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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ. ɹʦʨʪʦʚʘʷ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ (ɹʈʕɸ ʂɸ) ʩʦʩʪʦʠʪ ʠʟ ʘʧʧʘʨʘʪʫʨʳ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʠ 

ʘʧʧʘʨʘʪʫʨʳ ʦʪʩʝʢʘ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ. ʆʩʥʦʚʥʦʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʦʡ 

ʢʦʤʧʦʥʦʚʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʘʷ ʤʦʜʫʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʨʘʡʥʝ ʚʳʩʦʢʫʶ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʠʭ ʩʙʦʨʢʠ ʠ ʠʩʧʳʪʘʥʠʡ. ɺ ʮʝʣʦʤ ɹʈʕɸ ʂɸ 

ʠʤʝʝʪ ʜʝʩʷʪʢʠ ʩʣʦʞʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ, ʪʘʢʠʭ 

ʢʘʢ ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʫʧʨʘʚʣʝʥʠʝ ʧʘʥʝʣʷʤʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʫʧʨʘʚʣʝʥʠʝ 

ʜʚʠʛʘʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʩʚʷʟʴ ʠ ʪ.ʧ. ʕʣʝʢʪʨʦʥʥʘʷ ʙʘʟʘ ʵʪʠʭ ʩʠʩʪʝʤ ʜʦʣʞʥʘ ʚʳʜʝʨʞʠʚʘʪʴ 

ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʠʭ ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ), ʦʙʣʘʜʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʦʩʦʙʝʥʥʦ ʚʠʙʨʘʮʠʠ (ʧʨʠ ʟʘʧʫʩʢʝ ʂɸ), ʜʦʣʞʥʘ ʙʳʪʴ ʩʧʦʩʦʙʥʘ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʥʝʛʝʨʤʝʪʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʜʦʣʞʥʘ ʚʳʜʝʨʞʠʚʘʪʴ ʜʝʡʩʪʚʠʝ ʢʦʩʤʠʯʝʩʢʠʭ 

ʠʟʣʫʯʝʥʠʡ ʠ, ʥʘʢʦʥʝʮ, ʠʤʝʪʴ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʤʝʭʘʤ, 

ʚʦʟʥʠʢʘʶʱʠʤ ʧʨʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʘʭ ʚʦ ʚʨʝʤʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ 

ʤʘʛʥʠʪʦʩʬʝʨʳ ɿʝʤʣʠ. 

 ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʥʘ ʧʝʨʚʦʝ ʤʝʩʪʦ ʚʳʭʦʜʷʪ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ʢʦʩʤʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. ʕʪʠ ʬʘʢʪʦʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʢʘʯʝʩʪʚʦʤ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʘʣʠʯʠʝʤ ʠ ʩʪʝʧʝʥʴʶ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ. ʅʦ ʚʘʞʥʝʡʰʘʷ ʨʦʣʴ ʟʜʝʩʴ ʦʪʚʦʜʠʪʩʷ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ (ʕʄʉ), ʚʢʣʶʯʘʶʱʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʙʦʪʳ ɹʈʕɸ ʂɸ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ (ʕʉʈ). ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ, 

ʚʳʧʦʣʥʷʶʱʠʭ ʢʨʠʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, ʚʦʟʥʠʢʘʝʪ ʥʦʚʘʷ ʧʨʦʙʣʝʤʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ, ʩʚʷʟʘʥʥʘʷ ʩ ʕʄʉ. ʆʥʘ ʚʳʟʚʘʥʘ ʧʨʠʤʝʥʝʥʠʝʤ ʚʩʝ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ ʜʣʷ ʨʝʰʝʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘʜʘʯ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ ʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ.  

ʇʨʠ ʥʘʨʫʰʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʕʉʈ ʧʦʩʣʝʜʩʪʚʠʷ 

ʦʪʢʘʟʦʚ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʤʦʛʫʪ ʙʳʪʴ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʤʘʪʝʨʠʘʣʴʥʦʤʫ ʫʱʝʨʙʫ, ʚʧʣʦʪʴ ʜʦ ʧʦʪʝʨʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ʇʦ ʧʦʩʣʝʜʥʠʤ ʜʘʥʥʳʤ ʅɸʉɸ 

ʦʪʢʘʟʳ, ʚʳʟʚʘʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʥʘ ʵʣʝʢʪʨʦʥʠʢʫ ʩʧʫʪʥʠʢʦʚ, 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʥʘ ʦʢʦʣʦʟʝʤʥʳʭ ʦʨʙʠʪʘʭ, ʚʳʨʦʩʣʠ ʜʦ 54%, ʫʢʘʟʳʚʘʷ ʥʘ ʚʦʟʨʘʩʪʘʶʱʫʶ 

ʚʘʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʟʘʱʠʪʳ ʈʕɸ ʂɸ ʦʪ ʧʦʨʘʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʵʣʝʢʪʨʠʟʘʮʠʠ. 

ʇʦʵʪʦʤʫ, ʥʘʨʷʜʫ ʩ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʙʦʨʪʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ 
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ʢʘʯʝʩʪʚʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʵʣʝʢʪʨʦʥʠʢʫ ʂɸ ʧʦʨʘʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʵʣʝʢʪʨʠʟʘʮʠʠ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʚʝʨʜʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʕʉʈ 

ʥʘ ʂɸ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ (ɻʉʆ), ʚʳʩʦʢʦʵʣʣʠʧʪʠʯʝʩʢʠʭ ʦʨʙʠʪʘʭ, ʘ ʪʘʢʞʝ 

ʚ ʘʚʨʦʨʘʣʴʥʳʭ ʟʦʥʘʭ ʤʘʛʥʠʪʦʩʬʝʨʳ ɿʝʤʣʠ, ʷʚʣʷʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʟʘʨʷʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʂɸ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʶʪ ʚʥʝʰʥʝʡ ʵʣʝʢʪʨʠʟʘʮʠʝʡ ʂɸ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʠʤʝʶʱʝʡ ʤʝʩʪʦ ʚʥʫʪʨʝʥʥʝʡ ʵʣʝʢʪʨʠʟʘʮʠʠ, ʢʦʛʜʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ 

ʚʦʟʥʠʢʘʶʪ ʤʝʞʜʫ ʜʠʵʣʝʢʪʨʠʢʘʤʠ ɹʈʕɸ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ ʠʣʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʚ ʩʘʤʦʡ ʘʧʧʘʨʘʪʫʨʝ, ʥʘʭʦʜʷʱʝʡʩʷ ʚʥʫʪʨʠ ʢʦʨʧʫʩʘ ʂɸ. 

ɺʥʫʪʨʝʥʥʷʷ ʵʣʝʢʪʨʠʟʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥʘ ʦʙʲʝʤʥʳʤ ʟʘʨʷʞʝʥʠʝʤ ʜʠʵʣʝʢʪʨʠʢʦʚ ɹʈʕɸ ʂɸ 

ʵʣʝʢʪʨʦʥʘʤʠ ʩ ʵʥʝʨʛʠʝʡ ʙʦʣʝʝ 1 ʄʵɺ, ʪʦʛʜʘ ʢʘʢ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚʦ ʚʥʝʰʥʶʶ ʵʣʝʢʪʨʠʟʘʮʠʶ 

ʜʘʶʪ ʵʣʝʢʪʨʦʥʳ ʩ ʵʥʝʨʛʠʝʡ ʤʝʥʝʝ 100 ʢʵɺ. 

ʈʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʂɸ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ (ɻʉʆ), 

ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 20 ʢɺ, ʘ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʕʉʈ ʩʦʩʪʘʚʣʷʶʪ 6-200 ʤɼʞ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʕʉʈ 

ʧʦ ʢʦʨʧʫʩʫ ʂɸ ʧʨʦʪʝʢʘʶʪ ʠʤʧʫʣʴʩʥʳʝ ʪʦʢʠ ʘʤʧʣʠʪʫʜʦʡ ʜʦ 100 ɸ. ʆʥʠ ʧʨʠʚʦʜʷʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ (ʕʄʇ) ʚ ʵʣʝʤʝʥʪʘʭ ʢʘʙʝʣʴʥʳʭ ʩʠʩʪʝʤ ɹʈʕɸ. 

ɺʳʟʚʘʥʥʳʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʨʘʟʨʷʜʘʤʠ ʕʄʇ ʧʨʠʚʦʜʷʪ ʥʝ ʪʦʣʴʢʦ ʢ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ ʩʙʦʷʤ ʠ ʦʙʨʘʪʠʤʳʤ ʦʪʢʘʟʘʤ ʨʘʙʦʪʳ ʙʦʨʪʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʥʦ ʪʘʢʞʝ ʢ ʝʸ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ ʦʪʢʘʟʘʤ, ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʠ ʧʦʪʝʨʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ.  

ʈʝʰʝʥʠʶ ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʫʯʝʥʳʭ: ʉʘʝʥʢʦ ɺ.ʉ., 

ʇʦʞʠʜʘʝʚʘ ɽ.ɼ., ʂʝʯʠʝʚʘ ʃ.ʅ., ʄʦʨʦʟʦʚʘ ɽ.ʇ., ʂʠʨʠʣʣʦʚʘ ɺ.ʖ., ʅʦʚʠʢʦʚʘ ʃ.ʉ., ʊʶʪʥʝʚʘ ɸ.ʇ., 

ʍʦʜʥʝʥʢʦ ɺ.ʇ. ʠ ʜʨ. ʉʨʝʜʠ ʟʘʨʫʙʝʞʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʳ ɹʦʢʩʣʝʡʪʝʨʘ ɺ., 

ɹʘʨʥʩʘ ɼʞ., ʋʘʡʪʘ ɼʞ., ʆʪʪʘ ɻ. ʕʪʠʤʠ ʘʚʪʦʨʘʤʠ ʟʘʣʦʞʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʦʩʥʦʚʳ ʬʠʟʠʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ ʢʦʤʧʦʥʝʥʪʳ 

ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʤʝʪʦʜʦʚ ʠʩʧʳʪʘʥʠʡ ʠ ʧʦʚʳʰʝʥʠʷ ʝʸ 

ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʕʉʈ.  

ɺ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʱʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚʥʝʩʣʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʫʯʝʥʳʝ ɹʘʣʶʢ ʅ.ɺ., 

ʂʠʨʠʣʣʦʚ ɺ.ʖ., ʄʳʨʦʚʘ ʃ.ʆ., ʂʦʤʷʛʠʥ ʉ.ʀ. ʠ ʜʨ.  

ʈʝʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠʭ 

ʙʦʨʪʦʚʘʷ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʳ. ʆʪʩʶʜʘ ʚʳʪʝʢʘʶʪ ʩʣʦʞʥʦʩʪʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʸ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ. ʕʪʦ ʟʘʪʨʫʜʥʷʝʪ ʨʘʟʨʘʙʦʪʢʫ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠ ʤʝʪʦʜʦʣʦʛʠʠ 
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ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ɹʈʕɸ ʂɸ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʝʡʰʠʭ ʩʨʝʜʩʪʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʕʉʈ ʠ 

ʟʘʱʠʪʳ ʘʧʧʘʨʘʪʫʨʳ ʦʪ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʩʴ ʨʷʜ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʝʨ, ʧʨʠʥʷʪʳʭ ʥʘ ʵʪʘʧʝ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʨʘʙʦʪʢʠ ʠʟʜʝʣʠʷ, ʘ ʪʘʢʞʝ ʧʦʩʣʝ ʵʪʘʧʘ ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ. 

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʥʦʚʳʭ ʩʣʦʞʥʝʡʰʠʭ 

ʩʧʫʪʥʠʢʦʚ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʕʉʈ ʥʘ ʵʪʘʧʝ ʝʸ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʚʦʟʤʦʞʥʳʡ 

ʫʱʝʨʙ ʦʪ ʧʦʪʝʨʠ ʩʧʫʪʥʠʢʦʚ ʧʦ ʫʢʘʟʘʥʥʦʡ ʧʨʠʯʠʥʝ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʝʚʦʩʭʦʜʠʪʴ 

ʠʭ ʩʪʦʠʤʦʩʪʴ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʝʥʠʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʳ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʟʘ ʩʯʝʪ 

ʩʥʠʞʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʨʘʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʵʣʝʢʪʨʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠ ʚʘʞʥʳʤ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ ʠ ʝʝ ʦʙʦʨʦʥʦʩʧʦʩʦʙʥʦʩʪʠ.  

ʎʝʣʴ ʨʘʙʦʪʳ: ʉʦʟʜʘʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʧʦʟʚʦʣʷʶʱʝʡ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʧʦʨʘʞʘʶʱʠʭ 

ʬʘʢʪʦʨʦʚ ʵʣʝʢʪʨʠʟʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʦʪʢʘʟʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʚʳʟʚʘʥʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʨʘʟʨʷʜʘʤʠ, ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʚʳʨʘʚʥʠʚʘʥʠʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʥʝ ʜʦʧʫʩʢʘʶʱʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʕʉʈ, 

ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʫʟʣʦʚ 

ʘʧʧʘʨʘʪʫʨʳ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ.  

 ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

1. ɼʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʚʝʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ (ʦʙʣʘʜʘʶʱʠʭ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ  

10
-9
ï10

-10
 ʆʤ

-1
Ŀʤ

-1
) ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʥʳʭ ʨʘʜʠʦʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʚ 

ʩʦʩʪʘʚʝ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʫʩʪʨʦʡʩʪʚ ɹʈʕɸ ʂɸ ʦʙʝʩʧʝʯʠʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʢʘʧʣʠʚʘʝʤʦʛʦ 

ʟʘʨʷʜʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʳʨʘʚʥʠʚʘʥʠʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ;  

2. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʦʣʦʛʠʶ ʦʙʝʩʧʝʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʵʪʘʧʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʂɸ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʧʦʜʚʝʨʞʝʥʥʦʡ 

ʚʦʟʜʝʡʩʪʚʠʶ ʕʉʈ, ʚʢʣʶʯʘʶʱʫʶ ʢʦʤʧʣʝʢʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʦʜʠʢ, ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʳʷʚʣʝʥʠʝ ʜʦʤʠʥʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʚ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʘ ʧʦʨʘʞʝʥʠʷ 

ʘʧʧʘʨʘʪʫʨʳ ʦʪ ʜʝʡʩʪʚʠʷ ʕʉʈ. 

 3. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʨʦʚʥʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ, ʚʦʟʥʠʢʘʶʱʠʭ 

ʧʨʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʘʭ ʚʦ ʬʨʘʛʤʝʥʪʘʭ ʙʦʨʪʦʚʦʡ ʢʘʙʝʣʴʥʦʡ ʩʝʪʠ ʠ ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ 

ʚʭʦʜʳ ɹʈʕɸ ʂɸ, ʦʙʣʘʜʘʶʱʠʡ ʧʦʛʨʝʰʥʦʩʪʴʶ, ʧʦʟʚʦʣʷʶʱʝʡ ʥʘ ʵʪʘʧʘʭ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʦʮʝʥʠʚʘʪʴ ʝʸ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ.  
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4. ɼʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪʳ ʫʨʦʚʥʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʚ ʙʦʨʪʦʚʦʡ ʢʘʙʝʣʴʥʦʡ 

ʩʝʪʠ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʕʉʈ, ʠ ʧʨʦʚʝʩʪʠ ʥʘ ʩʪʝʥʜʝ-ʵʣʝʢʪʨʦʘʥʘʣʦʛʝ ʵʪʦʛʦ ʂɸ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʝʣʠʯʠʥ ʫʨʦʚʥʝʡ ʧʦʤʝʭ. 

5. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʫʨʦʚʥʝʡ ʕʄʇ ʨʘʟʨʘʙʦʪʘʪʴ 

ʠʥʞʝʥʝʨʥʫʶ ʤʝʪʦʜʠʢʫ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ɹʈʕɸ ʂɸ ʦʪ ʕʉʈ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ 

ʝʸ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʫʥʠʬʠʮʠʨʦʚʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʨʘʟʣʠʯʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʠ ʩʠʩʪʝʤ, ʚʭʦʜʷʱʠʭ ʚ ɹʈʕɸ ʂɸ, ʥʘ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʕʉʈ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ-ʠʟʛʦʪʦʚʠʪʝʣʷʭ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ ʨʝʰʝʥʠʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: ʪʝʦʨʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ; ʤʝʪʦʜʳ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ; ʪʝʦʨʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ; ʤʝʪʦʜʳ ʨʘʜʠʘʮʠʦʥʥʦʡ ʬʠʟʠʢʠ ʧʦʣʠʤʝʨʦʚ; ʤʝʪʦʜʳ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ; ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʤʘʢʨʦʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʤʝʪʦʜʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʵʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʟʘʱʠʪʫ ʠ ʠʭ ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ʅʘʫʯʥʘʷ 

ʥʦʚʠʟʥʘ ʣʝʞʠʪ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʩʠʩʪʝʤ, ʫʩʪʨʦʡʩʪʚ 

ʠ ʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʦʚʳʭ ʨʘʜʠʦʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ, ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʠʩʧʳʪʘʥʠʡ ɹʈʕɸ ʂɸ ʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʊʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ (ʦʙʣʘʜʘʶʱʠʭ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ  

10
-9
ï10

-10
 ʆʤ

-1
Ŀʤ

-1
)
 
ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʥʳʭ ʨʘʜʠʦʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʨʘʚʥʠʚʘʥʠʝ ʟʘʨʷʜʘ, ʥʘʢʘʧʣʠʚʘʶʱʝʛʦʩʷ ʚ ʜʠʵʣʝʢʪʨʠʢʘʭ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʥʦʚ 

ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʧʨʦʥʠʢʘʶʱʠʭ ʩʢʚʦʟʴ ʢʦʨʧʫʩ ʂɸ, ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʕʉʈ;  

2. ʈʘʟʨʘʙʦʪʘʥʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʝʛʦ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʘʛʨʝʛʠʨʦʚʘʥʠʝ ʯʘʩʪʠʮ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʚ 

ʢʦʥʛʣʦʤʝʨʘʪʳ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ, ʚʳʩʪʫʧʘʶʱʠʝ ʚ ʨʦʣʠ ʤʘʢʨʦʜʠʧʦʣʝʡ, ʠ ʦʙʲʷʩʥʷʶʱʘʷ ʘʥʦʤʘʣʴʥʳʡ 

ʨʦʩʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʦʣʥʠʪʝʣʷ. 

ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʫʩʪʨʘʥʝʥʠʷ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ ʢʦʤʧʦʟʠʪʥʳʭ 

ʜʠʵʣʝʢʪʨʠʢʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʣʴʪʨʘʟʚʫʢʘ; 

 3. ɺʳʧʦʣʥʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʵʣʝʢʪʨʠʟʘʮʠʠ ʢʦʤʧʦʟʠʪʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʚʝʣʠʯʠʥ ʠʭ 

ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʪ 10
-14 
ʜʦ 10

-5
 ʆʤ

-1
Ŀʤ

-1 
ʠ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 

ʵʣʝʢʪʨʦʥʦʚ, ʧʦʧʘʜʘʶʱʠʭ ʥʘ ʜʠʵʣʝʢʪʨʠʢ ʠʟ ʦʢʦʣʦʟʝʤʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʳ, ʦʪ 10
-7

 AĿʤ
-2 



10 

 

(ʩʧʦʢʦʡʥʘʷ ʛʝʦʤʘʛʥʠʪʥʘʷ ʦʙʩʪʘʥʦʚʢʘ) ʜʦ 10
-3

 AĿʤ
-2

 (ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʚʳʰʝ ʩʘʤʳʭ ʩʠʣʴʥʳʭ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʦʟʠʪʥʳʝ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʝ ʜʠʵʣʝʢʪʨʠʢʠ, ʦʙʣʘʜʘʶʱʠʝ 

ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ 10
-9
ï10

-10
 ʆʤ

-1
Ŀʤ

-1
, ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʥʘʢʘʧʣʠʚʘʝʤʦʛʦ ʟʘʨʷʜʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʳʨʘʚʥʠʚʘʥʠʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ, ʯʪʦ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ; 

4. ʇʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ ʠʟʚʝʩʪʥʳʭ ʪʝʤ, ʯʪʦ ʚ 

ʩʦʩʪʘʚʝ ʠʭ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʩʦʜʝʨʞʘʪʩʷ ʢʦʤʧʦʟʠʪʥʳʝ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʝ ʜʠʵʣʝʢʪʨʠʢʠ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʩʣʝʜʥʠʭ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʯʘʩʪʦʪʘʭ ʜʦ 100 ʄɻʮ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ 

ʵʪʦʤ ʟʘʱʠʪʫ ʦʪ ʧʦʨʘʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʵʣʝʢʪʨʠʟʘʮʠʠ; 

5. ʉʦʟʜʘʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʦʪ ʠʟʚʝʩʪʥʳʭ ʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʦʙʝʩʧʝʯʝʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʳʷʚʣʷʪʴ ʜʦʤʠʥʠʨʫʶʱʠʝ ʬʘʢʪʦʨʳ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ 

ʧʦʨʘʞʝʥʠʷ ʘʧʧʘʨʘʪʫʨʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʸ ʕʉʈ;  

6. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʨʦʚʥʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ, ʚʦʟʥʠʢʘʶʱʠʭ 

ʧʨʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʘʭ ʚʦ ʬʨʘʛʤʝʥʪʘʭ ʙʦʨʪʦʚʦʡ ʢʘʙʝʣʴʥʦʡ ʩʝʪʠ ʠ ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʚʭʦʜʳ 

ɹʈʕɸ ʂɸ, ʧʦʟʚʦʣʷʶʱʠʡ ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʟʚʝʩʪʥʳʭ: 

- ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟ ʟʘ ʩʯʝʪ ʚʳʜʝʣʝʥʠʷ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʨʘʟʨʷʜʘ, ʛʜʝ ʫʨʦʚʥʠ 

ʧʦʤʝʭ ʤʦʛʫʪ ʧʨʝʚʳʰʘʪʴ ʧʦʨʦʛʠ ʦʪʢʘʟʦʚ ʫʩʪʨʦʡʩʪʚ ʙʦʨʪʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ,  

- ʚʳʧʦʣʥʷʪʴ ʨʘʩʯʝʪ ʧʦʤʝʭ ʪʦʣʴʢʦ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

ʅʘ ʩʪʝʥʜʝ-ʵʣʝʢʪʨʦʘʥʘʣʦʛʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʝʣʠʯʠʥ ʫʨʦʚʥʝʡ ʧʦʤʝʭ ʚ ʙʦʨʪʦʚʦʡ ʢʘʙʝʣʴʥʦʡ ʩʝʪʠ ʧʨʠ ʕʉʈ, ʢʦʪʦʨʦʝ ʧʦʜʪʚʝʨʜʠʣʦ ʘʜʝʢʚʘʪʥʦʩʪʴ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʧʦʛʨʝʰʥʦʩʪʴ 22%);  

7. ʈʘʟʨʘʙʦʪʘʥʘ ʠʥʞʝʥʝʨʥʘʷ ʤʝʪʦʜʠʢʘ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ɹʈʕɸ ʂɸ ʦʪ 

ʕʉʈ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʟʚʝʩʪʥʳʭ, ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ 

ʨʘʩʯʝʪ ʫʨʦʚʥʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʙʦʨʪʦʚʦʡ ʢʘʙʝʣʴʥʦʡ ʩʝʪʠ, ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʦʩʥʦʚʘʥʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʘʧʧʘʨʘʪʫʨʝ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʧʦʣʝʟʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

ʇʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ (ʦʙʣʘʜʘʶʱʠʭ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ 10
-9ï

10
-10

 ʆʤ
-1
Ŀʤ

-1
)
 
ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʥʳʭ ʨʘʜʠʦʤʘʪʝʨʠʘʣʦʚ ɹʈʕɸ ʂɸ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʝʸ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ʦʪ ʕʉʈ.  

ʈʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ ʠ ʠʥʞʝʥʝʨʥʳʭ ʤʝʪʦʜʠʢ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ 

ʚʣʠʷʥʠʷ ʕʉʈ ʥʘ ʨʘʜʠʦʤʘʪʝʨʠʘʣʳ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʫʶ ʘʧʧʘʨʘʪʫʨʫ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ 
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ʦʙʦʩʥʦʚʘʥʥʦ ʧʨʠʤʝʥʷʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʟʘʱʠʪʥʳʝ ʤʝʨʳ ʥʘ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʦʟʜʘʚʘʪʴ ɹʈʕɸ ʂɸ, ʩʪʦʡʢʠʝ ʢ ʕʉʈ. 

ɼʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʤʘʪʝʨʠʘʣʦʚ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʂɸ, ʦʙʣʘʜʘʶʱʠʭ 

ʧʦʥʠʞʝʥʥʦʡ ʵʣʝʢʪʨʠʟʫʝʤʦʩʪʴʶ.  

ɼʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʤʦʥʪʘʞʘ ɹʂʉ, 

ʤʠʥʠʤʠʟʠʨʫʶʱʠʭ ʝʸ ʵʣʝʢʪʨʠʟʘʮʠʶ. ʇʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʧʦʨʦʛʦʚ ʥʘʧʨʷʞʝʥʠʷ ʦʪʢʘʟʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʥʘʜʝʞʥʦʩʪʠ ɹʈʕɸ ʂɸ, ʫʯʠʪʳʚʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʕʉʈ. 

ʉʦʟʜʘʥʘ ʠʥʞʝʥʝʨʥʘʷ ʤʝʪʦʜʠʢʘ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ɹʈʕɸ ʂɸ ʦʪ ʕʉʈ, ʚ 

ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʟʚʝʩʪʥʳʭ, ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʩʯʝʪ 

ʫʨʦʚʥʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʙʦʨʪʦʚʦʡ ʢʘʙʝʣʴʥʦʡ ʩʝʪʠ, ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʦʩʥʦʚʘʥʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʪʠʤ 

ʧʨʦʝʢʪʠʨʫʝʤʳʤ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʤ ʫʩʪʨʦʡʩʪʚʘʤ.  

ʈʘʟʨʘʙʦʪʘʥʘ ʫʥʠʬʠʮʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ 

ʩʠʩʪʝʤ, ʚʭʦʜʷʱʠʭ ʚ ɹʈʕɸ ʂɸ, ʥʘ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʕʉʈ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʚʳʭʦʜʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ-ʠʟʛʦʪʦʚʠʪʝʣʷʭ.  

ʇʨʠʦʨʠʪʝʪ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦʜʪʚʝʨʞʜʝʥ ʧʘʪʝʥʪʘʤʠ:  

- ɸʙʨʘʤʝʰʠʥ ɸ.ɽ., ɹʝʣʠʢ ɻ.ɸ., ɺʦʩʪʨʠʢʦʚ ɸ.ɺ., ʉʘʝʥʢʦ ɺ.ʉ. ʇʝʯʘʪʥʘʷ ʧʣʘʪʘ ʜʣʷ 

ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. ʇʘʪʝʥʪ ʥʘ 

ʠʟʦʙʨʝʪʝʥʠʝ ˉ 2497319 ʦʪ 28 ʬʝʚʨʘʣʷ 2013 ʛʦʜʘ; 

- ɸʙʨʘʤʝʰʠʥ ɸ.ɽ., ʉʘʝʥʢʦ ɺ.ʉ., ʃʠʥʝʮʢʠʡ ɹ.ʃ., ʉʤʠʨʥʦʚ ɼ.ɼ. ʂʘʙʝʣʴʥʳʡ 

ʤʥʦʛʦʢʦʥʪʘʢʪʥʳʡ ʨʘʟʲʝʤ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩ ʧʦʚʳʰʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ. ʇʘʪʝʥʪ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ˉ 164910 

ʦʪ 30 ʜʝʢʘʙʨʷ 2015 ʛʦʜʘ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʚʠʜʝ ʤʝʪʦʜʦʚ, ʤʝʪʦʜʠʢ, ʨʝʢʦʤʝʥʜʘʮʠʡ, ʠʥʞʝʥʝʨʥʳʭ 

ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʦʚ ʚʥʝʜʨʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ: 

- ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʦʩʤʠʯʝʩʢʠʡ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʝʥʪʨ (ɻʂʅʇʎ) ʠʤ. ʄ.ɺ. 

ʍʨʫʥʠʯʝʚʘ; 

- ʌɻʋʇ çʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʠʤ. ʉ.ɸ. ʃʘʚʦʯʢʠʥʘè;  

- ʈʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʘʷ ʢʦʨʧʦʨʘʮʠʷ ʈʂʂ çʕʥʝʨʛʠʷè; 

- ʌɻʋʇ çʄʦʩʢʦʚʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè 

(ʄʅʀʈʊʀ);  

- ɻʆʋɺʇʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʘʚʪʦʤʘʪʠʢʠ 

(ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è (ʄʀʈʕɸ); 
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- ʉʘʥʢʪ-ʧʝʪʝʨʙʫʨʛʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʢʠ ʠ ʦʧʪʠʢʠ (ʉʇ ʅʀʋ ʀʊʄʆ). 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ, 

ʦʙʩʫʞʜʘʣʠʩʴ ʠ ʧʦʣʫʯʠʣʠ ʦʜʦʙʨʝʥʠʝ ʥʘ: 

- 14TH Spacecraft Charging and Technology Conference, 04-08 April 2016, Noordwijk, 

Netherlands; 

- ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ "International Scientific ï 

Practical Conference "INNOVATIVE INFORMATION TECHNOLOGIES" (Prague, 

2013, April 22-26); 

- X ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ "ʀʥʥʦʚʘʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ" (ʀʅʌʆ-2013) (ʉʦʯʠ ï 2013 ʛ.); 

- XI ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʀʥʥʦʚʘʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡè (ʀʅʌʆ-2014) (ʉʦʯʠ ï 2014 ʛ.); 

- XII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʀʥʥʦʚʘʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡè (ʀʅʌʆ-2015) (ʉʦʯʠ ï 2015 ʛ); 

- XXII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʈʘʜʠʘʮʠʦʥʥʘʷ ʬʠʟʠʢʘ ʪʚʝʨʜʦʛʦ ʪʝʣʘè 

(ʉʝʚʘʩʪʦʧʦʣʴ - 2012 ʛ.); 

- XXIII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʈʘʜʠʘʮʠʦʥʥʘʷ ʬʠʟʠʢʘ ʪʚʝʨʜʦʛʦ ʪʝʣʘè 

(ʉʝʚʘʩʪʦʧʦʣʴ - 2013 ʛ.); 

- ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʩʠʤʧʦʟʠʫʤʝ çʅʘʜʝʞʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ 2012è (ʇʝʥʟʘ ï 21 ʤʘʷ-31 ʤʘʷ 

2012 ʛ.); 

- ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʄʝʥʝʜʞʤʝʥʪ ʢʘʯʝʩʪʚʘ ʠ ʤʝʥʝʜʞʤʝʥʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤè (ɸʚʩʪʨʠʷ, ɺʝʥʘ ï 16-23 ʩʝʥʪʷʙʨʷ 2012 ʛ.); 

- II ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʝʩʧʠʣʦʪʥʳʤʠ ʢʦʩʤʠʯʝʩʢʠʤʠ 

ʠ ʘʪʤʦʩʬʝʨʥʳʤʠ ʣʝʪʘʪʝʣʴʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠè (ʄʦʩʢʚʘ ï 24-26 ʦʢʪʷʙʨʷ 2012 ʛ.); 

- ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʤ ʩʝʤʠʥʘʨʝ çʅʦʚʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭè (ʄʦʩʢʚʘ ï 16 ʘʧʨʝʣʷ 2015 ʛ.). 

ʇʫʙʣʠʢʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʦʪʨʘʞʝʥʳ ʚ 54 ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪʘʭ, ʚ ʯʠʩʣʝ 

ʢʦʪʦʨʳʭ 1 ʤʦʥʦʛʨʘʬʠʷ, 44 ʩʪʘʪʴʠ ʚ ʞʫʨʥʘʣʘʭ, ʩʙʦʨʥʠʢʘʭ ʩʪʘʪʝʡ, ʤʘʪʝʨʠʘʣʘʭ ʢʦʥʬʝʨʝʥʮʠʡ, 9 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʦʪʯʝʪʦʚ, ʠʤʝʶʱʠʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʨʝʛʠʩʪʨʘʮʠʶ. ɺ ʞʫʨʥʘʣʘʭ, 

ʚʢʣʶʯʝʥʥʳʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ, ʦʧʫʙʣʠʢʦʚʘʥʦ 26 ʩʪʘʪʝʡ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʧʷʪʠ ʛʣʘʚ, 

ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʩʦʢʨʘʱʝʥʠʡ ʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ, ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʚʢʣʶʯʘʶʱʝʛʦ 211 ʥʘʠʤʝʥʦʚʘʥʠʡ.  
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ɻʣʘʚʘ 1 ɸʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʠ ʧʫʪʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʵʣʝʢʪʨʠʟʘʮʠʠ  

ʂɸ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʝʡ ʬʘʢʪʦʨʦʚ, ʧʦʨʘʞʘʶʱʠʭ  

ʙʦʨʪʦʚʫʶ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʫʶ ʘʧʧʘʨʘʪʫʨʫ 

ɹʦʨʪʦʚʘʷ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ (ɹʈʕɸ ʂɸ) ʩʦʩʪʦʠʪ ʠʟ 

ʘʧʧʘʨʘʪʫʨʳ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ʘʧʧʘʨʘʪʫʨʳ ʦʪʩʝʢʘ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ. 

ʆʩʥʦʚʥʦʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʦʡ ʢʦʤʧʦʥʦʚʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ 

ʷʨʢʦ ʚʳʨʘʞʝʥʥʘʷ ʤʦʜʫʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʨʘʡʥʝ ʚʳʩʦʢʫʶ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʠʭ 

ʩʙʦʨʢʠ ʠ ʠʩʧʳʪʘʥʠʡ. ɺ ʮʝʣʦʤ ɹʈʕɸ ʂɸ ʠʤʝʝʪ ʜʝʩʷʪʢʠ ʩʣʦʞʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ, ʪʘʢʠʭ ʢʘʢ ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʫʧʨʘʚʣʝʥʠʝ 

ʧʘʥʝʣʷʤʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʛʘʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʩʚʷʟʴ ʠ ʪ.ʧ. 

ʕʣʝʢʪʨʦʥʥʘʷ ʙʘʟʘ ʵʪʠʭ ʩʠʩʪʝʤ ʜʦʣʞʥʘ ʚʳʜʝʨʞʠʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʠʭ ʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ (ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ), ʦʙʣʘʜʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, 

ʦʩʦʙʝʥʥʦ ʚʠʙʨʘʮʠʠ (ʧʨʠ ʟʘʧʫʩʢʝ ʂɸ), ʜʦʣʞʥʘ ʙʳʪʴ ʩʧʦʩʦʙʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ 

ʥʝʛʝʨʤʝʪʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʜʦʣʞʥʘ ʚʳʜʝʨʞʠʚʘʪʴ ʜʝʡʩʪʚʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʣʫʯʝʥʠʡ ʠ, ʥʘʢʦʥʝʮ, 

ʠʤʝʪʴ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʤʝʭʘʤ, ʚʦʟʥʠʢʘʶʱʠʤ ʧʨʠ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʘʭ ʚʦ ʚʨʝʤʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʤʘʛʥʠʪʦʩʬʝʨʳ ɿʝʤʣʠ 

[ʄʦʜʝʣʴ ʢʦʩʤʦʩʘ. ʊʦʤ 2, 2007]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʨʘʟʨʷʜʝ, ʫʞʝ ʚʦ ʤʥʦʛʦʤ ʠʩʩʣʝʜʦʚʘʥʳ, ʥʝʧʨʝʨʳʚʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʦ ʟʘʧʫʩʢʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʩʧʫʪʥʠʢ ʥʝ ʙʫʜʝʪ ʧʦʜʚʝʨʞʝʥ ʟʘʨʷʜʦʚʳʤ ʘʥʦʤʘʣʠʷʤ, ʘ ʘʧʧʘʨʘʪʫʨʘ ʧʨʠ ʵʪʦʤ 

ʙʫʜʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʰʪʘʪʥʦʤ ʨʝʞʠʤʝ [Catani, Payan, 2003].  

ʕʣʝʢʪʨʠʟʘʮʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʠ 

ʚʳʩʦʢʦʵʣʣʠʧʪʠʯʝʩʢʠʭ ʦʨʙʠʪʘʭ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʘ ʩ ʧʦʪʦʢʘʤʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ 

ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʳ, ʦʢʨʫʞʘʶʱʠʤʠ ʵʪʠ ʘʧʧʘʨʘʪʳ. ʇʨʠ ʵʪʦʤ ʵʬʬʝʢʪʳ ʵʣʝʢʪʨʠʟʘʮʠʠ ʨʝʟʢʦ 

ʫʩʠʣʠʚʘʶʪʩʷ ʚʦ ʚʨʝʤʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ (ʩʫʙʙʫʨʠ ʠ ʙʫʨʠ).  

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʂɸ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʘʨʷʜʦʚ, ʘ ʪʘʢʞʝ ʩʪʦʢʦʤ ʠʭ ʩ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʦʧʨʝʜʝʣʷʶʪ ʟʥʘʢ ʠ ʚʝʣʠʯʠʥʫ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʢʦʪʦʨʳʡ ʧʨʠʦʙʨʝʪʘʝʪ ʚʝʩʴ 

ʘʧʧʘʨʘʪ ï ʦʙʱʝʝ ʟʘʨʷʞʝʥʠʝ, ʠʣʠ ʝʛʦ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʟʘʨʷʞʝʥʠʝ. ʕʪʦ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʪʦʢʠ ʵʣʝʢʪʨʦʥʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʧʣʘʟʤʳ, ʪʦʢʠ ʠʦʥʦʚ, 

ʚʪʦʨʠʯʥʦ ï ʵʤʠʩʩʠʦʥʥʳʝ ʪʦʢʠ, ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʡ ʪʦʢ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ, ʪʦʢʠ ʫʪʝʯʢʠ ʥʘ ʢʦʨʧʫʩ ʘʧʧʘʨʘʪʘ ʠ ʪ.ʜ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʦʙʣʘʩʪʠ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʳ ʚʦ ʚʨʝʤʷ ʛʝʦʤʘʛʥʠʪʥʦʡ 
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ʩʫʙʙʫʨʠ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 20 ʢɺ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ 

ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʜʝʪʘʣʷʤʠ ʚʦʟʥʠʢʘʶʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ (ʯʘʱʝ 

ʚʩʝʛʦ ʩʯʠʪʘʶʪ, ʯʪʦ ʨʝʯʴ ʠʜʝʪ ʦ ʩʢʦʣʴʟʷʱʝʤ ʠʩʢʨʦʚʦʤ ʨʘʟʨʷʜʝ).  

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ, 

ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʫʩʪʨʦʡʩʪʚʘ ʠ (ʠʣʠ) ʙʦʨʪʦʚʳʝ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʤʝʭʠ, ʚʳʟʚʘʥʥʳʝ ʕʉʈ, ʧʨʠʚʦʜʷʪ ʢ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ ʩʙʦʷʤ ʠ ʦʪʢʘʟʘʤ 

ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ (ɹʈʕɸ), ʠʩʢʘʞʝʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʠ 

ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʬʠʟʠʯʝʩʢʦʤʫ ʧʦʚʨʝʞʜʝʥʠʶ ʙʦʨʪʦʚʳʭ ʫʩʪʨʦʡʩʪʚ.  

ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʥʘ ʧʝʨʚʦʝ ʤʝʩʪʦ ʚʳʭʦʜʷʪ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʢʦʩʤʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. ʕʪʠ ʬʘʢʪʦʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʢʘʯʝʩʪʚʦʤ 

ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʥʘʣʠʯʠʝʤ ʠ ʩʪʝʧʝʥʴʶ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ. ʅʦ ʚʘʞʥʝʡʰʘʷ ʨʦʣʴ ʟʜʝʩʴ ʦʪʚʦʜʠʪʩʷ ʨʝʰʝʥʠʶ 

ʧʨʦʙʣʝʤʳ ʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ (ʕʄʉ), ʚʢʣʶʯʘʶʱʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʙʦʪʳ 

ɹʈʕɸ ʂɸ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ (ʕʉʈ). ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ 

ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʢʨʠʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, ʚʦʟʥʠʢʘʝʪ ʥʦʚʘʷ 

ʧʨʦʙʣʝʤʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ, ʩʚʷʟʘʥʥʘʷ ʩ ʕʄʉ. ʆʥʘ 

ʚʳʟʚʘʥʘ ʧʨʠʤʝʥʝʥʠʝʤ ʚʩʝ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʜʣʷ ʨʝʰʝʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʳʭ 

ʟʘʜʘʯ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ.  

ʇʨʠ ʥʘʨʫʰʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʕʉʈ ʧʦʩʣʝʜʩʪʚʠʷ 

ʦʪʢʘʟʦʚ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʤʦʛʫʪ ʙʳʪʴ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʤʘʪʝʨʠʘʣʴʥʦʤʫ ʫʱʝʨʙʫ, ʚʧʣʦʪʴ ʜʦ ʧʦʪʝʨʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ʇʦ ʧʦʩʣʝʜʥʠʤ ʜʘʥʥʳʤ 

ʅɸʉɸ ʦʪʢʘʟʳ, ʚʳʟʚʘʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʥʘ ʵʣʝʢʪʨʦʥʠʢʫ 

ʩʧʫʪʥʠʢʦʚ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʥʘ ʦʢʦʣʦʟʝʤʥʳʭ ʦʨʙʠʪʘʭ, ʚʳʨʦʩʣʠ ʜʦ 54%, ʫʢʘʟʳʚʘʷ ʥʘ 

ʚʦʟʨʘʩʪʘʶʱʫʶ ʚʘʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʟʘʱʠʪʳ ʈʕɸ ʂɸ ʦʪ ʧʦʨʘʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ 

ʵʣʝʢʪʨʠʟʘʮʠʠ. ʇʦʵʪʦʤʫ, ʥʘʨʷʜʫ ʩ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʙʦʨʪʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʟʘ ʩʯʝʪ 

ʩʥʠʞʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʣʝʢʪʨʦʥʠʢʫ ʂɸ ʧʦʨʘʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʵʣʝʢʪʨʠʟʘʮʠʠ. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ ʝʸ ʟʘʱʠʪʘ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ, ʛʘʨʘʥʪʠʨʫʶʱʠʝ, ʯʪʦ 

ʚʦʟʥʠʢʘʶʱʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʤʝʭʠ ʥʝ ʚʳʟʦʚʫʪ ʩʙʦʝʚ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʧʦʩʦʙʦʚ 

ʟʘʱʠʪʳ ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʤ ʙʳʪʴ ʫʚʝʨʝʥʥʳʤ ʚ ʪʦʤ, ʯʪʦ ʚʦʟʥʠʢʘʶʱʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʤʝʭʠ ʥʝ ʚʳʟʦʚʫʪ ʩʙʦʝʚ ʚ ʝʝ ʨʘʙʦʪʝ, ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʫʩʣʦʚʠʷʭ 
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ʧʨʦʪʝʢʘʥʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʦʮʝʥʢʘ ʫʨʦʚʥʝʡ ʚʦʟʥʠʢʘʶʱʠʭ 

ʧʦʤʝʭ ʥʘ ʚʭʦʜʘʭ ʘʧʧʘʨʘʪʫʨʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʝʱʝ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʠ ʝʛʦ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʟʘʱʠʪʫ ʦʪ ʕʉʈ ʤʝʪʦʜʘʤʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʵʢʨʘʥʠʨʦʚʘʥʠʝʤ), ʠʣʠ ʪʘʢʠʤ ʨʘʟʤʝʱʝʥʠʝʤ 

ʙʦʨʪʦʚʦʡ ʢʘʙʝʣʴʥʦʡ ʩʝʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʂɸ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ 

ʫʨʦʚʥʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ.  

ʂʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩʦʟʜʘʶʪʩʷ ʥʘ ʙʘʟʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ʇʨʠ ʵʪʦʤ ʨʘʟʨʘʙʦʪʯʠʢʠ ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ 

ʦʪʦʰʣʠ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʨʤʦʢʦʥʪʝʡʥʝʨʦʚ ʠ ʧʝʨʝʰʣʠ ʥʘ ʵʣʝʢʪʨʦʥʥʫʶ ʵʣʝʤʝʥʪʥʫʶ ʙʘʟʫ ʚ 

ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʢʦʨʧʫʩʘʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢ ʥʦʚʳʡ ʵʪʘʧ ʚ ʙʦʨʴʙʝ ʩ ʵʣʝʢʪʨʠʟʘʮʠʝʡ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ï ʟʘʱʠʪʘ ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʨʘʟʤʝʱʝʥʥʦʡ 

ʚʥʫʪʨʠ ʢʦʨʧʫʩʘ ʘʧʧʘʨʘʪʘ.  

ʉʐɸ ʚ 1990 ʛ. ʟʘʧʫʩʪʠʣʠ ʩʧʝʮʠʘʣʴʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʧʫʪʥʠʢ CRRES, ʯʪʦʙʳ 

ʪʱʘʪʝʣʴʥʦ ʠʟʫʯʠʪʴ ʵʬʬʝʢʪʳ ʚʥʫʪʨʝʥʥʝʡ ʵʣʝʢʪʨʠʟʘʮʠʠ ʠ ʥʘʡʪʠ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ 

ʟʘʱʠʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʩʦʟʜʘʥ ʨʷʜ ʤʝʨʦʧʨʠʷʪʠʡ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʭʘʨʘʢʪʝʨʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʝʟʢʦ ʩʥʠʟʠʪʴ ʵʬʬʝʢʪʳ ʚʥʫʪʨʝʥʥʝʡ ʵʣʝʢʪʨʠʟʘʮʠʠ. 

1.1 ɸʥʘʣʠʟ ʧʨʦʙʣʝʤʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ɹʈʕɸ ʂɸ ʢ ʚʦʟʜʝʡʩʪʚʠʶ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ 

ɸʥʘʣʠʟ ʨʠʩʢʦʚ ʘʚʘʨʠʡ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʟʘ 40 ʣʝʪ (1961ï2000 ʛʛ.), 

ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [ʍʘʨʯʝʥʢʦ, ʉʢʣʷʨ, ʊʘʨʘʩʶʢ, 2003], ʧʦʢʘʟʘʣ, ʯʪʦ ʢ ʢʦʥʮʫ 70-ʳʭ 

ʛʦʜʦʚ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦʩʪʠʛʣʠ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʘʚʘʨʠʡ ʨʝʟʢʦ ʩʦʢʨʘʪʠʣʦʩʴ (ʩʤ. ʨʠʩʫʥʦʢ 1.1). 

ʇʨʠ ʘʥʘʣʠʟʝ ʫʯʠʪʳʚʘʣʠʩʴ ʪʦʣʴʢʦ ʧʫʩʢʠ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʂʦʤʠʩʩʠʝʡ ʆʆʅ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (COSPAR) ʠ ʂʦʩʤʠʯʝʩʢʠʤ 

ʢʦʤʘʥʜʦʚʘʥʠʝʤ ʉʐɸ (NORAD). 

ɸʚʘʨʠʠ ʂɸ, ʥʘʯʠʥʘʷ ʩ 1994 ʛ., ʩʚʷʟʘʥʳ ʚ ʦʩʥʦʚʥʦʤ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʨʝʟʢʠʤ ʫʩʣʦʞʥʝʥʠʝʤ ʚʳʧʦʣʥʷʝʤʳʭ ʟʘʜʘʯ, 

ʧʨʠʚʦʜʷʱʠʤ ʢ ʫʩʠʣʝʥʠʶ ʪʨʝʙʦʚʘʥʠʡ ʢ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ 

ʫʚʝʣʠʯʝʥʠʶ ʩʨʦʢʘ ʠʭ ʘʢʪʠʚʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ʈʘʩʯʝʪ ʨʠʩʢʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʘʞʜʳʡ 

ʯʝʪʚʝʨʪʳʡ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʚʳʭʦʜʠʪ ʠʟ ʩʪʨʦʷ ʨʘʥʴʰʝ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʛʦ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʩʨʦʢʘ. 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʠʯʠʥʳ ʦʪʢʘʟʦʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ, ʪʦ ʚ 60-ʳʝ 

ʛʦʜʳ ʣʴʚʠʥʫʶ ʜʦʣʶ ʩʦʩʪʘʚʣʷʣʠ ʦʪʢʘʟʳ ʠ ʚʟʨʳʚʳ ʩʪʫʧʝʥʝʡ ʨʘʢʝʪʦʥʦʩʠʪʝʣʝʡ (ʨʠʩʫʥʦʢ 1.2). 
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ʈʠʩʫʥʦʢ 1.1 ʉʪʘʪʠʩʪʠʢʘ ʘʚʘʨʠʡ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʩ 1961 ʧʦ 2000 ʛʛ. 

ʈɹ

2%

ʉʕʇ

1%

ʈʅ

79%

ʉʋ

9%

ʂɸ

5%

ɼʋ

3%

ʈɸ

1%

 

ʈʠʩʫʥʦʢ 1.2 ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʯʠʥ ʦʪʢʘʟʦʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʚ 60-ʝ ʛʦʜʳ 

ɺ 90-ʝ ʛʦʜʳ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʭʦʜʠʪ ʫʞʝ ʥʝ ʜʦʩʪʘʚʢʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʥʘ 

ʟʘʜʘʥʥʫʶ ʦʨʙʠʪʫ, ʘ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʚʩʝʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ (ʩʤ. ʨʠʩʫʥʦʢ 1.3).  
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ʇʉ

10%

ʈɹ

6%

ʈɸ

7%

ɼʋ

10%

ʃʉ

6% ʈʅ

29%

ʉʋ

23%
ʉʕʇ

9%
 

ʈʠʩʫʥʦʢ 1.3 ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʯʠʥ ʦʪʢʘʟʦʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʚ 90-ʝ ʛʦʜʳ 

ʇʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʨʠʩʢʦʚ ʩʚʷʟʘʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʣʦʞʥʦʡ ʙʦʨʪʦʚʦʡ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʠ ʢʘʙʝʣʴʥʳʭ ʩʝʪʝʡ, 

ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʪʘʙʣʠʮʝ 1.1 

ʫʢʘʟʘʥʳ ʨʠʩʢʠ ʦʪ ʦʪʢʘʟʦʚ ʵʪʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ [ɿʛʫʨʦʚʩʢʠʡ, 2000].  

ʊʘʙʣʠʮʘ 1.1 ʈʠʩʢʠ ʘʚʘʨʠʡ ʠʟ-ʟʘ ʦʪʢʘʟʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ 

(ʈʂʊ) ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʢʠ ʟʘ 90-ʝ ʛʛ. (ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʦʜʠʥ ʧʫʩʢ ʈʅ) 

ʇʨʠʯʠʥʳ ʘʚʘʨʠʠ 
ʂʦʣ-ʚʦ 

ʦʪʢʘʟʦʚ 

ʈʠʩʢ 

ʘʚʘʨʠʠ 

ʆʪʢʘʟʳ ʠ ʚʟʨʳʚʳ ʩʪʫʧʝʥʝʡ ʨʘʢʝʪʦʥʦʩʠʪʝʣʷ (ʈʅ) 31 0,036 

ʆʪʢʘʟʳ ʜʚʠʛʘʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ (ɼʋ) 10 0,012 

ʆʪʢʘʟʳ ʨʘʜʠʦʘʧʧʘʨʘʪʫʨʳ (ʈɸ) 7 0,008 

ʆʪʢʘʟʳ ʨʘʟʛʦʥʥʳʭ ʙʣʦʢʦʚ (ʈɹ) 6 0,007 

ʆʪʢʘʟʳ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʠ ʢʘʙʝʣʴʥʳʭ ʩʝʪʝʡ (ʉʕʇ) 9 0,010 

ʆʪʢʘʟʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ (ʉʋ) 24 0,028 

ʆʪʢʘʟʳ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʙʦʨʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʦʚ (ɸʉ) 6 0,007 

ʆʪʢʘʟʳ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʙʦʨʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʦʚ (ʇʉ) 10 0,012 

 

ʆʯʝʥʴ ʪʨʫʜʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʢʘʢʠʝ ʦʪʢʘʟʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʂɸ ʧʨʦʠʟʦʰʣʠ ʠʤʝʥʥʦ 

ʠʟ-ʟʘ ʵʬʬʝʢʪʦʚ ʵʣʝʢʪʨʠʟʘʮʠʠ, ʪʘʢ ʢʘʢ ʥʘ ʩʧʫʪʥʠʢʘʭ ʦʪʩʫʪʩʪʚʫʝʪ ʩʧʝʮʠʘʣʴʥʦʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ. ʇʦ ʜʘʥʥʳʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʨʘʙʦʪʝ [NASA ï HDBK ï 4002, 1999] ʩʨʝʜʠ ʪʘʢʠʭ 

ʚʠʜʦʚ ʧʦʚʨʝʞʜʝʥʠʡ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ ʢʘʢ: 

- ʧʦʚʨʝʞʜʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʦʪʨʘʞʘʪʝʣʝʡ, 
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- ʧʦʚʨʝʞʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, 

- ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ, 

- ʜʝʬʝʢʪʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ,  

- ʧʦʚʨʝʞʜʝʥʠʷ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, 

- ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ, 

ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʝʨʠʦʜʝ ʜʦʣʷ ʦʙʨʘʪʠʤʳʭ ʠ ʥʝʦʙʨʘʪʠʤʳʭ ʦʪʢʘʟʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʨʘʟʨʷʜʘʤʠ, ʩʦʩʪʘʚʣʷʣʘ 24%.  

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʘʥʦʤʘʣʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʝʜʫʶʱʠʭ 

ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ: çʚʘʢʫʫʤ, ʥʝʚʝʩʦʤʦʩʪʴ, ʢʦʣʝʙʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʨʘʜʠʘʮʠʷ, ʤʝʪʝʦʨʠʪʳ, ʢʦʩʤʠʯʝʩʢʠʡ ʤʫʩʦʨ, ʚʠʙʨʘʮʠʷ ʠ 

ʚʳʩʦʢʠʝ ʥʘʛʨʫʟʢʠ ʧʨʠ ʩʪʘʨʪʝè, ʘʚʪʦʨ ʨʘʙʦʪʳ [ʂʫʟʥʝʮʦʚ, 2006] ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʠʟʢʦ 

ʵʥʝʨʛʠʯʥʘʷ (ʜʦ 100 ʢʵɺ) ʠ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʘʷ (ʚʳʰʝ 100 ʢʵɺ) ʢʦʨʧʫʩʢʫʣʷʨʥʘʷ ʨʘʜʠʘʮʠʷ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʦʢʦʣʦ 33% ʪʘʢʦʛʦ ʪʠʧʘ ʘʥʦʤʘʣʠʡ. 

ɺ ʩʝʨʝʜʠʥʝ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʚʩʣʝʜʩʪʚʠʝ 

ʵʣʝʢʪʨʠʟʘʮʠʠ ʠʟ ʩʪʨʦʷ ʚʳʭʦʜʠʪ ʦʪ ʯʝʪʚʝʨʪʠ ʜʦ ʧʦʣʦʚʠʥʳ ʚʩʝʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʦʢʦʣʦʟʝʤʥʳʭ ʦʨʙʠʪʘʭ [Pike, Bunn, 1976]. 

ɺ ʧʨʠʥʮʠʧʝ ʧʦ ʤʝʨʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʘʧʧʘʨʘʪʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʘʟʦʚ ʥʝ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʫʤʝʥʴʰʘʝʪʩʷ. ʏʘʩʪʴ ʧʨʦʙʣʝʤ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʣʥʝʯʥʳʤʠ ʙʘʪʘʨʝʷʤʠ, ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ, ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʠ ʪ.ʜ. 

ʫʜʘʣʦʩʴ ʫʩʪʨʘʥʠʪʴ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʨʷʜʦʤ ʘʥʦʤʘʣʠʡ ʫʜʘʣʦʩʴ ʩʦ ʚʨʝʤʝʥʝʤ ʩʧʨʘʚʠʪʴʩʷ. 

ʏʘʩʪʴ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʣʝʢʪʨʠʟʘʮʠʝʡ, ʪʘʢʞʝ ʫʜʘʣʦʩʴ ʨʝʰʠʪʴ, ʥʦ ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ. 

ʋʩʣʦʞʥʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʂɸ, ʤʠʢʨʦʤʠʥʠʘʪʶʨʠʟʘʮʠʷ ʵʣʝʢʪʨʦʥʠʢʠ, ʦʙʫʩʣʦʚʠʚʰʘʷ 

ʧʦʥʠʞʝʥʠʝ ʧʦʨʦʛʦʚ ʥʘʧʨʷʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʪʢʘʟʘʤ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʪʢʘʟ 

ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʂɸ ʛʝʨʤʦʢʦʥʪʝʡʥʝʨʦʚ, ʚʩʸ ʵʪʦ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʢʣʘʜ 

ʘʥʦʤʘʣʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʣʝʢʪʨʠʟʘʮʠʝʡ ʂɸ, ʦʩʦʙʝʥʥʦ ʚʥʫʪʨʝʥʥʝʡ, ʪʦʣʴʢʦ ʚʦʟʨʘʩʪʘʝʪ.  

ʕʬʬʝʢʪʳ ʵʣʝʢʪʨʠʟʘʮʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʠ ʧʦʵʪʦʤʫ ʛʦʨʘʟʜʦ ʯʘʱʝ ʠʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʩ ʵʪʠʭ ʧʦʟʠʮʠʡ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ 

ʠʟ ʬʘʢʪʦʨʦʚ, ʥʘʨʫʰʘʶʱʠʭ ʥʦʨʤʘʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʧʫʪʥʠʢʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʩʦʛʣʘʩʥʦ [Koons et al., 1999] ʜʦʣʷ ʦʪʢʘʟʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʂɸ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ 

ʦʨʙʠʪʝ, ʚʳʟʳʚʘʝʤʳʭ ʕʉʈ, ʩʦʩʪʘʚʣʷʝʪ ʩʚʳʰʝ 40% (ʩʤ. ʨʠʩʫʥʦʢ 1.4).  

ʂ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʘʤ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚʳʟʳʚʘʶʱʠʤ 

ʘʥʦʤʘʣʠʠ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʂɸ, ʦʪʥʦʩʷʪʩʷ: ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʠ ʚʥʫʪʨʝʥʥʝʝ ʟʘʨʷʞʝʥʠʝ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʦʪ ʦʢʨʫʞʘʶʱʝʡ ʧʣʘʟʤʳ, ʝʜʠʥʠʯʥʳʝ ʩʦʙʳʪʠʷ ʚʦʟʜʝʡʩʪʚʠʷ 

ʢʦʩʤʠʯʝʩʢʠʭ ʯʘʩʪʠʮ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ, ʨʘʟʣʠʯʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʷʩʘʭ ɿʝʤʣʠ.  
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4

3

2

1

 

ʈʠʩʫʥʦʢ 1.4 ʆʪʢʘʟʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʂɸ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ. 1 ï ʕʉʈ, 2 ï 

ʤʠʢʨʦʤʝʪʝʦʨʠʪʳ, 3 ï ʚʦʟʜʝʡʩʪʚʠʷ ʝʜʠʥʠʯʥʳʭ ʩʦʙʳʪʠʡ, 4 ï ʜʦʟʘ ʨʘʜʠʘʮʠʠ [Koons el al., 1999] 

ʅʠʞʝ ʥʘ ʨʠʩʫʥʢʝ 1.5 ʧʦʢʘʟʘʥʳ ʪʠʧʳ ʚʦʟʜʝʡʩʪʚʠʡ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʩʧʫʪʥʠʢʠ, ʚʦʟʤʦʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʤʝʩʪʦ, ʟʘʥʠʤʘʝʤʦʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʠ ʚʥʫʪʨʝʥʥʠʤ ʟʘʨʷʞʝʥʠʝʤ [De Soria-Santacruz Pich, 2014]. 

 

ʈʠʩʫʥʦʢ 1.5 ɺʦʟʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʩʧʫʪʥʠʢʠ 

˭͊ͪΎ͔͙͔͗ͤ 

͙ͦͫͣ͟;͔͎ͫͦͦ͟ 

͊ͨͨ͊ͪ͊ͭ͊ 

˻͋΅͊Ύ 

͙͙ͦͤ͊͘ͼ͙ͦͤͤ͊Ύ 

͒ͦ͊͘ 

˽͍͔͔͙ͦͪ͗͒ͤΎΣ 

͍·͍͊ͤͤ͘·͔ 

͔͊ͣ͘΅͔͙͔ͤͣ 

ˤ͔͚͍͙ͦ͒ͫͭ͘Ύ 

͔͙͙͒ͤ;ͤ·ͻ 

ͫͦ͋·͙͚ͭ 

˽͍͔ͦͪͻ͔ͤͦͫͭͤͦ 
͊ͪ͘Ύ͔͙͔͗ͤ ͦͭ 
ͨ͊ͣ͘͡· 

ˤ͔͔͔ͤͯͭͪͤͤ 
͊ͪ͘Ύ͔͙͔͗ͤ ͦͭ 
͊ͪ͘Ύ͔͗ͤͤ·ͻ 
;͙͊ͫͭͼ ͫ ͍·͚ͫͦͦ͟ 
Ή͔͎͙͔͚ͤͪ  

 

͙̉͊ͫͭͼ· ͨͦΎͫ͊ 
ˤ͊ͤ ˢ͔ͤ͊͡͡ 

˽ͪͦͭͦͤ· ͦͭ 

˿ͦͤ͡ͼ͊ 

 

˽ͪͦͭͦͤ· 

͔̏ͭͪͦͤ͟͡· 

 

˭͊ͻ͍͊;͔ͤͤ·͔ ͙ 
͔ͫͦͤ͡;ͤ·͔ 
ͨͪͦͭͦͤ· 

˥͙͊͊ͭ͟͡;͔͙͔ͫ͟ 

͙ͦͫͣ͟;͔͙͔ͫ͟ ͯ͡;͙ 

 

ˤͦͣͦ͗ͤ͘·͔ 
͍͔͚͍͙ͦ͒ͫͭ͘Ύ 
ͪ͊ͪ͘Ύ͍͒ͦΣ ͦͭͦͪ͟·͔ 
͎ͣͦͯͭ ͤ͊ͪͯ΄͊ͭΈ 
ͺͯͤ͟ͼ͙͙͍͙͔ͦͤͪͦ͊ͤ 
͙͍ͫͨͯͭͤͦ͟ 

 

˸͔ͻ͙͊ͤͣ͘ 
͙͔͒ͭ͡͡Έͤ·ͻ 
͍ͦͭ͊ͦ͘͟ ͙͘-͊͘ 
͙͙͙ͦͤͪͯ͘Ό΅͔͎ͦ 
͙ͯ͘͡;͔͙ͤΎΦ 
ˮ͔͔ͣͪͤͤ͘·ͻ ͍ 
͔͙ͭͪͣͤ͊ͻ 
͎ͨͦͦ͡΅͔͚ͤͤͦ ͒ͦ͘· 
όͪ͊͒ύΦ ˨͔͎ͪ͊͒͊ͼ͙Ύ 
͍͔͙ͯ͡;͙͍͔͊ͭͫΎ ͫ TID 

 

˹͙͍͔͊͊ͨ͊ͣ͟͡·͔Σ 
͙͔͒ͭ͡͡Έͤ·͔ 
͔͙͙͙ͤͦͤͪͯ͘Ό΅͙͔ 
͍͔͔͙ͨͦͪ͗͒ͤΎΦ DD 
ˮ͔͔ͣͪͤͤ͘·ͻ ͍ 
͔͙ͭͪͣͤ͊ͻ 
͎ͨͦͦ͡΅͔͚ͤͤͦ ͒ͦ͘· 
όͪ͊͒ύΦ ˨͔͎ͪ͊͒͊ͼ͙Ύ 
͍͔͙ͯ͡;͙͍͔͊ͭͫΎ ͫ TID 

 

˸͔ͻ͙͊ͤͣ͘ 
͎͍͔͎ͣͤͦͤͤͦͦ ͦͭ͊͊͘͟ 
͙-͊͘͘ 
͙͙͙ͦͤͪͯ͘Ό΅͔͎ͦ 
͙ͯ͘͡;͔͙ͤΎ όͦ͒ͤ͊ 
;͙͊ͫͭͼ͊ύΦ 

˻ͭ  ͔͙͙͒ͤ;͎ͤͦͦ 
ͫͦ͋·͙ͭΎΥ 
ͤ͊ͪͯ΄͔͙͔ͤ- ͣ Ύ͎͊͟Ύ 
ͦ΄͙͋͊͟Φ 
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ɺ ʪʘʙʣʠʮʝ 1.2 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ [Koons et al., 1999], ʢʘʩʘʶʱʠʝʩʷ ʧʦʪʝʨʴ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ ʠ ʜʦʩʨʦʯʥʦʛʦ ʧʨʝʢʨʘʱʝʥʠʷ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩ 1973 ʛ. ʧʦ 1997 ʛ. 

ʊʘʙʣʠʮʘ 1.2 ʇʦʪʝʨʠ ʠ ʜʦʩʨʦʯʥʦʝ ʟʘʚʝʨʰʝʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ ʩ 1973 ʛ. ʧʦ 1997 ʛ. 

ɸʧʧʘʨʘʪ ɼʘʪʘ ɼʠʘʛʥʦʩʪʠʢʘ 

DSCS II (9431) ʌʝʚʨʘʣʴ 1973 ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʕʉʈ 

GOES 4 ʅʦʷʙʨʴ 1982 ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʕʉʈ 

Feng Yun 1 ʗʥʚʘʨʴ 1988 ʕʉʈ 

MARECS A ʄʘʨʪ 1991 ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʕʉʈ 

MSTI ʗʥʚʘʨʴ 1993 ɽʜʠʥʠʯʥʳʝ ʩʣʫʯʘʠ ʟʘʨʷʞʝʥʠʷ 

Hipparcos* ɸʚʛʫʩʪ 1993 ʉʫʤʤʘʨʥʘʷ ʜʦʟʘ ʦʙʣʫʯʝʥʠʷ 

Olimpus ɸʚʛʫʩʪ 1993 ɺʦʟʜʝʡʩʪʚʠʝ ʤʠʢʨʦʤʝʪʝʦʨʠʪʦʚ 

SEDS 2* ʄʘʨʪ 1994 ɺʦʟʜʝʡʩʪʚʠʝ ʤʠʢʨʦʤʝʪʝʦʨʠʪʦʚ 

MSTI 2 ʄʘʨʪ 1994 ɺʦʟʜʝʡʩʪʚʠʝ ʤʠʢʨʦʤʝʪʝʦʨʠʪʦʚ 

IRON 9906 1997 ɽʜʠʥʠʯʥʳʝ ʩʣʫʯʘʠ ʟʘʨʷʞʝʥʠʷ 

INSAT 2D ʆʢʪʷʙʨʴ 1997 ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʕʉʈ 

ʇʨʠʤʝʯʘʥʠʝ: * ʄʠʩʩʠʷ ʙʳʣʘ ʩʚʝʨʥʫʪʘ. 

 

ʉʘʤʘʷ ʙʦʣʴʰʘʷ ʧʨʠʯʠʥʘ ʥʝʫʜʘʯʠ ʤʠʩʩʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʢʦʣʦʟʝʤʥʳʤ ʢʦʩʤʠʯʝʩʢʠʤ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʧʦ [Koons et al., 1999] ï ʵʪʦ ʨʝʟʫʣʴʪʘʪ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ 

ʨʘʟʨʷʜʦʚ. ʅʠʞʝ, ʚ ʪʘʙʣʠʮʝ 1.3 ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ, ʚʟʷʪʳʝ ʠʟ [Koons et al., 1999], ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʦʪʢʘʟʦʚ ʂɸ, ʪʘʢʠʤ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʠ ʚʥʫʪʨʝʥʥʝʝ ʟʘʨʷʞʝʥʠʝ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤʠ ʕʉʈ, ʚʦʟʜʝʡʩʪʚʠʝ ʝʜʠʥʠʯʥʳʭ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, 

ʨʘʜʠʘʮʠʦʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʪ.ʣ. 

ʄʳ ʚʠʜʠʤ, ʯʪʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ ʥʘ ʙʦʨʪʫ ʂɸ, ʚʳʟʚʘʥʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʠ ʚʥʫʪʨʝʥʥʠʤ ʟʘʨʷʞʝʥʠʝʤ, ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʚʩʝʭ ʦʪʢʘʟʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʪʘʙʣʠʮʳ 1.3, ʵʪʘ ʞʝ ʛʨʫʧʧʘ ʫʯʝʥʳʭ ʚ 

ʨʘʙʦʪʝ [Fennell et al., 2001] ʧʨʠʚʦʜʠʪ ʜʣʷ ʜʦʣʠ ʦʪʢʘʟʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʂɸ ʥʘ 

ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ ʧʦ ʧʨʠʯʠʥʝ ʵʣʝʢʪʨʠʟʘʮʠʠ ʚʝʣʠʯʠʥʫ 54% (ʩʤ. ʨʠʩʫʥʦʢ 1.6). 
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ʊʘʙʣʠʮʘ 1.3 ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʢʘʟʦʚ ʚ ʨʘʙʦʪʝ ʂɸ ʧʦ ʪʠʧʘʤ ʘʥʦʤʘʣʠʡ 

ʊʠʧ ʘʥʦʤʘʣʠʠ ʧʦ ʜʘʥʥʳʤ ʜʠʘʛʥʦʩʪʠʢʠ 
ʂʦʣʠʯʝʩʪʚʦ 

ʘʥʦʤʘʣʠʡ 

ɼʦʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ 

ʘʥʦʤʘʣʠʠ ʚ ʦʙʱʝʤ 

ʢʦʣʠʯʝʩʪʚʝ 

ʕʉʈ ï ʚʥʫʪʨʝʥʥʝʝ ʟʘʨʷʞʝʥʠʝ 74 

ɿʘʨʷʞʝʥʠʝ ʠ ʧʦʩʣʝʜʫʶʱʠʝ 

ʕʉʈ (ESD) ʩʦʩʪʘʚʣʷʶʪ 54% 

ʚʩʝʭ ʪʠʧʦʚ ʘʥʦʤʘʣʠʡ 

ʕʉʈ ï ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʟʘʨʷʞʝʥʠʝ 59 

ʕʉʈ ï ʪʠʧ ʥʝ ʫʩʪʘʥʦʚʣʝʥ 28 

ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʟʘʨʷʞʝʥʠʝ 1 

ʀʪʦʛʦ: 162 

SEU ï ʢʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ 15 

ʅʘʨʫʰʝʥʠʷ ʦʪ ʝʜʠʥʠʯʥʳʭ 

ʩʦʙʳʪʠʡ (SEU) ʩʦʩʪʘʚʣʷʶʪ 

28% ʚʩʝʭ ʪʠʧʦʚ ʘʥʦʤʘʣʠʡ 

SEU ï ʩʦʣʥʝʯʥʳʝ ʯʘʩʪʠʮʳ 9 

SEU ï ʘʥʦʤʘʣʠʠ ʚ ʶʞʥʦʡ ɸʪʣʘʥʪʠʢʝ 20 

SEU ï ʪʠʧ ʥʝ ʫʩʪʘʥʦʚʣʝʥ 41 

ʀʪʦʛʦ: 85 

ʉʦʣʥʝʯʥʳʝ ʧʨʦʪʦʥʳ 9 

ʈʘʜʠʘʮʠʦʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ 

ʩʦʩʪʘʚʣʷʶʪ 5% ʚʩʝʭ ʪʠʧʦʚ 

ʘʥʦʤʘʣʠʡ 

ʆʙʱʘʷ ʜʦʟʘ ʨʘʜʠʘʮʠʠ 3 

ʇʦʚʨʝʞʜʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ  3 

ɸʥʦʤʘʣʠʠ ʚ ʶʞʥʦʡ ɸʪʣʘʥʪʠʢʝ  1 

ʀʪʦʛʦ: 16 

ʄʠʢʨʦʤʝʪʝʦʨʠʪʳ, ʠʟʤʝʥʝʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʵʬʬʝʢʪʳ ʧʣʘʟʤʳ, 

ʘʪʦʤʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʵʨʦʟʠʷ, ʩʦʣʥʝʯʥʳʡ 

ʩʚʝʪ ʠ ʜʨ. 

36 
ʅʘ ʦʩʪʘʣʴʥʳʝ ʪʠʧʳ 

ʘʥʦʤʘʣʠʡ ʧʨʠʭʦʜʠʪʩʷ 13% 

 

 

ʈʠʩʫʥʦʢ 1.6 ʆʪʢʘʟʳ ʂɸ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ, ʚʳʟʚʘʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ: 1 ï ʕʉʈ; 2 ï ʥʘʨʫʰʝʥʠʷ ʦʪ ʝʜʠʥʠʯʥʳʭ ʩʦʙʳʪʠʡ;  

3 ï ʨʘʜʠʘʮʠʦʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ; 4 ï ʤʠʢʨʦʤʝʪʝʦʨʠʪʳ; 5 ï ʦʩʪʘʣʴʥʳʝ [Fennell et al., 2001] 
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1.2 ɸʥʘʣʠʟ ʧʨʦʙʣʝʤʳ ʵʣʝʢʪʨʠʟʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ  

ʥʘ ʦʢʦʣʦʟʝʤʥʳʭ ʦʨʙʠʪʘʭ 

ʕʣʝʢʪʨʠʟʘʮʠʷ (ʟʘʨʷʞʝʥʠʝ) ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ï ʵʪʦ ʷʚʣʝʥʠʝ ʥʘʨʘʩʪʘʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ, ʥʘʢʘʧʣʠʚʘʶʱʝʛʦʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʚʥʫʪʨʠ. ɽʱʸ ʚ 1969 ʛʦʜʫ ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ 

ʩʧʫʪʥʠʢʝ ATS-5 ʧʨʦʠʩʭʦʜʠʪ ʟʘʨʷʞʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʚʦʣʴʪ, ʧʨʠ ʵʪʦʤ 

ʦʧʘʩʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʩʧʫʪʥʠʢʘ ʥʘ 

ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ [DeForest, 1972]. ʅʘʣʠʯʠʝ ʪʘʢʦʛʦ ʪʠʧʘ ʨʠʩʢʦʚ ʧʦʜʪʚʝʨʜʠʣʦʩʴ 

ʚʪʦʨʦʛʦ ʠʶʥʷ 1973 ʛʦʜʘ, ʢʦʛʜʘ ʙʳʣ ʧʦʪʝʨʷʥ ʩʧʫʪʥʠʢ DSCS-9431 ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʨʘʟʨʷʜʦʤ ʙʳʣʦ ʦʪʢʣʶʯʝʥʦ ʧʠʪʘʥʠʝ [Pike, Bunn, 1976].  

1.2.1 ʄʘʛʥʠʪʦʩʬʝʨʘ ɿʝʤʣʠ 

ʂʦʩʤʠʯʝʩʢʘʷ ʧʣʘʟʤʘ ɿʝʤʣʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʨʝʞʝʥʥʳʡ ʛʘʟ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʝʸ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ (ʨʠʩʫʥʦʢ 1.7).  

 

ʈʠʩʫʥʦʢ 1.7 ɼʚʠʞʝʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʝ 

ʄʘʛʥʠʪʦʩʬʝʨʘ ɿʝʤʣʠ ʟʘʥʠʤʘʝʪ ʩʦʙʦʡ ʦʙʣʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʦʢʨʫʛ ɿʝʤʣʠ, ʚ 

ʢʦʪʦʨʦʡ ʧʦʚʝʜʝʥʠʝ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʸ ʚʥʫʪʨʝʥʥʠʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ.  

ʄʘʛʥʠʪʦʩʬʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʦʪʦʢʦʤ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ 

ʩʦʣʥʝʯʥʳʤ ʚʝʪʨʦʤ, ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʪʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʪʦʢ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʩʚʦʝʡ 
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ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʅʘ ʥʝʙʦʣʴʰʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʧʦʨʷʜʢʘ ʪʨʸʭ 

ʝʸ ʨʘʜʠʫʩʦʚ, ʤʘʛʥʠʪʥʳʝ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʠʤʝʶʪ ʜʠʧʦʣʝʧʦʜʦʙʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ. ʕʪʘ 

ʦʙʣʘʩʪʴ ʥʘʟʳʚʘʝʪʩʷ ʧʣʘʟʤʦʩʬʝʨʦʡ ɿʝʤʣʠ (ʩʤ. ʨʠʩʫʥʦʢ 1.8). 

 

ʈʠʩʫʥʦʢ 1.8 ʄʘʛʥʠʪʦʩʬʝʨʘ ʠ ʧʣʘʟʤʦʩʬʝʨʘ ɿʝʤʣʠ ʠ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʥʠʭ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ 

ɿʝʤʥʫʶ ʤʘʛʥʠʪʦʩʬʝʨʫ ʦʛʨʘʥʠʯʠʚʘʝʪ ʤʘʛʥʠʪʦʧʘʫʟʘ ï ʚʥʝʰʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʤʘʛʥʠʪʦʩʬʝʨʳ, ʥʘ ʢʦʪʦʨʦʡ ʜʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʘʚʥʦ ʜʘʚʣʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ 

ʤʘʛʥʠʪʦʩʬʝʨʫ ʧʣʘʟʤʳ. ɺʦʟʜʝʡʩʪʚʠʝ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ʉʦ ʩʪʦʨʦʥʳ ʉʦʣʥʮʘ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʞʠʤʘʝʪʩʷ, ʘ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ, 

ʥʦʯʥʦʡ ʩʪʦʨʦʥʳ, ʦʥʦ ʚʳʪʷʛʠʚʘʝʪʩʷ, ʦʙʨʘʟʫʷ ʭʚʦʩʪ. 

ʅʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ ʧʨʠ ʩʧʦʢʦʡʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ 

ʧʨʦʠʩʭʦʜʠʪ ʨʝʛʫʣʷʨʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ. ɺ ʫʪʨʝʥʥʠʝ ʠ 

ʚʝʯʝʨʥʠʝ ʯʘʩʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʦʟʨʘʩʪʘʝʪ ʧʣʦʪʥʦʩʪʴ ʧʣʘʟʤʳ. ɺ ʜʥʝʚʥʳʝ ʯʘʩʳ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʩʥʠʞʝʥʠʝ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʘʢ ʠ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ. ɽʩʣʠ ʠʤʝʝʪ 

ʤʝʩʪʦ ʫʚʝʣʠʯʝʥʠʝ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʨʝʛʫʣʷʨʥʳʡ ʩʫʪʦʯʥʳʡ ʭʦʜ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʳ 

ʤʝʥʷʝʪʩʷ. ʀʭ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʅʘ ʨʠʩʫʥʢʝ 1.9 ʧʦʢʘʟʘʥʦ, ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʩʣʫʯʘʝʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʕʉʈ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʜʣʷ ʩʧʫʪʥʠʢʘ MARECS-A, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ 

ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ ʩ ʨʘʜʠʫʩʦʤ 38000 ʢʤ [De Soria-Santacruz Pich, 2014]. ɼʘʥʥʳʝ 

ʧʨʠʚʝʜʝʥʳ ʜʣʷ 1982, 1983 ʠ 1984 ʛʛ. ɿʘʨʷʞʝʥʠʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʦʠʩʭʦʜʠʣʦ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩ 0 ʜʦ 9 ʯʘʩʦʚ, ʢʦʛʜʘ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʧʣʘʟʤʘ ʠʟ ʭʚʦʩʪʘ 

ʤʘʛʥʠʪʦʩʬʝʨʳ ʜʦʩʪʠʛʘʣʘ ʛʝʦʩʠʥʭʨʦʥʥʳʭ ʚʳʩʦʪ. 
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ʈʠʩʫʥʦʢ 1.9 ʂʦʣʠʯʝʩʪʚʦ ʩʣʫʯʘʝʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʕʉʈ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʜʣʷ 

ʩʧʫʪʥʠʢʘ MARECS-A, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ (ʚʟʷʪʦ ʠʟ [De Soria-

Santacruz Pich, 2014]) 

ɺʥʫʪʨʠ ʧʣʘʟʤʦʩʬʝʨʳ ʚ ʪʝʯʝʥʠʝ ʩʧʦʢʦʡʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ 

ʧʣʦʪʥʦʩʪʴ ʧʣʘʟʤʳ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ (ʙʦʣʝʝ 1 ʩʤ
-3
), ʘ ʵʥʝʨʛʠʷ ʯʘʩʪʠʮ ʧʣʘʟʤʳ ʜʦʩʪʘʪʦʯʥʦ 

ʥʠʟʢʘ (ʤʝʥʝʝ 100 ʢʵɺ). ʉʥʘʨʫʞʠ ʧʣʘʟʤʦʩʬʝʨʳ ʥʘʙʣʶʜʘʶʪʩʷ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ 

ʧʣʘʟʤʳ (ʤʝʥʝʝ 1ʩʤ
-3
) ʠ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʷ ʯʘʩʪʠʮ ʧʣʘʟʤʳ (ʙʦʣʝʝ 100 ʢʵɺ), ʢʦʪʦʨʳʝ 

ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʪ ʚ ʤʦʤʝʥʪ ʧʨʦʪʝʢʘʥʠʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʩʫʙʙʫʨʴ.  

ʂʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ ʚ ʦʢʨʫʞʘʶʱʝʡ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʧʣʘʟʤʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʵʥʝʨʛʠʠ ʠ ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.10. 

ɺʘʞʥʫʶ ʨʦʣʴ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʚʥʫʪʨʝʥʥʝʡ ʵʣʝʢʪʨʠʟʘʮʠʠ, ʠʛʨʘʶʪ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʷʩʘʭ ɿʝʤʣʠ [ɹʝʟʨʦʜʥʳʭ ʠ 

ʜʨ., 2010a] (ʩʤ. ʨʠʩʫʥʦʢ 1.11). ʊʘʢʠʭ ʧʦʷʩʦʚ ʜʚʘ:  

- ʚʥʫʪʨʝʥʥʠʡ (ʦʪʢʨʳʪʳʡ ɼ. ɺʘʥ ɸʣʣʝʥʦʤ ʠ ʧʨʝʜʩʢʘʟʘʥʥʳʡ ʉ.ɺ. ɺʝʨʥʦʚʳʤ ʠ ɸ.ɽ. 

ʏʫʜʘʢʦʚʳʤ), ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʚʳʩʦʪʝ 3000ï12000 ʢʤ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ɿʝʤʣʠ ʠ ʩʦʩʪʦʷʱʠʡ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠʟ ʧʨʦʪʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 300 ʄʵɺ ʠ ʚʳʰʝ, 

ʘ ʪʘʢʞʝ ʚ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʠʟ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 1 ʄʵɺ ʠ ʚʳʰʝ; 

- ʚʥʝʰʥʠʡ (ʦʪʢʨʳʪʳʡ ʉ.ɺ. ɺʝʨʥʦʚʳʤ ʠ ɸ.ɽ. ʏʫʜʘʢʦʚʳʤ), ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ 

ʚʳʩʦʪʝ 18000ï57000 ʢʤ ʠ ʩʦʩʪʦʷʱʠʡ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠʟ ʵʣʝʢʪʨʦʥʦʚ ʩ 

ʵʥʝʨʛʠʝʡ ʦʪ 0,1 ʜʦ 10 ʄʵɺ. 
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ʈʠʩʫʥʦʢ 1.10 ʌʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ. ʇʨʝʨʳʚʠʩʪʳʝ 

ʣʠʥʠʠ ï ʩʦʣʥʝʯʥʘʷ ʩʪʦʨʦʥʘ ɿʝʤʣʠ, ʩʧʣʦʰʥʳʝ ï ʟʘʪʝʤʥʝʥʥʘʷ ʩʪʦʨʦʥʘ ɿʝʤʣʠ 

 

ʈʠʩʫʥʦʢ 1.11 ɺʥʫʪʨʝʥʥʠʡ ʠ ʚʥʝʰʥʠʡ ʨʘʜʠʘʮʠʦʥʥʳʝ ʧʦʷʩʘ ɿʝʤʣʠ 

ʕʪʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ, ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ʢʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ, ʩʦʣʥʝʯʥʳʝ ʰʪʦʨʤʳ ʠ ʪ.ʜ., ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʠ ʫʜʝʨʞʠʚʘʶʪʩʷ 

ʤʘʛʥʠʪʦʩʬʝʨʦʡ ɿʝʤʣʠ.  

