦ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ 

(ʦʙʲʝʤ ʧʣʘʟʤʳ ʥʘ ʩʪʝʥʜʝ çʂʨʦʪè ï ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʢʫʙʠʯʝʩʢʠʭ ʤʝʪʨʦʚ), ʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ, ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʥʘ ʜʣʠʥʥʳʭ ʪʨʘʩʩʘʭ, ʚʢʣʶʯʘʶʱʠʭ 

ʜʝʩʷʪʢʠ ʜʣʠʥ ʚʦʣʥ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʘ ʢʨʫʛʘ ʚʦʧʨʦʩʦʚ: (ʘ) ʛʝʥʝʨʘʮʠʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʥʪʝʥʩʠʚʥʳʭ ʚʦʣʥ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʩ 

ʧʣʘʟʤʦʡ, ʠ (ʙ) ʦʙʦʛʘʱʝʥʠʝ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʯʝʨʝʟ 
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ʦʙʣʘʩʪʴ ʧʣʘʟʤʳ, ʟʘʥʷʪʫʶ ʠʥʪʝʥʩʠʚʥʳʤʠ ʚʦʣʥʘʤʠ ʩ ʤʦʜʫʣʷʮʠʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʢʨʦʩʩ-

ʤʦʜʫʣʷʮʠʶ). ʆʙʩʫʞʜʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʤʝʭʘʥʠʟʤʦʚ ʥʝʣʠʥʝʡʥʦʩʪʠ, ʢʦʪʦʨʳʤʠ ʦʙʫʩʣʦʚʣʝʥʳ 

ʧʦʜʦʙʥʳʝ ʷʚʣʝʥʠʷ, ʚʢʣʶʯʘʷ ʤʦʜʫʣʷʮʠʶ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ ʠ çʤʘʛʥʠʪʥʫʶè 

ʥʝʣʠʥʝʡʥʦʩʪʴ ï ʚʦʟʤʫʱʝʥʠʷ ʚʥʝʰʥʝʛʦ (ʩʪʘʪʠʯʝʩʢʦʛʦ) ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʚʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ, 

ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʚ ʠʦʥʦʩʬʝʨʝ ʠ ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ. 
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ʋʥʠʢʘʣʴʥʳʝ ʩʥʠʤʢʠ ʋʌ ʩʠʷʥʠʡ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ʉʘʪʫʨʥʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʪʝʣʝʩʢʦʧʘ ʍʘʙʙʣ (HST) ʚ ʘʧʨʝʣʝ 2011 ʠ ʚ ʘʧʨʝʣʝ 2012 ʛʛ., ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʪʦ 

ʚʨʝʤʷ, ʢʦʛʜʘ ʂɸ Cassini ʥʘʭʦʜʠʣʩʷ ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ ʚʚʝʨʭ ʧʦ ʧʦʪʦʢʫ ʧʝʨʝʜ ʛʦʣʦʚʥʦʡ 

ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʡ ʫʥʠʢʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ, ʠʤʝʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʋʌ ʩʥʠʤʢʠ ʧʦʣʷʨʥʳʭ ʩʠʷʥʠʡ ʠ ʠʟʤʝʨʝʥʥʦʝ ʤʝʞʧʣʘʥʝʪʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

(ʄʄʇ), ʩ ʧʦʤʦʱʴʶ ʧʘʨʘʙʦʣʦʠʜʥʦʡ ʤʦʜʝʣʠ ʤʘʛʥʠʪʦʩʬʝʨʳ ʉʘʪʫʨʥʘ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʩʠʷʥʠʷ 

ʚʥʫʪʨʴ ʤʘʛʥʠʪʦʩʬʝʨʳ. ʄʘʛʥʠʪʦʩʬʝʨʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʉʘʪʫʨʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦ ʢ ʄʄʇ, 

ʧʦʵʪʦʤʫ ʵʪʠ ʨʝʜʢʠʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʫʶ ʮʝʥʥʦʩʪʴ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʜʦʣʴ 

ʤʘʛʥʠʪʥʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʦʙʣʘʩʪʝʡ ʷʨʢʦʛʦ ʩʚʝʯʝʥʠʷ ʥʘ ʵʢʚʘʪʦʨʠʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ 

ʤʘʛʥʠʪʦʩʬʝʨʳ ʧʦʟʚʦʣʷʝʪ ʚʳʷʩʥʠʪʴ ʤʝʭʘʥʠʟʤ ʛʝʥʝʨʘʮʠʠ ʵʪʠʭ ʩʠʷʥʠʡ ʥʘ ʉʘʪʫʨʥʝ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʤʳ ʧʦʣʫʯʠʣʠ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʷʨʢʠʝ ʩʠʷʥʠʷ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʣʠʙʦ ʚʙʣʠʟʠ 

ʛʨʘʥʠʮ ʤʝʞʜʫ ʦʙʣʘʩʪʷʤʠ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʨʘʟʥʳʭ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ, ʣʠʙʦ ʚʥʫʪʨʴ 

ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ ʉʘʪʫʨʥʘ (ʯʘʩʪʦ ʚʙʣʠʟʠ ʝʛʦ ʛʨʘʥʠʮ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ 

ʩʚʝʯʝʥʠʷ ʚʦʟʙʫʞʜʘʶʪʩʷ ʧʨʦʜʦʣʴʥʳʤʠ ʪʦʢʘʤʠ, ʚʳʟʚʘʥʥʳʤʠ ʩʢʘʯʢʦʤ ʩʢʦʨʦʩʪʠ ʥʘ ʛʨʘʥʠʮʝ 

ʤʝʞʜʫ ʦʙʣʘʩʪʷʤʠ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʨʘʟʥʳʭ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ, ʣʠʙʦ ʧʨʦʜʦʣʴʥʳʤʠ ʪʦʢʘʤʠ, 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʪʦʨʤʦʞʝʥʠʝʤ ʚʨʘʱʝʥʠʷ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ ʚ ʢʦʣʴʮʝʚʦʤ ʪʦʢʝ ʠ ʚʦ 

ʚʥʝʰʥʝʡ ʤʘʛʥʠʪʦʩʬʝʨʝ. 

 

 

ɹʆʃʔʐɽ, ʏɽʄ ʅɽʃʀʅɽʁʅʆʉʊʔ. ʉɺɽʈʍʅɽʃʀʅɽʁʅʓɽ ɺʆʃʅʓ ɺ ʇʃɸɿʄɽ 

 

ɼ.ʖ. ʂʦʣʦʪʢʦʚ 
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʥʦʚʳʡ ʢʣʘʩʩ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʚʝʨʭʥʝʣʠʥʝʡʥʳʭ ʚʦʣʥ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʪʦʧʦʣʦʛʠʝʡ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ï ʬʘʟʦʚʘʷ ʪʨʘʝʢʪʦʨʠʷ 

ʩʚʝʨʭʥʝʣʠʥʝʡʥʦʡ ʚʦʣʥʳ ʦʭʚʘʪʳʚʘʝʪ ʦʜʥʫ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʚʥʫʪʨʝʥʥʠʭ ʩʝʧʘʨʘʪʨʠʩ. ʇʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʚʝʨʭʥʝʣʠʥʝʡʥʳʭ ʨʝʰʝʥʠʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʂʜɺ-ʫʨʘʚʥʝʥʠʷ. 

ɸʥʘʣʠʪʠʯʝʩʢʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʠʝ ʨʝʰʝʥʠʷ ʩʪʘʙʠʣʴʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʭ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. ʉ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʚʦʟʤʫʱʝʥʥʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʚʝʨʭʥʝʣʠʥʝʡʥʘʷ ʚʦʣʥʘ ʩʦʭʨʘʥʷʝʪ ʩʦ ʚʨʝʤʝʥʝʤ 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʧʨʦʚʝʜʝʥ ʌʫʨʴʝ-ʘʥʘʣʠʟ ʚʦʟʤʫʱʝʥʥʦʛʦ ʩʠʛʥʘʣʘ. ʈʘʩʩʤʦʪʨʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʚʝʨʭʥʝʣʠʥʝʡʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʨʝʞʠʤʘ ʚ ʟʘʤʘʛʥʠʯʝʥʥʦʡ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʧʣʘʟʤʝ, ʘʥʘʣʠʟ ʧʨʦʚʝʜʝʥ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʞʠʜʢʦʩʪʥʦʛʦ ʄɻɼ-ʦʧʠʩʘʥʠʷ. 

ʆʪʤʝʯʝʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʚʦʣʥ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ 

ʘʥʛʘʨʤʦʥʠʯʥʦʩʪʴ ʧʨʦʬʠʣʷ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ 

ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʘʣʴʥʦʡ ʧʣʘʟʤʝ, ʠʤʝʶʱʠʭ ʧʦʜʦʙʥʳʝ ʩʚʝʨʭʥʝʣʠʥʝʡʥʳʤ ʘʥʛʘʨʤʦʥʠʯʥʳʝ 

ʧʨʦʬʠʣʠ. 
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ɺ ʛʨʫʧʧʝ ʨʘʙʦʪ ʥʘ ʦʩʥʦʚʝ ʣʦʢʘʣʴʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʚʦʣʥ ʚ ʭʦʣʦʜʥʦʡ 

ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʡ ʧʣʘʟʤʝ, ʩʦʜʝʨʞʘʱʝʡ ʠʦʥʳ ʠ ʜʨʫʛʠʝ ʪʷʞʝʣʳʝ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ 

ʨʘʟʣʠʯʥʦʛʦ ʟʥʘʢʘ ʟʘʨʷʜʘ, ʠʟʫʯʝʥʳ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʠʩʪʦʚʳʭ ʚʦʣʥ ʚʦ 

ʚʩʝʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʧʨʦʟʨʘʯʥʦʩʪʠ. ʇʨʦʩʪʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʣʫʯʝʥʳ 

ʜʣʷ ʧʣʘʟʤʳ ʫʤʝʨʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʢʦʛʜʘ ʛʠʨʦʯʘʩʪʦʪʘ ʵʣʝʢʪʨʦʥʦʚ ʩʦʧʦʩʪʘʚʠʤʘ ʧʦ ʚʝʣʠʯʠʥʝ ʩ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʯʘʩʪʦʪʦʡ, ʚʳʯʠʩʣʝʥʥʦʡ ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ 

ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʧʣʦʪʥʦʩʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʘʨʷʜʦʚ ʧʣʘʟʤʳ, ʘ ʠʦʥʳ ʤʦʛʫʪ ʙʳʪʴ 

ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʛʠʨʦʯʘʩʪʦʪʘʤʠ ʚ ʜʚʝ ʛʨʫʧʧʳ ʣʝʛʢʠʭ ʠʦʥʦʚ ʩ 

ʩʦʧʦʩʪʘʚʠʤʳʤʠ ʛʠʨʦʯʘʩʪʦʪʘʤʠ ʠ ʦʩʪʘʚʰʠʡʩʷ ʥʘʙʦʨ ʪʷʞʝʣʳʭ ʟʘʨʷʞʝʥʥʳʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʩ 

ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤʠ ʛʠʨʦʯʘʩʪʦʪʘʤʠ. ʇʨʠ ʵʪʦʤ ʦʙʥʘʨʫʞʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʯʘʩʪʦʪʳ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʜʠʘʧʘʟʦʥʘ ʧʨʦʟʨʘʯʥʦʩʪʠ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʜʦʣʠ 

ʵʣʝʢʪʨʦʥʦʚ ʩʨʝʜʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʢʚʘʟʠʥʝʡʪʨʘʣʴʥʦʡ ʧʣʘʟʤʝ. ʋʜʘʝʪʩʷ 

ʦʧʠʩʘʪʴ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʭʣʦʧʳʚʘʥʠʷ ʜʠʘʧʘʟʦʥʘ ʧʨʦʟʨʘʯʥʦʩʪʠ ʜʣʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʠʩʪʦʚʳʭ 

ʚʦʣʥ ʚʙʣʠʟʠ ʠʦʥʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʯʘʩʪʦʪʳ ʜʣʷ ʧʦʯʪʠ  ʯʠʩʪʦ ʠʦʥʥʦʡ ʧʣʘʟʤʳ. ʆʩʪʘʪʦʯʥʘʷ ʜʦʣʷ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʦʯʪʠ ʯʠʩʪʦ ʠʦʥʥʦʡ ʧʣʘʟʤʝ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʧʦ ʯʘʩʪʦʪʝ ʩʤʝʥʳ ʟʥʘʢʘ 

ʧʦʣʷʨʠʟʘʮʠʠ ʧʣʦʩʢʠʭ ʚʦʣʥ, ʧʨʠʩʫʱʝʛʦ çʵʬʬʝʢʪʫ ʢʨʦʩʩ-ʦʚʝʨʘè. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʵʪʦʪ ʵʬʬʝʢʪ 

ʤʦʞʝʪ ʧʨʦʷʚʠʪʴʩʷ ʥʘ ʯʘʩʪʦʪʘʭ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶʱʠʭ ʠʦʥʥʳʝ ʛʠʨʦʯʘʩʪʦʪʳ, ʝʩʣʠ 

ʩʨʝʜʥʠʡ ʢʚʘʜʨʘʪ ʛʠʨʦʯʘʩʪʦʪ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʠʡ ʢʚʘʜʨʘʪ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ. ʈʘʩʩʯʠʪʘʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ  ʠʦʥʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ  ʟʦʥ ʦʪʨʘʞʝʥʠʷ  ʜʣʷ ʚʦʣʥ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ ʩʤʝʞʥʦʛʦ ʠʦʥʥʦʛʦ ʩʚʠʩʪʦʚʦʛʦ ʤʦʜʘ ʪʦʡ ʞʝ ʯʘʩʪʦʪʳ (ʩ ʧʝʨʩʧʝʢʪʠʚʦʡ 

ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʣʫʯʝʡ ʠʦʥʥʦʛʦ ʤʦʜʘ ʧʨʠ ʩʙʣʠʞʝʥʠʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʦʥʥʦʡ 

ʛʠʨʦʯʘʩʪʦʪʦʡ ʚ ʜʨʫʛʦʡ ʯʘʩʪʠ ʚʝʨʭʥʝʡ ʠʦʥʦʩʬʝʨʳ). ʇʦʜʦʙʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʧʣʘʟʤʝ ʟʘʛʨʷʟʥʝʥʥʦʡ ʟʘʤʝʪʥʳʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ ʤʦʣʝʢʫʣ ʛʘʟʦʚ ʩ ʚʳʩʦʢʦʡ 

ʘʜʛʝʟʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʵʣʝʢʪʨʦʥʘʤ, ʨʘʚʥʦ ʢʘʢ ʠ ʧʳʣʝʚʳʤʠ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʟʘʧʫʩʢʘʭ ʪʷʞʝʣʳʭ ʨʘʢʝʪ, ʚ ʧʣʘʟʤʝ ʩʦʣʥʝʯʥʦʛʦ 

ʚʝʪʨʘ ʠ ʧʣʘʟʤʝʥʥʦʤ ʦʢʨʫʞʝʥʠʠ ʙʦʣʴʰʠʭ ʧʣʘʥʝʪ, ʚ ʧʨʦʮʝʩʩʘʭ ʥʘʯʘʣʴʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʘʥʦʯʘʩʪʠʮ (ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ), ʠʟʫʯʘʝʤʳʭ ʧʨʠ ʨʘʟʨʷʜʘʭ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʩʠʣʘʥʝ, ʘ ʪʘʢʞʝ 

ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʨʘʜʠʦʤʘʩʢʠʨʦʚʢʠ ʧʨʠ ʠʥʞʝʢʮʠʠ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʭ ʛʘʟʦʚ ʚ 

ʧʣʘʟʤʝʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʆʧʨʝʜʝʣʝʥ ʥʘʙʦʨ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪ 

ʭʦʣʦʜʥʦʡ ʧʣʘʟʤʳ, ʠʟʤʝʨʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʧʣʘʟʤʝ ʫʤʝʨʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ (ʢʦʛʜʘ ʠʦʥʥʘʷ 

ʧʣʘʟʤʝʥʥʘʷ ʯʘʩʪʦʪʘ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʠʦʥʥʳʝ ʛʠʨʦʯʘʩʪʦʪʳ) ʧʦʟʚʦʣʷʝʪ ʥʘʧʠʩʘʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʝ, ʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʘʜʝʢʚʘʪʥʦʝ ʣʦʢʘʣʴʥʦʝ ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʠʩʪʦʚʳʭ ʚʦʣʥ. ʕʪʦʪ ʥʘʙʦʨ ʚʢʣʶʯʘʝʪ ʵʣʝʢʪʨʦʥʥʫʶ ʠ ʠʦʥʥʫʶ ʧʣʘʟʤʝʥʥʳʝ 

ʯʘʩʪʦʪʳ, ʛʠʨʦʯʘʩʪʦʪʫ ʵʣʝʢʪʨʦʥʦʚ, ʘ ʪʘʢʞʝ, ʢʘʢ ʤʠʥʠʤʫʤ, ʤʘʢʩʠʤʘʣʴʥʫʶ ʯʘʩʪʦʪʫ ʠʦʥʥʦʡ 

ʦʪʩʝʯʢʠ ʜʣʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʠʩʪʦʚʳʭ ʚʦʣʥ. ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʜʝʣʴ ʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʩʚʝʜʝʥʥʦʛʦ ʢ ʜʚʫʤ ʛʨʫʧʧʘʤ ʣʝʛʢʠʭ ʠʦʥʦʚ ʚ ʜʦʙʘʚʣʝʥʠʝ ʢ ʦʙʲʝʜʠʥʝʥʥʦʡ ʛʨʫʧʧʝ ʪʷʞʝʣʳʭ 

ʟʘʨʷʞʝʥʥʳʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʩ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤʠ ʛʠʨʦʯʘʩʪʦʪʘʤʠ, ʜʘʝʪ ʚʦʟʤʦʞʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʜʦʩʪʘʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʪʠʧʘ ʜʦʣʠ ʟʘʨʷʜʦʚʦʡ ʧʣʦʪʥʦʩʪʠ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ 

ʢʘʞʜʫʶ ʠʭ ʵʪʠʭ ʪʨʝʭ ʛʨʫʧʧ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ; ʥʦ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʦʚ), 

ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʘʜʝʢʚʘʪʥʦʛʦ 
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ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʠʩʪʦʚʳʭ ʚʦʣʥ ʚ ʧʨʠʟʝʤʥʦʡ ʧʣʘʟʤʝ. ʕʬʬʝʢʪʳ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʟʘʢʦʥʘ ʜʠʩʧʝʨʩʠʠ ʩʚʠʩʪʦʚʳʭ ʚʦʣʥ ʚʙʣʠʟʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ 

ʧʨʦʟʨʘʯʥʦʩʪʠ (çʯʘʩʪʦʪʘ ʠʦʥʥʦʡ ʦʪʩʝʯʢʠè) ʧʨʦʷʚʣʷʶʪʩʷ ʥʘ ʙʦʣʴʰʠʭ ʜʣʠʥʘʭ ʚʦʣʥ ʧʦʨʷʜʢʘ 

ʛʣʫʙʠʥʳ ʩʢʠʥ-ʩʣʦʷ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʧʦ ʠʦʥʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʯʘʩʪʦʪʝ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʩʦʥʦʛʨʘʤʤʳ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʥʘ ʙʦʨʪʫ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ 

ʜʘʞʝ ʚʙʣʠʟʠ ʯʘʩʪʦʪ ʠʦʥʥʦʡ ʦʪʩʝʯʢʠ, ʜʦʧʫʩʢʘʶʪ ʧʨʠʝʤʣʝʤʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʚ ʨʘʤʢʘʭ 

ʣʫʯʝʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ. 

