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ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʩʦʣʥʝʯʥʦ-

ʟʝʤʥʦʡ ʬʠʟʠʢʠ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʩʦʟʜʘʥ 27 ʤʘʷ 1960 ʛ. 

 

ɺʨʠʦ ʜʠʨʝʢʪʦʨʘ ʀʥʩʪʠʪʫʪʘ ð ʜ.ʬ.-ʤ.ʥ. ɸ.ɺ. ʄʝʜʚʝʜʝʚ. 

 

ʆʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʀʥʩʪʠʪʫʪʘ 

¶ ʌʠʟʠʢʘ ʉʦʣʥʮʘ: ʠʟʫʯʝʥʠʝ ʩʪʨʦʝʥʠʷ ʠ ʘʢʪʠʚʥʦʩʪʠ ʉʦʣʥʮʘ ʠ ʩʦʣʥʮʝʧʦʜʦʙʥʳʭ ʟʚʝʟʜ; 

ʬʠʟʠʢʘ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʠ ʢʦʨʦʥʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʤʘʩʩʳ; ʠʟʫʯʝʥʠʝ ʵʚʦʣʶʮʠʠ ʉʦʣʥʮʘ, 

ʩʪʨʫʢʪʫʨʳ ʩʦʣʥʝʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʠ ʢʦʨʦʥʘʣʴʥʦʡ ʧʣʘʟʤʳ; ʛʝʣʠʦʩʝʡʩʤʦʣʦʛʠʷ; 

ʤʝʭʘʥʠʟʤʳ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʠ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ ʢʦʨʦʥʘʣʴʥʦʡ ʧʣʘʟʤʳ; ʤʦʥʠʪʦʨʠʥʛ 

ʘʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʉʦʣʥʮʝ ʢʘʢ ʠʩʪʦʯʥʠʢʦʚ ʚʦʟʤʫʱʝʥʠʡ ʚ ʛʝʣʠʦʩʬʝʨʝ, ʤʘʛʥʠʪʦʩʬʝʨʝ, 

ʠʦʥʦʩʬʝʨʝ ʠ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ; ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚ ʦʙʣʘʩʪʠ ʘʩʪʨʦʬʠʟʠʢʠ ʠ ʬʠʟʠʢʠ ʉʦʣʥʮʘ. 

¶ ʌʠʟʠʢʘ ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ: ʬʠʟʠʢʘ ʤʘʛʥʠʪʦʩʬʝʨʳ, 

ʠʦʥʦʩʬʝʨʳ ʠ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ; ʠʟʫʯʝʥʠʝ ʤʘʛʥʠʪʦʩʬʝʨʥʦ-ʠʦʥʦʩʬʝʨʥʦ-ʘʪʤʦʩʬʝʨʥʦ-

ʣʠʪʦʩʬʝʨʥʳʭ ʩʚʷʟʝʡ; ʚʳʷʩʥʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʚʣʠʷʥʠʷ ʛʝʣʠʦʩʬʝʨʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʦʢʦʣʦʟʝʤʥʦʝ ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʠ, ʠʟʫʯʝʥʠʝ ʵʬʬʝʢʪʦʚ 

ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ; ʠʦʥʦʩʬʝʨʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʠ ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ; ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ 

ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʤʘʛʥʠʪʦʩʬʝʨʳ, ʠʦʥʦʩʬʝʨʳ, ʘʪʤʦʩʬʝʨʳ, 

ʣʠʪʦʩʬʝʨʳ) ʠ ʘʢʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʝ. 

¶ ʇʨʦʙʣʝʤʳ ʘʩʪʝʨʦʠʜʥʦ-ʢʦʤʝʪʥʦʡ ʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʠ ʢʦʩʤʦʩʘ: ʨʘʟʚʠʪʠʝ 

ʦʧʪʠʯʝʩʢʠʭ ʠ ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʦʙʣʘʩʪʠ ʘʩʪʝʨʦʠʜʥʦ-ʢʦʤʝʪʥʦʡ ʦʧʘʩʥʦʩʪʠ, ʪʝʭʥʦ-

ʛʝʥʥʦʛʦ ʟʘʩʦʨʝʥʠʷ ʠ ʵʢʦʣʦʛʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ; ʤʦʥʠʪʦʨʠʥʛ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʤʫʩʦʨʘ ʠ ʩʦʩʪʦʷʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʩʪʘʥʮʠʡ. 

¶ ɸʥʘʣʠʟ ʠ ʧʨʦʛʥʦʟ ʩʦʩʪʦʷʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ɿʝʤʣʠ: ʨʘʟʨʘʙʦʪʢʘ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʬʠʟʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʩ ʫʯʝʪʦʤ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ; ʧʦʛʦʜʦʦʙʨʘʟʫʶʱʠʝ ʠ ʢʣʠʤʘʪʦʦʙʨʘʟʫʶʱʠʝ ʬʘʢʪʦʨʳ; ʚʣʠʷʥʠʝ 

ʛʝʣʠʦʩʬʝʨʥʳʭ ʠ ʛʝʦʩʬʝʨʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʘʪʤʦʩʬʝʨʫ ʠ ʩʪʨʘʪʦʩʬʝʨʥʦ-ʪʨʦʧʦʩʬʝʨʥʳʡ ʦʙʤʝʥ. 

  

1. ʉʊʈʋʂʊʋʈɸ ʀʅʉʊʀʊʋʊɸ 
 

ʅʘʫʯʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ 

 

ʆʪʜʝʣ ʬʠʟʠʢʠ ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʈʫʢ. ʦʪʜ. ð ʜ.ʬ.-ʤ.ʥ. ɺ.ʀ. ʂʫʨʢʠʥ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦ ʨʘʜʠʦʬʠʟʠʢʝ ð ʯʣ.-ʢʦʨʨ. ʈɸʅ ɸ.ʇ. ʇʦʪʝʭʠʥ 

¶ ʃʘʙʦʨʘʪʦʨʠʷ ʬʠʟʠʢʠ ʠʦʥʦʩʬʝʨʥʦ-ʤʘʛʥʠʪʦʩʬʝʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʟʘʚ. ʣʘʙ. ð 

ʜ.ʬ.-ʤ.ʥ. ɸ.ɺ. ʊʘʱʠʣʠʥ; 

¶ ʃʘʙʦʨʘʪʦʨʠʷ ʠʟʫʯʝʥʠʷ ʧʣʘʟʤʝʥʥʦ-ʚʦʣʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʛʥʠʪʦʩʬʝʨʳ, ʟʘʚ. ʣʘʙ. ð

ʢ.ʬ.-ʤ.ʥ. ɼ.ʖ. ʂʣʠʤʫʰʢʠʥ; 

¶ ʃʘʙʦʨʘʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʨʘʜʠʦʬʠʟʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʘʪʤʦʩʬʝʨʳ, 

ʟʘʚ. ʣʘʙ. ð ʢ.ʬ.-ʤ.ʥ. ʂ.ɻ. ʈʘʪʦʚʩʢʠʡ; 

¶ ʃʘʙʦʨʘʪʦʨʠʷ ʬʠʟʠʢʠ ʥʠʞʥʝʡ ʠ ʩʨʝʜʥʝʡ ʘʪʤʦʩʬʝʨʳ, ʟʘʚ. ʣʘʙ. ð ʢ.ʬ.-ʤ.ʥ. ʈ.ɺ. ɺʘʩʠ-

ʣʴʝʚ;  

¶ ʃʘʙʦʨʘʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʠʦʥʦʩʬʝʨʝ, ʟʘʚ. ʣʘʙ. ð ʢ.ʬ.-ʤ.ʥ. 

ʆ.ʀ. ɹʝʨʥʛʘʨʜʪ; 

¶ ʂʦʤʧʣʝʢʩʥʘʷ ʤʘʛʥʠʪʥʦ-ʠʦʥʦʩʬʝʨʥʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ, ʟʘʚ. ʆʙʩʝʨʚʘʪʦʨʠʝʡ ð ʜ.ʬ.-ʤ.ʥ. 

ʈ.ɸ. ʈʘʭʤʘʪʫʣʠʥ;  

¶ ɻʝʦʬʠʟʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ (ɻʌʆ), ʟʘʚ. ʦʙʩʝʨʚʘʪʦʨʠʝʡ ð ɸ.ɺ. ʊʘʪʘʨʥʠʢʦʚ; 
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¶ ʆʙʩʝʨʚʘʪʦʨʠʷ ʨʘʜʠʦʬʠʟʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʘʪʤʦʩʬʝʨʳ (ʆʈɼɸ), ʟʘʚ. ʦʙʩʝʨʚʘ-

ʪʦʨʠʝʡ ð ɸ.ɺ. ɿʘʚʦʨʠʥ; 

¶ ʅʦʨʠʣʴʩʢʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʤʘʛʥʠʪʥʦ-ʠʦʥʦʩʬʝʨʥʘʷ ʩʪʘʥʮʠʷ (ʅʦʨʠʣʴʩʢʘʷ 

ʂʄʀʉ), ʟʘʚ. ʩʪʘʥʮʠʝʡ ð ʆ.ɻ. ʆʤʝʣʴʷʥ. 

 

ʆʪʜʝʣ ʨʘʜʠʦʘʩʪʨʦʬʠʟʠʢʠ  

ʈʫʢʦʚʦʜʠʪʝʣʴ ʦʪʜʝʣʘ ð ʢ.ʬ.-ʤ.ʥ. ʉ.ɺ. ʃʝʩʦʚʦʡ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦ ʨʘʜʠʦʘʩʪʨʦʬʠʟʠʢʝ ï ʜ.ʬ.-ʤ.ʥ. ɸ.ʊ. ɸʣʪʳʥʮʝʚ 

¶  ʃʘʙʦʨʘʪʦʨʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʠ.ʦ. ʟʘʚ. ʣʘʙ. ð ʢ.ʪ.ʥ. ɸ.ɺ. ɻʫʙʠʥ; 

¶  ʃʘʙʦʨʘʪʦʨʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʤʝʪʦʜʦʣʦʛʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʟʘʚ. ʣʘʙ. ð

ʢ.ʬ.-ʤ.ʥ. ɼ.ɺ. ʇʨʦʩʦʚʝʮʢʠʡ; 

¶ ʃʘʙʦʨʘʪʦʨʠʷ ʨʘʜʠʦʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʦʣʥʮʘ, ʟʘʚ. ʣʘʙ. ð ʜ.ʬ.-ʤ.ʥ. ɸ.ɸ. 

ʂʫʟʥʝʮʦʚ; 

¶ ʈʘʜʠʦʘʩʪʨʦʬʠʟʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ (ʈɸʆ), ʟʘʚ. ʦʙʩʝʨʚʘʪʦʨʠʝʡ ð ʉ.ɺ. ʂʠʮʘʥʦʚ. 

 

ʆʪʜʝʣ ʬʠʟʠʢʠ ʉʦʣʥʮʘ  

ʈʫʢʦʚʦʜʠʪʝʣʴ ʦʪʜʝʣʘ ð ʜ.ʬ.-ʤ.ʥ. ʄ.ʃ. ɼʝʤʠʜʦʚ 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦ ʬʠʟʠʢʝ ʉʦʣʥʮʘ ð ʯʣ.-ʢʦʨʨ. ʈɸʅ ɺ.ʄ. ɻʨʠ-

ʛʦʨʴʝʚ 

¶  ʃʘʙʦʨʘʪʦʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʠ ʉʦʣʥʮʘ ʠ ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦ-

ʝʥʠʷ, ʟʘʚ. ʣʘʙ. ð ʢ.ʬ.-ʤ.ʥ. ɼ.ʖ. ʂʦʣʦʙʦʚ; 

¶  ʃʘʙʦʨʘʪʦʨʠʷ ʩʪʨʦʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʳ, ʟʘʚ. ʣʘʙ. ð ʜ.ʬ.-ʤ.ʥ. ɺ.ʀ. ʉʢʦʤʦ-

ʨʦʚʩʢʠʡ; 

¶  ʃʘʙʦʨʘʪʦʨʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʟʘʚ. ʣʘʙ. ð ʜ.ʬ.-ʤ.ʥ. ɸ.ɺ. ʄʦʨʜʚʠʥʦʚ;  

¶  ʃʘʙʦʨʘʪʦʨʠʷ ʠʥʬʨʘʢʨʘʩʥʳʭ ʤʝʪʦʜʦʚ ʚ ʘʩʪʨʦʬʠʟʠʢʝ, ʟʘʚ. ʣʘʙ. ð ʢ.ʬ.-ʤ.ʥ. ʄ.ɺ. ɽʩʝ-

ʣʝʚʠʯ; 

¶  ɹʘʡʢʘʣʴʩʢʘʷ ʘʩʪʨʦʬʠʟʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ (ɹɸʆ), ʟʘʚ. ʦʙʩʝʨʚʘʪʦʨʠʝʡ ð     

ʢ.ʬ.-ʤ.ʥ. ɸ.ɺ. ɹʦʨʦʚʠʢ; 

¶ ʉʘʷʥʩʢʘʷ ʩʦʣʥʝʯʥʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ (ʉʉʆ), ʟʘʚ. ʦʙʩʝʨʚʘʪʦʨʠʝʡ ð ʢ.ʬ.-ʤ.ʥ. ɸ.ɸ. ʃʫ-

ʢʦʚʥʠʢʦʚʘ. 

 

ʂʦʥʩʪʨʫʢʪʦʨʩʢʠʡ ʦʪʜʝʣ 

ɿʘʚ. ʦʪʜ. ï ɸ.ʗ. ʉʤʦʣʴʢʦʚ 

¶ ʉʝʢʪʦʨ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʟʘʚ. ʩʝʢʪʦʨʦʤ ð ɸ.ʗ. ʉʤʦʣʴʢʦʚ;  

¶ ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʮʝʭ (ʥʘʯ. ʮʝʭʘ ð ɺ.ʉ. ʌʝʜʦʪʦʚ). 

 

ʅʘʫʯʥʦ-ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ 

¶ ʈʝʜʘʢʮʠʦʥʥʦ-ʠʟʜʘʪʝʣʴʩʢʠʡ ʦʪʜʝʣ, ʟʘʚ. ʦʪʜʝʣʦʤ ð ʄ.ɺ. ʅʠʢʦʥʦʚʘ; 

¶ ʅʘʫʯʥʘʷ ʙʠʙʣʠʦʪʝʢʘ, ʟʘʚ. ʙʠʙʣʠʦʪʝʢʦʡ ð ʆ.ʅ. ʂʘʧʫʨʢʠʥʘ; 

¶ ʇʘʪʝʥʪʥʳʡ ʦʪʜʝʣ, ʟʘʚ. ʦʪʜʝʣʦʤ ð ʜ.ʬ.-ʤ.ʥ. ʅ.ʀ. ʂʦʙʘʥʦʚ; 

¶ ʇʝʨʚʳʡ ʦʪʜʝʣ, ʥʘʯ. ʦʪʜʝʣʘ ð ʃ.ʌ. ɸʣʝʰʢʦʚʘ;  

¶ ɻʨʫʧʧʘ ʧʝʨʝʚʦʜʯʠʢʦʚ; 

¶ ɻʨʫʧʧʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

 

ʆʪʜʝʣ ʧʦ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʝʪʝʚʦʤʫ ʩʦʧʨʦʚʦʞʜʝʥʠʶ 

ɿʘʚ. ʦʪʜ. ð ɸ.ɺ. ɼʞʫʨʠʢ. 
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ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ 

¶ ʆʪʜʝʣ ʢʘʜʨʦʚ, ʟʘʚ. ʦʪʜʝʣʦʤ ð ɽ.ɺ. ʌʨʝʡʜʤʘʥ;  

¶ ʂʘʥʮʝʣʷʨʠʷ, ʚʝʜ. ʜʦʢʫʤʝʥʪʦʚʝʜ ð ʆ.ɸ. ʃʫʰʝʚʘ; 

¶ ɹʫʭʛʘʣʪʝʨʠʷ, ʠ.ʦ. ʛʣ. ʙʫʭʛʘʣʪʝʨʘ ð ɽ.ɸ. ʄʝʥʴʰʠʢʦʚʘ; 

¶ ʇʣʘʥʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʦʪʜʝʣ, ʟʘʚ. ʦʪʜʝʣʦʤ ð ʀ.ʅ. ʃʝʦʥʦʚʘ; 

¶ ʉʣʫʞʙʳ ʠ ʛʨʫʧʧʳ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

 

ʈʫʢʦʚʦʜʩʪʚʦ ʀʥʩʪʠʪʫʪʘ 

 

ɺʨʠʦ ʜʠʨʝʢʪʦʨʘ 

 

ʜ.ʬ.-ʤ.ʥ. ɸ.ɺ. ʄʝʜʚʝʜʝʚ 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ  

ʀʥʩʪʠʪʫʪʘ 

 

ɿʘʤʝʩʪʠʪʝʣʠ ʜʠʨʝʢʪʦʨʘ  

ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ 
 

 

 

ɿʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ  

ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʠ ʠʥʥʦʚʘ-

ʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

 

ɿʘʤʝʩʪʠʪʝʣ ɹʜʠʨʝʢʪʦʨʘ  

ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ 

 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘ-

ʚʣʝʥʠʷ ʧʦ ʬʠʟʠʢʝ ʉʦʣʥʮʘ  

 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘ-

ʚʣʝʥʠʷ ʧʦ ʨʘʜʠʦʬʠʟʠʢʝ  

 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘ-

ʚʣʝʥʠʷ ʧʦ ʨʘʜʠʦʘʩʪʨʦʬʠʟʠʢʝ  

 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ 

 

ɿʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ 

ʧʦ ʦʙʱʠʤ ʚʦʧʨʦʩʘʤ 
 

  

ɸʜʨʝʩ: 

ʊʝʣʝʬʦʥ: 

ʌʘʢʩ: 

e-mail: 

web: 

 
 

ʘʢʘʜʝʤʠʢ ɻ.ɸ. ɾʝʨʝʙʮʦʚ 

 

 

ʜ.ʬ.-ʤ.ʥ. ʉ.ɺ. ʆʣʝʤʩʢʦʡ  

ʜ.ʬ.-ʤ.ʥ. ʄ.ʃ. ɼʝʤʠʜʦʚ  

ʢ.ʬ.-ʤ.ʥ. ʉ.ɺ. ʃʝʩʦʚʦʡ 

 
 

 

ʢ.ʬ.-ʤ.ʥ. ɺ.ɺ. ʍʘʭʠʥʦʚ 

 

 

 

ʢ.ʬ.-ʤ.ʥ. ʈ.ɸ. ʉʳʯ 

 

 

ʯʣ.-ʢʦʨʨ. ʈɸʅ ɺ.ʄ. ɻʨʠʛʦʨʴʝʚ 

 

 

ʯʣ.-ʢʦʨʨ. ʈɸʅ ɸ.ʇ. ʇʦʪʝʭʠʥ 

 

 

ʜ.ʬ.-ʤ.ʥ. ɸ.ʊ. ɸʣʪʳʥʮʝʚ 

 

ʢ.ʬ.-ʤ.ʥ. ʀ.ʀ. ʉʘʣʘʭʫʪʜʠʥʦʚʘ 

 

 

ɸ.ʖ. ʂʫʣʠʢʦʚ 
 

 

 

664033, ʛ. ʀʨʢʫʪʩʢ, ʫʣ. ʃʝʨʤʦʥʪʦʚʘ, ʜ. 126-ʘ 

(3952) 42-82-65  

(3952) 51-16-75, (3952)42-55-57 

uzel@iszf.irk.ru 

www.iszf.irk.ru 

 

 

 

 

 

 

http://www.iszf.irk.ru/
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2. ʀʉʉʃɽɼʆɺɸʅʀʗ ɺ ʆɹʃɸʉʊʀ ʌʀɿʀʂʀ ʉʆʃʅʎɸ, ʈɸɼʀʆɸʉʊʈʆ-

ʌʀɿʀʂʀ ʀ ʂʆʉʄʀʏɽʉʂʀʍ ʃʋʏɽʁ 
 

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʦʪʜʝʣʘʭ ʬʠʟʠʢʠ ʉʦʣʥʮʘ ʠ ʨʘʜʠʦʘʩʪʨʦʬʠʟʠʢʠ. 

ʇʨʠʦʨʠʪʝʪʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ II.16. çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʘʩʪʨʦʥʦʤʠʠ, ʘʩʪʨʦʬʠʟʠʢʠ 

ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ, ʩʪʨʦʝʥʠʝ ʠ ʵʚʦ-

ʣʶʮʠʷ ɺʩʝʣʝʥʥʦʡ, ʧʨʠʨʦʜʘ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʠ ʪʝʤʥʦʡ ʵʥʝʨʛʠʠ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʃʫʥʳ ʠ ʧʣʘ-

ʥʝʪ, ʉʦʣʥʮʘ ʠ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ ʩʚʷʟʝʡ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʢʟʦʧʣʘʥʝʪ ʠ ʧʦʠʩʢʠ ʚʥʝʟʝʤʥʳʭ ʮʠ-

ʚʠʣʠʟʘʮʠʡ, ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʠ ʘʧʧʘʨʘʪʫʨʳ ʚʥʝʘʪʤʦʩʬʝʨʥʦʡ ʘʩʪʨʦʥʦʤʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʢʦʩʤʦʩʘ, ʢʦʦʨʜʠʥʘʪʥʦ-ʚʨʝʤʝʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʘʢʪʠ-

ʯʝʩʢʠʭ ʟʘʜʘʯè. 

1. ʇʨʦʛʨʘʤʤʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʆ ʈɸʅ II.16.1 çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ ʧʨʦʮʝʩʩʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ, ʚʢʣʶʯʘʷ ʧʨʦʮʝʩʩʳ ʥʘ ʉʦʣʥʮʝ, ʚ ʤʝʞʧʣʘʥʝʪʥʦʡ 

ʩʨʝʜʝ, ʤʘʛʥʠʪʦʩʬʝʨʝ ʠ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ. ʂʦʥʪʨʦʣʴ ʠ ʵʢʦʣʦʛʠʷ ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘè. ʂʦʦʨʜʠʥʘʪʦʨ ð ʘʢʘʜʝʤʠʢ ɻ.ɸ. ɾʝʨʝʙʮʦʚ. 

1.1. ʇʨʦʝʢʪ II.16.1.5 çʈʘʟʚʠʪʠʝ ʦʧʪʠʯʝʩʢʠʭ ʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʡ 

ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʘʩʪʝʨʦʠʜʥʦ-ʢʦʤʝʪʥʦʡ ʦʧʘʩʥʦʩʪʠ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʩʦʨʝʥʠʷ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘè. ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʢ.ʬ.-ʤ.ʥ. ʄ.ɺ. ɽʩʝʣʝʚʠʯ. 

1.2. ʇʨʦʝʢʪ II.16.1.6 çɻʝʦʵʬʬʝʢʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʭʨʦʤʦʩʬʝʨʝ ʠ ʢʦʨʦʥʝ ʉʦʣʥʮʘè. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʢ.ʬ.-ʤ.ʥ. ɼ.ɺ. ʇʨʦʩʦʚʝʮʢʠʡ. 

2. ʇʨʦʛʨʘʤʤʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʆ ʈɸʅ II.16.3 çʌʠʟʠʢʘ ʉʦʣʥʮʘ ʠ 

ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʝ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʝè. ʂʦʦʨʜʠʥʘʪʦʨ ð ʯʣ.-ʢʦʨʨ. ʈɸʅ ɺ.ʄ. ɻʨʠʛʦʨʴʝʚ. 

2.1. ʇʨʦʝʢʪ II.16.3.1 çʄʘʛʥʠʪʥʳʝ ʧʦʣʷ ʉʦʣʥʮʘ ʠ ʧʨʠʨʦʜʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠè. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʜ.ʬ.-ʤ.ʥ. ɸ.ɺ. ʄʦʨʜʚʠʥʦʚ. 

2.2. ʇʨʦʝʢʪ II.16.3.2 çʅʝʩʪʘʮʠʦʥʘʨʥʳʝ ʠ ʚʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʝè. 

ʈʫʢʦʚʦʜʠʪʝʣʠ ʧʨʦʝʢʪʘ ð ʜ.ʬ.-ʤ.ʥ. ʅ.ʀ. ʂʦʙʘʥʦʚ, ʜ.ʬ.-ʤ.ʥ. ɸ.ʊ. ɸʣʪʳʥʮʝʚ. 

2.3. ʇʨʦʝʢʪ II.16.3.3 çʄʝʪʦʜʳ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘè. 

ʈʫʢʦʚʦʜʠʪʝʣʠ ʧʨʦʝʢʪʘ ð ʜ.ʬ.-ʤ.ʥ. ʄ.ʃ. ɼʝʤʠʜʦʚ, ʢ.ʬ.-ʤ.ʥ. ʉ.ɺ. ʃʝʩʦʚʦʡ. 

3. ʇʨʦʛʨʘʤʤʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʆ ʈɸʅ II.16.2 çʌʠʟʠʢʘ ʢʦʩʤʠʯʝʩʢʠʭ 

ʣʫʯʝʡ ʠ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ ʩʚʷʟʝʡè. ʂʦʦʨʜʠʥʘʪʦʨ ð ʯʣ.-ʢʦʨʨ. ʈɸʅ ɽ.ɻ. ɹʝʨʝʞʢʦ. 

3.1. ʇʨʦʝʢʪ II.16.2.4 çɼʠʘʛʥʦʩʪʠʢʘ ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜʳ ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʢʦʩʤʠ-

ʯʝʩʢʠʭ ʣʫʯʝʡè. ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʢ.ʬ.-ʤ.ʥ. ɺ.ɽ. ʉʜʦʙʥʦʚ. 

4. ʇʨʦʛʨʘʤʤʘ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉ 7 çʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʠ ʧʣʘʥʝʪʥʳʭ ʩʠʩʪʝʤ ʟʚʝʟʜ. ʇʝʨʝʭʦʜʥʳʝ ʠ ʚʟʨʳʚʥʳʝ 

ʧʨʦʮʝʩʩʳ ʚ ʘʩʪʨʦʬʠʟʠʢʝè. ʂʦʦʨʜʠʥʘʪʦʨ rð ʘʢʘʜʝʤʠʢ ʃ.ʄ. ɿʝʣʝʥʳʡ, ʯʣ.-ʢʦʨʨ. ʈɸʅ 

ɹ.ʄ. ʐʫʩʪʦʚ. 

4.1. ʇʨʦʝʢʪ çʌʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʘʩʪʨʦ-

ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʥʘ ʪʝʣʝʩʢʦʧʝ ɸɿʊ-33ʀʂè. ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʯʣ.-ʢʦʨʨ. ʈɸʅ 

ɺ.ʄ. ɻʨʠʛʦʨʴʝʚ. 

4.2. ʇʨʦʝʢʪ çʈʘʜʠʦʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʦʣ-

ʥʝʯʥʦʡ ʢʦʨʦʥʝè. ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʜ.ʬ.-ʤ.ʥ. ɸ.ɸ. ʂʫʟʥʝʮʦʚ. 

4.3. ʇʨʦʝʢʪ çʄʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʦʮʝʩʩʦʚ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʝʝ ʧʨʦʷʚʣʝʥʠʡ ʚ 

ʄʄʇ, ʤʘʛʥʠʪʦʩʬʝʨʝ ʠ ʠʦʥʦʩʬʝʨʝ ɿʝʤʣʠè. ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʜ.ʬ.-ʤ.ʥ. ɸ.ʊ. ɸʣʪʳʥʮʝʚ. 

5. ʇʨʦʛʨʘʤʤʘ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉ 23 çʌʠʟʠʢʘ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʠ ʥʝʡʪʨʠʥʥʘʷ ʘʩʪʨʦ-

ʬʠʟʠʢʘè. ʂʦʦʨʜʠʥʘʪʦʨ ð ʘʢʘʜʝʤʠʢ ɺ.ɸ. ʈʫʙʘʢʦʚ. 

5.1. ʇʨʦʝʢʪ çʂʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ ʚ ʛʝʣʠʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʘʭ ʧʦ ʥʘʟʝʤʥʳʤ ʠ ʩʪʨʘʪʦ-

ʩʬʝʨʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤè. ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʢ.ʬ.-ʤ.ʥ. ɺ.ɽ. ʉʜʦʙʥʦʚ. 

6. ʇʨʦʛʨʘʤʤʘ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉ 31 çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʪʝʭʥʦʣʦʛʠʡ ʜʚʦʡʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʚ ʠʥʪʝʨʝʩʘʭ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʛʦʨʝʥʠʷ ʠ ʚʟʨʳʚʘ. ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʦʙʦʪʦʪʝʭʥʠʢʠè. ʂʦʦʨʜʠʥʘʪʦʨ rð 

ʘʢʘʜʝʤʠʢ ʖ.ʄ. ʄʠʭʘʡʣʦʚ, ʘʢʘʜʝʤʠʢ ɺ.ɸ. ʃʝʚʠʥ, ʘʢʘʜʝʤʠʢ ʌ.ʃ.ʏʝʨʥʦʫʩʴʢʦ. 
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6.1. ʇʨʦʝʢʪ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʢʦʥʪʨʦʣʷ ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩ-

ʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝè. ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʯʣ.-ʢʦʨʨ. ʈɸʅ 

ɺ.ʄ. ɻʨʠʛʦʨʴʝʚ. 

ɺʳʧʦʣʥʷʣʩʷ ʛʨʘʥʪ ʈʅʌ ˉ 17-72-10076 çʂʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʚʦʣʶʮʠʠ ʤʘʛ-

ʥʠʪʦʟʚʫʢʦʚʳʭ ʚʦʣʥ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʄɻɼ-ʩʝʡʩʤʦʣʦʛʠʠ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʳè. ʈʫʢʦʚʦʜʠ-

ʪʝʣʴ ð ʢ.ʬ.-ʤ.ʥ. ɸ.ʅ. ɸʬʘʥʘʩʴʝʚ. 

ɺʳʧʦʣʥʷʣʦʩʴ 10 ʛʨʘʥʪʦʚ ʈʌʌʀ:  

1. 15-02-01089-ʘ çʉʦʣʥʝʯʥʳʝ ʚʩʧʳʰʢʠ ʚ ʤʠʢʨʦʚʦʣʥʘʭ: ʦʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʢʦʚʳʭ 

ʩʣʦʝʚ ʜʦ ʠʤʧʫʣʴʩʥʦʡ ʩʪʘʜʠʠè. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʜ.ʬ.-ʤ.ʥ. ɸ.ʊ. ɸʣʪʳʥʮʝʚ.  

2. 15-02-03717-ʘ çʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ ʚ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰ-

ʢʘʭ ʥʘ ʦʩʥʦʚʝ ʫʥʠʢʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʘ çʂʦʥʫʩ-ɺʠʥʜè ʠ ʉʠʙʠʨʩʢʦʛʦ 

ʩʦʣʥʝʯʥʦʛʦ ʨʘʜʠʦʪʝʣʝʩʢʦʧʘè. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʜ.ʬ.-ʤ.ʥ. ɸ.ɸ. ʂʫʟʥʝʮʦʚ.  

3. 15-02-01077-ʘ çʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʜʚʠʞʝʥʠʷ ʢʦʨʦʥʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ 

ʤʘʩʩʳ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʫʜʘʨʥʳʭ ʚʦʣʥ ʧʦ ʤʥʦʛʦʚʦʣʥʦʚʳʤ ʜʘʥʥʳʤè. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦ-

ʜʠʪʝʣʴ ð ʜ.ʬ.-ʤ.ʥ. ɺ.ɻ. ʌʘʡʥʰʪʝʡʥ.  

4. 16-32-00268-ʤʦʣ-ʘ çʇʦʠʩʢ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʘʣʴʬʚʝʥʦʚʩʢʠʭ ʚʦʣʥ ʚ 

ʘʪʤʦʩʬʝʨʝ ʩʦʣʥʝʯʥʳʭ ʬʘʢʝʣʦʚè è. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʢ.ʬ.-ʤ.ʥ. ɸ.ɸ. ʏʝʣʧʘʥʦʚ.  

5. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʢ.ʬ.-ʤ.ʥ. ʗ.ʀ. ɽʛʦʨʦʚ. 

6. 17-52-77005 çɼʠʥʘʤʠʯʝʩʢʠʝ ʧʣʘʟʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʛʝʣʠʦʩʬʝʨʝ: ʦʪ ʉʦʣʥʮʘ ʜʦ 

ɿʝʤʣʠè. ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʜ.ʬ.-ʤ.ʥ. ɸ.ʊ. ɸʣʪʳʥʮʝʚ. 

7. 17-02-00016-ʘ çɻʣʦʙʘʣʴʥʳʝ ʤʘʢʩʠʤʫʤʳ ʩʦʣʥʝʯʥʦʡ ʠ ʟʚʝʟʜʥʦʡ ʘʢʪʠʚʥʦʩʪʠè, ʨʫʢʦ-

ʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʜ.ʬ.-ʤ.ʥ. ʃ.ʃ. ʂʠʯʘʪʠʥʦʚ. 

8. 17-52-18050 ɹʦʣʛ_ʘ 2017 çʀʩʪʦʯʥʠʢʠ ʩʦʣʥʝʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ: ʩʦʣʥʝʯʥʳʝ 

ʚʩʧʳʰʢʠ ʠʣʠ ʚʳʙʨʦʩʳ ʢʦʨʦʥʘʣʴʥʦʡ ʤʘʩʩʳ?è. ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʢ.ʬ.-ʤ.ʥ. ʃ.ʂ. ʂʘ-

ʰʘʧʦʚʘ. 

9. 17-52-80064 ɹʈʀʂʉ_ʘ çʉʫʧʝʨʚʩʧʳʰʢʠ ʥʘ ʟʚʝʟʜʘʭ ʠ ʉʦʣʥʮʝè. ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦ-

ʝʢʪʘ ð ʜ.ʬ.-ʤ.ʥ. ɸ.ɸ. ʂʫʟʥʝʮʦʚ. 

10. 17-32-50046_ʤʦʣ_ʥʨ_2017 çʇʨʦʛʥʦʟ 25-ʛʦ ʮʠʢʣʘ ʚ ʪʝʨʤʠʥʘʭ ʧʦʣʥʦʛʦ ʧʦʪʦʢʘ ʠʟ-

ʣʫʯʝʥʠʷ ʉʦʣʥʮʘè. ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʜ.ʬ.-ʤ.ʥ. ɸ.ɺ. ʄʦʨʜʚʠʥʦʚ. 

ɺʳʧʦʣʥʷʣʠʩʴ: 

¶ ʈʘʙʦʪʳ ʧʦ ʫʢʨʫʧʥʝʥʥʦʤʫ ʠʥʚʝʩʪʠʮʠʦʥʥʦʤʫ ʧʨʦʝʢʪʫ çʅʘʮʠʦʥʘʣʴʥʳʡ ʛʝʣʠʦʛʝʦʬʠ-

ʟʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʈɸʅè. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʘʢʘʜ. ɻ.ɸ. ɾʝʨʝʙʮʦʚ. 

¶ ʇʨʠʢʣʘʜʥʳʝ ʨʘʙʦʪʳ ʚ ʨʘʤʢʘʭ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʜʦʛʦʚʦʨʦʚ. 

 

2.1. ʄʘʛʥʠʪʥʳʝ ʧʦʣʷ ʉʦʣʥʮʘ ʠ ʧʨʠʨʦʜʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

 

2.1.1. ʀʟʤʝʨʝʥʠʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʉʦʣʥʮʘ  

 

ɺ 2017 ʛ. ʚʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʉʦʣʥʮʘ, 

ʥʘʙʣʶʜʝʥʠʷ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʠ ʢʦʤʧʣʝʢʩʦʚ ʘʢʪʠʚʥʦʩʪʠ. ʅʘ ʉʦʣʥʝʯʥʦʤ ʪʝʣʝʩʢʦʧʝ ʦʧʝ-

ʨʘʪʠʚʥʳʭ ʧʨʦʛʥʦʟʦʚ (ʉʊʆʇ) ʉʘʷʥʩʢʦʡ ʩʦʣʥʝʯʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʉʆ ʈɸʅ 

II.16.3.1. çʄʘʛʥʠʪʥʳʝ ʧʦʣʷ ʉʦʣʥʮʘ ʠ ʧʨʠʨʦʜʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠè ʚʳʧʦʣʥʷʣʠʩʴ ʨʝʛʫ-

ʣʷʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʦʙʱʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ, ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ 

ʧʦʣʥʦʜʠʩʢʦʚʳʝ ʤʘʛʥʠʪʦʛʨʘʤʤʳ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʤʘʛ-

ʥʠʪʥʳʭ ʧʦʣʝʡ ʧʦ ʜʠʩʢʫ ʉʦʣʥʮʘ. ʆʙʱʝʝ ʯʠʩʣʦ ʜʥʝʡ ʥʘʙʣʶʜʝʥʠʡ ʚ ʷʥʚʘʨʝïʥʦʷʙʨʝ 2017 ʛ. 

ʩʦʩʪʘʚʠʣʦ 70. ʇʨʦʚʝʜʝʥʦ 66 ʠʟʤʝʨʝʥʠʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʦʙʱʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ ʠ 

ʧʦʣʫʯʝʥʦ 30 ʤʘʛʥʠʪʦʛʨʘʤʤ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. 
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2.1.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʜʚʠʞʝʥʠʡ ʧʣʘʟʤʳ ʚ ʧʨʦʮʝʩʩʝ ʚʦʟʥʠʢʥʦ-

ʚʝʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ  

 

ʅʘ ʧʨʠʤʝʨʝ ʜʚʫʭ ʤʘʣʳʭ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ (ɸʆ) ʧʦ ʜʘʥʥʳʤ ʢʦʩʤʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦ-

ʨʠʠ SOHO ʦʙʥʘʨʫʞʝʥ ʤʦʱʥʳʡ ʧʦʜʲʝʤ ʧʣʘʟʤʳ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʜʦʩʪʠʛʘʶʪ 1650 ʤ/ʩ. ɸʥʘʣʦʛʠʯʥʳʝ ʪʝʯʝʥʠʷ ʙʳʣʠ ʥʘʡʜʝʥʳ 

ʨʘʥʝʝ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʙʦʣʴʰʦʡ ɸʆ. ɹʳʩʪʨʳʝ ʚʦʩʭʦʜʷʱʠʝ ʪʝʯʝʥʠʷ ʥʘ ʨʘʥʥʝʡ ʬʘʟʝ ʦʙ-

ʨʘʟʦʚʘʥʠʷ ɸʆ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʳʭʦʜ ʵʣʝʤʝʥʪʘʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʩʦ 

ʩʭʦʞʠʤʠ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʉʫʱʝʩʪʚʫʶʪ ʜʚʝ ʨʘʟʥʳʝ ʜʚʠʞʫʱʠʝ ʩʠʣʳ ʚʦʩʭʦ-

ʜʷʱʠʭ ʪʝʯʝʥʠʡ ʧʣʘʟʤʳ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʪʝʤ, ʢʘʢ 

ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʜʦʩʪʠʛʘʝʪ ʬʦʪʦʩʬʝʨʳ, ʫʩʠʣʝʥʥʳʝ ʚʦʩʭʦʜʷʱʠʝ ʪʝʯʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʛʨʘ-

ʜʠʝʥʪʦʤ ʛʘʟʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʚ ʬʦʪʦ-

ʩʬʝʨʝ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʛʨʘʜʠʝʥʪ ʤʘʛʥʠʪʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʈʘʥʝʝ ʧʦ ʤʘʪʝʨʠʘʣʘʤ SOHO ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʣʥʝʯʥʦʛʦ 

ʧʷʪʥʘ ʩ ʨʘʟʚʠʪʠʝʤ ʧʦʣʫʪʝʥʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʩʪʝʧʝʥʥʦʝ ʦʪʜʝʣʝʥʠʝ ʚʥʝʰʥʠʭ 

ʫʯʘʩʪʢʦʚ ʧʨʦʜʦʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʘʜʠʘʣʴʥʦ ʦʪ ʧʷʪʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʦʚʘʣʩʷ 

ʨʦʚ ʠ ʢʚʘʟʠʢʦʣʴʮʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɼʘʥʥʳʝ ʆʙʩʝʨʚʘʪʦʨʠʠ ʩʦʣʥʝʯʥʦʡ ʜʠʥʘ-

ʤʠʢʠ (Solar Dynamical Observatory, SDO) ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠ-

ʝʤ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʣʫʪʝʥʠ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʪʝʥʴïʧʦʣʫʪʝʥʴ ʚʦʟʥʠʢʘʶʪ ʣʦ-

ʢʘʣʴʥʳʝ ʦʙʣʘʩʪʠ ʧʦʜʲʝʤʘ ʚʝʱʝʩʪʚʘ, ʧʦʩʣʝ ʯʝʛʦ ʬʦʨʤʠʨʫʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʩʧʘʡʥʳ. ɺʳʭʦʜ 

ʤʘʛʥʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʧʦʣʫʪʝʥʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʜʝʣʝʥʠʷ ʢʦʥʮʦʚ ʩʧʘʡʥʦʚ ʥʘʯʠʥʘʝʪʩʷ 

ʩʧʫʩʪʷ 1ï1.5 ʯ ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʧʘʡʥʘ. ɺ ʨʘʟʚʠʪʦʡ ʧʦʣʫʪʝʥʠ ʚʳʭʦʜ ʤʘʛʥʠʪʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʥʦʩʠʪ ʤʘʩʩʦʚʳʡ ʭʘʨʘʢʪʝʨ, ʠʥʦʛʜʘ ʛʨʫʧʧʦʚʦʡ ʚʳʭʦʜ ʵʣʝʤʝʥʪʦʚ ʧʦʣʷ ʦʙʨʘʟʫʝʪ ʩʪʨʫʢʪʫ-

ʨʳ ʜʚʠʞʫʱʠʭʩʷ ʣʝʥʪ. ʉʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʪʜʝʣʠʚʰʠʭʩʷ ʦʪ ʩʧʘʡ-

ʥʦʚ, ʚ 2ï3 ʨʘʟʘ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʝʡ ʵʣʝʤʝʥʪʦʚ, ʦʪʜʝʣʠʚʰʠʭʩʷ ʦʪ ʤʝʞʩʧʘʡʥʦʚʳʭ ʚʦʣʦʢʦʥ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ çʥʝʧʨʠʯʝʩʘʥʥʦʡ ʤʦʜʝʣʴʶè ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʣʫ-

ʪʝʥʠ.  

 

2.1.3. ʀʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʦʣʥʝʯʥʦʡ 

ʚʩʧʳʰʢʠ 11 ʬʝʚʨʘʣʷ 2014 ʛ. 

 

ʇʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚʩʧʳʰʢʠ ʢʣʘʩʩʘ M1.7 11 ʬʝʚʨʘʣʷ 

2014 ʛ. ʚ ɸʆ 11974, ʧʨʦʚʝʜʝʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɸʆ 

ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʥʝʣʠʥʝʡʥʦʛʦ ʙʝʩʩʠʣʦʚʦʛʦ ʧʦʣʷ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ. ɺ 

ʩʪʨʫʢʪʫʨʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦʣʷ ʚʳʜʝʣʝʥʘ ʩʠʣʦʚʘʷ ʪʨʫʙʢʘ, ʦʩʥʦʚʘʥʠʷ ʢʦʪʦʨʦʡ ʩʦʚʧʘʜʘʶʪ 

ʩ ʧʦʣʦʞʝʥʠʝʤ ʠʩʪʦʯʥʠʢʦʚ ʞʝʩʪʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʘ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ð ʩ 

ʠʩʪʦʯʥʠʢʦʤ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʥʦʤ ʧʦʣʝ ʧʦʩʪʨʦʝʥʳ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʨʘʜʠʦʢʘʨʪʳ, ʩʚʝʨʥʫʪʳʝ ʩ ʜʠʘʛʨʘʤʤʦʡ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ Nobeyama Radio Heliograph (NoRH) ʠ ʩʦʧʦʩʪʘʚʣʝʥʥʳʝ ʩ ʜʘʥʥʳʤʠ ʥʘʙʣʶ-

ʜʝʥʠʡ ʵʪʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʢʘʨʪʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʥʘʙʣʶʜʘʪʝʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʘ ʣʠʥʠʷ ʠʥʚʝʨʩʠʠ ʟʥʘʢʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʢʘʨʪ 

ʧʦʣʷʨʠʟʘʮʠʠ ʠʤʝʝʪ ʪʦʪ ʞʝ ʥʘʢʣʦʥ, ʯʪʦ ʠ ʚ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ NoRH. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʚʩʧʳʰʝʯʥʦʝ ʩʦʙʳʪʠʝ ʧʨʦʠʟʦʰʣʦ ʚ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʧʦʪʝʥ-

ʮʠʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʫ ʁʫʜʘʣʦʩʴ ʚʦʩʩʪʘʥʦʚʠʪʴ ʩ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʧʨʠʤʝʥʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ. 
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ʈʠʩ. 1. ʄʘʛʥʠʪʥʘʷ ʧʝʪʣʷ, ʚʳʙʨʘʥʥʘʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ; ʤʘʛ-

ʥʠʪʥʦʝ ʧʦʣʝ ʙʳʣʦ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʝʩʩʠʣʦʚʦʛʦ ʧʦʜʭʦʜʘ. ʌʘʢʪʠʯʝʩʢʘʷ ʦʨʠʝʥ-

ʪʘʮʠʷ ʤʘʛʥʠʪʥʦʡ ʧʝʪʣʠ (ʢʘʢ ʚʠʜʥʦ ʥʘ ɿʝʤʣʝ) ʧʦʢʘʟʘʥʘ ʚʚʝʨʭʫ ʩʣʝʚʘ. ɺʝʨʭʥʠʡ ʠ ʙʦʢʦʚʦʡ ʚʠʜʳ ʤʘʛ-

ʥʠʪʥʦʡ ʧʝʪʣʠ ʩ ʤʦʜʝʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʥʝʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚʥʫʪʨʠ ʥʝʝ (ʩʠʥʠʡ ʮʚʝʪ) ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʚʝʨʭʫ ʠ ʚʥʠʟʫ ʩʧʨʘʚʘ. ʉʣʝʚʘ ʚʥʠʟʫ: ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʚʜʦʣʴ ʦʩʠ ʧʝʪʣʠ 

 

2.1.4. ɻʣʦʙʘʣʴʥʘʷ ʨʝʦʨʛʘʥʠʟʘʮʠʷ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʉʦʣʥʮʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʦʣʷʨʥʳʭ ʢʦʨʦʥʘʣʴʥʳʭ ʜʳʨ ʚ ʮʠʢʣʘʭ 23 ʠ 24 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʨʘʩʧʘʜʘ ʜʦʣʛʦʞʠʚʫʱʠʭ ʮʝʥʪʨʦʚ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʠʩʭʦʜʷʪ ʧʨʦ-

ʮʝʩʩʳ, ʦʭʚʘʪʳʚʘʶʱʠʝ ʚʩʝ ʩʣʦʠ ʘʪʤʦʩʬʝʨʳ ʉʦʣʥʮʘ. ɺ ʬʦʪʦʩʬʝʨʝ ʬʦʨʤʠʨʫʶʪʩʷ ʫʥʠʧʦʣʷʨ-

ʥʳʝ ʤʘʛʥʠʪʥʳʝ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʝ ʧʝʨʝʥʦʩʷʪʩʷ ʚ ʚʳʩʦʢʠʝ ʰʠʨʦʪʳ ʤʝʨʠʜʠʦʥʘʣʴʥʳʤʠ ʪʝʯʝ-

ʥʠʷʤʠ. ɺ ʢʦʨʦʥʝ ʬʦʨʤʠʨʫʶʪʩʷ ʘʥʩʘʤʙʣʠ ʢʦʨʦʥʘʣʴʥʳʭ ʜʳʨ (ʂɼ), ʠʛʨʘʶʱʠʝ ʚʘʞʥʫʶ ʨʦʣʴ 

ʚ ʛʣʦʙʘʣʴʥʦʡ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʦʪʢʨʳʪʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ. ʇʦ ʤʝʨʝ ʧʝʨʝʥʦʩʘ ʫʥʠʧʦʣʷʨ-

ʥʳʭ ʤʘʛʥʠʪʥʳʭ ʦʙʣʘʩʪʝʡ ʢ ʧʦʣʶʩʘʤ ʚʥʫʪʨʠ ʥʠʭ ʬʦʨʤʠʨʫʶʪʩʷ ʚʳʩʦʢʦʰʠʨʦʪʥʳʝ ʂɼ, ʢʦʪʦ-

ʨʳʝ ʟʘʪʝʤ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʧʦʣʷʨʥʳʝ. ʈʠʩʫʥʦʢ 2 ʧʦʢʘʟʳʚʘʝʪ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɼʝʪʘʣʴʥʳʝ ʧʦʷʩʥʝʥʠʷ ʜʦʩʪʫʧʥʳ 

ʧʦ ʩʩʳʣʢʝ http://rdcu.be/yqZf. 

  

http://em.rdcu.be/wf/click?upn=KP7O1RED-2BlD0F9LDqGVeSNx9Ci-2FYx5JJ7wnSCBeoyZM-3D_uOdD9rltA9bqq8torRYPgix6Yq9ee30kuVyFOwmmUC5X5lMpLEnE8o9T-2FbdxHG6-2BaduK-2BugQLJVBkcvzH35JBNeVo6y6TUvgd8-2B1jSjQXqcAOvCrxTCwioWle2LhCzmL9OjIEPyD-2Bp6ZKDm4ifK9j6kwHfd-2F84wYrz1LaTaYDMiLyg5Uvbfv-2BtHwzo7z2uk559QzNEKYwW4x93nSY0QBY2bsJIuEoxzP3t9iD9CCX3V-2BtBnz-2BBpnKtLnrsOgc-2BWP6zVIgkb8eomSglTaqg5utw-3D-3D
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ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʚ ʩʝʚʝʨʥʦʤ ʠ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʷʭ (ʘ, ʩ); ʰʠʨʦʪʥʦ-

ʚʨʝʤʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʨʝʜʥʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ (ʚ ʩʠʥʝ-ʢʨʘʩʥʦʡ ʰʢʘʣʝ) (b). ʏʝʨʥʦʡ ʟʘ-

ʣʠʚʢʦʡ ʧʦʢʘʟʘʥʳ ʦʙʣʘʩʪʠ ʥʘʠʙʦʣʴʰʝʡ ʧʣʦʪʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ (>27 ɻʩ). ʉʣʘʙʳʝ ʤʘʛʥʠʪʥʳʝ 

ʧʦʣʷ ʦʙʨʘʟʫʶʪ ʩʝʨʜʞʠ, ʦʪʤʝʯʝʥʥʳʝ ʩʪʨʝʣʢʘʤʠ. ɾʝʣʪʳʤʠ ʢʦʥʪʫʨʘʤʠ ʧʦʢʘʟʘʥʳ ʦʙʣʘʩʪʠ ʯʘʩʪʦʛʦ 

ʧʦʷʚʣʝʥʠʷ ʂɼ, ʜʦʣʛʦʞʠʚʫʱʠʝ ʧʦʣʷʨʥʳʝ ʂɼ ʦʪʤʝʯʝʥʳ ʞʝʣʪʳʤʠ ʧʷʪʥʘʤʠ 

 

2.1.5. ʈʘʟʚʠʪʠʝ ʤʦʜʝʣʝʡ ʩʦʣʥʝʯʥʦʛʦ ʠ ʟʚʝʟʜʥʦʛʦ ʜʠʥʘʤʦ 

 

ʅʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʘʤʝʜʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʧʦʜʦʙʥʳʭ ʉʦʣʥʮʫ ʟʚʝʟʜ ʧʨʝ-

ʢʨʘʱʘʝʪʩʷ ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʘʱʝʥʠʷ, ʟʘʚʠʩʷʱʝʛʦ 

ʦʪ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʤʘʩʩʳ) ʟʚʝʟʜʳ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʣʠ-

ʯʠʝʤ ʤʠʥʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʜʣʷ ʜʝʡʩʪʚʠʷ ʟʚʝʟʜʥʦʛʦ ʜʠʥʘʤʦ. ɺ ʨʘʤʢʘʭ ʪʘʢʦʛʦ 

ʦʙʲʷʩʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʘ ʚʝʣʠʯʠʥʘ ʜʠʥʘʤʦ-ʯʠʩʣʘ ʜʣʷ ʉʦʣʥʮʘ, ʯʪʦ ʫʣʫʯʰʠʣʦ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʤʦʜʝʣʠ ʜʠʥʘʤʦ ʥʘʙʣʶʜʝʥʠʷʤ. ʉ ʧʦʤʦʱʴʶ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʜʠʥʘʤʦ ʠ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʧʨʝʜʩʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦ-

ʣʝʡ ʦʪ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʟʚʝʟʜ, ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʢʦʪʦʨʳʭ ʙʣʠʟʢʘ ʧʦʨʦʛʦʚʦʡ 

ʚʝʣʠʯʠʥʝ ʜʣʷ ʜʝʡʩʪʚʠʷ ʜʠʥʘʤʦ. 

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʥʝʣʠʥʝʡʥʦʤ ʨʝʞʠʤʝ ʛʝʥʝʨʘʮʠʷ ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʤʘʛ-

ʥʠʪʥʳʭ ʧʦʣʝʡ ʤʦʞʝʪ ʦʩʣʘʙʣʷʪʴ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʝ ʜʠʥʘʤʦ. ʄʘʛʥʠʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʩʝʩʠʤ-

ʤʝʪʨʠʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʝʥʷʝʪʩʷ ʮʠʢʣʠʯʝʩʢʠ, ʢʘʢ ʠ ʥʘ ʉʦʣʥʮʝ, ʩ ʧʝʨʠʦʜʦʤ ʦʢʦʣʦ ʧ̫ -

ʪʠʜʝʩʷʪʠ ʣʝʪ. ʐʠʨʦʪʥʦ-ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʚʘʨʠʘʮʠʡ ʪʦʨʦʠʜʘʣʴʥʦʛʦ ʠ ʧʦʣʦʜʘʣʴʥʦʛʦ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʧʦʭʦʞʠ ʥʘ ʩʦʣʥʝʯʥʳʝ. ʆʜʥʘʢʦ ʵʥʝʨʛʠʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʥʝʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʧʦʣʝʡ.  

 



10 

 

ʈʠʩ. 3. ʐʠʨʦʪʥʦ-ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʜʠʘʣʴʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʉʦʣʥʮʘ (ʚʚʝʨʭʫ) ʠ 

ʪʦʨʦʠʜʘʣʴʥʦʛʦ ʧʦʣʷ ʚ ʦʩʥʦʚʘʥʠʠ ʢʦʥʚʝʢʪʠʚʥʦʡ ʟʦʥʳ ʧʦ ʨʘʩʯʝʪʘʤ ʚ ʨʘʤʢʘʭ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʤʦʜʝʣʠ 

ʜʠʥʘʤʦ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʨʘʱʝʥʠʷ ʚ ʤʦʜʝʣʠ ʩʦʣʥʝʯʥʦʛʦ ʜʠʥʘʤʦ, ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʡ ʧʦ ʜʘʥ-

ʥʳʤ ʦ ʚʨʘʱʝʥʠʠ ʟʚʝʟʜ  

 

2.2. ʅʝʩʪʘʮʠʦʥʘʨʥʳʝ ʠ ʚʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʝ 
 

2.2.1. ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʩʧʳʰʝʯʥʳʭ ʧʝʪʝʣʴ 
 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʜʘʥʥʳʭ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦ-

ʮʝʩʩʦʚ ʫʩʢʦʨʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʚ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʢʘʭ ʥʝʦʙʭʦʜʠʤʦ 

ʠʤʝʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʦ ʚʩʧʳʰʝʯʥʦʡ ʦʙʣʘʩʪʠ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʨʦʥʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʩʪʘʝʪʩʷ ʮʝʥʪʨʘʣʴʥʦʡ ʧʨʦ-

ʙʣʝʤʦʡ ʚ ʩʦʣʥʝʯʥʦʡ ʬʠʟʠʢʝ. ɸʥʘʣʠʟʫ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʦʪʝʥʮʠʘʣʴ-

ʥʦʛʦ ʧʦʣʷ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ [1, 2]. 

ɺʳʧʦʣʥʝʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʧʝʨʝʯʥʳʭ ʧʨʦʬʠʣʝʡ ʧʣʦʪʥʦʩʪʠ ʚ ʢʦʨʦ-

ʥʘʣʴʥʳʭ ʧʝʪʣʷʭ, ʥʘʙʣʶʜʘʝʤʳʭ ʥʘ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʭ (EUV) ʠʟʦʙʨʘʞʝʥʠʷʭ SDO. ɸʥʘʣʠʟ 

223 ʧʝʪʝʣʴ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʨʘʟʨʝʰʘʝʤʳʭ ʧʝʪʣʷʭ ʙʝʟ ʚʠʜʠʤʦʡ ʩʫʙʩʪʨʫʢ-

ʪʫʨʳ ʥʘʙʣʶʜʘʝʤʦʝ ʠʟʣʫʯʝʥʠʝ ʣʫʯʰʝ ʤʦʜʝʣʠʨʫʝʪʩʷ ʧʨʠ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʧʝʨʝʯʥʦ-

ʛʦ ʧʨʦʬʠʣʷ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ [3]. ʇʦʜʭʦʜʳ ʢ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʩʢʨʫʯʝʥʥʳʭ ʞʛʫʪʦʚ ʠʟʫʯʘʣʠʩʴ ʚ ʨʘʙʦʪʝ [4].  

ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʳ ʤʦʜʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʢʚʘʟʠʩʝʧʘʨʘʪʨʠʩʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʤʘʛ-

ʥʠʪʥʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʜʣʷ ʜʚʫʭ ʩʣʫʯʘʝʚ ʩ ʤʘʛʥʠʪʥʳʤʠ ʞʛʫʪʘʤʠ. 
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ʈʠʩ. 4. ʂʚʘʟʠʩʝʧʘʨʘʪʨʠʩʥʳʝ ʣʠʥʠʠ ʠ ʤʘʛʥʠʪʥʳʝ ʩʠʣʦʚʳʝ ʣʠʥʠʠ (ʟʝʣʝʥʳʝ) ʤʘʛʥʠʪʥʦʛʦ ʞʛʫʪʘ ʚ 

ʤʦʜʝʣʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʜʣʷ ʩʦʙʳʪʠʡ 12 ʬʝʚʨʘʣʷ 2007 ʠ 7 ʘʚʛʫʩʪʘ 2010 ʛ. ɺʥʠʟʫ ʧʦʢʘʟʘʥʳ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

 

2.2.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʢʦʨʦʥʘʣʴʥʦʛʦ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ  
 

ɿʥʘʢ ʠ ʩʪʝʧʝʥʴ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳ-

ʰʝʢ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʭ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʝ. ɺ ʨʘʙʦʪʝ [5] 

ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥ ʤʝʭʘʥʠʟʤ ʠʟʣʫʯʝʥʠʷ ʚʩʧʳʰʝʯʥʦʛʦ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩ ʘʥʦ-

ʤʘʣʴʥʳʤ ʟʥʘʢʦʤ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚʦ ʚʨʝʤʷ ʚʩʧʳʰʢʠ SOL2012_07_06. ɺ ʦʧʪʠʯʝʩʢʠ 

ʪʦʥʢʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ ʠʩʪʦʯʥʠʢʘ ʜʦ 35 ɻɻʮ ʧʨʝʦʙʣʘʜʘʣʦ ʠʟʣʫʯʝʥʠʝ ʦʙʳʢʥʦʚʝʥʥʦʡ ʚʦʣʥʳ. 

ɸʥʘʣʠʟ ʠʩʢʣʶʯʠʣ ʠʟʚʝʩʪʥʳʝ ʧʨʠʯʠʥʳ ʛʝʥʝʨʘʮʠʠ ʦʙʳʢʥʦʚʝʥʥʦʡ ʚʦʣʥʳ ʥʘ ʪʘʢʠʭ ʯʘʩʪʦʪʘʭ: 

ʧʠʪʯ-ʫʛʣʦʚʫʶ ʘʥʠʟʦʪʨʦʧʠʶ ʥʝʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠʣʠ ʨʦʞʜʝʥʠʝ ʚʦ ʚʩʧʳʰʢʝ ʟʥʘʯʠʪʝʣʴ-

ʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʧʦʟʠʪʨʦʥʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʷʨʠʟʘʮʠʷ ʧʨʠʥʠʤʘʝʤʳʭ 

ʚʦʣʥ ʧʦʷʚʣʷʝʪʩʷ ʠʟ-ʟʘ ʦʙʨʘʱʝʥʠʷ ʠʭ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʥʘ ʧʫʪʠ ʢ ʥʘʙʣʶʜʘʪʝʣʶ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʢʚʘʟʠʧʦʧʝʨʝʯʥʦʛʦ ʩʣʦʷ (QT-ʩʣʦʷ). ʈʝʟʫʣʴʪʘʪ ʚʘʞʝʥ ʜʣʷ ʚʝ-

ʨʠʬʠʢʘʮʠʠ ʤʦʜʝʣʝʡ ʢʘʥʘʣʦʚ ʚʩʧʳʰʝʯʥʦʛʦ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ.  

ʅʘʙʣʶʜʝʥʠʷ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʨʦʮʝʩʩʘʭ ʚʦ ʚʥʝʰʥʝʡ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʝ. ʆʜʥʘʢʦ ʥʝʦʜʥʦʨʦʜʥʘʷ ʪʫʨʙʫʣʝʥʪʥʘʷ ʢʦʨʦʥʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʟʣʫʯʘʝʤʳʭ ʨʘʜʠʦʚʦʣʥ, ʧʦʵʪʦʤʫ ʨʘʟʜʝʣʝʥʠʝ 

ʩʚʦʡʩʪʚ ʠʟʣʫʯʘʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ ʠ ʵʬʬʝʢʪʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟ- 
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ʈʠʩ. 5. ɺʨʝʤʝʥʥʳʝ ʧʨʦʬʠʣʠ (ʯʝʨʥʳʝ ʢʨʠʚʳʝ) ʚʩʧʳʰʝʯʥʦʛʦ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʚʩʧʣʝʩʢʘ ʚ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ (ʩʣʝʚʘ) ʠ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ (ʩʧʨʘʚʘ); ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʞʝʩʪʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

(ʢʨʘʩʥʳʝ ʣʠʥʠʠ). ʉʠʥʷʷ ʢʨʠʚʘʷ ʚʚʝʨʭʫ ʩʣʝʚʘ ð ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʟʤʳ ʚ ʠʩʪʦʯʥʠʢʝ. ʉʧʨʘʚʘ ʚʥʠʟʫ ʧʦʢʘ-

ʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʩʪʝʧʝʥʠ ʧʦʣʷʨʠʟʘʮʠʠ ʚʦ ʚʨʝʤʷ ʚʩʧʣʝʩʢʘ 

 

ʥʦʡ ʧʨʦʙʣʝʤʦʡ. ɺ ʨʘʙʦʪʝ [6] ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʪʦʥʢʠʭ ʩʪʨʫʢʪʫʨ ʩʦʣʥʝʯʥʦʛʦ ʨʘʜʠʦʚʩʧʣʝʩʢʘ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʨʝʰʝʪ-

ʢʦʡ (LOFAR) ð ʠʥʩʪʨʫʤʝʥʪʦʤ ʩ ʚʳʩʦʢʠʤ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʪʘʢʞʝ ʧʦʣʫʯʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

ɺʘʞʥʳʡ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʠ 15 ʤʘʷ 2013 ʛ. [7]; 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʩʪʦʯʥʠʢʘ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʤʝʪʦʜʳ ʠ ʧʨʦʛʨʘʤʤʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʀʉɿʌ ʉʆ ʈɸʅ.  

ʉʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʅʀʀʗʌ ʄɻʋ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩʦʣʥʝʯʥʘʷ ʚʩʧʳʰʢʘ 

29 ʦʢʪʷʙʨʷ 2003 ʛ. (X10/3B), ʦʪʣʠʯʘʶʱʘʷʩʷ ʙʦʣʴʰʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʞʝʩʪʢʦʛʦ ʨʝʥʪʛʝ-

ʥʦʚʩʢʦʛʦ ʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ [8]. ʆʙʥʘʨʫʞʝʥʘ ʦʯʝʚʠʜʥʘʷ ʚʨʝʤʝʥʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ 

ʧʨʦʮʝʩʩʘʤʠ ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ ʠ ʨʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝʤ ʬʘʢʝʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʧʨʦʮʝʩʩ ʫʩʢʦʨʝʥʠʷ ʧʨʦʪʦʥʦʚ ʥʘʯʘʣʩʷ ʧʦʩʣʝ ʨʘʜʠʢʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʘ 

ʜʚʠʞʝʥʠʷ ʦʩʥʦʚʘʥʠʡ ʧʝʪʝʣʴ ð ʦʪ ʩʭʦʞʜʝʥʠʷ ʦʩʥʦʚʘʥʠʡ ʢ ʠʭ ʨʘʟʙʝʛʘʥʠʶ.  

ʀʥʪʝʨʝʩʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʣʣʦʙʦʨʘʮʠʝʡ [9]. ʇʨʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʠ ʪʨʝʭ ʟʘʣʠʤʙʦʚʳʭ ʚʩʧʳʰʝʢ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʞʝʩʪʢʦʝ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝ-

ʥʠʝ ʩ ʚʝʨʰʠʥʳ ʚʳʩʦʢʦʡ ʢʦʨʦʥʘʣʴʥʦʡ ʧʝʪʣʠ ʚ ʦʧʪʠʯʝʩʢʠ ʪʦʥʢʦʤ ʨʝʞʠʤʝ ʩʨʝʜʥʝ-ʨʝʣʷʪʠ-

ʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʦʪʦʥʳ ʫʩʢʦʨʷʶʪʩʷ ʜʦ ʵʥʝʨʛʠʡ >10 ɻʵɺ ʚ ʦʙ-

ʣʘʩʪʠ ʢʦʨʦʥʘʣʴʥʦʛʦ ʚʳʙʨʦʩʘ ʤʘʩʩʳ (ʂɺʄ), ʚʳʩʳʧʘʶʪʩʷ ʚ ʬʦʪʦʩʬʝʨʫ ʩ ʥʠʞʥʝʡ ʩʪʦʨʦʥʳ 

ʩʪʨʫʢʪʫʨʳ ʂɺʄ, ʘ ʟʘʪʝʤ ʥʘ ʬʨʦʥʪʘʣʴʥʦʡ ʩʪʦʨʦʥʝ ʉʦʣʥʮʘ ʚʜʘʣʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʚʩʧʳʰʝʯʥʦʛʦ 

ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ.  

ʇʨʠʨʦʜʘ ʟʝʙʨʘ-ʩʪʨʫʢʪʫʨʳ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʠʟʣʫʯʝʥʠʠ IV ʪʠʧʘ ʦʙʩʫʞʜʘʣʘʩʴ ʚ ʨʘʙʦʪʝ 

[10]. ʆʙʨʘʱʘʝʪʩʷ ʚʥʠʤʘʥʠʝ ʥʘ ʤʝʭʘʥʠʟʤ ʛʝʥʝʨʘʮʠʠ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝʤ ʧʣʘʟʤʝʥʥʳʭ ʚʦʣʥ ʩʦ ʩʚʠʩʪʘʤʠ. ɺ 2017 ʛ. ʧʦʜʛʦʪʦʚʣʝʥʘ ʧʝʨʚʘʷ ʧʫʙʣʠʢʘʮʠʷ ʧʦ 

ʜʘʥʥʳʤ ʨʝʛʫʣʷʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʘʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʉʦʣʥʮʘ ʩ ʧʦʤʦʱʴʶ 

ʧʝʨʚʦʡ ʦʯʝʨʝʜʠ ʤʥʦʛʦʚʦʣʥʦʚʦʛʦ ʉʠʙʠʨʩʢʦʛʦ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʘ [11]. 

 

2.2.3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʨʦʜʳ ʢʦʣʝʙʘʥʠʡ 
 

ʀʥʢʨʝʤʝʥʪ ʟʘʪʫʭʘʥʠʷ ʢʠʥʢ-ʤʦʜʳ ʢʦʣʝʙʘʥʠʡ ʚ ʢʦʨʦʥʘʣʴʥʳʭ ʧʝʪʣʷʭ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠ-

ʩʠʪ ʦʪ ʧʦʧʝʨʝʯʥʦʛʦ ʧʨʦʬʠʣʷ ʧʣʦʪʥʦʩʪʠ ʚ ʧʝʪʣʝ. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʥʘʙʣʶʜʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʧʦʧʝʨʝʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʝʪʝʣʴ [12, 13]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɹʘʡʝʩʦʚʩʢʦʛʦ 
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ʧʦʜʭʦʜʘ ʢ ʘʥʘʣʠʟʫ ʩʪʦʷʯʠʭ ʢʦʣʝʙʘʥʠʡ ʢʠʥʢ-ʤʦʜʳ ʧʦʟʚʦʣʷʝʪ ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ ʤʦʜʝʣʠ ʩ ʨʘʟ-

ʣʠʯʥʳʤʠ ʧʦʧʝʨʝʯʥʳʤʠ ʧʨʦʬʠʣʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ. ɺ ʨʘʙʦʪʝ [14] ʧʨʝʜʩʪʘʚʣʝʥ ʩʝʡ-

ʩʤʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ ʟʦʥʜʠʨʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʳ ʥʘʜ ʩʦʣʥʝʯʥʳʤ ʧʷʪʥʦʤ ʩ ʪʨʝʭ-

ʤʠʥʫʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʢʘʢ ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʘʪʤʦʩʬʝʨʥʳʤʠ ʩʣʦʷʤʠ, ʪʘʢ ʠ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʙʝʟ ʫʢʘʟʘʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʦʣʥʳ ʠʣʠ ʚʳʩʦʪʳ ʦʙʨʘʟʦʚʘʥʠʷ 

ʵʤʠʩʩʠʠ. ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʤʠʩʩʠʦʥʥʳʤʠ ʩʣʦʷ-

ʤʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʠʥʠʤʫʤʘ (1600 ¡) ʠ ʧʝʨʝʭʦʜʥʦʡ ʦʙʣʘʩʪʠ (304 ¡), ʘ ʪʘʢʞʝ ʩʨʝʜʥʝʡ ʬʘ-

ʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʘʜ ʩʦʣʥʝʯʥʳʤ ʧʷʪʥʦʤ ʚ ʪʨʝʭ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʷʭ. ʇʦʣʫʯʝʥʥʳʝ ʦʮʝʥʢʠ ʜʣʷ 

ʨʘʟʥʠʮʳ ʚʳʩʦʪ 500ï800 ʢʤ ʠ ʩʨʝʜʥʝʡ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʤʝʞʜʫ ʵʪʠʤʠ ʩʣʦʷʤʠ (ʦʢʦʣʦ 30 ʢʤ/ʩ 

ʧʨʠ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ 6 ʢʤ/ʩ) ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʘʪʤʦʩʬʝʨʳ ʩʦʣʥʝʯʥʦ-

ʛʦ ʧʷʪʥʘ [15]. ʇʨʠʤʝʨ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 6. 

 

ʈʠʩ. 6. ʆʪʢʣʦʥʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪ ʚʝʨʪʠʢʘʣʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʨʦʩʩʢʦʨʨʝʣʷʮʠʠ, ʟʘʜʝʨʞʢʘ 

(ʚʝʨʭʥʷʷ ʧʘʥʝʣʴ), ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʣʦʷʤʠ, ʬʘʟʦʚʘʷ ʠ ʛʨʫʧʧʦʚʘʷ ʩʢʦʨʦʩʪʠ, ʚʳʯʠʩʣʝʥʥʳʝ ʜʣʷ ʢʘʞʜʦʛʦ 

ʧʠʢʩʝʣʘ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ NOAA 11131 

 

ɺ ʨʘʙʦʪʝ [16] ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʩʚʷʟʴ ʤʝʞʜʫ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ 

ʪʨʝʭʤʠʥʫʪʥʳʭ ʚʘʨʠʘʮʠʡ ʵʤʠʩʩʠʠ EUV ʚ ʦʩʥʦʚʘʥʠʷʭ ʢʦʨʦʥʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʝʪʝʣʴ ʠ ʧʦ-

ʷʚʣʝʥʠʝʤ ʚʩʧʳʰʝʢ ʚ ʪʝʥʠ ʩʦʣʥʝʯʥʦʛʦ ʧʷʪʥʘ. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʜʚʫʤʝʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʪʦʥʢʦʩʪʨʫʢʪʫʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʛʥʠʪʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ ʨʘʟʥʳʭ ʤʘʩʰʪʘʙʦʚ. ʀʩʪʦʯʥʠʢʠ 

UV-ʠʟʣʫʯʝʥʠʷ ʙʳʣʠ ʚ ʦʩʥʦʚʥʦʤ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʦʩʥʦʚʘʥʠʷʭ ʤʘʛʥʠʪʥʦʡ ʧʝʪʣʠ, ʟʘʢʨʝʧʣʝʥ-

ʥʳʭ ʚ ʪʝʥʠ. ʆʙʥʘʨʫʞʝʥʦ ʜʚʘ ʪʠʧʘ ʚʩʧʳʰʝʢ ð ʪʦʯʝʯʥʳʝ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʦʪʢʨʳ-

ʪr ʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠ ʧʨʦʪʷʞʝʥʥʳʝ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʢʨʳʪʳʤʠ ʣʠʥʠʷʤʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʢʩʠʤʫʤʳ ʧʘʢʝʪʦʚ ʢʦʣʝʙʘʥʠʡ ʩʦʚʧʘʜʘʶʪ ʩ ʧʠʢʦʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʚʩʧʳʰʝʢ. ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʩʧʳʰʢʠ ʚ ʪʝʥʠ ʧʷʪʥʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʚʦʣʥʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʩʥʦʚʘʥʠʷʭ ʤʘʛʥʠʪʥʳʭ ʧʝʪʝʣʴ. ʇʦ 

ʪʝʤʘʪʠʢʝ ʨʘʟʜʝʣʘ ʦʧʫʙʣʠʢʦʚʘʥʳ ʪʘʢʞʝ ʨʘʙʦʪʳ [19, 20]. 
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2.2.4. ɺʘʨʠʘʮʠʠ ʧʨʦʬʠʣʝʡ ʭʨʦʤʦʩʬʝʨʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ 

 

2.2.4.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʚʘʨʠʘʮʠʡ ʧʨʦʬʠʣʝʡ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ 

HŬ 6563 ¡, CaII  8542 ¡, HeI 10830 ¡ ʚ ʦʙʣʘʩʪʠ ʩʦʣʥʝʯʥʳʭ ʬʘʢʝʣʦʚ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʝʡʰʠʭ ʧʨʦʙʣʝʤ ʬʠʟʠʢʠ ʉʦʣʥʮʘ ʷʚʣʷʝʪʩʷ ʧʨʦ-

ʙʣʝʤʘ ʥʘʛʨʝʚʘ ʚʝʨʭʥʠʭ ʩʣʦʝʚ ʘʪʤʦʩʬʝʨʳ ʉʦʣʥʮʘ (ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʦʥʦʚ ʛʨʘʜʫʩʦʚ) ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʥʠʭ ʩʣʦʝʚ (ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʛʨʘʜʫʩʦʚ). ʆʜʥʦ ʠʟ 

ʚʦʟʤʦʞʥʳʭ ʦʙʲʷʩʥʝʥʠʡ ʥʘʙʣʶʜʘʝʤʦʛʦ ʷʚʣʝʥʠʷ ð ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʵʥʝʨʛʠʠ ʦʪ ʥʠʞʥʠʭ 

ʩʣʦʝʚ ʩ ʧʦʤʦʱʴʶ ʄɻɼ-ʚʦʣʥ. ʉ ʤʦʤʝʥʪʘ ʧʦʷʚʣʝʥʠʷ ʵʪʦʡ ʚʝʨʩʠʠ ʩʘʤʳʤ ʧʦʜʭʦʜʷʱʠʤ ʢʘʥ-

ʜʠʜʘʪʦʤ ʥʘ ʨʦʣʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʱʠʢʘ ʵʥʝʨʛʠʠ ʩʪʘʣʠ ʩʯʠʪʘʪʴ ʘʣʴʬʚʝʥʦʚʩʢʠʝ ʚʦʣʥʳ. ʆʙʥʘ-

ʨʫʞʝʥʠʝ ʵʪʠʭ ʚʦʣʥ ʚʦ ʚʥʝʰʥʝʡ ʢʦʨʦʥʝ ʠ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ ʚʳʜʚʠʥʫʣʦ ʟʘʜʘʯʫ ʧʦʠʩʢʘ ʠʭ ʠʩ-

ʪʦʯʥʠʢʘ ʚ ʥʠʞʥʠʭ ʩʣʦʷʭ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʳ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʳʪʘʶʪʩʷ 

ʥʘʡʪʠ ʥʘʙʣʶʜʘʪʝʣʴʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʟʘʨʦʞʜʘʶʱʠʭʩʷ ʘʣʴʬʚʝʥʦʚʩʢʠʭ ʚʦʣʥ ʚ ʭʨʦʤʦʩʬʝʨʝ. 

ʇʨʠʯʝʤ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʧʦʠʩʢʫ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʪʦʨʩʠʦʥʥʳʭ ʠʣʠ ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝ-

ʙʘʥʠʡ, ʦʙʥʘʨʫʞʠʚʘʝʤʳʭ ʧʦ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʢʦʣʝʙʘʥʠʷʤ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ. ɿʘ-

ʤʝʪʠʤ, ʯʪʦ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʚ ʥʘʫʯʥʦʡ ʧʝʯʘʪʠ ʥʝ ʩʪʠʭʘʝʪ ʜʠʩʢʫʩʩʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʘʚʠʣʴʥʦʩʪʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʘʙʣʶʜʘʝʤʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʢʦʨʦʥʘʣʴʥʦʡ ʜʳʨʝ (ʂɼ). ɺʦʟʥʠʢʘʝʪ 

ʚʦʧʨʦʩ, ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ ʣʠ ʧʦʜʦʙʥʳʝ ʚʘʨʠʘʮʠʠ ʧʨʦʬʠʣʝʡ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʚ ʬʘʢʝʣʴʥʳʭ 

ʦʙʣʘʩʪʷʭ, ʛʜʝ ʪʦʧʦʣʦʛʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʂɼ. ʅʘ ʠʟʦʙʨʘʞʝʥʠʷʭ SDO ʚ ʣʠʥʠʠ 

171 ¡ ʙʦʣʴʰʠʥʩʪʚʦ ʬʘʢʝʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʚʳʩʦʢʠʤʠ ʟʘʤʢʥʫʪʳʤʠ ʢʦʨʦʥʘʣʴʥʳʤʠ ʧʝʪʣʷ-

ʤʠ. ʌʘʢʝʣʴʥʳʝ ʦʙʣʘʩʪʠ ð ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʉʦʣʥʮʝ, ʦʥʠ ʟʘʥʠʤʘʶʪ ʟʥʘʯʠ-

ʪʝʣʴʥʳʝ ʧʣʦʱʘʜʠ ʚ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʝ ʜʘʞʝ ʚ ʤʠʥʠʤʫʤʝ ʮʠʢʣʘ ʘʢʪʠʚʥʦʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʤ 

ʧʨʦʝʢʪʝ ʠʩʩʣʝʜʫʁ ʪʩʷ ʚʨʝʤʝʥʥʳʝ ʚʘʨʠʘʮʠʠ ʢʦʥʪʫʨʦʚ ʭʨʦʤʦʩʬʝʨʥʳʭ ʣʠʥʠʡ HŬ 6563 ¡ ʠ HeI 

10830 ¡.  

 
ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 
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ʂʨʦʤʝ ʪʦʨʩʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʜʨʫʛʦʡ ʚʦʟʤʦʞʥʦʡ ʧʨʠʯʠʥʦʡ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʚʘʨʠʘ-

ʮʠʡ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʄɻɼ-ʚʦʣʥʳ (ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʩʦʩʠʩʦʯ-

ʥʘʷ ʤʦʜʘ). 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʙʲʷʩʥʠʪʴ ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʝ ʚʘʨʠʘʮʠʠ ʰʠʨʠʥʳ HŬ ʠʣʠ HeI ʚʣʠʷʥʠʝʤ 

ʩʦʩʠʩʦʯʥʦʡ ʤʦʜʳ, ʥʝʦʙʭʦʜʠʤʳ ʫʙʝʜʠʪʝʣʴʥʳʝ ʥʘʙʣʶʜʘʪʝʣʴʥʳʝ ʬʘʢʪʳ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʲʝʢʪʝ ʩʦʩʠʩʦʯʥʦʡ ʤʦʜʳ ʩ ʫʜʚʦʝʥʥʳʤ ʧʝ-

ʨʠʦʜʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʘʨʠʘʮʠʡ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ. ʇʨʠ ʵʪʦʤ ʦʥʠ ʜʦʣʞʥʳ 

ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʪʝʭ ʞʝ ʫʯʘʩʪʢʘʭ ʬʘʢʝʣʘ, ʯʪʦ ʠ ʚʘʨʠʘʮʠʠ ʰʠʨʠʥʳ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦ-

ʣʫʪʦʥʦʚʳʭ ʜʠʘʛʨʘʤʤ ʩʧʝʢʪʨʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ð ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʚʘʨʠʘʮʠʡ ʰʠʨʠʥʳ ʧʨʦ-

ʬʠʣʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦ ʚʩʝʤ ʚʨʝʤʝʥʥʳʤ ʩʝʨʠʷʤ ʥʝ ʚʳʷʚʠʣ ʧʨʝʜʩʢʘʟʳʚʘʝʤʦʛʦ ʪʝʦʨʠʝʡ 

ʩʦʦʪʚʝʪʩʪʚʠʷ. ɺʦʧʨʝʢʠ ʦʞʠʜʘʥʠʷʤ, ʩʧʝʢʪʨʳ ʤʦʱʥʦʩʪʠ ʵʪʠʭ ʚʝʣʠʯʠʥ ʚʳʛʣʷʜʷʪ ʧʦʭʦʞʠʤʠ 

ʚʦ ʤʥʦʛʠʭ ʫʯʘʩʪʢʘʭ ʬʘʢʝʣʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ (ʨʠʩ. 7) ʚʘʨʠʘʮʠʠ ʰʠʨʠʥʳ 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʥʘ ʯʘʩʪʦʪʘʭ, ʙʦʣʝʝ ʥʠʟʢʠʭ ʯʝʤ ʚʘʨʠʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʣʫʯʝʚʦʡ ʩʢʦʨʦ-

ʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʦʣʥʝʥʥʳʡ ʥʘʤʠ ʘʥʘʣʠʟ ʥʝ ʩʦʜʝʨʞʠʪ ʧʨʷʤʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʪʦʛʦ, 

ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʚʘʨʠʘʮʠʠ ʢʦʥʪʫʨʦʚ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʚʳʟʚʘʥʳ ʜʝʡ-

ʩʪʚʠʝʤ ʩʦʩʠʩʦʯʥʦʡ ʤʦʜʳ. 

 

ʈʠʩ. 7. ʆʨʠʛʠʥʘʣʴʥʳʝ ʩʠʛʥʘʣʳ ʚʘʨʠʘʮʠʡ ʧʦʣʫʰʠʨʠʥʳ, ʣʫʯʝʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʣʷ 

ʣʠʥʠʠ ʅŬ ʚ ʦʜʥʦʤ ʠʟ ʫʯʘʩʪʢʦʚ ʬʘʢʝʣʘ 2005-07-27 ʠʟ ʪʘʙʣ. 1. ʂʦʣʝʙʘʥʠʷ ʧʦʣʫʰʠʨʠʥʳ ʧʦʢʘʟʳʚʘʶʪ ʙʦ-

ʣʝʝ ʥʠʟʢʫʶ ʯʘʩʪʦʪʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʣʝʙʘʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʣʫʯʝʚʦʡ ʩʢʦʨʦʩʪʠ, ʯʝʛʦ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ 

ʚ ʩʣʫʯʘʝ ʩʦʩʠʩʦʯʥʳʭ ʢʦʣʝʙʘʥʠʡ 

 

ɺʳʚʦʜʳ 

ʇʨʦʬʠʣʠ ʭʨʦʤʦʩʬʝʨʥʳʭ ʣʠʥʠʡ HeI ʠ HŬ ʧʦʢʘʟʳʚʘʶʪ ʚʘʨʠʘʮʠʠ ~40ï60 ʤ¡. ɺ ʦʩʥʦʚ-

ʥʦʤ ʵʪʠ ʚʘʨʠʘʮʠʠ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʜʚʫʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ: 2.5ï4.5 ʠ 1ï1.9 ʤɻʮ. 

ʊʝʦʨʝʪʠʯʝʩʢʠ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʲʷʩʥʠʪʴ ʠʭ ʜʝʡʩʪʚʠʝʤ ʩʦʩʠʩʦʯʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

ʆʜʥʘʢʦ ʧʨʦʚʝʜʝʥʥʳʡ ʥʘʤʠ ʘʥʘʣʠʟ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʷʪʴ ʵʪʫ ʚʝʨʩʠʶ ʜʣʷ ʥʘʰʠʭ ʥʘʙʣʶʜʝʥʠʡ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʜʥʦʟʥʘʯʥʦ ʦʪʥʝʩʪʠ ʠʭ ʢ ʢʨʫʪʠʣʴʥʳʤ (ʪʦʨʩʠʦʥʥʳʤ) ʢʦʣʝʙʘʥʠʷʤ ʤʳ ʥʝ 

ʤʦʞʝʤ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʚ ʥʘʰʠʭ ʥʘʙʣʶʜʝʥʠʷʭ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʯʝʪʢʘ ̫ʟʘʚʠʩʠʤʦʩʪ ɹ

ʘʤʧʣʠʪʫʜʳ ʦʪ ʧʦʣʦʞʝʥʠʷ ʥʘ ʜʠʩʢʝ (ʵʬʬʝʢʪ ʮʝʥʪʨïʣʠʤʙ), ʢʘʢ ʵʪʦ ʧʨʝʜʧʠʩʳʚʘʝʪ ʪʝʦʨʠʷ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ ʪʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʴ ʩʧʝʢʪʨʦʧʦʣʷ-

ʨʠʤʝʪʨʠʯʝʩʢʠʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʧʨʦʜʦʣʞʠʪʴ ʧʦʧʳʪʢʠ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ 
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ʚʘʨʠʘʮʠʡ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʪʨʫʙʢʠ ʜʣʷ ʥʘʜʝʞʥʦʛʦ ʠʩʢʣʶʯʝʥʠʷ ʠʣʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʚʝʨʩʠʠ ʦ ʧʨʠʯʘʩʪʥʦʩʪʠ ʩʦʩʠʩʦʯʥʦʡ ʤʦʜʳ ʢ ʚʘʨʠʘʮʠʷʤ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ. ʇʦ-

ʩʣʝʜʥʝʝ ʪʨʝʙʫʝʪ ʬʠʣʴʪʨʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʩ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

 

2.2.4.2. ɺʘʨʠʘʮʠʠ ʬʦʨʤʳ ʢʦʥʪʫʨʦʚ ʣʠʥʠʠ K CaII ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥʦʚʳʭ 

ʜʚʠʞʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʩʧʦʢʦʡʥʦʡ ʭʨʦʤʦʩʬʝʨʳ ʠ 

ʬʣʦʢʢʫʣʘʭ 

 

ɺʳʧʦʣʥʷʝʤʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʥʪʫʨʦʚ 

ʣʠʥʠʠ K CaII ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʜʚʫʭ ʚʨʝʤʝʥʥʳʭ ʩʝʨʠʡ, ʩʥʷʪʳʭ ʚ ʩʧʦʢʦʡʥʳʭ ʦʙʣʘʩʪʷʭ ʩ ʢʦ-

ʦʨʜʠʥʘʪʘʤʠ S25W12 ʠ S25W17 ʚ ʦʩʥʦʚʘʥʠʠ ʢʦʨʦʥʘʣʴʥʦʡ ʜʳʨʳ (ʂɼ). ɺ ʦʙʝʠʭ ʩʝʨʠʷʭ ʥʘ 

ʱʝʣʴ ʩʧʝʢʪʨʦʛʨʘʬʘ ʧʦʧʘʣʠ ʫʯʘʩʪʢʠ ʘʪʤʦʩʬʝʨʳ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ å200 ʫʛʣ. ʩʝʢ. ʆʥʠ ʚʢʣʶʯʘʶʪ 

ʢʘʢ ʦʙʣʘʩʪʠ ʩʧʦʢʦʡʥʦʡ ʭʨʦʤʦʩʬʝʨʳ ʩ ʷʨʢʠʤʠ ʠ ʪʝʤʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʪʘʢ ʠ ʬʣʦʢʢʫʣ.r 

ʎʝʣʴ ʨʘʙʦʪʳ ð ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚ ʩʨʝʜʝ, ʚ ʢʦʪʦʨʦʡ 

ʬʦʨʤʠʨʫʝʪʩʷ ʣʠʥʠʷ K CaII ʚ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʭʨʦʤʦʩʬʝʨʥʳʭ ʩʪʨʫʢʪʫʨʘʭ. ʕʪʘ ʟʘʜʘʯʘ ʚʘʞʥʘ 

ʚ ʩʚʷʟʠ ʩ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʦʠʩʢʘ ʠʩʪʦʯʥʠʢʦʚ ʥʘʛʨʝʚʘ ʚʝʨʭʥʝʡ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʳ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʜʝʣ ʝʥʳ ʭʨʦʤʦʩʬʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʢ ʢʦʪʦʨʳʤ ʤʳ ʧʨʠʤʝʥʠʣʠ 

ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: n ð ʷʨʢʠʝ ʩʝʪʦʯʥʳʝ ʩʪʨʫʢʪʫʨʳ; c ð ʪʝʤʥʳʝ ʚʥʫʪʨʠʩʝʪʦʯʥʳʝ 

ʩʪʨʫʢʪʫʨʳ; p ð ʦʙʣʘʩʪʴ ʧʦʥʠʞʝʥʥʦʡ ʷʨʢʦʩʪʠ, ʧʨʠʩʫʪʩʪʚʫʶʱʘʷ ʥʘ ʩʥʠʤʢʘʭ ʦʜʥʦʡ ʠʟ ʜʚʫʭ 

ʩʝʨʠʡ; x ð ʦʙʣʘʩʪʠ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʷʨʢʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʝ ʦʪʥʦʩʷʪʩʷ ʢ n-, ʩ-, p-ʩʪʨʫʢʪʫʨʘʤ; 

b ð ʬʣʦʢʢʫʣ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʬʦʨʤ rʢʦʥʪʫʨʦʚ ʣʠʥʠʡ ʢʘʣʴʮʠʷ ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ- 

ʚʨʝʤʝʥʥʳʝ ʦʪʣʠʯʠ.̫ ʄʳ ʦʧʨʝʜʝʣʠʣʠ ʨʷʜ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʪʫʨʦʚ ʣʠʥʠʠ K 

CaII, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʠʭ ʧʦʚʝʜʝʥʠʝ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʠ ʚʨʝʤʝʥʠ: IK3 ð ʤʠ-

ʥʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʮʝʥʪʨʝ ʣʠʥʠʠ; IK2v, IK2r ð ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʠʦʣʝʪʦʚʦʛʦ ʠ ʢʨʘʩ-

ʥʦʛʦ ʧʠʢʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʠʭ ʦʪʥʦʰʝʥʠʝ IK2v/IK2r; ælK3 ð ʩʜʚʠʛ IK3 ʧʦ ʦʩʠ ʜʣʠʥ ʚʦʣʥ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʥʫʣʷ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʢʦʥʪʫʨʦʚ ʩʚʷ-

ʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴʶ ʢ ʨʘʟʥʳʤ ʭʨʦʤʦʩʬʝʨʥʳʤ ʩʪʨʫʢʪʫʨʘʤ. ʉʫʱʝʩʪʚʫʶʪ 

ʨʘʟʣʠʯʠʷ ʠ ʤʝʞʜʫ ʢʦʥʪʫʨʘʤʠ ʩʪʨʫʢʪʫʨ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʪʠʧʘ. ʕʪʦ ʥʘʛʣʷʜʥʦ ʚʠʜʥʦ ʥʘ 

ʨʠʩ. 8 ʘ, ʙ, ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʪʫʨʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʨʘʟʥʳʤ ʩʪʨʫʢʪʫʨʘʤ ʦʙʣʘʩʪʠ S25W12 

ʚ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʅʘ ʦʙʦʠʭ ʨʠʩʫʥʢʘʭ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʦʪʣʠʯʠʝ ʢʦʥʪʫʨʦʚ ʚ 

ʷʜʨʝ ʣʠʥʠʠ. ʆʥʠ ʨʘʟʣʠʯʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʥʦ ʠ ʥʘʣʠ-

ʯʠʝʤ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝʤ ʧʠʢʦʚ K2. ʇʨʠ ʵʪʦʤ ʚ ʢʨʳʣʝ ʣʠʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦ-

ʭʦʞʠʤʠ (ʫʯʘʩʪʢʠ ʷʯʝʡʢʠ c, ʦʙʣʘʩʪʠ ʧʦʥʠʞʝʥʥʦʡ ʷʨʢʦʩʪʠ p, ʬʣʦʢʢʫʣʘ b), ʥʦ ʤʦʛʫʪ ʠ ʨʘʟʣʠ-

ʯʘʪʴʩʷ (ʫʯʘʩʪʢʠ ʩʝʪʢʠ n2 ʠ ʷʯʝʡʢʠ c). ʂʦʥʪʫʨʳ ʦʜʠʥʘʢʦʚʳʭ ʩʪʨʫʢʪʫʨ (ʫʯʘʩʪʢʠ n1, n2) ʦʪ-

ʣʠʯʘʶʪʩʷ ʢʘʢ ʚ ʷʜʨʝ, ʪʘʢ ʠ ʚ ʢʨʳʣʝ ʣʠʥʠʠ. 

 

 

ʈʠʩ. 8. ʂʦʥʪʫʨʳ ʣʠʥʠʠ K CaII ʚ ʨʘʟʥʳʭ ʭʨʦʤʦʩʬʝʨʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʦʙʣʘʩʪʠ S25W12 ʜʣʷ ʦʜ-

ʥʦʛʦ ʠʟ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ 
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ʆʜʥʦ ʠʟ ʜʠʥʘʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʢʦʥʪʫʨʦʚ ʣʠʥʠʡ CaII ʚʦ 
ʚʨʝʤʝʥʠ ð ʵʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʷʨʢʠʝ ʟʝʨʥʘ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚʦ ʚʥʫʪʨʝʥʥʠʭ 
ʯʘʩʪʷʭ ʭʨʦʤʦʩʬʝʨʥʦʡ ʩʝʪʢʠ. ʊʠʧʠʯʥʘʷ ʢʘʨʪʠʥʘ ʚʘʨʠʘʮʠʡ ʢʦʥʪʫʨʘ ʣʠʥʠʡ CaII, ʩʚʷʟʘʥʥʳʭ ʩ 
ʷʨʢʠʤʠ ʟʝʨʥʘʤʠ, ʦʧʠʩʘʥʘ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺʦʟʥʠʢʘʝʪ 
ʧʦʷʨʯʝʥʠʝ ʚ ʢʨʳʣʴʷʭ ʣʠʥʠʠ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʝʩʷ ʢ ʮʝʥʪʨʫ ʣʠʥʠʠ. ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ ʷʜʨʦ 
ʣʠʥʠʠ ʧʦʩʪʝʧʝʥʥʦ ʩʤʝʱʘʝʪʩʷ ʚ ʢʨʘʩʥʫʶ ʩʪʦʨʦʥʫ. ʇʦʷʚʣʷʝʪʩʷ ʩʠʣʴʥʦʝ ʧʦʷʨʯʝʥʠʝ ʥʘ ʬʠʦ-
ʣʝʪʦʚʦʡ ʩʪʦʨʦʥʝ ʮʝʥʪʨʘ ʣʠʥʠʠ (K2v-ʧʠʢ) ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʠʢʘ ʩ ʢʨʘʩʥʦʡ ʩʪʦʨʦʥʳ (IK2v/IK2r >1). 
ʕʪʠ ʧʦʷʨʯʝʥʠʷ ʠ ʥʘʟʳʚʘʶʪʩʷ K2v-ʟʝʨʥʘʤʠ. ʗʜʨʦ ʣʠʥʠʠ ʚ ʤʦʤʝʥʪ K2v-ʧʠʢʘ ʤʘʢʩʠʤʘʣʴʥʦ 
ʩʤʝʱʝʥʦ ʚ ʢʨʘʩʥʫʶ ʩʪʦʨʦʥʫ. ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʟʘʪʫʭʘʥʠʝ ʟʝʨʥʘ, ʘ ʷʜʨʦ ʣʠʥʠʠ ʩʤʝ-
ʱʘʝʪʩʷ ʚ ʬʠʦʣʝʪʦʚʫʶ ʩʪʦʨʦʥʫ. ɿʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʷʨʯʝʥʠʷ ʚ ʢʨʘʩʥʦʤ ʢʨʳʣʝ 
ʣʠʥʠʠ (IK2v/IK2r <1). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʷʜʨʦ ʣʠʥʠʠ ʩʤʝʱʝʥʦ ʚ ʬʠʦʣʝʪʦʚʫʶ ʩʪʦʨʦʥʫ. ʇʨʦʮʝʩʩ 
ʛʝʥʝʨʘʮʠʠ K2v-ʟʝʨʝʥ ʘʢʫʩʪʠʯʝʩʢʠʤʠ ʫʜʘʨʘʤʠ ʙʳʣ ʧʨʦʤʦʜʝʣʠʨʦʚʘʥ ʚ ʨʘʙʦʪʘʭ Carlsson, 
Stein, ʙʳʣʦ ʥʘʡʜʝʥʦ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʦʜʝʣʠ ʠ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʢʘʨʪʠʥʳ. ʅʦ ʜʘʣʴ-
ʥʝʡʰʠʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʟʝʨʥʘ ʤʦʛʫʪ ʚʩʪʨʝʯʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʚʦ ʚʥʫʪ-
ʨʝʥʥʠʭ ʯʘʩʪʷʭ ʭʨʦʤʦʩʬʝʨʥʦʡ ʩʝʪʢʠ (ʷʯʝʡʢʘʭ), ʥʦ ʠ ʚʦ ʚʥʝʰʥʠʭ ʷʨʢʠʭ ʯʘʩʪʷʭ (ʩʝʪʢʘʭ). 
ɺʦ-ʚʪʦʨʳʭ, ʭʦʜ ʠʟʤʝʥʝʥʠʡ ʚ ʢʦʥʪʫʨʝ ʣʠʥʠʠ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʩʪʘʥʜʘʨʪʥʦʛʦ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʬʦʨʤʳ ʢʦʥʪʫʨʦʚ ʣʠʥʠʠ K CaII ʚ ʩʨʝʜʥʝʡ 
ʪʦʯʢʝ ʫʯʘʩʪʢʘ ʢʘʞʜʦʡ ʠʟ ʚʳʙʨʘʥʥʳʭ ʭʨʦʤʦʩʬʝʨʥʳʭ ʩʪʨʫʢʪʫʨ (40 ʩʪʨʫʢʪʫʨ ʚ ʦʙʣʘʩʪʠ 
S25W12 ʠ 30 ʩʪʨʫʢʪʫʨ ʚ ʦʙʣʘʩʪʠ S25W17) ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʢʦʥʪʫʨʳ ʣʠʥʠʠ ʜʣʷ ʚʩʝʭ ʢʘʜ-
ʨʦʚ ʚʨʝʤʝʥʥʦʡ ʩʝʨʠʠ (45 ʢʘʜʨʦʚ ʚ ʢʘʞʜʦʡ ʩʝʨʠʠ). ɹr ʣʠ ʦʪʦʙʨʘʥʳ ʪʝ ʢʦʥʪʫʨ,r ʢʦʪʦʨʳʝ 
ʠʤʝʣʠ ʥʘʠʙʦʣʴʰʠʝ (IK2v/IK2r>1) ʠ ʥʘʠʤʝʥʴʰʠʝ (IK2v/IK2r<1) ʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 
IK2v/IK2r. ɼʣʷ ʚʳʙʨʘʥʥʳʭ ʢʦʥʪʫʨʦʚ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʩʤʝʱʝʥʠʷ ʤʠʥʠʤʫʤʘ K3 (æɚK3). ʆʢʘʟʘ-
ʣʦʩʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʩʤʝʱʝʥʠʡ K3 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʘʨʪʠʥʝ ʩʪʘʥʜʘʨʪʥʦʡ ʵʚʦʣʶʮʠʠ IK2v-
ʟʝʨʝʥ, ʥʦ ʪʘʢʞʝ ʠʤʝʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠ ̫ʦʪ ɻʪʦʡ ʢʘʨʪʠʥʳ. ʇʨʠʤʝʨʳ ʢʦʥʪʫʨʦʚ ʩ 
ʠʟʤʝʨʝʥʥʳʤʠ ʩʤʝʱʝʥʠʷʤʠ ʤʠʥʠʤʫʤʘ K3 ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 9 (ʘïʞ). 

 

ʈʠʩ. 9. ɺʘʨʠʘʮʠʠ ʩʤʝʱʝʥʠʡ K3 ʚ ʢʦʥʪʫʨʘʭ ʣʠʥʠʠ K CaII ʦʙʣʘʩʪʠ S25W12 (ʚʝʨʭʥʷʷ ʧʘʥʝʣʴ) ʠ 

S25W17 ʧʨʠ IK2v/IK2r >1 (ʘ, ʙ, ʜ, ʝ) ʠ IK2v/IK2r <1 (ʚ, ʛ, ʝ, ʞ). ʇʦʢʘʟʘʥʦ ʧʦʣʦʞʝʥʠʝ ʧʠʢʦʚ K2v, K2r ʠ 

ʤʠʥʠʤʫʤʘ K3 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʬʦʨʤʘ ʢʦʥʪʫʨʦʚ ʣʠʥʠʠ K CaII ʚ ʨʘʟʥʳʭ 

ʭʨʦʤʦʩʬʝʨʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʜʘʥ-

ʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʀʭ ʬʦʨʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʚ ʦʙ-

ʣʘʩʪʠ, ʛʜʝ ʦʥʠ ʬʦʨʤʠʨʫʶʪʩʷ, ʥʦ ʠ ʜʠʥʘʤʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ, ʢʦʪʦʨʳʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʜʘʥ-

ʥʦʤ ʤʝʩʪʝ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ɺʨʝʤʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʢʦʥʪʫʨʦʚ ʣʠʥʠʠ K CaII ʚ ʮʠʢ-

ʣʝ IK2v-ʟʝʨʥʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʮʝʩʩ IK2v-ʟʝʨʝʥ ʤʦʞʝʪ ʠʤʝʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʯʝʤ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʨʘʥʝʝ. 
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2.2.4.3. ʅʝʦʙʳʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʪʝʥʠ ʧʷʪʥʘ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʚ ʜʚʫʭ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʜʠʘʧʘʟʦʥʘʭ ð ʦʙʣʘʩʪʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʜʫʙʣʝʪʘ (ʣʠʥʠʠ ʅ ʠ K) ʠ ʜʚʫʭ ʣʠʥʠʡ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʪʨʠʧʣʝʪʘ (849.8 ʠ 854.2 ʥʤ) CaII 

 

ʇʨʦʜʦʣʞʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝʦʙʳʯʥʦʛʦ ʷʚʣʝʥʠʷ, ʥʘʙʣʶʜʘʚʰʝʛʦʩʷ 12.07.2014 ʛ. ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʦʣʥʝʯʥʦʤ ʪʝʣʝʩʢʦʧʝ ʉʉʆ. ɹr ʣʠ ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʦʛʨʘʤʤʳ ʧʷʪʥʘ NOAA 

12109 ʚ ʜʚʫʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ð ʦʙʣʘʩʪʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʜʫʙʣʝʪʘ (ʣʠʥʠʠ ʅ ʠ K) 

ʠ ʜʚʫʭ ʣʠʥʠʡ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʪʨʠʧʣʝʪʘ (849.8 ʠ 854.2 ʥʤ) CaII. ɺ ʪʝʥʠ ʧʷʪʥʘ ʦʪʤʝʯʝʥ 

ʫʯʘʩʪʦʢ ʧʦʚʳʰʝʥʥʦʡ ʷʨʢʦʩʪʠ, ʥʘʧʦʤʠʥʘʶʱʠʡ ʩʚʝʪʦʚʦʡ ʤʦʩʪ, ʥʦ ʢʨʫʛʣʦʡ ʬʦʨʤʳ, ʙʝʟ 

ʚʳʭʦʜʘ ʚ ʧʦʣʫʪʝʥʴ. ʇʨʦʚʝʜʝʥʘ ʦʙʨʘʙʦʪʢʘ ʩʧʝʢʪʨʦʛʨʘʤʤ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ 

ʵʪʦʛʦ ʧʷʪʥʘ. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʚʳʜʝʣʝʥʠʷ ʷʜʨʘ ʣʠʥʠʠ ʚ ʩʣʦʞʥʳʭ ʢʦʥʪʫʨʘʭ ʩ 

ʩʘʤʦʦʙʨʘʱʝʥʠʷʤʠ (ʣʠʥʠʠ ʅ, K, 849.8 ʠ 854.2 ʥʤ) ʜʣʷ ʪʝʥʠ ʠ ʧʦʣʫʪʝʥʠ. ʇʦʣʫʯʝʥʳ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʢʘʨʪʳ ʜʦʧʣʝʨʦʚʩʢʠʭ ʩʢʦʨʦʩʪʝʡ ʚ 8 ʠʥʬʨʘʢʨʘʩʥʳʭ ʣʠʥʠʷʭ ʠ 16 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʭ ʣʠʥʠʷʭ. ʅʘ ʨʠʩ. 10 ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʧʦʩʪʨʦʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ 

ʢʘʨʪ ʜʦʧʧʣʝʨʦʚʩʢʠʭ ʩʢʦʨʦʩʪʝʡ ʜʣʷ ʣʠʥʠʠ 850.2 ʥʤ (ʨʠʩ. 10, ʘ, ʙ) ʠ ʣʠʥʠʠ 394.0 ʥʤ (ʨʠʩ. 10, 

ʚ, ʛ). ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʧʦʣʫʪʝʥʠ ʧʷʪʥʘ ʚ ʣʠʥʠʠ 850.2 ʥʤ ʚʠʜʥʘ 

ʢʣʘʩʩʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʵʬʬʝʢʪʘ ʕʚʝʨʰʝʜʘ, ʚ ʪʝʥʠ ʧʷʪʥʘ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʜʦʚʦʣʴʥʦ 

ʟʥʘʯʠʪʝʣʴʥʳʝ (ʦʢʦʣʦ 4 ʢʤ/ʩ) ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʦ 2 ʢʤ/ʩ ʚ ʦʙʣʘʩʪʠ 

ʩʚʝʪʣʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (ʨʠʩ. 10, ʙ). ɺ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʣʠʥʠʠ 394 ʥʤ (ʨʠʩ. 10 ʛ) ʢʘʨʪʠʥʘ ʚ 

ʧʷʪʥʝ ʚʳʛʣʷʜʠʪ ʙʦʣʝʝ ʩʣʦʞʥʦʡ. ɺ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʧʷʪʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʳʡ 

ʵʬʬʝʢʪ ʕʚʝʨʰʝʜʘ, ʧʨʠ ʵʪʦʤ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ 

ʚ ʠʥʬʨʘʢʨʘʩʥʦʡ ʣʠʥʠʠ 850.2 ʥʤ. ʆʩʦʙʝʥʥʦʩʪʠ ʤʦʨʬʦʣʦʛʠʠ ʜʘʥʥʦʛʦ ʧʷʪʥʘ ʪʨʝʙʫʶʪ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. 

 

 

ʈʠʩ. 10. ʀʟʦʙʨʘʞʝʥʠʝ ʧʷʪʥʘ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ NOAA 12109, ʧʦʩʪʨʦʝʥʥʦʝ ʧʦ ʣʠʥʠʠ 850.2 ʥʤ 

(ʘ); ʢʘʨʪʘ ʩʢʦʨʦʩʪʝʡ ʜʣʷ ʣʠʥʠʠ 850.2 ʥʤ (ʙ); ʪʦ ʞʝ ʩʘʤʦʝ ʜʣʷ ʣʠʥʠʠ 394.0 ʥʤ (ʚ, ʛ). ʊʝʤʥʳʝ ʠ ʩʚʝʪ-

ʣʳʝ ʦʙʣʘʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʤ (ʢ ʥʘʙʣʶʜʘʪʝʣʶ) ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤ (ʦʪ ʥʘʙʣʶʜʘʪʝʣʷ) 

ʜʦʧʣʝʨʦʚʩʢʠʤ ʩʢʦʨʦʩʪʷʤ. 
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2.2.5. ʄʦʥʠʪʦʨʠʥʛ ʉʦʣʥʮʘ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʨʘʩʰʠʨʝʥʠʝ ʙʘʟ ʜʘʥʥʳʭ 

 
ʊʘʙʣʠʮʘ 2. ʇʝʨʝʯʝʥʴ ʥʘʙʣʶʜʝʥʠʡ ʩ ʫʢʘʟʘʥʠʝʤ ʦʙʲʝʢʪʦʚ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ 

ʅʘʙʣʶʜʝʥʠʷ ʥʘ ɸʉʊ ʟʘ 2017 ʛ. 

  ʄʘʡ ʀʶʥʴ ʀʶʣʴ ɸʚʛʫʩʪ ʉʝʥʪʷʙʨʴ ʀʪʦʛʦ 

ʧʷʪʥʦ 

Ca 8542 ¡ + BaII 4554¡    4  4 

Ca 8542 ¡  1c    1c 

HŬ  1+3c    1+3c 

FeI 5250¡  1    1 

FeI 6301¡, FeI 6302¡  1+8ʩ 2+5ʩ 4+4ʩ  7+17ʩ 

 

ʬʘʢʝʣ 

HeI 10830¡ + SiI 10827¡ + HŬ 3 6    9 

Ca 8542 ¡ + BaII 4554¡   7 2  9 

Ca 8542 ¡    1c  1c 

 

ʚʦʣʦʢʥʦ FeI 4859¡, ʅɓ 4861¡     1 1 

 

ʢʦʨʦʥ. ʜʳʨʘ Ca 8542 ¡ + BaII 4554¡    2  2 

ʉʠʤʚʦʣ çʩè ð ʙʳʩʪʨʳʡ ʩʢʘʥ (ʜʚʫʤʝʨʥʘʷ ʚʨʝʤʝʥʥʘʷ ʩʝʨʠʷ) 

 

ɿʘ ʩʝʟʦʥ ʚʳʧʦʣʥʝʥʦ 56 ʚʨʝʤʝʥʥʳʭ ʩʝʨʠʡ (ʠʟ ʥʠʭ 21ʩ), ʩʨʝʜʥʷʷ ʜʣʠʪʝʣʴʥʦʩʪʴ 72 ʤʠʥ, 

ʨʘʟʙʨʦʩ ʧʦ ʜʣʠʪʝʣʴʥʦʩʪʠ 25ï204 ʤʠʥ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʙʳʩʪʨʳʭ ʩʢʘʥʦʚ ʙʳʣʠ ʢʘʣʠʙʨʦʚʦʯ-

ʥʳʤʠ ʜʣʷ ʥʦʚʦʛʦ ʩʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨʘ. 

ɺ ʮʝʣʦʤ ʥʘʙʣʶʜʘʪʝʣʴʥʳʡ ʩʝʟʦʥ 2017 ʛ. ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʩʥʠʞʝʥʠʝʤ ʩʦʣʥʝʯʥʦʡ ʘʢ-

ʪʠʚʥʦʩʪʠ ʠ ʫʭʫʜʰʝʥʠʝʤ ʣʦʢʘʣʴʥʳʭ ʘʩʪʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʙʦʯʝʝ ʚʨʝʤʷ (ʥʝ ʫʯʠʪʳʚʘʝʤʦʝ ʚ ʪʘʙʣ. 2) ʙʳʣʦ ʧʦʪʨʘʯʝʥʦ ʥʘ ʦʪʣʘʜʢʫ ʠ ʠʩ-

ʧʳʪʘʥʠʷ ʥʦʚʦʛʦ ʩʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨʘ. 

 

2.2.6. ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

 

1. Fleishman G.D., Anfinogentov S., Loukitcheva M., Mysh'yakov I., Stupishin A. Casting 

the coronal magnetic field reconstruction tools in 3D using the MHD bifrost mode // Astrophys. J. 

2017. V. 839, article id. 30, 27 p. DOI: 10.3847/1538-4357/aa6840.  

2. Rudenko G.V., Anfinogentov S.A. Algorithms of the potential field calculation in a 

three-dimensional box // Solar Phys. 2017. V. 292, article id. #103, 17 p. DOI: 10.1007/ s11207-

017-1126-z. 

3. Goddard C.R., Pascoe D.J., Anfinogentov S., Nakariakov V.M. A statistical study of the 

inferred transverse density profile of coronal loop threads observed with SDO/AIA // Astron.  

Astrophys. 2017. V. 605, id.A65, 8 p. DOI: 10.1051/0004-6361/201731023. 

4. Guo Y., Pariat E., Valori G., Anfinogentov S., Chen F., Georgoulis M.K., Liu Y., 

Moraitis K., Thalmann J.K., Yang S. Magnetic helicity estimations in models and observations 

of the solar magnetic field. III . Twist number method// Astrophys. J. 2017. V. 840, article id. 40, 

16 p. DOI: 10.3847/1538-4357/aa6aa8. 

5. Altyntsev A., Meshalkina N., Myshyakov I., Pal`shin V., Fleishman G. Flare 

SOL2012_07_06: On the origin of the circular polarization reversal between 17 GHz and 34 GHz // 

Solar Phys. 2017. V. 292, article id. #137. DOI: 10.1007/s11207-017-1152-x. 

6. Kontar E.P., Yu S., Kuznetsov A.A., Emslie A.G., Alcock B., Jeffrey N.L.S., Melnik V.N., 

Bian N.H., Subramanian P. Imaging spectroscopy of solar radio burst fine structures // Nature 

Communications. 2017. V. 8, id. 1515.  

7. Kontar E.P., Perez J.E., Harra L.K., Kuznetsov A.A., Emslie A.G., Jeffrey N.L.S., Bian 

N.H., Dennis B.R. Turbulent kinetic energy in the energy balance of a solar flare // Phys. Rev. 

Let. 2017. V. 118, id.155101. DOI: 10.1103/PhysRevLett.118.155101. 
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http://dx.doi.org/10.1103/PhysRevLett.118.155101
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2017. V. 56. P. 102. DOI: 10.1016/j.newast.2017.05.002. 

9. Ackermann M., Allafort A., Baldini L., Barbiellini G., Bastieri D., Bellazzini R., 

Bissaldi E., Bonino R., Bottacini E., Bregeon J., é Kashapova L.K. Fermi-LAT observations of 

high-energy behind-the-limb solar flares // Astrophys. J. 2017. V. 835, article id. 219. DOI: 

10.3847/1538-4357/835/2/219. 

10. Chernov G.P., Fomichev V.V., Sych R.A. Comparison of alternative zebra-structure 

models in solar radio emission // eprint arXiv:1704.02528, Bibliographic Code: 

2017arXiv170402528C. 

11. ʃʝʩʦʚʦʡ ʉ.ɺ., ɸʣʪʳʥʮʝʚ ɸ.ʊ., ʂʦʯʘʥʦʚ ɸ.ɸ., ɻʨʝʯʥʝʚ ɺ.ɺ., ɻʫʙʠʥ ɸ.ɺ., ɾʜʘʥʦʚ 

ɼ.ɸ., ʀʚʘʥʦʚ ɽ.ʌ., ʋʨʘʣʦʚ ɸ.ʄ., ʂʘʰʘʧʦʚʘ ʃ.ʂ., ʂʫʟʥʝʮʦʚ ɸ.ɸ., ʄʝʰʘʣʢʠʥʘ ʅ.ʉ., ʉʳʯ ʈ.ɸ. 

ʉʠʙʠʨʩʢʠʡ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬ: ʧʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ // ʉʦʣʥʝʯʥʦ-ʟʝʤʥʘʷ ʬʠʟʠʢʘ. 2017. ʊ. 3. ˉ. 1. 

ʉ. 3ï16. DOI: 10.12737/24347. URL: https://naukaru.ru/ru/nauka/article/15206/view (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 09.11.2017). 

12. Pascoe D.J., Anfinogentov S., Nistic¸ G., Goddard C.R., Nakariakov V.M. Coronal 

loop seismology using damping of standing kink oscillations by mode coupling. II. Additional 

physical effects and Bayesian analysis // Astron. Astrophys. 2017. V. 600, id.A78, 22 p. DOI: 

10.1051/0004-6361/201629702.  

13. Pascoe D. J., Goddard C. R.,Anfinogentov S., Nakariakov V. M. Coronal loop density 

profile estimated by forward modelling of EUV intensity // Astron. Astrophys. 2017. V. 600, 

id.L7. DOI: 10.1051/0004-6361/201730458.  

14. Deres A.S., Anfinogentov S. Probing the sunspot atmosphere with three-minute 

oscillations // Solar Phys.  2017. Bibliographic Code: 2017arXiv171011552D (in print). 

15. Fontenla J.M., Curdt W., Haberreiter M., Harder J., Tian H. Semiempirical models of 

the solar atmosphere. III. Set of non-LTE models for far-ultraviolet/extreme-ultraviolet 

irradiance computation // Astrophys. J. 2009. V. 707. P. 482ï502. DOI: 10.1088/0004-

637X/707/1/482.  

16. Sych R., Wang Min. Wave dynamics in umbral flashes // E-print: http://arxiv.org/ 

abs/1710.08100. Astron. Astrophys. (submitted). Bibliographic Code: 2017arXiv171008100S. 

17. Kobanov N.I., Chupin S.A., Chelpanov A.A. On searching for observational 

manifestations of Alfven waves in solar faculae // Astron. Let. 2017. V. 43, N. 12. P. 844ï853. 

DOI: 10.1134/S1063773717110044. 

18. Chelpanov A., Kobanov N., Chupin S. Search for the observational manifestations of 

torsional Alfven waves in solar faculae // Central European Astrophys. Bul. 2016. V. 40. P. 29ï34. 

ISSN 1845ï8319. Bibliographic Code: 2016CEAB...40...29 C. 

19. Nakariakov V.M., Pascoe D.J., Sych R., van Driel-Gesztelyi L. Preface to topical is-

sue: waves in the solar corona: from microphysics to macrophysics // Solar Phys. 2016. V. 291. 

P. 3139ï3142. DOI: 10.1007/s11207-016-1020-0. 

20. Valori G., Pariat E., Anfinogentov S., Chen F., Georgoulis M.K., Guo Y., Liu Y., Mo-

raitis K., Thalmann J.K., Yang S., Magnetic helicity estimations in models and observations of 

the solar magnetic field. Part I: Finite volume methods // Space Sci. Rev. 2016. V. 201. P. 147ï200. 

DOI 10.1007/s11214-016-0299-3. 

 

 

 

 

 

 

 

 

 

http://dx.doi.org/10.1016/j.newast.2017.05.002
http://dx.doi.org/10.3847/1538-4357/835/2/219
http://adsabs.harvard.edu/abs/2017arXiv170402528C
https://naukaru.ru/ru/nauka/article/15206/view
http://dx.doi.org/10.1051/0004-6361/201629702
http://dx.doi.org/10.1051/0004-6361/201730458
http://adsabs.harvard.edu/abs/2017arXiv171011552D
http://dx.doi.org/10.1088/0004-637X/707/1/482
http://dx.doi.org/10.1088/0004-637X/707/1/482
http://adsabs.harvard.edu/abs/2017arXiv171008100S
http://adsabs.harvard.edu/abs/2016CEAB...40...29C
http://dx.doi.org/10.1007/s11207-016-1020-0
http://dx.doi.org/10.1007/s11214-016-0299-3


21 

2.3. ɻʝʦʵʬʬʝʢʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʭʨʦʤʦʩʬʝʨʝ ʠ ʢʦʨʦʥʝ ʉʦʣʥʮʘ 

 

2.3.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʢʘʭ 

 

2.3.1.1. ɺʳʷʚʣʝʥʘ ʤʥʦʛʦʧʝʪʝʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ 

ʤʦʱʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʚʩʧʳʰʢʝ  

 

ɸʥʘʣʠʟ ʥʘʙʣʶʜʝʥʠʡ ʩʦʙʳʪʠʷ 26 ʜʝʢʘʙʨʷ 2001 ʛ., ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʘʟʝʤʥʳʤ ʚʦʟʨʘʩʪʘʥʠʝʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ GLE63, ʧʦ ʤʠʢʨʦʚʦʣʥʦʚʳʤ ʩʧʝʢʪʨʘʤ ʠ ʠʟʦʙʨʘʞʝʥʠʷʤ, ʧʦ-

ʣʫʯʝʥʥʳʤ ʥʘ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʝ ʅʦʙʝʷʤʘ (NoRH) ʥʘ ʯʘʩʪʦʪʘʭ 17 ʠ 34 ɻɻʮ, ʉʠʙʠʨʩʢʦʤ ʩʦʣʥʝʯ-

ʥʦʤ ʨʘʜʠʦʪʝʣʝʩʢʦʧʝ (ʉʉʈʊ) ʥʘ 5.7 ɻɻʮ, ʠ ʠʟʦʙʨʘʞʝʥʠʷʤ, ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʪʝʣʝʩʢʦʧʝ TRACE ʚ 

ʢʘʥʘʣʝ 1600 ¡, ʧʨʠʚʝʣ ʢ ʩʣʝʜʫʶʱʠʤ ʨʝʟʫʣʴʪʘʪʘʤ. ɺʩʧʳʰʝʯʥʘʷ ʣʝʥʪʘ ʧʦʢʨʳʚʘʣʘ ʯʘʩʪʴ ʪʝʥʠ 

ʧʷʪʥʘ, ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ ʩʦʙʳʪʠʡ, ʚʳʟʳʚʘʶʱʠʭ ʙʦʣʴʰʠʝ ʧʦʪʦʢʠ ʯʘʩʪʠʮ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ. ʅʝ-

ʪʠʧʠʯʥʳʤʠ ʙʳʣʠ 1) ʙʦʣʴʰʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʩʧʳʰʢʠ (ʙʦʣʝʝ ʯʘʩʘ); 2) ʫʤʝʨʝʥʥʘʷ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʚʩʧʣʝʩʢʘ (ʦʢʦʣʦ 10
4
 ʩ.ʝ.ʧ.); 3) ʥʠʟʢʘʷ ʯʘʩʪʦʪʘ ʤʘʢʩʠʤʫʤʘ ʛʠʨʦʩʠʥ-

ʭʨʦʪʨʦʥʥʦʛʦ ʩʧʝʢʪʨʘ (ʦʢʦʣʦ 6 ɻɻʮ) ʠ ʝʛʦ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʨʘʜʠʦʧʦʪʦʢʘ ʙʦ-

ʣʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥʳ. ʇʨʠ ʵʪʦʤ ʦʩʪʘʚʘʣʦʩʴ ʧʨʠʤʝʨʥʦ ʧʦʩʪʦʷʥʥʳʤ ʦʪʥʦʰʝʥʠʝ ʧʦʪʦʢʘ, 

ʠʟʣʫʯʘʝʤʦʛʦ ʚʩʝʤ ʦʙʲʝʤʦʤ ʠʩʪʦʯʥʠʢʘ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ, ʢ ʧʦʚʳʰʝʥʥʦʤʫ ʧʦ-

ʪʦʢʫ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʤʫ ʧʣʦʱʘʜʴʶ ʠʩʪʦʯʥʠʢʘ. ʇʨʠ ʩʘʤʦʧʦʜʦʙʠʠ 

ʩʧʝʢʪʨʘ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʜʦʙʠʝ ʤʝʞʜʫ ʜʚʠʞʫʱʠʤʠʩʷ ʤʠʢʨʦʚʦʣʥʦʚʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠ ʥʘʠʙʦ-

ʣʝʝ ʷʨʢʠʤʠ ʯʘʩʪʷʤʠ ʚʩʧʳʰʝʯʥʳʭ ʣʝʥʪ, ʚʠʜʠʤʳʭ ʚ ʢʘʥʘʣʝ 1600 ¡ (ʨʠʩ. 11).  

 

ʈʠʩ. 11. ʀʟʤʝʥʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʚʟʚʝʰʝʥʥʳʤʠ ʮʝʥʪʨʘʤʠ ʷʨʢʦʩʪʠ ʜʚʫʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʥʘ 17 ɻɻʮ (NoRH, ʩʠʥʷʷ ʢʨʠʚʘʷ) ʠ 5.7 ɻɻʮ (ʉʉʈʊ, ʟʝʣʝʥʳʝ ʢʨʫʞʢʠ) ʚ ʩʨʘʚʥʝʥʠʠ 

ʩʦ ʚʩʧʳʰʝʯʥʳʤʠ ʣʝʥʪʘʤʠ (TRACE 1600 ¡, ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ) (ʘ); ʫʛʦʣ ʤʝʞʜʫ ʣʠʥʠʝʡ, ʩʦʝʜʠʥʷʶʱʝʡ 

ʠʩʪʦʯʥʠʢʠ, ʠ ʥʝʡʪʨʘʣʴʥʦʡ ʣʠʥʠʝʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (b) 

 

ʉʨʘʚʥʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʯʘʩʪʦʪʝ 17 ɻɻʮ ʠ ʚ ʢʘʥʘʣʝ 1600 ¡ (ʨʠʩ. 12), 

ʧʦʜʪʚʝʨʜʠʣʦ, ʯʪʦ ʤʠʢʨʦʚʦʣʥʦʚʳʝ ʠʩʪʦʯʥʠʢʠ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩʦ ʤʥʦʞʝʩʪʚʦʤ ʚʩʧʳʰʝʯʥʳʭ 

ʧʝʪʝʣʴ, ʦʩʥʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʧʨʦʷʚʣʷʣʠʩʴ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʝ ʢʘʢ ʧʝʨʝʤʝʞʘʶʱʠʝʩʷ ʷʨʢʠʝ ʷʜ-

ʨʘ. ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʩʚʦʡʩʪʚ ʩʦʙʳʪʠʷ ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʠʢʨʦʚʦʣ-

ʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʠʩʪʝʤʳ ʦʜʥʦʨʦʜʥʳʭ ʛʠʨʦʩʠʥʭʨʦʪʨʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘʜ ʚʩʧʳʰʝʯʥʳ-

ʤʠ ʣʝʥʪʘʤʠ. ʈʘʟʙʨʦʩ ʤʝʞʜʫ ʩʧʝʢʪʨʘʤʠ ʠ ʨʘʟʤʝʨʘʤʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʦʙʣʘʩʪʷʭ ʚʩʧʳʰʝʯʥʳʭ ʣʝʥʪ. ɺ ʦʩʥʦʚʥʦʤ ʤʠʢ-

ʨʦʚʦʣʥʦʚʳʡ ʧʦʪʦʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ, ʧʨʦʥʠʟʳʚʘʶʱʠʤ ʣʝʥʪʳ ʠ ʚʩʝ ʠʩʪʦʯ-
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ʥʠʢʠ. ɺʠʜʠʤʘʷ ʧʨʦʩʪʦʪʘ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ð ʩʣʝʜʩʪʚʠʝ ʥʝʜʦʩʪʘʪʦʯʥʳʭ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʨʘʜʠʦʪʝʣʝʩʢʦʧʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘ-

ʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʧʨʦʷʚʣʝʥʠʡ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʩʪʨʫʢ-

ʪʫʨʘʤ, ʥʘʙʣʶʜʘʝʤʳʤ ʚ ʪʝʧʣʦʚʦʤ ʠʟʣʫʯʝʥʠʠ, ʢʘʢ ʧʨʝʜʩʢʘʟʳʚʘʶʪ ʠʟʚʝʩʪʥʳʝ ʤʦʜʝʣʠ. 

 

ʈʠʩ. 12. ʇʨʠʤʝʨ ʠʟʦʙʨʘʞʝʥʠʡ ʚʩʧʳʰʝʯʥʦʡ ʦʙʣʘʩʪʠ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʝ (ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ 

TRACE 1600 ¡, ʩʣʝʚʘ), ʩʚʝʨʪʢʠ ʵʪʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʜʠʘʛʨʘʤʤʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʈʘʜʠʦʛʝʣʠʦʛʨʘʬʘ 

ʅʦʙʝʷʤʘ (NoRH, ʚ ʮʝʥʪʨʝ) ʠ ʠʟʦʙʨʘʞʝʥʠʡ NoRH ʥʘ 17 ɻɻʮ (ʩʧʨʘʚʘ). ʂʨʝʩʪʠʢʠ ð ʚʟʚʝʰʝʥʥʳʝ ʮʝʥʪʨʳ 

ʷʨʢʦʩʪʠ, ʧʦʚʝʜʝʥʠʝ ʢʦʪʦʨʳʭ ʚʦ ʚʨʝʤʝʥʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 11 

 

2.3.1.2. ʇʝʨʝʥʦʩ ʯʘʩʪʠʮ, ʫʩʢʦʨʝʥʥʳʭ ʚʦ ʚʩʧʳʰʢʝ, ʨʘʩʰʠʨʷʶʱʠʤʩʷ ʤʘʛʥʠʪʥʳʤ 

ʞʛʫʪʦʤ, ʚ ʢʦʪʦʨʳʡ ʦʥʠ ʠʥʞʝʢʪʠʨʫʶʪʩʷ ʧʨʠ ʚʩʧʳʰʝʯʥʦʤ ʧʝʨʝʩʦʝʜʠʥʝʥʠʠ 

 

ɿʘʜʝʨʞʢʘ ʚʳʭʦʜʘ ʫʩʢʦʨʝʥʥʳʭ ʠʦʥʦʚ ʫ ʉʦʣʥʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʩʧʳʰʢʠ ʩʯʠʪʘʝʪʩʷ ʧʦʜ-

ʪʚʝʨʞʜʝʥʠʝʤ ʠʭ ʫʩʢʦʨʝʥʠʷ ʛʦʣʦʚʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʝʨʝʜ ʢʦʨʦʥʘʣʴʥʳʤ 

ʚʳʙʨʦʩʦʤ ʤʘʩʩʳ (ʂɺʄ), ʧʨʝʚʳʩʠʚʰʠʤ ʘʣʴʬʚʝʥʦʚʩʢʫʶ ʩʢʦʨʦʩʪʴ. ɺʦʟʤʦʞʥʦ ʜʨʫʛʦʝ ʦʙʲʷʩ-

ʥʝʥʠʝ ʟʘʜʝʨʞʢʠ ʚʳʭʦʜʘ ʯʘʩʪʠʮ. ʏʘʩʪʴ ʫʩʢʦʨʝʥʥʳʭ ʚʦ ʚʩʧʳʰʢʝ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ ʟʘʭʚʘ-

ʪʳʚʘʝʪʩʷ ʚ ʨʘʩʰʠʨʷʶʱʝʤʩʷ ʤʘʛʥʠʪʥʦʤ ʞʛʫʪʝ. ɽʛʦ ʧʦʩʣʝʜʫʶʱʝʝ ʧʝʨʝʩʦʝʜʠʥʝʥʠʝ ʩ ʦʪʢʨʳ-

ʪʳʤʠ ʢʦʨʦʥʘʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʦʪʢʨʳʚʘʝʪ ʜʦʩʪʫʧ ʚ ʤʝʞʧʣʘʥʝʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʩʝʤ 

ʟʘʭʚʘʯʝʥʥʳʤ ʯʘʩʪʠʮʘʤ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʛʦ ʩʮʝʥʘʨʠʷ ʚʨʝʤʝʥʘ ʚʳʭʦʜʘ ʠʦʥʦʚ ʫ ʉʦʣʥʮʘ ʧʦ 

ʦʮʝʥʢʝ ɼ. ʈʠʤʩʘ ʜʣʷ 13 ʠʟ 16 ʩʦʙʳʪʠʡ 23-ʛʦ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ, ʚʳʟʚʘʚʰʠʭ ʥʘʟʝʤʥʳʝ ʚʦʟʨʘʩ-

ʪʘʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ (GLE), ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʥʘʯʘʣʦʤ ʜʝʢʘ/ʛʝʢʪʦʤʝʪʨʦʚʳʭ 

(ɼɻʄ) ʚʩʧʣʝʩʢʦʚ III  ʪʠʧʘ, ʚʳʟʚʘʥʥʳʭ ʧʦʪʦʢʘʤʠ ʙʳʩʪʨʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʫʭʦʜʷʱʠʭ ʚ ʤʝʞʧʣʘʥʝʪ-

ʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ ʚʦʟʤʦʞʝʥ ʠ ʚʳʭʦʜ ʪʷʞʝʣʳʭ ʯʘʩʪʠʮ.  

ɼʣʷ 11 ʩʦʙʳʪʠʡ ʨʘʟʥʠʮʘ ʥʝ ʧʨʝʚʳʩʠʣʘ 5 ʤʠʥ (ʨʠʩ. 11, 12). ɼʣʷ ʜʚʫʭ ʩʦʙʳʪʠʡ (ʨʠʩ. 13) 

ʦʮʝʥʝʥʥʳʝ ʚʨʝʤʝʥʘ ʚʳʭʦʜʘ ʦʢʘʟʘʣʠʩʴ ʥʝʨʝʘʣʠʩʪʠʯʥʦ ʧʦʟʜʥʠʤʠ, ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʥʝʫʯʪʝʥʥʳʭ 

ʵʬʬʝʢʪʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʷʞʝʣʳʭ ʯʘʩʪʠʮ. ɺʝʨʦʷʪʥʦ, ʨʝʘʣʴʥʦʝ ʚʨʝʤʷ ʚʳʭʦʜʘ ʠʦʥʦʚ ʚʦ ʚʩʝʭ 

13 ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʦʙʳʪʠʷʭ ʙʣʠʟʢʦ ʥʘʯʘʣʫ ʤʦʱʥʳʭ ɼɻʄ-ʚʩʧʣʝʩʢʦʚ III  ʪʠʧʘ, ʚʳʟʚʘʥʥʳʭ ʫʭʦ-

ʜʷʱʠʤʠ ʵʣʝʢʪʨʦʥʘʤʠ. ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʩʮʝʥʘʨʠʡ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʚʳʭʦʜʘ ʫʩʢʦʨʝʥʥʳʭ ʧʨʦʪʦ-

ʥʦʚ ʠʟ ʦʙʣʘʩʪʠ ʚʩʧʳʰʢʠ, ʘ ʙʣʠʟʦʩʪʴ ʚʝʨʦʷʪʥʳʭ ʚʨʝʤʝʥ ʚʳʭʦʜʘ ʵʥʝʨʛʠʯʥʳʭ ʯʘʩʪʠʮ ʠ ɼɻʄ-

ʚʩʧʣʝʩʢʦʚ III  ʪʠʧʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʫʩʢʦʨʝʥʠʝ ʯʘʩʪʠʮ ʚʩʧʳʰʝʯʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. 
 

 
ʈʠʩ. 13. ɼʠʥʘʤʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ WIND/Waves/Rad2 ʚ ʩʦʙʳʪʠʷʭ GLE56 2 ʤʘʷ 1998 ʛ. (ʘ), 

GLE63 26 ʜʝʢʘʙʨʷ 2001 ʛ. (b) ʠ GLE66 29 ʦʢʪʷʙʨʷ 2003 ʛ. (c). ʊʨʝʫʛʦʣʴʥʠʢʘʤʠ ʦʪʤʝʯʝʥʳ ʛʨʘʥʠʮʳ 

ʠʥʪʝʨʚʘʣʦʚ ʧʦ ʦʮʝʥʢʝ ɼ. ʈʠʤʩʘ ʜʣʷ ʚʨʝʤʝʥʠ ʚʳʭʦʜʘ ʠʦʥʦʚ 



23 

2.3.1.3. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ  
  
ʉʬʦʨʤʠʨʦʚʘʥʘ ʵʣʝʢʪʨʦʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʜʣʷ 123801 ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʟʘ 1972ð 

2010 ʛʛ. ɺ ʦʩʥʦʚʫ ʣʝʛʣʠ ʢʘʪʘʣʦʛʠ Solar Geophysical Data (SGD) ʠ ʢʚʘʨʪʘʣʴʥʦʛʦ ʙʶʣʣʝʪʝʥʷ 
(Quarterly Bulletin on Solar Activity). ʉ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ 
ʧʨʦʚʝʜʝʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 
ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʨʷʜ ʥʦʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʩʧʳʰʝʢ ʥʘ ʉʦʣʥʮʝ, 
ʦʪʣʠʯʥʳʭ ʦʪ ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʣʝʝ 90 % ʚʩʝʭ ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʉʦʣʥʮʝ ʚʩʧʳʰʝʢ ʦʪʥʦʩʷʪʩʷ ʢ 
ʚʩʧʳʰʢʘʤ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ. ʉʘʤʳʡ ʤʥʦʛʦʯʠʩʣʝʥʥʳʡ ʢʣʘʩʩ ʩʦʩʪʘʚʣʷʶʪ ʚʩʧʳʰʢʠ ʙʘʣʣʘ SF 
(64 %). ɸʢʪʠʚʥʦʩʪʴ ʚʩʧʳʰʝʢ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʠʤʝʝʪ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʫʶ ʮʠʢʣʠʯʥʦʩʪʴ ʠ 
ʚʳʩʦʢʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ ʯʠʩʣʘʤʠ ɺʦʣʴʬʘ.  

ʉʘʤʳʝ ʚʳʩʦʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʧʦʢʘʟʳʚʘʶʪ ʚʩʧʳʰʢʠ ʢʣʘʩʩʦʚ ʧʣʦʱʘʜʠ S 
ʠ 1 (ʪʘʙʣ. 3). ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʚʳʩʦʢʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʢʣʘʩʩʘʤʠ 
ʚʩʧʳʰʝʢ: S ʠ 1, 1 ʠ (2ï4). 

 
ʊʘʙʣʠʮʘ 3. ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʢʣʘʩʩʘʤʠ ʚʩʧʳʰʝʢ ʚ 21ï23 ʮʠʢʣʘʭ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʨʝʟʫʣʴʪʘʪʳ [1], ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ ʥʘ ʉʦʣʥʮʝ 
ʚʩʧʳʰʝʢ ʙʘʣʣʘ SN (47 %) ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʟʥʘʯʠʤʳʭ ʧʠʢʦʚ ʜʣʷ ʚʩʧʳʰʝʢ ʙʘʣʣʦʚ SN ʠ 1N, 
ʥʝ ʧʦʜʪʚʝʨʜʠʣʠʩʴ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʩ ʨʦʩʪʦʤ ʦʧʪʠʯʝʩʢʦʛʦ ʙʘʣʣʘ 
ʠʤʝʝʪ ʧʣʘʚʥʳʡ ʩʧʘʜ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʪʢʣʦʥʝʥʠʡ, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ 
ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʩʧʳʰʝʢ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʢʣʘʩʩʘ ʷʨʢʦʩʪʠ.  

 

2.3.1.4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʩʧʳʰʝʢ ʧʦ ʚʨʝʤʝʥʠ ʧʦʜʲʝʤʘ ʷʨʢʦʩʪʠ ʢ ʤʘʢʩʠʤʫʤʫ 

 
ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʚʩʧʳʰʝʯʥʦʛʦ ʧʘʪʨʫʣʷ ʚ ʣʠʥʠʠ ʅŬ ʟʘ 1972ð2010 ʛʛ. 

ʩʬʦʨʤʠʨʦʚʘʥʘ ʵʣʝʢʪʨʦʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ. ʇʨʦʚʝʜʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʨʝʤʝʥʠ ʧʦʜʲʝʤʘ ʷʨʢʦʩʪʠ ʚʩʧʳʰʝʢ ʢ ʤʘʢʩʠʤʫʤʫ (ʬʣʵʰ-ʬʘʟʳ). ɺʧʝʨʚʳʝ 
ʧʦʣʫʯʝʥʳ ʩʨʝʜʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʬʣʵʰ-ʬʘʟ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʢʣʘʩʩʦʚ ʚʩʧʳʰʝʢ (ʪʘʙʣ. 4, 
ʢʦʣʦʥʢʘ III) ʠ ʫʪʦʯʥʝʥʳ ʧʘʨʘʤʝʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ. 

ɺʳʚʦʜʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʣʘʩʩʘ ʧʣʦʱʘʜʠ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʧʨʦʜʦʣʞʠ-
ʪʝʣʴʥʦʩʪʠ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ ʚʩʧʳʰʝʢ.  

ʊʘʙʣʠʮʘ 4. ʂʦʣʠʯʝʩʪʚʦ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʬʣʵʰ-ʬʘʟ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ 

 

ɺ ʢʦʣʦʥʢʘʭ I ʠ II ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ:  
I ð ʉʤʠʪ ɻ., ʉʤʠʪ ʕ. [2]; 
II ð Temmer M., Veronig A., Hanslmeier A., Otruba W., Messerotti M. [3]. 
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ɺʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʨʝʤʷ ʧʦʜʲʝʤʘ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʚʠʪʠʷ 

ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ. ʉʘʤʳʝ ʢʦʨʦʪʢʠʝ ʬʣʵh -ʬʘʟʳ ʠʤʝʶʪ ʚʩʧʳʰʢʠ ʚʟʨʳʚʥʦʛʦ ʪʠʧʘ, ʩʘʤʳʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʝ ð ʚʩʧʳʰʢʠ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʥʝʩʢʦʣʴʢʦ ʤʘʢʩʠʤʫʤʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ɺʳʜʝʣʝʥʦ 572 ʚʩʧʳʰʢʠ ʩʦ ʩʚʝʨʭʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʧʦʜʲʝʤʘ (ʙʦʣʝʝ 

60 ʤʠʥ), 80 % ʪʘʢʠʭ ʚʩʧʳʰʝʢ ʠʤʝʝʪ ʙʦʣʝʝ ʢʦʨʦʪʢʫʶ ʛʣʘʚʥʫʶ ʬʘʟʫ. ʉʨʝʜʥʷʷ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 0.67.  

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʧʳʰʢʠ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʘʟʚʠʪʠʷ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʨʫʧʥʳʭ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ. ʆʥʠ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʢʨʫʧʥʳʝ 

ʚʩʧʳʰʢʠ, ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʘʢʪʠʚʠʟʘʮʠʷʤʠ ʠ ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʚʦʣʦʢʦʥ, ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤʠ 

ʚʳʙʨʦʩʘʤʠ ʤʘʩʩ, ʤʦʛʫʪ ʠʤʝʪʴ ʚʟʨʳʚʥʫʶ ʬʘʟʫ ʠ ʤʥʦʛʦʢʨʘʪʥʳʝ ʚʩʧʣʝʩʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ʉʨʝʜʠ ʤʘʣʳʭ ʚʩʧʳʰʝʢ ʚʩʪʨʝʯʘʶʪʩʷ ʜʚʫʭʣʝʥʪʦʯʥʳʝ ʚʩʧʳʰʢʠ ʠ ʚʩʧʳʰʢʠ, ʧʦʢʨʳʚʘʶʱʠʝ 

ʪʝʥʴ ʙʦʣʴʰʠʭ ʧʷʪʝʥ. ʅʠʟʢʠʡ ʦʧʪʠʯʝʩʢʠʡ ʙʘʣʣ ʚ ʅŬ ʤʦʛʫʪ ʠʤʝʪʴ ʪʘʢʞʝ ʦʯʝʥʴ ʨʝʜʢʦ 

ʥʘʙʣʶʜʘʝʤʳʝ ʙʝʣʳʝ ʚʩʧʳʰʢʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʤʦʱʥʳʤ ʞʝʩʪʢʠʤ ʠ ʤʠʢʨʦʚʦʣʥʦʚʳʤ 

ʠʟʣʫʯʝʥʠʝʤ. 

 

2.3.1.5. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʛʣʘʚʥʦʡ ʬʘʟ  r

 

ʇʦ ʜʘʥʥʳʤ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʚʩʧʳʰʝʯʥʦʛʦ ʧʘʪʨʫʣʷ ʩʬʦʨʤʠʨʦʚʘʥʘ ʵʣʝʢʪʨʦʥʥʘʷ ʙʘʟʘ 

ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʟʘ 1972ï2010 ʛʛ. ʇʨʦʚʝʜʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʠ ʛʣʘʚʥʦʡ ʬʘʟʳ ʚʩʧʳʰʝʢ (ʩʧʘʜʘ). ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʩʨʝʜʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʛʣʘʚʥʦʡ ʬʘʟʳ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʢʣʘʩʩʦʚ ʚʩʧʳʰʝʢ (ʪʘʙʣ. 5, ʢʦʣʦʥʢʘ I) ʠ ʫʪʦʯʥʝʥʳ ʧʘʨʘʤʝʪʨʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ. 

ʊʘʙʣʠʮʘ 5. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʛʣʘʚʥʦʡ ʬʘʟʳ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ 

 

ɺ ʢʦʣʦʥʢʝ II  ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ Temmer M., Veronig A., Hanslmeier A., Otruba W., 

Messerotti M. [3]. 

 

ɺʳʚʦʜʳ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʨʝʤʝʥʠ ʩʧʘʜʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʢʣʘʩʩʘ 

ʧʣʦʱʘʜʠ ʠ ʷʨʢʦʩʪʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʛʣʘʚʥʦʡ ʬʘʟʳ ʚʩʧʳʰʝʢ ʫʚʝʣʠʯʠʚʘʪʁʩʷ.  

ɺʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʨʝʤʷ ʩʧʘʜʘ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʚʠʪʠʷ 

ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ (ʪʘʙʣ. 6). ʉʦʛʣʘʩʥʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʩʦʣʥʝʯʥʳʝ 

ʚʩʧʳʰʢʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʪʠʧr: 

D ð brilliant point; 

E ð two or more brilliant points; 

G ð no visible spots nearby; 

H ð flare accompanied by high-speed dark filament; 

K ð several intensity maxima; 

L ð existing filaments suddenly active; 

M ð white-light flare; 

R ð asymmetry in HŬ line suggests high speed mass ejection; 

S ð brightness followed filament disappearance in same position; 

U ð two bright branches, parallel or converging; 
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V ð explosive phase: important expansion in about 1 min that often includes a significant 

intensity increase; 

W ð great area increase after time of maximum brightness; 

Z ð major sunspot umbra covered by flare.  

ʉʘʤʫʶ ʢʦʨʦʪʢʫʶ ʛʣʘʚʥʫʶ ʬʘʟʫ ʠʤʝʶʪ ʚʩʧʳʰʢʠ ʩ ʦʜʥʠʤ ʮʝʥʪʨʦʤ ʧʦʚʳʰʝʥʥʦʡ 

ʷʨʢʦʩʪʠ ʚʥʫʪʨʠ ʚʩʧʳʰʝʯʥʦʡ ʦʙʣʘʩʪʠ (D), ʩʘʤʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʫʶ ð ʚʩʧʳʰʢʠ, 

ʧʦʢʘʟʳʚʘʶʱʠʝ ʥʝʩʢʦʣʴʢʦ ʤʘʢʩʠʤʫʤʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (K) ʠ ʜʚʫʭʣʝʥʪʦʯʥʳʝ ʚʩʧʳʰʢʠ (U). 
 

ʊʘʙʣʠʮʘ 6. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʛʣʘʚʥʦʡ ʬʘʟʳ ʚʩʧʳʰʝʢ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 
 

 
 

ɺʳʜʝʣʝʥʦ 3393 ʩʣʫʯʘʷ ʩʦ ʩʚʝʨʭʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ ʚʨʝʤʝʥʝʤ ʩʧʘʜʘ (ʙʦʣʝʝ 60 ʤʠʥ). 

ɼʣʷ 90 % ʪʘʢʠʭ ʚʩʧʳʰʝʢ ʚʨʝʤʷ ʩʧʘʜʘ ʩʦʩʪʘʚʣʷʝʪ 2ï3 ʯ., ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ð 12 ʯ. 

 

2.3.1.6. ʉʠʩʪʝʤʘ ʧʦʩʣʝʚʩʧʳʰʝʯʥʳʭ ʧʝʪʝʣʴ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ɹʉɺʊ 

 

ɺ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ ʧʨʦʜʦʣʞʘʣʠʩʴ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ ʬʠʣʴʪʨʦʚʳʝ ʥʘʙʣʶʜʝʥʠʷ 

ʩʦʣʥʝʯʥʳʭ ʵʤʠʩʩʠʦʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʥʘ ɹʦʣʴʰʦʤ ʩʦʣʥʝʯʥʦʤ ʚʘʢʫʫʤʥʦʤ ʪʝʣʝʩʢʦʧʝ ʀʉɿʌ 

ʉʆ ʈɸʅ (ɹʉɺʊ). ʃʝʪʦʤ 2017 ʛ. ʧʨʦʚʝʜʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʣʠʤʙʦʚʳʭ 

ʵʤʠʩʩʠʦʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʥʘ ʉʦʣʥʮʝ ʚ ʣʠʥʠʷʭ ʚʦʜʦʨʦʜʘ ʅŬ ʠ ʅɓ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤʠ 

ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʵʪʠʭ ʦʙʨʘʟʦʚʘʥʠʡ. ʆʙʲʝʤ ʥʘʙʣʶʜʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʉʉɼ-

ʢʘʤʝʨʝ Princeton Instruments (ʠʟʦʙʨʘʞʝʥʠʷ ʉʦʣʥʮʘ), ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 100 ʄʙ ʠ ~2000 ʄʙ ð 

ʥʘ ʢʘʤʝʨʝ FliGrab (ʚʦʜʦʨʦʜʥʳʝ ʩʧʝʢʪʨʳ). 

ɹʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩʠʩʪʝʤʘ ʧʦʩʪʚʩʧʳʰʝʯʥʳʭ ʧʝʪʝʣʴ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʚʩʧʳʰʢʫ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʙʘʣʣʘ ʄ7.7 (19 ʠʶʣʷ 2012 ʛ.) ʥʘ ʶʛʦ-ʟʘʧʘʜʥʦʤ ʣʠʤʙʝ. ʋʥʠʢʘʣʴʥʦʩʪʴ 

ʥʘʩʪʦʷʱʝʡ ʚʩʧʳʰʢʠ ʩʦʩʪʦʷʣʘ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʣʫʯʰʠʤ ʧʨʠʤʝʨʦʤ ʚʩʧʳʰʝʢ ʪʠʧʘ 

çʄʘʩʫʜʘè, ʛʜʝ ʥʘʠʙʦʣʝʝ ʯʝʪʢʦ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʵʪʦʛʦ ʪʠʧʘ ʚʪʦʨʦʡ ʚʝʨʭʥʠʡ 

ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʠʩʪʦʯʥʠʢ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʠʩʪʦʯʥʠʢ ʚʳʰʝ ʚʝʨʰʠʥʳ ʧʝʪʣʠ. ʕʪʠʤ, 

ʚʦʟʤʦʞʥʦ, ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚʳʩʦʢʠʭ ʠ ʷʨʢʠʭ ʅŬ-ʧʝʪʝʣʴ ʯʝʨʝʟ 3 ʯ ʧʦʩʣʝ ʥʘʯʘʣʘ 

ʚʩʧʳʰʢʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ RHESSI (Reuven Ramaty High Energy Solar Spectroscopic 

Imager) ʠ SDO/AIA (Solar Dynamics Observatory/Atmospheric Imaging Assembly) ʧʦ ɻʪʦʡ 

ʚʩʧʳʰʢʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʪ [6, 7, 8].  
ʅʘ ʨʠʩ. 14 ʧʦʢʘʟʘʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʧʝʪʝʣʴ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʤʝʞʜʫ 

ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʧʝʪʝʣʴ ʚ ʣʠʥʠʠ 94 ¡. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʀʇʌ-ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʣʠʥʠʠ ʅŬ ʥʘ 
ɹʉɺʊ ʠ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 94 ¡ ʧʦ ʜʘʥʥʳʤ SDO/AIA ʧʦʟʚʦʣʷʝʪ ʫʚʠʜʝʪʴ, ʯʪʦ ʚ 
ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʚʩʝʭ ʪʨʝʭ ʠʟʦʙʨʘʞʝʥʠʡ ʭʦʨʦʰʦ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʜʘʣʴʥʠʭ 
ʧʝʪʝʣʴ ʘʨʢʘʜʳ. ʇʦ ʦʮʝʥʢʝ ʩʢʦʨʦʩʪʴ ʧʦʜʲʝʤʘ ʚʩʝʡ ʘʨʢʘʜʳ ʧʝʪʝʣʴ ʩʦʩʪʘʚʣʷʝʪ ~3.5 ʢʤ/ʩ. 



