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ɸʅʆʊɸʎɯʗ 

 
ʈʫʙʘʥ ɺ. ʇ. ɸʜʘʧʪʦʚʘʥʝ ʩʪʨʦʙʦʩʢʦʧʽʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜʝʦʽʤʧʫʣʴʩʥʠʭ 

ʩʠʛʥʘʣʽʚ ʫ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ 

ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʬʽʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 01.04.01 ï ʬʽʟʠʢʘ ʧʨʠʣʘʜʽʚ, ʝʣʝʤʝʥʪʽʚ ʪʘ 

ʩʠʩʪʝʤ (ʌʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʽ ʥʘʫʢʠ). ï ɯʥʩʪʠʪʫʪ ʨʘʜʽʦʬʽʟʠʢʠ ʪʘ ʝʣʝʢʪʨʦʥʽʢʠ 

ʽʤ. ʆ. ʗ. ʋʩʠʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ; ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤʝʥʽ ɺ. ʅ. ʂʘʨʘʟʽʥʘ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ʍʘʨʢʽʚ, 2020. 

 

ʈʦʙʦʪʘ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʤʝʭʘʥʽʟʤʽʚ ʽ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʽ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ (ʅʐʉ) 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʧʽʜʧʦʚʝʨʭʥʝʚʦʛʦ ʟʦʥʜʫʚʘʥʥʷ (ʛʝʦʨʘʜʘʨʘʭ).  

ʅʝʨʫʡʥʽʚʥʝ ʨʘʜʽʦʣʦʢʘʮʽʡʥʝ ʚʠʟʥʘʯʝʥʥʷ ʧʽʜʧʦʚʝʨʭʥʝʚʦʾ ʩʪʨʫʢʪʫʨʠ 

ʧʨʠʨʦʜʥʠʭ ʪʘ ʰʪʫʯʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟʘʣʠʰʘʻʪʴʩʷ ʚʘʞʣʠʚʠʤ ʽ ʘʢʪʫʘʣʴʥʠʤ ʚ ʨʽʟʥʠʭ 

ʛʘʣʫʟʷʭ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ. ɺ ʨʝʟʫʣʴʪʘʪʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ 

ʛʨʫʥʪʫ ʟʘʮʽʢʘʚʣʝʥʽ ʙʫʜʽʚʝʣʴʥʠʢʠ, ʘʨʭʝʦʣʦʛʠ, ʛʨʫʥʪʦʟʥʘʚʮʽ, ʚʽʡʩʴʢʦʚʽ (ʧʝʨʰ ʟʘ 

ʚʩʝ ʩʘʧʝʨʠ), ʪʨʘʥʩʧʦʨʪʥʽ ʢʦʤʧʘʥʽʾ (ʥʘʧʨʠʢʣʘʜ, ʪʘʢʽ, ʱʦ ʪʨʘʥʩʧʦʨʪʫʶʪʴ 

ʥʘʬʪʦʧʨʦʜʫʢʪʠ ʧʽʜʟʝʤʥʠʤʠ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ), ʜʦʨʦʞʥʽ ʩʣʫʞʙʠ ʽ ʙʘʛʘʪʦ ʽʥʰʠʭ. 

ʅʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʢʦʨʝʢʪʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʩʝʨʝʜʦʚʠʱʘ ʻ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʨʝʻʩʪʨʘʮʽʾ (ʚʽʜʪʚʦʨʝʥʥʷ) ʯʘʩʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

(ʬʦʨʤʠ) ʨʦʟʩʽʷʥʠʭ ʩʝʨʝʜʦʚʠʱʝʤ ʩʠʛʥʘʣʽʚ. ʊʦʤʫ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʛʣʦʙʘʣʴʥʠʭ 

ʟʘʜʘʯ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʩʚʦʛʦ ʨʦʟʚô̫ ʟʘʥʥʷ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʽ 

ʪʝʭʥʽʢʠ ʅʐʉ ʽʤʧʫʣʴʩʥʦʛʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʧʽʜʧʦʚʝʨʭʥʝʚʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʻ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʝʨʚʠʥʥʦʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʰʣʷʭʦʤ ʨʦʟʰʠʨʝʥʥʷ 

ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʧʨʠʡʤʘʯʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ʅʘ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ 

ʟʘʩʣʫʛʦʚʫʻ ʪʘ ʯʘʩʪʠʥʘ ʅʐʉ ʽʤʧʫʣʴʩʥʦʛʦ ʛʝʦʨʘʜʘʨʘ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʨʠʡʦʤ ʽ 
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ʨʝʻʩʪʨʘʮʽʶ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ, ʪʦʙʪʦ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʡ ʧʨʠʡʤʘʯ 

ʨʘʜʽʦʣʦʢʘʪʦʨʘ. 

ɼʠʩʝʨʪʘʮʽʶ ʧʨʠʩʚʷʯʝʥʦ ʚʠʷʚʣʝʥʥ ʁ ʬʽʟʠʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʮʝʩʫ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʽʤʧʫʣʴʩʽʚ ʥʘʥʦ- ʪʘ 

ʩʫʙʥʘʥʦʩʝʢʫʥʜʥʦʛʦ ʜʽʘʧʘʟʦʥʽʚ ʪʨʠʚʘʣʦʩʪʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥ ʁ ʮʠʭ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʜʣʷ ʟʥʠʞʝʥʥ ̫ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷ ʰʫʤʽʚ, ʧʨʠʚʝʜʝʥʠʭ ʜʦ ʚʭʦʜʫ 

ʧʨʠʡʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʽ ʨʦʟʰʠʨʝʥʥ ̫ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʅʐʉ ʽʤʧʫʣʴʩʥʠʭ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

ɺ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʮʝʩʽʚ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʤʧʫʣʴʩʥʠʭ ʩʠʛʥʘʣʽʚ, ʪʘʢ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʚʝʨʠʬʽʢʘʮʽʾ 

ʪʝʦʨʝʪʠʯʥʦ ʦʪʨʠʤʘʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ. ɼʣʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʧʠʩʫ ʧʨʦʮʝʩʫ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʙʨʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, 

ʷʢʘ ʦʧʠʩʫʻ ʧʨʦʮʝʩ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʨʷʜʫ ʚ ʻʤʥʦʩʪʽ ʟʤʽʰʫʚʘʯʘ ʧʨʠ 

ʚʽʜʢʨʠʚʘʥʥʽ/ʟʘʢʨʠʚʘʥʥʽ ʝʣʝʢʪʨʦʥʥʦʛʦ (ʜʽʦʜʥʦʛʦ) ʢʣʶʯʘ. ʈʦʟʨʘʭʫʥʢʠ ʡ ʘʥʘʣʽʟ 

ʧʨʦʮʝʩʫ ʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʨʦʙʣʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʟʚʠʯʘʡʥʦʤʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʤʫ ʨʽʚʥʷʥʥʽ ʧʝʨʰʦʛʦ 

ʧʦʨʷʜʢʫ ʪʘ ʟʛʦʨʪʮʽ. ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʘʩʪʦʩʦʚʘʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʨʘʟʢʠ ʅʐʉ ʽʤʧʫʣʴʩʥʠʭ ʛʝʦʨʘʜʘʨʽʚ ʩʝʨʽʾ çʆɼʗɻè, ʜʣʷ ʷʢʠʭ, 

ʦʩʦʙʠʩʪʦ ʘʚʪʦʨʦʤ, ʩʪʚʦʨʝʥʦ ʩʪʨʦʙʦʩʢʦʧʽʯʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʟ ʮʠʬʨʦʚʠʤ 

ʫʧʨʘʚʣʽʥʥʷʤ ʪʨʠʚʘʣʽʩʪʶ ʚʠʙʽʨʢʠ ʽ ʘʥʘʣʦʛʦʚʠʤ ʥʘʢʦʧʠʯʝʥʥʷʤ. 

ʋ ʜʠʩʝʨʪʘʮʽʾ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ, 

ʘʥʘʣʦʛʦʚʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ, ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʥʘ ʧʝʨʝʭʽʜʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ (ʩʤʫʛʫ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ), ʰʫʤʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʝʬʽʮʽʻʥʪ 

ʧʝʨʝʜʘʯʽ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʟʨʦʙʣʝʥʦ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʚʪʨʘʪ 

ʟʘʨʷʜʫ ʚ ʥʘʢʦʧʠʯʫʚʘʣʴʥʽʡ ʻʤʥʦʩʪʽ ʧʽʜ ʯʘʩ ʟʙʝʨʽʛʘʥʥʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ɺʧʝʨʰʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʘʥʘʣʦʛʦʚʝ ʥʘʢʦʧʠʯʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʥʘʨʦʩʪʘʥʥʷ ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʱʦ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʟ ʥʝʧʦʚʥʠʤ ʟʘʨʷʜʦʤ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ 

ʻʤʥʦʩʪʽ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦ ʨʦʟʰʠʨʝʥʥʷ ʡʦʛʦ ʨʦʙʦʯʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ. ʊʘʢ, ʧʨʠ 
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ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʦʢ, ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʰʠʭ ʥʽʞ ʯʘʩ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ 

ʻʤʥʦʩʪʽ, ʽ 10-ʪʠ ʥʘʢʦʧʠʯʝʥʥʷʭ, ʨʦʙʦʯʘ ʩʤʫʛʘ ʨʦʟʰʠʨʶʻʪʴʩʷ ʥʘ 1,5 ɻɻʮ 

(ʚʽʜʧʦʚʽʜʥʦ ʩʪʘʻ ʚ 1,8 ʨʘʟʠ ʰʠʨʰʦʶ ʚʽʜʥʦʩʥʦ ʟʥʘʯʝʥʥʷ ʨʦʙʦʯʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʱʦ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʙʝʟ ʥʘʢʦʧʠʯʝʥʴ).  

ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʽʙ ʢʦʨʝʢʮʽʾ ʤʝʪʦʜʫ ʦʮʽʥʢʠ ʜʞʠʪʝʨʘ ʟʘ 

ʘʤʧʣʽʪʫʜʥʠʤʠ ʧʦʤʠʣʢʘʤʠ, ʦʩʥʦʚʘʥʠʡ ʥʘ ʚʽʜʥʦʚʣʝʥʥ ̔ ʨʝʘʣʴʥʦʾ ʘʤʧʣʽʪʫʜʠ 

ʩʠʛʥʘʣʫ ʟʘ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ ʚʠʙʽʨʢʘʤʠ. ɺ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʩʧʦʩʦʙʽ ʚʟʷʪʦ ʜʦ 

ʫʚʘʛʠ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʽ ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ʟʤʽʰʫʚʘʯʘ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ɺʜʦʩʢʦʥʘʣʝʥʠʡ ʤʝʪʦʜ ʦʮʽʥʢʠ ʜʞʠʪʝʨʘ ʜʘʚ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ 

ʢʦʨʝʢʪʥʽ ʦʮʽʥʢʠ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʷʢ ʯʠʩʝʣʴʥʦ, ʪʘʢ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ɺ ʜʠʩʝʨʪʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʅʐʉ ʽʤʧʫʣʴʩʥʠʭ ʩʠʛʥʘʣʽʚ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʡ ʩʧʦʩʽʙ ʟ̔ ʟʤʽʥʥʦʶ ʪʨʠʚʘʣʽʩʪʶ ʚʠʙʽʨʢʠ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ 

ʦʧʪʠʤʽʟʘʮʽʾ ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʘʢʩʠʤʫʤʫ ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʨʝʣʷʮʽʾ 

ʇʽʨʩʦʥʘ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʚ ʧʝʨʝʪʚʦʨʝʥʦʤʫ ʩʠʛʥʘʣʽ. 

ʂʝʨʦʚʘʥʘ ʟʤʽʥʘ ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʫʧʨʘʚʣʽʥʥʷ ʰʠʨʠʥʦʶ 

ʨʦʙʦʯʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʨʠʡʤʘʯʘ ʛʝʦʨʘʜʘʨʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʤʽʥʶʚʘʪʠ  ̔ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʧʨʠʡʤʘʯʘ ʨʘʜʘʨʘ, ʧʽʜʚʠʱʫʶʯʠ ʡʦʛʦ 

ʯʫʪʣʠʚʽʩʪʴ  ̔ʦʧʪʠʤʽʟʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʢʦʤʧʣʝʢʩ ʧʘʨʘʤʝʪʨʽʚ ʫʩʴʦʛʦ ʛʝʦʨʘʜʘʨʘ, 

ʧʦʚôʷʟʘʥʠʭ ʟ̔ ʡʦʛʦ ʨʦʟʜʽʣʴʥʦ  ʁʟʜʘʪʥʽʩʪʶ.  

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʾ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʘʧʨʦʙʘʮʽʾ ʤʝʪʦʜʫ 

ʘʜʘʧʪʘʮʽʾ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʽ ʦʪʨʠʤʘʥʦ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ ʽ ʥʠʟʢʠ ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʟʘʚʜʘʥʴ. 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʟ ʚʠʷʚʣʝʥʥʷ ʤʘʣʦʢʦʥʪʨʘʩʪʥʠʭ ʦʙô̒ ʢʪʽʚ, ʷʢʽ ʨʫʭʘʶʪʴʩʷ ʚ 

ʪʫʥʝʣʽ ʧʽʜ ʰʘʨʦʤ ʛʨʫʥʪʫ, ʜʦʟʚʦʣʠʣʠ ʧʨʦʩʪʝʞʠʪʠ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʢʦʥʪʨʘʩʪʥʦʩʪʽ 

ʟʦʙʨʘʞʝʥʥʷ ʦʙô̒ ʢʪʘ ʧʦʰʫʢʫ ʟʽ ʟʤʽʥʦʶ ʨʦʙʦʯʦʾ ʩʤʫʛʠ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ 

ʧʨʠʡʤʘʯʘ ʽ ʦʧʪʠʤʽʟʫʚʘʪʠ ʾʾ, ʱʦʙ ʟʘʬʽʢʩʫʚʘʪʠ ʧʝʨʝʤʽʱʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ 

ʦʙô̒ ʢʪʘ ʚ ʧʣʘʩʪʠʢʦʚʦʤʫ ʪʫʥʝʣʽ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ, ʦʪʨʠʤʘʥʝ ʚ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʤʫ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ, ʜʦʟʚʦʣʠʣʦ 
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ʚʧʝʚʥʝʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʧʽʜʧʦʚʝʨʭʥʝʚʦʾ ʩʪʨʫʢʪʫʨʠ ˇʨʫʥʪʫ 

ʪʦʤʦʛʨʘʬʽʯʥʠʡ ʤʝʪʦʜ ʦʙʨʦʙʢʠ ʛʝʦʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ɻʝʦʨʘʜʘʨ, ʨʦʟʨʦʙʣʝʥʠʡ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʦʟʛʣʷʥʫʪʠʭ ʚ ʨʦʙʦʪʽ ʧʽʜʭʦʜʽʚ ʜʦ 

ʧʦʙʫʜʦʚʠ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟ ʨʦʟʰʠʨʝʥʠʤ ʜʠʥʘʤʽʯʥʠʤ 

ʜʽʘʧʘʟʦʥʦʤ, ʽ ʚʽʜʧʦʚʽʜʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ ʪʦʚʱʠʥʫ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʰʘʨʽʚ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ ʰʚʠʜʢʦ ʽ ʟ ʜʦʩʪʘʪʥʴʦʶ ʚʠʩʦʢʦʶ 

ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʨʽʛ ʪʦʯʥʽʩʪʶ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʧʪʠʤʽʟʦʚʘʥʠʭ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʟ̔ 

ʨʦʟʰʠʨʝʥʠʤ ʜʠʥʘʤʽʯʥʠʤ ʜʽʘʧʘʟʦʥʦʤ ʫ ʚʠʤʽʨʶʚʘʣʴʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʜʦʜʘʻ 

ʪʦʯʥʦʩʪʽ ʘʥʪʝʥʥʠʤ ʚʠʤʽʨʶʚʘʥʥʷʤ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʘʜʘʧʪʦʚʘʥʦʛʦ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʢʨʘʱʫʶʪʴ 

ʷʢʽʩʪʴ ʧʝʨʚʠʥʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ ʽ, ʪʠʤ ʩʘʤʠʤ, ʩʧʨʠʷʶʪʴ ʧʽʜʚʠʱʝʥʥʶ 

ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʅʐʉ ʽʤʧʫʣʴʩʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʽ 

ʨʦʟʰʠʨʶʶʪʴ ʛʘʣʫʟʴ ʤʦʞʣʠʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʤʝʪʦʜʽʚ ʅʐʉ ʽʤʧʫʣʴʩʥʦʾ 

ʨʘʜʽʦʣʦʢʘʮʽʾ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʟʘʜʘʯ ʨʘʜʽʦʽʥʪʨʦʩʢʦʧʽ.ʾ  

ʅʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʮʽʻʾ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ: 

1. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʽ 

ʟʤʽʥʶʚʘʥʦʶ ʪʨʠʚʘʣʽʩʪʶ ʚʠʙʽʨʢʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʨʦʟʰʠʨʠʪʠ ʜʠʥʘʤʽʯʥʠʡ 

ʜʽʘʧʘʟʦʥ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʨʠʡʤʘʯʘ ʥʘ 22,3 ʜɹ. 

2. ʆʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜ ʘʥʘʣʦʛʦʚʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʜʣʷ 

ʧʨʠʡʤʘʯʽʚ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʪʠʧʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟ ʥʝʧʦʚʥʠʤ ʟʘʨʷʜʦʤ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ 

ʘʥʘʣʦʛʦʚʝ ʥʘʢʦʧʠʯʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʥʘʨʦʩʪʘʥʥʷ ʧʝʨʝʭʽʜʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʜʦ ʨʦʟʰʠʨʝʥʥʷ ʨʦʙʦʯʦʾ ʩʤʫʛʠ 

ʯʘʩʪʦʪ ʧʨʠʡʤʘʯʘ ʥʘ 80% ʧʨʠ 10-ʪʠ ʢʨʘʪʥʦʤʫ ʥʘʢʦʧʠʯʝʥʥʽ. 

3. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʩʠʥʭʨʦʥʽʟʘʮʽʾ 

(ʜʞʠʪʝʨʘ) ʟʘ ʘʤʧʣʽʪʫʜʥʠʤʠ ʧʦʤʠʣʢʘʤʠ, ʷʢʠʡ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ 

ʘʤʧʣʽʪʫʜʥʠʭ ʧʦʤʠʣʦʢ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʩʠʛʥʘʣʫ. ɺ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʤʝʪʦʜʽ 
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ʜʽʡʩʥʫ ʘʤʧʣʽʪʫʜʫ ʩʠʛʥʘʣʫ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ ʚʠʙʽʨʢʘʤʠ, ʙʝʨʫʯʠ 

ʜʦ ʫʚʘʛʠ ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʝʜʘʯʽ ʪʘ ʚʪʨʘʪ ʟʤʽʰʫʚʘʯʘ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʜʦʟʚʦʣʷʻ ʢʦʨʝʢʪʥʦ ʦʮʽʥʶʚʘʪʠ ʜʞʠʪʝʨ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʨʠʡʤʘʯʽʚ ʟ ̔ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ, ʱʦ ʧʨʘʮʶʶʪʴ 

ʚ ʨʝʞʠʤʽ ʟ ʥʝʧʦʚʥʠʤ ʟʘʨʷʜʦʤ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ. 

4. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʘʧʨʦʙʦʚʘʥʦ ʚ ʛʝʦʨʘʜʽʦʣʦʢʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʤʝʪʦʜ 

ʘʜʘʧʪʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ 

ʤʝʪʦʜʫ ʟʘʙʝʟʧʝʯʠʣʦ ʧʽʜʚʠʱʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʧʽʜʧʦʚʝʨʭʥʝʚʠʭ 

ʦʙôʻʢʪʽʚ ʟ ʙʣʠʟʴʢʠʤʠ ʜʦ ʩʝʨʝʜʦʚʠʱʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ ʪʘʢʦʞ 

ʜʦʟʚʦʣʠʣʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʦʥʜʫʚʘʥʥʷ ʚʽʜʥʦʚʠʪʠ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʪʘ ʧʨʦʚʽʜʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʽ ʚʠʟʥʘʯʠʪʠ ʪʦʚʱʠʥʫ 

ʰʘʨʽʚ ʜʦʨʦʞʥʴʦʛʦ ʦʜʷʛʫ ʟ ʪʦʯʥʽʩʪʶ ʥʝ ʛʽʨʰʝ ʥʽʞ 5 ʤʤ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʅʐʉ ʽʤʧʫʣʴʩʥʠʡ ʨʘʜʘʨ, ʛʝʦʨʘʜʘʨ, ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʡ 

ʧʝʨʝʪʚʦʨʶʚʘʯ, ʪʨʠʚʘʣʽʩʪʴ ʚʠʙʽʨʢʠ, ʯʫʪʣʠʚʽʩʪʴ, ʅʐʉ ʽʤʧʫʣʴʩʥʽ ʩʠʛʥʘʣʠ, 

ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ. 
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This thesis contains the research results on the mechanisms and features of 

stroboscopic conversion, which are the basis for the creation of samplers used in 

ultra-wideband (UWB) ground penetrating radar systems (GPR). 

Non-destructive radar determination of the subsurface structure of natural and 

artificial environments remains important and relevant in various fields of human 

activity. The study results of subsurface soil layers are of interest to builders, 

archaeologists, soil scientists, the military (especially sappers), transport companies 

(for example, those that transport petroleum products through underground 

pipelines), road services, and many others. A necessary condition for the correct 

restoration of the environment's electrophysical parameters is the high accuracy of 

recording (reproduction) of time dependences (waveforms) of the signals scattered by 

the environment. Therefore, one of the main problems that need to be solved at the 

present stage of development of methods and techniques of UWB pulsed  subsurface 

radar sounding is to improve the quality of primary radar data by expanding the 

dynamic range of the radar receiver. Of particular note is the part of the UWB 

impulse GPR, which is responsible for receiving and registering radar signals, i.e., 

stroboscopic radar receiver. 

The aim of the work is to identify the physical laws of stroboscopic conversion 

of electric pulses of nano- and subnanosecond duration ranges and use them to reduce 

the total noise level at the input system and expand the dynamic range of UWB 
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impulse radar systems. 

Both mathematical modeling and calculations of pulse signal conversion 

processes and experimental methods of verification of theoretically obtained 

regularities are used in work. For the theoretical description of the conversion 

process, a stroboscopic converter's mathematical model was chosen, which describes 

the accumulation process in the storage capacitor when the electronic (diode) switch 

opens. Calculations and analysis of the process and results of the conversion are made 

using mathematical models based on the usual first-order differential equation and 

convolution. In experimental researches, the experimental samples of the UWB 

impulse ground penetrating radar of the çODYAGè series are applied. For which the 

author personally created stroboscopic converters with digital control of sample width 

and analog accumulation. 

The dissertation presents the results of research on the influence of sample 

width, analog accumulation and synchronization instability on the transient response 

(operating frequency band), noise characteristics and the transmission ratio of the 

stroboscopic converter. The influence of charge losses in the storage capacitor during 

storage-time on the characteristics of the converter is also evaluated. For the first time 

it has been shown that analog accumulation leads to a decrease in the rise time of the 

transient responce of a stroboscopic converter operating in the mode of incomplete 

charge of the storage capacitor and, accordingly, to the expansion of its operating 

frequency band. Thus, when the sample width is an order of magnitude less than the 

storage capacitor charge time, and with 10 accumulations, the operating band 

expands by 1.5 GHz (respectively, becomes 1.8 times wider than the value of the 

operating frequency band of the converter operating in the mode without 

accumulations). 

Correction of the jitter estimation method by amplitude errors was propsed, 

based on the restoration of the real signal amplitude by two adjacent samples. In the 

proposed method, the transmission factor and the loss factor of the stroboscopic 

converter sampling gate are taken into account. The improved method of jitter 
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estimation made it possible to obtain correct estimates, which was confirmed 

numerically and experimentally. 

A stroboscopic method with variable sample width has also been proposed for 

recording UWB pulse signals and a method for optimizing the sample width by the 

criterion of the maximum Pearson correlation coefficient to increase the signal-to-

noise ratio in the converted signal has been developed. 

Controlled change of sample width and, as a result, control of the working 

bandwidth of the stroboscopic receiver of GPR makes it possible to change the 

dynamic range of the radar receiver, increasing its sensitivity and optimizing the set 

of parameters of the entire GPR related to its resolution. 

The fourth section of the dissertation presents the approbation results of the 

method of adaptation of stroboscopic conversion, which were obtained during the 

research and a number of practically important tasks. 

Experiments on detection of low-contrast objects that move under the soil layer 

in the tunnel, allowed see how the contrast of the image of the search object changes 

with changing the working frequency band of the stroboscopic receiver and optimize 

it to detect the movement of the dielectric object in the plastic tunnel. 

The signal-to-noise ratio obtained in the stroboscopic converter as a result of 

selecting the optimal sample width allowed to apply confidently the tomographic 

method of GPR information processing to the restoration of the subsurface structure 

of the soil. 

GPR, developed using the considered in the work approaches for building a 

stroboscopic converter with extended dynamic range, and the corresponding software 

allowed quickly and with high accuracy that is enough for road monitoring to 

determine the thickness of the structural layers of the road surface. 

The use of optimized stroboscopic converters with an extended dynamic range 

in the measuring complex adds accuracy for measuring antennas parameters. 

The practical significance of the obtained results is that the developed methods 

of adaptable stroboscopic conversion improve the quality of primary radar data and, 
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thus, improve the accuracy of the results of UWB pulsed radar measurements and 

expand the scope of possible applications of UWB pulsed radar for solving 

practically important tasks of radio introscopy. 

The new results obtained during research on this dissertation are: 

1. For the first time, the method of stroboscopic conversion with variable 

sample width has been offered. It allowed expanding the dynamic range of the 

stroboscopic receiver by 22.3 dB.  

2. It is shown that under conditions of conversion with an incomplete charge 

of the storage capacitor, the analog accumulation allows reducing the rise time of the 

converter's transient response and, consequently, expands the receiver frequency band 

to 80% at 10-time accumulation. 

3. The method of determining the instability of synchronization (jitter) by 

amplitude errors, which is based on the analysis of errors of the converted signal, is 

improved. In the proposed method, the actual signal amplitude is calculated based on 

two adjacent samples and taking into account transfer and loss coefficients of the 

sampling gate. The improvement allows correctly evaluate receivers' synchronization 

jitter with stroboscopic converters operating in the mode with the incomplete charge 

of the storage capacitor.  

4. The method for adapting stroboscopic conversion parameters in a ground 

penetrating radar system is proposed and tested. The use of this method increased the 

detecting probability of subsurface objects with close to the environment 

electrophysical parameters, and also allowed to restore the spatial distribution of 

dielectric constant and conductivity of the medium by the results of probing and 

determine the thickness of layers of pavement with an accuracy of not less than 

5 mm.  

 

Keywords: UWB impulse radar, ground penetrating radar (GPR), sampler 

(stroboscopic converter), sample width, sensitivity, UWB impulse signals, dynamic 

range.  



11 

ʉʇʀʉʆʂ ʇʋɹʃɯʂɸʎɯʁ ɿɼʆɹʋɺɸʏɸ ɿɸ ʊɽʄʆʖ ɼʀʉɽʈʊɸʎɯɰ 

 

ʅʘʫʢʦʚʽ ʧʨʘʮʽ ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ: 

1. Kholod P. V., Ruban V. P. The Sampler of the Videopulse Georadar // 

Radio Physics and Radio Astronomy. 2002. Vol. 7, No. 4. P.424ï430. (ʆʩʦʙʠʩʪʠʡ 

ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʨʦʟʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʢʝʪʘ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ 

ʟʤʽʰʫʚʘʯʘ ʚʽʜʝʦʽʤʧʫʣʴʩʥʦʛʦ ʨʘʜʽʦʣʦʢʘʪʦʨʘ, ʨʦʙʦʪʘ ʥʘʜ ʪʝʢʩʪʦʤ ʩʪʘʪʪʽ). 

2. ʇʝʪʨʝʯʝʥʢʦ ʉ. ʅ., ʇʦʯʘʥʠʥ ɸ. ɻ., ʇʦʯʘʥʠʥ ɻ. ʇ., ʈʫʙʘʥ ɺ. ʇ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʘʥʪʝʥʥ // ʈʘʜʠʦʬʠʟʠʢʘ ʠ ʵʣʝʢʪʨʦʥʠʢʘ. 2005. ʊ. 10, ˉ 2. 

ʉ. 233ï239. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʨʦʟʨʦʙʢʘ  ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ 

ʧʨʠʡʤʘʯʘ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʨʦʙʦʪʘ ʥʘʜ ʪʝʢʩʪʦʤ ʩʪʘʪʪʽ). 

ʅʘʫʢʦʚʽ ʧʨʘʮʽ ʚ ʟʘʨʫʙʽʞʥʠʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ: 

3.  Ruban V. P., Shuba ɸ. ɸ., Pochanin ɸ. G., Pochanin G. P. Signal 

Sampling with Analog Accumulation // Telecommunications and radio engineering. 

2015. Vol. 74, Is. 6. P. 515ï525. (Scopus). (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: 

ʩʘʤʦʩʪʽʡʥʘ ʨʝʘʣʽʟʘʮʽʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʪʝʦʨʝʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʅʐʉ ʩʠʛʥʘʣʽʚ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʟʤʽʥʶʚʘʥʦʾ ʪʨʠʚʘʣʦʩʪʽ 

ʚʠʙʽʨʢʠ ʡ ʘʥʘʣʦʛʦʚʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ, ʨʦʙʦʪʘ ʥʘʜ ʪʝʢʩʪʦʤ ʩʪʘʪʪʽ).  

4.  Ruban V. P. Jitter of synchronization of the stroboscopic converter // 

Telecommunications and Radio Engineering. 2016. Vol. 75, ɯs. 9. P. 789ï800. 

(Scopus). 

5.  Pochanin G. P., Masalov S. A., Ruban V. P., Kholod P. V., Batrakov D. O., 

Batrakova A. G, Varianytsia-Roshchupkina L. A., Urdzik S. N. Pochanin O. G. 

Advances in Short-Range Distance and Permittivity Ground Penetrating Radar 

Measurements for Road Surface Surveying // Advanced Ultrawideband Radar: 

Signals, Targets, and Applications : collective monograph / ed. by J. D. Taylor /  



12 

London : CRC Press, Taylor & Francis Group, 2016. P. 19ï64.  (Scopus). 

(ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʨʦʟʨʦʙʢʘ ʪʘ ʩʪʚʦʨʝʥʥʷ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ  

ʧʨʠʡʤʘʯʘ ʛʝʦʨʘʜʘʨʘ ʟ ʤʘʣʠʤ ʨʽʚʥʝʤ ʜʞʠʪʝʨʫ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʪʘ ʤʦʞʣʠʚʽʩʪʶ 

ʢʝʨʫʚʘʥʥʷ ʪʨʠʚʘʣʽʩʪʶ ʚʠʙʽʨʢʠ, ʘʥʘʣʽʟ ʽ ʬʦʨʤʫʣʶʚʘʥʥʷ ʢʨʠʪʝʨʽʾʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʰʫʤʫ, ʨʦʙʦʪʘ ʥʘʜ ʪʝʢʩʪʦʤ).  

6.  Persico R., Pochanin G., Ruban V., Orlenko A., Catapano I., Soldovieri F. 

Performances of a Microwave Tomographic Algorithm for GPR Systems Working in 

Differential Configuration // IEEE Journal of Selected Topics in Applied Earth 

Observations and Remote Sensing. 2016. Vol. 9, Is. 4. P. 1343ï1356. (Scopus ʪʘ 

Web of Science). (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʨʦʟʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʤʘʢʝʪʽʚ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʭ ʧʨʠʡʤʘʯʽʚ ʚʽʜʝʦʽʤʧʫʣʴʩʥʠʭ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ, ʦʙʨʦʙʢʘ 

ʪʘ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʟʦʥʜʫʚʘʥʥ,̫ ʨʦʙʦʪʘ ʥʘʜ ʪʝʢʩʪʦʤ ʩʪʘʪʪʽ).  

ʅʘʫʢʦʚʽ ʧʨʘʮʽ ʫ ʟʘʨʫʙʽʞʥʠʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʚʠʜʘʥʥʷʭ: 

7.  Pochanin G. P., Ruban V. P., Kholod P. V., Shuba A. A., Pochanin A. G., 

Orlenko A. A., Batrakov D. O., Batrakova A. G. GPR for pavement monitoring // 

ɾʫʨʥʘʣ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ. 2013. ̄  1. 881 kB.  (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: 

ʨʦʟʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʘʢʝʪʽʚ  ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʭ ʧʨʠʡʤʘʯʽʚ  

ʚʽʜʝʦʽʤʧʫʣʴʩʥʠʭ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ, ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʽ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ 

ʟʦʥʜʫʚʘʥʥʷ, ʨʦʙʦʪʘ ʥʘʜ ʪʝʢʩʪʦʤ ʩʪʘʪʪʽ). 

ʅʘʫʢʦʚʽ ʧʨʘʮʽ ʘʧʨʦʙʘʮʽʡʥʦʛʦ ʭʘʨʘʢʪʝʨʫ: 

8.  Ruban V. P., Pochanin G. P. Sampling duration for noisy signal 

conversion // Ultrawideband and Ultrashort Impulse Signals : Proceedings of 5th Intl. 

Conf. UWBUSIS, 6ï10 Sept. 2010, Sevastopol, 2010. P. 275ï277. (Scopus). 

(ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʟ ʰʫʤʦʤ, ʘʥʘʣʽʟ ʤʝʪʦʜʠʢʠ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʨʦʙʦʪʘ ʥʘʜ ʪʝʢʩʪʦʤ). 

9.  Ruban V. P., Shuba O. O. Sampling pulse width versus forward current in 

the step recovery diode // Ultrawideband and Ultrashort Impulse Signals : 



13 

Proceedings of 6th Intl. Conf. UWBUSIS, 17ï21 Sept. 2012, Sevastopol, 2012. 

P. 72ï74. (Scopus). (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʨʦʟʨʦʙʢʘ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ɼʅɿ, 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʘ ʘʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ ʢʦʨʦʪʢʠʭ ʽʤʧʫʣʴʩʽʚ, 

ʨʦʙʦʪʘ ʥʘʜ ʪʝʢʩʪʦʤ).  

10.  Ruban V. P., Shuba O. A., Pochanin G. P. The GPR receiver. Sync 

stability // Radiophysics, Electronics, Photonics and Biophysics : XII Kharkiv Young 

Scientist Conference, 4ï7 Dec. 2012. : abstr. Kharkiv, 2012. P. 1. (Scopus ʪʘ Web of 

Science). (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʨʦʟʨʦʙʢʘ ʚʠʩʦʢʦʩʪʘʙʽʣʴʥʦʾ ʩʭʝʤʠ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʪʘ 

ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ, ʘʥʘʣʽʟ ʜʘʥʠʭ, ʨʦʙʦʪʘ ʥʘʜ ʪʝʢʩʪʦʤ). 

11.  Pochanin G. P., Ruban V. P., Kholod P. V., Shuba A. A., Pochanin A. G., 

Orlenko A. A. Enlarging of power budget of ultrawideband radar // Recent Advances 

in Space Technologies : Proceedings of 6th Intl. Conf. RAST-2013, 12ï14 June 

2013, Istanbul, Turkey, 2013. P. 213ï216. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʘʥʘʣʽʟ 

ʤʦʞʣʠʚʦʩʪʝʡ ʨʦʟʰʠʨʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʛʝʦʨʘʜʘʨʘ, ʨʦʟʨʦʙʢʘ 

ʧʨʠʡʦʤʥʦʛʦ ʙʣʦʢʫ ʟ ʢʝʨʦʚʘʥʦʶ ʪʨʠʚʘʣʽʩʪʶ ʚʠʙʽʨʢʠ ʪʘ  ʤʦʜʫʣʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʦʮʽʥʢʠ ʜʞʠʪʝʨʘ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʨʠʡʤʘʯʘ ʛʝʦʨʘʜʘʨʘ, ʪʘ ʨʝʻʩʪʨʘʮʽʾ ʩʠʛʥʘʣʽʚ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ 

ʩʧʦʪʚʦʨʝʥʥʷʤʠ, ʘʥʘʣʽʟ ʜʘʥʠʭ, ʨʦʙʦʪʘ ʥʘʜ ʪʝʢʩʪʦʤ).  

12.  Pochanin G. P., Ruban V. P., Batrakova A. G., Urdzik S. N., 

Batrakov D. O. Measuring of thickness of asphalt pavement with use of GPR // 

International radar symposium : Proceedings of 15th Intl. Conf. IRS, 16ï18 June 

2014, Gdansk, Poland, 2014. P. 452ï455. (Scopus ʪʘ Web of Science). (ʆʩʦʙʠʩʪʠʡ 

ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʨʦʟʨʦʙʢʘ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʨʠʡʤʘʯʘ ʛʝʦʨʘʜʘʨʘ ʪʘ ʘʜʘʧʪʘʮʽʷ 

ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʢʠ ʚʠʤʽʨʶʚʘʥʴ, ʨʦʙʦʪʘ ʥʘʜ ʪʝʢʩʪʦʤ).  

13.  Ruban V. P., Shuba O. O., Pochanin O. G., Pochanin G. P., Turk A. S., 

Keskin A. K., Dagcan S. M., Caliskan A. T. Analog Signal Processing for UWB 

Sounding  // Ultrawideband and Ultrashort Impulse Signals : Proceedings of 7th Intl. 

Conf. UWBUSIS, 15ï19 Sept. 2014, Kharkiv, 2014. P. 55ï58. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ 



14 

ʟʜʦʙʫʚʘʯʘ: ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʘʜʘʧʪʘʮʽʾ ʨʦʙʦʯʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ 

ʛʝʦʨʘʜʘʨʘ ʪʘ ʘʥʘʣʦʛʦʚʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʟʦʥʜʫʚʘʥʥʷ, ʨʦʙʦʪʘ ʥʘʜ ʪʝʢʩʪʦʤ).  

14.  Ruban V. P., Pochanin G. P., Shuba O. O., Pochanin O. G. GPR Receiver 

with Adjustable Frequency Bandwidth // International Workshop on Advanced 

Ground Penetrating Radar : Proceedings of 8th Intl. Conf. IWAGPR 15, 7ï10 July 

2015, Florence, Italy, 2015. P. 1ï4. (Scopus ʪʘ Web of Science). (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ 

ʟʜʦʙʫʚʘʯʘ: ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ, ʘʥʘʣʽʟ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟʽ ʟʤʽʥʥʦʶ ʪʨʠʚʘʣʽʩʪʶ ʚʠʙʽʨʢʠ, 

ʨʦʙʦʪʘ ʥʘʜ ʪʝʢʩʪʦʤ).  

15.  Ruban V. P., Pochanin G. P., Pochanin O. G., Shuba O. O. Sampling 

conversion of the short impulse signals at extended sample width // Ultrawideband 

and Ultrashort Impulse Signals : Proceedings of 8th Intl. Conf. UWBUSIS, 5ï11 

Sept. 2016, Odessa, 2016. P. 142ï144. (Scopus ʪʘ Web of Science). (ʆʩʦʙʠʩʪʠʡ 

ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʽ 

ʟʤʽʥʶʚʘʥʦʶ ʪʨʠʚʘʣʽʩʪʶ ʚʠʙʽʨʢʠ, ʦʙʨʦʙʢʘ ʪʘ ʘʥʘʣʽʟ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʨʦʙʦʪʘ 

ʥʘʜ ʪʝʢʩʪʦʤ).  

16.  Pochanin G. P., Ruban V. P., Orlenko O. A., Korzh V. G., 

Andreev M. V., Drobakhin O. O. Antenna pattern measurements: UWB impulse and 

multifrequency signals Comparison // International Conference on Antenna Theory 

and Techniques : Proceedings of XI - Intl. Conf. ICATTô17, 24ï27 May 2017, Kyiv, 

2017. P. 1ï4. (Scopus ʪʘ Web of Science). (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: 

ʨʦʟʨʦʙʢʘ ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ ʧʨʠʡʤʘʯʘ ʜʣʷ ʅʐʉ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʨʦʙʦʪʘ ʥʘʜ ʪʝʢʩʪʦʤ).  

ʇʘʪʝʥʪʠ: 

17.  ʉʪʨʦʙʦʩʢʦʧʽʯʥʠʡ ʩʧʦʩʽʙ ʨʝʻʩʪʨʘʮʽʾ ʩʠʛʥʘʣʽʚ: ʧʘʪ. 96241 ʋʢʨʘʾʥʘ. 

 ̄ʘ201014689 ; ʟʘʷʚʣ. 07.12.2010 ; ʦʧʫʙʣ. 10.10.2011, ɹʶʣ. ̄  19. 4 ʩ. (ʆʩʦʙʠʩʪʠʡ 

ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ: ʚʠʢʦʥʘʥʥʷ ʧʘʪʝʥʪʥʦʛʦ ʧʦʰʫʢʫ ʽ ʩʢʣʘʜʘʥʥʷ ʬʦʨʤʫʣʠ ʚʠʥʘʭʦʜʫ). 