 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʅɽʃʀʅɽʁʅʓʍ ʕʌʌɽʂʊʆɺ, ʈɸɿɺʀɺɸʖʑʀʍʉʗ ʇʈʀ 

ʈɸʉʇʈʆʉʊʈɸʅɽʅʀʀ ʇʋʏʂʆɺ ʉɺʀʉʊʆɺʓʍ ɺʆʃʅ ɺ ʄɸɻʅʀʊʆɸʂʊʀɺʅʆʁ 

ʇʃɸɿʄɽ  

 

ʅ.ɸ. ɸʡʜʘʢʠʥʘ, ʄ.ɽ. ɻʫʱʠʥ, ʀ.ʖ. ɿʫʜʠʥ, ʉ.ɺ. ʂʦʨʦʙʢʦʚ, ɸ.ɺ. ʂʦʩʪʨʦʚ,  

ɸ.ɺ. ʉʪʨʠʢʦʚʩʢʠʡ 

 

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

 

ʀʩʩʣʝʜʫʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʫʯʢʦʚ ʩʚʠʩʪʦʚʳʭ ʚʦʣʥ ʚ ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʡ ʧʣʘʟʤʝ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʣʘʟʤʫ ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ ʭʘʨʘʢʪʝʨʥʳʭ ʦʙʨʘʪʥʳʭ 

ʯʘʩʪʦʪ ʢʫʣʦʥʦʚʩʢʠʭ ʩʪʦʣʢʥʦʚʝʥʠʡ, ʚʦʟʥʠʢʘʝʪ ʵʬʬʝʢʪ ʛʝʥʝʨʘʮʠʠ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ ʪʦʢʦʚ ʠ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ [1] ʟʘ ʩʯʝʪ ʤʘʛʥʠʪʥʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʫʩʨʝʜʥʝʥʥʦʡ 

ʧʦʥʜʝʨʦʤʦʪʦʨʥʦʡ ʩʠʣʦʡ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʧʦʨʷʜʢʘ 

ʠʣʠ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʦʙʨʘʪʥʦʡ ʯʘʩʪʦʪʳ ʢʫʣʦʥʦʚʩʢʠʭ ʩʪʦʣʢʥʦʚʝʥʠʡ) ʟʥʘʯʠʤʫʶ ʨʦʣʴ ʥʘʯʠʥʘʶʪ 

ʠʛʨʘʪʴ ʠʥʝʨʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ ʠ ʵʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʛʨʝʚʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ. 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʠʤʝʥʥʦ ʥʝʣʠʥʝʡʥʳʝ ʵʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʛʨʝʚʦʤ, ʦʙʫʩʣʘʚʣʠʚʘʶʪ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʡ ʩʘʤʦʚʦʟʜʝʡʩʪʚʠʝʤ ʠ ʢʘʥʘʣʠʨʦʚʘʥʠʝʤ 

ʩʚʠʩʪʦʚʳʭ ʚʦʣʥ, ʘ ʪʘʢ ʞʝ ʨʘʩʢʘʯʢʦʡ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪʳ ˉ13-02-12241 ʦʬʠ_ʤ, ˉ13-02-97142 ʨ_ʧʦʚʦʣʞʴʝ_ʘ ).    

[1] ʅ. ɸ. ɸʡʜʘʢʠʥʘ, ʄ. ɽ. ɻʫʱʠʥ, ʀ. ʖ. ɿʫʜʠʥ, ʉ. ɺ. ʂʦʨʦʙʢʦʚ, ɸ. ɺ. ʂʦʩʪʨʦʚ, ɸ. ɺ. 

ʉʪʨʠʢʦʚʩʢʠʡ. ʂʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʚʦʟʙʫʞʜʘʝʤʦʝ ʚ ʧʣʘʟʤʝ 

ʨʘʜʠʦʠʤʧʫʣʴʩʦʤ ʩʚʠʩʪʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ. ʇʠʩʴʤʘ ʚ ɾʕʊʌ, ʪ.93, ʚʳʧ.9, (2011), 555ï

560. 

 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀʗ ʉɺʀʉʊʆɺʓʍ ɺʆʃʅ ɺ ʇʃɸɿʄɽ ʉ 

ʄɽʃʂʆʄɸʉʐʊɸɹʅʓʄʀ ʅɽʆɼʅʆʈʆɼʅʆʉʊʗʄʀ 

 

ʀ.ʖ. ɿʫʜʠʥ, ʅ.ɸ. ɸʡʜʘʢʠʥʘ, ʉ.ɺ. ʂʦʨʦʙʢʦʚ, ɸ.ɺ. ʂʦʩʪʨʦʚ 

 

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

 

ʄʝʣʢʦʤʘʩʰʪʘʙʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʧʨʠ ʥʘʛʨʝʚʝ ʦʢʦʣʦʟʝʤʥʦʡ ʧʣʘʟʤʳ 

ʠʥʪʝʥʩʠʚʥʳʤ ʨʘʜʠʦʠʟʣʫʯʝʥʠʝʤ, ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʭʦʞʜʝʥʠʝ 

ʚʦʣʥ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʯʘʩʪʦʪ ʩʢʚʦʟʴ ʠʦʥʦʩʬʝʨʫ ʠ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʜʚʫʭʤʝʨʥʦʝ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʠʩʪʦʚʳʭ ʚʦʣʥ ʧʨʠ ʥʘʣʠʯʠʠ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʧʣʘʟʤʝʥʥʳʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ 

(FDTD). ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʪʘʢʠʝ ʵʬʬʝʢʪʳ ʢʘʢ ʩʝʧʘʨʘʮʠʷ ʠ ʬʦʢʫʩʠʨʦʚʢʘ 

ʩʚʠʩʪʦʚʳʭ ʚʦʣʥ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʚʳʪʷʥʫʪʳʤʠ ʚʜʦʣʴ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ. ʅʘ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʤ ʧʣʘʟʤʝʥʥʦʤ ʩʪʝʥʜʝ çʂʨʦʪè ʧʨʦʚʦʜʷʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 

mailto:aidakina@appl.sci-nnov.ru
../tmp/zudiniy@appl.sci-nnov
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ʧʨʦʩʚʝʯʠʚʘʥʠʶ ʠʟʣʫʯʝʥʠʝʤ ʩʚʠʩʪʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʠʩʪʝʤ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ; ʚ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʛʨʘʤʤʳ ʆʌʅ-15 çʇʣʘʟʤʝʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʚ ʢʦʩʤʦʩʝ ʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠè ʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʬʦʥʜʘ ʈʌʌʀ (ʛʨʘʥʪʳ #13-02-

97142 ʨ_ʧʦʚʦʣʞʴʝ_ʘ ʠ #13-02-12241 ʦʬʠ_ʤ). 

 

 

ʊʆʇʆʃʆɻʀʗ ʈɽɸʃʔʅʓʍ ʄɸɻʅʀʊʅʓʍ ʇʆʃɽʁ ʀ ʀʍ ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ 

ʆɹʈɸɿʆɺ ɺ ʂʆʉʄʀʏɽʉʂʆʁ ʀ ʃɸɹʆʈɸʊʆʈʅʆʁ ʇʃɸɿʄɽ 

 

ʀ.ʉ. ɺʝʩʝʣʦʚʩʢʠʡ
1,2

 , ɸ.ʊ. ʃʫʢʘʰʝʥʢʦ
1 

 
1
ʅʀʀʗʌ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, a_lu@mail.ru, 

2
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

 

ʈʝʘʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʚʩʶʜʫ ʥʝʧʨʝʨʳʚʥʳ, ʦʛʨʘʥʠʯʝʥʳ ʠ ʥʝ ʤʦʛʫʪ ʠʤʝʪʴ ʜʠʚʝʨʛʝʥʮʠʠ ʚ 

ʩʠʣʫ ʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʠʭ ʧʣʦʪʥʦʩʪʝʡ 

ʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ, ʙʝʩʢʦʥʝʯʥʦ ʪʦʥʢʠʭ ʪʦʢʦʚʳʭ ʩʣʦʝʚ ʠ ʤʘʛʥʠʪʥʳʭ ʟʘʨʷʜʦʚ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʧʦʣʝʡ ʤʦʛʫʪ ʥʝ ʦʙʣʘʜʘʪʴ ʵʪʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ 

ʦʧʠʩʳʚʘʪʴ ʬʠʟʠʯʝʩʢʫʶ ʨʝʘʣʴʥʦʩʪʴ ʚ ʩʚʦʝʡ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʠʤʦʩʪʠ. ɼʘʥʥʳʝ ʩʦʦʙʨʘʞʝʥʠʷ  ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʥʦʩʠʪʩʷ, ʥʘʧʨʠʤʝʨ, ʢ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʥʝʨʘʩʱʝʧʣʷʶʱʠʭʩʷ ʣʠʥʠʷʭ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʕʪʦ ʪʘʢʠʝ ʣʠʥʠʠ, ʥʘ ʢʦʪʦʨʳʭ ʥʝʪ ʥʫʣʝʚʳʭ ʪʦʯʝʢ. ʂʘʢ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, 

ʩʫʱʝʩʪʚʫʝʪ ʪʨʠ ʪʠʧʘ ʥʝʨʘʩʱʝʧʣʷʶʱʠʭʩʷ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ: 1) ʟʘʤʢʥʫʪʳʝ ʚ ʢʦʥʝʯʥʦʤ 

ʦʙʲʸʤʝ; 2) ʥʝʟʘʤʢʥʫʪʳʝ ʚ ʢʦʥʝʯʥʦʤ ʦʙʲʸʤʝ (ʧʨʠʤʝʨ ʀ.ɽ. ʊʘʤʤʘ); 3) ʥʝʟʘʤʢʥʫʪʳʝ ʚ 

ʙʝʩʢʦʥʝʯʥʦʤ ʦʙʲʸʤʝ. ʏʝʪʚʸʨʪʳʡ ʪʠʧ ʥʝʨʘʩʱʝʧʣʷʶʱʠʭʩʷ ʣʠʥʠʡ, ʢʦʛʜʘ ʣʠʥʠʷ ʧʨʠʭʦʜʠʪ ʠʟ 

ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʠ ʟʘʧʫʪʳʚʘʝʪʩʷ ʚ ʥʝʢʦʪʦʨʦʤ ʢʦʥʝʯʥʦʤ ʦʙʲʸʤʝ, ʙʳʣ ʫʢʘʟʘʥ ɸ. ʄʦʨʦʟʦʚʳʤ ʠ ʃ. 

ʉʦʣʦʚʴʸʚʳʤ ʚ 1963 ʛ. ʆʜʥʘʢʦ ʵʪʦʪ ʪʠʧ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʚʳʭ ʪʨʸʭ, ʥʝ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʧʦʣʥʦʡ 

ʤʝʨʝ ʠ ʥʝ ʦʙʣʘʜʘʝʪ ʩʪʦʣʴ ʞʝ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʴʶ ʧʨʠʤʝʥʠʤʦʩʪʠ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʤʘʛʥʠʪʥʳʭ 

ʟʘʨʷʜʦʚ. 

 

 

ʌʆʈʄʀʈʆɺɸʅʀɽ ʇʃɸɿʄɽʅʅʆ-ɺʆʃʅʆɺʓʍ ʂɸʅɸʃʆɺ ʇʈʀ 

ʀʆʅʀɿɸʎʀʆʅʅʆʄ ʉɸʄʆɺʆɿɼɽʁʉʊɺʀʀ ʂɺɸɿʀʕʃɽʂʊʈʆʉʊɸʊʀʏɽʉʂʀʍ 

ɺʆʃʅ ɺ ʅɽʆɼʅʆʈʆɼʅʆʁ ʄɸɻʅʀʊʆɸʂʊʀɺʅʆʁ ʇʃɸɿʄɽ 
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ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʘʟʤʝʥʥʦ-ʚʦʣʥʦʚʳʭ ʢʘʥʘʣʦʚ ʚ ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʤʘʛʥʠʪʦʘʢʪʠʚʥʦʡ ʧʣʘʟʤʝ ʧʨʠ ʠʦʥʠʟʘʮʠʦʥʥʦʤ ʩʘʤʦʚʦʟʜʝʡʩʪʚʠʠ ʢʚʘʟʠʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ 

ʚʦʣʥ, ʠʟʣʫʯʘʝʤʳʭ ʠʩʪʦʯʥʠʢʦʤ ʚ ʥʠʞʥʝʛʠʙʨʠʜʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. ʇʣʘʟʤʝʥʥʦ-ʚʦʣʥʦʚʦʡ 

ʢʘʥʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʘʢʪ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ, ʚʳʪʷʥʫʪʳʡ ʚʜʦʣʴ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ. ʆʥ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʦʥʠʟʘʮʠʠ ʬʦʥʦʚʦʡ ʧʣʘʟʤʳ ʚ ʪʝʭ 

ʦʙʣʘʩʪʷʭ, ʛʜʝ ʧʦʣʝ ʠʟʣʫʯʝʥʠʷ ʘʥʪʝʥʥʳ ʧʨʝʚʳʰʘʝʪ ʠʦʥʠʟʘʮʠʦʥʥʳʡ ʧʦʨʦʛ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʥʠʞʥʝʛʠʙʨʠʜʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʧʦʣʝ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʠʩʭʦʜʷʱʠʭ ʠʟ 

ʠʩʪʦʯʥʠʢʘ (ʘʥʪʝʥʥʳ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʩʢʘʣʷʨʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ, ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪ ʧʦʣʝ ʢʚʘʟʠʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʦʣʥ. ʋʛʦʣ ʥʘʢʣʦʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʠʟʣʫʯʝʥʠʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ ʚ 

ʜʘʥʥʦʡ ʪʦʯʢʝ. ʈʦʩʪ ʢʘʥʘʣʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʤʠʩʷ ʚ ʥʝʤ ʚʦʣʥʘʤʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʣʘʟʤʝʥʥʦ-ʚʦʣʥʦʚʦʡ ʢʘʥʘʣ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʡ ʠ ʩʘʤʦʧʦʜʜʝʨʞʠʚʘʶʱʝʡʩʷ 

ʨʘʟʨʷʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺ ʜʦʢʣʘʜʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʦʩʪʘ 
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ʧʣʘʟʤʝʥʥʦ-ʚʦʣʥʦʚʦʛʦ ʢʘʥʘʣʘ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʣʘʟʤʳ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʧʣʘʟʤʝʥʥʦʛʦ ʢʘʥʘʣʘ 

(ʪ. ʝ. ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʬʨʦʥʪʘ ʠʦʥʠʟʘʮʠʠ), ʘ ʪʘʢʞʝ çʵʬʬʝʢʪʠʚʥʳʡè ʣʦʢʘʣʴʥʳʡ 

ʠʩʪʦʯʥʠʢ ʠʦʥʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʦʩʪʘ ʢʘʥʘʣʘ. ʈʝʟʫʣʴʪʘʪʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʦʢʣʘʜʝ, ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʘʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʜʠʘʛʥʦʩʪʠʢʠ ʦʢʦʣʦʟʝʤʥʦʡ ʧʣʘʟʤʳ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʨʝʯʴ ʠʜʝʪ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʣʘʟʤʝʥʥʦ-ʚʦʣʥʦʚʦʛʦ ʢʘʥʘʣʘ, ʚʳʪʷʥʫʪʦʛʦ ʚʜʦʣʴ ʣʠʥʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʘʢ ʘʥʪʝʥʥʳ, 

ʠʟʣʫʯʘʶʱʝʡ ʥʘ ʯʘʩʪʦʪʝ ʤʦʜʫʣʷʮʠʠ ʠʩʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. 
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In the multi-fluid approach, we investigate streaming instability of the electron-ion-cosmic-ray 

astrophysical objects in which homogeneous cold cosmic rays have a drift velocity perpendicular to 

the background magnetic field. One-dimensional perturbations along the magnetic field are 

considered. The induced return current of the background plasma and the back-reaction of cosmic 

rays are taken into account. It is shown that the cosmic-ray back-reaction results in the streaming 

instability having the considerably larger growth rate than that due to the return current of the 

background plasma. This increase is by a factor of the square root of the ratio of the background 

plasma mass density to the cosmic-ray one. The maximal growth rate and the corresponding wave 

number are found. The results can be useful for the investigation of the electron-ion astrophysical 

objects such as galaxy clusters and supernova remnant shocks including the dynamics of streaming 

cosmic rays. 
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ʄʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʬʦʨʤʠʨʦʚʘʥʠʝ 3D ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ (ʕʄ) ʤʘʛʥʠʪʦʩʬʝʨʦʧʦʜʦʙʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ çʚʥʝʰʥʝʡ ʤʘʛʥʠʪʦʩʬʝʨʝè ʦʪ ʥʘʤʘʛʥʠʯʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʩ 

ʤʘʛʥʠʪʦʜʠʧʦʣʴʥʦʡ ʠ ʪʦʨʦʠʜʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ çʚʥʫʪʨʝʥʥʝʡ 