26 

 
ʈʠʩ. 14. ʉʨʘʚʥʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʝʪʝʣʴ ʚ ʣʠʥʠʠ 94 ¡ (SDO/AIA) ʠ ʚ ʣʠʥʠʠ ʅŬ ʧʦ ʀʇʌ ʥʘ 

ʱʝʣʠ ʩʧʝʢʪʨʦʛʨʘʬʘ ɹʉɺʊ 

 
ʅʘ ʨʠʩ. 15 ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʙʦʣʝʝ ʤʦʱʥʳʝ ʧʨʦʬʠʣʠ ʣʠʥʠʡ ʅŬ ʚ ʧʝʪʣʷʭ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʜʚʠʥʫʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʩʤʝʱʝʥʥʦʛʦ ʮʝʥʪʨʘ ʣʠʥʠʠ ʅŬ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 
ʙʦʣʝʝ ʩʣʘʙʳʝ ʧʨʦʬʠʣʠ ʣʠʥʠʠ ʚ ʧʝʪʣʷʭ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʩʜʚʠʛ ʚ ʛʦʣʫʙʫʶ ʩʪʦʨʦʥʫ, ʪ. ʝ. 
ʧʨʦʬʠʣʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʦʜʥʦʡ ʩʧʝʢʪʨʦʛʨʘʤʤʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ. ʌʠʣʴʪʨʦʚʳʝ 
ʠʟʦʙʨʘʞʝʥʠʷ ʧʝʪʝʣʴ ʚ ʣʠʥʠʠ ʅŬ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʝʪʣʠ ʥʝʦʜʥʦʨʦʜʥʳ ʧʦ 
ʧʨʦʩʪʨʘʥʩʪʚʫ. ɺ ʦʩʥʦʚʥʦʤ ʧʨʦʬʠʣʠ ʠʤʝʣʠ ʬʦʨʤʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʜʦʧʣʝʨʦʚʩʢʦʤʫ 
ʨʘʩʰʠʨʝʥʠʶ.  

 

ʈʠʩ. 15. ʇʨʦʬʠʣʠ ʣʠʥʠʠ ʅŬ ʚ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʨʝʟʘʭ ʧʦʧʝʨʝʢ ʱʝʣʠ ʩʧʝʢʪʨʦʛʨʘʬʘ ʚ ʧʝʪʣʷʭ 

 
ɿʥʘʥʠʝ ʜʦʧʣʝʨʦʚʩʢʦʡ ʧʦʣʫʰʠʨʠʥʳ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʩʢʦʨʦʩʪʴ ʤʠʢ-

ʨʦʪʫʨʙʫʣʝʥʪʥʦʩʪʠ (ʠʣʠ ʪʝʧʣʦʚʫʶ ʠ ʥʝʪʝʧʣʦʚʫʶ ʩʢʦʨʦʩʪʠ). ʊʝʤʧʝʨʘʪʫʨʘ ʦʧʨʝʜʝʣʝʥʘ ʚ 
ʧʨʝʜʝʣʘʭ (1õ1.5)10

4
 K, ʩʢʦʨʦʩʪʴ ʤʠʢʨʦʪʫʨʙʫʣʝʥʪʥʦʩʪʠ <20 ʢʤ/ʩ. ʆʧʪʠʯʝʩʢʘʷ ʛʣʫʙʠʥʘ ʠʩ-

ʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʦʮʝʥʢʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʛʣʫʙʠʥʳ, ʘ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʰʠʨʠʥʘ ʣʠʥʠʡ ð ʜʣʷ 
ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʨʳ ʵʤʠʩʩʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʧʝʪ-
ʣʷʭ ~10

11
 ʩʤ

ī3
, ʢʦʪʦʨʘʷ ʥʝʩʢʦʣʴʢʦ ʧʨʝʚʳʰʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʦ ʦʮʝʥʢʘʤ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. 

ʊʘʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʬʠʣʝʡ ʣʠʥʠʠ, ʢʘʢ ʠʥʪʝʛʨʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʜʦʩʪʠʛʘʶʱʘʷ 12 %, 
ʪʘʢʞʝ ʦʢʘʟʘʣʘʩʴ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʩʨʝʜʥʝʡ (3ï8 %). ɺ ʮʝʣʦʤ, ʦʜʥʘʢʦ, ʵʪʠ ʜʘʥʥʳʝ ʥʝʟʥʘʯʠ-
ʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ [5ï7], ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥ-
ʮʝʥʪʨʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʘʡʜʝʥʥʳʝ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ, ʚʦʟ-
ʤʦʞʥʦ, ʦʙʲʷʩʥʷʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʩʧʳʰʢʠ ʪʠʧʘ çʄʘʩʫʜʘè.  
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2.3.1.7. ɻʨʘʜʠʝʥʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʦʙʣʘʩʪʠ ʚʩʧʳʰʢʠ 
 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʩʨʝʜʥʝʥʥʳʝ ʚʜʦʣʴ ʫʯʘʩʪʢʘ ʣʠʥʠʠ ʨʘʟʜʝʣʘ ʧʦʣʷʨʥʦʩʪʝʡ (ʃʈʇ) ʚ 

ʦʙʣʘʩʪʠ ʚʩʧʳʰʢʠ (ʧʦʩʣʝ ʝʝ ʥʘʯʘʣʘ ʟʜʝʩʴ ʥʘʙʣʶʜʘʣʦʩʴ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʧʦ-
ʣʷ ʠ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʣʠʥʠʡ ʧʦʣʷ) ʟʥʘʯʝʥʠʷ ʛʨʘʜʠʝʥʪʘ ʧʦʣʷ ʦʪʜʝʣʴʥʦ ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 
[(æB/L)

+
]av ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ [(æB/L)

ï
]av ʧʦʣʷʨʥʦʩʪʝʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʝʜʫʶʱʝʡ ʦʩʦʙʝʥ-

ʥʦʩʪʴʶ. ɼʦ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʛʨʘʜʠʝʥʪ ʧʦʣʷ ʩʣʘʙʦ ʥʘʨʘʩʪʘʝʪ ʥʘ 
ʬʦʥʝ ʩʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʜʦ ʟʥʘʯʝʥʠʡ, ʥʝʤʥʦʛʦ ʧʨʝʚʳʰʘʶʱʠʭ ʟʥʘʯʝʥʠʝ 0.1 ɻʩ/ʢʤ, ʘ ʚ ʤʦ-
ʤʝʥʪ, ʢʦʛʜʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʷʛʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦ ʜʘʥʥʳʤ GOES ʜʦʩʪʠʛʘʝʪ 
ʤʘʢʩʠʤʫʤʘ, [(æB/L)

+/ï
]av ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʜʚʘ ʠ ʙʦʣʝʝ ʨʘʟ (ʨʠʩ. 16).  

 

ʈʠʩ. 16. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʜʫʣʷ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʠ ʥʘʥʝʩʝʥʥʘʷ ʣʠʥʠʷ ʨʘʟʜʝʣʘ ʧʦʣʷʨʥʦʩʪʠ 
(ʃʈʇ, ʯʝʨʥʳʝ ʣʠʥʠʠ) Br=0, ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ ʧʣʦʱʘʜʢʘʤ ʨʘʟʤʝʨʦʤ 10 ʧʢʩĬ10 ʧʢʩ (ʩʣʝʚʘ); ʟʘʚʠʩʠʤʦ-
ʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʫʩʨʝʜʥʝʥʥʳʭ ʚʜʦʣʴ ʃʈʇ ʟʥʘʯʝʥʠʡ ʛʨʘʜʠʝʥʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [(æB/L)

+\ï
]av ʚ 

ʦʙʣʘʩʪʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ) ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʝʡ (ʯʝʨʥʘʷ ʣʠʥʠʷ) 
 

2.3.1.8. ʇʦʣʦʞʝʥʠʝ ʚʩʧʳʰʝʯʥʳʭ ʣʝʥʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ 
 

ʇʦʢʘʟʘʥʦ, ʯʪʦ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʘʩʭʦʜʷʱʠʭʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ 
ʚʩʧʳʰʝʯʥʳʭ ʣʝʥʪ, ʵʪʠ ʣʝʥʪʳ ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʬʦʪʦʩʬʝʨʫ ʦʢʘʟʳʚʘʶʪʩʷ ʚʙʣʠʟʠ ʣʦʢʘʣʴʥʳʭ 
ʤʘʢʩʠʤʫʤʦʚ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ B ʠ ʛʣʫʙʦʢʠʭ ʤʠʥʠʤʫʤʦʚ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʣʠʥʠʡ ʧʦʣʷ Ŭ 
ʠʣʠ ʩʦʚʧʘʜʘʶʪ ʩ ʥʠʤʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚ ʦʙʣʘʩʪʠ ʚʩʧʳʰʝʯʥʳʭ ʣʝʥʪ ʣʠʥʠʠ ʧʦʣʷ ʚ ʩʨʝʜ-
ʥʝʤ ʙʦʣʝʝ ʚʝʨʪʠʢʘʣʴʥʳʝ, ʯʝʤ ʚʥʝ ʠʭ. ʋʛʣr ʥʘʢʣʦʥʘ ʣʠʥʠʡ ʧʦʣʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 17. 

 

ʈʠʩ. 17. ʧʦʢʘʟʘʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʣʘʩʪʠ ʵʨʫʧʪʠʚʥʦʛʦ ʩʦʙʳʪʠʷ ʚ ʣʠʥʠʠ 1700 ¡, ʥʘ ʢʦʪʦʨʦʤ ʚʠʜʥʳ 

ʚʩʧʳʰʝʯʥʳʝ ʣʝʥʪʳ ï ʧʦʣʦʩʳ ʙʝʣʦʛʦ ʮʚʝʪʘ, ʠ ʦʪʨʝʟʢʠ ʧʨʷʤʳʭ ʣʠʥʠʡ, ʧʝʨʝʩʝʢʘʶʱʠʭ ʵʪʠ ʣʝʥʪʳ, ʚʜʦʣʴ 

ʢʦʪʦʨʳʭ ʩʢʘʥʠʨʦʚʘʣʠʩʴ ʫʛʣʳ ʥʘʢʣʦʥʘ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʧʦʣʷ Ŭ(t) (ʣʝʚʘʷ ʧʘʥʝʣʴ). ʉʧʨʘʚʘ ʧʦʢʘʟʘʥʳ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ Ŭ(t) ʚʜʦʣʴ ʪʨʝʭ ʦʪʨʝʟʢʦʚ. ʈʦʟʦʚʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ ʦʙʣʘʩʪʠ ʚʩʧʳʰʝʯʥʳʭ ʣʝʥʪ 
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2.3.1.9. ʋʚʝʣʠʯʝʥʠʝ ʰʠʨʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʙʣʠʟʠ ʣʠʥʠʠ ʨʘʟʜʝʣʘ ʧʦʣʷʨʥʦʩʪʝʡ 

 

ʇʦʩʣʝ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʰʠʨʘ ʜʣʷ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʯʝʪʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʙʝʩʩʠʣʦʚʦʤ ʧʨʠʙʣʠʞʝ-

ʥʠʠ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʦʙʣʘʩʪʠ ʥʘʨʘʩʪʘʥʠʷ B(t) ʠ Ŭ(t) ʠʟ ʪʦʯʝʢ ʚʙʣʠʟʠ ʃʈʇ (ʨʠʩ. 18).  

 

 
ʈʠʩ. 18. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʠ ʃʈʇ (ʞʝʣʪʳʡ ʮʚʝʪ ð ʜʦ 

ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ, ʩʠʥʠʡ ð ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ); ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʟʝʣʝʥʳʡ ð ʜʦ 

ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ, ʩʠʨʝʥʝʚʳʡ ð ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ). ʅʘ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʧʘʥʝʣʷʭ ʣʠʥʠʠ ʧʦʣʷ ʧʨʦʚʝ-

ʜʝʥʳ ʠʟ ʨʘʟʥʳʭ ʫʯʘʩʪʢʦʚ ʚʙʣʠʟʠ ʃʈʇ 

 

2.3.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʣʥʝʯʥʳʭ ʵʨʫʧʪʠʚʥʳʭ ʩʦʙʳʪʠʡ 

 

2.3.2.1. ʋʜʘʨʥʳʝ ʚʦʣʥʳ ʚ ʩʦʣʥʝʯʥʦʤ ʵʨʫʧʪʠʚʥʦʤ ʩʦʙʳʪʠʠ  

 

ʋʤʝʨʝʥʥʦʝ ʩʦʣʥʝʯʥʦʝ ʵʨʫʧʪʠʚʥʦʝ ʩʦʙʳʪʠʝ (ʚʩʧʳʰʢʘ ʙʘʣʣʘ M7.1, ʤʠʢʨʦʚʦʣʥʦʚʳʡ 

ʚʩʧʣʝʩʢ ʜʦ 4000 ʩ.ʝ.ʧ. ʥʘ ʯʘʩʪʦʪʝ 9.4 ɻɻʮ, ʢʦʨʦʥʘʣʴʥʳʡ ʚʳʙʨʦʩ ʤʘʩʩʳ ʩʦ ʩʢʦʨʦʩʪʴʶ 

1446 ʢʤ/ʩ) ʜʘʣʦ ʤʦʰʥʳʝ ʧʦʪʦʢʠ ʩʦʣʥʝʯʥʳʭ ʵʥʝʨʛʠʯʥʳʭ ʯʘʩʪʠʮ ʠ ʥʘʟʝʤʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ GLE63. ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʧʨʠʯʠʥ ʥʝʪʠʧʠʯʥʦ ʚʳʩʦʢʦʡ 

ʧʨʦʪʦʥʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʵʪʦʛʦ ʩʦʙʳʪʠʷ ʠʩʩʣʝʜʦʚʘʥʳ ʤʥʦʛʦʚʦʣʥʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʜʠʦʩʧʝʢʪʨʳ (ʨʠʩ. 19) ʠ ʨʝʟʫʣʴʪʘʪʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʩʦʛʣʘʩʦʚʘʥʳ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʵʨʫʧʮʠʷ ʧʨʦʠʟʦʰʣʘ ʚ ʪʦʡ ʞʝ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʟʘ ʧʦʣʯʘʩʘ ʜʦ ʛʣʘʚʥʦʡ 

ʵʨʫʧʮʠʠ, ʚʦʟʙʫʜʠʚʰʝʡ ʚ ʠʤʧʫʣʴʩʥʦʡ ʬʘʟʝ ʜʚʝ ʫʜʘʨʥʳʝ ʚʦʣʥʳ, ʧʦʭʦʞʠʝ ʥʘ ʚʟʨʳʚʥʳʝ. 

ɿʘʪʝʤ ʦʥʠ ʩʣʠʣʠʩʴ ʚʦʢʨʫʛ ʨʘʜʠʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʦʜʥʫ ʙʦʣʝʝ ʩʠʣʴʥʫʶ ʫʜʘʨʥʫʶ ʚʦʣʥʫ, 

ʧʨʦʩʣʝʞʠʚʘʝʤʫʶ ʜʦ 25R
¼
 ʧʦ ʛʘʣʦ ʧʝʨʝʜ ʨʘʩʰʠʨʷʚʰʠʤʩʷ ʪʝʣʦʤ ʢʦʨʥʘʣʴʥʦʛʦ ʚʳʙʨʦʩʘ 

ʤʘʩʩʳ (ʂɺʄ) (ʨʠʩ. 20) ʠ ʚ ʩʦʛʣʘʩʠʠ ʩ ʤʝʞʧʣʘʥʝʪʥʳʤ ʨʘʜʠʦʠʟʣʫʯʝʥʠʝʤ II ʪʠʧʘ, 

ʟʘʧʠʩʘʥʥʦʛʦ ʩʧʝʢʪʨʦʛʨʘʬʦʤ Wind/WAVES. ʌʦʨʤʘ ʠ ʢʠʥʝʤʘʪʠʢʘ ʛʘʣʦ ʧʨʝʜʧʦʣʘʛʘʶʪ ʝʛʦ 

ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʨʝʞʠʤ ʤʝʞʜʫ ʚʟʨʳʚʥʦʡ ʠ ʛʦʣʦʚʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ ʥʘ ʵʪʠʭ ʨʘʩʩʪʦʷʥʠʷʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʩʣʝʜʫʶʱʝʝ: 1) ʫʜʘʨʥʘʷ ʚʦʣʥʘ ʚʦʟʥʠʢʣʘ ʥʘ ʬʘʟʝ ʨʦʩʪʘ ʚʩʧʳʰʢʠ ʠ 

ʤʦʛʣʘ ʫʩʢʦʨʠʪʴ ʯʘʩʪʠʮʳ ʨʘʥʴʰʝ, ʯʝʤ ʦʙʳʯʥʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ; 2) ʧʦʪʦʢ ʵʥʝʨʛʠʯʥʳʭ ʯʘʩʪʠʮ 

ʤʦʛ ʙʳʪʴ ʫʩʠʣʝʥ ʧʨʝʜʳʜʫʱʝʡ ʵʨʫʧʮʠʝʡ, ʢʦʪʦʨʘʷ ʚʳʪʷʥʫʣʘ ʟʘʤʢʥʫʪʳʝ ʩʪʨʫʢʪʫʨʳ ʥʘʜ 

ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʢʦʨʦʥʘʣʴʥʳʤ ʚʳʙʨʦʩʦʤ ʤʘʩʩʳ (ʂɺʄ), ʦʙʣʝʛʯʠʣʘ ʝʛʦ ʧʦʜʲʝʤ ʠ ʚʳʭʦʜ 

ʯʘʩʪʠʮ, ʫʩʢʦʨʝʥʥʳʭ ʚʦ ʚʩʧʳʰʢʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʂɺʄ, ʠ ʙʦʣʝʝ 

ʩʠʣʴʥʫʶ ʫʜʘʨʥʫʶ ʚʦʣʥʫ ʧʝʨʝʜ ʥʠʤ; 3) ʚʳʭʦʜ ʫʩʢʦʨʝʥʥʳʭ ʚʦ ʚʩʧʳʰʢʝ ʯʘʩʪʠʮ ʦʙʣʝʛʯʝʥ 

ʧʝʨʝʩʦʝʜʠʥʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʞʛʫʪʘ, ʚ ʢʦʪʦʨʦʤ ʦʥʠ ʙʳʣʠ ʟʘʧʝʨʪʳ, ʩ ʙʦʣʴʰʦʡ ʢʦʨʦʥʘʣʴʥʦʡ 

ʜʳʨʦʡ (ʂɼ); 4) ʧʝʨʚʘʷ ʵʨʫʧʮʠʷ ʦʙʝʩʧʝʯʠʣʘ ʙʦʛʘʪʫʶ ʧʦʧʫʣʷʮʠʶ ʥʘʜʪʝʧʣʦʚʳʭ ʯʘʩʪʠʮ ʜʣʷ 

ʫʩʢʦʨʝʥʠʷ ʧʦʩʣʝʜʫʶʱʝʡ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ.  
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ʈʠʩ. 19. ɺʨʝʤʝʥʥʳʝ ʧʨʦʬʠʣʠ ʚʩʧʳʰʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (a) ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʩʧʝʢʪʨ r(b, d). ɺʝʨʪʠʢʘʣʴʥʳʤʠ ʧʫʥʢʪʠʨʥʦʡ ʠ ʰʪʨʠʭʦʚʦʡ ʣʠʥʠʷʤʠ ʥʘ ʧʘʥʝʣʠ a ʦʪʤʝʯʝʥʳ ʤʦʤʝʥʪʳ 

ʥʘʯʘʣʘ ʧʝʨʚʦʡ (t01 =05:04:00) ʠ ʚʪʦʨʦʡ (t02 =05:09:10) ʫʜʘʨʥʳʭ ʚʦʣʥ. ɺʩʪʘʚʢʘ ʩ ʧʦʢʘʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʥʫʶ 

ʯʘʩʪʴ ʩʧʝʢʪʨʦʛʨʘʤʤʳ ʩʦ ʚʩʧʣʝʩʢʦʤ II ʪʠʧʘ. ʇʨʝʨʳʚʠʩʪʳʤʠ ʨʘʩʯʝʪʥʳʤʠ ʢʨʠʚʳʤʠ ʦʙʚʝʜʝʥʳ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʫʭ ʚʩʧʣʝʩʢʦʚ II ʪʠʧʘ: II-1 (ŭ1 =2.65) ʠ II-2 (ŭ2=2.54). ɿʝʣʝʥʦʡ ʰʪʨʠʭʦʚʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʘ ʥʠʟʢʦʯʘ-

ʩʪʦʪʥʘʷ ʦʛʠʙʘʶʱʘʷ ʚʩʧʣʝʩʢʘ IV ʪʠʧʘ ʚʳʰʝ 25 ʄɻʮ. ʉʝʨʳʤ ʨʦʤʙʦʤ SPR ʦʪʤʝʯʝʥʦ ʦʮʝʥʝʥʥʦʝ ʚʨʝʤʷ 

ʚʳʭʦʜʘ ʯʘʩʪʠʮ ʦʪ ʉʦʣʥʮʘ ʩ ʦʰʠʙʢʦʡ, ʧʦʢʘʟʘʥʥʦʡ ʩʝʨʳʤ ʦʪʨʝʟʢʦʤ 

 

ʈʠʩ. 20. ʊʝʣʦ ʂɺʄ (aïd) ʠ ʩʣʝʜʳ ʚʦʣʥʳ (eïh, ʙʝʛʫʱʠʝ ʨʘʟʥʦʩʪʠ) ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʢʦʨʦʥʦʛʨʘʬʦʚ 

LASCO/C2 ʠ C3. ʃʠʥʠʠ ʩʝʪʢʠ ʥʘ ʧʘʥʝʣʷʭ a, b ʧʦʷʩʥʷʶʪ ʚʳʯʠʩʣʝʥʠʝ ʦʙʚʦʜʘ ʬʨʦʥʪʘ ʚʦʣʥʳ. ʖʛʦ-

ʟʘʧʘʜʥʳʡ ʚʳʩʪʫʧ, ʦʪʤʝʯʝʥʥʳʡ ʛʦʣʫʙʳʤʠ ʢʨʫʞʢʘʤʠ ʥʘ ʧʘʥʝʣʷʭ e, g, ʚʳʟʚʘʥ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ ʧʦʪʦ-

ʢʦʤ ʠʟ ʂɼ 
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2.3.2.2. ʈʘʟʚʠʪʠʝ ʢʦʨʦʥʘʣʴʥʦʛʦ ʚʳʙʨʦʩʘ ʤʘʩʩʳ (ʂɺʄ), ʚʳʟʚʘʥʥʦʛʦ ʵʨʫʧʮʠʝʡ 

ʧʨʦʪʫʙʝʨʘʥʮʘ ʚʥʝ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ  

 

ʀʩʩʣʝʜʦʚʘʥʦ ʩʦʣʥʝʯʥʦʝ ʩʦʙʳʪʠʝ 17 ʘʚʛʫʩʪʘ 2013 ʛ., ʩʚʷʟʘʥʥʦʝ ʩ ʵʨʫʧʮʠʝʡ ʩʧʦʢʦʡʥʦʛʦ 

ʧʨʦʪʫʙʝʨʘʥʮʘ ʚʥʝ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʠ ʂɺʄ. ʕʢʨʘʥʠʨʦʚʘʥʠʝ ʩʧʦʢʦʡʥʦʛʦ ʉʦʣʥʮʘ ʚʝʱʝ-

ʩʪʚʦʤ ʧʨʦʪʫʙʝʨʘʥʮʘ ʚʳʟʚʘʣʦ ʠʟʦʣʠʨʦʚʘʥʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʤʠʢʨʦʚʦʣʥʦʚʳʡ ʚʩʧʣʝʩʢ. ʇʦ 

ʠʟʦʙʨʘʞʝʥʠʷʤ ʚ ʢʨʘʡʥʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʝ ʠ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʨʘʜʠʦʧʦʛʣʦʱʝʥʠʷ ʚʳʧʦʣʥʝʥʳ 

ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʵʨʫʧʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ʆʙʘ ʤʝʪʦʜʘ ʧʦʢʘʟʘʣʠ 

ʧʦʜʦʙʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʦʪʣʠʯʠʠ ʚ ʧʨʝʜʝʣʘʭ ʜʚʫʭ. ʈʘʟʚʠʪʠʝ 

ʂɺʄ ʠʩʩʣʝʜʦʚʘʥʦ ʧʦ ʢʠʥʝʤʘʪʠʢʝ ʝʛʦ ʬʨʦʥʪʘ, ʨʘʟʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʷʜʨʘ ʠ ʠʭ ʩʪʨʫʢʪʫʨ-

ʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʚʝʨʝʥʳ ʧʦ ʬʠʣʴʤʘʤ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʰʠʨʝʥʠʝ ʂɺʄ ʩʢʦʤʧʝʥ-

ʩʠʨʦʚʘʥʦ ʩʦʛʣʘʩʥʦ ʠʟʤʝʨʝʥʥʦʡ ʢʠʥʝʤʘʪʠʢʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʩʩʘ ʂɺʄ 3.6Ö10
15

 ʛ ʚ ʦʩ-

ʥʦʚʥʦʤ ʚʢʣʶʯʘʣʘ ʤʘʩʩʫ ʧʨʦʪʫʙʝʨʘʥʮʘ º6Ö10
15 
ʛ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʦʡ ʩʪʝʢʣʘ ʚʥʠʟ. 

ʄʘʩʩʘ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩ ʢʦʨʦʥʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʝ ʧʨʝʚʳʰʘʣʘ 10
15

 ʛ. ɺʳʙʨʦʩ ʙʳʣ ʠʥʠ-

ʮʠʠʨʦʚʘʥ ʵʨʫʧʪʠʚʥʳʤ ʧʨʦʪʫʙʝʨʘʥʮʝʤ, ʢʦʪʦʨʳʡ ʩʪʘʣ ʝʛʦ ʷʜʨʦʤ ʠ ʦʩʪʘʚʘʣʩʷ ʘʢʪʠʚʥʳʤ. 

ʉʪʨʫʢʪʫʨʥʳʝ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʥʘʯʠʥʘʣʠʩʴ ʚ ʷʜʨʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʣʠʩʴ ʥʘʨʫʞʫ. 

ʉʪʨʫʢʪʫʨʳ ʂɺʄ ʧʨʦʜʦʣʞʘʣʠ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʧʨʠ ʝʛʦ ʨʘʩʰʠʨʝʥʠʠ, ʢʦʪʦʨʦʝ ʥʝ ʩʪʘʣʦ ʩʘʤʦ-

ʧʦʜʦʙʥʳʤ ʜʦ 25R
¼
. ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʳʣʦ ʥʝʩʫʱʝʩʪʚʝʥʥʳʤ. ʗʜʨʦ ʬʦʨʤʠ-

ʨʦʚʘʣʦʩʴ ʧʨʠ ʧʦʜʲʝʤʝ ʂɺʄ ʜʦ 4R
¼
 ʘ, ʚʦʟʤʦʞʥʦ, ʠ ʜʘʣɹh ʝ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʚʳʧʨʷʤʣʷʣʠʩʴ ʠ ʚʳʪʷʛʠʚʘʣʠʩʴ ʚʧʝʨʝʜ, ʧʨʝʜʧʦʣʘʛʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʟʘʧʫʪʘʥʥʳʭ ʩʪʨʫʢʪʫʨ 

ʷʜʨʘ ʚ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʤʘʛʥʠʪʥʳʡ ʞʛʫʪ, ʨʘʩʰʠʨʷʶh ʠʡʩʷ ʚ ʧʦʣʦʩʪʴ ʠ ʟʘʧʦʣʥʷʶʱʠʡ ʝʝ.  

 

 

ʈʠʩ. 21. ʕʨʫʧʪʠʚʥʳʡ ʧʨʦʪʫʙʝʨʘʥʝʮ ʠ ʂɺʄ 17.08.2013 ʛ. ʥʘ ʨʘʟʥʦʩʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ STEREO-

B ʠ SOHO/LASCO: a ï ʧʨʦʪʫʙʝʨʘʥʝʮ ʚ ʢʘʥʘʣʝ 304 ¡ (ʧʦ ʦʩʷʤ ð ʫʛʣʦʚʳʝ ʩʝʢʫʥʜʳ ʦʪ ʮʝʥʪʨʘ ʩʦʣʥʝʯʥʦ-

ʛʦ ʜʠʩʢʘ); ʙ, ʚ ð ʂɺʄ ʧʦ ʜʘʥʥʳʤ STEREO-B/COR1 ʠ COR2 (ʥʘ ʢʘʜʨʝ ʙ ʩʠʥʠʤ ʢʦʥʪʫʨʦʤ ʧʦʢʘʟʘʥʦ ʧʦ-

ʣʦʞʝʥʠʝ ʧʨʦʪʫʙʝʨʘʥʮʘ, ʚʠʜʠʤʦʛʦ ʚ ʢʘʥʘʣʝ 304 ¡ ʚ 01:36); ʛïʝ ð ʂɺʄ ʧʦ ʜʘʥʥʳʤ LASCO/C2 ʠ C3. 

ʎʚʝʪʥʳʤʠ ʜʫʛʘʤʠ ʩ ʧʦʤʦʱʴʶ ʨʘʩʩʯʠʪʘʥʥʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʦʯʝʨʯʝʥ ʚʥʝʰʥʠʡ ʢʨʘʡ ʧʨʦʪʫʙʝʨʘʥʮʘ 

(ʩʠʥʷʷ ʜʫʛʘ), ʨʘʟʥʳʝ ʩʝʛʤʝʥʪʳ ʷʜʨʘ (ʢʨʘʩʥʘʷ ʜʫʛʘ ð ʩʨʝʜʥʠʡ ʩʝʛʤʝʥʪ, ʦʨʘʥʞʝʚʘʷ ð ʩʘʤʳʡ ʙʳʩʪʨʳʡ 

ʩʝʛʤʝʥʪ) ʠ ʬʨʦʥʪʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ (ʟʝʣʝʥʘʷ ʜʫʛʘ). ʇʦ ʦʩʷʤ ð ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʮʝʥʪʨʘ ʜʠʩʢʘ ʉʦʣʥʮʘ ʚ 

ʩʦʣʥʝʯʥʳʭ ʨʘʜʠʫʩʘʭ 
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2.3.2.3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʨʦʜʳ ʚʟʨʳʚʥʦʡ ʠ ʧʦʨʰʥʝʚʦʡ ʫʜʘʨʥʳʭ ʚʦʣʥ, ʩʚʷʟʘʥ-

ʥʳʭ ʩ ʢʦʨʦʥʘʣʴʥʳʤʠ ʚʳʙʨʦʩʘʤʠ ʤʘʩʩʳ  

 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘ AIA /SDO (ʢʘʥʘʣ 193¡) ʚʧʝʨʝʜʠ ʢʦʨʦʥʘʣʴʥʦʛʦ 

ʚʳʙʨʦʩʘ ʤʘʩʩʳ (ʂɺʄ) ʚ ʣʠʤʙʦʚʦʤ ʩʦʙʳʪʠʠ 13 ʠʶʥʷ 2010 ʛ. ʫʜʘʣʦʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʨʝʛʠ-

ʩʪʨʠʨʦʚʘʪʴ ʠ ʠʟʤʝʨʠʪʴ ʬʨʦʥʪʳ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʫʜʘʨʥʳʭ ʚʦʣʥ. ʋʛʣʦʚʦʡ ʨʘʟʤʝʨ ʢʘʞʜʦʛʦ ʠʟ 

ʵʪʠʭ ʬʨʦʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʂɺʄ ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 20Á, ʘ ʠʭ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʷ ʦʪʣʠʯʘʠ̫ʩʴ ʥʘ å25Á (ʥʘ å4Á ʧʦ ʧʦʟʠʮʠʦʥʥʦʤʫ ʫʛʣʫ). ɹʦʣʝʝ ʙʳʩʪʨʳʡ ʬʨʦʥʪ, 

(ʚʟʨʳʚʥʘ ̫ʫʜʘʨʥʘ ̫ʚʦʣʥʘ) ʦʧʝʨʝʞʘʣ ʬʨʦʥʪ ʜʨʫʛʦʡ ʚʦʣʥʳ (ʧʦʨʰʥʝʚʦʡ) ʥʘ DR å(0.02ï0.03)R0 

(R0 ð ʨʘʜʠʫʩ ʉʦʣʥʮʘ) ʠ ʠʤʝʣ ʤʘʢʩʠʤʘʣʴʥʫʶ ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ VBå850 ʢʤ/ʩ (ʜʣʷ ʧʦʨh-

ʥʝʚʦʡ ʚʦʣʥʳ Vʈ å700 ʢʤ/ʩ). ʇʦʷʚʣʝʥʠʝ ʠ ʜʚʠʞʝʥʠʝ ʵʪʠʭ ʫʜʘʨʥʳʭ ʚʦʣʥ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ 

ʚʩʧʣʝʩʢʦʤ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ II-ʛʦ ʪʠʧʘ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʦʪʝ F ʠ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʝ 

H. ʂʘʞʜʘʷ ʠʟ ʯʘʩʪʦʪ ʙʳʣʘ ʨʘʩʱʝʧʣʝʥʘ ʥʘ ʜʚʝ ʙʣʠʟʢʠʝ ʯʘʩʪʦʪʳ f2 ʠ f1, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʥʘ 

ʚʝʣʠʯʠʥʫ Df = f2ïf1<<F, H. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʥʘʙʣʶʜʘʝʤʦʝ ʯʘʩʪʦʪʥʦʝ ʨʘʩʱʝʧʣʝʥʠʷ ȹf ʯʘʩʪʦʪ F ʠ H ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ II-ʛʦ ʪʠʧʘ ʤʦʞʝʪ 

ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʨʰʥʝʚʦʡ ʠ ʚʟʨʳʚʥʦʡ ʫʜʘʨʥʳʭ ʚʦʣʥ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʦʨʦʥʘʣʴʥʦʡ ʧʣʘʟʤʳ. ʕʪʦ ʛʣʘʚʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʦʪʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩ. 22. 

 

ʈʠʩ. 22. ɺʩʧʣʝʩʢ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ II ʪʠʧʘ 13 ʠʶʥʷ 2010 ʛ. ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʦʪʝ F ʠ ʚʪʦ-

ʨʦʡ ʛʘʨʤʦʥʠʢʝ H ʧʦ ʜʘʥʥʳʤ ʨʘʜʠʦʩʧʝʢʪʨʦʛʨʘʬʦʚ HIRAS, Learmonth, San Vito (ʘ). ʂʘʞʜʘʷ ʠʟ ʯʘʩʪʦʪ 

ʨʘʩʱʝʧʣʝʥʘ ʥʘ ʜʚʝ ʙʣʠʟʢʠʝ ʯʘʩʪʦʪʳ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʥʘ ʚʝʣʠʯʠʥʫ Df = f2ïf1<<F, H; ʙ ð ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

N(R) ʠʟ [4] (ʩʧʣʦʰʥʘʷ ʢʨʠʚʘʷ). ʉʪʨʝʣʢʘʤʠ ʦʪʤʝʯʝʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʠʟʤʝʨʝʥʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʨʘʩʱʝʧʣʝʥʠʷ f1 ʠ f2 ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ H ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ 05:38:10 ʠ 05:39:50 UT; ʚ ð ʠʟʤʝʨʝʥʥʳʝ ʧʦʣʦʞʝʥʠʷ ʬʨʦʥʪʦʚ BS ʠ PS (ʩʚʝʪʣʳʝ ʠ 

ʯʝʨʥʳʝ ʢʨʫʞʢʠ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ. ʉʧʣʦʰʥʘʷ ʠ ʰʪʨʠʭʦʚʘʷ ʢʨʠʚʳʝ ð ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʘʚʠʩʠ-

ʤʦʩʪʠ f(R) ʜʣʷ ʯʘʩʪʦʪ f1ʠ f2 ʨʘʩʱʝʧʣʝʥʠʷ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ H 
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2.3.2.4. ʕʨʫʧʪʠʚʥʳʝ ʷʚʣʝʥʠʷ ʥʘ ʬʨʦʥʪʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʤʝʪʦʜʘ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʥʘ ʦʩʥʦʚʝ ʤʫʣʴ-

ʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʩʝʛʤʝʥʪʠʨʦʚʘʥʠʷ ʢʘʨʪ ʧʦʣʥʦʛʦ ʚʝʢʪʦʨʘ ʬʦʪʦʩʬʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʥʝ ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʧʨʦʝʢʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ, ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʠʟʦʙʨʘʞʝʥʠʡ ʭʨʦʤʦʩʬʝʨʳ ʚ 

ʣʠʥʠʠ HŬ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

1. ɼʠʥʘʤʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʚ ʬʦʨʤʝ ʚʩʧʳʰʝʢ ʠ ʢʦʨʦʥʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʤʘʩʩʳ ʨʘʩʧʦʣʘ-

ʛʘʶʪʩʷ ʥʘ ʬʨʦʥʪʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʦʚʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʩ ʦʢʨʫʞʘʶʱʠʤʠ ʩʪʘʨʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ.  

2. ʄʘʛʥʠʪʥʳʝ ʭʦʣʤʳ ʥʦʚʦʛʦ ʧʦʣʷ ʩʠʣʴʥʦ ʚʳʪʷʥʫʪ,r ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʭ ʞʛʫʪʦʚʦʡ ʛʝʦ-

ʤʝʪʨʠʝʡ.  

3. ʅʘʡʜʝʥʳ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʦʭʚʘʪʳʚʘʶʱʝʡ ʧʦʩʣʝʜʥʝʝ ʩʪʦʣʝʪʠʝ ʙʘʟʳ ʜʘʥʥʳʭ 

ʬʠʣʴʪʨʦʛʨʘʤʤ ʉʦʣʥʮʘ ʚ ʣʠʥʠʠ HŬ. 

 

ʈʠʩ. 23. ʄʘʛʥʠʪʦʛʨʘʤʤʘ ʧʨʦʜʦʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɸʆ 11520; ʢʨʘʩʥʳʡ ʮʚʝʪ ð ʥʦʚʳʝ ʤʘʛ-

ʥʠʪʥʳʝ ʧʦʪʦʢʠ ʧʦ ʢʘʨʪʝ Hz, ʩʠʥʠʡ ʠ ʟʝʣʝʥʳʡ ð ʧʦ Hx ʠ Hy 

 

2.3.2.5. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʂɺʄ 

 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʫʜʘʨʥʦʡ ʚʦʣʥʳ (ʋɺ), ʩʚʷʟʘʥʥʦʡ ʩ ʢʦʨʦʥʘʣʴʥʳʤ ʚʳʙʨʦ-

ʩʦʤ ʤʘʩʩʳ (ʂɺʄ), ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʢʦʨʦʥʦʛʨʘʬʘ LASCO-C3. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʋɺ ʚʦʟʥʠʢʘʝʪ, 

ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʪʝʣʘ ʂɺʄ ʥʘ ʝʛʦ ʦʩʠ ʧʨʝʚʳʰʘʝʪ ʩʫʤʤʘʨʥʫʶ ʩʢʦʨʦʩʪʴ Vʘ+Vsw, ʛʜʝ Va ð 

ʘʣʬʚʝʥʦʚʩʢʘʷ ʩʢʦʨʦʩʪʴ, Vsw ð ʩʢʦʨʦʩʪʴ ʤʝʜʣʝʥʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʚ ʢʦʪʦʨʦʤ ʜʚʠʞʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʪʝʣʘ ʂɺʄ.  

 

ʈʠʩ. 24. ʐʠʨʦʢʘʷ ʧʦʣʦʩʘ ð ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʧʨʦʬʠʣʴ Va(R) + Vsw(R). ɿʜʝʩʴ Vsw ð ʩʢʦʨʦʩʪʴ 

ʤʝʜʣʝʥʥʦʛʦ ʚʝʪʨʘ ʠʟ ʨʘʙʦʪʳ [4]: Vsw
2
=1.75Ŀ10

5
[ïexp (ï(R/Rs ï 4.5)/15.2)], (ʢʤ/ʩ)

2
. ʏʝʨʥʘʷ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ 

ï ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʪʝʣʘ ʂɺʄ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚʜʦʣʴ ʝʛʦ ʦʩʠ. ʇʦ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʦʪʣʦʞʝʥʦ ʨʘʩʩʪʦʷʥʠʝ ʚ ʨʘʜʠʫʩʘʭ ʉʦʣʥʮʘ ʦʪ ʮʝʥʪʨʘ ʩʦʣʥʝʯʥʦʛʦ ʜʠʩʢʘ 
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ʉʬʦʨʤʠʨʦʚʘʚʰʘʷʩʷ ʋɺ ʦʢʘʟʳʚʘʝʪʩʷ ʙʝʩʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦʡ, ʪʘʢ ʢʘʢ ʰʠʨʠʥʘ ʝʝ ʬʨʦʥʪʘ 

ʚʦ ʤʥʦʛʦ ʨʘʟ ʤʝʥʴʰʝ ʜʣʠʥʳ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʢʦʨʦʥʘʣʴʥʦʡ ʧʣʘʟʤʳ. 

ʉʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ɻʪʘ ʋɺ ʷʚʣʷʝʪʩʷ ʛʦʣʦʚʥʦʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʚʠʞʫʱʝʤʫʩʷ ʩʦ ʩʚʝʨʭʘʣʴʬ-

ʚʝʥʦʚʩʢʦʡ ʩʢʦʨʦʩʪʴʶ ʪʝʣʫ ʂɺʄ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʋɺ ʚʢʣʶʯʘʝʪ 

ʫʢʨʫʯʝʥʠʝ ʧʝʨʝʜʥʝʛʦ ʬʨʦʥʪʘ ʚʦʟʤʫʱʝʥʥʦʡ ʦʙʣʘʩʪʠ ʢʦʨʦʥʘʣʴʥʦʡ ʧʣʘʟʤʳ ʚʧʝʨʝʜʠ ʪʝʣʘ 

ʂɺʄ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʦʨʰʥʝʚʦʡ ʋɺ.  

 

ʈʠʩ. 25. ɺʚʝʨʭʫ ð ʠʟʦʙʨʘʞʝʥʠʷ ʫʯʘʩʪʢʘ ʢʦʨʦʥʳ ʧʦ ʜʘʥʥʳʤ LASCO-C3. ʇʨʷʤʳʝ ʣʠʥʠʠ, ʧʝʨʝʩʝ-

ʢʘʶʱʠʝ ʂɺʄ ð ʥʘʧʨʘʚʣʝʥʠʷ, ʚʜʦʣʴ ʢʦʪʦʨʳʭ ʧʦʩʪʨʦʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʷʨʢʦʩʪʠ ʚ ʥʠʞʥʝʤ ʨʷʜʫ. ɺʝʨ-

ʪʠʢʘʣʴʥʳʝ ʣʠʥʠʠ ʥʘ ʧʘʥʝʣʷʭ 2ï4 ʚ ʥʠʞʥʝʤ ʨʷʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʦʞʝʥʠʶ ʋɺ 

 

2.3.2.6. ɺʘʨʠʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʷʪʝʥ ʚʦ ʚʨʝʤʷ ʵʨʫʧʮʠʠ 

 

ʀʩʩʣʝʜʦʚʘʥʳ ʚʘʨʠʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʪʝʥʠ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʚʦ ʚʨʝʤʷ ʵʨʫʧʪʠʚʥʳʭ 

ʩʦʙʳʪʠʡ 2 ʘʚʛʫʩʪʘ 2011 ʛ., 9 ʤʘʨʪʘ 2012 ʛ., 11 ʘʧʨʝʣʷ 2013ʛ., 7 ʷʥʚʘʨʷ 2014 ʛ. ʠ 18 ʠʶʥʷ 2015 ʛ. 

ɸʥʘʣʠʟʠʨʦʚʘʣʦʩʴ ʧʦʚʝʜʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʤʦʜʫʣʷ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ Bmax, ʤʠʥʠʤʘʣʴʥʦ-

ʛʦ ʫʛʣʘ ʥʘʢʣʦʥʘ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʧʦʣʷ ʢ ʨʘʜʠʘʣʴʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʦʪ ʮʝʥʪʨʘ ʉʦʣʥʮʘ Ŭmin 

(ʪ. ʝ. ʫʛʣʘ ʥʘʢʣʦʥʘ ʦʩʠ ʤʘʛʥʠʪʥʦʡ ʪʨʫʙʢʠ ʠʟ ʪʝʥʠ ʧʷʪʥʘ), ʘ ʪʘʢʞʝ ʩʨʝʜʥʠʭ ʚ ʧʨʝʜʝʣʘʭ ʪʝʥʠ 

ʟʥʘʯʝʥʠʡ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ Bmean ʠ ʩʨʝʜʥʝʛʦ ʫʛʣʘ ʥʘʢʣʦʥʘ ʣʠʥʠʡ ʧʦʣʷ Ŭmean. ʇʨʠʚʝʜʝʤ 

ʢʨʘʪʢʦ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʣʷ ʩʦʙʳʪʠʷ 2 ʘʚʛʫʩʪʘ 2011 ʛ. (ʨʠʩ. 26). 

 

ʈʠʩ. 26. ɻʨʫʧʧʘ ʧʷʪʝʥ ɸʆ NOAA 11261 ʜʦ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ (a); GOES X-ray flux (1ï8 ¡) ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ (b); ʤʘʛʥʠʪʥʳʝ ʧʝʪʣʠ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʚ ʢʘʥʘʣʝ 19.3 ʥʤ, ʜʚʠʞʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʝ-

ʣʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʬʨʦʥʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʂɺʄ (c); ʩʬʦʨʤʠʨʦʚʘʚʰʘʷʩʷ ʬʨʦʥʪʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʂɺʄ (d); ʂɺʄ ʚ ʧʦʣʝ ʟʨʝʥʠʷ LASCO-C2 (ʝ); ʂɺʄ ʚ ʧʦʣʝ ʟʨʝʥʠʷ LASCO-C3 (f) 
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʚʘʨʠʘʮʠʡ ʫʩʨʝʜʥʝʥʥʳʭ Bmax ʠ Bmean ʟʘʤʝʪʥʦ ʤʝʥʷʝʪʩʷ ʜʦ ʠ 

ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ ʚʦ ʚʩʝʭ ʧʷʪʥʘʭ 1ï6, ʥʦ ʠʟʤʝʥʝʥʠʷ Bmax ʠ Bmean ʢʘʢ ʜʦ ʚʩʧʳʰʢʠ, ʪʘʢ ʠ 

ʧʦʩʣʝ ʝʝ ʥʘʯʘʣʘ ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ. ʅʘʠʙʦʣʝʝ ʦʪʯʝʪʣʠʚʦ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚ ʠ ʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʣʷ ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʧʷʪʥʘ 5 (ʨʠʩ. 27). ʕʪʦ ʧʷʪʥʦ ʦʢʘʟʘʣʦʩʴ ʨʷ-

ʜʦʤ ʩ ʣʝʚʳʤʠ ʥʦʛʘʤʠ ʧʝʪʝʣʴ (ʩʤ. ʨʠʩ. 26, ʘ), ʵʨʫʧʮʠʷ ʢʦʪʦʨʳʭ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʷʚʣʷʝʪʩʷ 

ʪʨʠʛʛʝʨʦʤ ʂɺʄ ʪʠʧʘ ʛʘʣʦ, ʢʦʪʦʨʳʡ ʚʦʟʥʠʢʘʝʪ ʧʦʩʣʝ ʥʘʯʘʣʘ ʵʨʫʧʮʠʠ ʵʪʠʭ ʧʝʪʝʣʴ. 

ʀʟ ʨʠʩ. 28 (ʚʚʝʨʭʫ) ʩʣʝʜʫʝʪ, ʯʪʦ ʩʧʫʩʪʷ ʧʨʠʤʝʨʥʦ 30 ʤʠʥ ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ Ŭmin 

ʠ Ŭmean ʨʝʟʢʦ ʫʤʝʥʴʰʘʶʪʩʷ, ʥʦ Ŭmin ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 5 ʨʘʟ ʜʦ ʚʝʣʠʯʠʥʳ ~1Á, ʘ Ŭmean ð 

ʥʘ ~25 % ʜʦ ʚʝʣʠʯʠʥʳ ~24Á. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʘʛʥʠʪʥʘʷ ʪʨʫʙʢʘ, ʚʳʭʦʜʷʱʘʷ ʠʟ ʪʝʥʠ 

ʧʷʪʥʘ 5, ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʨʘʜʠʘʣʴʥʦʡ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʚ 

ʧʨʝʜʝʣʘʭ ʪʨʫʙʢʠ. ʇʦʚʝʜʝʥʠʝ ʩʦ ʚʨʝʤʝʥʝʤ Bmax ʠ Bmean ʦʪʣʠʯʘʝʪʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʜʝʪʘʣʷʭ ʜʦ 

ʚʩʧʳʰʢʠ, ʘ ʧʦʩʣʝ ʝʝ ʥʘʯʘʣʘ ʠʟʤʝʥʝʥʠʷ Bmax ʠ Bmean ʧʦʜʦʙʥʳ: ʚ ʪʝʯʝʥʠʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 2 ʯ 

ʠʭ ʟʥʘʯʝʥʠʷ ʚʦʟʨʘʩʪʘʶʪ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʫʤʘ, ʘ ʟʘʪʝʤ ʤʝʜʣʝʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ.  

ʅʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʢʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʬʦʪʦʩʬʝʨʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʘ SDO/HMI, ʨʘʩʯʝʪʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʙʝʩʩʠʣʦ-

ʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʘ ʪʘʢʞʝ ʤʥʦʛʦʚʦʣʥʦʚʳʭ ʜʘʥʥʳʭ ʪʝʣʝʩʢʦʧʦʚ SDO/AIA .  

ɺ ʥʝʢʦʪʦʨʦʡ ʯʘʩʪʠ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʟʦʰʣʦ ʵʨʫʧʪʠʚʥʦʝ ʩʦʙʳʪʠʝ, ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʣʠʥʠʠ ʨʘʟʜʝʣʘ ʧʦʣʷʨʥʦʩʪʠ (ʃʈʇ) ʬʦʪʦʩʬʝʨʥʦʛʦ ʧʦʣʷ ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ 

ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʤʦʜʫʣʴ ʠ ʧʦʧʝʨʝʯʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʫʛʣʳ 

ʥʘʢʣʦʥʘ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʧʦʣʷ ʢ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʉʦʣʥʮʘ (ʨʠʩ. 28).  

 

ʈʠʩ. 27. ʀʟʦʙʨʘʞʝʥʠʝ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ɸʆ NOAA 11261 ʚ ʢʦʥʪʠʥʫʫʤʝ, ʥʘ ʢʦʪʦʨʦʝ ʧʦʤʝʱʝ-

ʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʧʝʪʣʝʦʙʨʘʟʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʚ ʢʘʥʘʣʝ 19.3 ʥʤ ʚ 05:51 UT (ʘ); ʙ ð ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝ Br ʩ ʣʠʥʠʷʤʠ ʨʘʟʜʝʣʘ ʧʦʣʷʨʥʦʩʪʝʡ ʧʦʣʷ (ʣʠʥʠʠ ʙʝʣʦʛʦ ʮʚʝʪʘ). ʎʠʬʨʘʤʠ ʫʢʘʟʘʥʳ ʭʦʣʤʳ ʧʦʚʳ-

ʰʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʥʠ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʷʪʝʥ  

 

ʈʠʩ. 28. ʀʟʤʝʥʝʥʠʝ ʩʦ ʚʨʝʤʝʥʝʤ Ŭmin ʠ Ŭmean (ʚʚʝʨʭʫ), Bmax ʠ Bmean (ʚʥʠʟʫ) ʚ ʪʝʥʠ ʧʷʪʥʘ 5. ɺʝʨ-

ʪʠʢʘʣʴʥʘ ̫ʪʦʣʩʪʘ ̫ʣʠʥʠ ̫ð ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ M1.4 (05:19 UT) 
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ʈʠʩ. 29. ɺʚʝʨʭʫ: ʣʝʚʘʷ ʧʘʥʝʣʴ ð ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʜʫʣʷ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ B ʚ ʦʙʣʘʩʪʠ 

ʵʨʫʧʪʠʚʥʦʛʦ ʩʦʙʳʪʠʷ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʢʚʘʜʨʘʪʘʤʠ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʩʪʨʦʠʣʠʩʴ ʟʘʚʠʩʠʤʦʩʪʠ B(t); 

ʮʝʥʪʨʘʣʴʥʘʷ ʧʘʥʝʣʴ ð ʠʟʤʝʥʝʥʠʝ ʩʦ ʚʨʝʤʝʥʝʤ B(t) ʚ ʢʚʘʜʨʘʪʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʃʈʇ ʠ ʦʙʦʟʥʘ-

ʯʝʥʥʳʭ ʙʫʢʚʦʡ f; ʧʨʘʚʘʷ ʧʘʥʝʣʴ ð ʩʨʘʚʥʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʩʦ ʚʨʝʤʝʥʝʤ B(t) ʚ ʢʚʘʜʨʘʪʝ 2 ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʩʦ ʚʨʝʤʝʥʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʷʛʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ SXR(t). ɺʥʠʟʫ ð ʪʦ ʞʝ ʜʣʷ ʫʛʣʘ 

ʥʘʢʣʦʥʘ Ŭ ʣʠʥʠʡ ʧʦʣʷ ʢ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʉʦʣʥʮʘ  

 

2.3.2.7. ɺʝʨʪʠʢʘʣʴʥʳʝ ʪʦʢʠ ʚ ʵʨʫʧʪʠʚʥʦʤ ʩʦʙʳʪʠʠ  

 

ɺ ʦʙʣʘʩʪʠ ʵʨʫʧʪʠʚʥʦʛʦ ʩʦʙʳʪʠʷ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʚʝʨʪʠʢʘʣʴʥʳʝ ʪʦʢʠ ʚ ʪʨʝʭ ʫʯʘʩʪʢʘʭ 

ʦʙʣʘʩʪʠ ʵʨʫʧʪʠʚʥʦʛʦ ʩʦʙʳʪʠʷ. ɼʣʷ ʫʯʘʩʪʢʘ (ʢʚʘʜʨʘʪ 1) ʚ ʦʙʣʘʩʪʠ ʨʝʟʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘ-

ʤʝʪʨʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ, ʦʪʨʠʮʘʪʝʣʴ-

ʥʦʛʦ ʠ ʧʦʣʥʦʛʦ ʪʦʢʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 30.  

ɺʳʚʦʜ: ʚ ʦʙʣʘʩʪʠ ʵʨʫʧʪʠʚʥʦʛʦ ʩʦʙʳʪʠʷ, ʛʜʝ ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ ʨʝʟʢʦ ʫʚʝʣʠʯʠ-

ʚʘʶʪʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ ʫʛʣʳ ʥʘʢʣʦʥʘ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʧʦʣʷ, ʪʦʢ ʦʙʝʠʭ ʧʦʣʷʨʥʦʩʪʝʡ ʟʘ-

ʤʝʪʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʤʦʜʫʣʶ, ʘ ʟʘʪʝʤ ʚ ʪʝʯʝʥʠʝ 4ï5 ʯ ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʠʩʭʦʜʥʳʤ (ʜʦ 

ʚʩʧʳʰʢʠ) ʟʥʘʯʝʥʠʷʤ. ɺ ʜʨʫʛʠʭ ʫʯʘʩʪʢʘʭ ʦʙʣʘʩʪʠ ʵʨʫʧʪʠʚʥʦʛʦ ʩʦʙʳʪʠʷ ʟʘʤʝʪʥʳʭ ʠʟʤʝʥʝ-

ʥʠʡ ʚʝʨʪʠʢʘʣʴʥʳʭ ʪʦʢʦʚ ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

 

ʈʠʩ. 30. ʉʣʝʚʘ ð ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ ʚ ʦʙ-

ʣʘʩʪʠ ʵʨʫʧʪʠʚʥʦʛʦ ʩʦʙʳʪʠʷ. ɹʝʣʘʷ ʣʠʥʠʷ ð ʣʠʥʠʷ ʨʘʟʜʝʣʘ ʧʦʣʷʨʥʦʩʪʝʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʉʧʨʘʚʘ ð 

ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ), ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ (ʯʝʨʥʘʷ) ʠ ʩʫʤʤʘʨʥʦʛʦ ʪʦʢʘ (ʩʠʥʷʷ) 

ʪʦʢʦʚ ʚ ʢʚʘʜʨʘʪʝ 1 
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2.3.2.8. ʊʦʢʦʚʘʷ ʩʧʠʨʘʣʴʥʦʩʪʴ ʚ ʵʨʫʧʪʠʚʥʦʤ ʩʦʙʳʪʠʠ  

 

ʀʩʩʣʝʜʦʚʘʥʳ ʚʘʨʠʘʮʠʠ ʪʦʢʦʚʦʡ ʩʧʠʨʘʣʴʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʦʙʣʘʩʪʠ ʵʨʫʧ-

ʪʠʚʥʦʛʦ ʩʦʙʳʪʠʷ.  

  

ʈʠʩ. 31. ʉʣʝʚʘ ð ʦʙʣʘʩʪʴ, ʥʘʜ ʢʦʪʦʨʦʡ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʪʦʢʦʚʘʷ ʩʧʠʨʘʣʴʥʦʩʪʴ (ʢʨʘʩʥʘʷ ʣʠ-

ʥʠʷ). ʕʪʘ ʦʙʣʘʩʪʴ ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʡ, ʚ ʢʦʪʦʨʦʡ ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ ʨʝʟʢʦ ʥʘʨʘʩʪʘʶʪ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ ʠ ʫʛʣʳ ʥʘʢʣʦʥʘ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɾʝʣʪʳʝ ʣʠʥʠʠ ð ʣʠʥʠʠ ʨʘʟʜʝʣʘ ʧʦʣʷʨʥʦ-

ʩʪʝʡ ʬʦʪʦʩʬʝʨʥʦʛʦ ʧʦʣʷ. ʇʨʘʚʘʷ ʧʘʥʝʣʴ ð ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʢʦʚʦʡ ʩʧʠʨʘʣʴʥʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ 

 

ɺʳʚʦʜʳ. ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʦʢʦʚʦʡ ʩʧʠʨʘʣʴʥʦʩʪʠ (ʊʉ) ʩʦ 

ʚʨʝʤʝʥʝʤ ʧʨʦʠʩʭʦʜʷʪ ʥʘʜ ʦʙʣʘʩʪʴʶ ʬʦʪʦʩʬʝʨʥʦʛʦ ʧʦʣʷ, ʚ ʢʦʪʦʨʦʡ ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʟʢʠʝ ʫʚʝʣʠʯʝʥʠʷ ʬʦʪʦʩʬʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʩʠʣʦʚʳʭ 

ʣʠʥʠʡ ʧʦʣʷ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʟʘ ~42 ʯ ʜʦ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ ʊʉ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ ʪʨʠ 

ʨʘʟʘ, ʘ ʟʘ ~6 ʯ ʜʦ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ ʊʉ ʥʘʯʠʥʘʝʪ ʫʤʝʥʴʰʘʪʴʩʷ, ʯʪʦ ʧʨʦʜʦʣʞʘʝʪʩ ̫ʧʦʩʣʝ 

ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ ʢʘʢ ʤʠʥʠʤʫʤ ʚ ʪʝʯʝʥʠʝ 24 ʯ. ʆʙʱʝʝ ʫʤʝʥʴʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʪʨʠ ʨʘʟʘ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ ʨʝʟʢʠʭ ʠʟʤʝʥʝʥʠʡ ʊʉ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʉʠʣʴʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʊʉ ʢʘʢ ʤʠʥʠʤʫʤ ʚ ʪʝʯʝʥʠʝ 9 ʯ ʜʦ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ ʠ 6 ʯ ʧʦʩʣʝ ʝʝ ʥʘʯʘʣʘ ʧʨʦ-

ʠʩʭʦʜʠʪ ʥʘʜ ʚʩʝʡ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʴʶ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʟʦʰʣʦ ʵʨʫʧʪʠʚʥʦʝ ʩʦʙʳʪʠʝ. ɺʦʟʤʦʞʥʦ, 

ʫʤʝʥʴʰʝʥʠʝ ʊʉ ʧʝʨʝʜ ʚʩʧʳʰʢʦʡ ʷʚʣʷʝʪʩʷ ʧʨʝʜʠʢʪʦʨʦʤ ʚʩʧʳʰʢʠ, ʥʦ ʜʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʛʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʠʩʩʣʝʜʦʚʘʪʴ ʚʘʨʠʘʮʠʠ ʊʉ ʜʣʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʨʫʧʪʠʚʥʳʭ 

ʩʦʙʳʪʠʡ.  

 

2.3.2.9. ʉʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ʚ ʵʨʫʧʪʠʚʥʦʤ ʩʦʙʳʪʠʠ  

 

ʀʩʩʣʝʜʦʚʘʥʦ ʠʟʤʝʥʝʥʠʝ ʩʦ ʚʨʝʤʝʥʝʤ ʩʚʦʙʦʜʥʦʡ (Efr) ʠ ʧʦʣʥʦʡ (Efu) ʵʥʝʨʛʠʠ ʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʣʷ ʚ ʦʙʣʘʩʪʠ ʵʨʫʧʪʠʚʥʦʛʦ ʩʦʙʳʪʠʷ 07.06.2011 ʛ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘʜ ʦʙʣʘʩʪʴʶ 

ʬʦʪʦʩʬʝʨʳ, ʛʜʝ ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʟʢʠʝ ʫʚʝʣʠʯʝʥʠʷ ʬʦʪʦʩʬʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʫʛʣʦʚ 

ʥʘʢʣʦʥʘ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʧʦʣʷ ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ, ʚ ʪʝʯʝʥʠʝ ʧʨʠʤʝʨʥʦ 30 ʯ ʧʝʨʝʜ ʥʘʯʘ-

ʣʦʤ ʚʩʧʳʰʢʠ Efr ʠ Efu ʚʦʟʨʘʩʪʘʶʪ ʥʘ ʬʦʥʝ ʢʦʣʝʙʘʥʠʡ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ (6.3Ŀ10
31

 

ʠ 9.4Ŀ10
31

 ʵʨʛ), ʘ ʟʘʪʝʤ ʥʝʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ~6 ʯ ʜʦ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ ʠ 

~18 ʯ ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ (ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ ʰʝʩʪʴ ʨʘʟ). 

ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ Efr ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʦʣʷ Ep ʜʦ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ ʠ Efr ʠ Efu 

ʜʦʩʪʠʛʘʶʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʫʯʘʩʪʢʘʤʠ ʦʙʣʘʩʪʠ ʵʨʫʧʪʠʚ-

ʥʦʛʦ ʩʦʙʳʪʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʦʙʳʪʠʷ 15.02.2011 ʛ., ʩʚʷʟʘʥʥʦʛʦ ʩʦ ʚʩʧʳʰʢʦʡ ʍ2.2, ʚ ʤʦʤʝʥʪ 

ʚʩʧʳʰʢʠ 07.06.2011 ʛ. ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʛʦ ʫʤʝʥʴʰʝʥʠ ̫ʩʚʦʙʦʜʥʦʡ ʠ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʚ 

ʥʘʯʘʣʝ ʚʩʧʳʰʢʠ. ɺ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʵʨʫʧʪʠʚʥʦʛʦ ʩʦʙʳʪʠʷ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʣʴʥʦʛʦ 

ʥʘʨʘʩʪʘʥʠ ̫Efr ʠ Efu ʜʦ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ, ʘ ʥʘʢʦʧʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʵʥʝʨʛʠʡ ʧʝʨʝʜ ʥʘʯʘ-

ʣʦʤ ʚʩʧʳʰʢʠ ʠ ʧʦʩʣʝ ʥʘʯʘʣʘ ʥʝʤʥʦʛʦ ʫʤʝʥʴʰʘʶʪʩʷ.  
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ʈʠʩ. 32. ʀʟʤʝʥʝʥʠʝ ʩʦ ʚʨʝʤʝʥʝʤ ʥʘʜ ʦʙʣʘʩʪʴʶ, ʛʜʝ ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʣʠʥʠʡ ʧʦʣʷ, ʵʥʝʨʛʠʠ ʧʦʣʷ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʚ ʧʦʪʝʥʮʠ-

ʘʣʴʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ (ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ), ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ (ʞʠʨʥʘʷ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ ʧʦʣʥʦʡ 

ʵʥʝʨʛʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʪʦʥʢʘʷ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ). ʉʣʝʚʘ ð ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʦʤʝ-

ʞʫʪʢʘ ʚʨʝʤʝʥʠ (ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ 3 ʯ), ʩʧʨʘʚʘ ð ʜʣʷ ʢʦʨʦʪʢʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ (ʰʘʛ ʧʦ ʚʨʝʤʝ-

ʥʠ 12 ʤʠʥ) ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ. ɺʝʨʪʠʢʘʣʴʥʘʷ ʣʠʥʠʷ ʥʘ ʣʝʚʦʡ ʧʘʥʝʣʠ ð

ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ 

 

2.3.2.10. ʇʦʣʷʨʥʳʝ ʜʞʝʪʳ ʚ ʢʦʨʦʥʝ ʉʦʣʥʮʘ ʥʘ ʩʪʳʢʝ ʜʚʫʭ ʮʠʢʣʦʚ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ 

 

ɹʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʞʝʪʦʚ ʚ ʧʦʣʷʨʥʳʭ ʦʙʣʘʩʪʷʭ ʩʦʣʥʝʯ-

ʥʦʡ ʢʦʨʦʥʳ ʚ 2009ï2014 ʛʛ. ʚ ʜʥʠ ʙʝʟ ʢʦʨʦʥʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʤʘʩʩʳ (ʂɺʄ) ʠʣʠ ʩ ʂɺʄ ʚʥʝ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʫʛʣʦʚ. ɹr ʣʘ ʦʮʝʥʝʥʘ ʪʘʢʞʝ ʩʚʷʟʴ ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʞʝ-

ʪʦʚ (ʢʦʣʠʯʝʩʪʚʦ ʠ ʩʢʦʨʦʩʪʴ) ʠ ʧʦʣʷʨʥʳʭ ʢʦʨʦʥʘʣʴʥʳʭ ʜʳʨ (ʂɼ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʦʙʥʘʨʫʞʝʥʦ ʚʦʟʨʘʩʪʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʞʝʪʦʚ ʢ 

ʤʘʢʩʠʤʫʤʫ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ, ʩʝʚʝʨʥʦ-ʶʞʥʘʷ ʘʩʠʤʤʝʪʨʠʷ ʩ ʠʥʚʝʨʩʠʝʡ ʚ 2012 ʛ. ʊʘʢʞʝ 

ʦʪʤʝʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʝʡ ʜʞʝʪʦʚ ʚ ʤʘʢʩʠʤʫʤʝ ʮʠʢʣʘ.  

ɸʩʠʤʤʝʪʨʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʞʝʪʦʚ ʩʚʷʟʘʥʘ ʩ ʚʝʣʠʯʠʥʦʡ ʠ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʉʦʣʥʮʘ, ʨʘʟʣʠʯʥʦʛʦ ʚ ʩʝʚʝʨʥʦʡ ʠ ʶʞʥʦʡ ʧʦʣʫʩʬʝʨʘʭ, ʘ ʠʥʚʝʨʩʠʷ ð ʩʦ ʩʤʝʥʦʡ ʟʥʘʢʘ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʧʦʣʶʩʘʭ. ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʪ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʞʝʪʦʚ ʠ ʚʠʜʠʤʦʩʪʴʶ ʧʦʣʷʨʥʳʭ ʂɼ.  

 

 

ʈʠʩ. 33. ʉʝʚʝʨʦ-ʶʞʥʘʷ ʘʩʠʤʤʝʪʨʠʷ ʚ ʠʟʤʝʥʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʜʞʝʪʦʚ 
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2.3.3. ʉʦʣʥʝʯʥʳʝ ʬʘʢʪʦʨʳ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ 

 

2.3.3.1. ɺʳʧʦʣʥʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʦʦʪʥʦʰʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʦʢʦʣʦʟʝʤ-

ʥʳʭ ʧʨʦʪʦʥʥʳʭ ʚʦʟʨʘʩʪʘʥʠʡ ʩ ʵʥʝʨʛʠʷʤʠ >100 ʄʵɺ ʠ ʧʦʪʦʢʦʚ >0.1 pfu ʩ ʨʘʟʥʳʤʠ ʧʘ-

ʨʘʤʝʪʨʘʤʠ ʩʦʣʥʝʯʥʦʡ ʵʨʫʧʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ ʧʠʢʦʚʳʭ ʧʦʪʦ-

ʢʦʚ ʠ ʬʣʶʝʥʩʦʚ ʩʦʣʥʝʯʥʳʭ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʚʩʧʣʝʩʢʦʚ, ʟʘʧʠʩʘʥʥʳʭ ʨʘʜʠʦʧʦʣʷʨʠʤʝʪʨʘʤʠ 

ʅʦʙʝʷʤʘ ʥʘ ʯʘʩʪʦʪʝ 35 ɻɻʮ ʚ 1990ï2015 ʛʛ., ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʢʦʣʦʟʝʤ-

ʥʳʭ ʧʨʦʪʦʥʥʳʭ ʚʦʟʨʘʩʪʘʥʠʡ ʩ ʵʥʝʨʛʠʷʤʠ >100 ʄʵɺ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʦʢʦʣʦʟʝʤʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʦʥʠʪʦʨʘʤʠ GOES. ʉʧʠʩʦʢ ʧʨʦʪʦʥʥʳʭ ʩʦʙʳʪʠʡ ʨʘʩʰʠʨʝʥ ʜʦ ʩʣʘʙʳʭ ʚʦʟ-

ʨʘʩʪʘʥʠʡ >0.1 pfu. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʘʤʘʷ ʚʳʩʦʢʘ ̫ ʢʦʨʨʝʣʷʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʞʜʫ 

ʬʣʶʝʥʩʘʤʠ ʧʨʦʪʦʥʦʚ ʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʕʪʦʪ ʬʘʢʪ ʦʪʨʘʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣ-

ʥʦʛʦ ʯʠʩʣʘ ʧʨʦʪʦʥʦʚ ʦʪ ʦʙʱʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʭ ʫʩʢʦʨʝʥʠʷ. ɺ ʩʦʙʳʪʠʷʭ ʩ 

ʤʦʱʥʳʤʠ ʚʩʧʳʰʢʘʤʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʬʣʶʝʥʩʦʚ ʧʨʦʪʦʥʦʚ ʩ ʬʣʶʝʥʩʘʤʠ ʤʠʢ-

ʨʦʚʦʣʥʦʚʦʛʦ ʠ ʤʷʛʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʧʦʪʦʢʘ ʚʳʰʝ, ʯʝʤ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʂɺʄ. ʈʝʟʫʣʴʪʘʪʳ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚʩʧʳʰʝʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʫʩʢʦʨʝʥʠʝ ʚʳʩʦʢʦ-

ʵʥʝʨʛʠʯʥʳʭ ʧʨʦʪʦʥʦʚ. ʋʩʢʦʨʝʥʠʝ ʥʘ ʫʜʘʨʥʳʭ ʚʦʣʥʘʭ ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʝʝ ʟʥʘʯʠʤʳʤ ʥʘ ʚʳ-

ʩʦʢʠʭ ʵʥʝʨʛʠʷʭ ʚ ʩʦʙʳʪʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʦʱʥʳʤʠ ʚʩʧʳʰʢʘʤʠ, ʭʦʪʷ ʝʛʦ ʚʢʣʘʜ, ʚʝʨʦʷʪʥʦ, 

ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʙʦʣʝʝ ʩʣʘʙʳʭ ʩʦʙʳʪʠʷʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʪʦʥʥʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ 

ʧʨʷʤʦ ʟʘʚʠʩʠʪ ʦʪ ʧʠʢʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʚʩʧʣʝʩʢʘ, ʘʥʘʣʠʟ ʢʦʪʦ-

ʨʦʡ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥ ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʧʦ ʧʦʣʦʚʠʥʥʦʤʫ ʫʨʦʚʥʶ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴʩʷ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʦʪʦʥʥʳʭ ʚʦʟʨʘʩʪʘʥʠʡ ʧʦ ʜʘʥʥʳʤ ʤʦʥʠʪʦʨʠʥʛʘ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. 

 

2.3.3.2. ʈʘʟʚʠʪʠʝ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʛʝʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʣʥʝʯ-

ʥʳʭ ʵʨʫʧʮʠʡ ʧʦ ʤʘʛʥʠʪʥʦʤʫ ʧʦʪʦʢʫ ʚ ʧʦʩʪʵʨʫʧʪʠʚʥʳʭ ʘʨʢʘʜʘʭ ʠ ʜʠʤʤʠʥʛʘʭ  

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʩʦʣʥʝʯʥʳʭ ʵʨʫʧʮʠʡ ʧʦ ʜʘʥʥʳʤ ʪʝʣʝʩʢʦʧʘ ʢʨʘʡʥʝʛʦ ʫʣʴʪʨʘ-

ʬʠʦʣʝʪʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ EIT ʠ ʤʘʛʥʠʪʦʛʨʘʬʘ MDI ʥʘ ʙʦʨʪʫ ʢʦʩʤʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ 

SOHO ʦʮʝʥʠʚʘʣʠʩʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʟʳʚʘʝʤʳʭ ʠʤʠ ʥʝʨʝʢʫʨʨʝʥʪʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ 

ʠ ʬʦʨʙʫ-hʧʦʥʠʞʝʥʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʚ 23-ʤ ʩʦʣʥʝʯʥʦʤ ʮʠʢʣʝ (1997ï2006 ʛʛ.). ɺ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʪʨʫʣʴʥʳʝ ʩʦʣʥʝʯʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʪʝʣʝʩʢʦ-

ʧʦʤ AIA ʠ ʤʘʛʥʠʪʦʛʨʘʬʦʤ HMI ʥʘ ʙʦʨʪʫ ʢʦʩʤʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ Solar Dynamic 

Observatory (SDO). 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʘ ʠ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘ ʧʝʨʠʦʜ 

ʩʦʚʤʝʩʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ SOHO ʠ SDO ʚ 2010ï2011 ʛʛ. ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 1) ʣʦʢʘʣʠʟʘʮʠʠ 

ʠ ʬʦʨʤʳ ʧʣʦʱʘʜʦʢ ʜʠʤʤʠʥʛʦʚ ʠ ʘʨʢʘʜ, ʚʳʜʝʣʷʝʤʳʭ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ EIT ʠ AIA; 2) ʧʦʪʦʢʦʚ 

ʧʨʦʜʦʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʠʟʤʝʨʝʥʥʳʭ ʥʘ ʤʘʛʥʠʪʦʛʨʘʬʘʭ MDI ʠ HMI ʚ ʢʨʫʧʥʳʭ 

ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʷʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ʩʦʣʥʝʯʥʦʛʦ ʜʠʩʢʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʧʨʠʥʷʪʳʤʠ ʨʘʥʝʝ ʢʨʠʪʝʨʠʷʤʠ ʠ ʢʦʨʨʝʢʪʥʳʤ ʫʯʝʪʦʤ ʨʘʟʣʠʯʠʡ ʚ ʦʪ-

ʢʣʠʢʘʭ ʪʝʣʝʩʢʦʧʦʚ EIT ʠ AIA ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʚʳʜʝʣʷʶʪʩʷ ʩʦʚʧʘʜʘʶʱʠʝ 

ʧʣʦʱʘʜʢʠ ʜʠʤʤʠʥʛʦʚ ʠ ʘʨʢʘʜ, ʘ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ, ʠʟʤʝʨʝʥʥʳʡ ʧʦ MDI-ʤʘʛʥʠʪʦʛʨʘʤʤʘʤ, 

ʩʚʷʟʘʥ ʩ ʧʦʪʦʢʦʤ, ʠʟʤʝʨʝʥʥʳʤ ʧʦ ʜʘʥʥʳʤ HMI, ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 1.4. 

ʉ ʫʯʝʪʦʤ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʫʯʝʥʳ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʦ ʵʨʫʧʪʠʚʥʦʤʫ ʤʘʛʥʠʪʥʦʤʫ ʧʦʪʦʢʫ, ʠʟʤʝʨʷʝʤʦʤʫ ʥʘ SDO, ʩ ʟʘʙʣʘʛʦʚʨʝ-

ʤʝʥʥʦʩʪʴʶ 1ï4 ʩʫʪ ʦʮʝʥʠʚʘʪʴ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʩʪʦʷʱʠʭ ʚʦʟʤʫʱʝʥʠʡ ʢʦʩʤʠʯʝ-

ʩʢʦʡ ʧʦʛʦʜʳ ʫ ɿʝʤʣʠ: ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʝʨʝʢʫʨʨʝʥʪʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ (ʠʥʜʝʢʩʳ Dst ʠ 

ɸʨ) ʠ ʛʣʫʙʠʥʫ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʘ ʠʭ ʥʘʯʘʣ ʠ ʤʘʢʩʠʤʫʤʦʚ. ʇʨʠʚʝʜʝʥʳ 

ʧʨʠʤʝʨʳ ʪʘʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʢʨʫʧʥʝʡʰʠʭ ʵʨʫʧʮʠʡ 24-ʛʦ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 
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2.3.4. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʝ 

 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʟʤʳ ʚ ʢʦʨʦʥʘʣʴ-

ʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʥʴʶ ʧʷʪʥʘ, ʩ ʧʦʤʦʱʴʶ 3-ʤʠʥʫʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʙʳʣʦ ʧʨʦ-

ʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʄɻɼ-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ʤʝʜʣʝʥʥʦʡ ʤʘʛʥʠʪʦ-

ʟʚʫʢʦʚʦʡ ʧʨʠʨʦʜʳ ʚ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚʦʨʦʥʢʦʦʙʨʘʟʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʩʦʣ-

ʥʝʯʥʦʡ ʢʦʨʦʥʳ ʩ ʭʦʣʦʜʥʳʤ ʠ ʛʦʨʷʯʠʤ ʮʝʥʪʨʦʤ. ʇʨʦʪʝʩʪʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʠʢʠ ʚ 

ʨʘʤʢʘʭ ʯʠʩʣʝʥʥʦʛʦ ʢʦʜʘ LareNd ʠ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ ʨʘʚʥʦʚʝʩʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʢʦʨʦ-

ʥʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʘʟʤʳ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ 

ʚʦʣʥ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʩʯʝʪʘ ʚʠʜʠʤʳʭ ʟʘʜʝʨʞʝʢ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚʦʟʤʫʱʝʥʠʡ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʨʘʩʩʯʠʪʘʥʥʘʷ ʟʘʜʝʨʞʢʘ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦʡ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʧʘʨʘʤʝʪʨʦʚ. 

      

ʈʠʩ. 34. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʄɻɼ-ʚʝʣʠʯʠʥ (ʧʣʦʪʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ ʧʣʘʟʤʳ) ʚ ʤʦʜʝ-

ʣʷʭ ʩ ʭʦʣʦʜʥʳʤ (ʩʣʝʚʘ) ʠ ʛʦʨʷʯʠʤ (ʩʧʨʘʚʘ) ʮʝʥʪʨʘʤʠ 

 

2.3.5. ʅʘʙʣʶʜʝʥʠʷ ʚ ʠʥʪʝʨʝʩʘʭ ʧʨʦʝʢʪʘ 

 

2.3.5.1. ʄʦʥʠʪʦʨʠʥʛ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʭʨʦʤʦʩʬʝʨʥʳʭ ʪʝʣʝʩʢʦʧʘʭ 

ɹʘʡʢʘʣʴʩʢʦʡ ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʀʉɿʌ ʉʆ ʈɸʅ 

 

ɺ 2017 ʛ. ʚʳʧʦʣʥʝʥʳ ʨʝʛʫʣʷʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʭʨʦʤʦʩʬʝʨʳ ʉʦʣʥʮʘ (ʧʦʣʥʳʡ ʜʠʩʢ) ʚ 

ʣʠʥʠʠ K CaII 393.4 ʥʤ. ɿʘ 10 ʜʥʝʡ ʧʦʣʫʯʝʥʦ 90 ʠʟʦʙʨʘʞʝʥʠʡ. ʀʟʦʙʨʘʞʝʥʠʷ ʚ ʩʪʘʥʜʘʨʪʠʟʦ-

ʚʘʥʥʦʡ ʬʦʨʤʝ ʦʧʫʙʣʠʢʦʚʘʥʳ ʥʘ ʩʘʡʪʝ ʀʥʩʪʠʪʫʪʘ. ʉ ʘʧʨʝʣʷ 2017 ʛ. ʪʝʣʝʩʢʦʧ ʜʝʤʦʥʪʠʨʦʚʘʥ 

ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʨʝʤʦʥʪʘ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʦʧʪʠʯʝʩʢʦʡ ʯʘʩʪʠ.  

ɺ ʣʝʪʥʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʳ ʢʚʘʟʠʨʝʛʫʣʷʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʭʨʦʤʦʩʬʝʨʳ ʉʦʣʥʮʘ (ʧʦʣ-

ʥʳʡ ʜʠʩʢ) ʚ ʣʠʥʠʠ HŬ 656.3 ʥʤ. ɿʘ 57 ʜʥʝʡ ʧʦʣʫʯʝʥʦ 24920 ʠʟʦʙʨʘʞʝʥʠʡ, ʯʪʦ ʥʘ 28 % 

ʙʦʣʴʰʝ, ʯʝʤ ʚ 2016 ʛ. ʋʥʠʢʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʤʦʨʬʦʣʦʛʠʠ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ, ʩʘʤʳʭ 

ʤʦʱʥʳʭ ʟʘ ʧʦʩʣʝʜʥʠʝ 12 ʣʝʪ (ʨʠʩ. 35), ʧʦʣʫʯʝʥʳ 7ï10 ʩʝʥʪʷʙʨʷ. 
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ʈʠʩ. 35. ʀʟʦʙʨʘʞʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʠ ʚ ʮʝʥʪʨʝ ʠ ʢʨʳʣʝ ʣʠʥʠʠ HŬ, ʧʦʣʫʯʝʥʥʳʝ 7 ʩʝʥʪʷʙʨʷ 

2017 ʛ. ʥʘ ʭʨʦʤʦʩʬʝʨʥʦʤ ʪʝʣʝʩʢʦʧʝ ɹɸʆ ʀʉɿʌ ʉʆ ʈɸʅ 
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2.4. ʈʘʜʠʦʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʦʣʥʝʯʥʦʡ 

ʢʦʨʦʥʝ 

 

2.4.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʧʦ ʤʥʦʛʦʚʦʣʥʦʚʳʤ ʥʘʙʣʶ-

ʜʝʥʠʷʤ 

 

ʅʘ ʦʩʥʦʚʝ ʥʘʙʣʶʜʝʥʠʡ ʚ ʨʘʟʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʙʳʣʘ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦ-

ʚʘʥʘ ʩʦʣʥʝʯʥʘʷ ʚʩʧʳʰʢʘ 26 ʜʝʢʘʙʨʷ 2001 ʛ. ʙʦʣʴʰʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ, ʩʦʧʨʦʚʦʞʜʘʚʰʘʷʩʷ 

ʚʩʧʣʝʩʢʦʤ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʥʘ ɿʝʤʣʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʧʝʢʪʨʳ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫ-

ʯʝʥʠʷ ʩʦʭʨʘʥʷʣʠ ʧʦʩʪʦʷʥʥʫʶ ʬʦʨʤʫ ʚ ʪʝʯʝʥʠʝ ʚʩʧʳʰʢʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʘʨʠʘ-

ʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʇʦʣʦʞʝʥʠʷ ʜʚʠʞʫʱʠʭʩʷ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʚʳʩʦʢʦʝ ʩʦʛʣʘʩʠʝ ʩ ʥʘʠʙʦʣʝʝ ʷʨʢʠʤʠ ʫʯʘʩʪʢʘʤʠ ʚʩʧʳʰʝʯʥʳʭ ʣʝʥʪ (ʩʤ. ʨʠʩ. 36). ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʤʠʢʨʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʛʝʥʝʨʠʨʦʚʘʣʦʩʴ ʚ ʘʨʢʘʜʝ ʚʩʧʳʰʝʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʝʪʝʣʴ, 

ʦʩʥʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʠʩʴ ʢʘʢ ʷʨʢʠʝ ʪʦʯʢʠ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʜʠʘʧʘʟʦʥʝ; ʠʥʪʝʨ-

ʧʨʝʪʘʮʠʷ ʧʦʜʦʙʥʳʭ ʤʦʱʥʳʭ ʚʩʧʳʰʝʢ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ ʤʦʜʝʣʝʡ, ʚʢʣʶʯʘʶʱʠʭ 

ʤʥʦʞʝʩʪʚʦ ʥʝʦʜʥʦʨʦʜʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʝʪʝʣʴ.  

 

ʈʠʩ. 36. ɼʚʠʞʝʥʠʷ ʚʩʧʳʰʝʯʥʳʭ ʣʝʥʪ (ʧʦ ʠʟʦʙʨʘʞʝʥʠʷʤ TRACE, 1600 ¡) ʠ ʠʩʪʦʯʥʠʢʦʚ ʤʠʢ-

ʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʧʦ ʜʘʥʥʳʤ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʘ ʅʦʙʝʷʤʘ, 17 ɻɻʮ) ʚʦ ʚʩʧʳʰʢʝ 26.12.2001 ʛ. 

 

2.4.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ ʚ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʢʘʭ 

 

ɼʣʷ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʠ 15 ʤʘʷ 2013 ʛ. ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʢʦʨʝʥ-

ʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ (ʩʤ. ʨʠʩ. 37); ʠʩʧʦʣʴʟʦʚʘ-

ʣʠʩʴ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʩʧʫʪʥʠʢʘ RHESSI, ʤʠʢʨʦʚʦʣʥʦʚʳʝ ʥʘʙʣʶʜʝʥʠʷ ʦʙʩʝʨʚʘ-

ʪʦʨʠʠ ʅʦʙʝʷʤʘ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʨʝʰʝʥʥʳʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʝ ʩʧʝʢʪʨʳ ʩʧʫʪʥʠʢʘ Hi-

node. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʣʘʩʪʴ ʣʦʢʘʣʠʟʘʮʠʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʦʚʧʘʜʘʝʪ ʩ 

ʦʙʣʘʩʪʴʶ ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ ʚʦ ʚʩʧʳʰʢʝ, ʘ ʚʨʝʤʝʥʥʘʷ ʵʚʦʣʶʮʠʷ ʵʥʝʨʛʠʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ ʧʦʪʦʢʦʤ ʵʥʝʨʛʠʠ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ʇʦʣʫ-

ʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʚʦʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʪʦʭʘ-

ʩʪʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ ʚ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʢʘʭ. 
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ʈʠʩ. 37. ʀʟʦʙʨʘʞʝʥʠʷ ʚʩʧʳʰʢʠ 15.05.2013 ʚ ʨʘʟʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ (ʩʣʝʚʘ); ʚʨʝ-

ʤʝʥʥʳʝ ʧʨʦʬʠʣʠ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ (ʩʧʨʘʚʘ ʚʚʝʨʭʫ) ʠ ʵʥʝʨʛʠʠ ʧʣʘʟʤʝʥʥʦʡ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ  

 

ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʪʘʢʞʝ ʪʨʠ ʚʩʧʳʰʢʠ, ʚ ʢʦʪʦʨʳʭ ʥʠʞʥʷʷ ʯʘʩʪʴ ʚʩʧʳʰʝʯʥʦʡ ʦʙʣʘʩʪʠ 

ʙʳʣʘ ʟʘʢʨʳʪʘ ʣʠʤʙʦʤ ʉʦʣʥʮʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʚ ʚʝʨʰʠʥʘʭ 

ʚʩʧʳʰʝʯʥʳʭ ʧʝʪʝʣʴ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʫʩʢʦʨʝʥʠʝ ʯʘʩʪʠʮ; ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʝʥʪʛʝʥʦʚʩʢʠʝ 

ʥʘʙʣʶʜʝʥʠʷ ʩʧʫʪʥʠʢʘ Fermi, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʨʘʟʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘ-

ʟʦʥʘʭ (ʨʠʩ. 38). ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ ʚ 

ʦʙʣʘʩʪʠ ʠʭ ʫʩʢʦʨʝʥʠʷ; ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʩʢʦʨʝʥʠʝ ʧʨʦʪʦʥʦʚ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʧʨʦʠʩʭʦʜʠʣʦ ʚ 

ʫʜʘʨʥʦʡ ʚʦʣʥʝ ʥʘ ʬʨʦʥʪʝ ʢʦʨʦʥʘʣʴʥʦʛʦ ʚʳʙʨʦʩʘ ʤʘʩʩʳ.  

 

ʈʠʩ. 38. ʃʦʢʘʣʠʟʘʮʠʷ ʚʩʧʳʰʢʠ 01.09.2014 ʛ. ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ SDO, STEREO, RHESSI ʠ 

ʧʦʣʦʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ Fermi-LAT (ʩʣʝʚʘ); ʩʧʝʢʪʨʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʵʪʦʡ ʚʩʧʳʰʢʠ ʧʦ 

ʜʘʥʥʳʤ Fermi-GBM/LAT 

 

2.4.3. ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʨʘʜʠʦ-

ʠʟʣʫʯʝʥʠʷ 

 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʢʦʨʦʥʘʣʴʥʦʛʦ ʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʬʦʪʦʩʬʝʨʥʳʤ ʤʘʛʥʠʪʦʛʨʘʤʤʘʤ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʪʦʯʥʦʡ ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ Bifrost [1], ʢʦʪʦʨʘʷ 
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ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʢʦʨʦʥʝ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʩʩʠʣʦ-

ʚʳʭ ʠ ʜʨʫʛʠʭ ʧʨʠʙʣʠʞʝʥʠʡ. ɼʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʘʚʥʠʚʘʣʦʩʴ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʝʣʠʥʝʡ-

ʥʦʡ ʙʝʩʩʠʣʦʚʦʡ ʵʢʩʪʨʘʧʦʣʷʮʠʠ (NLFFF) ʧʦ ʤʦʜʝʣʴʥʳʤ ʤʘʛʥʠʪʦʛʨʘʤʤʘʤ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚ-

ʥʷʭ (ʨʠʩ. 39). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʷʜ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʥʘʙʣʶʜʘʝʤʳʭ 

ʤʘʛʥʠʪʦʛʨʘʤʤ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʚ 

ʚʳʯʠʩʣʝʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ; ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʦ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ ʚ ʭʨʦʤʦʩʬʝʨʝ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʢʦʨʦʥʘʣʴʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʀʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʫʩʪʨʘʥʝʥʠʷ ˊ-ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚʝʢʪʦʨʥʳʭ ʤʘʛʥʠʪʦ-

ʛʨʘʤʤ ʤʦʛʫʪ ʥʝʢʦʨʨʝʢʪʥʦ ʨʘʙʦʪʘʪʴ ʚ ʦʙʣʘʩʪʷʭ ʩʧʦʢʦʡʥʦʛʦ ʉʦʣʥʮʘ. 

 

ʈʠʩ. 39. ʄʦʜʝʣʴʥʘʷ ʤʘʛʥʠʪʦʛʨʘʤʤʘ Bifrost ʚ ʦʩʥʦʚʘʥʠʠ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ (ʩʣʝʚʘ); ʨʝʟʫʣʴʪʘ-

ʪʳ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʜʚʫʭ ʚʳʩʦʪʘʭ (ʚ ʮʝʥʪʨʝ ʠ ʩʧʨʘʚʘ) 

 

2.4.4. ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ  
 

1 . Gudiksen B.V., Carlsson M., Hansteen V.H., Hayek W., Leenaarts J., Mart²nez-Sykora J. 

The stellar atmosphere simulation code Bifrost. Code description and validation // Astron. 

Astrophys. 2011. V. 531, id. 154.  

 

2.5. ʈʘʟʚʠʪʠʝ ʦʧʪʠʯʝʩʢʠʭ ʠ ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʦʙʣʘʩʪʠ ʘʩʪʝʨʦʠʜʥʦ-

ʢʦʤʝʪʥʦʡ ʦʧʘʩʥʦʩʪʠ, ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʩʦʨʝʥʠʷ ʠ ʵʢʦʣʦʛʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

 

2.5.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʩʤʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʬʘʟʦʚʳʭ ʫʛʣʦʚ 

 

ɺʘʞʥʝʡʰʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ 

(ʂɸ) ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ (ʂʄ) ʷʚʣʷʝʪʩʷ ʥʝʢʦʦʨʜʠʥʘʪʥʘʷ ʠʥʬʦʨ-

ʤʘʮʠʷ, ʧʦʣʫʯʘʝʤʘʷ ʩ ʧʦʤʦʱʴʶ ʥʘʟʝʤʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʪʝʣʝʩʢʦʧʦʚ. ʆʜʥʠʤ ʠʟ ʝʝ ʚʠʜʦʚ ʷʚʣʷ-

ʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʙʣʝʩʢʘ ʦʙʲʝʢʪʘ ʦʪ ʬʘʟʦʚʦʛʦ ʫʛʣʘ (ʫʛʣʘ ʤʝʞʜʫ ʥʘʙʣʶʜʘʪʝʣʝʤ, ʩʧʫʪʥʠʢʦʤ ʠ 

ʉʦʣʥʮʝʤ). ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ ʥʘ ʪʝʣʝʩʢʦʧʝ ɸɿʊ-33ʀʂ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʬʘʟʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʘʢʪʠʚʥʳʭ ʂɸ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʩʨʝʜʥʝʚʳʩʦʪʥʳʭ ʦʨʙʠʪʘʭ ʠ ʤʘ-

ʣʦʨʘʟʤʝʨʥʦʛʦ ʂʄ. 

ʇʨʠʤʝʨʳ ʬʘʟʦʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʙʣʝʩʢʘ ʨʘʟʣʠʯʥʳʭ ʘʢʪʠʚʥʳʭ ʂɸ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘ-

ʟʦʥʝ ʬʘʟʦʚʳʭ ʫʛʣʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 40. ɺʠʜʥʦ, ʯʪʦ ʬʘʟʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʪʠ-

ʧʦʚ ʂɸ ʠʤʝʶʪ ʨʘʟʥʫʶ ʬʦʨʤʫ (ʧʦʯʪʠ ʣʠʥʝʡʥʘʷ ʜʣʷ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʢʫʧʦʣʦ-

ʦʙʨʘʟʥʘʷ ʜʣʷ ʂɸ ɻʃʆʅɸʉʉ). ɺʤʝʩʪʝ ʩ ʪʝʤ ʂɸ, ʩʤʦʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʦʜʥʦʡ ʧʣʘʪʬʦʨʤʝ, ʧʦ-

ʢʘʟʳʚʘʶʪ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʝ ʬʘʟʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ. 
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ʈʠʩ. 40. ʌʘʟʦʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʘʢʪʠʚʥʳʭ ʂɸ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʬʘʟʦʚʳʭ ʫʛʣʦʚ: ʛʝʦʩʪʘʮʠ-

ʦʥʘʨʥʳʝ ʂɸ (ʩʣʝʚʘ) ʠ  ʂɸ ɻʃʆʅɸʉʉ 

 

ɺ ʨʘʙʦʪʝ [1] ʧʨʝʜʣʦʞʝʥʘ ʧʨʦʩʪʘʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʛʦ ʂɸ, 

ʫʯʠʪʳʚʘʶʱʘʷ ʦʨʠʝʥʪʘʮʠʶ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʠ ʢʦʨʧʫʩʘ ʩʧʫʪʥʠʢʘ, ʘ ʪʘʢʞʝ ʚʢʣʘʜ ʧʝʧʝʣʴ-

ʥʦʛʦ ʩʚʝʪʘ. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʤʳ ʧʨʠʤʝʥʠʣʠ ʜʘʥʥʫʶ ʤʦʜʝʣʴ ʜʣʷ ʂɸ ʥʘ ʩʨʝʜʥʝʚʳʩʦʪʥʳʭ ʦʨ-

ʙʠʪʘʭ. ʅʘ ʨʠʩ. 41 ʧʦʢʘʟʘʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʤʦʜʝʣʴʥʦʛʦ ʩʫʤʤʘʨʥʦʛʦ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ, ʦʪ-

ʨʘʞʝʥʥʦʛʦ ʦʪ ʂɸ ɻʃʆʅɸʉʉ-ʄ ʠ ʧʝʨʝʩʯʠʪʘʥʥʦʛʦ ʚ ʟʚʝʟʜʥʳʝ ʚʝʣʠʯʠʥʳ, ʩ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʂɸ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʬʘʟʦʚʳʭ ʫʛ-

ʣʦʚ. ɺʠʜʥʦ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʦʡ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʫʜʘʣʦʩʴ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ 

ʦʧʠʩʘʪʴ ʧʦʚʝʜʝʥʠʝ ʙʣʝʩʢʘ ʦʜʥʦʪʠʧʥʳʭ ʂɸ ʥʘ ʙʦʣʴʰʠʭ ʬʘʟʦʚʳʭ ʫʛʣʘʭ.  

 

ʈʠʩ. 41. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʤʦʜʝʣʴʥʦʡ ʬʘʟʦʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʂɸ ɻʃʆʅɸʉʉ-ʄ ʩ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ 

 

2.5.2. ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʦʙʥʘʨʫ-

ʞʠʚʘʝʤʳʭ ʚ ʦʙʟʦʨʥʳʭ ʥʘʙʣʶʜʝʥʠʷʭ ʆʂʇ 

  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʙʟʦʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʦʢʦʣʦʟʝʤʥʦʤ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʙʠʪʳ ʫ ʚʥʦʚʴ ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ (ʂʆ). 

ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʠʟʤʝʨʝʥʠʡ ʜʘʥʥʳʭ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʦʯʥʦʡ ʦʨʙʠʪʳ ʠ ʚ ʧʨʦʮʝʩʩʝ ʥʘʙʣʶʜʝʥʠʡ ʦʨʙʠʪʘ ʦʙʲʝʢʪʘ ʫʪʦʯʥʷʝʪʩʷ. 

ʊʨʝʙʫʝʪʩʷ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʘʢʩʠʤʘʣʴʥʦ ʙʳʩʪʨʦ ʠ 

ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʚʝʩʪʠ ʦʧʨʝʜʝʣʝʥʠʝ ʦʨʙʠʪʳ ʦʙʲʝʢʪʘ ʠ ʧʨʠ ʵʪʦʤ ʥʝ ʧʦʪʝʨʷʪʴ ʝʛʦ. ɼʣʷ ʨʝʰʝ-

ʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʝʪʦʜʠʢʘ.  

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʧʨʦʮʝʩʩʘ ʥʘʭʦʞʜʝʥʠʷ ʦʨʙʠʪʳ ʚʥʦʚʴ ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʂʆ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠʣʠ ʥʘʯʘʣʴʥʦʡ ʦʨʙʠʪʳ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʡ ʦʨʙʠʪʳ ʚʳ-

ʯʠʩʣʷʝʪʩʷ ʢʘʢ ʢʨʫʛʦʚʘʷ ʦʨʙʠʪʘ ʧʦ ʜʚʫʤ ʠʟʤʝʨʝʥʠʷʤ, ʪʘʢ ʠ ʵʣʣʠʧʪʠʯʝʩʢʘʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
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ʤʝʪʦʜʘ ɻʘʫʩʩʘ ʧʦ ʪʨʝʤ ʫʛʣʦʚʳʤ ʠʟʤʝʨʝʥʠʷʤ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʤʦʜʝʣʝʡ ʜʚʠʞʝ-

ʥʠʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʂʆ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʫʱʝʥʥʳʤ.  

ʇʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ ʥʘ ʩʣʝʜʫʶʱʫʶ ʥʦʯʴ ʩʪʨʦʠʪʩʷ ʩʨʝʜʥʷʷ ʦʨ-

ʙʠʪʘ ʧʦ ʚʩʝʤ ʥʘʙʣʶʜʝʥʠʷʤ ʧʝʨʚʦʡ ʥʦʯʠ ʩ ʫʯʝʪʦʤ ʟʦʥʘʣʴʥʳʭ ʛʘʨʤʦʥʠʢ ʟʝʤʥʦʛʦ ʛʝʦʧʦʪʝʥ-

ʮʠʘʣʘ (ʦʩʥʦʚʥʦʡ ʬʘʢʪʦʨ ð ʩʞʘʪʠʝ ɿʝʤʣʠ). ʉʨʝʜʥʷʷ ʦʨʙʠʪʘ ʫʪʦʯʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʥʦʚʳʭ 

ʠʟʤʝʨʝʥʠʡ ʚʪʦʨʦʡ ʥʦʯʠ. 

ʂʦʛʜʘ ʠʥʪʝʨʚʘʣ ʥʘʙʣʶʜʝʥʠʷ ʦʭʚʘʪʳʚʘʝʪ 3 ʩʫʪ ʠ ʙʦʣʝʝ ʠ ʥʘ ʥʝʤ ʧʦʣʫʯʝʥʳ 4ï5 ʩʝʨʠʡ 

ʠʟʤʝʨʝʥʠʡ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʙʦʣʝʝ ʪʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʩʢʫʣʠʨʫʶʱʝʡ ʦʨʙʠʪʳ, 

ʦʪʥʝʩʝʥʥʦʡ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʶʪʩʷ ʚʦʟʤʫʱʝʥʠʷ, ʩʚʷ-

ʟʘʥʥʳʝ ʩ ʥʝʩʬʝʨʠʯʥʦʩʪʴʶ ɿʝʤʣʠ (ʜʦ 6-ʡ ʛʘʨʤʦʥʠʢʠ), ʣʫʥʥʦ-ʩʦʣʥʝʯʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʠ ʚʣʠ-

ʥ̫ʠʝ ʩʚʝʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ. ʇʦʣʫʯʝʥʥʘʷ ʦʩʢʫʣʠʨʫʶʱʘʷ ʦʨʙʠʪʘ ʧʦʟʚʦʣʷʝʪ ʜʝʣʘʪʴ ʧʨʦʛʥʦʟ 

ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ ʥʘ ʠʥʪʝʨʚʘʣʳ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʜʦ ʤʝʩʷʮʘ. ʉʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦ ʩʦʧʨʦʚʦʞʜʝʥʠʶ ʦʙʲʝʢʪʘ, ʠ ʦʙʲʝʢʪ ʤʦʞʝʪ ʙʳʪʴ ʚʢʣʶʯʝʥ ʚ ʢʘʪʘʣʦʛ ʂʆ. 

ʆʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢʞʝ ʪʘʢʦʡ ʧʘʨʘʤʝʪʨ, ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʠ ʢ ʤʘʩʩʝ (ʆʇʄ).  

ʉ ʜʝʢʘʙʨʷ 2016 ʧʦ ʤʘʨʪ 2017 ʛ. ʚ ʪʝʯʝʥʠʝ ~40 ʥʦʯʝʡ ʧʨʦʚʝʜʝʥ ʩʝʘʥʩ ʥʘʙʣʶʜʝʥʠʡ ʥʘ 1.6-

ʤ ʪʝʣʝʩʢʦʧʝ ɸɿʊ-33ɺʄ ʩ ʮʝʣʴʶ ʢʘʪʘʣʦʛʠʟʘʮʠʠ ʥʝʠʟʚʝʩʪʥʳʭ ʦʙʲʝʢʪʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʭʦʜʝ 

ʦʙʟʦʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ɼʣʷ 29 ʦʙʲʝʢʪʦʚ ʫʜʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ ʦʩʢʫʣʠʨʫʶʱʠʝ ʦʨʙʠʪʳ ʧʦ ʠʟʤʝ-

ʨʝʥʠʷʤ ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʥʦʯʝʡ. ʇʦʛʨʝʰʥʦʩʪʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʦʨʙʠʪ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 42. ɺʠʜ-

ʥʦ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʙʠʪ ʘʙʩʦʣʶʪʥʦʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʦʙʲʝʢʪʦʚ ʚʳʰʝ 2±.  

ɺ ʮʝʣʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʧʦʜʪʚʝʨʜʠʣʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʤʝʪʦʜʠʢʠ ʠ ʧʦʟʚʦʣʠʣʘ ʦʧʪʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʚʝʩʪʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʳ ʫ 

29 ʚʥʦʚʴ ʦʙʥʘʨʫʞʝʥʥʳʭ ʂʆ. 

 

ʈʠʩ. 42. ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʧʦ ʧʨʷʤʦʤʫ ʚʦʩʭʦʞʜʝʥʠʶ a ʠ ʩʢʣʦʥʝʥʠʶ d ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʦʩʢʫʣʠʨʫʶʱʠʭ ʦʨʙʠʪ 

 

2.5.3. ʆʙʟʦʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʜʣʷ ʧʦʠʩʢʘ ʥʝʠʟʚʝʩʪʥʳʭ ʘʩʪʝʨʦʠʜʦʚ. ʂʦʦʨʜʠʥʘʪʥʳʝ 

ʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʘʩʪʝʨʦʠʜʦʚ 

 

ɺ 2017 ʛ. ʚ ʉʘʷʥʩʢʦʡ ʩʦʣʥʝʯʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ (ʉʉʆ) ʀʉɿʌ ʉʆ ʈɸʅ ʧʨʦʚʦʜʠʣʠʩʴ 

ʧʦʠʩʢʦʚʳʝ ʥʘʙʣʶʜʝʥʠʷ ʘʩʪʝʨʦʠʜʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʚʝʪʦʩʠʣʴʥʳʡ, 

ʰʠʨʦʢʦʫʛʦʣʴʥʳʡ 1.6-ʤ ʪʝʣʝʩʢʦʧ ɸɿʊ-33ɺʄ. ʆʩʥʦʚʥʘʷ ʩʪʨʘʪʝʛʠʷ ʧʦʠʩʢʘ ʥʦʚʳʭ ʘʩʪʝʨʦʠ-

ʜʦʚ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʦʙʟʦʨʦʚ ʥʝʙʘ ʩ ʚʳʩʦʢʦʡ ʧʨʦʥʠʮʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʙʣʠ-

ʟʠ ʄʣʝʯʥʦʛʦ ʧʫʪʠ ʚ ʦʙʣʘʩʪʠ ʵʢʣʠʧʪʠʢʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʴʰʠʭ ʠ ʤʘʣʳʭ ʪʝʣʝʩʢʦʧʦʚ, 1.6-ʤ 

ʪʝʣʝʩʢʦʧ ɸɿʊ-33ɺʄ ʫʤʝʨʝʥʥʦʛʦ ʨʘʟʤʝʨʘ ð ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʥʘʙʣʶʜʝʥʠʡ ʩʣʘʙʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʛʨʘʥʠʮʝ ʄʣʝʯʥʦʛʦ ʧʫʪʠ, ʛʜʝ ʧʣʦʪʥʦʩʪʴ ʟʚʝʟʜ ʫʞʝ ʜʦʩʪʘ-

ʪʦʯʥʦ ʚʳʩʦʢʘ. 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʥʘʙʣʶʜʘʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʦʙʟʦʨʘʭ ʘʩʪʝʨʦʠʜʦʚ, 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʪʢʨʳʪʠʷ ʘʩʪʝʨʦʠʜʦʚ ʠ ʢʦʤʝʪ ʥʘ ʩʝ-

ʨʠʠ ʇɿʉ-ʢʘʜʨʦʚ CoLiTec [2]. ʅʘ ʨʠʩ. 43 ʧʦʢʘʟʘʥʳ ʬʨʘʛʤʝʥʪʳ ʜʚʫʭ ʢʘʜʨʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʠʥʪʝʨʚʘʣʦʤ 20 ʤʠʥ, ʩ ʘʩʪʝʨʦʠʜʦʤ 2006 WO156 ʢʦʪʦʨʳʡ ʠʤʝʣ ʙʣʝʩʢ 20.9
 m

. 
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ɼʣʷ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʥʝʢʘʪʘʣʦʛʠʟʠʨʦʚʘʥʥʳʭ ʘʩʪʝʨʦʠʜʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʩʣʝʜʫʶ-

ʱʠʝ ʥʘʙʣʶʜʝʥʠʷ ʚ ʪʫ ʞʝ ʠ ʜʨʫʛʠʝ ʥʘʙʣʶʜʘʪʝʣʴʥʳʝ ʥʦʯʠ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʠʭ ʦʨʙʠʪ.  

ɺʩʝʛʦ ʚ 2017 ʛ. ʧʨʦʚʝʜʝʥʦ ʧʷʪʴ ʩʝʘʥʩʦʚ ʧʦʠʩʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʦ ʚʳ-

ʷʚʣʝʥʦ 169 ʧʦʜʚʠʞʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʚʝʟʜ ʦʙʲʝʢʪʦʚ. ɺʩʝ ʜʘʥʥʳʝ ʧʦ ʦʙʥʘʨʫʞʝʥʥʳʤ ʦʙʲ-

ʝʢʪʘʤ ʙʳʣʠ ʧʝʨʝʜʘʥʳ ʚ ʎʝʥʪʨ ʤʘʣʳʭ ʧʣʘʥʝʪ. ɼʘʥʥʳʝ ʧʦ 74 ʘʩʪʝʨʦʠʜʘʤ ʠ ʦʜʥʦʡ ʢʦʤʝʪʝ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ Minor Planet Circular (MPS_20170205, MPS_20170212, MPS_20170305, 

MPS_20170312, MPS_20170319, MPS_20170402, MPS_20170416, MPS_20170521, 

MPS_20170924, MPS_20171005, MPS_20171015) ʎʝʥʪʨʘ ʤʘʣʳʭ ʧʣʘʥʝʪ. ʏʝʪʳʨʝ ʘʩʪʝʨʦʠʜʘ 

(2017 DO119, 2017 DP119, 2017 DQ119, 2017 DR119) ʙʳʣʠ ʧʨʠʟʥʘʥʳ ʦʪʢʨʳʪʳʤʠ ʚ ʉʉʆ. 

ɿʚʝʟʜʥʳʝ ʚʝʣʠʯʠʥʳ ʦʪʢʨʳʪʳʭ ʘʩʪʝʨʦʠʜʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 21
m
, 21.5

m
, 20.4

m
, 21.6

m
. 

    

ʈʠʩ. 43. ʌʨʘʛʤʝʥʪʳ ʜʚʫʭ ʢʘʜʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʥʪʝʨʚʘʣʦʤ 20 ʤʠʥ, ʩ ʘʩʪʝʨʦʠʜʦʤ 2006 

WO156 (ʙʣʝʩʢ 20.9 m) 
 

2.5.4. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʧʪʠʯʝʩʢʠʭ ʠʟʦʙ-

ʨʘʞʝʥʠʡ 

 

ʀʟʤʝʨʝʥʠ ̫ʂʆ, ʧʨʦʚʦʜʠʤʳʝ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠ ̫ʦʨʙʠʪ rʠʣʠ ʢʨʠʚʳʭ ʙʣʝʩʢʘ, ʚʢʣʁ-

ʯʘʶʪ ʚ ʩʝʙʷ ʧʦʣʫʯʝʥʠʝ ʩʝʨʠʡ ʠʟʦʙʨʘʞʝʥʠʡ ʂʆ ʚ ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʚʷʟʘʪʴ ʚʦʝʜʠʥʦ ʚʩʝ ʜʘʥʥʳʝ ʧʦ ʧʦʣʫʯʝʥʥʦʡ ʩʝʨʠʠ, ʥʝʦʙʭʦ-

ʜʠʤʦ ʦʪʤʝʪʠʪʴ ʠʥʪʝʨʝʩʫʶʱʠʡ ʂʆ ʥʘ ʢʘʞʜʦʤ ʠʟʦʙʨʘʞʝʥʠʠ, ʪ. ʝ. ʚʳʧʦʣʥʠʪʴ ʨʘʟʤʝʪʢʫ ʢʘʜʨʘ. 

ʕʪʦ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʨʫʜʘ, ʢʦʛʜʘ ʧʦʣʫʯʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʥʝʤʥʦʛʦ. ʆʜʥʘʢʦ ʚʦ ʤʥʦʛʠʭ 

ʩʣʫʯʘʷʭ ʩʝʨʠʠ ʠʟʤʝʨʝʥʠʡ ʚʢʣʶʯʘʶʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʠʟʦʙʨʘʞʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʦʚʝ-

ʜʝʥʠʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʂʆ ʦʧʪʠʯʝʩʢʠʤ ʪʝʣʝʩʢʦʧʦʤ ʠ ʨʘ-

ʜʘʨʦʤ ʟʘ ʚʨʝʤʷ ʧʨʦʣʝʪʘ ʚ ʟʦʥʝ ʚʠʜʠʤʦʩʪʠ ʪʝʣʝʩʢʦʧʘ ʧʦʨʷʜʢʘ 5 ʤʠʥ (ʟʘʚʠʩʠʪ ʦʪ ʪʨʘʝʢʪʦʨʠʠ 

ʂʆ) ʩ ʪʠʧʠʯʥʦʡ ʵʢʩʧʦʟʠʮʠʝʡ 0.5 ʩ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʜʦ 600 ʠʟʦʙʨʘʞʝʥʠʡ. ʇʨʠ ʘʥʘʣʠʟʝ 

ʢʨʠʚʳʭ ʙʣʝʩʢʘ ʪʨʝʙʫʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʩʝʨʠʡ ʦʙʱʝʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʜʦ 20ï30 ʤʠʥ ʩ ʵʢʩʧʦʟʠ-

ʮʠʷʤʠ 1 ʩ ʠ ʤʝʥʝʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘ ʦʜʥʫ ʩʝʨʠʶ ʠʟʤʝʨʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʜʦ ʥʝ-

ʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʠʟʦʙʨʘʞʝʥʠʡ.  

ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʩʝʨʠʠ ʚʝʣʠʢʠ, ʧʨʦʮʝʩʩ ʦʪʤʝʪʢʠ ʦʙʲʝʢʪʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʩʪʘʥʦ-

ʚʠʪʩʷ ʚʝʩʴʤʘ ʪʨʫʜʦʝʤʢʠʤ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʠ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʦʛʨʘʤʤʘ Target ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʩʝʨʠʡ ʢʘʜʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʂʆ, ʩ 

ʮʝʣʴʶ ʦʪʤʝʪʢʠ ʧʦʣʦʞʝʥʠʷ ʠʟʤʝʨʷʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦ-

ʛʨʘʤʤʥʳʤ ʧʘʢʝʪʦʤ Apex II  [3] ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦ ʢʦʥʢʨʝʪʥʦʤʫ ʦʙʲʝʢʪʫ 

ʚ ʝʜʠʥʫʶ ʩʝʨʠʶ.  
ʅʘ ʨʠʩ. 44 ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ Target. ʆʥʦ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʦʙʣʘʩʪʝʡ: 

ʩʧʨʘʚʘ ʚʚʝʨʭʫ ʨʘʩʧʦʣʦʞʝʥ ʩʧʠʩʦʢ ʬʘʡʣʦʚ ʩ ʦʙʨʘʙʘʪʳʚʘʝʤʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʪʝʢʫʱʝʝ 
ʠʟʦʙʨʘʞʝʥʠʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʩʣʝʚʘ. ʉʧʨʘʚʘ ʚʥʠʟʫ ʚ ʫʚʝʣʠʯʝʥʥʦʤ ʤʘʩʰʪʘʙʝ ʦʪʦʙʨʘʞʘʝʪʩʷ 
ʦʙʣʘʩʪʴ, ʩʦʜʝʨʞʘʱʘʷ ʦʪʤʝʯʘʝʤʳʡ ʦʙʲʝʢʪ. ɺ ʩʪʘʪʫʩʥʦʡ ʩʪʨʦʢʝ ʚʳʚʦʜʷʪʩʷ ʧʘʨʘʤʝʪʨʳ ʪʝʢʫ-
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ʱʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʥʳʡ ʧʫʪʴ ʢ ʨʘʩʧʦʣʦʞʝʥʠʶ ʪʝʢʫʱʝʛʦ ʬʘʡʣʘ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ, 
ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʣʷ ʦʪʤʝʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ʇʨʦʛʨʘʤʤʘ Target ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʠ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ ʢ 
ʦʙʨʘʙʦʪʢʝ. ʇʨʦʮʝʩʩ ʨʫʯʥʦʡ ʨʘʟʤʝʪʢʠ ʩʝʨʠʠ ʠʟ 100 ʢʘʜʨʦʚ ʫ ʦʧʳʪʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʟʘʥʠʤʘʝʪ 
ʚʨʝʤʷ ʥʝ ʤʝʥʝʝ 1 ʤʠʥ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Target ʵʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 
ʧʨʠʤʝʨʥʦ ʟʘ 10 ʩ. ɽʩʣʠ ʦʙʲʝʢʪ ʩʤʝʱʘʝʪʩʷ ʚ ʢʘʜʨʝ, ʧʨʦʮʝʩʩ ʨʫʯʥʦʡ ʨʘʟʤʝʪʢʠ ʫʩʣʦʞʥʷʝʪʩʷ 
ʤʥʦʛʦʢʨʘʪʥʦ, ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ. ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ 
ʨʝʰʘʝʪ ʵʪʫ ʧʨʦʙʣʝʤʫ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʧʨʦʛʨʘʤʤʘ Target ʧʦʚʪʦʨʷʝʪ 
ʧʨʦʛʨʘʤʤʳ ʨʫʯʥʦʡ ʨʘʟʤʝʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʫʣʫʯʰʘʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘ-
ʙʦʪʢʠ ʙʦʣʴʰʠʭ ʩʝʨʠʡ ʠʟʤʝʨʝʥʠʡ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝ-
ʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʦʣʞʥʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʦʡ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ: ʚʳʜʝʣʝʥʠʝ 
ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ, ʠʟʤʝʨʝʥʠʝ ʠʭ ʢʦʦʨʜʠʥʘʪ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʩʚʷʟʳʚʘʥʠʝ ʚ 
ʝʜʠʥʫʶ ʩʝʨʠʶ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʧʦ ʩʝʨʠʠ ʥʘʙʣʶʜʝʥʠʡ. 

 

ʈʠʩ. 44. ʆʢʥʦ ʧʨʦʛʨʘʤʤʳ Target 

 

2.5.5. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʧʨʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 

ʥʘʙʣʶʜʝʥʠʷʭ ʨʘʜʠʦ- ʠ ʦʧʪʠʯʝʩʢʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ 
 
ʇʨʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʷʭ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

(ʅʂʆ) ʥʘ ʨʘʜʠʦʦʧʪʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ ʀʉɿʌ ʉʆ ʈɸʅ ʧʝʨʚʠʯʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘ-
ʮʠʠ ʦ ʥʘʙʣʶʜʘʝʤʦʤ ʦʙʲʝʢʪʝ ʷʚʣʷʝʪʩʷ ʀʨʢʫʪʩʢʠʡ ʨʘʜʘʨ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʀʈʅʈ, 
ʆʙʩʝʨʚʘʪʦʨʠʷ ʨʘʜʠʦʬʠʟʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʘʪʤʦʩʬʝʨʳ, ʆʈɼɸ). ʉ ʤʦʤʝʥʪʘ ʚʭʦʜʘ ʂʆ ʚ 
ʩʝʢʪʦʨ ʩʢʘʥʠʨʦʚʘʥʠʷ ʨʘʜʘʨʘ ʧʦʣʫʯʘʝʤʳʝ ʜʘʥʥʳʝ ʦ ʧʦʣʦʞʝʥʠʠ ʂʆ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 
ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʶʪʩʷ ʯʝʨʝʟ ʎʝʥʪʨ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ (ʎʋʆ, ʀʉɿʌ) ʚ ʉʘʷʥʩʢʫʶ ʩʦʣ-
ʥʝʯʥʫʶ ʦʙʩʝʨʚʘʪʦʨʠʶ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʥʘʚʝʜʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʪʝʣʝʩʢʦʧʘ ɸɿʊ-33ʀʂ, 
ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʨʘʜʠʦʦʧʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʕʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʳ, ʦʪʚʝʯʘʶʱʠʤ ʟʘ 
ʧʨʠʝʤ ʜʘʥʥʳʭ ʦʪ ʎʋʆ, ʷʚʣʷʝʪʩʷ ʘʛʝʥʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɹr ʣʘ ʧʨʝʜʣʦʞʝʥʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦ-
ʚʘʥʥʘʷ ʩʭʝʤʘ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʦ-
ʥʝʥʪ ð ʩʝʨʚʝʨ ʮʝʣʝʡ (ʨʠʩ. 45).  
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ʈʠʩ. 45. ʂʦʤʧʦʥʝʥʪʳ ʇʄʆ ʉʘʷʥʩʢʦʛʦ ʘʩʪʨʦʢʦʤʧʣʝʢʩʘ ʜʣʷ ʨʘʜʠʦʦʧʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʂʆ 

 

ʉʝʨʚʝʨ ʮʝʣʝʡ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʧʨʦʛʨʘʤʤʥʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʉʘʷʥʩʢʦʛʦ 

ʘʩʪʨʦʢʦʤʧʣʝʢʩʘ ʠ ʠʟʥʘʯʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʠʝʤʘ, ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʮʝʣʝʫʢʘʟʘ-

ʥʠʡ ʧʦ ʚʥʦʚʴ ʦʙʥʘʨʫʞʝʥʥʳʤ ʂʆ, ʪ. ʝ. ʦʙʲʝʢʪʘʤ, ʢʦʦʨʜʠʥʘʪʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʢʦʪʦʨʳʤ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʧʦʣʥʷʝʪʩʷ ʧʨʷʤʦ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʠʟʤʝʨʝʥʠʷ. ɿʘʜʘʯʠ ʪʘʢʦʛʦ ʪʠʧʘ ʚʦʟʥʠʢʘʶʪ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʙʟʦʨʥʳʭ ʥʘʙʣʶʜʝʥʠʷʭ ʥʘ ʰʠʨʦʢʦʫʛʦʣʴʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʪʝʣʝʩʢʦʧʘʭ. ʇʨʠ 

ʨʘʜʠʦʦʧʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʷʭ ʩʝʨʚʝʨ ʮʝʣʝʡ ʧʦʣʫʯʘʝʪ ʦʪ ʘʛʝʥʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʘʥʥʳʝ 

ʨʘʜʘʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦ ʚʩʝʤ ʂʆ, ʧʦʧʘʜʘʶʱʠʤ ʚ ʩʝʢʪʦʨ ʩʢʘʥʠʨʦʚʘʥʠʷ ʨʘʜʘʨʘ, ʠ ʩʦʭʨʘʥʷʝʪ ʠʭ. 

ɼʣʷ ʨʘʙʦʪʳ ʩ ʵʪʠʤʠ ʜʘʥʥʳʤʠ ʥʘʙʣʶʜʘʪʝʣʴ ʠʩʧʦʣʴʟʫʝʪ ʩʧʝʮʠʘʣʴʥʫʶ ʧʨʦʛʨʘʤʤʫ-ʢʣʠʝʥʪ, 

ʧʦʜʢʣʶʯʝʥʥʫʶ ʢ ʩʝʨʚʝʨʫ ʮʝʣʝʡ. ɺ ʬʫʥʢʮʠʠ ʧʨʦʛʨʘʤʤʳ ʚʭʦʜʠʪ ʦʧʦʚʝʱʝʥʠʝ ʥʘʙʣʶʜʘʪʝʣʷ ʦ 

ʧʦʷʚʣʝʥʠʠ ʥʦʚʳʭ ʂʆ, ʦʪʦʙʨʘʞʝʥʠʝ ʪʝʢʫʱʝʛʦ ʧʦʣʦʞʝʥʠʷ, ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʷ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʂʆ, ʚʳʜʘʯʘ ʢʦʤʘʥʜʳ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʛʦ ʪʝʣʝʩʢʦʧʘ ʦ ʚʳʧʦʣʥʝʥʠʠ ʥʘʚʝʜʝʥʠʷ ʥʘ ʂʆ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ. 

 

2.5.6. ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

 

1 Cognion R.L. Observations and modeling of GEO satellites at large phase angles // Proc. 

Advanced Maui Optical and Space Surveillance Technologies Conference. Maui HI, USA, 2013. 

URL: https://amostech.com/TechnicalPapers/2013/POSTER/ COGNION.pdf (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 

20.10.2017). 

2 CoLiTec ð ʧʨʦʛʨʘʤʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʠʩʢʘ ʘʩʪʝʨʦʠʜʦʚ ʠ ʢʦʤʝʪ ʥʘ ʩʝʨʠʠ 

ʇɿʉ-ʢʘʜʨʦʚ. URL: http://www.neoastrosoft.com/colitec_ru/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 14.11.2017). 

3 ɼʝʚʷʪʢʠʥ ɸ.ɺ. ʠ ʜʨ. ʇʨʦʛʨʘʤʤʥʳʝ ʧʘʢʝʪʳ çɸʧʝʢʩ-Iè ʠ çɸʧʝʢʩ-IIè ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʇɿʉ-ʥʘʙʣʶʜʝʥʠʡ // ɸʩʪʨʦʥ. ʚʝʩʪʥʠʢ. 2010. ʊ. 44, ˉ. 1. ʉ. 74ï87. 

 

2.6. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʢʦʥʪʨʦʣʷ ʦʢʦʣʦʟʝʤʥʦʛʦ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ 

 

2.6.1. ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʦʪʩʝʢʘʪʝʣʷ ʧʨʷʤʦʡ ʟʘʩʚʝʪʢʠ ʜʣʷ ʪʝʣʝʩʢʦʧʘ ɸɿʊ-33ɺʄ 

 

ʐʠʨʦʢʦʫʛʦʣʴʥʳʡ ʪʝʣʝʩʢʦʧ ɸɿʊ-33ɺʄ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʚʝʪʦʩʠʣʴʥʳʡ ʠʥʩʪʨʫ-

ʤʝʥʪ ʜʣʷ ʧʦʠʩʢʘ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʩʣʘʙʳʭ ʦʙʲʝʢʪʦʚ ʚ ʰʠʨʦʢʦʤ ʧʦʣʝ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʀʉɿʌ 

ʉʆ ʈɸʅ ʩʦʚʤʝʩʪʥʦ ʩ ɸʆ çʃʆʄʆè [1]. ɺ ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʠ ʫʯʘʩʪʚʦʚʘʣʠ ʆɸʆ çʃɿʆʉè ʠ 

ɸʆ çʃʆʄʆè. ʊʝʣʝʩʢʦʧ ʧʦʩʪʨʦʝʥ ʧʦ ʩʭʝʤʝ çʢʚʘʟʠ- ʈʠʯʠðʂʨʝʪʴʝʥʘè ʩ ʧʨʝʜʬʦʢʘʣʴʥʳʤ 

ʣʠʥʟʦʚʳʤ ʢʦʨʨʝʢʪʦʨʦʤ ʧʦʣʷ, ʠʤʝʝʪ ʜʠʘʤʝʪʨ ʛʣʘʚʥʦʛʦ ʟʝʨʢʘʣʘ 1.6 ʤ, ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 
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5.6 ʤ, ʧʦʣʝ ʟʨʝʥʠʷ 2.8Á. ʂʦʥʩʪʨʫʢʮʠʷ ʪʝʣʝʩʢʦʧʘ ɸɿʊ-33ɺʄ ʠʟʥʘʯʘʣʴʥʦ ʥʝ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ 

ʩʠʩʪʝʤʫ ʩʚʝʪʦʟʘʱʠʪʳ. ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ʧʨʦʝʢʪʫ ʨʘʟʨʘʙʦʪʘʥ rʠ ʠʟʛʦʪʦʚʣʝʥ r

ʩʠʩʪʝʤʘ ʩʚʝʪʦʟʘʱʠʪʳ ʜʣʷ ʨʘʙʦʯʝʛʦ ʧʦʣʷ ʟʨʝʥʠʷ 0.5Ĭ̄0.5̄ , ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢ-

ʮʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʧʦʣʷ ʟʨʝʥʠʷ 1.3 ̄x 2.7̄  ʠ ʧʨʦʚʝʜʝʥʦ ʝʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ.  

 

2.6.1.1. ʉʠʩʪʝʤʘ ʩʚʝʪʦʟʘʱʠʪʳ ʜʣʷ ʧʦʣʷ ʟʨʝʥʠʷ 0.5Ĭ̄0.5̄   

 

ʄʘʣʳʡ ʨʘʟʤʝʨ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʜʣʷ ʧʦʣʷ ʟʨʝʥʠʷ 0.5ÁĬ0.5̄  (ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʧʦ 

ʜʠʘʛʦʥʘʣʠ 2ɤ=0.71Á ʠʣʠ 71 ʤʤ) ʧʦʟʚʦʣʠʣ ʨʘʟʨʘʙʦʪʘʪʴ ʫʧʨʦʱʝʥʥʫʶ ʩʠʩʪʝʤʫ ʩʚʝʪʦʟʘʱʠʪʳ, 

ʩʦʩʪʦʷʱʫʶ ʠʟ ʜʠʘʬʨʘʛʤʳ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʦʧʨʘʚʝ ʣʠʥʟʦʚʦʛʦ ʢʦʨʨʝʢʪʦʨʘ, ʠ ʙʣʝʥʜʳ ʚʪʦ-

ʨʠʯʥʦʛʦ ʟʝʨʢʘʣʘ.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʩ ʟʘʧʘʩʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʱʠʪʫ ʦʪ ʧʨʷʤʦʡ ʟʘʩʚʝʪʢʠ 

ʢʨʫʛʣʦʛʦ ʧʦʣʷ ʟʨʝʥʠʷ ʜʠʘʤʝʪʨʦʤ 71 ʤʤ, ʠʤʝʝʪ ʤʝʥʴʰʠʝ ʛʘʙʘʨʠʪʳ, ʯʝʤ ʢʣʘʩʩʠʯʝʩʢʘʷ, ʘ 

ʫʚʝʣʠʯʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦ. 

ʅʘ ʨʠʩ. 46 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʠʟʦʙʨʘʞʝʥʠʡ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʦʙʣʘʩʪʠ ʥʝʙʘ ʨʘʟʤʝʨʦʤ 

0.5̄ Ĭ0.5̄ , ʧʦʣʫʯʝʥʥʳʝ ʙʝʟ ʩʚʝʪʦʟʘʱʠʪʳ (ʩʣʝʚʘ) ʠ ʩʦ ʩʚʝʪʦʟʘʱʠʪʦʡ (ʩʧʨʘʚʘ). 

 

ʈʠʩ. 46. ʀʟʦʙʨʘʞʝʥʠʷ ʦʙʣʘʩʪʠ ʥʝʙʘ ʩ ʨʘʟʤʝʨʦʤ 0.5Ĭ̄0.5̄ , ʧʦʣʫʯʝʥʥʳʝ ʙʝʟ ʩʚʝʪʦʟʘʱʠʪʳ (ʩʣʝ-
ʚʘ) ʠ ʩʦ ʩʚʝʪʦʟʘʱʠʪʦʡ 

 

ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʩʚʝʪʦʟʘʱʠʪʳ ʧʨʦʚʝʜʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʦʥʦʚʘʷ ʟʘʩʚʝʪʢʘ 

ʩʥʠʟʠʣʘʩʴ ʚ ʩʨʝʜʥʝʤ ʚ 2.5 ʨʘʟʘ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʬʦʥʘ ʥʝʙʘ ʧʨʠʤʝʨʥʦ ʥʘ 1 ʟʚ. ʚʝʣ. 

 

2.6.1.2. ʉʠʩʪʝʤʘ ʩʚʝʪʦʟʘʱʠʪʳ ʜʣʷ ʧʦʣʷ ʟʨʝʥʠʷ 1.3Ĭ̄2.7̄   

 

ʆʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʪʝʣʝʩʢʦʧʘ ɸɿʊ-33ɺʄ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʜʣʷ ʧʦʣʷ ʟʨʝʥʠʷ 2ɤ=2.8Á. 

ɼʘʞʝ ʦʧʪʠʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩʚʝʪʦʟʘʱʠʪʳ ʜʣʷ ʢʨʫʛʣʦʛʦ ʧʦʣʷ ʟʨʝʥʠʷ ʪʘʢʦʛʦ ʜʠʘʤʝʪʨʘ ʜʘʝʪ 

ʮʝʥʪʨʘʣʴʥʦʝ ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʚʭʦʜʥʦʛʦ ʟʨʘʯʢʘ ʜʦ 28.6 % ʧʦ ʧʣʦʱʘʜʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʷʤʦ-

ʫʛʦʣʴʥʦʛʦ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʨʘʟʤʝʨʦʤ 124Ĭ260 ʤʤ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʦʣʝ ʟʨʝʥʠʷ 1.3Ĭ̄2.7̄ ) 

ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʵʢʨʘʥʠʨʦʚʘʥʠʝ. ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʩʚʝʪʦʟʘʱʠʪʳ, 

ʧʦʢʘʟʘʥʥʘʷ (ʨʠʩ. 47), ʚ ʢʦʪʦʨʦʡ ʢʨʘʡ ʩʚʝʪʦʟʘʱʠʪʥʦʡ ʪʨʫʙʢʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʛʣʘʚ-

ʥʦʛʦ ʟʝʨʢʘʣʘ ʠ ʙʣʝʥʜʳ ʥʘ ʚʪʦʨʠʯʥʦʤ ʟʝʨʢʘʣʝ ʠʤʝʶʪ ʣʝʧʝʩʪʢʦʚʫʶ ʬʦʨʤʫ, ʢʦʪʦʨʘʷ ʜʘʝʪ ʟʘ-

ʤʝʪʥʳʡ ʚʳʠʛʨʳʰ ʚ ʵʢʨʘʥʠʨʦʚʘʥʠʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʣʫʯʰʝʥʥʫʶ ʯʘʩʪʦʪʥʦ-ʢʦʥʪʨʘʩʪʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʠ ʜʘʞʝ ʚʳʠʛʨʳʰ ʧʦ ʧʨʦʥʠʮʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

 

 

 

 



50 

    

ʈʠʩ. 47. ʄʦʜʝʣʴ ʩʠʩʪʝʤʳ ʩʚʝʪʦʟʘʱʠʪʳ ʪʝʣʝʩʢʦʧʘ ɸɿʊ-33ɺʄ ʜʣʷ ʧʦʣʷ ʟʨʝʥʠʷ 1.3Ĭ̄2.7̄  (ʩʣʝ-
ʚʘ); ʨʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʧʨʷʤʦʡ ʟʘʩʚʝʪʢʠ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚ ʧʨʦʛʨʘʤʤʝ ZEMAX, ʙʝʣʳʤ ʧʨʷʤʦ-
ʫʛʦʣʴʥʠʢʦʤ ʧʦʢʘʟʘʥ ʢʦʥʪʫʨ ʬʦʪʦʧʨʠʝʤʥʠʢʘ 

  

2.6.2. ʆʙʟʦʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʦʧʪʠ-

ʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ 

 

2.6.2.1. ʄʝʪʦʜʠʢʘ ʥʘʙʣʶʜʝʥʠʡ 

 

ʀʩʭʦʜʷ ʠʟ ʠʤʝʶʱʠʭʩʷ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʣʝʜʫʶʱʘʷ ʤʝʪʦʜʠʢʘ, ʢʦʪʦʨʘʷ ʩ 

ʥʝʙʦʣʴʰʠʤʠ ʚʘʨʠʘʮʠʷʤʠ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʟʦʨʥʳʭ ʥʘʙʣʶʜʝʥʠʷʭ ɻʉʆ [2, 3].  

1. ʀʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩ ʧʦʩʪʦʷʥʥʦʡ ʵʢʩʧʦʟʠʮʠʝʡ 10 ʩ ʙʝʟ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʪʝ-

ʣʝʩʢʦʧʦʤ, ʪ. ʝ. ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʯʘʩʦʚʦʤ ʫʛʣʝ HA. 

2. ʀʟʤʝʨʷʣʘʩʴ ʦʙʣʘʩʪʴ ɻʉʆ ʚʙʣʠʟʠ ʧʨʦʪʠʚʦʩʦʣʥʝʯʥʦʡ ʪʦʯʢʠ ʠ ʚʥʝ ʪʝʥʠ ɿʝʤʣʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʙʣʝʩʢʘ ʦʙʲʝʢʪʦʚ ʚʙʣʠʟʠ ʥʫʣʝʚʦʛʦ ʬʘʟʦʚʦʛʦ ʫʛʣʘ. 

3. ɺʳʙʠʨʘʣʠʩʴ ʧʨʦʠʟʚʦʣʴʥʳʝ ʦʙʣʘʩʪʠ ʚʙʣʠʟʠ ʟʝʤʥʦʛʦ ʵʢʚʘʪʦʨʘ (ʜʣʷ ʰʠʨʦʪʳ ʦʙʩʝʨ-

ʚʘʪʦʨʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʛʣʫ ʩʢʣʦʥʝʥʠʷ DECº ï7.5̄ ). 

4. ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠʷʴ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʢʘʜʨʦʚ 

ʧʨʦʚʦʜʠʣʘʩʴ ʣʠʙʦ ʧʘʨʘʣʣʝʣʴʥʦ ʙʝʟ ʧʨʝʨʳʚʘʥʠʷ ʠʟʤʝʨʝʥʠʡ, ʣʠʙʦ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʠʟʤʝʨʝʥʠʡ. 

ʆʙʱʘʷ ʩʭʝʤʘ ʦʙʟʦʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 48. ʅʘ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʯʘʩʦʚʦʤ 

ʫʛʣʝ HA ʠʟʤʝʨʷʣʘʩʴ ʧʦʣʦʩʘ ʠʟ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʧʦ ʩʢʣʦʥʝʥʠʶ DEC ʧʦʣʝʡ ʟʨʝʥʠʷ. ɺʩʝʛʦ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʦʪ 2 ʜʦ 7 ʧʦʚʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʵʪʠʭ ʜʚʫʭ ʧʦʣʝʡ, ʧʦʩʣʝ ʯʝʛʦ ʪʝʣʝʩʢʦʧ ʩʜʚʠ-

ʛʘʣʩʷ ʧʦ ʯʘʩʦʚʦʤʫ ʫʛʣʫ ʥʘ ʨʘʟʤʝʨ ʧʦʣʷ ʠ ʮʠʢʣ ʠʟʤʝʨʝʥʠʡ ʧʨʦʠʟʚʦʜʠʣʩʷ ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ 

ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ HA. 

 

ʈʠʩ. 48. ʉʭʝʤʘ ʦʙʟʦʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ; ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʰʪʨʠʭʠ ʥʘ ʢʘʜʨʘʭ ï ʩʣʝʜʳ ʟʚʝʟʜ, ʦʚʘ-

ʣʘʤʠ ʠ ʢʨʫʞʢʘʤʠ ʦʪʤʝʯʝʥʳ ʦʙʥʘʨʫʞʝʥʥʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ 
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2.6.2.2. ʆʧʨʝʜʝʣʝʥʠʝ ʦʨʙʠʪ ʦʙʲʝʢʪʦʚ ʂʄ 

 

Cʝʩʩʠʷ ʥʘʙʣʶʜʝʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʜʝʢʘʙʨʷ 2016 ʧʦ ʤʘʨʪ 2017 ʛ. ʚ ʪʝʯʝʥʠʝ ~40 ʥʦʯʝʡ. 

ʆʙʥʘʨʫʞʝʥʥʳʡ ʚ ʧʨʦʮʝʩʩʝ ʦʙʟʦʨʘ ʦʙʲʝʢʪ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦʤʝʯʘʣʩʷ 

ʥʘ ʢʘʜʨʝ, ʠ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʝʛʦ ʙʳʩʪʨʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ (ʩʨʘʚʥʝʥʠʝ ʩ ʢʘʪʘʣʦʛʦʤ). ɺ ʩʣʫʯʘʝ 

ʧʦʜʦʟʨʝʥʠʷ ʥʘ ʦʙʥʘʨʫʞʝʥʠʝ ʥʝʢʘʪʘʣʦʛʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ʵʪʦʪ ʦʙʲʝʢʪ ʙʨʘʣʩʷ ʥʘ ʩʦʧʨʦ-

ʚʦʞʜʝʥʠʝ ʪʝʣʝʩʢʦʧʦʤ, ʜʣʷ ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʦ, ʢʘʢ ʤʠʥʠʤʫʤ, ʜʚʘ ʠʟʤʝʨʝʥʠʷ. ɼʘʣʝʝ ʦʙʲʝʢʪ 

ʠʟʤʝʨʷʣʩʷ ʥʘ ʩʦʧʨʦʚʦʞʜʝʥʠʠ, ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʡ (ʦʩʦʙʝʥʥʦ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ) ʩʢʦ-

ʨʦʩʪʴ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʢʦʨʨʝʢʪʠʨʦʚʘʣʘʩʴ. ʇʦʣʫʯʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʠ ʨʘʩ-

ʩʯʠʪʳʚʘʣʠʩʴ ʵʬʝʤʝʨʠʜʳ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʠʟʤʝʨʝʥʠʡ. ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʦʨʙʠʪʳ ʠʟʤʝʨʝʥʠʷ 

ʦʙʲʝʢʪʘ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʫ ʞʝ ʠ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʥʦʯʠ. 

ɺʩʝʛʦ ʟʘ ʚʪʦʨʫʶ ʩʝʩʩʠʶ ʥʘʙʣʶʜʝʥʠʡ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 55 ʥʝʢʘʪʘʣʦʛʠʟʠʨʦʚʘʥʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʳ ʠʭ ʧʝʨʚʠʯʥʳʝ ʦʨʙʠʪʳ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʣʘʥʠʨʦʚʘʪʴ ʧʦ-

ʩʣʝʜʫʶʱʠʝ ʥʘʙʣʶʜʝʥʠʷ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʙʳʣʠ ʧʦʪʝʨʷʥʳ ʧʦʩʣʝ ʠʭ ʦʙʥʘʨʫʞʝ-

ʥʠʷ. ɼʣʷ 29 ʦʙʲʝʢʪʦʚ ʫʜʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʜʦʩʪʦʚʝʨʥʳʝ ʦʨʙʠʪʳ ʧʦ ʠʟʤʝʨʝʥʠʷʤ 

ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʥʦʯʝʡ.  

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʙʠʪ ʜʣʷ 29 ʥʝʢʘʪʘʣʦʛʠʟʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩ. 49. 

 

ʈʠʩ. 49. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʙʠʪ ʜʣʷ 29 ʦʙʥʘʨʫʞʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʥʘʢʣʦʥʝ-
ʥʠʝ ð ʜʦʣʛʦʪʘ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ (ʩʣʝʚʘ) ʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ ð ɻ ʢʩʮʝʥʪʨʠʩʠʪʝʪ 

 

ɺʩʝʛʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 18 ʦʙʲʝʢʪʦʚ ʥʘ ʛʝʦʩʠʥʭʨʦʥʥʳʭ ʦʨʙʠʪʘʭ (e <0.25, a >36000 ʢʤ, 

i<25̄ ) ʠ 11 ʦʙʲʝʢʪʦʚ ʥʘ ʚʳʩʦʢʦʵʣʣʠʧʪʠʯʝʩʢʠʭ ʦʨʙʠʪʘʭ.  

ɼʣʷ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʠ ʢ ʤʘʩʩʝ (ʆʇʄ). 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 50. 

 

ʈʠʩ. 50. ʆʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʠ ʢ ʤʘʩʩʝ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʜʣʷ ʦʙʥʘʨʫʞʝʥʥʳʭ ʦʙʲʝʢʪʦʚ 

 

ɺʝʣʠʯʠʥʳ ʆʇʄ ʥʘʭʦʜʷʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʚʧʣʦʪʴ ʜʦ 40 ʤ
2
/ʢʛ. ɿʥʘʯʠ-

ʪʝʣʴʥʦʝ ʯʠʩʣʦ ʦʙʲʝʢʪʦʚ (18 ʠʟ 29) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʆʇʄ >1.0 ʤ
2
/ʢʛ 

ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʚʦʣʶʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ, ʦʙʫʩʣʦʚ-

ʣʝʥʥʦʡ ʩʚʝʪʦʚʳʤ ʜʘʚʣʝʥʠʝʤ.  



52 

2.6.2.3. ʉʨʘʚʥʝʥʠʝ ʩ ʠʟʚʝʩʪʥʳʤʠ ʨʘʟʨʫʰʝʥʠʷʤʠ ʂɸ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʫʰʝʥʠʡ ʂɸ ʦʙʳʯʥʦ ʦʙʨʘʟʫʝʪʩʷ ʛʨʫʧʧʘ ʢʦʩʤʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ ʩ ʙʣʠʟʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʨʙʠʪ. ʇʦʣʫʯʝʥʥʳʝ ʦʨʙʠʪʳ ʜʣʷ 29 ʦʙʥʘʨʫʞʝʥʥʳʭ ʦʙʲʝʢ-

ʪʦʚ ʙʳʣʠ ʩʨʘʚʥʝʥʳ ʩ ʠʟʚʝʩʪʥʳʤʠ ʦʨʙʠʪʘʤʠ ʨʘʟʨʫʰʝʥʥʳʭ ʂɸ ʚ ʦʙʣʘʩʪʠ ɻʉʆ. ʂʘʢ ʦʢʘʟʘʣʦʩʴ, 

ʩʨʝʜʠ ʠʟʤʝʨʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʦʜʠʥ ʦʙʲʝʢʪ (ʚʥʫʪʨʝʥʥʠʡ ʥʦʤʝʨ ˉ 70010) ʠʤʝʝʪ ʧʘʨʘʤʝʪʨ,r 

ʙʣʠʟʢʠʝ ʦʨʙʠʪʝ ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʪʝʣʘ ʂɸ çʕʢʨʘʥ-2è (  ̄10365 ʚ ʢʘʪʘʣʦʛʝ NORAD), ʢʦʪʦʨʳʡ 

ʧʦʜʚʝʨʛʩʷ ʨʘʟʨʫʰʝʥʠʶ ʚ ʠʶʥʝ 1978 ʛ. ɺ ʪʘʙʣ. 7 ʧʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ ʦʨʙʠʪ ʠ ʚʝʣʠʯʠʥʳ 

ʙʣʝʩʢʘ ʠʟʚʝʩʪʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʨʘʟʨʫʰʝʥʠʷ ʂɸ çʕʢʨʘʥ-2è ʠ ʚʥʦʚʴ ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʦʙʲʝʢʪʘ. 

ʊʘʙʣʠʮʘ 7. ʇʘʨʘʤʝʪʨʳ ʦʨʙʠʪ ʬʨʘʛʤʝʥʪʦʚ ʨʘʟʨʫʰʝʥʠʷ ʂɸ çʕʢʨʘʥ-2è 

ʌʨʘʛʤʝʥʪʳ 

ʨʘʟʨʫʰʝʥʠʷ 

ʂɸ çʕʢʨʘʥ-2è 

ˉ ʦʙʲʝʢʪʘ 

NORAD 
ɼɺʋ,  ̄ i, ̄  a, ʢʤ e 

ʇʝʨʠʦʜ, 

ʤʠʥ 

ʉʨʝʜʥʠʡ 

ʙʣʝʩʢ,  

ʟʚ. ʚʝʣ. 

ʈʦʜʠʪʝʣʴʩʢʦʝ 

ʪʝʣʦ 
10365 317.8 11.9 42158 0.00306 1435.6 12.6 

 11581 317.5 11.8 42159 0.00147 1435.7 13.3 

 12996 317.9 11.9 42227 0.00152 1439.1 14.3 

 29014 317.5 11.8 42211 0.00180 1438.4 14.1 

ʆʙʥʘʨʫʞʝʥʥʳʡ 

ʦʙʲʝʢʪ 

(ʚʥʫʪʨʝʥʥʠʡ 

ʥʦʤʝʨ 70010) 

  

317.8 

 

11.9 

 

42149 

 

0.00586 

 

1435.0 

 

18.4 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʣʛʦʪʘ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ, ʘ ʪʘʢʞʝ ʥʘʢʣʦʥʝʥʠʝ ʦʨʙʠʪʳ ʦʙʥʘ-

ʨʫʞʝʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʦʯʝʥʴ ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʶʪ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʜʠ-

ʪʝʣʴʩʢʦʛʦ ʪʝʣʘ çʕʢʨʘʥ-2è. ʇʘʨʘʤʝʪʨ ʆʇʄ ʜʣʷ ʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩʦʩʪʘʚʠʣ 0.25 ʤ
2
/ʢʛ.  

 

2.6.3. ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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ʉ. 48ï51. 

2. Schildknecht T. Optical surveys for space debris // Astron. Astrophys. Rev. 2007. V. 14. 

P. 41ï111. 

3. Seitzer P., Smith R., Africano J., Jorgensen K., Stansbery E., Monet D. Modest observa-

tions of space debris at geosynchronous orbit // Adv. Space Res. 2004. V. 34, is. 5. P. 1139ï1142. 

 

2.7. ɼʠʘʛʥʦʩʪʠʢʘ ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜʳ ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 

ʠ ʢʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ ʚ ʛʝʣʠʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʘʭ ʧʦ ʥʘʟʝʤʥʳʤ ʠ ʩʪʨʘʪʦʩʬʝʨʥʳʤ 

ʥʘʙʣʶʜʝʥʠʷʤ 

 

2.7.1. ɸʥʘʣʠʟ ʬʦʨʙʫʰ-ʵʬʬʝʢʪʘ ʚ ʤʘʨʪʝ 2015 ʛ.  

 

2.7.1.1. ʉʧʝʢʪʨʳ ʚʘʨʠʘʮʠʡ ʠ ʘʥʠʟʦʪʨʦʧʠʷ ʂʃ 

 

ɺʦʟʤʫʱʝʥʠʷ ʉɺ ʟʘ ʩʯʝʪ ʧʨʦʮʝʩʩʦʚ ʚ ʦʙʣʘʩʪʠ ʭʨʦʤʦʩʬʝʨʥʳʭ ʚʩʧʳʰʝʢ ʥʘ ʉʦʣʥʮʝ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʦʨʦʥʘʣʴʥʳʤʠ ʚʳʙʨʦʩʘʤʠ ʤʘʩʩʳ (ʂɺʄ), ʚʦʟʜʝʡʩʪʚʫʶʪ 

ʥʘ ʧʨʦʥʠʢʘʶʱʠʝ ʚ ʛʝʣʠʦʩʬʝʨʫ ʧʦʪʦʢʠ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʂʃ ʠ ʧʨʠʚʦʜʷʪ ʢ ʩʧʦʨʘʜʠʯʝʩʢʠʤ ʚʘ-

ʨʠʘʮʠʷʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʂʃ. ʂ ʪʘʢʠʤ ʚʘʨʠʘʮʠʷʤ ʦʪʥʦʩʷʪʩʷ ʬʦʨʙʫʰ-ʵʬʬʝʢʪʳ (ʠʟʤʝʥʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʠ ʘʥʠʟʦʪʨʦʧʠʠ ʂʃ ʚ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʚʦʟʤʫʱʝʥʠʷʭ ʉɺ [2]. ʕʪʠ ʷʚʣʝʥʠʷ ʜʦ-
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ʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʝ, ʥʫʞʜʘʶʱʠʝʩʷ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʧʦʜʭʦʜʝ ʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʚʦ-

ʧʨʦʩ ʠʭ ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠ ̫ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ.  

ʀʩʩʣʝʜʦʚʘʥ ʬʦʨʙʫʰ-ʵʬʬʝʢʪ, ʥʘʙʣʶʜʘʚʰʠʡʩʷ 15ï24 ʤʘʨʪʘ 2015 ʛ. ʥʘ ʬʦʥʝ ʩʠʣʴʥʦʡ 

ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ.  

