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ɸʅʆʊɸʎɯʗ 

 

ʃʘʧʪʻʚ ʆ.ɸ. ʄʝʪʦʜʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʦʰʫʢʫ 

ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ 

ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.13.21 çʉʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾè. ï ɼʝʨʞʘʚʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, ʤ. ʂʠʾʚ, 2020. 

ʆʜʥʽʻ  ʁʽʟ ʧʨʠʤʽʪʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ, ʮʝ ʧʝʨʝʭʽʜ ʚʽʜ 

ʽʥʜʫʩʪʨʽʘʣʴʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ. ɺ ʪʘʢʦʤʫ ʩʫʩʧʽʣʴʩʪʚʽ 

ʽʥʬʦʨʤʘʮʽʷ ʩʪʘʻ ʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʨʝʩʫʨʩʦʤ ʥʽʞ ʤʘʪʝʨʽʘʣʴʥʽ ʘʙʦ ʝʥʝʨʛʝʪʠʯʥʽ 

ʨʝʩʫʨʩʠ. ʊʦʤʫ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ, ʦʩʦʙʣʠʚʦ ʜʦ ̔ʥʬʦʨʤʘʮʽʾ ʷʢʘ 

ʻ ʢʦʥʬʽʜʝʥʮʽʡʥʦ ʁʪʘ ʤʽʩʪʠʪʴ ʦʩʥʦʚʥʽ ʢʦʥʢʫʨʝʥʪʥʽ ʧʝʨʝʚʘʛʠ, ʻ ʧʝʨʰʦʯʝʨʛʦʚʠʤ 

ʟʘʚʜʘʥʥʷʤ ʢʦʥʢʫʨʝʥʪʥʦʾ ʙʦʨʦʪʴʙʠ. ʆʪʨʠʤʘʥʥʷ ʪʘʢʠʭ ʚʽʜʦʤʦʩʪʝʡ, ʷʢ ʧʨʘʚʠʣʦ, 

ʧʦʚ'ʷʟʘʥʝ ʟ ʧʦʨʫʰʝʥʥʷʤ ʟʘʢʦʥʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʆʜʥʘʢ ʛʦʣʦʚʥʦʶ ʧʨʠʯʠʥʦʶ 

ʚʠʥʠʢʥʝʥʥʷ ʧʨʦʤʠʩʣʦʚʦ ʾ(ʝʢʦʥʦʤʽʯʥʦ)ʾ ʨʦʟʚʽʜʢʠ ʻ ʧʨʘʛʥʝʥʥʷ ʜʦ ʨʝʘʣʽʟʘʮʽʾ 

ʢʦʥʢʫʨʝʥʪʥʦʾ ʧʝʨʝʚʘʛʠ ï ʥʘʡʚʘʞʣʠʚʽʰʦʾ ʫʤʦʚʠ ʜʦʩʷʛʥʝʥʥʷ ʫʩʧʽʭʫ ʚ ʨʠʥʢʦʚʽʡ 

ʝʢʦʥʦʤʽʮʽ.  

ʂʦʥʢʫʨʝʥʪʥʘ ʨʦʟʚʽʜʢʘ ʩʴʦʛʦʜʥʽ ʦʭʦʧʣʶʻ ʚʩʽ ʩʬʝʨʠ ʨʠʥʢʦʚʦʾ ʝʢʦʥʦʤʽʢʠ. 

ɿʙʠʪʦʢ ʚʽʜ ʝʢʦʥʦʤʽʯʥʦ ʾʨʦʟʚʽʜʢʠ, ʩʪʘʥʦʚʠʪʴ ʩʴʦʛʦʜʥʽ ʚ ʩʚʽʪʽ ʙʽʣʴʰ ʥʽʞ 100 

ʤʣʨʜ. ʜʦʣʘʨʽʚ ʉʐɸ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʩʦʙʠ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʅʦʤʝʥʢʣʘʪʫʨʘ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʘʜʟʚʠʯʘʡʥʦ ʚʝʣʠʢʘ.  

ʐʚʠʜʢʠʡ ʨʦʟʚʠʪʦʢ ʟʘʩʦʙʽʚ ʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʪʝʭʥʽʢʠ ʧʨʠʟʚʝʣʦ ʥʝ ʪʽʣʴʢʠ ʜʦ 

ʧʦʟʠʪʠʚʥʠʭ, ʘʣʝ ʽ ʜʦ ʥʝʛʘʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʉʫʯʘʩʥʽ ʟʘʩʦʙʠ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢ ʧʨʘʚʠʣʦ, ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʛʘʨʥʦʶ ʷʢʽʩʪʶ ʤʘʩʢʫʚʘʥʥʷ 

ʪʘ ʚʠʩʦʢʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʊʘʢʦʞ ʟʘʩʦʙʠ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʦʩʪʽʡʥʦ ʫʜʦʩʢʦʥʘʣʶʶʪʴʩʷ, ʚʠʭʦʜʷʯʠ ʟ ʯʦʛʦ, ʧʠʪʘʥʥʷ 
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ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʪʘʢʠʭ ʟʘʩʦʙʽʚ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʚʝʣʠʢʽ 

ʩʢʣʘʜʥʦʩʪʽ ʪʘ ʪʘʢʦʞ ʧʦʪʨʝʙʫʶʪʴ ʧʦʩʪʽʡʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ.  

ʇʝʨʰʠʤ ʢʨʦʢʦʤ ʫ ʥʘʧʨʷʤʢʫ ʟʘʢʨʠʪʪʷ ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʻ ʧʨʦʮʝʩ ʚʠʷʚʣʝʥʥʷ 

ʩʠʛʥʘʣʽʚ ʚʽʜ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ.  

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʽʚ, ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʩʠʛʥʘʣʽʚ ʫ ʚʠʛʣʷʜ ʷʢʠʡ ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ 

ʧʨʦʛʨʘʤʥʠʤʠ ʟʘʩʦʙʘʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ʇʠʪʘʥʥʷʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʧʨʠʩʚʷʯʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʥʘʫʢʦʚʠʭ 

ʨʦʙʽʪ ʉʢʫʨʠʭʠʥʘ ɺ.ɯ., ʊʠʭʦʥʦʚʘ ɺ.ɯ., ʂʦʣʤʦʛʦʨʦʚʘ ɸ.ʅ., ʇʫʭʦʚʘ ɻ.ɭ., 

ʇʦʣʷʢʦʚʘ ʇ.ʌ., ʈʦʟʤʘʭʥ̔ʥʘ ʄ.ʂ., ɺʘʨʘʢʽʥʘ ʃ.ɽ., ɹʘʨʘʥʦʚʘ ɺ.ʃ., 

ʄʘʨʧʣʘ ʤʦʣʦʜʰʦʛʦ ʉ.ʃ., ʇʘʨʭʫʮʷ ʃ.ʊ., ʪʘ ʽʥʰʠʭ ʚʯʝʥʠʭ. ʋ ʮʠʭ ʨʦʙʦʪʘʭ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʟʘʛʘʣʴʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʤʧʣʽʪʫʜʠ, ʬʘʟʠ ʪʘ ʩʧʝʢʪʨʫ ʩʠʛʥʘʣʽʚ. ʋ ʪʦʡ ʞʝ ʯʘʩ, 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʟ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʫ ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʥʝ ʥʘʙʫʣʠ ʟʘʚʝʨʰʝʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. 

ɼʨʫʛʠʤ ʢʨʦʢʦʤ  ʻ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʟ ʤʝʪʦʶ ʚʜ̔ʜʽʣʝʥʥʷ ʩʠʛʥʘʣʚ̔ 

ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʩʠʛʥʘʣʽʚ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʣʝʛʘʣʴʥʦ 

ʧʨʘʮʶʶʪʴ ʫ ʚʠʟʥʘʯʝʥʦʤʫ ʨʘʜʽʦʜʽʘʧʘʟʦʥʽ. 

ʇʨʦʙʣʝʤʠ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʚʠʨʽʰʫʚʘʣʠʩʴ 

ʥʘʫʢʦʚʮʷʤʠ ʩʝʨʝʜ ʷʢʠʭ: ʂʘʨʧʦʚ ʆ.ʄ., ʍʦʨʦʰʢʦ ɺ.ʆ., ɹʘʨʘʙʘʰ ʆ.ɺ., 

ʉʘʚʯʝʥʢʦ ɺ.ɸ., ʏʘʨʣʟ ɹʵʙʙʠʜʞ, ɺʘʧʥʠʢ ɺ.ʅ., ʇʫʭʦʚ ɻ.ɭ., ɭʚʩʝʻʚ ʉ.ʇ., ʪʘ 

ʽʥʰʠʤʠ ʚʯʝʥʠʤʠ. ʆʜʥʘʢ ʚʦʥʠ ʚʠʨʽʰʫʚʘʣʠ ʧʨʦʙʣʝʤʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʟ 

ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʽʩʪʦʪʥʦʛʦ 

ʩʠʛʥʘʣʫ, ʱʦ ʥʘʢʣʘʜʘʣʦ ʦʙʤʝʞʝʥʥʷ ʥʘ ʛʨʘʥʠʯʥʽ ʧʘʨʘʤʝʪʨʠ (ʘʤʧʣʽʪʫʜʫ, ʬʘʟʫ ʪʘ 

ʯʘʩ) ʩʠʛʥʘʣʫ. ʎʽ ʦʙʤʝʞʝʥʥʷ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʫ ʧʦʚʥʦʶ ʤʽʨʽ ʚʠʨʽʰʫʚʘʪʠ 

ʧʠʪʘʥʥʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽʤʧʫʣʴʩʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʯʘʩʪʽʰʝ ʻ 

ʩʠʛʥʘʣʘʤʠ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 
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ʆʩʪʘʥʥʽʡ ʢʨʦʢ ʮʝ ʣʦʢʘʣʽʟʘʮʽʷ ʮʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ 

ʧʦʜʘʣʴʰʽ ʜʽʾ ʟ ʥʠʤʠ. 

ʇʠʪʘʥʥʷ ʧʘʩʠʚʥʦʾ ʨʘʜʽʦʣʦʢʘʮʽʾ, ʣʦʢʘʣʽʟʘʮʽʾ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʫʚʘʣʦʩʴ ʽ ʚ 

ʨʦʙʦʪʘʭ ʃʦʙʘʥʦʚʘ ʄ.ʄ., ʐʠʨʤʘʥʘ ʗ. ɼ., ɼʫʣʝʚʠʯʘ ɺ.ɹ., ʂʦʨʦʩʪʝʣʝʚʘ ɸ.ɸ., 

ɹʘʥʜʫʨʢʦ ʅ.ɻ., ɻʦʣʠʢʦʚʘ ɺ. ʅ., ɹʫʩʠʛʠʥʘ ɯ. ʅ., ʂʦʩʪʠʥʘ ɻ. ɸ., ʉʘʚʯʝʥʢʘ ɺ.ɸ. 

ʪʘ ʽʥʰʠʭ ʚʯʝʥʠʭ. ʋ ʨʦʙʦʪʘʭ ʚʠʱʝʚʢʘʟʘʥʠʭ ʘʚʪʦʨʽʚ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʠʪʘʥʥʷ 

ʨʘʜʽʦʣʦʢʘʮʽʾ ʨʫʭʦʤʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʚʝʣʠʢʠʭ ʚʽʜʩʪʘʥʷʭ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʨʽʟʥʽ 

ʤʝʪʦʜʽ ʚʠʷʚʣʝʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ, ʨʦʟʨʦʙʣʝʥʽ ʧʨʠʥʮʠʧʦʚʽ ʤʝʪʦʜʠ ʣʦʢʘʣʽʟʘʮʽʾ 

ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʦʙôʻʢʪʽʚ, ʘʣʝ ʚʦʥʠ ʥʝ ʫ ʧʦʚʥʦʾ ʤʽʨʽ ʚʠʩʚʽʪʠʣʠ ʧʨʦʙʣʝʤʫ 

ʣʦʢʘʣʽʟʘʮʽʾ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʤʘʣʽʡ ʚʽʜʩʪʘʥʽ ʪʘ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʟʘʚʘʜ 

ʚʽʜ ʣʝʛʘʣʴʥʠʭ ʪʘ ʧʦʙʽʯʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ. 

 ʋ ʮʽʣʦʤʫ, ʫ ʮʠʭ ʨʦʙʦʪʘʭ ʧʠʪʘʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʟ ʤʝʪʦʶ 

ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʦʢʨʝʤʦ ʽʟ ʨʽʟʥʠʭ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʧʨʷʤʢʽʚ. 

ʈʘʟʦʤ ʟ̔ ʪʠʤ, ʚ ʮʠʭ ʨʦʙʦʪʘʭ ʥʝ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʚʽʜʦʙʨʘʞʝʥʽ ʧʠʪʘʥʥʷ 

ʤʝʪʦʜʦʣʦʛʽʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʽʚ, ʟ ʪʦʯʢʠ ʟʦʨʫ, ʚʠʜʽʣʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ 

ʩʠʛʥʘʣʽʚ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ, ʧʝʨʝʪʚʦʨʝʥʥ̫ ʮʠʭ ʩʠʛʥʘʣʽʚ ʟ ʤʝʪʦʶ 

ʧʦʜʘʣʴʰʦʛʦ ʨʝʪʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʫ ʨʘʟʽ ʚʠʷʚʣʝʥʥʷ ï ʣʦʢʘʣʽʟʘʮʽʾ ʮʠʬʨʦʚʠʭ 

ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʜʘʥʠʡ ʯʘʩ ʚ ʧʨʘʢʪʠʮʽ ʽ ʪʝʦʨʽʾ ʧʦʙʫʜʦʚʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʽʩʥʫʶʯʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʧʦʰʫʢʫ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʘʛʦʩʪʨʠʣʦʩʷ ʧʨʦʪʠʨʽʯʯʷ ʤʽʞ ʥʝʦʙʭʽʜʥʽʩʪʶ ʰʚʠʜʢʦʛʦ 

ʪʘ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ, ʜʦʩʪʦʚʽʨʥʦʛʦ ʨʦʟʧʽʟʥʘʥʥʷ ʪʘ ʪʦʯʥʦʾ ʣʦʢʘʣʽʟʘʮʽʾ 

ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʬʦʥʽ 

ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʽ ʤʦʞʣʠʚʦʩʪʤ̫ʠ ̔ ʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ʧʦʰʫʢʫ 

ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʚʢʘʟʘʥʦʛʦ ʧʨʦʪʠʨʽʯʯʷ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ 

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʘʢʪʫʘʣʴʥʫ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʫ ʧʨʦʙʣʝʤʫ ʱʦʜʦ ʨʦʟʨʦʙʢʠ 

ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʦʰʫʢʫ (ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ 
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ʪʘ ʣʦʢʘʣʽʟʘʮʽʶ) ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ.  

ʊʝʤʘʪʠʢʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʽ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʝʟʧʦʩʝʨʝʜʥɹ ʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʽʦʨʠʪʝʪʥʦʩʪʽ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚ ʋʢʨʘʾʥʽ ʜʦ 2020 ʨ. ʟʛʽʜʥʦ ʽʟ ɿʘʢʦʥʦʤ ʋʢʨʘʾʥʠ çʇʨʦ ʧʨʽʦʨʠʪʝʪʥʽ 

ʥʘʧʨʷʤʠ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠè, ʚʽʜ 11.07.2001 ˉ 2623-III, ʟʽ ʟʤʽʥʘʤʠ 

ʚʥʝʩʝʥʠʤʠ ʟʛʽʜʥʦ ʽʟ ɿʘʢʦʥʦʤ ʋʢʨʘʾʥʠ çʇʨʦ ʥʘʫʢʦʚʫ ʪʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʫ 

ʜʽʷʣʴʥʽʩʪʴè ʚʽʜ 26.11.2015 ˉ 848-VIII.  

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʣʘʥʽʚ ʥʘʫʢʦʚʦʾ ʽ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ɼʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ ʻ ʯʘʩʪʠʥʦʶ 

ʜʦʩʣʽʜʞʝʥʴ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʽ çʄʝʪʦʜʠʢʘ ʬʦʨʤʫʚʘʥʥʷ ʤʦʜʝʣʽ 

ʜʝʨʞʘʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʢʽʙʝʨʥʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʬʦʥʜʦʚʦʛʦ ʨʠʥʢʫ ʥʘ ʦʩʥʦʚʽ 

ʪʝʦʨʽʾ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʽʟ ʟʘʧʽʟʥʝʥʥʷʤè (ɼʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ 

ʥʦʤʝʨ 0118U100299, ɼʋʊ, ʤ. ʂʠʾʚ), ʷʢʫ ʚʠʢʦʥʫʚʘʚ ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʪʝʣʝʢʦʤʫʥʢ̔ʘʮʡ̔ ʫ 2018-2020 ʨ., ʫ ʛʦʩʧʨʦʟʨʘʭʫʥʢʦʚʦʾ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ 

çʂʦʥʩʫʣʴʪʘʮʽʡʥʽ ʧʦʩʣʫʛʠ ʱʦʜʦ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʽʪè (ɼʋʊ, 

2019 ʨ.) ʷʢʫ ʚʠʢʦʥʫʚʘʚ ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʫ 2019 ʨ ʪʘ ʫ 

ʥʘʫʢʦʚʦ ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʽ çɿʘʩʪʦʩʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʽʤʧʫʣʴʩʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ 

ʟʘʩʦʙʽʚ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʥʘ ʦʙôʻʢʪʘʭ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽè (ɼʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0117U004418, ɼʋʊ, ʤ. ʂʠʾʚ), ʷʢʫ 

ʚʠʢʦʥʫʚʘʚ ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʫ 2018-2020 ʨ. 

ʄʝʪʘ ʜʠʩʝʨʪʘʮʡ̔ʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʧʽʜʚʠʱʝʥʥʽ ʡʤʦʚʽʨʥʦʩʪʽ 

ʚʠʟʥʘʯʝʥʥʷ, ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʪʦʯʥʦʩʪʽ ʣʦʢʘʣʽʟʘʮʽʾ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʧʦʰʫʢʫ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ:  

ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʮʽʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʥʘ ʬʦʥʽ ʩʠʛʥʘʣʽʚ ʣʝʛʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ, ʷʢʘ ʧʦʻʜʥʫʻ 
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ʪʝʦʨʝʪʠʯʥʽ ʤʝʪʦʜʠ, ʤʝʪʦʜʠʢʠ, ʤʦʜʝʣʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ: ʬʽʣʴʪʨʘʮʽʾ 

ʩʠʛʥʘʣʽʚ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʬʦʥʽ ʩʠʛʥʘʣʽʚ 

ʣʝʛʘʣʴʥʠʭ ʟʘʩʦʙʽʚ, ʟʘʚʘʜ ʪʘ ʰʫʤʽʚ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʚʠʜʢʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʦʙʯʠʩʣʝʥʥʷ; ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʟʘʩʦʙʚ̔ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʧʣʘʡʥʽʚ ʪʘ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ; ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʢʦʨʝʣʷʮʽʡʥʦ-ʨʝʛʨʝʩʽʡʥʦʛʦ 

ʘʥʘʣʽʟʫ; ʣʦʢʘʣʽʟʘʮʽʾ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʜʘʣʝʢʦʤʽʨʥʦʛʦ ʤʝʪʦʜʫ. ʈʝʘʣʽʟʘʮʽʷ ʢʦʥʮʝʧʮʽʾ ʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʧʨʦʛʨʘʤʥʦ-

ʘʧʘʨʘʪʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʜʦʟʚʦʣʷʻ ʛʘʨʘʥʪʦʚʘʥʦ ʚʠʷʚʣʷʪʠ, ʜʦʩʪʦʚʽʨʥʦ 

ʨʦʟʧʽʟʥʘʚʘʪʠ ʪʘ ʣʦʢʘʣʽʟʫʚʘʪʠ ʮʠʬʨʦʚʽ ʟʘʩʦʙʠ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥ̫  

ʥ̔ʬʦʨʤʘʮʽʾ ʥʘ ʬʦʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʝʛʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʩʠʩʪʝʤ ʚ ʫʤʦʚʘʭ 

ʚʧʣʠʚʫ ʰʫʤʽʚ ʪʘ ʟʘʚʘʜ. 

ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʠʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʧʦʨʷʜ ʟʽ ʩʢʘʣʷʨʥʠʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʦʤʧʣʝʢʩʥ̔ ʚʝʣʠʯʠʥʠ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʦʜʥʦʯʘʩʥʦ ʚʠʜʽʣʷʪʠ ʘʤʧʣʽʪʫʜʫ, ʬʘʟʫ, ʯʘʩʪʦʪʫ, ʩʧʝʢʪʨʘʣʴʥʫ ʱʽʣʴʥʽʩʪʴ 

ʨʘʜʽʦʩʠʛʥʘʣʫ ʪʘ ʦʙʨʦʙʣʷʪʠ ʾʭ ʫ ʚʠʛʣʷʜʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʘʙʦ ʚʝʢʪʦʨʥʠʭ ʜʽʘʛʨʘʤ.  

ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʰʚʠʜʢʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʷʜʫ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʫʥʢʮʽʾ ʩʠʛʥʘʣʫ, ʷʢʠʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʦʚʘʨʽʘʮʽʡʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟ ʬʽʣʴʪʨʘʮʽʻʶ 

ʯʣʝʥʽʚ ʟʛʣʘʜʞʝʥʦʾ ʧʦʭʠʙʢʠ ʪʘ ʤʽʥʽʤʽʟʘʮʽʻʶ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʢʚʘʜʨʘʪʫ ʧʦʭʠʙʢʠ. 

ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʘʟʥʘʯʝʥʠʡ ʤʝʪʦʜ ʜʣ̫ ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʠʜʘʣʝʥʥʷ ʚʽʜʦʤʠʭ ʝʢʩʧʦʥʝʥʮʽʡʥʠʭ 

ʢʦʤʧʦʥʝʥʪ ʟ ʨʷʜʫ ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʫʥʢʮʽʡ ʨʘʜʽʦʩʠʛʥʘʣʫ ʥʘ ʝʪʘʧʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʩʠʛʥʘʣʽʚ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʥʝʟʘʪʫʭʘʶʯʠʭ ʩʠʥʫʩʦʾʜ. ʎʝ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʯʘʩ ʧʦʰʫʢʫ ʧʨʠ 

ʬʽʢʩʦʚʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʽʣʴʢʦʩʪʽ ʩʢʘʥʫʚʘʥʴ ʫ ʚʠʟʥʘʯʝʥʦʤʫ ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ. 

ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ ʫ ʧʨʦʮʝʩʽ 
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ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ̔ʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʽ 

ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʽʤʧʫʣʴʩʥʽ 

ʩʠʛʥʘʣʠ ʫ ʨʝʞʠʤʽ çʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʟ ʯʘʩʦʚʦʶ ʩʝʣʝʢʮʽʻʶè.  

ʈʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣɹ  ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʷʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʩʠʛʥʘʣʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʧʝʢʪʨʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʩʠʛʥʘʣʫ, 

ʷʢʽ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʝʪʦʜʽ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ ʪʘ 

ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʠʜʽʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʧʝʢʪʨʫ ʟ ʘʥʘʣʽʟʦʤ 

ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʮʠʭ ʩʢʣʘʜʦʚʠʭ. ɿʘ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ 

ʘʥʘʣʽʟʫ ʽʤʧʫʣʴʩʥʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʬʦʥʽ ʰʫʤʽʚ ʨʽʟʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮ̔ʾ  

ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʩʧʝʢʪʨʫ, ʷʢʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʩʠʛʥʘʣʽʚ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʤʽʥʽʤʫʤʦʤ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʜʦʧʦʚʥʠʪʠ ʛʨʫʧʫ ʧʘʨʘʤʝʪʨʚ̔ ʨʦʟʧʟ̔ʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ 

ʥʝʢʦʨʝʣʴʦʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʛʥʘʣʽʚ ʪʘ, ʫ ʩʫʢʫʧʥʦʩʪʽ ʟ ʚʠʟʥʘʯʝʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ (ʩʧʝʢʪʨʘʣʴʥʦʶ ʱʽʣʴʥʽʩʪʶ ʝʥʝʨʛʽʾ, ʤʘʪʝʤʘʪʠʯʥʠʤ ʩʧʦʜʽʚʘʥʥʷʤ 

ʪʘ ʜʠʩʧʝʨʩʽʻʶ), ʟʘʙʝʟʧʝʯʠʪʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʫ ʜʽʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ 

ʣʝʛʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ GSM, Wi-Fi, DECT, Bluetooth. 

ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜʠʢʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʫ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʤʫʣʴʪʠʘʛʝʥʪʥʦʾ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʟ ʧʨʷʤʠʤ ʟʚôʷʟʢʦʤ ʤʽʞ 

ʘʛʝʥʪʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʘʛʝʥʪʘʤʠ ʚʠʩʪʫʧʘʶʪʴ ʦʢʨʝʤʽ ʝʣʝʤʝʥʪʠ ʢʦʤʧʣʝʢʩʫ, ʷʢʽ 

ʩʢʘʥʫʶʪʴ ʝʬʽʨ ʫ ʨʽʟʥʠʭ ʪʦʯʢʘʭ ʧʨʦʩʪʦʨʫ, ʪʘ, ʫ ʧʦʜʘʣʴʰʦʤʫ, ʦʙʤʽʥʶʶʯʠʩʴ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʟ ʽʥʰʠʤʠ ʘʛʝʥʪʘʤʠ, ʧʨʠʭʦʜʷʪʴ ʜʦ ʩʧʽʣʴʥʦʛʦ ʚʠʩʥʦʚʢʫ ʱʦʜʦ 

ʭʘʨʘʢʪʝʨʫ ʩʠʛʥʘʣʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽ ʁ

ʚʠʚ̫ʣʝʥʥʷ ʰʢʽʜʣʠʚʦʛʦ ʩʠʛʥʘʣʫ ʫ ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʩʢʘʥʫʚʘʥʥʷ. 

ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʣʦʢʘʣʽʟʘʮʽʾ 

ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ 
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ʜʘʣʝʢʦʤʽʨʥʦʤʫ ʤʝʪʦʜʽ ʦʙʯʠʩʣʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʟ ʚʠʟʥʘʯʝʥʥʷʤ 

ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʟʘ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʙʫʜʫʚʘʪʠ 

ʪʦʧʦʣʦʛʽʶ ʩʢʘʥʫʶʯʦʾ ʩʢʣʘʜʦʚʦʾ ʢʦʤʧʣʝʢʩʫ ʟ ʘʧʨʽʦʨʥʦ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʪʦʯʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʣʦʢʘʣʽʟʘʮʽʾ. 

ʈʝʘʣʽʟʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚ ʜʠʩʝʨʪʘʮʽʾ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ 

ʧʦʙʫʜʦʚʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʧʦʰʫʢʫ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʦʟʚʦʣʷʻ: 

1)  ʧʨʦʝʢʪʫʚʘʪʠ ʽ ʝʢʩʧʣʫʘʪʫʚʘʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʧʨʦʛʨʘʤʥʽ ʢʦʤʧʣʝʢʩʠ 

ʧʦʰʫʢʫ (ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ) ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ;  

2)  ʧʽʜʚʠʱʠʪʠ ʧʦʢʘʟʥʠʢʠ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ, ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʪʦʯʥʦʩʪʽ ʣʦʢʘʣʽʟʘʮʽʾ ɸʇʂ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ;  

3)  ʟʜʽʡʩʥʶʚʘʪʠ ʘʥʘʣʽʟ ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ 

ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ, ʧʦʪʨʽʙʥʠʭ ʜʣʷ ʨʦʙʦʪʠ, ʯʘʩʪʦʪʥʠʭ ʜʽʘʧʘʟʦʥʽʚ;  

4)  ʧʨʦʝʢʪʫʚʘʪʠ ʩʠʩʪʝʤʠ ʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ 

ʤʽʢʨʦʩʪʽʣʴʥʠʢʦʚʠʤ ʟʚôʷʟʢʦʤ, ʤʝʨʝʞʝʶ Wi-Fi ʪʘ GSM; 

5)  ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʘʪʠʯʥʦ, ʙʝʟ ʚʪʨʫʯʘʥʥʷ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ 

ʧʝʨʩʦʥʘʣʫ, ʚʠʷʚʣʷʪʠ, ʨʦʟʧʽʟʥʘʚʘʪʠ ʩʠʛʥʘʣʠ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʪʘ ʟʘʥʦʩʠʪʠ ʾʭ ʫ ʙʘʟʫ ʢʦʤʧʣʝʢʩʫ ʟ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʛʦ 

ʘʥʘʣʽʟʫ; 

6)  ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʣʦʢʘʣʽʟʘʮʽʾ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʠʟʥʘʯʘʪʠ ʢʽʣʴʢʽʩʪʴ ʪʘ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʘʥʪʝʥ ʧʝʣʝʥʛʘʪʦʨ̔ʚ. 

ʈʦʟʨʦʙʣʝʥʘ ʢʦʤʧʣʝʢʩʥʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʻ ʩʢʣʘʜʦʚʦʶ ʤʝʪʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʦʰʫʢʫ (ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ) ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ʈʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʦʰʫʢʫ ʮʠʬʨʦʚʠʭ 

ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʦʟʚʦʣʷʪʴ ʚʠʷʚʣʷʪʠ, ʨʦʟʧʽʟʥʘʚʘʪʠ 



9 

 

ʪʘ ʣʦʢʘʣʽʟʫʚʘʪʠ ʮʠʬʨʦʚʽ ʟʘʩʦʙʠ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʽ 

ʧʨʘʮʶʶʪʴ ʫ ʜʽʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ DECT, Blutooth, Wi-Fi ʪʘ GSM.  

ʈʝʘʣʽʟʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʦʰʫʢʫ (ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ) ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʥʘ 

ʟʥʝʰʢʦʜʞʝʥʥʷ ʢʘʥʘʣʫ ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ 

ʚʠʷʚʣʝʥʥʷ ʫ ʜ̔ʘʧʘʟʦʥʽ GSM ʥʘ 10,5  12,5 %, ʫ ʜʽʘʧʘʟʦʥʽ DECT ʥʘ 16  18 %, ʫ 

ʜʽʘʧʘʟʦʥʽ Wi-Fi ʪʘ Bluetooth ʥʘ 14  19 %. ʇʨʠ ʮʴʦʤʫ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 6  9 %, ʪʘ ʩʪʘʥʦʚʠʪʴ 0,95. 

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ ʣʦʢʘʣʽʟʘʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 0,5 ʤ. ʋ 

ʧʦʨ̔ʚʥʷʥʥʽ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʽʩʥʫʶʯʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʧʦʰʫʢʫ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʡʥʷʪʽ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʊʆɺ çDASè (ʘʢʪ 

ʚʽʜ 09.12.2019 ʨ.), ʚ ʊʆɺ çɸʛʝʥʮʽʷ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʎʝʥʪʨè (ʘʢʪ ʚʽʜ 

25.12.2019 ʨ.), ʚ ʊʆɺ çʂʚʽʨʽʥè (ʘʢʪ ʚʽʜ 09.01.2020 ʨ.), ʚ ʊʆɺ çʂʦʤʧʣʝʢʩʥʘ 

ʩʣʫʞʙʘ ʙʝʟʧʝʢʠ çʉʀʉʊɽʄɸèè (ʘʢʪ ʚʽʜ 15.01.2020 ʨ.), ʇʇ çɯʊ ʎʝʥʪʨè (ʘʢʪ ʚʽʜ 

21.01.2020 ʨ.), ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʢʘʬʝʜʨʠ ʩʠʩʪʝʤ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʪʘ 

ʢʽʙʝʨʥʝʪʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ɼʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʧʨʠ 

ʚʠʢʣʘʜʘʥʥʽ ʜʠʩʮʠʧʣʽʥʠ çʄʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʪʝʭʥʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾè 

ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 125 çʂʽʙʝʨʙʝʟʧʝʢʘè ʜʝʥʥʦʾ ʬʦʨʤʠ ʥʘʚʯʘʥʥʷ (ʘʢʪ 

ʚʽʜ 16.09.2019 ʨ.). 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʮʠʬʨʦʚʠʡ ʟʘʩʽʙ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, 

ʩʧʝʢʪʨ, ʰʚʠʜʢʠʡ ʘʣʛʦʨʠʪʤ, ʤʝʪʦʜʠʢʘ ʚʠʷʚʣʝʥʥʷ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ, 

ʡʤʦʚʽʨʥʽʩʪʴ ʨʦʟʧʽʟʥʘʥʥʷ, ʣʦʢʘʣʽʟʘʮʽʷ. 
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Laptev O.A. Methodological foundations of automated search of digital 

means of illegal obtaining of information. ï Qualifying scientific work on the 

rights of the manuscript. 

Dissertation for a Doctor of Science Degree in Specialty 05.13.21 

"Information Security Systems". ï State University of Telecommunications, Kyiv, 

2020. 

One of the notable features of the present time is the transition from the 

industrial society to the information society. In such a society, information 

becomes a more important resource than material or energy resources. Therefore, 

access to information, especially to information that is confidential and contains 

major competitive advantages, is a primary concern of competition. Obtaining such 

information is usually related to a violation of the law by the use of special 

technical means of silently obtaining information. However, the main reason for 

the emergence of industrial (economic) intelligence is the pursuit of competitive 

advantage ï the most important prerequisite for success in a market economy. 

Competitive intelligence today covers all areas of the market economy. 

Economic intelligence is now more than $ 100 billion worldwide in damages. To 

obtain information, the means of silent retrieval are used. The nomenclature of 

such devices is extremely large today. The rapid development of communications 

and technology has led not only to positive but also to negative results. Modern 

means of silent retrieval of information, as a rule, are characterized by good 

masking quality and high technical characteristics. Also, the means of silent 

retrieval are constantly being improved, so the issues of identification, recognition 

and localization of such tools are of great complexity and also require continuous 

improvement. The first step in closing the information leak with the use of non-

voice information is the process of detecting signals from such devices. 
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In order to determine the signals, it is necessary to convert the signals into a 

form that can be used for further analysis by the software of the automated 

complex of searching for the means of silent information retrieval. 

The problem of signal transformation is devoted to a large number of 

scientific works V.I. Skukhina, V.I. Tikhonova, A.N. Kolmogorovʘ, G.E. Pukhovʘ, 

P.F. Polyakova, M.K. Rosmakhina, L.E. Varakina, Baranova V.L., Marple  

Jr. S.L., L.T. Parkhuts, and other scientists. These works address the issues of 

signal conversion in order to obtain general characteristics of the amplitude, phase, 

and spectrum of signals. At the same time, the study of the problem of signal 

transformation in order to further analyze the spectral density of random signals, in 

search of means of silent retrieval of information, has not been completed. 

The second step is the recognition of signals in order to separate the signals 

of the means of silently receiving information from the signals of devices legally 

operating in a certain radio band. Problems of construction of signal recognition 

systems were solved by scientists among them: Karpov O.M., Khoroshko V.A., 

Barabash O.V., Savchenko V.A., Charles Babbage, Vapnik V.N., Pukhov G.E., 

Evseev S.P., and other scientists. However, they solved the problem of signal 

recognition in order to further convert and establish a significant signal, which 

imposed restrictions on the limiting parameters (amplitude, phase and time) of the 

signal. These restrictions do not fully address the issue of recognition of impulse 

random signals, which are more often signals of digital means of silent retrieval. 

The final step is to locate these devices and decide what to do next. Passive radar, 

localization of objects were investigated in the works of Lobanovʘ M.M., Shirma-

nʘ Ya.D., Dulevichʘ V.B., Korostelevʘ A.A, Bandurko N.G., Golikova V.N., Bu-

syginʘ I.N., Kostina G.A., Savchenko V.A. and other scientists. In the works of the 

above authors, the issues of radar location of moving objects over long distances 

are considered, different methods of detection and localization are considered, 

basic methods of localization of large objects are developed, but they have not 

fully covered the problem of localization of random signals at a short distance and 

in the conditions of interference from legal and secondary radio signals. 
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In general, in these works the questions of signal transformation for the 

purpose of detection, recognition and localization are considered separately from 

different mathematical and technical directions. 

At the same time, these works do not fully reflect the issues of 

methodological determination of signals, from the point of view of the allocation 

of random signals against the background of legal radio signals, transformation of 

these signals for the purpose of further careful analysis, and in case of detection ï 

localization of digital random signals. 

Thus, at present, in practice and theory of construction and operation of 

existing automated complexes of search of digital means of silent retrieval, the 

contradiction between the necessity of fast and guaranteed definition, reliable 

recognition and exact localization of digital means of silent retrieval of information 

operating on the background of legal radio signals and capabilities existing 

methods used in automated software complexes for searching digital means of 

silent retrieval of information. 

In order to solve this contradiction, a thesis has been formulated with a 

topical scientific and applied problem concerning the development of 

methodological bases for automated search (detection, recognition and 

localization) of digital means of silent retrieval of information operating on the 

background of legal radio signals. 

The topic of the dissertation and the results obtained correspond directly to 

the priority of the development of information and communication technologies in 

Ukraine until 2020 according to the Law of Ukraine "On Priority Areas of Science 

and Technology", dated 11.07.2001, ˉ 2623-III, as amended in accordance with 

the Law of Ukraine "On Scientific and Scientific and Technical Activities" of 

26.11.2015, ˉ 848-VIII.  

The dissertation work is carried out in accordance with the plans of scientific 

and research activity of the State University of Telecommunications and is part of 

the research within the framework of the research work "Methodology of 

formation of the model of state regulation of cyber security of the stock market on 
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the basis of delayed differential equation theory" (State registration number 

0118U100299, Kyiv), performed by the State University of Telecommunications in 

2018-2020, in self-financing research work çConsulting services on scientific and 

night work supportè (SUT, 2019) performed by the State University of 

Telecommunications in 2019 and in the research work çThe use of active pulsed 

radar to prevent unauthorized access to objects of information activityè (State 

registration number 0117U004418, Kyiv) performed by the State University of 

Telecommunications in 2018-2020. 

The purpose of the dissertation is to increase the probability of 

determination, authenticity of recognition and accuracy of localization by an 

automated software complex of search of digital means of silent retrieval of 

information working against the background of legal radio signals, by development 

and implementation of models and methods of detection, recognition and 

localization of digital means of silent retrieval. 

The scientific novelty of the obtained results is the following: 

For the first time, the concept of complex detection, recognition and 

localization of digital means of silent retrieval of information working against the 

background of signals of legal radio devices has been developed, which combines 

theoretical methods, techniques, models and technological approaches: filtering of 

signals of the means of silent retrieval of information against the background of 

signals of legal means, interference noise, using fast calculation algorithms; 

recognition of signals of the means of silent information acquisition based on the 

method of spectral analysis with the use of splines and differential transformations; 

determination of parameters of signals of the means of silent retrieval of 

information on the basis of correlation-regression analysis; localization of the 

means of silent retrieval based on the long-range method. The implementation of 

the concept in the automated software-hardware complex allows to detect, 

authentically recognize and localize digital means of silent information acquisition 

against the background of radiation of legal devices and systems in the conditions 

of noise and interference. 
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Improved method of detecting signals of digital means of silent acquisition 

of information, which, unlike the existing ones, in addition to scalar uses complex 

values of the parameters of the signals, which allows to simultaneously select the 

amplitude, phase, frequency, spectral density of the radio signal and process them 

in the form of spectral or vector diagrams. 

The method of fast calculation of coefficients of a number of approximations 

of the signal function, which, unlike the existing ones, is distinguished by the use 

of a modified covariance algorithm with filtering of the smoothed error terms and 

minimizing the resulting error square. This makes it possible to apply the specified 

method to search for means of silent retrieval of information in real time. 

For the first time, a method for removing known exponential components 

from a number of approximations of radio signal functions at the stage of signal 

conversion is developed, based on the method of signal conversion using non-

attenuating sine wave. This minimizes the search time at fixed values for the 

number of scans in a given radio band. 

For the first time, a technique for determining signal parameters in the 

process of searching for the means of silent information acquisition is developed, 

based on the method of differential transformations, taking into account the speed 

of change of statistical characteristics of the signal, which allows to detect and 

analyze pulse signals in the mode of "spectral analysis with time selection". 

The model is developed and the technique of detection of signal parameters 

necessary for recognition of signals of the means of silent information acquisition 

on the basis of approximation of the spectral function of the signal, which, unlike 

the existing ones, is based on the method of sequential approximations and 

sequential selection of information components of the spectrum with the analysis 

of the velocity analysis. This approach enables the analysis of impulse signals 

against the background of noise of varying intensity 

The technique of determining the correlation function of the differential 

spectrum, which, unlike the existing ones, is improved, characterized in that the 

recognition of short-term signals of digital means of non-silent retrieval of 
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information is carried out with the minimum of the correlation function. This 

allows to supplement the group of signal recognition parameters with uncorrelated 

signal parameters and, in conjunction with certain parameters (spectral energy 

density, mathematical expectation and variance), to provide signal recognition in 

the frequency ranges of legal signals GSM, Wi-Fi, DECT, Bluetooth. 

The technique for recognizing the signal of digital means of silent retrieval 

against the background of legal radio signals has been improved based on the use 

of direct-to-agent multi-agent clustering methods. The agents act as separate 

elements of the complex, which scan the ether at different points in space, and, 

subsequently, sharing the results with other agents, come to a common conclusion 

about the nature of the signal. This approach makes it possible to implement the 

technology of detection of a harmful signal in a distributed scanning complex. 

For the first time, a technique for determining the accuracy of localization of 

digital means of silent retrieval is developed, which is based on a long-range 

method of calculating the coordinates of the emitter with the determination of 

location by the method of least squares. This allows us to build the topology of the 

scanning component of the complex with a priori specified parameters of accuracy 

and reliability of localization. 

The implementation of the methodological foundations of the construction 

of automated software complexes for the search of digital means of silent retrieval 

in the dissertation allows: 

1) to design and operate automated software complexes of search (detection, 

recognition and localization) of digital means of secret information retrieval; 

2) to increase indicators of probability of detection, reliability of recognition 

and accuracy of localization of agroindustrial complex of digital means of silent 

receipt of information; 

3) analyze the radio band to determine the bandwidth required for operation, 

frequency bands; 

4) design systems with guaranteed cellular coverage, Wi-Fi and GSM; 
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5) in the process of operation, automatically, without the intervention of the 

service personnel, to detect, recognize signals of digital means of silent receipt of 

information, and enter them into the base of the complex for the purpose of further 

analysis; 

6) determine the number and location of the antennas of the direction finders 

when designing the system for localization of the non-voice receiving information. 

A complex methodology for determining the means of non-secret 

information retrieval is developed, which is a component of the methodological 

bases of automated search (recognition and localization) of digital means of secret 

information retrieval.Methodological frameworks for automated search for digital 

voice mails will allow identifying, recognizing and localizing digital mute tools 

operating in the DECT, Blutooth, Wi-Fi and GSM frequency bands. 

Implementation of the proposed methodological bases for automated search 

(detection, recognition and localization) of digital means of silent retrieval will 

significantly reduce the time for leakage of the information leak channel and 

increase the probability of detection in the GSM band by 10.5 12.5 %, in the 

DECT range. 16 18 %, Wi-Fi and Bluetooth range 14 19%. At the same time, the 

authenticity of recognition is increased by 6 9 % and is 0.95. The root mean 

square error of localization is reduced to 0.5 m. 

The results of the researches are accepted for implementation in LLC ñDASò 

(act dated 09.12.2019), in LLC ñInformation Protection Agency Centerò (act dated 

25.12.2019), in LLC ñQuirinò (act dated 09.01.2020).), in LLC "Integrated 

Security Service" SISTEMA "(Act of 01.15.2020), PE" IT Center "(Act of 

01.21.2020), in the educational process of the Department of Information and 

Cyber Security of the State University of Telecommunications in teaching the 

discipline "Methods and means of technical protection of information" for students 

of specialty 125 "Cybersecurity" full-time education (act of 16.09.2019). 

Keywords: digital means of illegan obtaing the informations, spectrum, 

algorithm, detection technique, signal conversion, recognition probability, 

localization. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʉʂʆʈʆʏɽʅʔ 

 

ɸʇʂ ï ɸʧʘʨʘʪʥʦ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ 

ɻʏ ï ɻʝʦʤʝʪʨʠʯʥʠʡ ʯʠʥʥʠʢ  

ɸʇ ï ɸʥʪʝʥʠ ʧʝʣʝʥʛʘʪʦʨʘ 

ɺʇʌ ï ɺʽʢʦʥʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ  

ʐʇʌ ï ʐʚʠʜʢʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ 

ɿʅʆɯ ï ɿʘʩʦʙʠ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʎɿʅʆɯ ï ʎʠʬʨʦʚʽ ʟʘʩʦʙʠ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʎʆʉ ï ʎʠʬʨʦʚʘ ʦʙʨʦʙʢʘ ʩʠʛʥʘʣʽʚ  

ʇɼ ï ʇʩʝʚʜʦ ʜʠʩʪʘʥʮʽʾ  

ʉʂʇ ï ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ 

GDOP ï Global dilution of precision ï ʟʘʛʘʣʴʥʠʡ ʛʝʦʤʝʪʨʠʯʥʠʡ ʯʠʥʥʠʢ 

PDOP ï ɻʝʦʤʝʪʨʠʯʥʽʡ ʯʠʥʥʠʢ ʧʦʛʽʨʰʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥ̔ ʤ̔ ʩʮʷ 

ʫ ʧʨʦʩʪʦʨʽ  

TDOP ï ɻʝʦʤʝʪʨʠʯʥʽʡ ʯʠʥʥʠʢ ʧʦʛʽʨʰʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʽ ʤʽʩʮʷ 

ʫ ʯʘʩʽ 

VDOP ï ɻʝʦʤʝʪʨʠʯʥʽʡ ʯʠʥʥʠʢ ʧʦʛʽʨʰʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʦ ʚʠʩʦʪʽ  

HDOP ï ɻʝʦʤʝʪʨʠʯʥʽʡ ʯʠʥʥʠʢ ʧʦʛʽʨʰʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʽ ʫ 

ʧʣʘʥʽ (ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ)  

ɹʉ ï ɹʘʟʦʚʽ ʩʪʘʥʮʽʾ DECT 

MAC ï ʋʥʽʢʘʣʴʥʠʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʤʝʨʝʞʝʚʦʛʦ ʽʥʪʝʨʬʝʡʩʫ 

LLC ï Logical link control ï ʧʽʜʨʽʚʝʥʴ ʢʝʨʫʚʘʥʥʷ ʣʦʛʽʯʥʠʤ ʟʚôʷʟʢʦʤ 

RFPI ï Radio fixed part Identity ï ʫʥʽʢʘʣʴʥʠʡ ʨʘʜʽʦʽʜʝʥʪʽʬʽʢʘʪʦʨ 

ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ DECT 

ʇɽʄɺ ï ʇʦʙʽʯʥʝ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ.  

ʆʩʦʙʣʠʚʽʩʪʶ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʻ ʧʝʨʝʭʽʜ ʚʽʜ ʽʥʜʫʩʪʨʽʘʣʴʥʦʛʦ 

ʩʫʩʧʽʣʴʩʪʚʘ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ. ʇʨʠ ʮʴʦʤʫ ʽʥʬʦʨʤʘʮʽʷ ʩʪʘʻ ʙʽʣʴʰ ʚʘʞʣʠʚʠʤ 

ʨʝʩʫʨʩʦʤ, ʥʽʞ ʤʘʪʝʨʽʘʣʴʥʽ ʘʙʦ ʝʥʝʨʛʝʪʠʯʥʽ ʨʝʩʫʨʩʠ, ʪʦʤʫ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʫʧʫ 

ʜʦ ʽʥʬʦʨʤʘʮʽʾ, ʦʩʦʙʣʠʚʦ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʷʢʘ ʻ ʢʦʥʬʽʜʝʥʮʽʡʥʦʶ ʪʘ ʤʽʩʪʠʪʴ 

ʦʩʥʦʚʥʽ ʢʦʥʢʫʨʝʥʪʥʽ ʧʝʨʝʚʘʛʠ, ʻ ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʢʦʥʢʫʨʝʥʪʥʦʾ 

ʙʦʨʦʪʴʙʠ. ʆʪʨʠʤʘʥʥʷ ʪʘʢʠʭ ʚʽʜʦʤʦʩʪʝʡ, ʷʢ ʧʨʘʚʠʣʦ, ʧʦʚ'ʷʟʘʥʝ ʟ ʧʦʨʫʰʝʥʥʷʤ 

ʟʘʢʦʥʫ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʚ̔ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ.  

ʐʚʠʜʢʠʡ ʨʦʟʚʠʪʦʢ ʟʘʩʦʙʽʚ ʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʪʝʭʥʽʢʠ ʧʨʠʟʚʽʚ ʥʝ ʪʽʣʴʢʠ ʜʦ 

ʧʦʟʠʪʠʚʥʠʭ, ʘʣʝ ʽ ʜʦ ʥʝʛʘʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺʠʷʚʣʝʥʥʷ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʩʪʘʻ ʜʝʜʘʣʽ ʩʢʣʘʜʥʽʰʦʶ ʟʘʜʘʯʝʶ, 

ʦʩʢʽʣʴʢʠ ʩʠʪʫʘʮʽʷ ʦʙʪʷʞʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʟʘʩʦʙʠ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʧʨʘʮʶʶʪʴ ʫ ʮʽʣʢʦʤ ʣʝʛʘʣʴʥʦʤʫ ʯʘʩʪʦʪʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ, ʤʝʪʦʜʠ ʪʘ ʨʝʞʠʤʠ ʾʭ ʨʦʙʦʪʠ ʫʩʢʣʘʜʥʷʶʪʴʩʷ. ʈʦʟʨʦʙʥʠʢʠ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʩʝ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʤʝʪʦʜʠ ʽ 

ʘʣʛʦʨʠʪʤʠ ʧʨʠʭʦʚʫʚʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʚʦʾʭ ʚʠʨʦʙʽʚ. ʅʘʧʨʠʢʣʘʜ: 

ʨʘʜʽʦʩʠʛʥʘʣʠ, ʧʦ ʤʦʜʫʣʴʦʚʘʥʽ ʧʦ ʘʤʧʣʽʪʫʜʽ ʘʙʦ ʯʘʩʪʦʪʽ ʘʢʫʩʪʠʯʥʠʤ ʩʠʛʥʘʣʦʤ, 

ʘʙʦ ʨʷʜ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʽʟ ʟʘʢʨʠʪʪʷʤ ʤʦʚʠ (ʽʥʚʝʨʩʽʷ ʩʧʝʢʪʨʫ, ʦʢʨʝʤʽ ʮʠʬʨʦʚʽ 

ʘʣʛʦʨʠʪʤʠ ʧʝʨʝʜʘʯʽ ʟʚʫʢʦʚʠʭ ʜʘʥʠʭ); ʨʘʜʽʦʩʠʛʥʘʣʠ ʟʽ ʩʢʣʘʜʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ 

ʟʘʢʨʠʪʪʷ ʤʦʚʣʝʥʥʷ ʪʘ ʽʥʰʽ. 

ɺ ʫʤʦʚʘʭ ʘʧʨʽʦʨʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʢʦʣʠ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʥʝʚʽʜʦʤʽ, ʩʠʥʪʝʟ ʧʦʪʨʽʙʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚʠʷʚʣʝʥʥʷ, 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʷ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʧʦʚôʷʟʘʥʠʡ ʟ ʚʝʣʠʢʠʤʠ ʪʨʫʜʥʦʱʘʤʠ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʧʠʪʘʥʥʷ ʚʠʷʚʣʝʥʥʷ, 

ʨʦʟʧʽʟʥʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʚʝʣʠʢʽ ʩʢʣʘʜʥʦʱʽ ʪʘ ʧʦʪʨʝʙʫʶʪʴ ʧʦʩʪʽʡʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ.  
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ʇʝʨʰʠʤ ʢʨʦʢʦʤ ʫ ʥʘʧʨʷʤʢʫ ʟʘʢʨʠʪʪʷ ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʻ ʧʨʦʮʝʩ ʚʠʷʚʣʝʥʥʷ 

ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ. ɼʨʫʛʠʤ ʢʨʦʢʦʤ  ʻ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʟ ʤʝʪʦʶ 

ʚʽʜʜʽʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʩʠʛʥʘʣʽʚ 

ʧʨʠʩʪʨʦʾʚ, ʱʦ ʣʝʛʘʣʴʥʦ ʧʨʘʮʶʶʪʴ ʫ ʚʠʟʥʘʯʝʥʦʤʫ ʨʘʜʽʦʜʽʘʧʘʟʦʥʽ. ʆʩʪʘʥʥʽʤ 

ʢʨʦʢʦʤ  ʻ ʣʦʢʘʣʽʟʘʮʽʷ ʮʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʧʦʜʘʣʴʰʽ ʜʽʾ. 

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʽʚ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ 

ʫ ʚʠʛʣʷʜ, ʷʢʠʡ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʛʨʘʤʥʠʤʠ 

ʟʘʩʦʙʘʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ. 

ʇʠʪʘʥʥʷʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʧʨʠʩʚʷʯʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʥʘʫʢʦʚʠʭ 

ʨʦʙʽʪ ʉʢʫʨʠʭʠʥʘ ɺ.ɯ., ʊʠʭʦʥʦʚʘ ɺ.ɯ., ʂʦʣʤʦʛʦʨʦʚʘ ɸ.ʅ., ʇʫʭʦʚʘ ɻ.ɭ., 

ʇʦʣʷʢʦʚʘ ʇ.ʌ., ʈʦʟʤʘʭʥʽʥʘ ʄ.ʂ., ɺʘʨʘʢʠʥʘ ʃ.ɽ., ɹʘʨʘʥʦʚʘ ɺ.ʃ., 

ʄʘʨʧʣʘʤʦʣʦʜʰʦʛʦ ʉ.ʃ., ʇʘʨʭʫʮʷ ʃ.ʊ., ʪʘ ʽʥʰʠʭ ʚʯʝʥʠʭ. ʋ ʪʦʡ ʞʝ ʯʘʩ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʫ ʛʘʣʫʟʽ ʢʽʙʝʨʟʘʭʠʩʪʫ, ʘ ʩʘʤʝ, ʫ 

ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʥʝ ʥʘʙʫʣʠ ʟʘʚʝʨʰʝʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ. 

ʇʨʦʙʣʝʤʠ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʚʠʨʽʰʫʚʘʣʠʩʴ 

ʥʘʫʢʦʚʮʷʤʠ, ʩʝʨʝʜ ʷʢʠʭ: ʂʘʨʧʦʚ ʆ.ʄ., ʍʦʨʦʰʢʦ ɺ.ʆ., ʇʫʭʦʚ ɻ.ɭ., ɺʘʧʥʠʢ 

ɺ.ʅ., ɹʘʨʘʙʘʰ ʆ.ɺ., ʉʘʚʯʝʥʢʦ ɺ.ɸ., ɭʚʩʝʻʚ ʉ.ʇ., ʪʘ ʽʥʰʠʤʠ ʚʯʝʥʠʤʠ. 

ʇʠʪʘʥʥʷ ʣʦʢʘʣʽʟʘʮʽʾ ʜʦʩʣʽʜʞʫʚʘʣʦʩʴ ʚ ʨʦʙʦʪʘʭ ʃʦʙʘʥʦʚʘ ʄ.ʄ., 

ʐʠʨʤʘʥʘ ʗ.ɼ., ɼʫʣʝʚʠʯʘ ɺ.ɹ, ɹʫʩʠʛʠʥʘ ɯ.ʅ., ʂʦʩʪʽʥʘ ɻ.ɸ., ʉʘʚʯʝʥʢʘ ɺ.ɸ. ʪʘ 

ʽʥʰʠʭ ʚʯʝʥʠʭ.  

ʋ ʮʠʭ ʨʦʙʦʪʘʭ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ, 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʮʠʭ ʩʠʛʥʘʣʽʚ. ʋʩʽ ʟʘʟʥʘʯʝʥʽ ʧʠʪʘʥʥʷ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʦʢʨʝʤʦ ʫ ʨʽʟʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʪʘ ʪʝʭʥ̔ʯʥʠʭ ʥʘʧʨʷʤʢʘʭ. 

ʈʘʟʦʤ ʽʟ ʪʠʤ, ʚ ʮʠʭ ʨʦʙʦʪʘʭ ʥʝ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʚʽʜʦʙʨʘʞʝʥʽ ʧʠʪʘʥʥʷ 

ʤʝʪʦʜʦʣʦʛʽʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʽʚ, ʟ ʪʦʯʢʠ ʟʦʨʫ, ʚʠʜʽʣʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ 

ʩʠʛʥʘʣʽʚ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʮʠʭ ʩʠʛʥʘʣʽʚ ʟ ʤʝʪʦʶ 
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ʧʦʜʘʣʴʰʦʛʦ ʨʝʪʝʣʴʥʦʛʦ ʘʥʘʣ̔ʟʫ ʪʘ, ʫ ʨʘʟʽ ʚʠʷʚʣʝʥʥʷ, ʣʦʢʘʣʽʟʘʮʽʾ ʮʠʬʨʦʚʠʭ 

ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʜʘʥʠʡ ʯʘʩ ʚ ʧʨʘʢʪʠʮʽ ʽ ʪʝʦʨʽʾ ʧʦʙʫʜʦʚʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʽʩʥʫʶʯʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʧʦʰʫʢʫ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʘʛʦʩʪʨʠʣʦʩʷ ʧʨʦʪʠʨʽʯʯ ̫ʤ̔ ʞ ʥʝʦʙʭʽʜʥʽʩʪʶ ʰʚʠʜʢʦʛʦ ʡ 

ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ, ʜʦʩʪʦʚʽʨʥʦʛʦ ʨʦʟʧʽʟʥʘʥʥʷ ʽ ʪʦʯʥʦʾ ʣʦʢʘʣʽʟʘʮʽʾ 

ʩʠʛʥʘʣʽʚ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʬʦʥʽ 

ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʽ ʤʦʞʣʠʚʦʩʪʷʤʠ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ʧʦʰʫʢʫ 

ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʚʢʘʟʘʥʦʛʦ ʧʨʦʪʠʨʽʯʯʷ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ 

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʘʢʪʫʘʣʴʥʫ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʫ ʧʨʦʙʣʝʤʫ ʱʦʜʦ ʨʦʟʨʦʙʢʠ 

ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʦʰʫʢʫ (ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʥʥʷ ʪʘ 

ʣʦʢʘʣʽʟʘʮʽʾ) ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ʊʝʤʘʪʠʢʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʽ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʝʟʧʦʩʝʨʝʜʥʦɹ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʽʦʨʠʪʝʪʥʦʩʪʽ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚ ʋʢʨʘʾʥʽ ʜʦ 2020 ʨ. ʟʛʽʜʥʦ ʽʟ ɿʘʢʦʥʦʤ ʋʢʨʘʾʥʠ çʇʨʦ ʧʨʽʦʨʠʪʝʪʥʽ 

ʥʘʧʨʷʤʠ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠè, ʚʽʜ 11.07.2001, ˉ 2623-III,  ʟʽ ʟʤʽʥʘʤʠ 

ʚʥʝʩʝʥʠʤʠ ʟʛʽʜʥʦ ʽʟ ɿʘʢʦʥʦʤ ʋʢʨʘʾʥʠ çʇʨʦ ʥʘʫʢʦʚʫ ʪʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʫ 

ʜʽʷʣʴʥʽʩʪʴè ʚʽʜ 26.11.2015 ˉ 848-VIII.  

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʣʘʥʽʚ ʥʘʫʢʦʚʦʾ ʽ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ɼʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʽ ʻ ʯʘʩʪʠʥʦʶ 

ʜʦʩʣʽʜʞʝʥʴ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʽ çʄʝʪʦʜʠʢʘ ʬʦʨʤʫʚʘʥʥʷ ʤʦʜʝʣʽ 

ʜʝʨʞʘʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʢʽʙʝʨʥʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʬʦʥʜʦʚʦʛʦ ʨʠʥʢʫ ʥʘ ʦʩʥʦʚʽ 

ʪʝʦʨʽʾ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʽʟ ʟʘʧʽʟʥʝʥʥʷʤè (ɼʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ 

ʥʦʤʝʨ 0118U100299, ɼʋʊ, ʤ. ʂʠʾʚ), ʷʢʫ ʚʠʢʦʥʫʚʘʚ ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʪʝʣʝʢʦʤʫʥ̔ʢʘʮʽʡ ʫ 2018-2020 ʨ., ʫ ʛʦʩʧʨʦʟʨʘʭʫʥʢʦʚʦʾ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ 

çʂʦʥʩʫʣʴʪʘʮʽʡʥʽ ʧʦʩʣʫʛʠ ʱʦʜʦ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʽʪè (ɼʋʊ, 
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2019 ʨ.) ʷʢʫ ʚʠʢʦʥʫʚʘʚ ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʫ 2019 ʨ ʪʘ ʫ 

ʥʘʫʢʦʚʦ ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʽ çɿʘʩʪʦʩʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʽʤʧʫʣʴʩʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ 

ʟʘʩʦʙʽʚ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʥʘ ʦʙôʻʢʪʘʭ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽè (ɼʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0117U004418, ɼʋʊ, ʤ. ʂʠʾʚ), ʷʢʫ 

ʚʠʢʦʥʫʚʘʚ ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʫ 2018-2020 ʨ 

ʆʩʦʙʠʩʪʦ ʘʚʪʦʨʦʤ ʚ ʅɼʈ, ɼʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 0118U100299, 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʰʚʠʜʢʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʷʜʫ ʘʧʨʦʢʩʠʤʘʮʽʾ 

ʬʫʥʢʮʽʾ ʩʠʛʥʘʣʫ, ʷʢʠʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʦʚʘʨʽʘʮʽʡʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟ ʬʽʣʴʪʨʘʮʽ̒ʁ  ʯʣʝʥʽʚ ʟʛʣʘʜʞʝʥʦʾ 

ʧʦʭʠʙʢʠ ʪʘ ʤʽʥʽʤʽʟʘʮʽʻʶ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʢʚʘʜʨʘʪʫ ʧʦʭʠʙʢʠ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʘʟʥʘʯʝʥʠʡ ʤʝʪʦʜ ʜʣʷ ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ; ʚ ʅɼʈ, ɼʝʨʞʘʚʥʠʡ ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ 

0117U004418, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʘ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʣʦʢʘʣʽʟʘʮʽʾ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ;. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʨʝʘʣʽʟʘʮʽʷ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʣʦʢʘʣʽʟʘʮʽʾ ʮʠʬʨʦʚʠʭ 

ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʦʟʚʦʣʷʻ: ʟʤʝʥʰʠʪʠ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʧʦʭʠʙʢʫ ʣʦʢʘʣʽʟʘʮʽʾ, ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʫʯʘʩʥʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʧʦʰʫʢʫ ʮʠʬʨʦʚʠʭ 

ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʦ 0,5 ʤ.  

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ.  

ʄʝʪʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʧʽʜʚʠʱʝʥʥʽ ʡʤʦʚʽʨʥʦʩʪʽ 

ʚʠʟʥʘʯʝʥʥʷ, ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʪʦʯʥʦʩʪʽ ʣʦʢʘʣʽʟʘʮʽʾ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʧʦʰʫʢʫ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ.  

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʥʘʫʢʦʚʦ-

ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʙʣʝʤʠ, ʚ ʨʦʙʦʪʽ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

ï  ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʽ ʦʮʽʥʢʫ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ; 
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ï  ʨʦʟʨʦʙʠʪʠ ʢʦʥʮʝʧʮʽʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ; 

ï  ʫʜʦʩʢʦʥʘʣʠʪʠ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ; 

ï ʫʜʦʩʢʦʥʘʣʠʪʠ ʤʝʪʦʜ ʰʚʠʜʢʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʷʜʫ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʫʥʢʮʽʾ ʩʠʛʥʘʣʫ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʚʠʜʘʣʝʥʥ ̫ ʚ̔ ʜʦʤʠʭ ʝʢʩʧʦʥʝʥʮʽʡʥʠʭ ʢʦʤʧʦʥʝʥʪ ʟ 

ʨʷʜʫ ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʫʥʢʮʽʡ ʨʘʜʽʦʩʠʛʥʘʣʫ ʥʘ ʝʪʘʧʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ ʫ ʧʨʦʮʝʩʽ 

ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʪʘ ʫʜʦʩʢʦʥʘʣʠʪʠ ʤʝʪʦʜʠʢʫ ʚʠ̫ʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ, 

ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʩʧʝʢʪʨʫ; 

ï ʫʜʦʩʢʦʥʘʣʠʪʠ ʤʝʪʦʜʠʢʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʫ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥ̫ ̔ʥʬʦʨʤʘʮʽʾ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ʤʫʣʴʪʠʘʛʝʥʪʥʦʾ ʢʣʘʩʪʝʨʽʟʘʮʽʾ; 

ï  ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʣʦʢʘʣʽʟʘʮʽʾ ʮʠʬʨʦʚʠʭ 

ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ;  

ï ʚʠʢʦʥʘʪʠ ʦʮʽʥʢʫ ʦʪʨʠʤʘʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʰʣʷʭʦʤ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʧʦʰʫʢʫ (ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ 

ʣʦʢʘʣʽʟʘʮʽʾ) ʩʠʛʥʘʣʽʚ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ 

ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʝʪʦʜʠ ʧʦʰʫʢʫ (ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʪʘ ʣʦʢʘʣ̔ʟʘʮʽʾ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʦʰʫʢʫ ʩʠʛʥʘʣʽʚ 

ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ. 
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ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ 

ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʪʘ 

ʪʝʦʨʽʾ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʽ ʤʝʪʦʜʽʚ 

ʜʠʩʢʨʝʪʥʦʾ ʤʘʪʝʤʘʪʠʢʠ. ʂʦʥʮʝʧʪʫʘʣʴʥʽ ʦʩʥʦʚʠ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʮʠʬʨʦʚʠʭ 

ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʨʠʥʮʠʧʘʭ ʪʝʦʨʽʾ ʪʘ 

ʤʝʪʦʜʽʚ ʧʝʨʝʪʚʦʨʝʥʴ ʩʠʛʥʘʣʽʚ ʽ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ. ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʙʫʜʫʶʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʩʧʝʢʪʨʽʚ ʩʠʛʥʘʣʽʚ ʟʛʣʘʜʞʫʶʯʠʤʠ 

ʩʧʣʘʡʥʘʤʠ, ʤʝʪʦʜʘʤʠ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʚʠʧʘʜʢʦʚʠʭ ʛʨʘʬʽʚ, ʪʝʦʨʽʾ 

ʡʤʦʚʽʨʥʦʩʪʝʡ, ʢʦʤʙʽʥʘʪʦʨʥʦʾ ʪʝʦʨʽʾ, ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʄʝʪʦʜʠ 

ʪʝʦʨʽʾ ʥʘʜʽʡʥʦʩʪʽ, ʛʨʘʜʽʻʥʪʥʦʛʦ ʘʥʘʣʽʟʫ, ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ  

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʣʦʢʘʣʽʟʘʮʽʾ. ʄʝʪʦʜʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ï ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʦʜʝʣʝʡ ʪʘ ʦʪʨʠʤʘʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʦʰʫʢʫ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ:  

1. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʮʽʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʷʚʣʝʥʥʷ, 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʣʦʢʘʣ̔ʟʘʮʽʾ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʬʦʥʽ ʩʠʛʥʘʣʽʚ ʣʝʛʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʨʘʜ̔ʦʜʽʘʧʘʟʦʥʫ, ʷʢʘ ʧʦʻʜʥʫʻ ʪʝʦʨʝʪʠʯʥʽ ʤʝʪʦʜʠ, ʤʝʪʦʜʠʢʠ, ʤʦʜʝʣʽ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ: ʬʽʣʴʪʨʘʮʽʾ ʩʠʛʥʘʣʽʚ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʬʦʥʽ ʩʠʛʥʘʣʽʚ ʣʝʛʘʣʴʥʠʭ ʟʘʩʦʙʽʚ, ʟʘʚʘʜ ʪʘ ʰʫʤʽʚ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʚʠʜʢʠʭ ʘʣʛʦʨʠʪʤʽʚ ʦʙʯʠʩʣʝʥʥʷ; ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ 

ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʧʣʘʡʥʽʚ ʪʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥ;ɹ 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ 

ʦʩʥʦʚʽ ʢʦʨʝʣʷʮʽʡʥʦ-ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ; ʣʦʢʘʣʽʟʘʮʽʾ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʜʘʣʝʢʦʤʽʨʥʦʛʦ ʤʝʪʦʜʫ. ʈʝʘʣʽʟʘʮʽʷ ʢʦʥʮʝʧʮʽʾ ʫ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʜʦʟʚʦʣʷʻ ʛʘʨʘʥʪʦʚʘʥʦ 

ʚʠʷʚʣʷʪʠ, ʜʦʩʪʦʚʽʨʥʦ ʨʦʟʧʽʟʥʘʚʘʪʠ ʪʘ ʣʦʢʘʣʽʟʫʚʘʪʠ ʮʠʬʨʦʚʽ ʟʘʩʦʙʠ ʥʝʛʣʘʩʥʦʛʦ 
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ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʬʦʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʝʛʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ 

ʩʠʩʪʝʤ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʰʫʤʽʚ ʪʘ ʟʘʚʘʜ. 

2. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʚ̔ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʠʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʧʦʨʷʜ ʟʽ 

ʩʢʘʣʷʨʥʠʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʦʤʧʣʝʢʩʥʽ ʚʝʣʠʯʠʥʠ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʦʜʥʦʯʘʩʥʦ ʚʠʜʽʣʷʪʠ ʘʤʧʣʽʪʫʜʫ, ʬʘʟʫ, ʯʘʩʪʦʪʫ, ʩʧʝʢʪʨʘʣʴʥʫ 

ʱʽʣʴʥʽʩʪʴ ʨʘʜʽʦʩʠʛʥʘʣʫ ʪʘ ʦʙʨʦʙʣʷʪʠ ʾʭ ʫ ʚʠʛʣʷʜʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʘʙʦ 

ʚʝʢʪʦʨʥʠʭ ʜʽʘʛʨʘʤ.  

3. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʰʚʠʜʢʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʷʜʫ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʫʥʢʮʽʾ ʩʠʛʥʘʣʫ, ʷʢʠʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʦʚʘʨʽʘʮʽʡʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟ ʬʽʣʴʪʨʘʮʽ̒ʁ 

ʯʣʝʥʽʚ ʟʛʣʘʜʞʝʥʦʾ ʧʦʭʠʙʢʠ ʪʘ ʤʽʥʽʤʽʟʘʮʽʻʶ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʢʚʘʜʨʘʪʫ ʧʦʭʠʙʢʠ. 

ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʘʟʥʘʯʝʥʠʡ ʤʝʪʦʜ ʜʣʷ ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

4. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʠʜʘʣʝʥʥʷ ʚʽʜʦʤʠʭ ʝʢʩʧʦʥʝʥʮʽʡʥʠʭ 

ʢʦʤʧʦʥʝʥʪ ʟ ʨʷʜʫ ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʫʥʢʮʽʡ ʨʘʜʽʦʩʠʛʥʘʣʫ ʥʘ ʝʪʘʧʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʩʠʛʥʘʣʽʚ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʥʝʟʘʪʫʭʘʶʯʠʭ ʩʠʥʫʩʦʾʜ. ʎʝ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʯʘʩ ʧʦʰʫʢʫ ʧʨʠ 

ʬʽʢʩʦʚʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʽʣʴʢʦʩʪʽ ʩʢʘʥʫʚʘʥʴ ʫ ʚʠʟʥʘʯʝʥʦʤʫ ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ. 

5. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ ʫ 

ʧʨʦʮʝʩʽ ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʤʝʪʦʜʽ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ 

ʽʤʧʫʣʴʩʥʽ ʩʠʛʥʘʣʠ ʫ ʨʝʞʠʤʽ çʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʟ ʯʘʩʦʚʦʶ ʩʝʣʝʢʮʽʻʶè.  

6. ʈʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʷʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʩʠʛʥʘʣʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʧʝʢʪʨʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʩʠʛʥʘʣʫ, 

ʷʢʽ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʝʪʦʜʽ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ ʪʘ 

ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʠʜʽʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʧʝʢʪʨʫ ʟ ʘʥʘʣʽʟʦʤ 
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ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʮʠʭ ʩʢʣʘʜʦʚʠʭ. ɿʘ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ 

ʘʥʘʣʽʟʫ ʽʤʧʫʣʴʩʥʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʬʦʥʽ ʰʫʤʽʚ ʨʽʟʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

7. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ 

ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʩʧʝʢʪʨʫ, ʷʢʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʩʠʛʥʘʣʽʚ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʤʽʥʽʤʫʤʦʤ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʜʦʧʦʚʥʠʪʠ ʛʨʫʧʫ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ 

ʥʝʢʦʨʝʣʴʦʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʛʥʘʣʽʚ ʪʘ, ʫ ʩʫʢʫʧʥʦʩʪʽ ʟ ʚʠʟʥʘʯʝʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ (ʩʧʝʢʪʨʘʣʴʥʦʶ ʱʽʣʴʥʽʩʪʶ ʝʥʝʨʛʽʾ, ʤʘʪʝʤʘʪʠʯʥʠʤ ʩʧʦʜʽʚʘʥʥʷʤ 

ʪʘ ʜʠʩʧʝʨʩʽʻʶ), ʟʘʙʝʟʧʝʯʠʪʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʫ ʜʽʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ 

ʣʝʛʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ GSM, Wi-Fi, DECT, Bluetooth. 

8. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜʠʢʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʫ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʤʫʣʴʪʠʘʛʝʥʪʥʦʾ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʟ ʧʨʷʤʠʤ ʟʚôʷʟʢʦʤ ʤʽʞ 

ʘʛʝʥʪʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʘʛʝʥʪʘʤʠ ʚʠʩʪʫʧʘʶʪʴ ʦʢʨʝʤʽ ʝʣʝʤʝʥʪʠ ʢʦʤʧʣʝʢʩʫ, ʷʢʽ 

ʩʢʘʥʫʶʪʴ ʝʬʽʨ ʫ ʨʽʟʥʠʭ ʪʦʯʢʘʭ ʧʨʦʩʪʦʨʫ, ʪʘ, ʫ ʧʦʜʘʣʴʰʦʤʫ, ʦʙʤʽʥʶʶʯʠʩʴ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʟ ʽʥʰʠʤʠ ʘʛʝʥʪʘʤʠ, ʧʨʠʭʦʜʷʪʴ ʜʦ ʩʧʽʣʴʥʦʛʦ ʚʠʩʥʦʚʢʫ ʱʦʜʦ 

ʭʘʨʘʢʪʝʨʫ ʩʠʛʥʘʣʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ 

ʚʠʷʚʣʝʥʥʷ ʰʢʽʜʣʠʚʦʛʦ ʩʠʛʥʘʣʫ ʫ ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʩʢʘʥʫʚʘʥʥʷ. 

9. ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʣʦʢʘʣʽʟʘʮʽʾ 

ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʜʘʣʝʢʦʤʽʨʥʦʤʫ ʤʝʪʦʜʽ ʦʙʯʠʩʣʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʟ ʚʠʟʥʘʯʝʥʥʷʤ 

ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʟʘ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʙʫʜʫʚʘʪʠ 

ʪʦʧʦʣʦʛʽʶ ʩʢʘʥʫʶʯʦʾ ʩʢʣʘʜʦʚʦʾ ʢʦʤʧʣʝʢʩʫ ʟ ʘʧʨʽʦʨʥʦ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʪʦʯʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʣʦʢʘʣʽʟʘʮʽʾ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

ʈʝʘʣʽʟʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚ ʜʠʩʝʨʪʘʮʽʾ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ 

ʧʦʙʫʜʦʚʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʧʦʰʫʢʫ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʦʟʚʦʣʷʻ: 
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1) ʧʨʦʝʢʪʫʚʘʪʠ ʽ ʝʢʩʧʣʫʘʪʫʚʘʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʧʨʦʛʨʘʤʥʽ ʢʦʤʧʣʝʢʩʠ 

ʧʦʰʫʢʫ (ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ) ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ;  

2) ʧʽʜʚʠʱʠʪʠ ʧʦʢʘʟʥʠʢʠ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ, ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʪʦʯʥʦʩʪʽ ʣʦʢʘʣʽʟʘʮʽʾ ɸʇʂ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ;  

3) ʟʜʽʡʩʥʶʚʘʪʠ ʘʥʘʣʽʟ ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ 

ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ, ʧʦʪʨʽʙʥʠʭ ʜʣʷ ʨʦʙʦʪʠ, ʯʘʩʪʦʪʥʠʭ ʜʽʘʧʘʟʦʥʽʚ;  

4) ʧʨʦʝʢʪʫʚʘʪʠ ʩʠʩʪʝʤʠ ʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ 

ʤʽʢʨʦʩʪʽʣʴʥʠʢʦʚʠʤ ʟʚôʷʟʢʦʤ, ʤʝʨʝʞʝʶ Wi-Fi ʪʘ GSM; 

5) ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʘʪʠʯʥʦ, ʙʝʟ ʚʪʨʫʯʘʥʥʷ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ 

ʧʝʨʩʦʥʘʣʫ, ʚʠʷʚʣʷʪʠ, ʨʦʟʧʽʟʥʘʚʘʪʠ ʩʠʛʥʘʣʠ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʪʘ ʟʘʥʦʩʠʪʠ ʾʭ ʫ ʙʘʟʫ ʢʦʤʧʣʝʢʩʫ ʟ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʛʦ 

ʘʥʘʣʽʟʫ; 

6) ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʣʦʢʘʣʽʟʘʮʽʾ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʠʟʥʘʯʘʪʠ ʢʽʣʴʢʽʩʪʴ ʪʘ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʘʥʪʝʥ ʧʝʣʝʥʛʘʪʦʨʽʚ. 

ʈʦʟʨʦʙʣʝʥʘ ʢʦʤʧʣʝʢʩʥʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʻ ʩʢʣʘʜʦʚʦʶ ʤʝʪʦʣʦʛ̔ʯʥʠʭ ʦʩʥʦʚ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʦʰʫʢʫ (ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ) ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ʈʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʦʰʫʢʫ ʮʠʬʨʦʚʠʭ 

ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʦʟʚʦʣʷʪʴ ʚʠʷʚʣʷʪʠ, ʨʦʟʧʽʟʥʘʚʘʪʠ 

ʪʘ ʣʦʢʘʣʽʟʫʚʘʪʠ ʮʠʬʨʦʚʽ ʟʘʩʦʙʠ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʽ 

ʧʨʘʮʶʶʪʴ ʫ ʜʽʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ DECT, Blutooth, Wi-Fi ʪʘ GSM.  

ʈʝʘʣʽʟʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʦʰʫʢʫ (ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ) ʮʠʬʨʦʚʠʭ ʟʘʩʦʙ̔ʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʥʘ 

ʟʥʝʰʢʦʜʞʝʥʥʷ ʢʘʥʘʣʫ ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ 

ʚʠʷʚʣʝʥʥʷ ʫ ʜʽʘʧʘʟʦʥʽ GSM ʥʘ 10,5 12,5 %, ʫ ʜʽʘʧʘʟʦʥʽ DECT ʥʘ 16 18 %, ʫ 
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ʜʽʘʧʘʟʦʥʽ Wi-Fi ʪʘ Bluetooth ʥʘ 14 19 %. ʇʨʠ ʮʴʦʤʫ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 6 9 %, ʪʘ ʩʪʘʥʦʚʠʪʴ 0,95. 

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ ʣʦʢʘʣʽʟʘʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 0,5 ʤ. ʋ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʽʩʥʫʶʯʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʧʦʰʫʢʫ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʡʥʷʪʽ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʊʆɺ çDASè (ʘʢʪ 

ʚʽʜ 09.12.2019 ʨ.), ʚ ʊʆɺ çɸʛʝʥʮʽʷ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʎʝʥʪʨè (ʘʢʪ ʚʽʜ 

25.12.2019 ʨ.), ʚ ʊʆɺ çʂʚʽʨʽʥè (ʘʢʪ ʚʽʜ 09.01.2020 ʨ.), ʚ ʊʆɺ çʂʦʤʧʣʝʢʩʥʘ 

ʩʣʫʞʙʘ ʙʝʟʧʝʢʠ çʉʀʉʊɽʄɸèè (ʘʢʪ ʚʽʜ 15.01.2020 ʨ.), ʇʇ çɯʊ ʎʝʥʪʨè (ʘʢʪ ʚʽʜ 

21.01.2020 ʨ.), ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʢʘʬʝʜʨʠ ʩʠʩʪʝʤ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʪʘ 

ʢʽʙʝʨʥʝʪʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ɼʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʧʨʠ 

ʚʠʢʣʘʜʘʥʥʽ ʜʠʩʮʠʧʣʽʥʠ çʄʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʪʝʭʥʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾè 

ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 125 çʂʽʙʝʨʙʝʟʧʝʢʘè ʜʝʥʥʦʾ ʬʦʨʤʠ ʥʘʚʯʘʥʥʷ (ʘʢʪ 

ʚʽʜ 16.09.2019 ʨ.). 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ.  

ɺʩʽ ʧʦʣʦʞʝʥʥʷ, ʷʢʽ ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ, ʥʘʣʝʞʘʪʴ ʦʩʦʙʠʩʪʦ ʘʚʪʦʨʫ. ɺ 

ʨʦʙʦʪʘʭ, ʷʢʽ ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʦʩʦʙʠʩʪʦ ʟʜʦʙʫʚʘʯʫ ʥʘʣʝʞʘʪʴ: ʚ 

[2] ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʧʦʙʫʜʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʙʝʟʧʝʢʠ, ʜʦʩʣʽʜʞʝʥʽ ʬʦʨʤʘʣʴʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʾ; ʚ [3] ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ. ɿ ʤʝʪʦʶ ʫʜʦʩʢʦʥʘʣʝʥʥ̫ ʤʝʪʦʜʠʢʠ ʚʠʷʚʣʝʥʥʷ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʝʢʪʦʨʥʠʡ ʘʥʘʣʽʟʘʪʦʨ. 

ɺʠʙʽʨ ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʽ ʧʨʠʥʮʠʧʽʚ ʨʦʙʦʪʠ ʩʫʯʘʩʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ; ʚ [5] ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʪʘ ʘʥʘʣʽʟʫʶʪʴʩʷ ʤʝʪʦʜʠ ʪʘ ʧʨʠʥʮʠʧʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʨʽʟʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʯʘʩʪʢʦʚʦ  ʥʘ ʙʘʟʽ ʧʝʨʝʪʚʦʨʝʥʴ ʌʫʨôʻ); ʚ [6] 

ʨʦʟʛʣʷʥʫʪʦ ʥʦʚʽ ʟʘʩʦʙʠ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʝʨʝʜʘʶʪʴ 

ʽʥʬʦʨʤʘʮʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ Wi-Fi ʪʝʭʥʦʣʦʛʽʡ, ʨʦʟʨʦʙʣʝʥʘ ʯʘʩʪʢʦʚʘ ʤʝʪʦʜʠʢʘ 

ʚʠʷʚʣʝʥʥʷ ʪʘʢʠʭ ʟʘʩʦʙʽʚ; ʫ [8] ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʪʘ ʨʦʟʨʦʙʣʝʥʘ ʢʦʤʧʣʝʢʩʥʘ 

ʤʝʪʦʜʠʢʘ ʚʠʷʚʣʝʥʥʷ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 
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ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʮʠʬʨʦʚʦʤʫ ʨʘʜʽʦʜʽʘʧʘʟʦʥʽ; ʚ [9] ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ 

ʽʩʥʫʶʯʠʭ ʥʘ ʩʴʦʛʦʜʥʽʰʥʡ̔ ʜʝʥʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʪʘ 

ʘʧʘʨʘʪʫʨʠ ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ; ʚ [11] 

ʨʦʟʛʣʷʥʫʪʘ ʪʝʭʥʦʣʦʛʽʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʤʝʪʦʜʦʤ ʤʫʣʴʪʠʘʛʝʥʪʥʦʾ ʢʣʘʩʪʝʨʽʟʘʮʽʾ ʟ ʧʨʷʤʠʤ ʟʚôʷʟʢʦʤ ʤʽʞ 

ʘʛʝʥʪʘʤʠ; ʚ [12] ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʽʜ ʧʨʠʢʨʠʪʪʷʤ ʣʝʛʘʣʴʥʠʭ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʜʽʘʧʘʟʦʥʥʘ Wi-Fi; ʚ [13] ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ ʫ ʩʪʘʮʽʦʥʘʨʥʽʡ 

ʛʧ̔ʝʨʤʝʨʝʞʽ; ʚ [14] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʩʪʨʫʢʪʫʨʠ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʷʢ ʦʙôʻʢʪʘ ʥʘʧʘʜʫ, ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ; ʚ 

[15] ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʪʘ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ; ʚ [16] 

ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʦʣʦʛʽʶ ʩʪʘʙʽʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʽʥʬʦʨʤʘʮʽʾ; ʚ 

[17] ʫʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʩʧʝʢʪʨʫ, ʷʢʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʙʠʨʘʪʠ ʧʘʨʘʤʝʪʨʠ ʮʠʬʨʦʚʠʭ 

ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʤʽʥʽʤʫʤʦʤ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ; 

ʫ [18] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʩʠʛʥʘʣʫ ʫ 

ʧʨʦʮʝʩʽ ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʤʝʪʦʜʽ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʱʽʣʴʥʦʩʪʽ 

ʩʧʝʢʪʨʫ, ʦɦ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʽʤʧʫʣʴʩʥʽ ʩʠʛʥʘʣʠ ʫ ʨʝʞʠʤʽ 

çʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʟ ʯʘʩʦʚʦʶ ʩʝʣʝʢʮʽʻʶè; ʚ [19] ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʪʘ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʜʠʬʝʨʝʥʮʽʡʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ; ʚ [20] ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ 

ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ; ʚ [21] 

ʫʜʦʩʢʦʥʘʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʇʨʦʥʽ, ʜʣʷ ʘʥʘʣʽʟʫ 

ʚʠʧʘʜʢʦʚʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ; ʚ [22] ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʪʘ ʦʙʨʘʥʦ ʧʝʨʝʣʽʢ 

ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣ̔ʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ; 

ʫʜʦʩʢʦʥʘʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ ʫ 

ʮʠʬʨʦʚʠʡ ʚʠʛʣʷʜ; ʚ [23] ʫʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʬʽʣʴʪʨʘʮʽʾ ʩʠʛʥʘʣʽʚ ʮʠʬʨʦʚʠʭ 
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ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʠʡ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʁʯʠʭ, 

ʧʦʨʷʜ ʟʽ ʩʢʘʣʷʨʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʦʤʧʣʝʢʩʥʽ ʚʝʣʠʯʠʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʜʥʦʯʘʩʥʦ ʚʠʜʽʣʷʪʠ ʘʤʧʣʽʪʫʜʫ, ʬʘʟʫ ʽ 

ʯʘʩʪʦʪʫ ʨʘʜʽʦʩʠʛʥʘʣʫ ʪʘ ʦʙʨʦʙʣʷʪʠ ʾʭ ʫ ʚʠʛʣʷʜʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʘʙʦ ʚʝʢʪʦʨʥʠʭ 

ʜʽʘʛʨʘʤ; ʚ [26] ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥ̫ ʪʦʯʥʦʩʪʽ ʣʦʢʘʣʽʟʘʮʽʾ ʮʠʬʨʦʚʠʭ 

ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʘʣʝʢʦʤʽʨʥʦʤʫ 

ʤʝʪʦʜʽ ʦʙʯʠʩʣʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ 

ʟʘ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ; ʚ [27] ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʤʝʪʦʜ ʦʙʯʠʩʣʝʥʥʷ 

ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, 

ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʝʦʨʽʾ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʫ ʨʘʤʢʘʭ ʢʦʨʝʣʷʮʽʡʥʦʾ 

ʪʝʦʨʽʾ.  

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʧʦʚʽʜʘʣʠʩʷ ʡ 

ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ ʽ ʩʝʤʽʥʘʨʘʭ, ʘ ʩʘʤʝ: 

ï ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ 

ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʂʦʤʧôʶʪʝʨʠ. ʇʨʦʛʨʘʤʠ. ɯʥʪʝʨʥʝʪ. 2003è. (ʤ. ʂʠʾʚ, 2003 ʨ.); 

ï ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ çDynamical System Modeling and 

Stability Investigationè (DSMSI-2003) (ʤ. ʂʠʾʚ, 2003 ʨ.); 

ï ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʷ çʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾè (ʤ. ʂʠʾʚ, 2015 ʨ.); 

ï ʍɯɯɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʇʨʦʙʣʝʤʠ 

ɯʥʬʦʨʤʘʪʠʟʘʮʽʾè (ʤ. ʂʠʾʚ, 2019 ʨ.);  

ï ʅʘʫʢʦʚʦ-ʪʝʭʥ̔ʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʢʽʙʝʨʙʝʟʧʝʢʠ ʪʘ 

ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾè (ʤ. ʂʠʾʚ, 2019 ʨ.); 

ï 52 ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʈʦʟʚʠʪʦʢ ʥʘʫʢʠ ʚ ʍʍɯ ʩʪʦʣʽʪʪʽè (ʤʽʩʪʦ 

ʍʘʨʢʽʚ, 2019 ʨ.);  

ï ʍʍXɯIɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʷ. 

çɺʝʨʝʩʥʝʚʽ ʥʘʫʢʦʚʽ ʯʠʪʘʥʥʷè (ʤ.ɺʽʥʥʠʮʷ, 2019 ʨ.); 

ï II ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çScientific 

achievements of modern societyè (ʤ. ʃʽʚʝʨʧʫʣʴ, 2019 ʨ.); 
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ï V ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʈʦʟʚʠʪʦʢ ʥʘʫʢʠ ʫ ʚʽʢ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡè (ʤ. ʂʠʾʚ, 2019 ʨ.);  

ï VII ʟʘʦʯʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ çʌʫʥʜʘʤʝʥʪʘʣʴʥʽ ʪʘ ʧʨʠʢʣʘʜʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʩʫʯʘʩʥʽʡ ʥʘʫʮʽè (ʤ. ʍʘʨʢʽʚ, 2019 ʨ.);  

ï I ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çPriority directions of 

science developmentè (ʤ. ʃʴʚʽʚ, 2019 ʨ.);  

ï ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ çɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ 

ʢ̔ ʙʝʨʙʝʟʧʝʢʠè (ʤ. ʂʠʾʚ, 2019 ʨ.);  

ï II ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çPriority directions of 

science developmentè (ʤ. ʃʴʚiʚ, 2019 ʨ.); 

ï I ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çScience, Society, 

Education: Tohical Issues and Development Prospectsè(ʤ. ʍʘʨʢʽʚ, 2019 ʨ.).  

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ 42 ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʽʟ ʥʠʭ 28 ʥʘʫʢʦʚʠʭ ʩʪʘʪʝʡ ʫ ʬʘʭʦʚʠʭ 

ʚʠʜʘʥʥʷʭ. ʆʜʥʘ ʩʪʘʪʪʷ ʦʧʫʙʣʽʢʦʚʘʥʘ ʫ ʥʘʫʢʦʚʦʤʫ ʚʠʜʘʥʥʽ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ 

ʥʘʫʢʦʚʦ-ʤʝʪʨʠʯʥʦʾ ʙʘʟʠ Scopus. ʊʘʢʦʞ 14 ʧʨʘʮʴ ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ ʤʘʪʝʨʽʘʣʘʭ 

ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 5 

ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, 2 ʜʦʜʘʪʢʽʚ ʥʘ 14 ʩʪʦʨʽʥʢʘʭ ʪʘ ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʜʞʝʨʝʣ ʟ 227 ʥʘʡʤʝʥʫʚʘʥʴ ʥʘ 27 ʩʪʦʨʽʥʢʘʭ. ʇʦʚʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ 393 

ʩʪʦʨʽʥʢʠ, ʟ ʥʠʭ 339 ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ. 
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ʈʆɿɼɯʃ 1 

ɸʅɸʃɯɿ ʇʈʆɹʃɽʄʀ ɺʀʗɺʃɽʅʅʗ, ʈʆɿʇɯɿʅɸɺɸʅʅʗ ʊɸ 

ʃʆʂɸʃɯɿɸʎɯɰ ʉʀɻʅɸʃɯɺ ʎʀʌʈʆɺʀʍ ɿɸʉʆɹɯɺ ʅɽɻʃɸʉʅʆɻʆ 

ʆʊʈʀʄɸʅʅʗ ɯʅʌʆʈʄɸʎɯɰ 

 

1.1. ɸʥʘʣʽʟ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʠʩʪʨʦʾʚ ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʟʥʘʯʝʥʥ ̫ʪʘ ʮʽʥʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ, ʚʽʜʧʦʚʽʜʥʦ, ʟʨʦʩʪʘʻ ʽ 

ʚʘʞʣʠʚʽʩʪʴ ʾʾ ʟʘʭʠʩʪʫ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʽʥʬʦʨʤʘʮʽʷ ʤʘʻ ʧʝʚʥʫ ʚʘʨʪʽʩʪʴ. ʊʦʙʪʦ 

ʚʠʪʽʢ, ʚʪʨʘʪʘ, ʩʧʦʪʚʦʨʝʥʥʷ ʘʙʦ ʤʦʜʠʬʽʢʘʮʽʷ ʽʥʬʦʨʤʘʮʽʾ ʩʧʨʠʯʠʥʪ̫ʴ 

ʤʘʪʝʨʽʘʣʴʥʠʡ ʟʙʠʪʦʢ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʽʥʬʦʨʤʘʮʽʷ ï ʮʝ ʫʧʨʘʚʣʽʥʥʷ [212]. 

ʅʝʩʘʥʢʮʽʦʥʦʚʘʥʝ ʚʪʨʫʯʘʥʥʷ ʚ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ 

ʥʘʩʣʽʜʢʽʚ ʚ ʦʙ'ʻʢʪʽ ʫʧʨʘʚʣʽʥʥʷ ï ʧʨʦʤʠʩʣʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʪʨʘʥʩʧʦʨʪʥʽʡ 

ʩʠʩʪʝʤʽ, ʙʘʥʢʽʚʩʴʢʽʡ ʩʧʨʘʚʽ, ʥʘ ʚʽʡʩʴʢʦʚʦʤʫ ʘʙʦ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʦʤʫ ʦʙʻʢʪʽ 

[90].  

ʇʠʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ ʾʙʝʟʧʝʢʠ ʩʴʦʛʦʜʥʽ ʘʢʪʫʘʣʴʥʝ ʷʢ ʥʽʢʦʣʠ ʨʘʥʽʰʝ 

[78]. ʂʽʣʴʢʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʪʝʭʥʽʢʠ ʧʨʦʜʦʚʞʫʻ ʟʨʦʩʪʘʪʠ, ʦʪʞʝ, ʟʨʦʩʪʘʻ ʽ 

ʟʥʘʯʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʪʘ ʧʨʦʛʨʘʤʥʦ-ʪʝʭʥʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʚʽʜ ʚʠʪʦʢʫ 

ʽʥʬʦʨʤʘʮʽʾ [91]. 

 ʇʽʜ ʚʠʪʦʢʦʤ ʽʥʬʦʨʤʘʮʽʾ ʟ ʪʝʭʥʽʯʥʦʛʦ ʢʘʥʘʣʫ ʨʦʟʫʤ̔ʪ̒ʴʩʷ 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʝ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʥʦʩʽʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ 

ʟʘʭʠʱʘʻʪʴʩʷ, ʯʝʨʝʟ ʬʽʟʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʦ ʪʝʭʥʽʯʥʦʛʦ ʟʘʩʦʙʫ, ʷʢʠʡ ʟʜʽʡʩʥʶʻ 

ʧʝʨʝʭʦʧʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ [76,77,78]. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.1 [73,74,75]. 
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ʈʠʩ. 1.1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʧʨʠʩʪʨʦʾʚ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

 

ɿʘʣʝʞʥʦ ʚʽʜ ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ ʚʠʥʠʢʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʪʘ 

ʩʝʨʝʜʦʚʠʱʘ ʾʭ ʧʦʰʠʨʝʥʥʷ ʪʝʭʥʽʯʥʽ ʢʘʥʘʣʠ ʚʠʪʦʢʫ ʘʢʫʩʪʠʯʥʦʾ (ʤʦʚʥʽʡ) 

ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ: ʧʨʷʤʽ ʘʢʫʩʪʠʯʥʽ (ʧʦʚʽʪʨʷʥʽ), ʘʢʫʩʪʠʯʥʦ-

ʚʽʙʨʘʮʽʡʥʽ (ʚʽʙʨʘʮʽʡʥʽ), ʘʢʫʩʪʠʯʥʦ-ʦʧʪʠʯʥʽ (ʣʘʟʝʨʥʽ), ʘʢʫʩʪʠʯʥʦ-ʝʣʝʢʪʨʠʯʥʽ 

(ʧʘʨʘʤʝʪʨʠʯʥʽ) [79]. 

ʇʨʠʯʦʤʫ ʥ̔ʬʦʨʤʘʮʽʶ ʦʪʨʠʤʘʥʫ ʟ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʱʝ ʢʘʥʘʣʽʚ ʚʠʪʦʢʫ 

ʽʥʬʦʨʤʘʮʽʾ ʥʘʡʧʨʦʩʪʽʰʝ ʧʝʨʝʜʘʪʠ ʧʦ ʨʘʜʽʦʢʘʥʘʣʫ [191]. 

ʈʘʜʽʦʝʣʝʢʪʨʦʥʥʽ ʟʘʢʣʘʜʥʽ ʟʘʩʦʙʠ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʦʨʛʘʥʽʟʦʚʘʥʠʡ ʢʘʥʘʣ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽ ʧʝʨʝʜʘʯʽ 

ʘʫʜʽʦʚʽʟʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʘʧʘʨʘʪʫʨʠ.  

ɿʘʩʦʙʠ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʣʠʚʦ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ 

ʢʽʣʴʢʦʤʘ ʦʟʥʘʢʘʤʠ: 

- ɿʅʆɯ-ʧʨʠʩʪʨʦʾ, ʱʦ ʚʠʧʨʦʤʽʥʶʶʪʴ ʚ ʝʬʽʨ; 

- ʟʘʢʣʘʜʥʽ ʧʨʠʩʪʨʦʾ, ʱʦ ʥʝ ʚʠʧʨʦʤʽʥʶʶʪʴ ʚ ʝʬʽʨ (ʟ ʧʝʨʝʜʘʯʝʶ 

ʧʝʨʝʭʦʧʣʝʥʦʾ ̔ʥʬʦʨʤʘʮʽʾ ʧʦ ʤʝʨʝʞʘʭ ʫʧʨʘʚʣʽʥʥʷ, ʞʠʚʣʝʥʥʷ ʪʦʱʦ); 
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- ɿʅʆɯ-ʧʨʠʩʪʨʦʾ ʟ ʧʝʨʝʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ; 

- ʟʘʢʣʘʜʥʽ ʧʨʠʩʪʨʦʾ ʟ ʧʝʨʝʜʘʯʝʶ ʧʝʨʝʭʦʧʣʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʢʘʥʘʣʫ 

ʟʚôʷʟʢʫ. 

ʋ ʧʝʨʰʫ ʛʨʫʧʫ ʚʭʦʜʷʪʴ ɿʅʆɯ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʘʫʜʽʦ 

ʽʥʬʦʨʤʘʮʽʾ ʟ ʘʢʫʩʪʠʢʠ ʧʨʠʤʽʱʝʥʥ̫. 

ɼʦ ʟʘʢʣʘʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟ ʧʝʨʝʜʘʯʝʶ ʽʥʬʦʨʤʘʮʽʾ ʙʝʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ 

ʝʬʽʨ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʛʨʫʧʫ ʟʘʢʣʘʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʫ ʣʽʥʽʷʭ ʟʚ'ʷʟʢʫ, ʞʠʚʣʝʥʥʷ, 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʭʦʨʦʥʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʭ ʣʽʥʽʡ ʟʚ'ʷʟʢʫ ʜʣʷ 

ʧʝʨʝʜʘʯʽ ʧʝʨʝʭʦʧʣʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ [79]. ʇʨʦʷʚʘ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ ʛʨʫʧ 

ʟʘʢʣʘʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʧʨʠ ʾʭ ʧʝʨʝʜʘʯʽ ʧʝʨʝʭʦʧʣʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʦ-ʨʽʟʥʦʤʫ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʤʦʞʫʪʴ ʧʨʦʷʚʣʷʪʠʩʷ ʚ ʨʘʜʽʦʜʽʘʧʘʟʦʥʽ, ʷʢ ʨʘʜʽʦʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʟ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʤʦʜʫʣʷʮʽʾ ʘʙʦ ʢʦʜʫʚʘʥʥʷ, ʚ ɯʏ-ʜʽʘʧʘʟʦʥʽ ʷʢ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ 

ʚʠʧʨʦʤ̔ʥʶʚʘʥʥʷ ʚ ʣʽʥʽʷʭ ʟʚ'ʷʟʢʫ, ʫʧʨʘʚʣʽʥʥʷ, ʞʠʚʣʝʥʥʷ. 

ɿʘʛʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʢʣʘʜʥʠʭ ʧʨʠʩʪʨʦʾʚ: 

1. ɺʠʢʦʥʘʥʥʷ, ʫ ʚʠʛʣʷʜʽ ʪʝʭʥʽʯʥʠʭ ʤʦʜʫʣʽʚ ʟʘʢʘʤʫʬʣʴʦʚʘʥʠʭ ʧʽʜ 

ʪʝʭʥʽʯʥʽ ʝʣʝʤʝʥʪʠ ʪʘ ʧʨʠʩʪʨʦʾ, ʝʣʝʤʝʥʪʠ ʦʜʷʛʫ, ʧʦʙʫʪʦʚʽ ʧʨʝʜʤʝʪʠ. 

2. ʇʦʪʫʞʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ: 

- ʜʦ 10 ʤɺʪ ï ʤʘʣʘ; 

- ʚʽʜ 10 ʜʦ 100 ʤɺʪ ï ʩʝʨʝʜʥʷ; 

-ʙʽʣʴʰʝ ʥʽʞ 100 ʤɺʪ ï ʚʝʣʠʢʘ; 

- ʟ ʨʝʛʫʣʴʦʚʘʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

3. ɺʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʚʠʜ ʤʦʜʫʣʷʮʽʾ: 

-ɸʄ, FM, WFM ʽ ʽʥʰʽ; 

- ʟ ʯʘʩʪʦʪʥʦʶ ʤʦʟʘʾʢʦʶ; 

- ʽʥʚʝʨʩʽʷ ʩʧʝʢʪʨʫ; 

-ʜʝʣʴʪʘ-ʤʦʜʫʣʷʮʽʷ (ʘʜʘʧʪʠʚʥʘ ʜʝʣʪɹʘ-ʤʦʜʫʣʷʮʽʷ); 

- ʰʫʤʦʧʦʜʽʙʥʽ ʩʠʛʥʘʣʠ. 

4. ʑʦʜʦ ʩʪʘʙʽʣʽʟʘʮʽʾ ʯʘʩʪʦʪʠ: 

- ʥʝʩʪʘʙʽʣʽʟʦʚʘʥʽ; 

- ʟ ʩʭʝʤʦʪʝʭʥʽʯʥʦʶ ʩʪʘʙʽʣ̔ ʟʘʮʽʻʶ ʯʘʩʪʦʪʠ; 
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- ʢʚʘʨʮʦʚʦʶ ʩʪʘʙʽʣʽʟʘʮʽʻʶ. 

ʇʝʨʝʭʦʧʣʝʥʘ ʽʥʬʦʨʤʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʜʘʥʘ ʧʦ ʧʦʚʽʪʨʶ 

(ʨʘʜʽʦʟʘʢʣʘʜʥʽ ɿʅʆɯ), ʚ ʤʝʨʝʞʘʭ ʞʠʚʣʝʥʥʷ, ʫʧʨʘʚʣʥ̔ʥʷ, ʟʚ'ʷʟʢʫ (ʟʘʢʣʘʜʥʽ 

ʧʨʠʩʪʨʦʾ). ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʠʭ ʚ ʝʬʽʨ ʨʘʜʽʦʟʘʢʣʘʜʥʠʭ ɿʅʆɯ 

ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʤʦʞʣʠʚʠʡ ʜʽʘʧʘʟʦʥ ʾʭ ʨʦʙʦʪʠ ʪʘ ʚʠʜʠ ʤʦʜʫʣʷʮʽʾ ʷʢʽ ʚʦʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ. 

ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ɿʅʆɯ, ʜʽʘʧʘʟʦʥ ʾʭ ʨʦʙʦʪʠ ʜʦʩʠʪʴ 

ʰʠʨʦʢʠʡ ̔ ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʜʦ ʧʨʦʩʫʚʘʥʥʷ ʥʘ ʙʽʣʴʰ ʚʠʩʦʢʽ ʯʘʩʪʦʪʥʽ ʜʽʘʧʘʟʦʥʠ, 

ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʟ çʩʪʨʠʙʘʣʠʤʠè ʯʘʩʪʦʪʘʤʠ. ʈʘʜʽʦʟʘʢʣʘʜʥʽ ɿʅʆɯ 

ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʫʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 20 ʜʦ 6000 ʄɻʮ ʽ ʚʠʱʝ. ʎʝ ʩʫʪʪʻʚʦ 

ʫʩʢʣʘʜʥʶʻ ʟʘʚʜʘʥʥʷ ʧʦʰʫʢʫ ɿʅʆɯ ʧʦ ʾʭ ʚʠʧʨʦʤʽʥʁʚʘʥʥʶ. 

 ʅʘʡʙʽʣʴʰ ʫʩʢʣʘʜʥʝʥʥʷ ʚ ʧʦʰʫʢʫ ʟʘʢʣʘʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʚʠʢʣʠʢʘʶʪʴ 

ʟʤʽʥʘ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚʠʜʽʚ ʤʦʜʫʣʷʮʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʚ ʟʘʢʣʘʜʥʠʭ 

ʧʨʠʩʪʨʦʷʭ. ʋ ʨʘʜʽʦʟʘʢʣʘʜʥʠʭ ɿʅʆɯ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʦʜʫʣʷʮʽʷ 

ʥʝʩʫʯʦʾ ʯʘʩʪʦʪʠ ʧʝʨʝʜʘʚʘʯʘ, ʦʜʥʘʢ ʟʫʩʪʨʽʯʘʶʪʴʩ ̫ʨʘʜʽʦʟʘʢʣʘʜʥʽ ɿʅʆɯ ʟ 

ʤʦʜʫʣʷʮʽʻʶ ʩʠʛʥʘʣʫ ʧʨʦʤʽʞʥʦʾ ʯʘʩʪʦʪʠ ʘʙʦ ʧʦʜʚʽʡʥʦʾ ʤʦʜʫʣʷʮʽʾ. ʇʨʠʡʥʷʪʪʷ 

ʪʘʢʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʟʚʠʯʘʡʥʠʡ ʩʫʧʝʨʛʝʪʝʨʦʜʠʥʥʠʡ ʧʨʠʡʤʘʯ ʥʝʤʦʞʣʠʚʠʡ (ʧʽʩʣʷ 

ʜʝʪʝʢʪʫʚʘʥʥʷ ʧʨʦʩʣʫʭʦʚʫʻʪʴʩʷ ʟʚʠʯʘʡʥʠʡ ʰʫʤ). ɼʣʷ ʧʨʠʡʤʘʥʥʷ ʩʠʛʥʘʣʽʚ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʪʣ̔ʴʢʠ ʩʧʝʮʽʘʣʴʥʠʡ ʧʨʠʡʤʘʯ. ɺ ʥʘʰ ʯʘʩ ʚʩʝ ʱʝ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ɿʅʆɯ ʟ WFM (ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ)  ̔NFM 

(ʚʫʟʴʢʦʩʤʫʛʦʚʦʾ) ʤʦʜʫʣʷʮʽʻʶ, ʘʣʝ ʟ'ʷʚʠʚʩʷ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʡ ʢʣʘʩ 

ʨʘʜʽʦʟʘʢʣʘʜʥʠʭ ɿʅʆɯ ʟ ʜʝʣʴʪʘ-ʤʦʜʫʣʷʮʽʻʶ. ʂʨʽʤ ʪʦʛʦ, ʚ ʥʘʡʙʽʣʴʰ 

ʧʨʦʬʝʩʽʡʥʠʭ ɿʅʆɯ ʚʠʢʦʨʠʩʪʦʚʫʶʪɹ ʪʘʢʽ ʩʢʣʘʜʥʽ ʩʠʛʥʘʣʠ, ʷʢ ʰʫʤʦʧʦʜʽʙʥʽ ʘʙʦ 

ʟ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʶ ʧʝʨʝʩʪʘʥʦʚʢʦʶ ʥʝʩʫʯʦʾ ʯʘʩʪʦʪʠ. ʇʨʠ ʢʦʜʫʚʘʥʥʽ 

ʧʝʨʝʭʦʧʣʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʘʥʘʣʦʛʦʚʝ ʩʢʨʝʤʙʣʶʚʘʥʥʷ, 

ʟʤʽʥʶʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʯʦʚʦʛʦ ʩʠʛʥʘʣʫ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʚʽʥ ʩʪʘʻ 

ʥʝʨʦʟʙʽʨʣʠʚʠʤ. ʋ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʨʷʜʫ ʨʘʜʽʦʧʨʠʡʤʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥ̫  ʽʥʬʦʨʤʘʮʽʾ, ʢʽʣʴʢʽʩʪʴ 

ʤʦʞʣʠʚʠʭ, ʜʣʷ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʧʝʨʝʭʦʧʣʝʥʥʷ, ʚʠʜʽʚ ʤʦʜʫʣʷʮʽʾ ʪʘ ʢʦʜʫʚʘʥʥʷ ʥʝ 

ʧʝʨʝʢʨʠʚʘʻ ʤʦʞʣʠʚʦʩʪʝʡ, ʟʘʢʣʘʜʝʥʠʭ ʚ ʟʘʩʦʙʘʭ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 
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ʽʥʬʦʨʤʘʮʽʾ. ʎʝ ʽʩʪʦʪʥʦ ʫʩʢʣʘʜʥʶʻ ʧʦʰʫʢ ʟʘʢʣʘʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʧʦ ʾʭ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʶ, ʚʠʤʘʛʘʻ ʧʦʩʪʽʡʥʦʾ ʤʦʜʝʨʥ̔ ʟʘʮʽʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʧʦʰʫʢʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʰʫʢʫ ʪʘ ʧʝʨʝʭʦʧʣʝʥʥʷ, ʧʦʩʪʽʡʥʦ 

ʧʦʥʦʚʣʶʚʘʥʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽ.ʾ ʉʫʪʪʻʚʝ ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʯʽ ʧʝʨʝʭʦʧʣʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʨʘʜʽʦʜʽʘʧʘʟʦʥʽ ʤʘʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʘ ʚ ʟʘʢʣʘʜʥʦʤʫ ʧʨʠʩʪʨʦʾ ʘʥʪʝʥʥʘ ʩʠʩʪʝʤʘ. ɺ ʷʢʦʩʪʽ ʪʘʢʦʾ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ: ʘ) ʚʣʘʩʥʝ ʘʥʪʝʥʥʠʡ ʧʨʠʩʪʨʽʡ, ʙ) ʚʠʧʘʜʢʦʚʘ ʘʥʪʝʥʘ. 

ʏʘʩʪʽʰʝ ʢʘʨʪʠʥʘ ʩ̔ʪʦʪʥʦ ʟʤʽʥʶʻʪʴʩʷ, ʷʢʱʦ, ʚ ʷʢʦʩʪʽ ʘʥʪʝʥʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʽʜʨʽʟʢʠ ʣʽʥʽʾ ʧʝʨʝʜʘʯ, ʚ ʷʢʽ ʚʢʣʶʯʘʪʁɹ ʩʷ ʟʘʢʣʘʜʥʽ 

ʧʨʠʩʪʨʦʾ, ʪʘʢ ʟʚʘʥʽ ʚʠʧʘʜʢʦʚʽ ʘʥʪʝʥʠ. ɺʽʜʨʽʟʢʠ ʪʝʣʝʬʦʥʥʦʾ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ 

(ʷʢʱʦ ʟʘʢʣʘʜʥʠʡ ʧʨʠʩʪʨʽʡ ʚʢʣʶʯʘʻʪʴʩʷ ʚ ʨʦʟʝʪʢʫ ʪʝʣʝʬʦʥʥʦʾ ʣʽʥʽʾ ʪʘ ʽʥʰʝ. ɺ 

ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʜʦʚʞʠʥʘ ʮʠʭ ʚʽʜʨʽʟʢʽʚ ʤʦʞʝ ʙʫʪʠ ʩʘʤʦʶ ʨʽʟʥʦʶ, ʽ 

ʜʽʘʛʨʘʤʘ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʪʘ ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʪʝʥʠ ʚʠʭʦʜʷʪʴ 

ʨʽʟʥʠʤʠ.  

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ɿʅʆɯ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ɯʏ-ʜʽʘʧʘʟʦʥʽ, ʧʨʠʡʤʘʣʴʥʠʡ 

ʧʨʠʩʪʨʽʡ (ʟ ʘʥʪʝʥʦʶ) ʢʘʤʫʬʣʶʻʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʚ ʧʨʠʣʘʜʘʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʘʙʦ ʬʦʪʦʛʨʘʬʫʚʘʥʥʷ, ʪʦʤʫ, ʱʦ ʜʣʷ ʮʴʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʘʥʪʝʥʥʠʡ ʧʨʠʩʪʨʽʡ 

ʧʦʚʠʥʥʦ ʙʫʪʠ ʚʠʢʦʥʘʥʦ ʫ ʚʠʛʣʷʜʽ ʥʘʧʨʘʚʣʝʥʦʛʦ ʧʨʠʩʪʨʦʶ. ʈʘʟʦʤ ʟ ʪʘʢʠʤ 

ʧʦʟʠʪʠʚʥʠʤ ʷʢʽʩʪʶ, ʷʢ ʭʦʨʦʰʝ ʧʨʠʭʦʚʘʥʥʷ ʬʘʢʪʫ ʧʝʨʝʜʘʯʽ, ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ 

ʥʝʦʙʭʽʜʥʩ̔ʪɹ ʩʫʚʦʨʦʾ ʬʽʢʩʘʮʽʾ ʧʦʣʦʞʝʥʥʷ ʟʘʢʣʘʜʢʠ ʪʘ ʧʨʠʡʤʘʣʴʥʦʛʦ 

ʧʨʠʩʪʨʦʶ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ ʤʽʞ ʥʠʤʠ (ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʘʛʘʩʘʥʥʷ ʥʘ ʪʨʘʩʽ ʧʝʨʝʜʘʯʽ ʧʝʨʝʭʦʧʣʝʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ). ɼʣʷ ʧʨʦʪʠʜʽʾ ʧʝʨʝʭʦʧʣʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɿʅʆɯ 

ʚʠʢʦʨʠʩʪʦʚʫʪ̒ʩɹʷ ʚʢʣʶʯʝʥʥʷ ɿʅʆɯ ʪʽʣʴʢʠ ʥʘ ʤʦʤʝʥʪ ʧʨʦʚʝʜʝʥʥʷ ʧʝʨʝʛʦʚʦʨʽʚ 

ʫ ʧʨʠʤʽʱʝʥʥʽ, ʜʝ ʚʽʥ ʚʩʪʘʥʦʚʣʝʥʠʡ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʦ ʰʣʷʭʦʤ 

ʚʢʣʶʯʝʥʥʷ ʚ ʩʭʝʤʫ ɿʅʆɯ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʢʣʶʯʝʥʥʷ ʧʝʨʝʜʘʚʘʯʘ ʚʽʜ 

ʛʦʣʦʩʫ (ʩʠʩʪʝʤʘ VAS ʘʙʦ VOX). ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘʩʽʙ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʘʮʶʻ (ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʜʞʝʨʝʣʘ ʘʢʫʩʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ) 

ʚ ʯʝʨʛʦʚʦʤʫ ʨʝʞʠʤʽ ʷʢ ʧʨʠʡʤʘʯ ʘʢʫʩʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ, ʱʦ ʚʠʤʘʛʘʻ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʚʽʜ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. ʇʨʠ ʧʦʷʚʽ ʚ ʧʨʠʤʽʱʝʥʥʽ 
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ʜʞʝʨʝʣʘ ʘʢʫʩʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʩʠʩʪʝʤʘ ʤʽʩʪʠʪʴ ʨʘʜʽʦʧʝʨʝʜʘʚʘʯ ʽ ʟʘʢʣʘʜʢʘ 

ʧʨʘʮʶʻ ʚ ʧʦʚʥʦʤʫ ʨʝʞʠʤʽ ʟ ʧʝʨʝʜʘʯʝʶ ʧʝʨʝʭʦʧʣʝʥʦʛʦ ʘʢʫʩʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ. 

ɺʢʣʶʯʝʥʥ ̫ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʚ ʩʢʣʘʜ ʟʘʩʦʙʫ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʾʾ ʩʢʨʠʪʥʽʩʪʴ ʽ ʟʙʽʣʴʰʫʻ ʪʝʨʤʽʥ ʾʾ ʜʽʾ. ɼʣʷ ʮʠʭ ʞʝ ʮʽʣʝʡ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʩʠʩʪʝʤʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. ʗʢ ʧʨʘʚʠʣʦ, ʮʷ 

ʩʠʩʪʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʢʣʶʯʝʥʥʷ ʽ ʚʠʢʣʶʯʝʥʥʷ ʧʝʨʝʜʘʚʘʯʘ ɿʅʆɯ, ʘ 

ʪʘʢʦʞ ʜʣʷ ʟʤʽʥʠ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʧʝʨʝʜʘʚʘʯʘ, ʚʝʣʠʯʠʥʠ ʚʠʧʨʦʤʽʥʶʚʘʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʦʛʦ ʩʠʛʥʘʣʫ. ʎʝ ʜʦʩʠʪʴ ʩʢʣʘʜʥʽ 

ʩʠʩʪʝʤʠ, ʫ ʪʘʢʽʡ ʩʠʩʪʝʤʽ ʚ ʯʝʨʛʦʚʦʤʫ ʨʝʞʠʤʽ ʧʨʘʮʶʻ ʪʽʣʴʢʠ 

ʨʘʜʽʦʧʨʠʡʤʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʢʦʥʪʨʦʣʶ ʫʧʨʘʚʣ̔ ʥʥʷ, ʧʽʩʣʷ ʧʦʜʘʯʽ ʩʠʛʥʘʣʫ 

ʢʝʨʫʚʘʥʥʷ ʚʢʣʶʯʘʻʪʴʩʷ ʧʝʨʝʜʘʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ɿʅʆɯ. ɼʣʷ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʫ 

ʫʧʨʘʚʣʽʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʋʂʍ ʜʽʘʧʘʟʦʥ, ʩʠʛʥʘʣʠ ʫʧʨʘʚʣʽʥʥʷ 

ʢʦʜʫʶʪʴʩʷ ʚ ʮʽʣʷʭ ʫʥʠʢʥʝʥʥʷ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ. ɺ ʜʘʥʠʡ ʯʘʩ 

ʨʦʟʨʦʙʣʝʥʽ ɿʅʆɯ, ʷʢʽ ʤʦʞʫʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʢʽʣʴʢʘ ʧʨʠʤʽʱʝʥʴ (ʥʘʧʨʠʢʣʘʜ, 

ʤʘʶʪʴ ʜʚʘ ʽ ʙʽʣʴʰʝ ʤʽʢʨʦʬʦʥʽʚ ʜʣʷ ʢʦʥʪʨʦʣʶ ʨʽʟʥʠʭ ʧʨʠʤʽʱʝʥʴ). ʉʠʩʪʝʤʘ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʟʜʡ̔ʩʥʶʚʘʪʠ ʧʽʜʢʣʶʯʝʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ 

ʧʨʠʤʽʱʝʥʴ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʦʪʫʞʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʝʨʝʜʘʚʘʯʘ ʟʘʢʣʘʜʢʠ 

ʤʝʪʦʁ  ʾʭ ʟʘʭʠʩʪʫ ʚʽʜ ʧʝʨʝʭʦʧʣʝʥʥʷ ʨʘʜʽʦʚʠʧʨʦʤʽʥʶʚʘʥʴ ʟʘʢʣʘʜʥʦʛʦ 

ʧʨʠʩʪʨʦʶ. ʑʝ ʦʜʥʠʤ ʩʧʦʩʦʙʦʤ ʧʽʜʚʠʱʝʥʥʷ ʩʢʨʠʪʥʦʩʪʽ 

ʧʝʨʝʜʘʥʦʾ ɿʅʆɯ ʽʥʬʦʨʤʘʮʽʾ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʤʽʞʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ 

ʧʝʨʝʭʦʧʣʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɼʦ ʩʢʣʘʜʫ ʪʘʢʦʛʦ ɿʅʆɯ-ʧʨʠʩʪʨʦʶ ʚʭʦʜʠʪʴ 

ʮʠʬʨʦʚʠʡ ʥʘʢʦʧʠʯʫʚʘʯ, ʧʝʨʝʜʘʚʘʯ ï ʜʣʷ ʧʨʠʩʢʦʨʝʥʦʾ ʧʝʨʝʜʘʯʽ ʥʘʢʦʧʠʯʝʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʢʘʥʘʣ ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʪʦʶ ɿʅʆɯ. ʋ ʧʦʜʽʙʥʦʤʫ ɿʅʆɯ ʧʨʦʪʷʛʦʤ 

ʜʝʢʽʣʴʢʦʭ ʛʦʜʠʥ (6...14 ʛʦʜ.) ʥʘʢʦʧʠʯʫʻʪʴʩʷ, ʧʝʨʝʭʦʧʣʝʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʘ ʧʦʪʽʤ 

ʧʨʦʪʷʛʦʤ 1...3 ʭʚʠʣʠʥ ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʝʬʽʨ. ʇʨʠʨʦʜʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʦʞʣʠʚʠʭ ʩʧʦʩʦʙʽʚ ʧʨʠʭʦʚʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʽʩʪʦʪʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʚʠʤʦʛʽ 

ʜʦ ʨʘʜʽʦʧʨʠʡʤʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʧʦʰʫʢʫ ʟʘʢʣʘʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʧʦ ʭʾ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʶ. 

ɿʅʆɯ ʚʠʢʦʥʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʜʫʣʽʚ ʘʙʦ 

ʟʘʢʘʤʫʬʣʴʦʚʘʥʠʤʠ ʚ ʧʝʚʥʽ ʧʨʠʩʪʨʦʾ. ɺʠʧʫʩʢʘʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ɿʅʆɯ ʷʢʽ 
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ʟʘʢʘʤʫʬʣʴʦʚʘʥʽ ʚ ʧʨʝʜʤʝʪʠ ʪʘ ʧʨʠʩʪʨʦʾ, ʷʢ ʧʨʘʚʠʣʦ, ʩʫʧʫʪʥʽ ʜʣʷ 

ʩʧʽʚʨʦʟʤʦʚʥʠʢʽʚ (ʧʦʧʽʣʴʥʠʯʢʫ, ʚʘʟʫ, ʟʘʧʘʣʴʥʠʯʢʫ, ʢʘʣʴʢʫʣʷʪʦʨ ʘʙʦ 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʚ ʤʽʩʮʷʭ, ʜʝ ʧʨʦʚʦʜʷʪʴʩʷ ʧʝʨʝʛʦʚʦʨʠ, ʪʨʽʡʥʠʢʠ, ʧʝʨʝʭʽʜʥʽ 

ʧʨʠʩʪʨʦ,ʾ ʥʘʩʪʽʣʴʥʽ ʣʘʤʧʠ, ʝʣʝʤʝʥʪʠ ʦʜʷʛʫ ʪʦʱʦ). 

ʇʝʚʥʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ɿʅʆɯ-ʧʨʠʩʪʨʦʾʚ ʥʘʜʘʶʪʴ ʥʝʦʙʭʽʜʥʽ 

ʜʣʷ ʾʭ ʨʦʙʦʪʠ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. ʇʨʦʙʣʝʤʘ ʥʝ ʩʪʦʾʪʴ ʛʦʩʪʨʦ, ʷʢʱʦ ʜʣʷ 

ʞʠʚʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʦʚʥʽʰʥʽ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ-ʪʘ ʤʝʨʝʞʘ 

ʞʠʚʣʝʥʥʷ (ʧʦʩʪʽʡʥʘ ʯʠ ʟʤʽʥʥʘ), ʪʝʣʝʬʦʥʥʘ ʣʽʥʽʷ ʟʚ'ʷʟʢʫ, ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ 

ʧʨʠʩʪʨʦʾʚ, ʧʽʜ ʷʢʽ ʟʘʢʘʤʫʬʣʴʦʚʘʥʽ ɿʅʆɯ-ʧʨʠʩʪʨʦʶ. ʆʜʥʘʢ ʽ ʧʨʠ ʮʴʦʤʫ 

ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʚʽʜʙʠʨʘʻʪʴʩʷ ʟ ʮʠʭ ʤʝʨʝʞ ʜʣʷ ʞʠʚʣʝʥʥʷ ɿʅʆɯ, ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʦʙʤʝʞʝʥʦʶ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʥʘʩʘʤʧʝʨʝʜ ʟ ʪʠʤ, ʱʦʙ ʟ ʚʽʜʙʦʨʫ ʮʽʻʾ ʧʦʪʫʞʥʦʩʪʽ 

ʤʦʞʥʘ ʙʫʣʦ ʚʠʟʥʘʯʠʪʠ ʥʘʷʚʥʽʩʪʴ ʟʘʢʣʘʜʥʦʛʦ ʧʨʠʩʪʨʦʶ. ɼʘʥʘ ʚʠʤʦʛʘ ʦʙʤʝʞʫʻ 

ʧʦʪʫʞʥʽʩʪʴ ʪʘʢʠʭ ɿʅʆɯ ʪʘ ʜʘʣʴʥʽʩʪʴ ʾʭ ʜʽʾ. ʇʨʠ ʞʠʚʣʝʥʥʽ ɿʅʆɯ-ʧʨʠʩʪʨʦʾʚ ʚʽʜ 

ʘʚʪʦʥʦʤʥʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ (ʙʘʪʘʨʝʾ, ʘʢʫʤʫʣʷʪʦʨʽʚ ʪʦʱʦ), ʯʘʩ ʾʭ ʨʦʙʦʪʠ 

ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʛʦʜʠʥ ʜʦ ʜʝʢʽʣɹʢʦʭ ʤʽʩʷʮʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʭʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʨʦʙʦʪʦʶ ʧʝʨʝʜʘʚʘʯʘ (ʩʠʩʪʝʤ VAS, VOX, ʜʠʩʪʘʥʮʽʡʥʠʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʽʥʥʷ ʨʦʙʦʪʦʶ ʧʝʨʝʜʘʚʘʯʘ ʽ ʪ. ʧ.) ʜʦʟʚʦʣ̫ ̒ʟʙʽʣʴʰʠʪʠ ʯʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ɿʅʆɯ-ʧʨʠʩʪʨʦʶ ʽ ʜʦʚʝʩʪʠ ʡʦʛʦ ʜʦ ʢʽʣʴʢʦʭ ʨʦʢʽʚ ʧʨʠ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʟʘʢʣʘʜʢʠ ʧʦ ʚʢʣʶʯʝʥʥʶ ʜʦ ʦʜʥʦʛʦ-ʜʚʦʭ ʤʽʩʷʮʽʚ. 

ɺʽʜʦʤʽ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʞʠʚʣʝʥʥʷ ɿʅʆɯ-ʧʨʠʩʪʨʦʾʚ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʚʽʜ 

ʩʠʩʪʝʤ ʩʚʽʪʣʦ ʧʝʨʝʪʚʦʨʝʥʥ̫, ʧʨʠʯʦʤʫ ʪʘʢʽ ʩʠʩʪʝʤʠ ʜʘʶʪʴ ʭʘʨʯʫʚʘʥʥʷ, ʷʢ ʚʽʜ 

ʧʨʠʨʦʜʥʦʛʦ, ʪʘʢ ʽ ʚʽʜ ʰʪʫʯʥʦʛʦ ʩʚʽʪʣʘ. ʅʘʧʨʠʢʣʘʜ, ʪʘʢʠʡ ʩʚʽʪʣʦ ʧʝʨʝʪʚʦʨʶʚʘʯ 

ʤʦʞʝ ʧʦʯʠʥʘʪʠ ʨʦʙʦʪʫ ʧʨʠ ʚʢʣʶʯʝʥʥʽ ʩʚʽʪʣʘ ʚ ʧʨʠʤʽʱʝʥʥʽ, ʜʝ ʚʩʪʘʥʦʚʣʝʥʘ 

ʟʘʢʣʘʜʢʘ. ʊʦʤʫ, ʩʘʤʝ ɿʅʆɯ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ ʪʽʣʴʢʠ ʚ ʤʦʤʝʥʪ ʥʘʚ̫ʥʦʩʪʽ ʩʚʽʪʣʘ 

ʚ ʧʨʠʤʽʱʝʥʥʽ.  

ʈʘʜʽʦʟʘʢʣʘʜʥʽ ʧʝʨʝʚʠʧʨʦʤʽʥʽʶʯʽ ɿʅʆɯ. ʇʝʨʰʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ɿʅʆɯ ʟ 

ʧʝʨʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʩʝʨʝʜʠʥʠ 1940-ʭ ʨʦʢʽʚ, ʢʦʣʠ ʚ ʦʜʥʦʤʫ 

ʟ ʧʘʪʝʥʪʽʚ ʙʫʣʦ ʦʧʠʩʘʥʦ ʧʨʠʩʪʨʽʡ, ʫ ʢʦʥʩʪʨʫʢʮʽʶ ʷʢʦʛʦ ʙʫʚ ʧʝʚʥʠʤ ʯʠʥʦʤ 

ʚʢʣʶʯʝʥʠʡ ʯʝʪʚʝʨʪʴ ʭʚʠʣʝʚʠʡ ʨʝʟʦʥʘʪʦʨ, ʥʘʣʘʰʪʦʚʘʥʠʡ ʥʘ ʯʘʩʪʦʪʫ 330 ʄɻʮ. 

ʉʧʝʮʩʣʫʞʙʘ ɸʥʛʣʽʾ (MU5) ʩʪʚʦʨʠʣʘ ʢʦʧʽʶ ʮʦɹʛʦ ʧʨʠʩʪʨʦʶ, ʷʢʝ 
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ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʷʢ ʩʧʝʮʩʣʫʞʙʘʤʠ ɸʥʛʣʽʾ, ʪʘʢ ʽ ɸʤʝʨʠʢʠ ʧʽʜ ʢʦʜʦʚʦʶ 

ʥʘʟʚʦʶ çʉʘʪʠʨè. ʇʦʜʽʙʥʽ ʧʨʠʩʪʨʦʾ ʧʨʘʮʶʶʪʴ ʚ ʋʂʍ  ̔ ʅɺʏ ʜʽʘʧʘʟʦʥʘʭ. 

ʄʝʨʝʞʝʚʽ ʟʘʢʣʘʜʥʽ ʧʨʠʩʪʨʦʾ.  

ɿʘʢʣʘʜʥʽ ʧʨʠʩʪʨʦʾ, ʧʦʚ'ʷʟʘʥʽ ʟ ʝʣʝʢʪʨʦʤʝʨʝʞʦʶ, ʤʦʞʫʪʴ ʙʫʪʠ ʫʤʦʚʥʦ 

ʨʦʟʜʽʣʝʥ ̔ʥʘ ʜʚʽ ʛʨʫʧʠ: 

- ʟʘʢʣʘʜʥʽ ʧʨʠʩʪʨʦʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʥʪʨʦʣʴ ʘʢʫʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʠʤʽʱʝʥʥʷ ʟ ʧʝʨʝʜʘʯʝʶ ʧʝʨʝʭʦʧʣʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʤʝʨʝʞʝʶ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ; 

- ɿʅʆɯ ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʢʫʩʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʧʨʠʤʽʱʝʥʥʷ ʟ 

ʞʠʚʣʝʥʥʷʤ ʚʽʜ ʤʝʨʝʞʽ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʽ ʧʝʨʝʜʘʯ̔  ʧʝʨʝʭʦʧʣʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʧʦ ʨʘʜʽʦʢʘʥʘʣʫ. 

ʆʜʥʽʻʶ ʟ ʽʩʪʦʪʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʜʽʙʥʠʭ ʟʘʢʣʘʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʻ 

ʥʝʦʙʤʝʞʝʥʠʡ ʯʘʩ ʾʭ ʨʦʙʦʪʠ (ʧʦʢʠ ʻ ʤʝʨʝʞʘ ʞʠʚʣʝʥʥʷ). ɿʘʢʘʤʫʬʣʴʦʚʘʥʽ ʧʽʜ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʦʙʫʪʽ ʪʘ ʨʦʙʦʪʽ ʪʘʢʽ ʧʨʠʣʘʜʠ, ʷʢ ʧʦʜʦʚʞʫʚʘʯʽ, 

ʪʨʽʡʥʠʢʠ, ʥʘʩʪʽʥʥʽ ʣʘʤʧʠ ʪʘ ̔ʥʰʽ ʧʦʙʫʪʦʚʽ ʝʣʝʢʪʨʦʧʨʠʣʘʜʠ, ʧʦʜʽʙʥʽ ʟʘʢʣʘʜʥʽ 

ʧʨʠʩʪʨʦʾ ʜʦʩʠʪʴ ʧʨʦʩʪʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʽè ʚ ʮʽʢʘʚʝ ʧʨʠʤʽʱʝʥʥʷ. ʋ 

ʧʦʜʽʙʥʠʭ ʧʨʠʩʪʨʦʷʭ ʘʢʫʩʪʠʯʥʠʡ ʢʘʥʘʣ ʤʽʢʨʦʬʦʥʫ ʚʠʢʦʥʫʻʪʴʩʷ ʷʢ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʟʘʟʦʨʠ ʧʨʠʩʪʨʦʾ, ʫ ʷʢʽ ʢʘʤʫʬʣʶʻʪʴʩʷ ɿʅʆɯ. ɻʘʙʘʨʠʪʠ 

ʧʨʠʩʪʨʦʾʚ ʢʘʤʫʬʣʷʞʫ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ 

ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʘʥʪʝʥʥʠʭ ʩʠʩʪʝʤ. ɺʩʽ ʧʨʠʩʪʨʦʾ ʢʘʤʫʬʣʷʞʫ ʟʙʝʨʽʛʘʶʪʴ ʩʚʦʻ 

ʧʨʷʤʝ ʧʨʠʟʥʘʯʝʥʥʷ. ɺʢʣʶʯʝʥʥʷ ʟʘʢʣʘʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ, ʷʢ 

ʧʨʘʚʠʣʦ, ʚʢʣʶʯʝʥʥʷʤ ʫ ʧʦʜʦʚʞʫʚʘʯ, ʪʨʽʡʥʠʢ ʪʦʱʦ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰʦʾ ʩʢʨʠʪʥʦʩʪʽ ʟʘʢʣʘʜʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʠʩʪʘʥʮʽʡʥʝ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʤʠʢʘʪʠ ʟʘʢʣʘʜʥʠʡ 

ʧʨʠʩʪʨʽʡ ʪʽʣʴʢʠ ʥʘ ʥʝʦʙʭ̔ʜʥʠʡ ʯʘʩ. ɯʥʰʘ ʛʨʫʧʘ ɿʅʆɯ-ʧʨʠʩʪʨʦʾʚ ʟ ʞʠʚʣʝʥʥʷʤ 

ʚʽʜ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʧʝʨʝʜʘʯ ̔ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʨʘʜʽʦʢʘʥʘʣʫ.  

ɿʘʢʣʘʜʥʽ ʧʨʠʩʪʨʦʾ ʻ ʨʫʢʦʪʚʦʨʥʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʢʘʥʘʣʘʤʠ ʚʠʪʦʢʫ 

ʽʥʬʦʨʤʘʮʽʾ, ʧʨʠʟʥʘʯʝʥʠʤʠ ʜʣʷ ʧʨʠʭʦʚʘʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʪʦʤʫ ʧʨʠ 

ʭʾ ʫʩʪʘʥʦʚʮʽ, ʚʞʠʚʘʶʪʴʩʷ ʟʘʭʦʜʠ ʜʣʷ ʤʘʩʢʫʚʘʥʥʷ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ. 

ʄʘʩʢʫʚʘʥʥʷ ʟʘʢʣʘʜʥʠʭ ʧʨʠʩʪʨʦʚʾ ʽʩʪʦʪʥʦ ʫʩʢʣʘʜʥʶʻ ʾʭ ʧʦʰʫʢ ʽ ʟʘʭʠʩʪ ʚʽʜ 
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ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ. ʅʘ ʧʨʘʢʪʠʮʽ ʜʣʷ ʟʘʭʠʩʪʫ ʦʙ'ʻʢʪʘ ʚʽʜ ʟʘʢʣʘʜʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʜʽʡ, ʧʦʚ'ʟ̫ʘʥʠʭ ʟ ʪʘʢʠʤʠ ʫʤʦʚʘʤʠ 

ʜʽʷʣʴʥʦʩʪʽ ʦʙ'ʻʢʪʘ. ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ ʤʝʪʦʜʠʢʠ ʪʘ ʤʝʪʦʜʠ ʧʦh ʫʢʫ 

ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʽʜʣʷʛʘʶʪʴ ʧʦʩʪʽʡʥʦʛʦ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ. 

ɺ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʧʦʰʫʢ ʨʘʜʽʦʢʘʥʘʣʽʚ ɿʅʆɯ ʽ ʤʝʪʦʜʠ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʩʪʘʶʪʴ 

ʘʢʪʫʘʣʴʥʠʤʠ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧ ̔ ʨʦʟʚʠʪʢʫ. ʅʘ ʩʫʯʘʩʥʦʤʫ ʨʽʚʥʽ ʨʦʟʚʠʪʢʫ 

ʪʝʭʥʽʢʠ ʧʦʰʫʢ ʨʘʜʽʦʢʘʥʘʣʽʚ ɿʅʆɯ ʫʩʢʣʘʜʥʷʻʪʴʩʷ ʜʝʢʽʣʴʢʦʤʘ ʬʘʢʪʦʨʘʤʠ: 

-ʧʦ-ʧʝʨʰʝ, ʨʦʟʨʦʙʥʠʢʠ ɿʅʆɯ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʩʝ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʤʝʪʦʜʠ ʽ 

ʘʣʛʦʨʠʪʤʠ ʧʨʠʭʦʚʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʚʦʾʭ ʚʠʨʦʙʽʚ [208]. ʅʘ ʝʪʘʧ̔ 

ʫʩʪʘʥʦʚʢʠ ɿʅʆɯ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʤʝʪʦʜʠ ʤʘʩʢʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, 

ʩʪʚʦʨʶʻʪʴʩʷ ʢʘʥʘʣ ʟʥ̔ ʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʧʨʘʮʶʶʯʠʭ ʧʦʙʣʠʟʫ ʦʙ'ʻʢʪʘ ʣʝʛʘʣʴʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʟʘʚʘʞʘʶʪʴ ʨʦʙʦʪʽ ʪʝʭʥʽʢʠ 

ʧʦʰʫʢʫ ʎɿʅʆɯ. 

-ʧʦ-ʜʨʫʛʝ, ʪʨʠʚʘʻ ʟʙʽʣʴʰʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʟʚ'ʷʟʢʫ, ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʽ ʢʦʤʘʥʜ ʫʧʨʘʚʣ̔ ʥʥʷ. ɿʘʨʘʟ ʚʞʝ 

ʧʨʘʢʪʠʯʥʦ ʚʝʩʴ ʨʘʜʽʦʯʘʩʪʦʪʥʠʡ ʩʧʝʢʪʨ ʟʘʣʫʯʝʥʠʡ ʧʽʜ ʨʦʙʦʪʫ ʧʨʠʩʪʨʦʾʚ 

ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʜʽʘʧʘʟʦʥʽʚ. ʎʝ ʚʠʢʣʠʢʘʻ ʫʩʢʣʘʜʥʝʥʥʷ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʦʚʦʾ 

ʦʙʩʪʘʚʠʥʠ [92,93], ʦʩʦʙʣʠʚʦ ʚ ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ.  

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ, ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʱʦ 

ʨʦʟʨʦʙʥʠʢʠ ʩʫʯʘʩʥʠʭ ɿʅʆɯ ʟ ʧʝʨʝʜʘʯʝʶ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʨʘʜʽʦʢʘʥʘʣʫ 

ʧʝʨʝʭʦʜʷʪʴ ʥʘ ʮʠʬʨʦʚʽ ʩʪʘʥʜʘʨʪʠ ʜʫʞʝ ʙʣʠʟʴʢʠʭ ʜʦ ʣʝʛʘʣʴʥʠʭ ʘʙʦ ʚ 

ʜʽʘʧʘʟʦʥʠ ʨʦʙʦʪʠ ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ. 

ʄʦʞʣʠʚʦ ʥʘʚʝʩʪʠ ʧʨʠʢʣʘʜ ʪʠʧʦʚʦʾ ʫʩʪʘʥʦʚʠ, ʜʝ ʧʨʦʚʦʜʷʪʴʩʷ ʧʝʨʝʚʽʨʢʠ. 

ɼʝʩʷʪʢʠ ʢʦʤʧ'ʶʪʝʨʽʚ, ʙʝʟʜʨʦʪʦʚʠʭ ʪʝʣʝʬʦʥʽʚ DECT, ʤʦʙʽʣʴʥʠʭ ʪʝʣʝʬʦʥʽʚ 

ʨʽʟʥʠʭ ʩʪʘʥʜʘʨʪʽʚ (ʪʽʣʴʢʠ ʚ ʂʠʻʚʽ ʾʭ 5: CDMA-2000, GSM-900/1800, 3G 

(UMTS), 4G (WiMax)) [91,140,141], ʧʽʜʩʠʣʶʚʘʯ̔ʚ ʤʦʙʽʣʴʥʦʛʦ ʟʚ'ʷʟʢʫ (ʚ 

ʜʝʷʢʠʭ ʙʫʜʽʚʣʷʭ ʚʞʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʧʽʜʩʠʣʶʚʘʯʽ ʚʩʽʭ ʩʪʘʥʜʘʨʪʽʚ), ʣʝʛʘʣʴʥʽ 

ʨʘʜʽʦʤ̔ ʢʨʦʬʦʥʠ, ʙʝʟʜʨʦʪʦʚʽ ʛʘʨʥʽʪʫʨʠ, ʨʽʟʥʽ ʧʨʠʩʪʨʦʾ Wi-Fi, ʝʣʝʢʪʨʦʥʥʽ 

ʟʯʠʪʫʚʘʯʽ ʉʂɼ (ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʦʤ), ʧʨʦʚʽʜʥʽ ʦʭʦʨʦʥʥʽ ʚʽʜʝʦʢʘʤʝʨʠ 
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(ʷʢʽ ʯʘʩʪʦ ʤʘʁʪɹ ʨʽʚʥʽ ʇɽʄɯ, ʩʧʽʚʤʽʨʥʽ ʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʨʘʜʽʦʟʘʢʣʘʜʦʢ) ʽ 

ʽʥʰʽ [71]. ʅʝ ʪʨʝʙʘ ʟʘʙʫʚʘʪʠ ʽ ʧʨʦ çʷʢʽʩʪʴè ʩʫʯʘʩʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. ɼʝʷʢʽ ʽʤʧʫʣʴʩʥʽ ʙʣʦʢʠ ʞʠʚʣʝʥʥʷ çʚʠʜʥʦè ʚ ʨʘʜʽʦʜʽʘʧʘʟʦʥʽ ʜʦ 500 

ʄɻʮ [165]. ɼʦʙʘʚʠʤʦ ʜʦ ʚʩʴʦʛʦ ʮʴʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʩʠʛʥʘʣʽʚ ʚʩʝ ʪʝ, ʱʦ 

çʧʨʠʣʽʪʘʻè ʚ ʧʨʠʤʽʱʝʥʥʷ ʽʟ ʟʦʚʥʽ ï ʪʝʣʝ ʽ ʨʘʜʽʦʤʦʚʣʝʥʥʷ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ 

ʮʠʬʨʦʚʝ ʪʝʣʝʙʘʯʝʥʥʷ), ʘʚʽʘʮʽʡʥʽ ʧʝʨʝʤʦʚʠ, ʨʘʜʽʦ ʥʷʥʽ, ʨʘʜʽʦʘʤʘʪʦʨʩʴʢʘ 

ʟʚ'ʷʟʦʢ, ʚʽʜʦʤʯʽ ʢʘʥʘʣʠ ʟʚ'ʷʟʢʫ, ʚʩʝ ʘʢʪʠʚʥʽʰʝ ʡʜʝ ʚ ʮʠʬʨʦʚʽ ʩʪʘʥʜʘʨʪʠ 

(ʧʨʠʢʣʘʜ ï APCO P25, TETRA, DMR) ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ, ʪʝʣʝʤʝʪʨʽʷ, ʥʘʚʽʪʴ 

ʢʦʩʤʦʥʘʚʪʠ ʽ ʩʫʧʫʪʥʠʢʠ, ʷʢʽ ʧʝʨʝʜʘʶʪʴ ʤʝʪʝʦ ʟʥʽʤʢʠ [168]. ɯ ʚʩʝ ʮʝ ʤʦʞʥʘ 

ʧʨʠʡʥʷʪʠ ʧʝʨʝʙʫʚʘʶʯʠ ʥʘ ʦʙôʻʢʪʘʭ [94,95]. ʅʘʧʨʠʢʣʘʜ, ʚ ʂʠʻʚʽ ʚ ʜʽʘʧʘʟʦʥʽ ʜʦ 

3000 ʄɻʮ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʘʡʦʥʫ ʪʘ ʫʤʦʚ ʧʨʠʡʦʤʫ, ʤʦʞʥʘ ʚʠʷʚʠʪʠ ʧʦʥʘʜ 

3500 ʨʘʜʽʦʩʠʛʥʘʣʚ̔ [102].  