ʤʘʛʥʠʪʦʩʬʝʨʝè, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʧʦʪʦʢʘʭ ʧʣʘʟʤʳ. ʇʣʘʟʤʘ ʧʦʪʦʢʘ çʛʦʨʷʯʘʷè ʠ 

ʩʠʣʴʥʦ ʨʘʟʨʝʞʝʥʥʘʷ (ʙʝʩʩʪʦʣʢʥʦʚʠʪʝʣʴʥʘʷ), ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʯʘʩʪʠʮ ʧʦ ʩʢʦʨʦʩʪʷʤ. ʏʘʩʪʠʮʳ ʧʦʪʦʢʘ ʧʣʘʟʤʳ ʟʘʤʘʛʥʠʯʝʥʳ ʚʥʝʰʥʠʤ ʤʘʛʥʠʪʥʳʤ (ɺʄ) 

ʧʦʣʝʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʧʦʧʝʨʝʢ ʧʦʪʦʢʘ. ɼʘʥʥʘʷ ʢʣʘʩʩʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʨʝʘʣʠʟʫʝʪʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʷʭ ʠ ʚ ʬʠʟʠʢʝ ʚʳʩʦʢʠʭ ʧʣʦʪʥʦʩʪʝʡ ʵʥʝʨʛʠʠ ʧʨʠ ʥʝ 

ʤʘʣʦʤ ʧʣʘʟʤʝʥʥʦʤ ʧʘʨʘʤʝʪʨʝ ʙʝʪʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʤ ʤʘʛʥʠʪʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʧʦʪʦʢʝ, ʠ ʧʨʠ 

ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʄʘʭʘ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʥʘ ʤʘʩʰʪʘʙʘʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʙʦʣʴʰʠʭ 

ʛʠʨʦʨʘʜʠʫʩʘ ʯʘʩʪʠʮ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ɼʘʥʞʠ, ʚʦʢʨʫʛ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ 

ʦʙʲʝʢʪʘ ʚ ʧʣʘʟʤʝ ʬʦʨʤʠʨʫʶʪʩʷ ʄɻɼ ʠ ʢʠʥʝʪʠʯʝʩʢʠʝ ʤʘʛʥʠʪʦʩʬʝʨʦʧʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʪʦʢʦʚ ʠ ʕʄ ʧʦʣʝʡ ʚʦʣʥʦʚʦʡ ʠ ʥʝʚʦʣʥʦʚʦʡ ʧʨʠʨʦʜʳ. ʀʟʫʯʝʥʠʝ ʕʄ ʧʦʣʷ, ʚ ʧʨʝʜʣʦʞʝʥʥʦʤ 

ʨʘʟʜʝʣʝʥʠʠ ʥʘ ʦʙʲʝʢʪ ʠ ʧʦʪʦʢ, ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʩʷ ʩ ʫʯʝʪʦʤ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ 
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ʚʨʝʤʝʥʥʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʩʧʝʨʩʠʠ ʥʘ ʦʩʥʦʚʝ ʪʝʥʟʦʨʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ  çʛʦʨʷʯʝʛʦè ʧʦʪʦʢʘ ʧʣʘʟʤʳ. ʊʦʧʦʣʦʛʠʷ ʤʘʛʥʠʪʦʩʬʝʨʦʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ 

ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦʪʦʢʘ (ʌʈʏ), ʯʪʦ ʪʨʝʙʫʝʪ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ ɺʣʘʩʦʚʘ ʠ 

ʄʘʢʩʚʝʣʣʘ, ʘ ʥʝ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʷʪʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʄɻɼ ʦʧʠʩʘʥʠʷ. ʈʘʥʝʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ 

ʚ ʫʩʣʦʚʠʷʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʝʟʘʤʘʛʥʠʯʝʥʥʳʤ ʩʚʝʨʭʟʚʫʢʦʚʳʤ ʧʦʪʦʢʦʤ ʧʣʘʟʤʳ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʝʣʴʥʦ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʷʤ ʧʣʘʟʤʝʥʥʦʛʦ ʙʝʪʘ. ɿʘ ʦʙʲʝʢʪʦʤ ʬʦʨʤʠʨʫʝʪʩʷ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʡ çʧʦʧʝʨʝʢè ʧʦʪʦʢʘ ʪʨʝʭʤʝʨʥʳʡ ʩʣʝʜ ï çʭʚʦʩʪè ʥʝʚʦʣʥʦʚʦʡ ʧʨʠʨʦʜʳ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʢʠʥʝʪʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʩʧʝʨʩʠʠ ʚ  

ʙʝʩʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦʡ ʧʣʘʟʤʝ, ʧʨʠʚʦʜʷʱʠʤʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʌʈʏ, ʢ ʘʥʦʤʘʣʴʥʦʤʫ 

ʩʢʠʥʠʨʦʚʘʥʠʶ ʠʣʠ ʜʠʘʤʘʛʥʠʪʥʦʡ ʵʢʨʘʥʠʨʦʚʢʝ (çʜʠʧʦʣʠʟʘʮʠʠè) ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʙʲʝʢʪʘ ʠʟ-

ʟʘ ʵʬʬʝʢʪʦʚ ʯʝʨʝʥʢʦʚʩʢʦʛʦ çʨʝʟʦʥʘʥʩʥʦʛʦè ʠ çʥʝʨʝʟʦʥʘʩʥʦʛʦè ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʕʄ ʧʦʣʷ ʦʙʲʝʢʪʘ ʩ ʵʣʝʢʪʨʦʥʘʤʠ ʚ ʰʠʨʦʢʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʠ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ. 

ʉ ʧʦʷʚʣʝʥʠʝʤ ʟʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦʪʦʢʘ ʚ ʙʝʩʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦʡ ʧʣʘʟʤʝ ʧʦʷʚʣʷʝʪʩʷ ʰʠʨʦʢʘʷ 

ʧʦʣʦʩʘ ʄɻɼ ʧʨʦʟʨʘʯʥʦʩʪʠ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʠʟʣʫʯʝʥʠʶ ʦʙʲʝʢʪʦʤ ʥʝʟʘʪʫʭʘʶʱʠʭ ʄɻɼ 

ʘʣʴʚʝʥʦʚʩʢʦʡ ʠ ʤʘʛʥʠʪʦʟʚʫʢʦʚʦʡ ʚʦʣʥ, ʚʦʟʙʫʞʜʘʝʤʳʭ ʥʝʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʴʶ ʧʦʣʷ ʦʙʲʝʢʪʘ. 

ɺʦʣʥʳ ʦʙʣʘʜʘʶʪ ʚʨʝʤʝʥʥʦʡ ʜʠʩʧʝʨʩʠʝʡ ʚʙʣʠʟʠ ʮʠʢʣʦʪʨʦʥʥʳʭ ʨʝʟʦʥʘʥʩʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʵʬʬʝʢʪʫ çʟʘʧʦʣʥʝʥʠʷè ʕʄ ʧʦʣʝʤ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʚʦʣʥʦʚʦʛʦ ʢʦʥʫʩʘ. ʂʨʦʤʝ ʚʦʣʥ, ʠʟ-ʟʘ 

ʵʬʬʝʢʪʘ ʠʦʥʥʦ-ʮʠʢʣʦʪʨʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʕʄ ʧʦʣʝʡ ʩ ʦʙʳʢʥʦʚʝʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʠ ʩ 

ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ çʚʜʦʣʴè ɺʄ ʧʦʣʷ, ʧʨʦʷʚʣʷʝʪʩʷ ʫʟʢʦʧʦʣʦʩʥʳʡ 

ʢʠʥʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʘʥʦʤʘʣʴʥʦʛʦ ʩʢʠʥʠʨʦʚʘʥʠʷ çʨʝʟʦʥʘʥʩʥʦʡè ʯʘʩʪʠ ʧʦʣʷ ʤʘʛʥʠʪʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ. ʕʬʬʝʢʪ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʠʩʩʠʧʘʪʠʚʥʦʛʦ 3D ʩʣʝʜʘ-ʭʚʦʩʪʘ ʩ ʠʟʚʝʩʪʥʦʡ  

ʩʪʨʘʪʠʬʠʢʘʮʠʝʡ çʧʦʧʝʨʝʢè ʧʦʪʦʢʘ, ʥʦ ʪʝʧʝʨʴ ʩ ʰʠʨʦʤ ʠʥʜʫʢʮʠʦʥʥʳʭ ʪʦʢʦʚ ʠ 

çʛʦʨʠʟʦʥʪʘʣʴʥʳʭè ʢʦʤʧʦʥʝʥʪ ʕʄ ʧʦʣʷ ʭʚʦʩʪʘ, ʘ ʪʘʢʞʝ ʢ ʧʦʷʚʣʝʥʠʶ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦʜʫʣʷʮʠʝʡ ʕʄ ʧʦʣʷ ʩʣʝʜʘ-ʭʚʦʩʪʘ çʚʜʦʣʴè ʧʦʪʦʢʘ ʚ ʚʠʜʝ ʤʘʛʥʠʪʥʳʭ 

ʦʩʪʨʦʚʦʚ. ʇʦʣʫʯʝʥʳ ʤʘʩʰʪʘʙʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʠʩʧʝʨʩʠʠ ʧʣʘʟʤʳ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʩʣʝʜʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ɺʄ ʧʦʣʝʤ. ʉʪʨʫʢʪʫʨʳ ʕʄ ʧʦʣʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

çʥʦʨʤʘʣʴʥʦʡè ʢʦʤʧʦʥʝʥʪʝ  ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʭʚʦʩʪʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʬʨʦʥʪʘʣʴʥʦʡ ʦʙʣʘʩʪʠ 

ʤʘʛʥʠʪʦʩʬʝʨʳ, ʦʙʫʩʣʦʚʣʝʥʳ ʵʬʬʝʢʪʘʤʠ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦʣʝʡ ʩ ʥʝʦʙʳʢʥʦʚʝʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ 

ʠ ʩ ʚʦʣʥʦʚʳʤ ʚʝʢʪʦʨʦʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ çʧʦʧʝʨʝʢè ɺʄ ʧʦʣʷ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ 

ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʌʌʀ ˉ 13-02-97074, ˉ 14-02-00133, ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʇʨʝʟʠʜʠʫʤʘ 

ʈɸʅ ˉ 22 ʠ ʆʌʅ ʈɸʅ ˉ15, ʅʘʫʯʥʦʡ ʰʢʦʣʳ ʅʐ ˉ 1041.2014.2. 
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ʄɸɻʅʀʊʆɸʂʊʀɺʅʆʁ ʇʃɸɿʄɽ  

 

ʀ.ʖ. ɺʘʩʴʢʦ, ɸ.ɺ. ɸʨʪʝʤʴʝʚ, ʃ.ʄ. ɿʝʣʸʥʳʡ 

 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, vaskoiy@yandex.ru 

 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʚ ʧʣʘʟʤʝ ʚʜʦʣʴ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʋʯʪʝʥʳ ʚʢʣʘʜʳ ʪʦʢʦʚ 

ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʠʮ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʣʥ. ʇʦʣʫʯʝʥʳ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʢʨʠʚʳʝ ʜʣʷ ʯʝʪʳʨʝʭ 

ʚʝʪʚʝʡ ʢʦʣʝʙʘʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʧʣʦʪʥʦʩʪʝʡ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʠʮ ʠ ʬʦʥʦʚʦʡ 

ʧʣʘʟʤʳ. ɼʣʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʚʦʣʥ (ʩ ʯʘʩʪʦʪʦʡ ʤʝʥʴʰʝ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʢʣʦʪʨʦʥʥʦʡ) ʫʯʝʪ 

ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʠʮ ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʢʨʠʚʳʭ ʭʦʣʦʜʥʦʡ ʧʣʘʟʤʳ ʚ ʦʙʣʘʩʪʴ 

ʢʦʨʦʪʢʠʭ ʚʦʣʥ. ɼʣʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʷ ʫʯʝʪ ʪʦʢʦʚ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʠʮ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʦʣʥʳ. ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʳʭ ʪʦʢʘʭ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʠʮ 

ʚʦʣʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʩ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ. 
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ʉʪʨʫʢʪʫʨʘ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʠ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʚ ʥʝʤ ʧʣʘʟʤʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʦʢʦʚ ʩ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ, ʪʘʢ ʯʪʦ ʘʥʘʣʠʟ 

ʩʪʨʫʢʪʫʨʳ ʩʣʦʷ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʪʦʢʦʚ, ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ. ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʚʦʣʶʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʪʦʢʦʚʳʭ ʩʣʦʝʚ, ʢʦʪʦʨʳʝ 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʤʘʛʥʠʪʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ ʩ X ʣʠʥʠʷʤʠ ʚ ʫʩʪʘʥʦʚʢʝ ʊʉ-3D. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʵʚʦʣʶʮʠʠ ʫ ʙʦʢʦʚʳʭ ʢʨʘʝʚ ʩʣʦʷ ʚʦʟʥʠʢʘʶʪ ʪʦʢʠ ʦʙʨʘʪʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʥʦʚʥʦʤʫ ʪʦʢʫ, ʢʦʪʦʨʳʡ ʧʨʦʪʝʢʘʝʪ ʚ ʦʢʨʝʩʪʥʦʩʪʠ X ʣʠʥʠʠ, ʘ 

ʪʦʣʱʠʥʘ ʩʣʦʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ [1-3]. ʈʘʩʯʝʪʳ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ, 

ʚʟrʳʚʘʶʱʠʭ ʩʞʘʪʠʝ ʧʣʘʟʤʳ, ʪʦʢʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʪʦʢʦʚʦʛʦ ʩʣʦʷ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʠʣʳ 

ʤʘʢʩʠʤʘʣʴʥʳ ʚʙʣʠʟʠ ʍ ʣʠʥʠʠ, ʨʝʟʢʦ ʫʤʝʥʴʰʘʶʪʩʷ ʫ ʢʦʥʮʦʚ ʩʣʦʷ ʠ ʩʦ ʚʨʝʤʝʥʝʤ ʤʦʛʫʪ ʜʘʞʝ 

ʠʟʤʝʥʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʫʜʘʣʝʥʥʳʭ ʦʪ ʮʝʥʪʨʘ ʦʙʣʘʩʪʷʭ ʩ ʦʙʨʘʪʥʳʤʠ ʪʦʢʘʤʠ, ʯʪʦ ʜʦʣʞʥʦ 

ʧʨʠʚʦʜʠʪʴ ʢ ʫʪʦʣʱʝʥʠʶ ʩʣʦʷ. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʦʢʦʚʳʭ ʩʣʦʝʚ ʚ 3D ʤʘʛʥʠʪʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʷʭ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʨʦʜʦʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʧʨʦʠʩʭʦʜʠʪ ʜʝʬʦʨʤʘʮʠʷ ʩʣʦʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʚʦʟʤʫʱʝʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʚ 2D ʧʦʣʝ: ʩʣʦʡ ʩʪʘʥʦʚʠʪʩʷ ʘʩʠʤʤʝʪʨʠʯʥʳʤ ʠ 

ʥʘʢʣʦʥʥʳʤ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʪʦʢʦʚ ʍʦʣʣʘ ʩ ʧʨʦʜʦʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [4,5]. ʇʨʠ ʵʪʦʤ ʥʘ ʧʦʟʜʥʝʡ ʩʪʘʜʠʠ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ ʩʣʦʷ, 

ʪ.ʝ. ʠʟʤʝʥʝʥʠʝ ʟʥʘʢʘ ʝʛʦ ʥʘʢʣʦʥʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʪʦʢʦʚ ʍʦʣʣʘ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʥʘʢʣʦʥʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝʤ ʢʦʥʮʦʚ ʩʣʦʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʝʥʝʨʘʮʠʷ ʙʳʩʪʨʳʭ ʧʦʪʦʢʦʚ ʧʣʘʟʤʳ [6,7] ʠ ʠʭ 

ʚʥʝʜʨʝʥʠʝ ʚ ʩʠʣʴʥʦʝ ʧʦʧʝʨʝʯʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʫ ʢʦʥʮʦʚ ʩʣʦʷ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʚʦʟʙʫʞʜʝʥʠʶ ʦʙʨʘʪʥʳʭ ʪʦʢʦʚ [1,2], ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʪʦʢʦʚ ʍʦʣʣʘ ʠ 

ʥʘʢʣʦʥ ʩʣʦʷ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʩʤʝʱʝʥʠʝ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʧʨʦʝʢʪ ˉ 12-02-00553ʘ, ʠ 

ʇʨʦʛʨʘʤʤʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈɸʅ ʆʌʅ-15 çʇʣʘʟʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʢʦʩʤʦʩʝ 

ʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠè.  
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ɺʝʥʝʨʘ ʥʝ ʦʙʣʘʜʘʝʪ ʩʦʙʩʪʚʝʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ʕʬʬʝʢʪʠʚʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʷʚʣʷʝʪʩʷ ʤʘʛʥʠʪʥʳʡ ʙʘʨʴʝʨ - ʦʙʣʘʩʪʴ ʫʩʠʣʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʜʥʝʚʥʦʡ ʩʪʦʨʦʥʝ. ʇʨʠ ʢʦʥʚʝʢʮʠʠ ʩʠʣʦʚʳʭ ʪʨʫʙʦʢ ʚʜʦʣʴ ʤʘʛʥʠʪʥʦʛʦ ʙʘʨʴʝʨʘ ʧʨʦʠʩʭʦʜʠʪ ʠʭ 

ʜʝʬʦʨʤʘʮʠʷ - ʩʠʣʦʚʳʝ ʪʨʫʙʢʠ ʨʘʩʪʷʛʠʚʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʉʦʣʥʮʝ-ɺʝʥʝʨʘ. ʅʘ ʥʦʯʥʦʡ 

ʩʪʦʨʦʥʝ ʨʘʩʪʷʥʫʪʳʝ ʩʠʣʦʚʳʝ ʪʨʫʙʢʠ ʦʙʨʘʟʫʶʪ ʤʘʛʥʠʪʦʩʬʝʨʥʳʡ ʭʚʦʩʪ. ʎʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠ 

ʩʠʣʦʚʳʭ ʪʨʫʙʦʢ ʥʘ ʥʦʯʥʦʡ ʩʪʦʨʦʥʝ ʜʚʠʛʘʶʪʩʷ ʩ ʫʩʢʦʨʝʥʠʝʤ ʟʘ ʩʯʝʪ ʥʘʪʷʞʝʥʠʷ ʩʠʣʦʚʳʭ 

ʣʠʥʠʡ. ʅʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʧʣʘʥʝʪʳ ʮʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠ ʩʠʣʦʚʦʡ ʪʨʫʙʢʠ ʜʦʛʦʥʷʶʪ ʝʝ 

ʢʦʥʮʳ ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ - ʩʠʣʦʚʘʷ ʪʨʫʙʢʘ ʨʘʩʧʨʷʤʣʷʝʪʩʷ, ʘ ʤʘʛʥʠʪʦʩʬʝʨʥʳʡ ʭʚʦʩʪ ʩ 

ʭʘʨʘʢʪʝʨʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʟʘʢʘʥʯʠʚʘʝʪʩʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʜʠʥʘʤʠʢʘ 

ʨʘʩʧʨʤ̫ʣʝʥʠʷ ʩʠʣʦʚʦʡ ʪʨʫʙʢʠ ʥʘ ʥʦʯʥʦʡ ʩʪʦʨʦʥʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ 

ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʜʣʠʥʘ ʤʘʛʥʠʪʦʩʬʝʨʥʦʛʦ ʭʚʦʩʪʘ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 30 ʜʦ 40 ʨʘʜʠʫʩʦʚ 

ɺʝʥʝʨʳ. ʆʙʩʫʞʜʘʝʪʩʷ ʛʝʦʤʝʪʨʠʷ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʟʘ ʪʦʯʢʦʡ ʨʘʩʧʨʷʤʣʝʥʠʷ ʩʠʣʦʚʳʭ ʪʨʫʙʦʢ.   

