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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ ʤʥʦʛʦʯʘʩʪʦʪʥʦʛʦ ʨʘʜʠʦʧʨʦʩʚʝʯʠʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʳʩʦʢʦʵʣʣʠʧʪʠʯʝʩʢʠʭ ʂɸ ʠ ʥʘʟʝʤʥʳʭ ʧʨʠʝʤʥʳʭ ʤʦʜʫʣʝʡ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʚ ɸʨʢʪʠʯʝʩʢʦʤ 

ʨʝʛʠʦʥʝ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʨʝʛʠʩʪʨʘʮʠʠ ʯʘʩʪʦʪʳ 

ʦʪʩʝʯʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʥʳʭ ʩʠʛʥʘʣʦʚ, ʪʘʢ ʠ ʣʠʥʝʡʥʦ-ʯʘʩʪʦʪʥʦ 

ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʆʙʩʫʞʜʘʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʠ ʤʦʜʦʚʘʷ 

ʩʪʨʫʢʪʫʨʘ ʪʨʘʥʩʠʦʥʦʛʨʘʤʤ.  
 

Abstract. The method of multi-frequency radio sounding of the ionosphere using HEO satellites and ground 

receiving module with the features of its implementation in the Arctic region is considered. The possibilities of the 

method are analyzed, in particular, the required energy potential for reliable registration of the cutoff frequency on a 

basis as classical pulse signals, so linearly frequency-modulated radiation. The physical prerequisites for the 

realization of the method and the transionogramm mode structure are discussed.  

 

 

ɺʚʝʜʝʥʠʝ 

 
ʄʦʥʠʪʦʨʠʥʛ ʠʦʥʦʩʬʝʨʳ ʩ ʧʦʤʦʱʴʶ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʂɸ) ʦʩʥʦʚʘʥ ʥʘ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ (ɺɿ) ʠʦʥʦʩʬʝʨʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʠʦʥʦʟʦʥʜ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʙʦʨʪʫ ʂɸ. ɺʧʝʨʚʳʝ 

ʵʪʘ ʠʜʝʷ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚ 1962 ʛ. [Florida, 1969], ʧʦʩʣʝ ʯʝʛʦ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʤʥʦʞʝʩʪʚʦ ʧʫʩʢʦʚ ʂɸ ʩ 

ʚʳʩʦʪʦʡ ʦʨʙʠʪʳ ʦʪ 508 ʜʦ 3523 ʢʤ ʩ ʠʦʥʦʟʦʥʜʘʤʠ ʥʘ ʙʦʨʪʫ. ɼʦʢʘʟʘʚʰʠʡ ʩʚʦʶ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʠ 

ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ, ʤʝʪʦʜ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʚʥʝʰʥʝʝ ʟʦʥʜʠʨʦʚʘʥʠʝ (topside sounding), ʠʣʠ ɺʥɿ. ʆʜʥʘʢʦ, 

ʧʨʠ ʚʩʝʭ ʝʛʦ ʙʝʩʩʧʦʨʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚʘʭ, ʝʤʫ ʪʘʢʞʝ ʧʨʠʩʫʱ ʨʷʜ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʚʦʧʨʦʩʘʭ ʦʧʝʨʘʪʠʚʥʦʡ (ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ) 

ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ʩʦʩʪʦʷʥʠʷ ʆʂʇ. ɺʦ-ʧʝʨʚʳʭ, ʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ 

ʧʨʦʝʢʮʠʠ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʂɸ ʚʜʦʣʴ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (8 õ 12 ʢʤ/ʩ) ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʛʦ 

ʨʘʟʜʝʣʷʪʴ ʚʨʝʤʝʥʥʳʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʘʛʥʦʩʪʠʨʫʝʤʦʡ ʩʨʝʜʳ. ɺʦ-ʚʪʦʨʳʭ, 

ʟʘʜʝʨʞʢʘ ʤʝʞʜʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ, ʩʙʨʦʩʦʤ ʜʘʥʥʳʭ ʚ ʥʘʟʝʤʥʳʝ 

ʧʫʥʢʪʳ ʧʨʠʝʤʘ ʠ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʚʳʜʘʯʝʡ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʮʝʥʪʨʳ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦʚʦʣʴʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. ɺ-ʪʨʝʪʴʠʭ, ɺʥɿ 

ʦʧʨʝʜʝʣʷʝʪ, ʬʘʢʪʠʯʝʩʢʠ, ʜʚʘ ʧʘʨʘʤʝʪʨʘ: ʢʨʠʪʠʯʝʩʢʫʶ ʯʘʩʪʦʪʫ (foF2) ʠ ʚʳʩʦʪʫ ʤʘʢʩʠʤʫʤʘ ʩʣʦʷ F2 ʚ 

ʧʦʜʩʧʫʪʥʠʢʦʚʦʡ ʪʦʯʢʝ. ʉʪʨʫʢʪʫʨʘ ʚʥʫʪʨʝʥʥʝʡ ʠʦʥʦʩʬʝʨʳ ʦʩʪʘʝʪʩʷ ʥʝʜʦʩʪʫʧʥʘ ʢʦʥʪʨʦʣʶ. ɺ-

ʯʝʪʚʝʨʪʳʭ, ʧʦʷʚʣʝʥʠʝ ʂɸ ʚ ʟʦʥʝ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ ʥʘʜ ʢʘʞʜʳʤ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʧʫʥʢʪʦʤ ʥʘʙʣʶʜʝʥʠʡ 

(ʠʣʠ ʧʨʠʝʤʘ ʠʥʬʦʨʤʘʮʠʠ) ʧʨʦʠʩʭʦʜʠʪ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʥʦʝ ʚʨʝʤʷ (20õ25 ʤʠʥ), ʧʨʠʪʦʤ, ʚʩʣʝʜʩʪʚʠʝ 

ʩʤʝʱʝʥʠʷ ʦʨʙʠʪʳ ʧʦ ʜʦʣʛʦʪʝ, ʥʝ ʯʘʱʝ ʦʜʥʦʛʦ ʨʘʟʘ ʚ ʩʫʪʢʠ.  

ɺ ʨʘʙʦʪʘʭ [ɻʠʚʠʰʚʠʣʠ ʠ ʀʚʘʥʦʚ-ʍʦʣʦʜʥʳʡ, 1988; ɻʠʚʠʰʚʠʣʠ, 1994] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ 

ʠʦʥʦʟʦʥʜʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠʦʥʦʩʬʝʨʳ ʩ ʧʦʤʦʱʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʂɸ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʠʣʠ 

ʚʳʩʦʢʦʵʣʣʠʧʪʠʯʝʩʢʦʡ ʦʨʙʠʪʝ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʨʦʙʣʝʤʳ ʪʘʥʩʠʦʥʦʩʬʝʨʥʦʛʦ 

ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʜʣʷ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʛʦ ʂɸ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ [ɻʠʚʠʰʚʠʣʠ ʠ ʜʨ., 2012] ʠ ʙʳʣʘ 

ʧʨʝʜʣʦʞʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʠʥʝʡʥʦ-ʯʘʩʪʦʪʥʦ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʙʘʟʦʚʳʝ ʦʩʥʦʚʳ ʤʝʪʦʜʘ ʤʥʦʛʦʯʘʩʪʦʪʥʦʛʦ ʨʘʜʠʦʧʨʦʩʚʝʯʠʚʘʥʠʷ 

ʠʦʥʦʩʬʝʨʳ (ʪʨʘʥʩʠʦʥʦʩʬʝʨʥʦʛʦ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ) ʩ ʚʳʩʦʢʦʵʣʣʠʧʪʠʯʝʩʢʠʭ ʩʧʫʪʥʠʢʦʚ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ɸʨʢʪʠʯʝʩʢʦʤʫ ʨʝʛʠʦʥʫ. 

 

ʄʝʪʦʜ ʄʈʇʀ ï ʘʣʴʪʝʨʥʘʪʠʚʥʦʝ ʨʝʰʝʥʠʝ 

 
ʄʝʪʦʜ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʘ) ʩʪʘʚʢʫ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʧʨʦʩʚʝʯʠʚʘʥʠʝ ʠʦʥʦʩʬʝʨʳ ʥʘ ʯʘʩʪʦʪʘʭ ʜʝʢʘʤʝʪʨʦʚʦʛʦ 

ʜʠʘʧʘʟʦʥʘ, ʙʣʠʟʢʠʭ ʢ ʛʨʘʥʠʮʝ ʨʘʜʠʦʧʨʦʟʨʘʯʥʦʩʪʠ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʨʝʟʦʥʘʥʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

(ʟʦʥʜʠʨʦʚʘʥʠʝ) ʤʝʞʜʫ ʩʨʝʜʦʡ ʠ ʨʘʜʠʦʚʦʣʥʦʡ; ʙ) ʨʘʟʜʝʣʝʥʠʝ ʨʘʜʠʦʧʝʨʝʜʘʶʱʠʭ ʠ ʨʘʜʠʦʧʨʠʝʤʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. ʊʝʤ ʩʘʤʳʤ: ʘ) ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʪʨʘʜʠʮʠʦʥʥʘʷ ʠʦʥʦʛʨʘʤʤʘ, ʘ ʠʦʥʦʛʨʘʤʤʘ, 

ʬʠʢʩʠʨʫʶʱʘʷ ʪʦʣʴʢʦ ʩʠʛʥʘʣʳ ʨʘʜʠʧʨʦʩʚʝʯʠʚʘʥʠʷ; ʙ) ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʟʤʝʨʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʠʦʥʦʟʦʥʜ, ʘ 

ʩʠʩʪʝʤʘ ʠʟ ʦʜʥʦʛʦ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʙʦʨʪʦʚʦʛʦ ʧʝʨʝʜʘʶʱʝʛʦ ʤʦʜʫʣʷ (ɹʇʄ) ʠ ʩʝʪʠ ʠʟ ʥʘʟʝʤʥʳʭ ʧʨʠʝʤʥʳʭ 
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ʤʦʜʫʣʝʡ (ʅʇʄ), ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʭ ʩ ʙʦʨʪʦʚʳʤ ɹʇʄ. ʊʘʢ ʢʘʢ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʣʠʰʴ ʩʠʛʥʘʣʳ, ʥʝ ʠʩʧʳʪʘʚʰʠʝ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ, ʤʝʪʦʜ ʥʘʟʚʘʥ 

ʤʥʦʛʦʯʘʩʪʦʪʥʳʤ ʨʘʜʠʦʧʨʦʩʚʝʯʠʚʘʥʠʝʤ ʠʦʥʦʩʬʝʨʳ (ʄʈʇʀ).         

ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʤʝʪʦʜ ʄʈʇʀ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʥʘʣʦʛ 

ʤʥʦʛʦʯʘʩʪʦʪʥʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʨʠʦʤʝʪʨʘ (ʠʟʤʝʨʠʪʝʣʷ ʫʨʦʚʥʷ ʧʦʛʣʦʱʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ). 

ʉʠʛʥʘʣʳ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʚ ʤʝʪʦʜʝ ʄʈʇʀ, ʥʝʩʫʪ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʙʣʘʜʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʥʝʞʝʣʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʘʢʪʠʢʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʨʠʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ʕʪʦ 

ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʧʦʣʷʨʥʦʡ ʠʦʥʦʩʬʝʨʳ, ʢʦʪʦʨʘʷ ʨʝʛʫʣʷʨʥʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʚʦʟʤʫʱʝʥʠʷʤ 

ʚ ʥʠʞʥʝʡ ʠʦʥʦʩʬʝʨʝ (ʵʬʬʝʢʪʳ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ - ʇʇʐ ʠ ɸʇ) ʠ ʚ ʩʣʦʝ F2 (ʚʦ ʚʨʝʤʷ ʠʦʥʦʩʬʝʨʥʳʭ ʠ 

ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʙʫʨʴ ʠ ʩʫʙʙʫʨʴ), ʚʥʦʩʷʱʠʤ ʟʘʤʝʪʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ GPS ʠ ɻʃʆʅɸʉʉ ʚ ʘʨʢʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ.  

ɿʘʚʠʩʠʤʦʩʪʴ ʛʨʫʧʧʦʚʦʛʦ ʧʫʪʠ ʦʪ ʯʘʩʪʦʪʳ - PË(f), ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʝʩʪʴ ʠʦʥʦʛʨʘʤʤʘ ʨʘʜʠʦʧʨʦʩʚʝʯʠʚʘʥʠʷ (ʠʣʠ 

ʪʨʘʥʩʠʦʥʦʛʨʘʤʤʘ), ʢʦʪʦʨʘʷ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʦʙʲʝʢʪ, ʥʝʞʝʣʠ ʠʦʥʦʛʨʘʤʤʳ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʠ ʥʘʢʣʦʥʥʦʛʦ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʜʝʷʪʴʩʷ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʝʝ ʩʪʨʫʢʪʫʨʳ, ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʘʞʜʦʤ ʪʝʢʫʱʝʤ ʩʝʘʥʩʝ 

ʠʟʤʝʨʝʥʠʡ ʥʘ ʢʘʞʜʦʤ ʠʟ k ʅʇʄ ʦʧʨʝʜʝʣʷʶʪʩʷ  ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ:  

1. fc ï ʯʘʩʪʦʪʘ ʦʪʩʝʯʢʠ, ʨʘʚʥʘʷ ʥʘʠʥʠʟʰʝʡ ʯʘʩʪʦʪʝ (ʅʏ) ʧʨʦʰʝʜʰʠʭ ʩʢʚʦʟʴ ʠʦʥʦʩʬʝʨʫ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʘʷ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʩʚʷʟʘʥʥʘ ʩʦ ʟʥʘʯʝʥʠʝʤ foF2 ʚ ʣʦʢʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʧʝʨʝʩʝʯʝʥʠʷ ʣʫʯʘ ʟʨʝʥʠʷ ʥʘ ʩʧʫʪʥʠʢ ʠ 

ʛʣʘʚʥʦʛʦ ʠʦʥʦʩʬʝʨʥʦʛʦ ʤʘʢʩʠʤʫʤʘ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʜʘʧʪʘʮʠʦʥʥʳʝ ʧʨʦʮʝʜʫʨʳ ʚ 

ʤʦʜʝʣʴʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʠʦʥʦʩʬʝʨʳ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʨʠʤʝʥʠʤʫʶ ʯʘʩʪʦʪʫ ʨʘʜʠʦʩʚʷʟʠ (ʄʇʏ);  

2. L(f) ï ʯʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʪʨʘʥʩʠʦʥʦʩʬʝʨʥʳʭ ʩʠʛʥʘʣʦʚ, ʧʦʟʚʦʣʷʶʱʘʷ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʦʮʝʥʠʚʘʪʴ ʵʥʝʨʛʝʪʠʢʫ ʂɺ-ʩʠʛʥʘʣʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʧʦʣʷʨʥʦʡ ʟʦʥʝ ʠ ʚʳʯʠʩʣʷʪʴ 

ʠʥʪʝʛʨʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʬʘʢʪʦʨʘ ʠʦʥʦʩʬʝʨʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ. 

 

ʇʨʦʙʣʝʤʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʤʝʪʦʜʘ 

 
ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ ʷʚʣʷʝʪʩʷ ʨʝʰʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚ ʥʘʜʝʞʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʚʠʜʝ ʠʦʥʦʛʨʘʤʤ 

ʤʥʦʛʦʯʘʩʪʦʪʥʦʛʦ ʨʘʜʠʦʧʨʦʩʚʝʯʠʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ (ʪʨʘʥʩʠʦʥʦʛʨʘʤʤ) ʥʘ ʪʨʘʩʩʝ ʚʳʩʦʢʦʘʧʦʛʝʡʥʳʡ ʂɸ ï 

ʟʝʤʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʨʘʩʩʤʦʪʨʠʤ ʝʝ ʥʘ ʧʨʠʤʝʨʝ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦ ʩʧʫʪʥʠʢʦʤ, ʥʘʭʦʜʷʱʝʤʩʷ ʥʘʜ 

ʉʝʚʝʨʥʳʤ ʧʦʣʶʩʦʤ ʩ ʚʳʩʦʪʘʤʠ ʣʦʢʘʣʠʟʘʮʠʠ: 10000, 20000 ʠ 30000 ʢʤ ʠ ʧʨʠʝʤʦʤ ʚ ʧ. ɼʠʢʩʦʥ (73ÜN, 80ÜE). 

ɼʘʣʴʥʦʩʪʴ ʧʦ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʞʜʫ ʠʟʣʫʯʘʪʝʣʝʤ ʠ ʧʨʠʝʤʥʠʢʦʤ ~ 1900 ʢʤ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʚ 

ʛʣʦʙʘʣʴʥʦʡ ʤʦʜʝʣʠ ʠʦʥʦʩʬʝʨʳ ʉʄʀ-88 ʜʣʷ ʤʘʨʪʘ 2016 ʛ. (ʚʝʩʝʥʥʝʝ ʨʘʚʥʦʜʝʥʩʪʚʠʝ) ʩ ʠʥʜʝʢʩʦʤ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ Rz = 50. ʊʝʭʥʦʣʦʛʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʬʦʨʤʝ ʦʧʠʩʘʥʘ ʚ [ʂʠʱʘ ʠ ʜʨ., 1993] ʠ 

ʨʘʟʣʠʯʠʝ ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʚ ʚʳʩʦʪʝ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʥʘʜ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʃʫʯʝʚʳʝ ʪʨʘʝʢʪʦʨʠʠ, ʧʦ 

ʢʦʪʦʨʳʤ ʬʦʨʤʠʨʫʝʪʩʷ ʚʦʣʥʦʚʦʝ ʧʦʣʝ ʜʣʷ ʯʘʩʪʦʪ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʨʘʜʠʦʧʨʦʟʨʘʯʥʦʩʪʠ ʠʦʥʦʩʬʝʨʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1 ʠ ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ ʥʘ ʟʦʥʜʠʨʫʶʱʠʝ ʚʦʣʥʳ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʛʣʘʚʥʦʛʦ ʠʦʥʦʩʬʝʨʥʦʛʦ ʤʘʢʩʠʤʫʤʘ.  

ʋʯʠʪʳʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ, 

ʟʘʜʘʚʘʝʤʦʛʦ ʩʪʘʥʜʘʨʪʥʳʤ ʠʟʣʫʯʘʪʝʣʝʤ ʤʦʱʥʦʩʪʴʶ 1 ʢɺʪ ʩ ʧʦʣʦʩʦʡ 1 ʢɻʮ: ʛʝʦʤʝʪʨʦʦʧʪʠʯʝʩʢʘʷ 

(ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ) ʨʘʩʭʦʜʠʤʦʩʪʴ ʠ ʧʦʛʣʦʱʝʥʠʝ ʚ ʠʦʥʦʩʬʝʨʝ ʯʝʨʝʟ ʯʘʩʪʦʪʫ ʩʪʦʣʢʥʦʚʝʥʠʡ ʵʣʝʢʪʨʦʥʦʚ ʩ 

ʠʦʥʘʤʠ ʠ ʥʝʡʪʨʘʣʴʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʛʘʟʦʚ. ɺ ʩʠʣʫ ʙʦʣʴʰʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʩʧʫʪʥʠʢʘ ʜʦ ʧʨʠʝʤʥʦʛʦ ʧʫʥʢʪʘ 

ʬʘʢʪʦʨ ʨʘʩʭʦʜʠʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʚ ʠʪʦʛʦʚʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ ï ʦʥ ʙʦʣʝʝ ʯʝʤ ʥʘ 

ʯʝʪʳʨʝ ʧʦʨʷʜʢʘ ʧʨʝʚʦʩʭʦʜʠʪ ʩʪʦʣʢʥʦʚʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʚʦʣʥʳ ʚ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʝ. ɸʥʪʝʥʥʳ ʢʘʢ 

ʧʝʨʝʜʘʶʱʘʷ ʥʘ ʩʧʫʪʥʠʢʝ, ʪʘʢ ʠ ʧʨʠʝʤʥʘʷ ʥʘ ɿʝʤʣʝ ʧʨʝʜʧʦʣʘʛʘʣʠʩʴ ʠʟʦʪʨʦʧʥʳʤʠ, ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʘʣʴʥʳʭ 

ʘʥʪʝʥʥ, ʦʩʦʙʝʥʥʦ ʥʘ ʧʨʠʝʤʥʦʤ ʢʦʥʮʝ ʨʘʜʠʦʪʨʘʩʩʳ, ʤʦʞʝʪ ʜʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʳʠʛʨʳʰ ʚ ʟʘʜʘʯʝ ʚʳʜʝʣʝʥʠʷ 

ʟʦʥʜʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ. ʉʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ (SNR) ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʧʦ ʤʝʪʦʜʠʢʝ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʚ  

[ɻʠʚʠʰʚʠʣʠ ʠ ʜʨ., 2012] ʜʣʷ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʛʦ ʂɸ ʠ ʧʨʝʥʝʙʨʝʛʘʣʦʩʴ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʰʫʤʘ ʚ ʩʠʣʫ ʝʛʦ ʤʘʣʦʩʪʠ ʚ ɸʨʢʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ. 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚ ʚʠʜʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʪʨʘʥʩʠʦʥʦʛʨʘʤʤ ʜʣʷ ʣʦʢʘʣʴʥʳʭ ʧʦʣʫʜʥʷ (ʣʝʚʘʷ 

ʧʘʥʝʣʴ) ʠ ʧʦʣʫʥʦʯʠ (ʧʨʘʚʘʷ ʧʘʥʝʣʴ) ʜʣʷ ʚʳʩʦʪʳ ʣʦʢʘʣʠʟʘʮʠʠ ʂɸ ʚ 30 000 ʢʤ. ʍʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʥʘ ʯʘʩʪʦʪʝ 

ʦʪʩʝʯʢʠ ʫʤʝʥʴʰʘʝʪʩʷ ʢʘʢ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʘʥʪʠʚʦʣʥʦʚʦʜʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚʜʦʣʴ 

ʤʘʢʩʠʤʫʤʘ ʩʣʦʷ F2 (ʨʠʩ. 1), ʪʘʢ ʠ SNR, ʧʨʠʯʝʤ ʜʣʷ ʧʦʣʫʥʦʯʠ SNR ʜʘʞʝ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʧʦʣʫʜʥʷ, ʚ ʩʠʣʫ 

ʚʦʟʨʘʩʪʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʰʫʤʦʚ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʯʘʩʪʦʪʳ. ɸʥʪʠʚʦʣʥʦʚʦʜʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʨʘʩʭʦʜʠʤʦʩʪʴʶ ʨʘʜʠʦʚʦʣʥʳ ʠ ʧʦʷʚʣʝʥʠʝʤ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʣʫʯʝʚʦʡ ʪʨʫʙʢʠ, 

ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʬʣʫʢʪʫʘʮʠʷʭ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ. 

ɺ ʨʝʘʣʴʥʦʡ ʧʨʘʢʪʠʢʝ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ ʯʘʩʪʦʪʥʘʷ ʧʦʣʦʩʘ ʧʨʠʤʝʥʷʝʤʳʭ ʩʠʛʥʘʣʦʚ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʝ ï ʜʣʷ ʧʨʦʩʪʳʭ ʠʤʧʫʣʴʩʥʳʭ ʧʦʩʳʣʦʢ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ~ 10 ʢɻʮ ʠ ʪʘʢʦʡ ʩʠʛʥʘʣ ʫʞʝ ʙʫʜʝʪ ʥʠʞʝ ʫʨʦʚʥʷ 

ʰʫʤʦʚ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʯʘʩʪʦʪʳ ʦʪʩʝʯʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʣʫʯʝʥʠʝ ʠʤʧʫʣʴʩʥʳʭ ʩʠʛʥʘʣʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ 

ʤʦʱʥʦʩʪʠ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʧʨʦʙʣʝʤʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʜʨʫʛʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠ 

ʫʧʨʘʚʣʷʶʱʝʡ ʘʧʧʘʨʘʪʫʨʦʡ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʙʦʨʪʫ ʂɸ. ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʧʦʜʭʦʜ ʩʦʩʪʦʠʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
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ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʩʠʛʥʘʣʦʚ. ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʩʣʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʬʘʟʦ-

ʢʦʜʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʡ (ʌʂʄ) ʩʠʛʥʘʣ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʙʫʝʪ ʨʘʩʰʠʨʝʥʥʦʡ ʧʦʣʦʩʳ ʧʨʠʝʤʥʠʢʘ 

~ 30 ʢɻʮ, ʘ ʚʳʠʛʨʳʰ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʥʦʡ ʙʘʟʳ ʩʦʩʪʘʚʣʷʝʪ ~ 13-15 ʜɹ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʨʘʢʪʠʢʝ 

ʥʘʢʣʦʥʥʦʛʦ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʠ ʚ ʪʦʥʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ ʨʘʢʫʨʩʥʦʤʫ ʨʘʩʩʝʷʥʠʶ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʥʘ 

ʠʩʢʫʩʩʪʚʝʥʥʦ ʛʝʥʝʨʠʨʫʝʤʳʭ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ, ʘʧʨʦʙʠʨʦʚʘʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʃʏʄ-ʩʠʛʥʘʣʘ [ɺʝʨʪʦʛʨʘʜʦʚ ʠ ʜʨ., 2010]. ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ (ʜʦ 3- 5 ʤʠʥ.) ʧʨʠ 

ʩʪʘʥʜʘʨʪʥʦʡ ʚ ʠʦʥʦʩʬʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʢʦʨʦʩʪʠ 100 ʢɻʮ/ʩʝʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʨʝʤʷ ʟʦʥʜʠʨʦʚʘʥʠʷ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʚʳʩʦʢʦʦʨʙʠʪʘʣʴʥʦʛʦ ʀʉɿ ʥʘʜ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʘʣʦ 

ʤʝʥʷʝʪʩʷ ʥʘ ʪʘʢʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ, ʧʦʜʦʙʥʦʝ ʫʜʣʠʥʝʥʠʝ ʩʝʘʥʩʘ ʟʦʥʜʠʨʦʚʘʥʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʥʝʧʨʠʝʤʣʝʤʳʤ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʳʠʛʨʳʰʘ (SNR) ʚ ʪʝʭʥʦʣʦʛʠʠ ʃʏʄ-ʩʠʛʥʘʣʘ ʩʦʩʪʘʚʣʷʝʪ ~ 30 ʜɹ. ʋʤʝʥʴʰʝʥʠʝ ʤʦʱʥʦʩʪʠ 

ʠʟʣʫʯʝʥʠʷ ʜʦ 100 ɺʪ ʜʘʝʪ ʫʤʝʥʴʰʝʥʠʝ SNR ʥʘ 10 ʜɹ, ʥʦ, ʜʘʞʝ ʫʤʝʥʴʰʘʷ ʝʝ ʥʘ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥʳ 

(ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʘʩʪʦʪʥʘʷ ʧʦʣʦʩʘ ʩʠʛʥʘʣʘ ʥʘ ʵʪʘʧʝ ʦʙʨʘʙʦʪʢʠ), ʤʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ 10 ʜɹ, ʯʪʦ ʫʞʝ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʥʘʜʝʞʥʦʛʦ ʧʨʠʝʤʘ ʩʠʛʥʘʣʘ. ɼʘʣʴʥʝʡʰʝʝ 

ʫʚʝʣʠʯʝʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ, ʢʦʪʦʨʦʝ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʌɸʈ, ʩʦʩʪʦʷʱʝʡ ʠʟ 4-ʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʜʠʧʦʣʝʡ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 10-12 ʜɹ.  
 

  
ʈʠʩʫʥʦʢ 1. ʃʫʯʝʚʳʝ ʪʨʘʝʢʪʦʨʠʠ ʜʣʷ ʣʫʯʘ ʧʨʷʤʦʛʦ ʟʨʝʥʠʷ ʥʘ ʩʧʫʪʥʠʢ ʠ ʜʣʷ ʯʘʩʪʦʪʳ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ 

ʨʘʜʠʦʧʨʦʟʨʘʯʥʦʩʪʠ ʠʦʥʦʩʬʝʨʳ: ʩʣʝʚʘ ï ʣʦʢʘʣʴʥʳʡ ʧʦʣʜʝʥʴ, ʩʧʨʘʚʘ ï ʣʦʢʘʣʴʥʘʷ ʧʦʣʥʦʯʴ. 

 

  

ʈʠʩʫʥʦʢ 2. ʊʨʘʥʩʠʦʥʦʛʨʘʤʤʳ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚ ʪʦʯʢʝ ʧʨʠʝʤʘ: ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ 

ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ ʠ ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣ/ʰʫʤ: ʩʣʝʚʘ ï ʣʦʢʘʣʴʥʳʡ ʧʦʣʜʝʥʴ, ʩʧʨʘʚʘ ï ʣʦʢʘʣʴʥʘʷ ʧʦʣʥʦʯʴ. 

 

ʆʮʝʥʢʠ SNR ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʧʨʦʝʢʪ ʄʈʇʀ ʨʝʘʣʠʟʫʝʤ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʧʦ ʨʘʜʠʦʤʘʷʢʦʚʳʤ ʠʟʤʝʨʝʥʠʷ ʩ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ ʂɸ ʥʘ ʯʘʩʪʦʪʘʭ 40 õ 41 ʄɻʮ 

[ʉʦʣʦʜʦʚʥʠʢʦʚ ʠ ʜʨ., 1988]. 

 

ʉʪʨʫʢʪʫʨʘ ʪʨʘʥʩʠʦʥʦʛʨʘʤʤʳ 

 
ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥ ʦʩʥʦʚʥʦʡ ʩʣʝʜ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʪʨʘʥʩʠʦʥʦʛʨʘʤʤʳ ʚ ʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʤ ʬʘʢʪʦʨʦʤ, ʫʩʣʦʞʥʷʶʱʠʤ ʩʪʨʫʢʪʫʨʫ 

ʪʨʘʥʩʠʦʥʦʛʨʘʤʤʳ, ʙʫʜʝʪ ʛʝʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ï ʧʦʷʚʠʪʩʷ ʤʘʛʥʠʪʦʠʦʥʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʚ ʬʦʨʤʝ O- ʠ X-

ʢʦʤʧʦʥʝʥʪ (ʨʠʩ. 3). ɺʝʣʠʯʠʥʘ ʨʘʩʱʝʧʣʝʥʠʷ ʙʫʜʝʪ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ ~ 1 ʄɻʮ, ʯʪʦ 



ʄʥʦʛʦʯʘʩʪʦʪʥʦʝ ʨʘʜʠʦʧʨʦʩʚʝʯʠʚʘʥʠʝ ʘʨʢʪʠʯʝʩʢʦʡ ʠʦʥʦʩʬʝʨʳ 
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ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʤʦʜʫʣʷ ʛʠʨʦʯʘʩʪʦʪʳ, ʪʘʢ ʠ ʭʘʨʘʢʪʝʨʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʨʘʜʠʦʚʦʣʥ ï ʚ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʨʝʘʣʠʟʫʝʪʩʷ ʩʣʫʯʘʡ ʢʚʘʟʠʧʨʦʜʦʣʴʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɼʨʫʛʠʤ 

ʬʘʢʪʦʨʦʤ, ʩʧʦʩʦʙʥʳʤ ʧʨʠʚʝʩʪʠ ʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʣʝʜʦʚ ʚ ʪʨʘʥʩʠʦʥʦʛʨʘʤʤʝ ʷʚʣʷʝʪʩʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʠʦʥʦʩʬʝʨʳ ʚʳʩʦʢʠʭ ʰʠʨʦʪ. ʊʘʢʠʝ ʩʣʝʜʳ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʘʟʦʚʦʛʦ, ʤʦʛʫʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʚ ʜʦʚʦʣʴʥʦ ʫʟʢʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʊʘʢ, ʜʣʷ ʣʦʢʘʣʴʥʦ-ʧʦʣʫʜʝʥʥʦʛʦ ʩʣʫʯʘʷ (ʨʠʩ. 1), 

ʚʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʤʦʜʳ ʩʦ ʚʪʦʨʳʤ ʩʢʘʯʢʦʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʦʪʨʘʞʝʥʠʝʤ 

ʦʪ ʠʦʥʦʩʬʝʨʳ ʚʩʣʝʜʩʪʚʠʝ ʨʦʩʪʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʧʨʠʝʤʥʠʢ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʣʦʞʝʥʠʡ ʠʟʣʫʯʘʶʱʠʭ ʠ ʧʨʠʝʤʥʳʭ ʩʨʝʜʩʪʚ ʤʦʞʝʪ ʧʨʦʷʚʠʪʴʩʷ ʚʣʠʷʥʠʝ ʧʦʣʷʨʥʦʡ ʩʪʝʥʢʠ 

ʛʣʘʚʥʦʛʦ ʠʦʥʦʩʬʝʨʥʦʛʦ ʧʨʦʚʘʣʘ, ʜʣʷ ʢʦʪʦʨʦʡ ʧʨʦʜʦʣʴʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ (ʛʨʘʜʠʝʥʪ) ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʝʥ. 
 

  

ʈʠʩʫʥʦʢ 3. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʪʨʘʥʩʠʦʥʦʛʨʘʤʤʳ ʩ ʫʯʝʪʦʤ ʤʘʛʥʠʪʦʠʦʥʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʟʦʥʜʠʨʫʶʱʠʭ ʚʦʣʥ ʚ 

ʦʙʣʘʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʠ ʛʨʫʧʧʦʚʦʛʦ ʧʫʪʠ: ʣʝʚʘʷ ʧʘʥʝʣʴ ï ʣʦʢʘʣʴʥʳʡ ʧʦʣʜʝʥʴ, ʧʨʘʚʘʷ ʧʘʥʝʣʴ ï 

ʣʦʢʘʣʴʥʘʷ ʧʦʣʥʦʯʴ. ʉʚʝʪʣʳʤʠ ʢʨʫʞʦʯʢʘʤʠ ʦʪʤʝʯʝʥ ʩʣʝʜ ʚ ʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 
ʈʘʩʩʤʦʪʨʝʥ ʤʝʪʦʜ ʜʠʘʛʥʦʩʪʠʢʠ ʠʦʥʦʩʬʝʨʳ ʚ ɸʨʢʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʜʠʦʧʨʦʩʚʝʯʠʚʘʥʠʠ (ʈʇʉ) 

ʠʦʥʦʩʬʝʨʳ ʩʠʛʥʘʣʘʤʠ ʧʝʨʝʤʝʥʥʦʡ ʯʘʩʪʦʪʳ ʜʝʢʘʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ. ʉʠʛʥʘʣʳ ʠʟʣʫʯʘʶʪʩʷ ʩ ʙʦʨʪʘ 

ʚʳʩʦʢʦʘʧʦʛʝʡʥʦʛʦ ʂɸ ʠ ʧʨʠʥʠʤʘʶʪʩʷ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʭ ʘʥʘʣʠʟʘ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʚʠʜʝ 

ʠʦʥʦʛʨʘʤʤ ʈʇʉ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʠʟʚʝʩʪʥʳʤ ʠʦʥʦʛʨʘʤʤʘʤ ɺɿ, ʅɿ ʠʣʠ ɺʥɿ. ɼʦʩʪʦʠʥʩʪʚʘ ʤʝʪʦʜʘ ʄʈʇʀ 

ʟʘʢʣʶʯʘʶʪʩʷ ʚ:  

- ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʝ ʨʝʘʣʠʟʘʮʠʠ; 

 - ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʜʦʨʦʛʦʡ ʧʝʨʝʜʘʶʱʝʡ ʠ ʧʨʠʝʤʥʦʡ ʪʝʭʥʠʢʠ ʠ ʘʥʪʝʥʥ;  

- ʧʨʦʩʪʦʡ ʩʪʨʫʢʪʫʨʝ ʠʦʥʦʛʨʘʤʤ ʨʘʜʠʦʧʨʦʩʚʝʯʠʚʘʥʠʷ (ʈʇʉ);  

- ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, - ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʠʭ ʦʙʨʘʙʦʪʢʠ.  

ʊʝʤ ʩʘʤʳʤ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʠʦʥʦʩʬʝʨʳ ʚ ʘʨʢʪʠʯʝʩʢʦʡ 

ʟʦʥʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ.  
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ɺʃʀʗʅʀɽ ʉʆʃʅɽʏʅʓʍ ɺʉʇʓʐɽʂ ʅɸ ʏɸʉʊʆʊʓ 

ʐʋʄɸʅʆɺʉʂʆɻʆ ʈɽɿʆʅɸʅʉɸ 

ɽ.ʉ. ɻʦʥʯʘʨʦʚ 1, ɸ.ʅ. ʃʷʭʦʚ 2, ʊ.ɺ. ʃʦʩʝʚʘ 1,2 

1ʌɻʋʇ ñɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠʤ. ɼʫʭʦʚʘò, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2ʌɻɹʋʅ ñʀʥʩʪʠʪʫʪ ʜʠʥʘʤʠʢʠ ʛʝʦʩʬʝʨò, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, e-mail: eggoncharov@yandex.ru 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ ʜʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ 

ʨʝʟʦʥʘʥʩʘ ʚ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ ɿʝʤʣʷ-ʠʦʥʦʩʬʝʨʘ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʪʨʝʭʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. 

ɺ ʩʣʫʯʘʝ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʠʦʥʦʩʬʝʨʳ ʐʫʤʘʥʦʚʩʢʠʡ ʨʝʟʦʥʘʥʩ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ 

ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ D-ʩʣʦʷ. ʈʝʟʫʣʴʪʘʪ ʧʦʢʘʟʳʚʘʝʪ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. ʊʘʢʞʝ, ʩ ʧʦʤʦʱʴʶ 

ʦʜʥʦʡ ʠʟ ʤʦʜʝʣʝʡ ʧʦʣʫʯʝʥʳ ʧʘʨʘʤʝʪʨʳ ʨʝʟʦʥʘʥʩʘ ʧʨʠ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʢʘʭ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ. ʅʘ ʦʩʥʦʚʝ 

ʵʪʠʭ ʜʘʥʥʳʭ ʚʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʠ. 
 

Abstract. This paper presents a procedure to carry out three-dimensional (3D) finite element model full wave 

simulations of the electromagnetic field in spherical shell between the Earthôs surface and top boundary of D-layer 

of the ionosphere. Numerical simulations have been performed in the frequency domain. For non-perturbed 

ionosphere, calculations have been carried out using two models of D-layer of the ionosphere. The obtained results 

are in agreement with experimental data. Also using one these models, parameters of Schumann resonance during 

solar flares of different classes have been received. Based on calculations, dependence between eigenfrequencies 

and level of solar flares has been revealed. 