ʅʘ ʩʫʯʘʩʥʦʤʫ ʨʠʥʢʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʰʠʨʦʢʘ ʥʦʤʝʥʢʣʘʪʫʨʘ ʧʨʠʩʪʨʦʚʾ 

ʧʦʰʫʢʫ ʪʘ ʙʣʦʢʫʚʘʥʥʶ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ʎʝ ʩʢʘʥʫʶʯʠ ʧʨʠʡʤʘʯʽ: AR 8200, AR-ALPHA, AR8600 Mk2, AR5001D, 

SR-2000A, ʜʝʪʝʢʪʦʨ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ Protect 1206i, 

ʥ̔ʜʠʢʘʪʦʨ ʧʦʣʷ ñI-protectò, ʜʝʪʝʢʪʦʨ ʩʠʛʥʘʣʫ SURESAFE SH-055DRV [121-

127], ʩʢʘʥʝʨ ʙʝʟʧʨʦʚʽʜʥʠʭ ʚʽʜʝʦʢʘʤʝʨ ñC-Hunterò, ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʡ 

ʧʦʰʫʢʦʚʠʡ ʧʨʠʣʘʜ ñʇʽʨʘʥʴʷ ST 031ò [201], ʘʥʘʣʽʟʘʪʦʨ ʣʽʥʽʡ ñULAN-2ò, 

ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʫ ñEgilent N1996Aò, ʧʦʰʫʢʦʚʘ ʩʠʩʪʝʤʘ DigiSkan EX, 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʧʦʰʫʢʦʚʠʡ ʧʨʠʣʘʜ Andre, ʧʦh ʫʢʦʚʠʡ ʢʦʤʧʣʝʢʩ 

ñDelta-Xò, ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʧʦʰʫʢʦʚʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʟʘʢʣʘʜʝʥʠʭ ɿʅʆɯ ɸʂ ɺɿʇ "ʊɯʂʆʉ-18", 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʢʦʤʧʣʝʢʩʠ ʚʠʷʚʣʝʥʥʷ ʨʘʜʽʦʚʠʧʨʦʤʽʥʶʚʘʥʴ, ʧʦʰʫʢʫ ɿʅʆɯ ʪʘ 

ʚʠʤʽʨʫ ʇɽʄɺʅ ʚʽʜ ʟʘʩʦʙʽʚ ɽʆʊ ɸʂʆʈ ʪʘ ʽʥʰʽ [101,108]. 

ʉʣ̔ʜ ʚʜ̔ʤ̔ʪʠʪʠ, ʱʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʧʦʰʫʢʫ 

ɿʅʆɯ, ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʤʘʻ: 

- ʧʨʠʩʪʨʽʡ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ; 

- ʘʥʪʝʥʦ-ʬʽʜʝʨʥʦ ʾʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʧʝʣʝʥʛʘʮʽʾ; 

- ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ; 
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- ʧʨʦʛʨʘʤʥʠʡ ʟʘʩʽʙ (ʘʙʦ ʥʘʙ̔ʨ ʜʝʢʽʣʴʢʦʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ) ʦʙʨʦʙʢʠ 

ʩʠʛʥʘʣʽʚ; 

- ʧʨʦʛʨʘʤʥʠʡ ʟʘʩʽʙ ʣʦʢʘʣʽʟʘʮʽʾ ʩʠʛʥʘʣʽʚ [104]. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʟʥʘʯʝʥʠʭ ʚʠʱʝ ʧʨʠʣʘʜʽʚ ʪʘ 

ʢʦʤʧʣʝʢʩʽʚ, ʧʨʦʚʝʜʝʤʦ ʾʭ ʢʦʨʦʪʢʠʡ ʘʥʘʣʽʟ: 

ʇʨʦʚʦʜʷʯʠ ʩʢʦʨʦʯʝʥʠʡ ʯʘʩʪʦʪʥʠʡ ʘʥʘʣʽʟ ʟʘʩʦʙʽʚ ʧʦʰʫʢʫ ɿʅʆɯ, 

ʧʨʠʚʝʜʝʥʠʭ ʚ ʩʫʯʘʩʥʽʡ ʣʽʪʝʨʘʪʫʨʽ, ʟʨʦʙʠʤʦ ʘʢʮʝʥʪ ʥʘ ʯʘʩʪʦʪʥʠʭ ʧʘʨʘʤʝʪʨʘʭ. 

ɼʘʥ̔ ʧʦʰʫʢʦʚʠʭ ʟʘʩʦʙʽʚ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1.1: 

ʊʘʙʣʠʮʷ 1.1 

ʏʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ ʧʨʠʩʪʨʦʾ ʚ ʪʘ ʢʦʤʧʣʝʢʩʽʚ ʧʦʰʫʢʫ ɿʅʆɯ 

ɿʘʩʦʙʠ ʧʦʰʫʢʫ  

ɿʅʆɯ 

ʆʩʥʦʚʥʠʡ 

ʜʽʘʧʘʟʦʥ ʧʦʰʫʢʫ 

ʅʘʷʚʥʽʩʪʴ ʧʨʠʣʘʜʫ, ʜʣʷ 

ʟʙʽʣʴʰʝʥʥ ̫

ʜʘ̔ʧʘʟʦʥʫ ʯʘʩʪʦʪʽ 

ɼʝʪʝʢʪʦʨʠ ʧʦʣʷ 

NR-D 50-3500 ʄɻʮ   

ST-110 50-2500 ʄɻʮ ɸʥʪʝʥʥʘ-ʧʝʨʝʪʚʦʨʶʚʘʯ ʜʦ 7 ɻɻʮ 

Protect 1206i 50-3500 ʄɻʮ  

SEL SP-75 Black 

Hunter 

100-3000 ʄɻʮ   

ʋʥʽʚʝʨʩʘʣʴʥʽ ʧʦʰʫʢʦʚʽ ʧʨʠʩʪʨʦʾ 

ST-033 

"ʇʠʨʘʥʴʷ" 

30 ʢɻʮ -2500 ʄɻʮ  ST 03.SHF ʜʦ 10 ɻɻʮ 

ST-131 

"ʇʠʨʘʥʴʷ-2" 

30 ʢɻʮ -4100 ʄɻʮ  ST 131.SHF ʜʦ 18 ɻɻʮ 

CPM-700 200 ɻʮ ï 3 ɻɻʮ BMP-1200 ʜʦ 12 ɻɻʮ 

ʉʢʘʥʫʶʯʠ ʧʨʠʡʤʘʯʽ 

AOR 8200 30 ʢɻʮ -3000 ʄɻʮ   

AR8600 Mk2 30 ʢɻʮ -3300 ʄɻʮ   

SR-2000A 30 ʢɻʮ -3000 ʄɻʮ   

ɸʧʘʨʘʪʥʦ ʧʨʦʛʨʘʤʥʽ ʢʦʤʧʣʝʢʩ̔  ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ 

"ʂʘʩʩʘʥʜʨʘ-ʄ" 24ʢɻʮ-3000 ʄɻʮ ʉɺʏ-ʢʦʥʚʝʨʪʝʨ ʜʦ 18 ɻɻʮ 

ɸʂ ɺɿʇ "ʊɯʂʆʉ-

18", 

25ʢɻʮ-3300 ʄɻʮ  

OSC-5000 10 ʢɻʮ ï 3 ɻɻʮ MDC-2100 ʜʦ 21 ɻɻʮ 

ɸʂʆʈ 30ʢɻʮ-3300 ʄɻʮ 
 

Delta 2000/6 

Real-time 

40ʢɻʮ-6000 ʄɻʮ  
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ɯʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ (ʜʠʚ. ʪʘʙʣ. 1.1) ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʦʩʥʦʚʥʽ ʯʘʩʪʦʪʥʽ ʜʽʘʧʘʟʦʥʠ ʨʦʙʦʪʠ ʮʠʭ ʟʘʩʦʙʽʚ ï ʥʘʜʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ 30-300 

ʄɻʮ, ʧʣʶʩ ʫʣʴʪʨʘʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ 300-3300 ʄɻʮ [109]. ʊʦʙʪʦ ʚʦʥʠ ʥʝ ʤʦʞʫʪʴ 

ʧʦʚʥʦʶ ʤʽʨʦʶ ʨʦʙʠʪʠ ʘʥʘʣʽʟ ʮʠʬʨʦʚʠʭ ʧʘʢʝʪʽʚ, ʩʪʦʩʦʚʥʦ ʧʦʩʪʘʚʣʝʥʠʭ 

ʟʘʚʜʘʥʴ ʧʦʰʫʢʦʚʦʛʦ ʨʘʜ̔ʦʢʦʥʪʨʦʣʶ. ʎʝ ʜʦʚʦʜʠʪʴ, ʱʦ ʜʽʘʧʘʟʦʥ ʪʝʭʥʽʯʥʠʭ 

ʧʨʠʣʘʜʽʚ ʚʞʝ ʚʠʡʰʦʚ ʟʘ ʨʘʤʢʠ ʘʥʘʣʦʛʦʚʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ. ʊʦʤʫ ʧʦʪʨʽʙʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʰʽ ʧʨʠʣʘʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʩʠʛʥʘʣʽʚ.  

 

1.2. ɸʥʘʣʽʟ ʘʧʘʨʘʪʫʨʠ ʚʠ̫ʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʯʘʩʪʦʪʥʦʛʦ 

ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ 

 

ɼʣʷ ʚʠʨʽʰʫʚʘʥʥʷ ʟʘʚʜʘʥʴ ʨʘʜʽʦʤʦʥ̔ʪʦʨʠʥʛʫ ʪʘ ʚʠʷʚʣʝʥʥʷ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʰʠʨʦʢʘ ʥʦʤʝʥʢʣʘʪʫʨʘ 

ʟʘʩʦʙʽʚ ʩʢʘʥʫʚʘʥʥʷ ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ [157]. ʇʨʦʚʝʜʝʤʦ ʢʦʨʦʪʢʠʡ ʘʥʘʣʽʟ ʮʠʭ 

ʧʨʠʣʘʜʽʚ. 

ʉʢʘʥʫʶʯʠ ʧʨʠʡʤʘʯʽ, ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʩʚʦʛʦ ʨʦʟʚʠʪʢʫ, ʤʘʣʠ ʪʽʣɹʢʠ 

ʨʫʯʥʝ ʫʧʨʘʚʣ̔ʥʥʷ ʽ ʦʧʝʨʘʪʦʨ ʙʘʯʠʚ ʪʘ ʟʥʽʤʘʚ ʧʦʢʘʟʘʥʥʷ ʩʢʘʥʫʶʯʦʛʦ ʧʨʠʡʤʘʯʘ 

ʥʘ ʢʦʞʥʽʡ ʯʘʩʪʦʪʽ [188]. ʇʨʠʯʦʤʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ, 

ʥʘʡʯʘʩʪʽʰʝ, ʟʘ ʚʩʝ, ʚʠʷʚʣʷʣʠʩʷ ʧʦʢʘʟʘʥʥʷ ʷʢʽ ʧʝʨʝʚʠʱʫʚʘʣʠ ʷʢʠʡʩʴ 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʨʽʚʝʥʴ. ʎʝ ʙʫʣʘ ʪʨʠʚʘʣʘ ʧʨʦʮʝʜʫʨʘ. ɯʾ ʩʫʙ'ʢ̒ʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ 

ʜʘʚʘʚ ʤʦʞʣʠʚʽ ʧʦʤʠʣʢʠ. ʎʝʡ ʬʘʢʪʦʨ ʚʠʢʣʶʯʝʥʠʡ ʚ ʩʫʯʘʩʥʠʭ ʩʢʘʥʫʶʯʠʭ 

ʧʨʠʡʤʘʯʘʭ. ʉʫʯʘʩʥʽ ʧʨʠʡʤʘʯʽ ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʽ ʬʫʥʢʮʽʦʥʫʪʁʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʋʧʨʘʚʣʽʥʥʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʡ ̔ʥʪʝʨʬʝʡʩ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘ ̒

ʤʽʞʥʘʨʦʜʥʠʤ ʚʠʤʦʛʘʤ IEEE-488. ʎʝ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʚʠʷʚʣʝʥʥʷ, 

ʚʩʪʘʥʦʚʣʶʶʯʠ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʩʢʘʥʫʚʘʥʥʷ ʧʨʠʡʤʘʯʝʤ, ʫ ʚʩʽʡ ʥʝʦʙʭʽʜʥʽʡ ʩʤʫʟʽ 

ʯʘʩʪʦʪ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ï ʥʘ ʝʢʨʘʥʽ 

ʦʙʯʠʩʣʚʁʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ (ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧ'ʶʪʝʨʘ) [113,114]. ʋ 
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ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ, ʽʩʪʦʪʥʦ ʩʢʦʨʦʯʫʻʪʴʩʷ ʯʘʩ ʚʠʤʽʨʶʚʘʥʴ, ʚʠʢʣʶʯʘʻʪʴʩʷ 

ʩʫʙ'ʻʢʪʠʚʥʠʡ ʬʘʢʪʦʨ ʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʢʨʠʪʪʷ ʩʤʫʛʠ ʯʘʩʪʦʪ ʙʝʟ 

ʧʨʦʧʫʩʢʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʧʘʤ'ʷʪ ̔ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ 

ʧʨʠʩʪʨʦʶ (ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧ'ʶʪʝʨʘ) ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʟʨʫʯʥʦʤʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʚʠʛʣʷʜʽ [133]. 

ɯʩʪʦʪʥʠʤʠ ʚʽʜʤʽʥʥʦʩʪʷʤʠ ʩʢʘʥʫʶʯʦʛʦ ʧʨʠʡʤʘʯʘ ʚʽʜ ʽʥʰʦʛʦ 

ʨʦʟʛʣʷʥʫʪʦʛʦ ʪʠʧʫ ʧʨʠʣʘʜʽʚ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ ï ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʘ, ʮʝ:  

¶̔ʩʪʦʪʥʦ ʙʽʣʴ  h ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʷʪʠ ʢʦʨʠʩʥʽ 

ʩʠʛʥʘʣʠ ʥʘ ʪʣʽ ʰʫʤʽʚ ʧʨʠ ʨʽʚʥʷʭ ʩʠʛʥʘʣʽʚ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰ ʥʠʟʴʢʠʭ, ʥʽʞ 

ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʽ ʨʽʚʥʽ ʧʝʨʝʰʢʦʜ; 

¶ʚʠʙʽʨʢʦʚʽʩʪʴ ʚʭʽʜʥʠʭ ʣʘʥʮʶʛʽʚ ʽ ʩʪʽʡʢʽʩʪʴ ʜʦ ʧʝʨʝʚʘʥʪʘʞʝʥʴ; 

¶ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʯʘʩʪʦʪʠ ʽ ʘʤʧʣʽʪʫʜʠ ʩʠʛʥʘʣʽʚ ʚʠʱʝ, ʥʽʞ ʫ 

ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ [115]. 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ ʜʣʷ ʧʨʦʮʝʩʫ 

ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ. ʉʧʝʢʪʨ-ʘʥʘʣʽʟʘʪʦʨ ʮʝ ʧʨʠʣʘʜ, ʚ ʢʣʘʩʠʯʥʦʤʫ ʚʘʨʽʘʥʪʽ, ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ ʚʽʜʥʦʩʥʦʛʦ ʯʘʩʪʦʪʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʢʦʣʠʚʘʥʴ ʫ ʟʘʜʘʥ̔ʡ ʩʤʫʟʽ ʯʘʩʪʦʪ [122]. ʆʙʣʘʜʥʘʥʥʷ ʪʘʢʦʛʦ ʧʨʠʥʮʠʧʫ ʜʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʚʠʜʢʦʛʦ ʧʝʨʝʛʣʷʜʫ ʚʩʽʻʾ ʩʤʫʛʠ ʟʘʜʘʥʦʛʦ 

ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ [124]. 

ʆʩʦʙʣʠʚʠʤ ʧʨʠʣʘʜʦʤ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʘʥʘʣʽʟʘʪʦʨ 

ʩʧʝʢʪʨʫ, ʱʦ ʤʘʻ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʩʣʜ̔ʢʫ ʯʁʠʡ ʛʝʥʝʨʘʪʦʨ, ʽ ʩʘʤʝ ʪʘʢʠʡ 

ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʫ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʪʨʦʣʶ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ 

ʽʤʧʫʣʴʩʽʚ ʚ ʨʘʜʽʦʜʽʘʧʘʟʦʥʽ [111]. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʟʚʠʯʘʡʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʫ ʥʝ ʻ ʘʣʴʪʝʨʥʘʪʠʚʦʶ 

ʩʪʦʩʦʚʥʦ ʩʢʘʥʫʶʯʦʛʦ ʧʨʠʡʤʘʯʘ ʚ ʧʨʠʩʪʨʦʷʭ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʨʘʜ̔ʦʤʦʥʽʪʦʨʠʥʛʫ ʽ ʧʝʨʝʚʽʨʦʢ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʤʦʛʘʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ 

ʩʫʤʽʩʥʦʩʪʽ ʚʥʘʩʣʽʜʦʢ ʦʙʤʝʞʝʥʠʭ ʯʫʪʣʠʚʦʩʪʽ ʪʘ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʩʠʛʥʘʣʽʚ, ʘ ʪʘʢʦʞ ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʧʝʨʝʚʘʥʪʘʞʝʥʴ [196]. 
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ɺʞʝ ʻ ʘʥʘʣʽʟʘʪʦʨʠ ʩʧʝʢʪʨʘ, ʷʢʽ ʤʘʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʽʙʥ̔ ʜʦ 

ʩʢʘʥʫʶʯʠʭ ʧʨʠʡʤʘʯʽʚ, ʘʣʝ ʚʦʥʠ ʥʝ ʟʥʘʡʰʣʠ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʝʨʝʟ 

ʚʝʣʠʢʫ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ. 

ʋʩʫʥʝʥʥʷ ʦʜʥʦʛʦ ʟ ʥʝʜʦʣʽʢʽʚ, ʟʦʢʨʝʤʘ ʧʦ ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʧʝʨʝʚʘʥʪʘʞʝʥʴ, 

ʧʨʠʟʚʝʣʦ ʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʝʩʝʣʝʢʪʦʨʘ [170,171]. ʎʝ ʧʨʠʩʪʨʽʡ ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʟʘʭʠʩʪ ʚʭʽʜʥʠʭ 

ʣʘʥʮʶʛʽʚ, ʧʦʧʝʨʝʜʥʻ ʧʦʩʠʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʽ ʤʽʩʪʠʪʴ ʩʢʘʥʫʶʯʠʡ ʥʘʣʘʰʪʫʻʤʠʡ 

ʬʣ̔ʴʪʨ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʤʽʩʮʝʚʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ. ʇʦʧʝʨʝʜʥʽʡ 

ʧʽʜʩʠʣʶʚʘʯ ʧʦʢʨʘʱʫʻ ʰʫʤʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦ ʚʦʥʠ ʩʪʘʶʪʴ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʢʘʥʫʶʯʦʛʦ 

ʧʨʠʡʤʘʯʘ. ʇʦʜʘʣʴʰʠʤ ʝʪʘʧʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʠʣʘʜʽʚ ʘʥʘʣʽʟʫ ʨʘʜʽʦʩʠʛʥʘʣʽʚ 

ʩʪʘʣʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʣʽʜʢʫʶʯʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʣʽʜʢʫʶʯʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ, ʩʧʽʣʴʥʦ ʟ ʘʥʘʣʽʟʘʪʦʨʦʤ ʩʧʝʢʪʨʫ, ʜʦʟʚʦʣʷʻ ʙʝʟ ʟʥʘʯʥʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʽʩʪʦʪʥʦ ʟʙʽʣʴʰʠʪʠ ʚʠʤʽʨʶʚʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʘʥʘʣʽʟʘʪʦʨʘ 

ʩʧʝʢʪʨʫ [126,127]. ʊʘʢ ʟ'ʚ̫ʣ̫ʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ, 

ʧʦʚ'ʷʟʘʥ ̔ʟ ʯʘʩʪʦʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʠʛʥʘʣʫ ʽ ʧʝʨʝʰʢʦʜ. 

ʉʣʜ̔ʢʫ ʯʁʠʡ ʛʝʥʝʨʘʪʦʨ ʷʚʣʷʻ ʩʦʙʦʶ ʛʝʥʝʨʘʪʦʨ ʩʠʛʥʘʣʽʚ, ʚʠʭʽʜʥʘ ʯʘʩʪʦʪʘ 

ʷʢʦʛʦ ʧʦʚ'ʷʟʘʥʘ ʟ ʯʘʩʪʦʪʦʶ ʚʠʤʽʨʶʚʘʥʴ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ ʪʘ ʩʢʘʥʫʻʪʴʩʷ ʟʘ 

ʦʜʥʠʤ ʽ ʪʠʤ ʞʝ ʟʘʢʦʥʦʤ. ɺʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʛʝʥʝʨʘʪʦʨʘ ʧʽʜʪʨʠʤʫʻʪʴʩʷ 

ʧʦʩʪʽʡʥʦ  ʁ ʟ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ (ʟʘʟʚʠʯʘʡ ʟ ʚʽʜʭʠʣʝʥʥʷʤʠ ʤʝʥʰʝ 

Ñ 1 ʜɹ ʫ ʩʤʫʟʽ ʯʘʩʪʦʪ ʚʽʜ 100 ʢɻʮ ʜʦ 1 ɻɻʮ) [193,214],. ʇʨʠ ʮʴʦʤʫ ʤʦʞʥʘ 

ʘʥʘʣʽʟʫʚʘʪʠ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʠʛʥʘʣʽʚ. 

ɼʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʪʝʦʨʝʪʠʯʥʦ ʜʦʨʽʚʥʶʻ ʜʠʥʘʤʽʯʥʦʤʫ ʜʽʘʧʘʟʦʥʫ 

ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ (ʙʣʠʟɹ ʢʦ 120 ʜɹ), ʘʣʝ ʥʘ ʧʨʘʢʪʠʮʽ ʚʽʥ ʦʙʤʝʞʝʥʠʡ ʯʝʨʝʟ 

ʚʠʥʠʢʥʝʥʥʷ ʧʘʨʘʟʠʪʥʦʛʦ ʟʚ'ʷʟʢʫ (ʥʘʚʝʜʝʥʥʷ ʚ ʢʘʙʝʣʴʥʦïʬʽʜʝʨʥʽʡ  

ʩʠʩʪʝʤ)̔ [127]. 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ ʫʟʘʛʘʣʴʥʝʥʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʢʦʨʦʪʢʽ 

ʚʠʩʥʦʚʢʠ:  

- ʩʢʘʥʫʶʯʠ ʧʨʠʡʤʘʯʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʤ, ʜʝ ʧʦʪʨʽʙʥʘ ʜʫʞʝ ʚʠʩʦʢʘ 

ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʜʽʦʩʠʛʥʘʣʽʚ, 
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ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ, ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʚʠʤʽʨʽʚ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʽʚ ʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ; 

- ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʫ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʰʚʠʜʢʠʡ ʧʝʨʝʛʣʷʜ ʩʤʫʛʠ ʯʘʩʪʦʪ ʨʘʜʽʦʤʦʥʽʪʦʨʽʥʛʫ, ʜʣʷ ʘʥʘʣʽʟʫ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʘʜʽʦʩʠʛʥʘʣʽʚ, ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʜʽʦʧʨʠʩʪʨʦʾʚ 

ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ [128,129]. 

ɺʠʷʚʣʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʧʘʨʘʤʝʪʨʽʚ ʨʘʜʽʦʩʠʛʥʘʣʽʚ, ʩʪʘʥʦʚʠʪʴ ʦʜʥʫ ʟ 

ʛʦʣʦʚʥʠʭ ʦʧʝʨʘʮʽʡ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ. ʋ ʧʨʦʮʝʩʽ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ 

ʨʘʜʽʦʤʦʥʽʪʦʨʽʥʛʫ ʦʧʝʨʘʪʦʨ ʘʙʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʽʨʶʶʪʴ ʥʘʩʪʫʧʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʷʚʣʝʥʦʛʦ ʩʠʛʥʘʣʫ: 

- ʥʝʩʫʯʫ ʯʘʩʪʦʪʫ; 

- ʘʤʧʣʽʪʫʜʫ ʩʠʛʥʘʣʫ; 

- ʬʦʨʤʫ ʽ ʰʠʨʠʥʫ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ; 

- ʧʘʨʘʤʝʪʨʠ ʤʦʜʫʣʷʮʽʾ [218]. 

ʈʝʟʫʣʴʪʘʪʠ ʮʠʭ ʚʠʤʽʨʶʚʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʝʨʝʚʽʨʢʠ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʚʩʪʘʥʦʚʣʝʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 

ʅʘʜʘʣʽ ʩʣʫʞʘʪʴ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʧʨʦʮʝʜʫʨ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʜʝʪʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʩʽ ʨʘʜʽʦʩʠʛʥʘʣʠ, ʥʝʦʙʭʽʜʥʦ 

ʜʦʩʣʽʜʠʪʠ ʾʭ ʧʦʚʝʜʽʥʢʫ ʚ ʯʘʩʽ ʽ ʚʠʢʦʥʘʪʠ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʫ ʯʘʩʪʦʪʥʽʡ 

ʦʙʣʘʩʪʽ. ʗʢʱʦ ʚʠʷʚʣʝʥʽ ʩʠʛʥʘʣʠ ʤʦʜʫʣʶʚʘʥʥʽ, ʪʦ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʚʠʜ 

ʤʦʜʫʣʷʮʽʾ ʽ ʦʮʽʥʠʪʠ ʯʘʩʦʚʽ ʽ ʯʘʩʪʦʪʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʶʶʯʠʭ ʧʨʦʮʝʩʽʚ. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʫʩʽʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ, ʚ 

ʢʣʘʩʠʯʥʦʤʫ ʚʘʨʽʘʥʪʽ, ʜʦʚʦʜʠʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʽʣʴʢʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʧʨʠʣʘʜʽʚ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ, ʮʝ: ʘʥʘʣʽʟʘʪʦʨʠ ʩʧʝʢʪʨʫ, ʩʢʘʥʫʶʯʠ ʧʨʠʡʤʘʯʽ ʪʘ 

ʘʥʘʣʽʟʘʪʦʨʠ ʨʽʟʥʦʛʦ ʚʠʜʫ ʤʦʜʫʣʷʮʽʾ. 

ʉʧʝʢʪʨ-ʘʥʘʣʽʟʘʪʦʨʠ, ʟʘ ʩʚʦʻʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ, 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʧʦʩʣʽʜʦʚʥʽ ʪʘ ʧʘʨʘʣʝʣʴʥʽ. ʋ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ 

ʬʦʨʤʠ ʩʧʝʢʪʨʘ, ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʽʚ ʪʘ ʥʝʩʫʯʠʭ ʯʘʩʪʦʪ ʨʘʜʽʦʩʠʛʥʘʣʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʧʦʩʣʽʜʦʚʥ̔  ʘʥʘʣʽʟʘʪʦʨʠ ʩʧʝʢʪʨʫ [130]. 
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ʊʘʢʠʡ ʧʨʠʣʘʜ ʬʦʨʤʫʻ ʩʧʝʢʪʨʘʣʴʥʫ ʢʘʨʪʠʥʫ ʧʦʩʣʽʜʦʚʥʦ ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʙʫʜʦʚʠ 

ʢʝʨʦʚʘʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʯʘʩʪʦʪʠ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʽʚ ʥʘ 

ʚʠʭʦʜʽ ʩʤʫʛʦʚʦʛʦ ʬʽʣʴʪʨʫ. 

ʇʘʨʘʣʝʣʴʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʫ ʦʮʽʥʶʻ ʚʝʩʴ ʩʧʝʢʪʨ ʚʽʜʨʘʟʫ. ʊʦʤʫ ʱʦ 

ʚʽʥ ʤʽʩʪʠʪʴ ʛʨʫʧʫ ʥʘʣʘʰʪʦʚʘʥʠʭ ʥʘ ʩʫʤʽʞʥʽ ʯʘʩʪʦʪʠ ʩʤʫʛʦʚʠʭ ʬʽʣʴʪʨʽʚ [142]. 

ʆʩʢʽʣʴʢʠ ʨʝʘʣʽʟʘʮʽʷ ʘʥʘʣʦʛʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ ʜʫʞʝ ʩʢʣʘʜʥʘ, ʪʦ 

ʥʘ ʧʨʘʢʪʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʮʠʬʨʦʚʠʡ ʝʢʚʽʚʘʣʝʥʪ ʫ ʚʠʛʣʷʜʽ ʰʚʠʜʢʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ [200, 213]. ʆʙʯʠʩʣʶʚʘʥʠʡ ʧʨʠʩʪʨʽʡ ʦʙʯʠʩʣʶʻ ʩʧʝʢʪʨ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʽʚ ʰʚʠʜʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ ʽ ʚʠʨʦʙʣʷʻ ʧʝʨʝʜʘʯʫ 

ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ [233]. ʊʘʢʽ ʧʨʠʣʘʜʠ ʚʦʣʦʜʽʶʪʴ ʧʝʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ: 

ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʽ ʰʚʠʜʢʽʩʪʶ ʨʦʙʦʪʠ, ʤʦʞʣʠʚʽʩʪʶ 

ʘʥʘʣʽʟʫ ʽʤʧʫʣʴʩʥʠʭ ʦʜʥʦʨʘʟʦʚʠʭ ʩʠʛʥʘʣʽʚ [87]. ɺʦʥʠ ʟʜʘʪʥʽ ʚʠʟʥʘʯʘʪʠ ʥʝ 

ʪʽʣʴʢʠ ʘʤʧʣʽʪʫʜʥʠʡ, ʘʣʝ ʽ ʬʘʟʦʚʠʡ ʩʧʝʢʪʨʠ, ʘ ʪʘʢʦʞ ʦʜʥʦʯʘʩʥʦ ʧʦʜʘʚʘʪʠ 

ʩʠʛʥʘʣʠ ʫ ʯʘʩʦʚʽʡ ʪʘ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʷʭ. ʇʘʨʘʣʝʣʴʥʽ ʘʥʘʣʽʟʘʪʦʨʠ ʩʧʝʢʪʨʫ, ʥʘ 

ʞʘʣʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʣʛʦʨʠʪʤ ʰʚʠʜʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ',̒ ʯʝʨʝʟ 

ʦʙʤʝʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʥʝ ʟʥʘʡʰʣʠ 

ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ [155]. 

ɼʨʫʛʠʤ ʧʨʠʣʘʜʦʤ ʟʘʩʪʦʩʦʚʫʚʘʥʠʤ ʧʨʠ ʢʣʘʩʠʯʥʦʤʫ ʘʥʘʣʽʟʽ ʩʠʛʥʘʣʽʚ ʻ 

ʩʢʘʥʫʶʯʠ ʧʨʠʡʤʘʯʽ, ʱʦ ʤʘʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʫ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʘʣʽʟʘʪʦʨʦʤ 

ʩʧʝʢʪʨʫ, ʯʫʪʣʠʚʽʩʪ ɹ ʪʘ ʥʘʷʚʥʽʩʪʶ ʥʘ ʚʭʦʜʽ ʩʤʫʛʦʚʠʭ (ʧʝʨʝʜʩʝʣʝʢʪʦʨʥʠʭ) 

ʬʽʣʴʪʨʽʚ, ʷʢʽ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʫʶʪʴ ʧʝʨʝʰʢʦʜʦʟʘʭʠʱʝʥʽʩʪʴ ʫ ʫʤʦʚʘʭ ʱʽʣʴʥʦʛʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʨʘʜʽʦʜʽʘʧʘʟʦʥʽʚ, ʦʩʦʙʣʠʚʦ ʫ ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ [146]. ɺʦʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʠʭ ʟʘʚʜʘʥʴ ʨʘʜʽʦʤʦʥ̔ ʪʦʨʠʥʛʫ, 

ʦʩʥʦʚʥʠʤʠ ʟ ʷʢʠʭ ʻ ʦʮʽʥʢʠ ʨʽʚʥʷ ʽ ʯʘʩʪʦʪʠ ʨʘʜʽʦʩʠʛʥʘʣʽʚ. ʉʢʘʥʫʶʯʠʡ 

ʧʨʠʡʤʘʯ ʘʥʘʣʽʟ ʩʠʛʥʘʣʽʚ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʨʦʚʦʜʠʪʴ ʯʝʨʝʟ 

ʦʙʤʝʞʝʥʽ ʤʦʞʣʠʚʦʩʪʽ. 

ɿʘʚʝʨʰʫʶʪ,ɹ ʢʣʘʩʠʯʥʠʡ ʚʘʨʽʘʥʪ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ, ʘʥʘʣʽʟʘʪʦʨʠ ʤʦʜʫʣʷʮʽʾ 

ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʽʚ ʥʘ ʚʠʭʦʜ ̔ ʩʪʘʥʜʘʨʪʥʠʭ 

ʜʝʤʦʜʫʣʷʪʦʨʽʚ [232]. ɺʠʙʠʨʘʶʯʠ ʧʦʪʨʽʙʥʠʡ ʪʠʧ ʜʝʤʦʜʫʣʷʪʦʨʘ, ʦʧʝʨʘʪʦʨ 
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ʦʪʨʠʤʫʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʭʘʨʘʢʪʝʨ ʽ ʧʘʨʘʤʝʪʨʠ ʟʤʽʥʠ ʘʤʧʣʽʪʫʜʠ, ʯʘʩʪʦʪʠ ʘʙʦ 

ʬʘʟʠ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʫ ʟʚ'ʷʟʢʫ ʟ ʽʥʪʝʥʩʠʚʥʠʤ ʨʦʟʚʠʪʢʦʤ ʩʠʩʪʝʤ ʤʦʙʽʣʴʥʦʛʦ 

ʪʘ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʨʘʜʽʦʟʚ'ʷʟʢʫ ʪʘ ʰʠʨʦʢʠʤ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʮʠʬʨʦʚʠʭ ʤʝʪʦʜʽʚ ʤʦʜʫʣʷʮʽʾ, ʨʦʟʜʽʣʝʥʥʷ ʢʘʥʘʣʽʚ ï ʚʠʤʦʛʠ ʜʦ ʘʧʘʨʘʪʫʨʠ 

ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ ʽʩʪʦʪʥʦ ʟʤʽʥʠʣʠʩʷ [231]. ʅʘ ʟʤʽʥʫ ʧʦʩʣʽʜʦʚʥʠʤ ʘʥʘʣʽʟʘʪʦʨʘʤ 

ʩʧʝʢʪʨʫ ʪʘ ʧʘʥʦʨʘʤʥʠʤ ʧʨʠʡʤʘʯʘʤ ʟ ʧʨʦʩʪʠʤʠ ɸʄ ʪʘ ʏʄ ï ʜʝʤʦʜʫʣʷʪʦʨʘʤʠ 

ʧʨʠʭʦʜʷʪʴ ʥʦʚʽ ʧʨʠʣʘʜʠ, ʷʢʽ ʟʜʘʪʥʽ ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠ ʚʽʜʨʘʟʫ ʚ ʢʽʣʴʢʦʭ 

ʧʦʜʘʥʥʷʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ: ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʦʚʠʡ, ʯʘʩʪʦʪʥʽʡ ʪʘ ʚ ʦʙʣʘʩʪʽ 

ʤʦʜʝʣʶʶʯʠʭ ʧʨʦʮʝʩʽʚ [166]. ʊʘʢ ʢʦʨʧʦʨʘʮʽʷ Tektronix ʩʪʚʦʨʠʣʘ ʮʠʬʨʦʚʽ 

ʘʥʘʣʽʟʘʪʦʨʠ ʩʧʝʢʪʨʫ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʊʘʢʠ ʘʛʘʣʽʟʘʪʦʨʠ ʜʦʟʚʦʣʷʶʪʴ 

ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ ʰʚʠʜʢʽ ʟʤʽʥʠ ʩʧʝʢʪʨʫ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʜʝʷʢʠʭ ʚʠʜʘʭ ʩʫʯʘʩʥʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ 

ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ. ʇʨʠ ʮʴʦʤʫ, ʧʦʨʷʜ ʟʽ ʟʚʠʯʘʡʥʠʤʠ ʩʧʝʢʪʨʘʤʠ, ʘʥʘʣʽʟʘʪʦʨʠ 

ʩʧʝʢʪʨʫ ʜʦʟʚʦʣʷʶʪʴ ʙʫʜʫʚʘʪʠ ʩʧʝʢʪʨʦʛʨʘʤʠ, ʷʢʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʙʝʟʣʽʯ 

ʩʧʝʢʪʨʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʨʽʟʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ [228]. ʂʨʽʤ ʪʦʛʦ ʚ ʧʨʠʣʘʜʘʭ 

ʟʘʩʪʦʩʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ çʮʠʬʨʦʚʦʛʦ ʬʦʩʬʦʨʫè, ʷʢʘ ʜʦʟʚʦʣʷʻ ʥʘ ʧʝʚʥʠʡ ʯʘʩ 

ʟʘʧʘʤ'ʷʪʦʚʫʚʘʪʠ ʩʧʝʢʪʨʠ ʪʘ ʥʘʦʯʥʦ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʾʭ ʟʤʽʥʠ ʚ ʯʘʩʽ. 

ʆʜʥʘʢ ʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʟʘʚʜʘʥʴ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʘʥʘʣʽʟʘʪʦʨʠ ʩʧʝʢʪʨʫ ʢʦʤʧʘʥʽʾ Rohde-Schwarz, ʚ ʷʢʠʭ 

ʜʦʜʘʪʢʦʚʦ ʨʝʘʣʽʟʦʚʘʥʠʡ ʨʝʞʠʤ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʦ ʯʘʩʪʦʪʥʽʡ ʤʘʩʮʽ 

(ʩʝʣʝʢʪʠʚʥʠʡ ʟʘʧʫʩʢ) [225]. ʋ ʜʘʥʦʤʫ ʨʝʞʠʤʽ ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʫ 

ʟʘʧʫʩʢʘʻʪʴʩʷ ʽ ʧʨʦʚʦʜʠʪʴ ʚʠʤʽʨʶʚʘʥʥʷ, ʷʢʱʦ ʩʧʝʢʪʨ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʠʛʥʘʣʫ 

ʚ ʩʤʫʟʽ ʘʥʘʣʽʟʫ ʚʽʜʧʦʚʽʜʘʻ ʟʘʜʘʥʠʤ ʫʤʦʚʘʤ  ̔ʘʥʘʣʽʟ ʟʘʢʽʥʯʫʻʪʴʩʷ, ʷʢʱʦ ʥʽ, ʥʝ 

ʚʽʜʧʦʚʽʜʘʻ. ʅʘʧʨʠʢʣʘʜ, ʢʦʣʠ ʦʜʠʥ ʟʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨ̔ʚ ʥʘ ʟʘʜʘʥʡ̔ 

ʯʘʩʪʦʪʽ ʧʝʨʝʚʠʱʫʻ ʚʩʪʘʥʦʚʣʝʥʠʡ ʨʽʚʝʥʴ, ʪʦ ʚʽʥ ʟʘʥʦʩʠʪʴʩʷ ʫ ʙʘʟʫ ʩʠʛʥʘʣʽʚ 

[226]. ʎʝʡ ʨʝʞʠʤ ʢʦʨʠʩʥʠʡ ʧʨʠ ʩʧʦʩʪʝʨʝʞʝʥʥʽ ʩʧʝʢʪʨʽʚ ʩʠʛʥʘʣʽʚ 

ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ, ʢʦʣʠ ʤʦʞʣʠʚʦ ʚʠʜʽʣʠʪʠ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʚʯʝʥʥʷ ʥʝʩʫʯʽʡ 

ʘʙʦ ʧʽʣʦʪ-ʩʠʛʥʘʣʠ. ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʨʦʟʚʠʪʢʫ ʧʨʠʣʘʜʽʚ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ 

ʩʣʽʜ ʚʚʘʞʘʪʠ ʚʝʢʪʦʨʥʽ ʘʥʘʣʽʟʘʪʦʨʠ [224]. ʇʨʦʮʝʩ ʚʠʤʽʨʶʚʘʥʴ ʧʘʨʘʤʝʪʨʽʚ 
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ʩʠʛʥʘʣʫ ʮʠʬʨʦʚʠʭ ʚʝʢʪʦʨʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʝʪʘʧʽʚ: 

ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʦʙʨʦʙʢʠ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧ:̔ ʘʥʘʣʽʟʘʪʦʨ ʚʠʜʽʣʷʻ, ʧʝʨʝʪʚʦʨʶʻ ʚ 

ʮʠʬʨʦʚʫ ʬʦʨʤʫ ʽ ʧʦʤʽɦʘʻ ʚ ʧʘʤ'ʷʪʴ ʨʝʘʣʽʟʘʮʽʶ ʢʦʤʧʣʝʢʩʥʦʾ ʦʛʠʥʘʶʯʦʾ 

ʩʠʛʥʘʣʫ ʟʘʜʘʥʦʾ ʪʨʠʚʘʣʦʩʪʽ. ʅʘ ʜʨʫʛʦʤʫ ï ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʦʙʨʦʙʣʷʶʪʴʩʷ ʽ 

ʛʦʪʫʶʪʴʩʷ ʜʦ ʚʽʜʦʙʨʘʞʝʥʥʷ. ʆʙʨʦʙʢʘ (ʥʘʧʨʠʢʣʘʜ, ʦʙʯʠʩʣʝʥʥʷ ʩʧʝʢʪʨʫ) 

ʧʦʪʦʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʧʘʨʘʣʝʣʴʥʦ ʟ ʧʨʦʮʝʩʦʤ ʨʝʻʩʪʨʘʮʽʾ 

ʥʘʩʪʫʧʥʦʾ [209]. ʗʢʱʦ ʯʘʩ ʦʙʯʠʩʣʝʥʥʷ ʽ ʧʝʨʝʜʘʯʽ ʨʝʟʫʣʴʪʘʪʽʚ ʩʧʦʞʠʚʘʯʝʚʽ 

ʤʝʥʰʝ ʪʨʠʚʘʣʦʩʪʽ ʦʢʨʝʤʦʾ ʨʝʘʣʽʟʘʮʽʾ, ʘʥʘʣʽʟ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʙʝʟ ʧʨʦʧʫʩʢʽʚ 

ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʊʘʢʠʡ ʨʝʞʠʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʽ ʜʝʤʦʜʫʣʷʮʽʾ ʩʪʘʮ̔ ʦʥʘʨʥʠʭ ʧʨʦʮʝʩʽʚ. ɺ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ, 

ʥʘʧʨʠʢʣʘʜ ʧʨʠ ʘʥʘʣʽʟʽ ʽʤʧʫʣʴʩʥʠʭ ʧʦʦʜʠʥʦʢʠʭ ʩʠʛʥʘʣʽʚ ʚ ʧʘʤ'ʷʪʽ 

ʨʝʻʩʪʨʫʶʪʴʩʷ ʣʠʰʝ ʦʢʨʝʤʽ ʯʘʩʦʚʽ ʬʨʘʛʤʝʥʪʠ, ʦʙʨʦʙʢʘ ʷʢʠʭ ʤʦʞʝ ʟʘʡʤʘʪʠ 

ʟʥʘʯʥʠʡ ʯʘʩ. ʋ ʮʴʦʤʫ ʨʝʞʠʤʽ ʚʜʘʻʪʴʩʷ ʽʩʪʦʪʥʦ ʨʦʟʰʠʨʠʪʠ ʩʤʫʛʫ ʘʥʘʣʽʟʦʚʘʥʠʭ 

ʯʘʩʪʦʪ ʨʘʜ̔ʦʤʦʥʽʪʦʨʠʥʛʫ, ʧʨʠʯʦʤʫ ʪʨʠʚʘʣʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʬʨʘʛʤʝʥʪʘ 

ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʦʙôʻʤʦʤ ʧʘʤ'ʷʪʽ ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʠʛʥʘʣʽʚ [210]. 

ʆʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʱʦ ʚʠʜʽʣʷʶʪʴ ʚʝʢʪʦʨʥʽ ʘʥʘʣʽʟʘʪʦʨʠ ʩʝʨʝʜ ʫʩʽʭ 

ʧʨʠʣʘʜʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʨʘʜʽʦʩʠʛʥʘʣʽʚ. ʇʝʨʝʣʽʯʠʤʦ ʮʽ 

ʦʩʦʙʣʠʚʦʩʪʽ. 

1. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʠʤʽʨʶʚʘʯʽʚ, ʷʢʽ ʦʧʝʨʫʶʪʴ ʟʽ ʦʜʥʦʚʠʤʽʨʥʠʤʠ 

(ʩʢʘʣʷʨʥʠʤʠ) ʧʨʦʮʝʩʘʤʠ, ʚʝʢʪʦʨʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ʦʙʨʦʙʣʷʻ ʢʦʤʧʣʝʢʩʥʽ 

ʦʛʠʥʘʶʯʠ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʘʤʧʣʽʪʫʜʫ ʽ ʬʘʟʫ ʩʠʛʥʘʣʫ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʘʤʧʣʽʪʫʜʥʽ ʪʘ ʬʘʟʦʚʽ ʩʧʝʢʪʨʠ, ʪʘ ʦʜʥʦʯʘʩʥʦ ʚʠʜ̔ ʣʷʪʠ ʘʤʧʣʽʪʫʜʫ, 

ʬʘʟʫ ʽ ʯʘʩʪʦʪʫ ʩʠʛʥʘʣʫ ʪʘ ʧʦʢʘʟʫʚʘʪʠ ʾʭ ʫ ʚʠʛʣʷʜʽ ʩʧʝʢʪʨʘʣʴʥʠʭ, ʪʠʤʯʘʩʦʚʠʭ 

ʘʙʦ ʚʝʢʪʦʨʥʠʭ ʜʽʘʛʨʘʤ. 

2. ɿʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʥʫʚʘʪʠ ʮʠʬʨʦʚʫ ʨʝʻʩʪʨʘʮʽʾ ʨʘʜʽʦʩʠʛʥʘʣʫ, 

ʚʝʢʪʦʨʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ʚʠʢʦʥʫʻ ʧʘʨʘʣʝʣʴʥʠʡ ʘʥʘʣʽʟ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʙʝʟ ʚʪʨʘʪ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʻ ʧʝʨʝʚʘʛʦʶ ʥʘʜ ʧʦʩʣʽʜʦʚʥʠʤʠ 

ʘʥʘʣʽʟʘʪʦʨʘʤʠ ʩʧʝʢʪʨʫ, ʘ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʷʻ ʚʭʽʜʥʠʡ ʨʘʜʽʦʩʠʛʥʘʣ ʦʜʥʦʯʘʩʥʦ ʫ 

ʯʘʩʦʚʽʡ ʪʘ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ [159]. ʎʠʬʨʦʚʘ ʨʝʻʩʪʨʘʮʽʷ ʽ ʟʙʝʨʽʛʘʥʥʷ ʚ ʧʘʤ'ʷʪʽ 

ʥʘʩʪʫʧʥʠʭ ʦʜʥʘ ʟʘ ʦʜʥʦ  ʁʨʝʘʣʽʟʘʮ̔ʡ ʨʘʜʽʦʩʠʛʥʘʣʫ ʥʘʜʘʻ ʫʥʽʢʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ 
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ʚ ʯʘʩʪʠʥʽ ʚʠʷʚʣʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʧʘʜʢʦʚʠʭ, ʽʤʧʫʣʴʩʥʠʭ ʽ 

ʦʜʥʦʨʘʟʦʚʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʚ ʨʝʞʠʤʽ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʟ "ʯʘʩʦʚʦʾ 

ʩʝʣʝʢʮʽʻʶ". 

ʆʪʞʝ, ʟ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʡ̔ ʜʝʥʴ ʥʝ ʽʩʥʫʻ ʥʽ ʦʜʥʦʛʦ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʜʣʷ ʘʥʘʣʽʟʫ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʘʥʘʣʽʟʫ ʟ ʤʝʪʦʶ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʧʦʰʫʢʦʚʦʛʦ 

ʨʘʜʽʦʢʦʥʪʨʦʣʶ.  

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʩʽʻʾ ʩʫʢʫʧʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʽʚ, ʚ 

ʢʣʘʩʠʯʥʦʤʫ ʚʘʨʽʘʥʪʽ, ʪʘ ʜʣʷ ʘʥʘʣʟ̔ʫ ʧʘʨʘʤʝʪʨʚ̔ ʨʘʜʽʦʩʠʛʥʘʣʫ ʜʦʚʦʜʠʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʽʣʴʢʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʠʣʘʜʽʚ: ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ, 

ʩʢʘʥʫʶʯʠʭ ʧʨʠʡʤʘʯʽʚ ʽ ʘʥʘʣʽʟʘʪʦʨʽʚ ʤʦʜʫʣʷʮʽʾ. ʆʜʥʦʛʦ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ 

ʧʨʠʩʪʨʦʶ ʜʣʷ ʘʥʘʣʽʟʫ ʨʘʜʽʦʩʠʛʥʘʣʽʚ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʘʥʘʣʽʟʫ ʟ ʤʝʪʦʶ ʚʠʨʽʰʝʥʥʷ 

ʟʘʚʜʘʥʥʷ ʧʦʰʫʢʦʚʦʛʦ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ ʥʝ ʜʦʩʪʘʪʥʴʦ. 

ʉʢʘʥʫʶʯʠʡ ʧʨʠʡʤʘʯ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʤ, ʜʝ ʧʦʪʨʽʙʥʘ ʚʠʩʦʢʘ 

ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʜʽʦʩʠʛʥʘʣʽʚ 

[169], ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ, 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʤʽʨʁʚʘʥʴ ʽ ʨʦʟʨʘʭʫʥʢʽʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʽʚ ʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. 

ɸʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʘ ʧʦʪʨʽʙʥʦ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʪʘʢʠʭ 

ʚʠʧʨʦʙʫʚʘʥʥʷʭ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʜʫʞʝ ʰʚʠʜʢʠʡ ʧʝʨʝʛʣʷʜ ʩʤʫʛʠ 

ʯʘʩʪʦʪ, ʜʣʷ ʘʥʘʣʽʟʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʘʜʽʦʩʠʛʥʘʣ̔ʚ ʽ ʜʣʷ ʜʦʩʣʜ̔ʞʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʜʽʦʧʨʠʩʪʨʦʾʚ [161]. 

ʇʦʷʚʘ ʥʦʚʠʭ ʤʦʜʝʣʝʡ ʩʧʝʢʪʨ ʘʥʘʣʽʟʘʪʦʨʽʚ ʢʦʨʧʦʨʘʮʽʡ Tektronix ʽ 

ʂʦʤʧʘʥʽʾ Rohde-Schwarz ʜʦʟʚʦʣʠʪʴ ʚʠʨʽʰʠʪʠ ʟʘʜʘʯʫ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ ʥʘ 

ʙʽʣʴʰ ʢʦʤʧʣʝʢʩʥʦʤʫ ʨʽʚʥʽ, ʪʘ ʢʦʤʙʽʥʫʚʘʪʠ ʢʦʥʪʨʦʣʴ ʨʘʜʽʦʝʬʽʨʫ ʟ ʘʥʘʣ̔ʟʦʤ 

ʚʠʷʚʣʝʥʠʭ ʩʠʛʥʘʣʽʚ [185]. ʆʜʥʘʢ ʾʭʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʤʦʞʥʘ 

ʚʽʜʥʝʩʪʠ ʜʦ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʠʭ ʤʝʪʦʜʽʚ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʙʫʨʭʣʠʚʠʤ ʨʦʟʚʠʪʢʦʤ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ (ʽʩʪʦʪʥʠʤ 

ʩʢʦʨʦʯʝʥʥʷʤ ʯʘʩʫ ʧʝʨʝʪʚʦʨʝʥʴ ʨʘʜʽʦʩʠʛʥʘʣʽʚ) ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʤ 

ʧʨʠʣʘʜʘʤʠ ʢʦʥʪʨʦʣʁ  ʨʘʜʽʦʝʬʽʨʫ ʪʘ ʘʥʘʣʽʟʽʚ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʚʚʘʞʘʪʁɹ ʩʷ 
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ʚʝʢʪʦʨʥʽ ʘʥʘʣʽʟʘʪʦʨʠ. ʎʽ ʧʨʠʣʘʜʠ, ʟʘʚʜʷʢʠ ʮʠʬʨʦʚʽʡ ʨʝʻʩʪʨʘʮʽʾ, ʤʦʞʫʪʴ 

ʚʠʢʦʥʫʚʘʪʠ ʧʘʨʘʣʝʣʴʥʠʡ ʘʥʘʣʽʟ ʩʧʝʢʪʨʫ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʊʦʤʫ ʙʝʟ ʚʪʨʘʪ 

ʽʥʬʦʨʤʘʮʽʾ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʧʦʩʣʽʜʦʚʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʘ [204], ʘ ʪʘʢʦʞ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʚʭʽʜʥʠʡ ʨʘʜʽʦʩʠʛʥʘʣ ʦʜʥʦʯʘʩʥʦ ʚ ʯʘʩʦʚʽʡ ʽ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ: 

ʉʢʘʥʫʶʯʠʡ ʧʨʠʡʤʘʯ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʤ, ʜʝ ʧʦʪʨʽʙʥʘ ʚʠʩʦʢʘ 

ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʜʽʦʩʠʛʥʘʣʽʚ  

ɸʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʰʚʠʜʢʠʡ ʧʝʨʝʛʣʷʜ ʩʤʫʛʠ ʯʘʩʪʦʪ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ. ʊʘʢʦʞ ʜʣʷ ʘʥʘʣʽʟʫ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʘʨʘʤʝʪʨʽʚ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʟʘʜʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʽ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʜʽʦʧʨʠʩʪʨʦʾʚ. 

1.3. ɸʥʘʣʽʟ ʽʩʥʫʁʯʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʉʫʯʘʩʥʘ ʪʝʥʜʝʥʮʽʷ ʨʦʟʚʠʪʢʫ ʪʝʭʥʽʢʠ ʜʦʚʦʜʠʪʴ, ʱʦ ʜʣʷ ʾʾ ʨʦʙʦʪʠ ʚʩʝ 

ʙʽʣʴʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʮʠʬʨʦʚʘ ʦʙʨʦʙʢʘ ʩʠʛʥʘʣʽʚ.  

 ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʧʦʰʫʢʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ ɿʅʆɯ, 

ʢʦʨʦʪʢʦ ʨʦʟʛʣʷʥʝʤʦ ʤʝʪʦʜʠ ʧʨʠʭʦʚʫʚʘʥʥʷ ʨʦʙʦʪʠ ʎɿʅʆɯ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʧʨʠ ʨʦʟʨʦʙʮʽ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ. ɺʽʜʨʘʟʫ ʚʽʜʟʥʘʯʠʤʦ, ʱʦ ʚ ʜʘʥʠʡ ʯʘʩ ʥʘʙʘʛʘʪʦ 

ʣʝʛʰʝ ʟʨʦʙʠʪʠ ʮʠʬʨʦʚʠʡ ʧʝʨʝʜʘʚʘʯ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʫʯʘʩʥʫ ʝʣʝʤʝʥʪʥʫ ʙʘʟʫ 

ʩʪʘʥʜʘʨʪʥʠʭ ʟʘʩʦʙʽʚ ʟʚ'ʷʟʢʫ, ʥʽʞ ʢʦʥʩʪʨʫʶʚʘʪʠ ̔ ʥʘʣʘʛʦʜʞʫʚʘʪʠ çʘʥʘʣʦʛʦʚʫè 

ʟʘʢʣʘʜʢʫ ʥʘ ʪʨʘʥʟʠʩʪʦʨʽ ʟ ʧʦʟʠʪʠʚʥʠʤ ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ. ʊʦʤʫ, ʩʫʯʘʩʥʽ ʽ 

ʧʝʨʩʧʝʢʪʠʚʥʽ ʚʠʤʦʛʠ ʜʦ ʢʦʤʧʣʝʢʩʽʚ ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʚʠʧʣʠʚʘʶʪʴ ʟ ʘʥʘʣʽʟʫ ʤʦʞʣʠʚʦʩʪʝʡ ʩʫʯʘʩʥʠʭ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

 ʉʫʯʘʩʥʽ ʨʘʜʽʦʟʘʢʣʘʜʢʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʤʝʪʦʜʠ 

ʧʨʠʭʦʚʫʚʘʥʥʷ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ: 

 Å ʤʝʪʦʜʠ ʥʘʢʦʧʠʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʜʠʩʢʨʝʪʥʦʾ ʾʾ ʧʝʨʝʜʘʯʽ ʟʘ ʢʦʨʦʪʢʽ 

ʧʨʦʤʽʞʢʠ ʯʘʩʫ (ʜʦ ʜʝʢʽʣʴʢʦʭ ʤʽʣʽʩʝʢʫʥʜ); 
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 Å ʤʝʪʦʜʠ ʥʘʢʦʧʠʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʜʦʩʠʪʴ ʪʨʠʚʘʣʠʡ ʯʘʩ ʟ ʥʘʩʪʫʧʥʦʶ 

ʧʝʨʝʜʘʯʝʶ ʚ ʧʨʠʟʥʘʯʝʥʠʡ ʯʘʩ ʘʙʦ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʟʦʚʥʽʰʥʴʦʾ ʢʦʤʘʥʜʠ; 

 Å ʧʝʨʽʦʜʠʯʥʫ ʘʙʦ ʭʘʦʪʠʯʥʫ ʧʝʨʝʙʫʜʦʚʫ ʯʘʩʪʦʪʠ ʢʘʥʘʣʫ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; 

 Å ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʢʦʣʠ ʝʥʝʨʛʽʷ ʩʠʛʥʘʣʫ 

ʨʦʟʧʦʜʽʣʝʥʘ ʚ ʰʠʨʦʢʽʡ ʩʤʫʟ ̔ ʯʘʩʪʦʪ ʽ ʩʠʛʥʘʣ ʥʝ ʤʘʻ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʦʛʦ 

ʧʝʨʝʚʠʱʝʥʥʷ ʥʘʜ ʰʫʤʘʤʠ; 

 Å ʨʝʘʣʽʟʘʮʽʷ ʰʫʤʦʧʦʜʽʙʥʠʭ ʟʘʢʣʘʜʦʢ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ 

ʘʣʛʦʨʠʪʤʠ ʢʦʜʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʩʪʽʡʢʦ ʧʨʠʡʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʠ 

ʥʝʛʘʪʠʚʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʩʠʛʥʘʣ/ʰʫʤ ʚ ʪʦʯʮʽ ʟʥʘʭʦʜʞʝʥʥʷ ʧʨʠʡʤʘʯʘ; 

 Å ʚʠʙ̔ʨ ʯʘʩʪʦʪʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʨʷʜ ʟ ʧʦʪʫʞʥʠʤʠ ʜʞʝʨʝʣʘʤʠ 

ʣʝʛʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʧʝʨʝʚʘʥʪʘʞʫʶʪʴ ʧʨʠʡʦʤʥʽ ʪʨʘʢʪʠ ʧʦʰʫʢʦʚʦʾ 

ʘʧʘʨʘʪʫʨʠ ʧʨʠ ʥʝʜʦʩʪʘʪʥʴʦʤʫ ʜʠʥʘʤʽʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʘʙʦ ʤʘʩʢʫʶʪʴʩʷ 

ʩʧʝʢʪʨʦʤ ʣʝʛʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠ ʥʝʜʦʩʪʘʪʥʴʦ ʥʠʟʴʢʠʭ ʬʘʟʦʚʠʭ ʰʫʤʘʭ 

ʨʘʜʦ̔ʪʨʘʢʪʫ ʧʦʰʫʢʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ; 

 Å ʤʘʩʢʫʚʘʥʥʷ ʧʽʜ ʩʪʘʥʜʘʨʪʥʽ ʢʘʥʘʣʠ ʟʚ'ʷʟʢʫ ʽ/ʘʙʦ ʨʦʙʦʪʘ ʚʫʟʴʢʦ 

ʩʤʫʛʦʚʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʫʩʝʨʝʜʠʥʽ ʩʧʝʢʪʨʘ ʣʝʛʘʣʴʥʠʭ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ 

ʩʠʛʥʘʣʽʚ; 

 Å ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʥʜʘʨʪʥʠʭ ʢʘʥʘʣʽʚ ʟʚ'ʷʟʢʫ ʪʘʢʠʭ ʷʢ GSM, CDMA, 

Wi -Fi, Bluetooth [184]. 

 ɺʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʢʦʤʙʽʥʫʚʘʪʠʩʷ ʦʜʠʥ ʟ ʦʜʥʠʤ. ʊʘʢ, 

ʥʘʧʨʠʢʣʘʜ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʛʥʘʣʽʚ ʟ ʥʘʜ ʰʠʨʦʢʦʾ ʩʤʫʛʦʶ ʟʘʡʤʘʥʠʭ ʯʘʩʪʦʪ 

ʤʦʞʝ ʢʦʤʙʽʥʫʚʘʪʠʩʷ ʟ ʤʝʪʦʜʦʤ ʥʘʢʦʧʠʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʜʠʩʢʨʝʪʥʦʾ ʾʾ 

ʧʝʨʝʜʘʯʝʶ ʪʘ ʽʥʰʝ [156]. ɿʅʆɯ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʥʘʢʦʧʠʯʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʜʠʩʢʨʝʪʥʦʾ ʾʾ ʧʝʨʝʜʘʯʽ, ʧʝʨʝʙʫʜʦʚʠ ʯʘʩʪʦʪʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ 

ʜʠʩʪʘʥʮʽʡʥʝ ʢʝʨʫʚʘʥʥʷ, ʥʘʜʽʡʥʦ ʤʦʞʥʘ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʪ̔ʣʴʢʠ ʧʦ 

ʜʝʤʘʩʢʫʶʯʠʤ ʦʟʥʘʢʘʤ ʚ ʧʨʦʩʪʦʨʽ ʘʤʧʣʽʪʫʜʘ-ʯʘʩʪʦʪʘ-ʯʘʩ. ʗʢʽ ʙ ʩʢʣʘʜʥʽ 

ʘʣʛʦʨʠʪʤʠ ʧʨʠʭʦʚʘʥʥʷ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯ ̔ ʜʘʥʠʭ ʥʝ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʚ 

ʟʘʢʣʘʜʢʘʭ, ʚʦʥʠ ʚʩʝ ʦʜʥʦ ʩʝʙʝ ʜʝʤʘʩʢʫʶʪʴ ʟʘ ʧʝʚʥʦ ʁ ʟʘʢʦʥʦʤʽʨʥʽʩʪʶ 

(ʧʝʨʽʦʜʠʯʥʽʩʪʶ) ʚʠʭʦʜʫ ʚ ʨʘʜʽʦʝʬʽʨ. ʎʽ ʜʝʤʘʩʢʫʶʯʽ ʦʟʥʘʢʠ ʨʘʜʽʦʟʘʢʣʘʜʦʢ 
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ʚʠʷʚʣʷʶʪʴʩʷ ʦʧʝʨʘʪʦʨʦʤ ɸʇʂ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʯʘʩʦʚʦʛʦ ʘʥʘʣʽʟʫ 

ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʫ [215]. ʉʘʤʝ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʦʶ ʟʘʢʦʥʦʤʽʨʥʽʩʪʶ 

ʟʘʢʣʘʜʢʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʚʠʧʘʜʢʦʚʠʭ ʩʧʣʝʩʢʽʚ ʽʥʜʫʩʪʨʽʘʣʴʥʦʛʦ ʰʫʤʫ ʚ 

ʨʘʜʽʦʜʽʘʧʘʟʦʥʽ, ʷʢʠʡ ʥʝʜʦʩʚʽʜʯʝʥʠʡ ʦʧʝʨʘʪʦʨ ʤʦʞʝ ʧʨʠʡʥʷʪʠ ʟʘ ʩʠʛʥʘʣ ɿʅʆɯ 

[207]. ʇʨʠ ʧʦʰʫʢʫ ʪʘʢʠʭ ʎɿʅʆɯ ʤʦʚʘ ʥʝ ʡʜʝ ʧʨʦ ʤʠʪʪʻʚʝ ʾʭ ʚʠʷʚʣʝʥʥ̫ . ɼʣʷ 

ʥʘʜʡ̔ʥʦʛʦ ʾʭ ʚʠʷʚʣʝʥʥʷ ʧʦʪʨʽʙʥʦ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ: 

ʜʦ ʜʦʙʠ ʘʙʦ ʙʽʣʴʰʝ, ʟ ʧʦʜʘʣʴʰʠʤ ʘʥʘʣʽʟʦʤ ʚʩʽʭ ʚʠʤʽʨʷʥʠʭ ʧʘʥʦʨʘʤ ʚ ʯʘʩʦʚʽʡ 

ʧʣʦɦ ʠʥ̔ ʚ ʧʦʜʘʥʥʽ ʩʧʝʢʪʨʦʛʨʘʤʠ (çʚʦʜʦʩʧʘʜʫè) [158]. ɺʠʭʦʜʷʯʠ ʟ ʮʠʭ 

ʤʽʨʢʫʚʘʥʴ, ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʚʠʤʦʛʠ ʜʦ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

ɺʽʜʥʦʩʥʦ ʚʠʷʚʣʝʥʥʷ ʥʘʜ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʽ ʰʫʤʦʧʦʜʽʙʥʠʭ ʟʘʢʣʘʜʦʢ, 

ʟʘʟʥʘʯʠʤʦ ʪʘʢʝ: ʤʝʪʦʜ ʾʭ ʚʠʷʚʣʝʥʥʷ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʪʦʤʫ, ʱʦ ʚ ʙʣʠʞʥʽʡ ʟʦʥʽ 

ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ, ʥʘʚʽʪʴ ʫ ʪʘʢʠʭ ʧʝʨʝʜʘʚʘʯʽʚ, ʙʫʜʝ ʚʠʱʝ ʥʫʣʷ, ʪʦʤʫ 

ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ʰʫʤʫ ʚ ʦʢʨʝʤʠʭ ʜʽʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ 

ʨʦʙʦʪʫ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ [194]. ɿ ʮʴʦʛʦ ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʚʠʤʦʛʠ ʜʦ 

ʧʨʠʡʦʤʥʠʭ ʟʘʩʦʙʽʚ ʢʦʤʧʣʝʢʩʽʚ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ: ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʟʤʽʥʫ ʨʚ̔ʥʷ ʰʫʤʫ ʥʘ ʪʣʽ ʩʠʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʧʨʠʡʤʘʣʴʥʠʡ ʟʘʩʽʙ 

ʧʦʚʠʥʝʥ ʤʘʪʠ ʭʦʨʦʰʫ ʯʫʪʣʠʚʽʩʪʴ ʽ ʰʠʨʦʢʠʡ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ (ʥʝ ʤʝʥʰʝ 

80-90 ʜɹ) [211]. ʊʝʟʘ ʧʨʦ ʪʝ, ʱʦ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʚ ʢʦʤʧʣʝʢʩʘʭ 

ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ ʥʝ ʪʘʢ ʚʘʞʣʠʚʠʡ, ʪʘʢ ʷʢ ʟʘʢʣʘʜʢʠ ʚ ʙʣʠʞʥʽʡ ʟʦʥʽ ʤʘʪʁʴ 

ʚʠʩʦʢʫ ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ ʽ ʪʦʤʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʪʝʥʶʘʪʦʨ, 

ʥʝʧʨʠʡʥʷʪʥʠʡ ʚ ʨʘʟʽ ʧʦʰʫʢʫ ʥʘʜ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʽ ʰʫʤʦʧʦʜʽʙʥʠʭ ʩʠʛʥʘʣʽʚ. 

ʉʠʪʫʘʮʽʷ, ʢʦʣʠ ʨʘʟʦʤ ʽʟ ʟʘʢʣʘʜʢʦʶ ʚ ʩʤʫʟʽ ʧʨʝʩʝʣʝʢʪʦʨʘ ʧʨʘʮʶʻ ʣʝʛʘʣʴʥʠʡ 

ʟʘʩʽʙ ʟʚ'ʷʟʢʫ, ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʷʢʦʛʦ ʧʝʨʝʚʠɦʫ̒  ʨʽʚʝʥʴ ʟʘʢʣʘʜʢʠ ʥʘ 70-90 ʜɹ, ʚ 

ʜʘʥʠʡ ʯʘʩ ʥʝ ʻ ʨʽʜʢʽʩʪʶ. ʈʽʚʝʥʴ 70-90 ʜɹ ï ʮʝ ʜʫʞʝ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ, 

ʷʢʠʡ ʟʜʘʪʥʠʡ ʧʝʨʝʚʘʥʪʘʞʠʪʠ ʙʘʛʘʪʦ ʨʘʜʽʦʧʨʠʡʤʘʣʴʥʠʭ ʟʘʩʦʙʽʚ [199]. ʗʢʱʦ 

ʩʠʛʥʘʣ ʧʝʨʝʚʠʱʫʻ ʨʽʚʝʥʴ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʧʨʠʡʤʘʣʴʥʦʛʦ ʪʨʘʢʪʫ, ʪʦ ʥʘ 

ʧʘʥʦʨʘʤʽ ʩʠʛʥʘʣʽʚ ʙʫʜʝ ʚʽʜʦʙʨʘʞʝʥʦ ʙʝʟʣʽʯ ʧʦʤʠʣʢʦʚʠʭ ʧʦʙʽʯʥʠʭ ʽ 

ʢʦʤʙʽʥʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʚʢʨʘʡ ʥʝʩʪʘʙʽʣʴʥʽ ʧʦ ʯʘʩʪʦʪʽ, ʘʤʧʣʽʪʫʜʽ ʽ ʚ ʯʘʩʽ. 

ɼʦʩʚʽʜ ʟʥʘʡʦʤʩʪʚʘ ʟ ʮʽʣʦʶ ʥʠʟʢʦʶ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʥʢʫ ʢʦʤʧʣʝʢʩʽʚ 
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ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ, ʧʨʠ ʬʦʨʤʘʣʴʥʽʡ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʾʭ ʜʠʥʘʤʽʯʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʧʦʰʫʢʦʚʠʤ ʚʠʤʦʛʘʤ, ʚʠʷʚʠʚ, ʱʦ ʚʦʥʠ ʣʝʛʢʦ ʧʝʨʝʚʘʥʪʘʞʫʶʪʴʩʷ ʚʽʜ 

ʧʨʘʮʶʶʯʦʛʦ ʥʝʧʦʜʘʣʽʢ ʧʨʦʩʪʦʛʦ ʧʝʨʝʜʘʚʘʯʘ ʪʠʧʫ çWalkie-Talkieè. ʇʨʠʨʦʜʥʦ, 

ʱʦ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʤʠʣʢʦʚʠʭ ʩʠʛʥʘʣʽʚ ʛʦʚʦʨʠʪʠ ʧʨʦ ʷʢʽʩʪ ɹ

ʧʦʰʫʢʫ ʟʘʢʣʘʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʝ ʜʦʚʦʜʠʪʴʩʷ. 

 ɼʣʷ ʧʦʰʫʢʫ çʭʠʪʨʠʭè ʟʘʢʣʘʜʦʢ, ʷʢʽ ʤʘʩʢʫʶʪʴʩʷ ʧʽʜ ʩʧʝʢʪʨ ʣʝʛʘʣʴʥʠʭ 

ʩʠʛʥʘʣʽʚ ʘʙʦ ʜʣʷ ʧʦʰʫʢʫ ʚʫʟʴʢʦʩʤʫʛʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʚʤʽʶʪʴ ʭʦʚʘʪʠʩʷ ʚ 

ʩʧʝʢʪʨʽ ʣʝʛʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ, ʢʦʤʧʣʝʢʩ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ ʧʦʚʠʥʝʥ ʤʘʪʠ ʟʘʩʦʙʠ 

ʜʝʪʘʣʴʥʦʛʦ ʜʦʩʣʜ̔ʞʝʥʥʷ ʩʧʝʢʪʨʽʚ ʩʠʛʥʘʣʽʚ ʟ ʜʦʩʷʛʥʝʥʥʷʤ ʜʦʟʚʦʣʫ ʚ ʦʜʠʥʠʮʽ 

ɻʝʨʮ [175]. ɹʝʟʫʤʦʚʥʦ, ʜʦʩʚʽʜ ʦʧʝʨʘʪʦʨʘ ʽ ʡʦʛʦ ʽʥʪʫʾʮʽʷ ʤʘʶʪʴ ʪʫʪ ʚʠʨʽʰʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ. ʇʨʦʪʝ, ʽ ʘʧʘʨʘʪʫʨʘ ʽ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʧʦʚʠʥʥʽ 

ʜʦʟʚʦʣʠʪʠ ʦʧʝʨʘʪʦʨʫ ʚʠʢʦʥʫʚʘʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ. 

 ʅʘʨʝʰʪʽ, ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʰʫʢʫ ʟʘʢʣʘʜʥʠʭ ʨʘʜʽʦʧʨʠʩʪʨʦʾʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʘʥʜʘʨʪʥʽ ʢʘʥʘʣʠ ʟʚ'ʷʟʢʫ, ʪʘʢʽ ʷʢ DECT, GSM, CDMA, Wi ï 

Fi, Bluetooth, ʢʨʽʤ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʨʦʙʦʪʠ ʮʠʭ ʧʝʨʝʜʘʚʘʯʽʚ ʤʝʪʦʜʦʤ ʘʥʘʣʽʟʫ 

ʚʽʜʧʦʚʽʜʥʠʭ ʯʘʩʪʦʪʥʠʭ ʜʽʘʧʘʟʦʥʽʚ, ʢʦʤʧʣʝʢʩ ʨʘʜʽʦʤʦʥ̔ʪʦʨʠʥʛʫ ʧʦʚʠʥʝʥ ʤʘʪʠ 

ʟʘʩʦʙʠ ʜʦʜʘʪʢʦʚʦʛʦ ʘʥʘʣʽʟʫ ʤʝʨʝʞ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʣʷʪʠ çʯʫʞʽè MAC 

ʘʜʨʝʩʠ ʘʙʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ çʯʫʞʽè ʘʙʦʥʝʥʪʩʴʢʽ ʧʨʠʩʪʨʦʾ ʜʣʷ ʪʠʭ ʤʝʨʝʞ, ʜʣʷ 

ʷʢʠʭ ʮʝ ʤʦʞʣʠʚʦ. ʅʝʦʙʭʽʜʥʦ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʦʢʨʝʤʠʭ ʧʨʠʣʘʜʽʚ ʘʥʘʣʽʟʫ 

ʮʠʬʨʦʚʠʭ ʧʘʢʝʪʽʚ, ʩʪʦʩʦʚʥʦ ʟʘʚʜʘʥʥʷ ʧʦʰʫʢʦʚʦʛʦ ʨʘʜʽʦʢʦʥʪʨʦʣʶ ʟʘʨʘʟ 

ʧʨʘʢʪʠʯʥʦ ʥʝʤʘʻ [147]. ʇʝʨʰʘ ʩʧʨʦʙʘ ʩʪʚʦʨʠʪʴ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ (ʇɿ) 

ʜʝʤʦʜʫʣʷʮʽʾ ʪʘ ʘʥʘʣʽʟʫ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʨʘʜʽʦʟʚ'ʷʟʢʫ ʤʦʞʣʠʚʦ ʚʚʘʞʘʪʠ ʧʘʢʝʪ 

ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʩʦʙ ̔

ɸʇʂ DigiScan ʪʘ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʩʦʙʽ çʈʘʜʽʦɯʥʩʧʝʢʪʦʨʉʦʬʪ Êè [175]. 

ʇɿ çʈʘʜʽʦɯʥʩʧʝʢʪʦʨʉʦʬʪÊè ʟʥʘʡʰʣʦ ʩʚʦʻ ʧʦʜʘʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ɸʇʂ çʂʘʩʘʥʜʨʘè. ʇʦʰʫʢʦʚʠʡ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʢʦʤʧʣʝʢʩ çʂʘʩʘʥʜʨʘè ʟ ʇɿ 

RadioInspector ʥʘʜʘʻ ʦʧʝʨʘʪʦʨʫ ʥʘʩʪʫʧʥʽ ʤʦʞʣʠʚʦʩʪʽ: ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ 

ʢʦʥʪʨʦʣʴ ʜʽʘʧʘʟʦʥʫ (ʜʽʘʧʘʟʦʥʽʚ) ʯʘʩʪʦʪ, ʟʙʽʨ, ʟʙʝʨʽʛʘʥʥʷ ʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʘʥʠʭ 

ʧʨʦ ʩʪʘʥ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʫ ʟʘ ʚʝʩʴ ʯʘʩ ʚʠʤʽʨʶʚʘʥʴ (ʩʧʝʢʪʨʦʛʨʘʤʘ ʘʙʦ 

"ʚʦʜʦʩʧʘʜ" ʙʝʟ ʦʙʤʝʞʝʥʴ ʟʘ ʨʦʟʤʽʨʦʤ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ) [85]. ɺʠʢʦʨʠʩʪʘʥʥʷ 
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ʙʘʟʠ ʜʘʥʠʭ ʯʘʩʪʦʪʥʠʭ ʧʨʠʩʚʦʻʥʴ, ʣʽʥʽʾ ʧʦʨʦʛʘ, ʧʝʨʝʣʽʢʫ ʩʠʛʥʘʣʽʚ, ʱʦ 

ʧʝʨʝʚʠʱʫʶʪʴ ʣʽʥʽʶ ʧʦʨʦʛʘ. ɿʘʧʠʩ ʽ ʘʥʘʣʽʟ ʜʝʤʦʜʫʣʴʦʚʘʥʦʛʦ ʘʫʜʽʦ ʩʠʛʥʘʣʫ, 

ʬʦʨʤʫʚʘʥʥʷ ʟʘʚʜʘʥʥʷ ʥʘ ʟʘʧʠʩ ʜʝʤʦʜʫʣʴʦʚʘʥʦʛʦ ʘʫʜʽʦ ʩʠʛʥʘʣʫ ʧʨʠ 

ʧʝʨʝʚʠʱʝʥʥʽ ʣʽʥʽʾ ʧʦʨʦʛʘ. ʋʧʨʘʚʣʽʥʥʷ ʜʨʫʛʠʤ ʩʢʘʥʠʨʫʶʯʠʤ ʧʨʠʡʤʘʯʝʤ ʷʢ 

ʟʘʩʦʙʦʤ ʘʫʜʽʦ ʢʦʥʪʨʦʣʶ ʙʝʟ ʟʫʧʠʥʢʠ ʩʢʘʥʫʚʘʥʥʷ ʦʩʥʦʚʥʠʤ ʧʨʠʡʤʘʯʝʤ 

(ʥʘʩʪʨʦʡʢʘ ʥʘ ʯʘʩʪʦʪʫ, ʧʨʦʩʣʫʭʦʚʫʚʘʥʥʷ ʽ ʟʘʧʠʩ ʜʝʤʦʜʫʣʴʦʚʘʥʦʛʦ ʘʫʜʽʦ 

ʩʠʛʥʘʣʫ ʙʝʟ ʟʫʧʠʥʢʠ ʩʢʘʥʫʚʘʥʥʷ). ʄʦʞʣʠʚʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʩʢʘʥʫʶʯʠʤ 

ʧʨʠʡʤʘʯʝʤ ʜʠʩʪʘʥʮʽʡʥʦ (ʧʦ ʤʝʨʝʞʽ), ʧʝʨʝʜʘʯʘ ʜʝʤʦʜʫʣʴʦʚʘʥʦʛʦ ʘʫʜʦ̔ 

ʩʠʛʥʘʣʫ ʧʦ ʤʝʨʝʞʽ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ. ʂʦʥʪʨʦʣʶʚʘʪʠ ʧʨʠʩʪʨʦʾ 

ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ Wi-Fi. ʄʦʥʽʪʦʨʠʥʛ ʟʘ ʧʨʠʩʪʨʦʷʤʠ Wi-Fi-ʤʝʨʝʞ 

ʜʽʘʧʘʟʦʥʽʚ 2.4 / 5 ɻɻʮ ʟ ʤʦʞʣʠʚʽʩʪʶ ʘʚʪʦʥʦʤʥʦʛʦ, ʮʽʣʦʜʦʙʦʚʦʛʦ ʟʙʦʨʫ 

ʽʥʬʦʨʤʘʮʽʾ ʟ ʧʦʜʘʣʴʰʦʶ ʧʝʨʝʜʘʯʝʶ ʥʘʢʦʧʠʯʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʤʝʨʝʞʽ LAN. 

ʈʦʙʦʪʘ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ. ɸʥʘʣʽʟʫʚʘʪʠ ʩʠʛʥʘʣʠ DECT, GSM, 

Bluetooth, TETRA, APCO 25, DMR, IEEE 802.15.4 (ZigBee), UMTS (3G) 

[194,195]. 

 ɿʦʚʥʽʰʥʽʡ ʚʠʜ ʘʧʘʨʘʪʥʦ ʧʦʰʫʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ "ʂʘʩʩʘʥʜʨʘ" ʥʘʚʝʜʝʥʦ 

ʥʘ ʨʠʩ. 1.2: 

  

ʈʠʩ. 1.2. ɿʦʚʥʽʥhʽʡ ʚʠʛʣʷʜ ʧʦʰʫʢʦʚʦʛʦ ɸʇʂ çʂʘʩʘʥʜʨʘè ʟ ʇɿ 

çʈʘʜʽʦɯʥʩʧʝʢʪʦʨʉʦʬʪ Êè 

ʗʢ ʙʘʯʠʤʦ ʟ ʦʧʠʩʫ, ʢʦʤʧʣʝʢʩ ʟ ʇɿ çʈʘʜʽʦɯʥʩʧʝʢʪʦʨʉʦʬʪÊè ʜʦʟʚʦʣʷʻ 

ʧʨʘʢʪʠʯʥʦ ʚʠʢʦʥʫʚʘʪʠ ʚʩʽ ʟʘʚʜʘʥʥʷ ʧʦʰʫʢʫ ʮʠʬʨʦʚʠʭ ʨʘʜʽʦʟʘʢʣʘʜʦʢ, ʦʜʥʘʢ 
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ʥʝʜʦʣʽʢʦʤ ʮʴʦʛʦ ʢʦʤʧʣʝʢʩʫ ʽ ʇɿ ʻ ʡʦʛʦ ʤʦʜʫʣʴʥʽʩʪ,ɹ ʷʢʘ ʥʝ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʥʫʚʘʪʠ ʧʦʰʫʢ ʚʽʜʨʘʟʫ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʦʧʮʽʡʥʦ 

ʜʦʢʫʧʦʚʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʤʦʜʫʣʽ ʪʘʢʽ ʷʢ RadioInspectorWI-FI, DTest (Digital 

Test) ʪʘ ʽʥʰʝ. ʆʧʝʨʘʪʦʨʫ ʥʝʦʙʭʽʜʥʦ ʧʨʘʮʶʚʘʪʠ ʚ ʨʽʟʥʠʭ ʧʨʦʛʨʘʤʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ ʚʽʜʩʫʪʥʡ̔ ʪʘʢ ʟʚʘʥʝ çʻʜʠʥʝ ʚʽʢʥʦè ʧʦʰʫʢʫ ɿʅʆɯ. ʅʝʜʦʣʽʢʠ  ̒ʫ 

ʘʣʛʦʨʠʪʤʘʭ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ. ʊʘʢ ʫ ʘʣʛʦʨʠʪʤʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʦʩʥʦʚʥʠʤ ʻ ʘʣʛʦʨʠʪʤ ʚʽʢʦʥʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨô̒, ʫ ʘʣʛʦʨʠʪʤʽ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ï ʘʣʛʦʨʠʪʤ ʧʦʨʽʚʥʷʥʥʷ ʩʠʛʥʘʣʽʚ ʟ ʟʘʜʘʥʠʤʠ ʦʧʝʨʘʪʦʨʦʤ.  

ʎʴʦʛʦ ʥʝʜʦʣʽʢʫ ʯʘʩʪʢʦʚʦ ʧʦʟʙʘʚʣʝʥʠʡ ɸʇʂ Delta X, ʷʢʠʡ ʻ 

ʧʨʦʜʦʚʞʝʥʥʷʤ ɸʇʂ ʟ DigiScan. ʈʦʟʨʦʙʥʠʢ ʫʜʦʩʢʦʥʘʣʠʚ ʇɿ DigiScan, 

ʜʦʧʦʚʥʠʚʰʠ ʡʦʛʦ ʤʦʞʣʠʚʦʩʪ̫ʤʠ: ʜʝʤʦʜʫʣʽʨʦʚʘʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʩʠʛʥʘʣʠ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʚ ʩʪʘʥʜʘʨʪʘʭ DECT, GSM, Bluetooth, Wi-Fi, TETRA; ʚʠʢʦʥʫʚʘʪʠ 

ʜʝʤʦʜʫʣʷʮʽʶ ʪʘ ʚʽʜʦʙʨʘʞʫʚʘʪʠ ʢʘʨʪʠʥʢʠ ʘʥʘʣʦʛʦʚʦʛʦ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʩʠʛʥʘʣʫ, 

ʚ ʪʦʤʫ ʯʠʩʣʽ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʽʥʚʝʨʩʽʾ ʩʠʥʭʨʦʽʤʧʫʣʴʩʽʚ; 

ʜʝʤʦʜʫʣʠʨʦʚʘʪʠ ʘʥʘʣʦʛʦʚʽ AM- ʠ FM-ʩʠʛʥʘʣʽ ʚ ʩʤʫʟʽ ʯʘʩʪʦʪ ʚʽʜ ʜʝʩʷʪʢʽʚ ʛʝʨʮ 

ʜʦ ʜʝʢʽʣʴʢʦʭ ʤʝʛʘʛʝʨʮ. ʈʝʟʫʣʴʪʘʪʦʤ ʮʠʭ ʫʜʦʩʢʦʥʘʣʝʥ,ɹ ʥʘʤʘʛʘʶʯʠʩʴ 

ʚʠʢʦʥʘʪʠ ʚʠʱʝ ʚʠʢʣʘʜʝʥʽ ʚʠʤʦʛʠ ʚ ʧʦʚʥʫ ʦʙʩʷʟʽ, ʩʪʘʚ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʠʡ 

ʢʦʤʧʣʝʢʩ (ɸʇʂ) ʟ ʇɿ çDelta 2000/6 Real-time X Advancedè. ɿʦʚʥʽʰʥ̔ ʡ ʚʠʛʣʷʜ 

ʢʦʤʧʣʝʢʩʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1.3: 

  

ʈʠʩ. 1.3. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʦʰʫʢʦʚʦʛʦ ɸʇʂ ʟ ʇɿ çDelta 2000/6 Real-

time X Advancedè 
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 ʅʘ ʩʴʦʛʦʜʥʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʧʦʰʫʢʦʚʠʡ ʢʦʤʧʣʝʢʩ ʥʘ ʙʘʟʽ ʇɿ Delta X 

ï ʮʝ ʩʘʤʠʡ ʧʝʨʝʜʦʚʠʡ ʢʦʤʧʣʝʢʩ, ʱʦ ʜʦʟʚʦʣʷʻ ʰʫʢʘʪʠ ʮʠʬʨʦʚ̔ ʨʘʜʽʦʟʘʢʣʘʜʢʠ, 

ʜʝʤʦʜʫʣʠʨʦʚʘʪʠ, ʘʥʘʣʽʟʫʚʘʪʠ, ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʪʘ ʣʦʢʘʣʽʟʫʚʘʪʠ ʙʘʟʦʚʽ ʩʪʘʥʮʽʾ 

ʪʘ ʤʦʙʽʣʴʥʽ ʧʨʠʩʪʨʦ ʾ [145]. ʎʝʡ ɸʇʂ ʥʘʙʣʠʟʠʚʩʷ ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ, ʦʜʥʘʢ 

ʧʨʦʛʨʘʤʥʠʡ ʟʘʩʽʙ ʡʦʛʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʣʷ ʧʦʰʫʢʫ ʚʝʢʪʦʨʥʠʡ ʘʥʘʣʽʟ, ʚ 

ʧʦʚʥʫ ʦʙʩʷʟʽ. ʊʦʙʪʦ ʥʝ ʧʨʠʜʽʣʝʥʦ ʧʦʪʨʽʙʥʦʾ ʫʚʘʛʠ ʚʝʢʪʦʨʥʦʤʫ ʘʥʘʣʽʟʫ ʪʘ 

ʘʚʪʦʤʘʪʠʯʥʽʡ ʧʝʣʝʥʛʘʮʽʾ ʮʠʬʨʦʚʠʭ ʨʘʜʽʦʟʘʢʣʘʜʦʢ. ʋ ʷʢʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʨʦʟʨʦʙʥʠʢ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʽʢʦʥʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨô̒, ʱʦ ʥʝ 

ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ. ɺʽʢʦʥʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨô̒ ʥʝ ʤʦʞʝ ʫ ʧʦʚʥʽʡ 

ʤ̔ʨʽ ʟʘʜʦʚʦʣʴʥʷʪʠ ʧʝʨʝʪʚʦʨʝʥʥʶ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ. 

ɸʥʘʣʽʟ ʙʫʚ ʙʠ ʥʝ ʧʦʚʥʠʡ ʷʢ ʱʦ ʥʝ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ ʢʦʤʧʣʝʢʩ ɸʂʆʈ. 

ɸʂʆʈ-5ʇʂ ʻ ʜʨʫʛʠʤ ʧʦʢʦʣʽʥʥʷʤ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʧʨʦʬʝʩʽʡʥʠʭ 

ʧʦʰʫʢʦʚʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʩʝʨʽʾ ɸʂʆʈ ʽ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʦʰʫʢʫ 

ɿʅʆɯ. ɼʣʷ ʥɹ ʦʛʦ ʭʘʨʘʢʪʝʨʥʽ ʪʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ:  

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʦʙʯʠʩʣʶʚʘʯʘ ʩʫʯʘʩʥʦʛʦ ʇʂ ʜʦʟʚʦʣʷʻ 

ʫʜʦʩʢʦʥʘʣʶʚʘʪʠ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʽ ʨʦʟʰʠʨʶʚʘʪʠ ʡʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʟ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ, ʚʠʷʚʣʝʥʥ ʁ ʤʘʣʦʧʦʪʫʞʥʠʭ 

ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ, ʚʠʷʚʣʝʥʥʁ  ʪʝʭʥʽʯʥʠʭ ʢʘʥʘʣʽʚ ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ 

ʧʝʨʩʦʥʘʣʴʥʠʭ ʝʣʝʢʪʨʦʥʥʦ-ʦʙʯʠʩʣʶʚʘʥʠʭ ʤʘʰʠʥ;  

- ʚʠʩʦʢʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʚʩʽʭ ʧʨʦʮʝʩʽʚ ʚʠʷʚʣʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʢʘʥʘʣʽʚ 

ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʧʘʨʘʟʠʪʠʯʥʠʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ 

(ʇɭʄɺ);  

- ʥʘʷʚʥʽʩʪʴ ʟʚʫʢʦʚʦʛʦ ʢʦʨʝʣʪ̫ʦʨʘ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʘʨʘʟʠʪʥʦʛʦ ʤʦʜʫʣʷʮʽʾ 

ʇɽʄɺ ʤʦʚʥʠʤ ʩʠʛʥʘʣʦʤ; 

- ʥʘʷʚʥʽʩʪʴ ʥʘʙʦʨʫ ʬʽʣʴʪʨʽʚ ʟ ʰʠʨʠʥʦʶ ʩʤʫʛʠ ʜʦ 1 ɻʮ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʤʽʨʶʚʘʪʠ ʩʠʛʥʘʣʠ, ʱʦ ʣʝʞʘʪʴ ʥʠʞʯʝ ʨʽʚʥʷ ʰʫʤʽʚ;  

- ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ, ʪʦʤʫ ʱʦ ʚʽʥ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʬʫʥʢʮʽʾ ʜʚʦʭ ʢʦʤʧʣʝʢʩʽʚ: 

ʧʦʰʫʢʦʚʦʛʦ ï ʜʣʷ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʷʢʠʡ ʚʠʤʽʨʶʻ ʪʘ 

ʚʠʟʥʘʯʘʻ ʇɽʄɺ (ʜʚʘ ʚ ʦʜʥʦʤʫ); 
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- ʧʨʦʩʪʦʪʘ ʫʧʨʘʚʣʽʥʥʷ ʽ ʧʝʨʝʤʠʢʘʥʥʷ ʟ ʧʦʰʫʢʦʚʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ 

ʢʦʤʧʣʝʢʩʫ ʚ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʽ ʥʘʟʘʜ.  

 ʎʝʡ ɸʇʂ ʧʝʨʝʚʝʨʰʫʻ ʚʠʱʝ ʦʧʠʩʘʥʽ ʢʦʤʧʣʝʢʩʠ ʧʦ ʚʠʷʚʣʝʥʥʶ 

ʪʝʭʥʽʯʥʠʭ ʢʘʥʘʣʽʚ ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʇɽʄɺ, ʦʜʥʘʢ ʧʦʩʪʫʧʘʻʪʴʩʷ ʾʤ ʧʦ 

ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʘʥʘʣʽʟʫ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʮʠʬʨʦʚʠʭ ɿʅʆɯ. 

ʊʘʢ ʫ ʧʨʦʮʝʩʽ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ 

ʨʦʟʨʦʙʥʠʢ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʽʢʦʥʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ, ʱʦ ʥʝ ʚʽʜʧʦʚʽʜʘʻ 

ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ [53]. ɺʠʷʚʣʝʥʥʷ ʇɽʄɺ ʫ ʩʫʯʘʩʥʽʡ ʨʘʜʽʦʝʬʽʨʥʽʡ ʦʙʩʪʘʥʦʚʮʽ 

ʧʨʦʚʦʜʠʪʴʩʷ ʥʘʜʽʡʥʦ ʪʽʣʴʢʠ ʥʘ ʤʘʣʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʜʞʝʨʝʣʘ ʇɽʄɺ, ʱʦ ʟʥʘʯʥʦ 

ʟʙʽʣʴʰʫʻ ʯʘʩ ʧʝʨʝʚʽʨʢʠ [54].  

ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʢʦʤʧʣʝʢʩʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1.4: 

 

ʈʠʩ. 1.4. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʦʰʫʢʦʚʦʛʦ ɸʇʂ ɸʂʆʈ-5ʇʂ 

 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʚʠʱʝʥʘʚʝʜʝʥʽ ʬʘʢʪʠ, ʙʘʯʠʤʦ ʱʦ ʚʩʽ ʧʝʨʝʨʘʭʦʚʘʥʽ ɸʇʂ 

ʤʘʶʪʴ ʥʝʜʦʣʽʢʠ. ʊʦʙʪʦ ʜʣ̫ ɦ ʦʙ ʫʥʠʢʥʫʪʠ ʮʠʭ ʥʝʜʦʣʽʢʚ̔, ʧʦʪʨʽʙʥʦ 

ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʩʪʫʧʥʽ ʚʠʤʦʛʠ ʜʦ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ: 

 1. ʉʫʯʘʩʥʠʡ ʢʦʤʧʣʝʢʩ ɸʇʂ ʧʦʚʠʥʝʥ ʤʘʪʠ ʜʦʩʠʪʴ ʚʠʩʦʢʦʷʢʽʩʥʽ ʪʨʘʢʪʠ 

ʘʥʘʣʦʛʦʚʦʾ ʽ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ, ʱʦʙ ʧʨʠʩʫʪʥʽʩʪʴ ʩʪʦʨʦʥʥʽʭ ʧʦʪʫʞʥʠʭ 

ʩʠʛʥʘʣʽʚ ʥʝ ʟʘʚʘʞʘʣʦ ʡʦʤʫ ʚʠʷʚʣʷʪʠ ʥʘʜ ʰʠʨʦʢʦʩʤʫʛʦʚʽ ʽ hʫʤʦʧʦʜʽʙʥʽ 
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ʩʠʛʥʘʣʠ. ʋ ʪʘʢʪʠʢʦ-ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʨʘʜʽʦʧʨʠʡʤʘʣʴʥʠʭ ʟʘʩʦʙʽʚ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʮʠʤ ʚʠʤʦʛʘʤ ʚʽʜʦʙʨʘʞʘ̒ʪʴʩʷ ʚ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʷʢ 

ʯʫʪʣʠʚʽʩʪʴ ʽ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ. 

 ɿ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ ʜʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʫʪʴ ʧʦʣʽʧʰʫʚʘʪʠʩʷ. ɿʘ 

ʪʦʯʢʫ ʚʽʜʣʽʢʫ ʚ ʜʘʥʠʡ ʯʘʩ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʯʘʩʥʠʭ 

ʚʠʤʽʨʚʁʘʣʴʥʠʭ ʧʨʠʡʤʘʯʽʚ ʟ ʯʫʪʣʠʚʽʩʪʶ, ʥʝ ʤʝʥʰʝ ï 160 ʜɹ (1 ɻʮ) ʪʘ 

ʜʠʥʘʤʽʯʥʠʤ ʜʽʘʧʘʟʦʥʦʤ ʥʝ ʤʝʥʰʝ 85 ʜɹ ʥʘ ʯʘʩʪʦʪʽ 1 ɻɻʮ. 

 2. ʉʫʯʘʩʥʠʡ ʢʦʤʧʣʝʢʩ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ ʧʦʚʠʥʝʥ ʤʘʪʠ ʜʦʩʠʪʴ 

ʚʠʩʦʢʦʷʢʽʩʥʝ ʽ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʧʦʚʠʥʥʦ 

ʜʦʟʚʦʣʷʪʠ, ʚʠʢʦʥʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʬʫʥʢʮʽʾ: 

 Å h ʚʠʜʢʦ ʚʠʢʦʥʫʚʘʪʠ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ɿʅʆɯ, ʜʣʷ ʯʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʦʚʽ ʤʝʪʦʜʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ (ʧʦʟʙʘʚʠʪʠʩʷ ʥʝʜʦʣʽʢʽʚ 

ʤʝʪʦʜʽʚ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ); 

 Å ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʎɿʅʆɯ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʷʢʽ ʧʦʚʠʥʥʽ ʨʦʟʧʽʟʥʘʚʘʪʠ ʩʠʛʥʘʣʠ, ʢʨʽʤ 

ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʠʢ, ʝɦ ʽ ʤʝʪʦʜʦʤ ʘʥʘʣʽʟʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʩʠʛʥʘʣʽʚ; 

Å ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʦ ï ʯʘʩʦʚʦʛʦ ʧʦʜʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʪʘ ʚ ʚʽʜʢʣʘʜʝʥʦʤʫ ʨʝʞʠʤʽ, ʤʘʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʚʝʩʴ ʩʠʛʥʘʣ ʯʝʨʝʟ ʪʨʠʚʘʣʠʡ ʧʝʨʽʦʜ ʯʘʩʫ; 

Å ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʦ ï ʯʘʩʦʚʦʛʦ 

ʧʦʜʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʪʘ ʚ 

ʚʽʜʢʣʘʜʝʥʦʤʫ ʨʝʞʠʤʽ, ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʚʝʩʴ ʩʠʛʥʘʣ ʯʝʨʝʟ 

ʪʨʠʚʘʣʠʡ ʧʝʨʽʦʜ ʯʘʩʫ; 

Å ʚʠʢʦʥʫʚʘʪʠ ʘʥʘʣʽʟ ʩʠʛʥʘʣʽʚ ʧʦ ʚʝʢʪʦʨʥʽʡ ʜʽʘʛʨʘʤʽ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ 

ʯʘʩʫ ʪʘ ʫ ʚʽʜʢʣʘʜʝʥʦʤʫ ʨʝʞʠʤʽ; 

 Å ʟʜʽʡʩʥʶʚʘʪʠ ʧʝʣʝʥʛʘʮʽʶ ʥʝʚʽʜʦʤʠʭ ʜʞʝʨʝʣ ʨʘʜʽʦʩʠʛʥʘʣʽʚ, ʪʘ ʤʘʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʠʪʠ ʧʝʣʝʥʛʘʮʽʡʥʝ ʧʦʣʝ. 

 ʂʨʽʤ ʮʴʦʛʦ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʠʥʥʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʤʝʪʦʜʠ 

ʧʦʰʫʢʫ, ʱʦ ʩʪʘʣʠ ʚʞʝ çʪʨʘʜʠʮʽʡʥʠʤʠè ʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ 

ʧʨʘʢʪʠʮʽ: 
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 Å ʤʝʪʦʜ ʨʦʟʥʝʩʝʥʠʭ ʘʥʪʝʥ; 

 Å ʤʝʪʦʜ ʧʦʨʽʚʥʷʥʥʷ ʟ ʝʪʘʣʦʥʥʦʶ ʧʘʥʦʨʘʤʦʶ; 

 Å ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʣʝʢʪʠʚʥʦʾ  ʣʽʥʽʾ ʧʦʨʦʛʫ ʽ ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʝʣʽʢʫ 

ʩʠʛʥʘʣʽʚ, ʷʢʽ ʧʝʨʝʚʠʱʠʣʠ ʣʽʥʽʶ ʧʦʨʦʛʫ; 

 Å ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʝʢʪʨʽʚ ʧʨʠʡʥʷʪʠʭ ʩʠʛʥʘʣʽʚ ʜʦ 6 

ɻɻʎ; 

 Å ʘʚʪʦʤʘʪʠʯʥʠʡ ʟʘʧʠʩ ʬʦʥʦʛʨʘʤ ʽ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʡ ʘʥʘʣʽʟ 

ʜʝʤʦʜʫʣʴʦʚʘʥʦʛʦ ʘʫʜʽʦ ʩʠʛʥʘʣʫ.  

ɹʝʟʫʤʦʚʥʦ, ʧʦʰʫʢ ʩʫʯʘʩʥʠʭ ʎɿʅʆɯ ï ʮʝ ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʙʦʨʦʪʴʙʘ 

ʨʦʟʨʦʙʥʠʢʘ ʪʘʢʠʭ ʟʘʩʦʙʽʚ ʽ ʦʧʝʨʘʪʦʨʘ, ʱʦ ʚʠʢʦʥʫʻ ʧʦʰʫʢ ʟʘʢʣʘʜʦʢ [55,59]. 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ï ʮʝ ʽʥʩʪʨʫʤʝʥʪ ʧʦʰʫʢʫ, ʽ ʚʽʜ ʪʦʛʦ, ʥʘʩʢʽʣʴʢʠ ʚʦʥʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʽ ʟʨʫʯʥʝ, ʚ ʯʠʤʘʣʦʤʫ ʩʪʫʧʝʥʽ, ʟʘʣʝʞʠʪʴ ʨʝʟʫʣʴʪʘʪ ʨʦʙʽʪ [68]. 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʚʠʱʝʥʘʚʝʜʝʥʽ ʬʘʢʪʠ, ʙʘʯʠʤʦ ʱʦ ʚʩʽ ʧʝʨʝʨʘʭʦʚʘʥʽ ɸʇʂ 

ʤʘʶʪʴ ʥʝʜʦʣʽʢʠ. ʇʽʜʚʠʱʝʥʥ̫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʝʨʛʦʥʦʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʨʦʟʨʦʙʢʘ ʥʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʩʽʭ ʢʦʤʧʣʝʢʩʽʚ 

ʧʦʰʫʢʫ ɿʅʆɯ ʻ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤʠ ʟʘʚʜʘʥʥʷʤ ʥʘ ʩʴʦʛʦʜʥʽ. 

 

1.4. ɸʥʘʣ̔ʟ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʦʰʫʢʫ 

ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥ̫ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʧʦhʫʢʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ 

ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʦʮʝʩ 

ʧʦʰʫʢʫ ʎɿʅʆɯ ɸʇʂ ʤʘ ̒ ʩʫʪʪʻʚʽ ʥʝʜʦʣʽʢʠ. ʇʝʨʰʠʡ ʥʝʜʦʣʽʢ ï ʮʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʷʢʦʩʪʽ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʨʘʜʽʦʩʠʛʥʘʣʚ̔, ʩʢʘʥʫʶʯʠʭ 

ʧʨʠʡʤʘʯʽʚ, ʘʙʦ ʩʧʝʢʪʨ-ʘʥʘʣʽʟʘʪʦʨʽʚ ʟ ʥʝʜʦʩʪʘʪʥʴʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʪʘ 

ʯʘʩʪʦʪʥʠʤ ʜʽʘʧʘʟʦʥʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʩʠʛʥʘʣʽʚ [64]. ʎʝʡ ʥʝʜʦʣʽʢ ʫʩʫʚʘʶʪʴ ʟ 

ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʽʯʥʦʾ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʨʽʰʝʥʥʷʤʠ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʧʝʢʪʨ-ʘʥʘʣʽʟʘʪʦʨʽʚ ʪʘ ʚʝʢʪʦʨʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ. 
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ɹʽʣʴʰʝ ʫʚʘʛʠ ʟʘʩʣʫʛʦʚʫʻ ʟʘʩʪʦʩʦʚʘʥʠʭ ʫ ʩʫʯʘʩʥʠʭ ɸʇʂ ʧʨʦʛʨʘʤʥʠʭ 

ʟʘʩʦʙʽʚ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ï ʮʝ ʽʥʩʪʨʫʤʝʥʪ ʰʫʢʘʯʘ, ʽ ʚʽʜ ʪʦʛʦ, 

ʥʘʩʢʽʣʴʢʠ ʚʦʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʽ ʟʨʫʯʥʝ, ʚ ʟʥʘʯʥʦʤʫ ʩʪʫʧʝʥʽ, ʚʠʟʥʘʯʘʻ 

ʨʝʟʫʣʴʪʘʪ ʨʦʙʽʪ. ɺʦʥʦ ʩʢʣʘʜʝʪɹʩ ̫ʟ ʥʘʩʪʫʧʥʠʭ ʚʘʞʣʠʚʠʭ ʝʪʘʧʽʚ: ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʫ ʚʠʛʣʷʜ ʟʨʫʯʥʠʡ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ; ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʫ ʎɿʅʆɯ, ʨʦʟʧʽʟʥʘʥʥʷ ʩʠʛʥʘʣʫ ʎɿʅʆɯ 

ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ; ʣʦʢʘʣʽʟʘʮʽʷ ʎɿʅʆɯ. 

ɸʥʘʣʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʧʝʨʝʪʚʦʨʝʥʥ ̫ʩʠʛʥʘʣʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʙʽʣʴʰ 

ʟʘ ʚʩʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨô̒ [89]. ʆʩʦʙʣʠʚʦ ʰʚʠʜʢʽ 

ʘʣʛʦʨʠʪʤʠ ʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʧʨʠ ʦʙʨʦʙʮʽ ʜʠʩʢʨʝʪʥʠʭ ʧʝʨʽʦʜʠʯʥʠʭ 

ʩʠʛʥʘʣʽʚ. ʅʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤ ʻ ʰʚʠʜʢʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ (ʐʇʌ) 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʪʝʦʨʽʷ ʐʇʌ ʜʘʣʝʢʦ ʥʝ ʧʨʦʩʪʘ. ʂʣʘʩʠʯʥʠʤʠ ʧʨʘʮʷʤʠ ʧʦ 

ʐʇʌ ʩʪʘʣʠ ʢʥʠʛʠ ʄʘʢʢʣʝʣʣʘʥʘ ʽ ʈʘʡʜʝʨʘ, ɹʣʝʡʭʫʪʘ, ʅʫʩʩʙʘʫʤʝʨʘ. 

ʂʣʶʯʦʚʦʶ ʨʦʙʦʪʦʶ ʚ ʪʝʦʨʽʾ ʐʇʌ ʩʪʘʣʘ ʨʦʙʦʪʘ ʂʫʣʽ ʪʘ ʊʴʶʢʠ. ɿ ʪʦʛʦ ʯʘʩʫ 

ʽʥʪʝʨʝʩ ʜʦ ʐʇʌ ʥʝ ʟʛʘʩʘʻ. ʋ ʚʽʜʦʤʦʤʫ ʦʛʣʷʜʦʚʦʤʫ ʟʚʽʪʽ ɹʘʨʨʘʩʘ 1997 

ʟʛʘʜʫʻʪʴʩʷ ʧʦʥʘʜ 3400 ʨʦʙʽʪ ʧʦ ʐʇʌ. ɺʝʣʠʢʘ ʯʘʩʪʠʥʘ ʟ ʥʠʭ ï ʮʝ ʨʦʙʦʪʠ, 

ʧʦʚ'ʷʟʘʥʽ ʟ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʘʩʧʝʢʪʘʤʠ ʐʇʌ ʽ ʧʠʪʘʥʥʷʤʠ ʨʝʘʣʽʟʘʮʽʾ ʐʇʌ 

ʥʘ ʨʽʟʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʣʘʪʬʦʨʤʘʭ. 

 ɻʦʣʦʚʥʠʤ ʚʘʨʽʘʥʪʦʤ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ, ʩʫʯʘʩʥʦʛʦ ʯʘʩʫ, ʻ 

ʜʠʩʢʨʝʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ (ʐʇʌ), ʷʢʝ ʦʧʝʨʫʻ ʜʠʩʢʨʝʪʥʦʶ ʟʘ ʯʘʩʦʤ 

ʚʠʙʽʨʢʦʶ ʧʝʨʽʦʜʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ [6]. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ N-ʪʦʯʢʦʚʦʛʦ ʐʇʌ ʚʠʛʣʜ̫ʘʻ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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ʜʝ: ( )X k  ʷʚʣʷʻ ʩʦʙʦʶ ʯʘʩʪʦʪʥʠʡ ʚʠʭʽʜ ʐʇʌ ʚ k -ʦʾ ʪʦʯʢʠ ʩʧʝʢʪʨʫ, ʜʝ 

k  ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 1N- . N  ʩʪʘʥʦʚʠʪ ɹʩʦʙʦʶ ʯʠʩʣʦ ʚʽʜʜʽʣʢʽʚ 

ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʐʇʌ [106]. 
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ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʝʬʝʢʪʠʚʥʽ ʘʣʛʦʨʠʪʤʠ ʐʇʌ ʽʩʥʫʶʪʴ, ʜʣʷ 

ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʠʭ ʜʦʚʞʠʥ ʧʝʨʽʦʜʽʚ, ʜʦʚʞʠʥʘ, ʨʽʚʥʘ ʩʪʫʧʝʥ ʁ ʜʚʽʡʢʠ 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʘʡʧʦʧʫʣʷʨʥʽʰʦʶ ʯʝʨʝʟ ʤʘʢʩʠʤʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. 

ʆʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ ï ʚʠʜʽʣʠʪʠ ʯʘʩʪʦʪʠ 

ʨʝʛʫʣ̫ ʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʠʛʥʘʣʫ, ʪʘ ʩʠʛʥʘʣʫ ʟ ʰʫʤʘʤʠ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ 

ʟʘʚʜʘʥʥʷʤ ʧʦʰʫʢʫ ɿʅʆɯ ʪʦ ʮʝ ʟʘʚʜʘʥʥʷ ʚʠʷʚʠʪʠ ʩʠʛʥʘʣ ʨʘʜʽʦʟʘʢʣʘʜʢʠ, 

ʧʨʠʯʦʤʫ ʷʢ ʚʠʢʣʘʜʘʣʦʩʴ ʫ ʣʽʪʝʨʘʪʫʨʽ ʩʠʛʥʘʣ ʨʘʜʽʦʟʘʢʣʘʜʢʠ ʤʘʩʢʫʻʪʴʩʷ 

ʨʽʟʥʠʤʠ ʰʫʤʘʤʠ. 

ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʩʥʦʚʦʢ, ʱʦ ʐʇʌ ʧʦʢʘʟʫʻ ʟʘʛʘʣʴʥʽ 

ʚʜ̔ʦʤʦʩʪʽ ʧʨʦ ʯʘʩʪʦʪʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʠʛʥʘʣʫ. ʎʝ ʥʝ ʤʦʞʝ ʜʘʪʠ ʫʷʚʣʝʥʥʷ 

ʧʨʦ ʣʦʢʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʘʜʽʦʩʠʛʥʘʣʫ ʧʨʠ ʰʚʠʜʢʠʭ ʪʠʤʯʘʩʦʚʠʭ ʟʤʽʥʘʭ ʡʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ. ʐʇʌ ʪʘʢʦʞ ʥʝ ʤʦʞʝ ʘʥʘʣʽʟʫʚʘʪʠ ʯʘʩʪʦʪʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʫ ʚ ʜʦʚʽʣʴʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ. 

ʄʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʫʟʘʛʘʣʴʥʝʥʽ ʚʠʩʥʦʚʢʠ: 

1. ʐʇʌ ʜʘʻ ʯʘʩʪʦʪʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʩʠʛʥʘʣʽ ʪʘ ʥʝ 

ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʤʦʤʝʥʪ ʯʘʩʫ ʚʠʥʠʢʥʝʥʥʷ ʽ ʟʘʢʥ̔ʯʝʥʥʷ ʮʽʻʾ ʯʘʩʪʦʪʠ. 

2. ʆʙʤʝʞʝʥʘ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʘʥʘʣʽʟʫ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʩʠʛʥʘʣʽʚ ʽ 

ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʝʡ ʘʥʘʣʽʟʫ ʾʭ ʦʩʦʙʣʠʚʦʩʪʝʡ. 

3. ɻʘʨʤʦʥʽʡʥʽ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ ʨʦʟʢʣʘʜʘʥʥʷ ʥʝ ʟʜʘʪʥʽ ʧʦʢʘʟʫʚʘʪʠ 

ʧʝʨʝʧʘʜʠ ʩʠʛʥʘʣʽʚ ʟ ʥʝʩʢʽʥʯʝʥʥʦʶ ʢʨʫʪʠʟʥʦʶ, ʪʦʤʫ ʱʦ ʜʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ 

ʥʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʯʣʝʥʽʚ ʨʷʜʫ. ʇʨʠ ʦʙʤʝʞʝʥʥʽ ʯʠʩʣʘ ʯʣʝʥʽʚ ʨ̫ʜʫ 

ʌʫʨ'ʻ ʚ ʦʢʦʣʠʮʷʭ ʩʪʨʠʙʢʽʚ ʽ ʨʦʟʨʠʚʽʚ ʧʨʠ ʚʽʜʥʦʚʣʝʥʥʽ ʩʠʛʥʘʣʫ ʚʠʥʠʢʘʻ ʝʬʝʢʪ 

ɻʽʙʙʩʘ [110]. 

4. ʇʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ ʧʦʢʘʟʫʻ ʟʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʯʘʩʪʦʪʠ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʽ ʥʝ ʜʘʻ ʫʷʚʣʝʥʥʷ ʧʨʦ ʣʦʢʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʛʥʘʣʫ 

ʧʨʠ ʰʚʠʜʢʠʭ ʯʘʩʦʚʠʭ ʟʤʽʥʘʭ ʡʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ [113]. ʇʝʨʝʪʚʦʨʝʥʥʷ 

ʌʫʨ'ʻ ʥʝ ʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʘʥʘʣʽʟʫʚʘʪʠ ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʫ ʚ 

ʜʦʚʽʣʴʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ. ʆʪʨʠʤʘʥʠʡ ʘʥʘʣʽʟ ʩʚʽʜʯʠʪʴ, ʱʦ ʐʇʌ ʥʝ ʧʽʜʭʦʜʠʪʴ 

ʜʣʷ ʘʥʘʣʽʟʫ ʚʠʧʘʜʢʦʚʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʩʫʯʘʩʥʠʭ ɿʅʆɯ.  
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ɿ ʤʝʪʦʶ ʫʩʫʥʝʥʥʷ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʱʝ ʥʝʜʦʣʽʢʽʚ ʐʇʌ, ʙʫʣʦ 

ʟʘʩʪʦʩʦʚʘʥʦ, ʪʘʢ ʟʚʘʥʝ çʚʽʢʦʥʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷè, ʷʢʝ ʧʦʣʷʛʘʻ ʚ ʨʦʟʙʠʪʪ ̔

ʩʠʛʥʘʣʫ ʥʘ ʯʘʩʦʚʽ ʜʽʣʷʥʢʠ.  

ɺ̔ ʢʦʥʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʙʤʝʞʫʻ ʩʠʛʥʘʣ ʧʦ ʚʝʣʠʯʠʥʽ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʫʻ 

ʘʤʧʣʽʪʫʜʫ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʩʠʛʥʘʣʫ. 

ɿʤʝʥʰʝʥʝ ʘʤʧʣʽʪʫʜʠ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʩʠʛʥʘʣʫ ʜʫʞʝ ʚʘʞʣʠʚʦ ʧʨʠ 

ʧʦʜʘʣʴʰʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʟʘʜʘʥʦʛʦ ʩʠʛʥʘʣʫ. ʌʘʢʪ ʟʤʝʥʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ 

ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʩʠʛʥʘʣʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʙʦʨʫ ʚʽʢʦʥʥʦʾ 

ʬʫʥʢʮʽʾ [113]. 

ɺ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʙʽʨ ʚʽʢʦʥʥʦʾ ʬʫʥʢʮʽʾ ʻ ʦʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʢʨʠʪʝʨʽʾʚ ʚ 

ʮʠʬʨʦʚʽʡ ʦʙʨʦʙʮʽ ʩʠʛʥʘʣʫ, ʪʦʤʫ ʱʦ ʦʙʤʝʞʝʥʥʷ ʷʢʽ ʥʘʢʣʘʜʘʶʪʴ ʥʘ ʩʠʛʥʘʣ 

ʚʽʢʦʥʥʽ ʬʫʥʢʮʽʾ ʤʦʞʫʪʴ ʧʨʠʭʦʚʘʪʠ ʘʙʦ ʪʦʯʥʽʰʝ ʥʝ ʨʦʟʧʽʟʥʘʪʠ ʥʝʦʙʭʜ̔ʥʠʡ 

ʩʠʛʥʘʣ ʨʘʜʽʦʟʘʢʣʘʜʢʠ. ʊʦʤʫ ʚʠʙʽʨ ʚʽʢʦʥʥʦʾ ʬʫʥʢʮʽʾ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʟʘ 

ʜʚʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ: 

-ʜʠʥʘʤʽʯʥʦʤʫ ʜʽʘʧʘʟʦʥʫ ʩʠʛʥʘʣʫ; 

- ʠhʨʠʥʽ ʚʽʢʥʘ ʘʙʦ ʪʘʢ ʟʚʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʠʙʽʨʢʠ ʩʠʛʥʘʣʫ. 

ʇʨʠ ʧʦʰʫʢʫ ʎɿʅʆɯ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʩʠʛʥʘʣʫ ʥʝʚʽʜʦʤʠʡ. ɺʠʭʦʜʷʯʠ 

ʟ ʯʦʛʦ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʟʥʘʯʘʪʠ ʡʦʛʦ ʟ ʤʦʞʣʠʚʦʩʪʽ ʚʭʽʜʥʦʛʦ ʧʨʠʩʪʨʦʶ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʦʰʫʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ (ɸʇʂ), ʷʢʠʡ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ 

ʘʥʘʣʦʛʦʚʦʾ ʪʘ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ɼʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ 

ʩʠʛʥʘʣʫ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

10 10
20 20 2 6,02log log2

BD B B= Ö = Ö Ö = Ö                                          (1.2) 

 

     ʜʝ: Dï ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʚ ʜʝʮʠʙʝʣʘʭ; 

           Bï ʢʽʣʴʢʽʩʪʴ ʨʦʟʨʷʜʽʚ ʚʭʽʜʥʦʛʦ ʧʨʠʩʪʨʦʶ ɸʇʂ. 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ ʧʨʠʭʦʜʠʤʦ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʢʦʥʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ (ʜʘʣʽ 

ɺʇʌ), ʫʩʫʚʘʻ ʥʝʜʦʣʽʢʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʐʇʌ [149]. ʊʦʙʪʦ ʘʥʘʣʽʟ ʚʞʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʫ ʯʘʩʪʦʪʥʽʡ, ʘ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʪʦʤʫ ʩʠʛʥʘʣ ʚʞʝ 
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ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ ï ʚʽʢʥʘ [119]. ʆʜʥʘʢ ʦʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚ 

ɺʇʌ ʟʘʣʠʰʘʻʪʴʩʷ ʪʝ ʱʦ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʠʛʥʘʣʫ ʟ'ʷʚʣʷʻʪʴʩʷ ʪʘʢ ʟʚʘʥʠʡ ʧʨʠʥʮʠʧ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ɻʝʡʟʝʥʙʝʨʛʘ ʷʢʠʡ 

ʚʠʥʠʢʘʻ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ ʯʘʩʫ ʽ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ [123]. ɺ ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʫ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʣʝʞʠʪʴ ʪʦʡ ʬʘʢʪ, ʱʦ ʥʝʤʦʞʣʠʚʦ ʩʢʘʟʘʪʠ ʪʦʯʥʦ ʷʢʘ ʯʘʩʪʦʪʘ 

ʧʨʠʩʫʪʥ ̫ʚ ʩʠʛʥʘʣʽ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ (ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʪʽʣʴʢʠ ʧʨʦ ʜʽʘʧʘʟʦʥ 

ʯʘʩʪʦʪ) ʽ ʥʝ ʤʦʞʣʠʚʦ ʩʢʘʟʘʪʠ ʚ ʷʢʠʡ ʪʦʯʥʦ ʤʦʤʝʥʪ ʯʘʩʫ ʯʘʩʪʦʪʘ ʧʨʠʩʫʪʥʷ ʚ 

ʩʠʛʥʘʣʽ (ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʣʠʰʝ ʧʨʦ ʧʝʨʽʦʜ ʯʘʩʫ). ʇʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʷʚʠʪʠ ʩʠʛʥʘʣ ʮʠʬʨʦʚʦʾ ʨʘʜʽʦʟʘʢʣʘʜʢʠ ʷʢʘ ʧʝʨʝʜʘʻ ʩʠʛʥʘʣ ʚ ʽʤʧʫʣʴʩʥʦʤʫ 

ʨʝʞʠʤʽ, ʚ ʢʦʨʦʪʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʩʪʘʻ ʜʫʞʝ ʧʨʦʙʣʝʤʘʪʠʯʥʦʶ. 

ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ, ʤʦʞʣʠʚʦ ʜʦʙʠʪʠʩʷ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ, ʚʥʘʩʣʽʜʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʜʽʣʴʥʦ ʾʟʜʘʪʥʦʩʪʽ (ʟʚʫʞʝʥʥʷ ʚʽʢʥʘ), ʷʢʱʦ ʽʤʧʫʣʴʩʠ ʚʠʭʦʜʫ ʚ 

ʝʬʽʨ ʨʘʜʽʦʟʘʢʣʘʜʢʠ ʙʫʜʫʪʴ ʧʨʦʭʦʜʠʪʠ ʟ ʧʝʚʥʦʶ ʧʝʨʽʦʜʠʯʥʽʩʪʶ, ʘʣʝ ʪʽʣʴʢʠ 

ʚʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ. ʈʘʜʽʦʟʘʢʣʘʜʢʫ ʷʢʘ ʧʝʨʝʜʘʻ 

ʥʘʢʦʧʠʯʝʥʫ ʽʥʬʦʨʤʘʮʽʶ ʚ ʦʜʠʥʠʯʥʦʤʫ ʽʤʧʫʣʴʩʽ ʚʠʟʥʘʯʠʪʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʻ 

ʤʦʞʣʠʚʠʤ, ʟ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʯʘʩ ʦʙʨʦʙʢʠ ʨʘʜʽʦʩʠʛʥʘʣʫ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ 

ʙʽʣʴʰʝ ʯʘʩʫ ʚʠʭʦʜʫ ʨʘʜʽʦʟʘʢʣʘʜʢʠ ʚ ʨʘʜ̔ʦʝʬ̔ʨ. 

ʇʨʦʙʣʝʤʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ɻʝʡʟʝʥʙʝʨʛʘ ʚʠʨʽʰʫʻ ʪʘʢ ʟʚʘʥʝ ʚʝʡʚʣʝʪ ï

 ʧʝʨʝʪʚʦʨʝʥʥʷ. ɺʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ (Wavelet ʘʥʛʣ. ʢʦʨʦʪʢʘ ʭʚʠʣʷ) ʰʠʨʦʢʝ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʦʪʨʠʤʘʣʦ ʧʦʨʽʚʥʷʥʦ ʥʝʜʘʚʥʦ [125] (ʩʘʤ ʪʝʨʤʽʥ Wavelet ʙʫʚ 

ʚʚʝʜʝʥʠʡ ʫ 1984ʨʦʮʽ), ʫ ʟʚ'ʷʟʢʫ ʟ ʨʦʟʚʠʪʢʦʤ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ [228]. 

ɺʝʡʚʣʝʪʠ ʤʘʶʪʴ ʚʠʛʣʷʜ ʢʦʨʦʪʢʠʭ ʭʚʠʣʴʦʚʠʭ ʧʘʢʝʪʽʚ ʟ ʥʫʣʴʦʚʠʤ 

ʽʥʪʝʛʨʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ [185], ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʧʦ ʦʩʽ ʘʨʛʫʤʝʥʪʽʚ (ʥʝʟʘʣʝʞʥʠʭ 

ʟʤʽʥʥʠʭ), ʽʥʚʘʨʽʘʥʪʥʠʭ ʜʦ ʟʩʫʚʫ ʪʘ ʣʽʥʽʡʥʠʭ ʜʦ ʦʧʝʨʘʮʽʾ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

(ʩʪʠʩʥʝʥʥ̫  / ʨʦʟʪʷʛʫʚʘʥʥʷ). ɿʘ ʣʦʢʘʣʽʟʘʮʽʻʶ ʫ ʯʘʩʦʚʦʤʫ ʪʘ ʯʘʩʪʦʪʥʦʤʫ 

ʧʦʜʘʥʥʽ ʚʝʡʚʣʝʪʠ ʟʘʡʤʘʶʪʴ ʧʨʦʤʽʞʥʝ ʧʦʣʦʞʝʥʥʷ ʤʽʞ ʛʘʨʤʦʥʽʡʥʠʤʠ 

(ʩʠʥʫʩʦʾʜʘʣʴʥʠʤʠ) ʬʫʥʢʮʽʷʤʠ, ʣʦʢʘʣʽʟʦʚʘʥʠʤʠ ʧʦ ʯʘʩʪʦʪʽ, ʽ ʬʫʥʢʮʽʻʶ ɼʽʨʘʢʘ, 

ʣʦʢʘʣʽʟʦʚʘʥʦʾ ʚ ʯʘʩʽ  [9]. 

ʊʝʦʨʽʷ ʚʝʡʚʣʝʪʽʚ ʥʝ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʶ ʪʝʦʨʽʻʶ, ʘʣʝ ʚʦʥʘ ʜʘʻ ʟʨʫʯʥʠʡ ʽ 

ʝʬʝʢʪʠʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʙʘʛʘʪʴʦʭ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ, ʟʦʢʨʝʤʘ 
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ʟʘʚʜʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʨʦʪʢʠʭ ʽʤʧʫʣʴʩʽʚ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ 

ʨʘʜʽʦʟʘʢʣʘʜʢʘʤʠ [163]. 

ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʰʚʠʜʢʠʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ ʌʫʨ'ʻ, ʚʝʡʚʣʝʪʠ ʟʜʘʪʥʽ ʟ 

ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʧʨʝʜʩʪʘʚʣʷʪʠ ʣʦʢʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʘʜʽʦʩʠʛʥʘʣʽʚ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʝʨʝʪʚʦʨʝʥʴ ʌʫʨ'ʻ, ʚʝʡʚʣʝʪ ï ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʜʥʦʚʠʤʽʨʥʠʭ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʟʘʙʝʟʧʝʯʫʻ ʜʚʦʚʠʤʽʨʥʫ ʨʦʟʛʦʨʪʢʫ, ʧʨʠ ʮʴʦʤʫ ʯʘʩʪʦʪʘ ʽ 

ʢʦʦʨʜʠʥʘʪʘ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʥʝʟʘʣʝʞʥʽ ʟʤʽʥʥʽ, ʱʦ ʜʘʻ ʤʦʞʣʠʚ̔ʩʪʴ ʘʥʘʣʽʟʫ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʚʽʜʨʘʟʫ ʫ ʜʚʦʭ ʧʨʦʩʪʦʨʘʭ. [10] ʆʜʥʘ ʟ ʛʦʣʦʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʚʝʡʚʣʝʪ ï ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʣʷʛʘʻ ʚ 

ʧʦʜʽʣʽ ʬʫʥʢʮʽʡ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʩʠʛʥʘʣʫ ʥʘ ʜʚʽ ʛʨʫʧʠ: ʘʧʨʦʢʩʠʤʫ ʯʁʫ ï ʛʨʫʙʫ, ʟ 

ʜʦʩʠʪʴ ʧʦʚʽʣʴʥʦ ʁʯʘʩʦʚʦʶ ʜʠʥʘʤʽʢʦʶ ʟʤʽʥ, ʽ ʜʝʪʘʣʴʥʫ ï ʟ ʣʦʢʘʣʴʥʦʶ ʪʘ 

ʰʚʠʜʢʦʶ ʜʠʥʘʤʽʢʦʶ ʟʤʽʥ. ʎʝ ʤʦʞʣʠʚʦ ʷʢ ʚ ʯʘʩʦʚʽʡ, ʪʘʢ ʽ ʚ ʯʘʩʪʦʪʥʽʡ 

ʦʙʣʘʩʪʷʭ ʫʷʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʚʝʡʚʣʝʪʘʤʠ [134]. 

ʆʩʥʦʚʫ ʚʝʡʚʣʝʪ ï ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ï ʢʦʨʦʪʢʘ ʭʚʠʣʷ ʷʢʘ 

ʧʨʦʭʦʜʠʪʴ ʤʽʞ ʩʠʛʥʘʣʘʤʠ ʪʘ ʻ ʩʚʦʛʦ ʨʦʜʫ ʚʽʢʥʦʤ ʜʝʷʢʦʾ ʰʠʨʠʥʠ (ʷʢ ʫ ʐʇʌ)  

ʜʣʷ ʜʝʷʢʦʛʦ ʯʘʩʦʚʦʛʦ ʧʨʦʤʽʞʢʫ. ʎʷ ʢʦʨʦʪʢʘ ʭʚʠʣʷ ʥʘʟʠʚʘʻʪʴʩʷ ʤʘʪʝʨʠʥʩʴʢʠʤ 

ʚʝʡʪʚʣʝʪʦʤ. ʄʘʪʝʨʠʥʩʴʢʠʡ ʚʝʡʚʣʝʪ ʮʝ ʬʫʥʢʮʽʷ ʷʢʘ ʙʫʜʝ ʥʘʜʘʣʽ ʧʨʦʪʦʪʠʧʦʤ 

ʚʩʽʭ ʚʽʢʦʥ, ʷʢʽ ʙʫʜʫʪʴ ʩʪʚʦʨʶʚʘʪʠʩʷ ʥʘ ʪʠʤʯʘʩʦʚʦʤʫ ʚʽʜʨʽʟʢʫ ʚʝʡʚʣʝʪ 

ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ɿʘ ʘʥʘʣʦʛʽʻʶ ʟ ʚʽʢʦʥʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʌʫʨ'ʻ ʤʘʩʰʪʘʙ ʧʦʚ'ʷʟʘʥʠʡ 

ʟʚʦʨʦʪʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʟ ʰʠʨʠʥʦʶ ʚʝʡʚʣʝʪʘ (ʚʽʢʥʘ). ʏʠʤ ʤʝʥʰʝ ʭʚʠʣʷ ï 

ʙʽʣʴʰʝ ʤʘʩh ʪʘʙ ʽ ʥʘʚʧʘʢʠ. ʆʩʦʙʣʠʚʽʩʪʶ ʻ ʟʨʫʰʝʥʥʷ ʟʘ ʯʘʩʦʤ ʷʢʠʡ ʨʝʛʫʣʶʻ 

ʨʫʭ ʚʝʡʚʣʝʪʦʚ ʟ ʯʘʩʦʚʦʾ ʢʦʤʧʦʥʝʥʪʠ ʩʠʛʥʘʣʫ [134]. 

ʆʧʠʨʘʶʯʠʩʴ ʥʘ ʚʠʱʝ ʚʠʢʣʘʜʝʥʝ, ʤʦʞʣʠʚʦ ʧʨʦʚʝʩʪʠ ʫʟʘʛʘʣʴʥʝʥʠʡ 

ʘʥʘʣʽʟ ʚʝʡʚʣʝʪ ï ʧʝʨʝʪʚʦʨʝʥʴ ʩʠʛʥʘʣʽʚ. ʇʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʚʝʡʚʣʝʪʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ: 

1) ʚʝʡʚʣʝʪʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʦʣʦʜʽʶʪʴ ʚʩʽʤʘ ʧʝʨʝʚʘʛʘʤʠ ʧʝʨʝʪʚʦʨʝʥʴ 

ʌʫʨ'ʻ; 

2) ʚʝʡʚʣʝʪʥʽ ʙʘʟʠʩʠ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʙʨʝ ʣʦʢʘʣʽʟʦʚʘʥʠʤʠ ʷʢ ʧʦ ʯʘʩʪʦʪʽ, 

ʪʘʢ ʽ ʟʘ ʯʘʩʦʤ; 
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3) ʚʝʡʚʣʝʪʥʽ ʙʘʟʠʩʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ, ʤʘʶʪʴ ʙʘʛʘʪʦ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʙʘʟʦʚʠʭ ʬʫʥʢʮʽʡ, ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʠʭ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʨʽʰʝʥʥʷ 

ʨʽʟʥʠʭ ʟʘʚʜʘʥʴ. ɹʘʟʠʩʥʽ ʚʝʡʚʣʝʪʠ ʤʦʞʫʪʴ ʨʝʘʣʽʟʫʚʘʪʠʩ ̫ ʬʫʥʢʮʽʷʤʠ ʨʽʟʥʦʾ 

ʛʣʘʜʢʦʩʪ;̔ 

4) ʅʝʜʦʣʢ̔ʦʤ ʚʝʡʚʣʝʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʻ ʡʦʛʦ ʚʽʜʥʦʩʥʘ ʩʢʣʘʜʥʽʩʪʴ; 

5) ɺʝʡʚʣʝʪʥ ̔ ʩʢʣʘʜʦʚʽ ʩʠʛʥʘʣʫ ʚ ʧʝʨʝʪʠʥʘʭ ʡʦʛʦ ʩʧʝʢʪʨʫ ʥʝ ʤʘʶʪʴ 

ʥʽʯʦʛʦ ʩʧʽʣʴʥʦʛʦ ʟ ʩʠʥʫʩʦʾʜʘʤʠ, ʽ ʧʨʝʜʩʪʘʚʣʝʥʽ, ʷʢ ʧʨʘʚʠʣʦ, ʩʠʛʥʘʣʘʤʠ ʜʦʩʠʪʴ 

ʩʢʣʘʜʥʦ ʾʽ ʥʝ ʟʘʚʞʜʠ ʟʨʦʟʫʤʣ̔ʦʾ ʬʦʨʤʠ, ʱʦ ʤʦʞʝ ʫʩʢʣʘʜʥʶʚʘʪʠ ʾʭ ʥʘʦʯʥʝ 

ʫʷʚʣʝʥʥʷ ʽ ʨʦʟʫʤʽʥʥʷ. 

ʆʩʪʘʥʥʽʡ ʥʝʜʦʣʽʢ ʽ ʩʚʽʜʯʠʪʴ ʱʦ ʚʠʧʘʜʢʦʚʽ ʽʤʧʫʣʴʩʽ ʜʫʞʝ ʩʢʣʘʜʥʦ 

ʚʠʷʚʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʡʚʣʝʪ ï ʧʝʨʝʪʚʦʨʝʥʴ, ʪʦʤʫ ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʣʷʪʠ 

ʽʥʰʽ, ʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʽ ʤʝʪʦʜʠ ʧʝʨʝʪʚʦʨʝʥʴ. 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʫ ʧʦʰʫʢʫ ɿʅʆɯ ʻ ʧʠʪʘʥʥʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʥʘ 

ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ. ʊʨʘʜʠʮʽʡʥʦ, ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʜʣʷ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʪʽ ʤʝʪʦʜʠ, ʷʢʽ ʧʨʠ ʟʘʜʘʥʠʭ 

ʫʤʦʚʘʭ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʧʨʘʚʜʠʚʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽ.ʾ ɼʦ 

ʥʝʜʘʚʥʴʦʛʦ ʯʘʩʫ ʜʦʤʽʥʘʥʪʥʠʤ ʙʫʚ ʧʽʜʭʽʜ ʜʦ ʧʦʙʫʜʦʚʠ ʧʨʠʩʪʨʦʾʚ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʥʝ ʥʘʢʣʘʜʘʣʠʩʷ ʦʙʤʝʞʝʥʥʷ ʥʘ ʪʨʠʚʘʣʽʩʪʴ 

ʦʙʨʦʙʣʶʚʘʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʩʠʛʥʘʣʫ. ʅʝʦʙʭʽʜʥʘ ʧʨʘʚʜʠʚʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʜʦʩʷʛʘʣʘʩʷ ʰʣʷʭʦʤ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪ̔ ʚ, ʘ ʪʘʢʦʞ 

ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ ʧʨʦʩʪʦʨʫ ʦʟʥʘʢ. ʆʜʥʘʢ ʧʨʠ ʨʦʟʧʽʟʥʘʚʘʥʥʽ 

ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʩʠʛʥʘʣʽʚ ʩʫʯʘʩʥʦʛʦ ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ ʩʢʣʘʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʟʘʟʥʘʯʝʥʽ ʫʤʦʚʠ. ɼʦʜʘʪʢʦʚʦʶ ʚʠʤʦʛʦʶ, ʯʘʩʪʦ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʥʷ ʚ ʫʤʦʚʘʭ ʜʝʬʽʮʠʪʫ ʯʘʩʫ. ʊʫʪ ʥʝʦʙʭʽʜʥʠʡ ʧʝʨʝʭʽʜ ʜʦ ʽʥʰʠʭ ʤʝʪʦʜʽʚ, 

ʢ̫ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʫ ʢʦʥʪʨʘʩʪʥʽʩʪʴ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʫ ʩʬʦʨʤʦʚʘʥʠʭ 

ʦʟʥʘʢʦʚʠʭ ʧʨʦʩʪʦʨʘʭ ʟʛʽʜʥʦ ʟʽ ʩʬʦʨʤʫʣʴʦʚʘʥʠʤʠ ʫʤʦʚʘʤʠ. 

ʇʨʦʮʝʩ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʭʘʨʘʢʪʝʨʥʠʭ ʘʙʦ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʝʪʘʧʽʚ: 

- ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ; 
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- ʘʥʘʣʽʟ ʧʘʨʘʤʝʪʨʽʚ ʽ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʨʦʟʧʽʟʥʘʥʠʭ ʩʠʛʥʘʣʽʚ ʪʘ ʬʦʨʤʫʚʘʥʥʷ 

ʦʮʽʥʶʚʘʣʴʥʦʛʦ ʚʠʩʥʦʚʢʫ. 

ʅʘ ʝʪʘʧʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʨʠʩʫʪʥʽʡ ʨʷʜ ʪʨʫʜʥʦʱʽʚ. ʈʘʜʽʦʩʠʛʥʘʣʠ 

ʢʚʘʟʽʧʝʨʦ̔ʜʠʯʥʦʩʪʽ ʪʘ ʫ ʪʦʯʥʦʾ ʤʽʨʠ ʥʽʢʦʣʠ ʥʝ ʧʦʚʪʦʨʶʶʪʴ ʦʜʠʥ ʦʜʥʦʛʦ, ʱʦ 

ʦʙʫʤʦʚʣʶʻ ʚʠʙʽʨ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ. 

ʆʜʥʠʤ ʟ ʷʢʠʭ ʻ ʩʠʥʪʘʢʩʠʯʥʠʡ ʤʝʪʦʜ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʠʥʪʘʢʩʠʯʥʦʛʦ 

ʤʝʪʦʜʫ ʩʧʦʯʘʪʢʫ ʚʠʷʚʣʷʻʪʴʩʷ ʣʦʢʘʣʽʟʘʮʽʷ ʦʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʦʰʫʢʦʤ ʧʨʦʩʪʦʛʦ 

ʤʘʢʩʠʤʫʤʫ, ʧʦʪʽʤ ʩʪʚʦʨʶʻʪʴʩʷ ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʦʧʠʩ (ʘʤʧʣʽʪʫʜʘ, ʪʨʠʚʘʣʽʩʪʴ 

ʧʝʨʝʜʥʴʦʛʦ ʽ ʟʘʜʥʴʦʛʦ ʬʨʦʥʪʫ) ʽ ʜʘʣʽ ʧʨʦʚʦʜʠʪʴʩʷ ʩʢʘʥʫʚʘʥʥʷ ʚʩʴʦʛʦ  

ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʥʘ ʧʨʝʜʤʝʪ ʣʦʢʘʣʽʟʘʮʽʾ ʘʥʘʣʦʛʽʯʥʠʭ ʩʭʦʞʠʭ ʜʽʣʷʥʦʢ 

[150,160,165]. ʄʝʪʦʜ ʧʦʢʘʟʘʚ ʭʦʨʦʰʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʦʣʠʚʘʥʴ ʽʟʦʣʽʥʽʾ, ʦʜʥʘʢ 

ʧʦʤʠʣʷʚʩʷ ʧʨʠ ʩʫʤʘʨʥʦʩʪʽ ʘʤʧʣʽʪʫʜ ʽ ʪʨʠʚʘʣʦʩʪʽ ʩʠʛʥʘʣʽʚ, ʧʨʠ ʟʥʘʯʥʽʡ 

ʟʘhʫʤʣʝʥʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ [162,164]. ʇʦʤʠʣʢʠ, ʷʢ ʧʨʘʚʠʣʦ, ʩʢʣʘʜʘʣʠʩʷ 

ʟ ʧʨʦʧʫʩʢʽʚ ʰʫʢʘʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʩʠʛʥʘʣʫ ʧʨʠ ʡʦʛʦ ʘʥʘʣʽʟʽ. ʊʦʙʪʦ ʩʠʛʥʘʣʠ 

ɿʅʆɯ ʥʝ ʨʦʟʧ̔ʟʥʘʚʘʣʠʩʷ ʽ ʚʦʥʠ ʧʨʦʧʫʩʢʘʣʠʩʷ.  