 

 

ʈɸʉʑɽʇʃɽʅʅʓɽ ʂʆʅʌʀɻʋʈɸʎʀʀ ʊʆʅʂʆɻʆ ʊʆʂʆɺʆɻʆ ʉʃʆʗ ʉ ɼɺʋʄʗ 

ʉɸʄʆʉʆɻʃɸʉʆɺɸʅʅʓʄʀ ʀ ʇʆʉʊʆʗʅʅʆʁ ʅʆʈʄɸʃʔʅʆʁ 

ʂʆʄʇʆʅɽʅʊɸʄʀ ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ  
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1
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1 
ʇɻʀ ʂʅʎ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ, mingalev_o@pgia.ru, 

2
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 

3
ʅʀʀʗʌ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

 

ʇʨʠ ʧʦʤʦʱʠ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ʪʦʥʢʦʛʦ ʪʦʢʦʚʦʛʦ ʩʣʦʷ (ʊʊʉ) ʚ ʭʚʦʩʪʝ ʤʘʛʥʠʪʦʩʬʝʨʳ, 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʤʝʪʦʜʝ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ, ʚʧʝʨʚʳʝ ʚ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʣʫʯʝʥʘ 

ʨʘʩʱʝʧʣʝʥʥʘʷ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʊʊʉ. ʉʘʤʦʩʦʛʣʘʩʦʚʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʜʚʝ 

ʢʦʤʧʦʥʝʥʪʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ Bx(z)  ʠ ʩʜʚʠʛʦʚʘʷ By(z)) ʠ ʪʦʢʘ (jx(z)  ʠ jy(z), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʘ ʥʦʨʤʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (Bz) ʩʯʠʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. ɺ 

ʵʪʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʪʦʢʦʚʳʡ ʩʣʦʡ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʩʠʤʤʝʪʨʠʯʝʥ, ʠ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʘ ʪʦʢʦʚʳʭ 

ʩʣʦʷ ʩ ʫʟʢʦʡ ʦʙʣʘʩʪʴʶ ʤʘʣʦʛʦ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʪʦʢʘ ʤʝʞʜʫ ʥʠʤʠ. ʇʨʠ ʵʪʦʤ ʩʜʚʠʛʦʚʘʷ 

ʢʦʤʧʦʥʝʥʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ By(z) ʧʦʣʦʞʠʪʝʣʴʥʘ ʠ ʧʦ ʘʤʧʣʠʪʫʜʝ ʧʨʠʤʝʨʥʦ ʚ 4 ʨʘʟʘ ʤʝʥʴʰʝ 

ʚʝʣʠʯʠʥʳ ȹBx ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ ʩʣʦʡ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ Bx(z).  

ʇʦʜʦʙʥʳʝ ʨʘʩʱʝʧʣʝʥʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʊʊʉ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚ CLUSTER. 
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ʕɺʆʃʖʎʀʗ ʊʆʅʂʀʍ ʊʆʂʆɺʓʍ ʉʃʆɽɺ ʉ ʄɸɻʅʀʊʅʓʄ ʉɼɺʀɻʆʄ ɺ 

ʄɸɻʅʀʊʆʉʌɽʈɽ ɿɽʄʃʀ: ʉʊʈʋʂʊʋʈɸ ʀ ʄɽʍɸʅʀɿʄʓ ʌʆʈʄʀʈʆɺɸʅʀʗ  
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2
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ,  

3
ʇɻʀ ʂʅʎ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ, 

4
ʌʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ, ʈʦʩʩʠʷ. 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʪʦʥʢʠʭ ʪʦʢʦʚʳʭ ʩʣʦʝʚ ʩ ʣʦʢʘʣʴʥʳʤ ʤʘʛʥʠʪʥʳʤ 

ʩʜʚʠʛʦʤ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʮʝʩʩʳ ʵʚʦʣʶʮʠʠ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ 

ʥʦʨʤʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʘʤʧʣʠʪʫʜʳ ʥʘʯʘʣʴʥʦʛʦ ʩʜʚʠʛʦʚʦʛʦ ʚʦʟʤʫʱʝʥʠʷ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʨʦʩʪ ʣʦʢʘʣʴʥʳʭ ʩʜʚʠʛʦʚʳʭ ʤʦʜ 

ʷʚʣʷʶʪʩʷ ʢʚʘʟʠʘʜʠʘʙʘʪʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘ ʠʦʥʦʚ ʠ ʘʩʠʤʤʝʪʨʠʷ ʠʭ ʨʘʩʩʝʷʥʠʷ ʚ ʩʝʚʝʨʥʦʡ ʠ 

ʶʞʥʦʡ ʧʦʣʫʩʬʝʨʘʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʣʦʢʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʰʠʨʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʩʫʱʝʩʪʚʫʶʪ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ɺʣʘʩʦʚʘ-

ʄʘʢʩʚʝʣʣʘ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʩ: 1) 

ʩʠʤʤʝʪʨʠʯʥʦʡ, 2) ʨʘʩʱʝʧʣʝʥʥʦʡ ʘʩʠʤʤʝʪʨʠʯʥʦʡ, 3) ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʡ ʩʜʚʠʛʦʚʳʤʠ 

ʤʘʛʥʠʪʥʳʤʠ ʤʦʜʘʤʠ. ʇʨʠ ʩʠʤʤʝʪʨʠʯʥʦʡ ʩʜʚʠʛʦʚʦʡ ʤʦʜʝ ʪʦʥʢʠʡ ʪʦʢʦʚʳʡ ʩʣʦʡ ʷʚʣʷʝʪʩʷ 

ʙʝʩʩʠʣʦʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ. ʇʨʠʣʦʞʝʥʠʝ ʢ ʥʘʙʣʶʜʝʥʠʷʤ in situ ʦʙʩʫʞʜʘʝʪʩʷ. 

 

 

ʄɽʍɸʅʀɿʄ ʋʉʀʃɽʅʀʗ ʉɼɺʀɻʆɺʆʁ ʂʆʄʇʆʅɽʅʊʓ ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ ɺ 

ʊʆʂʆɺʆʄ ʉʃʆɽ ɻɽʆʄɸɻʅʀʊʅʆɻʆ ʍɺʆʉʊɸ ɿɸ ʉʏɽʊ ʂʀʅɽʊʀʏɽʉʂʀʍ 

ʕʌʌɽʂʊʆɺ ɺ ɼʀʅɸʄʀʂɽ ʀʆʅʆɺ. ʅɸɹʃʖɼɽʅʀʗ CLUSTER  

 

ɽ.ɽ. ɻʨʠʛʦʨʝʥʢʦ, ʍ.ɺ. ʄʘʣʦʚʘ, ɸ.ɺ. ɸʨʪʝʤʴʝʚ, ʃ.ʄ. ɿʝʣʝʥʳʡ  

 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, elenagrigorenko2003@yahoo.com, 

ʅʀʀʗʌ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 
 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʊʦʢʦʚʳʭ ʉʣʦʝʚ (ʊʉ) ʩʦ ʩʜʚʠʛʦʚʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʠʥʘʤʠʢʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʧʦ 

ʥʘʙʣʶʜʝʥʠʷʤ ʩʧʫʪʥʠʢʦʚʦʛʦ ʢʚʘʨʪʝʪʘ CLUSTER ʚ ʛʝʦʤʘʛʥʠʪʥʦʤ ʭʚʦʩʪʝ, ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ 

ʫʩʠʣʝʥʠʷ ʩʜʚʠʛʦʚʦʡ ʢʦʤʧʦʥʝʥʪʳ ʧʦʣʷ ʚʥʫʪʨʠ ʟʘʤʢʥʫʪʳʭ ʤʘʛʥʠʪʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʟʘ ʩʯʝʪ 

ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʥʝʘʜʠʘʙʘʪʠʯʝʩʢʠʤʠ ʠʦʥʘʤʠ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʊʉ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʙʦʣʴʰʦʡ ʩʜʚʠʛʦʚʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʦʟʥʠʢʘʝʪ ʘʩʠʤʤʝʪʨʠʷ ʩʝʚʝʨ-ʶʛ ʚ ʦʪʨʘʞʝʥʠʠ/ʧʨʝʣʦʤʣʝʥʠʠ ʪʨʘʝʢʪʦʨʠʡ 

ʥʝʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʠʦʥʦʚ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʦ ʩʣʦʝʤ. ʇʨʠ ʥʘʣʠʯʠʠ ʟʘʤʢʥʫʪʦʡ ʤʘʛʥʠʪʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ (ʪʠʧʘ ʧʣʘʟʤʦʠʜʘ) ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʩʦʟʜʘʚʘʝʤʳʡ ʪʘʢʠʤʠ ʠʦʥʘʤʠ ʟʘʤʳʢʘʝʪʩʷ, 

ʬʦʨʤʠʨʫʷ ʪʦʢʦʚʫʶ ʧʝʪʣʶ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʩʜʚʠʛʦʚʘʷ ʢʦʤʧʦʥʝʥʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʫʩʠʣʠʚʘʝʪʩʷ. ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʘʢ ʩʧʫʪʥʠʢʦʚʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ, ʪʘʢ ʠ 

ʯʠʩʣʝʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʪʨʘʝʢʪʦʨʠʡ ʥʝʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʠʦʥʦʚ ʚ ʊʉ ʩ ʨʝʘʣʴʥʦ 

ʥʘʙʣʶʜʘʝʤʦʡ ʤʘʛʥʠʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ. 
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ʊɽʏɽʅʀʗ ʇʃɸɿʄʓ ɺɹʃʀɿʀ ʇɽʈɽʉʆɽɼʀʅʗʖʑɽɻʆ ʊʆʂʆɺʆɻʆ ʉʃʆʗ: 

ʇʈʀɹʃʀɾɽʅʀɽ ʉʀʃʔʅʆɻʆ ʇʆʃʗ 

 

ʅ.ʇ. ʂʦʣʝʩʥʠʢʦʚ, ʉ.ʀ. ɹʝʟʨʦʜʥʳʭ, ɹ.ɺ. ʉʦʤʦʚ  

 

ɻɸʀʐ ʄɻʋ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, nick206265@gmail.com 

 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʜʚʫʤʝʨʥʳʝ ʪʝʯʝʥʠʷ ʧʣʘʟʤʳ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʩʠʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʜʣʷ ʩʣʫʯʘʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʚ ʪʦʥʢʦʤ ʪʦʢʦʚʦʤ ʩʣʦʝ ʩ ʯʝʪʳʨʴʤʷ 

ʧʨʠʩʦʝʜʠʥʸʥʥʳʤʠ ʄɻɼ-ʨʘʟʨʳʚʘʤʠ. ʆʙʩʫʞʜʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ (Somov B.V., Plasma 

Astrophysics, Part I, Fundamentals and Practice, Second Edition, Chapter 14, Springer SBM, 2012, 

New York) ʪʘʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ. ɻʣʦʙʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʦʙʣʘʩʪʠ 

ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʚʟʷʪʘ ʠʟ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ Bezrodnykh et al. (Bezrodnykh S.I., Vlasov 

V.I., Somov B.V., ñGeneralized analytical models of Syrovatskii's current sheetò. Astronomy 

Letters, 37 (2), 113-130, 2011). 

 

 

ʆ ʈɸɺʅʆɺɽʉʀʀ ʀ ʋʉʊʆʁʏʀɺʆʉʊʀ ʊʆʂʆɺʓʍ ʉʃʆɪɺ ʉ ʋʏɽʊʆʄ ʕʌʌɽʂʊɸ 

ʇʆʃʗʈʀɿɸʎʀʀ 

 

ɺ.ɺ. ʃʷʭʦʚ, ɺ.ʄ. ʅʝʱʘʜʠʤ  

 

ɼʊʆʆ çʀʥʩʪʠʪʫʪ ʠʦʥʦʩʬʝʨʳè, ʅʂɸ ʈʂ, ʈʦʩʩʠʷ, v_lyahov@rambler.ru  

 

ʇʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʦʢʦʚʭr ʩʣʦʝʚ ʩ 

ʫʯʝʪʦʤ ʵʬʬʝʢʪʘ ʧʦʣʷʨʠʟʘʮʠʠ ʧʣʘʟʤʳ. ʈʝʰʝʥʦ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʩ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʳʤ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʜʣʷ ʚʦʟʤʫʱʝʥʠʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʨʝʰʝʥʠʷ 

ʚʳʯʠʩʣʝʥ ʪʝʥʟʦʨ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʣʘʟʤʳ ʨʝʟʢʦʥʝʦʜʥʦʨʦʜʥʦʛʦ 

ʥʝʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʛʦ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʠ ʧʦʣʫʯʝʥʦ ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʳʭ ʤʦʜ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʵʪʦʛʦ ʩʣʦʷ. ʀʩʩʣʝʜʦʚʘʥʘ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ 

ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʭʚʦʩʪʘ ʤʘʛʥʠʪʦʩʬʝʨʳ. ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʫʛʣʫ ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʦʜʘ ʪʨʘʝʢʪʦʨʠʡ, 

ʧʨʠʤʝʥʷʚʰʝʛʦʩʷ ʨʘʥʝʝ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ 

ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʝʰʝʥʠʷ, 

ʧʦʣʫʯʘʝʤʦʛʦ ʤʝʪʦʜʦʤ ʪʨʘʝʢʪʦʨʠʡ, ʢʦʛʜʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ 

ʧʨʠʭʦʜʠʪʩʷ ʟʘʤʝʥʷʪʴ ʨʝʘʣʴʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʯʘʩʪʠʮ ʧʨʠʙʣʠʞʝʥʥʳʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ ʦʪʣʠʯʠʠ 

ʦʪ ʧʨʝʞʥʝʡ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʪʠʨʠʥʛ-

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʥʦ ʠ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʤʦʜ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ  ʪʦʢʦʚʦʛʦ ʩʣʦʷ. 

ʀʥʢʨʝʤʝʥʪ ʥʘʨʘʩʪʘʥʠʷ ʨʘʟʨʳʚʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʵʪʦʤ ʥʘ ʧʦʨʷʜʦʢ ʠ ʙʦʣʴʰʝ 

ʧʨʝʚʦʩʭʦʜʠʪ ʧʨʠʥʷʪʳʝ ʨʘʥʝʝ ʟʥʘʯʝʥʠʷ. ʆʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʂʦʰʠ 

ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ ʜʣʷ ʨʘʚʥʦʚʝʩʥʦʛʦ ʪʦʢʦʚʦʛʦ ʩʣʦʷ. ʈʘʚʥʦʚʝʩʥʳʝ ʪʦʢʦʚʳʝ ʩʣʦʠ 

ʧʨʠ ʵʪʦʤ ʩʪʨʫʢʪʫʨʥʦ ʥʝʫʩʪʦʡʯʠʚʳ. ʈʘʚʥʦʚʝʩʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ 4-ʭ 

ʩʚʷʟʘʥʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ,  

ʧʨʦʷʚʣʷʝʪ ʩʚʦʡʩʪʚʦ ʩʪʨʫʢʪʫʨʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ï ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʤʘʣʳʤ ʠʟʤʝʥʝʥʠʷʤ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. ʈʝʰʝʥʠʝ ʪʠʧʘ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʨʝʘʣʠʟʫʶʪʩʷ ʪʦʣʴʢʦ ʚ 

ʥʝʢʦʪʦʨʳʭ ʦʙʣʘʩʪʷʭ 7-ʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. ʌʘʟʦʚʳʡ ʦʙʲʝʤ ʵʪʠʭ 

ʦʙʣʘʩʪʝʡ ʤʘʣ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʩʝʤ ʬʘʟʦʚʳʤ ʦʙʲʝʤʦʤ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ. 
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ʈ.ɸ. ʂʠʩʣʦʚ 

 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, kr-rk@bk.ru 

 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚ ʨʘʤʢʘʭ ʜʚʫʤʝʨʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʡ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʄɻɼ - ʤʦʜʝʣʠ ʛʝʣʠʦʩʬʝʨʥʳʡ ʪʦʢʦʚʳʡ ʩʣʦʡ (ɻʊʉ). ʇʦʩʪʨʦʝʥʠʝ ʧʦʜʦʙʥʦʡ 

ʤʦʜʝʣʠ ʤʦʪʠʚʠʨʫʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ ʦʙʱʝʧʨʠʟʥʘʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʨʘʟʚʠʪʦʛʦ E. 