15 

ɿʄɯʉʊ 

ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ ...................................................................... 17 

ɺʉʊʋʇ  ............................................................................................................. 18 

ʈʆɿɼɯʃ 1 ʆɻʃʗɼ ʅɸʋʂʆɺʆɰ ʃɯʊɽʈɸʊʋʈʀ ɯ ɺʀɹɯʈ ʅɸʇʈʗʄʋ 

ɼʆʉʃɯɼɾɽʅʅʗ ................................................................................................... 29 

1.1  ʇʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʅʐʉ ʽʤʧʫʣʴʩʥʠʭ ʨʘʜʘʨʽʚ ................................ 31 

1.2  ʇʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʨʝʻʩʪʨʘʮʽʾ ʢʦʨʦʪʢʠʭ ʽʤʧʫʣʴʩʽʚ ....... 33 

1.2.1  ʇʨʠʥʮʠʧ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ..................................... 33 

1.2.2  ʈʽʟʥʦʚʠʜʠ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʭ ʟʤʽʰʫʚʘʯʽʚ .......................................... 36 

1.2.3  ʈʝʞʠʤʠ ʨʦʙʦʪʠ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ........................ 39 

1.3  ʆʛʣʷʜ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʭ         

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ .............................................................................................. 45 

1.4  ʉʢʣʘʜʦʚʽ ʰʫʤʽʚ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʪʘ ʤʝʪʦʜʠ 

ʟʥʠʞʝʥʥʷ ʾʭʥʴʦʛʦ ʨʽʚʥʷ ................................................................................ 49 

1.4.1  ʐʫʤʠ ʩʢʣʘʜʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ..................................................... 49 

1.4.2  ʉʧʝʮʠʬʽʯʥʽ ʰʫʤʠ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 

ʅʝʩʪʘʙʽʣʴʥʽʩʪʴ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʨʠʡʤʘʯʘ ʅʐʉ ʽʤʧʫʣʴʩʥʦʛʦ 

ʨʘʜʽʦʣʦʢʘʪʦʨʘ ........................................................................................ 56 

1.4.3  ʅʘʢʦʧʠʯʝʥʥʷ / ʫʩʝʨʝʜʥʝʥʥʷ ʧʨʠ ʯʘʩʦʚʽʡ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ  

ʚ ʧʨʠʩʪʨʦʾ ʜʣʷ ʧʨʠʡʦʤʫ ʧʝʨʽʦʜʠʯʥʠʭ ʽʤʧʫʣʴʩʽʚ ................................ 57 

1.4.4  ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʜʞʠʪʝʨʘ .............................................................. 61 

1.5  ɺʠʙʽʨ ʥʘʧʨʷʤʫ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ........................................... 62 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 ........................................................................................ 64 

ʈʆɿɼɯʃ 2 ɺʇʃʀɺ ʇʈʆʎɽʉɯɺ, ʗʂɯ ɺɯɼɹʋɺɸʖʊʔʉʗ ʇɯɼ ʏɸʉ 

ʅɸʂʆʇʀʏɽʅʅʗ ɿɸʈʗɼʋ, ʅɸ ʈɽɿʋʃʔʊɸʊ ʉʊʈʆɹʆʉʂʆʇɯʏʅʆɻʆ 

ʇɽʈɽʊɺʆʈɽʅʅʗ .................................................................................................. 67 

2.1  ʉʪʨʦʙʦʩʢʦʧʽʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘ ʫʤʦʚ ʟʙʽʣʴʰʝʥʦʾ ʪʨʠʚʘʣʦʩʪʽ 

ʚʠʙʽʨʢʠ ............................................................................................................ 68 

2.1.1  ʎʠʬʨʦʚʝ ʫʩʝʨʝʜʥʝʥʥʷ ʚ ʯʘʩʦʚʦʤʫ ʚʽʢʥʽ .......................................... 68 

2.1.2  ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ      

ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ ʚʠʙʽʨʢʘʤʠ ʨʽʟʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ...................................... 72 

2.2  ɸʥʘʣʦʛʦʚʝ ʥʘʢʦʧʠʯʝʥʥʷ ....................................................................... 76 

2.2.1  ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʘʥʘʣʦʛʦʚʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ......................... 77 

2.2.2  ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ....................................................... 85 

2.2.3  ɺʠʩʥʦʚʢʠ ............................................................................................ 89 

2.3  ʅʝʩʪʘʙʽʣʴʥʽʩʪʴ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. ɼʞʠʪʝʨ ................................................ 90 

2.3.1  ʉʪʨʦʙʦʩʢʦʧʽʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ           

ʜʞʠʪʝʨʘ .................................................................................................. 91 

2.3.2  ʂʦʨʝʢʮʽʷ ʤʝʪʦʜʫ ʦʮʽʥʢʠ ʜʞʠʪʝʨʘ .................................................... 97 

2.3.3  ʉʠʥʭʨʦʥʽʟʘʮʽʷ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʨʠʡʤʘʯʘ ʨʘʜʘʨʘ ..................... 100 

2.3.4  ɺʠʩʥʦʚʢʠ .......................................................................................... 101 

2.4  ʉʪʨʦʙʦʩʢʦʧʽʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ ʚʠʙʽʨʢʘʤʠ ʨʽʟʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʽ 

ʘʥʘʣʦʛʦʚʠʤ ʥʘʢʦʧʠʯʝʥʥʷʤ. ɽʢʩʧʝʨʠʤʝʥʪ ................................................. 102 



16 

2.4.1  ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ............................................ 102 

2.4.2  ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ .............................................................. 105 

2.4.3  ɺʠʩʥʦʚʢʠ .......................................................................................... 111 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 ...................................................................................... 112 

ʈʆɿɼɯʃ 3 ʉʊʈʆɹʆʉʂʆʇɯʏʅɽ ʇɽʈɽʊɺʆʈɽʅʅʗ ɿ ɸɼɸʇʊɸʎɯɭʖ 

ʊʈʀɺɸʃʆʉʊɯ ɺʀɹɯʈʂʀ .................................................................................... 115 

3.1  ʉʪʨʦʙʦʩʢʦʧʽʯʥʠʡ ʩʧʦʩʽʙ ʨʝʻʩʪʨʘʮʽʾ ʽʟ ʟʤʽʥʥʦʶ ʪʨʠʚʘʣʽʩʪʶ     

ʚʠʙʽʨʢʠ .......................................................................................................... 117 

3.2  ɽʢʩʧʝʨʠʤʝʥʪʠ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ..... 121 

3.2.1  ʇʝʨʝʤʠʢʘʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʜʽʦʜʽʚ ..................................... 122 

3.2.2  ɻʝʥʝʨʘʪʦʨ ʩʪʨʦʙʽʤʧʫʣʴʩʽʚ .............................................................. 123 

3.2.3  ɿʤʽʰʫʚʘʯ........................................................................................... 127 

3.3  ɸʜʘʧʪʘʮʽʷ ʨʦʙʦʯʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ       

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ............................................................................................. 132 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 ...................................................................................... 138 

ʈʆɿɼɯʃ 4 ɿɸʉʊʆʉʋɺɸʅʅʗ ʄɽʊʆɼɯɺ ɸɼɸʇʊɸʎɯɰ ɺ 

ʈɸɼɯʆʉʀʉʊɽʄɸʍ ............................................................................................ 140 

4.1  ɽʬʝʢʪʠʚʥʽʩʪʴ ʘʥʘʣʦʛʦʚʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʧʨʠ ʚʠʷʚʣʝʥʥʽ 

ʩʣʘʙʦʢʦʥʪʨʘʩʪʥʠʭ ʧʽʜʧʦʚʝʨʭʥʝʚʠʭ ʦʙôʻʢʪʽʚ ............................................. 140 

4.1.1  ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ........................................... 141 

4.1.2  ʈʝʟʫʣʴʪʘʪ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ................................................................ 142 

4.2  ɻʝʦʨʘʜʘʨ ʟ ʘʜʘʧʪʦʚʘʥʠʤ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʷʢ 

ʜʞʝʨʝʣʦ ʜʘʥʠʭ ʜʣʷ ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʪʦʤʦʛʨʘʬʽʾ ....................................... 145 

4.3  ɺʠʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʰʘʨʽʚ ʜʦʨʦʞʥʴʦʛʦ ʦʜʷʛʫ ............................... 148 

4.4  ɺʠʤʽʨʶʚʘʥʥʷ ʜʽʘʛʨʘʤ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʘʥʪʝʥ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ      

ʅʐʉ ʽʤʧʫʣʴʩʽʚ ............................................................................................ 153 

4.4.1  ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ .............................................................. 154 

4.4.2  ɺʠʤʽʨʶʚʘʥʥʷ ʜʽʘʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ     

ʜʠʧʦʣʷ ................................................................................................... 156 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 ...................................................................................... 158 

ɺʀʉʅʆɺʂʀ  ........................................................................................................... 160 

ʉʇʀʉʆʂ ɺʀʂʆʈʀʉʊɸʅʀʍ ɼɾɽʈɽʃ ............................................................... 162 

ɼʆɼɸʊʆʂ ɸ  ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ..................... 174 

ɼʆɼɸʊʆʂ ɹ  ɼʦʚʽʜʢʘ ʧʨʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʛʝʦʨʘʜʘʨʘ çʆɼʗɻ-1è ʚ ʍʅɸɼʋ ......  179 

ɼʆɼɸʊʆʂ ɺ  ʂʦʥʪʨʘʢʪ ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʛʝʦʨʘʜʘʨʘ çʆɼʗɻè ʚ YTU 

(ʊʫʨʝʯʯʠʥʘ) .......................................................................................................... 180 

ɼʆɼɸʊʆʂ ɻ  ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʚ ʧʨʦʻʢʪʽ         

ʟʘ ʧʨʦʛʨʘʤʦʶ ʅɸʊʆ çʅʘʫʢʘ ʟʘʨʘʜʠ ʤʠʨʫ ʪʘ ʙʝʟʧʝʢʠè ................................... 181 

ɼʆɼɸʊʆʂ ɼ  ɼʦʚʽʜʢʘ ʧʨʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʛʝʦʨʘʜʘʨʘ çʆɼʗɻ-1è ʚ       

ʜʝʨʞʘʚʥʦʤʫ ʘʛʝʥʪʩʪʚʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʋʢʨʘʾʥʠ (ʋʢʨʘʚʪʦʜʦʨ) .............. 182 

  



17 

ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ  

 

ʅʐʉ ï ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʡ; 

ʅɼʈ ï ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʘ ʨʦʙʦʪʘ; 

ɺɸʍ ï ʚʦʣʴʪ - ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ; 

ɼʅɿ ï ʜʽʦʜ ʟ ʥʘʢʦʧʠʯʝʥʥʷʤ ʟʘʨʷʜʫ; 

ʅɺʏ ï ʥʘʜʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ; 

ʋɺʏ ï ʫʣʴʪʨʘʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ (300 ʄɻʮ ï 3 ɻɻʮ); 

ʏɸʈʇ ï ʯʘʩʦʚʝ ʘʚʪʦʤʘʪʠʯʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʧʽʜʩʠʣʝʥʥʷ; 

ɸʎʇ ï ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ; 

ʇʇʅ ï ʧʦʚʽʣʴʥʦ ʟʤʽʥʶʚʘʥʘ ʧʠʣʢʦʧʦʜʽʙʥʘ ʥʘʧʨʫʛʘ; 

ʐʇʅ ï ʰʚʠʜʢʦ ʟʤʽʥʶʚʘʥʘ ʧʠʣʢʦʧʦʜʽʙʥʘ ʥʘʧʨʫʛʘ; 

ʇʍ ï ʧʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ; 

ɽʈʉ ï ʝʣʝʢʪʨʦʨʫʰʽʡʥʘ ʩʠʣʘ; 

ɻɯʉ ï ʛʽʙʨʠʜʥʘ ʽʥʪʝʛʨʘʣʴʥʘ ʩʭʝʤʘ; 

ʥʩ ï ʥʘʥʦʩʝʢʫʥʜʘ (10
-9
ʩ); 

ʧʩ ï ʧ̔ʢʦʩʝʢʫʥʜʘ (10
-12
ʩ); 

ɺ-scan ï ʨʘʜʘʨʦʛʨʘʤʘ, ʥʘ ʷʢʽʡ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʚʽʩʴ ʫʢʘʟʫʻ ʥʘ ʥʦʤʝʨ 

ʩʠʛʥʘʣʫ ʚʽʜ ʧʦʯʘʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʘʙʦ ʥʘ ʜʠʩʪʘʥʮʽʶ, ʷʢʫ 

ʧʨʦʡʰʦʚ ʛʝʦʨʘʜʘʨ ʚʽʜ ʧʦʯʘʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʚʝʨʪʠʢʘʣʴʥʘ ʚʽʩʴ 

(ʟʚʝʨʭʫ ʜʦ ʥʠʟʫ) ʫʢʘʟʫʻ ʥʘ ʯʘʩ ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʫ ʘʙʦ ʛʣʠʙʠʥʫ 

ʟʦʥʜʫʚʘʥʥʷ, ʘ ʘʤʧʣʽʪʫʜʠ ʩʠʛʥʘʣʽʚ ʚʽʜʦʙʨʘʞʘʶʪʴ ʪʦʯʢʘʤʠ ʟʘ 

ʩʽʨʦʶ ʘʙʦ ʢʦʣʴʦʨʦʚʦʶ ʰʢʘʣʦʶ (ʥʘʧʨʠʢʣʘʜ, ʙʽʣʠʡ ʢʦʣʽʨ ï 

ʤʘʢʩʠʤʘʣʴʥʘ ʘʤʧʣʽʪʫʜʘ, ʯʦʨʥʠʡ ʢʦʣʽʨ ï ʤʽʥʽʤʘʣʴʥʘ ʘʤʧʣʽʪʫʜʘ, 

ʚʽʜʪʽʥʢʠ ʩʽʨʦʛʦ ï ʧʨʦʤʽʞʥʽ ʨʽʚʥʽ ʘʤʧʣʽʪʫʜʠ); 

ɺʏ ï ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ; 

ʅʏ ï ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʡ; 

ʜʞʠʪʝʨ ï ʚʽʜ ʘʥʛʣ. çjitterè, ʱʦ ʦʟʥʘʯʘʻ ʪʨʝʤʪʽʥʥʷ, ʬʣʫʢʪʫʘʮʽʾ, ʨʦʟʢʠʜ. ʋ 

ʜʠʩʝʨʪʘʮʽʾ ʧʽʜ ʜʞʠʪʝʨʦʤ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʨʦʟʫʤʽʻʪʴʩʷ ʢʦʨʦʪʢʦʯʘʩʥʝ ʚʽʜʭʠʣʝʥʥʷ ʤʦʤʝʥʪʫ 

ʚʠʙʽʨʢʠ ʟ ʩʠʛʥʘʣʫ ʚʽʜ ʡʦʛʦ ʽʜʝʘʣʴʥʦʾ ʯʘʩʦʚʦʾ ʧʦʟʠʮʽʾ. 

 

  



18 

ɺʉʊʋʇ 

 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɿ ʢʦʞʥʠʤ ʨʦʢʦʤ ʟʙʽʣʴʰʫʻʪʴʩʷ ʷʢ ʢʦʣʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ 

(ʅʐʉ) ʽʤʧʫʣʴʩʥʠʭ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ, ʪʘʢ ʽ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʟʘʜʘʯ (ʦʩʦʙʣʠʚʦ ʟʘʜʘʯ 

ʧʽʜʧʦʚʝʨʭʥʝʚʦʛʦ ʟʦʥʜʫʚʘʥʥʷ), ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʨʦʟʚôʷʟʘʥʥʷ. ʉʝʨʝʜ ʪʘʢʠʭ ʟʘʜʘʯ ï 

ʧʦʰʫʢ ʤʽʥ ʧʽʜ ʯʘʩ ʛʫʤʘʥʽʪʘʨʥʦʛʦ ʨʦʟʤʽʥʫʚʘʥʥʷ (ʪʝʨʠʪʦʨʽʾ ɼʦʥʙʘʩʫ), 

ʥʝʨʫʡʥʽʚʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʽ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʧʽʜʧʦʚʝʨʭʥʝʚʦʾ ʯʘʩʪʠʥʠ 

ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜ ï ʜʦʨʦʞʥʴʦʛʦ ʦʜʷʛʫ, ʤʦʩʪʽʚ, ʛʨʝʙʝʣʴ ʪʦʱʦ, ʚʠʷʚʣʝʥʥʷ 

ʨʫʭʦʤʠʭ ʦʙôʻʢʪʽʚ ʟʘ ʦʧʪʠʯʥʦ ʥʝʧʨʦʟʦʨʠʤʠ ʧʝʨʝʰʢʦʜʘʤʠ ʪʘ ʽʥʰʽ. ʎʽ ʟʘʜʘʯʽ 

ʧʽʜʜʘʶʪʴʩʷ ʨʦʟʚôʷʟʘʥʥʶ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʅʐʉ ʨʘʜʽʦʣʦʢʘʮʽʾ. ɸʣʝ 

ʤʦʞʣʠʚʦʩʪʽ ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ ʨʘʜʽʦʣʦʢʘʮʽʾ ʥʝ ʜʘʶʪʴ ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʠʢʦʨʠʩʪʘʪʠ 

ʧʦʪʝʥʮʽʘʣ ʮʠʭ ʜʦʩʪʘʪʥʴʦ ʥʦʚʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ.  

ʉʫʯʘʩʥʠʡ ʨʽʚʝʥʴ ʨʦʟʚʠʪʢʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʽ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ 

ʩʠʛʥʘʣʽʚ ʚʽʜʢʨʠʚʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʦʙʝʨʥʝʥʠʭ ʟʘʜʘʯ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʢʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʡ ʨʝʘʣʴʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʩʽʷʥʠʭ ʧʦʣʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʡʦʛʦ ʟʦʥʜʫʚʘʥʥʽ ʅʐʉ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʽʤʧʫʣʴʩʘʤʠ. ɿʘʟʥʘʯʝʥʠʡ ʢʣʘʩ ʟʘʜʘʯ ʥʘʣʝʞʠʪʴ ʜʦ ʟʘʜʘʯ 

ʧʽʜʧʦʚʝʨʭʥʝʚʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʨʦʟʚôʷʟʘʥʥʷ ʷʢʠʭ ʟʘʮʽʢʘʚʣʝʥʽ 

ʙʫʜʽʚʝʣʴʥʠʢʠ, ʘʨʭʝʦʣʦʛʠ, ˇʨʫʥʪʦʟʥʘʚʮʽ, ʚʽʡʩʴʢʦʚʽ (ʧʝʨʰ ʟʘ ʚʩʝ ʩʘʧʝʨʠ), 

ʪʨʘʥʩʧʦʨʪʥʽ ʢʦʤʧʘʥʽʾ (ʥʘʧʨʠʢʣʘʜ ʪʽ, ʱʦ ʪʨʘʥʩʧʦʨʪʫʶʪʴ ʥʘʬʪʦʧʨʦʜʫʢʪʠ 

ʧʽʜʟʝʤʥʠʤʠ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ), ʽ ʙʘʛʘʪʦ ʽʥʰʠʭ [1, 2, 3, 4, 5, 6]. ʋʤʦʚʦʶ 

ʚʽʜʥʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʝʨʝʜʦʚʠʱʘ ʻ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ 

ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʚʽʜʪʚʦʨʝʥʥʷ ʯʘʩʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ (ʬʦʨʤʠ) ʧʨʠʡʥʷʪʠʭ ʩʠʛʥʘʣʽʚ, 

ʨʦʟʩʽʷʥʠʭ ʩʝʨʝʜʦʚʠʱʝʤ ʟ ʧʽʜʧʦʚʝʨʭʥʝʚʠʤʠ ʦʙôʻʢʪʘʤʠ. 

ʊʦʤʫ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʟʘʜʘʯ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʩʚʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʥʘ 

ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʅʐʉ ʚʽʜʝʦʽʤʧʫʣʴʩʥʦʛʦ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʧʽʜʧʦʚʝʨʭʥʝʚʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʻ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʝʨʚʠʥʥʦʾ 
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ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ [7, 8]. ʎʷ ʟʘʜʘʯʘ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʘ ʪʦʜʽ, ʢʦʣʠ 

ʥʝʦʙʭʽʜʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʦʙô̒ ʢʪʠ ʚ ʩʝʨʝʜʦʚʠʱʽ, ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʷʢʦʛʦ ʤʘʡʞʝ ʥʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʩʘʤʦʛʦ ʦʙôʻʢʪʘ (ʩʣʘʙʦʢʦʥʪʨʘʩʪʥʽ 

ʦʙô̒ ʢʪʠ) [1, 2, 9]. ʗʢʽʩʪʴ ʧʝʨʚʠʥʥʠʭ ʜʘʥʠʭ ʜʫʞʝ ʚʘʞʣʠʚʘ ʧʨʠ ʛʣʠʙʠʥʥʦʤʫ 

ʟʦʥʜʫʚʘʥʥʽ ʩʝʨʝʜʦʚʠʱʘ, ʘʙʦ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʩʝʨʝʜʦʚʠʱ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʚʝʣʠʢʠʤʠ ʧʦʛʣʠʥʘʥʥʷʤ ʽ ʜʠʩʧʝʨʩʽʻʶ. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʷʢʦʤʦʛʘ ʪʦʯʥʽʫh ʨʝʻʩʪʨʘʮʽʶ ʩʣʘʙʢʠʭ ʩʠʛʥʘʣʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʟʘ ʫʤʦʚ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʰʫʤʫ.  

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ ʛʝʦʨʘʜʘʨʚ̔ ʽ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ 

ʟʦʥʜʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʚʣʘʩʥʦ ʢʘʞʫʯʠ, ʩʘʤʝ ʟ ʮʽʻʶ ʤʝʪʦʶ. ʊʦʤʫ ʦʩʦʙʣʠʚʦʾ 

ʫʚʘʛʠ ʜʦʩʣʽʜʥʠʢʽʚ ʧʦʪʨʝʙʫʻ ʩʘʤʝ ʪʘ ʯʘʩʪʠʥʘ ʅʐʉ ʽʤʧʫʣʴʩʥʦʛʦ ʛʝʦʨʘʜʘʨʘ, ʷʢʘ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʨʠʡʦʤ ʽ ʨʝʻʩʪʨʘʮʽʶ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ. 

ʉʝʨʝʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʡʤʘʯʽʚ ʜʣʷ ʅʐʉ ʽʤʧʫʣʴʩʥʠʭ ʛʝʦʨʘʜʘʨʽʚ, ʷʢʽ ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ ʧʦʪʨʝʙʫʶʪʴ ʧʦʢʨʘʱʝʥʥʷ, ʩʣʽʜ ʚʠʜʽʣʠʪʠ ʪʘʢʽ: 

¶ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʧʨʠʡʤʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʣʦʢʘʪʦʨʘ ï ʚʽʜʥʦʰʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʘʤʧʣʽʪʫʜʠ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ ʧʨʠʡʤʘʯʘ ʜʦ ʨʽʚʥʷ 

ʰʫʤʽʚ, ʧʨʠʚʝʜʝʥʠʭ ʜʦ ʚʭʦʜʫ ʧʨʠʡʤʘʯʘ, 

¶ ʧʦʨʦʛʦʚʘ ʯʫʪʣʠʚʩ̔ʪɹ ʧʨʠʡʤʘʯʘ. 

ʆʙʠʜʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʥʘʯʥʦ  ʁ ʤʽʨʦ  ʁ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʦʛʦ, ʥʘʩʢʽʣʴʢʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʟʤʝʥʰʝʥʽ ʰʫʤʠ ʥʘ ʚʭʦʜʽ ʧʨʠʡʤʘʯʘ. ʊʦʤʫ, ʙʝʟʫʤʦʚʥʦ, ʘʢʪʫʘʣʴʥʦʶ 

ʻ ʟʘʜʘʯʘ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʰʫʤʫ ʥʘ ʚʭʦʜʽ ʽ, ʷʢ ʨʝʟʫʣʴʪʘʪ, ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ 

ʧʨʠʡʦʤʥʠʭ ʩʠʩʪʝʤ ʨʘʜʘʨʽʚ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʚʠʱʝ ʟʘʜʘʯʽ ʟʘʚʞʜʠ ʽʩʥʫʚʘʣʠ, ʽʩʥʫʶʪʴ ʽ 

ʙʫʜʫʪʴ ʽʩʥʫʚʘʪʠ, ʦʩʢʽʣʴʢʠ ʥʝʤʘʻ ʪʘʢʦʾ ʤʝʞʽ, ʜʦʩʷʛʥʝʥʥʷ ʷʢʦʾ ʙʫʜʝ ʘʙʩʦʣʶʪʥʦ 

ʜʦʩʪʘʪʥʽʤ. ʆʜʥʘʢ ʮʽʣʢʦʤ ʨʝʘʣʴʥʦ ʜʦʩʷʛʪʠ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʧʝʚʥʝʥʝ ʚʠʢʦʥʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʟʘʚʜʘʥʴ. 

ɹʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ ʟʘʚʜʘʥʴ, ʷʢʽ ʥʘʡʯʘʩʪʽʰʝ ʚʠʨʽʰʫʶʪʴ ʫ ʧʽʜʧʦʚʝʨʭʥʝʚʽʡ 

ʨʘʜʽʦʣʦʢʘʮʽʾ, ʧʦʪʨʝʙʫʶʪʴ ʩʠʛʥʘʣʽʚ ʟʦʥʜʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʅʐʉ ʽʤʧʫʣʴʩʥʠʭ 
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ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʘʥʦ- ʪʘ ʩʫʙʥʘʥʦʩʝʢʫʥʜʥʦʛʦ ʜʽʘʧʘʟʦʥʽʚ ʪʨʠʚʘʣʦʩʪʝʡ [2, 

3, 4, 5, 10]. ʊʦʤʫ ʽʤʧʫʣʴʩʠ ʩʘʤʝ ʪʘʢʠʭ ʪʨʠʚʘʣʦʩʪʝʡ ʨʦʟʛʣʷʥʫʪʽ ʫ ʜʠʩʝʨʪʘʮʽʾ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʟô̫ ʚʠʣʠʩʷ ʥʦʚʽ ʰʚʠʜʢʦʜʽʶʯʽ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ (ɸʎʇ) ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ (Texas Instrument [11], Analog Device 

[12]), ʚ ʛʝʦʨʘʜʘʨʘʭ ʧʨʦʜʦʚʞʫʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʨʦʙʦʩʢʦʧʽʯʥʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ. ɺʦʥʠ ʤʘʶʪʴ ʥʠʟʢʫ ʥʝʟʘʧʝʨʝʯʥʠʭ ʧʝʨʝʚʘʛ ʥʘʜ ʰʚʠʜʢʦʜʽʶʯʠʤʠ 

ɸʎʇ: ʤʝʥʰʠʡ ʨʽʚʝʥʴ ʰʫʤʫ, ʢʨʘʱʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʠʥʭʨʦʥʽʟʘʮʽʾ, ʷʢ ʥʘʩʣʽʜʦʢ 

ʮʴʦʛʦ ï ʤʝʥʰʽ ʩʧʦʪʚʦʨʝʥʥʷ ʬʦʨʤʠ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʩʠʛʥʘʣʫ, ʪʦʜʽ ʷʢ ʰʚʠʜʢʦʜʽʶʯʽ 

ɸʎʇ ʧʨʦʚʽʜʥʠʭ ʚʠʨʦʙʥʠʢʽʚ [11, 12], ʷʢʽ ʤʦʞʫʪʴ ʨʝʻʩʪʨʫʚʘʪʠ ʥʘʥʦ- ʪʘ 

ʩʫʙʥʘʥʦʩʝʢʫʥʜʥʽ ʽʤʧʫʣʴʩʥʽ ʩʠʛʥʘʣʠ, ʘʙʦ ʤʘʶʪʴ ʥʝʜʦʩʪʘʪʥʶ ʨʦʟʨʷʜʥʽʩʪʴ (ʜʦ 

12 ʙʽʪ), ʘʙʦ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʜʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ / ʰʫʤ (>100 ʜɹ ʜʣʷ ɸʎʇ 

[11], >70 ʜɹ ʜʣʷ ɸʎʇ [12]). ʊʘʢʽ ʚʠʤʦʛʠ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʠʡʥʷʪʥʽ ʜʣʷ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʅʐʉ ʽʤʧʫʣʴʩʥʦʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʘʧʘʨʘʪʫʨʠ. 

ʊʦʤʫ ʜʦʩʠʪʴ ʪʦʯʥʘ ʨʝʻʩʪʨʘʮʽʷ ʬʦʨʤʠ ʩʣʘʙʢʠʭ ʅʐʉ ʽʤʧʫʣʴʩʥʠʭ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʥʘʥʦ- ʘʙʦ ʩʫʙʥʘʥʦʩʝʢʫʥʜʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʚ ʨʝʘʣʴʥʦʤʫ 

ʯʘʩʽ ʧʦʢʠ ʥʝʤʦʞʣʠʚʘ. ʅʘ ʮʝʡ ʯʘʩ ʥʝ ʽʩʥʫʻ ʜʦʩʪʫʧʥʠʭ ʙʘʛʘʪʦʨʦʟʨʷʜʥʠʭ ʘʥʘʣʦʛʦ-

ʮʠʬʨʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʷʢʽ ʤʘʶʪʴ ʟʤʦʛʫ ʬʦʨʤʫʚʘʪʠ ʮʠʬʨʦʚʠʡ ʢʦʜ ʧʨʦʪʷʛʦʤ 

ʜʝʩʷʪʢʽʚ-ʩʦʪʝʥʴ ʧʽʢʦʩʝʢʫʥʜ ʟ̔ ʪʘʢʠʤ ʩʘʤʠʤ ʯʘʩʦʚʠʤ ʟʩʫʚʦʤ. 

ʈʦʟʚô̫ ʟʘʪʠ ʟʘʜʘʯʫ ʨʝʻʩʪʨʘʮʽʾ ʪʘʢʠʭ ʢʦʨʦʪʢʠʭ ʽʤʧʫʣʴʩʽʚ ʜʦʟʚʦʣʷʻ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ [13]. ʉʪʨʦʙʦʩʢʦʧʽʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘʜʘʻ ʟʤʦʛʫ 

ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ ʤʘʩʰʪʘʙ ʯʘʩʫ (ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ ʯʘʩʦʚʫ ʰʢʘʣʫ ʧʨʠ ʨʝʻʩʪʨʘʮʽʾ 

ʽʤʧʫʣʴʩʽʚ ʚʽʜ ʥʘʥʦ- ʪʘ ʩʫʙʥʘʥʦʩʝʢʫʥʜʥʠʭ ʪʨʠʚʘʣʦʩʪʝʡ ʜʦ ʽʤʧʫʣʴʩʽʚ ʤʽʣʽ- ʘʙʦ 

ʤʽʢʨʦʩʝʢʫʥʜʥʦʾ ʪʨʠʚʘʣʦʩʪʽ) ʙʝʟ ʩʧʦʪʚʦʨʝʥʥʷ ʯʘʩʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚ 

ʪʨʘʥʩʬʦʨʤʦʚʘʥʦʤʫ çʝʢʚʽʚʘʣʝʥʪʥʦʤʫè ʯʘʩʽ. ʇʝʨʝʪʚʦʨʝʥʽ ʽʤʧʫʣʴʩʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʮʠʬʨʦʚʘʥʽ ʽʩʥʫʶʯʠʤʠ ʚ ʮʝʡ ʯʘʩ ɸʎʇ (ʥʘʧʨʠʢʣʘʜ, 18-ʪʠ ʽ ʙʽʣʴʰʝ- ʨʦʟʨʷʜʥʠʤʠ). 

ʅʘʚʽʪʴ 18-ʪʠ ʨʦʟʨʷʜʥʠʡ ɸʎʇ ʜʦʟʚʦʣʷʻ ʨʦʟʨʽʟʥʷʪʠ ʘʤʧʣʽʪʫʜʠ ʟ ʢʨʦʢʦʤ, 

ʨʽʚʥʠʤ 1ɺ/2
18

 å 4 ʤʢɺ. ʉʘʤʝ ʪʦʜʽ ʨʽʚʝʥʴ ʰʫʤʫ ʧʨʠʡʤʘʯʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʩʤʫʟʽ 

ʯʘʩʪʦʪ ʜʦ ʜʝʢʽʣʴʢʦʭ ʛʽʛʘʛʝʨʮ, ʟʘʟʚʠʯʘʡ, ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ ʜʝʩʷʪʠʭ ʜʦ 

ʦʜʠʥʠʮʴ ʤʽʣʽʚʦʣʴʪʘ (ʘʙʦ ʜʝʩʷʪʢʠ - ʩʦʪʥʽ ʢʨʦʢʽʚ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʘ ʘʤʧʣʽʪʫʜʦʶ). 
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ʆʪʞʝ, ʚʞʝ ʩʴʦʛʦʜʥʽ ʧʦʪʝʥʮʽʡʥʦ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚ ʩʦʪʥʽ ʨʘʟʽʚ ʧʽʜʚʠʱʠʪʠ 

ʪʦʯʥʽʩʪʴ ʨʝʻʩʪʨʘʮʽʾ ʬʦʨʤʠ ʽʤʧʫʣʴʩʽʚ, ʘʣʝ ʰʫʤʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʭʽʜʥʠʭ ʢʽʣ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ (ʦʙʤʝʞʝʥʽʩʪʴ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʧʨʠʡʤʘʯʘ) ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʮʴʦʤʫ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɻʣʦʙʘʣʴʥʘ ʟʘʜʘʯʘ, ʷʢʽʡ ʧʨʠʩʚʷʯʝʥʘ ʨʦʙʦʪʘ ï ʮʝ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʧʝʨʚʠʥʥʦʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʽʥʘʢʰʝ ʢʘʞʫʯʠ ï ʪʦʯʥʦʩʪʽ ʨʝʻʩʪʨʘʮʽʾ 

ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʽʤʧʫʣʴʩʽʚ, ʨʦʟʩʽʷʥʠʭ 

ʩʝʨʝʜʦʚʠʱʝʤ, ʱʦ ʤʽʩʪʠʪʴ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ) ʰʣʷʭʦʤ ʨʦʟʰʠʨʝʥʥʷ 

ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʧʨʠʡʤʘʯʘ ʚʽʜʝʦʽʤʧʫʣʴʩʥʦʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʷʚʣʝʥʥʷ ʬʽʟʠʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʮʝʩʫ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʽʤʧʫʣʴʩʽʚ ʥʘʥʦ- ʪʘ 

ʩʫʙʥʘʥʦʩʝʢʫʥʜʥʦʛʦ ʜʽʘʧʘʟʦʥʽʚ ʪʨʠʚʘʣʦʩʪʽ ʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʜʣʷ ʟʥʠʞʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷ ʰʫʤʽʚ, ʧʨʠʚʝʜʝʥʠʭ ʜʦ ʚʭʦʜʫ ʧʨʠʡʤʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ, ʽ ʨʦʟʰʠʨʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʅʐʉ ʽʤʧʫʣʴʩʥʠʭ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʘʪʠ 

ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ: 

¶ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʧʨʠʨʦʜʫ ʰʫʤʽʚ, ʱʦ ʟô̫ ʚʣʷʶʪʴʩʷ ʚ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʪʠʧʫ, ʽ ʤʝʪʦʜʠ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʧʨʠʚʝʜʝʥʠʭ ʜʦ ʚʭʦʜʫ 

ʰʫʤʽʚ;  

¶ ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʪʘ ʧʨʠʥʮʠʧʦʚʽ ʩʭʝʤʠ ʡ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʘʢʝʪʠ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ; 

¶ ʨʦʟʨʦʙʠʪʠ ʛʝʥʝʨʘʪʦʨ ʩʪʨʦʙʽʤʧʫʣʴʩʽʚ, ʷʢʠʡ ʬʦʨʤʫʻ ʢʦʨʦʪʢʽ 

ʩʪʨʦʙʽʤʧʫʣʴʩʠ ʟ ʪʨʠʚʘʣʽʩʪʶ, ʱʦ ʥʘʣʘʰʪʦʚʫʻʪʴʩʷ ʮʠʬʨʦʚʠʤ ʩʧʦʩʦʙʦʤ;  

¶ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ 

ʩʪʨʦʙʫʚʘʥʥʷ ʽ ʚʠʟʥʘʯʠʪʠ ʪʘʢʽ, ʱʦ ʤʽʥʽʤʽʟʫʶʪʴ ʚʽʜʭʠʣʝʥʥʷ ʤʦʤʝʥʪʫ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʦʙʽʤʧʫʣʴʩʫ ʚ ʯʘʩʽ ʚʽʜ ʟʘʜʘʥʦʛʦ;  

¶ ʪʝʦʨʝʪʠʯʥʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʘʥʘʣʦʛʦʚʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ 
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ʧʨʠʡʥʷʪʠʭ ʽʤʧʫʣʴʩʽʚ, ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʦʢ, ʪʦʯʥʦʩʪʽ ʩʠʥʭʨʦʥʽʟʘʮʽʾ 

ʩʪʨʦʙʫʚʘʥʥʷ ʽ ʽʥʰʠʭ) ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽ ʪʦʯʥʽʩʪʴ 

ʚʽʜʪʚʦʨʝʥʥʷ ʬʦʨʤʠ ʽʤʧʫʣʴʩʫ ʚ ʝʢʚʽʚʘʣʝʥʪʥʦʤʫ ʯʘʩʽ. 

ʆʙô̒ ʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʪʨʦʙʦʩʢʦʧʽʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ 

ʽʤʧʫʣʴʩʽʚ ʥʘʥʦ- ʪʘ ʩʫʙʥʘʥʦʩʝʢʫʥʜʥʦʾ ʪʨʠʚʘʣʦʩʪʽ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚʟʘʻʤʦʟʚô̫ ʟʦʢ ʧʘʨʘʤʝʪʨʽʚ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʰʫʤʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʪʦʯʥʦʩʪʽ ʚʽʜʪʚʦʨʝʥʥʷ ʘʤʧʣʽʪʫʜʥʦ-

ʯʘʩʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʪʚʦʨʝʥʠʭ ʽʤʧʫʣʴʩʽʚ ʚ ʝʢʚʽʚʘʣʝʥʪʥʦʤʫ ʯʘʩʽ.  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɺ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʨʦʟʨʘʭʫʥʢʠ ʽ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʤʧʫʣʴʩʥʠʭ ʩʠʛʥʘʣʽʚ, ʪʘʢ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʚʝʨʠʬʽʢʘʮʽʾ 

ʪʝʦʨʝʪʠʯʥʦ ʦʪʨʠʤʘʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ. 

ɼʣʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʙʨʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ 

ʤʦʜʝʣʴ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʷʢʘ ʦʧʠʩʫʻ ʧʨʦʮʝʩ ʥʘʢʦʧʠʯʝʥʥʷ 

ʟʘʨʷʜʫ ʚ ʻʤʥʦʩʪʽ ʟʤʽʰʫʚʘʯʘ ʧʨʠ ʚʽʜʢʨʠʚʘʥʥʽ / ʟʘʢʨʠʚʘʥʥʽ ʝʣʝʢʪʨʦʥʥʦʛʦ 

(ʜʽʦʜʥʦʛʦ) ʢʣʶʯʘ. ʈʦʟʨʘʭʫʥʢʠ ʪʘ ʘʥʘʣʽʟ ʧʨʦʮʝʩʫ ʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʟʨʦʙʣʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʟʚʠʯʘʡʥʦʤʫ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʤʫ ʨʽʚʥʷʥʥʽ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʪʘ ʟʛʦʨʪʮʽ. 

ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʘʩʪʦʩʦʚʘʥʦ ʨʦʟʨʦʙʣʝʥ ̔ ʟʘ ʫʯʘʩʪʶ 

ʘʚʪʦʨʘ ʜʠʩʝʨʪʘʮʽʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʨʘʟʢʠ ʅʐʉ ̔ʤʧʫʣʴʩʥʠʭ ʛʝʦʨʘʜʘʨʽʚ ʩʝʨʽʾ 

çʆɼʗɻè, ʜʣʷ ʷʢʠʭ ʦʩʦʙʠʩʪʦ ʘʚʪʦʨʦʤ ʩʪʚʦʨʝʥʦ ʩʪʨʦʙʦʩʢʦʧʽʯʥ ̔ʧʝʨʝʪʚʦʨʶʚʘʯ ̔ʟ 

ʮʠʬʨʦʚʠʤ ʫʧʨʘʚʣʽʥʥʷʤ ʪʨʠʚʘʣʽʩʪʶ ʚʠʙʽʨʢʠ ʽ ʘʥʘʣʦʛʦʚʠʤ ʥʘʢʦʧʠʯʝʥʥʷʤ. 

ʂʦʨʝʢʪʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʢʦʥʪʨʦʣʶʚʘʣʘʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʦʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ:  

¶ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʦʩʮʠʣʦʛʨʘʬʘ ʉ1-70 ʟʽ ʟʤʽʥʥʠʤʠ ʙʣʦʢʘʤʠ: ʙʣʦʢ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʾ ʨʦʟʛʦʨʪʢʠ ï ʗ40-2700 ʪʘ ʙʣʦʢ ʧʽʜʩʠʣʶʚʘʯʘ ï ʗ40-1700;  

¶ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʦʩʮʠʣʦʛʨʘʬʘ Tektronix DSA8200.  
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʚʧʣʠʚʫ ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ ʥʘ ʰʫʤʦʚʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʬʦʨʤ ʽʤʧʫʣʴʩʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʪʘ ʝʢʚʽʚʘʣʝʥʪʥʦʤʫ 

ʯʘʩʽ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʦʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʽ ʥʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

1. ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʽ 

ʟʤʽʥʶʚʘʥʦʶ ʪʨʠʚʘʣʽʩʪʶ ʚʠʙʽʨʢʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʨʦʟʰʠʨʠʪʠ ʜʠʥʘʤʽʯʥʠʡ 

ʜʽʘʧʘʟʦʥ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʨʠʡʤʘʯʘ ʥʘ 22,3 ʜɹ. 

2. ʆʪʨʠʤʘʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜ ʘʥʘʣʦʛʦʚʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʜʣʷ 

ʧʨʠʡʤʘʯʽʚ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʪʠʧʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟ ʥʝʧʦʚʥʠʤ ʟʘʨʷʜʦʤ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ 

ʘʥʘʣʦʛʦʚʝ ʥʘʢʦʧʠʯʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʥʘʨʦʩʪʘʥʥʷ ʧʝʨʝʭʽʜʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʜʦ ʨʦʟʰʠʨʝʥʥʷ ʨʦʙʦʯʦʾ ʩʤʫʛʠ 

ʯʘʩʪʦʪ ʧʨʠʡʤʘʯʘ ʥʘ 80% ʧʨʠ 10-ʪʠ ʢʨʘʪʥʦʤʫ ʥʘʢʦʧʠʯʝʥʥʽ. 

3.  ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʩʠʥʭʨʦʥʽʟʘʮʽʾ 

(ʜʞʠʪʝʨʘ) ʟʘ ʘʤʧʣʽʪʫʜʥʠʤʠ ʧʦʤʠʣʢʘʤʠ, ʷʢʠʡ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ 

ʘʤʧʣʽʪʫʜʥʠʭ ʧʦʤʠʣʦʢ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʩʠʛʥʘʣʫ. ɺ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʤʝʪʦʜʽ 

ʜʽʡʩʥʫ ʘʤʧʣʽʪʫʜʫ ʩʠʛʥʘʣʫ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʜʚʦʤʘ ʩʫʩʽʜʥʽʤʠ ʚʠʙʽʨʢʘʤʠ, ʙʝʨʫʯʠ 

ʜʦ ʫʚʘʛʠ ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʝʜʘʯʽ ʪʘ ʚʪʨʘʪ ʟʤʽʰʫʚʘʯʘ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʜʦʟʚʦʣʷʻ ʢʦʨʝʢʪʥʦ ʦʮʽʥʶʚʘʪʠ ʜʞʠʪʝʨ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʨʠʡʤʘʯʽʚ ʟ ̔ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ, ʱʦ ʧʨʘʮʶʶʪʴ 

ʚ ʨʝʞʠʤʽ ʟ ʥʝʧʦʚʥʠʤ ʟʘʨʷʜʦʤ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ. 

4. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʘʧʨʦʙʦʚʘʥʦ ʚ ʛʝʦʨʘʜʽʦʣʦʢʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʤʝʪʦʜ 

ʘʜʘʧʪʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ 

ʤʝʪʦʜʫ ʟʘʙʝʟʧʝʯʠʣʦ ʧʽʜʚʠʱʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʧʽʜʧʦʚʝʨʭʥʝʚʠʭ 

ʦʙôʻʢʪʽʚ ʟ ʙʣʠʟʴʢʠʤʠ ʜʦ ʩʝʨʝʜʦʚʠʱʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ ʪʘʢʦʞ 

ʜʦʟʚʦʣʠʣʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʦʥʜʫʚʘʥʥʷ ʚʽʜʥʦʚʠʪʠ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʪʘ ʧʨʦʚʽʜʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʚʠʟʥʘʯʠʪʠ ʪʦʚʱʠʥʫ 

ʰʘʨʽʚ ʜʦʨʦʞʥʴʦʛʦ ʦʜʷʛʫ ʟ ʪʦʯʥʽʩʪʶ ʥʝ ʛʽʨʰʝ, ʥʽʞ 5 ʤʤ.  
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ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. 

ɺ ʨʦʙʦʪʘʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʧʦʣʷʛʘʚ ʚ 

ʫʯʘʩʪʽ ʚ ʧʦʩʪʘʥʦʚʮʽ ʽ ʨʦʟʚô̫ ʟʘʥʥʽ ʟʘʜʘʯ, ʚ ʨʦʟʨʦʙʮʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ 

ʝʣʝʤʝʥʪʽʚ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʦʙʨʦʙʮʽ ʽ ʘʥʘʣʽʟʽ ʯʠʩʝʣʴʥʠʭ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʘ ʪʘʢʦʞ ʚ ʾʭ ʬʽʟʠʯʥʽʡ ʽʥʪʝʨʧʨʝʪʘʮʽʾ.  