ʅʘʩʪʫʧʥʠʤ ʻ ʢʦʨʝʣʷʮʽʡʥʠʡ ʤʝʪʦʜ. ʎʝʡ ʤʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ 

ʚʠʤʽʨʁʚʘʥʥʽ ʩʪʫʧʝʥʷ ʧʦʜʽʙʥʦʩʪʽ (ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ) ʝʪʘʣʦʥʥʦʛʦ ʟʨʘʟʢʘ 

ʘʙʦ ʬʘʡʣʫ çʟʨʘʟʢʘè ʟ ʬʘʡʣʦʤ ʨʝʘʣʴʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ [153]. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʻʤʦ ʤʘʩʠʚ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ, ʨʦʟʧʦʜʽʣʝʥʠʭ ʧʦ ʯʘʩʦʚʽʡ 

ʦʩʽ ʩʠʛʥʘʣʫ. ʂʦʨʝʣʷʮʽʡʥʠʡ ʤʝʪʦʜ ʧʦʢʘʟʘʚ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ ʥʘʚʽʪʴ ʥʘ 

ʟʘʰʫʤʣʝʥʠʭ ʜʽʣʷʥʢʘʭ ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ ʪʘ ʜʦʟʚʦʣʠʚ ʜʦʩʠʪʴ ʪʦʯʥʦ ʨʦʟʧʽʟʥʘʚʘʪʠ 

ʨʘʜʽʦʩʠʛʥʘʣʽ [152]. ʆʜʥʘʢ ʥʝʜʦʣʽʢʘʤʠ ʤʝʪʦʜʫ ʻ ʪʝ, ʱʦ ʚʩʽ ʨʝʟʫʣʴʪʘʪʠ, 

ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʽʣʴʢʠ 

ʚ ʦʙʣʘʩʪʽ ʜʦʩʣ̔ ʜʞʝʥʥʷ ʘʙʦ ʙʣʠʟʴʢʦ ʜʦ ʥʝʾ. ʊʦʙʪʦ ʥʘ ʜʽʣʷʥʢʘʭ ʟ ʤʘʣʦ ʁ

ʪʨʠʚʘʣʽʩʪʶ. ʇʽʩʣʷ ʚʠʷʚʣʝʥʥʷ ʩʪʦʭʘʩʪʠʯʥʠʭ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ 

ʟʤʽʥʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʥʝʦʙʭʽʜʥʦ ʧʨʠʩʪʫʧʘʪʠ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʮʽʢʘʚʠʭ 

ʡʦʤʫ ʟʘʣʝʞʥʦʩʪʝʡ, ʪʦʙʪʦ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʡʪʠ ʚʽʜ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦ 

ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʆʩʪʘʥʥʽʤ ʧʠʪʘʥʥʷʤ ʧʦʰʫʢʫ  ̒ʧʠʪʘʥʥʷ ʣʦʢʘʣʽʟʘʮʽʾ  ʩʠʛʥʘʣʽʚ ʎɿʅʆɯ. 

ɹʽʣʴʰʽʩʪʴ ʤʝʪʦʜʽʚ ʨʘʜʽʦʧʝʣʝʥʛʘʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʧʝʣʝʥʛʫʚʘʪʠ ʪʽʣʴʢʠ ʦʜʠʥ 
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ʚʠʧʨʦʤʽʥʶʚʘʯ ʥʘ ʧʝʚʥʽʡ ʯʘʩʪʦʪʽ, ʟʘʡʥʷʪʦʾ ʚʠʢʣʶʯʥʦ ʮʽʢʘʚʠʤ  ʜʣʷ ʥʘʩ 

ʧʝʨʝʜʘʚʘʯʝʤ [154]. ʗʢʱʦ ʜʦʜʘʪʢʦʚʽ ʧʝʨʝʜʘʚʘʯʽ ʧʨʘʮʶʶʪʴ ʥʘ ʪʽʡ ʞʝ ʯʘʩʪʦʪʽ, 

ʤʦʞʣʠʚʦ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʧʝʣʝʥʛʘʮʽʶ (ʚʥʫʪʨʽʰʥʴʦ ʢʘʥʘʣʴʥʘ ʧʝʨʝʰʢʦʜʘ). 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʝʟʫʣʴʪʘʪ ʧʝʣʝʥʛʘʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʽʚʥʽʚ 

ʧʝʨʝʜʘʚʘʯʽʚ. ʗʢʱʦ ʦʜʠʥ ʟ ʧʝʨʝʜʘʚʘʯʽʚ ʟʥʘʯʥʦ ʧʦʪʫʞʥʽʰʠʡ ʚʽʜ ʽʥhʠʭ, ʪʦ 

ʚʽʜʧʦʚʽʜʥʠʡ ʧʝʣʝʥʛ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʟ ʥʝʟʥʘʯʥʠʤʠ ʧʦʤʠʣʢʘʤʠ. ʗʢʱʦ ʞ 

ʧʝʨʝʜʘʚʘʯʽ ʤʘʶʪʴ ʙʣʠʟʴʢʽ ʨʽʚʥʽ, ʨʝʟʫʣʴʪʘʪ ʧʝʣʝʥʛʘʮʽʾ ʟʘʟʚʠʯʘʡ ʥʝʧʨʘʚʠʣʴʥʠʡ. 

ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʚʩʽʭ ʪʨʘʜʠʮʽʡʥʠʭ ʧʨʠʥʮʠʧʽʚ ʧʝʣʝʥʛʘʮʽʾ, ʚʢʣʶʯʘʶʯʠ 

ʢʦʨʝʣʷʮʽʡʥʠʡ ʽʥʪʝʨʬʝʨʦʤʝʪʨ ʽ ʤʝʪʦʜʠ ɼʦʧʣʝʨʘ  ̔ɺʘʪʩʦʥʘ-ɺʘʪʪʘ [144]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʧʦʰʫʢʫ ɸʇʂ ʎɿʅʆɯ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʚʠʟʥʘʯʝʥʥʷ, 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʎɿʅʆɯ, ʷʢʘ, ʙʝʟʫʤʦʚʥʦ, ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦʶ 

ʧʨʦʙʣʝʤʦʶ. 

 

1.5. ʇʦʩʪʘʥʦʚʢʘ ʥʘʫʢʦʚʦʾ ʧʨʦʙʣʝʤʠ ʪʘ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ɸʥʘʣʽʟ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʧʦʰʫʢʫ ʎɿʅʆɯ, ʧʦʢʘʟʘʚ, ʱʦ ʧʨʦʙʣʝʤʘ ʧʦʙʫʜʦʚʠ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟʘ ʥʦʚʠʤʠ ʤʝʪʦʜʦʣʦʛʽʯʥʠʤʠ 

ʧʨʠʥʮʠʧʘʤʠ ʻ ʜʫʞʝ ʰʠʨʦʢʦʶ ʪʘ ʙʘʛʘʪʦʛʨʘʥʥʦʶ. ʅʘʨʽʚʥʽ ʟ ʧʽʜʚʠʱʝʥʥʷʤ 

ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʙʣʦʢʫʚʘʥʥʷ ʧʨʠʤʽʱʝʥʴ ʚʽʜ ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ, 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʎɿʅʆɯ ʻ ʥʝʦʙʭʽʜʥʠʤ ʽ 

ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʅʠʥʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʎɿʅʆɯ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʥʘʩʪʫʧʥʠʭ ʥʘʧʨʷʤʢʘʭ: 

-ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʚʠʤʽʨʶʚʘʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʽʚ; 

-ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʧʨʠʥʮʠʧʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʟ ʤʝʪʦʶ 

ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ; 

-ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʠʭ ʧʨʠʥʮʠʧʽʚ ʦʩʪʘʪʦʯʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʩʠʛʥʘʣʽʚ; 
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-ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʧʘʩʠʚʥʦʾ ʧʝʣʝʥʛʘʮʽʾ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʚʠʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ʎɿʅʆɯ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʨʦʮʝʩʫ ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ 

ʩʠʛʥʘʣʽʚ ʎɿʅʆɯ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ 

ʚʠʩʥʦʚʢʠ: 

1. ʆʩʪʘʪʦʯʥʦ ʥʝ ʚʠʨʽʰʝʥʘ ʧʨʦʙʣʝʤʘ ʟ ʧʨʠʩʪʨʦʷʤʠ ʚʠ̫ʚʣʝʥʥʷ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ. 

2.  ʅʝ ʨʦʟʚ'ʷʟʘʥʘ ʧʨʦʙʣʝʤʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʎɿʅʆɯ ʟ ʤʝʪʦʶ 

ʦʩʪʘʪʦʯʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʾʭ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ. 

3.    ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʨʘʜ̔ʦʩʠʛʥʘʣ̔ʚ ʧʦʪʨʝʙʫʻ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ. 

4.    ʆʩʪʘʪʦʯʥʦ ʥʝ ʚʠʨʽʰʝʥʘ ʧʨʦʙʣʝʤʘ ʣʦʢʘʣʽʟʘʮʽʾ ʫ ʧʨʦʩʪʦʨʽ ʎɿʅʆɯ.  

ɺʠʭʦʜʷʯʠ ʟ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ, ʚʠʥʠʢʘʻ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʘ ʧʨʦʙʣʝʤʘ 

ʱʦʜʦ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʦʰʫʢʫ ʩʠʛʥʘʣʽʚ 

ʎɿʅʆɯ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ.  

ʅʘ ʜʘʥʠʡ ʯʘʩ ʨʦʟʨʦʙʣʝʥʦ ʨʷʜ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʎɿʅʆɯ, ʜʦ 

ʦʩʥʦʚʥʠʭ ʟ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: 

-ʤʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʚʠʷʚʣʝʥʥʷ 

ʩʠʛʥʘʣʽʚ, ʩʧʝʢʪʨ ʘʥʘʣʽʟʘʪʦʨʠ ʪʘ ʚʝʢʪʦʨʥʽ ʘʥʘʣʽʟʘʪʦʨʽ ʪʘʢʠʭ ʬʽʨʤ, ʷʢ: Anritsu, 

Tektronix, Rohde & Schwarz, Keysight (Agilent) ʪʘ ʽʥʰʽ; 

-ʤʝʪʦʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʠʭ ʤʝʪʦʜʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʥʘ 

ʦʩʥʦʚʽ ʚʽʢʦʥʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʪʘ ʚʝʡʚʣʝʪ ï ʧʝʨʪʚʦʨʝʥʴ [177]. 

ʇʨʦʪʝ ʮʽ ʤʝʪʦʜʠ ʤʘʶʪʴ ʦʙʤʝʞʝʥʥ ̫ ʚʥʘʩʣʽʜʦʢ ʚʽʜʩʫʪʥʦʩʪʽ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʡʤʦʚʽʨʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʙʽʣʴʰ ʟʘ ʚʩʝ 

ʽ ʻ ʩʠʛʥʘʣʘʤʠ ʎɿʅʆɯ. ʎʽ ʤʝʪʦʜʠ ʤʘʶʪʴ ʜʫʞʝ ʩʫʪʪʻʚʽ ʥʝʜʦʣʽʢʠ ʧʨʠ 

ʚʠʤʽʨʶʚʘʥʥʽ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʽ ʽʤʧʫʣʴʩʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ, ʦʩʦʙʣʠʚʦ ʽʤʧʫʣʴʩʥʠʭ 

ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ. 

ɯʩʥʫʶʯʽ ʤʝʪʦʜʠʢʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ, ʚ ʙʽʣʴʰʦʩʪʽ, ʥʘʧʨʘʚʣʝʥʥʽ ʥʘ 

ʧʨʦʙʣʝʤʫ ʨʦʟʧʽʟʥʘʚʘʥʥ ̫ʽʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ [183]. ʊʦʙʪʦ, ʚʽʜ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ 

ʚʞʝ ʥʘʢʣʘʜʝʥʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʤʝʪʦʜʠʢʫ ʧʦʚʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʫ, ʱʦ 
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ʽʥʦʜʽ ʥʝ ʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʧʽʟʥʘʪʠ ʟʘʤʘʩʢʦʚʘʥʠʡ ʩʠʛʥʘʣ ɿʅʆɯ [182]. 

ʇʨʦʙʣʝʤʫ ʨʦʟʧʽʟʥʘʥʥʷ ʩʠʛʥʘʣʫ ʟ ʤʝʪʦʶ ʚʽʜʥʝʩʝʥʥʷ ʡʦʛʦ ʜʦ ʩʠʛʥʘʣʽʚ ʎɿʅʆɯ, 

ʧʨʘʢʪʠʯʥʦ, ʥʝ ʨʦʟʛʣʷʜʘ̒ʪʴʩʷ ʪʘ ʤʝʪʦʜʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ ʥʝ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ. 

ʇʠʪʘʥʥʷ ʣʦʢʘʣʽʟʘʮʽʾ ʎɿʅʆɯ ʙʽʣʴʰ ʧʦʚ'ʷʟʘʥʽ ʟ ʤʝʪʦʜʘʤʠ ʣʦʢʘʣʴʥʦʾ 

ʧʝʣʝʥʛʘʮʽʾ, ʢʦʣʠ ʣʦʢʘʣʽʟʘʮʽʶ ʧʨʦʚʦʜʷʪʴ ʫ ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ. ʇʨʠ 

ʮʦɹʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʥʘʧʨʷʤʦʢ ʩʠʛʥʘʣʫ, ʘ ʥʘʜʘʣʽ ʣʦʢʘʣʽʟʘʮʽʶ ʧʨʦʚʦʜʷʪʴ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʚʽʜʩʫʪʥʽʩʪʶ 

ʦʧʪʠʤʘʣʴʥʠʭ, ʟ ʪʦʯʢʠ ʟʦʨʫ, ʤʝʪʦʜ̔ʚ ʚʠʙʦʨʫ ʘʥʪʝʥ ʪʘ ʤʝʪʦʜʘʤʠ ʦʙʯʠʩʣʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʣʦʢʘʣʽʟʘʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʘʙʦ ʤʦʜʝʨʥʽʟʘʮʽʾ  

ʽʩʥʫʶʯʠʭ ʢʦʤʧʣʝʢʩʽʚ ʧʝʣʝʥʛʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʚ ʨʘʜʽʦʜʽʘʧʘʟʦʥʽ ʘʢʪʫʘʣʴʥʦʶ ʻ 

ʟʘʚʜʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʜʫ ʽ ʨʦʟʤʽʨʽʚ ʘʥʪʝʥʥʦʾ ʩʠʩʪʝʤʠ (ʟ ʪʦʯʢʠ ʟʦʨʫ ʯʠʩʣʘ ʽ 

ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʘʥʪʝʥ), ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʜʘʥʫ ʪʦʯʥʽʩʪʴ 

ʧʝʣʝʥʛʫʚʘʥʥʷ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʨʦʟʤʽʨʘʭ ʽ ʢʽʣʴʢʦʩʪʽ ʘʥʪʝʥ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ 

ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʘʥʪʝʥ ʥʘ ʚʝʣʠʢʠʡ ʧʣʦʱʽ, ʚ ʟʥʘʯʥʽʡ 

ʤʽʨʽ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ ʢʦʥʢʨʝʪʥʦʛʦ ʤʽʩʮʷ ʨʦʟʛʦʨʪʘʥʥʷ: ʥʘʷʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʽ 

ʩʧʦʨʫʜ, ʥʝʨʽʚʥʦʩʪʝʡ ˇʨʫʥʪʫ, ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ ʪʘ ʽʥhʝ. ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ 

ʻ ʪʘʢʦʞ ʚʠʙʽʨ ʽ ʦʧʪʠʤʽʟʘʮʽʷ ʘʣʛʦʨʠʪʤʫ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ 

ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʴ ʽ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ, ʱʦ ʚʥʦʩʷʪʴʩʷ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ 

ʣʦʢʘʣʽʟʘʮʽʾ.  

ʊʦʤʫ ʧʦʪʨʽʙʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʦʙʢʠ 

ʘʣʛʦʨʠʪʤʫ ʧʝʣʝʥʛʘʮʽʾ, ʦʜʥʦʯʘʩʥʦ ʚʨʘʭʦʚʫʶʯʠʡ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʥʪʝʥ, 

ʢʦʥʬʽʛʫʨʘʮʽʶ ʘʥʪʝʥʦʶ ʩʠʩʪʝʤʠ ʪʘ ʚʩʽ ʧʦʛʨʽʰʥʦʩʪʽ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʝʨʛʦʥʦʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʨʦʟʨʦʙʢʘ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ ʧʦʰʫʢʫ ɿʅʆɯ ʻ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤʠ 

ʥʘ ʩʴʦʛʦʜʥʽ, ʪʦʤʫ ʱʦ ʧʦʰʫʢ ʩʫʯʘʩʥʠʭ ʎɿʅʆɯ ï ʮʝ ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʙʦʨʦʪʴʙʘ 

ʨʦʟʨʦʙʥʠʢʘ ʪʘʢʠʭ ʟʘʩʦʙʽʚ ʪʘ ʦʧʝʨʘʪʦʨʘ, ʱʦ ʚʠʢʦʥʫʻ ʧʦʰʫʢ ʎɿʅʆɯ [178,179]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʜʘʥʠʡ ʯʘʩ ʚ ʧʨʘʢʪʠʮʽ ʽ ʪʝʦʨʽʾ ʧʦʙʫʜʦʚʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʽʩʥʫʶʯʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʧʦʰʫʢʫ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʘʛʦʩʪʨʠʣʦʩʷ ʧʨʦʪʠʨʽʯʯʷ ʤʽʞ ʥʝʦʙʭʽʜʥʽʩʪʶ ʰʚʠʜʢʦʛʦ ʡ 
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ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ, ʜʦʩʪʦʚʽʨʥʦʛʦ ʨʦʟʧʽʟʥʘʥʥʷ ʽ ʪʦʯʥʦʾ ʣʦʢʘʣʽʟʘʮʽʾ 

ʩʠʛʥʘʣʽʚ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʬʦʥʽ 

ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʽ ʤʦʞʣʠʚʦʩʪʷʤʠ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ʧʦʰʫʢʫ 

ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ɼʣʷ ʨʦʟʚôʟ̫ʘʥʥʷ ʚʢʘʟʘʥʦʛʦ ʧʨʦʪʠʨʽʯʯʷ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ 

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʘʢʪʫʘʣʴʥʫ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʫ ʧʨʦʙʣʝʤʫ ɦʦʜʦ ʨʦʟʨʦʙʢʠ 

ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʦʰʫʢʫ (ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʪʘ ʣʦʢʘʣʽʟʘʮʽʶ) ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽ,ʾ ʱʦ 

ʧʨʘʮʶʶʪʴ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ 

ʄʝʪʦʶ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʧʽʜʚʠʱʝʥʥ ̫ʡʤʦʚʽʨʥʦʩʪ̔ ʚʠʟʥʘʯʝʥʥ,̫ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʪʦʯʥʦʩʪʽ ʣʦʢʘʣʽʟʘʮʽʾ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ 

ʧʨʦʛʨʘʤʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʧʦʰʫʢʫ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ.  

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʽʚ 

ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʤʝʪʦʶ ʙʣʦʢʫʚʘʥʥʷ ʢʘʥʘʣʫ ʚʠʪʦʢʫ 

ʽʥʬʦʨʤʘʮʽʾ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʥʦʚʠʭ ʤʝʪʦʜʠʢ ʚʠʷʚʣʝʥʥʷ, 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ. 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʩʣʷ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ 

ʣʦʢʘʣʽʟʘʮʽʾ ʡʤʦʚʽʨʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ ʙʫʜʝ ʟʥʘʡʜʝʥʘ ʦʧʪʠʤʘʣʴʥʘ 

ʩʪʨʫʢʪʫʨʘ ʤʝʪʦʜʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʧʦʰʫʢʫ ʎɿʅʆɯ. 

ʂʦʥʮʝʧʮʽʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʦ ʫhʢʫ (ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ 

ʣʦʢʘʣʽʟʘʮʽʷ) ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʻ 

ʩʫʢʫʧʥʽʩʪʶ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʽʜʭʦʜʽʚ, ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ ʽ 

ʤʝʪʦʜʠʢ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʠʥʮʠʧʠ ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ 

ʣʦʢʘʣʽʟʘʮʽʾ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ʂʦʥʮʝʧʮʽʷ ʧʦʙʫʜʦʚʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʦʰʫʢʫ (ʚʠʷʚʣʝʥʥʷ, 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʷ) ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 
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ʽʥʬʦʨʤʘʮʽʾ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʻ ʩʢʣʘʜʦʚʦʶ 

ʯʘʩʪʠʥʦʶ ʤʝʪʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʦʰʫʢʫ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ.  

ʈʦʟʨʦʙʣʝʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘ ʩʪʨʘʪʝʛʽʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʠʥʮʠʧʽʚ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʦʰʫʢʫ ʎɿʅʆɯ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ:  

1. ʅʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʙʽʨ ʟʘʩʦʙʫ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʫ. ʎʝʡ ʟʘʩʽʙ ʧʦʚʠʥʝʥ ʙʫʪʠ ʩ 

ʜʚʦʤʘ ʨʽʟʥʠʤʠ ʥʝʟʘʣʝʞʥʠʤʠ ʪʨʘʢʪʘʤʠ ʧʨʠʡʦʤʫ ʩʠʛʥʘʣʽʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʧʨʦʚʦʜʠʪʠ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʜʚʦʭ ʢʘʥʘʣʽʚ. 

ʅʘʜʘʣʽ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʤʝʪʦʜʠʢʠ ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʩʠʛʥʘʣʽʚ 

ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

2. ʅʘ ʝʪʘʧʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʰʪʘʪʥʦʤʫ 

ʨʝʞʠʤʽ, ʧʨʠ ʷʢʦʤʫ ɸʇʂ ʚʠʢʦʥʫʻ ʧʨʠʟʥʘʯʝʥʽ ʡʦʤʫ ʬʫʥʢʮʽʾ. ʉʠʩʪʝʤʘ ɸʇʂ 

ʢʦʥʪʨʦʣʶ ̒ ʟʘʜʘʥʠʡ ʨʘʜʽʦʜʽʘʧʘʟʦʥ, ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚ ʚʠʷʚʣʝʥʥʷ 

ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ʧʨʦʭʦʜʠʪʴ ʧʨʦʮʝʩ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʮʦɹʛʦ ʩʠʛʥʘʣʫ. ʗʢʱʦ 

ʩʠʛʥʘʣ ʨʦʟʧʟ̔ʥʘʥʦ ʷʢ ʩʠʛʥʘʣ ʎɿʅʆɯ, ʪʦ ʧʨʦʚʦʜʠʪʴʩʷ ʡʦʛʦ ʣʦʢʘʣʽʟʘʮʽʷ. ʋ 

ʧʦʜʘʣʴʰʦʤʫ ʧʨʠʡʤʘʶʪʴʩʷ ʟʘʭʦʜʠ ʧʦ ʙʣʦʢʫʚʘʥʥʶ ʢʘʥʘʣʫ ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ.   

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʧʽʜʚʠʱʝʥʥʽ 

ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ, ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʪʦʯʥʦʩʪʽ ʣʦʢʘʣʽʟʘʮʽʾ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʧʦʰʫʢʫ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ.  

ɸʇʂ ʧʦʚʠʥʝʥ ʙʫʜʝ ʧʦʩʪʽʡʥʦ ʧʨʘʮʶʚʘʪʠ ʚ ʨʝʞʠʤʽ ʢʦʥʪʨʦʣʶ ʟʘʜʘʥʦʛʦ 

ʨʘʜʽʦʜʽʘʧʘʟʦʥʘ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʥʥʷ ʪʘ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ï

 ʣʦʢʘʣʽʟʘʮʽʾ ʩʠʛʥʘʣʽʚ ʎɿʅʆɯ. 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʥʘʫʢʦʚʦ-

ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʙʣʝʤʠ, ʚ ʨʦʙʦʪʽ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

ï  ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʽ ʦʮʽʥʢʫ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ; 



82 

 

ï  ʨʦʟʨʦʙʠʪʠ ʢʦʥʮʝʧʮʽʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ; 

ï  ʫʜʦʩʢʦʥʘʣʠʪʠ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ; 

ï ʫʜʦʩʢʦʥʘʣʠʪʠ ʤʝʪʦʜ ʰʚʠʜʢʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʷʜʫ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʫʥʢʮʽʾ ʩʠʛʥʘʣʫ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʚʠʜʘʣʝʥʥ̫  ʚʽʜʦʤʠʭ ʝʢʩʧʦʥʝʥʮʽʡʥʠʭ ʢʦʤʧʦʥʝʥʪ ʟ ʨʷʜʫ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʫʥʢʮʽʡ ʨʘʜʽʦʩʠʛʥʘʣʫ ʥʘ ʝʪʘʧʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ ʫ ʧʨʦʮʝʩʽ ʧʦʰʫʢʫ 

ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʪʘ ʫʜʦʩʢʦʥʘʣʠʪʠ ʤʝʪʦʜʠʢʫ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ, 

ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʩʧʝʢʪʨʫ; 

ï ʫʜʦʩʢʦʥʘʣʠʪʠ ʤʝʪʦʜʠʢʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʫ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ʤʫʣʴʪʠʘʛʝʥʪʥʦʾ ʢʣʘʩʪʝʨʽʟʘʮʽʾ; 

ï  ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʣʦʢʘʣʽʟʘʮʽʾ ʮʠʬʨʦʚʠʭ 

ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ;  

ï ʚʠʢʦʥʘʪʠ ʦʮʽʥʢʫ ʦʪʨʠʤʘʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʰʣʷʭʦʤ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɺʠʨʽʰʝʥʥʶ ʟʘʛʘʣʴʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʙʣʝʤʠ ʽ ʯʘʩʪʢʦʚʠʤ 

ʥʘʫʢʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʽ ʧʨʠʩʚʷʯʝʥʘ ʜʘʥʘ ʜʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

 

1. ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ʧʦʰʫʢʫ 
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ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʚʠʷʚʣʝʥʦ ʧʨʦʪʠʨʽʯʯʷ 

ʤʽʞ ʧʦʪʨʝʙʘʤʠ ʽ ʤʦʞʣʠʚʦʩʪʷʤʠ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʦʰʫʢʫ (ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ) ʩʠʛʥʘʣʽʚ 

ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘ ʬʦʥʽ 

ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ. 

2. ɺ ʩʫʯʘʩʥʠʭ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ 

ʧʝʨʝʪʚʦʨʝʥʥʶ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʟ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʛʦ ʚʠʷʚʣʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ 

ʩʠʛʥʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʚʽʢʦʥʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʪʘ ʚʝʡʚʣʝʪ ï ʧʝʨʝʪʚʦʨʝʥʴ, 

ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʝʥʠʡ ʩʠʛʥʘʣ ʟ ʧʦʪʨʽʙʥʦʶ 

ʪʦʯʥʽʩʪʶ, ʟʦʢʨʝʤʘ ʥʘ ʤʝʞʽ ʽʥʪʝʨʚʘʣʫ ʧʝʨʝʪʚʦʨʝʥʴ.  

3. ʄʝʪʦʜʠʢʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʦʧʠʩʫʶʪʴʩʷ ʫ ʥʘʫʢʦʚʽʡ 

ʣʽʪʝʨʘʪʫʨʽ, ʩʧʨʷʤʦʚʘʥʽ ʟʜʝʙʽʣʴʰʦʛʦ ʥʘ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʝʨʝʪʚʦʨʝʥʥ̫ ʪʘ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʨʝʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ, ʟ ʤʝʪʦʶ ʡʦʛʦ ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ 

ʧʝʨʚʠʥʥʠʡ ʚʠʛʣʷʜ. ʎʝ ʥʘʢʣʘʜʘʻ ʩʫʪʪʻʚʝ ʦʙʤʝʞʝʥʥʷ ʥʘ ʨʷʜ ʨʦʟʢʣʘʜʫ ʩʠʛʥʘʣʫ, 

ʧʦʚôʷʟʘʥʝ ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʦʜʘʣʴʰʦʛʦ ʟʛʦʨʪʘʥʥʷ ʩʠʛʥʘʣʫ ʫ ʧʝʨʚʠʥʥʠʡ ʚʠʛʣʷʜ 

ʪʘ ʥʝ ʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʧʽʟʥʘʪʠ ʟʘʤʘʩʢʦʚʘʥʠʡ ʩʠʛʥʘʣ ʟʘʩʦʙʫ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʪʘʢ ʷʢ ʚʽʥ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʷʢ ʰʫʤ. ʇʨʦʙʣʝʤʘ 

ʨʦʟʧʽʟʥʘʥʥʷ ʩʠʛʥʘʣʫ ʟ ʤʝʪʦʶ ʚʽʜʥʝʩʝʥʥʷ ʡʦʛʦ ʜʦ ʩʠʛʥʘʣʽʚ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʧʨʘʢʪʠʯʥʦ, ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʪʘ ʤʝʪʦʜʠ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ ʥʝ 

ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ.  

4. ʇʠʪʘʥʥʷ ʣʦʢʘʣʽʟʘʮʽʾ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ, ʷʢʽ ʚʠʚʯʘʶʪʴʩʷ ʩʫʯʘʩʥʠʤʠ ʥʘʫʢʦʚʮʷʤʠ, ʙʽʣʴʰ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʤʝʪʦʜʘʤʠ ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʦʾ ʣʦʢʘʣʽʟʘʮʽʾ. ɺʠʟʥʘʯʘʻʪʴʩʷ ʣʠʰʝ ʥʘʧʨʤ̫ʦʢ 

ʩʠʛʥʘʣʫ, ʧʽʩʣʷ ʯʦʛʦ ʣʦʢʘʣʽʟʘʮʽʶ ʧʨʦʚʦʜʷʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʦʚʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. ʊʦʤʫ ʧʦʪʨʽʙʝʥ ʤʝʪʦʜ ʷʢʽʡ ʜʦʟʚʦʣʷʻ ʣʦʢʘʣʽʟʫʚʘʪʠ ʟʘʩʦʙʠ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʟʘ ʨʘʭʫʥʦʢ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʪʦʧʦʣʦʛʽʾ ʘʥʪʝʥ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ 

ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʦʾ ʥʘʚʽʛʘʮʽʾ.  



84 

 

5. ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ 

ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʦʢʘʟʫʻ ʾʭ ʦʙʤʝʞʝʥʽʩʪʴ, ʟʦʢʨʝʤʘ 

ʯʝʨʝʟ ʪʝ, ʱʦ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ ʩʠʛʥʘʣʽʚ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥ 

ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ. ʊʦʤʫ ʢʦʤʧʣʝʢʩʥʘ ʧʨʦʙʣʝʤʘ ʧʦʰʫʢʫ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʢʦʤʧʣʝʢʩʥʦ ʥʝ ʚʠʨʽʰʫʚʘʣʘʩʷ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʜʦʩʢʦʥʘʣʽʩʪ ɹʽ ʦʙʤʝʞʝʥʽʩʪʴ ʽʩʥʫʶʯʠʭ ʥʘʫʢʦʚʠʭ ʤʝʪʦʜʽʚ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʧʦʰʫʢʫ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ, ʥʝ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʰʫʢ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ. ʊʦʤʫ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʚ 

ʜʠʩʝʨʪʘʮʽ ʾ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʘ ʧʨʦʙʣʝʤʘ ʱʦʜʦ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ 

ʦʩʥʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʦʰʫʢʫ 

(ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ) ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʻ ʘʢʪʫʘʣʴʥʦʁ . 

ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʤʘʻ ʩʫʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʧʦʰʫʢʫ 

ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɺʽʜʩʫʪʥʽʩʪʴ ʘʥʘʣʦʛʽʯʥʠʭ 

ʨʽʰʝʥʴ ʫ ʥʘʰʽʡ ʢʨʘʾʥʽ ʪʘ ʟʘ ʢʦʨʜʦʥʦʤ ʨʦʙʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʽʦʨʠʪʝʪʥʠʤʠ. 

6. ʋ ʨʘʤʢʘʭ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʙʣʝʤʠ ʧʦʩʪʘʚʣʝʥʽ 

ʯʘʩʪʢʦʚʽ ʥʘʫʢʦʚʽ ʟʘʚʜʘʥʥʷ ʧʦ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʚʠ̫ʚʣʝʥʥ,̫ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ; ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʽ 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ; ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʨʦʟʧʽʟʥʘʥʥʷ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ 

ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʤʠʢʨʦʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ DECT, ʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ Wi-Fi 

ʪʘ Bluetooth, ʪʘ ʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ GSM; ʚʠʢʦʥʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʦʮʽʥʢʫ 

ʦʪʨʠʤʘʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʰʣʷʭʦʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 
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ʈʆɿɼɯʃ 2 

 ʈʆɿʈʆɹʂɸ ʂʆʅʎɽʇʎɯɰ ɺʀʗɺʃɽʅʅʗ ʎʀʌʈʆɺʀʍ ɿɸʉʆɹɯɺ 

ʅɽɻʃɸʉʅʆɻʆ ʆʊʈʀʄɸʅʅʗ ɯʅʌʆʈʄɸʎɯɰ ʅɸ ʌʆʅɯ ʃɽɻɸʃʔʅʀʍ 

ʈɸɼɯʆʉʀɻʅɸʃɯɺ  

 

2.1. ʇʦʰʫʢ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

 

ʉʫʯʘʩʥʽ ɿʅʆɯ ʧʦʩʪʽʡʥʦ ʫʜʦʩʢʦʥʘʣʶʶʪʴʩʷ ʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʠʩʦʢʠʤʠ 

ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʷʢʽʩʪʶ ʤʘʩʢʫʚʘʥʥʷ. ɺʠʷʚʣʝʥʥʷ ʪʘʢʠʭ 

ʧʽʜʩʣʫʭʦʚʫʶʯʠʭ ʪʘ ʧʽʜʛʣʷʜʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʩʠʩʪʝʤ ʩʪʘʻ ʜʝʜʘʣʽ ʩʢʣʘʜʥʽʰʦʁ 

ʟʘʜʘʯʝʶ, ʦʩʢʽʣʴʢʠ ʤʝʪʦʜʠ ʪʘ ʨʝʞʠʤʠ ʾʭ ʧʨʠʭʦʚʘʥʦʾ ʨʦʙʦʪʠ ʪʘʢʦʞ 

ʫʩʢʣʘʜʥʶʶʪʴʩʷ. ʉʠʪʫʘʮʽʷ ʦʙʪʷʞʫʻʪʴʩʷ ʪʠʤ, ʱʦ ɿʅʆɯ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ 

ʧʨʘʮʶʶʪʴ ʫ ʮʽʣʢʦʤ ʣʝʛʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʽ ʾʭ ʚʠʷʚʣʝʥʥʷ ʫ ʧʨʠʤʽʱʝʥʥʽ, ʷʢʝ 

ʤʝʞʫʻ ʟ ʽʥʰʠʤʠ, ʟʘʧʦʚʥʝʥʠʤʠ ʣʝʛʘʣʴʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʻ ʧʨʦʙʣʝʤʘʪʠʯʥʠʤ. 

ʅʘʧʦʚʥʝʥʽʩʪʴ ʯʘʩʪʦʪʥʦʛʦ ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ ʜʣʷ ʟʚôʷʟʢʫ ʪʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʧʦʩʪʽʡʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ [217]. ɿʘʨʘʟ ʚʞʝ ʧʨʘʢʪʠʯʥʦ ʫʚʝʩʴ ʜʦʩʪʫʧʥʠʡ 

ʨʘʜʽʦʯʘʩʪʦʪʥʠʡ ʩʧʝʢʪʨ ʟʘʣʫʯʝʥʠʡ ʧʽʜ ʨʦʙʦʪʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʨʘʜʽʦʧʝʨʝʜʘʚʘʯʽʚ. 

ʎʝ ʚʠʢʣʠʢʘʻ ʫʩʢʣʘʜʥʝʥʥʷ ʝʬʽʨʥʠʭ ʦʙʩʪʘʚʠʥ, ʦʩʦʙʣʠʚʦ ʫ ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ.  

ʄʦʞʣʠʚʦ ʥʘʚʝʩʪʠ ʧʨʠʢʣʘʜ ʪʠʧʦʚʦʾ ʫʩʪʘʥʦʚʠ ʘʙʦ ʦʬʽʩʫ, ʜʝ ʧʨʦʚʦʜʠʪʴʩʷ 

ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛ. ɼʝʩʷʪʢʠ ʢʦʤʧôʶʪʝʨʽʚ, ʨʘʜʽʦʪʝʣʝʬʦʥʽʚ DECT, ʤʦʙʽʣʴʥʠʭ 

ʪʝʣʝʬʦʥʽʚ ʨʽʟʥʠʭ ʩʪʘʥʜʘʨʪʽʚ (CDMA-2000, GSM-900/1800, 3G (UMTS), 4G 

(WiMax)), ʧʽʜʩʠʣ ʚʁʘʯʽʚ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ (ʚ ʜʝʷʢʠʭ ʫʩʪʘʥʦʚʘʭ ʪʘ ʦʬʽʩʘʭ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʧʽʜʩʠʣʶʚʘʯʽ ʚʩʽʭ ʩʪʘʥʜʘʨʪʽʚ), ʣʝʛʘʣʴʥʽ ʨʘʜʽʦʤʽʢʨʦʬʦʥʠ, 

ʙʝʟʜʨʦʪʦʚʽ ʛʘʨʥʽʪʫʨʠ, ʧʨʠʩʪʨʦʾ Wi-Fi, ʨʽʟʥʽ ʝʣʝʢʪʨʦʥʥʽ ʟʯʠʪʫʚʘʯʽ ʩʠʩʪʝʤ 

ʢʦʥʪʨʦʣʶ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ, ʙʝʟʜʨʦʪʦʚʽ ʪʘ ʜʨʦʪʦʚʽ ʦʭʦʨʦʥʥʽ ʧʨʠʩʪʨʦʾ 

(ʷʢʽ ʯʘʩʪʦ ʤʘʶʪʴ ʨʽʚʥʽ ʧʦʙʽʯʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ, ʩʧʽʚʩʪʘʚʥʽ ʟ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʎɿʅʆɯ [190]) ʪʘ ʽʥʰʝ. 
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ʇʝʨʝʨʘʭʦʚʘʥʽ ʚʠʱʝ ʬʘʢʪʦʨʠ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘ 

ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʪʝʭʥʽʢʠ ʧʨʦʮʝʩ ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮ̔ʾ  ʧʦʪʨʽʙʥʦ ʚʠʚʦʜʠʪ ɹ ʥʘ ʷʢʽʩʥʦ ʽʥʰʠʡ ʨʽʚʝʥʴ, ʪʦʤʫ 

ʢʦʥʮʝʧʮʽʷ ʧʦʰʫʢʫ ʪʘ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ɿʅʆɯ ʻ ʜʫʞʝ 

ʘʢʪʫʘʣʴʥʠʤ. 

ʈʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʨʘʜʽʦʢʘʥʘʣʽʚ 

ɿʅʆɯ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ. ɹʽʣʴʰʽʩʪʴ ʽʩʥʫʶʯʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

ʧʦʰʫʢʫ ɿʅʆɯ ʚʠʢʦʥʫʶʪʴ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛ çʢʣʘʩʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠè ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ, ʫ ʷʢʦʩʪʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʩʢʘʥʫʶʯʠʭ ʧʨʠʡʤʘʯʽʚ 

ʘʙʦ ʩʧʝʢʪʨ-ʘʥʘʣʽʟʘʪʦʨʽʚ. ʎʝʡ ʤʝʪʦʜ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: ʩʢʘʥʫʶʯʠʡ 

ʧʨʠʡʤʘʯ ʘʙʦ ʩʧʝʢʪʨ-ʘʥʘʣʽʟʘʪʦʨ, ʯʝʨʝʟ ʩʚʽʡ ʽʥʪʝʨʬʝʡʩ, ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ (ʯʘʩʪʽʰʝ, ʮʝ ʥʦʫʪʙʫʢ) ʫ ʷʢʦʤʫ ʟʥʘʭʦʜʠʪʴʩʷ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʝʨʫʚʘʥʥʷʤ ʧʨʠʡʤʘʯʝʤ ʘʙʦ ʘʥʘʣʽʟʘʪʦʨʦʤ ʪʘ 

ʧʨʦʛʨʘʤʥʠʡ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʝ ʚʠʢʦʥʫʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʚʽʜ 

ʧʨʠʡʤʘʯʘ ʩʠʛʥʘʣʫ, ʟ ʧʦʜʘʣʴʰʠʤ ʡʦʛʦ ʘʥʘʣ̔ʟʦʤ. ʗʢʱʦ ʚʠʢʣʶʯʠʪʠ ʥʝʜʦʣʽʢʠ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ ʫ ʚʠʛʣʷʜ ʟʨʫʯʥʠʡ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ 

ʩʘʤʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. ʊʦʜʽ ʥʝʜʦʣʽʢʦʤ ʪʘʢʦʛʦ ʨʽʰʝʥʥʷ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʽ 

ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʥʫʚʘʪʠ ʩʢʘʥʫʚʘʥʥʷ ʚʩʴʦʛʦ ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ 

ʧʘʨʘʤʝʪʨʠ ʚʠʷʚʣʝʥʦʛʦ ʩʠʛʥʘʣʫ. ʊʦʤʫ ʱʦ ʩʧʝʢʪʨ-ʘʥʘʣʽʟʘʪʦʨ ʷʢʠʡ ʚʠʢʦʥʫʻ 

ʩʢʘʥʫʚʘʥʥʷ ʚʩʴʦʛʦ ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ, ʥʝ ʚʠʨʽʰʫʻ ʟʘʚʜʘʥʥʷ ʨʝʪʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʩʠʛʥʘʣʫ. ʗʢʱʦ ʩʧʝʢʪʨ ʘʥʘʣʽʟʘʪʦʨ ʧʦʯʠʥʘʻ ʚʠʢʦʥʫʚʘʪʠ ʘʥʘʣʽʟ ʩʠʛʥʘʣʫ, ʪʦ 

ʚʪʨʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʢʘʥʫʚʘʪʠ ʜʽʘʧʘʟʦʥ.  

ʇʨʦʙʣʝʤʘ ʚʠʥʠʢʘʻ ʪʘʢʦʞ ʧʨʠ ʩʢʘʥʫʚʘʥʥʽ ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ ʩʢʘʥʫʶʯʠʤ 

ʧʨʠʡʤʘʯʝʤ, ʷʢʽʡ ʙʽʣʴʰ ʯʫʪʣʠʚʠʡ ʟʘ ʩʧʝʢʪʨ ʘʥʘʣʽʟʘʪʦʨ, ʧʨʠ ʘʥʘʣʽʟʝ ʧʘʨʘʤʝʪʨʽʚ 

ʩʠʛʥʘʣʫ, ʱʦ ʦʜʨʘʟʫ ʥʝ ʜʘʻ ʡʦʤʫ ʤʦʞʣʠʚʦʩʪʽ ʜʫʞʝ ʰʚʠʜʢʦ ʩʢʘʥʫʚʘʪʠ ʚʝʩʴ 

ʜʽʘʧʘʟʦʥ ʧʦʰʫʢʫ ʎɿʅʆɯ. ʊʦʤʫ ʧʦʪʨʽʙʥʦ ʚʠʨʽʰʫʚʘʪʠ ʧʨʦʙʣʝʤʫ ʦʜʥʦʯʘʩʥʦʛʦ 

ʰʚʠʜʢʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ ʪʘ ʘʥʘʣʽʟʫ ʧʘʨʘʤʝʪʨʽʚ ʚʠʷʚʣʝʥʠʭ 

ʩʠʛʥʘʣʽʚ. 

ʗʢʱʦ ʟʨʦʙʠʪʠ ʮʽ ʧʨʠʩʪʨʦʾ ʜʚʦʭ ʢʘʥʘʣʴʥʽ, ʪʦʙʪʦ ʦʜʠʥ ʢʘʥʘʣ ʧʨʠʩʪʨʦʶ 

ʩʢʘʥʫʻ ʜʨʫʛʽʡ ʘʥʘʣʽʟʫʻ ʧʘʨʘʤʝʪʨʠ ʩʠʛʥʘʣʫ ʮʝ ʥʝ ʚʠʨʽʰʠʪʴ ʧʨʦʙʣʝʤʫ, ʪʦʤʫ ʱʦ 
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ʩʢʘʥʫʶʯʠʡ ʧʨʠʡʤʘʯ ʥʝ ʚʠʢʦʥʘʻ ʟʘʚʜʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, ʘ ʩʧʝʢʪʨ-

ʘʥʘʣʽʟʘʪʦʨ ʥʝ ʚʠʢʦʥʘʻ ʟʘʚʜʘʥʥʷ ʨʝʪʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ. 

ʊʦʤʫ ʮʶ ʧʨʦʙʣʝʤʫ ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʟʘ ʨʘʭʫʥʦʢ ʦʙôʻʜʥʘʥʥʷ 

ʩʢʘʥʫʶʯʦʛʦ ʧʨʠʡʤʘʯʘ ʟʽ ʩʧʝʢʪʨ-ʘʥʘʣʽʟʘʪʦʨʦʤ ʫ ʦʜʥʦʤʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ 

ʧʦʰʫʢʦʚʦʤʫ ʢʦʤʧʣʝʢʩʽ, ʪʦʙʪʦ ʟʨʦʙʠʪʠ ʩʠʥʭʨʦʥʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʮʠʭ 

ʧʨʠʩʪʨʦʾʚ.  

ʐʣʷʭ ʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʚʠʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʽʚ ʎɿʅʆɯ ʧʦʣʷʛʘʻ ʫ ʟʘʤʽʥʽ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ. ʎʷ ʧʨʦʙʣʝʤʘ ʽʩʥʫʻ ʪʦʤʫ ʱʦ 

ʜʦ ʩʽʭ ʧʽʨ ʧʨʘʢʪʠʯʥʦ ʫʩʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʢʦʤʧʣʝʢʩʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣ ̫

ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʚʽʢʦʥʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ. ʅʝʜʦʣʽʢʘʤʠ ʷʢʦʛʦ ʻ ʪʝ, 

ʱʦ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʫ ʟ'ʷʚʣʷʻʪʴʩʷ ʪʘʢ 

ʟʚʘʥʠʡ ʧʨʠʥʮʠʧ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ɻʝʡʟʝʥʙʝʨʛʘ, ʷʢʠʡ ʚʠʥʠʢʘʻ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ 

ʯʘʩʫ ʽ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ. ʅʝʤʦʞʣʠʚʦ ʩʢʘʟʘʪʠ ʪʦʯʥʦ ʷʢʘ ʯʘʩʪʦʪʘ ʧʨʠʩʫʪʥʷ ʚ 

ʩʠʛʥʘʣʽ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ (ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʪʽʣʴʢʠ ʧʨʦ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ) ʽ 

ʥʝʤʦʞʣʠʚʦ ʩʢʘʟʘʪʠ ʚ ʷʢʠʡ ʪʦʯʥʦ ʤʦʤʝʥʪ ʯʘʩʫ ʯʘʩʪʦʪʘ ʧʨʠʩʫʪʥʷ ʚ ʩʠʛʥʘʣʽ 

(ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʣʠʰʝ ʧʨʦ ʧʝʨʽʦʜ ʯʘʩʫ). ʇʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʠʪʠ 

ʩʠʛʥʘʣ ʮʠʬʨʦʚʦʛʦ ɿʅʆɯ ʷʢʘ ʧʝʨʝʜʘʻ ʩʠʛʥʘʣ ʚ ʽʤʧʫʣʴʩʥʦʤʫ ʨʝʞʠʤʽ, ʚ 

ʢʦʨʦʪʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʩʪʘʻ ʜʫʞʝ ʧʨʦʙʣʝʤʘʪʠʯʥʦʶ. ʊʦʤʫ ʧʦʪʨʽʙʥʦ 

ʨʦʟʨʦʙʠʪʠ ʥʦʚʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʪʘ ʤʝʪʦʜʠʢʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʟ 

ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʽʚ ʎɿʅʆɯ. ʄʦʞʣʠʚʠʤ ʰʣʷʭʦʤ ʤʦʞʝ ʙʫʪʠ ʤʝʪʦʜ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʙʘʟʽ ʚʝʡʚʣʝʪ ï ʧʝʨʝʚʪʦʨʝʥʴ, ʪʘ ʜʨʫʛʠʭ ʤʝʪʦʜʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʩʠʛʥʘʣʽʚ ʙʘʟʽ ʤʝʪʦʜʘ ʇʨʦʥʽ. 

ʅʘʩʪʫʧʥʦʾ ʻ ʧʨʦʙʣʝʤʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʠʷʚʣʝʥʠʭ ʩʠʛʥʘʣʽʚ. ʇʨʦʙʣʝʤʘ 

ʚʠʥʠʢʘʻ ʪʦʤʫ, ʱʦ ʽʩʥʫʶʯʠ ʎɿʅʆɯ ʧʝʨʝʜʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʫ ʜʫʞʝ ʢʦʨʦʪʢʠʡ 

ʯʘʩ. ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘʢʠ ʷʢ ʘʤʧʣʽʪʫʜʥʠʡ ʤʝʪʦʜ, 

ʘʤʧʣʽʪʫʜʥʦ ʢʦʨʝʣʷʮʽʡʥʽʡ ʤʝʪʦʜ, ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʜʨʫʛʦʾ ʪʘ ʪʨʝʪʽʡ ʛʘʨʤʦʥʽʢʠ ʪʘ 

ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʪʘ ʽʥʰʽ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʩʫʯʘʩʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ʥʝ 

ʚʠʨʽʰʫʶʪʴ ʧʨʦʙʣʝʤʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʎɿʅʆɯ. ʐʣʷʭʦʤ ʨʽʰʝʥʥʷ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʻ 

ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʘ ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʚʠʟʥʘʯʝʥʽ ʟʘ 
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ʨʘʭʫʥʦʢ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʟʛʣʘʞʫʚʘʣʴʥʠʤ ʩʧʣʘʡʥʦʤ, ʘʙʦ ʤʝʪʦʜʦʤ 

ʨʦʟʨʦʙʢʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʥʘ ʙʘʟʽ ʜʦʜʘʪʢʦʚʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ.  

ɺʽʜʩʫʪʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʽ ʨʦʙʠʪʠ ʟʘʧʠʩ ʚʩʴʦʛʦ ʩʠʛʥʘʣʫ (ʟʘʨʘʟ 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʘʧʠʩ ʪʽʣʴʢʠ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ) ʥʝ ʜʦʟʚʦʣʷʻ ʨʦʙʠʪʠ ʘʥʘʣʽʟ 

ʩʠʛʥʘʣʽʚ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʩʢʘʥʫʚʘʥʥʷ. ʎʝ ʧʠʪʘʥʥʷ ʤʦʞʣʠʚʦ 

ʚʠʨʽʰʠʪʠ ʟʘ ʨʘʭʫʥʦʢ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʟʘʧʠʩʫ ʩʠʛʥʘʣʫ. 

ʇʨʦʙʣʝʤʘ ʚʠʷʚʣʝʥʥʷ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʎɿʅʆɯ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ 

ʜʽʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ ʨʦʙʦʪʠ ʣʝʛʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʮʝ ʜʽʘʧʘʟʦʥʠ ʧʨʠʩʪʨʦʾʚ GSM, 

DECT, Wi-Fi ʪʘ ʽʥʰʽ), ʥʘʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʮʽ ʎɿʅʆɯ ʚʠʷʚʣʷʶʪʴʩʷ 

ʜʦʜʘʪʢʦʚʠʤʠ ʤʝʪʦʜʠʢʘʤʠ ʢʦʤʧʣʝʢʩʽʚ, ʯʘʩʪʽʰʝ ʟʘ ʚʩʝ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʘʧʘʨʘʪʫʨʠ, ʷʢʦʶ ʢʦʨʠʩʪʫʶʪʴʩʷ ʬʘʭʽʚʮʽ ʚʫʟʢɹʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ.  

ʅʘʧʨʠʢʣʘʜ, ʬʘʭʽʚʮʽ ʟʚôʷʟʢʫ ʷʢʽ ʨʦʟʛʦʨʪʘʶʪʴ ʤʽʢʨʦʩʪʽʣʴʥʠʢʦʚʫ ʤʝʨʝʞʫ 

ʟʚ'ʷʟʢʫ DECT, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʜʠʢʘʪʦʨʥʽ ʧʨʠʙʦʨʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥ 

ʩʠʛʥʘʣʽʚ ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʮʴʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʟ ʤʝʪʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʥʰ 

ʟʘʚʘʥʪʘʞʝʥʦʛʦ ʜʽʘʧʘʟʦʥʥʘ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʤʝʨʝʞʽ ʟʚôʷʟʢʫ. ʎʝ ʨʦʙʠʪʴʩʷ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʩʪʘʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ. ɸʣʝ ʘʥʘʣʽʟ ʩʠʛʥʘʣʽʚ ʚʦʥʠ ʥʝ 

ʧʨʦʚʦʜʷʪʴ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʜʚʦʤʘ ʧʨʠʯʠʥʘʤʠ: ʧʦ ʧʝʨʝh ï ʧʨʠʣʘʜʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʽʚ, ʯʘʩʪʽʰʝ ʽʥʜʠʢʘʪʦʨʥʦʛʦ ʪʠʧʫ ʽ ʥʝ 

ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʘʥʘʣʽʟ ʩʠʛʥʘʣʽʚ; ʧʦ ʜʨʫʛʝ ï ʬʘʭʽʚʮʷʤ ʨʘʜʽʦʟʚôʷʟʢʫ 

ʥʝʧʦʪʨʽʙʥʦ ʚʠʷʚʣʷʪʠ ʪʘ ʨʦʟʧʽʟʥʘʚʘʪʠ ʩʠʛʥʘʣʠ ʷʢʽ ʧʨʘʮʶʶʪʴ ʫ ʮʴʦʤʫ 

ʜʽʘʧʘʟʦʥʽ, ʜʦʩʪʘʪʥʴʦ ʚʠʷʚʠʪʠ ʤʝʥʰ ʟʘʚʘʥʪʘʞʝʥʠʡ ʨʘʜʽʦʜʽʘʧʘʟʦʥ. 

ʄʦʞʣʠʚʠʤ ʨʽʰʝʥʥʷ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʻ ʢʦʤʧʣʝʢʩʥʘ ʤʝʪʦʜʠʢʘ ʧʦʰʫʢʫ 

ʚʠʚ̫ʣʝʥʥʷ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʎɿʅʆɯ.  

ʆʩʪʘʥʠʤ ʥʝ ʚʠʨʽʰʝʥʠʤ ʧʠʪʘʥʥʷʤ ʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʘʭ 

ʧʦʰʫʢʫ ʎɿʅʆɯ, ʻ ʧʠʪʘʥʥʷ ʣʦʢʘʣʽʟʘʮʽʾ ʚʠʷʚʣʝʥʦʛʦ ʪʘ ʨʦʟʧʽʟʥʘʥʦʛʦ ʩʠʛʥʘʣʫ. 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʣʦʢʘʣʽʟʘʮʽʾ ʜʘʻ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ɿʅʆɯ ʟ ʟʘʜʘʥʦʶ 

ʧʦʭʠʙʢʦʶ (ʪʦʯʥʽʩʪʶ), ʘ ʜʘʣʽ ʧʨʦʮʝʩ ʣʦʢʘʣʽʟʘʮʽʾ ʚʠʢʦʥʫʻʪʴʩʷ ʜʦʜʘʪʢʦʚʠʤʠ 

ʧʨʠʩʪʨʦʷʤʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷʤ. ʊʦʤʫ ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʣʦʢʘʣʽʟʘʮʽʾ 

ʎɿʅʆɯ ʟ ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʤʝʪʦʜʠʢʘ ʣʦʢʘʣʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 
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ʜʘʣʝʢʦʤʽʨʥʦʛʦ ʤʝʪʦʜʘ ʩ ʦʙʯʠʩʣʶʚʘʥʥʷ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʥʘ ʙʘʟʽ 

ʛʨʘʜʽʻʥʪʥʦʛʦ ʘʥʘʣʽʟʫ. 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ, ʥʘʤʽʯʝʥʦ ʰʣʷʭʠ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʷ 

ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ. 

 

2.2. ʈʦʟʨʦʙʢʘ ʢʦʥʮʝʧʮʽʾ ʧʦʰʫʢʫ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

 

ɿ ʤʝʪʦʶ ʨʦʟʨʦʙʢʠ ʢʦʥʮʝʧʮʽʾ ʧʦʰʫʢʫ ʎɿʅʆɯ ʩʬʦʨʤʫʣʶʡʤʦ ʟʘʚʜʘʥʥʷ 

ʜʣʷ ʤʝʪʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʦʰʫʢʫ ʎɿʅʆɯ ʩʪʚʦʨʝʥʥʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʦʫhʢʫ ʷʢʽʡ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʦʤʫ ʯʘʩʫ. ɼʣʷ 

ʮʴʦʛʦ ʢʦʨʦʪʢʦ ʩʬʦʨʤʫʣʶʡʤʦ ʥʝʜʦʣʽʢʠ ʷʢʽ ʻ ʫ ʩʫʯʘʩʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ʥʘ 

ʚʠʟʥʘʯʠʤʦ ʰʣʷʭʠ ʾʭ ʫʩʫʥʝʥʥʷ. 

ʆʩʥʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʩʫʯʘʩʥʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʧʦʰʫʢʫ 

ʎɿʅʆɯ ʻ: 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʘʥʫʶʯʠʭ ʧʨʠʡʤʘʯʽʚ ʘʙʦ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ ʫ ʷʢʦʩʪʽ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʚʠʷʚʣʷʪʠ ʩʧʝʢʪʨ ʩʠʛʥʘʣʽʚ ʫ 

ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʪʘ ʚʠʢʦʥʫʚʘʪʠ ʘʥʘʣʽʟ ʽ ʩʢʘʥʫʚʘʥʥʷ ʦʜʥʦʯʘʩʥʦ;  

- ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʢʦʤʧʣʝʢʩʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜ ʚʽʢʦʥʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ; 

-  ʥʝʤʦʞʣʠʚʽʩʪʴ ʟʘʧʠʩʫ ʚʩʴʦʛʦ ʩʠʛʥʘʣʫ, ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ;  

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʤʝʪʦʜʠʢ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ɿʅʆɯ, ʷʢʽ 

ʧʨʘʮʶʶʪʴ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ, ʪʘ ʯʘʩʪʽʰʝ ʟʘ ʚʩʝ, 

ʧʝʨʝʭʽʜ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʘʧʘʨʘʪʫʨʠ, ʪʦʙʪʦ ʚʽʜʤʦʚʘ ʚʽʜ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʦʰʫʢʫ.  

ʊʦʤʫ, ʜʫʞʝ ʘʢʪʫʘʣʴʥʦ ʨʦʟʨʦʙʠʪʠ ʢʦʥʮʝʧʮʽʶ ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʪʘ ʣʦʢʘʣʽʟʘʮ̔ʾ ʎɿʅʆɯ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʧʦʰʫʢʫ, ʷʢʠʡ ʙʫʜʝ 
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ʚʠʢʦʥʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʫ 

ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ. 

ʋ ʢʦʥʮʝʧʮʽʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʝʢʪʨ-ʘʥʘʣʽʟʘʪʦʨʠ ʪʘ ʩʢʘʥʫʶʯʠʡ ʧʨʠʡʤʘʯʽ ʟ ʩʠʥʭʨʦʥʥʦʶ 

ʨʦʙʦʪʦʶ ʧʦ ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ ʚʭʽʜʥʠʭ ʢʘʥʘʣʘʭ, ʪʦʙʪʦ ʰʚʠʜʢʠʡ ʩʧʝʢʪʨ-

ʘʥʘʣʽʟʘʪʦʨ ʩʢʘʥʫʻ ʜʽʘʧʘʟʦʥ ʦʜʨʘʟʫ ʧʦ ʜʚʦʭ ʚʭʽʜʥʠʤ ʢʘʥʘʣʘʤ. ʅʘ ʧʝʨʰʠʡ ï 

ʧʨʠʡʤʘʻ ʩʠʛʥʘʣ ʚ ʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʥʷ, ʥʘ ʜʨʫʛʠʡ ï ʟʦʚʥʽ.  

ʇʦʜʘʣʽ ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʷʢʽʡ ʜʦʟʚʦʣʷʻ ʧʨʦʛʨʘʤʥʠʤ ʩʧʦʩʦʙʦʤ 

ʚʠʟʥʘʯʠʪʠ ʪʽʣʴʢʠ ʩʠʛʥʘʣʠ ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʧʨʠʤʽʱʝʥʽ, ʮʝ ʨʦʙʠʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʜʘʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʧʨʠʡʥʷʪʠʭ ʟʦʚʥʽʰʥʴʦʶ ʘʥʪʝʥʦʶ. ʅʘʜʘʣʽ, ʜʨʫʛʘ 

ʤʝʪʦʜʠʢʘ, ʜʦʟʚʦʣʷʻ ʚʠʢʨʝʩʣʠʪʠ ʟʽ ʩʠʛʥʘʣʫ ʩʠʛʥʘʣʠ ʟʘʚʘʜ ʪʘ ʰʫʤʽʚ. ʊʦʙʪʦ, ʜʣʷ 

ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʤʘʻʤʦ ʪʽʣʴʢʠ ʩʠʛʥʘʣ ʚʥʫʪʨʽʰʥʴʦʾ ʘʥʪʝʥʠ, ʷʢʽʡ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʨʦʟʨʦʙʣʝʥʦʶ ʤʝʪʦʜʠʢʦʶ ʫ ʩʧʝʢʪʨʘʣʴʥʠʡ ʩʠʛʥʘʣ ʟʘ ʘʥʘʣʽʟʦʤ 

ʷʢʦʛʦ ʨʦʙʠʪʴʩʷ ʚʠʩʥʦʚʦʢ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ 

(ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʩʠʛʥʘʣʘʤʠ ɿʅʆɯ). ʉʢʘʥʫʶʯʠʡ ʧʨʠʡʤʘʯ (ʷʢʠʡ ʻ ʙʽʣʴʰ 

ʪʦʯʥʠʤ ʫ ʚʫʟʴʢʦʤʫ ʜʽʘʧʘʟʦʥʽ) ʧʨʦʚʦʜʠʪʴ ʧʦʨʽʚʥʷʥʥʷ ʩʠʛʥʘʣʽʚ ʟʦʚʥʽʰʥʽʭ ʪʘ 

ʚʥʫʪʨʽʰʥʽʭ ʘʥʪʝʥ ʫ ʚʫʟʴʢʠʭ ʜʽʘʧʘʟʦʥʘʭ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʤʝʪʦʜʠʢʦʶ ʪʽʣʴʢʠ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ. ʅʘʜʘʣʽ ʫ ʢʦʥʮʝʧʮʽʾ ʧʦʪʨʽʙʥʘ ʥʘʩʪʫʧʥʘ 

ʤʝʪʦʜʠʢʘ ʷʢʘ ʜʦʟʚʦʣʷʻ ʨʦʟʧʽʟʥʘʪʠ ʩʠʛʥʘʣʠ ʥʘ ʧʨʦʛʨʘʤʥʦʤʫ ʨʚ̔ʥʽ. ɿʘʢʣʶʯʥʘ 

ʤʝʪʦʜʠʢʘ ʫ ʢʦʥʮʝʧʮʽʾ, ʧʦʚʠʥʥʘ ʣʦʢʘʣʽʟʫʚʘʪʠ ʎɿʅʆɯ ʚ ʧʨʦʩʪʦʨʽ ʟ ʟʘʜʘʥʦʾ 

ʪʦʯʥʽʩʪʶ. 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ, ʥʦʚʘ ʢʦʥʮʝʧʮʽʷ ʧʦʰʫʢʫ (ʚʠʷʚʣʝʥʥʷ, 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ) ʎɿʅʆɯ ʧʦʚʠʥʥʘ ʧʦʟʙʘʚʣʷʪʠ ʥʦʚʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ 

ʢʦʤʧʣʝʢʩʠ ʧʦʰʫʢʫ ʎɿʅʆɯ ʥʝʜʦʣʽʢʽʚ ʽʩʥʫʶʯʠʭ ʧʦʰʫʢʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʪʘ 

ʧʝʨʝʚʝʨʰʫʻ ʾʭ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

- ʰʚʠʜʢʦʩʪʽ ʩʢʘʥʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ ʜʝʢʽʣʴʢʘ ʩʢʘʥʫʚʘʥʴ 

ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ ʟʘ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʯʘʩ;  

- ʯʫʪʣʠʚʦʩʪʽ, ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʜʚʦʤʘ ʨʽʟʥʠʤʠ ʟʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ 

ʧʨʠʩʪʨʦʷʤʠ;  
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- ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʶ, ʪʦʤʫ ʱʦ ʘʧʘʨʘʪʥʠʤ ʪʘ ʧʨʦʛʨʘʤʥʠʤ ʩʧʦʩʦʙʦʤ  

ʧʨʠʙʠʨʘʶʪʴʩʷ ʰʫʤʠ ʪʘ ʟʘʚʘʜʠ ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ; 

- ʰʚʠʜʢʽʩʪʶ ʚʠʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʥʝ ʪʽʣʴʢʠ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ, ʘ ʱʝ ʽ ʰʚʠʜʢʦʩʪʽ 

ʟʨʦʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ;  

- ʟʜʘʪʥʽʩʪʶ ʨʦʟʧʽʟʥʘʚʘʪʠ ʚʠʧʘʜʢʦʚʽ ʩʠʛʥʘʣʠ, ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʦʚʦʛʦ ʧʨʠʥʮʠʧʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʘ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʽʩʪʶ; 

- ʘʚʪʦʤʘʪʠʯʥʦ  ʁʣʦʢʘʣʽʟʘʮʽʶ ʩʠʛʥʘʣʽʚ, ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʦʛʦ 

ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʩʦʙʫ. 

ʆʪʞʝ ʨʦʟʨʦʙʣʝʥʘ ʢʦʥʮʝʧʮʽʷ ʧʨʦʮʝʩʫ ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʧʨʘʢʪʠʯʥʦ, ʟʘ ʫʩʽʤʘ ʧʘʨʘʤʝʪʨʘʤʠ ʩʫʪʪʻʚʦ ʦʧʝʨʝʜʞʘʻ 

ʽʩʥʫʶʯʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʧʨʦʛʨʘʤʥʽ ʢʦʤʧʣʝʢʩʠ ʧʦʰʫʢʫ ʎɿʅʆɯ.  

 

2.3. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʧʨʠʥʮʠʧʫ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

 

ɼʣʷ ʚʠʨʽʰʫʚʘʥʥʷ ʟʘʚʜʘʥʴ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʚʠʷʚʣʝʥʥʷ ɿʅʆɯ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʰʠʨʦʢʘ ʥʦʤʝʥʢʣʘʪʫʨʘ ʟʘʩʦʙʽʚ ʨʘʜʽʦʩʢʘʥʫʚʘʥʥʷ. ʇʨʦʚʝʜʝʤʦ 

ʢʦʨʦʪʢʠʡ ʘʥʘʣʽʟ ʮʠʭ ʧʨʠʣʘʜʽʚ. 

ʈʘʥʽʰʝ ʩʢʘʥʫʶʯʠ ʧʨʠʡʤʘʯʽ ʧʦʯʘʪʢʦʚʦʛʦ ʝʪʘʧʫ ʨʦʟʚʠʪʢʫ ʤʘʣʠ ʨʫʯʥʝ 

ʫʧʨʘʚʣʽʥʥ.̫ ʆʧʝʨʘʪʦʨ ʟʥʽʤʘʚ ʧʦʢʘʟʘʥʥʷ ʩʢʘʥʫʶʯʦʛʦ ʧʨʠʡʤʘʯʘ ʥʘ ʢʦʞʥʽʡ 

ʯʘʩʪʦʪʽ. ʇʨʠʯʦʤʫ, ʦʧʝʨʘʪʦʨ, ʥʘʡʯʘʩʪʽʰʝ, ʟʥʽʤʘʚ ʧʦʢʘʟʠ ʧʨʠʡʤʘʯʘ ʷʢʽ 

ʧʝʨʝʚʠʱʫʚʘʣʠ ʷʢʠʡʩʴ ʚʩʪʘʥʦʚʣʝʥʠʡ ʨʽʚʝʥʴ (ʧʦʨʽʛ). ʎʝ ʧʨʦʮʝʜʫʨʘ ʙʫʣʘ 

ʪʨʠʚʘʣʘ, ʪʘ ʥʦʩʠʣʘ ʩʫʙ'ʻʢʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ. ʊʦʤʫ ʤʘʣʘ ʤʦʞʣʠʚʽ ʧʦʤʠʣʢʠ. ʎʝʡ 

ʬʘʢʪʦʨ ʚʠʢʣʶʯʝʥʠʡ ʚ ʩʫʯʘʩʥʠʭ ʩʢʘʥʫʶʯʠʭ ʧʨʠʡʤʘʯʘʭ, ʷʢʽ ʧʦʚʥʽʩʪʶ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʽ ʬʫʥʢʮʽʦʥʫʶʪʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ʋʧʨʘʚʣʽʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʩʪʘʥʜʘʨʪʥʠʡ ʽʥʪʝʨʬʝʡʩ, 

ʚʽʜʧʦʚʽʜʥʠʡ ʤʽʞʥʘʨʦʜʥʠʤ ʚʠʤʦʛʘʤ IEEE-488. 

ʎʝ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚʩʪʘʥʦʚʣʶʶʯʠ ʧʘʨʘʤʝʪʨʠ ʜʣʷ 

ʩʢʘʥʫʚʘʥʥʷ ʧʨʠʡʤʘʯʝʤ ʫ ʚʩʴʦʤʫ ʥʝʦʙʭʽʜʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʚʠʤʽʨʶʚʘʥʴ ʟʘ 
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ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʥʘ ʝʢʨʘʥʽ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧ'ʶʪʝʨʘ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʽʩʪʦʪʥʦ ʩʢʦʨʦʯʫʻʪʴʩʷ ʯʘʩ ʚʠʤʽʨʶʚʘʥʥʷ, ʚʠʢʣʁʯʘʻʪʴʩʷ 

ʩʫʙ'ʻʢʪʠʚʥʠʡ ʬʘʢʪʦʨ ʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʢʨʠʪʪʷ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ 

ʙʝʟ ʧʨʦʧʫʩʢʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʧʘʤ'ʷʪʽ ʧʝʨʩʦʥʘʣʴʥʦʛʦ 

ʢʦʤʧ'ʶʪʝʨʘ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʟʨʫʯʥʦʤʫ ʜʣʷ ʘʥʘʣʽʟʫ 

ʚʠʛʣʷʜʽ. 

ʉʢʘʥʫʶʯʠʡ ʧʨʠʡʤʘʯ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʥʰʦʛʦ ʨʦʟʛʣʷʥʫʪʦʛʦ 

ʪʠʧʫ ʧʨʠʣʘʜʽʚ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ ï ʩʧʝʢʪʨ ʘʥʘʣʽʟʘʪʦʨʘ. ʎʝ ʚʽʜʤʽʥʥʦʩʪʽ ʟʘ 

ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

-ʯʫʪʣʠʚʦʩʪʽ, ʩʢʘʥʫʶʯʠʡ ʧʨʠʡʤʘʯ ʤʘʻ ʽʩʪʦʪʥʦ ʙʽʣʴʰ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʷʪʠ ʢʦʨʠʩʥʽ ʨʘʜʽʦʩʠʛʥʘʣʠ ʥʘ ʪʣʽ hʫʤʽʚ ʧʨʠ ʨʽʚʥʷʭ ʩʠʛʥʘʣʽʚ 

ʥʘʙʘʛʘʪʦ ʙʽʣʴʰ ʥʠʟʴʢʠʭ, ʥʽʞ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʽ ʨʽʚʥʽ ʧʝʨʝʰʢʦʜ; 

-ʚʠʙʽʨʢʦʚʽʩʪʴ ʚʭʽʜʥʠʭ ʣʘʥʮʶʛʽʚ ʽ ʩʪʽʡʢʽʩʪʴ ʜʦ ʧʝʨʝʚʘʥʪʘʞʝʥʴ; 

-ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʁʚʘʥɹ ʯʘʩʪʦʪʠ ʽ ʘʤʧʣʽʪʫʜʠ ʩʠʛʥʘʣʽʚ, ʪʦʯʥʽʩʪʴ ʚʠʱʘ ʥʽʞ 

ʫ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʘ. 

ɿ ʤʝʪʦʶ ʧʦʜʘʣʴʦhʛʦ ʘʥʘʣʽʟʫ, ʨʦʟʛʣʷʥʝʤʦ ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʘ, ʷʢ 

ʧʨʠʩʪʨʽʡ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ. 

ɸʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʫ ï ʮʝ ʧʨʠʣʘʜ, ʫ ʢʣʘʩʠʯʥʦʤʫ ʚʘʨʽʘʥʪʽ, ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʢʦʣʠʚʘʥʴ ʫ 

ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ. ʆʙʣʘʜʥʘʥʥʷ ʪʘʢʦʛʦ ʧʨʠʥʮʠʧʫ ʜʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʚʠʜʢʦʛʦ ʧʝʨʝʛʣʷʜʫ ʚʩʴʦʛʦ ʟʘʜʘʥʦʛʦ 

ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

ʆʩʦʙʣʠʚʠʤ ʧʨʠʣʘʜʦʤ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʘʥʘʣʽʟʘʪʦʨ 

ʩʧʝʢʪʨʫ, ʱʦ ʤʘʻ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʩʣʽʜʢʫʶʯʠʡ ʛʝʥʝʨʘʪʦʨ. ʉʘʤʝ ʪʘʢʠʡ 

ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʫ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʪʨʦʣʶ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ 

ʽʤʧʫʣʴʩʽʚ ʚ ʨʘʜʽʦʜʽʘʧʘʟʦʥʽ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʟʚʠʯʘʡʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʫ ʥʝ ʻ ʘʣʴʪʝʨʥʘʪʠʚʦʶ 

ʩʪʦʩʦʚʥʦ ʩʢʘʥʫʶʯʦʛʦ ʧʨʠʡʤʘʯʘ ʚ ʢʦʤʧʣʝʢʩʘʭ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ ʽ ʧʝʨʝʚʽʨʦʢ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʤʦʛʘʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ 
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ʩʫʤʩ̔ʥʦʩʪʽ ʚʥʘʩʣʽʜʦʢ ʦʙʤʝʞʝʥʦʾ ʯʫʪʣʠʚʦʩʪʽ, ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʜʽʘʧʘʟʦʥʫ 

ʩʠʛʥʘʣʽʚ, ʘ ʪʘʢʦʞ ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʧʝʨʝʚʘʥʪʘʞʝʥʴ. 

ɭ ʘʥʘʣʽʟʘʪʦʨʠ ʩʧʝʢʪʨʘ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʜʽʙʥʠʤʠ ʩʢʘʥʫʶʯʠʤ 

ʧʨʠʡʤʘʯʘʤ, ʘʣʝ ʚʦʥʠ ʥʝ ʟʥʘʡʰʣʠ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʝʨʝʟ ʚʝʣʠʢʫ 

ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ. 

ʋʩʫʥʝʥʥʷ ʦʜʥʦʛʦ ʟ ʛʦʣʦʚʥʠʭ ʥʝʜʦʣʽʢʽʚ, ʟʦʢʨʝʤʘ ʧʦ ʯʫʪʣʠʚʦʩʪʽ ʜʦ 

ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʧʨʠʟʚʝʣʦ ʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʠʩʪʨʦʶ (ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʘ) 

ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʝʩʝʣʝʢʪʦʨʘ. ʎʝ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʟʘʭʠʩʪ 

ʚʭʽʜʥʠʭ ʣʘʥʮʶʛʽʚ, ʧʦʧʝʨʝʜʥʻ ʧʦʩʠʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʽ ʤʽʩʪʠʪʴ ʩʢʘʥʫʶʯʠʡ 

ʧʝʨʝʥʘʩʪʨʦʶʚʘʥʠʡ ʬʽʣʴʪʨ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʤʽʩʮʝʚʠʤ ʛʝʥʝʨʘʪʦʨʦʤ ʘʥʘʣʽʟʘʪʦʨʘ 

ʩʧʝʢʪʨʘ. ʇʦʧʝʨʝʜʥʻ ʧʽʜʩʠʣʶʚʘʥʥʷ ʧʦʢʨʘʱʫʻ ʰʫʤʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʚʦʥʠ ʩʪʘʶʪʴ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʢʘʥʫʶʯʦʛʦ ʧʨʠʡʤʘʯʘ. ʊʦʤʫ 

ʧʦʜʘʣʴʰʠʤ ʝʪʘʧʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʠʣʘʜʽʚ ʚʠʷʚʣʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʩʪʘʣʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʣʽʜʢʫʶʯʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʩʣʽʜʢʫʶʯʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʪʽʣʴʢʠ ʩʧʽʣʴʥʦ ʟ ʘʥʘʣʽʟʘʪʦʨʦʤ ʩʧʝʢʪʨʫ, ʜʦʟʚʦʣʷʻ ʙʝʟ 

ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʽʩʪʦʪʥʦ ʟʙʽʣʴʰʠʪʠ ʚʠʤʽʨʶʚʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʘ. ɿ ʜʦʧʦʤʦʛʦʶ ʩʣʽʜʢʫʶʯʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʽ ʘʥʘʣʽʟʘʪʦʨʘ 

ʩʧʝʢʪʨʘ ʟ'ʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʦʙʩʷʛ ʚʠʤʽʨʶʚʘʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟ 

ʯʘʩʪʦʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʠʛʥʘʣʫ ʽ ʧʝʨʝʰʢʦʜ. 

ʉʣ̔ ʜʢʫʶʯʠʡ ʛʝʥʝʨʘʪʦʨ ʷʚʣʷʻ ʩʦʙʦʶ ʛʝʥʝʨʘʪʦʨ ʩʠʛʥʘʣʽʚ, ʚʠʭʽʜʥʘ ʯʘʩʪʦʪʘ 

ʷʢʦʛʦ ʧʦʚ'ʷʟʘʥʘ ʟ ʯʘʩʪʦʪʦʶ ʚʠʤʽʨʶʚʘʥʴ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ ʪʘ ʩʢʘʥʫʻʪʴʩʷ ʟʘ 

ʦʜʥʠʤ ʽ ʪʠʤ ʞʝ ʟʘʢʦʥʦʤ. ɺʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʛʝʥʝʨʘʪʦʨʘ ʧʽʜʪʨʠʤʫʻʪʴʩʷ 

ʧʦʩʪʽʡʥʦʶ ʟ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ, ʟʘʟʚʠʯʘʡ ʟ ʚʽʜʭʠʣʝʥʥʷʤʠ ʤʝʥʰʠʤʠ 

Ñ 1 ʜɹ ʫ ʩʤʫʟʽ ʯʘʩʪʦʪ ʚʽʜ 100 ʢɻʮ ʜʦ 1 ɻɻʮ [189]. ʇʨʠ ʮʴʦʤʫ ʤʦʞʥʘ 

ʘʥʘʣʽʟʫʚʘʪʠ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʠʛʥʘʣʽʚ. 

ʊʝʦʨʝʪʠʯʥʦ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʜʦʨʽʚʥʶʻ ʜʠʥʘʤʽʯʥʦʤʫ ʜʽʘʧʘʟʦʥʫ 

ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʘ (ʙʣʠʟʴʢʦ 120 ʜɹ), ʘʣʝ ʥʘ ʧʨʘʢʪʠʮʽ ʚʽʥ ʦʙʤʝʞʝʥʠʡ ʯʝʨʝʟ 

ʚʠʥʠʢʥʝʥʥʷ ʧʘʨʘʟʠʪʥʦʛʦ ʟʚ'ʷʟʢʫ (ʥʘʚʝʜʝʥʥʷ ʚ ʢʘʙʝʣʴʥʦïʬʽʜʝʨʥʽʡ ʩʠʩʪʝʤʽ). 
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ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ, ʫʟʘʛʘʣʴʥʝʥʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ 

ʢʦʨʦʪʢʽ ʚʠʩʥʦʚʢʠ.  

ʉʢʘʥʫʶʯʠ ʧʨʠʡʤʘʯʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʤ, ʜʝ: 

- ʧʦʪʨʽʙʥʘ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʘʤʧʣʽʪʫʜʥʦ-

ʯʘʩʪʦʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʘʜʽʦʩʠʛʥʘʣʽʚ; 

- ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ; 

- ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʤʽʨʽʚ; 

- ʨʦʟʨʘʭʫʥʢʽʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʽʚ ʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. 

 ɸʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʘ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʰʚʠʜʢʠʡ ʧʝʨʝʛʣʷʜ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ, ʜʣʷ 

ʘʥʘʣʽʟʫ ʧʘʨʘʤʝʪʨʽʚ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʘʜʽʦʧʨʠʩʪʨʦʾʚ.  

ɸʥʘʣʽʟ ʧʘʨʘʤʝʪʨʽʚ ʨʘʜʽʦʩʠʛʥʘʣʽʚ, ʧʦʨʷʜ ʟ ʾʭ ʚʠʷʚʣʝʥʥʷʤ, ʩʪʘʥʦʚʠʪʴ 

ʦʜʥʫ ʟ ʛʦʣʦʚʥʠʭ ʦʧʝʨʘʮʽʡ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ. ʋ ʧʨʦʮʝʩʽ ʘʥʘʣʽʟʫ ʦʧʝʨʘʪʦʨ ʘʙʦ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʽʨʶʶʪʴ ʥʘʩʪʫʧʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʷʚʣʝʥʦʛʦ 

ʩʠʛʥʘʣʫ: 

- ʥʝʩʫʯʫ ʯʘʩʪʦʪʫ; 

- ʘʤʧʣʽʪʫʜʫ ʩʠʛʥʘʣʫ; 

- ʬʦʨʤʫ ʽ ʰʠʨʠʥʫ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ; 

- ʧʘʨʘʤʝʪʨʠ ʤʦʜʫʣʷʮʽʾ. 

ʈʝʟʫʣʴʪʘʪʠ ʮʠʭ ʚʠʤʽʨʶʚʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʝʨʝʚʽʨʢʠ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʚʩʪʘʥʦʚʣʝʥʠʤ ʥʦʨʤʘʤ ʽ ʩʣʫʞʘʪʴ 

ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʧʨʦʮʝʜʫʨ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʨʘʜʽʦʩʠʛʥʘʣʽʚ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʜʝʪʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʚʩʽʭ ʨʘʜʽʦʩʠʛʥʘʣʘʭ, ʥʝʦʙʭʽʜʥʦ 

ʜʦʩʣʽʜʠʪʠ ʾʭ ʧʦʚʝʜʽʥʢʫ ʚ ʯʘʩʽ ʽ ʚʠʢʦʥʘʪʠ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ (ʘʥʘʣʽʟ ʫ 

ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ). ʗʢʱʦ ʚʠʷʚʣʝʥʽ ʩʠʛʥʘʣʠ ʤʦʜʫʣʶʚʘʥʥʽ, ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ 

ʚʠʜ ʤʦʜʫʣʷʮʽʾ ʽ ʦʮʽʥʠʪʠ ʯʘʩʦʚʽ ʽ ʯʘʩʪʦʪʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʶʶʯʠʭ ʧʨʦʮʝʩʽʚ. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʩʽʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʩʪʝʤʫ 

ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ. ɺ ʢʣʘʩʠʯʥʦʤʫ ʚʘʨʽʘʥʪʽ, ʜʣʷ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʫ ʜʦʚʦʜʠʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʽʣʴʢʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʠʣʘʜʽʚ: 
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- ʘʥʘʣʽʟʘʪʦʨʠ ʩʧʝʢʪʨʫ; 

- ʩʢʘʥʫʶʯʠ ʧʨʠʡʤʘʯʽ; 

- ʪʘ ʘʥʘʣʽʟʘʪʦʨʠ ʤʦʜʫʣʷʮʽʾ. 

ʇʨʠʯʦʤʫ, ʘʥʘʣʽʟʘʪʦʨʠ ʩʧʝʢʪʨʫ, ʟʘ ʩʚʦʻʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ, 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʧʦʩʣʽʜʦʚʥʽ ʪʘ ʧʘʨʘʣʝʣʴʥʽ. 

ɺ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʬʦʨʤʠ ʩʧʝʢʪʨʫ, ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʽʚ 

ʽ ʥʝʩʫʯʠʭ ʯʘʩʪʦʪ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, 

ʧʦʩʣʽʜʦʚʥʽ ʘʥʘʣʽʟʘʪʦʨʠ ʩʧʝʢʪʨʘ. ʊʘʢʠʡ ʧʨʠʣʘʜ ʬʦʨʤʫʻ ʩʧʝʢʪʨʘʣʴʥʫ ʢʘʨʪʠʥʫ 

ʧʦʩʣʽʜʦʚʥʦ, ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʙʫʜʦʚʠ ʢʝʨʦʚʘʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʯʘʩʪʦʪʠ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʽʚ ʥʘ ʚʠʭʦʜʽ ʩʤʫʛʦʚʦʛʦ ʬʽʣʴʪʨʫ. 

ʇʘʨʘʣʝʣʴʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʫ ʦʮʽʥʶʻ ʚʝʩʴ ʩʧʝʢʪʨ ʚʽʜʨʘʟʫ, ʦʩʢʽʣʴʢʠ 

ʤʽʩʪʠʪʴ ʛʨʫʧʫ ʥʘʣʘʰʪʦʚʘʥʠʭ ʥʘ ʩʫʤʽʞʥʽ ʯʘʩʪʦʪʠ ʩʤʫʛʦʚʠʭ ʬʽʣʴʪʨʽʚ. ʆʩʢʽʣʴʢʠ 

ʨʝʘʣʽʟʘʮʽʷ ʘʥʘʣʦʛʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘʢʦʛʦ ʚʠʜʫ ʜʫʞʝ ʩʢʨʫʪʥʘ, ʥʘ ʧʨʘʢʪʠʮʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʮʠʬʨʦʚʠʡ ʝʢʚʽʚʘʣʝʥʪ ʫ ʚʠʛʣʷʜʽ ʰʚʠʜʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʌʫʨ'ʻ. ʆʙʯʠʩʣʶʚʘʥʠʡ ʧʨʠʩʪʨʽʡ ʦʙʯʠʩʣʶʻ ʩʧʝʢʪʨ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤ̔ʚ 

ʰʚʠʜʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ ʽ ʚʠʨʦʙʣʷʻ ʧʝʨʝʜʘʯʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. 

ʊʘʢʽ ʧʨʠʣʘʜʠ ʚʦʣʦʜʽʶʪʴ ʧʝʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ: ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ 

ʟʜʘʪʥʽʩʪʶ ʽ ʰʚʠʜʢʽʩʪʶ ʨʦʙʦʪʠ, ʤʦʞʣʠʚʽʩʪʶ ʘʥʘʣʽʟʫ ʽʤʧʫʣʴʩʥʠʭ ʦʜʠʥʦʢʠʭ 

ʩʠʛʥʘʣʽʚ. ɺʦʥʠ ʟʜʘʪʥʽ ʚʠʟʥʘʯʘʪʠ ʥʝ ʪʽʣʴʢʠ ʘʤʧʣ̔ʪʫʜʥʠʡ, ʘʣʝ ʽ ʬʘʟʦʚʠʡ 

ʩʧʝʢʪʨʠ, ʘ ʪʘʢʦʞ ʦʜʥʦʯʘʩʥʦ ʧʦʜʘʚʘʪʠ ʩʠʛʥʘʣʠ ʫ ʯʘʩʦʚʽʡ ʪʘ ʯʘʩʪʦʪʥʽʡ 

ʦʙʣʘʩʪʷʭ. ʅʘ ʞʘʣʴ, ʧʘʨʘʣʝʣʴʥʽ ʘʥʘʣʽʟʘʪʦʨʠ ʩʧʝʢʪʨʫ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʘʣʛʦʨʠʪʤ ʰʚʠʜʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ, ʯʝʨʝʟ ʦʙʤʝʞʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʘʥʘʣʦʛʦ-

ʮʠʬʨʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʚ̔ ʥʝ ʟʥʘʡʰʣʠ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɼʨʫʛʠʤ ʧʨʠʣʘʜʦʤ ʟʘʩʪʦʩʦʚʫʚʘʥʠʤ, ʧʨʠ ʢʣʘʩʠʯʥʦʤʫ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ 

ʪʘ ʘʥʘʣʽʟʽ ʨʘʜʽʦʩʠʛʥʘʣʽʚ, ʻ ʩʢʘʥʫʶʯʠ ʧʨʠʡʤʘʯʽ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʦʶ 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʘʣʽʟʘʪʦʨʦʤ ʩʧʝʢʪʨʫ ʯʫʪʣʠʚʽʩʪʶ ʪʘ ʪʦʯʥʽʩʪʶ, ʥʘʷʚʥʽʩʪʶ ʥʘ 

ʚʭʦʜʽ ʧʝʨʝʥʘʩʪʨʦʶʚʘʥʠʭ ʩʤʫʛʦʚʠʭ (ʧʨʝʩʝʣʝʢʪʦʨʥʠʭ) ʬʽʣʴʪʨʽʚ, ʷʢʽ ʽʩʪʦʪʥʦ 

ʧʽʜʚʠʱʫʶʪʴ ʧʝʨʝʰʢʦʜʦʟʘʭʠʱʝʥʽʩʪʴ ʚ ʫʤʦʚʘʭ ʱʽʣʴʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʨʘʜʽʦʜʽʘʧʘʟʦʥʽʚ, ʦʩʦʙʣʠʚʦ ʫ ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ. 
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ʉʢʘʥʫʶʯʠ ʧʨʠʡʤʘʯʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʠʭ ʟʘʚʜʘʥʴ 

ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ, ʛʦʣʦʚʥʠʤʠ ʟ ʷʢʠʭ ʻ ʦʮʽʥʢʠ ʨʽʚʥʷ ʽ ʯʘʩʪʦʪʠ ʨʘʜʽʦʩʠʛʥʘʣʽʚ. 

ɸʣʝ ʩʢʘʥʫʶʯʠʡ ʧʨʠʡʤʘʯ ʘʥʘʣʽʟ ʩʠʛʥʘʣʽʚ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ, ʥʝ ʧʨʦʚʦʜʠʪʴ 

ʯʝʨʝʟ ʦʙʤʝʞʝʥʽ ʤʦʞʣʠʚʦʩʪʽ. 

ɿʘʚʝʨʰʫʶʪʴ, ʢʣʘʩʠʯʥʠʡ ʚʘʨʽʘʥʪ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ, ʘʥʘʣʽʟʘʪʦʨʠ 

ʤʦʜʫʣʷʮʽʾ. ɺʦʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥ ɹ ʧʨʦʮʝʩʽʚ ʥʘ ʚʠʭʦʜʘʭ 

ʩʪʘʥʜʘʨʪʥʠʭ ʜʝʤʦʜʫʣʷʪʦʨʽʚ. ɺʠʙʠʨʘʶʯʠ ʧʦʪʨʽʙʥʠʡ ʪʠʧ ʜʝʤʦʜʫʣʷʪʦʨʘ, 

ʦʧʝʨʘʪʦʨ ʦʪʨʠʤʫʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʭʘʨʘʢʪʝʨ ʽ ʧʘʨʘʤʝʪʨʠ ʟʤʽʥʠ ʘʤʧʣʽʪʫʜʠ, 

ʯʘʩʪʦʪʠ ʘʙʦ ʬʘʟʠ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ, ʫ ʟʚ'ʷʟʢʫ ʟ ʽʥʪʝʥʩʠʚʥʠʤ ʨʦʟʚʠʪʢʦʤ ʩʠʩʪʝʤ ʨʫʭʦʤʦʛʦ ʪʘ 

ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʨʘʜʽʦʟʚ'ʷʟʢʫ ʽ ʰʠʨʦʢʠʤ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʮʠʬʨʦʚʠʭ ʤʝʪʦʜʽʚ ʤʦʜʫʣʷʮʽʾ ʪʘ ʨʦʟʜʽʣʝʥʥʷ ʢʘʥʘʣʽʚ, ʚʠʤʦʛʠ ʜʦ ʘʧʘʨʘʪʫʨʠ 

ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ ʽʩʪʦʪʥʦ ʟʤʽʥʠʣʠʩʷ. ʅʘ ʟʤʽʥʫ ʧʦʩʣʽʜʦʚʥʠʤ ʘʥʘʣʽʟʘʪʦʨʘʤ 

ʩʧʝʢʪʨʘ ʪʘ ʧʘʥʦʨʘʤʥʠʤ ʧʨʠʡʤʘʯʘʤ ʟ ʧʨʦʩʪʠʤʠ ɸʄ- ʪʘ ʏʄ-ʜʝʤʦʜʫʣʷʪʦʨʘʤʠ 

ʧʨʠʭʦʜʷʪʴ ʥʦʚʽ ʧʨʠʣʘʜʠ, ʷʢʽ ʟʜʘʪʥʽ ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠ ʚʽʜʨʘʟʫ ʚ ʢʽʣʴʢʦʭ 

ʧʦʜʘʥʥʷʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ: ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʦʚʽʡ, ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʪʘ ʚ ʦʙʣʘʩʪʽ 

ʤʦʜʝʣʶʶʯʠʭ ʧʨʦʮʝʩʽʚ. ʊʘʢ ʢʦʨʧʦʨʘʮʽʷ Tektronix ʩʪʚʦʨʠʣʘ ʮʠʬʨʦʚʽ 

ʘʥʘʣʽʟʘʪʦʨʠ ʩʧʝʢʪʨʘ ʨʝʘʣɹʥʦʛʦ ʯʘʩʫ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʚ 

ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ ʰʚʠʜʢʽ ʟʤʽʥʠ ʩʧʝʢʪʨʫ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʜʝʷʢʠʭ ʚʠʜʘʭ ʩʫʯʘʩʥʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ. ʇʨʠ 

ʮʴʦʤʫ, ʧʦʨʷʜ ʟʽ ʟʚʠʯʘʡʥʠʤʠ ʩʧʝʢʪʨʘʤʠ, ʧʨʠʣʘʜʠ ʜʦʟʚʦʣʷʶʪʴ ʙʫʜʫʚʘʪʠ 

ʩʧʝʢʪʨʦʛʨʘʤʠ, ʷʢʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʙʝʟʣʽʯ ʩʧʝʢʪʨʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʨʽʟʥʽ 

ʤʦʤʝʥʪʠ ʯʘʩʫ. ʂʨʽʤ ʪʦʛʦ ʚ ʧʨʠʣʘʜʘʭ ʟʘʩʪʦʩʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ çʮʠʬʨʦʚʦʛʦ 

ʬʦʩʬʦʨʫè, ʷʢʘ ʜʦʟʚʦʣʷʻ ʥʘ ʧʝʚʥʠʡ ʯʘʩ ʟʘʧʘʤ'ʷʪʦʚʫʚʘʪʠ ʩʧʝʢʪʨʠ ʪʘ ʥʘʦʯʥʦ 

ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʾʭ ʟʤʽʥʠ ʚ ʯʘʩʽ [221]. 

ʆʜʥʘʢ ʙʽʣʴhʠʡ ʽʥʪʝʨʝʩ, ʜʣʷ ʟʘʚʜʘʥʴ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ 

ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ, ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʘʥʘʣʽʟʘʪʦʨʠ ʩʧʝʢʪʨʫ ʢʦʤʧʘʥʽʾ Rohde-

Schwarz [221], ʷʢʽ ʜʦʜʘʪʢʦʚʦ ʨʝʘʣʽʟʫʶʪʴ ʨʝʞʠʤ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʦ ʯʘʩʪʦʪʥʽʡ 

ʤʘʩʮʽ (ʩʝʣʝʢʪʠʚʥʠʡ ʟʘʧʫʩʢ). ʋ ʜʘʥʦʤʫ ʨʝʞʠʤʽ ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʫ 

ʟʘʧʫʩʢʘʻʪʴʩ̫ ̔ ʧʨʦʚʦʜʠʪʴ ʚʠʤʽʨʶʚʘʥʥʷ, ʷʢʱʦ ʩʧʝʢʪʨ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʠʛʥʘʣʫ 
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ʚ ʩʤʫʟʽ ʘʥʘʣʽʟʫ ʚʽʜʧʦʚʽʜʘʻ ʟʘʜʘʥʠʤ ʫʤʦʚʘʤ. ʅʘʧʨʠʢʣʘʜ: ʦʜʠʥ ʟʽ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ ʟʘʜʘʥʽʡ ʯʘʩʪʦʪʽ ʧʝʨʝʚʠʱʫʻ ʚʩʪʘʥʦʚʣʝʥʠʡ ʨʽʚʝʥʴ. ʎʝʡ ʨʝʞʠʤ 

ʢʦʨʠʩʥʠʡ ʧʨʠ ʩʧʦʩʪʝʨʝʞʝʥʥʽ ʩʧʝʢʪʨʽʚ ʩʠʛʥʘʣʽʚ ʚ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ, ʢʦʣʠ 

ʤʦʞʣʠʚʦ ʚʠʜʽʣʠʪʠ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʚʯʝʥʥʷ ʥʝʩʫʯʠʡ ʘʙʦ ʧʽʣʦʪ-ʩʠʛʥʘʣʠ. 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʨʦʟʚʠʪʢʫ ʧʨʠʣʘʜʽʚ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ ʩʣʽʜ ʚʚʘʞʘʪʠ 

ʚʝʢʪʦʨʥʽ ʘʥʘʣʽʟʘʪʦʨʠ. 

ʇʨʦʮʝʩ ʚʠʤʽʨʶʚʘʥʴ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ ʮʠʬʨʦʚʠʭ ʚʝʢʪʦʨʥʠʭ 

ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʢʣʘʜʘ̒ʪɹʩʷ ʟ ʜʚʦʭ ʝʪʘʧʽʚ: ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʦʙʨʦʙʢʠ. ʅʘ ʧʝʨʰʦʤʫ 

ʝʪʘʧʽ ʘʥʘʣʽʟʘʪʦʨ ʚʠʜʽʣʷʻ, ʧʝʨʝʪʚʦʨʶʻ ʚ ʮʠʬʨʦʚʫ ʬʦʨʤʫ ʽ ʧʦʤʽʱʘʻ ʚ ʧʘʤ'ʷʪʴ 

ʨʝʘʣʽʟʘʮʽʶ ʢʦʤʧʣʝʢʩʥʦʾ ʦʛʠʥʘʶʯʦʾ ʩʠʛʥʘʣʫ ʟʘʜʘʥʦʾ ʪʨʠʚʘʣʦʩʪʽ. ʅʘ ʜʨʫʛʦʤʫ 

ʝʪʘʧʽ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʦʙʨʦʙʣʷʶʪʴʩʷ ʽ ʛʦʪʫʶʪʴʩʷ ʜʦ ʚʽʜʦʙʨʘʞʝʥʥʷ. ʆʙʨʦʙʢʘ 

(ʥʘʧʨʠʢʣʘʜ: ʦʙʯʠʩʣʝʥʥʷ ʩʧʝʢʪʨʫ) ʧʦʪʦʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʷ 

ʧʘʨʘʣʝʣʴʥʦ ʟ ʧʨʦʮʝʩʦʤ ʨʝʻʩʪʨʘʮʽʾ ʥʘʩʪʫʧʥʦʾ. ʗʢʱʦ ʯʘʩ ʦʙʯʠʩʣʝʥʥʷ ʽ ʧʝʨʝʜʘʯʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʩʧʦʞʠʚʘʯʝʚʽ ʤʝʥʰʝ ʪʨʠʚʘʣʦʩʪʽ ʦʢʨʝʤʦʾ ʨʝʘʣʽʟʘʮʽʾ, ʘʥʘʣʽʟ ʙʫʜʝ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʙʝʟ ʧʨʦʧʫʩʢ̔ʚ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʊʘʢʠʡ ʨʝʞʠʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽ ʜʝʤʦʜʫʣʷʮʽʾ ʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʮʝʩʽʚ. ɺ 

ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ, ʥʘʧʨʠʢʣʘʜ ʧʨʠ ʘʥʘʣʽʟʽ ʽʤʧʫʣʴʩʥʠʭ ʦʜʥʦʨʘʟʦʚʠʭ ʩʠʛʥʘʣʽʚ ʚ 

ʧʘʤ'ʷʪʽ ʨʝʻʩʪʨʫʶʪʴʩʷ ʣʠʰʝ ʦʢʨʝʤʽ ʪʠʤʯʘʩʦʚʽ ʬʨʘʛʤʝʥʪʠ, ʦʙʨʦʙʢʘ ʢ̫ʠʭ ʤʦʞʝ 

ʟʘʡʤʘʪʠ ʟʥʘʯʥʠʡ ʯʘʩ. ʋ ʮʴʦʤʫ ʨʝʞʠʤʽ ʚʜʘʻʪʴʩʷ ʽʩʪʦʪʥʦ ʨʦʟʰʠʨʠʪʠ ʩʤʫʛʫ 

ʘʥʘʣʽʟʦʚʘʥʠʭ ʯʘʩʪʦʪ, ʧʨʠʯʦʤʫ ʪʨʠʚʘʣʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʙʫʜʝ 

ʚʠʟʥʘʯʘʪʠʩʷ ʻʤʥʽʩʪʶ ʧʘʤ'ʷʪʽ ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʠʛʥʘʣʽʚ [222,235]. 

ʇʝʨʝʣʽʯʠʤʦ ʦʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʱʦ ʚʠʜ̔ʣʷʶʪʴ ʚʝʢʪʦʨʥʽ ʘʥʘʣʽʟʘʪʦʨʠ 

ʩʝʨʝʜ ʪʨʘʜʠʮʽʡʥʠʭ ʧʨʠʣʘʜʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʨʘʜʽʦʩʠʛʥʘʣʽʚ: 

-ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʠʤʽʨʶʚʘʯʽʚ, ʷʢʽ ʦʧʝʨʫʶʪʴ ʟʽ ʩʢʘʣʷʨʥʠʤʠ 

(ʦʜʥʦʚʠʤʽʨʥʠʤʠ) ʧʨʦʮʝʩʘʤʠ, ʚʝʢʪʦʨʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ʦʙʨʦʙʣʷʻ ʢʦʤʧʣʝʢʩʥʽ 

ʦʛʠʥʘʶʯʽ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʘʤʧʣʽʪʫʜʫ ̔  ʬʘʟʫ ʩʠʛʥʘʣʫ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʘʤʧʣʽʪʫʜʥʽ ʪʘ ʬʘʟʦʚʽ ʩʧʝʢʪʨʠ, ʘ ʪʘʢʦʞ ʦʜʥʦʯʘʩʥʦ ʚʠʜʽʣʷʪʠ 

ʘʤʧʣʽʪʫʜʫ, ʬʘʟʫ ʽ ʯʘʩʪʦʪʫ ʩʠʛʥʘʣʫ ʪʘ ʧʦʢʘʟʫʚʘʪʠ ʾʭ ʫ ʚʠʛʣʷʜʽ ʩʧʝʢʪʨʘʣʴʥʠʭ, 

ʯʘʩʦʚʠʭ ʘʙʦ ʚʝʢʪʦʨʥʠʭ ʜʽʘʛʨʘʤ. 
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-ɿʘʚʜʷʢʠ ʮʠʬʨʦʚʦʾ ʨʝʻʩʪʨʘʮʽʾ ʚʝʢʪʦʨʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ʚʠʢʦʥʫʻ 

ʧʘʨʘʣʝʣʴʥʠʡ ʘʥʘʣʽʟ ʩʧʝʢʪʨʘ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʙʝʟ ʚʪʨʘʪ ʽʥʬʦʨʤʘʮʽʾ, 

ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʧʦʩʣʽʜʦʚʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʩʧʝʢʪʨʫ, ʘ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʷʻ 

ʚʭʽʜʥʠʡ ʨʘʜʽʦʩʠʛʥʘʣ ʦʜʥʦʯʘʩʥʦ ʫ ʯʘʩʦʚʽʡ ʪʘ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ. ʎʠʬʨʦʚʘ 

ʨʝʻʩʪʨʘʮʽʷ ʽ ʟʙʝʨʽʛʘʥʥʷ ʚ ʧʘʤ'ʷʪʽ ʥʘʩʪʫʧʥʠʭ ʦʜʠʥ ʟʘ ʦʜʥʠʤ ʨʝʘʣʽʟʘʮʽʡ 

ʨʘʜʽʦʩʠʛʥʘʣʫ ʥʘʜʘʻ ʫʥʽʢʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʚ ʯʘʩʪʠʥʽ ʚʠʷʚʣʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ, ʽʤʧʫʣʴʩʥʠʭ ʽ ʦʜʥʦʨʘʟʦʚʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʚ 

ʨʝʞʠʤʽ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʟ "ʯʘʩʦʚʦʶ ʩʝʣʝʢʮʽʻʶ". 

ʆʪʞʝ, ʟ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʝ ʽʩʥʫʻ ʦʜʥʦʛʦ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʜʣʷ ʘʥʘʣʽʟʫ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʘʥʘʣʽʟʫ ʟ ʤʝʪʦʶ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʧʦʰʫʢʦʚʦʛʦ 

ʨʘʜʽʦʢʦʥʪʨʦʣʶ. ʊʦʤʫ ʧʦʪʨʽʙʥʦ ʮʝʡ ʥʝʜʦʣʽʢ ʢʦʤʧʝʥʩʫʚʘʪʠ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʪʦʙʪʦ 

ʘʧʘʨʘʪʥʦ- ʧʨʦʛʨʘʤʥʠʤ ʢʦʤʧʣʝʢʩʦʤ.  

 

2.4. ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʠʭ 

ʩʠʛʥʘʣʽʚ ʫ ʮʠʬʨʦʚʠʡ ʚʠʜ 

 

ʋ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʜʠʩʢʨʝʪʥʠʤʠ ʻ 

ʧʦʚʽʜʦʤʣʝʥʥʷ, ʫʪʚʦʨʝʥʽ ʟ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʢʽʥʮʝʚʝ ʯʠʩʣʦ 

ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ, ʪʦʙʪʦ ʜʠʩʢʨʝʪʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʝʣʝʤʝʥʪʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʣʠʰʝ ʢʽʥʮʝʚʝ ʯʠʩʣʦ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ. 

ɼʠʩʢʨʝʪʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʻ ʮʠʬʨʦʚʠʤ ʷʢʱʦ ʢʦʞʥʦʤʫ ʡʦʛʦ ʝʣʝʤʝʥʪʫ (ʘʙʦ 

ʢʦʤʙʽʥʘʮʽʾ ʝʣʝʤʝʥʪʽʚ) ʧʨʠʧʠʩʫʶʪʴ ʧʝʚʥʝ ʮʠʬʨʦʚʝ ʟʥʘʯʝʥʥʷ. 

ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʜʠʩʢʨʝʪʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʻ ʨʝʟʫʣʴʪʘʪʦʤ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʾ (ʘʥʘʣʦʛʦʚʦʾ) ʽʥʬʦʨʤʘʮʽʾ ʚ ʮʠʬʨʦʚʫ. ʊʦʙʪʦ 

ʜʠʩʢʨʝʪʥʽ ʩʠʛʥʘʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʧʝʨʚʠʥʥʠʤʠ ʪʘʢʦʞ ʽ ʚʪʦʨʠʥʥʠʤʠ, 

ʦʪʨʠʤʘʥʠʤʠ ʟ ʙʝʟʧʝʨʝʨʚʥʠʭ ʩʠʛʥʘʣʽʚ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʙʝʟʧʝʨʝʨʚʥʠʭ ʩʠʛʥʘʣʽʚ ʚ ʮʠʬʨʦʚʫ ʬʦʨʤʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʥʘʩʪʫʧʥʽ 

ʦʧʝʨʘʮʽʾ: 
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- ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʧʦʚʽʜʦʤʣʝʥʥʷ ʟʘ ʯʘʩʦʤ; 

- ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʘ ʨʽʚʥʝʤ; 

- ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ, ʜʠʩʢʨʝʪʠʟʦʚʘʥʠʭ ʟʘ ʨʽʚʥʝʤ ʽ ʟʘ ʯʘʩʦʤ, ʚ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʯʠʩʝʣ, ʚʽʜʦʙʨʘʞʝʥʠʭ ʫ ʚʠʛʣʷʜʽ ʢʦʜʦʚʠʭ ʢʦʤʙʽʥʘʮʽʡ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʡʤʦʚʽʨʥʠʭ 

ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʨʦʟʛʣʷʥʝʤʦ ʦʧʝʨʘʮʽʾ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ. 

ɼʠʩʢʨʝʪʠʟʘʮʽʷ ʟʘ ʯʘʩʦʤ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʙʝʟʧʝʨʝʨʚʥʠʡ ʩʠʛʥʘʣ 

ʟʘʤ̔ʥʶʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʡʦʛʦ ʤʠʪʪʻʚʠʭ ʟʥʘʯʝʥʴ, ʫʟʷʪʠʭ ʚ ʜʠʩʢʨʝʪʥʠʭ 

ʪʦʯʢʘʭ ʯʘʩʫ, ʧʨʠ ʪʘʢʽʡ ʟʘʤʽʥʽ ʚʠʢʣʶʯʘʶʪʴʩʷ ʚʩʽ ʙʝʟʣʽʯ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʾ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ. ʄʘʪʝʤʘʪʠʯʥʦ ʮʝʡ ʧʨʦʮʝʩ ʤʦʞʥʘ 

ʦʧʠʩʘʪʠ ʨʽʚʥʷʥʥʷʤ: 

 

( ) ( )D
k

t t k ta d
¤

=-¤

= - Dä ,                                                (2.1) 

 

ʜʝ: d ï ʬʫʥʢʮʽʷ ʦʜʠʥʠʯʥʠʭ ʽʤʧʫʣʴʩʥʠʭ ʬʫʥʢʮʽʡ, ʷʢʽ ʧʨʷʤʫʶʪʴ ʯʝʨʝʟ 

ʽʥʪʝʨʚʘʣʠ tD. 

 ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ, ʦʪʨʠʤʘʻʤʦ: 

 

[ ]
1

( ) ( ), ,D

k
f f kA

t t
d

¤

-¤

= - Í -¤ ¤ä
D D

.                  (2.2) 

 

ʗʢ ʚʠʜʥʦ, ʚʠʨʘʟ (2.2) ʷʚʣʷʻ ʩʦʙʦʶ ʧʝʨʽʦʜʠʯʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ d ʬʫʥʢʮ̔ʡ, 

ʷʢʽ ʧʨʷʤʫʶʪʴ ʯʝʨʝʟ ʯʘʩʪʦʪʥʽ ʽʥʪʝʨʚʘʣʠ 
1

f
t

D =
D

. 

ɿ ʦʛʣʷʜʫ ʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʬʫʥʢʮʽʾ 
0

( ) 1d xx
¤

-¤

- =ñ , ʧʽʜʩʪʘʚʣʷʶʯʠ ʡʦʛʦ ʚ 

ʚʠʨʘʟʠ (2.1) ʦʪʨʠʤʫʻʤʦ ʟʥʘʯʝʥʥʷ 1, ʘ ʧʽʜʩʪʘʚʣʷʶʯʠ ʫ ʚʠʨʘʟ (2.2) ʦʪʨʠʤʫʻʤʦ 

1

tD
. 
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 ɼʠʩʢʨʝʪʠʟʘʮʽʷ ʙʝʟʧʝʨʝʨʚʥʦʾ ʬʫʥʢʮʽʾ ʯʘʩʫ ʟ ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ 

ʷʚʣʷʻ ʩʦʙʦ  ʁʤʥʦʞʝʥʥʷ ʮʽʻʾ ʬʫʥʢʮʽʾ ʥʘ ʬʫʥʢʮʽʶ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ 

(2.1): 

 

( ) ( ) ( ) ( )( )D Dt t x t t k tx tx a d
¤

-¤

= = - Dä .                        (2.3) 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʬʽʣʴʪʨʫʶʯʠʤ ʚʣʘʩʪʠʚʽʩʪʶ ʬʫʥʢʮʽʾ d, ʷʢʝ ʤʦʞʥʘ 

ʚʠʨʘʟʠʪʠ ʩʧʽʚʚ̔ʜʥʦʰʝʥʥʷʤ: 

 

0 0
( ) ( ) ( )x d xx d x xx x

¤

-¤

- =ñ .                                      (2.4) 

 

ʄʘʻʤʦ: 

( ) ( ) ( ) ( )x t t k t x k t t k td d- D = D - D.                            (2.5) 

 

 

ɺʠʨʘʟ (2.5) ʦʟʥʘʯʘʻ ʱʦ ʤʥʦʞʝʥʥʷ ʬʫʥʢʮʽʾ ʥʘ ʦʜʠʥʠʯʥʠʡ ʽʤʧʫʣʴʩ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʧʣʦʱʘ ʮʴʦʛʦ ʽʤʧʫʣʴʩʫ ʩʪʘʻ ʨʽʚʥʦʶ ʟʘʤʽʩʪʴ ʦʜʠʥʠʮʽ 

ʟʥʘʯʝʥʥʷ ʩʘʤʦʾ ʬʫʥʢʮʽʾ ʚ ʤʦʤʝʥʪ ʯʘʩʫt k t= D. 

 ʇʽʜʩʪʘʚʘʤʠ ʚʠʨʘʟ (2.5) ʫ ʚʠʨʘʟ (2.3) ʦʪʨʠʤʘʻʤʦ: 

 

( ) ( ) ( )D t x k t t ktx d
¤

-¤

= D -ä .                                          (2.6) 

 

ɺʠʨʘʟ (2.6) ʧʦʢʘʟʫʻ, ʱʦ ʜʠʩʢʨʝʪʠʟʘʮʽʷ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʧʝʨʽʦʜʠʯʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʽʤʧʫʣʴʩʽʚ d, ʘʤʧʣʽʪʫʜʘ ʷʢʠʭ ʜʦʨʽʚʥʶʻ ʤʠʪʪʻʚʦʤʫ 

ʟʥʘʯʝʥʥʶ ʩʠʛʥʘʣʫ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t k t= D, ʚ ʤʦʤʝʥʪʠ ʚʟʷʪʪʷ ʚʽʜʣʽʢʽʚ. ʆʜʥʘʢ ʥʘ 

ʧʨʘʢʪʠʮʽ ʨʝʘʣ̔ʟʫʚʘʪʠ ʬʫʥʢʮʽʶ ʥʝʤʦʞʣʠʚʦ. ʊʦʤʫ ʾʾ ʟʘʤʽʥʶʶʪʴ ʢʦʨʦʪʢʠʤ 

ʧʨʷʤʦʢʫʪʥʠʤ ʽʤʧʫʣʴʩʦʤ ʪʨʠʚʘʣʽʩʪʶ t. 
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ʗʢʱʦ ʚʠʙʨʘʪʠ ʚʝʣʠʯʠʥʫ t ʪʘʢ ʱʦʙ ʟʘʙʝʟʧʝʯʫʚʘʣʦʩʷ 1
t

t
<<

D
, 

ʫʪʚʦʨʶʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢʦʨʦʪʢʠʭ ʽʤʧʫʣʴʩʽʚ, ʘʤʧʣʽʪʫʜʠ ʷʢʠʭ ʧʨʦʧʦʨʮʽʡʥʽ 

ʤʠʪʪʻʚʠʤ ʟʥʘʯʝʥʥʷʤ ʩʠʛʥʘʣʫ. ʎʝ ʧʝʨʝʪʚʦʨʝʥʥ̫ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ʽʤʧʫʣʴʩʥʠʤ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʇ̔ ʜ ʯʘʩ ʚʠʨʽʰʝʥʥ ̫ ʟʘʜʘʯʽ ʜʠʩʢʨʝʪʠʟʘʮʽʾ (ʽʤʧʫʣʴʩʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʩʠʛʥʘʣʫ) ʚʠʥʠʢʘʻ ʪʨʠ ʦʩʥʦʚʥʠʭ ʧʠʪʘʥʥ̫: 

 1) ʟ ʷʢʠʭ ʤʽʨʢʫʚʘʥʴ ʥʝʦʙʭʽʜʥʦ ʚʠʙʠʨʘʪʠ ʽʥʪʝʨʚʘʣ ʜʠʩʢʨʝʪʠʟʘʮʽʾ? 

 2) ʷʢʘ ʪʦʯʥʽʩʪʴ ʟʘʤʽʥʠ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʠʛʥʘʣʫ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʡʦʛʦ 

ʚʽʜʣʽʢʽʚ? 

 3) ʷʢʠʡ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʡ ʽʥʪʝʨʚʘʣ ʜʠʩʢʨʝʪʠʟʘʮʽʾ tD, ʧʨʠ 

ʷʢʦʤʫ ʱʝ ʤʦʞʣʠʚʦ ʚʽʜʥʦʚʠʪʠ (ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ) ʙʝʟʧʝʨʝʨʚʥʠʡ ʩʠʛʥʘʣ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʯʠʤ ʙʽʣʴʰʝ tD, ʪʠʤ ʙʽʣʴʰʘ ʡʤʦʚʽʨʥʽʩʪʴ ʚʪʨʘʪʠ ʯʘʩʪʠʥʠ 

ʩʠʛʥʘʣʫ, ʯʠʤ ʤʝʥhʝ ʽʥʪʝʨʚʘʣ ʪʠʤ ʪʦʯʥʽʰʘ ʜʠʩʢʨʝʪʠʟʘʮʽʷ. ɸʣʝ ʚʠʥʠʢʘʶʪʴ 

ʪʨʫʜʥʦʱʽ ʟ ʦʙʯʠʩʣʝʥʥʷʤʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ ʟʘʚʜʘʥʥʷ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʘʙʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ 

ʩʠʛʥʘʣʫ ʚ ʮʠʬʨʦʚʠʡ ʚʠʛʣʷʜ ʥʝ ʤʘʻ ʦʜʥʦʟʥʘʯʥʦʛʦ ʚʠʨʽʰʝʥʥʷ, ʘ ʚʠʙʽʨ ʯʘʩʪʦʪʠ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʻ ʦʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʧʠʪʘʥʴ ʚ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ. 

ʉʢʣʘʜʥʽʩʪʴ ʟʘʚʜʘʥʥʷ ʚʠʙʦʨʫ ʯʘʩʪʦʪʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʘʙʦ ʚ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʽʥʪʝʨʚʘʣʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʟʧʝʨʝʨʚʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʪʘ ʩʧʦʩʽʙ ʚʽʜʥʦʚʣʝʥʥʷ ʮʠʭ 

ʧʦʚʽʜʦʤʣʝʥʴ ʟ ʥʝʦʙʭʽʜʥʦʁ ʪʦʯʥʽʩʪʶ. 

ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʻ ʚʠʙʽʨ ʤʦʜʝʣʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ 

ʩʠʛʥʘʣʫ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʜʝʷʢʫ ʤʘʪʝʤʘʪʠʯʥʫ ʽʜʝʘʣʽʟʘʮʽʶ ʪʘʢʠʭ 

ʩʠʛʥʘʣʽʚ. ʑʦ ʙ ʥʝ ʫʩʢʣʘʜʥʶʚʘʪʠ ʟʘʚʜʘʥʥʷ ʚ ʤʦʜʝʣʽ ʥʝʦʙʭʽʜʥʦ ʟʙʝʨʝʛʪʠ ʣʠʰʝ 

ʪʽ ʭʘʨʘʢʪʝʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʠʛʥʘʣʫ, ʷʢʽ ʤʘʪʁʴ ʥʘʡʙʽʣʴʰ ʽʩʪʦʪʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʨʦʟʛʣʷʥʫʪʠʭ ʟʘʜʘʯ. 

ɹʝʟʧʝʨʝʨʚʥʽ ʨʝʘʣʴʥʽ ʩʠʛʥʘʣʠ, ʟ ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʨʝʘʣʽʟʘʮʽʾ ʜʝʷʢʦʛʦ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ. 
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ʆʜʥʘʢ ʪʘʢʽ ʤʦʜʝʣʽ ʜʫʞʝ ʩʢʣʘʜʥʽ, ʷʢ ʚ ʨʝʘʣʽʟʘʮʽʾ, ʪʘʢ ʽ ʚ ʦʙʯʠʩʣʶʚʘʣɹʥʠʭ 

ʧʨʦʮʝʩʘʭ. 

ʇʨʘʢʪʠʯʥʽ ʨʦʙʦʪʠ ʧʦ ʟʙʦʨʫ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʢʘʟʘʣʠ, ʱʦ 

ʩʠʛʥʘʣʠ ʟʤʽʥʶʶʪʴʩʷ ʧʦʤʽʪʥʦ ʪʽʣʴʢʠ ʥʘ ʢʦʨʦʪʢʠʭ ʽʥʪʝʨʚʘʣʘʭ ʯʘʩʫ, ʘ ʥʘ ʚʩʴʦʤʫ 

ʨʦʟʛʣʷʥʫʪʦʤʫ ʽʥʪʝʨʚʘʣʽ ʟʤʽʥʶʶʪʴʩʷ ʥʝʟʥʘʯʥʦ. ʆʪʞʝ, ʤʦʞʥʘ ʨʝʘʣʴʥʠʡ ʩʠʛʥʘʣ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʯʘʩʪʢʦʚʦ-ʩʪʘʮʽʦʥʘʨʥʠʡ. ʎʝ ʜʦʟʚʦʣʷʻ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ 

ʽʤʧʫʣʴʩʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʪʝʦʨʽʻʶ ʩʪʘʮʽʦʥʘʨʥʠʭ ʚʠʧʘʜʢʦʚʠʭ 

ʧʨʦʮʝʩʽʚ. 

ʉʠʛʥʘʣʠ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʟʥʽʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 

ʥʦʩʷʪʴ ʝʨʛʦʜʠʯʥʠʡ ʭʘʨʘʢʪʝʨ. ʈʝʘʣʴʥʽ ʧʨʦʮʝʩʠ, ʪʠʤ ʙʽʣʴʰ ʩʠʛʥʘʣʠ ʤʘʶʪʴ 

ʢʽʥʮʝʚʫ ʧʨʦʪʷʞʥʽʩʪʴ ʚ ʯʘʩʽ, ʪʦʤʫ ʚʣʘʩʪʠʚʽʩʪʴ ʝʨʛʦʜʠʯʥʦʩʪʽ ʧʦʨʫʰʫʻʪʴʩʷ. 

ʊʦʤʫ ʧʨʠ ʩʢʣʘʜʘʥʥʽ ʤʦʜʝʣʽ ʜʦʮʽʣʴʥʦ ʧʨʠʡʥʷʪʠ: 

 

1s sT F >>D ,                                                   (2.7) 

 

ʜʝ:sT  ï ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ,  

   sFD - ʰʠʨʠʥʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ. 

ʌʟ̔ʠʯʥʦ ʥʝʨʽʚʥʽʩʪʴ (2.7) ʦʟʥʘʯʘʻ, ʱʦ ʙʝʟʧʝʨʝʨʚʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʟʘ ʯʘʩ 

sT  ʤʘʻ ʙʘʛʘʪʦ ʨʘʟ ʤʽʥʷʪʠ ʟʥʘʢ ʧʦʭʽʜʥʦʾ. ʗʢʱʦ ʫʷʚʠʪʠ ʨʝʘʣʴʥʠʡ ʩʠʛʥʘʣ ʫ 

ʚʠʛʣʷʜʽ ʯʘʩʪʢʦʚʦ-ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʠʛʥʘʣʫ, ʪʦʜʽ ʫʤʦʚʘ (2.7) ʤʘʻ ʚʠʢʦʥʫʚʘʪʠʩʷ 

ʜʣʷ ʢʦʞʥʦʛʦ ʽʥʪʝʨʚʘʣʫ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʟʘʛʘʣʴʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʩʠʛʥʘʣʫ. 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʧʘʜʢʦʚʦʛʦ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʧʨʦʮʝʩʫ ( )x t , ʦʙʨʘʥʦʛʦ 

ʚ ʷʢʦʩʪʽ ʤʦʜʝʣʽ ʩʠʛʥʘʣʫ, ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʡʦʛʦ ʙʘʛʘʪʦʚʠʤʽʨʥʫ ʩʧʝʢʪʨʘʣʴʥʫ 

ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ. ʎʷ ʬʫʥʢʮʽʷ ʥʝʚʽʜʦʤʘ, ʪʦʤʫ ʩʠʛʥʘʣ, ʟʘʟʚʠʯʘʡ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʝʥʝʨʛʝʪʠʯʥʠʤ ʩʧʝʢʪʨʦʤ ( )xF w  ʘʙʦ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʻʶ 

( )
x
tj . 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʧʝʢʪʨʘʣʴʥʘ ʬʫʥʢʮʽʷ ʻ ʬʫʥʢʮʽʷ ʧʘʨʥʘ: 

 

( ) ( )x xF Fw w- = .                                               (2.8) 
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ɺʠʭʦʜʷʯʠ ʟ ʯʦʛʦ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʽʣʴʢʠ ʦʜʥʦʩʪʦʨʦʥʥʽʡ ʩʧʝʢʪʨ. 

 ʉʧʝʢʪʨʘʣʴʥʘ ʬʫʥʢʮʽʷ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʯʝʨʝʟ ʩʧʝʢʪʨ ʪʠʤʯʘʩʦʚʦʛʦ 

ʧʨʦʮʝʩʫ. 

 ʗʢʱʦ ʘʤʧʣʽʪʫʜʘ ʩʧʝʢʪʨʘ ʦʜʥʦʛʦ ʩʠʛʥʘʣʫ( )x t  ʥʘ ʽʥʪʝʨʚʘʣʽ sT  ʜʦʨʽʚʥʶʻ 

( )xA w, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 

 

21
( ) lim ( ( ( ))

s

x x

s

F A
T T

w w
­¤

= ,                                         (2.9) 

 

ʜʝ: ( )xA w - ʚʝʣʠʯʠʥʘ ʘʤʧʣʽʪʫʜʥʦʛʦ ʩʧʝʢʪʨʘ, ʫʩʝʨʝʜʥʝʥʘ ʧʦ ʙʝʟʣʽʯʽ 

ʨʝʘʣʽʟʘʮʽʡ. 

ʉʠʛʥʘʣ ʨʦʙʦʪʠ ʟʘʩʦʙʠ ʥʝʛʣʘʩʥʦʛʦ ʟʥʽʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʦʩʠʪʴ 

ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʡ ʭʘʨʘʢʪʝʨ, ʨʽʚʥʷʥʥʷ (2.9) ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʢʽʥʮʝʚʽʡ ʜʦʚʞʠʥʽ 

ʩʠʛʥʘʣʫ ʩʧʝʢʪʨ ʩʠʛʥʘʣʫ ʩʪʘʻ ʥʘʙʣʠʞʝʥʠʤ, ʦʜʥʘʢ ʟ ʦʛʣʷʜʫ ʥʘ ʚʠʨʘʟ (2.7) ʮʠʤ 

ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. 

ʅʘ ʧʨʦʮʝʩ ʧʦʰʫʢʫ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʢʣʘʜʝʥʽ ʪʘʢʽ ʦʙʤʝʞʝʥʥʷ. 

1.ʂʽʥʮʝʚʝ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ: 

 

2

0

1
( )

s

x

s

T
t dtxP

T
= <¤ñ .                                             (2.10) 

 

ɼʣʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʝʨʛʦʜʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʨʽʚʥʷʥʥʷ ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ: 

 

0

1
( )x x dP F w w

p

¤

= ñ .                                                  (2.11) 

 

2.ʂʽʥʮʝʚʘ ʰʢʘʣʘ ʤʠʪʪʻʚʠʭ ʟʥʘʯʝʥʴ: 

 

 max ( ) mx t X¢ .                                                   (2.12) 
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3.ʆʙʤʝʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʧʦ ʯʘʩʪʦʪʽ. 

ʉʫʪʴ ʮʴʦʛʦ ʧʨʠʧʫʱʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʦʪʠ 

ʟʤʝʥʰʫʻʪʴʩʷ ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʩʠʛʥʘʣʫ, ʘ ʪʘʢ ʷʢ ʨʝʘʣʴʥʠʡ ʩʠʛʥʘʣ ʟʘʚʞʜʠ 

ʟ ʧʝʨʝʰʢʦʜʦʶ, ʪʦ ʥʘʩʪʘʻ ʤʦʤʝʥʪ, ʢʦʣʠ ʩʧʝʢʪʨʠ ʩʠʛʥʘʣʫ ʽ ʧʝʨʝʰʢʦʜʠ 

ʩʧʽʚʤʽʨʥʽ, ʪʦʙʪʦ ʧʦʜʘʣʴʰʝ ʦʙʯʠʩʣʝʥʥʷ ʩʧʝʢʪʨʘ ʥʝ ʧʨʠʥʝʩʝ ʜʦʜʘʪʢʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʠʛʥʘʣ. 

 ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʤʠʣʢʘ, ʧʦʚ'ʷʟʘʥʘ ʟ ʦʙʤʝʞʝʥʥʷʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʩʧʝʢʪʨʘ ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

 

2

0

( ) / ( )
ogr

x x
x xF

x x

P E
d dF F

P E
w w w wd

w

¤ ¤ D D
= = =ñ ñ .                (2.13) 

 

ɺʠʨʘʟ ʧʦʢʘʟʫʻ, ʱʦ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʤʠʣʢʘ, ʧʦʚ'ʷʟʘʥʘ ʟ 

ʦʙʤʝʞʝʥʥʷʤ ʧʦ ʯʘʩʪʦʪʽ, ʜʦʨʽʚʥʶʻ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜʢʠʥʫʪʦʾ ʯʘʩʪʠʥʠ 

ʩʧʝʢʪʨʘ ʜʦ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʩʴʦʛʦ ʩʧʝʢʪʨʫ. 

 ʋʟʘʛʘʣʴʥʶʶʯʠ ʚʠʱʝʚʠʢʣʘʜʝʥʝ, ʚʠʙʠʨʘʻʤʦ ʤʦʜʝʣʴ ʚʠʧʘʜʢʦʚʠʭ 

ʢʚʘʟʽʩʪʽʡʢʠʭ ʩʠʛʥʘʣʽʚ ( )x t , ʱʦ ʤʘʶʪʴ ʢʽʥʮʝʚʫ ʧʨʦʪʷʞʥʽʩʪʴ ʫ ʯʘʩʽ ʽ ʦʙʤʝʞʝʥʠʡ 

ʩʧʝʢʪʨ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʘʤ (2.10) ï (2.12). 

 ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ ʥʝ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦ 

ʦʜʥʦʯʘʩʥʦ ʟʘ ʯʘʩʦʤ ʽ ʩʧʝʢʪʨʦʤ, ʧʨʠʭʦʜʠʤʦ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʧʨʠʡʥʷʪʘ ʤʦʜʝʣʴ 

ʟ ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʻ ʥʝʢʦʨʝʢʪʥʦʶ. 

 ʆʜʥʘʢ ʯʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʧʝʚʥʦʤʫ ʚʠʙʦʨʽ 

ʯʘʩʪʦʪʠ, ʧʦʭʠʙʢʠ ʦʙʯʠʩʣʝʥʥʷ ʩʧʝʢʪʨʘ ʮʽʣʢʦʤ ʧʨʠʧʫʩʪʠʤʽ. ʊʦʤʫ ʚ ʷʢʦʩʪʽ 

ʙʘʟʦʚʦʾ ʤʦʜʝʣʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʦʪʨʠʤʘʣʘ ʜʦʩʠʪʴ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ. 

 ɺʠʟʥʘʯʠʤʦ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʫ ʯʘʩʪʦʪʫ ʘʙʦ ʽʥʪʝʨʚʘʣ ʜʠʩʢʨʝʪʠʟʘʮʽʾ, 

ʧʨʠ ʷʢʦʤʫ ʤʦʞʣʠʚʦ ʚʽʜʥʦʚʠʪʠ ʩʠʛʥʘʣ. 

 ʇʨʦʙʣʝʤʘ ʛʨʘʥʠʯʥʦʾ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʩʢʣʘʜʥʘ ʽ ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʟʥʘʯʥʫ 

ʢʣ̔ʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ, ʜʘʣʝʢʘ ʚʽʜ ʟʘʚʝʨʰʝʥʥʷ. 
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 ɺ ʜʘʥʠʡ ʯʘʩ ʥʘʡʙʽʣʴʰ ʨʦʟʨʦʙʣʝʥʦʶ ʽ ʰʠʨʦʢʦ ʚʞʠʚʘʥʦʶ ʤʦʜʝʣʣ  ʁ

ʛʨʘʥʠʯʥʦʾ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʩʠʛʥʘʣʽʚ ʻ ʜʠʩʢʨʝʪʠʟʘʮʽʷ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʪʝʦʨʝʤʽ 

ʂʦʪʝʣʴʥʠʢʦʚʘ. 

ʊʝʦʨʝʤʘ ʂʦʪʝʣʴʥʠʢʦʚʘ ʜʣʷ ʚʽʜʦʤʦʾ ʦʜʥʽʻʾ ʨʝʘʣʽʟʘʮʽʾ ( )x t  ʢʚʘʟʽʩʪʽʡʢʦʛʦ 

ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ, ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʫʢʫʧʥʦʩʪʽ ʤʦʞʣʠʚʠʭ ʙʝʟʧʝʨʝʨʚʥʠʭ 

ʩʠʛʥʘʣʽʚ, ʷʢ ʙʠ ʩʢʣʘʜʥʦ ʮʷ ʨʝʘʣʽʟʘʮʽ̫ ʥʝ ʚʠʛʣʷʜʘʣʘ, ʚʦʥʘ ʷʚʣʷʻ ʩʦʙʦʶ ʜʝʷʢʫ 

ʥʝʚʠʧʘʜʢʦʚʫ (ʜʝʪʝʨʤʽʥʦʚʘʥʫ) ʬʫʥʢʮʽʶ ʯʘʩʫ. 

 ʊʦʜʽ ʢʦʨʠʩʪʫʶʯʠʩʴ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʌʫʨ'ʻ, ʤʦʞʥʘ ʟʥʘʡʪʠ ʘʤʧʣʽʪʫʜʥʠʡ 

ʢʦʤʧʣʝʢʩʥʠʡ ʩʧʝʢʪʨ: 

 

0

( ) ( ) ( ) ( )
s

j j t
x x

T
x t j x t dte eA A

jw ww w -Ú = =ñ .                   (2.14) 

 

ɺ ʮʽʣʦʤʫ ʜʣʷ ʪʘʢʦʾ ʤʦʜʝʣʽ ʚʽʨʥʘ ʥʘʩʪʫʧʥʘ ʪʝʦʨʝʤʘ: 

- ʷʢɦʦ ʙʝʟʧʝʨʝʨʚʥʘ ʬʫʥʢʮʽʷ ʯʘʩʫ ( )x t ʤʘʻ ʩʧʝʢʪʨ, ʦʙʤʝʞʝʥʠʡ ʩʤʫʛʦʶ 

ʯʘʩʪʦʪ ʚʽʜ ʥʫʣʷ ʜʦ ogrF , ʪʦ ʮʷ ʬʫʥʢʮʽʷ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʶ 

ʩʚʦʾʭ ʤʠʪʪʻʚʠʭ ʟʥʘʯʝʥʴ, ʫʟʷʪʠʭ ʚ ʤʦʤʝʥʪʠ ʯʘʩʫ ʚʽʜʣʽʯʫʚʘʥʽ ʯʝʨʝʟ ʽʥʪʝʨʚʘʣʠ 

1

2 ogr

t
F

D = , ʮʝ ʽ ʻ ʪʝʦʨʝʤʘ ʂʦʪʝʣʴʥʠʢʦʚʘ (ʅʘʡʢʚʽʩʪʘ-ʐʝʥʥʦʥʘ).  

ʎʷ ʪʝʦʨʝʤʘ ʜʦʚʝʜʝʥʘ ʪʦʤʫ ʥʘʧʠʰʝʤʦ ʚʽʜʨʘʟʫ ʢʽʥʮʝʚʝ ʾʾ ʚʠʨʘʞʝʥʥʷ: 

 

sin ( ) 1
( ) ( ) ,

( ) 2

ogr

k orgorg org

t k t
x t x k t t

t k t F

pw

w w

¤

=-¤

- D
= D D = =ä

- D
.         (2.15) 

 

ʈʦʟʢʣʘʜʘʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʾ ʬʫʥʢʮʽʾ ʯʘʩʫ ( )x t  ʚ ʨʷʜ ʚʠʜʫ (2.15) ʮʝ ʽ ʻ 

ʦʩʥʦʚʥʝ ʨʽʚʥʷʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʜʠʩʢʨʝʪʥʠʡ 

(ʮʠʬʨʦʚʠʡ). ʋ ʮʴʦʤʫ ʨʦʟʢʣʘʜʘʥʥʽ ʟʥʘʯʝʥʥʷ ( )x k tD  ʚ ʜʠʩʢʨʝʪʥʠʭ ʪʦʯʢʘʭ ʯʘʩʫ 

ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʢʦʦʨʜʠʥʘʪʠ kx , ʬʫʥʢʮʽʾ ʚʠʜʫ 
sin ( )

( )

ogr

org

t k t

t k t

w

w

- D

- D
 ʷʢ ʙʘʟʠʩʥʽ 
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ʬʫʥʢʮʽʾ ( )
k

ty ʪʦʜʽ ʚʠʨʘʟ (2.15) ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ, ʦʢʨʝʤʦʛʦ ʚʠʧʘʜʢʫ 

ʨʦʟʢʣʘʜʘʥʥʷ ʌʫʨ'ʻ: 

 

( ) ( )k k
k

x t txy
¤

=-¤

=ä .                                                 (2.16) 

 

ʗʢʱʦ ʫ ʩʠʛʥʘʣʫ ʪʨʠʚʘʣʽʩʪʶ sT ʦʙʤʝʞʠʪʠ ʩʧʝʢʪʨ ʥʘ ʯʘʩʪʦʪʽ ogrF ,
ʪʦ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʦʨʝʤʠ ʂʦʪʝʣʴʥʠʢʦʚʘ ʤʦʞʥʘ ʫʪʚʦʨʠʪʠ ʯʠʩʣʦ ʚʽʜʣʽʢʽʚ: 

 

 2s
ogr s

T
m F T

t
= =
D

.                                                  (2.17) 

 

 ʋ ʚʠʨʘʟʽ (2.17) m ʟʘʚʞʜʠ ʮʽʣʝ ʯʠʩʣʦ, ʪʦʤʫ  ʮʝ ʯʠʩʣʦ ʚʽʜʣʽʢʽʚ ʽ ʜʨʫʛʝ ʟ 

ʦʛʣʷʜʫ ʥʘ ʪʝ ʱʦ m >> 1, ʥʝʭʪʫʻʤʦ ʦʜʠʥʠʮʝʶ, ʷʢʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚ ʷʢʦʩʪʽ 

ʜʦʜʘʚʘʥʥʷ ʜʦ ʦʙʦʭ ʩʢʣʘʜʦʚʠʭ ʚ ʚʠʨʘʞʝʥʥʽ (2.17). ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʷʜ (2.16) 

ʙʫʜʝ ʤʽʩʪʠʪʠ ʢʽʥʮʝʚʝ ʯʠʩʣʦ ʯʣʝʥʽʚ ʽ, ʦʪʞʝ, ʫʷʚʣʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʾ ʬʫʥʢʮʽʾ 

ʙʫʜʝ ʥʝʪʦʯʥʠʤ: 

 
2

2

Ĕ( ) ( ) ( )

m

k k
m

k

x t x t txy
=-

º =ä .                                       (2.18) 

 

 ʅʘʙʣʠʞʝʥʽʩʪʴ ʮʴʦʛʦ ʚʠʨʘʟʫ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʪʦʤʫ, ʱʦ ʧʨʠ ʢʽʥʮʝʚʦʤʫ 

ʯʠʩʣʽ ʯʣʝʥʽʚ ʨʷʜʫ ʾʭ ʩʫʤʘ ʪʦʯʥʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʤʠʪʪʻʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʬʫʥʢʮʽʾ 

( )x t ʥʝ ʥʘ ʚʩʴʦʤʫ ʽʥʪʝʨʚʘʣʽ sT , ʘ ʪʽʣʴʢʠ ʚ ʪʦʯʢʘʭ ʚʽʜʣʽʢʽʚ. ɺ ʽʥʪʝʨʚʘʣʽ ʤʽʞ 

ʪʦʯʢʘʤʠ ʚʽʜʣʽʢʽʚ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ( )x t  ʽ ʬʫʥʢʮʽʾ Ĕ( )x t  ʥʘʙʣʠʞʝʥʥʷ ʥʝ 

ʩʧʽʚʧʘʜʘʪʠʤʝ, ʟ'ʷʚʣʷʻʪʴʩʷ ʧʦʭʠʙʢʘ. ɿʤʝʥʰʝʥʥʽ ʧʦʭʠʙʢʠ ʤʦʞʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʯʣʝʥʽʚ ʨʷʜʫ (ʯʠʩʣʘ ʚʽʜʣʽʢʽʚ). 

 ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʧʦʤʠʣʢʠ ʧʨʠ ʮʴʦʤʫ ʙʫʜʝ 

ʦʙʯʠʩʣʶʚʘʪʠʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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2 2

2 0 0

2

0

Ĕ ( )( ( ) ( ))

( )

s s

s

T

T

x

T Tdt t dtx t x t

T t dt Ex

e
d

-ñ ñ
= =

ñ
,                             (2.19) 

 

ʜʝ: xE  ʝʥʝʨʛ̫̔  ʥʝʧʝʨʝʨʚʥʦʛʦ ʩʠʛʥʘʣʫ; 

      Te - ʧʦʛʨʽʰʥʽʩʪʴ (ʨʽʟʥʠʮʷ ʬʫʥʢʮʽʡ( )x t  ʪʘ ʬʫʥʢʮʽʾ Ĕ( )x t ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʠʩʢʨʝʪʠʟʘʮʽʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʪʝʦʨʝʤʠ ʂʦʪʝʣʴʥʠʢʦʚʘ ʧʦʚ'ʷʟʘʥʘ ʟ ʧʦʤʠʣʢʦʶ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ 

ʩʢʣʘʜʦʚʠʭ: ʦʜʥʘ ʧʦʚ'ʷʟʘʥʘ ʟ ʦʙʤʝʞʝʥʠʤ ʩʧʝʢʪʨʦʤ, ʜʨʫʛʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʢʽʥʮʝʚʦʛʦ ʯʠʩʣʘ ʯʣʝʥʽʚ ʨʷʜʫ ʨʦʟʢʣʘʜʘʥʥʷ: 

 

2 2 2 2 2
2 ( )

ogr

x
D T F F

x x

E
G d

E E
w wd d d d

w

¤ D
= + ² = =ñ .              (2.20) 

 

ɺ ʮʽʣʦʤʫ, ʧʨʠ ʟʘʚʜʘʥʥʽ ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʟʥʽʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʢʦʞʝʥ ʙʝʟʧʝʨʝʨʚʥʠʡ ʨʘʜʽʦʩʠʛʥʘʣ ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʦʜʥʫ ʟ ʨʝʘʣʽʟʘʮʽʡ, 

ʱʦ ʥʘʣʝʞʠʪʴ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʾ ʤʦʞʣʠʚʦʩʪʽ ʨʝʘʣʽʟʘʮʽʡ ʜʝʷʢʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ 

ʧʨʦʮʝʩʫ. ʄʠʪʪʻʚʽ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʫʪʴ ʙʫʪʠ ʙʫʜʴ-ʷʢʠʤʠ ʚ ʤʝʞʘʭ 

ʜʝʷʢʦʛʦ ʜʽʘʧʘʟʦʥʫ [ ]max min,x x , ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʽʟʠʯʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ, ʚ 

ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʜʽʘʧʘʟʦʥʦʤ ʩʢʘʥʫʚʘʥʥʷ ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ. ʎʝʡ ʜʽʘʧʘʟʦʥ 

ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʙʝʟʧʝʨʝʨʚʥʦʾ ʰʢʘʣʦʶ ʤʠʪʪʻʚʠʭ ʟʥʘʯʝʥʴ ʩʠʛʥʘʣʽʚ. 