Parker [1], ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʧʨʝʜʩʢʘʟʘʥʠʡ ʪʝʦʨʠʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ñʵʢʩʮʝʩʩ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘò (ʩʤ. ʥʘʧʨʠʤʝʨ [2]). ʊʘʢ ʞʝ 

ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʥʘʰʝ ʟʥʘʥʠʝ ʦ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʪʦʢʦʚʦʡ ʩʪʨʫʢʪʫʨʝ ɻʊʉ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ ʠʤʝʝʪ ʩʚʦʝʡ ʮʝʣʴʶ ʨʘʟʨʝʰʠʪʴ ʪʨʫʜʥʦʩʪʠ ʦʙʱʝʧʨʠʟʥʘʥʥʦʡ ʤʦʜʝʣʠ, 

ʥʘʡʪʠ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʪʦʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʧʨʦʜʦʣʴʥʳʝ, ʠʩʧʦʣʴʟʫʷ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚ ʮʝʥʪʨʝ ɻʊʉ ʠʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʣʥʮʘ. 

ʇʦʩʪʨʦʝʥʥʘʷ ʤʦʜʝʣʴ ʧʨʠʤʝʥʠʤʘ ʚʦ ʚʨʝʤʷ ʥʠʟʢʦʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʛʜʘ ʥʝ ʷʚʣʷʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʛʦʬʨʠʨʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ (ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ñʶʙʢʘ ʙʘʣʝʨʠʥʳò) ɻʊʉ. ʅʘʣʦʞʝʥʠʝ 

ʚʦʟʤʫʱʝʥʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ñʛʦʬʨʳò, ʷʚʣʷʝʪʩʷ ʜʘʣʴʥʝʡʰʠʤ ʵʪʘʧʦʤ ʨʘʟʚʠʪʠʷ 

ʤʦʜʝʣʠ. 
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ʉ ɽ ʂ ʎ ʀ ʗ  çʊʆʂʆɺʓɽ ʉʃʆʀè  ʉʊɽʅɼʆɺʓɽ ɼʆʂʃɸɼʓ 
 

 

ʉʇɽʂʊʈʆʉʂʆʇʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʅɸɻʈɽɺɸ ʀ ʋʉʂʆʈɽʅʀʗ ʇʃɸɿʄʓ 

ɺ ʃɸɹʆʈɸʊʆʈʅʓʍ ʊʆʂʆɺʓʍ ʉʃʆʗʍ, ʉʌʆʈʄʀʈʆɺɸʅʅʓʍ ʇʈʀ ʈɸɿʈʗɼɽ ɺ 

ɸʈɻʆʅɽ 

 

ʅ.ʇ. ʂʠʨʠʡ, ɸ.ɻ. ʌʨʘʥʢ, ɺ.ʉ. ʄʘʨʢʦʚ, ɼ.ɻ. ɺʘʩʠʣʴʢʦʚ 

 

ʀʆʌ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, kyrie@fpl.gpi.ru 

 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʵʥʝʨʛʠʠ ʥʘʧʨʘʚʣʝʥʥʳʭ ʜʚʠʞʝʥʠʡ ʠʦʥʦʚ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʪʦʢʦʚʳʭ ʩʣʦʷʭ (ʊʉ), ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʜʚʫʤʝʨʥʳʭ (2D) ʠ ʪʨʝʭʤʝʨʥʳʭ (3D) 

ʤʘʛʥʠʪʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ ʩ ʦʩʦʙʦʡ ʣʠʥʠʝʡ X-ʪʠʧʘ ʧʨʠ ʨʘʟʨʷʜʝ ʚ ʘʨʛʦʥʝ. ʀʥʪʝʨʝʩ ʢ ʵʪʠʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʢʘʢ ʥʘʛʨʝʚ ʧʣʘʟʤʳ, ʪʘʢ ʠ ʪʝʯʝʥʠʷ ʤʦʛʫʪ ʩʪʘʪʴ 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʊʉ ʠʟ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢ ʠʤʧʫʣʴʩʥʦʡ 

ʬʘʟʝ ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ, 

ʠʟʤʝʨʷʣʠʩʴ ʧʨʦʬʠʣʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ (ʉʃ) ʠʦʥʦʚ ʘʨʛʦʥʘ: Ar II 4806, Ar III  3795, Ar IV  

2809 ¡, ʢʦʪʦʨʳʝ ʫʰʠʨʷʣʠʩʴ ʟʘ ʩʯʝʪ ɼʦʧʣʝʨ-ʵʬʬʝʢʪʘ. ʀʟʣʫʯʝʥʠʝ ʧʣʘʟʤʳ ʩʦʙʠʨʘʣʦʩʴ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭʢʘʥʘʣʴʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʳ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʜʚʫʭ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ï ʚʜʦʣʴ ʪʦʢʘ, ʪʝʢʫʱʝʛʦ ʚ ʧʣʘʟʤʝ (ʦʩʴ z) ʠ 

ʚʜʦʣʴ ʰʠʨʠʥʳ, ʠʣʠ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ ʊʉ (ʦʩʴ x). ʇʨʦʬʠʣʠ ʉʃ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʥʘ 

ʚʳʭʦʜʥʦʡ ʱʝʣʠ ʤʦʥʦʭʨʦʤʘʪʦʨʘ ʚ ʦʜʥʦʤ ʠʤʧʫʣʴʩʝ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʡ 

ʵʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʢʘʤʝʨʳ ñNanogate 1-UFò. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʊʉ ʚ 

2D ʤʘʛʥʠʪʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ (p =28 ʤʊʦʨʨ, Iz =45 ʢɸ, h = 0.5 ʢɻʩ/ʩʤ, Bz =0), ʠʦʥʳ ʘʨʛʦʥʘ 

Ar
+ 

, Ar
++ 

 ʠ Ar
+++

 ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʊʉ: ʠʦʥʳ Ar
+
 - ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʣʦʜʥʳʭ 

ʧʝʨʠʬʝʨʠʡʥʳʭ ʦʙʣʘʩʪʷʭ ʧʣʘʟʤʳ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ Ti = (60 Ñ 15) ʵɺ, ʘ ʠʦʥʳ Ar
++ 

 

ʠ Ar
+++

 - ʚ ʙʦʣʝʝ ʛʦʨʷʯʠʭ ʮʝʥʪʨʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ ʊʉ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ Ti = (100 ï 

140) ʵɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʰʠʨʠʥʳ ʚʩʝʭ ʉʃ ʘʨʛʦʥʘ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ x-ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʝʚʳʰʘʶʪ ʧʦʣʫʰʠʨʠʥʳ ʪʝʭ ʞʝ ʣʠʥʠʡ, ʠʟʤʝʨʝʥʥʳʭ ʚ 

z-ʥʘʧʨʘʚʣʝʥʠʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʦʥʳ ʘʨʛʦʥʘ Ar
+ 

, Ar
++ 

, Ar
++ 

 ʫʯʘʩʪʚʫʶʪ ʠ ʚ ʪʝʧʣʦʚʦʤ ʠ ʚ 

ʥʘʧʨʘʚʣʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʧʣʘʟʤʳ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʊʉ, ʦʩʴ x. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʠʦʥʳ 

ʘʨʛʦʥʘ ʩʦ ʚʨʝʤʝʥʝʤ ʧʨʠʦʙʨʝʪʘʶʪ ʦʜʠʥʘʢʦʚʫʶ ʥʘʧʨʘʚʣʝʥʥʫʶ ʩʢʦʨʦʩʪʴ Vx å (2.5 Ñ 0.3)Ĭ10
6 

ʩʤ/ʩ, ʢʦʪʦʨʘʷ ʙʦʣʴʰʝ ʪʝʧʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠʦʥʦʚ Ar
+ 
, ʥʦ ʤʝʥʴʰʝ (ʠʣʠ ʨʘʚʥʘ) ʪʝʧʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʠʦʥʦʚ Ar
++ 
ʠ Ar

+++
. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʊʉ ʚ 3D ʤʘʛʥʠʪʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ (p =28 

ʤʊʦʨʨ, Iz =45 ʢɸ, h = 0.64 ʢɻʩ/ʩʤ, Bz =0 ï 4.35 ʢɻʩ) ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʵʥʝʨʛʠʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠʦʥʦʚ Ar
+ 

 ʦʪ ʚʝʣʠʯʠʥʳ ʧʨʦʜʦʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ Bz 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ Bz ʚ ʧʨʝʜʝʣʘʭ Bz = 0 ï 4.35 ʢɻʩ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʨʦʜʦʣʴʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪ 0 ʜʦ 1.45 ʢɻʩ ʪʝʤʧʝʨʘʪʫʨʘ ʠʦʥʦʚ Ar
+ 

 ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ ʚʝʣʠʯʠʥʳ Ti = 31Ñ3 

ʵɺ ʵɺ ʜʦ Ti = 23Ñ2 ʵɺ, ʵʥʝʨʛʠʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠʦʥʦʚ Ar
+ 

 ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʵʪʦʤ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ: ʦʪ Wx = 50Ñ13 ʵɺ ʜʦ Wx = 56Ñ16 ʵɺ, ʧʨʠʯʝʤ ʚ ʧʨʝʜʝʣʘʭ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ. ɿʘʪʝʤ, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʠʥʜʫʢʮʠʠ 

ʧʨʦʜʦʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ Bz, ʪʝʤʧʝʨʘʪʫʨʘ ʠʦʥʦʚ Ar
+
 ʧʣʘʚʥʦ ʥʘʨʘʩʪʘʝʪ, ʜʦʩʪʠʛʘʷ 

ʚʝʣʠʯʠʥʳ Ti = 44Ñ4 ʵɺ ʧʨʠ Bz = 4.35 ʢɻʩ, ʘ ʵʥʝʨʛʠʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠʦʥʦʚ Ar
+  
ʧʨʠ 

ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ Wx = 31Ñ14 ʵɺ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ 

ʈʦʩʩʠʡʩʢʠʤ ʬʦʥʜʦʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʝʢʪ ˉ 12-02-00553ʘ, ʠ ʇʨʦʛʨʘʤʤʦʡ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʆʪʜʝʣʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʥʘʫʢ ʈɸʅ ʆʌʅ-15 çʇʣʘʟʤʝʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʚ ʢʦʩʤʦʩʝ ʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠè. 
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ɺɿɸʀʄʆɼɽʁʉʊɺʀɽ ʆɹʃɸʉʊɽʁ ʇɽʈɽʄɽʐʀɺɸʅʀʗ (CIR) ɺ ʉʆʃʅɽʏʅʆʄ 

ɺɽʊʈɽ ʉ ɻɽʃʀʆʉʌɽʈʅʓʄ ʊʆʂʆɺʓʄ ʉʃʆɽʄ 
 

ʆ.ɺ. ʍʘʙʘʨʦʚʘ
1
, ɺ.ɺ. ɾʘʨʢʦʚ

2
  

 
1
ʀɿʄʀʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, habarova@izmiran.ru, 

2
Northumbria University, Newcastle upon Tyne, UK. 

 

ʇʣʘʟʤʘ, ʦʢʨʫʞʘʶʱʘʷ ʛʝʣʠʦʩʬʝʨʥʳʡ ʪʦʢʦʚʳʡ ʩʣʦʡ (ɻʊʉ), ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʯʘʩʪʠʮ ʚ ʝʛʦ ʦʢʨʝʩʪʥʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ 

ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ɻʊʉ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʢʦʤʧʦʥʝʥʪ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʧʨʠʭʦʜ ʚʳʙʨʦʩʦʚ ʢʦʨʦʥʘʣʴʥʳʭ ʤʘʩʩ (CME) ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʦʟʤʫʱʝʥʠʷʤ 

ʢʚʘʟʠ-ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ɻʊʉ, ʠʟʤʝʥʝʥʠʶ ʝʛʦ ʪʦʧʦʣʦʛʠʠ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ 

ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ɻʊʉ ʩ ʧʦʪʦʢʘʤʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʪʠʧʘ CIR 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʦ. ʈʘʥʝʝ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʢʘʞʜʦʝ ʧʝʨʝʩʝʯʝʥʠʝ ɻʊʉ (ʠʣʠ ʩʝʢʪʦʨʥʦʡ 

ʛʨʘʥʠʮʳ) ʥʘ 1 ʘ.ʝ. ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʨʠʭʦʜʦʤ CIR ʯʝʨʝʟ ʦʜʠʥ-ʜʚʘ ʜʥʷ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʪʠʭ ʜʚʫʭ ʩʪʨʫʢʪʫʨ ʧʨʦʚʝʜʝʥʦ ʥʝ ʙʳʣʦ, ʪʘʢ ʢʘʢ ʥʘ ʦʨʙʠʪʝ ɿʝʤʣʠ 

CIRs ʩʢʦʣʴʟʷʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʜʦʣʴ ɻʊʉ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʙʦʣʴʰʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʦʢʘʟʳʚʘʪʴ ʥʝ ʜʦʣʞʥʳ. ɺ ʨʘʙʦʪʝ Zharkova, Khabarova, ApJ, 2012 ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʜʘʥʥʳʭ Wind ʠ ACE ʟʘ 1995ï2009ʛʛ. ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ CIR ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʩʣʝ ɻʊʉ 

ʣʠʰʴ ʚ ʧʦʣʦʚʠʥʝ ʩʣʫʯʘʝʚ ʧʝʨʝʩʝʯʝʥʠʡ ʩʝʢʪʦʨʥʳʭ ʛʨʘʥʠʮ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

CIR ʠ ɻʊʉ ʥʝ ʩʣʝʜʫʝʪ ʧʨʝʥʝʙʨʝʛʘʪʴ, ʪʘʢ ʢʘʢ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʝʨʚʳʝ, ʥʘʧʦʜʦʙʠʝ 

ʉʄɽ, ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʚ ʛʝʣʠʦʩʬʝʨʥʦʤ 

ʪʦʢʦʚʦʤ ʩʣʦʝ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʙʳʪʠʡ ʥʘ ʙʘʟʝ ʜʘʥʥʳʭ Wind, ACE ʠ 

STEREO. 

 

 

ɼɺʋʍʄɽʈʅɸʗ ʉʊʈʋʂʊʋʈɸ ʊʆʂʆɺʆɻʆ ʉʃʆʗ: ʉʈɸɺʅɽʅʀɽ ʃɸɹʆʈɸʊʆʈʅʆɻʆ 

ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʀ ʉʇʋʊʅʀʂʆɺʓʍ ʅɸɹʃʖɼɽʅʀʁ 

 

ɽ.ɺ. ʖʰʢʦʚ1
, ɸ.ɻ. ʌʨʘʥʢ2

, ɸ.ɺ. ɸʨʪʝʤʴʝʚ3
, ʀ.ʖ. ɺʘʩʴʢʦ

3
, ɸ.ɸ. ʇʝʪʨʫʢʦʚʠʯ

3 
 
1
ʌʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤ. ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, yushkov.msu@mail.ru,

 

2
ʀʆʌɸʅ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ,

 

3
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʜʦʣʴʥʘʷ (ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʍ) ʠ ʧʦʧʝʨʝʯʥʘʷ (ʚʜʦʣʴ ʥʦʨʤʘʣʠ ʢ ʥʝʡʪʨʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, Z) ʩʪʨʫʢʪʫʨʘ 

ʪʦʢʦʚʦʛʦ ʩʣʦʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʢʦʚʳʝ ʩʣʦʠ, ʩʦʟʜʘʥʥʳʝ ʚ ʨʘʤʢʘʭ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠ ʪʦʢʦʚʳʝ ʩʣʦʠ ʭʚʦʩʪʘ ʟʝʤʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ 

ʚʳʙʦʨʝ ʩʠʩʪʝʤʳ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʘʥʥʳʝ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʛʫʪ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʤʥʦʛʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʪʦʢʦʚʳʭ ʩʣʦʸʚ, ʥʘʙʣʶʜʘʝʤʳʭ ʩʧʫʪʥʠʢʘʤʠ. 

ʆʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʜʝʣʘʥ ʥʘ ʧʨʦʜʦʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʠ ʝʸ ʵʚʦʣʶʮʠʠ 

ʚ ʭʦʜʝ ʩʫʞʝʥʠʷ ʩʣʦʷ: ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪ 

ʧʦʣʷ ɺz ʠ ɺ0 ʚʜʦʣʴ ʩʣʦʷ ʍ, ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʠ ʦʪʥʦʰʝʥʠʷ ʛʨʘʜʠʝʥʪʦʚ 

ʧʦʣʝʡ (dBz/dX)/(dBx/dZ) (ʧʘʨʘʤʝʪʨ ʵʬʬʝʢʪʠʚʥʦʡ ʜʚʫʭʤʝʨʥʦʩʪʠ ʩʣʦʷ) ʦʪ ʘʤʧʣʠʪʫʜʳ Bz.  
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ʂʆʉʄʆʉɸè   ʋʉʊʅʓɽ ɼʆʂʃɸɼʓ 
 

 

ʋʂɺ ʈɸɼʀʆʀɿʃʋʏɽʅʀɽ ɸʊʄʆʉʌɽʈʓ ɿɽʄʃʀ ʇʆ ɼɸʅʅʓʄ ʇʈʀɹʆʈɸ çʈʏɸè 

ʅɸ ɹʆʈʊʋ ʄʀʂʈʆʉʇʋʊʅʀʂɸ çʏʀɹʀʉ-ʄè 

 

ʄ.ʉ. ɼʦʣʛʦʥʦʩʦʚ, ɺ.ʄ. ɻʦʪʣʠʙ, ɼ. ʀ. ɺʘʚʠʣʦʚ 

 

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

 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʙʳʣʠ ʦʪʢʨʳʪʳ ʥʦʚʳʝ ʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʚʝʨʭʥʝʡ 

ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ ʠ ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʨʘʜʠʦʧʨʠʸʤʥʠʢʘʤʠ ʋʂɺ ʜʠʘʧʘʟʦʥʘ [Le Vine, 1980; 

Weidman, Krider, Uman, 1981]. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʧʝʨʚʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ [Le Vine, 1980], 

ʩʧʝʢʪʨ ʩʠʛʥʘʣʘ ʠ ʝʛʦ ʘʤʧʣʠʪʫʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʭ 

ʨʘʜʠʦʠʩʪʦʯʥʠʢʦʚ ʚ ʪʨʦʧʦʩʬʝʨʝ, ʪʘʢʠʭ ʢʘʢ ʩʪʫʧʝʥʯʘʪʳʡ ʣʠʜʝʨ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʦʙʨʘʪʥʳʡ ʫʜʘʨ 

ʤʦʣʥʠʠ ʦʙʳʯʥʳʭ ʤʦʣʥʠʝʚʳʭ ʨʘʟʨʷʜʦʚ. ʍʘʨʘʢʪʝʨʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʪʢʨʳʪʳʭ ʨʘʜʠʦʠʤʧʫʣʴʩʦʚ 

ʙʳʣʦ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʩʝʢʫʥʜ (ʠ ʤʝʥʴʰʝ) ʜʦ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʩʝʢʫʥʜ [Le Vine, 1980; 

Villanueva ʠ ʜʨ., 1994; Eack, 2004] ʩ ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ  10 ʜʦ 50 

ʄɻʮ. ʀʟ-ʟʘ ʩʚʦʡ ʬʦʨʤʳ ʩʠʛʥʘʣʘ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʪʘʣʘ ʥʘʟʳʚʘʪʴ ʪʘʢʦʛʦ ʨʦʜʘ ʷʚʣʝʥʠʷ 

ʢʘʢ ʫʟʢʠʝ ʙʠʧʦʣʷʨʥʳʝ ʠʤʧʫʣʴʩʳ (Narrow Bipolar Pulses - NBP). ʇʦʩʣʝʜʫʶʱʠʝ ʟʘʧʫʩʢʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ALEXIS ʠ FORTE ʧʦʤʦʛʣʠ ʩʦʩʪʘʚʠʪʴ ʢʘʨʪʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʙʳʪʠʡ 

ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʝʪʳ ʠ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ ʥʘ ʩʢʦʣʴʢʦ NBP ʩʚʷʟʘʥʳ ʩ ʦʙʳʯʥʳʤʠ 

ʤʦʣʥʠʷʤʠ [Massey, Holden, 1995; Holden, Munson, Devenport, 1995; Smith ʠ ʜʨ., 1999]. 