ɺ ʨʦʙʦʪʘʭ [14, 15, 16] ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ ʩʘʤʦʩʪʽʡʥʘ ʨʦʟʨʦʙʢʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʪʝʦʨʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ. ʈʦʟʨʦʙʣʝʥʽ ʤʦʜʝʣʽ ʙʫʣʠ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʯʠʩʝʣʴʥʠʡ ʘʥʘʣʽʟ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʽʟʠʯʥʠʭ ʟʘʜʘʯ. ʋ ʨʦʙʦʪʘʭ [14, 17, 18, 19] ʟʜʦʙʫʚʘʯ ʩʘʤʦʩʪʽʡʥʦ 

ʧʨʦʚʦʜʠʚ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʧʝʨʝʪʚʦʨʝʥʥʷ ʅʐʉ ʝʣʝʢʪʨʠʯʥʠʭ ʽʤʧʫʣʴʩʽʚ ʟ ʤʝʪʦʶ 

ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʽʚ, ʧʦʚô̫ ʟʘʥʠʭ ʽʟ ʚʧʣʠʚʦʤ ʥʘ ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʤʽʥʠ 

ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ ʽ ʘʥʘʣʦʛʦʚʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʬʦʨʤʫʣʶʚʘʚ ʚʠʩʥʦʚʢʠ 

ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʨʦʙʦʪʽ [20] ʜʠʩʝʨʪʘʥʪ ʩʘʤʦʩʪʽʡʥʦ ʨʦʟʨʦʙʠʚ ʛʝʥʝʨʘʪʦʨ 

ʩʪʨʦʙʽʤʧʫʣʴʩʽʚ, ʚ ʷʢʦʤʫ ʧʝʨʝʜʙʘʯʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʪʨʠʚʘʣʦʩʪʽ 

ʩʪʨʦʙʽʤʧʫʣʴʩʽʚ, ʚʠʤʽʨʶʚʘʚ ʧʘʨʘʤʝʪʨʠ ʽʤʧʫʣʴʩʽʚ, ʘʥʘʣʽʟʫʚʘʚ ʤʦʞʣʠʚʦʩʪʽ 

ʨʝʛʫʣʶʚʘʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʩʪʨʦʙʽʤʧʫʣʴʩʽʚ. ɺ ʨʦʙʦʪʽ [21] ʘʚʪʦʨ ʩʘʤʦʩʪʽʡʥʦ 

ʚʠʢʦʥʘʚ ʧʘʪʝʥʪʥʠʡ ʧʦʰʫʢ ʽ ʟʘʧʨʦʧʦʥʫʚʘʚ ʬʦʨʤʫʣʫ ʚʠʥʘʭʦʜʫ. ɺ ʨʦʙʦʪʽ [22] ʚʽʥ 

ʩʘʤʦʩʪʽʡʥʦ ʧʨʦʚʦʜʠʚ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ, ʘʥʘʣʽʟʫʚʘʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟʽ ʟʤʽʥʥʦʶ ʪʨʠʚʘʣʽʩʪʶ ʚʠʙʽʨʢʠ. ʋ ʨʦʙʦʪʘʭ [15, 

16] ʟʜʦʙʫʚʘʯ ʩʘʤʦʩʪʽʡʥʦ ʘʥʘʣʽʟʫʚʘʚ ʽ ʬʦʨʤʫʣʶʚʘʚ ʢʨʠʪʝʨʽʾ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʰʫʤʫ. ʋ ʨʦʙʦʪʘʭ [23, 24, 25, 26, 27, 28] ʘʚʪʦʨʫ ʥʘʣʝʞʠʪʴ ʨʦʟʨʦʙʢʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʘʢʝʪʽʚ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʭ ʧʨʠʡʤʘʯʽʚ ʚʽʜʝʦʽʤʧʫʣʴʩʥʠʭ 

ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ. ʂʨʽʤ ʪʦʛʦ, ʜʠʩʝʨʪʘʥʪ ʚʠʢʦʥʫʚʘʚ ʦʙʨʦʙʢʫ ʽ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ 

ʟʦʥʜʫʚʘʥʥʷ. ɺ ʨʦʙʦʪʘʭ [25, 29] ʡʦʤʫ ʥʘʣʝʞʠʪʴ ʨʦʟʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʤʘʢʝʪʫ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʨʠʡʤʘʯʘ ʜʣʷ ʅʐʉ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

ʈʦʙʦʪʫ [30] ʟʜʦʙʫʚʘʯ ʚʠʢʦʥʘʚ ʦʜʥʦʦʩʽʙʥʦ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʽʪ [15, 17, 18, 20, 22, 23] ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ 

ʟʜʦʙʫʚʘʯʝʤ ʦʩʦʙʠʩʪʦ. 
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ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʙʫʣʦ ʧʨʝʟʝʥʪʦʚʘʥʦ ʪʘ ʦʙʛʦʚʦʨʝʥʦ ʥʘ ʥʘʫʢʦʚʠʭ 

ʩʝʤʽʥʘʨʘʭ ɯʈɽ ʽʤ. ʆ. ʗ. ʋʩʠʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʘ ʪʘʢʦʞ ʥʘ ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʽ 

ʤʽʞʥʘʨʦʜʥʠʭ ʩʠʤʧʦʟʽʫʤʘʭ ʽ ʢʦʥʬʝʨʝʥʮʽʷʭ: 5
th
 International Conference on 

Ultrawideband and Ultrashort Impulse Signals (UWBUSISô2010), September 6ï10, 

2010, Sevastopol, Ukraine; 6
th
 International Conference on Ultrawideband and 

Ultrashort Impulse Signals (UWBUSISï2012), September 17ï21, 2012, Sevastopol, 

Ukraine; XII  Kharkiv Young Scientist Conference çRadiophysics, Electronics, 

Photonics and Biophysicsè. December 4ï7, 2012, Kharkiv, Ukraine; 6
th
 International 

Conference on Recent Advances in Space Technologies (RASTï2013), June12ï14, 

2013, Istanbul, Turkey; 15
th 

International radar symposium (IRSï2014), June 16ï18, 

2014, Gdansk, Poland; 7
th 

International Conference on Ultrawideband and Ultrashort 

Impulse Signals (UWBUSISï2014), September 15ï19, 2014, Kharkiv, Ukraine;      

8
th
 International Workshop on Advanced Ground Penetrating Radar (IWAGPR 

2015), July 7ï10, 2015, Florence, Italy; 8
th
 International Conference on 

Ultrawideband and Ultrashort Impulse Signals (UWBUSISï2016), September 5ï11, 

2016, Odessa, Ukraine; XI International Conference on Antenna Theory and 

Techniques (ICATTô17), May 24ï27, 2017, Kyiv, Ukraine.  

ɿʚô̫ ʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ ʽ ʪʝʤʘʤʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʚʠʢʦʥʘʥʽ ʫ ʚʽʜʜʽʣʽ ʨʘʜʽʦʬʽʟʠʯʥʦʾ 

ʽʥʪʨʦʩʢʦʧʽʾ ɯʥʩʪʠʪʫʪʫ ʨʘʜʽʦʬʽʟʠʢʠ ʪʘ ʝʣʝʢʪʨʦʥʽʢʠ ʽʤ. ʆ. ʗ. ʋʩʠʢʦʚʘ ʅɸʅ 

ʋʢʨʘʾʥʠ ʚ ʤʝʞʘʭ ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʅɼʈ: çʈʦʟʚʠʪʦʢ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ 

ʨʘʜʽʦʬʽʟʠʯʥʦʾ ʽʥʪʨʦʩʢʦʧʽʾè (ʰʠʬʨ çʉʪʨʠʞ-5è, ʥʦʤʝʨ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 

0103U002265, ʟʜʦʙʫʚʘʯ ï ʚʠʢʦʥʘʚʝʮʴ), çʄʝʪʦʜʠ ʽ ʟʘʩʦʙʠ ʨʘʜʽʦʬʽʟʠʯʥʦʾ 

ʽʥʪʨʦʩʢʦʧʽʾ ʦʧʪʠʯʥʦ ʥʝʧʨʦʟʦʨʠʭ ʩʝʨʝʜʦʚʠʱè (ʰʠʬʨ çʆʤʝʛʘè, ʥʦʤʝʨ 

ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0107U001083, ʟʜʦʙʫʚʘʯ ï ʚʠʢʦʥʘʚʝʮʴ), çʈʦʟʚʠʪʦʢ ʤʝʪʦʜʽʚ ʪʘ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʟʘʩʦʙʽʚ ʨʘʜʽʦʬʽʟʠʯʥʦʾ ʽʥʪʨʦʩʢʦʧʽʾ ʦʧʪʠʯʥʦ ʥʝʧʨʦʟʦʨʠʭ 

ʩʝʨʝʜʦʚʠʱ ʧʨʠʨʦʜʥʦʛʦ ʽ ʰʪʫʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷè (ʰʠʬʨ çʆʤʝʛʘ-2è, ʥʦʤʝʨ 

ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0111U010474, ʟʜʦʙʫʚʘʯ ï ʚʠʢʦʥʘʚʝʮʴ); ʛʦʩʧʜʦʛʦʚʽʨʥʠʭ ʅɼʈ: 
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çʋʜʦʩʢʦʥʘʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ʛʝʦʨʘʜʘʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʚʠʥʥʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚè (ʰʠʬʨ çɼʦʨʦʛʘè, 

ʥʦʤʝʨ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0110U002386, ʟʜʦʙʫʚʘʯ ï ʚʠʢʦʥʘʚʝʮʴ), çʈʦʟʨʦʙʢʘ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʘʥʪʝʥʥʦʛʦ ʙʣʦʢʫ ʜʣʷ ʛʝʦʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʜʦʨʦʞʥʽʭ 

ʦʜʷʛʽʚè (ʰʠʬʨ çɸʥʪʝʥʘè, ʥʦʤʝʨ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0111U005999, ʟʜʦʙʫʚʘʯ ï 

ʚʠʢʦʥʘʚʝʮʴ); ʅɼʈ ʧʨʦʛʨʘʤʥʦ ï ʢʦʥʢʫʨʩʥʦʾ ʪʝʤʘʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ: 

çɽʣʝʢʪʨʦʜʠʥʘʤʽʢʘ ʚʽʜʥʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʨʦʜʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʪʦʤʘʨʥʠʭ ʬʫʥʢʮʽʡ ʽ ʚʝʡʚʣʝʪʽʚè (ʰʠʬʨ çʈʦʤʘʰʢʘè, 

ʥʦʤʝʨ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0112U004264, ʟʜʦʙʫʚʘʯ ï ʚʠʢʦʥʘʚʝʮʴ), çʈʘʜʽʦʣʦʢʘʮʽʡʥʠʡ 

ʤʦʥʽʪʦʨʠʥʛ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʧʽʜʧʦʚʝʨʭʥʝʚʦʾ ʯʘʩʪʠʥʠ ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜè 

(ʰʠʬʨ çʄʘʛʽʩʪʨʘʣʴè, ʥʦʤʝʨ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0113U003385, ʟʜʦʙʫʚʘʯ ï 

ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʚʠʢʦʥʘʚʝʮʴ); ʅʊʈ çʈʘʜʽʦʣʦʢʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʟʘ ʧʝʨʝʤʽʱʝʥʥʷʤ ʦʙôʻʢʪʽʚ ʟʘ ʩʪʽʥʘʤʠè (ʰʠʬʨʠ çɯʈɽ-2017/1è ʥʦʤʝʨ 

ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0117U003178, ʟʜʦʙʫʚʘʯ ï ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʚʠʢʦʥʘʚʝʮʴ); ʘ ʪʘʢʦʞ ʚ 

ʨʘʤʢʘʭ ʧʨʦʢ̒ʪʽʚ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ: çɸʢʪʠʚʥʽ ʽ ʧʘʩʠʚʥʽ ʤʽʢʨʦʭʚʠʣʽ 

ʜʣʷ ʙʝʟʧʝʢʠ ʽ ʧʽʜʧʦʚʝʨʭʥʝʚʦʛʦ ʟʦʥʜʫʚʘʥʥʷè ʉʴʦʤʦʾ ʨʘʤʢʦʚʦʾ ʻʚʨʦʧʝʡʩʴʢʦʾ 

ʧʨʦʛʨʘʤʠ (ʥʦʤʝʨ ʧʨʦʻʢʪʫ PIRSES-GA-2010-269157, 2010ï2013, ʟʜʦʙʫʚʘʯ ï 

ʚʠʢʦʥʘʚʝʮʴ); çɻʦʣʦʛʨʘʬʽʯʥʠʡ ʪʘ ʽʤʧʫʣʴʩʥʠʡ ʨʘʜʘʨʠ ʧʽʜʧʦʚʝʨʭʥʝʚʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʘʟʝʤʥʠʭ ʤʽʥ ʽ ʩʘʤʦʨʦʙʥʠʭ ʚʠʙʫʭʦʚʠʭ ʧʨʠʩʪʨʦʾʚè 

ʧʨʦʛʨʘʤʠ ʅɸʊʆ çʅʘʫʢʘ ʟʘʨʘʜʠ ʤʠʨʫ ʪʘ ʙʝʟʧʝʢʠè (ʥʦʤʝʨ ʧʨʦʢ̒ʪʫ G 5014,   

2015ï2018, ʟʜʦʙʫʚʘʯ ï ʚʠʢʦʥʘʚʝʮʴ).  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʘʜʘʧʪʦʚʘʥʦʛʦ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʦʟʰʠʨʶʶʪʴ 

ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʭ ʧʨʠʡʤʘʯʽʚ ʽ, ʪʠʤ ʩʘʤʠʤ, ʩʧʨʠʷʶʪʴ 

ʧʽʜʚʠʱʝʥʥʶ ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʅʐʉ ʽʤʧʫʣʴʩʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʞʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ: 

¶ ʅʐʉ ʽʤʧʫʣʴʩʥʠʭ ʛʝʦʨʘʜʘʨʘʭ ʩʝʨʽʾ çʆɼʗɻè, ʨʦʟʨʦʙʣʝʥʠʭ ʜʣʷ 

ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʴʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʟ 
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ʤʝʪʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʜʦʯʽʨʥʴʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚ ̔ ʋʢʨʘʚʪʦʜʦʨʫ 

çɼʦʨô̫ ʢʽʩʪʴè (2011ï2012 ʨʨ.), ʘ ʪʘʢʦʞ ʜʣʷ Yildiz Technical University 

(ʉʪʘʤʙʫʣ, ʊʫʨʝʯʯʠʥʘ) (2016 ʨ.) ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʰʘʨʽʚ 

ʜʦʨʦʞʥʴʦʛʦ ʦʜʷʛʫ ʟ ʪʦʯʥʽʩʪʶ ʥʝ ʛʽʨʰʝ, ʥʽʞ 5 ʤʤ; 

¶ ʚ ʧʨʦʢ̒ʪʽ çɸʢʪʠʚʥʽ ʽ ʧʘʩʠʚʥʽ ʤʽʢʨʦʭʚʠʣʽ ʜʣʷ ʙʝʟʧʝʢʠ ʽ ʧʽʜʧʦʚʝʨʭʥʝʚʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷè (çActive and Passive Microwaves for Security and 

Subsurface Imagingè) ʉʴʦʤʦʾ ʨʘʤʢʦʚʦʾ ʻʚʨʦʧʝʡʩʴʢʦʾ ʧʨʦʛʨʘʤʠ 

(PEOPLE-2010-IRSES FP7 ï ʥʦʤʝʨ ʧʨʦʻʢʪʫ PIRSES-GA-2010-269157) 

2011ï2014 ʨʨ. ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʪʦʤʦʛʨʘʬʽʾ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʽʜʧʦʚʝʨʭʥʝʚʦʾ ʩʪʨʫʢʪʫʨʠ ʛʨʫʥʪʫ; 

¶ ʚ ʧʨʦʢ̒ʪʽ  ̄ G5014 çHolographic and impulse subsurface radar for 

landmine and IED detectionè (ɻʦʣʦʛʨʘʬʽʯʥʠʡ ʪʘ ʽʤʧʫʣʴʩʥʠʡ ʨʘʜʘʨʠ 

ʧʽʜʧʦʚʝʨʭʥʝʚʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʤʽʥ ʽ ʩʘʤʦʨʦʙʥʠʭ 

ʚʠʙʫʭʦʚʠʭ ʧʨʠʩʪʨʦʾʚ), ʱʦ ʚʠʢʦʥʫʚʘʚʩʷ ʟʘ ʧʨʦʛʨʘʤʦʶ ʅɸʊʆ çʅʘʫʢʘ 

ʟʘʨʘʜʠ ʤʠʨʫ ʪʘ ʙʝʟʧʝʢʠè 2015 ï 2018 ʨʨ.; 

¶ ʚ ʝʣʝʤʝʥʪʘʭ ʅʐʉ ʽʤʧʫʣʴʩʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʩʪʚʦʨʝʥʠʭ ʚ ɯʈɽ 

ʽʤ. ʆ. ʗ. ʋʩʠʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ ʚ ʨʘʤʢʘʭ ʅɼʈ çɽʣʝʢʪʨʦʜʠʥʘʤʽʢʘ 

ʚʽʜʥʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʨʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʪʦʤʘʨʥʠʭ ʬʫʥʢʮʽʡ ʽ ʚʝʡʚʣʝʪʽʚè, ʱʦ ʚʠʢʦʥʫʚʘʣʘʩʴ ʚ 

ʨʘʤʢʘʭ ʉʧʽʣʴʥʦʛʦ ʢʦʥʢʫʨʩʫ ʅɸʅ ʋʢʨʘʾʥʠ ʪʘ ʈʦʩʽʡʩʴʢʦʛʦ ʬʦʥʜʫ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ 2012ï2013 ʨʦʢʘʭ, ʪʘ ʅɼʈ 

çʈʘʜʽʦʣʦʢʘʮʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʧʽʜʧʦʚʝʨʭʥʝʚʦʾ 

ʯʘʩʪʠʥʠ ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜè, ʱʦ ʚʠʢʦʥʫʚʘʣʘʩʴ ʟʘ ʎʽʣʴʦʚʦʶ 

ʢʦʤʧʣʝʢʩʥʦʶ ʧʨʦʛʨʘʤʦʶ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅɸʅ ʋʢʨʘʾʥʠ 

çʇʨʦʙʣʝʤʠ ʨʝʩʫʨʩʫ ʽ ʙʝʟʧʝʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʡ, ʩʧʦʨʫʜ ʪʘ 

ʤʘʰʠʥè (çʈʝʩʫʨʩè) ʫ 2014ï2015 ʨʦʢʘʭ; 

¶ ʝʣʝʤʝʥʪʘʭ çʈʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ 

ʧʝʨʝʤʽʱʝʥʥʷʤ ʦʙôʻʢʪʽʚ ʟʘ ʩʪʽʥʘʤʠè, ʱʦ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʚ ʨʘʤʢʘʭ ʅʊʈ 
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ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʮʽʣʴʦʚʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʧʨʦʛʨʘʤʠ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʅɸʅ ʋʢʨʘʾʥʠ çɼʦʩʣʽʜʞʝʥʥʷ ʽ ʨʦʟʨʦʙʢʠ ʟ ʧʨʦʙʣʝʤ 

ʧʽʜʚʠʱʝʥʥʷ ʦʙʦʨʦʥʦʟʜʘʪʥʦʩʪʽ ʽ ʙʝʟʧʝʢʠ ʜʝʨʞʘʚʠè, 2017ï2018 ʨʨ.   

ʇʫʙʣʽʢʘʮʽʾ. 

ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ 6 ʩʪʘʪʪʷʭ: 2 ï ʫ 

ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, 4 ï ʫ ʟʘʨʫʙʽʞʥʠʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʚʠʜʘʥʥʷʭ (ʟ ʷʢʠʭ 

3 ï ʫ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ Scopus  ̔Web 

of Science); ʚ ʛʣʘʚʽ ʢʦʣʝʢʪʠʚʥʦʾ ʤʦʥʦʛʨʘʬʽʾ (ʫ ʚʠʜʘʥʥʽ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ 

ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ Scopus); 1 ʧʘʪʝʥʪʽ ʋʢʨʘʾʥʠ; 9 ʧʨʘʮʷʭ 

ʘʧʨʦʙʘʮʽʡʥʦʛʦ ʭʘʨʘʢʪʝʨʫ (ʟ ʷʢʠʭ 7 ï ʫ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ Scopus ʽ Web of Science). 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. 

ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʘʥʦʪʘʮʽʾ, ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, 

ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽ 5 ʜʦʜʘʪʢʽʚ. ʆʙʩʷʛ ʟʘʛʘʣʴʥʦʛʦ ʪʝʢʩʪʫ ʜʠʩʝʨʪʘʮʽʾ 

ʩʪʘʥʦʚʠʪʴ 182 ʩʪʦʨʽʥʢʠ, ʟ ʷʢʠʭ 141 ʩʪʦʨʽʥʢʘ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ. ʉʧʠʩʦʢ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʤʽʩʪʠʪʴ 111 ʥʘʡʤʝʥʫʚʘʥʴ. ɼʠʩʝʨʪʘʮʽʷ ʽʣʶʩʪʨʦʚʘʥʘ 70 

ʨʠʩʫʥʢʘʤʠ ʽ 2-ʤʘ ʪʘʙʣʠʮʷʤʠ. 
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ʈʆɿɼɯʃ 1  

ʆɻʃʗɼ ʅɸʋʂʆɺʆɰ ʃɯʊɽʈɸʊʋʈʀ ɯ ɺʀɹɯʈ ʅɸʇʈʗʄʋ ɼʆʉʃɯɼɾɽʅʅʗ 

 

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʥʘʩʢʽʣʴʢʠ ʪʦʯʥʠʤʠ ʻ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʚ 

ʮʝʡ ʯʘʩ, ʟʘʚʞʜʠ ʽʩʥʫʻ ʽ ʙʫʜʝ ʽʩʥʫʚʘʪʠ ʧʨʘʛʥʝʥʥʷ ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʽ ʜʘʣʴʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ. ɿʥʘʯʥʦ  ʁʤʽʨʦ  ʁʧʦʷʚʘ ʽʜʝʾ ʅʐʉ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ [31, 32, 

33] ʽ, ʟʦʢʨʝʤʘ, ʛʝʦʨʘʜʘʨʽʚ [2, 34, 35] ʦʙʫʤʦʚʣʝʥʘ ʮʠʤ ʧʨʘʛʥʝʥʥʷʤ, ʘ ʪʘʢʦʞ 

ʩʧʝʮʠʬʽʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʅʐʉ ʽʤʧʫʣʴʩʥʠʭ ʩʠʛʥʘʣʽʚ ʜʣʷ ʟʦʥʜʫʚʘʥʥʷ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʅʐʉ ʽʤʧʫʣʴʩʽʚ ʷʢ ʟʦʥʜʫʶʯʠʭ ʩʠʛʥʘʣʽʚ ʽ, ʥʘ ʜʦʜʘʪʦʢ, 

ʧʦʜʘʣʴʰʦʾ ʢʦʤʧôʁ ʪʝʨʥʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʨʘʜʽʦʣʦʢʘʮʽʾ, ʚʽʜʢʨʠʚʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʜʦʜʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʷʢ, ʥʘʧʨʠʢʣʘʜ, 

ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ (ʘʙʦ ʬʦʨʤʘ) ʩʠʛʥʘʣʽʚ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ 

ʜʝʪʘʣʴʥʦʾ (ʽ ʥʝ ʪʽʣʴʢʠ ʢʦʦʨʜʠʥʘʪʥʦʾ) ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʙô̒ ʢʪʠ ʣʦʢʘʮʽʾ. ʗʢ 

ʥʘʩʣʽʜʦʢ ʮʝ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ, ʘ, ʦʪʞʝ, ʽ ʡʤʦʚʽʨʥʽʩʪʴ 

ʚʠʷʚʣʝʥʥʷ ʽ ʚʠʟʥʘʯʝʥʥʷ ʦʙô̒ ʢʪʘ ʧʦʰʫʢʫ ʘʙʦ, ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ, ʜʝʪʘʣʴʥʦʛʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʽʜʧʦʚʝʨʭʥʝʚʦʾ ʩʪʨʫʢʪʫʨʠ ˇʨʫʥʪʫ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʨʘʚʠʣʴʥʦ ʟʘʨʝʻʩʪʨʫʚʘʪʠ ʩʠʛʥʘʣ ʽ ʧʨʘʚʠʣʴʥʦ ʚʽʜʦʙʨʘʟʠʪʠ 

ʡʦʛʦ ʬʦʨʤʫ, ʥʝʦʙʭʽʜʥʦ, ʧʦ-ʧʝʨʰʝ, ʚʠʢʦʥʘʪʠ ʥʘʩʪʫʧʥʽ ʫʤʦʚʠ [36]: 

¶ ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʭʽʜʥʦʛʦ ʪʨʘʢʪʫ ʧʨʠʡʤʘʯʘ ʧʦʚʠʥʥʘ 

ʫʟʛʦʜʞʫʚʘʪʠʩʴ ʟʽ ʩʧʝʢʪʨʦʤ ʩʠʛʥʘʣʫ; 

¶ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʩʠʛʥʘʣʫ ʧʦʚʠʥʥʘ ʟʘʜʦʚʦʣʴʥʷʪʠ ʢʨʠʪʝʨʽʶ 

ʂʦʪʝʣʴʥʠʢʦʚʘ - ʅʘʡʢʚʽʩʪʘ. 

ʂʨʽʤ ʪʦʛʦ, ʅʐʉ ʨʘʜʘʨʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʜʫʞʝ ʚʝʣʠʢʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ (ʚʽʜʥʦʰʝʥʥʷ ʧʽʢʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʽʤʧʫʣʴʩʫ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ 

ʚʠʧʨʦʤʽʥʶʶʯʫ ʘʥʪʝʥʫ ʨʘʜʘʨʘ, ʜʦ ʧʦʪʫʞʥʦʩʪʽ ʰʫʤʫ, ʧʨʠʚʝʜʝʥʦʛʦ ʜʦ ʚʭʦʜʫ 

ʧʨʠʡʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ) ʽ ʰʠʨʦʢʠʡ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʧʨʠʡʤʘʯʘ (ʚʽʜʥʦʰʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʽʤʧʫʣʴʩʫ ʥʘ ʚʭʦʜʽ ʧʨʠʡʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʧʨʠ ʷʢʽʡ 

ʧʨʠʡʤʘʯ ʨʘʜʘʨʘ ʟʙʝʨʽʛʘʻ ʩʚʦʾ ʨʦʙʦʯʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʜʦ ʧʦʪʫʞʥʦʩʪʽ ʰʫʤʫ, 
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ʧʨʠʚʝʜʝʥʦʛʦ ʜʦ ʚʭʦʜʫ ʧʨʠʡʤʘʣʴʥʦ ʾ ʩʠʩʪʝʤʠ). ʊʽʣʴʢʠ ʟʘ ʫʤʦʚ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʩʪʘʪʥʽʭ ʚʝʣʠʯʠʥ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ 

ʪʦʯʥʦʩʪʽ ʅʐʉ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. 

ʅʘ ʨʠʩ. 1.1 ʧʦʢʘʟʘʥʦ ʩʪʨʫʢʪʫʨʫ ʨʦʟʩʽʶʚʘʯʘ ʽ ʩʠʛʥʘʣ, ʷʢʠʡ ʨʝʻʩʪʨʫʻʪʴʩʷ ʚ 

ʪʦʯʮʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ (ʊʉ) ʫ ʨʘʟʽ, ʢʦʣʠ ʪʘʢʘ ʩʪʨʫʢʪʫʨʘ ʦʧʨʦʤʽʥʶʻʪʴʩʷ ʧʣʦʩʢʦʶ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʶ ʭʚʠʣʝʶ ʟ ʯʘʩʦʚʦʶ ʟʘʣʝʞʥʽʩʪʶ ʧʦʣʷ ʫ ʚʠʛʣʷʜʽ ʜʨʫʛʦʾ ʧʦʭʽʜʥʦʾ 

ʟʘ ʯʘʩʦʤ ʚʽʜ ʛʘʫʩʦʚʘ ʽʤʧʫʣʴʩʫ. ʅʘ ʨʠʩ. 1.1 ʙ) ʧʦʢʘʟʘʥʦ ʜʚʘ ʩʠʛʥʘʣʠ, ʱʦ ʻ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʜʘʯʽ ʨʦʟʩʽʷʥʥʷ ʧʨʠ ‐ τ (ʦʜʥʦʨʽʜʥʠʡ ʧʽʚʧʨʦʩʪʽʨ 

ʟʥʠʟʫ ï ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ) ʪʘ ‐ υ (ʻ ʜʨʫʛʠʡ ʰʘʨ ʟ ʚʽʜʤʽʥʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ ï 

ʧʫʥʢʪʠʨ). ʇʨʠ Ὤ υ ̒ ,̍ ʱʦ ʻ ʪʠʧʦʚʠʤ ʜʣʷ ʟʦʥʜʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʜʦʨʦʞʥʴʦʛʦ 

ʦʜʷʛʫ, ʚʽʜʙʠʪʽ ʩʠʛʥʘʣʠ ʣʝʜʴ ʨʦʟʨʽʟʥʷʶʪʴʩʷ (ʡʜʝʪʴʩʷ ʧʨʦ ʯʘʩʪʠʥʫ ʩʠʛʥʘʣʫ, 

ʚʠʜʽʣʝʥʫ ʢʦʣʦʤ). ʆʪʞʝ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʥʘʷʚʥʽʩʪʴ ʚʝʨʭʥʴʦʾ ʛʨʘʥʠʮʽ ʰʘʨʫ Ὤ, 

ʪʨʝʙʘ ʚʧʝʚʥʝʥʦ ʨʦʟʨʽʟʥʷʪʠ ʜʫʞʝ ʩʭʦʞʽ ʩʠʛʥʘʣʠ. ʊʦʤʫ ʚʠʤʦʛʠ ʜʦ ʜʠʥʘʤʽʯʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʧʨʠʡʤʘʯʘ ʽ ʜʦ ʚʽʜʩʫʪʥʦʩʪʽ ʩʧʦʪʚʦʨʝʥʴ ʬʦʨʤʠ ʩʠʛʥʘʣʫ ʧʨʠ ʧʨʠʡʦʤʽ 

ʜʫʞʝ ʞʦʨʩʪʢʽ.    

 

 

ʘ)                                                 ʙ) 

ʈʠʩ.  1.1 ʇʽʜʧʦʚʝʨʭʥʝʚʝ ʟʦʥʜʫʚʘʥʥʷ. ʘ) ʛʝʦʤʝʪʨʽʷ ʟʘʜʘʯʽ, ʙ) ʩʠʛʥʘʣʠ, 

ʚʽʜʙʠʪʽ ʰʘʨʫʚʘʪʦʶ ʩʪʨʫʢʪʫʨʦʶ  
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ɼʣʷ ʧʨʠʡʦʤʫ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʥʘʥʦ- ʪʘ ʩʫʙʥʘʥʦʩʝʢʫʥʜʥʦʾ 

ʪʨʠʚʘʣʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʝʻʩʪʨʘʪʦʨʠ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʪʠʧʫ.  

ʋ 1974 ʨ. R.M. Morey ʩʢʦʥʩʪʨʫʶʚʘʚ ʦʜʠʥ ʟ ʧʝʨʰʠʭ ʚʽʜʝʦʽʤʧʫʣʴʩʥʠʭ 

ʨʘʜʘʨʽʚ ʜʣʷ ʧʽʜʧʦʚʝʨʭʥʝʚʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʟʽ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʤ ʧʨʠʡʦʤʥʠʤ 

ʙʣʦʢʦʤ [37]. ʎʝʡ ʛʝʦʨʘʜʘʨ ʟʥʘʡʰʦʚ ʢʦʤʝʨʮʽʡʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʽ ʡʦʛʦ ʩʪʘʣʠ 

ʚʠʨʦʙʣʷʪʠ ʚ ʢʦʤʧʘʥʽʾ Geophysical Survey Systems, Inc. (ʉʐɸ) [38]. 

ɺ ʩʫʯʘʩʥʠʭ ʛʝʦʨʘʜʘʨʘʭ, ʷʢʽ ʧʨʦʧʦʥʫʶʪʴ ʢʦʤʧʘʥʽʾ-ʚʠʨʦʙʥʠʢʠ ʧʨʦʚʽʜʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʦ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥ, ʪʘʢʠʭ, ʷʢ GSSI, Inc. (ʉʐɸ), ABEM|MALA 

(ʐʚʝʮʽʷ) [39], Transient Technologies (ʋʢʨʘʾʥʘ) [40], China Electronics 

Technology Group Corporation (ʂʅʈ) [41], LOGIS (ʈʌ) [42] ʪʘ ʽʥʰʠʭ 

ʧʨʦʜʦʚʞʫʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʧʨʠʡʤʘʯʽ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʪʠʧʫ, ʘʣʝ ʟʨʦʙʣʝʥʽ 

ʥʘ ʙʽʣʴʰ ʩʫʯʘʩʥʽʡ ʝʣʝʤʝʥʪʥʽʡ ʙʘʟʽ.  

 

1.1 ʇʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʅʐʉ ʽʤʧʫʣʴʩʥʠʭ ʨʘʜʘʨʽʚ  

 

ʅʘ ʨʠʩ. 1.2 ʧʦʢʘʟʘʥʦ ʩʧʨʦʱʝʥʫ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʛʝʦʨʘʜʘʨʘ, ʭʘʨʘʢʪʝʨʥʫ 

ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʚʽʜʝʦʽʤʧʫʣʴʩʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ʊʘʢʘ ʞ ʬʫʥʢʮʽʦʥʘʣʴʥʘ 

ʩʭʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʚʽʜʝʦʽʤʧʫʣʴʩʥʠʭ ʨʘʜʘʨʽʚ ʦʛʣʷʜʫ 

ʧʝʨʝʜʥʴʦʛʦ ʥʘʧʽʚʧʨʦʩʪʦʨʫ (ʚ ʘʥʛʣʦʤʦʚʥʽʡ ʪʝʨʤʽʥʦʣʦʛʽʾ çforward looking radarè), 

ʨʘʜʘʨʽʚ ʙʣʠʞʥʴʦʛʦ ʨʘʜʽʫʩʫ ʜʽʾ (çshort range radarè), ʷʢʽ ʥʘʡʯʘʩʪʽʰʝ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʤʽʥ, ʨʘʜʘʨʽʚ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʧʝʨʝʤʽʱʝʥʥʷʤ 

ʦʙô̒ ʢʪʽʚ ʟʘ ʦʧʪʠʯʥʦ ʥʝʧʨʦʟʦʨʠʤʠ ʧʝʨʝʰʢʦʜʘʤʠ (çthrough the wall radarè) ʪʘ 

ʙʘʛʘʪʴʦʭ ʽʥhʠʭ. 

ɺʽʜʝʦʽʤʧʫʣʴʩʥʠʡ ʨʘʜʘʨ, ʷʢ ʧʨʘʚʠʣʦ, ʤʽʩʪʠʪʴ ʙʣʦʢ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʠʡ 

ʽʥʽʮʽʶʻ ʟʘʧʫʩʢ ʛʝʥʝʨʘʪʦʨʘ ʧʦʪʫʞʥʠʭ ʢʦʨʦʪʢʠʭ ʽʤʧʫʣʴʩʽʚ. ɻʝʥʝʨʘʪʦʨ ʟʙʫʜʞʫʻ 

ʚʠʧʨʦʤʽʥʶʶʯʫ ʘʥʪʝʥʫ, ʷʢʘ ʚʠʧʨʦʤʽʥʶʻ ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʨʦʩʪʽʨ ʢʦʨʦʪʢʠʡ 

ʽʤʧʫʣʴʩ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʈʦʟʩʽʷʥʝ ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʧʨʦʩʪʦʨʦʤ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʧʦʪʨʘʧʣʷʶʯʠ ʥʘ ʧʨʠʡʤʘʣʴʥʫ ʘʥʪʝʥʫ ʘʥʪʝʥʥʦʾ ʩʠʩʪʝʤʠ, 

ʥʘʚʦʜʠʪʴ ʥʘ ʾʾ ʚʠʭʦʜʽ ʝʣʝʢʪʨʠʯʥʠʡ ʽʤʧʫʣʴʩ. ʆʩʢʽʣʴʢʠ ʮʝʡ ʽʤʧʫʣʴʩ ʤʘʻ ʜʽʣʷʥʢʠ, ʚ 
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ʷʢʠʭ ʥʘʧʨʫʛʘ (ʘʙʦ ʩʪʨʫʤ) ʟʤʽʥʶʻʪʴʩʷ ʰʚʠʜʰʝ ʥʽʞ ʟʘ ʥʘʥʦʩʝʢʫʥʜʫ, ʜʣʷ 

ʨʝʻʩʪʨʘʮʽʾ ʪʘʢʦʛʦ ʽʤʧʫʣʴʩʫ ʧʦʪʨʽʙʝʥ ʩʧʝʮʽʘʣʴʥʠʡ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʡ 

ʧʝʨʝʪʚʦʨʶʚʘʯ, ʥʘ ʚʠʭʦʜʽ ʷʢʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʦʨʤʫʻʪʴʩʷ ʩʠʛʥʘʣ ʟ̔ 

ʪʘʢʦʶ ʞ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʦʚʦʶ ʟʘʣʝʞʥʽʩʪʶ (ʬʦʨʤʦʶ), ʷʢ ʽ ʥʘ ʚʭʦʜʽ, ʘʣʝ ʚ 

ʪʨʘʥʩʬʦʨʤʦʚʘʥʦʤʫ (ʨʦʟʪʷʛʥʫʪʦʤʫ ʜʦ ʤʽʢʨʦʩʝʢʫʥʜ) ʯʘʩʦʚʦʤʫ ʤʘʩʰʪʘʙʽ.  

 

 

ɻʝʦʨʘʜʘʨ 

 

ɹʣʦʢ ʫʧʨʘʚʣʽʥʥʷ 

ɸʥʪʝʥʥʘ 

ʩʠʩʪʝʤʘ 

ɻʝʥʝʨʘʪʦʨ ɸʎʇ 

ʇʝʨʝʪʚʦʨʶʚʘʯ 

ʎʃɿ 

ʇʨʠʡʤʘʯ 

 

 

 

 
 

ʈʠʩ.  1.2 ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʚʽʜʝʦʽʤʧʫʣʴʩʥʦʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʧʽʜʧʦʚʝʨʭʥʝʚʦʛʦ ʟʦʥʜʫʚʘʥʥʷ 

 

ɺ ʦʪʨʠʤʘʥʦʤʫ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ ʩʠʛʥʘʣʽ ʥʘʧʨʫʛʘ (ʘʙʦ ʩʪʨʫʤ) ʟʤʽʥʶʻʪʴʩʷ ʜʦʩʠʪʴ 

ʧʦʚʽʣʴʥʦ. ʊʦʤʫ ʥʘʜʘʣʽ, ʟ ʚʠʭʦʜʫ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʩʠʛʥʘʣ 
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ʥʘʜʭʦʜʠʪʴ ʜʦ ʚʭʦʜʫ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʜʝ ʩʪʘʻ ʤʦʞʣʠʚʠʤ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʫ ʚʽʜʧʦʚʽʜʥʠʡ ʮʠʬʨʦʚʠʡ ʢʦʜ. ʈʝʟʫʣʴʪʘʪ 

ʚʠʤʽʨʶʚʘʥʴ ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ, ʽ, ʷʢ ʧʨʘʚʠʣʦ, ï ʚ ʧʝʨʩʦʥʘʣʴʥʠʡ 

ʢʦʤʧôʁ ʪʝʨ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʦʙôʢ̒ʪ ʟʦʥʜʫʚʘʥʥʷ. ʃʽʥʽʷ ʟʘʪʨʠʤʢʠ ʚʠʟʥʘʯʘʻ ʤʦʤʝʥʪʠ ʩʪʨʦʙʫʚʘʥʥʷ ʽ ʤʽʩʮʝ 

ʟʘʨʝʩ̒ʪʨʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʯʘʩʦʚʽʡ ʰʢʘʣʽ. ʂʨʽʤ ʟʛʘʜʘʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʙʣʦʢʽʚ ʨʘʜʘʨ ʤʦʞʝ ʤʽʩʪʠʪʠ ʧʦʧʝʨʝʜʥʽʡ ʧʽʜʩʠʣʶʚʘʯ ʟ̔ ʯʘʩʦʚʠʤ ʘʚʪʦʤʘʪʠʯʥʠʤ 

ʨʝʛʫʣʶʚʘʥʥʷʤ ʧ̔ ʜʩʠʣʝʥʥʷ (ʏɸʈʇ) ʽ ʧʦʧʝʨʝʜʥʽʡ ʧʽʜʩʠʣʶʚʘʯ. 

ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤ (ʥʘʚʽʪʴ ʢʨʠʪʠʯʥʠʤ), ʘʣʝ ʤʘʣʦ ʜʦʩʣʽʜʞʝʥʠʤ 

ʝʣʝʤʝʥʪʦʤ ʧʨʠʡʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʅʐʉ ʽʤʧʫʣʴʩʥʦʛʦ ʨʘʜʘʨʘ ʻ ʡʦʛʦ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ. ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽ ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʧʨʠʯʠʥʠ, ʱʦ ʦʙʤʝʞʫʶʪʴ ʯʫʪʣʠʚʽʩʪʴ ʧʨʠʡʤʘʯʘ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʪʠʧʫ. 

 

1.2 ʇʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʨʝʻʩʪʨʘʮʽʾ ʢʦʨʦʪʢʠʭ ʽʤʧʫʣʴʩʽʚ 

 

1.2.1 ʇʨʠʥʮʠʧ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ  

 

ʉʪʨʦʙʦʩʢʦʧʽʯʥʠʡ ʤʝʪʦʜ ʨʝʻʩʪʨʘʮʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʽʤʧʫʣʴʩʽʚ ʧʝʨʝʜʙʘʯʘʻ 

ʨʝʻʩʪʨʘʮʽʶ ʮʠʭ ʽʤʧʫʣʴʩʽʚ ʷʢ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʠʩʢʨʝʪʥʠʭ ʚʠʙʽʨʦʢ, ʦʪʨʠʤʘʥʠʭ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʩʪʨʦʙʫʚʘʥʥʷ ʩʠʛʥʘʣʫ (ʚʽʜʙʦʨʫ ʧʝʚʥʦʾ ʯʘʩʪʠʥʠ ʝʥʝʨʛʽʾ ʩʠʛʥʘʣʫ ʟʘ ʜʫʞʝ 

ʢʦʨʦʪʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ï ʪʨʠʚʘʣʽʩʪʴ ʩʪʨʦʙʽʤʧʫʣʴʩʫ) ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʧʝʨʽʦʜʽʚ ʧʦʚʪʦʨʶʚʘʥʥʷ. ɺʽʜʙʽʨ ʚʠʙʽʨʦʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ ʽ ʟ ʤʘʣʠʤ 

ʯʘʩʦʚʠʤ ʟʩʫʚʦʤ ʚʽʜ ʧʦʯʘʪʢʫ ʩʠʛʥʘʣʫ (ʢʨʦʢʦʤ ʟʯʠʪʫʚʘʥʥʷ) ʚ ʢʦʞʥʦʤʫ 

ʥʘʩʪʫʧʥʦʤʫ ʧʝʨʽʦʜʽ [13, 43]. ʇʝʨʝʪʚʦʨʝʥʠʡ ʩʠʛʥʘʣ ʬʦʨʤʫʻʪʴʩʷ ʟ ʘʤʧʣʽʪʫʜ 

ʟʨʦʙʣʝʥʠʭ ʚʠʙʽʨʦʢ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʯʘʩʽ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

ʅʘ ʨʠʩ. 1.3 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʨʝʻʩʪʨʫʶʯʦʛʦ 

ʙʣʦʢʫ, ʷʢʠʡ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽ 

ʩʭʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʟʩʫʚʫ.  
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ʉʭʝʤʘ ʘʚʪʦʟʩʫʚʫ 

 

ʈʠʩ.  1.3 ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʨʝʻʩʪʨʫʶʯʦʛʦ ʙʣʦʢʫ. 