ɼʠʩʢʨʝʪʠʟʘʮʽʷ ʟʘ ʨʽʚʥʝʤ ʥʦʩʠʪʴ ʥʘʟʚʫ ʢʚʘʥʪʫʚʘʥʥʷ. ʇʨʠʯʦʤʫ, ʚ ʨʝʘʣʴʥʠʭ 

ʫʤʦʚʘʭ ʯʝʨʝʟ ʚʧʣʠʚ ʰʫʤʽʚ, ʧʝʨʝʰʢʦʜ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ, ʷʢ ʟʘʟʥʘʯʘʣʦʩʷ 

ʚʠʱʝ, ʜʦ ʩʠʛʥʘʣʫ ʜʦʜʘʻʪʴʩʷ ʧʦʤʠʣʢʘ. ʇʨʠʯʦʤʫ ʧʦʤʠʣʢʘ ʥʦʩʠʪʴ ʚʠʧʘʜʢʦʚʠʡ 

ʭʘʨʘʢʪʝʨ.  ɺʠʱʝʚʠʢʣʘʜʝʥʝ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʷʢ: 

 

( ) ( ) ( )kv kvt t tx x e= + .                                              (2.21) 

 

ʇʦʤʠʣʢʘ ʢʚʘʥʪʫʚʘʥʥʷ ʻ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ, ʢʽʣʴʢʽʩʥʘ ʾʾ ʦʮʽʥʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 
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2 2( ) / ( )kv kv t txd e= ,                                           (2.22) 

 

ʜʝ: 2 ( )kv te ï ʩʝʨʝʜʥ̔ʡ ʢʚʘʜʨʘʪ ʧʦʤʠʣʢʠ, 

      2( )tx ï ʩʝʨʝʜʥʽʡ ʢʚʘʜʨʘʪ ʢʚʘʥʪʫʶʯʦʛʦ ʩʠʛʥʘʣʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʘ ʯʘʩʦʤ ʪʘ ʟʘ ʨʽʚʥʝʤ ʙʝʟʧʝʨʝʨʚʥʠʡ 

ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ, ʷʢʠʡ ʻ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʙʝʟʧʝʨʝʨʚʥʠʭ ʩʠʛʥʘʣʽʚ, 

ʟʘʤʽʥʶʻʪʴʩʷ ʜʠʩʢʨʝʪʥʠʤ ʚʠʧʘʜʢʦʚʠʤ ʩʠʛʥʘʣʦʤ. 

 ɺʩʝ ʚʠʱʝʚʠʢʣʘʜʝʥʝ ʽ ʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʠʭ ʚʠʧʘʜʢʦʚʠʭ 

ʩʠʛʥʘʣʽʚ ʚ ʮʠʬʨʦʚʫ ʬʦʨʤʫ. 

ɺʽʜʩʫʪʥʴʦʶ ʣʘʥʢʦʶ ʚ ʮʴʦʤʫ ʻ ʪʽʣʴʢʠ ʚʠʙʽʨ ʟʨʫʯʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ. 

ʇʨʠ ʚʠʙʦʨʽ ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʦʩʪʦʪʫ, 

ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʽ ʟʨʫʯʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ. 

ʅʘʧʨʠʢʣʘʜ, ʥʝʭʘʡ ʜʣʷ ʥʘʜʘʥʥʷ ʩʠʛʥʘʣʽʚ ɿʅʆɯ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʩʠʩʪʝʤʘ ʟ ʦʩʥʦʚʦʶ n ʽ ʯʠʩʣʦʤ ʨʦʟʨʷʜʽʚ m. ʊʦʜʽ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʧʨʠ ʟʘʧʠʩʠ ʽʤʧʫʣʴʩʽʚ, ʪʘʢ ʩʘʤʦ: 

 ʪnJ= .                                                            (2.23)  

 ʄʘʢʩʠʤʘʣʥɹʝ ʯʠʩʣʦ ʽʤʧʫʣʴʩʽʚ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʦ ʚ ʪʘʢʽʡ ʩʠʩʪʝʤʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

 

max ( ) 1mN n n= -.                                                  (2.24) 

 

 ɺʠʨʽʰʫʶʯʠ ʨʽʚʥʷʥʥʷ (2.24) ʦʪʨʠʤʫʻʤʦ: 

 

 
ln(max ( ) 1)

ln

N n
m

n

+
= .                                          (2.25) 

 

 ʇʽʜʩʪʘʚʣʷʶʯʠ ʚ (2.25) ʚʠʨʘʟ (2.23) ʦʪʨʠʤʫʻʤʦ: 
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ln(max ( ) 1)
ln

n
N n

n
J= +.                                      (2.26) 

 

 ɿʥʘʭʦʜʠʤʦ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ Jʟ ʚʠʨʘʟʫ (2.26), ʷʢʝ ʧʦʢʘʞʝ 

ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʘʧʠʩʫ ʽʤʧʫʣʴʩʫ maxN . 

 

2

ln 1
ln(max 1) 0

(ln )

d n
N

dn n

J -
= + =.                             (2.27) 

 

 ɿ ʨʽʚʥʷʥʥʷ (2.27) ʚʠʧʣʠʚʘʻ, ʱʦ ʦʧʪʠʤʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ ʯʠʩʣʝʥʥʷ, ʧʨʠ 

ʷʢʽʡ ʧʦʪʨʽʙʥʦ ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʟʘʧʠʩʫ ʽʤʧʫʣʴʩʽʚ, ʻ ʩʠʩʪʝʤʘ ʟ 

ʦʩʥʦʚʦʶ: 

2,72optn en= = º .                                                 (2.28) 

ɸʥʘʣʽʟʫʶʯʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʙʘʯʠʤʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʠʤ ʻ ʧʦʪʨʽʡʥʘ 

ʩʠʩʪʝʤʘ. ɸʣʝ ʟ ʪʦʯʢʠ ʟʦʨʫ ʰʚʠʜʢʦʩʪʽ ʽ ʥʘʜʽʡʥʦʩʪʽ ʥʘʡʙʽʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʟʥʘʭʦʜʠʪʴ ʜʚʽʡʢʦʚʘ ʩʠʩʪʝʤʘ. 

 ɺ ʷʢʦʩʪʽ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ ʧʨʦʚʝʜʝʤʦ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ 

ʨʽʟʥʠʭ ʯʠʩʝʣ. ɼʘʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 2.1: 

ʊʘʙʣʠʮʷ 2.1 

ʊʘʙʣʠʮʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʯʠʩʣʝʥʥʷ 

n 2 2,72 3 4 10 

ln

n

n
 2,88 2.72 2.73 2,88 4,3 

opt

J

J
 1,06 1 1,006 1,42 1,58 

 

ʗʢ ʚʠʜʥʦ ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘʚʝʜʝʥʠʭ ʚ ʪʘʙʣʠʮʽ 2.1, 

ʦʧʪʠʤʘʣʴʥʠʤ ʻ ʯʠʩʣʦ e, ʘʣʝ ʪʘʢ ʷʢ ʚʦʥʦ ʥʝ ʮʽʣʝ ʯʠʩʣʦ, ʘ ʯʠʩʣʦ ʷʢ ʜʦʚʝʜʝʥʦ 

ʚʠʱʝ ʧʦʚʠʥʥʦ ʙʫʪʠ ʮʽʣʠʤ ʯʠʩʣʦʤ ʚʠʙʠʨʘʻʤʦ ʥʘʡʙʣʠʞʯʽ ʮ̔ ʣʽ ʯʠʩʣʘ. 
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ʇʦʜʘʣʴʰʠʡ ʚʠʙʽʨ ʨʦʙʠʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʥʝ ʤʘʪʝʤʘʪʠʯʥʠʭ, ʘ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ 

(ʪʝʭʥʦʣʦʛʽʯʥʠʭ) ʨʽʰʝʥʴ. 

 ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʚʠʱʝʚʠʢʣʘʜʝʥʝ, ʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʙʫʜʴ- ʢ̫ʠʡ 

ʩʠʛʥʘʣ, ʙʫʜʴ-ʷʢʦʛʦ ʚʠʜʫ ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ ʚ ʜʠʩʢʨʝʪʥʠʡ ʩʠʛʥʘʣ, ʘʙʦ 

ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʫ ʮʠʬʨʦʚʠʡ ʩʠʛʥʘʣ. ʊʦʙʪʦ, ʟʘʜʘʯʘ ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʟʥʽʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʚʦʜʷʪʴʩʷ ʜʦ ʧʦʰʫʢʫ ʜʠʩʢʨʝʪʥʦʛʦ 

(ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʫ), ʷʢʠʡ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ 

ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʜʠʩʢʨʝʪʥʠʡ ʩʠʛʥʘʣ ʧʝʨʝʪʚʦʨʠʪʠ ʫ 

ʩʠʛʥʘʣ ʟʨʫʯʥʠʡ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʪʝʭʥʽʢʦʶ. 

 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ 

 

ʐʚʠʜʢʽ ʘʣʛʦʨʠʪʤʠ ʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʧʨʠ ʦʙʨʦʙʮʽ ʜʠʩʢʨʝʪʥʠʭ 

ʧʝʨʽʦʜʠʯʥʠʭ ʩʠʛʥʘʣʽʚ. ʅʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤ ʻ ʰʚʠʜʢʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ 

(ʐʇʌ). ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʪʝʦʨʽʷ ʐʇʌ ʜʘʣʝʢʦ ʥʝ ʧʨʦʩʪʘ, ʢʣʘʩʠʯʥʠʤʠ ʧʨʘʮʷʤʠ 

ʧʦ ʐʇʌ ʩʪʘʣʠ ʢʥʠʛʠ ʄʘʢʢʣʝʣʣʘʥʘ ʽ ʈʘʡʜʝʨʘ, ɹʣʝʡʭʫʪʘ, ʅʫʩʩʙʘʫʤʝʨʘ. 

ʂʣʶʯʦʚʦʶ ʨʦʙʦʪʦʶ ʚ ʪʝʦʨʽʾ ʐʇʌ ʩʪʘʣʘ ʨʦʙʦʪʘ ʂʫʣʽ ʪʘ ʊʴʶʢʠ. ɿ ʪʦʛʦ ʯʘʩʫ 

ʽʥʪʝʨʝʩ ʜʦ ʐʇʌ ʥʝ ʟʛʘʩʘʻ. ʋ ʚʽʜʦʤʦʤʫ ʦʛʣʷʜʦʚʦʤʫ ʟʚʽʪʽ ɹʘʨʨʘʩʘ 1997 

ʟʛʘʜʫʻʪʴʩʷ ʧʦʥʘʜ 3400 ʨʦʙʽʪ ʧʦ ʐʇʌ. ɺʝʣʠʢʘ ʯʘʩʪʠʥʘ ʟ ʥʠʭ ï ʮʝ ʨʦʙʦʪʠ, 

ʧʦʚ'ʷʟʘʥʽ ʟ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʘʩʧʝʢʪʘʤʠ ʐʇʌ ʽ ʧʠʪʘʥʥʷʤʠ ʨʝʘʣʽʟʘʮʽʾ ʐʇʌ 

ʥʘ ʨʽʟʥʠʭ ɽʆʄ. 

ʇʠʪʘʥʥʷ ʧʨʦ ʰʚʠʜʢʦʜʽʶ ʩʪʦʾʪʴ ʜʫʞʝ ʛʦʩʪʨʦ ʫ ʟʚ'ʷʟʢʫ ʟ ʦʙʨʦʙʢʦʶ 

ʩʠʛʥʘʣʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ, ʐʇʌ ʻ ʙʘʟʦʚʦʶ ʦʧʝʨʘʮʽʻʶ 

ʜʣʷ ʽʥʰʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʽ ʰʚʠʜʢʦʜʽʷ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʝʬʝʢʪʠʚʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʐʇʌ. ʇʠʪʘʥʥʷ ʰʚʠʜʢʦʜʽʾ ʚ ʨʦʙʦʪʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʦhʫʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ (ɸʇʂ) ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

(ɿʅʆɯ) ʻ ʦʜʥʠʤ ʟ ʚʠʟʥʘʯʘʣʴʥʠʭ, ʪʦʤʫ ʱʦ ʧʨʦʮʝʩ ʧʦʰʫʢʫ ɿʅʆɯ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ.  

ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ ʱʦ ʧʨʦʮʝʩ ʧʦʰʫʢʫ ɿʅʆɯ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, 

ʝʬʝʢʪʠʚʥʽʩʪʴ ɸʇʂ ʥʘʧʨʷʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʛʦ ʽ ʚʠʩʦʢʦʷʢʽʩʥʦʛʦ 
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ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʭʽʜʥʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʫ ʚ ʮʠʬʨʦʚʠʡ ʚʠʛʣʷʜ, ʚʠʜ ʟʨʫʯʥʠʡ 

ʜʣʷ ʘʥʘʣʽʟʫ ʧʨʦʛʨʘʤʥʠʤʠ ʟʘʩʦʙʘʤʠ ɸʇʂ.  

ɸʥʘʣʽʟ ʌʫʨ'ʻ ʟʘʢʣʘʜʘʻ ʦʩʥʦʚʠ ʙʘʛʘʪʴʦʭ ʤʝʪʦʜʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ 

ʦʙʣʘʩʪʽ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ (ʎʆʉ). ʇʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ ʜʦʟʚʦʣʷʻ 

ʟʽʩʪʘʚʠʪʠ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʩʠʛʥʘʣʫ, ʡʦʛʦ ʝʢʚʽʚʘʣʝʥʪʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚ 

ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ. ʊʨʝʙʘ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʨʝʘʣʴʥʦ ʽʩʥʫʶʪʴ ʢʽʣʴʢʘ 

ʚʘʨʽʘʥʪʽʚ ʧʝʨʝʪʚʦʨʝʥʴ ʌʫʨ'ʻ. ɻʦʣʦʚʥʠʤ ʚʘʨʽʘʥʪʦʤ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ 

ʻ ʰʚʠʜʢʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ, ʷʢʝ ʦʧʝʨʫʻ ʜʠʩʢʨʝʪʥʦʶ ʟʘ ʯʘʩʦʤ ʚʠʙʽʨʢʦʶ 

ʧʝʨʽʦʜʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ.  

ʌʫʥʜʘʤʝʥʪʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ N-ʪʦʯʢʦʚʦʛʦ ʐʇʌ ʚʠʛʣʷʜʘʻ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

1 1
( 2 / )

0 0

( ) 1/ ( ) 1/ ( )[ (2 / ) (2 / )]
N N

j k N

n n

X k N x n e N x n cos k N jsin k Np p p
- -

-

= =

= = -ä ä , (2.29) 

 ʜʝ: kX  ï ʷʚʣʷʻ ʩʦʙʦʶ ʯʘʩʪʦʪʥʠʡ ʚʠʭʽʜ ʐʇʌ ʚ k -ʦʡ ʪʦʯʮʽ ʩʧʝʢʪʨʘ, 

    k  ï ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 1N- , 

    N  ï ʩʪʘʥʦʚʠʪʠ ʩʦʙʦʶ ʯʠʩʣʦ ʚʽʜʜʽʣʢʽʚ ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʐʇʌ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʝʬʝʢʪʠʚʥʽ ʘʣʛʦʨʠʪʤʠ ʐʇʌ ʽʩʥʫʶʪʴ ʜʣʷ 

ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʠʭ ʜʦʚʞʠʥ ʧʝʨʽʦʜʽʚ, ʜʦʚʞʠʥʘ, ʨʽʚʥʦʛʦ ʩʪʫʧʝʥʶ ʜʚʽʡʢʠ, 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʘʡʧʦʧʫʣʷʨʥʽʰʦʶ ʯʝʨʝʟ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ʆʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ ï ʚʠʜʽʣʠʪʠ ʯʘʩʪʦʪʠ 

ʨʝʛʫʣʷʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʠʛʥʘʣ ʟ ʩʠʛʥʘʣʫ ʟ ʰʫʤʘʤʠ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʟʘʚʜʘʥʥʷ 

ʧʦʰʫʢʫ ɿʅʆɯ, ʪʦ ʮʝ ʟʘʚʜʘʥʥʷ ʚʠʷʚʠʪʠ ʩʠʛʥʘʣ ɿʅʆɯ. ʇʨʠʯʦʤʫ, ʷʢ ʚʠʢʣʘʜʘʣʦʩʴ 

ʫ ʣʽʪʝʨʘʪʫʨʽ, ʩʠʛʥʘʣ ɿʅʆɯ ʤʘʩʢʫʻʪʴʩʷ ʨʽʟʥʠʤʠ ʰʫʤʘʤʠ. 

ʈʦʟʛʣʷʥʝʤʦ, ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ, ʚʘʨʽʘʥʪ ʚʠʜʽʣʝʥʥʷ ʩʠʛʥʘʣʫ 

ʧʝʨʝʜʙʘʯʫʚʘʥʦʾ ɿʅʆɯ, ʷʢʱʦ ʚʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʚʠʯʘʡʥʠʤ ʧʝʨʽʦʜʠʯʥʠʤ 

ʩʠʛʥʘʣʦʤ, ʧʦʪʽʤ ʧʨʦʘʥʘʣʽʟʫʻʤʦ ʨʝʞʠʤ ʾʾ ʨʦʙʦʪʠ ʷʢʱʦ ʨʦʟʨʦʙʥʠʢ ʩʧʨʦʙʫʚʘʚ 

ʧʨʠʭʦʚʘʪʠ ʾʾ ʤʝʪʦʜʦʤ ʟʘʰʫʤʣʝʥʥʷ (ʜʣʷ ʥʘʦʯʥʦʩʪʽ ʤʠ ʚʟʷʣʠ ʚ ʷʢʦʩʪʽ 

ʟʘʰʫʤʣʝʥʥʷ ï ʚʝʢʪʦʨ, ʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʷʢʠʭ ʻ ʚʠʧʘʜʢʦʚʠʤʠ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʠʤʠ).  
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ʆʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʛʨʘʬʽʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʤʘʣʶʥʢʘʭ. 

ʅʘ ʨʠʩ. 2.1. ʅʘ ʚʝʨʭʥʴʦʤʫ ʛʨʘʬʽʢʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʟʘʜʘʥʠʡ ʧʝʨʽʦʜʠʯʥʠʡ 

ʨʘʜʽʦʩʠʛʥʘʣ, ʥʘ ʥʠʞʥʴʦʤʫ ʮʝʡ ʞʝ ʨʘʜʽʦʩʠʛʥʘʣ ʟ ʟʘʰʫʤʣʝʥʥʷʤ. 

 

ʈʠʩ. 2.1. ɻʨʘʬʽʢ ʟʘʜʘʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ 

ʮʝʡ ʞʝ ʩʠʛʥʘʣ ʪʘ ʟʘʰʫʤʣʝʥʥʷ. 

 

ʈʠʩ. 2.2. ʉʧʝʢʪʨʠ ʟʘʜʘʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ 

ʩʠʛʥʘʣʫ ʟ ʟʘʰʫʤʣʝʥʥʷʤ. 

 

ʅʘ ʨʠʩ. 2.2 ʚʽʜʧʦʚʽʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʧʝʢʪʨʠ ʦʙʦʭ ʩʠʛʥʘʣʽʚ, ʥʘ 

ʚʝʨʭʥʴʦʤʫ ʛʨʘʬʽʢʫ ï ʧʝʨʽʦʜʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʯʘʩʪʦʪʘʤʠ 25 ɻʮ ʽ 50 ɻʮ, ʥʘ 

ʥʠʞʥʴʦʤʫ ʛʨʘʬʽʢʫ ï ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʧʝʢʪʨ ʮʴʦʛʦ ʞ ʩʠʛʥʘʣʫ ʟ ʟʘʰʫʤʣʝʥʥʷʤ. 

ʗʢ ʚʠʜʥʦ ʟ ʘʥʘʣʽʟʫ ʮʠʭ ʛʨʘʬʽʢʽʚ ʨʠʩ. 2.2, ʐʇʌ ï ʚʽʜʤʽʥʥʦ ʚʠʜʽʣʷʻ 

ʯʘʩʪʦʪʠ ʨʝʛʫʣʷʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʠʛʥʘʣʫ ʟ ʩʠʥʛʘʣʽʚ ʟ ʰʫʤʘʤʠ. ʊʦʙʪʦ, ʜʫʞʝ 

ʜʦʙʨʝ ʩʧʨʘʚʣʷʻʪʴʩʷ ʽʟ ʟʘʚʜʘʥʥʷʤ ʚʠʷʚʣʝʥʥʷ ɿʅʆɯ (ʩʪʘʮʽʦʥʘʨʥʠʡ ʩʠʛʥʘʣ ɿʅʆɯ) 

ʥʘʚ̔ʪʴ ʧʨʠ ʩʧʨʦʙʽ ʧʨʠʭʦʚʘʪʠ ʾʾ ʨʦʙʦʪʠ ʚʠʧʘʜʢʦʚʠʤ ʰʫʤʦʤ. ʆʜʥʘʢ ʷʢʱʦ 

ʧʦʚʪʦʨʠʪʠ ʮʽ ʦʙʯʠʩʣʝʥʥʷ ʜʣʷ ʥʝʩʪʘʥʜʘʨʪʥʦʛʦ ʩʠʛʥʘʣʫ ʨʦʙʦʪʠ ɿʅʆɯ, 

ʧʨʠʧʫʩʪʠʤʦ ʜʣʷ ʩʠʛʥʘʣʫ ʟ ʣʽʥʽʡʥʦʶ ʤʦʜʫʣʷʮʽʻʶ. ʇʨʠʧʫʩʪʠʤʦ, ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʤʽʥʘ ʯʘʩʪʦʪʽ ʚʽʜ ʯʘʩʫ. ʎʝ ʦʜʠʥ ʟ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʨʦʙʦʪʠ ɿʅʆɯ. 

ʆʪʨʠʤʘʻʤʦ ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.3. 



113 

 

 

ʈʠʩ.2.3. ɻʨʘʬʽʢ ʥʝʩʪʘʥʜʘʨʪʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ  

ʡʦʛʦ ʩʧʝʢʪʨ, ʦʪʨʠʤʘʥʠʡ ʐʇʌ 

ʇʨʦʚʦʜʷʯʠ ʘʥʘʣʽʟ ʩʧʝʢʪʨʘ ʥʝʩʪʘʥʜʘʨʪʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʥʘ 

ʨʠʩ. 2.3 ʙʘʯʠʤʦ, ʱʦ ʐʇʌ ʥʝ ʚʠʜʽʣʠʣʘ ʨʝʘʣʴʥʫ ʥʝʩʫʯʫ ʯʘʩʪʦʪʫ ʩʠʛʥʘʣʫ. 

ʊʦʙʪʦ, ʷʢʱʦ ɿʅʆɯ çʟʘʰʫʤʠʪʴè ʥʝʩʪʘʥʜʘʨʪʥʠʤ ʩʠʛʥʘʣʦʤ, ʤʠ ʥʝ ʟʤʦʞʝʤʦ 

ʚʠʟʥʘʯʠʪʠ ʾʾ ʯʘʩʪʦʪʫ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʚʠʷʚʠʪʠ ʾʾ. 

ʗʢʱʦ ʧʨʦʚʝʩʪʠ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʠʛʥʘʣʫ, ʷʢʠʡ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʫʤʠ ʢʽʣʴʢʦʭ ʩʪʘʮʽʦʥʘʨʥʠʭ ʩʠʛʥʘʣʽʚ ʟ ʨʽʟʥʦʶ ʯʘʩʪʦʪʦʶ (ʜʦ 

ʧʨʠʢʣʘʜʫ ʜʚʦʭ ʘʙʦ ʪʨʴʦʭ ʩʠʥʫʩʦʾʜ (ʢʦʩʠʥʫʩʦʾʜ)) (ʨʠʩ. 2.4) ʪʘ ʘʥʘʣʦʛʽʯʥʠʡ 

ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʠʛʥʘʣʫ ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʮʠʭ ʞʝ 

ʬʫʥʢʮʽʡ (ʨʠʩ. 2.5) ʪʦ ʦʪʨʠʤʘʤ̒ʦ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʠʡ ʩʧʝʢʪʨ ð ʘʙʩʦʣʶʪʥʦ 

ʨʽʟʥʠʭ ʩʠʛʥʘʣʽʚ (ʨʠʩ. 2.6 ʪʘ ʨʠʩ. 2.7). 

 

ʈʠʩ. 2.4. ɿʘʜʘʥʠʡ ʩʠʛʥʘʣ ï  

ʩʫʤʘ ʜʚʦʭ ʩʠʥʫʩʦʾʜ 

 

ʈʠʩ. 2.5. ɿʘʜʘʥʠʡ ʩʠʛʥʘʣ ï

ʧʝʨʝʤʥʦʞʝʥʥʷ ʜʚʦʭ ʩʠʥʫʩʦʾʜ 
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ʈʠʩ. 2.6. ʉʧʝʢʪʨ ʩʠʛʥʘʣʫ ï ʩʫʤʘ 

ʜʚʦʭ ʩʠʥʫʩʦʾʜ 

 

ʈʠʩ. 2.7. ʉʧʝʢʪʨ ʩʠʛʥʘʣʫ ï 

ʧʝʨʝʤʥʦʞʝʥʥʷ ʜʚʦʭ ʩʠʥʫʩʦʾʜ 

 

ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʩʥʦʚʦʢ, ʱʦ ʐʇʌ ʧʦʢʘʟʫʻ ʟʘʛʘʣʴʥʽ 

ʚʽʜʦʤʦʩʪ̔  ʧʨʦ ʯʘʩʪʦʪʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʥʝ ʜʘʻ ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʣʦʢʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʛʥʘʣʫ ʧʨʠ ʰʚʠʜʢʠʭ ʪʠʤʯʘʩʦʚʠʭ ʟʤʽʥʘʭ ʡʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ. ʐʇʌ ʥʝ ʤʦʞʝ ʘʥʘʣʽʟʫʚʘʪʠ ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʠʛʥʘʣʫ ʚ ʜʦʚʽʣʴʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ. 

ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʫʟʘʛʘʣʴʥʝʥʽ ʚʠʩʥʦʚʢʠ: 

1. ʐʇʌ ʜʘʻ ʯʘʩʪʦʪʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʩʠʛʥʘʣʽ ʪʘ ʥʝ 

ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʤʦʤʝʥʪ ʯʘʩʫ ʚʠʥʠʢʥʝʥʥʷ ʽ ʟʘʢʽʥʯʝʥʥʷ ʮʽʻʾ ʯʘʩʪʦʪʠ. 

2. ʆʙʤʝʞʝʥʘ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʘʥʘʣʽʟʫ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʩʠʛʥʘʣʽʚ ʽ 

ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʝʡ ʘʥʘʣʽʟʫ ʾʭ ʦʩʦʙʣʠʚʦʩʪʝʡ. 

3. ɻʘʨʤʦʥʽʡʥʽ ʙʘʟʠʩʥʽ ʬʫʥʢʮʽʾ ʨʦʟʢʣʘʜʘʥʥʷ ʥʝ ʟʜʘʪʥʽ ʧʦʢʘʟʫʚʘʪʠ 

ʧʝʨʝʧʘʜʠ ʩʠʛʥʘʣʽʚ ʟ ʥʝʩʢʽʥʯʝʥʥʦʶ ʢʨʫʪʠʟʥʦʶ, ʪʦʤʫ ʱʦ ʜʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ 

ʥʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʯʣʝʥʽʚ ʨʷʜʫ. ʇʨʠ ʦʙʤʝʞʝʥʥʽ ʯʠʩʣʘ ʯʣʝʥʽʚ ʨʷʜʫ 

ʌʫʨ'ʻ ʚ ʦʢʦʣʠʮʷʭ ʩʪʨʠʙʢʽʚ ʽ ʨʦʟʨʠʚʽʚ ʧʨʠ ʚʽʜʥʦʚʣʝʥʥʽ ʩʠʛʥʘʣʫ ʚʠʥʠʢʘʻ ʝʬʝʢʪ 

ɻʽʙʙʩʘ. 

4. ʇʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ ʧʦʢʘʟʫʻ ʟʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʯʘʩʪʦʪʠ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʽ ʥʝ ʜʘʻ ʫʷʚʣʝʥʥʷ ʧʨʦ ʣʦʢʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʛʥʘʣʫ 
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ʧʨʠ ʰʚʠʜʢʠʭ ʪʠʤʯʘʩʦʚʠʭ ʟʤʽʥʘʭ ʡʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ. ʇʝʨʝʪʚʦʨʝʥʥʷ 

ʌʫʨ'ʻ ʥʝ ʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʘʥʘʣʽʟʫʚʘʪʠ ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʫ ʚ 

ʜʦʚʽʣʴʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʐʇʌ ʥʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʘʥʘʣʽʟʫ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʩʫʯʘʩʥʠʭ ɿʅʆɯ, ɿʅʆɯ ʧʨʘʮʶʯʁʠʭ ʥʘ 

ʧʨʠʥʮʠʧʽ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʩʠʛʥʘʣʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʘʥʘʣʽʟʫ ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ 

ʟʘʰʫʤʣʝʥʦʛʦ ʥʝʩʪʘʮʽʦʥʘʨʥʠʤʠ ʩʠʛʥʘʣʘʤʠ. 

ɿ ʤʝʪʦʶ ʫʩʫʥʝʥʥʷ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʱʝ ʥʝʜʦʣʽʢʽʚ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʪʘʢ 

ʟʚʘʥʝ çʚʽʢʦʥʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷè. 

 

2.5. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʢʣʘʩʠʯʥʦʾ ʤʝʪʦʜʠʢʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ 
 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʐʇʌ ʻ çʚʽʢʦʥʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷè ʌʫʨ'ʻ. ʊʘʢ ʟʚʘʥʝ çʚʽʢʦʥʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷè ʌʫʨ'ʻ, ʧʦʣʷʛʘʻ ʚ 

ʨʦʟʙʠʪʪʷ ʩʠʛʥʘʣʫ ʥʘ ʯʘʩʦʚʽ ʜʽʣʷʥʢʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʢʦʥʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʜʣʷ ʮʴʦʛʦ 

ʚʽʟʴʤʝʤʦ ʩʠʛʥʘʣ ʧʝʨʝʤʥʦʞʝʥʥʷ ʜʚʦʭ ʩʠʥʫʩʦʾʜ (ʨʠʩ. 2.8), ʜʦʜʘʻʤʦ ʜʦ ʩʠʛʥʘʣʫ 

ʙʽʣʠʡ ʰʫʤ ʽ ʟʨʦʙʠʤʦ ʚʽʢʦʥʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ (ʨʠʩ. 2.9 ï 2.16): 

 

ʈʠʩ. 2.8. ɿʘʜʘʥʠʡ ʩʠʛʥʘʣ ʧʝʨʝʤʥʦʞʝʥʥʷ ʜʚʦʭ ʩʠʥʫʩʦʾʜ 
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ʈʠʩ. 2.9. ɿʘʜʘʥʠʡ ʩʠʛʥʘʣ  

ʟ̔ ʟʘʰʫʤʣʝʥʥʷʤ. 

 

ʈʠʩ. 2.10. ʉʧʝʢʪʨ ʟʘʜʘʥʦʛʦ ʩʠʛʥʘʣʫ  

ʟ̔ ʟʘʰʫʤʣʝʥʥʷʤ. 

 

ʈʠʩ. 2.11. ɺʽʢʥʦ ʍʝʤʤʽʥʛʘ 

 

ʈʠʩ. 2.12. ɺʽʢʥʘ ʍʝʤʤʽʥʛʘ, 

ʧʨʷʤʦʢʫʪʥʝ ʪʘ ʍʘʥʥʘ 

 

ʈʠʩ. 2.13. ʇʝʨʝʪʚʦʨʝʥʥʷ ʟʘʜʘʥʦʛʦ 

ʩʠʛʥʘʣʫ ʟ ʟʘʰʫʤʣʝʥʥʷʤ ï ʚʽʢʥʦʤ 

ʍʝʤʤʽʥʛʘ 

 

ʈʠʩ. 2.14. ʇʝʨʝʪʚʦʨʝʥʥʷ ʟʘʜʘʥʦʛʦ 

ʩʠʛʥʘʣʫ ʟ ʟʘʰʫʤʣʝʥʥʷʤ ï ʚʽʢʥʦʤ 

ʍʝʤʤʽʥʛʘ, ʧʨʷʤʦʢʫʪʥʠʤ ʪʘ ʍʘʥʥʘ 
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ʈʠʩ. 2.15. ʉʧʝʢʪʨ ʟʘʜʘʥʦʛʦ ʩʠʛʥʘʣʫ 

ʟ ʟʘʰʫʤʣʝʥʷʤ ʧʽʩʣʷ ʚʽʢʦʥʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ 

 

ʈʠʩ. 2.16. ʉʧʝʢʪʨ ʟʘʜʘʥʦʛʦ ʩʠʛʥʘʣʫ ʟ 

ʟʘʰʫʤʣʝʥʷʤ ʧʽʩʣʷ ʚʽʢʦʥʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ (3 ʨʽʟʥʠʭ ʚʽʢʥʘ) 

 

ɿ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʙʘʯʠʤʦ, ʱʦ ʚʽʢʦʥʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʙʤʝʞʫʻ 

ʩʠʛʥʘʣ ʧʦ ʚʝʣʠʯʠʥʽ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʫʻ ʘʤʧʣʽʪʫʜʫ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʩʠʛʥʘʣʫ. 

ɿʤʝʥʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʩʠʛʥʘʣʫ ʜʫʞʝ ʚʘʞʣʠʚʦ ʧʨʠ 

ʧʦʜʘʣʴʰʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʟʘʜʘʥʦʛʦ ʩʠʛʥʘʣʫ [192]. ʌʘʢʪ ʟʤʝʥʰʝʥʥʷ 

ʘʤʧʣʽʪʫʜʠ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʩʠʛʥʘʣʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʙʦʨʫ 

ʚʽʢʦʥʥʦ ʾʬʫʥʢʮʽʾ 

ɺʠʙʽʨ ʚʽʢʦʥʥʦʾ ʬʫʥʢʮʽʾ ʻ ʦʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʢʨʠʪʝʨʽʾʚ ʚ ʮʠʬʨʦʚʽʡ 

ʦʙʨʦʙʮʽ ʩʠʛʥʘʣʫ [194], ʪʦʤʫ ʱʦ ʦʙʤʝʞʝʥʥʷ ʷʢʽ ʥʘʢʣʘʜʘʶʪʴ ʥʘ ʩʠʛʥʘʣ ʚʽʢʦʥʥʽ 

ʬʫʥʢʮʽʾ ʤʦʞʫʪʴ ʧʨʠʭʦʚʘʪʠ ʘʙʦ ʪʦʯʥʽʰʝ ʥʝ ʨʦʟʧʽʟʥʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʩʠʛʥʘʣ 

ɿʅʆɯ. 

ɺʠʙʽʨ ʚʽʢʦʥʥʦʾ ʬʫʥʢʮʽʾ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʟʘ ʜʚʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ: 

-ʜʠʥʘʤʽʯʥʦʤʫ ʜʽʘʧʘʟʦʥʫ ʩʠʛʥʘʣʫ; 

-ʰʠʨʠʥʽ ʚʽʢʥʘ ʘʙʦ ʪʘʢ ʟʚʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʠʙʽʨʢʠ ʩʠʛʥʘʣʫ. 

ʇʨʠ ʧʦʰʫʢʫ ɿʅʆɯ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʥʝʚʽʜʦʤʠʡ, ʚʠʭʦʜʷʯʠ ʟ ʯʦʛʦ, 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʟʥʘʯʘʪʠ ʡʦʛʦ ʟ ʤʦʞʣʠʚʦʩʪʝʡ ʚʭʽʜʥʦʛʦ ʧʨʠʩʪʨʦʶ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʦʰʫʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ (ɸʇʂ), ʷʢʝ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ 

ʘʥʘʣʦʛʦʚʦʾ ʮʠʬʨʦʚʽʡ ʦʙʨʦʙʢʠ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ɼʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʚ 

ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

10 1020 2 20 2 6.02BD log B log B= Ö = Ö Ö = Ö,                      (2.30) 
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ʜʝ: D ï ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʚ ʜʝʮʠʙʝʣʘʭ; 

      B ï ʢʽʣʴʢʽʩʪʴ ʨʦʟʨ̫ʜʽʚ ʚʭʽʜʥʦʛʦ ʧʨʠʩʪʨʦʶ ɸʇʂ. 

ɼʣʷ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʤ ʟʥʘʜʦʙʣʷʪʴʩʷ ʜʘʥʽ ʚʽʢʦʥʥʠʭ ʬʫʥʢʮʽʡ, 

ʚʦʥʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ.2.2.  

 

ʊʘʙʣʠʮʷ 2.2 

ɺʣʘʩʪʠʚʦʩʪʽ ʜʝʷʢʠʭ ʚʽʢʦʥʥʠʭ ʬʫʥʢʮʽʡ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʚʽʢʥʘ 0FD   D, ʜɹ 

ɺʽʢʥʦ ʍʝʤʤʠʥʛʘ (Hamming window) 4 -42 

ɺʽʢʥʦ ɹʣʵʢʤʘʥʘ (Blackman window) 6 -58 

ɺʽʢʥʦ ɹʣʵʢʤʘʥʘ ð ʍʘʨʨʠʩʘ (Blackmanï

Harris window) 
8 -92 

ɺʽʢʥʦ ʅʘʪʘʣʣʘ (Nuttall window) 8 -93 

ɺʽʢʥʦ ɹʣʵʢʤʘʥʘ ð ʅʘʪʘʣʣʘ (Blackmanï

Nuttall window) 
8 -98 

ɺʽʢʥʦ Flat top window 10 -69 

 

ɼʣʷ ʧʨʠʢʣʘʜʫ ʚʽʟʴʤʝʤʦ ʚʭʽʜʥʠʡ 16-ʪʠ ʨʦʟʨʷʜʥʠʡ ʧʨʠʩʪʨʽʡ. ʊʦʜʽ, ʟʛʽʜʥʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ, ʧʦʪʨʽʙʥʦ ʚʠʙʠʨʘʪʠ ʪʘʢʫ ʚʽʢʦʥʥʫ ʬʫʥʢʮʽʶ ʫ ʷʢʽʡ 

ʨʽʚʝʥʴ ʙʽʯʥʠʭ ʧʝʣʶʩʪʦʢ ʙʫʚ ʙʠ ʤʝʥʰʝ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʩʠʛʥʘʣʫ. ʊʦʙʪʦ 

ʧʨʠ D = 16x6,02 = 96,3 ʜɹ, ʪʨʝʙʘ ʚʠʙʠʨʘʪʠ ʚʽʢʥʦ ɹʣʝʢʤʘʥʘ ï ʅʘʪʘʣʣʷ (ɼʠʚ 

ʪʘʙʣ.2.1.).  

ʅʘʜʘʣʽ, ʟʛʽʜʥʦ ʤʝʪʦʜʠʢʠ ʚʠʙʦʨʫ ʚʽʢʥʘ, ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʛʦ ʜʦʟʚʦʣʫ ʧʦ ʯʘʩʪʦʪʽ, ʜʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʢʠ 

ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ (2.31) 

0
sF

N F
dt

>D Ö,                                               (2.31) 
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ʜʝ: N ï ʢʽʣʴʢʽʩʪʴ ʚʠʙʽʨʢʠ ʚʽʜʜʽʣʢʽʚ ʩʠʛʥʘʣʫ. 

ï ʥʦʨʤʦʚʘʥʘ ʰʠʨʠʥʘ ʛʦʣʦʚʥʦʾ ʧʝʣʶʩʪʢʠ ɸʏʍ ʚʽʢʦʥʥʠʭ ʬʫʥʢʮʽʡ ʧʦ 

ʥʫʣʴʦʚʦʤʫ ʨʽʚʥʶ, ʚʠʙʠʨʘʻʪʴʩʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʚʽʢʦʥʥʠʡ ʬʫʥʢʮʽʾ ʟʛʽʜʥʦ 

ʪʘʙʣ.2.2. 

Fs ï ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ. 

df ï ʜʦʟʚʽʣ ï ʷʢʠʡ ʥʘʤ ʧʦʪʨʽʙʝʥ. 

ɼʣʷ ʧʨʠʢʣʘʜʫ ʟʘʜʘʻʤʦ ʜʦʟʚʽʣ df = 2ɻʮ, ʧʨʠ ʯʘʩʪʦʪʽ ʜʠʩʢʨʝʪʠʟʘʮʽʾ 

Fs = 2ʢɻʮ ʜʣʷ ʚʽʢʥʘ ɹʣʝʢʤʘʥʘ ï ʅʘʪʘʣʣʷ (ʜʘʥʽ ʜʣʷ ʚʽʢʥʘ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ.2.2),  

ʆʪʨʠʤʫʻʤʦ N> 8000, ʪʦʙʪʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʘʙʦ ʟʘʜʘʥʦʛʦ 

ʜʦʟʚʦʣʫ ʥʝʦʙʭ̔ ʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʙʽʨʢʫ ʚʽʜʜʽʣʢʽʚ ʩʠʛʥʘʣʫ ʧʦʥʘʜ 8000. 

ɿʛʽʜʥʦ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʤʝʪʦʜʠʮʽ, ʜʣʷ 16-ʪʠ ʨʦʟʨʷʜʥʦʛʦ ʚʭʽʜʥʦʛʦ 

ʧʨʠʩʪʨʦʶ ʟ ʜʦʟʚʦʣʦʤ 2ɻʮ, ʧʦʪʨʽʙʥʦ ʚʠʙʠʨʘʪʠ ʚʽʢʥʦ ɹʣʝʢʤʘʥʘ ï ʅʘʪʘʣʣʷ ʟ 

ʚʠʙʽʨʢʦʶ ʩʠʛʥʘʣʫ ʙʽʣʴʰ ʟʘ 8000. 

ɸʥʘʣʽʟʫʶʯʠ ʚʠʨʘʟ (2.31) ʙʘʯʠʤʦ, ʱʦ ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ ʯʘʩʪʦʪʽ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ, ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʦʩʪʽ, ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʫʚʘʪʠ 

ʚʠʙʽʨʢʫ ʩʠʛʥʘʣʫ, ʱʦ ʫ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʦʙʨʦʙʢʠ 

ʨʘʜʽʦʩʠʛʥʘʣʫ. 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ ʧʨʠʭʦʜʠʤʦ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʢʦʥʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ (ʜʘʣʽ 

ɺʇʌ), ʫʩʫʚʘʻ ʥʝʜʦʣʽʢʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʐʇʌ. ʊʦʙʪʦ ʘʥʘʣʽʟ ʚʞʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ 

ʫ ʯʘʩʪʦʪʥʽʡ, ʘ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ. ʊʦʤʫ ʩʠʛʥʘʣ ʚʞʝ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ 

ʪʠʤʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ-ʚʽʢʥʘ. ʆʜʥʘʢ, ʦʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚ ɺʇʌ ʟʘʣʠʰʘʻʪʴʩʷ 

ʪʝ, ʱʦ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʫ ʟ'ʷʚʣʷʻʪʴʩʷ 

ʪʘʢ ʟʚʘʥʠʡ ʧʨʠʥʮʠʧ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ɻʝʡʟʝʥʙʝʨʛʘ, ʷʢʠʡ ʚʠʥʠʢʘʻ ʜʣʷ 

ʧʘʨʘʤʝʪʨʽʚ ʯʘʩʫ ʽ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ. ɺ ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʣʝʞʠʪʴ 

ʪʦʡ ʬʘʢʪ, ʱʦ ʥʝʤʦʞʣʠʚʦ ʩʢʘʟʘʪʠ ʪʦʯʥʦ ʷʢʘ ʯʘʩʪʦʪʘ ʧʨʠʩʫʪʥʷ ʚ ʨʘʜʽʦʩʠʛʥʘʣʽ ʚ 

ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ (ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʪʽʣʴʢʠ ʧʨʦ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ) ʽ ʥʝʤʦʞʣʠʚʦ 

ʩʢʘʟʘʪʠ ʚ ʷʢʠʡ ʪʦʯʥʦ ʤʦʤʝʥʪ ʯʘʩʫ ʯʘʩʪʦʪʘ ʧʨʠʩʫʪʥʷ ʚ ʨʘʜʽʦʩʠʛʥʘʣʽ (ʤʦʞʥʘ 

ʛʦʚʦʨʠʪʠ ʣʠʰʝ ʧʨʦ ʧʝʨʽʦʜ ʯʘʩʫ) [113]. ʇʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʠʪʠ ʩʠʛʥʘʣ 
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ʮʠʬʨʦʚʦʛʦ ɿʅʆɯ ʷʢʘ ʧʝʨʝʜʘʻ ʩʠʛʥʘʣ ʚ ʽʤʧʫʣʴʩʥʦʤʫ ʨʝʞʠʤʽ, ʚ ʢʦʨʦʪʢʠʡ 

ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʩʪʘʻ ʜʫʞʝ ʧʨʦʙʣʝʤʘʪʠʯʥʦʶ. 

ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ, ʤʦʞʣʠʚʦ ʜʦʙʠʪʠʩʷ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ, ʚʥʘʩʣʽʜʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʦʩʪʽ (ʟʚʫʞʝʥʥʷ ʚʽʢʥʘ), ʷʢʱʦ ʽʤʧʫʣʴʩʠ ʚʠʭʦʜʫ ʚ 

ʨʘʜʽʦʜʽʘʧʘʟʦʥ ɿʅʆɯ ʙʫʜʫʪʴ ʧʨʦʭʦʜʠʪʠ ʟ ʧʝʚʥʦʶ ʧʝʨʽʦʜʠʯʥʽʩʪʶ, ʘʣʝ ʪʽʣʴʢʠ ʟʘ 

ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ. ɿʅʆɯ ʷʢʘ ʧʝʨʝʜʘʻ ʥʘʢʦʧʠʯʝʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʚ ʦʜʠʥʠʯʥʦʤʫ ʽʤʧʫʣʴʩʽ ʚʠʟʥʘʯʠʪʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʻ ʤʦʞʣʠʚʠʤ, ʟ 

ʦʛʣʷʜʫ ʥʘ ʪʝ ʱʦ ʯʘʩ ʦʙʨʦʙʢʠ ʨʘʜʽʦʩʠʛʥʘʣʫ ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰʝ ʯʘʩʫ ʚʠʭʦʜʫ 

ɿʅʆɯ ʚ ʨʘʜʽʦʜʽʘʧʘʟʦʥ. 

ʇʨʦʙʣʝʤʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ɻʝʡʟʝʥʙʝʨʛʘ ʚʠʨʽʰʫʻ ʪʘʢ ʟʚʘʥʝ ʚʝʡʚʣʝʪ 

ʧʝʨʝʪʚʦʨʝʥʥʷ.  

 

2.6. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʠʢʠ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʴ ʩʠʛʥʘʣʽʚ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʚʠʷʚʣʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ 

 

ɺʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ (Wavelet ʘʥʛʣ. ï ʢʦʨʦʪʢʘ ʭʚʠʣʷ) ʰʠʨʦʢʝ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʦʪʨʠʤʘʣʦ ʧʦʨʽʚʥʷʥʦ ʥʝʜʘʚʥʦ [197]. ʉʘʤ ʪʝʨʤʽʥ Wavelet ʙʫʚ 

ʚʚʝʜʝʥʠʡ ʚ 1984 ʨʦʮʽ, ʫ ʟʚ'ʷʟʢʫ ʟ ʨʦʟʚʠʪʢʦʤ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ. 

ɺʝʡʚʣʝʪʠ ʤʘʶʪʴ ʚʠʛʣʷʜ ʢʦʨʦʪʢʠʭ ʭʚʠʣʴʦʚʠʭ ʧʘʢʝʪʽʚ ʟ ʥʫʣʴʦʚʠʤ ʽʥʪʝʛʨʘʣʴʥʠʤ 

ʟʥʘʯʝʥʥʷʤ, ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʧʦ ʦʩʽ ʘʨʛʫʤʝʥʪʽʚ (ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ), 

ʽʥʚʘʨʽʘʥʪʥʠʭ ʜʦ ʟʩʫʚʫ ʪʘ ʣʽʥʽʡʥʠʭ ʜʦ ʦʧʝʨʘʮʽʾ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

(ʩʪʠʩʥʝʥʥʷ / ʨʦʟʪʷʛʫʚʘʥʥʷ). ɿʘ ʣʦʢʘʣʽʟʘʮʽʻʶ ʫ ʪʠʤʯʘʩʦʚʦʤʫ ʪʘ ʯʘʩʪʦʪʥʦʤʫ 

ʧʦʜʘʥʥʽ ʚʝʡʚʣʝʪʠ ʟʘʡʤʘʶʪʴ ʧʨʦʤʽʞʥʝ ʧʦʣʦʞʝʥʥʷ ʤʽʞ ʛʘʨʤʦʥʽʡʥʠʤʠ 

(ʩʠʥʫʩʦʜʾʘʣʴʥʠʤʠ) ʬʫʥʢʮʽʷʤʠ, ʣʦʢʘʣʽʟʦʚʘʥʠʤʠ ʧʦ ʯʘʩʪʦʪʽ, ʽ ʬʫʥʢʮʽʻʶ ɼʽʨʘʢʘ, 

ʣʦʢʘʣʽʟʦʚʘʥʦʾ ʚ ʯʘʩʽ.   

ʊʝʦʨʽʷ ʚʝʡʚʣʝʪʽʚ ʥʝ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʶ ʪʝʦʨʽʻʶ, ʘʣʝ ʚʦʥʘ ʜʘʻ ʟʨʫʯʥʠʡ ʽ 

ʝʬʝʢʪʠʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʙʘʛʘʪʴʦʭ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ, ʟʦʢʨʝʤʘ 

ʟʘʚʜʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʨʦʪʢʠʭ ʽʤʧʫʣʴʩʽʚ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ɿʅʆɯ. 

ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ ʌʫʨ'ʻ, ʚʝʡʚʣʝʪʠ ʟʜʘʪʥʽ ʟ ʙʽʣʴʰ ʚʠʩʦʢʦʶ 

ʪʦʯʥʽʩʪʶ ʧʨʝʜʩʪʘʚʣʷʪʠ ʣʦʢʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʠʛʥʘʣʽʚ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 
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ʧʝʨʝʪʚʦʨʝʥʴ ʌʫʨ'ʻ, ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʜʥʦʚʠʤʽʨʥʠʭ ʩʠʛʥʘʣʽʚ ʟʘʙʝʟʧʝʯʫʻ 

ʜʚʦʚʠʤʽʨʥʫ ʨʦʟʛʦʨʪʢʫ, ʧʨʠ ʮʴʦʤʫ ʯʘʩʪʦʪʘ ʽ ʢʦʦʨʜʠʥʘʪʘ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ 

ʥʝʟʘʣʝʞʥʽ ʟʤʽʥʥʽ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ ʚʽʜʨʘʟʫ ʫ ʜʚʦʭ 

ʧʨʦʩʪʦʨʘʭ [198]. ʆʜʥʘ ʟ ʛʦʣʦʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʝʡʚʣʝʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʩʠʛʥʘʣʽʚ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʧʦʜʽʣʽ ʬʫʥʢʮʽʡ ʥʘʙʣʠʞʝʥʥʷ 

ʜʦ ʩʠʛʥʘʣʫ ʥʘ ʜʚʽ ʛʨʫʧʠ: ʘʧʨʦʢʩʠʤʫʶʯʫ ï ʛʨʫʙʫ, ʟ ʜʦʩʠʪʴ ʧʦʚʽʣʴʥʦʾ 

ʪʠʤʯʘʩʦʚʦʶ ʜʠʥʘʤʽʢʦʶ ʟʤʽʥ, ʽ ʜʝʪʘʣʽʟʫʻ ï ʟ ʣʦʢʘʣʴʥʦʾ ʪʘ ʰʚʠʜʢʦʶ ʜʠʥʘʤʽʢʦʶ 

ʟʤʽʥ. ʎʝ ʤʦʞʣʠʚʦ ʷʢ ʚ ʯʘʩʦʚʽʡ, ʪʘʢ ʽ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʷʭ ʫʷʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ 

ʚʝʡʚʣʝʪʘʤʠ. 

ʆʩʥʦʚʫ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ï ʢʦʨʦʪʢʘ ʭʚʠʣʷ ʷʢʘ ʧʨʦʭʦʜʠʪʴ 

ʤʽʞ ʩʠʛʥʘʣʘʤʠ ʪʘ ʻ ʩʚʦʛʦ ʨʦʜʫ ʚʽʢʥʦʤ ʜʝʷʢʦʾ ʰʠʨʠʥʠ ʜʣʷ ʜʝʷʢʦʛʦ ʯʘʩʦʚʦʛʦ 

ʧʨʦʤʽʞʢʫ [230]. ʎʷ ʢʦʨʦʪʢʘ ʭʚʠʣʷ ʥʘʟʠʚʘʻʪʴʩʷ ʤʘʪʝʨʠʥʩʴʢʠʡ ʚʝʡʪʚʣʝʪ. 

ʄʘʪʝʨʠʥʩʴʢʠʡ ʚʝʡʚʣʝʪ ʮʝ ʬʫʥʢʮʽʷ ʷʢʘ ʙʫʜʝ ʧʨʦʪʦʪʠʧʦʤ ʚʩʽʭ ʚʽʢʦʥ, ʷʢʽ ʙʫʜʫʪʴ 

ʩʪʚʦʨʶʚʘʪʠʩʷ ʥʘ ʪʠʤʯʘʩʦʚʦʤʫ ʚʽʜʨʽʟʢʫ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ. 

ɿʘ ʘʥʘʣʦʛʽʻʶ ʟ ʚʽʢʦʥʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʌʫʨ'ʻ ʤʘʩʰʪʘʙ ʧʦʚ'ʷʟʘʥʠʡ 

ʟʚʦʨʦʪʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʟ ʰʠʨʠʥʦʶ ʚʝʡʚʣʝʪʘ (ʚʽʢʥʘ), ʤʝʥʰʝ ʭʚʠʣʷ ï ʙʽʣʴʰʝ 

ʤʘʩʰʪʘʙ ʽ ʥʘʚʧʘʢʠ [223]. ʆʩʦʙʣʠʚʽʩʪʶ ʻ ʟʨʫʰʝʥʥʷ ʟʘ ʯʘʩʦʤ ʷʢʠʡ ʨʝʛʫʣʶʻ ʨʫʭ 

ʚʝʡʚʣʝʪʦʚ ʟ ʪʠʤʯʘʩʦʚʦʾ ʢʦʤʧʦʥʝʥʪʠ ʩʠʛʥʘʣʫ. 

ɼʣʷ ʧʨʘʢʪʠʯʥʦʾ ʜʝʤʦʥʩʪʨʘʮʽʾ ʚʠʱʝ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʦʚʝʜʝʤʦ 

ʧʨʦʮʝʩ ʚʝʡʚʣʝʪ ï ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʠʛʥʘʣʫ. ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ 

ʨʦʟʛʣʷʜʘʪʠ ʩʪʘʮʽʦʥʘʨʥʽ ʩʠʛʥʘʣʠ ʷʢʽ ʜʫʞʝ ʜʦʙʨʝ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʐʇʌ ʽ ʆʇʌ 

ʧʨʘʢʪʠʯʥʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʜʝʷʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʜʝʷʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʫ 

ʚʚʘʞʘʶ ʥʝʜʦʮʽʣʴʥʠʤ [206].ɼʣʷ ʧʨʠʢʣʘʜʫ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʠʛʥʘʣʫ ʚʽʟʴʤʝʤʦ 

ʩʠʛʥʘʣ ʟ ʣʽʥʽʡʥʦʶ ʯʘʩʪʦʪʥʦʶ ʤʦʜʫʣʷʮʽʻʶ ʚʽʜ 20ɻʮ ʜʦ 100 ɻʮ ʜʣʷ ʪʠʤʯʘʩʦʚʦʛʦ 

ʥ̔ʪʝʨʚʘʣʫ ʚʽʜ 0 ʜʦ 0,25 ʩ. 

ʋ ʷʢʦʩʪʽ ʤʘʪʝʨʠʥʩʴʢʦʛʦ ʚʝʡʚʣʝʪʘ ï ʚʝʡʚʣʝʪ ʄʦʨʣʽ [221]. ʅʘ ʨʠʩ. 2.17 

ʥʘʚʝʜʝʥʦ ʟʘʜʘʥʠʡ ʩʠʛʥʘʣ. ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʨʠʩ. 2.18 ʥʘʚʝʜʝʥʦ ʡʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʟʘ ʜʦʧʦʤʦʛʦʶ ʐʇʌ. ʅʘ ʨʠʩ. 2.19. ʥʘʚʝʜʝʥʦ ʚʝʡʚʣʝʪ-

ʧʝʨʝʪʚʦʨʝʥʥʷ ʮʴʦʛʦ ʞ ʩʠʛʥʘʣʫ, ʫ ʷʢʦʩʪʽ ʤʘʪʝʨʠʥʩʴʢʦʛʦ ʚʝʡʚʣʝʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ï ʚʝʡʚʣʝʪ ʄʦʨʣʽ. 
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ʈʠʩ. 2.17. ɿʘʜʘʥʠʡ ʩʠʛʥʘʣ ʟ ʣʽʥʽʡʥʦʶ ʯʘʩʪʦʪʥʦʶ ʤʦʜʫʣʷʮʽʻ ʁ

 

ʈʠʩ. 2.18. ʇʝʨʝʪʚʦʨʝʥʥʷ ʐʇʌ ʟʘʜʘʥʦʛʦ ʩʠʥʛʘʣʘ 

 

ʈʠʩ. 2.19. ɺʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʜʘʥʦʛʦ ʩʠʛʥʘʣʫ (ʚʝʡʚʣʝʪ ʄʦʨʣʽ) 
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ɿ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ ʥʘʦʯʥʦ 

ʚʠʜʥʦ ʱʦ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʐʇʌ, ʜʫʞʝ ʪʦʯʥʦ ʧʦʢʘʟʫʻ 

ʭʘʨʘʢʪʝʨ ʩʠʛʥʘʣʫ ʘʤʧʣʽʪʫʜʘ-ʯʘʩ, ʱʦ ʜʦʟʚʦʣʷʻ ʛʦʚʦʨʠʪʠ ʧʨʦ ʜʫʞʝ ʚʠʩʦʢʫ 

ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʽʤʧʫʣʴʩʥʦʾ ɿʅʆɯ ï ʷʢʘ ʷʢ ʨʘʟ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʘʨʘʤʝʪʨʘʤʠ ʪʨʠʚʘʣʦʩʪʽ ʪʘ ʘʤʧʣʽʪʫʜʠ ʽʤʧʫʣʴʩʫ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. 

ʋʟʘʛʘʣʴʥʶʶʯʠ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʛʨʘʬʽʢʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʱʦ 

ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʘʻ ʥʝʟʘʧʝʨʝʯʥʫ ʧʝʨʝʚʘʛʫ ʧʨʠ ʘʥʘʣʽʟʽ ʢʦʨʦʪʢʦʯʘʩʥʠʭ 

ʽʤʧʫʣʴʩʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ.  

 

2.7. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʟʘ 

ʤʝʪʦʜʦʤ ʇʨʦʥʽ 
 

ʄʝʪʦʜ ʇʨʦʥʽ [1,9] ʮʝ ʤʝʪʦʜ ʫ ʷʢʦʤʫ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʢʦʤʧʣʝʢʩʥʠʭ ʜʘʥʠʭ ʤʦʜʝʣʽix , ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ p ʟʛʘʩʘʶʯʠʭ ʢʦʤʧʣʝʢʩʥʠʭ 

ʝʢʩʧʦʥʝʥʪ: 

 

1

( ) exp ( 2 )( 1)
p

k k kk
k

ʭ n j n T jfA pa q
=

= + - +è øä ê ú,          (2.32) 

 

ʜʝ: 1 n N¢ ¢ , T ʽʥʪʝʨʚʘʣ ʚʽʜʣʽʢʽʚ (ʫ ʩ); 

       kA ʽ ka  ï ʘʤʧʣʽʪʫʜʘ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʟʘʛʘʩʘʥʥʷ (ʨʦʟʤʽʨʥʽʩʪʴ 

ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʛʘʩʘʥʥʷ 1
ʩ
- )  k -ʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʝʢʩʧʦʥʝʥʪʠ;  

    
k

f
 
ï ʯʘʩʪʦʪʘ, kq  ʧʦʯʘʪʢʦʚʘ ʬʘʟʘ k -ʦʾ ʩʠʥʫʩʦʾʜʠ.  

 ɿʥʘʯʝʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʥʽʩʪʶ ʜʦʚʽʣʴʥʽ. 

ʅʘʧʠʰʝʤʦ ʚʠʨʘʟ (2.32) ʫ ʚʠʛʣʷʜʽ: 

 

1

1

Ĕ( )
p

n
kk

k

x n h z
-

=

=ä ,                                                     (2.33) 

 

ʜʝ ʢʦʤʧʣʝʢʩʥʽ ʢʦʥʩʪʘʥʪʠ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʚʠʨʘʟʘʤʠ: 
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  exp( )kk kjh A q= ,                                                 (2.34) 

 

   
exp[( 2 ) ]k k k

j Tfz pa= + .                                      (2.35) 

 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʴ, ʱʦ ʬʦʨʤʫʣʘ (2.34) ʮʝ ʚʠʨʘʟ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʾ 

ʘʤʧʣʽʪʫʜʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʥʝʟʘʣʝʞʥʠʡ ʚʽʜ ʯʘʩʫ ʧʘʨʘʤʝʪʨ, ʘ ʬʦʨʤʫʣʘ (2.35) 

ʮʝ ʚʠʨʘʟ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʾ ʝʢʩʧʦʥʝʥʪʠ ʷʢʘ ʦʧʠʩʫʻ ʧʘʨʘʤʝʪʨ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʯʘʩʫ. 

ɺ ʽʜʝʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠ ʥʘʷʚʥʦʩʪʽ N ʚʽʜʜʽʣʢʽʚ ʜʘʥʫ ʩʫʤʫ ʢʚʘʜʨʘʪʽʚ 

ʧʦʤʠʣʦʢ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ: 

 

2

1

| ( )|
N

n

nr e
=

=ä ,                                                             (2.36) 

ʜʝ:                1

1

Ĕ( ) ( ) ( ) ( )
p

n
kk

k

n x n x n x n h ze -

=

= - = -ä . 

ɿʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ, ʚʽʜʨʘʟʫ ʟʘ ʪʨʴʦʤʘ 

ʧʘʨʘʤʝʪʨʘʤʠkh , kz , ʪʘ ʯʠʩʣʫ ʝʢʩʧʦʥʝʥʪ ʨ. ʎʝ ʻ ʥʝʣʽʥʽʡʥʠʤ ʟʘʚʜʘʥʥʷʤ ʽ 

ʚʠʤʘʛʘʻ ʚʝʣʠʢʠʭ ʚʠʪʨʘʪ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ. 

 ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʮʴʦʛʦ ʪʚʝʨʜʞʝʥʥʷ, ʨʦʟʨʘʭʫʻʤʦ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ  

ʷʢʘ ʤʽʩʪʠʪʴ ʪʽʣʴʢʠ ʦʜʥʫ ʝʢʩʧʦʥʝʥʪʫ ʨ. 

 ɺʠʨʘʟ (2.33) ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ: 

 

( ) exp( [ 1] )ʭ n A n Ta= - .                                            (2.37) 

 

ʇʨʠʨʽʚʥʶʻʤʦ ʥʫʣʶ ʧʦʭʽʜʥʽ, ʦʜʝʨʞʠʤʦ: 

 

1 2 0Ac c
A

rµ
= - Ö =

µ
, 

 3 4 0Ac c
r

a

µ
= - Ö =

µ
,                                                   (2.38) 
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ʜʝ:  1
1

( )exp( [ 1] )
N

n

x n n Tʩ a
=

= -ä , 

2
1

exp(2 [ 1] )
N

n

n Tʩ a
=

= -ä ,     

3
1

( 1) ( )exp( [ 1] )
N

n

n x n n Tʩ a
=

= - -ä , 

4
1

( 1)exp(2 [ 1] )
N

n

n n Tʩ a
=

= - -ä .                                 (2.39)  

 

ʇʨʠʡʤʝʤʦ ʱʦ ʟʤʽʥʥʽ ʤʘʶʪʴ ʜʽʡʩʥʝ ʟʥʘʯʝʥʥʷ, ʪʦʜʽ ʟ ʚʠʨʘʟʫ (2.38) 

ʦʪʨʠʤʘʻʤʦ 
3

4

c
A

c
= , 1

2

c
A

c
= , ʜʘʣʽ ʤʘʻʤʦ: 

 

2 3 1 4ʩ ʩ ʩʩ= .                                                             (2.40) 

 

ʎʝ ʥʝʣʽʥʽʡʥʝ ʨʽʚʥʷʥʥʷ ʱʦʜʦ ʥʘʟʚ ʩʫʤ, ʱʦ ʤʽʩʪʷʪʴ ʤʥʦʞʥʠʢ 

exp( [ 1] )n Ta - , ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʱʦʜʦ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʛʘʩʘʥʥʷ. 

ɸʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʨʦʟʚ'ʷʟʘʥʥʷ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʚʽʜʩʫʪʥʽ. ʎʝ ʨʽʚʥʷʥʥʷ 

ʤʦʞʥʘ ʚʠʨʽʰʫʚʘʪʠ ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘ ʘʙʦ ʛʨʘʜʽʻʥʪʥʦʛʦ ʩʧʫʩʢʫ, ʘʣʝ ʮʽ 

ʘʣʛʦʨʠʪʤʠ ʚʠʤʘʛʘʶʪʴ ʚʝʣʠʢʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪ, ʚʠʤʘʛʘʶʪʴ ʟʚʝʨʥʝʥʥʷ 

ʤʘʪʨʠʮʴ, ʨʦʟʤʽʨʥʽʩʪʴ ʷʢʠʭ ʤʦʞʝ ʙʫʪʠ ʨʽʚʥʦʶ ʢʽʣʴʢʽʩʪʶ ʥʘʷʚʥʠʭ ʚʽʜʣʽʢʽʚ 

ʜʘʥʠʭ. ɿʘʟʥʘʯʝʥʽ ʥʝʜʦʣʽʢʠ ʧʨʠʟʚʝʣʠ ʜʦ ʨʦʟʨʦʙʢʠ ʩʫʙʦʧʪʠʤʘʣʴʥʠʭ ʧʨʦʮʝʜʫʨ 

ʤʽʥʽʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ. ɺʦʥʠ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ çʤʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ 

ʇʨʦʥʽè, ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʰʝʥʥʷ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ. ʄʝʪʦʜ ʇʨʦʥʽ 

ʟʚʦʜʠʪʴ ʥʝʣʽʥʽʡʥʽ ʘʩʧʝʢʪʠ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʾ ʤʦʜʝʣʽ ʜʦ ʧʨʦʮʝʜʫʨʠ 

ʬʘʢʪʦʨʠʟʘʮʽʾ ʧʦʣʽʥʦʤʽʚ, ʜʣʷ ʷʢʠʭ ʨʦʟʨʦʙʣʝʥʽ ʰʚʠʜʢʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʘʣʛʦʨʠʪʤʠ. ʂʦʣʠ ʯʠʩʣʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʚʽʜʣʽʢʽʚ ʜʘʥʠʭ ʜʦʨʽʚʥʶʻ ʯʠʩʣʫ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʦ ʤʦʞʣʠʚʘ ʪʦʯʥʘ ʧʽʜʛʦʥʢʘ ʝʢʩʧʦʥʝʥʪ ʧʽʜ 

ʥʘʷʚʥʽ ʜʘʥʽ. ʈʦʟʛʣʷʥʝʤʦ ʬʫʥʢʮʽʶ ʜʠʩʢʨʝʪʥʦʛʦ ʯʘʩʫ: 
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=ä .                                              (2.41) 

 

ʊʫʪ ʤʠ ʚʞʝ ʨʦʟʛʣʷʜʘʻʤʦ ʪʦʯʥʫ ʧʽʜʛʦʥʢʫ ʜʦ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʤʦʜʝʣʽ ʟ 

2ʨ ʢʦʤʧʣʝʢʩʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʨʽʚʥʷʥʥʷ (2.41) ʚ ʤʘʪʨʠʯʥʦʤʫ ʚʠʛʣʷʜʽ ʥʘʙʫʜʝ 

ʚʠʛʣʷʜʫ: 
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Ö = .                                        (2.42) 

 

ʎʷ ʤʘʪʨʠʮʷ ʤʘʻ ʩʪʨʫʢʪʫʨʫ ʤʘʪʨʠʮʽ ɺʘʥʜʝʨʤʦʥʜʘ. 

 ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʚʚʝʜʝʤʦ ʜʦʜʘʪʢʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ0, 1, 2...... pa a a a , 

ʊʘʢʽ ʱʦ: 
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=ä ,                                           (2.43) 

 

 ʜʝ 1,2,...,k p= . 

ɼʘʣʽ ʥʘʜ ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ (2.42) ʚʠʢʦʥʘʻʤʦ ʥʘʩʪʫʧʥʽ ʜʽʾ: 

1-ʡ ʨʷʜʦʢ ʩʠʩʪʝʤʠ ʧʦʤʥʦʞʠʤʦ ʥʘ , 2-ʡ ï ʥʘ , 3-ʡ ï ʥʘ , ʽ ʪʘʢ ʜʦ 

(p+1) ʨʷʜʢʠ. ʉʢʣʘʚʰʠ ʮʽ ʨʷʜʢʠ, ʦʪʨʠʤʘʻʤʦ ʧʝʨʰʠʡ ʨʷʜʦʢ ʥʦʚʦʾ ʩʠʩʪʝʤʠ 

ʨʽʚʥʷʥʴ. 

2-ʡ ʨʷʜʦʢ ʩʠʩʪʝʤʠ ʧʦʤʥʦʞʠʤʦ ʥʘ , 2-ʡ ï ʥʘ , 3-ʡ ï ʥʘ , ʽ ʪʘʢ ʜʦ 

(p+1) ʨʷʜʢʠ. ʉʢʣʘʚʰʠ ʮʽ ʨʷʜʢʠ, ʦʪʨʠʤʘʻʤʦ ʜʨʫʛʠʡ ʨʷʜʦʢ ʥʦʚʦ ʾ ʩʠʩʪʝʤʠ 

ʨʽʚʥʷʥʴ. 

ɯ ʪʘʢ ʜʘʣʽ ʜʦ p-ʛʦ ʨʷʜʢʘ, ʪʦʙʪʦ ʥʦʚʘ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʙʫʜʝ ʚʠʛʣʷʜʘʪʠ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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(2.44) 

 

ɿ ʦʛʣʷʜʫ ʥʘ (2.43), ʟʘʫʚʘʞʠʤʦ, ʱʦ ʣʽʚʘ ʯʘʩʪʠʥʘ ʚ ʢʦʞʥʦʤʫ ʨʷʜʢʫ 

ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦʙʪʦ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ: 
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.                                            (2.45) 

 

ʘʙʦ ʟ ʦʛʣʷʜʫ ʥʘ, ʱʦ0 1ʘ=, ʦʜʝʨʞʠʤʦ ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʜʝ 

ʥʝʚʽʜʦʤʠʤʠ ʙʫʜʫʪʴ1, 2...... pa a a : 
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.                   (2.46) 

 

ɺʠʨʽʰʠʚʰʠ ʮʶ ʩʠʩʪʝʤʫ, ʟʥʘʡʜʝʥʽ ʟʥʘʯʝʥʥʷ1, 2...... pa a a , ʧʽʜʩʪʘʚʠʤʦ ʚ 

ʚʠʨʘʟ (2.44), ʟ ʷʢʦʛʦ ʟʥʘʡʜʝʤʦkz , ʪʦʙʪʦ ʥʝʦʙʭ̔ʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʝ 

ʨʽʚʥʷʥʥʷ n-ʦʛʦ ʧʦʨʷʜʢʫ: 
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=ä ,                                                   (2.47) 

 

ʜʝ 0 1ʘ= . 

ɼʘʣʽ, ʚʟʷʚʰʠ ʧʝʨʰʽ p ʨʜ̫ʢʚ̔ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2.44) ʽ ʧʽʜʩʪʘʚʠʚʰʠ ʚ ʥʝʾ 

ʢʦʨʽʥʥʷ ʨʽʚʥʷʥʥʷ (2.47) 1, 2,... pz z z, ʦʪʨʠʤʘʻʤʦ ʱʝ ʦʜʥʫ ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʠʭ 

ʨ̔ ʚʥʷʥʴ, ʥʘʧʠʰʝʤʦ ʾʾ ʚ ʤʘʪʨʠʯʥʦʤʫ ʚʠʛʣʷʜʽ: 
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Ö = ,                                        (2.48) 

 

ʟ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (2.48) ʟʥʘʡʜʝʤʦ  ʥʘʯʝʥʥʷ 1, 2,... ph h h .
 

ʇʨʦʮʝʜʫʨʫ ʇʨʦʥʽ ʜʣʷ ʧʽʜʛʦʥʢʠ ʨ ʝʢʩʧʦʥʝʥʪ ʜʦ 2ʨ ʚʽʜʨʽʟʢʘʤ ʜʘʥʠʭ 

ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʪʨʴʦʭ ʝʪʘʧʽʚ, ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʚʠʨ̔ ʰʫʻʪʴʩʷ 

ʨʽʚʥʷʥʥʷ (2.46) ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʣʽʥʦʤʘ1, 2...... pa a a , ʥʘ ʜʨʫʛʦʤʫ 

ʦʙʯʠʩʣʶʶʪʴʩʷ ʢʦʨʽʥʥʷ ʧʦʣʽʥʦʤʘ 1, 2,... pz z zʟ ʚʠʨʘʟʫ (2.47).   

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʪʨʠʤʘʥʽ ʢʦʨʽʥʥʷ ʨʽʚʥʷʥʥʷ (2.47) ʚʠʟʥʘʯʘʻʤʦ 

ʢʦʝʬʽʮʽʻʥʪ ʟʘʛʘʩʘʥʥʷ ʽ ʯʘʩʪʦʪʫ ʩʠʥʫʩʦʾʜʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʽʚʚʽʜʥʦʰʝʥʴ: 
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a= ,                                                             (2.49) 
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p= .                                        (2.50) 

 

ʊʨʝʪʽʡ ʟʘʢʣʶʯʥʠʡ ʝʪʘʧ, ʢʦʨʽʥʥʷ ʧʦʣʽʥʦʤʘ ʦʙʯʠʩʣʝʥʽ ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʤʘʪʨʠʮʽ ʨʽʚʥʷʥʥʷ (2.48), ʷʢʝ 

ʧʦʪʽʤ ʚʠʨʽʰʫʻʪʴʩʷ ʱʦʜʦ ʨ ʢʦʤʧʣʝʢʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ1, 2,... ph h h . ʂʦʞʝʥ ʧʘʨʘʤʝʪʨ 
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ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʘʣʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʽ ʧʦʯʘʪʢʦʚʦʾ ʬʘʟʠ, ʷʢʽ 

ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʚʠʨʘʟʘʤʠ: 

 

k khA = ,                                                                (2.51) 
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h
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h
q= .                                                 (2.52) 

 

ʆʧʠʩʘʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʢʣʘʜʘʻ N ʢʦʤʧʣʝʢʩʥʠʭ ʚʽʜʣʽʢʽʚ ʩʠʛʥʘʣʫ ʥʘ N/2 

ʢʦʤʧʣʝʢʩʥʠʭ ʟʛʘʩʘʶʯʠʭ ʝʢʩʧʦʥʝʥʮʽʡʥʠʭ ʢʦʤʧʦʥʝʥʪ. 

ʅʝʜʦʣʽʢʘʤʠ ʻ: 

-ʚʝʣʠʢʘ ʧʦʭʠʙʢʘ ʦʙʯʠʩʣʝʥʥʷ ʧʨʠ N ʧʝʨʝʚʠʱʫʶʪʴ 200 ʚʽʜʣʽʢʽʚ, ʪʦʤʫ ʱʦ 

ʜʦʚʦʜʠʪʴʩʷ ʚʠʨʽʰʫʚʘʪʠ ʨʽʚʥʷʥʥʷ (2.47) 100-ʛʦ ʽ ʚʠʱʝ ʧʦʨʷʜʢʫ, ʘ ʪʘʢʦʞ 

ʩʠʩʪʝʤʠ ʟ 100 ʽ ʙʽʣʴʰʝ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ (2.46) ʽ (2.32); 

-ʷʢʱʦ ʩʠʛʥʘʣ ʥʝ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʥʘ N / 2 ʢʦʤʧʣʝʢʩʥʠʭ ʟʛʘʩʘʶʯʠʭ 

ʝʢʩʧʦʥʝʥʮʽʡʥʠʭ ʢʦʤʧʦʥʝʥʪ, ʪʦ ʚʠʥʠʢʘʻ ʟʥʘʯʥʘ ʧʦʤʠʣʢʘ ʘʧʨʦʢʩʠʤʘʮʽʾ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʯʠʩʣʦ ʚʽʜʣʽʢʽʚ ʜʘʥʠʭ N, ʧʝʨʝʚʠʱʫʻ ʥʝʦʙʭʽʜʥʝ ʟʥʘʯʝʥʥʷ, ʷʢʝ 

ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʧʽʜʛʦʥʢʠ ʤʦʜʝʣʽ ʟ ʨ ʝʢʩʧʦʥʝʥʪ, ʪʦʙʪʦ2N p² . ʇʨʠ ʮʴʦʤʫ 

ʧʝʨʝʚʠʟʥʘʯʝʥʦʤʫ ʚʠʧʘʜʢʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʽʜʣʽʢʽʚ ʤʦʞʝ ʙʫʪʠ ʘʧʨʦʢʩʠʤʦʚʘʥʘ 

ʷʢ ʝʢʩʧʦʥʝʥʮʽʡʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʤ. ɺʠʨʘʟ (2.32) ʧʨʠ 1 n N¢ ¢  ʧʦʤʠʣʢʘ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩ̫  ʚʠʨʘʟʦʤ (2.36). 

ʗʢ ʧʦʢʘʟʘʥʦ ʚʠʱʝ, ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʩʫʙʦʧʪʠʤʘʣʴʥʝ ʨʽʰʝʥʥʷ, ʷʢʝ 

ʟʘʙʝʟʧʝʯʠʪʴ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ ʤʝʥʰ ʟʘʜʦʚʽʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʥʘ ʧʝʨʰʦʤʫ ʽ ʜʨʫʛʦʤʫ ʝʪʘʧʘʭ ʤʝʪʦʜʫ ʇʨʦʥʽ, ʚʽʜʧʦʚʽʜʥʽ ʣʽʥʽʡʥʽ ʧʨʦʮʝʜʫʨʠ 

ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ, ʦʪʨʠʤʘʻʤʦ ʧʨʦʮʝʜʫʨʫ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʦʶ ʥʘʟʠʚʘʶʪʴ ʫʟʘʛʘʣʴʥʝʥʠʤ ʤʝʪʦʜʦʤ ʇʨʦʥʽ. ʇʨʠ ʪʘʢʦʤʫ 

ʩʫʙʦʧʪʠʤʘʣʴʥʦʤʫ ʧʽʜʭʦʜʽ ʟʘʚʜʘʥʥʷ ʥʝʣʽʥʽʡʥʦʾ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʧʽʜʛʦʥʢʠ 

ʟʚʦʜʠʪʴʩʷ ʧʦ ʩʫʪʽ ʜʦ ʟʘʜʘʯʽ ʧʦʣʽʥʦʤʽʘʣʴʥʦʾ ʬʘʢʪʦʨʠʟʘʮʽʾ. 

ʋ ʟʫʤʦʚʣʝʥʦʤʫ ʚʠʧʘʜʢʫ (ʤʘʻʤʦ ʥʘʷʚʥʽʩʪɹ  ʥʘʜʣʠʰʢʦʚʠʭ ʜʘʥʠʭ) ʣʽʥʽʡʥʝ 

ʨʽʟʥʠʮʝʚʝ ʨʽʚʥʷʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʨʠʚʝʜʝʥʝ ʜʦ ʚʠʛʣʷʜʫ: 
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1

p

m n m n
m

a x e-
=

=ä ,                                                      (2.53) 

 

ʜʝ 1p n N+ ¢ ¢
.
 

ʏʣʝʥ ʨʽʚʥʷʥʥʷ (2.53) ne  ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʤʠʣʢʫ ʘʧʨʦʢʩʠʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʣʽʥʽʡʥʦʛʦ ʧʝʨʝʜʙʘʯʝʥʥʷ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ( )ne -ʧʦʤʠʣʢʠ ʝʢʩʧʦʥʝʥʮʽʡʥʦʾ 

ʘʧʨʦʢʩʠʤʘʮʽʾ. 

 ʈʽʚʥʷʥʥʷ (2.53) ʽʜʝʥʪʠʯʥʦ ʨʽʚʥʷʥʥʶ ʜʣʷ ʧʦʤʠʣʢʠ ʣʽʥʽʡʥʦʛʦ 

ʧʝʨʝʜʙʘʯʝʥʥʷ, ʷʢʱʦ ʢʦʞʝʥ ʯʣʝʥ ma ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʘʨʘʤʝʪʨ ʣʽʥ̔ʡʥʦʛʦ 

ʧʝʨʝʜʙʘʯʝʥʥʷ. ɿʘʤʽʩʪʴ ʚʠʨʘʟʫ (2.53) ʧʘʨʘʤʝʪʨʠ ma ʤʦʞʥʘ ʪʝʧʝʨ ʚʠʙʠʨʘʪʠ ʷʢ 

ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʤʽʥʽʤʽʟʫʁʪʴ ʩʫʤʫ ʢʚʘʜʨʘʪʽʚ ʧʦʤʠʣʦʢ ʣʽʥʽʡʥʦʛʦ ʧʝʨʝʜʙʘʯʝʥʥʷ 

2

1

N

n h
en

= +

ä , ʘ ʥʝ ʩʫʤʫ ʢʚʘʜʨʘʪʽʚ ʧʦʤʠʣʦʢ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ r, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ (2.53), ʘʙʦ ʽʥʘʢʰʝ ʡʦʛʦ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʢʦʚʘʨʽʘʮʽʡʥʠʡ 

ʤʝʪʦʜ ʣʽʥʽʡʥʦʛʦ ʧʝʨʝʜʙʘʯʝʥʥʷ. 

ɺʠʟʥʘʯʘʻʤʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 1, 2,... pz z zʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡʥʦʛʦ 

ʧʝʨʝʜʙʘʯʝʥʥʷ ʟʘ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʽ ʬʘʢʪʦʨʠʟʘʮʽʾ ʧʦʣʽʥʦʤʘ, ʪʦʜʽ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʦʧʠʩʫʚʘʥʘ ʨʽʚʥʷʥʥʷʤ (2.32) ʩʪʘʻ ʣʽʥʽʡʥʦʾ ʱʦʜʦ 

ʨʝʰʪʠ ʥʝʚʽʜʦʤʠʭ ʧʘʨʘʤʝʪʨʽʚ 1, 2,... ph h h , ʤʽʥʽʤʽʟʫʶʯʠ ʩʫʤʫ ʢʚʘʜʨʘʪʽʚ ʧʦʤʠʣʦʢ 

ʧʦ ʢʦʞʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, ʦʪʨʠʤʫʻʤʦ ʥʘʩʪʫʧʥʝ ʢʦʤʧʣʝʢʩʥʝ ʥʦʨʤʘʣʴʥʝ ʨʽʚʥʷʥʥʷ 

ʟ ʤʘʪʨʠʮʝʶ ʨʦʟʤʽʨʦʤ ʨ ʨ³ : 

 

( ))(
H Hh xz z z= ,                                                     (2.54) 

 

ʜʝ: ( )N p³ - ʤʘʪʨʠʮʷ Z, ( 1)ʨ³  ï ʚʝʢʪʦʨ h;  

      
( 1)N³ - ʚʝʢʪʦʨ ʚʽʜʢʣʠʢʽʚ ʜʘʥʠʭ x, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʨʘʟʘʤʠ: 
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1 1

1 2 2 2

1 1 1
1 2

............11 1

..........
, ,

.......................... ...

...

p

N N N
p Np

h x

z z z h x
Z h x

h xz z z
- - -

= = = .                    (2.55) 

 

ʕʤʠʪʦʚʘ ( )ʨ ʨ³  ï ʤʘʪʨʠʮʷ H
z zʤʘʻ ʚʠʛʣʷʜ: 

11 12 1

1 2

.....

.....................

...

p

H

p p pp

z z

g g g

g g g

= ,                                            (2.56) 

ʜʝ:
1

*

0

*( )
N n

jk kj
n

z zj kg g
-

=

= =ä                                                                         (2.57) 

 

ʅʘʚʝʜʝʤʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʷʢʝ ʜʦʟʚʦʣʷʻ ʫʩʫʥʫʪʠ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʚ 

(2.57), ʩʧʽʚʚʽʜʥʦʝhʥʥ̫ ʤʘʻ ʚʠʛʣʷʜ: 

 

*

*

*

* 1( )
, 1

( ) 1

, 1

N

j k
jk j k

j k

z zj k
z z

z z

N z z

g

ë -
îî ¸
=ì -
î

=îí

.                               (2.58) 

 

ɸʥʘʣʦʛʽʯʥʦ ʷʢ ʦʧʠʩʘʥʦ ʚʠʱʝ ʚʠʨʽʰʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (2.54) ʱʦʜʦ 

ʥʝʚʽʜʦʤʠʭ ʧʘʨʘʤʝʪʨʽʚ.kh . ɸʣʝ ʨʝʘʣʴʥʽʡ ʩʠʛʥʘʣ ʜʽʻ ʚ ʫʤʦʚʘʭ ʰʫʤʫ, ʪʦʤʫ 

ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʜʘʪʠ ʤʦʜʝʣʴ ʷʢʘ ʚʨʘʭʦʚʫʻ ʥʘʷʚʥʽʩʪʴ ʘʜʠʪʠʚʥʦʛʦ ʫhʤʫ, ʪʦʞ 

ʚʠʨʘʟ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 

 

1

1

( ) ( )
p

n
kk

k

x n nh z e-

=

= +ä .                                           (2.59) 

 

ʗʢʱʦ ʚ ʤʦʜʝʣʽ ʦʩʥʦʚʥʦʛʦ ʤʝʪʦʜʘ ʇʨʦʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʟʘʤʽʩʪʴ( )x n ʨʽʟʥʠʮ̔( ) ( )x n ne- , ʪʦ ʣʽʥʽʡʥʝ ʨʽʟʥʠʮʝʚʝ ʨʽʚʥʷʥʥʷ, ʷʢʝ ʦʧʠʩʫʻ ʮʝʡ 
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ʧʨʦʮʝʩ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʫʤʠ ʝʢʩʧʦʥʝʥʪ ʽ ʘʜʠʪʠʚʥʦʛʦ ʙʣ̔ʦʛʦ ʰʫʤʫ, ʤʘʪʠʤʝ 

ʚʠʛʣʷʜ: 

 

1 1

( ) ( ) ( )
p p

m m
k k

x n x n m n ma ae
= =

=- - + -ä ä .                  (2.60) 

 

ʈʽʚʥʷʥʥʷ (2.60) ʮʝ ʤʦʜʝʣʴ ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ʟ ʰʫʤʦʤ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʤʝʪʦʜʘ ʇʨʦʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷ ʣʽʥʽʡʥʦʛʦ 

ʧʝʨʝʜʙʘʯʝʥʥʷ: 

 

1

( ) ( )
p

m n
k

x n x n ma e
=

=- - +ä .                                    (2.61) 

 

ʇʦʨʽʚʥʶʶʯʠ ʚʠʨʘʟʠ (2.60) ʽ (2.61), ʙʘʯʠʤʦ ʱʦ ʚʦʥʠ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʦʜʥʝ ʦʜʥʦʤʫ, ʩʘʤʝ ʟ ʮʽʻʾ ʧʨʠʯʠʥʠ ʤʝʪʦʜ ʇʨʦʥʽ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʥʝ 

ʟʘʙʝʟʧʝʯʫʻ ʛʘʨʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ ʟʥʘʯʥʦʤʫ ʨʽʚʥʽ ʘʜʠʪʠʚʥʦʛʦ ʰʫʤʫ, 

ʚʠʥʠʢʘʶʪʴ ʧʦʤʠʣʢʠ ʫ ʚʠʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʛʘʩʘʥʥʷ ʰʫʤʫ, ʟʥʘʯʝʥʥʷ ʮʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʪʴ ʾʭ ʩʧʨʘʚʞʥʻ ʟʥʘʯʝʥʥʷ. 

ʎʝʡ ʥʝʜʦʣʽʢ ʽ ʧʦʢʣʘʜʝʥʦ ʚ ʦʩʥʦʚʫ ʚʠʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ. ɺʘʨʽʘʥʪ ʚʠʜʽʣʝʥʥʷ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ ʥʘ ʪʣʽ ʧʝʨʝʰʢʦʜʠ ʫ ʷʢʽʡ 

ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʚʠʱʫʻ ʨʝʘʣʴʥʠʡ, ʜʦʟʚʦʣʷʻ ʟ ʜʫʞʝ ʚʠʩʦʢʦʶ ʡʤʦʚʽʨʥʽʩʪʴ 

ʚʠʟʥʘʯʠʪʠ ʚʠʧʘʜʢʦʚʠʡ ʨʘʜʽʦʩʠʛʥʘʣ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʮʠʬʨʦʚʠʭ ʘʙʦ 

ʽʤʧʫʣʴʩʥʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʟʥʽʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʶ. 

 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʇʨʦʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ 

ʩʠʛʥʘʣʽʚ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʢʣʘʩʠʯʥʦʛʦ ʤʝʪʦʜʫ ʇʨʦʥʽ ʧʦʣʷʛʘʻ ʚ ʟʘʤʽʥʽ 

ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʥʫʩʦʾʜ ʥʝʟʘʪʫʭʘʶʯʠʤʠ, ʷʢʽ ʙʽʣʴʰ ʧʦʚʪʦʨʶʶʪʴ ʚʠʧʘʜʢʦʚʠʡ 

ʨʘʜʽʦʩʠʛʥʘʣ. 

ɼʣʷ ʨʦʟʛʣʷʜʘʥʥʷ ʮʴʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʦʜʠʬʽʢʫʻʤʦ ʚʠʢʣʘʜʝʥʠʡ ʚʠʱʝ 

ʤʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʇʨʦʥʽ, ʰʣʷʭʦʤ ʤʦʜʝʣʽ ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʥʝʟʘʪʫʭʘʶʯʠʭ (0a= ) ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʥʫʩʦʾʜ. 
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ɼʣʷ ʧʨʠʢʣʘʜʫ ʚʠʙʠʨʘʻʤʦ ʤʦʜʝʣʴ ʱʦ ʤʽʩʪʠʪʴ ʧʘʨʥʝ ʯʠʩʣʦ ʢʦʤʧʦʥʝʥʪ. 

ʊʦʜʽ ʤʦʜʝʣʴ (ʤʦʜʝʣʴ ʤʽʩʪʠʪʴ 2ʨ ʢʦʤʧʦʥʝʥʪ) ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 

 

    
2 2

1

1 1

( ) exp 2 ( 1)
p p

n
k kk kk

k k

ʭ n j n T jf hA zp q
-

= =

= - + =è øä äê ú ,                   (2.62) 

 

 ʜʝ:  1 , exp( ), exp( 2 )k kk k
n N j j Tfh A zq p¢ ¢ = = . 

ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ, ʱʦ kz  ʤʘʶʪʴ ʦʜʠʥʠʯʥʠʡ ʤʦʜʫʣʴ 1kz =. ʗʢʱʦ kh  ʪʘ 

kz  ʫʷʚʣʷʶʪʴʩʷ ʢʦʤʧʣʝʢʩʥʦ-ʩʧʨʷʞʝʥʠʤʠ ʧʘʨʘʤʠ, ʪʘ 
1

0,
2

k k
ʘʙʦf f

T
¸ ¸  ʪʦ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟ ʚʽʜʣʽʢʽʚ ʜʽʡʩʥʠʭ ʜʘʥʠʭ ʤʦʞʝ ʙʫʪʠ ʘʧʨʦʢʩʠʤʦʚʘʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ, ʩʢʣʘʜʝʥʦʾ ʟ ʧʘʨʥʦʛʦ ʪʘ ʥʝʧʘʨʥʦʛʦ ʯʠʩʣʘ  ʨ  ʜʡ̔ʩʥʠʭ 

ʥʝʟʛʘʩʘʶʯʠʭ ʩʠʥʫʩʦʾʜ: 

 

1
*1

1 1

*( ) cos 2 ( 1) )( ( )
p p n

n
k kk kk k

k k

ʭ n j n T jf h hA z zkp q
-

-

= =

= - + = +è øä äê ú ,    (2.63) 

 

ʜʝ 1 n N¢ ¢ .  

ʇʦʣʽʥʦʤ ʩʬʦʨʤʦʚʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʨʝʥʽʚ ʘʙʦ ʨʽʚʥʷʥʥʷ (2.62) ʘʙʦ 

(2.63), ʨʽʚʥʠʭ kz  ʙʫʜʝ ʤʘʪʠ ʚʠʜ: 

 

2 2
2

01

( ) ( )
p p

p k
k k

kk

z z az zf -

==

= - =äÔ ,                                 (2.64) 

 

ʜʝ 0 1ʘ=  ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ, ʪʘ ʦʩʪʘʥʥʽ ka , ʙʫʜʫʪʴ ʢʦʤʧʣʝʢʩʥʠʤʠ. 

ʅʝ ʚʘʞʢʦ ʜʦʚʝʩʪʠ, ʱʦ 2ʨʘ  ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʨʘʟʦʤ: 

 

2

2
1

p

kʨ
k

ʘ z
=

=Ô .                                                              (2.65) 
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ʗʢʝ ʩʣʽʜʫʻ ʟ ʚʠʟʥʘʯʝʥʥʷ ( )zf , ʩʪʦʩʦʚʥʦ ʦʜʠʥʠʯʥʦʤʫ ʤʦʜʫʣʶ ʙʫʜʝʤʦ 

ʤʘʪʠ 1 *
k kz z
-= , ʪʦʤʫ ʥʝ ʚʘʞʢʦ ʜʦʚʝʩʪʠ ʱʦ 2 1ʨʘ =  ʪʘ ʧʦʣʽʥʦʤ: 

 

*2
2 ( )p

p za z f ,                                                           (2.66) 

 

ʤʘʻ ʪʘʢʠ ʩʘʤʽ ʢʦʨʝʥʽ, ʱʦ ʽ ʧʦʣʠʥʦʤ (2.64), ʦʩʢʽʣʴʢʠ ʧʦʣʽʥʦʤ: 

 

2
* *2 2

2 2 2
0

( )
p

p p k
p p p k

k

za a az zf -
-

=

=ä .                              (2.67) 

 

ʇʦʚʠʥʝʥ ʤʘʪʠ ʪʘʢʽ ʞ ʢʦʨʝʥʽ, ʪʦ ʧʨʠʡʜʝʤʦ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʢʦʝʬʽʮʽʻʥʪʠ 

ʪʘʢʦʞ ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʣʘʩʪʠʚʽʩʪʴ ʢʦʤʧʣʝʢʩʥʦʾ ʩʧʨʷʞʝʥʦʩʪʽ 

* 2
2 2 ,0 2p k

k p p k k pa a a z
-

-= ¢ ¢, ʪʘʢʠʤ ʯʠʥʦʤ, ʦʜʥʦʨʽʜʥʝ ʣʥ̔̔ ʡʥʝ ʨʽʟʥʦʩʪʥʝ 

ʨʽʚʥʷʥʥʷ, ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 

 

1

( ) ( ( ) ( )) 0
p

p p k p k
k

n p x n p k x n p ka x a a- +
=

- + +- - - - =ä ,         (2.68) 

ʜʝ 2 1p n N+ ¢ ¢. 

 

ɼʣʷ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ (2.68) ʧʦʜʽʣʠʤʦ ʫʩʽ ʯʣʝʥʠ ʨʽʚʥʷʥʥʷ ʥʘ ʨʘ, ʪʦʜʽ 

ʦʪʨʠʤʘʻʤʦ ʩʧʨʷʞʝʥʦ ʩʠʤʝʪʨʠʯʥʝ ʨʽʟʥʩ̔ʪʥʝ ʨʽʚʥʷʥʥʷ ʫ ʚʠʛʣʷʜʽ: 

 

*

1

( ) ( ( ) ( ) ( ) ( )) 0
p

p p
k

x n p k x n p k k x n p kg g
=

- + - + + - - =ä ,    (2.69) 

 ʜʝ ( )
p k

p

p

a
kg

a

-
= . 

ʉʧʨʷʞʝʥʘ ʩʠʤʝʪʨʽʷ ʦʙʫʤʦʚʣʝʥʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ *
2ʨ ʨ ʨʘ ʘ ʘ= . 
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ɺ ʫʜʦʩʢʦʥʘʣʝʥʥʦʤʫ ʤʝʪʦʜʽ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʦʤʠʣʢʘ ʣʽʥʽʡʥʦʛʦ 

ʧʝʨʝʜʙʘʯʝʥʥʷ, ʚʠʟʥʘʯʝʥʘ ʨʽʚʥʷʥʥʷʤ (2.36), ʟʘʤʽʥʶʻʪʴʩʷ ʩʧʨʷʞʝʥʦ 

ʩʠʤʝʪʨʠʯʥʦʶ ʧʦʤʠʣʢʦʶ ʣʽʥʽʡʥʦʛʦ ʟʛʣʘʜʞʫʚʘʥʥʷ: 

 

*

1

( ) ( ( ) ( ) )
p

s
p n n k n kp p

k

n k kg ge x x x+ -
=

= + +ä .                (2.70) 

 

ɺʠʟʥʘʯʝʥʦʾ ʥʘ 1p n N p+ ¢ ¢ - ʪʘ ʤʽʥʽʤʽʟʫʻʪʴʩʷ ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ ʧʦʤʠʣʦʢ 

ʟʛʣʘʜʞʫʚʘʥʥʷ: 

 

2

1

( )
N p

s

p
n p

s nepr
-

= +

è ø=ä
ê ú

,                                         (2.71) 

 

ʘ ʥʝ ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ ʧʦʤʠʣʦʢ ʣʽʥʽʡʥʦʛʦ ʧʝʨʝʜʙʘʯʝʥʥʷ, ʚʠʟʥʘʯʝʥʦʛʦ 

ʚʠʨʘʟʦʤ (2.70). 

ʗʢʱʦ ʧʨʠʨʽʚʥʷʻʤʦ ʥʫʣʶ ʢʦʤʧʣʝʢʩʥʽ ʧʦʭʽʜʥʽ ʚʽʜ 
s

pr  ʧʦ (1)... ( )
p p

pg g , ʪʦ 

ʦʪʨʠʤʘʻʤʦ ʥʦʨʤʘʣʴʥʽ ʨʽʚʥʷʥʥʷ, ʷʢʽ ʤʦʞʣʠʚʦ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʠ ʤʘʪʨʠʯʥʠʭ 

ʨʽʚʥʷʥʴ: 

 

2 2 2

p

s

p pp

p

O

gR

O

r

å õ
æ ö
=æ ö
æ ö
ç ÷

,                                              (2.72) 

 

ʜʝ ʮʝʥʪʨʦʩʠʤʝʪʨʠʯʥʘ ʤʘʪʨʠʮʷ 2 pR  ʪʘ ʩʧʨʷʞʝʥʦ ʩʠʤʝʪʨʠʯʥʠʡ ʚʝʢʪʦʨ 

ʩʪʦʚʙʝʮʴ 
2p

g  ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʨʘʟʘʤʠ: 
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2 2

2 2

*
2 2

*

( )

..........

(1)(0,0)...... (0,2 )

................................... , 1

(2 ,0)... (2 ,2 ) (1)

..........

( )

p

p p p

p p

p p
p

p

pg

gpr r

gR

p p pr r g

pg

= = .                        (2.73) 

ɽʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ 2 pR  ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʨʘʟʦʤ: 

 

* *
2

2 1

( , ) ( )
N

p n j n k n p j n p k
n p

j k x x x xr - - - + - +
= +

= Ö + Öä .                   (2.74) 

 

ʋ ʧʨʦʮʝʩʽ ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʜʫʞʝ 

ʚʘʞʣʠʚʠʤ ʻ ʯʘʩ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ, ʪʦʤʫ ʷ ʧʨʦʧʦʥʫʶ ʰʚʠʜʢʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ 

ʨʽʰʝʥʥʷ (2.72) ʨʽʚʥʷʥʥʷ. 

 

2.8. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʰʚʠʜʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ 

ʚʠʟʥʘʯʝʥʥʦʛʦ ʨʘʜ̔ʦʜʽʘʧʘʟʦʥʫ 

 

ʈʦʟʨʦʙʠʤʦ ʤʝʪʦʜʠʢʫ ʰʚʠʜʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʟ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʽʚ ʰʚʠʜʢʦʛʦ ʦʙʯʠʩʣʝʥʥʷ 

ʩʢʣʘʜʦʚʠʭ ʩʠʛʥʘʣʫ. ɺʠʨʘʟ (2.72), ʢʦʤʧʣʝʢʩʥʘ ʧʦʤʠʣʢʘ ʣʽʥʽʡʥʦʛʦ 

ʟʛʣʘʜʞʫʚʘʥʥʷ ʧʦʨʷʜʢʫ 2ʨ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʫ ʚʠʜʽ: 

 

2 2 2
( ) ( )s T

p p p
n n p ge x= + ,                                          (2.75) 

 

ʜʝ ʚʝʢʪʦʨ ʜʘʥʠʭ 2 ( )p n px +  ʪʘ ʩʠʤʝʪʨʠʯʥʠʡ ʚʝʢʪʦʨ ʣʽʥʽʡʥʦʛʦ 

ʟʛʣʘʜʞʫʚʘʥʥʷ 
2p

g ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʨʘʟʘʤʠ: 
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2

2 (1)

2 2

2

2

( )

.................

( 1)

( ) ( ) , 1

( 1) (1)

.......... .........

( )
( )

p

p

p p

p

p

gx n p

gx n

n p x n gx

x n g

x n p
pg

*

*

è ø
+è ø é ù

é ù é ù
é ù é ù
é ù+ é ù
é ù é ù+ = =é ù é ù
é ù- é ù
é ù é ù
é ù é ù
é ù- é ùê ú

ê ú

.                                        (2.76)  

 

ɺ ʮʴʦʤʫ ʚʠʨʘʟʽ ʙʘʯʠʤʦ, ʱʦ 
2 2p p

Jg g
*

= ʜʝ J  ʷʚʣʷʻ ʩʦʙʦʶ 

(2 1) (2 1)ʨ ʨ+ ³ + ʤʘʪʨʠʮʶ ʚʽʜʦʙʨʘʞʝʥʥʷ. ʅʘ ʦʩʥʦʚʽ ʚʠʤʽʨʷʥʠʭ ʚʽʜʣʽʢʽʚ 

ʢʦʤʧʣʝʢʩʥʠʭ ʜʘʥʠʭ (1).... ( )ʭ ʭ N, ʩʠʤʝʪʨʠʯʥʠʡ ʢʦʚʘʨʽʘʮʽʡʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ 

ʤʽʥ̔ʤʟ̔ʫʚʘʪʠ ʩʫʤʫ ʢʚʘʜʨʘʪʽʚ ʧʦʤʠʣʦʢ ʣʽʥʽʡʥʦʛʦ ʟʛʣʘʜʞʫʚʘʥʥʷ: 

 

( )
2

2
1

( )
2

N p
s

p
n p

s ne pr
-

= +

=ä .                                                (2.77) 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʝ ʥʦʨʤʘʣʴʥʝ ʨʽʚʥʷʥʥʷ: 

 

2 22 2

p

s

p pp

p

O

gR

O

r

å õ
æ ö
=æ ö
æ ö
ç ÷

,                                                      (2.78) 

 

 ʜʝ ( 1)p pO - ³ ʥʫʣʴ ʚʝʢʪʦʨ. 

ʊʦʜʽ ʤʘ̒ʤʦ ʚʠʨʘʟ ʜʣʷ ʮʝʥʪʨʦʩʠʤʝʪʨʽʯʥʦʾ ʤʘʪʨʠʮʽ ʫ ʚʠʛʣʷʜʽ: 

 

*

2 2 2 22
2 1

( ) ( ) ( ) ( ) )(
N

T H
p p p pp

n p

n n J n n Jx x x xR
= +

= +ä .          (2.79) 

ʗʢʱʦ ʯʣʝʥʠ ʟʛʣʘʜʞʝʥʦʾ ʧʦʤʠʣʢʠ 2 2( ), ( 1)s s
p pN p pe e- + ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʪʘ ʨʝʟʫʣʴʪʫʶʯʠʡ ʢʚʘʜʨʘʪ ʧʦʤʠʣʢʠ ʤʽʥʽʤʽʟʫʻʪʴʩʷ: 
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21
"

2
2

( )
2

N p
s

p
n p

s np e p

- -

= +

=ä .                                                (2.80) 

 

ʊʦ ʤʠ ʦʪʨʠʤʫʻʤʦ ʥʘʩʪʫʧʥʝ ʥʦʨʤʘʣʴʥʝ ʨʽʚʥʷʥʥʷ: 

 

" ""
2 2 2

p

s

p pp

p

O

gR

O

r

å õ
æ ö
=æ ö
æ ö
ç ÷

.                                                     (2.81) 

 

ɼʝ ʧʦʜʚʽʡʥʠʤ ʰʪʨʠʭʦʤ ʚʽʜʤʽʯʝʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʚʠʧʘʜʢʫ ʦʧʫʱʝʥʠʭ 

ʯʣʝʥʽʚ ʧʦʤʠʣʢʠ, ʪʦʜʽ ʚʠʨʘʟ (2.79) ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 

 

*"
2 2 2 22

2 2

( ) ( ) ( ) ( ) )(
N

T H
ʨ p p pp

n p

n n J n n Jx x x xR
= +

= +ä .         (2.82) 

 

ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʰʚʠʜʢʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʘʧʨʦʢʩʠʤʘʮʽʾ, 

ʷʢʽʡ ʧʦʪʨʝʙʫʻ ʜʣʷ ʨʽʰʝʥʥʷ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ 
2

18Np p+
 
ʨʦʟʨʘʭʫʥʢʽʚ, ʦʢʨʽʤ ʪʦʛʦ 

ʦʪʨʠʤʘʻʤʦ ʨʽʰʝʥʥʷ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʜʣʷ ʫʩʽʭ ʥʝʚʽʜʦʤʠʭ ʤʝʥʰʠʭ 

ʧʦʨʷʜʢʽʚ. ʋ ʪʦʤʫ ʚʠʧʘʜʢʫ ʢʦʣʠ ʯʠʩʣʦ ʩʠʥʫʩʦʾʜ ʥʝʚʽʜʦʤʦ, ʮʷ ʚʣʘʩʪʠʚʽʩʪʴ 

ʘʣʛʦʨʠʪʤʫ ʜʦʟʚʦʣʷʻ ʧʝʨʝʚʽʨʷʪʠ ʫʩʽ ʤʦʜʝʣ,̔ ʷʢʽ ʤʽʩʪʷʪʴ ʚʽʜ ʦʜʥʽʻʶ ʜʦ ʨ 

ʩʠʥʫʩʦʾʜ. 

ʋ ʧʦʜʘʣʴʰʦʤʫ, ʧʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʨʽʰʝʥʴ ʨʽʚʥʷʥʥʷ (2.79) ʪʘ (2.82) 

ʧʦʚʪʦʨʶʻʪʴʩʷ ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʘʤʧʣʽʪʫʜ ʪʘ ʥʘʯʘʣʴʥʠʭ ʬʘʟ ʩʠʥʫʩʦʾʜ ʧʦ 

ʨʽʚʥʷʥʥʷʤ (2.51) ʪʘ (2.52). 

ʊʦʤʫ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʦʙʯʠʩʣʶʚʘʥʥʷ 

ʘʤʧʣʽʪʫʜʠ ʪʘ ʥʘʯʘʣʴʥʠʭ ʬʘʟʠ ʩʠʥʫʩʦʾʜ, ʱʦ ʻ ʛʦʣʦʚʥʦʶ ʤʝʪʦʶ ʧʨʠ 

ʧʝʨʝʪʚʦʨʝʥʽ ʩʠʛʥʘʣʽʚ ʚ ʤʝʪʦʜʠʮʽ ʧʦʰʫʢ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ. 
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ɸʣʝ, ʤʝʪʦʜ ʇʨʦʥʽ, ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʠʡ ʤʝʪʦʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʚʠʜʢʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʨʽʰʝʥʥʷ ʧʨʠʚʝʜʝʥʠʭ ʚʠʱʝ ʨʽʚʥʷʥʴ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʧʘʨʘʤʝʪʨʠ ʩʠʛʥʘʣʽʚ (ʘʤʧʣʽʪʫʜʫ, ʯʘʩʪʦʪʫ ʪʘ ʬʘʟʫ). ʎʝ ʥʝ ʻ ʜʦʩʪʘʪʥʽʤ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʩʠʛʥʘʣʫ, ʦʩʦʙʣʠʚʦ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʫ. ɼʣʷ ʧʦʚʥʦʛʦ 

ʘʥʘʣʽʟʫ ʙʫʜʝ ʥʝʦʙʭʽʜʥʠʤ ʦʙʯʠʩʣʝʥʥʷ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ.  

 

2.9. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʦʪʨʠʤʘʥʥʷ ʩʧʝʢʪʨʫ ʩʠʛʥʘʣʽʚ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

 

ʉʧʝʢʪʨ ʩʠʛʥʘʣʫ ʧʦʪʨʽʙʝʥ ʜʣʷ ʘʥʘʣʽʟʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʛʥʘʣʽʚ. 

ʊʦʤʫ ʧʦʪʨʽʙʥʦ ʧʨʦʜʦʚʞʠʪʴ ʦʙʨʦʙʢʫ ʩʠʛʥʘʣʫ ʪʘ ʦʙʯʠʩʣʠʪʠ ʡʦʛʦ ʩʧʝʢʪʨ. 

ʉʧʝʢʪʨ ʩʠʛʥʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʪʝʨʤʽʥʘʭ ʝʢʧʦʥʝʥʮʽʡʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ Ĕ( )ʭ n, ʘ 

ʥʝ ʚ ʪʝʨʤʽʥʘʭ ʧʦʯʘʪʢʦʚʦʾ ʯʘʩʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ( )x n .  
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,                                       (2.83) 

 

ʜʝ 
1

( 2 ) ( 2 )
)(k kk k

T j T T j T
k

f fe ez zk
p pa a

-
+ - +*= =   

ʎʝ ʚʠʟʥʘʯʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʩʠʤʝʪʨʽʶ ʟʘʪʫʭʘʶʯʦʾ ʯʘʩʪʠʥʠ ʝʢʩʧʦʥʝʥʪʠ, 

ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ. 

ʌʫʥʢʮʽʷ (2.83) ʤʘʻ ʥʘʩʪʫʧʥʝ z-ʧʝʨʝʪʚʦʨʝʥʥʷ: 
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.   (2.84) 

 

ʊʘ ʩʭʦʜʠʪʴʩʷ ʜʣʷ 1
k kz z z

-< <  ʷʢʦɦ 1kz <. ɸ ʜʣʷ ʚʠʨʘʟʫ (2.84) 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʜʩʪʘʚʢʘ ʚʠʜʫ: 2j fTz e
p= , ʪʦʜʽ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ: 
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.  (2.85) 

 

ɸ ʩʧʝʢʪʨ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 

 

2
Ĕ Ĕ( ) ( )S f X f= .                                                      (2.86) 

 

ʗʢ ʚʢʘʟʫʚʘʣʦʩʴ ʚʠʱʝ, ʩʧʝʢʪʨ ʩʠʛʥʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʪʝʨʤʽʥʘʭ 

ʝʢʧʦʥʝʥʮʽʡʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ, ʘ ʥʝ ʚ ʪʝʨʤʽʥʘʭ ʧʦʯʘʪʢʦʚʦʾ ʯʘʩʦʚʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

ɺ ʟʚôʷʟʢʫ ʟ ʪʽʤ, ʱʦ ʥʘʤ ʧʦʪʨʽʙʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʩʧʝʢʪʨ ʽʤʧʫʣʴʩʥʦʛʦ, ʘʙʦ 

ʽʥʘʢʰʝ, ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʫ, ʷ ʧʨʦʧʦʥʫʶ ʟʨʦʙʠʪʠ ʨʷʜ ʧʨʠʧʫʱʝʥʴ: 

- ʦʜʥʝ ʟ̔ ʥʠʭ, ʮʝ ʪʝ, ʱʦ ʩʫʤʘ ʝʢʩʧʦʥʝʥʪ ʜʠʩʢʨʝʪʥʦʛʦ ʯʘʩʫ ʚ ʨʽʚʥʷʥʥʽ 

(2.86) ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʽʥʪʝʨʚʘʣʽ n-¤¢ ¢¤ ʷʢ ʦʜʥʦʩʪʦʨʦʥʥʷ ʬʫʥʢʮʽʷ 

ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʜ̫ʫ, ʘ ʥʝ ʷʢ ʚʠʨʘʟ (2.83): 
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.                                      (2.87) 

 

ʗʢʱʦ ʩʠʛʥʘʣ ( )x n  ʻ ʜʽʡʩʥʠʤ, ʪʦ ʝʢʩʧʦʥʝʥʪʠ ʙʫʜʫʪʴ ʷʚʣʷʪʠʩʷ ʧʘʨʘʤʠ 

(2 )
k

j fe
p q° + , ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʬʦʨʤʫʚʘʥʥʷ ʦʜʥʦʛʦ ʢʦʩʠʥʫʩʦʽʜʘʣʴʥʦʛʦ ʯʣʝʥʘ 

cos(2 )
k

fp q+ , z ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜ (2.79): 
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.                                            (2.88) 

 

ʗʢʝ ʩʭʦʜʠʪʴʩʷ ʧʨʠ k zz < . 
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- ʜʨʫʛʝ ʧʨʠʧʫʱʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ ʱʦ ʢʦʣʠ 1kz <, ʪʦ ʫʩʽ ʧʘʨʘʤʝʪʨʠ 

ʟʘʪʫʭʘʥʥʷ ʻ ʚʽʜô̒ ʤʥʠʤʠ, ʱʦ ʩʚʽʜʯʽʪʴ ʧʨʦ ʟʘʪʫʭʘʥʥʷ ʝʢʩʧʦʥʝʥʪ. 

ʗʢɦʦ ʧʨʠʧʫʱʝʥʥʷ ʚʽʨʥʽ, ʪʦ ʧʽʜʩʪʘʥʦʚʢʘ ʚʠʜʫ 2j fTz e
p= ʫ ʚʠʨʘʟ (2.80), 

ʙʫʜʝ ʜʘʚʘʪʠ ʜʠʩʢʨʝʪʥʦ-ʯʘʩʦʚʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

1( )Ĕnx . ʊʦʜʽ ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʽʾ ʥʘʰʦʾ ʤʦʜʝʣʽ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 

 

2

1
2Ĕ Ĕ( ) 1

j fTf T eS X
pè ø=

ê ú
.                                        (2.89) 

 

ʎʝ ʨʽʚʥʷʥʥʷ ʚʠʟʥʘʯʝʥʦ ʥʘ ʚʽʜʨʽʟʢʫ 
2 2

ʊ T
f

-
¢ ¢. ʆʩʦʙʣʠʚʽʩʪʴ ʮʴʦʛʦ 

ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʩʧʝʢʪʨʫ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ ʱʦ ʚʽʥ ʜʫʞʝ ʟʨʫʯʥʠʡ ʜʣʷ ʘʥʘʣʽʟʫ 

ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʩʠʛʥʘʣʽʚ. ʊʦ ʱʦ ʠ ʧʦʪʨʽʙʥʦ ʜʣʷ ʘʥʘʣʽʟʫ ʽʤʧʫʣʴʩʥʠʭ ʮʠʬʨʦʚʠʭ 

ʩʠʛʥʘʣʽʚ. 

ɼʣʷ ʜʦʢʘʟʫ ʧʝʨʝʚʘʛʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, 

ʧʨʦʚʝʜʝʤʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʄʘʪʣʘʙ ʦʜʠʥʠʯʥʦʛʦ 

ʧʨʷʤʦʢʫʪʥʦʛʦ ʽʤʧʫʣʴʩʫ, ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ʦʙʯʠʩʣʶʚʘʥʥʷ ʩʧʝʢʪʨʘ. ʆʙʯʠʩ-

ʣʠʤʦ ʩʧʝʢʪʨ ʧʨʷʤʦʢʫʪʥʦʛʦ ʽʤʧʫʣʴʩʫ ʯʦʪʠʨʤʘ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ: ʤʝʪʦʜʦʤ 

ʌʫʨ'ʻ, ʏʝʙʠʰʝʚʘ, ɹʝʩʩʝʣʷ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʦʛʦ ʟ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʰʚʠʜʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʇʨʦʥʽ (ʨʠʩ. 2.20 ï 2.25). 

  

ʈʠʩ. 2.20. ɻʨʘʬ̔ʢ ʟʘʜʘʥʦʛʦ 

ʽʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʫ 

ʈʠʩ. 2.21. ʉʧʝʢʪʨ ʽʤʧʫʣʴʩʥʦʛʦ 

ʩʠʛʥʘʣʫ ʟʘ ʤʝʪʦʜʦʤ ʌʫʨ'ʻ 
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ʈʠʩ. 2.22. ʉʧʝʢʪʨ ʽʤʧʫʣʴʩʥʦʛʦ 

ʩʠʛʥʘʣʫ ʟʘ ʤʝʪʦʜʦʤ ʏʝʙʠʰʝʚʘ 

ʈʠʩ. 2.24. ʉʧʝʢʪʨ ʽʤʧʫʣʴʩʥʦʛʦ 

ʩʠʛʥʘʣʫ ʟʘ ʤʝʪʦʜʦʤ ɹʝʩʩʝʣʷ 

  

ʈʠʩ. 2.25. ʉʧʝʢʪʨ ʽʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʤʝʪʦʜʦʤ 

ɿ ʧʨʠʚʝʜʝʥʠʭ ʛʨʘʬʽʢʽʚ ʙʘʯʠʤʦ, ʱʦ ʩʧʝʢʪʨʽ ʦʜʠʥʠʯʥʦʛʦ ʽʤʧʫʣʴʩʥʦʛʦ 

ʩʠʛʥʘʣʫ ʦʪʨʠʤʘʥʠʭ ʫʩʽʤʘ ʤʝʪʦʜʘʤʠ (ʜʠʚ. ʨʠʩ. 2.20 ï 2.24) ʤʘʶʪʴ ʚʠʛʣʷʜ 

ʟʛʘʩʘʶʯʠʭ ʧʠʣʢʦʧʦʜʽʙʥʠʭ ʢʨʠʚʠʭ ʧʦ ʷʢʠʤ ʩʢʣʘʜʥʦ ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ 

ʩʠʛʥʘʣʫ. ʉʧʝʢʪʨ ʩʠʛʥʘʣʫ, ʟʦʙʨʘʞʝʥʽʡ ʥʘ ʨʠʩ. 2.25, ʤʘʻ ʯʽʪʢʠʡ ʜʠʩʢʨʝʪʥʠʡ 

ʚʠʛʣʷʜ, ʜʫʞʝ ʟʨʫʯʥʠʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ, ʜʦʚʞʠʥʠ ʩʠʛʥʘʣʫ ʱʦ ʽ ʻ 

ʮʽʣʣʶ ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʎʝ ʮʽʣʢʦʤ 

ʧʽʜʪʚʝʨʜʞʫʻ ʧʝʨʝʚʘʛʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʇʨʦʥʽ ʥʘʜ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ 

ʦʪʨʠʤʘʥʥʷ ʩʧʝʢʪʨʦʛʨʘʤʠ. ɸʣʝ ʦʩʦʙʣʠʚʽʩʪʶ ʥʦʚʦʶ ʤʝʪʦʜʠʮʽ ʻ ʘʥʘʣʽʟ ʥʽ 

ʩʧʝʢʪʨʫ ʩʠʛʥʘʣʫ, ʘ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ ʪʘ ʘʥʘʣʽʟ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʥɹʦʩʪʽ ʩʠʛʥʘʣʫ. ʊʦʤʫ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ 

ʧʨʦʚʝʜʝʤʦ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʨʦʪʢʦʪʨʠʚʘʣʠʭ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ. ɹʫʜʝʤʦ 
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ʦʙʠʨʘʪʠ ʽʤʧʫʣʴʩʥʽ ʩʠʛʥʘʣʽ ʟ ʨʽʟʥʦʶ ʪʨʠʚʘʣʽʩʪʶ. ʎʽ ʩʠʛʥʘʣʠ ʮʽʣʢʦʤ 

ʚʽʜʧʦʚʽʜʘʶʪʴ, ʮʠʬʨʦʚʠʤ ʟʘʩʦʙʘʤ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʜ̔ 

ʪʨʠʚʘʣʦʩʪʽ ʮʠʭ ʽʤʧʫʣʴʩʽʚ ʚʠʟʥʘʯʤʦ ʩʧʝʢʪʨ ʪʘ ʝʥʝʨʛʝʪʠʯʥʫ ʱʽʣʴʥʽʩʪʴ 

ʚʽʜʧʦʚʽʜʥʠʭ ʩʠʛʥʘʣʽʚ, ʪʘ ʧʨʦʚʝʜʝʤʦ ʧʦʨʽʚʥʷʥʥʽʡ ʘʥʘʣʽʟ. ʈʝʟʫʣʪɹʘʪʠ 

ʧʨʝʜʩʪʘʚʠʤʦ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ. ʆʪʨʠʤʘʥʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʨʠʩ. 2.26 ï 2.31. 

 
ʈʠʩ. 2.26. ɻʨʘʬʽʢ ʩʧʝʢʪʨʫ ʩʠʛʥʘʣʫ  

ʧʨʠ ʯʘʩʪʦʪʽ ʝʢʩʧʦʥʝʥʪʠ 5
e

f =  ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʴ 

 

 
ʈʠʩ. 2.27. ɻʨʘʬʽʢ ʩʧʝʢʪʨʫ ʩʠʛʥʘʣʫ  

ʧʨʠ ʯʘʩʪʦʪʽ ʝʢʩʧʦʥʝʥʪʠ 7
e

f =  ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʴ 
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ʈʠʩ. 2.28. ɻʨʘʬʽʢ ʩʧʝʢʪʨʫ ʩʠʛʥʘʣʫ  

ʧʨʠ ʯʘʩʪʦʪʽ ʝʢʩʧʦʥʝʥʪʽ 10
e

f =  ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʴ 

 

 

 
 

ʈʠʩ. 2.29. ɻʨʘʬʽʢ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʩʠʛʥʘʣʫ  

ʧʨʠ ʯʘʩʪʦʪʽ ʝʢʩʧʦʥʝʥʪʽ 5
e

f =  ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʴ 
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ʈʠʩ. 2.30. ɻʨʘʬʽʢ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʩʠʛʥʘʣʫ  

ʧʨʠ ʯʘʩʪʦʪʽ ʝʢʩʧʦʥʝʥʪʽ 7
e

f =  ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʴ 

 

 

 
 

ʈʠʩ. 2.31. ɻʨʘʬʽʢ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʩʠʛʥʘʣʫ  

ʧʨʠ ʯʘʩʪʦʪʽ ʝʢʩʧʦʥʝʥʪʽ 10
e

f =  ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʴ 
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ɸʥʘʣʽʟ ʛʨʘʬʽʢʽʚ (ʜʠʚ. ʨʠʩ. 2.26 ï 2.28) ʧʦʢʘʟʫʻ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʩʧʝʢʪʨʘ 

ʢʦʨʦʪʢʦʪʨʠʚʘʣʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ʚʽʜ ʯʘʩʪʦʪʽ ʝʢʩʧʦʥʝʥʪʠ (ʤʝʪʦʜ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʦʥʝʥʪ), ʧʨʘʢʪʠʯʥʦ ʥʦʩʠʪʴ 

ʦʜʥʘʢʦʚʠʡ ʭʘʨʘʢʪʝʨ, ʛʨʘʬʽʢʠ ʥʝʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟʘ ʘʤʧʣʽʪʫʜʦʶ, ʱʦ ʜʫʞʝ 

ʫʩʢʣʘʜʥʶʻ ʚʠʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ, ʦʩʦʙʣʠʚʦ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʦ ʧʨʘʮʶʶʯʠʭ 

ʧʨʠʩʪʨʦʾʚ. 

ɻʨʘʬʽʢʠ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʽʾ ʩʠʛʥʘʣʫ, ʱʦ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 2.29 ï 2.31, ʯʽʪʢʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ, ʱʦ ʜʦʟʚʦʣʷʻ ʟ ʜʫʞʝ 

ʚʠʩʦʢʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʚʠʟʥʘʯʠʪʴ ʮʽ ʩʠʛʥʘʣʠ. 

ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʜʦʚʝʣʠ ʧʝʨʝʚʘʛʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʮʽ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʢʦʨʦʪʢʦʪʨʠʚʘʣʠʭ ʚʠʧʘʜʢʦʚʠʭ 

ʩʠʛʥʘʣʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʮʠʬʨʦʚʠʤ ʩʠʛʥʘʣʘʤ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ, ʪʘ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʩʠʛʥʘʣ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʦ ʧʨʘʮʶʶʯʠʭ ʧʨʠʩʪʨʦʾʚ. 

 

2.10. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʚʠʜʘʣʝʥʥʷ ʚʽʜʦʤʠʭ ʩʠʛʥʘʣʽʚ ʧʨʠ ʧʨʦʚʝʜʝʥʽ 

ʨʘʜʽʦʤʦʥʽʪʦʨʽʥʛʫ 

 

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʻ ʪʝ, ʱʦ ʜʣʷ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʦʙʨʦʙʢʠ ʧʦʪʨʽʙʥʦ ʚʠʜʘʣʠʪʠ ʟ 

ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ ʜʘʥʽ ʚʽʜʦʤʠʭ ʩʠʛʥʘʣʽʚ ʪʘʢʠʭ ʷʢ ʩʠʛʥʘʣʠ ʪʝʣʝʚʽʟʽʡʥʠʭ ʢʘʥʘʣʽʚ, 

ʨʘʜʽʦʪʨʘʥʩʣʷʮʽʾ ʪʘ ʽʥʰʠʭ. ʇʦʪʨʽʙʥʦ ʧʦʟʙʘʚʠʪʴʩʷ ʮʠʭ ʩʠʛʥʘʣʽʚ ʟ ʤʦʜʝʣʽ 

ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ.  

ʊʦʜʽ ʤʠ ʤʦʞʝʤʦ ʱʝ ʤʦʜʠʬʽʢʫʚʘʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʟ ʤʝʪʦʶ 

ʦʙʣʽʢʫ ʚʽʜʦʤʠʭ ʯʘʩʪʦʪ ʩʠʛʥʘʣʽʚ. 

ɼʣʷ ʮʴʦʛʦ ʧʨʠʧʫʩʪʠʤʦ ʱʦ ʜʣʷ q
 
ʝʢʩʧʦʥʝʥʮʽʡʥʠʭ ʢʦʤʧʦʥʝʥʪ, 

ʧʘʨʘʤʝʪʨʠ 1... qz z  ʚʽʜʦʤʽ. 

ʊʦʜʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʡ ʧʦʣʽʥʦʤ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 

 



147 

 

01

( )
q q

k
kk

kcz z zk==

- =äÔ ,                                            (2.90) 

  ʜʝ  ( ) 1c q =
.
 

ʊʦʜʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʡ ʧʦʣʽʥʦʤ ʜʣʷ ʫʩʽʭ ʢʦʤʧʦʥʝʥʪ q, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ (2.90), ʤʦʞʣʠʚʦ ʨʦʟʢʣʘʩʪʠ ʥʘ ʩʢʣʘʜʦʚʽ ʪʘ ʟʘʧʠʩʘʪʠ ʫ 

ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 

 

0 0 0

p q p q
m k i

m k i
m k i

a cz z za
-

= = =

å õå õ=ä ä äæ öæ ö
ç ÷ç ÷

,                                 (2.91) 

 

 ʜʝ 1p qa-=, ʷʢʱʦ ʧʨʠʨʽʚʥʷʪʠ ʯʣʝʥʠ ʩ ʦʜʥʘʢʦʚʠʤʠ ʩʪʝʧʝʥʷʤʠ 

ʢʦʤʧʦʥʝʥʪ z 

ʦʪʨʠʤʘʻʤʦ: 

0

q

m k m k
k

a ca -
=

=ä ,                                                       (2.92) 

 ʜʝ 0, 1 0i p q ia= - + < <. ɿʨʦʙʠʤʦ ʧʽʜʩʪʘʥʦʚʢʫ ʚʠʨʘʟʫ (2.92) ʫ ʚʠʨʘʟ 

(2.68) ʽ ʦʪʨʠʤʘʻʤʦ: 

1 1 0

0
p p q

m n m k m k n m
m m k

a x c xa- - -
= = =

å õ= Ö =ä ä äæ ö
ç ÷

,                      (2.93) 

 ʜʝ 1 2p n p+ ¢ ¢ . 

ʅʦʚʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 
n

y , ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʚʠʨʘʟʦʤ: 

0

q

k n kn
k

y c x -
=

=ä .                                                         (2.94) 

ʎʝʡ ʚʠʨʘʟ ʻ ʦʧʝʨʘʮʽʻʶ ʟʛʦʨʪʘʥʥʷ, ʯʝʨʝʟ ʷʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʬʽʣʴʪʨʘʮʽʷ 

ʧʦʯʘʪʢʦʚʦʾ ʯʘʩʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ nʭ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʥʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

n
y . ɼʘʣʽ ʧʦʯʘʪʢʦʚʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʬʽʣʴʪʨʫʻ ʚʠʨʘʟ (2.87) ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʽʣʴʪʨʘ 

ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ, ʚʠʟʥʘʯʝʥʠʤʠ ʚʽʜʦʤʠʤʠ ʧʦʣʶʩʘʤʠ ʚʠʨʘʟ (2.85). ʇʦʪʽʤ 

ʚʽʜʬʽʣʴʪʨʦʚʘʥʽ ʜʘʥʽ ʧʨʦʭʦʜʷʪʴ ʫʚʝʩʴ ʘʣʛʦʨʠʪʤ ʣʽʥʽʡʥʦʛʦ ʧʝʨʝʜʙʘʯʝʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʽ ʤʠ ʦʪʨʠʤʫʻʤʦ ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ma . 

 ʂʦʨʥʽ ʧʦʣʽʥʦʤʘ ʟʥʠʞʝʥʦʛʦ ʧʦʨʷʜʢʫ ʽ ʜʘʶʪʴ ʦʮʽʥʢʫ ʥʝʚʽʜʦʤʠʭ ʧʦʣʶʩʽʚ: 
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0

p q
i

i
i

za
-

=

ä .                                                                (2.95) 

ʎʽ p q-  ʧʦʣʶʩʽʚ ʪʘ q  ʚʽʜʦʤʠʭ ʧʦʣʶʩʽʚ ʜʘʣʽ ʦʙôʻʜʥʫ ʪʁʴʩʷ ʟ ʤʝʪʦʶ 

ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʤʽʥʽʤʽʟʘʮʽʾ ʟʘ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʙʫʜʝ ʚʠʟʥʘʯʝʥʽ ʧʘʨʘʤʝʪʨʠ ʩʠʛʥʘʣʽʚ-ʘʤʧʣʽʪʫʜʠ, ʬʘʟʠ ʫʩʽʭ ʢʦʤʧʦʥʝʥʪ q. ʇʦʪʽʤ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʧʝʢʪʨʠ ʮʠʭ ʩʠʛʥʘʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʴ (2.80 ï 2.81). 

ɸʣʛʦʨʠʪʤ ʦʪʨʠʤʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʫ, ʘʤʧʣʽʪʫʜʠ, ʯʘʩʪʦʪʠ, ʬʘʟʠ 

ʪʘ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʜ̔ʦʤʠʭ ʩʠʛʥʘʣʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.32. 

 

ʈʠʩ. 2.32. ɸʣʛʦʨʠʪʤ ʟʥʘʭʦʜʞʝʥʥʷ ʩʧʝʢʪʨʫ  

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʦʤʠʭ ʩʠʛʥʘʣʽʚ 
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ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʫ, 

ʘʤʧʣʽʪʫʜʠ, ʯʘʩʪʦʪʠ, ʬʘʟʠ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʽʜʦʤʠʭ ʩʠʛʥʘʣʽʚ q  ʝʢʩʧʦʥʝʥʮʽʡʥʠʭ ʢʦʤʧʦʥʝʥʪ 1... qz z . ɺʠʢʣʁʯʝʥʥʷ ʮʠʭ 

ʩʠʛʥʘʣʽʚ ʟ ʘʥʘʣʽʟʫ ʜʦʟʚʦʣʷʻ, ʟʘ ʩʬʦʨʤʦʚʘʥʠʡ ʩʠʩʪʝʤʦʶ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ 

ʮʠʬʨʦʚʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ, ʟʘ ʯʘʩ-ʯʘʩʪʦʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʮʠʭ ʩʠʛʥʘʣʽʚ 

ʧʨʦʚʦʜʠʪʠ ʝʢʩʧʨʝʩ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʩʠʛʥʘʣʽʚ ʽ ʟʜʽʡʩʥʶʚʘʪʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ. 

 

2.11. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ʟʘ 

ʨʘʭʫʥʦʢ ʦʙʣʽʢʫ ʰʫʤʫ ʪʘ ʟʘʚʘʜ 

 

ʋ ʨʝʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʚʠʷʚʣʝʥʥʷ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʜʫʞʝ ʙʘʛʘʪʦ ʬʘʢʪʦʨʽʚ, ʱʦ ʟʘʚʘʞʘʶʪʴ ʧʨʦʮʝʩʫ ʧʦʰʫʢʫ. ʅʘʧʨʠʢʣʘʜ 

ʧʝʨʝʰʢʦʜʘ ʫ ʚʠʛʣʷʜʽ ʰʫʤʫ, ʷʢʘ ʤʦʞʝ ʮʽʣʢʦʤ ʧʨʠʭʦʚʘʪʠ ʩʠʛʥʘʣ ɿʅʆɯ, ʪʦʤʫ 

ʤʦʜʝʣʴ ʧʦʪʨʽʙʥʦ ʫʜʦʩʢʦʥʘʣʠʪʴ. ʇʦʪʨʽʙʥʦ ʚʨʘʭʫʚʘʪʠ ʰʫʤ. ɼʣʷ ʮʴʦʛʦ ʚʽʟʴʤʝʤʦ 

ʚʠʨʘʟ ʥʘʚʝʜʝʥʠʡ ʚʠʱʝ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ p  ʵʢʩʧʦʥʝʥʪ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ 

ʘʜʠʪʠʚʥʦʛʦ ʰʫʤʫ: 

 

0

( ) 0
p

m
m

n ma x
=

- =ä ,                                                 (2.96) 

 

ʜʝ 0 1a =, ʪʦʜʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʡ ʧʦʣʽʥʦʤ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 

 

0

p
p m

z m
m

aA z
-

=

=ä .                                                      (2.97) 

 

ɺʽʥ ʤʘʻ ʢʦʨʝʥʽ ʫ k
k

sez = , ʜʝ 1 k p¢ ¢ ʪʘ 
1

( 2 )k k k
j fs

T
pa= + ,  

ks - ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʦʝʬʽʮʽʻʥʪ ʟʘʪʫʭʘʥʥʷ ʪʘ ʯʘʩʪʦʪʫ k-ʦʾ ʝʢʩʧʦʥʝʥʪʠ. ʊʘʢʽ 

ʨʽʚʥʷʥʥʷ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʫ ʧʦʚʝʨʥʝʥʦʤʫ ʯʘʩʽ, ʧʝʨʝʚʝʨʥʫʚʰʠ ʨʽʚʥʷʥʥʷ 

ʣʽʥʽʡʥʦʛʦ ʧʝʨʝʜʙʘʯʝʥʥʷ ʥʘʟʘʜ: 
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0

( ) 0
p

m
m

n p mb x
=

- + =ä ,                                                 (2.98) 

  

ʜʝ 0 1b =. ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʠʡ ʧʦʣʽʥʦʤ ʷʢʠʡ ʤʘʻ ʚʠʛʣʷʜ: 

 

*

0

p
p m

z m
m

bB z
-

=

=ä ,                                                       (2.99) 

 

ʉʬʦʨʤʦʚʘʥʠʡ ʟ ʢʦʤʧʣʝʢʩʥʦ-ʩʧʨʷʞʝʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʣʽʥʽʡʥʦʛʦ 

ʧʝʨʝʜʙʘʯʝʥʥʷ ʥʘʟʘʜ, ʤʘʻ ʢʦʨʝʥʽ ʫ: 

 

* 1
exp( ) exp( ( 2 )), 1k k k k

j ʜʝ k pfsz
T

pa= - = - + ¢ ¢.           (2.100) 

 

ɼʣʷ ʟʛʘʩʘʶʯʦʛʦ q ʝʢʩʧʦʥʝʥʪʽ 0ka< ʮʽ ʢʦʨʝʥʽ ʣʽʥʽʡʥʦʛʦ ʧʝʨʝʜʙʘʯʝʥʥʷ  

ʚʧʝʨʝʜ zA  ʙʫʜʫʪʴ ʧʦʧʦʧʘʜʘʪʠ ʫ ʢʦʣʦ ʦʜʠʥʠʯʥʦʛʦ ʨʘʜʽʫʩʦʤ z -ʧʣʦʱʠʥʠ, ʘ 

ʢʦʨʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʧʦʣʽʥʦʤʘ zB  ʙʫʜʫʪʴ ʥʘʚʧʘʢʠ ʟʘ ʤʝʞʘʤʠ ʮʴʦʛʦ 

ʢʦʣʘ, ʚ ʟʚôʷʟʢʫ ʟ ʪʽʤ ʱʦ ʻ ʢʦʝʬʽʮʽʻʥʪ ʟʘʛʘʩʘʥʥʷ k
T

ea
- , ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʟʨʦʩʪʘʶʯʽʡ ʝʢʩʧʦʥʝʥʪʽ. 

ʎʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʨʝʥʽʚ ʧʦʣʽʥʦʤʽʚ zA  ʪʘ zB  ʦʙʫʤʦʚʣʝʥʽ  

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʝʢʩʧʦʥʝʥʮʽʡʥʠʭ ʬʫʥʢʮʽʡ. 

ʇʦʜʘʣʴʰʝ ʧʦʢʨʘʱʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʣʠʚʦ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʫ ʨʦʟʢʣʘʜʘʥʥʷ ʧʦ ʩʠʥʛʫʣʷʪʦʨʥʠʤ ʯʠʩʣʘʤ. ʇʦʤʠʣʢʠ ʣʽʥʽʡʥʦʛʦ 

ʧʝʨʝʜʙʘʯʝʥʥʷ ʚʧʝʨʝʜ ʪʘ ʥʘʟʘʜ ʤʦʞʣʠʚʦ ʟʘʧʠʩʘʪʠ ʚ ʥʘʩʪʫʧʥʽʡ ʬʦʨʤʽ: 

 

,f f f b b bf b
p pp p p p p pa x e a x eX X=- + =- +,                    (2.101) 

 

ʜʝ ʪʝʧʣʝʮʝʚʽ ʤʘʪʨʠʮʽ ʜʘʥʠʭ ,f b
p pX X  ʪʘ ʚʝʢʪʦʨʠ ʜʘʥʠʭ ,f p

p px x  

ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʨʘʟʘʤʠ: 



151 

 

( ).... (1) ( 1)

................. , ............ ,

( 1).... ( )
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p p
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p p
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x N x N p x N p

+è ø è ø
é ù é ù
= =
é ù é ù
é ù é ù-ê ú ê ú

+è ø è
é ù é
= =
é ù é
é ù é- + -ê ú ê

,

ø
ù
ù
ùú

           (2.102) 

 

ɸ ʚʝʢʪʦʨ ʢʦʝʬʽʮʽʻʥʪʽʚ ʣʽʥʽʡʥʦʛʦ ʧʝʨʝʜʙʘʯʝʥʥʷ ʚʧʝʨʝʜ f
pa , ʚʝʢʪʦʨ 

ʧʦʤʠʣʦʢ ʣʽʥʽʡʥʦʛʦ ʧʝʨʝʜʙʘʯʝʥʥʷ f
pe , ʚʝʢʪʦʨ ʣʽʥʽʡʥʦʛʦ ʧʝʨʝʜʙʘʯʝʥʥʷ ʥʘʟʘʜ b

pa  

ʪʘ ʚʝʢʪʦʨ ʧʦʤʠʣʦʢ ʣʽʥʽʡʥʦʛʦ ʧʝʨʝʜʙʘʯʝʥʥʷ ʥʘʟʘʜ b
pe  
ʙʫʜʫʪʴ ʚʠʟʥʘʯʘʪʠʩʷ 

ʚʠʨʘʟʘʤʠ: 

 

(1) ( 1)

.... , .............. ,

( ) ( )

( ) ( 1)

......... , ............ ,

( ) ( )

f f

f f
p p

f f

b b

b b
p p

b b

pa e

a e

p Na e

p pa e

a e

p Na e

+è ø è ø
é ù é ù
= =é ù é ù
é ù é ùê ú ê ú

+è ø è ø
é ù é ù
= =é ù é ù
é ù é ùê ú ê ú

                          (2.103) 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʽʜʦʤʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʜʣʷ ʤʘʪʨʠʮʽ ʜʘʥʠʭ ʤʦʞʣʠʚʦ 

ʚʽʜʦʙʨʘʟʠʪʠ ʫ ʚʠʜʠ ʨʦʟʢʣʘʜʝʥʥʷ ʧʦ ʩʠʥʛʫʣʷʪʦʨʥʠʭ ʯʠʩʣʘʭ: 

 

1 1

, ,) )( (
p pH H

f f b bf b
p pn n n n

n n

f bu uX Xv vn ns s
= =

= =ä ä            (2.104) 

 

ʜʝ: f
ns  ï ʧʦʟʠʪʠʚʥʽ ʩʠʥʛʫʣʷʪʦʨʥʽ ʯʠʩʣʘ ʤʘʪʨʠʮʽ f

pX ;  

      
b
nsï ʧʦʟʠʪʠʚʥʽ ʩʠʥʛʫʣʷʪʦʨʥʽ ʯʠʩʣʘ ʤʘʪʨʠʮʽ

b
pX ;  

       nu  ʪʘ nv  ï ʚʣʘʩʥʽ ʚʝʢʪʦʨʠ ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʪʨʠʮʴ ʜʘʥʠʭ. 

ʗʢʱʦ ʩʠʛʥʘʣ ʩʢʣʘʜʝʪʴʩʷ ʟ ʩʫʤʽʰʽ m ʝʢʩʧʦʥʝʥʪ ʪʘ ʘʜʠʪʠʚʥʦʛʦ ʰʫʤʫ, 

ʪʦʜʽ m ʚʣʘʩʥʠʭ ʚʝʢʪʦʨʽʚ, ʘʩʦʮʽʡʦʚʘʥʠʭ ʟ m ʥʘʡʙʽʣʴʰ ʩʠʥʛʫʣʷʪʦʨʥʠʤʠ 
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ʯʠʩʣʘʤʠ ʙʫʜʫʪʴ ʦʭʦʧʣʶʚʘʪʠ ʮʽ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ. ʈʝʰʪʘ p m-  

ʚʣʘʩʥʠʭ ʚʝʢʪʦʨʽʚ, ʘʩʦʮʽʡʦʚʘʥʠʭ ʟ ʤʝʥʰʠʤʠ ʩʠʥʛʫʣʷʪʦʨʥʠʤʠ ʯʠʩʣʘʤʠ, ʙʫʜʫʪʴ 

ʦʭʦʧʣʶʚʘʪʠ ʰʫʤʦʚʽ ʢʦʤʧʦʥʝʥʪʠ.  

ʗʢʱʦ ʜʦʧʫʩʪʠʪʠ, ʱʦ ʩʠʥʛʫʣʷʪʦʨʥʽ ʯʠʩʣʘ ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʟʘ ʟʤʝʥʰʝʥʥʷʤ 

ʪʦʙʪʦ: 1 2 3...
f f f f

ps s s s> > >, ʪʦʜʽ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʟʥʠʞʝʥʠʡ ʨʘʥʛ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʜʣʷ ʢʦʞʥʦʾ ʤʘʪʨʠʮʽ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʨʽʟʘʥʥʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʜʣʷ ʨʦʟʢʣʘʜʝʥʥʷ ʧʦ ʩʠʥʛʫʣʷʪʦʨʥʠʤ ʯʠʩʣʘʤ ʫ (2.104) ʜʦ m 

ʛʦʣʦʚʥʠʭ ʩʠʥʛʫʣʷʪʦʨʥʠʭ ʯʠʩʝʣ: 

 

1 1

,) )( (
m mH H

f f b bf b
p pn n n n

n n

f bu uX Xv vn ns s
= =

= =ä ä .           (2.105) 

 

ʎ̫  ʧʨʦʮʝʜʫʨʘ ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠ ʯʘʩʪʢʫ ʰʫʤʫ ʚ ʤʘʪʨʠʮʽ ʜʘʥʠʭ, 

ʟʙʽʣʴʰʫʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ. 