ɸʚʪʦʨʳ ʧʦʩʪʫʣʠʨʦʚʘʣʠ, ʯʪʦ NBP ʩʚʷʟʘʥʳ ʩ ʦʙʳʯʥʳʤʠ ʤʦʣʥʠʷʤʠ, ʥʦ ʦʙʦʩʦʙʣʝʥʳ ʦʪ ʥʠʭ (ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʧʦ ʚʨʝʤʝʥʠ). ɺ ʜʦʧʦʣʥʝʥʠʝ, ʘʚʪʦʨʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʜʠʦʠʤʧʫʣʴʩʳ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʧʘʨʘʤʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʚʷʟʘʥʦ ʩ ʦʪʨʘʞʝʥʠʝʤ 

ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʩʣʝʜʥʝʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʘʚʪʦʨʘʤ 

ʫʜʘʣʦʩʴ ʦʮʝʥʠʪʴ ʚʳʩʦʪʫ NBP ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʚ 7-8 ʢʤ (ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʦʩʪʘʚʠʣʘ 12 ʢʤ). ɺ 

ʨʷʜʝ ʧʦʩʣʝʜʥʠʭ ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ ʜʘʶʪʩʷ ʦʮʝʥʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʨʘʟʤʝʨʦʚ ʩʪʨʫʢʪʫʨ, 

ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʠʟʣʫʯʘʪʴ ʪʘʢʦʛʦ ʨʦʜʘ ʨʘʜʠʦʠʤʧʫʣʴʩʳ [Nag, DeCarlo, Rakov, 2009; Nag, 

Rakov, 2010; Watson, Marshall, 2007]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʭ ʜʣʠʥʘ ʥʝ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʦʜʥʦʛʦ 

ʢʠʣʦʤʝʪʨʘ, ʠ ʜʣʷ ʨʷʜʘ ʩʣʫʯʘʝʚ ʩʦʩʪʘʚʣʷʝʪ 200-300 ʤ. ʇʦʵʪʦʤʫ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʳʤ ʥʘ ʥʘʰ 

ʚʟʛʣʷʜ ʢʘʞʝʪʩʷ ʜʨʫʛʦʝ ʥʘʟʚʘʥʠʝ ʪʘʢʠʭ ʷʚʣʝʥʠʡ, ʘ ʠʤʝʥʥʦ: ʢʦʤʧʘʢʪʥʳʝ ʤʝʞʦʙʣʘʯʥʳʝ ʨʘʟʨʷʜʳ. 

ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ ʤʳ ʧʣʘʥʠʨʫʝʤ ʧʨʝʜʦʩʪʘʚʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʥʳʭ 

ʩʚʦʡʩʪʚ ʢʦʤʧʘʢʪʥʳʭ ʤʝʞʦʙʣʘʯʥʳʭ ʨʘʟʨʷʜʦʚ, ʠʭ ʛʣʦʙʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʜʘʥʥʳʤ 

ʧʨʠʙʦʨʘ ʈʏɸ ʤʠʢʨʦʩʧʫʪʥʠʢʘ çʏʠʙʠʩ-ʄè, ʘ ʪʘʢʞʝ ʙʫʜʫʪ ʧʨʝʜʣʦʞʝʥʳ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʛʝʥʝʨʘʮʠʶ ʪʘʢʦʛʦ ʨʦʜʘ ʨʘʜʠʦʚʩʧʣʝʩʢʦʚ. 
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ʅʘ ʜʦʣʶ ʛʨʦʟʦʚʳʭ ʷʚʣʝʥʠʡ ʧʨʠʭʦʜʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʦʙʱʝʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʚ 

ʩʠʩʪʝʤʝ ʘʪʤʦʩʬʝʨʘ ï ʠʦʥʦʩʬʝʨʘ. ʇʨʦʚʝʜʝʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʳʩʦʪʥʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʨʘʟʨʷʜʘ ʧʦʢʘʟʘʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʤʠʢʨʦʩʧʫʪʥʠʢʦʚʦʡ ʧʣʘʪʬʦʨʤʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʩʦʟʜʘʥʠʷ 

ʩʧʝʮʠʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʂʦʤʧʣʝʢʩ ʥʘʫʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʤʠʢʨʦʩʧʫʪʥʠʢʘ çʏʠʙʠʩ-ʄè (ʂʅɸ 

çɻʨʦʟʘè) ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʨʘʟʨʷʜʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ - ʦʪ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʜʦ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ, ʦʧʪʠʯʝʩʢʦʛʦ, ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ʛʘʤʤʘ 

ʠʟʣʫʯʝʥʠʡ. ʉʧʝʮʠʬʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʂʅɸ çɻʨʦʟʘè ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʥʘʫʯʥʳʭ 

ʧʨʠʙʦʨʦʚ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʢʦʣʴʮʝʚʫʶ ʧʘʤʷʪʴ (ʂʇ), ʢʦʪʦʨʘʷ ʨʝʛʠʩʪʨʠʨʫʝʪ ʪʦʣʴʢʦ ʜʘʥʥʳʝ, 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ ʙʦʨʪʦʚʦʤʫ ʘʣʛʦʨʠʪʤʫ ʧʨʠʙʦʨʘ ʢʘʢ çʩʦʙʳʪʠʝè, ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʧʨʠʟʥʘʢ ʩʦʙʳʪʠʷ ï ʪʨʠʛʛʝʨ, ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ ʜʨʫʛʠʝ ʧʨʠʙʦʨʳ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʥʠ ʚ ʩʚʦʠʭ ʂʇ ʪʘʢʞʝ ʟʘʬʠʢʩʠʨʦʚʘʣʠ çʩʦʙʳʪʠʝè. ɺ ʦʩʥʦʚʥʦʤ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʨʝʞʠʤ ʨʝʛʠʩʪʨʘʮʠʠ ʤʦʣʥʠʝʚʳʭ ʨʘʟʨʷʜʦʚ ʧʦ ʪʨʠʛʛʝʨʫ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ (ʈʏɸ). 

ʕʪʦʪ ʚʘʨʠʘʥʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 6-ʪʠ ʟʘʣʦʞʝʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʫ ʨʘʙʦʪʳ ʂʅɸ çɻʨʦʟʘè. ɿʘ 

ʧʨʦʰʝʜʰʠʝ 2 ʛʦʜʘ ʨʘʙʦʪʳ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʩʨʘʙʘʪʳʚʘʥʠʡ ʪʨʠʛʛʝʨʘ ʈʏɸ, ʠʟ 

ʥʠʭ ʙʦʣʝʝ ʩʦʪʥʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʨʦʪʢʠʤʠ ʠ ʤʦʱʥʳʤʠ ʛʨʦʟʦʚʳʤʠ ʨʘʟʨʷʜʘʤʠ, ʪʘʢʞʝ 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʤʠ ʧʨʠʙʦʨʦʤ ɼʋʌ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʠ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʘʭ. ɼʘʥʥʳʝ 

ʂʅɸ çɻʨʦʟʘè ʧʦʢʘʟʘʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʜʠʩʢʨʝʪʥʳʭ, ʬʨʘʢʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ (d-ʬʨʘʢʪʘʣʳ 

ʚʨʝʤʝʥʥʳʭ ʩʝʨʠʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ D-ʬʨʘʢʪʘʣʳ) ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʦʚ ʚ ʦʙʣʘʢʝ ʠ 

ʧʝʨʢʦʣʷʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʧʨʦʪʝʢʘʥʠʷ ʨʘʟʨʷʜʦʚ ʚ ʥʝʦʜʥʦʨʦʜʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʡ ʩʨʝʜʝ, ʥʘ 

ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʤʘʣʦ ʦʙʨʘʱʘʣʠ ʚʥʠʤʘʥʠʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟʤʝʨʝʥʠʡ ʨʝʥʪʛʝʥ-ʛʘʤʤʘ ʜʝʪʝʢʪʦʨʦʤ 

(ʈɻɼ) ʠ ʈʏɸ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʥʘʡʪʠ ʨʝʘʣʴʥʳʝ ʛʨʦʟʦʚʳʝ ʩʦʙʳʪʠ,̫ ʩʦʧʨʦʚʦʞʜʘʝʤʳʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʛʘʤʤʘ- ʠ ʨʘʜʠʦ - ʠʟʣʫʯʝʥʠʷʤʠ. ʄʘʛʥʠʪʥʦ-ʚʦʣʥʦʚʦʡ ʢʦʤʧʣʝʢʩ ʧʨʠʙʦʨʦʚ (ʄɺʂ) 

ʚ ʩʦʩʪʘʚʝ ʂʅɸ çɻʨʦʟʘè ʦʙʝʩʧʝʯʠʣ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʦʙ ʂʅʏ-ʆʅʏ ʠʟʣʫʯʝʥʠʷʭ ʚ ʩʧʦʢʦʡʥʳʭ 

ʠ ʚʦʟʤʫʱʝʥʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʫʩʣʦʚʠʷʭ. ʀʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʠʤ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʠ ʚʳʩʦʢʠʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʚʳʜʝʣʠʪʴ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʷʜʘ ʠʦʥʦʩʬʝʨʥʦ-ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʨʝʟʦʥʘʥʩʦʚ. 
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ɺ ʜʝʢʘʙʨʝ l978 ʛ. ʩʦʚʝʪʩʢʠʝ ʘʧʧʘʨʘʪʳ ɺɽʅɽʈɸ-11 ʠ ɺɽʅɽʈɸ-12 ʦʧʫʩʪʠʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ɺʝʥʝʨʳ. ʉʨʝʜʠ ʥʘʫʯʥʳʭ ʧʨʠʙʦʨʦʚ ʥʘ ʙʦʨʪʫ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʙʳʣʠ 

ʩʚʝʨʭʜʣʠʥʥʦʚʦʣʥʦʚʳʝ ʨʘʜʠʦʧʨʠʝʤʥʠʢʠ ''ɻʈʆɿɸ'' ʩ ʤʘʛʥʠʪʥʳʤʠ  ʘʥʪʝʥʥʘʤʠ. ɺʦ ʚʨʝʤʷ ʩʧʫʩʢʘ 

ʚ ʘʪʤʦʩʬʝʨʝ, ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ, ʧʨʠʙʦʨʳ ʬʠʢʩʠʨʦʚʘʣʠ ʥʝʩʢʦʣʴʢʦ ʜʣʠʪʝʣʴʥʳ ʚʩʧʳʰʝʢ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʩʦʪʝʥ ʠʤʧʫʣʴʩʦʚ, ʦʯʝʥʴ ʧʦʭʦʞʠʭ ʥʘ 

ʠʤʧʫʣʴʩʥʳʝ ʘʪʤʦʩʬʝʨʠʢʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ, ʚʦʟʥʠʢʘʶʱʠʭ ʚʦ 

ʚʨʝʤʷ ʫʜʘʣʝʥʥʳʭ ʛʨʦʟ. ʕʢʩʧʝʨʠʤʝʥʪ "ɻʈʆɿɸ'' ʙʳʣ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʠʩʢ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʨʘʟʨʷʜʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʧʣʘʥʝʪʳ. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʝʩʣʠ ʤʦʣʥʠʷ ʙʫʜʫʪ ʦʙʥʘʨʫʞʝʥʳ, ʦʥʠ 

ʩʪʘʥʫʪ ʢʣʶʯʦʤ ʢ ʧʦʥʠʤʘʥʠʶ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʤʘʣʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʘʪʤʦʩʬʝʨʳ 

ɺʝʥʝʨʳ (ʘʥʘʣʦʛʠʯʥʳʭ ʦʢʩʠʜʘʤ ʘʟʦʪʘ, ʦʟʦʥʫ ʠ ʜʘʞʝ ʩʠʥʠʣʴʥʦʡ ʢʠʩʣʦʪʝ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʚ 

ʤʦʣʥʠʷʭ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ). ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʦʨʙʠʪʘʣʴʥʳʡ ʤʦʜʫʣʴ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ PIONEER ï VENUS (ʉʐɸ) ʙʳʣ ʚʳʚʝʜʝʥ ʥʘ ʦʨʙʠʪʫ ʩʧʫʪʥʠʢʘ ʧʣʘʥʝʪʳ ɺʝʥʝʨʳ ʠ, 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ɻʈʆɿʓ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣ ʧʦʜʦʙʥʳʝ ʠʤʧʫʣʴʩʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʠʙʦʨʦʤ 

OEFD. ʀʤʧʫʣʴʩʳ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ɻʈʆɿɸ ʙʳʣʠ ʦʯʝʥʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʟʝʤʥʳʤʠ ʘʪʤʦʩʬʝʨʥʳʤʠ ʨʘʟʨʷʜʘʤʠ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʟʘʣʦʩʴ ʥʝʩʦʤʥʝʥʥʳʤ, ʯʪʦ 

ʝʩʣʠ ʤʦʣʥʠʠ ʩʫʱʝʩʪʚʫʶʪ, ʦʥʠ ʜʦʣʞʥʘ ʚʦʟʥʠʢʘʪʴ ʚ ʦʙʣʘʢʘʭ ɺʝʥʝʨʳ. ʆʜʥʘʢʦ ʧʦʠʩʢ ʩʚʝʪʦʚʳʭ 

ʚʩʧʳʰʝʢ ʚ ʦʙʣʘʢʘʭ ʥʘ ʥʦʯʥʦʡ ʩʪʦʨʦʥʝ ʧʣʘʥʝʪʳ, ʧʨʦʚʝʜʝʥʥʳʡ ʩ ʘʧʧʘʨʘʪʦʚ ɺɽʅɽʈɸ, 

ʨʝʟʫʣʴʪʘʪʦʚ ʥʝ ʜʘʣ, ʭʦʪʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠʤʧʫʣʴʩʳ ʧʨʦʜʦʣʞʘʣʠ ʧʦʩʪʫʧʘʪʴ. ɹʦʣʝʝ ʪʦʛʦ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʧʦʣʷ ʦʪ ʚʳʩʦʪʳ, 

ʧʦʣʫʯʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʦʚ ʘʧʧʘʨʘʪʦʚ ɺɽʅɽʈɸ, ʧʦʢʘʟʘʣ, ʯʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʠʩʪʦʯʥʠʢ 

ʠʤʧʫʣʴʩʥʳʭ ʧʦʣʝʡ ʙʳʣ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʩʨʝʜʥʠʭ ʚʳʩʦʪʘʭ, ʚʦʟʤʦʞʥʦ ʜʘʞʝ ʥʠʞʝ ʦʙʣʘʢʦʚ. 