ʛʝʥʝʨʘʪʦʨ ʐʇʅ ï ʛʝʥʝʨʘʪʦʨ ʰʚʠʜʢʦʾ ʧʠʣʢʦʧʦʜʽʙʥʦʾ ʥʘʧʨʫʛʠ,               

ʇʇʅ ï ʧʦʚʽʣʴʥʘ ʧʠʣʢʦʧʦʜʽʙʥʘ ʥʘʧʨʫʛʘ 

 

ʉʭʝʤʘ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʨʘʜʘʨʘ ʚʠʨʦʙʣʷʻ ʩʠʥʭʨʦʽʤʧʫʣʴʩʠ, ʷʢʽ ʟʘʧʫʩʢʘʶʪʴ 

ʛʝʥʝʨʘʪʦʨ ʰʚʠʜʢʦʾ ʧʠʣʢʦʧʦʜʽʙʥʦʾ ʥʘʧʨʫʛʠ (ʐʇʅ). ʊʨʠʚʘʣʽʩʪʴ ʰʚʠʜʢʦ 

ʥʘʨʦʩʪʘʶʯʦʶ ʯʘʩʪʠʥʠ ʐʇʅ ʜʦʨʽʚʥʶʻ ʪʨʠʚʘʣʦʩʪʽ ʽʥʪʝʨʚʘʣʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʩʠʛʥʘʣʫ (ʪʨʠʚʘʣʽʩʪʴ ʨʦʟʛʦʨʪʢʠ). ɿʘʟʚʠʯʘʡ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʝʦʙʭʽʜʥʠʭ 

ʜʘʣʴʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʦʙô̒ ʢʪʫ ʘʙʦ ʛʣʠʙʠʥʠ ʟʦʥʜʫʚʘʥʥʷ, ʮʝ ʦʜʠʥʠʮʽ - ʜʝʩʷʪʢʠ, ʘ 

ʽʥʦʜʽ ʽ ʩʦʪʥʽ ʥʘʥʦʩʝʢʫʥʜ. ʊʨʠʚʘʣʽʩʪʴ ʥʘʨʦʩʪʘʶʯʦʾ ʯʘʩʪʠʥʠ ʧʦʚʽʣʴʥʦʾ 

ʧʠʣʢʦʧʦʜʽʙʥʦʾ ʥʘʧʨʫʛʠ ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʝʥʰʝ ʟʘ ʧʝʨʽʦʜ ʧʦʚʪʦʨʝʥʥʷ ʟʦʥʜʫʶʯʠʭ 

ʽʤʧʫʣʴʩʽʚ. ɿʘʟʚʠʯʘʡ ʮʝ ʦʜʠʥʠʮʽ ʤʽʢʨʦʩʝʢʫʥʜ ʽ ʙʽʣʴʰʝ. ʂʽʣʴʢʽʩʪʴ ʽʤʧʫʣʴʩʽʚ 

ʐʇʅ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʨʝʻʩʪʨʘʮʽʾ ʩʠʛʥʘʣʫ, ʤʘʻ ʙʫʪʠ ʥʝ ʤʝʥʰʝ ʥʘʧʝʨʝʜ 

ʟʘʜʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʙʽʨʦʢ ʚ ʧʨʠʡʥʷʪʦʤʫ ʩʠʛʥʘʣʽ. 

ʅʘʧʨʫʛʘ ʟ ʚʠʭʦʜʫ ʛʝʥʝʨʘʪʦʨʘ ʐʇʅ ʧʦʨʽʚʥʶʻʪʴʩʷ ʥʘ ʢʦʤʧʘʨʘʪʦʨʽ ʟ ʇʇʅ. 

ɿʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʇʇʅ ʟʤʽʥʶʻʪʴʩʷ ʧʦʚʽʣʴʥʦ, ʘʤʧʣʽʪʫʜʠ ʇʇʅ ʽ ʐʇʅ 

ʚʠʷʚʣʷʶʪʴʩʷ ʨʽʚʥʠʤʠ ʚ ʨʽʟʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʫ ʧʝʨʽʦʜʫ. ʎʝʡ 

ʯʘʩʦʚʠʡ ʟʩʫʚ ʻ ʢʨʦʢʦʤ ʩʪʨʦʙʫʚʘʥʥʷ ï ʩtD  (ʨʠʩ. 1.4), ʷʢʠʡ ʟʘʟʚʠʯʘʡ ʚ ʨʘʜʘʨʘʭ 

ʩʪʘʥʦʚʠʪʴ ʚʽʜ ʦʜʠʥʠʮʴ ʜʦ ʩʦʪʝʥʴ ʧʢ̔ʦʩʝʢʫʥʜ. 
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ʈʠʩ.  1.4 ɼʽʘʛʨʘʤʠ, ʱʦ ʧʦʷʩʥʶʶʪʴ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 1 ï ʧʝʨʽʦʜʠʯʥʦ ʧʦʚʪʦʨʶʚʘʥʠʡ ʽʤʧʫʣʴʩ, ʷʢʠʡ 

ʧʦʪʨʽʙʥʦ ʟʘʨʝʻʩʪʨʫʚʘʪʠ, 2 ï ʩʠʥʭʨʦʽʤʧʫʣʴʩʠ, 3 ï ʐʇʅ ʽ ʇʇʅ 

(ʧʫʥʢʪʠʨ), 4 ï ʩʪʨʦʙʽʤʧʫʣʴʩʠ, 5 ï ʚʠʙʽʨʢʠ ʽ ʚʽʜʥʦʚʣʝʥʠʡ 

ʧʝʨʝʪʚʦʨʝʥʠʡ ʩʠʛʥʘʣ (ʧʫʥʢʪʠʨ) 

 

ʂʦʤʧʘʨʘʪʦʨ ʬʦʨʤʫʻ ʽʤʧʫʣʴʩʠ ʟʘʧʫʩʢʫ ʜʣʷ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʷʢʽ 

ʡʜʫʪʴ ʜʦ ʟʘʛʦʩʪʨʶʚʘʯʘ ï ʧʨʠʩʪʨʦʶ, ʱʦ ʟʤʝʥʰʫʻ ʪʨʠʚʘʣʽʩʪʴ ʩʪʨʦʙʫʶʯʦʛʦ 

ʽʤʧʫʣʴʩʫ ʜʦ ʧʦʪʨʽʙʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʽ ʥʘʜʘʣʽ ï ʜʦ ʬʦʨʤʫʚʘʯʘ ʩʪʨʦʙʽʤʧʫʣʴʩʫ.  

ʅʘ ʚʠʭʦʜʽ ʬʦʨʤʫʚʘʯʘ ʩʪʨʦʙʽʤʧʫʣʴʩʫ ʦʪʨʠʤʫʻʤʦ ʥʘʜʢʦʨʦʪʢʽ ʽʤʧʫʣʴʩʠ, ʷʢʽ 

ʧʦʜʘʶʪʴʩʷ ʥʘ ʟʤʽʰʫʚʘʯ (ʨʠʩ. 1.3). ʇʽʩʣʷ ʥʘʜʭʦʜʞʝʥʥʷ ʩʪʨʦʙʽʤʧʫʣʴʩʫ ʟʤʽʰʫʚʘʯ 

ʟʜʽʡʩʥʶʻ ʚʠʙʽʨʢʫ ʟ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʥʘʜʭʦʜʠʪʴ ʚʽʜ ʜʞʝʨʝʣʘ ʩʠʛʥʘʣʫ. ʇʨʠ ʮʴʦʤʫ 

ʪʨʠʚʘʣʽʩʪʴ ʚʠʙʽʨʢʠ ʜʦʨʽʚʥʶʻ ʪʨʠʚʘʣʦʩʪʽ ʩʪʨʦʙʽʤʧʫʣʴʩʫ. ʇʨʦʪʷʛʦʤ ʚʠʙʽʨʢʠ 

ʝʣʝʢʪʨʠʯʥʠʡ ʟʘʨʜ̫ ʚʽʜ ʜʞʝʨʝʣʘ ʩʠʛʥʘʣʫ (ʚ ʨʘʜʘʨʽ ʮʝ ʥʘʡʯʘʩʪʽʰʝ ʚʠʭʽʜ 
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ʧʨʠʡʤʘʣʴʥʦʾ ʘʥʪʝʥʠ) ʧʨʦʭʦʜʠʪʴ ʜʦ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ ʽ ʟʘʨʷʜʞʘʻ (ʘʙʦ 

ʨʦʟʨʷʜʞʘʻ) ʮʶ ʤ̒ʥʽʩʪʴ ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ ʥʘʧʨʫʛʠ. ʅʘʧʨʫʛʘ, ʟʯʠʪʘʥʘ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ 

ʧʽʜ ʯʘʩ ʚʠʙʽʨʢʠ, ʟʘʧʘʤô̫ ʪʦʚʫʻʪʴʩʷ ʚ ʙʫʬʝʨʽ ʥʘ ʥʘʢʦʧʠʯʫʚʘʣʴʥʽʡ ʻʤʥʦʩʪʽ ʉ ʽ 

ʧʝʨʝʜʘʻʪʴʩʷ ʯʝʨʝʟ ʙʫʬʝʨʥʠʡ ʢʘʩʢʘʜ ʟ ʚʭʽʜʥʠʤ ʦʧʦʨʦʤ R ʜʦ ɸʎʇ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʩʠʛʥʘʣʫ ʫ ʚʜ̔ʧʦʚʽʜʥʠʡ ʮʠʬʨʦʚʠʡ 

ʢʦʜ ʽ ʧʝʨʝʜʘʯʽ ʜʦ ʦʙʯʠʩʣʶʚʘʯʘ. 

ɺʽʜʦʤʽ ʥʘʨʘʟʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʟʘ 

ʝʣʝʤʝʥʪʥʦʶ ʙʘʟʦʶ, ʢʦʥʩʪʨʫʢʮʽʻʶ ʪʘ ʨʝʞʠʤʘʤʠ ʨʦʙʦʪʠ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʭ 

ʟʤʽʰʫʚʘʯʽʚ.  

ɺ ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʟʤʽʰʫʚʘʯʽʚ ʧʝʨʝʚʘʞʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʦʜʥʦʜʽʦʜʥʽ, ʜʚʦʭʜʽʦʜʥʽ, ʜʚʦʭʜʽʦʜʥʽ ʤʦʩʪʦʚʽ (ʩʠʤʝʪʨʠʯʥʽ), ʜʚʦʭʜʽʦʜʥʽ 

ʜʠʬʝʨʝʥʮʽʡʥʽ, ʯʦʪʠʨʴʦʭʜʽʦʜʥʽ ʤʦʩʪʦʚʽ ʪʘ ʪʨʘʥʟʠʩʪʦʨʥʽ ʩʭʝʤʠ.  

ɺʩʽ ʟʛʘʜʘʥʽ ʟʤʽʰʫʚʘʯʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʟʽ 

ʩʢʠʜʘʥʥʷʤ ʥʘʢʦʧʠʯʝʥʦʛʦ ʟʘʨʷʜʫ ʘʙʦ ʙʝʟ ʥʴʦʛʦ, ʟʽ ʩʣʽʜʢʫʶʯʠʤ ʟʚʦʨʦʪʥʠʤ 

ʟʚôʷʟʢʦʤ ʘʙʦ ʙʝʟ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ, ʟ ʧʦʚʥʠʤ ʘʙʦ ʟ ʥʝʧʦʚʥʠʤ ʟʘʨʷʜʦʤ 

ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ. 

 

1.2.2 ʈʽʟʥʦʚʠʜʠ ʩʪʨʦʙʦʩʢʦʧʯ̔ʥʠʭ ʟʤʽʰʫʚʘʯʽʚ  

 

ʆʜʥʠʤʠ ʟ ʧʝʨʰʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ, ʚ ʷʢʠʭ ʤʝʪʦʜ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʢʦʨʦʪʢʠʭ 

ʽʤʧʫʣʴʩʥʠʭ ʩʠʛʥʘʣʽʚ, ʙʫʣʠ ʩʪʨʦʙʦʩʢʦʧʽʯʥʽ ʦʩʮʠʣʦʛʨʘʬʠ. ʇʝʨʰʽ ʤʦʜʝʣʽ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʭ ʦʩʮʠʣʦʛʨʘʬʽʚ Hewlett-Packard ʽ Tectronix ʧʦʯʘʣʠ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʽʤʧʫʣʴʩʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʱʝ ʚ 60-ʭ ʨʦʢʘʭ 

ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ [44, 45].  

ɺ 1953 ʨ. G. McQueen ʟʘʧʨʦʧʦʥʫʚʘʚ ʩʭʝʤʫ ʩʠʤʝʪʨʠʯʥʦʛʦ 

ʯʦʪʠʨʴʦʭʜʽʦʜʥʦʛʦ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʟʤʽʰʫʚʘʯʘ [46] (ʤʦʩʪʦʚʘ ʩʭʝʤʘ), ʚ ʷʢʦʛʦ 

ʚʝʨʭʥʷ ʛʨʘʥʠʯʥʘ ʯʘʩʪʦʪʘ ʡʦʛʦ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʙʫʣʘ ʚʠʱʘ ʟʘ 1 ɻɻʮ. 

ʇʝʨʝʚʘʛʦʶ ʩʠʤʝʪʨʠʯʥʠʭ ʩʭʝʤ ʟʤʽʰʫʚʘʯʽʚ ʙʫʣʠ: ʚʝʣʠʢʠʡ ʚʭʽʜʥʠʡ ʦʧʽʨ, ʷʢʠʡ 
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ʚʠʢʣʶʯʘʻ ʚʧʣʠʚ ʟʤʽʰʫʚʘʯʘ ʥʘ ʧʦʧʝʨʝʜʥʽʡ ʢʘʩʢʘʜ  ̔ʤʘʣʽ ʩʧʦʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ ʚ 

ʧʨʦʮʝʩʽ ʧʝʨʝʪʚʦʨʝʥʥʷ. ɸʣʝ ʯʦʪʠʨʴʦʭʜʽʦʜʥʘ ʤʦʩʪʦʚʘ ʩʭʝʤʘ ʤʘʻ ʤʘʣʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʧʝʨʝʜʘʯʽ (ʚʽʜ 0,3 ʜʦ 0,01), ʧʦʪʨʝʙʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʤʽʰʫʚʘʣʴʥʠʭ ʜʽʦʜʽʚ ʟ 

ʽʜʝʥʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʜʫʞʝ ʚʠʙʘʛʣʠʚʘ ʜʦ ʩʠʤʝʪʨʽʾ ʬʦʨʤʠ 

ʩʪʨʦʙʽʤʧʫʣʴʩʽʚ. 

ɺʽʜʦʤʽ ʢʨʦʢʠ ʱʦʜʦ ʧʦʣʽʧʰʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʩʪʦʚʦʾ ʩʭʝʤʠ 

ʟʤʽʰʫʚʘʯʘ ï ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ [47], ʨʦʟʰʠʨʝʥʥ ̫ʨʦʙʦʯʦʾ ʩʤʫʛʠ 

ʯʘʩʪʦʪ [48], ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʻʤʥʦʩʪʽ ʚʽʜʢʨʠʪʠʭ ʜʽʦʜʽʚ ʟʤʽʰʫʚʘʯʘ [49] ʽ 

ʟʙʽʣʴʰʝʥʥʷ ʩʠʤʝʪʨʽʾ ʩʪʨʦʙʽʤʧʫʣʴʩʫ [50]. ɺʠʛʦʪʦʚʣʝʥʥʷ ʟʤʽʰʫʚʘʯʘ ʚ 

ʽʥʪʝʛʨʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʟ GaAs ʜʽʦʜʘʤʠ ʽ ʛʝʥʝʨʘʪʦʨʦʤ ʩʪʨʦʙʽʤʧʫʣʴʩʫ ʥʘ 

ʪʫʥʝʣʴʥʦʤʫ ʜʽʦʜʽ [51] ʜʦʟʚʦʣʠʣʦ ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʧʘʨʘʟʠʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʽʦʜʽʚ 

ʽ ʨʦʟʰʠʨʠʪʠ ʨʦʙʦʯʫ ʩʤʫʛʫ ʯʘʩʪʦʪ. ʆʜʥʘʢ ʩʫʪʪʻʚʦʛʦ ʧʦʩʪʫʧʫ ʚ ʟʙʽʣʴʰʝʥʥʽ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʪʘ ʟʤʝʥʰʝʥʥʽ ʚʪʨʘʪ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ 

ʜʦʩʷʛʥʫʪʦ ʥʝ ʙʫʣʦ. 

K.B. Magleby ̔  W.M. Grove, ʚ 1966 ʨ. ʟʘʧʘʪʝʥʪʫʚʘʣʠ ʩʭʝʤʫ ʜʚʦʭʜʽʦʜʥʦʛʦ 

ʟʤʽʰʫʚʘʯʘ [52], ʷʢʠʡ ʜʦʟʚʦʣʠʚ ʨʦʟʰʠʨʠʪʠ ʩʤʫʛʫ ʧʨʦʧʫʩʢʘʥʥʷ ʜʦ 4 ɻɻʮ. 

J. Merkelo, ʟʘʩʪʦʩʦʚʫʶʯʠ ʙʝʟʢʦʨʧʫʩʥʽ ʟʤʽʰʫʚʘʣʴʥʽ ʜʽʦʜʠ, ʫʜʦʩʢʦʥʘʣʠʚ ʟʤʽʰʫʚʘʯ 

K.B. Magleby ̔ W.M. Grove, ʽ ʨʦʟʰʠʨʠʚ ʨʦʙʦʯʫ ʩʤʫʛʫ ʟʤʽʰʫʚʘʯʘ ʜʦ 20 ɻɻʮ [53]. 

ɸʥʘʣʽʟ ʨʦʙʦʪʠ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʟ ʜʚʦʭʜʽʦʜʥʠʤʠ ʟʤʽʰʫʚʘʯʘʤʠ ʧʨʦʚʦʜʠʚ 

A.I. Best ʟ ʩʧʽʚʘʚʪʦʨʘʤʠ [54]. ʇʽʟʥʽʰʝ ʡʦʛʦ ʜʝʪʘʣʽʟʫʚʘʚ W.M. Grove [55]. ʅʦʚʠʤ 

ʙʫʣʦ ʪʝ, ʱʦ ʟʤʽʰʫʚʘʯ ʨʦʟʛʣʷʜʘʚʩʷ ʷʢ ʝʣʝʢʪʨʠʯʥʝ ʢʦʣʦ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ɼʣʷ ʘʥʘʣʽʟʫ ʢʦʣʘ ʟʤʽʰʫʚʘʯʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʝʢʚʽʚʘʣʝʥʪʥʽ 

ʝʣʝʢʪʨʠʯʥʽ ʩʭʝʤʠ ʟ ̔ ʩʧʨʦʱʝʥʦʶ ʤʦʜʝʣʣʶ ʟʤʽʰʫʚʘʣʴʥʦʛʦ ʜʽʦʜʘ. ʋ ʩʭʝʤʽ 

ʚʨʘʭʦʚʫʚʘʣʠʩʷ ʧʘʨʘʟʠʪʥʽ ʽʥʜʫʢʪʠʚʥʽ ʽ ʻʤʥʽʩʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʥʩʪʨʫʢʮʽʾ ʟʤʽʰʫʚʘʯʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʜʦʧʫʩʪʠʤʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʧʘʨʘʤʝʪʨʘʤʠ ʚʭʽʜʥʦʛʦ ʢʦʣʘ ʟʤʽʰʫʚʘʯʘ ʽ ʢʽʣ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʦʙʽʤʧʫʣʴʩʫ, ʱʦ 

ʜʦʟʚʦʣʷʣʦ ʦʪʨʠʤʘʪʠ ʥʝʦʙʭʽʜʥʫ ʨʦʙʦʯʫ ʩʤʫʛʫ ʯʘʩʪʦʪ. 

ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʯʦʪʠʨʴʦʭʜʽʦʜʥʦʶ ʩʭʝʤʦʶ, ʜʚʦʭʜʽʦʜʥʘ ʩʭʝʤʘ ʟʤʽʰʫʚʘʯʘ 

ʚʠʷʚʠʣʘʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʙʽʣʴʰ ʧʨʠʜʘʪʥʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟ 
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ʥʘʜʚʠʩʦʢʦʯʘʩʪʦʪʥʠʤʠ ʢʦʘʢʩʽʘʣʴʥʠʤʠ ʣʽʥʽʷʤʠ ʪʘ ʭʚʠʣʝʚʦʜʘʤʠ ʱʦ ʽ ʦʙʫʤʦʚʠʣʦ ʾʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʅɺʏ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ. ʆʜʥʘʢ ʪʘʢʽ ʩʭʝʤʠ ʙʝʟ 

ʜʦʜʘʪʢʦʚʠʭ ʩʣʽʜʢʫʶʯʠʭ ʟʚôʷʟʢʽʚ (ʷʢʽ ʙʫʜʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʥʠʞʯʝ) ʤʘʶʪʴ ʱʝ 

ʤʝʥʰʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ, ʪʘ ʙʽʣʴʰʽ ʚʪʨʘʪʠ ʥʘʢʦʧʠʯʫʚʘʥʦʛʦ ʟʘʨʷʜʫ ʥʽʞ 

ʯʦʪʠʨʴʦʭʜʽʦʜʥʽ ʟʤʽʰʫʚʘʯʽ. 

ɯʩʪʦʨʠʯʥʦ ʩʢʣʘʣʦʩʷ ʪʘʢ, ʱʦ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ ʩʪʚʦʨʝʥʥʷ ʧʨʠʩʪʨʦʾʚ ʜʣʷ 

ʨʝʻʩʪʨʘʮʽʾ ʢʦʨʦʪʢʠʭ ʽʤʧʫʣʴʩʥʠʭ ʩʠʛʥʘʣʽʚ ʚʥʝʩʣʠ ʚʯʝʥʽ ʟ Lawrence Livermore 

National Laboratory (ʉʐɸ), ʷʢʽ ʟʘʡʤʘʣʠʩʷ ʜʦʩʣʽʜʞʝʥʥʷʤ ʧʦʪʫʞʥʠʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʽʤʧʫʣʴʩʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʩʫʧʨʦʚʦʜʞʫʶʯʠʭ ʷʜʝʨʥʽ ʚʠʙʫʭʠ. ʋ 

1994 ʨʦʮʽ  Thomas McEvan ʦʪʨʠʤʘʚ ʧʘʪʝʥʪ ʉʐɸ ʥʘ ʅʐʉ ʧʨʠʡʤʘʣʴʥʠʡ 

ʧʨʠʩʪʨʽʡ [56], ʚ ʷʢʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʠʟʢʫ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, 

ʷʢ ʟ ʦʜʥʦʢʘʥʘʣʴʥʠʤ ʚʭʦʜʦʤ, ʪʘʢ ʽ ʟ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʤ, ʚʢʣʶʯʘʶʯʠ 

ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʚʭʽʜ. ɼʦ ʧʘʪʝʥʪʫ ʫʚʽʡʰʣʠ ʩʪʨʫʤʦʚʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʜʣʷ ʽʤʧʫʣʴʩʽʚ ʥʘʧʨʫʛʠ. ɸʚʪʦʨʦʤ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʚ ʨʘʟʽ ʩʪʨʫʤʦʚʦʛʦ 

ʨʝʞʠʤʫ, ʩʪʨʫʤʠ ʚʠʪʦʢʫ ʟʤʽʰʫʚʘʣʴʥʠʭ ʜʽʦʜʽʚ ʤʝʥʰʦ  ʁʤʽʨʦ  ʁʧʦʟʥʘʯʘʶʪʴʩʷ ʥʘ 

ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷ ̒ ʜʦʩʷʛʪʠ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʯʫʪʣʠʚʦʩʪʽ 

ʧʨʠʡʤʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ. ʂʨʽʤ ʪʦʛʦ ʚʢʘʟʘʥʦ, ʱʦ ʂʂɼ ʦʜʥʦʜʽʦʜʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 100%, ʪʦʜʽ ʷʢ ʯʦʪʠʨɹʦʭʜʽʦʜʥʽ ʤʦʩʪʦʚʽ ʩʭʝʤʠ 

ʜʦʟʚʦʣʷʶʪʴ ʚ ʢʨʘʱʦʤʫ ʚʠʧʘʜʢʫ ʩʧʦʜʽʚʘʪʠʩʷ ʥʘ ʂʂɼ = 25%. ɿʛʘʜʘʥʽ ʟʤʽʰʫʚʘʯʽ 

ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ çʤʽʢʨʦʧʦʪʫʞʥʦʤʫè ʽʤʧʫʣʴʩʥʦʤʫ ʨʘʜʘʨʽ [57], ʩʪʚʦʨʝʥʦʤʫ ʫ 

ʚʠʛʣʷʜʽ ʦʜʥʽʻʾ ʤʽʢʨʦʩʭʝʤʠ ʟ ʨʦʟʤʽʨʘʤʠ 1,5 ʭ 1,5 ʜʶʡʤʘ. ʈʘʜʘʨ ʧʦʢʘʟʘʚ ʟʜʘʪʥʽʩʪʴ 

ʚʠʷʚʣʷʪʠ ʦʙô̒ ʢʪʠ ʥʘ ʚʽʜʩʪʘʥʽ 20 ʬʫʪʽʚ. ʆʜʥʘʢ ʪʦʡ ʬʘʢʪ, ʱʦ ʨʦʟʛʣʷʥʫʪʽ ʚʠʱʝ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʽʥʪʝʛʨʦʚʘʥʽ ʜʦ ʩʢʣʘʜʫ ʦʜʥʽʻʾ ʤʽʢʨʦʩʭʝʤʠ, 

ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʢʣʘʜʽ ʽʥʰʠʭ ʅʐʉ 

ʽʤʧʫʣʴʩʥʠʭ ʨʘʜʘʨʽʚ.  

ɺ ʨʦʙʦʪʽ [58] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽ ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʷʢʽ 

ʚʨʘʭʦʚʫʶʪʴ ʥʝʣʽʥʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʤʽʰʫʚʘʣʴʥʠʭ ʜʽʦʜʽʚ. ʎʽ ʤʝʪʦʜʠ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʩʠʥʪʝʟ ʙʘʟʦʚʠʭ ʤʽʢʨʦʩʤʫʞʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 
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ʩʪʨʦʙʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʪʘ ʭʚʠʣʝʚ̔ʜʥʦ-ʤʽʢʨʦʩʤʫʞʢʦʚʠʭ 

ʩʪʨʦʙʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʤʽʣʽʤʝʪʨʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ. ɺʦʥʠ ʜʦʟʚʦʣʠʣʠ ʨʦʟʨʦʙʠʪʠ 

ʩʪʨʦʙʧʝʨʝʪʚʦʨʶʚʘʯʽ ʫ ʚʠʛʣʷʜʽ ʅɺʏ ʛʽʙʨʠʜʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤ (ɻɯʉ) ʥʘ ʥʦʚʽʡ 

ʝʣʝʤʝʥʪʥʽʡ ʙʘʟʽ: ʩʪʨʦʙʧʝʨʝʪʚʦʨʶʚʘʯʽ ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʪʠʧʫ ʜʣʷ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ 

0õ40 ɻɻʮ, ʭʚʠʣʝʚʦʜʥʦ-ʤʽʢʨʦʩʤʫʞʢʦʚʽ ʩʪʨʦʙʧʝʨʝʪʚʦʨʶʚʘʯʽ ʜʣʷ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ 

26õ180 ɻɻʮ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ [58] ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʤʦʞʣʠʚʦʩʪʽ 

ʜʦʩʷʛʥʝʥʥʷ ʰʠʨʰʦʾ ʩʤʫʛʠ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʩʠʩʪʝʤ ʨʝʻʩʪʨʘʮʽʾ, ʘʣʝ ʘʚʪʦʨʠ ʞʦʜʥʠʤ 

ʯʠʥʦʤ ʥʝ ʨʦʟʛʣʷʥʫʣʠ ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʠʡ ʩʠʩʪʝʤʥʠʡ ʘʩʧʝʢʪ ï ʤʝʪʦʜʠ ʽ ʩʧʦʩʦʙʠ 

ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ (ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʰʫʤʫ, ʧʨʠʚʝʜʝʥʦʛʦ ʜʦ ʚʭʦʜʫ).  

ʂʨʽʤ ʜʽʦʜʥʠʭ ʤʦʩʪʦʚʠʭ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʭ ʟʤʽʰʫʚʘʯʽʚ ʫ ʧʨʠʡʦʤʥʠʭ ʙʣʦʢʘʭ 

ʛʝʦʨʘʜʘʨʽʚ ʟʥʘʡʰʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʘʥʟʠʩʪʦʨʥʽ ʩʭʝʤʠ ʟʤʽʰʫʚʘʯʽʚ (çɿʦʥʜ 10è 

ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʘʥ̔ ʾ çRADAR SYSTEMS Inc.è [59]). ɸʣʝ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʜʽʦʜʥʠʤʠ ʟʤʽʰʫʚʘʯʘʤʠ ʚʦʥʠ ʤʘʶʪʴ ʤʝʥʰʫ ʟʘ ʰʠʨʠʥʦʶ ʨʦʙʦʯʫ ʩʤʫʛʫ ʯʘʩʪʦʪ. 

 

1.2.3 ʈʝʞʠʤʠ ʨʦʙʦʪʠ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ  

 

ɿʤʽʰʫʚʘʯʽ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʷʢ ʚ 

ʨʝʞʠʤʽ ʧʦʚʥʦʛʦ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ, ʪʘʢ ʽ ʚ ʨʝʞʠʤʽ ʥʝʧʦʚʥʦʛʦ 

ʟʘʨʷʜʫ ʻʤʥʦʩʪʽ [13, 60]. 

ɺ ʨʝʞʠʤʽ ʧʦʚʥʦʛʦ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪ  ̔ ʟʤʽʰʫʚʘʯʽ ʤʘʶʪʴ 

ʤʘʢʩʠʤʘʣʴʥʫ ʨʦʙʦʯʫ ʩʤʫʛʫ ʯʘʩʪʦʪ [61, 62]. ʆʜʥʘʢ ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʯʘʩ ʟʘʨʷʜʫ 

ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ ʧʦʚʠʥʝʥ ʙʫʪʠ ʤʘʣʠʤ, ʚ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ 

ʥʘʥʦʩʝʢʫʥʜʥʠʭ ʽʤʧʫʣʴʩʽʚ ʜʦʚʦʜʠʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʢʦʧʠʯʫʚʘʣʴʥʽ ʻʤʥʦʩʪʽ 

ʧʦʨʷʜʢʫ ʧʽʢʦʬʘʨʘʜ. ʏʝʨʝʟ ʮʝ ʥʝʩʪʘʙʽʣʴʥʽ ʧʘʨʘʟʠʪʥʽ ʻʤʥʦʩʪʽ ʙʫʬʝʨʥʠʭ ʢʘʩʢʘʜʽʚ 

ʚʠʷʚʣʷʶʪʴʩʷ ʪʦʛʦ ʞ ʧʦʨʷʜʢʫ, ʱʦ ʡ ʥʘʢʦʧʠʯʫʚʘʣʴʥʘ ʻʤʥʽʩʪʴ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʘʤʧʣʽʪʫʜʠ ʩʠʛʥʘʣʫ ʫ ʚʠʙʽʨʮʽ ʚʽʜ ʻʤʥʦʩʪʽ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, 

ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ʬʣʫʢʪʫʘʮʽʡ ʘʤʧʣʽʪʫʜʠ ʩʠʛʥʘʣʫ. ʂʨʽʤ ʪʦʛʦ, ʥʘʢʦʧʠʯʝʥʠʡ 

ʪʘʢʦʶ ʻʤʥʽʩʪʶ ʟʘʨʷʜ ʰʚʠʜʢʦ ʚʪʨʘʯʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʩʪʨʫʤʽʚ ʚʠʪʦʢʫ ʯʝʨʝʟ 

ʧʘʨʘʟʠʪʥʠʡ ʦʧʽʨ ʙʫʬʝʨʥʦʛʦ ʢʘʩʢʘʜʫ. ʊʦʤʫ ʘʤʧʣʽʪʫʜʘ ʥʘʧʨʫʛʠ ʥʘ ʻʤʥʦʩʪʽ 



40 

ʟʤʝʥʰʫʻʪʴʩʷ ʽ, ʷʢʱʦ ʥʝ ʚʞʠʚʘʪʠ ʜʦʜʘʪʢʦʚʠʭ ʟʘʭʦʜʽʚ, ʟʥʠʢʘʻ ʥʘ ʬʦʥʽ ʰʫʤʽʚ ʪʘ 

ʧʝʨʝʰʢʦʜ. 

ɼʣʷ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʨʝʞʠʤʽ ʧʦʚʥʦʛʦ ʟʘʨʷʜʫ 

ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ, ʤʽʞ ʯʘʩʦʤ ʥʘʨʦʩʪʘʥʥʷ ʇʍ ʽ ʪʨʠʚʘʣʽʩʪʶ ʚʠʙʽʨʢʠ ʽʩʥʫʻ 

ʧʨʷʤʘ ʟʘʣʝʞʥʽʩʪʴ [13]. ɼʣʷ ʜʽʦʜʥʠʭ ʟʤʽʰʫʚʘʯʽʚ ʟ ʣʽʥʽʡʥʦʶ ʚʦʣʴʪ-ʘʤʧʝʨʥʦ  ʁ

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦ  ʁ(ɺɸʍ) ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ, ʱʦ: 

 

dt 8,0=S , (1.1) 

 

ʜʝ St  ï ʯʘʩ ʥʘʨʦʩʪʘʥʥ̫  ʇʍ,  

d ï ʪʨʠʚʘʣʽʩʪʴ ʚʠʙʽʨʢʠ. 

ʋ ʨʘʟʽ, ʢʦʣʠ ɺɸʍ ʜʽʦʜʘ ʤʘʻ ʢʚʘʜʨʘʪʠʯʥʫ ʬʦʨʤʫ, ʟʘʣʝʞʥʽʩʪʴ ʯʘʩʫ 

ʥʘʨʦʩʪʘʥʥʷ ʇʍ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ ʦʧʠʩʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

 

dt 61,0=S . (1.2) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ̔ʩʧʽʚʚʽʜʥʦʰʝʥʴ (1.1) ʽ (1.2) ʚʠʜʥʦ, ʱʦ ʯʘʩ ʥʘʨʦʩʪʘʥʥʷ ʇʍ 

ʧʨʠ ʪʘʢ̔ʡ ʩʘʤʽʡ ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ ʤʝʥʰʠʡ ʫ ʟʤʽʰʫʚʘʯʘ ʟ ʜʽʦʜʦʤ, ʱʦ ʤʘʻ 

ʢʚʘʜʨʘʪʠʯʥʫ ʬʦʨʤʫ ɺɸʍ. ʆʜʥʘʢ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʪʨʫʤ ʟʘʨʷʜʫ 

ʥʘʢʦʧʠʯʫʚʘʣʴʥʦ ʾʝʤʥʦʩʪʽ ʤʘʪʠʤʝ ʥʝʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʧʨʠʢʣʘʜʝʥʦʾ ʥʘʧʨʫʛʠ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʧʦʪʚʦʨʝʥʥʷ ʬʦʨʤʠ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʩʠʛʥʘʣʫ. ʆʩʦʙʣʠʚʦ ʮʝ 

ʩʪʦʩʫʻʪʴʩʷ ʩʣʘʙʢʠʭ ʩʠʛʥʘʣʽʚ. ʊʦʤʫ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʩʧʦʪʚʦʨʝʥʴ ʟʘʨʝʻʩʪʨʦʚʘʥʦʛʦ 

ʩʠʛʥʘʣʫ ʜʣʷ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʟʤʽʰʫʚʘʯʘ ʧʦʪʨʽʙʥʦ ʧʽʜʙʠʨʘʪʠ ʜʽʦʜʠ ʟ ɺɸʍ, 

ʥʘʡʙʽʣʴʰ ʥʘʙʣʠʞʝʥʦʶ ʜʦ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ. 

ʈʝʞʠʤ ʥʝʧʦʚʥʦʛʦ ʟʘʨʷʜʫ ʻʤʥʦʩʪʽ. ʋ ʨʝʞʠʤʽ ʥʝʧʦʚʥʦʛʦ ʟʘʨʷʜʫ ʥʘ ʯʘʩ 

ʥʘʨʦʩʪʘʥʥʷ ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʚʧʣʠʚʘʻ ʩʪʘʣʘ ʯʘʩʫ 

ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ. ʇʨʦʩʪʝʞʫʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ 
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ʤʽʞ ʯʘʩʦʤ ʥʘʨʦʩʪʘʥʥʷ ʇʍ ʽ ʯʘʩʦʤ ʟʘʨʷʜʫ ʻʤʥʦʩʪʽ. ʅʘ ʨʠʩ. 1.5 ʧʦʢʘʟʘʥʦ ʛʨʘʬʽʢ 

ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ [13]. 

 
 ʈʠʩ. 1.5 ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʫ ʥʘʨʦʩʪʘʥʥʷ ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʚʽʜ ʧʦʩʪʽʡʥʦʾ ʯʘʩʫ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ 

ʻʤʥʦʩʪʽ (ʮʠʪʫʻʪʴʩʷ ʟ [13]) 

 

 

ɺ ʮʴʦʤʫ ʨʝʞʠʤʽ ʟʤʽʰʫʚʘʯʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʣʽʥʽʡʥʽʩʪʶ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ ʩʪʘʙʽʣʴʥʽʩʪʶ. ʅʝʜʦʣʽʢʦʤ ʨʝʞʠʤʫ ʻ ʤʘʣʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ 

ʟʤʽʰʫʚʘʯʘ, ʘ ʪʘʢʦʞ ʤʝʥʰʘ ʨʦʙʦʯʘ ʩʤʫʛʘ ʯʘʩʪʦʪ ʟʤʽʰʫʚʘʯʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ 

ʟʤʽʰʫʚʘʯʝʤ, ʱʦ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʧʦʚʥʦʛʦ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ. 

ʆʜʥʘʢ, ʜʘʣʽ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣ (1.8), (1.10), (1.12) ʟʙʽʣʴʰʝʥʥʷ 

ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʜʠʩʧʝʨʩʽʾ ʰʫʤʫ. 

ʊʦʙʪʦ ʨʝʞʠʤ ʥʝʧʦʚʥʦʛʦ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ ʟʤʽʰʫʚʘʯʘ ʻ ʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ, ʷʢʱʦ ʥʝʦʙʭʽʜʥʦ ʟʤʝʥʰʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʰʫʤʽʚ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 

ʉʘʤʝ ʪʦʤʫ ʚ ʜʠʩʝʨʪʘʮʽʾ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʩʪʨʦʙʦʩʢʦʧʽʯʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʚ ʨʝʞʠʤʽ ʟ ʥʝʧʦʚʥʠʤ ʟʘʨʷʜʦʤ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ. 

ʉʣʽʜʢʫʶʯʠʡ ʟʚô̫ ʟʦʢ. ʉʝʨʝʜ ʩʧʦʩʦʙʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʚʪʨʘʪʠ 

ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ (ʽ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʬʦʨʤʠ 

ʨʝʻʩʪʨʦʚʘʥʠʭ ʽʤʧʫʣʴʩʽʚ), ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ ʚʚʝʜʝʥʥʷ ʚ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʡ 
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ʧʝʨʝʪʚʦʨʶʚʘʯ ʩʣʽʜʢʫʶʯʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ [63]. ʊʘʢʠʡ ʧʽʜʭʽʜ ʚʠʷʚʣʷʻʪʴʩʷ 

ʢʦʨʠʩʥʠʤ ʚ ʦʩʮʠʣʦʛʨʘʬʽʾ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʩʧʦʪʚʦʨʝʥʥʷ ʬʦʨʤʠ ʩʠʛʥʘʣʫ ʚ ʧʨʦʮʝʩʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠ ʨʝʻʩʪʨʘʮʽʾ ʽʤʧʫʣʴʩʽʚ ʥʘʥʦʩʝʢʫʥʜʥʦʾ ʽ ʧʽʢʦʩʝʢʫʥʜʥʦʾ 

ʪʨʠʚʘʣʦʩʪʽ [64].  

ʇʨʠʥʮʠʧ ʜʽʾ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʽ ʩʣʽʜʢʫʶʯʠʤ ʟʚʦʨʦʪʥʠʤ 

ʟʚô̫ ʟʢʦʤ ʤʦʞʥʘ ʦʧʠʩʘʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʭʝʤʫ (ʨʠʩ. 1.6). ʋ ʥʽʡ ʟʤʽʰʫʚʘʯ ʂ 

ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʥʘ ʯʘʩ, ʱʦ ʜʦʨʽʚʥʶʻ ʪʨʠʚʘʣʦʩʪʽ ʩʪʨʦʙʽʤʧʫʣʴʩʫ. 
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ʈʠʩ.  1.6 ʉʭʝʤʘ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟʽ ʩʣʽʜʢʫʶʯʠʤ ʟʚʦʨʦʪʥʠʤ ʟʚô̫ ʟʢʦʤ 

 

ʇʨʠ ʮʴʦʤʫ ʥʘʢʦʧʠʯʫʚʘʣʴʥʘ ʻʤʥʽʩʪʴ ʉ ʟʘʨʷʜʞʘʻʪʴʩʷ ʚʽʜ ʜʞʝʨʝʣʘ ʩʠʛʥʘʣʫ ʟ 

ʚʠʭʽʜʥʦʶ ʥʘʧʨʫʛʦʶ ό̃ .̖ ʇʨʦʤʽʞʦʢ ʯʘʩʫ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʟʤʽʰʫʚʘʯ ʚʽʜʢʨʠʪʠʡ, 

ʜʫʞʝ ʤʘʣʠʡ. ʊʦʤʫ ʥʘʧʨʫʛʘ 
C

U  ʥʘ ̒ʤʥʦʩʪʽ ʉ ʥʝ ʚʩʪʠʛʘʻ ʟʤʽʥʠʪʠʩʷ ʜʦ ʨʽʚʥʷ 

ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʚʭu , ʷʢ ʧʦʪʨʽʙʥʦ ʜʣʷ ʪʦʯʥʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ ʬʦʨʤʠ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʠʛʥʘʣʫ. ʑʦʙ ʜʦʟʘʨʷʜʠʪʠ ʻʤʥʽʩʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ 

ʥʘʧʨʫʛʠ, ʚʩʪʘʥʦʚʣʶʶʪʴ ʩʣʽʜʢʫʶʯʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ. ʂʦʝʬʽʮʽʻʥʪ ʮʴʦʛʦ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʚʥʷ ʥʘʧʨʫʛʠ 
C

U . 