ɺʦ ʚʨʝʤʷ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ ʫʩʠʣʝʥʥʳʡ ʧʦʪʦʢ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ 

ʧʝʨʝʩʝʢʘʝʪ ʛʨʘʥʠʮʫ ʤʘʛʥʠʪʦʧʘʫʟʳ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʠʬʬʫʟʠʷ ʵʪʠʭ ʵʣʝʢʪʨʦʥʦʚ ʚʥʫʪʨʴ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʷʩʦʚ [ɹʝʟʨʦʜʥʳʭ ʠ ʜʨ., 2010a; ɹʝʟʨʦʜʥʳʭ ʠ ʜʨ., 2010b; ʐʠʣʦʚ ʠ ʜʨ., 2010].  
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1.2.2 ɺʣʠʷʥʠʝ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʝʩʣʠ ʚ ʩʧʦʢʦʡʥʦʡ ʤʘʛʥʠʪʦʩʬʝʨʝ ʥʘ ʥʦʯʥʦʡ ʩʪʦʨʦʥʝ ɿʝʤʣʠ ʂɸ 

ʧʨʠʦʙʨʝʪʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʦʨʷʜʢʘ ʩʦʪʝʥ ʚʦʣʴʪ (ʥʝ ʙʦʣʝʝ 1 ʢɺ), ʪʦ ʚ ʫʩʣʦʚʠʷʭ 

ʩʫʙʙʫʨʠ ʧʦʪʝʥʮʠʘʣʳ ʜʦʩʪʠʛʘʶʪ ʝʜʠʥʠʮ ʠ ʜʝʩʷʪʢʦʚ ʢʠʣʦʚʦʣʴʪ. ʆʙʱʝʝ ʟʘʨʷʞʝʥʠʝ ʂɸ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʢʦʤ ʠ ʫʨʦʚʥʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʧʨʠʦʙʨʝʪʘʝʤʦʛʦ ʘʧʧʘʨʘʪʦʤ ʚ 

ʮʝʣʦʤ, ʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʟʘʨʷʞʝʥʠʝ ï ʟʥʘʢʦʤ ʠ ʫʨʦʚʥʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʦʪʜʝʣʴʥʳʭ ʝʛʦ ʵʣʝʤʝʥʪʦʚ. ʂʘʢ ʧʝʨʚʳʡ, ʪʘʢ ʠ ʚʪʦʨʦʡ ʧʦʢʘʟʘʪʝʣʠ ʟʘʚʠʩʷʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʨʦʮʝʩʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʩʪʫʧʣʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʂɸ ʠ ʩʪʦʢ ʩ ʥʝʝ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʘʨʷʜʦʚ.  

ʉʦʣʥʝʯʥʳʝ ʚʩʧʳʰʢʠ, ʧʨʦʷʚʣʷʝʤʳʝ ʚ ʚʠʜʝ ʚʳʙʨʦʩʘ ʢʦʨʦʥʘʣʴʥʦʡ ʤʘʩʩʳ ʠ 

ʢʦʨʦʥʘʣʴʥʳʭ ʜʳʨ, ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʦʪʦʢʦʚ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʯʘʩʪʠʮ ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ [ɽʨʤʦʣʘʝʚ, ɽʨʤʦʣʘʝʚ, 2009]. ʊʘʢʠʝ ʚʳʙʨʦʩʳ ʩʦʟʜʘʶʪ 

ʧʦʪʦʢʠ ʠʦʥʠʟʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ, ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʛʝʣʠʝʚʦ-ʚʦʜʦʨʦʜʥʦʡ ʧʣʘʟʤʳ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʠ 

ʥʘʟʳʚʘʶʪʩʷ ʩʦʣʥʝʯʥʳʤ ʚʝʪʨʦʤ. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʘʷ ʩʢʦʨʦʩʪʴ ʵʪʠʭ ʧʦʪʦʢʦʚ ʦʙʳʯʥʦ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 400 ʢʤ ʚ ʩʝʢʫʥʜʫ. 

ʇʦʪʦʢʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʜʦʩʪʠʛʘʷ ɿʝʤʣʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʤʘʛʥʠʪʦʩʬʝʨʦʡ 

ɿʝʤʣʠ, ʚʳʟʳʚʘʷ ʩʠʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ ʝʸ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ɻʄʇ), ʦʙʦʟʥʘʯʘʝʤʦʝ ʢʘʢ 

ʛʝʦʤʘʛʥʠʪʥʘʷ ʙʫʨʷ (ɻʄɹ). ɺ ʵʪʦ ʚʨʝʤʷ ʨʝʟʢʦ ʫʩʠʣʠʚʘʝʪʩʷ ʢʦʣʴʮʝʚʦʡ ʪʦʢ ɿʝʤʣʠ ʚ ʝʝ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʷʩʘʭ. ʇʦ ʩʫʪʠ ɿʝʤʣʷ ʥʘʯʠʥʘʝʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʫʩʢʦʨʠʪʝʣʴ ʟʘʨʷʞʝʥʥʳʭ 

ʯʘʩʪʠʮ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʣʥʝʯʥʳʝ ʚʩʧʳʰʢʠ ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʧʦʪʦʢʦʚ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʙʣʠʟʠ ɿʝʤʣʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʵʪʠʭ ʧʦʪʦʢʦʚ ʥʘ ʩʧʫʪʥʠʢʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʦʢʦʣʦʟʝʤʥʳʭ 

ʦʨʙʠʪʘʭ, ʧʨʦʠʩʭʦʜʷʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʙʦʠ ʚ ʠʭ ʨʘʙʦʪʝ [ɸʢʠʰʠʥ, 2010; ʇʠʣʠʧʝʥʢʦ, 

ʈʦʤʘʥʦʚʘ, ʏʠʞʝʥʢʦʚ, 2006; Eriksson, Wahlund, 2006]. ʊʘʢ, ʚ ʦʢʪʷʙʨʝ ï ʥʦʷʙʨʝ 2003 ʛ. ʦʪ 

ʩʝʨʴʝʟʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʧʦʩʪʨʘʜʘʣʠ 60 % ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ, ʘ ʯʝʪʳʨʝʭʪʦʥʥʳʡ ʷʧʦʥʩʢʠʡ ʩʧʫʪʥʠʢ Midori-2 ʚʦʦʙʱʝ ʙʳʣ ʧʦʪʝʨʷʥ. ɹʳʣʦ 

ʩʜʝʣʘʥʦ ʜʘʞʝ ʧʨʝʜʣʦʞʝʥʠʝ ï ʟʘʨʘʥʝʝ ʦʪʢʣʶʯʘʪʴ ʘʧʧʘʨʘʪʫʨʫ ʥʘ ʚʨʝʤʷ ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʚ ʨʘʙʦʪʝ [ʈʦʤʘʥʦʚʘ ʠ ʜʨ., 2005] ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩʙʦʝʚ 

ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ ʩʧʫʪʥʠʢʘʭ ʚ 1989ï1994 ʛʛ. ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ 

ʚʳʷʚʠʣʦ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʯʘʩʪʦʪʳ ʩʙʦʝʚ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʦʪʦʢʦʚ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ ʵʥʝʨʛʠʡ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ. ʕʪʘ 

ʢʦʨʨʝʣʷʮʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 
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ɻʝʦʤʘʛʥʠʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʠʥʜʝʢʩʘʤʠ 

ʂ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʪʁʩʷ ʢʦʣʝʙʘʥʠʷʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʟʝʤʣʠ, ʠʟʤʝʨʷʝʤʦʡ ʢʘʞʜʳʝ ʪʨʠ ʯʘʩʘ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʝʪʦʤʝʪʨʦʚ ʚ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʥʳʭ 

ʪʦʯʢʘʭ ʟʝʤʥʦʛʦ ʰʘʨʘ. ʕʪʠʤʠ ʪʦʯʢʘʤʠ ʷʚʣʷʶʪʩʷ 13 ʛʝʦʤʘʛʥʠʪʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʩʝʚʝʨʥʳʭ ʠ ʶʞʥʳʭ ʰʠʨʦʪʘʭ. 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʂ-ʠʥʜʝʢʩʦʚ ʜʘʝʪ ʧʣʘʥʝʪʘʨʥʳʡ ʠʥʜʝʢʩ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʂʨ. ʆʥ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ʦʪ 0, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʧʦʢʦʡʥʦʡ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʦʙʩʪʘʥʦʚʢʝ, ʜʦ 9, ʦʪʚʝʯʘʶʱʝʝ ʛʝʦʤʘʛʥʠʪʥʦʤʫ ʰʪʦʨʤʫ (ʩʤ. ʪʘʙʣʠʮʫ 1.4). 

ʊʘʙʣʠʮʘ 1.4 ʉʦʩʪʦʷʥʠʝ ʠʦʥʦʩʬʝʨʳ ʠ ʠʥʜʝʢʩ 

ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʂʨ 

ʉʦʩʪʦʷʥʠʝ ʠʦʥʦʩʬʝʨʳ ʂʨ-ʠʥʜʝʢʩ 

ʉʧʦʢʦʡʥʦʝ 0-1 

ʅʝʩʪʘʙʠʣʴʥʦʝ 2 

ɺʦʟʤʫʱʝʥʥʦʝ 3 

ʉʣʘʙʘʷ ʙʫʨʷ 4 

ɹʦʣʴʰʘʷ ʙʫʨʷ 5 

ʉʠʣʴʥʘʷ ʙʫʨʷ (ʰʪʦʨʤ) 6-9 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ 

ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ ʥʘ ɿʝʤʣʝ ʷʚʣʷʝʪʩʷ Dst -ʠʥʜʝʢʩ [Gonzalez et al., 1994]. ʕʪʦ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʜʠʧʦʣʷ ʢʦʤʧʦʥʝʥʪʘ ʚʦʟʤʫʱʝʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʘʷ ʠʟʤʝʨʷʝʪʩʷ ʥʘ ʧʷʪʠ ʥʘʭʦʜʷʱʠʭʩʷ ʚʙʣʠʟʠ ʵʢʚʘʪʦʨʘ ʛʝʦʤʘʛʥʠʪʥʳʭ 

ʩʪʘʥʮʠʷʭ: ʉʘʥ-ʍʫʘʥ, ʍʝʨʤʘʥʫʩ, ʂʘʢʠʩʢʘ, ɻʦʥʦʣʫʣʫ ʠ ɸʣʠʙʘʛ.  

ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ Dst -ʠʥʜʝʢʩʘ ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʘ ʚ [Gonzalez et al., 1994]. 

ʅʘʤ ʚʘʞʝʥ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʯʝʤ ʦʪʨʠʮʘʪʝʣʴʥʝʝ ʚʝʣʠʯʠʥʘ Dst -ʠʥʜʝʢʩʘ, ʪʝʤ ʠʥʪʝʥʩʠʚʥʝʝ 

ʤʘʛʥʠʪʥʘʷ ʙʫʨʷ. ɺ ʪʘʙʣʠʮʝ 1.5 ʧʨʠʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʥʘ ʦʩʥʦʚʝ Dst -

ʠʥʜʝʢʩʘ, ʠʟʤʝʨʝʥʥʦʛʦ ʚ 1957ï1993 ʛʛ [Loewe, Prºlss, 1997]. ʕʪʦʡ ʞʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ ʚ ʈʌ [ɽʨʤʦʣʘʝʚ, ɽʨʤʦʣʘʝʚ, 2009]. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʩʫʙʙʫʨʴ Dst ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʥʜʝʢʩʦʤ, ʘ ʪʨʝʭʯʘʩʦʚʦʡ ʂʨ 

ʚʦʦʙʱʝ ʥʝ ʛʦʜʠʪʩʷ, ʪ.ʢ. ʟʘ ʵʪʦ ʚʨʝʤʷ ʩʫʙʙʫʨʷ ʤʦʞʝʪ ʥʘʯʘʪʴʩʷ ʠ ʟʘʢʦʥʯʠʪʴʩʷ.  

ʆʙʳʯʥʦ ʥʘ ʩʧʫʪʥʠʢʘʭ ʥʝʪ ʙʦʨʪʦʚʳʭ ʜʘʪʯʠʢʦʚ ʠ ʧʦʣʴʟʫʶʪʩʷ ʜʠʘʛʨʘʤʤʘʤʠ ʢʦʩʤʠʯʝʩʢʦʡ 

ʧʦʛʦʜʳ, ʠʟʜʘʚʘʝʤʳʤʠ Space Environment Center of Boulder, CO USA. ʅʘ ʨʠʩʫʥʢʝ 1.12 ʧʦʢʘʟʘʥʳ 

ʪʘʢʠʝ ʜʘʥʥʳʝ ʟʘ 29 ʤʘʨʪʘ 2001 ʛʦʜʘ. ʆʙʷʟʘʪʝʣʴʥʦ ʜʘʝʪʩʷ ʨʘʟʚʝʨʥʫʪʘʷ ʧʦ ʚʨʝʤʝʥʠ ʠʥʬʦʨʤʘʮʠʷ 

ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʝʜʝʥʳ ʧʦ ʚʩʝʡ ʦʨʙʠʪʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. 
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ʊʘʙʣʠʮʘ 1.5 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ 

ʂʣʘʩʩ ʙʫʨʠ ʂʦʣ-ʚʦ ʙʫʨʴ ʇʨʦʮʝʥʪ Dst, ʥT 

ʉʣʘʙʳʝ 482 44 ï30... ï50 

ʋʤʝʨʝʥʥʳʝ 346 32 ï50...ï100 

ʉʠʣʴʥʳʝ 206 19 ï100...ï200 

ʕʢʩʪʨʝʤʘʣʴʥʳʝ 45 4 ï200...ï350 

ɺʳʜʘʶʱʠʝʩʷ 6 1 < ï350 
 

 

ʈʠʩʫʥʦʢ 1.12 ʇʨʠʤʝʨ ʜʠʘʛʨʘʤʤʳ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ 

ʅʠʞʥʷʷ ʣʝʥʪʘ ʜʘʝʪ ʨʘʟʚʝʨʪʢʫ ʚʝʣʠʯʠʥʳ ʧʣʘʥʝʪʘʨʥʦʛʦ ʠʥʜʝʢʩʘ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʂʨ. ʂʨʘʩʥʳʤ ʮʚʝʪʦʤ ʦʪʤʝʯʝʥʳ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʫʙʙʫʨʴ ʠ ʙʫʨʴ (ʂʨ ʙʦʣʝʝ 3). ɺʳʰʝ ʨʘʟʚʝʨʥʫʪʘ ʜʠʘʛʨʘʤʤʘ, ʧʦʢʘʟʳʚʘʶʱʘʷ, 

ʢʘʢ ʤʝʥʷʝʪʩʷ ʬʣʶʝʥʩ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ. ʌʣʶʝʥʩ ʥʘʥʦʩʠʪʩʷ ʜʚʫʤʷ 

ʦʙʣʘʩʪʷʤʠ: ɽ > 600 ʢʵɺ ʠ ɽ > 2 ʄʵɺ. ʇʨʦʚʘʣ ʟʥʘʯʝʥʠʡ ʬʣʶʝʥʩʘ ʵʪʠʭ ʵʣʝʢʪʨʦʥʦʚ, 

ʥʘʙʣʶʜʘʝʤʳʡ ʚʦ ʚʨʝʤʷ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʛʜʘ ʂʨ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ ʙʦʣʝʝ 3, ʵʪʦ 

ʵʬʬʝʢʪ ʩʫʙʙʫʨʠ. ɺ ʵʪʦʪ ʤʦʤʝʥʪ ʧʨʦʠʩʭʦʜʠʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʨʘʟʨʷʜ, ʠʤʝʝʪ ʤʝʩʪʦ ʩʪʦʢ 

ʟʘʨʷʜʘ, ʠ ʟʥʘʯʝʥʠʝ ʬʣʶʝʥʩʘ ʵʣʝʢʪʨʦʥʦʚ ʨʝʟʢʦ ʧʘʜʘʝʪ.  

ʅʘ ʚʝʨʭʥʝʡ ʜʠʘʛʨʘʤʤʝ ʧʦʢʘʟʘʥʳ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʧʨʦʪʦʥʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ 

ʧʦ ʧʦʪʦʢʫ ʧʨʦʪʦʥʦʚ ʩ ʵʥʝʨʛʠʷʤʠ ʚ ʪʨʝʭ ʦʙʣʘʩʪʷʭ (ʙʦʣʴʰʝ 10 ʄʵɺ, 50ʄʵɺ ʠ 100 ʄʵɺ). 
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1.2.3 ʕʣʝʢʪʨʠʟʘʮʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ.  

ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʠ ʚʥʫʪʨʝʥʥʷʷ ʵʣʝʢʪʨʠʟʘʮʠʷ 

ɹʦʣʴʰʫʶ ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʧʦʯʪʠ 

ʧʦʣʥʦʩʪʴʶ ʟʘʥʠʤʘʶʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʪʝʨʤʦʨʝʛʫʣʠʨʫʶʱʠʝ 

ʧʦʢʨʳʪʠʷ, ʟʘʱʠʪʥʳʝ ʩʪʝʢʣʘ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʨʘʟʣʠʯʥʳʝ ʵʤʘʣʠ ʠ ʜʨʫʛʠʝ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʂɸ, ʧʦʜʚʝʨʞʝʥʥʳʝ ʵʣʝʢʪʨʠʟʘʮʠʠ ʧʫʪʝʤ ʥʘʢʦʧʣʝʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʩʚʦʝʤ ʦʙʲʝʤʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʦʥʠ ʧʨʠʦʙʨʝʪʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ (ʦʪ ʝʜʠʥʠʮ 

ʜʦ ʜʝʩʷʪʢʦʚ ʢʠʣʦʚʦʣʴʪ) ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ. ʇʨʦʚʦʜʷʱʠʝ ʵʣʝʤʝʥʪʳ ʧʨʠ ʩʦʣʥʝʯʥʦʤ 

ʦʙʣʫʯʝʥʠʠ ʧʨʠʦʙʨʝʪʘʶʪ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʠʣʴʥʦʡ ʬʦʪʦʵʤʠʩʩʠʠ ʥʫʣʝʚʦʡ ʠʣʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ. ɺ ʠʪʦʛʝ ʦʙʨʘʟʫʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ 

ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʚʦʟʥʠʢʘʶʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ 

ʢʦʤʧʣʝʢʩ ʧʦʨʘʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʵʣʝʢʪʨʠʟʘʮʠʠ: ʨʘʩʪʝʢʘʥʠʝ ʠʤʧʫʣʴʩʥʳʭ ʪʦʢʦʚ ʧʦ 

ʢʦʥʩʪʨʫʢʮʠʠ ʂɸ, ʠʤʧʫʣʴʩʥʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʠ ʩʚʝʪʦʚʳʝ ʠʤʧʫʣʴʩʳ ʦʪ ʕʉʈ. 

ʆʢʦʣʦʟʝʤʥʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ, 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʛʦʨʷʯʝʡ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ, ʩʦʜʝʨʞʘʱʝʡ ʫʩʢʦʨʝʥʥʳʝ 

ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ ɿʝʤʣʠ [Catani, Payan, 2003]. ʆʥʠ 

ʦʙʣʘʜʘʶʪ ʵʥʝʨʛʠʝʡ ʦʪ ʜʝʩʷʪʢʘ ʵʣʝʢʪʨʦʥ-ʚʦʣʴʪ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʝʛʘʵʣʝʢʪʨʦʥ-ʚʦʣʴʪ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʪʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʝʛʦ ʛʦʨʷʯʝʡ 

ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʧʣʘʟʤʦʡ ʵʪʠ ʫʩʢʦʨʝʥʥʳʝ ʯʘʩʪʠʮʳ ʧʦʧʘʜʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʘʧʧʘʨʘʪʘ ʠ 

ʧʨʦʥʠʢʘʶʪ ʚʥʫʪʨʴ ʝʛʦ. ʈʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʟʘʨʷʞʝʥʠʝ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʠʣʠ ʝʛʦ ʵʣʝʢʪʨʠʟʘʮʠʷ, ʢʘʢ ʵʪʦ ʧʨʠʥʷʪʦ ʛʦʚʦʨʠʪʴ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʘʧʧʘʨʘʪʘ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʣʝʞʘʱʝʛʦ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʠ, ʚʳʟʳʚʘʝʪ ʬʦʪʦʵʣʝʢʪʨʦʥʥʫʶ ʵʤʠʩʩʠʶ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʝʱʸ ʙʦʣʝʝ ʫʩʣʦʞʥʷʝʪ ʬʠʟʠʯʝʩʢʫʶ ʢʘʨʪʠʥʫ ʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʘʧʧʘʨʘʪ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʘʢʪʠʚʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ [ʄʦʜʝʣʴ 

ʢʦʩʤʦʩʘ. ʊʦʤ 2, 2007]. ʆʙʱʘʷ ʩʭʝʤʘ ʟʘʨʷʞʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʨʘʟʨʷʜʘ, ʚʟʷʪʘʷ ʠʟ [De Soria-Santacruz Pich, 2014], ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.13. 

ʇʨʦʪʦʥʳ ʠ ʥʝʡʪʨʦʥʳ ʦʪ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʤʘʪʝʨʠʘʣʦʤ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʫʪʥʠʢʘ, ʛʝʥʝʨʠʨʫʶʪ ʚ ʥʝʤ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʝ ʧʘʨʳ, ʫʚʝʣʠʯʠʚʘʷ 

ʫʜʝʣʴʥʫʶ ʨʘʜʠʘʮʠʦʥʥʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʠ ʧʦʨʦʞʜʘʶʪ ʪʦʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʢʘʢ 

ʧʨʦʠʟʚʦʜʠʪʴ ʟʘʨʷʞʝʥʠʝ, ʪʘʢ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʦ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʩʪʦʢ ʠ ʚʳʨʘʚʥʠʚʘʥʠʝ 

ʚʩʪʨʦʝʥʥʦʛʦ ʟʘʨʷʜʘ [ʅʦʚʠʢʦʚ, 2003; ʅʦʚʠʢʦʚ, ʇʘʥʘʩʶʢ, 2002]. ʅʦ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ 

ʵʣʝʢʪʨʠʟʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠʛʨʘʶʪ ʫʩʢʦʨʝʥʥʳʝ ʵʣʝʢʪʨʦʥʳ.  
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ʈʠʩʫʥʦʢ 1.13 ʇʨʦʮʝʩʩʳ ʟʘʨʷʞʝʥʠʷ ʜʠʵʣʝʢʪʨʠʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

[De Soria-Santacruz Pich, 2014] 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʢʚʘʪʦʨʠʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ɿʝʤʣʠ, ʪʦ ʨʘʜʠʘʮʠʦʥʥʳʡ ʧʦʷʩ ʟʜʝʩʴ 

ʨʘʩʪʷʥʫʪ ʥʘ 60000 ʢʤ. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʪʦʢ ʵʣʝʢʪʨʦʥʦʚ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠʤʝʨʥʦ 

ʥʘ ʚʳʩʦʪʝ 25000 ʢʤ. ʉʧʫʪʥʠʢʠ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʞʝʩʪʢʦʤʫ ʟʘʨʷʞʝʥʠʶ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʤʫ ʜʣʷ ʥʠʭ ʟʥʘʯʠʪʝʣʴʥʫʶ ʫʛʨʦʟʫ. 

ɺʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ, ʧʦʧʘʜʘʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, 

ʧʨʦʥʠʢʘʶʪ ʚʥʫʪʨʴ ʚʩʝʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ ʜʠʵʣʝʢʪʨʠʢʠ. ʇʨʠ ʵʪʦʤ, ʯʝʤ ʙʦʣʴʰʝ ʵʥʝʨʛʠʷ 

ʯʘʩʪʠʮʳ, ʪʝʤ ʙʦʣʴʰʝ ʝʸ ʧʨʦʙʝʛ ʚʛʣʫʙʴ ʤʘʪʝʨʠʘʣʘ (ʩʤ. ʨʠʩʫʥʦʢ 1.14). ʊʘʢ 5 ʢʵɺ-ʥʳʝ 

ʵʣʝʢʪʨʦʥʳ ʧʨʦʥʠʢʘʶʪ ʧʨʠʤʝʨʥʦ ʥʘ 1 ʤʢʤ, ʪʦʛʜʘ ʢʘʢ 1 ʄʵɺ-ʥʳʝ ï ʥʘ ʥʝʩʢʦʣʴʢʦ ʤʤ.  

 

ʈʠʩʫʥʦʢ 1.14 ɻʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ ʚ ʘʣʶʤʠʥʠʡ ʩʦʛʣʘʩʥʦ  

[Vette, 1991] ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʵʥʝʨʛʠʠ: ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ï ʵʣʝʢʪʨʦʥʳ;  

ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ï ʧʨʦʪʦʥʳ 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʧʨʦʪʦʥʳ, ʢʘʢ ʙʦʣʝʝ ʪʷʞʝʣʳʝ ʯʘʩʪʠʮʳ, ʛʦʨʘʟʜʦ ʣʝʛʯʝ 

ʪʦʨʤʦʟʷʪʩʷ ʘʪʦʤʘʤʠ ʘʣʶʤʠʥʠʷ. ɻʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʚ 

ʤʘʪʝʨʠʘʣʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Berger, 2002]. 

ʅʘʢʦʧʣʝʥʥʳʡ ʟʘʨʷʜ ʩʦʟʜʘʝʪ ʩʠʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ ʚʥʫʪʨʠ ʠ ʩʥʘʨʫʞʠ 

ʜʠʵʣʝʢʪʨʠʢʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʶʪ ʛʣʫʙʦʢʠʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʟʘʨʷʞʝʥʠʝʤ [Gross, 1964; 

Hilczer et al., 1986; Hwang, Kao, 1981; Jonscher, 1983; International Symposium on Electrets 

and Dialectrics é, 1977; Charge storage, charge transport é , 1979]. 

ɼʣʷ ʩʪʝʢʘʥʠʷ ʟʘʨʷʜʦʚ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʢʨʳʪʘ 

ʧʨʦʚʦʜʷʱʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʴ ʚʳʛʣʷʜʠʪ ʠʥʘʯʝ. 

ʂʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ ʧʦʢʨʳʪʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʥʫʞʥʳʡ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ, ʥʦ ʠʤʝʶʪ ʩʣʠʰʢʦʤ ʚʳʩʦʢʦʝ ʦʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʕʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʟʥʘʯʠʪʝʣʴʥʳʭ ʘʙʩʦʣʶʪʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʩʣʝʜʩʪʚʠʝ ʵʣʝʢʪʨʠʟʘʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʷʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ 

ʨʘʟʨʷʜʳ (ʕʉʈ), ʩʣʝʜʩʪʚʠʝʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʘʧʧʘʨʘʪʫʨʳ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʝʛʦ ʧʦʪʝʨʝ. 

ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʵʣʝʢʪʨʠʟʘʮʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʦʙʫʩʣʦʚʣʝʥʘ ʚʥʝʜʨʝʥʠʝʤ ʚ ʝʛʦ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʧʘʜʘʶʱʠʭ ʙʳʩʪʨʳʭ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ ʙʦʣʴʰʝ 10 ʢʵɺ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʝʡ ʵʥʝʨʛʠʠ ʟʘʨʷʜʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʠ ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʜʠʵʣʝʢʪʨʠʢʘ ʚ ʜʠʘʧʘʟʦʥʝ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʤʝʪʨʦʚ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʭʚʘʯʝʥʳ ʥʘ ʣʦʚʫʰʢʠ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʜʠʵʣʝʢʪʨʠʢʝ, ʠ 

ʦʩʪʘʚʘʪʴʩʷ ʪʘʤ ʧʦʩʪʦʷʥʥʦ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ [Mizera, 1983], ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʪʝʬʣʦʥʦʚʦʛʦ ʦʙʨʘʟʮʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʫʪʥʠʢʘ ʚ ʧʦʣʝʪʥʦʝ ʚʨʝʤʷ, ʩ ʛʦʜʘʤʠ 

ʫʚʝʣʠʯʠʚʘʣʩʷ ʠ ʜʦʩʪʠʛʘʣ ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦʚʦʣʴʪ.  

ʇʨʦʮʝʩʩ ʥʘʢʘʧʣʠʚʘʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʫʪʥʠʢʘ ʟʘ 

ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʙʳʩʪʨʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʧʨʠʚʝʜʝʥʥʳʡ ʥʘʤʠ ʥʘ ʨʠʩʫʥʢʝ 1.15, ʭʦʨʦʰʦ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥ ʚ ʨʘʙʦʪʝ [Catani, Payan, 2003]. 

ɺ ʧʨʠʥʮʠʧʝ, ʠʤʝʶʪʩʷ ʪʨʠ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʟʘʨʷʞʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ʕʪʦ 

ʬʦʪʦʵʤʠʩʩʠʷ, ʚʪʦʨʠʯʥʘʷ ʵʤʠʩʩʠʷ ʵʣʝʢʪʨʦʥʦʚ, ʠ ʚʪʦʨʠʯʥʘʷ ʵʤʠʩʩʠʷ ʠʦʥʦʚ. ɼʣʷ 

ʥʘʛʣʷʜʥʦʩʪʠ ʥʘ ʨʠʩʫʥʢʝ 1.16 ʵʪʠ ʪʨʠ ʧʨʦʮʝʩʩʘ, ʫʜʘʯʥʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʪʦʡ ʞʝ 

ʨʘʙʦʪʝ [Catani, Payan, 2003]. 
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ʈʠʩʫʥʦʢ 1.15 ʀʣʣʶʩʪʨʘʮʠʷ ʟʘʨʷʞʝʥʠʷ ʜʠʵʣʝʢʪʨʠʢʘ: ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ  

ʚ ʝʛʦ ʦʙʲʝʤʝ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʚʦʜʥʠʢʝ ʥʘ ʛʨʘʥʠʮʝ  

ʨʘʟʜʝʣʘ ʩ ʜʠʵʣʝʢʪʨʠʢʦʤ [Catani, Payan, 2003] 

 

ʈʠʩʫʥʦʢ 1.16 ʀʣʣʶʩʪʨʘʮʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʟʷʪʘʷ ʠʟ ʩʪʘʪʴʠ  

[Catani, Payan, 2003] 

ʂʦʛʜʘ ʩʧʫʪʥʠʢ ʥʘʭʦʜʠʪʩʷ ʚʥʝ ʪʝʥʠ ɿʝʤʣʠ, ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʝ 

ʠʟʣʫʯʝʥʠʝ ʦʙʳʯʥʦ ʚʳʟʳʚʘʶʪ ʬʦʪʦʵʤʠʩʩʠʶ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʦʚʝʨʭʥʦʩʪʴ ʟʘʨʷʞʘʝʪʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʥʘ ʥʝʩʢʦʣʴʢʦ ʚʦʣʴʪ. ɺʪʦʨʠʯʥʘʷ ʵʤʠʩʩʠʷ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʧʘʜʘʶʱʠʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʝʢʪʨʦʥʳ ʩʨʝʜʥʝʛʦ ʜʠʘʧʘʟʦʥʘ ʵʥʝʨʛʠʡ ʧʨʦʠʟʚʦʜʷʪ ʫʜʘʣʝʥʠʝ ʙʦʣʝʝ ʦʜʥʦʛʦ 

ʵʣʝʢʪʨʦʥʘ ʥʘ ʦʜʠʥ ʧʘʜʘʶʱʠʡ ʵʣʝʢʪʨʦʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦ ʚʨʝʤʷ ʚʳʙʠʚʘʥʠʷ ʵʣʝʢʪʨʦʥʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʬʘʢʪʠʯʝʩʢʠ ʦʩʪʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ. 

ʆʙʱʝʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʚ ʢʘʞʜʦʡ ʦʙʣʘʩʪʠ ʘʧʧʘʨʘʪʘ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʞʝʥʠʷ, ʚʳʟʳʚʘʝʤʦʛʦ ʧʨʦʥʠʢʘʶʱʠʤʠ ʵʣʝʢʪʨʦʥʘʤʠ, ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʟʘʨʷʞʝʥʠʷ, ʚʳʟʚʘʥʥʦʛʦ ʚʳʭʦʜʦʤ ʵʣʝʢʪʨʦʥʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ ʟʘʨʷʜ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ. 

ʉʦʯʝʪʘʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʦʚ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ ʘʧʧʘʨʘʪʘ ʜʚʫʭʩʣʦʡʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʟʘʨʷʜʦʚ.  

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʣʫʯʘʶ ʟʘʨʷʞʝʥʠʷ, ʢʦʛʜʘ ʤʝʪʘʣʣ ʩ ʧʣʘʚʘʶʱʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʦʪʜʝʣʝʥ ʦʪ ʦʙʣʫʯʘʶʱʝʡ ʩʨʝʜʳ ʥʝʧʨʦʚʦʜʷʱʠʤ ʤʘʪʝʨʠʘʣʦʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 
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ʵʣʝʢʪʨʦʥʳ ʟʘʩʪʨʝʚʘʶʪ ʚ ʜʠʵʣʝʢʪʨʠʢʝ. ʄʝʪʘʣʣ ʦʩʪʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʥʝ ʟʘʨʷʞʝʥʥʳʤ. ʇʦ ʵʪʦʤʫ 

ʤʝʭʘʥʠʟʤʫ ʧʨʦʠʩʭʦʜʠʪ ʵʣʝʢʪʨʠʟʘʮʠʷ ʢʘʙʝʣʝʡ, ʧʨʦʣʦʞʝʥʥʳʭ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʠ ʦʙʲʝʜʠʥʷʝʤʳʭ ʚ ʝʛʦ ʙʦʨʪʦʚʫʶ ʢʘʙʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ï ɹʂʉ (ʩʤ. ʨʠʩʫʥʦʢ 1.17). 

 

ʈʠʩʫʥʦʢ 1.17 ɿʘʨʷʞʝʥʠʝ ʢʘʙʝʣʷ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʵʣʝʢʪʨʦʥʘʤʠ 

ʆʙʱʝʝ ʟʘʨʷʞʝʥʠʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʪʦʢʦʚʦʛʦ ʙʘʣʘʥʩʘ 

0IS =: 

 () () () () () 0=---- VIVIVIVIVI backsecphie , (1.1) 

ʛʜʝ()VI e
 ï ʯʠʩʪʳʡ ʧʦʩʪʫʧʘʶʱʠʡ ʵʣʝʢʪʨʦʥʥʳʡ ʪʦʢ; ()VI i

 ï ʯʠʩʪʳʡ ʧʦʩʪʫʧʘʶʱʠʡ ʠʦʥʥʳʡ 

ʪʦʢ; ()VI ph  ï ʯʠʩʪʳʡ ʠʩʧʫʩʢʘʝʤʳʡ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʡ ʪʦʢ; ()VI sec
 ï ʯʠʩʪʳʡ ʪʦʢ ʚʪʦʨʠʯʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ; ()VI back
 ï ʯʠʩʪʳʡ ʪʦʢ ʦʙʨʘʪʥʦ ʨʘʩʧʳʣʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. 

ʅʘʛʣʷʜʥʘʷ ʩʭʝʤʘ ʦʙʱʝʛʦ ʟʘʨʷʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1.18. 

 

ʈʠʩʫʥʦʢ 1.18 ʉʭʝʤʘ ʦʙʱʝʛʦ ʟʘʨʷʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ʇʦʷʩʥʝʥʠʷ ʚ ʪʝʢʩʪʝ 
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ɻʜʝ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʥʘʠʙʦʣʴʰʝʛʦ ʟʘʨʷʞʝʥʠʷ ʂɸ ʥʘ ʦʢʦʣʦʟʝʤʥʳʭ ʦʨʙʠʪʘʭ? ʈʠʩʫʥʦʢ 

1.19 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʧʘʩʥʦʩʪʴ ʚʥʫʪʨʝʥʥʝʛʦ ʟʘʨʷʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʢʦʛʜʘ ʦʥ 

ʜʚʠʞʝʪʩʷ ʧʦ ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʝ ʠ ʧʨʦʭʦʜʠʪ ʪʦʯʢʫ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʰʠʨʦʪʦʡ ʠ ʜʦʣʛʦʪʦʡ 

[Evans et al., 1989]. ʂʘʢ ʤʳ ʚʠʜʠʤ, ʵʪʦ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʝ ʦʨʙʠʪʳ ʩ ʚʳʩʦʪʦʡ 10000ï100000 ʢʤ ʠ 

ʰʠʨʠʥʦʡ ʦʪ 20Á ʜʦ ʤʠʥʫʩ 20Á. 

 

ʈʠʩʫʥʦʢ 1.19 ʆʧʘʩʥʦʩʪʴ ʚʥʫʪʨʝʥʥʝʛʦ ʟʘʨʷʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʧʨʦʭʦʜʷʱʝʛʦ 

ʯʝʨʝʟ ʦʙʦʟʥʘʯʝʥʥʫʶ ʚʳʩʦʪʫ ʠ ʰʠʨʦʪʫ [Evans et al., 1989] 

ɺ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ çʗʤʘʣè, çʄʦʥʠʪʦʨè ʠ ʪ.ʜ. 

ʙʦʨʪʦʚʘʷ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʝ ʚ ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʳʭ 

ʛʝʨʤʦʢʦʥʪʝʡʥʝʨʘʭ, ʢʘʢ ʵʪʦ ʜʝʣʘʣʦʩʴ ʨʘʥʴʰʝ, ʘ ʚ ʚʘʢʫʫʤʝ ʚʥʫʪʨʠ ʘʧʧʘʨʘʪʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʪʴ ʜʦʣʶ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʩʧʫʪʥʠʢʘ, ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʥʦ ʩ ʫʯʝʪʦʤ 

ʧʦʩʪʦʷʥʥʦʡ ʤʠʢʨʦʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʫʤʝʥʴʰʝʥʠʶ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ʵʪʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʩʫʪʩʪʚʠʝ 

ʛʝʨʤʦʢʦʥʪʝʡʥʝʨʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʵʣʝʢʪʨʦʥʳ ʩ ʵʥʝʨʛʠʝʡ 1 ʄʵɺ ʠ ʙʦʣʝʝ ʠʟ 

ʦʢʨʫʞʘʶʱʝʡ ʩʧʫʪʥʠʢ ʧʣʘʟʤʳ ʧʨʦʭʦʜʷʪ ʩʢʚʦʟʴ ʪʦʥʢʫʶ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʦʙʦʣʦʯʢʫ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ.  

ʊʘʢʠʝ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʵʣʝʢʪʨʦʥʳ ʩʧʦʩʦʙʥʳ ʧʨʦʥʠʢʘʪʴ ʚ ʜʠʵʣʝʢʪʨʠʢʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʙʣʦʢʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʥʫʪʨʠ ʘʧʧʘʨʘʪʘ (ʧʝʯʘʪʥʳʝ ʧʣʘʪʳ, ʫʯʘʩʪʢʠ ʮʝʧʝʡ, 

ʠʟʦʣʷʮʠʷ ʧʨʦʚʦʜʦʚ, ʢʦʥʥʝʢʪʦʨʳ ʢʦʨʧʫʩʘ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ, ʢʦʨʧʫʩʳ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʠ ʪ. ʧ.), 

ʙʦʣʝʝ ʯʝʤ ʥʘ 0,1 ʤʢʤ ʠ ʟʘʨʷʞʘʪʴ ʠʭ. ʕʪʦʪ ʪʠʧ ʵʣʝʢʪʨʠʟʘʮʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, 
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ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʳʡ ʩ ʟʘʨʷʞʝʥʠʝʤ ʜʠʵʣʝʢʪʨʠʢʦʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ ʠ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ ʚʥʫʪʨʠ ʥʝʛʦ, ʥʘʟʳʚʘʶʪ ʚʥʫʪʨʝʥʥʝʡ ʵʣʝʢʪʨʠʟʘʮʠʝʡ [NASA ï HDBK ï 

4002, 1999; NASA ï HDBK ï 4002A, 2011]. 

ʍʦʪʷ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʢʦʨʧʫʩ ʂɸ ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʦ ʝʛʦ 

ʟʘʱʠʱʘʝʪ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʧʣʘʟʤʳ, ʵʪʦ ʜʘʣʝʢʦ ʥʝ ʪʘʢ. 

ʄʦʥʠʪʦʨ ʚʥʫʪʨʝʥʥʝʛʦ ʟʘʨʷʞʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʜʝʢʘʙʨʝ 2006 ʛ. MEO ʚʥʫʪʨʠ ʩʧʫʪʥʠʢʘ 

Giove-A, ʚʳʚʝʜʝʥʥʦʛʦ ʥʘ ʩʨʝʜʥʝʚʳʩʦʪʥʫʶ ʦʨʙʠʪʫ (ʦʨʙʠʪʘ ʩʧʫʪʥʠʢʘ ʩʚʷʟʠ ʚ ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʪ 

5-20 ʪʳʩ. ʢʤ) ʩ ʚʳʩʦʪʦʡ 23300 ʢʤ ʠ ʥʘʢʣʦʥʝʥʠʝʤ 56Á ʠ ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʛʦ ʚ ʪʝʯʝʥʠʝ 8,5 ʣʝʪ 

(ʥʘ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʙʳʣʦ ʩʜʝʣʘʥʦ ʩʦʦʙʱʝʥʠʝ), ʧʦʢʘʟʘʣ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ 

ʟʘʨʷʞʝʥʠʷ ʜʦʩʪʠʛʘʣʘ 1,4Ŀ10
-8
 ɸ/ʤ

2
 (ʚ ʪʝʯʝʥʠʝ ʩʫʙʙʫʨʠ ʚ ʘʧʨʝʣʝ 2010 ʛ) [Ryden et al., 2015]. 

ɼʣʷ ʥʘʩ ʩʫʱʝʩʪʚʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʦʮʝʩʩʳ ʩʪʝʢʘʥʠʷ ʟʘʨʷʜʘ, 

ʦʧʨʝʜʝʣʷʝʤʳʝ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʭʦʜʘ ʵʣʝʢʪʨʦʥʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʲʝʤʥʦʡ, ʠʣʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʥʘʛʣʷʜʥʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ 

ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ, ʜʘʥʥʳʤʠ ʚ [Catani, Payan, 2003] ʠ ʧʦʢʘʟʘʥʥʳʤʠ ʥʘ ʨʠʩʫʥʢʝ 1.20.  

 

 

ʈʠʩʫʥʦʢ 1.20 ʉʪʝʢʘʥʠʝ ʟʘʨʷʜʘ, ʚʳʟʚʘʥʥʦʝ: 1 ï ʦʙʲʝʤʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ;  

2 ï ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ [Catani, Payan, 2003] 

ʄʘʪʝʨʠʘʣʳ ʩ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʤʝʥʴʰʝ 10
11

 ʆʤĿʤ ʠʤʝʶʪ ʚʨʝʤʷ 

ʨʝʣʘʢʩʘʮʠʠ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʩʢʦʨʦʩʪʴ ʩʪʦʢʘ ʟʘʨʷʜʘ ʧʦ ʦʙʲʝʤʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʤʝʥʝʝ 0,2 ʩ ʠ 

ʦʙʳʯʥʦ ʥʝ ʭʨʘʥʷʪ ʙʦʣʴʰʠʝ ʟʘʨʷʜʳ ʥʘ ʪʠʧʠʯʥʳʭ ʜʣʷ ʢʦʩʤʦʩʘ ʫʨʦʚʥʷʭ ʦʙʣʫʯʝʥʠʷ. ʊʘʢʠʝ 

ʤʘʪʝʨʠʘʣʳ ʨʘʙʦʪʘʶʪ, ʢʘʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʠʵʣʝʢʪʨʠʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʮʝʧʷʭ ʠ ʥʝ ʧʨʦʠʟʚʦʜʷʪ ʨʘʟʨʷʜʥʳʭ ʠʤʧʫʣʴʩʦʚ. ʅʦ, ʫʚʳ, ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʧʦʢʘ 

ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ. 

ʆʙʳʯʥʦ ʩʯʠʪʘʶʪ, ʯʪʦ ʝʩʣʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʚ ʫʩʣʦʚʠʷʭ ʢʦʩʤʦʩʘ ʠʤʝʝʪ 

ʫʜʝʣʴʥʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʥʴʰʝ, ʯʝʤ 10
7 
ʆʤĿʢʚʘʜʨʘʪ, ʪʦ, ʢʦʛʜʘ ʜʠʵʣʝʢʪʨʠʢ 

ʵʣʝʢʪʨʠʯʝʩʢʠ ʩʚʷʟʘʥ ʩ ʧʨʦʚʦʜʷʱʠʤ ʢʦʨʧʫʩʦʤ, ʦʥ ʥʝ ʫʜʝʨʞʠʚʘʶʪ ʩʪʘʪʠʯʝʩʢʠʡ ʟʘʨʷʜ. 

ʇʦʵʪʦʤʫ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʢʘʢ ʛʨʘʬʠʪ, ʠʤʝʶʱʠʡ ʜʦʩʪʘʪʦʯʥʫʶ 
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ʧʨʦʚʦʜʠʤʦʩʪʴ, ʥʝ ʥʘʢʘʧʣʠʚʘʝʪ ʩʪʘʪʠʯʝʩʢʠʡ ʟʘʨʷʜ. ʅʦ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʧʦʢʨʳʪʠʝ ʥʘ ʦʩʥʦʚʝ 

ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʷʚʣʷʝʪʩʷ ʥʝʧʨʦʚʦʜʷʱʠʤ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʫʜʝʨʞʠʚʘʝʪ ʥʘʢʘʧʣʠʚʘʶʱʠʡʩʷ 

ʟʘʨʷʜ, ʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʥʝʩʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʝʛʦ ʩʪʝʢʘʥʠʷ.  

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ, ʠʭ ʨʘʟʛʦʥʥʳʭ ʙʣʦʢʦʚ ʠ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʥʳʭ ʩʧʝʮʠʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʟʫʝʤʦʩʪʠ ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʥʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

1.2.4 ʕʣʝʢʪʨʠʟʘʮʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ ʠ ʦʪʢʘʟʳ 

ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ 

ɹʦʣʴʰʫʶ ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʧʦʯʪʠ 

ʧʦʣʥʦʩʪʴʶ ʟʘʥʠʤʘʶʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʪʝʨʤʦʨʝʛʫʣʠʨʫʶʱʠʝ 

ʧʦʢʨʳʪʠʷ, ʟʘʱʠʪʥʳʝ ʩʪʝʢʣʘ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʨʘʟʣʠʯʥʳʝ ʵʤʘʣʠ ʠ ʜʨʫʛʠʝ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʂɸ, ʧʦʜʚʝʨʞʝʥʥʳʝ ʵʣʝʢʪʨʠʟʘʮʠʠ ʧʫʪʝʤ ʥʘʢʦʧʣʝʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʩʚʦʝʤ ʦʙʲʝʤʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʦʥʠ ʧʨʠʦʙʨʝʪʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ (ʦʪ ʝʜʠʥʠʮ 

ʜʦ ʜʝʩʷʪʢʦʚ ʢɺ) ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ. ʇʨʦʚʦʜʷʱʠʝ ʵʣʝʤʝʥʪʳ ʧʨʠ ʩʦʣʥʝʯʥʦʤ 

ʦʙʣʫʯʝʥʠʠ ʧʨʠʦʙʨʝʪʘʶʪ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʠʣʴʥʦʡ ʬʦʪʦʵʤʠʩʩʠʠ, ʥʫʣʝʚʦʡ 

ʠʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ. ɺ ʠʪʦʛʝ ʦʙʨʘʟʫʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ 

ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʚʦʟʥʠʢʘʶʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ 

ʢʦʤʧʣʝʢʩ ʧʦʨʘʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʵʣʝʢʪʨʠʟʘʮʠʠ: ʨʘʩʪʝʢʘʥʠʝ ʠʤʧʫʣʴʩʥʳʭ ʪʦʢʦʚ ʧʦ 

ʢʦʥʩʪʨʫʢʮʠʠ ʂɸ, ʠʤʧʫʣʴʩʥʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʠ ʩʚʝʪʦʚʳʝ ʠʤʧʫʣʴʩʳ ʦʪ ʕʉʈ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʪʝʢʘʥʠʷ ʠʤʧʫʣʴʩʥʳʭ ʪʦʢʦʚ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʂɸ ʚʦ ʬʨʘʛʤʝʥʪʘʭ ʙʦʨʪʦʚʦʡ 

ʢʘʙʝʣʴʥʦʡ ʩʝʪʠ, ʧʨʦʣʦʞʝʥʥʳʭ ʧʦ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʪ ʠʤʧʫʣʴʩʥʳʝ ʕɼʉ 

ʚʝʣʠʯʠʥʦʡ ʦʪ ʜʦʣʝʡ ʚʦʣʴʪʘ ʜʦ ʝʜʠʥʠʮ ʠ ʜʝʩʷʪʢʦʚ ʚʦʣʴʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ɹʂʉ. ʊʘʢʠʝ ʠʤʧʫʣʴʩʥʳʝ ʥʘʚʦʜʢʠ ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʭʦʜʳ 

ʵʣʝʢʪʨʦʥʥʳʭ ʙʣʦʢʦʚ ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ (ɹʈʕɸ) ʂɸ ʠ ʧʨʠʚʦʜʷʪ ʢ 

ʦʙʨʘʪʠʤʳʤ ʠ ʥʝʦʙʨʘʪʠʤʳʤ ʦʪʢʘʟʘʤ ʚ ʨʘʙʦʪʝ ʵʪʠʭ ʙʣʦʢʦʚ.  

ʀʤʧʫʣʴʩʥʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʠ ʩʚʝʪʦʚʳʝ ʠʤʧʫʣʴʩʳ ʤʦʛʫʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ 

ʥʘ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʦʧʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ, ʚʳʟʳʚʘʷ ʦʪʢʘʟʳ ʚ ʨʘʙʦʪʝ, ʩʚʷʟʘʥʥʦʡ ʩ ʥʠʤʠ, ɹʈʕɸ 

ʂɸ. ʉʧʝʮʠʘʣʠʩʪʘʤ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʠʟʘʮʠʠ ʂɸ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʘ ʩʠʪʫʘʮʠʷ ʩ ʘʩʪʨʦʜʘʪʯʠʢʦʤ 

ʥʘ ʦʜʥʦʤ ʠʟ ʂɸ, ʨʘʙʦʪʘʚʰʝʤ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ. ʕʪʦʪ ʦʧʪʠʯʝʩʢʠʡ ʜʘʪʯʠʢ 

ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʘʮʠʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʨʠʝʤʘ ʩʚʝʪʘ ʦʪ ʦʜʥʦʡ ʠʟ ʟʚʝʟʜ, ʙʳʣ ʟʘʢʨʳʪ 

ʥʝʧʨʦʚʦʜʷʱʠʤ ʢʚʘʨʮʝʚʳʤ ʢʦʣʧʘʢʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʘʣʠ ʕʉʈ ʤʝʞʜʫ ʢʚʘʨʮʝʚʳʤ 

ʢʦʣʧʘʢʦʤ ʠ ʢʦʨʧʫʩʦʤ, ʧʨʠʯʝʤ ʩʚʝʪʦʚʳʝ ʠʤʧʫʣʴʩʳ ʦʪ ʕʉʈ ʙʳʣʠ ʛʦʨʘʟʜʦ ʩʠʣʴʥʝʝ, ʯʝʤ ʩʚʝʪ 
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ʦʪ ʜʘʣʝʢʦʡ ʟʚʝʟʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʣʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʩʙʦʠ ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤʳ 

ʦʨʠʝʥʪʘʮʠʠ ʵʪʦʛʦ ʂɸ. 

ɽʩʣʠ ʬʠʟʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʠʟʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʜʦʩʪʘʪʦʯʥʦ ʷʩʥʘ, ʪʦ ʩ ʧʦʥʠʤʘʥʠʝʤ ʢʦʥʢʨʝʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʪʝʢʘʥʠʷ ʠʤʧʫʣʴʩʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʜʝʣʦ ʦʙʩʪʦʠʪ ʩʣʦʞʥʝʝ, ʘ ʪʝʦʨʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʚʩʝ 

ʝʱʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ [Balmain, Dubois, 1979; Coakley, 

Treadaway, Robinson Jr, 1985; Flanagan et al., 1979; Frederickson, Levy, Enloe, 1992].  

ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ [Catani, Payan, 2003; Frederickson, 1983; NASA ï HDBK ï 4002, 

1999], ʯʪʦ ʢʦʛʜʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ ʚ ʤʘʪʝʨʠʘʣʘʭ ʩʪʘʥʦʚʷʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʳʤʠ ʠ 

ʜʦʩʪʠʛʘʶʪ ʢʨʠʪʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʨʘʟʨʷʜʥʳʡ ʠʤʧʫʣʴʩ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʫʜʘʣʝʥʠʝ ʯʘʩʪʠ ʥʘʢʦʧʣʝʥʥʦʛʦ 

ʜʠʵʣʝʢʪʨʠʢʦʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʦʙʨʘʪʠʤʳʡ 

ʠʣʠ ʥʝʦʙʨʘʪʠʤʳʡ ʦʪʢʘʟ ʚ ʨʘʙʦʪʝ ʩʧʫʪʥʠʢʘ. ɹʦʣʝʝ ʩʠʣʴʥʳʝ ʧʦʣʷ ʧʨʦʠʟʚʦʜʷʪ ʙʦʣʝʝ ʯʘʩʪʳʝ 

ʩʧʦʥʪʘʥʥʳʝ ʨʘʟʨʷʜʳ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʙʦʣʝʝ ʤʘʩʰʪʘʙʥʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠʤʧʫʣʴʩʳ, 

ʥʘʟʳʚʘʝʤʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʨʘʟʨʷʜʘʤʠ (ʕʉʈ).  

ʅʘʧʨʷʞʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʦʙʨʘʟʮʘ ʜʠʵʣʝʢʪʨʠʢʘ (ʠʣʠ 

ʚʦʟʜʫʰʥʦʛʦ ʟʘʟʦʨʘ) ʫʞʝ ʥʝ ʤʦʞʝʪ ʚʳʜʝʨʞʠʚʘʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʟʘʨʷʜʘ ʠ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʦʙʦʡ ʚ ʚʠʜʝ ʠʩʢʨʳ, ʥʘʟʳʚʘʶʪ ʧʨʦʙʠʚʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ. ʇʨʦʙʠʚʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʟʘʚʠʩʠʪ 

ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʢʘ ʠ ʪʦʣʱʠʥʳ ʦʙʨʘʟʮʘ ʤʘʪʝʨʠʘʣʘ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʥʝʰʥʝʡ 

ʵʣʝʢʪʨʠʟʘʮʠʠ, ʪʦ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʠʵʣʝʢʪʨʠʢʠ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʩʪʦʷʱʠʝ ʥʘ ʙʦʨʪʫ 

ʂɸ, ʧʨʦʙʠʚʘʶʪʩʷ, ʢʦʛʜʘ ʚʥʫʪʨʝʥʥʝʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʧʨʝʚʳʰʘʝʪ 2Ŀ10
7
 ɺ/ʤ. ʆʩʪʨʳʝ 

ʫʛʣʳ ʜʝʪʘʣʝʡ, ʠʥʪʝʨʬʝʡʩʳ ʚ PC, ʦʩʪʨʳʝ ʵʣʝʤʝʥʪʳ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʙʦʨʪʦʚʦʡ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʪʴ ʧʨʦʙʠʚʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. 

ʉʢʦʨʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʟʘʨʷʜʘ ʚ ʜʠʵʣʝʢʪʨʠʢʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʳ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʤ ʧʦʪʦʢʦʤ, 

ʧʦʧʘʜʘʶʱʠʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ (ɸ/ʤ
2
). ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ 

ʩʧʫʪʥʠʢʝ CRRES, ʧʦʢʘʟʘʣʠ [Frederickson, Levy, Enloe, 1992], ʯʪʦ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʚʥʫʪʨʝʥʥʠʤ ʟʘʨʷʞʝʥʠʝʤ ʂɸ (ʦʪʜʝʣʴʥʳʝ ʨʘʟʨʷʜʳ), ʥʘʯʠʥʘʶʪ ʚʦʟʥʠʢʘʪʴ, ʢʦʛʜʘ 

ʵʣʝʢʪʨʦʥʥʳʡ ʧʦʪʦʢ ʠʟ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʳ, ʧʘʜʘʶʱʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦ ʥʦʨʤʘʣʠ, 

ʜʦʩʪʠʛʘʝʪ ʧʨʠʤʝʨʥʦ 10
-9

 AĿʤ
-2
. ɼʨʫʛʠʝ ʘʚʪʦʨʳ [Nitta, 2011] ʩʯʠʪʘʶʪ, ʯʪʦ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ ʥʘʯʠʥʘʶʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʨʠ 7Ŀ10
-9

 AĿʤ
-2
. 

ɼʣʷ ʚʥʫʪʨʝʥʥʝʡ ʵʣʝʢʪʨʠʟʘʮʠʠ ʙʳʣʦ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ [Frederickson, Levy, Enloe, 

1992], ʯʪʦ ʦʪʜʝʣʴʥʳʝ ʨʘʟʨʷʜʥʳʝ ʠʤʧʫʣʴʩʳ ʚ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ ʤʦʥʠʪʦʨʘ ʚʥʫʪʨʝʥʥʝʛʦ 

ʟʘʨʷʞʝʥʠʷ ʥʘ ʩʧʫʪʥʠʢʝ CRRES ʥʘʯʠʥʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʧʨʠ ʬʣʶʝʥʩʝ 10
10

 ʵʣʝʢʪʨʦʥʦʚ, 
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ʧʦʧʘʜʘʶʱʠʭ ʥʘ 1 ʩʤ
2
 ʟʘ 10 ʯʘʩʦʚ ʦʙʣʫʯʝʥʠʷ, ʘ ʧʨʠ ʬʣʶʝʥʩʝ 3Ŀ10

11
 ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʩʤ

2 
ʟʘ 10 

ʯʘʩʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʘʷ ʧʫʣʴʩʘʮʠʷ. ɺʝʣʠʯʠʥʘ 10
10

 ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʩʤ
2 
ʟʘ 10 ʯʘʩʦʚ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʥʷʪʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʨʦʛʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʕʉʈ ʧʨʠ ʚʥʫʪʨʝʥʥʝʡ 

ʵʣʝʢʪʨʠʟʘʮʠʠ. 

ɺ ʨʘʙʦʪʝ [Bodeau, 2007] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʢʦʨʧʫʩ ʠʟ ʘʣʶʤʠʥʠʷ ʪʦʣʱʠʥʦʡ 2,75 ʤʤ 

ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ ʩʧʫʪʥʠʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʫʶ ʟʘʱʠʪʫ ʦʪ 

ʕʉʈ ʧʨʠ ʚʥʫʪʨʝʥʥʝʡ ʵʣʝʢʪʨʠʟʘʮʠʠ, ʝʩʣʠ ʧʦʪʦʢ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 3 ʄʵɺ, ʥʝ 

ʧʨʝʚʳʰʘʝʪ 10
-9

 ɸ/ʤ
2
.  

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʥʘ ʨʠʩʫʥʢʝ 1.21 ʧʦʢʘʟʘʥʳ ʦʧʘʩʥʳʝ ʫʨʦʚʥʠ ʵʣʝʢʪʨʦʥʥʳʭ ʧʦʪʦʢʦʚ ʠ 

ʬʣʶʝʥʩʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚʥʫʪʨʝʥʥʠʝ ʕʉʈ. 

 

ʈʠʩʫʥʦʢ 1.21 ʆʧʘʩʥʳʝ ʫʨʦʚʥʠ ʵʣʝʢʪʨʦʥʥʳʭ ʧʦʪʦʢʦʚ ʠ ʬʣʶʝʥʩʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʤʦʛʫʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʚʥʫʪʨʝʥʥʠʝ ʕʉʈ 

1.2.5 ɺʦʟʜʝʡʩʪʚʠʝ ʕʉʈ ʥʘ ʵʣʝʤʝʥʪʥʫʶ ʙʘʟʫ ʠ ʙʦʨʪʦʚʫʶ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʫʶ  

ʘʧʧʘʨʘʪʫʨʫ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ, ʢʘʢ ʩʯʠʪʘʶʪ, ʥʘʨʫʰʠʣʠ ʨʘʙʦʪʫ ʤʥʦʛʠʭ ʩʧʫʪʥʠʢʦʚ 

[Space Systems and Their Interactions é , 1980]. ʆʜʥʘʢʦ ʚʳʩʦʢʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ 

ʬʘʢʪʠʯʝʩʢʠʤʠ ʨʘʟʨʷʜʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ ʜʠʵʣʝʢʪʨʠʢʘ ʠ ʦʪʢʘʟʘʤʠ ʚ ʨʘʙʦʪʝ ʘʧʧʘʨʘʪʫʨʳ ʥʘ 

ʪʦʤ ʞʝ ʩʧʫʪʥʠʢʝ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʛʦ ʩʧʫʪʥʠʢʘ CRRES [Violet, 

Frederickson, 1993], ʩʧʝʮʠʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʵʬʬʝʢʪʦʚ ʵʣʝʢʪʨʠʟʘʮʠʠ. 
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ʇʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʧʨʠʯʠʥʳ ʵʪʠʭ ʘʥʦʤʘʣʠʡ ʦʜʥʦʟʥʘʯʥʦ ʥʝ 

ʫʩʪʘʥʦʚʣʝʥʳ, ʪʘʢ ʢʘʢ ʥʘ ʩʧʫʪʥʠʢʘʭ ʥʝʪ ʥʝʦʙʭʦʜʠʤʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ɺ ʵʪʦʤ 

ʩʦʩʪʦʠʪ ʩʣʦʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʠʟʘʮʠʠ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ ʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʀʤʝʣʠ ʤʝʩʪʦ ʝʜʠʥʠʯʥʳʝ ʩʣʫʯʘʠ ʦʪʢʘʟʦʚ, ʧʨʠʯʠʥʦʡ ʢʦʪʦʨʳʭ ʧʦʩʣʫʞʠʣʦ ʜʝʡʩʪʚʠʝ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʠʣʠ ʧʨʦʪʦʥʦʚ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʠʩʴ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʦʜʩʠʩʪʝʤ ʠ ʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʅʦ ʵʪʦ ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ʪʠʧʠʯʥʳʤ ʵʬʬʝʢʪʘʤ, 

ʚʳʟʳʚʘʝʤʳʤ ʵʣʝʢʪʨʠʟʘʮʠʝʡ, ʚ ʦʩʥʦʚʥʦʤ, ʟʘ ʩʯʝʪ ʫʩʢʦʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʩʦʣʥʝʯʥʦʛʦ 

ʫʣʴʪʨʘʬʠʦʣʝʪʘ. 

ʆʙʳʯʥʦ ʩʯʠʪʘʶʪ ʧʦʜʩʠʩʪʝʤʫ ʦʨʙʠʪʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʧʫʪʥʠʢʘ ʦʩʥʦʚʥʦʡ ʞʝʨʪʚʦʡ 

ʜʝʡʩʪʚʠʷ ʕʉʈ [Katz et al., 1998]. ɹʳʣʦ ʩʦʦʙʱʝʥʦ [McPherson, Cauffman, Schober, 1975], ʯʪʦ ʥʘ 

ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʷʭ, ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ, 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʨʘʟʨʷʜ ʤʦʞʝʪ ʠʥʠʮʠʠʨʦʚʘʪʴ ʜʫʛʦʚʦʡ ʨʘʟʨʷʜ, ʧʠʪʘʝʤʳʡ ʤʦʱʥʦʩʪʴʶ 

ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʣʠʪʝʣʴʥʦʤʫ ʢʦʨʦʪʢʦʤʫ ʟʘʤʳʢʘʥʠʶ ʚ ʣʠʥʠʷʭ ʚʳʩʦʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʘʥʦʤʘʣʠʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʚ ʨʘʙʦʪʝ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 

ʩʧʫʪʥʠʢʦʚ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʕʉʈ [Mizera, 1983]. ʈʝʪʨʘʥʩʣʷʪʦʨʳ ʧʝʨʝʜʘʚʘʣʠ ʣʦʞʥʳʝ ʩʠʛʥʘʣʳ 

ʦʙ ʦʪʢʣʶʯʝʥʠʠ ʧʠʪʘʥʠʷ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʉʦʦʙʱʘʣʦʩʴ [Catani, Payan, 2003] ʦ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʫʩʪʦʡʯʠʚʳʭ ʦʪʢʘʟʦʚ ʠ ʜʝʛʨʘʜʘʮʠʠ ʚʭʦʜʥʳʭ ʢʘʩʢʘʜʦʚ ʩʚʝʨʭʚʳʩʦʢʠʭ ʯʘʩʪʦʪ 

ʧʨʠʝʤʥʠʢʦʚ, ʚʝʩʴʤʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʨʘʟʨʷʜʘʤ.  

ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʨʘʟʨʷʜʥʳʭ ʠʤʧʫʣʴʩʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʯʝʥʴ ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ. 

ʃʫʯʰʝʝ ʧʦʥʠʤʘʥʠʝ ʬʠʟʠʢʠ ʨʘʟʨʷʜʥʳʭ ʠʤʧʫʣʴʩʦʚ ʜʦʣʞʥʦ ʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʤ ʣʫʯʰʝ 

ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʦʪʢʘʟʦʚ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʚʘʪʴ ʥʘʠʙʦʣʝʝ ʫʜʘʯʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʠʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ.  

ʊʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʝʜʧʨʦʙʦʡʥʦʛʦ ʧʦʣʷ ʜʠʵʣʝʢʪʨʠʢʘ ʥʝʠʟʚʝʩʪʥʦ. ʂʘʢ ʤʳ ʫʞʝ ʚʳʰʝ 

ʦʪʤʝʯʘʣʠ, ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ [NASA ï HDBK ï 4002, 1999], ʯʪʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʨʘʟʨʷʜ 

ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ, ʢʦʛʜʘ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʝʚʳʰʘʝʪ 2Ŀ10
7 
ɺĿʤ

-1
.
 
ʕʪʘ 

ʚʝʣʠʯʠʥʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ, ʢʦʛʜʘ ʬʣʶʝʥʩ ʵʣʝʢʪʨʦʥʦʚ ʧʨʝʚʳʩʠʪ 2Ŀ10
10 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ
 
ʵʣʝʢʪʨʦʥʦʚ ʥʘ 1 ʩʤ

2
 ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʤʝʥʝʝ ʯʝʤ 

ʟʘ ʜʝʩʷʪʴ ʯʘʩʦʚ [Fennell et al., 2001]. 

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ, ʩʭʦʜʥʳʝ ʩ ʪʝʤʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʝʩʪʦ ʥʘ ʩʧʫʪʥʠʢʘʭ, 

ʦʙʳʯʥʦ ʠʟʫʯʘʶʪʩʷ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥʘʭ ʩ 

ʟʘʟʝʤʣʝʥʥʦʡ ʧʨʦʚʦʜʷʱʝʡ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʦʡ [Frederickson, 1996]. ʉʧʝʮʠʘʣʴʥʦ 

ʧʦʩʪʘʚʣʝʥʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ [Balmain, Orszag, Kremer, 1976] ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʦʙʦʡ ʧʨʠ ʨʘʜʠʘʮʠʦʥʥʦʤ ʟʘʨʷʞʝʥʠʠ, ʢʘʢ ʵʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʢʦʥʪʘʢʪʝ 

ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʳ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʂɸ, ʠʤʝʝʪ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʦʪʣʠʯʘʶʱʠʭ ʝʛʦ ʦʪ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʦʙʦʷ ʧʨʠ ʠʤʧʫʣʴʩʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʥʘʧʨʷʞʝʥʠʷ. 



40 

 

ɺ ʩʣʫʯʘʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʟʘʨʷʞʝʥʠʷ ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʵʣʝʢʪʨʦʜ, 

ʥʘʭʦʜʷʱʠʡʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʜ ʧʦʪʝʥʮʠʘʣʦʤ ʟʝʤʣʠ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʦʜʣʦʞʢʫ, ʧʨʦʚʦʜʷʱʫʶ ʤʘʩʢʫ, ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʩʝʪʢʫ ʠʣʠ ʧʦʣʦʩʢʫ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʙʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥʘʤʠ ʦʙʨʘʟʫʝʪʩʷ ʧʣʦʩʢʠʡ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʧʦ ʪʦʣʱʠʥʝ 

ʜʠʵʣʝʢʪʨʠʢʘ ʩʣʦʡ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ, ʢʦʪʦʨʳʡ ʟʘʭʚʘʯʝʥ ʥʘ ʣʦʚʫʰʢʠ ʠ ʤʘʣʦʧʦʜʚʠʞʝʥ. ʇʨʠ 

ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʚʳʜʝʣʷʝʤʦʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʕʉʈ, 

ʦʛʨʘʥʠʯʝʥʦ, ʪʘʢ ʢʘʢ ʥʝʪ ʩʪʦʨʦʥʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ [ʄʠʣʝʝʚ, ʅʦʚʠʢʦʚ, 1989; James, 1994; 

Nanevicz, Adamo, 1976; Woods, Wenaas, 1985]. 

ɽʩʪʴ ʩʦʦʙʱʝʥʠʷ [Levy, Sarrail, 1987], ʯʪʦ ʜʣʷ ʩʧʫʪʥʠʢʦʚ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʦʧʘʩʥʦʩʪʠ 

ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʕʉʈ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʟʘʨʷʞʝʥʠʝ, ʘ ʥʝ ʧʦʣʥʦʝ ʟʘʨʷʞʝʥʠʝ. 

ʆʜʥʘʢʦ, ʧʨʦʚʝʨʢʘ ʵʪʦʛʦ ʧʦʣʦʞʝʥʠʷ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʨʝʘʣʴʥʦʤ ʩʧʫʪʥʠʢʝ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʜʦʩʪʦʚʝʨʥʦ ʦʧʨʝʜʝʣʷʪʴ 

ʚʝʣʠʯʠʥʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ ʨʘʟʨʷʜʦʚ ʠ ʠʭ ʯʘʩʪʦʪʫ. 

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʳ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʩʧʫʪʥʠʢʦʤ ɿʝʤʣʠ, ʷʚʣʷʶʪʩʷ ʠʩʢʨʦʚʳʤʠ ʨʘʟʨʷʜʘʤʠ. ʀʭ 

ʦʙʱʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʦʪ ʜʝʩʷʪʳʭ ʜʦʣʝʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʩʝʢʫʥʜ, ʧʨʠ ʵʪʦʤ ʦʥʠ 

ʠʤʝʶʪ ʨʝʟʢʠʡ ʧʝʨʝʜʥʠʡ ʬʨʦʥʪ, ʧʨʦʜʦʣʞʘʶʱʠʡʩʷ ʚʩʝʛʦ 10 ʥʩ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʥʘʨʘʩʪʘʥʠʷ 

ʪʦʢʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 1000 ɸĿʩ
-1
, ʘ ʘʤʧʣʠʪʫʜʘ ʪʦʢʘ ʚ ʧʠʢʝ ʠʤʧʫʣʴʩʘ ʨʘʟʨʷʜʘ 100 ɸ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʧʨʦʠʩʭʦʜʠʪ ʠʟʣʫʯʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ [Levy, Sarrail, 1987]. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʨʘʟʨʷʜ ʩ ʧʦʟʠʮʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʪʦ ʦʥ, ʧʨʠ 

ʢʦʩʚʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʠʤʧʫʣʴʩʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ. 

ʂʦʛʜʘ ʨʘʟʨʷʜ ʧʨʦʠʩʭʦʜʠʪ ʚʙʣʠʟʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʥɻʝʨʛʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʧʦʤʝʭʠ ʧʦʧʘʜʘʝʪ ʚ ʥʝʸ ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʸʤʢʦʩʪʥʦʡ ʩʚ̫ʟʠ ʧʦ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʧʦʣʶ, ʠʣʠ ʧʨʠ 

ʧʦʤʦʱʠ ʠʥʜʫʢʪʠʚʥʦʡ ʩʚʷʟʠ ʧʦ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ. ʀʟʣʫʯʘʝʤʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʤʝʭʠ 

ʦʪ ʕʉʈ ʦʙʳʯʥʦ ʥʝ ʚʳʟʳʚʘʶʪ ʧʨʷʤʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʇʨʝʦʙʣʘʜʘʶʱʠʤ ʚʠʜʦʤ ʦʪʢʘʟʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤʘʭ, ʷʚʣʷʶʪʩʷ ʩʙʦʠ ʠ 

ʥʘʨʫʰʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. 

ɽʱʸ ʦʧʘʩʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʦʪ ʕʉʈ ʥʘ ʙʦʨʪʦʚʫʶ ʢʘʙʝʣʴʥʫʶ 

ʩʠʩʪʝʤʫ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʧʨʦʣʦʞʝʥʥʫʶ ʧʦ ʝʛʦ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩʫʥʦʢ 

1.22). ɺ ʢʘʙʝʣʝ ʚʦʟʥʠʢʘʶʪ ʥʘʚʦʜʢʠ, ʠ ʵʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ, ʧʦʧʘʜʘʷ ʥʘ 

ʚʭʦʜʳ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʙʣʦʢʦʚ, ʚʳʟʳʚʘʶʪ ʩʢʨʳʪʳʝ ʧʦʚʨʝʞʜʝʥʠʷ (ʨʘʩʧʣʘʚʣʝʥʠʝ 

ʤʝʪʘʣʣʠʟʘʮʠʠ ʠ ʧʨʦʚʦʜʥʠʢʦʚ, ʧʝʨʝʛʦʨʘʥʠʝ ʧʨʦʚʦʜʥʠʢʘ, ʩʦʝʜʠʥʷʶʱʝʛʦ ʢʨʠʩʪʘʣʣ ʩ 

ʚʳʚʦʜʦʤ, ʧʦʚʨʝʞʜʝʥʠʝ ʧʝʨʝʭʦʜʘ, ʧʨʦʙʦʠ ʠ ʪ.ʧ.) ʠ ʜʘʞʝ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ ʠʣʠ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʦʪʢʘʟʳ, ʚʳʚʦʜʷʪ ʠʟ ʩʪʨʦʷ ʵʣʝʤʝʥʪʥʫʶ ʙʘʟʫ ɹʈʕɸ.  
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ʈʠʩʫʥʦʢ 1.22 ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʦʪ ʕʉʈ, ʠʟʣʫʯʘʝʤʦʝ ʚʙʣʠʟʠ ʨʘʟʨʷʜʘ, ʦʭʚʘʪʳʚʘʝʪ 

ʢʘʙʝʣʠ ʠ ʥʘʚʦʜʠʪ ʚ ʥʠʭ ʪʦʢʠ 

ɼʣʷ ʥʘʩ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ, ʚʦʟʥʠʢʘʶʱʠʝ 

ʧʨʠ ʚʥʫʪʨʝʥʥʝʡ ʵʣʝʢʪʨʠʟʘʮʠʠ ʩʧʫʪʥʠʢʦʚ [NASA ï HDBK ï 4002, 1999; NASA ï HDBK ï 

4002A, 2011]. ʀʥʪʝʨʝʩ ʢ ʥʠʤ ʚʦʟʥʠʢ ʩ ʰʠʨʦʢʠʤ ʨʘʟʚʠʪʠʝʤ ʩʧʫʪʥʠʢʦʚʳʭ ʧʣʘʪʬʦʨʤ 

çʦʪʢʨʳʪʦʛʦè ʪʠʧʘ ʠ ʦʪʢʘʟʦʤ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʟʘʢʨʳʪʳʭ ʢʦʥʪʝʡʥʝʨʦʚ. 

ʉʭʝʤʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʘʢʦʛʦ ʨʦʜʘ ʨʘʟʨʷʜʦʚ, ʚʟʷʪʘʷ ʠʟ [NASA ï HDBK ï 4002A, 

2011], ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.23. ʕʣʝʢʪʨʦʥʳ ʩ ʵʥʝʨʛʠʝʡ ʚʳʰʝ 1 ʄʵɺ ʧʨʦʥʠʢʘʶʪ ʚʥʫʪʨʴ 

ʢʦʨʧʫʩʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʜʠʵʣʝʢʪʨʠʢʘʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʕʉʈ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʭʝʤ ʂɸ [ɹʝʣʠʢ, ɸʙʨʘʤʝʰʠʥ, ʉʘʝʥʢʦ, 2012; ʀʚʘʥʦʚ, ʄʦʨʦʟʦʚ, 2012]. ʅʘ ʨʠʩʫʥʢʝ 1.24 

ʧʦʢʘʟʘʥʳ ʧʦʚʨʝʞʜʝʥʠʷ ʧʝʯʘʪʥʳʭ ʧʣʘʪ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʚʥʫʪʨʝʥʥʠʭ ʕʉʈ. 

 

ʈʠʩʫʥʦʢ 1.23 ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ, ʚʳʟʳʚʘʝʤʳʝ ʚʥʫʪʨʝʥʥʝʡ ʵʣʝʢʪʨʠʟʘʮʠʝʡ  
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ʈʠʩʫʥʦʢ 1.24 ʇʦʚʨʝʞʜʝʥʠʷ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ɹʈʕɸ ʂɸ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʚʥʫʪʨʝʥʥʠʭ ʕʉʈ 

ʀʟ ʵʪʦʡ ʩʭʝʤʳ ʚʠʜʥʦ, ʢʘʢ ʪʨʫʜʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʟʘʱʠʪʫ ʦʪ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ. ɿʘʱʠʪʘ 

ʢʘʞʜʦʛʦ ʘʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʵʣʝʢʪʨʦʥʥʦʡ ʩʭʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʥʘʧʨʠʤʝʨ, ʬʠʣʴʪʨʦʚ 

ʚʳʟʦʚʝʪ ʤʘʩʰʪʘʙʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʘʧʧʘʨʘʪʘ, ʯʪʦ 

ʥʝʜʦʧʫʩʪʠʤʦ. ʉʝʡʯʘʩ ʧʨʦʙʣʝʤʦʡ ʚʥʫʪʨʝʥʥʝʡ ʵʣʝʢʪʨʠʟʘʮʠʠ ʟʘʥʠʤʘʝʪʩʷ ʚʩʸ ʙʦʣʴʰʝ ʠ 

ʙʦʣʴʰʝ ʫʯʝʥʳʭ ʨʘʟʥʳʭ ʩʪʨʘʥ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʝ ʪʦʣʴʢʦ ʗʧʦʥʠʷ [Higashiyama et al., 2012], 

ʥʦ ʠ ʀʥʜʠʷ [Gupta et al., 2014], ʠ ʜʘʞʝ ɸʨʛʝʥʪʠʥʘ [Gonzalez et al., 1994]. 

ɺ ʨʘʙʦʪʝ [ʊʶʪʥʝʚ ʠ ʜʨ., 2005] ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʨʘʞʘʶʱʠʝ ʬʘʢʪʦʨʳ 

ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʵʣʝʢʪʨʠʟʘʮʠʠ ʠ ʧʨʠʚʦʜʠʪʩʷ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʩʧʦʩʦʙʘʤ 

ʚʦʟʜʝʡʩʪʚʠʷ. ʕʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʨʘʟʨʷʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʧʧʘʨʘʪʘ, ʩʦʟʜʘʶʱʠʝ ʠʤʧʫʣʴʩʥʳʝ 

ʧʦʤʝʭʠ, ʚ ʙʦʨʪʦʚʦʡ ʢʘʙʝʣʴʥʦʡ ʩʝʪʠ, ʧʦʧʘʜʘʶʱʠʝ ʥʘ ʚʭʦʜʳ ʈʕɸ ʠ ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʥʝʦʙʨʘʪʠʤʳʤ ʦʪʢʘʟʘʤ; ʵʪʦ ʨʘʟʨʷʜʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʘʙʝʣʴ, ʚ ʧʨʦʚʦʜʥʠʢʠ ʧʝʯʘʪʥʳʭ 

ʧʣʘʪ, ʘ ʪʘʢʞʝ ʚ ʢʨʠʩʪʘʣʣʳ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ. 

1.2.6 ʇʨʠʤʝʥʷʝʤʳʝ ʤʝʪʦʜʳ ʟʘʱʠʪʳ ɹʈʕɸ ʂɸ ʦʪ ʧʦʨʘʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʠ 

ʚʥʫʪʨʝʥʥʝʡ ʵʣʝʢʪʨʠʟʘʮʠʠ 

ʉʫʱʝʩʪʚʫʝʪ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʜʚʘ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ, ʧʦ ʢʦʪʦʨʳʤ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʨʳ ʟʘʱʠʪʳ ʦʪ ʜʝʡʩʪʚʠʷ ʧʦʨʘʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ 

ʵʣʝʢʪʨʠʟʘʮʠʠ ʂɸ [ɹʘʙʢʠʥ ʠ ʜʨ., 2003; ɹʘʙʢʠʥ, ʀʚʘʥʦʚ, ʄʦʨʦʟʦʚ, 2004; Green, Frederickson, 

Dennison, 2006; NASA ï HDBK ï 4002, 1999]. 

ʕʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʠʩʢʣʶʯʝʥʠʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʚ ʢʘʙʝʣʴʥʦʡ 

ʠʟʦʣʷʮʠʠ, ʧʨʦʣʦʞʝʥʥʦʡ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʂɸ [ʇʦʞʠʜʘʝʚ ʠ ʜʨ., 2003; Frederickson, 1983; 

NASA ï HDBK ï 4002A, 2011], ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʝ: 

- ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʠʟʦʣʷʮʠʠ ʢʘʙʝʣʝʡ ʧʦʣʠʤʝʨʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ, ʠʤʝʶʱʠʭ 

ʚʳʩʦʢʫʶ ʪʝʤʥʦʚʫʶ ʠ ʨʘʜʠʘʮʠʦʥʥʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ;  
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- ʚʦʟʤʦʞʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʪʦʣʱʠʥʳ ʧʦʣʠʤʝʨʥʦʡ ʠʟʦʣʷʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ 

ʤʠʥʠʤʠʟʘʮʠʶ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ. 

ʇʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʩʧʫʪʥʠʢʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ. ʉ ʫʯʝʪʦʤ ʨʘʙʦʪʳ ʚ 

ʫʩʣʦʚʠʷʭ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠ ʚʳʙʦʨʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚʥʝʰʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʂɸ ʧʨʝʞʜʝ ʚʩʝʛʦ ʫʯʠʪʳʚʘʶʪʩʷ ʠʭ ʪʝʨʤʦʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [ʏʝʨʥʠʢ ʠ ʜʨ., 

2000] ʠ ʠʭ ʩʪʦʡʢʦʩʪʴ ʢ ʧʦʣʦʤʢʘʤ. ʕʪʠ ʤʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʷ ʫʜʝʣʴʥʳʤ ʦʙʲʝʤʥʳʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʦʢʦʣʦ 10
12

 ʆʤĿʤ, ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʤʠ ʜʠʵʣʝʢʪʨʠʢʘʤʠ. ʅʦ ʵʪʦ ʞʝ ʷʚʣʷʝʪʩʷ 

ʧʨʠʯʠʥʦʡ ʠʭ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʠʟʫʝʤʦʩʪʠ. ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʨʘʟʚʠʚʘʝʤʳʡ ʘʚʪʦʨʘʤʠ ʤʝʪʦʜ ʟʘʱʠʪʳ ʦʪ ʵʣʝʢʪʨʠʟʘʮʠʠ [ʇʦʞʠʜʘʝʚ ʠ ʜʨ., 2003; ʉʘʜʦʚʥʠʯʠʡ 

ʠ ʜʨ., 2003], ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʚʳʩʦʢʦʡ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ. ʋ ʪʘʢʠʭ ʧʦʣʠʤʝʨʦʚ ʨʘʜʠʘʮʠʦʥʥʘʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʨʝʚʳʰʘʝʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʪʝʤʥʦʚʫʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʪʦʢ ʠ ʚʳʨʘʚʥʠʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʧʘʜʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʧʣʘʟʤʳ (ʚʥʝʰʥʷʷ ʵʣʝʢʪʨʠʟʘʮʠʷ). ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʫʤʝʥʴʰʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʟʨʷʜʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ʙʦʨʪʦʚʦʡ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʂɸ.  

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʪʨʘʥʩʧʦʨʪʘ ʟʘʨʷʜʘ ʚ ʧʦʣʠʤʝʨʘʭ 

[ʊʶʪʥʝʚ ʠ ʜʨ., 2013; ʊʶʪʥʝʚ ʠ ʜʨ., 2014, Tyutnev, Saenko, Abrameshin, 2016], ʤʦʞʥʦ 

ʥʘʧʨʘʚʣʝʥʥʦ ʚʳʙʠʨʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʟʘʚʠʩʠʤʦʩʪʴ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ grm ʦʪ ʤʦʱʥʦʩʪʠ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ R ʜʘʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ:  

 D=g 0RAmrm , (1.2) 

ʛʜʝ Am ʠ D ï ʧʘʨʘʤʝʪʨʳ, ʧʦʩʪʦʷʥʥʳʝ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʠʤʝʨʘ, ʧʨʠʯʝʤ 0,5 ¢ D ¢ 1,0. 

ʅʘʠʙʦʣʴʰʠʝ ʚʝʣʠʯʠʥʳ ʨʘʜʠʘʮʠʦʥʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠʤʝʶʪ ʧʦʣʠʤʝʨʳ ʩ ʚʳʩʦʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ D.  

ɽʱʝ ʦʜʥʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʟʘʱʠʪʳ ʦʪ ʧʦʨʘʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʵʣʝʢʪʨʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʦʩʣʘʙʣʷʶʱʠʭ ʜʝʡʩʪʚʠʝ ʨʘʟʨʷʜʥʳʭ 

ʠʤʧʫʣʴʩʦʚ ʥʘ ʵʣʝʢʪʨʦʥʥʳʝ ʩʭʝʤʳ [ɸʙʨʘʤʝʰʠʥ ʠ ʜʨ., 2012; ɻʦʨʣʦʚ, ʉʪʨʦʛʘʥʦʚ, ɸʜʘʤʷʥ, 

2001]. ʉʶʜʘ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʧʨʠʤʝʥʝʥʠʝ ʬʠʣʴʪʨʦʚ, ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʨʘʟʚʷʟʦʢ ʠ ʪ.ʧ. 

ɺʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʠʭ ʤʝʪʦʜʦʚ ʠʛʨʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʤʝʪʦʜʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. ʇʨʝʞʜʝ ʚʩʝʛʦ ï ʵʪʦ ʟʘʟʝʤʣʝʥʠʝ. ɺʩʝ 

ʧʨʦʚʦʜʷʱʠʝ ʵʣʝʤʝʥʪʳ, ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʚʥʫʪʨʝʥʥʠʝ, ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʝʜʠʥʝʥʳ ʩ ʦʙʱʝʡ 
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ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʟʝʤʣʝʡ, ʣʠʙʦ ʥʘʧʨʷʤʫʶ, ʣʠʙʦ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ, ʦʪʚʦʜʷʱʠʡ ʫʪʝʯʢʠ [Purvis et 

al., 1984].  

ɼʣʷ ʚʩʝʭ ʪʦʥʢʠʭ ʧʨʦʚʦʜʷʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʣʶʙʳʤʠ ʪʦʯʢʘʤʠ ʜʦʣʞʥʦ ʙʳʪʴ ʤʝʥʝʝ 0,1 ʆʤ ʠ 10 ʆʤ [ECSS-

E-ST-20C, 2008]. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʪʦʢʦʚ ʧʦʚʨʝʞʜʝʥʠʷ, ʪʝʢʫʱʠʭ ʧʦ ʢʦʨʧʫʩʫ ʂɸ, ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʤʝʞʜʫ ʧʦʣʶʩʘʤʠ ʠʩʪʦʯʥʠʢʦʚ, ʥʝʩʫʱʠʝ ʵʣʝʤʝʥʪʳ 

ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʦʣʠʨʦʚʘʥʳ. ʊʘʢ ʤʝʞʜʫ ʩʦʣʥʝʯʥʳʤʠ ʙʘʪʘʨʝʷʤʠ ʠ ʢʦʨʧʫʩʦʤ ʂɸ ʩʪʘʚʠʪʩʷ 

ʨʝʟʠʩʪʦʨ 50 ʢʆʤ, ʦʪʚʦʜʷʱʠʡ ʫʪʝʯʢʠ. ʂʦʨʦʪʢʠʝ ʟʘʤʳʢʘʥʠʷ ʠʣʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ 

ʨʘʟʨʷʜʳ ʚʳʟʳʚʘʶʪ ʚʩʧʣʝʩʢʠ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʵʪʦʪ ʦʪʜʝʣʷʶʱʠʡ ʦʪ çʟʝʤʣʠè 

ʨʝʟʠʩʪʦʨ. 

ʂʦʥʝʯʥʦ, ʟʘʟʝʤʣʝʥʠʝ ʧʨʦʚʦʜʷʱʠʭ ʵʣʝʤʝʥʪʦʚ ʥʝ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʨʘʟʨʷʜʳ, ʦʜʥʘʢʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʠʭ ʢʦʣʠʯʝʩʪʚʦ. 

ɽʱʝ ʦʜʠʥ ʚʘʞʥʳʡ ʘʩʧʝʢʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ (ʕʄʉ) ï ʵʪʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʵʢʨʘʥʠʨʦʚʘʥʠʝ. ɺ ʧʨʠʥʮʠʧʝ ʜʘʥʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʕʄʉ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʪʦ, 

ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʬʠʟʠʯʝʩʢʠ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠ ʥʝʧʨʝʨʳʚʥʫʶ ʟʘʱʠʪʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʜ ʚʩʝʡ 

ʵʣʝʢʪʨʦʥʠʢʦʡ ʠ ʧʨʦʚʦʜʢʦʡ, ʧʝʨʝʢʨʳʚʘʷ ʧʦʧʘʜʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʦʪ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ. ʇʦ-ʜʨʫʛʦʤʫ, ʵʪʦ ʪʨʝʙʦʚʘʥʠʝ ʥʘʜ ʚʩʝʡ ʵʣʝʢʪʨʦʥʠʢʦʡ ʠ 

ʧʨʦʚʦʜʢʦʡ ʩʦʟʜʘʪʴ ʢʣʝʪʢʫ ʌʘʨʘʜʝʷ. ʗʩʥʦ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʵʪʦ ʩʜʝʣʘʪʴ ʥʝʚʦʟʤʦʞʥʦ. 

ʄʥʦʛʦʩʣʦʡʥʳʝ ʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʪʝʨʤʦʢʦʥʪʨʦʣʷ, ʩʣʠʰʢʦʤ 

ʪʦʥʢʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʙʳʩʪʨʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚʥʫʪʨʴ ʂɸ. ʇʦʣʠʤʝʨʥʳʝ 

ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʧʨʦʚʦʜʷʱʠʝ ʧʣʝʥʦʯʥʳʝ ʧʦʢʨʳʪʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʘʣʶʤʠʥʠʡ, ʪʦʥʴʰʝ, ʯʝʤ 

ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʧʦʣʷ ʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʝ ʵʢʨʘʥʠʨʦʚʘʥʠʝ. ʆʙʝʩʧʝʯʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʣʠʰʴ ʘʣʶʤʠʥʠʝʚʘʷ ʬʦʣʴʛʘ 

ʪʦʣʱʠʥʦʡ 0,1 ʤʤ ʠ ʙʦʣʝʝ. 

ʇʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʥʝʪ ʧʦʣʥʦʡ ʫʚʝʨʝʥʥʦʩʪʠ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʚʝʜʸʥʥʳʤʠ 

ʤʝʨʦʧʨʠʷʪʠʷʤʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʘʧʧʘʨʘʪʝ ʧʦʣʥʦʩʪʴʶ 

ʠʩʢʣʶʯʝʥʳ, ʧʨʦʚʝʨʢʘ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ʦʪ ʵʪʠʭ ʷʚʣʝʥʠʡ, ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ 

ʦʙʷʟʘʪʝʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʀʩʧʳʪʘʥʠʶ ʥʘ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ ʦʪ ʕʉʈ ʜʦʣʞʥʳ ʧʦʜʚʝʨʛʘʪʴʩʷ 

ʚʩʝ ʵʣʝʤʝʥʪʳ, ʚʢʣʶʯʘʷ ʦʪʜʝʣʴʥʳʝ ʫʟʣʳ, ʙʣʦʢʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ, ʢʘʙʝʣʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʥʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʂɸ, ʘ ʪʘʢʞʝ ʧʦʣʥʳʡ ʩʪʝʥʜ-ʵʣʝʢʪʨʦʘʥʘʣʦʛ ʵʪʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. 

ɼʣʷ ʠʩʧʳʪʘʥʠʡ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʝʥʝʨʘʪʦʨ, ʠʤʠʪʠʨʫʶʱʠʡ ʩʠʛʥʘʣ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʧʦʤʝʭʠ (ʨʠʩʫʥʦʢ 1.25), ʧʦ ʩʚʦʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʙʣʠʟʢʠʡ ʢ ʬʦʨʤʝ 

ʩʠʛʥʘʣʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʨʘʟʨʷʜʦʤ [ISO 14302:2002, 2013].  
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ʈʠʩʫʥʦʢ 1.25 ʌʦʨʤʘ ʠʤʧʫʣʴʩʘ, ʠʤʠʪʠʨʫʶʱʝʛʦ ʕʉʈ  [ISO 14302:2002, 2013].  

ʆʩʴ ʍ ʦʪ 0 ʜʦ 100 ʥʩ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʧʦ ʩʨʝʜʥʝʡ ʚʳʩʦʪʝ 16 ʥʩ.  

ʆʩʴ Y ï ʦʪ 10 ʜʦ 50 ɸ  

1.3 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʟʘʨʷʞʝʥʠʷ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʂɸ ʠ 

ʧʦʩʣʝʜʫʶʱʠʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ 

ʉʦʚʨʝʤʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ, ʧʦʩʪʨʦʝʥʠʝ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʦʚ, ʣʝʞʘʱʠʭ ʚ ʝʸ ʦʩʥʦʚʝ. ɼʣʷ 

ʥʘʰʝʛʦ ʩʣʫʯʘʷ ï ʩʦʟʜʘʥʠʷ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʟʘʨʷʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʧʨʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʦʡ. ʉʧʫʪʥʠʢ, ʥʘʭʦʜʷʩʴ ʥʘ 

ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʝ, ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʦʙʣʘʩʪʠ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʦʡ ʤʦʜʝʣʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʝʦʙʭʦʜʠʤʦ 

ʟʥʘʪʴ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʦʙʣʘʩʪʝʡ.  

1.3.1 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʟʘʨʷʞʝʥʠʷ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʂɸ. ʈʘʩʯʝʪʳ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ 

ʂʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʥʘʭʦʜʷʱʠʡʩʷ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ ʚ ʧʨʝʜʝʣʘʭ 

ʧʣʘʟʤʦʩʬʝʨʳ, ʧʦʜʚʝʨʛʘʝʪʩʷ ʵʣʝʢʪʨʠʟʘʮʠʠ, ʢʦʥʪʘʢʪʠʨʫʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ 

ʧʣʘʟʤʦʡ, ʯʘʩʪʠʮʳ ʢʦʪʦʨʦʡ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ, ʧʨʝʚʳʰʘʶʱʫʶ 

1 ʥʘ ʩʤ
3
, ʠ ʵʥʝʨʛʠʶ ʜʦ 100 ʢʵɺ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʂɸ ʩ ʧʣʘʟʤʦʡ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦʩʷ, ʢʨʦʤʝ ʵʪʦʛʦ, ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʩʦʣʥʝʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʟʘʨʷʞʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. 
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ɺʦʧʨʦʩʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ 

ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʂɸ, ʚʦʟʥʠʢʘʶʱʠʭ ʚʩʣʝʜʩʪʚʠʝ ʚʥʝʜʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ, ʘ ʪʘʢʞʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʘʧʧʘʨʘʪʘ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ 

ʨʘʙʦʪʘʭ [ɸʢʠʰʠʥ, ʅʦʚʠʢʦʚ, 1983; ɸʢʠʰʠʥ, ʅʦʚʠʢʦʚ, 1987; ʄʠʣʝʝʚ, ʅʦʚʠʢʦʚ, 1989; ʇʦʧʦʚ 

ʠ ʜʨ., 1993; Garrett, 1979; Purvis et al., 1984]. 

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʨʷʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʄʦʜʝʣʴ ʢʦʥʩʪʨʫʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ ʢʚʘʜʨʘʪ, ʪʨʝʫʛʦʣʴʥʠʢ, ʪʦʨ, ʵʣʣʠʧʩʦʠʜ ʠ 

ʜʨ., ʣʝʛʢʦ ʦʧʠʩʳʚʘʝʤʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠ. ʆʧʨʝʜʝʣʝʥʥʳʤ ʥʘʙʦʨʦʤ ʵʪʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘʜʘʝʪʩʷ ʬʦʨʤʘ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʩ ʫʯʝʪʦʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʝʪʘʣʝʡ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʂʦʨʧʫʩ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʙʳʣ ʚʳʧʦʣʥʝʥ ʠʟ ʣʝʛʢʦʛʦ 

ʘʣʶʤʠʥʠʡ-ʤʘʛʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸʄɻ-6 ʠ ʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʧʨʝʜʩʪʘʚʣʷʣʘʩʴ ʦʜʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɸʧʧʘʨʘʪʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʦʜʥʘʢʦ, ʩʦʩʪʦʷʪ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ: ɸʄɻ-6, ʫʛʣʝʧʣʘʩʪʠʢʘ, ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʨʘʟʣʠʯʥʳ ʧʦ 

ʩʚʦʠʤ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ (ʬʨʘʛʤʝʥʪʘʨʥʳʝ ʨʘʟʥʦʨʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ), ʠ 

ʧʦʚʝʨʭʥʦʩʪʴ ʘʧʧʘʨʘʪʘ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ï ʬʨʘʛʤʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʕʪʦ ʪʨʝʙʫʝʪ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʦʩʪʨʦʝʥʠʶ ʤʦʜʝʣʠ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʨʝʘʣʠʟʦʚʘʥ ʥʘʤʠ ʠ ʠʟʣʦʞʝʥ ʚ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ.  

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ï ʵʪʦ ʧʦʩʪʨʦʝʥʠʝ ʢʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ, ʚʳʟʚʘʥʥʦʛʦ ʟʘʨʷʞʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʝʪʢʠ, ʩʦʜʝʨʞʘʱʝʡ ʢʫʙʠʯʝʩʢʠʝ ʷʯʝʡʢʠ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʚʳʙʠʨʘʝʪʩʷ ʠʩʭʦʜʷ 

ʠʟ ʛʘʙʘʨʠʪʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʪʨʝʙʫʝʤʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʨʘʩʯʝʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɼʘʣʝʝ ʥʘ ʕɺʄ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʩʯʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʱʝʛʦ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʟʘʨʷʞʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʦʡ ʢʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʫʪʥʠʢʘ ʥʘʭʦʜʷʪʩʷ ʫʯʘʩʪʢʠ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʪʝʥʮʠʘʣʘ ʠ 

ʚʳʷʚʣʷʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʤʝʩʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ.  

ɺʘʞʥʳʡ ʤʦʤʝʥʪ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ï ʵʪʦ ʚʳʙʦʨ ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʝʧʝʥʠ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʘʧʧʘʨʘʪʘ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʷʯʝʝʢ 

ʤʦʜʝʣʠ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʣʠʯʝʩʪʚʦ ʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʨʠ 

ʨʘʩʯʝʪʝ. ɽʩʪʝʩʪʚʝʥʥʦ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʠ ʫʤʝʥʴʰʝʥʠʠ ʧʘʨʘʤʝʪʨʘ 

ʨʘʟʙʠʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʘʧʧʘʨʘʪʘ ʥʘ ʷʯʝʡʢʠ ʩʝʪʢʠ, ʫʨʦʚʝʥʴ ʧʦʜʦʙʠʷ ʤʦʜʝʣʠ ʚʦʟʨʘʩʪʘʝʪ. 

ɽʩʣʠ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ 

ʯʠʩʣʦ ʫʟʣʦʚ ʩʝʪʢʠ ʧʨʝʚʳʰʘʝʪ 10
4
, ʩʪʘʥʦʚʠʪʩʷ ʷʩʥʳʤ, ʯʪʦ ʧʨʠ ʨʘʩʯʝʪʝ ʤʦʜʝʣʠ ʟʘʪʨʘʪʳ 
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ʤʘʰʠʥʥʦʛʦ ʚʨʝʤʝʥʠ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʪ. ʉʪʝʧʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʣʦʞʥʳʭ ʂɸ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 10
6
, ʠ ʵʪʦ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ, ʵʬʬʝʢʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʢʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʘʧʧʘʨʘʪʘ, ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʢʘʨʪʠʥʳ ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʦʚ ʧʨʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʨʘʟʨʷʜʝ. 

ɿʘʨʷʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ 

ʦʨʙʠʪʝ, ʧʨʦʠʩʭʦʜʠʪ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʝʛʦ ʩ ʦʢʨʫʞʘʶʱʝʡ 

ʛʦʨʷʯʝʡ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʧʣʘʟʤʦʡ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ ʩʦʣʥʝʯʥʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʚʳʟʳʚʘʶʱʝʛʦ ʬʦʪʦʵʣʝʢʪʨʦʥʥʫʶ ʵʤʠʩʩʠʶ ʩ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʨʷʯʝʡ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ. çɻʦʨʷʯʘʷ 

ʧʣʘʟʤʘ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠè ʩʦʜʝʨʞʠʪ ʯʘʩʪʠʮʳ, ʫ ʢʦʪʦʨʳʭ ʩʨʝʜʥʷʷ ʢʠʥʝʪʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 100 ʵɺ [Novikov, 1999].  

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ ʛʦʨʷʯʝʡ ʧʣʘʟʤʳ ʚ ʦʙʣʘʩʪʠ 

ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʳ ʟʘʥʠʤʘʶʪ ʜʠʘʧʘʟʦʥ ʵʥʝʨʛʠʡ ʦʪ 0,05 ʜʦ 100 ʢʵɺ. ʆʙʳʯʥʦ 

ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ çʛʦʨʷʯʝʡ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳè ʟʘʜʘʶʪ ʚ ʚʠʜʝ ʩʫʤʤʳ 

ʜʚʫʭ ʤʘʢʩʚʝʣʣʦʚʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʫ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳʝ ʵʥʝʨʛʠʠ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ kT1 

= 0,2-0,4 ʢʵɺ ʠ kT2 = 5-10 ʢʵɺ: 
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ʛʜʝ nj ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ, ʧʨʦʪʦʥʦʚ ʠ ʜʨʫʛʠʭ ʯʘʩʪʠʮ; mj ï ʤʘʩʩʘ ʯʘʩʪʠʮ, vj ï ʠʭ ʩʢʦʨʦʩʪʴ; 

k ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ [ɹʝʣʦʫʩʦʚʘ ʠ ʜʨ., 1986; ɻʨʠʰʠʥ, 1985; ʂʨʫʧʥʠʢʦʚ ʠ ʜʨ., 1986]. 

ʀʟʦʪʨʦʧʥʳʡ ʧʦʪʦʢ ʯʘʩʪʠʮ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ:  

1) ʢʦʥʮʝʥʪʨʘʮʠʷ ʯʘʩʪʠʮ 
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24 dvvvfn jjj , (1.4) 

2) ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʯʘʩʪʠʮ 
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3) ʜʘʚʣʝʥʠʝ  
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4) ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ 
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ʇʦ ʥʘʡʜʝʥʥʳʤ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʝʝ ʛʣʘʚʥʳʝ ʧʘʨʘʤʝʪʨʳ T1, T2, n1j, n2j. 

ʈʘʩʯʝʪ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʵʣʝʢʪʨʠʟʘʮʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʇʫʘʩʩʦʥʘ: 

 ( ) ( ).,4, trtrU
CC

pr-=D  (1.8) 

ɿʜʝʩʴ UD ï ʧʦʪʝʥʮʠʘʣ ʚ ʪʦʯʢʝ r
C

 ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t . 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʥʘʣʠʯʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ, ʤʦʞʥʦ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʫʨʘʚʥʝʥʠʝʤ ʃʘʧʣʘʩʘ. 

ɹʝʩʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ɺʣʘʩʦʚʘ ʜʘʝʪ ʬʫʥʢʮʠʶ ( )trvf ,,
CC

a , 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ ʩʢʦʨʦʩʪʷʤ v
C
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  (1.9) 

ʛʜʝ ʠʥʜʝʢʩ a ʦʪʥʦʩʠʪʩʷ ʢ ʯʘʩʪʠʮʝ, ʠʤʝʶʱʝʡ ʤʘʩʩʫ ma, ʟʘʨʷʜ qa ʠ ʩʢʦʨʦʩʪʴ v
C

. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʩʚʷʟʠ ʦʧʠʩʳʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʘʧʧʘʨʘʪʘ: 

 

( ) ( ) ( ) ( )trvfnvvFnvdxtrvf ,,,,,,
CCCCCCCCC

a¡

a¡

a¡­a

a
¡=ñ ä . (1.10)

 
ɿʜʝʩʴ ( )trvF ,,

CCa¡­a ï ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʜʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʟʘʨʷʞʝʥʠʷ. 

ʇʣʦʪʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ ʚʦʢʨʫʛ ʘʧʧʘʨʘʪʘ ʜʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʚʳʨʘʞʝʥʠʝʤ: 

 ( ) ( )( ) ( ).,,,,,, UtrjtrvfnvqvdUtrj cond

CCCCCCC
+= a

a

aäñ  (1.11) 

ʋʯʝʪ ʚʥʫʪʨʝʥʥʠʭ ʪʦʢʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʝʤʫ ʚʳʨʘʞʝʥʠʶ ʜʣʷ 

ʧʣʦʪʥʦʩʪʠ ʣʦʢʘʣʴʥʦʛʦ ʪʦʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʧʧʘʨʘʪʘ: 

 ( ) ( )( ) ( )UtrjtrvfnvqvdUtrj cond ,,,,,,
CCCCCCC

+= a

a

aäñ , (1.12) 

ʛʜʝ ( )Utrjcond ,,
C

 ï ʧʣʦʪʥʦʩʪʴ ʪʦʢʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ʇʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʘʧʧʘʨʘʪʘ ʦʧʠʩʳʚʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ: 

 ( ) ( ) .,, tdtrJtr

t

¡¡=s ñ
¤-

CC
 (1.13) 

ʅʘʢʦʥʝʮ, ʧʦʣʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩʦʩʪʘʚʠʪ: 

 () ( )tdtrJdSt
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S

¡¡= ññ
¤-

,Q
C

. (1.14) 
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ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ ʚ ʩʣʫʯʘʝ ʪʦʥʢʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʦʢʨʳʪʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʨʦʚʦʜʷʱʝʤ ʦʩʥʦʚʘʥʠʠ (ʢʦʨʧʫʩ ʘʧʧʘʨʘʪʘ), ʜʘʶʪʩʷ ʚ 

ʧʨʠʙʣʠʞʝʥʠʠ ʜʚʦʡʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ: 

 
()
()

( ) ()( ) ( )trtUtrU
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ɿʜʝʩʴ: e ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ; d  ï ʪʦʣʱʠʥʘ 

ʜʠʵʣʝʢʪʨʠʢʘ; Uc(t) ï ʧʦʪʝʥʮʠʘʣ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʨʧʫʩʘ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥ ʜʠʵʣʝʢʪʨʠʢ. 

ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʘʧʧʘʨʘʪʘ ʠʤʝʝʪ ʚʠʜ: 
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ɼʣʷ ʨʘʩʯʝʪʘ ʧʦʪʝʥʮʠʘʣʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʚ 

ʧʨʦʮʝʩʩʝ ʝʛʦ ʵʣʝʢʪʨʠʟʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʨʫʞʘʶʱʝʡ ʘʧʧʘʨʘʪ 

ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ, ʯʘʩʪʠʮʳ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʟʘʨʷʞʝʥʠʷ 

ʵʪʦʛʦ ʘʧʧʘʨʘʪʘ.  

ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ (ʧʨʝʞʜʝ ʚʩʝʛʦ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ) 

ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ ʧʦ ʵʥʝʨʛʠʠ, ʠʤʝʁɦ ʘʷ ʚʠʜ ʩʫʤʤʳ ʜʚʫʭ ʤʘʢʩʚʝʣʣʦʚʩʢʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʟʘʜʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (1.3).  

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʯʝʪʥʳʝ ʚʳʨʘʞʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ [Garrett, 1979; Garrett, 

DeForest, 1979]. ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʫʨʘʚʥʝʥʠʡ ʚ ʪʨʝʭʤʝʨʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʚ ʦʩʥʦʚʝ 

ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʩʚʷʟʳʚʘʶʱʝʝ ʥʝʠʟʚʝʩʪʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʦʚ ʠ ʧʦʪʝʥʮʠʘʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʧʧʘʨʘʪʘ: 
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ʛʜʝ ()r
C
m  ï ʧʣʦʪʥʦʩʪʴ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʜʚʦʡʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ ʚ ʪʦʯʢʝ ʧʦʚʝʨʭʥʦʩʪʠ r

C
. 

ʆʩʥʦʚʦʡ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʣʦʞʝʥʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʝʣʠʯʠʥ ʧʦ ʙʘʟʠʩʥʳʤ ʬʫʥʢʮʠʷʤ. ʄʳ ʧʦʣʫʯʘʝʤ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ 

ʫʨʘʚʥʝʥʠʡ, ʩʚʷʟʳʚʘʶʱʠʭ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʦʚ si ʥʘ ʜʠʩʢʨʝʪʥʳʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘʭ 

ʤʦʜʝʣʠ ʘʧʧʘʨʘʪʘ: 

 ä =s
ij

ijij UA * , (1.18) 

ʛʜʝ ijA  ï ʤʘʪʨʠʮʘ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ; 
*

iU  ï çʵʬʬʝʢʪʠʚʥʳʡè 

ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʧʦʪʝʥʮʠʘʣ ʵʣʝʤʝʥʪʘ, ʜʘʶʱʠʡ ʚʢʣʘʜ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ ʠ 

ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʧʦʪʝʥʮʠʘʣ. 
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ʋʨʘʚʥʝʥʠʝ ʧʦʣʥʦʛʦ ʪʦʢʘ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʜʘʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ: 

 ( )phpeepe JJJJJJJ +g+h+d--= , (1.19) 

ʛʜʝ Je ï ʵʣʝʢʪʨʦʥʥʳʡ ʪʦʢ ʧʣʘʟʤʳ; Jp ï ʧʨʦʪʦʥʥʳʡ ʪʦʢ ʧʣʘʟʤʳ; Jp ï ʪʦʢ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ 

ʵʤʠʩʩʠʠ; d ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʪʦʨʠʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ; h ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʨʘʪʥʦʛʦ 

ʦʪʨʘʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ; g ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʦʥʥʦ-ʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ. 

ʇʨʠ ʦʙʳʯʥʦʤ ʟʘʨʷʞʝʥʠʠ ʫʯʠʪʳʚʘʶʪʩʷ ʧʝʨʚʠʯʥʳʝ ʪʦʢʠ ʠ ʚʪʦʨʠʯʥʳʝ ʪʦʢʠ, 

ʟʘʚʠʩʷʱʠʝ ʦʪ ʧʦʪʝʥʮʠʘʣʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ, ʘ ʧʨʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʟʘʨʷʞʝʥʠʠ, ʢʨʦʤʝ ʵʪʦʛʦ ʫʯʠʪʳʚʘʶʪʩʷ ʪʘʢʞʝ ʪʦʢʠ ʫʪʝʯʢʠ ʤʝʞʜʫ 

ʦʪʜʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

ʈʝʰʘʷ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʫʩʣʦʚʠʷ 0=J , ʧʦʣʫʯʘʝʤ ʨʘʚʥʦʚʝʩʥʦʝ 

ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʢʦʥʢʨʝʪʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʠ ʙʦʣʴʰʠʭ ʚʝʣʠʯʠʥʘʭ ʧʦʪʝʥʮʠʘʣʦʚ, ʢʦʛʜʘ 
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ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʨʘʜʠʫʩʘ ʩʙʦʨʘ ʠʦʥʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʘʢ ʨʘʩʩʪʦʷʥʠʷ, ʥʘ ʢʦʪʦʨʦʤ 

ʟʘʨʷʞʝʥʥʳʡ ʦʙʲʝʢʪ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʪʷʛʠʚʘʝʪ ʯʘʩʪʠʮʳ. ʕʪʘ ʚʝʣʠʯʠʥʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 
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ʛʜʝ F ï ʪʘʙʫʣʠʨʫʝʤʘʷ ʬʫʥʢʮʠʷ, ʚʦʟʨʘʩʪʘʶʱʘʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣʘ.  

ʇʨʠʙʣʠʞʝʥʥʦ Rc
 ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʠʟ ʚʳʨʘʞʝʥʠʷ: 
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1.3.2 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ, ʚʦʟʥʠʢʘʶʱʠʭ  

ʧʨʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʘʭ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʵʣʝʢʪʨʠʟʘʮʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʚʝʨʦʷʪʥʳʝ ʤʝʩʪʘ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʢ ʦʧʨʝʜʝʣʝʥʠʶ 

ʢʘʨʪʠʥʳ ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʦʚ ʧʦ ʝʛʦ ʢʦʨʧʫʩʫ ʧʨʠ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʠ. ʇʦʩʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ 

ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʚʝʣʠʯʠʥ ʚʦʟʥʠʢʘʶʱʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ 

ʙʦʨʪʦʚʫʶ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʫʶ ʘʧʧʘʨʘʪʫʨʫ.  
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ʅʘʠʙʦʣʴʰʝʝ ʚʨʝʤʷ ʚʦ ʚʩʝʡ ʧʨʦʮʝʜʫʨʝ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ (ʥʘʚʦʜʦʢ) ʚ 

ʙʦʨʪʦʚʦʡ ʢʘʙʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʂɸ, ʷʚʣʷʶʱʝʛʦʩʷ ʢʦʥʝʯʥʦʡ ʮʝʣʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʵʣʝʢʪʨʠʟʘʮʠʠ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʕʉʈ, ʟʘʥʠʤʘʝʪ ʨʘʩʯʝʪ ʢʘʨʪʠʥʳ ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʦʚ 

ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʂɸ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʨʪʠʥʳ ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ (ʕʕʉ) ʵʪʦʛʦ ʘʧʧʘʨʘʪʘ, ʢʦʪʦʨʫʶ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ 

ʩʪʨʫʢʪʫʨʥʦʡ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ (ʉʕʄ) ʂɸ. ɿʘ ʨʫʙʝʞʦʤ ʝʸ ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ 

ʤʦʜʝʣʴʶ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʕʪʘ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ 

ʸʤʢʦʩʪʝʡ, ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʠ ʘʢʪʠʚʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ (R, L ʠ C ʵʣʝʤʝʥʪʳ). ʅʘ ʨʠʩʫʥʢʝ 

1.26 ʧʨʠʚʝʜʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʧʫʪʥʠʢʘ ɺʝʥʝʨʳ 

çʇʠʦʥʝʨè [Robinson Jr, Holman, 1977]. 

 

ʈʠʩʫʥʦʢ 1.26 ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʩʧʫʪʥʠʢʘ ɺʝʥʝʨʳ çʇʠʦʥʝʨè  

[Robinson Jr, Holman, 1977] 
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ɽʩʪʝʩʪʚʝʥʥʦ, ʩʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʪʦʡ ʩʭʝʤʳ ʣʠʥʝʡʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ 

ʟʘʜʘʝʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʦʡ ʂɸ, ʠ ʩ ʵʪʠʭ ʧʦʟʠʮʠʡ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʩʝʪʢʫ, ʧʦʩʪʨʦʝʥʥʫʶ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʛʦʥʘʣʴʥʦʡ ʤʦʜʝʣʠ ʠʟ ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ 

ʵʣʝʤʝʥʪʦʚ ʵʪʦʛʦ ʂɸ. ʂʘʞʜʘʷ ʷʯʝʡʢʘ ʵʪʦʡ ʩʝʪʢʠ (ʧʨʠʤʠʪʠʚ) ʟʘʜʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʤ (ʠʣʠ ʪʨʝʫʛʦʣʴʥʠʢʦʤ). ʉʦʩʪʳʢʦʚʢʘ ʙʘʟʦʚʳʭ ʧʨʠʤʠʪʠʚʦʚ ʦʙʳʯʥʦ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʫʣʝʚʳʭ ʦʧʝʨʘʮʠʡ ʦʙʲʝʜʠʥʝʥʠʷ, ʧʝʨʝʩʝʯʝʥʠʷ ʠ ʚʳʯʠʪʘʥʠʷ. ɼʣʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʫʪʥʠʢʦʚ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʷʯʝʝʢ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʳ ʧʦʨʷʜʢʘ 10
5
. 

ʈʝʙʨʘ ʧʦʣʠʛʦʥʦʚ ï ʚʝʪʚʠ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ (ʕʕʉ), ʘ ʚʝʨʰʠʥʳ ï 

ʫʟʣʳ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʙʦʣʝʝ ʯʝʤ ɚ/10, ʛʜʝ ɚ - ʜʣʠʥʘ ʚʦʣʥʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʠʤʧʫʣʴʩ ʕʉʈ. ʇʨʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʝʨʝʜʥʝʛʦ ʬʨʦʥʪʘ ʕʉʈ 3 ʥʩ ɚ/10 ʩʦʩʪʘʚʠʪ 

0,1 ʤ. ʇʨʠ ʪʘʢʦʤ ʨʘʟʤʝʨʝ ʚʝʪʚʝʡ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʉʕʄ ʂɸ ʙʫʜʝʪ ʨʘʚʥʷʪʴʩʷ (1é2) Ĭ 10
5
.  

ɼʘʣʝʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʨʪʠʥʘ ʨʘʩʪʝʢʘʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʪʦʢʘ ʧʦ ʢʦʨʧʫʩʫ ʠ ʥʘʚʝʩʥʳʤ 

ʵʣʝʤʝʥʪʘʤ ʂɸ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʨʘʟʨʷʜʝ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʂɸ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʵʣʝʢʪʨʠʟʘʮʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ, ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚʳʰʝ. ʇʨʠ ʵʪʦʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʨʘʟʨʷʜ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ 

ʠʤʧʫʣʴʩʥʳʡ ʠʩʪʦʯʥʠʢ ʪʦʢʘ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʘʨʘʤʝʪʨʘʤ ʨʘʟʨʷʜʘ. 

ʈʘʩʯʝʪ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʢʦʥʢʨʝʪʥʦʛʦ ʩʧʫʪʥʠʢʘ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

10
4
 ʠ ʙʦʣʝʝ ʫʟʣʦʚ, ʩʚʦʜʠʪʩʷ ʢ ʚʳʯʠʩʣʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ (10

4
) ʩʠʩʪʝʤʳ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (ʆɼʋ). ʇʨʠ ʵʪʦʤ ʨʘʩʯʝʪ ʵʪʦʡ ʩʠʩʪʝʤʳ ʦʙʳʯʥʦ ʧʨʦʚʦʜʠʪʩʷ 

ʥʘ ʇʂ ʩ ʘʜʝʢʚʘʪʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʇʂ ʧʨʦʛʨʘʤʤ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʳʭ ʤʦʜʝʣʠʨʫʶʪ ʨʘʙʦʪʫ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʢ ʥʠʤ 

ʦʪʥʦʩʠʪʩʷ SPICE (Simulation Program with Integrated Circuit Emphasis), ʢʦʪʦʨʘʷ ʩʪʘʣʘ 

ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʀʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ SPICE-ʩʠʤʫʣʷʪʦʨʦʚ: 

PSpice (Microsim), LTspice (Linear Technology), MicroCap (Spectrum Software), Circuit Maker 

(The Virtual Elektronics Lab), Protel DXP (Protel), T-Spice Pro (Tanner Research) ʠ ʪ.ʜ.  

ʇʨʦʚʝʜʝʥʥʦʝ ʥʘʤʠ ʪʝʩʪʠʨʦʚʘʥʠʝ [ɺʦʩʪʨʠʢʦʚ, ɸʙʨʘʤʝʰʠʥ, 2012] ʩʠʤʫʣʷʪʦʨʦʚ 

OrCAD PSpise 9.0, MicroCap 8 ʠ LTspice IV ʠ ʩʨʘʚʥʝʥʠʝ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, 

ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʦ ʩʢʦʨʦʩʪʠ ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ, ʜʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʯʝʪʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʭʝʤ ʂɸ, ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʣʫʯʰʝʤʫ ʠʟ ʥʠʭ SPICE-ʩʠʤʫʣʷʪʦʨʫ ʪʨʝʙʫʝʪʩʷ ʦʢʦʣʦ 0,4 ʯʘʩʘ, ʯʪʦʙʳ ʨʘʩʩʯʠʪʘʪʴ 

ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʭʝʤʫ ʩ 10
4
 ʫʟʣʦʚ (ʩʤ. ʪʘʙʣʠʮʫ 1.6). ɸ ʯʪʦʙʳ ʨʘʩʩʯʠʪʘʪʴ 

ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʭʝʤʫ, ʩʦʜʝʨʞʘʱʫʶ 150000 ʫʟʣʦʚ (ʪʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ 

ʠʤʝʝʪ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʩʨʝʜʥʠʭ ʛʘʙʘʨʠʪʦʚ) ʥʝʦʙʭʦʜʠʤʦ ʫʞʝ ʙʦʣʝʝ 83 ʯʘʩʦʚ.  
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ʊʘʙʣʠʮʘ 1.6 ɿʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ ʜʣʷ ʨʘʟʥʳʭ SPICE-ʩʠʤʫʣʷʪʦʨʦʚ 

ʂʦʣʠʯʝʩʪʚʦ 

ʫʟʣʦʚ 

ɺʨʝʤʷ ʨʘʩʯʝʪʘ (ʩ) ʚ ʨʘʟʣʠʯʥʳʭ SPICE-ʩʠʤʫʣʷʪʦʨʘʭ 

OrCAD PSpice 9.0 Micro-Cap 8 LTspice IV 

1000 3000 27 24 

2000 33000 85 75 

5000 ɹʦʣʴʰʝ ʥʝʜʝʣʠ 449 397 

10000 ɹʦʣʴʰʝ ʥʝʜʝʣʠ 1614 1428 
 

ɿʘʚʠʩʠʤʦʩʪʴ ʟʘʪʨʘʪ ʤʘʰʠʥʥʦʛʦ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ ʨʘʩʪʝʢʘʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʪʦʢʘ, 

ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʨʘʟʨʷʜʝ, ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ ʵʢʚʠʚʘʣʝʥʪʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.27. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ ʚ n ʨʘʟ 

ʤʘʰʠʥʥʦʝ ʚʨʝʤʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ n
2
 ʨʘʟ.  

ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʨʠʩʫʥʦʢ 1.27 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʇʆ ʜʣʷ 

ʨʘʩʯʝʪʘ ʢʘʨʪʠʥʳ ʨʘʩʪʝʢʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʪʦʢʦʚ ʧʨʠ ʕʉʈ ʧʦ ʢʦʨʧʫʩʫ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʣʦʞʥʦʛʦ 

ʂɸ ʩ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʫʟʣʦʚ ʚ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʝ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʅʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʜʨʫʛʠʭ, ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ 

ʢʘʨʪʠʥʳ ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪʳ ʕʕʉ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʫʣʦʚ ʩʝʪʢʠ. 

 

ʈʠʩʫʥʦʢ 1.27 ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ ʤʦʜʝʣʠ ʕʕʉ ʂɸ. 
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ɼʣʷ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥʳ ʥʘʚʦʜʦʢ ʚ ɹʂʉ, ʧʨʦʣʦʞʝʥʥʦʡ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʂɸ, ʚ ʄʀʕʄ 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (ʉʕʄ) ʵʣʝʢʪʨʠʟʘʮʠʠ ʂɸ ʠ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ) çSatellite-MIEMè ʜʣʷ ʝʝ ʨʝʘʣʠʟʘʮʠʠ [ʄʘʨʯʝʥʢʦʚ ʠ ʜʨ., 2007; 

ʄʘʨʯʝʥʢʦʚ ʠ ʜʨ., 2008]. 

ʇʆ çSatellite-MIEMè ʩʠʥʪʝʟʠʨʫʝʪ ʉʕʄ ʥʘ ʙʘʟʝ ʟʘʜʘʥʥʦʡ ʧʦʣʠʛʦʥʘʣʴʥʦʡ 3D-ʤʦʜʝʣʠ 

ʂɸ. ʇʦʣʠʛʦʥʘʣʴʥʫʶ ʤʦʜʝʣʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ ʠʣʠ 

ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʤʦʞʥʦ ʣʝʛʢʦ ʠ ʙʳʩʪʨʦ ʧʦʩʪʨʦʠʪʴ ʚ ʧʘʢʝʪʝ 3ds Max. ɿʘʪʝʤ ʤʦʜʝʣʴ 

ʵʢʩʧʦʨʪʠʨʫʝʪʩʷ ʚ ʇʆ çSatellite-MIEMè, ʛʜʝ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʩʝʪʢʫ: 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʚʷʟʘʥʥʳʭ ʫʟʣʦʚ. ʂʘʞʜʘʷ ʩʚʷʟʴ (ʚʝʪʚʴ) ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʵʣʝʤʝʥʪʦʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʚ ʮʝʣʦʤ ʦʙʨʘʟʫʶʱʠʭ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʭʝʤʫ 

ʧʦʚʝʨʭʥʦʩʪʠ ʂɸ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʦʟʤʦʞʥʳʭ ʤʝʩʪʘʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʕʉʈ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʢʘʨʪʠʥʘ ʨʘʩʪʝʢʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʪʦʢʦʚ ʧʦ ʢʦʨʧʫʩʫ ʠ ʥʘʚʝʩʥʳʤ ʵʣʝʤʝʥʪʘʤ ʂɸ. ʇʨʠ ʵʪʦʤ 

ʕʉʈ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʠʤʧʫʣʴʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʩ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʘʟʨʷʜʘ. ɼʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʪʦʯʢʘʤ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʕʉʈ. ɼʘʣʝʝ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʝʨʝʭʦʜʥʳʝ ʪʦʢʠ. 

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʉʕʄ, ʧʦʟʚʦʣʷʶʱʝʡ ʨʘʩʩʯʠʪʳʚʘʪʴ ʕʕʉ ʩ 

ʢʦʣʠʯʝʩʪʚʦʤ ʫʟʣʦʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʨʘʚʥʝʥʠʡ, ʜʦʩʪʠʛʘʶʱʠʤ 10
4
, ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʤʝʪʦʜʦʚ ʤʘʢʨʦʤʦʜʝʣʠʨʦʚʘʥʠʷ [ʉʦʢʦʣʦʚ, 2009], ʧʦʟʚʦʣʷʶʱʠʭ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ 

ʩʥʠʟʠʪʴ ʪʨʫʜʦʸʤʢʦʩʪʴ, ʘ ʟʥʘʯʠʪ, ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥʳ ʧʦʤʝʭʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚʦ ʬʨʘʛʤʝʥʪʝ ɹʂʉ ʩʨʝʜʩʪʚʘʤʠ ʇʆ 

ʧʨʦʢʣʘʜʳʚʘʝʪʩʷ ʪʨʘʩʩʘ ʵʪʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʦ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʂɸ, ʚʚʦʜʠʪʩʷ ʚʝʣʠʯʠʥʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʦʢʘ [ɸʛʘʧʦʚ ʠ ʜʨ., 2009], ʧʨʦʪʝʢʘʶʱʝʛʦ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʂɸ, ʚ ʥʘʧʨʷʞʝʥʠʝ ʥʘʚʦʜʢʠ ʚ ɹʂʉ. ʕʪʘ ʦʧʨʝʜʝʣʷʝʤʘʷ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʝʣʠʯʠʥʘ ʧʦʟʚʦʣʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʧʦʛʨʝʰʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʕʄʇ ʧʨʠ ʨʘʟʨʷʜʝ (ʜʦ 30ï40%). 

ʇʨʠ ʚʩʝʭ ʜʦʩʪʦʠʥʩʪʚʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʦʥʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʕʄʇ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʕʉʈ ʜʣʷ ʂɸ, ʕʕʉ ʢʦʪʦʨʳʭ 

ʧʨʝʚʳʰʘʶʪ 10
4
 ʫʟʣʦʚ. ʂʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ 

ʜʝʪʘʣʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʠ ʩʝʪʢʠ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʦʩʪʠʛʘʶʪ 

10
6
 ʫʟʣʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʨʷʜʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʥʘ ʙʦʨʪʦʚʫʶ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʫʶ ʘʧʧʘʨʘʪʫʨʫ ʵʪʠʭ ʂɸ. ʊʘʢʘʷ 

ʨʘʙʦʪʘ ʜʦʣʞʥʘ ʧʨʦʚʦʜʠʪʴʩʷ ʢʘʢ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʟʨʘʙʦʪʢʠ ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʕʄʇ 
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ʧʨʠ ʕʉʈ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʥʦʛʦʬʘʢʪʦʨʥʦʤ ʘʥʘʣʠʟʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʂɸ, ʪʘʢ ʠ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʤʘʢʨʦʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʪʴ 

ʪʨʫʜʦʸʤʢʦʩʪɹ ʨʘʩʯʝʪʦʚ ʩʣʦʞʥʳʭ ʕʕʉ, ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʠ ʘʥʘʣʠʟʝ ʦʪʢʘʟʦʚ ɹʈʕɸ ʚ ʧʨʦʮʝʩʩʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʂɸ. 

1.4 ʎʝʣʴ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ 

ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʠ ʚʳʩʦʢʦʵʣʣʠʧʪʠʯʝʩʢʠʭ ʦʨʙʠʪʘʭ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʪʘʢʪʘ ʩ ʢʦʩʤʠʯʝʩʢʦʡ 

ʧʣʘʟʤʦʡ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʘʷ ʵʣʝʢʪʨʠʟʘʮʠʷ (ʟʘʨʷʞʝʥʠʝ) ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʚʦ 

ʚʨʝʤʷ ʠ ʧʦʩʣʝ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʠ ʩʫʙʙʫʨʴ. ʈʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ (ɻʉʆ), ʤʦʛʫʪ 

ʧʨʝʚʳʰʘʪʴ 10 ʢɺ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʘʶʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ (ʕʉʈ) ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʙʣʦʢʦʚ ʠ ʢʘʙʝʣʴʥʳʭ ʩʠʩʪʝʤ. ʕʉʈ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʩʠʣʴʥʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ (ʕʄʇ), ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʙʦʨʪʦʚʳʝ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʤʝʭʠ, ʚʳʟʚʘʥʥʳʝ ʕʉʈ, ʧʨʠʚʦʜʷʪ ʢ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ ʩʙʦʷʤ ʠ ʦʪʢʘʟʘʤ ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ (ɹʈʕɸ), 

ʠʩʢʘʞʝʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ 

ʬʠʟʠʯʝʩʢʦʤʫ ʧʦʚʨʝʞʜʝʥʠʶ ʙʦʨʪʦʚʳʭ ʫʩʪʨʦʡʩʪʚ. ʉʧʫʪʥʠʢʠ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʪʝʨʷʶʪ 

ʫʧʨʘʚʣʝʥʠʝ, ʧʨʝʢʨʘʱʘʶʪ ʘʢʪʠʚʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ, ʚʨʝʤʝʥʥʦ ʚʳʭʦʜʷʪ ʠʟ ʩʪʨʦʷ. 

ʄʥʦʛʠʝ ʩʧʫʪʥʠʢʠ ʙʳʣʠ ʧʦʪʝʨʷʥʳ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʠʭ ʦʧʝʨʘʪʦʨʳ ʥʝʩʫʪ ʤʥʦʛʦʤʠʣʣʠʦʥʥʳʝ 

ʧʦʪʝʨʠ. ʇʨʠʟʥʘʥʦ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʢʘʟʳ ʠʟ-ʟʘ ʵʣʝʢʪʨʠʟʘʮʠʠ ʂɸ ʩʦʩʪʘʚʣʷʶʪ  

24ï30 % ʦʪ ʚʩʝʭ ʦʪʢʘʟʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ɹʈʕɸ ʦʪ ʬʘʢʪʦʨʦʚ 

ʵʣʝʢʪʨʠʟʘʮʠʠ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʂɸ. ʆʜʥʘʢʦ, ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤʳ 

ʵʣʝʢʪʨʠʟʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʪʠ ʤʝʪʦʜʳ ʥʝ ʤʦʛʫʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ 

ʧʦʣʥʦʝ ʠʩʢʣʶʯʝʥʠʝ ʦʙʨʘʪʠʤʳʭ ʠ ʥʝʦʙʨʘʪʠʤʳʭ ʦʪʢʘʟʦʚ ʚ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʡ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ɹʈʕɸ 

ʠ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʥʘ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʕʉʈ. 

ʉʫʱʝʩʪʚʫʝʪ ʝʱʸ ʦʜʠʥ ʚʘʞʥʳʡ ʧʦʨʘʞʘʶʱʠʡ ʬʘʢʪʦʨ ʵʣʝʢʪʨʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ 

ʚ ʪʦʤ, ʯʪʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ ʧʦʧʘʜʘʶʪ ʚ ʧʝʯʘʪʥʳʝ ʧʣʘʪʳ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ 

ʙʣʦʢʘʭ ʵʣʝʢʪʨʦʥʠʢʠ. ʕʪʠ ʨʘʟʨʷʜʳ ʩʦʟʜʘʶʪ ʤʦʱʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʤʧʫʣʴʩʳ, 

ʧʦʩʪʫʧʘʶʱʠʝ ʥʘ ʚʳʚʦʜʳ ʢʦʤʧʦʥʝʥʪʦʚ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ (ʀʄʉ, ʪʨʘʥʟʠʩʪʦʨʦʚ, ʜʠʦʜʦʚ ʠ 

ʜʨ.). ʉʶʜʘ ʞʝ ʦʪʥʦʩʷʪʩʷ ʨʘʟʨʷʜʳ ʥʘ ʦʙʢʣʘʜʢʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʥʝ ʧʨʠʚʦʜʷʱʠʝ ʢ ʧʨʦʙʦʶ 

ʵʪʠʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʨʷʜʳ ʥʘ ʢʨʠʩʪʘʣʣʳ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʥʝ ʧʨʠʚʦʜʷʱʠʝ ʢ 
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ʧʦʣʥʦʤʫ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʧʦʨʘʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʄʳ ʦʪʤʝʯʘʣʠ, ʯʪʦ ʵʪʦʪ ʧʦʨʘʞʘʶʱʠʡ 

ʬʘʢʪʦʨ ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʬʘʢʪʦʨ ʚʥʫʪʨʝʥʥʝʡ ʵʣʝʢʪʨʠʟʘʮʠʠ ʂɸ.  

ɺ ʨʘʥʥʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʂɸ ɹʈʕɸ ʬʫʥʢʮʠʦʥʠʨʦʚʘʣʘ ʚ ʛʘʟʦʚʦʡ ʩʨʝʜʝ ʚʥʫʪʨʠ 

ʛʝʨʤʦʢʦʥʪʝʡʥʝʨʘ ʠ ʙʳʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ 100% ʟʘʱʠʱʝʥʘ ʦʪ ʵʪʦʛʦ ʧʦʨʘʞʘʶʱʝʛʦ ʬʘʢʪʦʨʘ. 

ʅʦ ʦʪʢʘʟ ʦʪ ʛʝʨʤʦʢʦʥʪʝʡʥʝʨʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʠʚʝʣ ʢ ʝʛʦ ʧʨʦʷʚʣʝʥʠʶ, ʧʨʠʯʝʤ ʯʘʩʪʦʪʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʙʦʝʚ ʠ ʦʪʢʘʟʦʚ ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ ʧʦ ʤʝʨʝ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʦʢʦʣʝʥʠʡ ʂɸ ʥʘ ʙʘʟʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. 

ʄʳ ʫʞʝ ʫʧʦʤʠʥʘʣʠ, ʯʪʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʤʝʨʳ ʟʘʱʠʪʳ ʦʪ ʵʪʦʛʦ ʧʦʨʘʞʘʶʱʝʛʦ 

ʬʘʢʪʦʨʘ ʵʣʝʢʪʨʠʟʘʮʠʠ ʦʯʝʥʴ ʦʛʨʘʥʠʯʝʥʳ. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ 

ʧʫʪʴ ʠʩʢʣʶʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʘʢʠʭ ʨʘʟʨʷʜʦʚ. ʆʜʥʘʢʦ ʵʪʦʪ ʧʫʪʴ 

ʥʝʧʨʦʩʪʦʡ. ʅʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʙʫʜʫʪ 

ʠʟʛʦʪʘʚʣʠʚʘʪʴʩʷ ʧʝʯʘʪʥʳʝ ʧʣʘʪʳ ʜʣʷ ʵʣʝʢʪʨʦʥʥʳʭ ʙʣʦʢʦʚ ʂɸ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʕʪʠ 

ʤʘʪʝʨʠʘʣʳ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ ʪʝʤʥʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʉ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʤʘʪʝʨʠʘʣ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʜʦʣʞʝʥ ʦʩʪʘʚʘʪʴʩʷ ʜʠʵʣʝʢʪʨʠʢʦʤ, ʥʝ ʜʦʧʫʩʢʘʶʱʠʤ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʘʨʘʟʠʪʥʳʭ ʪʦʢʦʚ ʫʪʝʯʢʠ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʵʪʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʙʳʩʪʨʦʡ ʨʝʣʘʢʩʘʮʠʠ ʦʙʲʝʤʥʳʭ ʟʘʨʷʜʦʚ ʠ 

ʠʩʢʣʶʯʝʥʠʷ ʧʨʦʙʦʡʥʳʭ ʷʚʣʝʥʠʡ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʝʤʥʦʚʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʪʘʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʦʣʞʥʘ 

ʩʦʩʪʘʚʣʷʪʴ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 10
-9

 ʆʤ
-1
Ŀʤ

-1
. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʵʪʠ ʤʘʪʝʨʠʘʣʳ ʯʘʩʪʦ 

ʥʘʟʳʚʘʶʪ ʥʘʥʦʜʠʵʣʝʢʪʨʠʢʘʤʠ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʘ 

ʤʘʨʢʠ ʉʊʕʌ-1, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʝʯʘʪʥʳʭ ʧʣʘʪ, ʩʦʩʪʘʚʣʷʝʪ  

ʦʪ 10
-11

 ʜʦ 10
-12

 ʆʤ
-1
Ŀʤ

-1
. ʆʜʥʘʢʦ ʵʪʦ ʚʝʣʠʯʠʥʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʘ ʚ 

ʫʩʣʦʚʠʷʭ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ. ɽʩʪʴ ʫʢʘʟʘʥʠʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʢʦʩʤʠʯʝʩʢʦʛʦ ʚʘʢʫʫʤʘ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜʦʙʥʳʭ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʫ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʟʘ ʩʯʝʪ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʚ ʚʘʢʫʫʤ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʦʣʝʢʫʣ ʚʦʜʳ.  

ʇʦʵʪʦʤʫ ʚʳʩʦʢʘʷ ʪʝʤʥʦʚʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʥʝ ʟʘ ʩʯʝʪ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʠʤʝʩʝʡ ʠ ʚʦʜʳ, ʘ 

ʟʘ ʩʯʝʪ ʩʠʣʴʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ ʩʧʝʮʠʘʣʴʥʳʭ ʜʦʙʘʚʦʢ ʠ ʥʘʧʦʣʥʠʪʝʣʝʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʝʤʫ ʩʣʘʙʫʶ ʫʜʝʣʴʥʫʶ ʦʙʲʝʤʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʦʚʳʡ 

ʤʘʪʝʨʠʘʣ ʜʦʣʞʝʥ ʙʳʪʴ ʢʦʤʧʦʟʠʪʥʳʤ.  

ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢ ʣʶʙʦʤʫ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʤʫ 

ʵʣʝʤʝʥʪʫ ʢʦʥʩʪʨʫʢʮʠʠ ʂɸ, ʣʶʙʦʤʫ ʵʣʝʤʝʥʪʫ ʵʣʝʢʪʨʦʥʥʦʡ ʩʭʝʤʳ, ʠʤʝʶʱʝʤʫ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʦʨʧʫʩ.  
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ʉʥʠʞʝʥʠʝ ʨʠʩʢʦʚ ʘʚʘʨʠʡ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʚʳʟʚʘʥʥʳʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ 

ʨʘʟʨʷʜʘʤʠ, ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʚʥʫʪʨʝʥʥʝʡ 

ʣɻʝʢʪʨʠʟʘʮʠʠ, ʷʚʣʷʝʪʩʷ ʙʝʟʫʩʣʦʚʥʦ ʥʝʦʙʭʦʜʠʤʳʤ, ʥʦ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʝʤ. ɼʣʷ 

ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ ʧʦʪʝʨʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʕʉʈ, ʥʫʞʥʦ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʩʪʘʜʠʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʝ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʘʧʧʘʨʘʪʫʨʳ ʠ ʤʝʪʘʣʣʠʟʘʮʠʠ 

ʂɸ, ʧʦʟʚʦʣʷʶʱʠʭ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʕʉʈ ʠ 

ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʠʭ ʨʘʟʚʠʪʠʝ. 

ʆʮʝʥʢʘ ʨʠʩʢʘ ʘʚʘʨʠʡ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʚʳʟʚʘʥʥʳʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ 

ʨʘʟʨʷʜʘʤʠ, ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʢʦʤʧʦʥʝʥʪʦʚ, ʘʧʧʘʨʘʪʫʨʳ ʠ 

ʤʝʪʘʣʣʠʟʘʮʠʠ ʂɸ, ʧʦʟʚʦʣʷʶʱʠʭ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʕʉʈ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʠʭ ʨʘʟʚʠʪʠʝ. 

ʅʘʢʦʥʝʮ, ʩʦʟʜʘʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʭ ʟʘʱʠʱʝʥʥʦʩʪʠ ʦʪ ʧʦʨʘʞʘʶʱʝʛʦ ʬʘʢʪʦʨʘ 

ʵʣʝʢʪʨʠʟʘʮʠʠ. ʆʥʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʵʣʝʢʪʨʠʟʘʮʠʠ, ʨʘʩʯʝʪ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʚʝʣʠʯʠʥ ʥʘʚʦʜʦʢ ʚ ɹʂʉ, ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʦʚ 

ʫʤʝʥʴʰʝʥʠʷ ʵʪʠʭ ʥʘʚʦʜʦʢ ʠ, ʥʘʢʦʥʝʮ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ 

ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʈɹ ʠ ʂɸ, ʘ ʪʘʢʞʝ ʢʘʙʝʣʝʡ ɹʂʉ ʥʘ ʦʪʢʘʟʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʕʉʈ. ɺ 

ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʤʠʪʠʨʫʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʕʉʈ ʥʘ ʵʪʠ ʵʣʝʤʝʥʪʳ ʠ ʫʩʪʨʦʡʩʪʚʘ ʩ 

ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʫʩʣʦʚʠʷ ʨʘʟʨʷʜʘ ʧʨʠ ʠʤʠʪʘʮʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʘʜʝʢʚʘʪʥʳ ʫʩʣʦʚʠʷʤ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʂɸ, ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʘʠʙʦʣʝʝ 

ʪʷʞʝʣʳʤ ʩʣʫʯʘʷʤ (ʢʦʩʤʠʯʝʩʢʘʷ ʙʫʨʷ). ʂʦʥʝʯʥʘʷ ʩʪʫʧʝʥʴ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ï 

ʧʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʡ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ɹʈʕɸ, ʚʢʣʶʯʘʷ ʫʩʪʨʦʡʩʪʚʘ ʠʣʠ ʢʘʙʝʣʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʂɸ ʥʘ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʕʉʈ. ʇʨʦʚʝʜʝʥʠʝ 

ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʠ ʦʙʷʟʘʪʝʣʴʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ɹʈʕɸ ʂɸ.  

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤʳ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʮʝʣʴ ʨʘʙʦʪʳ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʉʦʟʜʘʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʧʦʟʚʦʣʷʶʱʝʡ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʧʦʨʘʞʘʶʱʠʭ 

ʬʘʢʪʦʨʦʚ ʵʣʝʢʪʨʠʟʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʦʪʢʘʟʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, 

ʚʳʟʚʘʥʥʳʭ ʕʉʈ, ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʨʘʚʥʠʚʘʥʠʝ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʥʝ ʜʦʧʫʩʢʘʶʱʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʕʉʈ, ʧʨʠʤʝʥʝʥʠʷ 

ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʫʟʣʦʚ ʘʧʧʘʨʘʪʫʨʳ ʦʪ 

ʚʦʟʜʝʡʩʪʚʠʷ ʕʉʈ.  
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ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

1. ɼʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʚʝʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ (ʦʙʣʘʜʘʶʱʠʭ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ 10
-9
ï10

-10
 ʆʤ

-1
Ŀʤ

-1
) ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʥʳʭ 

ʨʘʜʠʦʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʚ ʩʦʩʪʘʚʝ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʫʩʪʨʦʡʩʪʚ ɹʈʕɸ 

ʂɸ ʦʙʝʩʧʝʯʠʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʢʘʧʣʠʚʘʝʤʦʛʦ ʟʘʨʷʜʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʚʳʨʘʚʥʠʚʘʥʠʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ.  

2. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʦʣʦʛʠʶ  ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹʈʕɸ ʂɸ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, 

ʚʢʣʶʯʘʶʱʫʶ ʢʦʤʧʣʝʢʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʦʜʠʢ, ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʳʷʚʣʝʥʠʝ ʜʦʤʠʥʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʚ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʘ 

ʧʦʨʘʞʝʥʠʷ ʘʧʧʘʨʘʪʫʨʳ ʦʪ ʜʝʡʩʪʚʠʷ ʕʉʈ. 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʨʦʚʥʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ, ʚʦʟʥʠʢʘʶʱʠʭ 

ʧʨʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʘʭ ʚʦ ʬʨʘʛʤʝʥʪʘʭ ʙʦʨʪʦʚʦʡ ʢʘʙʝʣʴʥʦʡ ʩʝʪʠ ʠ 

ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʚʭʦʜʳ ɹʈʕɸ ʂɸ, ʦʙʣʘʜʘʶʱʠʡ ʧʦʛʨʝʰʥʦʩʪʴʶ, ʧʦʟʚʦʣʷʶʱʝʡ ʥʘ 

ʵʪʘʧʘʭ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʦʮʝʥʠʚʘʪʴ ʝʸ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ.  

4. ɼʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪʳ ʫʨʦʚʥʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʚ ʙʦʨʪʦʚʦʡ 

ʢʘʙʝʣʴʥʦʡ ʩʝʪʠ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʕʉʈ, ʠ ʧʨʦʚʝʩʪʠ ʥʘ ʩʪʝʥʜʝ-ʵʣʝʢʪʨʦʘʥʘʣʦʛʝ ʵʪʦʛʦ 

ʂɸ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʝʣʠʯʠʥ ʫʨʦʚʥʝʡ ʧʦʤʝʭ. 

5. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʫʨʦʚʥʝʡ ʕʄʇ ʨʘʟʨʘʙʦʪʘʪʴ 

ʠʥʞʝʥʝʨʥʫʶ ʤʝʪʦʜʠʢʫ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ɹʈʕɸ ʂɸ ʦʪ ʕʉʈ ʥʘ 

ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʝʸ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʫʥʠʬʠʮʠʨʦʚʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʧʳʪʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʠʩʪʝʤ, ʚʭʦʜʷʱʠʭ ʚ ɹʈʕɸ ʂɸ, ʥʘ 

ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʕʉʈ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ-ʠʟʛʦʪʦʚʠʪʝʣʷʭ. 
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ɻʣʘʚʘ 2 ʂʦʤʧʦʟʠʪʥʳʝ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʝ ʨʘʜʠʦʤʘʪʝʨʠʘʣʳ ʜʣʷ ʙʦʨʪʦʚʦʡ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ 

ʋʯʝʥʳʤʠ ʄʀʕʄ ʅʀʋ ɺʐʕ ʝʱʝ ʚ 2003 ʛ. ʚ ʥʘʫʯʥʦʤ ʞʫʨʥʘʣʝ çʈʘʢʝʪʥʘʷ ʪʝʭʥʠʢʘ ʠ 

ʢʦʩʤʦʥʘʚʪʠʢʘè ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ [ʇʦʞʠʜʘʝʚ ʠ ʜʨ., 2003], ʚ ʢʦʪʦʨʦʡ ʙʳʣ ʠʟʣʦʞʝʥ 

ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʵʬʬʝʢʪʦʚ ʵʣʝʢʪʨʠʟʘʮʠʠ 

ʜʠɻʣʝʢʪʨʠʢʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ï ʧʝʨʝʭʦʜ ʢ ʩʦʟʜʘʥʠʶ çʙʝʟʨʘʟʨʷʜʥʳʭè ʂɸ ʥʘ ʦʩʥʦʚʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ. ɺ ʝʛʦ ʦʩʥʦʚʝ ʣʝʞʠʪ 

ʟʘʤʝʥʝʥʘ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʥʘ ʜʠʵʣʝʢʪʨʠʢʠ, ʦʙʣʘʜʘʶʱʠʝ ʩʣʘʙʦʡ 

ʦʙʲʝʤʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʝʨʝʪʝʢʘʥʠʝ ʥʘʢʘʧʣʠʚʘʝʤʦʛʦ ʟʘʨʷʜʘ, 

ʚʳʨʘʚʥʠʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʧʦʵʪʦʤʫ ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʦʡʩʪʚ ʤʦʜʝʣʴʥʳʭ 

ʢʦʤʧʦʟʠʪʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʩʣʘʙʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʧʦʜʪʚʝʨʜʠʚʰʠʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʢʣʶʯʝʥʠʷ ʕʉʈ ʠ ʧʦʟʚʦʣʠʚʰʠʝ ʧʝʨʝʡʪʠ ʢ ʧʨʦʚʝʜʝʥʠʶ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʜʠʵʣʝʢʪʨʠʢʠ ʟʘʤʝʥʝʥʳ ʥʘ ʧʨʝʜʣʦʞʝʥʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʵʣʝʢʪʨʠʟʫʶʱʠʝʩʷ ʢʦʤʧʦʟʠʪʥʳʝ 

ʜʠʵʣʝʢʪʨʠʢʠ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʘʢʠʝ ʜʠʵʣʝʢʪʨʠʢʠ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ, ʜʘʞʝ ʧʨʠ ʧʣʦʪʥʦʩʪʷʭ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ, ʧʦʧʘʜʘʶʱʠʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʂɸ, ʥʘ 2ï3 ʧʦʨʷʜʢʘ ʧʨʝʚʳʰʘʶʱʠʭ ʥʘʙʣʶʜʘʝʤʳʝ ʥʘ ʦʢʦʣʦʟʝʤʥʳʭ ʦʨʙʠʪʘʭ ʚ 

ʥʘʠʭʫʜʰʝʤ ʩʣʫʯʘʝ (ʛʝʦʤʘʛʥʠʪʥʳʝ ʙʫʨʠ). ɿʘʤʝʥʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʥʘ 

ʢʦʤʧʦʟʠʪʥʳʝ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʝ ʜʠʵʣʝʢʪʨʠʢʠ ʥʝ ʫʭʫʜʰʘʝʪ ʨʘʙʦʪʫ ʮʠʬʨʦʚʦʡ ʪʝʭʥʠʢʠ ʧʨʠ 

ʩʢʦʨʦʩʪʷʭ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʜʦ 100 ʄɻʙ/ʩ, ʯʪʦ ʚ 1,5 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʫ 

ʩʦʚʨʝʤʝʥʥʳʭ ʙʦʨʪʦʚʳʭ ʕɺʄ.  

2.1 ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʨʘʜʠʦʤʘʪʝʨʠʘʣʦʚ ʚ ɹʈʕɸ ʂɸ 

ʆ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʨʘʜʠʦʤʘʪʝʨʠʘʣʦʚ ʚ ɹʈʕɸ ʂɸ, ʢʦʪʦʨʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʵʣʝʢʪʨʠʟʫʶʪʩʷ, ʙʳʣʦ ʟʘʷʚʣʝʥʦ ʚ 

ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ ʨʘʙʦʪʝ [ʇʦʞʠʜʘʝʚ ʠ ʜʨ., 2003] ʝʱʝ ʚ 2003 ʛʦʜʫ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʢʘʢ 

ʩʣʝʜʫʝʪ ʠʟ ʥʘʰʝʛʦ ʦʙʟʦʨʘ [ɹʝʣʠʢ, ɸʙʨʘʤʝʰʠʥ, ʉʘʝʥʢʦ, 2012], ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ (ʕʉʈ), ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢʪʨʠʟʘʮʠʠ 

ʜʠʵʣʝʢʪʨʠʢʦʚ ʂɸ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʪʝ ʜʠʵʣʝʢʪʨʠʢʠ, ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʢʦʪʦʨʳʭ ʙʣʠʟʢʘ ʢ ʚʝʣʠʯʠʥʝ 10
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 ʆʤ
-1
Ŀʤ

-1
. ʄʘʪʝʨʠʘʣʳ ʩ ʪʘʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʧʦ 
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ʦʧʨʝʜʝʣʝʥʠʶ ʥʝ ʷʚʣʷʶʪʩʷ ʧʨʦʚʦʜʥʠʢʘʤʠ ʠʣʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ. ʇʦ ʩʫʪʠ, ʦʥʠ ʷʚʣʷʶʪʩʷ 

çʧʣʦʭʠʤʠè ʜʠʵʣʝʢʪʨʠʢʘʤʠ. ʅʦ ʵʪʠ ʜʠʵʣʝʢʪʨʠʢʠ ʷʚʣʷʶʪʩʷ çʧʣʦʭʠʤʠè ʪʦʣʴʢʦ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. ʉ ʧʦʟʠʮʠʠ ʫʩʪʨʘʥʝʥʠʷ ʥʝʛʘʪʠʚʥʳʭ 

ʬʘʢʪʦʨʦʚ ʵʣʝʢʪʨʠʟʘʮʠʠ ʵʪʠ ʜʠʵʣʝʢʪʨʠʢʠ ʷʚʣʷʶʪʩʷ çʦʯʝʥʴ ʭʦʨʦʰʠʤʠè.  

ʈʘʟʚʠʪʠʝ ʢʦʥʮʝʧʮʠʠ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʨʘʜʠʦʤʘʪʝʨʠʘʣʦʚ ʚ ɹʈʕɸ ʂɸ ʧʦʟʚʦʣʷʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʩʫʱʝʩʪʚʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʝʨʝʭʦʜ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʠʟʛʦʪʦʚʣʝʥʠʶ ʂɸ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ï çʙʝʟʨʘʟʨʷʜʥʳʭ ʂɸè. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʜʠʥʩʪʚʝʥʥʦʡ ʧʨʠʯʠʥʦʡ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʥʘ ʂɸ ʷʚʣʷʝʪʩʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠʭ, ʧʨʝʜʧʨʦʙʦʡʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʤʝʞʜʫ ʦʙʲʝʤʥʳʤʠ ʠʣʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʟʘʨʷʜʘʤʠ, ʥʘʢʦʧʣʝʥʥʳʤʠ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ ʂɸ, ʠ 

ʧʨʦʚʦʜʷʱʠʤʠ ʠʣʠ ʧʦʣʫʧʨʦʚʦʜʷʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʂɸ ʠʣʠ ʙʦʨʪʦʚʦʡ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʇʦʩʢʦʣʴʢʫ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʘʟʥʦʩʪʠ 

ʧʦʪʝʥʮʠʘʣʦʚ, ʦʪʥʝʩʝʥʥʦʡ ʢ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʪʦ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʩʥʠʞʝʥʠʷ ʧʦʣʷ ʩʦʩʪʦʠʪ ʚ ʚʳʨʘʚʥʠʚʘʥʠʠ ʧʦʪʝʥʮʠʘʣʦʚ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʚʳʨʘʚʥʠʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʝʱʝ ʜʦ 

ʜʦʩʪʠʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʧʨʝʜʧʨʦʙʦʡʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʉʢʦʨʦʩʪʴ ʨʝʣʘʢʩʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʚ ʦʙʲʝʤʝ ʜʠʵʣʝʢʪʨʠʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʨʝʤʝʥʝʤ ʨʝʣʘʢʩʘʮʠʠ ʄʘʢʩʚʝʣʣʘ: 

 
g

eÖe
=t 0 , (2.1) 

ʛʜʝ 0eÖe ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʢʘ, ʘ  g ï ʝʛʦ ʧʨʦʚʦʜʠʤʦʩʪʴ. 

ʃʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ ʜʣʷ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ (g = 10
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 ʆʤ
-1
Ŀʤ

-1
) ʜʠʵʣʝʢʪʨʠʢʦʚ ʚʨʝʤʷ 

ʨʝʣʘʢʩʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʩʦʪʳʝ ʜʦʣʠ ʩʝʢʫʥʜʳ, ʠ ʦʥʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʥʘʢʦʧʠʪʝʣʷʤʠ ʦʙʲʝʤʥʳʭ 

ʟʘʨʷʜʦʚ, ʪʘʢ ʢʘʢ ʨʝʣʘʢʩʘʮʠʷ ʵʪʠʭ ʟʘʨʷʜʦʚ ʧʨʦʠʩʭʦʜʠʪ ʫʞʝ ʚʦ ʚʨʝʤʷ ʦʙʣʫʯʝʥʠʷ ʪʘʢʠʭ 

ʜʠʵʣʝʢʪʨʠʢʦʚ ʟʘʨʷʞʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʳ. ʋ 

ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ (g < 10
-13

 ʆʤ
-1
Ŀʤ

-1
) ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʟʘʨʷʜʘ 

ʩʦʩʪʘʚʣʷʝʪ ʩʦʪʥʠ ʠ ʪʳʩʷʯʠ ʩʝʢʫʥʜ, ʠ ʦʥʠ ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʥʘʢʦʧʠʪʝʣʷʤʠ 

ʦʙʲʝʤʥʳʭ ʟʘʨʷʜʦʚ ʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʩʣʝʜʫʶʱʠʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ. 

ʇʨʦʚʝʜʝʤ ʦʮʝʥʢʫ ʚʦʟʤʦʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʝʨʝʭʦʜʘ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ 

ʠʟʛʦʪʦʚʣʝʥʠʶ ʂɸ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ï çʙʝʟʨʘʟʨʷʜʥʳʭè ʂɸ. ʆʩʥʦʚʦʡ ʪʘʢʦʛʦ ʧʝʨʝʭʦʜʘ, ʢʘʢ 

ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʷʚʣʷʝʪʩʷ ʟʘʤʝʥʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʂɸ ʥʘ ʢʦʤʧʦʟʠʪʥʳʝ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʨʘʜʠʦʤʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʩʣʘʙʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. ʊʘʢʦʡ ʧʝʨʝʭʦʜ 

ʩʦʧʨʷʞʝʥ ʩ ʨʝʰʝʥʠʝʤ ʮʝʣʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʘʜʘʯ. ʇʦʧʳʪʘʝʤʩʷ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʝʯʝʥʴ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʂɸ, ʧʦʜʣʝʞʘʱʠʭ ʟʘʤʝʥʝ ʥʘ ʠʭ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʝ ʘʥʘʣʦʛʠ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʵʪʦʤ ʟʘʜʘʯʠ, ʘ ʪʘʢʞʝ ʥʘʤʝʪʠʪʴ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ. 
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ʅʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʠ ʚʥʫʪʨʝʥʥʝʡ ʵʣʝʢʪʨʠʟʘʮʠʠ ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʂɸ ʧʨʝʜʩʪʘʚʣʷʶʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ ʠʟ ʟʘʨʷʞʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʘʤʠ ʦʙʲʝʤʘ 

ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢʦʨʧʫʩʦʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ ʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ. 

ɼʦ ʢʦʥʮʘ 80-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʚ ʉʉʉʈ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʨʠʙʦʨʳ ʠ 

ʠʥʪʝʛʨʘʣʴʥʳʝ ʤʠʢʨʦʩʭʝʤʳ (ʀʄʉ) ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʚ ʧʝʨʝʯʥʝ ʵʣʝʤʝʥʪʦʚ, ʨʘʟʨʝʰʝʥʥʳʭ ʢ 

ʧʨʠʤʝʥʝʥʠʶ ʚ ʙʦʨʪʦʚʦʡ ʈʕɸ ʂɸ. ʈʘʟʨʝʰʝʥʳ ʙʳʣʠ ʪʦʣʴʢʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʨʠʙʦʨʳ ʠ 

ʀʄʉ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʨʧʫʩʘʭ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʘ ʪʘʢʞʝ 

ʥʘʣʠʯʠʝ ʛʝʨʤʦʢʦʥʪʝʡʥʝʨʦʚ, ʟʘʧʦʣʥʝʥʥʳʭ ʘʨʛʦʥʦʤ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 2 ʘʪʤʦʩʬʝʨʳ, ʚ ʢʦʪʦʨʳʭ 

ʨʘʟʤʝʱʘʣʘʩʴ ɹʈʕɸ ʂɸ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʣʦ ʚʥʫʪʨʝʥʥʶʶ ʵʣʝʢʪʨʠʟʘʮʠʶ ʚ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʂɸ ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʢʦʣʝʥʠʷ. 

ʅʘʮʠʦʥʘʣʴʥʦʝ ʢʦʩʤʠʯʝʩʢʦʝ ʘʛʝʥʪʩʪʚʦ ʉʐɸ (ʅɸʉɸ) ʠʩʧʦʣʴʟʦʚʘʣʦ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʨʠʙʦʨʳ ʠ ʀʄʉ ʚ ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʢʦʨʧʫʩʘʭ ʫʞʝ ʚ 70-ʭ ʛʦʜʘʭ 

ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. ʅʘʠʙʦʣʝʝ ʷʨʢʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʦʧʘʩʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ 

ʢʦʨʧʫʩʦʚ ʜʣʷ ʛʝʨʤʝʪʠʟʘʮʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ ʠ ʀʄʉ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʠ 

ʘʥʘʣʠʟʝ ʦʪʢʘʟʦʚ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʥʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʠʟʘʮʠʠ ʠ ʚʳʚʝʜʝʥʥʦʤ 

ʘʤʝʨʠʢʘʥʮʘʤʠ ʥʘ ʧʦʯʪʠ ʛʝʦʩʪʘʮʠʦʥʘʨʥʫʶ ʦʨʙʠʪʫ ʂɸ çSCATHAè (Spacecraft Charging at 

High Altitude) [Mullen, Gussenhoven, 1983]. ʕʪʦʪ ʥʝʙʦʣʴʰʦʡ ʂɸ (ʩʪʘʨʪʦʚʘʷ ʤʘʩʩʘ 360 ʢʛ, 

ʚʳʩʦʪʘ 1,8 ʤ) ʙʳʣ ʚʳʚʝʜʝʥ ʥʘ ʦʨʙʠʪʫ 30 ʷʥʚʘʨʷ 1979 ʛʦʜʘ. ɺ ʠʶʥʝ 1980 ʛʦʜʘ ʥʘ ʦʨʙʠʪʝ 

ʵʪʦʛʦ ʂɸ ʧʦʩʣʝ ʤʦʱʥʦʡ ʩʦʣʥʝʯʥʦʡ ʚʩʧʳʰʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʠ ʧʦʪʦʢʠ ʵʣʝʢʪʨʦʥʦʚ ʩ 

ʵʥʝʨʛʠʝʡ 1ï2 ʄʵɺ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʥʫʪʨʝʥʥʝʡ ʵʣʝʢʪʨʠʟʘʮʠʠ ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʧʨʦʙʦʡ ʨ-n 

ʧʝʨʝʭʦʜʦʚ ʤʦʱʥʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʚʦʟʥʠʢʰʠʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ 

ʠʟ ʦʙʲʝʤʘ ʧʦʣʠʤʝʨʥʳʭ ʢʦʨʧʫʩʦʚ ʥʘ ʢʨʠʩʪʘʣʣʳ ʪʨʘʥʟʠʩʪʦʨʦʚ. 

ʉ ʪʝʭ ʧʦʨ ʵʣʝʢʪʨʦʥʥʳʝ ʵʣʝʤʝʥʪʳ ɹʈʕɸ ʂɸ ʧʨʝʪʝʨʧʝʣʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʚʳʰʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʫʤʝʥʴʰʝʥʠʝʤ ʤʘʩʩʳ, ʛʘʙʘʨʠʪʦʚ 

ʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʦʥʠ ʩʪʘʣʠ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʵʣʝʢʪʨʦ-

ʩʪʘʪʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʠʥʠʤʘʝʤʳʝ ʤʝʨʳ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦ 30 % 

ʚʩʝʭ ʦʪʢʘʟʦʚ ʂɸ ʧʨʦʠʩʭʦʜʷʪ ʧʦ ʚʠʥʝ ʵʣʝʢʪʨʠʟʘʮʠʠ. 

ʇʦ ʫʢʘʟʘʥʥʳʤ ʧʨʠʯʠʥʘʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ ʠ ʀʄʉ ʚ ʢʦʨʧʫʩʘʭ ʠʟ ʢʦʤʧʦʟʠʪʥʳʭ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʜʠʦʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳʤ ʠ ʥʘʠʙʦʣʝʝ 

ʩʣʦʞʥʳʤ ʵʪʘʧʦʤ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʠ çʙʝʟʨʘʟʨʷʜʥʳʭè ʂɸ. 

ʉʣʝʜʫʶʱʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʥʜʝʥʮʠʝʡ ʢ ʵʣʝʢʪʨʠʟʘʮʠʠ, 

ʷʚʣʷʶʪʩʷ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʜʠʵʣʝʢʪʨʠʢʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʳ ʤʘʨʢʠ ʉʌ ʧʦ ɻʆʉʊ 10316-78 ʠʤʝʶʪ ʦʙʲʝʤʥʫʶ 

ʫʜʝʣʴʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ 10
-11

 ʆʤ
-1
ʤ

-1
, ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 
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ʧʦʪʝʨʴ ʥʘ ʯʘʩʪʦʪʝ 1 ʄɻʮ ʥʝ ʙʦʣʝʝ 0,025 ʠ ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʘ ʪʦʡ ʞʝ ʯʘʩʪʦʪʝ ʥʝ ʙʦʣʝʝ 6,0. ʋʞʝ ʩʘʤʘ ʧʦ ʩʝʙʝ ʠʩʭʦʜʥʘʷ ʚʝʣʠʯʠʥʘ 

ʦʙʲʝʤʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʘ, ʘ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʕʉʈ ʧʨʠ ʵʣʝʢʪʨʦʥʥʦʤ ʦʙʣʫʯʝʥʠʠ ʪʘʢʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʚʝʩʴʤʘ ʚʳʩʦʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʛʣʘʩʥʦ 

ʥʘhʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʚʳʜʝʨʞʢʘ ʦʙʨʘʟʮʦʚ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʘ ʉʌ ʚ ʚʘʢʫʫʤʝ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʥʘʛʨʝʚʦʤ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 80
 
Áʉ ʧʨʠʚʦʜʠʪ ʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʦ ʟʥʘʯʝʥʠʷ 10
-13

 ʆʤ
-1
ʤ

-1
, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ. ɿʜʝʩʴ 

ʫʤʝʩʪʥʦ ʝʱʝ ʨʘʟ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʲʝʤʥʳʝ ʕʉʈ ï ʵʪʦ ʨʘʟʨʷʜʳ ʥʘʢʦʧʣʝʥʥʳʭ ʚ ʦʙʲʝʤʝ 

ʜʠʵʣʝʢʪʨʠʢʘ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʠʤʝʶʱʠʝ ʤʝʥʴʰʠʡ ʧʦ ʘʙʩʦʣʶʪʥʦʤʫ 

ʟʥʘʯʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. ɺ ʩʣʫʯʘʝ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʪʘʢʠʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʧʝʯʘʪʥʳʝ ʪʦʢʦʚʝʜʫʱʠʝ ʧʨʦʚʦʜʥʠʢʠ. ɽʩʣʠ ʕʉʈ ʧʨʦʠʟʦʡʜʝʪ ʥʘ 

ʧʝʯʘʪʥʳʡ ʧʨʦʚʦʜʥʠʢ, ʛʘʣʴʚʘʥʠʯʝʩʢʠ ʩʦʝʜʠʥʝʥʥʳʡ ʩ ʧʨʠʙʦʨʥʦʡ çʟʝʤʣʝʡè, ʪʦ ʚʦʟʤʦʞʥʦ 

ʥʠʯʝʛʦ ʩʪʨʘʰʥʦʛʦ ʠ ʥʝ ʧʨʦʠʟʦʡʜʝʪ. ʅʦ ʝʩʣʠ ʨʘʟʨʷʜ ʩ ʨʘʟʥʦʩʪʴʶ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʝʜʠʥʠʮʳ 

ʢʠʣʦʚʦʣʴʪ ʧʨʦʠʟʦʡʜʝʪ ʚ ʧʨʦʚʦʜʥʠʢ, ʩʦʝʜʠʥʷʶʱʠʡ ʩʠʛʥʘʣʴʥʳʝ ʮʝʧʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʧʨʠʙʦʨʦʚ, ʪʦ ʥʝʦʙʨʘʪʠʤʳʡ ʦʪʢʘʟ ʵʪʠʭ ʧʨʠʙʦʨʦʚ ʙʦʣʝʝ ʯʝʤ ʚʝʨʦʷʪʝʥ. 

ʃʦʛʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʪʨʝʙʫʝʪ, ʧʦʩʣʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʜʠʦʤʘʪʝʨʠʘʣʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʢʦʨʧʫʩʦʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʤ ʠ ʀʄʉ ʠ ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʪʝʨʠʘʣʘ ʧʝʯʘʪʥʳʭ ʧʣʘʪ, ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʢ ʵʣʝʤʝʥʪʘʤ 

ʢʦʤʤʫʥʠʢʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʨʘʟʲʝʤʳ, ʢʦʘʢʩʠʘʣʴʥʳʝ ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʢʘʙʝʣʠ ʠ ʪ.ʜ.  

ʉʫʱʝʩʪʚʫʝʪ ʬʦʨʤʘʣʴʥʘʷ ʘʥʘʣʦʛʠʷ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʢʝ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʦʙʲʝʤʥʳʭ ʟʘʨʷʜʦʚ ʠ ʚʥʫʪʨʠ ʧʨʦʚʦʜʥʠʢʘ ʜʣʷ ʪʦʢʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ. ɺʝʢʪʦʨ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʥʜʫʢʮʠʠ D
C

 ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʢʝ (ɟ = 0) ʠ ʚʝʢʪʦʨ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʧʨʦʮʝʩʩʘ j
C

 ʧʦʜʦʙʥʳ ʜʨʫʛ ʜʨʫʛʫ. ʀʤʝʝʪ ʤʝʩʪʦ ʠ ʧʦʜʦʙʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. 