ʇʦʣʦʞʝʥʠʝ ʦʩʣʦʞʥʷʣʦʩʴ ʪʝʤ, ʯʪʦ ʧʨʠʙʦʨ OEFD ʤʦʛ ʧʨʠʥʠʤʘʪʴ ʠʤʧʫʣʴʩʳ ʪʦʣʴʢʦ ʚ ʤʦʜʝ 

ʚʠʩʪʣʝʨʦʚ, ʠʥʘʯʝ ʠʤʧʫʣʴʩʳ ʥʝ ʧʨʦʥʠʢʘʶʪ ʩʢʚʦʟʴ ʠʦʥʦʩʬʝʨʫ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʤʦʜʘ ʚʠʩʪʣʝʨʦʚ 

ʨʝʘʣʠʟʫʝʪʩʷ, ʢʦʛʜʘ ʩʣʫʯʘʡʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʦʝʜʠʥʷʝʪ ʠʩʪʦʯʥʠʢ ʩ 

ʧʨʠʝʤʥʠʢʦʤ. ʉʫʱʝʩʪʚʫʶʪ ʣʠ ʠʤʧʫʣʴʩʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʘʢʠʤʠ- ʣʠʙʦ 

ʜʨʫʛʠʤ ʷʚʣʝʥʠʷʤʠ ʥʘ ʧʣʘʥʝʪʝ? ɽʩʣʠ ʠʩʪʦʯʥʠʢʠ ʠʤʧʫʣʴʩʦʚ ʥʘʭʦʜʠʣʠʩʴ ʛʜʝ-ʪʦ ʚʙʣʠʟʠ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦ ʦʙʲʷʩʥʠʪʴ ʠʭ ʤʦʛʫʪ ʪʦʣʴʢʦ ʜʚʘ ʠʣʠ ʪʨʠ ʠʟʚʝʩʪʥʳʭ ʤʝʭʘʥʠʟʤʘ. ʅʘʠʙʦʣʝʝ 

ʦʯʝʚʠʜʥʘʷ ʛʠʧʦʪʝʟʘ ʦ ʛʨʦʟʦʚʳʭ ʨʘʟʨʷʜʘʭ ʤʦʞʝʪ ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʪʝʤʠ ʪʨʫʜʥʦʩʪʷʤʠ, ʯʪʦ ʥʘ 

ʤʘʣʳʭ ʚʳʩʦʪʘʭ ʥʝʪ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ï ʘʵʨʦʟʦʣʝʡ. ɼʨʫʛʦʡ ʪʠʧ ʨʘʟʨʷʜʘ ï ʵʪʦ ʤʦʣʥʠʠ ʚ 

ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʠʟʚʝʨʞʝʥʠʡ ʚʫʣʢʘʥʦʚ. ʕʪʦʪ ʪʠʧ ʨʘʟʨʷʜʦʚ ʠʟʚʝʩʪʝʥ. ʆʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʤʘʣʳʤʠ ʵʥʝʨʛʠʷʤʠ, ʥʦ ʠ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʨʘʟʨʷʜʦʚ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʘʧʦʤʠʥʘʝʪ ʜʘʥʥʳʝ 

ɻʈʆɿʓ. ʆʪʩʫʪʩʪʚʠʝ ʟʘʤʝʪʥʳʭ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʝʪʳ, ʠ, ʯʪʦ 

ʙʦʣʝʝ ʚʘʞʥʦ, ʦʪʩʫʪʩʪʚʠʝ ʧʦʤʫʪʥʝʥʠʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʝ yʪʨʦʧʦʩʬʝʨʳ ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʵʪʫ 

ʛʠʧʦʪʝʟʫ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʣʷ ʧʣʦʪʥʦʡ ʘʪʤʦʩʬʝʨʳ (ʫ ʧʦʚʝʨʭʥʦʩʪʠ - ʚ 60 ʨʘʟ ʙʦʣʝʝ ʧʣʦʪʥʦʡ, 

ʯʝʤ ʟʝʤʥʘʷ), ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʠʟʚʝʨʞʝʥʠʷ ʤʦʛʫʪ ʦʩʪʘʚʠʪʴ ʘʪʤʦʩʬʝʨʫ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʟʘʛʨʷʟʥʝʥʥʦʡ. ʊʘʢ ʚʦʟʥʠʢʣʘ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʠʤʧʫʣʴʩʥʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʤʦʛʫʪ ʙʳʪʴ ʤʦʣʥʠʠ ʥʘʜ ʚʫʣʢʘʥʘʤʠ. ʀʟʚʝʩʪʝʥ ʪʘʢʞʝ ʜʨʫʛʦʡ, ʚʝʩʴʤʘ 

ʵʢʟʦʪʠʯʝʩʢʠʡ ʠ ʤʘʣʦ ʠʟʫʯʝʥʥʳʡ ʠʩʪʦʯʥʠʢ ʘʥʘʣʦʛʠʯʥʳʭ ʷʚʣʝʥʠʡ ï ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ ʚ 

ʤʝʭʘʥʠʯʝʩʢʠ ʥʘʧʨʷʞʝʥʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ. ɺ ʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ ʵʪʦ ʜʦʚʦʣʴʥʦ ʩʣʘʙʳʡ 

ʠʩʪʦʯʥʠʢ, ʥʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʚʦʟʥʠʢʘʶʱʠʝ  ʧʝʨʝʤʝʥʥʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ 
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ʩʪʘʥʦʚʠʣʠʩʴ ʥʘʩʪʦʣʴʢʦ ʩʠʣʴʥʳʤʠ, ʯʪʦ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʝ ʩʚʝʯʝʥʠʝ 

ʫʣʠʯʥʳʭ ʬʦʥʘʨʝʡ. ʊʘʢ, ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ɻʈʆɿɸ ʠ OEFD, ʢʘʞʝʪʩʷ 

ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʯʘʩʪʴ ʨʘʟʨʷʜʦʚ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚʙʣʠʟʠ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ ʪʦʧʦʛʨʘʬʠʠ 

ɺʝʥʝʨʳ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʝʝ ʧʦʟʜʥʠʝ ʤʠʩʩʠʠ ʧʨʠ ʩʙʣʠʞʝʥʠʠ ʩ ɺʝʥʝʨʦʡ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʦʜʦʙʥʳʝ ʠʤʧʫʣʴʩʥʳʝ ʧʦʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠ ̫

(ʥʘʧʨʠʤʝʨ, ʤʠʩʩʠʠ GALILEO ʠ VENUS ïEXPRESS, 1996 ʠ 2007 ʛʛ.), ʦʜʥʘʢʦ ʦʧʪʠʯʝʩʢʦʝ 

ʠʟʣʫʯʝʥʠʝ ʦʪʤʝʯʝʥʦ ʥʝ ʙʳʣʦ. 
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ɸʥʘʣʠʪʠʯʝʩʢʠ ʠ ʯʠʩʣʝʥʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʩʚʦʡʩʪʚʘ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʙʝʩʩʪʨʠʤʝʨʥʦʛʦ 

ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʫ ʚʝʨʰʠʥ ʤʥʦʛʦʵʣʝʢʪʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ʚ ʠʟʤʝʥʷʶʱʝʤʩʷ 

ʛʨʦʟʦʚʦʤ ʧʦʣʝ. ʉʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʥʘʙʦʨ ʦʜʠʥʘʢʦʚʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʟʘʟʝʤʣʝʥʥʳʭ 

ʩʪʝʨʞʥʝʡ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʧʣʦʩʢʦʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʧʨʝʜʝʣʝʥʳ ʧʦʨʦʛ 

ʟʘʞʠʛʘʥʠʷ ʢʦʨʦʥʳ ʠ ʨʘʟʨʷʜʥʳʡ ʪʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ. 

ʅʘʡʜʝʥʳ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʚʦʡʩʪʚʘ ʨʘʟʨʷʜʘ ʦʪ ʤʥʦʛʦʪʦʯʝʯʥʦʡ ʩʠʩʪʝʤʳ ʘʥʘʣʦʛʠʯʥʳ 

ʩʚʦʡʩʪʚʘʤ ʧʣʦʩʢʦʡ ʠʩʧʫʩʢʘʶʱʝʡ ʠʦʥʳ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʣʦʪʥʦʩʪʴ ʨʘʟʨʷʜʥʦʛʦ 

ʪʦʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʝʤʝʥʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʛʨʦʟʦʚʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʧʦʜʚʠʞʥʦʩʪʠ ʠʦʥʦʚ ʠ ʨʘʟʤʝʨʦʚ ʢʦʨʦʥʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ. ʇʦʣʥʳʡ ʟʘʨʷʜ, ʠʥʞʝʢʪʠʨʦʚʘʥʥʳʡ ʢ 

ʜʘʥʥʦʤʫ ʤʦʤʝʥʪʫ ʚ ʘʪʤʦʩʬʝʨʫ ʩ ʝʜʠʥʠʯʥʦʡ ʧʣʦʱʘʜʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʛʨʦʟʦʚʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʠ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʠʩʪʝʤʳ ʪʦʣʴʢʦ ʥʝʷʚʥʦ, ʯʝʨʝʟ ʧʦʨʦʛ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʨʦʥʳ. ʇʦʣʫʯʝʥʳ ʚʝʨʪʠʢʘʣʴʥʳʝ 

ʧʨʦʬʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʩʣʦʝ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʢʦʨʦʥʳ ʥʘʜ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʢʦʨʦʥʠʨʫʶʱʠʤʠ ʦʙʲʝʢʪʘʤʠ. 

 

 

ʄɽʊʆɼ ʅɸʍʆɾɼɽʅʀʗ ʀʅʊɽɻʈɸʃʆɺ ʉʊʆʃʂʅʆɺɽʅʀʁ ɺ ʉʀʉʊɽʄɽ ʄʅʆɻʀʍ 

ʏɸʉʊʀʎ ʉ ʅɽʀɿɺɽʉʊʅʓʄ ɿɸʂʆʅʆʄ ʀʍ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ 

 

ɺ.ʌ. ʊʫʛʘʥʦʚ 

 

ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, princet@rambler.ru  

 

ʂʘʞʫʱʘʷʩʷ ʥʝʧʦʟʥʘʚʘʝʤʦʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʦʚʩʝ ʥʝ ʠʩʢʣʶʯʘʝʪ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʚ 

ʇʨʠʨʦʜʝ. ʀ ʙʫʜʫʯʠ ʬʠʟʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, - ʦʥʠ ʜʦʧʫʩʢʘʶʪ ʥʝ ʪʦʣʴʢʦ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʥʦ 

ʠ ʨʝʰʝʥʠʝ ʠʤʝʥʥʦ ʪʘʢ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. ʂ ʧʨʠʤʝʨʫ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʨʳʥʦʢ ï ʠʟʚʝʩʪʥʘʷ 

ʚʩʝʤ çʤʥʦʛʦʯʘʩʪʠʯʥʘʷè ʩʠʩʪʝʤʘ ʦʙʤʝʥʠʚʘʶʱʠʭʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩʫʙʲʝʢʪʦʚ. ʀʣʠ, - 

ʥʘʙʣʶʜʘʶʱʠʝʩʷ ʛʘʤʤʘ-ʚʩʧʳʰʢʠ ʚ ʛʨʦʟʦʚʳʭ ʨʘʟʨʷʜʘʭ, ʩʧʝʢʪʨʳ ʢʦʪʦʨʳʭ ʧʨʠ ʪʦʨʤʦʟʥʦʤ 

ʤʝʭʘʥʠʟʤʝ ʠʭ ʠʟʣʫʯʝʥʠʷ, ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʩʠʩʪʝʤʦʡ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʩʧʝʢʪʨʦʤ, ʥʘʧʦʤʠʥʘʶʱʠʤ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ f(x) ʜʦʭʦʜʘ x ʨʳʥʦʯʥʳʭ ʩʫʙʲʝʢʪʦʚ ʮʝʣʦʛʦ 

ʨʷʜʘ ʩʪʨʘʥ. ʇʦʵʪʦʤʫ, ʥʘʧʨʠʤʝʨ, ʬʫʥʢʮʠʷ  

( )f ´
̝

̝- 2exp(-( )/ ̩
̩

̩
     (1) 

mailto:princet@rambler.ru
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ʢʘʢ ʧʨʝʜʝʣʴʥʳʡ ʩʣʫʯʘʡ ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ (http://www.fel.duke.edu/~scafetta/pdf/qf4_3_010.pdf) 

ïʝʜʠʥʩʪʚʝʥʥʦʝ, ʯʪʦ ʟʜʝʩʴ ʦʢʘʟʳʚʘʝʪʩʷ ʠʟʚʝʩʪʥʳʤ. ʂʘʢ ʦʙʨʘʟʦʚʘʣʩʷ ʪʘʢʦʡ çʩʛʫʩʪʦʢ ʯʘʩʪʠʮè ʩ 

ʥʘʠʚʝʨʦʷʪʥʳʤ ʟʥʘʯʝʥʠʝʤ ʧʨʠ x=x0=1-2/b, ʢʘʢʦʚ ʭʘʨʘʢʪʝʨ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ï ʚʩʝ ʵʪʦ, ʢʨʦʤʝ 

ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ, ʯʝʤʫ ʨʘʚʝʥ ʧʘʨʘʤʝʪʨ b, ʦʩʪʘʝʪʩʷ ʚʥʝ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʜʝʩʴ ʟʘʜʘʯʠ. 

ʀʪʘʢ, ʙʫʜʝʤ ʠʩʭʦʜʠʪʴ ʠʟ ʫʨʘʚʥʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ - ʘʥʘʣʦʛʘ ʫʨʘʚʥʝʥʠʷ ʃʠʫʚʠʣʣʷ ʜʣʷ 

ʥʝʛʘʤʠʣʴʪʦʥʦʚʦʡ ʩʠʩʪʝʤʳ, - ʧʨʝʜʧʦʣʘʛʘʷ ʝʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʦʜʥʦʨʦʜʥʦʡ  

µN(t,ʭ)/µt + µ/µx [V(x/D)) N(t,x)] = 0   (2) 

ɿʜʝʩʴ N(t,ʭ) ï ʬʘʟʦʚʘʷ ʧʣʦʪʥʦʩʪʴ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t, V(ʭ/D) ï 

ʩʢʦʨʦʩʪʴ ʝʝ ʠʟʤʝʥʝʥʠʷ, ʢʦʪʦʨʘʷ ʯʝʨʝʟ ʬʫʥʢʮʠʶ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʭ   

D(t)  = 
0

¤

ñdx x N(t,ʭ),    (3)    

ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ N(t,ʭ) ʠ ʚʤʝʩʪʝ ʩ ʥʝʡ ʬʣʫʢʪʫʠʨʫʝʪ ʦʢʦʣʦ 

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ: <N(t,x)>= f(x), <D(t)>=D  ʠ <V(x)> (x=x/D). ɿʘʢʦʥ V(x) ʥʘʜʦ ʫʛʘʜʘʪʴ, ʥʦ 

ʪʘʢ, ʯʪʦʙʳ ʥʘʡʜʝʥʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ f(x) ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ x  ʠʤʝʣʘ ʚʠʜ ʬʫʥʢʮʠʠ (1). 

 ʋʩʨʝʜʥʠʤ (2)  

µ/µt<N(t,ʭ)> + µ/µx<V(x/D)N(t,x)> = 0,   (4) 

ʚʳʜʝʣʠʚ ʚ N(t,x) = f(x) + df(t,x) ʩʨʝʜʥʶʶ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ f(x) ʠ ʝʝ ʬʣʫʢʪʫʘʮʠʶ df(t,x), ʘ 

ʚ V(x)=<V(x)>+ dv(t,x) - ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ <V(x)> ʠ ʝʝ ʬʣʫʢʪʫʘʮʠʶ dv(t,x), ʛʜʝ  

dv(t,x)=(µV(x/D)/µD)dD(t), ʘ    (5) 

0

( ) ( , )D t f t dd xd x x
¤

=ñ      (6) 

0

( ) ( ) ( )V V f dx x x x
¤

< >=ñ      (7) 

ʋʯʪʷ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ (ʨʘʚʥʦʚʝʩʥʳʭ) ʫʩʣʦʚʠʷʭ, <V(x)>=0 , ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʷ  

µf(x)/µt =- µ/µx<dv(t,x)df(t,x)> = 0    (8) 

 µdf(t,x)/µt +  µ/µx[dv(t,x)f(x)] = 0     (9) 

 

ʩ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ df(t,x) 0̧
1
. ʆʪʩʶʜʘ ʥʘʭʦʜʠʤ: ʨʘʩʧʨʝʜʝʣʝʥʠʝ (1) ʩ ʧʘʨʘʤʝʪʨʦʤ ʇʘʨʝʪʦ 

ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʟʝʤʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (TGF) ʧʦʟʚʦʣʠʪ 

ʫʩʪʘʥʦʚʠʪʴ ʥʘʣʠʯʠʝ ʢʦʨʨʝʣʷʮʠʠ TGF ʩ ʧʨʦʷʚʣʝʥʠʷʤʠ ʤʦʣʥʠʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

_______________________ 
1
ʃʠʬʰʠʮ ɽ.ʄ., ʇʠʪʘʝʚʩʢʠʡ ɺ.ʇ. ʌʠʟʠʯʝʩʢʘʷ ʢʠʥʝʪʠʢʘ, ʄ.: ʅʘʫʢʘ, 1979, 2003   

 

 

 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʋʄʄɸʈʅʆɻʆ ɺʈɽʄɽʅʅʆɻʆ ʇʈʆʌʀʃʗ TGF ʇʆ ɼɸʅʅʓʄ 

ʕʂʉʇɽʈʀʄɽʅʊɸ RHESSI 

 

ɺ.ʀ. ɺʳʙʦʨʥʦʚ
1
, ɸ.ʉ. ʇʦʟʘʥʝʥʢʦ

2
, ʇ.ʖ. ʄʠʥʘʝʚ

2
 

 
1
ʀɿʄʀʈɸʅ, ʛ. ʊʨʦʠʮʢ, ʈʦʩʩʠʷ, likakam@gmail.com, 

2
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

 

ʂʦʩʤʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ Reuven Ramaty High Energy Solar Spectroscopic Imager (RHESSI) 

ʙʳʣʘ ʟʘʧʫʱʝʥʘ ʚ 2002 ʛʦʜʫ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʚ 

ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʠ ʛʘʤʤʘ-ʜʠʘʧʘʟʦʥʘʭ ʦʪ 3 ʢʵɺ ʜʦ 20 ʄʵɺ. ʆʙʩʝʨʚʘʪʦʨʠʷ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʨʙʠʪʝ 

ʚʳʩʦʪʦʡ 600 ʢʤ ʩ ʥʘʢʣʦʥʝʥʠʝʤ 38 ʛʨʘʜʫʩʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ RHESSI ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʠ ʟʝʤʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (TGF). ɹʳʣ ʩʦʩʪʘʚʣʝʥ ʢʘʪʘʣʦʛ TGF, 

http://www.fel.duke.edu/~scafetta/pdf/qf4_3_010.pdf
mailto:likakam@gmail.com
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ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩ 2002 ʧʦ 2010 ʛʛ. [Grefenstette et al., 2009]. ʄʳ ʠʩʩʣʝʜʫʝʤ ʩʫʤʤʘʨʥʳʡ 

ʚʨʝʤʝʥʥʦʡ ʧʨʦʬʠʣʴ ʚʩʝʭ ʩʦʙʳʪʠʡ ʠʟ ʵʪʦʛʦ ʢʘʪʘʣʦʛʘ ʜʣʷ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʬʠʣʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʝʛʦ ʘʩʠʤʤʝʪʨʠʠ. ɺ ʩʧʝʢʪʨʝ, ʧʦʩʪʨʦʝʥʥʦʤ ʧʦ ʩʫʤʤʝ ʚʩʝʭ ʩʦʙʳʪʠʡ, ʥʘʡʜʝʥʘ ʣʠʥʠʷ 

ʘʥʥʠʛʠʣʷʮʠʠ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʳʭ ʧʘʨ 511 ʢʵɺ. ʄʳ ʪʘʢʞʝ ʦʙʩʫʞʜʘʝʤ ʚʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ 

ʧʦʷʚʣʝʥʠʷ ʵʪʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠʥʠʠ. 