ʄʽʥʽʤʽʟʫʶʯʠ ʥʦʨʤʠ f
pa ʪʘb

pa  
ʚʽʜʥʦʩʥʦ ʤʘʪʨʠʮʽ ʜʘʥʠʭ ʟʤʝʥʰʝʥʦʛʦ 

ʨʽʚʥʷ, ʦʪʨʠʤʘʻʤʦ:  

 

Ĕ Ĕ( ) , ( )
f bf f b b

p p p pp pa x a xX X=- =-- .                        (2.106) 

 

ʋ ʢʦʪʨʠʭ ʧʩʝʚʜʦʦʙʝʨʥʝʥʽ ʤʘʪʨʠʮʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʨʘʟʘʤʠ: 

 

( )
1 1

1 1

Ĕ Ĕ, ( )( )
Hm m H

f bf f
n np p

n n

f f b bv v uX Xun n pps s

- -

= =

å õ= =ä äæ ö
ç ÷

.     (2.107) 

 

ɿʥʘʯʝʥʥʷ ʧʦʨʷʜʢʫ pʧʦʚʠʥʥʦ ʣʝʞʘʪʠ ʫ ʽʥʪʝʨʚʘʣʽ m p N m¢ ¢ - ʜʣʷ ʪʦʛʦ 

ʱʦʙ ʨʘʥʛ ʤʘʪʨʠʮʴ ,f b
p pX X  ʙʫʚ ʙʽʣʴʰʠʤ ʯʠ ʨʽʚʥʠʤ m ʪʦʙʪʦ ʙʽʣʴʰ 

ʧʝʨʝʜʙʘʯʝʥʦʛʦ ʯʠʩʣʘ ʝʢʩʧʦʥʝʥʪ. ʗʢʱʦ ʯʠʩʣʦ ʝʢʩʧʦʥʝʥʪ ʥʝʚʽʜʦʤʦ, ʪʦ ʡʦʛʦ 

ʤʦʞʣʠʚʦ ʦʮʽʥʠʪʠ, ʤʝʪʦʜʦʤ ʧʦʨʽʚʥʷʥʥʷ ʟ ʚʝʣʠʯʠʥʘʤʠ ʩʠʥʛʫʣʷʪʦʨʥʠʭ ʯʠʩʝʣ. 

ʉʠʥʛʫʣʷʪʦʨʥʽ ʯʠʩʣʘ ʧʦʚôʷʟʘʥʽ ʟ ʩʠʛʥʘʣʦʤ ʧʦʚʠʥʥʽ ʙʫʪʠ ʙʽʣʴʰʽ  



153 

 

ʩʠʥʛʫʣʷʪʦʨʥʠʭ ʯʠʩʝʣ ʧʦʚôʷʟʘʥʠʭ ʟ ʰʫʤʦʤ. ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʦʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʣʽʥʽʡʥʦʛʦ ʧʝʨʝʜʙʘʯʝʥʥʷ ʚʧʝʨʝʜ ʪʘ ʥʘʟʘʜ, ʚʠʟʥʘʯʝʥʠʭ 

ʚʠʨʘʟʦʤ (2.106), ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʽʚ (2.105) ʪʘ (2.107) ʦʙʯʠʩʣʶʶʪʴʩʷ ʢʦʨʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʧʦʣʽʥʦʤʽʚ, ʢʦʪʨʽ ʜʘʶʪʴ ʦʮʽʥʢʠ ʝʢʩʧʦʥʝʥʪ. ɺʝʢʪʦʨʠ ʜʘʥʠʭ 

,f b
p px x  ʧʨʠ ʘʥʘʣʽʟʽ ʚʧʣʠʚʽʚ ʰʫʤʽʚ ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ, ʥʝ ʚʚʘʞʘʶʯʠ ʥʘ ʪʝ ʱʦ 

ʚʦʥʠ ʟʘʰʫʤʣʝʥʽ. 

 ʋ ʥʘʩʣʽʜʦʢ ʧʨʦʚʝʜʝʥʠʭ ʤʝʪʦʜʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʣʠʚʦ ʚʠʷʚʠʪʠ 

ʟʘʰʫʤʣʝʥʽ ʩʠʛʥʘʣʽ ʟ ʙʽʣʴʰʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʯʠʤ ʧʝʨʰʠʤ ʚʠʟʥʘʯʝʥʠʤ ʤʝʪʦʜʦʤ. 

ɼʣʷ ʨʦʟʛʣʷʜʫ ʚʧʣʠʚʫ ʧʝʨʝʰʢʦʜ ʥʘ ʩʠʛʥʘʣ, ʚʠʟʥʘʯʠʤʦ ʱʦ ʧʝʨʝʰʢʦʜʘ ʻ.  

ʇʝʨʝʰʢʦʜʘ ï ʚ ʥʘʰʦʤʫ ʨʦʟʫʤʽʥʥʽ, ʮʝ ʙʫʜʴ-ʷʢʘ ʜʽʷ, ʱʦ ʥʘʢʣʘʜʘʻʪʴʩʷ 

ʥʘ ʩʠʛʥʘʣ ʽ ʫʪʨʫʜʥʷʻ ʡʦʛʦ ʚʠʟʥʘʯʝʥʥʷ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʜʞʝʨʝʣʘ ʚʠʥʠʢʥʝʥʥʷ ʧʝʨʝʰʢʦʜ ʚʩʽ ʨʘʜʽʦʯʘʩʪʦʪʥʽ 

ʧʝʨʝʰʢʦʜʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʥʘʩʪʫʧʥʽ ʛʨʫʧʠ: 

- ʘʪʤʦʩʬʝʨʥʽ ʧʝʨʝʰʢʦʜʠ, ʦʙʫʤʦʚʣʝʥʽ ʝʣʝʢʪʨʠʯʥʠʤʠ ʨʦʟʨʷʜʘʤʠ ʚ 

ʘʪʤʦʩʬʝʨʽ; 

- ʧʨʦʤʠʩʣʦʚʽ ʧʝʨʝʰʢʦʜʠ, ʩʪʚʦʨʶʚʘʥʽ ʨʽʟʥʠʤʠ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʤʠ ʪʘ 

ʝʣʝʢʪʨʦʤʝʨʝʞʘʤʠ; 

- ʬʣʫʢʪʫʘʮʽʡʥʘ (ʙʫʜʴ-ʷʢʘ ʚʠʧʘʜʢʦʚʘ) ʧʝʨʝʰʢʦʜʘ, ʦʙʫʤʦʚʣʝʥʘ 

ʬʣʫʢʪʫʘʮʽʻʶ (ʚʠʧʘʜʢʦʚʠʤ ʚʽʜʭʠʣʝʥʥʷʤ) ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ ʚ 

ʣʘʥʮʶʛʘʭ ʽ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤʘʭ; 

- ʢʦʩʤʽʯʥʽ, ʩʪʚʦʨʶʚʘʥʽ ʨʘʜʽʦʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʉʦʥʮʷ ʽ ʛʘʣʘʢʪʠʢ; 

 ï ʢʦʥʪʘʢʪʥʽ ʧʝʨʝʰʢʦʜʠ, ʦʙʫʤʦʚʣʝʥʽ ʥʘʷʚʥʽʩʪʶ ʟʤʽʥʥʠʭ ʚ ʯʘʩʽ ʢʦʥʪʘʢʪʽʚ 

ʤʽʞ ʧʨʦʚʽʜʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʟʦʥʽ ʽʥʪʝʥʩʠʚʥʠʭ ʧʦʣʽʚ 

ʧʝʨʝʜʘʚʘʯʽʚ; 

- ʚʟʘʻʤʥʽ ʧʝʨʝʰʢʦʜʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʙʫʜʴ-ʷʢʠʭ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʭ ʟʘʩʦʙʽʚ. 

ʇʝʨʝʰʢʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʚʤʠʩʥʽ ʪʘ ʥʝʥʘʚʤʠʩʥʽ. ʅʘʚʤʠʩʥʽ  

ʧʝʨʝʰʢʦʜʠ, ʩʪʚʦʨʶʚʘʥʽ ʩʧʝʮʽʘʣʴʥʦ ʟ ʤʝʪʦʶ ʫʪʨʫʜʥʝʥʥʷ ʘʙʦ ʟʨʠʚʫ ʨʦʙʦʪʠ 

ʨʘʜʽʦʟʚ'ʷʟʢʫ. ʅʘʚʤʠʩʥʽ ʧʝʨʝʰʢʦʜʠ ʧʽʜʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʧʨʠʮʽʣʴʥʽ ʪʘ 

ʟʘʛʦʨʦʜʞʫʚʘʣʴʥʽ. ɼʦ ʥʝʥʘʚʤʠʩʥʠʭ ʧʝʨʝʰʢʦʜ ʚʽʜʥʦʩʷʪʴʩʷ: ʚʟʘʻʤʥʽ ï ʚʽʜ 
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ʨʘʜʽʦʚʠʧʨʦʤʽʥʶʚʘʥʴ ʨʘʜʽʦʩʪʘʥʮʽʡ ʪʘ ʽʥʰʠʭ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ; 

ʘʪʤʦʩʬʝʨʥʽ (ʧʨʠʨʦʜʥʽ) ï ʚʽʜ ʨʽʟʥʠʭ ʧʨʠʨʦʜʥʠʭ ʷʚʠʱ; ʤʽʩʮʝʚʽ (ʧʨʦʤʠʩʣʦʚʽ) ï 

ʚʽʜ ʤʽʩʮʝʚʠʭ ʜʞʝʨʝʣ ʧʝʨʝʰʢʦʜ. ɿʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʚʧʣʠʚʫ ʥʘ ʨʘʜʽʦʟʚ'ʷʟʦʢ 

ʧʝʨʝʰʢʦʜʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʩʣʘʙʢʽ, ʩʠʣʴʥʽ ʪʘ ʧʨʠʛʥʽʯʫʶʯʠ. ɿʘ ʩʪʫʧʝʥʝʤ 

ʤʦʞʣʠʚʦʩʪʽ ʣʽʢʚʽʜʘʮʽʾ ʧʝʨʝʰʢʦʜ, ʧʝʨʝʰʢʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʷʢ 

ʧʝʨʝʙʦʨʥʽ ʪʘ ʥʝʧʝʨʝʙʦʨʥʽ. 

ʇʨʠʥʮʠʧʦʚʦ ʥʝʧʝʨʝʙʦʨʥʠʤ ʚʠʜʦʤ ʧʝʨʝʰʢʦʜ ʻ ʚʥʫʪʨʽʰʥʽ ʧʝʨʝʰʢʦʜʠ. 

ɺʦʥʠ ʟ'ʷʚʣʷʶʪʴʩʷ ʚʽʜʨʘʟʫ ʞ ʧʽʩʣʷ ʚʢʣʶʯʝʥʥʷ ʘʧʘʨʘʪʫʨʠ. ɺʥʫʪʨʽʰʥʽ ʰʫʤʠ 

ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʚʠʷʚʣʷʶʪʴʩʷ ʚ ʫʩʽʭ ʯʘʩʪʦʪʥʠʭ ʜʽʘʧʘʟʦʥʘʭ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʘʜʽʦʟʚ'ʷʟʢʫ. ʇʠʪʦʤʘ ʚʘʛʘ ʚʥʫʪʨʽʰʥʽʭ ʰʫʤʽʚ ʟʨʦʩʪʘʻ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʦʪʠ, ʽ ʚ ʜʽʘʧʘʟʦʥʽ ʥʘʜʚʠʩʦʢʠʭ ʯʘʩʪʦʪ ʾʭ ʟʥʘʯʝʥʥʷ ʩʪʘʻ 

ʧʝʨʝʚʘʞʘʶʯʠʤ, ʪʦʤʫ, ʯʘʩʪʢʘ ʽʥʰʠʭ ʚʠʜʽʚ ʧʝʨʝʰʢʦʜ ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʦ 

ʟʥʠʞʝʥʘ. ʋʩʽ ʬʘʢʪʦʨʠ ʧʝʨʝʰʢʦʜ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʠʷʚʣʝʥʥʷ ʪʘ ʨʦʟʧʽʟʥʘʥʥʷ 

ʩʠʛʥʘʣʫ, ʮʽ ʧʝʨʝʰʢʦʜʠ ʤʦʞʣʠʚʦ ʧʨʠʚʦʜʷʪʴ ʜʦ ʧʦʭʠʙʢʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʫ 

ɿʅʆɯ.  

ɿ ʤʝʪʦʶ ʧʦʩʣʘʙʣʝʥʥʷ ʧʦʭʠʙʢʠ ʷʢʘ ʤʦʞʣʠʚʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʠʟʥʘʯʤʦ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʰʢʦʜʠ. 

ɻʦʣʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʷʚʣʷʻʪʝʩʷ ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ, ʷʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ:  

 

                            
0

1
( ) ( ) ( ) ( ) ( )lim

T

x
T

x t x t x t x t dtK
T

t t t
­¤

= + = +ñ .        (2.108) 

 

ɼʣʷ ʚʠʧʘʜʢʫ ʧʝʨʝʰʢʦʜʠ ʨʘʜʽʦʩʠʛʥʘʣʫ, ʪʘ ʨʦʟʧʽʟʥʘʥʥʶ ʩʠʛʥʘʣʽʚ 

ʬʽʟʠʯʥʽʡ ʩʝʥʩ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: ʥʝʭʘʡ ( )x t  ʻ 

ʚʠʷʚʣʝʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʩʠʛʥʘʣʫ, ʷʢʱʦ ʫ ʤʦʤʝʥʪ - t  ʯʘʩʫ ʟʥʘʯʝʥʥʷ 

( )x t  ʻ ʚʠʟʥʘʯʝʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʪʦ ʤʘʣʦʡʤʦʚʽʨʥʦ ʱʦ ʫ ʤʦʤʝʥʪ ʯʘʩʫ t t+, ʜʝ t- 

ʜʫʞʝ ʤʘʣʝ, ʟʥʘʯʝʥʥʷ ( )x t t+ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠʩʷ ʥʫʣʶ. ɸʣʝ ʷʢʱʦ t- ʚʟʷʪʠ 

ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʤ, ʟʥʘʯʝʥʥʷ ( )x t t+ ʤʦʞʝ ʙʫʜʝ ʙʫʜʴ ʷʢʠʤ. ʊʦʙʪʦ, ʤʽʞ 
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ʚʠʟʥʘʯʝʥʠʤʠ ʩʠʛʥʘʣʘʤʠ ( )x t  ʪʘ ( )x t t+  ʻ ʟʘʣʝʞʥʽʩʪʴ, ʢʦʪʨʘ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ t. ʇʦʚʝʜʽʥʢʘ ʡʤʦʚʽʨʥʦʾ ʚʝʣʠʯʠʥʠ ( )x t  ʙʫʜʝ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ 

ʥʝ ʪʽʣʴʢʠ ʟʥʘʯʝʥʥʷʤ, ʘʣʝ ʽ ʚʟʘʻʤʥʠʤ ʟʚôʷʟʢʦʤ ( )x t  ʫ ʯʘʩ t  ʪʘ ( )x t t+ . ʄʽʨʦʶ 

ʮʴʦʛʦ ʚʟʘʻʤʥʦʛʦ ʟʚôʷʟʢʫ ʻ ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ. 

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʚʠʨʘʟʦʤ: 

 

22( ) 2[ (0) ( )][ ( ) ( )] x xx t x t K Kt tts = = -- + .          (2.109) 

 

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʨʝʣʷʮʽʡʥʦʶ 

ʬʫʥʢʮʽʶ, ʷʢʘ ʚʢʘʟʫʻ, ʥʘʩʢʽʣʴʢʠ ʫ ʦʩʝʨʝʜʥʝʥʽ ʟʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʜʚʘ ʧʨʦʮʝʩʠ 

( )x t  ʪʘ ( )x t t+ . 

ʋʩʝ ʚʠʱʝʚʠʢʣʘʜʝʥʝ ʻ ʚʠʟʥʘʯʝʥʠʤ ʜʣʷ ʝʨʛʦʜʠʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʉʪʘʮʽʦʥʘʨʥʠʡ ʧʨʦʮʝʩ ʥʘʟʠʚʘʻʪʴʩʷ ʝʨʛʦʜʠʯʥʠʤ ʫ ʚʫʟʴʢʦʤʫ ʩʝʥʩʽ, ʷʢʱʦ ʟ 

ʡʤʦʚʽʨʥʽʩʪʶ ʦʜʠʥʠʮʷ ʚʩʽ ʡʦʛʦ ʡʤʦʚʽʨʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʪʨʠʤʘʥʽ ʧʦ ʦʜʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ. ʄʘʶʯʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʨʽʟʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʨʛʦʜʠʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʟʘʟʚʠʯʘʡ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʰʣʷʭʦʤ 

ʫʩʝʨʝʜʥʝʥʥʷ ʟʘ ʯʘʩʦʤ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʩʪʘʮʽʦʥʘʨʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ ʻ 

ʝʨʛʦʜʠʯʥʠʤ, ʷʢʱʦ ʨʝʟʫʣʴʪʘʪʠ ʦʩʝʨʝʜʥʝʥʥʷ ʟʘ ʯʘʩʦʤ ʟʙʽʛʘʶʪʴʩʷ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʩʝʨʝʜʥʝʥʥʷ ʟʘ ʤʥʦʞʠʥʦʶ. 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʛʣʷʜʫ ʧʝʨʝʰʢʦʜ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʠʛʥʘʣ, 

ʨʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ: 

1.ʂʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ ʝʨʛʦʜʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʻ ʬʫʥʢʮʽʷ ʧʘʨʥʘ: 

 

( ) ( )x xK Kt t= - .                                                  (2.110) 

 

2.ɹʫʜʴ-ʷʢʝ ʟʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʥʝ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 

ʟʥʘʯʝʥʥʷ ʮʽʻʾ ʬʫʥʢʮʽʾ ʧʨʠ ʥʫʣʴʦʚʦʤʫ ʟʥʘʯʝʥʥʽ ʘʨʛʫʤʝʥʪʫ: 

 

(0) ( )x xK K t² .                                                     (2.111) 
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ɼʦʚʝʜʝʤʦ ʮʝ, ʜʣʷ ʮʴʦʛʦ ʨʦʟʛʣʷʥʝʤʦ ʚʠʨʘʟ (2.109) 

 

22( ) 2[ (0) ( )] 2 (0) 2 ( )[ ( ) ( )] x x x xx t x t K K K Kt t tts = = - = -- +  

 

ɿ ʮʴʦʛʦ ʚʠʨʘʟʫ ʩʣʽʜʫʻ, ʱʦ ʚʦʥʦ ʤʘʻ ʟʥʘʯʝʥʥʷ, ʷʢʱʦ: 

 

(0) ( ) 0, (0) ( )2 2x x x xK K K Kt t- ² ² , 

 

ʱʦ ʽ ʻ ʜʦʢʘʟʦʤ ʜʨʫʛʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ. 

3. ʗʢʱʦ ʝʨʦʟʽʡʥʠʡ ʧʨʦʮʝʩ ʥʝ ʤʽʩʪʠʪʴ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʩʢʣʘʜʦʚʦʾ, ʪʦʜʽ 

ʡʦʛʦ ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ ʥʝʦʙʤʝʞʝʥʦ ʟʙʽʛʘʻ ʟ ʟʨʦʩʪʘʥʥʷʤ t, ʟʽ ʟʨʦʩʪʘʥʥʷʤ 

ʟʘʣʝʞʥʽʩʪʴ ( )x t  ʪʘ ( )x t t+  ʟʤʝʥʰʫʻʪʴʩʷ, ʧʨʠ t­¤ ʚʦʥʠ ʩʪʘʶʪʴ 

ʥʝʟʘʣʝʞʥʠʤʠ. ʅʘʷʚʥʽʩʪʴ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʩʢʣʘʜʦʚʦʾ ʫ ʧʨʦʮʝʩʽ 
0

( ) ( )x t tx x= +  

ʧʨʠʚʦʜʠʪʴ ʜʦ: 

 

2

0 0 0
[ ( ) ] [ ( ) ] ( )lim limx t t KK

t t

x x tx x x
­¤ ­¤

= + Ö + + = = ¤              (2.112) 

 

4. ɼʠʩʧʝʨʩʽʷ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ: 

 

22

0
[ ( )] (0) ( )x xxD X t K Kxs= - = - ¤.                                  (2.113) 

 

5. ʌʫʥʢʮʽʷ ʘʚʪʦʢʦʨʝʣʷʮʽʾ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʨʦʮʝʩʫ ʻ ʬʫʥʢʮʽʷ ʧʝʨʽʦʜʠʯʥʘ ʟ 

ʧʝʨʽʦʜʦʤ ʮʴʦʛʦ ʧʨʦʮʝʩʫ. 

ʅʝʭʘʡ ʤʘʻʤʦ ʧʝʨʽʦʜʠʯʥʠʡ ʧʨʦʮʝʩ:  

0
1

( ) cos( )k k
k

x t k ta a w j
¤

=

= + +ä , 
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ʪʦʜʽ ʤʘʶʯʠ ʜʦ ʫʚʘʛʠ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ( )x t  ʪʘ ʙʝʨʫʯʠ ʩʝʨʝʜʥʻ ʟʘ ʧʝʨʽʦʜ, 

ʤʘʻʤʦ: 

 

0 00

1
( ) cos( )cos( ( ) )

T

x k n k n
k n

k t n t dta aK
T

t w w tj j
¤ ¤

= =

= + + +ä äñ .         (2.114) 

 

ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ, ʱʦ ʽʥʪʝʛʨʘʣʠ ʚʽʜ ʢʦʩʠʥʫʩʽʚ ʧʨʠ k ņ ʜʦʨʚ̔ʥʶʶʪʴ 0, ʘ 

ʧʨʠ 
1

0, cos
2

k n kwt= ¸ , ʦʪʨʠʤʘʻʤʦ: 

 

2
2
0

1

( ) cos
2

k
x

k

a
kaK t wt

¤

=

= +ä .                           (2.115) 

 

ʗʢ ʙʘʯʠʤʦ ʟ ʚʠʨʘʟʫ (2.115) ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ j- 

ʬʘʟʦʚʠʭ ʛʘʨʤʦʥʽʢ ʧʦʯʘʪʢʦʚʦʛʦ ʩʠʛʥʘʣʫ, ʮʝ ʷʢ ʨʘʟ ʽ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʜʽʣʠʪʠ  

ʩʠʛʥʘʣ ʚʽʜ ʧʝʨʝʰʢʦʜ. 

ʅʝʭʘʡ ( )A t -ʩʠʛʥʘʣ, ( )N t -ʧʝʨʝʰʢʦʜʘ, ʪʦʜʽ ʤʘʻʤʦ: ( ) ( ) ( )X t A t N t= + , 

ʚʠʟʥʘʯʤʦ ʢʦʨʝʣʷʮʽʡʥʫ ʬʫʥʢʮʽʶ: 

 

( ) [ ( ) ( )] [ ( ) ( )] ( ) ( ) ( ) ( )x A AN NA NA t N t A t N tK K K K Kt t t t t t t= + Ö + + + = + + +

, 

 

ʜʝ: ( )AK tï ʬʫʥʢʮʽʷ ʘʚʪʦʢʦʨʝʣʷʮʽʾ ʩʠʛʥʘʣʫ; 

      ( )NK tï ʬʫʥʢʮʽʷ ʘʚʪʦʢʦʨʝʣʷʮʽʾ ʧʝʨʝʰʢʦʜʠ; 

      ( ), ( )ɸN NɸK Kt tï ʚʟʘʻʤʦʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʾ ʧʝʨʝʰʢʦʜʠ ʪʘ ʩʠʛʥʘʣʫ. 

ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ, ʱʦ ʩʠʛʥʘʣ ʪʘ ʧʝʨʝʰʢʦʜʘ ʥʝʟʘʣʝʞʥʽ ʪʦʜʽ: 

 

( ) 0, ( ) 0ɸN NɸK Kt t= =, 

ʤʘ̒ʤʦ: 
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( ) ( ) ( )x A NK K Kt t t= + .                                     (2.116) 

 

ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ ʧʨʦʤʦʜʝʣʶʻʤʦ ʬʫʥʢʮʽʶ 

ʢʦʨʝʣʷʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʦʧʠʩʘʥʠʭ ʚʠʨʘʟʘʤʠ (2.115) ʽ (2.116), ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʝʜʩʪʘʚʠʤʦ ʫ ʚʠʛʣʷʜʽ 

ʛʨʘʬʽʢʽʚ. ʆʪʨʠʤʘʥʽ ʛʨʘʬʽʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.33 ʪʘ ʨʠʩ. 2.34: 

 

ʈʠʩ. 2.33. ɻʨʘʬʽʢ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʩʠʛʥʘʣʫ ʙʝʟ ʧʝʨʝʰʢʦʜʠ 

 
ʈʠʩ. 2.34. ɻʨʘʬʽʢ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʩʠʛʥʘʣʫ ʟ ʧʝʨʝʰʢʦʜʦʶ 
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ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʥʘ ʨʠʩ. 2.34, ʩʠʛʥʘʣʠ ʧʝʨʝʰʢʦʜʠ 

ʟʥʘʯʥʦ ʤʝʥʰʝ, ʪʘ ʚʦʥʠ ʥʝ ʧʝʨʝʰʢʦʜʞʘʶʪ ʚʠʷʚʣʝʥʥʶ ʩʘʤʦʛʦ ʩʠʛʥʘʣʫ ʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʽʜʬʽʣʴʪʨʦʚʘʥʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʚʰʠ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ, 

ʤʦʞʣʠʚʦ ʚʽʜʜʽʣʠʪʠ ʩʠʛʥʘʣ ʚʽʜ ʧʝʨʝʰʢʦʜʠ. ʋ ʧʦʜʘʣʴʰʦʤʫ ʮʽʡ ʩʧʦʩʽʙ ʤʦʞʣʠʚʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʽʥʰʠʭ ʥʝʧʝʨʽʦʜʠʯʥʠʭ ʩʠʛʥʘʣʽʚ. 

 

2.12. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʚʠʷʚʣʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ 

ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ  

 

 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ ʨʦʟʨʦʙʠʤʦ ʫʟʘʛʘʣʴʥʝʥʫ ʤʝʪʦʜʠʢʫ 

ʚʠʷʚʣʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ. 

ʇʦʯʘʪʢʦʤ ʻ ʚʠʙʽʨ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʠʣʘʜʽʚ, ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʩʠʛʥʘʣʽʚ, 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʫ ʧʽʜʨʦʟʜʽʣʽ 2.1. ʮʝʡ ʨʦʙʦʪʠ. ɼʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʩʽʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ ʪʘ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʫ ʜʦʚʦʜʠʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʽʣʴʢʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʠʣʘʜʽʚ: 

- ʘʥʘʣʽʟʘʪʦʨʠ ʩʧʝʢʪʨʫ; 

- ʩʢʘʥʫʶʯʠ ʧʨʠʡʤʘʯʽ; 

- ʘʥʘʣʽʟʘʪʦʨʠ ʤʦʜʫʣʷʮʽʾ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʝ ʽʩʥʫʻ ʦʜʥʦʛʦ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʜʣʷ 

ʘʥʘʣʽʟʫ ʨʘʜʽʦʩʠʛʥʘʣʽʚ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʘʥʘʣʽʟʫ ʟ ʤʝʪʦʶ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ 

ʧʦʰʫʢʦʚʦʛʦ ʨʘʜʽʦʢʦʥʪʨʦʣʶ. ʊʦʤʫ ʫ ʥʦʚʦʾ ʤʝʪʦʜʠʢʠ ʧʨʦʧʦʥʫʻʤʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʥʘʣʽʟʘʪʦʨʠ ʩʧʝʢʪʨʫ ʪʘ ʩʢʘʥʫʶʯʠ ʧʨʠʡʤʘʯʽ, ʦʙʦʚôʷʟʢʦʚʦ ʟ 

ʜʚʦʤʘ ʥʝʟʘʣʝʞʥʠʤʠ ʘʥʪʝʥʥʠʤʠ ʚʭʦʜʘʤʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

ʧʨʦʚʦʜʠʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʚʥʫʪʨʽʰʥʽʡ ʪʘ ʟʦʚʥʽʰʥʽʡ ʧʘʥʦʨʘʤ 

ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʪʘʢʠʡ ʤʝʪʦʜ ʯʘʩʪʢʦʚʦ ʨʝʘʣʽʟʦʚʘʥʦ ʫ 

ɸʇʂ çDeltaè, ʘʣʝ ʨʦʟʨʦʙʥʠʢʠ ʚʠʢʣʶʯʠʣʠ ʟ ɸʇʂ ʩʢʘʥʫʶʯʠʡ ʧʨʠʡʤʘʯ, ʱʦ 

ʩʫʪʪʻʚʦ ʟʥʠʟʠʣʦ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʘʤʧʣʽʪʫʜʦ-ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʠʛʥʘʣʽʚ.  
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ʅʘʜʘʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʠʢ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ, 

ʷʢʽ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʽʩʥʫʶʯʠʭ ʫ ʤʝʪʦʜʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʦʩʥʦʚʥʽ 

ʤʝʪʦʜʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ɸʇʂ ʚʽʢʦʥʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ. ʅʝʜʦʣʽʢʠ 

ʨʝʪʝʣʴʥʦ ʦʧʠʩʘʥʽ ʫ ʧʽʜʨʦʟʜʽʣʽ 2.3. ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʜʦʩʢʦʥʘʣʝʥʦʛʦ ʤʝʪʦʜʘ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʩʠʛʥʘʣʽʚ, ʫ ʷʢʦʤʫ ʩʠʛʥʘʣ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʢʦʤʧʣʝʢʩʥʠʭ ʜʘʥʠʭ 

ʤʦʜʝʣʽ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʝʟʛʘʩʘʶʯʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʝʢʩʧʦʥʝʥʪ (ʚʠʨʘʟ 2.63 

ʜʘʥʦʾ ʨʦʙʦʪʠ), ʷʢʽ ʙʽʣʴʰ ʧʦʚʪʦʨʶʶʪʴ ʚʠʧʘʜʢʦʚʠʡ ʨʘʜʽʦʩʠʛʥʘʣ. ʄʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʮʦɹʛʦ ʧʨʦʮʝʩʫ ʫ ʛʨʘʬʽʯʥʦʤʫ ʚʠʛʣʷʜʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩ. 2.35 ï 2.40. 

ɿ ʧʨʠʚʝʜʝʥʠʭ ʛʨʘʬʽʢʽʚ ʙʘʯʠʤʦ, ʱʦ ʩʧʝʢʪʨʽ ʦʜʠʥʠʯʥʦʛʦ ʽʤʧʫʣʴʩʥʦʛʦ 

ʩʠʛʥʘʣʫ ʦʪʨʠʤʘʥʠʭ ʫʩʽʤʘ ʤʝʪʦʜʘʤʠ (ʜʠʚʠʩʴ ʨʠʩ. 2.35 ï 2.39) ʤʘʶʪʴ ʚʠʛʣʷʜ 

ʟʛʘʩʘʶʯʠʭ ʧʠʣʦʧʦʜʽʙʥʠʭ ʢʨʠʚʠʭ, ʟʘ ʷʢʠʤʠ ʩʢʣʘʜʥʦ ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ 

ʩʠʛʥʘʣʫ. ʉʧʝʢʪʨ ʩʠʛʥʘʣʫ, ʟʦʙʨʘʞʝʥʽʡ ʥʘ ʨʠʩ. 2.40, ʤʘʻ ʯʽʪʢʠʡ ʜʠʩʢʨʝʪʥʠʡ 

ʚʠʛʣʷʜ, ʜʫʞʝ ʟʨʫʯʥʠʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ, ʜʦʚʞʠʥʠ ʩʠʛʥʘʣʫ ʱʦ ʽ ʻ 

ʮʽʣʣʶ ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʎʝ ʮʽʣʢʦʤ 

ʧʽʜʪʚʝʨʜʞʫʻ ʧʝʨʝʚʘʛʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʥʘʜ 

ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ.  

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʻ ʪʝ, ʱʦ ʜʣʷ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʦʙʨʦʙʢʠ ʧʦʪʨʽʙʥʦ ʚʠʜʘʣʠʪʠ ʟ 

ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ ʜʘʥʽ ʚʽʜʦʤʠʭ ʩʠʛʥʘʣʽʚ ʪʘʢʠʭ ʷʢ ʩʠʛʥʘʣʠ ʪʝʣʝʚʽʟʽʡʥʠʭ ʢʘʥʘʣʽʚ, 

ʨʘʜ̔ʦʪʨʘʥʩʣʷʮʽʾ ʪʘ ʽʥʰʠʭ. ʇʦʪʨʽʙʥʦ ʧʦʟʙʘʚʠʪʴʩʷ ʮʠʭ ʩʠʛʥʘʣʽʚ ʟ ʤʦʜʝʣʽ 

ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʊʦʤʫ ʨʦʟʨʦʙʣʝʥʘ ʯʘʩʪʢʦʚʘ 

ʤʝʪʦʜʠʢʘ ʧʦ ʚʠʢʣʶʯʝʥʥʶ ʟ ʘʥʘʣʽʟʫ ʚʽʜʦʤʠʭ ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ, ʮʝ 

ʜʦʟʚʦʣʷʻ ʧʨʠʜʽʣʠʪʠ ʙʽʣʴʰʫ ʫʚʘʛʫ ʥʝʚʽʜʦʤʠʤ ʩʠʛʥʘʣʘʤ, ʪʘ ʧʽʜʚʠʱʠʪʠ 

ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɿ ʤʝʪʦʶ 

ʱʝ ʙʽʣʴʰʦʛʦ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʰʚʠʜʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʩʠʛʥʘʣʽʚ, ʷʢʠʡ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʪʦʜ ʤʽʥʽʤʽʟʘʮʽʾ 

ʩʝʨʝʜʥʽʭ ʧʦʤʠʣʦʢ ʣʽʥʽʡʥʦʛʦ ʧʝʨʝʜʙʘʯʝʥʥʷ ʚʧʝʨʝʜ, ʪʘ ʥʘʟʘʜ. ɻʦʣʦʚʥʦʾ 

ʚʽʜʟʥʘʢʦʶ ʻ ʤʝʪʦʜʠʢʘ ʚʠʷʚʣʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 
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ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʩʠʛʥʘʣʠ ʟʘ ʝʥʝʨʛʝʪʠʯʥʦʶ 

ʱʽʣʴʥʽʩʪʶ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʥʘ ʨʠʩ. 2.26 ï 2.31 ʜʘʥʦʾ 

ʨʦʙʦʪʠ. 

ɸʥʘʣʽʟ ʛʨʘʬʽʢʽʚ ʨʠʩ. 2.26 ï 2.28 ʧʦʢʘʟʫʻ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʩʧʝʢʪʨʘ 

ʢʦʨʦʪʢʦʪʨʠʚʘʣʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ ʯʘʩʪʦʪʽ ʝʢʩʧʦʥʝʥʪʠ, 

ʧʨʘʢʪʠʯʥʦ ʥʦʩʠʪʴ ʦʜʥʘʢʦʚʠʡ ʭʘʨʘʢʪʝʨ, ʛʨʘʬʽʢʠ ʥʝʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʟʘ 

ʘʤʧʣʽʪʫʜʦʶ, ʱʦ ʜʫʞʝ ʫʩʢʣʘʜʥʶʻ ʚʠʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ, ʦʩʦʙʣʠʚʦ ʥʘ ʬʦʥʽ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ. 

ɻʨʘʬʽʢʠ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʽʾ ʩʠʛʥʘʣʫ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2.36, 

2.38, 2.40, ʯʽʪʢʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ, ʱʦ ʜʦʟʚʦʣʷʻ ʟ ʜʫʞʝ ʚʠʩʦʢʦʶ 

ʡʤʦʚʽʨʥʽʩʪʶ ʚʠʟʥʘʯʠʪʴ ʚʠʧʘʜʢʦʚʽ ʩʠʛʥʘʣʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʫʟʘʛʘʣʴʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ 

ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ ʨʠʩ. 2.35 ï 2.40. 

 

 
ʈʠʩ. 2.35. ɻʨʘʬʽʢ ʩʧʝʢʪʨʫ ʩʠʛʥʘʣʫ ʧʨʠ 

ʯʘʩʪʦʪʽ ʝʢʩʧʦʥʝʥʪʠ 5
e

f =  ʚʽʜʥʦʩʥʠʭ 

ʦʜʠʥʠʮʴ 

 

ʈʠʩ. 2.36. ɻʨʘʬʽʢ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʱʽʣʴʥʦʩʪʽ ʩʠʛʥʘʣʫ ʧʨʠ ʯʘʩʪʦʪʽ 

ʝʢʩʧʦʥʝʥʪʠ 5
e

f =  ʚʽʜʥʦʩʥʠʭ 

ʦʜʠʥʠʮʴ 
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ʈʠʩ. 2.37. ɻʨʘʬʽʢ ʩʧʝʢʪʨʫ 

ʩʠʛʥʘʣʫ ʧʨʠ ʯʘʩʪʦʪʽ ʝʢʩʧʦʥʝʥʪʠ 7
e

f =  

ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮ ɹ

 

 
ʈʠʩ. 2.38. ɻʨʘʬʽʢ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʱʽʣʴʥʦʩʪʽ ʩʠʛʥʘʣʫ ʧʨʠ ʯʘʩʪʦʪʽ 

ʝʢʩʧʦʥʝʥʪʠ 7
e

f =  ʚʽʜʥʦʩʥʠʭ 

ʦʜʠʥʠʮʴ 

 
ʈʠʩ. 2.39. ɻʨʘʬ̔ʢ ʩʧʝʢʪʨʫ ʩʠʛʥʘʣʫ ʧʨʠ 

ʯʘʩʪʦʪʽ ʝʢʩʧʦʥʝʥʪʠ 10
e

f =  ʚʽʜʥʦʩʥʠʭ 

ʦʜʠʥʠʮʴ 

 

 

 
ʈʠʩ. 2.40. ɻʨʘʬʽʢ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʱʽʣʴʥʦʩʪʽ ʩʠʛʥʘʣʫ ʧʨʠ ʯʘʩʪʦʪʽ 

ʝʢʩʧʦʥʝʥʪʠ 10
e

f =  ʚʽʜʥʦʩʥʠʭ 

ʦʜʠʥʠʮʴ 

ʋʟʘʛʘʣʴʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ 

ʛʨʘʬʽʢʽʚ (ʜʠʚ. ʨʠʩ. 2.35 ï 2.40), ʥʘʛʣʷʜʥʦ ʜʦʚʦʜʷʪʴ ʧʝʨʝʚʘʛʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʤʝʪʦʜʠʢʠ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʢʦʨʦʪʢʦʪʨʠʚʘʣʠʭ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʮʠʬʨʦʚʠʤ ʩʠʛʥʘʣʘʤ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

(ʨʠʩ. 2.41). 
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ʈʠʩ. 2.41. ɸʣʛʦʨʠʪʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ  

ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 
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ʊʦʙʪʦ ʨʦʟʨʦʙʣʝʥʘ ʫʟʘʛʘʣʴʥʝʥʘ ʤʝʪʦʜʠʢʘ ʚʠʷʚʣʝʥʥʷ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʧʽʜʪʚʝʨʜʞʝʥʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʩʢʣʘʜʝʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʯʘʩʪʢʦʚʠʭ ʩʢʣʘʜʦʚʠʭ: 

- ʫʜʦʩʢʦʥʘʣʝʥʠʡ ʤʝʪʦʜʠʢʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʷʢʘ ʟʘʩʪʦʩʦʚʫʻ ʜʣʷ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʢʦʤʧʣʝʢʩʥʠʭ ʜʘʥʠʭ ʩʠʛʥʘʣʽʚ ï ʤʦʜʝʣʴ ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʝʟʘʪʫʭʘʶʯʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʥʫʩʦʾʜ. ʎʝʡ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʘʤʧʣʽʪʫʜ ʽ ʯʘʩʪʦʪ ʩʠʛʥʘʣʫ ʟ 

ʧʦʭʠʙʢʦʶ 0,5 %. ʑʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʩʠʛʥʘʣʠ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʜʫʞʝ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ; 

- ʤʝʪʦʜʠʢʠ ʰʚʠʜʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ ʥʘ 

ʦʩʥʦʚʽ ʤʽʥʽʤʽʟʘʮʽʾ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʧʦʤʠʣʦʢ ʣʽʥʽʡʥʦʛʦ ʧʝʨʝʜʙʘʯʝʥʥʷ ʚʧʝʨʝʜ ʽ 

ʥʘʟʘʜ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʦʙʯʠʩʣʝʥʥʷ, ʱʦ ʻ ʛʦʣʦʚʥʠʤ ʧʨʠ 

ʚʠʚ̫ʣʝʥʥʽ ʚʠʧʘʜʢʦʚʠʭ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ; 

- ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʠʧʘʜʢʦʚʠʭ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʦʤʠʭ ʩʠʛʥʘʣʽʚ. ɺʠʢʣʶʯʘʶʯʠ ʟ ʘʥʘʣʽʟʫ ʚʽʜʦʤʽ ʣʝʛʘʣʴʥʽ 

ʩʠʛʥʘʣʠ, ʦʪʨʠʤʘʻʤʦ ʟʥʘʯʥʦ ʤʝʥʰʠʡ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ ʩʠʛʥʘʣʽʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʘʢʮʝʥʪʫʚʘʪʠ ʫʚʘʛʫ ʥʘ ʥʝʚʽʜʦʤʽ ʩʠʛʥʘʣʠ, ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʪʘ ʩʢʦʨʦʪʠʪʠ ʯʘʩ 

ʘʥʘʣʽʟʫ; 

- ʤʝʪʦʜʠʢʠ ʧʽʜʚʠʱʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʮʠʬʨʦʚʠʭ 

ʩʠʛʥʘʣʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʨʘʭʫʚʘʥʥʷ ʰʫʤʽʚ ʪʘ ʟʘʚʘʜ ʨʘʜʽʦʩʠʛʥʘʣʽʚ; 

- ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʩʧʝʢʪʨʫ ʩʠʛʥʘʣʽʚ ʪʘ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ 

ʩʠʛʥʘʣʽʚ. 

ɸʣʛʦʨʠʪʤ ʫʟʘʛʘʣʴʥʝʥʠʡ ʤʝʪʦʜʠʢʠ ʚʠʷʚʣʝʥʥʷ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.41. 

ʋʟʘʛʘʣʴʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ (ʜʠʚ. ʨʠʩ. 2.35 ï 2.40), ʧʨʘʢʪʠʯʥʦ 

ʜʦʚʝʣʠ ʧʝʨʝʚʘʛʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʮʽ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʢʦʨʦʪʢʦʪʨʠʚʘʣʠʭ 

ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʮʠʬʨʦʚʠʤ ʩʠʛʥʘʣʘʤ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʪʘ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʩʠʛʥʘʣ ʮʠʬʨʦʚʠʭ 

ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 
 

1. ɺʠʟʥʘʯʝʥʦ ʰʣʷʭʠ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ 

ʣʦʢʘʣʽʟʘʮʽʾ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʽ ʧʦʣʷʛʘʶʪʴ: ʚ 

ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʘʧʘʨʘʪʫʨʠ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʽ ʨʦʟʨʦʙʮʽ ʥʦʚʦʛʦ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʚʠʷʚʣʝʥʥʷ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ, 

ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʢʠ ʘʚʪʦʤʘʪʠʯʥʦʾ ʣʦʢʘʣʽʟʘʮʽʾ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʮʽʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʦʰʫʢʫ (ʚʠʷʚʣʝʥʥʷ, 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʷ) ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʻ ʩʫʢʫʧʥʽʩʪʶ ʩʪʨʘʪʝʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ, ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʦʯʥʦʩʪʽ ʣʦʢʘʣʽʟʘʮʽʾ, ʩʧʣʘʡʥ ʤʦʜʝʣʝʡ ʫ ʙʘʟʠʩʽ ʬʫʥʢʮʽʡ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʤʝʪʦʜʽʚ ʽ ʤʝʪʦʜʠʢ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʠʥʮʠʧʠ 

ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʈʦʟʨʦʙʣʝʥʘ ʩʪʨʘʪʝʛʽʷ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʢʠ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ 

ʤʝʪʦʜʽʚ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʝʪʦʜʠʢ ʚʠʷʚʣʝʥʥʷ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʟ 

ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʪʘ ʚʽʨʦʛʽʜʥʽʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ 

ʪʦʯʥʦʩʪʽ ʣʦʢʘʣʽʟʘʮʽʾ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

3. ʋ ʨʘʤʢʘʭ ʨʦʟʨʦʙʣʝʥʦʾ ʢʦʥʮʝʧʮʽʾ ʧʦʰʫʢʫ ʦʩʪʘʪʦʯʥʦ ʨʦʟʚ'ʷʟʘʥʦ 

ʧʨʦʙʣʝʤʫ ʚʠʷʚʣʝʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʫ. ʗʢʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ 

ʚʠ̫ʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ, ʧʦʣʷʛʘʻ ʫ ʩʠʥʭʨʦʥʥʽʡ ʨʦʙʦʪʽ ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʩʢʘʥʫʶʯʦʛʦ 

 ʧʨʠʡʤʘʯʘ ʪʘ ʰʚʠʜʢʦʛʦ ʰʠʨʦʢʦʜʽʘʧʘʟʦʥʥʦʛʦ ʩʧʝʢʪʨ-ʘʥʘʣʽʟʘʪʦʨʘ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʦʜʥʦʯʘʩʥʦ ʟ ʙʝʟʧʝʨʝʨʚʥʠʤ ʢʦʥʪʨʦʣʝʤ ʟʘ ʨʘʜʽʦʜʽʘʧʘʟʦʥʦʤ ʘʥʘʣʽʟʫʚʘʪʠ 

ʚʠʷʚʣʝʥʠʡ ʩʠʛʥʘʣ ʟ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʦ ʡʦʛʦ 

ʨʦʟʧʽʟʥʘʚʘʥʥʶ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ. ʎʝ ʚʠʢʣʶʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʪʨʘʪʠ (ʥʝ 

ʚʠʟʥʘʯʝʥʥʷ) ʢʦʨʦʪʢʦʪʨʠʚʘʣʠʭ ʩʠʛʥʘʣʽʚ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʪʘ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ 

ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ. 
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4. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʠʭ 

ʩʠʛʥʘʣʽʚ ʫ ʮʠʬʨʦʚʠʡ ʚʠʛʣʷʜ, ʷʢʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʠʢ, ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʪʦʤʫ, ʱʦ ʨʝʘʣʴʥʠʡ ʩʠʛʥʘʣ ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʯʘʩʪʢʦʚʦ-ʩʪʘʮʽʦʥʘʨʥʠʡ. 

ʄʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʪʝʦʨʽʻʶ ʩʪʘʮʽʦʥʘʨʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, 

ʦɦ ʩʫʪʪʻʚʦ ʩʢʦʨʦʯʫʻ ʯʘʩ ʦʙʯʠʩʣʶʚʘʥʥʷ. 

5. ʋʜʦʩʢʦʥʘʣʠʣʠ ʤʝʪʦʜ ʇʨʦʥʽ ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʥʫʩʦʾʜ 

ʩʢʣʘʜʦʚʠʭ ʨʦʟʢʣʘʜʫ ʩʠʛʥʘʣʫ, ʩʠʥʫʩʦʾʜʘʤʠ ʱʦ ʥʝ ʟʛʘʩʘʶʪʴ, ʷʢʽ ʙʽʣʴʰ 

ʧʦʚʪʦʨʶʶʪʴ ʚʠʧʘʜʢʦʚʠʡ ʨʘʜʽʦʩʠʛʥʘʣ. ʋʜʦʩʢʦʥʘʣʝʥʠʡ ʤʝʪʦʜ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʩʠʛʥʘʣʽʚ ʜʦʟʚʦʣʽʚ ʧʦʚʠʩʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʥʘ 10,5 % ʥʘʜ ʽʩʥʫʶʯʠʤʠ 

ʤʝʪʦʜʘʤʠ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ.  

6. ʋʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜ ʰʚʠʜʢʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʫʥʢʮʽʾ ʩʠʛʥʘʣʫ, ʥʘ ʦʩʥʦʚʽ ʩʠʤʝʪʨʠʯʥʦʛʦ ʢʦʚʘʨʽʘʮʽʡʥʦʛʦ 

ʤʝʪʦʜʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʩʫʤʫ ʢʚʘʜʨʘʪʽʚ ʧʦʤʠʣʦʢ ʣʽʥʽʡʥʦʛʦ ʟʛʣʘʜ-

ʞʫʚʘʥʥʷ, ʯʠʤ ʧʽʜʚʠʱʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ ʥʘ 7 %. 

7. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ, ʷʢʘ ʛʨʫʥʪʫʝʪʴʩʷ ʥʘ 

ʦʪʨʠʤʘʥʥʽ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʩʠʛʥʘʣʫ. ɯʩʥʫʶʯʠ ʢʦʤʧʣʝʢʩʠ ʧʦʰʫʢʫ 

ʟʦʚʩʽʤ ʥʝ ʚʠʟʥʘʯʘʶʪʴ ʩʧʝʢʪʨʘʣʴʥʫ ʱʽʣʴʥʽʩʪʴ ʩʠʛʥʘʣʫ. ʇʨʦʚʝʜʝʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʛʣʷʜʥʦ ʚʠʟʥʘʯʠʣʦ ʧʝʨʝʚʘʛʫ ʘʥʘʣʽʟʫ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ 

ʥʘʜ ʩʧʝʢʪʨʘʣʴʥʠʤ ʘʥʘʣʽʟʦʤ ʩʠʛʥʘʣʽʚ. 

8. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʚʠʜʘʣʝʥʥʷ ʚʽʜʦʤʠʭ ʩʠʛʥʘʣʽʚ ʜʦʟʚʦʣʷʻ, ʥʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʽʩʥʫʶʯʠʭ  ʤʝʪʦʜʠʢ, ʚʨʘʭʦʚʫʚʘʪʠ ʚʽʜʦʤʽ ʩʠʛʥʘʣʠ ʱʝ ʥʘ ʝʪʘʧʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, 

ʜʦ ʧʨʦʮʝʩʫ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ, ʱʦ ʧʨʠʙʣʠʟʥʦ ʫ 2 ʨʘʟʠ ʩʢʦʨʦʯʫʻ ʯʘʩ ʧʦʰʫʢʫ 

ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ. 

9. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ 

ʩʠʛʥʘʣʽʚ ʰʣʷʭʦʤ ʦʙʣʽʢʫ ʰʫʤʫ ʪʘ ʧʝʨʝʰʢʦʜ, ʷʢʘ ʥʘʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʩʠʛʥʘʣʫ ʪʘ ʧʝʨʝʰʢʦʜ. ʂʦʨʝʣʷʮʽʡʥʘ 

ʬʫʥʢʮʽʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʘʟʦʚʠʭ ʛʘʨʤʦʥʽʢ ʧʦʯʘʪʢʦʚʦʛʦ ʩʠʛʥʘʣʫ, ʮʝ ʜʦʟʚʦʣʷʻ 

ʚʽʜʜʽʣʠʪʠ ʩʠʛʥʘʣ ʚʽʜ ʧʝʨʝʰʢʦʜ ʪʘ ʰʫʤʫ, ʪʘ ʥʘʜʘʣʽ ʚʽʜʬʽʣɹʪʨʫʚʘʪʠ ʩʠʛʥʘʣ 

ʧʝʨʝʰʢʦʜʠ ʪʘ ʰʫʤʫ ʟʦʚʩʽʤ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʚʠʢʣʶʯʠʪʠ ʧʦʤʠʣʢʫ ʚʠʷʚʣʝʥʥʷ 
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ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ʰʣʷʭʦʤ ʧʨʠʡʥʷʪʪʷ ʩʠʛʥʘʣʫ ʧʝʨʝʰʢʦʜʠ ʟʘ ʩʠʛʥʘʣ 

ʮʠʬʨʦʚʦʛʦ ʟʘʩʦʙʫ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

10. ʈʦʟʨʦʙʣʝʥʘ ʫʟʘʛʘʣʴʥʝʥʘ ʤʝʪʦʜʠʢʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʚʠʷʚʣʝʥʥʷ 

ʩʠʛʥʘʣʽʚ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʥʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʠʢ, ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʠʢ ʪʘ ʤʝʪʦʜʽʚ 

ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʫ ʜʽʘʧʘʟʦʥʽ GSM ʥʘ 10,5  12,5 %, 

ʫ ʜʘ̔ʧʘʟʦʥʽ DECT ʥʘ 16  18 %, ʫ ʜʽʘʧʘʟʦʥʽ Wi-Fi ʪʘ Bluetooth ʥʘ 14  19 %. 
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ʈʆɿɼɯʃ 3 

ʈʆɿʈʆɹʂɸ ʄɽʊʆɼʋ ʈʆɿʇɯɿʅɸɺɸʅʅʗ ʉʀɻʅɸʃɯɺ ɿɸʉʆɹɯɺ 

ʅɽɻʃɸʉʅʆɻʆ ʆʊʈʀʄɸʅʅʗ ɯʅʌʆʈʄɸʎɯɰ ʅɸ ʌʆʅɯ ʃɽɻɸʃʔʅʀʍ 

ʈɸɼɯʆʉʀɻʅɸʃɯɺ 

 

3.1. ɺʠʙʽʨ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ  

 

ʈʦʟʚʠʪʦʢ ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʠʤʘʛʘʻ 

ʧʦʩʪʽʡʥʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʾʭ ʨʦʟʧʽʟʥʘʚʘʥʥʷ [201, 202]. ʇʽʜ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷʤ ʩʠʛʥʘʣʽʚ ʨʦʟʫʤʽʻʪʴʩʷ ʟʙʽʨ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʘʨʘʤʝʪʨʠ ʩʠʛʥʘʣʫ, 

ʰʣʷʭʦʤ ʧʝʨʝʭʦʧʣʝʥʥʷ ʩʠʛʥʘʣʽʚ [203]. ʗʢʱʦ ʱʝ ʜʝʢʽʣʴʢʘ ʨʦʢʽʚ ʪʦʤʫ ʧʨʠʩʪʨʦʾ 

ʥʘ ʦʩʥʦʚʽ GSM ʚʚʘʞʘʣʠʩʷ ʝʢʟʦʪʠʢʦʶ, ʪʦ ʥʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʾʭ ʢʽʣʴʢʽʩʪʴ ʪʘ 

ʥʦʤʝʥʢʣʘʪʫʨʘ ʥʘ ʯʦʨʥʦʤʫ ʨʠʥʢʫ ʨʦʟʰʠʨʶʶʪʴʩʷ ʤʘʡʞʝ ʱʦʜʝʥʥʦ. ɺʠʷʚʣʝʥʥʷ 

ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘʢʠʭ ɿʅʆɯ ʩʪʘʻ ʜʝʜʘʣʽ ʩʢʣʘʜʥʽʰʦʶ ʟʘʜʘʯʝʶ, ʦʩʢʽʣʴʢʠ 

ʤʝʪʦʜʠ ʪʘ ʨʝʞʠʤʠ ʾʭ ʨʦʙʦʪʠ ʫʩʢʣʘʜʥʷʶʪʴʩʷ. ʉʠʪʫʘʮʽʷ ʦʙʪʷʞʫʻʪʴʩʷ ʪʠʤ, ʱʦ 

ɿʅʆɯ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʧʨʘʮʶʶʪʴ ʫ ʮʽʣʢʦʤ ʣʝʛʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʽ ʾʭ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʫ ʧʨʠʤʽʱʝʥʥʽ, ʷʢʝ ʤʝʞʫʻ ʟ ʽʥʰʠʤʠ, ʟʘʧʦʚʥʝʥʠʤʠ ʣʝʛʘʣʴʥʠʤʠ 

ʧʨʠʩʪʨʦʷʤʠ ʻ ʧʨʦʙʣʝʤʘʪʠʯʥʠʤ [204].  

ʈʦʟʨʦʙʥʠʢʠ ɿʅʆɯ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʩʝ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʤʝʪʦʜʠ ʽ ʘʣʛʦʨʠʪʤʠ 

ʧʨʠʭʦʚʫʚʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʚʦʾʭ ʚʠʨʦʙʽʚ, ʥʘʧʨʠʢʣʘʜ ʨʘʜʽʦʩʠʛʥʘʣʠ, 

ʤʦʜʫʣʴʦʚʘʥʽ ʧʦ ʘʤʧʣʽʪʫʜʽ ʘʙʦ ʯʘʩʪʦʪʥʝ ʘʢʫʩʪʠʯʥʠʤ ʩʠʛʥʘʣʦʤ, ʘ ʪʘʢʦʞ ʨʷʜ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʽʟ ʟʘʢʨʠʪʪʷʤ ʤʦʚʠ (ʽʥʚʝʨʩʽʷ ʩʧʝʢʪʨʘ, ʦʢʨʝʤʽ ʮʠʬʨʦʚʽ ʘʣʛʦʨʠʪʤʠ 

ʧʝʨʝʜʘʯʽ ʟʚʫʢʦʚʠʭ ʜʘʥʠʭ); ʨʘʜʽʦʩʠʛʥʘʣʠ ʟʽ ʩʢʣʘʜʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʟʘʢʨʠʪʪʷ 

ʤʦʚʣʝʥʥʷ ʪʘ ʽʥʰʽ. 

ʂʨʽʤ ʪʦʛʦ, ʥʘ ʝʪʘʧʽ ʫʩʪʘʥʦʚʢʠ ʟʘʩʦʙʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʤʝʪʦʜʠ 

ʤʘʩʢʫʚʘʥʥʷ ʧʝʨʝʜʘʯʽ, ʥʘʧʨʠʢʣʘʜ, ʩʪʚʦʨʶʻʪʴʩʷ ʨʘʜʽʦʢʘʥʘʣ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʘʮʶʶʯʠʭ ʧʦʙʣʠʟʫ ʦʙôʻʢʪʘ ʣʝʛʘʣʴʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ 

ʟʘʚʘʞʘʶʪʴ ʨʦʙʦʪʽ ʧʦʰʫʢʦʚʦʾ ʪʝʭʥʽʢʠ.  
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ɺ ʫʤʦʚʘʭ ʘʧʨʽʦʨʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʢʦʣʠ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʥʝʚʽʜʦʤʽ, ʩʠʥʪʝʟ ʧʦʪʨʽʙʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʚôʷʟʘʥ ̔ ʟ ʜʫʞʝ ʚʝʣʠʢʠʤʠ 

ʪʨʫʜʥʦʱʘʤʠ. ʊʦʤʫ ʚʘʞʣʠʚʦ ʨʦʟʧʽʟʥʘʚʘʪʠ ʩʠʛʥʘʣʠ ɿʅʆɯ ʟ ʤʝʪʦʶ ʚʠʢʣʶʯʝʥʥʷ 

ʧʦʤʠʣʦʢ, ʪʘ ʥʘʜʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʶ ʥʦʚʽ ʤʝʪʦʜʠ ʪʘ 

ʧʨʠʥʮʠʧʠ. ɼʣʷ ʚʠʙʦʨʫ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʤʝʪʦʜʠʢʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʧʦʪʨʽʙʥʦ ʚʠʷʚʠʪʠ ʧʨʠʟʥʘʢʠ ʪʘ ʦʟʥʘʢʠ  

ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ (ɿʅʆɯ), ʟ ʮʝʡ ʤʝʪʦʶ ʟʨʦʙʠʤʦ 

ʢʣʘʩʠʬʽʢʘʮʽʶ ʧʨʠʟʥʘʢʾʚ ʪʘ ʦʟʥʘʢ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ɿʅʆɯ.  

ɿʘʩʦʙʠ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʟʘʢʣʘʜʝʥʽ ʧʨʠʩʪʨʦʾ (ɿʇ) 

(çʟʘʢʣʘʜʢʠè) ï ʮʝ ʪʘʻʤʥʦ ʚʩʪʘʥʦʚʣʝʥʽ ʪʝʭʥʽʯʥʽ ʧʨʠʩʪʨʦʾ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʥʝʛʣʘʩʥʦʛʦ (ʧʨʠʭʦʚʘʥʦʛʦ) ʟʥʽʤʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʚʠʜʽʚ ʽʥʬʦʨʤʘʮʽʾ [132]: 

-  ʘʢʫʩʪʠʯʥʦʾ (ʛʦʣʦʩʦʚʦʾ) ʽʥʬʦʨʤʘʮʽʾ ʚ ʧʨʠʤʽʱʝʥʥʷʭ; 

-  ʚʽʜʝʦʽʥʬʦʨʤʘʮʽʾ ʚ ʧʨʠʤʽʱʝʥʥʷʭ; 

-  ʪʝʣʝʬʦʥʥʠʭ ʧʝʨʝʛʦʚʦʨʽʚ; 

- ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʦʙʨʦʙʣʷʻʪʴʩʷ ʚ ʩʧʝʮʽʘʣʴʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʘʭ: 

ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞʘʭ, ʬʘʢʩʘʭ, ʢʩʝʨʦʢʩʘʭ ʽ ʽʥ. 

 ɿʘʩʪʘʚʥʽ ʧʨʠʩʪʨʦʾ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʘ ʢʽʣʴʢʦʤʘ ʦʟʥʘʢʘʤʠ: 

 1. ɿʘ ʤʝʪʦʜʦʤ ʟʥʽʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ: 

 ï ɿʇ ʟʥʽʤʘʥʥʷ ʛʦʣʦʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʫʜʽʦʝʣʝʢʪʨʠʯʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ; 

 ï ɿʇ ʟʥʽʤʘʥʥʷ ʛʦʣʦʩʦʚʦʾ ʪʘ ʽʥʰʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʮʠʨʢʫʣʶʻ ʚ 

ʝʣʝʢʪʨʠʯʥʠʭ ʣʘʥʮʶʛʘʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ; 

 ï ɿʇ ʟʥʽʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʽʟʫʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʠʩʪʝʤ ʧʨʠʭʦʚʘʥʦʛʦ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ [167]. 

 2. ɿʘ ʜʽʘʧʘʟʦʥʦʤ ʯʘʩʪʦʪʠ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ: 

 ï ʤʽʢʨʦʬʦʥʠ ʪʘ ʽʥʰʽ ʘʫʜʽʦʝʣʝʢʪʨʠʯʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʛʦʣʦʩʦʚʦʾ 

ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ; 

 ï ʥʘʜʪʦʥʘʣʴʥʽ ʤʽʢʨʦʧʝʨʝʜʘʚʘʯʽ (0,1 ï 1 ʄɻʮ); 

 ï ʨʘʜʽʦʤʽʢʨʦʬʦʥʠ ʽ ʨʘʜʽʦʧʝʨʝʜʘʚʘʯʽ (0,02 ï 1,5 ɻɻʮ); 
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 ï ʧʝʨʝʜʘʚʘʯʽ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ (ɯʂ) ʜʽʘʧʘʟʦʥʫ ʭʚʠʣʴ (750 ï 1150 ʥʤ); 

 ʅʘʚʝʜʝʥʽ ʜʽʘʧʘʟʦʥʠ ʯʘʩʪʦʪ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʩʥʦʚʥʠʤ ʪʠʧʘʤ ɿʇ [180]. 

 3. ʇʦ ʚʠʜʫ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ: 

 ï ɿʇ, ʷʢʽ ʥʝ ʚʠʤʘʛʘʶʪʴ ʜʞʝʨʝʣʘ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ (ʜʠʥʘʤʽʯʥʽ 

ʤʽʢʨʦʬʦʥʠ ʪʘ ʽʥʰʽ ʘʫʜʽʦʝʣʝʢʪʨʠʯʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ, ʱʦ ʤʘʶʪʴ ʤʽʢʨʦʬʦʥʥʠʡ 

ʝʬʝʢʪ); 

 ï ɿʇ ʟ ʞʠʚʣʝʥʥʷʤ ʚʽʜ ʘʚʪʦʥʦʤʥʦʛʦ ʜʞʝʨʝʣʘ (ʘʢʫʤʫʣʷʪʦʨ, ʭʽʤʽʯʥʠʡ 

ʝʣʝʤʝʥʪ ʽ ʽʥ.); 

 ï ɿʇ ʟ ʞʠʚʣʝʥʥʷʤ ʚʽʜ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʘʙʦ ʣʽʥʽʾ ʟʚ'ʷʟʢʫ, ʢʦʪʨʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʥʘʧʨʫʛʦʶ. 

 4. ʇʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʚ ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ: 

 ï ʘʢʪʠʚʥʽ ï ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʢʣʶʯʝʥʦʤʫ ʩʪʘʥʽ; 

 ï ʧʘʩʠʚʥʽ ï ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʚʠʤʢʥʝʥʦʤʫ ʩʪʘʥʽ. 

 5. ɿʘ ʪʠʧʦʤ ʘʢʪʠʚʽʟʘʮʽʾ (ʚʢʣʶʯʝʥʥʷ) ʚ ʨʦʙʦʪʫ: 

 ï ʧʦʩʪʽʡʥʦ ʚʢʣʶʯʝʥʽ; 

 ï ʟ ʘʫʜʽʦʧʫʩʢʦʤ ï ʚʢʣʶʯʘʶʪʴʩʷ ʧʦ ʧʝʨʝʚʠʱʝʥʥʶ ʨʽʚʥʷ ʘʢʫʩʪʠʯʥʦʛʦ 

ʰʫʤʫ ʥʘʜ ʟʘʜʘʥʠʤ ʟʥʘʯʝʥʥʷʤ; 

 ï ʟ ʜʠʩʪʘʥʮʽʡʥʠʤ ʚʢʣʶʯʝʥʥʷʤ; 

 ï ʟ ʧʨʦʛʨʘʤʥʦ-ʯʘʩʦʚʠʤ ʚʢʣʶʯʝʥʥʷʤ [181]. 

 6. ʇʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʤʫ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ: 

 ï ɿʇ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʘʜʽʦʯʘʩʪʦʪʥʠʡ ʢʘʥʘʣ ʧʝʨʝʜʘʯʽ; 

 ï ɿʇ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʚʽʜʥʽ ʢʘʥʘʣʠ ʧʝʨʝʜʘʯʽ; 

 ï ɿʇ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʘʥʘʣʠ ʧʝʨʝʜʘʯʽ ʥʘ ʦʩʥʦʚʽ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ; 

 ï ɿʇ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʬʨʘʯʝʨʚʦʥʽ ʢʘʥʘʣʠ ʧʝʨʝʜʘʯʽ. 

 ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʠʥʮʠʧʽʚ ʜʽʡ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʤʝʪʦʜʽʚ ʽ 

ʪʝʭʥʦʣʦʛʽʡ ʟʥʽʤʘʥʥʷ ʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʟʫʤʦʚʠʚ ʟʥʘʯʥʝ ʯʠʩʣʦ ʨʽʟʥʦʨʽʜʥʠʭ 

ʦʟʥʘʢ, ʟʘ ʷʢʠʤʠ ʤʦʞʥʘ ʚʠʷʚʠʪʠ ɿʅʆɯ [118]. 
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 ʉʫʪʥʽʩʪʴ ʧʦʰʫʢʫ ɿʅʆɯ ʧʦʣʷʛʘʻ ʚ ʚʠʷʚʣʝʥʥʽ, ʨʦʟʧʽʟʥʘʚʘʥʥʽ 

ʜʝʤʘʩʢʫʶʯʠʭ ʦʟʥʘʢ ʫ ʧʦʜʘʣʴʰʦʤʫ ï ʣʦʢʘʣʽʟʘʮʽʾ. ɼʝʤʘʩʢʫʶʯʽ ʦʟʥʘʢʠ ʷʢʽ 

ʧʨʠʪʘʤʘʥʥʽ ʧʨʘʢʪʠʯʥʦ ʚʩʽʤ ʟʘʩʪʘʚʥʠʭ ʧʨʠʩʪʨʦʷʤ: 

 1) ʚʠʧʨʦʤʽʥʶʶʪʴʩʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʦʣʷ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʢʘʥʘʣʫ 

ʧʝʨʝʜʘʯʽ; 

 2) ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʛʥʘʣʠ ʚ ʧʨʦʚʽʜʥʠʭ ʢʦʤʫʥʽʢʘʮʽʷʭ; 

 3) ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʠʟʴʢʦʾ ʯʘʩʪʦʪʠ ʟ ʧʝʨʝʚʘʞʘʥʥʷʤ 

ʤʘʛʥʽʪʥʦʾ ʩʢʣʘʜʦʚʦʾ; 

 4) ʽʥʬʨʘʯʝʨʚʦʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʤʦʜʫʣʴʦʚʘʥʝ ʛʦʣʦʩʦʚʠʤ ʩʠʛʥʘʣʦʤ; 

 5) ʥʘʷʚʥʽʩʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʽʚ ʫ ʧʘʩʠʚʥʠʭ ɿʇ, ʱʦ ʜʘʶʪʴ 

ʚʽʜʛʫʢ ʥʘ ʟʦʥʜʫʶʯʠʡ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ ʩʠʛʥʘʣ; 

 6) ʜʝʤʘʩʢʫʶʯʽ ʦʟʥʘʢʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʽʟʫʘʣʴʥʠʤ ʰʣʷʭʦʤ. 

ʋʩʽ ʮʽ ʜʝʤʘʩʢʫʶʯʽ ʦʟʥʘʢʠ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʎɿʅʆɯ. 

ʇʨʦʮʝʩ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʦʰʫʢʫ ɿʅʆɯ, ʮʝ ʧʨʦʮʝʩ ʚʠʷʚʣʝʥʥʷ, 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ɿʅʆɯ ʫ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʝ. ɼʣʷ ʚʠʷʚʣʝʥʥʷ 

ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ, ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʧʝʨʝʪʚʦʨʠʪʠ ʦʪʨʠʤʘʥʠʡ ʩʠʛʥʘʣ ʫ ʚʠʛʣʷʜ ʟʨʫʯʥʠʡ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. 

ʅʘʜʘʣʽ ʚʠʷʚʣʷʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʩʠʛʥʘʣʫ ʟʘ ʷʢʠʤʠ ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ɿʅʆɯ. ʅʘ ʟʘʢʣʶʯʥʦʤʫ ʝʪʘʧʽ ɿʅʆɯ ʣʦʢʘʣʽʟʫʻʪʴʩʷ. 

ʇʝʨʰʠʡ ʝʪʘʧ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ, ʪʘʢʦʞ ʤʘʪʝʤʘʪʠʯʥʠʡ 

ʘʧʘʨʘʪ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʙʫʚ ʚʠʢʣʘʜʝʥʠʡ ʫ ʨʦʟʜʽʣʽ 2.  

ʈʦʟʛʣʷʥʝʤʦ ʝʪʘʧ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ɿʅʆɯ. 

 

3.2. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦ ʾʤʦʜʝʣ ̔ʨʦʟʧʽʟʥʘʥʥʷ ʮʠʬʨʦʚʦʛʦ 

ʩʠʛʥʘʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʣʘʡʥ-ʤʦʜʝʣʽ 

 

ʇʨʠ ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʦʩʥʦʚʥʠʤ ʻ 

ʟʘʚʜʘʥʥʷ ʚʠʷʚʣʝʥʥʷ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʫ, ʨʦʟʧʽʟʥʘʥʥʷ, ʪʘ ʚʠʜʽʣʝʥʥʷ ʮʴʦʛʦ 

ʩʠʛʥʘʣʫ. ʗʢʱʦ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʫ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʫ ʨʦʟʜʽʣʽ 2, ʪʦ ʨʦʟʧʽʟʥʘʥʥʷ 
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ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʨʦʟʛʣʷʥʝʤʦ ʫ 

ʮʴʦʤʫ ʨʦʟʜʽʣʽ. 

ɼʣʷ ʮʴʦʛʦ ʟʨʦʙʠʤʦ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʨʠʧʫʱʝʥʥʷ: ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʩʠʛʥʘʣ-ʰʫʤ ʥʝʚʝʣʠʢʝ. ʊʦʜʽ ʤʦʞʣʠʚʦ ʨʦʟʛʣʷʜʘʪʠ ʧʦʜʘʥʥʷ ʩʠʛʥʘʣʫ ʫ ʚʠʛʣʷʜʽ: 

- ʩʠʛʥʘʣ; 

- ʩʠʛʥʘʣ + ʰʫʤ; 

- ʩʠʛʥʘʣʫ ʣʘʪʝʥʪʥʦʛʦ ʧʝʨʽʦʜʫ (ʷʢ ʧʨʠʢʣʘʜ ï ʟʘʰʫʤʣʝʥʦʛʦ ʥʘ ʧʦʯʘʪʢʫ 

ʘʙʦ ʢʽʥʮʽ ʩʠʛʥʘʣʫ ɿʅʆɯ). 

ɺ ʮʽʣʦʤʫ, ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʫ ɿʅʆɯ ʮʝ ʧʨʦʮʝʩ ʚʠʙʦʨʫ ʚʘʨʽʘʥʪʽʚ ʽ ʪʦʤʫ 

ʮʝʡ ʧʨʦʮʝʩ ʙʫʜʝ ʟʘʚʞʜʠ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʧʦʤʠʣʢʘʤʠ. 

ɿ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʮʠʭ ʧʦʤʠʣʦʢ ʚʚʝʜʝʤʦ ʧʦʥʷʪʪʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʦʨʦʛʫ, ʧʝʨʝʚʠʱʝʥʥʷ ʷʢʦʛʦ ʩʠʛʥʘʣʦʤ (ʟʘ ʦʜʥʽʻʶ ʟ ʛʽʧʦʪʝʟ) ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ 

ʩʠʛʥʘʣʦʤ ɿʅʆɯ. ʇʦʥʷʪʪʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʨʦʛʫ ʙʫʜʝʤʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʷʢ ʜʦ 

ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʪʘʢ ʽ ʜʦ ʡʦʛʦ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ (ʩʧʝʢʪʨʘʣʴʥʦʛʦ) ʧʦʜʘʥʥʷʤ. 

ʇʨʦʩʪʠʡ ʚʠʜ ʧʦʨʦʛʫ ï ʮʝ ʨʽʟʥʠʮʷ ʤʽʞ ʦʙʚʽʜʥʦʾ ʥʘ ʣʘʪʝʥʪʥʦʤʫ ʧʝʨʽʦʜʽ 

(ʷʢʘʩʴ ʫʩʝʨʝʜʥʝʥʘ ʦʮʽʥʢʘ ʧʨʠʡʥʷʪʘ ʟʘ ʧʦʯʘʪʢʦʚʫ ʙʘʟʫ ʩʠʛʥʘʣʫ) ʜʦ ʦʙʚʽʜʥʦʾ ʥʘ 

ʩʠʛʥʘʣʽ. ɼʣʷ ʩʧʝʢʪʨʘʣʴʥʦ ʯʘʩʦʚʦʛʦ ʧʦʜʘʥʥʷ ï ʮʝ ʙʫʜʝ ʦʙʚʽʜʥʘ ʤʘʢʩʠʤʫʤʽʚ 

ʩʧʝʢʪʨʽʚ ʧʦʯʘʪʢʦʚʦʾ ʙʘʟʠ ʩʠʛʥʘʣʫ ʜʦ ʦʙʚʽʜʥʠʭ ʤʘʢʩʠʤʫʤʽʚ ʩʧʝʢʪʨʽʚ ʩʠʛʥʘʣʫ. 

ʇʦʨʦʛʠ ʚʚʦʜʷʪʴʩʷ ʜʣʷ ʚʽʜʩʽʯʝʥʥʷ ʟʘʰʫʤʣʝʥʠʭ ʣʘʪʝʥʪʥʠʭ ʧʝʨʽʦʜʽʚ ʽ 

ʚʠʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʽʚ ɿʅʆɯ ʟ ʤʝʪʦʶ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʫ. 

ɿʘʚʜʘʥʥʷ ʣʦʢʘʣʽʟʘʮʽʾ ʩʠʛʥʘʣʫ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʣʽʥʽʡʥʦʛʦ ʬʽʣʴʪʨʘ, ʷʢʠʡ ʧʨʠʛʥʽʯʫʻ ʩʧʝʢʪʨʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ ʰʫʤʫ ʽ ʚʠʜʽʣʷʻ 

ʩʠʛʥʘʣ ɿʅʆɯ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ, ʢʦʣʠ ʥʘ ʩʠʩʪʝʤʫ ʜʽʻ ʨʝʛʫʣʷʨʥʠʡ ʩʠʛʥʘʣ: 

 

 
0( ) ( ) j tS t S e dww w

+¤

-¤

=ñ .                                             (3.1) 

 

ɿ ʜʦʚʽʣʴʥʠʤ ʩʧʝʢʪʨʦʤ, ʤʠʪʪʻʚʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 2

0( ) ( )I t S t=  ʪʘ 

ʝʥʝʨʛʽʻʶ  
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0 0( ) ( ) 2 ( )Q t I t dt S dp w w
+¤ +¤

-¤ -¤

= =ñ ñ .                          (3.2) 

 

ʅʝʭʘʡ ʨʘʟʦʤ ʟ ʩʠʛʥʘʣʦʤ ( )S t  ʥʘ ʚʭʽʜ ʥʘʜʭʦʜʠʪʴ ʩʪʘʮʽʦʥʘʨʥʠʡ ʰʫʤ ʟ 

ʥʫʣʴʦʚʠʤ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʽ ʩʧʝʢʪʨʘʣʴʥʦʶ ʱʽʣʴʥʽʩʪʶ ( )Gw . 

ʇʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ( )K wʦʧʪʠʤʘʣʴʥʦʛʦ ʬʽʣʴʪʨʘ ʮʝ ʪʘ ʧʝʨʝʜʘʚʘʣʴʥʘ 

ʬʫʥʢʮʽʷ ʜʣʷ ʷʢʦʾ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʙʫʜʝ ʥʘʡʙʽʣʴʰʠʤ ʟ ʫʩʽʭ ʤʦʞʣʠʚʠʭ 

ʜʣʷ ( )G constw=  (ʩʠʛʥʘʣ ʙʽʣʦʛʦ ʰʫʤʫ). ɿʥʘʯʝʥʥʷ ʙʫʜʝ ʦʧʠʩʫʚʘʪʠʩʷ ʚʠʨʘʟʦʤ: 

 

0 0*

0 0( ) ( ) ( ) ( )
j t j t

optK K S e S e
w ww w w w-= = = - ,           (3.3) 

ʜʝ 
0t ï ʜʦʚʽʣʴʥʘ ʧʦʩʪʽʡʥʘ. 

ʏʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʣʠʟʴʢʘ ʜʦ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ. ʇʨʠ ʮʴʦʤʫ ʚ (3) 

ʚʭʦʜʠʪʴ ʢʦʤʧʣʝʢʩʥʦ-ʧʦʻʜʥʘʥʝ ʟʥʘʯʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʘʤʧʣʽʪʫʜʠ. ʆʮʽʥʢʘ 

ʧʘʨʘʤʝʪʨʽʚ ʣʘʪʝʥʪʥʠʭ ʧʝʨʽʦʜʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʝʪʦʜʘʤʠ ʧʝʨʽʦʜʦʛʨʘʤʤʘʥʘʣʽʟʫ, 

ʟ ʜʦʧʦʤʦʛʦʶ ʢʦʨʝʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡ, ʢʽʥʮʝʚʠʭ ʬʫʥʢʮʽʡ, ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ ʽ 

ʤʝʪʦʜʘʤʠ ɹʨʫʥʩʘ, ʂʶʥʝʥʘ, ʃʘʛʨʘʥʞʘ, ʟʘ ʢʦʨʝʣʷʮʽʡʥʠʤʠ ʬʫʥʢʮʽʷʤʠ [103]. 

ʇʽʩʣʷ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚʠʜʽʣʝʥʥʷ ʩʠʛʥʘʣʫ ʩʪʘʻ ʟʘʚʜʘʥʥʷ ʟʘ ʧʦʜʘʥʥʷʤ 

ʩʠʛʥʘʣʫ ʚ ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ. ɺʠʛʣʷʜʽ ï ʟʨʫʯʥʦʤʫ ʜʣʷ ʘʥʘʣʽʟʫ ʨʽʟʥʠʤʠ 

ʧʨʦʛʨʘʤʥʠʤʠ ʟʘʩʦʙʘʤʠ ʪʘ ʤʝʪʦʜʘʤʠ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʨʦʟʛʣʷʥʝʤʦ ʨʽʟʥʽ ʤʝʪʦʜʠ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʠʛʥʘʣʫ. 

ʉʠʛʥʘʣ ɿʅʆɯ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʤʘʻ ʚʠʛʣʷʜ ʩʢʣʘʜʥʦʾ ʬʫʥʢʮʽʾ, ʮʝ 

ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʨʦʟʨʦʙʥʠʢʠ ɿʅʆɯ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʢʦʤʙʽʥʦʚʘʥʽ 

ʤʝʪʦʜʠ ʧʨʠʭʦʚʫʚʘʥʥʷ ʨʦʙʦʪʠ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

(ɿʅʆɯ), ʪʦʙʪʦ ʩʠʛʥʘʣ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʪʽʣʴʢʠ ʢʦʤʧʦʟʠʮʽʻʶ ʜʝʢʽʣʴʢʦʭ 

ʬʫʥʢʮʽʡ. ʗʢʱʦ ʤʥʦʞʠʥʘ 
iYʟʥʘʯʝʥʴ ʬʫʥʢʮʽʾ ʤʽʩʪʠʪʴʩʷ ʚ ʙʝʟʣʽʯʽ ʚʠʟʥʘʯʝʥʥʷ 

1iX+
ʬʫʥʢʮʽʾ 

1if +, ʪʦʙʪʦ
if , 

1: , 1,..., 1,i i i if X Y X i n+­ Ë = - ʪʦ ʾʭ ʢʦʤʧʦʟʠʮʽʷ ʙʫʜʝ 

ʚʠʟʥʘʯʘʪʠʩʷ ʚʠʨʘʟʦʤ: 
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1 1 1 1( ... )( ) ( (... ( ))...)),n n n n if f f x f f f x x X- -= Í .        (3.4) 

 

ɺʩʷʢʘ ʨʘʮʽʦʥʘʣʴʥʘ ʬʫʥʢʮʽʷ ʙʫʜʴ-ʷʢʦʛʦ ʯʠʩʣʘ ʟʤʽʥʥʠʭ ʻ ʢʦʤʧʦʟʠʮʽʻʶ 

ʯʦʪʠʨʴʦʭ ʘʨʠʬʤʝʪʠʯʥʠʭ ʜʽʡ, ʢʦʤʧʦʟʠʮʽʻʶ ʬʫʥʢʮʽʡ , , ,
z

z y z y z y
y

+ - Ö . 

ʉʢʣʘʜʥʘ ʬʫʥʢʮʽʷ ʧʨʠ ʮʴʦʤʫ ʟʙʝʨʽʛʘʻ ʚʣʘʩʪʠʚʦʩʪʽ ʬʫʥʢʮʽʾ, ʢʦʤʧʦʟʠʮʽʻʶ 

ʷʢʠʭ ʚʦʥʘ ʻ ʂʦʣʤʦʛʦʨʦʚ ɸ. ʄ. [99] ʧʦʢʘʟʘʚ, ʱʦ ʙʫʜʴ-ʷʢʘ ʚʠʟʥʘʯʝʥʘ ʥʘ n-

ʤʽʨʥʦʤʫ ʢʫʙ(̔ 4)n²  ʙʝʟʧʝʨʝʨʚʥʘ ʬʫʥʢʮʽʷ ʻ ʢʦʤʧʦʟʠʮʽʻʶ ʥʝʧʝʨʝʨʚʥʠʭ 

ʬʫʥʢʮʽʡ ʪʨʴʦʭ ʟʤʽʥʥʠʭ. ʇʦʪʽʤ ɸʨʥʦʣʴʜ ɺ. ɯ. ʟʤʝʥʰʠʚ ʯʠʩʣʦ ʟʤʽʥʥʠʭ ʟ ʪʨʴʦʭ 

ʜʦ ʜʚʦʭ. ʋ ʮʽʣʦʤʫ ʮʝʡ ʮʠʢʣ ʨʦʙʽʪ ʟʘʚʝʨʰʫʻ ʪʝʦʨʝʤʘ ʂʦʣʤʦʛʦʨʦʚʘ ɸ. ʄ 

[96,175,176]: 

ʊʝʦʨʝʤʘ 1: ɹʫʜʴ-ʷʢʘ ʙʝʟʧʝʨʝʨʚʥʘ ʬʫʥʢʮʽʷ n ʟʤʽʥʥʠʭ ʤʦʞʝ ʙʫʪʠ 

ʦʪʨʠʤʘʥʘ ʟ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧʦʟʠʮʽʡ ʥʝʧʝʨʝʨʚʥʠʭ ʬʫʥʢʮʽʡ ʦʜʥʦʛʦ ʟʤʽʥʥʦʛʦ ʪʘ 

ʻʜʠʥʦʶ ʬʫʥʢʮʽʻʶ ʜʚʦʭ ʟʤʽʥʥʠʭ ( , )g x y x y= = +. 

ʉʘʤʝ ʮʷ ʪʝʦʨʝʤʘ ʜʦʟʚʦʣʷʻ ʧʨʝʜʩʪʘʚʠʪʠ ʙʫʜʴ-ʷʢʫ ʬʫʥʢʮʽʶ f, 

ʙʝʟʧʝʨʝʨʚʥʫ ʥʘ n-ʤʽʨʥʦʤʫ ʢʫʙʽ, ʫ ʚʠʛʣʷʜʽ: 

2 1

1
1 1

( ,..., ) ( ( ))
n n

n i ij i
i j

f x x h xf
+

= +

=ä ä ,                                  (3.5) 

 

ʜʝ ʬʫʥʢʮʽʾ ,i ijh fʥʝʧʝʨʝʨʚʥʽ, ʘ ʬʫʥʢʮʽʷ 
ijfʢʨʽʤ ʪʦʛʦ, ʩʪʘʥʜʘʨʪʥʘ ʪʘ ʥʝ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʙʦʨʫ ʬʫʥʢʮʽʾ f . 

ʉʘʤʝ ʚʠʨʘʟ (3.5) ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʝʜʩʪʘʚʠʪʠ ʩʠʛʥʘʣ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʟʥʽʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʠʛʣʷʜʽ, ʟʨʫʯʥʦʤʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ 

ʧʨʦʛʨʘʤʥʠʤʠ ʟʘʩʦʙʘʤʠ.  

ʅʘʩʪʫʧʥʠʤ ʤʝʪʦʜʦʤ ʧʦʜʘʥʥʷ ʩʠʛʥʘʣʫ ʻ ʧʦʜʘʥʥʷ ʩʠʛʥʘʣʫ, ʫ ʚʠʛʣʷʜʽ 

ʩʧʣʘʡʥ-ʬʫʥʢʮʽʾ ʜʚʦʭ ʟʤʽʥʥʠʭ. ɼʚʦʚʠʤʽʨʥʘ ʩʧʣʘʡʥ-ʬʫʥʢʮʽʷ, ʟʽʙʨʘʥʘ ʟʽ ʰʤʘʪʢʽʚ 

ʜʚʦʤʽʨʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʤʥʦʛʦʯʣʝʥʽʚ. ʈʽʟʥʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʩʧʣʘʡʥ-ʬʫʥʢʮʽʾ ʥʘ 
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ʚʠʧʘʜʦʢ ʙʘʛʘʪʴʦʭ ʟʤʽʥʥʠʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʚʦʤʘ ʦʟʥʘʢʘʤʠ: ʬʦʨʤʦʶ 

ʟʘʜʘʥʦʾ ʦʙʣʘʩʪʽ ï ʾʾ ʧʦʜʣ̔ʦʤ ʥʘ ʧʽʜʦʙʣʘʩʪʽ ʽ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʩʪʦʨʫ ʩʧʣʘʡʥʽʚ. 

ʇʨʠʧʫʩʪʠʤʦ, ʟʘʜʘʥʘ ʦʙʣʘʩʪʴ ʻ ʧʨʷʤʦʢʫʪʥʠʢ ʟ ʧʨʷʤʦʢʫʪʥʦʶ ʩʽʪʢʦʶ ʥʘ 

ʥʴʦʤʫ. ʋ ʧʨʷʤʦʢʫʪʥʽʡ ʦʙʣʘʩʪʽ: [ ][ ], ,a b c dW= ³ , ʚʚʝʜʝʥʘ ʩʽʪʢʘ 
x yD=D ³D, 

ʜʝ:  
0 1: ...x Na x x x bD = ¢ ¢ = ʪʘ 0 1: ...y Na y y y dD = ¢ ¢ = 

ʑʦ ʧʦʜʽʣʷʻ ʦʙʣʘʩʪʴ W ʥʘ ʧʨʷʤʦʢʫʪʥʽ ʦʩʝʨʝʜʢʠ 

 

[ ]{ }1 1( , ) , , , ,ij i i j jx y x x x y y y+ +
è øW = Í Íê ú                 (3.6) 

ʜʝ 0,..., 1; 0,..., 1i N j M= - = - 

 

ɼʣ̫ ʮʣ̔ʠʭ0k²  ʪʘ 0l ²  ʯʝʨʝʟ [],k lC W  ʧʦʟʥʘʯʠʤʦ ʤʥʦʞʠʥʫ ʥʝʧʝʨʝʨʚʥʠʭ 

ʥʘ W ʬʫʥʢʮʽʡ ( , )f x y , ʱʦ ʤʘʶʪʴ ʙʝʟʧʝʨʝʨʚʥʽ ʯʘʩʪʦʪʥʽ ʧʦʭʽʜʥʽ ʪʘ ʟʤʽʰʘʥʽ 

ʧʦʭʽʜʥʽ , ( , )r sD f x y  , 1r k s¢ ¢. 

ʉʠʤʚʦʣʦʤ []1, 1C- -W  ʧʦʟʥʘʯʘʻʪʴʩʷ ʙʝʟʣʽʯ ʯʘʩʪʢʦʚʦ-ʥʝʧʝʨʝʨʚʥʠʭ 

ʬʫʥʢʮʽʡ ʟ ʨʦʟʨʠʚʘʤʠ ʧʝʨʰʦʛʦ ʨʦʜʫ ʥʘ ʜʝʷʢʠʭ ʟʘʤʢʥʫʪʠʭ ʣʽʥʽʷʭ, ʱʦ ʤʦʞʝ 

ʤʽʩʪʷʪ ɹʤʝʞʽ ʦʙʣʘʩʪʽ. 

ʌʫʥʢʮʽʷ 
, , , ( , )n mS x yn m  ʥʘʟʠʚʘʻʪʴʩʷ ʩʧʣʘʡʥʦʤ ʜʚʦʭ ʟʤʽʥʥʠʭ ʩʪʫʧʝʥʷ 

nʜʝʬʝʢʪʫ n (0 1)nn¢ ¢ + ʟʘ x ʪʘ ʩʪʫʧʝʥʷ mʜʝʬʝʢʪʫ m (0 1)mm¢ ¢ + ʟʘ y  ʟ 

ʣʽʥʽʷʤʠ ʩʢʣʝʡʢʠ ʥʘ ʩʽʪʮʽ D, ʷʢʱʦ: 

ʇʝʨʰʘ ʫʤʦʚʘ. ʋ ʢʦʞʥʽʡ ʢʣʽʪʠʥʮʽ ijW ʬʫʥʢʮʽʷ 
, , , ( , )n mS x yn m ʻ 

ʤʥʦʛʦʯʣʝʥʦʤ n ʩʪʫʧʝʥʶ x ʪʘ m ʩʪʫʧʝʥʶ y , ʪʦʙʪʦ 

 

, , ,
0 0

( , ) ( ) ( )
n m

ij

n m i jS x y a x x y ya b

mn ab
a b= =

= - -ä ä ,                  (3.7) 

ʜʝ  0,..., 1; 0,... 1;i N j M= - = - 

 

ɼʨʫʛʘ ʫʤʦʚʘ: 



176 

 

 

[],

, , , ( , ) n m

n mS x y C n m

mn

- -Í W.                                        (3.8) 

 

ʅʝʭʘʡ ʟʘʜʘʥʦ ʜʚʘ ʧʨʦʩʪʦʨʠ ʟʘʣʝʞʥʽ ʚʽʜ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ 
, ( ),n xS nD ʪʘ 

, ( )m yS mD . 

ʊʝʦʨʝʤʘ 2. ʇʨʦʩʪʽʨ ʩʧʣʘʡʥʽʚ ʜʚʦʭ ʟʤʽʥʥʠʭ ʟʙʽʛʘʶʪʴʩʷ ʟ ʪʝʥʟʦʨʥʠʤ 

ʜʦʙʫʪʢʦʤ ʜʚʦʭ ʧʨʦʩʪʦʨʽʚ ʩʧʣʘʡʥʽʚ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ 

 

, , , , ,( ) ( ) ( )n m n x m yS S Smn n mD = D Ã D.                          (3.9) 

 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷ ʩʠʛʥʘʣʫ ɿʅʆɯ 

ʧʨʦʚʦʜʠʪʠ ʟ ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʬʽʣʴʪʨʫ, ʟ ʧʦʜʘʣʴʰʠʤ 

ʧʦʜʘʥʥʷʤ ʮʴʦʛʦ ʩʠʛʥʘʣʫ ʫ ʚʠʛʣʷʜʽ ʩʢʣʘʜʥʦʾ ʬʫʥʢʮʽʾ, ʚʠʨʘʟʽ(3.7) ʘʙʦ ʩʧʣʘʡʥ-

ʬʫʥʢʮʽʻʶ ʜʚʦʭ ʟʤʽʥʥʠʭ, ʷʢʘ ʟʚʦʜʠʪʴʩʷ ʚ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ ʜʦ ʪʝʥʟʦʨʥʦʛʦ 

ʜʦʙʫʪʢʫ ʜʚʦʭ ʧʨʦʩʪʦʨʽʚ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ, ʚʠʨʘʟ (3.9), ʱʦ ʩʧʨʦʱʫʻ ʟʘʚʜʘʥʥʷ 

ʘʥʘʣʽʟʫ ʚʠʜʽʣʝʥʦʛʦ ʩʠʛʥʘʣʫ. ʇʨʦʪʝ ʢʦʞʝʥ ʟ ʮʠʭ ʤʝʪʦʜʽʚ ʨʦʟʛʣʷʜʘʻ ʧʨʠʚʘʪʥʽ 

ʘʩʧʝʢʪʠ ʫʷʚʣʝʥʴ ʩʠʛʥʘʣʫ ʽ ʥʝ ʤʦʞʝ ʚʠʨʽʰʠʪʠ ʟʘʜʘʯʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚ ʧʦʚʥʦʤʫ 

ʦʙʩʷʟʽ. 

ʊʦʙʪʦ, ʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʥʝ ʤʦʞʣʠʚʦ ʚʠʨʽʰʠʪʠ ʷʢʠʤʩʴ 

ʦʜʥʠʤ ʟ ʩʧʦʩʦʙʽʚ, ʪʘʢ ʷʢ ʢʦʞʥʠʡ ʟ ʥʠʭ ʨʦʟʛʣʷʜʘʻ ʧʨʠʚʘʪʥʽ (ʦʜʠʥʠʯʥʽ) ʘʩʧʝʢʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʠʛʥʘʣʫ.  

ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʫ ɿʅʆɯ ʻ ʩʢʣʘʜʥʦʶ ʢʦʤʧʣʝʢʩʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʱʦ 

ʦʧʝʨʫʻ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʜʚʦʤʘ ʬʘʢʪʦʨʘʤʠ: 

1. ʌʘʢʪʦʨ ʦʙʨʦʙʢʠ ʧʨʠʥʮʠʧʫ ʦʪʨʠʤʘʥʥʷ ʩʠʛʥʘʣʫ; 

2. ʌʘʢʪʦʨ ʦʙʨʦʙʢʠ ʩʪʨʫʢʪʫʨʠ ʩʠʛʥʘʣʫ. 

ʇʨʠ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ ʩʠʛʥʘʣʫ, ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʩʠʛʥʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʟʥʘʥʥʷ, ʟ ʨʽʟʥʠʭ ʨʦʟʜʽʣʽʚ ʤʘʪʝʤʘʪʠʢʠ, ʬ̔ ʟʠʢʠ 

ʪʘ ʽʥʬʦʨʤʘʪʠʢʠ. 
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ʅʘ ʧʦʥʷʪʽʡʥʦʤʫ ʨʽʚʥʽ, ʮʝ ï ʨʽʚʝʥʴ ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʽʚ 

ʪʘʢʠʭ ʷʢ: ʘʤʧʣʽʪʫʜʘ, ʯʘʩʪʦʪʘ, ʬʘʟʘ, ʩʧʝʢʪʨ. ʅʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʨʽʚʥʽ 

ʧʨʠʩʫʪʥʽ ʩʪʨʫʢʪʫʨʠ ʚʟʘʻʤʦʜʽʾ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ [105,107]. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ 

ʮʝ ʩʪʨʫʢʪʫʨʘ ʚʭʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ ʨʝʟʦʥʘʥʩʥʠʭ 

ʬʽʣʴʪʨʽʚ, ʢʦʤʧʦʥʝʥʪʠ ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʠʥʮʠʧʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʽʥ.). ʅʘ 

ʧʨʦʮʝʜʫʨʥʦʤʫ ʨʽʚʥʽ ï ʮʝ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʪʘ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ, ʨʽʟʥʽ ʤʝʪʦʜʠ 

ʬʽʣʴʪʨʘʮʽʾ, ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, ʘʧʨʦʢʩʠʤʘʮʽʾ ʪʘ ʽʥ. 

ɼʣʷ ʚʠʨʽʰʝʥʥ̫ ʟʘʚʜʘʥʥʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʫ ʙʫʜʝʤʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ ʪʘ ʤʝʪʦʜ ʧʦʩʣʽʜʦʚʥʠʭ ʚʠʪʷʛʽʚ 

ʩʢʣʘʜʦʚʠʭ ʩʧʝʢʪʨʫ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʧʘʨʘʤʝʪʨʽʚ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ ʫ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ, 

ʙʫʜʝʤʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʩʘʤʘ ʩʠʩʪʝʤʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʥʝʚʽʜʦʤʘ. ʊʦʜʽ ʜʣʷ 

ʥʴʦʛʦ ʤʦʞʣʠʚʦ ʦʙʯʠʩʣʠʪʠ ʩʧʝʢʪʨʘʣʴʥʫ ʬʫʥʢʮʽʶ, ʘ ʜʣʷ ʥʝʶ ʤʦʞʣʠʚʦ 

ʧʦʙʫʜʫʚʘʪʠ ʦʧʠʩ ʟʛʣʘʜʞʫʶʯʠʤ ʩʧʣʘʡʥʦʤ ( )Y w. ʅʝʭʘʡ ʮʷ ʥʝʚʽʜʦʤʘ ʩʠʩʪʝʤʘ 

ʦʧʠʩʫʻʪʴʩʷ ʬʫʥʢʮʽʻʶ( )W jw. ʅʘ ʚʭʽʜ ʩʠʩʪʝʤʠ ʧʦʜʘʻʤʦ ʡʤʦʚʽʨʥʠʡ ʩʠʛʥʘʣ ʟ 

ʩʧʝʢʪʨʦʤ ( )g kS w . ʈʠʩ. 3.1 ʩʭʝʤʘʪʠʯʥʦ ʚʽʜʦʙʨʘʞʘʻ ʤʦʜʝʣʴ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ 

ʩʧʝʢʪʨʘ ʥʝʚʽʜʦʤʦʛʦ ʩʠʛʥʘʣʫ: 

 

 

  

  

 

ʈʠʩ. 3.1. ʉʭʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʘʥʘʣʽʟʫ ʩʧʝʢʪʨʫ ʩʠʛʥʘʣʫ 

 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʰʝ ʟʘʚʜʘʥʥʷ ʘʧʨʦʢʩʠʤʘʮʽʷ ʥʝʚʽʜʦʤʦʾ ʬʫʥʢʮʽʾ 

( )W jw  ʫ ʙʘʟʠʩʽ ʬʫʥʢʮʽʡ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʚʠʜʫ: 

 

22 2

( )
( )

2

i i
i

i ii

pc
pW

pp

a

b a a

+
=

+ + +
.                                (3.10) 

( )W jw  

( )S w  ( )gS w  
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ʊʦʜʽ ʜʣʷ ʥʘʰʦʛʦ ʚʠʧʘʜʢʫ ʙʫʜʝʤʦ ʤʘʪʠ: 

 

2 2 2
2

2
2

( )
( )

2 2 2 (2 ))(

ci i k
Wi k

k ii i k

a w
w

b w aa w

+
=

++ -

,              (3.11) 

 

ʜʝ: ic  ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʪʫʭʘʥʥʷ, a̔ - ʩʪʫʧʝʥʴ ʟʘʪʫʭʘʥʥʷ, 
ib ï 
ʨʝʟʦʥʘʥʩʥʘ 

ʯʘʩʪʦʪʘ. 

ʅʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʩʭʝʤʫ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ( )W jw  ʪʘ ̔-ʦʾ 

ʧʘʨʘʤʝʪʨʽʚ 
0
, .iib a . 

ʎʶ ʟʘʜʘʯʫ ʧʨʦʧʦʥʫʁ ʚʠʨʽʰʫʚʘʪʠ ʤʝʪʦʜʦʤ ʧʦʩʣʽʜʦʚʥʠʭ ʚʠʣʫʯʝʥʴ 

ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʫ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ. 

ʌʘʟʘ ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

 

( ), 0 2k

k k

k

b
arctg

a
pj j= ¢ ¢ ,                              (3.12) 

 

ʜʝ: ka  ï ʧʘʨʥʘ ʢʦʤʧʦʥʝʥʪʘ, kb - ʥʝʧʘʨʥʘ ʢʦʤʧʦʥʝʥʪʘ. 

ʇʨʠʧʫʩʪʠʤʦ ʱʦ ʟʘʜʘʥʦ, ʪʦʯʥʽʰʝ ʟʥʘʡʜʝʥʦ, ʷʢ ʧʦʢʘʟʘʥʦ ʫ ʜʨʫʛʦʤʫ 

ʨʦʟʜʽʣʽ ʮʝʡ ʜʠʩʝʨʪʘʮʽʾ, ʩʧʝʢʪʨʘʣʴʥʝ-ʯʘʩʦʚʝ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ʫ 

ʚʠʛʣʷʜʽ ʤʘʩʠʚʫ ʟʥʘʯʝʥʥʷ: ( , ) ( , )l k k lt SS tw w=  ʜʝ ʩʧʝʢʪʨ lS  ʦʪʨʠʤʘʥʦ ʫ ʤʦʤʝʥʪ 

ʯʘʩʫ lt  ʥʘ ʽʥʪʝʨʚʘʣʽ lT . ɯʥʪʝʨʚʘʣ lT T=  ʧʦʩʪʽʡʥʠʡ, 0k kw w= - ʯʘʩʪʦʪʠ 

ʦʙʯʠʩʣʝʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, 1k M= · , 1l N= · , 0w  ï ʧʦʯʘʪʢʦʚʘ 

ʯʘʩʪʦʪʘ ʩʧʝʢʪʨʫ. 

ʉʧʣʘʡʥ-ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʢʣʘʩʽ ʟʛʣʘʜʞʫʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʷʢ 

ʦʧʠʩ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʾ ʜʚʦʭ ʟʤʽʥʥʠʭ ( , )Y tw  ʜʣʷ 

ʬʽʢʩʦʚʘʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ.  
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ɼʦʧʫʱʝʥʥʷ, ʟʛʣʘʜʞʫʚʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʧʠʩʫ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʘʜʘʯʽ 

ʟʥʘʭʦʜʞʝʥʥʷ: 

 

2
min( ) ( , ) ( , )

j

Y S Y ttk l
w

s ww= -è øääê ú.                     (3.13) 

 

ɼʣʷ ʩʧʣʘʡʥ-ʤʦʜʝʣʽ ʟ ʥʝʧʝʨʝʨʠʚʥʠʤʠ ʧʦʭʽʜʥʠʤʠ ʫ ʚʫʟʣʘʭ ʩʢʣʝʶʚʘʥʥʷ ʧʦ 

w, ʟ ʤʽʥʽʤʽʟʘʮʽʾ sʧʦ ʯʘʩʪʦʪʘʤ ʚʫʟʣʽʚ ʩʢʣʝʶʚʘʥʥʷ W: 

 

[ ]min( )min( ) ( , ) ( , , )j ik i
j

Y S Y tt
w

s ww= -ääW W .      (3.14) 

 

ʏʠʩʣʦ ʚʫʟʣʽʚ mʟʘ ʯʘʩʪʦʪʦʶ ʚʠʙʠʨʘʪʠʩʷ ʟ ʤʽʨʢʫʚʘʥʥʷ ʫ ʮʽʣʦʤʫ ʪʦʯʥʦʛʦ, 

ʘʣʝ ʥʝ ʟʙʠʪʢʦʚʦʛʦ ʦʧʠʩʫ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʟʨʽʟʫ ʩʧʣʘʡʥ-ʤʦʜʝʣʣʶ. 

ʇʦʚʥʠʡ ʦʧʠʩ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʟʨʽʟʫ ʫ ʧʦʣʦʩʽ ʯʘʩʪʦʪ ʚʽʜ 0 ʜʦ 8500 ɻʮ ʜʣʷ 

ʬʽʢʩʦʚʘʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʤʦʜʝʣʣʶ ʟ ʚʦʩʴʤʠ 

ʚʫʟʣʘʤʠ, ʪʠʧʫ: 
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ʆʧʠʩ ʩʧʝʢʪʨʫ ʪʘ ʬʘʟʠ ʩʧʣʘʡïʤʦʜʝʣʷʤʠ (3.15) ʫ ʟʘʛʘʣʴʥʦʤʫ  ʚʠʧʘʜʢʫ 

ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ:  
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ʉʧʝʢʪʨʘʣʴʥʽ ʪʘ ʬʘʟʦʚʽ ʬʫʥʢʮʽʾ, ʦʪʨʠʤʘʥʽ ʧʽʩʣʷ ʩʧʣʘʡʥ-ʤʦʜʝʣʶʚʘʥʥʷ 

ʤʘʶʪʴ ʜʦʩʪʘʪʥʴʦ ʧʨʠʚʘʙʣʠʚʠʡ ʚʠʛʣʷʜ, ʜʫʞʝ ʧʨʘʚʜʠʚʠʡ ʜʣʷ ʩʧʝʢʪʨʽʚ 

ʦʙʯʠʩʣʶʚʘʥʠʭ ʜʣʷ ʜʫʞʝ ʢʦʨʦʪʢʠʭ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ. ʉʧʝʢʪʨʘʣʴʥʠʡ ʦʧʠʩ 
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ʬʘʟʦʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʘʢʪʠʯʥʦ, ʚʽʜʩʫʪʥʽʡ ʫ ʣʽʪʝʨʘʪʫʨʽ. ɭ ʪʽʣʴʢʠ 

ʦʧʠʩ ʫ ʂʘʨʧʦʚʘ ʆ.ʄ. ʪʘ ʍʦʨʦʰʢʦ ɺ.ʆ. [173,174,175]. 

ɸʣʝ ʥʘʩ ʮʽʢʘʚʠʪʴ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʩʧʣʘʡʥ-ʤʦʜʝʣʣʽ, ʪʦʙʪʦ ʧʦʪʨʽʙʥʦ 

ʚʠʟʥʘʯʘʪʠ ʥʝ ʪʽʣʴʢʠ ʩʧʣʘʡʥ-ʤʦʜʝʣʴ, ʘ ʡ ʦʙʯʠʩʣʶʚʘʪʠ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʧʣʘʡʥ-ʤʦʜʝʣʽ. 

ɺʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʨʝʘʣʴʥʠʡ ʩʠʛʥʘʣ ʮʠʬʨʦʚʦʛʦ ɿʅʆɯ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʪʦʤʫ ʞ ʜʽʘʧʘʟʦʥʽ ʱʦ ʽ ʣʝʛʘʣʴʥʽ ʧʨʠʩʪʨʦʾ, ʚʽʜʽʣʠʪʠ ʡʦʛʦ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʟʘ 

ʚʝʣʠʯʠʥʦʶ ʝʥʝʨʛʽʾ ʩʧʝʢʪʨʫ. ʉʠʛʥʘʣ ʮʠʬʨʦʚʦʛʦ ɿʅʆɯ ʫ ʟʦʥʽ ʧʝʨʝʚʽʨʢʠ ʙʫʜʝ 

ʟʥʘʯʥʦ ʙʣ̔ʴʰʠʡ ʟʘ ʚʝʣʠʯʠʥʦʶ ʩʧʝʢʪʨʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʯʠʤ ʣʶʙʠʡ ʩʠʛʥʘʣ ʟʘ 

ʤʝʞʘʤʠ ʟʦʥʠ ʧʝʨʝʚʽʨʢʠ. ʉʠʛʥʘʣ ʮʠʬʨʦʚʦʾ ɿʅʆɯ ʫ ʟʦʥʽ ʧʝʨʝʚʽʨʢʠ ʙʫʜʝ ʥʘ ʪʽʡ 

ʞʝ ʯʘʩʪʦʪʽ ʱʦ ʽ ʫʩʽ ʣʝʛʘʣʴʥʽ ʧʨʠʩʪʨʦʾ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʡʦʛʦ ʚʠʷʚʣʝʥʥʷ. ʆʜʥʘʢ 

ʨʦʟʧʽʟʥʘʪʠ ʡʦʛʦ ʤʦʞʣʠʚʦ. ʈʦʟʧʽʟʥʘʥʥʷ ʤʦʞʣʠʚʦ ʪʣ̔ʢɹʠ ʟʘ ʚʝʣʠʯʠʥʦʶ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʬʘʟʠ ʩʠʛʥʘʣʫ. 

ʊʦʤʫ ʦʜʥʠʤ ʟ ʥʘʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʨʦʟʧʽʟʥʘʥʥʷ ʡʤʦʚʽʨʥʦʛʦ ʩʠʛʥʘʣʫ 

ʮʠʬʨʦʚʦʾ ɿʅʆɯ ʙʫʜʝ ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʢʩʠʤʫʤʫ ʩʧʝʢʪʨʫ ʩʠʛʥʘʣʫ, ʪʦʯʥʽʰʝ 

ʝʥʝʨʛʽʾ ʩʧʝʢʪʨʫ. 

ɼʣʷ ʮʴʦʛʦ ʦʙʯʠʩʣʠʤʦ ʤʘʢʩʠʤʫʤʠ ʩʧʣʘʡʥ-ʤʦʜʝʣʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠ 

ʮʴʦʤʫ ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʢʩʠʤʫʤʫ ʬʫʥʢʮʽʾ ʧʦ ʧʦʭʽʜʥʦʾ. ɺʽʟʴʤʝʤʦ ʧʦʭʽʜʥʫ 

ʚʠʨʘʟʫ ( )j w (ʚʽʟʴʤʝʤʦ ʡʦʛʦ ʟ ʨʽʚʥʷʥʥʷ 3.17): 
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ʇʨʠʨʽʚʥʷʡʤʦ ʧʦʭʽʜʥʫ ʨʽʚʥʷʥʥʷ (3.17) ʥʫʣʶ: ( ) 0wj¡ =  

ʆʪʨʠʤʘʻʤʦ:  

2

,3 ,2 ,1( ) ( )( ) 3 2 0j j jj jA A Aw wwj - -¡ = + + =W W .      (3.18) 

 

ɺʠʢʦʨʠʩʪʘʻʤʦ ʟʘʤʽʥʫ jq w= -W, ʪʦʜʽ ʤʘʤ̒ʦ: 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʤʽʞ ʚʫʟʣʘʤʠ jW  ʤʦʞʣʠʚʦ ʟʥʘʡʪʠ ʪʦʯʥʝ ʧʦʣʦʞʝʥʥʷ 

ʝʢʩʪʨʝʤʫʤʽʚ ( )jY w. ʇʦʣʦʞʝʥʥʷ ʝʢʩʪʨʝʤʫʤʽʚ ( )
ʽ
wj  ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʠʪʠ 

ʜʠʥʘʤʽʢʫ ʩʠʛʥʘʣʫ, ʘʣʝ ʥʝ ʜʦʟʚʦʣʠʪʴ ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʠʪʠ ʩʠʛʥʘʣ ɿʅʆɯ [110]. 

ɼʣʷ ʜʦʢʘʟʫ ʮʽʡ ʪʝʦʨʽʾ, ʧʨʦʚʝʜʝʤʦ ʘʥʘʣʽʟ ʬʫʥʢʮʽʾ ʚʠʨʘʟʫ 3.19. ɿʘʜʘʻʤʦ 

ʜʝʢʽʣʴʢʘ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʧʦʩʪʽʡʥʠʭ ʩʢʣʘʜʦʚʠʭ ʪʘ ʧʦʙʫʜʫʻʤʦ ʛʨʘʬʽʢ ʥʘ 

ʜʦʚʽʣʴʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʨʠʩ. 3.2. 

 
ʈʠʩ. 3.2. ɻʨʘʬʽʢ ʟʥʘʯʝʥʥʷ ʧʦʭʽʜʥʦʾ ʬʘʟʠ ʩʠʛʥʘʣʫ  

 

ʗʢ ʙʘʯʠʤʦ, ʟ ʥʘʚʝʜʝʥʦʛʦ ʛʨʘʬʽʢʫ, ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʛʨʘʬʽʢʫ 

ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʫ ʩʢʣʘʜʘʻ ʯʦʪʠʨʠ, ʱʦ ʜʽʡʩʥʦ ʻ ʤʘʢʩʠʤʫʤʦʤ ʬʫʥʢʮʽʾ ʽ 

ʚʽʜʧʦʚʽʜʘʻ ʢʨʠʪʝʨʽʶ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʷʢ ʩʠʛʥʘʣ ɿʅʆɯ. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʛʨʘʬʽʢʫ ʙʣʘʢʠʪʥʦʛʦ ʢʦʣʴʦʨʫ, ʥʘ ʽʥʪʝʨʚʘʣʽ [-3;3], ʩʢʣʘʜʘʻ 40, ʮʝ ʥʝ ʙʫʜʝ 

ʩʠʛʥʘʣʦʤ ɿʅʆɯ, ʪʦʤʫ ʱʦ ʮʝ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʥʘ ʤʝʞʝʶ ʽʥʪʝʨʚʘʣʫ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 
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-ʚʠʙʽʨ ʤʝʞʽ ʽʥʪʝʨʚʘʣʫ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ, ʥʝʚʽʨʥʠʡ ʚʠʙʽʨ ʤʦʞʝ ʧʨʠʚʝʩʪʠ  

ʜʦ ʧʨʠʡʥʷʪʪʷ ʥʝʚʽʨʥʦʛʦ ʨʽʰʝʥʥʷ ʱʦ ʜʦ ʨʦʟʧʽʟʥʘʥʥʷ ɿʅʆɯ; 

-ʧʦʪʨʽʙʥʦ ʚ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʟʘʢʣʘʜʘʪʠ ʟʘʚʜʘʥʥʷ ʘʥʘʣʽʟʫ ʫʩʭ̔ 

ʟʥʘʯʝʥʴ ʝʢʩʪʨʝʤʫʤʽʚ, ʘʥʘʣʽʟʫʚʘʪʠ ʫʩʽ ʤʽʥʽʤʘʣʴʥʽ ʪʘ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʬʫʥʢʮʽʾ ʩʠʛʥʘʣʫ (ʟʘ ʭʘʨʘʢʪʝʨʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ). 

ʊʽʣʴʢʠ ʮʝ ʜʦʟʚʦʣʠʪʴ ʟ ʚʠʩʦʢʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʚʠʟʥʘʯʠʪʠ ʪʘ ʨʦʟʧʽʟʥʘʪʠ 

ʮʠʬʨʦʚʠʡ ɿʅʆɯ. 

 

3.3. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ ʥʘ 

ʙʘʟʽ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʧʝʢʪʨʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ 

 

ʗʢ ʨʦʟʛʣʷʜʘʣʦʩʴ ʫ ʧʽʜʨʦʟʜʽʣ̔ 3.1, ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʫ 

ʧʦʪʨʽʙʥʦ ʟʨʦʙʠʪʠ ʘʧʨʦʢʩʠʤʘʮʽʶ ʩʧʝʢʪʨʘʣʴʥʦʾ ʬʫʥʢʮʽʾ, ʚʠʟʥʘʯʠʪʠ ʾʾ ʧʦʭʽʜʥʫ 

ʪʘ ʦʙʯʠʩʣʠʪʠ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʩʠʛʥʘʣʫ. ʊʦʙʪʦ, ʟʘʚʜʘʥʥʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʩʠʛʥʘʣʫ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʘʚʜʘʥʥʷ ʦʪʨʠʤʘʥʥʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʧʝʢʪʨʫ. ʈʦʟʛʣʷʥʝʤʦ 

ʘʧʨʦʢʩʠʤʘʮʽʶ ʩʧʝʢʪʨʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʫ ʙʘʟʠʩʽ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ 

ʨʝʟʦʥʘʥʩʥʠʭ ʣʘʥʦʢ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ.  

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʟʛʽʜʥʦ ʤʝʪʦʜʠʢʠ ʨʦʟʜʽʣʫ 2, ʦʪʨʠʤʘʣʠ ʩʧʝʢʪʨʘʣʴʥʠʡ 

ʩʠʛʥʘʣ ʚʠʜʫ ( , )k lS tw , ʦʙʯʠʩʣʠʣʠ ʩʧʣʘʡʥ-ʦʧʠʩ ( , )k lY tw  ʬʫʥʢʮʽʾ ( , )k lS tw , lt -

lʽʥʪʝʨʚʘʣʫ ʘʥʘʣʽʟʫ, 1,l m=  ʢʽʣʴʢʦʩʪʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʚʽʜʜʽʣʢʽʚ m. ʄʦʜʝʣʴ 

ʩʠʛʥʘʣʫ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 
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ɿʽ ʩʧʝʢʪʨʦʤ: 
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= = = = ¢.        (3.21) 

 

ɿʘʛʘʣʴʥʠʡ ʚʠʜ ʤʦʜʝʣʽ ʚʠʧʘʜʢʦʚʦʾ ʩʠʩʪʝʤʠ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 
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ʇʦʙʫʜʫʻʤʦ ʤʦʜʝʣʴ ( , )k lZ tw  ʬʫʥʢʮʽʾ ( , )k lS tw  ʷʢ ʩʫʧʝʨʧʦʟʠʮʽʶ n 

ʤʥʦʞʝʥʥʷ ʤʦʜʫʣʽʚ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʣʘʥʦʢ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʥʘ ʩʧʝʢʪʨ 

ʚʠʟʥʘʯʝʥʦʛʦ ʩʠʛʥʘʣʫ: 
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=ä                                (3.23) 

ɸʙʦ: 
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ʜʝ it - l -ʡ ʽʥʪʝʨʚʘʣ ʘʥʘʣʽʟʫ. 

 

22 2

( )
( )

2

i i
i

i ii

pc
pW

pp

a

b a a

+
=

+ + +
.                                   (3.25) 

 

ɼʣʷ ʥʘʰʦʛʦ ʚʠʧʘʜʢʫ ʙʫʜʝʤʦ ʤʘʪʠ: 
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ʈʦʟʛʣʷʥʠʤʦ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʜʣʷ ʥʘʰʦʛʦ ʚʠʧʘʜʢʫ (3.25): 
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ɺʠʢʦʨʠʩʪʘʻʤʦ ʚʠʨʘʟʠ 
2

0 0
, 1i i i i ib x b b xa= = -, ʜʝ 

ix ï ʩʪʫʧʝʥʴ 

ʟʘʪʫʭʘʥʥʷ, ia  ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʪʫʭʘʥʥʷ, 
0ib  ï 
ʯʘʩʪʦʪʘ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ, 

ib ï 

ʯʘʩʪʦʪʘ ʧʨʠʤʫʩʦʚʠʭ ʢʦʣʠʚʘʥʴ, ic  ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ. ʊʦʜʽ ʙʫʜʝʤʦ ʤʘʪʠ 

ʚʠʨʘʟ: 
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ʇʝʨʝʪʚʦʨʠʤʦ ʚʠʨʘʟ (3.28) ʽ ʙʫʜʝʤʦ ʤʘʪʠ: 
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ʇʨʦʚʝʜʝʤʦ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ (3.29): 
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qx bʙʫʜʝʤʦ ʰʫʢʘʪʠ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ, ʟʘ 

ʚʠʨʘʟʦʤ: 
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ʅʘʜʘʣʽ ʨʦʟʛʣʷʥʝʤʦ ʤʦʜʝʣʴ: 
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ʈʽʚʥʷʥʥʷ (3.32-3.34) ï ʮʝ ʟʘʛʘʣʴʥʘ ʤʦʜʝʣʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ 

ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ. ʇʦʪʽʤ, ʚʠʢʦʨʠʩʪʘʻʤʦ ʤʝʪʦʜ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ: 
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ʉʠʩʪʝʤʘ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ (3.33 ï 3.35) ʪʘ (3.36 ï 3.38) ʤʽʩʪʠʪʴ 3 1n+ , 

ʥʘ ʟʥʘʯʝʥʥʷ ʢʦʪʨʠʭ ʥʘʢʣʘʜʝʥʦ ʦʙʤʝʞʝʥʥʷ ʧʨʠ 3n= ,  

01 02 03
0 1, 0 1, , 2400 2400

i
q ɻʮ ɻʮx b b b< < < < < > .                     (3.39) 

ʎʽ ʦʙʤʝʞʝʥʥʷ ʟʘʜʘʶʪʴ ʧʨʠʚôʷʟʢʫ ʧʦ ʯʘʩʪʦʪʘʤ ʮʠʬʨʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ Wi-

Fi ʪʘ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ, ʫ ʷʢʦʤʫ ʜʽʶʪʴ ʮʠʬʨʦʚʽ ɿʅʆɯ. 

 

ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʨʽʰʝʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʤʦʜʝʣʽ 

ʨʦʟʧʽʟʥʘʚʘʥʥ̫ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ 

 

ʆʪʨʠʤʘʥʽ ʨʽʚʥʷʥʥʷ ʥʝ ʤʘʶʪʴ ʯʽʪʢʦʛʦ ʨʽʰʝʥʥʷ, ʪʦʤʫ ʜʣʷ ʾʭ ʨʽʰʝʥʥʷ 

ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʥʘʙʣʠʞʝʥʦʛʦ ʨʽʰʝʥʥʷ. 

ɼʣʷ ʥʘʙʣʠʞʝʥʦʛʦ ʨʽʰʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ: ʤʝʪʦʜ ʅʴʶʪʦʥʘ, 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʅʴʶʪʦʥʘ, ʤʝʪʦʜ ʽʪʝʨʘʮʽʡ, ʰʚʠʜʢʦʛʦ ʩʧʫʩʢʘ ʚʽʥ ʞʝ ʻ 

ʤʝʪʦʜ ʛʨʘʜʽʻʥʪʘ, ʤʝʪʦʜ ʩʪʘʪʠʯʥʠʭ ʨʷʜʽʚ ʪʘ ʽʥʰʽ [116]. 

ʅʝʜʦʣʽʢʦʤ ʤʝʪʦʜʘ ʩʪʘʪʠʯʥʠʭ ʨʷʜʽʚ ʻ ʩʢʣʘʜʥʽʩʪʴ ʦʙʯʠʩʣʝʥʥʷ ʧʦʭʽʜʥʠʭ 

ʚʠʱʠʭ ʧʦʨʷʜʢʽʚ. ʄʝʪʦʜ ʰʚʠʜʢʦʛʦ ʩʧʫʩʢʘ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʚʝʣʠʯʝʟʥʠʤʠ 

ʦʙʯʠʩʣʝʥʥʷʤʠ ʩʫʤʠ ʢʚʘʜʨʘʪʽʚ ʨʦʟʚ'ʷʟʫʚʘʥʠʭ ʨʽʚʥʷʥʴ. ɼʣʷ ʤʝʪʦʜʽʚ ʅʴʪʁʦʥʘ ʪʘ 
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ʤʝʪʦʜʫ ʽʪʝʨʘʮʽʡ ʤʦʞʣʠʚʦ ʚʠʥʠʢʥʝ ʥʝʢʦʨʝʢʪʥʽʩʪʴ, ʷʢʘ ʧʦʚôʷʟʘʥʘ ʟ 

ʦʙʯʠʩʣʝʥʥʷʤ ʟʚʦʨʦʪʥʠʡ ʤʘʪʨʠʮʽ ʟʘ ʦʩʦʙʣʠʚʦʾ ʥʘʯʘʣʴʥʦʾ.  

ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʥʘʯʘʣʴʥʘ ʤʘʪʨʠʮʷ ʥʝʦʩʦʙʣʠʚʘ ʪʦʤʫ ʦʙʯʠʩʣʝʥʥʷ 

ʙʫʜʝʤʦ ʚʠʢʦʥʫʚʘʪʠ ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘ ʪʘ ʤʝʪʦʜʦʤ ʛʨʘʜʽʻʥʪʘ. 

ʂʦʨʦʪʢʦ ʧʦʢʘʞʝʤʦ ʤʝʪʦʜʠ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤ ʥʝʣʽʣʝʡʥʠʭ ʨʽʚʥʷʥʴ ʤʝʪʦʜʦʤ 

ʅʴʶʪʦʥʘ ʪʘ ʤʝʪʦʜʦʤ ʛʨʘʜʽʻʥʪʘ, ʤʝʪʦʜʘʤʠ ʷʢʠʤʠ ʢʦʨʠʩʪʫʶʩʴ ʫ ʮʽʡ ʨʦʙʦʪʽ. 

ʅʝʭʘʡ ʥʘʤʠ ʦʪʨʠʤʘʥʘ ʥʝʣʽʥʽʡʥʘ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ 
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ʇʨʝʜʩʪʘʚʠʤʦ ʩʫʢʫʧʥʽʩʪʴ ʘʨʛʫʤʝʥʪʽʚ 1 2, ,... nx x x  ʷʢ n-ʤʽʨʥʠʡ ʚʝʢʪʦʨ ʭ, ʘ 

ʩʫʢʫʧʥʽʩʪʴ ʬʫʥʢʮʽʡ 
1 2
, ,...

n
f f f ʷʢ n-ʤʽʨʥʠʡ ʚʝʢʪʦʨ f : 
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é ùé ù
é ùé ù= =
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.                                           (3.41) 

ʊʦʜʽ ʩʠʩʪʝʤʘ ʧʨʠʡʤʝ ʚʠʛʣʷʜ: 

 

( ) 0f x = .                                                            (3.42) 

 

ʇʨʠʧʫʩʪʠʤʦ ʱʦ ʟʥʘʡʜʝʥʦ p -ʝ ʧʨʠʙʣʠʞʝʥʥʷ 

 

1 2( , ,... ), 1,2,...p pp p
n p nx x x x= = .                             (3.43) 

 

ʊʦʜʽ ʨʽʰʝʥʥʷ ʤʦʞʝ ʤʘʪʠ ʚʠʛʣʷʜ: 
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+ -= -                                       (3.44) 
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ʇʦʟʥʘʯʠʤʦ i
ij

j

f
a

x

µ
=

µ
. ɼʣʷ ʤʘʪʨʠʮʽ ( )W x  ʦʙʯʠʩʣʶʡʤʦ ʚʠʟʥʘʯʥʠʢ D ʪʘ 

ʩʢʣʘʜʝʪʴʩʷ ʧʨʠʻʜʥʘʥʘ ʤʘʪʨʠʮʷ ( )W x , ʦʙʦʨʦʪʥʘ ʤʘʪʨʠʮʷ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 
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( )

W x
xW

- =
D

,                                                     (3.46) 

 

ɺʠʟʥʘʯʥʠʢ ʙʫʜʝ ʦʙʯʠʩʣʶʚʘʪʠʩʷ ʟʘ ʚʠʨʘʟʦʤ: 
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ɺʠʟʥʘʯʥʠʢ detn ija= è øD ê ú 
ʤʦʞʝ ʙʫʜʠ ʧʝʨʝʪʚʦʨʝʥʦ ʪʘʢ, ʱʦ 1pqa =

 

ʛʦʣʦʚʥʠʡ ʝʣʝʤʝʥʪ, ʪʦʜʽ ʚʠʟʥʘʯʥʠʢ ( 1)n-  ʧʦʨʷʜʢʫ ʧʨʠʡʤʝ ʚʠʛʣʷʜ: 

 

1

1,( 1)
p q

n n ij iq pjija a a a
+

- -= =-D D .                        (3.48) 

 

ʄʝʪʦʜ ʛʨʘʜʽʻʥʪʘ [117] ʚʠʭʦʜʠʪʴ ʟ ʪʠʭ ʩʘʤʠʭ ʧʝʨʝʜʫʤʦʚ ʱʦ ʽ ʤʝʪʦʜ 

ʅʴʶʪʦʥʘ, ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʬʫʥʢʮʽʷ: 
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ɻʨʘʜʽʻʥʪ ʢʦʪʨʦʾ ʤʘʻ ʚʠʛʣʷʜ: 
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ʈ̔ ʰʝʥʥʷ ʟʘ ʮʠʤ ʤʝʪʦʜʦʤ ʤʘʻ ʚʠʛʣʷʜ: 
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( , )

( , )

p p

p p

p p p
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f fW W W W
m

¡
=

¡ ¡
.                                   (3.52) 

ɺʠʙʽʨ ʮʴʦʛʦ ʤʝʪʦʜʫ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʥʝʤʘ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʦʙʯʠʩʣʶʚʘʪʠ ʟʚʦʨʦʪʥʫ ʤʘʪʨʠʮʶ. 

 

3.4. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʚʽʜʰʫʢʘʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʩʠʛʥʘʣʫ ʤʝʪʦʜʦʤ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ 

 

ɺ̔ʜʧʦʚʽʜʥʦ ʜʦ ʪʝʦʨʝʤʠ ɸ.ʄ. ʂʦʣʤʦʛʦʨʦʚʘ [96] ʩʧʝʢʪʨʘʣʴʥʘ ʬʫʥʢʮʽʷ 
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.                        (3.53) 
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ɺʠʪʷʛ ʩʢʣʘʜʦʚʠʭ ( , )ʽ k lS tw  ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʟʘ ʚʠʤʦʛʘʤʠ: 

 

2

2 2
1

,
n

i n

i

s s
h e

s s=

¢ ¢ä ,                                                 (3.54) 

ʜʝ 2is  ï ʧʦʪʫʞʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʠ 
2 2

( ) ( ) ( )i k g k i kS WZ w w w= ; 

2
s  ï ʧʦʪʫʞʥʽʩʪʴ ( )kSw , h ï ʢʦʝʬʽʮʽʻʥʪ ʚʠʪʷʛʫ ʧʦʪʫʞʥʦʩʪʽ ʩʧʝʢʪʨʫ, 

ʥʘʧʨʠʢʣʘʜ, ʜʣʷ 0,9h= ; e- ʧʦʭʠʙʢʘ ʧʨʠʙʣʠʞʝʥʥʷ. 

ʇʘʨʘʤʝʪʨʠ , , ,i ii
q c ba 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ: 
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.              (3.56) 

 

ʇʨʠ ʮʴʦʤʫ ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ ʜʣʷ ʧʦʭʠʙʢʠ: 

 

2 2 2
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k
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ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ , , ,i ii
q c ba ʚʠʢʦʥʘʡʤʦ ʥʘʩʪʫʧʥʝ: 
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ʅʘ ʧʦʩʣʽʜʦʚʥʠʭ ʢʨʦʢʘʭ ʚʠʟʥʘʯʘʶʪʴʩʷ , ,i iic ba. 

ɼʣ̫ ʮʴʦʛʦ ʥʘʧʠʰʝʤʦ ʚʠʨʘʟʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ 

ʣʦʛʘʨʠʬʤʽʯʥʦʤʫ ʚʠʛʣʷʜʽ: 
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.                     (3.62) 

 

ɼʣʷ 2 1( , ) ( , )k l i k lS t S tw w-·  ʚʽʜʦʤʽ q. ɺʠʪʷʛ ʩʢʣʘʜʦʚʠʭ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʟʘ 

ʚʠʤʦʛʘʤʠ (3.55). ʇʘʨʘʤʝʪʨʠ  , , ,i ii
q c ba ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ 

ʢʚʘʜʨʘʪʽʚ: 
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ʅʘ ʧʝʨʰʦʤʫ ʢʨʦʮʽ ʧʦʪʨʽʙʥʦ: 
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ʅʘ ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʘʭ ʚʠʟʥʘʯʘʶʪʴʩʷ , ,i ii cb a. 

ɼʣʷ ʨʦʟʧʽʟʥʘʥʥʷ ʮʠʬʨʦʚʦʾ ɿʅʆɯ ʧʦʪʨʽʙʥʦ ʦʙʯʠʩʣʠʪʠ ʤʘʢʩʠʤʫʤ 

ʧʦʪʫʞʥʦʩʪʽ ʩʧʝʢʪʨʘ, ʜʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʧʦʭʽʜʥʽ (3.66 ï 3.67) ʧʨʠʨʽʚʥʷʪʠ 

ʥʫʣʶ. ʄʘʢʩʠʤʫʤʠ ʧʦʪʫʞʥʦʩʪʽ ʩʧʝʢʪʨʘ ʤʦʞʣʠʚʦ ʽ ʻ ʩʠʛʥʘʣʘʤʠ ʮʠʬʨʦʚʠʭ 

ɿʅʆɯ. 

ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʧʨʦʮʝʩ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʫ. 

ʗʢ ʧʦʢʘʟʘʥʦ ʚʠʱʝ, ʜʣʷ ʩʧʣʘʡʥ-ʦʧʠʩʫ ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʯʘʩʪʦʪʠ 

ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʘ ʤʘʢʩʠʤʫʤʽʚ 
ib. ɼʣʷ ʮʴʦʛʦ ʧʝʨʰʠʤ ʢʨʦʢʦʤ ʚʠʙʠʨʘʻʪʴʩʷ 

ʯʘʩʪʦʪʘ 
lbʥʘʡʙʽʣʴʰʦʛʦ ʤʘʢʩʠʤʫʤʫ ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ , ,l lq c a  ʟʘ 

ʚʠʨʘʟʦʤ 3.26, ʧʨʠʡʤʝʤʦ 1q =, ʪʘ ʚʠʟʥʘʯʠʤʦ ʧʘʨʘʤʝʪʨʠ ,l lc a. ɺʠʨʽʰʫʻʪʴʩʷ 

ʦʜʨʘʟʫ ʩʠʩʪʝʤʘ ʟ ʪʨʴʦʭ ʨʽʚʥʷʥʴ, ʧʦʪʽʤ ʟ ʜʚʦʭ ʨʽʚʥʷʥʴ, ʧʨʠ ʮʴʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ 

ʧʝʨʝʚʽʨʢʘ ʫʤʦʚ ʚʠʨʘʟʫ 3.54. 
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ʊʦʙʪʦ ʟʘʚʜʘʥʥʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʫ ʥʘ 

ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʩʧʝʢʪʨʘʣʴʥʦʾ ʝʥʝʨʛʽʾ  ʚʠʨʽʰʝʥʘ. 

ʆʜʥʘʢ ʎɿʅʆɯ ʦʢʨʽʤ ʛʦʣʦʚʥʦʛʦ ʬʘʢʪʦʨʘ ʚʠʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʱʝ 

ʧʘʨʘʤʝʪʨʠ, ʟʘ ʢʦʪʨʠʤʠ ʾʭ ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ. ɼʣʷ ʮʴʦʛʦ ʽʩʥʫʻ ʜʨʫʛʠʡ 

ʘʣʛʦʨʠʪʤ, ʷʢʠʡ ʜʦʧʦʚʥʶʻ ʚʠʱʝʚʠʢʣʘʜʝʥʠʡ. 

 

3.5. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʨʦʟʧʽʟʥʘʥʥʷ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ  ʩʠʛʥʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʘʧʘʨʘʪʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ 

 

ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʮʝ ʚʽʜʥʦʩʥʦ ʥʦʚʠʡ ʦʧʝʨʘʮʽʡʥʠʡ ʤʝʪʦʜ, 

ʷʢʽʡ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʠʭ, ʽʥʪʝʛʨʘʣʴʥʠʭ ʪʘ ʜʠʩʢʨʝʪʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʝʨʝʚʦʜʽ ʦʨʠʛʽʥʘʣʽʚ ʫ ʦʙʣʘʩʪʴ ʚʽʜʦʙʨʘʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʧʝʨʘʮʽʾ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ [186]. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ ʥʘ ʦʩʥʦʚʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʠʤ, 

ʱʦ ʧʨʦʮʝʩ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʣʷʛʘʻ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʚʠʧʘʜʢʦʚʠʭ 

ʟʙʫʨʶʚʘʥʴ [187]. ʇʨʦʮʝʩ ʚʠʷʚʣʝʥʥʷ ʩʪʦʨʦʥʥʴʦʛʦ ʨʘʜʽʦʩʠʛʥʘʣʫ ʪʘʢʦʞ ʝ 

ʚʠʧʘʜʢʦʚʠʤ. ʄʦʜʝʣʶʚʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʫ ʩʢʣʘʜʥʠʭ ʥʝ ʣʽʥʽʡʥʠʭ 

ʩʠʩʪʝʤʘʭ ʚʠʤʘʛʘʶʪʴ ʚʝʣʠʢʠʭ ʚʠʪʨʘʪ ʤʘʰʠʥʥʦʛʦ ʯʘʩʫ [136,150]. ʋ ʩʠʩʪʝʤʘʭ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʰʚʠʜʢʽʩʪʴ ʦʙʯʠʩʣʝʥʴ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ 

ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʛʨʘʥʠʯʥʫ 

ʰʚʠʜʢʽʩʪʴ, ʷʢʫ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʩʫʯʘʩʥʘ ʢʦʤʧôʶʪʝʨʥʘ ʪʝʭʥʽʢʘ.  

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʫ 

ʨʘʤʢʘʭ ʢʦʨʝʣʷʮʽʡʥʦʾ ʪʝʦʨʽʾ [112,151]. ʈʦʟʛʣʷʥʝʤʦ ʦʜʥʦʚʠʤʽʨʥʠʡ ʚʠʧʘʜʢʦʚʠʡ 

ʩʠʛʥʘʣ( , )x td  ʜʝ dï ʟʘʜʘʥʘ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ. ɺ ʦʙʣʘʩʪʽ ʚʽʜʦʙʨʘʞʝʥʴ 

ʤʦʜʝʣʴ ʮʴʦʛʦ ʩʠʛʥʘʣʫ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʩʧʝʢʪʨʦʤ ( , )X K d . 

ʗʢʱʦ ʚʠʢʦʥʘʪʠ ʟʚʦʨʦʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ( , )X K d  ʫ ʯʘʩʦʚʫ ʦʙʣʘʩʪʴ ʟʛʽʜʥʦ [100], 

ʪʦ ʦʜʝʨʞʠʤʦ ʚʠʨʘʟ: 
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ɿʥʘʡʜʝʤʦ ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ( ),X Kd , 

ʦʧʠʩʘʥʦʛʦ ʚʠʨʘʟʦʤ (3.68): 

0

( ) ( ) [ ( , )] ( / ) [ ( , )],K

x x
K

m t m t M x t t H M X Kd d
¤

=

= = =ä        (3.69) 

ʜʝ:        [ ( , )] ( ) ( , ) ( )xM X K m K X K p dd w w w
¤

-¤

= =ñ ,                           (3.70) 

 

( )pd  ï  ʟʘʜʘʥʘ ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ ʚʠʧʘʜʢʦʚʦʾ 

ʚʝʣʠʯʠʥʠ d. 

ʗʢʱʦ ʧʦʯʘʪʦʢ ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ( , )x td, ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʽʜ ʥʫʣʴʦʚʦʛʦ 

ʤʦʤʝʥʪʫ ʯʘʩʫ         =0,  ʽ , ʪʦ ʚʠʨʘʟ (3.70)  ʩʧʨʦʱʫʻʪʴʩʷ: 

 

0

( ) ( )x x
K

m t m K
¤

=

=ä .                                                (3.71) 

 

ɿ ʚʠʨʘʟʫ (3.71) ʚʠʧʣʠʚʘʻ, ʱʦ ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ( )x tm  

ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ( , )x tdʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʤʦʶ ʤʘʪʝʤʘʪʠʯʥʠʭ ʯʝʢʘʥʴ ( )x Km  

ʫʩʽʭ ʜʠʩʢʨʝʪʥʠʭ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʩʧʝʢʪʨʫ( , )X K d ,  ʂ=0,1,2,é,ʽ, ʧʨʠ . 

ɿʘ ʚʠʟʥʘʯʝʥʥʷʤ ʜʠʩʧʝʨʩʽʷ ʚʠʧʘʜʢʦʚʦʾ ʬʫʥʢʮʽʾ ( , )x tdʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ 

ʚʠʨʘʟʦʤ [162]: 

 

2 2

( )( ) [ ( , )] ( )x xD t M x t m td= - .                                (3.74) 

 

ɺʚʝʜʝʤʦ ʜʦʧʦʤʽʞʥʫ ʟʤʽʥʥʫ  
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2( , ) ( , )U t x td d= .                                                   (3.75) 

 

ʊʦʜʽ ʚʠʨʘʟ (3.74) ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ: 

 

2

( )( ) [ ( , )] ( )x xD t M U t m td= - .                                  (3.76) 

 

ʇʝʨʝʚʝʜʝʤʦ ʚʠʨʘʟʠ (3.75) ʠ (3.76) ʚ ʦʙʣʘʩʪʴ ʚʽʜʦʙʨʘʞʝʥʴ, ʟʘʩʪʦʩʫʚʘʚʰʠ 

ʜʠʬʝʨʝʥʮʽʡʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ:  

 

2

( )( ) [ ( , )] ( )* ( )x x xD K M U K m K m Kd= - .                (3.77) 

0

( , ) ( , ) * ( , ) ( , ) ( , )
K

e

U K X K X K X K l X ld d d d d
=

= = -ä
          (3.78) 

[ ( , )] ( ) ( , ) ( )xM U K m K U K p dd d d d
¤

-¤

= =ñ .                  (3.79) 

,                    (3.80) 

ʜʝ: ç*è ï  ʩʠʤʚʦʣ ʦʧʝʨʘʮʽʾ ʤʥʦʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʚʽʜʦʙʨʘʞʝʥʴ.  

 

ɺʠʨʘʟʠ (3.77) ï (3.80) ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʩʧʝʢʪʨ 

( )x KD  ʽ ʤʦʜʝʣʶʶʪʴ ʜʠʩʧʝʨʩʽʶ ( )x tD  ʫ ʦʙʣʘʩʪʽ ʚʽʜʦʙʨʘʞʝʥʴ. ɿ ʤʝʪʦʶ 

ʚʽʜʥʦʚʣʝʥʥʷ ʜʠʩʧʝʨʩʽʾ ( )x tD  ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʧʦ ʜʠʬʝʨʝʥʮʽʡʥʦʤʫ ʩʧʝʢʪʨʽ 

( )x KD , ʟʘʩʪʦʩʫʻʤʦ ʟʚʦʨʦʪʥʽ ʜʠʬʝʨʝʥʮʽʡʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʜʫ: 

 

( )
0

( ) ( / ) ( )K

x x
K

D t t H D K
¤

=

=ä .                                      (3.81) 

 

ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ ʱʦ, ʚʠʧʘʜʢʦʚʠʡ ʩʠʛʥʘʣ ( , )x td  ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʽʜ =0,  ʪʘ 

 t, ʚʠʨʘʟ (3.81) ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʫ ʚʠʛʣʷʜ: 
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( )
0

( ) ( )x x
K

D t D K
¤

=

=ä ,                                              (3.82) 

 

ʜʝ: ( )x tD - ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʩʧʝʢʪʨ, ʱʦ ʦʙʯʠʩʣʶʻʪʴʩʷ ʧʦ ʚʠʨʘʟʘʭ (3.77) ï

 (3.80) ʥʘ ʧʽʜʩʪʘʚʽ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʩʧʝʢʪʨʫ ( , )X K d. ɺʠʨʘʟ (3.82) ʜʘʻ ʧʨʦʩʪʠʡ 

ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʜʠʩʧʝʨʩʽʾ ( )x tD  ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ( , )x td. ʅʝʦʙʭʽʜʥʦ 

ʜʣʷ ʢʦʞʥʦʾ ʜʠʩʢʨʝʪʥʦʾ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʩʧʝʢʪʨʘ( , )X K d  ʟʥʘʡʪʠ ʜʠʩʧʝʨʩʽʶ 

( )x KD , ʂ=0,1,2,é,ʽ  ʫʩʽʭ ʜʠʩʢʨʝʪʥʠʭ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʩʧʝʢʪʨʫ( , )X K d  ʧʨʠ 

. 

ʂʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ1 2( , )x t tR  ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ( , )x td  ʙʫʜʫʻʪʝʩʷ ʧʦ 

ʜʚʦʭ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʩʧʝʢʪʨʘʭ ( , )X K d, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʫ ʧʨʷʤʦʛʦ 

ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ: 

ɺʠʙʝʨʝʤʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʜʚʘ ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ   ʪʘ 

  ̔   ʱʦ, ʚʨʘʭʦʚʫʶʯʽ   ʦʪʨʠʤʫʻʤ    ʪʘ  . 

ʇʦʟʥʘʯʠʤʦ ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʩʧʝʢʪʨ( , )X K d , ʦʪʨʠʤʘʥʠʡ ʧʨʠ  

ʩʢʨʽʟʴ 

1( , , )X K t d  ʪʘ ʧʨʠ  2 2 2( , , )X Kt tH d= Ö . 

ɺʠʟʥʘʯʠʤʦ ʤʘʪʝʤʘʪʠʯʥʽ ʩʧʦʜʽʚʘʥʥʷ ʜʠʩʢʨʝʪʥʠʭ ʮʠʭ ʜʚʦʭ 

ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʩʧʝʢʪʨʽʚ: 

 

1 1 1
0

( , ) [ ( , , )] ( , , ) ( )
l K

x
l

m K t M X K t X K t p dd d d d
=

=

= =ä .         (3.83) 

2 2 2
0

( , ) [ ( , , )] ( , , ) ( )
l K

x
l

m K t M X K t X K t p dd d d d
=

=

= =ä .      (3.84) 

 

ɺ ʦʙʣʘʩʪʽ ʚʽʜʦʙʨʘʞʝʥʴ ʧʝʨʝʤʥʦʞʫʻʤʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʩʧʝʢʪʨʠ (3.83) ʪʘ 

(3.84) 
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1 2 1 2
0

( , ) * ( , ) ( , ) ( , )
l K

x x x x
l

m K t m K t m K l t m l t
=

=

= -ä .             (3.85) 

 

ʌʦʨʤʫʻʤʦ ʚ ʦʙʣʘʩʪʽ ʚʽʜʦʙʨʘʞʝʥʴ ʜʦʙʫʪʦʢ ʜʚʦʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʩʧʝʢʪʨʽʚ 1( , , )X K t d  ʪʘ 2( , , )X K t d, ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ: 

 

1 2 1 2 1 2
0

( , , , ) ( , , ) * ( , , ) ( , ) ( , , )
l K

l

Q K t t X K t X K t X K l t X l td d dd d
=

=

= = -ä .    (3.86) 

 

ɿʥʘʡʜʝʤʦ ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʚʽʜ (3.86): 

 

1 2 1 2 1 2( , , , ) [ ( , , , )] ( , , , ) ( )qm K t t M Q K t t Q K t t p dd d d d d
¤

-¤

= =ñ .        (3.87) 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʩʬʦʨʤʫʻʤʦ ʾʾ 

ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʩʧʝʢʪʨ 1 2( , , )x K t tR  ʟʘ ʚʠʨʘʟʦʤ: 

 

1 2 1 2 1 2( , , ) ( , , , ) ( , ) ( , )x q x xK K K Kt t m t t m t m tR d= - * .         (3.88) 

 

ʇʝʨʝʭʽʜ ʚʽʜ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʩʧʝʢʪʨʫ 1 2( , , )x K t tR  ʫ ʯʘʩʦʚʫ ʦʙʣʘʩʪʴ 

ʤʦʞʣʠʚʦ ʚʠʢʦʥʘʪʠ ʟʚʦʨʦʪʥʠʤ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʜʚʦʤʘ 

ʩʧʦʩʦʙʘʤʠ: ʧʨʠ   ʪʘ  . ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʻʤʦ: 

 

1 2 1 2
0

( , ) ( , , )x x
K

Kt t t tR R
¤

=

=ä .                                         (3.89) 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ 1 2( , )x t tR  ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ 

( , )x td  ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʤʦʶ ʚʩʽʭ ʜʠʩʢʨʝʪʥʠʭ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʩʧʝʢʪʨʫ 

1 2( , , )x K t tR , ʦʙʯʠʩʣʝʥʥʷ ʷʢʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʚʠʨʘʟʘʤʠ (3.83) ï (3.88). 
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ɺ ʦʢʨʝʤʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 1 2t t t= = ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ 

( )x tR ʜʦʨʽʚʥʶʻ ʜʠʩʧʝʨʩʽʾ ( )x tD , ʘʣʛʦʨʠʪʤ ʦʙʯʠʩʣʝʥʥʷ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ 

ʟʙʽʛʘʻʪʴʩʷ ʟ ʘʣʛʦʨʠʪʤʦʤ ʚʠʟʥʘʯʝʥʥʷ ʜʠʩʧʝʨʩʽʾ. 

ʄʠ ʚʟʷʣʠ ʥʘʩʪʫʧʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʢʦʨʝʣʷʮʽʶ, ʪʦʤʫ, ʱʦ ʢʦʨʝʣʷʮʽʷ, ʧʦ 

ʩʫʪʽ, ʻ ʤʝʪʦʜʦʤ ʦʮʽʥʢʠ ʚʟʘʻʤʥʠʭ ʟʚ'ʷʟʢʽʚ, ʱʦ ʤʘʶʪʴ ʬʦʨʤʫ ʧʦʜʽʙʥʦʩʪʽ ʘʙʦ 

ʟʙʽʛʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʮʝʩ ʢʦʨʝʣʷʮʽʾ ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʦʨʽʚʥʷʥʥʷ ʜʚʦʭ ʢʘʨʪʠʥ 

ʘʙʦ ʧʨʦʮʝʩʽʚ. 

ʇʦʨʽʚʥʷʥʥʷ ʢʘʨʪʠʥ, ʩʠʛʥʘʣʽʚ ʘʙʦ ʧʨʦʮʝʩʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʥʷʪʪʷ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ. ʂʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ (ʘʥʛʣ. ï 

correlation function) ʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʢʽʥʮʝʚʦʶ ʝʥʝʨʛʽʻʶ ʻ ʽʥʪʝʛʨʘʣ 

(ʚ ʥʝʩʢʽʥʯʝʥʥʠʭ ʤʝʞʘʭ) ʚʽʜ ʜʦʙʫʪʢʫ ʜʚʦʭ ʢʦʧʽʡ ʩʠʛʥʘʣʽʚ, ʟʩʫʥʫʪʠʭ ʦʜʠʥ ʱʦʜʦ 

ʦʜʥʦʛʦ ʥʘ ʯʘʩ Ű. 

ʂʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ ʧʦʢʘʟʫʻ ʩʪʫʧʽʥʴ ʧʦʜʽʙʥʦʩʪʽ ʤʽʞ ʩʠʛʥʘʣʦʤ ʽ ʡʦʛʦ 

ʟʤʽʱʝʥʦʶ ʢʦʧʽʻʶ ï ʯʠʤ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ, ʪʠʤ ʮʷ 

ʧʦʜʽʙʥʽʩʪʴ ʩʠʣʴʥʽʰʝ. ʆʩʢʽʣʴʢʠ, ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ, ʬʫʥʢʮʽʷ ʧʦʨʽʚʥʶʻʪʴʩʷ 

ʩʘʤʘ ʟ ʩʦʙʦʶ, ʾʾ ʥʘʟʠʚʘʁʪʴ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʦʶ ʬʫʥʢʮʽʻʶ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ, 

ʥʘʤ ʧʦʪʨʽʙʥʦ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʡʥʦ ʬʫʥʢʮʽʾ, ʪʦʙʪʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʮʠʬʨʦʚʠʭ ɿʅʆɯ ʚʽʜʙʫʚʘʻʪʴʩʷ ʷʢʨʘʟ ʥʘ ʧʨʠʥʮʠʧʽ ʤʽʥʽʤʘʣʴʥʦʾ ʢʦʨʝʣʷʮʽʾ. ʑʦ 

ʧʦʷʩʥʶʻʪʴʩʷ ʜʫʞʝ ʢʦʨʦʪʢʠʤ ʯʘʩʦʤ ʜʽʾ (ʚʠʭʦʜʫ ʚ ʝʬʽʨ) ʮʠʬʨʦʚʦʛʦ ɿʅʆɯ. 

ʆʜʥʘʢ ʚ ʨʘʟʽ ʧʝʨʽʦʜʠʯʥʠʭ ʩʠʛʥʘʣʽʚ, ʩʣʘʙʦ ʟʘʤʘʩʢʦʚʘʥʠʭ ɿʅʆɯ, ʥʝʦʙʭʽʜʥʽ 

ʜʦʜʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ, ʟ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʢʦʨʝʣʷʮʽʡʥʫ ʬʫʥʢʮʽʶ 

ʧʝʨʽʦʜʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ɿʅʆɯ ʥʽʯʦʛʦ ʦʯʽʢʫʚʘʪʠ ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʦʶ. 

ɺʠʭʦʜʷʯʠ ʟ ʯʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʷʚʣʷʻʪʝʩʷ 

ʥʝʦʙʭʽʜʥʽʤ, ʦʜʥʘʢ ʥʝ ʜʦʩʪʘʪʥʽ ʚʠʤʦʛʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ɿʅʆɯ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʡʤʦʚʽʨʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ, 

ʷʢʠʡ ʻ ʡʤʦʚʽʨʥʠʤ ʩʠʛʥʘʣʦʤ ɿʅʆɯ, ʟʨʦʙʠʤʦ ʥʘʩʪʫʧʥʝ: 

ʇʨʝʜʩʪʘʚʠʤʦ, ʡʤʦʚʽʨʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʩʠʛʥʘʣ ʷʢ ʨʝʘʣʽʟʘʮʽʶ ʚʠʧʘʜʢʦʚʦʛʦ 

ʧʨʦʮʝʩʫ ),( WtX , ʷʢʠʡ ʻ ʽʥʪʝʛʨʘʣʴʥʠʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʨʦʟʚôʷʟʢʫ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʥʝʣʽʥʽʡʥʦʛʦ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ ʚʠʜʫ: 
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)(

2

1
0),( tt

ae
dt

tdX --

=
ww

,  WÍw ,  ,consta=                               (3.90) 

 

ʟ ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ: 

                                           0),0( =wX ,                                               (3.91) 

 

ʜʝ: 
0

t ῐ ʯʘʩ ʧʦʷʚʠ ʩʠʛʥʘʣʫ, a ῐ ʘʤʧʣʽʪʫʜʘ ʩʠʛʥʘʣʫ, wῐ ʚʠʧʘʜʢʦʚʝ 

ʟʙʫʜʞʝʥʥʷ, ʷʢʝ ʻ ʚʠʧʘʜʢʦʚʦʶ ʚʝʣʠʯʠʥʦʶ ʧʨʦʩʪʦʨʫ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʦʜʽʡ W, 

ʷʢʘ ʨʦʟʧʦʜʽʣʝʥʘ ʨʽʚʥʦʤʽʨʥʦ ʥʘ ʚʽʜʨʽʟʢʫ ];[ aa- .  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ),( WtX , 

ʘ ʩʘʤʝ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ )(tm
X

 ʽ ʜʠʩʧʝʨʩʽʾ )(tD
X
, ʜʣʷ ʤʦʤʝʥʪʫ ʯʘʩʫ 

t=t ʟʜʽʡʩʥʠʤʦ ʜʠʬʝʨʝʥʮʽʡʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʣʷ ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ (1) 

ʟʘ ʥʘʩʪʫʧʥʠʤ ʧʨʘʚʠʣʦʤ: 

 

                                       
0
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!
),(
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õ
æ
ç
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t

k

kk

dt

tXd

k

H
kX

w
w ,                       (3.92) 

 

ʜʝ: ),( WtX  ῐ ʦʨʠʛʽʥʘʣ, ʱʦ ʫʷʚʣʷʻ ʩʦʙʦʶ ʥʝʧʝʨʝʨʚʥʫ ʬʫʥʢʮʽʶ, ʷʢʘ 

ʥʝʩʢʽʥʯʝʥʥʫ ʢʽʣʴʢʽʩʪʴ ʨʘʟʽʚ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʘ ʚʽʜʥʦʩʥʦ ʟʤʽʥʥʦʾ ʯʘʩʫ t , ʧʨʠ 

ʮʴʦʤʫ ʦʙʤʝʞʝʥʘ ʟ ʫʩʽʤʘ ʩʚʦʾʤʠ ʧʦʭʽʜʥʠʤʠ ʽ ʷʢʘ  ʻ ʨʦʟʚôʷʟʢʦʤ ʨʽʚʥʷʥʥʷ (3.90); 

 ),( wkX  ῐ ʜʠʬʝʨʝʥʮʽʡʥʝ ʟʦʙʨʘʞʝʥʥʷ ʦʨʠʛʽʥʘʣʫ, ʷʢʝ ʻ ʜʠʩʢʨʝʪʥʦʶ 

ʬʫʥʢʮʽʻʶ ʮʽʣʦʯʠʩʣʦʚʦʛʦ ʘʨʛʫʤʝʥʪʫ ,....2,1,0=k ; 

H  ῐ ʤʘʩʰʪʘʙʥʘ ʩʪʘʣʘ, ʷʢʘ ʤʘʻ ʨʦʟʤʽʨʥʽʩʪʴ ʘʨʛʫʤʝʥʪʫ t  ʽ ʚ ʙʘʛʘʪʴʦʭ 

ʚʠʧʘʜʢʘʭ ʦʙʠʨʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʠʢʦʥʫʚʘʣʘʩʴ ʥʝʨʽʚʥʽʩʪʴ 

                                                       Ht¢¢0 ,                                       (3.93) 

ʪʦʙʪʦ, Hῐ ʜʦʚʞʠʥʘ ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ, ʥʘ ʷʢʦʤʫ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʫ, ʱʦ ʫʷʚʣʷʻ ʩʦʙʦʶ ʧʨʘʚʫ ʯʘʩʪʠʥʫ ʨʽʚʥʷʥʥʷ (3.90). 

ɼʣʷ ʨʽʚʥʷʥʥʷ (3.91) ʦʙʨʘʟ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ (3.92) ʤʘʻ 

ʚʠʛʣʷʜ: 
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             0),0( =wX , ( )
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1

111
21

!
),(

t
kkk
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ae
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H
kX ---

-= ww .                       (3.94) 

ɼʘʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʧôʷʪʠ ʟʥʘʯʝʥʴ, ʧʨʠʚʝʜʝʥʽ ʫ ʪʘʙʣ. 3.1: 

ʊʘʙʣʠʮʷ 3.1 

ɼʘʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʧôʷʪʠ ʟʥʘʯʝʥʴ ʢʦʤʧʦʥʝʥʪ, ʜʣʷ ʚʠʨʘʟʫ (3.94) 

k  ),( wkX  
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ɿʜʽʡʩʥʠʚʰʠ ʟʚʦʨʦʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘ ʬʦʨʤʫʣʦʶ 
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tX w ,                   (3.95) 

 

ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ (3.92), ʟ ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ (3.93), ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ 

ʷʢʦʛʦ ʚʽʜʧʦʚʽʜʘʻ ʦʙʨʘʟ (3.95), ʤʘʻ ʚʠʛʣʷʜ: 
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tX ww .                (3.96) 
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ʄʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ )(tm
X  ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ),( WtX  ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

                     ( ) ( )ä
¤
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æ
ç

å
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1

),(),()(
k
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X
tXE
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t
tXEtm w ,                   (3.97) 

 

ʜʝ, ʧʨʠ ʟʘʜʘʥʽʡ ʱʽʣʴʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʽ )(w
W

p  ʚʠʧʘʜʢʦʚʦʾ 

ʚʝʣʠʯʠʥʠ w ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ: 

 

                   ñ
¤

¤-

W
== wwww dpkXkmkXE X )(),()()),(( .                         (3.98) 

 

ʊʘʢ ʷʢ ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ, ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ wʨʦʟʧʦʜʽʣʝʥʘ 

ʨʽʚʥʦʤʽʨʥʦ ʥʘ ʚʽʜʨʽʟʢʫ ];[ aa- , ʪʦ:  

 

îí

î
ì

ë

-Î

-Í
=

W

];[,0

];[,
2

1

)(

aaw

aaw
awp .                                       (3.99) 

 

ʊʦʜʽ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ (3.91), (3.94) ʽ (3.99), ʤʘʻʤʦ: 
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ɿʚʽʜʢʠ: 
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ɼʘʥ̔ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʧôʷʪʠ ʟʥʘʯʝʥʴ, ʧʨʠʚʝʜʝʥʽ ʫ ʪʘʙʣ. 3.2: 

 

ʊʘʙʣʠʮʷ 3.2 

ɼʘʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʧôʷʪʠ ʟʥʘʯʝʥʴ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʚʠʨʘʟʫ (3.100) 

k  )(kmX  
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ʊʘʢ ʷʢ ʧʨʠ ʧʘʨʥʠʭ ʟʥʘʯʝʥʥʷʭ k  ʜʦʜʘʥʢʠ ʚ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʨ̔ ʚʥʦʩʪʽ 

(3.100) ʜʦʨʽʚʥʶʶʪʴ 0, ʪʦ, ʧʦʢʣʘʚʰʠ12 -=mk , ʚ ʦʩʪʘʪʦʯʥʦʤʫ ʚʠʜʽ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ (3.100) ʤʘʻ ʚʠʜ: 
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ʊʦʜʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ (3.96), ʤʘʻʤʦ:     

                 ä
¤

=

-

-

-

-

ö
ö

÷

õ

æ
æ

ç

å

--
ö
÷

õ
æ
ç

å
=

1

2

1

22

22

12

12

0

2
)12()!12(

)(
k

t
m

m

m

m

X
ae

mm
H

H

t
tm

a
, ,...2,1=m       

ʘʙʦ: 
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ɹʝʨʫʯʠ 3,2,1 === mmm , ʦʩʪʘʪʦʯʥʦ ʦʪʨʠʤʘʻʤʦ ʬʫʥʢʮʽʶ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ʟʘʜʘʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜ ʯʘʩʫ: 
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.                   (3.102) 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʟʥʘʯʝʥʥʷ ʜʠʩʧʝʨʩʽʾ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ),( WtX , 

ʤʘʻʤʦ: 

 

( )( )( )22
)(,()( tmtXEtD

XX
-= w .                                   (3.103) 

 

ɺʚʽʚʰʠ ʜʦʜʘʪʢʦʚʫ ʟʤʽʥʥʫ ( )2),(),( ww tXtV = . ʊʦʜʽ,  

( )( )2)(),()( tmtVEtD
XX

-= w .                                   (3.104) 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʠʬʝʨʝʥʮʽʡʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ (3), ʦʙʨʘʟ ʜʠʩʧʝʨʩʽʾ ʤʘʻ 

ʚʠʜ: 
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ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ (3.94) ʽ (3.101) ʟ ʫʨʘʭʫʚʘʥʥʷʤ, 

ʤʘʻʤʦ: 
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ʊʦʜʽ, ʟʛʽʜʥʦ ʟ (3.105) 
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tD a , ʙʝʨʫʯʠ .5,4,3,2,1=k           (3.106) 

ɿʛʜ̔ʥʦ (3.106) ʽ ʙʝʨʫʯʠ 5,4,3,2,1=k , ʦʪʨʠʤʫʻʤʦ ʘʥʘʣʽʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ 

ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ),( wtX , ʷʢ ʬʫʥʢʮʽʶ ʚʽʜ ʯʘʩʫ 
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.             (3.107) 

 

ɼʣʷ ʥʘʦʯʥʦʛʦ ʫʷʚʣʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʨʦʚʝʜʝʤʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ʚ ʩʝʨʝʜʦʚʠʱʽ ʄʘʪʣʘʙ [80]. ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.3 ï ʨʠʩ. 3.5.
 

 
ʈʠʩ. 3.3. ʁʤʦʚʽʨʥʽʩʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʩʠʛʥʘʣ, ʩʠʛʥʘʣ ʮʠʬʨʦʚʦʛʦ ʟʘʩʦʙʫ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 
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ʈʠʩ. 3.4. ʄʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʩʠʛʥʘʣʫ ʮʠʬʨʦʚʦʛʦ ʟʘʩʦʙʫ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

 

 
ʈʠʩ. 3.5. ɼʠʩʧʝʨʩʽʷ ʩʠʛʥʘʣʫ ʮʠʬʨʦʚʦʛʦ ʟʘʩʦʙʫ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ 

 

ɿ ʧʨʠʚʝʜʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʙʘʯʠʤʦ, ʱʦ ʚʠʟʥʘʯʝʥʝ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ, ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʪʘ ʜʠʩʧʝʨʩʽʷ ʮʽʣʢʦʤ 
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ʧʦʚʪʦʨʶʻ ʟʘʜʘʥʠʡ ʩʠʛʥʘʣ ʙʽʣʷ ʥʫʣʴʦʚʦʛʦ ʟʥʘʯʝʥʥʷ, ʱʦ ʻ ʜʦʢʘʟʦʤ ʚʽʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ.  

ʆʜʥʘʢ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʫ ʘʙʦ ʜʽʘʧʘʟʦʥʫ ʚʠʟʥʘʯʝʥʥʷ 

ʩʠʛʥʘʣʫ, ʨʦʟʙʽʞʥʽʩʪʴ ʟʨʦʩʪʘʻ, ʪʦʤʫ ʧʨʠʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʷʢ ʨʘʟ ʛʘʨʘʥʪʫʻ 

ʦʙʯʠʩʣʶʚʘʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ʟ ʚʠʩʦʢʦʶ ʷʢʽʩʪʶ, ʚ ʟʚôʷʟʢʫ ʩ ʪʠʤ ʱʦ ʮʽ 

ʩʠʛʥʘʣʠ ʻ ʜʫʞʝ ʢʦʨʦʪʢʦʯʘʩʥʠʤʠ.  

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚʠʧʘʜʢʦʚʠʡ ʩʠʛʥʘʣ ʻ ʩʠʛʥʘʣ ʎɿʅʆɯ, ʽ ʚʽʥ 

ʡʤʦʚʽʨʥʽʰʝ ʧʨʘʮʶʻ ʜʫʞʝ ʢʦʨʦʪʢʠʡ ʯʘʩ, ʤʠ ʜʽʡʩʥʦ ʦʪʨʠʤʘʣʠ ʛʘʨʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʫ, ʘʣʝ ʮʝʡ ʩʠʛʥʘʣ ʽʜʝʘʣʴʥʠʡ. ʅʘ ʧʨʘʢʪʠʮʽ 

ʪʘʢʠʭ ʩʠʛʥʘʣʽʚ ʥʝ ʽʩʥʫʻ, ʪʦʤʫ ʚʚʘʞʘʶ ʟʘ ʜʦʮʽʣʴʥʠʤ ʦʙʦʚôʷʟʢʦʚʦ ʚʠʟʥʘʯʘʪʠ ʥʝ 

ʪʽʣʴʢʠ ʰʚʠʜʢʽʩʪʴ ʟʤʝʥʰʝʥʥʷ ʚʠʷʚʣʝʥʦʛʦ ʩʠʛʥʘʣʫ, ʘ ʱʝ ʽ ʚʠʟʥʘʯʘʪʠ ʰʚʠʜʢʽʩʪʴ 

ʰʚʠʜʢʦʩʪʽ (ʧʨʠʩʢʦʨʝʥʥʷ) ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʽʤ ʱʦ 

ʢʦʨʦʪʢʦʯʘʩʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʩʠʛʥʘʣ ï ʮʝ ʽʤʧʫʣʴʩ ï ʰʚʠʜʢʽʩʪʴ ʡʦʛʦ ʟʤʝʥʰʝʥʥʷ 

ʥʘʡʙʽʣʴʰʘ ʟ ʫʩʽʭ ʩʠʛʥʘʣʽʚ. ʗʢʱʦ ʚʠʟʥʘʯʠʪʠ ʧʨʠʩʢʦʨʝʥʥʷ ʟʤʝʥʰʝʥʥʷ ʩʠʛʥʘʣʫ, 

ʪʦ ʤʠ ʦʪʨʠʤʘʻʤʦ ʥʘʡʙʽʣʴʰ ʛʘʨʘʥʪʦʚʘʥʝ ʨʦʟʧʽʟʥʘʥʥʷ ʩʠʛʥʘʣʫ ʎɿʅʆɯ. ʊʦʤʫ 

ʧʦʪʨʽʙʥʦ ʚʠʨʘʟ (3.107) ʧʨʦ ʜʠʬʝʨʝʥʮʽʶʚʘʪʠ ʱʝ ʨʘʟ, ʘ ʧʦʭʽʜʥʘ ʚʠʨʘʟʽʚ 3.102 

ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ʪʘ ʚʠʨʘʟʫ 3.106 ʜʣʷ ʜʠʩʧʝʨʩʽʾ ʩʠʛʥʘʣʫ ʙʫʜʫʪʴ 

ʧʦʢʘʟʫʚʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʯʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʇʨʦʚʝʜʝʤʦ ʚʢʘʟʘʥʽ ʨʦʟʨʘʭʫʥʢʠ, ʜʣʷ ʮʴʦʛʦ ʙʝʨʝʤʦ ʧʦʭʽʜʥʽ ʚʢʘʟʘʥʠʭ 

ʚʠʨʘʟʽʚ. 
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a t

w w ww w w w w

w

w w w w
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= - + - + - + - + Ö Ö +æ ö
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å õ
+ Ö - + - +æ ö

ç ÷

.(3.108) 

 

ɼʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ: 
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. (3.109) 

 

ɼʣʷ ʜʠʩʧʝʨʩʽʾ: 
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2 4 4 2
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.       (3.110) 

 

ɼʣʷ ʥʘʦʯʥʦʛʦ ʫʷʚʣʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʨʦʚʝʜʝʤʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʠʩʢʦʨʝʥʥʷ ʟʤʝʥʰʝʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ʚ ʩʝʨʝʜʦʚʠʱʽ ʄʘʪʣʘʙ 

[180,181]. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.6 ï 3.8. 

 

 
 

ʈʠʩ. 3.6. ɻʨʘʬʽʢ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ 
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ʈʠʩ. 3.7. ɻʨʘʬʽʢ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ 

ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ 

 
 

ʈʠʩ. 3.8. ɻʨʘʬʽʢ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʜʠʩʧʝʨʩʽʾ ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ 

ɿ ʧʨʠʚʝʜʝʥʠʭ ʛʨʘʬʽʢʽʚ ʤʠ ʙʘʯʠʤʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ 

ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʥʘ ʧʦʯʘʪʢʫ ʪʘ ʟʘʢʽʥʯʝʥʽ ʽʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʫ ï ʷʢʠʡ ʻ 

ʚʠʧʘʜʢʦʚʽʤ ʽʤʧʫʣʴʩʥʠʤ ʩʠʛʥʘʣʦʤ.  

ʗʢʱʦ ʧʦʨʽʚʥʷʪʠ ʨʠʩ. 3.3 ʪʘ ʨʠʩ 3.6, ʪʦ ʤʠ ʙʘʯʠʤʦ ʩʫʪʪʻʚʫ ʨʽʟʥʠʮʶ. 

ʈʠʩ. 3.3 ʥʝ ʜʘʻ ʯʽʪʢʦʛʦ ʨʦʟʧʽʟʥʘʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ, ʘ ʨʠʩ. 3.6 ʜʘʻ ʯʽʪʢʝ 

ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʛʘʨʘʥʪʫʻ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ. 
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ɻʨʘʬʽʢʠ (ʜʠʚ. ʨʠʩ. 3.7, 3.8) ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ʪʘ ʜʠʩʧʝʨʩʽʾ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʟʘ ʣʽʥʽʡʥʽʤ 

ʟʘʢʦʥʦʤ ʩʠʤʝʪʨʠʯʥʦ ʚʽʜʥʦʩʥʦ ʥʫʣʴʦʚʠʡ ʚʽʜʤʽʪʢʠ ʽ ʟʨʦʩʪʘʻ ʜʦ ʛʨʘʥʠʮʽ 

ʩʠʛʥʘʣʫ. ʑʦ ʮʽʣʢʦʤ ʚʽʜʧʦʚʽʜʘʻ ʟʘʩʪʦʩʦʚʘʥʽʡ ʤʝʪʦʜʠʮʽ ʪʘ ʜʦʚʦʜʠʪʴ ʚʽʨʥʽʩʪʴ 

ʤʦʜʝʣʶʚʘʥʥʷ. 

ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʤʝʪʦʜʠʢʠ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ, 

ʧʨʦʚʝʜʝʤʦ ʦʙʯʠʩʣʝʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝ ʜʣʷ ʽʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʫ, ʘ 

ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ, ʥʘʧʨʠʢʣʘʜ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʦʛʦ ʩʠʥʫʩʦʾʜʥʦʛʦ 

ʩʠʛʥʘʣʫ sinx tw= , ʜʠʬʝʨʝʥʮʽʡʥʝ ʟʦʙʨʘʞʝʥʥʷ ʦʨʠʛʽʥʘʣʫ, ʷʢʝ ʻ ʜʠʩʢʨʝʪʥʦʶ 

ʬʫʥʢʮʽʻʶ ʮʽʣʦʯʠʩʣʦʚʦʛʦ ʘʨʛʫʤʝʥʪʫ ,....2,1,0=k ; ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 

( )
( , ) sin( )

! 2

kH k
X k

k

w p
w= .                                (3.111) 

ʇʨʦʚʝʜʝʤʦ ʦʙʯʠʩʣʶʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ: 

ɿʛʽʜʥʦ (3.98): 
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  (3.112) 

ɼʘʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʧôʷʪʠ ʟʥʘʯʝʥʴ, ʧʨʠʚʝʜʝʥʽ ʫ ʪʘʙʣ. 3.3: 

ʊʘʙʣʠʮʷ 3.3 

ɼʘʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʧôʷʪʠ ʟʥʘʯʝʥʴ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʚʠʨʘʟʘ (3.112) 

k  )(kmX  

1 0 

2 
2 21

cos
2

H a a 

3 0 

4 
4 41

s
120

H ina a 

5 0 
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ʊʘʢ ʷʢ ʧʨʠ ʥʝʧʘʨʥʠʭ ʟʥʘʯʝʥʥʷʭ k  ʜʦʜʘʥʢʠ ʚ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʨʽʚʥʦʩʪʽ 

(3.112) ʜʦʨʽʚʥʶʶʪʴ 0, ʪʦ, ʚ ʦʩʪʘʪʦʯʥʦʤʫ ʚʠʜʽ, ʧʨʝʜʩʪʘʚʣʝʥʥʷ (3.112) ʤʘʻ ʚʠʜ: 

 

4 4 2 21 1
( ) sin cos

120 2
Xm k H Ha a a a= - .                       (3.113) 

 

ʇʨʦʚʝʜʝʤʦ ʦʙʯʠʩʣʶʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ: 

ɿʛʽʜʥʦ (3.105): 
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ɼʘʥ̔ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʧôʷʪʠ ʟʥʘʯʝʥʴ, ʧʨʠʚʝʜʝʥʽ ʫ ʪʘʙʣ. 3.4: 

ʊʘʙʣʠʮʷ 3.4  

ɼʘʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʧôʷʪʠ ʟʥʘʯʝʥʴ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʚʠʨʘʟʘ (3.114) 

k  ( )XD k  

1 0 

2 
2 2 21

cos
6

H a a 

3 0 

4 
4 41

sin2
120

H a a 

5 0 

ʊʘʢ ʷʢ ʧʨʠ ʥʝʧʘʨʥʠʭ ʟʥʘʯʝʥʥʷʭ k  ʜʦʜʘʥʢʠ ʚ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʨʽʚʥʦʩʪʽ 

(3.114) ʜʦʨʽʚʥʶʶʪʴ 0, ʪʦ, ʚ ʦʩʪʘʪʦʯʥʦʤʫ ʚʠʜʽ, ʧʨʝʜʩʪʘʚʣʝʥʥʷ (3.114) ʤʘʻ ʚʠʜ: 

4 4 2 21 1
( ) sin2 cos

120 6
XD k H Ha a a a= +                     (3.115) 
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ɼʣ̫ ʥʘʦʯʥʦʛʦ ʫʷʚʣʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʨʦʚʝʜʝʤʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ʚ ʩʝʨʝʜʦʚʠʱʽ ʄʘʪʣʘʙ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.9 ï 3.11. 

 
 

ʈʠʩ. 3.9. ɻʨʘʬʽʢ ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ʷʢʠʡ ʽʤʽʪʫʻ ʩʠʛʥʘʣ ɿʅʆɯ 

 

 

ʈʠʩ. 3.10. ɻʨʘʬʽʢ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ 
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ʈʠʩ. 3.11. ɻʨʘʬʽʢ ʜʠʩʧʝʨʩʽʾ ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ 

ʗʢ ʙʘʯʠʤʦ ʟ ʨʠʩ. 3.10 ï 3.11, ʚʝʣʠʯʠʥʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ʪʘ 

ʜʠʩʧʝʨʩʽʾ ʩʠʛʥʘʣʫ ʟʥʘʭʦʜʷʪʴʩʷ ʙʽʣʷ ʥʫʣʴʦʚʠʭ ʟʥʘʯʝʥʥʷʭ, ʱʦ ʜʦʚʦʜʠʪʴ ʛʘʨʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʤʦʜʝʣ̔. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʛʥʘʣʫ, ʟ 

ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʽ ʡʦʛʦ ʚʝʣʠʯʠʥʠ, ʧʨʦʚʝʜʝʤʦ ʘʥʘʣʽʟ 

ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʚʝʣʠʯʠʥ ʧʨʠʩʢʦʨʝʥʴ ʩʠʛʥʘʣʫ, ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʩʧʦʜʽʚʘʥʥʷ ʪʘ ʜʠʩʧʝʨʩʽʾ. ɼʣʷ ʥʘʦʯʥʦʛʦ ʫʷʚʣʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʧʦʙʫʜʫʻʤʦ ʛʨʘʬʽʢʠ ʨʝʟʫʣʴʪʘʪʠ, ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.12 ï 3.14.
 

 

 

ʈʠʩ.3.12. ɻʨʘʬʽʢ ʧʨʠʩʢʦʨʝʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ʷʢʠʡ ʽʤʽʪʫʻ 

ʩʠʛʥʘʣ ɿʅʆɯ 
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ʈʠʩ. 3.13. ɻʨʘʬʽʢ ʧʨʠʩʢʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ 

ʩʠʛʥʘʣʫ 

 
 

ʈʠʩ. 3.14. ɻʨʘʬʽʢ ʧʨʠʩʢʦʨʝʥʥʷ ʜʠʩʧʝʨʩʽʾ ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ 

ɸʥʘʣ̔ʟ ʨʠʩ. 3.9. ʪʘ ʨʠʩ. 3.12 ʧʦʢʘʟʫʻ, ʥʘ ʨʠʩ. 3.9 ʩʠʛʥʘʣ ʨʦʟʤʠʪʠʡ, ʱʦ 

ʟʘʪʨʫʜʥʷʻ ʡʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʥʘ ʬʦʥʽ ʜʨʫʛʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ. ʅʘ ʨʠʩ. 3.12, 

ʩʠʛʥʘʣ ʤʘʻ ʯʽʪʢʠʡ ʭʘʨʘʢʪʝʨ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ ʥʘ ʬʦʥʽ ʜʨʫʛʠʭ 
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ʩʠʛʥʘʣʽʚ. ɺʩʝ ʚʠʱʝʚʠʢʣʘʜʝʥʝ ʜʦʚʦʜʠʪʴ ʚʽʨʥʽʩʪʴ ʥʘʰʫ ʪʝʦʨʽʶ ʧʦ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʧʨʠʩʢʦʨʝʥʥʷ ʚʝʣʠʯʠʥ, ʘ ʥʝ ʩʘʤ ʚʝʣʠʯʠʥʠ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ 

ʥʘ ʛʨʘʬʽʢʘʭ (ʜʠʚ. ʨʠʩ. 3.13, 3.14), ʜʦʚʦʜʷʪʴ ʛʘʨʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʾ

ʤʦʜʝʣʽ, ʪʘʢ ʷʢ ʚʝʣʠʯʠʥʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ʪʘ ʜʠʩʧʝʨʩʽʾ ʩʠʛʥʘʣʫ 

ʟʥʘʭʦʜʷʪʴʩʷ ʙʽʣʷ ʥʫʣʴʦʚʠʭ ʟʥʘʯʝʥʴ. 

 

3.6. ʈʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥ̫  ʤʝʪʦʜʠʢʠ 

ʚʠʷʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʮʠʬʨʦʚʠʭ 

ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

 

ɺ ʧʨʦʮʝʩʽ ʧʦʰʫʢʫ ɿʅʆɯ ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʧʝʨʝʣʽʢʫ 

ʧʘʨʘʤʝʪʨʽʚ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʩʦʙʽʚ, ʟʘ ʷʢʠʤ ɿʅʆɯ ʨʦʟʧʽʟʥʘʻʪʴʩʷ ʽ ʥʘʜʘʣʽ 

ʣʦʢʘʣʽʟʫʻʪʴʩʷ. ɺʠʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ɿʅʆɯ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʾʭ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʇʨʠ ʚʠʢʣʶʯʝʥʥʽ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ 

ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʻʪʴʩʷ ʯʘʩ ʧʦʰʫʢʫ ɿʅʆɯ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʢʽʣʴʢʽʩʥʘ ʾʭ 

ʦʮ̔ʥʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ. ʗʢʽʩʥʫ ʦʮʽʥʢʫ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʢʦʨʝʣʷʮʽʡʥʦ-ʨʝʛʨʝʩʠʚʥʠʡ ʘʥʘʣʽʟ. ʄʝʪʦʜ ʨʝʛʨʝʩʠʚʥʦʛʦ 

ʘʥʘʣʽʟʫ ï ʥʘʡʙʽʣʴʰ ʜʦʚʝʨʰʝʥʠʡ ʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦ 

ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ 

ʩʠʩʪʝʤ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʡʦʛʦ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʝʪʘʧʠ: 

Å   ʚʠʟʥʘʯʝʥʥʷ ʦʟʥʘʢ, ʱʦ ʢʣʘʩʠʬʽʢʫʶʪʴ ʟʘʢʣʘʜʢʠ; 

Å ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʻ ʽʥʬʦʨʤʘʪʠʚʥʠʤʠ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ; 

Å  ʚʠʙʽʨ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʫ ʟʚ'ʷʟʢʫ ʚʠʷʚʣʝʥʥʷ ʟʘʢʣʘʜʢʠ ʧʨʠ ʟʤʽʥʽ 

ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʾʾ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ; 

Å ʧʦʙʫʜʦʚʘ ʩʠʩʪʝʤʠ ʥʦʨʤʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʽ ʨʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʨʝʛʨʝʩʽʾ. 
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ʆʩʥʦʚʥʠʤ ʢʣʘʩʠʬʽʢʘʪʦʨʦʤ ʦʟʥʘʢʠ ɿʅʆɯ, ʻ ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʨʷʜ, 

ʝʣʝʤʝʥʪʠ ʷʢʦʛʦ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʚʧʦʨʷʜʢʦʚʘʥʫ ʤʥʦʞʠʥʫ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʾʾ ʪʠʧ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʫʤʦʚ ʽ ʚʠʤʦʛ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʪʦʱʦ. ʇʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʨʷʜʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʤʝʪʦʜʠ 

ʘʚʪʦʤʘʪʠʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʽʟ ʟʘʛʘʣʴʥʦʾ ʤʥʦʞʠʥʠ ʟʘʢʣʘʜʦʢ 

ʚʠʜʽʣʷʪʠ ʦʜʥʦʨʽʜʥʽ ʛʨʫʧʠ ï ʢʣʘʩʠ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ. 

ɺʽʜʙʽʨ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʽʜʝʥʪʠʬʽʢʫʶʪʴ ʟʘʢʣʘʜʢʠ, ʟʜʽʡʩʥʶʻʪʴʩʷ, ʚʠʭʦʜʷʯʠ 

ʟ ʥʘʩʪʫʧʥʠʭ ʦʩʥʦʚʥʠʭ ʚʠʤʦʛ: 

Å ʜʦ ʩʢʣʘʜʫ ʚʠʙʨʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʢʣʶʯʘʶʪʴʩʷ ʪʽ, ʷʢʽ ʟʘʬʽʢʩʦʚʘʥʽ ʚ 

ʩʪʘʥʜʘʨʪʘʭ ʨʘʜʽʦʟʚ'ʷʟʢʫ, ʘ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʟʥʘʢʠ ɿʅʆɯ. 

Å ʚʠʟʥʘʯʝʥʽ ʧʘʨʘʤʝʪʨʠ, ʟʘ ʩʚʦʻʶ ʩʫʢʫʧʥʽʩʪʶ, ʧʦʚʠʥʥʽ ʜʦʩʠʪʴ ʧʦʚʥʦ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʽ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʟʘʢʣʘʜʦʢ, ʱʦ ʚʭʦʜʷʪʴ ʚ ʨʷʜ, ʽ ʤʘʪʠ ʜʦʩʠʪʴ ʪʽʩʥʠʡ ʢʦʨʝʣʷʮʽʡʥʠʡ ʟʚ'ʷʟʦʢ ʟ 

ʧʘʨʘʤʝʪʨʘʤʠ ɿʅʆɯ, ʱʦ ʚʠʷʚʣʷʶʪʴʩʷ; 

Å ʩʘʤʽ ʚʠʟʥʘʯʝʥʽ ʧʘʨʘʤʝʪʨʠ ʥʝ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʟʘʻʤʦʟʘʣʝʞʥʽ. 

ɼʣʷ ʚʽʜʙʦʨʫ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʚʠʷʚʣʝʥʥʷ ʟʘʢʣʘʜʦʢ, ʦʙʯʠʩʣʶʻʪʴʩʷ ʤʘʪʨʠʮʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʘʨʥʦʾ ʢʦʨʝʣʷʮʽʾ. ɿʘ 

ʚʝʣʠʯʠʥʦʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʞʥʘ ʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ 

ʧʨʦ ʪʽʩʥʦʪʫ ʟʚ'ʷʟʢʫ. ʗʢʱʦ ʚʠʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨ ʟʜʽʡʩʥʶʻ ʥʝʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʚʠʷʚʣʝʥʥʷ ʨʘʜʽʦʟʘʢʣʘʜʦʢ, ʪʦ ʚʽʜʧʦʚʽʜʥʘ ʚʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ 

ʙʣʠʟʴʢʘ ʜʦ 0. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʩʠʩʪʝʤʘ ʟ ʷʢʦʾ ʧʨʦʚʦʜʷʪʴ ʝʢʩʧʝʨʠʤʝʥʪ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʦʜʝʣʽ ʤʘʻ ʚʠʛʣʷʜ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 3.15. 

 

ʈʠʩ. 3.15. ʄʦʜʝʣʴ ʩʠʩʪʝʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ 
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ɼʝ: X ï ʮʝ ʢʝʨʦʚʘʥʽ ʬʘʢʪʦʨʠ, ʾʭ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʪʘ ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʘ 

ʧʝʚʥʠʭ ʨʽʚʥʷʭ. ʇʨʠ ʧʦʰʫʢʫ ɿʅʆɯ ʮʝ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʚʝʥʴ ʧʝʨʝʚʠʱʝʥʥʷ ʧʦʨʦʛʫ 

ʘʤʧʣʽʪʫʜʠ, ʚʠʜʠ ʤʦʜʫʣʷʮʽʾ, ʥʘʷʚʥʽʩʪʴ 2 ʽ 3 ʛʘʨʤʦʥʽʢʠ ʪʘ ʽʥʰʽ. 

1, 2... kZ Z Z  ï ʮʝ ʥʝʢʝʨʦʚʘʥʽ ʬʘʢʪʦʨʠ, ʜʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʨʝʞʠʤʠ ʨʦʙʦʪʠ 

ɿʅʆɯ, ʪʦʙʪʦ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʟ ʟʦʚʥʽ, ʯʠ ʥʝ ʢʦʥʪʨʦʣʴʦʚʘʥʽ 

ʩʠʩʪʝʤʦʶ. 

1, 2.... kG G G ï ʮʝ ʥʝ ʢʦʥʪʨʦʣʴʦʚʘʥʽ ʫʩʪʘʥʦʚʢʠ ʪʘ ʧʘʨʘʤʝʪʨʠ 

ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ; 

Y  ï ʧʘʨʘʤʝʪʨʠ ʚʠʷʚʣʝʥʥʷ, ʷʢ ʪʝʦʨʝʪʠʯʥʽ ʪʘʢ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ. 

ʉʠʩʪʝʤʘ ï ʮʝ ʤʘʪʝʤʘʪʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʽʟʥʠʭ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ 

ʚʠʛʣʷʜ, ʧʨʠʪʘʤʘʥʥʠʡ ʜʣʷ ʮʠʬʨʦʚʦʛʦ ʘʥʘʣʽʟʫ [148]. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʤʧʽʨʠʯʥʦʾ ʬʦʨʤʫʣʠ, ʷʢʘ ʦʧʠʩʫʻ ʟʘʣʝʞʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ 

ʩʠʛʥʘʣʫ, ʜʞʝʨʝʣʦʤ ʷʢʦʛʦ ʻ ɿʅʆɯ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ 

ʨʦʟʧʽʟʥʘʶʪʴʩʷ ʪʠʧʠ ʧʨʠʩʪʨʦʾʚ, ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʜʝʣʴ ʣʽʥʽʡʥʦʛʦ 

ʚʠʜʫ: 

 

0 0 1 1
0

...
k

k k l i i l
i

Y B x B x B x B xe e
=

= + + + + = +ä ,          (3.116) 

 

ʜʝ Yï ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʚʠʷʚʣʝʥʥʷ ʟʘʢʣʘʜʢʠ. 

 1 2..... kB B B  ï ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ; 

 1, 2,..... kx x x  ï ʢʝʨʦʚʘʥʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʟʘʜʘʶʪʴʩʷ ʥʘ ʚʭʦʜʽ; 

 K ï ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʬʘʢʪʦʨʽʚ; 

 ï ʚʠʧʘʜʢʦʚʘ ʧʦʤʠʣʢʘ ʜʣʷ lïʦʛʦ ʜʦʩʣʽʜʫ; 

 ɺʝʣʠʯʠʥʫ ʧʦʤʠʣʢʠ ʙʫʜʝʤʦ ʚʠʟʥʘʯʘʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

 

( )i Y M Ye= - ,                                                     (3.117) 

ʜʝ M(Y) ï ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʫ ʚʠʷʚʣʝʥʥʷ Y; 
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ʆʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʛʨʝʩʽʾ 0, 1,...... kB B B  ʙʫʜʝʤʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ 

ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʤʽʥʽʤʽʟʘʮʽʾ ʩʫʤʠ ʢʚʘʜʨʘʪʽʚ 

ʚʽʜʭʠʣʝʥʴ ʟʥʘʯʝʥʴ  ʦʪʨʠʤʘʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ ʽ ʟʥʘʯʝʥʴ Y, 

ʦʪʨʠʤʘʥʠʭ ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ, ʪʦʙʪʦ: 

 

2 2

0 0 1 1
1 1

Ĕ[ ] [ ( ... )]
N N

k kY Y Y b x b x b x Q min- = - + + + = =ä ä ,          (3.118) 

 

ʜʝ ʟʥʘʯʝʥʥʷ 1 21 2, ,... kkb b bB B Bº º ºʦʪʨʠʤʫʻʤʦ, ʙʝʨʫʯʠ ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ 

ʬʫʥʢʮʽʾ Q ʧʦ0, 1...... kb b b , ʧʨʠʨʽʚʥʶʻʤʦ ʾʭ ʜʦ ʥʫʣʷ ʽ ʨʦʟʚôʷʟʫʻʤʦ ʩʠʩʪʝʤʫ 

ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ: 

0
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0

0
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0
k

Q

b

Q

b

Q

b

µë
=îµ

î
µî
=î

µì
î
î
µî
=îµí

.                                                          (3.119) 

ʊʦʜʽ, ʨʽʚʥʷʥʥʷ (3.90) ʧʨʠʡʤʘʻ ʚʠʜ: 

 

0 0 1 1
0

Ĕ ...
k

k k i i
i

Y b x b x b x b x
=

= + + + =ä .                       (3.120) 

 

ʎʝ ʽ ʻ ʨʽʚʥʷʥʥʷ ʜʣʷ ʨʦʟʧʽʟʥʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʎɿʅʆɯ. 

ɿʘʣʝʞʥʽʩʪʴ (3.120) ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ 

ʡʤʦʚʽʨʥʦʩʪʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ X  ʪʘ Y. ʋ ʥʘʰʦʤʫ 

ʚʠʧʘʜʢʫ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ, ʷʢʝ ʚʠʟʥʘʯʘʻ ʟʘʣʝʞʥʽʩʪʴ Y  ʚʽʜ X  ʙʫʜʝ ʣʽʥʽʡʥʠʤ. 

ʊʦʜʽ ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʽ ʜʚʦʚʠʤʽʨʥʦʾ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ  

ʙʫʜʝ ʤʘʪʠ ʚʠʜ: 
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max max

( , )
i i

i

yx
x yF

yx
= .                                             (3.121) 

 

 ɺʽʜʧʦʚʽʜʥʦ ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʽ ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ 

ʤʘʪʠ ʚʠʜ: 

 

max max

( , ) 1
( , ) i

i

i i

x yF
x yf

xy yx

µ
= =
µ

.                         (3.122) 

 

ɺʠʢʦʥʘʚʰʠ ʦʙʯʠʩʣʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʾ ʧʘʨʠ ʟʥʘʯʝʥʴ iX  ʪʘ iY  

ʟʥʘʡʜʝʤʦ ʤʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʠʤʠ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʨʠ ʚʠʙʦʨʽ 

ʧʘʨʘʤʝʪʨʽʚ ʚʠʟʥʘʯʝʥʥʷ ɿʅʆɯ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. 

ʈʦʟʧʽʟʥʘʥʥʷ ʩʠʛʥʘʣʽʚ ɿʅʆɯ ʜʦʧʦʚʥʠʤʦ ʤʝʪʦʜʦʤ, ʱʦ ʤʽʩʪʠʪʴ ʜʚʽ 

ʩʢʣʘʜʦʚʽ ʯʘʩʪʠʥʠ: ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ʪʘ ʢʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ. 

 ʂʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ ï ʮʝ ʢʽʣʴʢʽʩʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʪʘ 

ʥʘʧʨʷʤʢʫ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʤʽʞ ʚʠʙʨʘʥʠʤʠ ʟʤʽʥʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ.  

ʈʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ʪʘ ʨʝʛʨʝʩʽʡʥʘ ʤʦʜʝʣʴ, ʷʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʮʴʦʤʫ 

ʤʝʪʦʜʽ, (ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʝʤʦ ʥʠʞʯʝ) ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ 

ʚʠʜʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʫʥʢʮʽʾ ʚ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʟʤʽʥʥʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ. 

ɼʣʷ ʦʮʽʥʢʠ ʩʠʣʠ ʟʚ'ʷʟʢʫ ʚ ʪʝʦʨʽʾ ʢʦʨʝʣʷʮʽʾ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʰʢʘʣʘ 

ʘʥʛʣʽʡʩʴʢʦʛʦ ʩʪʘʪʠʩʪʠʢʘ ʏʝʜʜʦʢʘ: 

ï  ʩʣʘʙʢʘ ï ʚʽʜ 0,1 ʜʦ 0,3;  

ï  ʧʦʤʽʨʥʘ ï ʚʽʜ 0,3 ʜʦ 0,5;  

ï  ʧʦʤʽʪʥʘ ï ʚʽʜ 0,5 ʜʦ 0,7;  

ï  ʚʠʩʦʢʘ ï ʚʽʜ 0,7 ʜʦ 0,9;  

ï  ʚʝʣʴʤʠ ʚʠʩʦʢʘ (ʩʠʣʴʥʘ) ï ʚʽʜ 0,9 ʜʦ 1,0. 

ʇʨʠ ʥʘʰʦʤʫ ʘʥʘʣʽʟʽ ʢʦʨʝʣʷʮʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻ ʣʽʥʽʡʥʠʡ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʫ 

ʚʘʨʽʘʮʽʷʭ ʟʤʽʥʥʠʭ. 
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ɺʦʥʘ ʤʦʞʝ ʙʫʪʠ ʧʘʨʥʦʶ (ʜʚʽ ʢʦʨʝʣʶʶʪʴ ï ʟʤʽʥʥʘ ʯʘʩʪʦʪʘ ʩʢʘʥʫʚʘʥʥʷ ʪʘ 

ʜʽʘʧʘʟʦʥ ʩʢʘʥʫʚʘʥʥʷ) ʘʙʦ ʤʥʦʞʠʥʥʦʾ (ʙʽʣʴʰ ʷʢ ʜʚʽ ʟʤʽʥʥʠʭ), ʧʨʷʤʦʾ ʘʙʦ 

ʟʚʦʨʦʪʥʦʾ ï ʧʦʟʠʪʠʚʥʦʾ ʘʙʦ ʥʝʛʘʪʠʚʥʦʾ, ʢʦʣʠ ʟʤʽʥʥʽ ʚʘʨʽʶʶʪʴ ʚʽʜʧʦʚʽʜʥʦ ʚ 

ʦʜʥʘʢʦʚʠʭ ʘʙʦ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ. 

ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ, ʯʘʩʪʦʪʘ ʩʢʘʥʫʚʘʥʥʷ ʽ ʘʤʧʣʽʪʫʜʘ ʧʝʨʝʚʠʱʝʥʥʷ 

ʩʠʛʥʘʣʫ ʬʘʡʣʫ ʟʨʘʟʢʘ ʟʤʽʥʥʽ ʢʽʣʴʢʽʩʥʦ ʽ ʨʽʚʥʦʮʽʥʥʽ ʫ ʩʚʦʾʭ ʥʝʟʘʣʝʞʥʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ ʧʨʠ ʾʭ ʟʘʛʘʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ, ʪʦʜʽ ʝʤʧʽʨʠʯʥʠʤʠ ʟʘʭʦʜʘʤʠ 

ʱʽʣʴʥʦʩʪʽ ʾʭ ʣʽʥʽʡʥʦʛʦ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʻ ʢʦʝʬʽʮʽʻʥʪ ʧʨʷʤʦʾ ʢʦʨʝʣʷʮʽʾ ʟʥʘʢʽʚ 

ʌʝʭʥʝʨʘ ɻ ʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʘʨʥʦʾ, ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ ʪʘ ʤʥʦʞʠʥʥʦʾ ʢʦʨʝʣʷʮʽʾ 

ʇʽʨʩʦʥʘ ʂ.. 

ʂʦʝʬʽʮʽʻʥʪ ʧʘʨʥʦʾ ʢʦʨʝʣʷʮʽʾ ʟʥʘʢʽʚ ʌʝʭʥʝʨʘ ɻ ʚʠʟʥʘʯʘʻ ʫʟʛʦʜʞʝʥʽʩʪʴ 

ʥʘʧʨʷʤʢʽʚ ʚ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʚʽʜʭʠʣʝʥʥʷʭ ʟʤʽʥʥʠʭ ʚʽʜ ʩʚʦʾʭ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ. 

ɺʽʥ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʨʽʟʥʠʮʽ ʩʫʤ, ʱʦ ʟʙʽʛʘʶʪʴʩʷ (Mat), ʜʦ ʩʫʤ, ʱʦ 

ʨʦʟʙʽʛʘʶʪʴʩʷ (Mit), ʧʘʨ ʟʥʘʢʽʚ ʫ ʚʽʜʭʠʣʝʥʥʷʭ y y ye= - ʪʘ x x xe= - ʜʦ ʩʫʤʠ 

ʮʠʭ ʩʫʤ: 

 

1 1

1 1

N N

f N N

Mat Mit

K
Mat Mit

-ä ä
=

+ä ä
.                                     (3.123) 

 

fK  ï ʢʦʝʬʽʮʽʻʥʪ ʌʝʭʥʝʨʘ; Mat (Matching ï ʟʙʽʛʘʥʥʷ); Mit (Mitmatching 

ï ʨʦʟʙʽʛʘʥʥʷ). 

ɺʝʣʠʯʠʥʘ fK  
ï ʷʢ ʧʦʢʘʟʘʥʦ ʚʠʱʝ, ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ -1 ʜʦ +1 [6,7]. 

ɼʦʜʘʚʘʥʥʷ ʚ (3.123) ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ. ʗʢʱʦ ʜʝʷʢʝ ʦʜʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʥʫʣʴʦʚʝ, ʪʦ ʚʦʥʦ ʥʝ ʚʭʦʜʠʪʴ ʚ ʨʦʟʨʘʭʫʥʦʢ. ʗʢʱʦ ʞ ʚʽʜʨʘʟʫ ʦʙʠʜʚʘ 

ʚʽʜʭʠʣʝʥʥʷ ʥʫʣʴʦʚʽ, ʪʦ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʚʽʜʭʠʣʝʥʥʷ ʟʙʽʛʘʶʪʴʩʷ 

ʟʘ ʟʥʘʢʘʤʠ ʽ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ. ʋ ʪʘʙʣ. 3.5 ʥʘʚʝʜʝʥʦ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʌʝʭʥʝʨʘ. 
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ʊʘʙʣʠʮʷ 3.5  

ɼʘʥʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʌʝʭʥʝʨʘ 

ʅʦʤʝʨ 

ʧʝʨʝʚʽʨʢʠ 

ʂʽʣʴʢʽʩʪʴ 

ʩʢʘʥʫʚʘʥʴ 

 

ɺʠʷʚʣʝʥʽ 

ʧʝʨʝʚʠʱʝʥʥʷ 

ʘʤʧʣʽʪʫʜʠ 

ɺʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʩʝʨʝʜʥʽʭ 

ʇʦʨʽʚʥʷʥʥʷ 

N ʭ ʫ x=41 ʫ=43 Mat Mit  

1 55 43 14 0   

2 45 42 4 -1 0 1 

3 35 39 -6 -4 1 0 

4 25 40 -16 -3 1 0 

5 35 42 -6 -1 1 0 

6 45 47 4 4 1 0 

7 50 53 9 10 1 0 

8 40 38 -1 -5 1 0 

9 35 45 -6 2 0 1 

10 45 41 4 -2 0 1 

ʈʘʟʦʤ 410 430   6 3 

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ ʱʦ, ʥʘʚʝʜʝʥʽ ʜʘʥʽ (ʜʠʚ. ʪʘʙʣ. 3.5) ʟʘʥʦʩʠʣʠʩʷ ʥʘ ʦʩʥʦʚʽ 

ʨʝʘʣʴʥʠʭ ʧʝʨʝʚʽʨʦʢ ʧʨʠʤʽʱʝʥʴ ʥʘ ʥʘʷʚʥʽʩʪʴ ʩʠʛʥʘʣʫ ɿʅʆɯ. 

ɿ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʧʣʠʚʘʻ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʌʝʭʥʝʨʘ ʜʦʨʽʚʥʶʻ 0,33fK = . 

ɿʛʽʜʥʦ ʟʽ ʰʢʘʣʦʶ ʘʥʛʣʽʡʩʴʢʦʾ ʩʪʘʪʠʩʪʠʢʘ ʏʝʜʜʦʢʘ, ʟʘʣʝʞʥʽʩʪʴ ʫ ʥʘʩ ʙʫʜʝ 

ʧʦʤʽʨʥʘ. ʎʝ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ ʧʨʘʢʪʠʯʥʠʤ ʨʝʟʫʣʴʪʘʪʘʤ. ʂʽʣʴʢʽʩʪʴ 

ʩʢʘʥʫʚʘʥʴ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʞʦʨʩʪʢʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʫ ʱʦ 

ʧʝʨʝʚʠʱʫʻ ʧʦ ʘʤʧʣʽʪʫʜʽ ʬʘʡʣ ʟʨʘʟʢʘ, ʪʦʙʪʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ 

ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʫ ɿʅʆɯ. 

ʗʢʱʦ ʧʨʠ ʘʥʘʣʽʟʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʝʣʠʯʠʥʫ ʚʽʜʭʠʣʝʥʥʷ ʟʤʽʥʥʠʭ, 

ʪʦʜʽ ʩʣʽʜ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʧʘʨʥʦʾ, ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ ʪʘ ʤʥʦʞʠʥʥʦʾ 

ʣʽʥʽʡʥʦʾ ʢʦʨʝʣʷʮʽʾ ʇʽʨʩʦʥʘ [8]. ɼʣʷ ʾʭ ʨʦʟʨʘʭʫʥʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ 

ʤʝʪʦʜʠ. ʄʠ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ ʧʨʷʤʦʛʦ ʨʘʭʫʥʢʫ. ʊʦʜʽ ʢʦʝʬʽʮʽʻʥʪ 

ʧʘʨʥʦʾ ʢʦʨʝʣʷʮʽʾ ʇʽʨʩʦʥʘ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 

 

() ( )
2 222( )( )

xy yx

N xy x y
r r

N Nx yyx

-ä ä ä
= =

- -ä ä ä
.               (3.124) 



221 

 

 

ɼʣʷ ʢʦʨʝʢʪʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʙʝʨʝʤʦ ʧʦʯʘʪʢʦʚʽ ʜʘʥʽ ʟ ʪʘʙʣʠʮʽ 1 ʽ 

ʧʨʦʚʦʜʠʤʦ ʨʦʟʨʘʭʫʥʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʧʦʯʘʪʢʦʚʠʭ 

ʫʤʦʚ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.6. 

 

ʊʘʙʣʠʮʷ 3.6 

ɼʘʥʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʇʽʨʩʦʥʘ 

ʅʦʤʝʨ 

ʧʝʨʝʚʽʨ. 

ʂʽʣɹʢʽʩʪʴ 

ʩʢʘʥʫʚʘʥ. 

 

ɺʠʷʚʣʝʥʽ 

ʧʝʨʝʚʠʱʝʥʥʷ 

ʘʤʧʣʽʪʫʜ 

 

ʈʦʟʨʘʭʫʥʢʠ 

 

N ʭ ʫ 2
ʭ 

2
y  ʭʫ 

1 55 43 3025 1849 2365 

2 45 42 2025 1764 1890 

3 35 39 1225 1521 1365 

4 25 40 625 1600 1000 

5 35 42 1225 1764 1470 

6 45 47 2025 2209 2115 

7 50 53 2500 2809 2650 

8 40 38 1600 1444 1520 

9 35 45 1225 2025 1575 

10 45 41 2025 1681 1845 

ʈʘʟʦʤ 410 430 17500 18666 7795 

 

ʇʨʦʚʽʚʰʠ ʨʦʟʨʘʭʫʥʢʠ (ʜʘʥʥʽ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 3.6), ʜʦʜʘʶʯʠ ʜʣʷ ʘʥʘʣʽʟʫ 

ʚʝʣʠʯʠʥʫ ʚʽʜʭʠʣʝʥʥʷ, ʚʠʨʘʭʫʻʤʦ ʢʦʝʬʽʮʽʻʥʪ ʧʘʨʥʦʾ ʢʦʨʝʣʷʮʽʾ ʇʽʨʩʦʥʘ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʬʦʨʤʫʣʫ (3.124). ʆʪʨʠʤʫʻʤʦ 0,4735xyr = , ʱʦ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʰʢʘʣʠ ʏʝʜʜʦʢʘ ʚʽʜʧʦʚʽʜʘʻ ʧʦʤʽʨʥʽʡ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʧʦʚʥʽʩʪʶ 
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ʧʽʜʪʚʝʨʜʞʫʻ, ʨʝʟʫʣʴʪʘʪʠ, ʨʘʥʽʰʝ ʧʨʦʚʝʜʝʥʽ ʚ ʜʘʥʽʡ ʩʪʘʪʪʽ, ʜʣʷ ʦʮʽʥʢʠ 

ʟʘʣʝʞʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʝʬʽʮʽʻʥʪʘ ʌʝʭʥʝʨʘ. 

ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʜʝʢʽʣʴʢʦʭ ʟʤʽʥʥʠʭ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʤʥʦʞʠʥʥʦʾ 

(ʩʫʢʫʧʥʦʾ) ʣʽʥʽʡʥʦʾ ʢʦʨʝʣʷʮʽʾ ʇʽʨʩʦʥʘ [66]. ɼʣʷ ʪʨʴʦʭ ʟʤʽʥʥʠʭ x, y, z ʚʽʥ ʤʘʻ 

ʚʠʛʣʷʜ: 

 

2 2( )(1 )1

xy xz yz

xyz

xz yz

r r r
r

r r

-
=

- -
.                                  (3.125) 

 

ʋ ʚʠʨʘʟʽ (3.125), ʢʚʘʜʨʘʪʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ (3.126) ʥʘʟʠʚʘʶʪʴʩʷ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʜʝʪʝʨʤʽʥʘʮʽʾ ï ʚʽʜʧʦʚʽʜʥʦ ʧʘʨʥʦʾ, ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ ʘʙʦ 

ʤʥʦʞʠʥʥʦʾ ʜʝʪʝʨʤʽʥʘʮʽʾ: 

 

2 2

2 2

2
/ /

xy yxxy yx

xyz yxzxyz yxz

y xz y zx

d dr r

d dr r

D R

= = =

= = =

=

.                                                (3.126) 

 

ʎʽ ʢʦʝʬʽʮʽʻʥʪʠ ʦʮʽʥʶʶʪʴ ʩʪʫʧʽʥʴ ʚʘʨʽʘʮʽʡʥʦʾ ʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʣʽʥʽʡʥʦʤʫ 

ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʟʤʽʥʥʠʭ, ʧʦʢʘʟʫʶʯʠ ʯʘʩʪʢʫ ʚʘʨʽʘʮʽʾ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ (y), 

ʦʙʫʤʦʚʣʝʥʫ ʚʘʨʽʘʮʽʻʶ ʽʥʰʦʾ (ʽʥʰʠʭ) ï x ʽ y. ɹʘʛʘʪʦʚʠʤʽʨʥʠʡ ʚʠʧʘʜʦʢ 

ʥʘʷʚʥʦʩʪʽ ʙʽʣʴʰ ʷʢ ʪʨʴʦʭ ʟʤʽʥʥʠʭ ʪʫʪ ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʷʢʱʦ ʢʦʝʬʽʮʽʻʥʪʠ ʇʽʨʩʦʥʘ ʥʝ ʧʽʜʢʦʨʷʶʪʴʩʷ 

ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ, ʪʦ ʫ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʾʭ ʚʘʛʦʤʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ Z ï 

ʢʨʠʪʝʨʽʡ ʌʽʰʝʨʘ [67]. ʆʮʽʥʢʠ ʌʽʰʝʨʘ ʤʠ ʯʘʩʪʢʦʚʦ ʨʦʟʛʣʷʜʘʣʠ ʧʨʠ ʩʢʣʘʜʘʥʥʽ 

ʤʦʜʝʣʽ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʝʷʢʦʾ ʦʮʽʥʢʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʤʦʞʥʘ ʙʫʣʦ ʙ 

ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʦʪʨʠʤʘʥʝ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʙʫʜʝ ʩʪʘʪʠʩʪʠʯʥʦ ʥʘʜʽʡʥʝ. ɼʣʷ 

ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ 2
R .  

ʅʘʚʝʜʝʥʽ ʚʠʱʝ ʨʦʟʨʘʭʫʥʢʠ ʻ ʚʽʨʥʠʤʠ ʪʽʣʴʢʠ ʜʣʷ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʧʘʨʘʤʝʪʨʽʚ, ʘʣʝ ʮʝ ʥʝ ʟʘʚʞʜʠ ʚʽʨʥʦ. ʎʽ ʢʦʝʬʽʮʽʻʥʪʠ ʥʝʤʦʞʣʠʚʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʥʝʣʽʥʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʟʤʽʥʥʠʤʠ. ʆʜʥʘʢ ʜʣʷ 



223 

 

ʧʝʨʝʚʽʨʢʠ ʛʽʧʦʪʝʟʠ ʟʚ'ʷʟʦʢ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʟʧʽʟʥʘʥʥʷ ʩʠʛʥʘʣʫ ɿʅʆɯ 

ʤʦʞʣʠʚʦ ʚʚʘʞʘʪʠ ʫʤʦʚʥʦ ʣʽʥʽʡʥʠʤ. ʊʦʞ ʦʙʯʠʩʣʠʤʦ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʣʝʞʥʦʩʪʽ 

ʜʣʷ ʥʝʣʽʥʽʡʥʠʭ ʟʥʘʯʝʥʴ. ʊʦʙʪʦ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʧʨʠʚʝʜʝʥʥʽ ʜʘʥʥʽ ʤʘʶʪʴ 

ʥʝʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʩʦʙʦʶ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʘʻʤʦ ʤʝʪʦʜ ʥʝʣʽʥʽʡʥʦʾ 

ʢʦʨʝʣʷʮʽʾ, ʚʠʟʥʘʯʤʦ ʢʦʝʬʽʮʽʻʥʪ ʨʘʥʛʦʚʦʾ ʢʦʨʝʣʷʮʽʾ ʉʧʽʨʤʝʥʘ. 

ʂʦʝʬʽʮʽʻʥʪ ʨʘʥʛʦʚʦʾ ʢʦʨʝʣʷʮʽʾ ʉʧʽʨʤʝʥʘ ï ʮʝ ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʟʚ'ʷʟʢʫ ʤʽʞ ʷʚʠʱʘʤʠ, ʟʚ'ʷʟʦʢ ʤʽʞ ʷʢʠʤʠ ʥʝʣʽʥʽʡʥʠʡ 

(ʥʝʣʽʥʽʡʥʘ ʢʦʨʝʣʷʮʽʷ) [88]. ʂʦʝʬʽʮʽʻʥʪ ʨʘʥʛʦʚʦʾ ʢʦʨʝʣʷʮʽʾ ʉʧʽʨʤʝʥʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

 

 

2

1

2

6
1

( )1

n

d
p

n n

ä
= -

Ö -
,                                     (3.127) 

 

ʜʝ k md d d= -  ʨʽʟʥʠʮʷ ʤʽʞ ʨʘʥʛʘʤʠ; 

nï ʯʠʩʣʦ ʨʘʥʛʽʚ. 

 ɺʠʨʘʟ (3.127), ʧʦʢʘʟʫʻ, ʷʢ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʦʪʨʠʤʘʥʘ ʧʨʠ ʩʧʦʩʪʝʨʝʞʝʥʥʽ 

ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ ʨʽʟʥʠʮʴ ʤʽʞ ʨʘʥʛʘʤʠ ʚʽʜ ʚʠʧʘʜʢʫ ʚʽʜʩʫʪʥʦʩʪʽ ʟʚ'ʷʟʢʫ. 

ʈʘʥʛ ï ʮʝ ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ, ʷʢʠʡ ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ. ʗʢʱʦ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʜʚʘ ʦʜʥʘʢʦʚʠʭ ʟʥʘʯʝʥʥʷ, ʾʤ ʧʨʠʩʚʦʶʶʪʴ ʦʜʥʘʢʦʚʝ ʟʥʘʯʝʥʥʷ 

ʨʘʥʛʫ, ʨʽʚʥʝ ʩʝʨʝʜʥʴʦʤʫ ʘʨʠʬʤʝʪʠʯʥʦʤʫ ʨʘʥʛʽʚ ʮʠʭ ʟʥʘʯʝʥʴ [88]. 

ʇʨʠ ʨʘʥʛʦʚʦʾ ʢʦʨʝʣʷʮʽʾ ʧʦʨʽʚʥʶʶʪʴ ʥʝ ʚʣʘʩʥʝ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ, ʘ 

ʪʽʣʴʢʠ ʧʦʨʷʜʦʢ (ʨʘʥʛʠ). ʊʦʤʫ ʦʙʯʠʩʣʝʥʥʷ ʨʘʥʛʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʤʦʞʣʠʚʦ 

ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʦʪʨʠʤʘʥʽ ʥʘ ʦʩʥʦʚʽ ʰʢʘʣʠ ʥʝ ʥʠʞʯʽ 

ʧʦʨʷʜʢʦʚʦʾ. ʈʘʥʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪ ʥʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ, ʷʢʱʦ 

ʧʦʚ'ʷʟʘʥʠʭ ʧʘʨ ʤʝʥʰ ʷʢ 5 ʽ ʙʽʣʴʰ ʷʢ 20. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʘʥʛʦʚʦʾ ʢʦʨʝʣʷʮʽʾ ʉʧʽʨʤʝʥʘ [69], ʚʽʟʴʤʝʤʦ 

ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʥʽ ʟ ʪʘʙʣʠʮʴ 3.5 ʪʘ 3.6. ʇʨʦʚʝʜʝʤʦ ʨʦʟʨʘʭʫʥʢʠ. ʇʦʯʘʪʢʦʚʽ ʜʘʥʽ 

ʪʘ ʜʘʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 3.7 
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ʊʘʙʣʠʮʷ 3.7  

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʘʥʛʦʚʦʾ ʢʦʨʝʣʷʮʽʾ 

ʉʧʽʨʤʝʥʘ 

ʅʦʤʝʨ 

ʧʝʨʝʚʽʨʢʠ 

ʂʽʣʴʢʽʩʪʴ 

ʩʢʘʥʫʚʘʥʥʷ 

 

ɺʠʷʚʣʝʥʥʽ 

ʧʝʨʝʚʠʱʝʥʥʷ 

ʘʤʧʣʽʪʫʜʠ 

 

ʈʦʟʨʘʭʫʥʢʠ 

 

N ʭ ʫ ʈʘʥʛ  ʈʘʥʛ ( )
2

X Y-  

1 55 43 1 7 36 

2 45 42 2 5,5 12,25 

3 35 39 3 2 1 

4 25 40 4 3 1 

5 35 42 5 5,5 0,25 

6 45 47 6 9 9 

7 50 53 7 10 9 

8 40 38 8 1 49 

9 35 45 9 8 1 

10 45 41 10 4 36 

ʈʘʟʦʤ 410 430 55 55 154,5 

 

ʆʙʯʠʩʣʠʤʦ ʟʥʘʯʝʥʥʷ ʟʘ ʚʠʨʘʟʦʤ (3.127),  

2

1

2

6
6 154,5

1 1 0,06363
( ) 10(100 1)1

n

d
p

n n

ä Ö
= - = - =

Ö - -
. 

ʂʦʝʬʽʮʽʻʥʪ ʨʘʥʛʦʚʦʾ ʢʦʨʝʣʷʮʽʾ ʉʧʽʨʤʝʥʘ ʜʦʨʽʚʥʶʻ 0,06363, ʱʦ ʟʛʽʜʥʦ 

ʢʨʠʪʝʨʽʷʤ ʩʪʘʪʠʩʪʠʢʘ ʏʝʜʜʦʢʘ ï ʩʣʘʙʢʘ ʟʘʣʝʞʥʽʩʪʴ. 

ʉʪʘʪʠʩʪʠʯʥʫ ʚʘʛʦʤʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ, ʱʝ ʤʦʞʥʘ ʦʮʽʥʶʚʘʪʠʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ t-ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ. ʗʢʱʦ ʨʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ t-ʢʨʠʪʝʨʽʶ 

ʤʝʥʰʝ ʪʘʙʣʠʯʥʦʛʦ, ʧʨʠ ʟʘʜʘʥʦʤʫ ʯʠʩʣʽ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ, ʩʪʘʪʠʩʪʠʯʥʘ 
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ʟʥʘʯʠʤʽʩʪʴ ʩʧʦʩʪʝʨʽʛʘʻʤʦʛʦ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ï ʚʽʜʩʫʪʥʽʡ. ʗʢʱʦ ʙʽʣʴʰʝ, ʪʦ 

ʢʦʨʝʣʷʮʽʡʥʠʡ ʟʚ'ʷʟʦʢ ʚʚʘʞʘʻʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʠʤ. 

ʈʦʟʨʘʭʫʻʤʦ t-ʢʨʠʪʝʨʽʡ ʉʪʴʶʜʝʥʪʘ ʜʣʷ ʥʘʰʦʛʦ ʚʠʧʘʜʢʫ: 

2 2

2 0,06363 10 2
0,1803

11 0,06363

p n
t

p

- -
= = =

--
. 

ɿʘ ʪʘʙʣʠʯʥʽʤ ʟʥʘʯʝʥʥʷʤ ʧʨʠ ʡʤʦʚʽʨʥʦʩʪʽ 0,95 ʮʝʡ ʢʦʝʬʽʮʽʻʥʪ ʩʢʣʘʜʘʻ 

2,2615, ʮʝ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʟʥʘʯʝʥʥʷ ʥʘʰʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. ʆʪʞʝ ʜʦʚʝʜʝʥʦ, 

ʱʦ ʩʪʘʪʠʩʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʧʘʨʘʤʝʪʨʽʚ ï ʚʽʜʩʫʪʥʷ.  

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʣʠʚʦ ʨʦʟʧʽʟʥʘʪʠ ʩʠʛʥʘʣ ʎɿʅʆɯ, ʷʢʠʡ ʟʘʩʥʦʚʘʥʦ ʥʘ 

ʦʩʥʦʚʽ ʢʦʨʝʣʷʮʽʡʥʦ-ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʜʚʦʤʘ ʨʽʟʥʠʤʠ 

ʤʝʪʦʜʘʤʠ: 

- ʦʮʽʥʢʠ ʜʣʷ ʧʝʨʝʜʙʘʯʫʚʘʥʦʾ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ; 

- ʤʝʪʦʜʦʤ ʦʮʽʥʢʠ, ʷʢʱʦ ʧʘʨʘʤʝʪʨʠ ʤʘʶʪʴ ʥʝʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ.  

ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ ʱʦ ʧʘʨʘʤʝʪʨʠ ʷʢʽ ʤʠ ʚʠʟʥʘʯʠʣʠ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʩʠʛʥʘʣʽʚ ʎɿʅʆɯ, ʥʝʟʘʣʝʞʥʽ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ.   

ɺʠʢʦʨʠʩʪʘʚʰʠ ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʤʦʞʣʠʚʦ ʚʠʢʨʝʩʣʠʪʠ ʥʘ ʦʜʥʦʤʫ ʟ 

ʝʪʘʧʽʚ ʧʦʰʫʢʫ ʩʠʛʥʘʣʫ ʎɿʅʆɯ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʤʘʶʪʴ ʩʠʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʦʜʠʥ 

ʚʽʜ ʦʜʥʦʛʦ, ʪʠʤ ʩʘʤʠʤ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʩʢʘʥʫʚʘʥʥʷ ʪʘ ʧʽʜʚʠʱʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ 

ʨʦʟʧʽʟʥʘʥʥʷ ʩʠʛʥʘʣʫ ʎɿʅʆɯ. 

ʇʨʦʚʦʜʷʯʠ ʧʝʨʝʚʽʨʢʫ ʫʩʽʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʫ ʎɿʅʆɯ ʥʘ 

ʚʟʘʻʤʦʟʘʣʝʞʥʽʩʪʴ, ʤʠ ʚʽʜʽʙʨʘʣʠ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ, ʮʝ: 

1. ʉʧʝʢʪʨ ʩʠʛʥʘʣʫ; 

2. ʉʧʝʢʪʨʘʣʴʥʘ ʝʥʝʨʛʽʷ ʩʠʛʥʘʣʫ; 

3. ʌʘʟʦʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

4. ɸʤʧʣʽʪʫʜʘ ʩʠʛʥʘʣʫ; 

5. ɻʘʨʤʦʥʽʢʠ ʩʠʛʥʘʣʫ. 
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ɸʣʝ ʚʠʢʨʝʩʣʶʚʘʪʠ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʮʽʣʢʦʤ, ʥʝʤʦʞʣʠʚʦ 

ʪʘʢ ʷʢ ʮʽ ʧʘʨʘʤʝʪʨʠ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʚʠʟʥʘʯʠʪʠ ʩʠʛʥʘʣ ɿʅʆɯ ʥʘ 

ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ. 

ʊʘʢ ʧʝʨʝʚʠʱʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʧʦʨʦʛʫ (ʚʠʟʥʘʯʥʦʛʦ ʬʘʡʣʫ çʟʨʘʟʢʘè) ʥʘ 

ʜʝʷʢʽʡ ʯʘʩʪʦʪʽ, ʱʝ ʥʝ ʻ ʦʩʪʘʪʦʯʥʠʤ ʧʨʠʟʥʘʢʘʤ ʩʠʛʥʘʣʫ ʎɿʅʆɯ, ʘ ʧʦʷʚʘ ʮʴʦʛʦ 

ʩʠʛʥʘʣʫ ʥʘ ʯʘʩʪʦʪʽ ʢʨʘʪʥʦʾ ʜʚʦʤ ʪʘ ʢʨʘʪʥʦʾ ʪʨʴʦʤ ʫ ʩʫʢʫʧʥʦʩʪʽ ʟ ʩʧʝʢʪʨʦʤ 

ʩʠʛʥʘʣʫ, ʜʘʻ ʧʦʚʥʫ ʛʘʨʘʥʪʽʶ ʨʦʟʧʽʟʥʘʥʥʷ ʩʠʛʥʘʣʫ ʎɿʅʆɯ.  

ʊʘʢʠʤ ʯʠʥʦʤ ʚʠʟʥʘʯʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʥʘ ʦʩʥʦʚʽ ʢʦʨʝʣʷʮʽʡʥʦ 

ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʽʟʥʘʥʥʷ ʩʠʛʥʘʣʫ ʎɿʅʆɯ ʚʠʟʥʘʯʝʥʦ 

ʥʝʦʙʭʽʜʥʠʡ ʧʝʨʝʣʽʢ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʧʝʨʚʠʥʥʦʛʦ, ʘ ʧʦʪʽʤ ʽ ʦʩʪʘʪʦʯʥʦʛʦ 

ʨʦʟʧʽʟʥʘʥʥʷ ʩʠʛʥʘʣʫ ʎɿʅʆɯ. 

 

3.7. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʮʠʬʨʦʚʠʭ  

ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ 

ʤʫʣʴʪʽʘʛʝʥʪʥʦʾ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 

  

ʉʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʧʨʦ ʨʘʜʽʦʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ ʥʘʢʦʧʠʯʫʶʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʽ, ʟʘʟʚʠʯʘʡ, ʚʢʣʶʯʘʶʪʴ ʤʘʩʠʚʠ 

ʦʜʥʦʪʠʧʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʜʘʥʠʭ, ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʦʙʨʦʙʣʝʥʥʷ ʤʝʪʦʜʘʤʠ Data 

Mining. ʇʘʨʘʤʝʪʨʠ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʨʝʻʩʪʨʫʶʪʴʩʷ ʫ ʨʽʟʥʠʭ ʪʦʯʢʘʭ ʧʨʦʩʪʦʨʫ ʽ 

ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʪʨʠʚʘʣʽʩʪʴ ʩʠʛʥʘʣʫ ʊʩ, ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ Dʩ, ʰʠʨʠʥʫ 

ʩʧʝʢʪʨʫ ȹFʩ ʪʘ ʽʥʰʝ. ʊʝʦʨʝʪʠʯʥʦ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʟʘʜʘʯʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 

ʥʘ ʤʥʦʞʠʥʽ ʩʪʘʪʠʩʪʠʢʠ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ ʚ ʟʘʜʘʥʦʤʫ ʯʘʩʪʦʪʥʦʤʫ 

ʨʘʜʽʦʜʽʘʧʘʟʦʥʽ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʧʦʥʷʪʪʷ ñʢʣʘʩʪʝʨò ʥʝ ʤʘʻ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʽ 

ʪʦʤʫ ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʢʣʘʩʪʝʨʠʟʘʮʽʾ. ɿʘʛʘʣʴʥʠʤ ʜʣʷ ʚʩʽʭ ʤʝʪʦʜʽʚ 

ʻ ʽʜʝʷ ʱʦʜʦ ʦʙôʻʜʥʘʥʥʷ ʩʭʦʞʠʭ ʦʙôʻʢʪʽʚ ʫ ʛʨʫʧʠ (ʢʣʘʩʪʝʨʠ) [71]. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʦʧʠʩʘʥʦʾ ʚʠʱʝ ʧʨʦʙʣʝʤʠ ʱʦʜʦ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʟʨʘʟʢʽʚ 

ʩʠʛʥʘʣʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ. ʈʘʟʦʤ ʟ 
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ʪʠʤ, ʦʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʙʽʣʴʰʦʩʪʽ ʤʝʪʦʜʽʚ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʟʥʘʥʥʷ ʤʦʞʣʠʚʦʾ ʢʽʣʴʢʦʩʪʽ ʢʣʘʩʪʝʨʽʚ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ 

ʤʝʪʦʜʽʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʟʘʩʦʙʽʚ ʧʨʠʭʦʚʘʥʦʛʦ ʟʥʽʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʂʨʽʤ ʪʦʛʦ 

ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʻ ʚʚʝʜʝʥʥʷ ʤʝʪʨʠʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ñʚʽʜʩʪʘʥʽò ʤʽʞ 

ʦʢʨʝʤʠʤʠ ʟʨʘʟʢʘʤʠ, ʟʘ ʷʢʦʶ ʽ ʧʨʠʡʤʘʪʠʤʫʝʪʴʩʷ ʦʩʪʘʪʦʯʥʝ ʨʽʰʝʥʥʷ. ɸʜʞʝ 

ʜʦʩʠʪʴ ʚʘʞʣʠʚʦ ʟʘʚʯʘʩʥʦ ʧʝʨʝʜʙʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʪʘ ʪʠʧʠ ʣʝʛʘʣʴʥʠʭ ʪʘ 

ʥʝʣʝʛʘʣʴʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʫ ʨʘʡʦʥʽ ʧʦʰʫʢʫ. ɼʦ ʚʩʴʦʛʦ ʪʦʛʦ, ʧʨʠ 

ʧʨʘʢʪʠʯʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ʥʘʢʣʘʜʘʻʪʴʩʷ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʧʨʠʭʦʚʘʥʦʩʪʽ ʫʩʽʭ ʜʽʡ. 

ʊʦʤʫ ʘʢʪʫʘʣʴʥʦʶ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ, ʚʽʣʴʥʦʛʦ ʚʽʜ ʟʘʟʥʘʯʝʥʠʭ 

ʥʝʜʦʣʽʢʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʫ ʪʦʯʥʽʩʪʴ ʧʨʠʡʥʷʪʠʭ ʨʽʰʝʥʴ.  

ʏʘʩʪʦ ʟ ʪʘʢʦʶ ʤʝʪʦʶ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʠʧʘʜʢʦʚʦʤʫ 

ʧʦʰʫʢʫ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʚʠʩʦʢʦʶ ʽʥʪʝʨʘʢʪʠʚʥʽʩʪʶ, ʽ, ʫ 

ʨʘʟʽ ʨʦʟʨʦʙʢʠ ʧʨʘʚʠʣʴʥʠʭ ʩʭʝʤ ʨʦʙʦʪʠ, ʜʦʩʷʛʘʶʪʴ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ 

ʦʧʪʠʤʽʟʘʮʽʾ. ʊʘʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʟʦʢʨʝʤʘ, ʻ ʤʫʣʴʪʠʘʛʝʥʪʥʽ ʤʝʪʦʜʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: ʤʝʪʦʜ ʤʫʨʘʰʠʥʠʭ ʢʦʣʦʥʽʡ, 

ʤʝʪʦʜ ʙʜʞʦʣʠʥʦʾ ʢʦʣʦʥʽʾ, ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʝʨʝʤʽʱʝʥʥʷ ʙʘʢʪʝʨʽʡ ʽ ʽʥʰʽ. ʂʣʘʩʪʝʨʠʟʘʮʽʷ, ʷʢʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʤʫʣʴʪʠʘʛʝʥʪʥʠʭ ʤʝʪʦʜʽʚ, ʥʝ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʪʘ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʟʥʘʥʥʷ ʢʣʘʩʪʝʨʽʚ. ʇʨʦʪʝ ʾʡ ʧʨʠʪʘʤʘʥʥʠʡ ʽʥʰʠʡ ʥʝʜʦʣʽʢ  

ʤʦʞʣʠʚʽʩʪʴ ʥʝʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ.  

ʄʝʪʦʜ ʤʫʨʘʰʠʥʠʭ ʢʦʣʦʥʽʡ ʚʞʝ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʟʘʚʜʘʥʥʷ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ [216], ʘ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ ʙʘʢʪʝʨʽʡ ʟʥʘʭʦʜʠʪʴʩʷ ʱʝ ʥʘ ʝʪʘʧʽ ʩʚʦʛʦ 

ʩʪʘʥʦʚʣʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʡʦʛʦ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʱʝ ʜʦʧʨʘʮʴʦʚʫʶʪʴʩʷ ʽ 

ʦʙʣʘʩʪʽ ʤʦʞʣʠʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʚʽʜʦʤʽ ʥʝʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʦ. ʋ ʪʦʡ ʞʝ ʯʘʩ, 

ʤʝʪʦʜ ʙʜʞʦʣʠʥʦʾ ʢʦʣʦʥʽʾ ʻ ʜʦʩʠʪʴ ʚʽʜʦʤʠʤ ʽ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʠʭ ʟʘʚʜʘʥʴ ʦʧʪʠʤʽʟʘʮʽʾ. ʊʦʤʫ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʙʜʞʦʣʠʥʦʾ 

ʢʦʣʦʥʽʾ. 
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ʄʝʪʦʜ ʙʜʞʦʣʠʥʦʾ ʢʦʣʦʥʽʾ ʻ ʝʚʨʠʩʪʠʯʥʠʤ ʽʪʝʨʘʪʠʚʥʠʤ ʤʝʪʦʜʦʤ 

ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʰʫʢʫ, ʟʘʩʥʦʚʘʥʠʤ ʥʘ ʤʦʜʝʣʶʚʘʥʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʙʜʞʽʣ. ʇʨʠ 

ʮʴʦʤʫ ʟʚôʷʟʦʢ ʤʽʞ ʧʨʦʛʨʘʤʥʠʤʠ ʘʛʝʥʪʘʤʠ, ʱʦ ʤʦʜʝʣʶʶʪʴ ʧʦʚʝʜʽʥʢʫ ʙʜʞʽʣ, ʻ 

ʧʨʷʤʠʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʜ ʙʜʞʦʣʠʥʦʾ ʢʦʣʦʥʽʾ ʻ ʤʫʣʴʪʠʘʛʝʥʪʥʠʤ ʤʝʪʦʜʦʤ 

ʦʧʪʠʤʽʟʘʮʽʾ ʟ ʧʨʷʤʠʤ ʟʚôʷʟʢʦʤ ʤʽʞ ʘʛʝʥʪʘʤʠ [102]. 

ʆʜʥʠʤ ʟ ʚʘʨʽʘʥʪʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʙʜʞʦʣʠʥʦʾ ʢʦʣʦʥʽʾ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʪʝʨʠʟʘʮʽʾ. ʈʘʟʦʤ ʟ ʪʠʤ, ʟʘ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʘʛʝʥʪʠ 

ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʩʫʚʘʪʠʩʷ ʫ ʧʨʦʩʪʦʨʽ. ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʟʘʚʜʘʥʥʷ ʧʦʰʫʢʫ 

ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʩʢʘʥʫʶʯʠ ʢʦʤʧʣʝʢʩʠ ʥʝ ʤʦʞʫʪʴ 

ʧʝʨʝʩʫʚʘʪʠʩʷ ʫ ʬʽʟʠʯʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʚʦʥʠ ʤʦʞʫʪʴ ʜʽʣʠʪʠ 

ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ ʥʘ ʦʢʨʝʤʽ ʩʝʢʪʦʨʠ, çʧʝʨʝʩʫʚʘʶʯʠʩʴè ʪʘʢʠʤ ʯʠʥʦʤ ʤʽʞ 

ʩʤʫʛʘʤʠ ʯʘʩʪʦʪ ʪʘ ʚʽʜʙʠʨʘʶʯʠ ʟʨʘʟʢʠ ʩʠʛʥʘʣʽʚ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ. 

ʂʣʘʩʪʝʨʠʟʘʮʽʷ ʥʘ ʦʩʥʦʚʽ ʤʫʣʴʪʠʘʛʝʥʪʥʦʛʦ ʧʽʜʭʦʜʫ 

ʅʝʭʘʡ ʟʘʜʘʥʦ ʤʥʦʞʠʥʫ ʦʙôʻʢʪʽʚ (ʟʨʘʟʢʽʚ ʩʠʛʥʘʣʽʚ) O, ʢʦʞʝʥ ʟ ʷʢʠʭ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʥʦʞʠʥʦʶ ʟʥʘʯʝʥʴ ʦʟʥʘʢ X [131,132]. ʊʦʜʽ ʟʘʚʜʘʥʥʷ 

ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʥʘ ʦʩʥʦʚʽ ʟʥʘʯʝʥʴ ʦʟʥʘʢ X, ʨʦʟʙʠʪʠ 

ʤʥʦʞʠʥʫ ʩʠʛʥʘʣʽʚ O ʥʘ m (m ï ʮʽʣʝ ʯʠʩʣʦ) ʢʣʘʩʪʝʨʽʚ (ʧʽʜʤʥʦʞʠʥ) C1, C2,. 

.., Cm, ʪʘʢ, ʱʦʙ ʢʦʞʝʥ ʩʠʛʥʘʣ Oi ʥʘʣʝʞʘʚ ʦʜʥʽʡ ʽ ʪʽʣʴʢʠ ʦʜʥʽʡ ʧʽʜʤʥʦʞʠʥʽ 

ʨʦʟʙʠʪʪʷ ʽ ʱʦʙ ʩʠʛʥʘʣʠ, ʱʦ ʥʘʣʝʞʘʪʴ ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʞ ʢʣʘʩʪʝʨʫ, ʙʫʣʠ 

ʧʦʜʽʙʥʠʤʠ, ʚ ʪʦʡ ʯʘʩ, ʷʢ ʩʠʛʥʘʣʠ, ʱʦ ʥʘʣʝʞʘʪʴ ʨʽʟʥʠʤ ʢʣʘʩʪʝʨʘʤ ʙʫʣʠ 

ʨʽʟʥʠʤʠ [74]. ʇʨʠ ʮʴʦʤʫ ʢʣʘʩʪʝʨʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʽʜʤʥʦʞʠʥʠ ʟʨʘʟʢʽʚ 

ʩʠʛʥʘʣʽʚ, ʥʘʧʨʠʢʣʘʜ: çɹʘʟʦʚʘ ʩʪʘʥʮʽʷ GSM-900è, çʊʝʨʤʽʥʘʣ GSM-900è, 

çʊʦʯʢʘ ʜʦʩʪʫʧʫ Wi-Fiè, çɸʙʦʥʝʥʪ Wi-Fiè ʪʘ ʽʥʰʽ [75].ʉʝʨʝʜ ʮʠʭ çʣʝʛʘʣʴʥʠʭè 

ʢʣʘʩʪʝʨʽʚ ʦʜʠʥ ʯʠ ʜʝʢʽʣʴʢʘ ʢʣʘʩʪʝʨʽʚ ʙʫʜʫʪʴ ʧʦʟʥʘʯʘʪʠ ʫʩʽ ʧʽʜʦʟʨʽʣʠʚʽ 

ʩʠʛʥʘʣʠ, ʚʠʷʚʣʝʥʽ ʧʽʜ ʯʘʩ ʩʢʘʥʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ: çɿʘʢʣʘʜʥʠʡ ʧʨʠʩʪʨʽʡ GSM 

ï 900è. 

ɼʣʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʦʙôʻʢʪʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜ ʤʫʣʴʪʠʘʛʝʥʪʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ. ɸʣʛʦʨʠʪʤ ʧʨʦʮʝʩʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.16. 
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ʈʠʩ. 3.16. ɸʣʛʦʨʠʪʤ ʧʨʦʮʝʩʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʦʙôʻʢʪʽʚ ʤʝʪʦʜʦʤ 

ʤʫʣʴʪʠʘʛʝʥʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ 

ʈʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʧʨʦʮʝʩʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʦʙô̒ʢʪʽʚ ʤʝʪʦʜʦʤ 

ʤʫʣʴʪʠʘʛʝʥʪʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ: 

ʇʆʏɸʊʆʂ 
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1. ɯʥʽʮʽʘʣʽʟʘʮʽʷ: ʩʪʚʦʨʶʻʪʴʩʷ ʧʨʦʩʪʽʨ ʧʦʰʫʢʫ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʰʣʷʭʦʤ 

ʨʦʟʙʠʪʪʷ ʬʽʟʠʯʥʦʛʦ ʧʨʦʩʪʦʨʫ ʥʘ ʦʢʨʝʤʽ ʩʝʢʪʦʨʠ/ʯʘʨʫʥʢʠ, ʚ ʷʢʠʭ ʚʠʧʘʜʢʦʚʠʤ 

ʯʠʥʦʤ ʨʦʟʤʽʱʫʶʪʴʩʷ ʘʛʝʥʪʠ  ʩʢʘʥʝʨʠ, ʷʢʽ ʬʽʢʩʫʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʙôʻʢʪʠ 

ʚʭʽʜʥʦʾ ʚʠʙʽʨʢʠ (ʟʨʘʟʢʠ ʩʠʛʥʘʣʽʚ), ʟʘʡʤʘʶʯʠ ʧʦʟʠʮʽʶ ʫ ʬʽʟʠʯʥʦʤʫ ʧʨʦʩʪʦʨʽ. 

ʇʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʩʝʢʪʦʨʽʚ ʻ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʦʶ, ʥʽʞ ʢʽʣʴʢʽʩʪʴ 

ʘʛʝʥʪʽʚ, ʱʦ ʚʠʤʘʛʘʪʠʤʝ ʚʽʜ ʘʛʝʥʪʽʚ ʧʝʨʝʩʫʚʘʥʥʷ ʤʽʞ ʯʘʨʫʥʢʘʤʠ. 

2. ʈʦʙʦʪʘ ʘʛʝʥʪʽʚ (ʩʢʘʥʫʚʘʥʥʷ ʝʬʽʨʫ) ʽ ʬʽʢʩʫʚʘʥʥʷ ʥʠʤʠ ʦʙôʻʢʪʽʚ, ʷʢʽ 

ʚʦʥʠ ʙʫʜʫʪʴ ʚʠʟʥʘʯʘʪʠ ʚ ʧʨʦʩʪʦʨʽ ʧʦʰʫʢʫ. 

3. ʇʝʨʝʤʽʱʝʥʥʷ ʘʛʝʥʪʽʚ ʤʽʞ ʯʘʨʫʥʢʘʤʠ ʽ ʜʫʙʣʶʚʘʥʥʷ ʦʙʨʘʥʠʭ ʥʠʤʠ 

ʦʙ'ʻʢʪʽʚ (ʟʨʘʟʢʽʚ ʩʠʛʥʘʣʽʚ). 

4. ʆʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʘʛʝʥʪʘʤʠ ʧʨʦ ʦʙôʻʢʪʠ, ʷʢʽ ʚʦʥʠ ʧʦʰʠʨʶʶʪʴ. 

ɿʘ ʨʘʭʫʥʦʢ ʪʘʢʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʷʤʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʘʛʝʥʪʘʤʠ. 

5. ɺʠʢʣʶʯʝʥʥʷ ʽ ʩʢʦʨʦʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʙ'ʻʢʪʽʚ ʫ ʪʦʯʢʘʭ ʧʨʦʩʪʦʨʫ 

ʧʦʰʫʢʫ ʪʘ ʚʠʜʽʣʝʥʥʷ, ʪʘʢʠʤ ʯʠʥʦʤ, ʢʣʘʩʪʝʨʽʚ.  

ʈʦʙʦʪʫ ʤʫʣʴʪʠʘʛʝʥʪʥʦʛʦ ʤʝʪʦʜʫ ʦʧʪʠʤʽʟʘʮʽʾ ʟ ʧʨʷʤʠʤ ʟʚ'ʷʟʢʦʤ ʤʽʞ 

ʘʛʝʥʪʘʤʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 

ʥʘʩʪʫʧʥʦʛʦ ʘʣʛʦʨʠʪʤʫ: 

1. ʌʦʨʤʫʚʘʥʥʷ ʧʨʦʩʪʦʨʫ ʧʦʰʫʢʫ ʟ m ʯʘʨʫʥʦʢ. ʏʘʨʫʥʢʠ ʫʪʚʦʨʶʶʪʴʩʷ 

ʧʨʠ ʧʦʜʽʣʽ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʥʘ ʦʢʨʝʤʽ ʢʣʘʩʪʝʨʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʧʝʚʥʦʤʫ ʪʠʧʫ ʨʘʜʽʦʧʝʨʝʜʘʚʘʯʽʚ (ʣʝʛʘʣʴʥʠʭ ʪʘ ʥʝʣʝʛʘʣʴʥʠʭ). ʆʩʢʽʣʴʢʠ ʘʛʝʥʪʠ 

ʬʽʟʠʯʥʦ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʫ ʨʽʟʥʠʭ ʪʦʯʢʘʭ ʧʨʦʩʪʦʨʫ, ʪʦ ʟʘʛʘʣʴʥʘ ʢʘʨʪʠʥʘ, ʷʢʘ 

ʙʫʜʝ ʥʠʤʠ ʩʧʨʠʡʤʘʪʠʩʷ, ʙʫʜʝ ʜʝʱʦ ʚʽʜʨʽʟʥʷʪʠʩʷ.  

ɸʛʝʥʪʠ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʫ ʚʽʣʴʥʠʭ ʯʘʨʫʥʢʘʭ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ: 

 

() mimrandxk
i ,1, == ,                                           (3.128) 

ʜʝ: 
k
ix   ̔-ʪʘ ʢʦʦʨʜʠʥʘʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ k-ʛʦ ʘʛʝʥʪʘ ʫ ʧʨʦʩʪʦʨʽ ʧʦʰʫʢʫ;  

()mrand   ʚʠʧʘʜʢʦʚʝ ʯʠʩʣʦ, ʦʙʨʘʥʝ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1 ʜʦ m. 

2. t := 1  ʟʘʜʘʻʤʦ ʣʽʯʠʣʴʥʠʢ ʽʪʝʨʘʮʽʡ.  

3. i := 1  ʟʘʜʘʻʤʦ ʢʦʦʨʜʠʥʘʪʫ ʘʛʝʥʪʘ.  
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4. j := 1  ʟʘʜʘʻʤʦ ʥʦʤʝʨ ʘʛʝʥʪʘ.  

5. ʗʢʱʦ j-ʡ ʘʛʝʥʪ ʥʝ ʦʙʨʘʚ ʦʙôʻʢʪ, ʷʢʠʡ ʚʽʥ ʨʦʟʧʦʚʩʶʜʞʫʻ ʽʥʰʠʤ 

ʘʛʝʥʪʘʤ, ʪʦ j-ʡ ʘʛʝʥʪ ʧʝʨʝʚʽʨʷʻ ʩʫʩʽʜʥʽ ʯʘʨʫʥʢʠ ʧʨʦʩʪʦʨʫ ʥʘ ʧʨʝʜʤʝʪ ʚʠʙʦʨʫ 

ʦʙôʻʢʪʘ ʜʣʷ ʡʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ. ʋ ʚʠʧʘʜʢʫ, ʷʢʱʦ j-ʡ ʘʛʝʥʪ ʚʞʝ ʦʙʨʘʚ 

ʦʙôʻʢʪ ʜʣʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ, ʪʦ ʚʠʢʦʥʘʪʠ ʧʝʨʝʭʽʜ ʜʦ ʢʨʦʢʫ 6.  

ɺʠʙʽʨ j-ʤ ʘʛʝʥʪʦʤ ʦʙôʻʢʪʘ ʜʣʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

()

î
î

í

î
î

ì

ë

=

>

=

=

,1ʷʢʱʦ,

;2ʷʢʱʦ,

;2ʷʢʱʦ,

ll

ll
worst

ll

j

oo

oo

oorand

o

                               (3.129) 

ʜʝ 

lo
  ʢʽʣʴʢʽʩʪʴ ʦʙôʻʢʪʽʚ ʫ ʯʘʨʫʥʮʽ l; 

lo   ʤʥʦʞʠʥʘ ʦʙôʻʢʪʽʚ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʯʘʨʫʥʮʽ l; 

()lorand   ʚʠʧʘʜʢʦʚʦ ʦʙʨʘʥʠʡ ʦʙôʻʢʪ ʟ ʤʥʦʞʠʥʠ 
lo ; 

l
worsto   ʦʙôʻʢʪ ʟ ʥʘʡʛʽʨʰʠʤʠ ʫʤʦʚʘʤʠ, ʷʢʠʡ ʦʙʠʨʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: ( )[ ]l
r

l
n

l
worst oCDo ,maxarg= , ʜʝ ( )lrl

n oCD ,   ʥʦʨʤʦʚʘʥʘ ʨʽʟʥʠʮʷ ʤʽʞ r-ʤ 

ʦʙôʻʢʪʦʤ ʯʘʨʫʥʢʠ l ʪʘ ʮʝʥʪʨʦʤ ʮʽʻʾ ʯʘʨʫʥʢʠ 
lC . ʎʝʥʪʨ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʽʭ ʦʙôʻʢʪʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʯʘʨʫʥʢʠ l. ʅʦʨʤʦʚʘʥʘ ʨʽʟʥʠʮʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʚʽʜʩʪʘʥʽ ( )lrl
n oCD , , ʷʢʘ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʷ ʟʛʽʜʥʦ ʟ ʚʚʝʜʝʥʦʶ ʤʝʪʨʠʢʦʶ, ʥʘʧʨʠʢʣʘʜ, ʷʢ ʝʚʢʣʽʜʦʚʘ 

ʚʜ̔ʩʪʘʥʴ: 

( ) () ()[ ]
2

1

1

2
,

ö
ö

÷

õ

æ
æ

ç

å
-=ä

=

N

q

l
r

ll
r

l
n qoqCoCD

,                       (3.130) 

 

ʜʝ: ()qCl

, ()qol
r   ʟʥʘʯʝʥʥʷ q-ʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙôʻʢʪʘ 

l
ro  ʪʘ ʮʝʥʪʨʘ 

lC , 

ʚʽʜʧʦʚʽʜʥʦ. 
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ʗʢʱʦ ʘʛʝʥʪ ʦʙʨʘʚ ʦʙôʻʢʪ ʜʣʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ, ʪʦ ʚʽʥ ʧʝʨʝʭʦʜʠʪʴ ʜʦ 

ʯʘʨʫʥʢʠ l ʪʘ ʙʝʨʝ ʦʙʨʘʥʠʡ ʦʙôʻʢʪ ʜʣʷ ʡʦʛʦ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ. 

ʗʢʱʦ ʘʛʝʥʪ, ʚʠʚʯʠʚʰʠ ʫʩʽ ʩʫʩʽʜʥʽ ʯʘʨʫʥʢʠ, ʥʝ ʦʙʨʘʚ ʦʙôʻʢʪʘ ʜʣʷ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ, ʪʦ ʚʽʥ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʦʜʥʽʻʾ ʟ ʩʫʩʽʜʥʽʭ 

ʯʘʨʫʥʦʢ. 

6. ʗʢʱʦ j-ʡ ʘʛʝʥʪ ʚʦʣʦʜʽʻ ʦʙôʻʢʪʦʤ, ʷʢʠʡ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʫ ʨʦʙʦʯʦʤʫ 

ʧʨʦʩʪʦʨʽ, ʪʦ ʚʽʥ ʚʠʚʯʘʻ ʩʫʩʽʜʥʽ ʯʘʨʫʥʢʠ ʪʘ ʚʠʨʽʰʫʻ, ʜʝ ʤʦʞʥʘ ʧʨʦʜʫʙʣʶʚʘʪʠ 

ʦʙôʻʢʪ, ʷʢʠʡ ʚʽʥ ʨʦʟʧʦʚʩʶʜʞʫʻ. ʋ ʚʠʧʘʜʢʫ, ʷʢʱʦ j-ʡ ʘʛʝʥʪ ʥʝ ʚʦʣʦʜʽʻ 

ʦʙôʻʢʪʦʤ ʜʣʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ, ʪʦʜʽ ʘʛʝʥʪ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʧʝʨʝʤʽʱʫʻʪʴʩʷ 

ʜʦ ʦʜʥʽʻʾ ʟ ʩʫʩʽʜʥʽʭ ʪʦʯʦʢ ʪʘ ʚʠʢʦʥʫʻ ʧʝʨʝʭʽʜ ʜʦ ʢʨʦʢʫ 7. 

ʗʢʱʦ ʯʘʨʫʥʢʘ, ʷʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʘʛʝʥʪʦʤ, ʥʝ ʤʽʩʪʠʪʴ ʟʦʚʩʽʤ ʦʙôʻʢʪʽʚ, ʪʦ 

ʘʛʝʥʪ ʥʝ ʨʦʙʠʪʴ ʥʽʯʦʛʦ ʪʘ ʨʦʟʛʣʷʜʘʻ ʥʘʩʪʫʧʥʫ ʯʘʨʫʥʢʫ. ʗʢʱʦ ʯʘʨʫʥʢʘ ʤʽʩʪʠʪʴ 

ʣʠʰʝ ʦʜʠʥ ʦʙôʻʢʪ, ʪʦ ʘʛʝʥʪ ʟ ʡʤʦʚʽʨʥʽʩʪʶ 0,5 ʜʫʙʣʶʻ ʦʙôʻʢʪ, ʷʢʠʡ 

ʨʦʟʧʦʚʩʶʜʞʫʻ: 

 

ʷʢʱʦ 5.0>rand , ʪʦ { }jl
r

l
r ooo ,= ,                      (3.131) 

 

ʜʝ: rand   ʚʠʧʘʜʢʦʚʝ ʯʠʩʣʦ ʚ ʽʥʪʝʨʚʘʣʽ [0,1]. 

ʗʢʱʦ ʯʘʨʫʥʢʘ ʤʽʩʪʠʪʴ ʙʽʣʴʰʝ ʦʜʥʦʛʦ ʦʙôʻʢʪʘ, ʪʦ ʤʦʞʣʠʚʽ ʥʘʩʪʫʧʥʽ 

ʚʠʧʘʜʢʠ: 

6.1.ʏʘʨʫʥʢʘ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʽʩʪʠʪʴ ʦʙôʻʢʪ, ʫʤʦʚʠ ʜʣʷ ʷʢʦʛʦ ʛʽʨʰʽ, 

ʥʽʞ ʜʣʷ ʦʙôʻʢʪʘ, ʷʢʠʡ ʨʦʟʧʦʚʩʶʜʞʫʻ ʦʙôʻʢʪ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʘʛʝʥʪ ʚʠʢʦʥʫʻ 

ʥʘʩʪʫʧʥʽ ʜʽʾ: 

a)ʆʙôʻʢʪʦʤ ʜʣʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʪʘʻ ʦʙôʻʢʪ, ʜʣʷ ʷʢʦʛʦ ʫʤʦʚʠ 

ʧʝʨʝʙʫʚʘʥʥʷ ʫ ʜʘʥʽʡ ʯʘʨʫʥʮʽ ʛʽʨʰʽ: 
l
worst

j oo = . 

b) ɸʛʝʥʪ ʧʝʨʝʭʦʜʠʪʴ ʫ ʜʘʥʫ ʯʘʨʫʥʢʫ. ʇʝʨʝʭʽʜ ʜʦ ʢʨʦʢʫ 7. 

6.2.ʋʤʦʚʠ ʫ ʯʘʨʫʥʮʽ ʜʣʷ ʦʙôʻʢʪʘ, ʷʢʠʡ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ, ʢʨʘʱʽ, ʥʽʞ ʫ 

ʡʦʛʦ ʧʦʯʘʪʢʦʚʽʡ ʯʘʨʫʥʮʽ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʘʛʝʥʪ ʚʠʢʦʥʫʻ ʥʘʩʪʫʧʥʽ ʜʽʾ: 

a)ʆʙôʻʢʪ ʜʫʙʣʶʻʪʴʩʷ ʫ ʜʘʥʽʡ ʯʘʨʫʥʮʽ: 
{}ll oo =

. 
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b) ɸʛʝʥʪ ʧʝʨʝʭʦʜʠʪʴ ʫ ʜʘʥʫ ʯʘʨʫʥʢʫ. ʇʝʨʝʭʽʜ ʜʦ ʢʨʦʢʫ 7. 

6.3.ʗʢʱʦ ʞʦʜʝʥ ʟ ʧʦʧʝʨʝʜʥʽʭ ʜʚʦʭ ʚʠʧʘʜʢʽʚ ʥʝ ʪʨʘʧʠʚʩʷ, ʪʦ ʘʛʝʥʪ 

ʨʦʟʛʣʷʜʘʻ ʥʘʩʪʫʧʥʫ ʩʫʩʽʜʥʶ ʯʘʨʫʥʢʫ. 

ʋ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʧʽʩʣʷ ʨʦʟʛʣʷʜʫ ʫʩʽʭ ʩʫʩʽʜʥʽʭ ʯʘʨʫʥʦʢ ʘʛʝʥʪ ʥʝ 

ʧʝʨʝʡʰʦʚ ʜʦ ʞʦʜʥʦʾ ʟ ʥʠʭ, ʘʛʝʥʪ ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʩʫʩʽʜʥʴʦʾ ʯʘʨʫʥʢʠ, ʦʙʨʘʥʦʾ 

ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ, ʽ ʚʠʢʦʥʫʻʪʴʩʷ ʧʝʨʝʭʽʜ ʜʦ ʢʨʦʢʫ 7. 

7. j := j +1  ʧʝʨʝʭʽʜ ʜʦ ʽʥʰʦʛʦ ʘʛʝʥʪʘ. 

8. i := ̔  + 1  ʟʤʽʥʘ ʢʦʦʨʜʠʥʘʪʠ ʘʛʝʥʪʘ. 

9. ʗʢʱʦ moveNi< , ʪʦ ʚʠʢʦʥʘʪʠ ʧʝʨʝʭʽʜ ʥʘ ʢʨʦʢ 4, ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ 

ʚʠʧʘʜʢʫ  ʧʝʨʝʭʽʜ ʜʦ ʢʨʦʢʫ 10. 

10. ʆʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʘʛʝʥʪʘʤʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʦʜʥʽ ʘʛʝʥʪʠ ʧʦʚʠʥʥʽ ʧʦʚʽʜʦʤʠʪʠ 

ʽʥʰʠʤ ʧʨʦ ʯʘʨʫʥʢʠ, ʚ ʷʢʠʭ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʤʘʶʪʴ ʦʙôʻʢʪʠ, ʷʢʽ 

ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʘʛʝʥʪʘʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʘʛʝʥʪʠ 

ʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʽ ʛʨʫʧʠ: ʘʛʝʥʪʠ, ʷʢʽ ʧʦʚʽʜʦʤʣʷʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʯʘʨʫʥʢʫ, ʜʦ ʷʢʦʾ ʚʽʜʥʦʩʠʪʴʩʷ ʦʙôʻʢʪ, ʱʦ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʪʘ ʘʛʝʥʪʠ, ʷʢʽ 

ʘʥʘʣʽʟʫʶʪʴ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʘ ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ ʽʥʰʠʤʠ ʘʛʝʥʪʘʤʠ. 

ɼʦ ʘʛʝʥʪʽʚ, ʷʢʽ ʽʥʬʦʨʤʫʶʪʴ ʽʥʰʠʭ ʘʛʝʥʪʽʚ ʧʨʦ ʯʘʨʫʥʢʫ, ʜʦ ʷʢʦʾ 

ʚʽʜʥʦʩʠʪʴʩʷ ʦʙôʻʢʪ, ʷʢʠʡ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ, ʚʽʜʥʦʩʷʪʴʩʷ ʥʘʩʪʫʧʥʽ ʘʛʝʥʪʠ: 

1.ɸʛʝʥʪʠ, ʦʙôʻʢʪ ʷʢʠʭ ʟʥʘʭʦʜʠʪʴʩʷ ʚʽʜ ʮʝʥʪʨʘ ʚʽʜʧʦʚʽʜʥʦʾ ʯʘʨʫʥʢʠ ʥʝ 

ʜʘʣʽ ʥʽʞ ( )( )D<D l
r

l
n oCD , , ʟʘ ʫʤʦʚʠ, ʱʦ ʫ ʯʘʨʫʥʮʽ ʟʥʘʭʦʜʠʪʴʩʷ 3 ʪʘ ʙʽʣʴʰʝ 

ʦʙôʻʢʪʽʚ. ʇʨʠ ʮʴʦʤʫ D ʦʙʠʨʘʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʦʥʢʨʝʪʥʦʾ ʧʨʘʢʪʠʯʥʦʾ ʟʘʜʘʯʽ. ɿ ʪʘʢʠʭ ʘʛʝʥʪʽʚ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ 

ʚʽʜʙʠʨʘʻʪʴʩʷ ʧʦʣʦʚʠʥʘ ʽ ʚʦʥʠ ʽʥʬʦʨʤʫʶʪʴ ʽʥʰʠʭ ʘʛʝʥʪʽʚ ʧʨʦ ʚʽʜʧʦʚʽʜʥʫ 

ʯʘʨʫʥʢʫ. 

2.ɸʛʝʥʪʠ, ʦʙôʻʢʪ ʷʢʠʭ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʯʘʨʫʥʢʠ, ʫ ʷʢʽʡ ʜʘʥʠʡ ʦʙôʻʢʪ ʻ 

ʻʜʠʥʠʤ 
1=lo
. ɿ ʪʘʢʠʭ ʘʛʝʥʪʽʚ ʪʘʢʦʞ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ ʚʽʜʙʠʨʘʻʪʴʩʷ 

ʧʦʣʦʚʠʥʘ ʜʣʷ ʽʥʬʦʨʤʫʚʘʥʥʷ ʧʨʦ ʨʦʟʧʦʚʩʶʜʞʫʚʘʥʽ ʦʙôʻʢʪʠ. 
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ʋʩʽ ʘʛʝʥʪʠ, ʷʢʽ ʥʝ ʫʚʽʡʰʣʠ ʜʦ ʛʨʫʧʠ ʘʛʝʥʪʽʚ, ʱʦ ʚʠʢʦʥʫʶʪʴ 

ʽʥʬʦʨʤʫʚʘʥʥʷ, ʘʚʪʦʤʘʪʠʯʥʦ ʚʭʦʜʷʪʴ ʜʦ ʛʨʫʧʠ ʘʛʝʥʪʽʚ, ʷʢʽ ʘʥʘʣʽʟʫʶʪʴ 

ʽʥʬʦʨʤʘʮʽʶ ʚʽʜ ʽʥʰʠʭ ʘʛʝʥʪʽʚ. 

ʇʽʩʣʷ ʧʦʜʽʣʫ ʥʘ ʛʨʫʧʠ ʜʣʷ ʢʦʞʥʦʛʦ ʘʛʝʥʪʘ, ʷʢʠʡ ʘʥʘʣʽʟʫʻ ʽʥʬʦʨʤʘʮʽʶ, 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʙôʻʢʪʦʤ, ʷʢʠʡ ʚʽʥ ʨʦʟʧʦʚʩʶʜʞʫʻ, ʽ ʤʽʞ 

ʦʙôʻʢʪʘʤʠ, ʷʢʽ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴ ʘʛʝʥʪʠ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʽʥʬʦʨʤʫʶʯʦʾ 

ʛʨʫʧʠ ʘʛʝʥʪʽʚ. ʗʢʱʦ ʤʽʥʽʤʘʣʴʥʘ ʟ ʦʜʝʨʞʘʥʠʭ ʨʽʟʥʠʮʴ ʤʝʥʰʝ æD, ʪʦ ʦʙôʻʢʪ, 

ʷʢʠʡ ʨʦʟʧʦʚʩʶʜʞʫʻ ʽʥʬʦʨʤʦʚʘʥʠʡ ʘʛʝʥʪ, ʜʫʙʣʶʻʪʴʩʷ ʫ ʯʘʨʫʥʮʽ ʟ ʦʙôʻʢʪʦʤ, 

ʷʢʠʡ ʨʦʟʧʦʚʩʶʜʞʫʻ ʚʽʜʧʦʚʽʜʥʠʡ ʽʥʬʦʨʤʫʶʯʠʡ ʘʛʝʥʪ. 

11. ɺ̔ ʜʙʽʨ. ʆʩʢʽʣʴʢʠ ʦʜʠʥ ʦʙôʻʢʪ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʴ ʫ ʜʝʢʽʣʴʢʦʭ 

ʯʘʨʫʥʢʘʭ ʦʜʥʦʯʘʩʥʦ, ʪʦ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ ʚʽʜʙʽʨ ʪʘ ʟʘʣʠʰʠʪʠ ʢʦʞʝʥ ʦʙôʻʢʪ 

ʣʠʰʝ ʚ ʦʜʥʽʡ ʯʘʨʫʥʮʽ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʧʨʦʮʝʜʫʨʫ ʚʽʜʙʦʨʫ. 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʥʫʚʘʪʠ ʞʦʨʩʪʢʠʡ ʚʽʜʙʽʨ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʷʢʦʛʦ ʜʣʷ 

ʢʦʞʥʦʛʦ ʦʙôʻʢʪʘ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʥʘʩʢʽʣʴʢʠ ʚʽʥ ʙʣʠʟʴʢʠʡ ʜʦ ʢʦʞʥʦʛʦ ʟ 

ʮʝʥʪʨʽʚ ʯʘʨʫʥʦʢ ( )lrl oCD , , ʟʚʘʞʝʥʝ ʥʘ ʥʦʨʤʘʣʽʟʦʚʘʥʫ ʚʽʜʩʪʘʥʴ ʜʣʷ ʧʦʪʦʯʥʦʾ 

ʯʘʨʫʥʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʦʙʭʽʜʥʦ ʟʘʣʠʰʠʪʠ ʦʙôʻʢʪ ʫ ʪʽʡ ʯʘʨʫʥʮʽ, ʫ ʷʢʽʡ ʜʘʥʘ 

ʟʚʘʞʝʥʘ ʚʽʜʩʪʘʥʴ ʥʘʡʤʝʥʰʘ 

 

( ) ( )( )[ ] mloCDoCDq l
r

ll
r

l

l

,1,,1,minarg ="-Ö=

,           (3.132) 

ʜʝ q   ʯʘʨʫʥʢʘ, ʫ ʷʢʽʡ ʪʨʝʙʘ ʟʘʣʠʰʠʪʠ ʦʙôʻʢʪ ro . 

12. t := t + 1  ʧʝʨʝʭʽʜ ʜʦ ʥʘʩʪʫʧʥʦʾ ʽʪʝʨʘʮʽʾ. 

13. ʗʢʱʦ t < tmax, ʪʦ ʚʠʢʦʥʘʪʠ ʧʝʨʝʭʽʜ ʜʦ ʢʨʦʢʫ 3, ʫ ʧʨʦʪʠʣʝʞʥʦʤʫ 

ʚʠʧʘʜʢʫ  ʧʝʨʝʭʽʜ ʜʦ ʢʨʦʢʫ 14. 

14. ʈʦʟʨʘʭʫʚʘʪʠ ʢʽʥʮʝʚʽ ʮʝʥʪʨʠ ʢʣʘʩʪʝʨʽʚ. ʂʦʞʥʘ ʦʢʨʝʤʘ ʯʘʨʫʥʢʘ 

ʚʚʘʞʘʻʪʴʩʷ ʢʣʘʩʪʝʨʦʤ. ʅʘ ʦʩʥʦʚʽ ʦʙôʻʢʪʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʯʘʨʫʥʢʘʭ, 

ʨʦʟʨʘʭʫʚʘʪʠ ʮʝʥʪʨʠ ʢʣʘʩʪʝʨʽʚ: 

ä
Í

Ö=
cOj

j
ic

ʩ
ʽ x

N
ʭ

1

.                                     (3.133) 
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15. ʂʽʥʝʮʴ. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʮʴʦʛʦ ʤʝʪʦʜʫ ʚʨʘʭʦʚʫʶʪʴʩʷ ʜʝʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʙʽʛ ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ: 

1. ʇʨʷʤʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʘʛʝʥʪʘʤʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʰʣʷʭʦʤ ʦʙʤʽʥʫ 

ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʘʛʝʥʪʘʤʠ, ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʦʜʥʽ ʘʛʝʥʪʠ ʤʦʞʫʪʴ ʦʜʝʨʞʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʙʣʘʩʪʽ ʧʦʰʫʢʫ, ʚ ʷʢʠʭ ʚʦʥʠ ʥʝ ʧʝʨʝʙʫʚʘʣʠ ʽ ʚʽʜ ʷʢʠʭ 

ʟʥʘʭʦʜʷʪʴʩʷ ʜʘʣʝʢʦ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʩʷʛʘʻʪʴʩʷ ʢʨʘʱʝ ʚʠʚʯʝʥʥʷ ʧʨʦʩʪʦʨʫ 

ʧʦʰʫʢʫ, ʱʦ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʟʙʽʞʥʽʩʪʴ ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ. 

2. ɺʚʝʜʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʧʨʠʨʦʜʥʴʦʛʦ ʚʽʜʙʦʨʫ ʜʦʟʚʦʣʷʻ ʚʠʢʣʶʯʠʪʠ 

ʦʙôʻʢʪʠ ʟ ʢʣʘʩʪʝʨʽʚ, ʫʤʦʚʠ ʟʥʘʭʦʜʞʝʥʥʷ ʜʣʷ ʷʢʠʭ ʻ ʥʝʟʘʜʦʚʽʣʴʥʠʤʠ. ɼʣʷ 

ʮʴʦʛʦ ʚʚʦʜʠʪʴʩʷ ʤʽʨʘ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʫʤʦʚʠ ʟʥʘʭʦʜʞʝʥʥʷ ʦʙôʻʢʪʘ ʫ 

ʢʣʘʩʪʝʨʽ, ʷʢ ʚʽʜʩʪʘʥʴ ʦʙôʻʢʪʘ ʜʦ ʮʝʥʪʨʘ ʢʣʘʩʪʝʨʘ, ʟʚʘʞʝʥʘ ʥʦʨʤʘʣʽʟʦʚʘʥʦʶ 

ʚʽʜʩʪʘʥʥʶ, ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʚʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ, ʪʘʢ 

ʽ ʚʽʜʥʦʩʥʠʡ ʚʧʣʠʚ ʜʘʥʦʛʦ ʦʙôʻʢʪʘ ʚ ʮʽʣʦʤʫ. 

3. ɼʣʷ ʢʨʘʱʦʛʦ ʚʠʚʯʝʥʥʷ ʧʨʦʩʪʦʨʫ ʧʦʰʫʢʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʥʫʚʘʪʠ 

ʢʨʦʢ 6 ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʢʦʞʥʦʤʫ ʘʛʝʥʪʦʚʽ ʚʠʚʯʘʪʠ ʦʙʣʘʩʪʴ, ʫ ʷʢʽʡ 

ʚʽʥ ʟʥʘʭʦʜʠʪʴʩʷ, ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʨʝʟʫʣʴʪʘʪʽʚ 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ɿʅʆɯ ʫ ʧʨʠʤʽʱʝʥʥʽ, ʨʦʟʪʘʰʦʚʘʥʦʤʫ ʫ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʽʡ 

ʦʬʽʩʥʽʡ ʙʫʜʽʚʣʽ. ɼʣʷ ʧʦʰʫʢʫ ʨʦʟʛʦʨʥʫʪʦ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʠʡ ʩʢʘʥʫʶʯʠʡ 

ʢʦʤʧʣʝʢʩ, ʫʪʚʦʨʝʥʠʡ ʟ 3-ʭ ʢʦʤʧʣʝʢʩʽʚ ʪʠʧʫ Delta 4G (ʚ ʢʦʞʥʦʤʫ ʧʦ 2 ʘʥʪʝʥʠ 

ODA-4 ʟ ʢʨʫʛʦʚʦʶ ʜʽʘʛʨʘʤʦʶ) ʧʽʜ ʟʘʛʘʣʴʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ. ɼʚʘ ʢʦʤʧʣʝʢʩʠ 

ʪʠʧʫ Delta (4 ʨʦʟʥʝʩʝʥʽ ʘʥʪʝʥʠ) ʨʦʟʪʘʰʦʚʫʚʘʣʠʩʴ ʚ ʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʥʷ, ʱʝ 

ʦʜʠʥ ʢʦʤʧʣʝʢʩ (2 ʨʦʟʥʝʩʝʥʽ ʘʥʪʝʥʠ) ʥʘʟʦʚʥʽ. ɺ ʧʨʠʤʽʱʝʥʥʽ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ 

ʝʤʫʣʷʪʦʨ ʟʘʢʣʘʜʥʦʛʦ ʧʨʠʩʪʨʦʶ ʫ ʜʽʘʧʘʟʦʥʽ GSM. ʆʪʦʯʝʥʥʷ ʧʨʠʤʽʱʝʥʥʷ  

ʩʪʘʥʜʘʨʪʥʽ ʦʬʽʩʠ ʢʦʤʧʘʥʽʡ ʫ ʨʦʙʦʯʠʡ ʯʘʩ. 

ʇʨʠʢʣʘʜ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.17. 
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ʈʠʩ. 3.17. ʇʨʠʢʣʘʜ ʨʦʙʦʪʠ ʤʫʣʴʪʠʘʛʝʥʪʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 

 

ɸʣʛʦʨʠʪʤ, ʚ ʮʽʣʦʤʫ, ʧʨʘʚʠʣʴʥʦ ʚʠʟʥʘʯʘʻ ʢʣʘʩʪʝʨ ʧʨʠʩʪʨʦʾʚ 

ʧʨʠʭʦʚʘʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʧʨʠ ʨʦʙʦʪʽ ʧʨʠʩʫʪʥʽʡ 

ʧʝʚʥʠʡ ʚʽʜʩʦʪʦʢ ʧʦʤʠʣʦʢ.  

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʪʦʯʥʦʩʪʽ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 170 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʧʽʜ ʯʘʩ ʷʢʠʭ ʬʽʢʩʫʚʘʣʘʩʷ ʦʙʩʪʘʥʦʚʢʘ ʨʘʜʽʦʯʘʩʪʦʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʚ ʩʝʨʝʜʠʥʽ ʪʘ ʥʘʚʢʦʣʦ ʧʨʠʤʽʱʝʥʥʷ ʟʘ ʜʚʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ (ʥʝʩʫʯʘ ʯʘʩʪʦʪʘ ʪʘ 

ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ), ʧʽʩʣʷ ʯʦʛʦ ʨʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʣʷʣʠʩʷ ʟʘ ʚʽʜʦʤʠʤ ʤʝʪʦʜʦʤ 

k-ʩʝʨʝʜʥʽʭ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʤʫʣʴʪʠʘʛʝʥʪʥʠʤ ʤʝʪʦʜʦʤ [141]. ɺ ʮʽʣʦʤʫ 

ʤʝʪʦʜ k-ʩʝʨʝʜʥʽʭ ʜʘʻ ʚʽʜ 12 ʜʦ 18 % ʧʦʭʠʙʦʢ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʨʘʟʢʽʚ ʩʠʛʥʘʣʫ ʫ 

ʪʦʡ ʯʘʩ, ʷʢ ʤʫʣʴʪʠʘʛʝʥʪʥʠʡ ʤʝʪʦʜ 6  8 %. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʫʣʴʪʠʘʛʝʥʪʥʘ 

ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʷʤʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʘʛʝʥʪʘʤʠ ʜʦʚʦʜʠʪʴ 

ʙ̔ ʣʴʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʣʘʩʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ɯʥʰʠʤ 

ʧʦʟʠʪʠʚʥʠʤ ʤʦʤʝʥʪʦʤ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʩʪʽ ʘʧʨʽʦʨʥʠʭ ʧʨʠʧʫʱʝʥ ɹʱʦʜʦ 

ʢʽʣʴʢʦʩʪʽ ʪʘ ʭʘʨʘʢʪʝʨʫ ʢʣʘʩʪʝʨʽʚ. 

ɺʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ɿʅʆɯ ʥʘ ʬʦʥʽ ʘʥʘʣʦʛʽʯʥʠʭ 

ʣʝʛʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʤʦʞʣʠʚʝ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʙʜʞʦʣʠʥʦʾ 

ʢʦʣʦʥʽʾ ʟ ʧʨʷʤʠʤ ʟʚôʷʟʢʦʤ ʤʽʞ ʘʛʝʥʪʘʤʠ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʘʛʝʥʪʘʤʠ 
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ʚʠʩʪʫʧʘʶʪʴ ʦʢʨʝʤ ̔ʝʣʝʤʝʥʪʠ ʙʘʛʘʪʦʤʘʰʠʥʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʷʢʽ ʩʢʘʥʫʶʪʴ ʝʬʽʨ 

ʫ ʨʽʟʥʠʭ ʪʦʯʢʘʭ ʧʨʦʩʪʦʨʫ, ʫ ʧʦʜʘʣʴʰʦʤʫ ʦʙʤʽʥʶʶʯʠʩʴ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟ 

ʽʥʰʠʤʠ ʘʛʝʥʪʘʤʠ, ʧʽʩʣʷ ʯʦʛʦ ʧʨʠʭʦʜʷʪʴ ʜʦ ʩʧʽʣʴʥʦʛʦ ʚʠʩʥʦʚʢʫ ʱʦʜʦ 

ʭʘʨʘʢʪʝʨʫ ʩʠʛʥʘʣʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʧʽʜʭʦʜʫ ʟʽ ʩʧʽʣʴʥʦʶ ʦʙʨʦʙʢʦʶ ʨʝʟʫʣʴʪʘʪʽʚ 

ʩʢʘʥʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʤʽʞ ʘʛʝʥʪʘʤʠ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʜʦ 6 ï 12 % ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʣʘʩʠʯʥʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʱʦ ʻ ʮʽʣʢʦʤ ʧʨʠʡʥʷʪʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ. 

 

3.8. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʩʪʦʭʘʩʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʦʟʧʽʟʥʘʚʘʥʥ̫  ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

 

ʇʨʦʮʝʩ ʟʥʽʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ (ʦʪʨʠʤʘʥʥʷ ʤʦʚʥʦʛʦ ʩʠʛʥʘʣʫ) ʤʘʻ 

ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ ʪʦʤʫ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʠʡ ʉʪʦʭʘʩʪʠʯʥʦʶ 

ʤʦʜʝʣʣʶ [138,139]. 

ʉʪʦʭʘʩʪʠʯʥʘ ʤʦʜʝʣʴ ï ʮʝ ʤʦʜʝʣʴ ʜʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚʠʧʘʜʢʦʚʽ ʬʘʢʪʦʨʠ. 

ɺʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ ( )X t  ʮʝ ʬʫʥʢʮʽʷ, ʷʢʘ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ t  ʧʨʠʡʤʘʻ 

ʟʥʘʯʝʥʥʷ, ʱʦ ʻ ʚʠʧʘʜʢʦʚʦʶ ʚʝʣʠʯʠʥʦʶ [121]. ʆʩʢʽʣʴʢʠ ʧʨʠʥʮʠʧ ʟʥʽʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ ʪʦ ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʈ ï ʩʭʝʤʫ, ʚ ʷʢʠʭ 

t  ï ʜʠʩʢʨʝʪʥʘ ʚʝʣʠʯʠʥʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʮʝ ʬʫʥʢʮʽʾ 

ʘʨʛʫʤʝʥʪʫ t, ʘ ʩʘʤʝ: 

- ʄʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ( )x tm  ï ʮʝ ʩʝʨʝʜʥʷ ʬʫʥʢʮʽʷ, ʥʘʚʢʦʣʦ ʷʢʦʾ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʭʠʣʝʥʥʷ ( )X t , ʪʦʙʪʦ ʬʫʥʢʮʽʷ ( )x tm  ʚʞʝ ʻ ʥʝʚʠʧʘʜʢʦʚʦʶ. 

ɿʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ( )x tm  ʻ ʤʘʪ. ʦʯʽʢʫʚʘʥʥʷʤ ʢʦʞʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʠʧʘʜʢʦʚʦʛʦ 

ʧʨʦʮʝʩʫ [ ]( ) : ( ) ( )xX t m t M X t= , ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʜʠʩʢʨʝʪʥʦʛʦ 

ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ []ä=
i

ii PxXM . 
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ɼʠʩʧʝʨʩʽʷ ( )xD t . [ ] [ ] [ ])()())()(()(
222 tmxtXMtXtmMtD xxx -=-=  ʊʦʙʪʦ 

ʜʠʩʧʝʨʩʽʷ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʪʦ ʞ ʥʝʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ, ʜʠʩʧʝʨʩʽʷ 

ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ( )X t ʚ ʤʦʤʝʥʪ ʯʘʩʫ t  [114,133]. 

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ CKO. [ ] [ ])()()( tXDtXt xx ==ss . 

ʄʝʪʘ ʜʘʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ï ʟʥʘʭʦʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʫ ʚ 

ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʩʪʘʥʽ (ʩʪʘʮʽʦʥʘʨʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ). ʗʢʱʦ ʟʘ ʦʩʥʦʚʫ ʙʨʘʪʠ 

ʨʽʚʥʷʥʥʷ ʂʦʪʝʣʴʥʠʢʦʚʘ, ʪʦ ʜʣʷ ʩʪʘʮʽʦʥʘʨʥʦʾ ʤʦʜʝʣʽ ʥʝʦʙʭʽʜʥʦ ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ, 

ʱʦ ʧʦʭʽʜʥʘ ʧʦʩʪʽʡʥʽʡ ʻ ʥʫʣʴʦʚʘ. ʊʦʜʽ ʨʽʚʥʷʥʥʷ ʂʦʪʝʣʴʥʠʢʦʚʘ ʜʣʷ ʛʨʘʬʘ 

ʧʨʠʡʤʘʶʪʴ ʚʠʛʣʷʜ ʟʨʫʯʥʠʡ ʜʣʷ ʨʽʰʝʥʥʷ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʦʨʠʩʪʘʻʤʦʩʷ 

ʧʘʢʝʪʦʤ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ ʄʘʪʣʘʙ. 

ʇʦʙʫʜʫʻʤʦ ʛʨʘʬ ʧʝʨʝʭʽʜʥʠʭ ʩʪʘʥʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ 

ʡʤʦʚʽʨʥʦʩʪʽ ʟʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʾ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ʪʘ ʧʨʠʥʮʠʧʘʤʠ ʚ ʧʝʚʥʠʡ 

ʚʠʧʘʜʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ (ʨʠʩ. 3.18). ɯʤʦʚʽʨʥʽʩʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʥʢʨʝʪʥʦʛʦ 

ʚʘʨʽʘʥʪʫ ʥʝʛʣʘʩʥʦʛʦ ʟʥʽʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟ 

ʧʨʘʢʪʠʯʥʦʾ ʙʘʟʠ ʧʦʰʫʢʦʚʠʭ ʨʦʙʽʪ ʥʘʢʦʧʠʯʝʥʦʾ ʟʘ ʦʩʪʘʥʥʽ 10 ʨʦʢʽʚ. 

 

 

ʈʠʩ. 3.18 ɻʨʘʬ ʜʠʩʢʨʝʪʥʦʾ ʝʨʛʦʜʠʯʥʦʾ ʤʝʨʝʞʽ ʡʤʦʚʽʨʥʦʩʪʽ ʫʩʧʽʰʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʄʘʪʨʠʮʷ ʧʝʨʝʭʽʜʥʠʭ ʩʪʘʥʽʚ ʜʣʷ ʛʨʘʬʫ (ʜʠʚ. ʨʠʩ. 3.18) ʙʫʜʝ ʤʘʪʠʤʝ 

ʚʠʛʣʷʜ, ʧʨʠʚʝʜʝʥʠʡ ʫ ʪʘʙʣ. 3.8. 
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ʊʘʙʣʠʮʷ 3.8  

ʄʘʪʨʠʮʷ ʧʝʨʝʭʽʜʥʠʭ ʩʪʘʥʽʚ 

 1 2 3 4 5 6 7 

1 0.5 0.2 0 0 0.3 0 0 

2 0 0.4 0.3 0 0 0.3 0 

3 0 0 0.3 0.2 0.3 0.2 0 

4 0 0 0 0.2 0 0.4 0.4 

5 0 0.8 0 0 0.2 0 0 

6 0.3 0 0 0 0.4 0.3 0 

7 0 0.2 0.3 0 0 0.5 0 

 

ɼʘʥ̔ ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʾ ʚʝʨʰʠʥʽ ʚʟʷʪʽ ʥʘ 

ʦʩʥʦʚʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʜʦʩʚʽʜʫ ʧʦʰʫʢʦʚʠʭ ʨʦʙʽʪ ʥʘ ʧʨʦʪʷʟʽ ʦʩʪʘʥʥʽʭ 10 ʨʦʢʽʚ, 

ʧʦʰʫʢʦʚʦʶ ʙʨʠʛʘʜʦʶ ʷʢʘ ʤʘʻ ʣʽʮʝʥʟʽʶ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʜʘʥʦʛʦ ʚʠʜʫ ʨʦʙʽʪ. 

ʅʘ ʛʨʘʬʽ ʩʪʘʥʽʚ ʪʘ ʧʝʨʝʭʦʜʽʚ ʧʦʟʥʘʯʝʥʦ: 

ʚʝʨʰʠʥʘ 1 ï ʡʤʦʚʽʨʥʽʩʪʴ ʟʥʽʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʩʝʨʝʜʠʥʠ ʧʨʠʤʽʱʝʥʥʷ 

ʜʨʦʪʦʚʠʤ ʤʽʢʨʦʬʦʥʦʤ; 

ʚʝʨʰʠʥʘ 2 ï ʡʤʦʚʽʨʥʽʩʪʴ ʟʥʽʤʘʥʥʷ ʎɿʅʆɯ; 

ʚʝʨʰʠʥʘ 3 ï ʡʤʦʚʽʨʥʽʩʪʴ ʟʥʽʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʩʪʝʪʦʩʢʦʧʦʤ ʟʦʚʥʽ 

ʧʨʠʤʽʱʝʥʥʷ; 

ʚʝʨʰʠʥʘ 4 ï ʡʤʦʚʽʨʥʽʩʪʴ ʟʥʽʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʨʦʪʦʚʠʤ ʤʽʢʨʦʬʦʥʦʤ 

ʟʦʚʥʽ ʧʨʠʤʽʱʝʥʥʷ; 

ʚʝʨʰʠʥʘ 5 ï ʡʤʦʚʽʨʥʽʩʪʴ ʟʥʽʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ; 
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ʚʝʨʰʠʥʘ 6 ï ʡʤʦʚʽʨʥʽʩʪʴ ʟʥʽʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ɿʅʆɯ ʟ ʽʤʧʫʣʴʩʥʦʶ 

ʧʝʨʝʜʘʯʝʶ ʽʥʬʦʨʤʘʮʽʾ; 

ʚʝʨʰʠʥʘ 7 ï ʡʤʦʚʽʨʥʽʩʪʴ ʟʥʽʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʩʧʨʷʤʦʚʘʥʠʤ 

ʤʽʢʨʦʬʦʥʦʤ. 

( ) (1,0,0,0,0,0,0)i
p =  ï ʚʝʢʪʦʨ ʡʤʦʚʽʨʥʦʩʪʝʡ ʩʪʘʥʽʚ (ʧʦʢʘʟʫʻ ʡʤʦʚʽʨʥʽʩʪʴ 

ʪʦʛʦ ʱʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʙʫʜʝ ʧʨʦʚʝʜʝʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ -̔

ʦʛʦ ʩʪʘʥʫ). ( )i
p  ʮʝ ʧʝʨʝʪʠʥ ʧʨʦʮʝʩʫ ʟʥʽʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʝʡ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʟʥʽʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ, ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ: 

1 11 1 21 2 1

2 12 1 22 2 1

1 1 2 2

...