 

ʈʠʩ. 51. ʄʦʜʫʣʴ ʄʄʇ, Bz-ʢʦʤʧʦʥʝʥʪʘ, ʩʢʦʨʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʣʦʪʥʦʩʪʴ ʉɺ (ʘïʜ); ʚʘʨʠʘʮʠʠ 
ʠʟʦʪʨʦʧʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʝʨʚʠʯʥʳʭ ʂʃ ʩ ʞʝʩʪʢʦʩʪʴʶ 4 ɻɺ (ʪʦʥʢʘʷ ʢʨʠʚʘʷ) ʠ 10 ɻɺ 
(ʪʦʣʩʪʘʷ ʢʨʠʚʘʷ) (ʝ); ʘʤʧʣʠʪʫʜʳ ʧʝʨʚʦʡ A1 ʠ ʚʪʦʨʦʡ A2 ʛʘʨʤʦʥʠʢ ʧʠʪʯ-ʫʛʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʂʃ ʩ ʞʝʩʪʢʦʩʪʴʶ 4 ɻɺ (ʞ, ʟ) 

 

ʆʪʩʫʪʩʪʚʠʝ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʂʃ ʚ ʩʦʙʳʪʠʠ 14ï25 ʤʘʨʪʘ 2017 ʛ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʚ ʉɺ ʥʝ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʧʝʪʣʝʦʙʨʘʟʥʘʷ ʩʪʨʫʢʪʫʨʘ ʄʄʇ ʅʘ 

ʨʠʩ. 52 ʧʨʝʜʩʪʘʚʣʝʥʳ ʞʝʩʪʢʦʩʪʥʳʝ ʩʧʝʢʪʨʳ ʘʤʧʣʠʪʫʜ ʚʘʨʠʘʮʠʡ ʧʝʨʚʠʯʥʳʭ ʂʃ ʚ ʦʪʜʝʣʴ-

ʥʳʝ ʤʦʤʝʥʪʳ ʨʘʟʚʠʪʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʞʝʩʪ-

ʢʦʩʪʥʦʛʦ ʩʧʝʢʪʨʘ ʚʘʨʠʘʮʠʡ ʂʃ ʥʘ ʨʘʟʥʳʭ ʬʘʟʘʭ ʨʘʟʚʠʪʠʷ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷ. ʀʟʤʝʥʝʥʠʷ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ ʂʃ ʚʦ ʚʨʝʤʷ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʬʘʟʳ: ʩʧʘʜ ð ʠʥʪʝʨʚʘʣ 

ʦʪ ʥʘʯʘʣʘ ʫʤʝʥʴʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʂʃ ʜʦ ʝʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ; ʤʘʢʩʠʤʘʣʴʥʘ ̫

ʤʦʜʫʣʷʮʠ̫ ð ʠʥʪʝʨʚʘʣ ʦʪ ʤʦʤʝʥʪʘ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʦ ʥʘʯʘʣʘ ʝʝ 

ʚʦʟʨʘʩʪʘʥʠʷ; ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ð ʠʥʪʝʨʚʘʣ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʪʝʤʧ ʩʯʝʪʘ ʨʘʩʪʝʪ ʜʦ ʠʩʭʦʜ-

ʥʦʛʦ ʫʨʦʚʥʷ. ɺʠʜʥʦ, ʯʪʦ ʞʝʩʪʢʦʩʪʥʳʝ ʩʧʝʢʪʨʳ ʘʤʧʣʠʪʫʜ ʚʘʨʠʘʮʠʡ ʜʣʷ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷ ʚ 

ʤʘʨʪʝ 2015 ʛ. ʥʝʣʴʟʷ ʦʧʠʩʘʪʴ ʩʪʝʧʝʥʥʦʡ ʬʫʥʢʮʠʝʡ ʞʝʩʪʢʦʩʪʠ ʚ ʞʝʩʪʢʦʩʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ~2ï

50 ɻɺ. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʞʝʩʪʢʦʩʪʥʦʛʦ ʩʧʝʢʪʨʘ ʩʪʝʧʝʥʥʦʡ ʬʫʥʢʮʠʝʡ ʞʝʩʪʢʦʩʪʠ ʯʘʩʪʠʮ ʚʦʟ-

ʤʦʞʥʘ ʣʠʰʴ ʧʨʠ ʞʝʩʪʢʦʩʪʷʭ ʚʳʰʝ ~10 ɻɺ.  
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ʈʠʩ. 52. ɾʝʩʪʢʦʩʪʥʳʝ ʩʧʝʢʪʨʳ ʚʘʨʠʘʮʠʡ ʧʝʨʚʠʯʥʳʭ ʂʃ ʥʘ ʨʘʟʥʳʭ ʬʘʟʘʭ ʨʘʟʚʠʪʠʷ ʠʩʩʣʝʜʫʝʤʳʭ 
ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ ʚ ʤʘʨʪʝ 2015 ʛ. 

 

ɺ ʪʘʙʣ. 8. ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ ɔ ʧʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʞʝʩʪʢʦʩʪʥʳʭ ʩʧʝʢʪʨʦʚ ʚʘʨʠʘʮʠʡ ʩʪʝʧʝʥʥʦʡ ʬʫʥʢʮʠʝʡ ʞʝʩʪʢʦʩʪʠ ʯʘʩʪʠʮ ʚ ʜʠʘʧʘʟʦʥʝ ʞʝʩʪ-

ʢʦʩʪʝʡ 10ï50 ɻɺ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʩʦʙʳʪʠʡ.  

 

ʊʘʙʣʠʮʘ 8. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʩʪʝʧʝʥʠ g ʜʣʷ ʬʦʨʙʫʰ-ʵʬʬʝʢʪʘ ʚ ʤʘʨʪʝ 2015 ʛ.  

ʧʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʞʝʩʪʢʦʩʪʥʳʭ ʩʧʝʢʪʨʦʚ ʚʘʨʠʘʮʠʡ ʩʪʝʧʝʥʥʦʡ ʬʫʥʢʮʠʝʡ ʞʝʩʪʢʦʩʪʠ ʯʘʩʪʠʮ  

ʚ ʜʠʘʧʘʟʦʥʝ ʞʝʩʪʢʦʩʪʝʡ 10ï50 ɻɺ 

ɼʘʪʘ ʩʦʙʳʪʠ ̫ ʌʘʟʘ ʨʘʟʚʠʪʠʷ ʬʦʨʙʫʰ-ʵʬʬʝʢʪʘ 

ʉʧʘʜ ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʦʜʫʣʷʮʠʷ ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ 

17.03ï24.03.2015 ʛ. ï0.86 ï1.14 ï0.74 

ɺʠʜʥʦ, ʯʪʦ ʜʣʷ ʞʝʩʪʢʦʩʪʥʳʭ ʩʧʝʢʪʨʦʚ ʚʘʨʠʘʮʠʡ ʂʃ ʚ ʠʥʪʝʨʚʘʣʝ ʞʝʩʪʢʦʩʪʝʡ ʦʪ 10ï50 

ɻɺ ʜʣʷ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷ ʚ ʤʘʨʪʝ 2015 ʛ. ʥʘ ʬʘʟʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʜʫʣʷʮʠʠ ʧʦʢʘʟʘʪʝʣʴ 

ʩʧʝʢʪʨʘ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʬʘʟʘʭ ʩʧʘʜʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʂʃ. ʅʘʙʣʶʜʘʝʪʩʷ 

ʩʤʷʛʯʝʥʠʝ ʩʧʝʢʪʨʘ ʚ ʤʠʥʠʤʫʤʝ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦ-

ʣʫʯʝʥʥʳʤʠ ʥʘʤʠ ʨʘʥʝʝ [3]. ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘʣʠʯʠʝ ʤʷʛʢʦʛʦ ʩʧʝʢʪʨʘ ʚ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʜʫ-

ʣʷʮʠʠ ʬʦʨʙʫʰ-ʵʬʬʝʢʪʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʦʜʥʘʢʦ ʵʪʦ ʟʘʢʣʶʯʝʥʠʝ ʧʨʦʪʠ-

ʚʦʨʝʯʠʪ ʚʳʚʦʜʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʨʘʙʦʪʝ [4]. ʊʘʢʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʚ ʦʮʝʥʢʘʭ ʦʙʲʷʩʥʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʘʚʪʦʨʳ ʨʘʙʦʪʳ [4] ʦʰʠʙʦʯʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʧʝʢʪʨ ʩʪʝʧʝʥʥʦʡ ʬʫʥʢʮʠʝʡ ʚ ʰʠʨʦ-

ʢʦʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʞʝʩʪʢʦʩʪʝʡ >1 ɻɺ. 

ʅʘ ʨʠʩ. 53 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʂʃ ʜʣʷ ʯʘʩʪʠʮ ʩ 

ʞʝʩʪʢʦʩʪʷʤʠ 4 ɻɺ ʚ ʩʦʣʥʝʯʥʦ-ʵʢʣʠʧʪʠʯʝʩʢʦʡ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʥʘ ʨʘʟ-

ʥʳʭ ʬʘʟʘʭ ʨʘʟʚʠʪʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ (ʩʧʘʜ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʤʘʢʩʠʤʘʣʴʥʘ ̫

ʤʦʜʫʣʷʮʠ ̫ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ). ɺʠʜʥʦ, ʯʪʦ ʧʝʨʚʘʷ ʛʘʨʤʦʥʠʢʘ ʜʦʤʠʥʠʨʫʝʪ 

ʥʘ ʬʘʟʘʭ ʩʧʘʜʘ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʜʫʣʷʮʠʠ ʂʃ ʤʘʨʪʦʚʩʢʦʛʦ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷ. ʅʝʙʦʣʴ-

ʰʘʷ ʜʚʫʥʘʧʨʘʚʣʝʥʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʦʪʤʝʯʝʥʘ ʪʦʣʴʢʦ ʥʘ ʬʘʟʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʦʨʙʫʰ-

ʧʦʥʠʞʝʥʠʷ ʚ ʤʘʨʪʝ. 

 

ʈʠʩ. 53. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʂʃ ʜʣʷ ʯʘʩʪʠʮ ʩ ʞʝʩʪʢʦʩʪʷʤʠ 4 ɻɺ ʚ ʩʦʣʥʝʯ-
ʥʦ-ʵʢʣʠʧʪʠʯʝʩʢʦʡ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʥʘ ʨʘʟʥʳʭ ʬʘʟʘʭ ʨʘʟʚʠʪʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʬʦʨ-
ʙʫ-hʧʦʥʠʞʝʥʠʡ 
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ʆʪʩʫʪʩʪʚʠʝ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʂʃ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʤʦʜʫʣʷʮʠʠ ʂʃ ʨʝʛʫ-

ʣʷʨʥʳʤʠ ʧʦʣʷʤʠ ʛʝʣʠʦʩʬʝʨʳ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʪʝʤ, ʯʪʦ ʚ ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜʝ ʥʝ 

ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʧʝʪʣʝʦʙʨʘʟʥʘʷ ʩʪʨʫʢʪʫʨʘ ʄʄʇ, ʷʚʣʷʶʱʘʷʩʷ ʤʘʛʥʠʪʥʦʡ ʣʦʚʫʰʢʦʡ. 

 

2.7.1.2. ʄʘʛʥʠʪʦʩʬʝʨʥʳʝ ʪʦʢʦʚʳʝ ʩʠʩʪʝʤʳ ʥʘ ʨʘʟʥʳʭ ʬʘʟʘʭ ʨʘʟʚʠʪʠʷ ʙʫʨʠ 

 

ʅʘ ʨʠʩ. 54 ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʤʧʣʠʪʫʜʳ ʚʘʨʠʘʮʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʂʃ ʠ ʚʨʝʤʝʥʥʦʡ ʭʦʜ 

ʠʟʤʝʥʝʥʠʡ ɾɻʆ ʚ ʀʨʢʫʪʩʢʝ (DRc ʧʨʠ ɾɻʆ Rc=3.66 ɻɺ) (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʩʦʚʤʝʩʪʥʦ ʩ Dst-

ʠʥʜʝʢʩʦʤ (ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ) ʜʣʷ ʩʦʙʳʪʠʡ ʚ ʤʘʨʪʝ 2015 ʛ. ɺʠʜʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʦʪ-

ʚʝʪʩʪʚʠʝ ʚʨʝʤʝʥʥʳʭ ʭʦʜʦʚ DRc ʠ Dst ʜʣʷ ʧʝʨʠʦʜʘ 16ï22 ʤʘʨʪʘ 2015 ʛ. ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʨ-

ʨʝʣʷʮʠʠ ~0.75.  

ʅʘ ʨʠʩ. 55ï57 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ɾɻʆ ʦʪ ʞʝʩʪʢʦʩʪʠ ʛʝʦʤʘʛʥʠʪ-

ʥʦʛʦ ʦʙʨʝʟʘʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʩʪʘʜʠʡ ʨʘʟʚʠʪʠʷ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ ʚ ʤʘʨʪʝ 2015 ʛ., ʨʘʩʩʯʠʪʘʥʥʳʭ 

ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʂʃ ʥʘ ʤʠʨʦʚʦʡ ʩʝʪʠ ʩʪʘʥʮʠʡ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ), ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘ-

ʪʳ ʨʘʩʯʝʪʘ ʠʟʤʝʥʝʥʠʡ ɾɻʆ ʧʦ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʤʦʜʝʣʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʳ ʩ 

ʢʦʣʴʮʝʚʳʤ ʪʦʢʦʤ [6] (ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ). ʅʘ ʦʪʜʝʣʴʥʳʭ ʧʘʥʝʣʷʭ ʧʦʢʘʟʘʥʳ ʜʘʪʳ ʠ ʤʠʨʦʚʦʝ 

ʚʨʝʤʷ, ʜʣʷ ʵʪʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ (rc ð ʨʘʜʠʫʩ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ, rm ð ʨʘ-

ʜʠʫʩ ʤʘʛʥʠʪʦʩʬʝʨʳ ʠ ʨʘʩʩʯʠʪʘʥʥʳʡ Dstcal-ʠʥʜʝʢʩ) ʪʦʢʦʚʳʭ ʩʠʩʪʝʤ ʚ ʤʦʜʝʣʠ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʤʘʛʥʠʪʦʩʬʝʨʳ ʩ ʢʦʣʴʮʝʚʳʤ ʪʦʢʦʤ, ʧʨʠ ʢʦʪʦʨʳʭ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦ ʜʘʥʥʦʡ ʤʦʜʝʣʠ 

ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ ʠʟʤʝʥʝʥʠʡ ɾɻʆ ʧʦ ʜʘʥʥʳʤ ʤʠʨʦʚʦʡ ʩʝʪʠ ʩʪʘʥʮʠʡ 

ʂʃ; ʧʨʠʚʝʜʝʥʳ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʤʳʝ ʟʥʘʯʝʥʠʷ Dst-ʠʥʜʝʢʩʘ. 

ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʘʭ ʪʦʢʦʚʳʭ ʩʠʩʪʝʤ ʠʟʤʝʥʝʥʠʷ ɾɻʆ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ 

ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʂʃ ʥʘ ʤʠʨʦʚʦʡ ʩʝʪʠ ʩʪʘʥʮʠʡ ʠ ʧʦ ʤʦʜʝʣʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʳ 

ʩ ʢʦʣʴʮʝʚʳʤ ʪʦʢʦʤ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʩʦʛʣʘʩʫʶʪʩʷ ʟʘ ʠʩʢʣʶʯʝ-

ʥʠʝʤ ʥʝʢʦʪʦʨʳʭ ʧʝʨʠʦʜʦʚ ʛʣʘʚʥʦʡ ʬʘʟʳ ʠ ʙʣʠʟʢʠʭ ʢ ʥʝʡ ʧʝʨʠʦʜʦʚ ʧʨʠʚʝʜʝʥʥʳʭ ʤʘʛʥʠʪ-

ʥʳʭ ʙʫʨʴ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʠ ʥʘʙʣʶʜʘʝʤʳʝ Dst-ʠʥʜʝʢʩʳ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʦʪ ʥʝ-

ʩʢʦʣʴʢʠʭ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʥʊʣ. ʉʨʝʜʥʠʝ ʨʘʜʠʫʩʳ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ ʚ ʝʜʠʥʠʮʘʭ ʨʘ-

ʜʠʫʩʘ ɿʝʤʣʠ ʚ 5ï7 ʧʨʠʤʝʨʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 9. 

 

ʈʠʩ. 54. ɸʤʧʣʠʪʫʜʳ ʚʘʨʠʘʮʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʂʃ (DI/I) (ʚʝʨʭʥʷʷ ʧʘʥʝʣʴ) ʠ ʚʨʝʤʝʥʥʦʡ ʭʦʜ ʠʟʤʝ-

ʥʝʥʠʡ ɾɻʆ (DRc) ʚ ʀʨʢʫʪʩʢʝ (Rc=3.66 ɻɺ) (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʩʦʚʤʝʩʪʥʦ ʩ Dst-ʠʥʜʝʢʩʦʤ (ʰʪʨʠʭʦʚʘʷ 
ʣʠʥʠʷ) (ʥʠʞʥʷʷ ʧʘʥʝʣʴ) ʜʣʷ ʩʦʙʳʪʠʷ ʚ ʤʘʨʪʝ 2015 ʛ. 
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ʈʠʩ. 55. ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ɾɻʆ ʦʪ ɾɻʆ ʜʣʷ ʥʘʯʘʣʴʥʦʡ ʬʘʟ rʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ ʚ ʤʘʨʪʝ 

2015 ʛ. ʉʧʣʦʰʥʘʷ ʣʠʥʠʷ ð ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʤʠʨʦʚʦʡ ʩʝʪʠ ʩʪʘʥʮʠʡ ʂʃ ʤʝʪʦʜʦʤ 

ʉɻʉ, ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ ð ʨʘʩʯʝʪ ʧʦ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʤʦʜʝʣʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʳ ʩ ʢʦʣʴʮʝ-

ʚʳʤ ʪʦʢʦʤ. ʐʪʨʠʭ-ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ð ʚʢʣʘʜ ʚ ʠʟʤʝʥʝʥʠʷ ɾɻʆ ʦʪ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʤʦʜʝʣʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʳ. 

 

ʈʠʩ. 56. ʊʦ ʞʝ, ʯʪʦ ʥʘ ʨʠʩ. 55, ʜʣʷ ʛʣʘʚʥʦʡ ʬʘʟʳ ʙʫʨʠ ʚ ʤʘʨʪʝ 2015 ʛ.  
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ʈʠʩ. 57. ʊʦ ʞʝ, ʯʪʦ ʥʘ ʨʠʩ. 55, ʜʣʷ ʬʘʟʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ ʚ ʤʘʨʪʝ 2015 ʛ.  

 
ʊʘʙʣʠʮʘ 9. ɿʥʘʯʝʥʠʷ ʩʨʝʜʥʠʭ ʨʘʜʠʫʩʦʚ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ (rʩ) ʚ ʝʜʠʥʠʮʘʭ ʨʘʜʠʫʩʘ ɿʝʤʣʠ  

ʠ ʩʨʝʜʥʝʛʦ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʧʦʜʩʦʣʥʝʯʥʦʡ ʪʦʯʢʠ (rm) ʚ ʨʘʤʢʘʭ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʤʦʜʝʣʠ  

ʦʛʨʘʥʠʯʝʥʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʳ ʜʣʷ ʨʘʟʥʳʭ ʬʘʟ ʨʘʟʚʠʪʠʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ. 

ɻʝʦʤʘʛʥʠʪʥʘʷ  

ʙʫʨʷ 

ʅʘʯʘʣʴʥʘʷ ʬʘʟʘ ɻʣʘʚʥʘʷ ʬʘʟʘ ʌʘʟʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

rʩ rm rʩ rm rʩ rm 

ʤʘʨʪ 2015 ʛ. ~4.0 ~8.6 ~3.2 ~8.5 ~4.1 ~9.0 

ɺʠʜʥʦ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʳʝ ʨʘʜʠʫʩʳ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʛʣʘʚʥʦʡ ʬʘʟʝ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʟʨʘʩʪʘʥʠʝʤ ʥʘ ʬʘʟʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʘ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 

ʧʦʜʩʦʣʥʝʯʥʦʡ ʪʦʯʢʠ ʤʠʥʠʤʘʣʴʥʦ ʥʘ ʥʘʯʘʣʴʥʳʭ ʬʘʟʘʭ ʠ ʚ ʦʪʜʝʣʴʥʳʝ ʧʝʨʠʦʜʳ ʛʣʘʚʥʦʡ ʬʘʟʳ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ. 

ʇʦ ʧʘʨʘʤʝʪʨʘʤ ʪʦʢʦʚʳʭ ʩʠʩʪʝʤ ʚ ʨʘʤʢʘʭ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʤʦʜʝʣʠ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʤʘʛʥʠʪʦʩʬʝʨʳ ɿʝʤʣʠ ʚ ʧʝʨʠʦʜʳ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʚ ʤʘʨʪʝ 2015 ʛ. ʨʘʩʩʯʠʪʘʥ ʚʢʣʘʜ ʵʬʬʝʢ-

ʪʠʚʥʦʛʦ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ ʚ ʠʟʤʝʥʝʥʠʷ ɾɻʆ. ʅʘ ʨʠʩ. 55ï57 ʵʪʦʪ ʚʢʣʘʜ ʧʨʝʜʩʪʘʚʣʝʥ ʰʪʨʠʭ-

ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ. ɺʢʣʘʜ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ ʚ ʠʟʤʝʥʝʥʠʷ ɾɻʆ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ ~50ï60 % 

ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ, ʘ ʚʢʣʘʜ ʚ ʚʝʣʠʯʠʥʫ Dst-ʠʥʜʝʢʩʘ ð ʥʝ ʤʝʥʝʝ 60ï

70 %. 

 

2.7.2. ɾʝʩʪʢʦʩʪʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʦʙʨʝʟʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ ʤʦʜʝʣʠ ʦʛʨʘʥʠ-

ʯʝʥʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʳ ʩ ʢʦʣʴʮʝʚʳʤ ʪʦʢʦʤ  

 

ʈʘʟʨʘʙʦʪʘʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʤʘʛʥʠʪʦʩʬʝʨʳ ʩ ʢʦʣʴʮʝʚʳʤ ʪʦʢʦʤ ʨʘʩʩʯʠʪʘʪʴ ʞʝʩʪʢʦʩʪʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʦʙʨʝʟʘʥʠʷ ʂʃ. 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʝ ʨʘʩʯʝʪʘ ɾɻʆ ʂʃ ʩʫʤʤʘʨʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʦʢʦʣʦʟʝʤʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ð ʵʪʦ ʩʫʤʤʘ ʧʦʣʷ ʜʠʧʦʣʷ ɿʝʤʣʠ ʠ ʧʦʣʷ ʜʚʫʭ ʩʬʝʨ ʩ ʨʘʟʥʳʤʠ ʨʘʜʠʫʩʘʤʠ, ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʳʭ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʪʝʢʫʪ ʢʦʣʴʮʝʚʳʝ ʪʦʢʠ ʩ ʚʝʣʠʯʠʥʘʤʠ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ ʢʦʩʠʥʫʩʫ ʰʠʨʦʪʳ.  
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ʆʜʥʘ ʠʟ ʩʬʝʨ ʤʦʜʝʣʠʨʫʝʪ ʢʦʣʴʮʝʚʦʡ ʪʦʢ ʟʘʧʘʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠ,̫ ʜʨʫʛʘʷ ð ʪʦʢʠ ʧʦ 

ʤʘʛʥʠʪʦʧʘʫʟʝ ʚʦʩʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠ.̫ ʇʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ 

ʜʣʷ ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

 

2.7.3. ʀʟʫʯʝʥʠʝ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʣʝʥʪ ʩʚʝʯʝʥʠʷ ʚʩʧʳʰʝʢ ʚ ʩʚʷʟʠ ʩ ʬʠʟʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʢʘʭ 

 

ʅʘ ʙʘʟʝ ʥʘʙʣʶʜʝʥʠʡ ʚ ɹɸʆ ʀʉɿʌ ʈɸʅ ʚʦ ʚʨʝʤʷ ʚʩʧʳʰʢʠ 16 ʤʘʨʪʘ 1981 ʛ. ʚʳʷʚʣʝʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʵʤʠʩʩʠʠ ʣʝʥʪ ʚʩʧʳʰʝʢ ʧʦ ʢʦʣʝʙʘʥʠʷʤ ʧʣʦʱʘʜʠ ʠ ʷʨʢʦʩʪʠ 

ʣʝʥʪ ʵʤʠʩʩʠʠ (ʩʤ. ʨʠʩ. 58). ʇʨʝʜʩʪʘʚʣʝʥʘ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘ ʦʩʥʦʚʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ ʚ 

ʧʣʘʟʤʝ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʚʩʧʳʰʢʠ. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚʩʧʳʰʢʠ ʥʘ ʉʦʣʥʮʝ, ʢʦʪʦʨʳʝ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʙʦʣʴʰʠʤʠ ʧʦʪʦʢʘʤʠ 

ʯʘʩʪʠʮ ʥʘ ʦʨʙʠʪʝ ɿʝʤʣʠ (>10 ʄʵɺ), ʧʨʦʠʩʭʦʜʠʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ (>80 %) ʚ ʢʦʤʧʣʝʢʩʘʭ 

ʘʢʪʠʚʥʦʩʪʠ. ʆʙʦʩʥʦʚʘʥʘ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʚʳʭʦʜ ʯʘʩʪʠʮ ʚ ʛʝʣʠʦʩʬʝʨʫ ʦʙʫʩʣʦʚʣʝʥ ʩʫʱʝ-

ʩʪʚʦʚʘʥʠʝʤ ʜʦʣʛʦʞʠʚʫʱʠʭ ʤʘʛʥʠʪʥʳʭ ʢʘʥʘʣʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝʥʦʩ ʫʩʢʦ-

ʨʝʥʥʳʭ ʚʩʧʳʰʢʦʡ ʯʘʩʪʠʮ ʚ ʧʦʛʨʘʥʠʯʥʫʶ ʦʙʣʘʩʪʴ ʦʪʢʨʳʪʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʨʦ-

ʥʘʣʴʥʳʭ ʜʳʨ. 

ʇʦʢʘʟʘʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʧʨʠ ʨʘʟʚʠʪʠʠ ʧʨʦʮʝʩʩʦʚ ʦʙʤʝʥʥʦʛʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʢʘʢ 

ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʢʘʥʘʣʦʚ, ʪʘʢ ʠ ʚ ʛʝʥʝʨʘʮʠʶ ʚʩʧʳʰʝʢ. 

 

ʈʠʩ. 58. ʂʦʣʝʙʘʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʚʝʯʝʥʠʷ ʣʝʥʪ ʚʩʧʳʰʢʠ 16 ʤʘʨʪʘ 1981 ʛ. ʚ ʣʠʥʠʠ HŬ 

 

ʈʠʩ. 59. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʚʩʧʳʰʢʠ ʜʦ ʙʣʠʞʘʡʰʝʡ ʢʦʨʦʥʘʣʴʥʦʡ ʜʳʨʳ ʚ 24-ʤ ʮʠʢʣʝ 
ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʨʘʟʤʝʨ ʦʜʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 60 ʄʤ) 
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ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨ rʠʦʥʦʚ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʞʝʣʝʟʘ ʠ ʢʠʩʣʦʨʦ-

ʜʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ ɸʉɽ, STEREO ʠ Wind ʚ ʪʝʯʝʥʠʝ ʤʠʥʠʤʫʤʘ 

23-ʛʦ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʯʥʳʭ ʯʘʩʪʠʮ ʨʘʟ-

ʣʠʯʥʦʡ ʧʨʠʨʦʜʳ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʠʟʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚ ʧʝʨʠʦʜ ʤʠʥʠʤʫʤʘ, ʷʚʣʷʶʪʩʷ ʤʠʢʨʦ-

ʚʩʧʳʰʢʠ ʥʘ ʉʦʣʥʮʝ. ʇʨʦʚʘʣ ʚ ʦʪʥʦʰʝʥʠʠ ʩʧʝʢʪʨʦʚ Fe/O ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ 2ï30 ʄʵɺ/ʥ 

ʦʙʲʷʩʥʷʝʪʩʷ ʚʣʠʷʥʠʝʤ ʘʥʦʤʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʂʃ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʦʪʥʦʰʝʥʠʷ ʠʦʥʦʚ Fe/O ʚ ʉɺ ʦʪ ʠʤʧʫʣʴʩʥʳʭ 

ʚʩʧʳʰʝʢ ʚ ʜʠʘʧʘʟʦʥʝ 0.2ï13 ʄʵɺ/ʥ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʠʦʥʦʚ ʚ ʩʦʙʳ-

ʪʠʷʭ GLE (ground level enhancement) ʠ ʚ ʜʣʠʪʝʣʴʥʳʭ ʚʩʧʳʰʢʘʭ (gradual large events) ʥʘʣʠ-

ʯʠʝʤ ʤʘʢʩʠʤʫʤʘ ʧʨʠ ʵʥʝʨʛʠʠ ~1.8 ʄʵɺ/ʥ.  
 

 

ʈʠʩ. 60. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʞʝʣʝʟʘ ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ ʚʦ ʚʨʝʤʷ ʦʪʩʫʪ-

ʩʪʚʠʷ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘ ʉʦʣʥʮʝ 

 

 

ʈʠʩ. 61. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʦʪʥʦʰʝʥʠʷ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʞʝʣʝʟʘ 
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2.7.4. ʅʘʙʣʶʜʝʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʥʘ ʩʪʘʥʮʠʷʭ ʀʉɿʌ ʉʆ ʈɸʅ 

 

ʅʘ ʪʨʝʭ ʩʪʘʥʮʠʷʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ (ʂʃ) ʉʘʷʥʩʢʦʛʦ ʩʧʝʢʪʨʦʛʨʘʬʘ, ʘ ʪʘʢʞʝ ʥʘ ʅʦ-

ʨʠʣʴʩʢʦʡ ʩʪʘʥʮʠʠ ʧʨʦʚʦʜʷʪʩʷ ʠʟʤʝʨʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʂʃ. ɼʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ ʂʃ ʠ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʤʠʥʫʪʥʳʤ ʠ ʯʘʩʦʚʳʤ ʠʥʪʝʨʚʘʣʘʤʠ ʥʘʢʦʧʣʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ 

ʦʥʣʘʡʥ ʥʘ ʩʘʡʪʝ ʀʨʢʫʪʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ (IP-ʘʜʨʝʩ 84.237.21.4) ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʠ ʪʝʢ-

ʩʪʦʚʳʭ ʬʘʡʣʦʚ, ʭʨʘʥʷʪʩʷ ʥʘ ftp-ʩʝʨʚʝʨʝ ʠ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʀʉɿʌ ʉʆ ʈɸʅ, ʦʙʥʦʚʣʷʶʪʩʷ ʚ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ nmdb.eu, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʄʠʨʦʚʦʤ ʮʝʥʪʨʝ ʜʘʥʥʳʭ ʧʦ 

ʩʦʣʥʝʯʥʦ-ʟʝʤʥʦʡ ʬʠʟʠʢʝ (ʄʎɼ ʧʦ ʉɿʌ).  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩʪʘʙʠʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʪʘʥ-

ʮʠʡ ʂʃ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ, ʧʨʦʠʟʚʝʜʝʥʘ ʟʘʤʝʥʘ ʥʝʠʩʧʨʘʚʥʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ. 

 

2.7.5. ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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3. ʀʉʉʃɽɼʆɺɸʅʀʗ ɺ ʆɹʃɸʉʊʀ ʌʀɿʀʂʀ ʆʂʆʃʆɿɽʄʅʆɻʆ ʂʆʉʄʀ-

ʏɽʉʂʆɻʆ ʇʈʆʉʊʈɸʅʉʊɺɸ 

 

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʦʪʜʝʣʝ ʬʠʟʠʢʠ ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. 

1. ʇʨʠʦʨʠʪʝʪʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ II.12 çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʜʠʦʬʠʟʠʢʠ ʠ ʘʢʫʩʪʠʢʠ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʭ ʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩʚʷʟʠ, 

ʣʦʢʘʮʠʠ ʠ ʜʠʘʛʥʦʩʪʠʢʠ, ʠʟʫʯʝʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʚʦʣʥʦʚʳʭ ʷʚʣʝʥʠʡè. 

1.1. ʇʨʦʛʨʘʤʤʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʆ ʈɸʅ II.12.2 çʈʘʜʠʦʬʠʟʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ ʠ ʠʦʥʦʩʬʝʨʳ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥè. 

ʂʦʦʨʜʠʥʘʪʦʨ ð ʯʣ.-ʢʦʨʨ. ʈɸʅ ɸ.ʇ. ʇʦʪʝʭʠʥ). 

1.1.1. ʇʨʦʝʢʪ II.12.2.1 çʈʘʟʚʠʪʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʜʠʦʬʠʟʠʯʝ-

ʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ ʠ ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘè. ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʢ.ʬ.-ʤ.ʥ. ɸ.ɺ. ʄʝʜʚʝʜʝʚ. 

1.1.2. ʇʨʦʝʢʪ II.12.2.2 çʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʚ ʠʦʥʦ-

ʩʬʝʨʝ ɿʝʤʣʠè. ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʯʣ.-ʢʦʨʨ. ʈɸʅ ɸ.ʇ. ʇʦʪʝʭʠʥ. 

1.1.3. ʇʨʦʝʢʪ II.12.2.3 çʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ʠ ʚʳ-

ʩʦʢʦʰʠʨʦʪʥʦʡ ʠʦʥʦʩʬʝʨʝ ɿʝʤʣʠ ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʨʘʜʠʦʚʦʣʥ ʢʦʨʦʪʢʦʚʦʣʥʦ-

ʚʦʛʦ ʜʠʘʧʘʟʦʥʘè. ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʢ.ʬ.-ʤ.ʥ. ʆ.ʀ. ɹʝʨʥʛʘʨʜʪ. 

https://elibrary.ru/item.asp?id=29501254
https://elibrary.ru/item.asp?id=29501254
https://elibrary.ru/contents.asp?issueid=1846865
https://elibrary.ru/contents.asp?issueid=1846865&selid=29501254
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2. ʇʨʠʦʨʠʪʝʪʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ II.16 çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʘʩʪʨʦʥʦʤʠʠ, ʘʩʪʨʦʬʠ-

ʟʠʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ, ʩʪʨʦʝʥʠʝ ʠ 

ʵʚʦʣʶʮʠʷ ɺʩʝʣʝʥʥʦʡ, ʧʨʠʨʦʜʘ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʠ ʪʝʤʥʦʡ ʵʥʝʨʛʠʠ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʃʫʥʳ ʠ 

ʧʣʘʥʝʪ, ʉʦʣʥʮʘ ʠ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ ʩʚʷʟʝʡ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʢʟʦʧʣʘʥʝʪ ʠ ʧʦʠʩʢʠ ʚʥʝʟʝʤʥʳʭ 

ʮʠʚʠʣʠʟʘʮʠʡ, ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʠ ʘʧʧʘʨʘʪʫʨʳ ʚʥʝʘʪʤʦʩʬʝʨʥʦʡ ʘʩʪʨʦʥʦʤʠʠ ʠ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʢʦʩʤʦʩʘ, ʢʦʦʨʜʠʥʘʪʥʦ-ʚʨʝʤʝʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯè. 

2.1. ʇʨʦʛʨʘʤʤʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʆ ʈɸʅ II.16.1 çʌʫʥʜʘʤʝʥʪʘʣʴ-

ʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʦʮʝʩʩʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ, ʚʢʣʶʯʘʷ ʧʨʦʮʝʩʩʳ ʥʘ ʉʦʣʥʮʝ, ʚ ʤʝʞʧʣʘ-

ʥʝʪʥʦʡ ʩʨʝʜʝ, ʤʘʛʥʠʪʦʩʬʝʨʝ ʠ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ. ʂʦʥʪʨʦʣʴ ʠ ʵʢʦʣʦʛʠʷ ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩ-

ʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘè. ʂʦʦʨʜʠʥʘʪʦʨ ð ʘʢʘʜʝʤʠʢ ɻ.ɸ. ɾʝʨʝʙʮʦʚ. 

2.1.1. ʇʨʦʝʢʪ II.16.1.1 çʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʮʝʩʩʦʚ ʚ 

ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʝ ʥʘ ʠʟʤʝʥʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʪʤʦʩʬʝʨʳ, ʤʠʨʦʚʦʛʦ 

ʦʢʝʘʥʘ ʠ ʢʣʠʤʘʪè. ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʘʢʘʜʝʤʠʢ ɻ.ɸ. ɾʝʨʝʙʮʦʚ. 

2.1.2. ʇʨʦʝʢʪ II .16.1.2 çʀʟʫʯʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ ʥʝʡʪʨʘʣʴʥʘʷ 

ʘʪʤʦʩʬʝʨʘ ð ʠʦʥʦʩʬʝʨʘ ð ʤʘʛʥʠʪʦʩʬʝʨʘ ɿʝʤʣʠè. ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʜ.ʬ.-ʤ.ʥ. ɺ.ʀ. 

ʂʫʨʢʠʥ. 

2.1.3. ʇʨʦʝʢʪ II.16.1.3 çʀʟʫʯʝʥʠʝ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʚʦʟʤʫʱʝʥʠʡ ʚ ʦʢʦʣʦʟʝʤʥʦʤ 

ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝè. ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʜ.ʬ.-ʤ.ʥ. ɸ.ʉ. ʃʝʦʥʦʚʠʯ. 

2.1.4. ʇʨʦʝʢʪ II .16.1.4 çʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʤʦʥʠʪʦʨʠʥʛ ʤʘʛʥʠʪʦʩʬʝʨʥʦ-ʠʦʥʦʩʬʝʨʥʳʭ 

ʚʦʟʤʫʱʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʥʝʩʝʥʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢ-

ʩʦʚè. ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʜ.ʬ.-ʤ.ʥ. ʈ.ɸ. ʈʘʭʤʘʪʫʣʠʥ. 

3. ʇʨʦʛʨʘʤʤʘ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉ 15 çʇʨʠʨʦʜʥʳʝ ʢʘʪʘʩʪʨʦʬʳ ʠ ʘʜʘʧʪʘʮʠʦʥʥʳʝ ʧʨʦ-

ʮʝʩʩʳ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʢʣʠʤʘʪʘ ʠ ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠè. ʂʦʦʨʜʠʥʘʪʦʨ ð 

ʘʢʘʜʝʤʠʢ ʅ.ʇ.ʃʘʚʝʨʦʚ. 

3.1. ʇʨʦʝʢʪ çʀʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʣʠʪʦʩʬʝʨʘðʘʪʤʦʩʬʝʨʘðʠʦʥʦʩʬʝʨʘ ʚ ʵʢʩʪʨʝ-

ʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭè. ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʜ.ʬ.-ʤ.ʥ. ʅ.ʇ. ʇʝʨʝʚʘʣʦʚʘ. 

4. ʇʨʦʛʨʘʤʤʘ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉ 31 çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʪʝʭʥʦʣʦʛʠʡ ʜʚʦʡʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʚ ʠʥʪʝʨʝʩʘʭ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʛʦʨʝʥʠʷ ʠ ʚʟʨʳʚʘ. ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʦʙʦʪʦʪʝʭʥʠʢʠè. ʂʦʦʨʜʠʥʘʪʦʨʳ ð 

ʘʢʘʜ. ʖ.ʄ. ʄʠʭʘʡʣʦʚ, ʘʢʘʜ. ɺ.ɸ. ʃʝʚʠʥ, ʘʢʘʜ. ʌ.ʃ.ʏʝʨʥʦʫʩʴʢʦ. 

4.1. ʇʨʦʝʢʪ çʉʦʟʜʘʥʠʝ ʩʝʛʤʝʥʪʘ ʤʦʥʠʪʦʨʠʥʛʘ ʫʨʦʚʥʷ ʠʦʥʦʩʬʝʨʥʳʭ ʧʦʤʝʭ ʚ ɸʟʠʘʪ-

ʩʢʦʤ ʨʝʛʠʦʥʝ ʈʦʩʩʠʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʧʦʣʷʨʥʦʡ ʠʦʥʦʩʬʝʨʳè. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʯʣ.-ʢʦʨʨ. ʈɸʅ ɸ.ʇ. ʇʦʪʝʭʠʥ. 

ɺr ʧʦʣʥʷʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʩʣʝʜʫʶʱʠʤ ʛʨʘʥʪʘʤ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

¶ ɺʝʜʫʱʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ ʅʐ-6894.2016.5 çʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʝ ɿʝʤ-

ʣʠè. ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʘʢʘʜ. ɻ.ɸ. ɾʝʨʝʙʮʦʚ. 

¶ ɻʨʘʥʪ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʄʂ-1097.2017.5 çʄʝʪʦʜʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʚʦʟ-

ʤʫʱʝʥʠʡ ʠʦʥʦʩʬʝʨʳ, ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʜʘʥʥʳʤ ʛʣʦʙʘʣʴʥʦʡ 

ʩʝʪʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʨʠʝʤʥʠʢʦʚè. ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʢ.ʬ.-ʤ.ʥ. ʀ.ʂ. ɽʜʝʤʩʢʠʡ. 

ɺʳʧʦʣʥʷʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʛʨʘʥʪʫ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 17-77-20005 çʉʦʟʜʘ-

ʥʠʝ ʩʠʩʪʝʤʳ ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ ʠ ʤʘʰʠʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʛʣʦʙʘʣʴʥʳʭ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʜʣʷ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘè. ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʢ.ʬ.-ʤ.ʥ. ʖ.ɺ. ʗʩʶʢʝʚʠʯ. 

ɺr ʧʦʣʥʷʣʦʩɹ 20 ʛʨʘʥʪʦʚ ʈʌʌʀ.  

1. 15-05-05387-ʘ çʈʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʀʨʢʫʪʩʢʦʛʦ ʨʘʜʘʨʘ ʥʝʢʦʛʝ-

ʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʨʝʜʥʝʰʠʨʦʪʥʦʡ ʚʥʝʰʥʝʡ ʠʦʥʦʩʬʝʨʳè. ʅʘʫʯʥʳʡ 

ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʘʢʘʜʝʤʠʢ ɻ.ɸ. ɾʝʨʝʙʮʦʚ.  

2. 15-05-02313-ʘ çʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʥʫʪ-

ʨʝʥʥʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʚ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ ʧʦ ʜʘʥʥʳʤ ʀʨʢʫʪʩʢʦʛʦ ʨʘʜʘʨʘ 

ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷè. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʜ.ʬ.-ʤ.ʥ. ɸ.ɺ. ʄʝʜʚʝʜʝʚ.  
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3. 15-05-05561-ʘ çʄʦʜʝʣʴ ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʩʫʙʙʫʨʴ ʩ ʥʦʚʳʤʠ ʜʘʥʥʳʤʠ ʪʝʭʥʠʢʠ ʠʥ-

ʚʝʨʩʠʠ ʤʘʛʥʠʪʦʛʨʘʤʤè. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʜ.ʬ.-ʤ.ʥ. ɺ.ɺ. ʄʠʰʠʥ.  

4. 15-05-05227-ʘ çʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʛʝʥʝʨʘʮʠʠ ʚʦʣʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʚ 

ʩʨʝʜʥʝʡ ʘʪʤʦʩʬʝʨʝ ʠ ʵʬʬʝʢʪʦʚ ʵʪʠʭ ʚʦʣʥ ʚ ʠʦʥʦʩʬʝʨʝè. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʢ.ʬ.-ʤ.ʥ. 

ʄ.ɸ. ʏʝʨʥʠʛʦʚʩʢʘʷ.  

5. 15-05-03946-ʘ çʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʣ-

ʢʦʤʘʩʰʪʘʙʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʠʦʥʦʩʬʝʨʳ ʧʦ ʜʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʀʉɿʌ ʉʆ ʈɸʅè. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʢ.ʬ.-ʤ.ʥ. ʖ.ɺ. ʗʩʶʢʝʚʠʯ. 

6. 16-35-60018-ʤʦʣ-ʘ-ʜʢ çʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʪʢʣʠʢʘ ʠʦʥʦʩʬʝʨʳ 

ʥʘ ʩʦʙʳʪʠʷ ʚʥʝʟʘʧʥʳʭ ʩʪʨʘʪʦʩʬʝʨʥʳʭ ʧʦʪʝʧʣʝʥʠʡ ʚ ʩʨʝʜʥʝʰʠʨʦʪʥʦʤ ʠ ʘʨʢʪʠʯʝʩʢʦʤ ʨʝʛʠ-

ʦʥʘʭ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ GPS ʠ ɻʃʆʅɸʉʉè. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð 

ʢ.ʬ.-ʤ.ʥ. ɸ.ʉ. ʇʦʣʷʢʦʚʘ. 

7. 16-32-00788-ʤʦʣ-ʘ çʀʟʫʯʝʥʠʝ ʵʬʬʝʢʪʘ ʜʦʧʧʣʝʨʘ ʚ ʩʣʘʙʦʩʪʘʮʠʦʥʘʨʥʦʤ ʨʘʜʠʦʢʘʥʘ-

ʣʝ ɿʝʤʣʷ-ʠʦʥʦʩʬʝʨʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥè. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð 

ʄ.ʉ. ʇʝʥʟʠʥ. 

8. 16-35-00027-ʤʦʣ-ʘ çʀʩʩʣʝʜʦʚʘʥʠʝ ʦʪʢʣʠʢʘ ʠʦʥʦʩʬʝʨʳ ʥʘ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʚʦʟʜʝʡ-

ʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝè. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʢ.ʬ.-ʤ.ʥ. 

ɸ.ʉ. ʇʦʣʷʢʦʚʘ. 

9. 16-32-00051-ʤʦʣ-ʘ çʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʠʦʥʦʩʬʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʜʘʥʥʳʤ 

ʦʜʠʥʦʯʥʳʭ ʩʪʘʥʮʠʡ ɻʃʆʅɸʉʉ/GPSè. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɸ.ɸ. ʄʳʣʴʥʠʢʦʚʘ. 

10. 16-55-53003-ɻʌɽʅ-ʘ çʆʩʦʙʝʥʥʦʩʪʠ ʨʝʘʢʮʠʠ ʠʦʥʦʩʬʝʨʳ ɺʦʩʪʦʯʥʦ-ɸʟʠʘʪʩʢʦʛʦ 

ʨʝʛʠʦʥʘ ʥʘ ʛʝʦʤʘʛʥʠʪʥʳʝ ʚʦʟʤʫʱʝʥʠʷè. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʘʢʘʜ. ɻ.ɸ. ɾʝʨʝʙʮʦʚ. 

11. 16-05-00254-ʘ çɻʝʥʝʨʘʮʠʷ ʘʟʠʤʫʪʘʣʴʥʦ-ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʋʅʏ-ʚʦʣʥ ʚ ʟʝʤʥʦʡ 

ʤʘʛʥʠʪʦʩʬʝʨʝ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʳè. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠ-

ʪʝʣʴ ð ʢ.ʬ.-ʤ.ʥ. ɼ.ʖ. ʂʣʠʤʫʰʢʠʥ. 

12. 16-05-00563-ʘ çʀʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʨʝʜʥʝʰʠ-

ʨʦʪʥʳʭ ʩʠʷʥʠʡ ʚ ʩʧʦʢʦʡʥʳʭ ʠ ʚʦʟʤʫʱʝʥʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʫʩʣʦʚʠʷʭè. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦ-

ʜʠʪʝʣʴ ð ʜ.ʬ.-ʤ.ʥ. ɸ.ɺ. ʊʘʱʠʣʠʥ.  

13. 16-05-00631-ʘ çɺʣʠʷʥʠʝ ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʥʘ 

ʩʦʩʪʦʷʥʠʝ ʠ ʚʦʣʥʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʤʘʛʥʠʪʦʩʬʝʨʥʦ-ʠʦʥʦʩʬʝʨʥʦʡ ʩʠʩʪʝʤʳè. ʅʘʫʯʥʳʡ ʨʫʢʦ-

ʚʦʜʠʪʝʣʴ ð ʜ.ʬ.-ʤ.ʥ. ɸ.ʉ. ʇʦʪʘʧʦʚ. 

14. 16-05-01006-ʘ çʀʩʩʣʝʜʦʚʘʥʠʝ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ ʨʘʩʩʝʷʥʥʦʛʦ 

ʩʠʛʥʘʣʘ ʧʦ ʜʘʥʥʳʤ ʢʦʛʝʨʝʥʪʥʦʛʦ ʜʝʢʘʤʝʪʨʦʚʦʛʦ ʨʘʜʘʨʘè. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʢ.ʬ.-ʤ.ʥ. 

ʆ.ʀ. ɹʝʨʥʛʘʨʜʪ. 

15. 16-05-01087-ʘ çʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʜʠʥʘʤʠʢʠ ʟʠʤʥʝʡ ʧʦʣʷʨʥʦʡ ʩʪʨʘʪʦ-

ʩʬʝʨʳ ʠ ʩʚʷʟʴ ʝʝ ʮʠʨʢʫʣʷʮʠʠ ʩ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʧʨʠʣʠʚʘʤʠè. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð 

ʢ.ʬ.-ʤ.ʥ. ɹ.ɻ. ʐʧʳʥʝʚ. 

16. 17-05-00492-ʘ çʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳʩʪʨʳʭ ʦʧʪʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠè. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʢ.ʬ.-ʤ.ʥ. ʈ.ɺ. ɺʘʩʠʣʴʝʚ. 

17. 17-05-00192-ʘ çʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʥʠʞʥʝʡ ʠ 

ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ ʧʦ ʜʘʥʥʳʤ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝ-

ʥʠʡè. ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʢ.ʬ.-ʤ.ʥ. ʀ.ɺ. ʄʝʜʚʝʜʝʚʘ. 

18. 17-05-20306 çʇʨʦʝʢʪ ʦʨʛʘʥʠʟʘʮʠʠ ɺʪʦʨʦʛʦ ʛʝʥʝʨʘʣʴʥʦʛʦ ʩʠʤʧʦʟʠʫʤʘ VarSITI 

(VarSITI-2017)è. ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʜ.ʬ.-ʤ.ʥ. ɸ.ɺ. ʄʝʜʚʝʜʝʚ. 

19. 17-302-50013_ʤʦʣ_ʥʨ çʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʜʠʥʘʤʠʢʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ 

ʚʦʟʤʫʱʝʥʠʡ ʚ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʠʦʥʦʩʬʝʨʝ, ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʡ 

ʚ ʨʘʜʠʦ ʠ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥè. ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʢ.ʬ.-ʤ.ʥ. ɸ.ɹ. ɹʝ-

ʣʝʮʢʠʡ. 

20. 17-45-388072_ʨ_ʘ çʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳʩʪʨʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʠʦʥʦʩʬʝʨʝ ʇʨʠʙʘʡʢʘʣʴ-

ʩʢʦʛʦ ʨʝʛʠʦʥʘ ʠ ʠʭ ʩʚʷʟʠ ʩ ʢʦʩʤʠʯʝʩʢʠʤʠ ʠ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠè. ʈʫʢʦʚʦʜʠʪʝʣʴ 

ʧʨʦʝʢʪʘ ð ʢ.ʬ.-ʤ.ʥ. ʆ.ʀ. ɹʝʨʥʛʘʨʜʪ. 
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ɺʳʧʦʣʥʷʣʠʩʴ ʨʘʙʦʪʳ: 

¶ ʈʘʙʦʪʳ ʧʦ ʫʢʨʫʧʥʝʥʥʦʤʫ ʠʥʚʝʩʪʠʮʠʦʥʥʦʤʫ ʧʨʦʝʢʪʫ çʅʘʮʠʦʥʘʣʴʥʳʡ ʛʝʣʠʦʛʝʦʬʠ-

ʟʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʈɸʅè. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʘʢʘʜ. ɻ.ɸ. ɾʝʨʝʙʮʦʚ. 

¶ ʇʨʠʢʣʘʜʥʳʝ ʨʘʙʦʪʳ ʚ ʨʘʤʢʘʭ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʜʦʛʦʚʦʨʦʚ. 

 

3.1. ʈʘʟʚʠʪʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ ʠ ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

 

3.1.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʝʰʥʝʡ ʠʦʥʦʩʬʝʨʳ ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʡ ʠ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʝʰʥʝʡ ʠʦʥʦʩʬʝʨʳ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯ-

ʥʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʡ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʜʘʥʥʳʭ ʀʨʢʫʪʩʢʦʛʦ ʨʘʜʘʨʘ 

ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʀʈʅʈ) ʠ ʜʘʥʥʳʭ ʨʘʜʠʦʟʘʪʤʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ COSMIC [1]. 

ɼʣʠʪʝʣʴʥʳʝ ʥʝʧʨʝʨʳʚʥʳʝ ʠʟʤʝʨʝʥʠʷ ʥʘ ʀʈʅʈ ʧʦʟʚʦʣʠʣʠ ʦʩʫʱʝʩʪʚʠʪʴ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 337 

ʧʨʦʬʠʣʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʦʣʫʯʝʥʥʳʭ ʧʦʯʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʜʘʨʦʤ ʠ ʩʧʫʪ-

ʥʠʢʦʤ COSMIC/FORMOSAT3 ʚʙʣʠʟʠ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʘʜʘʨʘ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʦʭʚʘʪʳ-

ʚʘʣʦ ʯʝʪʳʨʝ ʩʝʟʦʥʘ ʠ ʜʚʘ ʫʨʦʚʥʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʥʠʟʢʘʷ ʠ ʫʤʝʨʝʥʥʘʷ). ʏʠʩʣʦ ʩʣʫ-

ʯʘʝʚ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʙʳʣʦ ʧʨʠʤʝʨʥʦ ʚ 10 ʨʘʟ ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʠʟʚʝʩʪʥʳʤʠ 

ʩʨʘʚʥʝʥʠʷʤʠ ʜʘʥʥʳʭ ʈʅʈ ʠ ʩʧʫʪʥʠʢʘ COSMIC/FORMOSAT3. ɺ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʥʝʰʥʝʡ ʠʦʥʦʩʬʝʨʳ ʙʳʣʦ ʚʳʙʨʘʥʦ ʠʥʪʝʛʨʘʣʴʥʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ 

ʚʳʩʦʪ 300ï600 ʢʤ (TTEC) ʚ ʝʜʠʥʠʮʘʭ TECU. ʉʨʘʚʥʝʥʠʝ (ʨʠʩ. 62) ʚʳʷʚʠʣʦ ʥʘʣʠʯʠʝ ʩʠʩʪʝ-

ʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʭʦʞʜʝʥʠʷ: ʚ ʩʨʝʜʥʝʤ TTEC ʧʦ ʜʘʥʥʳʤ ʀʈʅʈ ʥʘ 1 TECU ʤʝʥʴʰʝ, ʯʝʤ ʧʦ 

ʜʘʥʥʳʤ COSMIC/FORMOSAT3, ʧʨʠ ʵʪʦʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʩʨʘʚʥʠʤʦ ʩʦ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʦʰʠʙʢʦʡ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʦʝ ʩʨʘʚʥʝʥʠʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʚʥʫʪʨʝʥʥʝʡ ʠʦʥʦʩʬʝʨʳ ʥʝ ʚʳʷʚʠʣʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʭʦʞʜʝʥʠʷ. ʉʦʧʦʩʪʘʚʣʝ-

ʥʠʝ ʘʥʘʣʦʛʠʯʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʀʈʅʈ ʩ ʧʨʦʛʥʦʟʦʤ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʧʨʘʚʦʯʥʦʡ ʤʦʜʝʣʠ 

IRI ʧʦʢʘʟʘʣʦ, ʯʪʦ ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ, 

ʯʝʤ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʀʈʅʈ ʠ IRI (IRI ʜʘʝʪ ʩʨʝʜʥʝʝ ʟʘʚʳʰʝʥʠʝ ʥʘ 2 TECU ʠ ʧʨʠʤʝʨʥʦ ʪʘ-

ʢʫʶ ʞʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʫʶ ʦʰʠʙʢʫ). ʉʨʘʚʥʝʥʠʝ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʢʘʨʪʠʥ ʚʘʨʠʘʮʠʡ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʜʘʥʥʳʤ ʀʈʅʈ ʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʤʦʜʝʣʷʤ IRI ʠ 

GSM TIP (ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʦʥʦʩʬʝʨʳ), ʧʦʢʘʟʘʣʦ [2], ʯʪʦ ʦʙʝ ʤʦʜʝʣʠ ʜʘʶʪ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʀʈʅʈ ʟʘʚʳʰʝʥʥʫʶ ʦʮʝʥʢʫ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦ ʚʥʝʰʥʝʡ ʠʦʥʦʩʬʝʨʝ. 

ʇʨʠʯʠʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʭʦʞʜʝʥʠʷ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʝ ʷʩʥʳ ʠ, ʚʦʟʤʦʞʥʦ, ʩʚ̫-

ʟʘʥʳ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʦʥʦʩʬʝʨʳ ʥʘʜ ɺʦʩʪʦʯʥʦʩʠʙʠʨʩʢʠʤ ʨʝʛʠʦʥʦʤ. 

 

ʈʠʩ. 62. ʉʨʘʚʥʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʪ 300-600 ʢʤ 
(TTEC) ʤʝʞʜʫ ʀʈʅʈ ʠ COSMIC ʠ ʤʝʞʜʫ ʀʈʅʈ ʠ ʤʦʜʝʣʴʶ IRI 
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3.1.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʫʪʨʝʥʥʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʩ 

ʥʝʡʪʨʘʣʴʥʳʤ ʚʝʪʨʦʤ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʥʝʟʘʚʠʩʠʤʳʭ ʠʥʩʪʨʫʤʝʥʪʘʭ ʩʪʘʪʠ-

ʩʪʠʢ ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʠʦʥʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ  

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʫʪʨʝʥʥʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ (ɺɻɺ) ʩ 

ʥʝʡʪʨʘʣʴʥʳʤ ʚʝʪʨʦʤ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʝ ʩʪʘʪʠʩʪʠʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝ-

ʨʝʤʝʱʘʶʱʠʭʩʷ ʠʦʥʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ (ʇʀɺ). ʉʪʘʪʠʩʪʠʢʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʥʝʟʘʚʠ-

ʩʠʤʳʭ ʠʥʩʪʨʫʤʝʥʪʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʟʘʚʠʩʠʤʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʇʀɺ [3]. ʇʝʨʚʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʨʘʜʘʨʘ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ ʠʦʥʦʟʦʥʜʘ DPS-4 (ʈʅʈ-DPS). ʂʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ ʠʟ-

ʤʝʨʷʪʴ ʧʦʣʥʳʡ (ʪʨʝʭʤʝʨʥʳʡ) ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʇʀɺ. ɺʪʦʨʦʡ ʠʥʩʪʨʫʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ɽʢʘʪʝʨʠʥʙʫʨʛʩʢʠʡ ʢʦʛʝʨʝʥʪʥʳʡ ʂɺ-ʨʘʜʘʨ. ʀʥʩʪʨʫʤʝʥʪ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʜʚʫʭʤʝʨ-

ʥʳʡ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʇʀɺ (ʘʟʠʤʫʪ ʠ ʤʦʜʫʣʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ). ɸʥʘʣʠʟ ʩʦʚʤʝʩʪ-

ʥʦʛʦ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʇʀɺ ʠ ʟʥʘʯʝʥʠʡ ʤʦʜʫʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ (ʨʠʩ. 63) ʧʦʢʘʟʘʣ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʇʀɺ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʘʟʠʤʫʪʘʭ, ʛʜʝ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʤʠʥʠʤʘʣʴʥʘ, ʘ ʤʝʥʴʰʠʥʩʪʚʦ ʇʀɺ ð ʥʘ ʘʟʠʤʫʪʘʭ, ʛʜʝ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʘ. ʊʘʢʦʡ ʭʘʨʘʢʪʝʨ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ 

ʩ ʛʠʧʦʪʝʟʦʡ ʚʝʪʨʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ. ɻʠʧʦʪʝʟʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪ-

ʥʳʤ ʫʩʣʦʚʠʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ɺɻɺ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʦʪʠʚ ʚʝʪʨʘ (ʚ ʵʪʠʭ ʩʣʫ-

ʯʘʷʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʘʤʧʣʠʪʫʜʘ ɺɻɺ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ), ʘ ʥʘʠʤʝʥʝʝ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤ ð ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦ ʚʝʪʨʫ (ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʫʤʝʥʴʰʘʝʪʩʷ ʘʤʧʣʠʪʫʜʘ ɺɻɺ 

ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ). ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʠʤʝʶʪ ʦʙʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʣʷ ʦʙʦʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʦʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʈʅʈ-DPS ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʥʦʩʠʪ ʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʳʡ ʭʘʨʘʢʪʝʨ. ɸʥʘʣʠʟ ʘʟʠʤʫʪʘʣʴʥʦ-ʩʫʪʦʯʥʦʛʦ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʇʀɺ ʩ ʥʘʣʦʞʝʥʥʳʤʠ ʧʨʦʝʢʮʠʷʤʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦ ʤʦ-

ʜʝʣʠ HWM, ʧʦʢʘʟʘʣ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʇʀɺ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʦʙʣʘʩʪʷʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʨʦ-

ʝʢʮʠʡ, ʯʪʦ ʠ ʦʞʠʜʘʣʦʩʴ ʠʟ ʛʠʧʦʪʝʟʳ ʚʝʪʨʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʈʅʈ-DPS ʚ ʩʣʫʯʘʝ ʂɺ-ʨʘʜʘʨʘ ʠʤʝʝʪ ʤʝʩʪʦ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʇʀɺ ʚ ʦʙʣʘʩʪʷʭ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʭ ʧʨʦʝʢʮʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʤ ʚʳʚʦʜʦʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷ-

ʝʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʛʠʧʦʪʝʟʳ ʚʝʪʨʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʢ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʇʀɺ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʥʝʟʘʚʠʩʠʤʳʭ ʠʥʩʪʨʫʤʝʥʪʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʟʘʚʠʩʠʤʳʭ 

ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʇʀɺ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʩʪʘʪʠʩʪʠʢʘ, ʧʦʣʫʯʝʥʥʘʷ ʧʦ ʜʘʥʥʳʤ ʈʅʈ-DPS, ʣʫʯʰʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʤʝʭʘʥʠʟʤʦʤ ʚʝʪʨʦʚʦʡ 

ʬʠʣʴʪʨʘʮʠʠ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʵʪʦʛʦ ʨʘʟʣʠʯʠʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʈʅʈ-DPS (ʚ ʦʪ-

ʣʠʯʠʝ ʦʪ ʩʣʫʯʘʷ ʂɺ-ʨʘʜʘʨʘ) ʠʟʤʝʨʷʝʪʩʷ ʧʦʣʥʳʡ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʠ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʟʜʝʣʝʥʠʷ ʇʀɺ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ɺɻɺ, ʦʪ ʇʀɺ ʜʨʫʛʦʡ ʧʨʠʨʦʜʳ. 

 

ʈʠʩ. 63. ʉʦʚʤʝʩʪʥʦʝ ʘʟʠʤʫʪʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʇʀɺ (ʯʝʨʥʳʡ) ʠ ʟʥʘʯʝʥʠʡ ʤʦʜʫʣʷ 
ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ (ʢʨʘʩʥʳʡ) ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʈʅʈ-DPS (ʩʣʝʚʘ) ʠ ʢʦʛʝʨʝʥʪʥʦʛʦ ʂɺ- ʨʘʜʘʨʘ 
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3.1.3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʘ ʤʘʛʥʠʪʥʦʛʦ ʟʝʥʠʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ 

 

ʕʬʬʝʢʪ ʤʘʛʥʠʪʥʦʛʦ ʟʝʥʠʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʠʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʦʥʦʩʬʝʨ-

ʥʳʭ ʤʝʨʮʘʥʠʡ ʨʘʜʠʦʩʠʛʥʘʣʘ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʫʛʣʘ ʤʝʞʜʫ ʣʫʯʦʤ ʠʩʪʦʯʥʠʢ-ʧʨʠʝʤʥʠʢ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʪʦʛʦ 

ʵʬʬʝʢʪʘ ʷʚʣʷʝʪʩʷ ʚʳʪʷʥʫʪʦʩʪʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʘ ʤʘʛʥʠʪʥʦʛʦ ʟʝʥʠʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʘʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʜʝʢʩʘ ʘʤʧʣʠʪʫʜʥʳʭ ʤʝʨʮʘ-

ʥʠʡ S4, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʨʘʜʠʦʠʩʪʦʯʥʠʢʘ ʃʝʙʝʜʴ-ɸ ʥʘ ʀʨʢʫʪʩʢʦʤ ʨʘʜʘʨʝ 

ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʀʈʅʈ) ʚ ʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ (ʯʘʩʪʦʪʘ ~150 ʄɻʮ), ʠ ʠʥʜʝʢʩʦʚ 

ʤʝʨʮʘʥʠʡ S4 ʠ ʬʘʟʦʚʳʭ ʬʣʫʢʪʫʘʮʠʡ ůű, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʩʠʛʥʘʣʦʚ ʥʘ ʧʨʠʝʤʥʠʢʝ Novatel GPStation-6 ʚ ʜʝʮʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ (ʯʘʩʪʦʪʘ ~1200 ʄɻʮ) 

[4]. ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʥʜʝʢʩʦʚ ʤʝʨʮʘʥʠʡ ʦʪ ʫʛʣʘ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʠʩʪʦʯʥʠʢ ʠ 

ʛʝʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ (ʨʠʩ. 64) ʧʦʢʘʟʘʣ: (1) ʥʘʣʠʯʠʝ ʵʬʬʝʢʪʘ ʤʘʛʥʠʪʥʦʛʦ ʟʝʥʠʪʘ ʜʣʷ ʠʥʜʝʢ-

ʩʘ S4 ʚ ʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʠʥʜʝʢʩʘ ůű ʚ ʜʝʮʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʠ (2) ʦʪʩʫʪʩʪʚʠʝ ʵʬ-

ʬʝʢʪʘ ʤʘʛʥʠʪʥʦʛʦ ʟʝʥʠʪʘ ʜʣʷ ʠʥʜʝʢʩʘ S4 ʚ ʜʝʮʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴ-

ʪʘʪ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʪʝʤ, ʯʪʦ ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʧʦʨʷʜʢʘ ʣʠʙʦ ʤʝʥʴ-

ʰʝ ʟʦʥʳ ʌʨʝʥʝʣʷ ʜʣʷ ʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ (~0.8 ʢʤ) ʠ ʙʦʣʴʰʝ ʟʦʥʳ ʌʨʝʥʝʣʷ ʜʣʷ ʜʝʮʠ-

ʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ (~0.3 ʢʤ). ɺ ʵʪʦʤ ʩʣʫʯʘʠ ʬʣʫʢʪʫʘʮʠʠ ʘʤʧʣʠʪʫʜʳ ʜʣʷ ʤʝʪʨʦʚʦʛʦ ʜʠʘ-

ʧʘʟʦʥʘ ʠ ʬʘʟʳ ʜʣʷ ʜʝʮʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʵʬʬʝʢʪʘ ʤʘʛʥʠʪ-

ʥʦʛʦ ʟʝʥʠʪʘ, ʪʦʛʜʘ ʢʘʢ ʬʣʫʢʪʫʘʮʠʠ ʘʤʧʣʠʪʫʜʳ ʜʣʷ ʜʝʮʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʣʠʰʢʦʤ ʤʘ-

ʣʳ ʠ ʦʙʫʩʣʦʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʪʝʭʥʦʛʝʥʥʳʤʠ ʧʦʤʝʭʘʤʠ, ʘ ʥʝ ʠʦʥʦʩʬʝʨʥʳʤʠ ʵʬʬʝʢʪʘʤʠ. 

 

ʈʠʩ. 64. ɿʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʤʝʞʜʫ ʣʫʯʦʤ ʟʨʝʥʠʷ ʥʘ ʠʩʪʦʯʥʠʢ ʠ ʚʝʢʪʦʨʦʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʣʷ 
ʠʥʜʝʢʩʘ S4 ʚ ʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ (ʘ); ʠʥʜʝʢʩʘ S4 ʚ ʜʝʮʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ (ʙ); ʠʥʜʝʢʩʘ ůű ʚ ʜʝʮʠ-
ʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ (ʚ) ʜʣʷ GPS (ʩʠʥʠʝ ʣʠʥʠʠ) ʠ GLONASS (ʯʝʨʥʳʝ ʣʠʥʠʠ) 

 

3.1.4. ʄʦʜʝʨʥʠʟʘʮʠʷ ʀʨʢʫʪʩʢʦʛʦ ʨʘʜʘʨʘ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ çʇʣʘʟʤʘð

ʇʨʦʛʨʝʩʩè ʠ çʈʘʜʘʨðʇʨʦʛʨʝʩʩè ʦʩʫʱʝʩʪʚʣʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʠ ʧʨʠʝʤʥʦ-

ʨʝʛʠʩʪʨʠʨʫʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ (ʋʇʈʂ) ʀʨʢʫʪʩʢʦʛʦ ʨʘʜʘʨʘ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

(ʀʈʅʈ). ʄʦʜʝʨʥʠʟʘʮʠʷ ʧʦʟʚʦʣʠʣʘ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʘʝʢʪʦʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʨʘʩʰʠʨʠʣʘ ʚʦʟʤʦʞʥʦʩʪʠ ʋʇʈʂ ʜʣʷ ʧʨʦʚʝʜʝ-

ʥʠʷ ʙʫʜʫʱʠʭ ʠʟʤʝʨʝʥʠʡ [5]. ʇʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʃʏʄ-ʩʠʛʥʘʣʦʚ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʳʭ ʫʜʘʣʦʩʴ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ 

ʜʘʣʴʥʦʩʪʠ ʠ ʫʛʣʦʚ: ʧʨʠ ʦʪʥʦʰʝʥʠʠ ʩʠʛʥʘʣ/ʰʫʤ 10, ʪʦʯʥʦʩʪʴ ʧʦ ʜʘʣʴʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 100ï

300 ʤ, ʧʦ ʫʛʣʘʤ ð 1ï5 ʫʛʣ. ʤʠʥ. ʇʨʝʞʥʷʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʪʦʤ ʞʝ ʦʪʥʦʰʝʥʠʠ ʩʠʛ-

ʥʘʣ/ʰʫʤ ʩʦʩʪʘʚʣʷʣʘ 1.5 ʢʤ ʧʦ ʜʘʣʴʥʦʩʪʠ ʠ 30ï60 ʫʛʣ. ʤʠʥ ʧʦ ʫʛʣʘʤ (ʨʠʩ. 65). ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʡ ʋʇʈʂ ʦʧʨʝʜʝʣʷʝʪ ʪʨʘʝʢʪʦʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 
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ʚʨʝʤʝʥʠ, ʪʦʛʜʘ ʢʘʢ ʜʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʟʘʥʠʤʘʣ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʠ ʧʨʦ-

ʭʦʜʠʣ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ɼʦʩʪʠʛʥʫʪʘʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʪʨʘʝʢʪʦʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦʟʚʦʣʠʣʘ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʥʘʚʝʜʝʥʠʷ ʪʝʣʝʩʢʦʧʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ 

ʚ ʉʘʷʥʩʢʦʡ ʩʦʣʥʝʯʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʀʉɿʌ ʉʆ ʈɸʅ, ʥʘ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʝ ʢʦʩʤʠʯʝʩʢʠʝ 

ʘʧʧʘʨʘʪʳ ʧʦ ʜʘʥʥʳʤ ʀʈʅʈ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʧʨʠʚʝʣʦ ʢ ʫʥʠ-

ʬʠʢʘʮʠʠ ʚʩʝʭ ʙʣʦʢʦʚ ʋʇʈʂ ʠ ʦʪʢʨʳʣʦ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʀʈʅʈ ð 

ʫʥʠʢʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘʮʠʦʥʘʣʴʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ˉ 01-28, ʚʭʦʜʷʱʝʡ ʚʦ ʚʩʝʤʠʨ-

ʥʫʶ ʩʝʪʴ ʨʘʜʘʨʦʚ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ. 

 

ʈʠʩ. 65. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʊɻʂ çʇʨʦʛʨʝʩʩè (ʩʚʝʨʭʫ ʚʥʠʟ): ʜʘʣʴʥʦʩʪʴ R, ʩʢʦʨʦʩʪʴ V, ʘʥʪʝʥ-
ʥʳʡ ʫʛʦʣ ʤʝʩʪʘ, ʘʟʠʤʫʪ 19 ʩʝʥʪʷʙʨʷ 2007 ʛ. (ʩʣʝʚʘ), 26 ʠʶʣʷ 2014 ʛ. (ʩʧʨʘʚʘ). ʆʨʘʥʞʝʚʳʡ ʮʚʝʪ ð ʠʟʤʝ-
ʨʝʥʥʳʝ ʜʘʥʥʳʝ, ʯʝʨʥʳʡ ʮʚʝʪ ð ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ 

 

3.1.5. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʠ ʤʝʪʦʜʘ ʥʝʢʦʛʝʨʝʥʪ-

ʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩ ʫʯʝʪʦʤ ʨʝʬʨʘʢʮʠʠ ʠ ʵʬʬʝʢʪʘ ʌʘʨʘʜʝʷ ʜʣʷ ʫʣʴʪʨʘʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ 

ʜʠʘʧʘʟʦʥʘ 

 

ʇʨʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠ ̫ ʨʘʜʠʦʣʦʢʘʮʠʠ ʤʝʪʦʜʘ ʥʝʢʦʛʝ-

ʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʜʣʷ ʫʣʴʪʨʘʢʦʨʦʪʢʠʭ ʨʘʜʠʦʚʦʣʥ ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʘ ʌʘʨʘʜʝʷ ʠ ʨʝʬʨʘʢ-

ʮʠʠ [6]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʠʦʥʦʩʬʝʨʝ 

ʵʬʬʝʢʪʳ ʨʝʬʨʘʢʮʠʠ ʠ ʬʘʨʘʜʝʝʚʩʢʦʛʦ ʚʨʘʱʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʩʧʝʢʪʨ ʧʨʠʥʠʤʘʝ-
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ʤʦʛʦ ʨʘʜʘʨʘʤʠ ʩʠʛʥʘʣʘ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʅʈ). ʉʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘ-

ʥʠʝ ʩʧʝʢʪʨʘ ʅʈ ʚʥʦʩʠʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʘʷ, ʥʦ ʰʠʨʦʢʦʧʦʣʦʩʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʤʧʦʥʝʥʪʘ, 

ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʩʳ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʠʦʥʦʚ ʠ ʧʨʝʦʙʣʘʜʘʝʪ ʚʦ ʚʥʝʰʥʝʡ ʠʦʥʦʩʬʝʨʝ. ʇʦ 

ʜʘʥʥʳʤ ʀʈʅʈ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʰʠʨʦʢʦʧʦʣʦʩʥʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʨʘʩʩʝʷʥʠʝ ʫʚʝʨʝʥʥʦ ʨʝʛʠ-

ʩʪʨʠʨʫʝʪʩʷ ʚ ʠʦʥʦʩʬʝʨʝ ʥʘ ʚʳʩʦʪʘʭ 3000 ʢʤ ʠ ʙʦʣʝʝ (ʨʠʩ. 66), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘ-

ʥʦ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʈʅʈ. 

 

 
 
ʈʠʩ. 66. ʇʨʦʬʠʣʴ ʤʦʱʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ ʀʈʅʈ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʙʦʣʴʰʦʡ ʜʘʣʴʥʦʩʪʴʶ ʟʦʥʜʠʨʦʚʘ-

ʥʠʷ 20 ʤʘʨʪʘ 2016 ʛ. 

 

3.1.6. ɸʙʩʦʣʶʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʤʦʱʥʦʩʪʠ ʥʘ ʀʨʢʫʪʩʢʦʤ ʨʘʜʘʨʝ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʙʩʦʣʶʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʤʦʱʥʦʩʪʠ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʀʨʢʫʪ-

ʩʢʦʤ ʨʘʜʘʨʝ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʀʈʅʈ) ʚ ʢʘʯʝʩʪʚʝ ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʩʠʛʥʘʣʘ ʙʳʣ 

ʚʳʙʨʘʥ ʩʠʛʥʘʣ ʢʦʩʤʠʯʝʩʢʦʛʦ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ. ʄʦʜʝʣʴ Global Sky Model (GSM), ʟʘʜʘʶʱʘʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʷʨʢʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʥʝʙʝʩʥʦʡ ʩʬʝʨʝ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ 

ʤʦʱʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʢʘʣʠʙʨʦʚʢʝ 

ʷʚʣʷʝʪʩʷ ʧʦʣʥʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ð ʢʦʩʤʠʯʝʩʢʦʝ ʨʘʜʠʦʠʟʣʫʯʝʥʠʝ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʧʨʠ-

ʥʷʪʦʤ ʩʠʛʥʘʣʝ. ʉ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ GSM ʠ ʠʟʚʝʩʪʥʦʡ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʀʈʅʈ 

ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʱʥʦʩʪʠ ʰʫʤʘ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ 

ʨʘʜʘʨʘ. ʆʧʠʩʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʠ ʜʣʷ ʧʘʩʩʠʚʥʳʭ, ʠ ʜʣʷ ʘʢʪʠʚʥʳʭ ʥʘʙʣʶ-

ʜʝʥʠʡ ʥʘ ʀʈʅʈ. ɺ ʩʣʫʯʘʝ ʧʘʩʩʠʚʥʦʛʦ ʨʝʞʠʤʘ ʥʘʙʣʶʜʝʥʠʡ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʠʣʘ ʦʧʨʝʜʝʣʠʪʴ 

ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ ʨʘʜʘʨʘ ʠ ʦʪʢʨʳʣʘ ʧʝʨʩʧʝʢʪʠʚʳ 

ʧʦʣʫʯʝʥʠʷ ʟʥʘʯʝʥʠʡ ʘʙʩʦʣʶʪʥʦʛʦ ʧʦʪʦʢʘ ʤʦʱʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ. ɺ ʩʣʫʯʘʝ 

ʘʢʪʠʚʥʦʛʦ ʨʝʞʠʤʘ ʥʘʙʣʶʜʝʥʠʡ (ʨʠʩ. 67) ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʘʙʩʦʣʶʪʥʳʭ ʠʟʤʝʨʝ-

ʥʠʡ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ Pʧʨ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʦʮʝʥʢʘʤʠ ʤʦʱʥʦ-

ʩʪʠ ʥʘ ʦʩʥʦʚʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ Pʥʨ. ɼʣʷ ʣʝʪʥʝʛʦ ʧʝʨʠʦʜʘ ʩʨʘʚʥʝʥʠʝ ʚʳʷʚʠʣʦ 

ʥʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʝʫʯʪʝʥʥʳʭ ʧʦʪʝʨʴ ʚ ʧʨʠʝʤʦ-ʧʝʨʝʜʘʶʱʝʤ ʪʨʘʢʪʝ ʨʘʜʘʨʘ 

(Pʧʨ<Pʥʨ). ɼʣʷ ʚʝʩʝʥʥʝʛʦ ʧʝʨʠʦʜʘ ʩʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʥʝʫʯʪʝʥʥʳʭ ʧʦʪʝʨʴ ʠ ʙʦʣɹ-

ʰʫʶ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʦʪʥʦʰʝʥʠʷ Pʧʨ/Pʥʨ.  
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ʈʠʩ. 67. ʉʨʘʚʥʝʥʠʝ ʥʘʙʣʶʜʘʝʤʦʡ ʤʦʱʥʦʩʪʠ ʠ ʤʦʱʥʦʩʪʠ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʜʣʷ ʣʝʪ-
ʥʝʛʦ ʠ ʦʩʝʥʥʝʛʦ ʧʝʨʠʦʜʦʚ ʥʘʙʣʶʜʝʥʠʡ 

 

3.1.7. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ ʩ ʫʯʝʪʦʤ 

ʵʬʬʝʢʪʘ ʌʘʨʘʜʝʷ ʜʣʷ ʀʨʢʫʪʩʢʦʛʦ ʨʘʜʘʨʘ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

 

ʇʨʦʙʣʝʤʘ ʢʦʨʨʝʢʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʦʥʥʳʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠʦʥʦʩʬʝʨʥʦʡ 

ʧʣʘʟʤʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʀʨʢʫʪʩʢʦʛʦ ʨʘʜʘʨʘ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

(ʀʈʅʈ). ʉʫʱʝʩʪʚʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʜʘʥʥʳʤ ʀʈʅʈ ʥʝ ʫʯʠ-

ʪʳʚʘʶʪ ʤʥʦʛʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʜʘʨʘ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʶ ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʠʙʣʠʞʝʥʠʷ ʜʣʷ ʨʝ-

ʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʧʦʟʚʦʣʷʶʪ ʢʦʨʨʝʢʪʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʠʦʥʥʳʝ ʠ ʵʣʝʢʪʨʦʥʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʜʘʥʥʳʤ ʀʈʅʈ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʚʳʩʦʢʦʛʦ ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ/ʰʫʤ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʨʘʩʩʝʷʥʠʷ ʩʠʛʥʘʣʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʦʠʩʢ 

ʠ ʦʮʝʥʢʫ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘ-

ʣʠʟʘ ʦʙʨʘʙʦʪʘʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʛʠʧʦʪʝʟʳ ʩʫʱʝʩʪʚʦʚʘʥʠ ̫ʥʝʩʢʦʣʴʢʠʭ ʩʠʩʪʝ-

ʤʘʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʥʝ ʫʯʠʪʳʚʘʝʤʳʭ ʨʘʥʝʝ: 1) ʥʝʢʦʨʨʝʢʪʥʦʩʪʴ ʫʯʝʪʘ ʚʝʩʦʚʦʡ ʬʫʥʢ-

ʮʠʷ ʚʩʣʝʜʩʪʚʠʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʦʬʠʣʷ ʤʦʱʥʦʩʪʠ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ; 2) ʚʣʠʷ-

ʥʠʝ ʩʠʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨ; 3) ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʢʦʛʝʨʝʥʪʥʦʡ ʩʦʩʪʘʚ-

ʣʷʶʱʝʡ ʩʠʛʥʘʣʘ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ ʀʈʅʈ (ʨʠʩ. 68). 
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ʈʠʩ. 68. ʉʨʘʚʥʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʠ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʬʠʣʝʡ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʦʜʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 
ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʟʘʜʘʥʥʳʡ ʧʨʦʬʠʣʴ ʤʦʱʥʦʩʪʠ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

 

3.1.8. ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʧʦʣʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨ-

ʞʘʥʠʷ 

 

ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʧʦʜʭʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʘʙʩʦʣʶʪʥʦʛʦ ʚʝʨʪʠʢʘʣʴ-

ʥʦʛʦ ʠ ʥʘʢʣʦʥʥʦʛʦ ʧʦʣʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ (ʇʕʉ) ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʯʘʩʪʦʪʥʳʭ 

ʩʦʚʤʝʩʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʬʘʟʦʚʦʛʦ ʠ ʛʨʫʧʧʦʚʦʛʦ ʟʘʧʘʟʜʳʚʘʥʠʷ ʩʠʛʥʘʣʘ GPS/ɻʃʆʅɸʉʉ [7]. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʘʙʩʦʣʶʪʥʦʝ ʇʕʉ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʦ 

ʦʜʥʦʯʘʩʪʦʪʥʳʤ ʠʟʤʝʨʝʥʠʷʤ, ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʮʝʥʢʘʤʠ, ʦʩʥʦʚʘʥʥʳʤʠ ʥʘ ʜʚʫʭʯʘʩʪʦʪʥʳʭ ʠʟʤʝ-

ʨʝʥʠʷʭ (ʨʠʩ. 69, ʘ). ʊʠʧʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʟʥʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʇʕʉ, ʧʦʣʫʯʝʥʥʦʛʦ ʦʜʥʦʯʘ-

ʩʪʦʪʥʳʤ ʠ ʜʚʫʭʯʘʩʪʦʪʥʳʤ ʤʝʪʦʜʘʤʠ, ʜʣʷ ʩʨʝʜʥʝʰʠʨʦʪʥʳʭ ʩʪʘʥʮʠʡ ʥʝ ʧʨʝʚʳʰʘʝʪ ʚʝʣʠʯʠʥʳ 

~1.5 TECU ʩ ʉʂʆ ʜʦ 3 TECU (ʨʠʩ. 69, ʙ). ʋʢʘʟʘʥʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦ ʧʦʨʷʜʢʫ 

ʚʝʣʠʯʠʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ ʠ ʩʣʫʯʘʡʥʳʤ ʦʪʢʣʦʥʝʥʠʷʤ ʛʣʦʙʘʣʴʥʳʭ ʢʘʨʪ ʇʕʉ (GIM), ʧʦʣʫ-

ʯʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠʦʥʦʩʬʝʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʯʘʩʪʦʪʥʳʭ ʧʨʠʝʤʥʠʢʦʚ ɻʅʉʉ. 

 

ʈʠʩ. 69. ʉʫʪʦʯʥʘʷ ʜʠʥʘʤʠʢʘ ʘʙʩʦʣʶʪʥʦʛʦ ʇʕʉ 20 ʤʘʷ 2009 ʛ. ʥʘʜ ʩʨʝʜʥʝʰʠʨʦʪʥʦʡ ʩʪʘʥʮʠʝʡ 
NRC1 ʠ ʧʦ ʜʘʥʥʳʤ ʢʘʨʪ GIM ʣʘʙʦʨʘʪʦʨʠʠ CODE (ʘ); ʛʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʥʦʩʪʠ ʟʥʘʯʝʥʠʡ 
ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʇʕʉ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʦʜʥʦʯʘʩʪʦʪʥʳʤ ʠ ʜʚʫʭʯʘʩʪʦʪʥʳʤ ʠʟʤʝʨʝʥʠʷʤ ʥʘ ʩʪʘʥʮʠʠ NRC1 ʚ 
ʤʠʥʠʤʫʤʝ 2009 ʠ ʤʘʢʩʠʤʫʤʝ 2014 ʛ. ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʙ) 
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3.1.9. ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

 
1. Ratovsky K.G., Dmitriev A.V., Suvorova A.V., Shcherbakov A.A., Alsatkin S.S., 

Oinats A.V. Comparative study of COSMIC/FORMOSAT-3, Irkutsk Incoherent Scatter Radar, 
Irkutsk Digisonde and IRI model electron density vertical profiles // Adv. Space Res. 2017. V. 60, 
N 2. P. 452ï460. 

2. Zherebtsov G.A., Ratovsky K.G., Klimenko M.V., Klimenko V.V., Medvedev A.V., 
Alsatkin S.S., Oinats A.V., Lukianova R.Yu. Diurnal variations of the ionospheric electron den-
sity height profiles over Irkutsk: comparison of the incoherent scatter radar measurements, GSM 
TIP simulations and IRI predictions // Adv. Space Res. 2017. V. 60, N 2. P. 444ï451. 

3. Medvedev ɸ.V., Ratovsky K.G., Tolstikov M.V., Oinats A.V., Alsatkin S.S., 
Zherebtsov G.A. Relation of internal gravity wave anisotropy with neutral wind characteristics in 
the upper atmosphere // J. Geophys. Res.: Space Phys. 2017. V. 122, N 7. P. 7567ï7580. 

4. Vasilyev R.V., Globa M.V., Kushnarev D.S., Medvedev A.V., Ratovsky K.G. Spectral 
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Atmosph. Solar-Terr. Phys. 2017. V. 160. P. 48ï55. 
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ʜʝʨʥʠʟʘʮʠʷ ʀʨʢʫʪʩʢʦʛʦ ʨʘʜʘʨʘ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ // ʉʦʣʥʝʯʥʦ-ʟʝʤʥʘʷ ʬʠʟʠʢʘ. 
2017. ʊ. 3, ˉ 3. ʉ. 88ï94. 

6. Shpynev B.G. Refraction and Faraday rotation in the incoherent scatter radar technique // 
Radio Sci. 2017. V. 52, N 9. P. 1067ï1080. 

7. ʗʩʶʢʝʚʠʯ ʖ.ɺ., ʄʳʣʴʥʠʢʦʚʘ ɸ.ɸ., ʀʚʘʥʦʚ ɺ.ɹ. ʆʧʨʝʜʝʣʝʥʠʝ ʘʙʩʦʣʶʪʥʦʛʦ ʧʦʣʥʦʛʦ 
ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʦ ʦʜʥʦʯʘʩʪʦʪʥʳʤ ʩʧʫʪʥʠʢʦʚʳʤ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʤ ʜʘʥʥʳʤ 
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3.2. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʚ ʠʦʥʦʩʬʝʨʝ ɿʝʤʣʠ 

 

3.2.1. ʋʨʘʚʥʝʥʠʝ ʥʘ ʩʧʝʢʪʨ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ ʚ ʤʦʜʝʣʴʥʦʤ ʘʥʠʟʦʪʨʦʧʥʦʤ 
ʚʦʣʥʦʚʦʜʝ ɿʝʤʣʷðʠʦʥʦʩʬʝʨʘ 
 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ 
ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʚ ʚʦʣʥʦʚʦʜʝ ɿʝʤʣʷðʠʦʥʦʩʬʝʨʘ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʙ-
ʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʨʘʜʠʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ. ʕʪʘ ʟʘʜʘʯʘ ʚ ʜʠʘʧʘ-
ʟʦʥʝ ʜʝʢʘʤʝʪʨʦʚʳʭ ʨʘʜʠʦʚʦʣʥ ʚ ʩʣʫʯʘʝ ʠʟʦʪʨʦʧʥʦʡ ʠʦʥʦʩʬʝʨʳ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʚ 
ʤʦʥʦʛʨʘʬʠʠ [1]. ɺ ʘʥʠʟʦʪʨʦʧʥʦʤ ʚʦʣʥʦʚʦʜʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ ʟʘʪʨʫʜ-
ʥʝʥʦ, ʪʘʢ ʢʘʢ ʨʘʟʜʝʣʝʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʚ ʩʣʫʯʘʝ ʚʝʨʪʠʢʘʣʴʥʦ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 
ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʀʤʝʥʥʦ ʚ ʪʘʢʦʡ ʧʨʦʩʪʦʡ ʤʦʜʝʣʠ ʚʦʣʥʦʚʦʜʘ ʚ ʨʘʙʦʪʝ [2] ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ 
ʨʘʜʠʘʣʴʥʘʷ ʟʘʜʘʯʘ, ʧʦ ʩʦʙʩʪʚʝʥʥʳʤ ʬʫʥʢʮʠʷʤ ʢʦʪʦʨʦʡ ʚ ʚʠʜʝ ʨʷʜʘ ʩʪʨʦʠʪʩʷ ʨʝʰʝʥʠʝ ʩʠ-
ʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʜʣʷ ʧʦʣʝʡ, ʚʦʟʙʫʞʜʘʝʤʳʭ ʧʨʦʠʟʚʦʣʴʥʳʤ ʠʟʣʫʯʘʪʝʣʝʤ.  

ʈʝʰʝʥʠʝ ʨʘʜʠʘʣʴʥʦʡ ʟʘʜʘʯʠ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ ʯʝʪʳʨʝʭ ʜʠʬʝʨʝʥʮʠʘʣʴ-
ʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʢʦʪʦʨʫʶ ʚ ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

ikaTee =¡ ,          (3.2.1.1) 
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ɿʜʝʩʴ 2 2
0 0Q / ye g= - , 2 2

1 1Q / ye g= - , 1 2
TR ( R ,R )= , 2g  ð ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ʠ ʩʦʙ-

ʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ck /w= , a  ð ʨʘʜʠʫʩ ɿʝʤʣʠ, ary /= , 0e, 1e, 2e ð ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ɼʘʣʝʝ ʧʨʝʥʝʙʨʝʛʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʡ ʯʘʩʪʦʪʦʡ ʩʦʫʜʘʨʝ-
ʥʠʡ ʵʣʝʢʪʨʦʥʦʚ ʚ ʠʦʥʦʩʬʝʨʝ, ʧʦʵʪʦʤʫ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʠʤʝʶʪ ʚʠʜ [3] 
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ʛʜʝ ffa /0= , 0f  ð ʢʨʠʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʠʦʥʦʩʬʝʨʥʦʛʦ ʩʣʦʷ, ffu H /= , Hf ð ʛʠʨʦʯʘʩʪʦʪʘ 

ʵʣʝʢʪʨʦʥʦʚ, )(yq  ð ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʥʘ ʝʜʠʥʠʮʫ ʚ ʤʘʢʩʠʤʫʤʝ ʩʣʦʷ ʧʨʦʬʠʣʴ ʵʣʝʢʪʨʦʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ.  

ʅʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʧʘʨʘʤʝʪʨʘ )(105 ʄɻʮfkaº  ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ (3.2.1.1) ʠʩʧʦʣʴʟʦʚʘʪʴ ɺʂɹ-ʧʨʠʙʣʠʞʝʥʠʝ. ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (3.2.1.1) ʜʣʷ 
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ʆʩʦʙʳʝ ʪʦʯʢʠ (ʪʦʯʢʠ ʧʦʚʦʨʦʪʘ1 2y ,y ) ɺʂɹ-ʨʝʰʝʥʠʷ (3.2.1.3) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʣʫʯʘʶ, ʢʦʛʜʘ 

0)2,1( =l . ʆʩʦʙʦʡ ʪʦʯʢʦʡ (ʪʦʯʢʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 3y ) ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʪʦʯʢʘ, ʛʜʝ 
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2

)2(

2

)1( ll = . ʆʪʤʝʪʠʤ, ʯʪʦ ʦʩʦʙʦʡ ʪʦʯʢʦʡ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʥʘʯʘʣʦ 

ʠʦʥʦʩʬʝʨʥʦʛʦ ʩʣʦʷ Hy , ʛʜʝ 02 =e . ʈʝʰʝʥʠʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʝʢ ʧʦʚʦʨʦʪʘ 1 2y ,y  ʩʪʨʦʠʪʩʷ, 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʘʣʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠ ̫ʕʡʨʠ. ɿʘ ʪʦʯʢʘʤʠ ʧʦʚʦʨʦʪʘ 1 2y ,y  ʚʳʙʠʨʘʝʪʩʷ ʟʘ-

ʪʫʭʘʶʱʝʝ ɺʂɹ-ʨʝʰʝʥʠʝ [4]. 
ʉʰʠʚʘʷ ʨʝʰʝʥʠʷ ʨʘʜʠʘʣʴʥʦʡ ʟʘʜʘʯʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʚʦʣʥʦʚʦʜʘ ɿʝʤʣʷð

ʠʦʥʦʩʬʝʨʘ ʩ ʫʯʝʪʦʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ ʥʘ ʩʧʝʢʪʨ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘ-
ʯʝʥʠʡ ʨʘʜʠʘʣʴʥʦʡ ʟʘʜʘʯʠ 

2 1 1 2 0m e m e
H Hcos cos sin sinc c- +F F - F F =,    (3.2.1.5) 
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ʀʥʜʝʢʩʦʤ çʅè ʦʙʦʟʥʘʯʝʥʳ ʚʝʣʠʯʠʥʳ c°, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʚʳʯʠʩʣʷʶʪʩʷ ʧʨʠ Hy y= , 

e,mV  ð ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ ʚʦʣʥʳ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ [1].  
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ɺ ʧʦʣʫʯʝʥʥʦʤ ʫʨʘʚʥʝʥʠʠ ʩʧʝʢʪʨʘ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ ʥʝʣʴʟʷ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʝʜʝʣʴʥʳʡ 

ʧʝʨʝʭʦʜ ʢ ʠʟʦʪʨʦʧʥʦʤʫ ʩʣʫʯʘʶ 0u­ . ʇʨʠʯʠʥʘ ʵʪʦʛʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʠʥʪʝʨʚʘʣ 2 3( y , y ) ʤʝʞʜʫ ʦʩʦʙʳʤʠ ʪʦʯʢʘʤʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚ ʢʘʯʝ-

ʩʪʚʝ ʨʝʰʝʥʠʡ ʨʘʜʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʳʙʨʘʪʴ ʩʫʧʝʨʧʦʟʠʮʠʶ ʟʘʪʫʭʘʶʱʠʭ ɺʂɹ-ʨʝʰʝʥʠʡ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʧʨʝʜʝʣʴʥʦʤ ʧʝʨʝʭʦʜʝ 0u­  ʠʥʪʝʨʚʘʣ 2 3( y , y ) ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ. ɺʳʚʦʜ 

ʫʨʘʚʥʝʥʠʷ ʩʧʝʢʪʨʘ, ʚ ʢʦʪʦʨʦʤ ʙʳʣ ʙʳ ʜʦʧʫʩʪʠʤ ʧʨʝʜʝʣʴʥʳʡ ʧʝʨʝʭʦʜ 0u­ , ʪʨʝʙʫʝʪ ʜʦ-
ʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ.  

 

3.2.2. ʃʠʥʝʡʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʜ ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ ʤʥʦʛʦʤʦʜʦʚʦʤ ʚʦʣʥʦʚʦʜʝ 
ɿʝʤʣʷ ð ʠʦʥʦʩʬʝʨʘ, ʩʚʦʡʩʪʚʘ ʤʘʪʨʠʮʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ 

 
ʇʨʠ ʦʧʠʩʘʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ ʚʦʣʥʦʚʦʜʝ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʘ 

ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ, ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ʚ ʨʘʟʥʳʭ ʩʝʯʝʥʠʷʭ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʦʙ-
ʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʝ ʩʦʚʧʘʜʘʶʪ. ɺ ʨʘʤʢʘʭ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʧʨʠʙʣʠʞʝ-
ʥʠʷ ʵʪʦʪ ʬʘʢʪ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʥʝʧʨʝʨʳʚʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʙʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʪ 
ʧʨʦʜʦʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ (ʚ ʚʦʣʥʦʚʦʜʝ ʟʝʤʣʷ ï ʠʦʥʦʩʬʝʨʘ ʦʪ ʧʦʣʷʨʥʦʛʦ ʫʛʣʘ) ʠ ʥʦʤʝʨ ʚʦʣ-
ʥʳ ʩʯʠʪʘʝʪʩʷ ʘʜʠʘʙʘʪʠʯʝʩʢʠʤ ʠʥʚʘʨʠʘʥʪʦʤ. ʆʪʢʣʦʥʝʥʠʝ ʦʪ ʘʜʠʘʙʘʪʠʯʥʦʩʪʠ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, 
ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ʥʝ ʚʳʨʘʞʘʝʪʩʷ 
ʚ ʚʠʜʝ ʵʢʩʧʦʥʝʥʪʳ ʦʪ ʤʘʪʨʠʮʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦʛʦ ʫʯʝʪʘ çʚʟʘ-
ʠʤʦʜʝʡʩʪʚʠʷè ʚʦʣʥ ʚ ʨʘʟʥʳʭ ʩʝʯʝʥʠʷʭ. ʕʪʘ ʟʘʜʘʯʘ ʠʟʚʝʩʪʥʘ ʢʘʢ ʟʘʜʘʯʘ çʣʠʥʝʡʥʦʛʦ ʚʟʘʠ-
ʤʦʜʝʡʩʪʚʠʷ ʤʦʜè. 

  
3.2.2.1. ɺʦʣʥʦʚʦʜʥʳʝ ʫʨʘʚʥʝʥʠʷ 

 
ʈʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʜʣʷ ʬʫʨʴʝ-ʦʙʨʘʟʦʚ: 

4
rot , divB 0,

rot , div 4 ,

B ik E j
c

E ikB E

p
e

e pr

=- + =

= =

     (3.2.2.1) 

ʛʜʝ e ð ʢʦʤʧʣʝʢʩʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, k  ð ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ, r ʠ j  ð 

ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʠ ʪʦʢʘ ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ. 
ɺ ʩʣʫʯʘʝ ʘʟʠʤʫʪʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʚʝ ʛʨʫʧʧʳ ʥʝʟʘʚʠʩʠʤʳʭ ʫʨʘʚ-

ʥʝʥʠʡ ʚ ʩʬʝʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. ʋʩʣʦʚʥʦ ʵʪʠ ʛʨʫʧʧʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʊʄ-ʧʦʣʶ ʠ ʊɽ-
ʧʦʣʶ. 

ɼʣʷ ʊʄ-ʧʦʣʷ: 
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ɼʣʷ ʊɽ-ʧʦʣʷ: 
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ʀʟ ʚʳʨʘʞʝʥʠʷ (3.2.2.2) ʠ (3.2.2.3) ʚʠʜʥʦ, ʯʪʦ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ Bf ʠ Ef. 

ɽʩʣʠ ʧʝʨʝʡʪʠ ʢ ʥʦʚʳʤ ʧʝʨʝʤʝʥʥʳʤ cosx q=-  ʠ y r a=  ( a  ð ʨʘʜʠʫʩ ɿʝʤʣʠ), ʠ ʢ 

ʥʦʚʳʤ ʥʝʠʟʚʝʩʪʥʳʤ ʬʫʥʢʮʠʷʤ 21E rE xf= -  ʠ 21B rB xf e= - , ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʦʙ-

ʱʝʝ ʫʨʘʚʥʝʥʠʝ ʚ ʚʠʜʝ: 
2 2 2

2 2 2 2

2 2 2
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    (3.2.2.4) 

ʛʜʝ ʧʨʠ EP=  
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ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʧʨʦʩʪʝʡʰʠʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʚʝʣʠʯʠʥʘʤʠ z ʠ 
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2 2

1

a y

e

e

µ å õ
æ ö

µ ç ÷
 ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʧʦʣʫʯʘʝʤ ʝʜʠʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʠʜʘ 

2 2 2
2 2 2 2

2 2 2
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1 I,

x
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e

µ P - µ P
+ P+ = -

µ µ
    (3.2.2.5) 

 
3.2.2.2. ʄʘʪʨʠʮʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

 
ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (3.2.2.6) ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ P ʚ ʚʠʜʝ 

ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʙʘʟʠʩʫ ʨʘʜʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ [1]. ɺ ʩʣʫʯʘʝ ʦʜʥʦʨʦʜʥʦʛʦ ʚʦʣʥʦʚʦʜʘ (e ʟʘʚʠ-

ʩʠʪ ʪʦʣʴʢʦ ʦʪ y), ʨʝʰʝʥʠʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 
1

2
( )

( , ) 1 ( ) ,
2 ( 1)sin

n

n n

n n n n

P x
y x x A R y

mp

m m pm
P = -

+
ä     (3.2.2.6) 

ʛʜʝ 1

n
Pmð ʧʨʠʩʦʝʜʠʥʝʥʥʘʷ ʬʫʥʢʮʠʷ ʃʝʞʘʥʜʨʘ, nA ð ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʟʙʫʞʜʝʥʠʷ ʥʦʨʤʘʣʴ-

ʥʦʡ ʚʦʣʥʳ, 2 2( 1) ( )n n nkam m g+ = , ʘ nR  ð ʨʝʰʝʥʠʝ ʨʘʜʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

2
2 2

2
( ) ( ) .n

n n nR ka R ka R
y

g
e¡¡+ =        (3.2.2.7) 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʢʦʦʨʜʠʥʘʪ y  ʠ x . 

ɼʣʷ ʵʪʦʛʦ, ʨʘʟʦʙʴʝʤ ʪʨʘʩʩʫ ʥʘ P  ʫʯʘʩʪʢʦʚ, ʪʘʢʠʭ, ʯʪʦʙʳ ʥʘ ʢʘʞʜʦʤ ʫʯʘʩʪʢʝ ʚʳʧʦʣʥʷʣʦʩʴ 

( , ) ( )py x ye eº . ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʤʳ ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ 

(3.2.2.5) ʥʘ p -ʦʤ ʫʯʘʩʪʢʝ ʪʨʘʩʩʳ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ (3.2.2.6) 
1
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( , ) 1 ( ) .
2 ( 1)sin
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n n p p p
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P x
y x x A R y

mp

m m pm
P = -

+
ä    (3.2.2.8) 

ɼʣʷ ʥʫʣʝʚʦʛʦ ʫʯʘʩʪʢʘ ʠ ʠʟʣʫʯʘʪʝʣʷ, ʫʛʣʦʚʦʡ ʨʘʟʤʝʨ ʢʦʪʦʨʦʛʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 1x (ʛʨʘ-

ʥʠʮʘ ʥʫʣʝʚʦʛʦ ʫʯʘʩʪʢʘ), ʤʦʞʥʦ ʥʘʡʪʠ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʦʟʙʫʞʜʝʥʠʷ 
0

0 1

1
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n nA P x I x dx
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=- -ñ       (3.2.2.9) 
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ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʪʨʘʩʩʳ ʙʫʜʝʤ ʩʰʠʚʘʪʴ ʨʝʰʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ p -ʛʦ ʠ ( 1)p+ -ʛʦ 

ʫʯʘʩʪʢʦʚ: 
1

1 1( , ) ( , ),p p

p py x y x+

+ +P =P       (3.2.2.11) 

ʪʦʛʜʘ ʤʳ ʤʦʞʝʤ ʧʦʣʫʯʠʪʴ 
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ʛʜʝ nmT ð ʤʘʪʨʠʮʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 
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R R
T dy
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=ñ      (3.2.2.13) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʨʘʩʭʦʜʷʱʝʡʩʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʚʦʣʥʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʦʛʦ ʛʨʘʜʠʝʥʪʘ ʧʦ x, ʤʳ ʤʦʞʝʤ ʦʧʨʝʜʝʣʷʪʴ ʧʦʣʝ ʥʘ ʩʣʝʜʫʶʱʝʤ ʫʯʘʩʪʢʝ ʪʨʘʩʩʳ, 
ʠʩʧʦʣʴʟʫʷ ʟʥʘʯʝʥʠʝ ʧʦʣʷ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʫʯʘʩʪʢʝ ʪʨʘʩʩʳ.  
 

3.2.2.3. ʄʘʣʳʡ ʧʨʦʜʦʣʴʥʳʡ ʛʨʘʜʠʝʥʪ 
 

ʇʨʠ ʥʘʣʠʯʠʠ ʤʘʣʦʛʦ ʧʨʦʜʦʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ, ʤʘʪʨʠʮʘ nmT  ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʥʴ ʙʣʠʟʢʘ  

ʝʜʠʥʠʯʥʦʡ ʜʠʘʛʦʥʘʣʴʥʦʡ ʤʘʪʨʠʮʝ (ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ). ɺ ʵʪʦʤ 
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      (3.2.2.20) 

ʇʦʜʩʪʘʚʠʤ (3.2.2.20) ʚ (3.2.2.9), ʯʪʦ ʜʘʝʪ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʦʝ ʚʳʨʘʞʝʥʠʝ 
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ɺ ʧʦʢʘʟʘʪʝʣʝ ʵʢʩʧʦʥʝʥʪʳ ʬʘʢʪʠʯʝʩʢʠ ʩʪʦʠʪ ʠʥʪʝʛʨʘʣ 
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ñ , ʚʟʷʪʳʡ ʯʠʩ-

ʣʝʥʥʦ ʤʝʪʦʜʦʤ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ. ɺ ʧʨʝʜʝʣʝ, ʢʦʛʜʘ ʜʣʠʥʘ ʫʯʘʩʪʢʘ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ, ʤʳ 
ʬʘʢʪʠʯʝʩʢʠ ʧʦʣʫʯʘʝʤ ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʠʥʪʝʛʨʘʣʘ. ʇʦʣʫʯʝʥʥʘʷ ʬʦʨʤʫʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʧʨʠʙʣʠʞʝʥʠ,ʁ ʚ ʢʦʪʦʨʦʤ ʥʦʤʝʨ ʥʦʨʤʘʣʴʥʦʡ ʚʦʣʥʳ ʩʯʠʪʘʝʪʩʷ ʘʜʠʘʙʘʪʠʯʝʩʢʠʤ ʠʥʚʘʨʠʘʥʪʦʤ. 
 

3.2.2.4. ʈʘʩʯʝʪ ʤʘʪʨʠʮʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

 
ɹʳʣ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʤʘʪʨʠʮʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʣʷ ʩʣʫʯʘʷ ʩʪʘʥʜʘʨʪʥʦʡ ʢʚʘʟʠʧʘʨʘ-

ʙʦʣʠʯʝʩʢʦʡ ʠʦʥʦʩʬʝʨʳ (ʢʨʠʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ 6 ʄɻʮ, ʚʳʩʦʪʘ ʤʘʢʩʠʤʫʤʘ 300 ʢʤ, ʚʳʩʦʪʘ 
ʥʘʯʘʣʘ ʠʦʥʦʩʬʝʨʳ 90 ʢʤ). ʇʨʠ ʵʪʦʤ ʢʨʠʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʨʝʟʘʤʠ ʙʳʣʘ 
ʠʟʤʝʥʝʥʘ ʥʘ 1 % (ʩ 6 ʥʘ 6.06 ʄɻʮ). 

ɺ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʢʦʛʜʘ ʥʦʤʝʨ ʥʦʨʤʘʣʴʥʦʡ ʚʦʣʥʳ ʷʚʣʷʝʪʩʷ ʠʥʚʘʨʠʘʥ-
ʪʦʤ, ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʥʝʡ ʣʠʥʠʠ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʤʘʢʩʠʤʫʤʳ ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʜʠʘ-
ʛʦʥʘʣʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʦʤʝʨʦʚ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ. ʕʪʦ ʦʪʢʣʦʥʝʥʠʝ ʪʝʤ ʩʠʣʴʥʝʝ, ʯʝʤ 
ʙʦʣʴʰʝ ʠʟʤʝʥʝʥʠʝ.  

ɺ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʰʘʛʝ ʧʦ ʜʘʣʴʥʦʩʪʠ ʤʳ ʧʨʠʥʫ-
ʜʠʪʝʣʴʥʦ ʜʝʣʘʝʤ ʤʘʪʨʠʮʫ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʚʘʜʨʘʪʥʦʡ ʧʦ ʝʝ ʥʘʠʤʝʥʴʰʝʡ ʩʪʦʨʦʥʝ. ɺ ʧʨʠ-
ʤʝʨʝ ʥʘ ʨʠʩ. 70, ʛʜʝ ʠʟʤʝʥʷʣʘʩʴ ʪʦʣʴʢʦ ʚʳʩʦʪʘ ʤʘʢʩʠʤʫʤʘ ʥʘ 1 % (ʩ 300 ʥʘ 303 ʢʤ), ʤʦʞʥʦ 
ʚʠʜʝʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʠʚʝʣ ʙʳ ʢ ʧʦʪʝʨʝ ʧʦʯʪʠ ʪʨʝʭʩʦʪ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʧʨʠʥʷʪʴ ʟʘ ʠʥʚʘʨʠʘʥʪ ʚʝʣʠʯʠʥʫ ʩʦʙʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠ ̫ʨʘʜʠ-
ʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʘʢʢʫʨʘʪʥʦ ʫʯʠʪʳʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʠʦʥʦʩʬʝʨʳ ʚʜʦʣʴ 
ʨʘʜʠʦʪʨʘʩʩʳ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʰʘʛʝ. 

ʇʨʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʪʨʦʢ ʤʘʪʨʠʮʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 
ʨʠʩ. 70, ʥʘ ʨʠʩ. 71, ʘïʛ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʘʩʠʤʤʝʪʨʠʶ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʥʝʨʛʠʠ ʤʝʞʜʫ 
ʥʦʨʤʘʣʴʥʳʤʠ ʚʦʣʥʘʤʠ. ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 
ʤʘʢʩʠʤʫʤʦʚ ʩʦ ʩʤʝʱʝʥʠʝʤ ʚ ʩʪʦʨʦʥʫ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ, ʪʦʯʢʘ ʦʪʨʘʞʝʥʠʷ ʢʦʪʦʨʳʭ ʣʝʞʠʪ 
ʚʳʰʝ ʪʦʯʢʠ ʦʪʨʘʞʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʝʜʳʜʫʱʝʤʫ ʩʨʝʟʫ. ʕʪʦ ʩʦʦʪʚʝʪ-
ʩʪʚʫʝʪ ʨʘʩʩʝʷʥʠʶ ʥʘ ʛʨʘʜʠʝʥʪʝ. 

 

ʈʠʩ. 70. ʄʘʪʨʠʮʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʳʩʦʪʳ ʤʘʢʩʠʤʫʤʘ ʥʘ 1 % 

  

   

ʈʠʩ. 71. ʉʪʨʦʢʠ ʤʘʪʨʠʮʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ ʥʘ 1 % 
 

 

ʘ ʙ 

n=2000 n=3000 

ʚ ʛ 

n=4000 n=5000 
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3.2.3. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʜʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʂɺ-ʩʠʛʥʘʣʦʚ, ʨʘʩʩʝʷʥʥʳʭ 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʚ ʠʦʥʦʩʬʝʨʝ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʷʤʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ 

 

ʄʝʪʦʜ ʚʦʟʚʨʘʪʥʦ-ʥʘʢʣʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ (ɺʅɿ) ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʠʤʠ ʧʦʪʝʥʮʠ-

ʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠʦʥʦʩʬʝʨʳ ʠ ʫʩʣʦʚʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦ-

ʚʦʣʥ ʥʘ ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʭ ʪʨʘʩʩʘʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʝʛʠʩʪʨʘʮʠʷ ʜʠʩʪʘʥʮʠʦʥʥʦ-ʯʘʩʪʦʪʥʳʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʦʚ ɺʅɿ (ʠʦʥʦʛʨʘʤʤ) ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʨʠʤʝʥʠʤʳʝ 

ʯʘʩʪʦʪʳ (ʄʇʏ) ʤʦʜʦʚ ʥʘʢʣʦʥʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʟʦʥʜʠʨʦʚʘʥʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ ɺʅɿ ʚʥʦʩʷʪ ʫʯʘʩʪʢʠ 

ʨʘʩʩʝʷʥʠʷ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʦʩʚʝʱʝʥʥʦʡ ʟʦʥʳ (ʧʝʨʝ-

ʭʦʜ ʦʪ ʟʦʥʳ ʤʦʣʯʘʥʠʷ ʢ ʟʦʥʝ ʧʨʠʝʤʘ ʜʣʷ ʩʠʛʥʘʣʦʚ ʥʘʢʣʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ) ʜʣʷ ʦʪʜʝʣʴ-

ʥʳʭ ʩʢʘʯʢʦʚ. ʇʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮʳ ʦʩʚʝʱʝʥʥʦʡ ʟʦʥʳ ʥʘʭʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʠʩʪʘʥʮʠʦʥʥʦ-

ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɼʏʍ) ʩʠʛʥʘʣʦʚ ɺʅɿ ʧʦ ʧʝʨʝʜʥʝʤʫ ʬʨʦʥʪʫ, ʪʘʢ ʢʘʢ ʤʘʢʩʠʤʫʤ ʚ 

ʘʤʧʣʠʪʫʜʥʦʤ ʨʝʣʴʝʬʝ ʩʠʛʥʘʣʘ ɺʅɿ ʙʣʠʟʦʢ ʧʦ ʛʨʫʧʧʦʚʦʤʫ ʧʫʪʠ ʢ ʛʨʘʥʠʮʝ ʧʝʨʝʜʥʝʛʦ 

ʬʨʦʥʪʘ. ɺ ʨʘʤʢʘʭ ʚʦʣʥʦʚʦʜʥʦʛʦ ʧʦʜʭʦʜʘ [1] ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʦʧʝʨʘʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ 

ʨʘʩʯʝʪʘ ʜʠʩʪʘʥʮʠʦʥʥʦ-ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʦʚ ɺʅɿ ʧʦ ʧʝʨʝʜʥʝʤʫ ʬʨʦʥʪʫ [6]. 

ʅʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʘ ʯʘʩʪʦʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʠʥʠʤʘʣʴʥʦʛʦ ʛʨʫʧʧʦʚʦʛʦ ʧʫʪʠ ( )mP f ʠ ʛʨʘ-

ʥʠʮʳ ʦʩʚʝʱʝʥʥʦʡ ʟʦʥʳ ( )mD f , ʚʪʦʨʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʦʥʦʛʨʘʤʤ ɺʅɿ 

ʧʨʦʚʦʜʠʪʩʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩʠʛʥʘʣʦʚ ʠ ʧʦʩʪʨʦʝʥʠʝ ʪʨʝʢʦʚ [7]. ʈʝʟʫʣʴʪʘʪʳ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʷʚʣʷʶʪʩʷ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʄʇʏ ʤʦʜʦʚ ʥʘʢʣʦʥʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʘ ʟʘʜʘʥʥʫʶ ʜʘʣʴʥʦʩʪʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʟʦʥʜʠʨʦʚʘʥʠʷ [8]. 

ʅʘ ʨʠʩ. 72ï75 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʦʥʦʛʨʘʤʤʳ ɺʅɿ, ʧʦʣʫʯʝʥʥʳʝ 22 

ʷʥʚʘʨʷ 2007 ʛ. ʥʘ ʙʘʟʝ ʃʏʄ-ʠʦʥʦʟʦʥʜʘ ʀʉɿʌ ʉʆ ʈɸʅ [9], ʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ɼʏʍ ɺʅɿ ʧʦ ʧʝʨʝʜʥʝʤʫ ʬʨʦʥʪʫ ( )mP f . ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʩʝʷʥʥʦʛʦ ʩʠʛʥʘʣʘ ɺʅɿ, ʧʨʠʭʦʜʷʱʝʛʦ 

ʩ ʨʘʟʣʠʯʥʳʭ ʘʟʠʤʫʪʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. ʇʨʠʝʤ ʩʠʛʥʘʣʦʚ ɺʅɿ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʥʘ ʩʠʩʪʝʤʫ 

ʘʥʪʝʥʥ ʪʠʧʘ ɹʉ-2 ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʧʝʨʝʢʣʶʯʝʥʠʝʤ ʘʟʠʤʫʪʦʚ ʦʩʥʦʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʨʠʝʤʘ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʯʝʨʝʟ 15 ʤʠʥ: 55Á, 121Á, 235Á ʠ 301Á. ʅʘ ʠʦʥʦʛʨʘʤʤʝ ʜʣʷ ʩʝʘʥʩʘ ʟʦʥ-

ʜʠʨʦʚʘʥʠʷ 05:01 UT, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ. 72, ʧʦʤʠʤʦ ʩʠʛʥʘʣʦʚ, ʧʨʠʭʦʜʷʱʠʭ ʩ ʥʘʧʨʘʚʣʝʥʠʷ 

ʦʩʥʦʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʩʠʛʥʘʣʳ, ʧʨʠʭʦʜʷʱʠʝ ʩ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʡ. ʈʝʟʫʣʴʪʘ-

ʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɼʏʍ ʩʠʛʥʘʣʦʚ ɺʅɿ ʤʦʜʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 1F2 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ 

IRI, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʟʦʥʜʠʨʦʚʘʥʠʷ ʩ ʘʟʠʤʫʪʦʤ 55Á, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 72 

ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ. ʐʪʨʠʭʦʚʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ( )mP f , ʧʦʣʫ-

ʯʝʥʥʳʝ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʩ ʘʟʠʤʫʪʦʤ 235Á, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤʫ ʦʩʥʦʚʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ 

ʧʨʠʝʤʘ ʘʥʪʝʥʥʳ ɹʉ-2. ʀʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʨʘʟʜʝʣʝʥʠʝ ɼʏʍ ʩʠʛʥʘʣʦʚ ɺʅɿ ʜʣʷ ʜʘʥʥʦʛʦ ʩʝʘʥʩʘ 

ʦʙʫʩʣʦʚʣʝʥʦ ʨʝʛʠʩʪʨʘʮʠʝʡ ʨʘʩʩʝʷʥʥʳʭ ʩʠʛʥʘʣʦʚ ʦʙʨʘʪʥʳʤ ʣʝʧʝʩʪʢʦʤ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚ-

ʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ. ʅʘʢʣʦʥ ɼʏʍ ʩʠʛʥʘʣʦʚ ɺʅɿ, ʧʨʠʭʦʜʷʱʠʭ ʩ ʩʝʚʝʨʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʙʦʣʴʰʝ ʥʘʢʣʦʥʘ ɼʏʍ ʜʣʷ ʩʠʛʥʘʣʦʚ, ʧʨʠʭʦʜʷʱʠʭ ʩ ʶʞʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 

ʕʬʬʝʢʪ ʨʘʟʜʝʣʝʥʠʷ ɼʏʍ ʩʠʛʥʘʣʦʚ ɺʅɿ ʙʦʣʝʝ ʚʳʨʘʞʝʥ ʚ ʧʝʨʝʭʦʜʥʳʝ ʯʘʩʳ ʩʫʪʦʢ ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʫʩʠʣʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ. ɸʥʘʣʦ-

ʛʠʯʥʦʝ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ɼʏʍ ɺʅɿ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʩʝʘʥʩʘ 05:46 UT ʧʨʠ 

ʟʦʥʜʠʨʦʚʘʥʠʠ ʚ ʩʝʢʪʦʨʝ ʩ ʘʟʠʤʫʪʦʤ 301Á. ʅʘ ʨʠʩ. 76 ʧʨʠʚʝʜʝʥʳ ʠʦʥʦʨʘʤʤʘ ɺʅɿ, ʧʦʣʫʯʝʥ-

ʥʘʷ 22.01.2007 ʚ 05:46 UT, ʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɼʏʍ ʩʠʛʥʘʣʦʚ ɺʅɿ ʧʦ ʧʝʨʝʜʥʝʤʫ 

ʬʨʦʥʪʫ. ʉʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥ  rʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ( )mP f  ʚ ʩʝʢʪʦʨʝ ʧʨʠʝ-

ʤʘ ʩʠʛʥʘʣʦʚ ɺʅɿ ʩ ʘʟʠʤʫʪʦʤ 301Á, ʰʪʨʠʭʦʚʳʤʠ ð ʩ ʘʟʠʤʫʪʦʤ 121Á. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʠʛ-

ʥʘʣ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʡ ʩ ʦʙʨʘʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʝʤʘ, ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʘʤʧʣʠʪʫʜʫ ʠ ʙʦʣʝʝ 

ʰʠʨʦʢʠʡ ʯʘʩʪʦʪʥʳʡ ʠʥʪʝʨʚʘʣ ʧʨʠʝʤʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʷʤʳʤ ʩʠʛʥʘʣʦʤ. 
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ʈʠʩ. 72. ʀʦʥʦʛʨʘʤʤʘ ɺʅɿ ʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦ-
ʜʝʣʠʨʦʚʘʥʠʷ Pm(f) 22.01.2007, 05:01 UT 

ʈʠʩ. 73. ʀʦʥʦʛʨʘʤʤʘ ɺʅɿ ʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦ-
ʜʝʣʠʨʦʚʘʥʠʷ Pm(f) 22.01.2007, 05:16 UT 

  

ʈʠʩ. 74. ʀʦʥʦʛʨʘʤʤʘ ɺʅɿ ʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦ-
ʜʝʣʠʨʦʚʘʥʠʷ Pm(f) 22.01.2007, 05:31 UT 

ʈʠʩ. 75. ʀʦʥʦʛʨʘʤʤʘ ɺʅɿ ʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦ-
ʜʝʣʠʨʦʚʘʥʠʷ Pm(f) 22.01.2007, 05:46 UT 

 

ʇʦʤʠʤʦ ʩʠʛʥʘʣʦʚ ɺʅɿ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʜʥʦʩʢʘʯʢʦʚʦʤʫ ʤʦʜʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

1F2, ʥʘ ʠʦʥʦʛʨʘʤʤʘʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ. 73ï75, ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʠʛʥʘʣʳ, ʧʨʠʭʦʜʷʱʠʝ ʚ 

ʪʦʯʢʫ ʧʨʠʝʤʘ ʧʦ ʜʚʫʭʩʢʘʯʢʦʚʳʤ ʠ ʜʘʞʝ ʧʦ ʪʨʝʭʩʢʘʯʢʦʚʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʟʘ ʩʯʝʪ ʦʪʨʘʞʝʥʠʷ 

ʦʪ F-ʩʣʦʷ ʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʚʫʭʩʢʘʯʢʦʚʳʝ ʠ ʪʨʝʭʩʢʘʯʢʦʚʳʝ ʩʠʛʥʘʣʳ ɺʅɿ ʭʦʨʦʰʦ 

ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɼʏʍ ɺʅɿ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʥʦʨʤʘʣʴ-

ʥʳʭ ʚʦʣʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ IRI ʙʝʟ ʘʜʘʧʪʘʮʠʠ ʠʦʥʦʩʬʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ.  

ʅʘ ʠʦʥʦʛʨʘʤʤʘʭ ɺʅɿ (ʨʠʩ. 72, 74) ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʠʛʥʘʣʳ, ʠʤʝʶʱʠʝ ʩʣʘʙʫʶ ʯʘ-

ʩʪʦʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʛʨʫʧʧʦʚʦʛʦ ʧʫʪʠ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʢʘʢ ʪʠ-

ʧʦʚʳʝ ʩʠʛʥʘʣʳ ɺʅɿ. ʇʦʷʚʣʝʥʠʝ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ ʥʘ ʠʦʥʦʛʨʘʤʤʘʭ ʜʣʷ ʩʝʘʥʩʦʚ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʚ 05:01 ʠ 05:31 UT ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʪʨʘʞʝʥʠʝʤ ʦʪ ʛʦʨʥʳʭ ʭʨʝʙʪʦʚ ʥʘ ʶʛʝ ʉʨʝʜʥʝʡ 

ɸʟʠʠ (ʛʦʨʥʘʷ ʮʝʧʴ ʇʘʤʠʨʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʥʘ ʫʜʘʣʝʥʠʠ ~3000 ʢʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʘʟʠʤʫʪʦʤ 

235Á ʦʪ ʧʫʥʢʪʘ ʠʟʣʫʯʝʥʠʷ). 

ʅʘʢʦʧʣʝʥʥʳʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʠʛʥʘʣʦʚ ɺʅɿ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʣʠʦʛʝʦʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ɹʳʣʠ ʚʳʷʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʭʘ-

ʨʘʢʪʝʨʥʳʝ ʪʠʧʳ ʠʦʥʦʛʨʘʤʤ ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʫʩʣʦʚʠʷ ʧʦʷʚʣʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʪʠʧʘ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ, ʩʝʟʦʥʘ, ʥʘʧʨʘʚʣʝʥʠʷ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ. ɿʠʤʦʡ, 

ʚʝʩʥʦʡ ʠ ʦʩʝʥʴʶ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʠʦʥʦʛʨʘʤʤʳ ʩ ʩʠʛʥʘʣʘʤʠ ɺʅɿ, ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʤʠ ʦʜʥʦʩʢʘʯʢʦʚʦʤʫ ʤʦʜʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʦʪʨʘʞʝʥʠʷ ʦʪ F-ʩʣʦʷ ʠʦʥʦ-

ʩʬʝʨʳ. ʉʦʩʪʦʷʥʠʝ ʠʦʥʦʩʬʝʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʝ ʠʦʥʦʛʨʘʤʤʘʤʠ ʵʪʦʛʦ ʪʠʧʘ, ʩʦʟʜʘʝʪ ʥʘʠʙʦ-

ʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʳʙʦʨʘ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ ʥʘʢʣʦʥʥʦʛʦ ʟʦʥ-

ʜʠʨʦʚʘʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʫʜʘʝʪʩʷ ʧʦʣʫʯʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠʦʥʦʛʨʘʤʤʳ ʜʣʷ ʜʘʣʴʥʦʩʪʝʡ ʜʦ 

3000ï4000 ʢʤ. ɺ ʧʝʨʝʭʦʜʥʳʝ ʯʘʩʳ ʩʫʪʦʢ ʥʘʨʷʜʫ ʩ ʦʩʥʦʚʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ 
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ʩʠʛʥʘʣʳ, ʧʨʠʭʦʜʷʱʠʝ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʟʠʤʫʪʘ ʟʦʥʜʠʨʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʠʡ. 

ɺ ʣʝʪʥʠʝ ʧʝʨʠʦʜʳ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʩʠʛʥʘʣʳ, ʦʪʨʘʞʝʥʥʳʝ ʩʣʦʷʤʠ E ʠʣʠ Es. ʇʨʠ ʵʪʦʤ ʯʘ-

ʩʪʦʪʳ ʧʨʠʥʠʤʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʠ ʠ ʚʦʟʤʦʞʥʳ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʦʪʨʘʞʝʥʠʷ ʦʪ 

F-ʩʣʦʷ ʦʪʩʫʪʩʪʚʫʶʪ. ʀʦʥʦʛʨʘʤʤ r ʪɻʦʛʦ ʪʠʧʘ ʧʦʟʚʦʣʷʪʁ ʩʫʜʠʪʴ ʦʙ ʦʩʚʝʱʝʥʥʦʩʪʠ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʭ 1500ï2000 ʢʤ. ɹʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʠʦʥʦ-

ʛʨʘʤʤʳ ʩ ʥʝʩʪʘʥʜʘʨʪʥʳʤʠ ʩʣʝʜʘʤʠ ʦʪʨʘʞʝʥʠʡ, ʠʤʝʶʱʠʭ ʩʣʘʙʫʶ ʯʘʩʪʦʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʛʨʫʧʧʦʚʦʛʦ ʧʫʪʠ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʢʘʢ ʪʠʧʦʚʳʝ ʩʠʛʥʘʣʳ ɺʅɿ.  

 

3.2.4. ʇʨʷʤʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʨʘʜʠʦʢʘʥʘʣʘ ʧʦ ʜʘʥʥʳʤ ʚʦʟʚʨʘʪʥʦ-ʥʘʢʣʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ ʥʝʧʨʝʨʳʚʥʳʤ ʃʏʄ-ʩʠʛʥʘʣʦʤ 

 

ʄʝʪʦʜ ʧʨʷʤʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʂɺ-ʨʘʜʠʦʢʘʥʘʣʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠʦʥʦʛʨʘʤʤ ʚʦʟʚʨʘʪʥʦ-ʥʘʢʣʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ (ɺʅɿ) 

ʠʦʥʦʩʬʝʨʳ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʃʏʄ-ʠʦʥʦʟʦʥʜʝ [8, 9]. ʀʩʧʦʣʴʟʫʶʪʩʷ ʩʣʘʙʦ ʤʝʥʷʶʱʠʝʩʷ ʩʦ-

ʦʪʥʦʰʝʥʠʷ ʯʘʩʪʦʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʛʨʫʧʧʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʦʚ ʅɿ ʠ ɺʅɿ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʛʝʣʠʦʛʝʦʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʩʠʛʥʘʣʦʚ ʥʘ ʠʦʥʦʛʨʘʤʤʝ ʧʨʦʚʦʜʠʪʩʷ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʜʠʩʪʘʥʮʠʦʥʥʦ-ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɼʏʍ) ʩʠʛʥʘʣʘ ɺʅɿ ʧʦ 

ʧʝʨʝʜʥʝʤʫ ʬʨʦʥʪʫ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʧʨʦʚʦʜʠʪʩʷ 

ʚ ʨʘʤʢʘʭ ʚʦʣʥʦʚʦʜʥʦʛʦ ʧʦʜʭʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ IRI [6]. ʅʘ ʨʠʩ. 76 ʧʨʠʚʝʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠʦʥʦʛʨʘʤʤʘ ɺʅɿ ʧʦʩʣʝ ʚʪʦʨʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʜʘʥʥʳʭ. ʇʫʥʢʪ ʠʟʣʫʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ɺʅɿ ð ʋʩʦʣʴʝ-ʉʠʙʠʨʩʢʦʝ (52.88Á N, 103.26Á E); ʧʫʥʢʪ 

ʧʨʠʝʤʘ ð ʩ. ʊʦʨʳ, ʨʝʩʧʫʙʣʠʢʘ ɹʫʨʷʪʠʷ (51.70Á N, 103.0Á E) [9]; ʘʟʠʤʫʪ ʠʟʣʫʯʝʥʠʷ ð 55Á; 

ʚʨʝʤʷ ʨʝʛʠʩʪʨʘʮʠʠ ð 19.11.2005, 02:10 UT. ʇʦʩʢʦʣʴʢʫ ʠʩʧʦʣʴʟʫʝʤʳʡ ʃʏʄ-ʠʦʥʦʟʦʥʜ ʦʪʥʦ-

ʩʠʪʩʷ ʢ ʤʘʣʦʤʦʱʥʳʤ ʩʠʩʪʝʤʘʤ ʩ ʤʦʱʥʦʩʪʴʶ ʧʝʨʝʜʘʪʯʠʢʘ <1 ʢɺʪ, ʚ ʨʝʞʠʤʝ ʚʦʟʚʨʘʪʥʦ-

ʥʘʢʣʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʦʥ ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʨʘʩʩʝʷʥʥʳʝ ʩʠʛʥʘʣʳ ʚ ʧʨʝʜʝʣʘʭ ʤʘʢ-

ʩʠʤʘʣʴʥʦʡ ʜʘʣʴʥʦʩʪʠ ʦʜʥʦʛʦ ʩʢʘʯʢʘ (~3000ï4000 ʢʤ). ʅʘ ʨʠʩ. 76 ʪʦʯʢʘʤʠ ʥʘʥʝʩʝʥʳ ʚʳʜʝʣʝʥ-

ʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʪʦʨʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʳ ɺʅɿ ʩʦ ʟʥʘʯʠʤʦʡ ʘʤʧʣʠʪʫʜʦʡ. ʉʧʣʦʰʥʦʡ ʣʠ-

ʥʠʝʡ ʦʪʦʙʨʘʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Pmod ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ Pint ɼʏʍ ʩʠʛʥʘʣʦʚ ɺʅɿ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠʦʥʦʛʨʘʤʤʳ ɺʅɿ ʧʦʟʚʦʣʷʶʪ ʦʧʝʨʘʪʠʚʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʘʢ-

ʩʠʤʘʣʴʥʳʝ ʧʨʠʤʝʥʠʤʳʝ ʯʘʩʪʦʪʳ, ʧʦ ʢʦʪʦʨʳʤ ʢʦʨʨʝʢʪʠʨʫʶʪʩʷ ʧʨʦʛʥʦʟʥʳʝ ɼʏʍ ʩʠʛʥʘʣʦʚ 

ʅɿ, ʥʘ ʟʘʜʘʥʥʳʭ ʚ ʩʝʢʪʦʨʝ ʟʦʥʜʠʨʦʚʘʥʠʷ ʨʘʜʠʦʪʨʘʩʩʘʭ, ʤʠʥʫʷ ʢʦʨʨʝʢʮʠʶ ʧʘʨʘʤʝʪʨʦʚ 

ʠʦʥʦʩʬʝʨʳ. ʈʘʩʯʝʪ ʄʇʏ ʩʠʛʥʘʣʘ ʅɿ ʧʨʠ ʟʘʜʘʥʥʦʡ ʜʣʠʥʝ ʨʘʜʠʦʪʨʘʩʩʳ ʧʦ ʪʝʢʫʱʝʡ ɼʏʍ 

ʩʠʛʥʘʣʦʚ ɺʅɿ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ Pm/Dm, ʢʦʪʦʨʦʝ ʩʣʘʙʦ ʤʝʥʷʝʪʩʷ 

ʧʨʠ ʚʘʨʠʘʮʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʦʩʬʝʨʳ. ɿʜʝʩʴ Pm(f) ð ʛʨʫʧʧʦʚʦʡ ʧʫʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʧʝʨʝʜʥʝʤʫ ʬʨʦʥʪʫ ʩʠʛʥʘʣʘ ɺʅɿ, Dm(f) ð ʜʘʣʴʥʦʩʪʴ ʜʦ ʛʨʘʥʠʮʳ ʦʩʚʝʱʝʥʥʦʡ ʟʦʥʳ. ɼʣʷ ʟʘ-

ʜʘʥʥʦʡ ʜʘʣʴʥʦʩʪʠ D0 ʚʳʯʠʩʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ɖ= Pm/D0. ɼʘʣʝʝ ʥʘ ʨʝʘʣʴʥʦʡ ɼʏʍ ɺʅɿ ʧʦ 

ʧʝʨʝʜʥʝʤʫ ʬʨʦʥʪʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʦʪʘ, ʜʣʷ ʢʦʪʦʨʦʡ ʛʨʫʧʧʦʚʦʡ ʧʫʪʴ ʨʘʚʝʥ ʟʥʘʯʝʥʠʶ 

Pm=ɖD0. ʈʘʩʩʯʠʪʘʥʥʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʯʘʩʪʦʪʘ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʨʝʘʣʴʥʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʨʠʤʝʥʠʤʦʡ ʯʘʩʪʦʪʦʡ (ʄʇʏ) fm ʜʣʷ ʜʘʣʴʥʦʩʪʠ D0. ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʄʇʏ ʜʣʷ ʟʘʜʘʥʥʦʡ 

ʜʘʣʴʥʦʩʪʠ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʨʝʘʣʴʥʫʶ ɼʏʍ ʅɿ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʦʜʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ʧʫʪʝʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ɼʏʍ ʅɿ ʥʘ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʡ ʩʝʪʢʝ ʯʘʩʪʦʪ ɓ=f/fm. ʅʘ ʨʠʩ. 77 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ɼʏʍ ʩʠʛʥʘʣʦʚ ʅɿ 

ʧʦ ʜʘʥʥʳʤ ɺʅɿ ʥʘ ʩʝʪʢʝ ʜʘʣʴʥʦʩʪʝʡ. 
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ʈʠʩ. 76. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʥ-
ʪʝʨʧʨʝʪʘʮʠʠ ɼʏʍ ʩʠʛʥʘʣʦʚ ɺʅɿ: ʪʦʯʢʠ ð ʛʨʫʧ-
ʧʦʚʳʝ ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʘ ʩʦ ʟʥʘʯʠʤʦʡ ʘʤʧʣʠʪʫ-
ʜʦʡ, ʯʝʨʥʘʷ ʢʨʠʚʘʷ ð ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘ-
ʥʠʷ, ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ ð ʨʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʧʨʝʪʘ-
ʮʠʠ ʤʦʜʘ 1F2. 

ʈʠʩ. 77. ʈʝʟʫʣʴʪʘʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ɼʏʍ 
ʩʠʛʥʘʣʦʚ ʅɿ ʧʦ ʜʘʥʥʳʤ ɺʅɿ: ʪʦʯʢʠ ð ʛʨʫʧʧʦʚʳʝ 
ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʘ ʩʦ ʟʥʘʯʠʤʦʡ ʘʤʧʣʠʪʫʜʦʡ, ʢʨʘʩ-
ʥʘʷ ʢʨʠʚʘʷ ð ʨʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʦʜʘ 
1F2, ʯʝʨʥʳʝ ʢʨʠʚʳʝ ð ʨʝʟʫʣʴʪʘʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 
ɼʏʍ ʅɿ ʥʘ ʩʝʪʢʝ ʜʘʣʴʥʦʩʪʝʡ. 

 

ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʝʨʘʪʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʜʠʦʢʘʥʘʣʘ ʧʦ 

ʜʘʥʥʳʤ ɺʅɿ. ɼʏʍ ʩʠʛʥʘʣʘ ɺʅɿ ʧʦ ʧʝʨʝʜʥʝʤʫ ʬʨʦʥʪʫ Pm(f), ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ɼʏʍ ʅɿ ʠ 

ʄʇʏ ʜʣʷ ʟʘʜʘʥʥʦʡ ʨʘʜʠʦʪʨʘʩʩʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʠ ʨʝʰʝʥʠʠ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʦʩʬʝʨʳ ʧʦ ʜʘʥʥʳʤ ʟʦʥʜʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʦʩʬʝʨʳ ʨʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʱʝʥʠʷ 

ɼʏʍ ʥʘʢʣʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʚ ʚʳʩʦʪʥʦ-ʯʘʩʪʦʪʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ (ɺʏʍ) ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʚʙʣʠʟʠ ʩʨʝʜʥʝʡ ʪʦʯʢʠ ʪʨʘʩʩʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʠʬʠʢʘʮʠʠ ʤʝʪʦʜʘ ʉʤʠʪʘ 

(ʤʝʪʦʜ ʢʨʠʚʳʭ ʧʝʨʝʜʘʯʠ) ʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʧʨʦʬʠʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ð ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʘʝʪʩʷ ʦʙʨʘʪʥʘ ̫ ʟʘʜʘʯʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

[10,11]. ʆʪʤʝʪʠʤ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Pm(f) ʠ Dm(f) ʜʣʷ ʧʨʦʛʥʦʟʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʦʩʬʝʨʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʝʘʣʴʥʦʡ ɼʏʍ ɺʅɿ ʧʦ ʧʝʨʝʜʥʝʤʫ 

ʬʨʦʥʪʫ ʧʦʟʚʦʣʷʶʪ ʥʘʧʨʷʤʫʶ ʧʨʠʙʣʠʞʝʥʥʦ ʦʧʨʝʜʝʣʷʪʴ ʢʨʠʪʠʯʝʩʢʫʶ ʯʘʩʪʦʪʫ ʠ ʚʳʩʦʪʫ 

ʤʘʢʩʠʤʫʤʘ ʩʣʦʷ F2, ʠʩʧʦʣʴʟʫʷ ʩʭʝʤʫ ʠʥʚʝʨʩʠʠ ʠʦʥʦʛʨʘʤʤ ɺʅɿ ʧʦ ʧʝʨʝʜʥʝʤʫ ʬʨʦʥʪʫ ʨʝ-

ʛʠʩʪʨʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ [12].  

 

3.2.5. ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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3.3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ʠ ʚʳʩʦʢʦʰʠʨʦʪʥʦʡ 

ʠʦʥʦʩʬʝʨʝ ɿʝʤʣʠ ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʨʘʜʠʦʚʦʣʥ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ 

ʜʠʘʧʘʟʦʥʘ 
 

ʇʨʦʮʝʩʩʳ ʚʣʠʷʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʥʘ ʦʢʦʣʦʟʝʤʥʦʝ ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, 
ʠʦʥʦʩʬʝʨʫ ʠ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʠ, ʘ ʪʘʢʞʝ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʷʚʣʷʶʪʩʷ 
ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʧʨʦʙʣʝʤ, ʠʩʩʣʝʜʫʝʤʦʡ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʝʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʧʨʦʷʚʣʝʥʠʷʤʠ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʚ 
ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ ʨʘʜʘʨʘʤʠ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʜʝʢʘʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ 
ʨʘʜʠʦʚʦʣʥ. ʇʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʘʷ ʩʝʪʴ ʧʦʜʦʙʥʳʭ ʨʘʜʘʨʦʚ SuperDARN (Super Dual Auroral 
Radar Network) ʠ ʥʘʯʘʣʦ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʀʉɿʌ ʉʆ ʈɸʅ ʘʥʘʣʦʛʠʯʥʳʭ ʨʘʜʘʨʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 
ʈʌ ʧʦʟʚʦʣʷʝʪ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ ʜʠʥʘʤʠʢʫ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 
ʩʨʝʜʥʝ- ʠ ʚʳʩʦʢʦʰʠʨʦʪʥʦʡ ʠʦʥʦʩʬʝʨʝ. ɿʘʜʘʯʝʡ ʧʨʦʝʢʪʘ ʷʚʣʷʣʦʩʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ 
ʜʠʘʛʥʦʩʪʠʢʠ ʩʨʝʜʳ ʧʦʜʦʙʥʳʤʠ ʨʘʜʘʨʘʤʠ, ʧʦʜʜʝʨʞʢʘ ʜʦʣʛʦʩʨʦʯʥʳʭ ʨʷʜʦʚ ʥʘʙʣʶʜʝʥʠʡ, ʘ 
ʪʘʢʞʝ ʘʥʘʣʠʟ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ ʚ ʧʨʠʣʦʞʝʥʠʠ ʢ ʟʘʜʘʯʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʧʨʦʷʚʣʝʥʠʡ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ. 

 
3.3.1. ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʪʨʦʚ ʚ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ ʧʦ 

ʥʘʙʣʶʜʝʥʠʷʤ ʤʝʪʝʦʨʥʦʛʦ ʵʭʘ ʥʘ ʨʘʜʘʨʝ EKB 
 

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʪʨʦʚ ʚ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦ-
ʚʘʥʠʝ ʩʠʛʥʘʣʦʚ, ʨʘʩʩʝʷʥʥʳʭ ʥʘ ʤʝʪʝʦʨʥʳʭ ʩʣʝʜʘʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʘʜʘʨ EKB ʠʟʥʘʯʘʣʴʥʦ 
ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʟʘʜʘʯʠ, ʝʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʜʠʘʛʥʦʩʪʠʯʝ-
ʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʜʘʨʘ ʠ ʨʘʩʰʠʨʠʪʴ ʩʧʝʢʪʨ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ ʚ 
ʩʝʢʪʦʨʝ ʝʛʦ ʦʙʟʦʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʟʘʜʘʯʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ 
ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʝ ʥʘʜ ʪʝʨʨʠʪʦʨʠʝʡ ʈʌ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʣʦʪʥʦ ʧʦʢʨʳʪʦʡ ʥʘʫʯʥʳʤʠ ʫʩʪʘʥʦʚ-
ʢʘʤʠ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ ʩʦʩʪʦʷʥʠʷ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ. ɺ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʙʳʣ ʨʝʘ-
ʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʩʠʛʥʘʣʦʚ, ʨʘʩʩʝʷʥʥʳʭ ʥʘ ʤʝʪʝʦʨʥʳʭ ʩʣʝʜʘʭ ʧʦ 
ʜʘʥʥʳʤ ʨʘʜʘʨʘ EKB ʀʉɿʌ ʉʆ ʈɸʅ. ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʜʝʥʴ 
ʤʘʢʩʠʤʫʤʘ ʧʦʪʦʢʘ ɻʝʤʝʥʠʜ 13.12.2016 ʛ. ʜʝʪʝʢʪʠʨʫʝʤʳʝ ʘʣʛʦʨʠʪʤʦʤ ʨʘʩʩʝʷʥʥʳʝ ʩʠʛʥʘʣʳ ʥʦ-
ʩʷʪ ʨʘʢʫʨʩʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʢʫʨʩʥʦʤʫ ʨʘʩʩʝʷʥʠʶ ʥʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ, ʚʳʪʷ-
ʥʫʪʳʭ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʨʘʜʠʘʥʪ ʤʝʪʝʦʨʥʦʛʦ ʧʦʪʦʢʘ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʚʳ-
ʜʝʣʷʝʤʳʭ ʘʣʛʦʨʠʪʤʦʤ ʩʠʛʥʘʣʦʚ ʷʚʣʷʝʪʩʷ ʨʘʩʩʝʷʥʠʝ ʥʘ ʤʝʪʝʦʨʥʳʭ ʩʣʝʜʘʭ.  

ɹʳʣʦ ʧʦʣʫʯʝʥʦ ʨʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ 
ʥʝʡʪʨʘʣʴʥʦʛʦ ʚʝʪʨʘ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʚʟʚʝʰʘʥʥʳʤ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 
ʚ ʨʘʤʢʘʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦʙ ʠʟʦʪʨʦʧʥʦʩʪʠ ʧʦʣʷ ʥʝʡʪʨʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʚ ʣʦʢʘʣʴʥʦʡ ʩʠ-
ʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʤʝʪʝʦʨʘ. ʅʘ ʦʩʥʦʚʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʠ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 
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ʛʘʫʩʩʦʚʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʩʛʦʨʘʥʠʷ ʤʝʪʝʦʨʦʚ ʧʦ ʚʳʩʦʪʝ ʧʨʦʚʝʜʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʩʦ-
ʚʦʡ ʬʫʥʢʮʠʠ ʤʝʪʦʜʘ ʠ ʨʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʥʦʛʦ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ 
ʥʝʡʪʨʘʣʴʥʦʛʦ ʚʝʪʨʘ ʚ ʨʘʤʢʘʭ ʦʧʠʩʘʥʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ.  

ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʣʥʦʛʦ ʚʝʢʪʦʨʘ 
ʩʢʦʨʦʩʪʠ ʥʝʡʪʨʘʣʴʥʦʛʦ ʚʝʪʨʘ ʥʘ ʙʘʟʝ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʤʝʪʝʦʨʥʦʛʦ ʵʭʘ 
(23.12.2016ï3.07.2017 ʛ.) ʧʨʦʚʝʜʝʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʝʡʪʨʘʣʴʥʳʭ ʚʝʪʨʦʚ ʚ ʤʦʜʝʣʷʭ ʜʚʫ-
ʤʝʨʥʦʛʦ (ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ) ʠ ʪʨʝʭʤʝʨʥʦʛʦ ʚʝʪʨʦʚ (ʨʠʩ. 78 ʩʥʠʟʫ). ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 
ʨʦʟ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʥʝʡʪʨʘʣʴʥʳʭ ʚʝʪʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʵʪʠʭ ʤʦʜʝʣʷʭ, ʧʦʢʘʟʘʥ rʙʣʠʟʦʩʪʴ 
ʨʦʟ ʚʝʪʨʦʚ ʠ ʦʞʠʜʘʝʤʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʟʦʥʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʥʘʜ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ. ʉʨʘʚ-
ʥʝʥʠʝ ʧʦʢʘʟʘʣʦ ʤʘʣʦʩʪʴ ʚʢʣʘʜʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʚʝʪʨʘ ʚ ʟʦʥʘʣʴʥʳʡ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʦʟʚʦʣʷʶʪ ʚʝʩʪʠ ʦʙʨʘʙʦʪʢʫ ʨʘʩʩʝʷʥʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʨʝʞʠʤʝ 
ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɸʣʛʦʨʠʪʤ ʚʳʜʝʣʝʥʠʷ ʤʝʪʝʦʨʥʳʭ ʩʣʝʜʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ð 
ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʤʝʱʝʥʠʷ ʯʘʩʪʦʪʳ ʠ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ð ʚʚʝʜʝʥ ʚ ʧʦʩʪʦʷʥʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ 
ʥʘ ʨʘʜʘʨʝ EKB ʀʉɿʌ ʉʆ ʈɸʅ. 

 

ʈʠʩ. 78. ɺʚʝʨʭʫ ð ʩʪʘʪʠʩʪʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʝʦʨʥʳʭ ʩʣʝʜʦʚ. ʈʘʩʧʨʝʜʝʣʝʥʠʷ 
ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʤʝʪʝʦʨʥʦʛʦ ʩʣʝʜʘ, ʜʦʧʣʝʨʦʚʩʢʦʡ ʩʢʦʨʦʩʪʠ ʚʜʦʣʴ ʣʫʯʘ ʟʨʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʘ ʤʝʪʝʦʨʥʳʭ 
ʩʣʝʜʦʚ ʚ ʜʝʥʴ ʠ ʜʘʣʴʥʦʩʪʠ ʜʦ ʤʝʪʝʦʨʥʦʛʦ ʩʣʝʜʘ. ɺʥʠʟʫ ð ʨʦʟʳ ʚʝʪʨʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʨʘʜʘ-
ʨʘ EKB ʚ ʤʦʜʝʣʷʭ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ (2D) ʠ ʪʨʝʭʤʝʨʥʦʡ ʩʢʦʨʦʩʪʠ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʴʥʳʭ ʚʳʩʦʪʘʭ 
ʨʘʩʩʝʷʥʠʷ (80 ʠ 100 ʢʤ) 

 

3.3.2. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʨʘʩʩʝʷʥʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʨʘʜʘʨʝ EKB 

 
ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʦʥʦʩʬʝʨʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʤʧʫʣʴʩʥʳʝ ʟʘ-

ʛʦʨʠʟʦʥʪʥʳʝ ʜʝʢʘʤʝʪʨʦʚʳʝ ʨʘʜʘʨʳ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʝ.  
ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ʩʝʪʴ ʨʘʜʘʨʦʚ SuperDARN, ʘ ʪʘʢʞʝ ʨʘʜʘʨʳ, ʠʤʝʶʱʠʝ ʘʥʘʣʦʛʠʯʥʳʡ 

ʧʨʠʥʮʠʧ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʪʘʢʠʭ ʨʘʜʘʨʦʚ ð ʠʟʫʯʝʥʠʝ ʠʦʥʦʩʬʝʨʥʦʛʦ ʨʘʩ-
ʩʝʷʥʠʷ (ʀʈ) ʥʘ ʤʘʛʥʠʪʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ. ʉʠʛʥʘʣʳ, ʨʘʩʩʝʷʥʥʳʝ ʟʝʤʥʦʡ ʧʦ-
ʚʝʨʭʥʦʩʪʴʶ (ʟʝʤʥʦʝ ʨʘʩʩʝʷʥʠʝ, ɿʈ), ʷʚʣʷʶʪʩʷ ʩʢʦʨʝʝ ʧʦʤʝʭʦʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʦʩʥʦʚʥʦʡ 
ʟʘʜʘʯʠ, ʟʘʪʨʫʜʥʷʶʱʝʡ ʧʦʣʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɽʩʣʠ ʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ, ʛʜʝ 
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ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʩʬʝʨʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚʝʣʠʢʦ, ʧʨʦʙʣʝʤʘ ʟʝʤʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʪʦʠʪ ʤʝʥʝʝ ʦʩʪʨʦ, 
ʥʘ ʩʨʝʜʥʝʰʠʨʦʪʥʳʭ ʨʘʜʘʨʘʭ ʦʥʘ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʡ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʘʟʚʠʚʘʝ-
ʤʳʤ ʥʘʤʠ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʚʳʜʝʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ɿʈ ʠʟ ʨʘʩʩʝʷʥʥʦʛʦ ʩʠʛʥʘʣʘ ʷʚ-
ʣʷʝʪʩʷ ʘʥʘʣʠʟ ʧʦʣʥʦʡ (ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ) ʩʪʨʫʢʪʫʨʳ ʨʘʩʩʝʷʥʥʳʭ ʩʠʛʥʘʣʦʚ ʙʝʟ ʠʭ ʧʨʝʜʚʘ-
ʨʠʪʝʣʴʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʫʩʨʝʜʥʝʥʠʷ ʠ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ.  