 

 

ʆɹ ʆʇʊʀʏɽʉʂʆʁ ʈɽɻʀʉʊʈɸʎʀʀ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʈɸɿʈʗɼʆɺ ɺ ɸʊʄʆʉʌɽʈɽ 

(ʄʆʃʅʀʁ ʀ TLE) ʇʈʀ ʅɸɹʃʖɼɽʅʀʗʍ ɺ ʅɸɼʀʈ ʉ ʆʈɹʀʊʓ ʀʉɿ 

 

ɺ.ɺ. ʂʣʠʤʝʥʢʦ
1
, ɸ.ʉ. ʇʦʟʘʥʝʥʢʦ

2
 , ɸ.ɺ. ʂʠʩʝʣʝʚ

2
  

 
1
ʀʇʌ ʈɸʅ, ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ,  

2
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, klimenko@appl.sci-nnov.ru 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʚ ʘʪʤʦʩʬʝʨʝ (ʤʦʣʥʠʡ ʠ TLE ï Transient Luminous 

Events) ʩ ʧʦʤʦʱʴʶ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʀʉɿ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ 

ʥʘʙʣʶʜʘʪʴ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʤʠʨʦʚʳʝ ʮʝʥʪʨʳ ʛʨʦʟ ʚ 

ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʨʘʡʦʥʘʭ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʩʫʱʝʩʪʚʣʝʥʘ ʩʝʨʠʷ ʫʩʧʝʰʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʦ ʨʝʛʠʩʪʨʘʮʠʠ TLE ʠ ʤʦʣʥʠʡ ʩ ʦʨʙʠʪʳ ʀʉɿ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʛʦʨʠʟʦʥʪ, 

ʛʜʝ ʚʩʧʳʰʢʠ TLE ʚ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʝ ʠ ʠʥʠʮʠʠʨʫʶʱʠʝ ʠʭ ʤʦʣʥʠʠ ʫ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʥʝʩʝʥʳ ʧʦ ʚʳʩʦʪʝ ʥʘ ~50-70 ʢʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ 

ʥʘʙʣʶʜʝʥʠʷ ʠ ʚ ʥʘʜʠʨ (ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʜʩʧʫʪʥʠʢʦʚʦʡ ʪʦʯʢʠ), ʯʪʦʙʳ ʚʩʧʳʰʢʘ ʤʦʣʥʠʠ ʠ 

ʩʣʝʜʫʶʱʝʛʦ ʟʘ ʥʝʡ TLE ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʦʜʥʦʡ ʣʠʥʠʠ ʚʠʟʠʨʦʚʘʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʪʘʢʠʭ 

ʥʘʙʣʶʜʝʥʠʡ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʢʦʨʨʝʣʷʮʠʠ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ 

ʟʝʤʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (TGF) ʩ ʦʧʪʠʯʝʩʢʠʤʠ ʚʩʧʳʰʢʘʤʠ ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʪʚʝʪʠʪʴ  ʥʘ 

ʚʦʧʨʦʩ ʦ ʨʦʣʠ ʫʙʝʛʘʶʱʠʭ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʠʥʠʮʠʠʨʦʚʘʥʠʠ ʘʪʤʦʩʬʝʨʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ. ʊʘʢ ʢʘʢ ʚʨʝʤʝʥʥʦʝ ʟʘʧʘʟʜʳʚʘʥʠʝ TLE ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʣʥʠʠ (~10 

ʤʩ) ʤʥʦʛʦ ʤʝʥʴʰʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʩʧʳʰʢʠ ʤʦʣʥʠʠ ~100 ʤʩ, ʪʦ ʦʙʝ ʚʩʧʳʰʢʠ ʥʘʢʣʘʜʳʚʘʶʪʩʷ 

ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʠ ʚʦ ʚʨʝʤʝʥʠ, ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʵʪʠʭ 

ʚʩʧʳʰʝʢ ʥʝʦʙʭʦʜʠʤʳ ʩʧʝʮʠʘʣʴʥʳʝ ʧʦʜʭʦʜʳ. ʅʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʩʝʣʝʢʮʠʷ ʚʩʧʳʰʝʢ ʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʛʜʝ ʚʘʞʥʳʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ ʷʚʣʷʝʪʩʷ 

ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʦʟʦʥʦʚʳʤ ʩʣʦʝʤ (ʚʳʩʦʪʘ ~30 ʢʤ) ʠʟʣʫʯʝʥʠʷ ʤʦʣʥʠʡ ʚ ʋʌ-ʜʠʘʧʘʟʦʥʝ. ʇʨʠ 

ʵʪʦʤ ʨʝʛʠʩʪʨʘʮʠʷ ʠʟʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ ʚ ʧʦʣʦʩʝ ʃʘʡʤʘʥʘ-ɹʝʨʜʞʘ-ʍʦʧʬʠʣʜʘ 

(LBH, ʜʘʣʴʥʠʡ ʋʌ) ʦʜʥʦʟʥʘʯʥʦ ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦ ʚʩʧʳʰʢʝ TLE ʚ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʝ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʥʘʜʝʞʥʘʷ ʠʥʜʠʢʘʮʠʷ ʤʦʣʥʠʝʚʦʡ ʚʩʧʳʰʢʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʣʴʥʳʭ 

ʘʪʦʤʘʨʥʳʭ ʣʠʥʠʡ ʠʟʣʫʯʝʥʠʷ ʘʟʦʪʘ ʠʣʠ ʢʠʩʣʦʨʦʜʘ, ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʚ ʩʧʝʢʪʨʝ TLE. ɺ ʜʦʢʣʘʜʝ 

ʦʙʩʫʞʜʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʮʝʥʦʢ ʵʬʬʝʢʪʠʚʥʳʭ ʚʳʩʦʪ ʚʩʧʳʰʝʢ TLE ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʚ ʙʣʠʞʥʝʤ ʋʌ (2-ʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʘʟʦʪʘ) ʠ ʜʘʣʴʥʝʤ ʋʌ (LBH). 

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʩʤʦʪʨʝʥʳ ʚʝʨʦʷʪʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʚʩʧʳʰʝʢ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʚ ʥʘʜʠʨʝ ʠ 

ʩʦʦʪʥʦʰʝʥʠʷ çʩʠʛʥʘʣ/ʰʫʤè ʜʣʷ ʚʩʧʳʰʝʢ ʥʘ ʬʦʥʝ ʨʘʟʣʠʯʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 
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ʆʇʊʀʏɽʉʂɸʗ ʂɸʄɽʈɸ ɼʃʗ ʈɽɻʀʉʊʈɸʎʀʀ ʄʆʃʅʀɽɺʓʍ ʈɸɿʈʗɼʆɺ ʀɿ 

ʂʆʉʄʆʉɸ  

 

ɸ. ʇʦʟʘʥʝʥʢʦ
1
, ɸ. ʂʠʩʝʣʝʚ

1
, ɸ. ʏʝʨʥʝʥʢʦ

1
, ʉ. ʍʘʥʜʦʨʠʥ

2
, ɸ. ʊʦʥʴʰʝʚ

2
, ɺ. ʂʣʠʤʝʥʢʦ

3
,  

ʇ. ʄʠʥʘʝʚ
1
, ɸ. ɺʦʣʴʥʦʚʘ

1
 

 
1
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, apozanen@iki.rssi.ru, 

2
ʉʂɹ ʂʇ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 

3
ʀʇʌ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

 

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʤʦʣʥʠʝʚʳʭ ʨʘʟʨʷʜʦʚ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩ ʦʨʙʠʪʘʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ ʨʘʟʨʘʙʦʪʘʥʘ ʤʠʥʠʘʪʶʨʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʢʘʤʝʨʘ, ʧʦʟʚʦʣʷʶʱʫʶ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʨʝʛʠʩʪʨʘʮʠʶ ʠ ʢʦʦʨʜʠʥʘʪʥʫʶ ʧʨʠʚʷʟʢʫ ʤʦʣʥʠʝʚʳʭ ʨʘʟʨʷʜʦʚ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩ 

ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʥʝ ʭʫʞʝ 1 ʤʩ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʧʦʨʷʜʢʘ 7 - 10 ʢʤ 

ʧʨʠ ʚʳʩʦʪʝ ʦʨʙʠʪʳ 400 ʢʤ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʤʦʣʥʠʝʚʳʭ ʨʘʟʨʷʜʦʚ ʚ 

ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʨʝʛʠʩʪʨʘʮʠʷ ʙʫʜʫʪ ʚʝʩʪʠʩʴ ʚ ʫʟʢʦʧʦʣʦʩʥʦʤ ʬʠʣʴʪʨʝ ʚ ʣʠʥʠʠ ʘʪʦʤʘʨʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ OI(1) 777.4 ʥʤ. ɹʫʜʝʪ ʦʩʫʱʝʩʪʚʣʝʥʦ ʢʘʨʪʠʨʦʚʘʥʠʝ ʚʘʨʠʘʮʠʡ (ʩʫʪʦʯʥʳʭ, ʛʦʜʦʚʳʭ) 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʣʥʠʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʕʢʩʧʝʨʠʤʝʥʪ ʌʆʄ ʙʫʜʝʪ ʪʘʢʞʝ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ 

ʚʳʩʦʪʥʳʝ ʪʨʘʥʟʠʝʥʪʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ (TLE). ʉʦʚʤʝʩʪʥʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʤʦʣʥʠʝʚʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ TLE ʚ ʨʘʟʣʠʯʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʘʭ ʠ ʩ ʚʳʩʦʢʠʤ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ  

ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʘʢʠʭ ʩʦʙʳʪʠʡ. ʉʠʥʭʨʦʥʥʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʤʦʣʥʠʡ ʚ 

ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʟʝʤʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (TGF) ʧʦʟʚʦʣʠʪ 

ʫʩʪʘʥʦʚʠʪʴ ʥʘʣʠʯʠʝ ʢʦʨʨʝʣʷʮʠʠ TGF ʩ ʧʨʦʷʚʣʝʥʠʷʤʠ ʤʦʣʥʠʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

 

 

ʊɽʍʅʀʏɽʉʂʀɽ ʈɽʐɽʅʀʗ ʆʇʊʀʏɽʉʂʆʁ ʂɸʄɽʈʓ ɼʃʗ ʅɸɹʃʖɼɽʅʀʗ 

ʄʆʃʅʀɽɺʓʍ ʈɸɿʈʗɼʆɺ ʉ ʂʆʉʄʀʏɽʉʂʀʍ ɸʇʇɸʈɸʊʆɺ 
 

ɸ. ʂʠʩʝʣʝʚ
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1
, ʉ. ʍʘʥʜʦʨʠʥ

2
, ɺ. ʂʣʠʤʝʥʢʦ

3
, ɸ. ʏʝʨʥʝʥʢʦ

1
, ɸ. ʊʦʥʴʰʝʚ

2
,  

ʇ. ʄʠʥʘʝʚ
1
, ɸ. ɺʦʣʴʥʦʚʘ

1
  

 
1
ʀʂʀ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 

2
ʉʂɹ ʂʇ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 

3
ʀʇʌ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

 

ɼʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʤʦʣʥʠʝʚʳʭ ʨʘʟʨʷʜʦʚ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ, 

ʥʘʙʣʶʜʝʥʠʷ ʜʦʣʞʥʳ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʫʟʢʦʧʦʣʦʩʥʦʤ ʬʠʣʴʪʨʝ ʚ ʣʠʥʠʠ ʘʪʦʤʘʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 

OI(1) 777.4 ʥʤ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʰʠʨʦʢʦʫʛʦʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘʢʣʘʜʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʘʤʝʨʳ. ɺ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʝʪʩʷ  

ʢʦʥʩʪʨʫʢʮʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʪʨʘʢʪʘ ʢʘʤʝʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʤʦʣʥʠʝʚʳʝ ʨʘʟʨʷʜʳ ʩ 

ʦʨʙʠʪʘʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʢʨʫʛʣʦʩʫʪʦʯʥʦ. ʇʨʠʤʝʥʷʝʤʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ɿʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʜʨʫʛʠʭ ʫʟʢʠʭ ʣʠʥʠʷʭ. 
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ʕʅɽʈɻɽʊʀʂɸ TLE ʗɺʃɽʅʀʁ ʀ ɻʈʆɿʆɺʓʍ ʈɸɿʈʗɼʆɺ ɺ ɸʊʄʆʉʌɽʈɽ ɿɽʄʃʀ ɺ 

ʆʇʊʀʏɽʉʂʆʄ ɼʀɸʇɸɿʆʅɽ ɼʃʀʅ ɺʆʃʅ 

 

ʃ.ɺ. ʂʦʟʘʢ
1
, ɸ. ʆʜʟʠʤʝʢ

2
 , ɺ.ʅ. ʀʚʯʝʥʢʦ

1
  

 
1
ʂʅʋ ʠʤ. ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ, 

2
 ʆʪʜʝʣʝʥʠʝ ʬʠʟʠʢʠ ʘʪʤʦʩʬʝʨʳ ʠʥʩʪʠʪʫʪʘ ʛʝʦʬʠʟʠʢʠ ʇʦʣʴʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. 

 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʩʚʷʟʴ ʫʩʣʦʚʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ 

(TLE) ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ ʩ ʛʨʦʟʦʚʳʤʠ ʨʘʟʨʷʜʘʤʠ. ʋʢʘʟʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʭ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʡ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʵʥʝʨʛʝʪʠʢʠ ʛʨʦʟʦʚʳʭ ʨʘʟʨʷʜʦʚ ʠ TLE ʷʚʣʝʥʠʡ  

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʦʙʩʪʚʝʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʛʨʦʟʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʠʶʣʝ ï ʩʝʥʪʷʙʨʝ 2013 

ʛʦʜʘ ʥʘ ʛʦʨʝ ʂʦʰʢʘ, ʉʠʤʝʠʟ, ʂʨʳʤ ʠ ʥʘʙʣʶʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʝ ʚ ʠʥʩʪʠʪʫʪʝ ʛʝʦʬʠʟʠʢʠ 

ʇʦʣʴʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. ʂʦʤʧʣʝʢʩ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ ʩʦʩʪʦʠʪ ʠʟ ʚʠʜʝʦ ʢʘʤʝʨʳ 

(Watec 902H), ʟʘʭʚʘʪʯʠʢʘ ʢʘʜʨʦʚ, GPS ʧʨʠʝʤʥʠʢʘ ʠ ʥʦʫʪʙʫʢʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ  

ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ. ɼʣʷ ʦʮʝʥʢʠ ʵʥʝʨʛʠʠ ʩʚʝʯʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʚ ʦʧʪʠʯʝʩʢʦʤ 

ʜʠʘʧʘʟʦʥʝ, ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʢʘʣʠʙʨʦʚʦʯʥʘʷ ʢʨʠʚʘʷ ʧʦ ʚʥʝʬʦʢʘʣʴʥʳʤ ʠʟʦʙʨʘʞʝʥʠʷʤ ʟʚʝʟʜ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʣʩʷ ʩʧʝʢʪʨ ʟʚʝʟʜʳ, 

ʘʪʤʦʩʬʝʨʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʠ ʩʧʝʢʪʨʘʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʘʤʝʨʳ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʚʝʯʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʦʪ ʤʦʣʥʠʡ ʠ TLE ʷʚʣʝʥʠʡ  ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʠʟʦʬʦʪʳ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʆʧʨʝʜʝʣʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʚʳʩʦʪʳ ʠ ʤʘʩʰʪʘʙʳ ʦʧʪʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ. 

ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʵʥʝʨʛʝʪʠʢʦʡ ʛʨʦʟʦʚʳʭ ʨʘʟʨʷʜʦʚ ʠ TLE ʵʬʬʝʢʪʦʚ. 

  

 

ʂʆʉʄʀʏɽʉʂɸʗ ʇʃɸʊʌʆʈʄɸ ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʗ ʄʆʃʅʀʁ ʀɿ ʂʆʉʄʆʉɸ 

 

ɺ.ʃ. ʇʝʪʨʦʚ, ʅ.ʅ. ɺʝʜʝʥʴʢʠʥ, ʀ.ɸ. ʉʦʙʦʣʝʚ 

 

ʆʆʆ çʅʇʇ ɼɸʋʈʀʗè, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, petrov@dauria.ru 

 

ʅʠʟʢʦʙʶʜʞʝʪʥʘʷ ʢʦʩʤʠʯʝʩʢʘʷ ʧʣʘʪʬʦʨʤʘ ʤʘʣʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʩʦʟʜʘʥʥʘʷ ʜʣʷ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʟʫʯʝʥʠʝ ʤʦʣʥʠʡ ʩ ʥʠʟʢʠʭ ʦʨʙʠʪ. ɼʘʥʥʘʷ ʧʣʘʪʬʦʨʤʘ 

ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʧʫʪʥʦʛʦ ʟʘʧʫʩʢʘ ʠʟ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʊʇʂ ʨʘʟʨʘʙʦʪʢʠ ʈʂʂ 

çʕʥʝʨʛʠʷè ʩ ɻʂ çʇʨʦʛʨʝʩʩè. ʈʘʩʯʝʪʥʘʷ ʦʨʙʠʪʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʂɸ ʩʦʩʪʘʚʣʷʝʪ 400 ï 500 ʢʤ, 

ʥʘʢʣʦʥʝʥʠʝ 51,6
0
. ʈʘʩʯʝʪʥʦʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʨʙʠʪʘʭ ʜʣʷ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩʦʩʪʘʚʣʷʝʪ 3 ʛʦʜʘ. ʅʠʟʢʦʙʶʜʞʝʪʥʘʷ ʢʦʩʤʠʯʝʩʢʘʷ ʧʣʘʪʬʦʨʤʘ ʤʘʣʦʛʦ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩʦʟʜʘʥʘ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʡ ʠ ʢʦʤʧʦʥʝʥʪ, ʠʤʝʶʱʠʭ ʢʦʩʤʠʯʝʩʢʫʶ 

ʢʚʘʣʠʬʠʢʘʮʠʶ ʠ ʦʧʳʪʘ ʣʝʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ.  
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