ʆʜʥʘʢ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ ʩʠʛʥʘʣʽʚ, ʧʝʨʽʦʜ ʧʦʚʪʦʨʝʥʥʷ ʷʢʠʭ ʟʤʽʥʶʻʪʴʩʷ ʚ 

ʰʠʨʦʢʠʭ ʤʝʞʘʭ, ʚʠʥʠʢʘʶʪʴ ʩʢʣʘʜʥʦʱʽ ʟ ʚʠʙʦʨʦʤ ʢʦʝʬʽʮʽʻʥʪʘ ʩʣʽʜʢʫʶʯʦʛʦ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚô̫ ʟʢʫ. ʇʨʠ ʨʽʟʥʠʭ ʧʝʨʽʦʜʘʭ ʧʨʦʭʦʜʞʝʥʥʷ ʅʐʉ ʽʤʧʫʣʴʩʽʚ, ʬʦʨʤʫ 

ʷʢʠʭ ʥʘʣʝʞʠʪʴ ʟʘʨʝʻʩʪʨʫʚʘʪʠ, ʚʥʘʩʣʽʜʦʢ ʩʪʨʫʤʽʚ ʚʠʪʦʢʫ ʽ ʽʥʰʠʭ ʯʠʥʥʠʢʽʚ 

ʥʘʢʦʧʠʯʫʚʘʣʴʥʘ ʻʤʥʽʩʪʴ ʉ ʨʦʟʨʷʜʞʘʻʪʴʩʷ ʜʦ ʨʽʟʥʠʭ ʨʽʚʥʽʚ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʜʦ ʩʧʦʪʚʦʨʝʥʥʷ ʬʦʨʤʠ ʧʝʨʝʪʚʦʨʝʥʠʭ ʽʤʧʫʣʴʩʽʚ. 

ɿʚʦʨʦʪʥʽʡ ʟʚôʷʟʦʢ ʥʝ ʚʽʜʩʣʽʜʢʦʚʫʻ ʰʚʠʜʢʽ ʟʤʽʥʠ ʘʤʧʣʽʪʫʜʠ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ 
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ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʪʦʤʫ ʜʘʥʠʡ ʨʝʞʠʤ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʩʠʛʥʘʣʽʚ ʟ̔ 

ʚʝʣʠʢʠʤʠ ʧʝʨʝʧʘʜʘʤʠ ʘʤʧʣʽʪʫʜʠ ʚ ʩʫʙʥʘʥʦʩʝʢʫʥʜʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. 

ɿʤʽʰʫʚʘʯʽ ʟ ʨʦʟʨʷʜʦʤ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ. ʅʝʩʧʦʪʚʦʨʝʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʨʦʪʢʠʭ ʽʤʧʫʣʴʩʽʚ ʤʦʞʥʘ ʜʦʩʷʛʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʧʝʨʝʪʚʦʨʶʚʘʯ ʟ̔ ʨʦʟʨʷʜʦʤ (ʘʙʦ çʩʢʠʜʘʥʥʷʤ ʥʘʢʦʧʠʯʝʥʦʛʦ ʟʘʨʷʜʫè) 

ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ. ʇʨʠʥʮʠʧ ʜʽʾ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟʽ 

ʩʢʠʜʘʥʥʷʤ ʥʘʢʦʧʠʯʝʥʦʛʦ ʟʘʨʷʜʫ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. ʉʧʦʯʘʪʢʫ ʚʽʜʢʨʠʚʘʻʪʴʩʷ 

ʟʤʽʰʫʚʘʯ ʂ1 (ʨʠʩ. 1.7) ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʨʷʜ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ ʉ ʚʽʜ 

ʜʞʝʨʝʣʘ ʩʠʛʥʘʣʫ.  
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ʈʠʩ.  1.7 ʉʭʝʤʘ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟʽ ʩʢʠʜʘʥʥʷʤ ʥʘʢʦʧʠʯʝʥʦʛʦ ʟʘʨʷʜʫ 

 

ɹʫʬʝʨʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʽʜʩʠʣʝʥʥʷ ὑ  ʧʦʩʠʣʶʻ ʥʘʧʨʫʛʫ Ὗ ʜʦ 

ʨʽʚʥʷ, ʨʽʚʥʦʛʦ ʘʤʧʣʽʪʫʜʽ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ 
ʚʭu , ʫʩʝʨʝʜʥʝʥʦʛʦ ʚ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ 

ʩʪʨʦʙʫʚʘʥʥʷ. ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʨʝʻʩʪʨʫʚʘʪʠ 

ʘʤʧʣʽʪʫʜʫ ʩʠʛʥʘʣʫ (ʥʘʧʨʠʢʣʘʜ, ʯʘʩʫ ʚʠʤʽʨʶʚʘʥʥʷ ɸʎʇ), ʢʣʶʯ ʂ2 ʟʘʤʠʢʘʻʪʴʩʷ ʽ 

ʟʘʨʷʜ ʽʟ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦ ʾ ʻʤʥʦʩʪʽ ʉ ʚʠʪʽʢʘʻ. ʅʘ ʚʠʭʦʜʽ ʟʤʽʰʫʚʘʯʘ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘʧʨʫʛʘ, ʱʦ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʇʽʩʣʷ ʮʴʦʛʦ ʮʠʢʣ ʩʪʨʦʙʫʚʘʥʥʷ 

ʧʦʚʪʦʨʶʻʪʴʩʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʪʚʦʨʝʥʠʡ ʩʠʛʥʘʣ ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʽʤʧʫʣʴʩʽʚ, 

ʘʤʧʣʽʪʫʜʠ ʷʢʠʭ ʜʦʨʽʚʥʶʶʪʴ ʘʤʧʣʽʪʫʜʘʤ ʥʘʧʨʫʛʠ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ (U) ʚ ʢʦʞʝʥ ʟ 

ʤʦʤʝʥʪʽʚ ʩʪʨʦʙʫʚʘʥʥʷ T (ʨʠʩ. 1.8 ʘ). 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʭʝʤ ʟʤʽʰʫʚʘʯʽʚ ʟʽ ʩʣʽʜʢʫʶʯʠʤ ʟʚʦʨʦʪʥʠʤ ʟʚô̫ ʟʢʦʤ [13], 

ʷʢʽ ʩʧʦʪʚʦʨʶʶʪʴ ʬʨʦʥʪ ʽʤʧʫʣʴʩ̔ʚ ʚʥʘʩʣʽʜʦʢ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʦʛʦ ʥʝʜʦʟʘʨʷʜʫ 

ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ (ʨʠʩ. 1.8 ʙ), ʟʤʽʰʫʚʘʯ ʟʽ ʩʢʠʜʘʥʥʷʤ ʥʘʢʦʧʠʯʝʥʦʛʦ 

ʟʘʨʷʜʫ ʪʦʯʥʦ ʚʽʜʦʙʨʘʞʘʻ ʬʦʨʤʫ ʨʝʻʩʪʨʦʚʘʥʦʛʦ ʽʤʧʫʣʴʩʫ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʡʦʛʦ 

ʧʝʨʽʦʜʫ ʧʦʚʪʦʨʝʥʥʷ. ʆʜʥʘʢ ʥʝʜʦʣʽʢʦʤ ʪʘʢʦʛʦ ʟʤʽʰʫʚʘʯʘ ʻ ʪʝ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ 
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ʧʝʨʝʜʘʯʽ ʟʤʽʰʫʚʘʯʘ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʝʨʽʦʜʫ ʧʦʚʪʦʨʝʥʥʷ 

ʩʠʛʥʘʣʽʚ, ʘ ʮʝ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʯʫʪʣʠʚʽʩʪʴ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘ ʜʠʥʘʤʽʯʥʠʡ 

ʜʽʘʧʘʟʦʥ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 
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ʈʠʩ.  1.8 ʇʝʨʝʪʚʦʨʝʥʥʷ ʰʚʠʜʢʦ ʥʘʨʦʩʪʘʶʯʦʛʦ ʬʨʦʥʪʫ ʩʠʛʥʘʣʫ 

 

ɺ ʨʦʙʦʪʽ [66] ʟʨʦʙʣʝʥʦ ʩʧʨʦʙʫ ʧʦʻʜʥʘʪʠ ʧʝʨʝʚʘʛʠ ʩʪʨʦʙʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʟʽ 

ʟʚʦʨʦʪʥʠʤ ʟʚô̫ ʟʢʦʤ ʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʟʽ ʩʢʠʜʘʥʥʷʤ ʥʘʢʦʧʠʯʝʥʦʛʦ ʟʘʨʷʜʫ. ɸʚʪʦʨ 

ʟʘʧʨʦʧʦʥʫʚʘʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʟʽ ʟʚʦʨʦʪʥʠʤ ʟʚô̫ ʟʢʦʤ 

ʤʝʪʦʜʠʢʫ ʧʦʜʚʽʡʥʦʛʦ ʩʪʨʦʙʫʚʘʥʥʷ ʚ ʦʜʥʽʡ ʪʦʯʮʽ, ʟ ʧʦʜʘʣʴʰʠʤ ʨʦʟʨʷʜʦʤ 

ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ ʯʝʨʝʟ ʘʥʘʣʦʛʦʚʠʡ ʢʣʶʯ ʟ ʤʘʣʠʤ ʨʽʚʥʝʤ ʰʫʤʽʚ. 

ʇʦʜʚʽʡʥʝ ʩʪʨʦʙʫʚʘʥʥʷ ʚ ʦʜʥʽʡ ʪʦʯʮʽ ʽ ʟʚʦʨʦʪʥʠʡ ʟʚô̫ ʟʦʢ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ 

ʣʽʥʽʡʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʘ ʨʦʟʨʷʜ ʻʤʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʨʽʚʝʥʴ ʜʨʦʙʦʚʠʭ 

ʰʫʤʽʚ ʥʘ 0 ... 12 ʜɹ, ʬʣʽʢʝʨ-ʰʫʤʽʚ ʥʘ 2 ... 25 ʜɹ ʚʽʜ ʾʭ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʟʥʘʯʝʥʥʷ ʽ 

ʟʙʽʣʴʰʠʪʠ ʯʫʪʣʠʚʽʩʪʴ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘ 3 ... 7 ʜɹ. ɸʚʪʦʨ ʧʦʷʩʥʶʻ ʝʬʝʢʪ 

ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʪʠʤ, ʱʦ ʜʨʦʙʦʚʽ ʽ ʬʣʽʢʝʨ ʰʫʤʠ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʩʠʣʠ ʩʪʨʫʤʫ, ʱʦ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʧʝʨʝʭʽʜ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʝʣʝʤʝʥʪʘ 

ʟʤʽʰʫʚʘʯʘ. ʈʦʟʨʷʜ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʧʨʠʢʣʘʜʝʥʫ ʜʦ 

ʟʤʽʰʫʚʘʯʘ ʟʚʦʨʦʪʥʫ ʥʘʧʨʫʛʫ, ʽ ʪʠʤ ʩʘʤʠʤ, ʟʤʝʥʰʠʪʠ ʜʠʩʧʝʨʩʽʶ ʥʘʧʨʫʛʠ 

ʜʨʦʙʦʚʦʛʦ ʽ ʬʣʽʢʝʨ ʰʫʤʽʚ. ʆʜʥʘʢ, ʟʚʦʨʦʪʥʘ ʥʘʧʨʫʛʘ ʟʤʽʱʝʥʥʷ ʜʽʦʜʽʚ, ʘ, ʦʪʞʝ, ʽ 

ʩʪʨʫʤʠ ʚʠʪʦʢʫ ʜʽʦʜʽʚ ʟʤʽʰʫʚʘʯʘ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʤʦʤʝʥʪ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ 

ʩʪʨʦʙʫʚʘʥʥʷ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʨʽʚʥʷ ʜʨʦʙʦʚʦʛʦ ʽ ʬʣʽʢʝʨ ʰʫʤʽʚ ʽ 

ʟʥʠʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘʚʝʜʝʥʦʾ ʤʝʪʦʜʠʢʠ. ʂʨʽʤ ʪʦʛʦ, ʚʚʝʜʝʥʥʷ ʚ ʢʦʣʦ 

ʨʦʟʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʛʦ ʝʣʝʤʝʥʪʘ, ʥʘʚʽʪʴ ʟ ʤʘʣʠʤ 
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ʚʣʘʩʥʠʤ ʰʫʤʦʤ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷ ʰʫʤʫ ʽ ʦʙʤʝʞʫʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ. 

ʅʘ ʥʘʰʫ ʜʫʤʢʫ ʝʬʝʢʪ ʟʙʽʣʴʰʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʙʫʣʦ 

ʜʦʩʷʛʥʫʪʦ ʟʘ ʨʘʭʫʥʦʢ ʘʥʘʣʦʛʦʚʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʨʷʜʫ ʧʽʜ ʯʘʩ ʧʦʜʚʽʡʥʦʛʦ 

ʩʪʨʦʙʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ʚ ʦʜʥʽʡ ʪʦʯʮʽ.  

ʈʝʞʠʤ ʘʥʘʣʦʛʦʚʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʟʛʘʜʫʻʪʴʩʷ ʚ [13] ʷʢ ʩʧʦʩʽʙ ʧ̔ ʜʚʠʱʝʥʥʷ 

ʯʫʪʣʠʚʦʩʪʽ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʨʦʙʦʯʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ. ʁʦʛʦ ʟʘʩʪʦʩʦʚʫʚʘʣʠ, 

ʥʘʧʨʠʢʣʘʜ, ʫ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʚʦʣʴʪʤʝʪʨʘʭ [65], ʘʣʝ, ʥʘʞʘʣʴ, ʩʠʩʪʝʤʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʥʝ ʧʨʦʚʦʜʠʣʠʩʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʢʦʞʝʥ ʟ ʨʦʟʛʣʷʥʫʪʠʭ ʚʘʨʽʘʥʪʽʚ 

ʧʦʙʫʜʦʚʠ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʤʘʻ ʧʝʚʥʽ ʧʝʨʝʚʘʛʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʽʥʰʠʤʠ, ʫʤʦʚʠ ʜʦʩʷʛʥʝʥʥʷ ʮʠʭ ʧʝʨʝʚʘʛ ʞʦʨʩʪʢʦ ʦʙʤʝʞʝʥʽ. ɺ ʧʽʜʩʫʤʢʫ ʮʝ 

ʧʝʨʝʰʢʦʜʞʘʻ ʜʦʩʷʛʥʝʥʥʶ ʚʠʩʦʢʦʾ ʯʫʪʣʠʚʦʩʪʽ ʧʨʠʡʦʤʥʠʭ ʩʠʩʪʝʤ ʨʝʘʣʴʥʠʭ 

ʅʐʉ ʽʤʧʫʣʴʩʥʠʭ ʨʘʜʘʨʽʚ.  

ʈʝʞʠʤ ʥʝʧʦʚʥʦʛʦ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ ʟʤʽʰʫʚʘʯʘ, ʘ ʪʘʢʦʞ 

ʘʥʘʣʦʛʦʚʝ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʨʷʜʫ ʚʠʜʘʶʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ʇʨʠʯʦʤʫ ʦʙʠʜʚʘ 

ʧʽʜʭʦʜʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʚ ʦʜʥʦʤʫ ʡ ʪʦʤʫ ʞ ʧʝʨʝʪʚʦʨʶʚʘʯʽ. ɼʦ ʪʦʛʦ ʞ ʮʽ 

ʧʽʜʭʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʙʽʣʴʰʦʩʪʽ ʩʭʝʤ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʭ ʟʤʽʰʫʚʘʯʽʚ. 

ʊʦʤʫ ʦʯʝʚʠʜʥʦ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ ʮʠʭ ʧʽʜʭʦʜʽʚ ʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ. 

 

1.3 ʆʛʣʷʜ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 

 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ ʟʤʽʰʫʚʘʯʽʚ ʽ ʚʠʟʥʘʯʝʥʥʷ ʪʦʛʦ, ʷʢʠʡ ʟ ʥʠʭ ʻ ʙʽʣʴʰ 

ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ, ʧʦʪʨʽʙʝʥ ʥʘʙʽʨ 

ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʙ ʥʘʜʘʣʠ ʟʤʦʛʫ ʢʽʣʴʢʽʩʥʦ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʧʨʠʣʘʜ. 

ɼʦ ʪʘʢʦʛʦ ʥʘʙʦʨʫ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ, ʨʦʙʦʯʫ ʩʤʫʛʫ ʯʘʩʪʦʪ, ʯʘʩ 

ʥʘʨʦʩʪʘʥʥʷ ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʛʨʘʥʠʯʥʫ ʯʫʪʣʠʚʽʩʪʴ ʟʤʽʰʫʚʘʯʘ.  
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ɼʘʤʦ ʚʠʟʥʘʯʝʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʤʦʞʣʠʚʽ ʰʣʷʭʠ ʾʭ 

ʧʦʢʨʘʱʝʥʥʷ. 

ʂʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʟʤʽʰʫʚʘʯʘ ï ʚʽʜʥʦʰʝʥʥʷ 

ʧʨʠʨʦʩʪʫ ʘʤʧʣʽʪʫʜʠ ʨʦʟʰʠʨʝʥʦʛʦ ʽʤʧʫʣʴʩʫ ʥʘ ʚʠʭʦʜʽ ʟʤʽʰʫʚʘʯʘ PD  ʜʦ ʥʘʧʨʫʛʠ 

ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ BD , ʷʢʘ ʚʠʢʣʠʢʘʣʘ ʮʶ ʟʤʽʥʠ. ʆʯʝʚʠʜʥʦ, ʱʦ ʯʠʤ ʙʽʣʴʰʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ, ʪʠʤ ʙʽʣʴʰ ʯʫʪʣʠʚʠʤ ʻ ʧʨʠʡʤʘʯ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʟʥʘʯʝʥʥʷ: 

B

P
K
D

D
= . (1.3) 

 

ɺ ʨʦʙʦʪʽ [13] ʧʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʜʽʦʜʥʠʭ ʟʤʽʰʫʚʘʯʽʚ ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʟʤʽʰʫʚʘʯʘ K ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʚʠʨʘʟʦʤ: 

 

H
RC

K
d

= , (1.4) 

 

ʜʝ d ï ʪʨʠʚʘʣʽʩʪʴ ʚʠʙʽʨʢʠ,  

Cʅ ï ʻʤʥʽʩʪʴ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ,  

R ï ʚʥʫʪʨʽʰʥʽʡ ʦʧʽʨ ʟʤʽʰʫʚʘʯʘ, ʷʢʠʡ ʟʘʟʚʠʯʘʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʦʧʦʨʫ ʚʽʜʢʨʠʪʠʭ ʜʽʦʜʽʚ ʽ ʦʧʦʨʫ ʣʽʥʽʾ ʧʽʜʚʝʜʝʥʥʷ ʩʠʛʥʘʣʫ.  

ɿ ʚʠʨʘʟʫ (1.4) ʚʠʧʣʠʚʘʻ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʪʠʤ ʙʽʣʴʰʝ, ʯʠʤ ʤʝʥʰ ̔

ʻʤʥʽʩʪɹ Cʅ ʽ ʦʧʦʨ R ʟʤʽʰʫʚʘʯʘ. ʆʜʥʘʢ, ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʝʥʥʷ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ 

ʻʤʥʦʩʪʽ ʦʙʤʝʞʝʥʘ ʥʠʟʢʦʶ ʧʨʠʯʠʥ:  

¶ ʧʨʠ ʙʣʠʟʴʢʠʭ ʟʥʘʯʝʥʥʷʭ Cʅ ʽ Cɼ ʚʞʝ ʪʨʝʙʘ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʚʧʣʠʚ 

ʧʦʜʽʣʴʥʠʢʘ ʥʘʧʨʫʛʠ Cʅ/(Cʅ+Cɼ), ʯʝʨʝʟ ʷʢʠʡ ʚʽʜʧʦʚʽʜʥʘ ʧʨʦʧʦʨʮʽʡʥʘ 

ʢʦʝʬʽʮʽʻʥʪʫ ʜʽʣʝʥʥʷ ʯʘʩʪʠʥʘ ʝʥʝʨʛʽʾ ʚʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ ʥʝ ʧʨʦʭʦʜʠʪʴ ʜʦ 

ʥʘʩʪʫʧʥʠʭ ʣʘʥʦʢ ʟʤʽʰʫʚʘʯʘ ʽ ʧʦʜʘʣʴʰʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ;  

¶ ʷʢʱʦ ʥʘʢʦʧʠʯʫʚʘʣʴʥʘ ʻʤʥʽʩʪʴ ʩʪʘʻ ʙʣʠʟʴʢʦʶ ʜʦ ʧʨʦʭʽʜʥʦʾ ʻʤʥʦʩʪʽ 

ʟʤʽʰʫʚʘʣʴʥʦʛʦ ʜʽʦʜʘ Cɼ, ʪʦ ʜʽʦʜ ʥʝ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ ʢʣʶʯʘ ʯʝʨʝʟ ʧʨʷʤʝ 



47 

ʧʨʦʭʦʜʞʝʥʥʷ ʩʠʛʥʘʣʫ;  

¶ ʷʢʱʦ ʥʘʢʦʧʠʯʫʚʘʣʴʥʘ ʻʤʥʽʩʪʴ ʩʪʘʻ ʧʦʨʽʚʥʷʥʦʶ ʟ ʧʘʨʘʣʝʣʴʥʦ 

ʧʽʜʢʣʶʯʝʥʦʶ ʜʦ ʥʝʾ ʧʘʨʘʟʠʪʥʦʶ ʻʤʥʽʩʪʶ ʙʫʬʝʨʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ, ʪʦ 

ʯʝʨʝʟ ʚʧʣʠʚ ʟʦʚʥʽʰʥʽʭ ʝʣʝʢʪʨʠʯʥʠʭ ʘʙʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʨʦʙʦʪʘ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʘʻ ʥʝʩʪʘʙʽʣʴʥʦʶ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʜʦʜʘʪʢʦʚʠʭ 

ʬʣʫʢʪʫʘʮʽʷʭ ʘʤʧʣʽʪʫʜʠ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʩʠʛʥʘʣʫ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʣʠʚʩ̔ʪɹ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʰʣʷʭʦʤ 

ʟʤʝʥʰʝʥʥʷ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ ʻ ʦʙʤʝʞʝʥʦʶ. 

ʇʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʪʝʦʨʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʢʽʣ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʻ 4-ʭ-ʧʦʣʶʩʥʠʢʦʤ. ʇʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʢʦʣʘ ï ʮʝ ʨʝʘʢʮʽʷ ʥʘ ʩʪʨʠʙʢʦʧʦʜʽʙʥʠʡ ʧʝʨʝʧʘʜ ʥʘʧʨʫʛʠ, ʧʦʜʘʥʦʾ ʥʘ ʚʭʽʜ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ʏʘʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ï ʮʝ ʪʨʠʚʘʣʽʩʪʴ ʬʨʦʥʪʫ (ʤʽʞ 0,1 ʽ 0,9 

ʘʤʧʣʽʪʫʜʠ) ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʧʝʨʝʧʘʜʫ ʥʘʧʨʫʛʠ. ʎʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʧʠʩʫʻ 

ʰʚʠʜʢʦʜʽʶ ʩʠʩʪʝʤʠ ʽ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʷʢʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʦʨʤʠ ʩʠʛʥʘʣʽʚ.  

ɺʩʪʘʥʦʚʣʝʥʥʷ ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʤʘʻ ʦʩʦʙʣʠʚʦʩʪʽ ʫ ʧʦʨʽʚʥʷʥʽ ʟ ʽʥʰʠʤʠ ʢʦʣʘʤʠ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ 

ʩʘʤʠʤ ʧʨʠʥʮʠʧʦʤ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ ʪʠʤ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʤʘʩʰʪʘʙʫ ʯʘʩʫ. ɸ ʧʝʨʝʭʽʜʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ï ʮʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚô̫ ʟʘʥʘ ʟ ʯʘʩʦʤ.  

ʅʘ ʜʦʜʘʪʦʢ ʜʦ ʪʨʘʜʠʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʢʽʣ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʯʘʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʪʘʢʠʭ ʷʢ ʻʤʥʽʩʪʴ, ʽʥʜʫʢʪʠʚʥʽʩʪʴ, 

ʦʧʽʨ, ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʥʘ ʧʝʨʝʭʽʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʚʧʣʠʚʘʻ ʪʘʢʦʞ ʪʨʠʚʘʣʽʩʪʴ ʚʠʙʽʨʢʠ, ʯʘʩʪʦʪʘ ʧʦʚʪʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ, ʧʘʨʘʤʝʪʨʠ 

ʢʣʶʯʘ ʪʘ ʧʨʠʩʪʨʦʶ ʚʠʙʽʨʢʠ ï ʟʙʝʨʽʛʘʥʥʷ. ɺʣʠʚ ʮʠʭ ʧʨʦʮʝʩʽʚ ʽ ʧʘʨʘʤʝʪʨʽʚ 

ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚ ʨʦʙʦʪʽ.  

ʈʦʙʦʯʘ ʩʤʫʛʘ ʯʘʩʪʦʪ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ 

ʮʝʡ ʧʘʨʘʤʝʪʨ, ʷʢ ʽ ʯʘʩ ʥʘʨʦʩʪʘʥʥʷ ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʻ 
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ʰʚʠʜʢʦʜʽʶ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʯʘʩʪʦʪʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʟʨʫʯʥʦ 

ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʧʨʠ ʦʮʽʥʮʽ ʨʽʚʥʷ ʰʫʤʽʚ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʦʮʽʥʮʽ ʩʧʦʪʚʦʨʝʥʴ 

ʧʝʨʝʪʚʦʨʝʥʠʭ ʩʠʛʥʘʣʽʚ. ʊʘʢ ʩʘʤʦ ʷʢ ʽ ʚ 4-ʭ ʧʦʣʶʩʥʠʢʫ, ʚ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʤʫ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʰʠʨʠʥʘ ʨʦʙʦʯʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ ȹF ʧʦʚô̫ ʟʘʥʘ ʟ̔ ʯʘʩʦʤ ʥʘʨʦʩʪʘʥʥʷ 

ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Űs ʥʘʩʪʫʧʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

)ʥʩ(

35,0
)ɻɻʮ(

s

F
t
=D .    (1.5) 

 

ʏʫʪʣʠʚʽʩʪʴ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ʏʫʪʣʠʚʽʩʪʴ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʽʚʥʝʤ ʚʥʫʪʨʽʰʥʽʭ ʰʫʤʽʚ, ʷʢʠʡ, ʚ ʩʚʦʶ 

ʯʝʨʛʫ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʤʫʛʠ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ. ʊʦʤʫ ʧʝʨʰ ʟʘ ʚʩʝ ʥʝʦʙʭʽʜʥʦ 

ʚʠʟʥʘʯʠʪʠ ʧʨʠʨʦʜʫ ʰʫʤʫ, ʱʦ ʜʽʻ ʥʘ ʚʠʭʦʜʽ ʽ ʚ ʩʘʤʦʤʫ ʧʝʨʝʪʚʦʨʶʚʘʯ,̔ ʩʢʣʘʜʦʚʽ 

ʰʫʤʫ ʽ ʚʧʣʠʚ ʢʦʞʥʦʾ ʟ ʥʠʭ ʥʘ ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʰʫʤʫ. ʇʽʩʣʷ ʮʴʦʛʦ ʤʦʞʥʘ 

ʧʨʦʧʦʥʫʚʘʪʠ ʩʧʦʩʦʙʠ ʟʤʝʥʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷ ʰʫʤʽʚ. 

ɼʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ. ɼʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʾ ʥʘʧʨʫʛʠ 

ʩʠʛʥʘʣʫ, ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʥʘ ʡʦʛʦ ʚʭʽʜ, ʜʦ ʤʽʥʽʤʘʣʴʥʦʾ ʥʘʧʨʫʛʠ ʩʠʛʥʘʣʫ, ʷʢʫ ʱʝ 

ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘ ʬʦʥʽ ʰʫʤʽʚ. ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʥʘʧʨʫʛʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʘʨʘʤʝʪʨʘʤʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ (ʟʘʟʚʠʯʘʡ ʟʤʽʰʫʚʘʣʴʥʠʭ ʜʽʦʜʽʚ):  

¶ ʛʨʘʥʠʮʝʶ ʣʽʥʽʡʥʦʾ ʦʙʣʘʩʪʽ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʱʦ 

ʚʘʞʣʠʚʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʬʦʨʤʠ ʩʠʛʥʘʣʽʚ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʩʧʦʪʚʦʨʝʥʥʷʤʠ,  

¶ ʘʙʦ ʥʘʧʨʫʛʦʶ ʧʨʦʙʦʶ ʧʝʨʝʭʦʜʫ, ʢʦʣʠ ʧʦʪʨʽʙʥʝ ʧʨʦʩʪʝ ʜʝʪʝʢʪʫʚʘʥʥʷ 

ʩʠʛʥʘʣʫ (ʫ ʜʽʦʜʽʚ ʟʤʽʰʫʚʘʯʽʚ ʚʦʥʘ ʟʘʟʚʠʯʘʡ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 1 ɺ).  

ʆʩʢʽʣʴʢʠ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʥʘʧʨʫʛʘ ï ʮʝ ʚʝʣʠʯʠʥʘ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʢʣʘʜʦʤ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʡʦʛʦ ʩʪʨʫʢʪʫʨʦʶ ʽ ʥʝ ʧʽʜʜʘʻʪʴʩʷ ʟʤʽʥʘʤ 

ʟʟʦʚʥʽ, ʚʧʣʠʚʘʪʠ ʥʘ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʧʨʠʣʘʜʫ (ʨʦʟʰʠʨʶʚʘʪʠ ʡʦʛʦ) ʤʦʞʥʘ 

ʪʽʣʴʢʠ ʰʣʷʭʦʤ ʚʧʣʠʚʫ ʥʘ ʨʽʚʝʥʴ ʰʫʤʽʚ. 

 



49 

1.4 ʉʢʣʘʜʦʚʽ ʰʫʤʽʚ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʪʘ ʤʝʪʦʜʠ 

ʟʥʠʞʝʥʥʷ ʾʭʥʴʦʛʦ ʨʽʚʥʷ 

 

ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʰʫʤʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʟ ʜʽʦʜʥʠʤʠ ʟʤʽʰʫʚʘʯʘʤʠ ʘʥʘʣʽʟʫʚʘʣʠʩʴ ʚ ʨʦʙʦʪʘʭ [13, 66, 67]. ɺ 

ʥʠʭ ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʫ ʟʚô̫ ʟʢʫ ʟ ʪʠʤ, ʱʦ ʮʠʢʣ ʨʦʙʦʪʠ ʟʤʽʰʫʚʘʯʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʯʘʩʫ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʟʤʽʰʫʚʘʣʴʥʠʡ ʜʽʦʜ ʟʘʢʨʠʪʠʡ (ʬʘʟʘ ʟʙʝʨʽʛʘʥʥʷ), ʽ ʯʘʩʫ, 

ʢʦʣʠ ʚʽʥ ʚʽʜʢʨʠʪʠʡ ʧʽʜ ʜʽʻʶ ʥʘʧʨʫʛʠ ʩʪʨʦʙʽʤʧʫʣʴʩʫ (ʬʘʟʘ ʚʠʙʽʨʢʠ), ʤʘʶʪʴ 

ʨʦʟʛʣʷʜʘʪʠʩʷ ʜʚʽ ʝʢʚʽʚʘʣʝʥʪʥʽ ʰʫʤʦʚʽ ʩʭʝʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʷʢʽ ʜʦʧʦʚʥʶʶʪʴ 

ʦʜʥʘ ʦʜʥʫ.   

 

1.4.1 ʐʫʤʠ ʩʢʣʘʜʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

 

ʐʫʤʠ ʟʤʽʰʫʚʘʯʘ ʧʨʠ ʟʘʢʨʠʪʦʤʫ ʜʽʦʜʽ. ʇʦʢʠ ʟʤʽʰʫʚʘʣʴʥʠʡ ʜʽʦʜ 

ʟʘʢʨʠʪʠʡ, ʢʦʣʦ ʩʠʛʥʘʣʫ ʚʠʤʢʥʝʥʦ, ʘ ʜʞʝʨʝʣʘʤʠ ʰʫʤʫ ʻ ʨʝʟʠʩʪʦʨʠ ʙʫʬʝʨʥʦʛʦ 

ʧʽʜʩʠʣʶʚʘʯʘ ʽ ʟʘʢʨʠʪʠʡ ʜʽʦʜ. ʈʝʟʠʩʪʦʨʠ ʻ ʜʞʝʨʝʣʘʤʠ ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ, ʘ ʜʽʦʜ ï 

ʜʞʝʨʝʣʦʤ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ ʽ ʬʣʽʢʝʨ-ʰʫʤʫ. ʅʘ ʨʠʩ. 1.9 ʧʦʢʘʟʘʥʽ ʝʢʚʽʚʘʣʝʥʪʥʽ 

ʩʭʝʤʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʽʚʥʷ ʰʫʤʫ, ʱʦ ʜʽʻ ʥʘ ʚʠʭʦʜʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ɼʦ ʪʘʢʦʛʦ 

ʚʠʜʫ ʩʭʝʤ ʤʦʞʥʘ ʧʨʠʚʝʩʪʠ ʙʽʣʴʰʽʩʪʴ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʟ ʜʽʦʜʥʠʤʠ ʟʤʽʰʫʚʘʯʘʤʠ 

[13]. 

ɺ ʩʭʝʤʽ ʨʠʩ. 1.9 ʘ) 
2

T
e  ʧʦʟʥʘʯʝʥʦ ʜʞʝʨʝʣʦ ʪʝʧʣʦʚʠʭ ʰʫʤʽʚ, aR  ï ʚʭʽʜʥʠʡ 

ʦʧʽʨ ʙʫʬʝʨʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ, 
d

R  ï ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʦʧʽʨ ʟʘʢʨʠʪʦʛʦ ʜʽʦʜʘ, C ï 

ʩʫʤʘʨʥʘ ʻʤʥʽʩʪʴ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ, ʻʤʥʦʩʪʽ ʤʦʥʪʘʞʫ, 

ʚʭʽʜʥʦ ʾʻʤʥʦʩʪʽ ʙʫʬʝʨʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ.  
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ʈʠʩ.  1.9 ɽʢʚʽʚʘʣʝʥʪʥʽ ʩʭʝʤʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʽʚʥʷ ʰʫʤʫ ʧʨʠ ʟʘʢʨʠʪʦʤʫ ʜʽʦʜʽ 

ʟʤʽʰʫʚʘʯʘ; ʘ) ʱʦʜʦ ʪʝʧʣʦʚʠʭ ʰʫʤʽʚ, ʙ) ʱʦʜʦ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ,         

ʚ) ʱʦʜʦ ʬʣʽʢʝʨ-ʰʫʤʫ 

 

ɼʞʝʨʝʣʦ ʪʝʧʣʦʚʠʭ ʰʫʤʽʚ ʤʘʻ ʝʥʝʨʛʝʪʠʯʥʫ ʱʽʣʴʥʽʩʪʴ, ʷʢʘ ʦʧʠʩʫʻʪʴʩʷ 

ʚʠʨʘʟʦʤ: 

 

aT
kTRw 4= , (1.6) 

 

ʜʝ k  ï ʩʪʘʣʘ ɹʦʣʴʮʤʘʥʘ,  

T  ï ʝʢʚʽʚʘʣʝʥʪʥʘ ʰʫʤʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ.  

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʜʠʩʧʝʨʩʽʾ ʰʫʤʦʚʦʾ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʟʤʽʰʫʚʘʯʘ, 

ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʚʽʜʦʤʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [13]: 
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www
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dKwunoise , (1.7) 

 

ʜʝ )(ww  ï ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʰʫʤʫ, 
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)(wK  ï ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʢʦʣʘ, 

w ï ʮʠʢʣʽʯʥʘ ʯʘʩʪʦʪʘ. 

ɺʝʨʭʥ ̫ʤʝʞʘ ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʟʷʪʘ ʨʽʚʥʦʶ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷ ̒

ʚʠʟʥʘʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʠʩʧʝʨʩʽʾ. 

ʆʙʯʠʩʣʶʶʯʠ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʜʣʷ ʩʭʝʤʠ ʨʠʩ. 1.9 ʘ) ̔ ʧʽʜʩʪʘʚʣʷʶʯʠ 

ʡʦʛʦ ʚ (1.7), ʦʪʨʠʤʫʻʤʦ: 
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ɺ ʩʭʝʤ ̔ʨʠʩ. 1.9 ʙ) ʩʠʤʚʦʣʦʤ 
2

D
i  ʧʦʟʥʘʯʝʥʝ ʜʞʝʨʝʣʦ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ. 

ʁʦʛʦ ʝʥʝʨʛʝʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ: 

 

revd
qIw 2= , (1.9) 

 

ʜʝ 
revI  ï ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʜʽʦʜʽʚ,  

q  ï ʝʣʝʤʝʥʪʘʨʥʠʡ ʟʘʨʷʜ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ (1.7) ʢʚʘʜʨʘʪ ʜʠʩʧʝʨʩʽʾ ʢʦʤʧʦʥʝʥʪʠ ʜʨʦʙʦʚʦʛʦ 

ʰʫʤʫ ʤʘʻ ʥʘʩʪʫʧʥʫ ʟʘʣʝʞʥʽʩʪʴ: 
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ɽʥʝʨʛʝʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ ʬʣʽʢʝʨ-ʰʫʤʫ ʜʽʦʜʘ ʦʧʠʩʫʻʪʴʩʷ ʚʠʨʘʟʦʤ: 
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ʜʝfA  ï ʢʦʝʬʽʮʽʻʥʪ ʬʣʽʢʝʨ-ʰʫʤʫ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʜʽʦʜʘ,  

revI  ï ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʜʽʦʜʽʚ.  

ɿ ʚʠʨʘʟʫ (1.11) ʚʠʜʥʦ, ʱʦ 
f

w  ʨʦʩʪʝ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʯʘʩʪʦʪʠ. ʊʦʤʫ 

ʥʘʷʚʥʽʩʪʴ ʨʦʟʜʽʣʶʚʘʣʴʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ὅ ʚ ʪʨʘʢʪʽ ʧʦʩʠʣʝʥʥʷ ʩʠʛʥʘʣʫ ʚʧʣʠʚʘʻ 

ʥʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ ʚʠʭʦʜʽ ʧʨʠʡʤʘʯʘ. ʗʢʱʦ ὅ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ 

ʚʠʭʦʜʽ ʙʫʬʝʨʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ, ʪʦ ʝʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ ʜʣʷ ʮʽʻʾ ʩʢʣʘʜʦʚʦʾ ʤʘʻ 

ʚʠʛʣʷʜ, ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 1.9 ʚ). ʊʫʪ ʩʠʤʚʦʣʦʤ 
2

F
i  ʧʦʟʥʘʯʝʥʦ ʜʞʝʨʝʣʦ     

ʬʣʽʢʝʨ-ʰʫʤʫ, 
Uä

Uä

eq
RR

RR
R

+
=  ï ʦʧʽʨ ʧʘʨʘʣʝʣʴʥʦʛʦ ʟô̒ ʜʥʘʥʠʭ ʜʽʦʜʘ ʽ ʨʝʟʠʩʪʦʨʽʚ 

ʢʦʣʘ ʥʘʧʨʫʛʠ ʟʚʦʨʦʪʥʦʛʦ ʟʤʽʱʝʥʥʷ. 

ʋ ʧʽʜʩʫʤʢʫ, ʜʣʷ ʩʭʝʤʠ ʨʠʩ. 1.9 ʚ) ʢʚʘʜʨʘʪ ʜʠʩʧʝʨʩʽʾ ʢʦʤʧʦʥʝʥʪʠ   

ʬʣʽʢʝʨ-ʰʫʤʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [13]: 
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(1.12) 

 

ʐʫʤʠ ʟʤʽʰʫʚʘʯʘ ʧʨʠ ʚʽʜʢʨʠʪʦʤʫ ʜʽʦʜʽ. ʂʦʣʠ ʟʤʽʰʫʚʘʣʴʥʠʡ ʜʽʦʜ 

ʚʽʜʢʨʠʪʠʡ, ʜʞʝʨʝʣʘʤʠ ʰʫʤʫ ʻ ʩʘʤ ʚʽʜʢʨʠʪʠʡ ʜʽʦʜ, ʚʭʽʜʥʠʡ ʦʧʽʨ, ʬʣʫʢʪʫʘʮʽʾ 

ʩʪʨʦʙʽʤʧʫʣʴʩʫ, ʦʙʫʤʦʚʣʝʥʽ ʰʫʤʘʤʠ ɼʅɿ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ 

ʬʦʨʤʫʚʘʯʽʚ ʩʪʨʦʙʽʤʧʫʣʴʩʫ, ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʤʠʢʘʥʥʷ. ʐʠʨʠʥʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʩʧʝʢʪʨʫ ʮʠʭ ʩʢʣʘʜʦʚʠʭ ʰʫʤʫ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʰʠʨʠʥʽ ʨʦʙʦʯʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ [13]. 

ʊʝʧʣʦʚʠʡ ʰʫʤ ʚʭʽʜʥʦʛʦ ʦʧʦʨʫ, ʰʫʤ ʟʘʢʨʠʪʦʛʦ ʜʽʦʜʘ ʚ ʤʦʤʝʥʪ ʯʘʩʫ, ʱʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜʫʚʘʚ ʚʠʙʽʨʮʽ, ʰʫʤʠ ʚʽʜʢʨʠʪʦʛʦ ʜʽʦʜʘ ʟʤʽʰʫʚʘʯʘ ʽ ɼʅɿ 

ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʜʝʷʢʽ ʩʠʛʥʘʣʠ, ʱʦ ʜʽʶʪʴ ʚ ʢʦʣʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ ʧʝʨʝʪʚʦʨʝʥʽ 

ʚ ʨʦʙʦʯʽʡ ʩʤʫʟʽ ʯʘʩʪʦʪ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʨʠʡʤʘʯʘ. ʇʨʠ ʦʮʽʥʮʽ ʜʠʩʧʝʨʩʽʾ 
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ʰʫʤʦʚʦʾ ʥʘʧʨʫʛʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʞʥʘ ʩʢʣʘʜʦʚʘ ʰʫʤʫ ʥʘ ʚʭʦʜʽ ʟʤʽʰʫʚʘʯʘ, ʘ 

ʧʦʪʽʤ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʟʤʽʰʫʚʘʯʘ, ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʝʨʝʨʘʭʦʚʘʥʽ ʜʦ ʚʭʦʜʫ ʙʫʬʝʨʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ. 

ʋ ʟʚô̫ ʟʢʫ ʟ ʪʠʤ, ʱʦ ʧʽʜ ʯʘʩ ʬʘʟʠ ʚʠʙʽʨʢʠ ʟʤʽʰʫʚʘʯ ʷʚʣʷʻ ʩʦʙʦʶ ʩʠʩʪʝʤʫ 

ʟʽ ʟʤʽʥʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʰʫʤʦʚʠʡ ʧʨʦʮʝʩ ʚ ʥʴʦʤʫ ʻ ʥʝʩʪʘʮʽʦʥʘʨʥʠʤ. ʉʪʨʦʛʠʡ 

ʨʦʟʛʣʷʜ ʧʘʨʘʤʝʪʨʽʚ ʰʫʤʦʚʦʾ ʥʘʧʨʫʛʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʧʝʨʫʚʘʥʥʷ ʛʨʦʤʽʟʜʢʠʤʠ 

ʬʦʨʤʫʣʘʤʠ, ʤʘʣʦʧʨʠʜʘʪʥʠʤʠ ʜʣ ̫ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʊʦʤʫ ʥʘ ʧʨʘʢʪʠʮʽ, 

ʟʘʟʚʠʯʘʡ, ʚʠʢʦʥʫʻʪʴʩʷ ʣʠʰʝ ʦʨʽʻʥʪʦʚʥʘ ʦʮʽʥʢʘ ʜʠʩʧʝʨʩʽʾ ʟ ʧʨʠʧʫʱʝʥʥʷʤ, ʱʦ 

ʩʧʝʢʪʨʘʣʴʥʽ ʱʽʣʴʥʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʰʫʤʫ ʧʽʜ ʯʘʩ ʚʠʙʽʨʢʠ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʫ. 