ɺ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʠʤʧʫʣʴʩʥʦʛʦ ʜʝʢʘʤʝʪʨʦʚʦʛʦ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʜʘʨʘ EKB 
ʀʉɿʌ ʉʆ ʈɸʅ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʩʩʝʷʥʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʩʣʫʯʘʷʭ ɿʈ ʠ ʀʈ ʠ ʩʠʛʥʘʣʦʚ, ʨʘʩʩʝ-
ʷʥʥʳʭ ʚ ʢʘʞʜʦʤ ʦʜʠʥʦʯʥʦʤ ʩʝʘʥʩʝ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʜʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʫʩʨʝʜʥʝʥʠʷ ʠ ʧʦ-
ʩʪʨʦʝʥʘ ʝʜʠʥʘʷ ʤʦʜʝʣʴ ʩʠʛʥʘʣʦʚ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʚʦʜʠʪʴ ʠʭ ʨʘʟʜʝʣʝʥʠʝ ʙʝʟ ʧʨʝʜʧʦʣʦʞʝ-
ʥʠʡ ʦ ʠʭ ʜʦʧʣʝʨʦʚʩʢʦʤ ʩʤʝʱʝʥʠʠ ʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʰʠʨʠʥʝ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʥʘʤʠ ʙʳʣʦ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘ-
ʜʘʨʘ ʠ ʟʘʧʫʱʝʥ ʚ ʨʝʛʫʣʷʨʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ (1/6 ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ) ʨʝʞʠʤ ʧʦʚʳʰʝʥʥʦʡ 
ʦʮʠʬʨʦʚʢʠ ʜʘʥʥʳʭ ʨʘʜʘʨʘ. ʀʩʩʣʝʜʦʚʘʥʘ ʤʦʜʝʣʴ ʦʪʜʝʣʴʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʨʘʩʩʝʷʥʥʦʛʦ ʩʠʛ-
ʥʘʣʘ ʚ ʩʣʫʯʘʷʭ ʨʘʩʩʝʷʥʠʷ ʦʪ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʠʦʥʦʩʬʝʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ (ʧʨʠ-
ʤʝʨʥʳʡ ʚʠʜ ʵʪʠʭ ʩʠʛʥʘʣʦʚ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 79). ʈʘʟʨʘʙʦʪʘʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʤʝʪʦʜ ʦʮʝʥʢʠ 
ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʨʘʩʩʝʠʚʘʶʱʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʧʦ ʜʘʥʥʳʤ ʨʘʜʘʨʘ. 

 

ʈʠʩ. 79. ʌʦʨʤʳ ʦʪʜʝʣʴʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʠ ʨʝʟʫʣʴʪʘʪʘ ʠʭ ʥʘʢʦʧʣʝʥʠʷ ʧʦ 300 ʤʩ. ʉʚʝʨʭʫ ʚʥʠʟ: ʨʘʩ-

ʩʝʷʥʠʝ ʦʪ ʟʝʤʥʦʡ ʧʦʚʨʝʭʥʦʩʪʠ (ʨʝʘʣʠʟʘʮʠʷ ʠ ʥʘʢʦʧʣʝʥʥʳʡ), ʨʘʩʩʝʷʥʠʝ ʦʪ ʤʘʛʥʠʪʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʠʦʥʦʩʬʝʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ (ʨʝʘʣʠʟʘʮʠʷ ʠ ʥʘʢʦʧʣʝʥʥʳʡ), ʰʫʤ (ʨʝʘʣʠʟʘʮʠʷ ʠ ʥʘʢʦʧʣʝʥʥʳʡ) 
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ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʣʥʦʡ ʬʦʨʤʳ ʩʠʛʥʘʣʘ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʩʠʛ-
ʥʘʣʦʚ ʠʦʥʦʩʬʝʨʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ ʨʘʩʩʝʷʥʠʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʥʝ ʠʩʧʦʣʴʟʫʶʱʠʡ 
ʩʪʘʥʜʘʨʪʥʳʝ ʘʣʛʦʨʠʪʤʳ ʚʪʦʨʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ SuperDARN. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʧʨʝ-
ʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʪʘʥʜʘʨʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʘʟʜʝʣʝʥʠʷ ʩʠʛʥʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ 
ʨʘʜʘʨʘʭ SuperDARN.  

ɺʝʨʦʷʪʥʦ, ʚ ʙʫʜʫʱʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʪ ʨʝʰʘʪʴ ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 
ʚʳʜʝʣʝʥʠʷ ʘʚʨʦʨʘʣʴʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʘ ʬʦʥʝ ʩʠʛʥʘʣʦʚ, ʨʘʩʩʝʷʥʥʳʭ ʦʪ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 
ʠ ʰʫʤʦʚ. ɿʘʜʘʯʘ ʘʢʪʫʘʣʴʥʘ ʥʘ ʚʩʝʭ ʂɺ-ʨʘʜʘʨʘʭ ʠ ʥʝʦʙʭʦʜʠʤʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʘʥʘʣʠʟʝ 
ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʚʦʣʥ ʚ ʫʩʣʦʚʠʷʭ ʩʣʘʙʦʡ ʛʝʦʤʘʛʥʠʪʥʦʡ ʚʦʟʤʫʱʝʥʥʦʩʪʠ ʠʣʠ ʧʨʠ ʙʳʩʪʨʦ-
ʧʨʦʪʝʢʘʶʱʠʭ ʩʦʙʳʪʠʷʭ. 

 

3.3.3. ʈʘʟʨʘʙʦʪʘʥ ʠ ʦʧʨʦʙʦʚʘʥ ʤʝʪʦʜ ʢʘʣʠʙʨʦʚʢʠ ʨʘʜʘʨʘ EKB ʧʦ ʜʘʣʴʥʦʩʪʠ ʧʦ 
ʩʠʛʥʘʣʘʤ, ʨʘʩʩʝʷʥʥʳʤ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

 
ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʨʘʜʘʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʜʝʢʘʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ, ʷʚʣʷ-

ʝʪʩʷ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʜʘʣʴʥʦʩʪʠ ʜʦ ʨʘʩʩʝʠʚʘʶʱʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘ-
ʜʘʯʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʩʣʦʞʥʝʥʦ ʨʝʬʨʘʢʮʠʝʡ, ʤʝʥʷʶʱʝʡ ʬʦʨʤʫ ʠ ʜʣʠʥʫ ʪʨʘʝʢʪʦʨʠʠ ʨʘʩʧʨʦ-
ʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʩʠʛʥʘʣʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʛʨʫʧʧʦʚʫʶ ʟʘʜʝʨʞʢʫ. ʇʦʪɻʦʤʫ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʧʦ 
ʫʤʝʥʴʰʝʥʠʶ ʥʝʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʥʘʙʣʶʜʘʝʤʳʭ ʠʦʥʦ-
ʩʬʝʨʥʳʭ ʵʬʬʝʢʪʦʚ ʧʦ ʛʨʫʧʧʦʚʦʡ ʟʘʜʝʨʞʢʝ, ʠʟʤʝʨʷʝʤʦʡ ʨʘʜʘʨʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʢʘʢ ʜʣʷ ʠʩ-
ʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ ʚ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ ʠ ʩʚʷʟʠ ʠʦʥʦʩʬʝʨʳ ʠ ʤʘʛʥʠʪʦʩʬʝʨʳ, 
ʪʘʢ ʠ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʣʦʞʝʥʠʷ ʠ ʜʠʥʘʤʠʢʠ ʠʦʥʦʩʬʝʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʦʢʘʟʳʚʘʶʱʠʭ 
ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʜʠʦʣʦʢʘʮʠʶ, ʩʧʫʪʥʠʢʦʚʫʶ ʥʘʚʠʛʘʮʠʶ ʠ ʨʘʜʠʦʩʚʷʟʴ.  

 

ʈʠʩ. 80. ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʨʝʥʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʜʘʣʴʥʦʩʪʠ ʦʪ ʜʘʣʴʥʦʩʪʠ ʧʦ ɿʝʤʣʝ ʜʦ  ʠ ʧʦ-

ʩʣʝ ʢʦʨʨʝʢʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʘ ʨʝʬʨʘʢʮʠʠ ʩʠʛʥʘʣʘ ʚ ʠʦʥʦʩʬʝʨʝ 



84 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʀʉɿʌ ʉʆ ʈɸʅ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʜʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʜʘʨʘ ʜʣʷ 
ʜʠʘʛʥʦʩʪʠʢʠ ʠʦʥʦʩʬʝʨʳ ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʨʘʜʠʦʚʦʣʥ: ʀʨʢʫʪʩʢʠʡ ʨʘʜʘʨ ʥʝʢʦ-
ʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʀʈʅʈ) (154ï162 ʄɻʮ) ʠ ʨʘʜʘʨ EKB (8ï20 ʄɻʮ). ɹʳʣʠ ʧʨʦʘʥʘʣʠʟ-
ʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʦʚʤʝʩʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʥʠʭ ʤʦʱʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʨʘʜʠʦ-
ʘʚʨʦʨʳ) 08.06.2015 ʛ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʨʘʜʠʦʘʚʨʦʨʳ ʨʘʟʨʘʙʦʪʘʥ ʦʨʠʛʠʥʘʣʴʥʳʡ 
ʤʝʪʦʜ, ʫʯʠʪʳʚʘʶʱʠʡ ʢʘʢ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ, ʪʘʢ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʘʥ-
ʪʝʥʥʳʭ ʩʠʩʪʝʤ ʵʪʠʭ ʨʘʜʘʨʦʚ. 

ʄʝʪʦʜ ʢʘʣʠʙʨʦʚʢʠ ʨʘʜʘʨʘ EKB ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʛʥʘʣʦʚ ʚʦʟʚʨʘʪʥʦ-
ʥʘʢʣʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʨʘʜʘʨʦʤ, ʩ ʢʘʣʠʙʨʦʚʢʦʡ ʧʦ ʤʦʜʝʣʠ IRI, ʚʘʨʴʠ-
ʨʫʝʤʦʡ ʧʘʨʘʤʝʪʨʦʤ foF2. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʨʨʝʢʮʠʠ ʘʙʩʦʣʶʪʥʘʷ ʦʰʠʙʢʘ 
ʧʦ ʜʘʣʴʥʦʩʪʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 500 ʢʤ. 

ʄʝʪʦʜ ʢʦʨʨʝʢʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʩʦʚʤʝʩʪʥʦʤʫ 
ʥʘʙʣʶʜʝʥʠʶ ʨʘʜʠʦʘʚʨʦʨʳ ʚ ʜʚʫʭ ʜʠʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ ð ʂɺ ʠ ʋʂɺ (ʥʘ ʨʘʜʘʨʘʭ EKB ʠ ʀʈʅʈ). 

  

3.3.4. ʀʩʩʣʝʜʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʧʨʦʜʦʣʴʥʳʭ ʪʦʢʦʚ ʥʘ ʚʟʨʳʚʥʦʡ ʬʘʟʝ ʤʘʛʥʠʪʦ-

ʩʬʝʨʥʳʭ ʩʫʙʙʫʨʴ 20 ʥʦʷʙʨʷ 2003 ʠ 27 ʘʚʛʫʩʪʘ 2001 ʛ. 
 
ʅʘ ʦʩʥʦʚʝ ʦʨʠʛʠʥʘʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠʥʚʝʨʩʠʠ ʤʘʛʥʠʪʦʛʨʘʤʤ (ʊʀʄ) ʙʳʣʘ ʥʘʯʘʪʘ ʠ ʧʨʦ-

ʜʦʣʞʘʣʘʩʴ ʚ 2017 ʛ. ʨʘʟʨʘʙʦʪʢʘ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʫʣʘʪʘ, ʩʦʛʣʘʩʥʦ ʢʦ-
ʪʦʨʦʤʫ ʚʣʠʷʥʠʝ ʥʘ ʬʘʟʫ ʨʘʩʰʠʨʝʥʠʷ (expansion phase, ɽʈ) ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʛʦ 
ʚʝʪʨʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦ, ʥʦ ʫʯʠʪʳʚʘʶʪʩʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʭʦʜʝ ɽʈ 
ʪʦʢʦʚ ʠ ʤʦʱʥʦʩʪʠ ʚʦʟʤʫʱʝʥʠʷ ʤʝʞʜʫ ʧʦʣʫʰʘʨʠʷʤʠ ʠ ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ ʧʦʣʫʰʘʨʠʷ. ʊʘʢʦʡ 
ʧʦʜʭʦʜ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʥʘʤʠ ʚʧʝʨʚʳʝ, ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʩʝʨʠʝʡ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ [1]. 
ʇʦʩʪʫʣʘʪ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʚʝ ʩʫʙʙʫʨʠ, ʥʘʙʣʶ-
ʜʘʝʤʳʝ ʚ ʤʘʛʥʠʪʦʩʦʧʨʷʞʝʥʥʳʭ ʦʙʣʘʩʪʷʭ ʜʚʫʭ ʧʦʣʫʰʘʨʠʡ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʢʘʢ ʝʜʠʥʫʶ ʛʣʦ-
ʙʘʣʴʥʫʶ ʩʫʙʙʫʨʶ: 1) ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʜʦʣʴʥʳʭ ʪʦʢʦʚ (ʇʊ) ʠ ʤʦʱʥʦʩʪʠ ʩʫʙʙʫʨʴ ʚ ʜʚʫʭ 
ʧʦʣʫʰʘʨʠʷʭ ʚʳʨʦʚʥʝʥʳ, 2) ʩʫʙʙʫʨʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʤʦʤʝʥʪʳ t0 ʧʠʢʘ ɽʈ, 
ʠ 3) ɻ ʪʠ ʜʚʘ ʨʘʟʥʳʭ ʤʦʤʝʥʪʘ t0 ʚ ʜʚʫʭ ʧʦʣʫʰʘʨʠʷʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʜʠʥ ʟʠʤʥʝʤʫ, ʜʨʫʛʦʡ ð 
ʣʝʪʥʝʤʫ ʩʝʟʦʥʫ ʛʦʜʘ. ʕʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʙʲʝʜʠʥʠʪʴ ʚ ʝʜʠʥʫʶ ʧʘʨʫ ʜʚʘ ʨʘʩʧʨʝ-
ʜʝʣʝʥʠʷ ʚ ʠʦʥʦʩʬʝʨʝ ʧʣʦʪʥʦʩʪʠ ʧʨʦʜʦʣʴʥʦʛʦ ʪʦʢʘ (IRM), ʚʳʯʠʩʣʝʥʥʳʝ ʥʘ ʧʠʢʘʭ ɽʈ (ʤʦ-
ʤʝʥʪʳ t0), ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʨʘʟʥʳʭ ʧʦʣʫʰʘʨʠʷʭ. ʆʙʲʝʜʠʥʝʥʠʝ ʢʦʤ-
ʧʝʥʩʠʨʫʝʪ ʫʧʦʤʷʥʫʪʳʡ ʜʝʬʝʢʪ ʩʫʱʝʩʪʚʫʶʱʝʡ ʤʦʜʝʣʠ ɽʈ ʩʫʙʙʫʨʠ ð ʥʝʭʚʘʪʢʫ ʜʘʥʥʳʭ 
ʠʟʤʝʨʝʥʠʡ ʚ ʖʞʥʦʤ ʧʦʣʫʰʘʨʠʠ. ʅʘ ʦʩʥʦʚʝ ʦʙʲʝʜʠʥʝʥʥʦʡ ʧʘʨʳ ʩʫʙʙʫʨʴ ʩʪʨʦʠʪʩʷ ʤʦʜʝʣʴ 
ʛʣʦʙʘʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʩʠʩʪʝʤʳ ʇʊ ʠ ʠʦʥʦʩʬʝʨʥʳʭ ʪʦʢʦʚ ʇʝʜʝʨʩʝʥʘ (ʨʠʩ. 81), 
ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ ʫʧʦʤʷʥʫʪʳʤ ʜʘʥʥʳʤ ʦʙʲʝʜʠʥʝʥʥʦʡ ʧʘʨʳ ʩʫʙʙʫʨʴ 20 ʥʦʷʙʨʷ 2003 ʛ. (ʟʠʤ-
ʥʠʡ ʪʠʧ, ʚʚʝʨʭʫ) ʠ 27 ʘʚʛʫʩʪʘ 2001 ʛ. (ʣʝʪʥʠʡ ʪʠʧ) 

ʀʟʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʥʘʤʠ ʩʥʘʯʘʣʘ ʚ 2015, ʟʘʪʝʤ ʚ 2016 ʛ. ʩ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝʤ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ɽʈ ʜʚʫʭ ʛʣʦʙʘʣʴʥʳʭ ʩʦʙʳʪʠʡ. ɹʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʧʦʣʫ-
ʯʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʛʣʦʙʘʣʴʥʘʷ ʤʦʜʝʣʴ ɽʈ ʩʫʙʙʫʨʠ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʢʘʢʠʤ-
ʣʠʙʦ ʠʟʚʝʩʪʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ, ʭʦʪʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʱʝʧʨʠʥʷʪʦʛʦ ʚ ʪʝʯʝʥʠʝ 
ʤʥʦʛʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʦʙʨʘʟʮʘ. ɺʳʚʦʜʳ ʙʳʣʠ ʩʜʝʣʘʥʳ ʥʘʤʠ ʧʦ ʜʘʥʥʳʤ ʜʚʫʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 
ʛʣʦʙʘʣʴʥʳʭ, ʥʦ ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʚ ʉʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʤʦʜʝ-
ʣʝʡ ɽʈ ʩʫʙʙʫʨʠ.  

ʅʘʣʠʯʠʝ ʪʦʢʦʚ ʤʝʞʜʫ N- ʠ S-ʧʦʣʫʰʘʨʠʷʤʠ ʜʘʚʥʦ ʧʨʝʜʩʢʘʟʳʚʘʝʪʩʷ, ʥʦ ʦʥʠ ʜʦ ʩʠʭ 
ʧʦʨ ʥʝ ʥʘʙʣʶʜʘʣʠʩʴ [2]. ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʤʦʜʝʣʴ ʦʪʣʠʯʘʝʪʩʷ 
ʦʪ ʠʟʚʝʩʪʥʳʭ ʘʥʘʣʦʛʦʚ ʪʝʤ, ʯʪʦ ʚ ʥʝʡ ʚʧʝʨʚʳʝ ʫʯʪʝʥʳ ʤʘʛʥʠʪʦʩʬʝʨʥʦ-ʠʦʥʦʩʬʝʨʥʳʝ ʪʦʢʠ 
ʥʝ ʦʜʥʦʛʦ, ʘ ʜʚʫʭ ʧʦʣʫʰʘʨʠʡ. ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. 

1. ʇʦʜʪʚʝʨʞʜʝʥʘ ʛʠʧʦʪʝʟʘ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʭʦʜʝ ɽʈ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʦʡ ʷʯʝʠʩʪʦʡ 
ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʠʦʥʦʩʬʝʨʝ ʧʣʦʪʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʇʊ, ʩʦʝʜʠʥʷʶʱʠʭ 
ʤʘʛʥʠʪʦʩʬʝʨʫ ʠ ʧʦʣʷʨʥʫʶ ʠʦʥʦʩʬʝʨʫ. ʗʯʝʡʢʠ ʦʙʨʘʟʫʶʪʩʷ ʚʥʫʪʨʠ ʢʘʞʜʦʡ ʠʟ ʰʝʩʪʠ 
ʧʦʜʟʦʥ ʚʪʝʢʘʶʱʝʛʦ ʠʣʠ ʚʳʪʝʢʘʶʱʝʛʦ ʇʊ ʤʦʜʝʣʠ ʀʠʜʞʠʤʳ ʠ ʇʦʪʝʤʨʳ (ʀʇ). ʉʠʩʪʝʤʘ 
ʷʯʝʝʢ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʠʟʚʝʩʪʥʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʤʘʛʥʠʪʥʳʭ ʧʫʟʳʨʝʡ ʚ ʧʣʘʟ-
ʤʝʥʥʦʤ ʩʣʦʝ ʭʚʦʩʪʘ. 
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ʈʠʩ. 81. ʕʤʧʠʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʤʘʛʥʠʪʦʩʬʝʨʘð
ʠʦʥʦʩʬʝʨʘ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʢʦʚ ʤʝʞʜʫ ʧʦʣʫʰʘʨʠʷʤʠ. ʄʦʜʝʣʴ ʧʦʣʫʯʝʥʘ 
ʧʦ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʤ ʜʘʥʥʳʤ ʣʦʢʘʣʴʥʳʭ ʩʫʙʙʫʨʴ 20 ʥʦʷʙʨʷ 2003 ʛ. (ʟʠʤʥʠʡ ʪʠʧ, ʚʚʝʨʭʫ) ʠ 27 ʘʚ-
ʛʫʩʪʘ 2001 ʛ. (ʣʝʪʥʠʡ ʪʠʧ). ʉʭʝʤʘ ʧʦʣʫʯʝʥʘ ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʧʠʢʝ ʘʢʪʠʚ-
ʥʦʡ ʬʘʟʳ ʩʫʙʙʫʨʴ (ɽʈ). ʇʦʢʘʟʘʥʳ ʫʪʨʝʥʥʠʡ (ʩʧʨʘʚʘ) ʠ ʚʝʯʝʨʥʠʡ ʩʝʢʪʦʨʳ ʥʦʯʥʦʛʦ ʠʥʪʝʨʚʘʣʘ (18ï
06) MLT. ʎʠʬʨʳ ð ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ, ʩʪʨʝʣʢʠ ð ʥʘʧʨʘʚʣʝʥʠʷ ʪʦʢʦʚ 

 
2. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʝʡʩʪʚʫʶʱʝʡ ʤʦʜʝʣʠ ʩʫʙʙʫʨʴ ʨʝʟʫʣʴʪʘʪʳ 2017 ʛ. ʦʧʠʩʳʚʘʶʪ ʨʘʟʚʠʪʠʝ 

ɽʈ ʢʘʢ ʩʝʨʠʶ ʩʧʦʥʪʘʥʥʳʭ ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ ʠ ʤʦʱʥʦʩʪʠ ʩʫʙʙʫʨʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʪʦʨʳʭ ʚ 
ʠʦʥʦʩʬʝʨʝ ʢʨʘʡʥʝ ʥʝʦʜʥʦʨʦʜʥʦ ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ ʧʦʣʫʰʘʨʠʷ ʠ ʘʩʠʤʤʝʪʨʠʯʥʦ ʚ ʜʚʫʭ ʧʦʣʫ-
ʰʘʨʠʷʭ. 

3. ʅʘ ʨʠʩ. 81 ʤʦʞʥʦ ʚʠʜʝʪʴ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʭʦʜʝ ɽʈ 
ʛʣʘʚʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʧʣʦʪʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʇʊ ʚ ʣʝʪʥʝʡ ʷʯʝʡʢʝ r1- ʧʨʝʜʧʦʣʫʥʦʯʥʦʛʦ 
ʩʝʢʪʦʨʘ ʦʙʣʘʩʪʠ 1 ʀʠʜʞʠʤʳ ʠ ʇʦʪʝʤʨʳ (ʀʇ), ʩʦʜʝʨʞʘʱʝʡ ʚʳʪʝʢʘʶʱʠʡ ʠʟ ʠʦʥʦʩʬʝʨʳ ʇʊ. 

4. ʄʦʞʥʦ ʚʠʜʝʪʴ ʪʘʢʞʝ, ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʝ ʧʨʠʟʥʘʢʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʭʦʜʝ ɽʈ ʚʪʦʨʦʛʦ, 
ʟʠʤʥʝʛʦ, ʤʘʢʩʠʤʫʤʘ ʇʊ ʚ ʧʦʩʣʝʧʦʣʫʥʦʯʥʦʤ ʩʝʢʪʦʨʝ R1 ʩ ʚʪʝʢʘʶʱʠʤ ʚ ʠʦʥʦʩʬʝʨʫ ʇʊ. 

5. ʀʟ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʢʪʦʨʘ ʧʣʦʪʥʦʩʪʠ ʇʊ ʚ ʚʠʜʝ i=div(SÐU) ʩʣʝʜʫʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 
ʜʚʫʭ ʪʠʧʦʚ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ: ʤʝʞʜʫ ʤʦʜʫʣʝʤ i ʠ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʠʦʥʦʩʬʝ-

ʨʳ S (ʪʠʧ 1), ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʤʦʜʫʣʝʤ i ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʠʦʥʦʩʬʝʨʳ ÐU (ʪʠʧ 2). ʕʪʠ 
ʜʚʘ ʪʠʧʘ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ ʦʙʨʘʟʫʶʪ ʜʚʘ ʤʘʢʩʠʤʫʤʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʇʊ, ʦʪʤʝʯʝʥʥʳʝ ʚʳʰʝ 
ʚ ʚʳʚʦʜʘʭ 3 ʠ 4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

6. ʇʦʜʪʚʝʨʞʜʝʥ ʚʳʚʦʜ 2016 ʛ. ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʥʘʯʘʣʝ ɽʈ ʨʝʟʢʦʛʦ ʩʧʘʜʘ (ʨʘʟʚʘʣʘ) 
ʧʣʦʪʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʇʊ, ʚʳʪʝʢʘʶʱʝʛʦ ʠʟ ʚʝʯʝʨʥʝʡ ʷʯʝʡʢʠ R1- ʟʠʤʥʝʛʦ ʧʦʣʫʰʘʨʠʷ.  

7. ʆʧʠʩʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʦʛʦ ʪʦʢʘ, ʥʘʟʚʘʥʥʦʛʦ ʤʝʞʧʦʣʫʩʬʝʨʥʳʤ ʪʦ-
ʢʦʤ IHC-2, ʢʦʪʦʨʳʡ ʚʳʪʝʢʘʝʪ ʠʟ ʠʦʥʦʩʬʝʨʥʦʡ ʷʯʝʡʢʠ r1- ʠ ʚʪʝʢʘʝʪ ʚ ʩʦʧʨʷʞʝʥʥʫʶ ʷʯʝʡʢʫ 
R1- ʚ ʥʘʯʘʣʝ ɽʈ. 

8. ʆʙʦʩʥʦʚʘʥʘ ʛʠʧʦʪʝʟʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʪʦʢ IHC-2 ʩʣʫʞʠʪ ʧʨʠʯʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ 
ʫʧʦʤʷʥʫʪʦʛʦ ʨʘʟʚʘʣʘ. 

9. ʆʧʠʩʘʥʦ ʥʦʚʦʝ çʷʚʣʝʥʠʝ ʍè: ʚ ʭʦʜʝ ʩʫʙʙʫʨʠ ʦʙʣʘʩʪʴ ʚʪʝʢʘʶʱʝʛʦ ʇʊ, ʦʙʨʘʟʫʝʤʘʷ ʚ 
ʷʯʝʡʢʝ R1+, ʩʧʦʥʪʘʥʥʦ ʨʘʩʰʠʨʷʝʪʩʷ ʥʘ ʟʘʧʘʜ, ʚʳʪʝʩʥʷʷ ʚʳʪʝʢʘʶʱʠʡ ʇʊ ʟʦʥʳ 1 ʀʇ. ɺ ʟʦʥʘʭ 
R2 ʠ R0 ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʨʘʟʫʶʪʩʷ ʤʘʢʩʠʤʫʤʳ ʧʣʦʪʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʪʝʢʘʶʱʝʛʦ ʇʊ. 
ʕʪʦ ʷʚʣʝʥʠʝ ʍ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʫʧʦʤʷʥʫʪʦʛʦ ʪʦʢʘ IHC-2 (ʨʘʟʚʘʣʘ), ʘ ʪʘʢʞʝ ʩ 
ʠʟʚʝʩʪʥʳʤʠ ʩʦʙʳʪʠʷʤʠ ʪʠʧʘ Westward Travelling Surge. ʗʚʣʝʥʠʝ ʍ ʦʪʣʠʯʘʝʪʩʷ ʦʪ WTS 
ʪʝʤ, ʯʪʦ ʦʥʦ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʭʦʜʝ ɽʈ, ʧʝʨʝʜ ʬʘʟʦʡ ʨʦʩʪʘ ʩʫʙʙʫʨʠ ʠ ʚ ʝʝ ʥʘʯʘʣʝ, ʘ ʪʘʢʞʝ ʪʝʤ, 
ʯʪʦ ʦʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʤʝʟʦʷʯʝʡʢʘʭ ʚʩʝʭ ʪʨʝʭ ʦʙʣʘʩʪʝʡ R1, R2, ʠ R0.  

10. ɺ ʧʦʣʷʨʥʦʡ ʰʘʧʢʝ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʫʙʙʫʨʷʭ ʢʘʢ ʟʠʤʥʝʛʦ ʠ ʣʝʪʥʝʛʦ ʧʦʣʫʰʘʨʠʡ 
ʦʪʤʝʯʝʥʳ ʧʘʨʳ ʚʪʝʢʘʶʱʝʛʦ ʠ ʚʳʪʝʢʘʶʱʝʛʦ ʇʊ, ʥʝ ʫʯʠʪʳʚʘʝʤʳʝ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʪʘʪʠ-
ʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʇʊ ʚ ʠʦʥʦʩʬʝʨʝ. ʕʪʦʪ ʬʘʢʪ, ʧʦʜʦʙʥʦ ʷʚʣʝʥʠʶ ʍ, ʪʨʝʙʫʝʪ 
ʦʙʲʷʩʥʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʦʙʥʦʚʣʝʥʥʦʡ ʤʦʜʝʣʠ ʇʊ. 
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3.3.5. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠʦʥʦʩʬʝʨʥʳʭ ʵʬʬʝʢʪʦʚ ʙʫʨʠ ʩʚ. ʇʘʪʨʠʢʘ ʥʘʜ ɸʟʠʘʪʩʢʠʤ 

ʨʝʛʠʦʥʦʤ ʈʌ ʧʦ ʜʘʥʥʳʤ ʢʦʤʧʣʝʢʩʘ ʠʥʩʪʨʫʤʝʥʪʦʚ 
 

ɿʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ ʚʦ ʚʨʝʤʷ ʤʦʱʥʳʭ ʚʦʟ-
ʤʫʱʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʧʨʦʚʝʨʢʠ ʠ ʨʘʟʚʠʪʠʷ ʤʦʜʝʣʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠ-
ʩʪʝʤʝ ʩʦʣʥʝʯʥʳʡ ʚʝʪʝʨ ð ʤʘʛʥʠʪʦʩʬʝʨʘ ð ʠʦʥʦʩʬʝʨʘ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʳ ʧʨʠ ʵʪʦʤ ʨʝʟʫʣʴ-
ʪʘʪʳ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʪʩʷ ʤʥʦʛʦʩʪʦʨʦʥʥʠʡ ʘʥʘʣʠʟ ʥʘʙʣʶʜʘ-
ʝʤʳʭ ʵʬʬʝʢʪʦʚ ʧʦ ʜʘʥʥʳʤ ʢʦʤʧʣʝʢʩʘ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

ʇʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʜʘʨʘ, ʨʘʩ-
ʧʦʣʦʞʝʥʥʦʛʦ ʚʙʣʠʟʠ ɽʢʘʪʝʨʠʥʙʫʨʛʘ (ɽʂɺ-ʨʘʜʘʨʘ), ʥʘʟʝʤʥʳʭ ʠʦʥʦʩʬʝʨʥʳʭ, ʨʠʦʤʝʪʨʠʯʝ-
ʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʪʘʥʮʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʨʘʜʘʨʘ ʠ ʝʛʦ ʦʢʨʝʩʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ 
ʚʦʩʴʤʠ ʨʘʜʠʦʪʨʘʩʩ, ʧʝʨʝʩʝʢʘʶʱʠʭ ɸʟʠʘʪʩʢʠʡ ʨʝʛʠʦʥ ʈʦʩʩʠʠ. ʇʦ ʵʪʠʤ ʜʘʥʥʳʤ ʠʟʫʯʝʥʘ 
ʜʠʥʘʤʠʢʘ ʠʦʥʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ʰʠʨʦʢʦʤ ʜʦʣʛʦʪʥʦʤ ʩʝʢʪʦʨʝ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭʩʪʫʧʝʥ-
ʯʘʪʦʡ ʩʠʣʴʥʦʡ ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ 17ï19 ʤʘʨʪʘ 2015 ʛ. ʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ 
ʠʭ ʛʝʥʝʨʘʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 17 ʤʘʨʪʘ ʚʦ ʚʨʝʤʷ ʛʣʘʚʥʦʡ ʠ ʨʘʥʥʝʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʬʘʟ 
ʙʫʨʠ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʛʝʥʝʨʘʮʠʶ ʠʦʥʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʚʥʝʩʣʠ ʵʢʚʘʪʦʨʠʘʣʴʥʦʝ ʨʘʩ-
ʰʠʨʝʥʠʝ ʚʠʭʨʝʡ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ ʠ ʫʜʘʨʥʘʷ ʠʦʥʠʟʘʮʠʷ ʘʪʤʦʩʬʝʨʳ ʚʳʩʳʧʘʶ-
ʱʠʤʠʩʷ ʤʘʛʥʠʪʦʩʬʝʨʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʠʥʪʝʥʩʠʚʥʳʭ ʩʧʦʨʘʜʠʯʝ-
ʩʢʠʭ ʩʣʦʝʚ, ʯʝʨʝʜʫʶʱʠʭʩʷ ʩ ʦʙʣʘʩʪʷʤʠ ʧʦʣʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ. ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʙʫʨʠ 
ʙʳʣʘ ʙʦʣʴʰʘʷ ʰʠʨʠʥʘ ʟʦʥʳ ʘʚʨʦʨʘʣʴʥʳʭ ʚʳʩʳʧʘʥʠʡ, ʵʢʚʘʪʦʨʠʘʣʴʥʘʷ ʛʨʘʥʠʮʘ ʢʦʪʦʨʦʡ 
ʜʦʩʪʠʛʣʘ ʛʝʦʤʘʛʥʠʪʥʦʡ ʰʠʨʦʪʳ ~45Á. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʤʦʛʣʘ ʙʳʪʴ ʚʳʟʚʘʥʘ ʩʠʣʴʥʦʡ ʠʟ-
ʤʝʥʯʠʚʦʩʪʴʶ ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜʳ, ʚʦʟʜʝʡʩʪʚʦʚʘʚʰʝʡ ʥʘ ʤʘʛʥʠʪʦʩʬʝʨʫ 17ï19 ʤʘʨʪʘ. 

 

ʈʠʩ. 82. ʀʩʧʨʘʚʣʝʥʥʘʷ ʛʝʦʤʘʛʥʠʪʥʘ ̫ʰʠʨʦʪʘ ʨʘʩʩʝʠʚʘʶʱʠʭ ʠʦʥʦʩʬʝʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʧʦ-

ʩʪʨʦʝʥʥʘ ̫ʧʦ ʜʘʥʥʳʤ ɽʂɺ-ʨʘʜʘʨʘ (ʘ); ʧʦʛʣʦʱʝʥʠʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʨʘʜʠʦʰʫʤʘ (ʙ); H-ʢʦʤʧʦʥʝʥʪʘ (ʯʝʨ-

ʥʘʷ ʢʨʠʚʘʷ) ʠ Z- ʢʦʤʧʦʥʝʥʪʘ (ʩʠʥʷʷ ʢʨʠʚʘʷ) ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʧʦʣʷʨʥʳʭ ʰʠʨʦʪʘʭ (ʚ). ʂʨʘʩʥʳʤʠ ʪʦʯ-

ʢʘʤʠ ʧʦʢʘʟʘʥʳ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʜʨʝʡʬʫʶʱʠʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʨʘʜʘʨʘ, ʯʝʨʥʳʤʠ ð ʢ ʨʘʜʘʨʫ 
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3.3.6. ʉʦʟʜʘʥʘ ʙʘʟʘ ʦʙʨʘʙʦʪʘʥʥʳʭ ʜʘʥʥʳʭ ʨʘʜʘʨʘ EKB ʀʉɿʌ ʉʆ ʈɸʅ 

 

ʉʚʦʝʚʨʝʤʝʥʥʘ,̫ ʞʝʣʘʪʝʣʴʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʘ,̫ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʠ ʠʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʦ ʟʘʧʨʦʩʫ ʚ ʫʜʦʙʥʦʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʬʦʨʤʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚ-

ʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʜʦʩʪʫʧ ʢ 

ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʙʣʶʜʝʥʠʡ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʬʦʨʤʘʪʦʚ ʜʘʥʥʳʭ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪ ʠʥʪʝʨʧʨʝʪʘʪʦʨʘʤ ʨʝʰʝʥʠʝ ʟʘʜʘʯ. ʉʦʟʜʘʥʠʝ ʧʦʜʦʙʥʳʭ ʙʘʟ ʩʪʠʤʫʣʠ-

ʨʫʶʪ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʛʨʫʧʧʘʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʙʳʪʠʡ, ʘ ʪʘʢʞʝ ʧʦʩʪʨʦʝʥʠ ̫ʠ ʧʨʦʚʝʨʢʠ ʨʘʟʣʠʯʥʳʭ ʛʝʦʬʠ-

ʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʩʦʟʜʘʥʘ ʙʘʟʘ ʦʙʨʘʙʦʪʘʥʥʳʭ ʜʘʥʥʳʭ ʨʘʜʘʨʘ EKB 

ʀʉɿʌ ʉʆ ʈɸʅ. ʉʣʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʪʘʢʦʡ ʙʘʟʳ ʩʚʷʟʘʥʘ ʩ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʭʨʘʥʠʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ (>900 ɻɹ) ʠ ʪʨʝʙʦʚʘʥʠʝʤ ʙʳʩʪʨʦʪ rʚʳʙʦʨʢʠ ʜʘʥʥʳʭ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʠʟ-

ʚʦʣʴʥʳʭ ʟʘʧʨʦʩʘʭ. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʜʦʩʪʫʧʘ ʢ ʪʘʢʠʤ ʦʙʲʝʤʘʤ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʢʘʢ ʩʪʘʥʜʘʨʪʥʳʭ 

ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ, ʪʘʢ ʠ ʙʘʟ NoSQL ʥʝ ʜʘʣʠ ʵʬʬʝʢʪʘ ʫʩʢʦʨʝʥʠʷ ʜʦʩʪʫʧʘ ʚ ʩʚʷʟʠ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʪʠ. ɹʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʢʘʟʘʣ ʩʝʙʷ ʩʝʨʚʝʨ 

ʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ MySQL ʩ ʨʘʟʙʠʝʥʠʝʤ ʪʘʙʣʠʮʳ ʥʘ ʦʪʜʝʣʴʥʳʝ ʬʘʡʣʳ, ʨʘʟʜʝʣʷʝ-

ʤʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦ ʚʨʝʤʝʥʠ ʠʟʤʝʨʝʥʠʷ. ʆʨʛʘʥʠʟʦʚʘʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʦʙʥʦʛʦ ʧʦʜ-

ʭʦʜʘ ʙʘʟʘ ʜʘʥʥʳʭ ʦʙʣʘʜʘʝʪ ʪʨʝʙʫʝʤʳʤ ʜʣʷ ʨʘʙʦʪʳ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳ-

ʙʦʨʢʫ ʧʨʠʤʝʨʥʦ ʟʘ 10 ʩ. ʈʘʙʦʪʘ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʘʢʝʪʥʦʤ ʨʝʞʠʤʝ: ʧʦʣʫ-

ʯʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʜʘʥʥʳʭ ʚ ʬʘʡʣʦʚʦʤ ʪʘʙʣʠʯʥʦʤ ʚʠʜʝ (ʩʩʳʣʢʘ ʥʘ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ 

ʬʘʡʣʘ ʧʨʠʭʦʜʠʪ ʥʘ ʘʜʨʝʩ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ, ʫʢʘʟʘʥʥʳʡ ʧʨʠ ʟʘʧʨʦʩʝ). ɹʘʟʘ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʠ ʧʦʠʩʢʘ ʜʘʥʥʳʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʝʝ ʬʠʥʘʣʴʥʳʝ ʧʨʦʚʝʨʢʠ, ʠ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ (ʜʦ 

ʢʦʥʮʘ ʛʦʜʘ) ʦʥʘ ʙʫʜʝʪ ʜʦʩʪʫʧʥʘ. ʅʘ ʨʠʩ. 83 ʧʨʠʚʝʜʝʥ ʦʙʱʠʡ ʚʠʜ ʠʥʪʝʨʝʬʝʡʩʘ ʙʘʟ.r 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʙʘʟʝ ʩʦʜʝʨʞʘʪʩʷ ʜʘʥʥʳʝ ʦ ʤʦʱʥʦʩʪʠ, ʜʦʧʣʝʨʦʚʩʢʦʡ ʩʢʦʨʦʩʪʠ ʠ 

ʩʧʝʢʪʨʘʣʴʥʦʤ ʫʰʠʨʝʥʠʠ ʨʘʩʩʝʷʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʫʩʨʝʜʥʝʥʥʳʭ ʟʘ ʧʝʨʠʦʜ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʧʦ-

ʨʷʜʢʘ 6 ʩ) ʚ ʩʝʢʪʦʨʝ ʦʙʟʦʨʘ ʨʘʜʘʨʘ EKB ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩ 2012 ʛ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʦʟʜʘʥʠʝ ʧʦʜʦʙʥʦʡ ʙʘʟʳ ʧʦʤʦʞʝʪ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʨʘʩʰʠʨʠʪʴ 

ʯʠʩʣʦ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʚ ʜʘʥʥʳʭ ʨʘʜʘʨʘ EKB, ʠ ʩʤʦʞʝʪ 

ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʠ ʧʨʦʚʝʜʝʥʠʝ ʩʦʚʤʝʩʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʜʨʫʛʠʤʠ ʛʨʫʧ-

ʧʘʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. 

 

ʈʠʩ. 83. ʆʙʱʠʡ ʚʠʜ ʠʥʪʝʨʬʝʡʩʘ ʙʘʟ rʦʙʨʘʙʦʪʘʥʥʳʭ ʜʘʥʥʳʭ ʨʘʜʘʨʘ EKB 
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3.3.7. ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ  
 

1. Akasofu S.-I. Auroral substorms as an electrical discharge phenomenon // Progress in 
Earth and Planetary Sci. 2015. V. 2. P. 20. 

2. Laundal K.M., Ïstgaard N. Asymmetric auroral intensities in the Earthôs Northern and 
Southern hemispheres // Nature. 2009. V. 460. P. 491ï493. DOI: 10.1038/nature08154. 
 

3.4. ʉʦʟʜʘʥʠʝ ʩʝʛʤʝʥʪʘ ʤʦʥʠʪʦʨʠʥʛʘ ʫʨʦʚʥʷ ʠʦʥʦʩʬʝʨʥʳʭ ʧʦʤʝʭ ʚ ɸʟʠʘʪʩʢʦʤ 
ʨʝʛʠʦʥʝ ʈʦʩʩʠʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʧʦʣʷʨʥʦʡ ʠʦʥʦʩʬʝʨʳ 

 
ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʚʳʪʷʥʫʪʳʭ ʚʜʦʣʴ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ɿʝʤʣʠ, ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʘ ʨʘʜʠʦʫʩʪʨʦʡʩʪʚʘʭ ʦʩʦʙʦʛʦ ʚʠʜʘ ʧʦʤʝʭ ð ʤʦʱʥʦʛʦ 
ʨʘʜʠʦʩʠʛʥʘʣʘ, ʨʘʩʩʝʷʥʥʦʛʦ ʥʘ ʵʪʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ. ʅʘʣʠʯʠʝ ʪʘʢʦʛʦ ʩʠʛʥʘʣʘ (ʨʘʜʠʦʘʚʨʦʨʳ) 
ʧʨʠʚʦʜʠʪ ʢ ʧʦʤʝʭʘʤ ʠ ʩʙʦʷʤ ʚ ʘʧʧʘʨʘʪʫʨʝ ʨʘʜʠʦʩʚʷʟʠ ʠ ʨʘʜʠʦʣʦʢʘʮʠʠ, ʘ ʪʘʢʞʝ ʚ ʩʠʩʪʝʤʘʭ 
ʩʧʫʪʥʠʢʦʚʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʫʨʦʚʥʷ 
ʪʘʢʠʭ ʠʦʥʦʩʬʝʨʥʳʭ ʧʦʤʝʭ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʚ ʨʘʟʥʳʭ 
ʟʘʜʘʯʘʭ. ɺ ʧʨʦʝʢʪʝ ʤ  rʧʨʦʚʦʜʠʣʠ ʢʦʤʧʣʝʢʩ ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ 
ʚ ʘʟʠʘʪʩʢʦʡ ʯʘʩʪʠ ʈʌ ʧʦ ʜʘʥʥʳʤ ʨʘʜʘʨʦʚ ʀʉɿʌ ʉʆ ʈɸʅ, ʧʦ ʨʘʟʚʠʪʠʶ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦ-
ʩʪʠʢʠ ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ ʵʬʬʝʢʪʦʚ, ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʶʱʠʭ ʥʘ ʨʘʙʦʪʫ ʨʘʜʠʦʩʠ-
ʩʪʝʤ ʚ ʘʨʢʪʠʯʝʩʢʠʭ ʦʙʣʘʩʪʷʭ ʈʌ, ʘ ʪʘʢʞʝ ʧʦ ʨʘʩʰʠʨʝʥʠʶ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʩʝʪʠ ʨʘʜʘʨʦʚ ʜʣʷ 
ʤʦʥʠʪʦʨʠʥʛʘ ʵʪʠʭ ʵʬʬʝʢʪʦʚ. 

 

3.4.1. ʇʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩ ʨʘʙʦʪ ʧʦ ʨʘʟʚʝʨʪʳʚʘʥʠʶ ʠ ʪʝʩʪʦʚʦʤʫ ʟʘʧʫʩʢʫ ʥʦʚʦʛʦ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʂɺ-ʨʘʜʘʨʘ ʚ ʧ. ʉʪʝʢʦʣʴʥʳʡ ʄʘʛʘʜʘʥʩʢʦʡ ʦʙʣʘʩʪʠ 
 
ʇʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩ ʨʘʙʦʪ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʠʦʥʦʩʬʝʨʥʳʭ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ (ʠʦʥʦʟʦʥʜʳ, ʤʘʛʥʠʪʦʤʝʪʨʳ ʠ ʨʠʦʤʝʪʨʳ) ʚ ʩʝʢʪʦʨʝ ʦʙʟʦʨʘ ʨʘʜʘʨʘ EKB ʜʣʷ ʦʪʨʘʙʦʪʢʠ 
ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʣʦʢʘʣʠʟʘʮʠʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʠ ʨʘʟʚʠʪʠʷ ʤʦʜʝʣʝʡ ʢʦʨʨʝʢʪʠ-
ʨʦʚʢʠ ʨʘʜʘʨʥʳʭ ʜʘʥʥʳʭ. ʇʨʦʚʦʜʠʣʘʩʴ ʪʘʢʞʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘ ̫ʦʮʝʥʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚ-
ʤʝʩʪʠʤʦʩʪʠ ʥʦʚʦʛʦ ʨʘʜʘʨʘ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʀʂʀʈ ɼɺʆ ʈɸʅ. ʇʨʦʚʝʜʝʥʦ ʧʦʜ-
ʢʣʶʯʝʥʠʝ ʨʘʜʘʨʘ ʢ ʵʣʝʢʪʨʦʩʝʪʷʤ, ʚʝʜʝʪʩʷ ʟʘʢʣʶʯʝʥʠʝ ʢʦʥʪʨʘʢʪʘ ʥʘ ʦʧʣʘʪʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɺ ʦʢʪʷʙʨʝ 2017 ʛ. ʧʨʦʚʝʜʝʥ ʧʝʨʚʳʡ ʪʝʩʪʦʚʳʡ ʟʘʧʫʩʢ ʨʘʜʘʨʘ (ʨʠʩ. 84), ʧʨʦʚʝʜʝʥʳ ʪʝ-
ʩʪʦʚʳʝ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʨʘʙʦ-
ʪʳ ʧʦ ʩʦʛʣʘʩʦʚʘʥʠʶ ʩ ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʦʤ ʟʘʧʫʩʢʘ ʨʘʜʘʨʘ. ʂ ʜʨʫʛʠʤ ʨʘʙʦʪʘʤ ʦʪʥʦʩʷʪʩʷ 
ʦʙʝʩʧʝʯʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʨʘʜʘʨʘ ʩ ʧʦʩʪʦʷʥʥʦ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤʠ 
ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʀʂʀʈ ɼɺʆ ʈɸʅ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʫʨʦʚʥʷ ʧʦʤʝʭ ʨʘʜʘʨʘ ʥʘ 
ʜʘʥʥʳʭ ʤʘʛʥʠʪʦʚʘʨʠʘʮʠʦʥʥʳʭ ʩʪʘʥʮʠʡ (ʧʨʦʙʣʝʤʘ ʦʙʥʘʨʫʞʝʥʘ ʚʦ ʚʨʝʤʷ ʪʝʩʪʦʚʦʛʦ ʟʘʧʫʩʢʘ 
ʨʘʜʘʨʘ ʚ ʦʢʪʷʙʨʝ 2017 ʛ.), ʘ ʪʘʢʞʝ ʧʨʦʜʣʝʥʠʝ ʠʩʪʝʢʘʶʱʠʭ ʚ 2017 ʛ. ʨʘʟʨʝʰʝʥʠʡ ʥʘ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝ ʨʘʜʠʦʯʘʩʪʦʪ.  

ɿʘʧʣʘʥʠʨʦʚʘʥʥʦʝ ʚʨʝʤʷ ʟʘʧʫʩʢʘ ʄʘʛʘʜʘʥʩʢʦʛʦ ʨʘʜʘʨʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ð ʚʝʩʥʘ 2018 ʛ. 

 

ʈʠʩ. 84. ʆʙʱʠʡ ʚʠʜ ʨʘʜʘʨʘ MAGW (ʄʘʛʘʜʘʥʩʢʘʷ ʦʙʣʘʩʪʴ) 
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3.4.2. ʆʜʥʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʜʠʦʘʚʨʦʨʳ ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʚ ʂɺ- ʠ ʋʂɺ-ʜʠʘʧʘʟʦʥʘʭ ʧʦ ʜʘʥʥʳʤ ʨʘʜʘʨʦʚ ʀʉɿʌ ʉʆ ʈɸʅ 
 

ɻʝʦʬʠʟʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʠʥʩʪʨʫʤʝʥʪʦʚ ʀʉɿʌ ʉʆ ʈɸʅ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ ʜʚʘ ʨʘʜʘʨʘ, ʩʧʦʩʦʙʥʳʭ ʢ ʜʠʘʛʥʦʩʪʠʢʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʜʠʦʘʚʨʦʨʳ ð ʀʨʢʫʪʩʢʠʡ 

ʨʘʜʘʨ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʀʈʅʈ), ʚʝʜʫʱʠʡ ʨʘʟʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʨʝʛʠʩʪʨʘʮʠʠ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʵʭʘ ʩ 1998 ʛ. [1] ʚ ʫʣʴʪʨʘʢʦʨʦʪʢʦʚʦʣʥʦʚʦʤ (ʋʂɺ) ʨʘʜʠʦʜʠʘʧʘʟʦʥʝ, ʠ 

ɽʢʘʪʝʨʠʥʙʫʨʛʩʢʠʡ ʢʦʛʝʨʝʥʪʥʳʡ ʨʘʜʘʨ ʜʝʢʘʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ (EKB) ʀʉɿʌ ʉʆ ʈɸʅ, 

ʧʨʦʚʦʜʷʱʠʡ ʢʨʫʛʣʦʩʫʪʦʯʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʦʜʦʙʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʤ 

(ʂɺ) ʜʠʘʧʘʟʦʥʝ ʩ ʢʦʥʮʘ 2012 ʛ. [2]. 

ɺ ʩʚʷʟʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʨʘʜʠʦʘʚʨʦʨʘ ʥʘ ʨʘʜʘʨʝ EKB 

ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʘʣʴʥʦʩʪʝʡ ʠ ʥʘʧʨʘʚʣʝʥʠʡ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʟʘʜʘʯʫ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʘʤʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʥʦ ʫʩʣʦʞʥʷʝʪ ʟʘʜʘʯʫ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ 

ʜʘʥʥʳʤ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ, ʚ ʩʫʱʝʩʪʚʝʥʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʱʠʭ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʬʦʥʦʚʦʡ ʠʦʥʦʩʬʝʨʳ [3]. 

ʅʘ ʨʠʩ. 85 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʫʜʘʯʥʳʭ ʩʦʚʤʝʩʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʨʘʜʠʦʘʚʨʦʨʳ ʚ 

ʧʝʨʠʦʜ ʫʜʘʯʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 08.06.2015 ʛ. ʚ 11:30ï14:09 UT ʥʘ ʨʘʜʘʨʝ EKB ð ʤʦʱʥʦʩʪʴ 

ʨʘʩʩʝʷʥʥʦʛʦ ʩʠʛʥʘʣʘ (ʧʘʥʝʣʠ A1ïJ1) ʠ ʜʦʧʣʝʨʦʚʩʢʘʷ ʩʢʦʨʦʩʪʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ (ʧʘʥʝʣʠ 

A2ïJ2) ʢʘʢ ʬʫʥʢʮʠʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʰʠʨʦʪʳ ʠ ʜʦʣʛʦʪʳ, ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʠ. ɺʩʝ ʨʠʩʫʥʢʠ 

ʚʳʧʦʣʥʝʥʳ ʩʭʝʤʘʪʠʯʥʦ ʙʝʟ ʢʘʣʠʙʨʦʚʢʠ ʜʠʘʛʨʘʤʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʨʘʜʘʨʦʚ ʠ ʫʯʝʪʘ 

ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʩʠʛʘʥʘʣʘ ʚ ʥʝʦʜʥʦʨʦʜʥʦʡ ʠʦʥʦʩʬʝʨʝ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʜʦʣʴ ʜʫʛʠ ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ.  

ɺʠʜʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʘʷ ʨʘʜʠʦʘʚʨʦʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʴʶ ʠ 

ʚʳʩʦʢʠʤʠ ʜʦʧʣʝʨʦʚʩʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʧʦʷʚʣʷʝʪʩʷ ʚ 11:45 UT ʚ ʚʠʜʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʡ 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ ʠ ʜʨʝʡʬʫʝʪ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ 

ʜʘʣʝʝ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʦʧʣʝʨʦʚʩʢʠʝ ʩʢʦʨʦʩʪʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʜʦʩʪʠʛʘʶʪ 700 ʤ/ʩ ʠ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʨʘʜʠʦʘʚʨʦʨʳ ʚʳʩʦʪ F-ʩʣʦʷ ʚ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʤʫʱʝʥʥʳʭ ʫʩʣʦʚʠʷʭ.  

ʅʘ ʨʠʩ. 86, BïD ʧʦʢʘʟʘʥʦ ʧʦʚʝʜʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʥʘ ʨʘʜʘʨʝ 

EKB, ʙʝʟʦʪʥʦʩʠʪʝʣʴʥʦ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʟʦʥʜʠʨʦʚʘʥʠʷ. ʇʦʢʘʟʘʥʘ ʤʦʱʥʦʩʪʴ ʨʘʩʩʝʷʥʥʦʛʦ 

ʩʠʛʥʘʣʘ (ʧʘʥʝʣʴ B) ʠ ʜʦʧʣʝʨʦʚʩʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʩʝʠʚʘʶʱʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ (ʧʘʥʝʣʴ C) 

ʢʘʢ ʬʫʥʢʮʠʷ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʰʠʨʦʪʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʚʝʨʦʷʪʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʜʠʥʘʤʠʢʫ ʦʩʥʦʚʥʦʛʦ ʭʦʜʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʋʂɺ-ʨʘʜʠʦʘʚʨʦʨʳ ʚ ʧʝʨʠʦʜ 

11:00ï13:00 UT ʥʘ ʨʘʜʘʨʝ ʀʈʅʈ ʷʚʣʷʝʪʩʷ ʛʨʫʧʧʦʚʦʝ ʜʚʠʞʝʥʠʝ ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʦʙʣʘʩʪʠ 

ʚʳʩʦʢʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʦʪ ʚʳʩʦʢʠʭ ʰʠʨʦʪ ʢ ʥʠʟʢʠʤ, ʧʦʜʪʚʝʨʞʜʘʶʱʝʝʩʷ ʧʦ ʜʘʥʥʳʤ 

ʩʧʫʪʥʠʢʦʚ DMSP. ʕʪʠ ʧʦʣʷ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʧʦʷʚʣʝʥʠʠ ʜʝʢʘʤʝʪʨʦʚʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, 

ʢʦʪʦʨʳʝ ʚʠʜʥʳ ʚ ʜʘʥʥʳʭ ʂɺ-ʨʘʜʘʨʘ, ʥʦ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʚʷʟʘʥʳ ʢ ʢʦʥʢʨʝʪʥʦʡ ʚʳʩʦʪʝ ʧʦ 

ʜʘʥʥʳʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʧʦʷʚʣʝʥʠʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ E-ʩʣʦʷ, ʧʨʦʷʚʣʷʶ-

ʱʠʭʩʷ ʚ ʜʘʥʥʳʭ ʋʂɺ-ʨʘʜʘʨʘ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʜʠʦʘʚʨʦʨʘ ʥʘ ʨʘʜʘʨʝ EKB ʥʘʙʣʶʜʘʣʘʩʴ ʥʘ 6ï12 ʤʠʥ ʨʘʥʴʰʝ, ʯʝʤ ʥʘ 

ʨʘʜʘʨʝ ʀʈʅʈ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʰʠʨʦʢʠʤ ʩʝʢʪʦʨʦʤ ʦʙʟʦʨʘ ʨʘʜʘʨʘ EKB ʚ ʦʙʣʘʩʪʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʰʠʨʦʪ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʝʪʦʜʠʢ ʧʨʝʜʩʢʘʟʘʥʠʷ 

ʧʦʷʚʣʝʥʠʷ ʨʘʜʠʦʘʚʨʦʨʳ ʥʘ ʋʂɺ-ʨʘʜʘʨʝ ʀʈʅʈ ʧʦ ʜʘʥʥʳʤ ʂɺ-ʨʘʜʘʨʘ EKB ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʩʦʚʤʝʩʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʨʘʙʦʪʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʠʣʠ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ 

ʧʨʠʚʷʟʢʠ ʠʟʤʝʨʝʥʠʡ ʨʘʜʠʦʘʚʨʦʨʳ ʥʘ ʨʘʜʘʨʘʭ ʀʈʅʈ ʠ EKB ʠ ʤʦʛʫʪ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʩʦʚʤʝʩʪʥʳʭ ʠ ʨʘʟʜʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʨʘʜʠʦʘʚʨʦʨʳ ʥʘ ʨʘʜʘʨʘʭ ʀʈʅʈ ʠ EKB. 
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ʈʠʩ. 85. ʈʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʨʘʜʠʦʘʚʨʦʨʳ ʥʘ ʨʘʜʘʨʝ EKB 08.06.2015 ʛ. ʈʠʩʫʥʢʠ ʩ ʤʝʪʢʦʡ 1 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʦʱʥʦʩʪʠ ʨʘʩʩʝʷʥʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʩʝʢʪʦʨʝ ʦʙʟʦʨʘ ʨʘʜʘʨʘ, ʘ ʨʠʩʫʥʢʠ ʩ ʤʝʪʢʦʡ 2 -

ʜʦʧʣʝʨʦʚʩʢʦʡ ʩʢʦʨʦʩʪʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. ʊʨʝʫʛʦʣʴʥʠʢʦʤ ʦʙʦʟʥʘʯʝʥʘ ʧʨʠʤʝʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚ-

ʣʝʥʥʦʩʪʠ ʀʈʅʈ ʥʘ ʥʠʞʥʠʭ ʣʝʧʝʩʪʢʘʭ 
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ʈʠʩ. 86. ʇʦʚʝʜʝʥʠʝ Dst ʚ ʧʝʨʠʦʜ 7ï09.06.2015 ʛ. ʧʦ ʜʘʥʥʳʤ WDC Kyoto (http:// 
wdc.kugi.kyoto-u.ac.jp/) (A); ʨʝʟʫʣʴʪʘʪ ʥʘʙʣʶʜʝʥʠʡ ʨʘʜʘʨʘ EKB (BïD): ʤʦʱʥʦʩʪʴ ʨʘʩʩʝʷʥʥʦʛʦ ʩʠʛ-
ʥʘʣʘ  (B); ʜʦʧʣʝʨʦʚʩʢʦʝ ʩʤʝʱʝʥʠʝ ʯʘʩʪʦʪʳ (ʚ ʝʜʠʥʠʮʘʭ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʢʦʨʦʩʪʠ) ʢʘʢ ʬʫʥʢʮʠʷ ʰʠ-
ʨʦʪʳ ʨʘʩʩʝʷʥʠʷ ʠ ʚʨʝʤʝʥʠ; ʤʦʱʥʦʩʪʴ ʨʘʩʩʝʷʥʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʨʘʜʘʨʝ ʀʈʅʈ (E). I, II, IV ð ʟʦʥʳ 
ʨʘʜʠʦʘʚʨʦʨʳ, III ð ʦʙʣʘʩʪʴ ʩʠʛʥʘʣʦʚ ʚʦʟʚʨʘʪʥʦ-ʥʘʢʣʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

 

3.4.3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʚʩʧʳʰʝʢ ʥʘ ʫʨʦʚʝʥʴ ʰʫʤʘ, 

ʠʟʤʝʨʷʝʤʳʡ ʢʦʛʝʨʝʥʪʥʳʤʠ ʨʘʜʘʨʘʤʠ ʚ ʜʠʘʧʘʟʦʥʝ 8ï20 ʄɻʮ 

 

ʈʝʛʫʣʷʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʫʨʦʚʥʝʤ ʨʘʜʠʦʰʫʤʦʚ ʥʘ ʨʘʜʘʨʝ EKB ʧʦʟʚʦʣʠʣʠ ʥʘʤ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʰʫʤʘ ʥʝʙʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘʟʝʤʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠ 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʰʫʤʘ ʧʦʩʪʫʧʘʝʪ ʠʟ ʠʩʪʦʯʥʠʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʚʳʰʝ 

ʨʘʜʠʫʩʘ ʤʝʨʪʚʦʡ ʟʦʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʙʝʩʥʦʡ ʚʦʣʥʳ (ʟʝʤʥʘʷ ʚʦʣʥʘ ʚ ʂɺ-ʜʠʘʧʘʟʦʥʝ ʩʠʣʴʥʦ 

ʩʧʘʜʘʝʪ ʩ ʨʘʩʩʪʦʷʥʠʝʤ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʰʫʤ ʧʝʨʝʜʘʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ 

ʥʝʙʝʩʥʦʡ ʚʦʣʥʦʡ, ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʠʦʥʦʩʬʝʨʳ ʠ ʧʦʛʣʦʱʘʝʪʩʷ ʥʘ ʚʳʩʦʪʘʭ D-ʩʣʦʷ.  

ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʵʪʫ ʛʠʧʦʪʝʟʫ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ ʜʝʩʷʪʴ ʩʨʝʜʥʝʰʠʨʦʪʥʳʭ 

ʢʦʛʝʨʝʥʪʥʳʭ ʜʝʢʘʤʝʪʨʦʚʳʭ ʨʘʜʘʨʦʚ ʉʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ: ʜʝʚʷʪʴ ʨʘʜʘʨʦʚ SuperDARN 

(Super Dual Auroral Radar Network [4]) ʠ ʨʘʜʘʨ EKB ʀʉɿʌ ʉʆ ʈɸʅ [2]. ʅʘ ʨʠʩ. 87 

ʧʦʢʘʟʘʥʳ ʢʦʦʨʜʠʥʘʪʳ ʨʘʜʘʨʦʚ ʠ ʠʭ ʩʝʢʪʦʨʘ ʦʙʟʦʨʘ. ʈʘʜʠʦʣʦʢʘʪʦʨʳ ʤʦʛʫʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ 

ʫʨʦʚʝʥʴ ʰʫʤʘ ʥʘ ʥʘʠʤʝʥʝʝ ʰʫʤʥʦʡ ʯʘʩʪʦʪʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʦʩʣʝʜʫʶʱʠʡ 

ʘʥʘʣʠʟ ʫʨʦʚʥʷ ʰʫʤʘ. ʈʝʛʫʣʷʨʥʦʝ ʚʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʨʘʜʘʨʦʚ ʩʦʩʪʘʚʣʷʝʪ 1ï2 ʤʠʥ.  



92 

 

ʈʠʩ. 87. ɻʝʦʤʝʪʨʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʘʜʘʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʘʙʦʪʝ, ʠ ʠʭ ʩʝʢʪʦʨʘ ʦʙʟʦʨʘ 
 

ʅʘ ʩʦʚʤʝʩʪʥʦʤ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ 10 ʩʨʝʜʥʝʰʠʨʦʪʥʳʭ ʜʝʢʘʤʝʪʨʦʚʳʭ ʨʘʜʘʨʦʚ 

ʠʩʩʣʝʜʦʚʘʥʳ ʵʬʬʝʢʪʳ 80 ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʚʩʧʳʰʝʢ ʚ 2013ï2017 ʛʛ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ 88.3 % 

ʩʣʫʯʘʝʚ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʚʩʧʳʰʢʠ ʥʘ ʜʥʝʚʥʦʡ ʩʪʦʨʦʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʩʣʘʙʣʝʥʠʝ ʨʘʜʠʦʰʫʤʘ, 

ʢʦʨʨʝʣʠʨʫʶʱʝʝ ʩ ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʦʡ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʠ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʜʝʢʘʤʝʪʨʦʚʦʛʦ ʰʫʤʘ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪ (ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ ʚʳʰʝ ï0.5, 

ʨʠʩ. 88) ʩ ʬʦʨʤʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʚʩʧʳʰʢʠ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ (ʜʣʷ ʫʛʣʘ ʚʦʟʚʳʰʝʥʠʷ 

ʉʦʣʥʮʘ>0) ʚ 33 % ʩʣʫʯʘʝʚ. ʉʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ 

ʩʦʩʪʘʚʣʷʝʪ ï0.34. ʉʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʛʨʝʩʩʠʠ ʤʝʞʜʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ GOES 0.1ï0.8 ʥʤ ʠ ʟʘʪʫʭʘʥʠʝʤ ʰʫʤʦʚ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʦʢʦʣʦ ï4.4Ŀ10
4
 ʜɹĿʤ

2
/ɺʪ]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ ʜʝʢʘʤʝʪʨʦʚʦʛʦ ʰʫʤʘ ʥʘ 

ʩʨʝʜʥʝʰʠʨʦʪʥʳʭ ʜʝʢʘʤʝʪ-ʨʦʚʳʭ ʨʘʜʘʨʘʭ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʠʦʥʦʩʬʝʨʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʦʣʥ ʚ ʥʠʞʥʝʡ ʠʦʥʦʩʬʝʨʝ ʧʨʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ 

ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʢʘʭ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʜʝʢʘʤʝʪʨʦʚʦʛʦ ʰʫʤʘ ʥʝʙʘ, ʦʙʥʘʨʫʞʠʚʘʝʤʦʛʦ ʨʘʜʘʨʘʤʠ, ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʘ ʢʘʢ 

ʩʦʟʜʘʚʘʝʤʘʷ ʥʘʟʝʤʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʧʝʨʚʦʛʦ ʩʢʘʯʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

(~3000 ʢʤ). 
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ʈʠʩ. 88. ʉʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ʫʨʦʚʥʷ ʂɺ-ʰʫʤʘ ʧʦ ʜʘʥʥʳʤ ʨʘʜʘʨʦʚ SuperDARN (AïI) ʠ ʨʘʜʘʨʘ 

EKB ʀʉɿʌ ʉʆ ʈɸʅ (J) (ʩʝʨʳʝ ʣʠʥʠʠ) ʠ ʜʠʥʘʤʠʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦ 

ʜʘʥʥʳʤ GOES, ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʡ ʧʦ ʟʥʘʢʫ 
 

3.4.4. ɸʧʨʦʙʠʨʦʚʘʥ ʠʥʜʝʢʩ ʘʚʨʦʨʘʣʴʥʳʭ ʦʪʨʘʞʝʥʠʡ ʧʦ ʜʘʥʥʳʤ ʨʘʜʘʨʘ EKB ʀʉɿʌ 

ʉʆ ʈɸʅ ʠ ʚʚʝʜʝʥʘ ʚ ʩʪʨʦʡ ʩʠʩʪʝʤʘ ʢʨʫʛʣʦʩʫʪʦʯʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʵʪʦʛʦ ʠʥʜʝʢʩʘ 

 

ʀʟ ʨʠʩ. 89 ʚʠʜʥʦ, ʯʪʦ ʙʳʚʘʶʪ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʨʘʜʠʦʘʚʨʦʨʫ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʧʦʯʪʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʜʠʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʂɺ-ʨʘʜʘʨ ʢʘʢ 

ʠʩʪʦʯʥʠʢ ʜʘʥʥʳʭ ʜʣʷ ʧʨʦʛʥʦʟʘ ʧʦʷʚʣʝʥʠʷ ʨʘʜʠʦʘʚʨʦʨʳ ʥʘ ʋʂɺ-ʨʘʜʘʨʝ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʤʘʷ ʜʦʧʣʝʨʦʚʩʢʘʷ ʩʢʦʨʦʩʪʴ ʥʘ ʨʘʜʘʨʝ EKB ̫ʚʣʷʝʪʩʷ 

ʩʣʝʜʩʪʚʠʝʤ EĬB ʜʨʝʡʬʘ [4] ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʮʝʥʦʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʜʣʷ ʦʮʝʥʦʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʨʘʜʠʦʘʚʨʦʨʳ ʚ ʋʂɺ-ʜʠʘʧʘʟʦʥʝ [5, 6].  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʘʜʠʦʘʚʨʦʨʳ ʥʘ ʋʂɺ-ʨʘʜʘʨʝ ʀʈʅʈ ʞʝʣʘʪʝʣʴʥʦ ʠʤʝʪʴ 

ʩʠʩʪʝʤʫ ʢʨʫʛʣʦʩʫʪʦʯʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʜʠʦʘʚʨʦʨʳ, ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʧʨʝʜʫʧʨʝʞʜʘʶʱʝʡ 

ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʤʘʛʥʠʪʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. ʂʦʛʝʨʝʥʪʥʳʡ ʨʘʜʘʨ EKB 

ʀʉɿʌ ʉʆ ʈɸʅ ʚʝʩʴʤʘ ʫʜʦʙʝʥ ʜʣʷ ʵʪʦʛʦ: ʙʦʣʴʰʦʡ ʩʝʢʪʦʨ ʦʙʟʦʨʘ, ʭʦʨʦʰʝʝ ʚʨʝʤʝʥʥʦʝ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʨʘʙʦʪʘ ʚ ʨʝʞʠʤʝ ʢʨʫʛʣʦʩʫʪʦʯʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ʆʜʥʘʢʦ ʵʪʦ 

ʥʝʩʝʪ ʠ ʥʝʫʜʦʙʩʪʚʘ: ʩʣʦʞʥʦ ʚʚʝʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʥʘʙʣʶʜʘʝʤʦʡ ʨʘʜʠʦʘʚʨʦʨʳ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʥʘʤʠ ʙʳʣ ʚʚʝʜʝʥ ʠʥʜʝʢʩ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʜʠʦʘʚʨʦʨʳ (AI) 

ʠʤʝʶʱʠʡ ʚʠʜ 

AI=Sradioaurora/Sfull       (1) 

ʛʜʝ Sradioaurora ð ʧʣʦʱʘʜʴ, ʟʘʥʠʤʘʝʤʘʷ ʨʘʜʠʦʘʚʨʦʨʦʡ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʫʩʣʦʚʠʶ (1); Sfull ð 

ʧʦʣʥʘʷ ʧʣʦʱʘʜʴ ʩʝʢʪʦʨʘ ʦʙʟʦʨʘ ʨʘʜʘʨʘ. 

ɺʚʝʜʝʥʠʝ ʠʥʜʝʢʩʘ AI ʫʜʦʙʥʦ ʠʟ-ʟʘ ʝʛʦ ʥʦʨʤʠʨʦʚʘʥʥʦʩʪʠ: ʦʥ ʚʩʝʛʜʘ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ 

0ï100 %, ʧʨʠʯʝʤ 0 ʦʟʥʘʯʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʨʘʜʠʦʘʚʨʦʨʳ, ʘ 100 % ð ʝʝ ʧʨʠʩʫʪʩʪʚʠʝ ʥʘ ʣʶʙʦʡ 

ʜʘʣʴʥʦʩʪʠ ʠ ʣʶʙʦʤ ʘʟʠʤʫʪʝ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʨʘʜʘʨʘ.  

ɼʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʝʡ, ʚ ʩʨʝʜʥʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʷʚʣʝʥʠʶ ʨʘʜʠʦʘʚʨʦʨʳ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʠʥʜʝʢʩʘ. ʅʘ ʨʠʩ. 89, ɸ ʧʦʢʘʟʘʥ ʭʦʜ ʠʥʜʝʢʩʘ ʩ 

ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 6 ʤʠʥ ʟʘ 2016ï2017 ʛʛ. ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ (ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʠʥʜʝʢʩʘ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 89, B), ʤʝʜʠʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ ʟʘ ʜʚʘ ʛʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 

0.22 %, ʘ ʩʨʝʜʥʝʝ ð ~0.5 %. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʟʥʘʯʝʥʠʝ 0.5 % ʚ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʦʛʦ, 

ʨʘʟʜʝʣʷʶʱʝʛʦ ʧʝʨʠʦʜʳ ʦʪʩʫʪʩʪʚʠʷ ʠ ʧʨʠʩʫʪʩʪʚʠʷ ʨʘʜʠʦʘʚʨʦʨʳ. ʅʘ ʨʠʩ. 89, ɸ ɻ ʪʠ ʜʚʘ 

ʩʣʫʯʘʷ ʦʪʤʝʯʝʥʳ ʮʚʝʪʦʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʜʝʢʩ ʨʘʜʠʦʘʚʨʦʨʳ ʚʚʝʜʝʥ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʘ ʨʘʜʘʨʝ EKB 

ʀʉɿʌ ʉʆ ʈɸʅ ʠ ʜʦʩʪʫʧʝʥ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʩʘʡʪʝ [http://dep1.iszf.irk.ru]. 

 

 
 

ʈʠʩ. 89. ʀʥʜʝʢʩ ʨʘʜʠʦʘʚʨʦʨʳ ʟʘ 2016ï2017 ʛʛ. ʧʦ ʜʘʥʥʳʤ ʨʘʜʘʨʘ EKB ʀʉɿʌ ʉʆ ʈɸʅ: ʢʘʢ 

ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ (ɸ); ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʜʝʢʩʘ ʨʘʜʠʦʘʚʨʦʨʳ ʧʦ ʟʥʘʯʝʥʠʷʤ (B). ɺʝʨʪʠʢʘʣʴʥʘʷ ʣʠʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʜʠʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ 
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3.4.5. ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ  

 

1. Potekhin A.P., Berngardt O.I., Kurkin V.I., Shpynev B.G., Zherebtsov G.A. 

Observations of abnormally powerful scattering with ISTP IS radar // Proc. SPIE 3983. Sixth 

International Symposium on Atmospheric and Ocean Optics. November 19, 1999. P. 328ï335. 

2. Berngardt O.I., Zolotukhina N.A., Oinats A.V. Observations of field-aligned 

ionospheric irregularities during quiet and disturbed conditions with EKB radar: first results // 

Earth, Planets and Space. 2015. V. 67. P. 143. 

3. Berngardt O.I., Kutelev K.A., Potekhin A.P. SuperDARN scalar radar equations // 

Radio Sci. 2016. V. 51. N 10. P. 1703ï1724. 

4. Chisham G., Lester M., Milan S.E., Freeman M.P., Bristow W.A., Grocott A., 

McWilliams K.A., Ruohoniemi J.M., Yeoman T.K., Dyson P.L., Greenwald R.A., Kikuchi T., 

Pinnock M., Rash J.P.S., Sato N., Sofko G.J., Villain J.-P., Walker A.D.M. A decade of the 

Super Dual Auroral Radar Network (SuperDARN): scientiýc achievements, new techniques and 

future directions // Surveys in Geophysics. 2007. V. 28. N 1. P. 33ï109. 

5. Grkovich K.V., Berngardt O.I. Determining the parameters of the layer of scattering 
irregularities, forming coherent echo, according to the Irkutsk IS Radar data // Geomagnetism 

and Aeronomy. 2009. V. 49. N. 8. P. 1231ï1239.  

6. Foster J.C., Erickson P.J., Simultaneous observations of E-region coherent backscatter 

and electric field amplitude at F-region heights with the Millstone Hill UHF Radar// GRL. 2000.  

V. 27. N 19. P. 3177ï3180. 

7. http://dep1.iszf.irk.ru 

 

3.5. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʮʝʩʩʦʚ ʚ ʥʠʞʥʝʡ 

ʘʪʤʦʩʬʝʨʝ ʥʘ ʠʟʤʝʥʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʪʤʦʩʬʝʨʳ, ʄʠʨʦʚʦʛʦ 

ʦʢʝʘʥʘ ʠ ʢʣʠʤʘʪ 

 

3.5.1. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʥʘ ʛʨʘʥʠʮʘʭ ʦʢʝʘʥïʘʪʤʦʩʬʝʨʘïʩʫʰʘ 

 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʝʢʪʘ ʤʳ ʦʛʨʘʥʠʯʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʠʟʤʝʥʝʥʠʡ ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʚ 

ʩʠʩʪʝʤʝ ʦʢʝʘʥðʘʪʤʦʩʬʝʨʘ ʚ ʧʝʨʠʦʜ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ (ʂʉ) 1976ï1977 ʛʛ. ɺ ʙʦʣʴʰʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʨʘʙʦʪ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦʪ ʩʜʚʠʛ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʷʚʠʣʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʘʪ-

ʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʚ ʊʠʭʦʦʢʝʘʥʩʢʦʤ ʨʝʛʠʦʥʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʪʁ ʥʘʫʯʥʳʡ ʠʥ-

ʪʝʨʝʩ ʨʘʩʩʤʦʪʨʝʥʠʝ ʠ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʢʝʘʥʘ ʠ ʘʪʤʦʩʬʝʨʳ ʚ ʧʝʨʠʦʜ ʂʉ. 

ɺʨʝʤʝʥʥʦʡ ʭʦʜ ʠʟʤʝʥʝʥʠʡ ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʥʘ ʛʨʘʥʠʮʝ ʦʢʝʘʥðʘʪʤʦʩʬʝʨʘ ʠ ʟʥʘʯʝʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ ʠ ʚʦʟʜʫʭʘ ʥʘʜ ʥʠʤ ʜʣʷ ʥʠʟʢʦʰʠʨʦʪʥʦʡ ʦʙʣʘʩʪʠ ʊʠʭʦʛʦ 

ʦʢʝʘʥʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 90. ɼʘʥʥʳʡ ʨʝʛʠʦʥ ʙʳʣ ʚʳʙʨʘʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ 

ʟʜʝʩʴ ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʝ ʠʩʧʘʨʝʥʠʝ. ɺ ʠʟʤʝʥʝʥʠʷʭ ʧʦʪʦʢʦʚ ʷʚʥʦʛʦ QH ʠ 

ʩʢʨʳʪʦʛʦ QE ʪʝʧʣʘ (ʨʠʩ. 90, ʘ) ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʦʝ ʢʦʣʝʙʘʥʠʝ ~30 ʣʝʪ, 

ʧʨʠ ʵʪʦʤ ʜʦ ʂʉ ʘʤʧʣʠʪʫʜʘ ʵʪʦʛʦ ʢʦʣʝʙʘʥʠʷ ʧʨʝʚʦʩʭʦʜʠʣʘ ʘʤʧʣʠʪʫʜʫ ʧʦʩʣʝ ʂʉ. ɼʣʷ ʧʦʪʦ-

ʢʦʚ ʪʝʧʣʘ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ (ʂɺ) ʨʘʜʠʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʦʢʝʘʥ, ʠ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ 

(ɼɺ), ʠʟʣʫʯʘʶʱʝʡʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ (ʨʠʩ. 90, ʙ), ʠʟʤʝʥʝʥʠʷ ʥʦʩʷʪ ʩʣʝʜʫʶʱʠʡ ʭʘ-

ʨʘʢʪʝʨ. ɼʣʷ ɼɺ-ʨʘʜʠʘʮʠʠ ʦʪʤʝʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʦʢʘ ʜʦ ʂʉ, ʢʦʪʦʨʦʝ ʩʤʝʥʠʣʦʩʴ ʩʪʫ-

ʧʝʥʯʘʪʳʤ ʧʦʥʠʞʝʥʠʝʤ ʧʦʩʣʝ ʂʉ. ɼʣʷ ʂɺ-ʨʘʜʠʘʮʠʠ ʦʪʤʝʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʦʢʘ ʢ 1983 ʛ. 

(ʜʦ ï207 ɺʪ/ʤ
2
) ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʝ ʧʦʥʠʞʝʥʠʝ ʢ 2000 ʛ. (ʜʦ ï196 ɺʪ/ʤ

2
). 

ɻʨʘʬʠʢ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ (ʊʇʆ) ʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪ-

ʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ ʦʢʝʘʥʦʤ (ʇʊɺʆ) (ʨʠʩ. 90, ʛ) ʦʪʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʷ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʩʠʩʪʝʤʝ ʦʢʝʘʥðʘʪʤʦʩʬʝʨʘ (ʧʦʪʦʢʦʚ ʪʝʧʣʘ QH ʠ QE), ʧʨʠ ʵʪʦʤ ʚ ʧʝ-

ʨʠʦʜ ʜʦ ʂʉ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʙʳʣʘ ʚʳʰʝ, ʯʝʤ ʧʦʩʣʝ. 
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ʈʠʩ. 90. ɼʦʣʛʦʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʊʠʭʦʦʢʝʘʥʩʢʦʤ ʨʝʛʠʦʥʝ 
(10Áï30Á N, 160Á E ï130Á W): ʧʦʪʦʢʠ ʩʢʨʳʪʦʛʦ (ʩʠʥʷʷ ʣʠʥʠʷ) ʠ ʷʚʥʦʛʦ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ) ʪʝʧʣʘ (ʘ); ʧʦʪʦ-
ʢʠ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ) ʠ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ (ʩʠʥʷʷ ʣʠʥʠʷ) ʨʘʜʠʘʮʠʠ (ʙ); ʊʇʆ (ʢʨʘʩʥʘʷ 
ʣʠʥʠʷ) ʠ ʇʊɺʆ (ʩʠʥʷʷ ʣʠʥʠʷ) (ʚ); ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʊʇʆ ʠ ʇʊɺʆ (ʛ). ɺʝʨʪʠʢʘʣʴʥʦʡ 
ʯʝʨʥʦʡ ʣʠʥʠʝʡ ʦʪʤʝʯʝʥ ʛʦʜ ʂʉ (1976) 

 

3.5.2. ʀʟʫʯʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʱʝʡ ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ 

(ʆʎɸ), ʨʝʛʠʦʥʘʣʴʥʳʤ ʚʝʪʨʦʚʳʤ ʥʘʧʨʷʞʝʥʠʝʤ, ʊʇʆ ʠ ʠʟʤʝʥʝʥʠʷʤʠ ʊʉʄʆ 

 

ʂʘʢ ʧʨʦʜʦʣʞʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘ-

ʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʘ, 

ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟʤʝʥʝʥʠʡ ʚʝʪʨʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʝʨʠʦʜʳ 

ʜʦ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ (1955ï1976 ʛʛ.) ʠ ʧʦʩʣʝ (1977ï2000 ʛʛ.) (ʨʠʩ. 91). ʂʘʨʪʳ ʘʥʦʤʘ-

ʣʠʡ ʚʝʪʨʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʨʝʛʠʦʥʝ ʠʟʤʝʥʠʣʩʷ. ɺ 1955ï1976 ʛʛ. (ʨʠʩ. 91, ʘ) ʦʪʤʝʯʘʝʪʩʷ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʡ 

ʪʠʧ ʮʠʨʢʫʣʷʮʠʠ ʥʘ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʘʥʦ-

ʤʘʣʠʡ ʪʝʤʧʝʨʘʪʫʨ. ɺ 1977ï2000 ʛʛ. (ʨʠʩ. 91, ʙ) ʦʪʤʝʯʘʝʪʩʷ ʤʝʨʠʜʠʦʥʘʣʴʥʳʡ ʧʝʨʝʥʦʩ ʚʦʟʜʫʰ-

ʥʳʭ ʤʘʩʩ ʦʪ ʚʳʩʦʢʠʭ ʰʠʨʦʪ ʢ ʥʠʟʢʠʤ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨ. 

 

ʈʠʩ. 91. ɸʥʦʤʘʣʠʠ ʚʝʪʨʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʊʠʭʦʤ ʦʢʝʘʥʝ (ʉʝʚʝʨʥʦʝ ʧʦʣʫʰʘʨʠʝ) ʚ 1955ï
1976 ʛʛ. (a) ʠ 1977ï2000 ʛʛ. (ʙ) 
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ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʤʝʭʘʥʠʟʤʘʤʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ ʟʘ ʠʟʤʝʥʝʥʠʷ ʮʠʨ-

ʢʫʣʷʮʠʦʥʥʳʭ ʨʝʞʠʤʦʚ ʚ ʊʠʭʦʤ ʦʢʝʘʥʝ. ʉʫʪʴ ʵʪʠʭ ʤʝʭʘʥʠʟʤʦʚ ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʧʝ-

ʨʠʦʜʳ, ʢʦʛʜʘ ʩʪʨʫʢʪʫʨʘ ʚʝʪʨʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʡ, ʦʪʤʝ-

ʯʘʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʚ ʧʝʨʠʦʜʳ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʚ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʪʝʤʧʝʨʘʪʫʨ ʥʘ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ. 

ʂʘʢ ʧʦʥʠʞʝʥʠʝ, ʪʘʢ ʠ ʧʦʚʳʰʝʥʠʝ ʘʥʦʤʘʣʠʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʫʩʣʦʚʣʝʥʦ 

ʠʟʤʝʥʝʥʠʝʤ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʤ ʢ ʫʩʠʣʝʥʠʶ ʠʣʠ ʦʩʣʘʙʣʝ-

ʥʠʶ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. 

 

3.5.3. ʀʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʭʘʥʠʟʤʘ ʚʣʠʷʥʠʷ ʉɸ ʥʘ ʪʨʦʧʦʩʬʝʨʫ. ʈʘʟʨʘʙʦʪʢʘ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʬʠʟʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚʣʠʷʥʠʷ ʉɸ ʥʘ ʪʨʦʧʦʩʬʝʨʫ ʜʣʷ ʤʦʜʝʣʠ ʆʎɸ 

 

3.5.3.1. ʆʩʦʙʝʥʥʦʩʪʠ ʤʝʭʘʥʠʟʤʘ ʚʣʠʷʥʠʷ ʉɸ ʥʘ ʪʨʦʧʦʩʬʝʨʫ 

 

ʅʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʚ ʀʉɿʌ 

ʉʆ ʈɸʅ ʤʦʜʝʣʠ ʚʣʠʷʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʉɸ) ʥʘ ʢʣʠʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʚʳʷʚʣʝʥ 

ʜʦʩʪʦʚʝʨʥʳʡ ʦʪʢʣʠʢ ʚ ʦʩʥʦʚʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ (ʧʨʠʟʝʤʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ) ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʆʙʥʘ-

ʨʫʞʝʥʳ ʨʝʛʠʦʥʳ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ, ʜʣʷ ʢʦʪʦʨʳʭ ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚʘʨʠʘʮʠʷʤʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʣʥʝʯʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʥʝʩʣʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʠʟʤʝʥʝʥʠʠ ʛʣʦ-

ʙʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ ʚ ʦʩʥʦʚʥʦʤ ʚ ʧʝʨʠʦʜ ʧʝʨʚʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʚ ʍʍ ʚʝʢʝ (1910ï1944 ʛʛ.). 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʝ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʜʘʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠ ̫ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʘʥʪʨʦʧʦʛʝʥʥʳʡ ʬʘʢʪʦʨ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʨʦʚʝʥʴ 

ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʪʨʝʥʜʦʤ, ʤʘʢ-

ʩʠʤʘʣʴʥʳʤ ʟʘ ʚʝʩʴ ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ (1868ï2015 ʛʛ.) (ʨʠʩ. 92). ʅʘʨʷʜʫ ʩ 

ʵʪʠʤ ʚ ʧʝʨʠʦʜ ʧʝʨʚʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʦʤʘʣʴʥʦ ʫʩʠʣʝʥʥʳʡ ʤʝʨʠʜʠʦʥʘʣʴʥʳʡ 

ʧʝʨʝʥʦʩ ʪʝʧʣʘ ʚ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʝ. 

 

ʈʠʩ. 92. ɼʦʣʛʦʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʣʦʱʘʜʠ ʣʴʜʘ ʚ ɸʨʢʪʠʯʝʩʢʦʤ ʙʘʩʩʝʡʥʝ ʜʣʷ ʩʝʥʪʷʙʨʷ (ʘ); 
ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ (60ÁN ï 60ÁS; 0Áï360Á E) (ʙ); ʘʘ-ʠʥʜʝʢʩʘ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʚ) 
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3.5.3.2. ʇʘʨʘʤʝʪʨʠʟʘʮʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚʣʠʷʥʠʷ ʉɸ ʥʘ ʪʨʦʧʦʩʬʝʨʫ 

ʜʣʷ ʤʦʜʝʣʠ ʆʎɸ 

 

ɺ ʀʉɿʌ ʉʆ ʈɸʅ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʚʦʟʜʝʡʩʪʚʠʷ ʛʝʣʠʦʛʝʦʬʠʟʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝ-

ʥʠʡ ʥʘ ʪʨʦʧʦʩʬʝʨʫ. ʉʦʛʣʘʩʥʦ ʝʤʫ, ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʦʷʥʠʝ ʪʨʦʧʦʩʬʝʨʳ ʦʢʘʟʳ-

ʚʘʶʪ ʩʦʣʥʝʯʥʳʡ ʚʝʪʝʨ ʩ ʚʤʦʨʦʞʝʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʠ ʩʦʣʥʝʯʥʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʠʟʤʝʥʷʝʪʩʷ ʨʘʟʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʤʝʞʜʫ ʠʦʥʦʩʬʝʨʦʡ ʠ 

ʟʝʤʣʝʡ, ʧʨʠʚʦʜʷ ʢ ʠʟʤʝʥʝʥʠʶ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʦʙʲʝʤʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ. 

ʀʟʤʝʥʝʥʠʝ ʨʘʟʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʥʝʦʜʥʦʨʦʜʥʦ ʠ ʟʘʚʠʩʠʪ 

ʦʪ ʣʦʢʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʝʨʝʩʪʨʦʡʢʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʦʙʲʝʤʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʟʘʨʷʜʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʢʣʘʩʪʝʨʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʷʥʦʛʦ ʧʘʨʘ, ʘ ʚ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʧʘʨʮʠ-

ʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʙʣʠʟʢʦ ʜʘʚʣʝʥʠʶ ʥʘʩʳʱʘʶʱʠʭ ʧʘʨʦʚ, ʧʨʦʠʩʭʦʜʠʪ ʬʘʟʦ-

ʚʳʡ ʧʝʨʝʭʦʜ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʠʦʥʦʩʬʝʨʦʡ ʠ ɿʝʤʣʝʡ ʚʦʟʨʘʩ-

ʪʘʝʪ ʦʙʲʝʤʥʳʡ ʟʘʨʷʜ ʠ ʚʩʣʝʜʩʪʚʠʝ ʨʦʩʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʚʦʜʷʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʩʠʣʝʥʠʝʤ ʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ ʚ ʦʙʣʘʩʪʷʭ, ʛʜʝ 

ʦʧʪʠʯʝʩʢʘʷ ʪʦʣʱʘ ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ. ʆʜʥʘʢʦ ʚ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʦʧ-

ʪʠʯʝʩʢʘʷ ʪʦʣʱʘ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ, ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʦʩʣʘʙʣʝʥʠʝ ʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʜʥʦʨʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʠ ʦʩʦʙʝʥ-

ʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʠʦʥʦʩʬʝʨʦʡ ʠ ɿʝʤʣʝʡ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʚʦ ʚʨʝʤʷ ʛʝʣʠʦʛʝʦʬʠʟʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ʦʙʣʘʩʪʷʭ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʷ-

ʥʦʛʦ ʧʘʨʘ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʚ ʦʙʣʘʩʪʷʭ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦ-

ʜʝʨʞʘʥʠʝʤ ð ʫʤʝʥʴʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺ ʀʥʩʪʠʪʫʪʝ ʬʠʟʠʢʠ ʘʪʤʦʩʬʝʨʳ (ʀʌɸ ʈɸʅ) ʨʘʟʨʘʙʦʪʘʥʘ ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

CLIMBER-2. ʕʪʘ ʤʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʙʣʦʢʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʘʪʤʦʩʬʝʨʫ, ʦʢʝʘʥ, ʤʦʨʩʢʦʡ ʣʝʜ, 

ʧʨʦʮʝʩʩʳ ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʰʠ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʠ ʛʣʦʙʘʣʴʥʳʡ ʫʛʣʝʨʦʜʥʳʡ 

ʮʠʢʣ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʨʝʤʝʥʥʳʝ ʤʘʩʰʪʘʙʳ, ʥʘʯʠʥʘʷ ʩ ʩʝʟʦʥʥʳʭ ʚʘʨʠʘʮʠʡ ʠ 

ʙʦʣʴʰʝ. ɼʣʷ ʚʢʣʶʯʝʥʠʷ ʚ ʢʣʠʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ CLIMBER-2 ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʬʠʟʠʯʝ-

ʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʢʣʠʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʩ ʮʝʣʴʶ 

ʧʨʦʚʝʨʢʠ ʝʛʦ ʨʘʙʦʪʳ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ ʵʪʦʛʦ ʤʝ-

ʭʘʥʠʟʤʘ, ʫʯʠʪʳʚʘʶʱʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʜʝʣʠ CLIMBER-2. ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʢʣʠʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠ-

ʞʝʥʠʠ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ɸɸ-ʠʥʜʝʢʩ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʦʥ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʇʘʨʘʤʝʪʨʠʟʦʚʘʪʴ ʚʣʠʷʥʠʝ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚ-

ʥʦʩʪʠ ʥʘ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʚʦʜʷʥʦʛʦ ʧʘʨʘ (ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʣʘʯʥʦʩʪʠ) ʤʦʞʥʦ, ʟʘʤʝʥʠʚ, ʠʩ-

ʧʦʣʴʟʫʝʤʫʶ ʚ CLIMBER-2 ʚʝʣʠʯʠʥʫ r ʥʘ a01r, ʛʜʝ a01={1+AAĿa02exp[ï(L0ïL)
2
/L1

2
]};  a02 ð 

ʢʦʥʩʪʘʥʪʘ, ʩʚʦʙʦʜʥʳʡ ʧʘʨʘʤʝʪʨ ʤʝʭʘʥʠʟʤʘ (~10
ï3

); L ð ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʰʠʨʦʪʘ; L0 ð ʛʝʦ-

ʛʨʘʬʠʯʝʩʢʘʷ ʰʠʨʦʪʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (L0 ~65Á ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʰʠʨʦʪʳ); L1 ð 

ʧʦʣʫʰʠʨʠʥʘ ʟʦʥʳ ʚʦʟʜʝʡʩʪʚʠʷ (L1~20Á). 

ʋʯʝʪ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʫʭʦʜʷʱʠʡ ʧʦʪʦʢ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʨʘʜʠʘ-

ʮʠʠ ʜʣʷ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ CLIMBER-2 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʭʘʥʠʟʤʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʤ 

ʚ ʀʉɿʌ ʉʆ ʈɸʅ, ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ, ʧʨʝʜʩʪʘʚʠʚ ʧʘʨʘʤʝʪʨ a0 ʤʦʜʝʣʠ CLIMBER-2 ʚ ʚʠʜʝ 

a0=a00{1+AAĿa03exp[ï(L0ïL)
2
/L1

2
]} , 

ʛʜʝ a0 ð ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ; a00 ð ʩʪʘʨʦʝ ʟʥʘʯʝʥʠʝ; a03 ð ʢʦʥʩʪʘʥʪʘ, ʩʚʦʙʦʜʥʳʡ 

ʧʘʨʘʤʝʪʨ ʤʝʭʘʥʠʟʤʘ (~10
ï3

). ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʤʥʦʞʠʪʝʣʴ ʧʘʨʘʤʝʪʨʠʟʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʪʨʦʧʦʩʬʝʨʫ ʦʪ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʰʠʨʦʪʳ. 

 

3.5.4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʷʟʠ ʜʠʥʘʤʠʢʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʚʥʝʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʩ ʛʝʦʤʘʛʥʠʪʥʳʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ 

 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʘʨʭʠʚʘ NCER/NCAR reanalysis ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʚʝʨʪʠ-

ʢʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʫʜʝʣʴʥʦʡ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚ ʪʝʧʣʦʤ ʠ ʭʦʣʦʜʥʦʤ ʩʝʢʪʦʨʘʭ 
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ʚʥʝʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʚʦ ʚʨʝʤʷ ʠʭ ʵʚʦʣʶʮʠʠ ʚ ʚʦʟʤʫʱʝʥʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʙʳʣ ʚʳʙʨʘʥ ʧʣʘʥʝʪʘʨʥʳʡ ʠʥʜʝʢʩ 

ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʘʘ [http://www.ngdc.noaa.gov]. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʘ-ʠʥʜʝʢʩʘ 

(aa>20) ʧʨʦʚʝʜʝʥʘ ʚʳʙʦʨʢʘ ʚʦʟʤʫʱʝʥʥʳʭ ʜʥʝʡ ʚ ʛʦʜʳ ʤʠʥʠʤʫʤʦʚ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

(1964, 1975, 1976, 1986, 1996). ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʪ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʨʝʘʥʘʣʠʟʘ 

NCEP/NCAR [http://www.esrl.noaa.gov/psd] ʧʦʩʪʨʦʝʥʳ ʥʘʙʦʨʳ ʢʘʨʪ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʝʪ-

ʨʘ ʥʘ ʫʨʦʚʥʝ 500 ʛʇʘ. ɼʘʣʝʝ ʧʦ ʢʘʨʪʘʤ ʦʧʨʝʜʝʣʷʣʠʩʴ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ ʪʝʧʣʦʡ ʠ ʭʦʣʦʜ-

ʥʦʡ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʜʥʦʤʫ ʮʠʢʣʦʥʫ, ʩ ʫʯʝʪʦʤ ʮʝʥʪʨʦʚ ʮʠʢʣʦʥʦʚ ʵʣʝʢ-

ʪʨʦʥʥʦʛʦ ʨʝʩʫʨʩʘ NASA [http://data.giss.nasa.gov]. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʦʪʙʦʨʘ ʮʠʢʣʦ-

ʥʦʚ ʷʚʣʷʣʦʩʴ ʩʦʚʧʘʜʝʥʠʝ ʤʦʤʝʥʪʦʚ ʥʘʯʘʣʘ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʮʠʢʣʦʥʘ. ɼʘʥʥʦʝ ʫʩʣʦʚʠʝ ʦʧʨʝʜʝʣʷʣʦʩʴ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʛʝʦʤʘʛʥʠʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʦʢʘʞʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʚʦ ʚʨʝʤʷ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʮʠʢʣʦʥʘ. ɺʦ ʚʨʝʤʷ ʟʘ-

ʢʣʶʯʠʪʝʣʴʥʦʛʦ ʵʪʘʧʘ ʦʪʙʦʨʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʫʜʝʣʴʥʦʡ 

ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚ ʟʦʥʝ ʮʝʥʪʨʦʚ ʪʝʧʣʦʛʦ ʠ ʭʦʣʦʜʥʦʛʦ ʩʝʢʪʦʨʦʚ ʮʠʢʣʦʥʘ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʚ ʩʝʢʪʦʨʘʭ ʚʥʝʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʚʦ ʚʨʝʤʷ 

ʠʭ ʵʚʦʣʶʮʠʠ ʚ ʚʦʟʤʫʱʝʥʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʩʩʤʦʪʨʝʥʳ ʠʟʤʝʥʝʥʠʷ ʚʝʨʪʠʢʘʣʴ-

ʥʦʛʦ ʧʨʦʬʠʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʣʘʞʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦ ʚʨʝʤʷ ʮʠʢʣʦʛʝʥʝʟʘ. ɺʝʨʪʠʢʘʣɹ-

ʥʳʝ ʧʨʦʬʠʣʠ ʫʢʘʟʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ 15 ʮʠʢʣʦʥʘʤ, ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ, ʥʘʙʣʶʜʘʚʰʝʛʦʩʷ ʚ ʧʝʨʚʳʝ ʜʚʦʝ ʩʫʪʦʢ ʧʦʩʣʝ ʥʘʯʘʣʘ ʛʝʦʤʘʛ-

ʥʠʪʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 93. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ 

ʨʠʩ. 93, ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʧʣʦʤ ʩʝʢʪʦʨʝ ʠ ʟʘʤʝʜʣʝʥʠʝ ʧʨʦʛʨʝʚʘ ʭʦ-

ʣʦʜʥʦʛʦ ʩʝʢʪʦʨʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʫʜʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚ ʪʝʧʣʦʤ ʩʝʢʪʦʨʝ ʧʨʠ 

ʩʣʘʙʦʤ ʝʝ ʧʦʥʠʞʝʥʠʠ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʭʦʣʦʜʥʦʛʦ ʩʝʢʪʦʨʘ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʧʨʠ ʵʚʦʣʶʮʠʠ ʚʥʝʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʚʦ ʚʨʝʤʷ ʛʝʦʤʘʛʥʠʪ-

ʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʡ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʦʪʨʘ-

ʞʘʶʪ ʬʠʟʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʩʚʷʟʠ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʚʣʘʞʥʦʩʪʴʶ ʚ ʦʙʦʠʭ ʩʝʢʪʦʨʘʭ 

ʮʠʢʣʦʥʦʚ. ɺ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʘʚʣʝʥʠʝ 

ʥʘʩʳʱʘʶʱʠʭ ʧʘʨʦʚ, ʘ ʠʩʧʘʨʝʥʠʝ ʠ ʜʘʣʴʥʝʡʰʠʡ ʧʦʜʲʝʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʦʙ-

ʭʦʜʠʤʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʚ ʩʨʝʜʥʶʶ ʠ ʚʝʨʭʥʶʶ ʪʨʦʧʦʩʬʝʨʫ. ʇʦʩʢʦʣʴʢʫ ʚʦʜʷ-

ʥʦʡ ʧʘʨ ʷʚʣʷʝʪʩʷ ʧʘʨʥʠʢʦʚʳʤ ʛʘʟʦʤ, ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʙʫʜʝʪ ʦʢʘʟʳʚʘʪʴ 

ʚʣʠʷʥʠʝ ʥʘ ʨʘʜʠʘʮʠʦʥʥʳʡ ʙʘʣʘʥʩ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʫʜʝʣʴ-

ʥʦʡ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚ ʩʝʢʪʦʨʘʭ ʚʥʝʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʉʝʚʝʨʥʦʛʦ ʠ ʖʞʥʦʛʦ 

ʧʦʣʫʰʘʨʠʡ ʚʦ ʚʨʝʤʷ ʠʭ ʵʚʦʣʶʮʠʠ ʚ ʚʦʟʤʫʱʝʥʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʟʚʦʣʠʣʦ ʩʜʝ-

ʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. 

1. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʮʠʢʣʦʛʝʥʝʟʘ ʚʦ ʚʨʝʤʷ ʛʝʦʤʘʛʥʠʪʥʳʭ 

ʚʦʟʤʫʱʝʥʠʡ ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʪʝʤʧʝʨʘʪʫʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʪʝʧʣʦʡ ʚʦʟ-

ʜʫʰʥʦʡ ʤʘʩʩʝ, ʧʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʭʦʣʦʜʥʦʡ ʚʦʟʜʫʰʥʦʡ ʤʘʩʩʳ ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʦ. 

2. ʆʙʥʘʨʫʞʝʥʥʳʝ ʦʪʣʠʯʠʷ ʚ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʚʦʡʩʪʚ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʫʚʝ-

ʣʠʯʝʥʠʝʤ ʫʜʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚ ʪʝʧʣʦʤ ʩʝʢʪʦʨʝ ʠ ʥʝʢʦʪʦʨʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʚ ʭʦʣʦʜʥʦʤ 

ʩʝʢʪʦʨʝ ʮʠʢʣʦʥʦʚ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚ ʩʝʢʪʦʨʘʭ 

ʚʥʝʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʦʙʦʠʭ ʧʦʣʫʰʘʨʠʡ ʧʨʠ ʠʭ ʵʚʦʣʶʮʠʠ ʚʦ ʚʨʝʤʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟ-

ʤʫʱʝʥʠʡ. 

3. ɺʦ ʚʨʝʤʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʤʝʥʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʳʝ ʩʚʦʡ-

ʩʪʚʘ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʚʥʝʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ ʮʠʢʣʦʥʦʚ. 
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ʈʠʩ. 93. ʀʟʤʝʥʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʪʝʤʧʝʨʘʪʫʨʳ T, ʫʜʝʣʴʥʦʡ q ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ f ʚʣʘʞ-
ʥʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʪʝʧʣʦʡ (ʩʣʝʚʘ) ʠ ʭʦʣʦʜʥʦʡ (ʩʧʨʘʚʘ) ʚʦʟʜʫʰʥʦʡ ʤʘʩʩʝ ʚʦ ʚʨʝʤʷ ʮʠʢʣʦʛʝʥʝʟʘ ʚ ʚʦʟʤʫ-
ʱʝʥʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʫʩʣʦʚʠʷʭ: 1 ð ʥʘʯʘʣʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ, 2 ð ʤʘʢʩʠʤʫʤ ʛʝʦʤʘʛʥʠʪ-
ʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ, 3 ð ʤʠʥʠʤʫʤ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ (ʪʦʥʢʠʤʠ ʣʠʥʠʷʤʠ ʦʙʦʟʥʘʯʝʥ 90 % ʜʦʚʝ-
ʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ) 

 

3.5.5. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʙʣʦʢʠʥʛʦʚ ʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ 

ʙʘʨʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʚ ʪʨʦʧʦʩʬʝʨʝ ʠ ʩʪʨʘʪʦʩʬʝʨʝ ʉʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ. ʀʩʩʣʝʜʦʚʘ-

ʥʠʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʘʪʤʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 10 ʩʫʪʦʢ ʜʦ 

1ï2 ʤʝʩʷʮʝʚ 

 

ʂʣʶʯʝʚʳʤ ʟʚʝʥʦʤ ʜʣʠʪʝʣʴʥʳʭ ʧʦʛʦʜʥʳʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ, ʪʨʦʧʦʩʬʝʨʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʜʣʠʥʥʳʭ ʧʣʘʥʝʪʘʨʥʳʭ ʚʦʣʥ ʚ ʩʪʨʘʪʦʩʬʝʨʝ ʠ ʩʨʝʜʥʝʡ ʘʪʤʦʩʬʝʨʝ ʷʚʣʷʶʪʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʙʣʦʢʠʥʛʠ ð ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʘʥʦʤʘʣʠʠ ʙʘʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʥʘʨʫʰʘʶʱʠʝ 

ʩʨʝʜʥʠʡ ʟʦʥʘʣʴʥʳʡ ʧʝʨʝʥʦʩ ʠ ʪʨʘʝʢʪʦʨʠʠ ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʚʠʭʨʝʡ ʚ ʪʨʦʧʦʩʬʝʨʝ. ʆʩʦʙʳʡ ʠʥ-

ʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʣʦʢʠʥʛʠ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʠ ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʟʜʝʩʴ ʯʘʱʝ 

ʚʩʝʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʚʥʝʟʘʧʥʳʭ ʩʪʨʘʪʦʩʬʝʨʥʳʭ ʧʦʪʝʧʣʝʥʠʡ (ɺʉʇ). ʅʝʢʦʪʦʨʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʣʦʢʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʩ ʇʦʣʷʨʥʳʤ ʚʠʭʨʝʤ ʠ ʩʪʨʘʪʦʩʬʝʨʥʳʤ 

ʘʥʪʠʮʠʢʣʦʥʦʤ ʚʦ ʚʨʝʤʷ ɺʉʇ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʚʝʨʝʥʳ ʚ ʧʨʦʩʪʦʡ ʢʚʘʟʠʛʝʦʩʪʨʦʬʠʯʝʩʢʦʡ ʙʘʨʦ-
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ʪʨʦʧʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʜʠʚʝʨʛʝʥʪʥʦʡ ʤʦʜʝʣʠ ʮʠʨʢʫʣʷʮʠʠ. ʄʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ɓ-ʵʬʬʝʢʪ, ʜʠʬ-

ʬʫʟʠʶ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤ ʪʨʝʥʠʝʤ ʠ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʴʶ. ɺ ʢʘʯʝʩʪʚʝ 

ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʚ ʤʦʜʝʣʠ ʟʘʜʘʶʪʩʷ ʇʦʣʷʨʥʳʡ ʚʠʭʨʴ, ʩʪʨʘʪʦʩʬʝʨʥʳʝ ʘʥʪʠʮʠʢʣʦʥʳ (ʦʜʠʥ 

ʠʣʠ ʜʚʘ), ʚʦʟʤʫʱʝʥʠʝ (ʮʠʢʣʦʥʠʯʝʩʢʦʝ ʠʣʠ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʝ), ʠʤʠʪʠʨʫʶʱʝʝ ʙʘʨʠʯʝʩʢʠʝ 

ʘʥʦʤʘʣʠʠ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʠʟ ʥʠʟʢʠʭ ʰʠʨʦʪ ʚ ʚʳʩʦʢʠʝ. ʇʦʣʷʨʥʳʡ ʚʠʭʨʴ ʠ ʩʪʨʘʪʦ-

ʩʬʝʨʥʳʝ ʘʥʪʠʮʠʢʣʦʥʳ ʧʦʜʜʝʨʞʠʚʘʣʠʩʴ ʚʥʝʰʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʟʘʚʠʭʨʝʥʥʦʩʪʠ.  

ʉ ʧʦʤʦʱʴʶ ʵʪʦʡ ʤʦʜʝʣʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʜʨʝʡʬʘ 

ʚʦʟʤʫʱʝʥʠʡ, ʨʘʩʧʘʜ ʇʦʣʷʨʥʦʛʦ ʚʠʭʨʷ ʠʣʠ ʝʛʦ ʩʤʝʱʝʥʠʝ ʚ ʙʦʣʝʝ ʥʠʟʢʠʝ ʰʠʨʦʪʳ. ɼʣʷ ʯʠʩ-

ʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʧʝʢʪʨʘʣʴʥʳʡ ʤʝʪʦʜ, ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ ʩʦʩʪʘʚ-

ʣʷʣ 0.01 ʩʫʪ, ʨʘʟʣʦʞʝʥʠʝ ʦʛʨʘʥʠʯʠʚʘʣʦʩʴ ʛʘʨʤʦʥʠʢʦʡ n=13 ʧʨʠ ʪʨʝʫʛʦʣʴʥʦʤ ʫʩʝʯʝʥʠʠ. ʅʘ 

ʨʠʩ. 94 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʵʚʦʣʶʮʠʠ ʬʫʥʢʮʠʠ ʪʦʢʘ ʧʨʠ ʟʘʜʘʥʠʠ ʚ ʥʘʯʘʣʴʥʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʇʦʣʷʨʥʦʛʦ ʚʠʭʨʷ, ʘʥʪʠʮʠʢʣʦʥʘ ʠ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʩ ʮʝʥ-

ʪʨʦʤ ʥʘ ʰʠʨʦʪʝ 60Á N. ʇʦʜʦʙʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʙʘʨʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʪʨʘ-

ʪʦʩʬʝʨʝ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ɺʉʇ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʧʨʠ ʥʠʟʢʦʤ ʨʘʟ-

ʨʝʰʝʥʠʠ, ʥʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʠʩʭʦʜʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚʦʟʤʫ-

ʱʝʥʠʷ ʧʨʠ ʟʘʜʘʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʮʠʢʣʦʥʦʚ ʠ ʘʥʪʠʮʠʢʣʦʥʦʚ ʤʦʛʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʢ ʧʦ-

ʣʶʩʫ ʠ ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʟʨʫʰʝʥʠʶ ʇʦʣʷʨʥʦʛʦ ʚʠʭʨʷ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝ-

ʟʫʣʴʪʘʪʘ ʥʝʦʙʭʦʜʠʤʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

 

 

ʈʠʩ. 94. ɼʠʥʘʤʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʬʫʥʢʮʠʠ ʪʦʢʘ ʯʝʨʝʟ 4 ʩʫʪ ʩ ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ 0.01 ʩʫʪ ʧʨʠ ʟʘ-
ʜʘʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʛʘʨʤʦʥʠʢ ʚ ʨʘʟʣʦʞʝʥʠʠ n=11 ʧʨʠ ʪʨʝʫʛʦʣʴʥʦʤ ʫʩʝʯʝʥʠʠ. ʂʘʜʨʳ ʠʟʤʝʥʷʶʪʩʷ ʩʣʝʚʘ 
ʥʘʧʨʘʚʦ ʠ ʩʚʝʨʭʫ ʚʥʠʟ 
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3.5.6. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʞʛʦʜʦʚʳʭ ʠ ʤʥʦʛʦʣʝʪʥʠʭ ʚʘʨʠʘʮʠʡ ʵʤʠʩʩʠʡ ʚʝʨʭʥʝʡ ʤʝ-

ʟʦʩʬʝʨʳïʤʝʟʦʧʘʫʟʳ: ʘʪʤʦʩʬʝʨʥʘʷ ʵʤʠʩʩʠʷ ʘʪʦʤʘʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ [OI] 557.7 ʥʤ, 

ʵʤʠʩʩʠʷ ʜʫʧʣʝʪʘ ʥʘʪʨʠʷ NaI 589.0ï589.6 ʥʤ 

 

ʇʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʚ ɻʝʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʀʉɿʌ ʉʆ ʈɸʅ ʚʳʧʦʣʥʝʥ 

ʘʥʘʣʠʟ ʤʝʞʛʦʜʦʚʳʭ ʠ ʤʥʦʛʦʣʝʪʥʠʭ ʚʘʨʠʘʮʠʡ ʘʪʤʦʩʬʝʨʥʦʡ ʵʤʠʩʩʠʠ ʘʪʦʤʘʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 

[OI] 557.7 ʥʤ ʟʘ 1997ï2017 ʛʛ. ɸʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʚʘʨʠʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ 

ɿʝʤʣʠ ʚ ʣʠʥʠʠ ʘʪʦʤʘʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 557.7 ʥʤ, ʘ ʪʘʢʞʝ ʚʘʨʠʘʮʠʠ ʠʥʜʝʢʩʘ F10.7 ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʠʥʜʝʢʩʘ ONI ʷʚʣʝʥʠʷ ʕʣʴ-ʅʠʥʴʦ ʖʞʥʦʝ ʂʦʣʝʙʘʥʠʝ (ʕʅʖʂ). ɺʳʷʚʣʝʥʳ 

ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ [OI] 557.7 ʥʤ ʠ ʠʥʜʝʢʩʘʤʠ F10.7 ʠ 

ONI. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʚʘʨʠʘʮʠʡ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʟʥʘʯʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ 

557.7 ʥʤ (I557.7) ʠ ʠʥʜʝʢʩʘ ONI, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʷʚʣʝʥʠʷ ʕʣʴ-ʅʠʥʴʦ/ʃʘ-ʅʠʥʴʦ, ʚʳʷʚʣʝʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘʷ ʩʚʷʟʴ (ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ kå0.38ï0.45) ʤʝʞʜʫ ʵʪʠʤʠ ʚʝʣʠ-

ʯʠʥʘʤʠ, ʢʦʪʦʨʘʷ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʥʘʨʫʰʘʝʪ ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ I557.7 ʦʪ ʫʨʦʚʥʷ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʦ ʚʨʝʤʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʵʧʠʟʦʜʘ ʃʘ-ʅʠʥʴʦ 1999ï2001 ʛʛ. 

ʚʤʝʩʪʦ ʦʞʠʜʘʝʤʦʛʦ ʨʦʩʪʘ I557.7 ʩ ʨʦʩʪʦʤ F10.7 ʦʪʤʝʯʘʣʘʩʴ ʜʝʧʨʝʩʩʠʷ I557.7 (ʨʠʩ. 95, ʘ), ʘ ʚʦ 

ʚʨʝʤʷ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʵʧʠʟʦʜʘ ʕʣʴ-ʅʠʥʴʦ 2015ï2016 ʛʛ. ʥʘʙʣʶʜʘʣʦʩʴ ʫʩʠʣʝʥʠʝ I557.7 ʚʤʝ-

ʩʪʦ ʦʞʠʜʘʝʤʦʛʦ ʝʛʦ ʫʤʝʥʴʰʝʥʠʷ ʩ ʧʘʜʝʥʠʝʤ F10.7 (ʨʠʩ. 95, ʙ). ʇʦʢʘʟʘʥʘ ʩʚʷʟʴ I557.7 ʩ ʠʥ-

ʜʝʢʩʦʤ ONI ʚ ʧʨʝʜʳʜʫʱʠʝ 18ï22 ʩʦʣʥʝʯʥʳʝ ʮʠʢʣʳ ʧʨʠ ʘʥʘʣʠʟʝ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʟʥʘʯʝʥʠʡ 

I557.7 ʠ ʠʥʜʝʢʩʘ ONI. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʚʳʚʦʜ, ʯʪʦ 

ʤʥʦʛʦʣʝʪʥʠʝ ʠ ʤʝʞʛʦʜʦʚʳʝ ʚʘʨʠʘʮʠʠ I557.7 ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʩʣʝʜʩʪʚʠʝʤ ʩʦʚʤʝʩʪʥʦʛʦ ʚʣʠʷ-

ʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʡ ʛʣʦʙʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ. 

 

ʈʠʩ. 95. ɺʘʨʠʘʮʠʠ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʟʥʘʯʝʥʠʡ (ʪʦʯʢʠ) ʠʥʜʝʢʩʦʚ F10.7, ONI ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 
ʵʤʠʩʩʠʠ [OI] 557.7 ʥʤ ʚ 23-ʤ (ʘ) ʠ 24-ʤ (ʙ) ʮʠʢʣʘʭ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʉʧʣʦʰʥʘʷ ʣʠʥʠʷ ð ʘʧʧʨʦʢ-
ʩʠʤʘʮʠʷ ʧʦʣʠʥʦʤʦʤ  

 

3.5.7. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʷʚʣʝʥʠʷ ʩʣʦʷ F1 ʚ ʟʠʤʥʠʭ ʫʩʣʦʚʠʷʭ 

 

ʇʦ ʜʘʥʥʳʤ ʀʨʢʫʪʩʢʦʛʦ ʜʠʛʠʟʦʥʜʘ DPS-4 ʟʘ 2003ï2016 ʛʛ. ʧʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʷʚʣʝʥʠʷ ʩʣʦʷ F1 ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʩʦʣ-

ʥʝʯʥʦʡ (ʉɸ) ʠ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʉʣʦʡ F1 ʷʚʣʷʝʪʩʷ ʥʝʨʝʛʫʣʷʨʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ: ʦʥ 

ʧʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚ ʦʩʚʝʱʝʥʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ. ɽʛʦ ʧʦʷʚʣʝʥʠʝ ʥʦʩʠʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʩʝ-

ʟʦʥʥʳʡ ʭʦʜ: ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʣʝʪʥʝʝ 

ʚʨʝʤʷ, ʚ ʟʠʤʥʝʝ ʦʥ ʥʘʙʣʶʜʘʝʪʩʷ ʛʦʨʘʟʜʦ ʨʝʞʝ. ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʠʟʫʯʝ-

ʥʠʠ ʯʘʩʪʦʪʳ ʧʦʷʚʣʝʥʠʷ ʩʣʦʷ F1 ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʠ ʚʳʷʩʥʝʥʠʠ ʦʩʥʦʚʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʬʘʢ-

ʪʦʨʦʚ, ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʶ.  
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ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 15-ʤʠʥʫʪʥʳʝ ʜʘʥʥʳʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʦʥʜʠʨʦ-

ʚʘʥʠʷ ʨʫʯʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʀʨʢʫʪʩʢʦʛʦ ʮʠʬʨʦʚʦʛʦ ʜʠʛʠʟʦʥʜʘ DPS-4 

ʚ 2003ï2016 ʛʛ. ʏʘʩʪʦʪʘ ʧʦʷʚʣʝʥʠʷ ʩʣʦʷ ʦʮʝʥʠʚʘʣʘʩʴ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʩʣʫʯʘʝʚ ʨʝʛʠ-

ʩʪʨʘʮʠʠ ʩʣʦʷ F1 ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ ʩʝʘʥʩʦʚ ʟʦʥʜʠʨʦʚʘʥʠʷ (ʚ %). ʇʦʣʫʯʝʥʦ, 

ʯʪʦ ʚ ʟʠʤʥʠʭ ʫʩʣʦʚʠʷʭ ʚʳʩʦʪʘ ʩʣʦʷ F1 ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 162ï168 ʢʤ (ʧʨʠ ʵʪʦʤ ʩʨʝʜʥʝ-

ʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 11 ʢʤ), ʢʨʠʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

3.4ï3.8 ʄɻʮ. 

ʅʘ ʨʠʩ. 96 ʧʦʢʘʟʘʥʳ ʜʠʘʛʨʘʤʤʳ ʯʘʩʪʦʪʳ ʧʦʷʚʣʝʥʠʷ ʩʣʦʷ F1 ʜʣʷ ʪʨʝʭ ʟʠʤʥʠʭ ʤʝʩʷʮʝʚ 

ʨʘʟʥʳʭ ʣʝʪ. ɺʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʧʦʷʚʣʝʥʠʡ ʩʣʦʷ F1 ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʬʝʚʨʘʣʝ, 

ʥʘʠʤʝʥʴʰʝʝ ð ʚ ʜʝʢʘʙʨʝ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʦʩʚʝ-

ʱʝʥʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʆʪʯʝʪʣʠʚʦ ʚʠʜʥʦ, ʯʪʦ ʫʞʝ ʚ ʷʥʚʘʨʝ ʩʣʦʡ F1 ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʯʘʱʝ. 

ʄʦʞʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʛʦʜʳ ʥʠʟʢʦʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʯʘʩʪʦʪʘ ʧʦʷʚʣʝʥʠʷ ʩʣʦ̫ 

F1 ʚʳʰʝ, ʯʝʤ ʚ ʵʧʦʭʫ ʤʘʢʩʠʤʫʤʘ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. ʇʦ-

ʷʚʣʝʥʠʝ ʚ ʜʝʢʘʙʨʝ ʠ ʷʥʚʘʨʝ ʩʣʦʷ F1 ʚ ʛʦʜʳ ʫʤʝʨʝʥʥʦʡ ʠ ʚʳʩʦʢʦʡ ʉɸ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʫ-

ʩʣʦʚʣʝʥʦ ʨʦʩʪʦʤ ʤʘʛʥʠʪʥʦʡ ʚʦʟʤʫʱʝʥʥʦʩʪʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʥʘ 

ʵʪʠʭ ʚʳʩʦʪʘʭ ʚʦʟʨʘʩʪʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ, ʯʪʦ ʧʦʚʳʰʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʩʣʦʷ F1. ʇʦʷʚʣʝʥʠʝ ʵʪʦʛʦ ʩʣʦʷ ʚ ʩʧʦʢʦʡʥʳʭ ʤʘʛʥʠʪʥʳʭ ʫʩʣʦʚʠʷʭ ʚ 

ʟʠʤʥʝʝ ʚʨʝʤʷ, ʚʦʟʤʦʞʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʜʨʫʛʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

 

 

ʈʠʩ. 96. ɻʠʩʪʦʛʨʘʤʤʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʷʚʣʝʥʠʷ ʩʣʦʷ F1 ʜʣʷ ʪʨʝʭ ʟʠʤʥʠʭ ʤʝʩʷʮʝʚ ʨʘʟʥʳʭ ʣʝʪ. 
ʂʨʘʩʥʳʝ ʮʠʬʨʳ ð ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ɸʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʫʨʦʚʝʥʴ ʤʘʛʥʠʪʥʦʡ ʚʦʟ-
ʤʫʱʝʥʥʦʩʪʠ, ʩʠʥʠʝ ð ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ F10.7 
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3.5.8. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ ʪʝʨʤʦʩʬʝʨʘðʠʦʥʦʩʬʝʨʘ ʚʦ ʚʨʝʤʷ ʛʝʦ-

ʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʠ ʚ ʩʧʦʢʦʡʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ 2003ï2015 ʛʛ. 

ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠʦʥʦʟʦʥʜʦʚ ʥʘ ʩʪʘʥʮʠʷʭ ʀʨʢʫʪʩʢ ʠ ʅʦʨʠʣʴʩʢ 
 

3.5.8.1. ɸʥʘʣʠʟ ʩʝʟʦʥʥʳʭ, ʩʫʪʦʯʥʳʭ ʠ ʛʦʜʦʚʳʭ ʚʘʨʠʘʮʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʣʦʷ F2 ʧʦ 

ʜʘʥʥʳʤ ʪʨʝʭ ʠʦʥʦʩʬʝʨʥʳʭ ʩʪʘʥʮʠʡ ʨʘʟʥʳʭ ʰʠʨʦʪ 
 

C ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʷ ʩʝʟʦʥʥʳʭ, ʩʫʪʦʯʥʳʭ, ʛʦʜʦʚʳʭ ʚʘʨʠʘʮʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʣʦʷ F2, ʘ 
ʪʘʢʞʝ ʠʭ ʚʘʨʠʘʮʠʡ ʩ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʥʦʛʦʣʝʪʥʠʭ ʠʦʥʦʩʬʝʨʥʳʭ 
ʜʘʥʥʳʭ 2006ï2012 ʛʛ., ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʫʯʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʜʣʷ ʪʨʝʭ ʩʪʘʥʮʠʡ ʨʘʟʥʳʭ 
ʰʠʨʦʪ: ʅʦʨʠʣʴʩʢ (69.2Á N, 88.0Á E), ʀʨʢʫʪʩʢ (52.4Á N, 104.3Á E) ʠ ʍʘʡʥʘʥʴ (19.5Á N, 109.1Á E). 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʠʤʥʷʷ ʘʥʦʤʘʣʠʷ ʚ ʚʘʨʠʘʮʠʷʭ ʢʨʠʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪ ʩʣʦʷ F2 (foF2), ʧʨʦʷʚ-
ʣʷʶʱʘʷʩʷ ʧʨʠ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʩʦʣʥʝʯʥʦʡ 
ʘʢʪʠʚʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʥʘ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ. ʅʘ ʨʠʩ. 97 ʧʨʠʚʝʜʝʥʳ ʚʘʨʠʘʮʠʠ foF2 ʥʘ ʫʢʘʟʘʥ-
ʥʳʭ ʩʪʘʥʮʠʷʭ ʜʣʷ ʨʘʟʥʳʭ ʣʝʪ. ɺʠʜʥʦ, ʯʪʦ ʩʫʪʦʯʥʳʝ ʚʘʨʠʘʮʠʠ foF2 ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ 
ʠʟʤʝʥʝʥʠʝʤ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʚʳʩʦʪʘ ʤʘʢʩʠʤʫʤʘ ʩʣʦʷ hmF2 ð ʪʦʣʴʢʦ ʚ ʜʥʝʚʥʳʝ ʠ 
ʚʝʯʝʨʥʠʝ ʯʘʩʳ. ɺ ʚʘʨʠʘʮʠʷʭ hmF2 ʯʝʪʢʦ ʚʳʨʘʞʝʥʳ ʛʦʜʦʚʳʝ ʚʘʨʠʘʮʠʠ: ʦʥʘ ʤʘʢʩʠʤʘʣʴʥʘ ʣʝ-
ʪʦʤ ʠ ʤʠʥʠʤʘʣʴʥʘ ʟʠʤʦʡ, ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʜʦʩʪʠʛʘʝʪ ʥʘ ʥʠʟʢʠʭ ʰʠʨʦʪʘʭ.  

ʉʫʪʦʯʥʳʡ ʭʦʜ hmF2 ʚ ʍʘʡʥʘʥʝ ʦʙʳʯʥʦ ʠʤʝʝʪ ʜʚʘ ʤʘʢʩʠʤʫʤʘ: ʚ ʧʦʣʫʜʝʥʥʳʝ ʠ ʧʨʝʜ-

ʚʦʩʭʦʜʥʳʝ ʯʘʩʳ, ʘ ʟʥʘʯʝʥʠʷ hmF2 ʚʳʰʝ ʜʥʝʤ, ʯʝʤ ʥʦʯʴʶ. ʅʘ ʩʨʝʜʥʠʭ ʠ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ 

ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʨʘʪʥʘʷ: ʥʦʯʥʳʝ ʚʝʣʠʯʠʥʳ hmF2 ʙʦʣʴʰʝ ʜʥʝʚʥʳʭ. ʉʨʘʚʥʝʥʠʝ ʥʘʙʣʶʜʘʝ-

ʤʳʭ ʤʝʜʠʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ foF2ʤ ʩ ʨʘʩʯʝʪʘʤʠ ʧʦ ʤʦʜʝʣʠ IRI-2012 

foF2ʩ, ʚʳʧʦʣʥʝʥʥʦʝ ʜʣʷ ʩʪʘʥʮʠʠ ʍʘʡʥʘʥʴ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʦʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʦʩʥʦʚʥʦʤ 

ʟʘʥʠʞʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʭ ʠ ʦʪʢʣʦʥʝʥʠʷ ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʷ ʦʪ ʠʟʤʝʨʝʥʥʳʭ 

ȹ foF2=foF2ʩ ï foF2ʤ, ȹhmF2 = hmF2ʩ ï hmF2ʤ ʚʦʟʨʘʩʪʘʶʪ ʩ ʨʦʩʪʦʤ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ.  

 

ʈʠʩ. 97. ʍʦʜ ʢʨʠʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪ foF2 ʥʘ ʩʪʘʥʮʠʷʭ ʍʘʡʥʘʥʴ (ʘ), ʀʨʢʫʪʩʢ (ʙ), ʅʦʨʠʣʴʩʢ (ʚ) ʜʣʷ 

ʨʘʟʥʳʭ ʣʝʪ 
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3.5.8.2. ɸʥʘʣʠʟ ʛʦʜʦʚʳʭ ʚʘʨʠʘʮʠʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʚʳʩʦʪʘʭ ʩʣʦʷ F1 

 

ʇʦ ʠʟʤʝʨʝʥʠʷʤ ʮʠʬʨʦʚʳʭ ʠʦʥʦʟʦʥʜʦʚ ʥʘ ʩʪʘʥʮʠʷʭ ʀʨʢʫʪʩʢ ʠ ʅʦʨʠʣʴʩʢ ʦʙʨʘʙʦʪʘʥ 

ʙʦʣʴʰʦʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʛʦʜʦʚʳʝ ʚʘʨʠʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ Ne 

ʥʘ ʚʳʩʦʪʘʭ ʩʣʦʷ F1 ʟʘ 2003ï2015 ʛʛ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʫʨʘʚʥʝʥʠʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʦʥʦʩʬʝʨʳ (ʇʕʄ) ʜʣʷ ʨʘʟʥʳʭ ʫʩʣʦ-

ʚʠʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʩʣʝʜʥʝʛʦ ʮʠʢʣʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʜʦʧʦʣʥʝʥʠʝʤ ʢ ʇʕʄ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʠʦʥʦʩʬʝʨʳ ʥʘ ʚʳʩʦʪʘʭ ʥʠʞʝ 200 ʢʤ.  

ʉ ʧʦʣʫʯʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʜʣʷ ʩʪʘʥʮʠʠ ʀʨʢʫʪʩʢ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠ-

ʨʦʚʘʥʳ ʛʦʜʦʚʳʝ ʠʟʤʝʥʝʥʠʷ Ne ʥʘ ʚʳʩʦʪʘʭ ʩʣʦʷ F1 (120ï200 ʢʤ) ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʮʠʢʣʘ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʇʨʠʤʝʨ ʚʘʨʠʘʮʠʡ Ne ʚ 2007 ʛ. ʥʘ ʪʨʝʭ ʚʳʩʦʪʥʳʭ ʫʨʦʚʥʷʭ ʧʨʠʚʝʜʝʥ ʥʘ 

ʨʠʩ. 98. ʇʦʜʦʙʥʘʷ ʬʦʨʤʘ ʢʨʠʚʳʭ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʩʪʘʥʮʠʠ ʀʨʢʫʪʩʢ ʠ ʚ ʜʨʫʛʠʝ ʧʝʨʠʦʜʳ ʧʦ-

ʩʣʝʜʥʝʛʦ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʣʷ ʀʨʢʫʪʩʢʘ 

ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʥʘ 180Á ʬʘʟʳ ʛʦʜʦʚʦʡ ʚʘʨʠʘʮʠʠ Ne ʚ ʠʥʪʝʨʚʘʣʝ ʚʳʩʦʪ 170ï190 ʢʤ.  

 

 

 
ʈʠʩ. 98. ɻʦʜʦʚʦʝ ʠʟʤʝʥʝʥʠʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦʣʫʜʝʥʥʳʭ ʟʥʘʯʝʥʠʡ Ne ʚ ʤʠʥʠʤʫʤʝ ʩʦʣʥʝʯʥʦʡ ʘʢ-

ʪʠʚʥʦʩʪʠ ʥʘ ʩʪʘʥʮʠʠ ʀʨʢʫʪʩʢ ʥʘ ʪʨʝʭ ʚʳʩʦʪʘʭ (150, 170, 190 ʢʤ). ʐʪʨʠʭʦʚʳʝ ʢʨʠʚʳʝ ð ʵʢʩʧʝʨʠʤʝʥ-
ʪʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ Ne ʜʣʷ ʢʘʞʜʦʡ ʚʳʩʦʪʳ  

 

3.5.9. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʨʨʝʣʷʮʠʠ ʚʘʨʠʘʮʠʡ ʧʦʣʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

(ʇʕʉ) ʥʘ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ ʩ ʠʥʜʝʢʩʘʤʠ ʩʦʣʥʝʯʥʦʡ ʠ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʫʱʝʥʥʦʩʪʠ ʇʕʉ 

 

3.5.9.1. ɿʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʩʫʪʦʯʥʳʭ ʚʘʨʠʘʮʠʡ ɻʕʉ ʠ ʈʕʉ ʚ ʉʠʙʠʨʠ ʦʪ 

ʠʥʜʝʢʩʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ F10.7 

 

ʇʦ ʜʘʥʥʳʤ ʤʠʨʦʚʳʭ ʩʝʪʝʡ ʧʨʠʝʤʥʠʢʦʚ ʛʣʦʙʘʣʴʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠ-

ʩʪʝʤ (ɻʅʉʉ) ʠʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʩʫʪʦʯʥʳʭ ʚʘʨʠʘʮʠʡ ʛʣʦʙʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʥ-

ʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ (ɻʕʉ) ʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ (ʈʕʉ) ʥʘ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ 

ʉʠʙʠʨʠ ʦʪ ʠʥʜʝʢʩʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ F10.7 ʚ 23ï24 ʮʠʢʣʘʭ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ.  

ʇʦʣʫʯʝʥʥʳʝ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʘ (ʚ 2013 ʠ 2015 ʛ.) ʜʣʠʪʝʣʴʥʳʝ ʨʷʜʳ ʠʟʤʝ-

ʨʝʥʠʡ ɻʕʉ ʠ ʈʕʉ ʚ ʉʠʙʠʨʠ ʜʦʧʦʣʥʝʥʳ ʜʘʥʥʳʤʠ ʧʦʩʣʝʜʥʠʭ ʣʝʪ. ɺ ʨʷʜʘʭ ɻʕʉ ʠ ʈʕʉ ʭʦʨʦʰʦ 

ʚʳʨʘʞʝʥʳ ʛʦʜʦʚʳʝ, ʧʦʣʫʛʦʜʦʚʳʝ ʠ 27-ʜʥʝʚʥʳʝ ʚʘʨʠʘʮʠʠ. ɼʠʥʘʤʠʢʘ ɻʕʉ ʠ ʈʕʉ ʦʪʨʘʞʘʝʪ 

ʜʠʥʘʤʠʢʫ ʠʥʜʝʢʩʘ F10.7. ʇʦʣʫʯʝʥʘ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʘʤʧʣʠʪʫʜʳ A ʩʫʪʦʯʥʳʭ 

ʚʘʨʠʘʮʠʡ ɻʕʉ ʠ ʈʕʉ ʚ ʉʠʙʠʨʠ ʚ 23ï24 ʮʠʢʣʘʭ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʆʪʤʝʯʝʥʳ ʩʫʱʝ-

ʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ɸ. ʇʦʚʝʜʝʥʠʝ ɸ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʤʠ ʧʦʣʫʛʦʜʦʚʦʡ ʠ 

11-ʣʝʪʥʝʡ ʚʘʨʠʘʮʠʷʤʠ. ʇʦʣʫʯʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ ʩʫʪʦʯʥʳʭ ʚʘʨʠ-
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ʘʮʠʡ ɻʕʉ ʠ ʈʕʉ ʚ ʉʠʙʠʨʠ ʦʪ F10.7 (ʨʠʩ. 99). ɸʥʘʣʠʟ ʚʳʷʚʠʣ ʤʦʥʦʪʦʥʥʳʡ ʨʦʩʪ ʵʪʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʩ ʫʚʝʣʠʯʝʥʠʝʤ F10.7. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʈʕʉ ʚ ʉʠʙʠʨʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ F10.7 ʨʘʩʪʝʪ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ. ɼʣʷ ɻʕʉ ʨʦʩʪ ʥʝʣʠʥʝʡʥʳʡ: ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʪʦʛʦ ʧʘʨʘ-

ʤʝʪʨʘ ʟʘʤʝʪʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʢʚʘʜʨʘʪʠʯʥʳʡ ʯʣʝʥ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠ ʢʦʪʦʨʦʤ ʥʘ ʧʦʨʷʜʦʢ ʚʳ-

ʰʝ, ʯʝʤ ʜʣʷ ʈʕʉ (ʨʠʩ. 99).  

 

 

ʈʠʩ. 99. ɿʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʩʫʪʦʯʥʳʭ ʚʘʨʠʘʮʠʡ ʈʕʉ ʚ ʉʠʙʠʨʠ (ʘ) ʠ ɻʕʉ (ʙ) ʦʪ ʠʥʜʝʢʩʘ 
ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ F10.7. ʉʠʥʷʷ ʢʨʠʚʘʷ ʧʦʢʘʟʳʚʘʝʪ ʧʦʣʠʥʦʤʠʥʘʣʴʥʫʶ ʨʝʛʨʝʩʩʠʶ. ɺʚʝʨʭʫ ʧʘʥʝʣʝʡ 
ʧʨʠʚʝʜʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

 

3.5.9.2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʦʥʦʩʬʝʨʥʦʡ ʚʦʟʤʫʱʝʥʥʦʩʪʠ ʚ ʩʨʝʜʥʠʭ ʠ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ 

 

ɺ ʨʘʤʢʘʭ ʩʦʚʤʝʩʪʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʂʌ ʀɿʄʀʈɸʅ ʠ ʀʉɿʌ ʉʆ ʈɸʅ ʧʨʦ-

ʚʝʜʝʥ ʘʥʘʣʠʟ ʠʦʥʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠ ʡ ʚʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ 26ï29 ʩʝʥʪʷʙʨʷ 2011 ʛ. 

(ʩʠʣʴʥʘʷ ʙʫʨʷ 26.09.2011 ʛ. ʠ ʫʤʝʨʝʥʥʘʷ ʙʫʨʷ 27ï28 09.2011 ʛ.). ɼʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠʩʴ ʜʘʥʥʳʝ ʦ ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʝ ʩʣʦʷ F2 ʠʦʥʦʩʬʝʨʳ foF2, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʠʦʥʦʟʦʥʜʘʭ ʚ 

ʀʨʢʫʪʩʢʝ ʠ ʂʘʣʠʥʠʥʛʨʘʜʝ, ʠ ʠʟʤʝʨʝʥʠʷ ʇʕʉ ʥʘ ɻʅʉʉ-ʧʨʠʝʤʥʠʢʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʪʝʭ 

ʞʝ ʛʦʨʦʜʘʭ. 

ʅʘ ʨʠʩ. 100 ʧʦʢʘʟʘʥʳ ʩʫʪʦʯʥʳʝ ʚʘʨʠʘʮʠʠ foF2 ʠ ʇʕʉ ʚ ʀʨʢʫʪʩʢʝ ʠ ʂʘʣʠʥʠʥʛʨʘʜʝ ʚ 

ʩʧʦʢʦʡʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʚʦ ʚʨʝʤʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ. ɺ ʀʨʢʫʪʩʢʝ ʥʘ ʛʣʘʚʥʦʡ ʬʘʟʝ ʙʫʨʠ 26 

ʩʝʥʪʷʙʨʷ ʥʘʙʣʶʜʘʣʠʩʴ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʚʦʟʤʫʱʝʥʠʷ foF2 ʚ ʚʝʯʝʨʥʝʤ ʩʝʢʪʦʨʝ, ʢʦʪʦʨʳʝ ʩʤʝ-

ʥʠʣʠʩʴ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ. ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʚ foF2 ʟʘʨʝʛʠʩʪʨʠʨʦ-

ʚʘʥʳ ʥʘ ʬʘʟʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ 28 ʩʝʥʪʷʙʨʷ, ʘ 29ï30 ʩʝʥʪʷʙʨʷ ʠʭ ʩʤʝʥʠʣʠ 

ʜʥʝʚʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʥʦʯʥʳʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʚʦʟʤʫʱʝʥʠʷ foF2. ʉʨʘʚʥʝʥʠʝ ʧʦʚʝʜʝʥʠʷ 

foF2 ʠ ʇʕʉ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʦʟʤʫʱʝʥʠʷ ʚ foF2 ʠ ʇʕʉ ʠʤʝʣʠ ʦʜʠʥʘʢʦʚʳʝ ʟʥʘʢʠ ʥʘ ʛʣʘʚʥʳʭ 

ʬʘʟʘʭ ʙʫʨʴ 26, 27 ʩʝʥʪʷʙʨʷ ʠ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʥʘ ʬʘʟʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʘ ʥʘʠʙʦʣʴʰʠʝ ʨʘʟʣʠ-

ʯʠʷ ʤʝʞʜʫ ʚʦʟʤʫʱʝʥʠʷʤʠ ʚ foF2 ʠ ʇʕʉ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʥʘ ʬʘʟʝ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʷ. ɺʦ ʚʨʝʤʷ ʛʣʘʚʥʦʡ ʬʘʟʳ ʙʫʨʠ 26 ʩʝʥʪʷʙʨʷ ʥʘʜ ʀʨʢʫʪʩʢʦʤ ʚʦʟʤʫʱʝʥʠʝ foF2 ʙʳʣʦ ʙʦʣʝʝ 

ʚʳʨʘʞʝʥʦ, ʯʝʤ ʚ ʇʕʉ, ʪ. ʝ. ʥʘ ʛʣʘʚʥʦʡ ʬʘʟʝ ʙʫʨʠ ʩʨʝʜʥʝʰʠʨʦʪʥʘʷ ʠʦʥʦʩʬʝʨʘ ʙʳʣʘ ʙʦʣʝʝ 

ʠʟʤʝʥʯʠʚʦʡ, ʯʝʤ ʧʣʘʟʤʦʩʬʝʨʘ. ʅʘʧʨʦʪʠʚ, ʥʘʜ ʂʘʣʠʥʠʥʛʨʘʜʦʤ 26 ʩʝʥʪʷʙʨʷ ʚʦ ʚʨʝʤʷ ʛʣʘʚ-

ʥʦʡ ʬʘʟʳ ʙʫʨʠ ʚʦʟʤʫʱʝʥʠʷ ʙʳʣʠ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤʠ ʚ ʇʕʉ, ʯʝʤ ʚ foF2, ʪ. ʝ. ʩʫʙʘʚʨʦ-

ʨʘʣʴʥʘʷ ʠʦʥʦʩʬʝʨʘ ʙʳʣʘ ʤʝʥʝʝ ʠʟʤʝʥʯʠʚʦʡ, ʯʝʤ ʧʣʘʟʤʦʩʬʝʨʘ ʥʘ ʛʣʘʚʥʦʡ ʬʘʟʝ ʙʫʨʠ. ʆʜʥʘʢʦ 

ʦʪʦ ʜʥʷ ʢʦ ʜʥʶ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʚ ʇʕʉ ʫʤʝʥʴʰʘʣʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʵʬʬʝʢʪʘ ʚ foF2. 
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ʈʠʩ. 100. ɺʘʨʠʘʮʠʠ foF2 (ʘ, ʙ) ʠ ʇʕʉ (ʚ, ʛ) ʥʘʜ ʀʨʢʫʪʩʢʦʤ (ʘ, ʚ) ʠ ʂʘʣʠʥʠʥʛʨʘʜʦʤ (ʙ, ʛ) 26ï30 
ʩʝʥʪʷʙʨʷ 2011 ʛ. (ʢʨʘʩʥʳʝ ʪʦʯʢʠ). ʉʠʥʠʤʠ ʪʦʯʢʘʤʠ ʧʦʢʘʟʘʥʦ ʧʦʚʝʜʝʥʠʝ foF2 ʠ ʇʕʉ ʚ ʩʧʦʢʦʡʥʳʭ ʛʝʦ-
ʤʘʛʥʠʪʥʳʭ ʫʩʣʦʚʠʷʭ ʩ 27-ʜʥʝʚʥʦʡ ʤʝʜʠʘʥʦʡ ʠ ʉʂʆ 

 

ʉ ʧʦʤʦʱʴʶ ɻʣʦʙʘʣʴʥʦʡ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʪʝʨʤʦʩʬʝʨʳ, ʠʦʥʦʩʬʝʨʳ ʠ ʧʨʦ-

ʪʦʥʦʩʬʝʨʳ (ɻʉʄ ʊʀʇ) ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʧʦʚʣʠʷʚʰʠʝ ʥʘ ʧʦʚʝʜʝʥʠʝ foF2 ʠ 

ʇʕʉ ʚʦ ʚʨʝʤʷ ʫʢʘʟʘʥʥʳʭ ʙʫʨʴ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʚʦʟʤʫʱʝʥʠʷ foF2 ʠ TEC ʚ ʚʝʯʝʨʥʝʤ ʩʝʢʪʦʨʝ 

ʚ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʤʦʛʫʪ ʦʙʲʷʩʥʷʪʴʩʷ ʥʘʧʨʘʚʣʝʥʥʳʤ ʢ ʵʢʚʘʪʦʨʫ ʥʝʡʪʨʘʣʴʥʳʤ ʚʝʪʨʦʤ, ʘ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ ʬʦʨʤʠʨʫʶʪʩʷ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥ-

ʪʨʘʮʠʡ O/N2 ʚ ʪʝʯʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʙʫʨʠ.  

 

3.5.9.3. ʊʝʩʪʠʨʦʚʘʥʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʫʱʝʥʥʦ-

ʩʪʠ ʇʕʉ 

 

ʇʨʠ ʘʥʘʣʠʟʝ ʫʨʦʚʥʷ ʚʦʟʤʫʱʝʥʥʦʩʪʠ ʇʕʉ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʷʚʣʷʝʪʩʷ 

ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʇʕʉ, ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʭ ʚ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʧʝʨʠʦʜʦʚ. ʆʜʥʘʢʦ 

ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʇʕʉ ʙʫʜʝʪ ʟʘʚʠ-

ʩʝʪʴ ʦʪ ʫʛʣʘ ʤʝʩʪʘ ʣʫʯʘ ʧʨʠʝʤʥʠʢðʩʧʫʪʥʠʢ ʚʚʠʜʫ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʇʕʉ. ɺ ʭʦʜʝ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʇʕʉ, 

ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʭ ʚ ʜʠʘʧʘʟʦʥʝ ʧʝʨʠʦʜʦʚ 1ï10 ʤʠʥ, ʦʪ ʫʛʣʘ ʤʝʩʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʫʯʝʡ 

ʧʨʠʝʤʥʠʢðʩʧʫʪʥʠʢ ʜʣʷ ɻʅʉʉ ʩʪʘʥʮʠʠ IRKJ ʟʘ 2012 ʛ. ʀʩʭʦʜʥʳʝ ʨʷʜʳ ʚʘʨʠʘʮʠʡ ʥʘʢʣʦʥ-

ʥʦʛʦ ʇʕʉ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ ʜʚʫʭʯʘʩʪʦʪʥʳʤ ʬʘʟʦʚʳʤ ʠʟʤʝʨʝʥʠʷʤ ʚʜʦʣʴ ʣʫʯʘ ʧʨʠʝʤʥʠʢð

ʩʧʫʪʥʠʢ, ʧʨʠʚʦʜʠʣʠʩʴ ʢ ʚʝʨʪʠʢʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʫʜʘʣʝʥʠʶ ʪʨʝʥʜʘ ʩ ʚʨʝ-

ʤʝʥʥʳʤ ʦʢʥʦʤ 10 ʤʠʥ. ɸʤʧʣʠʪʫʜʘ ʚʘʨʠʘʮʠʡ ʇʕʉ S(t) ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʘʢ ʦʛʠʙʘʶʱʘʷ ʦʪ-

ʬʠʣʴʪʨʦʚʘʥʥʳʭ ʚʘʨʠʘʮʠʡ ʇʕʉ. ʈʷʜʳ ʘʤʧʣʠʪʫʜʳ S(t) ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʜʣʷ ʚʩʝʭ ʥʝʧʨʝʨʳʚ-

ʥʳʭ ʨʷʜʦʚ ʇʕʉ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 4 ʯ. ɿʘʪʝʤ ʧʦ ʚʩʝʤʫ ʤʘʩʩʠʚʫ ʜʘʥʥʳʭ ʙʳʣʘ ʧʦʣʫ-

ʯʝʥʘ ʛʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʚʘʨʠʘʮʠʡ ʇʕʉ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʤʝʩʪʘ ɗS 

ʩʧʫʪʥʠʢʘ (ʨʠʩ. 101, ʘ). ɺʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ S ʚʘʨʠʘʮʠʡ ʇʕʉ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʫʛʣʘ ʤʝʩʪʘ ɗS ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʙʦʣʴʰʦʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ.  
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ʈʠʩ. 101. ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜʳ S ʚʘʨʠʘʮʠʡ ʇʕʉ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʤʝʩʪʘ 
ɗS ʩʧʫʪʥʠʢʘ 

 

ɼʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʤʳ ʧʨʝʜʣʦʞʠʣʠ ʧʨʦʚʦʜʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʝ ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʭ ʚʘʨʠʘʮʠʡ ʇʕʉ dI(t) ʢ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ, ʠʩʧʦʣʴʟʫʷ 

ʬʫʥʢʮʠʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ Ŭ, ʫʯʠʪʳʚʘʶʱʠʤ ʰʠʨʦʪʫ 

ɻʅʉʉ-ʩʪʘʥʮʠʠ: 

( )
max

cos arcsin sinŬ 90 ɗ .E
s

E

R
dI dI

R h

è øå õ
= -è øé ùæ öê ú+ç ÷ê ú

 

ɺ ʥʘʰʠʭ ʨʘʩʯʝʪʘʭ ʤʳ ʧʦʣʘʛʘʣʠ Ŭ=0.8. ʇʦʣʫʯʠʚʰʝʝʩʷ ʥʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩ. 101, ʙ. ɺʠʜʥʦ, ʯʪʦ ʚ ʮʝʣʦʤ ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʦʪ ʫʛʣʘ ʤʝʩʪʘ ʥʝʡʪʨʘʣʠʟʦʚʘʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʦʪʬʠʣʴʪʨʦʚʘʥ-

ʥʳʭ ʚ ʜʠʘʧʘʟʦʥʝ 1ï10 ʤʠʥ ʚʘʨʠʘʮʠʡ ʇʕʉ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʫʛʣʘ ʤʝʩʪʘ ʥʘ 

ʩʧʫʪʥʠʢ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ ʥʘʢʣʦʥʥʦʛʦ ʇʕʉ ʢ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʟʥʘʯʝ-

ʥʠʶ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʤʦʞʥʦ ʫʩʪʨʘʥʠʪʴ ʧʨʠʤʝʥʠʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʦʪ-

ʬʠʣʴʪʨʦʚʘʥʥʳʭ ʚʘʨʠʘʮʠʡ ʇʕʉ ʢ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ. 

 
3.5.10. ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

 
1. http://www.ngdc.noaa.gov.  

2. http://www.esrl.noaa.gov/psd.  

3. http://data.giss.nasa.gov. 