ʇʦʚʝʜʝʥʠʝ ʪʦʢʘ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʨʝʜ, ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʧʨʦʚʦʜʠʤʦʩʪʠ, 

ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʢʘʨʪʠʥʫ ʧʦʪʦʢʘ ʠʥʜʫʢʮʠʠ ʨʝʟʢʦ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʢʦʚ. ʉʠʣʦʚʳʝ ʣʠʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʨʪʦʛʦʥʘʣʴʥʳ 

ʧʦʚʝʨʭʥʦʩʪʷʤ ʧʨʦʚʦʜʥʠʢʦʚ. ɺʝʩʴʤʘ ʩʭʦʞʠ ʚʝʢʪʦʨʥʳʝ ʣʠʥʠʠ ʪʦʢʘ j
C
, ʝʩʣʠ ʠʜʝʘʣʴʥʳʡ 

ʜʠʵʣʝʢʪʨʠʢ ʟʘʤʝʥʠʪʴ ʜʠʵʣʝʢʪʨʠʢʦʤ ʩ ʤʘʣʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. ʀʟ-ʟʘ ʥʝʧʨʝʨʳʚʥʦʩʪʠ 

ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ E
C

 ʚʝʢʪʦʨ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʙʫʜʝʪ 

ʥʦʨʤʘʣʝʥ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʭʦʨʦʰʝʛʦ ʧʨʦʚʦʜʥʠʢʘ (ʵʣʝʢʪʨʦʜʳ, ʢʦʥʪʘʢʪʳ ʠ ʧʦʜʚʦʜʷʱʠʝ 

ʧʨʦʚʦʜʘ ʚʩʝʛʜʘ ʠʟʛʦʪʦʚʣʷʶʪʩʷ ʠʟ ʭʦʨʦʰʠʭ ʧʨʦʚʦʜʥʠʢʦʚ), ʢʘʢ ʠ D
C

 ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʢʝ. 
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ʇʦʥʷʪʠʶ ʸʤʢʦʩʪʠ C (ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ) ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʢʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʥʷʪʠʝ 

ʧʨʦʚʦʜʠʤʦʩʪʠ G ʚ ʪʝʦʨʠʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʧʨʦʚʦʜʥʠʢʝ. ɺʦʟʚʨʘʱʘʷʩʴ ʢ 

ʟʘʜʘʯʝ ʜʚʫʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʚʦʜʥʠʢʦʚ, ʠʤʝʝʤ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʢʝ jD=qC , ʘ ʧʨʠ ʥʘʣʠʯʠʠ 

ʩʣʘʙʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ jD=IG , ʛʜʝ jD  ï ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ. ɺʝʣʠʯʠʥʘ, ʦʙʨʘʪʥʘʷ G, ʝʩʪʴ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʨʝʜʳ ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʦʚʦʜʥʠʢʘʤʠ. ɸʥʘʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʡ, ʧʦʩʢʦʣʴʢʫ 

ʧʦʪʦʢʠ ʚʝʢʪʦʨʦʚ D
C

 ʠ j
C

 ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʭʚʘʪʳʚʘʶʱʫʶ ʦʜʠʥ ʠʟ ʧʨʦʚʦʜʥʠʢʦʚ, ʨʘʚʥʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʣʥʦʤʫ ʟʘʨʷʜʫ q ʥʘ ʥʝʤ ʠ ʧʦʣʥʦʤʫ ʪʦʢʫ I, ʚʪʝʢʘʶʱʝʤʫ ʚ ʥʝʛʦ. 

ʆʪʩʶʜʘ ʩʨʘʟʫ ʩʣʝʜʫʝʪ ʚʘʞʥʦʝ ʠʥʪʝʛʨʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ: 

 C
R

G
0

1

eÖe

g
== . (2.2) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʯʠʪʘʚ ʸʤʢʦʩʪʴ ʩʠʩʪʝʤʳ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʢʝ ʠʣʠ ʠʟʤʝʨʠʚ ʝʝ ʥʘ 

ʯʘʩʪʦʪʝ 1 ʢɻʮ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʪʦʢ ʫʪʝʯʢʠ ʯʝʨʝʟ ʠʟʦʣʷʮʠʶ. ɼʣʷ ʤyʢʦʩʪʠ ʤʝʞʜʫ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ C =100 ʧʌ ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ g = 10
-9

 ʆʤ
-1
Ŀʤ

-1
 (e = 3) ʥʘʡʜʝʤ, 

ʯʪʦ G = 3,8Ŀ10
-9

 ʆʤ
-1
, ʠʣʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R = 2,6Ŀ10

8
 ʆʤ (260 ʄʆʤ). ʄʳ ʦʮʝʥʠʣʠ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʤʠʥʠʤʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 

ʧʨʦʚʦʜʥʠʢʘʤʠ, ʧʦʤʝʱʝʥʥʳʤʠ ʧʦʣʥʦʩʪʴʶ ʚ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʫʶ ʩʨʝʜʫ. ɺ ʨʝʘʣʴʥʦʡ 

ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʧʨʦʚʦʜʥʠʢʠ ʠʟʦʣʠʨʦʚʘʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʨʘʩʯʝʪʥʘʷ ʚʝʣʠʯʠʥʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ ʙʫʜʝʪ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ. ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʝʡ ʠʟʦʣʷʮʠʠ ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʢʘʙʝʣʷ ʩ ʚʦʣʥʦʚʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 50 ʆʤ ʝʸ 

ʧʦʛʦʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʦʩʪʘʚʠʪ ʥʝ ʙʦʣʝʝ 260 ʄʆʤ ʥʘ ʤʝʪʨ ʜʣʠʥʳ. ʊʘʢʘʷ ʚʝʣʠʯʠʥʘ 

ʷʚʣʷʝʪʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʝʨʴ ʚ ʢʘʙʝʣʝ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʚʳʰʝ ʦʮʝʥʢʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʝʨʝʭʦʜʘ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʠʟʛʦʪʦʚʣʝʥʠʶ çʙʝʟʨʘʟʨʷʜʥʳʭè ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ 

ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʚ ʠʭ ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʝ 

ʢʦʤʧʦʟʠʪʥʳʭ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʜʠʦʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʪʘʢʦʡ ʧʝʨʝʭʦʜ ʥʝ ʪʦʣʴʢʦ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ, ʥʦ ʠ ʚʧʦʣʥʝ ʨʝʘʣʝʥ. 

ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʜʣʷ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ ʥʘʧʨʘʚʣʝʥʠʡ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʘʪʝʥʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ ʈ 15.011-96 çʉʠʩʪʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʦʩʪʘʥʦʚʢʠ ʧʨʦʜʫʢʮʠʠ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. ʇʘʪʝʥʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʦʜʝʨʞʘʥʠʝ ʠ ʧʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʠʷè. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʦʚʝʜʝʥʠʷ ʧʘʪʝʥʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʫʨʦʚʥʷ ʪʝʭʥʠʢʠ ʚ ʦʙʣʘʩʪʠ ʩʧʦʩʦʙʦʚ ʠʟʤʝʨʝʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʝʜʣʘʛʘʝʤʳʤ ʢʦʤʧʦʟʠʪʥʳʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ. 
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ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʧʘʪʝʥʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʦʙʨʘʙʦʪʘʥ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʤʘʩʩʠʚ 

ʚ ʦʙʲʝʤʝ ʙʦʣʝʝ 10000 ʝʜʠʥʠʮ ʧʘʪʝʥʪʥʦʡ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ʇʘʪʝʥʪʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʪʝʥʪʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʙʘʟ 

ʜʘʥʥʳʭ ʌʝʜʝʨʘʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʧʘʪʝʥʪʥʦʛʦ ʚʝʜʦʤʩʪʚʘ 

ʉʦʝʜʠʥʝʥʥʳʭ ʐʪʘʪʦʚ ɸʤʝʨʠʢʠ, ɽʚʨʦʧʝʡʩʢʦʛʦ ʧʘʪʝʥʪʥʦʛʦ ʚʝʜʦʤʩʪʚʘ (ɽʇɺ) (EPO-espacenet) ʠ 

ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ (ɺʆʀʉ) (WIPO). 

ʇʨʦʚʝʜʝʥʥʳʡ ʧʦʠʩʢ ʧʦ ʩʪʨʘʥʘʤ, ʦʧʨʝʜʝʣʝʥʥʳʤ ʨʝʛʣʘʤʝʥʪʦʤ ʧʦʠʩʢʘ, ʧʦʟʚʦʣʠʣ 

ʚʳʷʚʠʪʴ ʠ ʦʪʦʙʨʘʪʴ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ 32 ʧʘʪʝʥʪʥʳʭ ʜʦʢʫʤʝʥʪʘ ʠ 8 ʠʩʪʦʯʥʠʢʦʚ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʨʝʣʝʚʘʥʪʥʳʭ ʦʙʲʝʢʪʫ ʧʦʠʩʢʘ. 

ɺʳʧʦʣʥʝʥʥʳʝ ʧʘʪʝʥʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ ʠ ʤʦʜʝʣʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʦʙʣʘʜʘʝʪ ʧʘʪʝʥʪʥʦʡ ʯʠʩʪʦʪʦʡ 

ʠ ʥʘ ʵʪʦ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʙʳʣʠ ʦʬʦʨʤʣʝʥ rʧʘʪʝʥʪ rʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ˉ 2497319 ʦʪ 28 

ʬʝʚʨʘʣʷ 2013 ʛʦʜʘ çʇʝʯʘʪʥʘʷ ʧʣʘʪʘ ʜʣʷ ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚè [ɸʙʨʘʤʝʰʠʥ ʠ ʜʨ., 2013b] ʠ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ˉ 164910 ʦʪ 30 ʜʝʢʘʙʨʷ 2015 

ʛʦʜʘ çʂʘʙʝʣʴʥʳʡ ʤʥʦʛʦʢʦʥʪʘʢʪʥʳʡ ʨʘʟʲʝʤ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚè [ɸʙʨʘʤʝʰʠʥ ʠ ʜʨ., 2015c]. 

ʋʢʘʟʘʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʟʣʦʞʝʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ. 

2.2 ʊʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʦʜʝʣʴʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ  

ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ 

 ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʦʜʝʣʴʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʧʘʨʘʬʠʥʘ, ʠʣʠ ʮʝʨʝʟʠʥʘ, ʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʧʨʦʚʦʜʷʱʝʛʦ ʧʦʨʦʰʢʘ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (ʛʨʘʬʠʪʠʨʦʚʘʥʥʦʡ ʩʘʞʠ).  

ʆʩʥʦʚʦʡ ʢʦʤʧʦʟʠʪʥʦʛʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʣʩʷ ʥʘʩʳʱʝʥʥʳʡ 

ʫʛʣʝʚʦʜʦʨʦʜ ï ʧʘʨʘʬʠʥ, ʚ ʢʦʪʦʨʳʡ ʜʦʙʘʚʣʷʣʩʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʡ ʧʨʦʚʦʜʷʱʠʡ ʧʦʨʦʰʦʢ 

ʛʨʘʬʠʪʠʨʦʚʘʥʥʦʡ ʩʘʞʠ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʦʨʦʰʢʘ ʚʳʙʠʨʘʣʘʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʫʜʝʣʴʥʘʷ ʦʙʲʸʤʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʣʘ 10
-9
ï10

-10
 ʆʤ

-1
Ŀʤ

-1
.  

ʇʘʨʘʬʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʤʘʩʩʦʡ 300ï450 ʠ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʥʝʬʪʠ. ʈʘʟʣʠʯʥʳʝ ʚʠʜʳ ʧʘʨʘʬʠʥʘ ʩʤʝʰʠʚʘʶʪʩʷ ʤʝʞʜʫ 

ʩʦʙʦʡ, ʘ ʪʘʢʞʝ ʩ ʨʘʟʥʳʤʠ ʧʦʣʠʤʝʨʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʩʚʦʡʩʪʚ: ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʪʦʯʢʠ ʧʣʘʚʣʝʥʠʷ, ʮʚʝʪʘ, ʧʨʦʯʥʦʩʪʠ. ʍʨʘʥʠʪʩʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʜʘʥʥʦʝ ʚʝʱʝʩʪʚʦ ʢʘʢ ʚ 

ʞʠʜʢʦʤ, ʪʘʢ ʠ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ. 
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ʅʝʬʪʷʥʳʝ ʧʘʨʘʬʠʥʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʚʳʩʦʢʦʦʯʠʱʝʥʥʳʝ ʠ ʦʯʠʱʝʥʥʳʝ. ɺʳʩʦʢʦʦʯʠʱʝʥʥʳʝ ʧʘʨʘʬʠʥʳ ʤʘʨʢʠʨʫʶʪʩʷ ʢʘʢ ʇ-1, ɺ2, 

ɺ3, ɺ4, ɺ5 ʠ ʧʨʝʜʥʘʟʥʘʯʘʶʪʩʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʧʨʝʜʲʷʚʣʷʶʱʠʭ ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʯʠʩʪʦʪʝ ʠʟʜʝʣʠʡ.  

ʆʯʠʱʝʥʥʳʝ ʧʘʨʘʬʠʥʳ ʊ-1, ʊ-2, ʊ-3, ʉ ʠʤʝʶʪ ʪʝʭʥʠʯʝʩʢʦʝ ʥʘʟʥʘʯʝʥʠʝ ʠ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʢʦʪʦʨʳʭ ʦʯʠʱʝʥʥʳʭ ʪʚʝʨʜʳʭ ʥʝʬʪʷʥʳʭ ʧʘʨʘʬʠʥʦʚ (ʧʦ 

ɻʆʉʊ 23683-89) ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.1. 

ʊʘʙʣʠʮʘ 2.1 ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʯʠʱʝʥʥʳʭ ʪʚʝʨʜʳʭ ʥʝʬʪʷʥʳʭ ʧʘʨʘʬʠʥʦʚ  

ʇ-2, ʊ-1, ʊ-2 ʠ ʊ-3 ɻʆʉʊ 23683-89 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ɿʥʘʯʝʥʠʝ ʜʣʷ ʤʘʨʢʠ 

ʇ-2 ʊ-1 ʊ-2 ʊ-3 

ɺʥʝʰʥʠʡ ʚʠʜ 
ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʤʘʩʩʘ  

ʙʝʣʦʛʦ ʮʚʝʪʘ 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʤʘʩʩʘ 

ʙʝʣʦʛʦ ʮʚʝʪʘ, ʜʦʧʫʩʢʘʶʪʩʷ 

ʦʪʪʝʥʢʠ ʩʝʨʦʛʦ ʠʣʠ ʞʝʣʪʦʛʦ 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, Áʉ, 

ʥʝ ʥʠʞʝ 
52,0 52,0-58,0 52,0-56,0 50,0-56,0 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʤʘʩʣʘ, %, 

ʥʝ ʙʦʣʝʝ 
0,80 1,80 2,30 3,00 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ,ʆʤ
-1
ʤ

-1
 10

-18
é10

-14 
- - - 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʚʦʜʳ,  

ʥʝ ʙʦʣʝʝ 
ʆʪʩʫʪʩʪʚʠʝ - - 0,2 

 

ʅʘʧʦʣʥʝʥʥʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʝ ʧʦʣʠʤʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʦʙʰʠʨʥʳʡ ʢʣʘʩʩ ʤʘʪʝʨʠʘʣʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʚʚʝʜʝʥʠʝʤ ʚ ʩʪʨʫʢʪʫʨʫ ʧʦʣʠʤʝʨʘ ʧʨʦʚʦʜʷʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʕʪʦ ʛʝʪʝʨʦʛʝʥʥʳʝ 

ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʨʦʚʦʜʷʱʠʭ, ʩʚʷʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʥʘʧʦʣʥʠʪʝʣʝʡ. ʇʦ ʩʚʦʝʡ 

ʩʚʷʟʫʶʱʝʡ ʦʩʥʦʚʝ ʥʘʧʦʣʥʝʥʥʳʝ ʧʦʣʠʤʝʨʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʥʘ ʢʘʨʙʦʮʝʧʥʳʝ ʠ 

ʛʝʪʝʨʦʮʝʧʥʳʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʥʳʡ ʧʦʣʠʤʝʨ ʠʛʨʘʝʪ ʨʦʣʴ ʩʚʷʟʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʦʧʨʝʜʝʣʷʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ɺ ʥʘʧʦʣʥʝʥʥʳʭ ʧʦʣʠʤʝʨʘʭ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʚʦʜʷʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʝ ʤʘʪʝʨʠʘʣʳ ʪʘʢʠʝ, ʢʘʢ ʪʝʭʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ, ʛʨʘʬʠʪ, 
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ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʛʣʝʨʦʜʘ ʠ ʛʨʘʬʠʪʘ 

ʦʙʫʩʣʦʚʣʝʥʦ, ʧʦʤʠʤʦ ʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʭʠʤʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦʩʪʴʶ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʥʘʛʨʝʚʘʥʠʶ. ʎʝʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʫʛʣʝʨʦʜʘ ʷʚʣʷʝʪʩʷ 

ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴʩʷ ʚ ʮʝʧʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʆʩʪʘʥʦʚʠʤʩʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʥʘ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʦʚʦʜʷʱʠʭ ʢʦʤʧʦʥʝʥʪʘʭ.  

ʊʝʭʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʚʠʜʝ ʩʘʞʠ, ʢʦʪʦʨʘʷ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ 

ʩʛʦʨʘʥʠʠ ʫʛʣʝʨʦʜʠʩʪʳʭ ʚʝʱʝʩʪʚ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʢʘ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ. ʕʪʦ ʪʝʤʥʳʡ 

ʧʦʨʦʰʦʢ ʩ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ ʦʪ 10 ʜʦ 100 ʥʤ. ɺ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʩʣʫʞʘʪ ʛʘʟʦʦʙʨʘʟʥʳʝ ʠ ʪʚʝʨʜʳʝ 

ʫʛʣʝʚʦʜʦʨʦʜʳ, ʪʘʢʠʝ, ʢʘʢ ʘʮʝʪʠʣʝʥ, ʧʨʠʨʦʜʥʳʡ ʛʘʟ, ʘʥʪʨʘʮʝʥ ʠ ʪ.ʧ. ʆʙʱʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʦʧʝʨʘʮʠʷ ï ʩʞʠʛʘʥʠʝ ʩʳʨʴʷ ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʜʫʭʘ. ʇʦʩʣʝ ʜʘʥʥʦʡ ʦʧʝʨʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ ʩʦʙʠʨʘʝʪʩʷ, ʦʯʠʱʘʝʪʩʷ, 

ʫʧʣʦʪʥʷʝʪʩʷ ʠ ʛʨʘʥʫʣʠʨʫʝʪʩʷ ʚ ʨʘʙʦʯʠʝ ʯʘʩʪʠʮʳ. ʈʘʟʤʝʨʳ ʨʘʙʦʯʝʡ ʯʘʩʪʠʮʳ ʟʘʚʠʩʷʪ ʦʪ ʩʧʦʩʦʙʘ 

ʧʦʣʫʯʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ. ʈʘʙʦʯʘʷ ʯʘʩʪʠʮʘ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʜʦ 

ʤʠʣʣʠʦʥʘ ʧʝʨʚʠʯʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ. ʆʩʥʦʚʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʷʚʣʷʶʪʩʷ ʤʘʣʦʩʪʴ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ, ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʠʭ ʘʛʨʝʛʘʮʠʠ ʠ 

ʧʦʨʠʩʪʦʩʪʠ. ʇʦʩʣʝʜʥʷʷ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʩʪʝʧʝʥʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʯʘʩʪʠʮ, ʪ.ʝ. ʦʪʥʦʰʝʥʠʶ ʠʭ 

ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʜʠʘʤʝʪʨʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʠʚʥʘʷ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʙʦʯʠʭ 

ʯʘʩʪʠʮ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʩʦʩʪʘʚʣʷʝʪ ʜʝʩʷʪʢʠ-ʩʦʪʥʠ ʤ
2
/ʛ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʣʝʪʫʯʠʭ ʧʨʠʤʝʩʝʡ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 12ï

15 %. ɺ ʠʭ ʩʦʩʪʘʚ ʚʭʦʜʠʪ ʢʠʩʣʦʨʦʜ, ʚʦʜʦʨʦʜ, ʘʟʦʪ, ʤʝʪʘʥ. ʇʨʠ ʦʩʘʞʜʝʥʠʠ ʯʘʩʪʠʮ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʢʠʩʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʶʪʩʷ ʢʠʩʣʦʨʦʜʥʳʝ ʛʨʫʧʧʳ (ʬʝʥʦʣʴʥʳʝ, ʢʘʨʙʦʥʠʣʴʥʳʝ, 

ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʠ ʪ.ʧ.), ʢʦʪʦʨʳʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʩʣʘʙʦ ʚʣʠʷʶʪ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʅʝʢʦʪʦʨʳʝ ʧʦʢʘʟʘʪʝʣʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.2. 

ʊʘʙʣʠʮʘ 2.2 ʋʛʣʝʨʦʜ ʪʝʭʥʠʯʝʩʢʠʡ ʇ-803 ʧʦ ɻʆʉʊ 7885-86. ʊʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʅʦʨʤʳ ʧʦ ɻʆʉʊʫ 

ʋʜʝʣʴʥʘʷ ʫʩʣʦʚʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʤ
2
/ʛ 14ï18 

ʇʦʪʝʨʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʨʠ 105
o
ʉ, %, ʥʝ ʙʦʣʝʝ 0,5 

ɿʦʣʴʥʦʩʪʴ %, ʥʝ ʙʦʣʝʝ 0,2 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʦʩʪʘʪʢʘ ʧʦʩʣʝ ʧʨʦʩʝʚʘ ʯʝʨʝʟ ʩʠʪʦ ʩ ʩʝʪʢʦʡ ʥʝ ʙʦʣʝʝ:   

0045 ʧʦ ɻʆʉʊ 6613-86 (%) 0,08 

05 ʧʦ ɻʆʉʊ 6613-86 (%) 0,001 

014 ʧʦ ɻʆʉʊ 6613-86 (%) 0,01 
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ʆʩʦʙʝʥʥʦʩʪʴ ʧʦʨʦʰʢʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʚʣʠʷʶʱʘʷ ʥʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, 

ʩʚʷʟʘʥʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ 

ʥʝʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʩʪʴʶ ů- ʠ ˊ-ʩʚʷʟʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʛʨʘʥʠʮʘʭ ʢʨʠʩʪʘʣʣʠʪʦʚ. ʇʨʠ 

ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʠʩʭʦʜʠʪ ʢʦʤʧʝʥʩʘʮʠʷ ʩʚʷʟʝʡ ʢʠʩʣʦʨʦʜʦʤ ʠ ʦʙʨʘʟʫʶʱʠʝʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʣʝʢʩʳ, ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ, ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʥʘʧʦʣʥʝʥʥʦʛʦ ʧʦʣʠʤʝʨʘ. ʉ ʜʘʣʴʥʝʡʰʠʤ ʧʦʚʳʰʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʪʝʨʤʠʯʝʩʢʘʷ ʜʝʩʦʨʙʮʠʷ, ʫʜʘʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ. ʇʨʦʮʝʩʩ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʨʷʜʢʘ 1200 Üʉ. ʇʦʵʪʦʤʫ ʥʝʣʴʟʷ ʦʞʠʜʘʪʴ ʧʨʦʩʪʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʩ ʨʘʜʠʢʘʣʘʤʠ ʩʚʷʟʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʪ.ʝ. ʚʦʟʥʠʢʘʶʪ 

ʢʘʨʙʦʢʩʠʣʴʥʳʝ, ʛʠʜʨʦʢʩʠʣʴʥʳʝ, ʢʘʨʙʦʥʠʣʴʥʳʝ ʠ ʧʨʦʯʠʝ ʛʨʫʧʧʳ.  

ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʧʦʣʠʤʝʨʥʳʡ ʤʘʪʝʨʠʘʣ ʩ ʚʳʩʦʢʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʚʦʜʷʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠʤʝʥʷʶʪ ʧʦʨʦʰʢʠ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʩʝʨʝʙʨʘ. ʇʦʩʢʦʣʴʢʫ ʵʪʦ ʜʦʩʪʘʪʦʯʥʦ ʜʦʨʦʛʦʩʪʦʷʱʠʡ ʤʘʪʝʨʠʘʣ, ʪʦ ʚ 

ʧʨʠʢʣʘʜʥʳʭ ʮʝʣʷʭ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʧʦʨʦʰʢʠ ʤʝʜʠ, ʥʠʢʝʣʷ, ʘʣʶʤʠʥʠʷ. ʆʜʥʘʢʦ ʜʘʥʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʚʣʘʞʥʦʩʪʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʝʜʝʪ ʢ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʧʨʝʜʝʣʷʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʢʘʟʳʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʙʦʯʠʭ ʯʘʩʪʠʮ ʧʨʦʚʦʜʷʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ. ɺ ʩʚʷʟʠ ʩ 

ʯʝʤ, ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʙʦʯʠʭ ʯʘʩʪʠʮ ʢʦʪʦʨʳʭ ʧʦʢʨʳʪʘ ʩʝʨʝʙʨʦʤ.  

ʉʚʷʟʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʢʨʝʧʣʷʶʪ ʠ 

ʬʠʢʩʠʨʫʶʪ ʩʪʨʫʢʪʫʨʫ ʧʨʦʚʦʜʷʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʪ.ʝ. ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ 

ʧʨʦʚʦʜʷʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʦʙʨʘʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʮʝʧʦʯʝʢ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʪʦʣʱʠʥʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʩʣʦʝʢ ʤʝʞʜʫ ʨʘʙʦʯʠʤʠ ʯʘʩʪʠʮʘʤʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʭʨʘʥʷʷ 

ʧʦʩʪʦʷʥʩʪʚʦ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ. ɺ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʥʘʧʦʣʥʝʥʥʳʭ ʧʦʣʠʤʝʨʘʭ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʪʘʢʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʢʘʢ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʩʤʦʣʳ, ʧʦʣʫʯʘʝʤʳʝ ʧʫʪʝʤ ʢʦʥʜʝʥʩʘʮʠʠ ʨʷʜʘ ʥʝʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, 

ʘ ʪʘʢʞʝ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʝ ʧʦʣʠʤʝʨʳ.  

ɺ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʩʪʘʜʠʷ I) ʩʤʦʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʠʤʝʨʳ ʩ ʥʠʟʢʦʡ 

ʩʪʝʧʝʥʴʶ ʢʦʥʜʝʥʩʘʮʠʠ ʠ ʥʝʙʦʣʴʰʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ, ʣʝʛʢʦʧʣʘʚʢʠʝ ʠ ʨʘʩʪʚʦʨʠʤʳʝ, 

ʭʦʨʦʰʦ ʩʤʝʰʠʚʘʶʱʠʝʩʷ ʩ ʧʨʦʚʦʜʷʱʝʡ ʢʦʤʧʦʥʝʥʪʦʡ ʦʙʳʯʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʫʪʝʤ. 

ʇʦʩʣʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʤʦʣʳ ʟʘʛʫʩʪʝʚʘʶʪ ʠ ʧʝʨʝʭʦʜʷʪ ʚ 

ʥʝʧʣʘʚʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʯʘʩʪʠʯʥʦ ʩʦʭʨʘʥʷʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ (ʩʪʘʜʠʷ II). ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʩʤʦʣʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʘʷʩʷ ʧʝʨʝʭʦʜʦʤ ʚ 

ʪʚʝʨʜʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʧʦʪʝʨʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ (ʩʪʘʜʠʷ III). ʅʘ ʜʘʥʥʦʡ ʩʪʘʜʠʠ ʩʤʦʣʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʧʦʣʠʤʝʨ ʩ ʙʦʣʴʰʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ, 



68 

 

ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʝʡ ʭʠʤʠʯʝʩʢʦʡ ʠ ʚʣʘʛʦʩʪʦʡʢʦʩʪʴʶ. ɺ ʧʨʦʮʝʩʩʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʤʦʣʳ 

ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʢʦʥʝʯʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ 

ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʚʠʜʘ ʩʤʦʣʳ, ʘ ʪʘʢʞʝ ʨʝʞʠʤʘ ʧʦʣʷʨʠʟʘʮʠʠ.  

ɺ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʧʦʣʥʝʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʧʦʣʠʤʝʨʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʤʦʣʳ:  

- ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʳʝ ï ʧʨʦʜʫʢʪʳ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʬʝʥʦʣʘ C6H5OH ʩ 

ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ H2CO;  

- ʧʦʣʠʵʬʠʨʥʳʝ ï ʧʨʦʜʫʢʪʳ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʩʧʠʨʪʦʚ ʠ ʢʠʩʣʦʪ;  

- ʵʧʦʢʩʠʜʥʳʝ ï ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʧʦʩʦʙʘʤ ʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʥʦ ʚʩʝ ʩʦʜʝʨʞʘʪ 

ʵʧʦʢʩʠʜʥʳʝ ʛʨʫʧʧʳ C2H4O;  

- ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʝ.  

ɺ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʝ ʧʦʣʠʤʝʨʳ 

ʪʘʢʠʝ, ʢʘʢ: ʧʦʣʠʵʪʠʣʝʥ (ʉ2ʅ4), ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜ (ʉ2ʅ3Cl), ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥ (C2F4), ʘ 

ʪʘʢʞʝ ʧʦʣʠʘʤʠʜʳ, ʧʦʣʠʠʤʠʜʳ ʠ ʧʦʣʠʘʢʨʠʣʘʪʳ. ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʦʣʠʤʝʨʳ 

ʠʤʝʶʪ ʪʝ ʠʣʠ ʠʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʣʠ ʥʝʜʦʩʪʘʪʢʠ, ʪ.ʝ. ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʥʘʛʨʝʚʦʩʪʦʡʢʦʩʪʠ, 

ʧʣʘʩʪʠʯʥʦʩʪʠ, ʭʠʤʠʯʝʩʢʦʡ ʠ ʚʣʘʛʦʩʪʦʡʢʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣʳ ʩ 

ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ.  

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʥʘʛʨʝʚʦ- ʠ ʚʣʘʛʦʩʪʦʡʢʦʩʪʠ ʚ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʝ ʧʦʣʠʤʝʨʳ ʚʚʦʜʷʪʩʷ ʥʘʧʦʣʥʠʪʝʣʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪ ʦʢʩʠʜʳ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ. ʉʦʜʝʨʞʘʥʠʝ ʚ 

ʧʦʣʠʤʝʨʘʭ ʥʘʧʦʣʥʠʪʝʣʷ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 30 ʜʦ 60 %. ɺʚʝʜʝʥʠʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʯʘʩʪʦ 

ʧʨʝʩʣʝʜʫʝʪ ʮʝʣʴ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʧʦʩʢʦʣʴʢʫ ʥʘʧʦʣʥʠʪʝʣʠ ʦʙʳʯʥʦ ʜʝʰʝʚʣʝ 

ʧʦʣʠʤʝʨʦʚ. ʅʝʦʙʭʦʜʠʤʦ, ʦʜʥʘʢʦ, ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʠʤʝʨʦʚ ʩ 

ʥʘʧʦʣʥʠʪʝʣʷʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ɹʳʣʦ, 

ʥʘʧʨʠʤʝʨ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʚ ʨʘʩʪʚʦʨʳ ʠʣʠ ʨʘʩʧʣʘʚʳ ʧʦʣʠʤʝʨʦʚ ʥʠʯʪʦʞʥʳʭ 

ʢʦʣʠʯʝʩʪʚ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ çʘʢʪʠʚʥʦʡè 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʝʜʝʪ ʢ ʧʦʷʚʣʝʥʠʶ ʟʘʨʦʜʳʰʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʥʘʧʦʣʥʠʪʝʣʠ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʪʘʢʞʝ ʨʦʣʴ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ.  

ʆʩʥʦʚʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʦʣʥʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʦʙʳʯʥʦ ʙʣʠʟʢʠ ʢ 

ʧʘʨʘʤʝʪʨʘʤ ʧʨʦʚʦʜʷʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʦʵʪʦʤʫ ʥʘʧʦʣʥʝʥʥʳʝ ʧʦʣʠʤʝʨʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʢʘʢ ʩʠʩʪʝʤʫ ʧʨʦʚʦʜʷʱʠʭ ʯʘʩʪʠʮ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʥʪʘʢʪʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚ ʮʝʣʦʤ.  

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʦʚʦʜʷʱʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: 

ʧʣʦʪʥʦ ʫʧʘʢʦʚʘʥʥʘʷ; ʮʝʧʥʘʷ; ʦʩʪʨʦʚʢʦʚʘʷ.  
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ʋʜʝʣʴʥʦʝ ʦʙʲʝʤʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʦʪʥʦ ʫʧʘʢʦʚʘʥʥʦʡ ʦʜʥʦʨʦʜʥʦʡ ʩʠʩʪʝʤʳ 

ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʜʠʘʤʝʪʨʦʚ ʧʨʦʚʦʜʷʱʠʭ ʯʘʩʪʠʮ ʠ ʢʦʥʪʘʢʪʥʳʭ ʧʷʪʝʥ (ʦʙʣʘʩʪʝʡ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʯʘʩʪʠʮ), ʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʚ ʩʠʩʪʝʤʝ ʧʨʦʩʪʦ ʨʘʩʪʝʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʪʚʝʨʜʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʩʪʝʧʝʥʠ ʜʠʩʧʝʨʩʥʦʩʪʠ ʧʨʦʚʦʜʷʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ.  

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʧʨʦʚʦʜʷʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʧʣʦʪʥʦ ʫʧʘʢʦʚʘʥʥʦʡ ʦʜʥʦʨʦʜʥʦʡ 

ʩʠʩʪʝʤʝ ʥʝ ʤʝʥʝʝ 0,52. ʂʦʛʜʘ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʧʨʦʚʦʜʷʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʤʝʥʴʰʝ 

ʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʮʝʧʥʦʡ ʠʣʠ ʦʩʪʨʦʚʢʦʚʦʡ ʩʠʩʪʝʤʳ. ɺ ʩʣʫʯʘʝ 

ʮʝʧʥʦʡ ʩʪʨʫʢʪʫʨʳ ʯʘʩʪʠʮʳ ʦʙʨʘʟʫʶʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʝ ʮʝʧʦʯʢʠ ʚ ʧʦʣʠʤʝʨʝ. 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʷʱʘʷ ʦʩʪʨʦʚʢʦʚʘʷ ʩʠʩʪʝʤʘ ʦʙʨʘʟʫʝʪʩʷ, ʢʦʛʜʘ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ 

ʧʨʦʚʦʜʷʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʦʷʚʣʷʶʪʩʷ ʟʘʟʦʨʳ, ʟʘʧʦʣʥʝʥʥʳʝ ʩʚʷʟʫʶʱʠʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʪ.ʝ. 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʠʤʝʨʦʤ.  

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʧʦʣʥʝʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʟʘʚʠʩʷʪ ʦʪ ʧʨʝʦʙʣʘʜʘʥʠʷ ʪʦʡ ʠʣʠ 

ʠʥʦʡ ʧʨʦʚʦʜʷʱʝʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʦʪ ʠʭ ʩʦʯʝʪʘʥʠʷ. ɺ ʮʝʣʦʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ 

ʭʘʨʘʢʪʝʨʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʨʝʘʣʠʟʫʶʱʠʤʩʷ ʚ ʥʠʭ ʤʝʭʘʥʠʟʤʘʤ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ:  

- ʧʣʦʪʥʳʤʠ ʢʦʥʪʘʢʪʘʤʠ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʪʝʢʘʥʠʷ (ʩʠʩʪʝʤʘ I);  

- ʢʦʥʪʘʢʪʘʤʠ ʯʝʨʝʟ ʪʦʥʢʠʝ ʧʨʦʩʣʦʡʢʠ ʠʣʠ ʟʘʟʦʨʳ, ʢʦʛʜʘ ʨʝʘʣʠʟʫʝʪʩʷ ʪʫʥʥʝʣʴʥʳʡ 

ʤʝʭʘʥʠʟʤ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʩʠʩʪʝʤʘ II);  

- ʧʨʦʚʦʜʷʱʠʤʠ ʯʘʩʪʠʮʘʤʠ, ʨʘʟʜʝʣʝʥʥʳʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʦʩʣʦʡʢʘʤʠ 

ʪʦʣʱʠʥʦʡ ʙʦʣʝʝ 2 ʥʤ ʠ ʦʙʨʘʟʫʶʱʠʤʠ ʚʥʫʪʨʝʥʥʶʶ ʸʤʢʦʩʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 

ʧʨʦʚʦʜʥʠʢʘ (ʩʠʩʪʝʤʘ III).  

ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʧʨʦʚʦʜʷʱʠʭ ʯʘʩʪʠʮ ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ ʩʠʩʪʝʤ II 

ʠ III ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʩʠʩʪʝʤʳ I ʫʤʝʥʴʰʘʝʪʩʷ.  

ʊʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ 

ʚʳʩʦʢʦʦʯʠʱʝʥʥʦʛʦ ʧʘʨʘʬʠʥʘ ʇ-2 ʠ ʧʨʦʚʦʜʷʱʝʛʦ ʧʦʨʦʰʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʇ-803 ʩ 

ʚʳʙʨʘʥʥʦʡ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ ʫʜʝʣʴʥʦʡ ʦʙʲʝʤʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʟʘʢʣʶʯʘʣʘʩʴ ʚ 

ʩʣʝʜʫʶʱʝʤ.  

ɺ ʩʪʘʢʘʥʝ ʸʤʢʦʩʪʴʶ 300 ʤʣ ʠʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʩ 

ʧʦʜʦʛʨʝʚʦʤ ʧʨʦʚʦʜʠʣʦʩʴ ʩʤʝʰʠʚʘʥʠʝ ʧʘʨʘʬʠʥʘ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʫʛʣʝʨʦʜʦʤ. ɺ ʩʪʘʢʘʥ 

ʧʦʤʝʱʘʣʦʩʴ 150 ʛ ʧʘʨʘʬʠʥʘ ʇ2 ʠ ʧʦʩʣʝ ʧʣʘʚʣʝʥʠʷ ʧʘʨʘʬʠʥʘ ʚ ʩʪʘʢʘʥ ʧʦʤʝʱʘʣʩʷ ʤʘʛʥʠʪ 

ʦʪ ʤʝʰʘʣʢʠ, ʤʝʰʘʣʢʘ ʚʢʣʶʯʘʣʘʩʴ ʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʤʝʜʣʝʥʥʦʝ ʚʳʩʳʧʘʥʠʝ ʚ 

ʨʘʩʧʣʘʚʣʝʥʥʳʡ ʧʘʨʘʬʠʥ (ʟʘ ʚʨʝʤʷ ʧʦʨʷʜʢʘ 2-ʭ ʤʠʥʫʪ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʝ ʤʝʰʘʣʢʠ) 

ʥʘʚʝʩʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʤʘʩʩʦʡ 12 ʛ.  
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ʏʝʨʝʟ ʦʜʠʥ ʯʘʩ ʧʦʩʣʝ ʥʘʯʘʣʘ ʩʤʝʰʠʚʘʥʠʷ ʦʪʙʠʨʘʣʘʩʴ ʧʨʦʙʘ ʠ ʧʨʦʚʦʜʠʣʦʩʴ 

ʠʟʤʝʨʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʪʝʩʪʦʚʦʛʦ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʝʛʦ ʜʠʵʣʝʢʪʨʠʢʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʝʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʩʪʘʢʘʥ ʜʦʙʘʚʣʷʣʩʷ ʧʘʨʘʬʠʥ ʠʣʠ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʛʣʝʨʦʜ ʠ ʚʥʦʚʴ ʧʨʦʚʦʜʠʣʦʩʴ ʩʤʝʰʠʚʘʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʪʝʩʪʦʚʳʝ ʩʣʘʙʦ 

ʧʨʦʚʦʜʷʱʠʝ ʜʠʵʣʝʢʪʨʠʢʠ ʩ ʚʝʣʠʯʠʥʦʡ ʫʜʝʣʴʥʦʡ ʦʙʲʝʤʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʣʝʞʘʱʝʡ ʚ 
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ʇʨʠ ʵʪʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʩ ʫʢʘʟʘʥʥʳʤʠ 

ʚʝʣʠʯʠʥʘʤʠ ʫʜʝʣʴʥʦʡ ʦʙʲʝʤʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʦʜʝʣʴʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, 

ʧʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 2.2 ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʜʨʘʟʜʝʣʝ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʦʡ ʢʨʠʚʦʡ 

ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʦʙʨʘʟʮʳ, ʩʦʜʝʨʞʘʱʠʝ 6ï6,5 ʤʘʩʩʦʚʳʭ % ʫʛʣʝʨʦʜʘ. ʇʦʩʣʝ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʦʙʨʘʟʮʳ ʠʤʝʣʠ ʫʜʝʣʴʥʫʶ ʦʙʲʝʤʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʥʫʞʥʦʤ ʥʘʤ ʜʠʘʧʘʟʦʥʝ. 

2.3 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʥʳʭ ʩʣʘʙʦ 

ʧʨʦʚʦʜʷʱʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʜʠʦʤʘʪʝʨʠʘʣʦʚ  

ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʪʦʢ ʚʥʦʩʠʤʦʛʦ ʧʨʠ ʵʣʝʢʪʨʠʟʘʮʠʠ ʟʘʨʷʜʘ, ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʡ 

ʢʦʤʧʦʟʠʪʥʳʡ ʜʠʵʣʝʢʪʨʠʢ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʦʧʪʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ ʪʝʤʥʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʤʘʪʝʨʠʘʣ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʜʦʣʞʝʥ ʦʩʪʘʚʘʪʴʩʷ 

ʜʠʵʣʝʢʪʨʠʢʦʤ, ʥʝ ʜʦʧʫʩʢʘʶʱʠʤ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʘʨʘʟʠʪʥʳʭ ʪʦʢʦʚ ʫʪʝʯʢʠ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʙʳʩʪʨʦʡ ʨʝʣʘʢʩʘʮʠʠ ʦʙʲʸʤʥʳʭ 

ʟʘʨʷʜʦʚ ʠ ʠʩʢʣʶʯʝʥʠʷ ʧʨʦʙʦʡʥʳʭ ʷʚʣʝʥʠʡ. ɹʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʧʦ 

ʧʦʣʫʯʝʥʠʶ ʩʚʝʜʝʥʠʡ ʦʙ ʵʣʝʢʪʨʠʟʫʝʤʦʩʪʠ ʪʘʢʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʦʜʝʣʴʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʩʣʘʙʦ 

ʧʨʦʚʦʜʷʱʝʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʘʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ 

ʚʳʙʨʘʥ ʚʳʩʦʢʦʦʯʠʱʝʥʥʳʡ ʧʘʨʘʬʠʥ. ɺ ʧʘʨʘʬʠʥ ʜʦʙʘʚʣʷʣʠʩʴ ʧʨʦʚʦʜʷʱʠʝ ʯʘʩʪʠʮʳ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (ʩʘʞʠ) ʨʘʟʤʝʨʦʤ 10ï100 ʥʤ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʘʭ ʤʦʜʝʣʴʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 0 ʜʦ 11 ʤʘʩʩʦʚʳʭ %. 

ʆʙʨʘʟʝʮ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ 

ʧʣʦʩʢʠʡ ʢʦʥʜʝʥʩʘʪʦʨ ʩ ʦʭʨʘʥʥʳʤ ʢʦʣʴʮʦʤ (ʨʠʩʫʥʦʢ 2.1). ɼʠʘʤʝʪʨ ʚʝʨʭʥʝʡ ʦʙʢʣʘʜʢʠ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ï 60 ʤʤ, ʪʦʣʱʠʥʘ ʦʙʨʘʟʮʘ 1,5ï2 ʤʤ. ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʯʘʩʪʦʪʝ 

1ʄɻʮ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʶʩ 25 Áʉ. ʊʘʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʦʙʨʘʟʮʦʚ ʧʦʟʚʦʣʠʣʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʢʘʢ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʟʮʘ ʥʘ 

ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ, ʪʘʢ ʠ ʠʟʤʝʨʝʥʠʷ ʝʛʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʘ ʯʘʩʪʦʪʝ 1 ʄɻʮ. 
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ʈʠʩʫʥʦʢ 2.1 ʆʙʨʘʟʮʳ ʤʦʜʝʣʴʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʇʦʩʣʝʜʫʶʱʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʣʝʢʪʨʠʟʫʝʤʦʩʪʠ ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʠʟʫʝʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʢʦʚ ʧʦ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʥʘʤʠ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 2.7.1. 

ʀʟʤʝʨʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʤʦʜʝʣʴʥʦʛʦ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʩ ʨʘʟʥʳʤ ʧʨʦʮʝʥʪʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ 

ʧʨʦʚʦʜʠʣʦʩʴ ʢʦʩʚʝʥʥʳʤ ʤʝʪʦʜʦʤ, ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ ʯʝʨʝʟ ʦʙʨʘʟʝʮ ʧʨʠ ʧʦʤʦʱʠ 

ʵʣʝʢʪʨʦʤʝʪʨʘ ɺʂ2-16. 

ʀʟʤʝʨʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʠʪʝʣʷ 

ʠʤʤʠʪʘʥʩʘ ɺ7-20. 

ʅʘ ʨʠʩʫʥʢʝ 2.2 ʧʦʢʘʟʘʥʘ ʧʦʣʫʯʝʥʥʘʷ ʥʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʦʜʝʣʴʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʜʦʙʘʚʣʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ. ʇʨʠ ʚʚʝʜʝʥʠʠ ʜʦ 6 ʤʘʩʩʦʚʳʭ % ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ 

ʚ ʧʘʨʘʬʠʥ ʥʘʙʣʶʜʘʣʦʩʴ ʧʣʘʚʥʦʝ ʩʥʠʞʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ, ʘ ʚʳʰʝ ʵʪʦʛʦ 

ʟʥʘʯʝʥʠʷ ʧʘʜʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʙʳʩʪʨʷʣʦʩʴ. 

ɺ ʩʣʫʯʘʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʨʠʩʫʥʦʢ 2.3), ʥʘʦʙʦʨʦʪ, ʜʦ 

6 ʤʘʩʩʦʚʳʭ % ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʝʸ ʚʦʟʨʘʩʪʘʥʠʝ ʥʦʩʠʣʦ ʧʦʩʪʝʧʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʥʦ 

ʚʳʰʝ ʥʘʙʣʶʜʘʣʩʷ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʦʩʪ. 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʠʟʫʝʤʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʤʦʜʝʣʴʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʩ ʧʨʦʮʝʥʪʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʪ 4 ʜʦ 8 ʧʨʦʮʝʥʪʦʚ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ. ʆʥʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʙʣʫʯʝʥʠʶ ʤʦʥʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʦʪʦʢʦʤ 

ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 30 ʢʵɺ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʧʦʜʨʘʟʜʝʣʝ 2.7.1.  
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ʈʠʩʫʥʦʢ 2.2 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʤʦʜʝʣʴʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦʙʘʚʣʝʥʥʦʛʦ  

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ 

 

ʈʠʩʫʥʦʢ 2.3 ɿʘʚʠʩʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʦʤʧʦʟʠʪʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ  

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦʙʘʚʣʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ 
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ɺ ʦʙʨʘʟʮʘʭ ʠʟ ʚʳʩʦʢʦʯʠʩʪʦʛʦ ʧʘʨʘʬʠʥʘ ʙʝʟ ʜʦʙʘʚʦʢ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʫʞʝ ʢʦ 

ʚʪʦʨʦʡ ʤʠʥʫʪʝ ʥʘʙʣʶʜʘʣʠʩʴ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ ʠ ʧʨʦʠʩʭʦʜʠʣʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʷʩʥʦ ʨʘʟʣʠʯʠʤʳʭ ʜʨʝʚʦʚʠʜʥʳʭ ʬʠʛʫʨ ʃʠʭʪʝʥʙʝʨʛʘ.  

ɺ ʦʙʨʘʟʮʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʪʝʭʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ, ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦ ʢʨʘʷʤ ʦʙʨʘʟʮʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʨʘʟʮʳ ʤʦʜʝʣʴʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʥʝ ʧʦʜʚʝʨʞʝʥʳ 

ʵʣʝʢʪʨʠʟʘʮʠʠ, ʘ ʧʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʦʙʲʝʤʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʦʤʧʦʟʠʪʥʦʛʦ 

ʜʠʵʣʝʢʪʨʠʢʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʚʦʜʷʱʝʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʵʪʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʳʙʦʨʫ ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ.  

ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʚʠʪʴ ʧʨʠʯʠʥʳ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʦʩʪʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʦʜʝʣʴʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ. 

2.4 ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʝʛʦ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘʤʠ ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʦʜʝʣʴʥʦʛʦ 

ʜʠʵʣʝʢʪʨʠʢʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʧʦʥʠʞʝʥʥʦʡ ʵʣʝʢʪʨʠʟʫʝʤʦʩʪʴʶ, ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʦʢ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʦʜʝʣʴʥʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ ʧʘʨʘʬʠʥʘ ʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (ʩʘʞʠ) ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʢʦʤʧʦʟʠʪʘ ʚʦʟʨʘʩʪʘʝʪ ʚ 20 ʨʘʟ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʦʪ 0 

ʜʦ 10 ʤʘʩʩʦʚʳʭ %. ʊʘʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʝʣʴʟʷ ʙʳʣʦ 

ʦʙʲʷʩʥʠʪʴ ʤʦʜʝʣʴʶ ʧʦʣʷʨʠʟʘʮʠʠ ʜʠʵʣʝʢʪʨʠʢʦʚ ʄʘʢʩʚʝʣʣʘ-ɺʘʛʥʝʨʘ. ʇʦʪʨʝʙʦʚʘʣʦʩʴ 

ʩʦʟʜʘʥʠʝ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʷʚʣʝʥʠʷ. ʊʘʢʘʷ ʤʦʜʝʣʴ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʘʛʨʝʛʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʷʱʠʭ ʥʘʥʦʯʘʩʪʠʮ ʚ ʢʦʥʛʣʦʤʝʨʘʪʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʝʩʷʪʢʦʚ ʠ ʩʦʪʝʥ 

ʯʘʩʪʠʮ. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʜʝʣʴ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʦʣʦʞʝʥʠʠ ʦ ʪʦʤ, ʯʪʦ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ 

ʢʦʥʛʣʦʤʝʨʘʪʳ ʷʚʣʷʶʪʩʷ ʧʨʦʚʦʜʷʱʠʤʠ, ʢʘʢ ʠ ʩʘʤʠ ʥʘʥʦʯʘʩʪʠʮʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʢʦʥʛʣʦʤʝʨʘʪʳ ʯʘʩʪʠʮ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʘʢʨʦʜʠʧʦʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʘʥʦʤʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʵʪʦʡ ʤʦʜʝʣʠ ʤʳ ʦʧʠʨʘʣʠʩʴ ʥʘ ʫʞʝ ʠʟʚʝʩʪʥʳʝ ʤʦʜʝʣʠ ʠ ʨʘʙʦʪʳ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʠ ʧʨʠʢʣʘʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ [ɺʠʥʦʛʨʘʜʦʚ, 2001; ʃʘʥʜʘʫ, ʃʠʬʰʠʮ, ʇʠʪʘʝʚʩʢʠʡ, 1982; 

ʉʥʘʨʩʢʠʡ, ɹʝʟʩʫʜʥʦʚ, ʉʝʚʨʶʢʦʚ, 2007; ʌʝʜʶʥʠʥ ʠ ʜʨ., 2004; ʐʝʚʯʝʥʢʦ, 2010], 
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ʧʦʩʚʷʱʝʥʥʳʝ ʠʟʫʯʝʥʠʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʤʝʩʠ ʜʠʵʣʝʢʪʨʠʢʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʦʥʠʮʘʝʤʦʩʪʷʤʠ.  

ʈʘʩʩʤʦʪʨʠʤ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʦʤʧʦʟʠʪʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ (ʧʘʨʘʬʠʥʘ), ʥʘʧʦʣʥʝʥʥʦʡ ʧʨʦʚʦʜʷʱʠʤ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʤ ʧʦʨʦʰʢʦʤ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (ʩʘʞʠ) ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʙʲʝʤʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ c < 0,1.  

ʉʧʦʩʦʙ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʚʦʜʷʱʝʡ ʧʨʠʤʝʩʠ, ʠʤʝʶʱʝʡ ʬʦʨʤʫ ʵʣʣʠʧʩʦʠʜʦʚ ʩ ʭʘʦʪʠʯʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʥʝʰʥʝʛʦ ʦʜʥʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ E0 ʩ 

ʢʨʫʛʦʚʦʡ ʯʘʩʪʦʪʦʡ ɤ 

 ( ) { }000 ,0,0,exp Eti =w-Ö=¤ EEE , (2.3) 

ʟʜʝʩʴ i ï ʤʥʠʤʘʷ ʝʜʠʥʠʮʘ, ʘ t ï ʚʨʝʤʷ. 

ʅʘʣʠʯʠʝ ʧʨʦʚʦʜʷʱʝʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 

e1 ʠ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ůper ʚ ʥʝʧʨʦʚʦʜʷʱʝʡ ʩʨʝʜʝ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ e2 ʧʨʠʚʦʜʠʪ 

ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʦʪʣʠʯʠʶ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʘ ʦʪ ʩʣʫʯʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ 

ʯʠʩʪʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʧʨʦʚʦʜʷʱʠʭ ʩʚʦʡʩʪʚ ʧʨʠʤʝʩʠ.  

ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠʤʝʩʥʳʝ ʚʢʣʶʯʝʥʠʷ ʠʤʝʶʪ ʢʦʤʧʘʢʪʥʫʶ ʬʦʨʤʫ 

ʦʪʜʝʣʴʥʳʭ ʚʳʪʷʥʫʪʳʭ ʠʣʠ ʩʧʣʶʩʥʫʪʳʭ ʵʣʣʠʧʩʦʠʜʦʚ. 

ʈʘʥʝʝ ʚ ʨʘʙʦʪʝ [ʏʝʪʚʝʨʠʢʦʚ, ʉʤʠʨʥʦʚ, ɻʫʟʝʥʢʦʚʘ, 2013] ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ 

ʜʣʷ ʠʩʢʦʤʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ eeff : 

 2

12

21
2

2
3 eÖ

e+e

e-e
ÖÖ+e=e ceff . (2.4) 

ʕʪʦ ʨʘʚʝʥʩʪʚʦ ʩʦʚʧʘʜʘʝʪ ʩ ʬʦʨʤʫʣʦʡ (9.7) ʤʦʥʦʛʨʘʬʠʠ [ʃʘʥʜʘʫ, ʃʠʬʰʠʮ, 

ʇʠʪʘʝʚʩʢʠʡ, 1982], ʚ ʢʥʠʛʘʭ ʵʪʦ ʥʘʟʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ ɺʘʛʥʝʨʘ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ eeff 

ʤʝʪʦʜʦʤ ʫʩʨʝʜʥʝʥʠʷ ʚ ʜʨʫʛʦʤ ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ wĿt << 1 ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ: 

 22 3 eÖÖ+e=e ceff . (2.5) 

ɺ ʨʘʙʦʪʝ [ʏʝʪʚʝʨʠʢʦʚ, ʉʤʠʨʥʦʚ, ɻʫʟʝʥʢʦʚʘ, 2013] ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴ 

ʭʦʨʦʰʦ ʧʨʦʚʦʜʷʱʠʭ ʚʳʪʷʥʫʪʳʭ ʵʣʣʠʧʩʦʠʜʦʚ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ, ʝʩʣʠ ʧʨʠʤʝʩʠ 

ʠʤʝʶʪ ʬʦʨʤʫ ʵʣʣʠʧʩʦʠʜʘ ʚʨʘʱʝʥʠʷ ʩ ʧʦʣʫʦʩʷʤʠ a, b (a > b). ɺʝʣʠʯʠʥʘ b ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʨʝʜʥʝʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ [ʏʝʪʚʝʨʠʢʦʚ, ʉʤʠʨʥʦʚ, ɻʫʟʝʥʢʦʚʘ, 2013]: 
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, (2.6) 

ʛʜʝ ʚʝʣʠʯʠʥʘ n ʦʧʨʝʜʝʣʷʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʧʦʣʷʨʠʟʘʮʠʠ ʚʜʦʣʴ ʦʩʠ ʚʨʘʱʝʥʠʷ ʵʣʣʠʧʩʦʠʜʘ, 

ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʰʝʥʠʷ ʧʦʣʫʦʩʝʡ ʠ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʵʣʝʤʝʥʪʘʨʥʳʝ ʬʫʥʢʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʠʨʘ ʵʣʣʠʧʩʦʠʜʘ. 
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ɼʣʷ ʚʳʪʷʥʫʪʦʛʦ ʵʣʣʠʧʩʦʠʜʘ (ʚʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʙʦʣʴʰʦʡ ʦʩʠ) 
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ʜʣʷ ʩʧʣʶʩʥʫʪʦʛʦ ʵʣʣʠʧʩʦʠʜʘ (ʚʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʤʘʣʦʡ ʦʩʠ) 
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ɼʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʨʝʜʥʝʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ b, ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʘʤ (2.6)ï(2.8), 

ʦʙʱʠʤ ʩʚʦʡʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʦʩʪ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʚʝʣʠʯʠʥʳ ab , ʯʪʦ 

ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.4. ɽʩʣʠ ʧʦʚʪʦʨʠʪʴ ʚʳʚʦʜ ʬʦʨʤʫʣʳ (2.5), ʧʦʣʫʯʝʥʥʦʡ ʜʣʷ ʧʨʠʤʝʩʝʡ 

ʚ ʚʠʜʝ ʰʘʨʠʢʦʚ, ʜʣʷ ʩʣʫʯʘʷ ʵʣʣʠʧʩʦʠʜʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʪʦ ʧʦʣʫʯʠʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʬʦʨʤʫʣʫ 

 22 eÖbÖ+e=e ceff . (2.9) 

 

ʈʠʩʫʥʦʢ 2.4 ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʨʝʜʥʝʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ b ʦʪ ʦʪʥʦʰʝʥʠʷ ʦʩʝʡ 

ʧʨʦʚʦʜʷʱʠʭ ʵʣʣʠʧʩʦʠʜʦʚ: 1 ï ʩʧʣʶʩʥʫʪʳʭ ʠ 2 ï ʚʳʪʷʥʫʪʳʭ 

ʅʘʜʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ (2.9) ʷʚʣʷʝʪʩʷ ʩʢʦʨʝʝ ʦʜʥʠʤ ʠʟ 

ʚʦʟʤʦʞʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʥʝʞʝʣʠ ʩʪʨʦʛʦʡ 

ʬʦʨʤʫʣʦʡ. ʄʦʞʥʦ ʧʨʠʚʝʩʪʠ ʩʦʦʙʨʘʞʝʥʠʷ ʚ ʧʦʣʴʟʫ ʜʨʫʛʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

 ( )1

22 1
-
bÖ-Öe=e­eÖbÖ+e=e cc effeffeff .  (2.10) 
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ʇʨʠ ʤʘʣʳʭ bÖc  ʬʦʨʤʫʣʳ (2.9) ʠ (2.10) ʜʘʶʪ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳʝ ʟʥʘʯʝʥʠʷ, ʥʦ 

ʚʳʨʘʞʝʥʠʝ (2.10) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʧʨʠ -­-bÖ 01c , ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤ ʜʣʷ ʟʘʜʘʯ ʧʝʨʢʦʣʷʮʠʠ.  

ʇʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ (2.9) ʠ (2.10) ʜʘʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʦʤʧʦʟʠʪʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʦʣʥʠʪʝʣʷ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ 

ʢʘʨʪʠʥʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʦʣʫʯʝʥʠʶ ʢʦʤʧʦʟʠʪʦʚ, 

ʩʦʩʪʦʷʱʠʭ ʠʟ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ (ʧʘʨʘʬʠʥʘ), ʥʘʧʦʣʥʝʥʥʦʡ ʧʨʦʚʦʜʷʱʠʤ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʤ ʧʦʨʦʰʢʦʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (ʩʘʞʠ). ʇʨʠ ʵʪʦʤ ʚʳʙʠʨʘʣʠʩʴ 

ʢʦʤʧʦʟʠʪʳ ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʠʭ ʩʪʨʫʢʪʫʨʳ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʈʕʄ). 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʤʦʜʝʣʴʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʦʩʥʦʚʝ ʧʘʨʘʬʠʥʘ ʇ-2 ʠ ʧʨʦʚʦʜʷʱʝʛʦ ʧʦʨʦʰʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (ʩʘʞʠ) ʇ-803 ʩ 

ʟʘʜʘʥʥʦʡ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʪ 1 ʜʦ 10 % ʤʘʩʩ. ɺ ʩʪʘʢʘʥʝ ʸʤʢʦʩʪʴʶ 300 ʤʣ ʠʟ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʩ ʧʦʜʦʛʨʝʚʦʤ ʧʨʦʚʦʜʠʣʠ ʩʤʝʰʠʚʘʥʠʝ 

ʧʘʨʘʬʠʥʘ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʫʛʣʝʨʦʜʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 80 Áʉ. ɺ ʩʪʘʢʘʥ ʧʦʤʝʱʘʣʠ 20 ʛ 

ʧʘʨʘʬʠʥʘ ʇ2, ʧʦʩʣʝ ʝʛʦ ʨʘʩʧʣʘʚʣʝʥʠʷ ʚʢʣʶʯʘʣʠ ʤʝʰʘʣʢʫ ʠ ʧʨʦʠʟʚʦʜʠʣʠ ʤʝʜʣʝʥʥʦʝ 

ʚʚʝʜʝʥʠʝ ʥʘʚʝʩʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʥʝʦʙʭʦʜʠʤʦʡ ʤʘʩʩʳ (ʚʨʝʤʷ ʚʚʝʜʝʥʠʷ ʧʦʨʦʰʢʘ 30 

ʩʝʢʫʥʜ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʝ ʤʝʰʘʣʢʠ) ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʩʤʝʰʠʚʘʥʠʝ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ.  

ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʤ ʨʘʩʧʣʘʚʣʝʥʥʳʤ ʤʦʜʝʣʴʥʳʤ ʜʠʵʣʝʢʪʨʠʢʦʤ ʟʘʧʦʣʥʷʣʠ 

ʩʧʝʮʠʘʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʥʫʶ ʷʯʝʡʢʫ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʟʘʪʚʝʨʜʝʚʘʥʠʝ ʨʘʩʧʣʘʚʣʝʥʥʦʡ ʩʤʝʩʠ 

ʧʘʨʘʬʠʥʘ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʫʛʣʝʨʦʜʦʤ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʦʙʳʯʥʦʤ ʨʝʞʠʤʝ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ 

ʟʘʪʚʝʨʜʝʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʫʣʴʪʨʘʟʚʫʢʘ.  

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʟʥʘʯʝʥʠʝ ʸʤʢʦʩʪʠ ʷʯʝʡʢʠ, ʟʘʧʦʣʥʝʥʥʦʡ ʤʦʜʝʣʴʥʳʤ ʜʠʵʣʝʢʪʨʠʢʦʤ, 

ʧʦʩʣʝ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʤʦʜʝʣʴʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʷʯʝʡʢʫ ʧʦʜʢʣʶʯʘʣʠ ʢ ʠʟʤʝʨʠʪʝʣʶ 

ʠʤʤʠʪʘʥʩʘ ɺ7-20. ɿʘʪʝʤ ʚʳʯʠʩʣʷʣʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʢʘʞʜʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ.  

ʉʨʘʚʥʝʥʠʝ ʤʦʜʝʣʠ (2.9) ʩ ʜʘʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʫʚʝʣʠʯʝʥʠʠ çʚʳʪʷʥʫʪʦʩʪʠè ʠʣʠ çʩʧʣʶʩʥʫʪʦʩʪʠè ʯʘʩʪʠʮ ʧʨʦʚʦʜʷʱʠʭ 

ʧʨʠʤʝʩʝʡ ʩ ʨʦʩʪʦʤ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʟʚʦʣʷʝʪ çʦʙʲʷʩʥʠʪʴè ʨʦʩʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʦʤʧʦʟʠʪʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʝʡ. 

ʉʨʘʚʥʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʜʘʝʪ ʭʦʨʦʰʝʝ 

ʩʦʛʣʘʩʠʝ ʧʨʠ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʰʝʥʠʷ ʧʦʣʫʦʩʝʡ ʧʨʠʤʝʩʥʳʭ ʵʣʣʠʧʩʦʠʜʦʚ 

ʦʪ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʦʙʨʘʟʮʝ ʧʨʠ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ 

 mc
a

b
Öb-a= .  (2.11) 
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ʉʨʘʚʥʝʥʠʝ ʧʨʝʜʩʢʘʟʘʥʠʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (2.9), (2.11), ʧʨʝʜʧʦʣʘʛʘʶʱʝʡ ʨʦʩʪ 

çʚʳʪʷʥʫʪʦʩʪʠè ʠʣʠ çʩʧʣʶʩʥʫʪʦʩʪʠè ʯʘʩʪʠʮ ʧʨʦʚʦʜʷʱʠʭ ʧʨʠʤʝʩʝʡ ʩ ʨʦʩʪʦʤ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ, 

ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.5 (ʢʨʠʚʘʷ 1,2,3). 

ɺʩʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʥʘʯʠʤʳ ʩ ʫʨʦʚʥʝʤ ʥʘʜʝʞʥʦʩʪʠ 0,99, ʦ ʯʝʤ ʛʦʚʦʨʷʪ ʜʘʥʥʳʝ 

t-ʩʪʘʪʠʩʪʠʢʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ P-ʫʨʦʚʥʷ. ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʪʘʢʞʝ ʚʧʦʣʥʝ 

ʧʨʠʣʠʯʥʳʡ ʜʣʷ ʪʘʢʦʛʦ ʨʦʜʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʇʨʦʜʦʣʞʘʷ ʨʝʛʨʝʩʩʠʠ ʚ ʦʙʣʘʩʪʴ c = 0, 

ʧʦʣʫʯʠʤ, ʯʪʦ ʧʨʠ ʦʯʝʥʴ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʨʠʤʝʩʠ ʠʤʝʶʪ ʦʪʥʦʰʝʥʠʝ ʧʦʣʫʦʩʝʡ 0,07ï0,09 

ʧʨʠ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʚʳʪʷʥʫʪʦʩʪʠ, ʠ 0,03ï0,04 ʧʨʠ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʩʧʣʶʩʥʫʪʦʩʪʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 2.5 (ʢʨʠʚʘʷ 2,4) 

ʧʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʩʧʦʩʦʙʘ ʚʚʝʜʝʥʠʷ ʧʨʦʚʦʜʷʱʝʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʥʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʥʘʯʠʥʘʷ ʩ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ 5% 

ʤʘʩʩ. ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚ ʩʣʫʯʘʝ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʚ ʦʙʳʯʥʦʤ ʨʝʞʠʤʝ ʚ 1,5 

ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʟʘʪʚʝʨʜʝʚʘʥʠʠ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫʢʘ, ʘ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ 10% ʤʘʩʩ. ʧʦʯʪʠ ʚ 3 ʨʘʟʘ.  

 

ʈʠʩʫʥʦʢ 2.5 ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʯʝʪʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

(ʢʨʠʚʘʷ 1 ï ʤʦʜʝʣʴ ʚʳʪʷʥʫʪʳʭ ʵʣʣʠʧʩʦʠʜʦʚ); ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʦʡ (ʦʙʳʯʥʳʡ 

ʨʝʞʠʤ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ï ʢʨʠʚʘʷ 2); ʨʘʩʩʯʠʪʘʥʥʦʡ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʜʝʣʠ ʩʧʣʶʩʥʫʪʳʭ 

ʵʣʣʠʧʩʦʠʜʦʚ (ʢʨʠʚʘʷ 3); ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʦʡ (ʨʝʞʠʤ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʩ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫʢʘ ï ʢʨʠʚʘʷ 4) ʦʪ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʈʕʄ) ʥʘ ʬʦʨʤʫ 

ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʩʘʞʠ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʢʘʢ ʩʧʦʩʦʙ ʚʚʝʜʝʥʠʷ ʧʦʨʦʰʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ 
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ʫʛʣʝʨʦʜʘ ʚ ʨʘʩʧʣʘʚ ʧʘʨʘʬʠʥʘ, ʪʘʢ ʠ ʫʩʣʦʚʠʷ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʨʘʩʧʣʘʚʣʝʥʥʦʡ ʩʤʝʩʠ. ʅʘ 

ʨʠʩʫʥʢʘʭ 2.6 ʠ 2.7, ʜʘʥʥʳʭ ʈʕʄ, ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʝʛʨʝʛʘʮʠʡ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʩʘʞʠ ʧʨʠ ʚʚʝʜʝʥʠʠ ʝʛʦ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʤʘʪʨʠʮʫ (ʧʘʨʘʬʠʥ). 

ɼʘʥʥʳʝ ʈʕʄ ʧʦ ʫʩʣʦʚʠʷʤ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʤʦʜʝʣʴʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʘʭ 2.8, 2.9, ʛʜʝ ʨʝʞʠʤ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʤʦʜʝʣʴʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʦʙʳʯʥʳʡ ʠ ʩ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫʢʘ ʚ ʧʨʦʮʝʩʩʝ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺ ʩʣʫʯʘʝ ʦʙʳʯʥʦʛʦ ʨʝʞʠʤʘ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʬʦʨʤʘ ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʩʘʞʠ ʙʦʣʝʝ 

ʚʳʪʷʥʫʪʘʷ (ʨʠʩʫʥʦʢ 2.8). ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʫʣʴʪʨʘʟʚʫʢʘ ʚ ʧʨʦʮʝʩʩʝ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʬʦʨʤʘ 

ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʩʘʞʠ ʤʝʥʷʝʪʩʷ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ 

ʧʦ ʚʩʝʤʫ ʠʟʣʦʤʫ ʦʙʨʘʟʮʘ (ʨʠʩʫʥʦʢ 2.9).  

ʇʨʦʚʝʜʝʥʥʳʡ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ʈʕʄ) ʧʦʢʘʟʘʣ, ʯʪʦ ʚʚʝʜʝʥʥʳʝ 

ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ ʩʘʞʠ ʤʝʥʷʶʪ ʩʚʦʶ ʬʦʨʤʫ, ʫʚʝʣʠʯʝʥʠʝ çʚʳʪʷʥʫʪʦʩʪʠè ʠʣʠ 

çʩʧʣʶʩʥʫʪʦʩʪʠè ʯʘʩʪʠʮ ʧʨʦʚʦʜʷʱʠʭ ʧʨʠʤʝʩʝʡ ʩ ʨʦʩʪʦʤ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʟʚʦʣʷʝʪ 

çʦʙʲʷʩʥʠʪʴè ʨʦʩʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʦʤʧʦʟʠʪʘ (ʨʠʩʫʥʢʠ 2.6ï2.9), ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ. 

  

ʈʠʩʫʥʦʢ 2.6 ʇʦʨʦʰʦʢ ʩʘʞʠ ʈʠʩʫʥʦʢ 2.7 ʉʦʜʝʨʞʘʥʠʝ ʩʘʞʠ 9 ʤʘʩʩ. % 

  

ʈʠʩʫʥʦʢ 2.8 ʉʦʜʝʨʞʘʥʠʝ ʩʘʞʠ 9 % ʤʘʩʩ 

(ʦʙʳʯʥʳʡ ʨʝʞʠʤ ʟʘʪʚʝʨʜʝʚʘʥʠʷ) 

ʈʠʩʫʥʦʢ 2.9 ʉʦʜʝʨʞʘʥʠʝ ʩʘʞʠ 9 % ʤʘʩʩ 

(ʚʦʟʜʝʡʩʪʚʠʝ ʫʣʴʪʨʘʟʚʫʢʘ) 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʥʘʤʠ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʭʦʨʦʰʦ ʩʦʚʧʘʣʠ ʩ ʧʦʣʫʯʝʥʥʳʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ.  

ɺʳʷʚʣʝʥʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʚʚʝʜʝʥʥʳʝ ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ ʩʘʞʠ 

ʤʝʥʷʶʪ ʩʚʦʶ ʬʦʨʤʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʦʣʥʠʪʝʣʷ. ʇʨʠ ʵʪʦʤ ʫʚʝʣʠʯʝʥʠʝ 

çʚʳʪʷʥʫʪʦʩʪʠè ʠʣʠ çʩʧʣʶʩʥʫʪʦʩʪʠè ʯʘʩʪʠʮ ʧʨʦʚʦʜʷʱʠʭ ʧʨʠʤʝʩʝʡ ʩ ʨʦʩʪʦʤ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʟʚʦʣʷʝʪ çʦʙʲʷʩʥʠʪʴè ʨʦʩʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʦʤʧʦʟʠʪʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʪʦʪ ʬʘʢʪ, ʯʪʦ ʤʝʞʜʫ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʧʨʠ ʘʛʨʝʛʘʮʠʠ ʥʝ 

ʚʦʟʥʠʢʘʶʪ ʢʦʚʘʣʝʥʪʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ, ʘ ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʘʙʦʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʝ (ɺʘʥ 

ʜʝʨ ɺʘʘʣʴʩʦʚʦ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʥʘʤʝʯʘʝʪ ʧʫʪʴ ʚʦʟʤʦʞʥʦʛʦ ʩʥʠʞʝʥʠʷ ʵʬʬʝʢʪʘ 

ʘʥʦʤʘʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʜʝʡʩʪʚʠʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʤʠ ʚʦʣʥʘʤʠ ʥʘ ʟʘʩʪʳʚʘʶʱʠʡ ʨʘʩʧʣʘʚ ʢʦʤʧʦʟʠʪʘ. ʕʥʝʨʛʠʠ ʫʣʴʪʨʘʟʚʫʢʘ 

ʭʚʘʪʘʝʪ ʜʣʷ ʨʘʩʧʘʜʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʥʛʣʦʤʝʨʘʪʦʚ.  

ʀʪʦʛʦʤ ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʠʣʘʩʴ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʝʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ. 

ɺʳʧʦʣʥʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ 

ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʠ ʚʚʝʜʝʥʠʠ 

ʧʨʦʚʦʜʷʱʝʛʦ ʥʘʧʦʣʥʠʪʝʣʷ, ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʙʲʷʩʥʷʝʪ ʝʸ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʦʩʪ 

ʩʝʛʨʝʛʘʮʠʝʡ ʯʘʩʪʠʮ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ ʵʪʦʪ ʵʬʬʝʢʪ ʧʨʠʤʝʥʝʥʠʝʤ 

ʫʣʴʪʨʘʟʚʫʢʘ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʧʦʟʠʪʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ. ʇʦʩʣʝʜʥʠʡ ʤʦʤʝʥʪ 

ʚʘʞʝʥ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʦʙʣʘʜʘʶʱʝʛʦ ʧʦʥʠʞʝʥʥʦʡ ʵʣʝʢʪʨʠʟʫʝʤʦʩʪʴʶ.  

2.5 ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʟʘʨʷʞʝʥʠʷ ʩʣʘʙʦ 

ʧʨʦʚʦʜʷʱʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ  

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʵʪʘʧʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʩʣʘʙʦ 

ʧʨʦʚʦʜʷʱʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʨʘʜʠʘʮʠʦʥʥʦʡ ʵʣʝʢʪʨʠʟʘʮʠʠ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʨʠ ʢʦʤʧʴʶʪʝʨʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʵʣʝʢʪʨʠʟʘʮʠʠ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʘʤʳʝ ʧʨʦʩʪʳʝ ʤʦʜʝʣʠ ʟʘʨʷʞʝʥʠʷ ʠ ʩʪʦʢʘ ʟʘʨʷʜʘ, ʥʝ ʦʪʷʛʦʱʘʷ ʨʘʩʯʝʪʳ 

ʠʟʣʠʰʥʠʤʠ ʫʪʦʯʥʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʩʣʦʞʥʠʪʴ ʧʦʥʠʤʘʥʠʝ ʩʫʱʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

[ɸʙʨʘʤʝʰʠʥ, ɸʟʘʨʦʚ, ʇʦʞʠʜʘʝʚʘ, 2015a]. ʍʦʪʷ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʪʦʢʠ ʵʣʝʢʪʨʦʥʦʚ, 

ʧʦʧʘʜʘʶʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʜʠʵʣʝʢʪʨʠʢʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʠʟ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ 

ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʦʩʥʦʚʥʫʶ ʦʧʘʩʥʦʩʪʴ ʚ ʧʣʘʥʝ ʨʘʟʨʷʜʦʚ, ʠʤʝʶʪ ʵʥʝʨʛʠʠ ʚ ʜʠʘʧʘʟʦʥʝ 
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ʦʪ 100 ʢʵɺ ʜʦ 2 ʄʵɺ [ʅʦʚʠʢʦʚ ʠ ʜʨ., 1995], ʤʳ ʦʪʢʘʟʘʣʠʩʴ ʦʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʯʪʦ ʵʣʝʢʪʨʦʥʳ 

ʠʤʝʶʪ ʮʝʣʳʡ ʩʧʝʢʪʨ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ, ʠ ʧʨʠʥʷʣʠ, ʯʪʦ ʵʪʦ ʵʣʝʢʪʨʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ, 

ʧʦʧʘʜʘʶʱʝʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʜʠʵʣʝʢʪʨʠʢʘ, ʷʚʣʷʝʪʩʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʤ.  

ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʩʧʦʢʦʡʥʘʷ ʛʝʦʤʘʛʥʠʪʥʘʷ ʦʙʩʪʘʥʦʚʢʘ, ʢʦʛʜʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʦʪʦʢ ʵʣʝʢʪʨʦʥʦʚ 

ʧʦʩʪʦʷʥʝʥ ʚʦ ʚʨʝʤʝʥʠ ʢʘʢ ʚ ʪʝʯʝʥʠʝ ʧʨʦʭʦʞʜʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʡ ʩʫʙʙʫʨʠ, ʪʘʢ ʠ ʚ ʩʧʦʢʦʡʥʦʡ 

ʦʙʩʪʘʥʦʚʢʝ, ʭʦʪʷ ʚʝʣʠʯʠʥʳ ʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ, ʧʦʧʘʜʘʶʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʝʩʪʝʩʪʚʝʥʥʦ, ʙʫʜʫʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʪʴʩʷ. ʇʨʠʤʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [ʅʦʚʠʢʦʚ ʠ ʜʨ., 1995], ʯʪʦ ʚʝʣʠʯʠʥʘ 

ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʦʢʘ ʚ ʪʠʧʠʯʥʦʡ ʩʫʙʙʫʨʝ ʜʦʩʪʠʛʘʝʪ i0 = 10
-5
 AĿʤ

-2
. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʚʳʙʝʨʝʤ ʜʠʘʧʘʟʦʥ ʚʝʣʠʯʠʥ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʦʢʘ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 10
-5
ï10

-7
 AĿʤ

-2
. 

ɼʠʘʧʘʟʦʥ ʚʝʣʠʯʠʥ ʫʜʝʣʴʥʦʡ ʦʙʲʝʤʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʪ 

10
-14

 ʆʤ
-1
Ŀʤ

-1
 ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʨʦʚʦʜʷʱʠʭ ʧʦʣʠʤʝʨʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʜʦ 10

-5
 ʆʤ

-1
Ŀʤ

-1 
ʜʣʷ 

ʧʨʦʚʦʜʷʱʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʧʨʦʱʝʥʥʫʶ ʤʦʜʝʣʴ ʵʣʝʢʪʨʠʟʘʮʠʠ 

ʜʠʵʣʝʢʪʨʠʢʘ [ɸʙʨʘʤʝʰʠʥ, ɸʟʘʨʦʚ, ʇʦʞʠʜʘʝʚʘ, 2015b], ʥʘ ʢʦʪʦʨʳʡ ʚʦʟʜʝʡʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʳʡ 

ʚʦ ʚʨʝʤʝʥʠ ʪʦʢ ʵʣʝʢʪʨʦʥʦʚ i0, ʧʦʢʘʟʘʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 2.10.  

ɼʠʵʣʝʢʪʨʠʢ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʩʪʘʪʦʯʥʦ ʪʦʥʢʫʶ ʧʣʝʥʢʫ 

ʪʦʣʱʠʥʦʡ d, ʤ. ɺʳʙʝʨʝʤ ʜʣʷ ʨʘʩʯʝʪʦʚ ʪʠʧʠʯʥʫʶ ʪʦʣʱʠʥʫ ʜʠʵʣʝʢʪʨʠʢʘ 10
-3

 ʤ.  

ɼʚʘ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʷ, ʠʤʝʶʱʠʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ, ʠʤʝʶʪ 

ʤʝʩʪʦ ʧʨʠ ʵʣʝʢʪʨʠʟʘʮʠʠ ʜʠʵʣʝʢʪʨʠʢʘ. ʕʪʦ ʥʘʢʦʧʣʝʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ, 

ʧʨʦʠʩʭʦʜʷʱʝʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ, ʠ ʦʙʲʝʤʥʦʝ ʩʪʝʢʘʥʠʝ 

ʟʘʨʷʜʘ ʧʦ ʜʠʵʣʝʢʪʨʠʢʫ ʥʘ ʟʘʟʝʤʣʝʥʥʳʡ ʥʠʞʥʠʡ ʵʣʝʢʪʨʦʜ (ʨʠʩʫʥʦʢ 2.10).  

 

ʈʠʩʫʥʦʢ 2.10 ʄʦʜʝʣʴ ʵʣʝʢʪʨʠʟʘʮʠʠ ʜʠʵʣʝʢʪʨʠʢʘ:1 ï ʟʝʤʣʷ; 2 ï ʥʠʞʥʠʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ 

ʵʣʝʢʪʨʦʜ; 3 ï ʜʠʵʣʝʢʪʨʠʢ; 4 ï ʚʠʨʪʫʘʣʴʥʳʡ ʚʝʨʭʥʠʡ ʵʣʝʢʪʨʦʜ ʠʟ ʚʩʪʨʦʝʥʥʳʭ ʚ ʜʠʵʣʝʢʪʨʠʢ 

ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʳ 
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ɿʘʨʷʜʥʳʡ ʪʦʢ ʦʮʝʥʠʚʘʝʤ, ʢʘʢ i0. ʊʦʢ, ʩʪʝʢʘʶʱʠʡ ʧʦ ʦʙʲʝʤʫ ʜʠʵʣʝʢʪʨʠʢʘ, 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R (ʆʤ), ʙʫʜʝʪ ʨʘʚʝʥ: 

 
RC

q

R

V
ic

Ö
== ,  

ʛʜʝ V ï ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ (ʥʘʧʨʷʞʝʥʠʝ) ʤʝʞʜʫ ʚʠʨʪʫʘʣʴʥʳʤ ʵʣʝʢʪʨʦʜʦʤ, ʩʦʟʜʘʚʘʝʤʳʤ 

ʧʦʪʦʢʦʤ ʵʣʝʢʪʨʦʥʦʚ ʠ ʥʠʞʥʠʤ ʵʣʝʢʪʨʦʜʦʤ, ɺ; C ï ʸʤʢʦʩʪʴ ʜʠʵʣʝʢʪʨʠʢʘ, ū = ʩĿʆʤ
-1

; q ï 

ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʦʚ (ʂʣ), ʥʘʢʦʧʣʝʥʥʳʡ ʜʠʵʣʝʢʪʨʠʢʦʤ ʢʦ ʚʨʝʤʝʥʠ t, ʚʳʨʘʞʝʥʥʦʤ ʚ ʩ. 

ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ ʪʦʢ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʥʘʢʦʧʣʝʥʠʝ ʟʘʨʷʜʘ ʜʠʵʣʝʢʪʨʠʢʦʤ, ʨʘʚʝʥ 

ʨʘʟʥʦʩʪʠ i0 ʠ ic: 

 
RC

q
ii

dt

dq
i c

Ö
=-== 0 . 

ʈʝʰʘʷ ʧʦʣʫʯʝʥʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩ ʫʯʝʪʦʤ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʯʪʦ 

ʧʨʠ t = 0 q = 0, ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ: 

 t
qCRi

CRi
CR =

-0

0ln  (2.12) 

ʠʣʠ  

 ( )CRteCRiq --ÖÖ= 10 . (2.13) 

ɺʳʨʘʞʝʥʠʝ (2.13) ʜʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʢʘʧʣʠʚʘʝʤʦʛʦ ʟʘʨʷʜʘ ʦʪ ʚʨʝʤʝʥʠ 

ʵʣʝʢʪʨʠʟʘʮʠʠ. 

ʇʨʠ CRiqqt st Ö==¤­ 0 .  ɺʩʪʨʘʠʚʘʝʤʳʡ ʚ ʜʠʵʣʝʢʪʨʠʢ ʟʘʨʷʜ ʩʪʨʝʤʠʪʩʷ ʢ ʧʨʝʜʝʣʫ 
stq . 

ʈʘʩʯʝʪʳ ʟʘʨʷʞʝʥʠʷ ʜʠʵʣʝʢʪʨʠʢʘ ʧʦʪʦʢʦʤ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ ʩʠʤʚʦʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ Maxima 5.35.1. 

ʊʠʧʠʯʥʳʝ ʨʘʩʯʝʪʥʳʝ ʢʨʠʚʳʝ ʵʣʝʢʪʨʠʟʘʮʠʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.11 ʠ ʨʠʩʫʥʢʝ 2.12.  