...
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.                  (3.134) 

ɿʘ ʧʠʰʝʤʦ ʚʠʨʘʟ (3.134) ʚ ʤʘʪʨʠʯʥʦʤʫ ʚʠʛʣʷʜʽ: 

0)( =Ö- pEPT

,                                                     (3.135) 

ʜʝ ɽ ï ʦʜʠʥʠʯʥʘ ʤʘʪʨʠʮʷ. 

 ɼʦʜʘʻʤʦ ʜʦ ʨʽʚʥʷʥʴ (3.135) ʫʤʦʚʠ ʥʦʨʤʫʚʘʥʥʷ: 

1...21 =+++ nppp
,                                            (3.136) 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʤʘʪʨʠʯʥʠʭ ʨʽʚʥʷʥʴ (3.134) ʽ (3.135) ʽ ʛʨʘʬʽʯʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʘʢʝʪ ʧʨʦʛʨʘʤ ʄʘʪʣʘʙ. 

ʇʨʠ ʮʴʦʤʫ ʦʙʯʠʩʣʝʥʥʷ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ ʟʘʢʽʥʯʝʥʠʤʠ ʢʦʣʠ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʙʫʜʝ ʤʝʥʰʝ ʘʙʦ ʜʦʨʽʚʥʶʻ ʟʘʜʘʥʦʤʫ e, 

ʪʦʙʪʦ ( 1)( )n n ep p
- - ¢. ɿʘʜʘʻʤʦ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ 

0,001398 ʪʘ ʧʨʦʚʝʜʝʤʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɺʝʢʪʦʨ ʩʪʘʥʫ ʜʣʷ ʛʨʘʬʘ (ʜʠʚ. ʨʠʩ. 3.18) ʪʘ ʟʘʜʘʥʦʛʦ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘ-

ʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 
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0.1190 0.3040 0.1361 0.0340 0.1949 0.1984 0.0136p= .        (3.137) 

ɻʨʘʬʽʢ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʭ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.19. 

 

 

ʈʠʩ. 3.19 ɻʨʘʬʽʢ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʭ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʟʘʜʘʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʛʨʘʬʘ, ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʥʘ ʨʠʩ. 3.18 

 

ɿ ʦʪʨʠʤʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʚʝʢʪʦʨ 

ʡʤʦʚʽʨʥʦʩʪʝʡ ʜʣʷ ʢʦʞʥʦʛʦ ʟʽ ʩʧʦʩʦʙʽʚ ʟʥʽʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘʚʝʜʝʥʦ ʚ 

ʤʘʪʨʠʮʽ (ʪʘʙʣ. 3.8), ʧʨʠʯʦʤʫ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚʝʢʪʦʨʫ ʩʪʘʥʫ. ʊʦʙʪʦ ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʝ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʝ ʙʫʪʠ 

ʧʨʦʚʝʜʝʥʠʡ ʟ ʥʘʡʙʽʣʴʰʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʎɿʅʆɯ, ʥʘ ʜʨʫʛʦʤʫ ʤʽʩʮʽ ʡʜʝ ʤʝʪʦʜ 

ʟʥʽʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ɿʅʆɯ ʟ ʽʤʧʫʣʴʩʥʦʶ ʧʝʨʝʜʘʯʝʶ ʽʥʬʦʨʤʘʮʽʾ, ʜʘʣʽ 

ʝʣʝʢʪʨʠʯʥʦʶ ʤʝʨʝʞʝʶ, ʟʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʙʫʜʦʚʠ ʪʘ ʩʘʤʫ ʥʠʟʴʢʫ ʡʤʦʚʽʨʥʽʩʪʴ ʟʘʤʠʢʘʻ ʩʧʦʩʽʙ ʟʥʷʪʪʷ 

ʽʥʬʦʨʤʘʮʽʾ ʩʧʨʷʤʦʚʘʥʠʤ ʤʽʢʨʦʬʦʥʦʤ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

 

1. ɿ ʤʝʪʦʶ ʚʠʙʦʨʫ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʚʠʷʚʠʣʠ 

ʧʘʨʘʤʝʪʨʠ ʪʘ ʦʟʥʘʢʠ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʟʨʦʙʠʣʠ 

ʢʣʘʩʠʬʽʢʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʠʧʘʜʢʦʚʽ ʩʠʛʥʘʣʠ. ɺʠʟʥʘʯʠʣʠ 

ʧʘʨʘʤʝʪʨʠ ʟʘ ʷʢʠʤʠ ʙʫʜʫʪʴ ʨʦʟʧʽʟʥʘʚʘʪʠʩʷ ʮʠʬʨʦʚʽ ʟʘʩʦʙʠ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʠʢ, ʧʘʨʘʤʝʪʨʠ 

ʜʦʧʦʚʥʝʥʦ ʧʘʨʘʤʝʪʨʘʤʠ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʘʤʧʣʽʪʫʜʠ ʪʘ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʱʽʣʴʥʦʩʪʽ ʩʠʛʥʘʣʫ. ɿʘ ʨʘʭʫʥʦʢ ʮʴʦʛʦ ʟʨʦʩʪʘʻ ʡʤʦʚʽʨʥʽʩʪʶ ʚʠʟʥʘʯʘʥʥʷ  

ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʥʘ ʙʘʟʽ ʟʛʣʘʜʞʫʶʱʠʭ ʩʧʣʘʡʥʽʚ, ʷʢʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʚʨʘʭʦʚʫʻ ʩʧʝʢʪʨʘʣʴʥʫ ʱʽʣʴʥʽʩʪʴ ʩʠʛʥʘʣʽʚ. ʈʽʟʥʠʮʝʶ ʻ ʱʝ 

ʪʝ, ʱʦ ʩʧʣʘʡʥ-ʤʦʜʝʣʶʚʘʥʥ ̫ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʢʣʘʩʽ ʟʛʣʘʜʞʫʶʯʠʭ ʬʫʥʢʮʽʡ ʷʢ 

ʦʧʠʩ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʾ ʜʚʦʭ ʟʤʽʥʥʠʭ ï ʯʘʩʪʦʪʠ ʪʘ 

ʯʘʩʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʦ ʙʽʣʴʰʽʡ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ, 

ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʨʦʟʧʽʟʥʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ. 

3. ʇʦʢʘʟʘʥʦ, ʱʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʙʘʟʽ ʚʠʷʚʣʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʡ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʜʦʟʚʦʣʷʻ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ 

ʤʝʪʦʜʽʚ, ʦʮʽʥʶʚʘʪʠ ʩʧʝʢʪʨʘʣʴʥʫ ʝʥʝʨʛʽʶ ʩʠʛʥʘʣʫ, ʱʦ ʻ ʩʘʤʦʶ ʭʘʨʘʢʪʝʨʥʦʶ 

ʚʽʜʟʥʘʢʦʶ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʥ̔ʬʦʨʤʘʮʽʾ ʪʘ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʪʠ ʮʠʬʨʦʚʽ ʟʘʩʦʙʠ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ 

ʜʦʩʪʦʚʽʨʥʽʩʪʶ 0,95. 

4. ʄʝʪʦʜʠʢʘ ʧʦʰʫʢʫ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ 

ʜʦʟʚʦʣʷʻ, ʜʦʜʘʪʢʦʚʦ ʜʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʘ ʤʝʪʦʜʠʢʦʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, 

ʟʙʽʣʴʰʫʚʘʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʫ ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ 

ʤʘʢʩʠʤʫʤʫ ʧʦʪʫʞʥʦʩʪʽ ʩʧʝʢʪʨʫ. ʑʦ ʜʘʻ ʜʦʜʘʪʢʦʚʽ ʧʝʨʝʚʘʛʠ ʧʝʨʝʜ 

ʽʩʥʫʶʯʠʤʠ ʤʝʪʦʜʘʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ. 
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5. ɼʦʚʝʜʝʥʦ, ʱʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʜʠʬʝʨʝʥʮʽʡʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ʜʦʟʚʦʣʷʻ ʨʦʟʧʽʟʥʘʚʘʪʠ ʚʠʧʘʜʢʦʚʽ ʩʠʛʥʘʣʠ ʥʘ ʙʘʟʽ ʡʤʦʚʽʨʥʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ï ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ, ʜʠʩʧʝʨʩʽʾ, ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ 

ʪʘ ʰʚʠʜʢʦʩʪʽ ʾʭ ʟʤʽʥ. ʎʝ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʠʢ ʜʦʟʚʦʣʷʻ 

ʨʦʟʰʠʨʠʪʠ ʧʘʨʘʤʝʪʨʠ ʚʠʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ ʪʘ ʟʙʽʣʴʰʠʪʠ 

ʡʤʦʚʽʨʥʽʩʪʴ ʭʾ ʨʦʟʧʽʟʥʘʥʥʷ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ. 

6. ɼʦʜʘʪʢʦʚʝ ʨʦʟʰʠʨʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʦʩʷʛʥʫʪʦ ʰʣʷʭʦʤ 

ʚʠʟʥʘʯʝʥʥʷ ʩʠʣʠ ʟʚ'ʷʟʢʫ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘ ʤʝʪʦʜʘʤʠ ʌʝʥʥʝʨʘ ʪʘ ʇʽʨʩʦʥʘ. 

ɺʠʟʥʘʯʝʥʦ ʛʦʣʦʚʥʽ ʧʘʨʘʤʝʪʨʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʥʝʢʦʨʝʣʴʦʚʘʥʽ ʤ̔ ʞ 

ʩʦʙʦʶ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʫʪʪʻʚʦ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʰʣʷʭʦʤ 

ʘʥʘʣʽʟʫ ʪʽʣʴʢʠ ʛʦʣʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʪʘʢʠʭ ʷʢ: 

ʧʝʨʝʚʠʱʝʥʥʷ ʘʤʧʣʽʪʫʜʠ, ʥʘʷʚʥʽʩʪʴ ʜʨʫʛʦʾ ʪʘ ʪʨʝʪʴʦʾ ʛʘʨʤʦʥʽʢ, ʩʧʝʢʪʨʫ ʪʘ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʩʠʛʥʘʣʫ. 

7. ɺʠʨʽʰʝʥʦ ʟʘʚʜʘʥʥʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʬʦʥʽ 

ʘʥʘʣʦʛʽʯʥʠʭ ʣʝʛʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʤʫʣʴʪʽʘʛʝʥʪʥʦʾ 

ʢʣʘʩʪʝʨʽʟʘʮʽʾ, ʟ ʧʨʷʤʠʤ ʟʚôʷʟʢʦʤ ʤʽʞ ʘʛʝʥʪʘʤʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ 

ʤʝʪʦʜʽʚ, ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʘʛʝʥʪʘʤʠ ʚʠʩʪʫʧʘʶʪʴ ʦʢʨʝʤʽ ʝʣʝʤʝʥʪʠ ʢʦʤʧʣʝʢʩʫ 

ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ, ʷʢʽ ʩʢʘʥʫʶʪʴ ʝʬʽʨ ʫ ʨʽʟʥʠʭ ʪʦʯʢʘʭ ʧʨʦʩʪʦʨʫ, ʥʘʜʘʣʽ 

ʦʙʤʽʥʶʶʯʠʩʴ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟ ʽʥʰʠʤʠ ʘʛʝʥʪʘʤʠ, ʧʽʩʣʷ ʯʦʛʦ ʧʨʠʭʦʜʷʪʴ ʜʦ 

ʩʧʽʣʴʥʦʛʦ ʚʠʩʥʦʚʢʫ ʱʦʜʦ ʭʘʨʘʢʪʝʨʫ ʩʠʛʥʘʣʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʦʛʦ 

ʧʽʜʭʦʜʫ ʟʽ ʩʧʽʣʴʥʦʶ ʦʙʨʦʙʢʦʶ ʨʝʟʫʣʴʪʘʪʽʚ ʩʢʘʥʫʚʘʥʥ ̫ ʥʘ ʦʩʥʦʚʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʤʽʞ ʘʛʝʥʪʘʤʠ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʜʦ 6 ï 12 % ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʣʘʩʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ.  

8. ʈʦʟʨʦʙʣʝʥʦ ʩʪʦʭʘʩʪʠʯʥʘ ʤʦʜʝʣʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʧʨʽʦʨʠʪʝʪʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʠʧʽʚ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ 

ʪʝʭʥʦʣʦʛʽʡ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʝ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʧʨʦʚʝʜʝʥʦ, ʟ 

ʥʘʡʙʽʣʴʰʦʶ ʡʤʦʚʽʨʥʽʩʪʶ, ʮʠʬʨʦʚʠʤ ʟʘʩʦʙʦʤ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ. ʅʘ ʜʨʫʛʦʤʫ ʤʽʩʮʽ ʤʝʪʦʜ ʟʥʽʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʽʤʧʫʣʴʩʥʦʶ 

ʧʝʨʝʜʘʯʝʶ ʽʥʬʦʨʤʘʮʽʾ. ɼʘʣʽ ʝʣʝʢʪʨʠʯʥʦʶ ʤʝʨʝʞʝʶ, ʟʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʾ ʟ 
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ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʙʫʜʽʚʝʣʴ. ɿʘʤʠʢʘʻ ʧʝʨʝʣʽʢ ï 

ʩʧʦʩʽʙ ʟʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʾ ʩʧʨʷʤʦʚʘʥʠʤ ʤʽʢʨʦʬʦʥʦʤ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʦʩʝʨʝʜʠʪʴʩʷ ʥʘ ʨʦʟʧʽʟʥʘʚʘʥʥʽ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʩʠʛʥʘʣʽʚ ʟ ʥʘʡʙʽʣʴʰʠʤʠ 

ʧʨʽʦʨʠʪʝʪʘʤʠ, ʪʦʙʪʦ ʧʨʠʜʽʣʠʪʠ ʙʽʣʴʰʝ ʯʘʩʫ ʘʥʘʣʽʟʫ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʠʤ 

ʩʠʛʥʘʣʘʤ ʟʘʩʦʙʽʚ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 
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ʈʆɿɼɯʃ 4  

ʈʆɿʈʆɹʂɸ ʄɽʊʆɼɸ ʃʆʂɸʃɯɿɸʎɯɰ ʋ ʇʈʆʉʊʆʈɯ ɿɸʉʆɹɯɺ 

ʅɽɻʃɸʉʅʆɻʆ ʆʊʈʀʄɸʅʅʗ ɯʅʌʆʈʄɸʎɯɰ ʅɸ ʌʆʅɯ ʃɽɻɸʃʔʅʀʍ 

ʈɸɼɯʆʉʀɻʅɸʃɯɺ 

 

4.1. ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʣʦʢʘʣʽʟʘʮʽʾ ʩʠʛʥʘʣʽʚ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ  

 

ʈʘʜʽʦʣʦʢʘʮʽʷ ʧʨʦʪʷʛʦʤ ʚʽʜʥʦʩʥʦ ʥʝʪʨʠʚʘʣʦʾ ʽʩʪʦʨʽʾ ʩʚʦʛʦ ʨʦʟʚʠʪʢʫ 

ʙʫʜʫʚʘʣʘʩʷ ʧʝʨʝʚʘʞʥʦ ʷʢ ʝʤʧʽʨʠʯʥʘ ʥʘʫʢʦʚʘ ʜʠʩʮʠʧʣʽʥʘ ʟ ʧʝʨʝʚʘʞʥʠʤ ʫ ʥʽʡ 

ʤʝʪʦʜʦʤ ʽʥʜʫʢʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ ʽ ʩʠʥʪʝʟʫ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʧʦʣʦʞʝʥʴ ʽ ʩʭʝʤʥʠʭ 

ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʧʦʝʪʘʧʥʦʛʦ ʧʝʨʝʭʦʜʫ ʚʽʜ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʜʦ 

ʢʚʘʟʽʜʝʪʝʨʤʽʥʽʨʦʚʘʥʥʦʡ ʘʙʦ ʩʪʦʭʘʩʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ 

ʩʠʛʥʘʣʫ [94]. ʇʦʜʦʣʘʥʥʷ ʚʠʥʠʢʘʶʯʠʭ ʧʨʠ ʮʴʦʤʫ ʧʨʦʙʣʝʤ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʚ 

ʫʤʦʚʘʭ ʘʧʨʽʦʨʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʱʦʜʦ ʧʘʨʘʤʝʪʨʽʚ ʟʦʚʥʽʰʥʽʭ ʧʝʨʝʰʢʦʜ ʽ 

ʥʝʽʥʬʦʨʤʘʪʠʚʥʠʭ (ʟʘʚʘʜ) ʧʘʨʘʤʝʪʨʽʚ ʩʘʤʦʛʦ ʩʠʛʥʘʣʫ (ʪʘʢ ʟʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʦʙʩʪʘʚʠʥʠ) ʩʫʧʨʦʚʦʜʞʫʚʘʣʦʩʷ ʧʦʩʣʽʜʦʚʥʠʤ ʫʩʢʣʘʜʥʝʥʥʷʤ ʚʠʭʽʜʥʠʭ 

ʪʝʦʨʝʪʠʯʥʠʭ ʢʦʥʩʪʨʫʢʪʽʚ ʽ ʚʽʜʧʦʚʽʜʥʦʾ ʽʜʝʘʣʥɹʦʾ ʤʦʜʝʣʽ ʦʙ'ʻʢʪʘ, ʷʢʘ, ʟ ʫʩʽʤ 

ʪʠʤ, ʟʘʣʠʰʘʣʘʩʷ ʝʤʧʽʨʠʯʥʦʾ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʩʪʽʡʥʝ 

ʟʨʦʩʪʘʥʥʷ ʚʠʤʦʛ ʜʦ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʜʞʝʨʝʣ 

ʨʘʜʽʦʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʆʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʧʘʩʠʚʥʦʾ ʣʦʢʘʮʽʾ ʻ 

ʪʨʽʘʥʛʫʣʷʮʽʡʥʠʡ ʤʝʪʦʜ ʽ ʨʘʟʥʦʩʪʥʦ-ʜʘʣʝʢʦʤ̔ ʨʥʠʡ ʤʝʪʦʜ. ɼʘʥʽ ʤʝʪʦʜʠ ʻ 

ʰʠʨʦʢʦ ʚʽʜʦʤʠʤʠ, ʫʩʧʽʰʥʦ ʘʧʨʦʙʦʚʘʥʠʤʠ ʪʘ ʘʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ 

ʩʠʩʪʝʤʘʭ ʧʘʩʠʚʥʦʾ ʣʦʢʘʮʽʾ, ʱʦ ʚʠʨʽʰʫʶʪʴ ʨʽʟʥʽ ʪʝʭʥʽʯʥʽ ʟʘʚʜʘʥʥʷ, ʦʩʥʦʚʥʦʶ ʟ 

ʷʢʠʭ ʻ ʨʘʜʽʦʪʝʭʥʽʯʥʘ ʨʦʟʚʽʜʢʘ. ʇʨʦʪʝ, ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʧʝʚʥʠʭ ʫʤʦʚ, ʧʦʚ'ʷʟʘʥʠʭ 

ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʫ ʚʽʜ ʜʞʝʨʝʣʘ ʨʘʜʽʦʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʚʟʘʻʤʥʠʤ ʩʪʘʥʦʚʠʱʝʤ ʜʞʝʨʝʣʘ ʨʘʜʽʦʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʘʥʪʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ, ʘ ʪʘʢʦʞ ʥʘʩʠʯʝʥʽʩʪʶ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʦʙʩʪʘʚʠʥʠ, ʪʦʯʥʽʩʪʴ 
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ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʜʞʝʨʝʣʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʢʣʘʩʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʚʠʷʚʣʷ̒ ʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦʶ. ʈʦʟʚʠʪʦʢ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ ʧʨʝʜʩʪʘʚʣʷʻ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʦʜʽʚ, 

ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘʜʣʠʰʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʽʩʮʝ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ʜʞʝʨʝʣʘ ʨʘʜʽʦʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʇʨʠ ʮʦɹʤʫ ʚʘʞʣʠʚʘ 

ʚʠʤʦʛʘ ʜʦ ʨʦʟʨʦʙʣʶʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʦʣʷʛʘʻ ʚ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʜʽʡʩʥʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʤʽʩʮʷ ʨʦʟʪʘhʫʚʘʥʥʷ ʜʞʝʨʝʣʘ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ɿʥʘʯʝʥʥʷ ʟʘʚʜʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʜʞʝʨʝʣʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʜʘʥʠʡ ʯʘʩ ʱʝ 

ʙʣ̔ʴʰʝ ʟʨʦʩʪʘʻ ʫ ʟʚ'ʷʟʢʫ ʟ ʧʦʷʚʦʶ ʪʝʥʜʝʥʮʽʾ ʽʥʪʝʛʨʘʮʽʾ ʧʘʩʠʚʥʠʭ ʽ ʘʢʪʠʚʥʠʭ 

ʟʘʩʦʙʽʚ ʚ ʻʜʠʥʽ ʩʠʩʪʝʤʠ. ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʝʪʦʜʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʷ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʞʝʨʝʣʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥ ̫ ʟʜʘʪʥʠʭ ʟʙʽʣʴʰʠʪʠ ʪʦʯʥʽʩʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ, ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ.  

ɺ ʮʽʣʦʤʫ ʨʘʜʽʦʣʦʢʘʮʽʻʶ ʥʘʟʠʚʘʻʪʴʩʷ ʦʙʣʘʩʪʴ ʨʘʜʽʦʪʝʭʥʽʢʠ, ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʽʜʙʠʪʪʷ, ʧʝʨʝʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʙʦ ʧʨʠʚʘʪʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʨʽʟʥʠʭ ʦʙ'ʻʢʪʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʢʦʦʨʜʠʥʘʪ ʽ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ. ɯʩʥʫʻ ʪʨʠ ʚʠʜʠ ʨʘʜʽʦʣʦʢʘʮʽʾ: 

- ʧʝʨʰʠʡ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʽʜʙʠʪʪʷ ʚʽʜ ʦʙ'ʻʢʪʽʚ ʟʦʥʜʫʶʯʠʭ ʘʙʦ ʧʨʷʤʠʭ 

ʩʠʛʥʘʣʽʚ; 

- ʜʨʫʛʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʝʪʨʘʥʩʣʷʮʽʾ ï ʧʝʨʝʚʠʧʨʦʤʽʥʶʚʘʥʥʽ ʩʠʛʥʘʣʽʚ; 

- ʪʨʝʪʽʡ ʚʠʜ, ʧʘʩʠʚʥʘ ʨʘʜʽʦʣʦʢʘʮʽʷ, ʚʽʥ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʨʠʡʤʘʥʥʽ 

ʩʠʛʥʘʣʽʚ ʚʣʘʩʥʦʛʦ ʨʘʜʽʦʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʤʝʪʦʜ ʧʘʩʠʚʥʦʾ ʨʘʜʽʦʣʦʢʘʮʽʾ ʷʢʠʡ ʚ ʦʩʥʦʚʥʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ, ʪʦʯʥʽʰʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʞʝʨʝʣʘ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʦ ʜʞʝʨʝʣ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʣʽʜ 

ʚʽʜʥʦʩʠʪʠ: 

- ʪʝʧʣʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʚ ʜʽʘʧʘʟʦʥʽ ʤʽʣʽʤʝʪʨʦʚʠʭ ʽ 

ʩʘʥʪʠʤʝʪʨʦʚʠʭ ʭʚʠʣʴ, ʧʦʜʽʙʥʝ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʦʜʠʥ ʟ 

ʭʘʨʘʢʪʝʨʥʠʭ ʦʟʥʘʢ ɿʅʆɯ); 

- ʜʦʚʛʦʭʚʠʣʴʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; 



247 

 

- ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʽʟʥʠʭ ʨʘʜʽʦʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʜʦ ʷʢʠʭ 

ʥʘʩʘʤʧʝʨʝʜ ʽ ʩʪʘʚʣʷʪʴʩʷ ɿʅʆɯ). 

 ɺ ʦʩʥʦʚʫ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʧʦʢʣʘʜʝʥʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʘʢʪʠʯʥʦʾ ʩʪʘʣʦʩʪʽ ʧʦʰʠʨʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ 

( 83 10
ʤ

c
ʩ

º ³ ) ʽ ʾʭ ʧʨʷʤʦʣʽʥʽʡʥʽʩʪʴ ʚ ʦʜʥʦʨʽʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʇʨʠʡʥʷʪʝ 

ʧʨʠʧʫʱʝʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʚʽʜʩʪʘʥʴ ʜʦ ʦʙ'ʻʢʪʘ ʰʣʷʭʦʤ ʧʨʷʤʦʛʦ ʘʙʦ 

ʥʝʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʫ ʧʨʦʭʦʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʚʽʜ ʘʥʪʝʥʠ ʜʦ ʩʠʛʥʘʣʫ, 

ʷʢʱʦ ʧʦʟʥʘʯʠʪʠ ʮʝʡ ʯʘʩ ʯʝʨʝʟ tD, ʪʦʜʽ ʚʽʜʩʪʘʥʴ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ 

ʚʠʨʘʟʦʤ:
2

c t
R

ÖD
= . 

ʗʢʱʦ ʟʘʩʪʦʩʫʚʘʪʠ ʤʝʪʦʜ ʨʦʟʥʝʩʝʥʥʷ ʘʥʪʝʥ, ʪʦ ʦʪʨʠʤʘʻʤʦ ʢʫʪʦʚʽ 

ʢʦʦʨʜʠʥʘʪʠ (ʧʝʣʝʥʛʘʮʽʷ ʦʙ'ʻʢʪʘ). ʊʦʤʫ ʱʦ ʟʽ ʟʤʽʥʦʶ ʥʘʧʨʘʚʣʝʥʥʷ, 

ʟʤʽʥʶʶʪʴʩʷ ʬʘʟʦʚʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽ ʘʤʧʣʽʪʫʜʠ ʩʠʛʥʘʣʽʚ. ʗʢʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʬʘʟʦʚʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʘʙʦ ʾʭ ʘʤʧʣʽʪʫʜ ʚʽʜ 

ʥʘʧʨʘʚʣʝʥʥʷ ʦʪʨʠʤʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʢʫʪʦʚʽ 

ʢʦʦʨʜʠʥʘʪʠ ʦʙôʻʢʪʘ. 

ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʭʚʠʣʷ ʦʪʨʠʤʘʥʘ ʘʥʪʝʥʥʦʾ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

-ʘʤʧʣʽʪʫʜʦʶ; 

-ʬʘʟʦʶ; 

-ʯʘʩʪʦʪʦʶ; 

-ʧʦʣʷʨʽʟʘʮʽʝʡ; 

-ʥʘʧʨʘʚʣʝʥʥʷʤ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ. 

ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʧʘʩʠʚʥʦʾ ʨʘʜʽʦʣʦʢʘʮʽʾ ʘʤʧʣʽʪʫʜʘ ʧʨʠʡʤʘʝʤʦʛʦ 

ʩʠʛʥʘʣʫ ʜʦʟʚʦʣʷʻ ʪʽʣʴʢʠ ʩʫʜʠʪʠ ʦ ʚʣʘʩʪʠʚʦʩʪʷʭ ʦʙôʻʢʪʘ. 

ʌʘʟʘ ʚʽʜʙʠʪʦʛʦ ʩʠʛʥʘʣʫ ʧʦʚôʷʟʘʥʘ ʩ ʯʘʩʦʤ ʟʘʧʽʟʥʝʥʥʷ tD, ʪʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ:
2

( )
R

t
c

j w= Ö - , ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʘʣʴʥʦʩʪʽ ï R ʜʦ ʦʙôʻʢʪʘ 
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ʪʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʜʘʣʴʥʦʩʪʽ, ʟʘ ʚʠʨʘʟʦʤ: 

( )
2 2 2

c ct c
R t

j
w j

w w
= - = -. 

 ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʡ ʢʘʥʘʣ ʷʢ ʽ ʫʩʽ ʜʨʫʛʽ ʢʘʥʘʣʠ ʟʚôʷʟʢʫ 

ʧʽʜʣʷʛʘ ʁʚʧʣʠʚʫ ʟʘʚʘʜ. ɿʘʚʘʜʠ ʟʤʝʥʰʫʶʪʴ ʩʠʛʥʘʣ ʪʘ ʧʨʠʚʦʜʷʪʴ ʜʦ ʧʦʤʠʣʦʢ 

ʚʠʟʥʘʯʝʥʥʷ ʦʙôʻʢʪʽʚ. ʎʝ ʚʠʷʚʣʷʻʪʴʩʷ ʫ ʧʨʦʧʫʩʢʫ ʦʙôʻʢʪʽʚ ʘʙʦ ʚʠʷʚʣʝʥʥʶ 

ʥʝʚʽʨʥʠʭ ʩʠʛʥʘʣʽʚ, ʪʘ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʪʦʯʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʦʙôʻʢʪʘ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ ʤʝʪʦʜʠ ʮʝ ʤʝʪʦʜʠ: 

-ʜʘʣʴʥʦʤʽʨʥʦ-ʢʫʪʦʤʽʨʥʠʡ, ʤʝʪʦʜ ʢʦʣʠ ʚʠʤʽʨʶʶʪʴʩʷ ʫʩʽ ʢʦʦʨʜʠʥʘʪʠ 

ʦʙôʻʢʪʘ ï ʜʘʣʴʥʽʩʪʴ, ʘʟʠʤʫʪ ʪʘ ʢʫʪ ʤʽʩʪʘ; 

-ʜʘʣʴʥʦʤʽʨʥʠʡ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʣʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʢʠ ʜʘʣʴʥʦʩʪʽ ʜʦ 

ʦʙôʻʢʪʘ, ʪʦʯʢʘ ʦʙôʻʢʪʘ ʙʫʜʝ ʪʦʯʢʘ ʧʝʨʝʪʠʥʫ ʩʬʝʨ; 

-ʧʝʣʝʥʛʘʮʽʡʥʠʡ (ʢʫʪʦʤʽʨʥʠʡ) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʽʚ 

ʥʘ ʦʙôʻʢʪ. ʎʝʡ ʤʝʪʦʜ ʩʘʤʠʡ ʥʘʡʧʨʦʩʪʽʰʽʡ, ʪʦʤʫ ʩʘʤʠʡ ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ. 

-ʨʘʟʥʦʩʪʥʦ-ʜʘʣʴʥʦʤʽʨʥʠʡ (ʛʽʧʝʨʙʦʣʽʯʥʠʡ),ʚʠʤʽʨʶʶʪʴʩʷ ʜʘʣʴʥʦʩʪʽ ʚʽʜ 

ʜʚʦʭ ʬʽʢʩʦʚʘʥʠʭ ʪʦʯʦʢ), ʦʙôʻʢʪ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʽʟʥʠʮʝʶ ʜʘʣʴʥʽʩʪʝʡ 

( 1 2 constR R- =  ʪʘ 3 4 constR R- = ) ʧʝʨʝʪʠʥ ʮʠʭ ʢʨʠʚʠʭ ʽ ʻ ʦʙôʻʢʪ; 

-ʩʫʤʘʨʥʦ-ʜʘʣʴʥʦʤʽʨʥʠʡ, ʚʽʥ ʧʦʚôʷʟʘʥʽʡ ʟ ʚʠʤʽʨʶʚʘʥʥʷʤ ʩʫʤʠ ʚʽʜʩʪʘʥʝʡ 

ʚʽʜ ʜʚʦʭ ʦʧʦʨʥʠʭ ʪʦʯʦʢ.( 1 2 constR R+ = ʪʘ3 4 constR R+ = ) ʧʝʨʝʪʠʥ ʝʣʽʧʩʽʚ 

ʙʫʜʝ ʤʽʩʮʝʤ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙôʻʢʪʘ. 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʤʽʩʮʷ ʧʦʣʦʞʝʥʥʷ ʦʙôʻʢʪʘ ɿʅʆɯ ʫ ʦʨʛʘʥʽʯʥʦʤʫ ʧʨʦʩʪʦʨʽ 

ʽʩʥʫʶʪʴ ʜʝʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ: 

Å ʈʘʟʥʦʩʪʥʦ-ʜʘʣʴʥʦʤʽʨʥʠʡ, ʘʙʦ ʛʽʧʝʨʙʦʣʽʯʥʦ-ʯʘʩʦʚʠʡ ʤʝʪʦʜ. ɼʘʥʠʡ 

ʤʝʪʦʜ ʙʘʟʫʶʪʴʩʷ ʥʘ ʦʙʯʠʩʣʝʥʥʽ ʢʦʦʨʜʠʥʘʪ ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʨʽʟʥʠʮʽ ʯʘʩʫ 

ʨʝʻʩʪʨʘʮʽʾ ʩʠʛʥʘʣʫ, ʪʦʙʪʦ ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʯʘʩʫ ʭʦʜʫ ʨʘʜʽʦʭʚʠʣʽ (ʘʙʦ ʨʽʟʥʠʮʽ 

ʯʘʩʽʚ ʚʽʜ ʜʚʦʭ ʜʞʝʨʝʣ ʧʨʠ ʨʽʟʥʠʮʝʚʦ ï ʜʘʣʴʥʦʤʽʨʥʦʤʫ ʤʝʪʦʜʽ). ɿʥʘʶʯʠ ʯʘʩ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʩʪʘʥʴ ʜʦ ʦʙ'ʻʢʪʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʙʯʠʩʣʠʚʰʠ ʚʽʜʩʪʘʥʽ ʜʦ, ʷʢ 

ʤʽʥʽʤʫʤ, ʪʨʴʦʭ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ, ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʱʦʜʦ ʥʠʭ ʪʘ ʢʦʦʨʜʠʥʘʪʠ 

ʦʙ'ʻʢʪʘ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʜʦʩʷʛʘʻʪʴʩʷ ʚʝʣʠʢʘ ʪʦʯʥʽʩʪʴ, ʘʣʝ 
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ʫʩʢʣʘʜʥʝʥʥʷ ʫʩʪʘʪʢʫʚʘʥʥʷ ʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʷ 

ʘʚʪʦʥʦʤʥʦʛʦ ʯʘʩʫ ʨʦʙʦʪʠ ʤʦʙʽʣʴʥʠʭ ʚʫʟʣʽʚ.. 

Å ʇʝʣʝʥʛʘʮʽʡʥʠʡ (ʢʫʪʦʤʽʨʥʠʡ) ʤʝʪʦʜ, ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʘʥʽ ʧʨʦ 

ʢʫʪʘʭ ʧʨʠʡʦʤʫ ʩʠʛʥʘʣʽʚ. ʅʘ ʧʨʘʢʪʠʮʽ, ʣʠʰʝ ʜʝʢʽʣʴʢʦʤʘ ʘʣʛʦʨʠʪʤʘʤʠ 

ʧʦʟʠʮʽʶʚʘʥʥʷ ʧʦʪʨʽʙʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʫʪʘʭ ʩʠʛʥʘʣʫ, ʽʥʰʽ ʤʦʞʫʪʴ 

ʦʙʭʦʜʠʪʠʩʷ ʙʝʟ ʪʘʢʦʾ. ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʧʝʮʽʘʣʴʥʽ ʬʘʟʦʚʘʥʽ ʘʥʪʝʥʥʽ ʨʝʰʽʪʢʠ, ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ 

ʥʘ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʷʭ ʤʝʨʝʞʽ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʩʠʩʪʝʤʠ ʟʚ'ʷʟʢʫ. 

Å ʄʝʪʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʘʥʘʣʽʟʽ ʩʠʣʠ ʩʠʛʥʘʣʫ (ʨʽʟʥʦʚʠʜʥʽʩʪʴ 

ʜʘʣʴʥʦʤʽʨʥʦʛʦ ʤʝʪʦʜʫ)- RSS (Received Signal Strength), ʷʢʽ ʻ ʧʨʝʜʤʝʪʦʤ ʥʠʟʢʠ 

ʜʦʩʣʽʜʞʝʥʴ. ʇʝʨʝʚʘʛʘ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ï ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʙʽʣʴʰʦʩʪʽ ʙʝʟʜʨʦʪʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʅʘʧʨʠʢʣʘʜ, ʚ ʤʝʨʝʞʘʭ ʩʪʽʣʴʥʠʢʦʚʦʛʦ 

ʟʚ'ʷʟʢʫ GSM ʘʙʦ ʤʝʨʝʞʘʭ Wi-Fi ʩʪʘʥʜʘʨʪʽʚ IEEE 802.11. ʅʝʜʦʣʽʢ ʮʠʭ ʤʝʪʦʜʽʚ 

ï ʥʝʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ. ɺʝʣʠʢʘ ʧʦʭʠʙʢʘ ʯʝʨʝʟ ʥʝ ʩʪʘʮʽʦʥʘʨʥʽʩʪʴ ʨʘʜʽʦʢʘʥʘʣʫ ʽ 

ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʦʛʦ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ. ʇʦʭʠʙʢʘ ʧʦʟʠʮʽʶʚʘʥʥʷ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ. ɸʣʝ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʣʽʧʰʠʪʠ ʪʦʯʥʽʩʪʴ ʧʦʟʠʮʽʶʚʘʥʥʷ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʤʝʪʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʩʧʝʮʽʘʣʴʥʽʡ ʦʙʨʦʙʮʽ ʜʘʥʠʭ: ʽʤʦʚʽʨʥʽʩʥʽ ʪʘ ʨʝʛʨʝʩʽʡʥʽ. ʈʦʟʛʣʷʥʝʤʦ ʜʦʢʣʘʜʥʽʰʝ 

ʮʽ ʩʧʦʩʦʙʠ. ʄʝʪʦʜʠ, ʱʦ ʙʘʟʫʪʁʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʩʠʣʠ ʩʠʛʥʘʣʫ RSS ʮʝ ʤʝʪʦʜʠ: 

ʪʨʽʘʥʛʫʣʷʮʽʾ, ɺʏ-ʜʘʢʪʠʣʦʩʢʦʧʽʾ ʪʘ ʽʥ. 

ʄʝʪʦʜ TDOA.  

TDOA (Time Difference of Arrival) ï ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʧʦ 

ʨʽʟʥʠʮʽ ʤʦʤʝʥʪʽʚ ʯʘʩʫ ʧʨʠʭʦʜʫ ʩʠʛʥʘʣʽʚ. ʎʝʡ ʩʧʦʩʽʙ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʪʦʯʥʦʤʫ 

ʚʠʟʥʘʯʝʥʥʽ ʯʘʩʫ ʧʨʠʡʥʷʪʪʷ ʩʠʛʥʘʣʽʚ ʚʽʜ ʧʽʜʧʠʩʫ ʘʙʦ ʽʥʰʦʛʦ ʜʞʝʨʝʣʘ ʩʠʛʥʘʣʫ 

ʚ ʪʨʴʦʭ ʘʙʦ ʙʽʣʴʰʝ ʨʽʟʥʠʭ ʩʪʘʥʮʽʷʭ ʤʝʨʝʞʽ. ɿʘ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʯʘʩʫ 

ʥʘʜʭʦʜʞʝʥʥʷ ʩʠʛʥʘʣʽʚ ʚ ʧʘʨʘʭ ʤʽʩʮʴ, ʦʙʯʠʩʣʶʶʪʴʩʷ ʛʽʧʝʨʙʦʣʽʯʥʽ ʣʽʥʽʾ 

ʧʦʣʦʞʝʥʥʷ ʧʝʨʝʜʘʚʘʯʘ. ʊʦʯʢʘ ʧʝʨʝʪʠʥʫ ʜʚʦʭ ʛʽʧʝʨʙʦʣ ʧʦʢʘʟʫʻ ʧʦʣʦʞʝʥʥʷ 

ʜʞʝʨʝʣʦ ʩʠʛʥʘʣʫ ʫ ʧʨʠʤʽʱʝʥʥʽ. 

ʊʦʯʥʽʩʪʴ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʮʽʡ ʪʝʭʥʦʣʦʛʽʾ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʙʤʝʞʝʥʥʷʤʠ 

ʰʠʨʠʥʠ ʩʤʫʛʠ ʯʘʩʪʦʪ ʩʠʛʥʘʣʫ, ʪʦʯʥʽʩʪʶ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʪʘ 
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ʩʝʨʝʜʦʚʠʱʝʤ ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʫ ï ʬʣʫʢʪʫʘʮʽʷʤʠ ʰʚʠʜʢʦʩʪʽ ʧʦʰʠʨʝʥʥʷ 

ʨʘʜʽʦʭʚʠʣʴ ʚ ʘʪʤʦʩʬʝʨʽ ʟʘʣʝʞʥʦ ʚʽʜ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ, ʪʠʩʢʫ ʽ ʪ. ʧ. 

ʄʝʪʦʜ ʪʨʽʘʥʛʫʣʷʮʽʾ 

ɺʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʝʣʝʤʝʥʪʘ ʟʘʩʥʦʚʘʥʝ ʥʘ ʧʨʠʡʥʷʪʪʷ ʧʦʪʫʞʥʦʩʪʽ 

ʩʠʛʥʘʣʫ ʚʽʜ 3-ʭ ʘʙʦ ʙʽʣʴʰʝ ʪʦʯʦʢ ʜʦʩʪʫʧʫ. ʂʦʞʥʘ ʪʦʯʢʘ ʜʦʩʪʫʧʫ, ʷʢʘ "ʯʫʻ" 

ʩʠʛʥʘʣ, ʫ ʚʽʜʧʦʚʽʜʴ ʧʦʚʽʜʦʤʣʷʻ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ 

ʩʠʛʥʘʣʫ. ʊʦʯʢʠ ʜʦʩʪʫʧʫ, ʷʢʽ ʥʝ ʧʨʠʡʤʘʶʪʴ ʩʠʛʥʘʣ, ʥʝ ʚʽʜʛʫʢʫʶʪʴʩʷ. ʉʠʩʪʝʤʘ 

ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʚʠʯʽʢʫʻ ʜʝʷʢʠʡ ʯʘʩ, ʱʦʙ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʽʥʬʦʨʤʘʮʽʶ 

ʥʘʜʘʣʠ ʚʩʽ ʪʦʯʢʠ ʜʦʩʪʫʧʫ, ʷʢʽ ʤʦʛʣʠ ʯʫʪʠ ʩʠʛʥʘʣ ɿʅʆɯ. ʏʠʤ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ 

ʪʦʯʦʢ ʜʦʩʪʫʧʫ ʧʝʨʝʜʘʣʦ ʩʚʦʶ ʽʥʬʦʨʤʘʮʽʶ, ʪʠʤ ʪʦʯʥʽʰʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʽʩʮʝ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ɿʅʆɯ. 

ʇʦʪʽʤ ʩʠʩʪʝʤʘ ʦʢʨʝʩʣʶʻ ʥʘʚʢʦʣʦ ʢʦʞʥʦʾ ʪʦʯʢʠ ʜʦʩʪʫʧʫ, ʱʦ 

ʚʽʜʛʫʢʥʫʣʘʩʴ, ʦʢʨʫʞʥʽʩʪʴ ʟ ʨʘʜʽʫʩʦʤ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʽʚʥʝʤ ʩʠʛʥʘʣʫ 

ʧʦʪʨʽʙʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʧʨʠʡʥʷʪʦʛʦ ʮʽʻʶ ʪʦʯʢʦʶ. ʗʢʱʦ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ 

ʜʦʨʽʚʥʶʻ ï 65 ʜɹ, ʪʦ ʨʘʜʽʫʩ ʚʠʙʠʨʘʻʪʴʩʷ ʨʽʚʥʠʤ ʚʽʜʩʪʘʥʽ, ʩʠʛʥʘʣ ʟ ʷʢʦʛʦ, ʷʢ 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʧʦʚʠʥʝʥ ʤʘʪʠ ʪʘʢʠʡ ʨʽʚʝʥʴ. ʗʢʱʦ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ, ʱʦ 

ʧʨʠʡʤʘʻʪʴʩʷ ʽʥʰʦʶ ʪʦʯʢʦʶ ʜʦʩʪʫʧʫ, ʩʪʘʥʦʚʠʪʴ ï 45 ʜɹ, ʪʦ ʨʘʜʽʫʩ ʚʽʜʧʦʚʽʜʥʦʾ 

ʦʢʨʫʞʥʦʩʪʽ ʙʫʜʝ ʤʝʥʰʝ, ʪʦʤʫ ʷʢ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʦʟʥʘʯʘʻ, ʱʦ 

ʩʠʛʥʘʣ ʧʨʠʭʦʜʠʪʴ ʟ ʤʝʥʰʦʛʦ ʚʽʜʩʪʘʥʽ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʩʽʭ ʮʠʭ ʧʦʙʫʜʦʚ ʚʠʡʜʝ ʨʷʜ ʪʦʯʦʢ ʧʝʨʝʪʠʥʫ ʢʽʣ. ɿ ʚʠʩʦʢʦʶ 

ʡʤʦʚʽʨʥʽʩʪʶ ʤʽʩʮʝʤ ʨʦʟʪʘʰʫʚʘʥʥʷ ʰʫʢʘʥʦʛʦ ʦʙ'ʻʢʪʘ ʻ ʦʙʣʘʩʪʴ, ʜʝ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʮʠʭ ʪʦʯʦʢ ʧʝʨʝʪʠʥʫ ʥʘʡʙʽʣʴʰʘ (ʨʠʩ. 4.1). 

ʂʨʦʢ ʨʦʟʙʠʪʪʷ ʧʨʦʩʪʦʨʫ ʧʦʰʫʢʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ ʪʨʽʘʥʛʫʣʷʮʽʾ 

ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 3 ʤ, ʪʘʢ ʱʦ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ɿʅʆɯ ʦʙʤʝʞʫʻʪʴʩʷ ʟʦʥʦʶ 

ʨʦʟʤʽʨʘʤʠ ʙʣʠʟʴʢʦ 9 ʤ2.  

ʅʝʜʦʣʽʢ ʤʝʪʦʜʫ ʪʨʽʘʥʛʫʣʷʮʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʥʴʦʤʫ ʥʝ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʧʣʠʚ ʙʫʜʽʚʝʣʴ ʥʘ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʫ. ɿʦʢʨʝʤʘ, ʷʢ 

ʧʨʘʚʠʣʦ, ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʪʘʢʽ ʝʬʝʢʪʠ: 

- ʚʽʜʙʠʚʘʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʫ ʨʽʟʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ; 
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- ʦʩʣʘʙʣʝʥʥʷ ʬʽʟʠʯʥʠʤʠ ʪʽʣʘʤʠ. ʊʘʢ, ʩʪʽʥʘ ʤʦʞʝ ʟʥʠʟʠʪʠ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ 

ʥʘ ʚʝʣʠʯʠʥʫ ʜʦ 4 ʜɹ. 

- ʧʨʘʚʠʣʴʥʽ ʦʢʨʫʞʥʦʩʪʽ, ʚʠʢʨʝʩʣʶʶʪʴ ʟʘʟʚʠʯʘʡ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʤʝʪʦʜʫ ʪʨʽʘʥʛʫʣʷʮʽʾ, ʥʝ ʟʦʙʨʘʞʘʶʪʴ ʚʧʣʠʚʫ ʩʪʽʥ, ʚʽʢʦʥʥʠʭ ʩʢʝʣʴ ʽ ʽʥʰʠʭ 

ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʨʽʚʝʥʴ ʨʘʜʽʦʩʠʛʥʘʣʫ. 

 

ʈʠʩ. 4.1 ʄʝʪʦʜ ʪʨʽʘʥʛʫʣʷʮʽʾ 

ɹʘʛʘʪʦʧʨʦʤʝʥʝʚʝ ʧʦʰʠʨʝʥʥʷ. ʈʘʜʽʦʩʠʛʥʘʣ ʤʦʞʝ ʡʪʠ ʜʦ ʪʦʯʢʠ ʡʦʛʦ 

ʧʨʠʡʦʤʫ ʜʝʢʽʣʴʢʦʤʘ ʨʽʟʥʠʤʠ ʰʣʷʭʘʤʠ. ʊʦʤʫ, ʷʢʱʦ ʩʠʛʥʘʣ ʟʘʥʘʜʪʦ ʨʽʚʝʥʴ ï 

65 ʜɹ, ʡʦʛʦ ʜʞʝʨʝʣʦ ʮʽʣʢʦʤ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʷ ʥʘ ʟʥʘʯʥʦ ʤʝʥʰʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ 

ʪʦʯʢʠ ʧʨʠʡʦʤʫ, ʥʽʞ ʨʘʜʽʫʩ ʢʦʣʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʘʥʦʤʫ ʨʽʚʥʶ: ʧʨʦʩʪʦ ʩʠʛʥʘʣ 

ʡʰʦʚ ʜʦ ʪʦʯʢʠ ʧʨʠʡʦʤʫ ʥʝ ʧʦ ʥʘʡʢʦʨʦʪʰʦʤʫ ʰʣʷʭʫ. 

ɺʏ-ʜʘʢʪʠʣʦʩʢʦʧʽʷ (RF Fingerprinting) 

ʄʝʪʦʜ çɺʏ-ʜʘʢʪʠʣʦʩʢʦʧʽʾè ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʨʦʟʙʠʪʪʽ ʟʦʥʠ ʧʦʢʨʠʪʪʷ 

ʤʝʨʝʞʽ WLAN ʘʙʦ ʽʥʰʠʭ (ʥʘʧʨʠʢʣʘʜ, ʙʫʜʽʚʣʽ) ʥʘ ʦʩʝʨʝʜʢʠ, ʱʦ ʫʪʚʦʨʶʶʪʴ 

ʢʦʦʨʜʠʥʘʪʥʫ ʩʽʪʢʫ ʟ ʜʝʷʢʠʤ ʢʨʦʢʦʤ, ʽ ʚʠʟʥʘʯʝʥʥʽ ʪʦʛʦ, ʷʢ ʙʫʜʝ ʧʨʠʡʤʘʪʠʩʷ 

ʩʠʛʥʘʣ ʚ ʢʦʞʥʦʤʫ ʚʫʟʣʽ ʮʽʻʾ ʩʽʪʢʠ. 

ʑʦʙ ʚʠʟʥʘʯʠʪʠ, ʷʢ ʙʫʜʝ ʩʧʨʠʡʤʘʪʠʩʷ ʨʘʜʽʦʩʠʛʥʘʣ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ 

ʧʦʢʨʠʪʪʷ ʙʝʟʜʨʦʪʦʚʦʾ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ, ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʥʝʦʙʭʽʜʥʦ ʩʧʦʯʘʪʢʫ 
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ʩʧʨʦʛʥʦʟʫʚʘʪʠ, ʷʢ ʙʫʜʝ ʚʟʘʻʤʦʜʽʷʪʠ ʮʝʡ ʩʠʛʥʘʣ ʟ ʙʫʜʽʚʣʝʶ (ʧʦʪʨʽʙʥʦ 

ʟʨʦʟʫʤʽʪʠ, ʷʢ ʚʧʣʠʚʘʶʪʴ ʩʪʽʥʠ ʢʽʤʥʘʪʠ ʥʘ ʧʦʰʠʨʝʥʥʷ ʟʚʫʢʫ). ɺ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʧʨʦʚʦʜʠʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʦ ʨʦʟʛʦʨʪʘʥʥʷ ʤʝʨʝʞʽ ʥʝ ʧʦʪʨʽʙʥʦ, 

ʚʘʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʢʦʣʠ ʤʝʨʝʞʘ ʚʞʝ ʨʦʟʛʦʨʥʫʪʦ. 

ɺ ʭʦʜʽ ɺʏ-ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʦʩʣʘʙʣʝʥʥʷ ʩʠʛʥʘʣʫ ʩʪʽʥʘʤʠ, 

ʚʽʜʙʠʪʪʷ ʚʽʜ ʥʠʭ ʽ ʚʨʘʭʦʚʫʻʪʴʩʷ ʤʥʦʞʠʥʥʽʩʪʴ ʰʣʷʭʽʚ ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʫ. ɯ 

ʚʽʜʦʙʨʘʞʝʥʴ, ʽ ʰʣʷʭʽʚ ʧʨʦʭʦʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʜʦ ʢʦʞʥʦʾ ʪʦʯʢʠ ʤʦʞʝ ʙʫʪʠ 

ʙʘʛʘʪʦ, ʪʦʤʫ ʦʯʝʚʠʜʥʦ, ʱʦ ʥʝʦʙʭʽʜʥʠʡ ʦʙʩʷʛ ʦʙʯʠʩʣʝʥʴ ʚʝʣʠʢʠʡ. ʆʙʯʠʩʣʝʥʥʷ 

ʧʦʚʪʦʨʶʶʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʚʫʟʣʘ ʢʦʦʨʜʠʥʘʪʥʦʾ ʩʽʪʢʠ ʥʘ ʧʣʘʥʽ ʙʫʜʽʚʣʽ ʽ ʜʣʷ 

ʢʦʞʥʦʾ ʪʦʯʢʠ ʜʦʩʪʫʧʫ. ʉʠʛʥʘʣ ʚʽʜ ʢʦʞʥʦʾ ʪʦʯʢʠ ʚ ʙʫʜʽʚʣʽ ʤʦʞʫʪʴ ʧʨʠʡʤʘʪʠ 

ʢʽʣʴʢʘ ʪʦʯʦʢ ʜʦʩʪʫʧʫ, ʧʨʦʪʝ ʨʽʚʥʽ ʩʠʛʥʘʣʫ, ʱʦ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʟʥʠʤʠ ʪʦʯʢʘʤʠ 

ʜʦʩʪʫʧʫ, ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ. 

ʆʩʪʘʥʥʽʤ ʝʪʘʧʦʤ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʻ ʟʘʥʝʩʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚ 

ʙʘʟʫ ʜʘʥʠʭ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ. ʋ ʮʽʡ ʙʘʟʽ ʤʽʩʪʷʪʴʩʷ ʚʩʽ ʚʫʟʣʠ 

ʢʦʦʨʜʠʥʘʪʥʦʾ ʩʽʪʢʠ ʽ ʜʘʥʽ ʧʨʦ ʨʽʚʝʥʴ ʩʠʛʥʘʣʽʚ ʚʽʜ ʮʠʭ ʚʫʟʣʽʚ, ʷʢʽ 

ʩʧʨʠʡʤʘʶʪʴʩʷ ʢʦʞʥʦʶ ʪʦʯʢʦʶ ʜʦʩʪʫʧʫ. 

ʊʦʯʥʽʩʪʴ ʤʝʪʦʜʫ "ɺʏ-ʜʘʢʪʠʣʦʩʢʦʧʽʾ" ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 3 ʤ. ʄʽʩʮʝ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ɿʅʆɯ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʪʦʯʥʽʩʪʶ ʜʦ ʦʩʝʨʝʜʢʫ ʧʣʦʱʝʶ 3ʭ3 ʤ, ʘʙʦ 

ʙʣʠʟʴʢʦ 9 ʤ2, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʘʚʽʪʴ ʥʘʡʩʫʚʦʨʽʰʠʤ ʚʠʤʦʛʘʤ, ʱʦ ʚʠʩʫʚʘʶʪʴʩʷ ʚ 

ʉʐɸ ʩʣʫʞʙʦʶ 911, ʘʣʝ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʟʘʚʜʘʥʥʶ ʣʦʢʘʣʽʟʘʮʽʾ ɿʅʆɯ. 

ʆʜʥʽʻʶ ʟ ʭʘʨʘʢʪʝʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʧʝʣʝʥʛʘʮʽʾ 

ʩʠʛʥʘʣʽʚ ʨʘʜʽʦʝʬʽʨʫ ʻ ʦʙʨʦʙʢʘ ʩʠʛʥʘʣʽʚ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ, ʜʣʷ ʯʦʛʦ ʩʠʛʥʘʣʠ 

ʥʘ ʚʠʭʦʜʽ ʢʦʞʥʦʛʦ ʢʘʥʘʣʫ ʧʨʠʡʤʘʯʘ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ ʮʠʬʨʦʚʫ ʬʦʨʤʫ 

ʧʽʜʜʘʶʪʴʩʷ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʘʥʘʣʽʟʫ, ʥʘ ʩʴʦʛʦʜʥʽ, ʰʣʷʭʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ, 

ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ ʩʧʝʢʪʨʽʚ ʚʠʨʽʰʫʶʪʴʩʷ ʟʘʚʜʘʥʥʷ ʚʠʷʚʣʝʥʥʷ, 

ʧʝʣʝʥʛʘʮʽʾ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʪʦʪʥʝ-ʯʘʩʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ 

ʚʠʱʝ ʪʘʢʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʣʷ ʩʠʛʥʘʣʽʚ ʎɿʅʆɯ ʥʝʘʢʪʫʘʣʴʥʝ, ʤʥʦʶ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʽʥʰʽ ʤʝʪʦʜʠ ʪʘ ʩʧʦʩʦʙʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ, ʾʭ ʚʠʷʚʣʝʥʥʷ ʽ 

ʨʦʟʧʽʟʥʘʥʥʷ. ʊʦʤʫ ʤʝʪʦʜʠ ʧʝʣʝʥʛʘʮʽʾ ʪʘ ʥʘʜʘʣʽ ʣʦʢʘʣʽʟʘʮʽʾ ɿʅʆɯ ʚʠʤʘʛʘʶʪʴ 

ʽʩʪʦʪʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʜʦʦʧʨʘʮʶʚʘʥʥʷ. 
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ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʧʝʣʝʥʛʘʮʽʾ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ 

ʯʘʩʪʦʪʥʠʡ ʢʘʥʘʣ ʤʽʩʪʠʪʴ ʪʽʣʴʢʠ ʦʜʥʫ ʧʝʨʝʚʘʞʥʫ ʭʚʠʣʶ. ʆʜʥʘʢ ʮʝ ʤʦʞʝ ʥʝ 

ʚʽʜʧʦʚʽʜʘʪʠ ʜʽʡʩʥʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, ʟ ʥʘʩʪʫʧʥʠʭ ʧʨʠʯʠʥ: 

Å ʉʧʝʢʪʨʘʣʴʥʝ ʧʝʨʝʢʨʠʪʪʷ ʘʥʘʣʽʟʦʚʘʥʠʭ ʢʦʨʠʩʥʠʭ ʩʠʛʥʘʣʽʚ. 

Å ɼʞʝʨʝʣʘ ʟʘʚʘʜ ʟ ʚʝʣʠʢʦʶ ʘʤʧʣʽʪʫʜʦʶ ʚ ʜʦʜʘʪʦʢ ʜʦ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ 

(ʥʘʧʨʠʢʣʘʜ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʝʨʝʰʢʦʜʠ). 

Å ɹʘʛʘʪʦʧʨʦʤʝʥʝʚʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʚʽʜʙʠʚʘʥʥʷ ʚʽʜ 

ʙʫʜʽʚʝʣʴ). ʇʦʤʠʣʢʠ, ʱʦ ʟ'ʷʚʣʷʶʪʴʩʷ, ʨʦʙʣʷʪʴ ʨʝʟʫʣʴʪʘʪʠ ʥʝʧʨʠʜʘʪʥʠʤʠ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʊʨʘʜʠʮʽʡʥʘ ʪʝʭʥʦʣʦʛ̫̔  ʧʝʣʝʥʛʘʮʽʾ ʧʝʨʝʜʙʘʯʘʻ ʜʚʽ ʢʦʥʪʨʟʘʭʦʜʠ: 

Å ʗʢʱʦ ʩʢʣʘʜʦʚʘ ʧʝʨʝʰʢʦʜʠ ʧʦ ʧʦʪʫʞʥʦʩʪʽ ʤʝʥʰʝ ʩʢʣʘʜʦʚʦʾ ʢʦʨʠʩʥʦʛʦ 

ʩʠʛʥʘʣʫ, ʧʦʤʠʣʢʫ ʧʝʣʝʥʛʘʮʽʾ ʤʦʞʥʘ ʩʢʦʨʦʪʠʪʠ ʜʦ ʤʽʥʽʤʫʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʽʜʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʧʝʣʝʥʛʘʪʦʨʘ (ʰʣʷʭʦʤ ʚʠʙʦʨʫ ʜʦʩʠʪʴ ʚʝʣʠʢʦʾ 

ʘʧʝʨʪʫʨʠ ʘʥʪʝʥʠ) 

Å ʗʢʱʦ ʩʢʣʘʜʦʚʘ ʧʝʨʝʰʢʦʜʠ ʜʦʨʽʚʥʶʻ ʘʙʦ ʙʽʣʴʰʝ ʩʢʣʘʜʦʚʦʶ ʢʦʨʠʩʥʦʛʦ 

ʩʠʛʥʘʣʫ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʦʢʨʝʤʽ ʧʝʣʝʥʛʠ ʥʝ ʢʦʨʝʣʽʨʦʚʘʥʥʠʭ ʩʠʛʥʘʣʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʧʝʣʝʥʛʘʪʦʨʽʚ ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ 

ʟʜʘʪʥʽʩʪʶ. ʄʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʠʛʦʜʫ ʟ ʩʧʝʢʪʨʘʣʴʥʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʩʠʛʥʘʣʽʚ. 

ʊʦʤʫ ʤʝʪʦʜʠ ʧʝʣʝʥʛʘʮʽʾ ʪʘ ʥʘʜʘʣʽ ʣʦʢʘʣʽʟʘʮʽʾ ɿʅʆɯ ʚʠʤʘʛʘʶʪʴ ʽʩʪʦʪʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʜʦʦʧʨʘʮʶʚʘʥʥʷ. 

 

4.2. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʜʣʷ ʣʦʢʘʣʽʟʘʮʽʾ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ ʧʨʦʛʨʘʤʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ 

 

ʈʦʟʛʣʷʥʝʤʦ ʤʝʪʦʜʠʢʫ ʣʦʢʘʣʽʟʘʮʽʾ ɿʅʆɯ. ʇ̔ ʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʝʚʽʜʦʤʦʛʦ 

ʨʘʜʽʦʩʠʛʥʘʣʫ ʚ ʢʦʥʪʨʦʣʴʦʚʘʥʦʤʫ ʧʨʠʤʽʱʝʥʥʽ ï ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʰʫʢ ɿʅʆɯ.  

ʗʢ ʧʨʠʢʣʘʜ, ʧʨʠ ʚʠʷʚʣʝʥʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʘʜʽʦ ʟʘʢʣʘʜʢʠ ʟ 

ʘʤʧʣʽʪʫʜʥʦʶ (AM) ʘʙʦ ʯʘʩʪʦʪʥʦʾ (FM, NFM, WFM) ʤʦʜʫʣʷʮʽʻʶ ʩʠʛʥʘʣʫ 

ʧʨʠʩʪʨʡ̔ ʚʠʤʽʨʶʚʘʥʥʷ ʜʘʣʴʥʦʩʪʽ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʣʽʥʽʡʥʦʛʦ ʚʠʭʦʜʫ ʘʙʦ 
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ʚʠʭʦʜʫ ʛʦʣʦʚʥʠʭ ʪʝʣʝʬʦʥʽʚ ʧʨʠʡʤʘʯʘ. (ʋ ʤʦʙʽʣʴʥʠʭ ɸʇʂ ʜʦ ʣʽʥʽʡʥʦʛʦ 

ʚʠʭʦʜʫ ʥʦʫʪʙʫʢʘ). 

ʇʨʠʥʮʠʧ ʜʽʾ ʧʨʠʩʪʨʦʶ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. ʇʨʠ ʚʢʣʶʯʝʥʥʽ ʧʨʠʩʪʨʽʡ 

ʛʝʥʝʨʫʻ ʪʝʩʪʦʚʽ ʘʢʫʩʪʠʯʥʽ ʽʤʧʫʣʴʩʥʽ ʩʠʛʥʘʣʠ, ʷʢʽ ʚʠʧʨʦʤʽʥʶʶʪʴʩʷ ʯʝʨʝʟ 

ʜʠʥʘʤʽʢ ʧʨʠʩʪʨʦʶ (ʫ ʜʝʷʢʠʭ ʧʨʠʩʪʨʦʾʚ ʟʘʤʽʩʪʴ ʚʙʫʜʦʚʘʥʦʛʦ ʜʠʥʘʤʽʢʘ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚʠʥʦʩʥʘ ʟʚʫʢʦʚʘ ʢʦʣʦʥʢʘ ï ʷʢ ʧʨʠʢʣʘʜ ʢʦʤʧʣʝʢʩ RS1000). 

ʊʝʩʪʦʚʠʡ ʘʢʫʩʪʠʯʥʠʡ ʩʠʛʥʘʣ ʧʨʠʡʤʘʻʪʴʩʷ ʤʽʢʨʦʬʦʥʦʤ ɿʅʆɯ, ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ 

ʚ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ ʽ ʧʦʜʘʻʪʴʩʷ ʥʘ ʤʦʜʫʣʷʪʦʨ ʧʝʨʝʜʘʚʘʯʘ ɿʅʆɯ. ʋ 

ʨʝʟʫʣʴʪʘʪʫ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ɿʅʆɯ ʨʘʜʽʦʩʠʛʥʘʣ ʚʠʷʚʣʷʻʪʴʩʷ ʤʦʜʫʣʴʦʚʘʥʠʤ 

ʪʝʩʪʦʚʠʤ ʩʠʛʥʘʣʦʤ. ʇʨʠʡʤʘʯ ʟʜʽʡʩʥʶʻ ʧʨʠʡʤʘʥʥʷ ʽ ʜʝʪʝʢʪʫʚʘʥʥʷ 

ʨʘʜʽʦʩʠʛʥʘʣʫ, ʧʝʨʝʜʘʥʦʛʦ ɿʅʆɯ (ʧʽʩʣʷ ʜʝʪʝʢʪʫʚʘʥʥʷ ʚ ʜʠʥʘʤʽʮʽ ʧʨʠʡʤʘʯʘ 

ʙʫʜʝ ʧʨʦʩʣʫʭʦʚʫʚʘʪʠʩʷ ʪʝʩʪʦʚʠʡ ʘʢʫʩʪʠʯʥʠʡ ʩʠʛʥʘʣ). ɼʘʣʽ ʩʠʛʥʘʣ ʧʦʜʘʻʪʴʩʷ ʚ 

ʧʨʦʛʨʘʤʥʦ ʘʧʘʨʘʪʥʠʡ ʢʦʤʧʣʝʢʩ (ʯʝʨʝʟ ʤʽʢʨʦʬʦʥʥʠʡ ʚʭʽʜ ʥʦʫʪʙʫʢʘ) ï (ʜʫʞʝ 

ʫʤʦʚʥʦ ʥʘ ʧʨʦʛʨʘʤʫ ʩʧʝʮʽʘʣʴʥʠʡ ʙʣʦʢ ʧʦʨʽʚʥʷʥʥʷ ʧʨʠʩʪʨʦʾ ʚʠʤʽʨʶʚʘʥʥʷ 

ʜʘʣɹʥʦʩʪʽ, ʜʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʫ ʟʘʧʽʟʥʶʚʘʥʥʷ ʧʨʠʭʦʜʫ 

ʽʤʧʫʣʴʩʫ ʟ ʜʝʪʝʢʪʦʨʘ ʧʨʠʡʤʘʯʘ ʩʪʦʩʦʚʥʦ ʱʦ ʜʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʝʩʪʦʚʦʤʫ 

ʽʤʧʫʣʴʩʫ. ɿʘ ʯʘʩʦʤ ʟʘʧʽʟʥʶʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʤ ʙʣʦʢʦʤ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 

ʜʘʣʴʥʽʩʪʴ ʜʦ ɿʅʆɯ. ɺʠʤʽʨʷʥʘ ʜʘʣʴʥʽʩʪʴ ʜʦ ɿʅʆɯ ʟʘ ʯʘʩʦʤ ʟʘʧʽʟʥʶʚʘʥʥʷ 

ʧʨʠʭʦʜʫ ʽʤʧʫʣʴʩʫ ʟʘʩʥʦʚʘʥʝ ʥʘ ʪʦʤʫ, ʱʦ ʚ ʧʦʚʽʪʨʽ ʘʢʫʩʪʠʯʥʠʡ ʩʠʛʥʘʣ 

ʧʦʰʠʨʶʻʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ ʟʚʫʢʫ (ʙʣʠʟʴʢʦ 330 ʤ/ʩ) ʽ ʚʽʜ ʤʦʤʝʥʪʫ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʢʫʩʪʠʯʥʦʛʦ ʽʤʧʫʣʴʩʫ ʜʦ ʡʦʛʦ ʧʨʠʡʤʘʥʥʷ ʤʽʢʨʦʬʦʥʦʤ 

ʟʘʢʣʘʜʢʠ ʧʨʦʭʦʜʠʪʴ ʜʝʷʢʠʡ ʯʘʩ. ɿ ʦʛʣʷʜʫ ʥʘ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ 

ʨʘʜʽʦʩʠʛʥʘʣʫ ʙʣʠʟʴʢʦ 300 000 ʢʤ/ʩ, ʪʦʙʪʦ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʰʚʠʜʢʦʩʪʽ ʟʚʫʢʫ, 

ʯʘʩʦʤ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʫ ʚʽʜ ʟʘʢʣʘʜʢʠ ʜʦ ʧʨʠʡʤʘʯʘ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʘʢʣʘʜʢʠ ʩʢʣʘʜʘʶʪʴ ʩʭʝʤʫ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʨʠʤʽʱʝʥʥʷ (ʚ ʤʘʩʰʪʘʙʽ). ʅʘ ʩʭʝʤʽ ʚʠʙʠʨʘʶʪʴ ʜʚʘ-ʪʨʠ 

ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʚʫʢʦʚʦʾ ʢʦʣʦʥʢʠ. ʇʦʩʣʽʜʦʚʥʦ ʚʩʪʘʥʦʚʣʶʶʪʴ ʟʚʫʢʦʚʫ 

ʢʦʣʦʥʢʫ ʚ ʦʙʨʘʥʽ ʪʦʯʢʠ ʪʘ ʧʨʦʚʦʜʷʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʜʘʣʴʥʦʩʪʽ ʜʦ ɿʅʆɯ. ʅʘ 

ʩʭʝʤʽ ʢʨʝʩʣʷʪʴ ʦʢʨʫʞʥʦʩʪʽ ʟ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʘʭ ʚʠʤʽʨʶʚʘʥʴ ʽ ʨʘʜʽʫʩʦʤ, 

ʚʽʜʧʦʚʽʜʥʠʤ ʚʠʤʽʨʷʥʦʾ ʜʘʣʴʥʦʩʪʽ. ɿʘ ʩʭʝʤʦʶ ʚʠʟʥʘʯʘʶʪʴ ʤʽʩʮʝ ʧʝʨʝʪʠʥʫ 
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ʦʢʨʫʞʥʦʩʪʝʡ. ɺʠʚʽʨʝʥʥʷ ʙʫʜʫʪʴ ʚʽʨʥʽ, ʷʢʱʦ ʢʦʣʘ ʥʘ ʩʭʝʤʽ ʙʫʜʫʪʴ 

ʧʝʨʝʪʠʥʘʪʠʩʷ ʚ ʦʜʥʽʡ ʪʦʯʮʽ, ʧʨʠ ʚʩʽʭ ʚʠʤʽʨʘʭ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʣʦʢʘʣʽʟʘʮʽʾ ʟʘʢʣʘʜʢʠ ʟʚʫʢʦʚʽ ʢʦʣʦʥʢʠ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʚ ʨʽʟʥʠʭ 

ʧʣʦʱʠʥʘʭ ʽ ʚʠʟʥʘʯʘʪʠ ʾʾ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘ ʦʙ'ʻʤʥʽʡ (ʪʨʠʚʠʤʽʨʥʦʾ) ʩʭʝʤʽ 

ʧʨʠʤʽʱʝʥʥʷ. ʇʦʤʠʣʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʩʪʘʥʽ ʜʦ ɿʅʆɯ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ 

ʬʦʨʤʦʶ ʪʝʩʪʦʚʦʛʦ ʽʤʧʫʣʴʩʫ (ʢʨʫʪʽʩʪʶ ʧʝʨʝʜʥʴʦʛʦ ʬʨʦʥʪʫ) ʽ ʧʨʠʥʮʠʧʫ 

ʧʦʙʫʜʦʚʠ (ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ) ʙʣʦʢʫ ʧʦʨʽʚʥʷʥʥʷ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʜʘʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʤʧʫʣʴʩʠ ʟʽ ʩʢʣʘʜʥʠʤ ʚʠʜʦʤ 

ʤʦʜʫʣʷʮʽʾ (ʥʘʧʨʠʢʣʘʜ, ʟ ʣʽʥʽʡʥʦʶ ʯʘʩʪʦʪʥʦʶ ʤʦʜʫʣʷʮʽʻʶ) ʽ ʩʧʝʮʽʘʣʴʥʽ 

ʧʨʠʩʪʨʦʾ ʾʭ ʦʙʨʦʙʢʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʠʩʥʝʥʥʷ ʽʤʧʫʣʴʩʫ ʧʽʩʣʷ ʦʙʨʦʙʢʠ. 

ʊʦʯʥʽʩʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ ʩʢʣʘʜʘʻ ʜʝʢʽʣʴʢʘ ʢʚʘʜʨʘʪʥʠʭ ʤʝʪʨʽʚ. ʑʦ ʥʝʜʦʩʪʘʪʥʴʦ 

ʧʨʠ ʣʦʢʘʣʽʟʘʮʽʾ ɿʅʆɯ. ɯʥʰʠʭ ʤʝʪʦʜʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʣʦʢʘʣʽʟʘʮʽʾ ɿʅʆɯ, ɸʇʂ 

ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ. 

ʄʝʪʦʜ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽ ʚʠʷʚʣʷʻʪʴʩʷ ʛʦʣʦʚʥʠʤ ʮʝ ʻ ʤʝʪʦʜʠ ʪʘʢ ʟʚʘʥʦʾ 

çʨʫʯʥʦʾè ʣʦʢʘʣʽʟʘʮʽʾ. ʆʜʠʥ ʟ ʥʠʭ ʤʝʪʦʜ çʘʢʫʩʪʠʯʥʦʾ ʟʘʚ'ʷʟʢʠè. ʎʝʡ ʤʝʪʦʜ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʦʤʫ ʱʦ ʚ ʧʦʰʫʢʦʚʽʡ ʘʧʘʨʘʪʫʨʽ (ʽʥʜʠʢʘʪʦʨʽ ʧʦʣʷ, 

ʫʥʽʚʝʨʩʘʣʴʥʦʤʫ ʧʦʰʫʢʦʚʦʤʫ ʧʨʠʣʘʜʽ ʪʘ ʽʥʰʽ) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʜʩʠʣʶʚʘʯ 

ʥʠʟʴʢʦʾ ʯʘʩʪʦʪʠ ʪʘ ʜʠʥʘʤʽʢ ʩʧʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ 

ʤʝʪʦʜ ʧʦʰʫʢʫ ɿʅʆɯ ʪʘʢ ʟʚʘʥʠʡ ʤʝʪʦʜʦʤ çʘʢʫʩʪʠʯʥʦʾ ʟʘʚôʷʟʢʠè. ʉʫʪʴ ʤʝʪʦʜʫ 

ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. ʋ ʨʷʜʫ ɿʅʆɯ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʧʝʨʝʜʘʯʽ 

ʩʠʛʥʘʣʠ ʟ ʯʘʩʪʦʪʥʦʶ ʤʦʜʫʣʷʮʽʻʶ (FM), ʻ çʧʘʨʘʟʠʪʥʘè ʘʤʧʣʽʪʫʜʥʘ ʤʦʜʫʣʷʮʽʷ 

ʩʠʛʥʘʣʫ (ɸʄ). ʇʨʠ ʧʦʜʘʯʽ ʧʨʦʜʝʪʝʢʪʦʚʘʥʦʛʦ ʽ ʧʦʩʠʣʝʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ 

ʛʫʯʥʦʤʦʚʝʮʴ ʤʽʞ ʥʠʤ ʽ ʤʽʢʨʦʬʦʥʦʤ ʟʘʢʣʘʜʢʠ ʫʪʚʦʨʶʻʪʴʩʷ ʧʦʟʠʪʠʚʥʠʡ 

ʟʚʦʨʦʪʥʠʡ ʘʢʫʩʪʠʯʥʠʡ ʟʚ'ʷʟʦʢ. ʇʨʠ ʥʘʙʣʠʞʝʥʥʽ ʽʥʜʠʢʘʪʦʨʘ ʧʦʣʷ ʜʦ ɿʅʆɯ ʥʘ 

ʙʣʠʟʴʢʫ ʚʽʜʩʪʘʥʴ ʚʠʥʠʢʘʻ ʨʝʞʠʤ ʩʘʤʦʟʙʫʜʞʝʥʥʷ ʧʽʜʩʠʣʶʚʘʯʘ ʥʠʟʴʢʦʾ 

ʯʘʩʪʦʪʠ ʽʥʜʠʢʘʪʦʨʘ, ʘʥʘʣʦʛʽʯʥʠʡ ʨʝʞʠʤʫ ʩʘʤʦʟʙʫʜʞʝʥʥʷ ʫ ʟʚʠʯʘʡʥʠʭ 

ʩʠʩʪʝʤʘʭ ʟʚʫʢʦʧʽʜʩʠʣʝʥʥʷ, ʢʦʣʠ ʤʽʢʨʦʬʦʥ ʙʣʠʟʴʢʦ ʧʽʜʥʦʩʷʪʴ ʜʦ ʟʚʫʢʦʚʠʭ 

ʢʦʣʦʥʦʢ. ʇʨʠ ʮʴʦʤʫ ʟ'ʷʚʣʷʻʪʴʩʷ ʭʘʨʘʢʪʝʨʥʠʡ ʘʢʫʩʪʠʯʥʠʡ ʩʠʛʥʘʣ, ʩʭʦʞʠʡ ʥʘ 

ʩʚʠʩʪ, ʷʢʠʡ ʽʥʬʦʨʤʫʻ ʦʧʝʨʘʪʦʨʘ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʧʦʙʣʠʟʫ ʽʥʜʠʢʘʪʦʨʘ ʧʦʣʷ 

ʘʢʫʩʪʠʯʥʦʛʦ ɿʅʆɯ. ʏʠʤ ʚʠʱʝ ʛʫʯʥʽʩʪʴ ʩʠʛʥʘʣʫ ʛʫʯʥʦʤʦʚʮʷ, ʪʠʤ ʥʘ ʙʽʣʴʰʽʡ 
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ʚ̔ ʜʩʪʘʥʽ ʚʽʜ ʟʘʢʣʘʜʢʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʝʞʠʤ ʩʘʤʦʟʙʫʜʞʝʥʥʷ ʧʽʜʩʠʣʶʚʘʯʘ 

[97]. ʎʝ ʨʽʟʥʦʚʠʜ ʨʫʯʥʦʛʦ ʩʧʦʩʦʙʫ ʣʦʢʘʣʽʟʘʮʽʾ ɿʅʆɯ, ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ 

ʬʽʟʠʯʥʠʭ ʽ ʪʠʤʯʘʩʦʚʠʭ ʟʘʪʨʘʪ. ʇʦ ʮʴʦʤʫ ʥʝ ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʧʨʠ ʩʫʯʘʩʥʦʤʫ 

ʨʽʚʥʽ ʨʦʟʚʠʪʢʫ ʪʝʭʥʽʢʠ. 

ɼʨʫʛʠʤ ʤʝʪʦʜʦʤ ʝ ʤʝʪʦʜ ʣʦʢʘʣʽʟʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʣʽʥʽʡʥʦʛʦ 

ʣʦʢʘʪʦʨʘ. 

ɿʜʘʪʥʽʩʪʴ ʣʦʢʘʪʦʨʘ ʚʠʷʚʣʷʪʠ ʦʙ'ʻʢʪʠ, ʱʦ ʤʽʩʪʷʪʴ ʝʣʝʢʪʨʦʥʥʽ 

ʢʦʤʧʦʥʝʥʪʠ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʥʘʩʪʫʧʥʦʤʫ [97]. ɹʫʜʴ-ʷʢʽ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʽ 

ʧʨʠʩʪʨʦʾ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʨʫʢʦʚʘʥʠʭ ʧʣʘʪ ʟ ʧʨʦʚʽʜʥʠʢʘʤʠ (ʘʥʪʝʥʘʤʠ), ʜʦ ʷʢʠʭ 

ʧʽʜʢʣʶʯʝʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʝʣʝʤʝʥʪʠ: ʜʽʦʜʠ, ʪʨʘʥʟʠʩʪʦʨʠ, ʤʽʢʨʦʩʭʝʤʠ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʜʣʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʟʦʥʜʫʶʯʦʛʦ ʩʠʛʥʘʣʫ ʣʦʢʘʪʦʨʘ ʥʘʙʽʨ 

ʥʝʣʽʥʽʡʥʠʭ ʚʽʜʙʠʚʘʯʽʚ. ʋ ʝʣʝʤʝʥʪʘʭ ʟ ʥʝʣʽʥʽʡʥʦʾ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʚʦʥʠ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʩʠʛʥʘʣʠ ʢʨʘʪʥʠʭ 

ʯʘʩʪʦʪ (ʛʘʨʤʦʥʽʢʠ), ʧʝʨʝʦʧʨʦʤʽʥʶʶʪʴ ʚ ʧʨʦʩʪʽʨ [98]. ʇʝʨʝʦʧʨʦʤʽʥʶʚʘʥʥʽʡ 

ʩʠʛʥʘʣ ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʭʽʜ ʧʨʠʡʤʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʣʦʢʘʪʦʨʘ, ʥʘʣʘʰʪʦʚʘʥʦʛʦ 

ʥʘ ʯʘʩʪʦʪʠ ʛʘʨʤʦʥʽʢ 2-ʛʦ ʘʙʦ 3-ʛʦ ʧʦʨʷʜʢʫ. ɿʘ ʥʘʷʚʥʽʩʪʶ ʚ ʩʧʝʢʪʨʽ ʩʠʛʥʘʣʫ 

ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʯʘʩʪʦʪʠ ʚʣʘʩʥʦʛʦ ʧʝʨʝʜʘʚʘʯʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʬʘʢʪ 

ʧʨʠʩʫʪʥʦʩʪʽ ʚ ʟʦʥʽ ʟʦʥʜʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʨʘʜʽʦ ʧʨʠʩʪʨʦʶ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, 

ʚʢʣʶʯʝʥʦ ʚʦʥʦ ʘʙʦ ʚʠʤʢʥʝʥʦ. ɸʣʝ ʣʦʢʘʣʽʟʫʚʘʪʠ ʎɿʅʆɯ ʫ ʧʨʠʤʽʱʝʥʥʽ ʜʝ 

ʙʘʛʘʪʦ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡ (ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʣʦʢʘʪʦʨ 

ʨʝʘʛʫʻ ʥʘʚʽʪʴ ʥʘ ʨʞʘʚʫ ʧʨʦʚʦʣʦʢʫ) ʜʫʞʝ ʠ ʜʫʞʝ ʩʢʣʘʜʥʦ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʣʦʢʘʣʽʟʫʚʘʪʠ ʚʠʧʘʜʢʦʚʽ ʩʠʛʥʘʣʽ 

ʘʚʪʦʤʘʪʠʯʥʠʤʠ ʧʨʦʛʨʘʤʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʩ ʡʤʦʚʽʨʥʽʩʪʶ 0,5. ʊʦʤʫ ʧʦʪʨʽʙʥʦ 

ʫʜʦʩʢʦʥʘʣʶʚʘʪʠ ʤʝʪʦʜʠ ʣʦʢʘʣʽʟʘʮʽʾ ʎɿʅʆɯ. 
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4.3. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʧʘʩʠʚʥʦʾ ʨʘʜʽʦʣʦʢʘʮʽʾ ʜʣʷ ʣʦʢʘʣʽʟʘʮʽʾ 

ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʧʦʙʽʯʥʦʛʦ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

 

ʇʨʠ ʧʘʩʠʚʥʦʤʫ ʤʝʪʦʜʽ ʨʘʜʽʦʣʦʢʘʮʽʾ ʤʽʩʪʦ ʨʘʩʧʦʣʦʞʝʥʥʷ ʧʨʠʩʪʨʦʾʚ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʣʷʭʦʤ ʧʨʠʡʤʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʢʦʣʠʚʘʥʴ, ʷʢʽ 

ʚʠʧʨʦʤʽʥʶʶʪʴ ʩʘʤʽ ʧʨʠʩʪʨʦʾ. ʇʨʠʯʦʤʫ ʚʩʪʘʥʦʚʣʝʥʦ ʱʦ ʧʨʠʩʪʨʦʾ 

ʚʠʧʨʦʤʽʥʶʶʪʴ ʥʝ ʪʽʣʴʢʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʭʚʠʣʽ ʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʘ 

ʽ ʫ ʩʘʥʪʠʤʝʪʨʦʚʦʤʫ. 

ʇʘʩʠʚʥʘ ʨʘʜʽʦʣʦʢʘʮʽʷ ʥʝ ʚʠʧʨʦʤʽʥʶʶʪʴ, ʪʦʤʫ ʧʨʘʮʶʻ ʩʢʨʠʪʥʦ, ʱʦ 

ʜʫʞʝ ʚʘʞʣʠʚʦ ʧʨʠ ʣʦʢʘʣʽʟʘʮʽʾ ʎɿʅʆɯ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʥʮʠʧʫ ʜʽʾ ʧʘʩʠʚʥʦʾ ʨʘʜʽʦʣʦʢʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʧʦʙʽʯʥʦʛʦ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʦʟʛʣʷʥʝʤʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʩʪʨʦʾʚ ʧʦ 

ʢʦʪʨʠʭ ʾʭ ʤʦʞʣʠʚʦ ʣʦʢʘʣʽʟʫʚʘʪʠ. 

ʉʧʝʢʪʨʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺʽʥ ʟʘʜʘʻʪʴʩʷ ʟʘʢʦʥʦʤ ʈʝʣʝʷ-

ɼʞ̔ ʥʩʘ, ʚʠʟʥʘʯʘʶʯʠʤ ʟʘʣʝʞʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ [86]: 

 

2

2
p k T
l
= Ö Ö,                                            (4.1) 

 

ʜʝ p - ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ;  

l-ʜʦʚʞʠʥʘ ʭʚʠʣʽ; 

231,37 10k -= Ö ɺʪ/ɻʮ ʧʦʩʪʦʷʥʘ ɹʦʣʴʮʤʘʥʘ; 

Tï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ. 

ɿ ʘʥʘʣʽʟʫ ʚʠʨʘʟʫ (4.1) ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʩʧʝʢʪʨʘʣʴʥʘ 

ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʫʞʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʚʘʜʨʘʪʫ ʜʦʚʞʝʥʥʽ 

ʭʚʠʣʽ, ʪʦʙʪʦ ʟ ʟʨʦʩʪʘʥʥʷʤ ʜʦʚʞʝʥʥʽ ʭʚʠʣʠ ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʨʽʟʢʦ 

ʟʤʝʥʰʫʻʪʴʩʷ. 
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ɺʠʧʨʦʤʽʥʶʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʦʙôʻʢʪʽʚ. ʋ ʜʽʘʧʘʟʦʥʽ ʭʚʠʣʴ, ʦʩʦʙʣʠʚʦ ʥʘ 

ʩʘʥʪʠʤʝʪʨʦʚʠʭ ʭʚʠʣʷʭ, ʥʘʡʙʽʣʴʰ ʚʠʧʨʦʤʽʥʶʚʘʥʦʶ ʟʜʘʪʥʽʩʪʶ ʦʙʣʘʜʥʘʻ 

ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʝ ʪʽʣʦ, ʷʢʝ ʧʨʠʡʤʘʶʪʴ ʟʘ ʝʪʘʣʦʥ ʽ ʟʽ ʷʢʠʤ ʧʦʨʽʚʥʶʶʪʴ ʨʽʚʝʥʴ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [87]. 

ɺʠʧʨʦʤʽʥʶʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ e ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘʜʘʥʦʛʦ ʦʙôʻʢʪʫ- ʦʈ  ʢ ʧʦʪʫʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʘʙʩʦʣʶʪʥʦʛʦ ʯʦʨʥʦʛʦ ʪʽʣʘ - rʈʧʨʠ ʦʜʥʘʢʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʽ 

o

r

P

P
e= .                                                        (4.2) 

 

ɿʜʘʪʥʽʩʪʴ ʚʽʜʙʠʪʪʷ, ʮʝ ʧʘʨʘʤʝʪʨ ʧʦʢʘʟʫʻ ʟʜʘʪʥʽʩʪʴ ʦʙôʻʢʪʽʚ ʥʝ ʪʽʣʴʢʠ 

ʚʠʧʨʦʤʽʥʶʚʘʪʠ ʘ ʱʝ ʽ ʚʽʜʙʠʪʠ ʝʥʝʨʛʽʶ ʷʢʘ ʧʦʧʘʜʘʻ ʥʘ ʥʠʭ.  

ɿʜʘʪʥʽʩʪʴ ʚʽʜʙʠʪʪʷ cʧʦʚôʷʟʘʥʘ ʟʽ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʽʡ ʟʜʘʪʥʽʩʪʶ 

ʥʘʩʪʫʧʥʠʤ ʚʠʨʘʟʦʤ: 1c e= - 

 ɯʥʰʽ ʧʘʨʘʤʝʪʨʠ ʪʘʢʠ ʷʢ ʝʢʚʽʚʘʣʝʥʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʢʦʥʪʨʘʩʪ ʫ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʥʝ ʙʫʜʫʪʴ ʪʦʤʫ ʤʠ ʾʭ ʥʝ 

ʨʦʟʛʣʷʜʘʻʤʦ. 

ʆʧʪʠʤʘʣʴʥʘ ʧʨʦʮʝʜʫʨʘ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ ʦʙôʻʢʪʘ ʧʨʠ ʨʽʰʝʥʥʽ ʟʘʚʜʘʥʥʷ 

ʚʠʷʚʣʝʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ, ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʥʘ ʦʩʥʦʚʽ ʢʨʠʪʝʨʽʷ 

ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ. 

ʉʠʛʥʘʣ, ʱʦ ʧʨʠʡʤʘʻʪʴʩʷ ʤʦʞʣʠʚʦ ʧʨʠʡʥʷʪʠ ʟʘ ʩʪʘʮʽʦʥʘʨʥʠʡ 

ʚʠʧʘʜʢʦʚʠʡ ʩʠʛʥʘʣ. ɺʠʟʥʘʯʝʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʷ ʮʴʦʛʦ ʩʠʛʥʘʣʫ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ 

ʬʦʥʽ ʰʫʤʽʚ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ ʚʠʧʘʜʢʦʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʉʫʤʽʰ ʩʠʛʥʘʣʫ 

ʪʘ ʰʫʤʽʚ ʙʫʜʝ ʪʘʢʦʞ ʷʚʣʷʪʠʩʷ ʚʠʧʘʜʢʦʚʠʤ ʥʦʨʤʘʣʴʥʠʤ ʩʠʛʥʘʣʦʤ ʟʽ 

ʩʫʤʘʨʥʦʶ ʜʠʩʧʝʨʩʽʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʬʽʟʠʯʥʦʾ ʦʟʥʘʢʦʶ ʥʘʷʚʥʦʩʪʽ ʩʠʛʥʘʣʫ ʪʝʧʣʦʚʦʛʦ 

ʨʘʜʽʦʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʙʫʜʝ ʟʨʦʩʪʘʥʥʷ ʜʠʩʧʝʨʩʽʾ. 

ɺʠʟʥʘʯʝʥʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʨʘʜʽʦʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ 

ʚʣʘʩʥʦʛʦ ʰʫʤʫ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʬʫʥʢʮʽʶ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ ʩʠʛʥʘʣʫ: 
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ɺʠʨʘʟʠ (4.3) ʪʘ ʚʠʨʘʟ (4.4) ʜʦʟʚʦʣʷʶʪʴ ʩʢʣʘʩʪʠ ʚʽʜʥʦʰʝʥʥʷ 

ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ: 
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     (4.5) 

 

ʈ̔ ʰʝʥʥʷ ʦ ʥʘʷʚʥʦʩʪʽ ʩʠʛʥʘʣʫ ʧʨʠʡʤʘʻʪʴʩʷ, ʷʢʱʦ ʚʽʜʥʦʩʠʥʠ 

ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ (4.5) ʧʝʨʝʚʽʩʠʪʴ ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ 0L  ʘʙʦ ʣʦʛʘʨʠʬʤ 

ʚʽʜʥʦʰʝʥʥʷ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ ʟʘʜʦʚʽʣʴʥʝ ʚʠʤʦʛʘʤ: 
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      (4.6) 

 

ɿʨʦʙʠʤʦ ʩʧʨʦʱʝʥʥʷ ʚʠʨʘʟʫ (4.6) ʦʪʨʠʤʘʻʤʦ ʚʠʤʦʛʠ ʚʠʟʥʘʯʝʥʥʷ ʪʘ 

ʣʦʢʘʣʽʟʘʮʽʾ ʩʠʛʥʘʣʫ ʪʝʧʣʦʚʦʛʦ ʨʘʜʽʦʚʠʧʨʦʤʽʥʶʚʘʥʥʷ: 
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ɿʽ ʪʝʦʨʽʾ ʨʘʜʽʦʣʦʢʘʮʽʾ (ɼʫʣʝʚʠʯ ɺ.ɽ.) ʚʽʜʦʤʦ, ʱʦ: 
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ʜʝ mF ï ʘʤʧʣʽʪʫʜʘ ʯʘʩʪʦʪʠ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ ʫ ʧʨʠʡʤʘʣʴʥʦʤʫ ʪʨʘʢʪʽ, 

2

0
sh

m

E
F

s
= ï ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʰʫʤʫ. 

ɿ ʘʥʘʣʽʟʫ ʚʠʨʘʟʫ (4.8) ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʦʧʪʠʤʘʣʴʥʘ 

ʧʨʦʮʝʜʫʨʘ ʚʠʷʚʣʝʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ, ʷʢʘ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʘʤ (4.7) 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʠʢʦʥʘʥʥʷ ʜʝʪʝʢʪʫʚʘʥʥʷ ʪʘ ʽʥʪʝʛʨʫʚʘʥʥʷ. 

ɺʠʟʥʘʯʠʤʦ ʜʘʣʴʥʽʩʪʴ ʪʘ ʨʦʟʨʽʟʥʝʥʥʷ ʩʠʛʥʘʣʽʚ ʦʙôʻʢʪʽʚ ʧʨʠ ʧʘʩʠʚʥʦʤʫ 

ʚʠʟʥʘʯʝʥʥʽ ʧʦ ʧʦʙʽʯʥʦʤʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʤʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ (ʇɽʄɺ). 

ɼʘʣʴʥʽʩʪʴ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʯʫʪʢʽʩʪʶ ʧʨʠʡʤʘʯʘ ʪʘ ʧʦʪʫʛʦʶ ʷʢʘ ʧʦʩʪʫʧʝ ʥʘ 

ʝʛʦ ʚʭʽʜ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʜʘʣʴʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʟʨʦʙʠʤʦ ʥʘʩʪʫʧʥʽ 

ʧʨʠʧʫʱʝʥʥʷ: 

1.ʇʦʪʫʛʘ ʇɭʄɺ ʟ ʧʦʚʝʨʭʥʽ iS  ʧʦʩʪʽʡʥʘ ʫ ʚʩʽʭ ʥʘʧʨʷʤʢʘʭ. 

2.ʇʨʠʡʤʘʣʴʥʘ ʘʥʪʝʥʘ ʩ ʝʬʝʢʪʠʚʥʦʶ ʧʦʚʝʨʭʥʽʩʪʶ ɸ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ 

ʚʽʜʩʪʘʥʽ R ʚʽʜ ʧʦʚʝʨʭʥʽ iS. ʇʦʚʝʨʭʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʪʝʣʷ ʪʘ ʘʥʪʝʥʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʢ ʟôʻʜʥʘʶʯʠʡ ʾʭ ʣʽʥʽʾ. 

3.ɺʽʜʩʪʘʥʴ R ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦ. 

 ʊʦʜʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʢʦʥʫ ʈʝʣʝʷ (4.1), ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʧʦʚʥʫ 

ʧʦʪʫʛʫ ʨʘʜʽʦʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʧʦʚʝʨʭʥʽʩʪʽ iS : 
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ʜʝ ̔ʊï ʫʜʘʚʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙôʻʢʪʘ. 

ʗʢʱʦ ʧʦʣʦʩʘ ʧʨʠʡʤʘʯʘ fD, ʪʦʜʽ ʧʦʚʥʘ ʧʦʪʫʛʘ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ 

ʡʦʛʦ ʚʭʦʜʽ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʚʠʨʘʟʦʤ: 

 

2 2

2 i i
p

k ST
A fP

Rl

Ö Ö
= Ö ÖD.                                 (4.10) 
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ʇʨʠʡʤʘʻ ʜʦ ʫʚʘʛʠ, ʱʦ ʘʥʪʝʥʥʘ ʩʠʩʪʝʤʘ ʧʨʠʡʤʝ ʪʽʣʴʢʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ 

ʢʦʣʠʚʘʥʥʷ ʪʽʣʴʢʠ ʚʠʟʥʘʯʝʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ, ʪʦʙʪʦ ʙʫʜʝ ʧʨʠʡʥʷʪʘ ʪʽʣʴʢʠ 

ʧʦʣʦʚʠʥʘ ʫʩʽʡ ʧʦʪʫʛʠ.  

ɺʚʝʜʝʤʦ ʢʦʝʬʽʮʽʻʥʪ ʥʘʧʨʘʚʣʝʥʦʾ ʜʽʾ ʫ ʛʦʣʦʚʥʦʤʫ ʥʘʧʨʷʤʢʫ D,ʪʦʜʽ 

ʙʫʜʝʤʦ ʤʘʪʠ: 

24

i i
p

D k ST
A fP

Rp

Ö Ö
= Ö ÖD.                              (4.11) 

ʗʢʱʦ minpP P> ,ʪʦʙʪʦ ʧʦʪʫʛʘ ʩʠʛʥʘʣʫ ʙʫʜʝ ʙʽʣʴʰʝ ʥʽʞ ʤʽʥʽʤʘʣʴʥʘ 

ʧʦʪʫʛʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʨʠʡʤʘʥʥʷ ʩʠʛʥʘʣʫ ʪʦ ʦʙôʻʢʪ ʙʫʜʝ ʚʠʟʥʘʯʝʥʦ ʪʘ 

ʣʦʢʘʣʽʟʦʚʘʥʦ. 

ɺʠʨʘʟ ʜʣʷ ʤʽʥʽʤʘʣʴʥʦʾ ʧʦʪʫʛʠ ʤʘʻ ʚʠʛʣʷʜ: 

 

min p

f

f
k T NnP V

t

D
= Ö Ö Ö Ö Ö,                     (4.12) 

 

 ʜʝ pn -ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ /ʰʫʤ; 

N -ʢʦʝʬʽʮʽʻʥʪ ʰʫʤʫ; 

V-ʢʦʝʬʽʮʽʻʥʪ ʚʠʟʥʘʯʘʶʯʽʡ ʪʠʧ ʧʨʠʡʤʘʯʘ; 

ft -ʧʦʩʪʽʡʥʘ ʯʘʩʫ ʧʨʠʡʤʘʯʘ. 

ʊʦʜʽ ʤʘʢʩʠʤʘʣʴʥʘ ʜʘʣʴʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ 

ʚʠʨʘʟʦʤ: 

 

max
4 min

D Sifk TR ʦi
Pp

Ö
D Ö Ö Ö= Ö ,                       (4.13) 

 

ʜʝ ʦiT -ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠʡʤʘʻʪʴʩʷ 300ʂ. 

ʊʦʜʽ ʚʠʨʘʟ (4.13) ʤʦʞʣʠʚʦ ʧʝʨʝʪʚʦʨʠʪʠ ʫ ʚʠʛʣʷʜ: 

4
max 4f

D Si
Tf iR Nn Toip

t pV

Ö
Ö Ö= D Ö

Ö
.              (4.15) 
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ɸʙʦ ʚʠʢʦʥʫʶʯʠ ʟʘʤʽʥʫ D  ʥʘ ʝʬʝʢʪʠʚʥʫ ʧʦʚʝʨʭʥʽʩʪʴ ɸ ʦʪʨʠʤʘʻʤʦ: 

4
max 2f

ɸ Si
Tf iR Nn Toip

t
Vl
Ö Ö= D Ö

Ö
.              (4.16) 

ɺʠʨʘʟ (4.16) ʻ ʦʩʪʘʪʦʯʥʠʡ ʚʠʨʘʟ ʚʠʟʥʘʯʝʥʥʷ ʜʘʣʴʥʦʩʪʽ ʜʦ ʦʙôʻʢʪʫ. ɿ 

ʮʴʦʛʦ ʚʠʨʘʟʫ ʤʦʞʣʠʚʦ ʚʠʷʚʠʪʠ ʚʧʣʠʚ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʜʘʣʴʥʽʩʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʦʙôʻʢʪʽʚ. 

ɺʠʟʥʘʯʠʤʦ ʜʘʣʴʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʦʙôʻʢʪʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʣʦʱʠʥʠ 

ʘʥʪʝʥʠ. 

ʉʣʽʜ ʨʦʟʫʤʽʪʠ ʱʦ ʧʨʠ ʧʦʰʫʢʫ ɿʅʆɯ ʫ ʧʨʠʤʽʱʝʥʥʽ ʝʬʝʢʪʠʚʥʘ ʧʣʦʱʠʥʘ 

ʘʥʪʝʥʠ ʤʘʻ ʟʘʜʘʥʽ ʨʦʟʤʽʨʠ ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʤʽʨʦʤ ʧʨʠʤʽʱʝʥʥʷ. ɼʦʚʞʠʥʫ 

ʭʚʠʣʽ ʧʨʠʡʤʘʻʤʦ ʤʘʢʩʠʤʘʣʴʥʫ ʟʽ ɯʏ ʜʽʘʧʘʟʦʥʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʦʜʽ ʛʨʘʬʽʢ 

ʟʘʣʝʞʥʦʩʪʽ ʜʘʣʴʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ ʨʠʩ. 4.2.  

 
 

ʈʠʩ. 4.2. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʜʘʣʴʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʦʙôʻʢʪʘ  

ʚʽʜ ʝʬʝʢʪʠʚʥʦʾ ʧʣʦʱʠʥʠ ʘʥʪʝʥʠ 

ɿ ʥʘʚʝʜʝʥʦʛʦ ʛʨʘʬʽʢʘ ʙʘʯʠʤʦ ʱʦ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʤʽʨʫ 

ʘʥʪʝʥʠ, ʜʘʣʴʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʟʨʦʩʪʘʻ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ ʽ ʛʨʘʬʽʢ ʥʘʚʝʜʝʥʠʡ ʥʘ 

ʨʠʩ. 4.3. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʜʘʣʴʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʽ 

ʝʬʝʢʪʠʚʥʦʾ ʧʣʦʱʠʥʠ ʘʥʪʝʥʠ. 
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ʈʠʩ. 4.3. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʜʘʣʴʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ  

ʚʜ̔ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʪʘ ʝʬʝʢʪʠʚʥʦʾ ʧʣʦʱʠʥʠ ʘʥʪʝʥʠ 

ɿ ʥʘʚʝʜʝʥʠʭ ʛʨʘʬʽʢʽʚ ʙʘʯʠʤʦ, ʱʦ ʜʘʣʴʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ʦʙôʻʢʪʘ, 

ʘ ʧʽʜ ʦʙôʻʢʪʦʤ ʤʠ ʚʠʟʥʘʯʘʻʤʦ ʩʠʛʥʘʣ ɿʅʆɯ, ʟʨʦʩʪʘʻ ʚʽʜ 40 ʩʤ ʜʦ 2 ʤ, ʱʦ ʝ 

ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʫ ɿʅʆɯ ʫ ʧʨʠʤʽʱʝʥʥʽ ʩʝʨʝʜʥʽʭ ʨʦʟʤʽʨʽʚ. 

ʇʨʠʡʤʘʻ ʜʦ ʫʚʘʛʠ, ʱʦ ʮʠʬʨʦʚʽ ɿʅʆɯ ʧʨʠ ʩʚʦʾʡ ʨʦʙʦʪʽ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʥʘʛʨʽʚʘʶʪʴʩʷ, ʪʦʙʪʦ ʥʝ ʚʠʧʨʦʤʽʥʶʶʪʴ, ʜʘʣʴʥʽʩʪʴ ʱʝ ʟʤʝʥʰʫʻʪʴʩʷ. ɺʠʭʦʜʷʯʠ 

ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ ʤʝʪʦʜʠʢʫ ʧʦʰʫʢʫ ʎɿʅʆɯ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʣʝʥʛʘʮʽʾ 

ʇɽʄɺ, ʨʦʟʛʣʷʜʘʪʠ ʪʘ ʫʜʦʩʢʦʥʘʣʶʚʘʪʠ ʥʝ ʙʫʜʝʤʦ. 

 

4.4. ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪ ̔ʩʠʩʪʝʤʠ ʣʦʢʘʣʽʟʘʮʽʾ ʮʠʬʨʦʚʠʭ 

ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

 

ʗʢ ʚʞʝ ʚʽʜʤʽʯʘʣʦʩʴ ʫ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʜʽʣʘʭ, ʫ ʩʫʯʘʩʥʦʤʫ ʝʬʽʨʽ ʤʘʶʪʴ 

ʤʽʩʪʦ ʧʝʨʝʰʢʦʜʠ, ʷʢʱʦ ʫ ʤʝʪʦʜʠʢʘʭ ʚʠʷʚʣʝʥʥʷ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʮʝ ʧʠʪʘʥʥʷ 

ʨʦʟʛʣʷʜʘʣʦʩʴ, ʪʦʜʽ ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʥʫʪʴ ʮʝ ʧʠʪʘʥʥʷ ʧʨʠ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ 

ʣʦʢʘʣʽʟʘʮʽʾ. ʊʦʤʫ ʱʦ ʧʠʪʘʥʥʷ ʧʝʨʝʰʢʦʜ ʪʘ ʰʫʤʫ ʤʘʶʪʴ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ ʷʢ ʫ 
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ʧʨʦʮʝʩʽ ʚʠʷʚʣʝʥʥʷ ʪʘʢ ʽ ʫ ʧʨʦʮʝʩʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʥʛʘʣʫ ɿʅʆɯ. ɿ ʮʝʡ ʤʝʪʦʶ 

ʨʦʟʛʣʷʥʝʤʦ ʧʠʪʘʥʥʷ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʧʨʠ ʨʦʟʛʣʷʜʘʥʥʽ ʧʨʦʮʝʩʫ ʣʦʢʘʣʽʟʘʮʽʾ. 

ʇʨʘʢʪʠʯʥʦ ʫʩʽ ʤʝʪʦʜʠ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʧʨʠʡʤʘʥʥʷ ʩʠʛʥʘʣʽʚ ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʧʨʠʥʮʠʧʽ ʫʩʝʨʝʜʥʝʥʥʷ ʩʠʛʥʘʣʫ ʪʘ ʧʝʨʝʰʢʦʜʠ. ʇʨʠʥʮʠʧ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ ʱʦ 

ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʦʮʝʩ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ, ʧʨʠʯʦʤʫ ʩʠʛʥʘʣ ʧʽʜʩʫʤʦʚʫʻʪʴʩʷ 

ʢʦʛʝʨʝʥʪʥʦ, ʘ ʩʠʛʥʘʣ ʧʝʨʝʰʢʦʜʠ ʥʝʢʦʛʝʨʝʥʪʥʦ. ɿ ʤʝʪʦʶ ʫʩʝʨʝʜʥʝʥʥʷ ʩʠʛʥʘʣʫ 

ʪʘ ʧʝʨʝʰʢʦʜʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʣʽʥʽʡʥʽ ʩʠʩʪʝʤʠ ʜʚʦʭ ʪʠʧʽʚ: ʚʫʟʴʢʦʩʤʫʛʦʚʽ 

ʬʽʣʴʪʨʠ ʪʘ ʬʽʣʴʪʨʠ ʥʠʞʥʽʭ ʯʘʩʪʦʪ, ʧʨʠ ʮʴʦʤʫ ʤʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʬʽʣʴʪʨʠ ʥʠʞʥʽʭ ʯʘʩʪʦʪ ʘʙʦ ʚʫʟʴʢʦʩʤʫʛʦʚʽ ʬʽʣʴʪʨʽ. 

ɼʣ̫ ʨʦʟʛʣʷʜʫ ʧʠʪʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʧʝʨʝʰʢʦʜ, ʟʨʦʙʠʤʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ 

ʩʘʤ ʚʫʟʴʢʦʩʤʫʛʦʚʠʡ ʬʽʣʴʪʨ ʥʝ ʚʥʦʩʠʪʴ ʩʧʦʪʚʦʨʝʥʥʷ ʚ ʬʦʨʤʫ ʧʨʦʡʰʦʚ ʯʝʨʝʟ 

ʥʴʦʛʦ ʩʠʛʥʘʣʫ. ɯʜʝʘʣʴʥʠʡ ʩʤʫʛʦʚʠʡ ʬʽʣʴʪʨ ʮʝ ʬʽʣʴʪʨ ʟ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʚʠʜʫ: 
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 ,              (4.17) 

 

ʜʝwD  ï ʧʦʣʦʩʘ ʧʨʦʟʦʨʦʩʪʽ ʬʽʣʴʪʨʘ. 

ɼʣʷ ʽʜʝʘʣʴʥʦʛʦ ʬʽʣʴʪʨʫ ʝʬʝʢʪʠʚʥʘ ʧʦʣʦʩʘ ʝwD  ʪʘ ʧʦʣʦʩʘ ʥʘ ʨʽʚʥʝ 

20,707 w-D  ʜʦʨʽʚʥʶʻ ʧʦʣʦʩʽ ʧʨʦʟʦʨʦʩʪʽ ʬʽʣʴʪʨʘ wD . 

ɼʣʷ ʬʽʣʴʪʨʽʚ ʚʽʨʥʠʤ ʻ ʜʦʧʫʱʝʥʥʷ, ʱʦ wD << 0wD / 

ɺʽʜʧʦʚʽʜʥʘ ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ (4.17) ʽʤʧʫʣʴʩʥʘ ʧʝʨʝʭʽʜʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʫʜʝ ʚʠʟʥʘʯʷʪʴʩʷ ʚʠʨʘʟʦʤ: 
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.                              (4.18) 
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ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ ʱʦ ʩʠʛʥʘʣ ʮʠʬʨʦʚʦʛʦ ɿʅʆɯ ʻ ʽʤʧʫʣʴʩ, ʦʙʯʠʩʣʠʤʦ 

ʦʛʠʥʘʶʯʫ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʽʜʝʘʣʴʥʦʛʦ ʬʽʣʴʪʨʘ ʧʨʠ ʚʧʣʠʚʽ ʥʘ ʥʴʦʛʦ 

ʧʨʷʤʦʢʫʪʥʦʛʦ ʽʤʧʫʣʴʩʫ ʪʨʠʚʘʣʽʩʪʶ T : 

 

] [] [
0cos 0

( )
0 ,0 ,

m t ʷʢʱʦ t TX
x t

ʷʢʱʦ U T

w ¢ ¢ë
=ì

-¤ ¤í
,                      (4.19) 

 

ʜʝmX  ʦʛʠʥʘʶʯʘ ʩʠʛʥʘʣʫ ( )x t  ʥʘ ʚʭʦʜʽ ʬʽʣʴʪʨʘ 

ʉʢʦʨʠʩʪʫʶʯʠʩʴ ʪʝʦʨʝʤʦʶ ʧʨʦ ʦʙʚʽʜʥʫ ʥʘʧʨʫʛʠ ʚʫʟʴʢʦʩʤʫʛʦʚʦʛʦ 

ʬʽʣʴʪʨʫ ʟʘʧʠʰʝʤʦ ʚʠʨʘʟ ʜʣʷ ʦʛʠʥʘʶʯʠʡ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʬʽʣʴʪʨʘ: 

 

1
( ) ( ) ( )

2 m

j t
m fn Xt j j dtS eY K

ww w
p

¤

-¤

= ñ ,                      (4.20) 

 

ʜʝ ( )
m

j t
mX j dtS eX

ww
¤

-

-¤

=ñ -ʘʤʧʣʽʪʫʜʥʠʡ ʩʧʝʢʪʨ ʦʛʠʥʘʶʯʠʡ ʩʠʛʥʘʣʫ ( )x t . 

fnK  ï ʢʦʤʧʣʝʢʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʬʽʣʴʪʨʘ ʥʠʞʥʽʭ ʯʘʩʪʦʪ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ: 

1
2 2

( )

0 , ,
2 2

fn

ʷʢʱʦ

jK

ʷʢʱʦ U

w w
w

w
w w

D Dë
- ¢ ¢îî

=ì
D Dø è ø èî -¤ ¤ù é ù éî ú ê ú êí

.            (4.21) 

 

ʇʨʦʚʝʜʝʤʦ ʧʽʜʩʪʘʥʦʚʢʫ ʚʠʨʘʟʫ (4.21) ʫ ʚʠʨʘʟ (4.20) ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ: 

 

( )( ) ( ) ( ( ))
2

m
m

X
t Si t Si t TY w w

p
= D - D -,                    (4.26) 

ʜʝ 
0

sin
( )

z t
Si z dt

t
=ñ ï ʽʥʪʝʛʨʘʣʴʥʠʡ ʩʠʥʫʩ. 
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ʅʘ ʨʠʩ. 4.4, ʧʨʠʚʝʜʝʥʦ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʪʨʠʚʘʣʦʩʪʽ ʚʧʣʠʚʘʶʯʦʛʦ 

ʧʨʷʤʦʢʫʪʥʦʛʦ ʽʤʧʫʣʴʩʫ (ʨʦʟʦʚʽʡ ʢʦʣʽʨ ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ T=1, ʯʝʨʚʦʥʠʡ 

ʢʦʣʽʨ T=10, ʟʝʣʝʥʠʡ ʢʦʣʽʨ T=15 ʪʘ ʯʦʨʥʠʡ ʢʦʣʽʨ T=20) ʚʽʜ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪʠ 

(ʧʦʣʦʩʠ ʧʨʦʟʦʨʦʩʪʽ ʬʽʣʴʪʨʫ). ɿ ʥʘʚʝʜʝʥʠʭ ʛʨʘʬʽʢʽʚ ʙʘʯʠʤʦ ʩʫʪʪʻʚʽ ʚʽʜʟʥʘʢʠ 

ʚʭʽʜʥʦʛʦ ʧʨʷʤʦʢʫʪʥʦʛʦ ʽʤʧʫʣʴʩʫ ʚʽʜ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, 

ʩʧʦʪʚʦʨʝʥʥʷ ʚʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ ʟʨʦʩʪʘʻ ʧʨʠ ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʪʨʠʚʘʣʦʩʪʽ. ʎʝ 

ʩʧʦʪʚʦʨʝʥʥʷ ʬʦʨʤʠ ʽʤʧʫʣʴʩʫ ʤʦʞʣʠʚʦ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʚʽʜʥʦʰʝʥʥʷʤ 

ʪʨʠʚʘʣʦʩʪʽ ʬʨʦʥʪʫ ʦʛʠʥʘʶʯʠʡ ʽʤʧʫʣʴʩʫ ʥʘ ʚʠʭʦʜʠ ʬʽʣʴʪʨʘ ʢ ʪʨʠʚʘʣʦʩʪʽ 

ʦʛʠʥʘʶʯʠʡ ʚʠʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ.  

 

 

ʈʠʩ. 4.4 ɻʨʘʬʽʢ ʦʛʠʥʘʶʯʠʡ ʥʘʧʨʫʛʠ ʧʨʠ ʚʧʣʠʚʽ ʧʨʷʤʦʢʫʪʥʦʛʦ ʽʤʧʫʣʴʩʫ 

ʩʠʛʥʘʣʫ. 

ʎʝ ʩʚʽʜʯʠʪʴ ʦ ʪʦʤ ʱʦ ʢʦʨʦʪʢʦʯʘʩʥʽ ʧʨʷʤʦʢʫʪʥʽ ʩʠʛʥʘʣʠ ʤʦʞʣʠʚʦ 

ʚʠʜʽʣʷʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʤʫʛʦʚʠʡ ʬʽʣʴʪʨʫ. 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ʧʝʨʝʰʢʦʜʠ, ʚʠʟʥʘʯʤʦ ʢʦʝʬʽʮʽʻʥʪ 

ʘʚʪʦʢʦʨʝʣʷʮʽʾ ʙʽʣʦʛʦ ʰʫʤʫ ʤʠʥʫʣʠʡ ʯʝʨʝʟ ʩʤʫʛʦʚʠʡ ʬʽʣʴʪʨ: 
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2

0

2

0

( )cos

( )

( )
w

tdtK

R
dK

w w
t

w w

¤

¤

ñ
=

ñ

.                               (4.27) 

 

ʇʨʦʚʦʜʷʯʠ ʧʽʜʩʪʘʥʦʚʢʫ ʚʠʨʘʟʫ (4.21) ʫ ʚʠʨʘʟ (4.27) ʦʪʨʠʤʘʻʤʦ: 

 

0

0

0 0
2

2

sin sin
1 2 2

( ) cosw dR

w

w

w

w

w w
t tw w

t wt w
w wt

D
+

D
-

D Då õ å õ
+ Ö - - Öæ ö æ ö

ç ÷ ç ÷= =ñ
D D

.   (4.28) 

ɸʙʦ                                                        0( ) ( )cosw wR rt tt w= ,          (4.29) 

ʜʝ 
sin( )

2( )

2

wr

t
w

t
t
w

D
=

D

 ï ʦʛʠʥʘʶʯʘ ʢʦʝʬʽʮʽʻʥʪʘ ʘʚʪʦʢʦʨʝʣʷʮʽʾ ʧʨʦʮʝʩʫ ʥʘ 

ʚʠʭʦʜʽ ʩʤʫʛʦʚʦʛʦ ʬʽʣʴʪʨʘ. 

ɺ ʟʚôʷʟʢʫ ʟ ʪʽʤ ʱʦ ʩʠʛʥʘʣ ʎɿʅʆɯ ʻ ʩʠʛʥʘʣʦʤ ʧʨʷʤʦʢʫʪʥʦʛʦ ʽʤʧʫʣʴʩʫ, ʟ 

ʦʛʠʥʘʶʯʠʡ ʪʘʢʦʞ ʦʛʠʥʘʶʯʠʡ ʪʨʠʚʘʣʽʩʪʶ Tʚʠʨʘʟ ʤʘʻ ʚʠʛʣʷʜ: 

] [] [

0 0
cos( ) ,0

0 , ,
s

A t T
y

t U t

jw
ë

+ ¢ ¢î
=ì
î -¤ ¤í

.                         (4.30) 

 

ʊʦʜ̔ ʯʠʩʝʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘʮʽʾ ʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʬʣ̔ʴʪʨʘ ʚʽʟʴʤʫʪʴ ʚʠʛʣʷʜ: 

 

] [ ] [

22
1

01

2
1 01

(1 ), 0
[ ( )]

[ ( )], , ,

yN

NyN

t TqA
tm z

t t U tmA z

s

s

ä

ë
+ ¢ ¢î

=ì
î = -¤ ¤í

,    (4.31) 

 

 ʜʝ 01[ ( )]N tm z -ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʾ ʬʣʫʢʪʫʘʮʽʾ 

ʧʝʨʝʰʢʦʜʠ. 
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,  (4.32) 

 

ʜʝ 0( )zNR t-ʢʦʝʬʽʮʽʻʥʪ ʘʚʪʦʢʦʨʝʣʷʮʽʾ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʾ ʬʣʫʢʪʫʘʮʽʾ 

ʧʝʨʝʰʢʦʜʠ. 

 

] [ ] [

24 22
2 1 0

4 22
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( 2 ) , 01( )

, , ,

yN z
z N z N

yN zN

t TqAtD

t U tA
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= =ì
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.       (4.33) 

 

ʇʨʦʮʝʩ ʫ ʷʢʦʛʦ ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʪʘ ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ ʥʝ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʫ, ʥʘ ʚʠʟʥʘʯʝʥʦʤʫ ʬʽʢʩʦʚʘʥʦʤʫ ʽʥʪʝʨʚʘʣʝ ʯʘʩʽ, ʥʘʟʠʚʘʻʪʴʩʷ 

ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʤ. ʊʦʜʽ ʧʨʦʮʝʩ ʥʘ ʚʠʭʦʜʽ ʬʽʣʴʪʨʘ ʻ ʧʨʠ ʚʧʣʠʚʝ ʥʘ ʥʴʦʛʦ 

ʘʜʠʪʠʚʥʦʾ ʩʫʤʽʰʽ ʩʠʛʥʘʣʫ ʪʘ ʧʝʨʝʰʢʦʜʠ ʙʫʜʝ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʤ.  

ɼʣʷ ʣʽʥʽʡʥʦʛʦ ʬʽʣʴʪʨʫ ʯʠʩʝʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘʮʽʾ 

ʧʨʠʡʤʘʶʪʴ ʚʠʛʣʷʜ: 

2
1

01[ ( )]
2

yA
tm z

s

p

ä

ä = ;                                (4.34) 

2
0( ) ( )z yNR rt tä º ;                                   (4.35) 

2
12

0
8

y

z

As
s

p

ä

ä = ,                                       (4.36) 

 

ʜʝ 2 yy Ds ää= ï ʜʠʩʧʝʨʩʽʷ ʩʫʤʘʨʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʚʭʦʜʽ ʬʽʣʴʪʨʘ, ʷʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ: 

2 2 2
y yS yNs s sä= + ,                                       (4.37) 

 

ʜʝ 2 2,ʫs ysys yND Ds s= = ʜʠʩʧʝʨʩʽʾ ʩʠʛʥʘʣʫ ʪʘ ʧʝʨʝʰʢʦʜʠ ʥʘ ʚʭʦʜʽ ʬʽʣʴʪʨʫ. 
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ʆʙʯʠʩʣʠʤʦ ʬʫʥʢʮʽʾ ʚʟʘʻʤʥʦʾ ʢʦʨʝʣʷʮʽʾ 0 0( ), ( )N t tz zä  ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ. 

ʇʨʠ ʩʠʛʥʘʣʝ ʟ ʧʝʨʝʰʢʦʜʘʤʠ, ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʜʣʷ ʟʤʽʰʘʥʦʛʦ 

ʩʠʛʥʘʣʫ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ( ), ( )N t tz zä  ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʚʠʨʘʟʦʤ: 
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= ³ñ ñ

³ = ³ñ ñ

³

             (4.38) 

ʜʝ 2 1 2[ ( ), ( )]Nw t tz zä  ï ʜʚʦʤʽʨʥʘ ʱʽʣʴʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʩʪʘʮʽʦʥʘʨʥʠʭ 

ʥʦʨʤʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ( ), ( )
N

t ty y
ä
ʚʠʭʦʜʷʯʠ ʟ ʪʦʛʦ ʱʦ ʢʦʝʬʽʮʽʻʥʪ 

ʘʚʪʦʢʦʨʝʣʷʮʽʾ ʫ ʦʙʦʭ ʩʠʛʥʘʣʽʚ ʦʜʥʘʢʦʚʦ ʪʘ ʜʦʨʽʚʥʶʻ ( )yNR tʤʦʞʣʠʚʦ ʟʘʧʠʩʘʪʠ 

ʚʠʨʘʟ ʜʣʷ 2 1 2[ ( ), ( )]Nw t tz zä -ʜʚʦʤʽʨʥʦʾ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʫ ʚʠʛʣʷʜʽ: 
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.                  (4.39) 

ɺʠʢʦʥʘʚʰʠ ʧʽʜʩʪʘʥʦʚʢʫ ʚʠʜʫ: 
1 2( ) ( )

,N N

yN y

y yt t
x y

s sä
= = ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ: 
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1 1 2
2
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2 ( )
[ ( ), ( )] exp

2(1 ( ))1 ( )2 yN

yN y yN
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yN

xy yxA R
dxdym t tz z

RR

ts s

ttp
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å õ- +
= Ö -ñ ñæ ö

-- ç ÷
. (4.40) 

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʨʝʣʷʮʽʾ (ʚʟʘʻʤʦʟʚôʷʟʢʫ 

ʩʠʛʥʘʣʫ ʪʘ ʧʝʨʝʰʢʦʜʠ) ʥʘ ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ, ʪʦʙʪʦ ʚʧʣʠʚ ʧʝʨʝʰʢʦʜʠ 

ʥʘ ʩʠʛʥʘʣ, ʧʨʦʚʝʜʝʤʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ.  

ɼʣʷ ʦʮʽʥʢʠ ʩʠʣʠ ʟʚ'ʷʟʢʫ ʚ ʪʝʦʨʽʾ ʢʦʨʝʣʷʮʽʾ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʰʢʘʣʘ 

ʘʥʛʣʽʡʩʴʢʦʛʦ ʩʪʘʪʠʩʪʠʢʘ ʏʝʜʜʦʢʘ: ʩʣʘʙʢʘ ï ʚʽʜ 0,1 ʜʦ 0,3; ʧʦʤʽʨʥʘ ï ʚʽʜ 0,3 

ʜʦ 0,5; ʧʦʤʽʪʥʘ ï ʚʽʜ 0,5 ʜʦ 0,7; ʚʠʩʦʢʘ ï ʚʜ̔ 0,7 ʜʦ 0,9; ʚʝʣʴʤʠ ʚʠʩʦʢʘ (ʩʠʣʴʥʘ) 

ï ʚʽʜ 0,9 ʜʦ 1,0. 
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ʊʦʤʫ ʧʦʩʣʽʜʦʚʥʦ ʚʠʙʝʨʝʤʦ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʜʣʷ ʩʣʘʙʢʦʾ, ʧʦʤʽʨʥʦʾ 

ʪʘ ʚʠʩʦʢʦʾ ʩʠʣʠ ʟʚôʷʟʢʫ ʚʽʜʧʦʚʽʜʥʦ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4.5 ï 4.7. 

 

ʈʠʩ. 4.5. ɼʚʦʤʽʨʥʘ ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʩʠʛʥʘʣʫ  

ʧʨʠ yNR =0,1 (ʩʣʘʙʢʘ ʟʘʣʝʞʥʽʩʪʴ) 

 

 

ʈʠʩ. 4.6. ɼʚʦʤʽʨʥʘ ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʩʠʛʥʘʣʫ  

ʧʨʠ yNR =0,3 (ʧʦʤʽʨʥʘ ʟʘʣʝʞʥʽʩʪʴ) 
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ʈʠʩ. 4.7. ɼʚʦʤʽʨʥʘ ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʩʠʛʥʘʣʫ  

ʧʨʠ yNR =0,9 (ʚʠʩʦʢʘ ʟʘʣʝʞʥʽʩʪʴ) 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʅʘ ʢʦʞʥʦʤʫ ʟ ʛʨʘʬʽʢʽʚ 

ʚʟʷʣʠ ʢʨʘʧʢʫ ʟ ʦʜʥʘʢʦʚʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʽʜʥʦʩʥʠʭ ʚʝʣʠʯʠʥ ʩʠʛʥʘʣʫ ʪʘ 

ʧʝʨʝʰʢʦʜʠ.  

ʗʢ ʙʘʯʠʤʦ ʟ ʥʘʚʝʜʝʥʠʭ ʛʨʘʬʽʢʽʚ (ʜʠʚ. ʨʠʩ. 4.5 ï 4.7), ʟ ʟʙʽʣʴʰʝʥʥʷʤ 

ʢʦʨʝʣʷʮʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʣʘʙʢʦʾ ʜʦ ʚʠʩʦʢʦʾ, ʚʝʣʠʯʠʥʘ ʱʽʣʴʥʦʩʪʽ 

ʨʦʟʧʦʜʽʣʫ ʩʠʛʥʘʣʫ ʟʨʦʩʪʘʻ, ʱʦ ʩʚʽʜʯʠʪʴ ʦ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʩʠʛʥʘʣʫ ʪʘ 

ʧʝʨʝʰʢʦʜʠ, ʟʤʝʥʰʝʥʥʷ ʩʠʛʥʘʣʫ ʧʝʨʝʰʢʦʜʠ ʟʘ ʨʘʭʫʥʦʢ ʬʽʣʴʪʨʘʮʽʾ.   

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ ʧʝʨʝʰʢʦʜʘ ʥʘ ʚʠʭʦʜʽ ʪʠʧʦʚʦʛʦ 

ʪʨʘʢʪʫ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠ ʚʧʣʠʚʽ ʥʘ ʡʦʛʦ ʚʭʦʜʽ ʘʜʠʪʠʚʥʦʾ ʧʝʨʝʰʢʦʜʠ ( )N t ʪʘ 

ʩʠʛʥʘʣʫ ( )S t : 

                                         ( ) ( ) ( )x t S t N t= + .                                       (4.41) 

 

ɿʨʦʙʠʤʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʩʠʛʥʘʣ ʪʘ ʧʝʨʝʰʢʦʜʘ ʻ ʩʪʘʮʽʦʥʘʨʥʠʤ ʙʽʣʠʤ 

ʰʫʤʦʤ, ʟ ʥʫʣʴʦʚʠʤ ʤʘʪʝʤʘʪʠʯʥʠʤ ʦʯʽʢʫʚʘʥʥʷʤ 1 1( ( )) ( ( )) 0S t N tm m= =, ʤʽʞ 

ʩʦʙʦʶ ʥʝʢʦʨʝʣʽʨʦʚʘʥʽ 1( ( )( ( )) 0S t N tm =  ʪʘ ʚʠʟʥʘʯʝʥʽ ʥʘ ʪʨʠʚʘʣʦʤʫ ʯʘʩʽ. ʊʦʜʽ 

ʤʦʞʣʠʚʦ ʟʘʧʠʩʘʪʠ ʚʠʨʘʟʠ: 
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2 2 2; ;s Ns s N Ne e e
f f fS S SD D Ds s sä ä ä= =D = =D = =D,     (4.42) 

 

ʜʝ 
e

fD ï ʝʬʝʢʪʠʚʥʘ ʩʤʫʛʘ ʧʨʦʟʦʨʦʩʪʽ ʬʽʣʴʪʨʘ; 

2
D sä ä=  ïʜʠʩʧʝʨʩʽʷ ʪʘ ʩʝʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʣʠʥʝ ʩʫʤʽʰʽ ʩʠʛʥʘʣʽʚ; 

2
s sD s= ïʜʠʩʧʝʨʩʽʷ ʪʘ ʩʝʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʣʠʥʝ ʩʠʛʥʘʣʫ; 

2
N ND s= ï ʜʠʩʧʝʨʩʽʷ ʪʘ ʩʝʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʣʠʥʝ ʧʝʨʝʰʢʦʜʠ; 

; ;s NS S Sä - ʩʧʝʢʪʨʘʣʴʥʽ ʱʽʣʴʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʩʫʤʽʰʽ ʩʠʛʥʘʣʫ, ʩʠʛʥʘʣʫ ʽ 

ʧʝʨʝʰʢʦʜʠ. 

ɿ ʧʨʠʡʥʷʪʠʭ ʥʘʤʠ ʧʨʠʧʫʱʝʥʴ ʩʣʽʜʫʻ: 

 

2 2 2
s Ns s sä= +  ʘʙʦ S ND D Dä= + .                                      (4.43) 

 

ʅʠʟʴʢʦʯʘʩʪʦʪʥʫ ʩʢʣʘʜʦʚʫ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʪʨʘʢʪʫ ʚʠʷʚʣʝʥʥʷ ʚ ʤʦʤʝʥʪ 

ʚʽʜʣʽʢʫ t T= , ʧʦʟʥʘʯʠʤʦ 0uä ,ʥʘʧʨʫʛʫ ʧʝʨʝʰʢʦʜʠ 0Nu ,ʥʘʧʨʫʛʫ ʩʫʤʽʰʽ 

ʩʠʛʥʘʣʫ 0uä .ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ 0Nu ʪʘ 0uä  ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ. 

ʇʦʷʚʘ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ ʪʨʘʢʪʫ ʚʠʟʥʘʯʝʥʥʷ ʫ ʤʦʤʝʥʪ ʯʘʩʫ t T=  ʚʠʢʣʠʯʝ 

ʟʤʽʥʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʾ ʩʢʣʘʜʦʚʦʾ ʥʘʧʨʫʛʠ ʥʘ 

ʚʠʭʦʜʽ ʪʨʘʢʪʫ, ʚʽʜ ʚʝʣʠʯʠʥʠ [ ]1 0( )N tm u ʜʦ[ ]1 0( )tm uä . ʎʝ ʟʙʽʣʴʰʝʥʥʷ ʩʠʛʥʘʣʫ 

ʥʘʟʚʝʤʦ ʢʦʨʠʩʥʠʤ ʩʠʛʥʘʣʦʤ, ʥʘʧʠʰʝʤʦ ʜʣʷ ʥʴʦʛʦ ʚʠʨʘʟ: 

 

[ ] [ ] [ ]1 0 1 0 1 0( ) ( ) ( )NC T T Tm u m u m uä= - =D .       (4.44) 

ʇʝʨʝʰʢʦʜʦʶ ʪʦʜʽ ʙʫʜʝ ʫ ʪʦʡ ʞʝ ʯʘʩ t T= ʙʫʜʝʤʦ ʚʠʟʥʘʯʘʪʴ 

ʩʝʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʬʣʫʢʪʫʘʮʽʾ ʚʠʧʘʜʢʦʚʦʾ ʡʤʦʚʽʨʥʦʾ ʚʝʣʠʯʠʥʠ, 

ʥʘʧʠʰʝʤʦ ʚʠʨʘʟ:  

 

( )
1

22 2
1 00 1

( ) ( ) ( )uN T T Tm uu msä ää
è ø= = - è øê úê ú

.     (4.45) 



273 

 

 

ɺʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ ʧʝʨʝʰʢʦʜʘ ʧʨʠ t T= ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 

 

[ ] [ ]

( )
1 0 1 0

1

22 2
1 00 1

( ) ( )

( ) ( )

NT TC m u m u

N
T Tm uu m

ä

ää

-
=

è ø- è øê úê ú

.              (4.46) 

 

ɺʠʨʘʟʠ (4.45 ï 4.46) ʻ ʚʠʟʥʘʯʝʥʥʷʤ ʩʠʛʥʘʣʫ, ʧʝʨʝʰʢʦʜʠ ʪʘ ʚʽʜʥʦʰʝʥʥʽ 

ʩʠʛʥʘʣ ʧʝʨʝʰʢʦʜʘ ʥʘ ʚʠʭʦʜʽ ʧʨʠʻʤʥʦʛʦ ʪʨʘʢʪʫ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʥʘʰʝ ʟʘʚʜʘʥʥʷ 

ʚʠʟʥʘʯʠʪʠ ʩʠʛʥʘʣ, ʧʝʨʝʰʢʦʜʫ ʪʘ ʽʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʯʝʨʝʟ ʚʽʜʧʦʚʽʜʥʽ 

ʧʘʨʘʤʝʪʨʠ ʥʘ ʚʭʦʜʽ ʧʨʠʻʤʥʦʛʦ ʪʨʘʢʪʫ. 

ʎʝʡ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʜʚʦʤʘ ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʘʣʴʥʠʤ 

ʪʘ ʯʘʩʦʚʠʤ. 

ʇʨʠ ʯʘʩʦʚʦʤʫ ʤʝʪʦʜʝ ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ʧʨʠʻʤʥʦʛʦ ʪʨʘʢʪʫ ʫ ʤʦʤʝʥʪ 

ʯʘʩʫ t T=  ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʚʠʨʘʟʦʤ: 

 

                                       
0

( ) ( ) ( )
T

u T T t z t dthd= -ñ ,                                 (4.47) 

 

ʜʝ hd -ʽʤʧʫʣʴʩʥʘ ʧʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʽʣʴʪʨʫ,( )z t  ï ʚʭʽʜʥʘ 

ʥʘʧʨʫʛʘ. 

ʄʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʮʝʡ ʥʘʧʨʫʛʠ ʧʨʠ ʚʧʣʠʚʝ ʥʘ ʚʭʽʜ ʩʫʤʽʰʽ 

ʩʠʛʥʘʣʫ ʪʘ ʧʝʨʝʰʢʦʜʠ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 

[ ] [ ]1 1
0

( ) ( ) ( )
T

T T t t dtm u h m zd ää = -ñ .                     (4.48) 

 

ɺ ʟʚôʷʟʢʫ ʟ ʪʽʤ ʱʦ zä ʧʨʦʮʝʩ ʩʪʘʮʽʦʥʘʨʥʠʡ, ʪʦ ʡʦʛʦ ʤʘʪʝʤʘʪʠʯʥʝ 

ʩʧʦʜʽʚʘʥʥʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ, ʪʦʜʽ ʤʘʻʤʦ: 
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[ ] [ ] [ ]1 1 1
0 0

( ) ( ) ( ) ( ) ( )
T T

T t T t dt t t dtm u m h m hz zd dä ää = - =ñ ñ .      (4.49) 

 

ɸʥʘʣʦʛʽʯʥʦ ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ, ʤʘʪʝʤʘʪʠʯʥʝ 

ʩʧʦʜʽʚʘʥʥʷ ʧʨʠ ʚʧʣʠʚʽ ʪʽʣʴʢʠ ʧʝʨʝʰʢʦʜʠ: 

 

[ ] [ ]1 1
0

( ) ( ) ( )
T

NN T t t dtm u m hz d= ñ .                         (4.50) 

 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʚʠʨʘʟʠ (4.48) ʪʘ (4.49) ʫ ʚʠʨʘʟ (4.44) ʦʪʨʠʤʘʻʤʦ: 

 

[ ]01
0

( ) ( )
T

C T t dtm hz d=D ñ ,                             (4.51) 

 

ʜʝ [ ] [ ] [ ]01 1 0 1 0( ) ( ) ( )Nt t tm m u m uz ä= -D  ʟʙʽʣʴʰʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʩʧʦʜʽʚʘʥʥʷ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʾ ʩʢʣʘʜʦʚʦʾ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ ʬʽʣʴʪʨʫ. 

ɼʠʩʧʝʨʩʽʷ ʬʣʫʢʪʫʘʮʽʡ ʥʘ ʚʠʭʦʜʽ ʬʽʣʴʪʨʫ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ ʚʠʟʥʘʯʘʻʪʴʩʷ: 

 

  ( )2 2 2
1 1

( ) ( )u u T Tm uD u msä ä ää
è ø= = - è øê úê ú

.          (4.52) 

ɿ ʚʠʨʘʟʫ: 

2
1 2 1 2 1 2( ) ( , ) ( , ) ( ) ( )T T T T T d du h t h t t t t tz zd d

¤ ¤

ä ää
-¤ -¤

= - -ñ ñ .      (4.53) 

ʄʘʻʤʦ: 

 
2

1 2 1 1 2 1 21 ( )] ( , ) ( , ) [ ( ) ( )][ T T T T T d du h t h t m t t t tz zm d d

¤ ¤

ä ää
-¤ -¤

= - -ñ ñ .          (4.54) 
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1 2

2
1 1 2 1 2 1 1 2

2 1 2

2
1 1 2 1 2 1 1 2

2 ( ) ( , ) ( , )

[ ( ) ( )] [ ( )] ( , ) ( , )

( , ) ( , ) ( , )

[ ( ) ( )] [ ( )]

u u
T T T T TD h t h t

d d t T T T Tm t t t t m h t h tz z z

T T T T T Th t h t h t

d d t d dm t t t t m t tz z z

d d

d d

d d d

s
¤ ¤

-¤ -¤

¤ ¤

ä ä ä
-¤ -¤

¤ ¤

-¤ -¤

ä ä ä

ä ä
= = - - ³ñ ñ

³ - - - ³ñ ñ

³ - = - - ³ñ ñ

³ -

      (4.55) 

 

ɿʨʦʙʠʤʦ ʟʘʤʽʥʫ: 2 2 2 1; ; ;t d d t dt dt t t tt t= - = = =ʪʦʜʽ ʙʫʜʝʤʦ ʤʘʪʠ: 

 

2 2 [ ( , ) ( ) ]u zu z h
T dQD Rt t ts s

¤

ä ää ä
-¤

= = ñ ,              (4.56) 

ʜʝ                           ( , ) ( , ) ( , )
h

T T T T t T dQ h t h td dt t
¤

-¤

= - - -ñ .            (4.57) 

[ ] [ ]1

2

2
1

( ) ( ) ( )
( )z

z

t t tm z z zm
R

t
t

s

ä ä ä

ä

+ -
= ,                (4.58) 

 

ʜʝ ( )zR tä  ï ʢʦʝʬʽʮʽʻʥʪ ʘʚʪʦ ʢʦʨʝʣʷʮʽʾ, 2
z zD sä ä= ïʜʠʩʧʝʨʩʽʷ ʧʨʦʮʝʩʫ 

ʧʨʠ ʚʧʣʠʚʝ ʥʘ ʚʭʦʜʽ ʩʫʤʠ ʩʠʛʥʘʣʫ ʪʘ ʧʝʨʝʰʢʦʜʠ. 

ʇʨʠʡʤʘʻʤʦ ʱʦ ʟʛʽʜʥʦ ʚʠʨʘʟʫ (4.45) ʧʝʨʝʰʢʦʜʘ: ( )uN Tsä= ʪʦʜʽ ʙʫʜʝʤʦ 

ʤʘʪʠ: 

1

2

0( ) [ ( , ) ( ) ]u zhN T T dQ Rt t ts sä ä

¤

ä
-¤

= = ñ .              (4.59) 

 

ɺ ʟʚôʷʟʢʫ ʟ ʪʽʤ ʱʦ ʛʦʣʦʚʥʠʤ ʬʘʢʪʦʨʦʤ ʚʠʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ɿʅʆɯ ʻ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ, ʟʥʘʡʜʝʤʦ ʚʠʨʘʟ ʜʣʷ ʧʝʨʝʰʢʦʜʠ ʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ 

ʚʠʛʣʷʜʽ. 

ɼʣʷ ʮʴʦʛʦ ʩʢʦʨʠʩʪʘʡʤʦʩʴ ʪʝʦʨʝʤʦʶ ɺʽʥʝʨʘ-ʍʽʥʯʽʥʘ, ʷʢʘ ʚʩʪʘʥʦʚʣʶʻ 

ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʬʫʥʢʮʽʾ ʢʦʨʝʣʷʮʽʾ ʪʘ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʧʦʪʫʛʠ ( )g w : 
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( ) ( ) j tK g de
wt w w

¤

-¤

=ñ .                                         (4.60) 

 

ʊʦʜʽ ʦʪʨʠʤʫʻʤʦ: 

( )

( )

( )

( )

0

0

( )

0

2 2

00

1

2

1

2

1

2

1 1

2 2

( , ) ( , ) [ ( ) ]

( ) ( , ) ( , )

( ) ( ) ( , )

( ) ( )( ) ( )

j

z

j

z

j T

Tz

zT Tz

N T t T T t T dt d dgh h e

d T t T dt T t T dg h h e

j d T t T dtg h eK

d dg j jGK K

wt
d d

wt
d d

w t
d

t w w t

w w t t

w w w

w w w ww w

¤ ¤ ¤

ä
-¤ -¤ -¤

¤ ¤ ¤

ä
-¤ -¤ -¤

¤ ¤
-

ä
-¤ -¤

¤

ää
-¤ -¤

= - - - ³ =ñ ñ ñ

= - - - =ñ ñ ñ

= - =ñ ñ

= =ñ ( )
¤

ñ

,  (4.61) 

 

ʜʝ ( )T jK wï ʢʦʤʧʣʝʢʩʥʘ ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʽʣʴʪʨʘ ʥʠʞʥʽʭ 

ʯʘʩʪʦʪ; 

0
( )

z
g w
ä

ï ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʛʠ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʬʣʫʢʪʫʘʮʽʡ ʥʘ 

ʚʠʭʦʜʠ ʬʽʣʴʪʨʫ ʥʘ ʫʩʽʡ ʯʘʩʪʦʪʥʦʾ ʦʩʽ. 