ɺʚʝʜʝʥʠʝ 

 
ɺ ʦʙʣʘʩʪʠ ʩʚʝʨʭʥʠʟʢʠʭ ʯʘʩʪʦʪ (5-40 ɻʮ) ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʧʨʦʠʩʭʦʜʠʪ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʦʙʨʘʟʦʤ. ɹʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʜʣʠʥʘ ʚʦʣʥʳ ʩʦʠʟʤʝʨʠʤʘ ʩ ʨʘʜʠʫʩʦʤ ɿʝʤʣʠ, ʚ ʉʅʏ ʜʠʘʧʘʟʦʥʝ 

ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʛʣʦʙʘʣʴʥʳʝ ʨʝʟʦʥʘʥʩʳ, ʢʦʛʜʘ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʩʦʚʧʘʜʘʝʪ ʩ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʦʡ 

ʨʝʟʦʥʘʪʦʨʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʴʶ ʤʝʞʜʫ ɿʝʤʣʝʡ ʠ ʠʦʥʦʩʬʝʨʦʡ. ʊʘʢ ʥʘʟʳʚʘʝʤʳʝ, 

ʐʫʤʘʥʦʚʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʦʙʨʘʟʫʶʪ ʩʠʩʪʝʤʫ ʩʪʦʷʯʠʭ ʚʦʣʥ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʚʝʩʴ ʟʝʤʥʦʡ ʰʘʨ, ʧʦʵʪʦʤʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʅʏ ʢʦʣʝʙʘʥʠʡ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʣʶʙʦʤ ʧʫʥʢʪʝ, ʟʘʚʠʩʷʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʠʦʥʦʩʬʝʨʳ ʥʘʜ ʚʩʝʤʠ 

ʜʨʫʛʠʤʠ ʯʘʩʪʷʤʠ ʟʝʤʥʦʛʦ ʰʘʨʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟʫʯʝʥʠʝ ʨʝʟʦʥʘʥʩʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʟʚʦʣʠʣʦ ʙʳ ʦʧʨʝʜʝʣʷʪʴ 

ʛʣʦʙʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʦʥʦʩʬʝʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʝʝ ʩʦʩʪʦʷʥʠʝ ʚ ʮʝʣʦʤ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

 
ʀʩʩʣʝʜʫʝʤʳʡ ʨʝʟʦʥʘʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʦʩʪʴ ʤʝʞʜʫ ʜʚʫʤʷ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʤʠ ʩʬʝʨʘʤʠ ʨʘʜʠʫʩʘʤʠ 

6370 ʢʤ (ɿʝʤʣʷ) ʠ 6470 ʢʤ (ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ D-ʩʣʦʷ ʠʦʥʦʩʬʝʨʳ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʣʱʠʥʘ ʨʝʟʦʥʘʪʦʨʘ 

ʩʦʩʪʘʚʣʷʝʪ 100 ʢʤ. ʇʦʠʩʢ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʨʝʟʦʥʘʪʦʨʘ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʧʘʢʝʪʝ COMSOL MultiphysicsÈ ʟʘ 

ʩʯʝʪ ʨʝʰʝʥʠʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ (1), ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

ʄʘʢʩʚʝʣʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʧʦʣʫʯʘʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ (2).  

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʝʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʐʫʤʘʥʦʚʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ ʢʨʠʪʝʨʠʝʤ ʢʦʨʨʝʢʪʥʦʩʪʠ ʦʙʳʯʥʦ ʷʚʣʷʝʪʩʷ 

ʩʦʚʧʘʜʝʥʠʝ ʥʘʙʦʨʘ ʨʘʩʩʯʠʪʘʥʥʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ , ʘ ʪʘʢʞʝ ʠʭ ʜʦʙʨʦʪʥʦʩʪʝʡ  (3) ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ.  

     (1) 

                                                                                       (2) 

                                                                                           (3) 

ɺ ʪʘʙʣ.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʜʣʷ ʠʜʝʘʣʴʥʦʛʦ, ʧʦʣʦʛʦ ʧʨʦʚʦʜʥʠʢʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʯʘʩʪʦʪʳ, ʘ ʪʘʢʞʝ ʢʨʘʪʥʦʩʪʴ ʠʭ ʚʳʨʦʞʜʝʥʠʷ (2n+1, ʛʜʝ n ï ʥʦʤʝʨ ʯʘʩʪʦʪʳ) ʩʦʚʧʘʜʘʶʪ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʠʜʝʘʣʴʥʦʛʦ ʩʬʝʨʠʯʝʩʢʦʛʦ ʧʨʦʚʦʜʥʠʢʘ (Schumann, 1952):  

      (4) 
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ɿʥʘʯʝʥʠʷ ʨʝʘʣʴʥʳʭ ʯʘʩʪʦʪ ʨʝʟʦʥʘʪʦʨʘ ɿʝʤʣʷ-ʠʦʥʦʩʬʝʨʘ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ʠ ʛʨʘʥʠʮʘ ʠʦʥʦʩʬʝʨʳ ʥʝ ʷʚʣʷʶʪʩʷ ʠʜʝʘʣʴʥʳʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʦʥʦʩʬʝʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʫʶ ʤʘʛʥʠʪʦʘʢʪʠʚʥʫʶ ʧʣʘʟʤʫ, ʥʝʦʜʥʦʨʦʜʥʫʶ 

ʢʘʢ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ, ʪʘʢ ʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.  

ʕʣʝʢʪʨʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ D-ʩʣʦʷ ʠʦʥʦʩʬʝʨʳ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʥʠʟʢʠʭ ʯʘʩʪʦʪ: 

 

     (5) 

ʛʜʝ  ï ʚʳʩʦʪʘ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ɿʝʤʣʠ, - ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ, ï ʵʬʬʝʢʪʠʚʥʘʷ ʯʘʩʪʦʪʘ ʩʦʫʜʘʨʝʥʠʡ, - 

ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ  ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʯʘʩʪʦʪ ʩʦʫʜʘʨʝʥʠʡ 

ʚ D-ʩʣʦʝ ʠʦʥʦʩʬʝʨʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʳ ʧʦ ʜʚʫʤ ʤʦʜʝʣʷʤ: 

1) ʆʙʱʝʧʨʠʥʷʪʦʝ ʜʚʫʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ (Wait and Spies, 1964): 

    (6) 

     (7) 

ʇʘʨʘʤʝʪʨʳ  ʠ  ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʵʤʧʠʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (Ferguson, 1980): 

  (8) 

    (9) 

ʛʜʝ  ï ʩʦʣʥʝʯʥʳʡ ʟʝʥʠʪʥʳʡ ʫʛʦʣ,  ï ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʰʠʨʦʪʘ,  ï ʫʯʝʪ ʩʝʟʦʥʥʳʭ ʚʘʨʠʘʮʠʡ 

(m ï ʥʦʤʝʨ ʤʝʩʷʮʘ),  ï ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ,  ï ʤʘʛʥʠʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ. 

2) ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʘʷ 22-ʢʦʤʧʦʥʝʥʪʥʘʷ ʤʦʜʝʣʴ ʥʠʞʥʠʭ ʩʣʦʝʚ ʠʦʥʦʩʬʝʨʳ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʀɼɻ ʈɸʅ 

ʅʘ ʨʠʩ.1 ʧʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʜʥʝʚʥʳʭ ʠ ʥʦʯʥʳʭ ʧʨʦʬʠʣʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʅʘʙʣʶʜʘʝʪʩʷ 
ʘʙʩʦʣʶʪʥʦʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʠ ʢʘʯʝʩʪʚʝʥʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʧʨʦʬʠʣʝʡ ʥʦʯʥʦʡ ʩʪʦʨʦʥʳ ɿʝʤʣʠ. ʇʨʦʬʠʣʠ 

ʜʥʝʚʥʦʡ ʩʪʦʨʦʥʳ ʩʦʚʧʘʜʘʶʪ ʪʦʣʴʢʦ ʥʘ ʚʳʩʦʪʘʭ 70-100 ʢʤ. 

 

 
 

ʈʠʩʫʥʦʢ 1. ʉʨʘʚʥʝʥʠʝ ʧʨʦʬʠʣʝʡ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦ ʜʚʫʤ ʤʦʜʝʣʷʤ: ʜʣʷ ʜʥʝʚʥʦʡ ʩʪʦʨʦʥʳ ɿʝʤʣʠ 

(ʩʣʝʚʘ), ʜʣʷ ʥʦʯʥʦʡ ʩʪʦʨʦʥʳ ɿʝʤʣʠ (ʩʧʨʘʚʘ). 

 

ʈʝʟʫʣʴʪʘʪʳ 

 
ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʘʢʝʪʝ COMSOL MultiphysicsÈ ʧʨʠ ʧʦʤʦʱʠ ʨʝʰʘʪʝʣʷ MUMPS, ʥʘ 28 ʷʜʝʨʥʦʤ 

ʢʦʤʧʴʶʪʝʨʝ ʩ ʦʙʲʝʤʦʤ ʆɿʋ 256 ɻʙ. ʇʦʣʫʯʝʥʳ ʧʘʨʘʤʝʪʨʳ ʐʫʤʘʥʦʚʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ ʧʦ ʜʚʫʤ ʤʦʜʝʣʷʤ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʠʦʥʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 1, ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ D-ʩʣʦʷ ʜʘʝʪ 

ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʠ ʜʦʙʨʦʪʥʦʩʪʠ, ʙʣʠʟʢʠʝ ʢ ʵʢʩʧʝʨʠʤʝʥʪʫ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʚʫʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʣʠʰʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ. 
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ʊʘʙʣʠʮʘ 1 

ʅʦʤʝʨ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ I  II  III  IV  V 

ʏʘʩʪʦʪʳ ʧʦʣʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʩ ʠʜʝʘʣʴʥʦ 

ʧʨʦʚʦʜʷʱʠʤʠ ʩʪʝʥʢʘʤʠ, ɻʮ 
10,5 18,2 25,7 33,2 40,6 

ʏʘʩʪʦʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ 

ʜʚʫʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ɻʮ 
8,6 15,1 21,6 28,0 34,5 

ʏʘʩʪʦʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ 

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ɻʮ 
7,7 13,7 19,6 25,6 31,5 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ 

(ɹʣʠʦʭ ʠ ʜʨ., 1977), ɻʮ 
7,8 13,8 19,7 25,7 31,7 

 

ɼʦʙʨʦʪʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ 

ʜʚʫʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 
9,1 9,6 10,2 10,0 10,2 

ɼʦʙʨʦʪʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ 

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 
6,3 6,5 6,6 6,5 6,5 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʜʦʙʨʦʪʥʦʩʪʝʡ (ɹʣʠʦʭ ʠ ʜʨ., 1977) 
4,6 6,0 6,6 6,8 6,9 

 

ʉ ʧʦʤʦʱʴʶ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʦʣʫʯʝʥʳ ʧʘʨʘʤʝʪʨʳ D-ʩʣʦʷ ʠʦʥʦʩʬʝʨʳ ʧʨʠ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʢʘʭ. 

ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʨʝʟʦʥʘʪʦʨʘ ʧʦʢʘʟʘʣ ʤʦʥʦʪʦʥʥʳʡ ʨʦʩʪ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʨʝʟʦʥʘʪʦʨʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʠ. ʆʜʥʘʢʦ ʜʘʞʝ ʧʨʠ ʦʯʝʥʴ ʤʦʱʥʳʭ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʢʘʭ ʨʦʩʪ 

ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 5%, ʘʥʘʣʦʛʠʯʥʘʷ ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʜʦʙʨʦʪʥʦʩʪʝʡ. ʅʘ 

ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪ ʧʝʨʚʦʡ ʯʘʩʪʦʪʳ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺ 

ʪʘʙʣ. 2 ʧʨʠʚʝʜʝʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʦʣʥʝʯʥʦʛʦ ʨʝʥʪʛʝʥʘ ʠ ʢʣʘʩʩʦʤ ʚʩʧʳʰʢʠ. 

 

ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʤʦʜ ʧʝʨʚʦʡ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ (7,7 ɻʮ) ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʠ. 

ʊʘʙʣʠʮʘ 2 

ʂʣʘʩʩ ʚʩʧʳʰʢʠ B9 C5 M1 M5 X1 X5 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ,  
      

 

ɺʳʚʦʜʳ 

ʇʦ ʠʪʦʛʘʤ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʝʟʦʥʘʥʩʘ ʐʫʤʘʥʘ ʩʦʟʜʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ ʚ ʩʠʩʪʝʤʝ 

COMSOL MultiphysicsÈ ʜʣʷ ʨʘʩʯʝʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʨʝʟʦʥʘʪʦʨʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʣʦʩʪʴʶ 

ɿʝʤʣʷ-ʠʦʥʦʩʬʝʨʘ, ʚ ʪʨʝʭʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. ʇʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʧʘʨʘʤʝʪʨʦʚ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ ʜʣʷ 

ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʠʦʥʦʩʬʝʨʳ, ʩʦʛʣʘʩʫʶʱʠʝʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ, ʘ ʪʘʢʞʝ ʨʘʩʯʝʪʳ ʧʨʠ ʚʩʧʳʰʢʘʭ ʨʘʟʣʠʯʥʳʭ 



ɺʣʠʷʥʠʝ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʥʘ ʯʘʩʪʦʪʳ ʐʫʤʘʥʦʚʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ 
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ʢʣʘʩʩʦʚ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʚʝʜʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʧʝʨʚʳʭ ʜʚʫʭ ʫʛʣʦʚʳʭ 
ʤʦʤʝʥʪʦʚ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ ʧʝʨʠʦʜʳ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ, ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʚ 

1997-2005 ʛʛ. ʠ ʚ 2015 ʛ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʦʥʝʥʪ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʀʂʌʀɸ 

ʉʆ ʈɸʅ ʤʝʪʦʜ ʛʣʦʙʘʣʴʥʦʡ ʩʲʝʤʢʠ, ʚ ʢʦʪʦʨʦʤ ʤʠʨʦʚʘʷ ʩʝʪʴ ʥʝʡʪʨʦʥʥʳʭ ʤʦʥʠʪʦʨʦʚ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʝʜʠʥʳʡ 

ʤʥʦʛʦʥʘʧʨʘʚʣʝʥʥʳʡ ʜʝʪʝʢʪʦʨ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʘ ʦʩʥʦʚʝ ʙʘʟʳ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʤʠʨʦʚʦʡ ʩʝʪʠ ʥʝʡʪʨʦʥʥʳʭ ʤʦʥʠʪʦʨʦʚ NMDB (http://www.nmdb.eu), ʤʝʪʦʜ ʛʣʦʙʘʣʴʥʦʡ ʩʲʝʤʢʠ ʨʝʘʣʠʟʦʚʘʥ 

ʘʚʪʦʨʘʤʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʚʦʜʠʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʧʨʝʜʠʢʪʦʨʦʚ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʚʦʟʤʫʱʝʥʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʛʥʦʟʘ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʩ Dst < -50 ʥʊ, ʥʘ ʦʩʥʦʚʝ ʥʘʟʝʤʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʧʦ ʘʜʨʝʩʫ 

http://www.ysn.ru/~starodub/SpaceWeather/global_survey_real_time.html. 
 

Abstract. The results of investigation of behavior of first two angular moments of the cosmic ray distribution 

function during geomagnetic storms, which were observed in 1997-2005 and in 2015, are presented. In order to 

define the parameters of the components the method of global survey, which was developed in ShICRA SB RAS, 

was used. The method allows to consider the world-wide network of neutron monitors as a single multidirectional 

detector of cosmic rays. At the current moment, on the basis of world neutron monitor database NMDB 

(http://www.nmdb.eu), the method of global survey is realized in real-time mode and the monitoring of geomagnetic 

disturbance predictors is helding. The results of forecasting of geomagnetic storms with Dst<-50 nT, on the basis of 

ground-based measurements of cosmic rays, are presented in the Internet through the web-link 

http://www.ysn.ru/~starodub/SpaceWeather/global_survey_real_time.html. 

 

ɺʚʝʜʝʥʠʝ 

 
ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʘʨʠʘʮʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ (ʂʃ) 

ʷʚʣʷʝʪʩʷ ʢʦʩʤʠʯʝʩʢʘʷ ʧʦʛʦʜʘ. ɼʣʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʦʙʳʪʠʡ ʧʦʧʘʜʘʥʠʷ ɿʝʤʣʠ ʚ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ 

ʚʦʟʤʫʱʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʚʳʷʚʣʝʥʳ ʧʨʝʜʚʝʩʪʥʠʢʠ - ʭʘʨʘʢʪʝʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʫʛʣʦʚʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʂʃ [1-5]. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʥʝʡʪʨʦʥʥʦʡ ʠ 

ʤʶʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʂʃ ʚ ʦʜʥʦʤ ʧʫʥʢʪʝ ʥʘʙʣʶʜʝʥʠʷ ï ʗʢʫʪʩʢʦʤ ʩʧʝʢʪʨʦʛʨʘʬʝ ʂʃ ʠʤ. ɸ.ʀ. 

ʂʫʟʴʤʠʥʘ, ʘʚʪʦʨʘʤʠ ʙʳʣʘ ʩʦʟʜʘʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʛʥʦʟʘ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʚʦʟʤʫʱʝʥʠʡ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ [6]. ɺ ʨʘʙʦʪʝ [7], ʥʘʤʠ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʡ ʚʝʢʪʦʨʦʚ 

ʨʘʜʠʘʣʴʥʦʡ X11 ʠ ʘʟʠʤʫʪʘʣʴʥʦʡ Y11 ʢʦʤʧʦʥʝʥʪ ʩʫʪʦʯʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʂʃ A11 ʧʝʨʝʜ ʥʘʯʘʣʦʤ 25 ʛʝʦʤʘʛʥʠʪʥʳʭ 

ʙʫʨʴ ʩ ʘʤʧʣʠʪʫʜʦʡ Ò -50ʥʊ, ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʚ 2012-2013 ʛʛ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘ ʧʝʨʠʦʜ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ 

ʜʦ 2-ʭ ʩʫʪʦʢ, ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʙʦʣʴʰʠʥʩʪʚʘ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ, ʚ ʧʦʚʝʜʝʥʠʠ ʵʪʠʭ ʚʝʢʪʦʨʦʚ ʦʪʤʝʯʘʶʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʧʝʨʠʦʜʳ ʩʧʦʢʦʡʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ʆʜʥʘʢʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʠʢʪʦʨʦʚ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʠʤʝʝʪ ʩʝʨʴʝʟʥʳʡ 

ʥʝʜʦʩʪʘʪʦʢ - ʦʥʠ ʧʨʦʷʚʣʷʶʪʩʷ ʠ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ɿʝʤʣʝ ʚʦʟʤʫʱʝʥʠʡ ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜʳ, ʢʦʪʦʨʳʝ ʥʝ 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʛʝʦʤʘʛʥʠʪʥʳʤʠ ʙʫʨʷʤʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʀʂʌʀɸ ʤʝʪʦʜ ʛʣʦʙʘʣʴʥʦʡ ʩʲʝʤʢʠ [8], ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʡ ʤʠʨʦʚʦʡ ʩʝʪʠ ʥʝʡʪʨʦʥʥʳʭ 

ʤʦʥʠʪʦʨʦʚ, ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʧʝʨʚʳʝ 9 ʢʦʤʧʦʥʝʥʪ ʬʫʥʢʮʠʠ ʫʛʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʂʃ ʟʘ ʢʘʞʜʳʡ ʯʘʩ 

ʥʘʙʣʶʜʝʥʠʡ. ʉʦʟʜʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʩʝʪʠ ʥʝʡʪʨʦʥʥʳʭ ʤʦʥʠʪʦʨʦʚ NMDB (http://www.nmdb.eu) 

ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʤʝʪʦʜ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ [8]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʚʝʜʝʥʠʷ ʟʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʂʃ ʉ00, ʉ10 ʠ ʉ20, ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʦʤ ʛʣʦʙʘʣʴʥʦʡ ʩʲʝʤʢʠ, ʚ ʧʝʨʠʦʜʳ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ, ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʚ 1997-2005 ʛʛ. ʠ ʚ 2015 ʛ. 