ɺʠʜʥʦ, ʯʪʦ ʧʦʢʘ ʪʦʢ ʟʘʨʷʞʝʥʠʷ ʧʨʝʚʳʰʘʝʪ ʪʦʢ ʩʪʝʢʘʥʠʷ ʟʘʨʷʜʘ, ʧʨʦʠʩʭʦʜʠʪ 

ʟʘʨʷʞʝʥʠʝ ʜʠʵʣʝʢʪʨʠʢʘ ʠ ʚʝʣʠʯʠʥʘ ʩʪʘʪʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʚ ʜʠʵʣʝʢʪʨʠʢʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʆʜʥʘʢʦ ʩ ʨʦʩʪʦʤ ʟʘʨʷʜʘ ʚʦʟʨʘʩʪʘʝʪ ʥʘʧʨʷʞʝʥʠʝ ʠ ʚʦʟʨʘʩʪʘʝʪ ʪʦʢ ʩʪʝʢʘʥʠʷ ʟʘʨʷʜʘ. ʇʦʵʪʦʤʫ 

ʭʦʜ ʢʨʠʚʦʡ ʟʘʨʷʞʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʟʘʤʝʜʣʷʝʪʩʷ ʠ, ʢʦʛʜʘ ʪʦʢ ʩʪʝʢʘʥʠʷ ʟʘʨʷʜʘ ʩʪʘʥʦʚʠʪʩʷ 

ʨʘʚʥʳʤ ʪʦʢʫ ʟʘʨʷʞʝʥʠʷ, ʥʘʩʪʫʧʘʝʪ ʩʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ: 

 cii =0 . 

ʇʨʠ ʵʪʦʤ ʟʘʨʷʜ ʜʠʵʣʝʢʪʨʠʢʘ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʨʘʚʥʦʛʦ  

 CRiqst Ö=0 .  (2.14) 
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ʈʠʩʫʥʦʢ 2.11 ʂʨʠʚʳʝ ʟʘʨʷʞʝʥʠʷ ʜʠʵʣʝʢʪʨʠʢʘ ʧʦʪʦʢʦʤ ʵʣʝʢʪʨʦʥʦʚ ʩ ʟʘʨʷʜʥʳʤ ʪʦʢʦʤ 

i0 = 10
-5

 ɸĿʤ
-2
, ʪʦʣʱʠʥʘ ʜʠʵʣʝʢʪʨʠʢʘ d = 10

-3
 ʤ; ʫʜʝʣʴʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʢʘ 

g = 10
-10 
ʆʤ

-1
Ŀʤ

-1
 (ʢʨʠʚʘʷ 1) ʠ g = 10

-9 
ʆʤ

-1
Ŀʤ

-1
 (ʢʨʠʚʘʷ 2) 

 

ʈʠʩʫʥʦʢ 2.12 ʂʨʠʚʳʝ ʟʘʨʷʞʝʥʠʷ ʜʠʵʣʝʢʪʨʠʢʘ ʧʦʪʦʢʦʤ ʵʣʝʢʪʨʦʥʦʚ ʩ ʟʘʨʷʜʥʳʤ ʪʦʢʦʤ 

i0 = 10
-5

 ɸĿʤ
-2
; ʪʦʣʱʠʥʘ ʜʠʵʣʝʢʪʨʠʢʘ d = 10

-3
 ʤ; ʫʜʝʣʴʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʢʘ 

g = 10
-12 
ʆʤ

-1
Ŀʤ

-1
 (ʢʨʠʚʘʷ 1) ʠ g = 10

-11 
ʆʤ

-1
Ŀʤ

-1 
(ʢʨʠʚʘʷ 2) 
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ʉ ʫʯʝʪʦʤ (2.14) ʚʳʨʘʞʝʥʠʝ (2.12) ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʝ: 

 t
qq

q
CR

st

st =
-

ln ,  (2.15) 

ʘ ʚʳʨʘʞʝʥʠʝ (2.13) ʚ 

 ( )CRt

st eqq --Ö= 1 . (2.16) 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʸʤʢʦʩʪʴ ʚʳʯʠʩʣʷʣʘʩʴ ʧʦ ʚʳʨʘʞʝʥʠʶ: 

 
d

S
C ÖeÖe= 0 , (2.17) 

ʛʜʝ e0 = 8,85Ŀ10
-12

 ʌĿʤ
-1

 ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ; e ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʦʩʪʦʷʥʥʘʷ ʜʠʵʣʝʢʪʨʠʢʘ (ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ e = 3); d ï ʪʦʣʱʠʥʘ ʜʠʵʣʝʢʪʨʠʢʘ, ʤ; S ï 

ʦʙʣʫʯʘʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ (ʧʣʦʱʘʜʴ) ʜʠʵʣʝʢʪʨʠʢʘ, ʧʨʠʥʠʤʘʝʤʘʷ ʚ ʥʘʰʠʭ ʨʘʩʯʝʪʘʭ ʢʘʢ 1 ʤ
2
. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʜʠʵʣʝʢʪʨʠʢʘ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʧʦ ʬʦʨʤʫʣʝ: 

 
S

d
R

Ög
= . (2.18) 

ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ ʜʠʵʣʝʢʪʨʠʢʘ ʪʦʣʱʠʥʦʡ 10
-3

 ʤ ʩ ʮʝʣʴʶ 

ʫʪʦʯʥʝʥʠʷ ʫʩʣʦʚʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʠ ʜʠʘʧʘʟʦʥʘ ʫʚʝʣʠʯʝʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʩʪʦʢ ʟʘʨʷʜʘ ʙʝʟ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʘʟʨʷʜʦʚ. 

ʇʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʦʚ ʠ ʠʭ ʨʝʟʫʣʴʪʘʪʳ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 2.3. 

ʊʘʙʣʠʮʘ 2.3 ʈʘʩʯʝʪʳ ʟʘʨʷʞʝʥʠʷ ʜʠʵʣʝʢʪʨʠʢʘ ʪʦʣʱʠʥʦʡ 10
-3

 ʤ ʧʨʠ ʟʘʨʷʜʥʦʤ ʪʦʢʝ 

ʵʣʝʢʪʨʦʥʦʚ i0 = 10
-5 
ɸĿʤ

-2
 ʚ ʜʠʘʧʘʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʝʡ 10

-14
 ï 10

-9
 ʆʤ

-1
Ŀʤ

-1 

g
 10

ï9 
10
ï10

 10
ï11 

10
ï12 

10
ï13 

10
ï14 

C  2,66Ŀ10
ï8

 2,66Ŀ10
ï8

 2,66Ŀ10
ï8

 2,66Ŀ10
ï8

 2,66Ŀ10
ï8

 2,66Ŀ10
ï8

 

R  10
6 

10
7
 10

8 
10

9 
10

10 
10

11 

RC 2,66Ŀ10
ï2 

2,66Ŀ10
ï1

 2,66
 

2,66Ŀ10
1 

2,66Ŀ10
2 

2,66Ŀ10
3 

1/ RC 3,76Ŀ10
1 

3,76Ŀ10
2
 3,76Ŀ10

3 
3,76Ŀ10

4 
3,76Ŀ10

5 
3,76Ŀ10

6 

stq  2,66Ŀ10
ï7 

2,66Ŀ10
ï6

 2,66Ŀ10
ï5 

2,66Ŀ10
ï4 

2,66Ŀ10
ï3 

2,66Ŀ10
ï2 

stE
 10

4
 10

5
 10

6 
10

7
 10

8 
10

9 

stV
 10

1 
10

2 
10

3 
10

4 
10

5 
10

6 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 2.3, ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʢʘ ʥʘ ʧʦʨʷʜʦʢ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʥʘ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥʳ ʝʛʦ ʟʘʨʷʜʘ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʪ 10
-13

 ʆʤ
-1
Ŀʤ

-1
 ʜʦ 10

-9
 ʆʤ

-1
Ŀʤ

-1
 ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʟʘʨʷʜʘ ʜʠʵʣʝʢʪʨʠʢʘ ʥʘ ʯʝʪʳʨʝ ʧʦʨʷʜʢʘ: ʦʪ 2,66Ŀ10
-3

 ʂʣ ʜʦ 2,66Ŀ10
-7

 ʂʣ.  

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʨʠʚʳʝ ʟʘʨʷʞʝʥʠʷ ʚ ʧʦʣʫʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 2.13.  

ʄʳ ʚʠʜʠʤ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʫʶ ʫʜʝʣʴʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠʤʝʝʪ ʜʠʵʣʝʢʪʨʠʢ, ʪʝʤ 

ʤʝʥʴʰʝ ʠ ʤʝʜʣʝʥʥʝʝ ʦʥ ʵʣʝʢʪʨʠʟʫʝʪʩʷ, ʪ.ʝ. ʥʘʢʦʧʣʝʥʠʝ ʟʘʨʷʜʘ ʠʜʸʪ ʤʝʜʣʝʥʥʝʝ, ʘ ʢʦʛʜʘ 

ʟʘʨʷʞʝʥʠʝ ʜʦʩʪʠʛʘʝʪ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʟʘʨʷʜ ʩʪʘʥʦʚʠʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ, ʪʦ ʧʦ 

ʩʚʦʝʡ ʚʝʣʠʯʠʥʝ ʦʥ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ. 

 

ʈʠʩʫʥʦʢ 2.13 ʂʨʠʚʳʝ ʟʘʨʷʞʝʥʠʷ ʜʠʵʣʝʢʪʨʠʢʘ ʧʦʪʦʢʦʤ ʵʣʝʢʪʨʦʥʦʚ ʩ ʟʘʨʷʜʥʳʤ ʪʦʢʦʤ 

i0 = 10
-5

 ɸĿʤ
-2
; ʪʦʣʱʠʥʘ ʜʠʵʣʝʢʪʨʠʢʘ d = 10

-3
 ʤ; ʫʜʝʣʴʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʢʘ 

g = 10
-12 
ʆʤ

-1
Ŀʤ

-1
 (ʢʨʠʚʘʷ 1), g = 10

-11 
ʆʤ

-1
Ŀʤ

-1
 (ʢʨʠʚʘʷ 2), g = 10

-10 
ʆʤ

-1
Ŀʤ

-1
 (ʢʨʠʚʘʷ 3) 

ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ [ɸʙʨʘʤʝʰʠʥ, ɹʝʣʠʢ, ʉʘʝʥʢʦ, 2012], ʯʪʦ ʚʝʣʠʯʠʥʘ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʠʥʠʮʠʠʨʫʝʪʩʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʨʘʟʨʷʜ, ʚ ʩʣʫʯʘʝ 

ʙʝʩʢʦʥʝʯʥʦ ʧʨʦʪʷʞʝʥʥʦʡ ʟʘʨʷʞʝʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 2Ŀ10
7
 ɺ/ʤ. ʈʘʩʯʝʪ ʧʦ ʚʳʨʘʞʝʥʠʶ 

(2.19) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʪʘ ʚʝʣʠʯʠʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʟʘʨʷʜʫ, ʥʘʢʦʧʣʝʥʥʦʤʫ ʧʨʠ 

ʵʣʝʢʪʨʠʟʘʮʠʠ qʢʨ = 5,31Ŀ10
-4
 ʂʣ. ʅʘ ʨʠʩʫʥʢʝ 2.13 ʵʪʦʪ ʫʨʦʚʝʥʴ ʦʙʦʟʥʘʯʝʥ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ. 

ʄʳ ʚʠʜʠʤ, ʯʪʦ ʦʙʳʯʥʳʝ ʜʠʵʣʝʢʪʨʠʢʠ ʩ ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ 10
-14
ï10

-13
 ʆʤ

-1
Ŀʤ

-1
 ʧʨʠ 

ʵʣʝʢʪʨʠʟʘʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʜʦʩʪʠʛʘʶʪ ʵʪʦʛʦ ʫʨʦʚʥʷ, ʧʦʩʣʝ ʯʝʛʦ ʜʦʣʞʝʥ ʧʨʦʠʩʭʦʜʠʪʴ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʨʘʟʨʷʜ. ʇʦ ʫʢʘʟʘʥʥʦʡ ʧʨʠʯʠʥʝ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʢʨʠʚʳʝ ʟʘʨʷʞʝʥʠʷ 

ʨʠʩʫʥʢʝ 2.13 ʜʦʣʞʥʳ ʙʫʜʫʪ ʚʳʛʣʷʜʝʪʴ, ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ 2.14. 
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ʈʠʩʫʥʦʢ 2.14 ʂʨʠʚʳʝ ʟʘʨʷʞʝʥʠʷ ʜʠʵʣʝʢʪʨʠʢʘ ʧʦʪʦʢʦʤ ʵʣʝʢʪʨʦʥʦʚ ʩ ʟʘʨʷʜʥʳʤ ʪʦʢʦʤ 

i0 = 10
-5

 ɸĿʤ
-2
; ʪʦʣʱʠʥʘ ʜʠʵʣʝʢʪʨʠʢʘ d = 10

-3
 ʤ; ʫʜʝʣʴʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʢʘ 

g = 10
-12 
ʆʤ

-1
Ŀʤ

-1
 (ʢʨʠʚʘʷ 1), g = 10

-11 
ʆʤ

-1
Ŀʤ

-1
 (ʢʨʠʚʘʷ 2), g = 10

-10 
ʆʤ

-1
Ŀʤ

-1
 (ʢʨʠʚʘʷ 3). 

ʇʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥ ʫʨʦʚʝʥʴ ʟʘʨʷʜʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʩʪʫʧʘʝʪ ʨʘʟʨʷʜ 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʧʦʩʤʦʪʨʝʪʴ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʚ ʜʠʵʣʝʢʪʨʠʢʝ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʠʟʘʮʠʠ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʦʧʠʩʳʚʘʶʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

 ( )RCte
S

i

S

q
E --

g
=

ee
=
ee

s
= 10

00

 , (2.19) 

ʛʜʝ 
S

q
=s  ï ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ, ʂʣĿʤ

-2
. 

ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʠ ʵʣʝʢʪʨʠʟʘʮʠʠ 

ʜʠʵʣʝʢʪʨʠʢʘ ʚʠʜʝʥ ʠʟ ʨʠʩʫʥʢʘ 2.15. 

ʂʘʢ ʠ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʠʟ ʚʳʨʘʞʝʥʠʷ (2.19), ʭʦʜ ʢʨʠʚʦʡ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʸʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʠʟʘʮʠʠ ʘʥʘʣʦʛʠʯʝʥ ʭʦʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʨʠʚʦʡ 

ʟʘʨʷʞʝʥʠʷ. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʨʘʩʪʝʪ ʩʦ ʚʨʝʤʝʥʝʤ ʠ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʨʠʪʠʯʝʩʢʦʡ 

ʚʝʣʠʯʠʥʳ 2Ŀ10
7
 ɺ/ʤ ʧʨʦʠʩʭʦʜʠʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʨʘʟʨʷʜ.  

ʉ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ (2.19) ʣʝʛʢʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ 

(ʥʘʧʨʷʞʝʥʠʝ) ʤʝʞʜʫ ʚʠʨʪʫʘʣʴʥʳʤ ʵʣʝʢʪʨʦʜʦʤ, ʩʦʟʜʘʚʘʝʤʳʤ ʧʦʪʦʢʦʤ ʵʣʝʢʪʨʦʥʦʚ, ʠ 

ʥʠʞʥʠʤ ʵʣʝʢʪʨʦʜʦʤ, ʢʦʪʦʨʘʷ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ: 

 dEV Ö=  (ɺ). (2.20) 
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ʈʠʩʫʥʦʢ 2.15 ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʜʠʵʣʝʢʪʨʠʢʘ ʦʪ 

ʚʨʝʤʝʥʠ ʧʨʠ ʝʛʦ ʵʣʝʢʪʨʠʟʘʮʠʠ. ʋʩʣʦʚʠʷ ʵʣʝʢʪʨʠʟʘʮʠʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʵʣʝʢʪʨʠʢʘ ʢʘʢ 

ʥʘ ʨʠʩʫʥʢʝ 2.14. ʇʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʩʪʫʧʘʝʪ ʨʘʟʨʷʜ 

ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʥʠʤʘʝʪ ʥʝ 

ʪʦʣʴʢʦ ʟʘʨʷʜ, ʥʦ ʪʘʢʞʝ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ 

(ʥʘʧʨʷʞʝʥʠʝ). ɺ ʪʘʙʣʠʮʝ 2.3 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ Vst ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʦʩʪʦʷʥʠʠ ʜʣʷ ʜʠʵʣʝʢʪʨʠʢʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. 

ʇʨʠ ʦʮʝʥʢʝ ʪʦʛʦ, ʢʘʢ ʚʣʠʷʝʪ ʫʜʝʣʴʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʢʘ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ, ʥʘʩ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʠʥʪʝʨʝʩʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ 

ʚʝʣʠʯʠʥʳ ʟʘʨʷʜʘ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʪ ʟʥʘʯʝʥʠʷ ʵʪʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ ʣʝʛʢʦ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ 

(2.14), (2.17) ʠ (2.18): 

 
g
ÖeÖe== 0

00

i
CRiqst . (2.21) 

ɺ ʜʚʦʡʥʳʭ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʟʘʚʠʩʠʤʦʩʪʴ (2.21) ʧʨʠʦʙʨʝʪʘʝʪ 

ʣʠʥʝʡʥʳʡ ʚʠʜ: 

 g-ÖeÖe= lnlnln 00 iqst . (2.22) 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ 

ʠʟ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.16. 

ʇʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʘ ʚʝʣʠʯʠʥʘ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʟʘʨʷʜʘ  

(qʢʨ = 5,31Ŀ10
-4

 ʂʣ), ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʥʠʢʘʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʨʘʟʨʷʜ. ʄʳ ʚʠʜʠʤ, ʯʪʦ ʚ 

ʫʩʣʦʚʠʷʭ ʩʫʙʙʫʨʠ, ʢʦʛʜʘ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ ʜʦʩʪʠʛʘʝʪ 
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ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ i0 = 10
-5

 ɸĿʤ
-2
, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ ʤʦʛʫʪ ʠʤʝʪʴ 

ʤʝʩʪʦ ʜʘʞʝ ʧʨʠ ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʢʘ  g = 10
-11

 ʆʤ
-1
Ŀʤ

-1
.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʩʣʫʯʘʝ ʜʠʵʣʝʢʪʨʠʢʦʚ ʩ ʥʠʟʢʦʡ ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ  

g = 10
-14 
ʆʤ

-1
Ŀʤ

-1
,
 
ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʜʘʞʝ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʚʳʩʦʢʠʭ ʧʣʦʪʥʦʩʪʷʭ ʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʤʘʛʥʠʪʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ ʧʦʨʷʜʢʘ i0 = 10
-5

 ɸĿʤ
2 

(ʩʤ. ʢʨʠʚʫʶ 3). 

 

ʈʠʩʫʥʦʢ 2.16 ɿʘʚʠʩʠʤʦʩʪʴ qst(g) ʚ ʜʚʦʡʥʳʭ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʜʣʷ ʧʣʦʪʥʦʩʪʝʡ 

ʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ: 1 ï i0 = 10
-5

 ɸĿʤ
-2

; 2 ï i0 = 10
-6
 ɸĿ ʤ

-2
; 3 ï i0 = 10

-7
 ɸĿ ʤ

-2
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʫʧʨʦʱʝʥʥʘʷ ʤʦʜʝʣʴ ʵʣʝʢʪʨʠʟʘʮʠʠ ʩʣʘʙʦ 

ʧʨʦʚʦʜʷʱʠʭ ʢʦʤʧʦʟʠʪʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ, ʧʨʝʜʧʦʣʘʛʘʶʱʘʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʦʧʘʜʘʶʱʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʜʠʵʣʝʢʪʨʠʢʘ, ʠ ʧʦʩʪʦʷʥʥʫʶ ʚʦ 

ʚʨʝʤʝʥʠ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʠʟʘʮʠʠ ʜʠʵʣʝʢʪʨʠʢʦʚ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʫʜʝʣʴʥʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ 10
-9
ï10

-10
 ʆʤ

-1
Ŀʤ

-1 
ʜʦʣʞʥʦ ʙʳʪʴ ʚʳʩʦʢʦ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʚ 

ʧʨʠʥʮʠʧʝ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ çʙʝʟʨʘʟʨʷʜʥʳʭè ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ. ʅʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʦʚʦʜʠʤʦʩʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʦʜʦʙʥʳʭ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʫ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʟʘ ʩʯʝʪ ʛʘʟʦʚʳʜʝʣʝʥʠʷ 

ʚ ʚʘʢʫʫʤ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 



88 

 

2.6 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʠʟʫʝʤʦʩʪʠ ʤʦʜʝʣʴʥʳʭ ʩʣʘʙʦ 

ʧʨʦʚʦʜʷʱʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ  

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʳʚʦʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʵʣʝʢʪʨʠʟʘʮʠʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʝʛʦ ʤʦʜʝʣʴʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʩ ʟʘʜʘʚʘʝʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʫʜʝʣʴʥʦʡ ʦʙʲʝʤʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ.  

2.6.1 ʄʝʪʦʜʠʢʘ ʠ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʠʟʫʝʤʦʩʪʠ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ 

ʜʠʵʣʝʢʪʨʠʢʦʚ 

ɿʘʜʘʯʘ ʩʦʩʪʦʷʣʘ ʚ ʚʳʧʦʣʥʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʠʤʠʪʠʨʫʶʱʠʭ 

ʵʣʝʢʪʨʠʟʘʮʠʶ ʧʦʣʠʤʝʨʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʢʦʩʤʠʯʝʩʢʦʡ 

ʧʣʘʟʤʳ [Tyutnev et al., 2013]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʦʡ ʥʘʤʠ ʤʦʜʝʣʴʶ ʵʣʝʢʪʨʠʟʘʮʠʠ 

ʚʝʨʭʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʜʠʵʣʝʢʪʨʠʢʘ ʜʦʣʞʥʘ ʧʦʜʚʝʨʛʘʪʴʩʷ ʦʙʣʫʯʝʥʠʶ ʵʣʝʢʪʨʦʥʘʤʠ, ʘ ʥʠʞʥʷʷ 

ʠʤʝʪʴ ʟʘʟʝʤʣʝʥʥʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʩʣʦʡ. ʅʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʚʫʭ 

ʦʩʥʦʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʦʩʪʘʥʦʚʢʠ ʪʘʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʦʙʣʫʯʝʥʠʶ 

ʤʦʥʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʩ ʵʥʝʨʛʠʝʡ 20-40 ʢʵɺ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʦʣʠʤʝʨʥʘʷ ʧʣʝʥʢʘ 

ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʦʪʩʫʪʩʪʚʫʶʪ ʨʷʜʦʤ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʟʘʟʝʤʣʝʥʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʵʣʝʤʝʥʪʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʧʨʦʙʦʷ ʚ ʜʚʦʡʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʩʣʦʝ ʥʘ ʦʪʢʨʳʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʘ ʥʝʚʦʟʤʦʞʥʦ. ɺʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ, ʢʦʛʜʘ ʥʘ ʦʪʢʨʳʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʭʦʜʠʪʩʷ ʢʦʣʴʮʝʚʘʷ ʟʘʟʝʤʣʝʥʥʘʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʤʘʩʢʘ ʚ ʟʦʥʝ ʦʙʣʫʯʝʥʠʷ ʠʣʠ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʥʝʝ, ʨʘʟʨʷʜʳ ʣʝʛʢʦ ʠʥʠʮʠʠʨʫʶʪʩʷ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʠʩʢʨʦʚʦʡ ʩʢʦʣʴʟʷʱʠʡ ʨʘʟʨʷʜ. ʇʦʜʨʦʙʥʦ ʫʧʦʤʷʥʫʪʳʝ ʚʳʰʝ ʚʘʨʠʘʥʪʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ 

ʨʘʟʜʝʣʝ 5.1.1. 

ʀʥʪʝʥʩʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʫʯʢʦʚ ʤʦʥʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ ʚ 

ʠʥʪʝʨʚʘʣʝ 20ī50 ʢʵɺ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʞʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚ ʥʠʭ ʥʘʯʘʣʦʩʴ ʩ ʩʝʨʝʜʠʥʳ 1970-ʭ ʛʦʜʦʚ, ʚ ʦʩʥʦʚʥʦʤ 

ʪʨʫʜʘʤʠ ɻʨʦʩʩʘ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʠ ʜʨ. [ɹʦʝʚ, ʋʰʘʢʦʚ, 1991; ʊʶʪʥʝʚ ʠ ʜʨ., 1985; Gross, Dow, 

Nablo, 1973; Gross, Sessler, West, 1974]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʫʯʢʦʚ ʤʦʥʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʵʣʝʢʪʨʦʥʦʚ ʧʨʠʤʝʥʷʣʠ ʵʣʝʢʪʨʦʥʥʳʝ ʧʫʰʢʠ, ʦʙʣʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʚʘʢʫʫʤʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʚ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʫʭʩʪʦʨʦʥʥʝ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʝ ʧʣʝʥʢʠ 

ʧʦʣʠʤʝʨʦʚ ʠ ʠʟʤʝʨʷʣʠ ʪʦʢʠ, ʩʪʝʢʘʶʱʠʝ ʩ ʧʝʨʝʜʥʝʛʦ (ʦʙʣʫʯʘʝʤʦʛʦ) ʠ ʪʳʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʦʚ (ʚ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʦʙʝʛ ʵʣʝʢʪʨʦʥʦʚ ʙʳʣ ʤʝʥʴʰʝ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ, ʤʝʪʦʜ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ 

ʨʘʩʱʝʧʣʝʥʥʦʛʦ ʮʠʣʠʥʜʨʘ ʌʘʨʘʜʝʷ). ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ 

ʨʘʜʠʘʮʠʦʥʥʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ (ʈʕ) ʧʦʣʠʤʝʨʦʚ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ ʚ ʦʙʲʝʤʝ 
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ʧʦʣʠʤʝʨʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʪʦʣʩʪʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʪʝʢʣʝ ʧʨʠ ʝʛʦ ʦʙʣʫʯʝʥʠʠ ʵʣʝʢʪʨʦʥʘʤʠ ʩ 

ʵʥʝʨʛʠʝʡ ʧʦʨʷʜʢʘ 2 ʄʵɺ ʜʦʩʪʠʛʘʣʠʩʴ ʧʨʦʙʦʡʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʣʷ (5ī7) ʄɺ/ʩʤ ʠ ʥʘʙʣʶʜʘʣʩʷ 

ʦʙʲʝʤʥʳʡ ʧʨʦʙʦʡ ʥʘ ʦʜʠʥ ʠʟ ʵʣʝʢʪʨʦʜʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʝʨʝʚʘ ʧʨʦʙʦʷ (ʬʠʛʫʨ 

ʃʠʭʪʝʥʙʝʨʛʘ). 

ʆʜʥʘʢʦ ʫʞʝ ʚ ʥʘʯʘʣʝ 1980-ʭ ʛʦʜʦʚ ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʤʝʩʪʠʣʩʷ ʥʘ 

ʠʟʫʯʝʥʠʝ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ (ʕʉʈ) ʧʨʠ ʦʙʣʫʯʝʥʠʠ 

ʦʜʥʦʩʪʦʨʦʥʥʝ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ, ʦʙʣʫʯʘʝʤʳʭ 

ʤʦʥʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʩ ʵʥʝʨʛʠʝʡ 20ï30 ʢʵɺ ʩʦ ʩʪʦʨʦʥʳ ʦʪʢʨʳʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʪʳʣʴʥʳʡ ʵʣʝʢʪʨʦʜ ʟʘʟʝʤʣʷʣʩʷ) [Spacecraft Charging Technology Conf., 1979]. 

ʊʘʢʦʝ ʩʤʝʱʝʥʠʝ ʘʢʮʝʥʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʢʪʦʚʘʣʦʩʴ ʟʘʧʨʦʩʘʤʠ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ. 

ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ ʧʨʦʠʩʭʦʜʠʪ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʟʘʨʷʜʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʘʙʣʶʜʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʘʟʨʷʜʳ, 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʙʦʶ ʘʧʧʘʨʘʪʫʨʳ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠ ʚʳʭʦʜʫ ʚʩʝʛʦ ʂɸ ʠʟ ʩʪʨʦʷ. ʇʨʠʯʠʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʟʘʨʷʜʢʠ ʩʣʫʞʘʪ ʧʦʪʦʢʠ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 1ï100 ʢʵɺ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʤʦʤʝʥʪ ʤʘʛʥʠʪʥʦʡ ʩʫʙʙʫʨʠ ʠ ʜʦʩʪʠʛʘʶʱʠʝ ʟʥʘʯʝʥʠʡ ʧʦʨʷʜʢʘ 10
-5

 ɸĿʤ
-2
 

ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ ʧʦʨʷʜʢʘ 20 ʢʵɺ [Maulenberg Jr., 1976]. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʦ ʚʳʷʩʥʝʥʠʝ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʕʉʈ 

ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʝʨʛʠʠ ʵʪʠʭ ʨʘʟʨʷʜʦʚ ʦʪ ʫʩʣʦʚʠʡ ʦʙʣʫʯʝʥʠʷ (ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʦʚ, 

ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ, ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʋʌ-ʩʚʝʪʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʩʪʝʧʝʥʴ ʚʘʢʫʫʤʘ). 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʕʉʈ ʦʧʨʝʜʝʣʝʥʥʦ ʤʦʛʫʪ ʙʳʪʴ ʜʚʫʭ ʪʠʧʦʚ: ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʦʙʲʝʤʥʦʤ ʧʨʦʙʦʝ ʧʦʣʠʤʝʨʘ ʥʘ ʧʦʜʣʦʞʢʫ (ʕʉʈ-ʆʇ) ʠ ʧʨʠ ʩʢʦʣʴʟʷʱʝʤ ʧʨʦʙʦʝ ʚʜʦʣʴ 

ʦʪʢʨʳʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʘ ʥʘ ʙʣʠʞʘʡʰʠʡ ʟʘʟʝʤʣʝʥʥʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʦʙʲʝʢʪ 

(ʕʉʈ-ʉʇ), ʙʫʜʴ ʵʪʦ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʧʦʣʠʤʝʨʘ ʠ ʤʝʪʘʣʣʘ ʠʣʠ ʢʦʥʩʪʨʫʢʮʠʷ ʚʘʢʫʫʤʥʦʡ 

ʢʘʤʝʨʳ. ʆʙʘ ʵʪʠ ʚʠʜʘ ʨʘʟʨʷʜʦʚ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʠʟ ʬʠʟʠʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʦʙʦʷ 

ʪʚʝʨʜʳʭ, ʞʠʜʢʠʭ ʠʣʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ. 

ʆʜʥʘʢʦ ʚ ʭʦʜʝ ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʢʦʨʠʪʝʣʝʡ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʝʱʝ ʦʜʥʦʛʦ, ʜʦʩʪʘʪʦʯʥʦ 

ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʚʠʜʘ ʕʉʈ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʦʡʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ ʥʘ 

ʦʙʣʫʯʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʣʫʯʠʚʰʝʛʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʘʟʚʘʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦ-ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʨʦʙʦʷ (ʈʕʇ) [ʗʛʫʰʢʠʥ ʠ ʜʨ., 1989; ʗʛʫʰʢʠʥ, ʉʝʨʛʝʝʚ, ɻʦʩʪʠʱʝʚ, 2007; Maulenberg Jr., 

1976]. ɺʦʧʨʦʩ ʦ ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʜʘʞʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʠʟʘʮʠʠ 

ʦʜʥʦʩʪʦʨʦʥʥʝ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ ʥʝ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʥʳʤ [Tyutnev et al., 

1994; Tyutnev et al., 1997]. ʊʝʤ ʙʦʣʝʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʚ 

ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ.  



90 

 

ʅʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʵʣʝʢʪʨʠʟʘʮʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʠʭ ʦʙʣʫʯʝʥʠʷ 

ʤʦʥʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʵʣʝʢʪʨʦʥʘʤʠ ʩ ʵʥʝʨʛʠʷʤʠ ʦʪ 10 ʜʦ 50 ʢʵɺ ʠ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʦʪʦʢʘ ʦʪ 10
-6
 ʜʦ 10

-3
 ɸĿʤ

-2
. ʆʥʘ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ ʨʘʟʜʝʣʝ 5.1.2.  

ʆʙʣʫʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʚʘʢʫʫʤʝ. ɺʘʢʫʫʤ ʚ 

ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 2Ŀ10
-5

 ʤʤ ʨʪ.ʩʪ.
 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʘʙʦʪʦʡ 

ʬʦʨʚʘʢʫʫʤʥʦʛʦ ʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʥʘʩʦʩʦʚ. ʆʭʣʘʞʜʝʥʠʝ ʣʦʚʫʰʢʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʥʘʩʦʩʘ 

ʞʠʜʢʠʤ ʘʟʦʪʦʤ ʧʦʟʚʦʣʷʣʦ ʧʦʚʳʩʠʪʴ ʩʪʝʧʝʥʴ ʚʘʢʫʫʤʘ ʜʦ 7Ö10
-4

 ʇʘ.  

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʢʨʳʚʘʶʪ ʜʠʘʧʘʟʦʥ 

ʪʨʝʙʫʝʤʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʜʣʷ ʠʤʠʪʘʮʠʠ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɺʥʝʰʥʠʡ ʚʠʜ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.17. ɺʘʢʫʫʤʥʘʷ ʢʘʤʝʨʘ ʠʤʝʣʘ 

ʩʤʦʪʨʦʚʦʝ ʦʢʥʦ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʧʨʦʪʝʢʘʶʱʠʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʨʘʟʨʷʜʘʤʠ. 

ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʤʦʜʝʣʴʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ 

ʜʠʵʣʝʢʪʨʠʢʦʚ ʥʘ ʵʣʝʢʪʨʠʟʫʝʤʦʩʪʴ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.18. 

 

ʈʠʩʫʥʦʢ 2.17 ɺʥʝʰʥʠʡ ʚʠʜ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʵʣʝʢʪʨʠʟʫʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʦʚ  

ʥʠʟʢʠʭ ʵʥʝʨʛʠʡ  
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ʈʠʩʫʥʦʢ 2.18 ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʤʦʜʝʣʴʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ 

ʜʠʵʣʝʢʪʨʠʢʦʚ ʥʘ ʵʣʝʢʪʨʠʟʫʝʤʦʩʪʴ: 1 ï ʵʣʝʢʪʨʦʥʥʘʷ ʧʫʰʢʘ; 2 ï ʠʩʧʳʪʫʝʤʳʡ ʦʙʨʘʟʝʮ;  

3 ï ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʧʦʜʣʦʞʢʘ; 4 ï ʜʘʪʯʠʢ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ; 5 ï ʫʩʪʨʦʡʩʪʚʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʜʘʪʯʠʢʘ; 6 ï ʧʦʷʩ ʈʦʛʦʚʩʢʦʛʦ, ʥʘʛʨʫʞʝʥʥʳʡ ʥʘ 50-ʆʤʥʳʡ ʨʝʟʠʩʪʦʨ;  

7 ï ʜʘʪʯʠʢ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ; 8 ï ʚʘʢʫʫʤʥʘʷ ʢʘʤʝʨʘ 

ʋʩʪʘʥʦʚʢʘ ʠʤʝʣʘ ʩʧʝʮʠʘʣʴʥʳʡ ʚʥʝʰʥʠʡ ʤʦʜʫʣʴ, ʩʦʜʝʨʞʘʱʠʡ ʩʠʩʪʝʤʫ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʘʧʫʩʢʘ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ, ʘ ʪʘʢʞʝ ʠʟʤʝʨʝʥʠʷ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʣʝʟʥʦʛʦ 

ʩʠʛʥʘʣʘ. ɺ ʵʪʦʤ ʤʦʜʫʣʝ ʚʳʧʦʣʥʷʣʩʷ ʚʚʦʜ, ʚʳʚʦʜ ʠ ʦʙʨʘʙʦʪʢʘ ʘʥʘʣʦʛʦʚʦʡ ʠ ʮʠʬʨʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ʄʦʜʫʣʴ ʠʤʝʣ ʚʩʪʨʦʝʥʥʳʡ ʩʠʛʥʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ ʬʠʨʤʳ Analog Devices, Inc. 

ʩ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ 48 ʄɻʮ ʠ ʯʘʩʪʦʪʦʡ ʨʘʙʦʪʳ 14-ʙʠʪʥʦʛʦʛʦ ɸʎʇ ï 400 ʢɻʮ. 

ɼʘʪʯʠʢ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ ʧʫʯʢʘ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʜʠʩʢʘ ʧʣʦʱʘʜʴʶ 1 ʩʤ
2
. ʇʨʠ 

ʠʟʤʝʨʝʥʠʷʭ ʫʯʠʪʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʜʘʥʥʦʡ ʵʥʝʨʛʠʠ ʦʪ ʤʘʪʝʨʠʘʣʘ 

ʜʠʩʢʘ (ʣʘʪʫʥʴ), ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ 0,28 ʧʨʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ 20 ʢʵɺ. 

ʇʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʠʟʫʝʤʦʩʪʠ ʦʙʨʘʟʮʳ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ 

ʢʦʤʧʦʟʠʪʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ (ʨʠʩʫʥʦʢ 2.19) ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʦʣʦʩʪʴ ʚ 

ʘʣʶʤʠʥʠʝʚʦʡ ʧʦʜʣʦʞʢʝ ʟʘʧʦʣʥʷʣʘʩʴ ʨʘʩʧʣʘʚʣʝʥʥʳʤ ʢʦʤʧʦʟʠʪʥʳʤ ʜʠʵʣʝʢʪʨʠʢʦʤ, ʠ ʧʦʩʣʝ ʝʛʦ 

ʦʩʪʳʚʘʥʠʷ ʠʟʤʝʨʷʣʦʩʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʅʘ ʦʙʨʘʟʝʮ ʩ ʧʦʤʦʱʴʶ ʥʘʢʣʘʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʯʝʨʝʟ 

ʵʣʝʢʪʨʦʤʝʪʨ ɺʂ2-16 ʧʦʜʘʚʘʣʦʩʴ ʥʘʧʨʷʞʝʥʠʝ ʚʝʣʠʯʠʥʦʡ 10 ɺ. ʊʦʢ, ʠʟʤʝʨʷʝʤʳʡ ʵʣʝʢʪʨʦʤʝʪʨʦʤ, 

ʧʦʟʚʦʣʷʣ ʨʘʩʩʯʠʪʘʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʤʧʦʟʠʪʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʠ ʜʘʣʝʝ ʩ ʫʯʝʪʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʨʘʟʤʝʨʦʚ ʵʣʝʢʪʨʦʜʦʚ ʠ ʪʦʣʱʠʥʳ ʦʙʨʘʟʮʘ ʚʳʯʠʩʣʷʣʘʩʴ ʫʜʝʣʴʥʘʷ ʦʙʲʸʤʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʵʪʦʛʦ 

ʜʠʵʣʝʢʪʨʠʢʘ. ʀʟʛʦʪʦʚʣʝʥʥʳʡ ʦʙʨʘʟʝʮ ʧʦʤʝʱʘʣʩʷ ʚ ʨʘʙʦʯʫʶ ʢʘʤʝʨʫ ʫʩʢʦʨʠʪʝʣʷ ʵʣʝʢʪʨʦʥʦʚ. 
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ʈʠʩʫʥʦʢ 2.19 ʆʙʨʘʟʝʮ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʝʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ  

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʵʣʝʢʪʨʠʟʫʝʤʦʩʪʴ 

ʀʟʤʝʨʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʟʘʨʷʞʝʥʥʦʛʦ ʚʩʣʝʜʩʪʚʠʝ ʵʣʝʢʪʨʠʟʘʮʠʠ 

ʜʠʵʣʝʢʪʨʠʢʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʇʦ ʵʪʦʤʫ 

ʤʝʪʦʜʫ ʠʟʤʝʨʷʝʪʩʷ ʧʝʨʝʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʠʥʜʫʮʠʨʫʝʤʦʝ ʥʘ ʵʣʝʢʪʨʦʜʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ 

ʚʙʣʠʟʠ ʟʘʨʷʞʝʥʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ. ʇʝʨʝʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʷʚʣʷʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ 

ʠʟʤʝʥʝʥʠʡ ʧʦʣʷ, ʚʳʟʚʘʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʙʫʞʜʝʥʠʝʤ ʵʣʝʢʪʨʦʜʘ (ʚʠʙʨʠʨʫʶʱʠʡ 

ʵʣʝʢʪʨʦʜ). ɼʘʪʯʠʢ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʝʣ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʪʨʝʙʫʝʤʫʶ ʪʦʯʢʫ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʣʫʯʘʝʤʦʛʦ ʦʙʨʘʟʮʘ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʀʟʤʝʨʷʝʤʳʝ ʟʥʘʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʩʦʩʪʘʚʣʷʣʠ ʦʪ 20 ʜʦ 2000 ɺ. 

 ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʦʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʣʝʢʪʨʠʟʫʝʤʦʩʪʠ 

ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʪʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʦʜʣʦʞʢʫ 3 (ʨʠʩʫʥʦʢ 2.18) 

ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʠʩʧʳʪʫʝʤʳʡ ʦʙʨʘʟʝʮ. ʇʨʠ ʵʪʦʤ ʧʨʠʥʠʤʘʣʠʩʴ ʠʩʯʝʨʧʳʚʘʶʱʠʝ ʤʝʨʳ ʧʦ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʤʝʪʘʣʣʠʟʘʮʠʠ ʚʩʝʭ ʧʨʦʚʦʜʷʱʠʭ ʵʣʝʤʝʥʪʦʚ ʵʪʦʛʦ ʦʙʨʘʟʮʘ. ɼʘʣʝʝ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʦʪʢʘʯʢʘ ʢʘʤʝʨʳ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʚʘʢʫʫʤʘ 5Ŀ10
-6
 ʤʤ ʨʪ.ʩʪ., 

ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʥʫʞʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʦʚ. ɿʘʪʝʤ 

ʧʨʦʚʦʜʠʣʦʩʴ ʦʙʣʫʯʝʥʠʝ ʠ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʧʨʦʠʟʚʦʜʠʣʠʩʴ 

ʠʟʤʝʨʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʇʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ɽʩʣʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʣʫʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ 

ʧʨʦʠʩʭʦʜʠʣʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ, ʪʦ ʦʥʠ ʬʠʢʩʠʨʦʚʘʣʠʩʴ.  

ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʝ ʧʨʝʚʳʰʘʣʘ 10%, 

ʘ ʧʘʨʘʤʝʪʨʳ ʕʉʈ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ 20%. 
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2.6.2 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʠʟʫʝʤʦʩʪʠ ʤʦʜʝʣʴʥʳʭ  

ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ  

ɼʣ̫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʳʚʦʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʵʣʝʢʪʨʠʟʘʮʠʠ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦ 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʪʥʦʛʦ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʝʛʦ ʤʦʜʝʣʴʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʩ 

ʟʘʜʘʚʘʝʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫʜʝʣʴʥʦʡ ʦʙʲʝʤʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ.  

ɹʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʥʘʩʳʱʝʥʥʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʘ (ʧʘʨʘʬʠʥʘ ʠʣʠ ʮʝʨʝʟʠʥʘ) ʠ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʧʨʦʚʦʜʷʱʝʛʦ ʧʦʨʦʰʢʘ ʛʨʘʬʠʪʠʨʦʚʘʥʥʦʡ ʩʘʞʠ. ʇʦʣʫʯʝʥʥʳʝ ʧʦ ʵʪʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʟʮʳ ʢʦʤʧʦʟʠʪʥʦʛʦ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʝʛʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʧʦʜʚʝʨʛʘʣʘʩʴ ʪʝʩʪʠʨʦʚʘʥʠʶ ʧʫʪʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʦʧʨʝʜʝʣʷʣʩʷ ʧʦʪʝʥʮʠʘʣ ʦʙʣʫʯʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʘʙʦ 

ʧʨʦʚʦʜʷʱʝʛʦ ʜʠʵʣʝʢʪʨʠʢʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʠʟʫʝʤʦʩʪʠ ʦʙʨʘʟʮʦʚ ʪʝʩʪʦʚʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʩʣʘʙʦ 

ʧʨʦʚʦʜʷʱʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.4. ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʙʨʘʟʮʳ ʯʠʩʪʦʛʦ 

ʧʘʨʘʬʠʥʘ ʠ ʢʦʤʧʦʟʠʪʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ 

ʧʘʨʘʬʠʥʝ ʦʪ 6,02 ʜʦ 6,51 ʤʘʩʩʦʚʳʭ %. 

ɺʳʧʦʣʥʝʥʥʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘ ʩ ʚʝʣʠʯʠʥʘʤʠ ʫʜʝʣʴʥʦʡ ʦʙʲʝʤʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʣʝʞʘʱʠʤʠ ʚ 

ʜʠʘʧʘʟʦʥʝ 10
-9
ï10

-11
 ʆʤ

-1
Ŀʤ

-1 
ʧʫʪʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʧʫʯʢʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʵʥʝʨʛʠʝʡ 

ʵʣʝʢʪʨʦʥʦʚ 40 ʢʵɺ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʳ ʦʙʣʫʯʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʩʪʠʨʫʝʤʳʭ 

ʜʠʵʣʝʢʪʨʠʢʦʚ ʥʝ ʧʨʝʚʳʰʘʶʪ ʧʨʝʜʝʣʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, 

ʩʦʩʪʘʚʣʷʶʱʝʛʦ 20 ɺ.  

ʇʨʠ ʪʦʣʱʠʥʝ ʦʙʨʘʟʮʦʚ ʪʝʩʪʠʨʫʝʤʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ, ʩʦʩʪʘʚʣʷʶʱʝʡ d = 2Ŀ10
-3 
ʤ, 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʦʙʲʝʤʝ ʜʠʵʣʝʢʪʨʠʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ 

(2.20) ʙʳʣʘ ʤʝʥʝʝ  
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ʕʪʘ ʚʝʣʠʯʠʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʥʘʯʠʥʘʶʪʩʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ, ʩʦʩʪʘʚʣʷʶʱʝʡ 2Ŀ107 
ɺĿʤ

-1
.  
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ʊʘʙʣʠʮʘ 2.4 ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʵʣʝʢʪʨʠʟʫʝʤʦʩʪʴ ʦʙʨʘʟʮʦʚ ʪʝʩʪʦʚʳʭ ʢʦʤʧʦʟʠʪʥʳʭ 

ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ  

 ̄

ʧ/ʧ 

ʅʦʤʝʨ 

ʦʙʨʘʟʮʘ 

ʉʦʩʪʘʚ, 

ʤʘʩʩ. % 

ʫʛʣʝʨʦʜʘ 

ʋʜʝʣʴʥʘʷ 

ʦʙʲʸʤʥʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ, 

ʆʤ
-1
Ŀʤ

-1
 

ʕʥʝʨʛʠʷ 

ʵʣʝʢʪʨʦʥʦʚ, 

ʢʵɺ/ʧʣʦʪʥʦʩʪʴ 

ʪʦʢʘ ʧʫʯʢʘ, 

ɸĿʤ
-2

 

ɺʝʣʠʯʠʥʘ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ, ɺ 

1. ʆʙʨʘʟʝʮ 1 6,02 9,9Ŀ10
ï11 

40/10
-5 

ʄʝʥʝʝ 20 

40/10
-4 

ʄʝʥʝʝ 20 

40/10
-3 

ʄʝʥʝʝ 20 

2. ʆʙʨʘʟʝʮ 2 6,23 
 

1,6Ŀ10
ï10 

40/10
-5 

ʄʝʥʝʝ 20 

40/10
-4 

ʄʝʥʝʝ 20 

40/10
-3 

ʄʝʥʝʝ 20 

3. ʆʙʨʘʟʝʮ 3 6,37 6Ŀ10
ï10 

40/10
-5 

ʄʝʥʝʝ 20 

40/10
-4 

ʄʝʥʝʝ 20 

40/10
-3 

ʄʝʥʝʝ 20 

4. ʆʙʨʘʟʝʮ 4 6,51 1,2Ŀ10
ï9 

40/10
-5 

ʄʝʥʝʝ 20 

40/10
-4 

ʄʝʥʝʝ 20 

40/10
-3 

ʄʝʥʝʝ 20 

5. 

ʆʙʨʘʟʝʮ 5. 

ʇʘʨʘʬʠʥ ʙʝʟ 

ʜʦʙʘʚʦʢ 

0 0,51Ŀ10
ï14 

40/10
-5 

1600 

40/10
-4 

1700 

40/10
-3 

1800 

 

ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʠʤʠʪʠʨʦʚʘʣʦʩʴ ʥʝ ʪʦʣʴʢʦ 

ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʜʠʘʮʠʦʥʥʦʡ ʵʣʝʢʪʨʠʟʘʮʠʠ ʩ ʧʣʦʪʥʦʩʪʴʶ ʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʫʩʣʦʚʠʷʤ ʪʠʧʠʯʥʦʡ ʛʝʦʤʘʛʥʠʪʥʦʡ ʩʫʙʙʫʨʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʥʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʠ ʩʦʩʪʘʚʣʷʶʱʝʡ i0 = 10
-5

 ɸĿʤ
-2
, ʥʦ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚʘʨʠʘʥʪʳ 

ʵʣʝʢʪʨʠʟʘʮʠʠ ʩ ʧʣʦʪʥʦʩʪʴʶ ʪʦʢʘ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʧʨʝʚʳʰʘʶʱʠʝ ʵʪʫ ʚʝʣʠʯʠʥʫ ʠ 

ʜʦʩʪʠʛʘʶʱʠʝ i0 = 10
-3

 ɸĿʤ
-2
. ʅʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʦʜʝʣʴʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ 

ʦʙʝʩʧʝʯʠʚʘʣʘ ʧʝʨʝʪʝʢʘʥʠʝ ʥʘʢʘʧʣʠʚʘʶʱʝʛʦʩʷ ʟʘʨʷʜʘ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ 
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ʚʳʨʘʚʥʠʚʘʣʠʩʴ, ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 

ʢʨʠʪʠʯʝʩʢʦʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʘʟʨʷʜʦʚ. 

ɺ ʪʦʞʝ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʤʦʜʝʣʴʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʙʝʟ ʥʘʧʦʣʥʠʪʝʣʷ 

(ʯʠʩʪʦʛʦ ʧʘʨʘʬʠʥʘ) ʩ ʫʜʝʣʴʥʦʡ ʦʙʲʝʤʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ 0,51Ŀ10
-14

 ʆʤ
-1
Ŀʤ

-1
 ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʦʥʠ ʧʦʜʚʝʨʞʝʥʳ ʩʠʣʴʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʵʣʝʢʪʨʠʟʘʮʠʠ ʠ ʧʦʪʝʥʮʠʘʣʳ ʥʘ ʦʙʣʫʯʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʩʪʠʛʘʶʪ 1800 ɺ. ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʘʨʘʬʠʥʘ, ʧʦʢʘʟʘʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 2.20. 

ʇʨʠ ʵʪʦʤ, ʯʝʤ ʙʦʣʴʰʝ ʙʳʣʘ ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʦʢʘ, ʪʝʤ ʩ ʙʦʣʴʰʝʡ ʯʘʩʪʦʪʦʡ 

ʧʨʦʠʩʭʦʜʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ. ɺ ʩʣʫʯʘʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 10
-5

 ɸĿʤ
-2

 ʧʨʦʠʩʭʦʜʠʣʦ 2ï3 

ʨʘʟʨʷʜʘ ʚ ʤʠʥʫʪʫ. ʏʘʩʪʦʪʘ ʨʘʟʨʷʜʦʚ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 10
-4
 ɸĿʤ

-2
 ʩʦʩʪʘʚʣʷʣʘ 5ï6 ʚ 

ʤʠʥʫʪʫ, ʘ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 10
-3

 ɸĿʤ
-2

 ʦʥʘ ʫʞʝ ʜʦʩʪʠʛʘʣʘ 15ï20 ʨʘʟʨʷʜʦʚ ʚ ʤʠʥʫʪʫ. 

 

ʈʠʩʫʥʦʢ 2.20 ɺʠʟʫʘʣʴʥʘʷ ʢʘʨʪʠʥʘ ʚʦʟʥʠʢʘʶʱʠʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʩʪʦʛʦ ʧʘʨʘʬʠʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʵʣʝʢʪʨʠʟʘʮʠʠ  

ʧʦʪʦʢʦʤ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 40 ʂʵɺ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʵʣʝʢʪʨʠʟʫʝʤʦʩʪʠ ʢʦʤʧʦʟʠʪʥʳʭ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʩ ʫʜʝʣʴʥʦʡ ʦʙʲʝʤʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʣʝʞʘʱʝʡ ʚ ʜʠʘʧʘʟʦʥʝ 10
-10
ï10

-9
 ʆʤ

-1
Ŀʤ

-1
 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʤʝʪʦʜʠʢʠ ʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʛʦʚʦʨʷʪ ʦʙ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʵʣʝʢʪʨʠʟʫʝʤʦʩʪʠ ʠ 

ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʧʨʷʤʦʡ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ 

ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʧʦʨʘʞʘʶʱʝʛʦ ʬʘʢʪʦʨʘ ʵʣʝʢʪʨʠʟʘʮʠʠ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. 
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2.7 ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʥʘ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʨʦʡʩʪʚ ɹʈʕɸ ʂɸ  

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʤʝʥʳ ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʧʝʯʘʪʥʦʛʦ ʫʟʣʘ 

ʥʘ ʜʠʵʣʝʢʪʨʠʢʠ, ʦʙʣʘʜʘʶʱʠʝ ʩʣʘʙʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʠ ʠʩʢʣʶʯʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʧʨʠ ʵʣʝʢʪʨʦʥʥʦʤ ʦʙʣʫʯʝʥʠʠ, ʧʨʦʚʝʜʝʥʦ 

ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʪʠʧʦʚʦʛʦ ʮʠʬʨʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ï ʤʫʣɹʪʠʚʠʙʨʘʪʦʨʘ 

[ɸʙʨʘʤʝʰʠʥ, ɸʟʘʨʦʚ, ʇʦʞʠʜʘʝʚʘ, 2015a]. 

2.7.1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʨʦʡʩʪʚ ɹʈʕɸ ʂɸ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ  

ɺ ʵʪʠʭ ʮʝʣʷʭ ʧʨʦʚʦʜʠʣʩʷ ʤʘʰʠʥʥʳʡ ʨʘʩʯʝʪ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʦʙʳʯʥʦʛʦ 

ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʯʘʩʪʦʪʝ ʦʢʦʣʦ 700 ɻʮ, ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.21. ɺʳʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʝʪʘ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ LTspice IV.  

ɿʘʤʝʥʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʜʠʵʣʝʢʪʨʠʢʦʤ ʥʘ ʧʣʘʪʫ 

ʩʦ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʤ ʜʠʵʣʝʢʪʨʠʢʦʤ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʵʪʦʡ ʧʣʘʪʳ ʵʢʚʠʚʘʣʝʥʪʥʘ 

ʚʚʝʜʝʥʠʶ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʭʝʤʫ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʯʢʘʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʟʠʩʪʦʨʦʚ, 

ʥʦʤʠʥʘʣʳ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʳ ʩ ʫʜʝʣʴʥʦʡ ʦʙʲʝʤʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʵʪʦʛʦ ʩʣʘʙʦ 

ʧʨʦʚʦʜʷʱʝʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʠ ʢʦʪʦʨʳʝ ʠʤʠʪʠʨʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʪʝʯʢʠ ʚ ʩʭʝʤʝ ʟʘ ʩʯʝʪ 

ʧʦʷʚʣʝʥʠʷ ʩʣʘʙʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ.  

ʇʦʵʪʦʤʫ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʦʜʝʣʠ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ ʩʦ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʤ 

ʜʠʣɻʝʢʪʨʠʢʦʤ (ʨʠʩʫʥʦʢ 2.22) ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘ ʥʘʣʠʯʠʝ ʦʜʠʥʥʘʜʮʘʪʠ ʨʝʟʠʩʪʦʨʦʚ R5éR15. 

ʇʨʠ ʨʘʩʯʝʪʘʭ ʚʩʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʝʟʠʩʪʦʨʳ R5éR15 ʠʤʝʣʠ ʦʜʠʥʘʢʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʨʘʩʯʝʪʘ ʧʦ ʧʨʦʛʨʘʤʤʝ ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʭʝʤ LTspice IV, ʪʠʧʦʚʦʛʦ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ, ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.21, 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.23. ʇʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʊ = 1,63 ʤʩ. ɸʤʧʣʠʪʫʜʘ ʚʳʭʦʜʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ 9,8 ɺ. ʅʘ ʨʠʩʫʥʢʝ 2.24 ʧʨʝʜʩʪʘʚʣʝʥ ʵʪʦʪ ʞʝ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ ʩ 

ʠʟʤʝʥʝʥʥʳʤ ʤʘʩʰʪʘʙʦʤ ʧʦ ʦʩʠ ʭ.  

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ ʜʣʷ ʟʥʘʯʝʥʠʡ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʨʝʟʠʩʪʦʨʦʚ 5 ʄʆʤ, 2 ʄʆʤ ʠ 1 ʄʆʤ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.25, ʨʠʩʫʥʢʝ 2.26, ʠ ʨʠʩʫʥʢʝ 2.27. 
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ʈʠʩʫʥʦʢ 2.21 ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʪʠʧʦʚʦʛʦ ʮʠʬʨʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ï ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ 

 

ʈʠʩʫʥʦʢ 2.22 ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ, ʚ ʢʦʪʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ  

ʤʘʪʝʨʠʘʣʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ  

ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʡ ʢʦʤʧʦʟʠʪʥʳʡ ʜʠʵʣʝʢʪʨʠʢ 
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ʈʠʩʫʥʦʢ 2.23 ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʪʠʧʦʚʦʛʦ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʳ ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ LTspice IV  

 

ʈʠʩʫʥʦʢ 2.24 ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʠʛʥʘʣʫ ʩ ʨʠʩʫʥʢʘ 

2.23, ʥʦ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʤʘʩʰʪʘʙʦʤ ʧʦ ʦʩʠ ʭ ʜʣʷ ʫʜʦʙʩʪʚʘ ʨʘʩʩʤʦʪʨʝʥʠʷ 



99 

 

 

ʈʠʩʫʥʦʢ 2.25 ʉʦʚʤʝʱʝʥʥʳʝ ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ ʨʝʟʠʩʪʦʨʦʚ 

R5éR15, ʩʦʩʪʘʚʣʷʶʱʠʤʠ 5 ʄʆʤ, 2 ʄʆʤ ʠ 1 ʄʆʤ: ʩʠʥʷʷ ʣʠʥʠʷ ʦʪʚʝʯʘʝʪ ʪʠʧʦʚʦʤʫ 

ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʫ; ʢʨʘʩʥʘʷ ʣʠʥʠʷ ʦʪʚʝʯʘʝʪ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʫ, ʤʦʜʝʣʠʨʫʶʱʝʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʝʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʚ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʩʢʘʞʝʥʠʡ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʜʦ 1 ʄʆʤ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ. ɺʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʜʣʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʨʝʟʠʩʪʦʨʦʚ 5 ʄʆʤ, 2 ʄʆʤ ʠ 1 ʄʆʤ ʩʦʚʧʘʜʘʣʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʘ ʪʘʢʞʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʣʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʳʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ ʪʠʧʦʚʦʛʦ 

ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ (ʨʘʟʣʠʯʠʝ ʩʦʩʪʘʚʣʷʣʦ ʥʝ ʙʦʣʝʝ 0,3 %). ʅʘ ʨʠʩʫʥʢʝ 2.25 ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ 

ʪʠʧʦʚʦʛʦ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ (ʩʠʥʷʷ ʣʠʥʠʷ) ʩʧʝʮʠʘʣʴʥʦ ʩʜʚʠʥʫʪ ʚʧʨʘʚʦ ʜʣʷ ʫʜʦʙʩʪʚʘ 

ʩʨʘʚʥʝʥʠʷ.  

ʀʩʢʘʞʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʧʦʷʚʠʣʠʩʴ, 

ʢʦʛʜʘ ʥʦʤʠʥʘʣʳ ʨʝʟʠʩʪʦʨʦʚ ʙʳʣʠ ʩʥʠʞʝʥʳ ʜʦ ʚʝʣʠʯʠʥʳ 500 ʢʆʤ (ʩʤ. ʨʠʩʫʥʦʢ 2.26). ɸ ʧʨʠ 

ʩʥʠʞʝʥʠʠ ʥʦʤʠʥʘʣʦʚ ʨʝʟʠʩʪʦʨʦʚ R5éR15 ʜʦ 200 ʢʆʤ ʵʪʠ ʠʩʢʘʞʝʥʠʷ ʨʝʟʢʦ ʫʩʠʣʠʚʘʣʠʩʴ 

(ʩʤ. ʨʠʩʫʥʦʢ 2.27). 
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ʈʠʩʫʥʦʢ 2.26 ʉʦʚʤʝʱʝʥʥʳʝ ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ 

ʨʝʟʠʩʪʦʨʦʚ R5éR15, ʩʦʩʪʘʚʣʷʶʱʠʤʠ 500 ʢʆʤ.: ʩʠʥʷʷ ʣʠʥʠʷ ʦʪʚʝʯʘʝʪ ʪʠʧʦʚʦʤʫ 

ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʫ; ʢʨʘʩʥʘʷ ʣʠʥʠʷ ʦʪʚʝʯʘʝʪ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʫ, ʤʦʜʝʣʠʨʫʶʱʝʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʝʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʚ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ 

ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ (ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʊ = 1,1 ʤʩ,  

ʘʤʧʣʠʪʫʜʘ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 9,65 ɺ, ʧʦʪʨʝʙʣʷʝʤʳʡ ʪʦʢ 5,5 ʤɸ) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ 500 ʢʆʤ ʷʚʣʷʝʪʩʷ ʥʠʞʥʠʤ ʧʨʝʜʝʣʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʠʵʣʝʢʪʨʠʢʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʩʣʘʙʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʚ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ, 

ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʯʘʩʪʦʪʝ 700 ɻʮ. ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʵʪʦʡ ʚʝʣʠʯʠʥʦʡ, ʦʮʝʥʠʤ ʜʦ ʢʘʢʦʛʦ 

ʟʥʘʯʝʥʠʷ ʤʦʞʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʫʜʝʣʴʥʫʶ ʦʙʲʝʤʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʷʝʤʦʛʦ 

ʜʠʵʣʝʢʪʨʠʢʘ. ʆʙʲʝʜʠʥʷʷ ʚʳʨʘʞʝʥʠʷ (2.17) ʠ (2.18) ʨʘʟʜʝʣʘ 2.5, ʧʦʣʫʯʘʝʤ  

 
RC

ee
=g 0  .  (2.23) 

ɪʤʢʦʩʪʴ ʤʝʞʜʫ ʧʨʦʚʦʜʥʠʢʘʤʠ ʚ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 10 ʧʌ (10
-11

 ʌ). 

ʇʦʜʩʪʘʚʣʷʷ ʵʪʫ ʚʝʣʠʯʠʥʫ ʚ ʚʳʨʘʞʝʥʠʝ (2.23), ʧʦʣʫʯʘʝʤ 
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ʈʠʩʫʥʦʢ 2.27 ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ, ʤʦʜʝʣʠʨʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʘʙʦ 

ʧʨʦʚʦʜʷʱʝʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʚ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ, ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʨʝʟʠʩʪʦʨʦʚ 

R5éR15, ʩʦʩʪʘʚʣʷʶʱʝʤ 200 ʢʆʤ. ʇʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʊ = 0,8 ʤʩ, ʘʤʧʣʠʪʫʜʘ ʚʳʭʦʜʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ 9,45 ɺ, ʧʦʪʨʝʙʣʷʝʤʳʡ ʪʦʢ 5,7 ʤɸ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ, ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ ʢʦʪʦʨʦʛʦ 

ʩʦʜʝʨʞʠʪ ʩʣʘʙʳʡ ʜʠʵʣʝʢʪʨʠʢ, ʝʛʦ ʫʜʝʣʴʥʘʷ ʦʙʲʸʤʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʚʳʰʝ 

2,65Ŀ10
-6

 ʆʤ
-1
Ŀʤ

-1
. ʇʨʠʥʷʪʳʝ ʥʘʤʠ ʟʥʘʯʝʥʠʷ ʵʪʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 10

-8
ï10

-9
 ʆʤ

-1
Ŀʤ

-1
 ʜʣʷ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʭʦʨʦʰʦ ʚʧʠʩʳʚʘʶʪʩʷ ʚ ʵʪʠ ʦʛʨʘʥʠʯʝʥʠʷ.  

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʦ 

ʚʳʧʦʣʥʝʥʦ ʤʘʢʝʪʠʨʦʚʘʥʠʝ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ ʩ ʟʘʤʝʥʦʡ ʤʘʪʝʨʠʘʣʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʥʘ ʩʣʘʙʦ 

ʧʨʦʚʦʜʷʱʠʡ ʜʠʵʣʝʢʪʨʠʢ. ʄʘʢʝʪʥʳʡ ʦʙʨʘʟʝʮ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ ʙʳʣ ʚʳʧʦʣʥʝʥ ʧʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2.22. ʄʘʢʝʪʥʳʡ ʦʙʨʘʟʝʮ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ ʩ 

ʧʨʠʧʘʷʥʥʳʤʠ ʧʨʦʚʦʜʘʤʠ ʜʣʷ ʧʦʜʘʯʠ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 

(ʨʠʩʫʥʦʢ 2.28) ʧʦʤʝʱʘʣʩʷ ʚ ʯʘʰʢʫ ʇʝʪʨʠ ʠ ʧʦʜʦʛʨʝʚʘʣʩʷ ʚʤʝʩʪʝ ʩ ʯʘʰʢʦʡ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

60 Áʉ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ. ɿʘʪʝʤ ʚ ʯʘʰʢʫ ʇʝʪʨʠ ʟʘʣʠʚʘʣʩʷ ʨʘʩʧʣʘʚ ʢʦʤʧʦʟʠʪʥʦʛʦ ʩʣʘʙʦ 

ʧʨʦʚʦʜʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ (ʧʘʨʘʬʠʥ ʩ 6,5 ʤʘʩʩʦʚʳʭ % ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ). ʋʜʝʣʴʥʘʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʣʷʣʘ 1,2Ŀ10
-9
 ʆʤ

-1
Ŀʤ

-1
. 

ʇʦʩʣʝ ʦʩʪʳʚʘʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʤʝʨʝʥʠʝ ʚʳʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ. ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʛʦ 

ʦʩʮʠʣʣʦʛʨʘʬʘ Tektronix 3012ɺ (ʨʠʩʫʥʦʢ 2.30). 



102 

 

 

ʈʠʩʫʥʦʢ 2.28 ɺʥʝʰʥʠʡ ʚʠʜ ʤʘʢʝʪʥʦʛʦ ʦʙʨʘʟʮʘ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ, ʠʩʧʦʣʴʟʦʚʘʚʰʝʛʦʩʷ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʪʝʩʪʦʚʳʭ ʠʩʧʳʪʘʥʠʡ 

 

ʈʠʩʫʥʦʢ 2.29 ʀʟʤʝʨʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʤʘʢʝʪʘ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ ʩ ʧʦʤʦʱʴʶ 

ʦʩʮʠʣʣʦʛʨʘʬʘ Tektronix 3012B 
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ʅʘ ʨʠʩʫʥʢʝ 2.30 ʧʨʝʜʩʪʘʚʣʝʥ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʵʪʦʛʦ ʤʘʢʝʪʥʦʛʦ ʦʙʨʘʟʮʘ 

ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ. ʇʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʊ = 1,44 ʤʩ. ɸʤʧʣʠʪʫʜʘ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

9,8 ɺ. ʀʟʤʝʨʝʥʥʳʡ ʧʦʪʨʝʙʣʷʝʤʳʡ ʪʦʢ 5,4 ʤɸ.  

ʉʨʘʚʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ 

ʨʝʟʠʩʪʦʨʦʚ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 1 ʄʆʤ (ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʊ = 1,63 ʤʩ), ʠ ʵʪʦʛʦ ʞʝ ʧʘʨʘʤʝʪʨʘ, 

ʠʟʤʝʨʝʥʥʦʛʦ ʥʘ ʤʘʢʝʪʥʦʤ ʦʙʨʘʟʮʝ (ʊ = 1,44 ʤʩ), ʜʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʣʠʯʠʝ, ʩʦʩʪʘʚʣʷʶʱʝʝ 

11,6%, ʠ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʙʨʦʩʦʤ ʸʤʢʦʩʪʝʡ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʨʘʜʠʦʵʣʝʤʝʥʪʦʚ 

(ʨʝʟʠʩʪʦʨʳ ʤʘʢʝʪʥʦʛʦ ʦʙʨʘʟʮʘ ʠʤʝʣʠ ʨʘʟʙʨʦʩ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Ñ 1%, ʢʦʥʜʝʥʩʘʪʦʨʳ ʠʤʝʣʠ 

ʨʘʟʙʨʦʩ ʸʤʢʦʩʪʠ Ñ 10%). ʈʘʩʯʝʪ ʧʦʛʨʝʰʥʦʩʪʠ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ ʩ 

ʨʘʜʠʦʵʣʝʤʝʥʪʘʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʥʘ ʩʭʝʤʝ ʨʠʩʫʥʢʝ 2.22, ʧʨʦʚʝʜʝʥʥʳʡ ʥʘ ʢʦʤʧʣʝʢʩʝ ʇʆ 

çɸʩʦʥʠʢʘ ʂè, ʜʘʣ ʚʝʣʠʯʠʥʫ 12%. ɺ ʪʦʞʝ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʤʘʢʝʪʥʦʛʦ 

ʦʙʨʘʟʮʘ, ʧʨʦʜʝʣʘʥʥʦʝ ʥʘʤʠ ʧʝʨʝʜ ʟʘʣʠʚʢʦʡ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʝʛʦ ʜʠʵʣʝʢʪʨʠʢʘ, ʜʘʣʦ ʧʝʨʠʦʜ 

ʢʦʣʝʙʘʥʠʷ ʊ = 1,44 ʤʩ, ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʶʱʠʡ ʩ ʚʝʣʠʯʠʥʦʡ, ʧʦʣʫʯʝʥʥʦʡ ʜʣʷ ʤʘʢʝʪʥʦʛʦ 

ʦʙʨʘʟʮʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʢʘʟʳʚʘʶʪ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʨʘʩʯʝʪʥʦʡ 

ʤʦʜʝʣʠ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʝʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʠ ʝʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩʦʟʜʘʥʥʦʛʦ ʤʘʢʝʪʘ [ɹʝʣʠʢ, ʉʘʝʥʢʦ, ɸʙʨʘʤʝʰʠʥ, 2013]. 

 

ʈʠʩʫʥʦʢ 2.30 ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʤʘʢʝʪʥʦʛʦ ʦʙʨʘʟʮʘ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʝʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʚ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʧʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2.22. ʇʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʊ = 1,44 ʤʩ, ʘʤʧʣʠʪʫʜʘ ʚʳʭʦʜʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ 9,8 ɺ, ʧʦʪʨʝʙʣʷʝʤʳʡ ʪʦʢ 5,4 ʤɸ 
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ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʥʳ ʜʠʵʣʝʢʪʨʠʢʦʚ 

ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʙʦʨʪʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʂɸ ʥʘ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʝ ʢʦʤʧʦʟʠʪʥʳʝ ʜʠʵʣʝʢʪʨʠʢʠ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢ ʬʘʢʪʦʨʘʤ ʵʣʝʢʪʨʠʟʘʮʠʠ. 

2.7.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʨʦʡʩʪʚ ɹʈʕɸ ʂɸ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ ʧʨʠ ʟʘʤʝʥʝ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʥʘ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʝ. ɼʣʷ ʪɻʦʛʦ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʤʠʢʨʦʩʭʝʤʘ SN74S124 [SN74S124, SN54S124 é , 2004] (ʘʥʘʣʦʛ ʂ531ɻɻ1), ʥʘ ʦʩʥʦʚʝ 

ʢʦʪʦʨʦʡ ʙʳʣʦ ʩʜʝʣʘʥʦ ʤʘʢʝʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ï ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʡ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨ, 

ʛʝʥʝʨʠʨʫʶʱʠʡ ʥʘ ʚʳʭʦʜʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʠʤʧʫʣʴʩʳ ʥʘʧʨʷʞʝʥʠʷ ʪʠʧʘ çʤʝʘʥʜʨè. ʏʘʩʪʦʪʘ 

ʵʪʠʭ ʠʤʧʫʣʴʩʦʚ ʟʘʜʘʝʪʩʷ ʧʫʪʝʤ ʨʘʩʯʝʪʘ ʥʘʚʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʣʠ ʧʫʪʝʤ ʧʦʜʘʯʠ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʧʨʘʚʣʷʶʱʠʝ ʚʭʦʜʳ ʤʠʢʨʦʩʭʝʤʳ. ʅʘʤʠ ʟʘʜʘʚʘʣʘʩʴ 

ʯʘʩʪʦʪʘ 37 ʄɻʮ. ɺ ʢʘʯʝʩʪʚʝ ʠʤʠʪʘʮʠʠ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ, ʢ ʤʠʢʨʦʩʭʝʤʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʨʠʩʦʝʜʠʥʷʣʠʩʴ ʧʨʦʚʦʜʘ, ʠʤʠʪʠʨʫʶʱʠʝ ʜʦʨʦʞʢʠ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ. 

 

ʈʠʩʫʥʦʢ 2.31 ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʩ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ ʚ ʦʙʳʯʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʭʦʜʠʣʠ ʚ ʜʚʘ ʵʪʘʧʘ: ʥʘ ʩʦʙʨʘʥʥʫʶ ʩʭʝʤʫ ʧʦʜʘʚʘʣʦʩʴ ʧʠʪʘʥʠʝ, 

ʟʘʧʠʩʳʚʘʣʩʷ ʠ ʟʘʧʦʤʠʥʘʣʩʷ ʨʝʟʫʣʴʪʘʪ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ, ʥʝ ʤʝʥʷʷ ʥʠʯʝʛʦ ʚ ʩʭʝʤʝ 

ʬʠʟʠʯʝʩʢʠ, ʘ ʪʘʢʞʝ, ʥʝ ʠʟʤʝʥʷʷ ʝʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ, ʤʠʢʨʦʩʭʝʤʘ ʮʝʣʠʢʦʤ ʧʦʛʨʫʞʘʣʘʩʴ ʚ 

ʧʦʣʫʯʝʥʥʳʡ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʡ ʜʠʵʣʝʢʪʨʠʢ. ʆʥ ʩʦʜʝʨʞʘʣ ʧʘʨʘʬʠʥ ʩ ʪʝʭʥʠʯʝʩʢʠʤ 
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ʫʛʣʝʨʦʜʦʤ ʚ ʢʦʣʠʯʝʩʪʚʝ 7,5 ʤʘʩʩʦʚʳʭ %. ʋʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʣʘʙʦ 

ʧʨʦʚʦʜʷʱʝʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʩʦʩʪʘʚʠʣʦ 3Ŀ10
9
 ʆʤĿʤ. 

ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʛʦ ʦʩʮʠʣʣʦʛʨʘʬʘ Tektronix 3012ɺ. 

 

ʈʠʩʫʥʦʢ 2.32 ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʩ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ ʧʦʩʣʝ ʟʘʤʝʥʳ  

ʥʘ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʡ ʢʦʤʧʦʟʠʪʥʳʡ ʜʠʵʣʝʢʪʨʠʢ 

ʄʥʦʛʦʢʨʘʪʥʦʝ ʧʦʚʪʦʨʝʥʠʝ ʧʨʦʮʝʜʫʨʳ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʥʝʩʝʥʠʝ ʧʦʢʨʳʪʠʷ ʠʟ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʝʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʚʣʠʷʣʦ ʥʘ ʯʘʩʪʦʪʫ 

ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʠʤʧʫʣʴʩʘ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʵʪʘʧʘ 

ʠʟʤʝʨʝʥʠʡ ï ʩ 37 ʜʦ 34,4 ʄɻʮ.  

ʂʨʘʪʢʠʡ ʦʙʟʦʨ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʙʦʨʪʦʚʦʡ ʘʧʧʘʨʘʪʫʨʝ, 

ʧʨʠʤʝʥʷʝʤʦʡ ʥʘ ʂɸ, ʪʘʢʦʡ ʢʘʢ ʙʣʦʢʠ ʧʝʨʝʜʘʯʠ ʠ ʦʙʨʘʙʦʪʢʠ ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʫʧʨʘʚʣʷʶʱʠʝ ʙʦʨʪʦʚʳʝ ʮʠʬʨʦʚʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ ʠ ʪ.ʧ., 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪ ʤʠʢʨʦʩʭʝʤʳ ʠ 

ʧʨʦʮʝʩʩʦʨʳ ʩ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʦʡ 10-50 ʄɻʮ [ɻʆʉʊ ʈ 52070-2003]. ʊʘʢ, ʚ ʅʊʎ çʄʦʜʫʣʴè 

ʩʦʟʜʘʥʘ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʩʚʷʟʥʘʷ ʤʘʰʠʥʘ ʤʫʣʴʪʠʧʣʝʢʩʥʦʛʦ ʢʘʥʘʣʘ ʥʘ ɹʀʉ 1879ɺɸ1ʊ, 

ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʟʘʜʘʚʘʝʤʫʶ ʪʘʢʪʦʚʫʶ ʯʘʩʪʦʪʫ 12/16 ʄɻʮ.  

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ ʨʦʩʩʠʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ (ʤʫʣʴʪʠʧʣʝʢʩʥʳʡ ʢʘʥʘʣ ʦʙʤʝʥʘ, ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ), ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʠ ʠ ʦʙʤʝʥʘ ʜʘʥʥʳʭ, ʦʧʠʩʘʥʥʳʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʦʨʤʘʪʠʚʥʳʭ 

ʜʦʢʫʤʝʥʪʘʭ [ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʩʚʷʟʥʘʷ ʤʘʰʠʥʘ é , 2004], ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, 

ʩʦʩʪʘʚʣʷʶʱʝʡ 1 ʄʙʠʪ/c [ɻʆʉʊ ʈ 52070-2003; ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʩʚʷʟʥʘʷ ʤʘʰʠʥʘ é , 2004]. 
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ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠʤʝʥʷʝʪʩʷ ʙʦʣʝʝ 

ʙʳʩʪʨʳʡ ʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʳʡ ʧʨʦʪʦʢʦʣ LVDS ʩʝʪʝʚʦʛʦ ʩʪʘʥʜʘʨʪʘ SpaceWire, ʨʘʟʨʘʙʦʪʢʫ 

ʢʦʪʦʨʦʛʦ ʢʦʦʨʜʠʥʠʨʫʝʪ ɽʚʨʦʧʝʡʩʢʦʝ ʢʦʩʤʠʯʝʩʢʦʝ ʘʛʝʥʪʩʪʚʦ (ɽʂɸ). ʕʪʦʪ ʧʨʦʪʦʢʦʣ 

ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʥʘʫʯʥʦʡ ʘʧʧʘʨʘʪʫʨʝ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʟʘ ʩʯʝʪ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ï ʜʦ 400 ʄʙʠʪ/c. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʦʬʠʮʠʘʣʴʥʦʛʦ ʩʘʡʪʘ 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ ʈʦʩʩʠʠ, ʚ ʨʘʟʜʝʣʝ ʦʪʢʨʳʪʳʭ ʢʦʥʢʫʨʩʦʚ ʥʘ ʟʘʢʣʶʯʝʥʠʝ 

ʢʦʥʪʨʘʢʪʦʚ ʤʦʞʥʦ ʥʘʡʪʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʥʝʜʨʝʥʠʠ ʵʪʦʛʦ ʩʪʘʥʜʘʨʪʘ ʠ ʥʘ ʂɸ ʨʦʩʩʠʡʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ: çʈʘʟʨʘʙʦʪʢʘ ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ, ʚʢʣʶʯʘʶʱʫʶ ʘʧʧʘʨʘʪʫʨʫ, ʧʦʜʜʝʨʞʠʚʘʶʱʫʶ ʩʪʘʥʜʘʨʪ SpaceWireè. ʐʠʬʨ: ʆʂʈ 

çʋʩʪʨʦʡʩʪʚʦè (ʍʠʤʢʠ) [ʂʦʥʢʫʨʩʳ é]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʤʦʞʝʤ ʪʚʝʨʜʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʮʠʬʨʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ 

ʯʘʩʪʦʪʝ 37 ʄɻʮ, ʧʨʠ ʟʘʤʝʥʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʥʘ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʝ ʥʝ ʪʝʨʷʶʪ 

ʩʚʦʝʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʨʠ ʵʪʦʤ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʵʣʝʢʪʨʠʟʘʮʠʠ.  

2.7.3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʚ ʢʘʥʘʣʘʭ ʩʚʷʟʠ  

 ɼʣʷ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ, ʤʦʞʥʦ ʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʜʣʦʞʝʥʥʳʝ ʥʘʤʠ ʩʣʘʙʦ 

ʧʨʦʚʦʜʷʱʠʝ ʜʠʵʣʝʢʪʨʠʢʠ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʵʪʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʥʘ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʀʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʨʦʠʩʭʦʜʠʣʦ ʤʝʞʜʫ ʜʚʫʤʷ ʇʂ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩʦ ʩʢʦʨʦʩʪʴʶ 100 ʄʙʠʪ/ʩ 

(ʪʝʭʥʦʣʦʛʠʷ Ethernet ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ IEEE 802.3u Fast Ethernet. ʇʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʡ 

ʧʨʦʚʦʜʠʣʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ. 

ɼʚʘ ʇʂ ʩʦʝʜʠʥʷʶʪʩʷ ʢʘʙʝʣʝʤ ʪʠʧʘ çʚʠʪʘʷ ʧʘʨʘè ʜʣʠʥʦʡ 2 ʤʝʪʨʘ, ʢʘʪʝʛʦʨʠʷ ʢʘʙʝʣʷ ï 

5. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʝʪʝʚʘʷ ʢʘʨʪʘ, ʧʦʜʢʣʶʯʘʝʤʘʷ ʚ ʩʣʦʪ PCI ʦʜʥʦʛʦ ʠʟ ʇʂ. 

ʉ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ JPerf [Tirumala, 

Cottrell, Dunigan, 2003], ʨʘʙʦʪʘʶʱʝʛʦ ʯʝʨʝʟ ʢʦʤʘʥʜʥʫʶ ʩʪʨʦʢʫ, ʠ ʙʦʣʝʝ ʫʜʦʙʥʦʡ 

ʨʫʩʩʢʦʷʟʳʯʥʦʡ ʚʝʨʩʠʠ ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ-ʥʘʜʩʪʨʦʡʢʦʡ, ʥʘʧʠʩʘʥʥʦʡ ʥʘ ʷʟʳʢʝ 

Java ï JPerf, ʠʟʤʝʨʷʣʘʩʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʨʠʩʫʥʢʠ 2.33 ʠ 2.34). ʀʟʤʝʨʷʣʘʩʴ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠ ʧʨʠʸʤʘ ʜʘʥʥʳʭ ʵʪʦʡ ʢʘʨʪʦʡ ʚ ʇʂ çɹè ʧʦʩʨʝʜʩʪʚʦʤ ʚʠʪʦʡ ʧʘʨʳ, 

ʩʦʝʜʠʥʝʥʥʦʡ ʩ ʇʂ çɸè. ɺ ʇʂ çɹè ʥʘʭʦʜʠʣʘʩʴ ʪʘʢʞʝ ʩʝʪʝʚʘʷ ʢʘʨʪʘ, ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ 

ʠʟʤʝʨʝʥʠʡ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʡ. 
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ʈʠʩʫʥʦʢ 2.33 ʆʙʱʠʡ ʚʠʜ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ ʧʨʦʛʨʘʤʤʳ JPerf ʧʦ ʟʘʚʝʨʰʝʥʠʠ ʠʟʤʝʨʝʥʠʡ 

 

ʈʠʩʫʥʦʢ 2.34 ʆʙʱʠʡ ʚʠʜ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ ʧʨʦʛʨʘʤʤʳ JPerf ʧʦ ʟʘʚʝʨʰʝʥʠʠ ʠʟʤʝʨʝʥʠʡ 

ɼʘʥʥʦʝ ʇʆ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ ʪʠʧʘ çʢʣʠʝʥʪ-ʩʝʨʚʝʨè, ʟʘʧʫʩʢʘʝʤʳʭ ʥʘ ʨʘʟʥʳʭ 

ʇʂ. ʇʨʠ ʟʘʧʫʩʢʝ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ ʥʘ ʧʝʨʚʦʤ ʇʂ, ʘ ʢʣʠʝʥʪʩʢʦʡ ï ʥʘ ʚʪʦʨʦʤ ʇʂ, ʇʆ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʜʘʯʫ ʧʘʢʝʪʦʚ ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ ʟʘʧʦʣʥʝʥʠʷ ʚʩʝʡ ʜʦʩʪʫʧʥʦʡ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʧʦ ʩʢʦʨʦʩʪʠ. ʕʪʘ ʩʢʦʨʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʢʘʙʝʣʷ ʠ ʧʣʘʪ ʚ ʦʙʦʠʭ ʇʂ. 