 
3.6. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʣʠʪʦʩʬʝʨʘïʘʪʤʦʩʬʝʨʘïʠʦʥʦʩʬʝʨʘ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ 

 

3.6.1. ʇʨʦʚʝʜʝʥʠʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ 

ʚ ɹʘʡʢʘʣʴʩʢʦʤ ʨʝʛʠʦʥʝ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʦʧʦʣ-

ʥʝʥʠʝ ʙʘʥʢʦʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

 

ɺ 2017 ʛ. ʧʨʦʜʦʣʞʘʣʠʩʴ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ 

ʚ ɹʘʡʢʘʣʴʩʢʦʤ ʨʝʛʠʦʥʝ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ: ʦʧʪʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʃʏʄ-ʠʦʥʦʟʦʥʜʘ, ʩʝʪʠ SibNET ʥʘʟʝʤʥʳʭ ʧʨʠʝʤʥʠʢʦʚ ʛʣʦ-

ʙʘʣʴʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ (ɻʅʉʉ). ɺ 2017 ʛ. ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷ-

ʣʦʩʴ ʠʟʤʝʨʝʥʠʷʤ ʚʦ ʚʨʝʤʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʦʙʳʪʠʡ ʥʘ ʉʦʣʥʮʝ ʠ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ, 

ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʚ ʩʝʥʪʷʙʨʝ: ʩʝʨʠʷ ʤʦʱʥʳʭ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʠ ʧʦʩʣʝʜʦʚʘʚʰʠʝ ʟʘ ʥʠʤʠ 

ʤʘʛʥʠʪʥʳʝ ʙʫʨʠ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʟʥʘʯʠ-

ʪʝʣʴʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʝ, ʚʳʟʚʘʥʥʳʭ ʵʪʠʤʠ ʩʦʙʳʪʠʷʤʠ. ɺʳʧʦʣʥʝʥ ʩʙʦʨ 

ʜʘʥʥʳʭ ɻʅʉʉ-ʠʟʤʝʨʝʥʠʡ ʚʦ ʚʨʝʤʷ ʟʘʧʫʩʢʘ ʩ ʢʦʩʤʦʜʨʦʤʘ ɺʦʩʪʦʯʥʳʡ ʚ ʥʦʷʙʨʝ 2017 ʛ. 
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ɼʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʚ 2017 ʛ. ʧʦʧʦʣʥʠʣʠ ʙʘʥʢʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʀʉɿʌ 

ʉʆ ʈɸʅ (ʦʧʪʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠ,̫ ʠʦʥʦʟʦʥʜʦʚʳʝ ʠʟʤʝʨʝʥʠ,̫ ɻʅʉʉ-ʠʟʤʝʨʝʥʠ)̫. 

ɺ ʨʘʤʢʘʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʡ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʨʝʜʣʦʞʝʥ 

ʩʧʦʩʦʙ ʦʙʥʘʨʫʞʝʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ʠʦʥʦʩʬʝʨʳ, ʚʳʟʚʘʥʥʳʭ ʟʘʧʫʩʢʘʤʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘ-

ʪʦʚ (ʂɸ), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʚʟʨʳʚʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʠʦʥʦʩʬʝʨʳ ʚʦ ʚʨʝʤʷ 

ʘʚʘʨʠʡʥʳʭ ʟʘʧʫʩʢʦʚ ʧʦ ʜʘʥʥʳʤ ʟʦʥʜʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘʤʠ ɻʅʉʉ. ʉʫʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʧʦ-

ʩʦʙʘ (ʠʟʦʙʨʝʪʝʥʠʷ) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ɺʨʝʤʝʥʥʳʝ ʨʷʜʳ ʧʦʣʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦ-

ʜʝʨʞʘʥʠʷ (ʇʕʉ), ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭʯʘʩʪʦʪʥʳʭ ʧʨʠʝʤʥʠʢʦʚ ɻʅʉʉ, ʧʦʜʚʝʨʛʘʶʪʩ ̫

ʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ʇʕʉ, ʚʳʟʚʘʥʥʳʭ ʟʘʧʫʩʢʦʤ ʂɸ. ʇʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ 

ʬʠʣʴʪʨʘʮʠʠ ʩʠʛʥʘʣʳ ʩʨʘʚʥʠʚʘʶʪʩ ̫ʩ ʧʦʚʝʜʝʥʠʝʤ ʇʕʉ ʚ ʧʨʝʜʳʜʫʱʠʡ ʜʝʥʴ. ɿʘ ʚʦʟʤʫʱʝʥʠʝ, 

ʚʳʟʚʘʥʥʦʝ ʟʘʧʫʩʢʦʤ, ʧʨʠʥʠʤʘʝʪʩʷ ʩʠʛʥʘʣ, ʧʨʝʚʳʰʘʶʱʠʡ ʫʨʦʚʝʥʴ ʬʦʥʦʚʳʭ ʢʦʣʝʙʘʥʠʡ 

ʇʕʉ ʠ ʦʪʩʫʪʩʪʚʫʶʱʠʡ ʚ ʢʦʥʪʨʦʣʴʥʳʡ ʧʨʝʜʳʜʫʱʠʡ ʜʝʥʴ. ɼʘʣʝʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʬʦʨʤʘ ʚr -

ʜʝʣʝʥʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʠ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʣʥʦʚʦʡ ʧʘʢʝʪ, ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʚʟʨʳʚʥʦʡ ʭʘʨʘʢʪʝʨ ʠʦʥʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʟʘʧʫʩʢʦʤ ʂɸ. ʉʧʦʩʦʙ ʟʘʧʘ-

ʪʝʥʪʦʚʘʥ, ʧʦʣʫʯʝʥ ʧʘʪʝʥʪ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ [ˉ 2624911, ʜʘʪʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 

10 ʠʶʣʷ 2017 ʛ.].  

ʉʧʦʩʦʙ ʙʳʣ ʪʝʩʪʠʨʦʚʘʥ ʥʘ ʧʨʠʤʝʨʝ ʜʚʫʭ ʟʘʧʫʩʢʦʚ ʂɸ ʩ ʢʦʩʤʦʜʨʦʤʘ ɹʘʡʢʦʥʫʨ 28 ʘʧ-

ʨʝʣʷ ʠ 16 ʤʘʷ 2015 ʛ., ʟʘʢʦʥʯʠʚʰʠʭʩʷ ʧʦ ʜʘʥʥʳʤ ɻʦʩʢʦʨʧʦʨʘʮʠʠ çʈʦʩʢʦʩʤʦʩè 

[http://www.roscosmos.ru/launch/2015] ʥʝʰʪʘʪʥʳʤʠ ʩʠʪʫʘʮʠʷʤʠ. ɺʦ ʚʨʝʤʷ ʟʘʧʫʩʢʘ ʨʘʢʝʪʳ-

ʥʦʩʠʪʝʣʷ (ʈʅ) çʉʦʶʟ-2.1ɸè ʩ ʪʨʘʥʩʧʦʨʪʥʳʤ ʛʨʫʟʦʚʳʤ ʢʦʨʘʙʣʝʤ (ʊɻʂ) çʇʨʦʛʨʝʩʩ ʄ-27ʄè 

28 ʘʧʨʝʣʷ ʧʨʦʠʟʦʰʣʦ ʥʝʰʪʘʪʥʦʝ ʨʘʟʜʝʣʝʥʠʝ 3-ʡ ʩʪʫʧʝʥʠ ʈʅ ʠ ʊɻʂ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʢʦ-

ʨʘʙʣʴ ʠ ʈʅ ʦʢʘʟʘʣʠʩʴ ʥʘ ʦʨʙʠʪʘʭ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʨʘʩʯʝʪʥʳʭ 

[www.roscosmos.ru/21481]. ɺʦ ʚʨʝʤʷ ʟʘʧʫʩʢʘ ʈʅ çʇʨʦʪʦʥ-ʄè ʩʦ ʩʧʫʪʥʠʢʦʤ çʄʝʢʉʘʪ-1è 

16 ʤʘʷ ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʥʝʰʪʘʪʥʘʷ ʨʘʙʦʪʘ ʜʚʠʛʘʪʝʣʝʡ ʪʨʝʪʴʝʡ ʩʪʫʧʝʥʠ ʈʅ; ʪʨʝʪʴʷ ʩʪʫ-

ʧʝʥʴ ʠ ʂɸ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʩʛʦʨʝʣʠ ʚ ʘʪʤʦʩʬʝʨʝ [www.roscosmos.ru/21491]. ʇʦ 

ʜʘʥʥʳʤ ɻʅʉʉ-ʩʪʘʥʮʠʠ KRTV, ʚʭʦʜʷʱʝʡ ʚ ʄʝʞʜʫʥʘʨʦʜʥʫʶ ʛʝʦʜʠʥʘʤʠʯʝʩʢʫʶ ʩʝʪʴ IGS 

[http://sopac.ucsd.edu], ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʦʟʤʫʱʝʥʠʷ ʇʕʉ, ʚʳʟʚʘʥʥʳʝ ʫʢʘʟʘʥʥʳʤʠ ʟʘ-

ʧʫʩʢʘʤʠ. ɺʦʟʤʫʱʝʥʠ ̫ʇʕʉ, ʚʳʟʚʘʥʥʝr ʟʘʧʫʩʢʦʤ 28.04.2015 ʛ. ʧʦ ʬʦʨʤʝ (ʦʜʠʥʦʯʥʳʡ ʠʤ-

ʧʫʣʴʩ) ʙʣʠʟʢʠ ʪʝʤ, ʢʦʪʦʨʳʝ ʥʝʦʜʥʦʢʨʘʪʥʦ ʥʘʙʣʶʜʘʣʠʩʴ ʚʦ ʚʨʝʤʷ ʰʪʘʪʥʳʭ ʟʘʧʫʩʢʦʚ ʩ ʢʦʩ-

ʤʦʜʨʦʤʘ ɹʘʡʢʦʥʫʨ ʚ 1998ï2000 ʛʛ. ɺʦʟʤʫʱʝʥʠ ̫ʇʕʉ, ʚʳʟʚʘʥʥʳʝ ʟʘʧʫʩʢʦʤ 16.05.2015 ʛ., 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʣʠʩ:ɹ ʦʥʠ ʠʤʝʣʠ ʬʦʨʤʫ ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, 

ʯʪʦ ʚ ʵʪʦʪ ʜʝʥʴ ʚʦʟʜʝʡʩʪʚʠʝ ʟʘʧʫʩʢʘ ʂɸ ʥʘ ʠʦʥʦʩʬʝʨʫ ʠʤʝʣʦ ʚʟʨʳʚʥʦʡ ʭʘʨʘʢʪʝʨ. ʇʨʦʚʝ-

ʜʝʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙ-

ʥʘʨʫʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʠʛʥʘʣʦʚ ɻʅʉʉ ʚʟʨʳʚʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʠʦʥʦʩʬʝʨʳ ʚʦ ʚʨʝʤʷ ʘʚʘ-

ʨʠʡʥʳʭ ʟʘʧʫʩʢʦʚ ʂɸ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʧʦʩʦʙʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʥʝʧʨʝ-

ʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠʦʥʦʩʬʝʨʳ ʧʨʠʝʤʥʳʤʠ ʩʪʘʥʮʠʷʤʠ ɻʅʉʉ ʚ ʨʘʡʦʥʘʭ, ʧʨʠʣʝʛʘʶʱʠʭ 

ʢ ʤʝʩʪʫ ʟʘʧʫʩʢʘ. 

 

3.6.2. ʂʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʚʳʟʚʘʥʥʳʭ ʠʩʢʫʩʩʪʚʝʥ-

ʥʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʥʘ ʚʝʨʭʥʶʶ ʘʪʤʦʩʬʝʨʫ 

 

ɺ 2017 ʛ. ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʧʨʦʝʢʪʘ ʚʳʧʦʣʥʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʨʝʘʢʮʠʠ 

ʠʦʥʦʩʬʝʨʳ ʥʘ ʨʘʙʦʪʫ ʜʚʠʛʘʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ (ɼʋ) ʪʨʘʥʩʧʦʨʪʥʦ-ʛʨʫʟʦʚʳʭ ʢʦʨʘʙʣʝʡ 

(ʊɻʂ) çʇʨʦʛʨʝʩʩè ʧʦ ʜʘʥʥʳʤ ɻʅʉʉ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʘʢʪʠʚʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

2006ï2014 ʛʛ. ɺ 2006ï2014 ʛʛ. ʚ ʀʉɿʌ ʉʆ ʈɸʅ ʚʳʧʦʣʥʝʥʘ ʩʝʨʠʷ ʘʢʪʠʚʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʂʕ) çʇʣʘʟʤʘðʇʨʦʛʨʝʩʩè ʠ çʈʘʜʘʨðʇʨʦʛʨʝʩʩè, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʟʫʯʝʥʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ɼʋ ʊɻʂ çʇʨʦʛʨʝʩʩè ʥʘ ʚʝʨʭʥʠʝ ʩʣʦʠ ʘʪʤʦʩʬʝʨʳ ʠ ʠʦʥʦʩʬʝʨʫ [4]. ʇʨʦʚʝʜʝʥʦ 72 

ʘʢʪʠʚʥʳʭ ʂʕ, ʚ ʢʦʪʦʨʳʭ ʪʨʘʩʩʘ ʧʨʦʣʝʪʘ ʊɻʂ çʇʨʦʛʨʝʩʩè ʧʨʦʭʦʜʠʣʘ ʥʘʜ ʨʘʡʦʥʦʤ ʇʨʠʙʘʡʢʘ-

ʣʴʷ, ʘ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ, ʚʳʟʚʘʥʥʳʭ ʨʘʙʦʪʦʡ ɼʋ ʊɻʂ, 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ɻʅʉʉ. ʈʝʘʢʮʠʷ ʠʦʥʦʩʬʝʨʳ ʥʘ ʨʘʙʦʪʫ ɼʋ ʊɻʂ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʥʘ ʦʩ-
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ʥʦʚʝ ʘʥʘʣʠʟʘ ʚʘʨʠʘʮʠʡ ʇʕʉ, ʢʦʪʦʨʳʝ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ ʜʚʫʭʯʘʩʪʦʪʥʳʤ ʬʘʟʦʚʳʤ ʠʟʤʝʨʝʥʠ-

ʷʤ ʧʨʠʝʤʥʠʢʦʚ ɻʅʉʉ.  

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʜʣʷ 72 ʘʢʪʠʚʥʳʭ ʂʕ ʩ ʫʯʘʩʪʠʝʤ ɻʅʉʉ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʛʝʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 61 ʂʕ ʛʝʦʤʘʛʥʠʪʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʦʩʪʘʚʘʣʘʩʴ 

ʩʧʦʢʦʡʥʦʡ (KpÒ2+), ʚ 5 ʵʢʩʧʝʨʠʤʝʥʪʘʭ ð ʩʣʘʙʦ ʚʦʟʤʫʱʝʥʥʦʡ (3ïÒKpÒ3+), ʚ 6 ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʭ ð ʫʤʝʨʝʥʥʦ ʚʦʟʤʫʱʝʥʥʦʡ (4ïÒKpÒ4+). ɻʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ (ʟʥʘʯʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ 

ʠʥʜʝʢʩʘ KpÓ5ï) ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʂʕ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʇʦʚʝʜʝʥʠʝ ʇʕʉ ʚ ʚʦʟʤʫʱʝʥʥʳʝ 

ʜʥʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʣʠʯʠʝʤ ʠʥʪʝʥʩʠʚʥʳʭ ʬʦʥʦʚʳʭ ʢʦʣʝʙʘʥʠʡ, ʟʘʪʨʫʜʥʷ-

ʶʱʠʭ ʚʳʜʝʣʝʥʠʝ ʠʟʤʝʥʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ɼʋ ʊɻʂ. 

ʆʪʢʣʠʢ ʇʕʉ ʥʘ ʨʘʙʦʪʫ ɼʋ ʊɻʂ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ 10 % ʩʣʫʯʘʝʚ (ʚ 7 ʂʕ ʠʟ 72) ʦʪ ʦʙ-

ʱʝʛʦ ʯʠʩʣʘ ʂʕ ʠ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʫʤʝʥʴʰʝʥʠʝ ʇʕʉ. ʋʨʦʚʝʥʴ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ ʩʣʫʯʘʝʚ ʨʝʛʠʩʪʨʘʮʠʠ ʦʪʢʣʠʢʘ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʩʧʦʢʦʡʥʳʡ 

(KpÒ1+). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʝʦʤʘʛʥʠʪʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʚ ʫʢʘʟʘʥʥʳʭ ʂʕ ʥʝ ʧʨʝʧʷʪʩʪʚʦʚʘʣʠ ʨʝ-

ʛʠʩʪʨʘʮʠʠ ʦʪʢʣʠʢʘ ʇʕʉ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ɼʋ ʊɻʂ. ɺ 2017 ʛ. ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʧʨʦʚʝʜʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʦʪʢʣʠʢʘ ʇʕʉ ʩ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʨʠʘʮʠʡ ʇʕʉ ʠ ʫʨʦʚʥʝʤ ʬʦ-

ʥʦʚʳʭ ʢʦʣʝʙʘʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʦʪʢʣʠʢʦʚ ʇʕʉ ʧʦ ʤʦʜʫʣʶ (0.03ï0.16 TECU) 

ʧʨʝʚʳʰʘʝʪ ʢʘʢ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʨʠʘʮʠʡ ʇʕʉ (0.01 TECU), ʪʘʢ ʠ ʫʨʦʚʝʥʴ ʬʦ-

ʥʦʚʳʭ ʚʘʨʠʘʮʠʡ (0.015ï0.036 TECU) ʥʘ ʙʣʠʟʢʠʭ ʫʛʣʘʭ ʤʝʩʪʘ ʩʧʫʪʥʠʢʦʚ ɻʅʉʉ. 

ʉʧʝʮʠʘʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʥʘʙʣʶʜʘʚʰʠʝʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʚʘʨʠʘʮʠʡ 

ʇʕʉ ʚʦ ʚʨʝʤʷ ʜʚʫʭ ʘʢʪʠʚʥʳʭ ʂʕ: 16 ʘʧʨʝʣʷ 2014 ʠ 18 ʘʧʨʝʣʷ 2013 ʛ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ 16.04.2014 ʛ. ʚʦʟʤʫʱʝʥʠʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʧʦ ʜʘʥʥʳʤ GPS (ʩʧʫʪ-

ʥʠʢ G08) ʠ ɻʃʆʅɸʉʉ (ʩʧʫʪʥʠʢ R17). ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ 

ʧʨʦʝʢʪʘ, ʚʧʝʨʚʳʝ ʜʘʥʥʳʝ GPS ʠ ɻʃʆʅɸʉʉ ʜʣʷ ʵʪʦʛʦ ʂʕ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ʆʙʦʙʱʝʥʥʘʷ ʢʘʨʪʠʥʘ ʚʘʨʠʘʮʠʡ ʇʕʉ ʠ ʜʚʠʞʝʥʠʷ ʠʦʥʦʩʬʝʨʥʳʭ ʪʦʯʝʢ (ʀʊ) ʜʣʷ ʩʠʩʪʝʤ 

GPS, ɻʃʆʅɸʉʉ ʚʦ ʚʨʝʤʷ ʂʕ 16 ʘʧʨʝʣʷ 2014 ʛ. ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 102. ʇʝʨʚʳʤ ʙʳʣʦ ʟʘʨʝ-

ʛʠʩʪʨʠʨʦʚʘʥʦ ʚʦʟʤʫʱʝʥʠʝ ʚ ʜʘʥʥʳʭ ɻʃʆʅɸʉʉ ʥʘ ʣʫʯʝ ORDAðR17. ʅʘ ʣʫʯʝ ORDAð

R17 ʀʊ ʧʝʨʝʩʝʢʣʘ ʦʙʣʘʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʚ 12:15:40 UT, ʪ. ʝ. ʯʝʨʝʟ 6 ʤʠʥ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ 

ɼʋ ʊɻʂ (ʨʠʩ. 102, ʛ). ɺ ʵʪʦʪ ʤʦʤʝʥʪ ʚ ʚʘʨʠʘʮʠʷʭ ʇʕʉ ʥʘ ʫʢʘʟʘʥʥʦʤ ʣʫʯʝ ʥʘʙʣʶʜʘʣʩʷ ʛʣʫ-

ʙʦʢʠʡ ʤʠʥʠʤʫʤ (ï0.16 TECU) (ʨʠʩ. 102, ʙ). ʏʝʨʝʟ 9 ʤʠʥ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ɼʋ ʊɻʂ ʦʙʣʘʩʪʴ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʝʨʝʩʝʢ ʣʫʯ LISTðG08 ʩʠʩʪʝʤʳ GPS (ʨʠʩ. 102, ʜ). ɺ ʵʪʦʪ ʞʝ ʤʦʤʝʥʪ ʥʘ ʫʢʘʟʘʥ-

ʥʦʤ ʣʫʯʝ ʥʘʙʣʶʜʘʣʦʩʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʇʕʉ (ï0.07 TECU) (ʨʠʩ. 102, ʘ). ʅʘʢʦʥʝʮ, 

ʩʧʫʩʪʷ 22 ʤʠʥ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ɼʋ ʊɻʂ ʦʙʣʘʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʧʝʨʝʩʝʢ ʣʫʯ ISTPðG08 (ʨʠʩ. 

102, ʝ). ʆʜʥʘʢʦ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʇʕʉ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʝʤ ɼʋ, ʥʘ ʣʫʯʝ ISTPðG08 ʥʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ (ʨʠʩ. 102, ʘ). ʂʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝ-

ʙʘʥʠʷ ʇʕʉ ʥʘ ʵʪʦʤ ʣʫʯʝ ʥʘʙʣʶʜʘʶʪʩʷ ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʣʝʪʘ ʊɻʂ ʠ ʷʚʣʷʶʪʩʷ ʚʦʟʤʫʱʝʥʠʷʤʠ, 

ʚʳʟʚʘʥʥʳʤʠ ʜʨʫʛʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ 12:09ï12:32 UT ʫʩʣʦʚʠʷ 

ʥʘʙʣʶʜʝʥʠʷ ʩʧʫʪʥʠʢʘ G08 ʥʘ ʩʪʘʥʮʠʷʭ LIST ʠ ISTP ʙʳʣʠ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠʤʠ. ʕʪʦ ʧʦʟʚʦʣʷ-

ʝʪ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʫʱʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ɼʋ, ʥʘ ʣʫʯʝ 

ISTPðG08 ʦʙʫʩʣʦʚʣʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʤʝʞʜʫ ʚʢʣʶʯʝʥʠʝʤ ɼʋ 

ʠ ʧʝʨʝʩʝʯʝʥʠʝʤ ʣʫʯʦʤ ISTPðG08 ʦʙʣʘʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ. ʂ ʢʦʥʮʫ ʵʪʦʛʦ ʠʥʪʝʨʚʘʣʘ ʇʕʉ ʚʥʫʪʨʠ 

ʦʙʣʘʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʚʝʨʥʫʣʦʩʴ ʢ ʥʝʚʦʟʤʫʱʝʥʥʦʤʫ ʫʨʦʚʥʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʨʝʤʷ ʩʫʱʝʩʪʚʦ-

ʚʘʥʠʷ ʚʦʟʤʫʱʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʩʦʟʜʘʥʥʦʡ ʨʘʙʦʪʦʡ ɼʋ ʊɻʂ çʇʨʦʛʨʝʩʩè, ʥʝ ʧʨʝʚʳʰʘʣʦ, ʚʝʨʦʷʪ-

ʥʦ, 20 ʤʠʥ. ʇʝʨʠʦʜ 12:09ï12:32 UT ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʯʝʨʥʠʤ ʯʘʩʘʤ 19:09ï19:32 LT ʚ ʇʨʠʙʘʡ-

ʢʘʣʴʩʢʦʤ ʨʝʛʠʦʥʝ. ʄʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ (ʨʘʚʥʦʜʝʥʩʪʚʠʝ, ʚʝʯʝʨʥʠʝ ʯʘʩʳ) ʠʟ 

ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʠʦʥʠʟʘʮʠʷ, ʨʝʢʦʤʙʠʥʘʮʠʷ, ʧʝʨʝʥʦʩ) ʛʣʘʚʥʫʶ ʨʦʣʴ ʚ ʥʠʚʝʣʠʨʦʚʘʥʠʠ 

ʦʙʣʘʩʪʠ ʧʦʥʠʞʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʛʨʘʶʪ ʧʨʦʮʝʩʩʳ ʧʝʨʝʥʦʩʘ ʧʣʘʟʤʳ.  

ɺ ʘʢʪʠʚʥʦʤ ʂʕ 18.04.2013 ʛ. ʯʝʨʝʟ 5 ʤʠʥ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ɼʋ ʊɻʂ (ʚ 12:33 UT) ʚʦ ʚʨʝ-

ʤʝʥʥʳʭ ʚʘʨʠʘʮʠʷʭ ʇʕʉ ʥʘ ʣʫʯʝ ORDAðG07 ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʦʪʢʣʠʢ ʥʘ ʨʘʙʦʪʫ ɼʋ ʚ ʚʠʜʝ 

ʨʝʟʢʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʇʕʉ (ʜʦ ï0.06 TECU), ʢʦʨʨʝʣʠʨʫʶʱʝʛʦ ʧʦ ʚʨʝʤʝʥʠ ʩ ʤʦʤʝʥʪʦʤ ʧʝʨʝʩʝ-

ʯʝʥʠʷ ʣʫʯʦʤ ORDAðG07 ʦʙʣʘʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ɼʋ (ʨʠʩ. 103, ʘ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʯʝʨʝʟ 1 ʤʠʥ 

ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ɼʋ (ʚ 12:29 UT) ʜʣʷ ʩʧʫʪʥʠʢʘ G07 ʚʩʝ ʩʪʘʥʮʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦ-
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ʚʘʣʠ ʙʳʩʪʨʦʝ ʫʚʝʣʠʯʝʥʠʝ ʇʕʉ (ʨʠʩ. 103, ʘ). ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʚʦʧʨʦʩʘ, ʩ ʯʝʤ ʩʚʷʟʘʥʦ ʵʪʦ ʫʚʝʣʠ-

ʯʝʥʠʝ ʇʕʉ, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠʩʭʦʜʥʳʭ (ʥʝʬʠʣʴʪʨʦʚʘʥʥʳʭ) ʚʘʨʠʘʮʠʡ ʇʕʉ. ʀʩʭʦʜʥʳʝ ʚʘʨʠʘ-

ʮʠʠ ʇʕʉ (ʨʠʩ. 103, ʙ) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʜʥʦʚʨʝʤʝʥʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʩʢʘʯʦʢ ʇʕʉ ʚ 

12:29 UT. ɸʥʘʣʦʛʠʯʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʢʘʯʢʠ ʇʕʉ ʤʝʥʴʰʝʡ ʘʤʧʣʠʪʫʜʳ ʥʘʙʣʶʜʘʶʪʩʷ ʚ 

12:18 ʠ 12:21 UT. ʊʘʢʠʝ ʩʢʘʯʢʠ ʚ ʜʘʥʥʳʭ ʇʕʉ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤ ʷʚʣʝʥʠʝʤ ʠ ʧʦʷʚ-

ʣʷʶʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʩʨʳʚʘ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʬʘʟʳ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʶʪʩʷ ʩʪʨʦʛʦ ʩʠʥ-

ʭʨʦʥʥʳʝ ʩʢʘʯʢʠ ʜʣʷ ʦʜʥʦʛʦ ʩʧʫʪʥʠʢʘ ʥʘ ʚʩʝʭ ʨʘʙʦʪʘʶʱʠʭ ʩʪʘʥʮʠʷʭ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠʯʠ-

ʥʦʡ ʪʘʢʠʭ ʩʢʘʯʢʦʚ ̫ ʚʣʷʝʪʩʷ ʩʙʦʡ (ʩʢʘʯʦʢ ʬʘʟʳ) ʚ ʨʘʙʦʪʝ ʧʝʨʝʜʘʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ ʩʧʫʪʥʠʢʘ. 

 

ʈʠʩ. 102. ʆʪʬʠʣʴʪʨʦʚʘʥʥʳʝ ʚʘʨʠʘʮʠʠ ʇʕʉ ʜʣʷ ʩʧʫʪʥʠʢʦʚ G08 (ʘ) ʠ R17 (ʙ) ʥʘ ʨʘʟʥʳʭ ʩʪʘʥʮʠʷʭ 
ɻʅʉʉ ʚ ʂʕ 16 ʘʧʨʝʣʷ 2014 ʛ. (ʚʝʨʪʠʢʘʣʴʥʘʷ ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ ð ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʠʷ ɼʋ ʊɻʂ; ʢʨʘʩʥʘʷ, 
ʟʝʣʝʥʘʷ, ʩʠʥʷʷ ʚʝʨʪʠʢʘʣʴʥʳʝ ʣʠʥʠʠ ð ʤʦʤʝʥʪʳ ʧʝʨʝʩʝʯʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʊɻʂ ʣʫʯʘʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
ORDAðG07, LISTðG08, ISTPðG08); ʧʝʨʝʤʝʱʝʥʠʝ ʠʦʥʦʩʬʝʨʥʳʭ ʪʦʯʝʢ ʩʧʫʪʥʠʢʦʚ G08 ʠ R17 ʚ ʪʝ-
ʯʝʥʠʝ 22 ʤʠʥ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ɼʋ ʊɻʂ (ʚïʝ). ʇʘʥʝʣʴ (ʚ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʤʝʥʪʫ ʚʢʣʶʯʝʥʠʷ ɼʋ. ʎʚʝʪ 
ʪʦʯʢʠ ʧʦʢʘʟʳʚʘʝʪ ʟʥʘʯʝʥʠʝ ʚʘʨʠʘʮʠʡ ʇʕʉ. ʉʝʨʘʷ ʣʠʥʠʷ ð ʪʨʘʝʢʪʦʨʠʷ ʊɻʂ çʇʨʦʛʨʝʩʩè. ʋʪʦʣʱʝʥʥʳʡ 
ʫʯʘʩʪʦʢ ʪʨʘʝʢʪʦʨʠʠ ð ʜʚʠʞʝʥʠʝ ʊɻʂ ʩ ʨʘʙʦʪʘʶʱʝʡ ɼʋ 

 

ʈʠʩ. 103. ɺʘʨʠʘʮʠʠ ʇʕʉ ʜʣʷ ʩʧʫʪʥʠʢʘ G07 ʥʘ ʨʘʟʥʳʭ ʩʪʘʥʮʠʷʭ ɻʅʉʉ, ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʝ ʚ ʜʠʘ-
ʧʘʟʦʥʝ 0.5ï10 ʤʠʥ (ʘ) ʠ ʙʝʟ ʬʠʣʴʪʨʘʮʠʠ (ʙ) ʚʦ ʚʨʝʤʷ ʂʕ 18.04.2013 ʛ. ɺʝʨʪʠʢʘʣʴʥʘʷ ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ 
ð ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʠʷ ɼʋ ʊɻʂ. ʂʨʘʩʥʘʷ ʣʠʥʠʷ ð ʤʦʤʝʥʪ ʧʝʨʝʩʝʯʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʊɻʂ ʣʫʯʦʤ 
ORDAðG07 
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3.6.3. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʦʥʦʩʬʝʨʥʳʭ ʵʬʬʝʢʪʦʚ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʧʨʠ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʷʭ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʚʦʣʥʘʤʠ  

 

ɺ 2017 ʛ. ʙʳʣ ʧʨʦʜʦʣʞʝʥ ʥʘʯʘʪʳʡ ʥʘ ʧʨʦʰʣʦʤ ʵʪʘʧʝ ʧʨʦʝʢʪʘ ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʥʝʦʜʥʦ-

ʨʦʜʥʦʩʪʝʡ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ, ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪʩʷ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ 

ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʚʦʣʥʘʤʠ. ɸʥʘʣʠʟ ʚʳʧʦʣʥʷʣʩʷ ʜʣʷ 28 ʟʝʤʣʝʪʨʷʩʝʥʠʡ 2011ï2016 ʛʛ. ʩ ʵʧʠʮʝʥ-

ʪʨʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʦ ʚʩʝʤʫ ʟʝʤʥʦʤʫ ʰʘʨʫ. ʆʪʙʦʨ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʨʦʚʝʜʝʥ ʧʦ ʧʨʝʚʳ-

ʰʝʥʠʶ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ʩʝʡʩʤʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ɹʘʡʢʘʣʴʩʢʦʤ ʨʝʛʠʦʥʝ ʟʘʜʘʥʥʦʛʦ 

ʧʦʨʦʛʘ. ɺ 2016 ʛ. ʧʦ ʜʘʥʥʳʤ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʃʏʄ-ʠʦʥʦʟʦʥʜʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ɻʝʦʬʠ-

ʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʀʉɿʌ ʉʆ ʈɸʅ ʚ ʧ. ʊʦʨʳ, ʚ ɹʘʡʢʘʣʴʩʢʦʤ ʨʝʛʠʦʥʝ ʜʣʷ 28 ʫʢʘʟʘʥʥʳʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚʳʷʚʣʝʥʦ ʜʚʘ ʚʠʜʘ ʚʦʟʤʫʱʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʋɸɺ, ʚʳʟʚʘʥ-

ʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʚʦʣʥʘʤʠ ʈʵʣʝʷ: ʵʬʬʝʢʪ multicusp (9 ʩʦʙʳʪʠʡ), Esp bifurcation (3 ʩʦʙʳʪʠʷ). 

ɼʣʷ ʦʮʝʥʢʠ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʦʡ ʚʦʣʥʳ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʘʤʧʣʠʪʫʜʫ ʋɸɺ (ʠʥʜʝʢʩ KW). ɺʚʝʜʝʥʥʳʡ ʥʘʤʠ ʠʥʜʝʢʩ KW ʫʯʠʪʳʚʘʝʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚʦʣʥʳ ʈʵʣʝʷ ʠ ʩʚʷʟʘʥ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʜʠʘʛʨʘʤʤʳ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʵʪʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. 

ɺ 2017 ʛ. ʚʳʧʦʣʥʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʷʚʣʷʝʤʦʩʪʠ ʵʬʬʝʢʪʦʚ ʚ ʥʠʞʥʝʡ ʠʦʥʦ-

ʩʬʝʨʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʚʨʝʤʝʥʠ LST ʠ ʠʥʜʝʢʩʘ KW. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʠʦʥʦʩʬʝʨʥʳʝ ʵʬʬʝʢʪʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʚʦʣʥʘʤʠ ʦʪ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʥʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʚʦʟʤʫʱʝʥʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʩʣʝʜ 

ʥʘ ʠʦʥʦʛʨʘʤʤʘʭ ʥʘʯʠʥʘʝʪʩʷ ʩ ʚʳʩʦʪʳ ~250 ʢʤ. 

ʅʘ ʨʠʩ. 104 ʦʪʤʝʯʝʥʳ ʦʩʥʦʚʥʳʝ ʠʦʥʦʩʬʝʨʥʳʝ ʵʬʬʝʢʪʳ, ʚʳʟʚʘʥʥʳʝ ʧʨʦʭʦʞʜʝʥʠʝʤ ʩʝʡ-

ʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʦʪ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʥʘ ʃʏʄ-ʠʦʥʦʟʦʥʜʝ ʀʉɿʌ ʉʆ ʈɸʅ 

ʢʘʢ ʬʫʥʢʮʠʠ LST ʠ KW. ɸʥʘʣʠʟ ʨʠʩ. 104 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʵʬʬʝʢʪ multicusp ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ. ɼʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʭ (KW<3.6) ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʘʞʝ ʚ 

ʜʥʝʚʥʦʝ ʚʨʝʤʷ. ɼʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ KWÓ4.7 ʵʬʬʝʢʪ multicusp ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʧʦʯʪʠ 

ʨʝʛʫʣʷʨʥʦ ʚ ʜʥʝʚʥʳʝ ʯʘʩʳ 07:00ï17:00 LST. ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʵʬʬʝʢʪʘ multicusp, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ð ʜʣʷ ʵʪʠʭ ʩʦʙʳʪʠʡ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʠʥʜʝʢʩ KW. ʈʘʩʯʝʪ KW ʚʳʧʦʣʥʷʣʩʷ ʧʦ ʜʘʥ-

ʥʳʤ ʦ ʩʝʡʩʤʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʷʭ, ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʩʝʡʩʤʦʩʪʘʥʮʠʷʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ 

ʤʝʩʪʘ ʨʝʛʠʩʪʨʘʮʠʠ ʵʬʬʝʢʪʦʚ multicusp. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʦʪʤʝʯʝʥʥʳʝ ʟʚʝʟʜʦʯʢʘʤʠ ʥʘ 

ʨʠʩ. 104, ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʥʘʰʠʭ ʥʘʙʣʶʜʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘ-

ʣʠʟ ʧʦʷʚʣʷʝʤʦʩʪʠ ʵʬʬʝʢʪʦʚ ʚ ʥʠʞʥʝʡ ʠʦʥʦʩʬʝʨʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʬʬʝʢʪʳ multicusp ʥʘʙʣʶ-

ʜʘʶʪʩʷ ʚ ʜʥʝʚʥʳʝ ʯʘʩʳ ʤʝʩʪʥʦʛʦ ʚʨʝʤʷ ʧʨʠ KWÓ4.7. 

 

ʈʠʩ. 104. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʚ 2011ï2016 ʛʛ. ʠʦʥʦʩʬʝʨʥʳʭ ʵʬʬʝʢʪʦʚ, ʦʙʫʩʣʦʚʣʝʥ-
ʥʳʭ ʚʦʣʥʘʤʠ ʈʵʣʝʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ LST ʠ KW. ɿʚʝʟʜʦʯʢʘʤʠ ʦʪʤʝʯʝʥʳ ʩʦʙʳʪʠʷ multicusp, ʫʧʦʤʠʥʘʚ-
ʰʠʝʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ɿʝʣʝʥʳʤ ʚʳʜʝʣʝʥʘ ʦʙʣʘʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʵʬʬʝʢʪʦʚ 
multicusp 
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ʅʘʙʣʶʜʘʝʤʘʷ ʩʫʪʦʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʘ ʥʝʩʢʦʣʴʢʠʤʠ 
ʬʘʢʪʦʨʘʤʠ: ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʝʭʥʠʢʠ ʟʦʥʜʠʨʦʚʘʥʠʷ (ʠʟ-ʟʘ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ 
ʥʦʯʴʶ ʠʦʥʦʛʨʘʤʤʳ ʥʘʯʠʥʘʶʪʩʷ ʩ ʚʳʩʦʪʳ 250 ʢʤ); ʩʫʪʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴ ʁʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʝ ɿʝʤʣʷ-ʠʦʥʦʩʬʝʨʘ; ʩʫʪʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴ ʁʟʘʪʫʭʘʥʠʷ ʘʢʫʩʪʠʯʝ-
ʩʢʠʭ ʚʦʣʥ ʩ ʚʳʩʦʪʦʡ; ʩʫʪʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴ ʁ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʦʪ 
ʥʝʡʪʨʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪ rʢ ʟʘʨʷʞʝʥʥʦʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʥʦʡ ʃʏʄ-
ʠʦʥʦʟʦʥʜ ʀʉɿʌ ʉʆ ʈɸʅ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʩʧʦʩʦʙʥʳʤ 
ʧʨʦʚʦʜʠʪʴ ʵʬʬʝʢʪʠʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʠ ʠʟʫʯʝʥʠʝ ʙʳʩʪʨʳʭ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ 
ʧʦʩʨʝʜʩʪʚʦʤ ʫʜʘʨʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʩʠʩʪʝʤʝ ʣʠʪʦʩʬʝʨʘðʠʦʥʦʩʬʝʨʘ. ʀʥʜʝʢʩ KW ʠ 
ʤʝʩʪʥʦʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʙʣʶ-
ʜʝʥʠʷ ʵʬʬʝʢʪʦʚ ʫʜʘʨʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʠʦʥʦʩʬʝʨʝ, ʚʳʟʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ 
ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʚʦʣʥʘʤʠ. 

 

3.6.4. ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

 

1. http://www.roscosmos.ru/launch/2015.  

2. www.roscosmos.ru/21481. 

3. www.roscosmos.ru/21491.  

4. ʍʘʭʠʥʦʚ ʠ ʜʨ., ɺʝʩʪʥʠʢ ʉʠʙɻɸʋ. 2013. ʊ. 5, ˉ 51. ʉ. 160ï163. 

 
3.7. ʀʟʫʯʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ ʥʝʡʪʨʘʣʴʥʘʷ ʘʪʤʦʩʬʝʨʘ ð 

ʠʦʥʦʩʬʝʨʘ ð ʤʘʛʥʠʪʦʩʬʝʨʘ ɿʝʤʣʠ 
 
3.7.1. ʆʮʝʥʢʘ ʚʢʣʘʜʘ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʠʯʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʤʘʩʰʪʘʙʘ  

ʚ ʥʠʞʝʣʝʞʘʱʝʡ ʘʪʤʦʩʬʝʨʝ ʚ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʤʝʟʦʧʘʫʟʳ    

ʠ F2-ʦʙʣʘʩʪʠ ʠʦʥʦʩʬʝʨʳ 
 
ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʨʘʥʝʝ ʤʝʪʦʜʠʢʠ [1, 2], ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟ-

ʤʝʥʯʠʚʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʣʘʩʪʠ ʤʝʟʦʧʘʫʟʳ Tm (ʨʠʩ. 105, ʘ) ʠ ʤʘʢʩʠʤʫʤʘ ʵʣʝʢʪʨʦʥʥʦʡ 
ʢʦʥʮʝʥʪʨʘʮʠʠ NmF2 (ʨʠʩ. 105, ʙ), ʚʳʟʚʘʥʥʦʡ ʧʨʦʷʚʣʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʚʦʣʥ ʨʘʟʣʠʯʥʳʭ ʚʨʝ-
ʤʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ, ʚ ʧʝʨʠʦʜ ʜʝʡʩʪʚʠʷ ʚʥʝʟʘʧʥʦʛʦ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ (ɺʉʇ) ʚ 
ʬʝʚʨʘʣʝ 2016 ʛ. ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦ ʩʨʝʜʥʠʤʠ ʩʝʟʦʥʥʳʤʠ ʟʥʘʯʝ-
ʥʠʷʤʠ. ɼʘʥʥʦʝ ʩʦʙʳʪʠʝ ʥʝ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʩʤʝʥʦʡ ʥʘʧʨʘʚʣʝʥʠʷ ʟʦʥʘʣʴʥʦʡ (60Á N, 10 ʛʇʘ) 
ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ ʠ, ʩʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ ɺʩʝʤʠʨʥʦʡ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘ-
ʮʠʠ, ʤʦʞʝʪ ʙʳʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʦ ʢʘʢ ʤʠʥʦʨʥʦʝ ʩʪʨʘʪʦʩʬʝʨʥʦʝ ʧʦʪʝʧʣʝʥʠʝ. 

ʅʘ ʨʠʩ. 105, ʘ ʧʦʢʘʟʘʥʘ ʠʟʤʝʥʯʠʚʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʣʘʩʪʠ ʤʝʟʦʧʘʫʟʳ ʚʩʣʝʜʩʪʚʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʣʘʥʝʪʘʨʥʳʭ ʚʦʣʥ (a), ʧʨʠʣʠʚʦʚ (b) ʠ ʚʥʫʪʨʝʥʥʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ (ɺɻɺ, 

c) ʜʣʷ ʧʝʨʠʦʜʘ 1ï9 ʬʝʚʨʘʣʷ 2016 ʛ. ɺʝʨʪʠʢʘʣʴʥʘʷ ʣʠʥʠʷ ð ʜʝʥʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ 

ʩʪʨʘʪʦʩʬʝʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 10 ʛʇʘ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʨʝʛʠʦʥʝ. ʈʘʥʝʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʫʩʨʝʜʥʝʥʥʳʝ ʟʘ 2008ï2015 ʛʛ. ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʜʣʷ ʬʝʚʨʘʣʷ, ʚʳʟʚʘʥʥʳʝ 

ʘʢʪʠʚʥʦʩʪʴʶ ʧʣʘʥʝʪʘʨʥʳʭ ʚʦʣʥ ʩʦʩʪʘʚʣʷʶʪ 8.6 K, ʧʨʠʣʠʚʦʚ ð 4.5 K, ɺɻɺ ð 2.6 K [2]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʥʘʯʘʣʝ ʬʝʚʨʘʣʷ 2016 ʛ. ʚ ʧʝʨʠʦʜ ʤʠʥʦʨʥʦʛʦ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ 

ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʩʠʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʙʣʘʩʪʠ ʄʅʊ. 

ʅʘ ʨʠʩ. 105, ʙ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʤʘʢʩʠʤʫʤʘ ʵʣʝʢʪʨʦʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ȹNmF2 ʚ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʧʝʨʠʦʜʘʭ: ʧʦʣʥʦʡ ȹNmF2, ʤʝʞʩʫʪʦʯʥʦʡ 

(ȹNmF2 Day-to-Day), ʚ ʧʨʠʣʠʚʥʦʤ ʜʠʘʧʘʟʦʥʝ (ȹNmF2 Tide) ʠ ʚ ʜʠʘʧʘʟʦʥʝ ɺɻɺ (ȹNmF2 IGW) 

(ʦʪ ʚʝʨʭʥʝʡ ʧʘʥʝʣʠ ʢ ʥʠʞʥʝʡ). ɸʥʘʣʠʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ 1ï9 ʬʝʚʨʘʣʷ 2016 ʛ. ʏʝʨʥʳʝ ʩʧʣʦʰʥʳʝ 

ʣʠʥʠʠ ʦʪʤʝʯʘʶʪ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ȹNmF2 ʜʣʷ ʢʘʞʜʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʝʨʠʦʜʦʚ, 

ʫʩʨʝʜʥʝʥʥʳʝ ʟʘ 2008ï2015 ʛʛ. ʜʣʷ ʬʝʚʨʘʣʷ. ʆʙʥʘʨʫʞʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʦʟʤʫʱʝʥʠʷ 

ȹNmF2 5ï7 ʬʝʚʨʘʣʷ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʚʘʨʠʘʮʠʷʤʠ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʕʪʠ ʚʦʟʤʫʱʝʥʠʷ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʧʨʠʣʠʚʥʦʤ ʜʠʘʧʘʟʦʥʝ; ʘʤʧʣʠʪʫʜʘ ʧʨʠʣʠʚʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʫʚʝʣʠ-

ʯʠʣʘʩʴ ʚ ~2 ʨʘʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʭ ʟʥʘʯʝʥʠʡ. ɺʦʟʤʫʱʝʥʠʷ ȹNmF2 8 ʬʝʚʨʘʣʷ  
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ʈʠʩ. 105. ʉʣʝʚʘ ð ʠʟʤʝʥʯʠʚʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʣʘʩʪʠ ʤʝʟʦʧʘʫʟʳ ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʣʘ-
ʥʝʪʘʨʥʳʭ ʚʦʣʥ (a), ʧʨʠʣʠʚʦʚ (b) ʠ ɺɻɺ (c) ʜʣʷ ʧʝʨʠʦʜʘ 1ï9 ʬʝʚʨʘʣʷ 2016 ʛ. ɺʝʨʪʠʢʘʣʴʥʘʷ ʣʠʥʠʷ ð 
ʜʝʥʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 10 ʛʇʘ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʨʝʛʠʦʥʝ. ʉʧʨʘʚʘ ð ʚʘʨʠʘʮʠʠ 
ʚʦʟʤʫʱʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʧʝʨʠʦʜʘʭ: ʧʦʣʥʦʡ ȹNmF2, 
ʤʝʞʩʫʪʦʯʥʦʡ (ȹNmF2 Day-to-Day), ʚ ʧʨʠʣʠʚʥʦʤ ʜʠʘʧʘʟʦʥʝ (ȹNmF2 Tide) ʠ ʚ ʜʠʘʧʘʟʦʥʝ ɺɻɺ (ȹNmF2 
IGW) (ʦʪ ʚʝʨʭʥʝʡ ʧʘʥʝʣʠ ʢ ʥʠʞʥʝʡ). ɸʥʘʣʠʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ 1ï9 ʬʝʚʨʘʣʷ 2016 ʛ. ʏʝʨʥʳʝ ʩʧʣʦʰʥʳʝ 
ʣʠʥʠʠ ʦʪʤʝʯʘʶʪ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ȹNmF2 ʜʣʷ ʢʘʞʜʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʝʨʠʦʜʦʚ, ʫʩʨʝʜʥʝʥʥʳʝ 
ʟʘ 2008ï2015 ʜʣʷ ʬʝʚʨʘʣʷ. 

 

ʩʚʷʟʘʥʳ ʩ ʤʝʞʩʫʪʦʯʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ NmF2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʠʥʦʨʥʦʝ ʩʪʨʘʪʦʩʬʝʨʥʦʝ 

ʧʦʪʝʧʣʝʥʠʝ ʚ ʬʝʚʨʘʣʝ 2016 ʛ. ʚʳʟʚʘʣʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʡ ʠ ʠʦʥʦʩʬʝʨʥʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʥʘ ʚʳʩʦʪʘʭ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ, ʧʨʠʯʠʥʦʡ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ 

ʘʢʪʠʚʥʦʩʪʠ ʘʪʤʦʩʬʝʨʥʳʭ ʚʦʣʥ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ɺʉʇ. 

 

3.7.2. ʀʪʦʛʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ 17 ʤʘʨʪʘ 2015 ʛ. ʧʦ ʜʘʥʥʳʤ ʨʘ-

ʜʠʦʬʠʟʠʯʝʩʢʠʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ 

 

ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʥʝʰʠʨʦʪʥʦʛʦ ʩʠʷʥʠʷ (ʉʉ) ʚʦ 

ʚʨʝʤʷ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ 17 ʤʘʨʪʘ 2015 ʛ., ʥʘʟʚʘʥʥʦʡ ʧʦ ʜʥʶ ʥʘʯʘʣʘ ʙʫʨʝʡ ʉʚʷʪʦʛʦ ʇʘʪʨʠʢʘ, ʢʦ-

ʪʦʨʘʷ ʙʳʣʘ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʙʦʣʴʰʠʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ 24-ʛʦ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ, ʘ ʧʦ ʟʥʘʯʝ-

ʥʠʶ Dst-ʠʥʜʝʢʩʘ ð ʩʘʤʦʡ ʤʦʱʥʦʡ ʚ ʵʪʦʤ ʮʠʢʣʝ.  

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʤʝ-

ʪʦʜʦʚ ʠ ʘʧʧʘʨʘʪʫʨʳ, ʦʧʠʩʘʥʥʳʭ ʚ [3, 4]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʙʣʶ-

ʜʘʝʤʦʛʦ ʥʘ ʶʛʝ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʉʉ ʚʦ ʚʨʝʤʷ ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ 17 ʤʘʨʪʘ 2015 ʛ, ʙʳʣ 

ʩʜʝʣʘʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʚʳʚʦʜ, ʯʪʦ ʘʥʘʣʠʟʠʨʫʝʤʦʝ ʉʉ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʷʚʣʝʥʠʷ 

ʜʚʫʭ ʬʦʨʤ ʩʨʝʜʥʝʰʠʨʦʪʥʳʭ ʩʠʷʥʠʡ: ʩʠʷʥʠʷ ʪʠʧʘ d + SAR ʜʫʛʘ ʠ ʦʙʳʯʥʦʛʦ ʧʦʣʷʨʥʦʛʦ ʩʠ-

ʷʥʠʷ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʫ ʩʝʚʝʨʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ð ʘ-ʪʠʧ (ʩʤ. ʨʠʩ. 106 ʠ 107). 

ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘʙʣʶʜʘʝʤʦʛʦ ʩʠʷʥʠʷ 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʠʝ [5]. 1. ɼʣʠʪʝʣʴʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʚʩʧʣʝʩʢʦʚ ʜʦʤʠʥʠʨʫʶʱʠʭ ʵʤʠʩ-

ʩʠʡ ʥʝ ʧʨʝʚʳʰʘʣʘ 1 ʯ, ʯʪʦ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʫʙʙʫʨʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʩʫʙ-

ʙʫʨʴ). 2. ʆʪʩʫʪʩʪʚʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʵʤʠʩʩʠʠ 630 ʥʤ ʦʪ Dst-ʠʥʜʝʢʩʘ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ, ʯʪʦ ʷʚʣʷʝʪ-

ʩʷ ʥʝʪʠʧʠʯʥʳʤ ʜʣʷ ʥʘʙʣʶʜʘʝʤʳʭ ʨʘʥʝʝ ʉʉ ʚ ɻʌʆ ʀʉɿʌ ʉʆ ʈɸʅ. 3. ɺ ʩʧʝʢʪʨʝ ʩʚʝʯʝʥʠʷ ʉʉ, 

ʢʨʦʤʝ ʜʦʤʠʥʠʨʫʶʱʠʭ ʘʚʨʦʨʘʣʴʥʳʭ ʵʤʠʩʩʠʡ 557.7 ʠ 630.0ï636.0 ʥʤ, ʭʘʨʘʢʪʝʨʥʳʭ ʠ ʜʣʷ ʩʨʝʜ-

ʥʝʰʠʨʦʪʥʦʛʦ ʩʚʝʯʝʥʠʷ ʘʪʤʦʩʬʝʨʳ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʧʦʷʚʣʝʥʠʝ ʵʤʠʩʩʠʠ NI 520 ʥʤ ʠ ʧʦʣʦʩʳ 

N2 586.7 ʥʤ. 4. ʇʦ ʩʚʦʠʤ ʮʚʝʪʦʚʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʥʘʙʣʶʜʘʝʤʦʝ ʉʉ 17 ʤʘʨʪʘ 2015 ʛ. ʤʦʞʝʪ 

ʙʳʪʴ ʦʪʥʝʩʝʥʦ ʢ ʢʨʘʩʥʦʤʫ ʚʳʩʦʪʥʦʤʫ ʩʠʷʥʠʶ d-ʪʠʧʘ, ʚ ʦʪʜʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ð 
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ʢ ʩʠʷʥʠʶ ʘ-ʪʠʧʘ. 5. ʆʮʝʥʝʥʦ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʛʨʘʥʠʮʳ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ Cʉ, 

ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʣʷʝʪ ~ 530ï785 ʢʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʝʦʤʘʛʥʠʪʥʳʤ ʰʠʨʦʪʘʤ ~47ï49Á GML. 

6. ɺ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ~16ï21 UT ʚ ʦʢʦʣʦʟʝʥʠʪʥʦʡ ʦʙʣʘʩʪʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʜʦʩʪʘʪʦʯʥʦ 

ʠʥʪʝʥʩʠʚʥʘʷ SAR- ʜʫʛʘ, ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʩʤʝʱʝʥʠʝ ʚʦ ʚʨʝʤʷ ʵʪʦʡ ʙʫʨʠ ʵʢʚʘʪʦʨʠʘʣʴ-

ʥʦʡ ʩʪʝʥʢʠ ʛʣʘʚʥʦʛʦ ʠʦʥʦʩʬʝʨʥʦʛʦ ʧʨʦʚʘʣʘ (ɻʀʇ) ʜʦ ʛʝʦʤʘʛʥʠʪʥʦʡ ʰʠʨʦʪʳ ~42Á GML ʚ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʤ ʜʦʣʛʦʪʥʦʤ ʩʝʢʪʦʨʝ. 

ʄʝʪʦʜʳ ʠ ʘʧʧʘʨʘʪʫʨʘ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ ʧʨʠ ʧʦʤʦʱʠ 

ʘʥʘʣʠʟʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʠʥʪʝʨʬʝʨʦʤʝʪʨʝ ʌʘʙʨʠðʇʝʨʦ, ʦʧʠʩʘʥʳ ʚ [6]. ʇʦ 

ʜʘʥʥʳʤ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʵʤʠʩʩʠʠ 630 ʥʤ ʚ ʪʝʯʝʥʠʝ ~3 ʯ (~13ï15 UT) 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʜʦʧʣʝʨʦʚʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʘʪʦʤʘʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʦʪ ʟʥʘʯʝʥʠʡ 

~1100ï1150 K ʜʦ ~1450ï1650 K. ʅʘ ʨʠʩ. 108 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʝʡ ʵʤʠʩʩʠʠ 630 ʥʤ ʠ ʜʦʧʣʝʨʦʚʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ T630 ʚ ʪʨʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: ʩʝʚʝʨð

ʟʝʥʠʪðʶʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʜ ʟʝʥʠʪʥʳʤʠ ʫʛʣʘʤʠ ï60, 0 ʠ 60Á, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʌʘʙʨʠðʇʝʨʦ. ʅʘʧʨʘʚʣʝʥʠʝ ʚʠʟʠʨʦʚʘʥʠʷ ʀʌʇ ʚ ʩʝʚʝʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʠʟʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʦʛʨʘʬʦʚ SATI-1M ʠ 

SHAMROCK SR-303I, ʚ ʩʠʣʫ ʵʪʦʛʦ ʜʠʥʘʤʠʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ 630 ʥʤ ʚ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʦ ʜʘʥʥʳʤ ʵʪʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ (ʨʠʩ. 106, 107). ʉʨʝʜʠ 

ʠʥʪʝʨʝʩʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʚʳʪʝʢʘʶʱʠʭ ʠʟ ʜʘʥʥʳʭ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩ. 108, ʩʣʝʜʫʝʪ ʦʪʤʝ-

ʪʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʦʣʴʰʦʡ ʛʨʘʜʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʤʝʞʜʫ ʩʝʚʝʨʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠ 

 

ʈʠʩ. 106. ʂʝʦʛʨʘʤʤʘ ʩʨʝʜʥʝʰʠʨʦʪʥʦʛʦ ʩʠʷʥʠʷ 17 ʤʘʨʪʘ 2015 ʛ. ʚ ʢʨʘʩʥʦʤ ʢʘʥʘʣʝ, ʧʦʣʫʯʝʥʥʘʷ 

ʢʘʤʝʨʦʡ FILIN-1M 
 

 
 
ʈʠʩ. 107. ʀʟʦʙʨʘʞʝʥʠʷ SAR-ʜʫʛʠ ʚ ʵʤʠʩʩʠʠ 630 ʥʤ, ʧʦʣʫʯʝʥʥʳʝ ʢʘʤʝʨʦʡ ʚʩʝʛʦ ʥʝʙʘ KEO (ʚʚʝʨ-

ʭʫ) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʜʠʥʘʤʠʢʦʡ ʵʤʠʩʩʠʠ 630 ʥʤ (ʩʧʝʢʪʨʦʛʨʘʬ SATI-1M, ʚʥʠʟʫ) 
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ʈʠʩ. 108. ʇʦʚʝʜʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʤ ʌʘʙʨʠðʇʝʨʦ ʠʟʣʫʯʝʥʠʷ 

(ʩʣʝʚʘ) ʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʩʧʨʘʚʘ) ʠʟʣʫʯʘʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʜʣʷ ʣʠʥʠʠ 630 ʥʤ. ʊʦʣʩʪʳʝ ʣʠʥʠʠ ð ʥʘʧʨʘʚʣʝ-

ʥʠʝ ʥʘ ʩʝʚʝʨ, ʪʦʣʩʪʳʝ ʰʪʨʠʭʦʚʳʝ ð ʚ ʟʝʥʠʪ, ʪʦʥʢʠʝ ʰʪʨʠʭʦʚʳʝ ð ʥʘ ʶʛ 
 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʚ ʟʝʥʠʪ ʠ ʥʘ ʶʛ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʡ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʜʦʧʣʝʨʦʚʩʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ T630 ~1450ï1650 K ʧʦʩʣʝ 15 UT ʚ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʩʨʝʜʥʝ-

ʰʠʨʦʪʥʳʝ ʩʠʷʥʠʷ d-ʪʠʧʘ ʠ SAR-ʜʫʛʠ ʦʙʫʩʣʦʚʣʝʥʳ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʢʪʨʦʥʦʚ 

ʥʘ ʚʳʩʦʪʘʭ F-ʦʙʣʘʩʪʠ ʠʦʥʦʩʬʝʨʳ ʠ ʚʥʝʰʥʝʡ ʠʦʥʦʩʬʝʨʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʠʟ ʦʙ-

ʣʘʩʪʠ ʚʥʝʰʥʝʡ ʧʣʘʟʤʦʬʝʨʳ (ʧʣʘʟʤʦʧʘʫʟʳ) ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʥʘʛʨʝʚʘ ʧʣʘʟʤʦʩʬʝʨʥʳʭ ʵʣʝʢʪʨʦ-

ʥʦʚ ʵʥʝʨʛʠʯʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ ʠ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

[7]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʘʥʥʳʝ ʀʌʇ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ T630 ʜʣʷ ʚʩʝʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʚʠʟʠʨʦʚʘʥʠʷ ʦʪ ~1100ï1150 K ʚ ʥʘʯʘʣʝ ʠʟʤʝʨʝʥʠʡ ʜʦ ʚʝʣʠʯʠʥ ~14:50ï16:50 K ʢ 

15ï16 UT, ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʪʠʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ. 

ɹʳʣʦ ʚʳʧʦʣʥʝʥʦ ʤʘʩʰʪʘʙʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ [8] ʠʦʥʦʩʬʝʨʥʦʛʦ ʦʪʢʣʠʢʘ ʥʘ ʩʠʣʴʥʫʶ 

ʛʝʦʤʘʛʥʠʪʥʫʶ ʙʫʨʶ, ʥʘʯʘʚʰʫʶʩʷ 17 ʤʘʨʪʘ 2015 ʛ., ʥʘ ʦʩʥʦʚʝ ʩʦʚʤʝʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʝʚʨʘʟʠʡʩʢʦʡ ʮʝʧʠ ʠʦʥʦʟʦʥʜʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʜʠʘʧʘʟʦʥʝ ʰʠʨʦʪ 50ï60Á N ʩ ʠʥʪʝʨʚʘʣʦʤ 

15Áï20Á ʧʦ ʜʦʣʛʦʪʝ ʚ ʜʦʣʛʦʪʥʦʤ ʩʝʢʪʦʨʝ 13Áï158Á E; ʜʘʥʥʳʭ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ ʤʘʛʥʠʪʦʤʝʪʨʦʚ 

INTERMAGNET; ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʦʪʥʦʰʝʥʠʷ [ʆ]/[N2] ʩ ʧʦʤʦʱʴʶ ʋʌ-

ʩʧʝʢʪʨʦʤʝʪʨʘ GUVI TIMED. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʦʙʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʜʘʥʥʳʭ ʩʝʪʠ ʠʦʥʦʟʦʥʜʦʚ ʠ ʤʘʛʥʠʪʦʤʝʪʨʦʚ (ʨʠʩ. 109), ʧʦʢʨʳʚʘʶʱʝʡ ʚʝʩʴ ɽʚʨʘʟʠʡ-

ʩʢʠʡ ʢʦʥʪʠʥʝʥʪ, ʥʝ ʠʤʝʝʪ ʘʥʘʣʦʛʦʚ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʫʥʠʢʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʅʘ ʨʠʩ. 110 ʧʨʠʚʝʜʝʥʘ ʢʘʨʪʘ ʜʦʣʛʦʪʥʳʭ ʚʘʨʠʘʮʠʡ ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ foF2 ʤʘʢʩʠ-

ʤʫʤʘ ʠʦʥʠʟʘʮʠʠ ʚʜʦʣʴ ʰʠʨʦʪʥʦʛʦ ʧʦʷʩʘ ~55Á N ʩ 15 ʧʦ 21 ʤʘʨʪʘ 2015 ʛ.  

ʅʘ ʦʩʥʦʚʝ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ ʠʦʥʦʟʦʥʜʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠʦʥʦʛʨʘʤʤ ʠ ʚʳʜʝ-

ʣʝʥʳ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʠʦʥʦʟʦʥʜ ʦʢʘʟʳʚʘʣʩʷ ʚʥʫʪʨʠ ʛʣʘʚʥʦʛʦ ʠʦʥʦʩʬʝʨʥʦʛʦ ʧʨʦ-

ʚʘʣʘ (ɻʀʇ), ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚʦ ʚʨʝʤʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʥʜʠʢʘʪʦ-

ʨʦʤ ʘʢʪʠʚʥʦʩʪʠ ʠʦʥʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. ʕʪʠ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʚʳʜʝʣʝʥʳ ʥʘ ʨʠʩ. 110 

ʙʝʣʦʡ ʰʪʨʠʭʦʚʦʡ ʣʠʥʠʝʡ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʚʘʨʠʘʮʠʡ foF2 (ʨʠʩ. 110), ʟʦʥʘ ʦʩʥʦʚʥʦʛʦ ʚʦʟʤʫ-

ʱʝʥʠʷ ʠʦʥʦʩʬʝʨʳ (ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʟʤʳ) ʚ ʜʦʣʛʦʪʥʦʤ ʩʝʢʪʦʨʝ ~80ï160Á E ʦʩʪʘʚʘ-

ʣʘʩʴ ʘʢʪʠʚʥʦʡ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʩʫʪʦʢ 17 ʠ 18 ʤʘʨʪʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʜʦʣʛʦʪʘʭ ɽʚʨʦʧʳ ʜʥʝʤ 

18 ʤʘʨʪʘ foF2 ʙʳʣʘ ʣʠʰʴ ʥʘ 2ï3 ʄɻʮ ʥʠʞʝ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʫʨʦʚʥʷ 15ï16 ʤʘʨʪʘ. ʆʜʥʘʢʦ ʚ 

ʬʘʟʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 19 ʤʘʨʪʘ, ʢʦʛʜʘ ʥʘ ʜʦʣʛʦʪʘʭ 80ï120Á E ʟʥʘʯʝʥʠʷ foF2 ʧʨʠʙʣʠʟʠʣʠʩʴ ʢ 

ʥʝʚʦʟʤʫʱʝʥʥʦʤʫ ʫʨʦʚʥʶ, ʚ ʝʚʨʦʧʝʡʩʢʦʤ ʩʝʢʪʦʨʝ, ʥʘʦʙʦʨʦʪ, ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʥʠʞʝʥʠʝ foF2, 

ʢʦʪʦʨʦʝ ʧʨʦʜʦʣʞʘʣʦʩʴ ʠ ʚ ʩʣʝʜʫʶʱʠʝ ʜʥʠ 20ï21 ʤʘʨʪʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʥʘ ʜʦʣʛʦʪʘʭ 40ï60 ʠ 

120Áï140Á E ʚ ʥʦʯʥʳʝ ʯʘʩʳ 19 ʤʘʨʪʘ ʥʘʙʣʶʜʘʣʦʩʴ ʧʝʨʝʤʝʱʝʥʠʝ ɻʀʇ ʥʠʞʝ 55Á N. 

ɺ ʟʘʧʘʜʥʦʡ ɽʚʨʦʧʝ ʘʥʘʣʦʛʠʯʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ɻʀʇ ʥʘʙʣʶʜʘʣʦʩʴ ʪʘʢʞʝ ʠ 20 ʤʘʨʪʘ, ʪ. ʝ. 

ʯʝʨʝʟ ʪʨʦʝ ʩʫʪʦʢ ʧʦʩʣʝ ʛʣʘʚʥʦʡ ʬʘʟʳ ʙʫʨʠ. 

ɸʥʘʣʠʟ ʚʘʨʠʘʮʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ɻʄʇ) ʧʦʢʘʟʘʣ [8], ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʘʛʥʠ-

ʪʦʩʬʝʨʫ ɿʝʤʣʠ ʧʨʦʭʦʜʠʣʦ ʚ ʜʚʘ ʵʪʘʧʘ, ʚʨʝʤʷ ʥʘʯʘʣʘ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 110 ʩʪʨʝʣ-

ʢʘʤʠ. ʇʝʨʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ (ʫʜʘʨʥʘʷ ʚʦʣʥʘ ʯʘʩʪʠʮ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʧʦ ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ) 

ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʥʘ ʥʦʯʥʦʡ ʩʪʦʨʦʥʝ ʤʘʛʥʠʪʦʩʬʝʨʳ ʥʘʭʦʜʠʣʩʷ ʘʤʝʨʠʢʘʥʩʢʠʡ 
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ʈʠʩ. 109. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʦʥʦʟʦʥʜʦʚ (ʩʝʨʳʝ ʪʦʯʢʠ), ʩʨʝʜʥʝʰʠʨʦʪʥʳʭ (ʛʦʣʫʙʳʝ ʪʦʯʢʠ) ʠ 

ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ (ʢʨʘʩʥʳʝ ʪʦʯʢʠ) ʤʘʛʥʠʪʦʤʝʪʨʦʚ 

 

ʈʠʩ. 110. ɺʘʨʠʘʮʠʠ foF2 ʚʜʦʣʴ ʝʚʨʘʟʠʡʩʢʦʡ ʮʝʧʠ ʠʦʥʦʟʦʥʜʦʚ 15ï21 ʤʘʨʪʘ 2015 ʛ. 
 
ʩʝʢʪʦʨ, ʘ ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ɼʘʣʴʥʠʡ ɺʦʩʪʦʢ ʙʳʣ ʚ ʚʝʯʝʨʥʝʤ ʩʝʢʪʦʨʝ. ʅʘ ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ ʚ 
ʚʝʯʝʨʥʝʤ ʩʝʢʪʦʨʝ ʧʨʦʠʟʦʰʣʦ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ foF2 ʠ ɻʀʇ ʧʝʨʝʤʝʩʪʠʣʩʷ ʥʘ ʩʨʝʜʥʠʝ 
ʰʠʨʦʪʳ. ɺʪʦʨʦʝ ʤʦʱʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʦʠʟʦʰʣʦ, ʢʦʛʜʘ ʥʦʯʥʦʡ ʩʝʢʪʦʨ ʤʘʛʥʠʪʦʩʬʝʨ rʥʘ-
ʭʦʜʠʣʩʷ ʥʘʜ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʴʶ. ɺ ʚʝʯʝʨʥʝʤ ʩʝʢʪʦʨʝ ʥʘ ʜʦʣʛʦʪʘʭ 30Áï110Á ʥʘʙʣʶʜʘʣʩʷ 
ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʜʘʩʢ-ʵʬʬʝʢʪ (Dusk effect), ʧʦʩʣʝ ʯʝʛʦ ɻʀʇ ʦʧʫʩʪʠʣʩʷ ʥʠʞʝ 50Á N ʥʘ 
ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ɽʚʨʘʟʠʠ. ʊʘʢʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʠʦʥʦʩʬʝʨʳ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʦʡ ʜʣʷ ʙʦʣʴʰʠʭ 
ʠʦʥʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ, ʦʜʥʘʢʦ ʩʦʚʝʨʰʝʥʥʦ ʥʝʦʞʠʜʘʥʥʳʝ ʨʝʟʫʣʴ-
ʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʘʥʘʣʠʟʝ ʠʦʥʦʩʬʝʨʥʦʡ ʜʠʥʘʤʠʢʠ ʧʦ ʜʦʣʛʦʪʝ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʜʥʠ 
ʧʦʩʣʝ ʥʘʯʘʣʘ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ. ʉʪʦʣʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʚʦ ʚʨʝʤʝʥʠ ʵʬʬʝʢʪ ʚ ʠʦʥʦʩʬʝʨʝ 
ʧʦʩʪʘʚʠʣ ʝʩʪʝʩʪʚʝʥʥʳʡ ʚʦʧʨʦʩ ʦ ʬʠʟʠʯʝʩʢʦʤ ʤʝʭʘʥʠʟʤʝ ʥʘʙʣʶʜʘʝʤʦʛʦ ʷʚʣʝʥʠʷ. ɹʳʣ ʨʘʩ-
ʩʤʦʪʨʝʥ ʦʯʝʚʠʜʥʳʡ ʤʝʭʘʥʠʟʤ, ʩʚʷʟʘʥʥʳʡ ʩ ʪʝʤ, ʯʪʦ ʠʦʥʦʩʬʝʨʥʳʡ ʦʪʢʣʠʢ ʥʘ ʩʠʣʴʥʫʶ ʛʝʦ-
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ʤʘʛʥʠʪʥʫʶ ʙʫʨʶ ʩʚʷʟʘʥ ʩ ʚʦʟʤʫʱʝʥʠʷʤʠ ʚ ʥʠʞʥʝʡ ʪʝʨʤʦʩʬʝʨʝ ʚʩʣʝʜʩʪʚʠʝ ʫʩʠʣʝʥʠʷ ʘʚʨʦ-
ʨʘʣʴʥʦʡ ʵʣʝʢʪʨʦʩʪʨʫʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʝʡʪʨʘʣʴʥʦʛʦ ʚʝʪʨʘ ʠ ʟʦʥʳ ʪʫʨʙʫʣʝʥʪ-
ʥʦʩʪʠ ʚ ʥʠʞʥʝʡ ʠʦʥʦʩʬʝʨʝ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʟʳʚʘʝʪ ʧʦʜʲʝʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʛʘʟʘ ʥʘ 
ʠʦʥʦʩʬʝʨʥʳʝ ʚʳʩʦʪʳ, ʫʤʝʥʴʰʘʷ ʦʪʥʦʰʝʥʠʝ [O]/[N2], ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʣʝʢʪʨʦʥʥʫʶ ʢʦʥ-
ʮʝʥʪʨʘʮʠʶ ʚ ʚʝʨʭʥʝʡ ʠʦʥʦʩʬʝʨʝ. ɹʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝ-
ʥʠʡ ʦʪʥʦʰʝʥʠʷ [ʆ]/[N2] ʩ ʧʦʤʦʱʴʶ ʋʌ-ʩʧʝʢʪʨʦʤʝʪʨʘ GUVI TIMED ʥʘ ʚʳʩʦʪʘʭ ʥʠʞʥʝʡ 

ʪʝʨʤʦʩʬʝʨʳ (~100 ʢʤ), ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʜʠʣʠ ʚʘʨʠʘʮʠʠ ʥʝʡʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʳ 
ʥʘʜ ʠʩʩʣʝʜʫʝʤʳʤ ʨʝʛʠʦʥʦʤ ʚ ʧʝʨʠʦʜ ʧʦʩʣʝ ʛʣʘʚʥʦʡ ʬʘʟʳ ʙʫʨʠ (ʨʠʩ. 111). 

ʇʦ ʜʘʥʥʳʤ ʠʦʥʦʟʦʥʜʦʚ (ʨʠʩ. 110) ʠ ʩʧʫʪʥʠʢʦʚʳʤ ʠʟʤʝʨʝʥʠʷʤ ʦʪʥʦʰʝʥʠʷ [ʆ]/[N2] 
(ʨʠʩ. 111) ʙʳʣʦ ʦʮʝʥʝʥʦ, ʯʪʦ ʦʙʣʘʩʪʴ ʥʠʟʢʦʛʦ ʦʪʥʦʰʝʥʠʷ [ʆ]/[N2], ʦʙʨʘʟʦʚʘʚʰʘʷʩʷ ʚ ʥʠʞ-
ʥʝʡ ʪʝʨʤʦʩʬʝʨʝ ʚʩʣʝʜʩʪʚʠʝ ʫʩʠʣʝʥʠʷ ʘʚʨʦʨʘʣʴʥʦʡ ʵʣʝʢʪʨʦʩʪʨʫʠ, ʜʚʠʛʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ 

ʩʫʪʦʢ ʚ ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ~50ï70 ʤ/ʩ. ɹʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 
ʦʙʣʘʩʪʴ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ foF2, ʢʦʪʦʨʘʷ ʧʦʷʚʠʣʘʩʴ ʥʘ ʜʦʣʛʦʪʘʭ 140Áï160Á E 21 ʤʘʨʪʘ, ʩʚʷʟʘ-
ʥʘ ʩ ʧʝʨʝʤʝʱʝʥʠʝʤ ʥʘ ʵʪʠ ʜʦʣʛʦʪʳ ʚʦʟʤʫʱʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʣʘ ʚ ʘʤʝʨʠʢʘʥ-
ʩʢʦʤ ʩʝʢʪʦʨʝ ʥʘ ʧʝʨʚʦʡ ʘʢʪʠʚʥʦʡ ʬʘʟʝ ʙʫʨʠ. 

ʀʟ ʘʥʘʣʠʟʘ ʚʘʨʠʘʮʠʡ ʠʦʥʦʩʬʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ [8], ʯʪʦ ʚ ʜʦʣʛʦʪ-
ʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ foF2 ʩʫʱʝʩʪʚʦʚʘʣ ʷʚʥʳʡ ʤʘʢʩʠʤʫʤ ʥʘ ʜʦʣʛʦʪʘʭ ʚʙʣʠʟʠ ~90Á E ʠ ʜʚʘ 
ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʤʠʥʠʤʫʤʘ ʥʘ ʜʦʣʛʦʪʘʭ ʚʙʣʠʟʠ ~50Á ʠ ~130Á E (ʨʠʩ. 110). 
ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʯʠʥʳ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠʦʥʦʩʬʝʨʳ ʚ ʚʦʟʤʫʱʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣ 
ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʘʨʠʘʮʠʡ ɻʄʇ ʚ ʚʳʩʦʢʦʰʠʨʦʪʥʦʡ (ʚʜʦʣʴ ~70Á N) ʠ ʩʨʝʜʥʝʰʠʨʦʪʥʦʡ 
(ʚʜʦʣʴ ~55Á N) ʦʙʣʘʩʪʷʭ ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ ʧʦ ʜʘʥʥʳʤ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ ʤʘʛʥʠʪʦʤʝʪʨʦʚ 
INTERMAGNET, ʘ ʪʘʢʞʝ ʜʘʥʥʳʤ ʩ ʩʘʡʪʦʚ ʨʦʩʩʠʡʩʢʠʭ ʠʥʩʪʠʪʫʪʦʚ (ʨʠʩ. 112). ɺ ʢʘʯʝʩʪʚʝ 
ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʛʝʦʤʘʛʥʠʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʪʘʥʜʘʨʪʥʦʝ 
ʦʪʢʣʦʥʝʥʠʝ ʜʣʷ ʢʘʞʜʦʛʦ ʯʘʩʘ ʚʘʨʠʘʮʠʡ ʅ- ʠ Z-ʢʦʤʧʦʥʝʥʪ ɻʄʇ (VarH ʠ VarZ ʩʦʦʪʚʝʪ-
ʩʪʚʝʥʥʦ) ʚ ʚʦʟʤʫʱʝʥʥʳʡ ʧʝʨʠʦʜ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʜʥʷ 13 ʤʘʨʪʘ, ʨʘʩʩʯʠʪʘʥ-
ʥʦʝ ʜʣʷ ʢʘʞʜʦʡ ʩʪʘʥʮʠʠ. ʅʘ ʨʠʩ. 112 ʧʦʢʘʟʘʥʳ ʜʦʣʛʦʪʥʦ-ʚʨʝʤʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ VarH ʠ 
VarZ ʚ ʚʳʩʦʢʠʭ ʠ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ 15ï21 ʤʘʨʪʘ 2015 ʛ. ɺʠʜʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪ 
ʘʤʧʣʠʪʫʜ ʚʦʟʤʫʱʝʥʠʡ ɻʄʇ ʧʨʦʷʚʣʷʶʪ ʯʝʪʢʫʶ ʜʦʣʛʦʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ: ʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ 
ʚʠʜʥʳ ʜʚʘ ʤʘʢʩʠʤʫʤʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʙʣʠʟʠ ~60Áï80Á ʠ ~200Áï220Á ɽ (ʨʠʩ. 112, ʘ); ʚ 
ʩʨʝʜʥʠʭ ð ʪʨʠ ʤʘʢʩʠʤʫʤʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʚʙʣʠʟʠ ~30Áï40Á, ~130Áï140Á ʠ ~270Á ɽ (ʨʠʩ. 112, ʙ). 
ɺʳʩʦʢʦʰʠʨʦʪʥʳʡ ʤʠʥʠʤʫʤ VarH, VarZ ʥʘ ~130Áï140Á ɽ ʩʦʚʧʘʜʘʝʪ ʧʦ ʜʦʣʛʦʪʝ ʩ ʤʘʢʩʠʤʫʤʦʤ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʤʝʥʥʳʭ ʚ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ, ʘ ʚʳʩʦʢʦʰʠʨʦʪʥʳʡ ʤʘʢʩʠʤʫʤ VarH, VarZ 
ʥʘ ʜʦʣʛʦʪʘʭ ~80Áï90Á ʩ ʤʠʥʠʤʫʤʦʤ VarH, VarZ ʚ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʚʘʨʠʘʮʠʡ ɻʄʇ ʥʘ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ (ʨʠʩ. 112, ʙ) ʩ ʜʘʥʥʳʤʠ ʮʝʧʠ ʠʦʥʦ-
ʟʦʥʜʦʚ (ʨʠʩ. 110) ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʦʙʣʘʩʪʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 
ɻʀʇ ʥʘ ʩʨʝʜʥʠʝ ʰʠʨʦʪʳ ʩʦʚʧʘʜʘʶʪ ʩ ʜʦʣʛʦʪʘʤʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʚʘʨʠʘʮʠʡ ɻʄʇ ʚ ʚʦʟʤʫʱʝʥ-
ʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʘʦʙʦʨʦʪ, ʤʠʥʠʤʫʤ ʚʘʨʠʘʮʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʣʛʦʪʥʳʡ 
ʤʘʢʩʠʤʫʤ ʠʦʥʠʟʘʮʠʠ, ʥʘʙʣʶʜʘʝʤʳʡ ʢʘʢ ʚ ʩʧʦʢʦʡʥʳʭ, ʪʘʢ ʠ ʚ ʚʦʟʤʫʱʝʥʥʳʭ ʫʩʣʦʚʠʷʭ.  

 

ʈʠʩ. 111. ʆʪʥʦʰʝʥʠʝ [ʆ]/[N2] ʥʘ ʚʳʩʦʪʘʭ ʥʠʞʥʝʡ ʪʝʨʤʦʩʬʝʨʳ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʠʟʤʝʨʝʥʠʷʤ 

GUVI TIMED ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʜʥʝʡ ʤʘʨʪʘ 2015 ʛ. 
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ʈʠʩ. 112. ɼʦʣʛʦʪʥʦ-ʚʨʝʤʝʥʥʳʝ ʚʘʨʠʘʮʠʠ ʦʪʢʣʦʥʝʥʠʡ ʅ- ʠ Z-ʢʦʤʧʦʥʝʥʪ ɻʄʇ ʚ ʚʳʩʦʢʠʭ (ʘ) ʠ 
ʩʨʝʜʥʠʭ (ʙ) ʰʠʨʦʪʘʭ 15ï21 ʤʘʨʪʘ 2015 ʛ. (ʚʨʝʤʷ UT) 

 
ʋʩʪʘʥʦʚʣʝʥʠʝ ʬʘʢʪʘ ʩʫʱʝʩʪʚʝʥʥʦʡ ʜʦʣʛʦʪʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠʦʥʦʩʬʝʨʳ ʠ ʩʚʷʟʴ ʵʪʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʜʦʣʛʦʪʥʳʭ ʚʘʨʠʘʮʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʷʚʣʷʝʪʩʷ 
ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʤ ʨʝʟʫʣʴʪʘʪʦʤ [8], ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 
3.7.3. ʆʧʠʩʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʣʝʡ ʚ ʪʨʦʧʦʩʬʝʨʝ ʠ ʩʪʨʘʪʦʩʬʝʨʝ ʚ ʩʧʦʢʦʡʥʳʝ ʧʝʨʠʦʜʳ ʠ ʚʦ ʚʨʝʤʷ ʩʪʨʘʪʦʩʬʝʨʥʳʭ 
ʧʦʪʝʧʣʝʥʠʡ. ʄʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʧʦʣʷʨʥʦʛʦ ʚʠʭʨʷ ʚʦ ʚʨʝʤʷ ʩʪʨʘʪʦʩʬʝʨʥʳʭ ʧʦʪʝʧʣʝ-
ʥʠʡ ʚ ʙʘʨʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

 
ɺʦʟʤʦʞʥʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʥʝʟʘʧʥʳʝ ʩʪʨʘʪʦʩʬʝʨʥʳʝ ʧʦʪʝʧʣʝʥʠʷ 

(ɺʉʇ) ʠʟ ʥʠʟʢʠʭ ʰʠʨʦʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʝʨʷʝʪʩʷ ʥʘ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʩʨʝʜʥʝʡ ʠ 
ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ (ʄʉɺɸ) ʇʦʛʦʨʝʣʴʮʝʚʘ, ʦʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡ-
ʩʪʚʠʡ ʣʦʢʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʩ ʇʦʣʷʨʥʳʤ ʚʠʭʨʝʤ ʠ ʩʪʨʘʪʦʩʬʝʨʥʳʤ ʘʥʪʠʮʠʢʣʦʥʦʤ ʚʦ 
ʚʨʝʤʷ ɺʉʇ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʚʝʨʝʥʳ ʚ ʧʨʦʩʪʦʡ ʢʚʘʟʠʛʝʦʩʪʨʦʬʠʯʝʩʢʦʡ ʙʘʨʦʪʨʦʧʥʦʡ ʥʝʣʠ-
ʥʝʡʥʦʡ ʜʠʚʝʨʛʝʥʪʥʦʡ ʤʦʜʝʣʠ ʮʠʨʢʫʣʷʮʠʠ [9,10]. ʄʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ɓ-ʵʬʬʝʢʪ, ʜʠʬʬʫʟʠʶ, 
ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʪʨʝʥʠʝʤ ʠ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʴʶ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʚ 
ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʤʦʜʝʣʠ ʟʘʜʘʶʪʩʷ ʇʦʣʷʨʥʳʡ ʚʠʭʨʴ, ʩʪʨʘʪʦʩʬʝʨʥʳʝ ʘʥʪʠʮʠʢʣʦʥʳ (ʦʜʠʥ 
ʠʣʠ ʜʚʘ) ʠ ʚʦʟʤʫʱʝʥʠʝ (ʮʠʢʣʦʥʠʯʝʩʢʦʝ ʠʣʠ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʝ), ʠʤʠʪʠʨʫʶʱʝʝ ʙʘʨʠʯʝ-
ʩʢʠʝ ʘʥʦʤʘʣʠʠ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʠʟ ʥʠʟʢʠʭ ʰʠʨʦʪ ʚ ʚʳʩʦʢʠʝ. ʇʦʣʷʨʥʳʡ ʚʠʭʨʴ ʠ ʩʪʨʘ-
ʪʦʩʬʝʨʥʳʝ ʘʥʪʠʮʠʢʣʦʥʳ ʧʦʜʜʝʨʞʠʚʘʣʠʩʴ ʚʥʝʰʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʟʘʚʠʭʨʝʥʥʦʩʪʠ. ʉ ʧʦʤʦ-
ʱʴʶ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʜʨʝʡʬʘ ʚʦʟʤʫʱʝʥʠʡ, 
ʨʘʩʧʘʜ ʇʦʣʷʨʥʦʛʦ ʚʠʭʨʷ ʠʣʠ ʝʛʦ ʩʤʝʱʝʥʠʝ ʚ ʙʦʣʝʝ ʥʠʟʢʠʝ ʰʠʨʦʪʳ. ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝ-
ʥʠʷ ʫʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʧʝʢʪʨʘʣʴʥʳʡ ʤʝʪʦʜ, ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ ʩʦʩʪʘʚʣʷʣ 0.01 ʩʫʪ., 
ʨʘʟʣʦʞʝʥʠʝ ʦʛʨʘʥʠʯʠʚʘʣʦʩʴ ʛʘʨʤʦʥʠʢʦʡ n=13 ʧʨʠ ʪʨʝʫʛʦʣʴʥʦʤ ʫʩʝʯʝʥʠʠ. ʅʘ ʨʠʩ. 113 ʧʦ-
ʢʘʟʘʥ ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʵʚʦʣʶʮʠʠ ʬʫʥʢʮʠʠ ʪʦʢʘ ʧʨʠ ʟʘʜʘʥʠʠ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʇʦ-
ʣʷʨʥʦʛʦ ʚʠʭʨʷ, ʘʥʪʠʮʠʢʣʦʥʘ ʠ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʛʦ ʚʦʟʤʫʱʝʥʠʷ c ʮʝʥʪʨʦʤ ʥʘ ʰʠʨʦʪʝ 60Á 
N. ʅʘ ʨʠʩ. 113, ʘ ʧʨʠʚʝʜʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʠ ʪʦʢʘ ʯʝʨʝʟ 2 ʩʫʪ ʚ ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʦʡ 
ʧʨʦʝʢʮʠʠ ʚ ʥʝʚʦʟʤʫʱʝʥʥʳʭ ʫʩʣʦʚʠʷʭ (ʠʤʠʪʘʮʠʷ ʟʠʤʥʝʡ ʩʪʨʘʪʦʩʬʝʨʳ), ʥʘ ʨʠʩ. 113, ʙ ʜʦʙʘʚ-
ʣʝʥ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʡ ʚʠʭʨʴ ʥʘʜ ɸʟʠʝʡ, ʥʘ ʨʠʩ. 113, ʚ ð ʜʚʘ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʭ ʚʠʭʨʷ 
ʥʘʜ ɸʟʠʝʡ ʠ ɸʤʝʨʠʢʦʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʧʨʠ ʥʠʟʢʦʤ ʨʘʟʨʝʰʝʥʠʠ 
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ʥʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʠʩʭʦʜʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʧʨʠ ʟʘʜʘʥ-
ʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʮʠʢʣʦʥʦʚ ʠ ʘʥʪʠʮʠʢʣʦʥʦʚ ʤʦʛʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʢ ʧʦʣʶʩʫ ʠ ʧʨʠʚʦʜʠʪʴ 
ʢ ʨʘʟʨʫʰʝʥʠʶ ʇʦʣʷʨʥʦʛʦ ʚʠʭʨʷ. ɺ ʩʣʫʯʘʝ ʩ ʦʜʥʠʤ ʘʥʪʠʮʠʢʣʦʥʦʤ ʤʳ ʚʠʜʠʤ, ʯʪʦ ʩʫʱʝ-
ʩʪʚʝʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʇʦʣʷʨʥʦʛʦ ʚʠʭʨʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɺ ʩʣʫʯʘʝ ʩ ʜʚʫʤʷ ʘʥʪʠʮʠʢʣʦʥʘʤʠ 
ʇʦʣʷʨʥʳʡ ʚʠʭʨʴ ʟʥʘʯʠʪʝʣʴʥʦ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʠ ʨʘʟʨʫʰʘʝʪʩʷ, ʦʜʥʘʢʦ, ʥʝʪʠʧʠʯʥʳʤ ʜʣʷ 
ɺʉʇ ʦʙʨʘʟʦʤ. ɺʦʟʤʦʞʥʦ, ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʤʦʜʝʣʠ, ʥʦ ʤʦʞʝʪ ʙʳʪʴ ʥʝ-
ʚʝʨʥʦ ʠʩʭʦʜʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʭʘʨʘʢʪʝʨʝ ʚʦʟʤʫʱʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʢʨʫʪʠʣʴʥʳʤ 
ʢʦʣʝʙʘʥʠʷʤ. 

 

ʈʠʩ. 113. ɼʠʥʘʤʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʬʫʥʢʮʠʠ ʪʦʢʘ ʯʝʨʝʟ ʜʚʦʝ ʩʫʪʦʢ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦ-
ʚʠʷʭ: ʘ ð ʥʝʚʦʟʤʫʱʝʥʥʳʝ ʫʩʣʦʚʠʷ, ʙ ð ʩ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʤ ʚʠʭʨʝʤ ʩ ʮʝʥʪʨʦʤ ʥʘ 60Á N, 
100Á E, ʚ ð ʜʚʘ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʭ ʚʠʭʨʷ ʥʘʜ ɸʟʠʝʡ 60Á N, 100Á E ʠ ɸʤʝʨʠʢʦʡ 60Á N, 120Á W. 
ʂʘʜʨʳ ʠʟʤʝʥʷʶʪʩʷ ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʠ ʩʚʝʨʭʫ ʚʥʠʟ 

 

3.7.4. ʅʘʙʣʶʜʝʥʠʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʥʝʰʠʨʦʪʥʳʭ ʩʠʷʥʠʡ ʩʠʥʭʨʦʥʥʳʭ ʩ 

ʧʫʣʴʩʘʮʠʷʤʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

 

ʇʨʦʚʝʜʝʥʦ ʥʘʙʣʶʜʝʥʠʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʥʝʰʠʨʦʪʥʳʭ ʩʠʷʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ 

ʩʠʥʭʨʦʥʥʦ ʩ ʧʫʣʴʩʘʮʠʷʤʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ (ʦʢʦʣʦ 100 ʢʤ) 

ʦʪ ʤʝʩʪʘ ʥʘʙʣʶʜʝʥʠʷ ʩʠʷʥʠʡ. ʅʘʙʣʶʜʝʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʜʚʫʭ ʦʙʩʝʨʚʘʪʦʨʠʷʭ ʀʉɿʌ ʉʆ 

ʈɸʅ: ɻʝʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ (ɻʌʆ, ʊʦʨʳ) ʠ ʉʘʷʥʩʢʦʡ ʩʦʣʥʝʯʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ 

(ʉʉʆ, ʄʦʥʜʳ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʣʷ 

ʥʘʙʣʶʜʝʥʠʷ ʧʫʣʴʩʘʮʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʥʜʫʢʮʠʦʥʥʳʡ ʤʘʛʥʠʪʦʤʝʪʨ 

LEMI-30, ʨʝʛʠʩʪʨʠʨʫʶʱʠʡ ʚʘʨʠʘʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʜʠʘʧʘʟʦʥʝ 0.001ï30 ɻʮ. ɼʣʷ 

ʥʘʙʣʶʜʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʩʠʥʭʨʦʥʥʦ ʩ ʧʫʣʴʩʘʮʠʷʤʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ, ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʰʠʨʦʢʦʫʛʦʣʴʥʘʷ ʢʘʤʝʨʘ Keo Sentinel, ʨʝʛʠʩʪʨʠʨʫʶʱʘʷ ʬʦʪʦʠʟʦʙʨʘ-

ʞʝʥʠʷ ʥʦʯʥʦʛʦ ʥʝʙʘ ʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠʥʠʠ 630.0 ʥʤ. ʀʤʝʥʥʦ ʚ ʵʪʦʡ ʣʠʥʠʠ ʥʘʠʙʦʣʝʝ ʷʨʢʦ 

ʧʨʦʷʚʣʷʶʪʩʷ ʩʨʝʜʥʝʰʠʨʦʪʥʳʝ ʩʠʷʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ.  

ʅʘ ʨʠʩ. 114 ʧʦʢʘʟʘʥʳ ʢʘʜʨʳ, ʩʥʷʪʳʝ ʬʦʪʦʢʘʤʝʨʦʡ ʠ ʦʪʨʘʞʘʶʱʠʝ ʬʦʨʤʫ ʠ ʜʠʥʘʤʠʢʫ 

ʩʦʙʳʪʠʷ. ʂʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʩʨʝʜʥʝʰʠʨʦʪʥʦʝ ʩʠʷʥʠʝ ʟʘʢʣʶʯʘʣʦʩʴ ʚ ʧʦʷʚʣʝʥʠʠ ʜʚʫʭ ʧʷʪʝʥ 

ʩʚʝʯʝʥʠʷ, ʦʜʥʦ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʦ ʨʘʩʧʦʣʦʞʝʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘʜ ʉʉʆ, ʘ ʜʨʫʛʦʝ ð ʥʘʜ ʶʞ-

ʥʦʡ ʦʢʦʥʝʯʥʦʩʪʴʶ ɹʘʡʢʘʣʘ ʚ ʨʘʡʦʥʝ ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ ʊʘʥʭʦʡ. ʈʘʟʤʝʨ ʧʷʪʝʥ ʩʦʩʪʘʚʣʷʣ 

ʥʝʩʢʦʣʴʢʦ ʛʨʘʜʫʩʦʚ, ʬʦʨʤʘ ʧʷʪʝʥ ʚʳʪʷʥʫʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʦʩʪʦʢðʟʘʧʘʜ. ʉʦʦʪʥʦʰʝʥʠʝ 
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ʧʨʦʜʦʣʴʥʦʛʦ ʠ ʧʦʧʝʨʝʯʥʦʛʦ ʨʘʟʤʝʨʦʚ ʧʷʪʥʘ ~5:1. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʝʚʳʰʘʣʘ ʬʦʥʦʚʫʶ ʚ 

1.5 ʨʘʟʘ, ʧʨʠʯʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ ʟʘʧʘʜʥʦʛʦ ʧʷʪʥʘ ʙʳʣʘ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʚʦ-

ʩʪʦʯʥʦʛʦ. ʉʦʙʳʪʠʝ ʨʘʟʚʠʚʘʣʦʩʴ ʥʘ ʬʦʥʝ ʧʨʝʜʨʘʩʩʚʝʪʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦ-

ʥʦʚʦʛʦ ʩʚʝʯʝʥʠʷ ʣʠʥʠʠ 630.0 ʥʤ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʦʪʦʢʦʤ ʚʝʱʝʩʪʚʘ ʠʟ ʦʩʚʝʱʝʥʥʦʡ ʉʦʣʥʮʝʤ 

ʤʘʛʥʠʪʦʩʦʧʨʷʞʝʥʥʦʡ ʠʦʥʦʩʬʝʨʳ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʦʙʳʪʠʷ ð ʦʢʦʣʦ 20 ʤʠʥ, ʯʪʦ ʧʦ 

ʚʨʝʤʝʥʠ ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ. ɺʦʟʤʦʞʥʦʡ ʧʨʠʯʠ-

ʥʦʡ ʚʳʩʳʧʘʥʠʡ ʯʘʩʪʠʮ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʫʣʴʩʘʮʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʟʘ-

ʧʦʣʥʝʥʥʘʷ ʚʝʱʝʩʪʚʦʤ ʤʘʛʥʠʪʦʩʬʝʨʘ, ʧʦʩʢʦʣʴʢʫ ʩʦʙʳʪʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘ ʬʘʟʝ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʷ ʧʦʩʣʝ ʩʫʙʙʫʨʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʪʘʢ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʄɻɼ-ʢʦʣʝʙʘʥʠʡ ʥʘ ʩʦʣ-

ʥʝʯʥʦʤ ʪʝʨʤʠʥʘʪʦʨʝ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʙʣʶʜʝʥʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʦʪʦʚʠʪʩʷ ʧʫʙʣʠʢʘʮʠʷ. 

 

     

ʈʠʩ. 114. ɺʚʝʨʭʫ ʩʣʝʚʘ ð ʩʥʠʤʦʢ ʰʠʨʦʢʦʫʛʦʣʴʥʦʡ ʟʝʥʠʪʥʦʡ ʢʘʤʝʨʳ, ʨʘʙʦʪʘʶʱʝʡ ʥʘ ʣʠʥʠʠ 
ʩʚʝʯʝʥʠʷ ʘʪʦʤʘʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 630.0 ʥʤ (~250 ʢʤ) ʩ ʣʦʢʘʣʴʥʳʤʠ ʩʠʷʥʠʷʤʠ ʜʣʷ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ 
22:25 UT 4 ̫ʥʚʘʨʷ 2017 ʛ., ʧʦʣʫʯʝʥʥʳʡ ʚ ɻʌʆ, ʩʧʨʘʚʘ ð ʧʝʨʠʦʜʦʛʨʘʤʤʘ ʧʫʣʴʩʘʮʠʡ ʛʦʨʠʟʦʥʪʘʣʴ-
ʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʟʘʧʠʩʘʥʥʳʭ ʚ ʉʉʆ ʚ ʵʪʦ ʞʝ ʚʨʝʤ.̫ ʀʟʦʙʨʘʞʝʥʠ ̫ʚʥʠʟʫ ð ʧʦ-
ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʥʠʤʢʦʚ ʰʠʨʦʢʦʫʛʦʣʴʥʦʡ ʢʘʤʝʨʳ ʚ 22:15, 22:22, 22:26, 22:28, 22:35 UT, ʦʪʨʘʞʘ-
ʶʱʘʷ ʜʠʥʘʤʠʢʫ ʩʠʷʥʠʷ 

 

3.7.5. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʨʠʯʠʥ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʘʢʮʠʠ ʠʦʥʦʩʬʝʨʳ ʥʘʜ ɸʟʠʘʪ-

ʩʢʠʤ ʨʝʛʠʦʥʦʤ ʚʦ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ 24-ʛʦ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ 

 

ɺʘʞʥʝʡʰʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʥʘ ʵʪʘʧʝ 2017 ʛ. ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʦʩ-

ʥʦʚʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʫʧʨʘʚʣʷʚʰʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʦʡ 

ʠʦʥʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ɸʟʠʘʪʩʢʦʤ ʨʝʛʠʦʥʝ ʚʦ ʚʨʝʤʷ ʩʠʣʴʥʝʡʰʝʡ ʚ 24-ʤ ʮʠʢʣʝ ʩʦʣʥʝʯ-

ʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ 17ï19 ʤʘʨʪʘ 2015 ʛ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʥʘʟʝʤʥʦʛʦ ʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʙʘʟʠʨʦ-

ʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʢʦʛʝʨʝʥʪʥʳʡ ʂɺ-ʨʘʜʘʨ ʀʉɿʌ ʉʆ ʈɸʅ, ʠʦʥʦʟʦʥʜʳ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʦʥʜʠʨʦ-

ʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ ʠ ʩʝʪʴ ʂɺ-ʨʘʜʠʦʪʨʘʩʩ, ʤʘʛʥʠʪʦʤʝʪʨʳ, ʨʠʦʤʝʪʨʳ (ʨʠʩ. 115), ʘ ʪʘʢʞʝ ʜʘʥ-

ʥʳʝ ʩʧʫʪʥʠʢʦʚ ACE, TIMED ʠ GPS ʧʦʟʚʦʣʠʣʠ ʩʦʟʜʘʪʴ ʧʦʜʨʦʙʥʳʡ ʩʮʝʥʘʨʠʡ ʨʘʟʚʠʪʠʷ ʠʦʥʦ-

ʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ɸʟʠʘʪʩʢʦʤ ʨʝʛʠʦʥʝ ʦʪ ʩʫʙʧʦʣʷʨʥʳʭ ʜʦ ʥʠʟʢʠʭ ʰʠʨʦʪ [17ï19]. 
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ʈʠʩ. 115. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʟʝʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʩʝʪʠ ʂɺ-ʨʘʜʠʦʪʨʘʩʩ 
 

ʇʦ ʜʘʥʥʳʤ ʩʝʪʝʡ ʩʪʘʥʮʠʡ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʨʘʜʠʦʪʨʘʩʩ ʥʘʢʣʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ɸʟʠʠ (ʜʠʘʧʘʟʦʥ ʰʠʨʦʪ 70Áï19Á N), ʠ ʢʘʨʪʘʤ 

ʧʦʣʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʰʠʨʦʪʥʦ-ʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʧʘʨʘ-

ʤʝʪʨʦʚ ʠʦʥʦʩʬʝʨʳ ʥʘʜ ɸʟʠʘʪʩʢʠʤ ʢʦʥʪʠʥʝʥʪʦʤ ʚʦ ʚʨʝʤʷ ʛʣʘʚʥʦʡ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ 

ʬʘʟ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʡ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ 17ï19 ʤʘʨʪʘ 2015 ʛ. ʇʦʣʫʯʝʥʥʳʝ ʚʘʨʠʘʮʠʠ ʢʨʠʪʠʯʝ-

ʩʢʦʡ ʯʘʩʪʦʪʳ ʚ ʧʝʨʠʦʜ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ ʥʘ ʰʠʨʦʪʥʦʡ ʩʝʪʠ ʘʟʠʘʪʩʢʠʭ ʠʦʥʦʩʬʝʨʥʳʭ ʩʪʘʥʮʠʡ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 117. ɺʠʜʥʦ, ʯʪʦ ʟʘʤʝʪʥʳʝ ʠʦʥʦʩʬʝʨʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʚʦʟʥʠʢʣʠ ʚ ʩʫʙʧʦʣʷʨ-

ʥʳʭ, ʩʨʝʜʥʠʭ ʠ ʥʠʟʢʠʭ ʰʠʨʦʪʘʭ ʯʝʨʝʟ 2.5, 4 ʠ 5 ʯ ʧʦʩʣʝ ʥʘʯʘʣʘ ʛʣʘʚʥʦʡ ʬʘʟʳ ʙʫʨʠ. ɼʠʥʘ-

ʤʠʢʘ ʠʦʥʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʨʦʮʝʩʩʘʤʠ ʠʦʥʦʩʬʝʨ-

ʥʦ-ʤʘʛʥʠʪʦʩʬʝʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʉʤʝʱʝʥʠʝ ɻʀʇ ʠ ʟʦʥʳ ʘʚʨʦʨʘʣʴʥʳʭ ʚʳʩʳʧʘʥʠʡ 

ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʠʥʪʝʥʩʠʚʥʳʭ ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʩʣʦʝʚ ʠ ʙʣʵʢʘʫʪʦʚ ʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ ʚ 

ʛʣʘʚʥʫʶ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ ʬʘʟʳ ʙʫʨʠ. ʂʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʚʦʣʥʦʚʳʝ ʚʦʟʤʫʱʝʥʠʷ, 

ʚʦʟʥʠʢʰʠʝ ʚ ʩʫʙʧʦʣʷʨʥʳʭ ʦʙʣʘʩʪʷʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʞʦʫʣʝʚʘ ʥʘʛʨʝʚʘ, ʚʳʟʚʘʣʠ ʧʦʣʦʞʠʪʝʣʴ-

ʥʦʝ ʠʦʥʦʩʬʝʨʥʦʝ ʚʦʟʤʫʱʝʥʠʝ ʥʘ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ ʚʦ ʚʨʝʤʷ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʛʣʘʚʥʦʡ ʬʘʟʳ. 

ɺʦ ʚʨʝʤʷ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʩʨʝʜʥʝʰʠʨʦʪʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ ʩʤʝʥʠʣʦʩʴ ʦʪʨʠʮʘ-

ʪʝʣʴʥʳʤ, ʥʘ ʬʦʥʝ ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʣʠʩʴ ʩʧʦʨʘʜʠʯʝʩʢʠʝ ʠʦʥʦʩʬʝʨʥʳʝ ʩʣʦʠ ɽ ʠ F. ɺʘʨʠʘʮʠʠ 

ʠʦʥʦʩʬʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʳʷʚʣʝʥʥʳʝ ʚ ʜʘʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʠ ʥʘʢʣʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘ-

ʥʠʷ, ʠ ʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʇʕʉ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʵʢʚʘʪʦʨʠʘʣʴʥʘʷ ʩʪʝʥʢʘ 

ɻʀʇ ʩʤʝʩʪʠʣʘʩʴ ʚ ʵʪʦ ʚʨʝʤʷ ʜʦ ʛʝʦʤʘʛʥʠʪʥʦʡ ʰʠʨʦʪʳ ~42Á.  

ʊʘʢʦʝ ʛʣʫʙʦʢʦʝ ʩʤʝʱʝʥʠʝ ʛʨʘʥʠʮ ɻʀʇ ʠ ʟʦʥʳ ʜʠʬʬʫʟʥʳʭ ʚʳʩʳʧʘʥʠʡ ʙʳʣʦ ʚʳʟʚʘʥʦ 

ʩʠʣʴʥʳʤ ʧʦʣʝʤ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ. ʇʦʷʚʣʝʥʠʝ ʢʨʘʡʥʝ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʢʨʠʪʠʯʝ-

ʩʢʠʭ ʯʘʩʪʦʪ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ, ʥʘʧʨʠʤʝʨ, ʥʘ ʨʠʩ. 116 ʜʣʷ ʩʨʝʜʥʝʰʠʨʦʪʥʳʭ ʩʪʘʥʮʠʡ ʀʨ-

ʢʫʪʩʢ ʠ Mohe.  

ʅʘ ʥʠʟʢʠʭ ʰʠʨʦʪʘʭ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʠʦʥʦʩʬʝʨʥʦʛʦ ʜʠʥʘʤʦ ʚʳʟʚʘʣʦ ʨʝʟʢʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪ foF2 ʚ ʚʝʯʝʨʥʠʝ ʯʘʩʳ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʥʘʨʫʰʝʥʠʶ ʦʙʳʯʥʦʛʦ 

ʩʫʪʦʯʥʦʛʦ ʭʦʜʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʧʨʦʷʚʣʝʥʠʝʤ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʘʥʦʤʘʣʠʠ, ʠ ʛʝʥʝʨʘʮʠʠ 

ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʩʣʦʝʚ ʚ ʚʝʯʝʨʥʠʝ ʠ ʫʪʨʝʥʥʠʝ ʯʘʩʳ. ʇʨʠ ʵʪʦʤ ʚʦʣʥʦʦʙʨʘʟʥʳʝ ʚʦʟʤʫʱʝʥʠʷ 

foF2 ʥʘʙʣʶʜʘʣʠʩʴ ʪʦʣʴʢʦ ʥʘ ʥʠʟʢʦʰʠʨʦʪʥʦʡ ʩʪʘʥʮʠʠ Hainan ʚ ʪʦ ʚʨʝʤʷ, ʢʦʛʜʘ ʦʥʘ ʥʘʭʦʜʠ-

ʣʘʩʴ ʥʘ ʩʝʚʝʨʥʦʤ ʛʨʝʙʥʝ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʘʥʦʤʘʣʠʠ. ʆʥʠ ʙʳʣʠ ʚʳʟʚʘʥʳ ʨʝʟʢʠʤʠ ʠʟʤʝʥʝ-

ʥʠʷʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʘʛʥʠʪʦʩʬʝʨʥʦʛʦ ʜʠʥʘʤʦ [17].  
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ʈʠʩ. 116. ɺʘʨʠʘʮʠʠ ʢʨʠʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪ foF2 17ï19 ʤʘʨʪʘ 2015 ʛ. (ʘ); ʚʘʨʠʘʮʠʠ ʧʦʣʥʦʛʦ ʵʣʝʢ-
ʪʨʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ (ʙ): ʪʦʣʩʪʳʝ ʣʠʥʠʠ ð ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ, ʪʦʥʢʠʝ ð foF2 ʜʣʷ ʤʘʛʥʠʪʦʩʧʦʢʦʡ-
ʥʳʭ ʫʩʣʦʚʠʡ, ʟʚʝʟʜʦʯʢʠ ð ʚʘʨʠʘʮʠʠ ʧʨʝʜʝʣʴʥʳʭ ʯʘʩʪʦʪ ʩʧʦʨʘʜʠʯʝʩʢʠʭ ɽ-ʩʣʦʝʚ. ɿʘʰʪʨʠʭʦʚʘʥʥʳʝ 
ʦʙʣʘʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʤʫ ʠʦʥʦʩʬʝʨʥʦʤʫ ʚʦʟʤʫʱʝʥʠʶ 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʠʦʥʦʩʬʝʨʥʦʡ ʙʫʨʠ 17 ʤʘʨʪʘ 2015 ʛ. ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠ-
ʢʠ ʩʠʣʴʥʦʡ ʠʦʥʦʩʬʝʨʥʦʡ ʙʫʨʠ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʡ ʛʣʦʙʘʣʴʥʦʡ ʤʦʜʝʣʠ ʪʝʨʤʦʩʬʝʨʳ, ʠʦʥʦ-
ʩʬʝʨʳ ʠ ʧʨʦʪʦʥʦʩʬʝʨʳ ɻʉʄ ʊʀʇ [20]. ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʤʦʜʝʣʴʥʳʝ ʨʘʩʯʝʪʳ 
ʜʣʷ ʜʚʫʭ ʙʣʠʟʢʠʭ ʧʦ ʩʝʟʦʥʫ ʠ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ: 17ï18 ʤʘʨʪʘ 
2013 ʛ. (ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ Dst = ï132) ʠ 17ï19 ʤʘʨʪʘ 2015 ʛ. ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘ-
ʯʝʥʠʝ ʠʥʜʝʢʩʘ Dst = ï222). ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʜʘʥʥʳʭ 
ʥʘʙʣʶʜʝʥʠʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʤʘʢʩʠʤʫʤʝ F2-ʩʣʦʷ (Nmax) ʥʘʜ ʀʨʢʫʪʩʢʦʤ (ʨʠʩ. 
117), ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʦʜʝʣʴ ɻʉʄ ʊʀʇ ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʘʚʠʣʴʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʧʦʣʦʞʠʪʝʣʴ-
ʥʳʝ ʠʦʥʦʩʬʝʨʥʳʝ ʚʦʟʤʫʱʝʥʠʷ, ʦʜʥʘʢʦ ʟʘʥʠʞʘʝʪ ʘʤʧʣʠʪʫʜʳ ʦʪʨʠʮʘʪʝʣʴʥʳʭ. ʇʨʠ ʵʪʦʤ 
ʥʘʠʙʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʥʘʙʣʶʜʘʝʤʳʤʠ ʠ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ Nmax ʧʨʠʭʦʜʷʪʩʷ 
ʥʘ ʧʝʨʠʦʜ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʡ ʙʫʨʠ 17ï18 ʤʘʨʪʘ 2015 ʛ.  

 

ʈʠʩ. 117. ʅʘʙʣʶʜʘʚʰʠʝʩʷ (ʩʣʝʚʘ) ʠ ʚʳʯʠʩʣʝʥʥʳʝ (ʩʧʨʘʚʘ) ʧʦ ɻʉʄ ʊʀʇ ʚʘʨʠʘʮʠʠ Nmax ʥʘʜ 

ʀʨʢʫʪʩʢʦʤ 17ï18 ʤʘʨʪʘ 2013 ʛ. (a); 17ï18 ʤʘʨʪʘ 2015 ʛ. (ʙ).  ʏʝʨʥʳʝ ʠ ʢʨʘʩʥʳʝ ʢʨʠʚʳʝ ð ʚʦʟʤʫ-

ʱʝʥʥʳʝ ʠ ʩʧʦʢʦʡʥʳʝ ʚʘʨʠʘʮʠʠ Nmax 

ʘ 
ʙ 
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3.7.6. ɸʥʘʣʠʟ ʚʘʨʠʘʮʠʡ ʧʘʨʘʤʝʪʨʦʚ ʤʘʛʥʠʪʦʩʬʝʨʳ ʚʦ ʚʨʝʤʷ ʩʫʙʙʫʨʴ ʩ ʫʯʝʪʦʤ 

ʜʘʥʥʳʭ ʩʝʪʠ ʤʘʛʥʠʪʦʤʝʪʨʦʚ ʉʝʚʝʨʥʦʛʦ ʠ ʖʞʥʦʛʦ ʧʦʣʫʰʘʨʠʡ 
 

3.7.6.1. ʅʘʩʳʱʝʥʠʝ ʤʘʛʥʠʪʦʩʬʝʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʄʄʇ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʉɺ 
 

ɺ ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʧʝʨʠʦʜ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ [21], ʯʪʦ ʷʚʣʝʥʠʝ 

ʥʘʩʳʱʝʥʠʷ ʤʘʛʥʠʪʦʩʬʝʨʳ ʧʨʠ ʫʩʠʣʝʥʠʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ (ʉɺ) ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʟʘʤʝʜʣʝʥʠʠ: 1) 

ʨʦʩʪʘ ʧʣʦʱʘʜʠ ʧʦʣʷʨʥʦʡ ʰʘʧʢʠ S ʠ ʚʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ ʥʝʝ ʚ ʠʦʥʦʩʬʝʨʫ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ Ɋ; 

2) ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʘ ʜʥʝʚʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʳ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʨʦʩʪʝ ʶʞʥʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʄʄʇ BS, ʥʦ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʉɺ Pd. ɼʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʪʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʙʳʣʦ ʩʜʝ-

ʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʨʦʩʪ ʧʦʣʷʨʥʦʡ ʰʘʧʢʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʢʦʥʝʯʥʦʡ ʩʞʠʤʘʝʤʦʩʪʴʶ 

ʤʘʛʥʠʪʦʩʬʝʨʳ ʠʟ-ʟʘ ʙʳʩʪʨʦʛʦ ʨʦʩʪʘ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ɿʝʤʣʝ.  

ɺ ʨʘʙʦʪʝ [22] ʧʦ ʜʘʥʥʳʤ ʪʨʝʭ ʩʫʧʝʨʙʫʨʴ 24ï25 ʩʝʥʪʷʙʨʷ 1998, 6ï7 ʘʧʨʝʣʷ 2000 ʠ 

20 ʥʦʷʙʨʷ 2003 ʛ. ʚʳʷʚʣʝʥʦ ʥʘʩʳʱʝʥʠʝ ʧʦʪʦʢʘ Ɋ ʧʨʠ ʨʦʩʪʝ ʥʝ ʪʦʣʴʢʦ BS ʠ Pd, ʥʦ ʠ ʩʝʚʝʨ-

ʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʄʄʇ (ʨʠʩ. 118). ʋʨʦʚʝʥʴ ʥʘʩʳʱʝʥʠʷ ʧʦʪʦʢʘ Ɋ ʧʨʠ ʩʝʚʝʨʥʦʤ ʄʄʇ ʦʢʘ-

ʟʘʣʩʷ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʶʞʥʦʤ, ʯʪʦ ʚʳʟʚʘʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʩʞʘʪʠʝʤ ʤʘʛʥʠʪʦʩʬʝʨʳ ʧʨʠ 

ʧʦʚʦʨʦʪʝ ʄʄʇ ʥʘ ʶʛ. ʇʦʢʘʟʘʥʦ ʪʘʢʞʝ, ʯʪʦ ʥʘʩʳʱʝʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʤʘʣʳʭ 

ʟʥʘʯʝʥʠʷʭ ʘʣʴʬʚʝʥʦʚʩʢʦʛʦ ʯʠʩʣʘ ʄʘʭʘ ʄɸ=Vʉɺ/Vɸ~1õ2, ʥʦ ʠ ʧʨʠ ʝʛʦ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ 

MA=5õ10, ʢʦʛʜʘ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ɓ=p/pmag ~1. ʕʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʧʨʝʜʧʦʣʦʞʝʥʠʶ [23, 

24] ʦ ʪʦʤ, ʯʪʦ ʥʘʩʳʱʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʪʦʣʴʢʦ ʦʩʣʘʙʣʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʥʝʚʥʦʛʦ ʧʝ-

ʨʝʩʦʝʜʠʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʩʪʘ Bs ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʄɸ ʠ ɓ, ʢʦʛʜʘ ʤʘʢʩʚʝʣʣʦʚʩʢʠʝ 

ʥʘʪʷʞʝʥʠʷ ʦʩʪʘʥʘʚʣʠʚʘʶʪ ʨʘʩʪʷʞʝʥʠʝ ʣʠʥʠʠ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʚ ʤʘʛʥʠʪʦʩʣʦʝ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚ ʧʦʣʴʟʫ ʥʘʰʝʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʩʚʷʟʠ ʥʘʩʳʱʝʥʠʷ ʤʘʛʥʠ-

ʪʦʩʬʝʨʳ ʩ ʝʝ ʢʦʥʝʯʥʦʡ ʩʞʠʤʘʝʤʦʩʪʴʶ. 

 

ʈʠʩ. 118. ɹʫʨʷ 6ï7 ʘʧʨʝʣʷ 2000 ʛ. ʀʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ɓ (ʘ), ʘʣʴʬʚʝʥʦʚʩʢʦʛʦ ʯʠʩʣʘ ʄʘʭʘ 

MA ʚ ʉɺ (ʙ) ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʧʦʣʷʨʥʦʡ ʰʘʧʢʠ Ɋ(t) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ Bz-ʢʦʤʧʦʥʝʥʪʳ ʄʄʇ (ʚ) 

ʠ ʜʘʚʣʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ Pd (ʛ). ʀʭ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʥʳ ʢʨʫʞʢʘʤʠ, ʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦʣʠʥʦʤʘʤʠ ð 

ʩʧʣʦʰʥʳʤʠ ʢʨʘʩʥʳʤʠ (ʩʠʥʠʤʠ) ʢʨʠʚʳʤʠ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʄʄʇ ʥʘ ʶʛ (ʩʝʚʝʨ). ʏʝʨʥʳʝ ʮʠʬʨʳ ʧʦʜ 

Bz > 0 ʠ Bz < 0 ʧʦʢʘʟʳʚʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʚ ʚʳʙʦʨʢʘʭ. ɺʝʣʠʯʠʥʘ ʧʦʪʦʢʘ Ɋ ʜʦ ʙʫʨʠ ʙʳʣʘ ʨʘʚʥʘ 

Ɋ0=0.17 ɻɺʙ 
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3.7.6.2. ʆʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʚʦʣʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ 

ʚʦ ʚʨʝʤʷ ʨʝʟʢʦʛʦ ʩʞʘʪʠʷ ʤʘʛʥʠʪʦʩʬʝʨʳ 

 

ʇʦ ʜʘʥʥʳʤ ʥʘʟʝʤʥʳʭ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʨʘʩʩʤʦʪʨʝʥʳ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ ʚ ʜʠʘʧʘʟʦʥʝ Pc5-ʧʫʣʴʩʘʮʠʡ, 

ʧʦʩʣʝʜʦʚʘʚʰʠʝ ʩʨʘʟʫ ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʧʣʘʥʝʪʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ (ʄʋɺ) ʩ 

ʟʝʤʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʦʡ ʚ ʩʦʙʳʪʠʠ 24.04.2009 ʛ. ʚ 00:53 UT [25]. ʇʫʣʴʩʘʮʠʠ ʙʳʣʠ 

ʣʦʢʘʣʠʟʦʚʘʥʳ ʥʘ ʰʠʨʦʪʘʭ 66Áï74Á ʚ ʧʦʣʫʜʝʥʥʦʤ (11 MLT) ʠ ʚʝʯʝʨʥʝʤ (20 MLT) ʩʝʢʪʦʨʘʭ. 

ɸʥʘʣʠʟ ʛʦʜʦʛʨʘʬʦʚ ʠʟʤʝʥʝʥʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʠ ʥʘʟʝʤʥʳʤ 

ʥʘʙʣʶʜʝʥʠʷʤ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʚʠʭʨʝʚʳʭ ʚʦʟʤʫʱʝʥʠʡ. ɺ ʜʘʥʥʦʤ ʩʦʙʳʪʠʠ ʬʨʦʥʪ ʄʋɺ ʚ 

ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜʝ ʠ ʬʨʦʥʪ ʚʦʣʥʳ ʩʞʘʪʠʷ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ʠʤʝʣʠ ʥʘʢʣʦʥ ʚ ʧʣʦʩʢʦʩʪʠ 

ZGSM=0, ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʦʩʪʘʚʣʷʣ 14Á ʚ ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜʝ ʠ 34Á ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ. 

ʇʦʣʦʞʝʥʠʝ ʚʠʭʨʝʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ʥʘ ʨʘʟʥʦʤ ʨʘʜʠʘʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ: 

X~5.5Re ʚ ʧʦʣʫʜʝʥʥʦʤ ʩʝʢʪʦʨʝ ʠ X~ ï6.3õ ï7.3RE ʚ ʚʝʯʝʨʥʝʤ ʩʝʢʪʦʨʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʘʢʣʦʥʦʤ 

ʬʨʦʥʪʘ. ʇʦ ʩʧʫʪʥʠʢʦʚʳʤ ʥʘʙʣʶʜʝʥʠʷʤ ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʣʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ 

ʚ ʦʙʦʠʭ ʩʝʢʪʦʨʘʭ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʚ ʪʦʨʦʠʜʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʝ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ 

ʨʝʟʦʥʘʥʩʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʚʦʟʙʫʞʜʝʥʠʷ ʵʪʠʭ ʚʦʟʤʫʱʝʥʠʡ. ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ 

ʪʝʯʝʥʠʷ ʧʣʘʟʤʳ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥʪʘ ʚʦʣʥʳ ʩʞʘʪʠʷ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʚʠʭʨʝʚʳʝ ʚʦʟʤʫʱʝʥʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʧʣʘʟʤʳ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʣʠʩʴ ʧʦ ʚʝʣʠʯʠʥʝ. 

 

3.7.7. ɻʠʧʦʪʝʟʘ ʧʠʥʯ-ʵʬʬʝʢʪʘ ʦʪʢʨʳʪʳʭ ʜʦʣʝʡ ʭʚʦʩʪʘ ʤʘʛʥʠʪʦʩʬʝʨʳ ʚʦ ʚʨʝʤʷ 

ʩʫʙʙʫʨʴ  

 

ʈʝʟʫʣʴʪʘʪ ʧʦʣʫʯʝʥ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ 2D-ʢʘʨʪ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʨʦʜʦʣʴʥʳʭ 

ʪʦʢʦʚ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ ʧʦʣʷʨʥʫʶ ʰʘʧʢʫ ʚ ʭʦʜʝ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʩʫʙʙʫʨʠ 27 ʘʚʛʫ-

ʩʪʘ 2001 ʛ., ʨʘʩʩʯʠʪʘʥʥʳʭ ʤʝʪʦʜʦʤ ʪʝʭʥʠʢʠ ʠʥʚʝʨʩʠʠ ʤʘʛʥʠʪʦʛʨʘʤʤ (ʊʀʄ).  

ɼʣʷ ʤʦʜʝʣʠ ʚʟʨʳʚʥʦʡ ʬʘʟʳ ʩʫʙʙʫʨʠ ʩ ʜʚʦʡʥʳʤ ʥʘʯʘʣʦʤ (EO ð expansion onset) 

ʠʟʚʝʩʪʥʦ ʩʣʝʜʫʶʱʝʝ. 

1. EO1 ð ʥʘʯʘʣʦ ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ (MR1) ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʟʘʤʢʥʫʪʦʛʦ 

ʭʚʦʩʪʘ (ʧʣʘʟʤʝʥʥʦʛʦ ʩʣʦʷ), ʨʘʟʨʳʚ ʪʦʢʘ ʧʦʧʝʨʝʢ ʭʚʦʩʪʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʦʢʦʚʦʛʦ ʢʣʠʥʘ 

ʩʫʙʙʫʨʠ ð ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʤʝʪʦʜʦʤ ʊʀʄ ʧʦ ʥʘʯʘʣʫ ʨʝʟʢʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʨʦʜʦʣʴʥʳʭ ʪʦʢʦʚ ʚ ʥʦʯʥʳʭ ʷʯʝʡʢʘʭ ʟʦʥʳ R1 ʀʠʜʞʠʤʳðʇʦʪʝʤʨʳ.  

2. EO2 ð ʥʘʯʘʣʦ ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ (MR2) ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʦʪʢʨʳʪʳʭ 

ʜʦʣʝʡ ʭʚʦʩʪʘ (ʩʧʫʩʪʷ ȹtÒ2 ʤʠʥ ʧʦʩʣʝ MR1) ð ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʤʝʪʦʜʦʤ ʊʀʄ ʧʦ ʥʘʯʘʣʫ 

ʨʝʟʢʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ɣ ʯʝʨʝʟ ʧʦʣʷʨʥʫʶ ʰʘʧʢʫ.  

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʨʝʟʢʠʡ ʩʧʘʜ ɣ ʧʨʦʠʩʭʦʜʠʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ 

ʧʣʦʱʘʜʠ ʧʨʝʜʧʦʣʫʥʦʯʥʦʛʦ ʩʝʢʪʦʨʘ ʧʦʣʷʨʥʦʡ ʰʘʧʢʠ, ʛʜʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟ-

ʢʠʡ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʪʝʢʘʶʱʝʛʦ ʧʨʦʜʦʣʴʥʦʛʦ ʪʦʢʘ ʟʦʥʳ R0.  

ɼʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʪʠʭ ʬʘʢʪʦʚ ʚr ʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ, ʯʪʦ ʧʨʦʜʦʣʴʥʳʝ ʪʦʢʠ ʜʚʫʭ ʧʦ-

ʣʫʰʘʨʠʡ ɿʝʤʣʠ, ʚʪʝʢʘʶʱʠʝ ʚ ʠʦʥʦʩʬʝʨʫ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʧʨʝʜʧʦʣʫʥʦʯʥʦʡ ʧʦʣʷʨʥʦʡ 

ʰʘʧʢʠ, ʩʦʟʜʘʶʪ ʧʠʥʯ-ʵʬʬʝʢʪ ʚ ʨʘʟʜʝʣʠʪʝʣʴʥʦʤ ʩʣʦʝ ʤʝʞʜʫ ʜʦʣʷʤʠ ʭʚʦʩʪʘ ʠ ʪʨʠʛʛʝʨʠʨʫʶʪ 

ʫʩʢʦʨʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʝʨʝʩʦʝʜʠʥʝʥʠʝ ʦʪʢʨʳʪʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʥʘ ʚʟʨʳʚʥʦʡ ʬʘʟʝ ʤʘʛʥʠ-

ʪʦʩʬʝʨʥʦʡ ʩʫʙʙʫʨʠ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʭʘʥʠʟʤ, ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 119, ʜʦ-

ʧʦʣʥʷʝʪ ʩʫʱʝʩʪʚʫʶʱʫʶ ʤʦʜʝʣʴ ʩʫʙʙʫʨʠ ʩ ʜʚʦʡʥʳʤ ʥʘʯʘʣʦʤ.  
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ʈʠʩ. 119. ʉʭʝʤʘ ʚʪʦʨʦʛʦ ʚʟʨʳʚʥʦʛʦ ʥʘʯʘʣʘ (ɽʆ2/MR2) ʩʫʙʙʫʨʠ ʩʨʘʟʫ ʧʦʩʣʝ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ 

ʟʘʤʢʥʫʪʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ (MR1) ʚ ʩʨʝʜʥʝʤ ʧʣʘʟʤʝʥʥʦʤ ʩʣʦʝ ʥʘ X~ï20RE. ʇʠʥʯ-ʵʬʬʝʢʪ ʪʦʢʦʚ 
R0N ʠ R0S ʪʨʠʛʛʝʨʠʨʫʝʪ ʧʝʨʝʩʦʝʜʠʥʝʥʠʝ ʦʪʢʨʳʪʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʜʦʣʝʡ ʭʚʦʩʪʘ 

 

3.7.8. ʄʦʜʝʨʥʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʪʝʭʥʠʢʠ ʠʥʚʝʨʩʠʠ ʤʘʛʥʠʪʦʛʨʘʤʤ 

 

ʊʝʭʥʠʢʘ ʠʥʚʝʨʩʠʠ ʤʘʛʥʠʪʦʛʨʘʤʤ (ʊʀʄ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʩʯʝʪʳ 2D-ʢʘʨʪ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʡ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʪʦʢʦʚ, ʧʨʦʚʦʜʠʤʦʩʪʝʡ, ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ 

ʧʨʦʜʦʣʴʥʳʭ ʪʦʢʦʚ ʚ ʚʳʩʦʢʦʰʠʨʦʪʥʦʡ ʠʦʥʦʩʬʝʨʝ ʠ ʮʝʣʦʛʦ ʨʷʜʘ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ 

ʠʦʥʦʩʬʝʨʘðʤʘʛʥʠʪʦʩʬʝʨʘ ʥʘ ʦʩʥʦʚʝ ʛʝʦʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ ʤʠʨʦʚʦʡ ʩʝʪʠ ʤʘʛʥʠʪʦʤʝʪʨʦʚ.  

ʊʨʠ ʛʦʜʘ ʥʘʟʘʜ ʙʳʣ ʥʘʤʝʯʝʥ ʧʣʘʥ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʊʀʄ, 

ʚʢʣʶʯʘʶʱʠʡ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 1) ʧʝʨʝʚʦʜ ʚʩʝʭ ʧʨʦʛʨʘʤʤ ʥʘ ʧʝʨʝʜʦʚʳʝ ʷʟʳʢʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ; 2) ʩʦʟʜʘʥʠʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ (ɹɼ) ʛʝʦʤʘʛʥʠʪʥʳʭ ʠʟʤʝ-

ʨʝʥʠʡ, ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ ʄʄʇ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 1 ʤʠʥ; 3) ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ 

ʠ ʧʨʦʛʨʘʤʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʘʚʨʦʨʘʣʴʥʦʛʦ ʦʚʘʣʘ; 4) 

ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʡ ʤʦʜʝʣʠ ʠʥʪʝʛʨʘʣʴʥʦʡ ʢʦʨʧʫʩʢʫʣʷʨʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠʦʥʦʩʬʝʨʳ; 5) ʨʘʟ-

ʚʠʪʠʝ ʛʣʦʙʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʊʀʄ ʜʣʷ ʨʘʩʯʝʪʦʚ ʚʳʰʝ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʶʞʥʦʤ ʧʦ-

ʣʫʰʘʨʠʠ.  

ɺʪʦʨʘʷ ʠ ʪʨʝʪʴʷ ʟʘʜʘʯʠ ʙʳʣʠ ʚ ʦʩʥʦʚʥʦʤ ʨʝʰʝʥʳ ʚ 2017 ʛ. ʇʨʠ ʩʦʟʜʘʥʠʠ ɹɼ ʩʪʘʣʦ 

ʦʯʝʚʠʜʥʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʘ ʩʧʝʮʠʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʦʧʝʨʘʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝ-

ʤʘʤʠ ʠʥʬʦʨʤʘʮʠʠ. ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥ rʘʣʛʦʨʠʪʤ ʠ ʧʨʦʛʨʘʤʤʘ.  

 

3.7.8.1. ɻʨʫʧʧʠʨʦʚʢʘ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʚʳʯʠʩʣʷʝʤʳʤ 

ʧʨʠʟʥʘʢʘʤ ʩ ʧʦʤʦʱʴʶ ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ 

 

ʇʨʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʦʡ ʟʘʜʘʯʝ ʪʨʝʙʫʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʠ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ. ʌʘʡʣʳ ʷʚʣ̫-

ʶʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʚʥʝʰʥʝʤ ʥʦʩʠʪʝʣʝ. ʆʜʥʘʢʦ ʧʨʠ 

ʚʩʝʭ ʩʚʦʠʭ ʜʦʩʪʦʠʥʩʪʚʘʭ ʬʘʡʣʳ ʠʤʝʶʪ ʠ ʮʝʣʳʡ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: ʜʘʥʥʳʝ ʚ ʬʘʡʣʘʭ ʥʝ ʧʨʦ-

ʚʝʨʷʶʪʩʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʥʘ ʣʦʛʠʯʝʩʢʫʶ ʮʝʣʦʩʪʥʦʩʪʴ, ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʠ ʥʝʧʨʦ-

ʪʠʚʦʨʝʯʠʚʦʩʪʴ; ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʯʪʝʥʠʝ-ʟʘʧʠʩʴ ʚ ʬʘʡʣ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ; ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʦʨ-

ʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪ rʩ ʤʥʦʛʦʪʘʙʣʠʯʥʳʤʠ, ʩʣʦʞʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ ʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ 

ʜʘʥʥʳʤʠ; ʦʪʩʫʪʩʪʚʠʝ ʦʙʝʩʧʝʯʝʥʠʷ ʜʘʞʝ ʪʘʢʠʭ ʧʨʦʩʪʳʭ ʦʧʝʨʘʮʠʡ, ʢʘʢ ʩʫʤʤʠʨʦʚʘʥʠʝ ʠ 

ʩʦʨʪʠʨʦʚʢʘ ʜʘʥʥʳʭ. ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʟʘʜʘʯʠ ʧʨʠʭʦʜʠʪʩʷ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʨʦʛʨʘʤʤʥʳʤ 

ʩʧʦʩʦʙʦʤ. ʇʨʦʙʣʝʤʘ ʫʩʫʛʫʙʣʷʝʪʩʷ, ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʙʦʪʘʪʴ ʩ ʬʘʡʣʘʤʠ ʧʦ ʩʝʪʠ ʠ ʚʝʩʪʠ 

ʯʪʝʥʠʝ-ʟʘʧʠʩʴ ʜʘʥʥʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʟʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ.  

ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ʊʀʄ ʜʦʣʛʦʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤ ʭʨʘʥʠʣʠʱʝʤ ʠʥʬʦʨʤʘʮʠʠ 

ʙʳʣʠ ʠʤʝʥʥʦ ʬʘʡʣʳ ʩʦ ʚʩʝʤʠ ʚʳʰʝʫʢʘʟʘʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʦʡ ʙʘʟʳ 

ʜʘʥʥʳʭ (ɹɼ) ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʨʝʣʷʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝ-
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ʥʠʷ ɹɼ (ʈʉʋɹɼ), ʩʚʦʙʦʜʥʘʷ ʦʪ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʧʦʟʚʦʣʷʶʱʘʷ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʛʨʫʧʧʠ-

ʨʦʚʢʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʨʘʩʯʝʪʘ ʢʣʘʩʩʠʬʠʮʠʨʫʶʱʠʭ ʧʨʠʟʥʘʢʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʶʱʠʡ ʟʘʜʘʯʫ ʛʨʫʧʧʠʨʦʚʢʠ ʠ 

ʩʦʢʨʘʱʘʶʱʠʡ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ.  

ʅʦʚʘʷ ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʫʩʧʝʰʥʦ ʘʧʨʦʙʠʨʦʚʘʥʘ ʜʣʷ ʤʘʩʩʠʚʘ (250 ʩʫʪ) 1-ʤʠʥʫʪʥʳʭ ʜʘʥ-

ʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʘʨʠʘʮʠʡ ʤʠʨʦʚʦʡ ʩʝʪʠ ʤʘʛʥʠʪʦʤʝʪʨʦʚ ʧʦ ʫʟʣʘʤ ʩʝʪʢʠ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨ-

ʜʠʥʘʪ ʛʝʦʤʘʛʥʠʪʥʘʷ ʰʠʨʦʪʘ ð ʤʝʩʪʥʦʝ ʛʝʦʤʘʛʥʠʪʥʦʝ ʚʨʝʤʷ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʛʨʫʧʧʠʨʦʚ-

ʢʦʡ ʧʦ 4 ʫʨʦʚʥʷʤ ʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʟʘʜʘʥʥʳʤ AE-ʠʥʜʝʢʩʘʤʠ.  

ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʛʨʫʧʧʠʨʦʚʢʘ ʟʘʜʘʥʥʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʧʨʦ-

ʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʟʘʥʷʣʘ 1.7 ʩʫʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʨʫʧʧʠʨʦʚʢʘ ʥʘ ʦʩʥʦʚʝ ʈʉʋɹɼ ʠ ʤʝʪʦʜʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʢʣʘʩʩʠʬʠʮʠʨʫʶʱʠʭ ʧʨʠʟʥʘʢʦʚ ʙʳʣʘ ʥʘ ʧʦʨʷʜʦʢ ʙʳʩʪʨʝʝ (~3 ʯ).  

 

3.7.8.2. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʘʚʨʦʨʘʣʴʥʦʛʦ ʦʚʘʣʘ 

ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʠʢʠ ʠʥʚʝʨʩʠʠ ʤʘʛʥʠʪʦʛʨʘʤʤ  
 

ʈʘʟʨʘʙʦʪʘʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʤʝʪʦʜ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʘʚʨʦ-

ʨʘʣʴʥʦʛʦ ʦʚʘʣʘ ʥʘ ʦʩʥʦʚʝ 2D-ʢʘʨʪ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʪʦʢʦʚʦʡ ʬʫʥʢʮʠʠ ʠ ʧʨʦ-

ʜʦʣʴʥʳʭ ʪʦʢʦʚ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ʊʀʄ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʦʜʥʦ-

ʨʦʜʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠʦʥʦʩʬʝʨʳ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʤʝʪʦʜʘ: ʛʨʘʥʠʮʘ ʦʙʨʘʱʝʥʠʷ 

ʠʦʥʦʩʬʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ (ʢʣʶʯʝʚʦʝ); ʚʟʘʠʤʦʩʚʷʟʴ ʠʦʥʦʩʬʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ ʠ ʵʢʚʠʚʘʣʝʥʪ-

ʥʦʡ ʪʦʢʦʚʦʡ ʬʫʥʢʮʠʠ; ʤʘʢʩʠʤʫʤ ʤʦʜʫʣʷ ʨʦʪʦʨʘ ʜʨʝʡʬʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʨʘ-

ʥʠʮʝ ʦʙʨʘʱʝʥʠʷ ʢʦʥʚʝʢʮʠʠ.  

ɺ ʥʦʚʦʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʤʝʪʦʜʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʨʘʥʠʮʘ ʦʙʨʘʱʝʥʠʷ ʠʦʥʦʩʬʝʨʥʦʡ 

ʢʦʥʚʝʢʮʠʠ, ʚʳʩʦʢʦʰʠʨʦʪʥʘʷ (ʧʦʣʷʨʥʘʷ ʰʘʧʢʘ) ʠ ʥʠʟʢʦʰʠʨʦʪʥʘʷ ʛʨʘʥʠʮʳ ʘʚʨʦʨʘʣʴʥʦʛʦ 

ʦʚʘʣʘ, ʣʠʥʠʠ ʤʘʢʩʠʤʫʤʘ ʧʣʦʪʥʦʩʪʠ ʧʨʦʜʦʣʴʥʳʭ ʪʦʢʦʚ ʚ ʟʦʥʘʭ I ʠ II ʀʠʜʞʠʤʳðʇʦʪʝʤʨʳ 

ʠ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʵʪʠʤʠ ʟʦʥʘʤʠ (ʣʠʥʠʷ ʤʘʢʩʠʤʫʤʘ ʘʚʨʦʨʘʣʴʥʳʭ ʵʣʝʢʪʨʦʩʪʨʫʡ). ʈʘʥʝʝ ʚʩʝ 

ʫʢʘʟʘʥʥʳʝ ʛʨʘʥʠʮʳ ʦʧʨʝʜʝʣʷʣʠʩʴ ʚʠʟʫʘʣʴʥʳʤ ʘʥʘʣʠʟʦʤ ʢʘʨʪ ʧʨʦʜʦʣʴʥʳʭ ʠ ʵʢʚʠʚʘʣʝʥʪ-

ʥʳʭ ʪʦʢʦʚ, ʯʪʦ ʟʘʥʠʤʘʣʦ ʦʯʝʥʴ ʤʥʦʛʦ ʚʨʝʤʝʥʠ (ʥʝʜʝʣʠ ʠ ʤʝʩʷʮʳ).  

ʉʨʘʚʥʝʥʠʝ ʛʨʘʥʠʮ ʘʚʨʦʨʘʣʴʥʦʛʦ ʦʚʘʣʘ, ʧʦʣʫʯʝʥʥʳʭ ʨʫʯʥʳʤ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ 

ʤʝʪʦʜʘʤʠ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʘʨʘʤʠ ʛʨʘ-

ʥʠʮ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 0.85, ʘ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʥʝ ʧʨʝʚʳ-

ʰʘʝʪ 2ï3Á ʧʦ ʰʠʨʦʪʝ. ʇʨʠ ʵʪʦʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʩʪʘʪʦʯʥʫʶ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ, 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʟʘʜʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʘʨʪ ʥʘ 2ï3 

ʧʦʨʷʜʢʘ (ʜʦ ʤʠʥʫʪ ʠ ʯʘʩʦʚ), ʦʩʚʦʙʦʞʜʘʷ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʦʪ ʪʨʫʜʦʝʤʢʦʡ ʚʠʟʫʘʣʴʥʦʡ ʨʘʙʦʪʳ.  

ʅʦʚʳʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʜʠʘʛʥʦʩʪʠʢʠ ʛʨʘʥʠʮ ʘʚʨʦʨʘʣʴʥʦʛʦ ʦʚʘʣʘ ʨʝʘʣʠʟʦ-

ʚʘʥ ʢʘʢ ʦʜʠʥ ʠʟ ʚʘʞʥʳʭ ʙʣʦʢʦʚ ʚ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ʊʀʄ.  
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3.8. ʀʟʫʯʝʥʠʝ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʚʦʟʤʫʱʝʥʠʡ ʚ ʦʢʦʣʦʟʝʤʥʦʤ ʢʦʩʤʠʯʝʩʢʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ 

 

3.8.1. ʅʦʚʳʡ ʤʝʭʘʥʠʟʤ ʛʝʥʝʨʘʮʠʠ ʘʟʠʤʫʪʘʣʴʥʦ-ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʋʅʏ-ʚʦʣʥ 

  

ɹʦʣʴʰʫʶ ʨʦʣʴ ʚ ʜʠʥʘʤʠʢʝ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ ʠʛʨʘʶʪ ʘʟʠʤʫʪʘʣʴʥʦ-

ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʝ ʫʣʴʪʨʘʥʠʟʢʦʯʘʩʪʦʪʥʳʝ (ʋʅʏ) ʚʦʣʥʳ ʪʠʧʘ Pc4-5. ʆʙʳʯʥʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʵʪʠ ʚʦʣʥʳ ʛʝʥʝʨʠʨʫʶʪʩʷ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʧʨʠ ʨʝʟʦʥʘʥʩʝ ʩ ʚʦʣʥʦʡ ʧʨʠ 

ʫʩʣʦʚʠʠ ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʠ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ.  

ɺ ʨʘʙʦʪʝ [1] ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʝʭʘʥʠʟʤ ʛʝʥʝʨʘʮʠʠ ʵʪʠʭ ʚʦʣʥ. ɹʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʛʦ-

ʨʷʯʘʷ ʥʝʦʜʥʦʨʦʜʥʘʷ ʧʣʘʟʤʘ ʚ ʜʠʧʦʣʴʥʦ-ʧʦʜʦʙʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚ 

ʧʣʘʟʤʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚʦʣʥʳ ʜʚʫʭ ʪʠʧʦʚ: ʘʣʴʬʚʝʥʦʚʩʢʠʝ ʠ ʜʨʝʡʬʦʚʦ-

ʢʦʤʧʨʝʩʩʠʦʥʥʳʝ, ʷʚʣʷʶʱʠʝʩʷ ʩʦʙʩʪʚʝʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʯʘʩʪʦʪʘ ʚʪʦʨʦʡ ʥʠʞʝ, ʥʦ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ m.  

ʇʨʠ ʨʦʩʪʝ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ ʜʨʝʡʬʦʚʦ-ʢʦʤʧʨʝʩʩʠʦʥʥʘʷ ʤʦʜʘ ʧʨʠʦʙʨʝ-

ʪʘʝʪ ʪʫ ʞʝ ʩʘʤʫʶ ʯʘʩʪʦʪʫ, ʯʪʦ ʠ ʘʣʴʬʚʝʥʦʚʩʢʘʷ. ʊʦʛʜʘ ʵʪʠ ʜʚʝ ʚʝʪʚʠ ʢʦʣʝʙʘʥʠʡ ʤʦʛʫʪ 

ʩʣʠʪʴʩʷ ʠ ʦʙʨʘʟʦʚʘʪʴ ʜʚʝ ʜʨʫʛʠʝ ʤʦʜʳ (ʜʨʝʡʬʦʚʳʝ ʤʦʜʳ ʩʮʝʧʣʝʥʠʷ) ʩ ʦʜʠʥʘʢʦʚʦʡ ʨʝʘʣʴ-

ʥʦʡ ʯʘʩʪʴʶ ʯʘʩʪʦʪʳ, ʥʦ ʨʘʟʣʠʯʥʳʤʠ ʧʦ ʟʥʘʢʫ ʤʥʠʤʳʤʠ ʯʘʩʪʷʤʠ. ʕʪʦ ʩʣʠʷʥʠʝ ʤʦʞʝʪ ʧʨʦ-

ʠʟʦʡʪʠ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʜʣʠʥʘ ʚʦʣʥʳ ʜʨʝʡʬʦʚʦ-ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʤʦʜʳ ʚʜʦʣʴ ʩʠʣʦʚʦʡ ʣʠ-

ʥʠʠ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚʦʣʥʳ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʯʘʩʪʦʪʘ 

ʚʦʣʥʳ ʙʦʣʴʰʝ ʯʘʩʪʦʪʳ ʜʨʝʡʬʘ ʠʦʥʦʚ. ʆʜʥʘ ʠʟ ʜʨʝʡʬʦʚʳʭ ʤʦʜ ʩʮʝʧʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʩʪʫ-

ʱʝʡ ʟʘ ʩʯʝʪ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ. ʆʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʵʪʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʝʝ ʠʥʢʨʝʤʝʥʪ. 
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ʈʠʩ. 120. ɿʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ ʘʣʴʬʚʝʥʦʚʩʢʠʭ ʠ ʜʨʝʡʬʦʚʦ-ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʤʦʜ ʦʪ ʘʟʠʤʫ-
ʪʘʣʴʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ. ʉʧʣʦʰʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʘ ʨʝʘʣʴʥʘʷ ʯʘʩʪʴ ʯʘʩʪʦʪʳ, ʰʪʨʠʭʦʚʦʡ ð 
ʤʥʠʤʘʷ. ʂʨʘʩʥʳʡ ʠ ʩʠʥʠʡ ʮʚʝʪ ð ʤʦʜʳ ʧʨʠ ʨʘʟʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʧʣʘʟʤʳ 

 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʨʦʩʪʝ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ ʩʪʘʙʠʣʴʥʘʷ ʠ ʥʝʫʩʪʦʡʯʠʚʘʷ 

ʤʦʜʳ ʩʮʝʧʣʝʥʠʷ ʚʥʦʚʴ ʩʣʠʚʘʶʪʩʷ, ʩʥʦʚʘ ʦʙʨʘʟʫʷ ʘʣʴʬʚʝʥʦʚʩʢʫʶ ʠ ʜʨʝʡʬʦʚʦ-

ʢʦʤʧʨʝʩʩʠʦʥʥʫʶ ʤʦʜʳ. 