ɼʠʩʧʝʨʩʽʷ ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ ʚʭʽʜʥʦʛʦ ʦʧʦʨʫ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʨʠʡʤʘʯʘ 

in
R  ʽ ʦʧʦʨʫ ʙʘʟʠ ʜʽʦʜʘ 

b
R , ʧʝʨʝʨʘʭʦʚʘʥʘ ʜʦ ʚʭʦʜʫ ʙʫʬʝʨʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ, 

ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʚʠʨʘʟʦʤ [13]: 
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, (1.13) 

 

ʜʝ FD  ï ʨʦʙʦʯʘ ʩʤʫʛʘ ʯʘʩʪʦʪ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 

ʌʣʫʢʪʫʘʮʽʷ ʘʤʧʣʽʪʫʜʠ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʩʠʛʥʘʣʫ, ʷʢʘ ʦʙʫʤʦʚʣʝʥʘ ʰʫʤʦʚʠʤ 

ʩʪʨʫʤʦʤ ʚʠʪʦʢʫ ʜʽʦʜʘ ʚ ʤʦʤʝʥʪ ʯʘʩʫ, ʱʦ ʧʝʨʝʜʫʚʘʚ ʚʽʜʢʨʠʪʪʶ, ʜʦʨʽʚʥʶʻ 
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ʜʝ 
e

R  ʚʨʘʭʦʚʫʻ ʧʘʨʘʣʝʣʴʥʝ ʟô̒ ʜʥʘʥʥʷ ʦʧʦʨʽʚ ʜʽʦʜʘ, ʚʭʽʜʥʦʛʦ ʦʧʦʨʫ ʙʫʬʝʨʥʦʛʦ 

ʧʽʜʩʠʣʶʚʘʯʘ ʽ ʦʧʦʨʫ ʥʘʧʨʫʛʠ ʟʩʫʚʫ. 

ʊʫʪ ʚʨʘʭʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʬʣʽʢʝʨ-ʰʫʤ, ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʷʢʦʛʦ 

ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʯʘʩʪʦʪʠ. ɯʥʰʽ ʰʫʤʦʚʽ ʩʢʣʘʜʦʚʽ, ʱʦ ʜʽʶʪʴ ʚ ʢʦʣʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠ ʟʘʢʨʠʪʦʤʫ ʜʽʦʜʽ, ʤʦʞʥʘ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ.  
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ʆʙʯʠʩʣʶʶʯʠ ʽʥʪʝʛʨʘʣ (1.14), ʦʪʨʠʤʘʻʤʦ ʬʦʨʤʫʣʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʢʦʤʧʦʥʝʥʪʠ ʬʣʽʢʝʨ-ʰʫʤʫ: 
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L
w  ï ʚʝʨʭʥʷ ʽ ʥʠʞʥʷ ʤʝʞ ̔ʩʤʫʛʠ ʯʘʩʪʦʪ, ʚ ʷʢʽʡ ʝʬʝʢʪʠʚʥʦ ʜʽʻ ʬʣʽʢʝʨ-

ʰʫʤ. 

ʉʢʣʘʜʦʚʘ ʰʫʤʦʚʦʾ ʥʘʧʨʫʛʠ, ʚʠʢʣʠʢʘʥʘ ʜʨʦʙʦʚʠʤ ʝʬʝʢʪʦʤ ʚ ʜʽʦʜʽ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʷʤʦʛʦ ʩʪʨʫʤʫ 
frd
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r  
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ʐʫʤʠ ɼʅɿ ʚ ʩʭʝʤʽ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʦʙʽʤʧʫʣʴʩʫ ʪʘʢʦʞ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʽʚʝʥʴ 

ʰʫʤʽʚ ʥʘ ʚʠʭʦʜʽ ʟʤʽʰʫʚʘʯʘ. ɺʦʥʠ ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʬʣʫʢʪʫʘʮʽʡ 

ʘʤʧʣʽʪʫʜʠ ʩʪʨʦʙʽʤʧʫʣʴʩʫ, ʷʢʽ ʚʽʜʢʨʠʚʘʶʪʴ ʜʽʦʜ ʟʤʽʰʫʚʘʯʘ. ʆʜʥʘʢ, ʚʧʣʠʚ ʮʠʭ 

ʬʣʫʢʪʫʘʮʽʡ ʤʦʞʥʘ ʽʩʪʦʪʥʦ ʟʤʝʥʰʠʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʠʤʝʪʨʠʯʥʽ ʩʭʝʤʠ 

ʟʤʽʰʫʚʘʯʘ. 

ɼʠʩʧʝʨʩʽʷ ʨʝʟʫʣʴʪʫʶʯʦ ʾʰʫʤʦʚʦʾ ʥʘʧʨʫʛʠ ʚʠʨʘʞʘʻʪʴʩʷ ʩʫʤʦʶ: 

ä=
22

noiseres
uu , (1.17) 

 

ʜʝ 
2

noise
u  ï ʦʢʨʝʤʽ ʩʢʣʘʜʦʚʽ, ʨʦʟʛʣʷʥʫʪʽ ʚʠʱʝ, ʽ ʰʫʤʠ ʙʫʬʝʨʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ, 

ʧʝʨʝʨʘʭʦʚʘʥʽ ʜʦ ʡʦʛʦ ʚʭʦʜʫ. 
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ʗʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ ʩʪʘʪʠʩʪʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʰʫʤʽʚ ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ 

ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ, ʪʦ ʧʨʠ ʪʘʢʦʤʫ ʨʦʟʧʦʜʽʣʽ ʰʫʤʽʚ ʨʦʟʤʘʭ ʰʫʤʦʚʦʛʦ ʥʘʧʨʫʛʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

K

u
E res

noise

2

3= . (1.18) 

 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʨʠʙʣʠʟʥʦ 90% ʚʠʙʽʨʦʢ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ ʧʦʩʪʽʡʥʦʛʦ 

ʨʽʚʥʷ ʥʘʧʨʫʛʠ ʫʢʣʘʜʘʶʪʴʩʷ ʚ ʤʝʞʽ 2/
noise

EU ° , ʜʝ U  ï ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʛʠ. 

ɼʣʷ ʧʨʠʢʣʘʜʫ, ʚ ʪʘʙʣʠʮʽ 1.1 ʟ [13] ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʨʽʚʥʷ 

ʰʫʤʫ ʜʣʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟ ʨʦʙʦʯʦʶ ʩʤʫʛʦʶ 5 ɻɻʮ, ʚ ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʽʦʜʥʠʡ ʟʤʽʰʫʚʘʯ ʟ̔ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʝʜʘʯʽ 0,1. 

 

ʊʘʙʣʠʮʷ 1.1 

ʉʢʣʘʜʦʚʽ ʰʫʤʫ ʟʤʽʰʫʚʘʯʘ 

ʉʢʣʘʜʦʚʽ ʰʫʤʫ 

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ 

ʥʘʧʨʫʛʘ ʥʘ ʚʭʦʜʽ 

ʧʽʜʩʠʣʶʚʘʯʘ, ʤʢɺ 

ʇʨʦʮʝʥʪʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʜʦ ʟʘʛʘʣʴʥʦʛʦ 

ʨʽʚʥʷ (ʟʘ 

ʧʦʪʫʞʥʽʩʪʶ) 

ʊʝʧʣʦʚʽ ʰʫʤʠ ʟʤʽʰʫʚʘʯʘ  15ï20 20ï24 

ɼʨʦʙʦʚʠʡ ʰʫʤ ʟʘʢʨʠʪʦʛʦ ʜʽʦʜʘ 10 6ï8 

ʐʫʤ ʚʠʪʦʢʫ ʜʽʦʜʘ 25ï30 52ï54 

ʊʝʧʣʦʚʠʡ ʰʫʤ ʚʭʽʜʥʦʛʦ ʦʧʦ
ʫ  6,5 2,5ï3,5 

ʌʣʽʢʝʨ-ʰʫʤ (ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʘ ʩʢʣʘʜʦʚʘ) 1ï2,5 0,5 

ɼʨʦʙʦʚʠʡ ʰʫʤ ʚʽʜʢʨʠʪʦʛʦ ʜʽʦʜʘ  9ï10 6ï7 

ʐʫʤ ɼʅɿ (ʙʽʣʠʡ) 6ï7 2,5ï3,5 

ʐʫʤ ɼʅɿ (ʪʠ
ʫ 1/ɤ) 8ï9 5ï7 

ʐʫʤ ʧʽʜʩʠʣʶʚʘʯʘ 2ï2,5 0,5 

ɿʘʛʘʣʴʥʘ ʰʫʤʦʚʘ ʥʘʧʨʫʛʘ 35ï40 100 
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ʋ ʪʨʝʪʽʡ ʛʨʘʬʽ ʪʘʙʣʠʮʽ ʟʘʟʥʘʯʝʥʦ ʚʽʜʩʦʪʢʦʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʜʘʥʦʾ 

ʩʢʣʘʜʦʚʦʾ (ʟʘ ʧʦʪʫʞʥʩ̔ʪʶ), ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʙʨʘʥʦʤʫ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʟʤʽʰʫʚʘʯʘ. 

ʇʨʠ ʽʥʰʦʤʫ ʨʝʞʠʤʽ (ʽʥʰʘ ʥʘʧʨʫʛʘ ʟʩʫʚʫ ʜʽʦʜʘ, ʽʥʰʠʡ ʧʨʷʤʠʡ ʩʪʨʫʤ ʯʝʨʝʟ ɼʅɿ, 

ʽʥʰʘ ʘʤʧʣʽʪʫʜʘ ʩʪʨʦʙʽʤʧʫʣʴʩʫ ʽ ʪ. ʜ.) ʨʦʟʧʦʜʽʣ ʩʢʣʘʜʦʚʠʭ ʙʫʜʝ ʽʥʰʠʤ. ʇʨʦʪʝ, 

ʪʘʙʣʠʮʷ 1.1 ʜʘʻ ʥʘʦʯʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʤʦʞʣʠʚʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʞʝʨʝʣ ʰʫʤʫ. 

ɿ ʪʘʙʣʠʮʽ 1.1 ʪʘʢʦʞ ʚʠʜʥʦ, ʱʦ ʪʝʧʣʦʚʽ ʰʫʤʠ, ʰʫʤʠ ʚʭʽʜʥʦʛʦ ʦʧʦʨʫ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʘ ʪʘʢʦʞ ʰʫʤʠ ɼʅɿ ʜʘʶʪʴ ʤʝʥʰʠʡ ʚʥʝʩʦʢ, ʥʽʞ ʰʫʤʠ ʜʽʦʜʽʚ 

ʟʤʽʰʫʚʘʯʘ ʽ ʪʝʧʣʦʚʽ ʰʫʤʠ ʟʤʽʰʫʚʘʯʘ ʚ ʬʘʟʽ ʟʙʝʨʽʛʘʥʥʷ. ʊʦʤʫ ʜʣʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʥʘʡʙʽʣʴʰ ʽʩʪʦʪʥʠʤʠ ʻ ʜʨʦʙʦʚʠʡ ʰʫʤ, ʬʣʽʢʝʨ-ʰʫʤ ʟʘʢʨʠʪʦʛʦ ʜʽʦʜʘ ʽ ʪʝʧʣʦʚʠʡ 

ʰʫʤ ʚʠʩʦʢʦʦʤʥʠʭ ʚʭʽʜʥʦʛʦ ʦʧʦʨʫ ʙʫʬʝʨʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ. 

 

1.4.2 ʉʧʝʮʠʬʽʯʥʽ ʰʫʤʠ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 

ʅʝʩʪʘʙʽʣʴʥʽʩʪʴ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʨʠʡʤʘʯʘ ʅʐʉ ʽʤʧʫʣʴʩʥʦʛʦ ʨʘʜʽʦʣʦʢʘʪʦʨʘ  

 

ʅʝʩʪʘʙʽʣʴʥʽʩʪʴ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʨʠʡʤʘʯʘ ʅʐʉ ʽʤʧʫʣʴʩʥʦʛʦ ʨʘʜʽʦʣʦʢʘʪʦʨʘ 

ʦʙʫʤʦʚʣʝʥʘ ʚʠʧʘʜʢʦʚʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʢʦʣʘʭ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ï 

ʰʫʤʦʚʠʤʠ ʬʣʫʢʪʫʘʮʽʷʤʠ ʨʽʚʥʽʚ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʢʦʤʧʘʨʘʪʦʨʽʚ, ʪʨʠʛʝʨʽʚ, 

ʚʧʣʠʚʦʤ ʚʠʧʘʜʢʦʚʠʭ ʧʝʨʝʰʢʦʜ ʥʘ ʢʦʣʘ, ʷʢʽ ʟʘʜʘʶʪʴ ʯʘʩ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʮʠʭ 

ʩʭʝʤ, ʽ ʪ. ʜ. [68, 69]. 

ɼʣʷ ʮʴʦʛʦ ʷʚʠʱʘ ʚ ʘʥʛʣʦʤʦʚʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʚʚʝʜʝʥʦ ʪʝʨʤʽʥ ï ʜʞʠʪʝʨ 

çjitterè, ʱʦ ʦʟʥʘʯʘʻ ʪʨʝʤʪʽʥʥʷ, ʬʣʫʢʪʫʘʮʽʾ, ʨʦʟʢʠʜ. ʋ ʜʠʩʝʨʪʘʮʽʾ ʧʽʜ ʜʞʠʪʝʨʦʤ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ ʢʦʨʦʪʢʦʯʘʩʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʤʦʤʝʥʪʫ ʚʠʙʽʨʢʠ ʟ ʩʠʛʥʘʣʫ ʚʽʜ ʡʦʛʦ ʽʜʝʘʣʴʥʦʾ ʯʘʩʦʚʦʾ ʧʦʟʠʮʽʾ, ʪʦʙʪʦ 

ʥʘʩʢʽʣʴʢʠ ʨʘʥʦ ʯʠ ʧʽʟʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʙʽʨʢʘ ʟ ʩʠʛʥʘʣʫ ʚʽʜʥʦʩʥʦ ʟʘʜʘʥʦʛʦ 

ʤʦʤʝʥʪʫ ʯʘʩʫ. ʎʝʡ ʜʞʠʪʝʨ ʘʥʘʣʦʛʽʯʥʠʡ ʜʞʠʪʝʨʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʘʥʘʣʦʛʦ-

ʮʠʬʨʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʘʣʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ 

ʯʘʩʫ. 
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ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.  1.10, ʜʞʠʪʝʨ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʨʠʡʤʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʘʤʧʣʽʪʫʜʥʦʾ ʧʦʤʠʣʢʠ ʚ ʧʝʨʝʪʚʦʨʝʥʦʤʫ 

(ʦʮʠʬʨʦʚʘʥʦʤʫ) ʩʠʛʥʘʣʽ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ, ʷʢ ʜʦʜʘʪʢʦʚʠʡ ʰʫʤ. ʎʝʡ ʰʫʤ 

ʟʥʠʞʫʻ ʯʫʪʣʠʚʽʩʪʴ ʅʐʉ ʽʤʧʫʣʴʩʥʦʛʦ ʛʝʦʨʘʜʘʨʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʛʨʘʜʘʮʽʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʜʘʨʫ (ʟʤʝʥʰʝʥʥʷ ʛʣʠʙʠʥʠ ʟʦʥʜʫʚʘʥʥʷ, ʟʥʠʞʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʧʽʜʧʦʚʝʨʭʥʝʚʠʭ ʦʙô̒ ʢʪʽʚ, ʟʥʠʞʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ 

ʚʠʷʚʣʝʥʥʷ ʤʘʣʦʢʦʥʪʨʘʩʪʥʠʭ ʦʙô̒ ʢʪʽʚ). ʂʨʽʤ ʪʦʛʦ, ʦʩʢʽʣʴʢʠ ʯʘʩʦʚʘ 

ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʨʠʡʤʘʯʘ ʚʧʣʠʚʘʻ ʥʘ ʪʦʯʥʽʩʪʴ ʨʝʻʩʪʨʘʮʽʾ ʽ 

ʚʽʜʪʚʦʨʝʥʥʷ ʬʦʨʤʠ ʩʠʛʥʘʣʫ, ʚʦʥʘ ʪʘʢʦʞ ʩʫʪʪʻʚʦ ʧʦʛʽʨʰʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ. 

 

            
ʘ) ʙ) 

 

ʈʠʩ.  1.10 ɼʞʠʪʝʨ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʝʨʝʪʚʦʨʶʚʘʯʘ (
er

t  ï ʜʞʠʪʝʨ ʩʠʥʭʨʦʥʟ̔ʘʮ̔ʾ, 

er
V  ï ʘʤʧʣʪ̔ʫʜʥʘ ʧʦʤʠʣʢʘ, t  ï ʨʝʘʣʴʥʠʡ ʯʘʩ, q ï ʝʢʚʽʚʘʣʝʥʪʥʠʡ 

ʯʘʩ): ʘ) ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ; ʙ) ʧʝʨʝʪʚʦʨʝʥʠʡ ʩʠʛʥʘʣ 

 

1.4.3 ʅʘʢʦʧʠʯʝʥʥʷ / ʫʩʝʨʝʜʥʝʥʥʷ ʧʨʠ ʯʘʩʦʚʽʡ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʚ 

ʧʨʠʩʪʨʦʾ ʜʣʷ ʧʨʠʡʦʤʫ ʧʝʨʽʦʜʠʯʥʠʭ ʽʤʧʫʣʴʩʽʚ  

 

ʋ ʚʠʧʘʜʢʫ ʢʦʣʠ ʰʫʤʠ ʚʽʜʩʫʪʥʽ, ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʘʤʧʣʽʪʫʜʠ ʚʽʜʣʽʢʽʚ 

ʧʨʠʡʥʷʪʦʛʦ ʽʤʧʫʣʴʩʫ ʥʘʧʨʫʛʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʨʷʜʥʽʩʪʶ ɸʎʇ. ʅʘ ʧʨʘʢʪʠʮʽ 

ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪ ɹɸʎʇ ʦʙʤʝʞʝʥʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʩʠʛʥʘʣ/ʰʫʤ. ɸʣʝ ʢʦʣʠ ʜʦ 
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ʚʭʦʜʫ ɸʎʇ ʥʘʜʭʦʜʠʪʴ ʰʫʤ ʚʠʩʦʢʦ ʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʨʦʟʨʽʟʥʠʪʠ ʩʫʩʽʜʥʽ ʨʽʚʥʽ 

ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ. 

ʆʜʥʠʤ ʟ ʩʧʦʩʦʙʽʚ ʟʤʝʥʰʠʪʠ ʨʽʚʝʥʴ ʰʫʤʽʚ ʽ ʟʙʽʣʴʰʠʪʠ ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʛʝʦʨʘʜʘʨʘ ʻ ʢʦʛʝʨʝʥʪʥʝ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ (ʘʙʦ ʫʩʝʨʝʜʥʝʥʥʷ) ʧʝʚʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʩʠʛʥʘʣʽʚ, ʚʽʜʙʠʪʠʭ ʚʽʜ ʦʙô̒ ʢʪʘ. ɼʽʡʩʥʦ, ʧʨʠ ʢʦʛʝʨʝʥʪʥʦʤʫ ʥʘʢʦʧʠʯʝʥʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʢʚʘʜʨʘʪʥʦʤʫ ʢʦʨʝʥʶ ʟ 

ʯʠʩʣʘ ʥʘʢʦʧʠʯʝʥʠʭ ʩʠʛʥʘʣʽʚ [56, 57].  

ʋ ʚʫʟʴʢʦʩʤʫʛʦʚʠʭ ʧʨʠʡʤʘʯʘʭ, ʟʘʚʜʷʢʠ ʚʠʩʦʢʦʜʦʙʨʦʪʥʠʤ ʩʝʣʝʢʪʠʚʥʠʤ 

ʧʨʠʩʪʨʦʷʤ ʽ ʢʦʛʝʨʝʥʪʥʦʤʫ ʥʘʢʦʧʠʯʝʥʥʶ ʚ ʢʦʣʠʚʘʣʴʥʦʤʫ ʢʦʥʪʫʨʽ, ʤʦʞʥʘ ʟʥʘʯʥʦ 

ʧʨʠʜʫʰʠʪʠ ʰʫʤʠ ʟʘ ʤʝʞʘʤʠ ʚʫʟʴʢʦʾ ʨʦʙʦʯʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ. ʇʨʠ ʧʨʠʡʦʤʽ ʅʐʉ 

ʩʠʛʥʘʣʽʚ, ʦʯʝʚʠʜʥʦ, ʪʘʢʠʡ ʩʧʦʩʽʙ ʙʦʨʦʪʴʙʠ ʟ ʰʫʤʘʤʠ ʥʝ ʧʨʘʮʶʻ [19].  

ɸʥʘʣʦʛ ʢʦʣʠʚʘʣʴʥʦʛʦ ʢʦʥʪʫʨʫ, ʘʣʝ ʚʞʝ ʜʣʷ ʥʝʩʠʥʫʩʦʾʜʥʠʭ ʩʠʛʥʘʣʽʚ 

(ʨʠʩ. 1.11), ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʽ ʚʠʧʨʦʙʫʚʘʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ [70].   

 

ʘ)    ʙ)  

ʈʠʩ.  1.11 ʘ) ʉʭʝʤʘ ʧʨʠʩʪʨʦʶ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʽʜʙʦʨʫ ʚʽʜ ʰʫʤʫ 

ʧʝʨʽʦʜʠʯʥʦʾ ʭʚʠʣʽ ʘʙʦ ʧʝʨʽʦʜʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟ ʽʥʰʠʤ ʧʝʨʽʦʜʦʤ 

(ʮʠʪʫʻʪʴʩʷ ʟ [70]); ʙ) ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʨʠʩʪʨʦʶ ʜʣʷ ʧʨʠʡʦʤʫ 

ʧʝʨʽʦʜʠʯʥʠʭ ʥʝʩʠʥʫʩʦʾʜʥʠʭ ʨʘʜʽʦʭʚʠʣʴ (ʮʠʪʫʻʪʴʩʷ ʟ [70]) 

 

ʇʨʠʩʪʨʽʡ (ʨʠʩ. 1.11 ʘ) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʨʠʡʦʤʥʦʾ ʘʥʪʝʥʠ, ʧʽʜʢʣʶʯʝʥʦʾ ʜʦ 

ʦʜʥʦʛʦ ʟ ʜʚʦʭ ʚʭʦʜʽʚ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ-ʩʫʤʘʪʦʨʘ (SA),  ̔ ʣ̔ ʥʽʾ 

ʟʘʪʨʠʤʢʠ (DL), ʱʦ ʟô̒ ʜʥʫʻ SA ʟ ʡʦʛʦ ʜʨʫʛʠʤ ʚʭʦʜʦʤ. ɿ ʚʠʭʦʜʫ SA ʥʘʧʨʫʛʘ ɽʈʉ 

ʥʘʚʝʜʝʥʦʛʦ ʫ ʧʨʠʡʤʘʣʴʥʽʡ ʘʥʪʝʥʽ ʽʤʧʫʣʴʩʫ ʧʨʦʭʦʜʠʪʴ ʚ ʣʽʥʽʶ ʟʘʪʨʠʤʢʠ ʽ 
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ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʭʽʜ ʧʽʜʩʫʤʦʚʫʶʯʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʦʩʣʘʙʣʝʥʥʷ ʚ 

ʣʽʥʽʾ ʟʘʪʨʠʤʢʠ ʽ ʧʽʜʩʠʣʶʚʘʯʽ ʪʦʯʥʦ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ. ʗʢʱʦ ʩʠʛʥʘʣ, ʱʦ 

ʧʨʠʡʤʘʻʪʴʩʷ, ʧʝʨʽʦʜʠʯʥʠʡ ʽ ʯʘʩ ʟʘʪʨʠʤʢʠ ʚ DL ʜʦʨʽʚʥʶʻ ʧʝʨʽʦʜʫ ʧʦʚʪʦʨʝʥʥʷ 

ʽʤʧʫʣʴʩʽʚ, ʪʦ ʚ ʨʦʟʛʣʷʥʫʪʦʤʫ ʧʨʠʩʪʨʦʾ ʧʝʨʰʠʡ ʧʨʠʡʥʷʪʠʡ ʩʠʛʥʘʣ ʟ ʘʤʧʣʽʪʫʜʦʶ 

U, ʟʘʪʨʠʤʘʥʠʡ ʚ DL, ʯʝʨʝʟ ʯʘʩ ʟʘʪʨʠʤʢʠ ʥʘʜʽʡʜʝ ʥʘ ʜʨʫʛʠʡ ʚʭʽʜ SA ʽ ʜʦʜʘʩʪʴʩʷ 

ʜʦ ʥʦʚʦʛʦ ʩʠʛʥʘʣʫ, ʱʦ ʧʨʠʡʰʦʚ ʚ ʘʥʪʝʥʫ ʯʝʨʝʟ ʧʝʨʽʦʜ DL. ʇʽʩʣʷ ʧʨʠʡʦʤʫ n 

ʽʤʧʫʣʴʩʽʚ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʟ ʘʥʪʝʥʠ, ʘʤʧʣʽʪʫʜʘ ʮʠʨʢʫʣʶʶʯʦʛʦ ʩʠʛʥʘʣʫ ʩʪʘʥʝ 

ʨʽʚʥʦʶ nU. ʉʠʛʥʘʣʠ ʟ ʧʝʨʽʦʜʦʤ DLT¸  ʘʙʦ ʥʝʧʝʨʽʦʜʠʯʥʽ ʩʠʛʥʘʣʠ ʙʫʜʫʪʴ 

ʩʢʣʘʜʘʪʠʩʷ ʥʝ ʧʨʦʧʦʨʮʽʡʥʦ n. ʈʽʟʥʠʮʷ ʚ ʝʬʝʢʪʽ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʩʪʚʦʨʠʪʴ ʝʬʝʢʪ 

ʬʽʣʴʪʨʘʮʽʾ ï ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʽʚ ʽ ʥʝʧʝʨʽʦʜʠʯʥʠʭ ʧʝʨʝʰʢʦʜ.  

ʋ ʨʝʘʣʴʥʠʭ ʣʽʥʽʷʭ ʟʘʪʨʠʤʢʠ ʻ ʚʪʨʘʪʠ, ʜʦ ʪʦʛʦ ʞ ʯʘʩʪʠʥʫ ʝʥʝʨʛʽʾ 

ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ ʧʦʪʨʽʙʥʦ ʚʽʜʙʠʨʘʪʠ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʨʝʻʩʪʨʘʮʽʾ. ʊʦʤʫ ʜʣʷ 

ʟʙʝʨʝʞʝʥʥʷ ʝʬʝʢʪʫ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʩʣʽʜ ʚʚʝʩʪʠ ʚ ʩʭʝʤʫ ʰʠʨʦʢʦʩʤʫʛʦʚʠʡ 

ʧʽʜʩʠʣʶʚʘʯ, ʱʦ ʢʦʤʧʝʥʩʫʻ ʮʽ ʚʪʨʘʪʠ (ʨʠʩ. 1.11 ʙ). ɸʣʝ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ 

ʚʩʴʦʛʦ ʢʦʣʘ q ʧʦʚʠʥʝʥ ʟʘʣʠʰʘʪʠʩʷ ʤʝʥʰʝ 1. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʩʪʨʽʡ 

ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʚ ʛʝʥʝʨʘʪʦʨ. ʏʠʤ ʙʣʠʞʯʝ ʚʝʣʠʯʠʥʘ q ʜʦ 1, ʪʠʤ ʙʽʣʴʰʝ ʩʠʛʥʘʣʽʚ 

ʤʦʞʝ ʙʫʪʠ ʧʽʜʩʫʤʦʚʘʥʦ, ʪʦʤʫ ʱʦ ʚ ʮʴʦʤʫ ʢʦʣʽ 
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ɼʣʷ ʧʨʠʢʣʘʜʫ, ʷʢʱʦ q=0,9, ʪʦ SU =10U, ʘ ʷʢʱʦ q=0,99, ʪʦ 
S

U =100U. ʋ 

ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʜʫʰʝʥʥʷ ʰʫʤʫ ʟʥʘʯʥʦ ʢʨʘʱʝ, ʥʽʞ ʚ ʧʝʨʰʦʤʫ, ʦʜʥʘʢ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʜʫʞʝ ʚʠʩʦʢʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʯʘʩʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʩʴʦʛʦ 

ʢʦʣʘ.  

ʉʘʤʘ ʧʦ ʩʦʙʽ ʽʜʝʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʧʨʠʩʪʨʦʶ ʧʨʠʚʘʙʣʠʚʘ, ʧʨʦʪʝ 

ʪʝʭʥʽʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʾʾ ʩʪʠʢʘʻʪʴʩʷ ʟ ʪʨʫʜʥʦʱʘʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʟʘʜʘʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʢʦʣʘ (ʦʩʦʙʣʠʚʦ ʪʦʜʽ, ʢʦʣʠ ʩʘʤ ʰʠʨʦʢʦʩʤʫʛʦʚʠʡ 
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ʧʽʜʩʠʣʶʚʘʯ ʽ ʣʽʥʽʷ ʟʘʪʨʠʤʢʠ ʻ ʜʠʩʧʝʨʛʫʶʯʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʟ ʥʝʨʽʚʥʦʤʽʨʥʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʝʜʘʯʽ ʚ ʩʤʫʟʽ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ). 

ʆʜʥʘʢ ʧʦʜʽʙʥʝ ʜʦ ʦʧʠʩʘʥʦʛʦ ʚ [70] ʢʦʛʝʨʝʥʪʥʝ ʥʘʢʦʧʠʯʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚ 

ʜʝʱʦ ʟʤʽʥʝʥʦʤʫ ʚʠʛʣʷʜʽ ʧʨʘʢʪʠʯʥʦ ʨʝʘʣʽʟʦʚʘʥʝ ʧʨʠ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʤʫ 

ʧʝʨʝʪʚʦʨʝʥʥʽ. ʇʽʜ ʯʘʩ ʨʝʻʩʪʨʘʮʽʾ ʧʝʨʽʦʜʠʯʥʦ ʧʦʚʪʦʨʶʚʘʥʦʛʦ ʽʤʧʫʣʴʩʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʙʽʨʢʫ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ 

ʙʘʛʘʪʦʨʘʟʦʚʦ ʩʪʨʦʛʦ ʟ ʧʝʨʽʦʜʦʤ ʧʦʚʪʦʨʝʥʥʷ ʽʤʧʫʣʴʩʽʚ, ʧʨʠ ʢʦʞʥʦʤʫ 

ʩʪʨʦʙʫʚʘʥʥʽ, ʟʙʝʨʽʛʘʶʯʠ ʟʘʨʷʜ ʫ ʧʨʠʩʪʨʦʾ ʚʠʙʽʨʢʠ - ʟʙʝʨʽʛʘʥʥʷ, ʽ ʚʞʝ ʧʽʩʣʷ ʮʴʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʦʪʨʠʤʘʥʠʡ ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ ʚ ʮʠʬʨʦʚʠʡ ʢʦʜ ʥʘ ʚʠʭʦʜʽ ʧʨʠʡʤʘʯʘ. 

ʏʠʤ ʙʽʣʴʰʝ ʢʽʣʴʢʽʩʪʴ ʥʘʢʦʧʠʯʝʥʠʭ ʚʠʙʽʨʦʢ, ʪʠʤ ʚʠʱʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ / 

ʰʫʤ.  

ʈʝʟʫʣʴʪʘʪ ʪʘʢʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʘʥʘʣʦʛʽʯʥʠʡ ʨʝʟʫʣʴʪʘʪʫ 

ʬʽʣʴʪʨʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʬʨʦʚʦʛʦ ʛʨʝʙʽʥʯʘʩʪʦʛʦ ʬʽʣʴʪʨʫ [71]. ɺʽʜʧʦʚʽʜʥʦ  ̒

ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘʢʦʧʠʯʫʚʘʥʠʭ ʽʤʧʫʣʴʩʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ [72] ʧʦʢʘʟʘʣʦ, ʱʦ ʥʘ ʨʝʟʫʣʴʪʘʪ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘ̒  

ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ (ʪʦʙʪʦ 

ʥʘʢʦʧʠʯʝʥʥʷ ʥʝ ʻ ʘʙʩʦʣʶʪʥʦ ʢʦʛʝʨʝʥʪʥʠʤ), ʘ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʢʽʣʴʢʩ̔ʪʴ 

ʥʘʢʦʧʠʯʝʥʠʭ ʩʠʛʥʘʣʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʦʚʦʾ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. ɿʛʽʜʥʦ 

ʟ ʮʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʥʘʢʦʧʠʯʝʥʠʭ 

ʽʤʧʫʣʴʩʽʚ ʷʢ 
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ʜʝ d  ï ʚʽʜʥʦʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʯʘʩʪʦʪʠ ʚ ʩʧʝʢʪʨʽ ʩʠʛʥʘʣʫ ʜʦ ʤʽʥʽʤʘʣʴʥʦʾ 

ʯʘʩʪʦʪʠ,  

R
T  ï ʧʝʨʽʦʜ ʧʦʚʪʦʨʝʥʥʷ ʽʤʧʫʣʴʩʽʚ,  

h ï ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʧʝʨʽʦʜʫ ʧʨʦʭʦʜʞʝʥʥʷ ʽʤʧʫʣʴʩʽʚ.  
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ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʽʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʚʝʨʭʥʴʦʶ ʛʨʘʥʠʯʥʦʶ ʯʘʩʪʦʪʦʶ 1 ɻɻʮ, ʟ 

ʯʘʩʪʦʪʦʶ ʧʦʚʪʦʨʝʥʥʷ ʽʤʧʫʣʴʩʽʚ 1 ʄɻʮ, ʽ ʢʽʣʴʢʽʩʪʶ ʥʘʢʦʧʠʯʫʚʘʥʠʭ ʽʤʧʫʣʴʩʽʚ 

NR =10, ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʧʝʨʽʦʜʫ ʧʦʚʪʦʨʝʥʥʷ ʽʤʧʫʣʴʩʽʚ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 

ʟʥʘʯʝʥʥʷ h = 35 ʧʩ. ɼʣʷ ʥʘʢʦʧʠʯʝʥʥʷ 35 ʽʤʧʫʣʴʩʽʚ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʘ 

ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʥʝ ʛʽʨʰʝ 10 ʧʩ ² h.  

ʊʦʤʫ, ʱʦʙ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʩʪʨʦʙʦʩʢʦʧʽʯʥʽʡ ʅʐʉ 

ʧʨʠʡʤʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʝʬʝʢʪʠʚʥʦ, ʪʨʝʙʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʦʙʣʘʜʥʘʥʥʷ ʟ̔ ʜʫʞʝ 

ʚʠʩʦʢʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. ʗʢʱʦ ʯʘʩʦʚʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʚʝʣʠʢʘ, 

ʥʘʢʦʧʠʯʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʧʦʪʚʦʨʝʥʥʷ ʬʦʨʤʠ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ ʽ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʪʨʠʚʘʣʦʩʪʽ (ʚʞʝ ʚ ʝʢʚʽʚʘʣʝʥʪʥʦʤʫ ʯʘʩʽ). ʉʧʦʪʚʦʨʝʥʥʷ ʬʦʨʤʠ 

ʩʠʛʥʘʣʫ ʩʪʚʦʨʶʶʪʴ ʜʦʜʘʪʢʦʚʽ ʪʨʫʜʥʦʱʽ ʜʣʷ ʦʙʨʦʙʢʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʯʠʤ ʚʠʱʝ ʩʪʘʙʽʣʴʥʽʩʪʴ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʪʠʤ 

ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʩʠʛʥʘʣʽʚ ʤʦʞʥʘ ʥʘʢʦʧʠʯʫʚʘʪʠ ʙʝʟ ʩʧʦʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʽ, 

ʷʢ ʨʝʟʫʣʴʪʘʪ, ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʨʘʜʘʨʘ. 

ʉʘʤʝ ʪʦʤʫ ʧʝʨʰ, ʥʽʞ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʘʥʘʣʦʛʦʚʝ ʥʘʢʦʧʠʯʝʥʥʷ, ʥʝʦʙʭʽʜʥʦ 

ʢʦʨʝʢʪʥʦ ʦʮʽʥʠʪʠ ʚʝʣʠʯʠʥʫ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. 

 

1.4.4 ʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʜʞʠʪʝʨʘ  

 

ɺ ʅʐʉ ʽʤʧʫʣʴʩʥʽʡ ʨʘʜʽʦʣʦʢʘʮʽʾ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʜʞʠʪʝʨʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ, ʟʛʽʜʥʦ ʟ ʷʢʠʤ ʜʞʠʪʝʨ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟ ʘʤʧʣʽʪʫʜʥʠʭ 

ʧʦʤʠʣʦʢ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʩʠʛʥʘʣʫ [68, 69]. ɼʣʷ ʮʴʦʛʦ ʤʘʩʠʚ ʟ ʜʝʢʽʣʴʢʦʭ ʪʠʩʷʯ 

ʨʝʘʣʽʟʘʮʽʡ ʩʠʛʥʘʣʫ ʫʩʝʨʝʜʥʶʻʪʴʩʷ, ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢʠʤ ʙʫʚ ʙʠ 

ʩʠʛʥʘʣ ʙʝʟ ʰʫʤʫ. ɺ ʦʪʨʠʤʘʥʦʤʫ çʽʜʝʘʣʴʥʦʤʫè ʩʠʛʥʘʣʽ ʥʘ ʬʨʦʥʪʽ ʘʙʦ ʩʧʘʜʘʥʥʽ 

ʽʤʧʫʣʴʩʫ ï ʪʘʤ, ʜʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʰʚʠʜʢʘ ʟʤʽʥʘ ʘʤʧʣʽʪʫʜʠ 

ʩʠʛʥʘʣʫ, ʚ ʪʘʢ ʟʚʘʥʽʡ ʧʦʢʘʟʦʚʽʡ ʦʙʣʘʩʪʽ, ʚʠʙʠʨʘʻʪʴʩʷ ʪʘʢ ʟʚʘʥʘ ʧʦʢʘʟʦʚʘ ʪʦʯʢʘ 

(ʟʘʟʚʠʯʘʡ ï ʮʝ ʩʝʨʝʜʠʥʘ ʧʦʢʘʟʦʚʦʾ ʦʙʣʘʩʪʽ ʟʘ ʘʤʧʣʽʪʫʜʦʶ ʽ ʯʘʩʦʤ), ʯʘʩʦʚ ̔

ʢʦʦʨʜʠʥʘʪʠ ʷʢʦʾ ʧʦʟʥʘʯʘʻʪʴʩʷ 0t . ɼʣʷ ʧʦʢʘʟʦʚʦʾ ʪʦʯʢʠ ʟʘ çʽʜʝʘʣʴʥʠʤè ʩʠʛʥʘʣʦʤ 
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ʚʠʟʥʘʯʘʶʪʴʩʷ ʫʩʝʨʝʜʥʝʥʘ ʘʤʧʣʽʪʫʜʘ )(
0

tV  ʽ ʧʦʭʽʜʥʘ ʩʠʛʥʘʣʫ )(
0

tV¡ . ɼʣʷ 

ʢʦʞʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʚʠʭʽʜʥʦʛʦ ʤʘʩʠʚʫ ʦʙʯʠʩʣʶʻʪʴʩʷ ʘʤʧʣʽʪʫʜʥʘ ʧʦʤʠʣʢʘ 
er

V , ʱʦ 

ʜʦʨʽʚʥʶʻ ʨʽʟʥʠʮʽ ʘʤʧʣʽʪʫʜ ʩʠʛʥʘʣʫ ʟ ʨʝʘʣʽʟʘʮʽʾ ( )(
0

tV
i

) ʽ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʚ 

ʧʦʢʘʟʦʚʽʡ ʪʦʯʮʽ: )()( 00 tVtVV ier -=  ʇʦʪʽʤ ʩʢʣʘʜʘʻʪʴʩʷ ʤʘʩʠʚ ʘʤʧʣʽʪʫʜʥʠʭ 

ʧʦʤʠʣʦʢ, ʽ ʟʘ ʮʠʤʠ ʜʘʥʠʤʠ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʜʞʠʪʝʨ jt  ʷʢ ʚʽʜʥʦʰʝʥʥʷ 

ʘʤʧʣʽʪʫʜʥʦʾ ʧʦʤʠʣʢʠ ʜʦ ʟʥʘʯʝʥʥʷ ʧʦʭʽʜʥʦʾ ʩʠʛʥʘʣʫ ʚ ʧʦʢʘʟʦʚʽʡ ʪʦʯʮʽ: 

 

)(/. 0tVVt erj
¡= . (1.21) 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʠʭ ʧʝʨʝʨʘʭʫʥʢʽʚ ʦʪʨʠʤʫ̒ ʤʦ ʤʘʩʠʚ ʜʞʠʪʝʨʘ (ʯʘʩʦʚʠʭ 

ʧʦʤʠʣʦʢ), ʟʘ ʷʢʠʤ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʞʠʪʝʨʘ ʽ 

ʧʦʙʫʜʫʚʘʪʠ ʜʽʘʛʨʘʤʫ ʯʘʩʦʚʠʭ ʧʦʤʠʣʦʢ ʩʠʥʭʨʦʥʽʟʘʮʽʾ.  

ʊʘʢʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʨʠʡʤʘʯʘ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʽ ʚʠʪʨʘʪ, ʱʦ ʻ ʧʨʠʡʥʷʪʥʠʤ 

ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʨʦʟʨʦʙʥʠʢʽʚ ʛʝʦʨʘʜʘʨʽʚ. 

 

1.5 ɺʠʙʽʨ ʥʘʧʨʷʤʫ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʆʪʞʝ ʘʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ, ʧʨʠʩʚʷʯʝʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʤ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʥʘʷʚʥʦ ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʩʪʨʦʙʦʩʢʦʧʽʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʨʦʪʢʠʭ 

ʽʤʧʫʣʴʩʥʠʭ ʩʠʛʥʘʣʽʚ ï ʮʝ ʜʦʩʠʪʴ ʩʧʝʮʠʬʽʯʥʘ ʦʙʣʘʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʬʽʟʠʢʠ, 

ʚ ʷʢʽʡ ʧʨʘʮʶʶʪʴ ʚʫʟʴʢʦʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʬʘʭʽʚʮʽ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʜʦʩʚʽʜ ʽ ʧʝʚʥʽ 

ʥʘʧʨʘʮʶʚʘʥʥʷ ʨʦʟʨʦʙʥʠʢʽʚ ʧʨʠʡʦʤʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʅʐʉ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ, ʷʢ 

ʧʨʘʚʠʣʦ, ʟʘʣʠʰʘʶʪʴʩʷ ʥʦʫ-ʭʘʫ ʢʦʤʧʘʥʽʡ, ʚ ʷʢʠʭ ʮʽ ʨʦʟʨʦʙʥʠʢʠ ʧʨʘʮʶʶʪʴ. ʊʦʤʫ 

ʚ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʦʙʛʦʚʦʨʝʥʥʷ ʧʨʦʙʣʝʤ, ʧʦʚô̫ ʟʘʥʠʭ ʟ̔ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ 

ʧʨʠʡʦʤʥʠʭ ʩʠʩʪʝʤ ʅʐʉ ʣʦʢʘʪʦʨʽʚ, ʜʫʞʝ ʦʙʤʝʞʝʥʝ. ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʩʫʪʪʻʚʦ 

ʩʪʨʠʤʫʻ ʧʨʦʛʨʝʩ ʚ ʮʽʡ ʛʘʣʫʟʽ. ʎʝ ʚʠʟʥʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʘʣʴʰʠʭ 

ʧʦʛʣʠʙʣʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ.  
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ʉʚʽʪʦʚ ̔ʩʫʯʘʩʥʽ ʧʦʪʨʝʙʠ ʚ ʮʽʡ ʛʘʣʫʟʽ ʧʦʣʷʛʘʶʪʴ ʚ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʅʐʉ ʽʤʧʫʣʴʩʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʘ ʷʢ 

ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʰʣʷʭ ʜʦʩʷʛʥʝʥʥʷ ʮʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ 

ʟʙʽʣʴʰʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʧʨʠʡʤʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ 

ʰʣʷʭʦʤ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʰʫʤʽʚ ʧʨʠʡʤʘʯʽʚ, ʧʨʠʚʝʜʝʥʠʭ ʜʦ ʚʭʦʜʫ, ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ 

ʟʘʜʘʥʦʾ ʨʦʙʦʯʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ (ʯʠ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ). 