ʂʦʤʧʦʥʝʥʪʳ ʉ00, ʉ10 ʠ ʉ20 ʦʪʨʘʞʘʶʪ ʟʦʥʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠʟʦʪʨʦʧʥʦʡ ʯʘʩʪʠ ʠ ʧʝʨʚʳʭ ʜʚʫʭ ʩʬʝʨʠʯʝʩʢʠʭ 

ʛʘʨʤʦʥʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʂʃ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʠʣʠ ʨʝʘʣʠʟʦʚʘʪʴ ʤʝʪʦʜʠʢʫ 

ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ (ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʦ ~1 ʩʫʪʦʢ) ʧʨʦʛʥʦʟʘ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

 
ʂʦʣʝʙʘʥʠʷ ʯʘʩʦʚʳʭ ʟʥʘʯʝʥʠʡ ʘʤʧʣʠʪʫʜ ʟʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ C00, C10, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʛʣʦʙʘʣʴʥʦʡ 

ʩʲʝʤʢʠ ʚ ʩʧʦʢʦʡʥʳʝ ʦʪ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʧʝʨʠʦʜʳ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʧʨʦʠʩʭʦʜʷʪ ʚ ʧʨʝʜʝʣʘʭ ʜʦ 

mailto:grig@ikfia.sbras.ru
http://www.nmdb.eu/
http://www.ysn.ru/~starodub/SpaceWeather/global_survey_real_time.html
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Ñ0.4% ʜʣʷ ʤʠʥʠʤʫʤʘ ʠ Ñ0.7% ʜʣʷ ʤʘʢʩʠʤʫʤʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ [9]. ɺ ʧʝʨʠʦʜʳ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ 

ʢʦʣʝʙʘʥʠʷ ʘʤʧʣʠʪʫʜ ʫʢʘʟʘʥʥʳʭ ʟʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ 

ʦʥʠ ʥʘʙʣʶʜʘʶʪʩʷ ʝʱʝ ʜʦ ʥʘʯʘʣʘ ʛʣʘʚʥʦʡ ʬʘʟʳ ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʛʝʦʤʘʛʥʠʪʥʦʛʦ 

ʚʦʟʤʫʱʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ, ʚ ʦʩʥʦʚʥʦʤ, ʫʚʝʣʠʯʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʘʤʧʣʠʪʫʜʳ, ʘ ʟʘʪʝʤ ʦʪʨʠʮʘʪʝʣʴʥʦʡ, 

ʢʦʪʦʨʘʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫʞʝ ʥʘ ʬʘʟʝ ʧʦʥʠʞʝʥʠʷ Dst-ʠʥʜʝʢʩʘ ʛʝʦʤʘʛʥʠʪʥʦʡ ʚʦʟʤʫʱʝʥʥʦʩʪʠ (ʈʠʩ. 1). 

 

 
 

ʈʠʩʫʥʦʢ 1. Dst-ʚʘʨʠʘʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʦʚʝʜʝʥʠʝ ʟʦʥʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ C00 ʚ ʚʦʟʤʫʱʝʥʥʳʝ 

ʧʝʨʠʦʜʳ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʣʷ ʤʠʥʠʤʫʤʘ (ʘ) ʠ ʤʘʢʩʠʤʫʤʘ (ʙ) ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ.  

 

 
ʈʠʩʫʥʦʢ. 2. ʇʨʠʤʝʨʳ Dst-ʚʘʨʠʘʮʠʠ ʠ ʚʦʟʨʘʩʪʘʥʠʡ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʘʤʧʣʠʪʫʜ ʨʘʟʣʠʯʥʳʭ ʟʦʥʘʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʂʃ ʚʦ ʚʨʝʤʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ. 



ɺ.ɻ. ɻʨʠʛʦʨʴʝʚ ʠ ʜʨ. 
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ʇʨʠ ʵʪʦʤ ʙʳʣʦ ʦʪʤʝʯʝʥʦ [9], ʯʪʦ ʧʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ʧʦʚʝʜʝʥʠʷ ʢʦʤʧʦʥʝʥʪ C00 ʠ C10 ʚ ʧʝʨʠʦʜʳ 56 ʙʦʣʴʰʠʭ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ, ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʚ 1997-2005 ʛʛ., ʚʝʨʦʷʪʥʦʩʪʴ ʠ ʩʨʝʜʥʷʷ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʩʪʴ 

ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʝʜʠʢʪʦʨʘ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʩ ʘʤʧʣʠʪʫʜʦʡ Dst Ò -100 ʥʊ ʩʦʩʪʘʚʣʷʶʪ 

0.75 ʠ 10 ʯʘʩʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ 3-ʭ ʟʦʥʘʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʉ00, ʉ10 ʠ ʉ20 ʜʦ ʥʘʯʘʣʘ ʠ ʚ ʧʝʨʠʦʜʳ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ, ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʚ 2015 ʛ., ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ (>0.7%) ʣʶʙʦʡ ʦʜʥʦʡ ʠʟ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ 

ʧʨʝʜʰʝʩʪʚʫʝʪ ʥʘʯʘʣʫ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ. ʇʨʠ ʵʪʦʤ ʫʢʘʟʘʥʥʳʝ ʫʚʝʣʠʯʝʥʠʷ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʦʜʥʦʡ, ʜʚʫʭ ʠʣʠ 

ʚʦ ʚʩʝʭ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʂʃ - ʉ00, ʉ10 ʠ ʉ20. ɸʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʵʪʠʭ ʚʦʟʨʘʩʪʘʥʠʡ, ʧʦʟʚʦʣʠʣ 

ʚʳʨʘʙʦʪʘʪʴ ʪʘʢʞʝ ʢʨʠʪʝʨʠʡ ʜʣʷ ʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʩʫʤʤʳ (>0.8%) ʠ ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ ʧʨʝʜʠʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ. ʅʘ ʈʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʧʦʚʝʜʝʥʠʷ ʚʘʨʠʘʮʠʠ Dst-ʠʥʜʝʢʩʘ 

ʚʦ ʚʨʝʤʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʠ ʚʦʟʨʘʩʪʘʥʠʡ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʘʤʧʣʠʪʫʜ ʦʪʜʝʣʴʥʦʡ ʠ ʩʫʤʤʳ 

ʨʘʟʣʠʯʥʳʭ ʟʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʂʃ, ʢʦʪʦʨʳʝ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʢʘʢ ʧʨʝʜʠʢʪʦʨʳ 

ʚʦʟʤʫʱʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɻʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʰʪʨʠʭʦʚʳʤʠ ʣʠʥʠʷʤʠ ʫʢʘʟʘʥʳ ʫʨʦʚʥʠ, ʧʨʝʚʳʰʝʥʠʷ ʥʘʜ 

ʢʦʪʦʨʳʤʠ ʦʪʜʝʣʴʥʳʭ ʠʣʠ ʩʫʤʤʘʨʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʟʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʫʢʘʟʘʥʠʝʤ ʥʘ ʧʦʷʚʣʝʥʠʝ ʧʨʝʜʠʢʪʦʨʘ ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ.  

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʈʠʩ. 2, ʧʨʝʜʠʢʪʦʨʦʤ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʥʘʙʣʶʜʘʝʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʘʢ 

ʦʜʥʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ (ʘ, ʚ), ʪʘʢ ʠ ʩʫʤʤʳ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʘʟʣʠʯʥʳʭ ʜʚʫʭ (ʛ) ʠʣʠ ʚʩʝʭ ʪʨʝʭ ʟʦʥʘʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʉ00, ʉ10 ʠ ʉ20 (ʙ). ɺ ʧʨʠʚʝʜʝʥʥʳʭ ʧʨʠʤʝʨʘʭ, ʧʝʨʠʦʜʳ ʦʧʝʨʝʞʝʥʠʷ ʧʨʝʜʠʢʪʦʨʘʤʠ ʥʘʯʘʣʘ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʩʦʩʪʘʚʣʷʶʪ ʦʪ 3-ʭ ʯʘʩʦʚ ʜʦ 1.5 ʩʫʪʦʢ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 25 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ, ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʚ 2015 ʛ. ʩ ʘʤʧʣʠʪʫʜʘʤʠ Dst < -50 ʥʊ, ʧʨʝʜʠʢʪʦʨʳ ʠʤʝʣʠ 19 

ʚʦʟʤʫʱʝʥʠʡ (ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʩʦʩʪʘʚʠʣʘ å0.75). ʇʨʠ ʵʪʦʤ, ʜʣʷ 4 ʙʫʨʴ ʩ ʘʤʧʣʠʪʫʜʦʡ Dst < - 100 ʥʊ, ʦʥʘ 

ʨʘʚʥʘ 1. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʷʚʣʝʥʠʡ ʣʦʞʥʳʭ ʧʨʝʜʠʢʪʦʨʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 20% ʦʪ 

ʠʭ ʦʙʱʝʛʦ ʯʠʩʣʘ. 

 

 
ʈʠʩʫʥʦʢ 3. ʇʨʠʤʝʨ ʧʨʦʛʥʦʟʘ ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ ʚ ʦʢʪʷʙʨʝ 2016 ʛ. 

 
 

 
 

ʈʠʩʫʥʦʢ 4. ʇʨʦʷʚʣʝʥʠʝ ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ 13 ʦʢʪʷʙʨʷ 2016 ʛ. ʚ Dst-ʠʥʜʝʢʩʝ (http://wdc.kugi.kyoto-

u.ac.jp/dst_realtime/presentmonth/index.html). 

 



ʅʘʟʝʤʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʠ ʧʨʦʛʥʦʟ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʛʣʦʙʘʣʴʥʦʡ ʩʲʝʤʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ NMDB, ʥʘʤʠ 

ʧʨʦʚʦʜʠʪʩʷ ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʂʃ ʠ ʧʨʦʛʥʦʟ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ. ʀʭ ʨʝʟʫʣʴʪʘʪʳ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʜʦʩʪʫʧʥʳ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ http://www.ysn.ru/~starodub/SpaceWeather/global_survey_real_time.html. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʥʘ ʈʠʩ. 3 ʧʨʠʚʝʜʝʥ ʩʢʨʠʥ-ʰʦʪ ʚʝʙ-ʩʪʨʘʥʠʮʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʝʢʫʱʠʭ 

ʯʘʩʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʘʥʠʟʦʪʨʦʧʠʠ ʂʃ ʚ ʦʢʪʷʙʨʝ 2016 ʛ. ʅʘ ʥʝʤ ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ 

ʠʟʦʪʨʦʧʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (CR intensity), ʘʟʠʤʫʪʘʣʴʥʦʡ Ay, ʨʘʜʠʘʣʴʥʦʡ Ax ʠ ʩʝʚʝʨʦ-ʶʞʥʦʡ Az ʢʦʤʧʦʥʝʥʪ 

ʩʫʪʦʯʥʦʡ ʚʘʨʠʘʮʠʠ ʂʃ ʚ GSE ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ɺʝʨʪʠʢʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ʫʢʘʟʘʥʳ ʦʰʠʙʢʠ. ɺʥʠʟʫ ʈʠʩ. 3 

ʚʳʚʝʜʝʥʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʤ ʥʘʯʘʣʝ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ ʚ ʪʝʯʝʥʠʝ ʙʣʠʞʘʡʰʠʭ ʩʫʪʦʢ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʦʛʣʘʩʥʦ ʠʥʬʦʨʤʘʮʠʠ ʤʠʨʦʚʦʛʦ ʮʝʥʪʨʘ ʜʘʥʥʳʭ ʧʦ ʛʝʦʤʘʛʥʝʪʠʟʤʫ (ʛ. ʂʠʦʪʦ, ʗʧʦʥʠʷ) ʩʧʫʩʪʷ 

7 ʯʘʩʦʚ ʧʦʩʣʝ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʥʘʯʘʣʘʩʴ ʤʘʛʥʠʪʥʘʷ ʙʫʨʷ (ʈʠʩ. 4). 

 

ɿʘʢʣʶʯʝʥʠʝ 
 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʧʦʚʝʜʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʂʃ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ 

ʛʣʦʙʘʣʴʥʦʡ ʩʲʝʤʢʠ ʥʘ ʦʩʥʦʚʝ ʙʘʟʳ ʜʘʥʥʳʭ ʥʝʡʪʨʦʥʥʳʭ ʤʦʥʠʪʦʨʦʚ NMDB ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, 

ʨʝʘʣʠʟʦʚʘʥʘ ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ ʧʨʦʛʥʦʟʘ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ. 

 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʌʌʀ ˉ15-42-05085-ʨ_ʚʦʩʪʦʢ_ʘ, 15-42-05083-

ʨ_ʚʦʩʪʦʢ_ʘ ʠ ʇʨʦʛʨʘʤʤʳ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉ23. ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʷʪ ʢʦʤʘʥʜʫ NMDB-database 

(http://www.nmdb.eu), ʧʦʜʜʝʨʞʘʥʥʫʶ ʧʨʦʛʨʘʤʤʦʡ FP7 ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʦʶʟʘ (ʢʦʥʪʨʘʢʪ ˉ 213007), ʟʘ 

ʦʙʝʩʧʝʯʝʥʠʝ ʜʘʥʥʳʤʠ ʤʠʨʦʚʦʡ ʩʝʪʠ ʥʝʡʪʨʦʥʥʳʭ ʤʦʥʠʪʦʨʦʚ ʠ ʤʠʨʦʚʦʡ ʮʝʥʪʨ ʜʘʥʥʳʭ ʧʦ ʛʝʦʤʘʛʥʝʪʠʟʤʫ  

(ʛ. ʂʠʦʪʦ, ʗʧʦʥʠʷ) ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʙʘʟʦʚʳʝ ʧʨʠʥʮʠʧʳ ʦʨʛʘʥʠʟʘʮʠʠ ʚʥʝʰʥʝʛʦ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ ʠ 

ʫʩʪʨʦʡʩʪʚʘ ʠʦʥʦʟʦʥʜʦʚ ʜʣʷ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʥʘ ʚʳʩʦʢʦʵʣʣʠʧʪʠʯʝʩʢʦʡ ʦʨʙʠʪʝ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ 

ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʛʦ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʩʧʦʩʦʙʳ ʠʭ ʧʨʝʦʜʦʣʝʥʠʷ. 
 

Abstract. Basic organize principles of the topside ionosphere sounding with the high elliptical orbit spacecraft are 

looking. The difficulties of this method are analysed and proposed way of solutions.   

  

ʄʦʥʠʪʦʨʠʥʛ ʘʨʢʪʠʯʝʩʢʦʡ ʠʦʥʦʩʬʝʨʳ ʩʧʫʪʥʠʢʦʚʳʤʠ ʠʦʥʦʟʦʥʜʘʤʠ ʥʘ ʚʳʩʦʢʦʵʣʣʠʧʪʠʯʝʩʢʠʭ ʦʨʙʠʪʘʭ ʜʝʣʘʝʪ 

ʚʦʟʤʦʞʥʳʤ ʥʝʧʨʝʨʳʚʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʟʦʥʳ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ 

ʜʠʥʘʤʠʢʫ ʨʘʟʚʠʪʠʷ ʠʦʥʦʩʬʝʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ʚʦʧʨʦʩʘʭ:   

1. ɺʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

2. ʆʩʣʘʙʣʝʥʠʝ ʨʘʜʠʦʚʦʣʥ. 

3. ʋʚʝʣʠʯʝʥʠʝ ʦʙʣʘʩʪʠ ʦʪʨʘʞʝʥʠʷ ʩʠʛʥʘʣʦʚ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʚʳʩʦʢʦʵʣʣʠʧʪʠʯʝʩʢʠʭ ʦʨʙʠʪʘʭ (ɺʕʆ) ʚ ʘʨʢʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ ʈʌ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʤʝʱʝʥʠʝ ʠʦʥʦʟʦʥʜʘ ʥʘ ʜʚʫʭ ʩʧʫʪʥʠʢʘʭ çɸʨʢʪʠʢʘïʄè ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʦʨʙʠʪ:  

 

ɺʳʩʦʪʘ ʘʧʦʛʝʷ, ʢʤ 40 000 

ɺʳʩʦʪʘ ʧʝʨʠʛʝʷ, ʢʤ 1 000 

ʅʘʢʣʦʥʝʥʠʝ, ʛʨʘʜ 63 

ʇʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ, ʯʘʩʦʚ 12 

 

ɺʦʩʭʦʜʷʱʠʡ ʫʟʝʣ ʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩʦʚʧʘʜʘʝʪ ʩ ʥʠʩʭʦʜʷʱʠʤ ʫʟʣʦʤ ʜʨʫʛʦʛʦ.  ʈʘʩʧʦʣʦʞʝʥʠʝ ʨʘʙʦʯʠʭ ʫʯʘʩʪʢʦʚ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘ 3,2 ʯʘʩʘ ʜʦ ʘʧʦʛʝʷ ʠ 3,2 ʯʘʩʘ ʧʦʩʣʝ ʘʧʦʛʝʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʩ 

ʧʝʨʝʢʨʳʪʠʝʤ 0,2 ʯʘʩʘ ʥʘʭʦʞʜʝʥʠʝ ʥʘ ʨʘʙʦʯʝʤ ʫʯʘʩʪʢʝ ʦʜʥʦʛʦ ʠʟ ʩʧʫʪʥʠʢʦʚ ʩʠʩʪʝʤʳ.   

 

  
   ʘ                                                                                  ʙ 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʚʳʩʦʢʦʵʣʣʠʧʪʠʯʝʩʢʦʡ ʦʨʙʠʪʳ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ çɸʨʢʪʠʢʘ-ʄè.  

ʘ ï ʦʙʱʠʡ ʚʠʜ; ʙ ï ʪʨʘʝʢʪʦʨʠʷ (ʢʨʘʩʥʳʤ ʫʢʘʟʘʥʦ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʯʝʨʥʳʤ ʯʘʩʳ). 

 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʦ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʨʙʠʪ ʩʧʫʪʥʠʢʦʚ çɸʨʢʪʠʢʘ- ʄè ˉ1 ʠ ˉ2, ʘ ʪʘʢʞʝ 

ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ (ʪʦʯʢʠ ʩʪʦʷʪ ʯʝʨʝʟ ʢʘʞʜʳʡ ʯʘʩ).  
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ʈʘʩʩʤʦʪʨʠʤ ʠʭ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʧʨʦʙʣʝʤʳ ʚ ʧʨʠʣʦʞʝʥʠʠ ʢʦʥʢʨʝʪʥʦʡ ɺʕʆ.  