ʉʨʝʜʥʝʝ ʚʳʚʦʜʠʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʷʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ. 
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ʉʫʪʴ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʣʠʷʥʠʷ ʥʘ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʩʦʩʪʦʷʥʠʷ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʩʝʪʝʚʦʡ ʢʘʨʪʳ ʠ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʵʪʘʧʦʚ:  

1. ʀʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʯʝʨʝʟ ʧʣʘʪʫ ʩ ʥʘʥʝʩʝʥʥʳʤ ʟʘʚʦʜʩʢʠʤ 

ʩʧʦʩʦʙʦʤ ʟʘʱʠʪʥʳʤ ʵʧʦʢʩʠʜʥʳʤ ʣʘʢʦʤ ʩʦ ʩʪʦʨʦʥʳ ʚʳʚʦʜʦʚ, ʧʦʣʠʛʦʥʦʚ 

çʟʝʤʣʠè ʧʝʯʘʪʥʦʛʦ ʤʦʥʪʘʞʘ. 

2. ʀʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʯʝʨʝʟ ʧʣʘʪʫ ʩ ʫʜʘʣʝʥʥʳʤ ʟʘʱʠʪʥʳʤ 

ʧʦʢʨʳʪʠʝʤ ʠʟ ʣʘʢʘ (ʨʠʩʫʥʦʢ 2.35, ʘ). 

3. ʀʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʯʝʨʝʟ ʧʣʘʪʫ ʩ ʫʜʘʣʝʥʥʳʤ ʟʘʱʠʪʥʳʤ 

ʧʦʢʨʳʪʠʝʤ ʣʘʢʘ ʠ ʥʘʥʝʩʝʥʥʳʤ ʧʦʢʨʳʪʠʝʤ ʠʟ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʝʛʦ ʜʠʵʣʝʢʪʨʠʢʘ 

(ʨʠʩʫʥʦʢ 2.35, ʙ). 

  

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.35 ɺʥʝʰʥʠʡ ʚʠʜ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʩʦ ʩʥʷʪʳʤ ʟʘʱʠʪʥʳʤ ʣʘʢʦʚʳʤ ʧʦʢʨʳʪʠʝʤ (ʘ) 

ʠ ʩ ʧʦʢʨʳʪʠʝʤ ʠʟ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʝʛʦ ʜʠʵʣʝʢʪʨʠʢʘ (ʙ) 

ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʜʘʣʝʥʠʝ ʰʪʘʪʥʦʛʦ ʵʧʦʢʩʠʜʥʦʛʦ ʣʘʢʘ ʦʢʘʟʘʣʦʩʴ 

ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʩ ʢʦʪʦʨʦʡ ʥʝ ʩʤʦʛ ʩʧʨʘʚʠʪʩɹʷ ʥʠ ʦʜʠʥ ʠʟ ʠʟʚʝʩʪʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʣʷ ʵʧʦʢʩʠʜʥʳʭ ʢʨʘʩʦʢ. ʇʦʵʪʦʤʫ ʣʘʢʦʚʦʝ ʧʦʢʨʳʪʠʝ ʙʳʣʦ 

ʫʜʘʣʝʥʦ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ, ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʰʣʠʬʦʚʘʣʴʥʦʡ ʙʫʤʘʛʦʡ. 

ʊʝʭʥʦʣʦʛʠʷ ʥʘʥʝʩʝʥʠʷ ʥʘ ʧʝʯʘʪʥʫʶ ʧʣʘʪʫ ʩʝʪʝʚʦʡ ʢʘʨʪʳ ʩʣʦʷ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʝʛʦ 

ʜʠʵʣʝʢʪʨʠʢʘ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ ʨʘʟʜʝʣʝ 2.7.2. 

ʀʪʘʢ, ʜʘʥʥʦʝ ʇʆ ʛʝʥʝʨʠʨʦʚʘʣʦ ʩʪʨʦʛʦ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʘʢʝʪʳ, 

ʯʪʦ ʧʦʢʘʟʘʣʠ ʥʝʦʜʥʦʢʨʘʪʥʳʝ ʪʝʩʪʳ ʚ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ ʩʣʫʞʝʙʥʦʛʦ 

(ʩʠʩʪʝʤʥʦʛʦ) ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʉʨʘʚʥʝʥʠʝ ʨʘʙʦʪʳ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʙʝʟ ʣʘʢʦʚʦʛʦ 

ʧʦʢʨʳʪʠʷ ʠ ʩ ʧʦʢʨʳʪʠʝʤ ʠʟ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʝʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʥʘ ʦʩʥʦʚʝ 
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ʧʘʨʘʬʠʥʘ ʠ 6,5 ʤʘʩʩʦʚʳʭ % ʧʨʦʚʦʜʷʱʝʛʦ ʥʘʧʦʣʥʠʪʝʣʷ (ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ) ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʙʦʣʝʝ 50 ʩʝʘʥʩʦʚ ʧʝʨʝʜʘʯʠ ʠ ʧʨʠʸʤʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʵʪʘʧʘ ʧʷʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʝʘʥʩʦʚ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʘʢʝʪʦʚ). ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʦʩʪʠʛʥʫʪʘʷ ʩʢʦʨʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ 91 ʄʙʠʪ/c.  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʢʘʟʘʥ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʵʣʝʢʪʨʠʟʘʮʠʝʡ ʵʣʝʤʝʥʪʦʚ ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʥʘ ʂɸ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ, ʥʝ ʦʙʣʘʜʘʶʱʠʭ ʛʝʨʤʝʪʠʯʥʳʤ ʢʦʨʧʫʩʦʤ. ɼʣʷ ʟʘʱʠʪʳ ʦʪ ʦʧʘʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʢʨʠʪʠʯʝʩʢʠʤ ʦʪʢʘʟʘʤ ʙʦʨʪʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ, 

ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʩʦʟʜʘʪʴ ʥʦʚʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʧʝʯʘʪʥʳʭ ʧʣʘʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʘʨʘʬʠʥʘ ʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʳʡ ʙʳ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʣ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʝʞʝʣʘʪʝʣʴʥʳʭ 

ʨʘʟʨʷʜʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʥʫʪʨʝʥʥʝʡ ʵʣʝʢʪʨʠʟʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ɹʈʕɸ. 

2.8 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 

ʊʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ (ʦʙʣʘʜʘʶʱʠʭ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ  

10
ï9
ï10

-10
 ʆʤ

-1
Ŀʤ

-1
) ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʥʳʭ ʨʘʜʠʦʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʪʦʨʳʭ ʚ ʩʦʩʪʘʚʝ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʨʘʚʥʠʚʘʥʠʝ ʟʘʨʷʜʘ, ʥʘʢʘʧʣʠʚʘʶʱʝʛʦʩʷ ʚ 

ʜʠʵʣʝʢʪʨʠʢʘʭ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʥʦʚ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ, ʧʨʦʥʠʢʘʶʱʠʭ ʩʢʚʦʟʴ ʢʦʨʧʫʩ ʂɸ, ʠ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʕʉʈ. ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ: 

- ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ 

ʜʠʵʣʝʢʪʨʠʢʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʧʦʣʠʤʝʨʥʦʡ ʦʩʥʦʚʳ ʠ ʧʨʦʚʦʜʷʱʝʛʦ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ;  

- ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʦʙʲʝʤʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʵʪʠʭ 

ʜʠʵʣʝʢʪʨʠʢʦʚ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʚʦʜʷʱʝʛʦ ʥʘʧʦʣʥʠʪʝʣʷ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʫʧʨʘʚʣʷʪʴ ʠʭ ʧʨʦʚʦʜʠʤʦʩʪʴʶ;  

- ʨʘʟʨʘʙʦʪʘʥʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʩʣʘʙʦ 

ʧʨʦʚʦʜʷʱʝʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʘʛʨʝʛʠʨʦʚʘʥʠʝ ʯʘʩʪʠʮ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʢʦʥʛʣʦʤʝʨʘʪʳ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ, 

ʚʳʩʪʫʧʘʶʱʠʝ ʚ ʨʦʣʠ ʤʘʢʨʦʜʠʧʦʣʝʡ, ʠ ʦʙʲʷʩʥʷʶʱʘʷ ʘʥʦʤʘʣʴʥʳʡ ʨʦʩʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʘʧʦʣʥʠʪʝʣʷ. ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʫʩʪʨʘʥʝʥʠʷ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ ʢʦʤʧʦʟʠʪʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʫʣʴʪʨʘʟʚʫʢʘ; 
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- ʚʳʧʦʣʥʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʵʣʝʢʪʨʠʟʘʮʠʠ ʢʦʤʧʦʟʠʪʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʚ ʜʠʘʧʘʟʦʥʝ 

ʚʝʣʠʯʠʥ ʠʭ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʪ 10
-14

 ʜʦ 10
-5

 ʆʤ
-1
Ŀʤ

-1
 ʠ 

ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ, ʧʦʧʘʜʘʶʱʠʭ ʥʘ ʜʠʵʣʝʢʪʨʠʢ ʠʟ 

ʦʢʦʣʦʟʝʤʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʳ, ʦʪ 10
-7

 AĿʤ
-2

 (ʩʧʦʢʦʡʥʘʷ ʛʝʦʤʘʛʥʠʪʥʘʷ 

ʦʙʩʪʘʥʦʚʢʘ) ʜʦ 10
-3

 AĿʤ
-2

 (ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʚʳʰʝ ʩʘʤʳʭ ʩʠʣʴʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ 

ʙʫʨʴ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʦʟʠʪʥʳʝ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʝ ʜʠʵʣʝʢʪʨʠʢʠ, 

ʦʙʣʘʜʘʶʱʠʝ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ 10
-9
ï10

-10
 ʆʤ

-1
Ŀʤ

-1
, 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʢʘʧʣʠʚʘʝʤʦʛʦ ʟʘʨʷʜʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʚʳʨʘʚʥʠʚʘʥʠʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ; 

- ʧʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʚ ʩʦʩʪʘʚʝ ʧʝʯʘʪʥʳʭ ʧʣʘʪ 

ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪʩʷ ʢʦʤʧʦʟʠʪʥʳʝ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʝ ʜʠʵʣʝʢʪʨʠʢʠ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʚʣʠʷʝʪ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʪʨʦʡʩʪʚ, 

ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʯʘʩʪʦʪʘʭ ʜʦ 100 ʄɻʮ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʟʘʱʠʪʫ ʦʪ 

ʧʦʨʘʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʵʣʝʢʪʨʠʟʘʮʠʠ.  
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ɻʣʘʚʘ 3 ʄʝʪʦʜʦʣʦʛʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹʈʕɸ ʂɸ ʩ ʫʯʝʪʦʤ 

ʵʬʬʝʢʪʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ  

ʅʘʩʪʦʷʱʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʘʤ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʥʮʠʧʦʚ ʠ ʦʩʥʦʚ ʩʦʟʜʘʥʠʷ 

ʤʝʪʦʜʦʣʦʛʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʪ ʧʦʨʘʞʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʵʣʝʢʪʨʠʟʘʮʠʠ.  

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʂɸ ʠ ɹʈʕɸ ʂɸ ï ʜʘʚʥʦ ʠʟʚʝʩʪʥʳʡ ʠ ʜʦʩʪʘʪʦʯʥʦ ʦʪʨʘʙʦʪʘʥʥʳʡ 

ʧʨʦʮʝʩʩ [ʍʦʭʦʨʠʥ ʠ ʜʨ., 2014]. ʆʜʥʘʢʦ, ʫʩʧʝʰʥʦʝ ʩʦʟʜʘʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʮʝʣʴʶ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʚʝʜʝʥʠʷ ʚ ʧʨʦʮʝʩʩ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʷʜʘ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʝʢʪʥʳʭ ʟʘʜʘʯ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʯʠʪʳʚʘʪʴ ʵʬʬʝʢʪʳ, 

ʚʳʟʳʚʘʝʤʳʝ ʵʣʝʢʪʨʠʟʘʮʠʝʡ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝʦʙʭʦʜʠʤʦ ʦʙʲʝʜʠʥʠʪʴ ʚ 

ʝʜʠʥʳʡ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʡ ʢʦʥʮʝʧʮʠʠ, ʧʨʠʥʮʠʧʳ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ, ʤʝʪʦʜʳ, ʤʝʪʦʜʠʢʠ ʠ ʘʣʛʦʨʠʪʤʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʥʠʞʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʦʨʘʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʵʣʝʢʪʨʠʟʘʮʠʠ ʠ ʧʦʟʚʦʣʷʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ 

ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʨʠʥʠʤʘʝʤʳʭ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ, ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʫʤʝʥʴʰʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʯʪʦ ʧʨʠʚʝʜʸʪ ʢ ʨʝʘʣʠʟʘʮʠʠ ʥʘ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹʈʕɸ 

ʂɸ. ʂ ʚʳʰʝʫʧʦʤʷʥʫʪʳʤ ʧʨʦʝʢʪʥʳʤ ʟʘʜʘʯʘʤ ʦʪʥʦʩʠʪʩʷ:  

- ʦʙʝʩʧʝʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ ʧʨʠ ʕʉʈ,  

- ʫʯʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʝʨʝʛʨʫʟʦʢ ʧʨʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʘʭ ʧʨʠ ʦʮʝʥʢʝ 

ʦʪʢʘʟʦʚ ɹʈʕɸ ʂɸ,  

- ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʪ 

ʚʦʟʜʝʡʩʪʚʠʷ ʕʉʈ,  

- ʧʨʠʤʝʥʝʥʠʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʟʘʱʠʪʳ ʵʣʝʢʪʨʦʥʠʢʠ ɺʏ ʠ ʉɺʏ ʦʪ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʠʟʣʫʯʝʥʠʡ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ,  

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʠʢ ʠʩʧʳʪʘʥʠʡ ɹʈʕɸ ʥʘ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʕʉʈ,  

- ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʪʦʢ ʟʘʨʷʜʘ ʠ ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʭ ʨʘʟʨʷʜʥʳʝ 

ʷʚʣʝʥʠʷ.  
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3.1 ɺʦʟʜʝʡʩʪʚʠʝ ʕʉʈ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ  

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ 

ʇʨʠʥʷʪʦ ʜʝʣʠʪʴ ʩʦʚʨʝʤʝʥʥʫʶ ʵʣʝʤʝʥʪʥʫʶ ʙʘʟʫ ʵʣʝʢʪʨʦʥʠʢʠ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʢʘʪʝʛʦʨʠʡ: ʧʦʪʨʝʙʠʪʝʣʴʩʢʫʶ (Consumers), ʧʨʦʤʳʰʣʝʥʥʫʶ ʛʨʘʞʜʘʥʩʢʫʶ (Industries), 

ʚʦʝʥʥʫʶ (Militaries) ʠ ʢʦʩʤʠʯʝʩʢʫʶ (Space). ɽʩʪʝʩʪʚʝʥʥʦ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʪʠʤ ʢʘʪʝʛʦʨʠʷʤ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ. ʂʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʠʤʝʝʪ ʜʝʩʷʪʢʠ ʩʣʦʞʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ, ʪʘʢʠʭ ʢʘʢ ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, 

ʫʧʨʘʚʣʝʥʠʝ ʧʘʥʝʣʷʤʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʛʘʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʩʚʷʟʴ ʠ 

ʪ.ʧ. ʕʣʝʢʪʨʦʥʥʘʷ ʙʘʟʘ ʵʪʠʭ ʩʠʩʪʝʤ ʜʦʣʞʥʘ ʚʳʜʝʨʞʠʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʠʭ ʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ (ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʝ), ʦʙʣʘʜʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, 

ʦʩʦʙʝʥʥʦ ʚʠʙʨʘʮʠʠ (ʧʨʠ ʟʘʧʫʩʢʝ ʂɸ), ʜʦʣʞʥʘ ʙʳʪʴ ʩʧʦʩʦʙʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ 

ʥʝʛʝʨʤʝʪʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʜʦʣʞʥʘ ʚʳʜʝʨʞʠʚʘʪʴ ʜʝʡʩʪʚʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʣʫʯʝʥʠʡ ʠ, 

ʥʘʢʦʥʝʮ, ʠʤʝʪʴ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʤʝʭʘʤ, ʚʦʟʥʠʢʘʶʱʠʤ ʧʨʠ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʘʭ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʪʝʢʘʶʱʠʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ. 

 ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʥʘ ʧʝʨʚʦʝ ʤʝʩʪʦ ʚʳʭʦʜʷʪ ʥʘʜʝʞʥʦʩʪʴ [ɸʙʨʘʤʝʰʠʥ, ʇʦʣʝʩʩʢʠʡ, 

2012] ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʢʦʩʤʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ [ɸʙʨʘʤʝʰʠʥ, 2012; ʂʝʯʠʝʚ, 2013]. ʕʪʠ 

ʬʘʢʪʦʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʢʘʯʝʩʪʚʦʤ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʘʣʠʯʠʝʤ ʠ ʩʪʝʧʝʥʴʶ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ. ʅʦ 

ʚʘʞʥʝʡʰʘʷ ʨʦʣʴ ʟʜʝʩʴ ʦʪʚʦʜʠʪʩʷ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ, ʚʳʧʦʣʥʷʶʱʠʭ 

ʢʨʠʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, ʚʦʟʥʠʢʘʝʪ ʥʦʚʘʷ ʧʨʦʙʣʝʤʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ, ʩʚʷʟʘʥʥʘʷ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ (ʕʄʉ). ʕʪʘ 

ʧʨʦʙʣʝʤʘ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʜʣʷ ʨʝʰʝʥʠʷ 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘʜʘʯ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ. ʆʥʘ ʦʪʥʦʩʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢ ʢʦʩʤʠʯʝʩʢʠʤ, ʥʦ ʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʢʦ ʚʩʝʤ 

ʣʝʪʘʪʝʣʴʥʳʤ ʘʧʧʘʨʘʪʘʤ [ʂʝʯʠʝʚ, 2015]. ʅʝ ʪʦʣʴʢʦ ʩʦʚʨʝʤʝʥʥʳʡ ʢʦʩʤʠʯʝʩʢʠʡ, ʥʦ ʠ ʣʶʙʦʡ 

ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ (ʃɸ) ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʥʠʢʠ, ʠ ʜʘʞʝ ʜʣʷ ʨʫʯʥʳʭ ʩʨʝʜʩʪʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʢʦʤʧʴʶʪʝʨʥʳʝ 

ʩʠʩʪʝʤʳ ʠ ʩʝʨʚʦʩʠʩʪʝʤʳ.  

ɽʩʣʠ ʩʘʤʦʣʝʪʳ ʠ ʚʝʨʪʦʣʝʪʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ ʦʪ ʨʘʜʘʨʦʚ ʘʵʨʦʜʨʦʤʦʚ, ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʭ ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢʦʚ, ʧʨʷʤʦʛʦ 

ʫʜʘʨʘ ʤʦʣʥʠʠ, ʪʦ ʜʣʷ ʢʦʩʤʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʦʚ ʤʦʱʥʳʤ ʜʝʩʪʨʫʢʪʠʚʥʳʤ ʬʘʢʪʦʨʦʤ ʩʣʫʞʠʪ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʨʘʟʨʷʜ ʥʘ ʢʘʙʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʠ ʙʦʨʪʦʚʫʶ ʵʣʝʢʪʨʦʥʠʢʫ ʚʦ ʚʨʝʤʷ 

ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ [ɹʝʣʠʢ, ɸʙʨʘʤʝʰʠʥ, ʉʘʝʥʢʦ, 2012; ʂʝʯʠʝʚ, ʇʦʞʠʜʘʝʚ, 2005]. ɺʦʝʥʥʳʝ 
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ʃɸ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʤʦʱʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʩʨʝʜʩʪʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ 

ʙʦʨʴʙʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʪʨʤʝʨ.  

ɼʝʡʩʪʚʫʶʱʠʝ ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʩʪʘʥʜʘʨʪʳ ʚ ʦʙʣʘʩʪʠ ʕʄʉ ʜʣʷ ʢʦʩʤʠʯʝʩʢʦʡ ʠ 

ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʧʳʪʘʶʪʩʷ ʧʦʢʨʳʪʴ ʚʩʶ ʦʙʦʟʨʠʤʫʶ ʦʙʣʘʩʪʴ ʚʦʟʤʦʞʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ʥʘ ʃɸ, ʚʢʣʶʯʘʷ ʩʦʙʳʪʠʷ ʥʠʟʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʧʨʘʚʣʷʪʴ ʕʄʉ, ʧʨʦʝʢʪʦʤ, 

ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʚʝʨʠʬʠʢʘʮʠʝʡ (ʥʘʧʨʠʤʝʨ, ʪʝʩʪʠʨʦʚʘʥʠʝʤ).  

ʇʦʥʷʪʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [ʂʝʯʠʝʚ, 2013; ʉʤʠʪ, ʉʠʤʧʩʦʥ, 2004] 

ʦʧʨʝʜʝʣʷʝʪ ʩʠʪʫʘʮʠʶ, ʚ ʢʦʪʦʨʦʡ çʙʝʟʦʧʘʩʥʦʩʪʴè ʟʘʚʠʩʠʪ ʦʪ ʧʨʘʚʠʣʴʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʩʠʩʪʝʤʳ. ʊʦʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ī ʧʨʦʙʣʝʤʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʇʨʠ ʥʘʨʫʰʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʥʘʥʝʩʝʥ ʫʱʝʨʙ ʟʜʦʨʦʚʴʶ 

ʯʝʣʦʚʝʢʘ, ʵʢʦʣʦʛʠʠ, ʩʦʙʩʪʚʝʥʥʦʩʪʠ. ʇʦʪʝʨʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʂɸ) ʠʟ-ʟʘ ʩʙʦʝʚ ʚ 

ʘʧʧʘʨʘʪʫʨʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʢʘʪʝʛʦʨʠʠ ʥʘʨʫʰʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʕʪʦ ʚ ʙʦʣʴʰʦʡ ʤʝʨʝ ʦʪʥʦʩʠʪʩʷ ʢ ʵʣʝʢʪʨʦʥʥʳʤ ʩʠʩʪʝʤʘʤ 

ʂɸ. ʂ ʩʦʞʘʣʝʥʠʶ, ʚʩʝ ʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ ʂɸ ʩʢʣʦʥʥʳ ʢ ʧʦʛʨʝʰʥʦʩʪʷʤ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʦʰʠʙʢʘʤ ʚ ʨʘʙʦʪʝ, ʠʣʠ ʜʘʞʝ ʧʦʚʨʝʞʜʝʥʠʷʤ, ʢʦʛʜʘ ʦʥʠ ʧʦʜʚʝʨʛʥʫʪʳ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʨʘʟʨʷʜʘʤ (ʕʉʈ), ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ 

ʜʝʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʜʣʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʘʧʧʘʨʘʪʫʨʳ [ʂʠʨʠʣʣʦʚ, 

ʄʘʣʠʩʪʠʥ, ʄʘʨʯʝʥʢʦ, 2012; ʂʠʨʠʣʣʦʚ, ʄʘʨʯʝʥʢʦ, 2012]. 

ɹʦʣʴʰʠʥʩʪʚʦ ʟʘʢʦʥʦʚ, ʠʥʩʪʨʫʢʮʠʡ ʠ ʩʪʘʥʜʘʨʪʦʚ ʚ ʦʙʣʘʩʪʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʣʠ ʕʄʉ, 

ʭʦʪʷ ʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʚʦʟʜʝʡʩʪʚʠʷ ʕʉʈ, ʥʝ ʦʪʨʘʞʘʶʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʨʫʰʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʠ ʩʠʩʪʝʤ ʧʨʠ ʕʉʈ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʠ ʪʨʝʪʴʠ ʣʠʮʘ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʫʚʝʣʠʯʝʥʥʳʤ ʨʠʩʢʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʧʦʩʪʘʚʱʠʢʠ ʧʦʜʚʝʨʛʥʫʪʳ ʚʦʟʨʘʩʪʘʶʱʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.1.  

ɺ ʨʘʙʦʪʘʭ [ɹʟʳʪʘ ʠ ʜʨ., 2010; ʂʠʨʠʣʣʦʚ, ʄʘʨʯʝʥʢʦ, 2011; ʂʦʤʷʛʠʥ, ʉʦʢʦʣʦʚ, 2008] 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʕʉʈ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ ʂɸ. ʇʨʠʨʦʜʘ ʥʘʢʦʧʣʝʥʠʷ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʕʉʈ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʫʶ ʘʧʧʘʨʘʪʫʨʫ ʠ ʢʘʙʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʪʘʢʦʚʘ, ʯʪʦ ʫʩʪʨʘʥʠʪʴ ʕʉʈ ʧʦʢʘ ʥʝ 

ʫʜʘʝʪʩʷ. ʇʦʵʪʦʤʫ ʚʩʝʛʜʘ ʪʨʝʙʫʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʦʩʣʝʜʩʪʚʠʡ ʨʘʟʨʷʜʘ ʩ ʧʦʟʠʮʠʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʩʤ. ʨʠʩʫʥʦʢ 3.1) [ɸʙʨʘʤʝʰʠʥ, ʂʝʯʠʝʚ, 2012; ʉʦʢʦʣʦʚ, 

ʉʘʝʥʢʦ, 2008]. 
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ʈʘʩʰʠʨʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʵʣʝʢʪʨʦʥʠʢʠ ʚ ʩʠʩʪʝʤʘʭ, ʩʚʷʟʘʥʥʳʭ 
ʩ ʙʝʟʦʧʘʩʥʦʩʪʴʶ 

ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 
ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʥʠʞʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʠ 
ʩʨʦʢʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʠʩʪʝʤ ʜʣʷ ʂɸ 

ʋʭʫʜʰʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 
ʦʙʩʪʘʥʦʚʢʠ, ʥʝ ʩʥʠʞʘʝʤʘʷ 

ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʕʉʈ 

ʋʚʝʣʠʯʝʥʠʝ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 
ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ, ʫʟʣʦʚ ʠ ʙʣʦʢʦʚ ʥʘ 

ʠʭ ʦʩʥʦʚʝ ʢ ʕʉʈ 

ʉʪʨʝʤʣʝʥʠʝ ʚʝʩʪʠ ʨʘʟʨʘʙʦʪʢʫ ʥʘ 
ʤʠʥʠʤʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʷʭ 

ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʕʄʉ 

ʊʝʭʥʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʚ ʦʙʣʘʩʪʠ 
ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʕʄʉ ʥʝ ʤʦʛʫʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʦʙʝʩʧʝʯʝʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ɹʳʩʪʨʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʨʠʩʢʦʚ 
ʦʧʘʩʥʦʩʪʝʡ ʚ ʩʬʝʨʝ ʙʝʟʦʧʘʩʥʦʩʪʠ 
ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʪʨʝʪʴʠʭ ʣʠʮ 

ɹʳʩʪʨʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʨʠʩʢʦʚ 
ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʜʣʷ ʧʦʩʪʘʚʱʠʢʦʚ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʂɸ 

 

ʈʠʩʫʥʦʢ 3.1 ɺʦʟʨʘʩʪʘʥʠʝ ʧʨʦʙʣʝʤʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ  

ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʂɸ 

3.1.1 ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʜʣʷ ʢʦʩʤʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ 

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ ʜʣʷ ʢʦʩʤʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʝʨʴʝʟʥʫʶ ʫʛʨʦʟʫ, ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʢʘʙʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ʅʘʚʝʜʝʥʥʳʝ ʪʦʢʠ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʧʘʜʘʷ ʥʘ ʚʭʦʜʳ ʙʣʦʢʦʚ 

ʩʠʩʪʝʤʳ, ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʩʙʦʠ ʠ ʜʨʫʛʠʝ ʥʘʨʫʰʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤ ʩ 

ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ.  

ʂʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ ī ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʤʦʜʫʣʴʥʳʝ 

ʦʙʲʝʢʪʳ. ʉʠʩʪʝʤʳ ʚʳʩʦʢʦ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʴʰʠʭ ʥʘʟʝʤʥʳʭ ʩʠʩʪʝʤ 

(ʥʘʧʨʠʤʝʨ, ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠʣʠ ʩʝʪʝʡ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ), ʚ ʥʠʭ ʪʨʫʜʥʦ ʨʘʟʙʠʪʴ 

ʧʨʦʙʣʝʤʫ ʥʘ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠ ʧʨʠ ʵʪʦʤ ʙʳʪʴ 

ʫʚʝʨʝʥʥʳʤ, ʯʪʦ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʥʝ ʙʳʣʠ ʧʨʦʧʫʱʝʥʳ. ʈʘʩʩʤʦʪʨʝʥʠʝ ʪʘʢʦʛʦ 

ʬʠʟʠʯʝʩʢʠ ʙʦʣʴʰʦʛʦ ʦʙʲʝʢʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʩʣʦʞʥʳʭ ʧʨʦʙʣʝʤ ʚ ʩʬʝʨʝ ʕʄʉ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ.  
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ɼʣʷ ʚʦʝʥʥʳʭ ʂɸ ʠ ʃɸ ʚʦʟʥʠʢʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʣʦʞʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʝʜʥʘʤʝʨʝʥʥʳʤʠ ʫʛʨʦʟʘʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʠ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʨʘʩʪʫʪ ʚʩʝ ʚʨʝʤʷ. ʆʥʠ ʜʦʣʞʥʳ ʪʘʢʞʝ ʙʳʪʴ ʧʨʠʥʷʪʳ ʚʦ ʚʥʠʤʘʥʠʝ 

ʚʦ ʚʨʝʤʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ. ɼʣʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʦʙʘʚʣʷʝʪʩʷ 

ʩʚʦʷ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ ī ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʤʘʩʩʝ ʠ ʦʙʲʝʤʫ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʚʳʙʦʨ 

ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠ ʠʭ ʩʪʦʠʤʦʩʪʴ.  

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʨʝʜʘ, ʚ ʢʦʪʦʨʦʡ ʂɸ ʠ ʠʭ ʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ 

ʨʘʙʦʪʘʪʴ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʦʟʤʫʱʝʥʥʦʡ 

ʩʨʝʜʠ ʣʶʙʳʭ ʩʠʩʪʝʤ. ʆʙʲʝʢʪʳ ʦʙʷʟʘʥʳ ʨʘʙʦʪʘʪʴ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʠʟʤʝʥʷʶʱʠʭʩʷ ʠʥʪʝʥʩʠʚʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʨʝʜʘʭ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ, ʘ ʪʘʢʞʝ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʂɸ. ʕʪʦ ʪʨʝʙʫʝʪ ʫʯʠʪʳʚʘʪʴ 

ʯʨʝʟʚʳʯʘʡʥʦ ʠʥʪʝʥʩʠʚʥʫʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʩʨʝʜʫ, ʚ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʂɸ, ʜʣʷ 

ʢʦʪʦʨʦʡ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʦʰʠʙʢʘʤ.  

ɺʥʝʰʥʷʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʨʝʜʘ, ʦʛʦʚʦʨʝʥʥʘʷ ʢʘʢ ʪʨʝʙʦʚʘʥʠʝ ʢ ʦʙʲʝʢʪʫ, 

ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʠ ʦʙʳʯʥʦ ʟʘʜʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʜʝʡʩʪʚʫʶʱʝʡ ʥʦʨʤʘʪʠʚʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ʀʥʦʛʜʘ ʧʘʨʘʤʝʪʨʳ ʩʨʝʜʳ ʪʨʝʙʫʶʪ ʠʟʤʝʥʝʥʠʷ ʠʟ-ʟʘ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʨʘʙʦʯʠʭ ʪʨʝʙʦʚʘʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʨʝʜʘ ʚ ʢʨʠʪʠʯʝʩʢʠʭ 

ʩʠʪʫʘʮʠʷʭ ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʤʦʱʥʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʩʪʚ ʧʦʩʪʘʥʦʚʢʠ ʧʨʝʜʥʘʤʝʨʝʥʥʳʭ ʧʦʤʝʭ ʠ 

ʩʨʝʜʩʪʚ ʨʘʜʠʦʙʦʨʴʙʳ [ɸʢʙʘʰʝʚ, ɹʘʣʶʢ, ʂʝʯʠʝʚ, 2014]. ʉʘʤʘʷ ʠʟʚʝʩʪʥʘʷ ʠʟ ʪʘʢʠʭ ʫʛʨʦʟ ī 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʠʤʧʫʣʴʩ ʚʳʩʦʪʥʦʛʦ ʷʜʝʨʥʦʛʦ ʚʟʨʳʚʘ (NEMP) [ɹʘʣʶʢ, ʂʝʯʠʝʚ, 

ʉʪʝʧʘʥʦʚ, 2007; ʂʝʯʠʝʚ, ɹʘʣʶʢ, 2014], ʩʦʟʜʘʶʱʠʡ ʠʟʣʫʯʘʝʤʳʝ ʧʦʣʷ ʚʳʩʦʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ (HIRF). 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʨʝʜʘ HIRF, ʩʦʟʜʘʥʥʘʷ ʦʪʜʘʣʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, ʷʚʣʷʝʪʩʷ 

ʪʦʣʴʢʦ ʯʘʩʪʴʶ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʜʦʣʞʥʳ ʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʳ. ɺʥʫʪʨʝʥʥʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʂɸ 

ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʵʣʝʢʪʨʠʯʝʩʢʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʠʩʪʝʤ (ʤʦʱʥʳʝ ʧʝʨʝʢʣʶʯʘʪʝʣʠ 

ʥʘʛʨʫʟʢʠ, ʘʥʘʣʦʛʦʚʳʝ ʠ ʮʠʬʨʦʚʳʝ ʩʠʩʪʝʤʳ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʩʠʛʥʘʣʘ), ʢʦʪʦʨʳʝ ʠʟ-ʟʘ 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʛʘʙʘʨʠʪʦʚ ʦʙʲʝʢʪʘ ʜʦʣʞʥʳ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʧʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳ. ɺʥʫʪʨʝʥʥʷʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʠ 

ʚʥʫʪʨʠʩʠʩʪʝʤʥʘʷ ʕʄʉ ʝʱʝ ʦʜʥʦ ʪʨʝʙʦʚʘʥʠʝ ʧʨʦʝʢʪʘ [ʂʝʯʠʝʚ, 2013].  

ʆʙʦʨʫʜʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ ʂɸ, ʦʙʷʟʘʥʦ ʙʳʪʴ ʦʧʠʩʘʥʥʳʤ ʚ ʪʝʨʤʠʥʘʭ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʩʠʛʥʘʣʘʤ ʚ ʯʘʩʪʦʪʥʦʡ ʠ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ. ʕʪʠ ʫʨʦʚʥʠ ʚʳʙʨʘʥʳ ʢʘʢ 

ʬʫʥʢʮʠʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʠʭ ʦʩʣʘʙʣʝʥʠʷ ʢʦʨʧʫʩʦʤ ʘʧʧʘʨʘʪʘ ʠ 

ʤʝʞʩʠʩʪʝʤʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʦ ʢ ʧʨʠʝʤʣʝʤʳʤ ʫʨʦʚʥʷʤ ʧʦʤʝʭʦʵʤʠʩʩʠʠ ʚ ʯʘʩʪʦʪʥʦʡ ʠ ʚʨʝʤʝʥʥʦʡ 



116 

 

ʦʙʣʘʩʪʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʤʝʞʩʠʩʪʝʤʥʳʤʠ ʫʨʦʚʥʷʤʠ ʫʛʨʦʟ ʠ ʩʜʝʨʞʠʚʘʝʪʩʷ, ʚ 

ʦʩʥʦʚʥʦʤ, ʧʦʪʨʝʙʥʦʩʪʴʶ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʫʨʦʚʥʠ ʧʦʤʝʭ ʚ ʢʘʥʘʣʘʭ ʧʨʠʝʤʥʠʢʘ ʚʩʪʨʦʝʥʥʳʭ 

ʩʠʩʪʝʤ ʨʘʜʠʦʩʚʷʟʠ.  

ʈʘʟʨʘʙʦʪʯʠʢ ʜʦʣʞʝʥ, ʚʦ-ʧʝʨʚʳʭ, ʚʳʙʨʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ 

ʩʧʝʮʠʬʠʢʘʮʠʠ ʜʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʂɸ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʜʣʷ ʚʩʝʛʦ ʂɸ. ɺʘʞʥʦ 

ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʧʨʦʝʢʪ ʩʠʩʪʝʤʥʦʡ ʠʥʪʝʛʨʘʮʠʠ, ʧʨʦʝʢʪ ʠʥʩʪʘʣʣʷʮʠʠ ʩʠʩʪʝʤ ʠ ʧʨʦʝʢʪ 

ʢʦʨʧʫʩʘ (ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ) ʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ ʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʜʦʩʪʠʞʝʥʠʝ ʫʨʦʚʥʷ ʫʛʨʦʟ ʥʠʞʝ ʫʨʦʚʥʝʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦʙʳ 

ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤ ʂɸ ʫʩʧʝʰʥʦ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʥʘʨʫʰʝʥʠʷʤ ʮʝʣʦʩʪʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [ɸʙʨʘʤʝʰʠʥ, ɾʘʜʥʦʚ, ɾʘʜʥʦʚ, 2012]. 

ʀʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤʳ (ʀʄʉ), ʥʘ ʢʦʪʦʨʳʭ ʧʦʩʪʨʦʝʥʳ ʫʟʣʳ ʠ ʙʣʦʢʠ ʩʠʩʪʝʤ, 

ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʫʷʟʚʠʤʳʤʠ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ 

ʨʘʟʨʷʜʦʚ ʢʘʢ ʧʨʷʤʦʛʦ, ʪʘʢ ʠ ʢʦʩʚʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ [ɸʙʨʘʤʝʰʠʥ ʠ ʜʨ., 2012; ʂʝʯʠʝʚ, 

2007]. ʉʪʨʝʤʣʝʥʠʝ ʢ ʧʦʚʳʰʝʥʠʶ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʠ ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʧʨʠʤʝʥʝʥʠʶ ʤʠʢʨʦʩʭʝʤ ʩ ʤʝʥʴʰʠʤʠ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤʠ ʥʦʨʤʘʤʠ, ʤʝʥʴʰʠʤʠ 

ʥʘʧʨʷʞʝʥʠʷʤʠ ʧʠʪʘʥʠʷ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʠʭ ʧʦʚʳʰʝʥʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ 

ʠʤʧʫʣʴʩʥʳʭ ʧʦʤʝʭ [ʂʝʯʠʝʚ, 2007; ʂʝʯʠʝʚ, ʄʠʭʝʝʚ, 2014]. ʇʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʀʄʉ ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ ʠʤʧʫʣʴʩʥʳʭ ʧʦʤʝʭ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʕʉʈ, ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʧʦ ʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ (ʨʠʩʫʥʦʢ 3.2) [ɸʙʨʘʤʝʰʠʥ ʠ ʜʨ., 2012; 

ʂʝʯʠʝʚ, 2007; ʂʝʯʠʝʚ, ʄʠʭʝʝʚ, 2014]. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʩʪʨʦʝʥʘ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

çʜʣʠʪʝʣʴʥʦʩʪʴ ʧʦʤʝʭʠ tn ī ʥʘʧʨʷʞʝʥʠʝ ʧʦʤʝʭʠ Vnè. ɽʩʣʠ ʪʦʯʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʥʝʢʦʪʦʨʦʡ ʧʦʤʝʭʝ, ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʢʨʠʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ, ʪʦ ʦʥʘ ʥʝ ʧʨʠʚʝʜʝʪ ʢ ʩʙʦʶ ʘʧʧʘʨʘʪʫʨʳ, ʘ ʝʩʣʠ ʚʳʰʝ - ʩʙʦʡ 

ʚʝʨʦʷʪʝʥ. ʏʝʤ ʚʳʰʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʤʠʢʨʦʩʭʝʤʳ, ʪʝʤ ʙʣʠʞʝ ʢ ʥʘʯʘʣʫ ʢʦʦʨʜʠʥʘʪ 

ʨʘʩʧʦʣʦʞʝʥʘ ʵʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. ʀʟ ʨʠʩʫʥʢʘ 3.2 ʚʠʜʥʦ, ʯʪʦ ʙʦʣʝʝ ʙʳʩʪʨʘʷ ʊʊʃʐ-ʩʭʝʤʘ, 

ʯʝʤ ʊʊʃ-ʩʭʝʤʘ, ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʙʣʠʞʝ ʢ ʥʘʯʘʣʫ ʢʦʦʨʜʠʥʘʪ, ʯʝʤ ʊʊʃ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ 

ʪʦʤ, ʯʪʦ ʧʦ ʤʝʨʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʥʦʡ ʙʘʟʳ, ʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ ʥʘʚʝʜʝʥʥʳʭ ʦʪ ʕʉʈ ʠʤʧʫʣʴʩʦʚ ʚʦʟʨʘʩʪʘʝʪ. ʀʟ ʨʠʩʫʥʢʘ 3.2 ʪʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ 

ʧʦʤʝʭʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ tnʊʊʃ, Vnʊʊʃ ʥʝ ʧʨʠʚʝʜʫʪ ʢ ʩʙʦʶ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʊʊʃ-ʩʭʝʤ, ʥʦ ʧʨʠ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʘʧʧʘʨʘʪʫʨʳ ʠ ʧʝʨʝʭʦʜʝ ʥʘ ʊʊʃʐ-ʩʭʝʤʳ ʩʙʦʠ ʚʝʨʦʷʪʥʳ ʠ ʚʦʟʤʦʞʥʦ 

ʥʘʨʫʰʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɼʘʥʥʳʡ ʬʘʢʪʦʨ ʪʨʝʙʫʝʪ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʦʧʨʦʩʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʚʩʝʤ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ʧʨʦʝʢʪʘ, 

ʚʢʣʶʯʘʷ ʤʦʜʝʨʥʠʟʘʮʠʶ ʘʧʧʘʨʘʪʫʨʳ. 
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ʈʠʩʫʥʦʢ 3.2 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʀʄʉ:  

1 ï ʊʊʃ, 2 ï ʊʊʃʐ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʘʙʝʣʴʥʳʭ ʩʠʩʪʝʤ [ʂʝʯʠʝʚ, ʂʫʟʥʝʮʦʚ, 2013; ʂʠʨʠʣʣʦʚ, ʄʘʨʯʝʥʢʦ, 

2011] ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʠ ʦʩʪʘʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʂɸ. ʀʭ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ çʩʣʫʯʘʡʥʳʝè ʘʥʪʝʥʥʳ, ʵʬʬʝʢʪʠʚʥʦ 

ʚʦʩʧʨʠʥʠʤʘʶʱʠʝ ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʧʦʣʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʪ ʕʉʈ. ʆʙʣʘʜʘʷ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʦʢʘ [ɸʛʘʧʦʚ, 2011], ʕʉʈ ʚʦʟʙʫʞʜʘʝʪ ʪʦʢʠ ʚ 

ʵʢʨʘʥʠʨʦʚʘʥʥʳʭ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʷʭ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʥʘʧʨʷʞʝʥʠʷ ʧʦʤʝʭ ʥʘ ʚʭʦʜʘʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʙʣʦʢʦʚ ʩʠʩʪʝʤʳ ʂɸ.  

ʈʘʙʦʪʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʮʝʣʦʩʪʥʦʩʪʠ ʩʠʛʥʘʣʘ ʠ ʢʘʯʝʩʪʚʘ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʀʄʉ; ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʛʜʘ ʕʉʈ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʀʄʉ ʠʣʠ ʠʭ ʧʦʚʨʝʞʜʝʥʠʶ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʩʦ 

ʩʙʦʷʤʠ, ʚʳʟʳʚʘʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʙʦʠ ʚ ʨʘʙʦʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʨʫʛʠʭ ʩʠʩʪʝʤ ʂɸ, ʢʦʪʦʨʳʤ 

ʦʥʦ ʫʧʨʘʚʣʷʝʪ, ʧʨʠʚʦʜʷ ʢ ʥʘʨʫʰʝʥʠʶ ʮʝʣʦʩʪʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʉʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʩʪʘʥʜʘʨʪʦʚ ʠ ʥʦʨʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʦʧʨʦʩʦʚ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʅʝ ʜʦ ʢʦʥʮʘ ʧʦʥʠʤʘʷ ʛʣʫʙʠʥʫ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, 

ʠʟʛʦʪʦʚʠʪʝʣʠ ʩʪʦʷʪ ʥʘ ʧʦʟʠʮʠʠ, ʯʪʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ī ʧʨʦʙʣʝʤʘ ʥʘʜʝʞʥʦʩʪʠ, ʠ ʧʦʵʪʦʤʫ 

ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʥʘ ʚʳʙʦʨ ʧʦʪʨʝʙʠʪʝʣʷ. ɼʘʞʝ, ʝʩʣʠ ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʝʞʥʦʩʪʠ 

ʦʛʦʚʘʨʠʚʘʶʪʩʷ, ʪʦ ʩʚʷʟʴ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʥʝ ʦʯʝʚʠʜʥʘ. 

ʊʘʢ, ʢʘʥʘʣʳ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʧʨʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʨʘʞʝʥʳ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʯʪʦ ʥʠʚʝʣʠʨʫʝʪ ʚʩʝ ʧʦʟʠʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʕʄ-ʩʪʦʡʢʦʩʪʴ ʵʣʝʢʪʨʦʥʠʢʠ, ʢʦʛʜʘ ʨʝʯʴ 

ʠʜʝʪ ʦ ʩʚʷʟʘʥʥʳʭ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷʭ, ʥʝ ʩʚʷʟʘʥʳ ʤʝʞʜʫ 

ʩʦʙʦʡ ʠ ʥʝ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʚ ʢʘʢʠʭ-ʣʠʙʦ ʜʦʢʫʤʝʥʪʘʭ.  



118 

 

ʕʪʘ ʨʘʟʦʙʱʝʥʥʦʩʪʴ, ʷʚʣʷʶʱʘʷʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʙʣʝʤ, ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʠ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 3.1, ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʥʳʤ ʦʧʘʩʥʦʩʪʷʤʠ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʦʯʪʠ ʣʶʙʦʛʦ ʚʠʜʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʪʨʝʪʴʠʭ ʣʠʮ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʪʘʚʱʠʢʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ 

ʂɸ ʚʩʝ ʙʦʣʝʝ ʠ ʙʦʣʝʝ ʧʦʜʚʝʨʛʥʫʪʳ ʦʛʨʦʤʥʳʤ ʨʠʩʢʘʤ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠʟʜʝʣʠʷ, ʫʯʠʪʳʚʘʷ ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʩʦʮʠʘʣʴʥʳʝ, ʚʦʝʥʥʳʝ ʬʘʢʪʦʨʳ.  

ɺ ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, ʢʘʢ ʠ ʚ ʨʷʜʝ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʯʠʢʠ 

ʪʨʘʜʠʮʠʦʥʥʦ ʦʙʨʘʱʘʣʠʩʴ ʢ ʧʨʦʙʣʝʤʝ ʕʄʉ ʢʘʢ ʧʨʦʙʣʝʤʝ, ʩʚʷʟʘʥʥʦʡ ʩ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʩʢʦʨʝʝ 

ʠʟ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʯʝʤ ʠʟ ʧʦʪʨʝʙʥʦʩʪʠ ʠʩʧʦʣʥʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʠʥʩʪʨʫʢʮʠʠ ʠ ʩʪʘʥʜʘʨʪʳ. ʉʪʦʠʪ ʚʦʧʨʦʩ: ʷʚʣʷʝʪʩʷ ʣʠ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʯʝʨʝʟ ʧʨʦʙʣʝʤʫ ʕʄʉ ʘʜʝʢʚʘʪʥʳʤ?  

3.1.2 ʊʨʝʙʦʚʘʥʠʷ ʥʦʨʤʳ ʩʪʘʥʜʘʨʪʦʚ ʢ ʧʘʨʘʤʝʪʨʘʤ ʕʄʉ  

ʕʄʉ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢ ʩʧʦʩʦʙʥʦʩʪʴ ʘʧʧʘʨʘʪʫʨʳ ʨʘʙʦʪʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʜʨʫʛʠʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʚ ʨʝʘʣʴʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʝ, ʚʳʧʦʣʥʷʷ ʰʪʘʪʥʳʝ ʬʫʥʢʮʠʠ, ʥʝ 

ʩʦʟʜʘʚʘʷ ʧʦʤʝʭ ʜʨʫʛʠʤ ʩʨʝʜʩʪʚʘʤ. ɺʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʧʦʤʝʭʠ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚʢʣʶʯʘʷ ʕʉʈ. ʏʘʩʪʦʪʥʳʡ ʩʧʝʢʪʨ 

ʧʦʤʝʭʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʦʩʪʠʨʘʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥ ʤʥʦʛʠʭ ʛʠʛʘʛʝʨʮ. ʅʘʣʠʯʠʝ ʧʦʤʝʭ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʩʙʦʷʤ ʚ ʨʘʙʦʪʝ ʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠ ʢ ʚʳʭʦʜʫ ʠʭ ʠʟ ʩʪʨʦʷ.  

ɸʧʧʘʨʘʪʫʨʘ ʂɸ ʜʦʣʞʥʘ ʦʪʚʝʯʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʕʄʉ, ʠ ʚʘʞʥʦʩʪʴ ʵʪʦʛʦ ʬʘʢʪʦʨʘ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʦʩʥʦʚʥʳʤʠ ʪʝʥʜʝʥʮʠʷʤʠ ʚ ʪʝʭʥʦʣʦʛʠʠ:  

- ʫʩʣʦʞʥʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʠ (ʕʄʆ) ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ: ʦʪ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʦ ʦʨʙʠʪʘʣʴʥʦʛʦ ʧʦʣʝʪʘ ʂɸ,  

- ʚʦʟʨʘʩʪʘʥʠʝ ʯʠʩʣʘ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʛʝʥʝʨʠʨʫʶʱʠʭ ʠʤʧʫʣʴʩʥʳʝ ʧʦʤʝʭʠ 

ʧʨʠ ʧʝʨʝʢʣʶʯʝʥʠʠ, ʢʘʢ ʥʝʠʟʙʝʞʥʳʡ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ ʮʠʬʨʦʚʦʡ ʪʝʭʥʠʢʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʩʧʝʢʪʨʘ ʧʦʤʝʭʦʚʳʭ ʩʠʛʥʘʣʦʚ ʚʥʫʪʨʠ ʦʙʲʝʢʪʘ,  

- ʢʨʠʩʪʘʣʣʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʀʄʉ ʠʤʝʶʪ ʤʝʥʴʰʠʝ ʬʠʟʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʠ 

ʫʨʦʚʥʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʧʠʪʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ, ʢʘʢ ʧʨʷʤʦʝ ʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, 

ʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʙʫʜʫʪ ʠʩʧʳʪʳʚʘʪʴ ʩʙʦʠ ʠʣʠ ʧʦʚʨʝʞʜʝʥʠʷ ʠʟ-ʟʘ ʕʄ ʧʦʤʝʭ,  

- ʨʘʩʰʠʨʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʥʠʢʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʤʝʭʘʥʠʟʤʘʤʠ, ʢʦʪʦʨʳʝ ʟʘʤʝʥʷʶʪ ʤʝʭʘʥʠʯʝʩʢʠʝ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʠ ʪ.ʧ. ʫʩʪʨʦʡʩʪʚʘ, 

- ʚʦʟʨʘʩʪʘʥʠʝ ʨʦʣʠ ʢʘʙʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʘʢ ʠʩʪʦʯʥʠʢʦʚ ʧʝʨʝʢʨʝʩʪʥʳʭ ʧʦʤʝʭ, 

ʥʝʩʫʱʠʭ ʢʘʢ ʩʣʘʙʳʝ ʪʦʢʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ, ʪʘʢ ʠ ʤʦʱʥʳʝ ʪʦʢʠ 

ʩʠʩʪʝʤ ʧʠʪʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ, 
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- ʢʘʙʝʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ çʩʣʫʯʘʡʥʳʤʠ ʘʥʪʝʥʥʘʤʠè, ʢʦʪʦʨʳʝ ʚ ʫʩʣʦʚʠʷʭ 

ʤʦʱʥʳʭ ʚʥʝʰʥʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ 

ʥʘʚʝʜʝʥʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʠ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʨʝʮʝʧʪʦʨʦʤ ʕʉʈ. 

ɹʝʟʦʧʘʩʥʦʩʪʴ ī ʪʝʨʤʠʥ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ, ʯʪʦʙʳ ʦʙʦʟʥʘʯʠʪʴ ʧʦʥʷʪʠʝ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ 

ʧʦʥʠʤʘʥʠʷ ʦʧʘʩʥʦʩʪʝʡ ʠ ʠʭ ʨʠʩʢʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʠʝʤʣʝʤʳʤʠ ʜʣʷ ʜʘʥʥʦʛʦ ʦʙʱʝʩʪʚʘ 

[ʂʝʯʠʝʚ, 2013; ʂʝʯʠʝʚ, 2015; ʉʤʠʪ, ʉʠʤʧʩʦʥ, 2004]. ʅʝʢʦʪʦʨʳʝ ʪʠʧʳ ʜʝʡʩʪʚʠʡ ʥʝʩʫʪ ʙʦʣʴʰʠʝ 

ʦʧʘʩʥʦʩʪʠ ʠʣʠ ʨʠʩʢʠ, ʯʝʤ ʜʨʫʛʠʝ. ɿʘʢʦʥʳ ʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʦʦʙʱʝ ʪʨʝʙʫʶʪ, ʯʪʦʙʳ ʧʨʦʜʫʢʮʠʷ 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʧʨʦʠʟʚʝʜʝʥʘ ʩʪʦʣʴ ʞʝ ʙʝʟʦʧʘʩʥʦʡ, ʢʘʢ ʦʙʱʝʩʪʚʦ çʠʤʝʝʪ ʧʨʘʚʦ ʦʞʠʜʘʪʴè. 

ʪ.ʝ. ʙʝʟʦʧʘʩʥʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʝʨʝ ʩʦʮʠʘʣʴʥʘʷ ʢʘʪʝʛʦʨʠʷ.  

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ī ʪʝʨʤʠʥ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ, ʯʪʦʙʳ ʦʭʚʘʪʠʪʴ 

ʦʧʘʩʥʦʩʪʠ ʠ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʰʠʙʢʘʤʠ ʠʣʠ ʩʙʦʷʤʠ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʫʩʪʨʦʡʩʪʚʘ 

ʠʣʠ ʘʧʧʘʨʘʪʘ. ʕʪʦ ʦʪʣʠʯʥʦ ʦʪ ʩʦʙʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʧʦʪʝʥʮʠʘʣ 

ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʪʘʢʠʤ ʦʧʘʩʥʦʩʪʷʤ, ʢʘʢ ʦʛʦʥʴ, ʫʜʘʨ ʪʦʢʦʤ, ʷʜʦʚʠʪʳʝ ʧʘʨʳ ʠ ʪ.ʧ.  

ʈʘʟʨʘʙʦʪʯʠʢʠ ʩʚʷʟʘʥʥʳʭ ʩ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʩʠʩʪʝʤ ʂɸ ʜʦʣʞʥʳ ʦʧʨʝʜʝʣʠʪʴ 

ʧʘʨʘʤʝʪʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʥʠ ʜʦʣʞʥʳ ʚʢʣʶʯʘʪʴ ʚʦʟʤʦʞʥʳʝ ʦʧʘʩʥʦʩʪʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʠʩʢʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʠʟ-ʟʘ ʩʣʝʜʫʶʱʠʭ ʨʘʟʫʤʥʦ 

ʦʙʦʟʨʠʤʳʭ ʬʘʢʪʦʨʦʚ:  

- ʥʝʧʨʘʚʠʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ: ʠʣʠ ʩʣʫʯʘʡʥʦʝ (ʥʘʧʨʠʤʝʨ, ʥʝʧʨʘʚʠʣʴʥʘʷ 

ʠʥʩʪʘʣʣʷʮʠʷ ʠʣʠ ʯʝʣʦʚʝʯʝʩʢʘʷ ʦʰʠʙʢʘ), ʠʣʠ ʧʨʝʜʥʘʤʝʨʝʥʥʦʝ (ʥʘʧʨʠʤʝʨ, 

ʧʝʨʝʛʨʫʟʢʘ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʦʡ ʮʝʣʠ),  

- ʦʰʠʙʢʠ ʚ ʧʨʦʝʢʪʝ, ʦʩʦʙʝʥʥʦ ʚʣʠʷʶʱʠʝ ʥʘ ʦʪʢʘʟʳ ʠ ʩʙʦʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ,  

- ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʚʢʣʶʯʘʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʠʙʨʘʮʠʠ, ʢʦʤʧʣʝʢʩʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʪ.ʧ., 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʩʪʨʝʪʠʪʴʩʷ ʚ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ʂɸ.  

- ʧʦʩʣʝʜʩʪʚʠʷ (ʦʧʘʩʥʦʩʪʠ), ʩ ʠʭ ʚʝʨʦʷʪʥʦʩʪʷʤʠ (ʨʠʩʢʠ).  

ʇʘʨʘʤʝʪʨ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʘʢʞʝ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʘʥʘʣʠʟ ʪʦʛʦ, ʜʦʩʪʠʛʘʝʪ ʣʠ ʧʨʦʝʢʪ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʫʶ ʦʙʱʝʩʪʚʦ çʠʤʝʝʪ ʧʨʘʚʦ ʦʞʠʜʘʪʴè, ʠ ʯʪʦ ʪʨʝʙʫʝʪʩʷ ʩʜʝʣʘʪʴ, ʯʪʦʙʳ 

ʜʦʩʪʠʛʥʫʪʴ ʵʪʦʛʦ.  

ɺʩʝʛʜʘ, ʢʦʛʜʘ ʵʣʝʢʪʨʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʷʝʪ ʩʠʩʪʝʤʦʡ, ʢʦʪʦʨʘʷ ʚ ʩʣʫʯʘʝ 

ʥʘʨʫʰʝʥʠʷ ʰʪʘʪʥʦʛʦ ʨʝʞʠʤʘ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ ʨʠʩʢʫ, ʪʦʛʜʘ ʪʦʯʥʦʩʪʴ ʠ 

ʥʘʜʝʞʥʦʩʪʴ ʵʣʝʢʪʨʦʥʠʢʠ ʩʪʘʥʦʚʷʪʩʷ ʧʨʦʙʣʝʤʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [ɸʙʨʘʤʝʰʠʥ, ʂʝʯʠʝʚ, 2012]. 

ʅʦ ʚʩʝ ʪʠʧʳ ʵʣʝʢʪʨʦʥʠʢʠ ʚʦʩʧʨʠʠʤʯʠʚʳ ʢ ʧʦʛʨʝʰʥʦʩʪʷʤ, ʩʙʦʷʤ ʠʣʠ ʧʦʚʨʝʞʜʝʥʠʷʤ ʠʟ-ʟʘ 

ʕʄ ʧʦʤʝʭ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʧʘʩʥʦʩʪʠ ʠʣʠ ʨʠʩʢʠ ʤʦʛʫʪ ʙʳʪʴ ʫʩʠʣʝʥʳ ʦʪʩʫʪʩʪʚʠʝʤ 

ʘʜʝʢʚʘʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʕʄʉ.  
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ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʣʶʙʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʚʳʧʦʣʥʝʥʦ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʘʤʠ ʠʣʠ ʊʝʭʥʠʯʝʩʢʠʤ ʨʝʛʣʘʤʝʥʪʦʤ ʕʄʉ, ʜʦʣʞʥʦ ʙʳʪʴ ʩʚʦʙʦʜʥʳʤ 

ʦʪ ʚʩʝʭ ʧʨʦʙʣʝʤ ʕʄʉ. ʅʦ ʵʪʠ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ ʥʘʧʨʘʚʣʝʥʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ 

ʫʩʪʨʘʥʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ ʚ ʪʦʨʛʦʚʣʝ ʠ ʥʝ ʤʦʛʫʪ ʠʟ-ʟʘ ʠʭ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʠʨʦʜʳ 

ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ ʠʤʝʪʴ ʜʝʣʦ ʩ ʧʨʦʙʣʝʤʘʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ 

ʕʄʉ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʕʄʉ ʧʨʠʥʠʤʘʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦʣʴʢʦ ʥʦʨʤʘʣʴʥʦʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʪʠʧʠʯʥʘʷ ʕʄʆ (ʨʠʩʫʥʦʢ 3.3) [ɸʙʨʘʤʝʰʠʥ, ʂʝʯʠʝʚ, 2012]. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʵʪʦʛʦ, ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʦʧʨʦʩʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠʥʠʤʘʶʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʨʘʟʫʤʥʦ 

ʦʙʦʟʨʠʤʳʝ ʩʦʙʳʪʠʷ ʥʠʟʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʯʝʣʦʚʝʯʝʩʢʠʝ ʦʰʠʙʢʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʰʠʙʦʢ ʚ 

ʧʨʠʤʝʥʝʥʠʠ, ʥʘʣʠʯʠʝ ʧʝʨʝʛʨʫʟʦʢ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ.  

 

ʈʠʩʫʥʦʢ 3.3 ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʭʚʘʪʘ ʧʘʨʘʤʝʪʨʦʚ ʕʄʆ, ʚ ʢʦʪʦʨʦʤ ʤʦʞʝʪ 

ʨʘʙʦʪʘʪʴ ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩ ʥʦʨʤʘʤʠ ʩʪʘʥʜʘʨʪʦʚ ʠ ʊʝʭʥʠʯʝʩʢʦʛʦ ʨʝʛʣʘʤʝʥʪʘ  

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʨʝʰʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʂɸ 

ʩ ʫʯʝʪʦʤ ʬʘʢʪʦʨʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʩʣʝʜʫʶʱʠʤ:  

- ʦʧʨʝʜʝʣʝʥʠʝ ʫʛʨʦʟ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ (ʧʨʝʞʜʝ ʚʩʝʛʦ ʕʉʈ ʜʣʷ 

ʢʦʩʤʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʘʧʧʘʨʘʪʫʨʫ,  

- ʚʳʷʚʣʝʥʠʝ ʧʦʩʣʝʜʩʪʚʠʡ ʧʦʩʣʝ ʢʨʠʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ,  

- ʚʳʷʚʣʝʥʠʝ ʧʦʩʣʝʜʩʪʚʠʡ ʧʦʤʝʭʦʵʤʠʩʩʠʠ ʦʢʨʫʞʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ,  

- ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʫʤʥʦ ʦʙʦʟʨʠʤʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʥʘʨʫʰʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ,  
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- ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ,  

- ʜʦʢʫʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɺʘʞʝʥ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʦʙʝʩʧʝʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɼʘʞʝ 

ʦʜʠʥ ʧʨʦʝʢʪ, ʚ ʢʦʪʦʨʦʤ ʥʘʨʫʰʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʘʢʠʤ 

ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʪʝʨʷʤ, ʢʦʪʦʨʳʝ ʥʝ ʙʫʜʫʪ ʢʦʤʧʝʥʩʠʨʦʚʘʥʳ ʤʥʦʞʝʩʪʚʦʤ ʫʜʘʚʰʠʭʩʷ 

ʧʨʦʝʢʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʝʜʠʥʩʪʚʝʥʥʳʡ ʠʥʮʠʜʝʥʪ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʞʝʪ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʧʦʜʦʨʚʘʪʴ ʨʝʧʫʪʘʮʠʶ ʢʦʤʧʘʥʠʠ. 

3.1.3 ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ɹʈʕɸ ʩ ʫʯʝʪʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʇʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʥʠʢʠ ʚ ʩʠʩʪʝʤʘʭ, ʚʳʧʦʣʥʷʶʱʠʭ ʢʨʠʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʂɸ, ʥʝʧʨʝʨʳʚʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ: ʩʨʝʜʩʪʚʘ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʝʪʦʤ, ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʠʪʘʥʠʝʤ.  

ɽʩʣʠ ʣʶʙʘʷ ʠʟ ʵʪʠʭ ʩʠʩʪʝʤ ʥʝ ʚʳʧʦʣʥʷʝʪ ʟʘʜʘʥʥʳʭ ʬʫʥʢʮʠʡ, ʪʦ ʚʦʟʤʦʞʝʥ ʚʳʩʦʢʠʡ 

ʨʠʩʢ ʧʦʪʝʨʠ ʂɸ. ɽʩʪʴ ʜʨʫʛʠʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʘʞʥʳ ʩ ʧʦʟʠʮʠʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ ʥʝʡ: ʩʠʩʪʝʤʳ ʜʠʩʧʣʝʷ 

ʢʘʙʠʥʳ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʦʡ, ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʠʥʪʝʛʨʘʮʠʠ ʚ ʩʠʩʪʝʤʘʭ ʂɸ ʝʱʝ ʤʥʦʛʦ ʜʨʫʛʠʭ ʬʫʥʢʮʠʡ 

ʚʦʚʣʝʢʘʶʪʩʷ ʚ ʙʝʟʦʧʘʩʥʦʝ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ. 

ʏʪʦʙʳ ʜʦʩʪʠʛʥʫʪʴ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʦʚ, ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ [ɸʙʨʘʤʝʰʠʥ, ʂʝʯʠʝʚ, 2012], ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʬʦʨʤʠʨʫʶʪʩʷ ʠʟʙʳʪʦʯʥʳʤʠ ʩ 

ʧʘʨʘʣʣʝʣʴʥʳʤ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝʤ. ʂ ʩʦʞʘʣʝʥʠʶ, ʪʘʢʘʷ ʠʟʙʳʪʦʯʥʦʩʪʴ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ 

ʟʘʱʠʱʘʝʪ ʩʠʩʪʝʤʫ ʧʨʦʪʠʚ ʵʬʬʝʢʪʦʚ ʦʙʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ, ʧʦʪʦʤʫ ʯʪʦ 

ʚʩʝ ʠʟʙʳʪʦʯʥʳʝ ʩʠʩʪʝʤʥʳʝ ʢʘʥʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʚʝʨʞʝʥʳ ʵʪʦʡ ʫʛʨʦʟʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ 

ʤʦʛʫʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʦʰʠʙʦʯʥʦ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʩʙʦʷʤ.  

ʇʨʦʝʢʪ ʠ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 3.4, ʩʪʘʣ ʧʨʠʥʷʪʳʤ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʢʠ ʠ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʙʝʟʦʧʘʩʥʦʩʪʴ ʢʨʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʂɸ [ɸʙʨʘʤʝʰʠʥ, ʂʝʯʠʝʚ, 2012; 

Uvaysov  et al., 2014]. ʌʠʣʦʩʦʬʠʷ ʧʨʦʮʝʩʩʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʚʝʨʠʬʠʢʘʮʠʠ ʧʨʦʝʢʪʘ ʢʘʢ ʤʦʞʥʦ 

ʨʘʥʴʰʝ (ʪʦ ʝʩʪʴ ʫʤʝʥʴʰʝʥʠʷ ʨʠʩʢʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʝʟʘʱʠʱʝʥʥʦʩʪʴʶ ʩʠʩʪʝʤʳ, ʥʘ ʚʦʟʤʦʞʥʦ 

ʙʦʣʝʝ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʘ). ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʮʝʧʮʠʠ çʩʜʚʠʛʘ ʚʣʝʚʦè ʚʝʨʠʬʠʢʘʮʠʷ 

ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʚʦʟʤʦʞʥʦ ʙʦʣʝʝ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʢʦʥʦʤʠʪʴ 

ʩʨʝʜʩʪʚʘ ʠ ʩʦʢʨʘʱʘʪʴ ʩʨʦʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ 
ʧʦʜʜʝʨʞʢʠ ʧʨʦʝʢʪʥʳʭ 
ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ 

ʨʝʰʝʥʠʡ (ʵʣʝʢʪʨʠʯʝʩʢʠʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 
ʠʥʩʪʘʣʣʷʮʠʷ) 

ʇʨʘʚʠʣʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʣʷ 
ʜʦʩʪʠʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʵʣʝʢʪʨʠʯʝʩʢʠʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʠʩʪʝʤʥʘʷ 

ʠʥʩʪʘʣʣʷʮʠʷ) 

 
ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʝʢʪʥʳʝ 
ʨʝʰʝʥʠʷ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ 
ʜʝʪʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

 
ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʦʤ, ʦʮʝʥʢʘ 

ʨʠʩʢʘ, ʦʛʨʘʥʠʯʝʥʠʷ 

 
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʧʦʜʜʝʨʞʢʠ 
ʧʨʦʛʨʘʤʤʳ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʂʚʘʣʠʬʠʢʘʮʠʦʥʥʦʝ 
ʪʝʩʪʠʨʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʅʘʟʝʤʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ  
ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 
ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

 
ʈʘʟʨʝʰʝʥʠʝ 

 
ʇʦʜʜʝʨʞʢʘ 

 
ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʧʮʠʠ ʧʨʦʜʫʢʪʘ 

 
ɸʥʘʣʠʟ/ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʮʠʡ 
ʧʨʦʜʫʢʪʘ 

 
ʈʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʬʠʢʘʮʠʠ 

ʈʘʟʨʘʙʦʪʢʘ 
ʠʥʞʝʥʝʨʥʳʭ 
ʨʝʰʝʥʠʡ 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʠ 
ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʆʙʦʨʫʜʦʚʘʥʠʝ 

 

ʈʠʩʫʥʦʢ 3.4. ʇʨʦʮʝʜʫʨʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ  

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʂʚʘʣʠʬʠʢʘʮʠʷ ʟʘʚʝʨʰʝʥʥʦʛʦ ʧʨʦʝʢʪʘ ʂɸ ʦʩʥʦʚʘʥʘ ʥʘ ʧʷʪʠ ʠʩʪʦʯʥʠʢʘʭ ʜʘʥʥʳʭ, ʘ 

ʠʤʝʥʥʦ:  

- ʜʘʥʥʳʝ ʜʦʩʪʫʧʥʳ ʜʣʷ ʘʥʘʣʠʟʘ, 

- ʪʝʩʪʠʨʦʚʘʥʠʝ ʢʦʨʧʫʩʘ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʠʥʩʪʘʣʣʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, 

- ʪʝʩʪʠʨʦʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

- ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

- ʪʝʩʪʠʨʦʚʘʥʠʝ ʂɸ ʚ ʮʝʣʦʤ. 
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ʊʘʢʦʡ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʧʦʥʠʤʘʥʠʷ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ 

ʧʨʦʚʝʨʠʪʴ ʚʩʝ ʩʠʩʪʝʤʳ, ʚʦ ʚʩʝʭ ʨʝʞʠʤʘʭ, ʥʘ ʚʩʝʭ ʯʘʩʪʦʪʘʭ, ʧʨʠ ʚʩʝʭ ʚʠʜʘʭ ʤʦʜʫʣʷʮʠʡ ʠ 

ʧʨʠ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʙʣʫʯʝʥʠʷ. ʂʚʘʣʠʬʠʢʘʮʠʷ ʧʦʵʪʦʤʫ ʧʨʦʚʦʜʠʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʨʠʪʠʯʥʦʩʪʠ ʦʙʲʝʢʪʘ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʨʦʝʢʪʘ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʩʧʝʮʠʬʠʢʘʮʠʠ ʧʨʦʝʢʪʘ ʠ ʵʢʩʧʝʨʪʠʟʳ 

ʢʨʠʪʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ, ʪʨʝʙʫʶʱʠʭ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʧʨʦʝʢʪʘ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʘʞʥʦ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʝʡ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʚ ʪʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ.  

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʧʨʝʨʳʚʥʦ 

ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʕʄʉ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʂɸ. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ:  

- ʧʦʩʪʦʷʥʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʫʨʦʚʥʝʡ ʫʛʨʦʟ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, 

- ʚʩʝ ʙʦʣʴʰʘʷ ʠʥʪʝʛʨʘʮʠʷ ʤʦʜʫʣʴʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ, 

- ʨʘʩʰʠʨʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʩʝʨʚʦʤʝʭʘʥʠʟʤʦʚ ʠ ʪ.ʧ., 

- ʫʞʝʩʪʦʯʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʥʘ ʰʪʘʪʥʫʶ ʛʘʨʘʥʪʠʶ ʩʪʦʡʢʦʩʪʠ, 

- ʩʪʨʝʤʣʝʥʠʝ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʦʤʤʝʨʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʋʚʝʣʠʯʠʚʘʶʱʠʝʩʷ ʫʨʦʚʥʠ ʫʛʨʦʟ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʠʛʥʘʣʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʜʦʣʞʥʳ 

ʙʳʪʴ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʳ ʂɸ, ʪʨʝʙʫʶʪ, ʯʪʦʙʳ ʧʦʩʪʦʷʥʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ 

ʨʘʟʨʘʙʦʪʢʠ ʛʘʨʘʥʪʠʨʦʚʘʣʦ ʜʦʩʪʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʟʘʪʨʘʪ ʚ ʧʨʝʜʝʣʘʭ ʚʦʟʤʦʞʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʙʶʜʞʝʪʘ.  

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʟʘʱʠʪʳ ʚ ʩʠʩʪʝʤʘʭ ʂɸ ʜʦʣʞʥʘ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ 

ʢʨʠʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʝ ʥʘʨʫʰʝʥʳ ʚʦ ʚʨʝʤʷ ʦʙʣʫʯʝʥʠʷ ʚ ʧʦʣʷʭ ʚʳʩʦʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʪʦʛʦ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ. ɺʦ ʚʨʝʤʷ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʩʪʘʨʝʥʠʝ, ʢʦʨʨʦʟʠʷ ʠ ʧʦʚʨʝʞʜʝʥʠʷ ʧʨʠʚʝʜʫʪ ʢ ʠʟʤʝʥʝʥʠʷʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʟʘʱʠʪʳ. ʊʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʪʨʫʜʥʦ ʧʨʦʚʝʨʠʪʴ ʚʦ ʚʨʝʤʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʂɸ, ʠ ʪʘʢʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʪʨʫʜʥʦ ʠʣʠ ʜʘʞʝ ʥʝʚʦʟʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ.  

ʏʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʩʠʩʪʝʤʥʫʶ ʩʪʦʠʤʦʩʪʴ, ʚ ʂɸ ʠʩʧʦʣʴʟʫʶʪ ʢʦʤʤʝʨʯʝʩʢʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʯʝʨʝʜʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʕʄʉ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʜʦʣʞʝʥ ʦʧʠʨʘʪʴʩʷ ʥʘ ʚʳʚʝʨʝʥʥʳʝ ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʤʝʪʦʜʠʢʠ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʂ ʦʩʥʦʚʥʳʤ ʥʦʚʳʤ ʚʦʧʨʦʩʘʤ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʂɸ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

- ʘʥʘʣʠʟ ʚʦʟʜʝʡʩʪʚʠʷ ʕʉʈ ʥʘ ʀʄʉ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʤʠʢʨʦʩʭʝʤ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʨʠʩʢʘ ʠʭ ʦʪʢʘʟʘ, 
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- ʘʥʘʣʠʟ ʚʦʟʜʝʡʩʪʚʠʷ ʕʉʈ ʥʘ ʤʦʜʫʣʠ ʘʧʧʘʨʘʪʫʨʳ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʨʠʩʢʘ ʠʭ ʦʪʢʘʟʘ, 

- ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʦʢʦʚ ʨʘʩʪʝʢʘʥʠʷ ʦʪ ʕʉʈ ʧʦ ʢʦʨʧʫʩʫ ʂɸ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʤʝʭʦʚʳʭ ʪʦʢʦʚ. 

3.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ  

ʥʘ ʦʪʢʘʟʳ ɹʈʕɸ 

ɺ ʤʦʜʝʣʷʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʪʢʘʟʦʚ ʀʄʉ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʧʨʘʚʦʯʥʠʢʘʭ 

[ʅʘʜʸʞʥʦʩʪʴ ʕʈʀ, 2006; ʅʘʜʝʞʥʦʩʪʴ ʕʈʀ ʀʇ, 2006] ʥʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʫʯʠʪʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ 

ʩʪʦʡʢʦʩʪʠ ʀʄʉ (ʧʦʨʦʛʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ - THV ) ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʝʨʝʛʨʫʟʦʢ 

(ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ - SSV ), ʪ.ʝ. ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʝʩʣʠ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ (ʈʕɸ) ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ: 

 SSTH VV > , 

ʪʦ ʨʠʩʢ ʦʪʢʘʟʘ ʀʄʉ ʠʟ-ʟʘ ʚʦʟʜʝʡʩʪʚʠʷ ʕʉʈ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣ [ɸʙʨʘʤʝʰʠʥ, ɾʘʜʥʦʚ, 

ɾʘʜʥʦʚ, 2012]. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʢʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʫ ʘʧʧʘʨʘʪʫʨʳ ʂɸ ʥʘ ʀʄʉ, 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ ʠʣʠ ʚʳʩʦʢʦʵʣʣʠʧʪʠʯʝʩʢʠʭ ʦʨʙʠʪʘʭ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʦʪʢʘʟʦʚ ʠʟ-ʟʘ ʚʦʟʜʝʡʩʪʚʠʷ ʕʉʈ. 

3.2.1 ʄʦʜʝʣʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʕʉʈ ʥʘ ʕʈʕ ɹʈʕɸ 

ʆʪʢʘʟʳ ʠʟ-ʟʘ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʝʨʝʛʨʫʟʦʢ ʀʄʉ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʦʙʳʪʠʷ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʦʪʢʘʟʦʚ, ʪ.ʢ. ʦʥʠ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʣʦʞʝʥʥʦʛʦ ʚʥʝʰʥʝʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʠʣʠ ʪʦʢʘ), ʩʚʷʟʘʥʥʦʛʦ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʧʦʤʝʭʦʡ ʧʨʠ ʕʉʈ. ʕʪʠ ʦʪʢʘʟʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʦʙʣʘʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ɹʈʕɸ 

ʂɸ. ʈʘʟʚʠʪʠʝ ʦʪʢʘʟʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʝʨʝʛʨʫʟʦʢ ʠʣʠ ʕʉʈ, ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʠʥʪʝʛʨʘʮʠʠ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʩʪʦʡʢʦʩʪʠ ʢʦʥʢʨʝʪʥʦʡ 

ʤʠʢʨʦʩʭʝʤʳ (ʟʘ ʩʯʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ) ʠ 

ʫʩʣʦʚʠʷʤʠ ʝʝ ʧʨʠʤʝʥʝʥʠʷ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʢʨʫʞʘʶʱʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʨʝʜʳ), 

ʟʘʚʠʩʷʱʠʤʠ ʪʦʣʴʢʦ ʦʪ ʠʟʛʦʪʦʚʠʪʝʣʷ ʈʕɸ [ɸʙʨʘʤʝʰʠʥ, ɾʘʜʥʦʚ, 2015]. 

ʇʦ ʫʢʘʟʘʥʥʦʡ ʚʳʰʝ ʧʨʠʯʠʥʝ ʦʙʳʯʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʨʠʚʝʜʝʥʥʘʷ ʚ [RADC-

TR-89-177, 1989] ʠ ʦʧʠʩʳʚʘʶʱʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ (EOSl ), ʜʣʷ ʥʘʰʠʭ ʮʝʣʝʡ ʧʨʠʤʝʥʝʥʘ 

ʙʳʪʴ ʥʝ ʤʦʞʝʪ. ʏʪʦʙʳ ʨʘʟʣʠʯʘʪʴ ʦʪʢʘʟʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʕʉʈ ʧʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʂɸ ʠ 

ʦʪʢʘʟʳ, ʚʳʟʚʘʥʥʳʝ ʕʉʈ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʦʪʢʘʟʦʚ ʀʄʉ, ʙʫʜʝʤ 

ʦʪʥʦʩʠʪʴ ʢ ʧʝʨʚʳʤ ʠʥʜʝʢʩ ESD, ʘ ʢʦ ʚʪʦʨʳʤ ʠʥʜʝʢʩ EOS. 

ʇʦʩʢʦʣʴʢʫ ʦʪʢʘʟʳ ʠʟ-ʟʘ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʝʨʝʛʨʫʟʦʢ ʥʝ 

ʩʚʷʟʘʥʥʳ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʦʪʢʘʟʦʚ ʀʄʉ, ʪʦ ʦʥʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ  
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ʚʨʝʤʝʥʠ, ʘ ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ ʦʪ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʯʨʝʟʤʝʨʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (SSv ) ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʨʝʜʝ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʀʄʉ ʢ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʶ. ʇʦʵʪʦʤʫ 

ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʝʨʝʛʨʫʟʦʢ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʧʦʩʪʦʷʥʥʘʷ 

ʚʝʣʠʯʠʥʘ ʚ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʀʄʉ ʢ ʚʦʟʜʝʡʩʪʚʠʶ SSv . 

ʍʦʪʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʚʠʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʨʷʜʦʚ ʥʘ ʀʄʉ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʘʣʴʥʳʭ ʧʦʨʦʛʦʚ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʢʘʞʜʳʡ ʩʦ ʩʚʦʠʤʠ ʩʦʙʩʪʚʝʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʘʢʠʝ ʢʘʢ ʤʦʜʝʣʴ ʪʝʣʘ ʯʝʣʦʚʝʢʘ (Human Body Model, ʤʘʰʠʥʥʘʷ ʤʦʜʝʣʴ 

(Machine Model), ʤʦʜʝʣʴ ʩ ʟʘʨʷʞʝʥʥʳʤ ʧʨʠʙʦʨʦʤ (Charged Device Model) ʠ ʜʨ., 

ʥʘʠʣʫʯʰʠʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʀʄʉ (ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ) ʷʚʣʷʶʪʩʷ ʠʩʧʳʪʘʥʠʷ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʚ MIL -STD-883, ʤʝʪʦʜ 

3015 - Human Body Model [MIL -STD-883E, 1996]. 

ʉʭʝʤʘ ʧʨʦʚʝʨʢʠ ʀʄʉ ʥʘ ʩʪʦʡʢʦʩʪʴ ʢ ʕʉʈ ʧʦ ʤʝʪʦʜʫ 3015.7 ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.5. 

 

ʈʠʩʫʥʦʢ 3.5 ʉʭʝʤʘ ʧʨʦʚʝʨʢʠ ʀʄʉ ʥʘ ʩʪʦʡʢʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʕʉʈ 

ʊʠʧʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʩʭʝʤʳ ʤʦʜʝʣʠ ʪʝʣʘ ʯʝʣʦʚʝʢʘ: VSS = 2000 ɺ; C1 = 100 ʧʌ 

(ʸʤʢʦʩʪʴ ʪʝʣʘ ʯʝʣʦʚʝʢʘ); R2 = 1500 ʆʤ (ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʞʠ ʯʝʣʦʚʝʢʘ). 

ʇʨʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʘʭ ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʟʘʪʫʭʘʶʱʝʛʦ ʫʯʘʩʪʢʘ 

ʠʤʧʫʣʴʩʘ ʪʦʢʘ ʨʘʚʥʘ: 

 15012 =Ö=t CR  ʥʩ. 

ɺʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ ʚʭʦʜʥʦʛʦ ʠʤʧʫʣʴʩʘ ʪʦʢʘ ʕʉʈ tRL ʜʦʣʞʥʦ ʙʳʪʴ ʤʝʥʴʰʝ, ʯʝʤ 10 ʥʩ 

(ʩʤ. ʨʠʩʫʥʦʢ 3.6). 

ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʫ 3015.7, ʚʩʝ ʚʳʚʦʜʳ ʀʄʉ (ʚʳʚʦʜʳ çɺʭʦʜ/ɺʳʭʦʜè (I/O), çɿʝʤʣʷè 

(GND) ʠ çʇʠʪʘʥʠʝè (VDD)) ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʪʨʝʭ ʠʤʧʫʣʴʩʦʚ VSS 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ʩ ʠʥʪʝʨʚʘʣʦʤ 1 ʩ. 

ʇʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʪʦʡʢʦʩʪʴ ʢ ʕʉʈ ʧʨʦʚʦʜʷʪ ʟʘʤʝʨ ʪʦʢʦʚ ʫʪʝʯʝʢ ʥʘ ʚʩʝʭ ʚʳʚʦʜʘʭ 

ʀʄʉ. ɽʩʣʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʦʢ ʫʪʝʯʢʠ ʥʘ ʢʘʢʦʤ-ʣʠʙʦ ʚʳʚʦʜʝ ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʫʶ 

ʚʝʣʠʯʠʥʫ, ʪʦ ʵʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʪʢʘʟ ʀʄʉ. 

ʊʘʢ, ʚ ʪʘʙʣʠʮʝ 3.1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʀʄʉ ʥʘ ʩʪʦʡʢʦʩʪʴ ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ ʕʉʈ ʢʦʤʧʘʥʠʠ XILINX [UG116. XILINX Device Reliability Report, 2015]. 
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ʈʠʩʫʥʦʢ 3.6 ʌʦʨʤʘ ʠʤʧʫʣʴʩʘ ʨʘʟʨʷʜʥʦʛʦ ʪʦʢʘ (IPEAK) ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʀʄʉ  

ʥʘ ʩʪʦʡʢʦʩʪʴ ʢ ʕʉʈ ʧʦ ʤʝʪʦʜʫ 3015.7 

ʊʘʙʣʠʮʘ 3.1 ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʀʄʉ ʥʘ ʩʪʦʡʢʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʕʉʈ 

Device Latch-up 
Human Body Model 

Passing Voltage 

XC4VLX15 pass Ñ2,000V 

XC4VLX25 pass Ñ2,000V 

XC4VLX40 pass Ñ2,000V 

XC4VLX60 pass Ñ2,000V 

XC4VLX80 pass Ñ2,000V 

XC4VLX100 pass Ñ2,000V 

XC4VLX160 pass Ñ2,000V 

XC4VLX200 pass Ñ2,000V 

XC4VSX25 pass Ñ2,000V 

XC4VSX35 pass Ñ2,000V 

XC4VSX55 pass Ñ2,000V 
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ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʤʝʪʦʜ 3015.7 ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʦʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʀʄʉ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʕʉʈ, ʚ ʩʠʣʫ ʝʛʦ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʝʛʦ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ (EOSl ) 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʀʄʉ ʢ ʚʦʟʜʝʡʩʪʚʠʶ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʝʨʝʛʨʫʟʦʢ. 

ʆʙʦʩʥʦʚʘʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʠ ʪʦ, ʯʪʦ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʀʄʉ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʝʨʝʛʨʫʟʦʢ ʠ ʧʦʨʦʛʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ 

(ʫʨʦʚʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʀʄʉ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʕʉʈ) ʩʠʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʥʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʤʝʪʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʠʟ-ʟʘ ʚʦʟʜʝʡʩʪʚʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʝʨʝʛʨʫʟʦʢ, ʧʨʠʚʝʜʝʥʥʦʤ ʚ RADS-TR-89-177 [RADC-TR-89-177, 1989], ʦʪʢʘʟʳ 

ʂʄʆʇ ʀʄʉ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ʦʢʨʫʞʘʶʱʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʨʝʜʳ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʀʄʉ ʢ ʠʭ ʚʦʟʜʝʡʩʪʚʠʶ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝ ʠʟʣʦʞʝʥʥʦʛʦ, ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʠʟ-ʟʘ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʝʨʝʛʨʫʟʦʢ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ ʙʦʨʪʦʚʦʡ ʢʦʩʤʠʯʝʩʢʦʡ 

ʘʧʧʘʨʘʪʫʨʳ, ʚʳʟʚʘʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʝʤ ʕʉʈ. ɺ ʦʩʥʦʚʫ ʵʪʦʡ ʤʦʜʝʣʠ ʧʦʣʦʞʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ: 

 () () ( )cfPcPfP Ö= ,  (3.1) 

ʛʜʝ P(f) - ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʀʄʉ ʠʟ-ʟʘ ʚʦʟʜʝʡʩʪʚʠʷ ʕʉʈ; P(c) - ʚʝʨʦʷʪʥʦʩʪʴ ʢʦʥʪʘʢʪʘ 

ʀʄʉ ʩ ʠʩʪʦʯʥʠʢʦʤ ʕʉʈ; P(f æc) - ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʀʄʉ ʠʟ-ʟʘ ʚʦʟʜʝʡʩʪʚʠʷ ʕʉʈ ʧʨʠ 

ʢʦʥʪʘʢʪʝ ʩ ʠʩʪʦʯʥʠʢʦʤ ʕʉʈ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ P(f æc) ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨʦʛʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (THv ) ʜʣʷ ʚʩʝʭ ʢʣʘʩʩʦʚ ʤʠʢʨʦʩʭʝʤ (ʚ 

ʪ.ʯ. ʩ ʟʘʱʠʪʦʡ ʦʪ ʕʉʈ). 

ʅʘ ʨʠʩʫʥʢʝ 3.7 ʧʦʢʘʟʘʥʳ ʪʠʧʦʚʳʝ ʚʩʪʨʦʝʥʥʳʝ ʩʭʝʤʳ ʟʘʱʠʪʳ ʮʠʬʨʦʚʳʭ ʂʄʆʇ 

ʀʄʉ ʦʪ ʕʉʈ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʳʩʪʨʳʡ ʦʪʚʦʜ ʨʘʟʨʷʜʥʦʛʦ ʪʦʢʘ ʠ ʨʘʩʩʝʠʚʘʥʠʝ ʪʝʧʣʘ. 

ɺ ʨʘʙʦʪʝ [Denson, 1983] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨʦʛʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʀʄʉ 

ʤʦʞʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʣʦʛʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ (
TH

V50 ), 

ʨʘʚʥʳʤ 2200 ɺ: 

 ( ) 2

lnln
2

50

2

1
ö
ö

÷

õ

æ
æ

ç

å

s

-

-

Ö
pÖsÖ

=
THv

THTH Vv

THTH

TH e
v

vf .  (3.2) 

ʅʘ ʨʠʩʫʥʢʝ 3.8 ʧʨʠʚʝʜʝʥ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ (3.2). 
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 3.7 ʊʠʧʦʚʳʝ ʚʩʪʨʦʝʥʥʳʝ ʩʭʝʤʳ ʟʘʱʠʪʳ ʮʠʬʨʦʚʳʭ ʂʄʆʇ ʀʄʉ ʦʪ ʕʉʈ:  

ʘ) ʥʘ ʜʠʦʜʘʭ; ʙ) ʥʘ ʂʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʘʭ 

 

ʈʠʩʫʥʦʢ 3.8 ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ ( )THvf  ʧʦ ʤʦʜʝʣʠ (3.2) 
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ɺ ʨʘʙʦʪʝ [Giusti, 1986] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʤʦʤʝʥʪʦʚ ʥʘʧʨʷʞʝʥʠʷ vTH ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʝʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: 

 ( )
( )

( )
( )

2

2

2

1
ö
ö
÷

õ
æ
æ
ç

å

s

-

-

Ö
pÖs

=
TH

THTH

v

vmv

TH

TH e
v

vf .  (3.3) 

ɺ ʪʘʙʣʠʮʝ 3.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (3.3) ʜʣʷ ʪʠʧʦʚʳʭ 

ʠʩʧʦʣʥʝʥʠʡ ʀʄʉ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [RIAC-HDBK-217Plus, 2006]. 

ʊʘʙʣʠʮʘ 3.2 ʇʘʨʘʤʝʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ VTH 

ʄʦʤʝʥʪʳ VTH 
ʀʩʧʦʣʥʝʥʠʝ ʀʄʉ 

ʉʨʝʜʥʝʝ 
ɹʝʟ ʟʘʱʠʪʳ ʦʪ ʕʉʈ ʉ ʟʘʱʠʪʦʡ ʦʪ ʕʉʈ 

1 2 3 4 

( )THvm , ɺ 1175 8000 4588 

( )THvs , ɺ 375 1750 1790 
 

ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʙʝʩʢʦʥʝʯʥʦ ʜʝʣʠʤʳʤ, ʘ 

ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ THv  ʀʄʉ ʙʝʟ ʟʘʱʠʪʳ ʦʪ ʕʉʈ (
1THv ) ʠ ʩ ʟʘʱʠʪʦʡ ʦʪ ʕʉʈ (

2THv ) ʥʝʟʘʚʠʩʠʤʳ 

ʠ ʠʤʝʶʪ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ (3.3), ʩʣʝʜʫʝʪ, ʯʪʦ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ 
2

21

3

THTH

TH

vv
v

+
=   

ʪʘʢʞʝ ʠʤʝʝʪ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ, ʨʘʚʥʳʤ: 

 ( )
( ) ( )

2
21

3

THTH

TH

vmvm
vm

+
= . 

ɺ ʩʪʦʣʙʮʝ 4 ʪʘʙʣʠʮʳ 3.2 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ 

ʚʝʣʠʯʠʥʳ 
3THv . 

ʅʘ ʨʠʩʫʥʢʝ 3.9 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʬʫʥʢʮʠʠ (3.3) ʜʣʷ ʟʥʘʯʝʥʠʡ ʝʝ ʧʘʨʘʤʝʪʨʦʚ, 

ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 3.2. 

ɺʳʙʦʨʢʘ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʚ ʨʘʙʦʪʝ [RIAC-HDBK-217Plus, 2006] ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ (3.3) ʙʳʣʠ ʧʦʣʫʯʝʥʳ, ʠ ʚʳʙʦʨʢʘ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʚ ʨʘʙʦʪʝ [RAC MDR-21, 

1985] ʩʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ (EOSL ) ʠʟ-ʟʘ ʚʦʟʜʝʡʩʪʚʠʷ ʕʉʈ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ, ʜʦʣʞʥʳ 

ʙʳʪʴ ʦʯʝʥʴ ʧʦʭʦʞʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʷʚʣʷʶʪʩʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʭʦʨʦʰʝʛʦ 

ʫʩʨʝʜʥʝʥʠʷ ʧʦ ʪʠʧʘʤ, ʪʝʭʥʦʣʦʛʠʷʤ ʠ ʦʢʨʫʞʘʶʱʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʨʝʜʘʤ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʟʥʘʯʝʥʠʝ ( )
3THvm  ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ THv , ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ ʫʩʨʝʜʥʝʥʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ (Q) ʠʟ-ʟʘ ʚʦʟʜʝʡʩʪʚʠʷ ʕʉʈ. 

http://ru.wikipedia.org/wiki/%D0%91%D0%B5%D1%81%D0%BA%D0%BE%D0%BD%D0%B5%D1%87%D0%BD%D0%BE_%D0%B4%D0%B5%D0%BB%D0%B8%D0%BC%D0%BE%D0%B5_%D1%80%D0%B0%D1%81%D0%BF%D1%80%D0%B5%D0%B4%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
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ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ THv  ʥʝ ʷʚʣʷʝʪʩʷ ʥʦʨʤʘʣʴʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ (ʩʤ. ʨʠʩʫʥʦʢ 3.9), ʢʘʢʦʚʦʝ ʙʳʣʦ ʧʨʠʥʷʪʦ ʚ ʨʘʙʦʪʝ [RIAC-HDBK-217Plus, 

2006], ʘ, ʩʢʦʨʝʝ, ʷʚʣʷʝʪʩʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠ-ʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ (ʩʤ. ʨʠʩʫʥʦʢ 3.8), 

ʢʦʪʦʨʦʝ ʧʨʠʥʷʪʦ ʚ ʨʘʙʦʪʝ [Denson, 1983], ʠʣʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ: 

 ( ) THv

TH evf
ÖQ-

ÖQ= . (3.4) 

 

ʈʠʩʫʥʦʢ 3.9 ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʡ ( )THvf  ʧʦ ʤʦʜʝʣʠ (3.3) ʜʣʷ  

1THTH vv = , 
3THTH vv =  ʠ 

2THTH vv =  

ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦ ʠ ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦ, 

ʧʦʩʢʦʣʴʢʫ ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʘ ʀʄʉ ʠʟ-ʟʘ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʝʨʝʛʨʫʟʦʢ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʩʥʠʞʝʥʠʠ ʝʝ ʧʦʨʦʛʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʩʤ. ʨʠʩʫʥʦʢ 3.10). 

ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨʦʛʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ (3.4), ʠ ʠʩʧʦʣʴʟʫʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʞʠʜʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ THv  (ʩʤ. ʪʘʙʣʠʮʫ 3.2), ʜʣʷ ʧʦʢʘʟʘʪʝʣʷ ʵʢʩʧʦʥʝʥʪʳ ( )( )
3

1/ THm vQ=  

ʧʦʣʫʯʘʝʪʩʷ ʟʥʘʯʝʥʠʝ Q ʨʘʚʥʦʝ 0,0002 ɺ
-1

 ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʣʝʜʫʶʱʘʷ ʬʫʥʢʮʠʷ 

ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ THv : 

 ( ) THv

TH evf
Ö-

Ö=
0002,0

0002,0 . (3.5) 
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ʈʠʩʫʥʦʢ 3.10 ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʡ ( )THvf  ʧʦ ʤʦʜʝʣʠ (3.3) ʠ ʤʦʜʝʣʠ (3.4) 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦʪ ʦʯʝʚʠʜʥʳʡ ʬʘʢʪ, ʯʪʦ ʦʢʨʫʞʘʶʱʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʨʝʜʘ, ʚ ʢʦʪʦʨʦʡ 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʀʄʉ, ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ ʦʪʢʘʟʦʚ ʠʟ-ʟʘ ʚʦʟʜʝʡʩʪʚʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʝʨʝʛʨʫʟʦʢ, ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ r ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ, ʧʦʩʢʦʣʴʢʫ ʠʟʛʦʪʦʚʠʪʝʣʠ ʈʕɸ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʠʤʝʶʪ 

ʜʦʩʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ ʦʙ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʮʝʥʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʝʨʝʛʨʫʟʦʢ. 

ʅʘʧʨʠʤʝʨ, ʚ ʘʚʠʘʮʠʦʥʥʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʦʪʢʘʟʦʚ ʀʄʉ ʠʟ-ʟʘ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʝʨʝʛʨʫʟʦʢ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʟʚʝʩʪʥʳ. ʕʪʦ ʣʠʰʥʠʡ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ 

ʦʮʝʥʢʘ ʚʝʣʠʯʠʥʳ ʫʨʦʚʥʷ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʝʨʝʛʨʫʟʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʢʨʫʞʘʶʱʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʠ ʚ [RADC-TR-89-177, 1989] ʪʘʢʘʷ 

ʟʘʜʘʯʘ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ. ʇʦʵʪʦʤʫ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʠʟ-ʟʘ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʝʨʝʛʨʫʟʦʢ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ ʙʦʨʪʦʚʦʡ ʢʦʩʤʠʯʝʩʢʦʡ 

ʘʧʧʘʨʘʪʫʨʳ, ʚʳʟʚʘʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʝʤ ʕʉʈ, ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʨʦʛʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʀʄʉ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʕʉʈ ʚʠʜʘ (3.4). 

ʊʦʛʜʘ ʚʝʨʦʷʪʥʦʩʪʴ P(f æc) ʦʪʢʘʟʘ ʀʄʉ ʠʟ-ʟʘ ʚʦʟʜʝʡʩʪʚʠʷ ʕʉʈ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ 

ʠʩʪʦʯʥʠʢʦʤ ʕʉʈ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

( ) THV
ecfP
q-

= , 

ʛʜʝ VTH ï ʧʦʨʦʛʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ ʤʠʢʨʦʩʭʝʤʳ; q ï ʧʘʨʘʤʝʪʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʚʝʨʦʷʪʥʦʩʪʠ P(c) ʢʦʥʪʘʢʪʘ ɹʈʕɸ ʩ ʠʩʪʦʯʥʠʢʦʤ ʕʉʈ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʩʪʘʪʠʩʪʠʢʘ ʧʨʦʪʝʢʘʥʠʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʦʚ 

ʵʣʝʢʪʨʦʥʦʚ ʚʦʟʨʘʩʪʘʝʪ ʥʘ ʧʦʣʪʦʨʘ ï ʜʚʘ ʧʦʨʷʜʢʘ. ʇʨʠʥʠʤʘʣʦʩʴ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʕʉʈ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʛʝʦʤʘʛʥʠʪʥʳʝ ʙʫʨʠ ʩ ʠʥʜʝʢʩʦʤ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ Dst  < ï100. ʀʤʝʥʥʦ ʜʦʣʷ 
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ʪʘʢʠʭ ʙʫʨʴ ʦʪ ʠʭ ʦʙʱʝʛʦ ʯʠʩʣʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʠ ʨʘʩʯʝʪʝ ʚʝʨʦʷʪʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʀʄʉ ʩ 

ʠʩʪʦʯʥʠʢʦʤ ʕʉʈ P(c) ʟʘ 1 ʛʦʜ, ʢʦʪʦʨʘʷ ʚʳʯʠʩʣʷʣʘʩʴ ʧʦ ʚʳʨʘʞʝʥʠʶ: 

 ()
( )( )

t
t

t

ecP
Ö

D

Dh-

-=

1ln

1 ,  (3.6) 

ʛʜʝ h(æt) ï ʜʦʣʷ ʙʫʨʴ ʩ DST < ï100 ʦʪ ʚʩʝʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʟʘ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ æt, 

ʦʭʚʘʪʳʚʘʝʤʳʡ ʩʪʘʪʠʩʪʠʢʦʡ; t = 8760 ʯ. 

ʊʦʛʜʘ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʀʄʉ ɹʈʕɸ ʂɸ ʠʟ-ʟʘ ʚʦʟʜʝʡʩʪʚʠʷ ʕʉʈ: 

 ()
( )[ ]

THV
t

t

t

eefP
q-

Ö
D

Dh-

ý
ü
û

í
ì
ë
-=

1ln

1 , (3.7) 

ʘ ʜʣʷ ʤʦʜʝʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʀʄʉ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʕʉʈ, ʚʦʟʥʠʢʘʶʱʠʭ 

ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʂɸ ʥʘ ʦʢʦʣʦʟʝʤʥʳʭ ʦʨʙʠʪʘʭ, ʧʦʣʫʯʘʝʤ: 
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û
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è
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=l

Öq-
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D

Dh-1ln
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. (3.8) 

ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʨʘʩʩʤʦʪʨʠʤ ʥʘ ʧʨʠʤʝʨʝ ʂʄʆʇ ʉɹʀʉ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʙʦʨʪʦʚʦʡ 

ʘʧʧʘʨʘʪʫʨʝ ʂɸ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ ʠʣʠ ʚʳʩʦʢʦʵʣʣʠʧʪʠʯʝʩʢʠʭ ʦʨʙʠʪʘʭ. 

ʊʘʢʠʝ ʂɸ ʨʝʛʫʣʷʨʥʦ ʩʪʘʥʦʚʷʪʩʷ ʦʙʲʝʢʪʘʤʠ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʳ ʚʦ 

ʚʨʝʤʷ ʠ ʧʦʩʣʝ ʛʝʦʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʠ ʩʫʙʙʫʨʴ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʵʣʝʢʪʨʠʟʘʮʠʠ ʂɸ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʕʉʈ [Catani, Payan, 2003]. 

ʂʘʢ ʤʳ ʦʪʤʝʯʘʣʠ (ʩʤ. ʪʘʙʣʠʮʫ 1.5) ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ Dst -ʠʥʜʝʢʩ. ʊʘʢ ʢʘʢ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ 

ʦʙʳʯʥʦ ʚʦʟʥʠʢʘʶʪ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ ʧʨʠ ʙʫʨʷʭ ʩʦ ʟʥʘʯʝʥʠʝʤ Dst < ï100, ʪʦ 

ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1.5, ʠ ʫʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (3.6) 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ ʜʦ ʦʪʢʘʟʘ ʀʄʉ ʠʟ-ʟʘ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʝʨʝʛʨʫʟʦʢ 

ʷʚʣʷʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ P(c) ʟʘ 1 ʛʦʜ: 
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ecP .  

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʢʦʣʴʢʫ ʩʦʚʨʝʤʝʥʥʳʝ ʂʄʆʇ ʉɹʀʉ ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʟʘʱʠʪʦʡ ʦʪ ʕʉʈ, 

ʪʦ ʠ ʫʩʨʝʜʥʷʪʴ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ Q ʚ ʤʦʜʝʣʠ (3.4) ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ʉ ʫʯʝʪʦʤ 

ʵʪʦʛʦ ʟʘʤʝʯʘʥʠʷ ʧʦʣʫʯʘʝʤ [ɸʙʨʘʤʝʰʠʥ, ɾʘʜʥʦʚ, ɾʘʜʥʦʚ, 2012] ʜʣʷ ʂʄʆʇ ʉɹʀʉ ʚ ɹʈʕɸ 

ʂɸ ʩʣʝʜʫʶʱʫʶ ʤʦʜʝʣʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ, ʫʯʠʪʳʚʘʶʱʫʶ ʚʦʟʜʝʡʩʪʚʠʝ ʕʉʈ: 
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ʅʘ ʨʠʩʫʥʢʝ 3.11 ʧʨʠʚʝʜʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ  ESDl  ʦʪ THV . 

 

ʈʠʩʫʥʦʢ 3.11 ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ESDl  ʦʪ THV  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘʤʠ ʤʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʥʘ 

ʦʪʢʘʟʳ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ ʙʦʨʪʦʚʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʨʦʚʥʷʤʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʧʨʠ ʕʉʈ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʮʝʥʢʠ ʫʪʦʯʥʝʥʠʷ ʵʪʠʭ 

ʟʥʘʯʝʥʠʡ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʝʩʣʠ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʕʉʈ, ʢʘʢ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ɹʈʕɸ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ ʠʣʠ 

ʚʳʩʦʢʦʵʣʣʠʧʪʠʯʝʩʢʠʭ ʦʨʙʠʪʘʭ. 

3.2.2 ʆʮʝʥʢʘ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʤʦʜʫʣʝʡ  

ɹʈʕɸ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ 

ʆʩʥʦʚʫ ʘʧʧʘʨʘʪʫʨʳ ʩʦʚʨʝʤʝʥʥʳʭ ʂɸ ʩʦʩʪʘʚʣʷʶʪ ʵʣʝʢʪʨʦʥʥʳʝ ʤʦʜʫʣʠ 1-ʛʦ ʫʨʦʚʥʷ 

(ʕʄ1), ʢʦʪʦʨʳʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪ ʨʠʩʢʠ ʥʘʨʫʰʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʧʧʘʨʘʪʫʨʳ ʠ ʂɸ ʚ ʮʝʣʦʤ [ɸʙʨʘʤʝʰʠʥ, ɾʘʜʥʦʚ, ʇʦʣʝʩʩʢʠʡ, 2012; 

ʊʠʭʤʝʥʝʚ, ɸʙʨʘʤʝʰʠʥ, ɾʘʜʥʦʚ, 2012]. ɺ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʜʣʷ ʨʘʩʯʝʪʘ ʨʠʩʢʘ ʦʪʢʘʟʘ 

ʕʄ1 ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʠʢʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ [ʆʉʊ 4ɻ 0.012.242-84]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʵʪʠʤ ʩʪʘʥʜʘʨʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ʕʄ1 ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 ä
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l=L
I

i

i

1

ʕ1ʕʄ ,  (3.10) 

ʛʜʝ ȿʕʄ1 ī ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ʕʄ1; ɚʕi ī ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ i-ʪʦʛʦ ʕʈʀ; I ī ʦʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʕʈʀ ʚ ʕʄ1. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʧʨʘʚʦʯʥʠʢʘʭ [ʅʘʜʸʞʥʦʩʪʴ ʕʈʀ, 2006; ʅʘʜʝʞʥʦʩʪʴ ʕʈʀ ʀʇ, 2006] ʜʣʷ 

ʨʘʩʯʝʪʘ ʘʧʧʘʨʘʪʫʨʳ ʢʦʩʤʠʯʝʩʢʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʘ ʫʪʦʯʥʝʥʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ȿʕʄ1: 
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 1ʕʄʘʂ LÖ=L ,  (3.11) 

ʛʜʝ ʂʘ ī ʢʦʵʬʬʠʮʠʝʥʪ, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʨʘʟʥʠʮʫ ʚ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʕʈʀ ʚ ʘʧʧʘʨʘʪʫʨʝ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʠ ʠʟʛʦʪʦʚʣʷʝʤʦʡ ʧʦ 

ʪʨʝʙʦʚʘʥʠʷʤ ʨʘʟʣʠʯʥʦʡ ʅɼ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʘʧʧʘʨʘʪʫʨʳ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʠ ʠʟʛʦʪʦʚʣʷʝʤʦʡ ʧʦ ʧʦʣʦʞʝʥʠʶ ʈʂ ī 

ʂʘ = 0,2. 

ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʥʠʢʘʢʠʭ ʧʨʦʙʣʝʤ ʩ ʨʘʩʯʝʪʦʤ ɚʕi ʠ, ʪʝʤ ʙʦʣʝʝ ȿ, ʚʦʟʥʠʢʘʪʴ ʥʝ 

ʜʦʣʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʚ [ʅʘʜʸʞʥʦʩʪʴ ʕʈʀ, 2006] ʧʨʠʚʝʜʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʕʈʀ ʚʠʜʘ: 

 Ô
=

ÖlÖ=l
J

j

jKK
1

ʙʀʀʕ ,  (3.12) 

ʛʜʝ ʂʀʀ ī ʢʦʵʬʬʠʮʠʝʥʪ ʚʣʠʷʥʠʷ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ; ɚʙ ī ʙʘʟʦʚʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʦʪʢʘʟʦʚ ʪʠʧʘ (ʛʨʫʧʧʳ) ʕʈʀ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʕʈʀ ʥʘ ʙʝʟʦʪʢʘʟʥʦʩʪʴ, 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʨʝʩʫʨʩ; ʂj ī ʢʦʵʬʬʠʮʠʝʥʪʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ; J ī ʯʠʩʣʦ ʫʯʠʪʳʚʘʝʤʳʭ 

ʬʘʢʪʦʨʦʚ. 

ʕʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʪʘʢ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚ ʕʄ1 ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ çʩʚʝʨʭʙʦʣʴʰʠʝè ʀʄʉ, 

ʩʪʝʧʝʥʴ ʠʥʪʝʛʨʘʮʠʠ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ, ʥʘʢʣʘʜʳʚʘʝʤʳʝ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʩʧʨʘʚʦʯʥʠʢʝ [ʅʘʜʸʞʥʦʩʪʴ ʕʈʀ, 2006]. 

ʊʘʢ, ʜʣʷ ʚʩʝʭ ʛʨʫʧʧ ʀʄʉ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʤʝʝʪ ʚʠʜ: 

 ʇʨʕʂʦʨʧC.T.ʙʕ KKKKK V ÖÖÖÖÖl=l ,  (3.13) 

ʛʜʝ ɚʙ ī ʙʘʟʦʚʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ʀʄʉ; ʂʉ.ʊ. ī ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʞʠʤʘ, ʟʘʚʠʩʷʱʠʡ ʦʪ 

ʩʣʦʞʥʦʩʪʠ ʀʄʉ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; ʂʂʦʨʧ ī ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ 

ʪʠʧʘ ʢʦʨʧʫʩʘ ʀʄʉ; ʂV ī ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ 

ʧʠʪʘʥʠʷ; ʂʕ ī ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʞʝʩʪʢʦʩʪʠ ʫʩʣʦʚʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʂʇʨ ī ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠʝʤʢʠ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʀʄʉ. 

ɺ (3.13) ʟʥʘʯʝʥʠʝ ʂʉ.ʊ. ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 
( )273

ʉ.ʊ.

+ÖÖ= tBeAʂ ,  (3.14) 

ʛʜʝ ɸ ʠ ɺ ī ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʜʝʣʠ; t ī ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, Áʉ. 

ʆʜʠʥ ʠʟ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ (3.14), ʘ ʠʤʝʥʥʦ ɸ, ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʩʣʦʞʥʦʩʪʠ 

ʀʄʉ, ʢʦʪʦʨʦʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ, ʥʘʯʠʥʘʷ ʩ ʥʝʢʦʪʦʨʦʛʦ ʫʨʦʚʥʷ ʩʣʦʞʥʦʩʪʠ (ʥʘʠʚʳʩʰʝʛʦ 

ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʧʨʘʚʦʯʥʠʢʘ [ʅʘʜʸʞʥʦʩʪʴ ʕʈʀ, 2006]), ʟʥʘʯʝʥʠʝ ɸ ʦʪ ʝʛʦ ʧʦʚʳʰʝʥʠʷ ʫʞʝ 

ʥʝ ʟʘʚʠʩʠʪ, ʪ.ʝ. ʟʥʘʯʝʥʠʝ ʂʉ.ʊ. ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʀʄʉ ʪʘʢʦʡ 

ʩʪʝʧʝʥʠ ʠʥʪʝʛʨʘʮʠʠ ʚ ʈʦʩʩʠʠ ʥʝ ʧʨʦʠʟʚʦʜʷʪʩʷ, ʧʦʵʪʦʤʫ ʜʣʷ ʨʘʩʯʝʪʘ ʀʄʉ ʠʥʦʩʪʨʘʥʥʦʛʦ 
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ʧʨʦʠʟʚʦʜʩʪʚʘ (ʀʇ) ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʦʜʝʣʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ, 

ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʩʧʨʘʚʦʯʥʠʢʝ [ʅʘʜʸʞʥʦʩʪʴ ʕʈʀ, 2006]: 

 ( ) ʇʨʕʂʦʨʧʂʨʕ KKKt ÖÖl+Öl=l ,  (3.15) 

ʛʜʝ ɚʂʨ ī ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ʢʨʠʩʪʘʣʣʘ; ʂt ī ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʞʠʤʘ, ʟʘʚʠʩʷʱʠʡ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʘ; ɚʂʦʨʧ ī ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʢʦʨʧʫʩʘ; ʂʕ ī ʢʦʵʬʬʠʮʠʝʥʪ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʞʝʩʪʢʦʩʪʠ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ; ʂʇʨ ī ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʠʝʤʢʠ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʀʄʉ. 

ʄʦʜʝʣʴ (3.15) ʦʙʣʘʜʘʝʪ ʪʝʤʠ ʞʝ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʯʪʦ ʠ ʤʦʜʝʣʴ (3.13), ʪ.ʢ. ʟʥʘʯʝʥʠʝ 

ɚʂʨ ʪʘʢʞʝ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʩʣʦʞʥʦʩʪʠ ʀʄʉ. ʅʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʤʦʜʝʣʴ (3.15) 

ʟʘʠʤʩʪʚʦʚʘʥʘ ʠʟ ʩʪʘʥʜʘʨʪʘ [MIL -HDBK-217F-N2, 1995]: 

 ( ) 6

21 10-ÖpÖpÖpÖ+pÖ=l LQEtP CC ,  (3.16) 

ʛʜʝ C1 ī ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ʢʨʠʩʪʘʣʣʘ; t́ ī ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʞʠʤʘ, ʟʘʚʠʩʷʱʠʡ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʘ; C2 ī ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ʢʦʨʧʫʩʘ; É ī ʢʦʵʬʬʠʮʠʝʥʪ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʞʝʩʪʢʦʩʪʠ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ; ˊQ ī ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠʝʤʢʠ, 

ʟʘʚʠʩʷʱʠʡ ʦʪ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʀʄʉ; ˊL ī ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʧʝʨʠʦʜʘ ʚʳʧʫʩʢʘ ʀʄʉ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʟʥʘʯʝʥʠʝ ˊt ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ ʩʪʘʥʜʘʨʪʘ [MIL -HDBK-217F-N2, 1995]: 
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,  (3.17) 

ʛʜʝ ɽʘ ī ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ; k ī ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ; TJʈ ī ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʢʨʠʩʪʘʣʣʘ, 
0
ʉ. 

ʄʦʜʝʣʴ (3.16) ʦʙʣʘʜʘʝʪ ʪʝʤʠ ʞʝ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʯʪʦ ʠ ʤʦʜʝʣʠ (3.13) ʠ (3.15), ʪ.ʢ. 

ʟʥʘʯʝʥʠʝ C1 ʪʘʢʞʝ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʩʣʦʞʥʦʩʪʠ ʀʄʉ. ʆʜʥʘʢʦ ʜʣʷ ʂʄʆʇ ʉɹʀʉ, 

ʩʪʝʧʝʥʴ ʠʥʪʝʛʨʘʮʠʠ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ 60000 ʚ ʩʪʘʥʜʘʨʪʝ [MIL -HDBK-217F-N2, 1995] 

ʧʨʠʚʝʜʝʥʘ ʩʣʝʜʫʶʱʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ: 

 ( ) 610-Öl+pÖpÖpÖl+pÖpÖpÖl=l EOSPTQEBPCDTMGFBDP .  (3.18) 

ɺ ʤʦʜʝʣʠ (3.18) ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ʢʨʠʩʪʘʣʣʘ, 

ʚʪʦʨʦʝ ī ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ʢʦʨʧʫʩʘ, ʘ ʪʨʝʪʴʝ (ɚEOS) ī ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʩʪʦʡʢʦʩʪʴʶ ʀʄʉ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ 

[ɸʙʨʘʤʝʰʠʥ, ɾʘʜʥʦʚ, 2012]. 

ʂʘʨʜʠʥʘʣʴʥʳʤ ʦʪʣʠʯʠʝʤ ʤʦʜʝʣʠ (3.18) ʦʪ ʤʦʜʝʣʝʡ (3.13), (3.15) ʠ (3.16) ʷʚʣʷʝʪʩʷ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʥʝʡ ʩʣʘʛʘʝʤʦʛʦ ɚEOS, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʨʘʩʯʝʪʦʚ ʂʄʆʇ ʉɹʀʉ, ʚʭʦʜʷʱʠʭ ʚ 

ʩʦʩʪʘʚ ʘʧʧʘʨʘʪʫʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʂɸ [ɸʙʨʘʤʝʰʠʥ, ɾʘʜʥʦʚ, 2014]. 
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ɺ ʩʪʘʥʜʘʨʪʝ [MIL -HDBK-217F-N2, 1995] ʧʨʠʚʝʜʝʥʘ ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ ʜʣʷ 

ʨʘʩʯʝʪʘ ɚEOS: 
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,  (3.19) 

ʛʜʝ VTH ī ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ. 

ʇʦ ʩʫʪʠ, ʤʦʜʝʣʴ (3.18) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʘʢʨʦʤʦʜʝʣʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʧʦʣʥʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʧʨʠʚʝʜʝʥʘ ʚ çAppendix Bè ʩʪʘʥʜʘʨʪʘ [MIL -HDBK-217F-N2, 1995]: 

 ( ) 610-Öl+l+l+l+l+l+l=l MISESDPACCONHCMETOXP ,  (3.20) 

ʛʜʝ ɚOX, ɚMET, ɚHC, ɚCON ʠ ɚMIS ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ʢʨʠʩʪʘʣʣʘ; ɚPAC 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ʢʦʨʧʫʩʘ. 

ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʤʦʜʝʣʠ (3.20) ʠ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʝʝ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʧʨʠʚʝʜʝʥʳ ʚ [RADC-TR-89-177, 1989]. ʆʜʥʘʢʦ ʟʥʘʯʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 

ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʨʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʳ ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʦʜʝʣʠ (3.20), ʧʦʣʫʯʝʥʳ ʜʣʷ 

ʪʝʭʥʦʣʦʛʠʡ, ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʥʝ ʥʠʞʝ 0,8 ʤʢʤ, ʯʪʦ ʪʘʢʞʝ ʜʝʣʘʝʪ 

ʤʝʪʦʜʦʣʦʛʠʶ ʤʘʣʦ ʧʨʠʛʦʜʥʦʡ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʀʄʉ [ɾʘʜʥʦʚ, 

ɾʘʜʥʦʚ, ʇʦʣʝʩʩʢʠʡ, 2007]. 

ʈʘʟʚʠʪʠʝʤ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʂʄʆʇ ʉɹʀʉ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ 

[RADC-TR-89-177, 1989], ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʦʣʦʛʠʷ 217Plus
TM

  [RIAC-HDBK-217Plus, 2006]. ɺ 

ʩʪʘʥʜʘʨʪʝ [RIAC-HDBK-217Plus, 2006] ʧʨʠʚʝʜʝʥʳ ʤʦʜʝʣʠ ʨʘʩʯʝʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ 

ʀʄʉ ʦʪʜʝʣʴʥʦ ʜʣʷ ʧʣʘʩʪʠʢʦʚʳʭ ʠ ʛʝʨʤʝʪʠʯʥʳʭ ʢʦʨʧʫʩʦʚ. ʆʜʥʘʢʦ ʤʝʪʦʜʦʣʦʛʠʷ 217Plus
TM

 

ʦʩʥʦʚʘʥʘ ʥʘ ʤʝʪʦʜʘʭ ʩʪʘʥʜʘʨʪʘ [MIL -HDBK-344A, 1993], ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʩʧʳʪʘʥʠʡ ʘʧʧʘʨʘʪʫʨʳ. ʇʦʩʢʦʣʴʢʫ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʘʢʠʝ ʜʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ, ʪʦ ʨʘʩʯʝʪʳ ʧʦ ʤʦʜʝʣʷʤ ʩʪʘʥʜʘʨʪʘ [RIAC-HDBK-

217Plus, 2006] ʧʨʠʜʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʥʘ ʦʩʥʦʚʝ çʪʠʧʦʚʳʭè (ʫʩʨʝʜʥʝʥʥʳʭ) ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʪʢʘʟʦʚ 

ʂʄʆʇ ʉɹʀʉ ʙʫʜʝʪ ʚʝʩʴʤʘ ʥʝʚʳʩʦʢʦʡ. 

ʂ ʩʦʞʘʣʝʥʠʶ ʨʘʩʯʝʪʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʧʦ ʚʳʨʘʞʝʥʠʷʤ (3.18 ï 3.20) ʫʯʠʪʳʚʘʶʪ 

ʪʦʣʴʢʦ ʕʉʈ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʣʝʢʪʨʠʟʘʮʠʝʡ ʀʄʉ ʚ çʦʙʳʯʥʳʭè ʫʩʣʦʚʠʷʭ, ʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʦʪʢʘʟʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʨʷʜʘʤʠ ʩ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ  ɹʈʕɸ ʂɸ ʚ ʫʩʣʦʚʠʷʭ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ.  ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʣʦʞʝʥʥʦʡ ʥʘʤʠ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʝʤʦʡ 

ʚʳʨʘʞʝʥʠʝʤ (3.9), ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ʂʄʆʇ ʉɹʀʉ ʚ ɹʈʕɸ ʂɸ,  ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʤ ʥʘ 

ʦʨʙʠʪʝ, ʛʦʨʘʟʜʦ (ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ), ʚʳʰʝ, ʯʝʤ ʜʣʷ çʦʙʳʯʥʳʭè ʕʉʈ.   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ çʫʟʘʢʦʥʝʥʥʳʝè ʚ ʩʪʘʥʜʘʨʪʘʭ ʤʦʜʝʣʠ ʠ 

ʤʝʪʦʜʳ ʨʘʩʯʝʪʥʦʡ ʦʮʝʥʢʠ ʥʘʜʝʞʥʦʩʪʠ çʩʚʝʨʭʙʦʣʴʰʠʭè ʀʄʉ ʤʘʣʦʧʨʠʛʦʜʥʳ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʂʄʆʇ ʉɹʀʉ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʘʧʧʘʨʘʪʫʨʝ ʂɸ. 
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ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚʝʜʫʱʠʝ ʬʠʨʤʳ-ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʀʄʉ ʨʝʛʫʣʷʨʥʦ ʧʫʙʣʠʢʫʶʪ ʦʪʯʝʪʳ ʦ 

ʥʘʜʝʞʥʦʩʪʠ ʩʚʦʝʡ ʧʨʦʜʫʢʮʠʠ. ɺ ʪʘʙʣʠʮʘʭ 3.3 ʠ 3.4, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʧʨʠʚʝʜʝʥʳ ʚʳʜʝʨʞʢʠ 

ʠʟ ʪʘʢʦʛʦ ʦʪʯʝʪʘ [UG116 (v.8.0). XILINX Device Reliability Report, 2011] ʬʠʨʤʳ XILINX . 

 

ʊʘʙʣʠʮʘ 3.3 ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ʢʨʠʩʪʘʣʣʦʚ ʀʄʉ 

ʊʝʭʥʦʣʦʛʠʷ 

ʇʨʦʠʟʚʝʜʝʥʠʝ ʯʠʩʣʘ ʦʙʨʘʟʮʦʚ 

ʥʘ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ (DH) 

ʧʨʠ Tj = 125ÁC 

ʏʠʩʣʦ ʦʪʢʘʟʦʚ ʟʘ 

ʧʨʠʚʝʜʸʥʥʦʝ ʧʦʣʥʦʝ 

ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ (FIT) 

0.040 mm 1,061,660 24 

0.045 mm 1,308,770 9 

0.065 mm 2,841,216 4 

0.09 mm 10,688,689 2 

0.13 mm 2,228,685 5 

0.15 mm (FPGA) 3,287,432 4 

0.15 mm (EPROM) 2,110,352 12 

0.18/0.15 mm 2,549,331 10 

0.18 mm 3,777,837 14 

0.22/0.18 mm 2,115,203 6 

0.22 mm 1,921,346 6 

0.25 mm 3,133,971 4 

0.35 mm/0.25 mm 2,200,928 5 

0.35 mm 4,498,059 15 

0.35 mm (EPROM) 1,051,816 24 

0.5 mm 2,090,846 12 

0.6 mm 813,893 14 

0.6 mm (EPROM) 1,069,748 23 
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ʊʘʙʣʠʮʘ 3.4 ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ʢʨʠʩʪʘʣʣʦʚ ʀʄʉ ʩʝʤʝʡʩʪʚʘ XC4VLX 

ʄʠʢʨʦʩʭʝʤʘ 
ʆʙʲʸʤ 

ʧʘʨʪʠʠ 

ʂʦʣ-ʚʦ 

ʦʪʢʘʟʦʚ 

ʂʦʣ-ʚʦ 

ʤʠʢʨʦʩʭʝʤ 

ʌʘʢʪʠʯʝʩʢʦʝ 

DH ʧʨʠ Tj > 

125ÁC 

ʇʨʠʚʝʜʸʥʥʦʝ 

ʧʦʣʥʦʝ ʚʨʝʤʷ 

ʠʩʧrʪʘʥʠʡ ʧʨʠ 

Tj = 125ÁC 

XC4VLX60 5 1
1)

 226 344,295 719,573 

XC4VLX80 3 0 165 265,545 712,858 

XC4VLX100 1 0 45 90,855 259,245 

XC4VFX60 1 0 42 84,63 182,316 

XC4VSX25 1 0 37 75,757 100,039 

XC4VSX55 1 0 45 90,045 222,731 

ʇʨʠʤʝʯʘʥʠʝ: 1) ʆʪʢʘʟ ʚʩʣʝʜʩʪʚʠʝ ʜʝʬʝʢʪʘ ʧʦʜʣʦʞʢʠ. ɹʳʣʦ ʚʥʝʜʨʝʥʦ 

ʫʣʫʯʰʝʥʠʝ ʧʨʦʮʝʩʩʘ. 

 

ʂʨʦʤʝ ʪʦʛʦ, ʚ [UG116 (v.8.0). XILINX Device Reliability Report, 2011] ʧʨʠʚʝʜʝʥʘ ʠ 

ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʫʩʢʦʨʷʶʱʝʛʦ ʬʘʢʪʦʨʘ ɸ: 
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A ,  (3.21) 

ʛʜʝ ɽʘ ī ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ; k ī ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ; TJʈ ī ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʢʨʠʩʪʘʣʣʘ, Áʉ. 

ʉʨʘʚʥʠʚʘʷ ʬʦʨʤʫʣʳ (3.17) ʠ (3.21) ʥʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦʥʠ ʩʦʚʧʘʜʘʶʪ ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦ ʟʥʘʯʝʥʠʡ ʧʦʩʪʦʷʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, 

ʯʪʦ ʧʨʦʠʟʚʝʜʝʥʠʝ CDMGFBD pÖpÖl  ʚ ʤʦʜʝʣʠ (3.18) ʷʚʣʷʝʪʩʷ ʥʠʯʝʤ ʠʥʳʤ, ʢʘʢ ʙʘʟʦʚʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʪʢʘʟʘ ʢʨʠʩʪʘʣʣʘ (ɚʉ), ʪʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʜʘʥʥʳʭ 

ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʮʝʥʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʪʢʘʟʦʚ ʀʄʉ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʴ (3.18), ʧʨʝʦʙʨʘʟʦʚʘʚ ʝʝ ʢ ʩʣʝʜʫʶʱʝʤʫ ʚʠʜʫ: 

 ( ) 6

ʕ

3

ʀʀʕ 1010 -- Öl+pÖpÖÖl+ÖÖlÖ=l EOSPTQBPʉ ʂAʂ , (3.22) 

ʛʜʝ ɚʉ ī ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ʢʨʠʩʪʘʣʣʘ, FIT; A ī ʫʩʢʦʨʷʶʱʠʡ ʬʘʢʪʦʨ; ɚBP, Q́, ṔT, ɚEOS 

ī ʧʘʨʘʤʝʪʨʳ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʜʝʣʠ (3.18); ʂʀʀ ī ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʜʝʣʠ (3.12); ʂʕ ī 

ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʜʝʣʠ (3.15). 

ɿʥʘʯʝʥʠʷ ɚBP, Q́, ṔT ʠ ɚEOS ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʤʦʜʝʣʷʤ ʠ ʪʘʙʣʠʮʘʤ ʩʪʘʥʜʘʨʪʘ [MIL -

HDBK-217F-N2, 1995]. ɿʥʘʯʝʥʠʝ ʂʀʀ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʧʨʘʚʦʯʥʠʢʫ [ʅʘʜʸʞʥʦʩʪʴ ʕʈʀ, 
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2006; ʅʘʜʝʞʥʦʩʪʴ ʕʈʀ ʀʇ, 2006]. ɿʥʘʯʝʥʠʝ ʂʕ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʪʘʙʣʠʮʘʤ ʩʧʨʘʚʦʯʥʠʢʘ 

[ʅʘʜʝʞʥʦʩʪʴ ʕʈʀ ʀʇ, 2006]. ɿʥʘʯʝʥʠʷ ɚʉ ʠ A ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʜʘʥʥʳʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ 

ʦʪʯʝʪʘʭ ʧʦ ʥʘʜʝʞʥʦʩʪʠ ʬʠʨʤ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʤʦʜʝʣʠ (3.22) ʦʙʲʝʜʠʥʝʥʳ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʦʮʝʥʢʝ 

ʥʘʜʝʞʥʦʩʪʠ ʂʄʆʇ ʉɹʀʉ, ʘ ʠʤʝʥʥʦ ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʩʧʨʘʚʦʯʥʠʢʦʚ ʠ ʩʪʘʥʜʘʨʪʦʚ [MIL -

HDBK-217F-N2, 1995; ʅʘʜʸʞʥʦʩʪʴ ʕʈʀ, 2006; ʅʘʜʝʞʥʦʩʪʴ ʕʈʀ ʀʇ, 2006] ʠ ʤʝʪʦʜʦʣʦʛʠʠ 

217Plus
TM

 [RIAC-HDBK-217Plus, 2006]. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʣʦʞʠʪʴ ʩʣʝʜʫʶʱʫʶ 

ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʂʄʆʇ ʉɹʀʉ: 

1. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ Data Sheet ʥʘ ʂʄʆʇ ʉɹʀʉ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʠʨʤʘ-

ʧʨʦʠʟʚʦʜʠʪʝʣʴ. 

2. ɼʣʷ ʵʪʦʡ ʬʠʨʤʳ ʥʘʭʦʜʠʪʩʷ ʦʪʯʝʪ ʧʦ ʥʘʜʝʞʥʦʩʪʠ (Device reliability report). 

3. ʊʠʧʦʥʦʤʠʥʘʣ ʂʄʆʇ ʉɹʀʉ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ Device reliability report. 

4. ʇʦ ʜʘʥʥʳʤ Device reliability report ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʢʨʠʩʪʘʣʣʘ (ɚC), ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ (Ea) ʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʟʥʘʯʝʥʠʝ ʫʩʢʦʨʷʶʱʝʛʦ ʬʘʢʪʦʨʘ (A). 

5. ʇʦ ʜʘʥʥʳʤ ʩʧʨʘʚʦʯʥʠʢʘ [ʅʘʜʸʞʥʦʩʪʴ ʕʈʀ, 2006] ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʂʀʀ. 

6. ʇʦ ʪʘʙʣʠʮʘʤ ʩʧʨʘʚʦʯʥʠʢʘ [ʅʘʜʝʞʥʦʩʪʴ ʕʈʀ ʀʇ, 2006] ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʂʕ. 

7. ʇʦ ʜʘʥʥʳʤ ʩʪʘʥʜʘʨʪʘ [MIL-HDBK-217F-N2, 1995] ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ Q́, ́ PT ʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ɚBP ʠ ɚEOS. 

8. ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʂʄʆʇ 

ʉɹʀʉ ʧʦ ʬʦʨʤʫʣʝ (3.22). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʩʯʝʪʥʦʡ ʦʮʝʥʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʪʢʘʟʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʂʄʆʇ ʉɹʀʉ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʙʦʨʪʦʚʦʡ ʘʧʧʘʨʘʪʫʨʝ ʂɸ. 

3.3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʕʉʈ ʥʘ ʧʘʨʘʤʝʪʨʳ ʦʪʢʘʟʦʚ 

ʵʣʝʢʪʨʦʨʘʜʠʦʵʣʝʤʝʥʪʦʚ  ɹʈʕɸ 

ɺ ʚʳʨʘʞʝʥʠʠ (3.9) ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ ʵʣʝʢʪʨʦʥʥʳʭ ʤʦʜʫʣʝʡ 

ɹʈʕɸ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʧʦʨʦʛʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʪʢʘʟʘ VTH. ʆʙʳʯʥʦ ʦʥʠ ʜʘʶʪʩʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ, ʠ ʦʧʨʝʜʝʣʷʪʁʩʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʦʨʤʳ ʪʦʢʘ ʠ 

ʥʘʧʨʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʨʘʟʨʷʜʝ ʩ ʧʝʯʘʪʥʦʡ ʧʣʘʪʦʡ [ʂʫʟʥʝʮʦʚ, 
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ʂʝʯʠʝʚ, ɸʙʨʘʤʝʰʠʥ, 2014]. ɼʣʷ ʝʸ ʦʮʝʥʢʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʤʦʜʝʣʴ ʠʟʚʝʩʪʥʫʶ ʢʘʢ ʉDM-

ʤʦʜʝʣʴ, ʠʣʠ ʤʦʜʝʣʴ ʟʘʨʷʞʝʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ [ʂʝʯʠʝʚ, ʇʦʞʠʜʘʝʚ, 2005].  

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘʤʠ ʤʝʪʦʜʠʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʦʚ ʧʦʨʦʛʦʚ ʥʘʧʨʷʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʪʢʘʟʘʤ ʵʪʠʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʚʥʫʪʨʝʥʥʠʭ ʨʘʟʨʷʜʘʭ ʥʘ ʧʝʯʘʪʥʳʝ ʧʣʘʪʳ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʭ 

ʚʝʣʠʯʠʥʳ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ  ʟʥʘʯʝʥʠʡ, ʜʝʢʣʘʨʠʨʫʝʤʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʶ CDM ʕʉʈ ʧʦʩʚʷʱʝʥʳ ʧʫʙʣʠʢʘʮʠʠ [Ker, Lin, Chang, 2011; 

Sowariraj  et al., 2004]. ʀʤʝʶʪʩʷ ʜʘʥʥʳʝ [Colnar, Trotman, Petrice, 2010] ʟʘʨʫʙʝʞʥʳʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʩʦʝʜʠʥʝʥʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʧʝʯʘʪʥʦʡ ʧʣʘʪʦʡ, 

ʠʭ ʧʦʨʦʛ ʦʪʢʘʟʘ ʧʨʠ CDM ʪʝʩʪʘʭ ʩʥʠʞʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ɺ ʜʦʢʫʤʝʥʪʝ ɸʩʩʦʮʠʘʮʠʠ ʧʦ 

ESDA [Industry Council on ESD, 2010] ʜʘʞʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʚʝʩʪʠ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʝ 

ʩʪʘʥʜʘʨʪʳ ʦʩʦʙʫʶ ʤʦʜʝʣʴ ʕʉʈ, ʥʘʟʳʚʘʝʤʫʶ ʤʦʜʝʣʴʶ ʟʘʨʷʞʝʥʥʦʡ ʧʣʘʪʳ (CBM - Charged 

board model). ʀʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʥʘʯʘʪʳ ʪʦʣʴʢʦ ʚ 2007-2008 ʛʦʜʘʭ. ʈʘʙʦʪʳ ʧʦ 

ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ ʥʦʩʷʪ çʜʝʢʣʘʨʘʪʠʚʥʳʡè ʭʘʨʘʢʪʝʨ ʠ ʥʝ ʩʦʜʝʨʞʘʪ ʢʦʥʢʨʝʪʠʟʘʮʠʠ ʧʦ 

ʧʦʨʦʛʘʤ ʦʪʢʘʟʦʚ ʠ ʪʠʧʘʤ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ (ʇʇ).  

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʬʦʨʤʳ ʪʦʢʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ CBM ʕʉʈ ʥʘ ʧʦʣʝʚʳʝ ʪʨʘʥʟʠʩʪʦʨʳ. ʇʨʠ ʵʪʦʤ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ, ʠʟʣʦʞʝʥʥʘʷ ʚ [ʂʫʟʥʝʮʦʚ, ʂʝʯʠʝʚ, 

2013] ʠ ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʟʘʤʝʥʝ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʚʦʟʜʝʡʩʪʚʠʷ ʕʉʈ ʥʘ 

ʧʘʨʘʤʝʪʨʳ ʢʦʤʧʦʥʝʥʪʦʚ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʚʦʟʜʝʡʩʪʚʠʷ CBM ʠ ʕʉʈ. 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʚʦʟʜʝʡʩʪʚʠʷ CBM ʕʉʈ ʥʘ ʢʦʨʧʫʩ ʀʄʉ, ʩʤʦʥʪʠʨʦʚʘʥʥʦʡ ʥʘ 

ʇʇ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.12.  

ɺʦʟʜʝʡʩʪʚʠʝ ʕʉʈ ʥʘ ʧʦʣʝʚʦʡ ʪʨʘʥʟʠʩʪʦʨ ʦʧʠʩʳʚʘʝʪʩʷ ʵʪʦʡ ʞʝ ʵʢʚʠʚʘʣʝʥʪʥʦʡ 

ʩʭʝʤʦʡ, ʥʦ ʦʥ ʠʤʝʝʪ ʪʨʠ ʚʳʚʦʜʘ. ɪʤʢʦʩʪʴ ʉpcb ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʚʳʚʦʜʫ ʠʩʪʦʢʘ ʪʨʘʥʟʠʩʪʦʨʘ 

(ʨʠʩʫʥʦʢ 3.13).  

ɺʩʝ ʸʤʢʦʩʪʠ Cpin ʠ ʉpcb ʚ ʩʭʝʤʝ ʟʘʨʷʞʝʥʳ ʦʪ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʜʦ ʥʘʧʨʷʞʝʥʠʷ 

ʪʝʩʪʠʨʦʚʘʥʠʷ Vtest . ʕʉʈ ʠʥʠʮʠʠʨʫʝʪʩʷ ʧʨʠ ʢʦʥʪʘʢʪʝ ʟʘʟʝʤʣʸʥʥʦʛʦ ʨʘʟʨʷʜʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʩ 

ʚʳʚʦʜʦʤ ʪʨʘʥʟʠʩʪʦʨʘ. ɽʩʣʠ ʧʦʩʣʝ ʕʉʈ ʩ ʜʘʥʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ Vtest ʧʨʦʠʟʦʰʸʣ ʦʪʢʘʟ ʪʨʘʥʟʠʩʪʦʨʘ, 

ʪʦ ʵʪʦ ʥʘʧʨʷʞʝʥʠʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʦʨʦʛ ʦʪʢʘʟʘ ʪʨʘʥʟʠʩʪʦʨʘ ʧʨʠ CBM ʕʉʈ.  

ɺ ʜʘʥʥʦʡ ʩʭʝʤʝ ʜʘʪʯʠʢʦʤ ʪʦʢʘ ʕʉʈ ʩʣʫʞʠʪ ʨʝʟʠʩʪʦʨ R2. ʇʦʜʢʣʶʯʠʚ ʢ ʥʝʤʫ 

ʦʩʮʠʣʣʦʛʨʘʬ, ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʘ ʝʛʦ ʜʠʩʧʣʝʝ ʬʦʨʤʫ ʪʦʢʘ ʠʤʧʫʣʴʩʘ ʕʉʈ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʫʞʘʪ ʩʠʣʦʚʳʝ MOSFET ʪʨʘʥʟʠʩʪʦʨʳ IRF630, 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʪʝʩʪʦʚʦʡ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ. ɺʳʚʦʜ ʠʩʪʦʢʘ ʧʦʣʝʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʩʚʷʟʘʥ ʩ 

ʧʦʣʠʛʦʥʦʤ ʩ ʧʣʦʱʘʜʴʶ ʤʝʪʘʣʣʠʟʘʮʠʠ 6000 ʤʤĮ. ʈʘʟʤʝʨ ʧʣʘʪʳ 100³65 ʤʤ. ɪʤʢʦʩʪʴ ʉpcb  
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ʜʣʷ ʜʘʥʥʦʡ ʧʣʘʪʳ ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʧʨʠ ʧʦʤʦʱʠ RCL-ʤʝʪʨʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 190 ʧʌ. ʕʪʘ 

ʸʤʢʦʩʪʴ ʠʤʝʝʪ ʦʧʨʝʜʝʣʷʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʫ ʪʦʢʘ ʕʉʈ.  

 

ʈʠʩʫʥʦʢ 3.12 ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ CDM-ʕʉʈ: R2 - ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʘʪʯʠʢʘ ʪʦʢʘ; Rarc - 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʫʛʠ; Cpin - ʸʤʢʦʩʪʴ ʚʳʚʦʜʘ ʀʄʉ; Cpp - ʸʤʢʦʩʪʴ ʤʝʞʜʫ ʚʳʚʦʜʘʤʠ ʀʄʉ; 

Rpp - ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʪʝʯʢʠ ʤʝʞʜʫ ʚʳʚʦʜʘʤʠ ʀʄʉ; ɿʕ ï ʵʣʝʤʝʥʪ ʟʘʱʠʪʥʳʡ; S1 - ʢʣʶʯ 

ʠʤʠʪʠʨʫʝʪ ʨʘʟʨʷʜ; Cpcb - ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʸʤʢʦʩʪʴ ʩʠʩʪʝʤʳ ʧʝʯʘʪʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʚʦʜʦʤ ʀʄʉ; Lpcb- ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʸʤʢʦʩʪʴ ʩʠʩʪʝʤʳ ʧʝʯʘʪʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʚʦʜʦʤ ʀʄʉ; Lpin - ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʨʘʟʨʷʜʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ 

ʇʘʨʘʟʠʪʥʳʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ Lpin ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʨʘʟʨʷʜʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʤʦʛʫʪ 

ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʚʳʨʘʞʝʥʠʶ ʜʣʷ ʨʘʩʯʸʪʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʥʠʢʘ ʧʦ ʠʟʚʝʩʪʥʦʡ 

ʜʣʠʥʝ ʚʳʚʦʜʘ l (ʤʤ) ʠ ʝʛʦ ʨʘʜʠʫʩʫ r (ʤʤ) [ʂʝʯʠʝʚ, 2007]: 
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ʀʥʜʫʢʪʠʚʥʦʩʪʴ Lpcb ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʦʣʠʛʦʥʘ ʨʘʟʤʝʨʘʤʠ l > w ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ 

ʪʦʣʱʠʥʦʡ h ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʬʦʨʤʫʣʝ.  
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1
0=  , (3.24) 

ʛʜʝ m0 = 1,265Ŀ10
-6

 ɻʥ/ʤ ï ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. 
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ʈʠʩʫʥʦʢ 3.13 ʉʭʝʤʘ ʚʦʟʜʝʡʩʪʚʠʷ CDM ʕʉʈ ʥʘ ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨ: Cpin - ʸʤʢʦʩʪʴ ʚʳʚʦʜʘ; 

Lpin - ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʚʳʚʦʜʘ; Cpp - ʸʤʢʦʩʪʴ ʤʝʞʜʫ ʚʳʚʦʜʘʤʠ; Cpcb - ʸʤʢʦʩʪʴ ʧʝʯʘʪʥʦʡ 

ʧʣʘʪʳ; R2 - ʜʘʪʯʠʢ ʪʦʢʘ 

ɼʣʷ ʚʳʚʦʜʦʚ ʪʨʘʥʟʠʩʪʦʨʘ IRF630 (ʢʦʨʧʫʩ TO-220) ʨʘʩʯʸʪ ʜʘʸʪ ʠʥʜʫʢʪʠʚʥʦʩʪʴ Lpin = 

3 ʥɻʥ (ʜʣʠʥʘ ʚʳʚʦʜʦʚ 6 ʤʤ), ʘ ʜʣʷ ʪʝʩʪʦʚʦʡ ʇʇ Lpcb = 2 ʥɻʥ. ʀʥʜʫʢʪʠʚʥʦʩʪʴ ʨʘʟʨʷʜʥʦʛʦ 

ʥʘʢʦʥʝʯʥʠʢʘ Ltip  = 15 ʥɻʥ (ʜʣʠʥʘ 12 ʤʤ). ɼʣʷ ʠʜʝʘʣʴʥʦʛʦ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ Ltip = 0. 

ʄʦʜʝʣʠʨʦʚʘʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʫʛʠ ʧʦʩʚʷʱʝʥʳ ʧʫʙʣʠʢʘʮʠʠ [Bºnisch, 2004; Bºnisch, 

Kalkner, Pommerenke, 2003; Jobava  et al., 2000]. ɼʣʷ ʕʉʈ ʧʨʠ ʥʠʟʢʠʭ ʥʘʧʨʷʞʝʥʠʷʭ (ʜʦ 500 ɺ) 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʫʛʘ ʥʝ ʦʙʨʘʟʫʝʪʩʷ (ʝʸ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Rarc ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 5 ʆʤ.) 

ʅʘ ʦʩʥʦʚʝ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʭʝʤʳ (ʨʠʩʫʥʦʢ 3.12) ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʝʸ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʚ ʧʨʦʛʨʘʤʤʝ Qucs [Brinson, Jahn, 2009; Qucsé] ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʬʦʨʤʫ ʪʦʢʘ ʕʉʈ, ʧʨʦʚʝʩʪʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʫʩʪʘʥʦʚʢʫ (ʨʠʩʫʥʦʢ 3.13) ʠ ʩʨʘʚʥʠʪʴ ʬʦʨʤʫ 

ʪʦʢʘ ʕʉʈ, ʧʦʣʫʯʝʥʥʫʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʠ ʬʦʨʤʫ ʪʦʢʘ, ʧʦʣʫʯʝʥʥʫʶ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʕʉʈ ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ ʤʦʜʝʣʴʶ ʢʦʨʨʝʢʪʥʦ.  

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʕʉʈ ʫʟʣʘ ʥʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ ʚ ʧʨʦʛʨʘʤʤʝ Qucs ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 3.14.  

ʉʭʝʤʘ ʠʤʠʪʠʨʫʝʪ ʥʘʠʭʫʜʰʠʡ ʚʘʨʠʘʥʪ ʨʘʟʚʠʪʠʷ ʕʉʈ ï ʢʦʥʪʘʢʪ ʟʘʟʝʤʣʸʥʥʦʛʦ 

ʨʘʟʨʷʜʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʩ ʚʳʚʦʜʦʤ ʟʘʪʚʦʨʘ ʧʦʣʝʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. ʂʣʶʯ S1 ʠʤʠʪʠʨʫʝʪ 

ʕʉʈ. ʈʝʟʠʩʪʦʨ R2 ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʴ L1 ï ʧʘʨʘʟʠʪʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʴ 

ʨʘʟʨʷʜʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ. ʈʝʟʠʩʪʦʨ R1 ʷʚʣʷʝʪʩʷ ʜʘʪʯʠʢʦʤ ʪʦʢʘ. ɺʠʨʪʫʘʣʴʥʳʡ ʚʦʣʴʪʤʝʪʨ 

Pr1 ʩʣʫʞʠʪ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʥʳʭ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʥʘ ʟʘʪʚʦʨʝ ʪʨʘʥʟʠʩʪʦʨʘ. 

ɺʠʨʪʫʘʣʴʥʳʡ ʘʤʧʝʨʤʝʪʨ ʩʣʫʞʠʪ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʨʤʳ ʪʦʢʘ ʕʉʈ. ɺ ʨʝʘʣʴʥʦʤ ʩʪʝʥʜʝ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʨʤʳ ʪʦʢʘ ʩʣʫʞʠʪ ʜʘʪʯʠʢ ʪʦʢʘ ï ʙʝʟʠʥʜʫʢʪʠʚʥʳʡ ʨʝʟʠʩʪʦʨ R1, 

ʚʢʣʶʯʘʝʤʳʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʨʘʟʨʷʜʥʳʤ ʥʘʢʦʥʝʯʥʠʢʦʤ. ʇʘʨʘʣʣʝʣʴʥʦ ʨʝʟʠʩʪʦʨʫ 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʚʭʦʜ ʦʩʮʠʣʣʦʛʨʘʬʘ, ʢʦʪʦʨʳʡ ʚ ʤʦʜʝʣʠ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʚʦʣʴʪʤʝʪʨʦʤ Pr3.  
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ʈʠʩʫʥʦʢ 3.14 ʉʭʝʤʘ CBM ʕʉʈ ʚ ʧʨʦʛʨʘʤʤʝ Qucs 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʣʝʜʫʶʱʘʷ 

ʬʦʨʤʘ ʪʦʢʘ ʕʉʈ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 3.15.  

 

ʈʠʩʫʥʦʢ 3.15 ʌʦʨʤʘ ʪʦʢʘ ʕʉʈ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʅʘʧʨʷʞʝʥʠʝ ʪʝʩʪʠʨʦʚʘʥʠʷ 430 ɺ 

ʆʪʣʠʯʠʝʤ ʬʦʨʤʳ ʪʦʢʘ ʧʨʠ CBM ʕʉʈ ʦʪ ʬʦʨʤʳ ʪʦʢʘ CDM ʕʉʈ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʟʘʪʷʥʫʪ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ CDM ʕʉʈ [JEDEC 

standard JESD22-C101E, 2009] ʩʦʩʪʘʚʣʷʝʪ 3-4 ʥʩ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ CBM ʕʉʈ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʙʦʣʝʝ 40 ʥʩ. ʇʝʨʠʦʜ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʨʘʚʝʥ 12,5 ʥʩ. ɸʤʧʣʠʪʫʜʘ ʪʦʢʘ CBM ʕʉʈ 

ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʧʨʠ CDM ʕʉʈ ʠ ʩʦʩʪʘʚʣʷʝʪ 25 ɸ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʕʉʈ 430 ɺ.  
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ʌʦʨʤʘ ʪʦʢʘ ʚ ʚʠʜʝ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʜʦʙʨʦʪʥʦʩʪʠ 

ʢʦʥʪʫʨʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʪʝʯʸʪ ʪʦʢ ʕʉʈ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʘʢʦʡ ʬʦʨʤʳ ʪʦʢʘ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, 

ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʫʛʠ, ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ CBM ʕʉʈ c ʧʝʯʘʪʥʦʡ ʧʣʘʪʦʡ ʧʨʠ ʥʠʟʢʠʭ 

ʥʘʧʨʷʞʝʥʠʷʭ (ʤʝʥʝʝ 500 ɺ), ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʨʘʚʥʳʤ ʤʝʥʝʝ 1 ʆʤ (ʜʫʛʘ ʧʨʠ 

ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʠ ʨʘʟʨʷʜʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʠ ʇʇ ʥʝ ʦʙʨʘʟʫʝʪʩʷ). ɽʩʣʠ ʤʦʜʝʣʠʨʫʝʪʩʷ ʕʉʈ ʩ 

ʥʘʧʨʷʞʝʥʠʝʤ ʩʚʳʰʝ 500 ɺ, ʪʦ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴʩʷ ʢ ʜʘʥʥʳʤ [Bºnisch, 2004; Hajjar  et al., 

2011] ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʫʛʠ. 

ʊʝʧʝʨʴ ʠʩʩʣʝʜʫʝʤ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʟʘʪʚʦʨʝ ʪʨʘʥʟʠʩʪʦʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ 

ʪʝʩʪʦʚ ʥʘ ʠʤʠʪʘʪʦʨʝ CBM ʕʉʈ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʪʨʘʥʟʠʩʪʦʨ IRF630, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ 

ʪʝʩʪʦʚʫʶ ʧʝʯʘʪʥʫʶ ʧʣʘʪʫ, ʦʪʢʘʟʳʚʘʝʪ ʧʨʠ ʕʉʈ ʩ ʥʘʧʨʷʞʝʥʠʝʤ 480 ɺ. ʅʘ ʨʠʩʫʥʢʝ 3.16 

ʧʦʢʘʟʘʥ ʠʤʧʫʣʴʩ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʟʘʪʚʦʨʝ ʪʨʘʥʟʠʩʪʦʨʘ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʕʉʈ 480 ɺ. 

 

ʈʠʩʫʥʦʢ 3.16 ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʟʘʪʚʦʨʝ ʪʨʘʥʟʠʩʪʦʨʘ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʘʧʨʷʞʝʥʠʝ ʕʉʈ 480 ɺ 

ɺʠʜʥʦ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʟʘʪʚʦʨʝ ʪʨʘʥʟʠʩʪʦʨʘ ʧʨʝʚʳʰʘʝʪ ʧʨʦʙʠʚʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʧʦʜʟʘʪʚʦʨʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ, ʢʦʪʦʨʦʝ ʨʘʚʥʦ Ubd = 75ï80 ɺ [International Rectifier. IRF630 é ; 

International Rectifier. Application Note AN-986 é ]. ʕʪʦ ʟʥʘʯʝʥʠʝ ʫʢʘʟʘʥʦ ʚ ʨʫʢʦʚʦʜʩʪʚʝ 

AN-986. ɼʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 5 ʥʩ. ʇʠʢʦʚʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʨʘʚʥʦ 160 ɺ. ʇʨʠ ʥʘʥʦʩʝʢʫʥʜʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʧʨʦʙʦʡ 

ʧʦʜʟʘʪʚʦʨʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ [Hajjar  et al., 2011], ʤʦʞʝʪ ʥʝ ʫʩʧʝʪʴ ʨʘʟʚʠʪʴʩʷ ʠ 

ʧʨʦʙʠʚʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʜʟʘʪʚʦʨʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 2 ʨʘʟʘ 
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(Ubd = 150ï160 ɺ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʜʘʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ 

ʜʦʣʞʝʥ ʧʨʦʠʟʦʡʪʠ ʚʳʭʦʜ ʪʨʘʥʟʠʩʪʦʨʘ ʠʟ ʩʪʨʦʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʙʦʷ ʟʘʪʚʦʨ-ʠʩʪʦʢ. 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʨʠʪʝʨʠʝʤ ʦʪʢʘʟʘ 

ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʘ ʧʨʠ CBM ʕʉʈ ʩʣʫʞʠʪ ʧʨʝʚʳʰʝʥʠʝ ʧʠʢʦʚʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʥʘ ʟʘʪʚʦʨʝ 

ʧʨʦʙʠʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦʜʟʘʪʚʦʨʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ (ʜʣʷ IRF630 160 ɺ) ʚ ʜʚʘ ʨʘʟʘ. 

ɺ ʨʘʙʦʪʝ [ʂʫʟʥʝʮʦʚ, ʂʝʯʠʝʚ, 2013] ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʕʉʈ 

ʥʘ ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨ IRF510 [International Rectifier. IRF510 HEXFET é ]. ʇʨʦʙʠʚʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʧʦʜʟʘʪʚʦʨʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʫ ʜʘʥʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʪʘʢʦʝ ʞʝ, ʢʘʢ ʠ ʫ ʪʨʘʥʟʠʩʪʦʨʘ 

IRF630. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣ ʨʘʩʩʯʠʪʘʥ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʦʜʪʚʝʨʞʜʸʥ ʧʦʨʦʛ ʦʪʢʘʟʘ ʜʣʷ ʜʘʥʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʨʘʚʥʳʡ 250 ɺ. ʅʘ ʨʠʩʫʥʢʝ 3.17 ʧʦʢʘʟʘʥ 

ʛʨʘʬʠʢ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʟʘʪʚʦʨʝ ʪʨʘʥʟʠʩʪʦʨʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʠʤʧʫʣʴʩʘ ʕʉʈ. ɺʠʜʥʦ, ʯʪʦ 

ʙʝʟʦʧʘʩʥʳʡ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʟʘʪʚʦʨʝ (160 ɺ) ʧʨʝʚʳʰʝʥ ʠ ʜʦʣʞʝʥ ʧʨʦʠʟʦʡʪʠ ʚʳʭʦʜ 

ʪʨʘʥʟʠʩʪʦʨʘ ʠʟ ʩʪʨʦʷ ʧʦʩʣʝ ʕʉʈ, ʯʪʦ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

 

ʈʠʩʫʥʦʢ 3.17 ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʟʘʪʚʦʨʝ ʪʨʘʥʟʠʩʪʦʨʘ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʘʧʨʷʞʝʥʠʝ ʕʉʈ 250 ɺ 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʯʘʪʥʳʭ ʫʟʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʄʆʇ-

ʪʨʘʥʟʠʩʪʦʨʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʪʝʩʪʦʚʳʭ ʧʝʯʘʪʥʳʭ ʧʣʘʪʘʭ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʪʝʥʜ 

ʩʦʙʠʨʘʝʪʩʷ ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 3.13 ʠ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʜʘʪʯʠʢʫ ʪʦʢʘ, 

ʢʦʪʦʨʳʤ ʷʚʣʷʝʪʩʷ SMD-ʨʝʟʠʩʪʦʨ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 0,75 ʆʤ. ʌʦʨʤʘ ʪʦʢʘ ʧʨʠ ʕʉʈ ʩ 

ʥʘʧʨʷʞʝʥʠʝʤ 430 ɺ ʥʘ ʟʘʪʚʦʨʝ ʪʨʘʥʟʠʩʪʦʨʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.18. 
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ʈʠʩʫʥʦʢ 3.18 ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʪʦʢʘ ʕʉʈ ʩ ʧʝʯʘʪʥʦʡ ʧʣʘʪʦʡ 

ʀʟ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʚʠʜʥʦ, ʯʪʦ ʧʠʢʦʚʘʷ ʘʤʧʣʠʪʫʜʘ ʪʦʢʘ ʪʘʢʞʝ ʜʦʩʪʠʛʘʝʪ 25 ɸ. ʊʦʢ 

ʠʤʝʝʪ ʚʠʜ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʩ ʧʝʨʠʦʜʦʤ ʦʢʦʣʦ 15 ʥʩ. ʌʦʨʤʘ ʠʟʤʝʨʝʥʥʦʛʦ ʠ 

ʩʤʦʜʝʣʠʨʦʚʘʥʥʦʛʦ ʪʦʢʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.19. 

 

ʈʠʩʫʥʦʢ 3.19 ʊʦʢ ʕʉʈ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʚʳʨʘʙʦʪʘʪʴ ʚʘʞʥʳʡ 

ʢʨʠʪʝʨʠʡ ʦʪʢʘʟʘ ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʦʚ ʧʨʠ CBM ʕʉʈ ï ʵʪʦ ʧʨʝʚʳʰʝʥʠʝ ʧʠʢʦʚʳʤ 

ʥʘʧʨʷʞʝʥʠʝʤ ʥʘ ʟʘʪʚʦʨʝ ʧʨʦʙʠʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦʜʟʘʪʚʦʨʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʚ ʜʚʘ ʨʘʟʘ. 

ɼʣʷ ʧʦʣʝʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ IRF630 ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʨʘʟʨʷʜʘ 

480 ɺ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʦʢʦʣʦ 5 ʥʩ, ʧʠʢʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ 
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ʟʘʪʚʦʨʝ ʪʨʘʥʟʠʩʪʦʨʘ ʩʦʩʪʘʚʣʷʣʦ 160 ɺ ʧʨʠ ʧʨʦʙʠʚʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʧʦʜʟʘʪʚʦʨʥʦʛʦ 

ʜʠʵʣʝʢʪʨʠʢʘ, ʨʘʚʥʦʤ 75ï80 ɺ (ʩʤ. ʨʠʩʫʥʦʢ 3.16). ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ 

ʥʘʥʦʩʝʢʫʥʜʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʧʨʦʙʦʡ ʧʦʜʟʘʪʚʦʨʥʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʥʝ ʫʩʧʝʚʘʝʪ 

ʨʘʟʚʠʪʴʩʷ ʠ ʧʨʦʙʠʚʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 2 ʨʘʟʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʣʴʥʦʝ ʧʠʢʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʤʝʝʪ ʤʝʩʪʦ ʦʪʢʘʟ 

ʤʠʢʨʦʩʭʝʤʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʕʉʈ, ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʚʝʣʠʯʠʥʳ 

ʧʦʨʦʛʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʠʚʦʜʠʤʦʛʦ ʠʟʛʦʪʦʚʠʪʝʣʝʤ ʚ ʧʘʩʧʦʨʪʝ ʤʠʢʨʦʩʭʝʤʳ, ʠ ʵʪʦ ʥʘʜʦ 

ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ɹʈʕɸ.  

3.4 ʆʙʝʩʧʝʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ɹʈʕɸ ʂɸ ʥʘ ʵʪʘʧʝ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʠʩʢʠ 

ʧʦʚʨʝʞʜʝʥʠʷ ʘʧʧʘʨʘʪʫʨʳ ʥʘ ʫʨʦʚʥʝ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ (ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʀʄʉ) ʜʦʩʪʘʪʦʯʥʦ 

ʚʝʣʠʢʠ, ʯʪʦʙʳ ʥʘʨʫʰʠʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʳ 

ʤʝʨʳ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʠʣʠ ʩʥʠʞʝʥʠʶ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʕʉʈ. ʂʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʧʨʠʤʝʥʝʥʠʝ ʦʛʨʘʥʠʯʠʪʝʣʝʡ, ʬʠʣʴʪʨʘʮʠʷ, 

ʟʘʟʝʤʣʝʥʠʝ, ʵʢʨʘʥʠʨʦʚʘʥʠʝ) ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʳ ʚ [ʂʝʯʠʝʚ, ʇʦʞʠʜʘʝʚ, 2005]. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ 

ʦʨʠʛʠʥʘʣʴʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʥʘ ʵʪʘʧʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹʈʕɸ ʂɸ.  

ɺʳʧʦʣʥʝʥʥʝr ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʙʝʜʠʪʝʣʴʥʦ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʜʠʵʣʝʢʪʨʠʢʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʜʦ ʟʥʘʯʝʥʠʷ 10
-9
 ʆʤ

-1
Ŀʤ

-1
 ʥʝ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ 

ʥʘ ʨʘʙʦʪʫ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʙʦʯʘʷ 

ʯʘʩʪʦʪʘ ʤʫʣʴʪʠʚʠʙʨʘʪʦʨʘ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 10 ʢɻʮ ʜʦ 60 ʄɻʮ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʧʝʨʝʢʨʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʳʡ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʜʣʷ ʨʘʙʦʪʳ ɹʈʕɸ ʂɸ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʮʠʬʨʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ 

ɹʈʕɸ ʂɸ, ʤʦʞʥʦ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʥʘ ʧʝʯʘʪʥʳʭ ʧʣʘʪʘʭ ʠʟ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ ʜʠʵʣʝʢʪʨʠʢʦʚ 

ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ ʥʝʢʦʪʦʨʳʝ ʘʥʘʣʦʛʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ ʙʦʨʪʦʚʳʭ ʩʠʩʪʝʤ ʂɸ ʜʦʣʞʥʳ 

ʦʙʣʘʜʘʪʴ ʙʦʣʴʰʠʤ ʚʭʦʜʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʝ ʜʠʵʣʝʢʪʨʠʢʠ 

ʦʙʝʩʧʝʯʠʪʴ ʥʝ ʤʦʛʫʪ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʭʦʜʥʳʝ ʢʘʩʢʘʜʳ ʘʥʘʣʦʛʦʚʦʡ ʯʘʩʪʠ ʫʩʪʨʦʡʩʪʚʘ 

ʥʝʦʙʭʦʜʠʤʦ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʭ 

ʜʠʵʣʝʢʪʨʠʢʦʚ ʠ ʨʘʟʤʝʱʘʪʴ ʚ ʩʧʝʮʠʘʣʴʥʳʡ ʦʪʩʝʢ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʵʢʨʘʥʘ, ʢʦʪʦʨʳʡ ʥʝʩʝʪ 

ʜʚʦʡʥʫʶ ʬʫʥʢʮʠʶ. ʆʥ, ʚʦ-ʧʝʨʚʳʭ, ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʪʴ ʟʘʱʠʪʫ ʦʪ ʢʦʨʧʫʩʢʫʣʷʨʥʳʭ ʠʟʣʫʯʝʥʠʡ, 
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ʚʳʟʳʚʘʶʱʠʭ ʚʥʫʪʨʝʥʥʶʶ ʵʣʝʢʪʨʠʟʘʮʠʶ ʵʣʝʤʝʥʪʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ɹʈʕɸ ʂɸ, ʠ, ʚʦ-ʚʪʦʨʳʭ, 

ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʪʴ ʫʩʣʦʚʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ (ʕʄʉ) ʩ ʜʨʫʛʠʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ. ʂ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʢʦʨʧʫʩʢʫʣʷʨʥʳʤ ʠʟʣʫʯʝʥʠʷʤ ʦʪʥʦʩʷʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʵʣʝʢʪʨʦʥʳ ʩ ʵʥʝʨʛʠʝʡ 1-2 ʄʵɺ, ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʵʢʨʘʥʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʦʣʱʠʥʦʡ ʩʪʝʥʦʢ. 

ʇʨʦʚʝʜʝʤ ʦʮʝʥʦʯʥʳʡ ʨʘʩʯʝʪ ʵʢʨʘʥʘ ʠʟ ʘʣʶʤʠʥʠʷ, ʪʦʣʱʠʥʘ ʩʪʝʥʦʢ ʢʦʪʦʨʦʛʦ 

ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʦʧʘʜʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʫʢʘʟʘʥʥʦʡ ʵʥʝʨʛʠʠ ʥʘ ʵʣʝʢʪʨʦʥʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʚʥʫʪʨʠ ʵʢʨʘʥʘ. 

ɺʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʡ ʧʨʦʙʝʛ, 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʤʠʥʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʦʡ ʚʝʱʝʩʪʚʘ, ʠʟʤʝʨʷʝʤʦʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʩʭʦʜʥʦʡ 

ʩʢʦʨʦʩʪʠ ʧʫʯʢʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʣʥʦʤʫ ʧʦʛʣʦʱʝʥʠʶ ʵʣʝʢʪʨʦʥʦʚ ʜʘʥʥʦʡ ʵʥʝʨʛʠʠ ʚ 

ʵʪʦʤ ʚʝʱʝʩʪʚʝ. ʕʬʬʝʢʪʠʚʥʳʡ ʧʨʦʙʝʛ AlR  (ʛ/ʩʤ
2
) ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ eE  (ʄʵɺ) ʚ 

ʘʣʶʤʠʥʠʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ [ʅʦʚʠʢʦʚ, 2003] ʧʦ ʵʤʧʠʨʠʯʝʩʢʠʤ ʬʦʨʤʫʣʘʤ (3.25) ʠ (3.26): 

 
4,14,0 eAl ER = , ʧʨʠ 0,15 < Ee < 0,8, (3.25) 

 133,054,0 -= eAl ER  ʧʨʠ 0,8 < Ee < 3. (3.26) 

ʈʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʬʦʨʤʫʣʝ (3.26) ʵʬʬʝʢʪʠʚʥʳʡ ʧʨʦʙʝʛ ʵʣʝʢʪʨʦʥʦʚ ʩ ʵʥʝʨʛʠʝʡ 2 ʄʵɺ ʚ 

ʘʣʶʤʠʥʠʠ ʩʦʩʪʘʚʣʷʝʪ 0,947 ʛ/ʩʤ
2
. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʵʢʨʘʥʘ, 

ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʵʣʝʢʪʨʦʥʦʚ ʜʘʥʥʦʡ ʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʫʤʥʦʞʠʪʴ ʧʦʣʫʯʝʥʥʫʶ 

ʚʝʣʠʯʠʥʫ ʥʘ ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʘʣʶʤʠʥʠʷ 2,7 ʛ/ʩʤ
3
. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʠʥʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ 

ʵʢʨʘʥʘ ʩʦʩʪʘʚʠʪ 2,56 ʤʤ. 

ɼʣʷ ʟʘʱʠʪʳ ʚʭʦʜʥʳʭ ʢʘʩʢʘʜʦʚ ʘʥʘʣʦʛʦʚʦʡ ʯʘʩʪʠ ʫʩʪʨʦʡʩʪʚ ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʦʤʝʭ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʥʞʝʢʮʠʠ ʟʘʨʷʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʥʦʩʪʴʶ ʦʢʨʫʞʠʪʴ ʠʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʵʢʨʘʥʦʤ ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʝʛʦ ʟʘʟʝʤʣʠʪʴ. ɿʘʟʝʤʣʝʥʠʝ ʦʪʚʝʜʝʪ ʩ ʵʢʨʘʥʘ ʟʘʨʷʜ ʠ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʫʩʪʨʘʥʠʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʪʠʪ ʠʥʞʝʢʮʠʶ ʟʘʨʷʜʘ. 

ʇʨʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʨʘʟʨʷʜʝ ʚʦʟʥʠʢʘʶʪ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. 

ʉʪʨʫʢʪʫʨʘ ʧʦʣʷ, ʜʦʩʪʠʛʘʶʱʝʛʦ ʨʝʮʝʧʪʦʨʘ, ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚʦʟʤʫʱʘʶʱʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʦʤʝʭ. ʈʝʮʝʧʪʦʨ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʣʠʙʦ ʚ ʙʣʠʞʥʝʡ 

ʟʦʥʝ, ʣʠʙʦ ʚ ʜʘʣʴʥʝʡ ʟʦʥʝ. ɻʨʘʥʠʮʘ ʤʝʞʜʫ ʥʠʤʠ ʣʝʞʠʪ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

 pl= 2r , ʤ, 

ʛʜʝ l ï ʜʣʠʥʘ ʚʦʣʥʳ ʚ ʤʝʪʨʘʭ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʚ ʩʧʝʢʪʨʝ ʩʠʛʥʘʣʘ. 