ʉʧʝʮʠʬʽʢʘ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ, ʦʩʦʙʣʠʚʠʭ ʤʝʪʦʜʽʚ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʩʘʤʝ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʅʐʉ 

ʽʤʧʫʣʴʩʥʠʭ ʟʦʥʜʫʶʯʠʭ ʩʠʛʥʘʣʽʚ, ʦʩʢʽʣʴʢʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʝʪʦʜʠ ʟʥʠʞʝʥʥʷ 

ʨʽʚʥʷ ʰʫʤʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʚʫʟʴʢʦʩʤʫʛʦʚʠʭ ʨʘʜʽʦʩʠʩʪʝʤʘʭ, 

ʟʜʝʙʽʣʴʰʦʛʦ ʥʝ ʻ ʜʽʻʟʜʘʪʥʠʤʠ ʘʙʦ ʝʬʝʢʪʠʚʥʠʤʠ. ʄʽʞ ʪʠʤ, ʚʽʜʦʤʽ ʧʽʜʭʦʜʠ, ʷʢʽ 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʽʩʥʫʶʯʠʭ ʅʐʉ ʨʘʜʽʦʣʦʢʘʪʦʨʘʭ, ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ 

ʯʘʩʫ, ʧʨʘʢʪʠʯʥʦ ʚʠʯʝʨʧʘʣʠ ʩʝʙʝ, ʽ ʧʦʪʨʽʙʥʦ ʰʫʢʘʪʠ ʥʦʚ ̔ʩʧʦʩʦʙʠ  ̔ʚʘʨʽʘʥʪʠ 

ʧʦʙʫʜʦʚʠ ʨʘʜʽʦʩʠʩʪʝʤ, ʱʦ ʜʦʟʚʦʣʷʪʴ ʜʦʩʷʛʪʠ ʧʦʜʘʣʴʰʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʰʫʤʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʦʜʥʠʤ ʟ ʥʘʧʨʷʤʚ̔ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘ̒ ʙʫʪʠ ʧʦʰʫʢ, ʘʥʘʣʽʟ, ʘ 

ʪʘʢʦʞ ʪʝʦʨʝʪʠʯʥʘ (ʥʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʷʭ) ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ (ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʘʢʝʪʘʭ) ʧʝʨʝʚʽʨʢʘ ʥʦʚʠʭ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʽʜʦʤʠʭ ʩʧʦʩʦʙʽʚ 

(ʤʝʪʦʜʽʚ) ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥ ̫

ʰʫʤʫ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʰʠʨʝʥʥʷ 

ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʭ ʧʨʠʡʦʤʥʠʭ ʩʠʩʪʝʤ. 

ʆʩʦʙʣʠʚʦ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʩʘʤʝ ʢʦʛʝʨʝʥʪʥʝ ʘʥʘʣʦʛʦʚʝ 

ʥʘʢʦʧʠʯʝʥʥʷ (ʤʘʢʩʠʤʘʣʴʥʦ ʩʠʥʭʨʦʥʥʝ ʜʦʜʘʚʘʥʥʷ ʚʠʙʽʨʦʢ) ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ 

ʟʥʠʟʠʪʠ ʨʽʚʝʥɹ ʰʫʤʫ. ʆʜʥʘʢ ʜʽʶʯʽ ʥʘ ʧʨʘʢʪʠʮʽ ʩʠʩʪʝʤʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʟʘʚʞʜʠ 

ʪʦʶ ʯʠ ʽʥʰʦʶ ʤʽʨʦ  ʁʥʝʩʪʘʙʽʣʴʥʽ. ɺ ʜʦʩʪʫʧʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʥʝ ʚʜʘʣʦʩʷ ʟʥʘʡʪʠ 

ʚʠʯʝʨʧʥʠʭ ʚʽʜʧʦʚʽʜʝʡ ʥʘ ʧʠʪʘʥʥʷ ʧʨʦ ʚʧʣʠʚ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʩʠʥʭʨʦʥʽʟʘʮʽʾ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘ ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʊʦʤʫ ʪʘʢ̔  

ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʽ ʦʧʠʩ, ʱʦ ʚʢʣʶʯʘʻ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʨʝʟʫʣʴʪʘʪʠ 

ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ ʚʩʪʘʥʦʚʣʝʥʠʭ 
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ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʦʯʝʚʠʜʥʦ ʻ ʥʝʦʙʭʽʜʥʠʤ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʩʠʥʭʨʦʥʽʟʘʮʽʾ 

ʩʪʨʦʙʧʝʨʝʪʚʦʨʶʚʘʯʘ (ʜʞʠʪʝʨʘ) ʥʘ ʰʫʤʠ ʪʘ ʩʧʦʪʚʦʨʝʥʥʷ ʬʦʨʤʠ ʩʠʛʥʘʣʫ, ʱʦ 

ʚʥʦʩʷʪʴʩʷ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʘ ʪʘʢʦʞ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ 

ʤʦʞʣʠʚʠʭ ʩʧʦʩʦʙʽʚ ʧʦʙʫʜʦʚʠ ʽ ʩʭʝʤ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, 

ʥʝʦʙʭʽʜʥʘ ʚʝʨʠʬʽʢʘʮʽʷ ʽ, ʷʢʱʦ ʧʦʪʨʽʙʥʦ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ 

ʜʞʠʪʝʨʘ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʚʠʟʥʘʯʘʪʠ ʨʝʘʣʴʥʫ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʜʣʷ 

ʦʙʨʘʥʦʛʦ ʚʘʨʽʘʥʪʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ.  

ʆʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʻ 

ʪʨʠʚʘʣʽʩʪʴ ʚʠʙʽʨʢʠ. ʉʘʤʝ ʮʝʡ ʧʘʨʘʤʝʪʨ ʟʥʘʯʥʦ  ʁ ʤʽʨʦ  ʁ ʚʠʟʥʘʯʘʻ ʧʝʨʝʭʽʜʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ (ʨʦʙʦʯʫ ʩʤʫʛʫ ʯʘʩʪʦʪ), ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ, 

ʯʫʪʣʠʚʽʩʪʴ ʽ ʪ. ʜ. ʅʘʩʪʽʣʴʢʠ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʩʪʠʤʫʣʶʻ ʜʦ ʪʦʛʦ, ʱʦʙ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʮʝʡ ʧʘʨʘʤʝʪʨ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʘʡʢʨʘʱʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʘʜʘʨʘ ʷʢ ʩʠʩʪʝʤʠ, 

ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʽʜʧʦʚʝʨʭʥʝʚʦʛʦ ʟʦʥʜʫʚʘʥʥʷ.  

ɹʘʟʦʚʠʤ ʧʽʜʭʦʜʦʤ ʱʦʜʦ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʻ ʪʝʦʨʝʪʠʯʥʝ ʢʦʤʧôʁ ʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʫ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ ʚʨʘʭʦʚʫʻ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ, ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʠ, ʷʢʽ ʥʘ ʧʨʘʢʪʠʮʽ ʜʝʤʦʥʩʪʨʫʶʪʴ ʝʬʝʢʪ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ 

ʤʝʪʦʜʽʚ. ɸʣʝ ʦʩʥʦʚʥʽ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʦʚʚʝʜʝʥʴ 

ʩʣʽʜ ʨʦʙʠʪʠ ʧʽʩʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʧʝʨʝʚʽʨʢʠ ʧʦʙʫʜʦʚʘʥʠʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʥʦʚʠʭ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʧʽʜ ʯʘʩ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʫ ʩʢʣʘʜʽ ʨʦʙʦʯʦʾ ʅʐʉ ʽʤʧʫʣʴʩʥʦʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ.  

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʜʦʩʠʪʴ ʪʨʠʚʘʣʫ ʽʩʪʦʨʽʶ ʽ ʟʥʘʯʥʠʡ ʧʨʦʛʨʝʩ ʚ ʧʦʣʽʧʰʝʥʥʽ 

ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʪʨʦʙʦʩʢʦʧʽʯʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʷʢ ʽ ʨʘʥʽʰʝ ʧʦʪʨʝʙʫʶʪʴ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ. ʉʘʤʝ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʮʠʭ ʧʨʠʩʪʨʦʾʚ ʚʠʟʥʘʯʘʻ ʤʦʞʣʠʚʦʩʪʽ ʽ 

ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʅʐʉ ʽʤʧʫʣʴʩʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ɯʩʥʫʻ ʨʷʜ 
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ʧʨʠʨʦʜʥʠʭ ʦʙʤʝʞʝʥʴ, ʦʙʫʤʦʚʣʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʰʫʤʘʤʠ, ʜʨʦʙʦʚʠʤ ʰʫʤʦʤ, 

ʬʣʽʢʝʨ-ʰʫʤʦʤ ʽ ʽʥ. ɯʩʥʫʶʪʴ ʪʘʢʦʞ ʪʝʭʥʽʯʥʽ ʦʙʤʝʞʝʥʥʷ, ʧʦʚô̫ ʟʘʥʽ ʟ ʥʝʽʜʝʘʣʴʥʦ ʁ

ʩʫʯʘʩʥʦ ʁʝʣʝʤʝʥʪʥʦ ʁʙʘʟʦ ,ʁ ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ. ɿʘʟʥʘʯʝʥʽ ʦʙʤʝʞʝʥʥʷ ʩʣʘʙʦ ʧʽʜʜʘʶʪʴʩʷ ʢʦʨʠʛʫʚʘʥʥʶ. ʋ ʟʚô̫ ʟʢʫ 

ʟ ʮʠʤ, h ʣʷʭʦʤ ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʣʶʯʦʚʦʛʦ ʝʣʝʤʝʥʪʘ ʩʫʯʘʩʥʠʭ ʅʐʉ 

ʽʤʧʫʣʴʩʥʠʭ ʨʘʜʽʦʣʦʢʘʪʦʨʽʚ ï ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʣʽʜ ʚʚʘʞʘʪʠ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʘʤʠʭ ʤʝʪʦʜʽʚ ʧʦʙʫʜʦʚʠ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʘ ʪʘʢʦʞ ʧʦʰʫʢ ʰʣʷʭʽʚ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʦʤʠʭ ʙʘʟʦʚʠʭ ʩʭʝʤ, ʧʨʠ ʷʢʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʰʫʤʫ, ʧʨʠʚʝʜʝʥʦʛʦ ʜʦ ʚʭʦʜʫ ʧʨʠʡʤʘʯʘ, ʽ, ʚʽʜʧʦʚʽʜʥʦ, 

ʟʙʽʣʴʰʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʧʨʠʡʤʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʨʘʜʘʨʘ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ 

ʟʘʜʘʥʦʾ ʨʦʙʦʯʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ ʽ ʣʽʥʽʡʥʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ʆʛʣʷʜ ʥʘʫʢʦʚʦʾ ʪʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʪʘʢʦʞ ʧʦʢʘʟʘʚ, ʱʦ 

ʢʦʛʝʨʝʥʪʥʝ ʘʥʘʣʦʛʦʚʝ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʜʽʻʚʠʤ ʩʧʦʩʦʙʦʤ ʟʥʠʞʝʥʥʷ 

ʨʽʚʥʷ ʰʫʤʽʚ, ʧʨʠʚʝʜʝʥʠʭ ʜʦ ʚʭʦʜʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ʆʜʥʘʢ ʚ ʣʽʪʝʨʘʪʫʨʽ ʥʝ 

ʦʧʠʩʘʥʦ, ʷʢ ʟʤʽʥʶʶʪʴʩʷ ʨʽʚʝʥɹ h ʫʤʫ, ʧʨʠʚʝʜʝʥʠʡ ʜʦ ʚʭʦʜʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ̔  

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʷʢʽ ʻ ʦʙʤʝʞʝʥʥʷ ʥʘ ʢʽʣʴʢʽʩʪʴ 

ʥʘʢʦʧʠʯʫʚʘʥʠʭ ʩʠʛʥʘʣʽʚ, ʷʢ ʚʦʥʠ ʧʦʚô̫ ʟʘʥʽ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ (ʨʠʩ. 1.3) ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʥʘʣʦʛʦʚʝ ʥʘʢʦʧʠʯʝʥʥʷ. ɿʦʢʨʝʤʘ ʥʝʜʦʩʣʽʜʞʝʥʠʤʠ 

ʟʘʣʠʰʘʶʪʴʩʷ ʪʘʢʽ ʚʘʞʣʠʚʽ ʧʨʦʙʣʝʤʠ: 

¶ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʪʨʠʚʘʣʦʩʪʽ ʯʘʩʫ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʨʷʜʫ (ʪʨʠʚʘʣʦʩʪʽ 

ʚʠʙʽʨʢʠ) ʥʘ ʚʠʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ; 

¶ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘ ʫʤʦʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʦʛʦʚʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ; 

¶ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯ ʥʘ ʰʫʤʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʩʧʦʪʚʦʨʝʥʥʷ ʬʦʨʤʠ 

ʽʤʧʫʣʴʩʫ, ʱʦ ʨʝʻʩʪʨʫʻʪʴʩʷ;   

¶ ʢʦʨʝʢʪʥʝ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʫ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʩʪʨʦʙʫʶʯʠʭ ʽʤʧʫʣʴʩʽʚ (ʘʙʦ ʜʞʠʪʝʨʘ);  
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¶ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʷʢʽ ʙ ʜʦʟʚʦʣʠʣʠ ʧʽʜʚʠʱʠʪʠ ʯʫʪʣʠʚʽʩʪʴ 

ʧʨʠʡʤʘʯʘ ̔, ʨʘʟʦʤ ʟ ʮʠʤ, ʟʙʝʨʝʛʪʠ ʥʝʩʧʦʪʚʦʨʝʥʦʶ ʬʦʨʤʫ ʩʠʛʥʘʣʫ ʧʽʩʣʷ 

ʧʝʨʝʪʚʦʨʝʥʥʷ;  

¶ ʚʟʘʛʘʣʽ, ʘʢʪʫʘʣʴʥʦʶ ʻ ʨʦʟʨʦʙʢʘ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʽ ʙ ʟʘʙʝʟʧʝʯʠʣʠ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ 

ʰʫʤʽʚ ʽ, ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ, ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʅʐʉ ʽʤʧʫʣʴʩʥʠʭ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

ɺʠʙʽʨ ʜʘʥʦʾ ʪʝʤʘʪʠʢʠ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʦʙʫʤʦʚʣʝʥʠʡ ʣʦʛʽʢʦʶ ʨʦʟʚʠʪʢʫ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʽ ʧʦʪʨʝʙʘʤʠ ʧʨʘʢʪʠʢʠ, ʘ ʪʘʢʦʞ ʫʟʛʦʜʞʝʥʠʡ ʟ̔ ʟʘʚʜʘʥʥʷʤʠ 

ʜʦʩʣʽʜʞʝʥʴ ʚʽʜʜʽʣʫ ʨʘʜʽʦʬʽʟʠʯʥʦʾ ʽʥʪʨʦʩʢʦʧʽʾ ɯʈɽ ʽʤ. ʆ. ʗ. ʋʩʠʢʦʚʘ ʅɸʅ 

ʋʢʨʘʾʥʠ, ʜʝ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʮʷ ʨʦʙʦʪʘ. 
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ʈʆɿɼɯʃ 2  

ɺʇʃʀɺ ʇʈʆʎɽʉɯɺ, ʗʂɯ ɺɯɼɹʋɺɸʖʊʔʉʗ ʇɯɼ ʏɸʉ ʅɸʂʆʇʀʏɽʅʅʗ 

ɿɸʈʗɼʋ, ʅɸ ʈɽɿʋʃʔʊɸʊ ʉʊʈʆɹʆʉʂʆʇɯʏʅʆɻʆ ʇɽʈɽʊɺʆʈɽʅʅʗ  

 

ɺ ʧʨʦʮʝʩʽ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜʙʽʨ ʯʘʩʪʠʥʠ 

ʝʥʝʨʛʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʦʪʷʛʦʤ ʢʦʨʦʪʢʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ï ʪʨʠʚʘʣʦʩʪʽ 

ʚʠʙʽʨʢʠ. ʊʦʤʫ ʬʽʟʠʯʥʽ ʷʚʠʱʘ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʽ ʟʙʝʨʽʛʘʥʥʷ 

ʟʘʨʷʜʫ, ʟʥʘʯʥʦ  ʁ ʤʨ̔ʦ  ʁ ʚʠʟʥʘʯʘʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ. ʊʨʠʚʘʣʽʩʪʴ ʚʠʙʽʨʢʠ, ʢʨʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ (ʘʙʦ ʢʨʦʢ ʟʯʠʪʫʚʘʥʥʷ), 

ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʩʠʥʭʨʦʥʽʟʘʮʽʾ, ʧʝʨʽʦʜ ʩʪʨʦʙʫʚʘʥʥʷ ï ʮʝ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ, 

ʧʝʨʝʭʽʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʩʤʫʛʫ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ, ʯʫʪʣʠʚʽʩʪʴ ʧʝʨʝʪʚʦʨʶʚʘʯʘ.  

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʷʢ ʦʢʨʝʤʠʡ, ʪʘʢ ʽ ʚʟʘʻʤʦʦʙʫʤʦʚʣʝʥʠʡ 

ʚʧʣʠʚ ʟʛʘʜʘʥʠʭ ʯʠʥʥʠʢʽʚ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʡʦʛʦ ʨʝʟʫʣʴʪʘʪ ʽ 

ʨʦʟʛʣʷʥʝʤʦ ʰʣʷʭʠ ʧʦʢʨʘʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʩʧʦʪʚʦʨʝʥʥʷ ʬʦʨʤʠ ʩʠʛʥʘʣʫ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ.  

ʆʧʝʨʫʶʯʠ ʧʘʨʘʤʝʪʨʘʤʠ ʫʩʝʨʝʜʥʝʥʥʷ, ʜʦʩʣʽʜʠʤʦ ʚʧʣʠʚ ʪʨʠʚʘʣʦʩʪʽ 

ʚʠʙʽʨʢʠ ʥʘ ʧʘʨʘʤʝʪʨʠ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʩʠʛʥʘʣʫ. ɺʠʟʥʘʯʠʤʦ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʽ 

ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʦʢ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʩʠʛʥʘʣʽʚ. ɼʣʷ ʮʴʦʛʦ ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ 

ʧʨʝʜʩʪʘʚʠʤʦ ʧʝʨʝʪʚʦʨʶʚʘʯ ʫ ʚʠʛʣʷʜʽ ʩʫʤʘʪʦʨʘ (ʥʘʢʦʧʠʯʫʚʘʯʘ) ʽ ʟʤʦʜʝʣʶʻʤʦ 

ʡʦʛʦ ʨʦʙʦʪʫ, ʷʢ ʤʘʪʝʤʘʪʠʯʥʝ ʫʩʝʨʝʜʥʝʥʥʷ. 

ʋ ʥʘʩʪʫʧʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʜʝʣʴ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʫ ʚʠʛʣʷʜʽ ʢʣʶʯʘ ʟ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʶ ʻʤʥʽʩʪʶ, ʜʦʩʣʽʜʠʤʦ ʚʧʣʠʚ 

ʘʥʘʣʦʛʦʚʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ, ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʩʠʥʭʨʦʥʽʟʘʮʽʾ, ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ ʥʘ 

ʇʍ, ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʦʮʽʥʠʤʦ ʚʧʣʠʚ ʚʪʨʘʪ ʟʘʨʷʜʫ ʥʘ 

ʥʘʢʦʧʠʯʫʚʘʣʴʥʽʡ ʻʤʥʦʩʪʽ ʥʘ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʪʝʦʨʝʪʠʯʥʠʭ ʚʠʢʣʘʜʦʢ ʧʦʨʽʚʥʷʻʤʦ ʨʦʟʨʘʭʦʚʘʥʽ ʜʘʥʽ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʨʽʟʥʦʾ ʬʦʨʤʠ ʟ ʚʘʨʽʘʮʽʻʶ ʪʨʠʚʘʣʦʩʪʽ 

ʚʠʙʽʨʢʠ ʽ ʥʘʢʦʧʠʯʝʥʥʷ, ʦʪʨʠʤʘʥʠʤʠ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʭ. 
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2.1 ʉʪʨʦʙʦʩʢʦʧʽʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘ ʫʤʦʚ ʟʙʽʣʴʰʝʥʦʾ ʪʨʠʚʘʣʦʩʪʽ 

ʚʠʙʽʨʢʠ 

 

ɼʘʣʽ ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʩʪʫʧʽʥʴ ʩʧʦʪʚʦʨʝʥʥʷ ʬʦʨʤʠ ʽʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʟʽ ʟʙʽʣʴʰʝʥʦʶ ʪʨʠʚʘʣʽʩʪʶ ʚʠʙʽʨʢʠ ʚʽʜ 

ʪʨʠʚʘʣʦʩʪʽ ʮʽʻʾ ʚʠʙʽʨʢʠ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʥʘʻʤʦ ʯʠʩʝʣʴʥʦ-ʤʘʪʝʤʘʪʠʯʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘ ʫʤʦʚ ʨʽʟʥʠʭ 

ʪʨʠʚʘʣʦʩʪʝʡ ʚʠʙʽʨʢʠ, ʘʣʝ ʟ ʯʘʩʦʚʠʤ ʟʩʫʚʦʤ, ʤʝʥʰʠʤ ʟʘ ʪʨʠʚʘʣʽʩʪʴ ʚʠʙʽʨʢʠ.  

ʆʩʢʽʣʴʢʠ ʧʨʠ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʟʽ ʟʙʽʣʴʰʝʥʦʶ ʪʨʠʚʘʣʽʩʪʶ 

ʚʠʙʽʨʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʩʝʨʝʜʥʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʩʠʛʥʘʣʫ ʚ ʤʝʞʘʭ ʚʠʙʽʨʢʠ, ʘ ʮʝ ʚʝʜʝ 

ʜʦ ʟʛʣʘʜʞʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʥʠʭ ʟʤʽʥ ʘʤʧʣʽʪʫʜʠ, ʷʢʽ ʩʚʽʜʯʘʪʴ (ʚ ʨʘʟʽ ʨʘʜʽʦʣʦʢʘʮʽʾ) 

ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʚʽʜʙʠʪʦʛʦ ʩʠʛʥʘʣʫ, ʪʦ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʻ ʟô̫ ʩʫʚʘʥʥʷ ʧʨʠʧʫʩʪʠʤʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ.  

 

2.1.1 ʎʠʬʨʦʚʝ ʫʩʝʨʝʜʥʝʥʥʷ ʚ ʯʘʩʦʚʦʤʫ ʚʽʢʥʽ 

 

ʗʢ ʧʨʘʚʠʣʦ ʅʐʉ ʽʤʧʫʣʴʩʥʽ ʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʡ ʤʝʪʦʜ ʨʝʻʩʪʨʘʮʽʾ, ʙʫʜʫʶʪʴ ʪʘʢ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʦʤʦʛʘ ʰʠʨʰʫ ʨʦʙʦʯʫ ʩʤʫʛʫ ʯʘʩʪʦʪ [58, 73, 74, 75]. ʎʝ ʟʫʤʦʚʣʝʥʦ 

ʧʨʘʛʥʝʥʥʷʤ ʚʥʝʩʪʠ ʤʽʥʽʤʫʤ ʩʧʦʪʚʦʨʝʥʴ ʫ ʧʝʨʝʪʚʦʨʝʥʠʡ ʩʠʛʥʘʣ ʽ ʷʢ ʤʦʞʥʘ 

ʪʦʯʥʽʰʝ ʚʽʜʦʙʨʘʟʠʪʠ ʬʦʨʤʫ ʩʠʛʥʘʣʫ. ʉʘʤʝ ʮʝ ʽ ʻ ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ 

ʧʦʪʨʽʙʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʚʠʙʽʨʢʠ ʟ ʩʠʛʥʘʣʫ ʪʘʢ, ʱʦʙ ʪʨʠʚʘʣʽʩʪʴ ʮʠʭ ʚʠʙʽʨʦʢ ʙʫʣʘ 

ʷʢʦʤʦʛʘ ʤʝʥʰʦ .ʁ ʏʠʤ ʤʝʥʰʘ ʪʨʠʚʘʣʽʩʪʴ ʚʠʙʽʨʢʠ (ʽ ʰʠʨʰʘ ʨʦʙʦʯʘ ʩʤʫʛʘ 

ʯʘʩʪʦʪ), ʪʠʤ ʪʦʯʥʽʰʦʶ ʻ ʨʝʻʩʪʨʘʮʽʷ ʬʦʨʤʠ ʩʠʛʥʘʣʫ. ɸʣʝ ʮʝ ʩʧʨʘʚʝʜʣʠʚʦ ʪʽʣʴʢʠ 

ʪʦʜ̔, ʢʦʣʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʜʫʞʝ ʚʝʣʠʢʝ.  

ʗʢ ʚʞʝ ʟʛʘʜʫʚʘʣʦʩʴ, ʯʠʤ ʢʦʨʦʪʰʘ ʪʨʠʚʘʣʽʩʪʴ ʚʠʙʽʨʢʠ, ʪʠʤ ʙʽʣʴʰʝ ʰʫʤʽʚ ʚ 

ʧʝʨʝʪʚʦʨʝʥʦʤʫ ʩʠʛʥʘʣʽ ʽ ʷʢʱʦ ʤʦʚʘ ʡʜʝ ʧʨʦ ʨʝʻʩʪʨʘʮʽʶ ʩʠʛʥʘʣʽʚ ʤʘʣʦʾ 

ʘʤʧʣʽʪʫʜʠ (ʢʦʣʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʤʘʣʝ), ʪʦ ʰʫʤʠ ʚʞʝ ʩʫʪʪʻʚʦ 
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ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪ ʨʝʻʩʪʨʘʮʽʾ, ʩʧʦʪʚʦʨʶʶʯʠ ʬʦʨʤʫ ʧʝʨʝʪʚʦʨʝʥʦʛʦ 

ʩʠʛʥʘʣʫ.  

ʇʨʠʜʫʰʝʥʥʷ ʰʫʤʽʚ ʰʣʷʭʦʤ ʫʩʝʨʝʜʥʝʥʥʷ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʤʦʚʘ ʡʜʝ 

ʧʨʦ ʧʝʨʝʪʚʦʨʶʚʘʯ ʫ ʩʢʣʘʜʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦ ʾʩʠʩʪʝʤʠ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʚʽʜʩʪʘʥʴ ʜʦ 

ʦʙô̒ ʢʪʘ ʣʦʢʘʮʽʾ ʟʘ ʯʘʩʦʤ ʧʨʠʭʦʜʫ ʚʽʜʙʠʪʦʛʦ ʩʠʛʥʘʣʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʦʩʪʦʛʦ 

ʧʦʨʦʛʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ. ʊʦʜʽ ʚʘʞʣʠʚʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʦʪʨʠʤʘʥʥʷ ʪʦʯʥʦʾ ʜʘʣʴʥʦʩʪʽ 

ʻ ʤʦʤʝʥʪ ʧʝʨʝʪʠʥʫ ʩʠʛʥʘʣʦʤ ʧʝʚʥʦʛʦ ʘʤʧʣʽʪʫʜʥʦʛʦ ʧʦʨʦʛʘ. ʎʝʡ ʤʦʤʝʥʪ 

ʚʠʟʥʘʯʘʻ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʟʦʥʜʫʶʯʦʤʫ ʩʠʛʥʘʣʫ ʜʣʷ ʧʦʰʠʨʝʥʥʷ ʜʦ ʦʙô̒ ʢʪʘ ʽ 

ʥʘʟʘʜ, ʽ, ʦʪʞʝ, ʜʘʣʴʥʽʩʪʴ ʜʦ ʦʙô̒ ʢʪʘ. ʆʜʥʘʢ ʧʨʠʩʫʪʥʽʩʪʴ ʰʫʤʽʚ ʽ ʟʘʚʘʜ ʫ 

ʧʨʠʡʥʷʪʦʤʫ ʩʠʛʥʘʣʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʨʝʟʫʣʴʪʘʪ ʨʝʻʩʪʨʘʮʽʾ (ʨʠʩ.2.1 ʙ) 

ʚʠʷʚʣʷʻʪʴʩʷ ʩʠʣʴʥʦ ʩʧʦʪʚʦʨʝʥʠʤ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʝʘʣʴʥʠʤ ʩʠʛʥʘʣʦʤ (ʨʠʩ.2.1 ʘ).  

ʅʘ ʨʠʩ.2.1 ʘ) ʧʨʝʜʩʪʘʚʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʠʡ ʨʝʻʩʪʨʦʚʘʥʠʡ 

ʩʠʛʥʘʣ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʰʫʤʽʚ ʽ ʧʝʨʝʰʢʦʜ, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠ 

ʨʝʻʩʪʨʘʮʽʾ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʫʩʝʨʝʜʥʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʟʘʨʝʻʩʪʨʦʚʘʥʦʛʦ ʽʤʧʫʣʴʩʫ ʟʘ 

100 ʧʨʠʡʥʷʪʠʤʠ ʩʠʛʥʘʣʘʤʠ. ʈʠʩʫʥʦʢ 2.1 ʙ) ï ʮʝ ʨʝʟʫʣʴʪʘʪ ʨʝʻʩʪʨʘʮʽʾ ʪʦʛʦ ʞ 

ʽʤʧʫʣʴʩʫ, ʘʣʝ ʙʝʟ ʫʩʝʨʝʜʥʝʥʥʷ. ʊʫʪ ʷʚʥʦ ʚʠʜʥʦ ʚʠʧʘʜʢʦʚʽ ʚʠʢʠʜʠ, ʦʙʫʤʦʚʣʝʥʽ 

ʰʫʤʦʤ. ʇʨʠ ʨʝʻʩʪʨʘʮʽʾ ʮʴʦʛʦ ʩʠʛʥʘʣʫ ʪʨʠʚʘʣʽʩʪʴ ʚʠʙʽʨʢʠ ʙʫʣʘ ʤʽʥʽʤʘʣʴʥʦʶ 

(ʧʦʟʥʘʯʠʤʦ ʾʾ ŭi). ʎʷ ʪʨʠʚʘʣʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʤ 

ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʦʩʮʠʣʦʛʨʘʬʘ ʉ1-70 ʟ ʙʣʦʢʘʤʠ ʧʽʜʩʠʣʶʚʘʯʘ 1ʋ1700 ʽ ʨʦʟʛʦʨʪʢʠ 

1ʈ2700 ʽ ʩʤʫʛʦʶ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʜʦ 3,5 ɻɻʮ. 

ɿʘ ʫʤʦʚʠ ʤʘʣʦʾ ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ (ʨʠʩ.2.1 ʙ)) ʢʦʨʦʪʢʽ ʚʠʧʘʜʢʦʚʽ ʰʫʤʦʚʽ 

ʚʠʢʠʜʠ ʘʤʧʣʽʪʫʜʠ ʨʝʻʩʪʨʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʭ ʘʤʧʣʽʪʫʜ, ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʠʡʥʷʪʠʡ ʩʠʛʥʘʣ ʨʝʻʩʪʨʫʻʪʴʩʷ ʟ ʽʩʪʦʪʥʦʶ ʩʢʣʘʜʦʚʦʶ ʰʫʤʫ.  

ʄʘʶʯʠ ʤʘʩʠʚ ʜʘʥʠʭ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʩʠʛʥʘʣʫ, ʤʦʞʥʘ ʚ ʧʝʨʰʦʤʫ 

ʥʘʙʣʠʞʝʥʥʽ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ ʥʘ ʨʝʟʫʣʴʪʘʪ 

ʧʝʨʝʪʚʦʨʝʥʥʷ. ɿʤʦʜʝʣʶʻʤʦ ʯʠʩʝʣʴʥʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʽ ʟʙʽʣʴʰʝʥʦʶ ʪʨʠʚʘʣʽʩʪʶ 

ʚʠʙʽʨʢʠ ʷʢ ʫʩʝʨʝʜʥʝʥʥʷ ʟʘ ʢʽʣʴʢʦʤʘ ʚʽʜʣʽʢʘʤʠ ʤʘʩʠʚʫ. 
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ʘ) ʙ) 

  

ʚ) ʛ) 

 
  

ʜ) ʝ) 

ʈʠʩ.  2.1 ʈʝʻʩʪʨʘʮʽʷ ʩʠʛʥʘʣʫ ʟ ʰʫʤʦʤ ʧʨʠ ʨʽʟʥʠʭ ʪʨʠʚʘʣʦʩʪʷʭ ʚʠʙʽʨʢʠ 

ʘ) ʢʦʥʪʨʦʣʴʥʠʡ ʩʠʛʥʘʣ (ʫʩʝʨʝʜʥʝʥʠʡ ʟʘ 100 ʩʠʛʥʘʣʘʤ), ʙ) ŭi =1 

(ʦʜʠʥʠʯʥʘ ʪʨʠʚʘʣʽʩʪʴ ʚʠʙʽʨʢʠ), ʚ) 5ŭi (ʧô̫ ʪʠʢʨʘʪʥʘ ʪʨʠʚʘʣʽʩʪʴ 

ʚʠʙʽʨʢʠ), ʛ) 10ŭi (ʜʝʩʷʪʠʢʨʘʪʥʘ ʪʨʠʚʘʣʽʩʪʴ ʚʠʙʽʨʢʠ), 

ʜ) ʫʩʝʨʝʜʥʝʥʥʷ ʚ ʟʤʽʥʥʦʤʫ ʚʽʢʥʽ 5ŭi, ʝ) ʫʩʝʨʝʜʥʝʥʥʷ ʚ ʟʤʽʥʥʦʤʫ 

ʚʽʢʥʽ 10ŭi. (ʏʘʩʦʚʠʡ ʤʘʩʰʪʘʙ ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩʫʥʢʘʭ 

ʪʨʠʚʘʣʦʩʪʝʡ ʚʠʙʽʨʢʠ ʽ ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ ʥʘ ʝʧʶʨʘʭ ʧʦʢʘʟʘʥʽ 

ʫʤʦʚʥʦ ʜʣʷ ʽʣʶʩʪʨʘʮʽʾ.)  
 

 



71 

ʗʢʱʦ ʟʙʽʣʴʰʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʚʠʙʽʨʢʠ ʫ 5 ʨʘʟʽʚ ʽ ʨʝʻʩʪʨʫʚʘʪʠ ʩʠʛʥʘʣ, ʱʦ 

ʧʨʠʡʤʘʻʪʴʩʷ, ʧʦʩʣʽʜʦʚʥʦ ʟʩʦʚʫʶʯʠ ʚʠʙʽʨʢʫ ʟ ʢʨʦʢʦʤ 5ŭi, ʪʦ ʨʝʻʩʪʨʦʚʘʥʠʡ 

ʩʠʛʥʘʣ ʧʨʠʡʤʝ ʬʦʨʤʫ ʽʤʧʫʣʴʩʫ, ʧʦʢʘʟʘʥʦʛʦ ʥʘ ʨʠʩ. 2.1 ʚ). ɿʘʚʜʷʢʠ ʫʩʝʨʝʜʥʝʥʥ ʁ

ʚʠʧʘʜʢʦʚʠʭ ʚʠʢʠʜʽʚ ʘʤʧʣʽʪʫʜʘ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ 

ʟʤʝʥʰʠʣʘʩʷ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʯʝʨʝʟ ʪʝ, ʱʦ ʘʤʧʣʽʪʫʜʽ ʩʠʛʥʘʣʫ ʧʨʦʪʷʛʦʤ ʯʘʩʦʚʦʛʦ 

ʽʥʪʝʨʚʘʣʫ ʚ ʧô̫ ʪʴ ʚʠʙʽʨʦʢ ʧʨʠʩʚʦʶʻʪʴʩʷ ʩʝʨʝʜʥʻ ʟʘ ʧô̫ ʪɹʤʘ ʚʠʙʽʨʢʘʤʠ ʟʥʘʯʝʥʥʷ, 

ʬʦʨʤʘ ʩʠʛʥʘʣʫ ʧʨʠʡʥʷʣʘ çʩʪʫʧʽʥʯʘʩʪʠʡè ʚʠʛʣʷʜ. ʆʩʪʘʥʥʻ ʫʩʢʣʘʜʥʶʻ ʧʨʦʮʝʜʫʨʫ 

ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ, ʚ ʷʢʠʡ ʘʤʧʣʽʪʫʜʘ ʩʠʛʥʘʣʫ ʜʦʩʷʛʘʻ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʊʦʯʥʽʩʪʴ 

ʯʘʩʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ ʩʪʘʻ ʥʝ ʢʨʘʱʦʶ ʟʘ ʪʨʠʚʘʣʽʩʪʴ ʚʠʙʽʨʢʠ, 

ʱʦ, ʦʯʝʚʠʜʥʦ, ʧʦʛʽʨʰʫʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ.  

ɼʣʷ ʽʣʶʩʪʨʘʮʽʾ ʥʘ ʨʠʩ. 2.1 ʛ) ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ ʜʦ 10ŭi. ɺʽʜʭʠʣʝʥʥʷ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ 

ʩʪʘʶʪʴ ʤʝʥʰʠʤʠ, ʘʣʝ ʯʝʨʝʟ ʙʽʣʴʰʫ ʪʨʠʚʘʣʽʩʪʴ ʚʠʙʽʨʢʠ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʤʦʤʝʥʪʫ 

ʯʘʩʫ, ʢʦʣʠ ʘʤʧʣʽʪʫʜʘ ʩʠʛʥʘʣʫ ʜʦʩʷʛʘʻ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʩʪʘʻ ʱʝ ʙʽʣʴʰʦ .ʁ  

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʛʣʘʜʠʪʠ ʚʠʢʣʠʢʘʥʽ ʰʫʤʦʤ ʚʠʧʘʜʢʦʚʽ ʚʽʜʭʠʣʝʥʥʷ 

ʘʤʧʣʽʪʫʜʠ ʟʘʨʝʻʩʪʨʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʽ, ʧʨʠ ʮʴʦʤʫ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʨʠʩ. 2.1 ʚ), ʛ) ʚʩʝ ʞ ʟʙʝʨʝʛʪʠ ʧʣʘʚʥʽʩʪʴ ʟʤʽʥʠ ʘʤʧʣʽʪʫʜʠ, ʤʦʞʥʘ 

ʩʢʦʨʠʩʪʘʪʠʩʷ ʤʝʪʦʜʦʤ ʫʩʝʨʝʜʥʝʥʥʷ ʚ ʢʦʚʟʥʦʤʫ ʚʽʢʥʽ. ʎʝʡ ʤʝʪʦʜ ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʛʣʘʜʞʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ (ʧʨʠʜʫʰʝʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ 

ʰʫʤʽʚ, ʩʧʝʢʪʨ ʷʢʠʭ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʥʘ ʯʘʩʪʦʪʥʽʡ ʦʩʽ ʚʠʱʝ, ʥʽʞ ʩʧʝʢʪʨ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ). ʉʫʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʫʩʝʨʝʜʥʝʥʥʷ 

ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ, ʱʦ ʦʭʦʧʣʶʻ ʜʝʢʽʣʴʢʘ ʚʠʙʽʨʦʢ, ʘʣʝ ʢʦʞʥʠʡ 

ʥʘʩʪʫʧʥʠʡ ʚʽʜʣʽʢ ʩʠʛʥʘʣʫ ʬʦʨʤʫʻʪʴʩʷ ʽʟ ʟʩʫʚʦʤ ʥʘ ʦʜʥʫ ʚʠʙʽʨʢʫ (ʨʠʩ. 2.1 ʚ), ʛ)). 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʝʣʠʢʽ ʽ ʢʦʨʦʪʢʽ ʚ ʯʘʩʽ ʚʠʧʘʜʢʦʚʽ ʚʽʜʭʠʣʝʥʥʷ ʘʤʧʣʽʪʫʜʠ 

ʟʛʣʘʜʞʫʶʪʴʩʷ, ʘʣʝ ʫʩʝʨʝʜʥʝʥʘ ʘʤʧʣʽʪʫʜʘ ʟʤʽʥʶʻʪʴʩʷ ʧʣʘʚʥʦ.  

ʆʜʥʘʢ ʧʨʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ ʩʣʽʜ ʧʨʠʜʽʣʷʪʠ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʘʚʠʣʴʥʦʩʪʽ 

ʚʠʙʦʨʫ ʪʨʠʚʘʣʦʩʪʽ ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʜʣʷ ʫʩʝʨʝʜʥʝʥʥʷ. ʅʘ ʨʠʩ. 2.1 ʚ) ʧʦʢʘʟʘʥʠʡ 

ʨʝʟʫʣʴʪʘʪ ʫʩʝʨʝʜʥʝʥʥʷ ʫ ʢʦʚʟʥʦʤʫ ʚʽʢʥʽ ʪʨʠʚʘʣʽʩʪʶ 5ŭi. ʋ ʦʙʚʝʜʝʥʽʡ ʝʣʽʧʩʦʤ 

ʯʘʩʪʠʥ ̔ ʩʠʛʥʘʣʫ ʷʚʥʦ ʚʠʜʥʦ 4 ʣʦʢʘʣʴʥʽ ʤʘʢʩʠʤʫʤʠ ʘʤʧʣʽʪʫʜʠ. ɸʣʝ ʷʢʱʦ 
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ʪʨʠʚʘʣʽʩʪʴ ʯʘʩʦʚʦʛʦ ʚʽʢʥʘ ʟʙʽʣʴʰʠʪʠ, ʥʘʧʨʠʢʣʘʜ, ʫʜʚʽʯʽ, ʪʦ ʮʽ ʣʦʢʘʣʴʥʽ 

ʤʘʢʩʠʤʫʤʠ ʟʛʣʘʜʞʫʶʪʴʩʷ ʘʞ ʜʦ ʟʥʠʢʥʝʥʥʷ. ʅʘ ʨʠʩ. 2.1 ʛ) ʧʦʢʘʟʘʥʠʡ ʨʝʟʫʣʴʪʘʪ 

ʫʩʝʨʝʜʥʝʥʥʷ ʫ ʢʦʚʟʥʦʤʫ ʚʽʢʥʽ ʪʨʠʚʘʣʽʩʪʶ 10ŭi. ʋ ʦʙʚʝʜʝʥʽʡ ʯʘʩʪʠʥʽ ʢʽʣʴʢʽʩʪʴ 

ʣʦʢʘʣʴʥʠʭ ʤʘʢʩʠʤʫʤʽʚ ʩʪʘʣʘ ʤʝʥʦh .ʁ   

ʆʪʞʝ, ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʩʠʛʥʘʣʽ ʽ, ʧʨʠ ʮʴʦʤʫ, 

ʟʛʣʘʜʞʫʚʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʰʫʤʦʚʠʭ ʚʽʜʭʠʣʝʥʴ ʘʤʧʣʽʪʫʜʠ ʩʠʛʥʘʣʫ ʥʝʦʙʭʽʜʥʦ 

ʢʦʨʝʢʪʥʝ ʟʘʜʘʚʘʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʚʽʢʥʘ ʫʩʝʨʝʜʥʝʥʥʷ. 