1. ʇʨʠ ʚʳʩʦʢʦʦʨʙʠʪʘʣʴʥʦʤ ʚʥʝʰʥʝʤ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʠ ʘʨʢʪʠʯʝʩʢʦʡ ʠʦʥʦʩʬʝʨʳ ʚ ʘʧʦʛʝʝ ʪʨʘʝʢʪʦʨʠʠ 
ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʦ ʦʪʨʘʞʝʥʠʷ ʠ ʦʙʨʘʪʥʦ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʧʫʪʥʠʢʘʤʠ ʥʘ 

ʢʨʫʛʦʚʳʭ ʦʨʙʠʪʘʭ ʩ ʚʳʩʦʪʦʡ ʦʢʦʣʦ 1000 ʢʤ. ʕʪʘ ʪʨʫʜʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʨʝʰʝʥʘ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʧʝʮʠʘʣʴʥʳʭ ʚʠʜʦʚ ʢʦʜʠʨʦʚʘʥʠʷ ʨʘʜʠʦʩʠʛʥʘʣʦʚ [1]. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʌʂʄ-ʠʤʧʫʣʴʩʳ. ʇʨʠ 

ʵʪʦʤ ʟʘʧʦʣʥʷʶʪʩʷ ʧʨʦʤʝʞʫʪʢʠ çʧʫʩʪʦʛʦè ʚʨʝʤʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʝʞʜʫ ʟʦʥʜʠʨʫʶʱʠʤʠ ʠʤʧʫʣʴʩʘʤʠ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ, ʥʝ ʜʦʞʠʜʘʷʩʴ ʦʪʢʣʠʢʘ ʠʦʥʦʩʬʝʨʥʦʛʦ ʵʭʘ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ʨʝʛʠʩʪʨʘʮʠʠ ʠʦʥʦʛʨʘʤʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʝʤʝʥʥʦʡ ʜʘʣʴʥʦʩʪʠ ʜʦ ʠʦʥʦʩʬʝʨʳ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩʧʫʪʥʠʢʘ ʧʦ 

ʦʨʙʠʪʝ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʥʘ ʠʦʥʦʛʨʘʤʤʘʭ çʧʫʩʪʦʛʦè ʧʨʦʩʪʨʘʥʩʪʚʘ, ʥʘ ʢʦʪʦʨʦʤ ʦʪʩʫʪʩʪʚʫʶʪ ʩʣʝʜʳ 

ʦʪʨʘʞʝʥʥʳʭ ʩʠʛʥʘʣʦʚ. ɼʣʷ ʩʧʫʪʥʠʢʦʚ çɸʨʢʪʠʢʘ-ʄè ʧʨʦʠʟʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʢʘʩʘʶʱʠʭʩʷ ʨʝʘʣʠʟʘʮʠʠ ʩʭʝʤʳ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʨʘʩʯʝʪʳ ʟʘʧʦʣʥʝʥʠʷ, ʨʘʩʯʝʪʳ ʵʥʝʨʛʝʪʠʢʠ, ʧʘʨʘʤʝʪʨʳ 

ʌʂʄ.  
 

2.  ʕʭʦ-ʩʠʛʥʘʣʳ ʦʪ ʚʳʩʦʪ ʚʙʣʠʟʠ ʘʧʦʛʝʷ ʙʫʜʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʘʙʣʝʥʳ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʜʘʣʴʥʦʩʪʠ 40 000 ʢʤ 

(ʩʧʫʪʥʠʢʠ çɸʨʢʪʠʢʘ-ʄè) ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 1-20 ʄɻʮ ʦʩʣʘʙʣʝʥʠʝ ʠʟ-ʟʘ ʩʬʝʨʠʯʥʦʩʪʠ ʬʨʦʥʪʘ 

ʨʘʜʠʦʚʦʣʥʳ ʥʘ ʧʫʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʧʫʪʥʠʢïʠʦʥʦʩʬʝʨʘïʩʧʫʪʥʠʢ ʩʦʩʪʘʚʠʪ ʦʪ 120 ʜɹ (1 ʄɻʮ) ʜʦ 160 ʜɹ (20 

ʄʛʮ). ʈʝʰʝʥʠʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ ʚʠʜʝ ʢʦʤʙʠʥʘʮʠʠ ʧʦʜʭʦʜʦʚ: ʠʩʧʦʣʴʟʫʝʪʩʷ ʌʂʄ ʩʠʛʥʘʣʳ, ʧʨʠʤʝʥʷʶʪʩʷ ʩʭʝʤʳ 

ʥʘʢʦʧʣʝʥʠʷ ʠʤʧʫʣʴʩʦʚ [1, 2] ʠ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʨʪʦʚʳʭ ʘʥʪʝʥʥ ʩ ʥʘʧʨʘʚʣʝʥʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. ɺ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʫʢʘʟʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʛʜʝ ʦʩʣʘʙʣʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʝʝ, ʘ ʟʦʥʜʠʨʫʶʱʠʝ ʠʤʧʫʣʴʩʳ 

ʙʫʜʫʪ ʠʤʝʪʴ ʯʘʩʪʦʪʫ ʟʘʚʝʜʦʤʦ ʙʦʣʴʰʫʶ ʧʣʘʟʤʝʥʥʦʡ, ʧʣʘʥʠʨʫʝʪʩʷ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʚʥʝʰʥʝʤʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ 

ʟʦʥʜʠʨʦʚʘʥʠʶ ʨʝʘʣʠʟʦʚʘʪʴ ʨʝʛʠʩʪʨʘʮʠʶ ʠʦʥʦʛʨʘʤʤ ʚʥʝʰʥʝʛʦ ʪʨʘʥʩʠʦʥʦʩʬʝʨʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʥʘ 

ʥʘʟʝʤʥʳʭ ʧʫʥʢʪʘʭ ʧʨʠʝʤʘ. ʕʪʦ ʯʘʩʪʠʯʥʦ ʨʘʟʨʝʰʠʪ ʪʘʢʞʝ ʩʣʝʜʫʶʱʫʶ ʧʨʦʙʣʝʤʫ. 
 

3. ʋʚʝʣʠʯʝʥʠʝ ʦʙʣʘʩʪʠ ʦʪʨʘʞʝʥʠʷ ʩʠʛʥʘʣʦʚ. ʆʪʨʘʞʝʥʥʳʡ ʦʪ ʠʦʥʦʩʬʝʨʳ ʩʠʛʥʘʣ ʬʦʨʤʠʨʫʝʪʩʷ ʦʙʣʘʩʪʴʶ, 
ʨʘʟʤʝʨʳ ʢʦʪʦʨʦʡ ʩʦʚʧʘʜʘʶʪ ʩ ʨʘʟʤʝʨʘʤʠ ʧʝʨʚʦʡ ʟʦʥʳ ʌʨʝʥʝʣʷ. ʇʨʠ ʚʳʩʦʢʦʵʣʣʠʧʪʠʯʝʩʢʦʡ ʦʨʙʠʪʝ 

ʠʦʥʦʟʦʥʜʘ ʵʪʘ ʦʙʣʘʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʦʥʦʟʦʥʜʘ ʥʘʜ ɿʝʤʣʝʡ ʚ ʨʘʟʤʝʨʘʭ. 

ʋʩʣʦʚʠʝ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠʦʥʦʩʬʝʨʳ ʚ ʟʦʥʝ ʦʪʨʘʞʝʥʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʧʫʪʥʠʢʘ ʪʘʢʞʝ 

ʤʝʥʷʶʪʩʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʜʦʣʷ ʨʘʩʩʝʷʥʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ ʠʦʥʦʟʦʥʜʘ ʙʫʜʝʪ 

ʨʘʩʪʠ. ʆʜʥʘʢʦ, ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ ʀʉɿ çImageè [4] ʧʦʢʘʟʘʣ, ʯʪʦ ʜʦ ʚʳʩʦʪ ʚ 5 ʟʝʤʥʳʭ ʨʘʜʠʫʩʦʚ ʥʘʙʣʶʜʘʝʪʩʷ 

ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʩʠʛʥʘʣ ʩ ʜʦʣʝʡ ʨʘʩʩʝʷʥʠʷ, ʢʦʪʦʨʘʷ ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʯʝʪʫ Nh-ʧʨʦʬʠʣʝʡ 

ʠʦʥʦʩʬʝʨʳ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʦʥʦʛʨʘʤʤ ʚʥʝʰʥʝʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʩ ʚʳʩʦʪ 40 000 ʢʤ, ʩ ʫʯʝʪʦʤ ʠʦʥʦʩʬʝʨʥʳʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʨʘʟʤʝʨʦʚ ʧʦʨʷʜʢʘ ʜʠʘʤʝʪʨʘ ʧʝʨʚʦʡ ʟʦʥʦʡ ʌʨʝʥʝʣʷ, ʧʨʦʚʝʜʝʥʥʦʝ ʚ [1] ʧʦʢʘʟʳʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʪʘʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʥʝʰʥʝʛʦ 

ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2.  

 

 
ʘ                            ʙ       ʚ 

ʈʠʩʫʥʦʢ 2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ ʠʟ ʘʧʦʛʝʷ ʚʳʩʦʢʦʵʣʣʠʧʪʠʯʝʩʢʦʡ ʦʨʙʠʪʳ (ʚʳʩʦʪʘ ʥʘʜ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ɿʝʤʣʠ 40 000 ʢʤ) ʘ) ʨʘʩʯʝʪ ʣʫʯʝʚʳʭ ʪʨʘʝʢʪʦʨʠʡ ʥʘ ʯʘʩʪʦʪʝ 7,5 ʄɻʮ ; ʙ) ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ Nh-ʧʨʦʬʠʣʴ ʧʣʘʟʤʝʥʥʳʭ ʯʘʩʪʦʪ; ʚ) ʤʦʜʝʣʴʥʘʷ ʠʦʥʦʛʨʘʤʤʘ.  

 
ɼʣʷ ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʨʪʦʚʦʡ ʚʘʨʠʘʥʪ ʠʦʥʦʟʦʥʜʘ çʊʦʤʠʦʥè [3]. ʇʨʠʤʝʥʷʝʪʩʷ 

ʠʟʣʫʯʝʥʠʝ ʟʦʥʜʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ ʩʨʘʟʫ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʥʝʢʨʘʪʥʳʭ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪʘʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʚʳʜʝʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʬʠʣʴʪʨʘʮʠʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʨʝʛʠʩʪʨʘʮʠʠ ʠʦʥʦʛʨʘʤʤʳ. ʇʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʫʭʢʘʥʘʣʴʥʳʡ ʧʨʠʝʤʥʠʢ ʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʫʶ ʘʥʪʝʥʥʫʶ ʩʠʩʪʝʤʫ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʟʜʝʣʝʥʠʷ 

ʦʙʝʠʭ ʤʘʛʥʠʪʦʨʘʩʱʝʧʣʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪ ʵʭʦ-ʩʠʛʥʘʣʘ. 
ʇʨʠʥʷʪʳʡ ʘʥʪʝʥʥʦʡ ʵʭʦ-ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ ʚ ʧʝʨʝʢʣʶʯʘʪʝʣʴ (ʢʦʤʤʫʪʘʪʦʨ), ʟʘʪʝʤ ʥʘ ʚʭʦʜ ʧʨʝʩʝʣʝʢʪʦʨʘ, ʚ 

ʢʦʪʦʨʦʤ ʧʦʜʘʚʣʷʶʪʩʷ ʯʘʩʪʦʪʳ ʚʥʝ ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ. ʆʥ ʫʩʠʣʠʚʘʝʪʩʷ ʥʠʟʢʦʰʫʤʷʱʠʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ 

ʫʩʠʣʠʪʝʣʝʤ ʠ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜʘ ʩʫʧʝʨʛʝʪʝʨʦʜʠʥʥʳʭ ʧʨʠʸʤʥʠʢʦʚ ʩ ʜʚʦʡʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʯʘʩʪʦʪʳ (M 

ʰʪʫʢ). ʂʦʣʠʯʝʩʪʚʦ ʢʘʥʘʣʦʚ M ʚʳʙʠʨʘʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʯʠʩʣʘ ʠʟʣʫʯʘʝʤʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʛʨʫʧʧʝ ʯʘʩʪʦʪ ʠ 

ʧʦʣʦʩʳ ʦʮʠʬʨʦʚʢʠ ɸʎʇ. ʆʧʦʨʥʳʝ ʯʘʩʪʦʪʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʝʨʝʥʦʩʘ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʯʘʩʪʦʪʳ f1.M ʠ 
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f1.M ʬʦʨʤʠʨʫʶʪʩʷ ʩʠʥʪʝʟʘʪʦʨʘʤʠ ʯʘʩʪʦʪ, ʫʯʘʩʪʚʫʶʱʠʤʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʤʧʫʣʴʩʘ ʥʘ 

ʧʝʨʝʜʘʪʯʠʢʝ [1]. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʦʧʠʩʘʥʥʳʡ ʘʣʛʦʨʠʪʤ.  

 

 

ʫʩʠʣʠʪʝʣʴ

ʉʠʥʪʝʟʘʪʦʨ
ʯʘʩʪʦʪ1

ʉʠʛʥʘʣʴʥʳʡ
ʧʨʦʮʝʩʩʦʨ

ɸʪʪʝʥʶʘʪʦʨ1

ɸʪʪʝʥʶʘʪʦʨ2

ɸʪʪʝʥʶʘʪʦʨM

ɸʎʇ1

ɸʎʇ2

ɸʎʇM

ʢ ʘʥʪʝʥʥʝ
ʇʝʨʝʢʣʶʯʘʪʝʣʴ

ʂʦʥʪʨʦʣʣʝʨ

ʦʪ ʧʝʨʝʜʘʪʯʠʢʘ

f f f1 2, ,..., N

f
f

f
1

2
, 

,.
..
, 

N

fʧʯ2.M

( ,..., f f2 2 ʧʯ1 1.2L)°f

( ,..., f fM ML M1 1.)°fʧʯ

f f0,..., L

f f0,..., L

f f0,..., L

ʉʤʝʩʠʪʝʣʴ2.1ʋʇʏ1.1ʉʤʝʩʠʪʝʣʴ1.1 ʋʇʏ.12

ʉʤʝʩʠʪʝʣʴ2.2ʋʇʏ1.2ʉʤʝʩʠʪʝʣʴ1.2 ʋʇʏ.2 2

ʉʤʝʩʠʪʝʣʴ2.Mʋʇʏ1.Mʉʤʝʩʠʪʝʣʴ1.M ʋʇʏ.2 M

( ,..., f f11 1 1.1L)+fʧʯ

fʧʯ2.2

fʧʯ2.1
fʧʯ1.1

fʧʯ1.2

fʧʯ1.Mʉʠʥʪʝʟʘʪʦʨ
ʯʘʩʪʦʪ2

ʂʘʥʘʣ 1
ʂʘʥʘʣ 2

ʚ ʢʘʥʘʣ 2

ʚ ʢʘʥʘʣ 2

ʇʨʠʸʤʥʠʢ

 ʈʠʩʫʥʦʢ 3. ʉʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʙʦʨʪʦʚʦʛʦ ʠʦʥʦʟʦʥʜʘ ʜʣʷ ʚʳʩʦʢʦʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʩʧʫʪʥʠʢʘ.  

 
ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʭʝʤʘ ʙʦʨʪʦʚʦʛʦ ʠʦʥʦʟʦʥʜʘ ʦʪʨʘʙʘʪʳʚʘʝʪʩʷ (ʩʠʤʫʣʠʨʫʝʪʩʷ) ʥʘ ʠʦʥʦʟʦʥʜʝ ʥʘʟʝʤʥʦʛʦ 

ʙʘʟʠʨʦʚʘʥʠʷ çʊʦʤʠʦʥè ʠ ʦʪʨʘʞʝʥʠʷʭ ʦʪ ʚʥʫʪʨʝʥʥʝʡ ʠʦʥʦʩʬʝʨʳ, ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ɺɿ.  
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ 15-29-06052. 
 

 
ʃʠʪʝʨʘʪʫʨʘ 

 

1. ʅ.ʇ. ɼʘʥʠʣʢʠʥ, ɻ.ɸ. ɾʙʘʥʢʦʚ, ʉ.ɺ. ɾʫʨʘʚʣʝʚ, ʅ.ɻ. ʂʦʪʦʥʘʝʚʘ, ɺ.ɹ. ʃʘʧʰʠʥ, ʀ.ɺ. ʈʦʤʘʥʦʚ ʄʦʥʠʪʦʨʠʥʛ 

ʠʦʥʦʩʬʝʨʳ ʚ ɸʨʢʪʠʢʝ ʥʘ ʦʩʥʦʚʝ ʩʧʫʪʥʠʢʦʚʳʭ ʠʦʥʦʟʦʥʜʦʚ // ɻʝʣʠʦʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 14, ʩ 31ï 

45, 2015 

2. ʉ.ɸ. ʂʦʣʝʩʥʠʢ, ʀ.ɺ. ʈʦʤʘʥʦʚ, ʄ.ɺ. ʇʠʢʘʣʦʚ, ʈ.ʂ. ʍʘʠʪʦʚ, ʄ.ʖ. ʌʠʣʠʧʧʦʚ ʄʠʥʠʤʠʟʘʮʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʩʝʘʥʩʘ ʚʥʝʰʥʝʛʦ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ ʩ ʀʉɿ ʥʘ ʚʳʩʦʢʦʵʣʣʠʧʪʠʯʝʩʢʦʡ ʦʨʙʠʪʝ // 

ɻʝʣʠʦʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 14, ʩ 46ï 52, 2016  

3. ʉ.ɸ. ʂʦʣʝʩʥʠʢ, ɸ.ɸ. ʂʦʣʤʘʢʦʚ, ɺ.ʊ. ʉʘʨʳʯʝʚ, ʈ.ʂ. ʍʘʠʪʦʚ ʉʝʪʝʚʦʡ ʠʦʥʦʟʦʥʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʦʩʬʝʨʳ ɿʝʤʣʠ // ɻʝʣʠʦʛʝʦʬʠʟʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, 4, ʩ 90ï100. 2013 

4. B.W. Reinisch, ets. ñFirst results from the Radio Plasma Imager on IMAGEò Geophysical Research Letters 28(6) 

Ŀ March 2001. 

 



çɻʝʣʠʦʛʝʦʬʠʟʠʢʘ ʚ ɸʨʢʪʠʢʝè. ʊʨʫʜʳ ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ɸʧʘʪʠʪʳ, 19-23 ʩʝʥʪʷʙʨʷ 2016, ʩ. 26-29. 