 

3.8.2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʢʦʚʳʭ ʩʣʦʝʚ ʚʥʫʪʨʠ ʦʙʣʘʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʳʩʪʨʦʛʦ 

ʠ ʤʝʜʣʝʥʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ 

 

ʆʮʝʥʝʥʘ ʯʘʩʪʦʪʘ ʧʦʷʚʣʝʥʠʷ ʠ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʢʦʚʳʭ ʩʣʦʝʚ ʠ ʧʣʘʟʤʝʥʥʳʭ 

ʦʙʣʘʩʪʝʡ ʩ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ ɓ ʚʥʫʪʨʠ ʩʜʚʠʛʦʚʦʡ ʟʦʥʳ ʢʦʨʦʪʠʨʫʶʱʠʭ ʦʙʣʘ-

ʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʳʩʪʨʦʛʦ ʠ ʤʝʜʣʝʥʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ (corotating interaction 

regions, CIR) [4]. ɺ 30 ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʦʙʳʪʠʷʭ CIR ʦʙʥʘʨʫʞʝʥʦ 127 ʪʦʢʦʚʳʭ ʩʣʦʝʚ 

ʩ ʧʣʦʪʥʦʩʪʴʶ ʪʦʢʘ ʙʦʣʝʝ 0.12 ɸ/ʤ
2
 ʠ ʪʦʣʴʢʦ 41 ʩʣʦʡ ʩ ʧʦʚʳʰʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ɓ > 5. ʇʦ-

ʣʫʯʝʥʳ ʦʮʝʥʢʠ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʯʘʩʪʦ ʬʨʦʥʪ CIR-ʧʦʪʦʢʦʚ ʩʦʚʧʘʜʘʝʪ ʩ ʛʝʣʠʦʩʬʝʨʥʳʤ ʪʦʢʦ-

ʚʳʤ ʩʣʦʝʤ. ɺ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʦʙʳʪʠʷʭ ʧʦʣʥʦʝ ʩʦʚʧʘʜʝʥʠʝ (ʚ ʧʨʝʜʝʣʘʭ ʯʘʩʘ) ʠʤʝʣʦ ʤʝʩʪʦ 

ʚ 17 % ʩʣʫʯʘʝʚ, ʘ ʚ ʧʦʣʦʚʠʥʝ ʩʣʫʯʘʝʚ ʩʚʷʟʴ ʬʨʦʥʪʘ CIR ʩ ʛʝʣʠʦʩʬʝʨʥʳʤ ʪʦʢʦʚʳʤ ʩʣʦʝʤ 

ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʧʦʣʥʦʩʪʴʶ. ʈʘʩʩʤʦʪʨʝʥʦ ʦʜʥʦ ʩʦʙʳʪʠʝ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʪʦʢʘ CIR ʯʝʨʝʟ ʤʘʛ-

ʥʠʪʦʩʬʝʨʫ ʧʫʪʝʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʢʦʤʧʦʥʝʥʪ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ 

ʧʣʘʟʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʦʪʦʢʝ ʜʚʫʤʷ ʢʦʩʤʠʯʝʩʢʠʤʠ ʘʧʧʘʨʘʪʘʤʠ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ 

ʥʘʭʦʜʠʣʩʷ ʚ ʪʦʯʢʝ ʣʠʙʨʘʮʠʠ L1, ʜʨʫʛʦʡ ð ʚ ʫʜʘʣʝʥʥʦʤ ʛʝʦʤʘʛʥʠʪʥʦʤ ʭʚʦʩʪʝ (ʨʠʩ. 121, ʘ). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʪʦʢʘ ʩʦʭʨʘʥʠʣʘʩʴ (ʨʠʩ. 121, b), ʫʜʘʣʦʩʴ ʧʨʦʩʣʝʜʠʪʴ ʠ 

ʧʝʨʝʥʦʩ ʥʝʢʦʪʦʨʳʭ ʜʝʪʘʣʝʡ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʥʘʧʨʠʤʝʨ, ʤʘʛʥʠʪʥʦʡ ʜʳʨʳ ð ʨʝʟʢʦʛʦ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʦʥʠʞʝʥʠʷ ʤʦʜʫʣʷ ʄʄʇ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʭʚʦʩʪʦʚʘʷ ʯʘʩʪʴ ʩʜʚʠʛʦʚʦʡ ʟʦʥʳ 

ʦʢʘʟʘʣʘʩʴ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ. 
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ʈʠʩ. 121. ɺʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʧʫʪʥʠʢʦʚ ɸʉɽ ʠ WIND (ʯʝʨʥʳʝ ʢʨʫʞʢʠ) 11 ʬʝʚʨʘʣʷ 
2004 ʛ. (ʘ). ʉʝʨʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʦ ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʢʦʣʦʟʝʤʥʦʛʦ ʫʜʘʨʥʦʛʦ ʬʨʦʥʪʘ, 
ʯʝʨʥʦʡ ð ʤʘʛʥʠʪʦʧʘʫʟʳ; b ð ʚʘʨʠʘʮʠʠ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ ʠ ʢʦʤʧʦʥʝʥʪ ʄʄʇ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʥʘ 
ɸʉɽ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʘʥʥʳʤʠ WIND, ʩʜʚʠʥʫʪʳʤʠ ʧʦ ʚʨʝʤʝʥʠ ʥʘ 1 ʯ 52 ʤʠʥ 

 

3.8.3. ɺʳʯʠʩʣʝʥʠʝ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʚʦʣʥ ʚʦ ʬʣʘʥʛʦʚʳʭ ʦʙʣʘʩʪʷʭ ʤʘʛʥʠʪʦʩʬʝʨʳ 

 

ʈʘʩʩʤʦʪʨʝʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʋʅʏ- (ʫʣʴʪʨʘʥʠʟʢʦʯʘʩʪʦʪʥʳʭ) ʢʦʣʝʙʘʥʠʡ ʚ ʟʝʤʥʦʡ ʤʘʛ-

ʥʠʪʦʩʬʝʨʝ [7]. ʈʘʩʩʯʠʪʘʥ ʧʦʪʦʢ ʵʥʝʨʛʠʠ ʚʦʣʥ ʚʦ ʬʣʘʥʛʦʚʳʭ ʦʙʣʘʩʪʷʭ ʤʘʛʥʠʪʦʩʬʝʨʳ. ɺʦʣʥʳ 

ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʚ ʜʚʫʤʝʨʥʦ-ʥʝʦʜʥʦʨʦʜʥʳʡ ʚʦʣʥʦʚʦʜ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʧʣʘʟ-

ʤ ,r ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʦʪ ʧʦʜʩʦʣʥʝʯʥʦʡ ʪʦʯʢʠ ʢ ʬʣʘʥʛʘʤ ʠ ʚ ʭʚʦʩʪ ʤʘʛʥʠʪʦʩʬʝʨʳ ʠ ʫʩʠʣʠʚʘ-

ʪʁʩʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʂʝʣʴʚʠʥʘðɻʝʣʴʤʛʦʣʴʮʘ ʠ ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ ʢʦʣʝʙʘʥʠʡ ʩʦʣʥʝʯʥʦʛʦ 

ʚʝʪʨʘ. ʇʨʦʠʟʚʝʜʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʫʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦʩʷ ʬʦʥʘ ʢʦʣʝʙʘʥʠʡ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʣʥʳ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ ʫʣʴʪʨʘʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʢ ʢʦ-

ʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʧʫʣʴʩʘʮʠʠ Pc3, ʣʦʢʘʣʠʟʫʶʪʩʷ ʚʙʣʠʟʠ ʧʦʜʩʦʣʥʝʯʥʦʡ ʪʦʯʢʠ, ʘ ʥʠʟʢʦʯʘ-

ʩʪʦʪʥʦʡ ʯʘʩʪʠ (Pc5) ð ʚʙʣʠʟʠ ʬʣʘʥʛʦʚ. ʃʦʢʘʣʠʟʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʤʘʛʥʠʪʦ-

ʩʬʝʨʥʦʛʦ ʄɻɼ-ʚʦʣʥʦʚʦʜʘ, ʘ ʠʤʝʥʥʦ, ʭʘʨʘʢʪʝʨʦʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʣʘʟʤʳ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʳʭ ʦʙʣʘʩʪʷʭ ʚʥʝʰʥʝʡ ʤʘʛʥʠʪʦʩʬʝʨʳ. ʊʘʢʠʝ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʚʦʣʥʦʚʦʜʘ ʧʦʣʥʦ-

ʩʪʴʶ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦʣʷ ʧʫʣʴʩʘʮʠʡ. 

 

ʈʠʩ. 122. ʄʦʜʝʣʴ ʩʨʝʜʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠ ̫ʧʦʪʦʢʘ ʚʦʣʥʦʚʦʡ ʵʥʝʨʛʠʠ ʥʘ ʬʣʘʥ-
ʛʘʭ ʤʘʛʥʠʪʦʩʬʝʨʳ 
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3.8.4. ʈʘʩʩʝʷʥʠʝ ʜʣʠʥʥʳʭ ʣʠʥʝʡʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʪʝ-

ʯʝʥʠʷʭ  

  

ɸʥʘʣʠʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥʦ ʨʘʩʩʝʷʥʠʝ ʜʣʠʥʥʳʭ ʣʠʥʝʡʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʥʘ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʪʝʯʝʥʠʷʭ ʚ ʢʘʥʘʣʘʭ ʧʝʨʝʤʝʥʥʦʛʦ ʩʝʯʝʥʠʷ [5, 6]. ɿʘʜʘʯʘ ʨʝʰʝʥʘ ʚ ʜʚʫʭ ʧʦ-

ʩʪʘʥʦʚʢʘʭ: 1) ʰʠʨʠʥʘ ʠ ʛʣʫʙʠʥʘ ʤʝʥʷʶʪʩʷ ʩʢʘʯʢʦʤ; 2) ʜʣʷ ʪʝʯʝʥʠʡ ʧʦʩʪʦʷʥʥʦʡ ʛʣʫʙʠʥʳ, 

ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʳʭ ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʝʪ ʠʣʠ ʫʙʳʚʘʝʪ ʚʜʦʣʴ ʧʦʪʦʢʘ ʟʘ ʩʯʝʪ ʧʦʩʪʝʧʝʥʥʦʛʦ ʠʟ-

ʤʝʥʝʥʠʷ ʰʠʨʠʥʳ ʢʘʥʘʣʘ ʥʘ ʥʝʢʦʪʦʨʦʤ ʝʛʦ ʧʨʦʪʷʞʝʥʠʠ.  

ɺʳʯʠʩʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʦʭʦʞʜʝʥʠʷ ʢʘʢ ʬʫʥʢʮʠʠ ʯʘʩʪʦʪʳ ʧʘʜʘʶ-

ʱʝʡ ʚʦʣʥʳ ʜʣʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʩʣʫʯʘʝʚ ʜʦ-, ʩʚʝʨʭ- ʠ ʪʨʘʥʩʢʨʠʪʠʯʝʩʢʠʭ ʪʝʯʝʥʠʡ. ɼʣʷ ʧʦʣ-

ʥʦʪʳ ʠʩʩʣʝʜʦʚʘʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥ ʢʘʢ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʪʝʯʝʥʠʷ, ʪʘʢ ʠ ʧʨʦʪʠʚ ʥʝʛʦ ʚ 

ʫʩʢʦʨʷʶʱʠʭʩʷ ʠ ʟʘʤʝʜʣʷʶʱʠʭʩʷ ʧʦʪʦʢʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ, ʝʩʣʠ ʚ ʢʘʥʘʣʘʭ ʩ ʨʝʟʢʠʤ ʠʟʤʝʥʝ-

ʥʠʝʤ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ ʟʘʜʘʯʘ ʦ ʪʨʘʥʩʢʨʠʪʠʯʝʩʢʦʤ ʪʝʯʝʥʠʠ ʥʝ ʚʩʝʛʜʘ ʠʤʝʝʪ ʨʝʰʝʥʠʝ, ʚ ʢʘ-

ʥʘʣʘʭ ʩ ʧʣʘʚʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʰʠʨʠʥʳ ʨʝʰʝʥʠʝ ʩʫʱʝʩʪʚʫʝʪ ʠ ʦʜʥʦʟʥʘʯʥʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ. 

ɼʣʷ ʦʙʛʦʥʷʶʱʠʭ ʪʝʯʝʥʠʝ ʚʳʩʰʠʭ ʤʦʜ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʜʚʠʛʦʚʦʛʦ ʪʝʯʝʥʠʷ ʩ 

ʜʚʫʤʷ ʪʦʥʢʠʤʠ ʧʠʢʥʦʢʣʠʥʘʤʠ ʠ ʙʝʟ ʪʦʯʝʢ ʧʝʨʝʛʠʙʘ ʥʘ ʧʨʦʬʠʣʝ ʩʢʦʨʦʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʠ 

ʠʩʩʣʝʜʦʚʘʥʦ ʠʟʤʝʥʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦʡ ʬʫʥʢʮʠʠ ʧʨʠ ʚʘʨʠʘʮʠʠ ʯʠʩʣʘ ʈʠʯʘʨʜʩʦʥʘ, ʚʢʣʶʯʘʷ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʟʣʦʚ. 

 

ʈʠʩ. 123. ʈʝʞʠʤʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʥʘ ʪʝʯʝʥʠʠ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʛʦ U(x) ʣʠʥʝʡʥʦ ʠʟʤʝ-
ʥʷʝʪʩʷ ʩ x ʦʪ U1 ʜʦ U2 ʥʘ ʠʥʪʝʨʚʘʣʝ x1< x< x2. ɺ ʪʨʘʥʩʢʨʠʪʠʯʝʩʢʠʭ ʪʝʯʝʥʠʷʭ ʧʝʨʝʭʦʜ U(x) ʯʝʨʝʟ 
ʩʢʦʨʦʩʪʴ ʚʦʣʥ c0 ʥʘ ʥʝʧʦʜʚʠʞʥʦʡ ʚʦʜʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ x=xc. PEW/NEW ð ʚʦʣʥʳ ʧʦʣʦʞʠʪʝʣʴ-
ʥʦʡ/ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʰʠʨʠʥʘ ʠʟʦʙʨʘʞʘʶʱʝʡ ʚʦʣʥʫ ʩʪʨʝʣʢʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʘʙʩʦʣʶʪʥʦʤʫ 
ʟʥʘʯʝʥʠʶ ʧʝʨʝʥʦʩʠʤʦʛʦ ʚʦʣʥʦʡ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ. ʂʨʝʩʪʠʢʦʤ ʦʪʤʝʯʝʥʦ ʧʦʛʣʦʱʝʥʠʝ ʚʦʣʥʳ ʚ ʢʨʠʪʠ-
ʯʝʩʢʦʡ ʪʦʯʢʝ 

 

3.8.5. ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʠ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʬʝʨʠʯʝʩʢʠʭ 

ʟʚʝʟʜʥʳʭ ʩʠʩʪʝʤ ʩ ʧʦʯʪʠ ʨʘʜʠʘʣʴʥʳʤʠ ʦʨʙʠʪʘʤʠ 

 

ɿʚʝʟʜʥʳʝ ʩʠʩʪʝʤʳ ʩ ʨʘʜʠʘʣʴʥʦ ʚʳʪʷʥʫʪʳʤʠ ʦʨʙʠʪʘʤʠ ʧʦʜʚʝʨʞʝʥʳ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʜʠʘʣʴʥʳʭ ʦʨʙʠʪ (ʅʈʆ), ʚʧʝʨʚʳʝ ʧʨʝʜʩʢʘʟʘʥʥʦʡ ʇʦʣʷʯʝʥʢʦ ʠ ʐʫʭʤʘ-

ʥʦʤ ʚ 1972 ʛ. ʕʪʘ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ, ʢʘʢ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʯʪʠ ʩʯʠʪʘʝʪʩʷ ʦʙʱʝʧʨʠʥʷʪʳʤ, 

ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʛʘʣʘʢʪʠʢ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ 

ʠʭ ʵʚʦʣʶʮʠʠ. ɸʥʪʦʥʦʚ ʚ 1973 ʛ. ʧʝʨʚʳʤ ʧʨʝʜʩʪʘʚʠʣ ʬʦʨʤʘʣʴʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʜʦʢʘʟʘ-

ʪʝʣʴʩʪʚʦ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩʬʝʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʯʠʩʪʦ ʨʘʜʠʘʣʴʥʳʤʠ ʦʨʙʠʪʘʤʠ. ʕʪʘ ʨʘʙʦʪʘ 

ɸʥʪʦʥʦʚʘ ʩʯʠʪʘʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ ʮʠʪʠʨʫʝʪʩʷ ʚʦ ʚʩʝʭ ʨʘʙʦʪʘʭ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝ-

ʤʘʪʠʢʝ. ʆʜʥʘʢʦ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʠʤ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʦ ʥʝʦʜʥʦʨʦʜʥʳʤʠ ʧʦ ʧʣʦʪʥʦ-
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ʩʪʠ ʠ ʠʤʝʶʪ ʩʠʥʛʫʣʷʨʥʦʩʪʴ ʚ ʮʝʥʪʨʝ ʥʝ ʩʣʘʙʝʝ, ʯʝʤ 1/r
2
. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʨʠʚʝʣʦ ʢ ʥʝ-

ʢʦʨʨʝʢʪʥʦʩʪʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ɸʥʪʦʥʦʚʘ, ʭʦʪʷ ʢʦʥʝʯʥʳʡ ʚʳʚʦʜ ʦ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʪʘʢʠʭ ʩʠ-

ʩʪʝʤ ʩʦʤʥʝʥʠʡ ʥʝ ʚʳʟʳʚʘʣ. ʉʦʤʥʝʥʠʷ ʚ ʝʛʦ ʧʨʘʚʠʣʴʥʦʩʪʠ ʠʥʦʛʜʘ ʧʨʦʩʢʘʣʴʟʳʚʘʣʠ ʚ ʨʘʙʦ-

ʪʘʭ ʥʝʢʦʪʦʨʳʭ ʟʘʧʘʜʥʳʭ ʘʚʪʦʨʦʚ. ʇʦʧʳʪʢʘ ʠʩʧʨʘʚʣʝʥʠʷ ʵʪʦʡ ʥʝʢʦʨʨʝʢʪʥʦʩʪʠ ʤʦʪʠʚʠʨʦʚʘ-

ʣʘ ʚʳʧʦʣʥʝʥʠʝ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ [2, 3].  

ʆʢʘʟʳʚʘʝʪʩʷ, ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʞʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ, 

ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʬʦʥʦʚʦʡ ʨʘʚʥʦʚʝʩʥʦʡ ʩʠʩʪʝʤʳ ʥʝ ʤʦʜʝʣʴ ʩ ʯʠʩʪʦ ʨʘʜʠʘʣʴ-

ʥʳʤʠ ʦʨʙʠʪʘʤʠ, ʘ ʤʦʜʝʣʴ ʩ ʦʨʙʠʪʘʤʠ, ʙʣʠʟʢʠʤʠ ʨʘʜʠʘʣʴʥʳʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ 

ʮʝʥʪʨʘʣʴʥʫʶ ʩʠʥʛʫʣʷʨʥʦʩʪʴ ʧʣʦʪʥʦʩʪʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʤʳ ʧʦʩʪʨʦʠʣʠ ʩʝʨʠʶ ʥʝʩʠʥʛʫʣʷʨ-

ʥʳʭ ʤʦʜʝʣʝʡ, ʷʚʣʷʶʱʫʶʩʷ ʦʙʦʙʱʝʥʠʝʤ ʠʟʚʝʩʪʥʦʡ ʩʝʨʠʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʦʙʦʙʱʝʥʥʳʭ 

ʧʦʣʠʪʨʦʧʥʳʭ ʤʦʜʝʣʝʡ. ɼʦʩʪʘʪʦʯʥʘʷ ʧʨʦʩʪʦʪʘ ʵʪʦʡ ʩʝʨʠʠ ʧʦʟʚʦʣʠʣʘ ʚʳʚʝʩʪʠ ʠ ʨʝʰʠʪʴ ʠʥ-

ʪʝʛʨʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʤʦʜ ʚ ʩʠʩʪʝʤʘʭ ʩ ʧʦʯʪʠ ʨʘʜʠʘʣʴʥʳʤʠ 

ʦʨʙʠʪʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʧʦʜʭʦʜʦʤ ɸʥʪʦʥʦʚʘ ʠ ʧʨʦʷʩ-

ʥʠʪʴ ʩʤʳʩʣ ʨʘʩʭʦʜʷʱʠʭʩʷ ʠʥʪʝʛʨʘʣʦʚ, ʬʠʛʫʨʠʨʫʶʱʠʭ ʚ ʝʛʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʝ.  

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʢʨʝʤʝʥʪ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʷʚʣʷʶʱʠʡʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʜʣʷ 

ʢʚʘʜʨʫʧʦʣʴʥʳʭ ʤʦʜ, ʜʝʬʦʨʤʠʨʫʶʱʠʭ ʩʬʝʨʫ ʚ ʵʣʣʠʧʩʦʠʜ, ʩʪʨʝʤʠʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʧʦ 

ʤʝʨʝ ʪʦʛʦ ʢʘʢ ʩʠʩʪʝʤʘ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʨʘʜʠʘʣʴʥʦ ʘʥʠʟʦʪʨʦʧʥʦʡ (ʚʩʝ ʦʨʙʠʪʳ ʩʪʘʥʦ-

ʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʨʘʜʠʘʣʴʥʦ ʚʳʪʷʥʫʪʳʤʠ). ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʠʤʝʝʪ ʤʝʩʪʦ ʢʘʢ ʜʣʷ ʯʝʪʥʳʭ, ʪʘʢ 

ʠ ʜʣʷ ʥʝʯʝʪʥʳʭ ʩʬʝʨʠʯʝʩʢʠʭ ʛʘʨʤʦʥʠʢ, ʧʨʠʯʝʤ ʨʦʩʪ ʚʦʟʤʫʱʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʦʯʝʥʴ ʙʳʩʪʨʦ 

ʟʘ ʚʨʝʤʷ, ʤʝʥʴʰʝʝ, ʯʝʤ ʚʨʝʤʷ ʦʨʙʠʪʘʣʴʥʦʛʦ ʧʨʦʙʝʛʘ ʟʚʝʟʜʳ. ʇʦʩʣʝʜʥʝʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 

ʟʘʩʪʘʚʣʷʝʪ ʧʨʠʟʥʘʪʴ ʥʝʘʜʝʢʚʘʪʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʅʈʆ ʥʘ ʷʟʳʢʝ ʦʨʙʠʪ, ʪ. ʝ. ʚ ʪʝʨʤʠʥʘʭ, 

ʛʜʝ ʚʤʝʩʪʦ ʦʪʜʝʣʴʥʳʭ ʟʚʝʟʜ ʦʧʝʨʠʨʫʶʪ ʩ ʠʭ ʦʨʙʠʪʘʤʠ. ʊʘʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʅʈʆ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʧʦʧʫʣʷʨʥʦʡ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʦʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩʪʘʚʷʪ ʧʦʜ 

ʩʦʤʥʝʥʠʝ ʪʘʢʦʡ ʦʨʙʠʪʘʣʴʥʳʡ ʧʦʜʭʦʜ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʣʷ ʩʠʩʪʝʤ, ʜʘʣʝʢʠʭ ʦʪ ʧʦʨʦʛʘ ʥʝ-

ʫʩʪʦʡʯʠʚʦʩʪʠ. 

 

ʈʠʩ. 124. ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʢʨʝʤʝʥʪʘ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʤʦʜʳ ʦʪ ʧʘʨʘʤʝʪʨʘ LT, 
ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʩʪʝʧʝʥʴ ʨʘʟʤʘʟʢʠ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʫʛʣʦʚʳʤ ʤʦʤʝʥʪʘʤ LT (LT=0 ʩʦ-
ʦʪʚʝʪʩʪʚʫʝʪ ʤʦʜʝʣʠ ʩ ʯʠʩʪʦ ʨʘʜʠʘʣʴʥʳʤʠ ʦʨʙʠʪʘʤʠ). ɺʠʜʥʦ, ʯʪʦ ʠʥʢʨʝʤʝʥʪ ʩʪʨʝʤʠʪʩʷ ʢ ʙʝʩʢʦʥʝʯ-
ʥʦʩʪʠ ʧʨʠ LTŸ0. ʀʥʢʨʝʤʝʥʪ ʧʨʠʚʝʜʝʥ ʚ ʝʜʠʥʠʮʘʭ ʯʘʩʪʦʪʳ ʦʨʙʠʪʘʣʴʥʦʛʦ ʧʨʦʙʝʛʘ ʟʚʝʟʜʳ 

 

3.8.6. ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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3.9. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʤʦʥʠʪʦʨʠʥʛ ʤʘʛʥʠʪʦʩʬʝʨʥʦ-ʠʦʥʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʥʝʩʝʥʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

 

3.9.1. ʂʨʫʛʣʦʛʦʜʠʯʥʳʡ ʢʨʫʛʣʦʩʫʪʦʯʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʤʘʛʥʠʪʦʩʬʝʨʥʦ-

ʠʦʥʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʩʝʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʥʝʩʝʥʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʀʉɿʌ ʉʆ ʈɸʅ 

 

ɺ ʦʙʩʝʨʚʘʪʦʨʠʷʭ ʀʉɿʌ ʉʆ ʈɸʅ ʧʨʦʚʦʜʠʪʩʷ ʢʨʫʛʣʦʛʦʜʠʯʥʳʡ ʢʨʫʛʣʦʩʫʪʦʯʥʳʡ ʤʦ-

ʥʠʪʦʨʠʥʛ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ: 

¶ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʚ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ; 

¶ ʠʦʥʦʩʬʝʨʳ ʚ ʩʨʝʜʥʠʭ ʠ ʘʚʨʦʨʘʣʴʥʳʭ ʰʠʨʦʪʘʭ;  

¶ ʘʪʤʦʩʬʝʨʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ; 

¶ ʇʕʉ ʧʦ ʜʘʥʥʳʤ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ ʩʧʫʪʥʠʢʦʚ; 

¶ ʠʥʬʨʘʟʚʫʢʘ; 

¶ ʧʦʣʷʨʥʳʭ ʩʠʷʥʠʡ ʚ ʘʚʨʦʨʘʣʴʥʳʭ ʠ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ. 

¶ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʘʡʦʥʝ ʘʢʚʘʪʦʨʠʠ ʦʟ. ɹʘʡʢʘʣ. 

ʄʘʪʝʨʠʘʣʳ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʜʦʩʪʫʧʥʳ ʥʘ ʩʘʡʪʝ ʠʥʩʪʠʪʫʪʘ 

www.iszf.irk.ru, ʘ ʨʝʟʫʣʴʪʘʪʳ ʩʧʝʮʠʘʣʴʥʦ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʭʨʘʥʷʪʩʷ ʚ ʥʘʫʯ-

ʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ, ʧʨʦʚʦʜʷʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʤʘʪʠʢʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

 

3.9.2. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʛʥʠʪʦʩʬʝʨʥʦ-ʠʦʥʦʩʬʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʦʙʩʝʨʚʘʪʦʨʠʷʭ ʀʥʩʪʠʪʫʪʘ 

 

3.9.2.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʞʠʤʘ ʚʦʟʙʫʞʜʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʚ ʛʣʦʙʘʣʴ-

ʥʦʤ ʤʘʩʰʪʘʙʝ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ 17 ʤʘʨʪʘ 2015 ʛ.  

 

ɺ ʩʪʘʪʴʷʭ [1, 2] ʩʦʦʙʱʘʣʦʩʴ ʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ (Ò 20 ʩ) ʠʤʧʫʣʴʩʥʳʭ ʚʩʧʣʝʩʢʘʭ ʛʝʦ-

ʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 0.2ï7 ɻʮ, ʧʨʝʜʚʘʨʷʶʱʠʭ ʚʥʝʟʘʧʥʦʝ ʥʘʯʘʣʦ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ. ʍʘʨʘʢʪʝʨʥʳʤ ʧʨʠʟʥʘʢʦʤ ʚʩʧʣʝʩʢʦʚ ʷʚʣʷʝʪʩʷ ʛʨʝʙʥʝʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʩʧʝʢʪʨʝ ʢʦʣʝʙʘʥʠʡ ð ʵʥʝʨʛʠʷ ʢʦʣʝʙʘʥʠʡ ʚʦʟʨʘʩʪʘʝʪ ʥʘ ʦʧʨʝʜʝ-

ʣʝʥʥʳʭ ʯʘʩʪʦʪʘʭ. ʇʦʜʦʙʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʧʝʢʪʨʦʚ ʥʘʟʚʘʥʘ ʨʝʟʦʥʘʥʩʥʦʡ, ʠʣʠ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʨʝʟʦʥʘʥʩʥʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʉʈʉ) [3ï7]. ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʧʨʠʚʝʜʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ 

ʩʚʦʡʩʪʚʘʭ ʚʩʧʣʝʩʢʦʚ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ, ʠʤʝʶʱʠʭ ʉʈʉ, ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʚʦ ʚʨʝʤʷ 

ʚʥʝʟʘʧʥʦʛʦ ʥʘʯʘʣʘ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʡ ʟʘ ʧʦʩʣʝʜʥʠʝ ʯʝʪʳʨʝ ʛʦʜʘ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ 17 ʤʘʨʪʘ 

2015 ʛ., ʢʦʪʦʨʘʷ ʧʦʣʫʯʠʣʘ ʩʦʙʩʪʚʝʥʥʦʝ ʠʤʷ ʉʚʷʪʦʛʦ ʇʘʪʨʠʢʘ. 
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ɺʥʝʟʘʧʥʦʝ ʥʘʯʘʣʦ SSC* (* ʦʟʥʘʯʘʝʪ ʥʘʣʠʯʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʨʘʪʥʦʛʦ ʠʤʧʫʣʴʩʘ 

ʧʝʨʝʜ ʛʣʘʚʥʳʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʚʦʟʨʘʩʪʘʥʠʝʤ ʚʥʝʟʘʧʥʦʛʦ ʥʘʯʘʣʘ ʙʫʨʠ) ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ 

04:45 UT. ʅʘʯʘʣʴʥʘʷ ʬʘʟʘ ʙʫʨʠ, ʚʳʟʚʘʥʥʘʷ ʫʩʠʣʝʥʠʝʤ ʪʦʢʘ ʥʘ ʤʘʛʥʠʪʦʧʘʫʟʝ DCF ʠʟ-ʟʘ 

ʩʞʘʪʠʷ ʤʘʛʥʠʪʦʩʬʝʨʳ, ʜʣʠʣʘʩʴ ~2 ʯ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ 67 ʥʊʣ ʚ 04:48 UT. ɿʘʪʝʤ 

ʨʘʟʚʠʚʘʣʘʩʴ ʛʣʘʚʥʘʷ ʬʘʟʘ, ʚʳʟʚʘʥʥʘʷ ʨʝʟʢʠʤ ʚʦʟʨʘʩʪʘʥʠʝʤ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ ʩ ʤʘʢʩʠʤʘʣʴ-

ʥʳʤ ʟʥʘʯʝʥʠʝʤ Dst-ʠʥʜʝʢʩʘ, ʨʘʚʥʳʤ 228 ʥʊʣ ʚ 23 UT 18 ʤʘʨʪʘ. ɹʫʨʷ ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʧ̫ -

ʪʴʶ ʤʦʱʥʳʤʠ ʩʫʙʙʫʨʷʤʠ (ɸɽ~2300 ʥʊʣ) ʠ ʧʦʣʷʨʥʳʤʠ ʩʠʷʥʠʷʤʠ ʥʘ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ [8].  

ʉʧʠʩʦʢ ʠ ʢʦʦʨʜʠʥʘʪʳ ʦʙʩʝʨʚʘʪʦʨʠʡ, ʪʠʧ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʥʠʭ ʤʘʛʥʠʪʦʤʝʪʨʦʚ ʠ ʯʘ-

ʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 10. 

ʊʘʙʣʠʮʘ 10. ʉʧʠʩʦʢ ʠ ʢʦʦʨʜʠʥʘʪʳ ʦʙʩʝʨʚʘʪʦʨʠʡ,  

ʪʠʧ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʥʠʭ ʤʘʛʥʠʪʦʤʝʪʨʦʚ ʠ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

ʅʘʟʚʘʥʠʝ ʩʪʘʥʮʠʠ ɻʝʦʛʨʘʬʠʯʝʩʢʘʷ 

ʰʠʨʦʪʘ, ʛʨʘʜ 

ɻʝʦʛʨʘʬʠʯʝʩʢʘʷ 

ʜʦʣʛʦʪʘ, ʛʨʘʜ 

ʊʠʧ ʤʘʛʥʠʪʦʤʝʪʨʘ,  

ʯʘʩʪʦʪʘ ʦʧʨʦʩʘ 

Barentsburg (ɺRɺ) 70Á.20 15Á.82 ʀʥʜʫʢʮʠʦʥʥʳʡ, 40 ɻʮ 

Lovozero (LOZ) 67.Á97 35Á.08 ʀʥʜʫʢʮʠʦʥʥʳʡ, 40 ɻʮ 

Mondy (MND) 51Á.6 100Á.9 ʀʥʜʫʢʮʠʦʥʥʳʡ, 64 ɻʮ 

Thief River Falls (THRF) 48.027 263.635 ʀʥʜʫʢʮʠʦʥʥʳʡ, 20 ɻʮ 

Ministik Lake (MSTK) 53.351 247.026 ʀʥʜʫʢʮʠʦʥʥʳʡ, 20 ɻʮ;  

ʌʝʨʨʦʟʦʥʜʦʚʳʡ 

Rabbit Lake (RABB) 58Á.22 256Á.32 ʀʥʜʫʢʮʠʦʥʥʳʡ, 20 ɻʮ;  

ʌʝʨʨʦʟʦʥʜʦʚʳʡ 

Island Lake (ISLL) 53Á.86 265Á.34 ʀʥʜʫʢʮʠʦʥʥʳʡ, 20 ɻʮ;  

ʌʝʨʨʦʟʦʥʜʦʚʳʡ 

Dawson (DAWS) 64Á.05 220Á.89 ʀʥʜʫʢʮʠʦʥʥʳʡ, 20 ɻʮ;  

ʌʝʨʨʦʟʦʥʜʦʚʳʡ 

Fort Smith (FSMI) 60Á.02 248Á.05 ʀʥʜʫʢʮʠʦʥʥʳʡ, 20 ɻʮ;  

ʌʝʨʨʦʟʦʥʜʦʚʳʡ 

Fort Churchill (FCHU) 58Á.76 265Á.92 ʀʥʜʫʢʮʠʦʥʥʳʡ, 20 ɻʮ;  

ʌʝʨʨʦʟʦʥʜʦʚʳʡ 

Pinava (PINA) 50Á.20 263Á.96 ʀʥʜʫʢʮʠʦʥʥʳʡ, 20 ɻʮ;  

ʌʝʨʨʦʟʦʥʜʦʚʳʡ 

Barrow (BRW) 71Á.32 203Á.38 ʌʝʨʨʦʟʦʥʜʦʚʳʡ 1 ɻʮ 

College (ʉʄʆ) 64Á.86 212Á.16 ʌʝʨʨʦʟʦʥʜʦʚʳʡ 1 ɻʮ 

Irkutsk (IRT) 52Á.27 104Á.45 ʌʝʨʨʦʟʦʥʜʦʚʳʡ 1 ɻʮ 

Tumanny (TUM) 69.07 35.73 ʈʠʦʤʝʪʨ 0.016 ɻʮ 
 

ʌʨʘʛʤʝʥʪʳ ʤʘʛʥʠʪʦʛʨʘʤʤʳ ʦʙʩʝʨʚʘʪʦʨʠʠ ʀʨʢʫʪʩʢ ʠ ʩʧʝʢʪʨʦʛʨʘʤʤ ʚʩʧʣʝʩʢʘ (ʮʫʛʘ) 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʥʘ ʩʨʝʜʥʝʰʠʨʦʪʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʄʦʥʜʳ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 125. 

ɺ ʤʦʤʝʥʪ SSC ʥʘ ʤʘʛʥʠʪʦʛʨʘʤʤʝ ʀʨʢʫʪʩʢʘ, ʥʘʭʦʜʷʱʝʡʩʷ ʚʙʣʠʟʠ ʧʦʣʫʜʥʷ, ʚʠʜʝʥ ʩʢʘʯʦʢ 

ʅ-ʢʦʤʧʦʥʝʥʪʳ 46 ʥʊʣ.  

 

ʈʠʩ. 125. ʌʨʘʛʤʝʥʪʳ ʤʘʛʥʠʪʦʛʨʘʤʤʳ (ʅ-ʢʦʤʧʦʥʝʥʪʘ) ʦʙʩʝʨʚʘʪʦʨʠʠ ʀʨʢʫʪʩʢ (ʘ); ʩʧʝʢʪʨʦ-
ʛʨʘʤʤʳ (ʙ); ʉɺɸʅʦʛʨʘʤʤʳ ʮʫʛʘ ʧʫʣʴʩʘʮʠʡ ʥʘ ʩʨʝʜʥʝʰʠʨʦʪʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʄʦʥʜʳ (ʚ) 
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ʅʘ ʨʠʩ. 126 ʧʨʠʚʦʜʷʪʩʷ ʬʨʘʛʤʝʥʪʳ ʦʩʮʠʣʣʦʛʨʘʤʤ ʠʥʜʫʢʮʠʦʥʥʳʭ ʤʘʛʥʠʪʦʤʝʪʨʦʚ ʥʘ 

ʤʠʨʦʚʦʡ ʩʝʪʠ ʩʪʘʥʮʠʡ, ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʳʭ ʜʘʥʳ ʚ ʪʘʙʣ. 10. ʆʙʩʝʨʚʘʪʦʨʠʷ ʄʦʥʜʳ ʨʘʩʧʦ-

ʣʦʞʝʥʘ ʚʙʣʠʟʠ ʧʦʣʫʜʝʥʥʦʛʦ ʤʝʨʠʜʠʘʥʘ, ʦʙʩʝʨʚʘʪʦʨʠʠ ʩʝʪʠ CARISMA ʥʘʭʦʜʷʪʩʷ ʚ ʚʝʯʝʨ-

ʥʝ-ʧʦʣʫʥʦʯʥʦʤ ʩʝʢʪʦʨʝ, ʘ ʦʙʩʝʨʚʘʪʦʨʠʠ ɹʘʨʝʥʮʙʫʨʛ ʠ ʃʦʚʦʟʝʨʦ ð ʚ ʫʪʨʝʥʥʝʤ ʩʝʢʪʦʨʝ. 

ɺʠʜʥʦ, ʯʪʦ ʚ ʦʙʩʝʨʚʘʪʦʨʠʠ ʄʦʥʜʳ ʚ ~ 04.45:32 UT ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʥʘʯʘʣʦ ʮʫʛʘ ʢʦʣʝʙʘʥʠʡ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 3 ʩ. ʎʫʛ ʢʦʣʝʙʘʥʠʡ (ʦʙʦʟʥʘʯʝʥ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʤ) ʠʤʝʝʪ ʢʘʧʣʝʦʙʨʘʟʥʫʶ 

ʬʦʨʤʫ ʦʛʠʙʘʶʱʝʡ ʘʤʧʣʠʪʫʜʳ ʠ ʥʘʨʘʩʪʘʥʠʝ ʧʝʨʠʦʜʘ ʢ ʢʦʥʮʫ ʩʦʙʳʪʠʷ. ʌʦʨʤʘ ʮʫʛʘ ʠ ʜʠ-

ʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʧʝʨʠʦʜʘ ʩʦʭʨʘʥʷʶʪʩʷ ʥʘ ʚʩʝʭ ʦʙʩʝʨʚʘʪʦʨʠʷʭ. 
ʅʘ ʩʧʝʢʪʨʦʛʨʘʤʤʝ (ʨʠʩ. 125, ʙ) ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʤʦʤʝʥʪ ʚʠʜʝʥ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ 

ʰʫʤʦʚʦʡ ʚʩʧʣʝʩʢ ʩ ʦʩʣʘʙʣʝʥʠʝʤ ʠ ʫʩʠʣʝʥʠʝʤ ʵʥʝʨʛʠʠ ʥʘ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʦʪʘʭ, ʧʦʵʪʦʤʫ ʥʘ 
ʩʧʝʢʪʨʦʛʨʘʤʤʝ ʚʩʧʣʝʩʢ ʚʳʛʣʷʜʠʪ ʚ ʚʠʜʝ ʧʫʥʢʪʠʨʘ (ʦʙʦʟʥʘʯʝʥ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʨʝʣʢʦʡ 
ʩʚʝʨʭʫ), ʪ. ʝ. ʩʧʝʢʪʨ ʮʫʛʘ ʢʦʣʝʙʘʥʠʡ ʠʤʝʝʪ ʛʨʝʙʥʝʦʙʨʘʟʥʳʡ (ʨʝʟʦʥʘʥʩʥʳʡ) ʭʘʨʘʢʪʝʨ. 
ʅʘʠʚʳʩʰʘʷ ʦʪʦʞʜʝʩʪʚʣʷʝʤʘʷ ʯʘʩʪʦʪʘ ʥʘ ʩʧʝʢʪʨʦʛʨʘʤʤʝ ʨʘʚʥʘ ~4.5 ɻʮ. ɹʦʣʝʝ ʯʝʪʢʦ ʉʈʉ 
ʚʠʜʥʘ ʥʘ ʜʠʥʘʤʠʯʝʩʢʦʤ ʩʧʝʢʪʨʝ, ʚʳʯʠʩʣʝʥʥʦʤ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʉɺɸʅ (ʨʠʩ. 125, ʚ). 
ʉʧʝʢʪʨʘʣʴʥʦ-ʚʨʝʤʝʥʥʦʡ ʘʥʘʣʠʟ ʩʠʛʥʘʣʦʚ (ʉɺɸʅ) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʣʠʥʝʡʥʦʡ ʬʠʣʴʪʨʘʮʠʠ 
ʠʩʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ f(t) ʥʘʙʦʨʦʤ ʫʟʢʦʧʦʣʦʩʥʳʭ ʯʘʩʪʦʪʥʳʭ ʬʠʣʴʪʨʦʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʘʤ-
ʧʣʠʪʫʜʳ ʦʛʠʙʘʶʱʝʡ ʠ ʬʘʟʳ ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ ʜʚʫʭ ʧʝʨʝʤʝʥ-
ʥʳʭ: ʚʨʝʤʝʥʠ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʬʠʣʴʪʨʘ [9]. ɿʜʝʩʴ ʚʝʨʭʥʷʷ ʦʪʦʞʜʝʩʪʚʣʷʝʤʘʷ ʯʘʩʪʦʪʘ, 
ʪʘʢ ʞʝ ʢʘʢ ʠ ʥʘ ʩʧʝʢʪʨʦʛʨʘʤʤʝ (ʨʠʩ. 129, ʙ) ~4.5 ɻʮ, ʘ ʥʘ ʯʘʩʪʦʪʝ ~2.7 ɻʮ ʚʠʜʥʦ ʨʝʟʢʦʝ 
ʫʩʠʣʝʥʠʝ ʤʦʱʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ (ʢʨʘʩʥʳʡ ʮʚʝʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ 
ʤʦʱʥʦʩʪʠ). ɺ ʜʠʥʘʤʠʯʝʩʢʦʤ ʩʧʝʢʪʨʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ 1.35, 1.1, 0.91, 
0.78, 0.65 ʠ 0.5 ɻʮ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʧʝʢʪʨʳ ʚʩʧʣʝʩʢʘ ʢʦʣʝʙʘʥʠʡ ʧʦʜʦʙʥʳ ʦʧʠʩʘʥʥʳʤ 
ʥʘʤʠ ʚ [1, 2], ʦʜʥʘʢʦ ʟʥʘʯʝʥʠʷ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ ʨʘʟʣʠʯʘʶʪʩʷ. ɺ ʩʣʫʯʘʝ 23.IV.2012 ʛ., 
ʧʨʠʚʝʜʝʥʥʦʤ ʚ [1], ʤʘʢʩʠʤʫʤʳ ʵʥʝʨʛʠʠ ʚ ʩʧʝʢʪʨʝ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 0.3ï1.7 ɻʮ 
ʥʘ ʨʘʟʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʷʭ. ʇʦʜʦʙʥʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʠʜʥʘ ʠ ʥʘ ʜʨʫʛʠʭ ʩʪʘʥʮʠʷʭ 
(ʨʠʩ. 129). ʅʘ ʨʠʩ. 127 ʚʠʜʥʦ ʪʘʢʞʝ, ʯʪʦ ʚʩʣʝʜ ʟʘ ʚʩʧʣʝʩʢʦʤ ʛʝʥʝʨʠʨʫʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʈʩ1. 

 

 

ʈʠʩ. 126. Cʚʝʨʭʫ ʚʥʠʟ: ʬʨʘʛʤʝʥʪʳ ʦʩʮʠʣʣʦʛʨʘʤʤ ʠʥʜʫʢʮʠʦʥʥʳʭ ʬʣʶʢʩʤʝʪʨʦʚ ʥʘ ʤʠʨʦʚʦʡ 
ʩʝʪʠ ʦʙʩʝʨʚʘʪʦʨʠʡ. ʇʨʷʤʦʫʛʦʣʴʥʠʢʦʤ ʦʙʦʟʥʘʯʝʥ ʮʫʛ ʧʫʣʴʩʘʮʠʡ (ʧʨʝʜʚʝʩʪʥʠʢ SSC*), ʠʤʝʶʱʠʡ 
ʨʝʟʦʥʘʥʩʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩʧʝʢʪʨʘ (ʉʈʉ) 
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ʈʠʩ. 127. ɼʠʥʘʤʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʮʫʛʘ-ʧʨʝʜʚʝʩʪʥʠʢʘ ʥʘ ʩʝʪʠ ʦʙʩʝʨʚʘʪʦʨʠʡ 
 

 

ʈʠʩ. 128. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʮʫʛʘ ʧʫʣʴʩʘʮʠʡ ʚ ʧʦʣʫʜʝʥʥʦʡ ʠ ʧʦʣʫʥʦʯʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠ-
ʷʭ (ʘ) ʠ ʦʙʩʝʨʚʘʪʦʨʠʷʭ ʫʪʨʝʥʥʝʛʦ ʩʝʢʪʦʨʘ (ʙ) ʍʦʨʥʩʫʥʜ (HRN, MLT=05), ɹʘʨʨʦʫ (BRW, MLT=15) ʠ 
ʌʦʨʪ ʏʝʨʯʠʣʴ (FCC, MLT=22) 
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ʈʠʩ. 129. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʥʘʯʘʣʦʤ ʮʫʛʦʚ ʧʫʣʴʩʘʮʠʡ ʚ 
ʫʪʨʝʥʥʝʤ (ʘ) ʠ ʚʝʯʝʨʥʝ-ʧʦʣʫʥʦʯʥʦʤ (ʙ) ʩʝʢʪʦʨʘʭ. ʋʟʢʠʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢ, ʚʳʜʝʣʝʥʥʳʡ ʛʦʨʠʟʦʥ-
ʪʘʣʴʥʳʤʠ ʩʪʨʝʣʢʘʤʠ ð ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʷ ʮʫʛʘ ʧʫʣʴʩʘʮʠʡ 

 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʬʫʨʴʝ-ʩʧʝʢʪʨʳ ʜʣʷ ʪʨʝʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʥʘ ʜʥʝʚʥʦʡ ʩʪʦʨʦʥʝ ʠ ʜʚʫʭ ʥʘ 

ʥʦʯʥʦʡ ʩʪʦʨʦʥʝ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 128. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʦʙʱʠʝ ʯʝʨʪʳ ʉʈʉ, ʟʘʤʝʪʥʳʝ ʚ ʜʠ-

ʥʘʤʠʯʝʩʢʠʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʭ, ʥʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨ rʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘ-

ʶʪʩʷ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʚʧʘʜʝʥʠʝ ʩʧʝʢʪʨʦʚ ʥʘ ʩʨʝʜʥʝʰʠʨʦʪʥʦʡ ʩʪʘʥʮʠʠ ʄʦʥ-

ʜʳ ʠ ʦʙʩʝʨʚʘʪʦʨʠʷʭ ʥʘ ʥʦʯʥʦʡ ʩʪʦʨʦʥʝ. ʇʠʢ ʚ ʩʧʝʢʪʨʝ ʥʘ ʯʘʩʪʦʪʝ 2.7 ɻʮ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ 

ʧʦ ʚʩʝʤ ʩʪʘʥʮʠʷʤ ʠ ʢʦʤʧʦʥʝʥʪʘʤ ʩ ʦʪʢʣʦʥʝʥʠʝʤ Ñ0.2 ɻʮ (ʨʠʩ. 128, ʘ). ʉʧʝʢʪʨʘʣʴʥʘʷ ʢʘʨ-

ʪʠʥʘ ʚ ʦʙʩʝʨʚʘʪʦʨʠʷʭ ʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ ʃʦʚʦʟʝʨʦ ʠ ɹʘʨʝʥʮʙʫʨʛ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʧʝʢʪʨʦʚ, 

ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩ. 128, ʘ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʛʣʘʚʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ ʚ ʦʙʩʝʨʚʘʪʦ-

ʨʠʠ ʃʦʚʦʟʝʨʦ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʯʘʩʪʦʪʝ 2.45 ɻʮ. ɺ ɹʘʨʝʥʮʙʫʨʛʝ ʦʪʤʝʯʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʥʠʟʢʠʝ ʯʘʩʪʦʪʳ ʩ ʧʠʢʘʤʠ ʥʘ 0.5, 0.75, 1.0 ʠ 1.25 ɻʮ. 

ɺʠʜʥʦ, ʯʪʦ ʚʩʧʣʝʩʢ ʧʫʣʴʩʘʮʠʡ ʥʘʭʦʜʠʪʩʷ ʥʘ ʬʨʦʥʪʝ ʠʣʠ ʜʘʞʝ ʦʧʝʨʝʞʘʝʪ ʚʘʨʠʘʮʠʶ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤʫ ʦʙʨʘʪʥʦʤʫ ʠʤʧʫʣʴʩʫ (PRI). ʀʦʥʦ-

ʩʬʝʨʥʳʝ ʪʦʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ PRI, ʩʚʷʟʘʥʳ ʩ ʚʳʩʳʧʘʥʠʝʤ ʵʥʝʨʛʠʯʥʳʭ (10ï40 ʢʵɺ) 

ʵʣʝʢʪʨʦʥʦʚ [10]. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʨʠʦʤʝʪʨʘ ʥʘ ʨʘʜʠʦʬʠʟʠʯʝʩʢʦʤ ʧʦʣʠʛʦʥʝ 

ʊʫʤʘʥʥʳʡ (TUM) ʚ ʫʪʨʝʥʥʝʤ ʩʝʢʪʦʨʝ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʛʣʦʱʝ-

ʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʨʘʜʠʦʰʫʤʘ ʚʙʣʠʟʠ ʤʦʤʝʥʪʘ SSC. ʄʦʤʝʥʪ ʚʩʧʣʝʩʢʘ ʧʫʣʴʩʘʮʠʡ ʦʧʝʨʝʞʘʝʪ 

ʨʦʩʪ  ʨʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʚʘʨʠʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʨʠʩ. 129).  

ʀʟ ʨʠʩ. 126 ʚʠʜʥʦ, ʯʪʦ ʮʫʛ ʢʦʣʝʙʘʥʠʡ (ʦʙʦʟʥʘʯʝʥ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʤ) ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 

ʚ ʜʦʣʛʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ~250Á ʠ ʜʠʘʧʘʟʦʥʝ ʰʠʨʦʪ ~22Á ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʥʘʯʘʣʘ ʮʫʛʘ ʥʘ 

ʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ ʥʘ ~2 ʩ ʠ ʥʘ ʥʦʯʥʦʡ ʩʪʦʨʦʥʝ ʥʘ ~4 ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʩʝʨʚʘʪʦʨʠʠ, ʥʘʭʦ-

ʜʷʱʝʡʩʷ ʚʙʣʠʟʠ ʧʦʣʫʜʝʥʥʦʛʦ ʤʝʨʠʜʠʘʥʘ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʦʙʳʪʠʷ ʩʦʩʪʘʚʣʷʝʪ 3.5 ʩ. 

ɸʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʘʷ ʤʦʜʫʣʷʮʠʷ ʮʫʛʘ (ʉʈʉ) ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ, ʥʦ ʥʘ 

ʨʘʟʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʷʭ ʧʦʩʪʦʷʥʥʘ ʪʦʣʴʢʦ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ~2.67Ñ0.38 ɻʮ (ʨʠʩ. 127, 128, 

ʘ, ʙ). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʩʧʝʢʪʨʝ ʮʫʛʦʚ ʚ ʫʪʨʝʥʥʝʤ ʩʝʢʪʦʨʝ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʩʧʝʢʪʨʦʚ ʚ ʦʢʦʣʦʧʦʣʫʜʝʥʥʦʡ ʠ ʥʦʯʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʷʭ. 

ʀʥʪʝʨʝʩʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʤʦʤʝʥʪ ʨʘʟʚʠʪʠʷ ʚʩʧʣʝʩʢʘ ʧʫʣʴʩʘʮʠʡ ʩ ʧʝʨʚʳʤʠ ʤʘʛʥʠʪʥʳʤʠ 

ʧʨʠʟʥʘʢʘʤʠ SSC. ʅʘ ʨʠʩ. 129 ʵʪʦʪ ʤʦʤʝʥʪ, ʦʙʦʟʥʘʯʝʥʥʳʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʤ, ʩʦʧʦʩʪʘʚʣʝʥ ʩ 

ʚʘʨʠʘʮʠʷʤ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʨʘʜʠʦʰʫʤʘ ʚʙʣʠʟʠ ʤʦʤʝʥʪʘ 

SSC. ʄʦʤʝʥʪ ʚʩʧʣʝʩʢʘ ʧʫʣʴʩʘʮʠʡ ʦʧʝʨʝʞʘʝʪ ʨʦʩʪ ʨʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, ʪʘʢ ʞʝ 

ʢʘʢ ʠ ʚʘʨʠʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʨʠʩ. 129). 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʥʘ ʦʨʙʠʪʝ ʥʘʭʦʜʠʣʠʩʴ ʥʝʩʢʦʣʴʢʦ ʥʠʟʢʦʦʨʙʠ-

ʪʘʣʴʥʳʭ (ʚʳʩʦʪʘ ~800 ʢʤ) ʩʧʫʪʥʠʢʦʚ NOAA POES, ʧʨʦʚʦʜʷʱʠʭ ʤʦʥʠʪʦʨʠʥʛ ʧʦʪʦʢʦʚ ʧʨʦ-

ʪʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ. ʀʥʪʝʨʝʩʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʜʘʥʥʳʝ ʩʧʫʪ-

ʥʠʢʦʚ ʜʦ ʠ ʚʦ ʚʨʝʤʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʩʧʣʝʩʢʦʚ ʧʫʣʴʩʘʮʠʡ. ʊʘʢ, ʩʧʫʪʥʠʢʠ MetOp-2 ʠ 

NOAA-18 ʧʝʨʝʩʝʢʣʠ ʧʦʣʫʜʝʥʥʳʡ ʩʝʢʪʦʨ ʚ ʜʠʘʧʘʟʦʥʝ ʰʠʨʦʪ 60ï76Á CGMLat ʦʢʦʣʦ 04.18ï
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04.25 UT ʠ 04.20ï04.27 UT ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪ. ʝ. ʜʦ ʤʦʤʝʥʪʘ SSC*. ʉʧʫʪʥʠʢ NOAA-19 ʧʝ-

ʨʝʩʝʢ ʵʪʦʪ ʩʝʢʪʦʨ ʚ 04.43ï04.49 UT, ʪ. ʝ. ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦ ʚʨʝʤʷ SSC* ʠ ʩʞʘʪʠʷ ʤʘʛʥʠ-

ʪʦʩʬʝʨʳ. ʇʨʦʝʢʮʠʠ ʦʨʙʠʪ ʵʪʠʭ ʩʧʫʪʥʠʢʦʚ ʥʘ ʚʳʩʦʪʫ 100 ʢʤ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 130, ʘ. ʈʝ-

ʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʥʘ ʵʪʠʭ ʩʧʫʪʥʠʢʘʭ ʧʦʪʦʢʦʚ ʚʳʩʳʧʘʶʱʠʭʩʷ ʠ ʟʘʭʚʘʯʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ 

ʩ ʵʥʝʨʛʠʷʤʠ >30 ʠ >100 ʢʵɺ, ʘ ʪʘʢʞʝ ʧʨʦʪʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 100 ʢʵɺ ʧʦʢʘʟʘʥʳ ʥʘ ʪʨʝʭ ʥʠʞ-

ʥʠʭ ʧʘʥʝʣʷʭ. ʇʦʪʦʢʠ ʵʣʝʢʪʨʦʥʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 6 ʙ, ʚ, ʘ ʧʦʪʦʢʠ ʧʨʦʪʦʥʦʚ ð ʥʘ ʨʠʩ. 130, ʛ. 

ɺʩʝ ʪʨʠ ʩʧʫʪʥʠʢʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʨʝʟʢʫʶ ʛʨʘʥʠʮʫ ʠʟʦʪʨʦʧʥʳʭ ʚʳʩʳʧʘʥʠʡ ʥʘ ʠʩʧʨʘʚ-

ʣʝʥʥʦʡ ʛʝʦʤʘʛʥʠʪʥʦʡ ʰʠʨʦʪʝ 73ï74Á. ɼʘʥʥʳʝ ʩʧʫʪʥʠʢʦʚ MetOp-2 ʠ NOAA-18 ʧʦʢʘʟʳʚʘ-

ʶʪ, ʯʪʦ ʜʦ SSC* ʢ ʵʢʚʘʪʦʨʫ ʦʪ ʵʪʦʡ ʛʨʘʥʠʮʳ ʚʳʩʳʧʘʥʠʡ ʯʘʩʪʠʮ ʥʝ ʙʳʣʦ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʫʟʢʦʡ ʧʦʣʦʩʳ ʚʳʩʳʧʘʥʠʡ ʵʣʝʢʪʨʦʥʦʚ >30 ʢʵɺ ʥʘ ʰʠʨʦʪʝ ~67Á ʠ MLT ~11, ʥʘʙʣʶʜʘʚʰʝʡʩʷ 

ʩʧʫʪʥʠʢʦʤ MetOp-2. ʉʧʫʪʥʠʢ NOAA-19 ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʦʤʝʥʪ SSC* ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣ 

ʚ ʦʙʣʘʩʪʠ ʘʥʠʟʦʪʨʦʧʥʳʭ ʧʦʪʦʢʦʚ (ʥʘ ʰʠʨʦʪʘʭ 65ï70Á) ʤʦʱʥʳʝ ʚʳʩʳʧʘʥʠʷ ʵʥʝʨʛʠʯʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ. 

ʅʘ ʨʠʩ. 131 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ ʧʦʪʦʢʦʚ ʧʨʦʪʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ ʥʘ 

ʩʧʫʪʥʠʢʝ NOAA-19. ɺ 04.44:49 UT (ʚʝʨʪʠʢʘʣʴʥʘʷ ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ 1). 

 

 

ʈʠʩ. 130. ʀʟʤʝʨʝʥʠʷ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ ʥʘ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʩʧʫʪʥʠʢʘʭ ʚ 
ʜʥʝʚʥʦʤ ʩʝʢʪʦʨʝ ʜʦ ʠ ʚʦ ʚʨʝʤʷ ʩʞʘʪʠʷ ʤʘʛʥʠʪʦʩʬʝʨʳ. ɺʚʝʨʭʫ ï ʀʦʥʦʩʬʝʨʥʳʝ ʧʨʦʝʢʮʠʠ ʧʨʦʣʝʪʦʚ 
ʪʨʝʭ ʩʧʫʪʥʠʢʦʚ POES ʚ ʜʥʝʚʥʦʤ ʩʝʢʪʦʨʝ. ʅʠʞʝ ï ʇʦʪʦʢʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ, ʠʟʤʝʨʝʥʥʳʝ ʥʘ 
ʪʨʝʭ ʩʧʫʪʥʠʢʘʭ. ʇʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ï ʧʦʪʦʢ ʟʘʭʚʘʯʝʥʥʳʭ ʥʘ ʚʳʩʦʪʝ ʩʧʫʪʥʠʢʘ ʯʘʩʪʠʮ, ʩʧʣʦʰʥʘʷ ï 
ʧʦʪʦʢ ʚʳʩʳʧʘʶʱʠʭʩʷ ʯʘʩʪʠʮ 
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ʈʠʩ. 131. ʊʘʡʤʠʨʦʚʘʥʠʝ ʩʦʙʳʪʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ SSC* 17 ʤʘʨʪʘ 2015 ʛ. ɺʝʨʪʠʢʘʣʴʥʘʷ ʣʠʥʠʷ 1 

ʦʪʤʝʯʘʝʪ ʥʘʯʘʣʦ ʚʳʩʳʧʘʥʠʷ ʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʣʠʥʠʷ 2 ð ʚʳʩʳʧʘʥʠʷ ʧʨʦʪʦʥʦʚ 100 ʢʵɺ, 
ʣʠʥʠʷ 3 ð ʥʘʯʘʣʦ ʮʫʛʘ ʧʫʣʴʩʘʮʠʡ ʚ ʜʠʘʧʘʟʦʥʝ ʈʩ1 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʞʘʪʠʷ ʤʘʛʥʠʪʦʩʬʝʨʳ, ʢʦʪʦʨʦʝ ʧʨʦʠʟʦʰʣʦ ʥʝʟʘʜʦʣʛʦ ʜʦ 04:44:50 UT 

(ʚʝʨʦʷʪʥʦ, ʚ ʠʥʪʝʨʚʘʣʝ 04:44:08ï04:44:34 UT, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦ ʚʨʝʤʷ ʩʧʫʪʥʠʢʠ THA, THD, 

THE, ʢʦʪʦʨʳʝ ʥʘʭʦʜʠʣʠʩʴ ʚʙʣʠʟʠ ʥʦʤʠʥʘʣʴʥʦʡ ʤʘʛʥʠʪʦʧʘʫʟʳ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʨʦʭʦʞ-

ʜʝʥʠʝ ʄʋɺ) ʥʘ ʜʥʝʚʥʦʡ ʩʪʦʨʦʥʝ ʨʘʟʚʠʚʘʝʪʩʷ ʮʠʢʣʦʪʨʦʥʥʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʪʦʥʦʚ 

ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ ʠ ʵʣʝʢʪʨʦʥʦʚ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʚʳʩʳʧʘʥʠʝ 

ʵʣʝʢʪʨʦʥʦʚ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ, ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʣʝʪʥʦʤʫ ʚʨʝʤʝʥʠ ʧʨʦʪʦʥʘ ʦʪ ʵʢʚʘ-

ʪʦʨʘ ʜʦ ʚʳʩʦʪʳ ʩʧʫʪʥʠʢʘ ʠ ʚʳʩʳʧʘʥʠʝ ʧʨʦʪʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 100 ʢʵɺ. ʎʫʛ ʠʦʥʥʦ-

ʮʠʢʣʦʪʨʦʥʥʳʭ ʚʦʣʥ (ʩʤ. ʜʘʥʥʳʝ ʩʪʘʥʮʠʠ ʄʦʥʜʳ ʥʘ ʨʠʩ. 126) ʜʦʩʪʠʛʘʝʪ ʠʦʥʦʩʬʝʨʳ ʧʦʟʞʝ 

ʥʘ ~30 ʩ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʨʝʤʝʥʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʣʴʬʚʝʥʦʚʩʢʦʡ ʚʦʣʥʳ. ʊʦʪ ʬʘʢʪ, 

ʯʪʦ ʠʟʤʝʨʝʥʠʷ ʩʧʫʪʥʠʢʘ NOAA-19 ʦʪʨʘʞʘʶʪ ʚʨʝʤʝʥʥʫʶ ʜʠʥʘʤʠʢʫ ʚʳʩʳʧʘʥʠʡ, ʧʦʜʪʚʝʨ-

ʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʨʠʦʤʝʪʨʘ ʚ ʫʪʨʝʥʥʝʤ ʩʝʢʪʦʨʝ ʥʘ ʨʘʜʠʦʬʠʟʠʯʝʩʢʦʤ ʧʦʣʠʛʦʥʝ ʊʫʤʘʥʥʳʡ, 

ʢʦʪʦʨʳʡ ʦʢʦʣʦ 04:45 UT ʪʘʢʞʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣ ʚʪʦʨʞʝʥʠʝ ʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʧʨʦ-

ʷʚʠʚʰʝʝʩʷ ʚ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʚʦʟʨʘʩʪʘʥʠʠ ʨʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ (ʨʠʩ. 129). ʆʯʝ-

ʚʠʜʥʦ, ʯʪʦ ʩʠʥʭʨʦʥʥʦʩʪʴ ʚʳʩʳʧʘʥʠʡ ʵʣʝʢʪʨʦʥʦʚ ʚ ʨʘʟʥʳʭ ʩʝʢʪʦʨʘʭ MLT ʷʚʣʷʝʪʩʷ ʩʣʝʜ-

ʩʪʚʠʝʤ ʩʞʘʪʠʷ ʤʘʛʥʠʪʦʩʬʝʨʳ. 

ɺ ʩʪʘʪʴʷʭ [1, 2] ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʛʠʧʦʪʝʟ ʦ ʧʨʠʨʦʜʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʮʫʛʘ 

ʢʦʣʝʙʘʥʠʡ ʧʨʝʜʧʦʣʘʛʘʣʘʩʴ ʚʦʟʤʦʞʥʘʷ ʩʚʷʟʴ ʩ ʦʩʮʠʣʣʷʪʦʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʝʞʧʣʘʥʝʪʥʦʡ 

ʫʜʘʨʥʦʡ ʚʦʣʥʳ. ʈʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ (ʨʠʩ. 132, ʙïʛ) ʩ ʚʳʩʦʢʠʤ ʚʨʝʤʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʩʧʫʪʥʠʢʝ Cluster-2 ʠ 

ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʥʘ ʩʧʫʪʥʠʢʝ ʉʇɽʂʊʈ-ʈ (ʨʠʩ. 132, ʘ) ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʨʠʪʴ ʵʪʫ 

ʛʠʧʦʪʝʟʫ. ʅʘʣʠʯʠʝ ʦʩʮʠʣʣʷʪʦʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʝʨʝʜ ʬʨʦʥʪʦʤ ʄʋɺ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʥʘʨʘʩʪʘʶʱʠʭ ʧʦ ʘʤʧʣʠʪʫʜʝ ʢ ʬʨʦʥʪʫ ʚʦʣʥʳ ʢʦʣʝʙʘʥʠʡ (ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʥʘ ʨʠʩʫʥʢʝ), 

ʥʘʙʣʶʜʘʶʱʠʭʩʷ ʚ ʄʄʇ ʚ ʚʠʜʝ 3.5-ʩʝʢʫʥʜʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʢʦʤʧʦʥʝʥʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ 

ʢʦʣʝʙʘʥʠʡ ʚ ʧʦʪʦʢʝ ʧʣʘʟʤʳ ʉɺ ʩ ʧʝʨʠʦʜʦʤ ʦʢʦʣʦ 1.5 ʩ. ʆʜʥʘʢʦ ʚ ʧʝʨʝʭʦʜʥʦʡ ʦʙʣʘʩʪʠ ʥʘ 

ʪʨʝʭ ʩʧʫʪʥʠʢʘʭ ʊʅɸ, ʊʅD ʠ ʊʅɽ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʨʝʟʢʠʡ ʩʢʘʯʦʢ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʧʨʦʭʦʞʜʝʥʠʝʤ ʬʨʦʥʪʘ ʄʋɺ, ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʨʘʩʢʘʯʢʠ (ʦʧʝʨʝʞʘʶʱʝʡ  
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ʈʠʩ. 132. ʈʝʛʠʩʪʨʘʮʠʷ ʩ ʙʦʣʴʰʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʠ ʄʄʇ ʧʝʨʝʜ 
ʬʨʦʥʪʦʤ ʄʋɺ ʥʘ ʩʧʫʪʥʠʢʘʭ ʉʧʝʢʪʨ-ʈ ʠ Cluster 

 
ʩʪʨʫʢʪʫʨʳ). ɺʝʨʦʷʪʥʦ, ʢʦʣʝʙʘʥʠʷ, ʥʘʙʣʶʜʘʝʤʳʝ ʧʝʨʝʜ ʬʨʦʥʪʦʤ ʄʋɺ, ʧʦʛʣʦʱʘʶʪʩʷ ʚʦ 
ʬʨʦʥʪʝ ʦʢʦʣʦʟʝʤʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʛʠʧʦʪʝʟʘ ʦ 
ʩʚʷʟʠ ʮʫʛʘ ʢʦʣʝʙʘʥʠʡ ʚʥʫʪʨʠ ʤʘʛʥʠʪʦʩʬʝʨʳ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʄʄʇ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉɺ ʧʝ-
ʨʝʜ ʬʨʦʥʪʦʤ ʄʋɺ (ʦʩʮʠʣʣʷʪʦʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʄʋɺ) ʤʦʞʝʪ ʙʳʪʴ ʦʪʢʣʦʥʝʥʘ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʚʦ ʚʨʝʤʷ ʚʥʝʟʘʧʥʳʭ ʥʘʯʘʣ ʤʘʛʥʠʪ-
ʥʳʭ ʙʫʨʴ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʪʘʪʴʷʭ ʠ ʤʦʥʦʛʨʘʬʠʷʭ. ʆʜʥʦʟʥʘʯʥʦ ʫʩʪʘ-
ʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʪʘʢʪ ʄʋɺ ʩ ʤʘʛʥʠʪʦʩʬʝʨʦʡ ʧʨʠʚʦʜʠʪ ʢ ʛʝʥʝʨʘʮʠʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 
ʯʘʩʪʦʪ ʄɻɼ-ʚʦʣʥ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ɿʝʤʣʝ ʚ ʚʠʜʝ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʚʩʝʭ 
ʠʟʚʝʩʪʥʳʭ ʢʣʘʩʩʦʚ ʦʪ ʈʩ1 ʜʦ ʈʩ5 [11ï13]. ʆʜʥʘʢʦ ʥʠ ʚ ʤʦʥʦʛʨʘʬʠʠ [12], ʥʠ ʚ ʬʫʥʜʘʤʝʥ-
ʪʘʣʴʥʦʤ ʦʙʟʦʨʝ [13] ʤʳ ʥʝ ʚʩʪʨʝʪʠʣʠ ʫʧʦʤʠʥʘʥʠʡ ʦ ʥʘʙʣʶʜʝʥʠʠ ʧʦʜʦʙʥʳʭ ʠʤʧʫʣʴʩʥʳʭ 
ʚʩʧʣʝʩʢʦʚ. ɺ ʦʙʟʦʨʝ [11] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʠʥʦʛʜʘ ʧʫʣʴʩʘʮʠʠ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ SI, ʠʤʝʶʪ 
ʬʦʨʤʫ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ ʚʩʧʣʝʩʢʦʚ, ʧʨʠ ʵʪʦʤ ʧʨʠʚʦʜʠʪʩʷ ʠʣʣʶʩʪʨʘʮʠʷ 
ʚʩʧʣʝʩʢʘ ULF-ʰʫʤʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʚʥʝʟʘʧʥʳʤ ʥʘʯʘʣʦʤ, ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 0.6ï1.2 ɻʮ. 

ʇʦʩʢʦʣʴʢʫ PRI ʦʜʥʦʟʥʘʯʥʦ ʩʚʷʟʘʥ ʩ ʚʳʩʳʧʘʥʠʷʤʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚʩʣʝʜʩʪʚʠʝ ʩʞʘ-
ʪʠʷ ʤʘʛʥʠʪʦʩʬʝʨʳ, ʘ ʮʫʛ ʢʦʣʝʙʘʥʠʡ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ ʥʘʯʘʣʴʥʳʝ ʩʝʢʫʥʜʳ PRI, ʚʝʨʦʷʪʥʦʡ 
ʧʨʠʯʠʥʦʡ ʛʝʥʝʨʘʮʠʠ ʮʫʛʘ ʢʦʣʝʙʘʥʠʡ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʷʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʚʠʪʠʝʤ ʧʣʘʟ-
ʤʝʥʥʳʭ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ ʥʘ ʚʥʝʰʥʠʭ L-ʦʙʦʣʦʯʢʘʭ, ʧʨʠʚʦʜʷʱʠʤ ʢ ʚʳʩʳʧʘʥʠʶ ʯʘʩʪʠʮ. ʂʘʢ 
ʧʦʢʘʟʘʣʠ ʤʦʜʝʣʴʥʳʝ ʨʘʩʯʝʪr , ʤʘʛʥʠʪʦʧʘʫʟʘ ʩʤʝʩʪʠʣʘʩʴ ʥʘ ~2.4RE. ʕʪʦ ʩʤʝʱʝʥʠʝ ʧʨʠʚʝʣʦ ʢ 
ʨʦʩʪʫ ʘʥʠʟʦʪʨʦʧʠʠ ʯʘʩʪʠʮ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ ʠ ʚʳʟʚʘʣʦ ʨʦʩʪ ʠʥʢʨʝʤʝʥʪʘ ʮʠʢʣʦʪʨʦʥʥʦʡ 
ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʪʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʪʦʥʳ (ʵʣʝʢʪʨʦʥʳ) 
ʨʘʩʩʝʠʚʘʶʪʩʷ ʚ ʢʦʥʫʩ ʧʦʪʝʨʴ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʪʦʛʦ ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʝ ʩʧʫʪʥʠʢʘ NOAA-19, 
ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩ. 131, ʛʜʝ ʦʢʦʣʦ 04:45 UT ʚʠʜʝʥ ʨʝʟʢʠʡ ʚʩʧʣʝʩʢ ʧʦʪʦʢʘ ʚʳʩʳʧʘʶʱʠʭʩʷ 
ʧʨʦʪʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ (ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʚʝʣʠʯʠʥʳ ʙʦʣʴʰʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʣʠʯʠʥ rʧʦʪʦʢʘ ʜʦ 
ʚʦʟʤʫʱʝʥʠʷ), ʠ ʚʩʧʣʝʩʢ ʨʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ (ʨʠʩ. 129). 

ʉʧʝʢʪʨ ʩʠʛʥʘʣʦʚ ʙʫʜʝʪ ʠʤʝʪʴ ʨʝʟʦʥʘʥʩʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʝʩʣʠ ʦʥʠ ʥʘ ʧʫʪʠ ʨʘʩʧʨʦʩʪʨʘ-
ʥʝʥʠʷ ʢ ʩʪʘʥʮʠʠ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʨʝʟʦʥʘʪʦʨ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʤʘʛʥʠ-
ʪʦʩʬʝʨʥʦ-ʠʦʥʦʩʬʝʨʥʳʭ ʨʝʟʦʥʘʪʦʨʦʚ. ʇʦ ʥʘʙʣʶʜʘʝʤʳʤ ʨʝʟʦʥʘʥʩʥʳʤ ʯʘʩʪʦʪʘʤ ʚ ʩʧʝʢʪʨʝ 
ʦʧʠʩʳʚʘʝʤʦʛʦ ʮʫʛʘ ʢʦʣʝʙʘʥʠʡ ʯʘʩʪʦʪʳ ʚ ʩʧʝʢʪʨʝ ʙʣʠʟʢʠ ʢ ʜʠʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʠʦʥʦʩʬʝʨʥʦʛʦ 
ʘʣʴʬʚʝʥʦʚʩʢʦʛʦ ʨʝʟʦʥʘʪʦʨʘ (ʀɸʈ) 0.5ï3 ɻʮ [3, 4, 7] ʠ ʥʘʜʠʦʥʦʩʬʝʨʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ 0.15ï
0.3 ɻʮ [5]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʝʟʦʥʘʥʩʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ (ʉʈʉ), ʩʚʷʟʘʥʥʳʭ ʩ ʀɸʈ ʚ ʘʚ-
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ʨʦʨʘʣʴʥʦʡ ʟʦʥʝ [6], ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʉʈʉ ʠʤʝʝʪ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʡ 
ʩʫʪʦʯʥʳʡ ʭʦʜ ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ ʥʦʯʥʳʝ ʯʘʩʳ. ʉʈʉ ʚʦʦʙʱʝ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʜʥʝʚʥʳʝ ʯʘʩʳ ʚ 
ʧʦʣʷʨʥʦʡ ʰʘʧʢʝ (ʧʦ ʜʘʥʥʳʤ ʦʙʩʝʨʚʘʪʦʨʠʠ ɹʘʨʝʥʮʙʫʨʛ) ʠ ʥʘ ʥʠʟʢʠʭ ʰʠʨʦʪʘʭ (ʧʦ ʜʘʥʥʳʤ 
ʩʪʘʥʮʠʠ ʥʘ ʦ. ʂʨʠʪ, L=1.3) [14, 16]. ʏʪʦ ʢʘʩʘʝʪʩʷ ʦʧʠʩʳʚʘʝʤʳʭ ʟʜʝʩʴ ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʉʈʉ, ʦʥʠ 
ʥʘʙʣʶʜʘʣʠʩʴ ʚʦ ʚʩʝ ʯʘʩʳ ʤʝʩʪʥʦʛʦ ʚʨʝʤʝʥʠ. ɼʠʥʘʤʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ 
ʨʠʩ. 127, ʧʦʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ ʉʈʉ ʜʣʷ ʦʙʩʝʨʚʘʪʦʨʠʡ ʃʦʚʦʟʝʨʦ ʠ ɹʘʨʝʥʮ-ʙʫʨʛ, ʥʘʭʦʜʷʱʠʭʩʷ 
ʚ ʨʘʥʥʝʤ ʫʪʨʝʥʥʝʤ ʩʝʢʪʦʨʝ. ʊʘʢʘʷ ʞʝ ʩʪʨʫʢʪʫʨʘ ʩʧʝʢʪʨʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʦʣʫʜʝʥʥʳʝ ʯʘʩʳ ʥʘ 
ʦʙʩʝʨʚʘʪʦʨʠʠ ʄʦʥʜʳ ʠ ʚ ʥʦʯʥʳʝ ʯʘʩʳ ʥʘ ʦʙʩʝʨʚʘʪʦʨʠʷʭ ʟʘʧʘʜʥʦʛʦ ʧʦʣʫʰʘʨʠʷ. ʅʘʙʣʶʜʝʥʠʷ 
ʩʧʦʨʘʜʠʯʝʩʢʠʭ ʉʈʉ ʚ ʥʦʯʥʳʝ ʠ ʜʥʝʚʥʳʝ ʯʘʩʳ ʧʨʠʚʝʜʝʥʳ ʪʘʢʞʝ ʚ ʨʘʙʦʪʘʭ [1, 2]. 

ɺʥʝʟʘʧʥʦʝ ʥʘʯʘʣʦ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ 17.03.2015 ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʛʣʦʙʘʣʴʥʦʡ ʛʝʥʝʨʘʮʠʝʡ 
ʮʫʛʘ ʢʦʣʝʙʘʥʠʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ~4 ʩ. ʎʫʛ ʠʤʝʝʪ ʩʧʝʢʪʨʘʣʴʥʫʶ ʨʝʟʦʥʘʥʩʥʫʶ ʩʪʨʫʢʪʫʨʫ 
(ʉʈʉ), ʧʦʜʦʙʥʫʶ ʥʘ ʚʩʝʭ ʦʙʩʝʨʚʘʪʦʨʠʷʭ, ʥʘ ʢʦʪʦʨʳʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʠʤʧʫʣʴʩ. ʄʘʢʩʠʤʫʤ 
ʚ ʩʧʝʢʪʨʝ ʥʘ ʯʘʩʪʦʪʝ 2.78Ñ0.38 ɻʮ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʛʣʦʙʘʣʴʥʦ. 

ɺʝʨʦʷʪʥʦʡ ʧʨʠʯʠʥʦʡ ʛʝʥʝʨʘʮʠʠ ʮʫʛʘ ʢʦʣʝʙʘʥʠʡ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʷʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ 
ʩʦ ʩʞʘʪʠʝʤ ʤʘʛʥʠʪʦʩʬʝʨʳ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʨʦʩʪʦʤ ʘʥʠʟʦʪʨʦʧʠʠ ʵʥʝʨʛʠʯʥʳʭ ʧʨʦʪʦʥʦʚ ʠ 
ʵʣʝʢʪʨʦʥʦʚ. ʂʦʣʝʙʘʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʈʩ1 ʠ ʧʨʦʪʦʥʥʳʝ ʚʳʩʳʧʘʥʠʷ ʛʝʥʝʨʠʨʫʶʪʩʷ, ʚʝʨʦʷʪʥʦ, 
ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʦʥʥʦ-ʮʠʢʣʦʪʨʦʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʪʦʥʦʚ ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ, ʘ ʉʈʉ ʤʦ-
ʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʠʦʥʦʩʬʝʨʥʳʤ ʘʣʴʬʚʝʥʦʚʩʢʠʤ ʨʝʟʦʥʘʪʦʨʦʤ.  

 

3.9.2.2. ʈʘʟʨʘʙʦʪʢʘ ʠ ʘʜʘʧʪʘʮʠʷ ʤʝʪʦʜʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ʇʕʉ ʨʘʟ-

ʣʠʯʥʦʛʦ ʪʠʧʘ ʚ ʨʘʤʢʘʭ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʚʦʟʤʫʱʝʥʠʡ 
ʇʕʉ  

 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʚʦʟʤʫʱʝʥʠʡ ʧʦʣʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 
(ʇʕʉ) ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʘʣʛʦʨʠʪʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʜʝʣʷʪʴ ʠʟ ʤʘʩʩʠʚʘ ʜʘʥʥʳʝ, ʩʦ-
ʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʜʘʥʥʳʤ ʬʦʨʤʘʣʴʥʳʤ ʦʧʨʝʜʝʣʝʥʠʷʤ ʚʦʟʤʫʱʝʥʠʷ.  

 

3.9.2.2.1. ʄʝʪʦʜʠʢʘ ʚʳʜʝʣʝʥʠʷ ʦʪʢʣʠʢʘ ʥʘ ʩʦʣʥʝʯʥʳʝ ʚʩʧʳʰʢʠ 
 

ʉʦʣʥʝʯʥʳʝ ʚʩʧʳʰʢʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʠʩʪʦʯʥʠʢ ʚʦʟʤʫʱʝʥʠʡ, ʦʜʥʦʚʨʝʤʝʥʥʦ 
ʦʭʚʘʪʳʚʘʶʱʠʭ ʥʘʠʙʦʣʴʰʫʶ ʪʝʨʨʠʪʦʨʠʶ ð ʚʩʶ ʦʩʚʝʱʝʥʥʫʶ ʦʙʣʘʩʪʴ ɿʝʤʣʠ. ʈʷʜ ʨʘʙʦʪ 
[16, 17] ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʠʦʥʦʩʬʝʨʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʜʘʥʥʳʭ ɻʅʉʉ ʜʘʞʝ 
ʩʣʘʙʳʭ ʚʩʧʳʰʝʢ ʤʝʪʦʜʦʤ ʢʦʛʝʨʝʥʪʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʩʪʘʥʮʠʡ ʥʘ ʦʩʚʝʱʝʥʥʦʡ 
ʩʪʦʨʦʥʝ ʠ ʩʦʦʪʥʝʩʝʥʠʷ ʠʭ ʩ ʥʘʢʦʧʣʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʪʝʥʝʚʦʡ ʩʪʦʨʦʥʳ. ɿʥʘʷ ʧʦʣʦʞʝʥʠʝ 
ʩʦʣʥʝʯʥʦʛʦ ʪʝʨʤʠʥʘʪʦʨʘ ʠ ʚʥʦʩʷ ʧʦʧʨʘʚʢʫ ʥʘ ʟʝʥʠʪʥʳʡ ʫʛʦʣ ʉʦʣʥʮʘ ʜʣʷ ʢʘʞʜʦʡ ʩʪʘʥʮʠʠ, 
ʤʦʞʥʦ ʦʜʥʦʟʥʘʯʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʝ ʩʢʘʯʦʢ ʟʥʘʯʝʥʠʡ ʇʕʉ. ɺʳʧʦʣʥʝʥʠʝ 
ʫʢʘʟʘʥʥʳʭ ʦʧʝʨʘʮʠʡ ʚʦʟʤʦʞʥʦ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩ ʟʘʜʘʥʥʳʤ ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ 
(ʪʠʧʠʯʥʳʡ ʰʘʛ 30 ʩ).  

 

3.9.2.2.2. ʄʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʦʙʣʘʩʪʝʡ ʧʦʚʳʰʝʥʥʦʛʦ ʇʕʉ 
 

ɻʣʦʙʘʣʴʥʳʝ ʠʦʥʦʩʬʝʨʥʳʝ ʢʘʨʪʳ (GIM) ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʘʥʘʣʠʟʘ 
ʦʙʱʝʡ ʜʠʥʘʤʠʢʠ ʠʦʥʦʩʬʝʨʳ ʚ ʤʘʩʰʪʘʙʘʭ ʟʝʤʥʦʛʦ ʰʘʨʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ 
ʠʭ ʨʘʩʯʝʪʘʭ ʘʣʛʦʨʠʪʤʳ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʦʥʠ ʥʝʩʫʪ ʤʥʦʛʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʣʦʢʘʣʴʥʳʭ ʚʦʟʤʫ-
ʱʝʥʠʷʭ ʠʦʥʦʩʬʝʨʳ. ɺʦ ʚʨʝʤʷ ʦʪʜʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʧʦʷʚʣʝʥʠʝ 
ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʦʙʣʘʩʪʝʡ ʧʦʚʳʰʝʥʠʷ ʇʕʉ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʮʝʩʩʘʤʠ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ.  

ʃʦʢʘʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʇʕʉ (ʃʇʇ) ʷʚʣʷʝʪʩʷ ʚʳʨʘʞʝʥʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʚʝʣʠʯʠʥʳ ʦʪ 
ʪʠʧʠʯʥʳʭ ʟʥʘʯʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʜʝʣʝʥʠʷ ʃʇʇ ʩʚʦʜʠʪʩʷ ʢ 
ʘʣʛʦʨʠʪʤʫ ʥʘʭʦʞʜʝʥʠʷ ʪʠʧʠʯʥʳʭ ʚʝʣʠʯʠʥ ʇʕʉ, ʚʳʯʠʩʣʝʥʠʶ ʦʪʢʣʦʥʝʥʠʡ ʟʥʘʯʝʥʠʡ ʟʘʜʘʥ-
ʥʦʡ ʢʘʨʪʳ ʦʪ ʪʠʧʠʯʥʳʭ ʠ ʦʮʝʥʢʠ ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʥʦʩʪʝʡ (ʨʠʩ. 133). ʕʢʚʘʪʦʨʠʘʣʴʥʘʷ ʦʙ-
ʣʘʩʪʴ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʜʠʥʘʤʠʯʥʦʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʥʝʦʜʥʦ-
ʨʦʜʥʦʩʪʝʡ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʇʕʉ. ʂʨʦʤʝ ʪʦʛʦ, ʃʇʇ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ, 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ, ʯʝʤ ʜʣʷ ʧʨʠʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ. ʇʦʵʪʦʤʫ ʧʨʠ ʘʥʘ-
ʣʠʟʝ ʢʘʨʪ ʦʙʣʘʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʵʢʚʘʪʦʨʘ ʰʠʨʠʥʦʡ ʧʦʨʷʜʢʘ 60Ü ʠʩʢʣʶʯʘʝʪʩʷ ʠʟ ʨʘʩʩʤʦʪʨʝ-
ʥʠʷ (ʨʠʩ. 133, ʜïʝ).  
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ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʤʝʥʷʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʥʘʭʦʞʜʝʥʠʷ 
ʪʠʧʠʯʥʳʭ ʟʥʘʯʝʥʠʡ. ʅʘ ʨʠʩ. 134 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ ʯʠʩʣʘ ʃʇʇ N, ʟʘʨʝʛʠ-
ʩʪʨʠʨʦʚʘʥʥʳʭ ʚ 2002ï2016 ʛʛ. ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʫʩʨʝʜʥʝʥʠʷ (MEAN, ʟʝʣʝʥʳʡ) ʠ 
ʥʘʭʦʞʜʝʥʠʷ ʤʝʜʠʘʥʳ (MEDIAN, ʩʠʥʠʡ) ʩ ʯʠʩʣʦʤ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ ʢʘʞʜʦʛʦ ʘʣʛʦʨʠʪ-
ʤʘ (ʩʚʝʪʣʦ-ʟʝʣʝʥʳʡ ʠ ʛʦʣʫʙʦʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʏʠʩʣʦ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ MEAN ʩʦ-
ʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 11 %, MEDIAN ð 3.5 % [16, 17]. ʃʠʥʠʝʡ ʥʘ ʨʠʩ. 134 ʧʦʢʘʟʘʥʦ ʦʪʥʦʝh-
ʥʠʝ NMEAN /NMEDIAN. ɺʠʜʥʦ, ʯʪʦ ʤʝʜʠʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʷʝʪ ʚ ʩʨʝʜʥʝʤ ʚ 3ï5 ʨʘʟ ʙʦʣʴ-
ʰʝ ʃʇʇ, ʯʝʤ ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʩʨʝʜʥʝʛʦ. 

 

ʈʠʩ. 133. ʕʪʘʧʳ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʃʇʇ ʥʘ ʢʘʨʪʝ: ʘ ð ʠʩʭʦʜʥʘʷ ʢʘʨʪʘ; ʙ ð 
ʢʘʨʪʘ ʪʠʧʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʇʕʉ ʚ ʟʘʜʘʥʥʦʤ ʦʢʥʝ ʜʥʝʡ; ʚ ð ʦʪʢʣʦʥʝʥʠʝ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʦʪ ʪʠ-
ʧʠʯʥʳʭ; ʛ ð ʦʪʢʣʦʥʝʥʠʝ ʨʘʟʥʦʩʪʠ ʦʪ ʪʠʧʠʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʚ ʟʘʜʘʥʥʦʤ ʦʢʥʝ; ʜ ð ʧʦʣʦʞʝʥʠʝ ʵʢʚʘ-
ʪʦʨʠʘʣʴʥʦʡ ʘʥʦʤʘʣʠʠ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ; ʝ ð ʦʙʣʘʩʪʴ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʘʥʦʤʘʣʠʠ ʩ ʦʪʩʝʯʢʦʡ ʧʦ ʧʦʨʦ-
ʛʫ; ʞ ð ʠʪʦʛʦʚʘʷ ʢʘʨʪʘ ʧʦʩʣʝ ʚʳʯʠʪʘʥʠʷ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʦʙʣʘʩʪʠ 

 

ʈʠʩ. 134. ʏʠʩʣʦ ʃʇʇ ʧʦ MEDIAN (ʩʠʥʠʡ) ʠ MEAN (ʟʝʣʝʥʳʡ) 
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3.9.2.2.3. ʄʝʪʦʜʠʢʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚʦʣʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ 

 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʚʦʟʤʫʱʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʦʩʬʝʨʳ ʠʤʝʝʪ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, 

ʪʦʯʥʝʝ, ʥʦʩʠʪ ʬʦʨʤʫ ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚ (ʧʦʩʪʝʧʝʥʥʦʛʦ ʥʘʨʘʩʪʘʶʱʝʛʦ ʠ ʟʘʪʫʭʘʶʱʝʛʦ ʟʘʪʝʤ 

ʢʦʣʝʙʘʥʠʷ). ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ʪʘʢʦʛʦ ʪʠʧʘ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʤʝʪʦʜʠʢʘ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʘʷ ʚ [18]. ʀʟʥʘʯʘʣʴʥʦ ʤʝʪʦʜ ʥʘʧʨʘʚʣʝʥ ʥʘ ʚʳʜʝʣʝʥʠʝ ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚ ʩʨʝʜʥʝʛʦ 

ʤʘʩʰʪʘʙʘ ʚ ʚʘʨʠʘʮʠʷʭ ʇʕʉ, ʦʜʥʘʢʦ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʰʠʨʝʥ ʢʘʢ ʥʘ ʜʨʫʛʠʝ ʜʠʘʧʘʟʦʥʳ ʧʝʨʠ-

ʦʜʦʚ ʢʦʣʝʙʘʥʠʷ ʇʕʉ, ʪʘʢ ʠ ʥʘ ʚʘʨʠʘʮʠʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʦʩʬʝʨʳ. 

ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʣʝʞʠʪ ʘʥʘʣʠʟ ʩʧʝʢʪʨʘ ʚʘʨʠʘʮʠʡ ʠ ʦʮʝʥʢʘ ʩʦʦʪʥʦʰʝʥʠʷ ʩʧʝʢʪʨʘʣʴ-

ʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʟʘʜʘʥʥʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʠ ʧʣʦʪʥʦʩʪʠ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ. ɽʩʣʠ ʪʘʢʦʝ 

ʦʪʥʦʰʝʥʠʝ ʧʨʝʚʳʰʘʝʪ ʟʘʜʘʥʥʫʶ ʚʝʣʠʯʠʥʫ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʥʘʣʠʯʠʠ ʚ ʚʘʨʠʘʮʠʷʭ ʫʟʢʦ-

ʧʦʣʦʩʥʳʭ ʢʦʣʝʙʘʥʠʡ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʦʙʲʝʤʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ (ʚ ʩʣʫʯʘʷʭ ʨʘʙʦʪʳ ʩ 

ʜʘʥʥʳʤʠ ɻʅʉʉ-ʠʟʤʝʨʝʥʠʡ ʥʘ ʧʣʦʪʥʳʭ ʩʝʪʷʭ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʳʤ) ʚʚʦʜʠʪʩʷ 

ʫʩʣʦʚʠʝ ʧʦʨʦʛʦʚʦʛʦ ʦʪʩʝʯʝʥʠʷ ð ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʥʝ ʧʨʠʥʠʤʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʥʠʞʝ ʟʘʜʘʥʥʦʛʦ 

ʫʨʦʚʥʷ (ʜʣʷ ʚʘʨʠʘʮʠʡ ʇʕʉ ʧʦʨʦʛ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ 0.05 TECU). ʊʘʢʞʝ ʜʣʷ ʙʦʣʝʝ ʯʝʪʢʦʛʦ 

ʚʳʜʝʣʝʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʬʠʣʴʪʨʫʶʪ ʚ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘ-

ʟʦʥʝ ʯʘʩʪʦʪ. 

ʉʠʣʴʥʘʷ ʩʪʦʨʦʥʘ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʩʦʩʪʦʠʪ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʜʝʣʝ-

ʥʠʷ ʨʝʛʠʦʥʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ ʚʦʣʥʦʚʳʭ, ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʤʳʩʣʝ ʨʝʛʫʣʷʨʥʳʭ, 

ʚʦʟʤʫʱʝʥʠʡ. ɼʠʥʘʤʠʢʘ ʧʦʷʚʣʝʥʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʡ ʪʘʢʠʭ ʦʙʣʘʩʪʝʡ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʭʦʨʦʰʠʡ ʠʥʜʠʢʘʪʦʨ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʟʤʫʱʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʚ ʟʘʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʩʫʞʘ-

ʶʱʠʡ ʦʙʣʘʩʪʴ ʧʦʠʩʢʘ. ɼʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʚʦʟʤʫʱʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦ-

ʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʦʯʝʨʯʝʥʥʳʭ ʧʨʝʜʝʣʘʭ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʨʫʛʠʭ ʤʝʪʦʜʠʢ. 

ʆʧʠʩʘʥʥʳʡ ʤʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʘʥʘʣʠʟʝ ʠʦʥʦ-

ʩʬʝʨʥʳʭ ʵʬʬʝʢʪʦʚ ʩʦʚʦʢʫʧʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʠ ʩʦʣʥʝʯʥʦʛʦ ʪʝʨʤʠ-

ʥʘʪʦʨʘ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʡ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ XV ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʦʪʢʨʳʪʦʡ ʢʦʥʬʝ-

ʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʟʝʤʣʠ ʠʟ ʢʦʩʤʦʩʘè ʠ ʙʫ-

ʜʫʪ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʝʝ ʪʨʫʜʘʭ. 

 

3.9.2.2.4. ʀʥʜʝʢʩ Wtec ʢʘʢ ʠʥʜʠʢʘʪʦʨ ʚʦʟʤʫʱʝʥʠʷ ʠʦʥʦʩʬʝʨʳ 

 

ɺ ʨʘʙʦʪʝ [19] ʘʚʪʦʨʳ ʧʨʝʜʣʦʞʠʣʠ ʠʥʜʝʢʩ Wtec ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʚʦʟ-

ʤʫʱʝʥʥʦʩʪʠ ʠʦʥʦʩʬʝʨʳ ʧʦ ʜʘʥʥʳʤ ɻʅʉʉ-ʠʟʤʝʨʝʥʠʡ. ɼʘʥʥʳʡ ʠʥʜʝʢʩ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʜʣʷ 

ʢʘʞʜʦʡ ɻʅʉʉ-ʩʪʘʥʮʠʠ ʠ ʧʦʢʘʟʳʚʘʝʪ ʩʨʝʜʥʶʶ ʘʤʧʣʠʪʫʜʫ ʚʘʨʠʘʮʠʡ ʇʕʉ ʥʘ ʚʩʝʭ ʣʫʯʘʭ 

ʩʧʫʪʥʠʢðʧʨʠʝʤʥʠʢ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʈʘʩʯʝʪ ʜʘʥʥʦʛʦ ʠʥʜʝʢʩʘ ʥʝ ʩʦʩʪʘʚʣʷʝʪ 

ʪʨʫʜʘ, ʘ ʤʦʥʠʪʦʨʠʥʛ ʧʨʝʚʳʰʝʥʠʷ ʝʛʦ ʟʥʘʯʝʥʠʡ ʟʘʜʘʥʥʦʛʦ ʧʦʨʦʛʘ ʧʦʟʚʦʣʠʪ ʜʝʪʝʢʪʠʨʦʚʘʪʴ 

ʦʙʣʘʩʪʠ ʧʦʚʳʰʝʥʥʦʡ ʚʦʟʤʫʱʝʥʥʦʩʪʠ ʇʕʉ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʘ ʥʝʦʜ-

ʥʦʨʦʜʥʦʩʪʝʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

 

3.9.2.2.5. ʈʘʟʚʝʨʪʳʚʘʥʠʝ ʩʪʘʥʮʠʠ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʩʧʫʪʥʠ-

ʢʦʚ ʥʘ ʧʦʣʠʛʦʥʝ ʀʉɿʌ ʉʆ ʈɸʅ ʚ ʩ. ʊʦʨʳ, ʥʘʩʪʨʦʡʢʘ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʩʪʘʥʮʠʠ 

ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʥʝʧʨʝʨʳʚʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʥʝʡ 

 

ʂʦʤʧʣʝʢʩ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʥʠʟʢʦʦʨʙʠʪʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚ ʚʢʣʶʯʘʝʪ ʧʨʠʝʤʥʠʢ AS 

CSR123 ʠ ʫʧʨʘʚʣʷʶʱʠʡ ʇʂ. ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʳʧʦʣʥʝʥʳ ʪʝʩʪʦʚʳʝ ʨʘʙʦʪʳ ʧʦ ʫʜʘʣʝʥ-

ʥʦʤʫ ʜʦʩʪʫʧʫ ʢ ʇʂ, ʟʘʧʫʩʢʫ ʠ ʦʩʪʘʥʦʚʢʝ ʧʨʠʝʤʥʠʢʘ, ʝʛʦ ʥʘʣʘʜʢʝ ʠ ʥʘʩʪʨʦʡʢʝ ʧʨʠ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʇʨʠʝʤʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦʜʛʦʪʦʚʣʝʥ ʢ ʦʪʧʨʘʚʢʝ ʥʘ ʠʟ-

ʤʝʨʠʪʝʣʴʥʳʡ ʧʦʣʠʛʦʥ ʚ ʩ. ʊʦʨʳ ʠ ʙʫʜʝʪ ʨʘʟʚʝʨʥʫʪ ʚ ʥʦʷʙʨʝïʜʝʢʘʙʨʝ 2017 ʛ. 
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3.9.2.3. ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʢʦʦʨʜʠʥʘʪ ʢʘʞʫʱʝʛʦʩʷ ʠʩʪʦʯʥʠʢʘ ʢʦʣʴʮʝʚʳʭ ʚʦʟʤʫ-

ʱʝʥʠʡ ʧʦ ʜʘʥʥʳʤ ʢʘʨʪ ʚʘʨʠʘʮʠʡ ʧʦʣʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ  

 

ʇʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʤʝʪʦʜʠʢʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʦ ʜʘʥʥʳʤ ʢʘʨʪ ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʭ ʚʘ-

ʨʠʘʮʠʡ ʧʦʣʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ (ʇʕʉ) ʨʘʩʩʯʠʪʘʪʴ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʯʥʦʛʦ ʠʩ-

ʪʦʯʥʠʢʘ ʢʦʣʴʮʝʚʳʭ ʚʦʟʤʫʱʝʥʠʡ. ʄʝʪʦʜʠʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʤʠʥʠʤʠʟʘʮʠʠ ʩʫʤʤʘʨʥʦʡ ʘʙʩʦ-

ʣʶʪʥʦʡ ʨʘʟʥʠʮʳ ʟʥʘʯʝʥʠʡ ʚʘʨʠʘʮʠʡ ʇʕʉ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʦʪʩʯʝʪʘʤʠ, ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʤʠ 

ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʮʝʥʪʨʘ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʤʝʪʦʜʠʢʘ 

ʧʦʟʚʦʣʷʝʪ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʨʝʛʠʩʪʨʘʮʠʠ ʢʚʘʟʠʢʦʣʴʮʝʚʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʨʘʩʩʯʠʪʳ-

ʚʘʪʴ ʝʛʦ ʢʘʞʫʱʠʝʩʷ ʢʦʦʨʜʠʥʘʪʳ. 

ʅʘ ʨʠʩ. 135 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʨʘʙʦʪʳ ʤʝʪʦʜʠʢʠ ʜʣʷ ʦʜʥʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʨʝʛʠ-

ʩʪʨʘʮʠʠ ʢʚʘʟʠʢʦʣʴʮʝʚʦʛʦ ʩʨʝʜʥʝʤʘʩʰʪʘʙʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ, ʥʘʙʣʶʜʘʚʰʝʛʦʩʷ ʚʦ ʚʨʝʤʷ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʷ Tohoku 11 ʤʘʨʪʘ 2011 ʛ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʪʘ ʚʘʨʠʘʮʠʡ ʇʕʉ (ʜʠʘʧʘʟʦʥ ʧʝʨʠʦ-

ʜʦʚ 4ï20 ʤʠʥ) ʜʣʷ ʦʜʥʦʛʦ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ ʠ ʜʣʷ ʩʧʫʪʥʠʢʘ GPSPRN-18 ʧʦ ʜʘʥʥʳʤ ʷʧʦʥ-

ʩʢʦʡ ʩʝʪʠ ʧʨʠʝʤʥʠʢʦʚ GPS/ɻʃʆʅɸʉʉ. ʂʨʝʩʪʠʢʦʤ ʦʙʦʟʥʘʯʝʥʦ ʧʦʣʦʞʝʥʠʝ ʨʘʩʩʯʠʪʘʥʥʦʛʦ 

ʧʦ ʜʘʥʥʦʡ ʢʘʨʪʝ ʧʦʣʦʞʝʥʠʷ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚʦʟʤʫʱʝʥʠʷ.  

ʅʘ ʨʠʩ. 136 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʢʘʞʫʱʝʛʦʩʷ ʪʦʯʝʯʥʦʛʦ ʠʩ-

ʪʦʯʥʠʢʘ ʧʦ ʢʘʨʪʘʤ ʚʘʨʠʘʮʠʡ ʇʕʉ ʜʣʷ ʩʧʫʪʥʠʢʦʚ PRN-09 ʠ PRN-18 ʟʘ ʚʨʝʤ ̫25 ʤʠʥ. ɺʠʜ-

ʥʦ, ʯʪʦ ʨʘʟʙʨʦʩ ʨʘʩʩʯʠʪʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʧʦ ʢʘʨʪʘʤ ʜʣʷ ʨʘʟʥʳʭ ʩʧʫʪʥʠʢʦʚ ʤʦʞʝʪ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʪʴʩʷ. ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʦʩʦʙʝʥʥʦʩʪʠ ʪʘʢʦʛʦ ʨʘʟʙʨʦʩʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʟʘʠʤ-

ʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʧʨʠʝʤʥʳʭ ʩʪʘʥʮʠʡ GPS/ɻʃʆʅɸʉʉ, ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚ ʠ ʧʘʨʘ-

ʤʝʪʨʘʤʠ ʚʦʟʤʫʱʝʥʠʡ. 

ʇʣʘʥʠʨʫʝʪʩʷ ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʩ ʧʨʠ-

ʚʣʝʯʝʥʠʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ʇʕʉ. 

 

 

ʈʠʩ. 135. ʂʘʨʪʘ ʚʘʨʠʘʮʠʡ ʇʕʉ. ʂʨʝʩʪʠʢʦʤ ʧʦʢʘʟʘʥʦ ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʪʦʯʝʯʥʦʛʦ ʠʩ-
ʪʦʯʥʠʢʘ ʥʘʙʣʶʜʘʶʱʝʛʦʩʷ ʢʚʘʟʠʢʦʣʴʮʝʚʦʛʦ ʚʦʟʤʫʱʝʥʠʷ 
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ʈʠʩ. 136. ʀʟʤʝʥʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʧʦ ʢʘʨʪʘʤ ʚʘʨʠʘʮʠʡ 
ʇʕʉ ʜʣʷ ʩʧʫʪʥʠʢʦʚ PRN-18 (ʢʨʘʩʥʳʝ ʟʚʝʟʜʦʯʢʠ) ʠ PRN-09 (ʯʝʨʥʳʝ ʟʚʝʟʜʦʯʢʠ) 

 

3.9.2.4. ʀʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʪʨʫʢʪʫʨʳ ʠʥʬʨʘʟʚʫʢʦʚʳʭ ʩʠʛʥʘʣʦʚ 

ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ 

 

3.9.2.4.1. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʥʬʨʘʟʚʫʢʦʚʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠ ʠʤʧʫʣʴʩʥʳʭ ʩʦ-

ʙʳʪʠʷʭ ʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ 

 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʦʙʩʫʞʜʘʝʪʩʷ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠʥʬʨʘʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʚ ʘʪʤʦʩʬʝʨʝ, 

ʧʨʠʨʦʜʦʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʂ ʵʪʦʤʫ ʪʠʧʫ ʦʪ-

ʥʦʩʷʪʩʷ, ʥʘʧʨʠʤʝʨ, ʠʥʬʨʘʟʚʫʢʦʚʳʝ ʩʠʛʥʘʣʳ, ʩʚʷʟʘʥʥʳʝ ʨʘʟʚʠʪʠʝʤ ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʡ, ʢʦʛʜʘ ʜʚʠʞʝʥʠʷ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟʙʫʞʜʘʶʪ ʘʢʫʩʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ʇʨʠʤʝ-

ʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʠʣʴʥʝʡʰʝʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 1964 ʛ. ʥʘ ɸʣʷʩʢʝ, ʢʦʛʜʘ ʥʘ ʢʘʣʠʬʦʨʥʠʡ-

ʩʢʠʭ ʠʥʬʨʘʟʚʫʢʦʚʳʭ ʩʪʘʥʮʠʷʭ ʙʳʣ ʦʪʤʝʯʝʥ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʘʢʫʩʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʩ 

ʥʝʦʙʳʯʘʡʥʦ ʙʦʣʴʰʠʤ ʧʝʨʠʦʜʦʤ ʦʢʦʣʦ 14 ʤʠʥ, ʦʪʦʙʨʘʟʠʚʰʠʡʩʷ ʚ ʚʠʜʝ ʠʦʥʦʩʬʝʨʥʦʛʦ ʦʪ-

ʢʣʠʢʘ. ɸ ʩʘʤ ʘʢʫʩʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʧʝʨʝʜʘʯʠ ʠʤʧʫʣʴʩʘ ʦʪ ʩʝʡʩʤʠʯʝ-

ʩʢʠʭ ʜʚʠʞʝʥʠʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʴʶ, ʧʨʝʚʳʰʘʶʱʝʡ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ 

ʘʪʤʦʩʬʝʨʝ.  
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ʉʶʜʘ ʤʦʞʥʦ ʪʘʢʞʝ ʦʪʥʝʩʪʠ ʘʢʫʩʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʩʠʣʴʥʳʭ ʤʝʪʝʦʨʥʳʭ ʩʦʙʳʪʠʡ, 

ʥʘʧʨʠʤʝʨ ʏʝʣʷʙʠʥʩʢʦʛʦ ʤʝʪʝʦʨʦʠʜʘ 2013 ʛ. ʇʨʠʨʦʜʘ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʧʦ ʥʘʰʝʤʫ 

ʤʥʝʥʠʶ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʩʚʷʟʘʥʘ ʩ ʬʨʘʛʤʝʥʪʘʮʠʝʡ ʪʝʣʘ ʤʝʪʝʦʨʦʠʜʘ ʧʨʠ ʩʚʝʨʭʟʚʫʢʦʚʦʤ 

ʜʚʠʞʝʥʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ. ʄʦʱʥʘʷ ʫʜʘʨʥʘʷ ʚʦʣʥʘ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʧʨʠ ʚʭʦʞʜʝʥʠʠ ʤʝ-

ʪʝʦʨʦʠʜʘ ʚ ʘʪʤʦʩʬʝʨʫ ʠ ʧʨʠ ʜʘʣɹʥʝʡʰʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ɿʝʤʣʠ, ʚʦʟʙʫʞ-

ʜʘʝʪ ʩʠʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʩʝʡʩʤʠʯʝʩʢʫʶ ʚʦʣʥʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʫʩʪʠʯʝʩʢʦʝ ʧʦʣʝ ʚ 

ʘʪʤʦʩʬʝʨʝ ʠ ʩʝʡʩʤʠʯʝʩʢʦʝ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʷʚʣʷʶʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʘʥʠʮʳ 

ʘʪʤʦʩʬʝʨʘ ð ʟʝʤʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ ʠʩʪʦʯʥʠʢʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ 

ʤʝʭʘʥʠʟʤʘʤ ʚʦʟʙʫʞʜʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʠ ʙʳʣ ʚʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʛʝʥʝʨʘʮʠʠ 

ʠʥʬʨʘʟʚʫʢʦʚʳʭ ʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʧʨʠ ʩʦʙʳʪʠʷʭ ʠʤʧʫʣʴʩʥʦʛʦ ʪʠʧʘ (ʚʟʨʳʚ ʏʝʣʷ-

ʙʠʥʩʢʦʛʦ ʤʝʪʝʦʨʦʠʜʘ) ʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ.  

ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʨʝʛʠʩʪʨʘʮʠʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʦʪ ʠʤ-

ʧʫʣʴʩʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʘʢʫʩʪʠʯʝʩʢʠʡ ʫʜʘʨ ʦʪ ʏʝʣʷʙʠʥʩʢʦʛʦ ʤʝʪʝʦʨʦʠʜʘ 2013 ʛ. ʠ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʷ 5.12.2014 ʛ. ʥʘ ʦʟ. ʍʫʙʩʫʛʫʣ (ʄʦʥʛʦʣʠʷ) ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʦʤ K=13.9. ʇʦʣʘʛʘ-

ʝʪʩʷ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʠʤʧʫʣʴʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚ ʘʪʤʦʩʬʝʨʝ ʘʢʫʩʪʠʯʝʩʢʠʡ ʫʜʘʨ ʚʦʟʙʫʞʜʘʝʪ 

ʩʠʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʩʝʡʩʤʠʯʝʩʢʫʶ ʚʦʣʥʫ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʡ ʩʚʷʟʘʥʳ ʩ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʦʡ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʨʘʟʨʝʟʘ ʟʝʤʥʦʡ ʢʦʨʳ. ɺ ʩʣʫʯʘʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʚ 

ʘʪʤʦʩʬʝʨʝ ʚʦʟʙʫʞʜʘʝʪʩʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʚʦʣʥʦʡ, ʪʘʢʞʝ ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʚʝʨʭʥʠʡ ʩʣʦʡ 

ʨʘʟʨʝʟʘ ʟʝʤʥʦʡ ʢʦʨʳ. 

ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ɸʏʍ) ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʨʘʟʨʝʟʘ ʟʝʤʥʦʡ ʩʨʝʜʳ 

ʜʣʷ ʧʨʦʭʦʜʷʱʝʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʢʘʢ ʚ ʩʣʫʯʘʝ ʏʝʣʷʙʠʥʩʢʦʛʦ ʤʝʪʝʦʨʦʠʜʘ, ʪʘʢ ʠ ʜʣʷ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʚʦʣʥʳ ʦʪ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 5.12.2014 ʛ. ʦʮʝʥʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʩʧʝʢ-

ʪʨʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʰʫʤʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʅʘʢʘʤʫʨʦʡ ʚ 1989 ʛ. ɸʏʍ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʪʦʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʢʦʪʦʨʘʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʯʘʩʪʦʪʳ, ʥʘ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʝʥ 

ʩʝʡʩʤʠʯʝʩʢʠʡ ʠʣʠ ʘʢʫʩʪʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʥʘ ʠʤʧʫʣʴʩʥʳʡ ʩʠʛʥʘʣ. ʆʪʥʦʰʝʥʠʝ ʩʧʝʢʪʨʦʚ ʠʥ-

ʬʨʘʟʚʫʢʦʚʦʛʦ ʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʝʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ (ʨʠʩ. 137, ʘ) ʩʦʧʦʩʪʘʚʣʷʣʦʩʴ ʩʦ ʩʧʝʢ-

ʪʨʘʣʴʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʩʪʘʥ-

ʮʠʠ ɸʨʪʠ (ʋʨʘʣ, ʨʠʩ. 137, ʙ) ʟʘʧʠʩʝʡ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ (ʦʪʥʦʰʝʥʠʝ H/V). ʆʪ-

ʥʦʰʝʥʠʝ H/V ʷʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʨʝʜʳ ʠ ʧʦʢʘʟʳʚʘʝʪ, ʚ ʢʘʢʠʭ 

ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʫʩʠʣʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ. ɸʥʘʣʠʟ 

ʧʦʣʫʯʝʥʥʦʡ ʢʨʠʚʦʡ H/V ʚʳʷʚʠʣ ʥʘʙʦʨ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪ: 0.11ï0.45 ɻʮ (ʧʝʨʠʦʜʳ 

2.2ï9.1 ʩ), 2.00 ɻʮ (0.5 ʩ) ʠ 3.00 ɻʮ (~0.3 ʩ). ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʯʘʩʪʦʪʳ 0.11ï0.45 ɻʮ ʭʦ-

ʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʯʘʩʪʦʪʘʤʠ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤʠ ʠʟ ʦʪʥʦʰʝʥʠʷ ʩʧʝʢʪʨʦʚ ʠʥʬʨʘʟʚʫʢʦʚʦʛʦ 

ʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʦʚ. 

ʘ ʙ 

 
 

 
ʈʠʩ. 137. ʉʧʝʢʪʨ rʠʥʬʨʘʟʚʫʢʦʚʦʛʦ ʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʦʚ ʏʝʣʷʙʠʥʩʢʦʛʦ ʤʝʪʝʦʨʠʪʘ, ʧʦ-

ʣʫʯʝʥʥʳʝ ʥʘ ʩʝʡʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ɸʨʪʠ (ʋʨʘʣ), ʠʭ ʦʪʥʦʰʝʥʠʝ (ʘ) ʠ ʢʨʠʚʘʷ ʦʪʥʦʰʝʥʠʷ ʩʧʝʢ-
ʪʨʘʣʴʥʳʭ ʧʣʦʪʥʦʩʪʝʡ ʢʦʤʧʦʥʝʥʪ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʰʫʤʘ H/V (ʙ) 
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ɺ ʨʘʙʦʪʝ ʜʘʝʪʩʷ ʚʳʚʦʜ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʫʜʘʨʘ ʦʪ ʚʟʨʳʚʘ ʏʝʣʷʙʠʥʩʢʦʛʦ 

ʤʝʪʝʦʨʦʠʜʘ ʯʘʩʪʦʪʳ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʦʢʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʯʝʩʢʠʤʠ ʯʘʩʪʦʪʘʤʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʰʫ-

ʤʘ, ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʥʝʟʘʚʠʩʠʤʦ. ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 5 ʜʝʢʘʙʨʷ 2014 ʛ. ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʯʝʩʢʠʝ ʯʘʩʪʦʪʳ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʛʦ ʰʫʤʘ ʥʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʯʘʩʪʦʪʘʤʠ ʩʧʝʢʪʨʘ 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. ʇʨʠʯʠʥʘ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʠʤʝʝʪ ʤʝʩʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʡ ʤʘʩʰʪʘʙ ʠʩʪʦʯʥʠʢʘ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʥʦʡ ʤʝʭʘʥʠʟʤ 

ʛʝʥʝʨʘʮʠʠ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʛʜʘ ɸʏʍ ʩʨʝʜʳ (ʚʝʨʭʥʠʡ ʨʘʟʨʝʟ ʟʝʤʥʦʡ ʢʦʨʳ) ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʥʝ ʠʛʨʘʝʪ ʥʠʢʘʢʦʡ ʨʦʣʠ [20].  

 

3.9.2.4.2. ʈʝʛʠʩʪʨʘʮʠʷ ʵʬʬʝʢʪʦʚ ʥʝʰʪʘʪʥʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʢʦʩʤʠʯʝʩʢʦʤ ʢʦʨʘʙʣʝ 

çʇʨʦʛʨʝʩʩ-ʄʉ04è ʚ ʜʝʢʘʙʨʝ 2016 ʛ. 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʝʛʠʩʪʨʘʮʠʠ ʠʥʬʨʘʟʚʫʢʦʚʳʭ ʩʠʛʥʘʣʦʚ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʧʫʩʢʦʤ ʠ ʥʝʰʪʘʪʥʦʡ ʩʠʪʫʘʮʠʝʡ ʥʘʜ ʊʫʚʦʡ ʛʨʫʟʦʚʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʨʘʙʣʷ 

çʇʨʦʛʨʝʩʩ-ʄʉ04è, ʩ ʢʦʪʦʨʳʤ ʧʨʦʠʟʦʰʣʘ ʘʚʘʨʠʷ. ʆʙʩʫʞʜʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʩʠʛʥʘʣʦʚ, ʠʭ 

ʚʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʠ ʦʪʣʠʯʠʝ ʧʨʠ ʧʦʣʝʪʝ ʚ ʰʪʘʪʥʦʤ ʨʝʞʠʤʝ. ʆʪʦʞʜʝʩʪʚʣʝʥʘ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʴ ʠʥʬʨʘʟʚʫʢʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʛʝʥʝʨʠʨʫʝʤʳʤ ʢʦʨʘʙʣʝʤ çʇʨʦʛʨʝʩʩ-ʄʉ04è ʥʘ ʨʘʟ-

ʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʚʳʚʦʜʘ ʥʘ ʦʨʙʠʪʫ. ʅʘ ʨʠʩ. 138 ʩʭʝʤʘʪʠʯʥʦ ʚ ʚʠʜʝ ʚʨʝʤʝʥʥʦʡ ʜʠʘʛʨʘʤʤʳ 

ʧʦʢʘʟʘʥʦ ʧʦʷʚʣʝʥʠʝ ʥʘ ʩʪʘʥʮʠʠ ʠʥʬʨʘʟʚʫʢʦʚʳʭ ʩʠʛʥʘʣʦʚ ʦʪ ʜʚʫʭ ʫʩʧʝʰʥʳʭ ʩʦʚʝʪʩʢʠʭ ʟʘ-

ʧʫʩʢʦʚ çʕʥʝʨʛʠʷèðçɹʫʨʘʥè 15 ʥʦʷʙʨʷ 1988 ʛ. ʠ çʉʦʶʟ-ʊʄ7è 26 ʥʦʷʙʨʷ 1988 ʛ. (ʚʚʝʨʭʫ) ʠ 

ʦʪ ʟʘʧʫʩʢʘ çʇʨʦʛʨʝʩʩ-ʄʉ04è ʩ ʧʦʤʦʱʴʶ ʨʘʢʝʪʦʥʦʩʠʪʝʣʷ çʉʦʶʟ-ʋè ʚ ʜʝʢʘʙʨʝ 2016 ʛ., ʟʘ-

ʚʝʨʰʠʚʰʝʛʦʩʷ ʘʚʘʨʠʝʡ.  

ɺʝʨʪʠʢʘʣʴʥʳʝ ʣʠʥʠʠ ʩʣʝʚʘ ʦʙʦʟʥʘʯʘʶʪ ʤʦʤʝʥʪʳ ʩʪʘʨʪʘ ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʨʘʙʣʝʡ. ɺʠʜʥʦ, 

ʯʪʦ ʠʥʬʨʘʟʚʫʢʦʚʳʝ ʩʠʛʥʘʣʳ, ʧʨʠʭʦʜʷʱʠʝ ʥʘ ʩʪʘʥʮʠʶ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʧʦ ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ 

ʥʘ ʜʚʝ ʷʚʥʳʝ ʛʨʫʧʧʳ: ʩ ʨʘʥʥʠʤ ʠ ʧʦʟʜʥʠʤ ʧʨʠʭʦʜʦʤ. ʇʦʥʷʪʥʦ, ʯʪʦ ʩʠʛʥʘʣʳ ʨʘʥʥʝʛʦ ʧʨʠ-

ʭʦʜʘ ʦʪʦʞʜʝʩʪʚʣʷʶʪʩʷ ʩ ʧʨʦʮʝʩʩʘʤʠ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʚʳʚʦʜʝ ʨʘʢʝʪʳ ʥʘ ʦʨʙʠʪʫ. ɺʪʦʨʘʷ 

ʛʨʫʧʧʘ ʩ ʙʦʣʝʝ ʧʦʟʜʥʠʤ ʧʨʠʭʦʜʦʤ ʦʪʥʦʩʠʪʩʷ ʢ ʩʠʛʥʘʣʘʤ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʤʩʷ ʩ ʦʙʳʯʥʦʡ 

ʟʚʫʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʩ ʤʝʩʪʘ ʩʪʘʨʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʥʝʰʪʘʪʥʦʛʦ ʧʦʣʝʪʘ ʷʚ-

ʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ. 

1. ʈʘʢʝʪʦʥʦʩʠʪʝʣʴ ʥʝ ʜʦʣʝʪʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʦ ʠʥʬʨʘʟʚʫʢʦʚʦʡ ʩʪʘʥʮʠʠ, ʠ ʧʦ-

ʵʪʦʤʫ ʦʪʩʫʪʩʪʚʫʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ çʛʠʧʝʨʟʚʫʢʦʚʳʝè ʩʠʛʥʘʣʳ. 

2. ɺ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʝ ʠʥʬʨʘʟʚʫʢʦʚʳʭ ʩʠʛʥʘʣʦʚ ʧʦʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ, 
ʩʚʷʟʘʥʥʳʡ ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʨʘʢʝʪʦʥʦʩʠʪʝʣʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ ʩʧʫʩʢʘ ʚ ʘʪʤʦ-

ʩʬʝʨʝ ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʢʦʣʦ 5 ʢʤ/ʩ. ʊʘʢ, ʚ ʥʝʰʪʘʪʥʦʡ ʩʠʪʫʘʮʠʠ 1 ʜʝʢʘʙʨʷ 2016 ʛ. ʥʘʜ ʈʝʩʧʫʙʣʠ-

ʢʦʡ ʊʫʚʘ ʢʦʣʠʯʝʩʪʚʦ ʙʳʩʪʨʳʭ ʠʥʬʨʘʟʚʫʢʦʚʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʩʪʘʥʮʠʠ ʩʦʩʪʘʚʠʣʦ 4 (ʨʠʩ. 138).  

 

 

ʈʠʩ. 138. ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʟʘʧʫʩʢʦʚ ʩʦʚʝʪʩʢʠʭ ʨʘʢʝʪ (ʚʚʝʨʭʫ) ʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʨʘʙʣʷ 
çʇʨʦʛʨʝʩʩ-ʄʉ04è (ʚʥʠʟʫ) 
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ʆʩʥʦʚʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ.  
1. ɺʳʜʝʣʝʥʳ ʠʥʬʨʘʟʚʫʢʦʚʳʝ ʩʠʛʥʘʣʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʩʥʦʚʥʳʤʠ ʩʪʘʜʠʷʤʠ ʧʦʣʝʪʘ ʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʥʝʰʪʘʪʥʦʡ ʩʠʪʫʘʮʠʝʡ, ʠ ʠʭ ʦʧʠʩʘʥʠʝ.  
2. ɼʠʥʘʤʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʩʠʛʥʘʣʘ ʚ ʥʝʰʪʘʪʥʦʡ ʩʠʪʫʘʮʠʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʭʦʞʜʝʥʠʝ ʚ 

ʘʪʤʦʩʬʝʨʫ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʚʫʭ ʬʨʘʛʤʝʥʪʦʚ [21].  
 
3.9.2.4.3. ʄʠʢʨʦʧʨʦʮʝʩʩʦʨʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠ ʨʘʩʰʠʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʝʛʠ-

ʩʪʨʘʮʠʠ ʠʥʬʨʘʟʚʫʢʦʚʳʭ ʩʠʛʥʘʣʦʚ 

  
ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʫʩʧʝʰʥʦ ʚʥʝʜʨʷʶʪʩʷ. 

ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʨʷʜʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ: ʤʘʣʳʝ ʛʘʙʘʨʠʪʳ, ʚʳʩʦʢʦʧʨʦʠʟ-
ʚʦʜʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ, ʥʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ð ʰʠʨʦʢʠʡ ʥʘʙʦʨ 
ʬʫʥʢʮʠʡ ʠ ʧʦʜʢʣʶʯʘʝʤʳʭ ʙʠʙʣʠʦʪʝʢ, ʚʩʪʨʦʝʥʥʳʝ 12-ʨʘʟʨʷʜʥʳʝ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʳʝ ʧʨʝʦʙ-
ʨʘʟʦʚʘʪʝʣʠ (ɸʎʇ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʢʘʯʝʩʪʚʝʥʥʫʶ ʨʝʛʠʩʪʨʘʮʠʶ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ, 
ʧʦʜʜʝʨʞʢʘ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, C/C++). ɺ ʜʘʥʥʦʡ ʨʘ-
ʙʦʪʝ ʥʘʰʝʣ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ STM32F103 (ʪʦʯʥʝʝ, ʤʦʜʫʣʴ ʥʘ ʝʛʦ ʦʩʥʦʚʝ 
TE-STM32F103). ʀʟ ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʣʘʪʳ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ STM32F103 ʙʳʣʦ 
ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʘ ʧʦ ʦʜʥʦʧʦʣʷʨʥʦʡ ʩʭʝʤʝ. ɼʘʣʝʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 
ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʥʘ ʷʟʳʢʝ ʉʠ ʩʦ ʩʣʝʜʫʶʱʠʤ ʘʣʛʦʨʠʪʤʦʤ ʜʝʡʩʪʚʠʡ. 

¶ ʄʦʥʪʠʨʦʚʘʥʠʝ (ʨʝʛʠʩʪʨʘʮʠʷ ʠ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʦ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ) ʢʘʨʪʳ ʧʘ-
ʤʷʪʠ ʜʣʷ ʟʘʧʠʩʠ ʧʦʢʘʟʘʥʠʡ ɸʎʇ; 

¶ ʀʥʠʮʠʘʣʠʟʘʮʠʷ (ʥʘʩʪʨʦʡʢʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʘʯʝʡ ʥʘ ʰʠʥʫ ʩ ʫʩʪʨʦʡʩʪʚʦʤ 
ʪʘʢʪʠʨʫʶʱʠʭ ʠʤʧʫʣʴʩʦʚ) ɸʎʇ ʠ ʜʨʫʛʦʡ ʧʝʨʠʬʝʨʠʠ ʢʦʥʪʨʦʣʣʝʨʘ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʢʦʪʦ-
ʨʦʡ ʚʦʟʥʠʢʘʝʪ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʪʘʧʘʭ ʩʦʟʜʘʥʠʷ ʠʪʦʛʦʚʦʡ ʧʨʦʛʨʘʤʤʳ; 

¶ ʉʦʟʜʘʥʠʝ ʠ ʦʪʢʨʳʪʠʝ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ, ʚ ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʦʩʣʝʜʦ-
ʚʘʪʝʣʴʥʘʷ ʟʘʧʠʩʴ ʧʦʢʘʟʘʥʠʡ ɸʎʇ; 

¶ ʇʦ ʦʢʦʥʯʘʥʠʠ ʠʟʤʝʨʝʥʠʡ ð ʟʘʢʨʳʪʠʝ ʬʘʡʣʘ, ʜʝʤʦʥʪʠʨʦʚʘʥʠʝ ʢʘʨʪʳ ʧʘʤʷʪʠ ʠ ʟʘ-
ʚʝʨʰʝʥʠʝ ʧʨʦʛʨʘʤʤʳ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʩʦʟʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʬʘʡʣ ʪʠʧʘ script ʚ ʇʆ Matlab, 
ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ: 

¶ ʆʪʢʨʳʪʠʝ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ ʩ ʜʘʥʥʳʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʬʫʥʢʮʠʠ ʷʟʳʢʘ Matlab fopen; 
¶ ʉʦʭʨʘʥʝʥʠʝ ʩʦʜʝʨʞʠʤʦʛʦ ʜʘʥʥʦʛʦ ʬʘʡʣʘ ʚ ʧʝʨʝʤʝʥʥʫʶ ʪʠʧʘ çʩʪʨʦʢʘè ʬʫʥʢʮʠʝʡ 

fscanf ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʟʘʧʠʩʘʥʥʳʭ ʜʘʥʥʳʭ; 
¶ ʈʘʟʙʠʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ ʪʠʧʘ çʩʪʨʦʢʘè ʥʘ ʦʪʜʝʣʴʥʳʝ ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʵʣʝʤʝʥʪʳ;  
¶ ʇʦʩʪʨʦʝʥʠʝ ʜʚʫʤʝʨʥʦʛʦ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʝʡ plot ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʛʠʩʪʨʘʮʠʠ. 
ʅʠʞʝ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʠʥʭʨʦʥʥʦʡ ʟʘʧʠʩʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʬʦʥʦʚʦʛʦ ʰʫʤʘ ʚ ʠʥ-

ʬʨʘʟʚʫʢʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘ ʠʥʬʨʘʟʚʫʢʦʚʦʡ ʩʪʘʥʮʠʠ ɻʝʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʀʉɿʌ 
(ʩ. ʊʦʨʳ) ʥʘ ʙʘʟʦʚʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ (ɸʎʇ ʬʠʨʤʳ ʈʫʜʥʝʚðʐʫʣʷʝʚ ʃɸ 1,5 PCI, ʨʠʩ. 139) ʠ 
ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ STM32F103 (ʨʠʩ. 140). ʌʨʘʛʤʝʥʪʳ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʟʘ-
ʧʠʩʠ ʚʳʜʝʣʝʥʳ ʮʚʝʪʥʦʡ ʨʘʤʢʦʡ ʠ ʧʦʢʘʟʳʚʘʶʪ ʠʜʝʥʪʠʯʥʦʩʪʴ ʟʘʧʠʩʝʡ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ [22]. 

 

ʈʠʩ. 139. ʌʨʘʛʤʝʥʪ ʩʠʥʭʨʦʥʥʦʡ ʟʘʧʠʩʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʬʦʥʘ (ʚʳʜʝʣʝʥʠʝ) 
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ʈʠʩ. 140. ʌʨʘʛʤʝʥʪ ʩʠʥʭʨʦʥʥʦʡ ʟʘʧʠʩʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʬʦʥʘ (ʚʳʜʝʣʝʥʠʝ) ʥʘ ʥʦʚʦʤ ʦʙʦʨʫʜʦ-

ʚʘʥʠʠ STM32 
 

3.9.2.5. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʘʨʠʘʮʠʡ ʧʘʨʘʤʝʪʨʦʚ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ ʥʘ ʚʳʩʦʪʘʭ 

ʤʝʟʦʩʬʝʨʳ ï ʥʠʞʥʝʡ ʪʝʨʤʦʩʬʝʨʳ ʚ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ  

 

ʇʨʦʜʦʣʞʘʣʦʩʴ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʛʝʥʝʨʘʮʠʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʦʥʦʩʬʝʨʥʳʭ ʚʦʟ-

ʤʫʱʝʥʠʡ ʨʘʟʥʳʭ ʤʘʩʰʪʘʙʦʚ. ɼʘʥʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʨʘʙʦʪʫ ʩʨʝʜʩʪʚ ʨʘʜʠʦʩʚʷʟʠ ʠ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯ-

ʥʠʢʘʤʠ ʚʥʫʪʨʝʥʥʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ (ɺɻɺ) ʷʚʣʷʶʪʩʷ ʢʘʢ ʧʨʦʮʝʩʩʳ ʚ ʘʚʨʦʨʘʣʴʥʦʡ 

ʠʦʥʦʩʬʝʨʝ, ʪʘʢ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʝ, ʦʜʥʘʢʦ ʦʪʥʦʩʠʪʝʣʴʥʳʡ 

ʚʢʣʘʜ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʤʝʭʘʥʠʟʤʦʚ ʥʝ ʜʦ ʢʦʥʮʘ ʷʩʝʥ. ʆʩʥʦʚʥʦʡ ʪʨʫʜʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʦʪ-

ʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [23]. ɿʘʚʠʩʠʤʦʩʪʴ ʫʨʦʚʥʷ ʘʚʨʦ-

ʨʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʧʝ-

ʨʝʤʝʱʘʶʱʠʭʩʷ ʠʦʥʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ (ʂʄ ʇʀɺ) ʦʪ ʤʠʨʦʚʦʛʦ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʷʝʪ ʪʦ, 

ʯʪʦ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʥʘʙʣʶʜʝʥʠʷ ʂʄ ʇʀɺ ʩʦʟʜʘʶʪʩʷ ʚ ʘʚʩʪʨʘʣʦ-

ʘʟʠʘʪʩʢʦʤ ʜʦʣʛʦʪʥʦʤ ʩʝʢʪʦʨʝ, ʥʘ ʥʦʯʥʳʝ ʯʘʩʳ ʢʦʪʦʨʦʛʦ ʧʘʜʘʝʪ ʤʘʢʩʠʤʫʤ ʘʚʨʦʨʘʣʴʥʦʡ ʘʢ-

ʪʠʚʥʦʩʪʠ [24]. ɺ ʨʷʜʝ ʨʘʙʦʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʂʄ ʇʀɺ ʥʦʩʠʪ ʛʣʦʙʘʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ. ɺ ʨʘʙʦʪʝ [25] ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʦʥʜʠ-

ʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ ʧʦʩʪʨʦʝʥʘ ʧʣʘʥʝʪʘʨʥʘʷ ʵʤʧʠʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʝʘʢʮʠʠ ʢʨʠʪʠʯʝʩʢʦʡ 

ʯʘʩʪʦʪʳ ʠ ʚʳʩʦʪʳ ʥʦʯʥʦʡ ʦʙʣʘʩʪʠ hmF2 ʥʘ ʧʨʦʭʦʞʜʝʥʠʝ ʂʄ ʘʢʫʩʪʠʢʦ-ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ 

ʚʦʣʥ, ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʤʘʛʥʠʪʦʩʬʝʨʥʳʤʠ ʩʫʙʙʫʨʷʤʠ. ɺ ʨʘʙʦʪʝ [26] ʦʪʤʝʯʝʥʦ, ʯʪʦ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʨʦʨʘʣʴʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʤʠʨʦʚʦʛʦ ʚʨʝʤʝʥʠ ʠʛʨʘʝʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ UT- ʠ LT-ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʂʄ ʇʀɺ, ʥʘʙʣʶʜʘʝʤʳʭ 

ʥʘ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʝʨʠʦʜʦʚ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʠ 

ʘʟʠʤʫʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 1.8 ʯ, 300 ʤ/ʩ ʠ 187Á ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʏʘʩʪʦʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʂʄ 

ʇʀɺ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʟʥʘʯʝʥʠʷ Kp [26, 27]. ʉʨʝʜʥʷʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʢʦ-

ʨʦʩʪʴ, ʧʝʨʠʦʜ, ʜʣʠʥʘ ʚʦʣʥʳ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʩʝʭ ʂʄ ʇʀɺ ʩʦʩʪʘʚʣʷʣʠ 

475Ñ171 ʤ/ʩ, 80Ñ29 ʤʠʥ, 2113Ñ863 ʢʤ ʠ 3ï19Á ʥʘ ʶʛʦ-ʚʦʩʪʦʢ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [26, 27]. ɺ ʨʘ-

ʙʦʪʝ [28] ʩʨʝʜʥʷʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʂʄ ʇʀɺ ʩʦʩʪʘʚʣʷʣʘ 422Ñ36 ʤ/ʩ ʚ ʉʝ-

ʚʝʨʥʦʡ ɸʤʝʨʠʢʝ, 381Ñ69 ʤ/ʩ ʚ ɽʚʨʦʧʝ ʠ 527Ñ21 ʤ/ʩ ʚ ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ 

ʘʟʠʘʪʩʢʦʤ ʜʦʣʛʦʪʥʦʤ ʩʝʢʪʦʨʝ (ʶʛ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ) ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʘʥʘʣʠʟʫ ʯʘ-

ʩʪʦʪʳ ʠ ʫʩʣʦʚʠʡ ʥʘʙʣʶʜʝʥʠʷ ʩʨʝʜʥʝʰʠʨʦʪʥʳʭ ʩʠʷʥʠʡ [29, 30, 31, 32], ʘ ʪʘʢʞʝ ʚʦʟʤʫʱʝ-

ʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʪʤʦʩʬʝʨʥʳʭ ʵʤʠʩʩʠʡ ʩ ʧʝʨʠʦʜʘʤʠ 5ï180 ʤʠʥ. ɸʥʘʣʠʟ ʚʦʟʤʫʱʝʥʠʡ 

ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʯʝʪʳʨʝʭʢʘʥʘʣʴʥʦʛʦ ʬʦʪʦʤʝʪʨʘ ʙʝʟ ʩʠʩʪʝʤʳ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʣʦ ʚʳʜʝʣʠʪʴ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʚʦʣʥʦʚʳʝ ʚʦʟʤʫʱʝʥʠʷ 

ʠ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʦ ʥʘʧʨʘʚʣʝʥʠʠ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʤʫʱʝʥʠʡ. 

ɹr ʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʘʨʠʘʮʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʪʤʦʩʬʝʨʥʳʭ ʵʤʠʩʩʠʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥ-

ʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ɻʝʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ (ɻʌʆ) ʀʉɿʌ ʉʆ ʈɸʅ, ʈʝʩʧʫʙʣʠʢʘ ɹʫ-

ʨʷʪʠʷ, ʊʫʥʢʠʥʩʢʠʡ ʨʘʡʦʥ, ʩ. ʊʦʨʳ (52Á N, 103Á ɽ) [40]. 
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ɼʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ ʧʨʠʙʦʨʦʚ ʉɸʊʀ-1ʄ ʠ ʌʀʃʀʅ-1ʎ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ 

ʚʦʣʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʚʳʩʦʪʘʭ ʤʝʟʦʩʬʝʨʳ ʚ ʤʦʤʝʥʪʳ ʨʝʛʠʩʪʨʘʮʠʠ ʂʄ ʇʀɺ ʚ ʵʤʠʩʩʠʠ 

630 ʥʤ ʩʠʩʪʝʤʦʡ KEO Sentinel, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʥʘ ʚʳʩʦʪʘʭ ʥʠʞʥʝʡ ʪʝʨʤʦʩʬʝʨʳ.  

ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚʦ ʚʨʝʤʷ ʚʳʩʦʢʦʡ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

(KʨÓ6), ʟʘ ʩʫʪʢʠ ʜʦ ʠ ʩʫʪʢʠ ʧʦʩʣʝ ʟʘ 2015ï2016 ʛʛ. ɼʣʷ ʘʥʘʣʠʟʘ ʚʳʙʠʨʘʣʠʩʴ ʜʘʥʥʳʝ, ʧʦʣʫ-

ʯʝʥʥʳʝ ʚ ʷʩʥʳʝ ʙʝʟʣʫʥʥʳʝ ʥʦʯʠ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʦʯʝʡ, ʚʳʙʨʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ, ʩʦ-

ʩʪʘʚʣʷʣʦ 19 (~170 ʯ). ɹʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʚʘʨʠʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʵʤʠʩʩʠʠ 630 ʥʤ 

ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʢʘʜʨʘ. ɼʘʣʝʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʢʨʦʩʩʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʤʝʞʜʫ 

ʚʘʨʠʘʮʠʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʟʝʥʠʪʘ ʠ ʚ ʜʨʫʛʠʭ ʯʘʩʪʷʭ ʢʘʜʨʘ (ʨʠʩ. 141).  

ʅʘ ʨʠʩ. 142 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʘʨʠʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ 630 ʥʤ ʧʦ ʜʘʥʥʳʤ Keo 

Sentinel 27 ʦʢʪʷʙʨʷ 2016 ʛ. ʠ ʢʨʦʩʩʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʤʝʞʜʫ ʚʘʨʠʘʮʠʷʤʠ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʟʝʥʠʪʘ ʠ ʚʘʨʠʘʮʠʷʤʠ ʚ ʦʩʪʘʣʴʥʳʭ ʚʳʙʨʘʥʥʳʭ ʦʙʣʘʩʪʷʭ ʢʘʜʨʘ (ʩʤ. ʨʠʩ. 

3.9.17). ʇʦʣʥʦʯʴ ʧʦ ʤʝʩʪʥʦʤʫ ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʠʣʘʩʴ ʥʘ 16:00 UT. ʇʦ ʜʘʥʥʳʤ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 3.9.18, ʚʠʜʥʦ, ʯʪʦ ʚʦʟʤʫʱʝʥʠʝ ʩʥʘʯʘʣʘ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʥʘ ʩʝʚʝʨʝ, ʟʘ-

ʪʝʤ, ʩ ʟʘʜʝʨʞʢʦʡ 8 ʤʠʥ ʥʘ ʚʦʩʪʦʢʝ, ʜʘʣʝʝ ʩ ʟʘʜʝʨʞʢʦʡ 11 ʤʠʥ ʥʘ ʟʘʧʘʜʝ, ʠ, ʚ ʧʦʩʣʝʜʥʶʶ 

ʦʯʝʨʝʜʴ, ʥʘ ʶʛʝ ʩ ʟʘʜʝʨʞʢʦʡ 18 ʤʠʥ. ʉʨʝʜʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ 

ʚʦʟʤʫʱʝʥʠʡ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʣʘʛʘʤ ʢʨʦʩʩʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ, ʩʦʩʪʘʚʠʣʠ ~500 ʤ/ʩ, 

ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ. ʇʝʨʝʤʝʱʘʶʱʠʝʩʷ ʚʦʟʤʫʱʝʥʠʷ 

ʩ ʧʦʜʦʙʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʪʘʢʞʝ 07 ʦʢʪʷʙʨʷ 2015 ʛ. 

 

ʈʠʩ. 141. ʆʙʣʘʩʪʠ ʢʘʜʨʘ, ʚʳʙʨʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ 630 ʥʤ ʧʦ ʜʘʥʥʳʤ 
ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ Keo Sentinel 

 

 

ʈʠʩ. 142. ʀʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʵʤʠʩʩʠʠ 630 ʥʤ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʢʘʜʨʘ 27.10.2016 ʚ 
ɻʌʆ ʀʉɿʌ ʉʆ ʈɸʅ (ʩʣʝʚʘ); ʩʧʨʘʚʘ ð ʢʨʦʩʩʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʤʝʞʜʫ ʚʘʨʠʘʮʠʷʤʠ ʠʥʪʝʥ-
ʩʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ 630 ʥʤ ʚ ʦʙʣʘʩʪʠ ʟʝʥʠʪʘ ʠ ʚʘʨʠʘʮʠʷʤʠ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʢʘʜʨʘ (ʩʤ. ʨʠʩ. 141) 
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ʅʘ ʨʠʩ. 143 ʧʨʠʚʝʜʝʥʳ ʢʘʜʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ Keo Sentinel 27.10.2016 ʚ 

12:41ï13:02 UT [34, 35]. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʇʀɺ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʚʨʝʤʝʥʥʦʛʦ ʜʠʬʬʝʨʝʥ-

ʮʠʨʦʚʘʥʠʷ [33]. 

ɿʘ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʜʚʘ ʩʣʫʯʘʷ ʥʘʙʣʶʜʝʥʠʷ ʂʄ ʇʀɺ 

ʩʦ ʩʢʦʨʦʩʪʷʤʠ ~500 ʤ/ʩ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʝʨʝʤʝʱʝʥʠʷ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ-

ʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩʦ ʟʥʘʯʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʘʙʦ-

ʪʘʭ [27, 28], ʧʨʠ ʵʪʦʤ ʯʘʩʪʦʪʘ ʥʘʙʣʶʜʝʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʨʘʙʦʪʘʭ [26, 27].  

 

 

ʈʠʩ. 143. ʂʘʜʨʳ, ʧʦʣʫʯʝʥʥʳʝ 27.10.2016 ʛ. ʚ 12:41ï13.02 UT ʩ ʧʦʤʦʱʴʶ ʢʘʤʝʨʳ Keo 
Sentinel, ʥʘ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʂʄ ʇʀɺ 

 

3.9.2.6. ʀʟʫʯʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʜʚʠʛʘʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʪʨʘʥʩʧʦʨʪʥʦ-ʛʨʫʟʦʚʳʭ 

ʢʦʨʘʙʣʝʡ çʇʨʦʛʨʝʩʩè ʥʘ ʚʝʨʭʥʠʝ ʩʣʦʠ ʘʪʤʦʩʬʝʨʳ ʠ ʠʦʥʦʩʬʝʨʫ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʡ 

ʚʘʨʠʘʮʠʡ ʧʦʣʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʩʠʛʥʘʣʦʚ 

ʛʣʦʙʘʣʴʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ 

 

ɸʢʪʠʚʥʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ çʈʘʜʘʨïʇʨʦʛʨʝʩʩè, ʚʳʧʦʣʥʷʚʰʠʝʩʷ ʚ ʀʥʩʪʠ-

ʪʫʪʝ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʦʡ ʬʠʟʠʢʠ ʉʆ ʈɸʅ ʚ 2006ï2014 ʛʛ., ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʫʯʝʥʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʜʚʠʛʘʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ (ɼʋ) ʪʨʘʥʩʧʦʨʪʥʦ-ʛʨʫʟʦʚʳʭ ʢʦʨʘʙʣʝʡ (ʊɻʂ) çʇʨʦ-

ʛʨʝʩʩè ʥʘ ʚʝʨʭʥʠʝ ʩʣʦʠ ʘʪʤʦʩʬʝʨʳ ʠ ʠʦʥʦʩʬʝʨʫ. ɺʢʣʶʯʝʥʠʷ ɼʋ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦ-

ʚʦʜʠʣʠʩʴ ʧʦʩʣʝ ʦʪʩʪʳʢʦʚʢʠ ʊɻʂ ʦʪ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ (ʄʂʉ) ʧʨʠ ʧʨʦ-

ʣʝʪʝ ʊɻʂ ʥʘʜ ʦʙʩʝʨʚʘʪʦʨʠʷʤʠ ʀʥʩʪʠʪʫʪʘ [37ï40]. ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷ-

ʥʠʷ ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʳʩʪʫʧʘʣ ʢʦʤʧʣʝʢʩ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ ʀʉɿʌ ʉʆ ʈɸʅ [41]. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʷʚʠʣʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʀʉɿʌ 

ʉʆ ʈɸʅ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ GLOBDET [42], ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʜʝʪʝʢ-

ʪʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʡ ʚʘʨʠʘʮʠʡ ʧʦʣʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ (ʇʕʉ). ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦ-

ʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʩʠʛʥʘʣʦʚ ʛʣʦʙʘʣʴʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ (ɻʅʉʉ). 

ʆʩʥʦʚʦʡ ʠ ʠʩʪʦʯʥʠʢʦʤ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʘ GLOBDET ʩʣʫʞʠʪ ʩʝʪʴ ʥʘʟʝʤʥʳʭ ʜʚʫʭʯʘʩʪʦʪʥʳʭ 

ʧʨʠʝʤʥʠʢʦʚ ɻʅʉʉ. ɺ 2006ï2012 ʛʛ. ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠʦʥʦʩʬʝʨʥʳʭ ʵʬʬʝʢʪʦʚ ʨʘʙʦʪʳ ɼʋ ʊɻʂ 

çʇʨʦʛʨʝʩʩè ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠʝʤʥʠʢʠ ɻʅʉʉ, ʚʭʦʜʷʱʠʝ ʚ ʛʣʦʙʘʣʴʥʫʶ ʩʝʪʴ IGS. ɺ 2012 ʛ. ʚ 

ʀʉɿʌ ʉʆ ʈɸʅ ʙʳʣʘ ʨʘʟʚʝʨʥʫʪʘ ʩʦʙʩʪʚʝʥʥʘʷ ʨʝʛʠʦʥʘʣʴʥʘʷ ʩʝʪʴ SibNet ʥʘʟʝʤʥʳʭ ʧʨʠʝʤʥʳʭ 

ʩʪʘʥʮʠʡ ɻʅʉʉ [48]. ʇʦʵʪʦʤʫ ʚ 2013ï2014 ʛʛ. ʧʨʠʚʣʝʢʘʣʠʩʴ ʜʘʥʥʳʝ ʵʪʦʡ ʩʝʪʠ. ʅʘʩʪʦʷʱʘʷ ʨʘ-

ʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʨʝʘʢʮʠʠ ʠʦʥʦʩʬʝʨʳ ʥʘ ʨʘʙʦʪʫ ʩʙʣʠʞʘʶʱʝ-ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʜʚʠʛʘ-

ʪʝʣʝʡ (ʉʂɼ) ʊɻʂ çʇʨʦʛʨʝʩʩè, ʧʨʦʷʚʣʷʶʱʝʡʩʷ ʚ ʇʕʉ ʧʦ ʜʘʥʥʳʤ ɻʅʉʉ. 

ɺʦʟʤʫʱʝʥʠʷ ʚ ʠʦʥʦʩʬʝʨʝ, ʚʳʟʚʘʥʥʳʝ ʨʘʙʦʪʦʡ ɼʋ ʊɻʂ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʭ 2006ï2014 ʛʛ., ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʚʘʨʠʘʮʠʡ ʇʕʉ. ɼʘʥʥʳʝ ʇʕʉ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʥʘ ʩʝʪʠ ʧʨʠʝʤʥʠʢʦʚ ɻʃʆʅɸʉʉ/GPS, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʇʨʠʙʘʡʢʘʣʴʩʢʦʤ ʨʝʛʠ-
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ʦʥʝ: ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʩʝʪʴ IGS (ʵʢʩʧʝʨʠʤʝʥʪʳ 2006ï2012 ʛʛ.), ʩʝʪʴ SibNet ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʩʪʘʥʮʠʡ ɻʃʆʅɸʉʉ/GPS ʀʉɿʌ ʉʆ ʈɸʅ, ʜʦʧʦʣʥʝʥʥʘʷ ʚʨʝʤʝʥʥʳʤʠ ʧʫʥʢʪʘʤʠ 

ɻʃʆʅɸʉʉ/GPS (ʵʢʩʧʝʨʠʤʝʥʪʳ 2013ï2014 ʛʛ.). ʈʘʩʯʝʪ ʚʘʨʠʘʮʠʡ ʇʕʉ ʧʦ ʜʘʥʥʳʤ 

ɻʃʆʅɸʉʉ/GPS ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʝʜʠʥʦʡ ʤʝʪʦʜʠʢʝ.  

ɿʘ ʚʝʩʴ ʧʝʨʠʦʜ ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʦʙʨʘʙʦʪʘʥʦ 72 ʧʨʦʣʝʪʘ ʊɻʂ çʇʨʦ-

ʛʨʝʩʩè. ʀʟ ʥʠʭ ʚ 65 ʩʣʫʯʘʷʭ ʦʪʢʣʠʢ ʚ ʚʘʨʠʘʮʠʷʭ ʇʕʉ ʥʘ ʨʘʙʦʪʫ ɼʋ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʥʝ 

ʙʳʣ. ʆʙʥʘʨʫʞʝʥʠʝ ʦʪʢʣʠʢʘ ʇʕʉ ʥʘ ʨʘʙʦʪʫ ʉʂɼ ʊɻʂ ʧʦ ʜʘʥʥʳʤ ɻʃʆʅɸʉʉ/GPS ʦʩʣʦʞ-

ʥʝʥʦ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ: cʠʣʴʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʥʝʙʦʣʴʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʦʥʦʩʬʝʨʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ, ʠʥʪʝʛʨʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʨʝʥʠʡ ʇʕʉ, ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʠʝʤʥʳʭ ʩʪʘʥʮʠʡ ɻʃʆʅɸʉʉ/GPS ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʜʠʦʣʫʯʝʡ ʧʨʠʝʤʥʠʢðʩʧʫʪʥʠʢ, 

ʥʘʣʠʯʠʝ ʬʦʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʠʦʥʦʩʬʝʨʳ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ʆʪʢʣʠʢ ʇʕʉ ʥʘ ʨʘʙʦʪʫ ʉʂɼ ʊɻʂ ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ ʚ ʩʝʤʠ ʩʝʘʥʩʘʭ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ 

ʦʧʠʩʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʜʚʫʭ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ, ʦʪʢʣʠʢ ʇʕʉ ʥʘ ʨʘʙʦʪʫ ɼʋ ʊɻʂ 

ʙʳʣ ʚʳʷʚʣʝʥ ʥʘ ʨʘʜʠʦʣʫʯʘʭ, ʧʨʦʭʦʜʠʚʰʠʭ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʦʙʣʘʩʪʠ ʠʦʥʦ-

ʩʬʝʨʳ, ʚʦʟʤʫʱʝʥʥʦʡ ʨʘʙʦʪʦʡ ɼʋ, ʠʣʠ ʧʝʨʝʩʝʢʘʚʰʠʭ ʵʪʫ ʦʙʣʘʩʪʴ. ʇʨʠ ʵʪʦʤ ʛʝʦʤʝʪʨʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ ʪʘʢʦʚʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʦʥʦʩʬʝʨʥʳʝ ʪʦʯʢʠ ʧʝʨʝʤʝʱʘʣʠʩʴ ʧʨʝ-

ʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʧʝʨʝʢ ʪʨʘʝʢʪʦʨʠʠ ʧʨʦʣʝʪʘ ʊɻʂ. ʇʘʨʘʤʝʪʨʳ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʦʪʢʣʠ-

ʢʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 11. 

 
ʊʘʙʣʠʮʘ 11. ʇʘʨʘʤʝʪʨʳ ʦʪʢʣʠʢʦʚ ʇʕʉ ʥʘ ʨʘʙʦʪʫ ɼʋ ʊɻʂ 

ɼʘʪʘ ʈʘʜʠʦʣʫʯ ɺʨʝʤʷ ʥʘʯʘʣʘ  

ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʩʣʝ 

ʚʢʣʶʯʝʥʠʷ ɼʋ, ʤʠʥ 

ɼʣʠʪʝʣʴ-

ʥʦʩʪʴ, ʤʠʥ 

ɸʤʧʣʠʪʫ-

ʜʘ, TECU 

ʈʘʟʤʝʨ 

ʦʙʣʘʩʪʠ, ʢʤ 

4.05.2006  IRKJïG14 1 4.5 0.06 19 

IRKJïR02 1 6 0.03 25 

BADGïG30 1 5.5 0.05 22 

24.04.2011  IRKJïG07 0.5 4 0.11 12 

18.04.2013  ORDAïG07 5 4.5 0.06 17 

16.06.2013 BDRYïG17 14 4 0.07 13 

ZAKTïG17 12 6.5 0.06 21 

ZMURïG17 12 8 0.04 26 

18.06.2013 UZURïR10 0.5 10 0.12 30 

16.04.2014 LISTïG08 4 6 0.07 22 

ORDAïR17 5 3 0.16 15 

29.07.2014 TORYïG22 8 5 0.12 16 

 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʦʪʢʣʠʢʠ ʇʕʉ ʥʘ ʨʘʙʦʪʫ ɼʋ ʊɻʂ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʫʤʝʥʴʰʝ-

ʥʠʝ ʟʥʘʯʝʥʠʡ ʇʕʉ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 3ï10 ʤʠʥ ʠ ʘʤʧʣʠʪʫʜʦʡ 0.03ï0.16 TECU. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʨʘʙʦʪʘ ɼʋ ʚʳʟʳʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʆʪʢʣʠʢʠ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʯʝʨʝʟ 0.5ï6 ʤʠʥ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ɼʋ. 