ɺ ʙʣʠʞʥʝʡ ʟʦʥʝ ʨʘʟʣʠʯʘʶʪ ʦʪʜʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʘ 

ʚ ʜʘʣʴʥʝʡ ʟʦʥʝ - ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʬʨʦʥʪʘ ʕʉʈ 

ʩʦʩʪʘʚʣʷʝʪ 0,7-1 ʥʩ. ʉʧʝʢʪʨ ʜʣʷ ʧʦʜʦʙʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʦʩʪʠʨʘʝʪʩʷ ʜʦ 500-700 ʄɻʮ ʠ ʚʳʰʝ. 

ɼʣʷ ʵʪʠʭ ʟʥʘʯʝʥʠʡ ʜʣʠʥʘ ʚʦʣʥʳ ʚ ʚʦʟʜʫʭʝ ʩʦʩʪʘʚʣʷʝʪ 0,3-0,5 ʤ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʛʨʘʥʠʮʘ 
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ʤʝʞʜʫ ʙʣʠʞʥʝʡ ʠ ʜʘʣʴʥʝʡ ʟʦʥʦʡ ʙʫʜʝʪ ʣʝʞʘʪʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 0,04-0,06 ʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʕʉʈ ʧʨʦʠʟʦʰʝʣ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʨʝʮʝʧʪʦʨʘ ʤʝʥʝʝ 0,04-0,06 ʤ, ʪʦ 

ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʵʢʨʘʥ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʷ, ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʠʣʠ ʤʘʛʥʠʪʥʳʡ, ʘ ʚ ʜʘʣʴʥʝʡ 

ʟʦʥʝ ʧʨʠʤʝʥʷʝʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʵʢʨʘʥ. ɽʩʣʠ ʨʘʟʨʷʜ ʦʢʘʟʘʣʩʷ ʚ ʙʣʠʞʥʝʡ ʟʦʥʝ, ʪʦ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʦʪ ʥʝʛʦ ʤʦʞʝʪ ʙʳʪʴ ʦʩʣʘʙʣʝʥʦ ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʵʢʨʘʥʘ, ʥʦ ʧʨʠ 

ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʩʚʦʜʷʪʩʷ ʢ ʥʫʣʶ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʝʜʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʟʤʘ ʢʦʤʧʝʥʩʘʮʠʠ 

ʧʘʜʘʶʱʝʛʦ ʧʦʣʷ ʚʦʟʙʫʞʜʝʥʥʳʤʠ ʚ ʵʢʨʘʥʝ ʚʠʭʨʝʚʳʤʠ ʪʦʢʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʧʦʜʦʙʥʳʡ ʵʢʨʘʥ ʢʘʢ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʡ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʠʟʚʝʩʪʥʦ [ʂʝʯʠʝʚ, ɸʢʙʘʰʝʚ, 

ʉʪʝʧʘʥʦʚ, 2010], ʯʪʦ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʵʢʨʘʥ ʵʬʬʝʢʪʠʚʝʥ ʧʨʠ ʟʘʱʠʪʝ ʦʪ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ ʦʮʝʥʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʨʘʥʘ 

ʪʦʣʴʢʦ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ʇʨʦʚʝʜʝʤ ʧʦʜʦʙʥʫʶ ʦʮʝʥʢʫ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

 S = A + R + B, ʜɹ, 

ʛʜʝ A - ʧʦʪʝʨʠ ʥʘ ʧʦʛʣʦʱʝʥʠʝ, ʜɹ, R ïʧʦʪʝʨʠ ʥʘ ʦʪʨʘʞʝʥʠʝ, ʜɹ, B - ʧʦʪʝʨʠ ʥʘ ʤʥʦʛʦʢʨʘʪʥʳʝ 

ʦʪʨʘʞʝʥʠʷ ʦʪ ʚʥʫʪʨʝʥʥʠʭ ʛʨʘʥʠʮ ʵʢʨʘʥʘ, ʜɹ (ʠʟ-ʟʘ ʤʘʣʦʩʪʠ ʟʥʘʯʝʥʠʷ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ). 

ʆʮʝʥʠʤ ʧʦʪʝʨʠ ʥʘ ʧʦʛʣʦʱʝʥʠʝ 

 131,4 ɛ ůr rA t f= , 

ʛʜʝ t - ʪʦʣʱʠʥʘ ʵʢʨʘʥʘ, ʤʤ, f - ʯʘʩʪʦʪʘ ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʧʦʣʷ, ʄɻʮ, Õr- ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʵʢʨʘʥʘ, sr - ʦʪʥʦʩʠʪʝʣʴʥʘʷ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʜʠ) 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʵʢʨʘʥʘ. 

ɼʣʷ ʘʣʶʤʠʥʠʷ Õr = 1, sr = 0,5 (ʚ ʩʨʝʜʥʝʤ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʘʣʶʤʠʥʠʝʚʳʭ 

ʩʧʣʘʚʦʚ). ʊʦʛʜʘ ʥʘ ʯʘʩʪʦʪʝ 500 ʄɻʮ (ʭʫʜʰʠʡ ʩʣʫʯʘʡ) ʧʨʠ ʪʦʣʱʠʥʝ ʵʢʨʘʥʘ 2,56 ʤʤ ʧʦʣʫʯʘʝʤ 

ʧʦʪʝʨʠ ʥʘ ʧʦʛʣʦʱʝʥʠʝ 5318 ʜɹ. ʕʪʦ ʦʯʝʥʴ ʚʳʩʦʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʧʦʣʫʯʝʥ ʜʣʷ ʠʜʝʘʣʴʥʦʛʦ 

ʵʢʨʘʥʘ ʙʝʟ ʘʧʝʨʪʫʨ, ʥʘʣʠʯʠʝ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʨʘʥʠʨʦʚʘʥʠʷ. 

ʆʮʝʥʠʤ ʧʦʪʝʨʠ ʵʢʨʘʥʘ ʥʘ ʦʪʨʘʞʝʥʠʝ: 

 R = 108,1 - 10lg(Õrf/sr), 

ʛʜʝ f - ʯʘʩʪʦʪʘ ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʧʦʣʷ, ʄɻʮ, Õr- ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ ʵʢʨʘʥʘ, sr - ʦʪʥʦʩʠʪʝʣʴʥʘʷ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʜʠ) ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʵʢʨʘʥʘ. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ R = 81 ʜɹ. ʉʫʤʤʘʨʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʜʝʘʣʴʥʦʛʦ ʵʢʨʘʥʘ ʠʟ 

ʘʣʶʤʠʥʠʷ ʪʦʣʱʠʥʦʡ 2,56 ʤʤ ʩʦʩʪʘʚʠʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 5400 ʜɹ. ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʝʘʣʴʥʦʛʦ ʵʢʨʘʥʘ ʥʘʜʦ ʫʯʝʩʪʴ ʚʦʟʤʦʞʥʳʝ ʘʧʝʨʪʫʨʳ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʵʢʨʘʥʝ.  

ʅʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʪʚʝʨʩʪʠʷ ʜʣʷ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʢʘʙʝʣʝʡ ʠ ʩʪʳʢʠ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʵʢʨʘʥʘ.  
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ʇʨʠʤʝʤ ʜʠʘʤʝʪʨ ʪʠʧʦʚʦʛʦ ʦʪʚʝʨʩʪʠʷ 5 ʤʤ. ɼʣʷ ʦʪʚʝʨʩʪʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʛʣʦʱʝʥʠʝʤ ʠ ʜʘʝʪʩʷ ʜʣʷ ʢʨʫʛʣʦʛʦ ʦʪʚʝʨʩʪʠʷ ʬʦʨʤʫʣʦʡ 

 A = 32l/D, ʜɹ, 

ʛʜʝ l - ʜʣʠʥʘ ʩʪʝʥʢʠ ʦʪʚʝʨʩʪʠʷ, ʤʤ, D - ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ, ʤʤ. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ɸ = 32Ö(2,56/5) = 16,4 ʜɹ. ʉʦʛʣʘʩʥʦ ʧʨʘʚʠʣʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʥʝʦʜʥʦʨʦʜʥʳʭ ʵʢʨʘʥʦʚ [ʂʝʯʠʝʚ, ɸʢʙʘʰʝʚ, ʉʪʝʧʘʥʦʚ, 2010] ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʵʢʨʘʥʝ ʟʦʥ ʩ 

ʨʘʟʣʠʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʩʫʤʤʘʨʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʨʘʥʠʨʦʚʘʥʠʷ 

ʙʫʜʝʪ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʟʦʥʳ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʫʤʤʘʨʥʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝ ʙʫʜʝʪ ʧʨʝʚʳʰʘʪʴ 16,4 ʜɹ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʟʥʘʥʦ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ. ɼʣʷ ʫʚʝʨʝʥʥʦʡ ʟʘʱʠʪʳ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʣʝʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝ ʤʝʥʝʝ 50 ʜɹ.  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʟʦʥʳ ʩ ʦʪʚʝʨʩʪʠʷʤʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʧʨʠʤʝʥʠʪʴ ʧʨʠʥʮʠʧ ʟʘʧʨʝʜʝʣʴʥʦʛʦ ʚʦʣʥʦʚʦʜʘ, ʫʜʣʠʥʠʚ ʩʪʝʥʢʠ ʦʪʚʝʨʩʪʠʷ ʧʫʪʝʤ 

ʥʘʧʘʠʚʘʥʠʷ ʪʨʫʙʢʠ ʜʣʠʥʦʡ 3D, ʪ.ʝ. 15 ʤʤ. ʇʨʠ ʵʪʦʤ ʩʫʤʤʘʨʥʘʷ ʜʣʠʥʘ ʩʪʝʥʢʠ ʦʪʚʝʨʩʪʠʷ 

ʩʪʘʥʝʪ 17,56 ʤʤ. 

ɼʣʷ ʦʪʚʝʨʩʪʠʷ ʚ ʚʠʜʝ ʟʘʧʨʝʜʝʣʴʥʦʛʦ ʚʦʣʥʦʚʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʦʪʘ ʩʨʝʟʘ, ʢʦʪʦʨʘʷ 

ʜʦʣʞʥʘ ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ ʧʨʝʚʳʰʘʪʴ ʨʘʙʦʯʫʶ ʯʘʩʪʦʪʫ. ʏʘʩʪʦʪʘ ʩʨʝʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

 fc = 1,75Ö10
5
/ D, ʄɻʮ, 

ʛʜʝ D - ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ, ʤʤ. 

ɼʣʷ ʦʪʚʝʨʩʪʠʷ ʜʠʘʤʝʪʨʦʤ 5 ʤʤ ʯʘʩʪʦʪʘ ʩʨʝʟʘ ʩʦʩʪʘʚʣʷʝʪ 35 ɻɻʮ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʳʰʘʝʪ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ (500 ʄɻʮ). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʧʨʝʜʝʣʴʥʳʡ 

ʚʦʣʥʦʚʦʜ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʵʢʨʘʥʘ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʟʘʧʨʝʜʝʣʴʥʦʛʦ ʚʦʣʥʦʚʦʜʘ ʩʦʩʪʘʚʠʪ  

 ɸ = 32Ö(17,56/5) = 112,4 ʜɹ. 

ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʘʤʳʤ ʞʝʩʪʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʨʘʥʠʨʦʚʘʥʠʷ. 

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʜʣʷ ʮʠʬʨʦʚʦʡ ʯʘʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ 

ʟʘʱʠʪʘ ʪʦʣʴʢʦ ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ, ʪʘʢ ʢʘʢ ʚ ʝʝ ʩʦʩʪʘʚʝ ʙʫʜʫʪ ʧʨʠʤʝʥʷʪʴʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢʦʤʧʦʟʠʪʥʳʝ ʩʣʘʙʦ ʧʨʦʚʦʜʷʱʠʝ ʜʠʵʣʝʢʪʨʠʢʠ, ʩʪʦʡʢʠʝ ʢ ʵʣʝʢʪʨʠʟʘʮʠʠ ʠ ʥʝ 

ʪʨʝʙʫʶʱʠʝ ʟʘʱʠʪʳ ʦʪ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 
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3.5 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 

ʉʦʟʜʘʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʧʦʣʥʷʪʴ ʦʙʝʩʧʝʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʳʷʚʣʷʪʴ ʜʦʤʠʥʠʨʫʶʱʠʝ ʬʘʢʪʦʨʳ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʧʦʨʘʞʝʥʠʷ 

ʘʧʧʘʨʘʪʫʨʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʸ ʕʉʈ, ʚ ʪʦʤ ʯʠʩʣʝ:  

- ʩʦʟʜʘʥʘ ʤʦʜʝʣʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘʟʦʚ ʵʣʝʢʪʨʦʨʘʜʠʦʵʣʝʤʝʥʪʦʚ ʙʦʨʪʦʚʦʡ 

ʢʦʩʤʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʨʦʚʥʷʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʧʨʠ 

ʕʉʈ, ʠ ʫʯʠʪʳʚʘʶʱʘʷ ʩʪʘʪʠʩʪʠʢʫ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ;  

- ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʨʦʛʦʚ ʥʘʧʨʷʞʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʪʢʘʟʘʤ ʵʣʝʢʪʨʦʨʘʜʠʦʵʣʝʤʝʥʪʦʚ ɹʈʕɸ ʧʨʠ ʚʥʫʪʨʝʥʥʠʭ 

ʨʘʟʨʷʜʘʭ ʥʘ ʧʝʯʘʪʥʳʝ ʧʣʘʪʳ, ʠʩʩʣʝʜʦʚʘʥʳ ʠ ʚʳʷʚʣʝʥʳ ʫʢʘʟʘʥʥʳʝ ʧʦʨʦʛʠ ʜʣʷ 

ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʦʚ;  

- ʧʨʝʜʣʦʞʝʥʳ ʦʨʠʛʠʥʘʣʴʥʳʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʩʦʭʨʘʥʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʥʘ ʵʪʘʧʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹʈʕɸ 

ʂɸ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʨʘʟʤʝʱʝʥʠʠ ʫʟʣʦʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ ʩ ʙʦʣʴʰʠʤ 

ʚʭʦʜʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʚ ʩʧʝʮʠʘʣʴʥʳʡ ʦʪʩʝʢ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʵʢʨʘʥʦʤ, 

ʢʦʪʦʨʳʡ ʥʝʩʝʪ ʜʚʦʡʥʫʶ ʬʫʥʢʮʠʶ: ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʱʠʪʫ ʦʪ ʢʦʨʧʫʩʢʫʣʷʨʥʳʭ 

ʠʟʣʫʯʝʥʠʡ, ʚʳʟʳʚʘʶʱʠʭ ʚʥʫʪʨʝʥʥʶʶ ʵʣʝʢʪʨʠʟʘʮʠʶ, ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʣʦʚʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʜʨʫʛʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 
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ɻʣʘʚʘ 4 ʄʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʨʦʚʥʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʙʦʨʪʦʚʦʡ ʢʘʙʝʣʴʥʦʡ ʩʝʪʠ ʂɸ ʧʨʠ ʕʉʈ 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʧʨʠʥʮʠʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹʈʕɸ ʂɸ, ʦʧʠʨʘʶʱʠʭʩʷ ʥʘ ʫʯʝʪ 

ʧʦʨʘʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʵʣʝʢʪʨʠʟʘʮʠʠ, ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʸ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ. ʕʪʠ ʨʘʟʨʷʜʳ ʩʦʟʜʘʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠʤʧʫʣʴʩʥʳʝ 

ʧʦʤʝʭʠ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʝʸ ʨʘʙʦʪʫ, ʧʨʠʚʦʜʷ ʢ ʦʙʨʘʪʠʤʳʤ ʠ 

ʥʝʦʙʨʘʪʠʤʳʤ ʦʪʢʘʟʘʤ. ʆʩʥʦʚʥʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ ʠʤʧʫʣʴʩʥʳʭ ʧʦʤʝʭ ʦʪ ʕʉʈ ʷʚʣʷʶʪʩʷ 

ʬʨʘʛʤʝʥʪʳ ʙʦʨʪʦʚʦʡ ʢʘʙʝʣʴʥʦʡ ʩʝʪʠ (ɹʂʉ), ʧʨʦʣʦʞʝʥʥʳʝ ʧʦ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʂɸ 

[ɹʘʙʢʠʥ, ʀʚʘʥʦʚ, ʄʦʨʦʟʦʚ, 2004]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʤʦʜʝʣʠ (ʉʕʄ) ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʫʯʝʥʳʤʠ ʄʀʕʄ ʅʀʋ ɺʐʕ, ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪʳ ʜʣʷ 

ʂɸ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʦʮʝʥʠʚʘʪʴ ʚʝʣʠʯʠʥʳ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʕʉʈ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʩ ʪʦʯʥʦʩʪʴʶ 30-40%, ʢʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʥʘʤʠ ʚ ʛʣʘʚʝ 1. ʀʤʠ 

ʙʳʣʦ ʩʦʟʜʘʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ) çSatellite-MIEMè, 

ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʇʆ çSatellite-MIEMè 

ʧʨʦʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʢʘʨʪʠʥʳ ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʦʚ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʂɸ ʚ ʨʝʟʫʣʴʪʘʪʝ ʕʉʈ. ʅʘ 

ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʚʝʣʠʯʠʥʳ ʥʘʚʦʜʦʢ ʚʦ ʬʨʘʛʤʝʥʪʘʭ ɹʂʉ, ʧʨʦʣʦʞʝʥʥʳʭ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʵʪʦʛʦ ʂɸ [ʄʘʨʯʝʥʢʦʚ, ʉʦʢʦʣʦʚ, ʉʘʝʥʢʦ, 2007]. 

ʈʘʟʨʘʙʦʪʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʦʪʣʠʯʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʧʦʚʳʰʝʥʠʝʤ ʠʭ ʩʣʦʞʥʦʩʪʠ ʠ ʪʨʝʙʫʝʪ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠʭ ʉʕʄ. ʇʨʠ ʵʪʦʤ 

ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʝʣʝʡ ʩʧʫʪʥʠʢʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʜʦʣʞʥʳ 

ʦʩʪʘʪʴʩʷ ʧʨʝʞʥʠʤʠ. ʆʥʠ ʜʝʪʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʳ ʚ ʪʨʫʜʘʭ ʉʘʝʥʢʦ ɺ.ʉ., ʇʦʞʠʜʘʝʚʘ ɽ.ɼ., 

ʉʦʢʦʣʦʚʘ ɸ.ɹ., ɼʦʨʦʬʝʝʚʘ ɸ.ʅ., ɺʦʩʪʨʠʢʦʚʘ ɸ.ɺ., ʄʘʨʯʝʥʢʦʚʘ ʂ.ɺ. ʅʦ ʩʪʝʧʝʥʴ 

ʜʝʪʘʣʠʟʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʜʦʣʞʥʘ ʙʳʪʴ ʠʟʤʝʥʝʥʘ. ʋʚʝʣʠʯʠʣʘʩʴ ʩʣʦʞʥʦʩʪʴ 

ʩʧʫʪʥʠʢʦʚ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʫʩʣʦʞʥʠʣʘʩʴ ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʧʦʷʚʠʣʦʩʴ ʤʥʦʞʝʩʪʚʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʠʝʤʥʦ-ʧʝʨʝʜʘʪʦʯʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, 

ʢʦʤʧʴʶʪʝʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ, ʘʥʪʝʥʥʘʤʠ ʩ ʬʘʟʠʨʦʚʘʥʥʳʤʠ ʨʝʰʝʪʢʘʤʠ ʠ ʜʨ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʧʫʪʥʠʢʦʚ ʤʳ ʩʪʘʣʢʠʚʘʝʤʩʷ ʩʦ ʩʣʠʰʢʦʤ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʕʪʫ ʦʩʦʙʝʥʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʝʣʝʡ ʂɸ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʂɸ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʨʘʩʪʝʪ 

ʩʣʦʞʥʦʩʪʴ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʠ ʥʘʯʠʥʘʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚʳʩʦʢʘʷ 

ʩʪʝʧʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʂɸ. ɽʩʣʠ ʨʘʥʝʝ ʪʠʧʠʯʥʳʝ ʩʪʨʫʢʪʫʨʥʦ-ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʂɸ ʠʤʝʣʠ ʧʦʨʷʜʢʘ 10
3
 ʫʟʣʦʚ, ʪʦ ʫ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʵʪʠʭ ʫʟʣʦʚ 

ʚʦʟʨʘʩʪʘʝʪ ʜʦ 10
6
. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʠʟʙʳʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʫʟʣʦʚ ʤʦʞʝʪ ʚʦʟʨʘʩʪʘʪʴ 
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ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʨʘʩʯʝʪʘʭ, ʠ ʝʩʪʴ ʦʧʘʩʥʦʩʪʴ [ɺʦʩʪʨʠʢʦʚ, ɹʦʨʠʩʦʚ, ɸʙʨʘʤʝʰʠʥ, 2013], ʯʪʦ 

ʩʠʩʪʝʤʘ ʚʦʦʙʱʝ ʤʦʞʝʪ ʩʪʘʪʴ ʥʝʫʩʪʦʡʯʠʚʦʡ. 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʙʦʪʳ ʠʟʣʘʛʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʥʘ ʙʦʨʪʦʚʫʶ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʫʶ ʘʧʧʘʨʘʪʫʨʫ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʝʪʘʣʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʝʚʳʰʘʶʱʝʡ 

10
4
 ʫʟʣʦʚ ʩʝʪʢʠ ʠʭ ʩʪʨʫʢʪʫʨʥʦʡ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʅʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʠ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʨʘʟʨʷʜʝ ʦʧʨʝʜʝʣʝʥʳ ʨʘʟʤʝʨʳ ʵʬʬʝʢʪʠʚʥʦʡ ʚ ʦʪʥʦʰʝʥʠʠ ʨʘʟʨʷʜʘ ʦʙʣʘʩʪʠ, 

ʚ ʢʦʪʦʨʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʤʝʭʠ ʚ ʢʘʙʝʣʷʭ ʤʦʛʫʪ ʧʨʝʚʳʩʠʪʴ ʧʦʨʦʛʠ ʦʪʢʘʟʦʚ ʵʣʝʢʪʨʦʥʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʠʥʞʝʥʝʨʥʳʝ ʧʨʦʝʢʪʥʳʝ ʨʘʩʯʝʪʳ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʪʦʣʴʢʦ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʩʝʪʢʠ 

ʩʪʨʫʢʪʫʨʥʦʡ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ 

ʕɺʄ RLC-ʩʭʝʤʳ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ. 

4.1 ʄʝʪʦʜ ʨʘʩʯʝʪʘ ʢʘʨʪʠʥʳ ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʦʚ ʠ ʫʨʦʚʥʝʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʚ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʨʘʟʨʷʜʘ 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʙʦʨʪʦʚʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ 

ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ, ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʝʤʫ, ʢʘʢ ʠ 

ʚʦ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ, ʚʝʩʴʤʘ ʧʨʦʪʠʚʦʨʝʯʠʚʳ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʫʨʦʚʥʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʥʘʚʦʜʦʢ ʚ 

ʢʦʥʢʨʝʪʥʦʤ ʤʝʩʪʝ ʨʘʟʨʷʜʘ ʠ ʪʦʛʜʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ 

ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʨʘʟʤʝʱʝʥʠʷ ɹʈʕɸ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʩʪʠ ʪʦʯʥʳʡ ʨʘʩʯʝʪ ʢʘʨʪʠʥʳ ʨʘʩʪʝʢʘʥʠʷ ʨʘʟʨʷʜʥʦʛʦ ʪʦʢʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʂɸ ʠ 

ʚʦʟʥʠʢʘʶʱʠʭ ʕʄʇ, ʢʦʪʦʨʘʷ ʚʧʦʩʣʝʜʩʪʚʠʠ, ʧʨʠ ʘʥʘʣʠʟʝ ʧʨʦʠʟʦʰʝʜʰʝʛʦ ʦʪʢʘʟʘ, ʧʦʟʚʦʣʠʪ 

ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʳ ʵʪʠʭ ʧʦʤʝʭ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʵʣʝʤʝʥʪʦʚ ʘʧʧʘʨʘʪʫʨʳ ʠ 

ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʝʦʙʭʦʜʠʤʳʝ ʟʘʱʠʪʥʳʝ ʤʝʨʳ.  

ʅʠʞʝ ʠʟʣʘʛʘʶʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʠ ʤʘʢʨʦʤʦʜʝʣʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʨʘʩʯʝʪʦʚ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩ 

ʯʠʩʣʦʤ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʜʦʩʪʠʛʘʶʱʠʤ 10
6
. 

4.1.1 ʌʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʘ ʧʦ ʧʨʦʚʦʜʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʨʘʟʨʷʜʝ 

ʂʘʨʪʠʥʘ ʧʦʣʷ ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʘ ʦʪ ʕʉʈ ʧʦ ʧʨʦʚʦʜʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʝʤʝʡʩʪʚʦ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʠ ʘʥʘʣʦʛʠʯʥʘ ʢʘʨʪʠʥʝ ʧʦʣʷ, 
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ʩʦʟʜʘʚʘʝʤʦʡ ʜʚʫʤʷ ʣʠʥʝʡʥʳʤʠ ʟʘʨʷʜʘʤʠ. ʕʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʦʣʝ ʜʚʫʭ 

ʦʜʠʥʘʢʦʚʳʭ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʧʦ ʟʥʘʢʫ ʣʠʥʝʡʥʳʭ ʟʘʨʷʜʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʢʨʫʛʣʳʝ ʮʠʣʠʥʜʨʳ, ʦʩʠ ʢʦʪʦʨʳʭ ʩʤʝʱʝʥʳ ʦʪ ʟʘʨʷʜʦʚ, ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʨʘʟʦʚʘʥʳ 

ʧʫʪʝʤ ʧʝʨʝʤʝʱʝʥʠʷ ʙʝʩʢʦʥʝʯʥʦʡ ʧʨʷʤʦʡ ʣʠʥʠʠ ʧʘʨʘʣʣʝʣʴʥʦ ʥʝʢʦʪʦʨʦʡ ʬʠʢʩʠʨʦʚʘʥʥʦʡ 

ʣʠʥʠʠ. ʕʪʦ ʜʝʣʘʝʪ ʟʘʜʘʯʫ ʦ ʥʘʭʦʞʜʝʥʠʠ ʧʦʪʝʥʮʠʘʣʦʚ ʜʚʫʤʝʨʥʦʡ [ʉʤʘʡʪ, 1954].  

ɼʚʫʤʝʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʃʘʧʣʘʩʘ ʚ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʠʤʝʝʪ ʚʠʜ: 

 0
2

2

2

2

=
µ

µ
+

µ

µ

y

U

x

U
. (4.1) 

ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (4.1) ʩʦʜʝʨʞʠʪ ʜʚʝ ʧʨʦʠʟʚʦʣʴʥʳʝ ʬʫʥʢʮʠʠ:  

 ( ) ( )jyxjyxU -Y++F= . 

ɺ ʦʙʣʘʩʪʠ, ʛʜʝ ʩʧʨʘʚʝʜʣʠʚʦ ʫʨʘʚʥʝʥʠʝ (4.1), ʬʫʥʢʮʠʠ F ʠ Y ʜʦʣʞʥʳ ʷʚʣʷʪʴʩʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ, ʠʤʝʪʴ ʢʦʥʝʯʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʠ ʨʘʟʣʘʛʘʪʴʩʷ ʚ ʩʪʝʧʝʥʥʦʡ ʨʷʜ. 

ʊʘʢ ʢʘʢ ʬʫʥʢʮʠʷ U ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠ ʧʦʵʪʦʤʫ ʚʩʝʛʜʘ ʜʦʣʞʥʘ 

ʙʳʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ, ʪʦ ʤʥʠʤʘʷ ʯʘʩʪʴ ʬʫʥʢʮʠʠ F ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ ʧʦ ʚʝʣʠʯʠʥʝ ʠ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʘ ʧʦ ʟʥʘʢʫ ʤʥʠʤʦʡ ʯʘʩʪʠ ʬʫʥʢʮʠʠ Y. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ 

  ( ) jvujyx +=+F  

ʠ   

 ( ) jvwjyx -=-Y .  

ɿʜʝʩʴ u, v, w ʷʚʣʷʶʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ.  

ʈʘʟʣʦʞʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ F ʠ Y ʚ ʩʪʝʧʝʥʥʦʡ ʨʷʜ ʜʘʝʪ: 

 ( ) ( ) äää
¤

=

¤

=

¤

=

qq q+q==F=+F
111

sincos
n

n

n

n

n

n

n

jnn

n

j nrAjnrAerArejyx , 

 ( ) ( ) äää
¤

=

¤

=

¤

=

q-q- q+q==Y=-Y
111

sincos
n

n

n

n

n

n

n

jnn

n

j nrBjnrBerBrejyx . 

ʊʘʢ ʢʘʢ ʤʥʠʤʳʝ ʯʘʩʪʠ ʬʫʥʢʮʠʡ F ʠ Y ʨʘʚʥʳ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʧʦ 

ʟʥʘʢʫ ʧʨʠ ʣʶʙʳʭ q, ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʨʘʚʝʥʩʪʚʦ 
n nA B= . ʆʪʩʶʜʘ  

 wu= . 

ʊ.ʝ. ʨʝʘʣʴʥʳʝ ʯʘʩʪʠ ʬʫʥʢʮʠʡ F ʠ Y ʨʘʚʥʳ, ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ: 

 uU 2= . 

ɽʩʣʠ V  ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʠ 2V v= , ʪʦʛʜʘ 

 ( ) ( ) ( )jyxfjyxjvujVU +=+F=+=+ 22 . (4.2) 

ʇʦʣʴʟʫʷʩʴ ʥʘʧʠʩʘʥʥʳʤ ʚʳʰʝ ʨʘʟʣʦʞʝʥʠʝʤ, ʷʚʣʷʶʱʠʤʩʷ ʨʘʟʣʦʞʝʥʠʝʤ ʚ ʨʷʜ ʧʦ 

ʢʨʫʛʦʚʳʤ ʛʘʨʤʦʥʠʢʘʤ, ʣʠʙʦ ʧʫʪʝʤ ʫʤʥʦʞʝʥʠʷ ʚʳʨʘʞʝʥʠʷ (4.2) ʥʘ j-, ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, 

ʯʪʦ ʬʫʥʢʮʠʷ V  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ ʃʘʧʣʘʩʘ: 

 ( ) ( )jyxFjyxjfjUV +=+-=- . 
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ɸʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʯʪʦ U ʷʚʣʷʝʪʩʷ ʨʝʘʣʴʥʦʡ ʯʘʩʪʴʶ ʬʫʥʢʮʠʠ f (x + jy), V ʝʩʪʴ ʨʝʘʣʴʥʘʷ 

ʯʘʩʪʴ ʬʫʥʢʮʠʠ F (x + jy). ʆʙʦʟʥʘʯʠʤ U + jV  ʯʝʨʝʟ W, ʘ x + jy ʯʝʨʝʟ z, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ,  

 ()zfW= . (4.3) 

ʆʯʝʚʠʜʥʦ, ʯʪʦ U (x, y) ʠ V (x, y) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʧʨʷʞʝʥʥʳʝ ʬʫʥʢʮʠʠ. 

ʅʘʡʜʝʤ ʬʫʥʢʮʠʠ U ʠ V ʜʣʷ ʧʦʣʷ ʣʠʥʝʡʥʦʛʦ ʟʘʨʷʜʘ f (x + jy), ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ 

ʩʫʤʤʫ ʜʚʫʭ ʣʠʥʝʡʥʳʭ ʟʘʨʷʜʦʚ. ɺ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʠʤʝʝʤ 

 q=q+q=+= jrejrrjyxz sincos . (4.4) 

ɽʩʣʠ ʦʜʠʥ ʣʠʥʝʡʥʳʡ ʟʘʨʷʜ ʨʘʩʧʦʣʦʞʝʥ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ, ʝʛʦ ʧʦʪʝʥʮʠʘʣ 

ʩʦʩʪʘʚʣʷʝʪ: ( ) rqU ln
2

1 1-
pe-= . 

ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʘʣʴʥʫʶ ʯʘʩʪʴ ( ) zq ln
2

1 1-
pe- , ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʢʦʤʫʶ ʬʫʥʢʮʠʶ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

 
( ) ( ) ( )

.
2

arctg

2

ln

2

ln

22

ln

2

ln

2122

pe
-

pe

+
-=

pe

+
-=

=
pe

q
-

pe
-=

pe
-=+=

xyjqyxqjyxq

jqrqzq
jVUW

 (4.5) 

ʊʝʧʝʨʴ ʣʝʛʢʦ ʥʘʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ f (z). ɺ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦʛʦ ʟʘʨʷʜʘ, ʢʦʪʦʨʳʡ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʦʡ ʪʦʯʢʝ r0, q0 (z0), ʠʤʝʝʤ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʧʦʪʝʥʮʠʘʣʘ: 

 

( ) ( ) ( )[ ]

( ) ( ) ( )[ ]

( ) ( ).ln
2

1

sinsincoscosln
4

1

cos2ln
4

1
ln

2

1

21221

2

00

2

00

1

00

2

0

211

BAq

rrrrq

rrrrqRqU

+pe-=

=q-q+q-qpe-=

=q-q-+pe-=pe-=

-

-

--

 (4.6) 

ʇʨʠ ʟʘʤʝʥʝ x ʥʘ A  ʠ y ʥʘ B  ʚ ʚʳʨʘʞʝʥʠʠ (4.5) ʧʦʣʫʯʘʝʤ, ʯʪʦ ( )
1/ 2

2 2ln A B+  

ʷʚʣʷʝʪʩʷ ʨʝʘʣʴʥʦʡ ʯʘʩʪʴʶ ( )ln A jB+ . ʊʦʛʜʘ ʠʩʢʦʤʫʶ ʬʫʥʢʮʠʶ ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ: 

 ( ) ( ) ( )00 ln
2

ln
2

ln
2

0 zz
q

erre
q

jBA
q

W
jj -

pe
-=-

pe
-=+

pe
-=

qq .  (4.7) 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ (4.7) ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʧʦʪʝʥʮʠʘʣ W  ʜʣʷ n 

ʣʠʥʝʡʥʳʭ ʟʘʨʷʜʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʪʦʯʢʘʭ 
1 2, ,..., nz z z : 

 ( )ä
=

-
pe

-=
n

i

ss zzqW
1

ln
2

1
. (4.8) 
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ʊʝʧʝʨʴ ʨʘʩʧʦʣʦʞʠʤ ʟʘʨʷʜ 2pe ʚ ʪʦʯʢʝ y = a, ʠ ʟʘʨʷʜ ï2pe ʚ ʪʦʯʢʝ y = ïa. ʊʦʛʜʘ ʠʟ 

ʚʳʨʘʞʝʥʠʷ (4.8) ʧʦʣʫʯʘʝʤ ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʜʚʫʤʷ ʣʠʥʝʡʥʳʤʠ ʟʘʨʷʜʘʤʠ:  

 
a

z
j

z

a
j

jaz

jaz
W arctg2arctg2ln ==

-

+
= . (4.9) 

ʈʝʰʝʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ z ʠʤʝʝʪ ʚʠʜ: 

 
( )
( ) VjU

VajUa

j

jVU
az

coscos

sinsin

2
ctg

-

+-
=

+
= . 

ʈʘʟʙʠʝʥʠʝ ʚʳʨʘʞʝʥʠʷ ʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʠ ʤʥʠʤʫʶ ʯʘʩʪʴ ʜʘʝʪ: 

 
VU

Va
x

cosch

sin

-
= ,    

VU

Ua
y

cosch

sh

-
= . (4.10) 

ʆʪʢʫʜʘ ʧʦʩʣʝ ʠʩʢʣʶʯʝʥʠʷ V : 

 0cth2 222 =+-+ aUayyx  (4.11) 

ʠ 

 ( ) UeaUayx 2222 chcoscth =-+ . (4.12) 

ʄʳ ʧʦʣʫʯʠʣʠ, ʯʪʦ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʝ ʣʠʥʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʝʤʝʡʩʪʚʦ 

ʦʢʨʫʞʥʦʩʪʝʡ ʩ ʮʝʥʪʨʘʤʠ ʥʘ ʦʩʠ y. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʧʦʣʦʞʠʪʝʣʴʥʳ, ʢʦʛʜʘ 

y > 0, ʠ ʦʪʨʠʮʘʪʝʣʴʥʳ, ʢʦʛʜʘ y < 0. 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʠʩʢʣʶʯʘʷ ʠʟ ʫʨʘʚʥʝʥʠʡ (4.10) U, ʠʤʝʝʤ: 

 0ctg2 222 =-+- ayVaxx , (4.13) 

ʠ ʜʘʣʝʝ 

 ( ) VayVax 2222
cosecctg =+- . (4.14) 

ʀ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʠʤʝʝʤ ʩʠʣʦʚʳʝ ʣʠʥʠʠ, ʦʙʨʘʟʫʶʱʠʝ ʩʝʤʝʡʩʪʚʦ ʦʢʨʫʞʥʦʩʪʝʡ, 

ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʪʦʯʢʠ ʦʩʠ y (y = +a ʠ y = ïa). 

ɽʩʣʠ ʚʟʷʪʴ ʜʚʘ ʨʘʚʥʳʭ ʧʦ ʤʦʜʫʣʶ ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʘ ʥʘ ʧʣʦʩʢʦʩʪʠ: q1 ʠ q2 (y = +a ʠ 

y = ïa), ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʪʦʯʢʘʤʠ ʚʭʦʜʘ ʠ ʚʳʭʦʜʘ ʪʦʢʘ ʧʨʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ 

ʨʘʟʨʷʜʝ, ʠ ʟʘʜʘʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ 100 ʤʤ, ʪʦ ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ 

ʢʘʨʪʠʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠʤʝʝʪ ʚʠʜ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 4.1. 

ʇʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʜʚʫʤʷ ʟʘʨʷʜʘʤʠ ʥʘ 

ʧʣʦʩʢʦʩʪʠ, ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʡʪʠ ʢ ʨʘʩʯʝʪʫ ʢʘʨʪʠʥʳ ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʦʚ ʧʦ ʧʣʦʩʢʦʡ 

ʧʨʦʚʦʜʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʨʘʟʨʷʜʝ. 

ɺ ʧʨʦʚʦʜʷʱʝʡ ʩʨʝʜʝ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʣʦʪʥʦʩʪʴʶ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ i. ʊʦʛʜʘ ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ, ʟʘʚʠʩʷʱʝʛʦ ʪʦʣʴʢʦ ʦʪ x ʠ y, ʠʤʝʝʤ 

 
( )yxU , ʠʣʠ ( )yxV , , (4.15) 

ʛʜʝ 

 () ( )jyxfzfjVUW +==+= . (4.16) 
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ʈʠʩʫʥʦʢ 4.1 ʂʘʨʪʠʥʘ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʘʷ ʪʦʯʢʘʤʠ ʚʭʦʜʘ ʠ ʚʳʭʦʜʘ ʪʦʢʘ 

ʇʨʦʜʠʬʬʝʨʝʥʮʠʨʫʝʤ ʚʳʨʘʞʝʥʠʝ (4.1) ʧʦ x ʠ y: 

 () ()zf
x

z
zf

x

V
j

x

U

x

W
¡=

µ

µ
¡=

µ

µ
+

µ

µ
=

µ

µ
, 

 () ()zfj
y

z
zf

y

V
j

y

U

y

W
¡=

µ

µ
¡=

µ

µ
+

µ

µ
=

µ

µ
. 

ʋʤʥʦʞʠʤ ʚʪʦʨʦʝ ʩʦʦʪʥʦʰʝʥʠʝ j ʠ ʧʨʠʙʘʚʠʤ ʢ ʥʝʤʫ ʧʝʨʚʦʝ, ʪʦʛʜʘ ʠʟ ʨʘʚʝʥʩʪʚʘ ʥʫʣʶ 

ʨʝʘʣʴʥʦʡ ʠ ʤʥʠʤʦʡ ʯʘʩʪʝʡ ʩʫʤʤʳ ʠʤʝʝʤ: 

 
y

U

dx

V

µ

µ
-=

µ
 ʠ 

x

U

dy

V

µ

µ
-=

µ
. (4.17) 

ʅʦ ʵʪʦ ʝʩʪʴ ʫʩʣʦʚʠʝ ʚʟʘʠʤʥʦʡ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʩʝʤʝʡʩʪʚ ʢʨʠʚʳʭ U(x,y) = const ʠ 

V(x,y) = const. ʂʘʢ ʤʳ ʫʞʝ ʚʠʜʝʣʠ, ʣʶʙʦʝ ʠʟ ʵʪʠʭ ʩʝʤʝʡʩʪʚ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʭ ʣʠʥʠʡ; ʪʦʛʜʘ ʬʫʥʢʮʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʵʪʦ ʩʝʤʝʡʩʪʚʦ, ʙʫʜʝʪ ʥʘʟʳʚʘʝʪʩʷ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ. ɼʨʫʛʦʝ ʞʝ ʩʝʤʝʡʩʪʚʦ ʢʨʠʚʳʭ, ʦʨʪʦʛʦʥʘʣʴʥʦ ʧʝʨʝʩʝʢʘʶʱʝʝʩʷ ʩ ʧʝʨʚʳʤ, 

ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʠ ʥʘʟʳʚʘʪʴʩʷ ʬʫʥʢʮʠʝʡ ʧʦʪʦʢʘ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʠʟʚʦʜʥʫʶ 
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʦʪʥʦʰʝʥʠʷʤʠ (4.15) ʟʘʤʝʥʠʤ /U xµ µ ʠ /U yµ µ, ʪʦʛʜʘ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʚʳʙʨʘʥʘ V, ʪʦ ʤʥʠʤʘʷ 

ʯʘʩʪʴ ʚʳʨʘʞʝʥʠʷ dW / dz ʨʘʚʥʘ x-ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʘ 

ʨʝʘʣʴʥʘʷ ʯʘʩʪʴ dW / dz ʨʘʚʥʘ ʝʛʦ y-ʩʦʩʪʘʚʣʷʶʱʝʡ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʚʳʙʨʘʥʘ ʣʠ ʚ 
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ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʠ U ʠ V, ʘʤʧʣʠʪʫʜʘ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ E ʚ 

ʜʘʥʥʦʡ ʪʦʯʢʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʦʜʫʣʝʤ ʬʫʥʢʮʠʠ dW / dz ʚ ʵʪʦʡ ʪʦʯʢʝ. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ dn 

ʵʣʝʤʝʥʪ ʜʣʠʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ, ʘ ʯʝʨʝʟ ds ï 

ʵʣʝʤʝʥʪ ʜʣʠʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʦʣʫʯʝʥʥʦʤ ʧʨʠ ʧʦʚʦʨʦʪʝ dn ʥʘ ʫʛʦʣ p / 2 ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʠ, ʪʦʛʜʘ ʠʟ ʚʳʨʘʞʝʥʠʷ (4.18) ʧʦʣʫʯʠʤ 
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ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʷʚʣʷʶʪʩʷ ʣʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʬʫʥʢʮʠʷʤʠ U ʠ V. 

ɽʩʣʠ V ï ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʬʫʥʢʮʠʷ, ʪʦ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ i ʚ ʣʶʙʦʡ ʪʦʯʢʝ, ʙʫʜʝʪ ʨʘʚʥʘ 
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ʛʜʝ r ï ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʨʝʜʳ. 

ɽʩʣʠ ʚʳʙʨʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʠ U, ʪʦ 
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ɺ ʬʦʨʤʫʣʘʭ (4.20) ʠ (4.21) ʧʨʠʥʷʪʦ ʪʦ ʞʝ ʩʘʤʦʝ ʧʨʘʚʠʣʦ ʟʥʘʢʦʚ, ʯʪʦ ʠ ʚ ʬʦʨʤʫʣʝ (4.19). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʧʨʦʚʦʜʥʠʢ ʦʛʨʘʥʠʯʝʥ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ 
1U  ʠ 

2U  

ʠ ʩʠʣʦʚʳʤʠ ʣʠʥʠʷʤʠ 
1V  ʠ 

2V , ʪʦ ʪʦʢ ʯʝʨʝʟ ʥʝʛʦ ʙʫʜʝʪ ʨʘʚʝʥ 
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ʂʨʦʤʝ ʪʦʛʦ, ʥʘʡʜʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, ʚʟʷʚ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʯʘʩʪʴ 

ʬʫʥʢʮʠʠ W ʜʣʷ ʜʚʫʭ ʣʠʥʝʡʥʳʭ ʟʘʨʷʜʦʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʟʥʘʢʘ (4.9): 
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WU .  (4.22) 

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʚʳʨʘʞʝʥʠʷ (4.22) ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʣʦʛʘʨʠʬʤʘ ʚ 

ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʣʘʩʪʠ: 

 ( ) () ( )ln ln 2jd e d i kf f pÖ = + + . 

ʀʟ ʚʳʨʘʞʝʥʠʷ (4.22) ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʩ ʧʦʤʦʱʴʶ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʆʤʘ ʩʣʝʜʫʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʚʝʢʪʦʨʘ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ: 
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i U
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=- Ð. (4.23) 

ʈʘʩʧʠʰʝʤ ʚʳʨʘʞʝʥʠʝ (4.23) ʧʦ ʢʦʤʧʦʥʝʥʪʘʤ, ʧʦʜʩʪʘʚʣʷʷ (4.22): 
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ʈʘʩʩʯʠʪʘʥʥʘʷ ʠʟ ʚʳʨʘʞʝʥʠʷ (4.24) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʆ Matlab ʪʨʝʭʤʝʨʥʘʷ 

ʢʘʨʪʠʥʘ ʨʘʩʪʝʢʘʥʠʷ ʤʦʜʫʣʷ ʪʦʢʘ i  ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʩʢʦʡ ʧʨʦʚʦʜʷʱʝʡ ʧʣʘʩʪʠʥʳ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.2. ɺ ʨʘʩʯʝʪʘʭ ʧʨʠʥʷʪʦ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʚʭʦʜʘ ʠ 

ʚʳʭʦʜʘ ʪʦʢʘ ʥʦʨʤʠʨʦʚʘʥʦ ʥʘ ʝʜʠʥʠʮʫ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʥʷʪʦ, ʯʪʦ a = 0,5. ɿʥʘʯʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʪʦʯʢʝ (0x= , 0y= ), ʛʜʝ ʦʩʴ ʩʠʤʤʝʪʨʠʠ ʧʝʨʝʩʝʢʘʝʪʩʷ ʩ ʦʪʨʝʟʢʦʤ, 

ʩʦʝʜʠʥʷʶʱʠʤ ʪʦʯʢʠ ʚʭʦʜʘ ʠ ʚʳʭʦʜʘ ʪʦʢʦʚ, ʪʘʢʞʝ ʥʦʨʤʠʨʦʚʘʥʦ ʥʘ ʝʜʠʥʠʮʫ. 

 

ʈʠʩʫʥʦʢ 4.2 ʇʨʦʬʠʣʴ ʤʦʜʫʣʷ ʪʦʢʘ, ʨʘʩʪʝʢʘʶʱʝʛʦʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʩʢʦʡ ʧʨʦʚʦʜʷʱʝʡ 

ʧʣʘʩʪʠʥʳ, ʧʦʣʫʯʝʥʥʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʧʦ ʚʳʨʘʞʝʥʠʶ (4.24) 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʤʦʜʫʣʷ ʧʣʦʪʥʦʩʪʠ 

ʪʦʢʘ (ʢʨʘʩʥʳʡ ʮʚʝʪ ʥʘ ʨʠʩʫʥʢʝ) ʥʘʙʣʶʜʘʝʪʩʷ ʚʙʣʠʟʠ ʤʝʩʪ ʪʦʯʝʢ ʚʭʦʜʘ ʠ ʚʳʭʦʜʘ ʪʦʢʘ. ʇʦ 

ʤʝʨʝ ʦʪʜʘʣʝʥʠʷ ʦʪ ʵʪʠʭ ʪʦʯʝʢ ʤʦʜʫʣʴ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʜʦʩʪʘʪʦʯʥʦ ʨʝʟʢʦ ʧʘʜʘʝʪ. ɺ 

ʧʝʨʠʬʝʨʠʡʥʦʡ ʟʦʥʝ ʤʦʜʫʣʴ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʙʣʠʟʦʢ ʢ ʥʫʣʶ. 

ʅʝʦʙʭʦʜʠʤʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʠʩʧʦʣʴʟʫʝʤʦʡ ʥʘʤʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʜʠʫʩ 

ʣʠʥʝʡʥʦʛʦ ʟʘʨʷʜʘ ʷʚʣʷʝʪʩʷ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʡ ʚʝʣʠʯʠʥʦʡ ʠ ʧʦʵʪʦʤʫ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʚ ʪʦʯʢʘʭ 

ʚʭʦʜʘ ʩʪʨʝʤʠʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ (ʜʚʘ ʧʠʢʘ ʥʘ ʢʘʨʪʠʥʝ ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʘ ʨʠʩʫʥʢʘ 4.2). ɺ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʤʝʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʦʚ ʚʭʦʜʘ ʠ ʚʳʭʦʜʘ ʪʦʢʘ, ʠ ʚ ʵʪʠʭ 

ʪʦʯʢʘʭ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʳ (ʥʦ ʥʝ 

ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʘʷ). ɼʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ 

ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʧʨʠ ʨʘʟʨʷʜʝ, ʧʨʦʠʩʭʦʜʷʱʝʤ ʥʘ ʂɸ , ʧʨʠʥʷʪʫʶ ʚ ʈʦʩʩʠʠ ʨʘʚʥʦʡ 100 ɸ.  
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ʂʨʦʤʝ ʪʨʝʭʤʝʨʥʦʡ ʢʘʨʪʠʥʳ ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʩʢʦʡ ʧʨʦʚʦʜʷʱʝʡ 

ʧʣʘʩʪʠʥʳ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 4.2, ʜʣʷ ʫʜʦʙʩʪʚʘ ʨʘʩʩʤʦʪʨʝʥʠʷ ʙʳʣ ʧʦʣʫʯʝʥ ʜʚʫʤʝʨʥʳʡ 

ʛʨʘʬʠʢ ʣʠʥʠʡ ʫʨʦʚʥʝʡ ʤʦʜʫʣʷ ʨʘʟʨʷʜʥʦʛʦ ʪʦʢʘ. ʆʥ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.3.  

 

ʈʠʩʫʥʦʢ 4.3 ʃʠʥʠʠ ʫʨʦʚʥʝʡ ʤʦʜʫʣʷ ʪʦʢʘ, ʨʘʩʪʝʢʘʶʱʝʛʦʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ  

ʧʣʦʩʢʦʡ ʧʨʦʚʦʜʷʱʝʡ ʧʣʘʩʪʠʥʳ 

ʀʟ ʨʠʩʫʥʢʘ 4.3 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, ʣʠʥʠʠ 

ʫʨʦʚʥʝʡ ʤʦʜʫʣʷ ʨʘʟʨʷʜʥʦʛʦ ʪʦʢʘ, ʥʘʯʠʥʘʷ ʩʦ ʟʥʘʯʝʥʠʡ ʧʦʨʷʜʢʘ 0,4, ʦʙʨʘʟʫʶʪ 

ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʝ ʧʣʦʱʘʜʢʠ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʦʙʣʘʩʪʴ ʚʳʩʦʢʠʭ ʚʝʣʠʯʠʥ ʪʦʢʘ.  

ʆʮʝʥʠʪʴ ʢʨʫʪʠʟʥʫ ʩʧʘʜʘ ʪʦʢʘ ʨʘʟʨʷʜʘ ʤʦʞʥʦ, ʨʘʩʩʤʦʪʨʝʚ ʪʦʢʠ ʥʘ ʦʩʠ x (y = 0), ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʦʩʴʶ ʩʠʤʤʝʪʨʠʠ ʟʘʜʘʯʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʤʧʦʥʝʥʪʘ ʪʦʢʘ ix ʪʦʞʜʝʩʪʚʝʥʥʦ ʨʘʚʥʘ ʥʫʣʶ ʠ 

ʥʝʥʫʣʝʚʦʡ ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʢʦʤʧʦʥʝʥʪʘ iy. ʊʦʛʜʘ ʠʟ ʚʳʨʘʞʝʥʠʷ (4.24) ʤʳ ʧʦʣʫʯʘʝʤ: 

 
2 2

1 2
y

a
i

r x a
=-

+
 . (4.25) 

ɻʨʘʬʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʆ 

Origin, ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.7. 

ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʢʘʨʪʠʥʳ 

ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʷʱʝʡ ʧʣʘʩʪʠʥʳ. ʇʨʦʚʝʨʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ 

ʩʧʝʮʠʘʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʩʪʝʥʜʝ (ʨʠʩʫʥʦʢ 4.4). ʅʘ ʣʠʩʪʝ ʬʦʣʴʛʠʨʦʚʘʥʥʦʛʦ 

ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʘ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʦʛʦ 900³500 ʤʤ, ʩ ʪʦʣʱʠʥʦʡ ʤʝʪʘʣʣʠʟʘʮʠʠ 50 ʤʢʤ, 

ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʫʶ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʢʘʨʪʠʥʫ ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʘ, ʙʳʣʠ 

ʧʨʠʧʘʷʥʳ ʚʳʚʦʜʳ (ʨʠʩʫʥʦʢ 4.5). 
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ʈʠʩʫʥʦʢ 4.4 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ ʠʟʤʝʨʝʥʠʷ ʪʦʢʦʚ ʨʘʩʪʝʢʘʥʠʷ ʧʦ ʧʨʦʚʦʜʷʱʝʡ 

ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

 

ʈʠʩʫʥʦʢ 4.5 ʂʘʨʪʠʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥ ʠʤʧʫʣʴʩʥʦʛʦ ʪʦʢʘ 

ʨʘʩʪʝʢʘʥʠʷ ʧʦ ʧʨʦʚʦʜʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʨʘʟʨʷʜʝ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʚʢʣʶʯʘʣʘ ʘʢʢʫʤʫʣʷʪʦʨʥʫʶ ʙʘʪʘʨʝʶ ʩ ʥʘʧʨʷʞʝʥʠʝʤ 

12 ɺ, ʵʣʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʚʦʣʴʪʤʝʪʨ ɺʂ 2-16, ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʡ ʨʝʟʠʩʪʦʨ ʥʦʤʠʥʘʣʦʤ 7 ʆʤ 

ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʨʝʟʠʩʪʦʨ 0,1 ʆʤ. ɹʣʦʢ-ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.6.  

ʊʦʢ ʨʘʩʪʝʢʘʥʠʷ ʦʧʨʝʜʝʣʷʣʩʷ ʢʦʩʚʝʥʥʦ, ʧʦ ʧʘʜʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ, ʠ ʥʦʨʤʠʨʦʚʘʣʩʷ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ. ɺʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʨʝʥʠʡ, ʢʘʢ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʩʦʙʣʶʜʘʣʘʩʴ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʪʦʢʦʤ (ʟʘʢʦʥ ʆʤʘ).  
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ʈʠʩʫʥʦʢ 4.6 ɹʣʦʢ-ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʦʢʦʚ ʨʘʩʪʝʢʘʥʠʷ 

ʅʘ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢ ʚʭʦʜʘʤ 1-4 ʧʨʠʢʣʘʜʳʚʘʣʦʩʴ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠ ʩ 

ʧʦʤʦʱʴʶ ʚʦʣʴʪʤʝʪʨʘ ʵʣʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʟʤʝʨʷʣʦʩʴ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ 

ʪʦʯʢʘʤʠ 2-3, 5-6, 7-8, 9-10, 11-12. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʥʦʩʠʣʠʩʴ ʚ ʪʘʙʣʠʮʫ 4.1. 

ʊʘʙʣʠʮʘ 4.1 ʉʨʘʚʥʝʥʠʝ ʚʝʣʠʯʠʥ ʪʦʢʦʚ ʨʘʩʪʝʢʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʯʝʪʥʳʤ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ 

ˉ ʫʟʣʦʚ 

ʕʢʩʧʝʨʠʤʝʥʪ ʈʘʩʯʝʪ, 

ʥʦʨʤʠʨʦʚʘʥʥʳʝ 

ʟʥʘʯʝʥʠʷ 
ʤɺ 

ʥʦʨʤʠʨʦʚʘʥʥʳʝ 

ʟʥʘʯʝʥʠʷ 

2-3 0,12 1,00 1,00 

5-6 0,08 0,66 0,66 

7-8 0,06 0,50 0,47 

9-10 0,045 0,38 0,32 

11-12 0,03 0,25 0,20 

13-14 0,12 0,25 - 

 

ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʧʨʦʚʝʨʢʠ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʩ ʢʘʨʪʠʥʳ ʧʦʣʷ, ʧʦʣʫʯʝʥʥʦʡ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ, ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ ʙʳʣʠ ʧʝʨʝʥʝʩʝʥʳ ʪʦʯʢʠ 13-14, 

ʣʝʞʘʱʠʝ ʥʘ ʦʜʥʦʡ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʪʦʯʢʘʤʠ 2-3, ʠ ʙʳʣʘ ʠʟʤʝʨʝʥʘ 

ʚʝʣʠʯʠʥʘ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʵʪʠʤʠ ʪʦʯʢʘʤʠ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʟʥʘʯʝʥʠʷ 

ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʪʦʯʢʘʤʠ 2-3 ʠ ʪʦʯʢʘʤʠ 13-14 ʩʦʚʧʘʣʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ.  

ɼʣʷ ʥʘʩ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʭʘʨʘʢʪʝʨ ʫʤʝʥʴʰʝʥʠʷ ʚʝʣʠʯʠʥ ʪʦʢʘ ʧʦ ʤʝʨʝ 

ʫʜʘʣʝʥʠʷ ʦʪ ʦʙʣʘʩʪʠ ʨʘʟʨʷʜʘ. ʅʘ ʨʠʩʫʥʢʝ 4.7 ʧʨʠʚʝʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʢʨʠʚʘʷ, 

ʧʦʢʘʟʳʚʘʶʱʘʷ, ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʪʦʢʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ ʢ ʩʝʨʝʜʠʥʝ 

ʧʨʷʤʦʡ, ʩʦʝʜʠʥʷʶʱʝʡ ʪʦʯʢʠ ʟʘʨʷʜʦʚ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʩʪʦʷʥʠʷ ʥʦʨʤʠʨʦʚʘʥʳ ʥʘ 

ʝʜʠʥʠʮʫ (ʢ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʟʘʨʷʜʘʤʠ).  
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ʈʠʩʫʥʦʢ 4.7 ʇʣʦʪʥʦʩʪʠ ʪʦʢʘ ʥʘ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʩʠʩʪʝʤʳ.  

ʉʨʘʚʥʝʥʠʝ ʪʝʦʨʠʠ ï ʚʳʨʘʞʝʥʠʝ (4.24) ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ 

ɺʦ-ʧʝʨʚʳʭ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʪʝʦʨʠʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʯʪʦ, 

ʥʝʩʦʤʥʝʥʥʦ, ʫʚʝʣʠʯʠʚʘʝʪ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʙʨʘʥʥʦʛʦ ʥʘʤʠ ʧʦʜʭʦʜʘ. 

ɺʦ-ʚʪʦʨʳʭ, ʤʳ ʚʠʜʠʤ, ʯʪʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, ʧʨʠʤʝʨʥʦ ʨʘʚʥʦʤ 1,5 ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʚʭʦʜʦʤ ʠ ʚʳʭʦʜʦʤ ʪʦʢʘ, ʚʝʣʠʯʠʥʘ ʪʦʢʘ ʧʘʜʘʝʪ ʥʘ ʧʦʨʷʜʦʢ, ʩʪʘʥʦʚʷʩʴ ʨʘʚʥʦʡ 0,1 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʨʘʟʨʷʜʘ. ʕʪʘ ʚʝʣʠʯʠʥʘ, ʢʘʢ ʤʳ ʫʚʠʜʠʤ ʜʘʣʴʰʝ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ.  

ʅʘ ʧʦʣʫʯʝʥʥʦʡ ʥʘʤʠ ʢʘʨʪʠʥʝ ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʘ ʨʘʟʨʷʜʘ ʧʦ ʧʣʦʩʢʦʡ ʧʨʦʚʦʜʷʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʦ ʚʳʜʝʣʠʪʴ ʦʙʣʘʩʪʴ ʨʘʟʨʷʜʘ ʩ ʧʦʚʳʰʝʥʥʳʤʠ 

ʚʝʣʠʯʠʥʘʤʠ ʧʨʦʬʠʣʝʡ ʤʦʜʫʣʷ ʪʦʢʘ ʠ ʦʩʪʘʣʴʥʳʝ ʧʝʨʠʬʝʨʠʡʥʳʝ ʫʯʘʩʪʢʠ ʩ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʧʨʦʬʠʣʝʡ ʤʦʜʫʣʷ ʪʦʢʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʳʡ ʚʳʙʦʨ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʨʘʟʨʷʜʘ ʠ ʚ ʝʸ ʧʨʝʜʝʣʘʭ ʧʨʦʠʟʚʦʜʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ 

ʨʘʩʯʝʪʳ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʨʘʟʨʷʜʝ ʚʝʣʠʯʠʥ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ. 

ɺ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʨʘʟʨʷʜʘ ʧʨʦʪʝʢʘʶʱʠʡ ʧʦ ʢʦʨʧʫʩʫ ʘʧʧʘʨʘʪʘ ʠʤʧʫʣʴʩ ʪʦʢʘ ʜʦʣʞʝʥ 

ʛʝʥʝʨʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʧʦʤʝʭʫ, ʩʧʦʩʦʙʥʫʶ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʙʦʨʪʦʚʫʶ 

ʘʧʧʘʨʘʪʫʨʫ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʪʠʤʦʤʫ, ʠʣʠ ʥʝʦʙʨʘʪʠʤʦʤʫ ʦʪʢʘʟʫ. ʅʘʤʠ ʧʨʝʜʣʦʞʝʥʦ ʩʯʠʪʘʪʴ 

ʘʢʪʠʚʥʦʡ ʪʫ ʦʙʣʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʂɸ, ʛʜʝ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʨʘʟʨʷʜʘ ʨʘʚʥʳ, ʠʣʠ ʧʨʝʚʳʰʘʶʪ 0,1 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʨʘʟʨʷʜʘ. ʕʪʦ ʩʜʝʣʘʥʦ ʧʦ ʩʣʝʜʫʶʱʠʤ ʩʦʦʙʨʘʞʝʥʠʷʤ. 

ʀʟʤʝʨʝʥʥʳʝ ʜʣʷ 23 ʪʠʧʦʚ ʢʘʙʝʣʝʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʙʦʨʪʦʚʳʭ ʢʘʙʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ 

ʩʧʫʪʥʠʢʦʚ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʧʦ ʢʦʨʧʫʩʫ ʂɸ, ʚ 
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ʥʘʧʨʷʞʝʥʠʝ ʧʦʤʝʭʠ ʚʦ ʬʨʘʛʤʝʥʪʘʭ ɹʂʉ, ʩʦʩʪʘʚʣʷʣʠ ʦʪ 0,015 ʜʦ 0,2 ɺĀɸ
-1
Āʤ

-1
. ʇʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʨʘʟʨʷʜʘ 0,3 ʤ, ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʚ ʢʘʙʝʣʷʭ 

ʚ ʦʙʣʘʩʪʷʭ, ʣʝʞʘʱʠʭ ʚʥʝ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʨʘʟʨʷʜʘ, ʛʜʝ ʚʝʣʠʯʠʥʳ ʧʝʨʝʭʦʜʥʦʛʦ ʪʦʢʘ ʥʠʞʝ 

10 ɸ, ʙʫʜʫʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ 0,045 ʜʦ 0,6 ɺ.  

ʅʘʧʨʷʞʝʥʠʝ ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳ ʚ TTL ʤʠʢʨʦʩʭʝʤʘʭ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2,4 ʜʦ 5 ɺ (ʘ 

ʣʦʛʠʯʝʩʢʦʛʦ ʥʫʣʷ ʦʪ 0 ʜʦ 0,4 ɺ). ʇʦʵʪʦʤʫ ʧʦʷʚʣʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʚ 

ʢʘʙʝʣʷʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʥʝ ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʨʘʟʨʷʜʘ, ʥʝ ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʪʠʤʳʤ ʦʪʢʘʟʘʤ, 

ʩʚʷʟʘʥʥʳʤ ʩ ʦʰʠʙʦʯʥʦʡ çʧʝʨʝʙʨʦʩʢʦʡè ʣʦʛʠʯʝʩʢʦʛʦ ʥʫʣʷ ʚ ʝʜʠʥʠʮʫ ʚ ʪʠʧʠʯʥʳʭ ʤʠʢʨʦʩʭʝʤʘʭ.  

ɺʳʙʦʨ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʛʨʘʥʠʮʳ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʨʘʟʨʷʜʘ ʟʥʘʯʝʥʠʷ, 

ʩʦʩʪʘʚʣʷʶʱʝʛʦ 0,1 ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʨʘʟʨʷʜʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 4.3, 

ʟʘʜʘʝʪ ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʨʘʚʥʳʡ 1,5 ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʚʭʦʜʦʤ ʠ ʚʳʭʦʜʦʤ 

ʪʦʢʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ (ʩʤ. ʨʠʩʫʥʦʢ 4.8) ʘʢʪʠʚʥʘʷ ʦʙʣʘʩʪʴ ʜʦʣʞʥʘ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ 

ʧʣʦʱʘʜʴ, ʦʛʨʘʥʠʯʝʥʥʫʶ ʫʨʦʚʥʝʤ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʪʦʢʘ ʩʦ ʟʥʘʯʝʥʠʝʤ 0,1. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʩʝʪʢʠ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ ʫʜʦʙʥʝʝ ʧʦʣʴʟʦʚʘʪʴʩʷ ʷʯʝʡʢʘʤʠ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʪʠʧʘ. ʇʦʵʪʦʤʫ 

ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʨʘʟʨʷʜʘ ʚʳʙʠʨʘʝʤ ʢʚʘʜʨʘʪ ʩʦ ʩʪʦʨʦʥʦʡ, ʨʘʚʥʦʡ ʪʨʝʤ 

ʨʘʩʩʪʦʷʥʠʷʤ ʤʝʞʜʫ ʚʭʦʜʦʤ ʠ ʚʳʭʦʜʦʤ ʪʦʢʘ ʧʨʠ ʕʉʈ. 

 

ʈʠʩʫʥʦʢ 4.8 ʂʘʨʪʠʥʘ ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʘ ʤʝʞʜʫ ʜʚʫʤʷ ʨʘʟʥʦʠʤʝʥʥʳʤʠ ʦʜʠʥʘʢʦʚʳʤʠ 

ʟʘʨʷʜʘʤʠ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʪʦʯʢʘʤʠ ʚʭʦʜʘ ʠ ʚʳʭʦʜʘ ʪʦʢʘ ʧʨʠ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʨʘʟʨʷʜʝ. ʏʝʨʥʳʤʠ ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʦʙʦʟʥʘʯʝʥ ʢʚʘʜʨʘʪ 

ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʨʘʟʨʷʜʘ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʘ 

ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʨʘʟʨʷʜʝ, ʦʧʨʝʜʝʣʝʥʳ 

ʨʘʟʤʝʨʳ ʵʬʬʝʢʪʠʚʥʦʡ ʚ ʦʪʥʦʰʝʥʠʠ ʨʘʟʨʷʜʘ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʤʝʭʠ 

ʚ ʢʘʙʝʣʷʭ ʤʦʛʫʪ ʧʨʝʚʳʩʠʪʴ ʧʦʨʦʛʠ ʦʪʢʘʟʦʚ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ.  
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ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʚʳʯʠʩʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʨʘʟʨʷʜʘ 

ʥʦʩʷʪ ʧʨʠʙʣʠʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʥʦ ʠʭ ʪʦʯʥʦʩʪʴ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʠʥʞʝʥʝʨʥʳʭ ʧʨʦʝʢʪʥʳʭ ʨʘʩʯʝʪʘʭ, ʘ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪ ʚʨʝʤʷ ʨʘʩʯʝʪʦʚ RLC-

ʩʭʝʤʳ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʧʨʝʚʳʰʘʶʱʝʡ 10
4
 ʫʟʣʦʚ ʩʝʪʢʠ.  

4.1.2 ʕʢʩʧʨʝʩʩ-ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʢʘʨʪʠʥʳ ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʦʚ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ 

ʚ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʨʘʟʨʷʜʘ 

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʣʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʨʘʟʙʠʝʥʠʷ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʨʘʟʨʷʜʘ ʥʘ ʷʯʝʡʢʠ ʩʝʪʢʠ ʩʪʨʫʢʪʫʨʥʦʡ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʂɸ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʩʯʝʪʦʚ ʜʣʷ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ ʩʝʪʢʠ ʉʕʄ. 

ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʨʫʢʪʫʨʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʦʥʢʨʝʪʥʦʛʦ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʩʝʪʢʦʡ 8,1Ŀ10
3
 (90Ĭ90) ʷʯʝʝʢ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʆ çSatellite-

MIEMè, ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʯʠʩʣʘ ʫʨʘʚʥʝʥʠʡ, ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʢʘʨʪʠʥʘ ʨʘʩʪʝʢʘʥʠʷ 

ʪʦʢʦʚ, ʠ ʚʳʙʠʨʘʣʠʩʴ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʝʡ ʠʤʧʫʣʴʩʥʦʛʦ ʪʦʢʘ ʚ 20 ʷʯʝʡʢʘʭ, 

ʫʜʘʣʝʥʥʳʭ ʥʘ ʨʘʟʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ ʚʭʦʜʘ ʪʦʢʘ ʧʨʠ ʨʘʟʨʷʜʝ, ʥʦ ʣʝʞʘʱʠʭ ʚ ʧʨʝʜʝʣʘʭ 

ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʨʘʟʨʷʜʘ. ɺʳʙʨʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʯʠʪʘʣʠʩʴ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤʠ. 

ɿʘʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʴ ʘʧʧʘʨʘʪʘ ʨʘʟʙʠʚʘʣʘʩʴ ʥʘ ʩʝʪʢʠ, ʩʦʜʝʨʞʘʱʠʝ 

ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ. ʕʪʦ ʜʝʣʘʣʦʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʘʢʪʠʚʥʘʷ ʦʙʣʘʩʪʴ ʨʘʟʨʷʜʘ 

ʩʦʜʝʨʞʘʣʘ 1,6Ŀ10
3
, 9Ŀ10

2
, 4Ŀ10

2
 ʠ 1Ŀ10

2
 ʷʯʝʝʢ, ʣʝʞʘʱʠʭ ʚʙʣʠʟʠ ʪʦʯʢʠ ʚʭʦʜʘ ʪʦʢʘ ʧʨʠ 

ʨʘʟʨʷʜʝ, ʠ ʜʣʷ ʢʘʞʜʦʡ ʩʝʪʢʠ, ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʷ ʇʆ çSatellite-MIEMè, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʚʦʷ 

ʢʘʨʪʠʥʘ ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʦʚ, ʠʟ ʢʦʪʦʨʦʡ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʚ ʪʝʭ ʞʝ 20 ʷʯʝʡʢʘʭ, ʣʝʞʘʱʠʭ ʚ 

ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʨʘʟʨʷʜʘ, ʚʳʙʠʨʘʣʠʩʴ ʟʥʘʯʝʥʠʷ ʪʦʢʦʚ ʨʘʩʪʝʢʘʥʠʷ. ʌʠʢʩʠʨʦʚʘʣʠʩʴ 

ʦʪʢʣʦʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʝʡ ʠʤʧʫʣʴʩʥʦʛʦ ʪʦʢʘ ʦʪ ʟʥʘʯʝʥʠʡ ʜʣʷ ʩʝʪʢʠ 90Ĭ90 ʷʯʝʝʢ, ʠ 

ʨʘʩʯʝʪʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʫʩʨʝʜʥʷʣʠʩʴ ʜʣʷ ʢʘʞʜʦʡ ʧʦʩʣʝʜʫʶʱʝʡ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʝʪʦʢ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʧʘʨʘʤʝʪʨʘ ʨʘʟʙʠʝʥʠʷ 90Ĭ90 ʜʦ 10Ĭ10 

ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʚʦʟʨʘʩʪʘʣʘ. ʊʘʢ, ʧʨʠ ʨʘʟʙʠʝʥʠʠ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʨʘʟʨʷʜʘ ʥʘ 441 

ʫʟʣʘ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʩʦʩʪʘʚʣʷʣʘ 9%.  

ʅʘʦʙʦʨʦʪ, ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʧʘʨʘʤʝʪʨʘ ʨʘʟʙʠʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʯʠʩʣʘ ʷʯʝʝʢ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʧʦʛʨʝʰʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʣʘʩʴ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʝʩʣʠ ʯʠʩʣʦ ʷʯʝʝʢ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʨʘʟʨʷʜʘ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 1681, ʪʦ ʧʦʛʨʝʰʥʦʩʪʴ 

ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ 1 %.  

ʇʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʩʯʝʪʘ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʷʯʝʝʢ ʚ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ 

ʨʘʟʨʷʜʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.9. ʄʳ ʚʠʜʠʤ, ʯʪʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʝʪʢʠ ʩʪʨʫʢʪʫʨʥʦʡ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʟʙʠʝʥʠʝ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʨʘʟʨʷʜʘ ʥʘ 400 ʫʟʣʦʚ (ʢʚʘʜʨʘʪ 20Ĭ20 
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ʷʯʝʝʢ) ʧʦʛʨʝʰʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 10%, ʪ.ʝ. ʚʝʣʠʯʠʥʫ, ʜʦʧʫʩʪʠʤʫʶ ʧʨʠ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʘʭ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʢʘʟʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʚʟʷʪʘ ʚ ʧʨʝʜʣʦʞʝʥʥʦʤ ʥʘʤʠ ʤʝʪʦʜʝ ʨʘʩʯʝʪʘ ʢʘʨʪʠʥʳ 

ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʦʚ ʚ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʨʘʟʨʷʜʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʝʤʣʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʨʘʟʙʠʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 4.9 ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʩʯʝʪʘ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ  

ʚ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʨʘʟʨʷʜʘ 

ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ 

ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ ʢʘʨʪʠʥʳ ʨʘʩʪʝʢʘʥʠʷ ʠʤʧʫʣʴʩʥʳʭ ʪʦʢʦʚ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʂɸ. 

ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʇʆ çSatellite-MIEMè ʜʣʷ ʨʘʩʯʝʪʘ ʠʤʧʫʣʴʩʥʳʭ ʪʦʢʦʚ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʉʕʄ ʠʩʧʦʣʴʟʫʝʪ ʧʨʦʛʨʘʤʤʫ ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ SPICE 

(Simulation Program with Integrated Circuit Emphasis, ʧʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ 

ʦʨʠʝʥʪʘʮʠʝʡ ʥʘ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤʳ). ʅʘʤʠ, ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ PSpice, ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ. ɻʨʘʬʠʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.10.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʚ ʇʆ PSpice ʥʘ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ 

2000 ʠ ʙʦʣʝʝ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (RLC-ʩʭʝʤʘ), 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 2000 ʠ ʙʦʣʝʝ ʫʟʣʘʤ ʩʝʪʢʠ ʩʪʨʫʢʪʫʨʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʥʝʧʨʠʝʤʣʝʤʦ ʜʣʷ ʨʘʩʯʝʪʦʚ, ʪ.ʢ. ʜʦʩʪʠʛʘʝʪ 14 ʯʘʩʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ 

ʨʘʩʯʝʪʘ ʢʘʨʪʠʥʳ ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʦʚ ʚ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʨʘʟʨʷʜʘ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʨʘʩʯʝʪʘ ʜʦ 

6ï8 ʤʠʥ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʫʜʦʙʥʳʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ɹʈʕɸ ʂɸ, ʢʦʛʜʘ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʨʘʟʤʝʱʝʥʠʷ ʠ ʧʨʦʩʯʠʪʳʚʘʝʪʩʷ ʢʘʞʜʳʡ ʩʣʫʯʘʡ. 



167 

 

 

ʈʠʩʫʥʦʢ 4.10 ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ 

ɽʱʝ ʨʘʟ ʦʪʤʝʪʠʤ, ʯʪʦ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʨʘʟʨʷʜʘ ʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʨʘʟʙʠʝʥʠʷ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʨʘʟʨʷʜʘ ʥʘ ʷʯʝʡʢʠ ʩʝʪʢʠ ʩʪʨʫʢʪʫʨʥʦʡ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʂɸ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʢʘʨʪʠʥʳ 

ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʦʚ ʚ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʨʘʟʨʷʜʘ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʵʪʦʛʦ ʤʝʪʦʜʘ 

ʪʘʢʦʚʘ. ɺ ʢʦʥʢʨʝʪʥʦʡ ʪʦʯʢʝ ʢʦʨʧʫʩʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʛʜʝ ʩ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʤʦʞʝʪ 

ʧʨʦʠʟʦʡʪʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʨʘʟʨʷʜ, ʚʳʙʠʨʘʝʪʩʷ ʫʯʘʩʪʦʢ ʨʘʟʤʝʨʦʤ 300Ĭ300 ʤʤ (ʢʚʘʜʨʘʪ ʩʦ 

ʩʪʦʨʦʥʦʡ, ʨʘʚʥʦʡ ʪʨʝʤ ʨʘʩʩʪʦʷʥʠʷʤ ʤʝʞʜʫ ʚʭʦʜʦʤ ʠ ʚʳʭʦʜʦʤ ʪʦʢʘ ʨʘʟʨʷʜʘ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʨʘʟʨʷʜʘ. ʇʦʚʝʨʭʥʦʩʪʴ ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ 400 ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʷʯʝʝʢ 

ʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ (ʕʕʉ), ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ R, L ʠ C ʵʣʝʤʝʥʪʦʚ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʧʫʪʥʠʢʘ SCATHA, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʥʝʰʥʝʡ ʵʣʝʢʪʨʠʟʘʮʠʠ ʂɸ, ʪʠʧʠʯʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʭʦʜʦʤ ʠ ʚʳʭʦʜʦʤ ʨʘʟʨʷʜʥʦʛʦ ʪʦʢʘ ʩʦʩʪʘʚʣʷʝʪ 80ï120 ʤʤ [Mullen, 

Gussenhoven, 1983]. ʊʦʛʜʘ ʨʝʙʨʦ ʷʯʝʡʢʠ ʙʫʜʝʪ ʠʤʝʪʴ ʨʘʟʤʝʨ, ʨʘʚʥʳʡ 15 ʤʤ. ʕʪʦ ʛʘʨʘʥʪʠʨʫʝʪ 

ʥʘʤ, ʯʪʦ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʝʪʢʠ ʥʝ ʙʫʜʫʪ ʫʧʫʱʝʥʳ ʢʘʢʠʝ-ʣʠʙʦ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʂɸ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʘʷ ʩʚʷʟʴ (ʚʝʪʚʴ) ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʵʣʝʤʝʥʪʦʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʚ ʮʝʣʦʤ ʦʙʨʘʟʫʶʱʠʭ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʭʝʤʫ ʜʘʥʥʦʛʦ 

ʘʢʪʠʚʥʦʛʦ ʫʯʘʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʂɸ. ʇʨʠ ʵʪʦʤ ʕʉʈ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʠʤʧʫʣʴʩʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʩ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʨʘʟʨʷʜʘ. ɼʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʪʦʯʢʘʤ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʚʦʟʤʦʞʥʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʕʉʈ. ɿʘʪʝʤ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʪʦʢʦʚ ʨʘʩʪʝʢʘʥʠʷ (ʢʘʨʪʠʥʘ 

ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʦʚ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠ ʨʘʟʨʷʜʝ). 
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ɼʣʷ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥʳ ʧʦʤʝʭʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚʦ ʬʨʘʛʤʝʥʪʝ ɹʂʉ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ 

ʪʨʘʩʩʫ ʧʨʦʢʣʘʜʢʠ ʵʪʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʦ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʂɸ ʠ ʟʘʜʘʪʴ ʚʝʣʠʯʠʥʫ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʂɸ, ʚ ʥʘʧʨʷʞʝʥʠʝ 

ʥʘʚʦʜʢʠ ʚ ɹʂʉ. ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʣʷ ʜʘʥʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ɹʂʉ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʄʀʕʄ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʦʤʝʭ 

ʀɻʇ-2 çɼʫʛʘè [ɸʛʘʧʦʚ ʠ ʜʨ., 2008; ɸʛʘʧʦʚ, 2011]. 

ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʢʘʨʪʠʥʳ ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʦʚ ʚ ʘʢʪʠʚʥʦʡ 

ʦʙʣʘʩʪʠ ʨʘʟʨʷʜʘ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʳʯʠʩʣʝʥʠʷ ʚʦʟʥʠʢʘʶʱʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʥʘʚʦʜʦʢ ʚʦ 

ʬʨʘʛʤʝʥʪʘʭ ɹʂʉ ʂɸ, ʧʨʦʣʦʞʝʥʥʳʭ ʚ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ, ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.11. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʫʜʫʪ ʠʤʝʪʴ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʦʚ, ʩʦʩʪʘʚʣʷʶʱʫʶ ʥʝ ʙʦʣʝʝ 10%.  

4.2 ʄʦʜʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʤʘʢʨʦʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʨʘʩʯʝʪʘʭ 

ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ɹʈʕɸ ʂɸ 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʢʘʨʪʠʥʳ ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʦʚ ʚ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ 

ʨʘʟʨʷʜʘ ʧʦʟʚʦʣʷʝʪ ʩ ʨʘʩʯʝʪʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ 10% ʚʳʯʠʩʣʠʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʤʝʭʠ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʚ ɹʂʉ ʂɸ, ʧʦʤʝʱʝʥʥʦʡ ʚ ʪʦʯʢʫ ʨʘʟʨʷʜʘ. ʈʘʩʯʝʪ ʟʘʥʠʤʘʝʪ 6ï8 ʤʠʥʫʪ ʠ ʧʦ 

ʩʚʦʝʡ ʩʫʪʠ ʷʚʣʷʝʪʩʷ ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜʦʤ. ʆʥ ʫʜʦʙʝʥ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ɹʈɸ ʂɸ, ʢʦʛʜʘ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʚʠʪʴ ʫʯʘʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʂɸ, ʚʙʣʠʟʠ ʢʦʪʦʨʳʭ ʥʝʞʝʣʘʪʝʣʴʥʦ ʨʘʟʤʝʱʝʥʠʝ 

ʬʨʘʛʤʝʥʪʦʚ ɹʂʉ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʕʄʇ, ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʨʘʟʤʝʱʝʥʠʷ ʠ 

ʚ ʵʪʠʭ ʮʝʣʷʭ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʦʚʝʜʝʥ ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʡ ʘʥʘʣʠʟ.  

ʅʦ ʢʦʛʜʘ ʚʘʨʠʘʥʪ ʨʘʟʤʝʱʝʥʠʷ ʧʨʠʥʷʪ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʫʶ 

ʢʘʨʪʠʥʫ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʯʠʩʣʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʂɸ ʜʦʣʞʥʳ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʨʘʩʯʝʪʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 1%. ʇʨʦʚʝʜʝʥʠʝ 

ʨʘʩʯʝʪʦʚ ʩ ʪʘʢʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʥʦ ʪʘʢʞʝ ʠ 

ʧʨʠ ʘʥʘʣʠʟʝ ʦʪʢʘʟʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʂɸ, ʠ ʚʳʷʚʣʝʥʠʠ ʠʭ 

ʧʨʠʯʠʥ. ʀʭ ʫʩʪʘʥʦʚʠʪʴ ʛʦʨʘʟʜʦ ʣʝʛʯʝ, ʢʦʛʜʘ ʠʤʝʝʪʩʷ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʂɸ.  

ɼʣʷ ʂɸ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʕʕʉ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʧʦʨʷʜʢʘ 10
6
 ʫʟʣʦʚ, ʨʘʩʯʝʪ ʜʦʣʞʝʥ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʜʣʷ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ 10
6
 ʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʠ 

ʦʙʝʩʧʝʯʝʥʠʝ ʫʢʘʟʘʥʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʪʨʫʜʥʦʡ ʟʘʜʘʯʝʡ. ʕʪʫ ʟʘʜʘʯʫ 

ʫʜʘʝʪʩʷ ʨʝʰʠʪʴ, ʧʨʠʤʝʥʷʷ ʤʝʪʦʜʳ ʤʘʢʨʦʤʦʜʝʣʠʨʦʚʘʥʠʷ [ɹʦʨʠʩʦʚ, 1986; ɹʦʨʠʩʦʚ, 1991; 

ɹʦʨʠʩʦʚ, ʐʨʘʤʢʦʚ, 1985]. ɺ ʵʪʠʭ ʤʝʪʦʜʘʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʪʨʦʷʪʩʷ ʤʘʢʨʦʤʦʜʝʣʠ ʧʦʜʩʭʝʤ. 

ʄʘʢʨʦʤʦʜʝʣʴ ʢʘʞʜʦʡ ʧʦʜʩʭʝʤʳ ʚʭʦʜʠʪ ʚ ʨʝʜʫʮʠʨʦʚʘʥʥʦʤ ʚʠʜʝ ʚ ʩʦʩʪʘʚ ʤʦʜʝʣʠ, ʧʨʠ ʵʪʦʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʱʠʡ ʜʣʷ ʚʩʝʭ ʧʦʜʩʭʝʤ ʙʘʟʦʚʳʡ ʫʟʝʣ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʥʠʟʠʪʴ ʨʘʟʤʝʨʥʦʩʪʴ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʦʚ 

ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. 
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