 

2
0

00
0

0

2
2 ( ) ( )cos , 0

( )
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,       (4.62) 

 

ʜʝ 0( )zG wä ï ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʧʦʪʫʛʠ ʩʠʛʥʘʣʫ 0( )tzä , ʚʠʟʥʘʯʝʥʘ 

ʪʽʣʴʢʠ ʫ ʦʙʣʘʩʪʽ ʧʦʟʠʪʠʚʥʠʭ ʯʘʩʪʦʪ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʚʠʨʘʟ ʜʣʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʧʝʨʝʰʢʦʜʘ ʥʘ ʚʠʭʦʜʠ 

ʪʠʧʦʚʦʛʦ ʨʘʜʽʦʪʝʭʥʽʯʥʦʛʦ ʪʨʘʢʪʫ ʚ ʨʝʞʠʤʝ ʚʠʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ʧʝʨʝʰʢʦʜʠ ʥʘ 

ʬʦʥʽ ʩʠʛʥʘʣʫ ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ: 

ʋ ʯʘʩʦʚʦʤʫ ʚʠʛʣʷʜʝ: 
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.                              (4.63) 

 

ʉʧʝʢʪʨʘʣʴʥʘ ʬʦʨʤʘ ʟʘʧʠʩʫ: 
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ʆʢʨ̔ʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ ʧʝʨʝʰʢʦʜʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʬʽʣʴʪʨʘ ʻ 

ʢʦʝʬʽʮʽʻʥʪ ʚʠʛʨʘʰʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 
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ɿʨʦʙʠʤʦ ʧʽʜʩʪʘʥʦʚʢʫ ʚʠʨʘʟʫ (4.63) ʫ ʚʠʨʘʟ (4.65), ʦʪʨʠʤʘʻʤʦ: 
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ʜʝ 1 0 0
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D
 ʚʠʟʥʘʯʘʶʪʴ ʧʨʠʨʽʩʪ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʩʧʦʜʽʚʘʥʥʷ ʪʘ ʩʝʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʬʣʫʢʪʫʘʮʽʡ 

ʫ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʮʽ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʬʽʣʴʪʨʦʤ ʥʠʞʥʽʭ ʯʘʩʪʦʪ. 

 ʊʘʢʠʤ ʯʠʥʦʤ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤʠ ʣʦʢʘʣʽʟʘʮʽʾ, 

ʚʠʟʥʘʯʠʣʠ ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʧʨʦʮʝʩʽ ʣʦʢʘʣʽʟʘʮʽʾ ʩʠʛʥʘʣʫ, ʬʽʣʴʪʨʽʚ 

ʥʠʞʥʽʭ ʯʘʩʪʦʪ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʚʠʢʣʶʯʘʶʪʴʩʷ ʟ ʘʥʘʣʽʟʫ ʧʝʨʝʰʢʦʜʠ. 

ʇʨʠʥʮʠʧ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʦʮʝʩ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ, ʧʨʠʯʦʤʫ 
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ʩʠʛʥʘʣ ʧʽʜʩʫʤʦʚʫʻʪʴʩʷ ʢʦʛʝʨʝʥʪʥʦ, ʘ ʩʠʛʥʘʣ ʧʝʨʝʰʢʦʜʠ ʥʝʢʦʛʝʨʝʥʪʥʦ, ʧʨʠ 

ʧʽʜʩʫʤʦʚʫʚʘʥʥʽ ʩʠʛʥʘʣ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʩʠʛʥʘʣ ʧʝʨʝʰʢʦʜʠ ʟʤʝʥʰʫʻʪʴʩʷ.  

ʉʠʛʥʘʣ ʟ ʟʥʘʯʥʦ ʤʝʥʰʠʤʠ ʧʝʨʝʰʢʦʜʘʤʠ ʜʘʣʽ ʧʦʪʨʘʧʣʷʻ ʫ ʙʣʦʢ ʩʠʩʪʝʤʠ 

ʣʦʢʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʦʰʫʢʫ ʎɿʅʆɯ. 

 

4.5. ʈʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʪʦʯʥʦʩʪʽ ʣʦʢʘʣʽʟʘʮʽʾ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʜʘʣʝʢʦʤʽʨʥʦʛʦ ʤʝʪʦʜʫ 

 

ʋ ʩʫʯʘʩʥʠʭ ʧʨʠʩʪʨʦʷʭ ʚʠʤʽʨʶʚʘʥʥʷ ʜʘʣʴʥʦʩʪʽ ʜʦ ɿʅʆɯ ʧʦʤʠʣʢʘ 

ʚʠʤʽʨʶʚʘʥʥʷ ʩʢʣʘʜʘʻ 100 ... 200 ʩʤ. ʇʨʠʥʮʠʧ ʚʽʜʤʽʥʥʦ ʧʨʘʮʶʻ ʧʨʠ ʧʦʰʫʢʫ ʽ 

ʣʦʢʘʣʽʟʘʮʽʾ ʘʥʘʣʦʛʦʚʠʭ ɿʅʆɯ-ʷʢʽ ʧʨʘʮʶʶʪʴ ʫ ʧʦʩʪʽʡʥʦʤʫ ʨʝʞʠʤʽ. ɼʣʷ 

ʣʦʢʘʣʽʟʘʮʽʾ ʮʠʬʨʦʚʠʭ ɿʅʆɯ, ʦʩʦʙʣʠʚʦ ʟ ʽʤʧʫʣʴʩʥʦʶ ʧʝʨʝʜʘʯʝʶ ʽʥʬʦʨʤʘʮʽʾ 

(ɿʅʆɯ ʟ ʥʘʢʦʧʠʯʝʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʝʨʝʜʘʯʝʶ ʚ ʽʤʧʫʣʴʩʥʦʤʫ ʨʝʞʠʤʽ) ʮʝʡ 

ʧʨʠʥʮʠʧ ʥʝ ʝ ʜʽʡʩʥʠʤ, ʟʚʘʞʘʶʯʠ ʥʘ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʦʾ ʪʨʠʚʘʣʦʩʪʽ ʧʝʣʝʥʛʘʮʽʾ, 

ʯʘʩ ʣʦʢʘʣʽʟʘʮʽʾ ʧʝʨʝʚʝʨʰʫʻ ʯʘʩ ʨʦʙʦʪʠ ɿʅʆɯ. 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʣʦʢʘʣʽʟʘʮʽʾ ʮʠʬʨʦʚʠʭ 

ɿʅʆɯ ʨʽʟʥʦʛʦ ʨʦʜʫ ʽ ʧʨʠʥʮʠʧʘʭ ʜʽʾ, ʻ ʜʫʞʝ ʚʘʞʣʠʚʦʶ, ʘ ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʽ 

ʧʝʣʝʥʛʘʮʽʾ ʮʠʬʨʦʚʠʭ ʟʘʢʣʘʜʦʢ ʘʢʪʫʘʣʴʥʦʶ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʣʦʢʘʣʽʟʘʮʽʾ, ʨʦʟʨʦʙʠʤʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ 

ʪʦʯʥʦʩʪʽ ʧʝʣʝʥʛʘʮʽʾ ɿʅʆɯ ʥʘ ʦʩʥʦʚʽ ʜʘʣʝʢʦʤʽʨʥʦʛʦ ʤʝʪʦʜʫ, ʜʣʷ ʮʴʦʛʦ ʫ ʷʢʦʩʪʽ 

ʧʝʣʝʥʛʘʮʽʡʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʩʝʚʜʦ ʜʘʣʝʢʦʩʪʽ (ʜʘʣʽ ʇɼ) ʜʦ 

ʘʥʪʝʥʠ ʧʝʣʝʥʛʘʪʦʨʘ (ʜʘʣʽ ɸʇ). ɼʣʷ ʦʮʽʥʢʠ ʚʝʣʠʯʠʥʠ ʟʥʠʞʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʚʠʟʥʘʯʝʥʥʷ ɿʅʆɯ ʚʽʜʥʦʩʥʦ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ  ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʦʥʷʪʪʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʯʠʥʥʠʢʘ (ʜʘʣʽ ɻʏ). ɺʝʣʠʯʠʥʘ ɻʏ 

ʧʦʢʘʟʫʻ ʫ ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ (ʜʘʣʽ ʉʂʇ) ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʦʨʜʠʥʘʪ ɿʅʆɯ ʙʫʜʝ ʙʽʣʴʰʦʶ ʚʽʜ ʉʂʇ ʚʠʟʥʘʯʝʥʥʷ ʇɼ. ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʤʦʜʝʣʽ ɻʏ ʣʦʢʘʣʽʟʘʮʽʾ ɿʅʆɯ ʜʦʮʽʣʴʥʦ ʩʢʦʨʠʩʪʘʪʠʩʴ ʤʝʪʦʜʘʤʠ ʛʨʘʜʽʻʥʪʥʦʛʦ 

ʘʥʘʣʽʟʫ [14, 15], ʜʣʷ ʯʦʛʦ ʟʜʽʡʩʥʠʪʠ ʣʽʥʝʘʨʠʟʘʮʽʶ ʟʘʩʪʦʩʦʚʘʥʦʾ ʬʫʥʢʮʽʾ 

ʰʣʷʭʦʤ ʨʦʟʢʣʘʜʘʥʥʷ ʫ ʨʷʜ ʊʝʡʣʦʨʘ ʟʘ ʩʪʫʧʝʥʷʤʠ ʧʦʧʨʘʚʦʢ jd  (j=1,2,3,4) ʟ 

ʫʪʨʠʤʘʥʥʷʤ ʧʝʨʰʠʭ ʯʣʝʥʽʚ ʨʦʟʢʣʘʜʘʥʥʷ: 
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ʜʝ iD  ï ʨʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʥʷ ʇɼ ʜʦ ʽ-ʦʡ ɸʇ; 0iD  ï ʨʦʟʨʘʭʫʥʢʦʚʝ 

ʟʥʘʯʝʥʥʷ ʇɼ ʜʦ ʽ-ʦʡ ɸʇ;  00 0
, ,yx z ,  ï ʧʨʷʤʦʢʫʪʥʽ ʢʦʦʨʜʠʥʘʪʠ ʩʧʦʞʠʚʘʯʘ ʫ 

ʛʝʦʮʝʥʪʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ (ɻʉʂ); 0w  ï ʧʦʧʨʘʚʢʘ ʥʘ ʨʦʟʙʽʞʥʽʩʪʴ ʰʢʘʣ 

ʯʘʩʫ, ʚʠʨʘʞʝʥʘ ʜʣʷ ʥʘʦʯʥʦʩʪʽ ʫ ʦʜʠʥʠʮʷʭ ʜʦʚʞʠʥʠ; N ï ʢʽʣʴʢʽʩʪʴ ʚʠʜʠʤʠʭ 

ɸʇ, ʟʘ ʩʠʛʥʘʣʘʤʠ ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʩʝʚʜʦ ʜʘʣʝʢʦʩʪʽ. ʏʘʩʪʢʦʚʽ ʧʦʭʽʜʥʽ, ʷʢʽ 

ʚʭʦʜʷʪʴ ʜʦ ʩʠʩʪʝʤʠ (4.1), ʩʢʣʘʜʘʶʪʴ ʤʘʪʨʠʮʶ ʯʘʩʪʢʦʚʠʭ ʧʦʭʽʜʥʠʭ 

ʟʘʩʪʦʩʦʚʘʥʦʾ ʬʫʥʢʮʽʾ ʫ ʪʦʯʮʽ ʟʥʘʭʦʜʞʝʥʥʷ ʟʘʢʣʘʜʢʠ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 

( 00 0
, ,yx z ), ʷʢʘ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʦʮʽʥʦʢ ʧʦʭʠʙʦʢ ʤʽʩʮʝ 

ʚʠʟʥʘʯʝʥʥʷ ɿʅʆɯ ʽ ʥʦʩʠʪʴ ʥʘʟʚʫ ʛʨʘʜʽʻʥʪʥʦʾ ʤʘʪʨʠʮʽ: 
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.                               (4.68) 

ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ  ʬʫʥʢʮʽʾ iD   ʧʦ ʟʤʽʥʥʠʭ , , ,x y z w  

ʜʘʻ ʪʘʢʫ ʤʘʪʨʠʮʶ ʯʘʩʪʢʦʚʠʭ ʧʦʭʽʜʥʠʭ: 
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= .                              (4.69) 

ɽʣʝʤʝʥʪʘʤʠ ʤʘʪʨʠʮʽ (4.69) ʻ ʥʘʧʨʘʚʣʷʶʯʽ ʢʦʩʠʥʫʩʠ ʚʝʢʪʦʨʽʚ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʚʽʜ ɿʅʆɯ ʜʦ ɸʇ ʫ ʛʝʦʮʝʥʪʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. ʗʢʱʦ 

ʚʚʝʩʪʠ ʤʘʪʨʠʮʶ-ʩʪʦʚʧʯʠʢ R ʨʽʟʥʠʮʴ ʚʠʤʽʨʷʥʦʛʦ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʟʥʘʯʝʥʴ 
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ʇɼ  
1 1

1 0 , 1...
N N

i iR i ND D r
³ ³

= - = = , ʘ ʧʦʧʨʘʚʢʠ (1,2,3,4)id ʧʦʟʥʘʯʠʪʠ ʫ 

ʚʠʛʣʷʜʽ ʩʪʦʚʧʯʠʢʦʚʦʾ ʤʘʪʨʠʮʽ1 2 3 4
T
d d d d=D  ʪʦ ʩʠʩʪʝʤʫ (4.69) ʤʦʞʥʘ ʙʫʜʝ 

ʟʘʧʠʩʘʪʠ 

C RÖD=.                                                              (4.70) 

ɼʣʷ ʥʘʜʘʥʥʷ ʩʠʩʪʝʤʽ (4.70) ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʚʠʛʣʷʜʫ ʦʙʠʜʚʽ ʾʾ ʯʘʩʪʠʥʠ 

ʥʝʦʙʭʽʜʥʦ ʧʦʤʥʦʞʠʪʠ ʥʘ ʤʘʪʨʠʮʶ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ:  
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i

Di

P
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P P
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s

³

= = ,                        (4.71) 

 

ʜʝ -ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ ʇɼ ʜʦ ʽ-ʦʡ ɸʇ 

ʇʽʩʣʷ ʮʴʦʛʦ ʩʠʩʪʝʤʘ (4.70) ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ:  

0 0C RP PÖ ÖD= Ö                                                    (4.72) 

 ʉʠʩʪʝʤʘ (4.72) ʻ ʩʠʩʪʝʤʦʶ N ʨʽʚʥʷʥʴ ʟ ʯʦʪʠʨʤʘ ʥʝʚʽʜʦʤʠʤʠ. ʋ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʪʘʢʘ ʩʠʩʪʝʤʘ ʥʝʩʫʤʽʩʥʘ ʽ ʪʦʤʫ ʜʝʷʢʘ ʩʫʢʫʧʥʽʩʪʴ ʯʦʪʠʨʴʦʭ 

ʧʦʧʨʘʚʦʢ ( 1,2,3,4)i id= =  ʥʝ ʤʦʞʝ ʟʘʜʦʚʦʣʴʥʠʪʠ ʮʽʡ ʩʠʩʪʝʤʽ. ʇʨʠ 

ʧʽʜʩʪʘʥʦʚʮʽid ʫ ʚʽʜʧʦʚʽʜʥʽ ʨʽʚʥʷʥʥʷ ʣʽʚʽ ʪʘ ʧʨʘʚʽ ʾʭ ʯʘʩʪʠʥʠ ʚʠʷʚʣʷʪʴʩʷ ʥʝ 

ʨʽʚʥʠʤʠ ʽ ʟôʷʚʠʪʴʩʷ ʾʭ ʥʝʚôʷʟʢʘ. ɿʘʩʪʦʩʦʚʫʶʯʠ ʧʨʦʮʝʜʫʨʫ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ 

ʢʚʘʜʨʘʪʽʚ, ʤʽʥʽʤʽʟʫʶʯʠ ʢʚʘʜʨʘʪ ʥʝ ʚôʷʟʢʠ ʣʽʚʦʾ ʪʘ ʧʨʘʚʦʾ ʯʘʩʪʠʥ ʩʠʩʪʝʤʠ 

ʫʤʦʚʥʠʭ ʨʽʚʥʷʥʴ (4.72),  ʦʪʨʠʤʫʻʤʦ ʩʠʩʪʝʤʫ ʥʦʨʤʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʫ ʚʠʛʣʷʜʽ 

0 0 0 0
T TT T RC C CP P P PD= .                                       (4.73) 

 

ʆʩʢʽʣʴʢʠ0P ï ʜʽʘʛʦʥʘʣʴʥʘ ʤʘʪʨʠʮʷ, ʪʦ ʾʾ ʚʠʛʣʷʜ ʧʨʠ ʪʨʘʥʩʧʦʥʫʚʘʥʥʽ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ, ʘ ʪʦʤʫ ʜʦʙʫʪʦʢ 0 0
T

P P  ʜʘʻ ʪʘʢʦʞ ʜʽʘʛʦʥʘʣʴʥʫ ʤʘʪʨʠʮʶ ʈ, 

ʝʣʝʤʝʥʪʠ ʷʢʦʾ ʻ ʢʚʘʜʨʘʪʘʤʠ ʝʣʝʤʝʥʪʽʚ ʤʘʪʨʠʮʽ.0P  ʊʦʤʫ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 

 T T RC C CP PD= .                                              (4.74) 
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ʋ ʩʠʩʪʝʤʽ (4.74) ʜʦʙʫʪʦʢ T
C CP A=   ʷʚʣʷʻ ʩʦʙʦʶ ʤʘʪʨʠʮʶ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ ʥʦʨʤʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. ʄʘʪʨʠʮʷ ɸ ʤʘʻ ʨʦʟʤʽʨʥʽʩʪʴ 4Ĭ4, 

ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʯʦʪʠʨʠʚʠʤʽʨʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʚʠʨʽʰʫʚʘʥʦʾ ʟʘʜʘʯʽ. ʗʢʱʦ ʧʦʜʘʪʠ 

ʧʨʘʚʫ ʯʘʩʪʠʥʫ (4.74) T
C CP A=  ʷʢ ʚʽʜʧʦʚʽʜʥʫ ʤʘʪʨʠʮʶ ɺ, ʪʦ ʩʠʩʪʝʤʫ 

ʥʦʨʤʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

A BÖD=.                                                                 (4.75) 

ʇʦʤʥʦʞʠʚʰʠ ʧʨʘʚʫ ʪʘ ʣʽʚʫ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ (4.75) ʥʘ ʦʙʝʨʥʝʥʫ 

ʤʘʪʨʠʮʶ 1
A
-, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʨʽʰʝʥʥʷ ʜʣʷ ʧʦʧʨʘʚʦʢ 1

A B
-=D . 

ʄʘʪʨʠʮʷ 1
P
- ,  ʷʢʘ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʤʘʪʨʠʮʽ 11 1 1( )

T

C CA P
-- - -=  

, ʷʚʣʷʻ ʩʦʙʦʶ ʜʠʩʧʝʨʩʽʾ ʚʠʤʽʨʶʚʘʥʴ ʇɼ. ʉʘʤʘ ʞ ʤʘʪʨʠʮʷ  1
A
- ʤʘʻ 

ʟʤʽʩʪ ʢʦʨʝʣʷʮʽʡʥʦʾ ʤʘʪʨʠʮʽ ʧʦʭʠʙʦʢ ʚʠʟʥʘʯʝʥʥʷ ʰʫʢʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ qK , ʥʘ 

ʛʦʣʦʚʥʽʡ ʜʽʘʛʦʥʘʣʽ ʷʢʦʾ ʨʦʟʪʘʰʦʚʘʥʽ ʜʠʩʧʝʨʩʽʾ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ. 

ʊʦʙʪʦ, ʷʢʱʦ ʧʨʠʡʥʷʪʠ ʜʠʩʧʝʨʩʽʾ ʚʠʤʽʨʶʚʘʥʥʷ ʧʩʝʚʜʦʜʘʣʝʢʦʩʪʝʡ ʚʽʜ ʫʩʽʭ ɸʇ 

ʨʽʚʥʠʤʠ 1, ʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʥʝʟʘʣʝʞʥʠʤʠ (ʥʝʢʦʨʝʣʴʦʚʘʥʠʤʠ) ʤʽʞ 

ʩʦʙʦʶ, ʪʦ ʧʦ ʛʦʣʦʚʥʽʡ ʜʽʘʛʦʥʘʣʽ ʤʘʪʨʠʮʽqK  ʙʫʜʫʪʴ ʨʦʟʪʘʰʦʚʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, 

ʷʢʽ ʙʫʜʫʪʴ ʦʙʫʤʦʚʣʝʥʽ ʣʠʰʝ ʛʝʦʤʝʪʨʽʻʶ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ɸʇ ʪʘ ɿʅʆɯ 

[55]. ʈʝʟʫʣʴʪʫʶʯʘ ʧʦʭʠʙʢʘ ʤʽʩʮʝ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʯʝʨʝʟ ʩʣʽʜ 

ʢʦʨʝʣʷʮʽʡʥʦʾ ʤʘʪʨʠʮʽ 
1

2( ( ))
q r qT Ks - -=   

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʚʠʨʘʟ ʜʣʷ ɻʏ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʦ ʷʢ ʚʽʜʥʦʰʝʥʥʷ: 

 
q

D

GDOP
s

s
= ,                                                         (4.76) 

ʜʝ GDOP ï global dilution of precision ï ʟʘʛʘʣʴʥʠʡ ʛʝʦʤʝʪʨʠʯʥʠʡ 

ʯʠʥʥʠʢ,  

Ds ï ʉʂʇ ʚʠʟʥʘʯʝʥʥʷ ʧʩʝʚʜʦʜʘʣʝʢʦʩʪʝʡ ʜʦ ɸʇ; qs  ï ʉʂʇ ʚʠʟʥʘʯʝʥʥʷ 

ʚʝʢʪʦʨʘ ʩʪʘʥʫ ɿʅʆɯ.  
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ʊʘʢʠʤ ʯʠʥʦʤ, ʛʝʦʤʝʪʨʠʯʥʽ ʯʠʥʥʠʢʠ ʧʦʛʽʨʰʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʤʽʩʮʷ ʫ ʧʨʦʩʪʦʨʽ ï PDOP, ʫ ʧʣʘʥʽ (ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ) ï 

HDOP, ʧʦ ʚʠʩʦʪʽ ï VDOP ʪʘ ʯʘʩʫ ï TDOP ʟʘʧʠʰʫʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʫ ʚʠʛʣʷʜʽ 

1

2
11 22 33

( )PDOP g g g+ +=  

1

2
11 22

( )HDOP g g+=  

1

2
33

( )VDOP g=  

1

2
44

( )TDOP g=  

ɼʝ  
ijg  ʻ ʝʣʝʤʝʥʪʘʤʠ ʤʘʪʨʠʮʽ 1

qK A
-=    

 ʋ ʙʘʛʘʪʴʦʭ ʜʞʝʨʝʣʘʭ, ʟʦʢʨʝʤʘ ʫ [11], ʧʦʢʘʟʘʥʦ, ʱʦ ʤʽʥʽʤʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ ɻʏ ʤʦʞʥʘ ʜʦʩʷʛʪʠ, ʢʦʣʠ ʦʧʝʨʘʪʦʨ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʮʝʥʪʨʽ ʧʨʘʚʠʣʴʥʦʛʦ 

ʪʝʪʨʘʝʜʨʘ. ɼʣʷ ʦʧʝʨʘʪʦʨʘ ʧʦʰʫʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʜʦʩʷʛʘʻʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ ʦʜʥʘ ɸʇ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʝʨʭʥʽʡ ʩʝʨʝʜʥʽʡ ʪʦʯʢʠ 

ʧʨʠʤʽʱʝʥʴ, ʘ ʪʨʠ ʽʥʰʠʭ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ GDOP ʥʝʦʙʭʽʜʥʦ ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʦʙôʻʤ 

ʪʝʪʨʘʝʜʨʘ. 

4.6. ʄʦʜʝʣʴ ʪʦʯʥʦʩʪʽ ʧʝʣʝʥʛʘʮʽʾ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʽʾ 

ʝʣʝʤʝʥʪʽʚ 

 

ʆʪʞʝ, ʥʝʭʘʡ ʽʩʥʫʻ ʜʝʷʢʠʡ ʧʨʦʩʪʽʨ F
S , ʫ ʤʝʞʘʭ ʷʢʦʛʦ ʥʝʦʙʭʽʜʥʦ 

ʩʪʚʦʨʠʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʩʪʽʡʢʝ ʨʘʜʽʦʧʝʣʝʥʛʘʮʽʡʥʝ ʧʦʣʝF.ʅʝʦʙʭʽʜʥʦ 

ʩʧʨʦʝʢʪʫʚʘʪʠ ʪʘʢʫ ʩʪʨʫʢʪʫʨʫ ʤʝʨʝʞʽ ɸʇ, 
FS

G  ʱʦʙ ʧʨʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ɸʇ 

ʧʨʦʪʷʛʦʤ ʚʠʟʥʘʯʝʥʦʛʦ ʯʘʩʫ ʊ ʥʘʜʽʡʥʽʩʪʴ ʧʝʣʝʥʛʘʮʽʾ ɿʅʆɯ ʙʫʣʘ ʥʝ ʥʠʞʯʦʶ 

ʜʝʷʢʦʛʦ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʨʽʚʥʷ, ʘ ʩʝʨʝʜʥʷ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʫ 

ʣʦʢʘʣʽʟʘʮʽʾ ɿʅʆɯ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʽ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʦʢʨʝʤʠʭ 

ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʯʝʨʝʟ ʥʝʩʧʨʘʚʥʦʩʪʽ ʪʘ ʤʦʞʣʠʚʝ ʥʘʚʤʠʩʥʝ ʟʥʠʱʝʥʥʷ, 

ʣʝʞʘʣʘ ʫ ʚʠʟʥʘʯʝʥʠʭ ʤʝʞʘʭ.  
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ɿ ʤʝʪʦʶ ʬʦʨʤʘʣʽʟʘʮʽʾ ʟʘʚʜʘʥʥʷ ʩʪʨʫʢʪʫʨʫ ʨʦʟʤʽʱʝʥʥʷ ɸʇ ʜʦʮʽʣʴʥʦ 

ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʨʘʬʘ ( , )
FS G Z UG =  (ʨʠʩ. 4.8), ʜʝ Z  ï 

ʤʥʦʞʠʥʘ ʚʝʨʰʠʥ ʛʨʘʬʘ,U  ï ʤʥʦʞʠʥʘ ʜʫʛ ʛʨʘʬʘ G. ɺʝʨʰʠʥʠ ʛʨʘʬʘ 

ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʪʨʴʦʭ ʨʽʚʥʷʭ (0, 1, 2). ɺʽʜʧʦʚʽʜʥʦ ʤʥʦʞʠʥʘ ʚʝʨʰʠʥZ  

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʽʜʤʥʦʞʠʥ 0 1 2U UZ Z Z Z= . ʇʝʣʝʥʛʘʮʽʡʥʠʡ ʧʨʦʩʪʽʨ F
S  

ʦʧʠʩʫʻʪʴʩʷ ʤʥʦʞʠʥʦʶ ʭʘʨʘʢʪʝʨʥʠʭ ʪʦʯʦʢ ʩʧʦʞʠʚʘʯʘ 0 0 0{ | 1, },J j NZ Z= = ʷʢʘ, 

ʫ ʩʚʦʶ ʯʝʨʛʫ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʝʢʪʦʨʽʚ 0 0 00
( , , ), 1,i i ii

Njhz j l= =  ʜʝ 0N  ï 

ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʤʥʦʞʠʥʠ 0Z   ʭʘʨʘʢʪʝʨʥʠʭ ʪʦʯʦʢ ʩʧʦʞʠʚʘʯʘ ʫ 

ʧʨʦʩʪʦʨʽ F
S . ʇʘʨʘʤʝʪʨʠ 00

, ,iij l ,  ʻ ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʦʢ 0 0,j jhz  ï ʚʠʩʦʪʘ 

ʪʦʯʢʠ ʧʝʣʝʥʛʘʮʽʾ. 

 

 

 

ʈʠʩ. 4.8. ʉʪʨʫʢʪʫʨʥʠʡ ʛʨʘʬ ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʧʝʣʝʥʛʘʮʽʾ 

ɽʣʝʤʝʥʪʘʤʠ ʤʥʦʞʠʥʠ 1Z  ʻ ʚʝʢʪʦʨʠ 
*

1 111 1
( , , , ), 1,j jjj j

Np jz zj l= =  

ʜʝ 11
, jjj lʻ ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʦʢ 1 1,j jhz  ï ʚʠʩʦʪʘ ʘʥʪʝʥ ʧʝʣʝʥʛʘʪʦʨʘ ʥʘʜ 

ʨʽʚʥʝʤ ʟʝʤʣʽ, 
*

1 j
p  ï ʞʠʚʫʯʽʩʪʴ  ʘʥʪʝʥ ʧʝʣʝʥʛʘʪʦʨʘ. ɺʝʣʠʯʠʥʘ 

*

1 j
p  ʷʚʣʷʻ ʩʦʙʦʶ 

ʡʤʦʚʽʨʥʽʩʪʴ ʟʙʝʨʝʞʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʛʦ ʩʪʘʥʫ ʢʦʤʧʣʝʢʩʫ ʧʝʣʝʥʛʘʮʽʾ ʧʽʜ 

ʚʧʣʠʚʦʤ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ ʬʘʢʪʦʨʽʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ (ʨʝʟʫʣʴʪʘʪʠ 

ʥʘʚʤʠʩʥʦʛʦ ʚʧʣʠʚʫ ʣʶʜʠʥʠ ï ʪʝʨʦʨʠʟʤ) ʧʨʦʪʷʛʦʤ ʚʠʟʥʘʯʝʥʦʛʦ ʯʘʩʫ. 
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ʉʫʢʫʧʥʽʩʪʴ ʦʧʦʨʥʠʭ ʪʦʯʦʢ ʘʥʪʝʥ ʧʝʣʝʥʛʘʪʦʨʘ ʫʪʚʦʨʶʻ ʤʥʦʞʠʥʫ ʚʝʨʰʠʥ 

ʛʨʘʬʘ1 1 0{ | 1, }j j NZ z= =
  

ʋʩʽ  ʘʥʪʝʥʠ ʧʝʣʝʥʛʘʪʦʨʘ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʧʨʠʤʽʱʝʥʥʽ  ʦʧʠʩʫʶʪʴʩʷ 

ʤʥʦʞʠʥʦʶ ʚʝʢʪʦʨʽʚ 2 2 2{ | 1, }j j NZ z= =  ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 

*

2 22 2 222 2 2
( , , , , , , ), ,1

H

j jj jjj j jp p j Nz z
j lj l s s= =  ʜʝ 22

,jlʻ ʛʝʦʜʝʟʠʯʥʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʦʢ22 , jjh z ,ï ʚʠʩʦʪʘ ʘʥʪʝʥ ʧʝʣʝʥʛʘʪʦʨʘ ʚ ʧʨʠʤʽʱʝʥʥʽ,*
2 jP  ï 

ʞʠʚʫʯʽʩʪʴ ʘʥʪʝʥ ʧʝʣʝʥʛʘʪʦʨʘ ʚ ʧʨʠʤʽʱʝʥʥʽ, 2
H

jP  ï ʥʘʜʽʡʥʽʩʪʴ ʘʥʪʝʥ 

ʧʝʣʝʥʛʘʪʦʨʘ,  2 22 , , h
j jj

j l
s s s ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ (ʉʂʇ) ʧʨʠʚôʷʟʢʠ 

ʘʥʪʝʥ ʧʝʣʝʥʛʘʪʦʨʘ ʜʦ ʦʙʨʘʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ,2N  ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʧʦʟʠʮʽʡ. ʄʥʦʞʠʥʘ ʜʫʛU  ʟʦʙʨʘʞʝʥʦʛʦ ʛʨʘʬʘ ( , )G Z U=  ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʚôʷʟʢʽʚ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʽ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ 

ʷʢ ,

,

{ }
k l k

ji k

U u=   ʜʝ i  ï ʥʦʤʝʨ ʨʽʚʥʷ, ʘ 
i

j ï ʥʦʤʝʨ ʝʣʝʤʝʥʪʘ i -ʨʽʚʥʷ, ʟ ʷʢʦʛʦ 

ʚʠʭʦʜʠʪʴ ʜʫʛʘ; k  ï ʥʦʤʝʨ ʨʽʚʥʷ, ʘ kl   ï ʥʦʤʝʨ ʝʣʝʤʝʥʪʘ k  -ʨʽʚʥʷ, ʚ ʷʢʠʡ 

ʚʭʦʜʠʪʴ ʜʫʛʘ. ʄʥʦʞʠʥʘ U  ʦʧʠʩʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʫʣʝʚʠʭ ʟʤʽʥʥʠʭ, 

ʥʘʧʨʠʢʣʘʜ:  

 

,

,

1, ;

;0,

k l k

ji i

ʷʢʱʦ ʚʠʢʦʥʢʝʪʩʷ ʫʤʦʚʘ ʨʘʜʽʦʚʠʜʠʤʦʩʪʽ
u

ʷʢʱʦ ʫʤʦʚʘ ʨʘʜʽʦʚʠʜʠʤʦʩʪʽ ʥʝ ʚʠʢʦʥʫʝʪʩʷ

ë
î
=ì
î
í

 

 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʚʚʦʜʷʪʴʩʷ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠʯʥʽ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʦʙʤʝʞʝʥʥʷ: 

1. ʉʠʩʪʝʤʘ ʚʚʘʞʘʻʪʴʩʷ ʧʨʘʮʝʟʜʘʪʥʦʶ, ʢʦʣʠ ʫ ʧʦʣʽ ʟʦʨʫ ʢʦʞʥʦʾ ʘʥʪʝʥʠ 

(ʷʢʽ ʚʥʝ ʧʨʠʤʽʱʝʥʥʷ) ʻ ʥʝ ʤʝʥʰʝ min
m  ʘʥʪʝʥ ʧʝʣʝʥʛʘʪʦʨʘ, ʘ ʫ ʧʦʣʽ ʟʦʨʫ 

ʦʧʝʨʘʪʦʨʘ ʢʦʤʧʣʝʢʩʫ ʥʝ ʤʝʥʰʝ  min
m  ʧʩʝʚʜʦʘʥʪʝʥ.  
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2. ʉʝʨʝʜʥʷ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʫ ʩʪʘʥʫ i -ʧʝʣʝʥʛʘʪʦʨʘ is  ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʦʭʘʩʪʠʯʥʦʩʪʽ ʧʨʦʩʪʦʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ ʤʘʻ ʙʫʪʠ ʥʝ 

ʛʽʨʰʦʶ ʟʘ ʜʝʷʢʝ ʟʘʟʜʘʣʝʛʽʜʴ ʚʩʪʘʥʦʚʣʝʥʝ ʟʥʘʯʝʥʥʷ  max max: is s s¢ .  

3. ʁʤʦʚʽʨʥʽʩʪʴ ʫʩʧʽʰʥʦʾ ʨʦʙʦʪʠ i -ʧʝʣʝʥʛʘʪʦʨʘ iP  ʤʘʻ ʙʫʪʠ ʥʝ ʤʝʥʰʦʶ 

ʟʘ ʜʝʷʢʝ ʟʘʟʜʘʣʝʛʽʜʴ ʚʩʪʘʥʦʚʣʝʥʝ ʟʥʘʯʝʥʥʷ minP .  

ʅʘ ʦʩʥʦʚʽ ʦʜʝʨʞʘʥʠʭ ʚʠʨʘʟʽʚ ʜʣʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʯʠʥʥʠʢʽʚ ʫ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʦʮʽʥʢʘ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʧʝʣʝʥʛʘʮʽʾ ʎɿʅʆɯ ʟʘ 

ʪʦʯʥʽʩʪʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʟʥʘʯʝʥʴ ʜʠʩʧʝʨʩʽʾ ʧʦʭʠʙʢʠ 

ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ʥʘ ʦʩʥʦʚʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 1( )T
q RC CK K

-=   

ʟʘ ʬʦʨʤʫʣʦʶ: 

  2

11 22 33g g gs= + +,                                              (4.77) 

ʜʝ 
ijg   ï ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ qK .  

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (4.11) ʻ ʢʨʠʪʝʨʽʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ ʜʣʷ ʦʮʽʥʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʧʝʣʝʥʛʘʮʽʾ ʟʘ ʪʦʯʥʽʩʪʶ ʩʠʩʪʝʤʠ [72]. ɼʣʷ ʫʨʘʭʫʚʘʥʥʷ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʽʩʥʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ɸʇ ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʩʪʨʫʢʪʫʨʥʠʤ 

ʛʨʘʬʦʤ ( , )G Z U=  ʩʠʩʪʝʤʠ (ʨʠʩ. 4.9). ʋ ʮʴʦʤʫ ʛʨʘʬʽ ʚʠʜʽʣʠʤʦ ʦʜʥʫ ʪʦʯʢʫ ʥʘ 

0-ʨʽʚʥʽ, ʥʘʧʨʠʢʣʘʜ ʪʦʯʢʫ 2. ʈʦʟʛʣʷʥʝʤʦ ʤʦʜʝʣʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʯʥʦʩʪʽ ʪʘ 

ʥʘʜʽʡʥʦʩʪʽ ʥʘʚʽʛʘʮʽʾ ʜʣʷ ʪʦʯʢʠ 02z . 

 

 

ʈʠʩ. 4.9  ɽʣʝʤʝʥʪ ʛʨʘʬʘ ( , )G Z U=  
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ʗʢ ʙʘʯʠʤʦ, ʫ ʟʦʥʫ ʨʘʜʽʦʚʠʜʠʤʦʩʪʽ ʪʦʯʢʠ 02z  ʧʦʧʘʜʘʶʪʴ  ʟʦʚʥʽʰʥʽ 

ʘʥʪʝʥʠ ʧʝʣʝʥʛʘʪʦʨʘ 11z   ʪʘ 12z , ʘ ʪʘʢʦʞ ʚʥʫʪʨʽʰʥʽ 21 22 23, ,z z z  ʪʘ 25z . 

 ɿʘʟʥʘʯʝʥʽ ʚʥʫʪʨʽʰʥʽ ʘʥʪʝʥʠ ʩʪʚʦʨʶʶʪʴ ʧʦʣʝ ʜʣʷ ʟʦʚʥʽʰʥʽʭ ʘʥʪʝʥ 11z   

ʪʘ  12z . ʊʘʢʠʤ ʯʠʥʦʤ ʧʘʨʘʤʝʪʨʠ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʘ ʩʪʘʥʫ ʫ ʪʦʯʮʽ 

02z ʙʫʜʫʪʴ ʚʠʟʥʘʯʘʪʠʩʷ ʪʦʯʥʦʩʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʚʟʘʻʤʥʠʤ 

ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʪʦʯʦʢ  

21 22 23 25, , ,z z z z  ʪʘ ʩʘʤʦʾ ʪʦʯʢʠ 02z . ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʢʦʞʥʘ ʟ ʮʠʭ ʪʦʯʦʢ 

(ʦʢʨʽʤ 02z ) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʣʘʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʱʦʜʦ ʞʠʚʫʯʦʩʪʽ ʪʘ 

ʥʘʜʽʡʥʦʩʪʽ, ʪʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʨʘʥʽʰʝ ʧʽʜʭʽʜ, ʤʦʞʥʘ 

ʦʙʯʠʩʣʠʪʠ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʘ ʩʪʘʥʫ ʩʧʦʞʠʚʘʯʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʩʪʨʫʢʪʫʨʠ ʧʝʣʝʥʛʘʮʽʾ. ɼʣʷ ʮʴʦʛʦ ʱʝ ʙʽʣʴʰʝ 

ʩʧʨʦʩʪʠʤʦ ʛʨʘʬ, ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 4.9, ʟʘʣʠʰʠʚʰʠ ʣʠʰʝ ɸʇ, ʚʠʜʠʤʽ ʜʣʷ 

ʪʦʯʢʠ02z  ʪʘ ʧʝʨʝʥʫʤʝʨʫʻʤʦ ʾʭ ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.10. ʊʘʢʦʞ ʚʠʟʥʘʯʠʤʦ 

(ʟʘʜʘʻʤʦ) ʡʤʦʚʽʨʥʽʩʪʴ ( 1...5)
i

ip = =   ʽʩʥʫʚʘʥʥʷ ʢʦʞʥʦʾ ɸʇ. ɿʘʜʘʯʘ ʧʝʣʝʥʛʘʮʽʾ 

ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʪʽʣʴʢʠ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʫ ʧʦʣʽ ʟʦʨʫ ʩʧʦʞʠʚʘʯʘ (ʪʦʯʢʘ 0) ʥʝ 

ʤʝʥʰʝ min
m   ʧʨʘʮʝʟʜʘʪʥʠʭ ɸʇ [61]. ʁʤʦʚʽʨʥʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʧʝʣʝʥʛʘʮʽʾ ʫ ʪʦʯʮʽ 

0 ʤʦʞʥʘ ʧʦʜʘʪʠ ʷʢ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʜʽʾ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʦʜʥʦʯʘʩʥʽʡ ʧʦʷʚʽ m ʧʦʜʽʡ 

ʟ n ʤʦʞʣʠʚʠʭ. ʆʩʢʽʣʴʢʠ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ɸʇ ʧʨʘʮʶʶʪʴ ʥʝʟʘʣʝʞʥʦ ʦʜʥʘ ʚʽʜ 

ʜʨʫʛʦʶ, ʪʦ ʡʤʦʚʽʨʥʽʩʪʴ ʢʦʞʥʦʾ ʢʦʥʢʨʝʪʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʞʠʚʠʭ/ʥʝʞʠʚʠʭ ɸʃ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʜʦʙʫʪʦʢ ʡʤʦʚʽʨʥʦʩʪʝʡ, ʫ ʷʢʦʤʫ ʙʫʢʚʠ ñpò ʟ ʨʽʟʥʠʤʠ 

ʽʥʜʝʢʩʘʤʠ ʚʭʦʜʷʪʴ m ʨʘʟʽʚ, ʘ ʙʫʢʚʠ1q p= -  ʟ ʨʽʟʥʠʤʠ ʽʥʜʝʢʩʘʤʠ n m-  ʨʘʟʽʚ. 

ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ  ʧʝʣʝʥʛʘʮʽʾ ʫ ʪʦʯʮʽ ijz   ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ: 

, ( ) , ( )

n

r m ij r n ij
r m

R P
=

=ä ,                                                  (4.78) 

ʜʝ , ( ) , ( )

n

r m ij r n ij
r m

R P
=

=ä  ï ʡʤʦʚʽʨʥʽʩʪʴ ʦʜʥʦʯʘʩʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ r  ɸʇ   

ʟ n ʚʠʜʠʤʠʭ, ʷʢʘ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʙʽʥʘʮʽʡ.  
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ʈʠʩ. 4.10 ɽʣʝʤʝʥʪʘʨʥʠʡ ʛʨʘʬ ʜʣʷ ʪʦʯʢʠ 02z   

ʊʘʢ ʫ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ: 

4,5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

551 2 3 4 5 1 2 3 4 5 1 2 3 4 5
,

q p p p p p q p p p p p q p pP

p p p q p p p p p q p p p p pP

= + + +

+ + =
 

ɿʛʘʜʘʻʤʦ ʪʘʢʦʞ, ʱʦ ʢʦʞʥʘ ʪʘʢʘ ʢʦʤʙʽʥʘʮʽʷ ʤʘʻ ʩʚʦʻ ʟʥʘʯʝʥʥʷ ʜʠʩʧʝʨʩʽʾ 

ʧʦʭʠʙʢʠ ʚʠʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʫ ʩʪʘʥʫ ʩʧʦʞʠʚʘʯʘ ʫ ʪʦʯʮʽ 0. ʉʧʽʚ ʩʪʘʚʠʚʰʠ 

ʜʠʩʧʝʨʩʽʶ ʧʦʭʠʙʢʠ ʢʦʞʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʟ ʾʾ ʡʤʦʚʽʨʥʽʩʪʶ ʦʪʨʠʤʫʻʤʦ 

ʡʤʦʚʽʨʥʽʩʥʠʡ ʨʦʟʧʦʜʽʣ ʪʦʯʥʦʩʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʠ (ʪʘʙʣ.4.1). 

 

ʊʘʙʣʠʮʷ 4.1  

ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʜʠʩʧʝʨʩʽʾ ʧʦʭʠʙʢʠ ʢʦʤʙʽʥʘʮʽʡ ʡʤʦʚʽʨʥʦʩʪʷʤ ʾʭ ʧʦʷʚʠ 

ˉ  

ʢʦʤʙʽʥʘʮʽʾ 
1 2 3 4 5 6 

ʧʨʠ 

4m<  
2
s  2

1s  2
2s  2

3s  2
4s  2

5s  2
6s  - 

kP  1kP  2kP  3kP  4kP  5kP  6kP  51 kP-  

 

ɿ ʥʘʚʝʜʝʥʠʭ ʤʽʨʢʫʚʘʥʴ ʚʠʜʥʦ, ʱʦ ʩʠʩʪʝʤʘ ʤʦʞʝ ʧʝʨʝʙʫʚʘʪʠ ʫ ʩʝʤʠ 

ʤʦʞʣʠʚʠʭ ʩʪʘʥʘʭ: 6 ʢʦʤʙʽʥʘʮʽʡ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʦʜʠʥ ʩʪʘʥ, ʢʦʣʠ ʚʠʜʠʤʠʭ 

ɸʇ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʚʠʟʥʘʯʝʥʴ ʢʦʦʨʜʠʥʘʪ. ʂʦʞʝʥ ʩʪʘʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʚʣʘʩʥʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʡʦʛʦ ʧʦʷʚʠ kiP  ʪʘ ʚʣʘʩʥʠʤ ʟʥʘʯʝʥʥʷʤ ʜʠʩʧʝʨʩʽʾ 
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2 ( 1...6)i is= = . ʋ ʪʘʢʦʤʫ ʨʘʟʽ ʧʦʩʪʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʮʽʥʶʚʘʪʠ ʟʘʛʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ 2
s  ʩʠʩʪʝʤʠ:   

  

2

2 ( )

( , ) ( , )
1 , ( , )

( )

V n
nk ij

k i j r i j
k r mm n i j

ɿɸɻ ij V CPR
s

s
= =

= =ä ä                        (4.79) 

 

ʜʝ ʽʥʜʝʢʩʠ ʦʟʥʘʯʘʶʪʴ:i  ï ʨʽʚʝʥʴ ʧʝʣʝʥʛʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ; j  ï 

ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʝʣʝʤʝʥʪʘ ʥʘ i -ʤʫ ʨʽʚʥʽ; k  ï ʥʦʤʝʨ ʢʦʤʙʽʥʘʮʽʾ ʜʣʷ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ( )ij ï ʝʣʝʤʝʥʪʘ; m ï ʯʠʩʣʦ ɸʇ, ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʦʨʜʠʥʘʪ; n ï ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʚʠʜʠʤʠʭ ɸʇ.  

4.7. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʾ 

ʤʝʪʦʜʠʢʠ ʪʦʯʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ 

 

ɿ ʤʝʪʦʶ ʘʥʘʣʽʟʫ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʣʦʢʘʣʽʟʘʮʽʾ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʶʚʘʥʥ,̫ ʜʣʷ ʪʠʧʦʚʦ ʾ ʙʫʜʽʚʣʽ. ɹʫʜʽʚʣʷ 3-ʭ ʧʦʚʝʨʭʦʚʘ ʟ ʧʽʜʚʘʣʴʥʠʤ ʽ 

ʪʝʭʥʽʯʥʠʤʠ ʛʦʨʠʱʥʠʤʠ ʧʨʠʤʽʱʝʥʥʷʤʠ ɿʨʘʟʢʦʚʠʡ ʚʠʜ ʙʫʜʠʥʢʫ ʥʘʚʝʜʝʥʠʡ ʥʘ 

ʨʠʩ. 4.11.  

 

ʈʠʩ. 4.11 ʊʠʧʦʚʘ ʙʫʜʽʚʣʷ, ʦʬʽʩʥʠʡ ʮʝʥʪʨ. 

ʊʦʯʢʦʶ ʚʠʩʦʪʠ ʚʽʜʣʽʢʫ ʚʠʙʠʨʘʻʤʦ ʥʫʣʴʦʚʠʡ ʨʽʚʝʥʴ ʧʽʜʚʘʣʴʥʦʛʦ 

ʧʨʠʤʽʱʝʥʥʷ. ɺʥʫʪʨʽʰʥʽ ʘʥʪʝʥʠ ʙʫʜʫʪʴ ʟʥʘʭʦʜʠʪʴʩʷ ʪʦʜʽ ʥʘ ʨʽʚʥʽ 15 ʽ 20ʤ, 

ʟʦʚʥʽʰʥʽ ʥʘ ʨʽʚʥʽ ʟʝʤʣʽ (3ʤ) ʽ ʥʘʜ ʪʝʭʥʽʯʥʠʤ ʛʦʨʠʱʥʠʤ ʧʦʚʝʨʭʦʤ ʥʘ 
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ʚʠʩʦʪʽ 25 ʤ. ʂʽʣʴʢʽʩʪʴ ʘʥʪʝʥ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʤʦʚʽʨʥʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʨʘʭʫʡʤʦ ʥʘ ʧʽʜʩʪʘʚʽ ʤʦʜʝʣʶʚʘʥʥʷ.  

ɼʣʷ ʘʥʘʣʽʟʫ, ʢʽʣʴʢʦʩʪʽ ʘʥʪʝʥ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ɿʅʆɯ, 

ʧʨʦʚʝʜʝʤʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʘʥʪʝʥ. 

ʇʝʨʰʠʡ ʚʘʨʽʘʥʪ ʟ ʪʨʴʦʤʘ ʘʥʪʝʥʘʤʠ ʪʘ ʜʨʫʛʽʡ ʚʘʨʽʘʥʪ ʟ ʯʦʪʠʨʴʦʤʘ 

ʘʥʪʝʥʘʤʠ. ʈʦʟʤʽʱʝʥʥʷ ʘʥʪʝʥ ʚʠʙʠʨʘʻʤʦ ʟ ʤʝʪʦʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʬʝʨʠʯʥʦʛʦ 

ʦʭʦʧʣʝʥʥʷ ʦʙʩʷʛʫ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʙʫʜʠʥʢʫ. 

ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʨʴʦʭ ʘʥʪʝʥ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.12, ʯʦʪʠʨʴʦʭ 

ʘʥʪʝʥ ʨʠʩ. 4.13.  

 

ʈʠʩ. 4.12 ʉʭʝʤʘ ʨʦʟʤʽʱʝʥʠʭ ʪʨʴʦʭ ʘʥʪʝʥ ʚ ʪʠʧʦʚʦʤʫ ʦʬʽʩʥʦʤʫ ʙʫʜʠʥʢʫ. 

 

ʈʠʩ. 4.13 ʉʭʝʤʘ ʨʦʟʤʽʱʝʥʠʭ ʯʦʪʠʨʴʦʭ ʘʥʪʝʥ ʚ ʪʠʧʦʚʦʤʫ ʦʬʽʩʥʦʤʫ 

ʙʫʜʠʥʢʫ. 

ɹʝʨʫʯʽ ʜʦ ʫʚʘʛʠ ʱʦ ʩʫʯʘʩʥʽ ɿʅʆɯ ʤʘʶʪʴ ʥʝʚʝʣʠʢʽ ʛʘʙʘʨʠʪʠ, ʉʂɺ 

ʦʙʠʨʘʻʤʦ ʥʘ ʨʽʚʥʽ 0.5 ʤ ʚʨʘʭʦʚʫʶʯʠ ʱʦ ʮʝ ʦʙ'ʻʤʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʽ ʮʴʦʛʦ 
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ʨʦʟʤʽʨʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʚʽʜʫ ʧʦʰʫʢʫ ʜʦʩʠʪʴ ʜʣʷ ʪʦʯʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʽ ʣʦʢʘʣʽʟʘʮʽʾ ɿʅʆɯ. 

ʇʨʦʚʝʜʝʤʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʠʤʦ ʫ ʛʨʘʬʽʯʥʦʤʫ 

ʚʠʛʣʷʜʽ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʧʝʨʰʠʤ ʚʘʨʽʘʥʪʦʤ (ʪʨʠ ʘʥʪʝʥʠ) ʥʘʚʝʜʝʥʦ 

ʥʘ ʨʠʩ. 4.14 ï 4.20. 

 

ʈʠʩ. 4.14. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʦʯʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ɿʅʆɯ 

(ʉʂʇ = 0,5 ʤ) ʘʥʪʝʥʘ ʧʝʣʝʥʛʘʮʽʾ ʥʘ ʚʠʩʦʪʽ 5 ʤ ʟʘ ʤʝʞʘʤʠ ʧʨʠʤʽʱʝʥʥʷ 

 

 

ʈʠʩ. 4.15. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʦʯʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ɿʅʆɯ (ʉʂʇ = 

0,5 ʤ) ʘʥʪʝʥʘ ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʥʷ ʥʘ ʚʠʩʦʪʽ 10 ʤ 
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ʈʠʩ. 4.16. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʦʯʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ɿʅʆɯ 

(ʉʂʇ = 0,5 ʤ) ʘʥʪʝʥʘ ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʥʷ ʥʘ ʚʠʩʦʪʽ 15 ʤ 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʜʨʫʛʠʤ ʚʘʨʽʘʥʪʦʤ (ʯʦʪʠʨʠ ʘʥʪʝʥʠ) ʥʘʚʝʜʝʥʽ 

ʥʠʞʯʝ: 

 

ʈʠʩ. 4.17. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʦʯʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ɿʅʆɯ 

(ʉʂʇ = 0,5 ʤ) ʘʥʪʝʥʘ ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʥʷ ʥʘ ʚʠʩʦʪʽ 5 ʤ 
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ʈʠʩ. 4.18. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʦʯʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ɿʅʆɯ 

(ʉʂʇ = 0,5 ʤ) ʘʥʪʝʥʘ ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʥʷ ʥʘ ʚʠʩʦʪʽ 10 ʤ 

 

ʈʠʩ. 4.19. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʦʯʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ɿʅʆɯ 

(ʉʂʇ = 0,5 ʤ) ʘʥʪʝʥʘ ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʥʷ ʥʘ ʚʠʩʦʪʽ 15 ʤ 
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ʈʠʩ. 4.20. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʦʯʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ɿʅʆɯ 

(ʉʂʇ = 0,5 ʤ) ʘʥʪʝʥʘ ʥʘ ʚʠʩʦʪʽ 20 ʤ  

ʅʘ ʨʠʩ. 4.14 ï 4.20, ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ ʧʦʢʘʟʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʩʪʽʡʢʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʟʘʩʦʙʫ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ (ʜʞʝʨʝʣʘ ʨʘʜʽʦʭʚʠʣʴ) ʟ 

ʉʂʇ = 0,5 ʤ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʟ ʧʝʨʝʭʦʜʦʤ ʚʽʜ ʯʝʨʚʦʥʦʛʦ ʜʦ ʢʦʨʠʯʥʝʚʦʛʦ ʉʂʇ 

ʟʨʦʩʪʘʻ, ʥʘ 0,10 ʤ ï ʥʘ ʢʦʞʥʡ̔ ʟʤʽʥʥʽ ʢʦʣʴʦʨʫ. ʊʦʙʪʦ ʥʘ ʯʝʨʚʦʥʦʤʫ ʢʦʣʴʦʨʽ 

ʉʂʇ=0,5 ʤ, ʥʘ ʬʽʦʣʝʪʦʚʦʤʫ ʢʦʣʴʦʨʽ ʉʂʇ=0,6 ʤ ʽ ʘʥʘʣʦʛʽʯʥʦ ʟ ʫʩʽʤʘ 

ʢʦʣʴʦʨʘʤʠ. ʗʢ ʙʘʯʠʤʦ, ʥʘ ʨʠʩ. 4.14 ï 4.16 ʻ ʜʫʞʝ ʯʽʪʢʘ ʦʙʣʘʩʪʴ ʚ ʷʢʽʡ ʥʝ 

ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʩʠʛʥʘʣ. ʊʦʤʫ ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ: ʪʨʠ ʘʥʪʝʥʠ ʥʝ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʘʤ ʣʦʢʘʣʽʟʘʮʽʾ ɿʅʆɯ. ɸʣʝ ʷʢʱʦ ʜʦʙʘʚʠʪʴ ʱʝ ʦʜʥʫ ʘʥʪʝʥʫ 

(ʜʠʚʠʩʴ ʨʠʩ. 4.16 ï 4.20) ï ʪʦʜʽ ʤʦʞʣʠʚʦ ʧʦʚʥʽʩʪʶ ʣʦʢʘʣʽʟʫʚʘʪʠ ʩʠʛʥʘʣ ɿʅʆɯ.  

ʃʽʚʝ ʢʨʠʣʦ ʙʫʜʽʚʣʽ, ʟ ʧʽʜʚʘʣʴʥʦʛʦ ʧʨʠʤʽʱʝʥʥʷ ʜʦ ʪʝʭʥʽʯʥʦʛʦ ʧʦʚʝʨʭʫ 

ʜʘʭʫ, ʧʦʚʥʽʩʪʶ ʧʦʢʨʠʪʽ ʧʝʣʝʥʛʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ, ʷʢʘ ʟ ʟʘʜʘʥʦʾ ʪʦʯʥʽʩʪʶ 

ʚʠʟʥʘʯʘʻ ɿʅʆɯ, ʘʙʦ ʙʽʣʴʰ ʧʨʘʚʠʣʴʥʦ, ʜʞʝʨʝʣʦ ʨʘʜʽʦʭʚʠʣʴ. ʇʨʘʚʝ ʢʨʠʣʦ 

ʟʘʣʠʰʘʻʪʴʩʷ ʧʽʜ ʧʦʢʨʠʪʪʷʤ ʧʝʣʝʥʛʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʽʟ ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ 

ʪʽʣʴʢʠ ʥʘ 85 %. ʋ ʢʨʘʡʥʽʭ ʧʨʠʤʽʱʝʥʥʷʭ ʙʫʜʽʚʣʽ ʪʦʯʥʽʩʪʴ ʚʞʝ ʥʠʞʯʝ ʥʽʞ 0,5 ʤ 

(ʪʦʯʥʽʩʪʴ ʙʫʜʝ 0,6 ʤ), ʘʣʝ ʮʝ ʜʦʟʚʦʣʷʻ ʧʨʠ ʧʦʷʚʽ ʩʪʦʨʦʥʥʴʦʛʦ ʜʞʝʨʝʣʘ 

ʨʘʜʽʦʩʠʛʥʘʣʫ ʚʠʟʥʘʯʠʪʠ ʤʽʩʮʝ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʦʚʦʾ ʘʧʘʨʘʪʫʨʠ 

ʣʦʢʘʣʽʟʫʚʘʪʠ ɿʅʆɯ [83]. 
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ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʧʝʣʝʥʛʘʮʽʾ ɿʅʆɯ ʥʘ 

ʦʩʥʦʚʽ ʜʘʣʝʢʦʤʽʨʥʦʛʦ ʤʝʪʦʜʫ, ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʤʦʞʣʠʚʦ ʧʝʨʝʢʨʠʪʠ ʚʩʽ 

ʧʨʠʤʽʱʝʥʥʷ ʽʟ ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ ʪʘ ʡʤʦʚʽʨʥʽʩʪʶ ʚʠʟʥʘʯʝʥʥʷ ɿʅʆɯ. ʄʦʞʣʠʚʦ 

ʪʘʢʦʞ ʤʽʥʷʪʠ ʨʽʟʥʽ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʪʘʢʽ ʷʢ: ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ, 

ʢʽʣʴʢʽʩʪʴ ʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʥʪʝʥ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʘʥʪʝʥ ʪʘ 

ʽʥʰʽ. ʇʨʠ ʮʴʦʤʫ ʜʘʥʘ ʤʝʪʦʜʠʢʘ ʤʦʜʝʣʶʚʘʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʧʝʣʝʥʛʘʮʽʾ ʜʞʝʨʝʣʘ 

ʨʘʜʽʦʭʚʠʣʴ, ʜʦʟʚʦʣʷʻ ʽʟ ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ ʟʤʦʜʝʣʶʚʘʪʠ ʡʤʦʚʽʨʥʽʩʪʴ 

ʟʘʭʠʱʝʥʦʩʪʽ ʥʝ ʪʽʣʴʢʠ ʦʢʨʝʤʦʛʦ ʧʨʠʤʽʱʝʥʥʷ ʘʙʦ ʙʫʜʽʚʣʽ, ʘʣʝ ʽ ʛʨʫʧʠ ʙʫʜʽʚʝʣʴ 

ʨʦʟʪʘʰʦʚʘʥʠʭ  ʙʣʠʟʴʢʦ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ. ʇʨʠ ʮʴʦʤʫ ʢʽʣʴʢʽʩʪʴ ʘʥʪʝʥ ʧʝʣʝʥʛʘʮʽʾ 

ʤʦʞʣʠʚʦ ʧʽʜʙʠʨʘʪʠ ʩʪʽʣʴʢʠ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʟʘʜʘʥʦʾ ʪʦʯʥʦʩʪʽ. ʎʝ ʟʥʘʯʥʦ 

ʝʢʦʥʦʤʠʪʴ ʢʦʰʪʠ ʪʘ ʜʦʟʚʦʣʷʻ ʨʦʟʤʽʱʫʚʘʪʠ ʧʨʠʤʽʱʝʥʥʷ, ʚ ʷʢʠʭ ʮʠʨʢʫʣʶʻ 

ʽʥʬʦʨʤʘʮʽʷ ʱʦ ʟʘʭʠʱʘʻʪʴʩʷ, ʚ ʟʦʥʽ ʥʘʡʙʽʣʴʰ ʚʽʨʦʛʽʜʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʜʞʝʨʝʣʘ 

ʧʦʙʽʯʥʠʭ ʨʘʜʽʦʭʚʠʣʴ. 

ʅʘʧʨʷʤʢʦʤ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʝ ʙʫʪʠ ʚʚʝʜʝʥʥʷ ʚ 

ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʤʦʜʝʣʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʞʠʚʫʯʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʧʝʣʝʥʛʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʱʦ ʜʦʟʚʦʣʠʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʥʽ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʙ'ʻʢʪʘʭ ʧʽʜʜʘʶʪʴʩʷ ʟʥʘʯʥʠʤ ʚʧʣʠʚʘʤ, ʥʘʧʨʠʢʣʘʜ ʟʘʭʠʩʪ 

ʦʙ'ʻʢʪ̔ʚ ʚʽʡʩʴʢʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʨʦʟʛʦʨʥʫʪʠʭ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ.  

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 

1. ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʨʘʜʽʦʣʦʢʘʮʽʾ ʧʦʢʘʟʘʣʦ, ʱʦ ʨʘʜʽʦʣʦʢʘʮʽʷ 

ʝʤʧʽʨʠʯʥʘ ʥʘʫʢʦʚʘ ʜʠʩʮʠʧʣʽʥʘ, ʟ ʧʝʨʝʚʘʞʥʠʤ ʫ ʥʽʡ ʤʝʪʦʜʦʤ ʽʥʜʫʢʪʠʚʥʦʛʦ 

ʘʥʘʣʽʟʫ ʽ ʩʠʥʪʝʟʫ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʧʦʣʦʞʝʥʴ ʽ ʩʭʝʤʥʠʭ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ 

ʧʦʝʪʘʧʥʦʛʦ ʧʝʨʝʭʦʜʫ ʚʽʜ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʜʦ ʢʚʘʟʽʜʝʪʝʨʤʽʥʽʥʦʚʘʥʥʦʾ ʘʙʦ 

ʩʪʦʭʘʩʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ. ʇʦʜʦʣʘʥʥʷ ʚʠʥʠʢʘʶʯʠʭ ʧʨʠ 

ʮʴʦʤʫ ʧʨʦʙʣʝʤ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʚ ʫʤʦʚʘʭ ʘʧʨʽʦʨʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʱʦʜʦ 

ʧʘʨʘʤʝʪʨʽʚ ʟʦʚʥʽʰʥʭ̔ ʧʝʨʝʰʢʦʜ ʽ ʥʝʽʥʬʦʨʤʘʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʟʘʚʘʜ) ʩʘʤʦʛʦ 

ʩʠʛʥʘʣʫ ʩʫʧʨʦʚʦʜʞʫʚʘʣʦʩʷ ʧʦʩʣʽʜʦʚʥʠʤ ʫʩʢʣʘʜʥʝʥʥʷʤ ʚʠʭʽʜʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ 

ʢʦʥʩʪʨʫʢʪʽʚ ʽ ʚʽʜʧʦʚʽʜʥʦʾ ʽʜʝʘʣʴʥʦʾ ʤʦʜʝʣʽ ʦʙ'ʻʢʪʘ, ʷʢʘ, ʟ ʫʩʽʤ ʪʠʤ, 

ʟʘʣʠʰʘʣʘʩʷ ʝʤʧʽʨʠʯʥʦʾ. ʊʦʤʫ ʧʦʪʨʝʙʫʻ ʧʦʩʪʽʡʥʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥ.̫  
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2. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʜʣʷ ʣʦʢʘʣʽʟʘʮʽʾ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ ʧʨʦʛʨʘʤʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʷʢʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʽʩʥʫʶʯʦʾ ʤʝʪʦʜʠʢʠ, ʜʦʟʚʦʣʷʻ ʣʦʢʘʣʽʟʫʚʘʪʠ ʮʠʬʨʦʚʽ ʟʘʩʦʙʠ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʡʤʦʚʽʨʥʽʩʪʶ 0,5. 

3. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʧʘʩʠʚʥʦʾ ʨʘʜʽʦʣʦʢʘʮʽʾ, ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ 

ʤʝʪʦʜ ʧʨʠʭʦʚʘʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʥ̔ʬʦʨʤʘʮʽʾ. ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʧʘʩʠʚʥʽ ʟʘʩʦʙʠ ʦʪʨʠʤʘʥʥʷ 

ʥ̔ʬʦʨʤʘʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʧʣʦʱʽ ʘʥʪʝʥʠ ʧʝʣʝʥʛʘʮʽʾ . ʇʨʦʪʝ 

ʜʘʥʠʡ ʤʝʪʦʜ ʻ ʜʫʞʝ ʜʦʨʦʛʦʚʘʨʪʽʩʥʠʤ ʽ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʪʽʣʴʢʠ ʷʢ 

ʜʦʜʘʪʢʦʚʠʡ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʤʝʪʦʜ ʣʦʢʘʣʽʟʘʮʽʾ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

4. ʋʜʦʩʢʦʥʘʣʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʣʴʪʨʽʚ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ ʚ ʘʧʘʨʘʪʥʦ-

ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ʧʦh ʫʢʫ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʫ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ 

ʩʠʛʥʘʣʽʚ. ʂʦʨʠʩʥʠʡ ʩʠʛʥʘʣ ʧʽʜʩʫʤʦʚʫʻʪʴʩʷ ʢʦʛʝʨʝʥʪʥʦ, ʘ ʩʠʛʥʘʣ ʟʘʚʘʜʠ ï 

ʥʝʢʦʛʝʨʝʥʪʥʦ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ  

ʩʠʩʪʝʤʠ ʣʦʢʘʣʽʟʘʮʽʾ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʪʘ ʥʘ 5,5 ï

 7,5 % ʟʙʽʣʴʰʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʣʦʢʘʣʽʟʘʮʽʾ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ.  

5. ʈʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʪʦʯʥʦʩʪʽ ʣʦʢʘʣʽʟʘʮʽʾ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʘʣʝʢʦʤʽʨʥʦʤʫ ʤʝʪʦʜʽ ʦʙʯʠʩʣʝʥʥʷ, 

ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ, ʢʦʦʨʜʠʥʘʪ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʟ ʚʠʟʥʘʯʝʥʥʷʤ 

ʡʦʛʦ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ. ʎʝ ʜʦʜʘʪʢʦʚʦ ʜʦʟʚʦʣʷʻ ʙʫʜʫʚʘʪʠ ʪʦʧʦʣʦʛʽʶ 

ʙʘʛʘʪʦʤʘʰʠʥʥʦʛʦ ʩʢʘʥʫʶʯʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟ ʘʧʨʽʦʨʥʦ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʪʦʯʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʣʦʢʘʣʽʟʘʮʽʾ. ɼʦʚʝʜʝʥʦ ʱʦ ʜʣʷ ʦʩʪʘʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʟʘʩʦʙʫ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʦʪʨʽʙʥʦ ʤʽʥʽʤʫʤ ʯʦʪʠʨʠ ʘʥʪʝʥʠ 

ʣʦʢʘʣʽʟʘʮʽʾ (ʧʝʣʝʥʛʘʮʽʾ). 

6. ɿ ʤʝʪʦʶ ʫʨʘʭʫʚʘʥʥʷ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʢʨʝʤʠʭ 

ʝʣʝʤʝʥʪʽʚ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʡʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʷʢ ʩʝʨʝʜʥʷ 
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ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʡʤʦʚʽʨʥʽʩʪʴ ʫʩʧʽʰʥʦʾ ʨʦʙʦʪʠ, ʧʽʜʚʠʱʠʣʠ ʪʦʯʥʽʩʪʴ 

ʣʦʢʘʣʽʟʘʮʽʾ ʥʘ 9 %. 

7. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ  ʁʤʝʪʦʜʠʢʦʶ ʣʦʢʘʣʽʟʘʮʽʾ 

ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʦʚʦʜʷʪ,ɹ ʱʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʟ ʜʦʩʪʦʚʽʨʥʽʩʪʶ 0,95 ʟʤʝʥʰʠʪʠ ʪʦʯʥʽʩʪʴ 

ʣʦʢʘʣʽʟʘʮʽʾ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʦ 0,5 ʤ. ɼʦʩʪʦʚʽʨʥʽʩʪʴ 

ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʢʦʨʝʢʪʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʦʙˇʨʫʥʪʦʚʘʥʠʤʠ ʪʝʦʨʝʪʠʯʥʠʤʠ ʪʚʝʨʜʞʝʥʥʷʤʠ, ʘ 

ʪʘʢʦʞ ʟʙʽʞʥʽʩʪʶ ʪʝʦʨʝʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʫ ʣʦʢʘʣʽʟʘʮʽʾ ʩʠʛʥʘʣʽʚ.  
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ʈʆɿɼɯʃ 5 

ʋɿɸɻɸʃʔʅɽʅʅʗ ʄɽʊʆɼʆʃʆɻɯʏʅʀʍ ʆʉʅʆɺ 

ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɻʆ ʇʆʐʋʂʋ ʎʀʌʈʆɺʀʍ ɿɸʉʆɹɯɺ 

ʅɽɻʃɸʉʅʆɻʆ ʆʊʈʀʄɸʅʅʗ ɯʅʌʆʈʄɸʎɯɰ ʅɸ ʌʆʅɯ ʃɽɻɸʃʔʅʀʍ 

ʈɸɼɯʆʉʀɻʅɸʃɯɺ 

 

5.1. ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʢ ʚʠʷʚʣʝʥʥʷ, 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

 

ɿ ʧʽʜʚʠʱʝʥʥʷʤ ʟʥʘʯʥʦʩʪʽ ʪʘ ʮʽʥʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʟʨʦʩʪʘʻ ʽ 

ʚʘʞʣʠʚʽʩʪʴ ʾʾ ʟʘʭʠʩʪʫ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʽʥʬʦʨʤʘʮʽʷ ʢʦʰʪʫʻ ʛʨʦʰʝʡ [97]. ʊʦʤʫ 

ʚʠʪʽʢ ʘʙʦ ʚʪʨʘʪʘ ʽʥʬʦʨʤʘʮʽʾ ʩʧʨʠʯʠʥʠʪʴ ʤʘʪʝʨʽʘʣʴʥʠʡ ʟʙʠʪʦʢ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʽʥʬʦʨʤʘʮʽʷ ï ʮʝ ʫʧʨʘʚʣʽʥʥʷ. ʇʠʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʩʴʦʛʦʜʥʽ 

ʘʢʪʫʘʣʴʥʝ ʷʢ ʥʽʢʦʣʠ ʨʘʥʽʰʝ. ʂʽʣʴʢʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʪʝʭʥʽʢʠ ʧʨʦʜʦʚʞʫʻ 

ʟʨʦʩʪʘʪʠ, ʦʪʞʝ, ʟʨʦʩʪʘʻ ʽ ʟʥʘʯʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʪʘ ʧʨʦʛʨʘʤʥʦ-ʪʝʭʥʽʯʥʦʛʦ 

ʟʘʭʠʩʪʫ ʚʽʜ ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ. 

 ʇʽʜ ʚʠʪʦʢʦʤ ʽʥʬʦʨʤʘʮʽʾ ʟ ʪʝʭʥʽʯʥʦʛʦ ʢʘʥʘʣʫ ʨʦʟʫʤʽʻʪʴʩʷ 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʝ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʥʦʩʽʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ 

ʟʘʭʠʱʘʻʪʴʩʷ, ʯʝʨʝʟ ʬʽʟʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʦ ʪʝʭʥʽʯʥʦʛʦ ʟʘʩʦʙʫ, ʷʢʠʡ ʟʜ̔ʡʩʥʶʻ 

ʧʝʨʝʭʦʧʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ [99,101]. 

 ʇʨʠʯʦʤʫ, ʽʥʬʦʨʤʘʮʽʶ ʦʪʨʠʤʘʥʫ ʟ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʱʝ ʢʘʥʘʣʽʚ ʚʠʪʦʢʫ 

ʽʥʬʦʨʤʘʮʽʾ ʥʘʡʧʨʦʩʪʽʰʝ ʧʝʨʝʜʘʪʠ ʚ ʫʩʽʭ ʯʘʩʪʦʪʥʠʭ ʨʘʜʽʦʜʽʘʧʘʟʦʥʘʭ. ɺ ʟʚ'ʷʟʢʫ 

ʟ ʯʠʤ ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʣʦʢʘʣʽʟʘʮʽʷ ʩʠʛʥʘʣʽʚ ɿʅʆɯ ʪʘ ʤʝʪʦʜʠ 

ʥʝʡʪʨʘʣʽʟʘʮʽʾ ɿʅʆɯ ʩʪʘʶʪʴ ʘʢʪʫʘʣʴʥʠʤʠ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ. ɸʣʝ 

ʧʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʩʫʯʘʩʥʽ ʟʘʢʣʘʜʥʽ ʧʨʠʩʪʨʦʾ ʟ ʧʝʨʝʜʘʯʝʶ 

ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʨʘʜʽʦʢʘʥʘʣʫ ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ ʪʽ ʞ ʩʪʘʥʜʘʨʪʠ, ʱʦ ʽ ʣʝʛʘʣʴʥʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʫ 

ʧʝʨʝʚʽʨʷʻʤʠʭ ʧʨʠʤʽʱʝʥʥʷʭ. ʊʦʤʫ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʨʘʥʽʰʝ ʤʝʪʦʜʠ 

ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ ʥʝ ʚ ʟʤʦʟʽ ʚʠʟʥʘʯʠʪʠ ʟʘʢʣʘʜʝʥʽ ʧʨʠʩʪʨʦʾ ʱʦ ʧʨʘʮʶʶʪʴ ʧʽʜ 
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ʧʨʠʢʨʠʪʪʷʤ ʣʝʛʘʣʴʥʦ ʧʨʘʮʶʶʯʠʭ ʧʨʠʩʪʨʦʾʚ. ʇʦʪʨʽʙʥʦ ʨʦʟʨʦʙʣʷʪʠ ʥʦʚʽ 

ʧʨʠʩʪʨʦʾ ʪʘ ʤʝʪʦʜʠʢʠ ʜʣʷ ʧʦʰʫʢʫ ɿʅʆɯ ʱʦ ʧʨʘʮʁʶʪʴ ʫ ʪʠʭ ʞʝ ʯʘʩʪʦʪʥʠʭ 

ʜʽʘʧʘʟʦʥʘʭ ʱʦ ʽ ʣʝʛʘʣʴʥʽ ʧʨʠʩʪʨʦʾ. 

ʇʝʨʝʣʽʯʝʥʽ ʚʠʱʝ ʬʘʢʪʦʨʠ, ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʱʦ, ʥʘ 

ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʪʝʭʥʽʢʠ ʧʨʦʮʝʩ ʧʦʰʫʢʫ ɿʅʆɯ ʚʠʭʦʜʠʪʴ ʥʘ ʽʥʰʠʡ 

ʷʢ̔ʩʥʠʡ ʨʽʚʝʥʴ. ʊʦʤʫ ʧʨʦʙʣʝʤʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ɿʅʆɯ ʻ ʜʫʞʝ ʘʢʪʫʘʣʴʥʦʶ. 

ʋ ʨʘʜʽʦʝʬʽʨʽ ʣʝʛʘʣʴʥʦ ʧʨʘʮʶʶʪʴ ʧʨʠʩʪʨʦʾ ʦʧʝʨʘʪʦʨʽʚ ʤʦʙʽʣʴʥʦʛʦ 

ʟʚ'ʷʟʢʫ 2G / 3G / 4G ʤʝʨʝʞ, ʤʝʨʝʞʽ Wi-Fi, ʘʥʘʣʦʛʦʚʝ ʪʘ ʮʠʬʨʦʚʝ ʪʝʣʝʙʘʯʝʥʥʷ ʽ 

ʨʘʜʽʦʤʦʚʣʝʥʥʷ, ʥʘʚʽʛʘʮʽʾ, ʩʣʫʞʙʦʚʽ ʨʘʜʽʦʤʝʨʝʞʽ ʄɺʉ, ʄʅʉ, ʄʆ, ʩʠʩʪʝʤʠ 

ʨʘʜ̔ʦʩʠʛʥʘʣʽʟʘʮʽʾ, ʨʘʜʽʦʘʤʘʪʦʨʠ, ʘʚʽʘʮʽʷ ʪʘ ʽʥʰʽ. ʆʧʝʨʘʪʦʨ ʟ ʢʦʤʧʣʝʢʩʦʤ 

ʨʘʜʽʦʢʦʥʪʨʦʣʶ, ʙʝʟ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʘʥʘʣʽʟʫ ʮʠʬʨʦʚʠʭ ʢʘʥʘʣʽʚ ʟʚ'ʷʟʢʫ, ʥʝ 

ʤʦʞʝ ʚʠʟʥʘʯʠʪʠ ʮʠʬʨʦʚʽ ɿʅʆɯ ʧʨʠ çʢʣʘʩʠʯʥʦʤʫè ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ ʪʦʤʫ, ʱʦ 

ʚʩʽ ʜʞʝʨʝʣʘ ʨʘʜʽʦʩʠʛʥʘʣʫ ʮʠʬʨʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʠʛʣʷʜʘʶʪʴ ʥʘ ʝʢʨʘʥʽ 

ʢʦʤʧʣʝʢʩʫ ʦʜʥʘʢʦʚʦ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ çʢʣʘʩʠʯʥʦʛʦ ʨʘʜʽʦʢʦʥʪʨʦʣʶè, ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ 

ʪʝʭʥʽʢʠ, ʜʣʷ ʧʦʰʫʢʫ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʚ ʦʙʤʝʞʝʥʦʤʫ ʦʙʩʷʟʽ. ʇʨʦʙʣʝʤʫ ʧʦʰʫʢʫ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʦʩʦʙʣʠʚʦ ʪʠʭ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘ ʬʦʥʽ 

ʣʝʛʘʣʴʥʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʜʘʥʠʡ ʤʝʪʦʜ ʚʠʨʽʰʠʪʠ ʥʝ ʤʦʞʝ. ʊʦʤʫ ʟôʚ̫ʠʣʦʩʷ 

ʟʘʚʜʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʠʢʠ ʧʦʰʫʢʫ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ.  

 

5.1.1. ɼʽʘʧʘʟʦʥ ʨʘʜʽʦʯʘʩʪʦʪ ʩʪʘʥʜʘʨʪʫ DECT. 

 

ʗʢ ʧʦʢʘʟʘʥʦ ʚʠʱʝ, ʧʨʦʙʣʝʤʫ ʧʦʰʫʢʫ ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʦʩʦʙʣʠʚʦ ʪʠʭ ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘ ʬʦʥʽ ʣʝʛʘʣʴʥʠʭ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ, çʢʣʘʩʠʯʥʠʤ ʤʝʪʦʜʦʤè ʚʠʨʽʰʠʪʠ ʥʝ ʤʦʞʣʠʚʦ. ʊʦʤʫ ʟôʷʚʠʣʦʩʷ 

ʟʘʚʜʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʠʢʠ ʧʦʰʫʢʫ ɿʅʆɯ ʫ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʪʘʥʜʘʨʪʫ 

DECT (Digital European Cordless Telecommunications). 
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ɼʣʷ ʨʦʟʫʤʽʥʥʷ ʩʠʪʫʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʧʨʝʜʩʪʘʚʠʪʠ, ʱʦ ʩʦʙʦʶ ʩʴʦʛʦʜʥʽ 

ʷʚʣʷʻ ʪʠʧʦʚʠʡ ʦʙ'ʻʢʪ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ ʟʘʭʠʩʪʫ. ʆʧʝʨʘʪʦʨ ʟ çʢʣʘʩʠʯʥʠʤè 

ʢʦʤʧʣʝʢʩʦʤ ʨʘʜʽʦʢʦʥʪʨʦʣʶ, ʙʝʟ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʘʥʘʣʽʟʫ ʮʠʬʨʦʚʠʭ ʢʘʥʘʣʽʚ 

ʟʚ'ʷʟʢʫ ʦʪʨʠʤʫʻ ʩʧʝʢʪʨʦʛʨʘʤʫ ʩʠʛʥʘʣʫ, ʧʨʠʢʣʘʜ ʷʢʦʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5.1. 

 

 

ʈʠʩ. 5.1. ʉʧʝʢʪʨʦʛʨʘʤʘ ʨʝʘʣʴʥʦ ʧʨʘʮʶʶʯʠʭ ʙʘʟ ʽ ʪʨʫʙʦʢ DECT 

ɺʠʷʚʠʪʠ ʥʘ ʦʙ'ʻʢʪʽ ɿʅʆɯ ʟ ʧʝʨʝʜʘʯʝʶ ʽʥʬʦʨʤʘʮʽʾ ʫ ʜʽʘʧʘʟʦʥʽ ʨʦʙʦʪʠ 

ʧʨʠʩʪʨʦʾʚ DECT (ʧʨʠ ʫʤʦʚʘʭ, ʱʦ ʟʛʽʜʥʦ ʩʪʘʥʜʘʨʪʫ ï ʥʘ ʢʦʞʥʽʡ ʯʘʩʪʦʪʽ ʤʦʞʝ 

ʦʜʥʦʯʘʩʥʦ ʧʨʘʮʶʚʘʪʠ 24 ʧʨʠʩʪʨʦʾ ï 12 ʙʘʟ ʽ 12 ʪʨʫʙʦʢ, ʘ ʪʘʢʠʭ ʯʘʩʪʦʪ 10 ʚ 

ʜʽʘʧʘʟʦʥʽ 1880-1900 ʄɻʮ, ʽ ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʫʻ, ʱʦ ʫʩʽ 10 ʢʘʥʘʣʽʚ ʟʘʡʥʷʪʽ, 

ʪʦʙʪʦ, ʤʘʻʤʦ 240 ʧʦʩʪʽʡʥʦ ʧʨʘʮʶʶʯʠʭ ʧʨʠʩʪʨʦʾʚ DECT) ʧʨʘʢʪʠʯʥʦ 

ʥʝʤʦʞʣʠʚʦ [172,173]. 

ʇʨʠ çʢʣʘʩʠʯʥʦʤʫ ʤʝʪʦʜʽè ʨʘʜʽʦʢʦʥʪʨʦʣʶ ʬʘʭʽʚʝʮʴ ʟ ʧʦʰʫʢʫ ʽ 

ʙʣʦʢʫʚʘʥʥʷ ɿʅʆɯ ʚʠʤʠʢʘʻ ʙʘʟʫ DECT (ʙʘʞʘʥʦ ʽ ʪʨʫʙʢʠ ʷʢʽ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʥʘ 

ʥʽʡ) ʪʘ ʘʥʘʣʽʟʫʻ ʨʽʚʥʽ ʩʠʛʥʘʣʽʚ. ʉʠʛʥʘʣ ʷʢʠʡ ʟʘʣʠʰʠʚʩʷ ʥʘ ʝʢʨʘʥʽ ʢʦʤʧ'ʶʪʝʨʘ 

ʢʦʤʧʣʝʢʩʫ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛʫ ʽ ʙʫʜʝ ʩʠʛʥʘʣʦʤ (ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ) ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʨʘʮʶʻ ʧʽʜ ʧʨʠʢʨʠʪʪʷʤ ʩʪʘʥʜʘʨʪʫ 

DECT [84]. ʃʦʢʘʣʽʟʘʮʽʷ ʪʘʢʦʛʦ ʟʘʩʦʙʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʦʚʦʾ 

ʘʧʘʨʘʪʫʨʠ ʧʦʫhʢʫ: ʜʝʪʝʢʪʦʨʘ ʧʦʣʷ, ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʧʦʰʫʢʦʚʦʛʦ ʧʨʠʣʘʜʫ, 

ʥʝʣʽʥʽʡʥʦʛʦ ʣʦʢʘʪʦʨʘ ʪʘ ʽʥʰʠʭ. 
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ʗʢʱʦ ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʨʦʙʦʪʠ ʟ ʧʦʰʫʢʫ ʽ ʙʣʦʢʫʚʘʥʥʷ ʟʘʩʦʙʽʚ 

ʥʝʛʣʘʩʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘʻʤʥʦ, ʘʙʦ, ʷʢ ʤʽʥʽʤʫʤ, ʥʝ ʧʦʨʫʰʫʶʯʠ 

ʨʝʞʠʤ ʨʦʙʦʪʠ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʦ ʮʝʡ ʚʘʨʽʘʥʪ ʥʝ ʧʽʜʭʦʜʠʪʴ. 

ʆʩʢʽʣʴʢʠ, ʧʦ-ʧʝʨʰʝ, ʥʝ ʜʘʜʫʪʴ ʚʽʜʢʣʶʯʠʪʠ ʙʘʟʠ ʽ ʪʨʫʙʢʠ DECT ʽ ʧʦ-ʜʨʫʛʝ, 

ʷʢʱʦ ʽʥʬʦʨʤʘʮʽʷ ʟʥʽʤʘʻʪʴʩʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʽ ʮʝʡ ʧʨʦʮʝʩ ʢʦʥʪʨʦʣʶʻʪʴʩʷ, ʪʦ 

ʟʣʦʚʤʠʩʥʠʢ ʚʽʜʢʣʶʯʠʪʴ ʩʚʽʡ ɿʅʆɯ (ʪʦʤʫ, ʱʦ ʦʯʝʚʠʜʥʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʪʘʢʠʡ ʨʽʚʝʥɹ ʧʽʜʛʦʪʦʚʢʠ ʟʣʦʚʤʠʩʥʠʢʘ, ʩʢʦʨʠʰ ʟʘ ʚʩʝ, çʟʘʢʣʘʜʢʘè ʙʫʜʝ 

ʜʠʩʪʘʥʮʽʡʥʦ ʢʝʨʦʚʘʥʦʶ). ʂʨʽʤ ʪʦʛʦ ʚ ʮʝʡ ʧʝʨʝʣʽʢ ʜʦʜʘʻʪʴʩʷ ʥʝʤʦʞʣʠʚʽʩʪʴ 

ʚʽʜʢʣʶʯʠʪʠ ʙʘʟʠ ʽ ʪʨʫʙʢʠ DECT ʚ ʩʫʤʽʞʥʠʭ ʧʨʠʤʽʱʝʥʥʷʭ (ʷʢʱʦ ʚʦʥʠ 

ʥʘʣʝʞʘʪʴ ʽʥʰʠʤ ʚʣʘʩʥʠʢʘʤ). ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʙʫʜʝʤʦ ʤʘʪʠ ʧʦʩʪʽʡʥʦ 

ʟʤʽʥʥʠʡ ʨʽʚʝʥʴ ʩʠʛʥʘʣʽʚ ʽ ʚʠʟʥʘʯʠʪʠ çʟʘʢʣʘʜʢʫè, ʧʨʘʮʶʶʯʫ ʫ ʩʪʘʥʜʘʨʪʽ 

DECT, ʙʫʜʝ ʜʫʞʝ ʚʘʞʢʦ.  

ɺʘʨʽʘʥʪ ʩʧʨʦʙʠ ʧʨʦʩʣʫʭʘʪʠ DECT ʚʽʜʭʠʣʷʻʪʴʩʷ ʪʦʤʫ, ʱʦ ʟʘʭʠʱʝʥʽʩʪʴ 

ʟʚ'ʷʟʢʫ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʧʨʦʧʠʩʫ (ʧʨʠʚ'ʷʟʮʽ) ʙʝʟʜʨʦʪʦʚʦʾ ʪʨʫʙʢʠ ʜʦ ʦʜʥʽʻʾ 

ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ. ʋ ʚʠʧʘʜʢʫ ʧʨʠʚôʷʟʢʠ ʪʨʫʙʢʘ ʽ ʩʪʘʥʮʽʷ 

ʦʪʨʠʤʫʶʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʡʥʠʡ ʢʣʶʯ. ʊʦʤʫ ʧʨʠ ʢʦʞʥʦʤʫ ʚʩʪʘʥʦʚʣʝʥʥʽ ʟʚ'ʷʟʢʫ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʢʣʶʯʘ ʙʘʟʘ ʽ ʪʨʫʙʢʘ ʙʫʜʫʪʴ ʚʧʽʟʥʘʚʘʪʠ ʦʜʠʥ ʦʜʥʦʛʦ ʽ 

ʙʫʜʴ-ʷʢʝ ʧʽʜʢʣʶʯʝʥʥʷ, ʷʢʝ ʥʝ ʟʤʦʛʣʦ çʥʘʟʚʘʪʠ ʧʘʨʦʣʴè, ʙʫʜʝ ʨʦʟʽʨʚʘʥʦ. 

ʆʜʥʠʤ ʟ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚʘʨʽʘʥʪʽʚ ʚʠʷʚʣʝʥʥʷ ɿʅʆɯ, ʱʦ ʧʨʘʮʶʻ ʚ 

ʩʪʘʥʜʘʨʪʽ DECT, ʻ ʦʪʨʠʤʘʥʥʷ, ʪʘʢ ʟʚʘʥʦʛʦ, ʬʘʡʣʫ ʟʨʘʟʢʘ (ʚ ʧʦʰʫʢʦʚʠʭ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ʚʽʥ ʥʘʡʯʘʩʪʽʰʝ ʥʘʟʠʚʘʻʪʴʩʷ ï ʬʘʡʣ çʟʨʘʟʢʘè) ʚ 

ʜʘʥʦʤʫ ʧʨʠʤʽʱʝʥʥʽ ʫ ʥʽʯʥʠʡ ʯʘʩ. ʅʽʯʥʠʡ ʯʘʩ ʦʙʨʘʥʠʡ ʪʦʤʫ, ʱʦ ʣʠʰʝ ʚ ʜʘʥʠʡ 

ʧʝʨʽʦʜ ʤʠ ʤʦʞʝʤʦ ʦʪʨʠʤʘʪʠ ʥʘʡʙʽʣʴʰ ʩʪʘʙʽʣʴʥʫ ʢʘʨʪʠʥʫ ʧʦʪʨʽʙʥʦʛʦ 

ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ, ʪʦʙʪʦ ʬʘʡʣ çʟʨʘʟʢʘè. ʆʜʥʘʢ ʮʝʡ ʚʘʨʽʘʥʪ ʥʝ ʜʘʻ ʧʦʚʥʦʾ ʛʘʨʘʥʪʽʾ 

ʚʠʷʚʣʝʥʥʷ ɿʅʆɯ. ʊʦʙʪʦ, ʜʦʜʘʪʢʦʚʦ ʜʦ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʚʘʪʠ ʱʝ 

ʷʢ ʤʽʥʽʤʫʤ ʦʜʠʥ ʧʨʷʤʠʡ ʘʙʦ ʢʽʣʴʢʘ ʥʝʧʨʷʤʠʭ ʦʟʥʘʢ ʚʠʷʚʣʝʥʥʷ ʨʦʙʦʪʠ ɿʅʆɯ. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʢʠ ʚʠʷʚʣʝʥʥʷ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ɿʅʆɯ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʭʥʦʣʦʛʽʶ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʽ ʤʦʥʽʪʦʨʠʥʛʫ ʨʫʭʦʤʠʭ ʦʙ'ʻʢʪʽʚ 

ʚ ʤʝʨʝʞʘʭ DECT. ɺʦʥʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʧʝʨʽʦʜʠʯʥʦʤʫ (ʨʘʟ ʚ 5 ï 10 ʩʝʢʫʥʜ) 

ʚʠʤʽʨʫ ʢʦʞʥʠʤ ʘʙʦʥʝʥʪʩʴʢʠʤ ʧʨʠʩʪʨʦʻʤ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ (ʤʝʪʦʜ RSS ï 
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Received Signal Strength) ʚʽʜ ʫʩʽʭ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ (ɹʉ) ʩʚʦʻʾ ʤʝʨʝʞʽ, ʷʢʽ 

ʧʨʠʩʪʨʽʡ ʟʜʘʪʥʠʡ ʚʠʷʚʠʪʠ. ɺʠʤʽʨʷʥʽ ʟʥʘʯʝʥʥʷ ʧʝʨʝʜʘʶʪʴʩʷ ʧʦ ʨʘʜʽʦʢʘʥʘʣʫ 

DECT ʥʘ ʢʦʥʪʨʦʣʝʨ ɹʉ ʽ ʜʘʣʽ ʥʘ ʩʝʨʚʝʨ ʙʘʟʠ ʜʘʥʠʭ (ʉɹɼ). ʇʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʝʨʚʝʨʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ, ʘʥʘʣʽʟʫʻ ʧʨʦʧʦʟʠʮʽʾ, ʱʦ 

ʥʘʜʽʡʰʣʠ ʥʘ ʉɹɼ ʽ ʚʠʟʥʘʯʘʻ ʚʽʜʩʪʘʥʴ ʚʽʜ ʘʙʦʥʝʥʪʘ ʜʦ ʢʦʞʥʦʾ ʟ ɹʉ. ʗʢʱʦ 

ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʩʽʭ ɹʉ ʚ DECT ï ʩʠʩʪʝʤʽ ʚʽʜʦʤʦ ʽ ʥʘʥʝʩʝʥʦ ʥʘ ʧʣʘʥ, ʪʦ 

ʩʪʘʥʦʚʠʱʝ ʘʙʦʥʝʥʪʘ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʦ ʨʽʰʝʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʦʾ ʟʘʜʘʯʽ ʘʙʦ 

ʟʘʚʜʘʥʥʷʤ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ. ɿʚʽʜʩʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʘʙʦʥʝʥʪ ʷʢʠʡ 

ʧʦʩʪʽʡʥʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʦʜʥʦʤʫ ʤʽʩʮʽ ʽ ʻ ɿʅʆɯ.  

ʎʝʡ ʚʘʨʽʘʥʪ ʚʠʟʥʘʯʝʥʥʷ ɿʅʆɯ ʧʨʘʮʶʻ ʚ ʫʤʦʚʘʭ ʥʘʷʚʥʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʩʦʙʫ ʜʣʷ ʮ̔̒ʾ ɸʊʉ, ʚʽʥ ʻ ʨʽʟʥʠʤ ʜʣʷ ʫʩʽʭ ʩʪʘʥʮʽʡ ʟʚôʷʟʢʫ.  

ʆʩʪʘʪʦʯʥʠʤ ʞʝ ʨʽʰʝʥʥʷʤ ʧʨʦʙʣʝʤʠ ʧʦʰʫʢʫ ɿʅʆɯ ʤʠ ʙʘʯʠʤʦ ʚ ʘʥʘʣʽʟʽ 

ʟʘʛʦʣʦʚʢʽʚ ʮʠʬʨʦʚʠʭ ʧʘʢʝʪʽʚ ï RFPI (Radio Fixed Part Identity). ʁʦʛʦ 

ʚʠʧʨʦʤʽʥʶʻ ʚ ʝʬʽʨ ʙʘʟʦʚʘ ʩʪʘʥʮʽʷ DECT ʽ ʚʽʥ ʤʘʻ ʫʥʽʢʘʣʴʥʠʡ 

ʨʘʜʽʦʽʜʝʥʪʠʬʽʢʘʪʦʨ. ʊʝʦʨʝʪʠʯʥʦ, RFPI ʧʦʚʠʥʝʥ ʙʫʪʠ ʫʥʽʢʘʣʴʥʠʡ ʜʣʷ ʙʫʜʴ-

ʷʢʦʾ ɹʉ ʚ ʛʣʦʙʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ. ʇʨʘʢʪʠʯʥʦ ï ʚʽʥ ʤʦʞʝ ʙʫʪʠ ʫʥʽʢʘʣʴʥʠʡ ʜʣʷ 

ɹʉ DECT ʚ ʤʘʩʰʪʘʙʽ ʦʢʨʝʤʦʾ ʤʽʢʨʦʩʪʽʣʴʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ. RFPI ï ʮʝ ʘʥʘʣʦʛ 

MAC-ʘʜʨʝʩʠ ʚ ʩʪʘʥʜʘʨʪʽ DECT. 

ʇʘʢʝʪʠ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʚʽʜ ʘʙʦʥʝʥʪʩʴʢʠʭ ʧʨʠʩʪʨʦʾʚ ("ʪʨʫʙʦʢ") ʜʦ ɹʉ ʚ 

ʧʨʦʮʝʩʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ (ʤʦʚʠ), ʥʝ ʤʽʩʪʷʪʴ ʫʥʽʢʘʣʴʥʠʭ ʽʜʝʥʪʠʬʽʢʘʮʽʡʥʠʭ 

ʥʦʤʝʨʽʚ ʘʙʦʥʝʥʪʩʴʢʠʭ ʧʨʠʩʪʨʦʾʚ. ʋʥʽʢʘʣʴʥʽ ʥʦʤʝʨʠ ʘʙʦʥʝʥʪʩʴʢʠʭ ʧʨʠʩʪʨʦʾʚ 

ʧʝʨʝʜʘʶʪʴʩʷ ʚʽʜ "ʪʨʫʙʢʠ" ʜʦ "ʙʘʟʠ" ʪʽʣʴʢʠ ʚ ʧʨʦʮʝʩʽ ʾʭ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. 

ɿʘʧʠʩʘʪʠ ʽ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʮʝʡ ʧʨʦʮʝʩ ʜʦʩʠʪʴ ʧʨʦʙʣʝʤʘʪʠʯʥʦ. ɸʣʝ ʫ ʥʘʰʠʡ 

ʤʝʪʦʜʠʮʽ ʮʝ ʤʦʞʣʠʚʦ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʽʜʢʣʶʯʠʪʠ ʫʩʽ ʙʘʟʠ ʚʽʜ 

ʞʠʚʣʝʥʥʷ, ʫ ʨʘʟʽ ʪʘʢʦʾ ʤʦʞʣʠʚʦʩʪʽ, ʘʙʦ ʚʽʜʢʣʶʯʠʪʠ ʫʩʽ ʙʘʟʠ ʚʽʜ ʪʝʣʝʬʦʥʥʦʾ 

ʩʪʘʥʮʽʾ ʥʘ ʢʦʨʦʪʢʠʡ ʯʘʩ. ʊʦʜʽ ʧʽʩʣʷ ʚʢʣʶʯʝʥʥʷ ʙʫʜʝ ʧʨʦʭʦʜʠʪʠ ʧʨʦʮʝʩ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ (ʽʜʝʥʪʠʬʽʢʘʮʽʾ RFPI), ʱʦ ʽ ʜʦʟʚʦʣʠʪʴ ʥʘʤ ʚʠʷʚʠʪʠ çʯʫʞʽè 

ʧʨʠʩʪʨʦʾ.  

ʅʘʩʪʫʧʥʠʡ ʢʨʦʢ ʜʨʫʛʦʛʦ ʩʧʦʩʦʙʫ ʚʠʷʚʣʝʥʥʷ ʪʘ ʨʦʟʧʽʟʥʘʥʥʷ ʩʠʛʥʘʣʫ 

ɿʅʆɯ, ʙʫʜʝ ʤʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʷʚʣʝʥʥʽ ʫʥʽʢʘʣʴʥʦʛʦ ʘʜʨʝʩʘ çʪʨʫʙʢʠè. ʋ 
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ʢʦʞʥʦʤʫ ʧʘʢʝʪʽ ʚʽʜ çʪʨʫʙʢʠè ʜʦ ɹʉ ʽ ʚʽʜ ɹʉ ʜʦ çʪʨʫʙʢʠè ʤʽʩʪʠʪʴʩʷ ʫʥʽʢʘʣʴʥʘ 

20-ʙʽʪʦʚʘ ʘʜʨʝʩʘ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ. ʊʦʤʫ ʟʘʚʜʘʥʥʷ ʧʦʰʫʢʫ ɿʅʆɯ ʫ ʩʪʘʥʜʘʨʪʽ 

DECT ʤʦʞʥʘ ʟʚʝʩʪʠ ʜʦ ʘʥʘʣʽʟʫ ʫʩʽʭ ɹʉ ʽ ʧʦʨʽʚʥʷʥʥʶ ʾʭ ʽʟ ʩʧʠʩʢʦʤ ʣʝʛʘʣʴʥʠʭ 

ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ, ʪʘ ʚʠʷʚʠʪʠ ʯʫʞʫ ʘʜʨʝʩʫ. ʏʫʞʘ ʘʜʨʝʩʘ ï ʙʫʜʝ ʘʜʨʝʩʦʶ ɿʅʆɯ. 

ʇʦʪʽʤ ʧʦʪʨʽʙʥʦ ʣʦʢʘʣʽʟʫʚʘʪʠ ʜʘʥʫ ʟʘʛʨʦʟʫ ʪʘ ʧʨʠʡʥʷʪʠ ʤʽʨʠ ʧʦ ʾʾ 

ʥʝʡʪʨʘʣʽʟʘʮʽʾ. ɼʘʥʠʡ ʚʠʩʥʦʚʦʢ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʭʦʜʷʯʠ ʟ ʧʦʩʪʫʣʘʪʫ, ʱʦ ʜʣʷ 

ʦʨʛʘʥʽʟʘʮʽʾ ʥʦʚʦʛʦ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ ʚ ʩʪʘʥʜʘʨʪʽ DECT ʥʝʦʙʭʽʜʥʘ ʷʢ ʤʽʥʽʤʫʤ 

ʦʜʥʘ "ʪʨʫʙʢʘ" ʽ ʦʜʥʘ ɹʉ.  

ʋ ʨʝʞʠʤʽ ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ ʙʝʟʜʨʦʪʦʚʠʭ ʤʝʨʝʞ ʩʪʘʥʜʘʨʪʫ DECT 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʤʘʪʠʯʥʠʭ ʧʦʰʫʢʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ ʥʘʧʨʘʚʣʝʥʦ ʥʘ 

ʚʠʨʽʰʝʥʥʷ ʘʢʪʫʘʣʴʥʦʾ ʟʘʜʘʯʽ ʱʦʜʦ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʩʽʭ ʧʨʘʮʶʶʯʠʭ ʚ ʨʘʜʽʫʩʽ 

ʧʨʠʡʦʤʫ ʧʨʠʩʪʨʦʾʚ ʜʘʥʦʛʦ ʩʪʘʥʜʘʨʪʫ. ɼʣʷ ʘʥʘʣʽʟʫ ʧʘʢʝʪʽʚ ʧʨʦʛʨʘʤʥʠʡ ʟʘʩʽʙ 

ʜʝʤʦʜʫʣʶʻ ʽ ʘʥʘʣʽʟʫʻ ʾʭ ʚʽʜʢʨʠʪʽ ʟʘʛʦʣʦʚʢʠ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʤʦʞʣʠʚʦʩʪʽ 

ʧʦʨʽʚʥʷʪʠ RFPI ʚʩʽʭ ʚʠʷʚʣʝʥʠʭ ʧʨʠʩʪʨʦʾʚ ʤʦʞʥʘ ʚʠʷʚʠʪʠ ʟʘʩʽʙ ʥʝʛʣʘʩʥʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʠʡ ʧʨʘʮʶʻ ʚ ʩʪʘʥʜʘʨʪʽ DECT ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ. 

ʆʪʞʝ, ʚʠʭʦʜʷʯʠ ʟ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ, ʤʦʞʣʠʚʦ ʩʪʚʦʨʠʪʠ ʘʣʛʦʨʠʪʤ ʪʘ 

ʩʬʦʨʤʫʣʶʚʘʪʠ ʤʝʪʦʜʠʢʫ ʧʦʰʫʢʫ ɿʅʆɯ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʽʜ ʧʨʠʢʨʠʪʪʷʤ ʚ 

ʜʽʘʧʘʟʦʥʽ DECT. ɸʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ɿʅʆɯ ʱʦ ʧʨʘʮʶʻ ʫ ʜʽʘʧʘʟʦʥʽ 

ʤʽʢʨʦʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ DECT ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5.2. 

ɸʣʛʦʨʠʪʤ, ʧʨʠʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 5.2, ʨʦʟôʷʩʥʶʻ ʧʨʦʮʝʩ ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʣʦʢʘʣʽʟʘʮʽʾ ɿʅʆɯ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʜʽʘʧʘʟʦʥʽ ʩʪʘʥʜʘʨʪʫ DECT, ʘʣʝ ʤʝʪʦʜʠʢʘ 

ʧʦʰʫʢʫ ʙʽʣʴʰ ʨʦʟʰʠʨʝʥʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ɸʊʉ, ʪʘ 

ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ:  

1. ɺʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʟʰʠʨʝʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʪʝʣʝʬʦʥʥʦʾ ʩʪʘʥʮʽʾ 

ɿʘʤʦʚʥʠʢʘ. ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʦ ʫʩʪʘʥʦʚʠʪʠ ʥʝʦʙʭʽʜʥʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ. ɼʘʥʽ 

ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʜʣʷ ʢʦʞʥʦʾ ɸʊʉ.  

2. ɺʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ RSS ï ʚʠʟʥʘʯʝʥʥʷ ʚʩʽʭ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ ʽ 

ʤʦʙʽʣʴʥʠʭ ʪʨʫʙʦʢ ʟ ʥʘʥʝʩʝʥʥʷʤ ʾʭ ʥʘ ʩʭʝʤʫ ʦʙ'ʻʢʪʘ ʧʝʨʝʚʽʨʢʠ. 
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ʈʠʩ. 5.2. ɸʣʛʦʨʠʪʤ ʧʨʦʮʝʩʫ ʚʠʷʚʣʝʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ɿʅʆɯ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʫ ʜʽʘʧʘʟʦʥʽ ʩʪʘʥʜʘʨʪʫ DECT 

 

3. ɿʘʩʪʦʩʫʚʘʪʠ ʤʝʪʦʜ ʩʢʘʥʫʚʘʥʥʷ ʧʦ ʬʘʡʣʫ çʟʨʘʟʢʘè. ʇʨʦʪʝ, ʦʩʦʙʣʠʚʽʩʪʴ 

ʙʫʜʝ ʧʦʣʷʛʘʪʠ ʩʘʤʝ ʚ ʦʪʨʠʤʘʥʥʽ ʬʘʡʣʫ çʟʨʘʟʢʘè. ʈʦʙʠʪʠ ʡʦʛʦ ʪʨʝʙʘ ʚ ʜʝʥʥʠʡ 

ʯʘʩ, ʷʢʦɦ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʢʣʶʯʠʪʠ ʙʘʟʠ DECT, ʷʢʽ ʦʙʩʣʫʛʦʚʫʶʪʴ ʜʘʥʝ 

ʧʨʠʤʽʱʝʥʥʷ, ʘʙʦ ʚ ʥʽʯʥʠʡ ʯʘʩ ʢʦʣʠ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʩʪʘʙʽʣʴʥʫ ʢʘʨʪʠʥʫ 

ʮʴʦʛʦ ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ. 
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4. ɺʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʷʢʽ ʤʦʞʫʪʴ ʚʠʷʚʣʷʪʠ ʪʘ 

ʘʥʘʣʽʟʫʚʘʪʠ ʟʘʛʦʣʦʚʢʠ ʮʠʬʨʦʚʠʭ ʧʘʢʝʪʽʚ (RFPI) ʪʘ ʧʦʨʽʚʥʶʚʘʪʠ ʚʽʜʦʤʽ (ʩʚʦʾ) 

ʽʜʝʥʪʠʬʽʢʘʪʦʨʠ ʙʘʟ DECT ʟ ʚʩʽʤʘ ʚʠʟʥʘʯʝʥʠʤʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʢʘʥʫʚʘʥʥʷ. 

ʄʝʪʦʜʦʤ ʧʦʨʽʚʥʷʥʥʷ ʚʠʟʥʘʯʠʪʠ ɿʅʆɯ, ʱʦ ʧʨʘʮʶʻ ʚ ʜʽʘʧʘʟʦʥʽ DECT. 

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʟʛʽʜʥʦ ʚʠʱʝʟʘʟʥʘʯʝʥʦʾ ʤʝʪʦʜʠʮʽ, ʧʨʦʚʦʜʠʪʴʩʷ 

ʧʨʦʮʝʩ ʣʦʢʘʣʽʟʘʮʽʾ ɿʅʆɯ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʽʜ ʧʨʠʢʨʠʪʪʷʤ ʜʽʘʧʘʟʦʥʫ ʩʪʘʥʜʘʨʪʫ 

DECT. 

ʊʽʣʴʢʠ ʪʘʢʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʠʪʴ ʚʠʷʚʠʪʠ, ʨʦʟʧʽʟʥʘʪʠ ʪʘ 

ʣʦʢʘʣʽʟʫʚʘʪʠ ɿʅʆɯ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʽʜ ʧʨʠʢʨʠʪʪʷʤ ʜʽʘʧʘʟʦʥʫ ʩʪʘʥʜʘʨʪʫ DECT. 

 

5.1.2. ɼʽʘʧʘʟʦʥ ʨʘʜʽʦʯʘʩʪʦʪ ʩʪʘʥʜʘʨʪʫ Wi-Fi. 

 

ʈʦʟʛʣʷʜʘʶʯʠ ʽʩʪʦʨʽʶ ʚʠʥʠʢʥʝʥʥʷ Wi-Fi, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫ ʦʩʥʦʚʫ 

ʪʝʭʥʦʣʦʛʽʾ ʣʷʛʣʘ ʤʝʪʦʜʠʢʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʧʦ ʨʘʜʽʦʢʘʥʘʣʫ ʥʘ ʯʘʩʪʦʪʽ 2,4 ɻɻʮ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʜʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ʨʦʙʦʯʠʤʠ ʯʘʩʪʦʪʘʤʠ ʽ ʩʧʝʮʽʘʣʴʥʠʤʠ 

ʜʦʜʘʪʢʘʤʠ. ʊʝʭʥʦʣʦʛʽʷ Wi-Fi ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ 

ʚʠʩʦʢʦʚhʠʜʢʽʩʥʠʭ ʙʝʟʜʨʦʪʦʚʠʭ ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʫ 

ʤʽʞʥʘʨʦʜʥʦʤʫ ʥʝʣʽʮʝʥʟʦʚʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ (ISM) 2,4 ɻɻʮ ʽ 5 ɻɻʮ. 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ Wi-Fi ʧʝʨʝʜ ʽʥʰʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʻ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ 

ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ï ʜʦ 1300 ʄʙʽʪ/ʩ. ʊʦʤʫ ʮʷ ʪʝʭʥʦʣʦʛʽʷ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʙʝʟʜʨʦʪʦʚʠʭ ʪʝʣʝʤʝʪʨʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʥʘ 

ʪʨʘʥʩʧʦʨʪʽ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʚʘʞʢʦ ʟʥʘʡʪʠ ʽʥʰʫ ʧʦʜʽʙʥʫ ʧʦ ʘʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʫ ʜʽʣʷʥʢʫ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʫ, ʥʽʞ ʜʽʘʧʘʟʦʥ Wi-Fi. ɿʚʽʩʥʦ 

ʯʠʤ ʙʽʣʴʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ ʻ ʜʽʘʧʘʟʦʥ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʫ, ʪʠʤ 

ʩʢʣʘʜʥʽʰʝ ʡʦʛʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʽ ʘʥʘʣʽʟʫʚʘʪʠ. ʎʷ ʦʙʩʪʘʚʠʥʘ ʻ ʥʘʡʙʽʣʴʰ 

ʚʘʛʦʤʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʚʠʙʦʨʫ ʟʣʦʚʤʠʩʥʠʢʘʤʠ ʩʝʨʝʜʦʚʠʱʘ ʟ ʤʝʪʦʶ 

ʤʘʩʢʫʚʘʥʥʷ ʨʦʙʦʪʠ ʩʚʦʾʭ ɿʅʆɯ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʧʝʨʝʭʦʧʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʦʙʤʝʞʝʥʦʛʦ ʜʦʩʪʫʧʫ. ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ, ʧʦʰʫʢ ɿʅʆɯ ʚ ʜʽʘʧʘʟʦʥʽ 

ʨʦʙʦʪʠ Wi-Fi ʻ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ, ʘ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʧʦʰʫʢʫ ʪʘʢʠʭ ɿʅʆɯ 

ʻ ʘʢʪʫʘʣʴʥʦʾ.  
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ɸ ʟ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʦʧʠʩʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʧʦʰʫʢʫ ɿʅʆɯ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʫʥʽʚʝʨʩʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ (ʧʨʠʣʘʜʽʚ ʪʘ ʩʠʩʪʝʤ) ʜʣʷ ʘʥʘʣʽʟʫ ʮʠʬʨʦʚʠʭ ʧʘʢʝʪʽʚ, ʩʪʦʩʦʚʥʦ 

ʟʘʚʜʘʥʴ ʧʦʰʫʢʦʚʦʛʦ ʨʘʜʽʦʢʦʥʪʨʦʣʶ, ʟʘʨʘʟ ʧʨʘʢʪʠʯʥʦ ʥʝʤʘʻ. ʊʦʤʫ ʟʘʜʘʯʘ 

ʚʠʷʚʣʝʥʥʷ ɿʅʆɯ ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʜʽʘʧʘʟʦʥʽ Wi-Fi ï ʻ ʜʫʞʝ ʚʘʞʣʠʚʦʶ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʣʷ ʨʦʙʦʪʠ ɿʅʆɯ ʩʠʣʴʥʦ ʟʘʚʘʥʪʘʞʝʥʽ ʯʘʩʪʦʪʥʽ 

ʜʽʘʧʘʟʦʥʠ, ʟʣʦʚʤʠʩʥʠʢ ʤʘʻ ʥʘʤʽʨ ʤʘʢʩʠʤʘʣʴʥʦ ʫʩʢʣʘʜʥʠʪʠ ʾʭ ʚʠʷʚʣʝʥʥʷ. 

ʃʦʛʽʯʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʮʴʦʛʦ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʽ ʽ ʧʦʰʠʨʝʥʽ ʚ ʮʠʭ 

ʜʽʘʧʘʟʦʥʘʭ ʩʪʘʥʜʘʨʪʠ ʟʚ'ʷʟʢʫ. ʉʪʦʩʦʚʥʦ ʜʦ ʪʝʭʥʦʣʦʛʽʾ Wi-Fi ʮʝ ʽʩʪʦʪʥʦ 

ʩʧʨʦʱʫʻ ʚʠʨʦʙʥʠʮʪʚʦ ɿʅʆɯ, ʪʦʤʫ ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʦʰʠʨʝʥʽ, ʜʦʩʪʫʧʥʽ ʪʘ 

ʥʝʜʦʨʦʛʽ ʢʦʤʧʦʥʝʥʪʠ (ʝʣʝʢʪʨʦʥʥʽ ʨʘʜʽʦʜʝʪʘʣʽ ʪʘ ʤʦʜʫʣʽ), ʚʽʜʧʨʘʮʴʦʚʘʥʽ 

ʽʥʞʝʥʝʨʥʽ ʨʽʰʝʥʥʷ. 

ɸʣʝ ʥʘʡʛʦʣʦʚʥʽʰʝ ï ʚʘʞʢʦ ʚʽʜʨʽʟʥʠʪʠ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʨʦʙʦʪʫ ʜʚʦʭ 

ʧʨʠʩʪʨʦʾʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʮʠʬʨʦʚʠʡ ʩʪʘʥʜʘʨʪ ʟʚ'ʷʟʢʫ, ʙʝʟ 

ʚʠʷʚʣʝʥʥʷ ʾʭ ʫʥʽʢʘʣʴʥʠʭ ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ (ID). ʋ ʚʠʧʘʜʢʫ ʟ Wi-Fi, ʪʘʢʠʤ 

ʽʜʝʥʪʠʬʽʢʘʪʦʨʦʤ ʻ MAC-ʘʜʨʝʩʘ. MACïʘʜʨʝʩʘ ï ʮʝ ʫʥʽʢʘʣʴʥʠʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ 

ʤʝʨʝʞʝʚʦʛʦ ʽʥʪʝʨʬʝʡʩʫ (ʟʘʟʚʠʯʘʡ ʤʝʨʝʞʝʚʦʾ ʢʘʨʪʠ) ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʫʥʽʢʘʮʽʾ 

ʧʨʠʩʪʨʦʾʚ ʚ ʤʝʨʝʞʽ ʥʘ ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʽ [227]. ʎʝ ʫʥʽʢʘʣʴʥʠʡ ʥʦʤʝʨ, ʷʢʠʡ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ ʧʦʩʪʽʡʥʽʡ ʧʘʤ'ʷʪʽ, ʱʦ ʜʦʩʪʫʧʥʘ ʪʽʣʴʢʠ ʜʣʷ ʯʠʪʘʥʥʷ, 

ʧʨʠʟʥʘʯʝʥʠʡ ʢʦʥʢʨʝʪʥʽʡ ʤʝʨʝʞʝʚʽʡ ʢʘʨʪʽ ʾʾ ʚʠʨʦʙʥʠʢʦʤ. ʊʘʢʦʞ ʫʥʽʢʘʣʴʥʠʤ 

ʽʜʝʥʪʠʬʽʢʘʪʦʨʦʤ ʤʦʞʝ ʙʫʪʠ LLC (Logical link control) ï ʧʽʜʨʽʚʝʥʴ ʢʝʨʫʚʘʥʥʷ 

ʣʦʛʽʯʥʠʤ ʟʚ'ʷʟʢʦʤ ï ʟʘ ʩʪʘʥʜʘʨʪʦʤ IEEE 802 ï ʚʝʨʭʥʽʡ ʧʽʜʨʽʚʝʥʴ ʢʘʥʘʣʴʥʦʛʦ 

ʨʽʚʥʷ ʤʦʜʝʣʽ OSI, ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʜʘʯʝʶ ʜʘʥʠʭ ʪʘ ʟʘʙʝʟʧʝʯʫʻ 

ʧʝʨʝʚʽʨʢʫ ʽ ʧʨʘʚʠʣʴʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʟ'ʻʜʥʘʥʥʶ. ʋ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ, ʥʘʩ ʮʽʢʘʚʠʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ Wi-Fi, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʦʩʥʦʚʽ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ɿʅʆɯ, ʘ ʪʘʢʦʞ ʚʠʤʦʛʠ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʧʨʝʜ'ʷʚʣʷʪʠ ʜʦ ʩʫʯʘʩʥʠʭ 

ʟʘʩʦʙʽʚ ʘʥʘʣʽʟʫ ʤʝʨʝʞ Wi-Fi ʩʪʦʩʦʚʥʦ ʦʙʣʘʩʪʽ ʧʦʰʫʢʫ ʽ ʣʦʢʘʣʽʟʘʮʽʾ ɿʅʆɯ ʜʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʨʘʜʽʦʢʘʥʘʣʫ Wi-Fi. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ ʧʽʜʪʚʝʨʜʞʫ̒ʪʴʩʷ ʢʨʽʤ ʪʝʦʨʝʪʠʯʥʦʛʦ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʱʝ ʽ ʨʝʘʣʴʥʠʤʠ ʩʧʝʢʪʨʦʛʨʘʤʘʤʠ. ʈʝʘʣʴʥʽ ʩʧʝʢʪʨʦʛʨʘʤʠ, ʱʦ 
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ʜʦʚʦʜʷʪʴ ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ɿʅʆɯ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʫ ʮʠʬʨʦʚʦʤʫ 

ʜʽʘʧʘʟʦʥʽ, ʽʩʥʫʶʯʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 5.3 ʪʘ ʨʠʩ. 5.4. 

 

 

ʈʠʩ. 5.3. ʉʧʝʢʪʨ ʩʠʛʥʘʣʽʚ ʜʽʘʧʘʟʦʥʫ Wi-Fi,  

ʦʪʨʠʤʘʥʠʡ ɸʇʂ ʟʽ ʩʢʘʥʫʶʯʠʤ  ʧʨʠʡʤʘʯʝʤ 

 

ʅʘ ʨʠʩ. 5.3 ï 5.5 ʥʘʚʝʜʝʥʽ ʛʨʘʬʽʢʠ ʩʧʝʢʪʨʽʚ ʩʠʛʥʘʣʽʚ, ʦʪʨʠʤʘʥʠʭ ʨʽʟʥʠʤʠ 

ɸʇʂ. ʅʘ ʨʠʩ. 5.3 ʪʘ ʨʠʩ. 5.5 ʙʘʯʠʤʦ, ʱʦ ʚʠʷʚʠʪʠ ʪʘ ʨʦʟʧʽʟʥʘʪʠ ʩʠʛʥʘʣ ʷʢʠʡ ʥʝ 

ʥʘʣʝʞʠʪʴ ʜʦ ʣʝʛʘʣʴʥʠʭ ʩʠʥʛʘʣʽʚ ʥʝʤʦʞʣʠʚʦ. ʗʢʱʦ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ 

ʤʦʞʣʠʚʦ ʚʠʷʚʠʪʠ ʟʘ ʘʢʫʩʪʠʯʥʠʤ ʚʽʜʛʫʢʦʤ, ʚʩʪʘʥʦʚʠʚʰʠ ʩʢʘʥʫʶʯʠʡ ʧʨʠʡʤʘʯ 

ʥʘ ʯʘʩʪʦʪʫ ʩʠʛʥʘʣʫ, ʪʦ ʮʠʬʨʦʚʠʡ ʩʠʛʥʘʣ ʪʘʢ ʚʠʷʚʠʪʴ ʥʝʤʦʞʣʠʚʦ, ʪʦʤʫ ʱʦ ʚʽʥ 

ʟʘʢʦʜʦʚʘʥʠʡ. ɿʘʤʽʩʪʴ ʘʢʫʩʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʤʠ ʙʫʜʝʤʦ ʯʫʪʠ ʽʤʧʫʣʴʩʠ 

ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʫ, ʙʝʟ ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ʊʦʤʫ, ʧʨʠ ʦʪʨʠʤʘʥʽ 

ʘʢʫʩʪʠʯʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʫ, ʥʝʤʦʞʣʠʚʦ ʟʜʽʡʩʥʠʪʠ ʡʦʛʦ ʨʦʟʧʽʟʥʘʥʥʷ 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʙʽʪ ʧʦ ʧʦʰʫʢʫ ɿʅʆɯ. ɿʘʢʦʜʦʚʘʥʠʡ ʮʠʬʨʦʚʽʡ ʩʠʛʥʘʣ 

ʨʦʟʧʽʟʥʘʪʠ ʤʦʞʣʠʚʦ, ʦʜʥʘʢ ʮʝ ʧʦʪʨʝʙʫʻ ʙʘʛʘʪʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ 

ʯʘʩʫ ʷʢʦʛʦ ʧʨʠ ʧʦʰʫʢʫ ɿʅʆɯ ʥʝ ʚʠʩʪʘʯʘʻ. 
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ʈʠʩ. 5.4 ʉʧʝʢʪʨ ʩʠʛʥʘʣʽʚ ʜʽʘʧʘʟʦʥʫ Wi-Fi,  

ʦʪʨʠʤʘʥʠʡ ɸʇʂ ʟʽ ʩʢʘʥʫʶʯʠʤ ʧʨʠʡʤʘʯʝʤ ʽʥʰʦʛʦ ɸʇʂ 

 

 

ʈʠʩ. 5.5 ʉʧʝʢʪʨ ʩʠʛʥʘʣʽʚ ʜʽʘʧʘʟʦʥʫ Wi-Fi,  

ʦʪʨʠʤʘʥʠʡ ɸʇʂ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨ-ʘʥʘʣʽʟʘʪʦʨʫ 
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ʆʪʞʝ, ʩʢʘʥʫʚʘʥʥʷ ʮʠʬʨʦʚʦʛʦ ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ ʥʝ ʜʦʟʚʦʣʠʪʴ ʦʩʪʘʪʦʯʥʦ 

ʚʠ̫ʚʠʪʠ, ʘ ʪʠʤ ʙʽʣʴʰ ʨʦʟʧʽʟʥʘʪʠ ʩʠʛʥʘʣ ɿʅʆɯ. 

ʗʢʱʦ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ, ʱʦ ʨʠʥʦʢ ʟʘʨʘʟ ʥʘʧʦʚʥʶʻʪʴʩʷ ʚʠʩʦʢʦʷʢʽʩʥʠʤʠ 

ʤʽʥʽʘʪʶʨʥʠʤʠ ʜʠʢʪʦʬʦʥʘʤʠ ʟ ʚʙʫʜʦʚʘʥʠʤʠ Wi-Fi ʧʝʨʝʜʘʚʘʯʘʤʠ, ʷʢʽ 

ʧʦʻʜʥʫʶʪʴ ʫ ʩʦʙʽ ʜʠʢʪʦʬʦʥ ʪʘ ʧʝʨʝʜʘʪʯʠʢ Wi-Fi, ʪʦʜʽ ʨʦʟʫʤʽʣʦ ʱʦ ʮʝʡ 

ʜʽʘʧʘʟʦʥ ʙʫʜʝ ʱʝ ʙʽʣʴʰ ʟʘʚʘʥʪʘʞʫʚʘʪʠʩʷ.  

ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ, ʱʦ ʫ ʢʦʤʧʣʝʢʪʽ ʟ Micro Wi-Fi ʜʠʢʪʦʬʦʥʦʤ çMicroWiè 

ʧʦʩʪʘʚʣʷʻʪʴʩʷ ʤʽʥʽ ʤʘʨʰʨʫʪʠʟʘʪʦʨ, ʷʢʽʡ ʤʦʞʣʠʚʦ ʢʦʥʬʽʛʫʨʫʚʘʪʠ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʚʽʥ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʷʚʣʷʚ ʤʝʨʝʞʫ ʜʠʢʪʦʬʦʥʫ, ʧʽʜʢʣʶʯʘʚʩʷ ʜʦ ʥʝʾ ʽ 

ʚʠʢʦʥʫʚʘʚ ʟʘʚʘʥʪʘʞʝʥʥʷ ʘʫʜʽʦ ʟʘʧʠʩʫ, ʪʦ ʦʧʝʨʘʪʦʨʫ ʜʦʩʠʪʴ ʥʘʙʣʠʟʠʪʠʩʷ ʟ 

ʥʦʫʪʙʫʢʦʤ ʟ ʧʽʜʢʣʶʯʝʥʠʤ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʤ ʥʘ ʚʽʜʩʪʘʥʴ ʜʽʾ ʤʝʨʝʞʽ Wi-Fi (ʜʦ 

50 ʤʝʪʨʽʚ ʚ ʧʨʠʤʽʱʝʥʥʷʭ), ʱʦʙ ʟʘʚʘʥʪʘʞʠʪʠ ʚʩʶ ʥʘʢʦʧʠʯʝʥʫ ʽʥʬʦʨʤʘʮʽʶ. 

ɿʘʚʘʥʪʘʞʝʥʥʷ ʜʦʙʦʚʦʛʦ ʘʫʜʽʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʧʨʠ ʷʢʽʩʥʦʤʫ Wi-Fi ʟ'ʻʜʥʘʥʥʽ, ʟ 

ʜʠʢʪʦʬʦʥʫ ʪʘʢʦʛʦ ʪʠʧʫ ʟʘʡʤʘʻ ʚʩʴʦʛʦ ʜʝʢʽʣʴʢʘ ʭʚʠʣʠʥ. ɺʠʷʚʠʪʠ ʪʘʢʠʡ 

ʧʨʠʩʪʨʽʡ ʜʫʞʝ ʩʢʣʘʜʥʦ. 

ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʟʦʚʩʽʤ ʥʝʚʠʷʚʣʷʻʤʠʭ ʧʝʨʝʜʘʚʘʯʽʚ Wi-Fi ʥʝ ʽʩʥʫʻ, ʪʦ 

ʜʘʥʠʡ ʧʨʠʩʪʨʽʡ ʫ ʤʦʤʝʥʪ ʧʝʨʝʜʘʯʽ ʚʠʷʚʠʪʠ ʤʦʞʣʠʚʦ, ʪʘʢʦʞ ʤʦʞʣʠʚʦ ʚʠʷʚʠʪʠ 

ʡʦʛʦ ʧʦ ʧʦʙʽʯʥʦʤʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʤʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʶ (ʜʘʣʽ ï ʇɽʄɺ),  

ʢʦʣʠ ʚʽʥ ʧʨʘʮʶʻ ʫ ʨʝʞʠʤʽ ʟʘʧʠʩʫ. ʆʜʥʘʢ, ʧʦ ʮʽʡ ʦʟʥʘʮʽ ʡʦʛʦ ʥʘʚʨʷʜ ʯʠ 

ʟʤʦʞʫʪʴ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʙʽʣʴʰʽʩʪʴ ʬʘʭʽʚʮʽʚ ʟ ʨʘʜʽʦʢʦʥʪʨʦʣʶ, ʯʝʨʝʟ ʜʫʞʝ 

ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʇɽʄɺ. 

ʆʪʞʝ, ʚʠʷʚʠʪʠ ʧʨʠʩʪʨʽʡ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʦ ʩʘʤʝ ʫ ʤʦʤʝʥʪ ʧʝʨʝʜʘʯʽ 

ʥʘʢʦʧʠʯʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʤʝʨʝʞʽ Wi-Fi.  

ʇʽʩʣʷ ʪʝʩʪʫʚʘʥʥʷ ʪʘʢʦʛʦ ʜʠʢʪʦʬʦʥʘ, ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʤʦʞʥʘ 

ʧʽʜʪʚʝʨʜʠʪʠ ʦʩʥʦʚʥʽ ʊʊʍ ʪʘ ʚʽʜʤʽʪʠʪʠ ʡʦʛʦ ʦʩʦʙʣʠʚʦʩʪʽ. 

1)  ʜʠʢʪʦʬʦʥ ʤʦʞʝ ʙʫʪʠ ʚʠʷʚʣʝʥʦ ʚ ʤʝʨʝʞʽ ʷʢ ʪʦʯʢʫ ʜʦʩʪʫʧʫ ʧʦ SSID. 

SSID ï ʘʥʛʣ. Service Set Identifier ï ʫʥʽʢʘʣʴʥʠʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʙʝʟʜʨʦʪʦʚʦʾ 

ʤʝʨʝʞʽ, ʱʦ ʚʽʜʨʽʟʥʷʻ ʦʜʥʫ ʤʝʨʝʞʫ Wi-Fi ʚʽʜ ʽʥʰʦʾ. ʋ ʥʘʣʘʰʪʫʚʘʥʥʷʭ ʚʩʽʭ 

ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʧʦʚʠʥʥʽ ʧʨʘʮʶʚʘʪʠ ʚ ʦʜʥʽʡ ʙʝʟʜʨʦʪʦʚʽʡ ʤʝʨʝʞʽ, ʧʦʚʠʥʝʥ ʙʫʪʠ 
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ʟʘʟʥʘʯʝʥʠʡ ʦʜʥʘʢʦʚʠʡ SSID. ʇʨʠʯʦʤʫ SSID ʤʦʞʣʠʚʦ ʧʨʠʚʣʘʩʥʶʚʘʪʠ ʙʫʜʴ-

ʷʢʝ ʽʤóʷ; 

2)  ʧʝʨʝʜʘʯʘ ʧʽʚʛʦʜʠʥʥʦʛʦ ʟʘʧʠʩʫ ʨʦʟʤʦʚʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 30 ʩʝʢʫʥʜ. 

ʎʝ ʜʫʞʝ ʚʘʞʣʠʚʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʱʦʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʚʥʦʛʦ ʧʝʨʝʛʣʷʜʫ 

ʢʦʥʮʝʧʮʽʾ ʤʦʥʽʪʦʨʠʥʛʫ ʤʝʨʝʞ Wi-Fi. ʇʦʩʪʽʡʥʠʡ ʽ ʙʝʟʧʝʨʝʨʚʥʠʡ ʫ ʯʘʩʽ ʘʥʘʣʽʟ 

ʤʝʨʝʞ Wi-Fi ʪʝʧʝʨ ʩʪʘʻ ʘʢʪʫʘʣʴʥʠʤ, ʷʢ ʽ ʧʦʩʪʽʡʥʠʡ ʨʘʜʽʦʤʦʥʽʪʦʨʠʥʛ ʥʘ 

ʦʙ'ʻʢʪʘʭ ʟ ʥʘʷʚʥʽʩʪʶ ʽʥʬʦʨʤʘʮʽʾ ʦʙʤʝʞʝʥʦʛʦ ʜʦʩʪʫʧʫ. 

ʅʘ ʥʘʰʫ ʜʫʤʢʫ, ʚʝʣʠʢʫ ʟʘʛʨʦʟʫ ʤʘʶʪʴ ʪʘʢʦʞ Wi-Fi-ʚʽʜʝʦʢʘʤʝʨʠ. ɺ 

ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ, ʨʦʟʛʣʷʥʝʤʦ ʜʦʩʪʫʧʥʫ ʤʦʜʝʣʴ Defender MULTICAM WF-

10HD. ɼʦʩʪʘʪʥʴʦ ʨʦʟʛʣʷʥʫʪʠ ʾʾ ʊʊʍ, ʱʦʙ ʟʨʦʟʫʤʽʪʠ, ʱʦ ʚ ʨʫʢʘʭ ʜʦʩʚʽʜʯʝʥʦʛʦ 

ʟʣʦʚʤʠʩʥʠʢʘ ʮʝʡ ʧʨʠʩʪʨʽʡ ʮʽʣʢʦʤ ʤʦʞʝ ʩʪʘʪʠ ʩʫʪʪʻʚʦʶ ʧʨʦʙʣʝʤʦʶ ʜʣʷ 

ʬʘʭʽʚʮʽʚ ʽʟ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ. ʇʨʠʢʣʘʜʦʤ ʤʦʞʝ ʙʫʪʠ ʥʘʣʘʛʦʜʞʝʥʥʷ ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʜʦʩʪʫʧʫ ʜʦ ʢʘʤʝʨʠ ʟ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʩʚʽʪʫ ʯʝʨʝʟ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʡ 

ʨʝʩʫʨʩ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʛʦʣʦʚʥʠʤ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ʢʘʤʝʨʠ ʜʦ 

ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ, ʱʦ ʥʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʥʝ ʻ ʩʢʣʘʜʥʽʩʪʶ. ʄʦʜʠʬʽʢʦʚʘʥʽ ʟʨʘʟʢʠ 

ʪʘʢʦʛʦ ʪʠʧʫ ʚʽʜʝʦʢʘʤʝʨ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʟʘ ʘʥʘʣʦʛʽʻʶ ʧʨʠʚʝʜʝʥʦʛʦ ʚʠʱʝ 

ʜʠʢʪʦʬʦʥʫ, ʪʦʙʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʨʝʜʘʯʫ ʧʦ Wi-Fi ʥʘ ʢʦʨʦʪʢʽ ʚʽʜʩʪʘʥʽ. 

ʇʨʦʙʣʝʤʠ ʚʠʷʚʣʝʥʥʷ ʪʘʢʠʭ ɿʅʆɯ ʚʠʥʠʢʘʶʪʴ ʚʠʭʦʜʷʯʠ ʟ ʤʦʞʣʠʚʦʩʪʝʡ 

ʩʫʯʘʩʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ Wi-Fi, ʷʢʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʰʫʢʦʚʠʤʠ 

ʙʨʠʛʘʜʘʤʠ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʧʦʰʫʢʦʚʠʭ ʟʘʭʦʜʽʚ ʽ ʤʦʥʽʪʦʨʠʥʛʫ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ 

ʦʙ'ʻʢʪʽʚ. ɹʽʣʴʰʽʩʪʴ ʘʥʘʣʽʟʘʪʦʨʽʚ ʟ ʰʠʨʦʢʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʤʘʶʪʴ ʜʦʩʠʪʴ 

ʚʝʣʠʢʽ ʛʘʙʘʨʠʪʠ ʽ ʧʨʠʚ'ʷʟʘʥʽ ʜʦ ʢʦʤʧ'ʶʪʝʨʘ. ʗʢʱʦ ʦʩʪʘʥʥʽʡ ʽ ʽʩʥʫʻ, ʪʦ ʚ 

ʢʨʘʱʦʤʫ ʚʠʧʘʜʢʫ, ʚʽʥ ʨʦʟʤʽʱʝʥʠʡ ʥʘ ʧʦʩʪʫ ʢʦʥʪʨʦʣʶ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ 

ʟʥʘʯʥʦ ʚʽʜʜʘʣʝʥʠʡ ʚʽʜ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʨʠʤʽʱʝʥʥʷ, ʜʝ ʟʘʟʚʠʯʘʡ ʥʝʤʘʻ 

ʤʦʞʣʠʚʦʩʪʽ ʚʩʪʘʥʦʚʠʪʠ ʦʢʨʝʤʠʡ ʘʥʘʣʽʟʘʪʦʨ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ, ʘ ʪʘʢʦʞ ʘʥʘʣʽʟʫ ʥʦʚʠʭ ʟʘʛʨʦʟ, ʩʬʦʨʤʫʻʤʦ 

ʤʝʪʦʜʠʢʫ ʧʦʰʫʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʦʚʦʛʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ (ɸʇʂ) ʘʥʘʣʽʟʫ ʤʝʨʝʞ Wi-Fi ʥʘ ʥʘʷʚʥʽʩʪʴ ɿʅʆɯ.  

ʆʩʥʦʚʦʶ ʤʝʪʦʜʠʢʠ ʚʠʷʚʣʝʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ɿʅʆɯ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʫ ʜʽʘʧʘʟʦʥʽ Wi-Fi ʻ ʘʥʘʣʽʟ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʩʠʛʥʘʣʽʚ. ɺʽʥ 
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ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʦʤʫ ʬʘʢʪʽ ʱʦ, ʚ ʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ ʪʨʘʥʩʣʷʮʽʾ ʽʥʬʦʨʤʘʮʽʾ 

ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʥʘʯʥʦ ʧʦʤʽʪʥʽʰʝ ʯʽʤ ʩʧʝʢʪʨ. ʎʝ 

ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ ʱʦ, ʟʘʣʝʞʥʽʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʩʠʛʥʘʣʫ ʚʽʜ 

ʟʚʠʯʘʡʥʦʛʦ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ ï ʢʚʘʜʨʘʪʠʯʥʘ. ʊʦʙʪʦ ʟʨʦʩʪʘʻ ʟʥʘʯʥʦ ʰʚʠʜʰʝ 

ʥʽʞ ʟʚʠʯʘʡʥʠʡ ʩʧʝʢʪʨ. 

ɺ ʟʚôʷʟʢʫ ʟ ʪʽʤ ʱʦ ʫ ʤʝʨʝʞʘʭ Wi-Fi ʟʘʚʞʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʠ ʪʘ ʢʦʤʫʪʘʪʦʨʠ, ʪʦ ʮʽ ʤʝʨʝʞʠ ʜʫʞʝ ʛʘʨʥʦ ʟʘʭʠʱʝʥʽ ʪʘ 

ʧʨʦʛʨʘʤʥʦ ʢʝʨʦʚʘʥʽ, ʽ ʧʨʦʚʦʜʠʪʠ ʧʝʨʝʚʽʨʢʫ ʤʦʞʣʠʚʦ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ. 

ʇʝʨʰʠʡ, ʧʨʘʢʪʠʯʥʦ ʚʽʜʢʨʠʪʠʡ, ʩʧʦʩʽʙ ï ʢʦʣʠ ʫʩʽ ʪʦʯʢʠ ʜʦʩʪʫʧʫ Wi-Fi ʙʫʜʫʪʴ 

ʚʠʢʣʶʯʝʥʽ, ʪʦʜʽ çʯʫʞʽè ʪʦʯʢʠ ʜʦʩʪʫʧʫ ʙʫʜʫʪʴ ʧʨʘʮʶʚʘʪʠ. çʏʫʞʽè ʩʠʛʥʘʣʠ 

ʜʫʞʝ ʧʨʦʩʪʦ ʙʫʜʝ ʚʠʷʚʠʪʠ ʪʘ ʣʦʢʘʣʽʟʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ɸʇʂ. ɸʣʝ ʷʢʱʦ ʧʦʪʨʽʙʥʦ ʧʨʦʚʦʜʠʪʠ ʧʦʰʫʢʦʚʽ ʨʦʙʦʪʠ ʧʨʠʭʦʚʘʥʦ, ʪʦʜʽ ʮʝʡ 

ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʘʪʠ ʥʝʤʦʞʣʠʚʦ. ʇʦʪʨʽʙʥʦ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʛʨʘʤʥʠʡ 

ʟʘʩʽʙ ɸʇʂ ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ ʧʦʢʨʠʪʪʷ ʧʨʠʤʽʱʝʥʥʷ, ʚʠʟʥʘʯʘʪʠ ʄɸʉ-

ʘʜʨʝʩʠ ʫʩʽʭ ʪʦʯʦʢ ʜʦʩʪʫʧʫ Wi-Fi, ʇʦʪʽʤ ʮʝʡ ʧʨʦʛʨʘʤʥʠʡ ʟʘʩʽʙ ʚʠʟʥʘʯʘʻ LLC. 

ʅʘ ʢʘʨʪʫ ʧʨʠʤʽʱʝʥʥʷ ʥʘʥʦʩʠʪʴ ʨʦʟʪʘʰʫʚʘʥʥʷ ʫʩʽʭ ʪʦʯʦʢ ʜʦʩʪʫʧʫ, ʪʘ ʨʦʙʠʪʴ 

ʢʘʨʪʫ ʧʦʢʨʠʪʪʷ ʩʠʛʥʘʣʦʤ Wi-Fi. 

ɼʘʣʽ ʘʥʘʣʽʟʫʻ ʙʘʟʫ ʄɸʉ ʘʜʨʝʩʽʚ ʪʘ LLC, ʧʨʦʚʦʜʷʯʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ 

ʚʠʚ̫ʣʷʻ ʪʘ ʨʦʟʧʽʟʥʘʻ ʩʠʛʥʘʣ ʎɿʅʆɯ.  

ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʝʨʝʚʽʨʢʠ ʚ ʙʘʟʫ ɸʇʂ 

ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ, ʫ ʯʽʪʢʦʤʫ ʤʘʩʰʪʘʙʽ, ʩʭʝʤʘʪʠʯʥʠʡ ʧʣʘʥ ʧʨʠʤʽʱʝʥʥʷ, 

ʚʠʟʥʘʯʝʥʥʷ çʯʫʞʦʛʦè ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʤʽʩʮʝ ʡʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʯʽʪʢʦ 

ʙʫʜʝ ʚʠʟʥʘʯʝʥʦ ʥʘ ʩʭʝʤʘʪʠʯʥʦʤʫ ʧʣʘʥʽ ʧʨʠʤʽʱʝʥʥʷ. ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ɸʇʂ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5.6. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʘʥʠʡ 

ʘʣʛʦʨʠʪʤ ʪʘ ʥʘʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʻ ʯʘʩʪʠʥʦʶ ʮʽʣʦʾ ʤʝʪʦʜʠʢʠ ʚʠʷʚʣʝʥʥʷ, 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʎɿʅʆɯ. ʊʦʙʪʦ, ʧʨʦʮʝʩ ʩʢʘʥʫʚʘʥʥʷ ʧʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʤʝʪʦʜʠʮʽ ʧʨʦʭʦʜʠʪʴ ʦʙʦʚôʷʟʢʦʚʦ, ʪʦʤʫ ʱʦ ʮʠʬʨʦʚʠʡ 

ʜʽʘʧʘʟʦʥ ʩʢʣʘʜʝʪʴʩʷ ʟ ʮʽʣʦʛʦ ʨʷʜʫ ʧʽʜʜʽʘʧʘʟʦʥʽʚ, ʜʝʷʢʽ ʚʞʝ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ, ʘ 

ʽʥʰʽ ʙʫʜʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʧʽʟʥʽʰʝ.  
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ʈʠʩ. 5.6 ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʧʦʰʫʢʫ ʎɿʅʆɯ  

ʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʤʝʨʝʞʽ Wi-Fi 

 
























































































































