ɿʥʘʷ ʧʦʣʦʞʝʥʠʷ ʠʦʥʦʩʬʝʨʥʦʡ ʪʦʯʢʠ ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ ʨʝʛʠʩʪʨʘʮʠʠ 

ʦʪʢʣʠʢʘ ʇʕʉ ʥʘ ʨʘʙʦʪʫ ɼʋ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʨʘʟʤʝʨ ʚʦʟʤʫʱʝʥʥʦʡ ʦʙʣʘʩʪʠ ʚ ʤʝʨʠʜʠʦʥʘʣʴ-

ʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʪ. ʝ. ʧʦʧʝʨʝʢ ʪʨʘʝʢʪʦʨʠʠ ʧʨʦʣʝʪʘ ʊɻʂ. ʆʮʝʥʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʧʨʝʜʧʦ-

ʣʦʞʝʥʠʷʭ, ʯʪʦ ʠʦʥʦʩʬʝʨʥʳʝ ʪʦʯʢʠ ʧʝʨʝʩʝʢʘʶʪ ʦʙʣʘʩʪʴ, ʚʦʟʤʫʱʝʥʥʫʶ ʉʂɼ; ʧʨʠ ʵʪʦʤ ʚʦʟ-

ʤʫʱʝʥʥʘʷ ʦʙʣʘʩʪʴ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʰʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʧʦʜʚʠʞʥʘ ʚ ʤʝʨʠʜʠʦʥʘʣʴʥʦʤ. ʈʘʟʤʝʨ ʚʦʟʤʫʱʝʥʥʦʡ ʦʙʣʘʩʪʠ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʢʘʢ ʨʘʩʩʪʦʷʥʠʝ 

ʧʦ ʜʫʛʝ ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ ʤʝʞʜʫ ʜʚʫʤʷ ʫʢʘʟʘʥʥʳʤʠ ʚʳʰʝ ʧʦʣʦʞʝʥʠʷʤʠ ʠʦʥʦʩʬʝʨʥʦʡ ʪʦʯʢʠ.  

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ (ʨʠʩ. 144). ɺ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʦʟ-

ʤʫʱʝʥʠʝ ʩʯʠʪʘʣʦʩʴ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʠ ʨʘʜʠʘʣʴʥʦ ʩʠʤʤʝʪʨʠʯʥʳʤ. ʆʩʴ ʩʠʤʤʝʪʨʠʠ ʩʦʚʧʘ-

ʜʘʣʘ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʷ ʊɻʂ çʇʨʦʛʨʝʩʩè ʚ ʤʦʤʝʥʪ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʝʡ. ʇʨʠ ʵʪʦʤ 

ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʨʝʟ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʜʚʫʤʝʨʥʫʶ ʛʘʫʩʩʠʘʥʫ, ʛʜʝ ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʟʘʜʘʶʪʩʷ ʜʚʫʤʝʨʥʳʤ ʥʦʨʤʘʣʴʥʳʤ ʟʘʢʦʥʦʤ:  
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N(h, x)=(1/2ˊů1ů2)exp[ï1/2((h/ů1)
2
+(x/ů2)

2
)],  

ʛʜʝ, ů1 ð ʜʠʩʧʝʨʩʠʷ ʚʜʦʣʴ ʣʫʯʘ, ů2 ð ʜʠʩʧʝʨʩʠʷ ʧʦʧʝʨʝʢ ʣʫʯʘ, h ð ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚʜʦʣʴ ʣʫʯʘ, x ð ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʧʝʨʝʢ ʣʫʯʘ. ɺ 

ʥʘʰʠʭ ʨʘʩʯʝʪʘʭ ʤʳ ʟʘʜʘʚʘʣʠ ů1=ů2=2 ʢʤ, ʪ. ʝ. ʮʠʣʠʥʜʨʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʫʶ ʥʝʦʜʥʦʨʦʜ-

ʥʦʩʪʴ. ʈʘʟʤʝʨ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʠʩʭʦʜʷ ʠʟ ʩʨʘʚʥʝʥʠʷ ʩ ʥʝʚʦʟʤʫʱʝʥʥʳʤʠ ʨʷ-

ʜʘʤʠ ʇʕʉ, ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ ʩʦʩʝʜʥʠʭ ʩʪʘʥʮʠʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʦʣʫʯʘʣʠ ʧʦʧʝʨʝʯʥʳʡ 

ʨʘʟʤʝʨ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʫʯʝʪʦʤ ʧʦʣʦʞʝʥʠʷ ʠʦʥʦʩʬʝʨʥʳʭ ʪʦʯʝʢ. 

ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 144. 

ɺʠʜʥʦ, ʯʪʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʚʠʜʝ ʜʚʫʤʝʨʥʦʡ ʛʘʫʩʩʠʘʥʳ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫ-

ʯʠʪʴ ʦʪʢʣʦʥʝʥʠʝ ʇʕʉ, ʥʘʙʣʶʜʘʚʰʝʝʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʅʝʩʦʚʧʘʜʝʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʤʦʜʝʣʴ-

ʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʠʯʠʥʘʤʠ, ʥʘʧʨʠʤʝʨ, 

ʥʝʚʝʨʥʦ ʚʳʙʨʘʥʥʦʡ ʚʳʩʦʪʦʡ ʧʣʦʩʢʦʡ ʠʦʥʦʩʬʝʨʳ. ʆʜʥʘʢʦ ʥʝʩʦʚʧʘʜʝʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʚ ʜʘʥ-

ʥʦʤ ʩʣʫʯʘʝ ʥʝ ʠʛʨʘʝʪ ʨʦʣʠ, ʪʘʢ ʢʘʢ ʮʝʣʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʣʘ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʤʘʢʩʠ-

ʤʘʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʮʝʥʪʨʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. ʇʦ ʥʘʰʠʤ 

ʜʘʥʥʳʤ ʵʪʘ ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʠʣʘ ʧʦʨʷʜʢʘ 3.28Ŀ10
5
 ʩʤ
ï3
. ʇʦʥʷʪʥʦ, ʯʪʦ ʥʘ ʫʢʘʟʘʥʥʫʶ ʚʝʣʠʯʠʥʫ 

ʚ ʧʨʷʤʫʶ ʚʣʠʷʝʪ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚʜʦʣʴ ʣʫʯʘ ʟʨʝʥʠʷ: ʝʩʣʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʚʳʪʷʥʫʪʘ ʚʜʦʣʴ ʣʫʯʘ ʟʨʝʥʠʷ ʠ ʝʝ ʧʨʦʜʦʣʴʥʳʡ ʨʘʟʤʝʨ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ ʧʦʧʝʨʝʯʥʦʛʦ (ʨʠʩ. 

145, ʟʝʣʝʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ), ʦʪʢʣʦʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʮʝʥʪʨʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʙʫʜʝʪ 

ʤʝʥʴʰʝ ʪʦʞʝ ʚ ʜʚʘ ʨʘʟʘ (1.64Ŀ10
5
 ʩʤ
ï3

). 

 

ʈʠʩ. 144. ʉʭʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ: ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʣʫʯʘʡ 

(ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ), ʚʳʪʷʥʫʪʳʡ ʩʣʫʯʘʡ (ʟʝʣʝʥʘʷ ʢʨʠʚʘʷ) 

 

ʈʠʩ. 145. ɺʘʨʠʘʮʠʠ ʇʕʉ ʜʣʷ ʩʧʫʪʥʠʢʘ ɻʃʆʅɸʉʉ-17 ʩʪʘʥʮʠʠ ORDA, ʬʠʣʴʪʨʦʚʘʥʥʳʝ ʚ ʜʠʘ-
ʧʘʟʦʥʝ 1ï10 ʤʠʥ (ʯʝʨʥʘʷ ʣʠʥʠʷ), ʠ ʤʦʜʝʣʴʥʳʝ ʜʘʥʥʳʝ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ) 

 

ɺ ʪʘʙʣ. 12 ʧʨʠʚʝʜʝʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʦʙʣʘʩʪʠ, 

ʚʦʟʤʫʱʝʥʥʦʡ ʨʘʙʦʪʦʡ ʉʂɼ ʊɻʂ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʷʜʢʘ 12ï30 ʢʤ. ʆʪʤʝʪʠʤ, ʯʪʦ ʤʘ-

ʣʦʝ ʯʠʩʣʦ ʠʦʥʦʩʬʝʨʥʳʭ ʪʦʯʝʢ ʠ ʠʭ ʩʤʝʱʝʥʠʝ ʚʩʣʝʜʩʪʚʠʝ ʜʚʠʞʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʩʧʫʪ-

ʥʠʢʘ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʜʠʪʴ ʨʘʩʰʠʨʝʥʠʝ ʚʦʟʤʫʱʝʥʥʦʡ ʦʙʣʘʩʪʠ. 
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ʊʘʙʣʠʮʘ 12. ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʴʥʳʭʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ 

 

ɼʘʪʘ ʈʘʜʠʦʣʫʯ Ne mod D mod 

4.05.2006 IRKJïG14 0.81 18 

IRKJïR02 0.31 24 

BADGïG30 0.57 22 

24.04.2011 IRKJïG07 1.73 16 

18.04.2013 ORDAïG07 0.81 18 

16.06.2013 BDRYïG17 1.44 16 

ZAKTïG17 0.56 26 

ZMURïG17 0.3 32 

18.06.2013 UZURïR10 0.75 40 

16.04.2014 LISTïG08 0.72 24 

ORDAïR17 3.28 12 

29.07.2014 TORYïG22 1.48 20 

 

ɸʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʢʘʨʪʠʥʳ ʚʘʨʠʘʮʠʡ ʇʕʉ, ʥʘʙʣʶʜʘʚʰʝʡʩʷ ʚʦ 

ʚʨʝʤʷ ʘʢʪʠʚʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 2006-2014 ʛʛ., ʧʦʢʘʟʘʣ, ʯʪʦ ʟʘʜʘʯʘ ʦʙʥʘʨʫʞʝ-

ʥʠʷ ʦʪʢʣʠʢʘ ʇʕʉ ʥʘ ʨʘʙʦʪʫ ʉʂɼ ʊɻʂ ʦʩʣʦʞʥʝʥʘ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ. ɺʦʟʜʝʡʩʪʚʠʝ ʨʝʘʢʪʠʚ-

ʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʠʦʥʦʩʬʝʨʥʫʶ ʧʣʘʟʤʫ ʩʠʣʴʥʦ ʣʦʢʘʣʠʟʦʚʘʥʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʠʤʝʝʪ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ. ʀʥʪʝʛʨʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʨʝʥʠʡ ʇʕʉ ʟʘʪʨʫʜʥʷ-

ʝʪ ʧʦʠʩʢ ʪʘʢʠʭ ʚʦʟʤʫʱʝʥʠʡ. ʄʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʜʠʦʣʫʯʝʡ çʧʨʠʝʤʥʠʢðʩʧʫʪʥʠʢè, ʦʙʫ-

ʩʣʦʚʣʝʥʥʦʝ ʤʘʣʳʤ ʯʠʩʣʦʤ ʧʨʠʝʤʥʳʭ ʩʪʘʥʮʠʡ ɻʃʆʅɸʉʉ/GPS (ʦʩʦʙʝʥʥʦ ʜʦ 2013 ʛ.), ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. ɺʦʟʤʦʞʥʳʡ 

ʦʪʢʣʠʢ ʇʕʉ ʤʘʩʢʠʨʫʝʪʩʷ ʬʦʥʦʚʳʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ ʠʦʥʦʩʬʝʨʳ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠ ʫʜʘʯʥʦʡ ʛʝʦʤʝʪʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʘʜʠʦʣʫʯ ʧʨʠʝʤʥʠʢð

ʩʧʫʪʥʠʢ ʤʦʞʝʪ ʧʝʨʝʩʝʢʘʪʴ ʚʦʟʤʫʱʝʥʥʫʶ ʦʙʣʘʩʪʴ ʚ ʙʣʠʞʘʡʰʠʝ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʧʦʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʘʤʧʣʠʪʫʜʘ ʠʦʥʦʩʬʝʨʥʦʛʦ ʦʪʢʣʠʢʘ ʥʘ ʚʢʣʶʯʝʥʠʝ ʉʂɼ ʊɻʂ 

ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝ ʬʦʥʦʚʳʭ ʚʘʨʠʘʮʠʡ ʇʕʉ ʚ ʩʧʦʢʦʡʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ 

ʫʩʣʦʚʠʷʭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʘʤʧʣʠʪʫʜʫ ʚʘʨʠʘʮʠʡ ʇʕʉ ʠ ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ 

ʥʘʙʣʶʜʘʝʤʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. ʇʨʠ ʪʘʢʦʡ ʦʮʝʥʢʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʥʝ ʦʩʪʘʝʪʩʷ ʩʪʘʪʠʯʥʦʡ, ʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʘʟʤʝʨʘʭ, ʧʨʠ ʵʪʦʤ ʵʣʝʢʪʨʦʥʥʘ ̫ʢʦʥʮʝʥʪʨʘʮʠ ̫

ʚʥʫʪʨʠ ʩʘʤʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʦʥʦʩʬʝʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʚʠʜʝ ʜʚʫʤʝʨʥʦʡ ʛʘʫʩʩʠʘʥʳ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʦʪʢʣʦʥʝʥʠʝ ʚʘʨʠʘʮʠʡ ʇʕʉ, ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʱʝʝʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥ-

ʥʳʤʠ. ʄʦʜʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ~4 ʢʤ, 

ʘ ʪʘʢʞʝ ʘʤʧʣʠʪʫʜʫ ʚʦʟʤʫʱʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ~3.28Ŀ10
5
 ʩʤ

ï3
. ʆʜʥʘʢʦ ʨʝʘʣʴ-

ʥʦʝ ʟʥʘʯʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ, ʚʦʟʤʦʞʥʦ, ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʦʣʫʯʝʥʥʦʛʦ, ʪʘʢ ʢʘʢ 

ʟʘʚʠʩʠʪ ʦʪ ʚʳʪʷʥʫʪʦʩʪʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚʜʦʣʴ ʣʫʯʘ ʟʨʝʥʠʷ. ʅʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʨʝʰʝʥʘ ʩ ʧʦʤʦʱʴʶ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʣʫʯʘʭ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʦʙʣʘʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʜ ʨʘʟʥʳʤʠ ʫʛʣʘʤʠ. 

 

3.9.3. ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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2.1 ʇʨʦʝʢʪ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʢʦʥʪʨʦʣʷ ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩ-
ʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝè. ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ ð ʯʣ.-ʢʦʨʨ. 
ʈɸʅ ɺ.ʄ. ɻʨʠʛʦʨʴʝʚ. 
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4.1.1. ʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʪʝʣʝʩʢʦʧʦʚ ʠ ʧʨʠʙʦʨʦʚ 
 

4.1.1.1. ʉʦʟʜʘʥʠʝ ʉʦʣʥʝʯʥʦʛʦ ʩʠʥʦʧʪʠʯʝʩʢʦʛʦ ʪʝʣʝʩʢʦʧʘ 

 
ɺ 2017 ʛ. ʥʘ ʙʘʟʝ ɹʘʡʢʘʣʴʩʢʦʡ ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʀʥʩʪʠʪʫʪʘ ʩʦʣʥʝʯʥʦ-

ʟʝʤʥʦʡ ʬʠʟʠʢʠ ʉʆ ʈɸʅ (ɹɸʆ, ʧ. ʃʠʩʪʚʷʥʢʘ) ʙʳʣ ʫʩʧʝʰʥʦ ʟʘʚʝʨʰʝʥ ʵʪʘʧ ʧʦ ʤʦʥʪʘʞʫ ʦʧ-
ʪʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʟʣʦʚ ʉʦʣʥʝʯʥʦʛʦ ʩʠʥʦʧʪʠʯʝʩʢʦʛʦ ʪʝʣʝʩʢʦʧʘ (ʉʆʃʉʀʊ), ʧʨʝʜʥʘʟʥʘ-
ʯʝʥʥʦʛʦ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʚʝʢʪʦʨʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʉʦʣʥʮʘ, ʜʚʠʞʝʥʠʡ ʧʣʘʟʤʳ ʠ ʩʪʨʫʢ-
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ʪʫʨʳ ʭʨʦʤʦʩʬʝʨʳ [1, 2]. ʈʘʙʦʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʃʝʥʠʥʛʨʘʜʩʢʦʛʦ ʦʧʪʠʢʦ-
ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ (ɸʆ ʃʆʄʆ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) ʠ ʀʉɿʌ ʉʆ ʈɸʅ. ʋʩʪʘʥʦʚʣʝʥʳ 
ʤʦʥʪʠʨʦʚʢʘ ʠ ʪʨʫʙʘ ʪʝʣʝʩʢʦʧʘ, ʛʣʘʚʥʦʝ ʠ ʚʪʦʨʠʯʥʦʝ ʟʝʨʢʘʣʘ ʚ ʦʧʨʘʚʘʭ, ʢʦʨʧʫʩ ʠ ʫʟʣʳ 
ʩʧʝʢʪʨʦʛʨʘʬʘ. ʇʨʦʚʝʜʝʥʳ ʙʘʣʘʥʩʠʨʦʚʢʘ ʪʨʫʙʳ ʠ ʶʩʪʠʨʦʚʢʘ ʤʦʥʪʠʨʦʚʢʠ ʪʝʣʝʩʢʦʧʘ, ʘ ʪʘʢʞʝ 
ʧʝʨʚʠʯʥʘʷ ʶʩʪʠʨʦʚʢʘ ʚʥʝʦʩʝʚʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʅʘ ʧʨʠʚʦʜʳ ʤʦʥʪʠʨʦʚʢʠ ʙʳʣʠ ʫʩʪʘ-
ʥʦʚʣʝʥʳ ʰʪʘʪʥʳʝ ʜʚʠʛʘʪʝʣʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʝʥʦ ʪʝʩʪʦʚʦʝ ʥʘʚʝʜʝʥʠʝ ʪʝʣʝ-
ʩʢʦʧʘ ʧʦ ʦʩʠ ʩʢʣʦʥʝʥʠʷ ʠ ʯʘʩʦʚʦʡ ʦʩʠ. ʉʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʠʥʪʝʛʨʘʮʠʠ ʙʫʜʫʪ ʚʢʣʶʯʘʪʴ 
ʫʩʪʘʥʦʚʢʫ ʧʦʣʷʨʠʤʝʪʨʘ, ʛʠʜʠʨʫʶʱʝʛʦ ʪʝʣʝʩʢʦʧʘ, ʦʙʲʝʢʪʠʚʦʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʟʦʙʨʘʞʝ-
ʥʠʡ ʥʘ ʱʝʣʠ ʠ ʬʦʪʦʨʝʛʠʩʪʨʘʪʦʨʝ ʩʧʝʢʪʨʦʛʨʘʬʘ. 

 

4.1.1.2. ʈʘʟʨʘʙʦʪʢʘ ʰʠʨʦʢʦʫʛʦʣʴʥʳʭ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʭ ʤʦʜʫʣʷʪʦʨʦʚ ʧʦʣʷʨʠ-

ʟʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʠ ʉʦʣʥʮʘ ʷʚʣʷ-

ʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨʦʚ ð ʧʨʠʙʦʨʦʚ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ʉʝʨʜʮʝ ʩʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨʘ ð ʤʦʜʫʣʷʪʦʨ. DKDP-ʤʦʜʫʣʷʪʦʨ ʧʦʣʷʨʠʟʘ-

ʮʠʠ ʥʘ ʦʩʥʦʚʝ ʧʨʦʜʦʣʴʥʦʛʦ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʩʪʘʙʠʣʴʥʦ-

ʩʪʴʶ ʨʘʙʦʪʳ ʠ ʦʰʠʙʢʘʤʠ ʠʟʤʝʨʝʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʢʦʥʝʯʥʳʤ ʨʘʟʤʝʨʦʤ ʧʦʣʷ ʟʨʝʥʠʷ 

ʤʦʜʫʣʷʪʦʨʘ. ʂʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʦʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʪʘʙʠʣʴʥʳʭ ʤʦʜʫʣʷʪʦʨʦʚ, ʠʤʝʶ-

ʱʠʭ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʠ ʙʦʣʴʰʦʝ ʧʦʣʝ ʟʨʝʥʠʷ, ʫʤʝʥʴʰʘʶʱʝʝ ʧʨʦʩʘʯʠʚʘʥʠʝ ʧʘʨʘ-

ʟʠʪʥʦʡ ʟʘʩʚʝʪʢʠ ʠ ʤʠʥʠʤʠʟʠʨʫʶʱʝʝ ʦʰʠʙʢʠ ʧʦʣʷʨʠʤʝʪʨʠʠ.  

ʀʜʝʘʣʴʥʳʡ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʡ ʤʦʜʫʣʷʪʦʨ ʠʟʦʪʨʦʧʝʥ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʝʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʦʦʩʥʳʤ ʢʨʠʩʪʘʣʣʦʤ, ʝʩʣʠ ʢ ʥʝʤʫ ʧʨʠʣʦʞʝʥʦ ʥʘʧʨʷ-

ʞʝʥʠʝ. ɺ ʨʝʘʣʴʥʦʩʪʠ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʣʝʢʪʨʦʦʧʪʠʯʝ-

ʩʢʠʡ ʵʬʬʝʢʪ, ʫʞʝ ʷʚʣʷʶʪʩʷ ʦʜʥʦʦʩʥʳʤʠ. ʆʥʠ ʩʪʘʥʦʚʷʪʩʷ ʜʚʫʭʦʩʥʳʤʠ, ʢʦʛʜʘ ʢ ʥʠʤ ʧʨʠ-

ʢʣʘʜʳʚʘʶʪ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ (ʵʬʬʝʢʪ ʇʦʢʢʝʣʴʩʘ). ʄʳ ʨʘʩʩʯʠʪʘʣʠ ʜʚʫʧʨʝʣʦʤʣʝ-

ʥʠʝ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦʤ ʫʛʣʝ ʧʘʜʝʥʠʷ ʜʣʷ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ 

ʩʭʝʤ ʨʘʩʰʠʨʝʥʠʷ ʫʛʣʦʚʦʛʦ ʧʦʣʷ ʤʦʜʫʣʷʪʦʨʘ, ʦʧʠʩʘʥʥʳʭ ʚ [3]. ʅʘ ʨʠʩ. 146 ʧʦʢʘʟʘʥʳ ʬʦʪʦ-

ʛʨʘʬʠʠ ʢʦʥʦʩʢʦʧʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʜʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩʭʝʤʳ, ʨʘʩʰʠʨʷ-

ʶʱʠʭ ʫʛʣʦʚʦʝ ʧʦʣʝ ʤʦʜʫʣʷʪʦʨʘ. ɽʩʣʠ ʥʘʧʨʷʞʝʥʠʝ ʥʝ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʢ ʢʨʠʩʪʘʣʣʫ, ʢʦʥʦ-

ʩʢʦʧʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ (ʫʛʣʦʚʦʝ ʧʦʣʝ) ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʢʨʝʩʪʘ (ʠʟʦʢʣʠʥʳ) ʩ ʢʦʣʴʮʘʤʠ 

(ʠʟʦʭʨʦʤʘʤʠ). ʕʢʨʘʥ ʬʦʪʦʛʨʘʬʠʨʫʝʪʩʷ ʩʙʦʢʫ, ʧʦʵʪʦʤʫ ʠʟʦʭʨʦʤʳ ʥʝ ʢʨʫʛʣʳʝ, ʘ ʵʣʣʠʧʪʠʯʝ-

ʩʢʠʝ. ʎʝʥʪʨ ʢʨʝʩʪʘ ʧʦʢʘʟʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʢʨʠʩʪʘʣʣʘ. ʅʘ ʨʠʩ. 146, ʘ ʧʦ-

ʢʘʟʘʥʦ ʢʦʥʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʜʣʷ ʦʜʥʦʛʦ ʢʨʠʩʪʘʣʣʘ DKDP; ʥʘ ʨʠʩ. 146, ʙ ð ʜʣʷ 

ʜʚʫʭ ʢʨʠʩʪʘʣʣʦʚ DKDP. ʇʨʠ ʧʦʜʘʯʝ ʥʘʧʨʷʞʝʥʠʷ ʦʜʥʦʦʩʥʳʡ ʢʨʠʩʪʘʣʣ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

ʜʚʫʭʦʩʥʳʡ, ʢʨʝʩʪ ʨʘʩʱʝʧʣʷʝʪʩʷ (ʨʠʩ. 146, ʚ), ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʧʨʦʩʚʝʪʣʷʝʪʩʷ. 

ʅʘ ʨʠʩ. 147 ʧʦʢʘʟʘʥʳ ʩʭʝʤʳ ʨʘʩʰʠʨʝʥʠʷ ʫʛʣʦʚʦʛʦ ʧʦʣʷ ʤʦʜʫʣʷʪʦʨʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʝ ʵʪʠʤ ʩʭʝʤʘʤ ʠʟʦʙʨʘʞʝʥʠʷ ʫʛʣʦʚʦʛʦ ʧʦʣʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʥʫʣʝʚʦʤ ʥʘʧʨʷʞʝʥʠʠ ʠ 

ʧʨʠ ʧʦʜʘʯʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ DKDP. ʅʘ ʩʭʝʤʘʭ ʧʦʣʷʨʠʟʘʪʦʨ ʠ ʘʥʘʣʠʟʘʪʦʨ ʩʢʨʝʱʝʥʳ. ʅʘ ʨʠʩ. 

146, ʘ ð ʠʩʭʦʜʥʘʷ ʩʭʝʤʘ ʩ ʦʜʥʠʤ ʢʨʠʩʪʘʣʣʦʤ DKDP, ʥʘ ʨʠʩ. 147, ʙ ð ʩʭʝʤʘ ʩ ʢʦʤʧʝʥʩʠ-

ʨʫʶʱʝʡ ʧʣʘʩʪʠʥʢʦʡ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʚ ʀʉɿʌ ʉʆ ʈɸʅ ʠʟ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 

ʢʨʠʩʪʘʣʣʘ ʬʪʦʨʠʩʪʦʛʦ ʤʘʛʥʠʷ (ʧʨʦʠʟʚʦʜʩʪʚʦ ʃʝʥɿʆʉ), ʥʘ ʨʠʩ. 147, ʚ ð ʩʭʝʤʘ ʩ ʬʘʟʦʚʳʤʠ 

ʧʦʣʫʚʦʣʥʦʚʳʤʠ ʧʣʘʩʪʠʥʢʘʤʠ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʚ ʀʉɿʌ 

ʉʆ ʈɸʅ ʠʟ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʚʘʨʮʘ (ʧʨʦʠʟʚʦʜʩʪʚʦ ɺʅʀʀʉʀʄʉ ʛ. ɸʣʝʢ-

ʩʘʥʜʨʦʚ, ɺʣʘʜʠʤʠʨʩʢʦʡ ʦʙʣ.). ʏʝʨʪʦʯʢʘʤʠ ʥʘ ʩʭʝʤʘʭ ʧʦʢʘʟʘʥʘ ʦʨʠʝʥʪʘʮʠʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ: ʧʦʣʷʨʠʟʘʪʦʨʦʚ, ʧʦʣʫʚʦʣʥʦʚʳʭ ʧʣʘʩʪʠʥʦʢ, ʧʣʦʩʢʦʩʪʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʦʩʝʡ DKDP, 

ʘ ʢʨʫʞʦʯʢʦʤ ʩ ʪʦʯʢʦʡ ð ʥʘʧʨʘʚʣʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʚ ʧʣʘʩʪʠʥʢʘʭ ʠʟ ʬʪʦʨʠʩʪʦʛʦ ʤʘʛʥʠʷ. 

ʂʨʘʩʥʳʡ ʢʨʫʞʦʢ ʥʘ ʢʦʥʦʩʢʦʧʠʯʝʩʢʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʨʠʩ. 147 ð ʫʛʣʦʚʦʝ ʧʦʣʝ 

ʧʦʣʷʨʠʤʝʪʨʘ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʨʠʩ. 147, ʜʦʙʘʚʣʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʥʢʠ ʬʪʦʨʠʩʪʦʛʦ ʤʘʛʥʠʷ 

ʢ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʦʤʫ ʢʨʠʩʪʘʣʣʫ ʤʦʜʫʣʷʪʦʨʘ DKDP (ʨʠʩ. 147, ʙ) ʠ ʫʩʪʘ-

ʥʦʚʢʘ ʨʦʪʘʪʦʨʘ ʤʝʞʜʫ ʤʦʜʫʣʷʪʦʨʘʤʠ (ʨʠʩ. 147, ʚ) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʫʚʝʣʠʯʠʚʘ-

ʪʁ ʧʦʣʝ ʟʨʝʥʠʷ ʧʨʠ ʚʳʢʣʶʯʝʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ. ʂʨʝʩʪ ʨʘʩʰʠʨʷʝʪʩʷ ʠ ʟʘʥʠʤʘʝʪ ʚʩʝ ʧʦʣʝ 
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ʟʨʝʥʠʷ. ʇʨʦʩʚʝʪʣʝʥʥʳʝ ʫʯʘʩʪʢʠ ʥʘ ʢʦʥʦʩʢʦʧʠʯʝʩʢʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʩ ʨʦʪʘʪʦʨʦʤ ʥʘ ʨʠʩ. 147, ʚ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʝ ʚʧʦʣʥʝ ʪʦʯʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʠʪʦʛʝ ʧʨʠ 

ʚʢʣʶʯʝʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʜʦʙʘʚʣʝʥʠʝ ʧʣʘʩʪʠʥʢʠ ʬʪʦʨʠʩʪʦʛʦ ʤʘʛʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʰʠʨʦʢʫʶ ʢʦ-

ʥʦʩʢʦʧʠʯʝʩʢʫʶ ʢʘʨʪʠʥʢʫ, ʧʦʯʪʠ ʧʦʣʥʦʝ ʫʩʪʨʘʥʝʥʠʝ ʢʦʣʴʮʝʚʳʭ ʩʪʨʫʢʪʫʨ, ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʩʘ-

ʯʠʚʘʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʝ ʫʛʣʦʚʦʛʦ ʧʦʣʷ ʥʘ 40 %. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ ʩʢʨʝʱʝʥʥʳʭ ʤʦʜʫʣʷʪʦ-

ʨʦʚ ʩ ʫʩʪʘʥʦʚʢʦʡ ʤʝʞʜʫ ʥʠʤʠ ʬʘʟʦʚʦʛʦ ʨʦʪʘʪʦʨʘ ʠʟ ʜʚʫʭ ʧʦʣʫʚʦʣʥʦʚʳʭ ʧʣʘʩʪʠʥʦʢ ʚ ʜʚʘ 

ʨʘʟʘ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʣʝ ʟʨʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʪʜʝʣʴʥʳʤ ʤʦʜʫʣʷʪʦʨʦʤ. 

 

 

ʈʠʩ. 146. ʂʦʥʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʢʨʠʩʪʘʣʣʘ DKDP (ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʥʢʠ 2 ʤʤ) ʚʜʦʣʴ 
ʝʩʪʝʩʪʚʝʥʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ 

 

ʈʠʩ. 147. ʉʭʝʤʳ (ʚʚʝʨʭʫ) ʠ ʫʛʣʦʚʦʝ ʧʦʣʝ ʤʦʜʫʣʷʪʦʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʵʪʠʤ ʩʭʝʤʘʤ. ʉʭʝʤʘ 
1 ð ʠʩʭʦʜʥʘʷ ʜʦ ʨʘʩʰʠʨʝʥʠʷ ʫʛʣʦʚʦʛʦ ʧʦʣʷ; ʩʭʝʤʘ 2 ð ʩ ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʧʣʘʩʪʠʥʢʦʡ ʬʪʦʨʠʩʪʦ-
ʛʦ ʤʘʛʥʠʷ; ʩʭʝʤʘ 3 ð ʩ ʬʘʟʦʚʳʤʠ ʧʦʣʫʚʦʣʥʦʚʳʤʠ ʧʣʘʩʪʠʥʢʘʤʠ ʠʟ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝ-
ʩʢʦʛʦ ʢʚʘʨʮʘ. ʀʟʦʙʨʘʞʝʥʠʷ ʩʣʝʚʘ ð ʙʝʟ ʥʘʧʨʷʞʝʥʠʷ, ʩʧʨʘʚʘ ð ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ 
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4.1.2. ʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʤʝʪʦʜʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʣ-
ʥʝʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʠ ʜʚʠʞʝʥʠʡ ʧʣʘʟʤʳ 

 
4.1.2.1. ʄʘʢʝʪ ʩʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 
 
ɺ 2017 ʛ. ʚʳʧʦʣʥʝʥ ʵʪʘʧ ʤʘʢʝʪʥʳʭ ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ ʩʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨʘ 

ʉʆʃʉʀʊ, ʨʝʘʣʠʟʫʝʤʳʡ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʩʪʝʥʜʝ ʥʘ ʙʘʟʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʪʝʣʝ-
ʩʢʦʧʘ (ɸʉʊ) ʉʘʷʥʩʢʦʡ ʩʦʣʥʝʯʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʀʉɿʌ ʉʆ ʈɸʅ (ʜʠʘʤʝʪʨ ʟʝʨʢʘʣ ʮʝʣʦʩʪʘʪʘ 
800 ʤʤ, ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʛʣʘʚʥʦʛʦ ʟʝʨʢʘʣʘ 20 ʤ, ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʩʧʝʢʪʨʦʛʨʘʬ ʩ 
ʨʝʰʝʪʢʦʡ 200Ĭ300 ʤʤ, 600 ʰʪʨ/ʤʤ). ʄʘʢʝʪ ʩʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨʘ ʩʦʩʪʦʠʪ ʠʟ ʙʣʦʢʦʚ ʘʥʘʣʠ-
ʟʘʪʦʨʘ, ʬʦʪʦʨʝʛʠʩʪʨʘʪʦʨʘ, ʢʘʣʠʙʨʦʚʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ. ɹʣʦʢ ʘʥʘʣʠʟʘʪʦʨʘ ʧʨʝʜʥʘʟʥʘʯʝʥ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʣʷʨʠʟʘʮʠʠ ʠʟʣʫʯʝʥʠʷ. ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʨʝʘʣʠʟʫʝʪʩʷ ʥʝʢʦ-
ʪʦʨʘʷ ʦʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʉʪʦʢʩʘ, ʚ ʢʦʪʦʨʫʶ ʦʙʳʯʥʦ ʚʭʦʜʪ̫ 
ʤʦʜʫʣʷʪʦʨ ʩʦʩʪʦʷʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʬʘʟʦʩʜʚʠʛʘʶʱʠʝ ʧʣʘʩʪʠʥʢʠ 
ʠ ʧʦʣʷʨʠʟʘʪʦʨʳ. ʕʪʦʪ ʙʣʦʢ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʟʘ ʱʝʣʴʶ ʩʧʝʢʪʨʦʛʨʘʬʘ, ʢʦʪʦʨʘʷ ʚʳʨʝʟʘʝʪ ʬʨʘʛ-
ʤʝʥʪ ʠʟʦʙʨʘʞʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʜʠʩʢʘ. ɹʣʦʢ ʬʦʪʦʨʝʛʠʩʪʨʘʪʦʨʘ ʫʩʪʘʥʦʚʣʝʥ ʚ ʬʦʢʘʣʴʥʦʡ 
ʧʣʦʩʢʦʩʪʠ ʩʧʝʢʪʨʦʛʨʘʬʘ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʩʧʝʢʪʨʘ, ʩʦʦʪʚʝʪ-
ʩʪʚʫʶʱʠʭ ʦʜʥʦʤʫ ʠʟ ʩʦʩʪʦʷʥʠʡ ʤʦʜʫʣʷʪʦʨʘ. ɹʣʦʢ ʢʘʣʠʙʨʦʚʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʛʝʥʝʨʘʮʠʠ 
ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʫʯʝʪʘ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. ʆʥ ʤʦ-
ʞʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʧʝʨʝʜ ʚʭʦʜʥʦʡ ʘʧʝʨʪʫʨʦʡ ʪʝʣʝʩʢʦʧʘ, ʘ ʪʘʢʞʝ ʧʝʨʝʜ ʚʭʦʜʥʦʡ ʱʝʣʴʶ 
ʩʧʝʢʪʨʦʛʨʘʬʘ. ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʫʶ ʨʘʙʦʪʫ ʘʥʘʣʠʟʘʪʦʨʘ, 
ʬʦʪʦʨʝʛʠʩʪʨʘʪʦʨʘ ʠ ʪʝʣʝʩʢʦʧʘ ʠ ʦʪʚʝʯʘʝʪ ʟʘ ʧʦʣʫʯʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

ʉ ʧʦʤʦʱʴʶ ʤʘʢʝʪʘ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʙʣʶʜʝʥʠʡ ʧʨʦʚʦʜʷʪʩʷ ʠʩʧʳʪʘʥʠʷ ʧʦʣ̫-
ʨʠʟʘʮʠʦʥʥʦʡ ʦʧʪʠʢʠ ʠ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʩʦʟʜʘʥʥʳʭ ʚ ʀʉɿʌ ʉʆ ʈɸʅ. ʀʩ-
ʧʦʣʴʟʦʚʘʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʩʧʝʢʪʨʦʛʨʘʬʘ ɸʉʊ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ 
ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʵʢʩʧʝʨʠ-
ʤʝʥʪʘʣʴʥʳʝ ʟʘʜʘʯʠ ʬʠʟʠʢʠ ʉʦʣʥʮʘ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʤʘʢʝʪʘ ʩʚʷʟʘʥʦ ʩ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ 
ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʧʨʦʮʝʜʫʨ ʠ ʦʧʪʠʤʠʟʘʮʠʝʡ ʦʧʪʠʯʝʩʢʠʭ ʩʭʝʤ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ. 

 
4.1.2.2. ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʉʦʣʥʮʘ 
 
ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʪʝʥʜʝ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʷʪʩʷ ʤʘʢʝʪ-

ʥʳʝ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʩʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨʘ ʉʆʃʉʀʊ, ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʠ ʨʘʟ-
ʨʘʙʘʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʡ ʩʦʣʥʝʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ʈʘʥʝʝ ʚ ʉʘʷʥ-
ʩʢʦʡ ʩʦʣʥʝʯʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʀʉɿʌ ʉʆ ʈɸʅ (ʉʉʆ ʀʉɿʌ ʉʆ ʈɸʅ) ʙʳʣ ʩʦʟʜʘʥ ʚʝʢʪʦʨ-
ʤʘʛʥʠʪʦʛʨʘʬ [4]. ɽʛʦ ʤʦʜʫʣʷʮʠʦʥʥʘʷ ʩʭʝʤʘ ʚʟʷʪʘ ʟʘ ʦʩʥʦʚʫ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʢʝʪʘ 
ʩʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨʘ. ɺ ʩʭʝʤʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ DKDP-ʤʦʜʫʣʷʪʦʨʘ, ʫʧʨʘʚʣʷʝʤʳʝ ʚʳʩʦʢʦ-
ʚʦʣʴʪʥʳʤʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʚʳʩʦʢʦʛʦ ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 
ʇʦʩʣʝʜʥʠʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʳʩʪʨʫʶ ʩʤʝʥʫ ʧʦʣʷʨʥʦʩʪʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʘ ʪʘʢʞʝ 
ʥʫʣʝʚʦʝ ʥʘʧʨʷʞʝʥʠʝ. ʇʦʩʪʦʷʥʥʳʝ ʬʘʟʦʚʳʝ ʩʜʚʠʛʠ ʚʥʦʩʷʪʩʷ ʜʚʫʤʷ ʯʝʪʚʝʨʪʴʚʦʣʥʦʚʳʤʠ 
ʧʣʘʩʪʠʥʢʘʤʠ. ʅʘ ʚʳʭʦʜʝ ʫʩʪʘʥʦʚʣʝʥ ʧʦʣʷʨʠʟʘʪʦʨ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʢʘʞʜʦʛʦ ʠʟ ʰʝʩʪʠ ʠʟʦʙ-
ʨʘʞʝʥʠʡ ʩʧʝʢʪʨʦʚ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʢʘʤʝʨʦʡ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ 
ʤʘʪʨʠʮ ʄʶʣʣʝʨʘ. ɺʦʟʤʦʞʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ ʜʘʶʪ ʰʝʩʪʴ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦ-
ʷʥʠʡ ʧʦʣʷʨʠʤʝʪʨʘ ʠ ʦʧʠʩʳʚʘʶʪʩʷ ʤʘʪʨʠʮʝʡ ʤʦʜʫʣʷʮʠʠ. ʇʨʦʚʝʜʝʥʳ ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʧʨʦ-
ʮʝʜʫʨʳ ʤʘʢʝʪʘ, ʫʯʠʪʳʚʘʶʱʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʶʩʪʠʨʦʚʢʠ ʵʣʝʤʝʥʪʦʚ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 
ʧʦʣʷʨʠʤʝʪʨʘ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ ʩʘʤʦʛʦ ʪʝʣʝʩʢʦʧʘ. 

ʅʘ ʨʠʩ. 148 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʣʷ ʘʢʪʠʚʥʦʡ 
ʦʙʣʘʩʪʠ NOAA 12665 (2017-07-13, 00:46 UT). ʉʣʝʚʘ ð ʚʝʢʪʦʨʥʳʝ ʤʘʛʥʠʪʦʛʨʘʤʤʳ, ʧʦʣʫ-
ʯʝʥʥʳʝ ʥʘ ʤʘʢʝʪʝ ʩʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨʘ ɸʉʊ ʉʉʆ ʀʉɿʌ ʉʆ ʈɸʅ, ʩʧʨʘʚʘ ð ʚʝʢʪʦʨʥʳʝ 
ʤʘʛʥʠʪʦʛʨʘʤʤʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʦʨʙʠʪʘʣʴʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ 
SDO/HMI. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦʛʨʘʤʤʥʳʡ 
ʧʘʢʝʪ VFISV. ʉʨʘʚʥʝʥʠʝ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʯʘʩʪʝʡ ʨʠʩʫʥʢʘ ʧʦʢʘʟʳʚʘʝʪ ʠʭ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪ-
ʩʪʚʠʝ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʠ ʩʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʘʛʥʠʪʦʛʨʘʤʤ ʙʫʜʫʪ ʧʨʦʚʝʜʝʥʳ ʥʘ 
ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʘ. 



162 

 

ʈʠʩ. 148. ɺʝʢʪʦʨʥʳʝ ʤʘʛʥʠʪʦʛʨʘʤʤʳ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ NOAA 12665, 2017-07-13, 00:46 UT, 
ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʤʘʢʝʪʝ ʩʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨʘ ɸʉʊ ʉʉʆ ʠ ʧʦ ʜʘʥʥʳʤ SDO/HMI 

 

4.1.3. ʈʘʟʚʠʪʠʝ ʤʥʦʛʦʯʘʩʪʦʪʥʦʛʦ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʘ ʠ ʩʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨʦʚ 

ʧʦʣʥʦʛʦ ʧʦʪʦʢʘ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʀʉɿʌ ʉʆ ʈɸʅ (ʈɸʆ 

ʀʉɿʌ ʉʆ ʈɸʅ) ʧʨʦʚʦʜʷʪʩʷ ʨʝʛʫʣʷʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʉʦʣʥʮʘ ʩ ʧʦʤʦʱʴʶ 48-ʵʣʝʤʝʥʪʥʦʡ 

ʨʝʰʝʪʢʠ ʩʦʣʥʝʯʥʦʛʦ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʘ (ʉʈɻ-48), ʘʥʪʝʥʥʳ ʢʦʪʦʨʦʡ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʮʝʥ-

ʪʨʘʣʴʥʳʭ ʘʥʪʝʥʥʳʭ ʧʦʩʪʘʭ ʉʘʷʥʩʢʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʨʘʜʠʦʪʝʣʝʩʢʦʧʘ (ʉʉʈʊ) ʚʜʦʣʴ ʚʦʩʪʦʯʥʦʛʦ, 

ʟʘʧʘʜʥʦʛʦ ʠ ʶʞʥʦʛʦ ʣʫʯʝʡ [5]. ʇʨʦʜʦʣʞʘʶʪʩʷ ʶʩʪʠʨʦʚʢʘ ʠ ʦʪʣʘʜʢʘ ʩʠʩʪʝʤ ʉʈɻ-48. ʄʝʪʦʜ 

ʧʦʩʪʨʦʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʉʈɻ-48 ð ʧʘʨʘʣʣʝʣʴʥʳʡ ʬʫʨʴʝ-ʩʠʥʪʝʟ. ɺʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 

ʉʈɻ-48, ʦʧʨʝʜʝʣʷʝʤʦʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ, ʥʘ ʧʦʨʷʜʢʠ ʚʳʰʝ, 

ʯʝʤ ʫ ʉʉʈʊ. ʏʘʩʪʦʪʥʳʝ ʢʘʥʘʣʳ ʩ ʧʦʣʦʩʦʡ 10 ʄɻʮ ʢʘʞʜʳʡ ʟʘʜʘʶʪʩʷ ʧʨʦʛʨʘʤʤʦʡ ʫʧʨʘʚʣʝ-

ʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 4ï8 ɻɻʮ. ʀʥʪʝʨʚʘʣ ʤʝʞʜʫ ʠʟʤʝʨʝʥʠʷʤʠ ʥʘ ʦʜʥʦʡ ʯʘʩʪʦʪʝ ʩʦʩʪʘʚʣʷʝʪ 0.56 ʩ, 

ʚʨʝʤʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʯʘʩʪʦʪʳ ʧʨʠʝʤʘ ð ʦʢʦʣʦ 2 ʩ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʙʘʟʘ ʩʦʩʪʘʚʣʷʝʪ 107.4 ʤ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʜʦʩʪʠʛʘʝʪ 70ǋǋ ʥʘ 8 ɻɻʮ. ʇʨʠʥʠʤʘʶʪʩʷ ʦʙʝ ʢʨʫʛʦʚʳʝ ʧʦʣ̫-

ʨʠʟʘʮʠʠ ʠʟʣʫʯʝʥʠʷ, ʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦ ʢʦʤʧʘʢʪʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʜʦʩʪʠʛʘʝʪ 10
ï4

 

ʧʦʣʥʦʛʦ ʧʦʪʦʢʘ ʉʦʣʥʮʘ. ʂʦʣʠʯʝʩʪʚʦ ʧʨʠʥʠʤʘʝʤʳʭ ʯʘʩʪʦʪʥʳʭ ʢʘʥʘʣʦʚ ʤʦʞʥʦ ʤʝʥʷʪʴ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʯʠ ʥʘʙʣʶʜʝʥʠʡ. ʈʝʛʫʣʷʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʚʝʜʫʪʩʷ ʥʘ ʯʘʩʪʦʪʘʭ 4.5, 

5.2, 6.0, 6.8, 7.5 ɻɻʮ. ɼʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʘʜʠʦʢʘʨʪ, ʜʦʩʪʫʧʥʳ ʥʘ 

ftp://badary.iszf.irk.ru/data/srh48/.  
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ɺʳʧʦʣʥʝʥ ʵʪʘʧ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʉʈɻ-48 ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ. ʉʦʟʜʘʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ ʥʘ ʷʟʳʢʝ Python. ʗʟʳʢ Python 

ʠʤʝʝʪ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʠʥʪʝʨʬʝʡʩ ʠ ʚʩʪʨʦʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʩʫʨʩʦʝʤʢʠʭ ʨʘ-

ʜʠʦʥʘʙʣʶʜʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʜʘʥʥʳʝ ʚʪʦʨʦʡ ʦʯʝʨʝʜʠ ʉʈɻ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦ-

ʣʷʝʪ ʩʪʨʦʠʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʉʦʣʥʮʘ, ʧʨʦʠʟʚʦʜʠʪʴ ʠʭ ʯʠʩʪʢʫ, ʢʘʣʠʙʨʦʚʘʪʴ ʚ ʝʜʠʥʠʮʘʭ ʷʨ-

ʢʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪʝʩʪʠʨʦʚʘʪʴ ʥʘ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʅʘʨʷʜʫ ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʧʦʣʥʦʛʦ ʜʠʩʢʘ ʉʦʣʥʮʘ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʪʘʢ ʥʘʟʳʚʘ-

ʝʤʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʢʨʠʚʳʝ, ʷʚʣʷʶʱʠʝʩʷ ʘʥʘʣʦʛʦʤ ʨʘʜʠʦʧʦʪʦʢʘ ʠ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚ-

ʣʷʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʩʫʤʤʳ ʢʨʦʩʩʢʦʨʨʝʣʷʮʠʡ ʚʩʝʭ ʧʘʨ ʘʥʪʝʥʥ. ʀʟʤʝʥʝʥʠʷ ʥʘ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʢʨʠʚʳʭ ʩʚʷʟʘʥʳ ʩ ʚʘʨʠʘʮʠʷʤʠ ʷʨʢʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ ʠ ʠʭ ʩʪʨʫʢʪʫʨʳ [6]. 

ɿʥʘʯʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʉʈɻ-48, ʠʟʤʝʨʝʥʥʦʝ ʧʦ ʬʣʫʢʪʫʘʮʠʷʤ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʢʨʠʚʦʡ, 

ʥʝ ʭʫʞʝ 10
ï2

 ʉɽʇ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʢʨʠʚʳʭ 

ʠ Quick-Look ʠʟʦʙʨʘʞʝʥʠʡ ʉʦʣʥʮʘ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʧʨʠʚʦʜʷʪʩʷ ʥʘ 

http://badary.iszf.irk.ru/srhCorrPlot.php. ʇʨʠʤʝʨ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 149. 

ʇʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʦʣʥʝʯʥʦʛʦ ʩʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨʘ ʤʝʪʨʦʚʦʛʦ 

ʜʠʘʧʘʟʦʥʘ (ʉʉʄɼ). ʉʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʧʝʨʛʝʪʝʨʦʜʠʥʥʳʡ ʧʨʠʝʤ-

ʥʠʢ 50ï500 ɻɻʮ ʩ ʧʝʨʝʩʪʨʦʡʢʦʡ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʠ ʨʘʟʙʠʝʥʠʝʤ ʢʘʞʜʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʥʘ ʯʘʩʪʦʪʥʳʝ ʢʘʥʘʣʳ ʩ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ 98 ʢɻʮ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʥʘʣʦʚ 

ʩʦʩʪʘʚʣʷʝʪ 4608. ɺʨʝʤʷ ʦʙʟʦʨʘ ʚʩʝʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ~1 ʩ. ʈʝʛʠʩʪʨʠʨʫʶʪʩʷ ʦʙʝ ʢʨʫʛʦʚʳʝ ʧʦ-

ʣʷʨʠʟʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʉʉʄɼ ʧʦʚʳʰʝʥʳ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴ-

ʥʦʩʪʴ ʧʨʠʝʤʥʦʛʦ ʪʨʘʢʪʘ, ʫʚʝʣʠʯʝʥ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʧʨʠʥʠʤʘʝʤʳʭ ʩʠʛʥʘʣʦʚ. 

 

 

ʈʠʩ. 149. ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʢʨʠʚʘʷ ʠ ʠʟʦʙʨʘʞʝʥʠʷ ʉʦʣʥʮʘ ʚ ʧʨʘʚʦʡ (RCP) ʠ ʣʝʚʦʡ (LCP) ʢʨʫ-
ʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʩ ʩʘʡʪʘ ʈɸʆ 

 

 

4.1.4. ʀʟʫʯʝʥʠʝ ʘʩʪʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʨʦʙʣʝʤ ʫʣʫʯʰʝʥʠʷ ʢʘ-

ʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ ʢʨʫʧʥʳʭ ʩʦʣʥʝʯʥʳʭ ʪʝʣʝʩʢʦʧʦʚ 

 

ɺ 2017 ʛ. ʧʨʦʜʦʣʞʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʘʪʤʦʩʬʝʨʥʦʡ ʪʫʨ-

ʙʫʣʝʥʪʥʦʩʪʠ ʚ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ ʥʘ ʘʩʪʨʦʧʣʦʱʘʜʢʘʭ ʀʉɿʌ ʉʆ ʈɸʅ. 

ɺʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʠ ʦʧʨʝʜʝʣʝʥ ʵʬʬʝʢʪʠʚʥʳʡ ʚʥʝʰʥʠʡ ʤʘʩʰʪʘʙ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ɼʣʷ ʘʩʪʨʦʧʣʦʱʘʜʢʠ ʉʉʆ ʀʉɿʌ ʉʆ ʈɸʅ ʵʬʬʝʢʪʠʚʥʳʡ ʚʥʝʰʥʠʡ ʤʘʩ-

ʰʪʘʙ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 20 ʤ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʠ 29 ʤ ʚ ʜʥʝʚʥʦʝ, ʜʣʷ ʘʩʪʨʦʧʣʦʱʘʜʢʠ ɹɸʆ ð 
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ʦʢʦʣʦ 23 ʤ ʜʣʷ ʜʥʝʚʥʳʭ ʫʩʣʦʚʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʦʮʝʥʢʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ 

ʙʣʦʢʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʧʦ ʫʪʦʯʥʝʥʠʶ ʜʝʬʦʨʤʘʮʠʡ ʬʦʨʤʳ ʩʧʝʢʪʨʘ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ 

ʬʣʫʢʪʫʘʮʠʡ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʚʦʟʜʫʭʘ ʧʦ ʣʫʯʫ ʟʨʝʥʠʷ ʪʝʣʝʩʢʦʧʘ. ʆʥʠ ʪʘʢʞʝ ʣʝʞʘʪ 

ʚ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʘʜʘʧʪʠʚʥʦʡ ʢʦʨʨʝʢʮʠʠ ʘʙʝʨʨʘʮʠʡ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʚ 

ʰʠʨʦʢʦʤ ʧʦʣʝ ʟʨʝʥʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʳʭ ʪʝʯʝʥʠʡ, ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʩ ʜʘʥʥʳʤʠ ʨʝʘʥʘʣʠʟʘ 

NCEP/NCAR, ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʪʨʫʢʪʫʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʬʣʫʢʪʫʘʮʠʡ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʪ 0ï18 ʢʤ ʚ ʪʝʧʣʳʡ ʠ ʭʦ-

ʣʦʜʥʳʡ ʧʝʨʠʦʜʳ. ʅʘ ʨʠʩ. 150 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ 

ʩʪʨʫʢʪʫʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʣʫʢʪʫʘʮʠʡ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʚʦʟʜʫʭʘ ʥʘ 0.5 ʤʢʤ ʚ 

ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʜʣʷ ʣʝʪʥʝʛʦ ʠ ʟʠʤʥʝʛʦ ʧʝʨʠʦʜʦʚ. 

ɺ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʩʪʨʫʢʪʫʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʣʫʢʪʫʘʮʠʡ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ 

ʚʦʟʜʫʭʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ ʚʳʩʦʪ (ʚ ʩʨʝʜʥʝʤ ʚ 3.2 ʨʘʟʘ), ʯʝʤ ʚ ʟʠʤ-

ʥʠʡ ʧʝʨʠʦʜ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʝʥʥʳʝ ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʬʣʫʢʪʫʘʮʠʡ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʚʦʟʜʫʭʘ, ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʪʦʡ 

ʚʝʣʠʯʠʥʳ ʧʦ ʚʝʨʪʠʢʘʣʠ ʚʳʷʚʣʷʝʪʩʷ ʘʪʤʦʩʬʝʨʥʳʡ ʩʣʦʡ ʩ ʧʦʚʳʰʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʚʳʩʦʪʘ ʢʦʪʦʨʦʛʦ ʩʣʘʙʦ ʤʝʥʷʝʪʩʷ ʦʪ ʟʠʤʳ ʢ ʣʝʪʫ. ʅʘʜ ʫʨʦʚʥʝʤ ɹʘʡʢʘʣʴ-

ʩʢʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʚʘʢʫʫʤʥʦʛʦ ʪʝʣʝʩʢʦʧʘ (ɹʉɺʊ, ɹɸʆ) ʵʪʦʪ ʩʣʦʡ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʳʩʦʪʝ ʧʦ-

ʨʷʜʢʘ 11.5 ʢʤ [7]. ɺ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚ ʵʪʦʤ ʩʣʦʝ, ʢʘʢ ʠ ʝʛʦ 

ʚʝʨʪʠʢʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, ʫʤʝʥʴʰʘʶʪʩʷ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʩʝʟʦʥʥʦʡ ʜʠʥʘʤʠʢʦʡ 

ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʧʦʜ ʪʨʦʧʦʧʘʫʟʦʡ ʩʪʨʫʡʥʦʛʦ ʪʝʯʝʥʠʷ. ɿʥʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʦ ʚʳʩʦʪʘʤ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʤʦʜʝʣʠʨʦʚʘʥʠ ̫ʠʩʢʘʞʝʥʠʡ ʬʨʦʥʪʘ ʚʦʣ-

ʥʳ ʧʦ ʣʫʯʫ ʟʨʝʥʠʷ ʪʝʣʝʩʢʦʧʘ. 

 

ʈʠʩ. 150. ɺʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ʩʪʨʫʢʪʫʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʣʫʢʪʫʘʮʠʡ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝ-
ʣʦʤʣʝʥʠʷ ʚʦʟʜʫʭʘ ʥʘ 0.5 ʤʢʤ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʜʣʷ ʣʝʪʥʝʛʦ ʠ ʟʠʤʥʝʛʦ ʧʝʨʠʦʜʦʚ 

 

4.1.5. ʈʘʟʨʘʙʦʪʢʘ ʰʠʨʦʢʦʫʛʦʣʴʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦ-

ʷʥʠʷ ʙʳʩʪʨʦ ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

 

ɼʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʙʳʩʪʨʦʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʦʙʲʝʢʪʦʚ ʚ ʦʢʦʣʦʟʝʤʥʦʤ ʢʦʩ-

ʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʢʦʩʤʠʯʝʩʢʠʡ ʤʫʩʦʨ, ʵʣʝʤʝʥʪʳ ʚʳʚʝʜʝʥʠʷ ʠ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʥʠʟʢʠʭ ʦʨʙʠʪʘʭ ʩ ʥʝʪʦʯʥʳʤʠ ʠʣʠ ʙʳʩʪʨʦʤʝʥʷʶʱʠʤʠʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ) 

ʧʨʠʤʝʥʝʥʠʝ ʢʨʫʧʥʳʭ ʪʝʣʝʩʢʦʧʦʚ ʩ ʤʘʣʳʤ ʧʦʣʝʤ ʟʨʝʥʠʷ ʥʝ ʚʩʝʛʜʘ ʪʝʭʥʠʯʝʩʢʠ ʠ ʵʢʦʥʦʤʠ-

ʯʝʩʢʠ ʦʧʨʘʚʜʘʥʦ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʀʉɿʌ ʉʆ ʈɸʅ ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʧʪʠʯʝ-

ʩʢʦʡ ʩʭʝʤʳ ʩ ʧʦʣʝʤ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʧʨʝʚʳʰʘʶʱʠʤ ʨʘʟʤʝʨʳ ʤʛʥʦʚʝʥʥʦʛʦ ʧʦʣʷ ʟʨʝʥʠʷ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʦʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝʤ ʨʘʥʝʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʟʝʨʢʘʣʴʥʦʛʦ ʦʙʲʝʢʪʠʚʘ [8]. ʉʦʟʜʘʥʥʳʝ ʥʘ ʝʝ ʦʩʥʦʚʝ ʪʝʣʝʩʢʦʧʳ ʩ ʘʧʝʨʪʫʨʦʡ ʧʦʨʷʜʢʘ 0.5 ʤ 

ʙʫʜʫʪ ʩʧʦʩʦʙʥʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʜʦʧʦʣʥʷʪʴ ʬʫʥʢʮʠʦʥʘʣ ʢʨʫʧʥʦʘʧʝʨʪʫʨʥʳʭ ʪʝʣʝ-
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ʩʢʦʧʦʚ. ɺ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʢʣʦʥʘʤʠ 

ʘʬʦʢʘʣʴʥʦʛʦ ʦʪʨʘʞʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʚʦ ʚʭʦʜʥʦʤ ʟʨʘʯʢʝ ʚʦʢʨʫʛ ʚʝʨʰʠʥʳ. ɼʦʩʪʦʠʥʩʪʚʦʤ 

ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʶʩʪʠʨʦʚʢʠ ʩʠʩʪʝʤʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʦʭʨʘʥʝʥʠʝ ʝʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʜʣʷ ʚʩʝʛʦ ʩʢʘʥʠʨʫʝʤʦʛʦ ʧʦʣʷ ʟʨʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʥʘʚʝʜʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʪʠʨʦʚʢʦʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ 

ʦʙʲʝʢʪʳ ʥʘ ʥʠʟʢʠʭ ʦʨʙʠʪʘʭ. 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʵʪʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʘʢʞʝ ʧʨʦʩʪʦʪʫ ʠ ʜʝ-

ʰʝʚʠʟʥʫ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʤʘʣʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʪʦʯʥʦʩʪʠ ʚʟʘʠʤʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʧʪʠʯʝ-

ʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʪʩʫʪʩʪʚʠʝ ʙʣʠʢʦʚ ʚʙʣʠʟʠ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʫʜʦʙʥʦʝ ʚʥʝʰʥʝʝ ʧʦʣʦ-

ʞʝʥʠʝ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʝʝ ʨʘʟʤʝʱʘʪʴ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʫʶ ʬʦʪʦʧʨʠʝʤʥʫʶ 

ʘʧʧʘʨʘʪʫʨʫ, ʤʝʥʴʰʝʝ ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʚʭʦʜʥʦʛʦ ʟʨʘʯʢʘ, ʘ ʪʘʢʞʝ ʫʥʠʢʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʩʢʘ-

ʥʠʨʦʚʘʥʠʷ ʧʦʣʷ ʟʨʝʥʠʷ ʧʣʘʥʦʠʜʥʳʤ ʟʝʨʢʘʣʦʤ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʤʘʣʘʷ ʩʚʝʪʦ-

ʩʠʣʘ ʩʠʩʪʝʤʳ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʘʙʝʨʨʘʮʠʷʤʠ ʚ ʮʝʥʪʨʝ ʧʦʣʷ ʟʨʝʥʠʷ, ʦʙʫʩʣʦʚ-

ʣʝʥʥʳʤʠ ʥʘʢʣʦʥʦʤ ʧʣʘʥʦʠʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘʢʣʦʥ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʛʦ ʦʪʚʝʨʩʪʠʷ, ʧʦʣʦʞʝʥʠʷ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʧʦʣʷ ʟʨʝʥʠʷ ʩʠʩʪʝʤʳ (ʨʠʩ. 151).  

ɼʣʷ ʨʘʩʯʝʪʘ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʝʣʴʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʛʣʘʚʥʦʛʦ ʟʝʨʢʘʣʘ 

ʦʪ ʩʚʝʪʦʩʠʣʳ ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʠʥʠʤʠʟʘʮʠʠ 

ʬʫʥʢʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ (ʉʂʆ) ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʦʪ 

ʢʨʠʚʠʟʥʳ ʧʣʘʥʦʠʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʚʝʨʰʠʥʝ.  

 

ʈʠʩ. 151. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʘʙʝʨʨʘʮʠʠ (ʚʚʝʨʭʫ ʩʣʝʚʘ), ʯʘʩʪʦʪʥʦ-ʢʦʥʪʨʘʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
(ʚʚʝʨʭʫ ʩʧʨʘʚʘ), ʧʨʦʬʠʣʴ ʧʣʘʥʦʠʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʚʥʠʟʫ ʩʣʝʚʘ) ʠ ʧʨʦʜʦʣʴʥʳʝ ʘʙʝʨʨʘʮʠʠ ʛʣʘʚʥʦʛʦ 
ʟʝʨʢʘʣʘ ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚ ʬʦʢʫʩʝ ʟʦʥʳ 0.86 ʨʘʜʠʫʩʘ ʚʭʦʜʥʦʛʦ ʟʨʘʯʢʘ (ʚʥʠʟʫ 
ʩʧʨʘʚʘ) 

 

4.1.6. ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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4.2. ʌʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʘʩʪʨʦʬʠʟʠ-

ʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʥʘ ʪʝʣʝʩʢʦʧʝ ɸɿʊ-33ʀʂ 

4.2.1. ʋʩʪʘʥʦʚʢʘ ʥʦʚʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ 

ʪʝʣʝʩʢʦʧʝ ɸɿʊ-33ʀʂ ʠ ʨʝʟʫʣʴʪʘʪʳ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ  
 

ɹʦʣʴʰʦʡ ʦʙʲʝʤ ʨʘʙʦʪ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʙʳʣ ʩʚʷʟʘʥ ʩ ʧʦʜʛʦʪʦʚʢʦʡ 1.6-ʤʝʪʨʦʚʦʛʦ ʪʝ-

ʣʝʩʢʦʧʘ ɸɿʊ-33ʀʂ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʢʦʤʧʣʝʢʩʝ ʥʘʟʝʤʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ ʢʦʩʤʠ-

ʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ çʉʧʝʢʪʨ-ʈɻè. ɺ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʀʂʀ ʈɸʅ ʪʝʣʝʩʢʦʧ ʦʩʥʘʱʝʥ ʩʧʝʢ-

ʪʨʦʤʝʪʨʦʤ ʥʠʟʢʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʨʘʟʨʝʰʝʥʠʷ ɸɼɸʄ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʦʣʫʯʘʪʴ ʩʧʝʢʪʨʳ ʩʣʘ-

ʙʳʭ ʟʚʝʟʜʦʦʙʨʘʟʥʳʭ ʦʙʲʝʢʪʦʚ ʜʦ 21 ʟʚʝʟʜʥʦʡ ʚʝʣʠʯʠʥʳ. ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʩʧʝʢʪʨʦʤʝʪʨʘ ʥʘ 

ʪʝʣʝʩʢʦʧʝ, ʧʨʦʚʝʜʝʥʳ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʩʢʦʧʣʝʥʠʡ ʛʘʣʘʢʪʠʢ, ʘʢʪʠʚʥʳʭ 

ʷʜʝʨ ʛʘʣʘʢʪʠʢ, ʢʚʘʟʘʨʦʚ, ʢʘʪʘʢʣʠʟʤʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ [1, 2]. ɺ ʪʝʢʫʱʝʤ ʛʦʜʫ ʧʦʣʫʯʝʥʳ 

ʩʧʝʢʪʨʳ ʦʢʦʣʦ 20 ʦʙʲʝʢʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʘʩʪʨʦ-

ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʪʦʤ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʦʧʪʠʯʝʩʢʠʭ 

ʥʘʙʣʶʜʝʥʠʡ ʧʦ ʧʨʦʛʨʘʤʤʝ ʥʘʟʝʤʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ ʦʙʟʦʨʘ ʚʩʝʛʦ ʥʝʙʘ ʦʙʩʝʨʚʘʪʦʨʠʠ 

çʉʧʝʢʪʨ-ʈɻè ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʥʘʙʣʶʜʝʥʠʷʤʠ ʥʘ ʪʝʣʝʩʢʦʧʝ ɸɿʊ-33ʀʂ. ʉ ʧʦʤʦʱʴʶ 

ʥʦʚʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ʦʪʢʨʳʪ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʜʘʣʝʢʠʭ (z=5.08) ʦʧʪʠʯʝʩʢʠ ʷʨʢʠʭ (i'<21) ʢʚʘ-

ʟʘʨʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʦʙʟʦʨʘʭ, ʝʛʦ ʩʧʝʢʪʨ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 152 [3]. 

 

ʈʠʩ. 152. ʉʧʝʢʪʨ ʢʚʘʟʘʨʘ 3XMM J125329+305539 ʥʘ ʢʨʘʩʥʦʤ ʩʤʝʱʝʥʠʠ 5.08, ʠʟʤʝʨʝʥʥʳʡ 
ʩʧʝʢʪʨʦʛʨʘʬʦʤ ɸɼɸʄ 
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4.2.2. ʅʘʙʣʶʜʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʧʦʩʣʝʩʚʝʯʝʥʠʡ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʠ ʬʦʪʦʤʝʪʨʠʯʝ-

ʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʥʘ ʪʝʣʝʩʢʦʧʝ ɸɿʊ-33ʀʂ 
 
ɺ ʨʘʤʢʘʭ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʧʨʠʨʦʜʳ ʢʦʩʤʠʯʝʩʢʠʭ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ ʧʨʦʚʦʜʠʣʠʩʴ 

ʨʝʛʫʣʷʨʥʳʝ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʧʦʩʣʝʩʚʝʯʝʥʠʡ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ, 
ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʧʦʣʦʩʝ R. ʉʚʝʜʝʥʠʷ ʦ ʩʦʙʳʪʠʷʭ (ʢʦʦʨʜʠʥʘʪʳ ʧʣʦʱʘʜʦʢ) ʧʦʩʪʫʧʘʣʠ ʯʝʨʝʟ 
ʩʝʪʴ GCN ʦʪ ʢʦʩʤʠʯʝʩʢʠʭ ʛʘʤʤʘ- ʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʪʝʣʝʩʢʦʧʦʚ (ʩʧʫʪʥʠʢʠ Swift ʠ Fermi), 
ʣʠʙʦ ʦʪ ʥʘʟʝʤʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʪʝʣʝʩʢʦʧʦʚ, ʧʝʨʚʳʤʠ ʦʙʥʘʨʫʞʠʚʰʠʭ ʧʦʩʣʝʩʚʝʯʝʥʠʝ ʚ ʦʧʪʠ-
ʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ. ʎʝʣʴʶ ʥʘʙʣʶʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʬʦʪʦʤʝʪʨʠʷ ʠʩʪʦʯʥʠʢʘ (ʦʧʪʠʯʝʩʢʦʛʦ ʪʨʘʥ-
ʟʠʝʥʪʘ, ʆʊ) ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʚʦʡ ʙʣʝʩʢʘ. ɺʨʝʤʷ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʆʊ ʜʦʩʪʫʧʝʥ ʜʣʷ 
ʥʘʙʣʶʜʝʥʠʡ, ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ, ʧʦʵʪʦʤʫ ʟʘʜʘʯʘ 
ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʥʦʡ ʢʨʠʚʦʡ ʙʣʝʩʢʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʪʦʣʴʢʦ ʩʠʣʘʤʠ ʥʝʩʢʦʣʴʢʠʭ ʪʝʣʝʩʢʦ-
ʧʦʚ, ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʳʭ ʧʦ ʜʦʣʛʦʪʝ. ʂʘʞʜʳʡ ʦʪʜʝʣʴʥʳʡ ʪʝʣʝʩʢʦʧ ʤʦʞʝʪ ʚʥʝʩʪʠ ʚ ʦʙʱʫʶ 
ʢʨʠʚʫʶ ʪʦʣʴʢʦ ʥʝʩʢʦʣʴʢʦ ʪʦʯʝʢ. ʅʘ ʨʠʩ. 153 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʢʨʠʚʦʡ ʙʣʝʩʢʘ, ʧʦʣʫʯʝʥ-
ʥʦʡ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʧʷʪʠ ʪʝʣʝʩʢʦʧʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 1.6-ʤʝʪʨʦʚʦʛʦ ʪʝʣʝʩʢʦʧʘ ɸɿʊ-33ʀʂ. ʇʦ 
ʥʘʙʣʶʜʝʥʠʷʤ ʵʪʦʛʦ ʦʙʲʝʢʪʘ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʧʦʷʚʣʝʥʠʠ ʩʚʝʨʭʥʦʚʦʡ [4]. 

ɺ 2017 ʛ. ʧʨʦʚʝʜʝʥʳ ʥʘʙʣʶʜʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʧʣʦʱʘʜʦʢ: ATLAS17cgg, 
G275697/Sw23, GRB141121A, GRB150518A, GRB161108A, GRB161219B, GRB170120, 
GRB170121B, GRB170206B, GRB170214A, GRB170227/iPTF17bub, GRB170227/ 
iPTF17bue, GRB170317A, GRB170318A, GRB170325A, GRB170519A, GRB170531B, 
GRB170608X2, GRB170714A, GRB170728B, GRB171007A, GRB171010A, GRB170823-
GWFUNC-17ure, GRB170825-M_OTJ033744.97+723159.0, GRB171010A. ʊʘʢʞʝ ʥʘʙʣʶʜʘ-
ʣʠʩʴ ʦʙʲʝʢʪʳ PS17bek, PS17dp, PS17fl, PS17fn, PS17gl, PS17lk, PS17nv, PS17pv, PS17qk, 
PS17rc, PS17yt, ʚʭʦʜʷʱʠʝ ʚ ʩʧʠʩʦʢ ʪʨʘʥʟʠʝʥʪʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʪʝʣʝʩʢʦʧʦʤ Pan-STARRS1 
ʚ ʭʦʜʝ ʦʙʟʦʨʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʣʦʢʘʣʠʟʘʮʠʶ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʚʦʣʥʦʚʦʛʦ ʩʦʙʳʪʠʷ 
LIGO/Virgo G268556 (2017-01-04). ɺʳʧʫʱʝʥʳ GCN ʮʠʨʢʫʣʷʨʳ ˉˉ 20442, 20687, 20893, 
20924, 20978, 21160, 21206, 22113 ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʧʣʦʱʘʜʦʢ GRB 161219B, 170214A, 
170317A, 170325A, 170519A, 171010A, PS17dp, PS17fl, PS17fn, PS17gl. 

ɺ ʩʪʘʪʴʝ ɺʦʣʴʥʦʚʦʡ ʠ ʜʨ. [5] ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʧʪʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ SN 2013dx 
(Fermi ʩʦʙʳʪʠʝ GRB 130702A, z = 0.145). ɺʳʧʦʣʥʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʠʣʴʪʨʦ-
ʚʳʭ ʢʨʠʚʳʭ ʙʣʝʩʢʘ. ʇʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʤʘʩʩʳ ʠ ʨʘʟʤʝʨʘ ʠʩʭʦʜʥʦʡ ʟʚʝʟʜʳ ʠ ʢʦʤʧʘʢʪʥʦʛʦ 
ʦʩʪʘʪʢʘ, ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ʚʟʨʳʚʘ. 

ʇʨʦʜʦʣʞʝʥʳ ʤʦʥʠʪʦʨʠʥʛʦʚʳʝ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 
ʤʠʢʨʦʢʚʘʟʘʨʘ Cyg X-1 ʠ ʢʚʘʟʘʨʘ 3ʉ 273 ʚ ʧʦʣʦʩʘʭ BVRI ʥʘ ʪʝʣʝʩʢʦʧʝ ɸɿʊ-33ʀʂ. ɼʘʥʥʳʝ 
ʧʦ Cyg X-1 ʜʦʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷʤʠ ʚ ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ ʚ ʧʦʣʦʩʘʭ JH. 
ʇʦʣʫʯʝʥʳ 3 ʥʦʯʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʩʦʙʳʪʠʷ ʤʠʢʨʦʣʠʥʟʠʨʦʚʘʥʠʷ ʚ ʜʚʦʡʥʦʡ 
ʩʠʩʪʝʤʝ Gaia16aye. 

 

ʈʠʩ. 153. ʂʨʠʚʘʷ ʙʣʝʩʢʘ GRB 161219B (ʩʚʝʨʭʥʦʚʘʷ SN2016jca), ʢʦʨʠʯʥʝʚʳʤʠ ʢʚʘʜʨʘʪʘʤʠ 
ʦʙʦʟʥʘʯʝʥʳ ʪʦʯʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʪʝʣʝʩʢʦʧʝ ɸɿʊ-33ʀʂ 
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4.2.3. ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

 

1. ɹʫʨʝʥʠʥ ʈ.ɸ., ɸʤʚʨʦʩʦʚ ɸ.ʃ., ɽʩʝʣʝʚʠʯ ʄ.ɺ., ɻʨʠʛʦʨʴʝʚ ɺ.ʄ., ɸʨʝʬʴʝʚ ɺ.ɸ., ɺʦ-

ʨʦʙʴʝʚ ɺ.C., ʃʫʪʦʚʠʥʦʚ ɸ.ɸ., ʈʝʚʥʠʚʮʝʚ ʄ.ɻ., ʉʘʟʦʥʦʚ ʉ.ʖ., ʊʢʘʯʝʥʢʦ ɸ.ʖ., ʍʦʨʫʥʞʝʚ 

ɻ.ɸ., ʗʩʢʦʚʠʯ ɸ.ʃ., ʇʘʚʣʠʥʩʢʠʡ ʄ.ʅ. ʅʘʙʣʶʜʘʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʥʦʚʦʛʦ ʩʧʝʢʪʨʦʛʨʘʬʘ 

ʩʨʝʜʥʝʛʦ ʠ ʥʠʟʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʥʘ 1.6-ʤ ʪʝʣʝʩʢʦʧʝ ʉʘʷʥʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ // ʇʠʩʴʤʘ ʚ 

ɸɾ: ɸʩʪʨʦʥʦʤʠʷ ʠ ʢʦʩʤʠʯʝʩʢʘʷ ʘʩʪʨʦʬʠʟʠʢʘ. 2016. ʊ. 42, ˉ5. ʉ. 333ï345. 

2. ɹʫʨʝʥʠʥ ʈ.ɸ., ʈʝʚʥʠʚʮʝʚ ʄ.ɻ., ʊʢʘʯʝʥʢʦ ɸ.ʖ., ɺʦʨʦʙʴʝʚ ɺ.ʉ., ʉʝʤʝʥʘ ɸ.ʅ., ʄʝ-

ʱʝʨʷʢʦʚ ɸ.ɺ., ɼʦʜʦʥʦʚ ʉ.ʅ., ɽʩʝʣʝʚʠʯ ʄ.ɺ., ʇʘʚʣʠʥʩʢʠʡ ʄ.ʅ. ɺʳʙʦʨʢʘ ʢʘʪʘʢʣʠʟʤʠʯʝ-

ʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʦʙʟʦʨʝ ʧʣʦʱʘʜʴʶ 400 ʢʚ. ʛʨʘʜʫʩʦʚ // 

ʇʠʩʴʤʘ ʚ ɸɾ: ɸʩʪʨʦʥʦʤʠʷ ʠ ʢʦʩʤʠʯʝʩʢʘʷ ʘʩʪʨʦʬʠʟʠʢʘ. 2016. ʊ. 42, ˉ 4. ʉ. 273. 

3. ʍʦʨʫʥʞʝʚ ɻ.ɸ., ɹʫʨʝʥʠʥ ʈ.ɸ., ʉʘʟʦʥʦʚ ʉ.ʖ., ɸʤʚʨʦʩʦʚ ɸ.ʃ., ɽʩʝʣʝʚʠʯ ʄ.ɺ., ʆʧ-

ʪʠʯʝʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʢʘʥʜʠʜʘʪʦʚ ʚ ʢʚʘʟʘʨʳ ʥʘ 3 < z < 5.5 ʠʟ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʙʟʦʨʘ ʦʙ-

ʩʝʨʚʘʪʦʨʠʠ XMM -ʅʴʶʪʦʥ. ɼʘʣʝʢʠʡ ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʢʚʘʟʘʨ ʥʘ z = 5. 08 // ʇʠʩʴʤʘ ʚ ɸɾ. 

2017. ʊ. 43, ˉ 3, ʉ. 135ï145. DOI: 10.1134/S1063773717030045. 

4. Mazaeva E., Klunko E., Volnova A., Korobtsev I., Pozanenko A. GRB 161219B: after-

glow and SN2016jca optical observations// GRB Coordinates Network. Circular Service. 2017. 

ˉ 20442. 

5. Volnova A.A. et al. Multicolour modelling of SN 2013dx associated with GRB 

130702A // Monthly Not. of the Royal Astron. Soc. 2017. V. 467. Iss. 3. P. 3500ï3512. DOI: 

10.1093/mnras/stw3297. 

 

4.3. ʄʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʦʮʝʩʩʦʚ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʝʝ ʧʨʦʷʚʣʝʥʠʡ ʚ 

ʄʄʇ, ʤʘʛʥʠʪʦʩʬʝʨʝ ʠ ʠʦʥʦʩʬʝʨʝ ɿʝʤʣʠ 

 

4.3.1. ɼʠʘʛʥʦʩʪʠʢʘ ʩʦʣʥʝʯʥʳʭ ʬʘʢʪʦʨʦʚ ʚʦʟʤʫʱʝʥʠʡ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ 
 

ɺ 2016 ʛ. ʥʘʯʘʪʳ ʨʝʛʫʣʷʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʧʝʨʚʦʡ ʦʯʝʨʝʜʠ ʤʥʦʛʦʚʦʣʥʦʚʦʛʦ ʉʠʙʠʨ-

ʩʢʦʛʦ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʘ (ʉʈɻ). ʂʦʥʩʪʨʫʢʮʠʷ ʉʈɻ ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʦʧʠʩʘʥʳ 

ʚ ʨʘʙʦʪʝ [1]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʧʝʨʚʘʷ ʦʯʝʨʝʜʴ ʉʈɻ ʩ T-ʦʙʨʘʟʥʦʡ ʢʦʥʬʠ-

ʛʫʨʘʮʠʝʡ ʘʥʪʝʥʥ, ʨʘʙʦʪʘʶʱʝʡ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 4ï8 ɻɻʮ. ʇʨʠʥʮʠʧʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʬʫʨʴʝ-ʩʠʥʪʝʟ. ʏʘʩʪʦʪʳ ʥʘʙʣʶʜʝʥʠʡ ʩ ʤʛʥʦʚʝʥʥʦʡ ʧʦʣʦʩʦʡ 10 ʄɻʮ 

ʟʘʜʘʶʪʩʷ ʧʨʦʪʦʢʦʣʦʤ ʥʘʙʣʶʜʝʥʠʡ. ʉʠʛʥʘʣʳ ʘʥʪʝʥʥ, ʧʝʨʝʜʘʥʥʳʝ ʧʦ ʦʧʪʦʚʦʣʦʢʥʫ, ʦʙʨʘʙʘ-

ʪʳʚʘʶʪʩʷ ʮʠʬʨʦʚʳʤʠ ʧʨʠʝʤʥʠʢʘʤʠ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʢʦʨʨʝʣʷʪʦʨ 

ʯʝʨʝʟ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 

48-ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ ʤʝʥʝʝ 1 ʫʛʣ. ʤʠʥ, ʚʨʝʤʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʯʘʩʪʦʪʳ ʤʝʥʝʝ 1 ʩ. 

 

ʈʠʩ. 154. ɸʥʪʝʥʥʘʷ ʨʝʰʝʪʢʘ ʉʠʙʠʨʩʢʦʛʦ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʘ 
 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦ ʷʨʢʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʩʪʘʚʣʷʝʪ ~100 K. ʊʝʩʪʦʚʳʝ ʥʘʙʣʶʜʝʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʘ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʩ 

ʧʦʪʦʢʦʤ ʤʝʥʝʝ 10
ï4

 ʠʟʣʫʯʝʥʠʷ ʩʧʦʢʦʡʥʦʛʦ ʉʦʣʥʮʘ ʢʘʢ ʮʝʣʦʛʦ. ɼʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ ʨʘʜʠʦʛʝ-

ʣʠʦʛʨʘʬʘ ʜʦʧʦʣʥʷʶʪʩʷ ʥʘʙʣʶʜʝʥʠʷʤʠ ʥʘ ʩʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨʘʭ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʩ ʦʙ-

ʱʠʤ ʜʠʘʧʘʟʦʥʦʤ ʦʪ 50 ʄɻʮ ʜʦ 24 ɻɻʮ. ɼʘʥʥʳʝ ʜʦʩʪʫʧʥʳ ʥʘ http://badary.iszf.irk.ru. ʅʦʚʳʝ 

http://badary.iszf.irk.ru/
http://badary.iszf.irk.ru/
http://badary.iszf.irk.ru/
http://badary.iszf.irk.ru/
http://badary.iszf.irk.ru/
http://badary.iszf.irk.ru/
http://badary.iszf.irk.ru/
http://badary.iszf.irk.ru/
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ʚʦʟʤʦʞʥʦʩʪʠ ʤʥʦʛʦʚʦʣʥʦʚʦʛʦ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʘ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʩ 

ʚʳʩʦʢʠʤ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʣʦʢʘʣʠʟʦʚʳʚʘʪʴ ʩʪʨʫʢʪʫʨʳ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʤʠʢ-

ʨʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʛʦʚʦʣʥʦʚʳʭ ʜʘʥʥʳʭ ʉʠʙʠʨʩʢʦʛʦ ʨʘʜʠʦ-

ʛʝʣʠʦʛʨʘʬʘ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʩʧʝʢʪʨʦ-

ʧʦʣʷʨʠʤʝʪʨʘ 4ï8 ɻɻʮ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚʩʧʳʰʢʠ ʚ ʤʘʨʪʝïʘʧʨʝʣʝ 2016 ʛ. ʂʘʯʝʩʪʚʝʥ-

ʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʩʦʙʳʪʠʡ ʙʳʣ ʚʳʧʦʣʥʝʥ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʠ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ [1, 2].  

ʅʘ ʨʠʩ. 155 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʉʈɻ 9 ʩʝʥʪʷʙʨʷ 2017 ʛ. ɺ ʧʝʨʚʦʡ 

ʧʦʣʦʚʠʥʝ ʩʚʝʪʦʚʦʛʦ ʜʥʷ ʥʘʙʣʶʜʘʣʠʩʴ ʪʨʘʥʟʠʝʥʪʥʳʝ ʫʷʨʯʘʥʠʷ. ʋʤʝʥʴʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦ-

ʪʦʢʘ ʚ 07:15ï07:45 ʠʤʝʝʪ ʩʦʣʥʝʯʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ʋʤʝʥʴʰʝʥʠʝ ʚʳʟʚʘʥʦ ʵʢʨʘʥʠʨʦʚʘʥʠʝʤ 

ʵʬʬʝʢʪʠʚʥʦ ʠʟʣʫʯʘʶʱʝʡ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʦʙʣʘʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘʜ ʧʷʪ-

ʥʦʤ. ʕʢʨʘʥʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʭʦʣʦʜʥʦʡ ʧʣʘʟʤʦʡ, ʚʳʙʨʘʩʳʚʘʝʤʦʡ ʠʟ ʦʢʨʝʩʪʥʦʩʪʠ 

ʧʷʪʥʘ. ʅʘʙʣʶʜʝʥʠʷ ʪʘʢʠʭ ʩʦʙʳʪʠʡ ʜʘʶʪ ʫʥʠʢʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ ʚʳʙʨʦʩʦʚ 

ʧʣʘʟʤʳ ʚ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʷʭ. 

ʀʥʬʦʨʤʘʮʠʶ ʦ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʚ ʛʝʣʠʦʩʬʝʨʝ ʜʘʝʪ ʤʦʥʠʪʦʨʠʥʛ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜʳ ʧʦ ʵʬʬʝʢʪʘʤ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʘʭ (ʂʃ). ʉʘ-

ʷʥʩʢʠʡ ʛʦʨʥʳʡ ʩʧʝʢʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ (ɸʉʂʃ), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʚʳʩʦʪʘʭ: 435 ʤ (ɸʉʂʃ-1), 2000 ʤ 

(ɸʉʂʃ-2) ʠ 3000 ʤ (ɸʉʂʃ-3) ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʦʩʥʘʱʝʥʥʳʭ ʥʝʡʪʨʦʥʥʳʤʠ ʤʦʥʠʪʦʨʘʤʠ 

18-ʅʄ-64, 12-ʅʄ-64 ʠ 6-ʅʄ-64 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʠʘʧʘʟʦʥ ʩʧʝʢʪʨʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦ-

ʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 4 ʜʦ 30ï50 ɻʵɺ. ɼʘʥʥʳʝ ʩʦʚʤʝʩʪʥʦ ʩ ʤʠʨʦʚʦʡ ʩʝʪʴʶ ʩʪʘʥʮʠʡ ʧʦʟʚʦʣʷʶʪ 

ʨʘʟʜʝʣʷʪʴ ʵʬʬʝʢʪʳ ʤʘʛʥʠʪʦʩʬʝʨʥʦʛʦ ʠ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʪʴ ʚʘʨʠ-

ʘʮʠʠ ʘʥʠʟʦʪʨʦʧʠʠ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʠ ʩʦʣʥʝʯʥʳʭ ʂʃ, ʘ ʪʘʢʞʝ 

ʩʧʝʢʪʨʳ ʩʦʣʥʝʯʥʳʭ ʥʝʡʪʨʦʥʦʚ. 

 

 

ʈʠʩ. 155. ʇʨʠʤʝʨ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʢʨʠʚʳʭ ʩʦ ʩʣʘʙʳʤʠ ʪʨʘʥʟʠʝʥʪʥʳʤʠ ʫʷʨʯʘʥʠʷʤʠ ʠ ʦʪʨʠ-
ʮʘʪʝʣʴʥʳʤʠ ʚʩʧʣʝʩʢʘʤʠ 

 

4.3.2. ɼʠʘʛʥʦʩʪʠʢʘ ʚʦʟʤʫʱʝʥʠʡ ʤʘʛʥʠʪʦʩʬʝʨʳ ʠ ʠʦʥʦʩʬʝʨʳ ɿʝʤʣʠ 
 

ɺʥʝʟʘʧʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʤʦʱʥʳʤ ʨʘʩʩʝʷʥʥʳʤ 

ʩʠʛʥʘʣʘʤ ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʨʘʜʠʦʣʦʢʘʮʠʠ, ʨʘʜʠʦʩʚʷʟʠ ʠ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ, ʪʨʝʙʫʶʪ ʨʘʟʚʠʪʠʷ 

ʩʠʩʪʝʤ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʜʦʙʥʳʭ ʧʦʤʝʭ ʠ ʠʟʫʯʝʥʠʷ ʩʪʝʧʝʥʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʨʘʜʠʦʘʧʧʘʨʘʪʫʨʫ. 

ɺ ʀʉɿʌ ʉʆ ʈɸʅ ʥʝʜʘʚʥʦ ʚʚʝʜʝʥ ʚ ʨʝʞʠʤ ʥʝʧʨʝʨʳʚʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠʤʧʫʣʴʩʥʳʡ ʜʝʢʘ-
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ʤʝʪʨʦʚʳʡ ʟʘʛʦʨʠʟʦʥʪʥʳʡ ʨʘʜʘʨ EKB ʚ ʆʙʩʝʨʚʘʪʦʨʠʠ çɸʨʪʠè, ʥʝ ʠʤʝʶʱʠʡ ʘʥʘʣʦʛʦʚ ʚ 

ʈʦʩʩʠʠ ʠ ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʧʦʯʪʠ ʚʩʝ ʧʨʦʷʚʣʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʚ 

ʠʦʥʦʩʬʝʨʝ ɿʝʤʣʠ ʚ ʩʝʢʪʦʨʝ ʦʙʟʦʨʘ 50Á ʢ ʩʝʚʝʨʫ ʦʪ ɽʢʘʪʝʨʠʥʙʫʨʛʘ [4]. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʠ 

ʚʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʨʘʜʘʨʘ ʩʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 15ï45 ʢʤ ʠ 2 ʤʠʥ. ʏʘʩʪʦʪʥʳʡ 

ʜʠʘʧʘʟʦʥ 8ï20 ʄɻʮ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ ʨʘʜʘʨʘ ʚ ʨʝʞʠʤʝ ʟʘʛʦʨʠʟʦʥʪʥʦʛʦ ʨʘʜʠʦʣʦʢʘʪʦʨʘ, 

ʘ ʧʠʢʦʚʘʷ ʠʤʧʫʣʴʩʥʘʷ ʤʦʱʥʦʩʪʴ 10 ʢɺʪ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʜʘʣʴʥʦʩʪʝʡ ʜʦ 

3500ï4500 ʢʤ.  

ʅʘ ʩʘʡʪʝ http://bug.istp/data_hall/ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʨʝʞʠʤʝ online ʤʦʱʥʦʩʪʴ ʨʘʩʩʝʷʥ-

ʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʨʘʩʩʪʦʷʥʠʝðʚʨʝʤʷ (ʨʠʩ. 156) ʠ ʜʘʥʥʳʝ ʦ ʨʘʜʠʦʘʚʨʦʨʘʭ ð ʦʙ-

ʣʘʩʪʷʭ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚ ʂɺ-ʜʠʘʧʘʟʦʥʝ (ʨʠʩ. 157). ʇʨʝʜʣʦʞʝʥ ʠʥʜʝʢʩ, ʨʘʚʥʳʡ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ, ʦʧʠʩʳʚʘʶʱʠʡ ʠʥʪʝʛʨʘʣʴʥʦ ʚʦʟʤʫʱʝʥʥʦʩʪʴ ʠʦʥʦʩʬʝʨʳ ʠ ʦʧʘʩʥʦʩʪʠ 

ʫʭʫʜʰʝʥʠʷ ʨʘʜʠʦʩʚʷʟʠ. ɺʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʫʩʣʦʚʠʷʭ ʧʣʘʟʤʳ ʚ ʠʦʥʦʩʬʝʨʝ ɿʝʤʣʠ ʜʘ-

ʶʪ ʥʘʙʣʶʜʝʥʠʷ ʩʣʝʜʦʚ ʤʝʪʝʦʨʦʚ. 
ʇʨʠʤʝʥʝʥʠʝ ʂɺ-ʩʠʛʥʘʣʦʚ ʩ ʣʠʥʝʡʥʦʡ ʤʦʜʫʣʷʮʠʝʡ ʯʘʩʪʦʪʳ (ʃʏʄ) ʚ ʠʦʥʦʩʬʝʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʟʚʝʩʪʥʦ ʜʘʚʥʦ. ʉʦʚʨʝʤʝʥʥʘʷ ʵʣʝʤʝʥʪʥʘʷ ʙʘʟʘ ʧʦʟʚʦʣʠʣʘ ʩʦʪʨʫʜʥʠʢʘʤ 
ʀʉɿʌ ʩʦʚʤʝʩʪʥʦ c ʌɻʋʇ ʆʅʀʀʇ (ʆʤʩʢ) ʩʦʟʜʘʪʴ ʃʏʄ-ʠʦʥʦʟʦʥʜ, ʥʘ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʫʶʪʩʷ 
ʚʦʟʤʦʞʥʦʩʪʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ ʚʝʨʪʠʢʘʣʴʥʦʛʦ, ʥʘʢʣʦʥʥʦʛʦ ʠ ʚʦʟʚʨʘʪʥʦ-
ʥʘʢʣʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ ʧʨʠ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ 
ʥʠʟʢʦʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʠ [5]. ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʃʏʄ-ʠʦʥʦʟʦʥʜ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ 
ʙʘʟʦʚʳʤ ʵʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʠʦʥʦʩʬʝʨʳ ʠ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʥʘ ʪʝʨ-
ʨʠʪʦʨʠʠ ʈʦʩʩʠʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʚʦʩʪʦʯʥʦʤ ʨʝʛʠʦʥʝ ʈʦʩʩʠʠ ʩʦʟʜʘʥʘ ʩʝʪʴ, ʦʩʥʘʱʝʥʥʘʷ ʦʙʦʨʫʜʦ-

ʚʘʥʠʝʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʚ ʀʉɿʌ ʉʆ ʈɸʅ ʠ ʌɻʋʇ ʆʅʀʀʇ, ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʚ ʨʝʞʠʤʘʭ ɺɿ ʠ ʅɿ. ʏʝʪʳʨʝ ʧʫʥʢʪʘ ʠʟʣʫʯʝʥʠʷ (ʍʘʙʘʨʦʚʩʢ, ʄʘʛʘʜʘʥ, ʅʦʨʠʣʴʩʢ ʠ 

ʋʩʦʣʴʝ-ʉʠʙʠʨʩʢʦʝ) ʠ ʪʨʠ ʪʦʯʢʠ ʧʨʠʝʤʘ (ʅʦʨʠʣʴʩʢ, ʆʤʩʢ ʠ ʧ. ʊʦʨʳ, ɹʫʨʷʪʠʷ) ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʨʝʛʠʩʪʨʘʮʠʶ ʅɿ-ʩʠʛʥʘʣʦʚ ʥʘ ʜʝʚʷʪʠ ʪʨʘʩʩʘʭ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʪ 120 ʜʦ 4400 ʢʤ. 

 

ʈʠʩ. 156. ʄʦʱʥʦʩʪʴ ʨʘʩʩʝʷʥʥʦʛʦ ʩʠʛʥʘʣʘ (ʜɹ) ʠ ʩʢʦʨʦʩʪʴ ʠʦʥʦʩʬʝʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ 
(ʤ/c) ʧʦ ʜʘʥʥʳʤ ʨʘʜʘʨʘ EKB ʢʘʢ ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ ʠ ʜʘʣʴʥʦʩʪʠ 

 

ʈʠʩ. 157. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʨʘʜʠʦʘʚʨʦʨʳ ʚ ʧʨʦʮʝʥʪʘʭ ʚ ʩʝʢʪʦʨʝ ʦʙʟʦʨʘ ʨʘʜʘʨʘ ɽʂɹ, 
ʟʘʥʠʤʘʝʤʘʷ ʨʘʜʠʦʘʚʨʦʨʦʡ. ʂʨʘʩʥʳʤ ʚʳʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʚʳʰʝ 0.5 % 
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ɺʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʟʤʫʱʝʥʠʡ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʷʚʣʷʶʪʩʷ 
ʥʘʙʣʶʜʝʥʠʷ ʚʘʨʠʘʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 0ï300 ɻʮ. ʆʙʩʝʨʚʘʪʦʨʠʠ 
ʀʉɿʌ ʫʯʘʩʪʚʫʶʪ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʨʦʛʨʘʤʤʝ INTERMAGNET ð ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ ʦʙ-
ʩʝʨʚʘʪʦʨʠʡ (http://www.intermagnet.org/), ʚ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʩʪʘʥʜʘʨʪʠ-
ʟʠʨʦʚʘʥʥʦʤ ʮʠʬʨʦʚʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

 

4.3.3. ʅʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʠ ʜʠʘʛʥʦʩʪʠʢʝ ʚʦʟʤʫʱʝʥʠʡ 

ʤʘʛʥʠʪʦʩʬʝʨʳ ʠ ʠʦʥʦʩʬʝʨʳ ɿʝʤʣʠ 
 

ɺʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʘʙʣʶʜʝʥʠ ̫ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʦʨʦʥʝ ʧʨʘʢʪʠʯʝʩʢʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʦʜʝ-

ʣʝʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʛʝʣʠʦʩʬʝʨʳ ʷʚʣʷʶʪʩʷ ʠʟʤʝʨʷʝʤʳʝ ʚ ʬʦʪʦʩʬʝʨ-

ʥʳʭ ʣʠʥʠʷʭ ʝʞʝʜʥʝʚʥʳʝ ʤʘʛʥʠʪʦʛʨʘʤʤʳ ʠ ʧʦʣʫʯʘʝʤʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʠʥʦʧʪʠʯʝʩʢʠʝ ʢʘʨʪʳ. 

ʇʨʠ ʵʪʦʤ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʛʥʦʟʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ 

ʥʘ ʦʨʙʠʪʝ ɿʝʤʣʠ ʠ ʧʦʣʦʞʝʥʠʷ ʛʝʣʠʦʩʬʝʨʥʦʛʦ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ 

ʦʪ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʠ ʨʘʩʯʝʪʦʚ, ʥʦ ʠ ʦʪ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʩʢʦʣʴʢʫ ʤʘʛʥʠʪʦʛʨʘʤʤʳ 

ʨʘʟʣʠʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ (ʘ ʯʘʩʪʦ ʠ ʥʘʙʣʶʜʝʥʠʷ ʚ ʨʘʟʥʳʭ ʣʠʥʠʷʭ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʪʝʣʝ-

ʩʢʦʧʝ) ʭʦʪʷ ʠ ʧʦʭʦʞʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ, ʥʦ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʪʴʩʷ ʧʨʠ ʧʦʜʨʦʙʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʘʥʘʣʠʟʝ. ɼʝʪʘʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʵʪʦʛʦ ʘʩʧʝʢʪʘ ʧʨʦʙʣʝʤʳ ʢʦʩʤʠʯʝʩʢʦʡ 

ʧʦʛʦʜʳ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʙʦʪʝ [5]. 

ɺ ʨʘʙʦʪʝ [6] ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ ʤʘʢʩʠ-

ʤʫʤʦʚ ʧʦʪʦʢʦʚ ʠ ʬʣʶʝʥʩʦʚ ʩʦʣʥʝʯʥʳʭ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʚʩʧʣʝʩʢʦʚ, ʟʘʧʠʩʘʥʥʳʭ ʨʘʜʠʦʧʦ-

ʣʷʨʠʤʝʪʨʘʤʠ ʚ ʅʦʙʝʷʤʝ ʥʘ ʯʘʩʪʦʪʝ 35 ɻɻʮ ʚ 1990ï2015 ʛʛ., ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʘʨʘʤʝʪ-

ʨʘʤʠ ʧʨʦʪʦʥʥʳʭ ʚʦʟʨʘʩʪʘʥʠʡ ʩ ʵʥʝʨʛʠʷʤʠ ʚʳʰʝ 100 ʄʵɺ, ʧʨʝʚʳʰʘʚʰʠʭ 0.1 pfu, ʟʘʨʝʛʠ-

ʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʦʢʦʣʦʟʝʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʦʥʠʪʦʨʘʤʠ GOES. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ ʧʨʦʪʦʥʦʚ ʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʕʪʦʪ ʬʘʢʪ ʦʪ-

ʨʘʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʥʦʛʦ ʯʠʩʣʘ ʧʨʦʪʦʥʦʚ ʦʪ ʦʙʱʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʭ 

ʫʩʢʦʨʝʥʠʷ. ɺ ʩʦʙʳʪʠʷʭ ʩ ʤʦʱʥʳʤʠ ʚʩʧʳʰʢʘʤʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʬʣʶʝʥʩʦʚ ʧʨʦ-

ʪʦʥʦʚ ʩ ʧʦʪʦʢʘʤʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠ ʤʷʛʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʳʰʝ, ʯʝʤ ʩʦ ʩʢʦ-

ʨʦʩʪʷʤʠ ʂɺʄ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʪʦʥʥʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ ʧʨʷʤʦ ʟʘʚʠʩʠʪ ʦʪ ʤʘʢʩʠ-

ʤʫʤʘ ʧʦʪʦʢʘ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʚʩʧʣʝʩʢʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ 

ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʦʪʦʥʥʳʭ ʚʦʟʨʘʩʪʘʥʠʡ ʧʦ ʜʘʥʥʳʤ ʤʦʥʠʪʦʨʠʥʛʘ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʆʙʟʦʨ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʥʘʤʠʢʠ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʦʙʣʘʩʪʠ ʛʝʦʩʠʥʭʨʦʥʥʦʡ 

ʦʨʙʠʪʳ ʜʘʥ ʚ ʨʘʙʦʪʝ [7]. ʇʝʨʝʯʠʩʣʝʥʳ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʫʩʢʦʨʝʥʠʶ 

ʵʣʝʢʪʨʦʥʦʚ, ʟʘʧʦʣʥʷʶʱʠʭ ʚʥʝʰʥʠʡ ʨʘʜʠʘʮʠʦʥʥʳʡ ʧʦʷʩ. ʗʚʣʷʷʩʴ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ ʢʦʩ-

ʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ, ʧʦʪʦʢʠ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʝʨʴʝʟʥʫʶ ʫʛʨʦʟʫ 

ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʧʫʪʥʠʢʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʇʦʜʯʝʨʢʥʫʪʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʠʣʠʡ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʘ ʦʙʩʪʘʥʦʚʢʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʤʘʛʥʠʪʦʩʬʝʨʳ, ʧʝʨʝʯʠʩʣʝʥʳ ʚʦʟ-

ʤʦʞʥʳʝ ʧʨʝʜʠʢʪʦʨʳ ʠ ʜʘʥʘ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʷ. ʇʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʦʪʦʢʘ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʩ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʩʪʴʶ 1ï2 ʩʫʪ. 

ʆʙʩʫʞʜʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ ʧʨʘʢʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʛʥʦʟʘ. 

ɺ ʨʘʙʦʪʝ [3] ʧʨʦʚʝʜʝʥ ʦʙʟʦʨ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʥʘ ʨʘʙʦʪʫ ʨʘ-

ʜʠʦʩʨʝʜʩʪʚ. ʆʙʟʦʨ ʦʩʥʦʚʘʥ ʥʘ ʨʘʙʦʪʘʭ, ʤʦʥʦʛʨʘʬʠʷʭ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʥʘʫʯʥʳʭ ʧʣʘʥʘʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʧʦʩʣʝʜʥʠʭ ʣʝʪ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʣʠʷʥʠʶ 

ʠʦʥʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʦʡ, ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘ-

ʜʠʦʚʦʣʥ, ʚ ʦʩʥʦʚʥʦʤ ʢʦʨʦʪʢʠʭ. ʇʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʪʘʢʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʨʘʜʘʨʘ EKB ʀʉɿʌ ʉʆ ʈɸʅ ʥʘ 2012ï2016 ʛʛ.: ʦʩʣʘʙʣʝʥʠʝ ʩʠʛʥʘʣʦʚ ʚʦʟʚʨʘʪʥʦ-

ʥʘʢʣʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʚʦ ʚʨʝʤʷ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ, ʵʬʬʝʢʪʳ ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ 

ʠʦʥʦʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʦʚ ʚ ʩʠʛʥʘʣʘʭ ʚʦʟʚʨʘʪʥʦ-ʥʘʢʣʦʥʥʦʛʦ ʟʦʥʜʠ-

ʨʦʚʘʥʠʷ, ʵʬʬʝʢʪʳ ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʚʦʣʥ ʚ ʩʠʛʥʘʣʘʭ ʠʦʥʦʩʬʝʨʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. 
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5.1. ɹʘʡʢʘʣʴʩʢʘʷ ʘʩʪʨʦʬʠʟʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ  

 

ɹʘʡʢʘʣʴʩʢʘʷ ʘʩʪʨʦʬʠʟʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ 

(ɹɸʆ) ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʧ. ʃʠʩʪʚʷʥʢʘ ʚ 70 ʢʤ ʦʪ ʀʨ-

ʢʫʪʩʢʘ. ʆʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ɹɸʆ ʷʚʣʷʝʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʳʡ ʚ ʈʦʩʩʠʠ ɹʦʣʴʰʦʡ ʩʦʣʥʝʯʥʳʡ ʚʘʢʫ-

ʫʤʥʳʡ ʪʝʣʝʩʢʦʧ (ɹʉɺʊ), ʚʭʦʜʷʱʠʡ ʚ ʧʝʨʝʯʝʥʴ ʫʥʠ-

ʢʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʨʝʛ. ʥʦ-

ʤʝʨ 01-29). ʂʨʦʤʝ ʪʦʛʦ, ɹɸʆ ʦʩʥʘʱʝʥʘ ʪʨʝʤʷ ʭʨʦʤʦ-

ʩʬʝʨʥʳʤʠ ʪʝʣʝʩʢʦʧʘʤʠ, ʦʙʦʨʫʜʦʚʘʥʥʳʤʠ ʠʥʪʝʨʬʝ-

ʨʝʥʮʠʦʥʥʦ-ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʤʠ ʬʠʣʴʪʨʘʤʠ (ʀʇʌ) 

ʥʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʣʠʥʠʠ HŬ (l 656.3 ʥʤ) 

ʠ K ʉaII (l 393.4 ʥʤ), ʘ ʪʘʢʞʝ ʉʦʣʥʝʯʥʳʤ ʪʝʣʝʩʢʦ-

ʧʦʤ ʦʧʝʨʘʪʠʚʥʳʭ ʧʨʦʛʥʦʟʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ (ʉʊʆʇ-1), ʚʭʦʜʷʱʠʤ ʚ ʫʥʠʢʘʣʴʥʫʶ ʨʦʩ-

ʩʠʡʩʢʫʶ ʩʝʪʴ ʠʟ ʪʨʝʭ ʠʜʝʥʪʠʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʣʥʝʯʥʦʛʦ ʤʘʛʥʝʪʠʟʤʘ 

(ʜʚʘ ʜʨʫʛʠʭ ʪʝʣʝʩʢʦʧʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʋʩʩʫʨʠʡʩʢʝ ʠ ʚ ʂʠʩʣʦʚʦʜʩʢʝ). 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʦʙʩʝʨʚʘʪʦʨʠʠ ð ʤʦʥʠʪʦʨʠʥʛ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʙʣʝʤʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ, ʩʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨʠʯʝʩʢʠʝ ʠ ʬʠʣʴʪʨʦʚʳʝ ʥʘʙʣʶʜʝʥʠʷ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʝ ʩ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʠʭ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ. 

ɹʣʘʛʦʜʘʨʷ ʥʘʙʣʶʜʝʥʠʷʤ ʥʘ ʠʥʩʪʨʫʤʝʥʪʘʭ ʦʙʩʝʨʚʘʪʦʨʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʩʥʦʚʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʥʘʫʯʥʳʭ ʟʘʜʘʯ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʧʨʦʝʢʪʘʭ ʧʨʦ-
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ʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʆ ʈɸʅ, ʧʨʦʝʢʪʘʭ ʈʌʌʀ ʠ ʈʅʌ, ʘ ʪʘʢʞʝ ʌʎʇ 

çʉʦʟʜʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘʜ ʪʝʨʨʠʪʦʨʠʝʡ 

ʈʌ ʥʘ 2008ï2015 ʛʛ.è ʠ ʜʨ. ʇʨʦʜʦʣʞʘʣʦʩʴ ʚʳʧʦʣʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʨʝʛʫʣʷʨʥʳʭ ʠ ʦʨʠ-

ʛʠʥʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʘ ʪʘʢʞʝ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʨʘʙʦʪ.  

ɹʳʣ ʟʘʚʝʨʰʝʥ ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ ɹʉɺʊ ʠ ʚʳʧʦʣʥʝʥʘ ʝʛʦ ʥʘʩʪʨʦʡʢʘ ʜʣʷ ʚʳʧʦʣʥʝ-

ʥʠʷ ʩʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ. ɹʳʣʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʠ-

ʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ (ɸʉʋ) ʪʝʣʝʩʢʦʧʦʤ, ʠʟʛʦʪʦʚʣʝʥʦ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝ-

ʥʠʝ ʜʣʷ ʢʦʥʪʨʦʣʷ ʚʘʢʫʫʤʘ ʚ ʪʨʫʙʝ ʪʝʣʝʩʢʦʧʘ.  

ʅʘ ɹʉɺʊ ʚʳʧʦʣʥʝʥʳ ʦʧʪʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʣʥʝʯʥʳʭ ʵʤʠʩʩʠ-

ʦʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʌʠʨʩʪʦʚʘ ʅ.ʄ., ʇʦʣʷʢʦʚ ɺ.ʀ.). ʆʩʥʦʚʥʘʷ ʧʨʦʛʨʘʤʤʘ ʥʘʙʣʶʜʝʥʠʡ ʥʘ 

ɹʉɺʊ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʛʨʘʬʘ ð ʧʦʣʫʯʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʬʠʣʴʪʨʦʚʳʭ ʥʘʙʣʁ-

ʜʝʥʠʡ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ, ʧʦʩʣʝʚʩʧʳʰʝʯʥʳʭ ʧʝʪʝʣʴ ʠ ʜʨʫʛʠʭ ʵʤʠʩʩʠʦʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ 

ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ. ʃʝʪʦʤ 2017 ʛ. ʙʳʣʠ ʧʨʦʜʦʣʞʝʥʳ ʵʪʠ ʥʘʙʣʶʜʝʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʚ ʜʚʫʭ ʚʦʜʦʨʦʜʥʳʭ ʣʠʥʠʷʭ ʅŬ ʠ ʅɓ. ʉʠʥʭʨʦʥʥʦ ʩʦ ʩʧʝʢʪʨʘʤʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʠʟʦʙʨʘ-

ʞʝʥʠʝ ʉʦʣʥʮʘ ʚ ʩʚʝʪʝ, ʦʪʨʘʞʝʥʥʦʤ ʦʪ ʟʝʨʢʘʣʴʥʦʡ ʱʝʣʠ ʩʧʝʢʪʨʦʛʨʘʬʘ. ʆʙʲʸʤ ʥʘʙʣʶʜʘ-

ʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʇɿʉ-ʢʘʤʝʨʝ Princeton Instruments (ʠʟʦʙʨʘʞʝʥʠʝ 

ʉʦʣʥʮʘ), ʩʦʩʪʘʚʠʣ ~100 ʄɹ ʠ ~2000 ʄɹ ð ʥʘ ʢʘʤʝʨʝ Fligrab (ʚʦʜʦʨʦʜʥʳʝ ʩʧʝʢʪʨʳ). ɺ 

2017 ʛ. ʙʳʣ ʟʘʚʝʨʰʝʥ ʵʪʘʧ ʠʟʫʯʝʥʠʷ ʧʦʩʣʝʚʩʧʳʰʝʯʥʳʭ ʧʝʪʝʣʴ, ʩʦʧʨʦʚʦʞʜʘʚʰʠʭ ʣʠʤʙʦ-

ʚʫʶ ʚʩʧʳʰʢʫ ʙʘʣʣʘ ʄ7.7 ʪʠʧʘ çʄʘʩʫʜʘè (ʌʠʨʩʪʦʚʘ ʄ.ʅ., ʇʦʣʷʢʦʚ ɺ.ʀ. // ʇʠʩʴʤʘ ʚ ɸʩʪ-

ʨʦʥʦʤʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 2017. ʊ. 43, ˉ 11. ʉ. 845ï856). ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʧʨʦʬʠʣʝʡ 

ʚʦʜʦʨʦʜʥʳʭ ʣʠʥʠʡ ʦʧʨʝʜʝʣʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ: ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʥʮʝʥʪʨʘ-
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 ʂ. ʉʨʘʚʥʝʥʠʝ ʥʘʙʣʶʜʝʥʠʡ ʅŬ-ʧʝʪʝʣʴ ʩ ʜʘʥʥʳʤʠ Reuven Ramaty 

High Energy Solar Spectroscopic Imager (RHESSI) ʠ Solar Dynamics Observatory/Atmospheric 

Imaging Assembly (SDO/AIA) ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʛʦʨʷ-

ʯʠʭ ʠ ʭʦʣʦʜʥʳʭ ʧʝʪʝʣʴ (ʨʠʩ. 158) ʠ ʧʦʣʫʯʠʪʴ ʚʝʩʴ ʩʮʝʥʘʨʠʡ ʨʘʟʚʠʪʠʷ ʚʩʧʳʰʝʯʥʳʭ ʧʝʪʝʣʴ. 

ʉʜʝʣʘʥʘ ʦʮʝʥʢʘ ʩʢʦʨʦʩʪʠ ʧʦʜʲʝʤʘ ʘʨʢʘʜʳ ʧʝʪʝʣʴ (~3.5 ʢʤ/ʩ) ʠ ʨʘʟʥʦʩʪʠ ʚʳʩʦʪ ʤʝʞʜʫ ʅŬ-

ʧʝʪʣʷʤʠ ʠ ʢʦʨʦʥʘʣʴʥʳʤʠ ʧʝʪʣʷʤʠ (ʚ 94 ¡), ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ ~2Ĭ104 ʢʤ. 

 
 
ʈʠʩ. 158. ʉʨʘʚʥʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʧʝʪʝʣʴ ʚ ʣʠʥʠʠ 94 ¡ ʧʦ ʜʘʥʥʳʤ SDO/AIA (ʣʝʚʳʡ ʨʠʩʫʥʦʢ ð ʚ 

05:25:27 UT, ʧʨʘʚʳʡ ð ʚ 08:02:03 UT) ʠ ʚ ʣʠʥʠʠ ʅŬ ʥʘ ʱʝʣʠ ʩʧʝʢʪʨʦʛʨʘʬʘ ɹʉɺʊ ʚ 06:55:56 UT  

 

ɺʳʧʦʣʥʷʣʩʷ ʤʦʥʠʪʦʨʠʥʛ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʭʨʦʤʦʩʬʝʨʥʳʭ ʪʝʣʝʩʢʦʧʘʭ. 

ɺ 2017 ʛ. ʚʳʧʦʣʥʝʥʳ ʨʝʛʫʣʷʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʭʨʦʤʦʩʬʝʨʳ ʉʦʣʥʮʘ (ʧʦʣʥʳʡ ʜʠʩʢ) ʚ ʣʠʥʠʠ 

K Ca II  393.4 ʥʤ. (ɸ.ɸ. ɾʜʘʥʦʚ, ɸ.ɸ. ɻʦʣʦʚʢʦ). ɺ ʪʝʯʝʥʠʝ 10 ʜʥʝʡ ʥʘʙʣʶʜʝʥʠʡ ʧʦʣʫʯʝʥʦ 90 

ʠʟʦʙʨʘʞʝʥʠʡ. ʀʟʦʙʨʘʞʝʥʠʷ ʚ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʦʡ ʬʦʨʤʝ ʦʧʫʙʣʠʢʦʚʘʥʳ ʥʘ ʩʘʡʪʝ ʀʥʩʪʠʪʫʪʘ 

(ɸ.ʀ. ʍʣʳʩʪʦʚʘ). ʉ ʘʧʨʝʣʷ 2017 ʛ. ʪʝʣʝʩʢʦʧ ʜʝʤʦʥʪʠʨʦʚʘʥ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʝʤʦʥʪ ʠ ʨʝ-

ʢʦʥʩʪʨʫʢʮʠʷ ʝʛʦ ʦʧʪʠʯʝʩʢʦʡ ʯʘʩʪʠ. ɺ ʣʝʪʥʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʳ ʢʚʘʟʠʨʝʛʫʣʷʨʥʳʝ ʥʘʙʣʶ-

ʜʝʥʠʷ ʭʨʦʤʦʩʬʝʨʳ ʉʦʣʥʮʘ (ʧʦʣʥʳʡ ʜʠʩʢ) ʚ ʣʠʥʠʠ ʅŬ 656.3 ʥʤ. ɺ ʪʝʯʝʥʠʝ 57 ʜʥʝʡ ʧʦʣʫʯʝʥʦ  
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ʈʠʩ. 159. ʀʟʦʙʨʘʞʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʠ ʚ ʮʝʥʪʨʝ ʠ ʢʨʳʣʝ ʣʠʥʠʠ ʅŬ, ʧʦʣʫʯʝʥʥʳʝ 7 ʩʝʥ-

ʪʷʙʨʷ 2017 ʛ. ʩ ʧʦʤʦʱʴʶ ʭʨʦʤʦʩʬʝʨʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ɹɸʆ ʀʉɿʌ 

 
24920 ʠʟʦʙʨʘʞʝʥʠʡ, ʯʪʦ ʥʘ 28 % ʙʦʣʴʰʝ, ʯʝʤ ʚ 2016 ʛ. (ɸ.ɸ. ɻʦʣʦʚʢʦ, ɸ.ɸ. ɾʜʘʥʦʚ, ɸ.ɺ. 
ʆʚʯʘʨʦʚ, ɽ.ɺ. ɼʝʚʷʪʦʚʘ). ʋʥʠʢʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʤʦʨʬʦʣʦʛʠʠ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ, ʩʘʤʳʭ 
ʤʦʱʥʳʭ ʟʘ ʧʦʩʣʝʜʥʠʝ 12 ʣʝʪ, ʧʦʣʫʯʝʥʳ 7ï10 ʩʝʥʪʷʙʨʷ (ʨʠʩ. 159). 

ʅʘ ʢʦʤʧʣʝʢʩʝ ʭʨʦʤʦʩʬʝʨʥʳʭ ʪʝʣʝʩʢʦʧʦʚ ʚʳʧʦʣʥʷʣʠʩʴ ʨʝʛʫʣʷʨʥʳʝ ʠ ʦʨʠʛʠʥʘʣʴʥʳʝ 
ʥʘʙʣʶʜʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʭʨʦʤʦʩʬʝʨʳ ʚ ʣʠʥʠʷʭ HŬ ʠ K CaII ʩ ʧʦʤʦʱʴʶ ʫʟʢʦʧʦʣʦʩʥʳʭ ʀʇʌ 
ʠ ʇɿʉ-ʢʘʤʝʨ. ɹʳʣʠ ʚʳʧʦʣʥʝʥʳ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 
ʫʟʣʦʚ HŬ-ʪʝʣʝʩʢʦʧʘ, ʚʳʧʦʣʥʝʥʘ ʝʛʦ ʧʦʢʨʘʩʢʘ. ɺ ʪʝʯʝʥʠʝ 80 ʜʥʝʡ ʥʘʙʣʶʜʝʥʠʡ ʧʦʣʫʯʝʥʦ 
720 ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʢʘʣʴʮʠʝʚʦʤ ʪʝʣʝʩʢʦʧʝ. ʅʘ ʭʨʦʤʦʩʬʝʨʥʦʤ ʪʝʣʝʩʢʦʧʝ ʚ ʣʠʥʠʠ HŬ ʚ ʪʝ-
ʯʝʥʠʝ 45 ʜʥʝʡ (ʯʘʩʪʴ ʥʘʙʣʶʜʘʪʝʣʴʥʦʛʦ ʩʝʟʦʥʘ ʙʳʣʘ ʟʘʥʷʪʘ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʤʠ ʨʘʙʦʪʘʤʠ) 
ʧʦʣʫʯʝʥʦ 27843 ʠʟʦʙʨʘʞʝʥʠʡ.  

ɺ ʠʶʥʝ ʟʘʚʝʨʰʠʣʩʷ ʚʘʞʥʳʡ ʵʪʘʧ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʧʦʣ-
ʥʦʜʠʩʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʩʦʣʥʝʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ: ʩʦʪʨʫʜʥʠʢʘʤʠ ɸʆ ʃʆʄʆ ʠ ʀʉɿʌ 
ʉʆ ʈɸʅ ʙʳʣ ʩʤʦʥʪʠʨʦʚʘʥ ʠ ʫʩʪʘʥʦʚʣʝʥ ʚ ʩʧʝʮʠʘʣʴʥʦ ʧʦʩʪʨʦʝʥʥʫʶ ʘʩʪʨʦʥʦʤʠʯʝʩʢʫʶ 
ʙʘʰʥʶ ʪʝʣʝʩʢʦʧ ʉʆʃʉʀʊ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʬʠʟʠʢʘ ʉʦʣʥʮʘ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʠʦʙʨʝʪʘʝʪ 
ʚʩʝ ʙʦʣʴʰʝʝ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʢʦʥʪʝʢʩʪʝ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ ʩʚʷʟʝʡ (ʢʦʩʤʠʯʝʩʢʘʷ ʧʦ-
ʛʦʜʘ ʠ ʢʦʩʤʠʯʝʩʢʠʡ ʢʣʠʤʘʪ). ʇʨʠ ʵʪʦʤ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʝʛʫʣʷʨʥʳʤ ʜʦʣ-
ʛʦʚʨʝʤʝʥʥʳʤ ʠʟʤʝʨʝʥʠʷʤ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʦʭʚʘʪʳʚʘʶʱʠʤ ʚʩʶ ʩʦʣʥʝʯʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. 
ʊʦʣʴʢʦ ʦʙʣʘʜʘʷ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʤʦʞʥʦ (ʠ ʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ) 
ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʛʝʣʠʦʩʬʝʨʳ, ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʛʝʦʵʬʬʝʢʪʠʚʥʳʝ ʷʚʣʝʥʠʷ. ʉʦʟʜʘʥʠʶ 
ʠʥʩʪʨʫʤʝʥʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʘʢʠʝ ʥʘʙʣʶʜʝʥʠʷ, ʚ ʤʠʨʝ ʫʜʝʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ 
ʚʥʠʤʘʥʠʝ. ʏʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʦʪʩʪʘʚʘʥʠʝ ʈʦʩʩʠʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʝʜʦʚʳʤʠ 
ʩʪʨʘʥʘʤʠ, ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ ʚ ʀʉɿʌ ʉʆ ʈɸʅ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ɸʆ ʃʆʄʆ, ʘ ʪʘʢʞʝ ʜʨʫ-
ʛʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʙʳʣʠ ʥʘʯʘʪʳ ʨʘʙʦʪʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʟʜʘʥʠʶ ʥʦʚʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʥ-
ʩʪʨʫʤʝʥʪʘ, ʢʦʪʦʨʦʤʫ, ʠʩʭʦʜʷ ʠʟ ʝʛʦ ʦʩʥʦʚʥʳʭ ʥʘʫʯʥʳʭ ʮʝʣʝʡ, ʙʳʣʦ ʜʘʥʦ ʥʘʟʚʘʥʠʝ 
ʉʆʃʉʀʊ ð ʉʦʣʥʝʯʥʳʡ ʩʠʥʦʧʪʠʯʝʩʢʠʡ ʪʝʣʝʩʢʦʧ. ɺ ʥʦʚʦʤ ʪʝʣʝʩʢʦʧʝ ʚʧʝʨʚʳʝ ʚ ʦʪʝʯʝ-
ʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʩʦʣʥʝʯʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʧʨʠʤʝʥʷʝʪʩʷ ʚʥʝʦʩʝʚʘʷ ʩʭʝʤʘ ʄʝʨʩʝʥʥʘ, ʫʟʝʣ 
ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʱʝʣʠ ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʳʤ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʦʭʣʘʞʜʝʥʠʝʤ, ʦʙʲʝʢʪʠʚ-
ʘʧʦʭʨʦʤʘʪ ʜʣʷ ʚʠʜʠʤʦʡ ʠ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʝʡ ʩʧʝʢʪʨʘ. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 
ʩʧʝʢʪʨʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʧʘʢʪʥʳʡ ʥʘʚʝʩʥʦʡ ʩʧʝʢʪʨʦʛʨʘʬ. ɺ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʘ-
ʪʦʨʝ ʧʦʣʷʨʠʟʘʮʠʠ ʫʩʪʘʥʦʚʣʝʥʳ DKDP-ʢʨʠʩʪʘʣʣʳ.  

ʇʨʦʜʦʣʞʝʥʘ ʨʘʙʦʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʘʨʭʠʚʘ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ɹɸʆ ʥʘ ʵʣʝʢʪʨʦʥ-

ʥʳʭ ʥʦʩʠʪʝʣʷʭ. ɺ 2015 ʛ. ʩʦʟʜʘʥ ʘʨʭʠʚ ʬʦʪʦʛʝʣʠʦʛʨʘʤʤ ʟʘ 1983ï1999 ʛʛ. (4618 ʧʣʘʩʪʠʥʦʢ) 

ʠ ʬʠʣʴʪʨʦʛʨʘʤʤ ʚ ʣʠʥʠʠ HŬ ʟʘ 1981 ʛ. (759 ʢʘʜʨʦʚ). 

ɺ ʦʙʩʝʨʚʘʪʦʨʠʠ ʚʳʧʦʣʥʷʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʪʘʢʞʝ ʜʨʫʛʠʝ ʠʥʩʪʠʪʫʪʳ ʉʠ-

ʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ: ʀʥʩʪʠʪʫʪ ʦʧʪʠʢʠ ʘʪʤʦʩʬʝʨʳ (ʛ. ʊʦʤʩʢ), ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ, 

ʃʠʤʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ.  



175 

ɺ 2017 ʛ. ʚ ɹʘʡʢʘʣʴʩʢʦʡ ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʧʨʦʭʦʜʠʣʘ ʧʨʘʢʪʠʢʫ ʩʪʫ-

ʜʝʥʪʢʘ ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʇʨʦʚʦʜʠʣʠʩʴ ʵʢʩʢʫʨʩʠʠ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ, ʩʪʫʜʝʥʪʦʚ ʠ 

ʛʦʩʪʝʡ ʀʥʩʪʠʪʫʪʘ. 

ʐʪʘʪ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʦʙʩʝʨʚʘʪʦʨʠʠ ʩʦʩʪʦʠʪ ʠʟ 17 ʯʝʣʦʚʝʢ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʠ ʨʫʪʠʥʥʳʭ ʧʨʦʛʨʘʤʤ ʥʘʙʣʶʜʝʥʠʡ ʛʨʫʧʧʘ ʥʘʫʯʥʳʭ ʩʦ-

ʪʨʫʜʥʠʢʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʠʥʞʝʥʝʨʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 10 ʜʦ 3 ʯʝʣʦʚʝʢ, ʚʢʣʶʯʘʷ ʜʝʞʫʨʥʳʭ 

ʥʘʙʣʶʜʘʪʝʣʝʡ. 

 

5.2. ʉʘʷʥʩʢʘʷ ʩʦʣʥʝʯʥʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ 

 

 
 
ʈʠʩ. 160. ʉʘʷʥʩʢʘʷ ʩʦʣʥʝʯʥʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ. ʅʘ ʧʝʨʝʜʥʝʤ ʧʣʘʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʘʰʥʠ ʦʩʥʦʚ-

ʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʩʪʨʦʢʦʤʧʣʝʢʩʘ ð ʪʝʣʝʩʢʦʧʘ ɸɿʊ-33ʀʂ (ʣʝʚʘʷ ʙʘʰʥʷ) ʠ ʪʝʣʝʩʢʦʧʘ ɸɿʊ-33ɺʄ 

(ʧʨʘʚʘʷ ʙʘʰʥʷ) 
 

ʉʘʷʥʩʢʘʷ ʩʦʣʥʝʯʥʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ (ʉʉʆ) ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 300 ʢʤ 

ʦʪ ʀʨʢʫʪʩʢʘ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʫʨʷʪʠʷ. ʆʙʩʝʨʚʘʪʦʨʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʙʘʟʦʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤ ʥʘʙʣʶʜʝʥʠʡ ʧʦ ʩʦʣʥʝʯʥʦʡ ʬʠʟʠʢʝ, ʩʦʣʥʝʯʥʦ-ʟʝʤʥʦʡ ʬʠ-

ʟʠʢʝ ʠ ʢʦʥʪʨʦʣʶ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʅʘʙʣʶʜʝʥʠʷ ʚʝʜʫʪʩʷ: ʥʘ ʩʪʘʥʮʠʷʭ ʢʦʩʤʠʯʝ-

ʩʢʠʭ ʣʫʯʝʡ ʢʨʫʛʣʦʩʫʪʦʯʥʦ, ʥʘ ʩʦʣʥʝʯʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʪʝʣʝʩʢʦʧʘʭ ð ʚ ʩʚʝʪʣʦʝ ʚʨʝʤʷ ʩʫʪʦʢ, 

ʥʘ ʟʚʝʟʜʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʪʝʣʝʩʢʦʧʘʭ ʟʘ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʢʦʩʤʠʯʝʩʢʠʤʠ ʘʧʧʘ-

ʨʘʪʘʤʠ ʠ ʢʦʩʤʠʯʝʩʢʠʤ ʤʫʩʦʨʦʤ ð ʚ ʪʝʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ. 

ɺ 2017 ʛ. ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʦʛʨʘʤʤʳ ʥʘʙʣʶʜʝʥʠʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ: 

1. ʅʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʩʦʣʥʝʯʥʦʤ ʪʝʣʝʩʢʦʧʝ (ACT) ʚʳʧʦʣʥʝʥ ʙʦʣʴʰʦʡ ʦʙʲʝʤ 

ʧʨʦʛʨʘʤʤ ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʎʝʣʴʶ ʧʨʦʛʨʘʤʤ ʥʘʙʣʶʜʝʥʠʡ ʷʚʣʷ-

ʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʜʠʥʘʤʠʢʠ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʩʦʣʥʝʯʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʢʦʣʝʙʘʥʠʡ ʠ ʚʦʣʥ ʚ ʬʦʪʦʩʬʝʨʝ 

ʠ ʭʨʦʤʦʩʬʝʨʝ ʉʦʣʥʮʘ ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨʠʠ. 

2. ɺ 2017 ʛ. ʥʘ ʪʝʣʝʩʢʦʧʝ ɸɿʊ-33ʀʂ ʧʦʣʫʯʝʥʳ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʦʧʪʠ-

ʯʝʩʢʦʛʦ ʧʦʩʣʝʩʚʝʯʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʛʘʤʤʘ-ʚʩʧʣʝʩʢʦʚ (GRB) ʥʘ ʧʣʦʱʘʜʢʘʭ: ATLAS17cgg, 

G275697/Sw23, GRB141121A, GRB150518A, GRB161108A, GRB161219B, GRB170120, 

GRB170121B, GRB170206B, GRB170214A, GRB170227/iPTF17bub, 

GRB170227/iPTF17bue, GRB170317A, GRB170318A, GRB170325A, GRB170519A, 

GRB170531B, GRB170608X2, GRB170714A, GRB170728B, GRB171007A, GRB171010A, 

GRB170823-GWFUNC-17ure, GRB170825-M_OTJ033744.97+723159.0, PS17bek, PS17dp, 

PS17fl, PS17fn, PS17gl, PS17lk, PS17nv, PS17pv, PS17qk, PS17rc, PS17yt. ʆʧʫʙʣʠʢʦʚʘʥʳ 

ʮʠʨʢʫʣʷʨʳ GCN: 20442, 20687, 20893, 20924, 20978, 21160, 21206. ʇʨʦʜʦʣʞʝʥʳ ʤʦʥʠʪʦ-

ʨʠʥʛʦʚʳʝ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʤʠʢʨʦʢʚʘʟʘʨʘ Cyg X-1 ʚ ʧʦʣʦʩʘʭ BVRIJH (7 ʥʦʯʝʡ) 

ʠ ʢʚʘʟʘʨʘ 3ʉ273 (4 ʥʦʯʠ). ʇʦʣʫʯʝʥʳ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʪʨʘʥʟʠʝʥ-

ʪʘ Gaia16aey (3 ʥʦʯʠ). 

ʅʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʤ ʪʝʣʝʩʢʦʧʝ ɸɿʊ-14ɸ ʧʨʦʚʦʜʠʣʠʩʴ ʨʝʛʫʣʷʨʥʳʝ ʪʨʘʝʢʪʦʨʥʳʝ 

ʥʘʙʣʶʜʝʥʠʷ ʚʳʩʦʢʦʦʨʙʠʪʘʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ (ʂʆ) ʚ ʠʥʪʝʨʝʩʘʭ ʩʠʩʪʝʤʳ ʢʦʥ-

ʪʨʦʣʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʪʝʯʝʥʠʝ 223 ʥʦʯʝʡ ʥʘʙʣʶʜʝʥʠʡ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 2015 

ʧʨʦʚʦʜʦʢ ʧʦ 1069 ʢʘʪʘʣʦʛʠʟʠʨʦʚʘʥʥʳʤ ʚʳʩʦʢʦʘʧʦʛʝʡʥʳʤ ʂʆ, ʘ ʪʘʢʞʝ 47 ʧʨʦʚʦʜʦʢ ʧʦ 

ʥʝʢʘʪʘʣʦʛʠʟʠʨʦʚʘʥʥʳʤ ʂʆ. ʆʙʱʝʝ ʯʠʩʣʦ ʦʪʜʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ð 51225. ʀʟʤʝʨʝʥʦ 688 

ʦʙʲʝʢʪʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ ʙʝʟ ʜʘʥʥʳʭ ʊʃɽ. 
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ʅʘ ʪʝʣʝʩʢʦʧʝ ɸɿʊ-33ɺʄ ʚ 2017 ʛ. ʧʨʦʚʝʜʝʥʦ ʧʷʪʴ ʩʝʘʥʩʦʚ ʧʦʠʩʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ 
ʘʩʪʝʨʦʠʜʦʚ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 169 ʧʦʜʚʠʞʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʚʝʟʜ ʦʙʲʝʢʪʦʚ. ɺʩʝ 
ʜʘʥʥʳʝ ʧʦ ʦʙʥʘʨʫʞʝʥʥʳʤ ʦʙʲʝʢʪʘʤ ʙʳʣʠ ʧʝʨʝʜʘʥʳ ʚ ʎʝʥʪʨ ʤʘʣʳʭ ʧʣʘʥʝʪ. ɼʘʥʥʳʝ ʧʦ 74 
ʘʩʪʝʨʦʠʜʘʤ ʠ ʦʜʥʦʡ ʢʦʤʝʪʝ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ Minor Planet Circular (MPS_20170205, 
MPS_20170212, MPS_20170305, MPS_20170312, MPS_20170319, MPS_20170402, 
MPS_20170416, MPS_20170521, MPS_20170924, MPS_20171005, MPS_20171015) ʎʝʥʪʨʘ 
ʤʘʣʳʭ ʧʣʘʥʝʪ. ʏʝʪʳʨʝ ʘʩʪʝʨʦʠʜʘ (2017 DO119, 2017 DP119, 2017 DQ119, 2017 DR119) ʙʳʣʠ 
ʧʨʠʟʥʘʥʳ ʦʪʢʨʳʪʳʤʠ ʚ ʉʘʷʥʩʢʦʡ ʩʦʣʥʝʯʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ (ʢʦʜ ʦʙʩʝʨʚʘʪʦʨʠʠ C48). 

ɺ ʪʝʯʝʥʠʝ 2017 ʛ. ʚ ʨʘʤʢʘʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠ-
ʩʪʝʤʳ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦʙ ʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʷʭ ʚ ʦʢʦʣʦʟʝʤʥʦʤ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 
(ɸʉʇʆʉ ʆʂʇ) ʠ ʧʨʦʝʢʪʘ ʧʨʦʛʨʘʤʤʳ ʧʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉ 31 ʥʘ ʪʝʣʝʩʢʦʧʘʭ ɸɿʊ-33ʀʂ ʠ 
ɸɿʊ-33ɺʄ ʚʳʧʦʣʥʷʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʥʘʙʣʶʜʝʥʠʶ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ: 
ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʢʦʦʨʜʠʥʘʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʂɸ) ʠ ʢʦʩʤʠʯʝʩʢʦʛʦ 
ʤʫʩʦʨʘ, ʢʦʥʪʨʦʣʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʩʙʣʠʞʝʥʠʡ ʂɸ, ʢʦʥʪʨʦʣʴ ʬʨʘʛʤʝʥʪʦʚ ʂɸ. ʅʘ ʪʝ-
ʣʝʩʢʦʧʝ ɸɿʊ-33ɺʄ ʧʨʦʚʦʜʠʣʠʩʴ ʪʘʢʞʝ ʦʙʟʦʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʩ ʮʝʣʴʶ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʢʘ-
ʪʘʣʦʛʠʟʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʇʨʦʚʝʜʝʥʦ ʥʘʙʣʶʜʝʥʠʝ ʪʨʝʭ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ 
ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʂɸ çʊʝʣʢʦʤ-1è (ˉ NORAD 25880), ʨʘʟʛʦʥʥʦʛʦ ʙʣʦʢʘ çɹʨʠʟ-ʄè (ˉ 
NORAD 42935) ʠ ʨʘʟʛʦʥʥʦʛʦ ʙʣʦʢʘ çɹʨʠʟ-ʄè (ˉ NORAD 42943). ʇʦʣʫʯʝʥʳ ʢʦʦʨʜʠʥʘʪ-
ʥʳʝ ʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ (ʢʨʠʚʳʝ ʙʣʝʩʢʘ) ʧʦ ʨʦʜʠʪʝʣʴʩʢʠʤ ʪʝʣʘʤ ʠ ʬʨʘʛʤʝʥʪʘʤ 
ʨʘʟʨʫʰʝʥʥʳʭ ʂɸ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʙʣʶʜʝʥʠʡ ʩʦʩʪʘʚʠʣʦ: 

ʅʘʙʣʶʜʝʥʠʷ ʥʘ ʪʝʣʝʩʢʦʧʝ ɸɿʊ-33ʀʂ:  

¶ ʢʦʣʠʯʝʩʪʚʦ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʥʦʯʝʡ ð 156; 

¶ ʢʦʣʠʯʝʩʪʚʦ ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʦʙʲʝʢʪʦʚ ð 81; 

¶ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʚʦʜʦʢ ð 921. 
ʅʘʙʣʶʜʝʥʠʷ ʥʘ ʪʝʣʝʩʢʦʧʝ ɸɿʊ-33ɺʄ:  

¶ ʢʦʣʠʯʝʩʪʚʦ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʥʦʯʝʡ ð 98; 

¶ ʢʦʣʠʯʝʩʪʚʦ ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʦʙʲʝʢʪʦʚ ð 237; 

¶ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʚʦʜʦʢ ð 823 (ʠʟ ʥʠʭ 94 ʧʨʦʚʦʜʢʠ ʦʪʥʦʩʷʪʩʷ ʢ ʥʝʢʘʪʘ-
ʣʦʛʠʟʠʨʦʚʘʥʥʳʤ ʦʙʲʝʢʪʘʤ).  

3. ɺʝʜʝʪʩʷ ʥʝʧʨʝʨʳʚʥʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʚʘʨʠʘʮʠʡ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʠ ʘʪʤʦʩʬʝʨʥʦʛʦ 
ʜʘʚʣʝʥʠʷ ʩ ʤʠʥʫʪʥʳʤ ʠ ʯʘʩʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ʀʥʬʦʨʤʘʮʠʷ ʩʦ ʩʪʘʥʮʠʡ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫ-
ʯʝʡ çʀʨʢʫʪʩʢ-2è ʠ çʀʨʢʫʪʩʢ-3è ʧʝʨʝʜʘʝʪʩʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʀʉɿʌ ʉʆ ʈɸʅ, 
ʄʠʨʦʚʦʡ ʮʝʥʪʨ ʜʘʥʥʳʭ MCD ʠ ʚ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ NMDB. ɼʘʥʥʳʝ ʥʘʙʣʶʜʝ-
ʥʠʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʉʘʷʥʩʢʦʡ ʩʦʣʥʝʯʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʚ 2017 ʛ., ʩʣʫʞʠ-
ʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʦʛʨʘʤʤʘʤ: 

ï çɼʠʘʛʥʦʩʪʠʢʘ ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜʳ ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡè,  
ï çʂʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ ʚ ʛʝʣʠʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʘʭ ʧʦ ʥʘʟʝʤʥʳʤ ʠ ʩʪʨʘʪʦʩʬʝʨʥʳʤ 

ʥʘʙʣʶʜʝʥʠʷʤè. 

4. ʅʘ ʪʝʣʝʩʢʦʧʝ ʉʊʆʇ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʥʘʙʣʶʜʝʥʠʷ ʚ 2017 ʛ.: 

ʂʦʣʠʯʝʩʪʚʦ ʜʥʝʡ 70 

 ʂʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ ʂʦʣʠʯʝʩʪʚʦ ʯʘʩʦʚ 

ʀʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʉʦʣʥʮʘ ʢʘʢ ʟʚʝʟʜʳ 

66 22 

ʀʟʤʝʨʝʥʠʷ ʩʣʘʙʳʭ ʢʨʫʧʥʦ-

ʤʘʩʰʪʘʙʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

30 45 

5. ɺ ʦʙʩʝʨʚʘʪʦʨʠʠ ʨʘʙʦʪʘʣʠ ʩʦʪʨʫʜʥʠʢʠ ʀʥʩʪʠʪʫʪʘ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈɸʅ, 

ʉʧʝʮʠʘʣʴʥʦʡ ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʈɸʅ. 

ʉʦʚʤʝʩʪʥʦ ʩ ʫʯʝʥʳʤʠ ʠʟ ɻʝʨʤʘʥʠʠ, ʅʠʜʝʨʣʘʥʜʦʚ, ʂʠʪʘʷ, ʄʦʥʛʦʣʠʠ ʚʳʧʦʣʥʷʶʪʩʷ ʥʘʫʯ-

ʥʳʝ ʧʨʦʝʢʪʳ ʠ ʩʦʚʤʝʩʪʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʚ ʉʘʷʥʩʢʦʡ ʩʦʣʥʝʯʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ. ɺ ʨʘʤʢʘʭ ʤʝʞ-

ʜʫʥʘʨʦʜʥʦʡ ɽʚʨʦʧʝʡʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʩʦʣʥʝʯʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ (JOSO) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙ-

ʤʝʥ ʜʘʥʥʳʤʠ, ʚʳʧʦʣʥʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʉʦʣʥʮʘ ʧʦ ʩʦʚʤʝʩʪʥʳʤ ʧʨʦʛʨʘʤʤʘʤ.  
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ʈʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʷʪʩʷ ʵʢʩʢʫʨʩʠʠ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ ʠ ʘʙʠʪʫʨʠʝʥʪʦʚ. 

ɺ 2017 ʛ. ʚ ʉʉʆ ʨʘʙʦʪʘʣʠ 30 ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ, ʰʪʘʪ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʶ-

ʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʦʙʩʝʨʚʘʪʦʨʠʠ ʩʦʩʪʦʠʪ ʠʟ 20 ʯʝʣʦʚʝʢ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʠ ʨʫ-

ʪʠʥʥʳʭ ʧʨʦʛʨʘʤʤ ʥʘʙʣʶʜʝʥʠʡ ʛʨʫʧʧʘ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʠʥʞʝʥʝʨʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 5 

ʜʦ 20 ʯʝʣʦʚʝʢ, ʚʢʣʶʯʘʷ ʜʝʞʫʨʥʳʭ ʥʘʙʣʶʜʘʪʝʣʝʡ. 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ 52 ʵʢʩʢʫʨʩʠʠ. ʃʝʢʪʦʨʳ: ʩ.ʥ.ʩ. ʂʘʨʘʚʘʝʚ ʖ.ʉ., ʪʝʭʥʠʢ ʐʢʦʣʴʥʠʢʦʚ ɽ., 

ʟʘʚ. ʉʉʆ ʃʫʢʦʚʥʠʢʦʚʦʡ ɸ.ɸ., ʥ.ʩ. ʇʫʣʷʝʚ ɺ.ɸ., ʩ.ʥ.ʩ. ʊʫʨʦʚʘ ʀ.ʇ., ʟʘʤ. ʜʠʨʝʢʪʦʨ ɼʝʤʠ-

ʜʦʚʘ ʄ.ʃ., ʟʘʚ. ʣʘʙ. ɽʩʝʣʝʚʠʯ ʄ.ɺ., ʛʣ. ʢʦʥʩʪʨʫʢʪʦʨ ʊʝʨʛʦʝʚ ɺ.ʀ., ʚʝʜ. ʠʥʞʝʥʝʨ ʇʝʨʝʪʦʣ-

ʯʠʥ ɻ.ɺ., ʛʣ. ʩʧʝʮʠʘʣʠʩʪ ʈʫʜʘʢʦʚ ɸ.ɻ. 

 

5.3. ʈʘʜʠʦʘʩʪʨʦʬʠʟʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ  

 

ʈʘʜʠʦʘʩʪʨʦʬʠʟʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ (ʈɸʆ) ʀʉɿʌ ʉʆ ʈɸʅ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʫʨʦʯʠʱʝ 

ɹʘʜʘʨʳ ʊʫʥʢʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ. ʆʩʥʦʚʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʦʙʩʝʨʚʘʪʦ-

ʨʠʠ ʷʚʣʷʶʪʩʷ: ʫʥʠʢʘʣʴʥʳʡ ʉʠʙʠʨʩʢʠʡ ʩʦʣʥʝʯʥʳʡ ʨʘʜʠʦʪʝʣʝʩʢʦʧ (ʉʉʈʊ) ʠ ʉʠʙʠʨʩʢʠʡ 

ʤʥʦʛʦʚʦʣʥʦʚʳʡ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬ (ʉʈɻ). ʆʙʘ ʠʥʩʪʨʫʤʝʥʪʘ ʨʘʙʦʪʘʶʪ ʥʝʟʘʚʠʩʠʤʦ ʠ ʧʦʟʚʦ-

ʣʷʶʪ ʧʦʣʫʯʘʪʴ ʜʚʫʤʝʨʥʳʝ ʨʘʜʠʦʠʟʦʙʨʘʞʝʥʠʷ ʉʦʣʥʮʘ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʩʚʝʪʦʚʦʛʦ ʜʥʷ ʢʨʫʛ-

ʣʳʡ ʛʦʜ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. 

 

ʈʠʩ. 161. ʆʙʱʠʡ ʚʠʜ ʈʘʜʠʦʘʩʪʨʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ 
 

 

ʈʠʩ. 162. ʂʨʝʩʪʦʦʙʨʘʟʥʘʷ ʘʥʪʝʥʥʘʷ ʨʝʰʝʪʢʘ ʉʉʈʊ ʠ ʉʈɻ. ʈʷʜʦʤ ʩʦ ʟʜʘʥʠʝʤ ʨʘʩʧʦʣʦʞʝʥʳ 

ʩʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨʳ 



178 

ʊʘʙʣʠʮʘ 13. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʉʠʙʠʨʩʢʦʛʦ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʘ 

ɼʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ 4ï8 ɻɻʮ 

ʄʛʥʦʚʝʥʥʘʷ ʧʦʣʦʩʘ ʯʘʩʪʦʪ 10 ʄɻʮ 

ʋʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ 50ËË 

ɺʨʝʤʷ ʥʘʢʦʧʣʝʥʠʷ 0.3 ʩ  

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦ ʢʦʤʧʘʢʪʥʳʤ ʠʩʪʦʯʥʠʢʘʤ 0.01 ʩ.ʝ.ʧ. 

 

ɺ 2017 ʛ. ʧʨʦʠʟʚʝʜʝʥʘ ʦʪʣʘʜʢʘ ʠ ʥʘʩʪʨʦʡʢʘ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ (ʨʠʩ. 162), ʯʪʦ ʧʦʟʚʦ-

ʣʠʣʦ ʧʦʣʫʯʘʪʴ ʜʚʫʤʝʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʉʦʣʥʮʘ ʚ ʜʠʘʧʘʟʦʥʝ 4ï8 ɻɻʮ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ (ʨʠʩ. 163). ɼʘʥʥʳʝ ʜʦʩʪʫʧʥʳ ʦʥʣʘʡʥ ʥʘ ʩʘʡʪʝ http://badary.iszf.irk.ru. 

ɺ ʦʙʩʝʨʚʘʪʦʨʠʠ ʪʘʢʞʝ ʨʘʙʦʪʘʝʪ ʢʦʤʧʣʝʢʩ ʩʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨʦʚ ʩ ʦʙʱʠʤ ʜʠʘʧʘʟʦʥʦʤ 

ʦʪ 0.05 ʜʦ 24 ɻɻʮ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʝ (ʨʠʩ. 164). 

ʆʜʥʘ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʘ ð ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ 

ʧʦʪʦʢʘ ʩʦ ʩʚʝʨʭʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʜʦ 0.01 ʩ.ʝ.ʧ., ʯʪʦ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʦʡ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʦʡ ʨʘʜʠʦʪʝʣʝʩʢʦʧʘ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ (ʨʠʩ. 165). 

 

 
 

ʈʠʩ. 163. ʀʟʦʙʨʘʞʝʥʠʷ ʉʦʣʥʮʘ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʤʥʦʛʦʚʦʣʥʦʚʦʤ ʨʘʜʠʦʛʝʣʠʦʛʨʘʬʝ ʚ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 25 ʠʶʣʷ 2016 ʛ. 

 

ʈʠʩ. 164. ɿʘʧʠʩʴ ʚʩʧʣʝʩʢʘ ʚ ʜʠʘʧʘʟʦʥʝ 0.05ï0.5 ɻɻʮ, ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʩʦʣʥʝʯʥʦʤ ʩʧʝʢʪʨʦʧʦʣʷ-

ʨʠʤʝʪʨʝ ʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ (ʉʉʄɼ) 08 ʩʝʥʪʷʙʨʷ 2017 ʛ. 
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ʈʠʩ. 165. ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʧʦʪʦʢ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʉʈɻ 
 

ʅʘʙʣʶʜʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʨʝʛʫʣʷʨʥʦ ʚ ʩʚʝʪʣʦʝ ʚʨʝʤʷ ʩʫʪʦʢ, ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶ-

ʜʝʥʠʡ ʭʨʘʥʷʪʩʷ ʢʘʢ ʚ ʠʩʭʦʜʥʦʤ, ʪʘʢ ʠ ʚ ʦʙʨʘʙʦʪʘʥʥʦʤ ʚʠʜʝ ʠ ʜʦʩʪʫʧʥʳ ʦʥʣʘʡʥ ʠ ʧʦ ʟʘʧʨʦ-

ʩʫ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʆʙʱʠʡ ʰʪʘʪ ʩʦʪʨʫʜʥʠʢʦʚ ʦʙʩʝʨʚʘʪʦʨʠʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 40 ʯʝʣʦʚʝʢ, ʠʟ ʥʠʭ 20 

ʯʝʣʦʚʝʢ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ.  