É ʇʦʣʷʨʥʳʡ ʛʝʦʬʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʈʦʩʩʠʡʩʢʘʷ ɸʢʘʜʝʤʠʷ ʥʘʫʢ, 2016  

 

26 

ɺʓʉʆʂʆʕʅɽʈɻʀʅʓɽ ʀɿʃʋʏɽʅʀʗ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓʍ 

ʈɸɿʈʗɼʆɺ ɺ ʇʆʃʗʈʅʆʄ ʈɽɻʀʆʅɽ ʇʆ ɼɸʅʅʓʄ ʅɸɿɽʄʅʓʍ  

ʀ ʂʆʉʄʀʏɽʉʂʀʍ ʕʂʉʇɽʈʀʄɽʅʊʆɺ  
 

ɸ.ʌ. ʀʶʜʠʥ1, ɺ.ɺ. ɹʦʛʦʤʦʣʦʚ1, 2, ɻ.ɻ. ɻʘʨʠʧʦʚ1, ʀ.ɸ. ʄʘʢʩʠʤʦʚ1, ɸ.ʂ. ʄʘʨʢʝʣʦʚʘ1, ʂ.ʖ. ʉʘʣʝʝʚ1,2, 

ʉ.ʀ. ʉʚʝʨʪʠʣʦʚ1, 2, ʀ.ɺ. ʗʰʠʥ1 

 
1ʄʦʩʢʦʚʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɼ.ɺ. ʉʢʦʙʝʣʴʮʳʥʘ, 119234, ɻʉʇ-1, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ, ʜ. 1, ʩʪʨ. 2 
2ʄʦʩʢʦʚʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʬʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, 

119991, ɻʉʇ-1, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ, ʜ. 1, ʩʪʨ. 2 

e-mail: sis@coronas.ru 
 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʝʢʪ ʩʦʚʤʝʩʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚʳʩʦʪʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʨʘʟʨʷʜʦʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʚ ʧʦʣʷʨʥʦʤ ʨʝʛʠʦʥʝ, ʚ ʭʦʜʝ ʥʘʟʝʤʥʳʭ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɸʪʤʦʩʬʝʨʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʨʘʟʨʷʜʳ ʤʦʛʫʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʛʝʥʝʨʘʮʠʝʡ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʠʟʣʫʯʝʥʠʡ ï ʛʘʤʤʘ-ʢʚʘʥʪʦʚ, ʵʣʝʢʪʨʦʥʦʚ, 

ʚʦʟʤʦʞʥʦ ʧʨʦʪʦʥʦʚ ʠ ʥʝʡʪʨʦʥʦʚ. ʇʦʵʪʦʤʫ ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʠʟʣʫʯʝʥʠʡ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ. ʆʜʥʦʚʨʝʤʝʥʥʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʨʘʟʨʷʜʦʚ, ʘ ʪʘʢʞʝ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʥʘʜ ʫʩʪʘʥʦʚʢʦʡ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʣʘʛʦʜʘʨʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʤʫ 

ʧʦʛʣʦʱʝʥʠʶ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʤʫ ʦʪʥʦʰʝʥʠʶ ʩʠʛʥʘʣʘ ʢ ʰʫʤʫ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʜʠʦʠʟʣʫʯʝʥʠʝʤ. ʇʨʦʝʢʪ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʚʜʦʣʴ ʤʝʨʠʜʠʘʥʘ, ʚʢʣʶʯʘʷ ʧʦʣʷʨʥʳʝ 

ʦʙʣʘʩʪʠ, ʩʝʪʠ ʩʪʘʥʮʠʡ ʩ ʦʜʥʦʪʠʧʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʚʢʣʶʯʘʶʱʠʤ ʜʝʪʝʢʪʦʨ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʪʨʘʥʟʠʝʥʪʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʜʝʪʝʢʪʦʨʦʚ 

ʨʝʥʪʥʝʥʦʚʩʢʦʛʦ, ʛʘʤʤʘ-ʠʟʣʫʯʝʠʷ ʠ ʵʣʝʢʪʨʦʥʦʚ, ʜʘʪʯʠʢʦʚ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ, ʵʣʝʢʪʨʠʯʩʝʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʝʡ. ʇʨʝʜʧʦʣʘʛʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʪʘʢʦʛʦ ʞʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʤʝʪʝʦʨʦʣʦʛʠʯʥʝʩʢʠʭ ʟʦʥʜʘʭ ʠ ʢʦʩʤʠʯʩʝʢʠʭ 

ʘʧʧʘʨʘʪʘʭ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʥʘ ʧʦʣʷʨʥʳʭ ʦʨʙʠʪʘʭ, ʠ ʧʨʦʚʝʜʝʥʠʝ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘʟʝʤʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ, ʥʘ ʩʧʫʪʥʠʢʘʭ ʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʟʦʥʜʘʭ. ɺ ʭʦʜʝ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʝʢʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʦʚʝʩʪʠ 

ʪʱʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʪʨʘʥʟʠʝʥʪʥʳʭ ʷʚʣʝʥʠʡ ʠ ʚʳʩʳʧʘʠʡ 

ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʧʦʣʷʨʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ çɺʝʨʥʦʚè ʠ çʃʦʤʦʥʦʩʦʚè ʩʦʚʤʝʩʪʥʦ ʩ 

ʜʘʥʥʳʤʠ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡ. 

Abstract. The project of joint observations of high altitude electromagnetic discharges including those ones in the 

Polar Region during the ground and space experiments is discussed.  The Atmosphere electric discharges can be 

accompanied by generation of high energy radiation such as gamma quanta, electrons and possibly protons and 

neutrons. Thus, the complex study of high energy radiation of electric discharges is very important. Simultaneous 

detection of ultraviolet and infrared discharge emission as well as of radio emission and measurements of electric 

field above the instrument is very effective experimental technique due to the sufficiently low attenuation of the 

optical emission in the Atmosphere and its sufficiently high signal to noise ratio in comparison with radio emission. 

The project assumes deployment along meridian including the Polar Region the number of stations with identical 

equipment including the ultraviolet and infrared detector for transient lightning event study, detectors of X rays, 

gamma rays and electrons, radio wave, electric and magnetic field meters. It is also supposed to put the same 

instruments on the meteorological probes and spacecrafts operating on the polar orbits and to realize the 

simultaneous ground, high altitude by meteorological probes and space observations. During the project preparation, 

it is supposed to make the detailed analysis of the results of the Atmosphere transient phenomenon and 

magnetosphere electron precipitation study on the polar satellites Vernov and Lomonosov together with ground 

experiment data. 

 

ɺʚʝʜʝʥʠʝ 

 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʛʨʦʟʦʚʳʭ ʨʘʟʨʷʜʦʚ ʷʚʣʷʶʪʩʷ ʥʘ ʩʝʛʦʜʥʷ ʘʢʪʫʘʣʴʥʦʡ, ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʦʙʣʘʩʪʴʶ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʧʦ ʨʘʙʦʪʘʤ ʚ ʦʙʣʘʩʪʠ ʘʪʤʦʩʬʝʨʥʦʡ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ. ʆʩʥʦʚʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʪʘʢʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʭʦʨʦʰʦ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʬʘʢʪʝ, ʯʪʦ ʛʨʦʟʦʚʳʝ ʦʙʣʘʢʘ, ʠ 

ʩʦʙʩʪʚʝʥʥʦ ʤʦʣʥʠʝʚʳʝ ʨʘʟʨʷʜʳ, ʦʯʝʥʴ ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʤʦʱʥʳʤʠ ʧʦʪʦʢʘʤʠ ʵʥʝʨʛʠʯʥʳʭ ʯʘʩʪʠʮ, ʠ 

ʦʩʦʙʝʥʥʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ. ʕʪʦ ʠʟʣʫʯʝʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʙʳʩʪʨʦ ʧʝʨʝʤʝʥʥʳʭ 

ʩʦʙʳʪʠʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʪ ʤʝʥʝʝ ʤʠʢʨʦʩʝʢʫʥʜʳ ʜʣʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʚʩʧʣʝʩʢʦʚ ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʪʘʢ-

ʥʘʟʳʚʘʝʤʳʭ ʣʠʜʝʨʦʚ ʤʦʣʥʠʠ, ʠʣʠ ʚʩʧʣʝʩʢʦʚ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʚ ʜʦʣʠ ʤʠʣʣʠʩʝʢʫʥʜʳ, ʚ 

ʩʣʫʯʘʝ ʘʪʤʦʩʬʝʨʥʳʭ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ, ʠ ʜʦ ʜʝʩʷʪʢʦʚ ʤʠʥʫʪ ʧʦʚʳʰʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ 

ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʦʪ ʛʨʦʟʦʚʦʛʦ ʦʙʣʘʢʘ ʥʘʟʝʤʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ, ʠʣʠ ʧʨʠʙʦʨʘʤʠ, 
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ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʩʘʤʦʣʝʪʳ ʠʣʠ ʥʘ ʚʳʩʦʪʥʳʝ ʘʵʨʦʩʪʘʪʳ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʥʘʟʥʘʯʝʥʠʷ. 

 ɺ ʵʪʦʤ ʧʣʘʥʝ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ, ʚʩʧʳʰʢʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʟʝʤʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ (Terrestrial Gamma-Ray Flashes, TGF), ʢʦʪʦʨʳʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʛʝʥʝʨʠʨʫʶʪʩʷ ʚʥʫʪʨʠ ʠʣʠ 

ʦʢʦʣʦ ʛʨʦʟʦʚʳʭ ʦʙʣʘʢʦʚ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠ ʵʥʝʨʛʠʝʡ ʥʘʙʣʶʜʘʝʤʳʭ 

ʬʦʪʦʥʦʚ. ɺ ʫʩʣʦʚʠʷʭ ʵʪʠʭ TGF, ʩʠʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʛʝʥʝʨʠʨʫʶʪʩʷ ʠ ʫʩʢʦʨʷʶʪʩʷ ʵʣʝʢʪʨʦʥʳ, 

ʠʥʦʛʜʘ ʜʦ ʵʥʝʨʛʠʡ ʜʦʩʪʠʛʘʶʱʠʭ 100 ʄʵɺ. ʕʪʠ ʵʣʝʢʪʨʦʥʳ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʟʘʪʝʤ ʢʘʢ ʪʦʨʤʦʟʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ 

ʚʠʜʝ ʬʦʪʦʥʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ʛʘʤʤʘ-ʜʠʘʧʘʟʦʥʦʚ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʵʣʝʢʪʨʦʥʳ, ʫʩʢʦʨʝʥʥʳʝ ʜʦ ʩʫʙ-

ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʠ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʥʝʨʛʠʡ, ʤʦʛʫʪ ʟʘʭʚʘʪʳʚʘʪʴʩʷ ʚ ʨʘʜʠʘʮʠʦʥʥʳʡ ʧʦʷʩ, ʚʳʩʳʧʘʪʴʩʷ ʠʟ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ, ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʨʠ ʵʪʦʤ ʚʪʦʨʠʯʥʳʝ ʵʣʝʢʪʨʦʥʳ ʠ ʧʦʟʠʪʨʦʥʳ, ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʤʳʝ ʚ 

ʩʧʫʪʥʠʢʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʦʧʨʦʩ ʦ ʪʦʤ ʛʜʝ ʢʦʥʢʨʝʪʥʦ ʫʩʢʦʨʷʶʪʩʷ ʵʪʠ ʵʣʝʢʪʨʦʥʳ ʜʦ 

ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʥʝʨʛʠʡ - ʥʘ ʣʠʜʝʨʘʭ ʛʨʦʟʦʚʦʛʦ ʨʘʟʨʷʜʘ, ʚ ʛʨʦʟʦʚʳʭ ʦʙʣʘʢʘʭ, ʠʣʠ ʤʝʞʜʫ ʦʙʣʘʢʘʤʠ, ʠʣʠ ʥʘʜ 

ʛʨʦʟʦʚʳʤʠ ʦʙʣʘʢʘʤʠ (ʈʫʩʩʝ-ɼʶʧʨʝ, ɻʫʨʝʚʠʯ, 1996; ɼʚʘʡʝʨ ʠ ʜʨ., 2012; ʉʠʥʛʭ ʠ ʜʨ., 2015), ʦʩʪʘʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ, ʠ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʥʘʰʝʣ ʩʚʦʝʛʦ ʫʚʝʨʝʥʥʦʛʦ ʠ ʧʦʜʪʚʝʨʞʜʝʥʥʦʛʦ ʜʚʫʤʷ, ʠʣʠ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʪʚʝʪʘ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʫʩʢʦʨʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʩʝʭ ʪʨʝʭ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʭʘʥʠʟʤʘʭ, ʥʦ 

ʦʩʪʘʝʪʩʷ ʥʝʷʩʥʦʡ ʚʝʣʠʯʠʥʘ ʧʨʝʜʝʣʴʥʦ ʜʦʩʪʠʛʘʝʤʦʡ ʵʥʝʨʛʠʠ ʫʩʢʦʨʝʥʠʷ, ʠ ʬʦʨʤʘ ʩʧʝʢʪʨʦʚ ʫʩʢʦʨʝʥʥʳʭ ʚ 

ʛʨʦʟʦʚʳʭ ʢʦʤʧʣʝʢʩʘʭ ʯʘʩʪʠʮ. 

ʅʝ ʦʧʨʝʜʝʣʝʥʘ ʜʦ ʢʦʥʮʘ ʠ ʨʦʣʴ ʛʨʦʟʦʚʳʭ ʨʘʟʨʷʜʦʚ ʚ ʟʘʧʦʣʥʝʥʠʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ ɿʝʤʣʠ 

ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʦʙʳʯʥʳʤ ʤʦʣʥʠʷʤ ʦʙʥʘʨʫʞʝʥʳ ʥʦʚʳʝ ʪʠʧʳ ʨʘʟʨʷʜʦʚ 

ʤʝʞʜʫ ʘʪʤʦʩʬʝʨʦʡ ʠ ʠʦʥʦʩʬʝʨʦʡ, ʢʦʪʦʨʳʝ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʤʦʱʥʳʤ ʨʘʜʠʦ ʠʟʣʫʯʝʥʠʝʤ. ʕʪʠ ʩʚʝʪʦʚʳʝ 

ʷʚʣʝʥʠʷ, ʪʘʢʠʝ, ʢʘʢ ʩʧʨʘʡʪʳ, ʵʣʴʬʳ, ʛʦʣʫʙʳʝ ʩʪʨʫʠ, ʥʘʙʣʶʜʘʶʪʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʛʨʫʧʧʦʡ ʫʯʝʥʳʭ ʅʀʀʗʌ 

ʄɻʋ, ʢʘʢ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʨʦʟʦʚʳʭ ʦʙʣʘʢʦʚ, ʪʘʢ ʠ ʚ ʙʝʟʦʙʣʘʯʥʳʭ ʨʘʡʦʥʘʭ (ʉʘʜʦʚʥʠʯʠʡ ʠ ʜʨ., 2011, ʇʘʥʘʩʶʢ ʠ 

ʜʨ., 2016). ʈʘʟʚʠʚʘʷʩʴ ʚ ʪʝʯʝʥʠʝ ʤʠʣʣʠʩʝʢʫʥʜ ʪʘʢʠʝ ʩʦʙʳʪʠʷ ʤʦʛʫʪ ʟʘʭʚʘʪʠʪʴ ʦʙʣʘʩʪʠ ʨʘʟʤʝʨʘʤʠ ʚ ʩʦʪʥʠ 

ʢʠʣʦʤʝʪʨʦʚ, ʠʣʠ, ʘʣʴʪʝʨʥʘʪʠʚʥʦ, ʤʦʛʫʪ ʦʙʨʘʟʦʚʘʪʴ ʩʝʨʠʶ ʚʩʧʳʰʝʢ ʧʨʦʩʪʠʨʘʶʱʠʭʩʷ ʚʜʦʣʴ ʤʝʨʠʜʠʘʥʘ ʥʘ 

ʪʳʩʷʯʠ ʢʠʣʦʤʝʪʨʦʚ ʦʪ ʨʘʡʦʥʦʚ ʛʨʦʟ. ʀʟʚʝʩʪʥʦ ʪʘʢʞʝ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʶʱʝʝ ʛʨʦʟʦʚʳʝ ʨʘʟʨʷʜʳ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʧʨʦʥʠʢʘʷ ʥʘ ʤʘʛʥʠʪʥʫʶ ʦʙʦʣʦʯʢʫ, ʤʦʞʝʪ ʠʥʠʮʠʠʨʦʚʘʪʴ ʚʳʩʳʧʘʥʠʷ 

ʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ ɿʝʤʣʠ (ɺʦʩʩ ʠ ʜʨ., 1998; ɻʝʤʝʣʦʩ ʠ ʜʨ., 2009), ʪʝʤ ʩʘʤʳʤ 

ʩʦʟʜʘʚʘʷ ʧʨʝʜʧʦʩʳʣʢʠ, ʚ ʚʠʜʝ ʢʘʥʘʣʦʚ ʠʦʥʠʟʘʮʠʠ, ʜʣʷ ʥʦʚʦʛʦ ʛʨʦʟʦʚʦʛʦ ʨʘʟʨʷʜʘ, ʠ ʥʦʚʦʡ ʠʥʞʝʢʮʠʠ 

ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʯʘʩʪʠʮ ʚ ʵʪʦʪ ʣʘʚʠʥʦʦʙʨʘʟʥʳʡ ʧʨʦʮʝʩʩ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʦʡ ʠʥʞʝʢʮʠʠ, ʠ ʚʨʝʤʷ ʞʠʟʥʠ 

ʥʘ ʤʘʛʥʠʪʥʦʡ ʦʙʦʣʦʯʢʝ ʪʘʢʠʭ ʵʣʝʢʪʨʦʥʦʚ, ʧʦʢʘ ʧʣʦʭʦ ʦʧʨʝʜʝʣʝʥʳ. ʇʦʵʪʦʤʫ, ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ 

ʯʘʩʪʠʮ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ, ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʠ ʩʦʣʥʝʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʯʘʩʪʠʮ ʚʳʩʳʧʘʶʱʠʭʩʷ ʠʟ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʷʩʦʚ ʠ ʧʨʦʥʠʢʘʶʱʠʭ ʚ ʘʪʤʦʩʬʝʨʫ, ʘ ʪʘʢʞʝ ʠ ʩʦʙʩʪʚʝʥʥʦ ʧʨʦʮʝʩʩʘ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʨʘʟʨʷʜʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʦʣʥʠʡ, ʤʦʛʫʪ ʧʦʤʦʯʴ ʥʘʡʪʠ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩʳ ʦ ʤʝʭʘʥʠʟʤʘʭ ʛʨʦʟʦʚʦʛʦ ʨʘʟʨʷʜʘ ʠ 

ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ ʜʦ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʥʝʨʛʠʡ ʚ ʧʨʦʮʝʩʩʝ ʵʪʦʛʦ ʨʘʟʨʷʜʘ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʯʝʥʴ 

ʚʘʞʥʦʡ, ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʟʘʜʘʯʝʡ.  

 

ʂʦʤʧʣʝʢc ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʠʟʣʫʯʝʥʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʨʘʟʨʷʜʦʚ 
 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʤʠʥʠʤʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʪʨʝʢʦʚʳʡ ʜʝʪʝʢʪʦʨ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʠ ʥʝʡʪʨʦʥʦʚ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʪʴ ʜʝʪʝʢʪʦʨ ʨʘʜʠʦʚʦʣʥ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʛʝʥʝʨʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʥʘʤʠ 

ʚ ʛʨʦʟʦʚʳʭ ʨʘʟʨʷʜʘʭ, ʨʘʚʥʦ ʢʘʢ ʠ ʜʝʪʝʢʪʦʨ ʩʚʝʪʦʚʳʭ ʚʩʧʳʰʝʢ. ʇʦʜʦʙʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʣʘʩʴ ʢʘʢ ʚ ʥʘʟʝʤʥʳʭ ʤʦʥʠʪʦʨʥʳʭ ʥʘʙʣʶʜʝʥʠʷʭ, ʪʘʢ ʠ ʚ ʩʧʫʪʥʠʢʦʚʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʙʦʨʪʫ ʥʘ ʙʦʨʪʫ ʩʧʫʪʥʠʢʦʚ ʄɻʋ çʊʘʪʴʷʥʘ - ʋʥʠʚʝʨʩʠʪʝʪʩʢʠʡè, çʊʘʪʴʷʥʘ-2è, 

ʘʢʘʜʝʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦ-ʩʧʫʪʥʠʢʘ çʏʠʙʠʩ, ʘ ʪʘʢʞʝ ʩʧʫʪʥʠʢʘ çɺʝʨʥʦʚè. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʚʰʘʷʩʷ 

ʚ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʘʧʧʘʨʘʪʫʨʘ ʙʫʜʝʪ ʜʦʧʦʣʥʝʥʘ ʩʦʚʨʝʤʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʦʡ ʅʀʀʗʌ ʄɻʋ ʧʦʣʫʯʠʚʰʝʡ 

ʫʩʣʦʚʥʦʝ ʥʘʟʚʘʥʠʝ ʤʦʜʫʣʴʥʳʡ ʤʦʥʠʪʦʨ ʥʝʡʪʨʘʣʴʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʄʄʅʀ), ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʨʝʤʥʠʝʚʳʭ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʭ ʫʤʥʦʞʠʪʝʣʝʡ (ʂʌʕʋ) ʠ ʥʦʚʝʡʰʠʭ ʪʠʧʦʚ ʤʘʪʨʠʮ ʂʌʕʋ, ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ 

Cʝ:GAGG ʠ ʚʦʣʦʢʦʥ ʠʟ ʧʣʘʩʪʤʘʩʩʦʚʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ, ʩʢʦʤʧʦʥʦʚʘʥʥʳʭ ʚ ʪʨʝʢʦʚʳʡ ʩʧʝʢʪʨʦʤʝʪʨ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʨʝʜʝʣʷʪʴ ʵʥʝʨʛʠʶ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ 10 

ʢʵɺ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʄʵɺ, ʠ ʜʣʷ ʥʝʡʪʨʦʥʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʪ 1 ʜʦ 100 ʄʵɺ. ɺʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ 

ʯʘʩʪʠʮ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʠʨʫʝʤʳʤ ʧʨʦʛʨʘʤʤʦʡ ʵʣʝʢʪʨʦʥʥʳʤ ʪʨʠʛʛʝʨʦʤ. ʇʨʠʥʮʠʧ 

ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʤʧʪʦʥʦʚʩʢʠʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʬʦʪʦʥʦʚ, ʘ ʨʝʛʠʩʪʨʘʮʠʷ 

ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʝʞʠʤʝ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ ʥʘ ʷʜʨʘʭ ʚʦʜʦʨʦʜʘ ʚ ʩʦʩʪʘʚʝ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʚʦʣʦʢʥʘ. ʆʙʱʠʡ ʚʠʣ ʧʦʜʦʙʥʦʛʦ ʧʨʠʙʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʛʦʜʦʩʢʦʧʠʯʝʩʢʠʡ ʫʟʝʣ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʙʦʨʢʫ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʚʦʣʦʢʦʥ, 

ʧʨʦʩʤʘʪʨʠʚʘʝʤʳʭ ʤʘʪʨʠʮʘʤʠ ʂʌʕʋ. ʄʘʣʘʷ ʪʦʣʱʠʥʘ ʚʦʣʦʢʥʘ (1.5 ʤʤ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʠ ʥʝʡʪʨʦʥʦʚ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʜʦʣʞʝʥ 

ʥʘʭʦʜʠʪʴʩʷ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʡ ʫʟʝʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʥʘʙʦʨʘ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ Cʝ:GAGG 

ʨʘʟʤʝʨʦʤ 10ʭ10ʭ30 ʤʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ, ʨʘʩʩʝʷʥʥʳʭ ʚ ʛʦʜʦʩʢʦʧʝ. ʊʦʣʱʠʥʘ 

ʵʪʠʭ ʜʝʪʝʢʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʛʘʤʤʘ-ʢʚʘʥʪʳ ʩ ʵʥʝʨʛʠʷʤʠ ʚʧʣʦʪʴ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʄʵɺ, ʧʨʠ ʵʪʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ~4% ʥʘ ʵʥʝʨʛʠʠ 1 ʄʵɺ. ʅʘ ʨʠʩ. 1 

ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ ʛʦʜʦʩʢʦʧʠʯʝʩʢʠʤ ʫʟʣʦʤ ʄʄʅʀ. ɺʠʜʥʦ, ʯʪʦ 

ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʟʥʘʯʠʤʳʡ ʫʨʦʚʝʥʴ ʨʝʛʠʩʪʨʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʧʦʨʦʛʝ ~10 ʄʵɺ. 
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ʈʠʩʫʥʦʢ 1. ʉʣʝʚʘ ï ʦʙʱʠʡ ʚʠʜ ʧʨʠʙʦʨʘ ʄʄʅʀ, ʩʧʨʘʚʘ ï ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ 

ʦʪ ʠʭ ʵʥʝʨʛʠʠ ʩ ʧʦʤʦʱʴʶ ʛʦʜʦʩʢʦʧʠʯʝʩʢʦʛʦ ʫʟʣʘ ʠʟ 24 ʩʣʦʝʚ ʩʮʠʥʪʠʷʷʣʮʠʦʥʥʳʭ ʚʦʣʦʢʦʥ ʪʦʣʱʠʥʦʡ 1.5 ʤʤ. 

 

ʇʦʤʠʤʦ ʧʨʠʙʦʨʘ ʄʄʅʀ ʚ ʢʦʤʧʣʝʢʪ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʠʟʣʫʯʝʥʠʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʨʘʟʨʷʜʦʚ ʜʦʣʞʝʥ ʚʭʦʜʠʪʴ: ʤʦʙʠʣʴʥʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ (ʄʀʂ) ʚ ʩʦʩʪʘʚʝ 

ʜʝʪʝʢʪʦʨʘ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʡ (ɼʋʌ), ʜʝʪʝʢʪʦʨʘ ʤʦʣʥʠʡ LD350, GPS 

ʧʨʠʝʤʥʠʢʦʚ LTS-3, ʠʟʤʝʨʠʪʝʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ EFM-100, ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʩ ʧʦʨʪʘʤʠ 

ʠʥʪʝʨʬʝʡʩʘ USB. ɺʩʝ ʜʝʪʝʢʪʦʨʳ ʠ ʢʦʤʧʴʶʪʝʨ ʛʘʣʴʚʘʥʠʯʝʩʢʠ ʨʘʟʚʷʟʘʥʳ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʳʭ ʧʦʣʝʡ ʛʨʦʟʦʚʳʭ ʨʘʟʨʷʜʦʚ. 

ʇʨʠʙʦʨ ɼʋʌ ʧʦʣʥʦʩʪʴʶ ʘʥʘʣʦʛʠʯʝʥ ʪʝʤ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ʆʥ 

ʚʢʣʶʯʘʝʪ ʜʚʘ ʌʕʋ, ʚʭʦʜʥʳʝ ʦʢʥʘ ʢʦʪʦʨʳʭ ʟʘʢʨʳʪʳ ʩʧʝʮʠʘʣʴʥʳʤʠ ʬʠʣʴʪʨʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʚ ʜʠʘʧʘʟʦʥʘʭ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ (240 ï 400 ʥʤ) ʠ ʢʨʘʩʥʦʛʦ (610 ï 800 ʥʤ) ʠʟʣʫʯʝʥʠʷ. 

ʉʠʛʥʘʣʳ ʩ ʌʕʋ ʧʦʩʪʫʧʘʶʪ ʥʘ ʜʚʘ ʚʭʦʜʘ 4-ʭ ʢʘʥʘʣʴʥʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʠ ʜʘʣʝʝ ī ʥʘ ʘʥʘʣʦʛʦ-

ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ~ 103, ʘ ʪʘʢʪʦʚʘʷ ʯʘʩʪʦʪʘ ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʦʪ 1 ʤɻʮ ʜʦ ~ 10ʢɻʮ. ʎʠʬʨʦʚʦʡ ʢʦʜ ʩ ɸʎʇ ʧʦʩʪʫʧʘʝʪ ʚ 

ʣʦʛʠʯʝʩʢʠʡ ʙʣʦʢ, ʩʦʜʝʨʞʘʱʠʡ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʵʣʝʤʝʥʪʳ, ʥʘ ʢʦʪʦʨʳʭ ʦʨʛʘʥʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʦʪʙʦʨʘ 

ʩʦʙʳʪʠʡ, ʠ ʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ. ʊʘʤ ʞʝ ʥʘʭʦʜʠʪʩʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ ʜʝʪʝʢʪʦʨʘ ʠ ʩʠʩʪʝʤʘ ʩʚʷʟʠ ʩ 

ʢʦʤʧʴʶʪʝʨʦʤ. ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʌʕʋ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʩʦʢʠʤ ʥʘʧʨʷʞʝʥʠʝʤ ʥʘ ʝʛʦ ʜʝʣʠʪʝʣʷʭ, ʢʦʪʦʨʦʝ 

ʫʧʨʘʚʣʷʝʪʩʷ ʩʠʛʥʘʣʦʤ, ʦʪʚʝʯʘʶʱʠʤ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʝ (ʟʘ 1 ʩ) ʘʥʦʜʥʦʛʦ ʪʦʢʘ ʦʪʢʨʳʪʦʛʦ ʌʕʋ. 

ɼʝʪʝʢʪʦʨ ʤʦʣʥʠʡ BOLTEK LD-350 - ʧʨʠʙʦʨ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʤʦʣʥʠʝʚʳʝ ʨʘʟʨʷʜʳ ʥʘ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʧʨʠʸʤʥʠʢʘ ʧʦ ʨʘʜʠʦ ʠʟʣʫʯʝʥʠʶ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥʥʳʭ ʚʦʣʥ (50 ï 500 

ʢɻʮ), ʦʧʨʝʜʝʣʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʟʨʷʜʦʚ (ʦʙʣʘʢʦ - ʦʙʣʘʢʦ, ʦʙʣʘʢʦ - ɿʝʤʣʷ), ʘ ʪʘʢʞʝ ʪʠʧ 

ʨʘʟʨʷʜʘ: ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʝʪʝʢʪʦʨʘ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʨʘʟʨʷʜʘ ʥʘ ʦʩʥʦʚʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʧʨʠ ʫʜʘʨʘʭ ʤʦʣʥʠʡ. 

ʉʘʤ ʧʨʠʙʦʨ ʩʦʩʪʦʠʪ ʠʟ ʦʩʥʦʚʥʦʛʦ ʤʦʜʫʣʷ, ʚ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʘ ʚʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʵʣʝʢʪʨʦʥʠʢʘ, ʧʨʠʸʤʥʦʡ 

ʘʥʪʝʥʥʳ, GPS ʧʨʠʸʤʥʠʢʘ. ɺʨʝʤʷ ʚʳʭʦʜʘ ʥʘ ʨʘʙʦʯʠʡ ʨʝʞʠʤ ʩʦʩʪʘʚʣʷʝʪ ʚ ʧʨʠʤʝʨʥʦ 30 ʤʠʥʫʪ. ɿʘ ʵʪʦ ʚʨʝʤʷ 

ʧʨʠʙʦʨ ʦʧʨʝʜʝʣʷʝʪ ʩʚʦʠ ʢʦʦʨʜʠʥʘʪʳ ʧʦ GPS, ʩʠʥʭʨʦʥʠʟʠʨʫʝʪʩʷ ʩ UTC ʚʨʝʤʝʥʝʤ. ʆʙʳʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

"ʚʠʜʠʤʳʭ ʩʧʫʪʥʠʢʦʚ" ʨʘʚʥʦ ʚʦʩʴʤʠ - ʜʝʩʷʪʠ. ɺʠʟʫʘʣʠʟʘʮʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʪʠʧʘ ʤʦʣʥʠʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ NexStorm ʧʦʩʪʘʚʣʷʝʤʦʡ ʚʤʝʩʪʝ ʩ ʧʨʠʙʦʨʦʤ 

ʇʨʠʙʦʨ Boltek EFM-100 ʩʣʫʞʠʪ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʢʘʢ ʚʦ ʚʨʝʤʷ ʛʨʦʟʳ, ʪʘʢ ʠ ʟʘ ʥʝʙʦʣʴʰʦʝ ʚʨʝʤʷ ʜʦ ʥʘʯʘʣʘ ʧʝʨʚʳʭ ʚʩʧʳʰʝʢ ʤʦʣʥʠʡ. 

ʅʘ ʚʝʨʭʥʝʡ ʢʨʳʰʢʝ ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʣʴʥʠʮʘ, ʢʦʪʦʨʘʷ ʚʨʘʱʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʦ-ʤʦʪʦʨʯʠʢʘ. ɼʘʥʥʘʷ 

ʤʝʣʴʥʠʮʘ ʠʤʝʝʪ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʝʧʝʩʪʢʦʚ, ʨʘʚʥʦʫʜʘʣʸʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʇʦʜ ʣʝʧʝʩʪʢʘʤʠ ʤʝʣʴʥʠʮʳ 

ʥʘʭʦʜʷʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʧʣʘʩʪʠʥʢʠ, ʢʦʪʦʨʳʝ ʪʦ ʦʪʢʨʳʚʘʶʪʩʷ, ʪʦ ʟʘʢʨʳʚʘʶʪʩʷ ʠʟ-ʟʘ ʚʨʘʱʝʥʠʷ ʤʝʣʴʥʠʮʳ. 

ʂʦʛʜʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʧʣʘʩʪʠʥʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (ʚ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʦʥʠ 

ʦʪʢʨʳʪʳ), ʟʘʨʷʜ ʩ ʟʝʤʣʠ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚʥʫʪʨʠ ʧʨʠʙʦʨʘ, ʠ ʧʦʧʘʜʘʝʪ ʥʘ ʧʣʘʩʪʠʥʢʠ. 

ʂʘʢ ʪʦʣʴʢʦ ʦʥʠ ʟʘʢʨʳʪʳ, ʟʘʨʷʜ ʩ ʧʣʘʩʪʠʥʦʢ ʩʪʝʢʘʝʪ ʦʙʨʘʪʥʦ ʚ ʟʝʤʣʶ ʯʝʨʝʟ ʪʦʪ ʞʝ ʨʝʟʠʩʪʦʨ. ʅʘʧʨʷʞʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʬʠʢʩʠʨʫʝʪ ʧʨʠʙʦʨ, ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʥʘʧʨʷʞʝʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ. ʕʪʦ 

ʥʘʧʨʷʞʝʥʠʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʥʘʧʨʷʞʝʥʠʶ, ʧʨʠʣʦʞʝʥʥʦʤʫ ʢ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʧʣʘʩʪʠʥʢʘʤ. ɺ ʢʦʤʧʣʝʢʪʝ 

ʚʤʝʩʪʝ ʩ ʧʨʠʙʦʨʦʤ ʪʘʢʞʝ ʠʤʝʝʪʩʷ ʥʘʙʦʨ ʨʝʟʠʩʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚʥʫʪʨʠ ʢʦʨʧʫʩʘ ʧʨʠʙʦʨʘ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʤʠʥʘʣʘ ʨʝʟʠʩʪʦʨʘ, ʠʟʤʝʥʷʝʪʩʷ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʨʦʛ ʠʟʤʝʨʷʝʤʦʛʦ ʧʦʣʷ. ʉʝʡʯʘʩ 

ʫʩʪʘʥʦʚʣʝʥ ʨʝʟʠʩʪʦʨ, ʧʦʟʚʦʣʷʶʱʠʡ ʠʟʤʝʨʷʪʴ ʧʦʣʷ ʜʦ Ñ20 ʢɺ/ʤ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʥʝ ʭʫʞʝ 0,01 ʢɺ/ʤ.  

 

ʇʨʦʚʝʜʝʥʠʝ ʥʘʙʣʶʜʝʥʠʡ 
 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ - ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʨʘʟʨʷʜʦʚ 

ʠ ʠʭ ʚʦʟʤʦʞʥʦʡ ʩʚʷʟʠ ʩ ʚʳʩʳʧʘʥʠʷʤʠ ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ʇʦʩʢʦʣʴʢʫ ʚʳʩʳʧʘʥʠʝ ʵʣʝʢʪʨʦʥʦʚ, 

ʪʘʢʞʝ ʢʘʢ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
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ʚʜʦʣʴ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʙʣʶʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʭ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ, ʚʳʩʪʨʦʝʥʥʳʭ ʚʜʦʣʴ ʤʘʛʥʠʪʥʦʛʦ ʤʝʨʠʜʠʘʥʘ. ʇʨʠ ʵʪʦʤ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʘʧʧʘʨʘʪʫʨʳ ʚ ʩʦʩʪʘʚʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ 

ʧʨʠʙʦʨʦʚ ʄʄʅʀ ʠ ʄʀʂ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʥʘ ɿʝʤʣʝ ʠ ʧʦʜʥʠʤʘʪʴʩʷ ʥʘ ʚʳʩʦʪʳ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʜʦ 20-30 ʢʤ, ʜʣʷ ʯʝʛʦ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʟʦʥʜʳ. ʅʘ ʥʠʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʦʙʣʝʛʯʝʥʥʳʡ ʧʦ ʚʝʩʦʚʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʨʠʙʦʨ ʄʄʅʀ (ʪʠʧ ʢʦʤʧʦʥʦʚʢʠ ʧʦʟʚʦʣʷʝʪ ʵʪʦ 

ʩʜʝʣʘʪʴ), ʧʨʠʙʦʨ ɼʋʌ, ʜʘʪʯʠʢ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʅʘʟʝʤʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʟʘʧʫʩʢʦʤ 

ʘʧʧʘʨʘʪʫʨʳ ʥʘ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʟʦʥʜʘʭ ʤʦʛʫʪ ʧʨʦʚʦʜʠʪʴʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʥʘ 

ʚʳʩʦʢʦʛʦʨʥʦʡ ʩʪʘʥʮʠʠ ɸʨʘʛʘʮ, ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʷʭ ɹʦʨʦʢ, ʗʨʦʩʣʘʚʩʢʘʷ ʦʙʣʘʩʪʴ ʠ ʚ ʛ. ɸʧʘʪʠʪʳ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʧʦʣʫʯʠʤ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʥʘʰʝʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʛʨʦʟʦʚʳʭ ʠ ʩʧʦʢʦʡʥʳʭ 

ʫʩʣʦʚʠʷʭ ʤʠʥʠʤʫʤ ʚ ʪʨʝʭ-ʯʝʪʳʨʝʭ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʩ ʨʘʟʣʠʯʥʳʤ ʛʝʦʤʘʛʥʠʪʥʳʤ ʦʙʨʝʟʘʥʠʝʤ ʚ R å 2.4 ɻɺ (ʛ. 

ʄʦʩʢʚʘ), R å3.6 ɻɺ (ɸʨʘʛʘʮ), R å2.1 ɻɺ (ɹʦʨʦʢ), R å 0.6 ɻɺ (ɸʧʘʪʠʪʳ), ʘ ʪʘʢʞʝ ʠ ʩ ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ 

ʚʦʟʤʦʞʥʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʦʚʝʜʝʥʠʝ ʚʳʩʳʧʘʶʱʠʭʩʷ ʯʘʩʪʠʮ. ʆʪʤʝʪʠʤ ʚʘʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʚ 

ʧʦʣʷʨʥʦʡ ʦʙʣʘʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʪʘʤ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʳʧʘʶʱʠʭʩʷ 

ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʘʪʤʦʩʬʝʨʝ. 