 

2.1.2 ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ ʚʠʙʽʨʢʘʤʠ ʨʽʟʥʦʾ ʪʨʠʚʘʣʦʩʪʽ 

 

ɺʠʢʦʨʠʩʪʘ̒ ʤʦ ʚ ʷʢʦʩʪʽ ʪʝʩʪʦʚʠʭ ʦʜʥʦʧʦʣʷʨʥʠʡ ʽʤʧʫʣʴʩ (ʷʢ ʧʨʠʢʣʘʜ 

ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʦʜʥʦʧʦʣʷʨʥʠʡ ʧʨʷʤʦʢʫʪʥʠʡ, ʪʨʘʧʝʮʝʾʜʘʣʴʥʠʡ ʽ ʛʘʫʩʽʚ 

ʽʤʧʫʣʴʩʠ), ʙʽʧʦʣʷʨʥʠʡ ʽʤʧʫʣʴʩ (ʧʘʨʘ ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ ʚʟʘʻʤʥʦ 

ʧʨʦʪʠʣʝʞʥʦʾ ʧʦʣʷʨʥʦʩʪʽ, ʧʦʭʽʜʥʘ ʚʽʜ ʛʘʫʩʦʚʘ ʽʤʧʫʣʴʩʫ), ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟ ʜʚʦʭ 

ʽʤʧʫʣʴʩʽʚ, ʜʨʫʛʠʡ ʽʤʧʫʣʴʩ ʟô̫ ʚʣʷʻʪʴʩʷ ʽʟ ʜʝʷʢʦʶ ʯʘʩʦʚʦʶ ʟʘʪʨʠʤʢʦʶ ʧʽʩʣʷ 

ʧʝʨʰʦʛʦ (ʤʦʜʝʣʶʻ ʽʤʧʫʣʴʩ ʟ ʚʽʜʙʠʪʪʷʤ ʚʽʜ ʙʣʠʟʴʢʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʦʙô̒ ʢʪʽʚ) [82]. 

ʊʘʢʽ ʽʤʧʫʣʴʩʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʙʽʣʴʰʽʩʪʴ ʽʩʥʫʶʯʠʭ ʩʠʛʥʘʣʽʚ ʽ ʪʠʧʦʚʽ ʜʣʷ ʅʐʉ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʚʠʤʽʨʶʚʘʥʴ [82]. 

ʑʦʙ ʟô̫ ʩʫʚʘʪʠ ʦʩʥʦʚʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʦʮʝʩʫ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʽ ʟʙʽʣʴʰʝʥʦʶ ʪʨʠʚʘʣʽʩʪʶ ʚʠʙʽʨʢʠ, ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʤʘʪʝʤʘʪʠʯʥʦʶ 

ʤʦʜʝʣʣʶ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʟʛʦʨʪʢʠ [76]: 

 

dtTnTtuU
nRn ñ

-

+++=
2

2

0
)()(

d

d

qq , (2.1) 

 

ʜʝ )(
n

U q  ï ʫʩʝʨʝʜʥʝʥʘ ʘʤʧʣʽʪʫʜʘ ʩʠʛʥʘʣʫ ʚ ʤʦʤʝʥʪ ʯʘʩʫ 
n
q; 

d ï ʪʨʠʚʘʣʽʩʪʴ ʚʠʙʽʨʢʠ (ʩʪʨʦʙʫʚʘʥʥʷ); 

R
T  ï ʧʝʨʽʦʜ ʧʦʚʪʦʨʝʥʥʷ ʽʤʧʫʣʴʩʽʚ; 
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0
T  ï ʯʘʩʦʚʘ ʟʘʪʨʠʤʢʘ; 

n  ï ʥʦʤʝʨ ʚʠʙʽʨʢʠ.  

n
q ï ʥʘʙʽʨ ʜʠʩʢʨʝʪʥʠʭ ʯʘʩʦʚʠʭ ʚʽʜʣʽʢʽʚ: 

 

n
n

³D= Jq , (2.2)  

 

ʜʝ JD  ï ʢʨʦʢ ʟʯʠʪʫʚʘʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʨʝʟʫʣʴʪʘʪ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.1) ʧʨʦʮʝʩʫ 

ʧʝʨʝʪʚʦʨʝʥʥʷ çʧʨʷʤʦʢʫʪʥʦʛʦè ʽʤʧʫʣʴʩʫ ʪʨʠʚʘʣʽʩʪʶ 1 ʥʩ ʧʨʠ ʪʨʠʚʘʣʦʩʪʷʭ 

ʚʠʙʽʨʢʠ 0,1 ʥʩ, 0,5 ʥʩ, 1 ʥʩ, 2,5 ʥʩ (ʨʠʩ. 2.2 ʘ)). ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʘʙʩʦʣʶʪʥʽ 

ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʝʡ ʧʽʜʽʙʨʘʥʽ ʪʘʢ, ʱʦʙ ʟʨʫʯʥʦ ʧʝʨʝʪʚʦʨʠʪʠ ʾʭ ʫ 

ʚʽʜʥʦʩʥʽ ʚʝʣʠʯʠʥʠ ʽ ʘʥʘʣʽʟʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʷʢ 

ʧʘʨʘʤʝʪʨ ʚʽʜʥʦʩʥʫ ʪʨʠʚʘʣʽʩʪʴ ʚʠʙʽʨʢʠ (ʚʽʜʥʦʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ ʜʦ 

ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ, ʱʦ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ).  

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʾ ʟ ʨʦʟʛʣʷʥʫʪʠʭ (0,1) ʜʦ 

ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ, ʷʢʘ ʜʦʨʽʚʥʶʻ ʧʦʣʦʚʠʥʽ (0,5) ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʦʛʦ 

ʽʤʧʫʣʴʩʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʜʥʴʦʛʦ ʽ ʟʘʜʥʴʦʛʦ ʬʨʦʥʪʽʚ. 

ʊʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ ʥʘ ʨʽʚʥʽ 0,5 ʡʦʛʦ ʘʤʧʣʽʪʫʜʠ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. ɺʠʜʥʦ, ʱʦ ʧʨʠ 

ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ ʜʦ ʟʥʘʯʝʥʴ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ 

ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ, ʪʨʠʚʘʣʽʩʪʴ ʬʨʦʥʪʽʚ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʽʤʧʫʣʴʩʫ ʩʪʘʻ ʨʽʚʥʦ  ʁ

ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʽʤʧʫʣʴʩʫ, ʘ ʪʨʠʚʘʣʽʩʪʴ ʧʣʦʩʢʦʾ ʚʝʨʰʠʥʠ ï ʨʽʟʥʠʮʽ 

ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ ʽ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʽʤʧʫʣʴʩʫ. ʊʦʙʪʦ ʚ ʧʨʦʮʝʩʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʦʨʤʘ ʽʤʧʫʣʴʩʫ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʚʽʜ ʤʘʡʞʝ ʧʨʷʤʦʢʫʪʥʦʾ ʜʦ 

ʪʨʘʧʝʮʽʻʚʠʜʥʦʾ, ʧʦʪʽʤ ï ʪʨʠʢʫʪʥʦʾ ʽ ʟʥʦʚʫ ʜʦ ʪʨʘʧʝʮʽʻʚʠʜʥʦʾ, ʚ ʷʢʽʡ ʪʨʠʚʘʣʽʩʪʴ 

ʽʤʧʫʣʴʩʫ ʥʘ ʨʽʚʥʽ 0,5 ʚʽʜ ʡʦʛʦ ʘʤʧʣʽʪʫʜʠ ʟʙʽʣʴʰʫʻʪʴʩʷ. 

ʗʢʱʦ ʞ ʽʤʧʫʣʴʩ, ʱʦ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ, ʙʽʧʦʣʷʨʥʠʡ (ʨʠʩ. 2.2 ʙ)), ʪʦ 

ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʬʦʨʤʠ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʠʙʽʨʦʢ ʨʽʟʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʥʘʩʪʫʧʥʦʤʫ ʧʦʨʷʜʢʫ. 

ʗʢʱʦ ʪʨʠʚʘʣʽʩʪʴ ʚʠʙʽʨʢʠ ʤʘʣʘ, ʧʝʨʝʪʚʦʨʝʥʠʡ ʩʠʛʥʘʣ ʧʦʚʪʦʨʶʻ ʬʦʨʤʫ ʪʦʛʦ, ʱʦ 
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ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ. ɿʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʪʨʠʚʘʣʦʩʪʽ ʬʨʦʥʪʽʚ. ʂʦʣʠ ʞ ʪʨʠʚʘʣʽʩʪʴ ʚʠʙʽʨʢʠ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʪʨʠʚʘʣʽʩʪʶ 

ʚʩʴʦʛʦ ʽʤʧʫʣʴʩʫ, (ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ʜʣʷ 0,5 ʥʩ ʥʘ ʨʠʩ. 2.2 ʙ)), ʧʨʷʤʦʢʫʪʥʽ ʯʘʩʪʠʥʠ 

ʽʤʧʫʣʴʩʫ ʩʪʘʶʪʴ ʪʨʠʢʫʪʥʠʤʠ. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʨʦʩʪʘʥʥʽ ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ 

ʧʝʨʝʪʚʦʨʝʥʠʡ ʩʠʛʥʘʣ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʧʘʨʫ ʪʨʠʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ, ʤʽʞ ʷʢʠʤʠ ʻ 

ʜʽʣʷʥʢʘ ʟ ʥʫʣʴʦʚʦʶ ʘʤʧʣʽʪʫʜʦʶ. ʊʨʠʚʘʣʽʩʪʴ ʮʽʻʾ ʜʽʣʷʥʢʠ ʜʦʨʽʚʥʶʻ ʨʽʟʥʠʮʽ 

ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ ʽ ʪʨʠʚʘʣʦʩʪʽ ʚʩʴʦʛʦ ʚʠʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ, ʱʦ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ.  

 

 

ʘ)         

 

ʙ)         

ʈʠʩ.  2.2 ʈʝʻʩʪʨʘʮʽʷ ʩʠʛʥʘʣʽʚ çʧʨʷʤʦʢʫʪʥʦʾè ʬʦʨʤʠ ʟʘ ʫʤʦʚʠ ʨʽʟʥʠʭ 

ʪʨʠʚʘʣʦʩʪʝʡ ʚʠʙʽʨʢʠ. ɯʤʧʫʣʴʩʠ ʥʦʨʤʦʚʘʥʽ ʥʘ ʤʘʢʩʠʤʫʤ 

ʘʤʧʣʽʪʫʜʠ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʩʠʛʥʘʣʫ 
 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʛʣʷʥʫʪʠʡ ʧʨʠʢʣʘʜ ʜʝʤʦʥʩʪʨʫʻ ʥʝ ʪʽʣʴʢʠ ʪʝ, ʱʦ ʽʩʪʦʪʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʩʧʦʪʚʦʨʝʥʥʷ ʬʦʨʤʠ 

ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʽʤʧʫʣʴʩʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʠʤ, ʱʦ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ, ʘʣʝ ʽ ʪʝ, ʷʢʠʤ 

ʯʠʥʦʤ ʽ ʯʦʤʫ ʩʧʦʪʚʦʨʶʻʪʴʩʷ ʟʘʨʝʻʩʪʨʦʚʘʥʠʡ ʽʤʧʫʣʴʩ. ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʽʩʥʫʶʪʴ 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʧʨʠʧʫʩʪʠʤʝ ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʽʩʪʴ ʚʠʙʽʨʢʠ ʧʨʠ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ. ʗʢʱʦ ʧʦʪʨʽʙʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʩʧʦʪʚʦʨʝʥʥʷ 

ʬʦʨʤʠ ʽʤʧʫʣʴʩʫ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ, ʪʨʠʚʘʣʽʩʪʴ ʚʠʙʽʨʢʠ ʥʝ ʧʦʚʠʥʥʘ 
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ʧʝʨʝʚʠʱʫʚʘʪʠ ʪʨʠʚʘʣʽʩʪʴ ʥʘʡʢʦʨʦʪʰʦ ʾ ʦʜʥʦʧʦʣʷʨʥʦʾ ʯʘʩʪʠʥʠ ʩʠʛʥʘʣʫ, ʦɦ 

ʨʝʻʩʪʨʫʻʪʴʩʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣɹʥʦʛʦ ʘʥʘʣʽʟʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʨʘʧʝʮʽʻʚʠʜʥʦʛʦ ʽʤʧʫʣʴʩʫ 

ʧʨʠ ʚʠʙʦʨʽ ʤʝʥʰʦʾ ʘʙʦ ʙʽʣʴʰʦʾ ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 2.3. 

ɿʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ ʧʨʠ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ 

ʦʜʥʦʧʦʣʷʨʥʦʛʦ ʪʨʘʧʝʮʽʻʚʠʜʥʦʛʦ ʽʤʧʫʣʴʩʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʷʢʦʛʦ 

çʟʛʣʘʜʞʫʚʘʥʥʷè ʚ ʽʥʪʝʨʚʘʣʘʭ ʧʦʯʘʪʢʫ ʥʘʨʦʩʪʘʥʥʷ ʽ ʩʧʘʜʫ ʬʨʦʥʪʽʚ ʽʤʧʫʣʴʩʫ (ʨʠʩ. 

2.3 ʘ)), ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʅʏ ʬʽʣʴʪʨʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ, ʯʠʤ ʙʽʣʴʰʘ ʪʨʠʚʘʣʽʩʪʴ 

ʚʠʙʽʨʢʠ, ʪʠʤ ʙʽʣʴʰ ʧʣʘʚʥʦ ʥʘʨʦʩʪʘʻ (ʩʧʘʜʘʻ) ʬʨʦʥʪ. ʍʘʨʘʢʪʝʨʥʦ ʪʘʢʦʞ ʪʝ, ʱʦ 

ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ ʥʘ ʨʽʚʥʽ 0,5 ʤʘʢʩʠʤʫʤʫ ʡʦʛʦ ʘʤʧʣʽʪʫʜʠ ʥʝ ʟʤʽʥʶʻʪʴʩʷ.  

 

 

ʘ)         

 

ʙ)         

ʈʠʩ.  2.3 ʈʝʻʩʪʨʘʮʽʷ ʽʤʧʫʣʴʩʫ ʪʨʘʧʝʮʽʻʚʠʜʥʦʾ ʬʦʨʤʠ ʟʘ ʫʤʦʚ ʨʽʟʥʠʭ 

ʪʨʠʚʘʣʦʩʪʝʡ ʚʠʙʽʨʢʠ. ɯʤʧʫʣʴʩʠ ʥʦʨʤʦʚʘʥʽ ʥʘ ʤʘʢʩʠʤʫʤ 

ʘʤʧʣʽʪʫʜʠ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʩʠʛʥʘʣʫ 
 

 

ʆʩʦʙʣʠʚʽʩʪʶ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʚʦʭʧʦʣʷʨʥʦʛʦ ʽʤʧʫʣʴʩʫ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʠʙʽʨʦʢ ʟ ʨʽʟʥʠʤʠ ʪʨʠʚʘʣʦʩʪʷʤʠ (ʨʠʩ. 2.3 ʙ)) ʻ ʪʝ, ʱʦ, 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ (ʧʨʠ ʪʠʭ ʢʽʣʴʢʽʩʥʠʭ ʟʥʘʯʝʥʥʷʭ, ʷʢʽ ʙʫʣʠ ʚʟʷʪʽ 

ʜʣʷ ʘʥʘʣʽʟʫ), ʚ ̔ʥʪʝʨʚʘʣʽ ʧʝʨʝʭʦʜʫ ʘʤʧʣʽʪʫʜʠ ʚʽʜ ʦʜʥʽʻʾ ʧʦʣʷʨʥʦʩʪʽ ʜʦ ʽʥʰʦʾ 
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ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʘʤʧʣʽʪʫʜʠ ʽʤʧʫʣʴʩʫ (ʧʦʭʽʜʥʘ ʟʘ ʯʘʩʦʤ) ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʟʤʽʥʥʦʶ.  

ʊʘʢʘ ʦʩʦʙʣʠʚʽʩʪʴ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʚʦʭʧʦʣʷʨʥʦʛʦ 

ʽʤʧʫʣʴʩʫ ʤʦʞʝ ʙʫʪʠ ʚʝʣʴʤʠ ʢʦʨʠʩʥʦʶ ʜʣʷ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʫ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤʘʭ (ʚʠʤʽʨʶʚʘʯʘʭ ʚʽʜʩʪʘʥʽ). ɼʽʡʩʥʦ, ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ - ʰʫʤ. ɸʥʘʣʦʛ ʮʴʦʛʦ ï 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʘ ʬʽʣʴʪʨʘʮʽʷ, ʱʦ ʧʦʛʽʨʰʫʻ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʨʘʜʘʨʘ. ɸʣʝ, 

ʦʩʢʽʣʴʢʠ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʘʤʧʣʽʪʫʜʠ ʽʤʧʫʣʴʩʫ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ, ʪʦ 

ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ, ʢʦʣʠ ʘʤʧʣʽʪʫʜʘ ʧʝʨʝʪʠʥʘʻ ʥʫʣʴʦʚʝ ʟʥʘʯʝʥʥʷ, 

ʟʙʝʨʽʛʘʻʪʴʩʷ.  

ʆʪʞʝ, ʘʥʘʣʽʟ ʧʨʦʮʝʩʫ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʤʧʫʣʴʩʥʠʭ 

ʩʠʛʥʘʣʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʠʙʽʨʦʢ ʨʽʟʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʧʦʢʘʟʘʚ ʭʘʨʘʢʪʝʨʥʽ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʬʦʨʤʠ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʠʤ, ʱʦ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ, ʽ ʜʦʟʚʦʣʠʚ ʩʬʦʨʤʫʣʶʚʘʪʠ ʢʨʠʪʝʨʽʡ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʾ ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ, ʟʘ ʷʢʦʾ ʬʦʨʤʘ ʽʤʧʫʣʴʩʫ 

ʩʧʦʪʚʦʨʶʻʪʴʩʷ ʚ ʜʦʧʫʩʪʠʤʠʭ ʤʝʞʘʭ. ʎʝʡ ʢʨʠʪʝʨʽʡ ï ʪʨʠʚʘʣʽʩʪʴ ʚʠʙʽʨʢʠ ʥʝ 

ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ ʪʨʠʚʘʣʽʩʪʴ ʥʘʡʢʦʨʦʪʰʦ ʾ ʦʜʥʦʧʦʣʷʨʥʦʾ ʯʘʩʪʠʥʠ 

ʽʤʧʫʣʴʩʫ, ʱʦ ʨʝʻʩʪʨʫʻʪʴʩʷ. 

 

2.2 ɸʥʘʣʦʛʦʚʝ ʥʘʢʦʧʠʯʝʥʥʷ 

 

ɺ ʮʴʦʤʫ ʧʘʨʘʛʨʘʬʽ ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʘʥʘʣʦʛʦʚʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʩʠʛʥʘʣʽʚ ʥʘ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʷʢ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ, ʧʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʨʦʙʦʯʘ ʩʤʫʛʘ 

ʯʘʩʪʦʪ. 

ɸʥʘʣʦʛʦʚʠʤ ʥʘʢʦʧʠʯʝʥʥʷʤ ʧʨʠ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʙʫʜʝʤʦ 

ʚʚʘʞʘʪʠ ʧʨʦʮʝʩ, ʧʨʠ ʷʢʦʤʫ ʥʘʢʦʧʠʯʫʚʘʣʴʥʘ ʻʤʥʽʩʪʴ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʜʦʟʘʨʷʜʞʫʻʪʴʩʷ (ʧʦʨʦʟʨʷʜʞʫʻʪʴʩʷ) ʢʽʣʴʢʘ ʨʘʟʽʚ ʧʨʠ ʧʦʚʪʦʨʥʦʤʫ 
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ʩʪʨʦʙʫʚʘʥʥʽ ʧʝʨʽʦʜʠʯʥʦ ʧʦʚʪʦʨʶʚʘʥʦʛʦ ʽʤʧʫʣʴʩʫ ʥʘ ʦʜʥʽʡ ʽ ʪʽʡ ʩʘʤʽʡ ʜʽʣʷʥʮʽ 

ʯʘʩʦʚʦʾ ʰʢʘʣʠ (ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʫ ʚʽʢʥʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ). 

 

2.2.1 ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʘʥʘʣʦʛʦʚʦʛʦ ʥʘʢʦʧʠʯʝʥʥ ̫

 

ʗʢʙʠ ʝʣʝʤʝʥʪʠ, ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʩʪʨʦʙʦʩʢʦʧʽʯʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ, ʙʫʣʠ 

ʽʜʝʘʣʴʥʠʤʠ: ʢʣʶʯ ʤʘʚ ʙʠ ʥʫʣʴʦʚʠʡ ʦʧʽʨ ʫ ʚʽʜʢʨʠʪʽʡ ʬʘʟʽ ʽ ʥʝʩʢʽʥʯʝʥʥʠʡ ʦʧʨ̔ 

ʧʨʠ ʨʦʟʤʠʢʘʥʥʽ, ʥʘʢʦʧʠʯʫʚʘʣʴʥʠʡ ʢʦʥʜʝʥʩʘʪʦʨ ʥʝ ʤʘʚ ʙʠ ʚʠʪʦʢʽʚ, ʘ ʜʦ ʚʠʭʦʜʫ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʧʽʜʢʣʶʯʘʚʩʷ ʙ ʥʘʩʪʫʧʥʠʡ ʢʘʩʢʘʜ ʟ ʥʝʩʢʽʥʯʝʥʥʠʤ ʚʭʽʜʥʠʤ 

ʦʧʦʨʦʤ, ʪʦ ʧʨʦʮʝʩ ʘʥʘʣʦʛʦʚʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʦʧʠʩʫʚʘʚʩʷ ʙ ʧʨʦʩʪʠʤ ʨʽʚʥʷʥʥʷʤ 

ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ ʯʝʨʝʟ ʚʠʭʽʜʥʠʡ ʦʧʽʨ ʜʞʝʨʝʣʘ ʩʠʛʥʘʣʫ, ʱʦ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ. ʆʜʥʘʢ ʚ ʨʝʘʣʴʥʠʭ ʩʭʝʤʘʭ ʝʣʝʤʝʥʪʠ ʥʝʽʜʝʘʣʴʥʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʨʘʭʦʚʫʚʘʪʠ ʾʭ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʧʨʦʮʝʩ ʽ ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ɼʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʘʥʘʣʦʛʦʚʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʩʠʛʥʘʣʽʚ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʩʭʝʤʦʶ 

ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʟʦʙʨʘʞʝʥʦʶ ʥʘ ʨʠʩ. 2.4. ɼʣʷ ʯʠʩʝʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ ʘʥʘʣʦʛʦʚʠʤ 

ʥʘʢʦʧʠʯʝʥʥʷʤ, ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʚʽʜʧʦʚʽʜʥʫ ʧʨʦʛʨʘʤʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʚʠ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python [77].  

ɺ ʝʢʚʽʚʘʣʝʥʪʥʽʡ ʩʭʝʤʽ (ʨʠʩ. 2.4) ʜʽʦʜʥʠʡ ʟʤʽʰʫʚʘʯ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ 

ʚʠʛʣʷʜʽ ʢʣʶʯʘ S, ʷʢʠʡ ʟʘʤʠʢʘʻʪʴʩʷ ʥʘ ʢʦʨʦʪʢʠʡ ʯʘʩ d. ʇʨʦʪʷʛʦʤ ʮʴʦʛʦ ʯʘʩʫ ʜʦ 

ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ HC  ʯʝʨʝʟ ʦʧʽʨ LR  (ʚʠʭʽʜʥʠʡ ʦʧʽʨ ʟʦʚʥʽʰʥʴʦʛʦ 

ʜʞʝʨʝʣʘ ʩʠʛʥʘʣʫ) ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʥʘʧʨʫʛʘ )(tU . ʇʨʠ ʮʴʦʤʫ ʻʤʥʽʩʪʴ 
H

C  

ʟʘʨʷʜʞʘ̒ ʪʴʩʷ, ʷʢʱʦ ʜʦ ʟʘʤʠʢʘʥʥʷ ʢʣʶʯʘ ʥʘʧʨʫʛʘ ʥʘ ̒ʤʥʦʩʪʽ ʙʫʣʘ ʤʝʥʦhʶ ʚʽʜ 

ʥʘʧʨʫʛʠ ʩʠʛʥʘʣʫ, ʘʙʦ ʨʦʟʨʷʜʞʘʻʪʴʩʷ, ʷʢʱʦ ʜʦ ʟʘʤʠʢʘʥʥʷ ʢʣʶʯʘ ʮʷ ʥʘʧʨʫʛʘ ʙʫʣʘ 

ʙʽʣʴʰʦ .ʁ ʇʨʦʪʷʛʦʤ ʯʘʩʫ ʤʽʞ ʧʦʜʘʣʴʰʠʤʠ ʚʠʙʽʨʢʘʤʠ RT , ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ 
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ʯʘʩʦʤ ʟʙʝʨʽʛʘʥʥʷ, ʤ̒ʥʽʩʪʴ ʚʪʨʘʯʘʻ ʯʘʩʪʠʥʫ ʟʘʨʷʜʫ ʚʥʘʩʣʽʜʦʢ ʩʪʨʫʤʽʚ ʚʠʪʦʢʫ 

ʯʝʨʝʟ ʚʠʩʦʢʦʦʤʥʠʡ ʦʧʽʨ ʙʫʬʝʨʥʦʛʦ ʧʽʜʩʠʣʶʚʘʣʴʥʦʛʦ ʢʘʩʢʘʜʫ BR  [13, 61]. 

 

 
 

ʈʠʩ.  2.4 ɽʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʟʤʽʰʫʚʘʯʘ 

 

ɼʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʟʘʨʷʜʫ ʽ ʨʦʟʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ 

ʻʤʥʦʩʪʽ ʧʽʜ ʯʘʩ ʚʠʙʽʨʢʠ ʽ ʟʙʝʨʽʛʘʥʥʷ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʣʽʥʽʡʥʠʤ ʥʝʦʜʥʦʨʽʜʥʠʤ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ [14]: 
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 (2.3) 

 

ʜʝ )(tU  ï ʩʠʛʥʘʣ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʜʦ ʚʭʦʜʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ;  

HL CR ³=t  ï ʩʪʘʣʘ ʯʘʩʫ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ;  

LR  ï ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʦʧʽʨ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʟʤʽʰʫʚʘʯʘ;  

HC  ï ʻʤʥʽʩʪʴ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦ ʾʻʤʥʦʩʪʽ;  

BR  ï ʦʧʽʨ ʙʫʬʝʨʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ, ʚ ʷʢʦʤʫ ʪʘʢʦʞ ʤʦʞʝ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʩʪʨʫʤ 

ʚʠʪʦʢʫ ʯʝʨʝʟ ʜʽʦʜ ʟʤʽʰʫʚʘʯʘ ʚ ʩʪʘʥʽ, ʢʦʣʠ ʜʽʦʜ ʟʘʢʨʠʪʠʡ (ʢʣʶʯ S ʨʦʟô̒ ʜʥʘʥʠʡ); 
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ʤʥʦʞʥʠʢ öö
÷

õ
ææ
ç

å
-

HB

R

CR

T
exp  ʦʧʠʩʫʻ ʨʦʟʨʷʜ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ ʧʽʜ ʯʘʩ ʬʘʟʠ 

ʟʙʝʨʽʛʘʥʥʷ ʟʘʨʷʜʫ, ʷʢʘ ʪʨʠʚʘʻ ʯʘʩ 
R

T  ï ʧʝʨʽʦʜ ʧʦʚʪʦʨʝʥʥʷ ʽʤʧʫʣʴʩʽʚ. 

ɿʘʚʜʷʢʠ ʝʢʩʧʦʥʝʥʪʥʦʤʫ ʤʥʦʞʥʠʢʫ ʚ ʜʨʫʛʦʤʫ ʨʽʚʥʷʥʥʽ ʩʠʩʪʝʤʠ (2.3) ʚʨʘʭʦʚʘʥʦ 

ʩʪʨʫʤ ʚʠʪʦʢʫ ʯʝʨʝʟ ʦʧʽʨ ʙʫʬʝʨʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʜʘʤʦ ʯʘʩʦʚʝ 

ʚʽʢʥʦ T, ʚ ʷʢʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʨʝʻʩʪʨʘʮʽʷ ʽʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʤʘʻ ʚʠʛʣʷʜ 

s-ʬʫʥʢʮʽʾ (çʩʭʦʜʠʥʢʠè). ʋʩʝ ʚʽʢʥʦ ʨʦʟʜʽʣʠʤʦ ʥʘ N  ʦʜʥʘʢʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ 

ŭ. ɺ ʢʦʞʥʦʤʫ n-ʤʫ ʽʥʪʝʨʚʘʣʽ (Nn¢¢1 ) ʟʜʽʡʩʥʠʤʦ ʚʠʙʽʨʢʫ ʟ ʩʠʛʥʘʣʫ (ʨʠʩ. 2.5).  

 

 
 

ʈʠʩ. 2.5 ʉʪʨʦʙʫʚʘʥʥʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʤʘʻ ʚʠʛʣʷʜ s-ʬʫʥʢʮʽʾ 

 

ɺ̔ ʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʦʧʠʩʫ ʚ ʩʠʩʪʝʤʽ (2.3) ʩʠʤʚʦʣʦʤ nT  ʧʦʟʥʘʯʝʥʦ ʤʦʤʝʥʪ 

ʯʘʩʫ, ʷʢʦʤʫ ʚʽʜʧʦʚʽʜʘʻ ʚʠʙʽʨʢʘ ʟ ʩʠʛʥʘʣʫ ʟʘ ʥʦʤʝʨʦʤ n. 

ɯʥʜʝʢʩ Ii¢¢1  ʫ ʩʠʩʪʝʤʽ (2.3) ʧʦʟʥʘʯʘʻ ʟʤʽʥʥʫ ʘʥʘʣʦʛʦʚʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ.  

ɼʣʷ ʢʦʞʥʦʛʦ nT  ʟʘ ʜʦʧʦʤʦʛʦʶ (2.3) ʟ ʧʦʯʘʪʢʦʚʦʶ ʫʤʦʚʦʶ 
i
nv0  ʥʘ ʽʥʪʝʨʚʘʣʽ 

),( 10 nn tt  ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʈʫʥʛʝ-ʂʫʪʪʘ ʦʙʯʠʩʣʠʤʦ ʢʽʥʮʝʚʫ ʚʝʣʠʯʠʥʫ 

ʥʘʧʨʫʛʠ nv , ʟʙʝʨʝʞʝʥʫ ʥʘ HC , ʟʘʜʘʥʫ ʢʽʣʴʢʽʩʪʴ I  ʨʘʟʽʚ.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ (2.3), ʚʠʢʦʥʘʻʤʦ ʢʦʤʧôʁ ʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʱʦ ʤʘʻ ʚʠʛʣʷʜ s-ʬʫʥʢʮʽʾ (ʨʠʩ. 2.5) ʚ 

ʯʘʩʦʚʦʤʫ ʚʽʢʥʽ 10 ʥʩ, ʜʣʷ N = 256. ʈʝʟʫʣʴʪʘʪʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘʢʦʛʦ ʚʭʽʜʥʦʛʦ 

ʽʤʧʫʣʴʩʫ ʻ ʥʝ ʱʦ ʽʥʰʝ, ʷʢ ʧʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 



80 

ʅʘ ʨʠʩ. 2.6 ʘ) ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ d = 0,1 ʥʩ ʽ ʢʽʣʴʢʦʩʪʽ 

ʥʘʢʦʧʠʯʝʥʴ I  = 1, 2, é 10. ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʽʚ, ʟ ̔ʟʙʽʣʴʰʝʥʥʷʤ I  ʧʝʨʝʪʚʦʨʝʥʠʡ 

ʩʠʛʥʘʣ ʟʘ ʬʦʨʤʦ  ʁ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʧʝʨʝʧʘʜʫ ʥʘʧʨʫʛʠ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʥʘʨʦʩʪʘʥʥʷ ʇʍ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʧʨʦ ʨʦʟʰʠʨʝʥʥʷ ʨʦʙʦʯʦʾ ʩʤʫʛʠ 

ʯʘʩʪʦʪ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʚ ʜʽʘʧʘʟʦʥ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ.  

ʆʜʥʘʢ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ ʜʦ d = 0,5 ʥʩ ʚʧʣʠʚ 

ʥʘʢʦʧʠʯʝʥʥʷ ʩʪʘʻ ʥʝʧʦʤʽʪʥʠʤ. ɺʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʽʤʧʫʣʴʩʦʤ, ʧʝʨʝʪʚʦʨʝʥʠʤ ʟ 

ʘʥʘʣʦʛʦʚʠʤ ʥʘʢʦʧʠʯʝʥʥʷʤ, ʽ ʽʤʧʫʣʴʩʦʤ, ʧʨʠ ʨʝʻʩʪʨʘʮʽʾ ʷʢʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ, ʟʥʠʢʘʻ (ʨʠʩ. 2.6 ʙ).  

 

 
ʘ) 

 
ʙ) 

 

ʈʠʩ. 2.6 ʅʦʨʤʦʚʘʥʽ ʥʘ ʤʘʢʩʠʤʫʤ ʘʤʧʣʽʪʫʜʠ ʧʝʨʝʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ H  

ʧʨʠ d = 0,1 ʥʩ (ʘ)  ̔d = 0,5 ʥʩ (ʙ)  

 

ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʠʩʣʘ ʥʘʢʦʧʠʯʝʥʴ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟ ʦʙʨʘʥʦʛʦ ʥʘʙʦʨʫ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ I=10), ʯʘʩ ʥʘʨʦʩʪʘʥʥʷ 

ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʽʤʧʫʣʴʩʫ çʩʭʦʜʠʥʢʠè ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ d. 

ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʫ ʥʘʨʦʩʪʘʥʥʷ ʇʍ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ I , d 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.7 ʘ). ɻʨʘʬʽʢʠ ʥʘʦʯʥʦ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ ʘʥʘʣʦʛʦʚʝ 

ʥʘʢʦʧʠʯʝʥʥʷ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʯʘʩʫ ʥʘʨʦʩʪʘʥʥʷ ʇʍ. ʆʩʦʙʣʠʚʦ ʟʥʘʯʥʠʡ ʚʧʣʠʚ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ ʤʘʣʠʭ ʟʥʘʯʝʥʴ ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ. ʗʢʱʦ ʚʽʜʥʦʩʥʘ 

ʪʨʠʚʘʣʽʩʪʴ ʚʠʙʽʨʢʠ ʩʪʘʥʦʚʠʪʴ 0,1, ʪʦ ʜʦʜʘʚʘʥʥʷ ʥʘʚʽʪʴ ʦʜʥʽʻʾ ʧʦʨʮʽʾ ʟʘʨʷʜʫ ʚʽʜ 

ʜʨʫʛʦʾ ʚʠʙʽʨʢʠ ʟʤʝʥʰʫʻ ʯʘʩ ʥʘʨʦʩʪʘʥʥʷ ʇʍ ʤʘʡʞʝ ʫ 1,5 ʨʘʟʠ. ʇʦʜʘʣʴʰʝ 
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ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʘʢʦʧʠʯʫʚʘʥʠʭ ʩʠʛʥʘʣʽʚ ʪʘʢʦʞ ʚʝʜʝ ʜʦ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ 

ʥʘʨʦʩʪʘʥʥʷ ʇʍ. 

ʅʘ ʨʠʩ.  2.7 ʙ) ʧʦʢʘʟʘʥʽ ʚʽʜʧʦʚʽʜʥʽ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʝʡ ʨʦʙʦʯʦʾ ʩʤʫʛʠ 

ʯʘʩʪʦʪ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ ʧʨʠ ʥʘʢʦʧʠʯʝʥʥʽ 1, 2, 3 ʽ 10. 

ɿʥʘʯʝʥʥʷ ʰʠʨʠʥʠ ʨʦʙʦʯʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ ȹF ʦʪʨʠʤʘʥʽ ʟʘ ʚʽʜʦʤʠʤʠ ʬʦʨʤʫʣʘʤʠ 

[78], ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʟʚôʷʟʦʢ ʤʽʞ ʽʤʧʫʣʴʩʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʽ   

ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʧʨʠʩʪʨʦʶ. ɺʝʣʠʯʠʥʠ ȹF ʜʣʷ ʛʨʘʬʽʢʽʚ 

ʚʟʷʪʦ ʥʘ ʨʽʚʥʽ -3 ʜɹ ʚʽʜ ʤʘʢʩʠʤʫʤʫ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

 
ʘ) 

 
ʙ) 

 

ʈʠʩ.  2.7 ɿʘʣʝʞʥʦʩʪʽ ʯʘʩʫ ʥʘʨʦʩʪʘʥʥʷ ʇʍ (ʘ) ʽ ʨʦʙʦʯʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ (ʙ) ʚʽʜ 

ʪʨʠʚʘʣʦʩʪʽ ʚʠʙʽʨʢʠ ʜʣʷ I = {1; 2; 3;10} 

 

ɿ ʛʨʘʬʽʢʽʚ ʨʠʩ.  2.7 ʚʠʜʥʦ, ʱʦ ʚʧʣʠʚ ʘʥʘʣʦʛʦʚʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʥʘ ʇʍ ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʥʘ ʰʠʨʠʥʫ ʨʦʙʦʯʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ FD  ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʤʝʥʰʝʥʥʷʤ 

d. ʊʘʢ, ʜʣʷ d = 0,4 ʥʩ ʚʝʣʠʯʠʥʘ FD  ʟʤʽʥʶʻʪʴʩʷ ʪʽʣʴʢʠ ʥʘ 0,1 ɻɻʮ ʧʨʠ ʟʤʽʥʽ 

ʢʽʣʴʢʦʩʪʽ ʥʘʢʦʧʠʯʝʥ ɹʚʽʜ I  = 1 ʜʦ I  = 10, ʚ ʪʦʡ ʯʘʩ, ʷʢ ʜʣʷ d = 0,1 ʥʩ FD  

ʟʤʽʥʶʻʪʴʩʷ ʥʘ 1,5 ɻɻʮ (ʤʘʡʞʝ ʚ 1,75 ʨʘʟʠ).  

ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʨʠ ʪʨʠʚʘʣʦʩʪʷʭ ʚʠʙʽʨʦʢ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʻ 

ʧʦʨʽʚʥʷʥʠʤʠ ʘʙʦ ʙʽʣʴʰʠʤ ʥʽʞ ʩʪʘʣʘ ʯʘʩʫ ʟʘʨʷʜʫ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʾ ʻʤʥʦʩʪʽ 

d ² 2/t , ʥʘʢʦʧʠʯʫʚʘʣʴʥʘ ʻʤʥʽʩʪʴ ʟʘʨʷʜʞʘʻʪʴʩʷ ʜʦ ʨʽʚʥʷ ʥʘʧʨʫʛʠ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʤʠʪʪʻʚʦʤʫ ʟʥʘʯʝʥʥʶ ʥʘʧʨʫʛʠ ʚʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ, ʟʘ ʤʝʥʰʫ ʢʽʣʴʢʩ̔ʪʴ 

ʧʦʚʪʦʨʝʥʴ ʩʪʨʦʙʫʚʘʥʥʷ. ɸ ʧʨʠ d << 2/t , ʱʦʙ ʜʦʟʘʨʷʜʠʪʠ ʥʘʢʦʧʠʯʫʚʘʣʴʥʫ 
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ʻʤʥʽʩʪʴ, ʥʝʦʙʭʽʜʥʘ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʚʠʙʽʨʦʢ. ʇʨʠ ʮʴʦʤʫ ʝʬʝʢʪ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʘʥʘʣʦʛʦʚʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʙʽʣʴʰ ʟʥʘʯʥʠʡ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʩʪʫʧʽʥʴ ʨʦʟʰʠʨʝʥʥʷ ʨʦʙʦʯʦʾ ʩʤʫʛʠ 

ʯʘʩʪʦʪ, ʚʠʢʦʨʠʩʪʘʻʤʦ ʧʘʨʘʤʝʪʨ %100
)1(

)1()(
)( Ö

=D

=D-D
=D

IF

IFIF
I , ʷʢʠʡ ʧʦʢʘʟʫʻ 

ʚʽʜʥʦʩʥʝ ʨʦʟʰʠʨʝʥʥʷ ʨʦʙʦʯʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʠʩʣʘ ʥʘʢʦʧʠʯʝʥʴ 

I . ʊʫʪ )(IFD  ï ʨʦʙʦʯʘ ʩʤʫʛʘ ʯʘʩʪʦʪ ʧʨʠ ʟʘʜʘʥʠʭ I  ʽ d, )1( =D IF  ï ʨʦʙʦʯʘ 

ʩʤʫʛʘ ʯʘʩʪʦʪ ʧʨʠ ʨʦʙʦʪʽ ʚ ʨʝʞʠʤʽ çʙʝʟ ʥʘʢʦʧʠʯʝʥʥʷè. ɻʨʘʬʽʢʠ ʥʘ ʨʠʩ.  2.8 

ʜʝʤʦʥʩʪʨʫʶʪʴ, ʧʨʠ ʷʢʠʭ ʟʥʘʯʝʥʥʷʭ d ʘʥʘʣʦʛʦʚʝ ʥʘʢʦʧʠʯʝʥʥʷ ʥʘʡʙʽʣʴʰʝ 

ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʰʠʨʝʥʥʷ )(ID  ʫ ʚʽʜʩʦʪʢʘʭ. 

 

 
 

ʈʠʩ.  2.8 ɺʧʣʠʚ ʘʥʘʣʦʛʦʚʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʥʘ ʰʠʨʠʥʫ ʨʦʙʦʯʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ 

ʧʨʠ I = {2; 3;10} 

 

ʗʢ ʚʠʜʥʦ, ʧʨʠ td/  = 0,5 ʚʥʝʩʦʢ ʚ D ʚʽʜ ʥʘʢʦʧʠʯʝʥʥʷ ʥʝʩʫʪʪʻʚʠʡ, ʚ ʪʦʡ 

ʯʘʩ ʷʢ ʧʨʠ ʚʠʙʽʨʢʘʭ td/  = 0,1  ʚʽʜʥʦʩʥʘ ʨʦʙʦʯʘ ʩʤʫʛʘ ʯʘʩʪʦʪ  D ʟʥʘʯʥʦ 

ʨʦʟʰʠʨʶʻʪʴʩʷ ʽ ʜʦʩʷʛʘʻ 80 % ʧʨʠ I  = 10. 

ɺʧʣʠʚ ʩʪʨʫʤʫ ʚʠʪʦʢʫ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ. ʗʢʱʦ ʟʤʽʥʶʚʘʪʠ d, 

ʟʘʣʠʰʠʚʰʠ ʧʦʩʪʽʡʥʠʤ ʟʥʘʯʝʥʥʷ I  = 3, ʦʪʨʠʤʘʻʤʦ ʥʘʙʽʨ ʢʨʠʚʠʭ, ʟʦʙʨʘʞʝʥʠʭ ʥʘ 

ʨʠʩ.  2.9. ʇʦʢʘʟʘʥʽ ʧʝʨʝʪʚʦʨʝʥʽ ʩʠʛʥʘʣʠ ʧʨʠ ʨʽʟʥʠʭ d ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0,1 ʜʦ 1 ʥʩ. 










































































































































































