 

5.4. ʂʦʤʧʣʝʢʩʥʘʷ ʤʘʛʥʠʪʥʦ-ʠʦʥʦʩʬʝʨʥʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ  
 

ʂʦʤʧʣʝʢʩʥʘʷ ʤʘʛʥʠʪʥʦ-ʠʦʥʦʩʬʝʨʥʘʷ ʦʙʩʝʨʚʘʪʦ-

ʨʠʷ ʨʘʩʧʦʣʘʛʘʝʪ ʢʦʤʧʣʝʢʩʦʤ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʘʨʘ-

ʤʝʪʨʦʚ ʠʦʥʦʩʬʝʨʳ. ʌʘʢʪʠʯʝʩʢʠ ʦʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʜʚʘ ʥʘʫʯʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʩʪʘʮʠʦʥʘʨʘ, ʥʘʭʦʜʷʱʠʭʩʷ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ (ʧ. ʇʘʪʨʦʥʳ, ʜ. 

ʋʟʫʨ), ʠ ʜʚʝ ʩʪʘʥʮʠʠ ð ʚ ʂʨʘʩʥʦʷʨʩʢʦʤ ʢʨʘʝ (ʛ. ʅʦ-

ʨʠʣʴʩʢ) ʠ ʚ ɹʫʨʷʪʠʠ (ʩ. ʄʦʥʜʳ). ʕʪʠ ʦʙʩʝʨʚʘʪʦʨʠʠ 

ʧʨʦʚʦʜʷʪ ʢʨʫʛʣʦʩʫʪʦʯʥʳʡ ʢʨʫʛʣʦʛʦʜʠʯʥʳʡ ʤʦʥʠʪʦ-

ʨʠʥʛ (ʨʠʩ. 166): 

¶  ʧʘʨʘʤʝʪʨʦʚ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ (ʄʇɿ) ʚ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ; 

¶  ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʦʩʬʝʨʳ ʚ ʩʨʝʜʥʠʭ ʠ ʘʚʨʦʨʘʣʴʥʳʭ ʰʠʨʦʪʘʭ;  

¶  ʧʘʨʘʤʝʪʨʦʚ ʘʪʤʦʩʬʝʨʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ; 

¶  ʧʘʨʘʤʝʪʨʦʚ ʇʕʉ ʧʦ ʜʘʥʥʳʤ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ ʩʧʫʪʥʠʢʦʚ; 

¶  ʧʘʨʘʤʝʪʨʦʚ ʠʥʬʨʘʟʚʫʢʘ; 

¶  ʩʚʝʪʠʤʦʩʪʠ ʥʦʯʥʦʛʦ ʥʝʙʘ ʚ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ; 
¶  ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʘʧʧʘʨʘʪʫʨʘ ɹʅʎ). 

 

ʂʦʦʨʜʠʥʘʪʳ ʦʙʩʝʨʚʘʪʦʨʠʡ 

 ̄ ʆʙʩʝʨʚʘʪʦʨʠʷ ɻʝʦʛʨʘʬʠʯʝʩʢʘʷ  
ʰʠʨʦʪʘ 

ɻʝʦʛʨʘʬʠʯʝʩʢʘʷ  
ʜʦʣʛʦʪʘ 

1 ʄʆ çʀʨʢʫʪʩʢè (ʧ. ʇʘʪʨʦʥʳ) 52Á 09Ë N 104Á
 
28Ë E 

2 ɹʄʊʆ çʋʟʫʨè 53Á
 
19Ë N 107Á

 
44Ë E 

3 ʩʪ. çʊʦʨʳè (ɻʌʆ) 51Á 42Ë N 103Á
 
00Ë E 

4 ʆʈɼɸ (ʋʩʦʣʴʝ-ʉʠʙʠʨʩʢʦʝ) 52Á
 
45Ë N 103Á

 
38Ë E 

5 ʂʄʀʉ (ʅʦʨʠʣʴʩʢ)  69Á
 
21Ë N 88Á

 
21Ë E 

6 ʩʪ. çʀʩʪʦʢè 70Á
 
10Ë N 88Á

 
00Ë E 

7 ʩʪ. çʄʦʥʜʳè (ʉʉʆ) 51Á 37Ë N 100Á
 
54Ë E 

8 ʩʪ. çʃʠʩʪʚʷʥʢʘè (ɹɸʆ) 51Á 51Ë N 104Á
 
52Ë E 
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ʈʠʩ. 166. ʈʘʩʧʦʣʦʞʝʥʠʝ ʦʙʩʝʨʚʘʪʦʨʠʡ, ʧʨʦʠʟʚʦʜʷʱʠʭ ʢʨʫʛʣʦʩʫʪʦʯʥʳʡ ʢʨʫʛʣʦʛʦʜʠʯʥʳʡ ʤʦ-

ʥʠʪʦʨʠʥʛ ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

 

ʄʘʛʥʠʪʥʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ çʀʨʢʫʪʩʢè (ʄʆ çʀʨʢʫʪʩʢè) ð ʦʜʥʘ ʠʟ ʩʪʘʨʝʡʰʠʭ ʚ 

ʈʦʩʩʠʠ, ʦʩʥʦʚʘʥʘ ʚ 1887 ʛ., ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʧ. ʇʘʪʨʦʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 21 ʢʤ ʦʪ ʀʨʢʫʪʩʢʘ. 

ʄʆ çʀʨʢʫʪʩʢè ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ɿʝʤʣʠ (ʄʇɿ) ʧʫʪʝʤ ʥʝʧʨʝʨʳʚʥʦʡ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʢʘʢ ʝʛʦ ʘʙʩʦʣʶʪ-

ʥʳʭ ʟʥʘʯʝʥʠʡ, ʪʘʢ ʠ ʚʘʨʠʘʮʠʡ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 1 ɻʮ. ʆʥʘ ʦʩʥʘʱʝʥʘ ʩʪʘʥ-

ʜʘʨʪʥʳʤʠ ʠ ʫʥʠʢʘʣʴʥʳʤʠ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʦʙʝʩʧʝ-

ʯʠʚʘʪʴ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʧʦ ʛʝʦʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ ʥʘ ʫʨʦʚʥʝ ʤʠʨʦʚʳʭ ʩʪʘʥʜʘʨʪʦʚ. ɸʨʭʠ-

ʚʳ ʦʙʩʝʨʚʘʪʦʨʠʠ ʭʨʘʥʷʪ ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ ʥʘʙʣʶʜʝʥʠʡ ʩ 1887 ʛ.  

ʄʆ çʀʨʢʫʪʩʢè ʩ 1996 ʛ., ʧʝʨʚʘʷ ʚ ʈʦʩʩʠʠ, ʚʢʣʶʯʝʥʘ ʚ ʤʠʨʦʚʫʶ ʩʝʪʴ ʤʘʛʥʠʪʥʳʭ ʦʙ-

ʩʝʨʚʘʪʦʨʠʡ Intermagnet. 

ɺ 2017 ʛ. ʚ ʦʙʩʝʨʚʘʪʦʨʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʥʝʧʨʝʨʳʚʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʚʘʨʠʘʮʠʷʤʠ ʛʝʦ-

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʪʨʝʤʷ ʩʝʨʠʷʤʠ ʤʘʛʥʠʪʦʤʝʪʨʦʚ: 

¶ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʬʝʨʨʦʟʦʥʜʦʚʘʷ ʩʪʘʥʮʠʷ Lemi-018; 

¶ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʩʪʘʥʮʠʷ çʂʚʘʨʮè;  

¶ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʤʘʛʥʠʪʦʚʘʨʠʘʮʠʦʥʥʘʷ ʩʪʘʥʮʠʷ NVS.  

ɽʞʝʜʥʝʚʥʦ ʧʨʦʚʦʜʠʣʠʩʴ ʘʙʩʦʣʶʪʥʳʝ ʠʟʤʝʨʝʥʠʷ:  

¶ ʧʦʣʥʦʛʦ ʚʝʢʪʦʨʘ ʄʇɿ ʧʨʦʪʦʥʥʳʤ ʦʚʝʨʭʘʫʟʝʨʦʚʩʢʠʤ ʤʘʛʥʠʪʦʤʝʪʨʦʤ POS-1; 

¶ ʩʢʣʦʥʝʥʠʷ ʠ ʥʘʢʣʦʥʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʳʩʦʢʦʢʣʘʩʩʥʳʤ ʬʝʨʨʦ-

ʟʦʥʜʦʚʳʤ ʜʝʢʣʠʥʦʤʝʪʨʦʤ-ʠʥʢʣʠʥʦʤʝʪʨʦʤ MAG-001 ʬʠʨʤʳ çɹʘʨʪʠʥʛʪʦʥè (ɸʥʛʣʠʷ) ʥʘ 

ʪʝʦʜʦʣʠʪʝ ʬʠʨʤʳ çʎʝʡʩʩè. 

ɼʘʥʥʳʝ ʚʘʨʠʘʮʠʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʦʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʧʦʣʫʯʝʥʠʷ ʠ ʦʙ-

ʨʘʙʦʪʢʠ: 

1. ʈʝʛʠʩʪʨʘʮʠʷ ʚʘʨʠʘʮʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ 1-ʩʝʢʫʥʜʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ: ʜʣʷ 

ʤʘʛʥʠʪʦʤʝʪʨʦʚ Lemi-018 ʠ POS-1 ð ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ, ʜʣʷ ʢʚʘʨʮʝʚʳʭ ʤʘʛʥʠʪʦʤʝʪʨʦʚ 

çʂʚʘʨʮè ʠ çʄɺʉè ð ʚ ʘʥʘʣʦʛʦʚʦʤ. ʄʘʛʥʠʪʦʤʝʪʨʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ɸʙʩʦʣʶʪʥʦʤ ʠ 

ɺʘʨʠʘʮʠʦʥʥʦʤ ʧʘʚʠʣʴʦʥʘʭ ʥʘ ʫʜʘʣʝʥʠʠ 50 ʠ 100 ʤ ʦʪ ʊʝʭʥʠʯʝʩʢʦʛʦ ʧʘʚʠʣʴʦʥʘ. 

2. ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʚ ʊʝʭʥʠʯʝʩʢʠʡ ʧʘʚʠʣʴʦʥ, ʦʮʠʬʨʦʚʢʘ ʜʘʥʥʳʭ ʢʚʘʨʮʝʚʳʭ 

ʤʘʛʥʠʪʦʤʝʪʨʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʝʨʚʠʯʥʳʭ ʬʘʡʣʦʚ ʩʝʢʫʥʜʥʳʭ ʟʥʘʯʝʥʠʡ. 

3. ʆʙʥʘʨʫʞʝʥʠʝ ʠ ʠʥʪʝʨʧʦʣʷʮʠʷ ʩʙʦʝʚ ʩʝʢʫʥʜʥʳʭ ʜʘʥʥʳʭ. 
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4. ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʜʥʦʤʠʥʫʪʥʳʭ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʬʠʣʴʪʨʘ ɻʘʫʩʩʘ. 

5. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʤʠʥʫʪʥʳʭ ʚʘʨʠʘʮʠʡ ʠ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʘʙʩʦʣʶʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʜʝʢʣʠʥʦʤʝʪʨʝ-ʠʥʢʣʠʥʦʤʝʪʨʝ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʙʘʟʠʩʥʳʭ ʟʥʘʯʝʥʠʡ, ʧʦʣʫʯʝʥʠʝ ʘʙʩʦʣʶʪʥʳʭ ʨʷʜʦʚ ʥʘʙʣʶʜʝʥʠʡ. 

6. ʌʦʨʤʠʨʦʚʘʥʠʝ ʬʘʡʣʦʚ ʜʘʥʥʳʭ ʜʣʷ ʦʪʧʨʘʚʢʠ ʚ Intermagnet (http://www. intermag-

net.org/ TechnicalSoft_e.html) ʠ ʥʘ ftp-ʩʝʨʚʝʨ ʀʉɿʌ ʉʆ ʈɸʅ. 

7. ʆʪʧʨʘʚʢʘ ʬʘʡʣʦʚ ʧʦ ʘʜʨʝʩʫ ftp://ftp.iszf.irk.ru/magnit/tool3/. 

8. ʆʪʧʨʘʚʢʘ ʬʘʡʣʦʚ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ ʆʙʩʝʨʚʘʪʦʨʠʠ patrony@iszf.irk.ru ʥʘ 

ʵʣʝʢʪʨʦʥʥʳʡ ʘʜʨʝʩ ʦʧʝʨʘʪʠʚʥʦʛʦ ʮʝʥʪʨʘ Intermagnet ʚ ʕʜʠʥʙʫʨʛʝ e_gin@mail.nmh.ac.uk. 

ʇʦʣʫʯʝʥʠʝ ʧʨʦʚʝʨʷʝʪʩʷ ʥʘ http://app.geomag.bgs.ac.uk/ ð ʜʦʣʞʝʥ ʧʦʷʚʠʪʴʩʷ ʛʨʘʬʠʢ. 

9. ɺ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʜʘʥʥʳʝ ʠʟ ʧʦʩʣʝʜʥʠʭ ʬʘʡʣʦʚ ʚʳʩʪʘʚʣʷʶʪʩʷ ʥʘ ʩʘʡʪʝ 

ʀʉɿʌ ʉʆ ʈɸʅ http://magnit.iszf.irk.ru/index.php?page=patron1. 
ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʝʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ ʦ ʚʘʨʠʘʮʠʷʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʘʟʨʘʙʦ-

ʪʘʥ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ. ɺ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʚʭʦʜʠʪ ʜʚʘ ʢʦʤʧʴʶʪʝʨʘ ð 
ʢʦʤʧʴʶʪʝʨ ʨʝʛʠʩʪʨʘʮʠʠ (ʂʈ) ʠ ʢʦʤʧʴʶʪʝʨ ʦʙʨʘʙʦʪʢʠ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʂʆʇɼ). ʉʠʛʥʘʣ 
ʩ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʢʚʘʨʮʝʚʳʭ ʤʘʛʥʠʪʦʤʝʪʨʦʚ ʧʦʩʪʫʧʘʝʪ ʥʘ ɸʎʇ ʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʧʨʠ 
ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ GeoMag ʥʘ ʂʈ ʚ 15-ʤʠʥʫʪʥʳʡ ʬʘʡʣ ʩʝʢʫʥʜʥʳʭ ʟʥʘʯʝʥʠʡ. ʂʈ ʠ ʂʆʇɼ 
ʩʦʝʜʠʥʝʥʳ ʣʦʢʘʣʴʥʦʡ ʩʝʪʴʶ, ʘ ʂʆʇɼ ʠʤʝʝʪ ʢʘʥʘʣ ʜʦʩʪʫʧʘ ʚ ʀʥʪʝʨʥʝʪ. ʈʘʟ ʚ 15 ʤʠʥ ʧʨʦ-
ʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘ ʂʆʇɼ ʢʦʧʠʨʫʝʪ ʩʝʢʫʥʜʥʳʡ ʬʘʡʣ ʩ ʂʈ, ʩʛʣʘʞʠʚʘʝʪ ʜʘʥʥʳʝ 
ʬʠʣʴʪʨʦʤ ɻʘʫʩʩʘ ʜʦ ʤʠʥʫʪʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʦʭʨʘʥʷʝʪ ʠʭ ʚ 15-ʤʠʥʫʪʥʳʝ ʬʘʡʣʳ ʤʠʥʫʪʥʳʭ 
ʚʘʨʠʘʮʠʡ. ʆʙʨʘʙʦʪʘʥʥʳʝ ʤʠʥʫʪʥʳʝ ʬʘʡʣʳ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ftp-ʩʝʨʚʝʨ ʀʉɿʌ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚ ʢʦʤʥʘʪʝ 205 ʀʉɿʌ ʉʆ ʈɸʅ ʫʩʪʘʥʦʚʣʝʥ ʩʝʨʚʝʨ ʉʋɹɼ Firebird, ʢʫʜʘ 
ʠʟ ʄʆ çʀʨʢʫʪʩʢè ʪʘʢʞʝ ʧʝʨʝʜʘʶʪʩʷ 15-ʤʠʥʫʪʥʳʝ ʧʦʨʮʠʠ ʤʠʥʫʪʥʳʭ ʜʘʥʥʳʭ. ʊʘʢʠʤ ʦʙʨʘ-
ʟʦʤ, ʚ ʀʥʩʪʠʪʫʪʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʘʨʭʠʚʳ ʦʧʝʨʘʪʠʚʥʳʭ ʤʠʥʫʪʥʳʭ ʜʘʥʥʳʭ ʚ ʚʠʜʝ ʬʘʡʣʦʚ, ʠ 
ʚ ʚʠʜʝ ʉʋɹɼ. 

ʆʧʝʨʘʪʠʚʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʤʦʥʠʪʦʨʠʥʛʘ, ʵʢʩ-
ʧʨʝʩʩ-ʜʠʘʛʥʦʩʪʠʢʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʦʧʝʨʘʪʠʚʥʳʭ ʧʨʦʛʥʦʟʦʚ ʠ ʪ.ʧ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩ 2017 ʛ. 
ʜʘʥʥʳʝ ʦʧʝʨʘʪʠʚʥʦ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʤʦʥʠʪʦʨʝ ʚ ʬʦʡʝ ʀʥʩʪʠʪʫʪʘ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʚ ʄʆ çʀʨʢʫʪʩʢè ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦ-
ʚʘʥʠʡ ʧʦ ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

¶ ʫʪʦʯʥʝʥʠʝ ʠ ʜʝʪʘʣʠʟʘʮʠʷ ʤʦʜʝʣʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʣʝʞʝʥʠʝ ʟʘ 
ʝʛʦ ʚʝʢʦʚʳʤʠ ʚʘʨʠʘʮʠʷʤʠ, ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʝʜʣʝʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ 
ʚʝʣʠʯʠʥʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʟʝʤʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, ʦʪʨʘʞʝʥʠʝʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʝ-
ʨʝʤʝʱʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʧʦʣʶʩʦʚ ɿʝʤʣʠ; 

¶ ʧʨʠʚʷʟʢʘ ʩʧʫʪʥʠʢʦʚʳʭ ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʝʡ ʧʦʩʪʦʷʥʥʦ-
ʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʤʘʛʥʠʪʦʩʬʝʨʳ;  

¶ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦ ʥʘʟʝʤʥʳʤ ʜʘʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʚʦʜʠʤʦ-
ʩʪʠ, ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʧʣʦʪʥʦʩʪʠ ʪʨʝʭʤʝʨʥʳʭ ʪʦʢʦʚ ʚ ʠʦʥʦʩʬʝʨʝ ʠ ʤʘʛʥʠʪʦ-
ʩʬʝʨʝ ɿʝʤʣʠ; 

¶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʨʦʜʳ ʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʙʫʨʴ ʠ ʩʫʙʙʫʨʴ, 
ʠʭ ʧʨʦʷʚʣʝʥʠʡ ʚ ʩʨʝʜʥʝʰʠʨʦʪʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʝ; 

¶ ʦʙʝʩʧʝʯʝʥʠʝ ʬʦʥʦʚʦʡ ʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʦʥʦʩʬʝʨʥʳʭ 
ʧʨʦʮʝʩʩʦʚ ʠ ʫʩʣʦʚʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ; 

¶ ʦʧʝʨʘʪʠʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʧʨʠ ʨʝ-

ʰʝʥʠʠ ʟʘʜʘʯ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ. 
 

ɹʘʡʢʘʣʴʩʢʘʷ ʤʘʛʥʠʪʥʦ-ʪʝʣʣʫʨʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ çʋʟʫʨè (ɹʄʊʆ çʋʟʫʨè) ʨʘʩ-

ʧʦʣʦʞʝʥʘ ʥʘ ʩʝʚʝʨʝ ʦ. ʆʣʴʭʦʥ ʦʟ. ɹʘʡʢʘʣ ʚ 350 ʢʤ ʦʪ ʀʨʢʫʪʩʢʘ. 

ɺ ɹʄʊʆ çʋʟʫʨè ʚ 2017 ʛ. ʧʨʦʚʦʜʠʣʠʩʴ ʥʝʧʨʝʨʳʚʥʳʝ ʢʨʫʛʣʦʩʫʪʦʯʥʳʝ ʢʨʫʛʣʦʛʦʜʠʯ-

ʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʫʥʠʚʝʨ-

ʩʘʣʴʥʦʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʪʘʥʮʠʠ Lemi-418, ʧʦʟʚʦʣʷʶʱʝʡ ʠʟʤʝʨʷʪʴ: 

¶ ʚʘʨʠʘʮʠʠ ʄʇɿ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 0ï1 ɻʮ (ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʡ ʬʝʨʨʦʟʦʥʜ);  
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¶ ʪʨʠ ʢʦʤʧʦʥʝʥʪʳ ʤʘʛʥʠʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʚ ʯʘʩʪʦʪʥʦʤ 
ʜʠʘʧʘʟʦʥʝ 0.001ï200.0 ɻʮ (ʠʥʜʫʢʮʠʦʥʥʳʡ ʥʘʥʦʪʝʩʣʘʤʝʪʨ); 

¶ ʟʝʤʥʳʝ ʪʦʢʠ, ʪʨʠ ʢʦʤʧʦʥʝʥʪʳ (ɽʩ- ,ʁɽʚ-ʟ, ɽʚ) ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 0.001ï200 ɻʮ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ɹʄʊʆ ʫʩʪʘʥʦʚʣʝʥʳ: 

¶ ʧʨʠʝʤʥʠʢ ʩʠʛʥʘʣʦʚ ʩ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚ GPS/GLONAS ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʠ 

ʇʕʉ (ʧʦʣʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ) ʚ ʠʦʥʦʩʬʝʨʝ ʠ ʤʘʛʥʠʪʦʩʬʝʨʝ; 

¶ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʬʣʶʢʩʤʝʪʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ 

ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʘʪʤʦʩʬʝʨʳ ʚ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ ʚʦʟʜʫʭʘ.  

¶ ʧʨʠʝʤʥʠʢ ʩʝʡʩʤʦʩʠʛʥʘʣʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦ-

ʚʦʡ ʟʦʥʝ (ʫʩʪʘʥʦʚʣʝʥ ɹʫʨʷʪʩʢʠʤ ʥʘʫʯʥʳʤ ʮʝʥʪʨʦʤ), ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʙʦʪʘʶʱʠʡ ʚ 

ʰʪʘʪʥʦʤ ʨʝʞʠʤʝ ʥʘʙʣʶʜʝʥʠʡ. 

ɼʘʥʥʳʝ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʝʞʝʜʥʝʚʥʦ ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʢʘʥʘʣʘʤ ʀʥʪʝʨʥʝʪʘ ʚ ʀʥʩʪʠʪʫʪ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʠ ʧʨʠʢʣʘʜʥʦʛʦ ʭʘʨʘʢʪʝʨʦʚ.  

ʅʝʧʨʝʨʳʚʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʚ ɹʄʊʆ ʟʘ ʛʝʦʤʘʛʥʠʪʥʳʤʠ ʧʫʣʴʩʘʮʠʷʤʠ ʚʝʜʫʪʩʷ ʩ 1967 ʛ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ ʟʘ 51 ʛʦʜ, ʘ ʟʘ ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ 5 ʣʝʪ ð 

ʬʨʘʛʤʝʥʪʘʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʨʝʛʠʩʪʨʘʮʠʠ. ɺ ʘʨʭʠʚʝ ʜʘʥʥʳʭ ʠʤʝʶʪʩʷ ʫʥʠʢʘʣʴʥʳʝ ʤʘʪʝʨʠʘ-

ʣʳ ʩʠʥʭʨʦʥʥʳʭ ʟʘʧʠʩʝʡ ʰʝʩʪʠ ʢʦʤʧʦʥʝʥʪ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʳ-

ʧʦʣʥʝʥʥʳʝ ʚʦ ʚʨʝʤʷ ʩʧʝʮʠʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʣʴʜʫ ʦʟ. ɹʘʡʢʘʣ.  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʝʝ. ʕʪʦʪ ʩʪʘʮʠʦʥʘʨ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʧʦʚʳʰʝʥʥʦʡ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚʜʘʣʠ ʦʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʜʘʶʱʠʭ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʳʝ ʧʦʤʝʭʠ ʧʨʠ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠ ʧʨʝʮʠʟʠʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʷʭ ʟʘ ʢʦʤʧʣʝʢʩʦʤ 

ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ʊʘʢʠʝ ʫʩʣʦʚʠʷ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʫʥʠʢʘʣʴʥʳʝ ʚʳʩʦʢʦʪʦʯ-

ʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʨʝʛʠʩʪʨʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʘʯʠʥʘʷ ʩ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ɿʝʤʣʠ ʠ ʚʧʣʦʪʴ ʜʦ ʦʨʙʠʪʳ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ ʩʧʫʪʥʠʢʦʚ. 

ʄʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʘʝʤʳʝ ʚ ʵʪʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʨʝʰʝʥʠʷ ʮʝʣʦʛʦ ʨʷʜʘ ʚʘʞʥʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʯʥʳʭ ʟʘʜʘʯ, ʚ ʪʦʤ ʯʠʩʣʝ: 

¶ ʠʟʫʯʝʥʠʝ ʨʝʟʦʥʘʥʩʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʘʛʥʠʪʦʩʬʝʨʳ, ʥʘʟʝʤʥʘʷ ʣʦʢʘʮʠʷ ʧʦ ʜʘʥʥʳʤ 
ʦʜʥʦʡ ʩʪʘʥʮʠʠ ʧʦʣʦʞʝʥʠʷ ʨʝʟʦʥʘʥʩʥʦʡ ʤʘʛʥʠʪʥʦʡ ʦʙʦʣʦʯʢʠ; 

¶ ʧʦʠʩʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ; 

¶ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʤʠʩʷ ʚ ʠʦʥʦʩʬʝʨʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʩʠʛʥʘʣʘ-

ʤʠ, ʚʳʟʚʘʥʥʳʤʠ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʠʦʥʦʩʬʝʨʫ ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ʠ ʣʠʪʦʩʬʝʨʝ; 

¶ ʨʝʛʠʩʪʨʘʮʠʷ ʩʣʘʙʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʤʠʢʨʦ- ʠ ʤʘʢ-

ʨʦʧʨʦʮʝʩʩʘʤʠ ʥʘ ʛʨʘʥʠʮʝ ʤʘʛʥʠʪʦʩʬʝʨʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʝʝ ʩ ʩʦʣʥʝʯʥʳʤ ʚʝʪʨʦʤ; 

¶ ʨʝʛʠʩʪʨʘʮʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠ ʪʝʭʥʦʛʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʤʘʛʥʠ-

ʪʦʩʬʝʨʫ ʠ ʠʦʥʦʩʬʝʨʫ. 

ʈʘʙʦʪʘ ʪʘʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ɹʄʊʆ çʋʟʫʨè ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʦ-

ʚʦʤ ʩʦʚʨʝʤʝʥʥʦʤ ʚʠʪʢʝ ʚ ʨʘʟʚʠʪʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʥʘʙʣʶʜʝ-

ʥʠʡ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʀʉɿʌ ʉʆ ʈɸʅ, ʥʦ ʠ ʜʣʷ ʤʥʦʛʠʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʠʥ-

ʩʪʠʪʫʪʦʚ ʠ ʜʨʫʛʠʭ ʚʝʜʦʤʩʪʚ.  

 

ʇʫʥʢʪ çʄʦʥʜʳè (51.62Á N; 100.92Á E.) ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʉʆ. 

ɺ çʄʦʥʜʘʭè ʫʩʪʘʥʦʚʣʝʥ ʠ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩʦʚʨʝʤʝʥʥʳʡ ʮʠʬʨʦʚʦʡ ʠʥʜʫʢʮʠʦʥʥʳʡ 

ʥʘʥʦʪʝʩʣʘʤʝʪʨ Lemi-30, ʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦʜʠʪ ʨʝʛʠʩʪʨʘʮʠʶ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʚ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 0ï30 ɻʮ (ʅʚ-ʟ ʠ ʅʩ- )ʁ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʦʪ ʧʨʠʙʦʨ ʨʘʙʦʪʘʝʪ ʚ ʢʨʫʛʣʦ-

ʩʫʪʦʯʥʦʤ ʨʝʞʠʤʝ.  

ɺ ʧʫʥʢʪʝ çʄʦʥʜʳè ʫʩʪʘʥʦʚʣʝʥ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʬʣʶʢʩʤʝʪʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʘʪʤʦʩʬʝʨʳ ʚ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ 

ʚʦʟʜʫʭʘ. 

ɼʣʷ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ ʩʦ ʩʧʫʪʥʠʢʦʚ GPS/ɻʃʆʅɸʉʉ ʚ çʄʦʥʜʘʭè ʫʩʪʘʥʦʚʣʝʥ ʜʚʫʭ-

ʯʘʩʪʦʪʥʳʡ ʧʨʠʝʤʥʠʢ Javad Delta-G3T, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʤʧʣʠʪʫʜ-

ʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʇʨʠʝʤʥʠʢ ʨʘʙʦʪʘʝʪ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʘʥʪʝʥʥʦʡ RingAnt-G3T. ɼʣʷ ʤʦʥ-

ʪʘʞʘ ʘʥʪʝʥʥʳ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʜʚʫʭʧʣʘʩʪʠʥʥʘʷ 
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ʢʦʥʩʪʨʫʢʮʠʷ, ʘʥʘʣʦʛʠʯʥʘʷ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʚ ʜʨʫʛʠʭ ʦʙʩʝʨʚʘʪʦʨʠʷʭ ʀʉɿʌ ʉʆ ʈɸʅ 

(ʋʩʦʣʴʝ, ʃʠʩʪʚʷʥʢʘ, ʊʦʨʳ, ʇʘʪʨʦʥʳ). 

ʇʨʠʝʤʥʠʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʜʦʚʳʝ, ʬʘʟʦʚʳʝ ʠ ʘʤʧʣʠʪʫʜʥʳʝ ʠʟʤʝʨʝʥʠʷ ʥʘ ʯʘʩʪʦʪʘʭ L1 

ʠ L2 ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦ ʚʩʝʤ ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʟʦʥʝ ʚʠʜʠʤʦʩʪʠ ʩʧʫʪʥʠʢʘʤ GPS, ɻʃʆʅɸʉʉ, 

GALILEO. ɼʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʧʦʩʪʫʧʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʫʧʨʘʚʣʷʶʱʠʡ ʢʦʤʧʴʶʪʝʨ, 

ʛʜʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʭ ʟʘʧʠʩʴ ʠ ʚʨʝʤʝʥʥʦʝ ʭʨʘʥʝʥʠʝ. ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʠʟ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʢʦʤʧʴʶʪʝʨʘ ʚ ʮʝʥʪʨ ʩʙʦʨʘ ʜʘʥʥʳʭ ʚ ʀʉɿʌ ʉʆ ʈɸʅ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʢʫʨʴʝʨʦʤ.  

ʄʦʥʠʪʦʨʠʥʛ ʧʘʨʘʤʝʪʨʦʚ ʘʪʤʦʩʬʝʨʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ  

ʄʦʥʠʪʦʨʠʥʛ ʧʘʨʘʤʝʪʨʦʚ ʘʪʤʦʩʬʝʨʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʨʘʟʨʘʙʦ-

ʪʘʥʥʦʤ ʚ ʀʥʩʪʠʪʫʪʝ ʠ ʟʜʝʩʴ ʞʝ ʠʟʛʦʪʦʚʣʝʥʥʦʤ ʬʣʶʢʩʤʝʪʨʝ. ʉʝʪʴ ʪʘʢʠʭ ʧʨʠʙʦʨʦʚ ʫʩʪʘʥʦʚ-

ʣʝʥʘ ʠ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʦʙʩʝʨʚʘʪʦʨʠʷʭ ʀʥʩʪʠʪʫʪʘ: ʄʆ çʀʨʢʫʪʩʢè, ɹʄʊʆ çʋʟʫʨè, ɻʌʆ, 

ʉʉʆ. ʕʪʦʪ ʧʨʠʙʦʨ ʧʨʦʠʟʚʦʜʠʪ ʤʦʥʠʪʦʨʠʥʛ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ 

ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ ʘʪʤʦʩʬʝʨʝ 

ʅʝʧʨʝʨʳʚʥʳʡ ʢʨʫʛʣʦʛʦʜʠʯʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʚʘʨʠʘʮʠʡ ʧʦʣʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨ-

ʞʘʥʠʷ ʧʦ ʜʘʥʥʳʤ ʩʝʪʠ ʨʘʟʥʝʩʝʥʥʳʭ ʧʨʠʝʤʥʠʢʦʚ ʩʠʛʥʘʣʦʚ ɻʅʉʉ-ʩʠʩʪʝʤ 

ʇʦʣʥʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʜʘʥʥʳʤ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ ʩʧʫʪʥʠʢʦʚ 

GPS/ɻʃʆʅɸʉʉ. ʈʘʟʚʝʨʪʳʚʘʝʤʘʷ ʚ ʀʉɿʌ ʉʆ ʈɸʅ ʩʝʪʴ ɻʅʉʉ-ʧʨʠʝʤʥʠʢʦʚ ʥʘ ʪʝʢʫʱʠʡ 

ʤʦʤʝʥʪ ʥʘʩʯʠʪʳʚʘʝʪ ʜʝʚʷʪʴ ʩʪʘʥʮʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʦʣʠʛʦʥʘʭ ʀʥʩʪʠʪʫʪʘ (ʀʨʢʫʪʩʢ, 

ʋʩʦʣʴʝ-ʉʠʙʠʨʩʢʦʝ, ʃʠʩʪʚʷʥʢʘ, ʋʟʫʨ, ʊʦʨʳ, ʄʦʥʜʳ, ʉʘʨʤʘ, ʄʘʢʩʠʤʠʭʘ, ʅʦʨʠʣʴʩʢ, ʀʩʪʦʢ). 

ʆʩʥʦʚʫ ʩʪʘʥʮʠʡ ɻʅʉʉ-ʥʘʙʣʶʜʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʧʨʠʝʤʥʠʢʠ ʬʠʨʤʳ Javad, ʧʦʟʚʦʣʷʶʱʠʝ 

ʚʝʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʩʦ ʩʢʚʘʞʥʦʩʪʴʶ ʜʦ 50 ɻʮ, ʦʜʥʘʢʦ ʧʘʨʘʤʝʪʨʳ ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʦʛʨʘʥʠʯʠʚʘʶʪ ʯʘʩʪʦʪʫ ʥʘʙʣʶʜʝʥʠʡ ʜʦ 1 ɻʮ. ʊʠʧʠʯʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʚ ʤʠʨʦʚʦʡ 

ʧʨʘʢʪʠʢʝ ʩʦʩʪʘʚʣʷʝʪ 30 ʩ, ʧʦʵʪʦʤʫ ʧʦʣʫʯʘʝʤʳʝ ʥʘʤʠ ʜʘʥʥʳʝ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʠ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʩʪʨʫʢʪʫʨ ʚ 

ʠʦʥʦʩʬʝʨʝ. ʇʨʠʝʤʥʠʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʦʜʦʚʳʝ, ʬʘʟʦʚʳʝ ʠ ʘʤʧʣʠʪʫʜʥʳʝ ʠʟʤʝʨʝʥʠʷ ʥʘ ʯʘ-

ʩʪʦʪʘʭ L1 ʠ L2 ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦ ʚʩʝʤ ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʟʦʥʝ ʚʠʜʠʤʦʩʪʠ ʩʧʫʪʥʠʢʘʤ GPS, 

ɻʃʆʅɸʉʉ, GALILEO. ɼʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʧʦʩʪʫʧʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʫʧʨʘʚʣʷʶʱʠʡ 

ʢʦʤʧʴʶʪʝʨ, ʛʜʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʭ ʟʘʧʠʩʴ ʠ ʚʨʝʤʝʥʥʦʝ ʭʨʘʥʝʥʠʝ. ʇʦʩʣʝ ʤʠʥʠʤʘʣʴʥʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʠ ʩʞʘʪʠʷ ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʩʦ ʩʪʘʥʮʠʡ ʥʘ ʩʝʨʚʝʨ ʚ ʀʉɿʌ ʉʆ ʈɸʅ, ʛʜʝ ʭʨʘʥʷʪʩʷ ʠ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʩʦʪʨʫʜʥʠʢʘʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʈʝʛʠʩʪʨʘʮʠʷ ʠʥʬʨʘʟʚʫʢʘ 

ʈʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʘ ʬʘʡʣʦʚʦʛʦ ʭʨʘʥʝʥʠʷ ʠʥʬʨʘʟʚʫʢʦʚʳʭ ʜʘʥʥʳʭ ʚ ʚʠʜʝ ʥʝʢʦʪʦ-

ʨʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʛʦʜʘʤ ʠ ʜʘʪʝ ʟʘʧʠʩʠ. ʉʪʨʫʢʪʫʨʘ ʠ ʩʦʩʪʘʚ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʠʩʭʦʜʷ ʠʟ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʜʚʠʞʫʱʝʡʩʷ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʨʪʠʥʳ ʥʘʜ ʧʦʚʝʨʭʥʦ-

ʩʪʴʶ ɿʝʤʣʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 3-ʵʣʝʤʝʥʪʥʳʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨ. 

ʀʥʬʨʘʟʚʫʢʦʚʘʷ ʩʪʘʥʮʠʷ ʀʉɿʌ ʉʆ ʈɸʅ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠʥʬʨʘʟʚʫ-

ʢʦʚʳʭ ʩʠʛʥʘʣʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʨʘʩʧʦʣʦʞʝʥʘ ʚ 150 ʢʤ ʦʪ ʛ. ʀʨʢʫʪʩʢʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɻʝʦʬʠ-

ʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ (ʊʦʨʳ) ʀʉɿʌ ʉʆ ʈɸʅ (51Á 42Ë N; 103Á E). ʉʪʘʥʮʠʷ ʦʩʥʘʱʝʥʘ ʠʥ-

ʬʨʘʟʚʫʢʦʚʦʡ ʘʧʧʘʨʘʪʫʨʦʡ ʀʉɿʌ ʉʆ ʈɸʅ, ʢʦʪʦʨʘʷ ʫʩʪʘʥʦʚʣʝʥʘ ʚ ʪʨʝʭ ʚʳʥʦʩʥʳʭ ʧʘʚʠʣʦɹ-

ʥʘʭ ʩ ʘʧʝʨʪʫʨʦʡ 500 ʤ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢʘʤʠ ʠʥʬʨʘʟʚʫʢʦʚʳʭ ʤʠʢʨʦʙʘʨʦʛʨʘʬʦʚ, ʨʘʟʨʘ-

ʙʦʪʘʥʥʳʭ ʚ ʀʉɿʌ ʉʆ ʈɸʅ, ʫʩʪʨʦʡʩʪʚʦʤ ʢʘʣʠʙʨʦʚʢʠ ʧʠʩʪʦʥʬʦʥʥʦʛʦ ʪʠʧʘ ʠ ʩʠʩʪʝʤʦʡ 

ʰʫʤʦʧʦʜʘʚʣʝʥʠʷ ʚ ʚʠʜʝ 2-ʜʶʡʤʦʚʦʡ ʪʨʫʙʥʦʡ ʣʠʥʠʠ ʜʣʠʥʦʡ 60 ʤ ʩ 20 ʚʭʦʜʥʳʤʠ ʢʘʧʠʣʣʷ-

ʨʘʤʠ. ʀʥʬʨʘʟʚʫʢʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜʘʝʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʳʡ ʧʫʥʢʪ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ. ʈʝʛʠʩʪʨʠʨʫʶʱʘʷ ʯʘʩʪʴ ʩʦʧʨʷʞʝʥʘ ʩ 12-ʨʘʟʨʷʜʥʳʤ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʳʤ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʬʨʘʟʚʫ-

ʢʦʚʳʭ ʤʠʢʨʦʙʘʨʦʛʨʘʬʦʚ ʩ ʫʩʠʣʠʪʝʣʝʤ ʩʣʝʜʫʶʱʠʝ: ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ 80 ʜɹ; ʧʦʣʦʩʘ 

ʯʘʩʪʦʪ 0.02ï1 ɻʮ; ʩʦʙʩʪʚʝʥʥʳʡ ʰʫʤ 0.01 ʤʢʙʘʨ; ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 0.05 ɺ/ʤʢʙʘʨ. 

 

ʀʦʥʦʩʬʝʨʥʘʷ ʩʪʘʥʮʠʷ çʀʨʢʫʪʩʢè 

ɺ ʀʉɿʌ ʉʆ ʈɸʅ ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʠʦʥʦʩʬʝʨʳ ʚʝʜʝʪʩʷ ʩ ʧʦʤʦ-

ʱʴʶ ʮʠʬʨʦʚʳʭ ʠʦʥʦʟʦʥʜʦʚ DPS-4, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʅʦʨʠʣʴʩʢʝ (69Á 21ǋ N; 88Á 21ǋ E) ʠ 

ʀʨʢʫʪʩʢʝ (52Á 09ǋ N; 104Á 28ǋ E). 
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ʀʦʥʦʟʦʥʜ DPS-4 ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʩʨʝʜʩʪʚ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʦʩʥʦʚʥʦʛʦ ʙʣʦʢʘ, ʤʦʥʠʪʦʨʘ, ʜʚʫʭ 

ʧʝʨʝʜʘʶʱʠʭ ʘʥʪʝʥʥ, ʯʝʪʳʨʝʭ ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥ ʩ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʤʠ ʢʣʶʯʘʤʠ, GPS-

ʧʨʠʝʤʥʠʢʘ ʠ ʙʣʦʢʘ ʙʘʪʘʨʝʡ ʨʝʟʝʨʚʥʦʛʦ ʧʠʪʘʥʠʷ. ʕʪʘ ʩʪʘʥʮʠʷ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ: ʘʤʧʣʠ-

ʪʫʜʫ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 3/4 ʜɹ), ʬʘʟʫ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 2 p/256 ʨʘʜ), ʟʘ-

ʜʝʨʞʢʫ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 16.66 ʤʢʩ), ʜʦʧʣʝʨʦʚʩʢʠʡ ʩʜʚʠʛ ʯʘʩʪʦʪʳ (ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ 0.024 ɻʮ), ʚʝʨʪʠʢʘʣʴʥʳʡ ʫʛʦʣ ʧʨʠʭʦʜʘ, ʘʟʠʤʫʪʘʣʴʥʳʡ ʫʛʦʣ ʧʨʠʭʦʜʘ ʩʠʛʥʘʣʘ. 

ɼʠʘʛʥʦʩʪʠʢʘ ʠʦʥʦʩʬʝʨʳ ʩʦʩʪʦʠʪ ʠʟ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʬʠʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʠ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʨʝʡʬʘ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʬʠʣʷ 

ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʠʦʥʦʛʨʘʤʤ. ʀʟʤʝʨʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʜʨʝʡʬʘ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ ʦʩʥʦʚʘʥʦ ʥʘ ʠʟʤʝʨʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʦʚ, 

ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʠʦʥʦʩʬʝʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. 

ʂʦʤʧʣʝʢʩʥʘʷ ʤʘʛʥʠʪʥʦ-ʠʦʥʦʩʬʝʨʥʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ ʚʝʜʝʪ ʥʝʧʨʝʨʳʚʥʫʶ ʢʨʫʛʣʦʛʦ-

ʜʠʯʥʫʶ ʢʨʫʛʣʦʩʫʪʦʯʥʫʶ ʨʝʛʠʩʪʨʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ ʄʇɿ ʠ ʝʛʦ ʢʦʣʝʙʘʥʠʡ ʚʦ ʚʩʝʤ ʜʠʘʧʘ-

ʟʦʥʝ ʯʘʩʪʦʪ, ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʠʦʥʦʩʬʝʨʳ ð ʢʘʢ ʚ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ, ʪʘʢ ʠ ʚ ʘʚʨʦ-

ʨʘʣʴʥʦʡ ʟʦʥʝ. ʕʪʠ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʦʛʨʘʤʤ ʠ ʧʨʦʝʢʪʦʚ, ʚʝʜʫʱʠʭʩʷ 

ʚ ʀʥʩʪʠʪʫʪʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʧʨʦʛʨʘʤʤ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʧʨʦʮʝʩʩʦʚ ʚ ʩʦʣʥʝʯʥʦ-ʤʘʛʥʠʪʦʩʬʝʨʥʦ-ʘʪʤʦʩʬʝʨʥʦʡ ʩʠʩʪʝʤʝ, ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʨʦʛʥʦʟʘ 

ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ. ʀʥʬʦʨʤʘʮʠʷ ʦʙʩʝʨʚʘʪʦʨʠʠ ʧʝʨʝʜʘʝʪʩʷ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠ ʤʝʞʜʫʥʘ-

ʨʦʜʥʳʝ ʮʝʥʪʨʳ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʤʝʥʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʚʳʩʪʘʚʣʷʶʪʩʷ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʥʘ ʜʦʤʘʰʥʝʡ ʠʥʪʝʨʥʝʪ-

ʩʪʨʘʥʠʮʝ ʀʉɿʌ www.iszf.irk.ru ʠ ʥʘ ʩʘʡʪʘʭ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʥʪʨʦʚ 

(ʀɿʄʀʈɸʅ ð www.izmiran.rssi.ru, ɸɸʅʀʀ ð www.aari.nw.ru, Intermagnet ð 

www.intermagnet.ru , ʊʦʢʠʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ð http://hpep3.eps.s.u-tokyo.ac.jp ʠ ʜʨʫʛʠʭ).  

ɺ 2017 ʛ. ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʚʠʜʳ ʥʘʙʣʶʜʝʥʠʡ ʚʝʣʠʩʴ ʚ ʨʘʤʢʘʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʤʝʞ-

ʜʫʥʘʨʦʜʥʳʭ ʧʨʦʛʨʘʤʤ, ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʦʙʩʝʨʚʘʪʦʨʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʚʳʧʦʣʥʷʣʩʷ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ: 

¶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ 
ʝʝ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ;  

¶ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʝʡ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʦʪ ʩʦʣʥʝʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʤʘʛʥʠʪʦʩʬʝʨʫ ʠ 

ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʠ; 

¶ ʠʟʫʯʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʉʦʣʥʮʘ ʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʥʘ ʟʝʤʥʦʡ 
ʢʣʠʤʘʪ ʠ ʤʝʪʝʦʫʩʣʦʚʠʷ; 

¶ ʚʳʷʚʣʝʥʠʷ ʠ ʫʪʦʯʥʝʥʠʷ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʪʨʝʥʜʦʚ ʠ ʪʝʥʜʝʥʮʠʡ ʚ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ 

ʧʨʦʮʝʩʩʘʭ (ʧʫʪʝʤ ʧʦʧʦʣʥʝʥʠʷ ʤʥʦʛʦʣʝʪʥʠʭ ʨʷʜʦʚ ʥʘʙʣʶʜʝʥʠʡ). 

ɺʩʝʛʦ ʚ 2017 ʛ. ʥʘ ʩʪʘʮʠʦʥʘʨʘʭ ʢʦʤʧʣʝʢʩʥʦʡ ʤʘʛʥʠʪʥʦ-ʠʦʥʦʩʬʝʨʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ 

ʀʉɿʌ ʉʆ ʈɸʅ ʨʘʙʦʪʘʣʦ 18 ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʀʥʩʪʠʪʫʪʘ, 10 ʩʦʪʨʫʜʥʠʢʦʚ ʜʨʫʛʠʭ ʠʥ-

ʩʪʠʪʫʪʦʚ, 5 ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʉʆ ʈɸʅ, 3 ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʨʘʟʣʠʯʥʳʭ ʚʫʟʦʚ (ɹʫʨʷʪʩʢʠʡ ʛʦʩ-

ʫʥʠʚʝʨʩʠʪʝʪ, ɹʘʡʢʘʣʴʩʢʠʡ ʛʦʩʫʥʠʚʝʨʩʠʪʝʪ ʵʢʦʥʦʤʠʢʠ ʠ ʧʨʘʚʘ, ʅʘʮʠʦʥʘʣʴʥʳʡ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʨʢʫʪʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ. ʅʘ ʙʘʟʝ ʤʘʛʥʠʪʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ çʀʨʢʫʪʩʢè (ʧ. ʇʘʪʨʦʥʳ) 

ʧʨʦʚʦʜʠʣʦʩʴ ʦʙʫʯʝʥʠʝ ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʘʛʠʩʪʨʘʥʪʦʚ ʀʥʩʪʠʪʫʪʘ ʧʦ ʪʝʤʝ çʇʦʩʪʦʷʥʥʦʝ ʤʘʛ-

ʥʠʪʥʦʝ ʧʦʣʝ ɿʝʤʣʠè (12 ʯʝʣʦʚʝʢ). 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʧʨʠʚʝʜʝʤ ʬʨʘʛʤʝʥʪʳ ʤʘʪʝʨʠʘʣʦʚ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʩʪʘʮʠʦʥʘʨʘʭ ʂʄʀʆ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʉʠʥʭʨʦʥʥʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʥʘ ʘʚʨʦʨʘʣʴʥʦʡ ʩʪʘʥʮʠʠ çʀʩʪʦʢè ʠ 

ʩʨʝʜʥʝʰʠʨʦʪʥʳʭ ʩʪʘʥʮʠʷʭ çʋʟʫʨè ʠ çʄʦʥʜʳè ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʦʟʤʫʱʝʥʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʘʚʨʦʨʘʣʴʥʳʭ ʠ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ (ʨʠʩ. 167). 

ʆʪʣʠʯʥʦ ʚʠʜʥʦ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ʥʘ ʨʠʩ. 167 ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʝ ʩʧʝʢʪʨʳ 

(ʣʝʚʘʷ ʯʘʩʪʴ ʩʣʘʡʜʘ). 

ʆʯʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʛʝʥʝʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʩʠʥʭʨʦʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʠ ʩʠʷʥʠʡ ʚ ʨʘʟ-
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ʣʠʯʥʳʭ ʣʠʥʠʷʭ ʩʧʝʢʪʨʘ (ʨʠʩ. 168), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʩʩʣʝʜʦʚʘʪʴ ʩʚʷʟʴ ʦʪʜʝʣʴʥʳʭ ʪʠʧʦʚ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʩ ʵʥʝʨʛʠʝʡ ʦʩʘʞʜʘʶʱʠʭʩʷ ʯʘʩʪʠʮ. ʇʦʷʚʣʝʥʠʝ ʚʩʧʣʝʩʢʦʚ ʚ ʛʝʦʤʘʛ-

ʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʷʭ ʩʦʚʧʘʜʘʝʪ ʩ ʧʠʢʘʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʨʘʟʥʳʭ ʜʣʠʥʘʭ ʚʦʣʥ. ʕʪʦ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦ ʨʘʟʣʠʯʥʦʡ ʵʥʝʨʛʠʠ ʦʩʘʞʜʘʶʱʠʭʩʷ ʚ ʘʪʤʦʩʬʝʨʝ ʯʘʩʪʠʮ ʧʦʣʷʨʥʳʭ ʩʠʷʥʠʡ. 

 

ʈʠʩ. 167. ɼʠʥʘʤʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʧʦ ʜʘʥʥʳʤ ʩʪ. çʀʩʪʦʢè ʠ çʄʦʥ-

ʜʳè: ʩʣʝʚʘ ð ʩʧʝʢʪʨʦʛʨʘʤʤʳ ʜʣʷ ʚʦʟʤʫʱʝʥʥʦʛʦ ʧʝʨʠʦʜʘ 14.04.2016; ʩʧʨʘʚʘ ð ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʩʧʝʢʪʨʳ ʚʩʧʣʝʩʢʘ ʧʫʣʴʩʘʮʠʡ, ʥʘʙʣʶʜʘʝʤʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʩʪ. çʀʩʪʦʢè ʠ ʚ çʄʦʥʜʳè ʠ ʨʘʩʩʯʠ-

ʪʘʥʥʳʭ ʧʦ ʧʨʦʛʨʘʤʤʝ SVAN (ʩʧʝʢʪʨʘʣʴʥʳʡ ʠ ʚʨʝʤʝʥʥʦʡ ʘʥʘʣʠʟ)  

 

ʈʠʩ. 168. ʈʝʛʠʩʪʨʘʮʠʷ ʩʠʥʭʨʦʥʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʩʪ. çʀʩʪʦʢè: a ð ʠʟʦʙʨʘʞʝʥʠʷ ʩʠʷʥʠʡ 

ʰʠʨʦʢʦʫʛʦʣʴʥʦʡ ʢʘʤʝʨʦʡ; b ð ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʷʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʜʣʠʥʘʭ ʚʦʣʥ (ʩʧʝʢʪʨʦʤʝʪʨ 

Shamrock-303i); c ð ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʘʨʠʘʮʠʡ; d ð ʅ-ʢʦʤʧʦʥʝʥʪʘ ʤʘʛʥʠʪʦ-

ʛʨʘʤʤʳ (ʅʦʨʠʣʴʩʢ) 
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5.5. ʅʦʨʠʣʴʩʢʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʤʘʛʥʠʪʥʦ-ʠʦʥʦʩʬʝʨʥʘʷ ʩʪʘʥʮʠʷ 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʅʦʨʠʣʴʩʢʦʡ ʂʄʀʉ ʷʚʣʷʝʪʩʷ ʧʨʦ-

ʚʝʜʝʥʠʝ ʨʝʛʫʣʷʨʥʳʭ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ 

ʢʦʤʧʣʝʢʩʝ ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʭ, ʢʦʩʤʦ-

ʬʠʟʠʯʝʩʢʠʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦ ʧʨʦʛʨʘʤʤʘʤ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʆ ʈɸʅ, ʇʨʝʟʠʜʠʫʤʘ 

ʈɸʅ, ʘ ʪʘʢʞʝ ʚ ʨʘʤʢʘʭ ʩʦʚʤʝʩʪʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʈɸʅ, ʄʠʥʦʙʨʥʘʫʢʠ, ʈʦʩʢʦʩʤʦʩʘ ʠ ʤʝʞ-

ʜʫʥʘʨʦʜʥʳʭ ʧʨʦʝʢʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʭ ʚʳʩʦʢʦʰʠʨʦʪʥʦʡ ʠʦʥʦʩʬʝʨʳ ʠ ʤʘʛʥʠʪʦʩʬʝʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʫʪʦʯʥʝʥʠʠ ʠ ʧʦ-

ʩʪʨʦʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʩ ʟʝʤʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʦʡ ʠ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ 

ʚʥʫʪʨʠʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʠ ʠʦʥʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʫ ʢʦʩ-

ʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʠ ʥʘ ʢʘʯʝʩʪʚʦ ʢʦʩʤʠʯʝʩʢʠʭ ʠ ʠʦʥʦʩʬʝʨʥʳʭ ʨʘʜʠʦʢʘʥʘʣʦʚ.  
ʅʘ ʂʄʀʉ ʚʳʧʦʣʥʷʶʪʩʷ: 

¶ ʥʘʙʣʶʜʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʘʣʝʨʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚʦ ʚʨʝʤʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʦʙʳ-
ʪʠʡ ʥʘ ʉʦʣʥʮʝ, ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ʠ ʥʠʞʥʠʭ ʩʣʦʷʭ ʘʪʤʦʩʬʝʨʳ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ 
ʥʘ ʩʘʡʪʳ ʀʥʩʪʠʪʫʪʘ ʠ ʦʙʩʝʨʚʘʪʦʨʠʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʫʛʠʤʠ ʠʥʩʪʠʪʫʪʘʤʠ ʠ ʦʨʛʘʥʠʟʘ-
ʮʠʷʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʚ ʦʙʣʘʩʪʠ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʦʡ ʬʠʟʠʢʠ; 

¶ ʩʧʝʮʠʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʢʘʟʦʚ ʠ ʜʦʛʦʚʦʨʦʚ ʚ ʠʥʪʝʨʝʩʘʭ ʨʘʟʣʠʯ-
ʥʳʭ ʚʝʜʦʤʩʪʚ. 

ʅʘ ʅʦʨʠʣʴʩʢʦʡ ʂʄʀʉ ʭʨʘʥʠʪʩʷ ʚ ʘʨʭʠʚʝ ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ ʜʘʥʥʳʭ ʩ 1964 ʛ. ʠ ʚ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʜʦʣʞʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʡ ʢʨʫʛʣʦʩʫʪʦʯʥʳʡ ʢʨʫʛʣʦʛʦʜʠʯʥʳʡ ʤʦʥʠʪʦ-
ʨʠʥʛ ʩʣʝʜʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: 

¶ ʚʘʨʠʘʮʠʡ ʄʇɿ; 

¶ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʄʇɿ; 

¶ ʧʘʨʘʤʝʪʨʦʚ ʠʥʬʨʘʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʛʝʦʤʘʛʥʠʪʥʳʝ 
ʧʫʣʴʩʘʮʠʠ); 

¶ ʚʘʨʠʘʮʠʡ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ; 

¶ ʚʘʨʠʘʮʠʡ ʧʦʛʣʦʱʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʨʘʜʠʦʰʫʤʘ ʚ D-ʦʙʣʘʩʪʠ ʠʦʥʦʩʬʝʨʳ. 
ʂʨʦʤʝ ʪʦʛʦ, ʚʝʜʫʪʩʷ: 
ɺʝʨʪʠʢʘʣʴʥʦʝ ʠ ʥʘʢʣʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʠʦʥʦʩʬʝʨʳ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ: 

¶ ʚʳʩʦʪʥʦ-ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʦʥʦʩʬʝʨʳ; 

¶ ʠʦʥʦʛʨʘʤʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʯʝʪʦʤ ʧʨʦʬʠʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. 
ʈʝʛʠʩʪʨʘʮʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʠ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʣʫʯʝʡ. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʅʦʨʠʣʴʩʢʦʡ ʂʄʀʉ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩʣʝʜʫʶʱʠʡ ʢʦʤʧʣʝʢʩ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ: 

¶ ɼʚʝ ʜʫʙʣʠʨʫʶʱʠʝ ʤʘʛʥʠʪʦʚʘʨʠʘʮʠʦʥʥʳʝ ʩʪʘʥʮʠʠ:  
ï ʮʠʬʨʦʚʘʷ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʬʝʨʨʦʟʦʥʜʦʚʘʷ ʩʪʘʥʮʠʷ Lemi-008;  
ï ʘʥʘʣʦʛʦʚʘʷ ʩʪʘʥʮʠʷ çʂʚʘʨʮè ʥʘ ʦʩʥʦʚʝ ʜʘʪʯʠʢʦʚ ɹʦʙʨʦʚʘ ʩ ʚʳʭʦʜʦʤ ʥʘ ʇʂ; 

¶ ʇʨʠʙʦʨʳ ʜʣʷ ʘʙʩʦʣʶʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ:  
ï ʦʚʝʨʭʘʫʟʝʨʦʚʩʢʠʡ ʧʨʦʪʦʥʥʳʡ ʤʘʛʥʠʪʦʤʝʪʨ POS-1 (ʧʦʣʥʳʡ ʚʝʢʪʦʨ ʄʇɿ); 
ï ʬʝʨʨʦʟʦʥʜʦʚʳʡ ʜʝʢʣʠʥʦʤʝʪʨ-ʠʥʢʣʠʥʦʤʝʪʨ MAG-01H THEO 015 B (ʨʝʛʠʩʪʨʘʮʠʷ 

ʥʘʢʣʦʥʝʥʠʷ ʠ ʩʢʣʦʥʝʥʠʷ ʕʄʇɿ). 

¶ ʎʠʬʨʦʚʦʡ ʜʠʛʠʟʦʥʜ DPS-4 (ʨʘʙʦʪʘʝʪ ʩ 2002 ʛ.) ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 
ʠʦʥʦʩʬʝʨʳ ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʘ:  

¶ ʘʤʧʣʠʪʫʜʘ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 3/4 ʜɹ); 

¶ ʬʘʟʘ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 2ˊ/256 ʨʘʜ); 

¶ ʟʘʜʝʨʞʢʘ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 16.66 ʤʢʩ); 

¶ ʜʦʧʣʝʨʦʚʩʢʠʡ ʩʜʚʠʛ ʯʘʩʪʦʪʳ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 0.024 ɻʮ); 

¶ ʚʝʨʪʠʢʘʣʴʥʳʡ ʫʛʦʣ ʧʨʠʭʦʜʘ; 

¶ ʘʟʠʤʫʪʘʣʴʥʳʡ ʫʛʦʣ ʧʨʠʭʦʜʘ; 
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¶ ʃʏʄ-ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʥʘʢʣʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ; 

¶ ʄʦʥʠʪʦʨ ʩʦʣʥʝʯʥʳʭ ʠ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʯʘʩʪʠʮ. 
ɺ 2017 ʛ. ʥʘ ʅʦʨʂʄʀʉ ʧʨʦʚʦʜʠʣʠʩʴ ʨʝʤʦʥʪʥʳʝ ʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʥʘ ʚʩʝʤ 

ʛʝʦʬʠʟʠʯʝʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʘʢʞʝ ʨʝʤʦʥʪ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʘʥʪʝʥʥʦʛʦ 
ʭʦʟʷʡʩʪʚʘ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʨʘʥʝʝ ʨʠʦʤʝʪʨʦʚ ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʢʘʙʝʣʷ ʠ 
ʧʦʜʛʦʪʦʚʣʝʥʘ ʨʝʛʠʩʪʨʠʨʫʶʱʘʷ ʘʧʧʘʨʘʪʫʨʘ ʜʣʷ ʨʠʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ. ɹʳʣʠ ʧʨʦʚʝ-
ʜʝʥʳ ʜʝʤʦʥʪʘʞ, ʨʝʤʦʥʪ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʝʨʝʜʘʶʱʝʡ ʘʥʪʝʥʥʳ Titanex DLP-22, ʟʘʤʝʥʘ 
ʦʢʠʩʣʠʚʰʠʭʩʷ ʨʘʟʲʝʤʦʚ ʠ ʘʥʪʝʥʥʦʛʦ ʢʘʥʘʪʠʢʘ ʚ ʩʦʙʠʨʘʪʝʣʴʥʦʡ ʣʠʥʠʠ ʘʥʪʝʥʥʳ. ɹʳʣ ʠʟʛʦ-
ʪʦʚʣʝʥ ʚʳʭʦʜʥʦʡ LC-ʬʠʣʴʪʨ 7-ʛʦ ʧʦʨʷʜʢʘ ʥʘ ʜʠʘʧʘʟʦʥ 3.0ï30.0 ʄɻʮ ʠ ʧʦʜʢʣʶʯʝʥ ʤʝʞʜʫ 
ʚʳʭʦʜʦʤ ʈʇɼʋ çʂɽɼʈè ʠ ʧʝʨʝʜʘʶʱʝʡ ʘʥʪʝʥʥʦʡ Titanex DLP-22. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʝʤʦʥʪ 
ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʟʘʧʫʩʢʘ ʠ ʦʩʪʘʥʦʚʢʠ ʈʇɼʋ çʂɽɼʈè. ʆʩʫ-
ʱʝʩʪʚʣʝʥʘ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʫʧʨʘʚʣʷʶʱʝʡ ʧʨʦʛʨʘʤʤʳ ʃʏʄ-ʠʦʥʦʟʦʥʜʘ. 
ʇʨʦʚʝʜʝʥʳ ʘʥʘʣʠʟ ʠ ʫʩʪʨʘʥʝʥʠʝ ʧʦʤʝʭʦʜʘʶʱʝʛʦ ʚʣʠʷʥʠʷ ʠʟʣʫʯʝʥʠʷ ʃʏʄ-ʠʦʥʦʟʦʥʜʘ ʥʘ 
ʤʘʛʥʠʪʦʤʝʪʨ ʅʦʨʠʣʴʩʢʦʡ ʂʄʀʉ. ʆʩʫʱʝʩʪʚʣʝʥʳ ʨʝʤʦʥʪ ʠ ʥʘʩʪʨʦʡʢʘ ʫʩʠʣʠʪʝʣʴʥʳʭ ʙʣʦ-
ʢʦʚ ʄʆ ʈʇɼʋ çʂʝʜʨè ʠ ʧʦʨʦʛʦʚ ʩʨʘʙʘʪʳʚʘʥʠʷ ʟʘʱʠʪʳ ʧʦ ʪʦʢʫ ʚ ʄʆ ʈʇɼʋ çʂʝʜʨè. ɹʳʣʠ 
ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʳ ʠ ʟʘʤʝʥʝʥʳ ʙʣʦʢʠ ʋɹʉ ʚ ʈʇɼʋ çʂʝʜʨè. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʳʩʦʢʦʪʦʯʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚʘʨʠʘʮʠʡ ʩʚʝ-

ʪʠʤʦʩʪʠ ʥʦʯʥʦʛʦ ʥʝʙʘ ʠ ʥʘʙʣʶʜʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʠʥʜʫʢʮʠʦʥʥʳʤ ʥʘʥʦʪʝʩʣʘ-

ʤʝʪʨʦʤ ʥʘ ʅʦʨʠʣʴʩʢʦʡ ʂʄʀʉ ʩʪʘʣʠ ʥʝʚʦʟʤʦʞʥʳʤʠ ʠʟ-ʟʘ ʚʦʟʨʦʩʰʝʛʦ ʫʨʦʚʥʷ ʦʧʪʠʯʝʩʢʠʭ 

ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʦʪ ʞʠʣʦʛʦ ʤʘʩʩʠʚʘ ʆʛʘʥʝʨ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʧʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʙʳʣʠ ʧʝʨʝʥʝʩʝʥʳ ʚ ʧʫʥʢʪ çʀʩʪʦʢè, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ 100 ʢʤ 

ʩʝʚʝʨʥʝʝ ʅʦʨʠʣʴʩʢʘ (ʨʠʩ. 169). 

 

ɺʳʥʦʩʥʘʷ ʪʦʯʢʘ çʀʩʪʦʢè ʅʦʨʠʣʴʩʢʦʡ ʂʄʀʉ (100 ʢʤ ʢ ʩʝʚʝʨʫ ʦʪ ʅʦʨʂʄʀʉ). ɺ 

ʵʪʦʤ ʧʫʥʢʪʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʛʝʦʬʠʟʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ: 

1) ʠʥʜʫʢʮʠʦʥʥʳʡ ʤʘʛʥʠʪʦʤʝʪʨ Lemi-30 (ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ 0ï30 ɻʮ) ʜʣʷ ʨʝʛʠʩʪʨʘ-

ʮʠʠ ʛʝʦʤʘʛʥʠʪʥʳʭ ʧʫʣʴʩʘʮʠʡ; 

2) ʩʪʘʥʮʠʷ ʩʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠʦʥʦʩʬʝʨʳ ʥʘ ʙʘʟʝ ʧʨʠʝʤʥʠʢʘ ʩʠʛʥʘʣʦʚ 

ɻʃʆʅɸʉʉ/GPS Javad-DELTA-G3T c ʘʥʪʝʥʥʦʡ RingAnt-G3T ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʴʶ-

ʪʝʨʘ eBox-3300MX; 

3) ʫʩʪʘʥʦʚʢʘ ʥʘʢʣʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ (ʃʏʄ-ʫʩʪʘʥʦʚʢʘ); 

4) ʦʧʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʀʉɿʌ. 

ʅʘ ʦʧʪʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʨʝʤʦʥʪʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ. 

ʇʨʦʠʟʚʝʜʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʦʧʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʧʦʣʷʨʥʳʤʠ ʩʠʷʥʠʷʤʠ. ʆʩʝʥʴʶ 

2017 ʛ. ʥʘ ʩʪ. çʀʩʪʦʢè ʫʩʪʘʥʦʚʣʝʥ ʥʦʚʳʡ ʦʧʪʠʯʝʩʢʠʡ ʢʫʧʦʣ (ʨʠʩ. 170). ɺ ʦʩʥʦʚʥʦʤ ʧʘʚʠ-

ʣʴʦʥʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʧʦʜʜʝʨʞʠʚʘʪʴ ʢʫʧʦʣ ʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʜʣʷ ʦʧ-

ʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʦʷʥʠʠ: ʚ ʢʫʧʦʣʴʥʦʝ ʧʦʤʝʱʝʥʠʝ ʧʨʦʥʠʢʘʣ ʚʣʘʞʥʳʡ ʚʦʟʜʫʭ (ʧʨʠ-

ʩʫʪʩʪʚʠʝ ʣʶʜʝʡ ʚ ʩʦʩʝʜʥʠʭ ʧʦʤʝʱʝʥʠʷʭ) ʠ ʢʦʧʦʪʴ ʦʪ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ (ʢʦʪʝʣ ʥʘ ʜʠ-

ʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ). ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʧʪʠʯʝʩʢʠʡ ʢʫʧʦʣ ʫʩʪʘʥʦʚʣʝʥ ʚ ʦʪʜʝʣʴʥʦʤ 

ʥʝʦʪʘʧʣʠʚʘʝʤʦʤ ʧʦʤʝʱʝʥʠʠ, ʠʟʦʣʠʨʦʚʘʥʥʦʤ ʦʪ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ. 

 

ʈʠʩ. 169. ɸʧʧʘʨʘʪʫʨʥʳʡ ʤʦʜʫʣʴ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʧʦʣʷʨʥʳʭ ʩʠʷʥʠʡ (ʚʳʥʦʩʥʘʷ ʪʦʯʢʘ çʀʩʪʦʢè) 
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ʈʠʩ. 170. ʅʦʚʳʡ ʦʧʪʠʯʝʩʢʠʡ ʢʫʧʦʣ (ʩʧʨʘʚʘ) ʠ ʦʧʪʠʯʝʩʢʠʝ ʢʫʧʦʣʘ ʠ ʪʝʤʦʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ 

ʢʦʥʪʝʡʥʝʨ ʜʣʷ ʦʧʪʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ (ʩʣʝʚʘ)  

 

ʇʦʜ ʢʫʧʦʣʦʤ, ʚ ʫʪʝʧʣʝʥʥʦʤ ʦʪʩʝʢʝ, ʨʘʟʤʝʱʝʥ ʩʧʝʢʪʨʦʛʨʘʬ, ʩʦʙʨʘʥʥʳʡ ʥʘ ʦʩʥʦʚʝ 

ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʤʦʥʦʭʨʦʤʘʪʦʨʘ ʋʄ-2 ʠ ʇɿʉ-ʢʘʤʝʨʳ CSDU-423, ʘ ʪʘʢʞʝ ʦʪʜʝʣʴʥʳʡ ʪʝʨ-

ʤʦʢʦʞʫʭ (ʩʣʫʞʠʪ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʬʠʣʴʪʨʦʚ) 

ʩ ʇɿʉ-ʢʘʤʝʨʘʤʠ. 

1. ʐʠʨʦʢʦʫʛʦʣʴʥʘʷ ʦʙʟʦʨʥʘʷ ʢʘʤʝʨʘ CSDU-285-ʉ ʩ ʇɿʉ-ʤʘʪʨʠʮʝʡ Sony CCD 

ICX285AQ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʘʨʪʠʥʳ ʚʘʨʠʘʮʠʡ ʠʟʣʫ-

ʯʝʥʠʷ ʥʦʯʥʦʡ ʘʪʤʦʩʬʝʨʳ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ RGB-ʜʠʘʧʘʟʦʥʝ. ʇʦʣʝ ʟʨʝʥʠʷ ʢʘʤʝʨʳ ~100Á. 

ʕʢʩʧʦʟʠʮʠʷ 30 ʩ. 

2. ʐʠʨʦʢʦʫʛʦʣʴʥʘʷ ʢʘʤʝʨʘ CSDU-423 ʩ ʇɿʉ-ʤʘʪʨʠʮʝʡ Sony CCD ICX423AL, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚʘʨʠʘʮʠʡ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ 1NGN2
+
(0-1) (427.8 ʥʤ). ʇʦʣʝ ʟʨʝʥʠʷ ʢʘʤʝʨʳ ~70Á. ʕʢʩʧʦʟʠʮʠʷ 60 ʩ. 

3. ʐʠʨʦʢʦʫʛʦʣʴʥʘʷ ʢʘʤʝʨʘ çɺʠʜʝʦʩʢʘʥ-11002è ʩ ʇɿʉ-ʤʘʪʨʠʮʝʡ KAI-11002, ʧʨʝʜ-

ʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚʘʨʠʘʮʠʡ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʠ ʵʤʠʩʩʠʠ Na (589 ʥʤ). ʇʦʣʝ ʟʨʝʥʠʷ ʢʘʤʝʨʳ ~140Á. ʕʢʩʧʦʟʠʮʠʷ 60 ʩ. 

4. ʉʧʝʢʪʨʦʛʨʘʬ çʇʉ-1è, ʩʦʙʨʘʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʧʨʠʟʤʝʥʥʦʛʦ ʤʦʥʦʭʨʦʤʘʪʦʨʘ ʋʄ-2 ʠ 

ʇɿʉ-ʢʘʤʝʨʳ CSDU-423. ʇʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʣʫ-

ʯʝʥʠʷ ʥʦʯʥʦʛʦ ʥʝʙʘ ʚ ʜʠʘʧʘʟʦʥʝ 400ï700 ʥʤ. ʅʘʧʨʘʚʣʝʥʠʝ ʚʠʟʠʨʦʚʘʥʠʷ ð ʟʝʥʠʪ. ʇʦʣʝ ʟʨʝʥʠʷ 

~12Á ʚʜʦʣʴ ʚʭʦʜʥʦʡ ʱʝʣʠ (ʥʘʧʨʘʚʣʝʥʠʝ ʩʝʚʝʨðʶʛ) ʠ ~5Á ʧʦʧʝʨʝʢ ʱʝʣʠ. ʕʢʩʧʦʟʠʮʠʷ 30 ʩ. 

ɺ 2016ï2017 ʛʛ. ʥʘ ʩʪ. çʀʩʪʦʢè ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʤʧʣʝʢʩ ʘʧʧʘʨʘʪʫ-

ʨʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʧʨʦʝʢʪʫ çʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʚʘʨʠʘʮʠʡ ʧʦʚʝʜʝʥʠʷ ʯʘʩʪʠʮ ʠ ʚʦʣʥ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʤʘʛʥʠʪʦʩʬʝʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʘʙʣʶʜʝʥʠʡ ʩʝʪʠ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡè (PWING). 

ɺ 2017 ʛ. ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢ ʥʘʯʘʣʫ ʥʘʙʣʶʜʝʥʠʡ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ PWING ʙʳʣʠ ʧʨʦ-

ʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʤʦʥʪʥʳʝ ʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʨʘʙʦʪ:r 

ʕʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ 

ʉʫʱʝʩʪʚʫʶʱʘʷ ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʥʘʫʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʥʘ ʩʪ. çʀʩʪʦʢè ʙʳʣʘ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʘ ʩ ʫʯʝʪʦʤ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʧʦʩʣʝʜʥʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. ɼʣʷ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʫʩʪʨʘʥʝʥʠʷ ʥʘʚʦʜʠʤʳʭ ʕʄ-ʧʦʤʝʭ ʵʥʝʨʛʦʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʦʙʦʨʫʜʦ-

ʚʘʥʠʝʤ ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ (ɸʂɹ), ʟʘʨʷʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ (ɿʋ), ʠʥʚʝʨʪʦʨʳ-

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʄɸʇ ʠ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ (ɼɻʋ) ʙʳʣʠ ʧʝʨʝʥʝʩʝʥʳ ʚ ʦʜʥʦ 

ʧʦʤʝʱʝʥʠʝ.  

ʉʤʦʥʪʠʨʦʚʘʥʘ ʠ ʚʚʝʜʝʥʘ ʚ ʨʘʙʦʪʫ ʥʦʚʘʷ ʛʨʫʧʧʘ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ, ʩʦʩʪʦʷʱʘʷ 

ʠʟ 16 ʪʷʛʦʚʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʛʣʫʙʦʢʦʛʦ ʟʘʨʷʜʘ REGC2HXC, ʉʐɸ (U.S. Battery), ʧʦʜʦʙʥʘʷ 

ʜʝʡʩʪʚʫʶʱʝʡ ʛʨʫʧʧʝ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʠʪʴ ʩ ʦʜʥʦʡ ʛʨʫʧʧʳ ʥʘ ʜʨʫʛʫʶ ʚ ʪʝ-

ʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ ʠ ʧʨʦʜʦʣʞʘʪʴ ʨʘʙʦʪʘʪʴ ʥʘ ɸʂɹ ʝʱʝ ʥʝ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʛʨʫʧʧʳ. 

ɺʨʝʤʷ ʨʘʙʦʪʳ ʦʪ ɸʂɹ ʫʚʝʣʠʯʠʣʦʩʴ ʜʦ 30 ʯʘʩʦʚ. 

ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʙʝʠʭ ʛʨʫʧʧʘʭ ɸʂɹ ʟʘʚʦʜʠʪʩʷ 

ɼɻʋ ʜʣʷ ʟʘʨʷʜʢʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ. ɿʘʨʷʜʢʘ ɸʂɹ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʣʠʙʦ ʠʥʚʝʨʪʦʨʘʤʠ-

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʄɸʇ, ʣʠʙʦ ʟʘʨʷʜʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʪʷʛʦʚʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ Pro-

HFD 24-120 S, ʧʨʠʯʝʤ ʟʘʨʷʜʢʘ ʦʙʝʠʭ ʛʨʫʧʧ ɸʂɹ ʚʝʜʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ.  
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ʄʦʥʪʘʞ ʠ ʚʚʦʜ ʚ ʨʘʙʦʪʫ ʥʘʫʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʧʨʦʝʢʪʫ çʇʦʣʶʩè ʚ ʨʘʤʢʘʭ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʘ çʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʘʨʠʘʮʠʡ ʧʦʚʝʜʝʥʠʷ ʯʘʩʪʠʮ 

ʠ ʚʦʣʥ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʤʘʛʥʠʪʦʩʬʝʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʣʶʜʝʥʠʡ ʩʝʪʠ ʥʘʟʝʤʥʳʭ 

ʩʪʘʥʮʠʡè 

ʉʤʦʥʪʠʨʦʚʘʥʳ ʠ ʚʚʝʜʝʥʳ ʚ ʨʘʙʦʪʫ ʘʥʪʝʥʥʳ ʨʠʦʤʝʪʨʘ ʠ ʂʅʏ/ʆʅʏ-ʫʩʪʘʥʦʚʢʠ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʅʏ/ʆʅʏ-ʘʥʪʝʥʥʳ: 

¶ ʪʠʧ ʘʥʪʝʥʥʳ: ʨʘʤʦʯʥʘʷ; 

¶ ʚʳʩʦʪʘ ʘʥʪʝʥʥʳ: 5.3 ʤ; 

¶ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʪʨʦʚʘʷ ʥʘʛʨʫʟʢʘ: ʜʦ 60 ʤ/ʩ; 

¶ ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ: ʜʦ 50 ʆʤ; 

¶ ʚʝʩ ʘʥʪʝʥʥʳ: ʦʢʦʣʦ 52 ʢʛ. 

ʀʟʛʦʪʦʚʣʝʥ ʪʝʨʤʦʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʢʦʥʪʝʡʥʝʨ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʪʝʣʝʚʠʟʠʦʥʥʦʡ ʢʘʤʝ-

ʨʳ ʚʩʝʛʦ ʥʝʙʘ. ʊʝʣʝʚʠʟʠʦʥʥʘʷ ʢʘʤʝʨʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʣʷʨʥʳʭ ʩʠʷʥʠʡ ʠ 

ʥʦʯʥʦʡ ʘʪʤʦʩʬʝʨʥʦʡ ʵʤʠʩʩʠʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʥʘʤʠʢʠ ʘʚʨʦʨʘʣʴʥʦʡ ʧʣʘʟʤʳ, ʠʦʥʦ-

ʩʬʝʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʚ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʧʨʦʝʢʪʘ çʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʘʨʠʘʮʠʡ ʧʦʚʝʜʝʥʠʷ ʯʘʩʪʠʮ ʠ ʚʦʣʥ ʚʦ ʚʥʫʪʨʝʥʥʝʡ 

ʤʘʛʥʠʪʦʩʬʝʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʣʶʜʝʥʠʡ ʩʝʪʠ ʥʘʟʝʤʥʳʭ ʩʪʘʥʮʠʡè. ʇʦʣʷʨʥʳʝ ʩʠʷʥʠʷ ʠ 

ʘʪʤʦʩʬʝʨʥʳʝ ʵʤʠʩʩʠʠ ʚʦʟʥʠʢʘʶʪ ʥʘ ʚʳʩʦʪʘʭ 80ï400 ʢʤ. 

 

ʈʠʩ. 171. ɸʧʧʘʨʘʪʫʨʘ ʚ ʪʝʨʤʦʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʤ ʢʦʥʪʝʡʥʝʨʝ  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʚʫʤʝʨʥʳʡ ʩʥʠʤʦʢ ʵʤʠʩʩʠʡ ʦʪʦʙʨʘʞʘʝʪ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ 

ʚʳʩʦʪʘʭ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ ʠ ʠʦʥʦʩʬʝʨʳ. ʈʝʛʠʩʪʨʠʨʫʝʤʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʝʙʘ ʟʘʧʠʩʳʚʘ-

ʶʪʩʷ ʠ ʭʨʘʥʷʪʩʷ ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ. ʆʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦʢʦʣʦ 200 ʄʙʘʡʪ ʚ ʜʝʥʴ.  

ʉʤʦʥʪʠʨʦʚʘʥʘ ʠ ʧʦʜʛʦʪʦʚʣʝʥʘ ʢ ʨʘʙʦʪʝ ʨʝʛʠʩʪʨʠʨʫʶʱʘʷ ʯʘʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʨʝ-

ʛʠʩʪʨʘʮʠʠ ʜʘʥʥʳʭ ʧʨʠʝʤʥʠʢʦʚ ʨʠʦʤʝʪʨʘ, ʆʅʏ/ʂʅʏ-ʠʟʣʫʯʝʥʠʷ ʠ ʪʝʣʝʚʠʟʠʦʥʥʦʡ ʢʘʤʝʨʳ 

ʚʩʝʛʦ ʥʝʙʘ. 

ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʠʦʤʝʪʨʘ: 

¶ ʪʠʧ ʧʨʠʝʤʥʠʢʘ: LaJollaSciencesSOLIDSTATERIOMETER; 

¶ ʧʨʠʝʤʥʘʷ ʯʘʩʪʦʪʘ: 30 ʄɻʮ; 

¶ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ:  

¶ ʧʦ ʫʨʦʚʥʶ ï3 ʜɹ: 250 ʢɻʮ, 

¶ ʧʦ ʫʨʦʚʥʶ ï80 ʜɹ: 1.0 ʄɻʮ; 

¶ ʚʨʝʤʝʥʥʘʷ ʢʦʥʩʪʘʥʪʘ: 0.25 ʩ; 
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¶ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʯʘʩʪʦʪʘ: 10.7 ʄɻʮ; 

¶ ʫʨʦʚʝʥʴ ʦʪʩʝʯʢʠ: ï100 ʜɹ; 

¶ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ: 50 ʆʤ; 

¶ ʚʦʣʥʦʚʳʝ ʧʦʪʝʨʠ: ʤʝʥʝʝ 1 ʜɹ; 

¶ ʧʦʜʘʚʣʝʥʠʝ ʧʘʨʘʟʠʪʥʳʭ ʩʠʛʥʘʣʦʚ: 40 ʜɹ/ʤʠʥ; 

¶ ʢʘʣʠʙʨʦʚʢʘ ModelSSR: ʠʤʧʫʣʴʩ 56 ʩ ʢʘʞʜʳʡ ʯʘʩ ʦʪ ʚʩʪʨʦʝʥʥʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʛʝʥʝʨʘ-

ʪʦʨʘ ʠʣʠ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ (ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʯʝʪʳʨʝ ʫʨʦʚʥʷ, ʦʜʠʥ ʥʘ ʢʘʞʜʳʡ ʯʘʩ, ʜʣʷ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʧʦʢʨʳʪʠʷ ʦʞʠʜʘʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʠʛʥʘʣʘ); 

¶ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ: ʦʪ 0 ʜʦ 5 ɺ ʜʣʷ ʮʠʬʨʦʚʦʛʦ ʠʥʪʝʨʬʝʡʩʘ chartrecorder; 

¶ ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ: ʦʪ ï25 ʜʦ +30 ÁC; 

¶ h ʠʨʠʥʘ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʳ: ʦʢʦʣʦ 60Á; 

¶ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ɸʎʇ: 64 ɻʮ. 

ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʆʅʏ/ʂʅʏ-ʧʨʠʝʤʥʠʢʘ: 

¶ ʜʠʘʧʘʟʦʥ ʧʨʠʥʠʤʘʝʤʳʭ ʯʘʩʪʦʪ: 0.1ï20 ʢɻʮ; 

¶ ʩʢʚʘʞʥʦʩʪʴ ʦʮʠʬʨʦʚʢʠ: 40 ʢɻʮ; 

¶ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ: ʦʪ ï60 ʜʦ +100 ÁC. 

ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʣʝʚʠʟʠʦʥʥʦʡ ʢʘʤʝʨʳ ʚʩʝʛʦ ʥʝʙʘ: 

¶ ʤʦʜʝʣʴ: KeoSentry 3ò MultispectralImager; 

¶ ʪʠʧ ʤʘʪʨʠʮʳ: Cooled-CCD camera Hamamatsu C11090-22B; 

¶ ʨʘʟʤʝʨ ʤʘʪʨʠʮʳ: 1024Ĭ1024 ʧʠʢʩʝʣʷ (ʠʣʠ 512Ĭ512 ʧʠʢʩʝʣʷ ʧʨʠ ʩʛʣʘʞʠʚʘʥʠʠ 2Ĭ2) 

¶ ʩʧʝʢʪʨʘʣʴʥʳʝ ʬʠʣʴʪʨʳ: 1) 557.7 ʥʤ; 2) 630.0 ʥʤ; 3) 720ï1000 ʥʤ (ʩʧʝʢʪʨʘʣʴʥʘʷ ʣʠ-

ʥʠʷ OH); 4) 486.1 ʥʤ; 5) 572.5 ʥʤ (ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʬʦʥʦʚʦʡ ʘʪʤʦʩʬʝʨʥʦʡ ʵʤʠʩʩʠʠ); 

¶ ʚʨʝʤʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʠʣʴʪʨʘ: ʬʠʣʴʪʨʳ 1, 2 ʠ 4 ð ʦʢʦʣʦ 1.5 

ʤʠʥ (90 ʩ); ʬʠʣʴʪʨʳ 3, 5 ð ʦʢʦʣʦ 10 ʤʠʥ; 

¶ h ʠʨʠʥʘ ʧʦʣʷ ʦʙʟʦʨʘ: 180Á; 

¶ ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ: ʦʢʦʣʦ 0.35Á; 

¶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ: ʙʦʣʝʝ 0.7 ʢʤ ʥʘ ʚʳʩʦʪʝ 100 ʢʤ; 

¶ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʤʘʪʨʠʮʳ: 13333:1; 

¶ ʨʘʟʨʷʜʥʦʩʪʴ ɸʎʇ ʤʘʪʨʠʮʳ: 16 bit; 

¶ ɻ ʢʩʧʦʟʠʮʠʷ ʤʘʪʨʠʮʳ: ʦʪ 20 ʤʩ ʜʦ ï1 ʤʠʥ; 

¶ ʪʝʤʧʝʨʘʪʫʨʘ ʦʭʣʘʞʜʝʥʠʷ ʤʘʪʨʠʮʳ: ʦʪ 0 ʜʦ ï65 ÁC; 

¶ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ: ʦʪ 0 ʜʦ +40 ÁC; 

¶ ʧʦʪʨʝʙʣʷʝʤʳʡ ʪʦʢ: ʥʝ ʙʦʣʝʝ 500 ʤɸ (ʢʘʤʝʨʘ ʠ ʢʦʥʪʨʦʣʣʝʨ); 

¶ ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ: ʥʝ ʙʦʣʝʝ 55 ɺʪ (ʢʘʤʝʨʘ ʠ ʢʦʥʪʨʦʣʣʝʨ). 

 

5.6. ɻʝʦʬʠʟʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ 

ɻʝʦʬʠʟʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ ʨʘʩʧʦʣʦʞʝʥʘ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ 150 ʢʤ ʦʪ ʛ. ʀʨʢʫʪʩʢʘ ʚ ʈʝʩʧʫʙʣʠʢʝ 

ɹʫʨʷʪʠʷ ʚʙʣʠʟʠ ʩ. ʊʦʨʳ (103Á ɽ, 51Á42ǋ N, ʚʳʩʦʪʘ 

ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ 530 ʤ). ɺ ʦʙʩʝʨʚʘʪʦʨʠʠ ʧʨʦʚʦ-

ʜʠʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʩʪʨʫʢʪʫʨʳ ʠ ʜʠʥʘʤʠʢʠ ʚʝʨʭʥʝʡ 

ʠ ʩʨʝʜʥʝʡ ʘʪʤʦʩʬʝʨʳ ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʤʠ ʠ ʦʧʪʠ-

ʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʙʘʟʘ ʦʙʩʝʨʚʘʪʦʨʠʠ 

ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ: 

ǒ ʐʠʨʦʢʦʫʛʦʣʴʥʘʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʘʷ 
ʬʦʪʦʢʘʤʝʨʘ ʌʀʃʀʅ-1ʎ (ʬʦʪʦʢʘʤʝʨʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʁ ʤʠʥʝʩʮʝʥʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʝʙʘ) 

ʥʘ ʙʘʟʝ ʇɿʉ-ʤʘʪʨʠʮʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʟ-

ʣʫʯʝʥʠʷ ʘʪʤʦʩʬʝʨʳ, ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ, ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʠʩʢʫʩ-

ʩʪʚʝʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ (ʤʝʪʝʦʨʦʚ, ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ), ʢʦʥʪʨʦʣʷ ʧʨʦʟʨʘʯʥʦ-

ʩʪʠ ʘʪʤʦʩʬʝʨʳ ʠ ʨʝʰʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʟʘʜʘʯ. 
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ǒ ʇʘʪʨʫʣʴʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ ʉɸʊʀ-1M ʩ ʥʠʟʢʠʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ. ʆʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ð ʠʩʩʣʝ-

ʜʦʚʘʥʠʝ ʚʦʟʤʫʱʝʥʠʡ ʚ ʦʩʥʦʚʥʳʭ ʵʤʠʩʩʠʦʥʥʳʭ ʣʠʥʠʷʭ ʠ ʧʦʣʦʩʘʭ (OI 557.7 ʥʤ ʠ 630.0 ʥʤ, 

NaI 589.0ï589.6 ʥʤ ʠ ʜʨ.) ʧʨʠ ʛʝʣʠʦʛʝʦʬʠʟʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʷʭ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. ʇʦʟ-

ʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʜʚʫʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʜʫʛʠ ʥʝʙʝʩʥʦʡ ʩʬʝʨʳ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 

400ï700 ʥʤ. 

ǒ ʀʥʬʨʘʢʨʘʩʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ (ʀʂʉ-1), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʨʘʱʘ-

ʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʡʪʨʘʣʴʥʦʡ ʘʪʤʦʩʬʝʨʳ ʥʘ ʚʳʩʦʪʘʭ 80ï100 ʢʤ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟ-

ʣʫʯʝʥʠʷ ʥʦʯʥʦʛʦ ʥʝʙʘ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 820ï870 ʥʤ.  

ǒ ɺʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʙʳʩʪʨʳʭ ʚʘʨʠʘʮʠʡ (~5ï100 ʤʩ) ʚ ʠʟʣʫʯʝʥʠʠ ʥʦʯʥʦʛʦ ʥʝʙʘ ʥʘ ʙʘʟʝ ʵʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (ʕʆʇ) ʕʇʄ102ɻ-04-22ʉ ʠ ʇɿʉ-ʢʘʤʝʨʳ SDU-R259. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʩʪʨʳʭ ʚʘʨʠʘʮʠʡ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʠʟʣʫʯʝʥʠʷ ʥʦʯʥʦʛʦ ʥʝʙʘ ʠ ʜʣʷ ʨʘʙʦʪʳ 

ʧʨʠ ʚʳʩʦʢʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ (ʟʦʜʠʘʢʘʣʴʥʳʡ ʩʚʝʪ, ʃʫʥʘ) ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʚ ʩʦ-

ʩʪʘʚʝ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʩʧʝʢʪʨʦʛʨʘʬʘ ʚ ʥʘ ʙʘʟʝ ʤʦʥʦʭʨʦʤʘʪʦʨʘ ʄɼʈ-2. 

ǒ ʉʧʝʢʪʨʦʛʨʘʬ ʥʘ ʙʘʟʝ ʤʦʥʦʭʨʦʤʘʪʦʨʘ ʄɼʈ-12 ʠ ʇɿʉ-ʢʘʤʝʨʳ CSDU-423, ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʥʳʡ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ. 

ǒ ʉʢʘʥʠʨʫʶʱʠʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨ ʌʘʙʨʠðʇʝʨʦ KEO Arinae, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʥʘ ʚʳʩʦʪʘʭ ʚʳʩʚʝʯʠʚʘʥʠʷ ʵʤʠʩʩʠʡ. 

ǒ ʉʦʣʥʝʯʥʳʡ ʬʦʪʦʤʝʪʨ CIMEL-ʉɽ-318, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʧʨʦʟʨʘʯ-

ʥʦʩʪʠ ʠ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ. 

ǒ ʐʠʨʦʢʦʫʛʦʣʴʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ KEO Sentinel, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʨʝʛʠ-

ʩʪʨʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʘʨʪʠʥʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ 630 ʥʤ. 

ǒ ʀʥʬʨʘʟʚʫʢʦʚʘʷ ʩʪʘʥʮʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ 

ʠʥʬʨʘʟʚʫʢʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ. 

ǒ ʎʠʬʨʦʚʦʝ ʤʥʦʛʦʢʘʥʘʣʴʥʦʝ ʧʨʠʝʤʥʦ-ʧʝʨʝʜʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʦ, ʧʦʟʚʦʣʷʶʱʝʝ ʨʘ-

ʙʦʪʘʪʴ ʚ ʨʝʞʠʤʘʭ ʃʏʄ (ʚʝʨʪʠʢʘʣʴʥʦʝ, ʥʘʢʣʦʥʥʦʝ, ʚʦʟʚʨʘʪʥʦ-ʥʘʢʣʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ) ʠ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʯʘʩʪʦʪ (ʜʦʧʣʝʨʦʚʩʢʠʝ ʠʟʤʝʨʝʥʠʷ). ʅʘʙʦʨ ʘʥʪʝʥʥʦ-ʬʠʜʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʚ ʂɺ- ʠ ʋʂɺ-ʜʠʘʧʘʟʦʥʘʭ. 

ɺ 2017 ʛ. ʧʨʦʚʦʜʠʣʠʩʴ ʨʝʛʫʣʷʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ ɻʝʦʬʠʟʠ-

ʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ ʀʉɿʌ ʉʆ ʈɸʅ, ʚ ʪʦʤ ʯʠʩʣʝ: 

¶ ʥʘʙʣʶʜʝʥʠʷ ʵʤʠʩʩʠʠ OI 557.7 ʥʤ (ʤʘʢʩʠʤʫʤ ʚʳʩʦʪʳ ʚʳʩʚʝʯʠʚʘʥʠʷ ~97 ʢʤ) ʠ 630 ʥʤ 

(~250 ʢʤ), ʥʘʪʨʠʷ NaI 589.0ï589.6 ʥʤ (~92 ʢʤ); 

¶ ʥʘʙʣʶʜʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʮʚʝʪʥʦʡ ʢʘʤʝʨʦʡ ʌʀʃʀʅ-1ʎ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʘʪʤʦʩʬʝʨʳ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʚʝʪʠʤʦʩʪʠ ʥʦʯʥʦʡ ʘʪʤʦʩʬʝʨʳ; 

¶ ʧʘʪʨʫʣʴʥʳʝ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʨʝʜʥʝʡ ʠ 

ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ ʚ ʙʣʠʞʥʝʡ ʀʂ-ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. 

ʈʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʠʥʬʨʘʢʨʘʩʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ ʩ ʚʳʩʦʢʠʤ ʩʧʝʢ-

ʪʨʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ (ʀʂʉ-1). ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʩʧʝʢʪʨʘʤ ʦʧʨʝʜʝʣʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ (ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ) ʵʤʠʩʩʠʡ ʤʦʣʝʢʫʣ ʛʠʜʨʦʢʩʠʣʘ (ʧʦʣʦʩʘ 6-2, 

834.0 ʥʤ) ʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ (ʧʦʣʦʩʘ 0-1, 864.5 ʥʤ), ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʚʳʩʦʪʘʭ ʤʝ-

ʟʦʩʬʝʨʳ ʠ ʥʠʞʥʝʡ ʪʝʨʤʦʩʬʝʨʳ. ʇʨʦʚʝʜʝʥʘ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ, ʧʦʧʦʣʥʝʥ ʘʨʭʠʚ, ʚʝʜʫʱʠʡʩʷ ʩ 2008 ʛ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ 2017 ʛ. ʜʘʥʥʳʝ ʦʧʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ (ʩʧʝʢʪʨʦʛʨʘʬ SATI-1M ʠ 

ʀʂʉ-ʩʧʝʢʪʨʦʛʨʘʬ) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʘʥʘʣʠʟʘ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʜʠʥʘʤʠʢʠ ʚʝʨʭʥʝʡ 

ʘʪʤʦʩʬʝʨʳ ʥʘ ʚʳʩʦʪʘʭ ʤʝʟʦʩʬʝʨʳ ð ʥʠʞʥʝʡ ʪʝʨʤʦʩʬʝʨʳ, ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʚʚʝʜʝʥʥʦʛʦ ʚ 

ʦʧʳʪʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ ɻʌʆ ʀʉɿʌ ʉʆ ʈɸʅ ʦʧʪʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʌʘʙʨʠð

ʇʝʨʦ [ɺʘʩʠʣʴʝʚ ʠ ʜʨ., 2017]. ɼʘʥʥʳʝ ʧʨʝʜʳʜʫʱʠʭ ʣʝʪ ʦʧʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ɻʌʆ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ [ʄʠʭʘʣʝʚ, 2017ʘ; ʄʠʭʘʣʝʚ, 2017b]. 
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ɺ ʪʝʯʝʥʠʝ 2017 ʛ. ʧʨʦʜʦʣʞʘʣʠʩʴ ʥʝʧʨʝʨʳʚʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʨʘʜʠʦʬʠʟʠʯʝʩʢʦʤ 

ʢʦʤʧʣʝʢʩʝ ʩ ʧʦʤʦʱʴʶ ʃʏʄ-ʠʦʥʦʟʦʥʜʘ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʩʦ ʩʣʝʜʫʶʱʠʭ ʥʘʢʣʦʥʥʳʭ 

ʪʨʘʩʩ: ʋʩʦʣʴʝðʊʦʨʳ, ʅʦʨʠʣʴʩʢðʊʦʨʳ, ʍʘʙʘʨʦʚʩʢðʊʦʨʳ, ʄʘʛʘʜʘʥðʊʦʨʳ, ʉʘʣʝʭʘʨʜð

ʊʦʨʳ, ɼʠʢʩʦʥðʊʦʨʳ, ʂʠʧʨðʊʦʨʳ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʪʘʢʞʝ ʜʘʥʥʳʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʦʥʜʠ-

ʨʦʚʘʥʠʷ ʩ ʃʏʄ-ʠʦʥʦʟʦʥʜʘ-ʤʦʥʦʩʪʘʪʘ ɻʌʆ ʀʉɿʌ ʉʆ ʈɸʅ. ʇʨʦʚʝʜʝʥʘ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫ-

ʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʦʧʦʣʥʝʥ ʘʨʭʠʚ ʜʘʥʥʳʭ. 

ɺ 2017 ʛ. ʧʨʦʚʦʜʠʣʩʷ ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʠʥʬʨʘʟʚʫʢʦʚʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʠʥʬʨʘ-

ʟʚʫʢʦʚʦʡ ʩʪʘʥʮʠʠ. ʈʝʛʠʩʪʨʘʮʠʷ ʠʥʬʨʘʟʚʫʢʦʚʳʭ ʩʠʛʥʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 3-

ʧʦʟʠʮʠʦʥʥʦʡ ʩʪʘʥʮʠʠ, ʦʩʥʘʱʝʥʥʦʡ ʤʠʢʨʦʙʘʨʦʛʨʘʬʘʤʠ ʀʉɿʌ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʀʉɿʌ 

ʤʠʢʨʦʙʘʨʦʛʨʘʬʳ ʬʣʘʞʢʦʚʦʛʦ ʪʠʧʘ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʥʠʟʢʠʤ ʫʨʦʚ-

ʥʝʤ ʩʦʙʩʪʚʝʥʥʳʭ ʰʫʤʦʚ ʠ ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʠʪʴ ʢʘʢ ʩʣʘʙʳʝ ʢʦʛʝʨʝʥʪʥʳʝ ʠʥʬʨʘʟʚʫʢʦʚʳʝ 

ʩʠʛʥʘʣʳ ʦʪ ʫʜʘʣʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʰʪʦʨʤʦʚʳʝ ʤʠʢʨʦʙʘʨʦʤʳ, ʚʭʦʞʜʝʥʠʝ ʚ ʘʪʤʦʩʬʝʨʫ 

ʢʨʫʧʥʳʭ ʤʝʪʝʦʨʠʪʦʚ, ʠʥʬʨʘʟʚʫʢ ʦʪ ʟʝʤʣʝʪʨʷʩʝʥʠʡ), ʪʘʢ ʠ ʩʠʛʥʘʣʳ ʪʝʭʥʦʛʝʥʥʦʡ ʧʨʠʨʦʜʳ 

ʦʪ ʙʣʠʞʥʠʭ ʠ ʤʝʩʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʧʨʦʣʝʪ ʨʝʘʢʪʠʚʥʦʛʦ ʩʘʤʦʣʝʪʘ, ʧʨʦʤʳʰʣʝʥʥʳʡ ʚʟʨʳʚ ʠ 

ʪ. ʧ.). ʀʥʬʦʨʤʘʮʠʷ ʩ ʚʳʥʦʩʥʳʭ ʜʘʪʯʠʢʦʚ ʩʥʠʤʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ, ʘ 

ʫʧʨʘʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘʤʠ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʚ ʀʥʩʪʠʪʫʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʦ ʩʝʪʠ ʤʝʪʦʜʦʤ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʚ ʀʥʪʝʨʥʝʪ. 

ɼʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ ɻʌʆ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ: 

1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ ʘʪʤʦʩʬʝʨʥʦʡ ʵʤʠʩʩʠʠ [OI] 557.7 ʥʤ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ 

ɿʝʤʣʠ ʚ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʝʟʦʥʥʦʛʦ ʭʦʜʘ (ʉʍ) ʘʪʤʦ-

ʩʬʝʨʥʦʡ ʵʤʠʩʩʠʠ ʘʪʦʤʘʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ [OI] 557.7 ʥʤ. ɺʳʷʚʣʝʥʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʧʦʜʦʙʠʝ 

ʉʍ ʵʤʠʩʩʠʠ [OI] 557.7 ʥʤ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʚ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʚ 1997ï

2016 ʛʛ., ʉʍ ʵʪʦʡ ʵʤʠʩʩʠʠ ʥʘ ʥʝʢʦʪʦʨʳʭ ʩʨʝʜʥʝʰʠʨʦʪʥʳʭ ʩʪʘʥʮʠʷʭ ʉʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ 

ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ʈʘʟʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʦʤ ʣʝʪʥʝʤ 

ʤʘʢʩʠʤʫʤʝ ʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʦʤ ʟʥʘʯʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ 557.7 ʥʤ ʚ ʘʧʨʝʣʝ.  

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʉʍ ʵʤʠʩʩʠʠ [OI] 557.7 ʥʤ ʚ 23-ʤ ʠ 24-ʤ ʩʦʣʥʝʯʥʳʭ ʮʠʢʣʘʭ ʧʦʢʘʟʘʣʦ 

ʙʦʣʴʰʠʝ ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ 557.7 ʥʤ ʚ ʣʝʪʥʠʝ ʠ ʟʠʤʥʠʝ 

ʤʝʩʷʮʳ ʚ 23-ʤ ʩʦʣʥʝʯʥʦʤ ʮʠʢʣʝ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʩʦʣ-

ʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ.  

ʇʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʚ ʧʝʨʠʦʜ 1997ï2016 ʛ. ʟʥʘʯʠʤʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ 

ʤʝʞʜʫ ʩʨʝʜʥʝʤʝʩʷʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ [OI] 557.7 ʥʤ ʠ ʠʥʜʝʢʩʘʤʠ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ F10.7 ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʦʩʝʥʥʠʭ ʠ ʟʠʤʥʠʭ ʤʝʩʷʮʝʚ. ʕʪʦ ʩʦʛʣʘ-

ʩʫʝʪʩʷ ʩ ʚʳʚʦʜʘʤʠ ʨʘʙʦʪʳ ʦ ʩʥʠʞʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ [OI] 557.7 ʥʤ 

ʦʪ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʣʝʪʥʠʝ ʤʝʩʷʮʳ. 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʪʤʦʩʬʝʨʥʦʡ ʵʤʠʩʩʠʠ [OI] 557.7 ʥʤ ʚ ʧʝʨʠʦʜʳ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʦ-

ʙʳʪʠʡ ʕʣʴ-ʅʠʥʴʦ/ʃʘ-ʅʠʥʴʦ ʚ 23-ʤ ʠ 24-ʤ ʩʦʣʥʝʯʥʳʭ ʮʠʢʣʘʭ. ɹʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʚʘʨʠʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ ʚ ʣʠʥʠʠ ʘʪʦʤʘʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 557.7 ʥʤ ʠ 

ʠʥʜʝʢʩʘ ONI ʷʚʣʝʥʠʷ ʕʣʴ-ʅʠʥʴʦ ð ʖʞʥʦʝ ʢʦʣʝʙʘʥʠʝ (ʕʅʖʂ) ʚ 1997ï2017 ʛʛ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʚʘʨʠʘʮʠʡ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʟʥʘʯʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ 

557.7 ʥʤ (I557.7) ʠ ʠʥʜʝʢʩʘ ONI, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʕʣʴ-ʅʠʥʴʦ/ʃʘʅʠʥʴʦ, ʚʳʷʚʣʝʥʘ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘʷ ʢʦʨʨʝʣʷʮʠʷ (Kå0.38ï0.46) ʤʝʞʜʫ ʵʪʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʢʦʪʦʨʘʷ ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʥʘʨʫʰʘʝʪ ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ I557.7 ʦʪ ʫʨʦʚʥʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺʦ ʚʨʝʤʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʵʧʠʟʦʜʘ ʃʘ-ʅʠʥʴʦ 1991ï2001 ʛʛ. ʦʪʤʝʯʘʣʘʩʴ ʜʝʧʨʝʩʩʠʷ I557.7, ʘ ʚʦ ʚʨʝʤʷ 

ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʵʧʠʟʦʜʘ ʕʣʴ-ʅʠʥʴʦ 2015ï2016 ʛʛ. ð ʫʩʠʣʝʥʠʝ I557.7. 

ʇʦʢʘʟʘʥʘ ʩʚʷʟʴ I557.7 ʩ ʠʥʜʝʢʩʦʤ ONI ʚ ʧʨʝʜʳʜʫʱʠʝ ʩʦʣʥʝʯʥʳʝ ʮʠʢʣʳ 18ï22-ʡ ʥʘ ʦʩ-

ʥʦʚʝ ʘʥʘʣʠʟʘ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʟʥʘʯʝʥʠʡ I557.7 ʠ ʠʥʜʝʢʩʘ ONI. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦ-

ʣʷʶʪ ʩʜʝʣʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʚʳʚʦʜ, ʯʪʦ ʤʥʦʛʦʣʝʪʥʠʝ ʠ ʤʝʞʛʦʜʦʚʳʝ ʚʘʨʠʘʮʠʠ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ ʵʤʠʩʩʠʠ 557.7 ʥʤ ʤʦʛʫʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʩʦʚʤʝʩʪʥʦʛʦ ʚʣʠʷʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢ-

ʪʠʚʥʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʡ ʛʣʦʙʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ. 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʧʨʠ ʧʦʤʦʱʠ ʠʥ-

ʪʝʨʬʝʨʦʤʝʪʨʘ ʌʘʙʨʠðʇʝʨʦ KEO Scientific çArinaeè. ʇʨʝʜʣʦʞʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʩʫʱʝ-



193 

ʩʪʚʫʶʱʝʛʦ ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʧʣʝʨʦʚʩʢʦʛʦ 

ʩʜʚʠʛʘ ʠ ʫʰʠʨʝʥʠʷ ʥʘʙʣʶʜʘʝʤʦʡ ʣʠʥʠʠ, ʨʘʟʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʙʣʶʜʘʝʤʦʡ ʣʠʥʠʠ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʥʘ.  

ʇʨʦʚʝʜʝʥʳ ʥʘʙʣʶʜʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʢʠʩʣʦʨʦʜʘ ʩ ʜʣʠʥʘʤʠ 

ʚʦʣʥ 557.7 ʠ 630 ʥʤ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʨʝʜʝʣʝʥʳ ʧʦʚʝʜʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʡ ʠ ʬʦʥʘ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ, ʘ ʪʘʢʞʝ ʧʦʚʝʜʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ 

ʚʝʪʨʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʳʩʦʪ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ. ʉʜʝʣʘʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʧʦʤʦʱʠ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ, ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ.  

ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʥʝʢʦʪʦʨʳʭ ʬʘʢʪʦʨʦʚ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʣʠ-

ʷʶʱʠʭ ʥʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʤʝʨʷʝʤʳʭ ʚʝʣʠʯʠʥ ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʤ ʌʘʙʨʠðʇʝʨʦ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʥʘʙʣʶʜʘʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʊ630 ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʛʠʜʨʦʢ-

ʩʠʣʴʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩʘʤʠ ʚ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʝ, ʘ ʥʝ ʷʚʣʷʝʪʩʷ 

ʦʰʠʙʢʦʡ ʥʘʙʣʶʜʝʥʠʡ ʠʣʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʆʪʤʝʯʝʥʳ ʭʘʨʘʢʪʝʨ ʠ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʬʦʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʘʪʤʦ-

ʩʬʝʨʥʦʡ ʧʦʜʩʚʝʪʢʦʡ ʨʘʩʩʝʷʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʚʥʝʰʥʠʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʇʨʦʚʝ-

ʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʵʤʠʩʩʠʡ 557.7 ʠ 630 ʥʤ, ʪʝʤʧʝʨʘʪʫʨʳ (ʧʦ ʵʤʠʩʩʠʠ 

557.7 ʥʤ) ʩ ʜʘʥʥʳʤʠ ʢʘʤʝʨʳ ʚʩʝʛʦ ʥʝʙʘ (ʧʦ ʵʤʠʩʩʠʠ 630 ʥʤ), ʩʧʝʢʪʨʦʤʝʪʨʘ ʉɸʊʀ-1 

(ʵʤʠʩʩʠʠ 557.7 ʠ 630 ʥʤ) ʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ (ʚʨʘʱʘʪʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʠʜ-

ʨʦʢʩʠʣʘ ʆʅ (ʧʦʣʦʩʘ (6-2)). ɺʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʠ ʧʦʣʫʯʝʥʳ ʤʦʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ (ʤʦʜʝʣʠ 

NRLMSISE-00, HWM14) ʢʠʥʝʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʚʝʪʨʦʚ ʜʣʷ ʚʳʩʦʪ ʤʘʢʩʠʤʫʤʘ ʵʤʠʩ-

ʩʠʡ 557.7 ʠ 630 ʥʤ ʚ ʤʝʩʪʝ ʧʨʦʚʝʜʝʥʠʷ ʥʘʙʣʶʜʝʥʠʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʤ ʌʘʙʨʠðʇʝʨʦ.  

ʇʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʵʤʠʩ-

ʩʠʠ ʆʅ (6-2) ʠ ʣʠʥʠʠ ʢʠʩʣʦʨʦʜʘ 557.7 ʥʤ. ʇʦʣʫʯʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʵʪʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʠʩʪʦʯʥʠʢʠ ʠʟʣʫʯʝʥʠʷ ʨʘʟʥʝʩʝʥʳ ʧʦ ʚʳʩʦʪʝ ʚʩʝʛʦ ʥʘ ~10 ʢʤ.  

4. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʪʤʦʩʬʝʨʥʦʡ ʠ ʠʦʥʦʩʬʝʨʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʦ ʠʟʤʝʨʝʥʠʷʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʣʘʩʪʠ ʤʝʟʦʧʘʫʟʳ ʠ ʤʘʢʩʠʤʫʤʘ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ NmF2. ʇʨʦʘʥʘ-

ʣʠʟʠʨʦʚʘʥʳ ʪʝʤʧʝʨʘʪʫʨʘ ʘʪʤʦʩʬʝʨʳ ʥʘ ʚʳʩʦʪʘʭ ʤʝʟʦʧʘʫʟʳ (Tm), ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʩʧʝʢʪʨʦ-

ʤʝʪʨʠʯʝʩʢʠʤ ʥʘʙʣʶʜʝʥʠʷʤ ʵʤʠʩʩʠʠ ʤʦʣʝʢʫʣʳ ʛʠʜʨʦʢʩʠʣʘ (ʧʦʣʦʩʘ ʆʅ (6-2), 834.0 ʥʤ, ʚʳ-

ʩʦʪʘ ʤʘʢʩʠʤʫʤʘ ʠʟʣʫʯʝʥʠʷ ~87 ʢʤ), ʠ ʜʘʥʥʳʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʦ ʤʘʢʩʠʤʫʤʝ 

ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (NmF2) ʟʘ ʧʝʨʠʦʜ 2008ï2015 ʛʛ.  

ɹʳʣʠ ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʝʟʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠʟʤʝʥʯʠʚʦʩʪʠ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʘʪʤʦʩʬʝʨʳ ʚ ʦʙʣʘʩʪʠ ʤʝʟʦʧʘʫʟʳ (Tm) ʠ ʤʘʢʩʠʤʫʤʘ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ F-

ʦʙʣʘʩʪʠ ʠʦʥʦʩʬʝʨʳ (NmF2) ʥʘʜ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʴʶ. ʆʙʱʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʚʝʜʝʥʠʷ ʠʩ-

ʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʟʤʝʥʯʠʚʦʩʪʠ Tm ʠ NmF2 ʚ ʟʠʤʥʠʝ 

ʤʝʩʷʮʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʝʪʥʠʤʠ. ɺ ʩʝʟʦʥʥʦʤ ʭʦʜʝ ʤʝʞʩʫʪʦʯʥʦʡ ʘʪʤʦʩʬʝʨʥʦʡ ʠʟʤʝʥʯʠʚʦ-

ʩʪʠ ʚʩʣʝʜʩʪʚʠʝ ʘʢʪʠʚʥʦʩʪʠ ʧʣʘʥʝʪʘʨʥʳʭ ʚʦʣʥ ʥʘʙʣʶʜʘʶʪʩʷ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʝ ʤʘʢʩʠ-

ʤʫʤʳ ʚ ʟʠʤʥʠʝ ʤʝʩʷʮʳ, ʘ ʪʘʢʞʝ ʚ ʧʝʨʠʦʜʳ ʨʘʚʥʦʜʝʥʩʪʚʠʡ. ɺʦʟʤʦʞʥʦʡ ʧʨʠʯʠʥʦʡ ʧʦʚʳ-

ʰʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʣʘʩʪʠ ʤʝʟʦʧʘʫʟʳ ʟʠʤʦʡ ʤʦʛʫʪ ʙʳʪʴ ʚʥʝʟʘʧʥʳʝ ʩʪʨʘ-

ʪʦʩʬʝʨʥʳʝ ʧʦʪʝʧʣʝʥʠʷ, ʚʣʠʷʶʱʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʚʝʨʭʥʝʡ ʘʪ-

ʤʦʩʬʝʨʳ. ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚ ʧʝʨʠʦʜʳ ʨʘʚʥʦʜʝʥʩʪʚʠʡ ʤʦʞʝʪ ʙʳʪʴ 

ʩʣʝʜʩʪʚʠʝʤ ʩʝʟʦʥʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ. ɺ ʩʝʟʦʥʥʦʤ ʭʦʜʝ ʤʝʞʩʫʪʦʯ-

ʥʦʡ ʠʦʥʦʩʬʝʨʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʝ ʤʘʢʩʠʤʫʤʳ ʚ 

ʟʠʤʥʠʝ ʤʝʩʷʮʳ ʠ ʚʙʣʠʟʠ ʦʩʝʥʥʝʛʦ ʨʘʚʥʦʜʝʥʩʪʚʠʷ, ʤʝʥʴʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʠʟʤʝʥʯʠʚʦʩʪʠ 

NmF2 ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʨʘʡʦʥʝ ʚʝʩʝʥʥʝʛʦ ʨʘʚʥʦʜʝʥʩʪʚʠʷ.  

ɺʳʧʦʣʥʝʥ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʠ ʧʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʯʠʚʦʩʪʠ NmF2 ʦʪ ʫʨʦʚʥʷ ʛʝʦʤʘʛʥʠʪʥʦʡ ʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦ-

ʩʪʠ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʛʝʦʤʘʛʥʠʪʥʦʡ/ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʳʰʝ ʜʣʷ 

ʜʥʝʚʥʦʡ ʠʦʥʦʩʬʝʨʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʯʝʤ ʜʣʷ ʥʦʯʥʦʡ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʤʝʞʛʦʜʦʚʳʭ ʚʘʨʠʘ-

ʮʠʡ ʘʪʤʦʩʬʝʨʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩ ʤʝʞʛʦʜʦʚʳʤʠ ʚʘʨʠʘʮʠʷʤʠ ʠʦʥʦʩʬʝʨʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ, 

ʘ ʪʘʢʞʝ ʩ ʤʝʞʛʦʜʦʚʳʤʠ ʚʘʨʠʘʮʠʷʤʠ ʛʝʦʤʘʛʥʠʪʥʦʡ ʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʝ ʚʳʷʚʠʣʦ 

ʩʭʦʜʩʪʚʘ ʚ ʧʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ.  
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5. ʇʨʦʷʚʣʝʥʠʝ ʵʬʬʝʢʪʦʚ ʤʠʥʦʨʥʦʛʦ ʠ ʬʠʥʘʣʴʥʦʛʦ ʩʪʨʘʪʦʩʬʝʨʥʳʭ ʧʦʪʝʧʣʝʥʠʡ ʥʘ ʚʳ-

ʩʦʪʘʭ ʦʙʣʘʩʪʠ ʤʝʟʦʧʘʫʟʳ ð ʥʠʞʥʝʡ ʪʝʨʤʦʩʬʝʨʳ ʠ F2-ʩʣʦʷ ʠʦʥʦʩʬʝʨʳ. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝ-

ʜʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʥʝʡʪʨʘʣʴʥʦʡ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ ʠ ʠʦʥʦʩʬʝʨʳ ʚ ʨʝʛʠʦʥʝ ɺʦʩʪʦʯʥʦʡ 

ʉʠʙʠʨʠ ʚ ʧʝʨʠʦʜʳ ʜʝʡʩʪʚʠʷ ʚʥʝʟʘʧʥʦʛʦ ʟʠʤʥʝʛʦ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ (ɺʉʇ) ʪʠʧʘ 

çminorè ʚ ʥʘʯʘʣʝ ʬʝʚʨʘʣʷ ʠ ʬʠʥʘʣʴʥʦʛʦ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʚ ʥʘʯʘʣʝ ʤʘʨʪʘ 2016 ʛ.  

ɺ ʧʝʨʠʦʜ ʜʝʡʩʪʚʠʷ ɺʉʇ ʚ ʬʝʚʨʘʣʝ 2016 ʛ. ʥʘʙʣʶʜʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʵʬʬʝʢʪʳ. ʈʦʩʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʵʤʠʩʩʠʡ ʤʦʣʝʢʫʣ ʆʅ ʠ O2 ʚ 1.5ï2 ʨʘʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʦʟʤʫʱʝʥʥʳʭ 

ʫʩʣʦʚʠʡ. ʇʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʘʪʤʦʩʬʝʨʳ ʥʘ ʚʳʩʦʪʝ ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʣʦʷ ʆʅ (~87 ʢʤ) 

ʜʦ 188 ʂ ʚ ʧʝʨʠʦʜ 5ï6 ʬʝʚʨʘʣʷ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʨʘʪʦʩʬʝʨʳ ʥʘ 10 ʛʇʘ (~32 ʢʤ) ʜʦ-

ʩʪʠʛʣʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʩʠʣʝʥʠʝ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚʨʘʱʘʪʝʣʴʥʦʡ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʆʅ, ʚʳʟʚʘʥʥʦʡ ʧʨʦʷʚʣʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʧʣʘʥʝʪʘʨʥʳʭ, ʧʨʠʣʠʚʥʳʭ ʠ ʚʥʫʪʨʝʥʥʠʭ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʥʘ ʚʳʩʦʪʝ ʠʟʣʫʯʘʶʱʝʛʦ ʩʣʦʷ. ɺʦ ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʬʠʥʘʣʴʥʦʛʦ ʩʪʨʘ-

ʪʦʩʬʝʨʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʚ ʤʘʨʪʝ 2016 ʛ. ʚ ʧʝʨʠʦʜ ʧʝʨʝʩʪʨʦʡʢʠ ʟʦʥʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʚ 

ʥʘʯʘʣʝ ʤʘʨʪʘ ʥʘʙʣʶʜʘʣʠʩʴ ʚʦʣʥʦʦʙʨʘʟʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʩ ʧʝʨʠʦʜʘʤʠ 7ï10 ʜʥʝʡ, ʘ ʚ ʧʝʨʠʦʜ 

14ï17.03 ð ʟʥʘʯʠʪʝʣʴʥʦʝ, ʜʦ ~300 %, ʫʩʠʣʝʥʠʝ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ.  
ɹʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʤʘʢʩʠʤʫʤʘ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ȹNmF2 ʚ ʨʘʟʣʠʯʥʳʝ ʚʨʝʤʝʥʥʳʝ ʧʝʨʠʦʜʳ: ʤʝʞʩʫʪʦʯʥʘʷ (T>24 ʯ), ʚ ʧʨʠʣʠʚʥʦʤ ʜʠʘʧʘ-
ʟʦʥʝ (8 ʯÒTÒ24 ʯ) ʠ ʚ ʜʠʘʧʘʟʦʥʝ ɺɻɺ (T<8 ʯ). ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʜʝʡʩʪʚʠʷ ɺʉʇ ʚ 
ʬʝʚʨʘʣʝ 2016 ʛ., ʚ ʧʝʨʚʳʝ ʪʨʠ ʜʥʷ ʧʦʩʣʝ ʤʘʢʩʠʤʫʤʘ ʩʪʨʘʪʦʩʬʝʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʜ 
ʀʨʢʫʪʩʢʦʤ, ɺʉʇ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʩʠʣʴʥʳʤʠ (ʜʦ 77 %) ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ 
NmF2 ʚ ʧʦʩʣʝʧʦʣʫʥʦʯʥʳʝ ʠ ʨʘʥʥʠʝ ʫʪʨʝʥʥʠʝ ʯʘʩʳ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦ-
ʩʪʴʶ (ʨʠʩ. 172). ʕʪʠ ʚʦʟʤʫʱʝʥʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʧʨʠʣʠʚʥʦʤ ʜʠʘʧʘʟʦʥʝ ʩ ʤʘʢ-
ʩʠʤʫʤʦʤ ʘʤʧʣʠʪʫʜʳ ʧʦʩʣʝ ʧʦʣʫʥʦʯʠ ʠ ʤʠʥʠʤʫʤʦʤ ʚ ʚʝʯʝʨʥʝʝ ʚʨʝʤʷ. 

 

 
 
ʈʠʩ. 172. ɺʘʨʠʘʮʠʠ ʚʦʟʤʫʱʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʝ ʚʨʝ-

ʤʝʥʥʳʝ ʧʝʨʠʦʜʳ: ʧʦʣʥʦʡ ȹNmF2, ʤʝʞʩʫʪʦʯʥʦʡ (ȹNmF2 Day-to-Day), ʚ ʧʨʠʣʠʚʥʦʤ ʜʠʘʧʘʟʦʥʝ 

(ȹNmF2 Tide) ʠ ʚ ʜʠʘʧʘʟʦʥʝ ɺɻɺ (ȹNmF2 IGW) (ʦʪ ʚʝʨʭʥʝʡ ʧʘʥʝʣʠ ʢ ʥʠʞʥʝʡ). ɸʥʘʣʠʟʠʨʫʝʤʳʡ ʧʝ-

ʨʠʦʜ 1ï9 ʬʝʚʨʘʣʷ 2016 ʛ. ʏʝʨʥʳʝ ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ʦʪʤʝʯʘʶʪ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ȹNmF2 

ʜʣʷ ʢʘʞʜʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʝʨʠʦʜʦʚ, ʫʩʨʝʜʥʝʥʥʳʝ ʜʣʷ ʬʝʚʨʘʣʷ ʟʘ 2008ï2015 ʛʛ. 
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ɺ ʧʝʨʠʦʜ ʜʝʡʩʪʚʠʷ ʬʠʥʘʣʴʥʦʛʦ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʚ ʤʘʨʪʝ 2016 ʛ. ʪʘʢʞʝ 
ʥʘʙʣʶʜʘʣʠʩʴ ʚʦʟʤʫʱʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʩʭʦʞʠʝ ʩ ʥʘʙʣʶʜʘʝʤʳ-
ʤʠ ʚ ʥʘʯʘʣʝ ʬʝʚʨʘʣʷ, ʦʜʥʘʢʦ ʩ ʟʘʤʝʪʥʦ ʤʝʥʴʰʝʡ ʘʤʧʣʠʪʫʜʦʡ ʚʦʟʤʫʱʝʥʠʷ (ʜʦ 44 %).  

5. ʄʦʥʠʪʦʨʠʥʛ ʠʥʬʨʘʟʚʫʢʦʚʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʠʥʬʨʘʟʚʫʢʦʚʦʡ ʩʪʘʥʮʠʠ ɻʝʦʬʠʟʠʯʝʩʢʦʡ 
ʦʙʩʝʨʚʘʪʦʨʠʠ ʧ. ʊʦʨʳ ʧʦʟʚʦʣʠʣ ʦʮʝʥʠʪʴ ʫʨʦʚʝʥʴ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʬʦʥʘ ʠ 
ʚʳʜʝʣʠʪʴ ʥʝʢʦʪʦʨʳʝ ʪʠʧʳ ʠʥʬʨʘʟʚʫʢʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʥʘʧʨʠʤʝʨ, ʠʥʬʨʘʟʚʫʢʦʚʳʝ ʢʦʣʝʙʘʥʠʷ 
ʚ ʩʝʡʩʤʦʘʢʪʠʚʥʳʝ ʧʝʨʠʦʜʳ, ʠʥʬʨʘʟʚʫʢʦʚʦʡ ʩʠʛʥʘʣ ʦʪ ʢʦʩʤʠʯʝʩʢʦʛʦ ʛʨʫʟʦʚʦʛʦ ʢʦʨʘʙʣʷ 
ʇʨʦʛʨʝʩʩ ʄʉ04, ʧʦʪʝʨʧʝʚʰʝʛʦ ʘʚʘʨʠʶ ʥʘʜ ʈʝʩʧʫʙʣʠʢʦʡ ʊʳʚʘ ʚʦ ʚʨʝʤʷ ʩʪʘʨʪʘ, ʘ ʪʘʢʞʝ 
ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʵʬʬʝʢʪ ʦʪ ʧʘʜʝʥʠʷ ʤʝʪʝʦʨʠʪʘ ʚ ʨʘʡʦʥʝ ʍʘʢʘʩʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 
ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ. 

 

5.7. ʆʙʩʝʨʚʘʪʦʨʠʷ ʨʘʜʠʦʬʠʟʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʘʪʤʦʩʬʝʨʳ (ʆʈɼɸ) 
 

ʆʙʩʝʨʚʘʪʦʨʠʷ ʨʘʜʠʦʬʠʟʠʯʝʩʢʦʡ ʜʠʘʛʥʦ-
ʩʪʠʢʠ ʘʪʤʦʩʬʝʨʳ (ʆʈɼɸ) ʀʉɿʌ ʉʆ ʈɸʅ, ʨʘʩ-
ʧʦʣʦʞʝʥʘ ʚʙʣʠʟʠ ʛ. ʋʩʦʣʴʝ-ʉʠʙʠʨʩʢʦʝ ʥʘ ʪʝʨʨʠ-
ʪʦʨʠʠ ʦʜʥʦʡ ʠʟ ʚʦʡʩʢʦʚʳʭ ʯʘʩʪʝʡ ʄʠʥʠʩʪʝʨʩʪʚʘ 
ʦʙʦʨʦʥʳ ʈʌ ʥʘ ʫʜʘʣʝʥʠʠ 125 ʢʤ ʦʪ ʛ. ʀʨʢʫʪʩʢʘ. 

ɿʘʜʘʯʘʤʠ ʦʙʩʝʨʚʘʪʦʨʠʠ ʷʚʣʷʶʪʩʷ ʧʨʦʚʝʜʝ-
ʥʠʝ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʨʘʜʠʦʬʠʟʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ 
ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʥʩʪʠʪʫʪʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʤʦ-
ʜʝʨʥʠʟʘʮʠʷ ʥʘʫʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʭʦʜʷʱʝʛʦ 
ʚ ʩʦʩʪʘʚ ʦʙʩʝʨʚʘʪʦʨʠʠ. 

ʆʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʟʘʜʘʯʠ ʦʙʩʝʨʚʘʪʦʨʠʠ: 

¶ ʨʝʛʫʣʷʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʚʘʨʠʘʮʠʡ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʦʩʬʝʨʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥ 
ʩʫʪʦʢ, ʩʝʟʦʥʦʚ, ʫʨʦʚʥʝʡ ʩʦʣʥʝʯʥʦʡ ʠ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʝʡ; 

¶ ʥʘʙʣʶʜʝʥʠʝ ʤʦʱʥʳʭ ʢʦʛʝʨʝʥʪʥʳʭ ʦʪʨʘʞʝʥʠʡ ʚʦ ʚʨʝʤʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ; 

¶ ʥʘʙʣʶʜʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʧʨʠʭʦʜʷʱʠʭ ʠʟ ʧʦʣʷʨʥʦʡ ʦʙ-
ʣʘʩʪʠ ʠʦʥʦʩʬʝʨʳ; 

¶ ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʣʦʞʥʳʭ ɺʏ-ʩʠʛʥʘʣʦʚ ʩ ʫʯʝʪʦʤ 
ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ, ʨʘʩʩʝʷʥʠʷ ʥʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʷʭ ʟʝʤʥʦʡ ʧʦ-
ʚʝʨʭʥʦʩʪʠ; 

¶ ʥʘʙʣʶʜʝʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʙʘʟʘ ʆʈɼɸ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʷʜ ʫʩʪʘʥʦʚʦʢ: 

¶ ʀʨʢʫʪʩʢʠʡ ʨʘʜʘʨ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʀʈʅʈ) ʚʭʦʜʠʪ ʚ ʧʝʨʝʯʝʥʴ ʫʥʠʢʘʣʴʥʳʭ 
ʫʩʪʘʥʦʚʦʢ ʥʘʮʠʦʥʘʣʴʥʦʡ ʟʥʘʯʠʤʦʩʪʠ (ʨʝʛ. ˉ 01-28); 

¶ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʳʡ ʃʏʄ-ʠʦʥʦʟʦʥʜ ʩ ʧʝʨʝʜʘʶʱʠʤʠ ʧʫʥʢʪʘʤʠ, ʨʘʟʤʝʱʝʥʥʳʤʠ ʥʘ 
ʪʝʨʨʠʪʦʨʠʠ ʆʈɼɸ (ʚʝʨʪʠʢʘʣʴʥʦʛʦ, ʚʦʟʚʨʘʪʥʦ-ʥʘʢʣʦʥʥʦʛʦ ʠ ʥʘʢʣʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ), 
ʅʦʨʠʣʴʩʢʦʡ ʂʄʀʉ ʀʉɿʌ ʉʆ ʈɸʅ, ʚ ʩ. ɿʘʙʘʡʢʘʣʴʩʢʦʝ ʍʘʙʘʨʦʚʩʢʦʛʦ ʢʨʘʷ ʠ ʚ ʧ. ʉʪʝʢʦʣʴ-
ʥʳʡ ʄʘʛʘʜʘʥʩʢʦʡ ʦʙʣ. (ʥʘʢʣʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ) ʠ ʧʨʠʝʤʥʳʤʠ ʧʫʥʢʪʘʤʠ ʚ ɻʌʆ ʀʉɿʌ 
ʉʆ ʈɸʅ (ʧ. ʊʦʨʳ ʈʝʩʧʫʙʣʠʢʘ ɹʫʨʷʪʠʷ, ʧ. ɸʨʪʠ, ʉʚʝʨʜʣʦʚʩʢʘʷ ʦʙʣʘʩʪʴ), ʘ ʪʘʢʞʝ ʥʘ ʅʦ-
ʨʠʣʴʩʢʦʡ ʂʄʀʉ (ʛ. ʅʦʨʠʣʴʩʢ, ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ); 

¶ ʜʦʧʣʝʨʦʚʩʢʠʡ ʢʦʤʧʣʝʢʩ ʀʉɿʌ ʉʆ ʈɸʅ ʩ ʧʨʠʝʤʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʨʘʟʤʝʱʝʥʥʳʤʠ 
ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʢʦʨʧʫʩʝ ʀʥʩʪʠʪʫʪʘ, ɻʌʆ ʠ ʂʄʀʆ. 

ɺ ʧʝʨʠʦʜ ʩ ʷʥʚʘʨʷ ʧʦ ʜʝʢʘʙʨʴ 2017 ʛ. ʚ ʦʙʩʝʨʚʘʪʦʨʠʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʠʟʤʝʨʝʥʠʡ, 
ʢʘʢ ʚ ʰʪʘʪʥʦʤ ʨʝʞʠʤʝ, ʪʘʢ ʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʞʠʤʘʭ. ʐʪʘʪʥʳʡ ʨʝʞʠʤ ʧʦʜʨʘʟʫʤʝ-
ʚʘʝʪ ʠʟʤʝʨʝʥʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ, ʩ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʝʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʢʦʤʧʣʝʢʩʘ ʀʈʅʈ (ʧʝʨʝʜʘʶʱʠʝ ʠ ʧʨʠʝʤʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, 
ʥʘʢʦʧʣʝʥʠʝ, ʦʙʨʘʙʦʪʢʘ ʠ ʭʨʘʥʝʥʠʝ ʚʩʝʛʦ ʦʙʲʝʤʘ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ). ʇʦʤʠʤʦ ʰʪʘʪʥʳʭ 
ʥʘʙʣʶʜʝʥʠʡ, ʚ ʆʈɼɸ ʧʨʦʚʦʜʠʣʩʷ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʥʦ-
ʚʳʭ ʤʝʪʦʜʠʢ, ʤʦʜʝʨʥʠʟʘʮʠʠ ʘʧʧʘʨʘʪʫʨʳ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ: 

¶ ʧʘʩʩʠʚʥʳʡ ʨʝʞʠʤ (ʬʦʥʦʚʳʡ ʨʠʦʤʝʪʨ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʦʛʦ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ 

ʮʠʬʨʦʚʦʛʦ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʫʣʫʯʰʝʥʥʳʤ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʚʦʟʤʦʞʥʦ-
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ʩʪʷʤʠ ʧʦ ʩʦʧʨʦʚʦʞʜʝʥʠʶ ʟʚʝʟʜʥʳʭ ʨʘʜʠʦʠʩʪʦʯʥʠʢʦʚ (ʉʦʣʥʮʝ, ʃʝʙʝʜʴ, ʂʨʘʙ, ʂʘʩʩʠʦʧʝʷ); 

¶ ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʨʝʞʠʤ ʧʦ ʟʦʥʜʠʨʦʚʘʥʠʶ ʠʦʥʦʩʬʝʨʳ ʠʤʧʫʣʴʩʦʤ ʩ ʃʏʄ-ʟʘʧʦʣ-

ʥʝʥʠʝʤ; 

¶ ʦʪʣʘʜʢʘ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʥʘʢʦʧʣʝʥʠʝ ʩʪʘʪʠʩʪʠʢʠ ʚ ʨʘʙʦʪʘʭ ʧʦ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤʳ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʀʈʅʈðʈʃʂ. 

 

ɺʩʝ ʧʝʨʠʦʜʳ ʨʘʙʦʪʳ ʨʘʜʘʨʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 14. 

 
ʊʘʙʣʠʮʘ 14. ʕʢʩʧʝʨʠʤʝʥʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʋʉʋ çʀʈʅʈè ʚ ʧʝʨʠʦʜ 01.2017ð12.2017. 

ʇʝʨʠʦʜ 
ʂʦʣ-ʚʦ  

ʩʫʪʦʢ 
ʕʢʩʧʝʨʠʤʝʥʪ 

ʩ 7 ʬʝʚʨʘʣʷ ï 
ʟʘʧʫʩʢ ʧʘʩʩʠʚʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʟʚʝʟʜʥʳʭ ʨʘʜʠʦʠʩʪʦʯʥʠʢʦʚ 

17ï23 ʘʧʨʝʣʷ 7 ʰʪʘʪʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʅʈ 

17 ʤʘʷ ï ʥʘʯʘʣʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʉʦʣʥʮʘ 

13ï16 ʠʶʥʷ 4 
ʰʪʘʪʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʅʈ + ʪʝʩʪʠʨʦʚʘʥʠʝ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ + ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʞʠʤʳ 

21 ʩʝʥʪʷʙʨʷ ï ʦʢʦʥʯʘʥʠʝ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʉʦʣʥʮʘ 

ʦʩʪʘʣʴʥʦʝ ʚʨʝʤʷ ʜʦ 

ʜʝʢʘʙʨʷ 2017 ʛ. 
ï 

ʧʘʩʩʠʚʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʩ ʩʦʧʨʦʚʦʞʜʝʥʠʝʤ 

ʟʚʝʟʜʥʳʭ ʨʘʜʠʦʠʩʪʦʯʥʠʢʦʚ 

 
ʆʙʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʡ ʚ ʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ ð 11 ʩʫʪ, ʦʙʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʡ ʚ 

ʧʘʩʩʠʚʥʦʤ ʨʝʞʠʤʝ ð ʦʩʪʘʣʴʥʦʝ ʚʨʝʤʷ. 
ʅʘ ʧʨʦʪʷʞʝʥʠʠ 2017 ʛ. ʧʨʦʚʦʜʠʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʘʧʧʘʨʘʪʫ-

ʨʳ ʀʈʅʈ: 

¶ ʧʨʦʚʝʜʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʟʘʱʠʪʥʳʭ ʢʣʶʯʝʡ ʚ ɺʋʇ ʙʣʠʞʥʝʛʦ (ʩʝʚʝʨʥʦʛʦ) ʪʝʨʤʠʥʘʣʘ; 

¶ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʀʈʅʈ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʨʘʙʦʪʘ ʩ ʩʠʩʪʝʤʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 
ʦʪ ʈʃʂ. 

 

ʄʥʦʛʦʧʦʟʠʮʠʦʥʥʳʡ ʃʏʄ-ʟʦʥʜ ʀʉɿʌ ʉʆ ʈɸʅ. ʇʝʨʝʜʘʶʱʠʡ ʢʦʤʧʣʝʢʩ 
ɺ ʧʝʨʠʦʜ ʩ 1 ʷʥʚʘʨʷ 2017 ʛ. ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʤ ʃʏʄ-ʠʦʥʦ-

ʟʦʥʜʝ çʀʦʥʦʟʦʥʜ ˉ 3è ʆʈɼɸ (ʛ. ʋʩʦʣʴʝ-ʉʠʙʠʨʩʢʦʝ,7) ʧʨʦʚʦʜʠʣʠʩʴ ʥʝʧʨʝʨʳʚʥʳʝ ʵʢʩʧʝ-
ʨʠʤʝʥʪʳ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʠ ʩʣʘʙʦ ʥʘʢʣʦʥʥʦʤʫ ʟʦʥʜʠʨʦʚʘʥʠʶ ʠʦʥʦʩʬʝʨʳ.  

ɺ ʪʝʯʝʥʠʝ ʚʩʝʛʦ 2017 ʛʦʜʘ ʧʝʨʝʜʘʶʱʠʡ ʧʫʥʢʪ çʀʦʥʦʟʦʥʜ ˉ 3è ʆʈɼɸ ʢʨʫʛʣʦʩʫʪʦʯʥʦ 
ʚʝʣ ʠʟʣʫʯʝʥʠʝ ʥʘ ʩʣʘʙʦʥʘʢʣʦʥʥʦʡ ʪʨʘʩʩʝ ʀʨʢʫʪʩʢïʊʦʨʳ (ʨʝʞʠʤ ʄʦʥʠʪʦʨʠʥʛ, ʤʦʱʥʦʩʪʴ 
ʠʟʣʫʯʝʥʠʷ 15 ɺʪ).  

ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʜʚʘ ʜʥʷ, 2 ʬʝʚʨʘʣʷ (ʠʦʥʦʟʦʥʜ ʥʝ ʨʘʙʦʪʘʣ ʧʦʯʪʠ ʩʫʪʢʠ) ʠ 
14 ʠʶʣʷ ð ʦʪʢʣʶʯʝʥʠʝ ʠʦʥʦʟʦʥʜʘ ʥʘ 1 ʯʘʩ, ʚʩʝ ʦʩʪʘʣʴʥʦʝ ʚʨʝʤʷ çʀʦʥʦʟʦʥʜ ˉ 3è ʆʈɼɸ 
ʢʨʫʛʣʦʩʫʪʦʯʥʦ ʚʝʣ ʠʟʣʫʯʝʥʠʝ ʥʘ ʩʣʘʙʦʥʘʢʣʦʥʥʦʡ ʪʨʘʩʩʝ ʀʨʢʫʪʩʢïʊʦʨʳ. 

ɺ 2017 ʛ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʥʦʚʳʡ ʢʦʤʧʘʢʪʥʳʡ ʚʘʨʠʘʥʪ ʃʏʄ-ʠʦʥʦʟʦʥʜʘ (ʥʘ ʦʩʥʦʚʝ 
ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ) ʠ ʧʨʦʚʝʜʝʥʳ ʝʛʦ ʥʘʪʫʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʣʘʙʦʥʘʢʣʦʥʥʦʡ ʪʨʘʩʩʝ 
ʀʨʢʫʪʩʢïʊʦʨʳ (ʨʝʞʠʤ ʄʦʥʠʪʦʨʠʥʛ, ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ 15 ɺʪ).  

ɺ ʪʝʯʝʥʠʝ 2017 ʛ. ʥʘ ʧʝʨʝʜʘʶʱʠʭ ʢʦʤʧʣʝʢʩʘʭ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʛʦ ʃʏʄ-ʠʦʥʦʟʦʥʜʘ 
ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʨʦʧʨʠʷʪʠʷ: 

 

ʅʦʨʠʣʴʩʢʘʷ ʂʄʀʉ  
ʈʝʤʦʥʪ-ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʘʥʪʝʥʥʳ ʨʠʦʤʝʪʨʘ ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʦʛʦ ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʢʘʙʝʣʷ 

ʅʦʨʠʣʴʩʢʦʡ ʂʄʀʉ, ʧʦʜʛʦʪʦʚʢʘ ʠ ʧʨʦʚʝʜʝʥʠʝ ʨʠʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ; 
ɼʝʤʦʥʪʘʞ, ʨʝʤʦʥʪ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʝʨʝʜʘʶʱʝʡ ʘʥʪʝʥʥʳ Titanex DLP-22, ʟʘʤʝʥʘ 

ʦʢʠʩʣʠʚʰʠʭʩʷ ʨʘʟʲʝʤʦʚ ʠ ʟʘʤʝʥʘ ʘʥʪʝʥʥʦʛʦ ʢʘʥʘʪʠʢʘ ʚ ʩʦʙʠʨʘʪʝʣʴʥʦʡ ʣʠʥʠʠ ʘʥʪʝʥʥʳ. 
ʀʟʛʦʪʦʚʣʝʥʠʝ ʚʳʭʦʜʥʦʛʦ LC-ʬʠʣʴʪʨʘ 7-ʧʦʨʷʜʢʘ ʥʘ ʜʠʘʧʘʟʦʥ 3.0ï30.0 ʄɻʮ ʠ ʝʛʦ 

ʧʦʜʢʣʶʯʝʥʠʝ ʤʝʞʜʫ ʚʳʭʦʜʦʤ ʈʇɼʋ çʂɽɼʈè ʠ ʧʝʨʝʜʘʶʱʝʡ ʘʥʪʝʥʥʦʡ Titanex DLP-22; 
ʈʝʤʦʥʪ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʟʘʧʫʩʢʘ ʠ ʦʩʪʘʥʦʚʢʠ ʈʇɼʋ 
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çʂɽɼʈè; 
ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʫʧʨʘʚʣʷʶʱʝʡ ʧʨʦʛʨʘʤʤʳ ʃʏʄ-ʠʦʥʦʟʦʥʜ; 
ɸʥʘʣʠʟ ʠ ʧʦʣʥʦʝ ʫʩʪʨʘʥʝʥʠʝ ʧʦʤʝʭʦʚʦʛʦ ʚʣʠʷʥʠʷ ʠʟʣʫʯʝʥʠʷ ʃʏʄ-ʠʦʥʦʟʦʥʜʘ ʥʘ 

ʤʘʛʥʠʪʦʤʝʪʨ ʅʦʨʠʣʴʩʢʦʡ ʂʄʀʉ; 
ʈʝʤʦʥʪ ʠ ʥʘʩʪʨʦʡʢʘ ʫʩʠʣʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ çʄʆè ʈʇɼʋ çʂɽɼʈè. 
ʈʝʤʦʥʪ ʠ ʟʘʤʝʥʘ ʙʣʦʢʘ ʋɹʉ ʈʇɼʋ çʂɽɼʈè. 

ʇʨʠʝʤʥʳʡ ʢʦʤʧʣʝʢʩ ʃʏʄ-ʠʦʥʦʟʦʥʜʘ 

ɺ ʪʝʯʝʥʠʝ 2017 ʛ. ʥʘ ʧʨʠʝʤʥʦʤ ʧʫʥʢʪʝ ɻʌʆ çʊʆʈʓè ʧʨʦʜʦʣʞʘʣʩʷ ʧʨʠʝʤ ʃʏʄ ʩʠʛ-

ʥʘʣʦʚ ʚ ʤʦʥʠʪʦʨʠʥʛʦʚʦʤ ʨʝʞʠʤʝ. ʇʨʠʝʤ ʩʠʛʥʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʥʘ ʥʘʢʣʦʥʥʳʭ ʪʨʘʩʩʘʭ, 

ʚʭʦʜʷʱʠʭ ʚ ʠʥʩʪʠʪʫʪʩʢʫʶ ʩʝʪʴ ʃʏʄ ʠʦʥʦʟʦʥʜʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʪʨʘʩʩʘʭ ʩʪʦʨʦʥʥʠʭ ʩʝʪʝʡ. 

ʇʨʠʝʤ ʥʘ ʥʘʢʣʦʥʥʳʭ ʪʨʘʩʩʘʭ ʚʝʜʝʪʩʷ ʩ 5-ʤʠʥʫʪʥʳʤ ʮʠʢʣʦʤ. 

ʆʩʥʦʚʥʳʤʠ ʥʘʢʣʦʥʥʳʤʠ ʪʨʘʩʩʘʤʠ ʷʚʣʷʶʪʩʷ ʪʨʘʩʩʳ: ʄʘʛʘʜʘʥïʀʨʢʫʪʩʢ (ʊʦʨʳ), ʍʘ-

ʙʘʨʦʚʩʢïʀʨʢʫʪʩʢ (ʊʦʨʳ), ʅʦʨʠʣʴʩʢïʀʨʢʫʪʩʢ (ʊʦʨʳ). ʏʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʥʘʢʣʦʥʥʳʭ ʪʨʘʩʩ ʩʦʩʪʘʚʣʷʝʪ: 2.0ï30.0 ʄɻʮ ʧʨʠ ʩʢʦʨʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ 500 ʢɻʮ/ʩ. ʉʚʝʜʝ-

ʥʠʷ ʦ ʨʘʙʦʪʝ ʧʨʠʝʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʛʦ ʃʏʄ-ʠʦʥʦʟʦʥʜʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 15. 

 
ʊʘʙʣʠʮʘ 15. ʉʚʝʜʝʥʠʷ ʦ ʨʘʙʦʪʝ ʧʨʠʝʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʥʦʛʦʧʦʟʠʮʠʦʥʥʦʛʦ ʃʏʄ-ʠʦʥʦʟʦʥʜʘ 

(ʥʘ ʥʦʷʙʨʴ 2017 ʛ.) 
 

 ̄ ʊʨʘʩʩʘ 
ʂʦʣʠʯʝʩʪʚʦ 

ʩʝʘʥʩʦʚ 

ʂʦʣʠʯʝʩʪʚʦ 

ʩʙʦʝʚ 

ʂʦʣʠʯʝʩʪʚʦ 

ʠʦʥʦʛʨʘʤʤ 

ʇʨʠʤʝʯʘʥʠʷ 

(ʂʦʵʵʬʠʮʠʝʥʪ ʧʦʪʝʨʴ), 

% 

1 ʄʘʛʘʜʘʥïʊʦʨʳ 86400 129 86271 0.15 

2 ʍʘʙʘʨʦʚʩʢïʊʦʨʳ 86400 10574 75826 12.24 

3 ʅʦʨʠʣʴʩʢïʊʦʨʳ 86400 5201 81199 6.02 

4 ʋʩʦʣʴʝïʊʦʨʳ 432000 645 431355 0.15 

5 ʄʦʥʦʩʪʘʪ ɺɿ 432000 37898 394102 8.77 

 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʦʩʪʫʧʥʘ ʜʣʷ ʚʥʝʰʥʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʧʦ ʟʘʧʨʦʩʫ ʥʘ 

ʩʘʡʪ ʀʥʩʪʠʪʫʪʘ http://iszf.irk.ru. 

 

6. ʅɸʋʏʅʆ-ʆʈɻɸʅʀɿɸʎʀʆʅʅɸʗ ɼɽʗʊɽʃʔʅʆʉʊʔ 

 

6.1. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ 

 

ɺ ʪʝʯʝʥʠʝ 2017 ʛ. ʀʥʩʪʠʪʫʪʦʤ ʚʳʧʦʣʥʷʣʘʩʴ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʧʦ ʦʩ-

ʥʦʚʥʳʤ ʥʘʫʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʜʝʷʪʝʣʴʥʦʩʪʠ: ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʘʩʪʨʦʥʦʤʠʠ, ʘʩʪ-

ʨʦʬʠʟʠʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚʢʣʶʯʘʷ ʬʠʟʠʢʫ ʉʦʣʥʮʘ, ʤʝʞʧʣʘ-

ʥʝʪʥʦʡ ʩʨʝʜʳ, ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʠʦʥʦʩʬʝʨʳ ʠ ʘʪʤʦʩʬʝʨʳ; ʠʟʫʯʝ-

ʥʠʝ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ ʩʚʷʟʝʡ; ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʠ ʘʧʧʘʨʘʪʫʨʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʘʩʪ-

ʨʦʬʠʟʠʢʠ ʠ ʛʝʦʬʠʟʠʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʛʦʩʟʘʜʘʥʠʡ ʥʘ 2017 ʛ. ʠ ʩʦʛʣʘʩʥʦ ʧʨʠʦʨʠ-

ʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʇʨʦʛʨʘʤʤʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʘʢʘ-

ʜʝʤʠʡ ʥʘ 2013ï2020 ʛʛ., ʫʪʚʝʨʞʜʝʥʥʦʡ ʈʘʩʧʦʨʷʞʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ˉ 2237-ʨ ʦʪ 

3 ʜʝʢʘʙʨʷ 2012 ʛ. 

1. ʇʨʠʦʨʠʪʝʪʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ II.12. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʜʠʦʬʠʟʠʢʠ ʠ ʘʢʫʩʪʠʢʠ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʭ ʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩʚʷʟʠ, 

ʣʦʢʘʮʠʠ ʠ ʜʠʘʛʥʦʩʪʠʢʠ, ʠʟʫʯʝʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʚʦʣʥʦʚʳʭ ʷʚʣʝʥʠʡ. 

1.1. ʇʨʦʛʨʘʤʤʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʆ ʈɸʅ II.12.2. ʈʘʜʠʦʬʠʟʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ ʠ ʠʦʥʦʩʬʝʨʳ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥ 

(ʢʦʦʨʜʠʥʘʪʦʨ ð ʯʣ.-ʢʦʨʨ. ʈɸʅ ɸ.ʇ. ʇʦʪʝʭʠʥ). 

ʇʨʦʝʢʪʳ: 