 

ʆʞʠʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ 

 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʣʘʛʘʝʤʳʭ ʥʘʙʣʶʜʝʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʪʚʝʪʠʪʴ ʥʘ ʨʷʜ ʚʦʧʨʦʩʦʚ ʦ ʤʝʭʘʥʠʟʤʘʭ ʠ ʤʝʩʪʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʠʮ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʛʨʦʟʦʚʦʡ ʦʙʣʘʩʪʠ ʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʩʪʫ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʚ ʩʠʩʪʝʤʝ ʛʨʦʟʦʚʳʭ ʦʙʣʘʢʦʚ, ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʚʦ ʚʨʝʤʷ ʨʝʛʠʩʪʨʘʮʠʠ ʯʘʩʪʠʮ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ. ʂʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʚʳʰʝ ʤʥʦʛʦ-ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʘʧʧʘʨʘʪʫʨʳ ʧʦʤʦʛʫʪ ʨʘʟʦʙʨʘʪʴʩʷ ʩ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ ʩʠʪʫʘʮʠʝʡ ʩ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʩʣʫʯʘʷʤʠ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʪʨʦʥʦʚ ʚ ʩʦʚʧʘʜʝʥʠʠ ʩ ʛʨʦʟʦʚʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʥʘ ʩʝʛʦʜʥʷ ʝʱʝ ʦʞʠʜʘʝʪ ʩʚʦʝʛʦ ʨʝʰʝʥʠʷ. ʊʘʢʠʝ ʚʦʧʨʦʩʳ, ʢʘʢ: ʛʜʝ, ʚ ʢʘʢʠʭ ʧʨʦʮʝʩʩʘʭ ʠ 

ʩ ʢʘʢʠʤʠ ʵʥʝʨʛʠʷʤʠ ʦʙʨʘʟʫʶʪʩʷ ʥʝʡʪʨʦʥʳ ʧʨʠ ʛʨʦʟʦʚʳʭ ʨʘʟʨʷʜʘʭ, ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ.  

ɹʦʣʝʝ ʩʦʚʝʨʰʝʥʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʠ ʥʦʚʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʥʝʡʪʨʦʥʦʚ ʚ ʨʘʟʣʠʯʥʦʡ ʛʨʦʟʦʚʦʡ, ʠ ʚ ʥʝ 

ʛʨʦʟʦʚʦʡ ʦʙʩʪʘʥʦʚʢʝ, ʥʝʦʙʭʦʜʠʤʳ ʯʪʦʙʳ ʧʨʦʷʩʥʠʪʴ ʩʠʪʫʘʮʠʶ ʩ ʛʝʥʝʨʘʮʠʝʡ ʥʝʡʪʨʦʥʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʛʨʦʟʦʚʳʭ ʨʘʟʨʷʜʘʭ, ʠʣʠ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʤʠ ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ ʚ ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʷʭ ʚ ʪʨʘʥʟʠʝʥʪʥʳʭ 

ʩʦʙʳʪʠʷʭ ʪʠʧʘ TGF. ʀʟʫʯʝʥʠʝ ʤʦʣʥʠʡ ʠʤʝʝʪ ʥʘʨʷʜʫ ʪʘʢʞʝ ʠ ʯʠʩʪʦ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ ʤʦʣʥʠʠ 

ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʟʨʫʰʠʪʝʣʴʥʳʭ ʷʚʣʝʥʠʡ ʧʨʠʨʦʜʳ, ʧʦʵʪʦʤʫ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʦ ʧʨʠʙʣʠʞʝʥʠʠ 

ʛʨʦʟʦʚʳʭ ʨʘʟʨʷʜʦʚ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʟʘʱʠʪʳ ʦʪ ʧʦʨʘʞʝʥʠʷ ʤʦʣʥʠʷʤʠ, ʠ ʩʦʧʨʦʚʦʞʜʘʶʱʠʤʠ 

ʛʨʦʟʦʚʳʝ ʨʘʟʨʷʜʳ ʨʘʟʣʠʯʥʳʤʠ ʢʦʨʧʫʩʢʫʣʷʨʥʳʤʠ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʠʟʣʫʯʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʦʚʣʠʷʪʴ ʥʘ ʨʘʙʦʪʫ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʘ ʩʫʰʝ, ʚ ʚʦʟʜʫʭʝ ʠ ʥʘ ʤʦʨʝ. 
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ɸ.ʉ. ʂʠʨʠʣʣʦʚ1, ʈ. ɺʝʨʥʝʨ2, ɺ. ɻʠʥʝʚʘ2 
 
1 ʇʦʣʷʨʥʳʡ ʛʝʦʬʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʛ. ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ 
2 ʀʥʩʪʠʪʫʪ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʪʝʭʥʦʣʦʛʠʡ ɹɸʅ, ʛ. ʉʪʘʨʘ ɿʘʛʦʨʘ, ɹʦʣʛʘʨʠʷ  
 

ɸʥʥʦʪʘʮʠʷ. ʄʦʣʝʢʫʣʷʨʥʳʡ ʘʟʦʪ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʘʪʤʦʩʬʝʨ ɿʝʤʣʠ, ʊʠʪʘʥʘ, ʊʨʠʪʦʥʘ, ʇʣʫʪʦʥʘ. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʦʣʥʝʯʥʳʭ ʬʦʪʦʥʦʚ, ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ, ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ ʩ 

ʘʪʤʦʩʬʝʨʘʤʠ ʫʢʘʟʘʥʥʳʭ ʧʣʘʥʝʪ ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʚʥʦʩʠʤʦʡ ʵʥʝʨʛʠʠ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʵʥʝʨʛʠʶ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʣʝʢʫʣ N2. ɺ ʨʘʤʢʘʭ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʠʙʣʠʞʝʥʠʡ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʩʢʦʨʦʩʪʝʡ ʛʘʰʝʥʠʷ 

ʵʣʝʢʪʨʦʥʥʦ-ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʘʟʦʪʘ N2(A3Ɇu
+) ʧʨʠ ʥʝʫʧʨʫʛʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʩ ʤʦʣʝʢʫʣʘʤʠ N2, CO, ʚʭʦʜʷʱʠʤʠ ʚ 

ʩʦʩʪʘʚ ʘʪʤʦʩʬʝʨ ʧʣʘʥʝʪ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. ʇʦʢʘʟʘʥʘ ʚʘʞʥʘʷ ʨʦʣʴ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʤʦʣʝʢʫʣ ʘʟʦʪʘ ʠ ʫʛʘʨʥʦʛʦ ʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʝ ʊʠʪʘʥʘ (ʩʧʫʪʥʠʢʘ 

ʉʘʪʫʨʥʘ) ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʦʪʦʢʦʚ ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ ʯʝʨʝʟ ʘʪʤʦʩʬʝʨʫ. 
 

Abstract. Molecular nitrogen is the main component in the atmospheres of Earth, Titan, Triton, Pluto. Significant 

part of the energy of solar photons, high-energetic electrons and protons, photoelectrons transforms in the energy of 

electronic excitation of N2 molecules in interactions with the atmospheres. Applying quantum-chemical 

approximations we have calculated the quenching rates of electronically excited nitrogen N2(A3Ɇu
+) in the inelastic 

interactions with N2 and CO molecules presenting in the atmospheres of planets of Solar system. It is shown that 

intermolecular processes of electron energy transfers play important role in the interaction of molecules of nitrogen 

and carbon monoxide in the atmosphere of Titan (Saturn satellite) during a penetration of photoelectron fluxes in the 

atmosphere.  

 

ɺʚʝʜʝʥʠʝ 

 
ʄʦʣʝʢʫʣʷʨʥʳʡ ʘʟʦʪ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʘʪʤʦʩʬʝʨ ɿʝʤʣʠ, ʊʠʪʘʥʘ, ʊʨʠʪʦʥʘ, ʇʣʫʪʦʥʘ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʯʘʩʪʠʮ, ʩʦʣʥʝʯʥʳʭ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʭ ʬʦʪʦʥʦʚ, 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʛʘʟʘʤʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʦʥʠʟʘʮʠʝʡ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʪʦʢʦʚ 

ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʘʪʤʦʩʬʝʨʘʭ ʧʣʘʥʝʪ [Campbell and Brunger, 2016]. ʆʙʨʘʟʦʚʘʥʥʳʝ ʚʪʦʨʠʯʥʳʝ 

ʣɻʝʢʪʨʦʥʳ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʵʥʝʨʛʠʝʡ, ʯʪʦʙʳ ʚʦʟʙʫʞʜʘʪʴ ʤʦʣʝʢʫʣʳ ʘʟʦʪʘ N2 ʚ ʨʘʟʣʠʯʥʳʝ ʪʨʠʧʣʝʪʥʳʝ 

ʩʦʩʪʦʷʥʠʷ ʚʦ ʚʨʝʤʷ ʥʝʫʧʨʫʛʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ: 

e + N2(X1Ɇg
+,v=0) Ÿ N2(A3Ɇu

+,B3Ʉg,W3ȹu,B'3Ɇu
ī,C3Ʉu,vÓ0) + e    (1)  

ʀʟʣʫʯʝʥʠʝ ʧʦʣʦʩ ɺʫ-ɹʝʥʝʰʘ (Wu-Benesch), ʧʦʩʣʝʩʚʝʯʝʥʠʷ (Afterglow), ʚʪʦʨʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

(2PG) ʠ ʧʝʨʚʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ (1PG) ʧʨʠ ʩʧʦʥʪʘʥʥʳʭ ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʘʭ  

N2(W3ȹu,v) Ÿ N2(B3Ʉg,v') + hɜWB     (2ʘ) 

N2(B'3Ɇu
ī,v) Ÿ N2(B3Ʉg,v') + hɜAG     (2ʙ) 

N2(C3Ʉu,v) Ÿ N2(B3Ʉg,v') + hɜ2PG     (2ʚ) 

N2(B3Ʉg,v') Ÿ N2(A3Ɇu
+,v'') + hɜ1PG     (3) 

ʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʥʘ ʢʦʣʝʙʘʪʝʣʴʥʳʭ 

ʫʨʦʚʥʷʭ ʥʠʞʥʝʛʦ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ A3Ɇu
+. ʂʦʵʬʬʠʮʠʝʥʪʳ ʕʡʥʰʪʝʡʥʘ ʜʣʷ ʜʠʧʦʣʴʥʦ-ʨʘʟʨʝʰʝʥʥʳʭ 

ʧʝʨʝʭʦʜʦʚ (2ʘ-ʚ,3) ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ [Gilmore et al., 1992], ʧʦʵʪʦʤʫ ʠʟʣʫʯʝʥʠʝ ʧʦʣʦʩ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʘʟʦʪʘ ʵʬʬʝʢʪʠʚʥʦ ʥʘ ʚʳʩʦʪʘʭ ʚʝʨʭʥʠʭ ʘʪʤʦʩʬʝʨ ʧʣʘʥʝʪ, ʛʜʝ N2 ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʜʦʩʪʘʪʦʯʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. 

ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʚʨʝʤʷ ʞʠʟʥʠ ʩʦʩʪʦʷʥʠʷ A3Ɇu
+ ʩ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ ʦʩʪʘʣʴʥʳʭ ʯʝʪʳʨʝʭ ʪʨʠʧʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ, 

ʪʦ ʦʥʦ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ (~1 s) [Gilmore et al., 1992], ʧʦʵʪʦʤʫ ʩʪʦʣʢʥʦʚʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

ʠʛʨʘʶʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʥʘʩʝʣʝʥʥʦʩʪʷʭ ʫʨʦʚʥʝʡ A3Ɇu
+ ʩʦʩʪʦʷʥʠʷ ʫʞʝ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʙʦʣʴʰʝ ~10ī3 ʇʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʠʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ A3Ɇu
+ ʩʦʩʪʦʷʥʠʷ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ, ʠ 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʧʨʦʮʝʩʩʳ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʘʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʪʨʠʧʣʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ ʚ ʚʝʨʭʥʠʭ ʘʪʤʦʩʬʝʨʘʭ ʧʣʘʥʝʪ, ʛʜʝ N2 

ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ ʛʘʟʦʤ, ʧʨʦʚʦʜʠʣʠʩʴ ʚ [Bhardwaj and Jain, 2012; Campbell et al., 2007, 2010; 

Cartwright, 1978; De La Haye et al., 2008; Jain and Bhardwaj, 2015; Kirillov , 2008, 2010; Lavvas et al., 2015; 

Morrill  and Benesch, 1996]. ɹʦʣʝʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʘʩʪʘʙʠʣʴʥʘʷ ʤʦʣʝʢʫʣʘ ʘʟʦʪʘ ʠʛʨʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʢʠʥʝʪʠʢʝ N2 [Aladjev and Kirillov , 1995; Campbell et al., 2006; Lavvas et 
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al., 2015]. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʘʟʦʪʘ ʤʦʞʝʪ ʧʝʨʝʡʪʠ ʚ 

ʵʥʝʨʛʠʶ ʢʦʣʝʙʘʥʠʡ N2 ʧʨʠ ʩʪʦʣʢʥʦʚʠʪʝʣʴʥʳʭ ʠ ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʪʘ ʢʦʣʝʙʘʪʝʣʴʥʘʷ 

ʵʥʝʨʛʠʷ ʤʦʞʝʪ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʀʂ-ʠʟʣʫʯʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʠʣʠ ʚ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ. 

ʅʝʜʘʚʥʦ ʚ ʨʘʙʦʪʝ [Kirillov, 2016] ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʣʠʞʝʥʠʡ ʃʘʥʜʘʫ-ɿʠʥʝʨʘ ʠ ʈʦʟʝʥʘ-ɿʠʥʝʨʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʨʘʩʯʝʪʳ ʢʦʥʩʪʘʥʪ ʛʘʰʝʥʠʷ N2(A3Su
+,v=0-10) ʧʨʠ ʥʝʫʧʨʫʛʠʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʩ ʥʝʚʦʟʙʫʞʜʝʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ 

CO(X1S+) ʠ N2(X1Sg
+) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʘʥʥʳʝ ʨʘʩʯʝʪʳ ʫʯʠʪʳʚʘʣʠ ʪʦʣʴʢʦ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ 

ʧʨʦʮʝʩʩʳ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʩ ʠʟʥʘʯʘʣʴʥʦ ʚʦʟʙʫʞʜʝʥʥʦʡ ʤʦʣʝʢʫʣʳ ʥʘ ʥʝʚʦʟʙʫʞʜʝʥʥʳʝ, ʧʨʠ ʵʪʦʤ ʤʦʣʝʢʫʣʳ-

ʤʠʰʝʥʠ CO ʠ N2 ʧʝʨʝʭʦʜʠʣʠ ʚ a3Ʉ ʠ A3Su
+ ʩʦʩʪʦʷʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʥʘʩʝʣʝʥʥʦʩʪʝʡ ʤʦʣʝʢʫʣ 

N2(A3Su
+) ʠ CO(a3Ʉ) ʚ ʘʪʤʦʩʬʝʨʝ ʩ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ N2-ʛʘʟʘ ʩ ʜʦʙʘʚʢʦʡ CH4 ʠ CO (ʘʪʤʦʩʬʝʨʘ ʊʠʪʘʥʘ). 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʨʠʧʣʝʪʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ 

ʘʟʦʪʘ, ʠ ʠʭ ʨʦʣʠ ʚ N2(A3Su
+) ʠ CO(a3Ʉ) ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʥʘʩʝʣʝʥʥʦʩʪʷʭ. 

 

ʂʦʥʩʪʘʥʪʳ ʛʘʰʝʥʠ  ̫

 
ɿʜʝʩʴ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʚʢʣʘʜ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ  

N2(A3Su
+,v=0-23) + CO(X1S+,v=0)  N2(X1Sg

+,v"Ó0) + CO(a3Ʉ,v')   (4) 

N2(A3Su
+,v=2-23) + N2(X1Sg

+,v=0)  N2(X1Sg
+,v"Ó0) + N2(A3Su

+,v')  (5) 

N2(A3Su
+,v=7-23) + N2(X1Sg

+,v=0)  N2(X1Sg
+,v"Ó0) + N2(B3Ʉg,v')  (6ʘ) 

ʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ  

N2(A3Su
+,v=7-23) + N2(X1Sg

+,v=0)  N2(B3Ʉg,v') + N2(X1Sg
+,v=0)  (6ʙ) 

ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʘʟʦʪʘ ʩ 

ʥʝʚʦʟʙʫʞʜʝʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ CO ʠ N2. ʈʘʩʩʯʠʪʘʥʥʳʝ ʩʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ [Kirillov, 2016] ʢʦʥʩʪʘʥʪʳ 

ʧʨʦʮʝʩʩʦʚ (4,5,6 ʘ,ʙ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. ʏʪʦ ʢʘʩʘʝʪʩʷ ʛʘʰʝʥʠʷ ʥʠʞʥʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ 

ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʘʟʦʪʘ N2(A3Su
+,v=0,1) ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʩ ʤʦʣʝʢʫʣʘʤʠ N2, ʪʦ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʝʛʦ ʢʘʢ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʡ ʨʝʟʦʥʘʥʩʥʳʡ ʧʦ ʵʥʝʨʛʠʠ ʧʝʨʝʭʦʜ ʥʘ X1Sg
+ ʩʦʩʪʦʷʥʠʝ [Kirillov , 2012] 

N2(A3Su
+,v=0,1) + N2(X1Sg

+,v=0)  N2(X1Sg
+,v'=25,26) + N2(X1Sg

+,v=0).   (7) 

ɿʥʘʯʝʥʠʷ k7(v=0)=3.7Ĭ10ī16 ʠ k7(v=1)=3.4Ĭ10ī16 ʩʤ3ʩī1 ʙʝʨʫʪʩʷ ʩʦʛʣʘʩʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʠʟ 

[Dreyer and Perner, 1973].  

 

 

ʈʠʩʫʥʦʢ 1. ʈʘʩʩʯʠʪʘʥʥʳʝ ʢʦʥʩʪʘʥʪʳ ʧʨʦʮʝʩʩʦʚ (4) ʠ (5) ï ʩʣʝʚʘ ʩʧʣʦʰʥʘʷ ʠ ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʠ, 

ʧʨʦʮʝʩʩʦʚ (6ʘ) ʠ (6ʙ) ï ʩʧʨʘʚʘ ʧʫʥʢʪʠʨʥʘʷ ʠ ʩʧʣʦʰʥʘʷ ʣʠʥʠʠ; ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʨʦʮʝʩʩʦʚ (7), 

(8) ʠ (4) ʧʨʠ v=0 ï ʢʚʘʜʨʘʪʳ, ʪʨʝʫʛʦʣʴʥʠʢʠ ʠ ʢʨʫʞʦʯʝʢ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʢʦʥʩʪʘʥʪ ʜʣʷ ʧʨʦʮʝʩʩʘ (4) ʚ [Kirillov, 2016] ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ v=0. ʇʦʵʪʦʤʫ ʤʳ ʟʜʝʩʴ ʠʩʧʦʣʴʟʫʝʤ ʟʥʘʯʝʥʠʝ 

k4(v=0)=1.8Ĭ10ī12 ʩʤ3ʩī1, ʚʟʷʪʦʝ ʠʟ ʨʘʙʦʪ [Dreyer et al., 1974; Thomas et al., 1987], ʥʦ ʩ ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ 

f4(v=0Ÿv'=0)/f4(v=0Ÿv'=1)å5:1 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʦʮʝʥʢʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʘʙʦʪʝ [Kirillov , 

2016]. ɼʘʥʥʦʝ ʟʥʘʯʝʥʠʝ k4(v=0) ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 

ʇʦʩʢʦʣʴʢʫ ʤʝʪʘʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʘʪʤʦʩʬʝʨʳ ʊʠʪʘʥʘ, ʪʦ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʤʝʪʘʩʪʘʙʠʣʴʥʳʤ ʘʟʦʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ. ʂʦʥʩʪʘʥʪʳ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

N2(A3Su
+,v=1-6) + CH4  products    (8) 


